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lNpeancaosue

IIpu moAroToBKE MeAUIMHCKMX CIEIHUAJINCTOB COBPEMEHHOIO
YDOBHA IMOCTOAHHO VBEJIMUMBAETCS POJIb 6A30BBIX €CTECTBEHHBIX
HayK, 4T0 O0yCJIOBJEHO BHeJPEHHEM HOBBIX TeXHHYECKUX pelle-
HUY B COBPEMEHHYIO MEAULHNHY. JTO OTHOCHUTCSA, B YACTHOCTH, K
¢usuKe 1 CBIBAHHBIM C Hell CMEXKHBIM TEXHUUYECKUM JUCIIMILIIM-
HaM (MeJUIVHCKASA 9JIeKTPOHUKA, MaTePHAJIOBEJeHHUE U IP.).

I[IpakTuuecKn B KaKIOH CTPATEeTHYECKONl M yTHIMTAPHOM 3a-
Jlade COBPEMEHHOI'0 MEIUIIMHCKOro o0pa3oBaHUSA MOMKHO OTMe-
THUTHh HEOOXOAVMOCTh 3HAHUS M MOHMMAHUA (DU3UUYECKUX 3aKO-
HOB u gpieHuii. Haupumep, 3HaunTe IbHBIH Iporpecc B 06JsiacTu
MOpP(}OJIOrHUEeCKUX HAYK U B CBA3AHHBIX C HUMU METOJUKAX JUa-
THOCTHUKM 3aboJjieBaHUI CTajl BO3MOMKEH M 0Jyiarojapsi MCIOJIb30-
BaHUIO TAKUX UYMCTO (PU3UYECKUX METOAOB, KaK ONTUYECKAA U
9JIeKTPOHHAS MHMKPOCKONHNA, ATOMHO-CHUJIOBAS MUKDPOCKONIHUA,
PEHTTeHOBCKAsd M MATHUTHO-PEe30HaHCHAs ToMorpadus, MmO3UT-
POHHO-3MUCCHOHHasA ToMmorpadmsa u ap. Uro xkacaerca dusuo-
JOTMYECKUX TIPOLIECCOB, MPOTEKAMIINX B OpPraHU3MeE, TO elle
peaukuii ¢usumosor M.II. IlaBnoB mogYepKuUBaj, YTO MOHATH
MeXaHN3M QYHKIHOHVPOBAHUA JKUBOTO OPraHm3Ma HeBO3MOKHO
0e3 3HaHM# 3aKOHOB PU3MKU.

3HauyuTeJbHAsA YACTh COBPEMEHHBIX METOIOB AMATrHOCTUKU
3a0osieBaHUl OCHOBaHA Ha (MDMBMUECKUX METOHaX, a UX Hputop-
Has peaju3alud B Buje GUSNUECKUX YCTPOMCTB OCYIIIECTBIIACTCA
CpeACTBAMH MEQUIIUHCKON 3JIEKTPOHUKH.

B neueGHOM 1mpoiecce Gu3MYeCKHe METOALI UM aIlapaTrypa
TaK)Ke HAIIM IIMPOKOe IpuMeHeHUe. Bea dusnorepanus OCHO-
BaHA HA HCIOJIb30BAHHU HO3UPOBAHHOTO BO3JeiCTBUA Ha opra-
HU3M TOKOB, IIoJieii 1 n3jydeHnii. Bo3MOMXHOCTH XUPYypPruyecKo-
ro JedeHus 3a6oJieBaHUM CYIIECTBEHHO PACIIUPSAIOTCA Orarogaps
HCIIOJIb30BAHUIO VIBTPA3BYKOBOM, JIa3ePHOI M1 BRICOKOYACTOTHOM
TexHMKHU. IlajaTel peaHMMAIMM W UHTEHCHUBHOM Tepaluy OCHA-
I[eHbl CHEeIMaJu3UPOBAaHHON (PU3MUECKOM anmapatypoi, KOTo-
PYI0 He0OXOAMMO I'paMOTHO ¥ 6€30I1acHO 9KCILIYaTHPOBATh.
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OueHka COCTOAHUSA OKPY’Kawlled dYeJaoBeKa Cpeibl M Hpo-
OYKTOB TIUTAHUS, ONpejesieHHe HX CaHHUTAPHO-TUTMEeHUYECKHX
XapaKTepPUCTUK TOMKE OCYLIECTBAsEeTCA (DUM3UMUECKMMU MeToda-
MHu U npubopamMu HapALY ¢ OMOXUMUUYECKHMU ¥ MUKPOOMOJIOTH-
YeCKUMH TE€XHOJIOTUAMH.

Heob6xonmmocTs IrpaMOTHOIO KOJIUMYECTBEHHOI'O ONIUCAHUA Me-
IUKO-0MOJIOrNYeCKUX IPOLECCOB ¥ KOPPEKTHON 06paboTKu Menu-
OMHCKUX JaHHBIX TPeOyeT OCBOeHUA OyAyIIMMU BpayaMu OIIpe-
JleJIEHHBIX 3JIEMEHTOB MAaTeMaTHUYEeCKOro almnapara, 6e3 KOTOPBIX
HEBO3MOXXHO OBJIaIeTh COBPEMEHHBLIMH MEIHIIMHCKUMH HHOOD-
MAaIVOHHBIMU TexXHojoruaMu. [losromMy Hapaay ¢ GUSHUECKUMU
paszenaMu B yueOHUK BKJIIOUEHBI 9JIEeMEHTHI BbICIIIeH MaTeMaTH~
KH¥, TEOPUU BEPOSTHOCTEN M MaTeMaTU4YEeCKOH CTATUCTHKH.

W3 nepeuncjaeHHOTO cjIelyeT, YTO BasKHeHInuM 6a30BBIM dJie-
MEHTOM AJIsSI yCBOEHUS COBPEMEHHBIX METOJOB AMAarHOCTHUKY U Je-
yeHus 3a60sieBaHU, KOHTPOJIA OKPYIKaWIel CpeAbl UM JPYyrux
MeAMIIMHCKUX 3a/ia4 ABJSETCA KOMILJIEKC (PU3MKO-MaTeMaTuuec-
KMX 3HAHUI, KOTOPBIA M pPacCMaTPUBAETCH B Kypce MeSUIIUMHC-
KO M 6HOJIOTMUYEeCKOH (PH3UKHU.

Tmaser 1, 6, 7, 9, 13, 14, 27, 28 u 29 yueO6HMKA HATTUCAHBI Z[0-
meutom I'.K. Masudyom, ocransubie — pouentom B.I'. Jlemeuko.

ABTOpPBI BBIPAXKAIOT TJIYOOKYIO IIPU3HATEJIBHOCTb SOIEHTY
H.H. UHcapoBoil 3a 1eHHbBIe 3aMeYaHUA H CYUIeCTBEHHBIH Y-
HBIII BKJIAJ NpPHU TOAroTOBKe riaB «OCHOBBI TEOPUHM BEPOSATHOC-
Teit», «OCHOBBI MAaTEeMATHYECKON CTATHCTHUKHNY», «DJIE€MEHTHI
0uoMexaHWKH», a TaK)Ke HCKPeHHe 6JiaroJapHbl AOKTOPY TeX-
HUYecKMX HayK npodeccopy M.I'. Kucenery, kauauzary ¢usu-
KO-MaTeMaTudecKuXx Hayk gouneHTy V.M. Beprtesio u kanaunary
TexHUuUecKuX HayK goueHTy H.T. MuHueHe 3a HeJIeTKUH TPYH 11O
PelieH3MPOBAHMIO JAHHOTO yUueOHUKA.



IAEeMEeHTbl BbICWIeH
maTtemaTuku

Masa 1

MaTemaTHuecKne MeTObI J0JIr0€ BpeMs ILJI0A0TBOPHO UCIIOJIb-
3yIOTCA B MeAUIIMHE AJI KOJUYECTBEHHOTO ONIMCAHUA U MOZEJM-
poBaHus (HU3MOJOrMUECKHUX IIPOIeCCOB, 00paboOTKM M aHAIU3a
MeINIMHCKAX JaHHBIX, CO3JAaHMUs MOJejel BOSHUKHOBEHHNA, pas-
BUTHUSA M MPOTHO3UPOBAaHUA 3a00JieBaHU, AJIS PELIeHUsa APYTUX
BAXKHeHINHUX 3a7ay.

Hase naa obliero 35aKOMCTBA C IPUHIIUIAME M BO3MOYKHOC-
TAMYA MEIUIMHCKOTO IIPUMEHEeHHs MATeMaTHUYeCKHUX MEeTOLOB He-
06X0AMMO MMETh NpPeACTaBJIEHHE COOTBETCTBYIOIIEM MaTeMaTH-
YyeCKOM allliapare, B YaCTHOCTH 00 OCHOBOIIOJIAraIOIIUX pasfesiax
BRICLIEHM MaTeMaTHKU — IuddepeHnuaJbHOM M HHTErpajJbHOM
MCUYUCJICHUH.

1.1. TMpoussoaHas ¢yHKuMK

KosmuuecTBeHHO 0IIUCAThH CJIOYKHBIE U3MEHSIONIVECS IPOIECChI
JKUBHEAEATEJhHOCTH C IIOMOIIbLKI 3JE€MEHTAPHOU MAaTeMaTHKH
HEBO3MOXKHO, IMOCKOJIBKY MCHIOJb3yeMbI€ AJIA 9TOH IleJM Mare-
MATHUYEeCKMe BeJWYWHBI JOJMKHBI caMu 06JafaTh CIIOCOGHOCTHIO
K «IBHIKEeHHIO». BrIcilada MaTeMaTHKa, B OTJIMYME OT 3JIeMEeHTap-
HOM, omepupyeTr 3aBUCUMOCTAMM U BeJUUYNHAMHU, [TOJBEPIKEHHBI-
MU M3MEHEHUAM, HPOUCXOAANIVIM IO OIpPEeAeIEHHEIM 3aKOHAaM.

Bennuwnnoii, onpegensoniei
TeMI u3MeHeHUusA QYHKINOHAIL-
HBIX 3aBHCUMOCTEM B BhICIIeH Ma-
TeMaTuKe, $ABJIAETCA IIPOU3BOA-
Hasg Gyukuun. [Iasa noscHeHus
3TOTO IIOHATUS PACCMOTPHUM PHC.
1.1, rage rpadudeckm IIpeacTaB-
JeHa HeKOoTopas HpOU3BOJbHAA
‘ . byHKOHANLHASA 3aBHCHMOCTD
2 x T y={f(x).

Puc. 1.1. Teomerprueckuii OrmeruM Ha rpaguke HeKO-

CMBICJI IPOU3BOSHOMN TOpble 3HAYEHUA apryMeHTa X; U
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Xy, PA3HUIIA MEXKAY KOTOPHIMHU €CTb NpupaujeHue apzymenma:
Ax=x, — x,. Ilpupawenue pynrxyuu paBHO: Ay =y, — y,. Aaa

HeIPepHIBHBIX GyHKIUA, eciu Ax — 0, To u Ay — 0. OgHako K

yeMy CTPEMHTCA OTHOILEHUE %Z— IIPH HEOrPaHWYEHHOM yGhIBa-
HUM Ax 3apaHee CKasaTh HeJIb3f, 9TO 3aBHCUT OT KOHKPETHOT'O
puja QyHKIuE y(x) ¥ XapaKTepU3yeT TeMII ee U3MEHEHMU.
IIpou3600noti ¢ynxkyuu B JaHHOH TOYKe HA3BIBAIOT IIPEJEI
OTHOLIIEHUSA NpUpalleHus QYHKOUN K NPUPAINEHUIO apryMeHTa
npM ero HeorpaHwdeHHoM yGpiBanuu. IIpomsBoxHas GyHKIMM

, dy
OZHOTO apryMeHTa 0003HaUaeTCA Y WJIN 7 . Takum obGpaszowm,
x
y_ Ay _ . Ay
V= g A (.1

IIpousBogHasi GYHKIWM HMeeT IIPOCTOH zeomempuueckKuil
cuvica. U3 puc. 1.1 BUAHO, YTO OTHOIIIEHHE

Ay _ BC _
Ax AC
rje o — yroJ HakJIOHA cexyuieit AB K ocu aGcuucc.

Ecau Ax HeorpanuyeHHO yOBIBaeT (X, CTPEMHUTCA K X,), TO
CeKylIaf BHEIPOJKAAETCHA B KacaTeNbHYI0 K rpaduxy QYHKIHU B
TOYKEe A, HAKJIOHEHHYIO K OcM abCIuce MOJ yIJIoM O

.. Ay
EH},Z‘;“ g,. (1.2)

Takum 06pas3oM, reoMeTPUUECKHUA CMBIC] IIPOU3BOLHOM COCTO-
HUT B TOM, YTO TAHTE€HC yIJa MeXKAYy KacaTeyibHOM, MPOBeJeHHOMK
K rpadgury QyHKIIMYN B JaHHOI TOYKE, ¥ OChIO a6CINCC YUCIEHHO
PaBeH 3HAYEHUIO IIPOM3BOAHON QPYHKIWUHU B AAHHOM TOUYKe.

K pusuveckomy cmvicay npouszsodnoir nogoitgem, paccMorpes
MexaHH4YeCcKoe JBukeHue. Eciu 3a BpeMa At Teso HPOXOAUT IIYTh
AS, 10 cpegHAS CKOPOCTH ABUKEHUA 3a BTO BPEMS

AS
U, =—.
P At
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Ho "a myté AS CKOpPOCTh MOYKET UMETh Pa3JInYHbIe MI'HOBEH-
Hble 3HAYEHUH (V,,,), KOTODhIE OIIPEAEeIAIOTCA KaK npejes OTHO-
menua AS K At opu At — O:

AS _dS (1.8)

Uy = .
MR a0 At dt

CaeznoBaTesibHO, MI'HOBEHHAs CKOPOCTH IBUKEHHMA B JAHHOH
TOYKe NpeACTaBJIAET cOO0M 3HAUeHNE B JaHHBIM MOMEHT BPEMEHU
IPOU3BOAHOM OT IIYTH II0 BPEMEHH.

Hrax, IpousBOAHAA IO BPEMEHM HMMEET CMBICJ CKOPOCTH He-
Kotoporo nporecca. Eciu paccmaTpuBaeTcs: ycKkopeHue (a) mexa-
HHAYECKOro IPSIMOJNHEHNHOTO ABMKEHUSI, TO MITHOBEHHOE YCKOpe-
HHe IpeACTaBJisdeT coboil mepBy0 MPON3BOLHYIO OT CKOPOCTH HJIN
BTOPYIO MPOU3BOAHYIO OT IIYTH:

2
=2 L(dS)_ &5 1.4
dt dt\dt dt

CiieoBaTebHO, BTOPasA MPOU3BOAHASA IYTH IO BpEMEHU MMe-
eT GU3NYECKHUHA CMBICT YCKOPEHUS.
Ecnu HeKoTopas BeJWYMHA Y 3aBHCHUT OT IIPOCTPaHCTBEHHOM

KOOPAMHATHL X, TO MPOM3BOLHASA % XapaxkTepusyeT CKOPOCTh
NIPOCTPAHCTBEHHOTO M3MeHeHus Beauywns! y. IIpousBognasn
(pyHKIUHY 110 IIPOCTPAHCTBEHHOM KOOpANHAaTe Ha3blBaeTca zpadu-

enmom 3T0# PyHKIUN.
Ilosicuum cMbica rpaguenTta. HanmpumMep, HEKOTOPOE BeleCTBO
HEePaBHOMEDHO paclpeiesieHO BIOJb KOOPAWHATEL X, T.€. er0 KOH-
neaTpanusa C ABaseTcA HEKO-

dc o o
<-—gradc=a Topo#t pynrkumeit x (puc. 1.2).
Torza cKCpOCT, W3MEHEHUA
L o P ® KOHHOEHTPAIIU! BIOJbL X OIpe-
0 %e @ 0 o et
® @ o
00 o o L ® x jenserca IPOU3BOXHOMN dac ,
® [ J
% o dx
AN Ha3biBAETCS TPAJVIEHTOM KOH-
MounexyisipHBI€ BeLIECTBA HeHTPAIUH,
Puc. 1.2. lloscuenne NoHATHA AHAJIOTUYHO CYIIECTBYIOT

«TPagAEHT KOHLEHTPAIN » rpaJueHThbl NaBJIEHWUS, TeMIie-
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paTypsl U JpPyrux BelwuuH. B Qusuke v maremaTuKe rpajueHT
daf
dx
BeJIMUMHEI f.

T'paguenTsl XxapaKkTepU3YIOT HEPABHOMEPHOCTH paclipeieJie-
HUA BEeJUYMHBI B NPOCTPAHCTBE U ABJAIOTCA OZHOU U3 IEPBO-
OpuY¥H OOMEHHBIX IIPOIIECCOB, NMPOHUCXOAAMMNX B (DU3MYECKHUX
u OMOJIOrMYeCKUX CHCTeMaxX.

Tak, Hajuuue rpajueHTa KOHIEHTPAIMH ABAAETCA IPUYUHOU
¥ KOJWYecTBeHHON Mmepol audGysuu, 3acTaBISIOHIEN MOJIEKY-
JIBI BEIIECTBA pacupeneaThes 0ojiee PABHOMEPHO, IepeMeniasch
B HANPaBJIEHUM MEHbIIlell KOHIIEHTPAINU, T.e. IPOTHBOIIOJIOMK-
HO BEKTOPYy TrpajueHTa KOHUIEHTpanmuu. AHAJOIMYHO IIEPeHOC
Temjia B HEKOTOPOM HalpaBJeHuH (TelsiooOMeH) BO3HUKAET IpU
HAJIWYUHU TPajUeHTa TeMIepaTyphl; ABUIKEHUE 3JIEeKTPUUECKU
3apPAKEeHHBIX YACTHUI] NOOY:KIaeTcsa IPaJUEHTOM 3JEKTPOIOTeH-
nyajia 1 T.il.

— 9TO BEKTOD, ROTOprﬁ HanpaBJIEH B CTOPOHY BO3paCTaHUA

1.2. UccaeroBaHue (PYHKUMU C MOMOUBLIO
Npou3BoAHOK. Haxoxaenue 3KCTpemymos
yHKunn

Hns vcenemoBanmsa GyHKIMM y(X) LIMPOKO NPUMEHSIOTCS €e
npousBogHbIe Y'(x) 1 y''(x). Ux uconp3yIoT JJid HaX0XKJeHus 06-
JlacTel BO3pacTaHusA M yObIBaHUA MYHKIWMW, IJA HAXOXKIACHUSI U
HCCIeOBAaHUA ee 9KCTPEMYMOB.

B rouykax skcTpeMyMOB mpomsBogHas GyHKIMU y'(x) Bcerma
PaBHa HyJ10. OTH TOYKHU, a TAKIKE TOYKHU Pa3pPbIBOB QYHKIIUM Je-
AT BCO 00JACTH €€ OnpelesieHusl Ha YUACTKY, B KOTOPBLIX 3HAK
IPOM3BOSHON COXpaHAETCS NOCTOSHHBIM (puc. 1.3):

> ecau y'(x) < 0, To pyHKIua y(x) Ha ITOM y4acTKe ybbiéaem:
(x15 x5), (c, d);

> ecnu y'(x) > 0, To GyHKIMA y(X) HA STOM y4acCTKe 603pac-
maem: (a, x;), (x5, X3) u (x5, b);

> ecau y'(x) =0, To pyEKIMA y(X) HA BTOM YUIACTKE NOCMOAH-
Ha: (b, ¢).
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y(x)

Y1
Yz

0 a x x x3b ¢ d x

Puc. 1.3. Marcumym (x;, y;), MEHUMYM (X,, Y,) OyHKIMUM, 00sacTu ee
Bospacrauus ( + ), yoerBanusa (-) u mocrosHcrBa (be). CBepxy mpocras-
JIEHBI 3HAKK U HYJIM IPOU3BOHON DYHKIMYN

Ecau y'(x) =0 TONBKO B OTHEJBHBIX TOUKAX X, X5 X35 -y TO
GYHKIUA B 3THX TOUYKAX MOXKET MMETh IKCmpemym, T.e. MaK-
CUMYM WJIN MUHHUMYM.

Dyuruudg y = f(x) uMeer MaKcumMym B TOYKe X;, €CJIH ee 3HaUe-
HMe B 3TO# TouKe 00Jbllle 3HAYCHUN (PYHKIMY B JI00BIX OamiKaii-
MUX cocemHMX Toukax: f(x,) > f(x; — Ax) u f(x;) > f(x; + Ax).

Dyukoua y = f(x) uMeeT MUHUMYM B TOUKE X,, €CJIU €€ 3HAaUe-
HUEe B 3TOM TOUKe MeHbIle 3HAYEHNN QYHKINY B JI00bIX Oruxaii-
KX coceHMX ToukKax: f(x,) < f(x, — Ax) m f(x,) < f(x, + Ax).

Kakx ysxe oTMedYayioch, B TOUKaX 9KCTPEMYMOB IpPOUW3BOAHAS
byukmuy Becerga paBHa HyJO: y'(x) = 0. 9To CBOMCTBO U KCIIOJb-
3YIOT JJIsi HAXOMKAEHUA dKCTPEMYMOB QyHKIuH.,

Tlopsimox wmccienoBaHusa QYHKIUY Yy = f(X) HA SKCTPpEMYyM:

1. Haiitu npousBoauyo GyEKIuM y'(x).

2. PemnTs ypaBHenue y'(x)=0. Kopuu aroro ypasmenus X,
Xgy X3y ey X, ABIAIOTCA TOUKAMHU, NOJO3PUTEIbHBIMY HA HAJUYME
3KCTpeMyMa QYyHKIIMM.

3. IInst yCTaHOBJIEHUA BU[A DKCTPEMyMa B 9THMX TOYKAX IIOJIb-
3YIOTCSI IByMS cIioco0aMmu.

1-ii cnoco6. OupegenuTs 3HAK IIPOM3BOAHONM y'(x) cieBa u
cIIpaBa OT HOZO3PUTEIbHON TOYKH X;, T.€, B COCEJHMX TOUYKAX
(x;,— Ax) 1 (x; + Ax):
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» ecJyiy NIPU Iepexofe uepe3 MOAO3PUTEJILHYIO TOUKY X; 3HAK
MPOU3BOJHOH M3MEHAETCA C «—» Ha «+», T.e. y'(x; — Ax) < 0,
a Y(x;+Ax) > 0, To B TOouKe X; OymeT MuHuUMYyM OYHKIUH
(- 0, +);

» ecJiu IIpU Iepexofie uepe3 MOA03PUTEJNBLHYIO TOUKY X; 3HAK
NPOU3BOHON M3MEHSeTCH C «+» Ha «—», T.e. y'(x; — Ax) > O,
a y'(x;+ Ax) < 0, To B TOouKe X; Makcumym pyuruuu (+, 0, -);

» ecau IIpU Nepexojie uepes MOJO3PUTENLHYIO TOUKY X; 3HAK
NpOU3BOJHOM He uamensercsa (-, 0, —) uau (+, 0, +), To B TOUKe
x; BKCTpeMyMa HerT.

2-i cnoco6. HaiiTu BTOpYI0 Ipon3Boguy0 y''(x) nccaenyemoit
GYHKIIMU ¥ ONPeAeJIUTb €€ 3HAK B IOJO3PUTENbLHBIX TOUKAX:

» ecau y''(x;) < 0, To B TOuKe x; Oyuer markcumym GYHKIUN;

» ecau y'(x;) > 0, To B Touke x, 6yaer Murnumym GOYHKUIUH;

» ecau y''(x;) =0, TO d5KCTPEeMYM QYHKIIMH B TOUKE X; He onpe-
Odenen 1 HEOOXOAMMO BOCIOJIb30BaThCcA 1-M crroco6om

Bropoii crioco6 00b1uHO MEeHee TPYyAOEeMKHUil U MO3TOMY OoJee
IpeANnOUYTUTEILHBIN,

1.3. Audpcpeperuman ¢yHkumm

HAuppepernyuanom apzymenma dx HaA3BLIBAIOT NMpUpAILEHUE
aprymenTa Ax, T.e. dx = Ax.

Hup@epenyuarom ¢ynryuu dy Ha3BIBAIOT IPOU3BEAEHUE
IPOM3BOAHON (YHKIMU Ha npupauieHue (unu guddeperunas)
aprymeHra:

dy =y'Ax =y'dx. (1.5)

Huddepennnan byHkuuu dy He paBeH ee IPHUPALIEHUIO Ay,
HO npencrasisfieT co00# €ro riaBHyYI 4acTh. B 3TOM 3akjiouaer-
Ca ero aHaautudeckuil cmeica. [Ipu ManpIx npupaieHusx ap-
TyMEHTa MOYXHO CUMTaTh, 4TO Ay ~ dy.

U3 cmbicna auddepeHnuata caeayeT ero BaXKHOe IPAKTHYe-
CKoe IpuMeHeHue: guddepennuat GQyHKIUMA MO3BOJIAET Npuban-
KeHHO OIIpe/leINTh, HACKOJBKO HM3MeHseTcd (DYHKIUA MIPU He-
Bonpminx mamenenuax ee aprymesra.

2-5284
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Ipumep. Umeercs ky6 ¢ gnunoit pebpa [ = 1 m. Ha kaxyio Beauuuny AV
U3MeHUuTCA 00heM Kyla, ecau AnuHA ero peGpa yBenuunted Ha Al=1 cm?
9Ty 3ajjady MOKHO PEILIUTh X METOAAMMU 3JIeMEHTapHON MaTeMaTUKH:

AV = (1 + Al)?® - 3= 8I2AL + U(AL)? + (Al).

OzHaKo ga)ke B JAHHOM 3JeMEHTADHOM NpuMepe Heo6XOLMMO BBIIIOJ-
HATb JOBOJBHO AJUTENbHbIE BHIUNCICHUSA.

YuurbiBas, uTo npupainesue ob6beMa Kyb6a (GyHKumM) opu MajibIX H3-
MEHEeHUsX JUINHBI ero pebpa (apryMeHTa) IPUMePHO paBHO AuddepeHIary
o0beMa, IoJyYUM

AV~dV = (P®yAl=32Al=3-1-0,01 = 0,03 m’.

TlosyueHHOEe 3HAUYeHME M3MEHeHHUs 00beMa KpaiiHe He3HAUMTEIbHO OT-
JINYAETCS OT PACCYMTAHHOTO II0 TOYHOH dopmyse.

1.4. YacrtHble NPOU3BOAHbLIE

ITonaTne mpomaBoaHOII OBLJIO BBEAEHO A (QYHKIIMM OXHOM
nepemeHHOM. OzHAKO 4YacTO HEOOXOOMMO KOJUYECTBEHHO OIU-
CbIBATHh IIPOIECCHI, 3aBUCAIINE OT HECKOJbKHUX IIePEMEHHBIX.
Hamnpumep, cOCTOAHME OpPraHM3Ma MOMKHO PacCMaTpPUBATBL KaK
HeKoTopyw ¢yuxumio U(x, y, 2, .., t), 3HaueHHe KOTOPOH 3a-
BHUCHUT OT psAAa IIapaMeTpoB X, Y, 2, .., {, TJe X MOXKeT 03Ha4yaTh
TEeMIIEPATYPY TeJa; J — CUCTOJUUECKOE JaBjIeHNe; 2 — COJepsKa-
Hue remMorjobuHa B KpoBu u T.A. Kak onpezenuTs npou3BOAHYIO
TaKoil QyHKIuu?

Onst GyHKIMiz MHOTHUX NEePEeMeHHBIX BBOJST IOHATHE YACM-
HOU npou3eodnoli, KOTOpad XapaKTepusyeT CKOPOCTb M3MeHe-
HUA QYHKIIHUA TOJBKO IO OJHOI M3 He3aBUCHMBIX NepeMeHHBIX,
B TO BPeMS KAaK OCTaJbHblE IePEeMEHHEBIE CUUTAIOTCHA He U3MEHAI0-
mumMucsa. YacTHasa MpousBoAHAA OT PYHKIIMH IBYX IIepeMEeHHBIX
U(x, y) no nepeMeHHOH x:

_ oUu(x, y) - lim U(x+Ax,y)~-Ul(x, y)
- ox Ax—0 Ax :

U (1.6)

B uucauresne gaHuo0 Apodu — Pa3HOCTb 3HauUeHuH QyHKuu U
[PU «HapaleHHOM» (X + AX) M IpexxkHeM (X) 3HaueHHUAX apry-
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MeHTa, a B 3HaMeHaTesJe — IPUPAIIEHUe ITOTO aprymMeHTa AX.
IIpu 3TOM aprymMeHT iy He MEHSETCH.

AnanornynsIM o6pa3oM olpezesgeTcsa YacTHAA IPOU3BOAHASA
¢yuknun U(x, y) mo nepeMeHHOMH y:

s ) A - ’
_0U(xy) o, Ulny+dy)-U(xy) (1.7)
oy ay—0 Ay

Ul

y

Haxo)xaeHue 4YacTHBIX NPOM3BOAHLIX (auddepeHIInpoOBaHTe
PYHKIIMH MHOTHX IIepeMeHHBIX) He IIPeJICTABJIAET 0COOBIX CJIOMK-
HOCTEI.

Hpumep. Hy:xHO HaiiTu 4yacTHBIE IPOM3BOAHBIe QyHKIUYU U = x%sin Y.
Brruncaas yacTHY NPOU3SBOAHYIO OT GyHKI MY U TI0 X, OCTaJbHBIE IIe-
peMeHHbIe cunTaeM 3adUKCHPOBAHHBIMKM U o0palaeMcsi ¢ HUMM IIpU Ha-
XOXJEHUU IIPOM3BOJHON KaK C [IOCTOAHHLIMHM BEJIMUMHAMU, T.e. B JAHHOM
cay4ae obpamaeMcsa CO MHOKHTENIEM Sin y KaK C IOCTOSHHOM BeJIHMYMHON:

U, E£=3xzsiny.

ox

AnajoruyHo IOCTYyIaeM LHPH HAXOMKAEHHWM YaCTHOM IIPOMU3BOAHOM 1O Y,
CUMTAs Temepb MHOMHTENb X° MOCTOSHHOM BEIMYMHON W OIpenefs HPO-
M3BOJHYIO OT sin y:

. _ou
U y =

3
=X cosy.
oy

1.5. Yacthbie andeperunans.
MoAnbiii andppepenuman ynkumm

PaccMoTpuM GyHKIMIO HECKOJBKUX (IS MPOCTOTH — ABYX)
niepemenHbIX U(x, y).

Yacmuoim dugppeperyuanom atoit pyHxuuu no x (06o3Have-
Hue d,U) Ha3pIBalOT IpOU3BeIeHHNEe YACTHOM ITPOU3BOLHOM 110 X U
Iuddepenninana aprymenra dx:

d,U =9 gx.
ox
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AnanornyesiM 06pasoM ONpPEeJessioT YacTHHIN AnddepeHiiu-
aj mo y;
aU=Lay.,

Oy

CymMa Bcex 4acTHBIX Au(phepeHIaNT0B Ha3bIBAETCS NOLHLLM
dugpepenyuanom ¢pynxyuu. Ana dyaxknum U(x, y) HOJHBIH
auddeperan

av =Y ax + U 4

. 1.8
o o y (1.8)

YacTtHpie auddepeHnanbl I03BOJAIT OLEHHTL H3MEHeHue
GYHKIIUM Opy HEOOJIBIINX HU3MEHEHHUAX OAHOIO U3 €€ COOTBETC-
TBYIOLIMX apryMeHTOB, a HOJHBIN guddepennuan — u3MeHeHHUe
3HaueHUs QYHKIUMU IIPU U3MEHEHUM BceX NepPeMeHHBIX, OT KO-
TOPBIX OHA 3aBUCHT.

Hpumep. PaccmoTpuM napasiesenurel ¢ JjiuHamMu peGep: x =1 M,
Yy =2m™, z =3 m. [lonycTum, nepsele ABa pebpa yBeauumnauch Ha Ax= 0,01 m
u Ay=0,02 M, a Tperbe yMesbmnIoCh Ha Az = -0,01M. Ha kakyio Besuunny
AV usmenuicsa obbem napajuiesnenunena?

ITy 3ajady MOXKHO PeluuTh n 6e3 IPpUMEHeHUA BBICIIEH MaTeMATHKH:

AV = (x + Ax)(y + Ay)(z + 8z) - xyz .

OpHako Mcmoib30BaHUE TONHOrO AuddepeHIasa NO3BOJAET CyLIECT-
BeHHO YyHIpocTUTh pemeHue. [TockonbKy naMenenus AiuH pedep 110 cpaBHe-
HUIO C WX [I€PBOHAYAJbHBIMY 3HAYEHUAMU HEBEJIUKH, OyJeM CHYUTATh, YTO
uckomoe npupamerue AV o6bemMa V (QPyHKUMM TPEX NepeMeHHBIX — JJNH
pebep) mpuMepHO paBHO HoMHOMY Aubdepenunany dV:

AV = dV = d(xyz)——a——A +%‘£Ay+ﬂz&2.
x Y oz

Haiigs 4dacTHbIe NpOM3BOAHBIE U IIOACTABHUB B 9TO BbIparKeHUEe YHUCJICH-
Hble 3HaYeHUd, NOJNYyYUM

dV = yzAx + xzAy + xyAz =2-3-0,01 +
+1-83-0,02-1-2.0,01 = 0,10 m>.
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1.6. lNepBooOpa3Has ¢yHKuus
M HeoMpeAeAeHHbIH MHTerpaa

B 3nemeHTapHoﬁ MaTeMaTrTuKe CJIOXeHH€ W BblYMTaHHue, yM-
HOXEHHE N [eJIeHHEe, BO3BeJeHNe B CTelleHb M HU3BJIEYEHMHEe KOp-
HA — IIPpUMepHI BSaI/IM006paTHbIX MaTeMaTHu4YeCKHUX onepau;nfzi.
JTH omnepanuu, I0CJIeJ0BATEJbHO IIPHUMEHEHHBIE K OAHOMY H
TOMY e YHUCIy, CaMOro 4ucjia He U3MEHAIOT.

a+b—b=a,lbll=a, Ya" = a.

BsaumoobpaTHbie omepanyy CYIIeCTBYIOT M B BBICIIEH Ma-
reMatuke. Jupgepenyuposarnue (HaXOXKIAEHHUE MTPOU3IBOLHOMN)
TMO3BOJIAET II0 HEKOTOpPOi 3aJaHHOM (QYHKIMH HANTH CKoO-
poctb ee mameHeHuda. Omepanueit, ob6paTHO# AudpdepeHUpo-
BaHWIO, SBJAETCA UHMeZPUPOBAHUE — HAXOMJACHUE CcamMoi
bysknuu (mepBooOpasHOoil) MO 3aJaHHOM CKOPOCTH €e Hn3Me-
HEHUuA.

dyuxuuio F(x) Ha3pIBAIOT nepeoobpasnou naa pyHrmum f(x),
ecju AJiA Bcex x U3 obsactu onpegeneHus ¢pyHrnuu F'(x) = f(x)
unu dF(x) = f(x)dx.

WHpiMu cnoBamm, mepBooGpasHas (QYHKUHS -— 9TO Taxasd
pyHKIHA, IPON3BOAHOM OT KOTOPOI ABJsieTcA 3afganHaA. Hanpu-
Mep, 3ajaHa QyHKnua f(x)=2x. Ee nmeproobpasHoii GyHKIuen
6yner F(x)=x?, Tak xak F'(x)= f(x) = 2x. Oguaxo F(x)=x*+C,
rage C — HpoOM3BOJIbHAA TIOCTOSIHHAA, TaKkKe OyAeT nepBoobpas-
Ho# masa f(x) = 2x, nockoabky (x°+ C ) = 2x.

CoBOKynHOCTE Bcex MmepBOOGPAsHbIX (MYHKIUB MJIA 3afaH-
HOJT QyHKIMM f(X) HA3BIBAIOT HeonpedesieHHbLM UHMEZPANOM:

J.f(x)dx =F(x)+C.

1.7. OnpeAeAeHHbiit MHTErpaa

K mnonATHIO ompegeseHHOro WHTerpaja mnojoizeM my-
TeM pacCMOTPEHUs reoMeTpuuecKoil 3sajzauu. J[lomycTtum, He-
KoTopas (DyHKOUS 3ajaHa B BUAEe rpadpuKa, IpeAcTaBICHHOTO
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y=1f(x)

B
A
Y Y2 Yn
Ax, | Ax, Ax,
C D
x,=a x,=b x

Puc. 1.4. Briuucienue 08 A KPUBOJIUHEHHON Tpanenuu

Ha puc. 1.4, u Tpebyercss BBIUYMCIAUTH ILIOH[aAbh KPUBOJUHEMH-
HOU Tpaneuuu S,gpc, 00pasoBaHHON rpadukoM (GYHKIUU, OCHIO
abcuucc M opaMHATAMHM, BOCCTAHOBJIEHHBIMHM M3 TOYEK X, =4 H
x,=b.

IIpubaunkeHHO 3HAUYEHME MCKOMOM IJIOIIAAXW MOYKHO HAMTH,
pasOuB KPUBOJMHEHHYIO TPAllellui0 Ha OTAejbHble NPAMOYTOJb-
HUKHW ¥ CJI0KHUB uX miomiaayu. OCHOBAHUAMY 9TUX NPAMOYTOJb-

HUKOB CJIY}KaT MaJjible MHTepBaJIbl Ax;, Ax,, AXs, ..., AX,, @ BBICO-
TaMU — OPOUHATHI Yq5 Ys» Yszs ++» Y, BCIN OCHOBAHUA AX; MAJIBI, TO
n
Suppc = ZyiAxi' (1.9)
i=1

CoorHomesne (1.9) BBIIOMHAETCSA TeM TOYHee, YeM MeEHbIIle
OCHOBAHMS MPAMOYIOJNbHHUKOB Ax;. TouHOe jKe 3HaueHHWE HCKO-
MO mJIowagu MOXKHO HAWTH IPU NpeNeJBLHOM Iepexoe:

n b
S, spe = A%xgogyiAxi = J.ydx . (1.10)

CyMMa Bcex MpPOM3BeNeHUN Yy, AX;, CTOAIAA IIOA 3HAKOM IIpe-
[ejla, Ha3bIBAETCHA UHMEeZPANbHOU CYMMOl, a ee IPpeaes — onpe-
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denennvim unmezpanom or Gyskuuu y = f(x) Ha yuactke [a, b].
3HauyeHNs @ U b HA3LIBAIOT HUMNHUM U BEDXHUM Npedesamu UH-
mezpupoéarHus COOTBETCTBEHHO.

M3 pemieHus paccCMOTPEHHOH reOMeTPHUYECKOH 3aJauu Cleay-
eT:

1. OupegeseHHBIE MHTErpajJl MMEET TeOMETPUYECKHMIl CMBICI
miomaan (Urypsl, OorpaHMYeHHOM rpauKOM (PYHKIMH, OChIO
abciyicc ¥ OpAMHATAMHU, BOCCTAHOBJIEGHHLIMY M3 3HAUEHUIl apry-
MEHTa B IIpeJiesiaX UHTEerPUPOBAHUS.

2. Camy omnepanuio HHTETPUPOBAHUSI MOYKHO OIIHMCAThL Kak
cJioKeHHe OGeCKOHEUHO OOJIBIIIOro KOoJaudYecTBa OECKOHEUYHO Ma-
abIX BeawuywmH. [leiicTBurensHo, B ¢popmyrne (1.10) nmpu Ax;, — 0
Kaxkzoe ciaraemoe y,Ax; — 0, r.e. aBiaserca 6ECKOHEUHO MAaJIO
BEJIMYMHOMN, KaKIBIH OTOEJbHBIH IPAMOYTOJbHUK CTPEMUTCSH
BBIDOAUTHCA B JIMHUIO, HO YHCJIO 3TUX CJATAEMBIX CTPEMHUTCS K
0eCKOHEYHOCTH.

OmnpenesieHHBIHM HHTErPaJl BBIYKUCIASIETCS ¢ IIOMOIIBI0 (hOPMYJIbI
HpioTona — Jleitbuuna:

bjf(x)dx - F(x)} = F(b)- F(a). 1.11)

s HaxoxJeHus OIpeAeeHHOr0 HHTErpana HeobGXOmMMO
HaliTH AJI NOABIHTErpaibHON QyHKIME [(x) mepBoobpasHyIo
F(x) u B3siTh pasHOCTH 3HAUEHUIT 3TOI
byHKIMN Ha BepXHEM U HUXKHEM IIpe- 9
IellaXx WHTerPUPOBAHUA. y=x

Hpumep 1. Bosumem mapaGony y=x°

¥ IOCTaBMM 33Ja4y: BBIYMCIHUThL ILIOMIAJb
S)purypsi, 06pasoBaHHON rpadUKOM Hapa-
Gosnl, OCHI0O X W OpAMHATAMY, BOCCTAHOB-
JIeHHBIMY U3 3HA4YeHMH x,=-1 u x,=2. Ha
puc. 1.5 ara ncKomMasa MJOIIAAb 3ALITPUXO- ,
raa. 0

Pemenne nansoii sagauu cBOAMTCS K Ha- _1 9 X
XOMIeHUIO ONPeeJIeHHOr0 MHTerpasia:

Puc. 1.5. Haxoxnenne

S:ZIxzdxzx— §_(_l)_g_3' miomany Guryp
-1 3], 38 3 MHTEerpUpOBaHUEM
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Hpumep 2. CKopocTh ABMIMKEHUSA TeJla U3MEHAETCA BO BPeMEHH II0 3aK0-
HY U = 3t? - 2t m/c. HyskHo onpeenuTs, Kakoii myThb L mpoiiger Teso 3a 5 ¢
OT HauaJia JBUIKEHUS,

PellieHue CBOAMTCA K HAXOMKIEHUIO OTIPEIEIEHHOIO HHTErpasa

5 5
L= ({(Stz - 2t)at = (¢ - ¢ )‘0 =125-25-(0-0) = 100 m.

1.8. AuddepeHumnarbhbie ypaBHeHUs

HAuppepernyuanvuovim Ha3HIBAIOT ypaBHEHUE, CBA3BIBAIOLIEE
apryMeHT X, ICKOMYIO (DyHKIIMIO Y M ee IPOu3BOAHEIE Y, ', ...,
y" pasiVYHBIX HOpAAKOB. B obueM Buzge auddepeHLUaIbHOE
YpPaBHeHUEe MOYKHO 3aIllMCaTh TaK:

Fx,y,y.y", ... y")=0.

Hopadox OJuggepenyuanvrozo ypasHenus OnpeReIseTcs
HAHUBBLICUINM MOPAZKOM BXOJAIEI B HETO IPOU3BONHOM.

IIpumepom guddepeHInaNILHOTO YPABHEHUA ABJISAETCA BTOPOM
3akoH HploToHA, onpegenamomniuii cuay F Kak NIpou3BefeHne Mac-
ChbI TeJsla m U IPUOOPETEHHOTO 1O/ AEHCTBUEM CHUJbI YCKOPEHU a:
F=ma.

YuursiBasi, 4TO YCKOPEHHE €CTh lIepBasi IPOU3BOJHAA OT CKO-
pocTH v, 3anuiieM BTopoil 3akoH HrioToHa B Buae pudepeniiu-
aJIbHOT'0 yPABHEHUS II€PBOrO MOPAIKA:

F=md (1.12)
dt

IlockonbKy yCKOpDeHHEe HBJAETCS BTOPOil NPOM3BOAHOM OT
nyTu S, 9TOT 3aKOH MOXKHO IIPEJCTAaBUTh B Bule AuddepeHIn-
aJILHOTO ypaBHEHUS BTOPOTO MOPSAAKA:

2
F=m%3, (1.13)
dt

Ecisn ussecTHa 3aBUCHUMOCTD F(t) HelficTBYIOILEH HA TEJIO CHUJIbI
OT BpeMeHH, TO, pellluB ypaBHeHue (1.13), HafigeM 3aKOH ABUKe-
HUSA TeJja, T.e. 3aBUCHUMOCTb IIPOHEHHOTO IIyTH OT BpemMenn S(t).
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Pewenuem puddepeHIINaIbHOTO YPABHEHUS ABJIAAETCA (YyH-
KIUsA, KOTopass o0pairjaeT 970 ypaBHeHUe B TOKJecTBO. Hanpu-
Mep, HYKHO PelllUTh ypaBHeHUe

y - x=0. (1.14)

HpeﬂCTaBI/IM 9TO MCXOJHOEe YypaBHEHHUE B BH e

ﬂ=x:>dy=xdoc. (1.15)
dx

-B ypaBHenum (1.15) BhITONHEHO pasjielieHne MEePEeMEHHBIX:
ucKkoMasa QyHKOuA y u ee auddepeHnnas dy BHIHECEHBI B OQHY
YacTh YpPaBHEHUs, a apryMeHT X U ero auddepennuan dx —
B APYTYIO.

Tenepr mpowsBeseM HHTErPUPOBAHNE €T0 JIEBOM M IpPaBOi
gacTewn:

x2
jdy:jxdx:y+cl=—2—+c ) (1.16)

IMpy maxoxaeHUU HEOoIpPeae/IEHHBIX HHTErpaJioB MOABJAIOTCA
nmpousBoJibHbIEe nocToAHHBIe C, u C,. X cienyer o0beUHUTH B
onny nocrosHHyIo C:

2
y=£‘2—+c. (1.17)

Pazauuator obiree u yacTHoe perneHuA aud@PepeHInaILHOIO
YpPaBHEHUs.

Popmyna (1.17) asuserca obwum pewenuem nuddepeHnn-
anpHOro ypaBHeHus (1.14), cogepsxamyM CTOJBKO TTPOU3BOJIb-
HbIX IIOCTOAHHBIX, KaKOB NMOPAAOK AuddepeHnaapbHOro ypas-
HeAUsA.

Jlerko gokasarh, uro @yuxmus (1.17) gelicTBuTeNLHO ABJA-
eTca pelleHreM ypaBHeHUA (1.14), TOCKOJBKY ee MOJCTaHOBKA B
3TO ypaBHeHHUe o0palaer mocjeHee B TOXKIECTBO.

IIpu 11060M KOHKpPETHOM 3HAYEHUH HOCTOAHHOU C B QyHKIUHN
(1.17) monyuum uvacmmoe pewenue nuddepeHHaTLHOTO YPABHE-
Hua (1.14). YacTHeIX perueHuit MokeT GbITh GECKOHEYHOe MHO-
skecTBO. UTOOBI M3 3TOr0 MHOMKECTBA peIleHUI BeIOPATH OIHO,
HeoOXOAMMO 3a/laTh HEKOe JOMOJHUTEIbHOE YCIOBUE, UCIIOIb3Y
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KOTOpOe HaiijleM 3HaueHUe ITOCTOsSHHON C U HY»KHO€e YaCTHOe pe-
HIEHHe.

Hanpumep, 3azanum HadasnbHOe ycaoeue y = 1 upu x = 0. Tlox-
CTAaBMB 9THU 3HAUYEHUA X M y B obiee pemenue (1.17), naitnem
nocrosaauyw C:

1=0+C=C=1.

IToncraBnsas mawHoe 3HaueHue C B o00iee pemresue (1.17),
MOJIyYMM YacTHOE pelleHne, YIOBJIETBOPAWIee 3aJaHHOMY
YCJIOBHIO:

X
=2 +1. 1.18
Yy 9 ( )

1.9. Jtanbl pewenus 3aAay Npu UCNOAb3OBAHUMU
A pepeHUnaAbHBbIX YpaBHEHHiH

Huddepernnuanbuble ypaBHEHUA — MaTeMaTHUYeCKUil ara-
paT, IO3BOJIAIOIMI HE TOJBKO PEeliaTh YHCTO MaTeMaThdecKue
niu pu3ndecKue 3a1a4y, HO ¥ KOJIMYECTBEHHO ONUCHIBATEL CAMBIE
pa3HooOpa3Hble IIPoIecChl (MEeAUKO-0H0JIOTHYECKIEe, COIluAIbHbIE
u 1p.). HecmoTpa Ha pasHooOpasre paccMaTpUBaeMbIX ABJIEHUI,
MCIIOJB30BaTh anmnapar auddepeHinalbHbIX YPABHEHUN NI UX
HucCcJIefOBaHUA HEO0X0AMMO B 0011eil JOTMYEeCKO II0C/Ie0BATE b
HOCTH.

1. Cocmasnenue Juppepernyuanbnozo ypasrHerus. ITo Haubo-
Jiee CJOMKHBLI M OTBETCTBEHHBIN 3Tal, TPeOYIOIIMH ydeTa BCexX
(aKTOpPOB, BJIMAIOIIMX Ha TeYeHHEe HCCIeAYyeMOro IIpoliecca.
C 3TOil Iespl0 MOXKHO CAEJIaTh HEKOTOphIe NOMYINEeHUA, OIpe-
IeJUTh HavaJbHbIE YCJIOBUS, OCHOBBIBAsICh HA TBEPAO YCTAHOB-
JIEHHBIX SKCIIEePUMEHTAJbHBIX (PaKTaX WM HA JIOTMYECKUX IIO-
celnkax. Hampumep, mpakTHdecKas I0Jb3a MATEMATHYECKUX
MopeJsiel paborsl cepAua (oJyueHne HOBBIX CBEIEHUI, ITO3BOJIA-
IOIIUX YJIYYIIUTh JUATHOCTUKY CEPAEYHO-COCYAUCTHIX 3a00sieBa-
HUH U ITOBBICUTH 9((HEKTURBHOCTD MX JeUYeHUA) 00YCIOBINBACTCS
NOJIHOTOA M KOPPEKTHOCTHI0O MaTeMaTHYeCKOro yuyeTa (pH3MOJIO-
TUYECKUX JAHHBIX W KJINHUYECKOH MPaKTUKH.

2. Pewenue ypasHeHus. ITOT 3TAl MOSKET CUMTATBCA Oojee
MIPOCTHIM, YeM IIePBBIY, HOCKOJBLKY OH MPEAIOJaraeT BbIIIOJIHE-
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HUe YUCTO MaTeMaTHudecKux onepaiuii. Ecau nmojayyuTs peiieHue
InddepeHnaIbHOr0 YPaBHEHUA B aHAJIUTUYECKOM BHIE HEBO3-
MOXKHO, TO 3TO MOJKHO CJEJIaTh paCUeTHbBIM MyTeM C IPUMEHEHH!-
eM COBpeMEeHHOU BBLIUMCJIUTEIbHON TEeXHUKHU.

3. Ouenka u anaaui pesyabmama. Pemmns guddepeHnnaib-
HO€ ypaBHEHHNe (MM CUCTEMY YPaBHEHM), HeOOX0AMMO OLeHUTh
TEOPETUYECKYIO M IPAKTHUECKYIO IOJb3y HOJYUYEHHBIX De3yJib-
TATOB, T.€. BHIICHUTDL, YCTAHOBJEHBI JU HOBbIE 3aKOHOMEPHOCTH
MIPOTEKAHUS TOTO HUJIM WHOTO Ipoiiecca (Hampumep, HHU3UOJIOTH-
YeCKOro), OIpeAeseHO JU KOJUYECTBEHHO BJIMAHMNE YUTEHHBIX
dakTopoB (K mpuMepy, Ha CTeNeHb Pa3BUTUA ¥ XapakTep NaTo-
JIOTHH) # T.II.

Kpome Toro, cieayer comocTaBUThH MOJYUYEHHbIE Pe3yJIbTAThI
¢ ycTaHOBJeHHBIMH (phakTamMu. Eciau u3 MaTeMaTUYE€CKOTO OIHU-
caHus PUBNOIOTUUECKOTO IIpoliecca ClIeAyIoT HeO:KUAAHHBIE U
Heu3BeCTHBbIE paHee BBLIBOABLI, TO BTO MOJYKET O3HauaTh OJMH U3
IBYX BapHaHTOB:

1) geiicTBUTENBHO YCTAHOBJIEHO HOBOE ABJIEHNE, KOTOPOE BIIOC-
JIEJICTBUH MOJKET ObITh ITIOATBEPKAEHO 9KCIIePUMEHTAIbHBIMHU HC-
CJelOBaHUAMY;

2) mosydYeHHBIA pPe3yJILTAT SBJSETCA CJEJCTBHEM TOro, 4TO
HAa 9Talle COCTaBJIeHUA NuddepeHINaIbHOr0 YpaBHEeHUS He ObLIN
YYTEHBI BCe HEOOXOAUMbBIE (DAKTOPHI UJN CAEJAHBI CAULIKOM I'Py-
Oble IONYIIeHUs.

1.10. lNMpumepbl UCNOAb3OBaHMUS
AudpcpepeHLmarbHbIX  YpaBHEHU

B coorBeTcTBUM ¢ ONMCAHHBIMU 3TANlAMU WCIOJbL30OBAHHUSA all-
naparta guddepeHIuaJIbHbIX YPAaBHEHUM IPUMEHUM ero IJd pac-
CMOTPEHHA HEeKOTODBIX 3a7ad.

Hpumep 1. HeobGxonuMo onpeeanTh XapaKTep JBUKEeHNSA Teja (3aBU-
CUMOCTh IIYTH S OT BpeMeHHU t), eciu cuia F Ha Teso He JeiicTByer.

JuddepernnaibHoe ypaBHeHHe, ONMUCHIBAIOLee IOBEJeHe TeJa B 9TOM
caydae, NIpeAcTaBiIsAeT BTopoil 3akoH HpioToHa:

mﬂ=0:@=0:v=const.

dt dt
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Cuyurasi, uTo Macca m # 0, oJy4uM, YTO YCKOPEHUEe PABHO HYJIIO, ¥ JBU-
JKEeHHe OCYIIECTBJSETCA C MOCTCAHHON CKOPOCTHIO V.
IIns yeraHOoBNIeHMA 3aBucHMOCTH S = f(f) HYXKHO PeIIUTh YPaBHEHHE

48 _ = dS=vdt =8=vldt. (1.19)

dt

B peaynbrare uHTerpuposanusa ypasHeHus (1.19) moayuum
S=vt+C=>8=vt+8S,, (1.20)

rae C — TpOM3BOJILHAA IIOCTOAHHAA, KOTOPAaA PaBHA HYTHU, NPORIEHHOMY
K HAYaJbHOMY MOMEHTY BpeMeHH (OIpeJesideTcs M3 HAYaJbHOTO YCJIOBUS
npu S =S, t = 0).

Bripaxxenue (1.20) npexcrasiser coboil ypaBHeHUEe DaBHO-
MEPHOro IMPAMOJHNHENHOTo ABMKeHuA. Takum o6pasoM, eciu Ha
Tesio He geiicrByer cuia (F = 0), To Teso coxpaHsieT COCTOAHUE
IOKOSA [uacTHBIH caydaii v = 0 B hopmyne (1.20)] nau paBHOMED-
HOTO IPAMOJIMHEHHOro ABMKeHU (epBbiii 3aKoH HrioToHA).

PaccmMoTpuMm Tenmepb MUKPOGMOJOrMYECKYIO 3aka4y.

Ilpumep 2. Heo6XOAMMO yCTAHOBUTL 3aKOH M3MEHEHUs CO BpeMeHeM
YHUCJIEHHOCTH GAKTEepUil 7, TOMEIIeHHKX B IUTATEJbHYIO CPEAY.

Jna cocrasnenusa auddepeHualbHOr0 ypaBHEHUS, OTPAMKAIOIIEro Cy-
IecTBOBaHUe 0aKTepUil B 9TUX YCJHOBUSAX, HEOOXOAUMO MMETh CBENeHUus 00
ompejesieHHOM daKTe, KOTOPLIA CIeAyeT 3allncaTh B MaTeMaTH4eCKoH dop-
me. Ha oCHOBaHHHM SKCIEPHMEHTAJBLHBIX AAHHBIX U OOLIHNX Ccoo6GpaskeHHit
TAKUM QAKTOM MOMKET CJIYXHUTh YTBEPIKACHHUE, UTO CKOPOCTh PA3MHOMKEHUA

faxTepuil (MaTeMaTHUYECKHU d_n) IPONOPHMOHANLHA UX YUCAY N B JAaHHBIA
MOMEHT BPEeMEHH. at

TakuMm o06pasoM, HeoOxoxuMoe anddepeHIIalIbHOE YPaBHEHNE HOKHO
HMETE CIeAYIOIHE BU:

an _ g, (1.21)
dt
rae £ — [OOCTYINHBLIA IKCIEPHMEHTAIBHOMY ONpeAeseHH0 Koabduuuent

IPOIOPIUOHANLHOCTH, 3aBUCAIUY OT BuAa GaKTepHil U MapaMeTpPOB Cpeibl
MX OOMTaHuA.

HononHuTeNbHbIe JaHHBIE, HEOGXOAMMBIE JJIA DEIleHUs 3a/a4l, CIeny-
IOT U3 HAYAJIBHOrO YCJIOBUSA N = ng npu ¢ = 0, T.e. B HaWaJIbHBIH MOMEHT
BpPEeMEeHH KOJIMYECTBO OaKTepHMil CUMTACTCA M3BECTHBIM U PaBHBIM N.
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Jns pemenus: ypasHenusa (1.21) nmpowmsBezem pasjesienne iepeMeHHBIX
Y T0CJIeAyIolee UHTerpupOBaHMe:

jﬂ=kjdt:ln]nl=ld+lnc. (1.22)
n

ITpouaBOILHYIO IOCTOAHHYIO B ypaBHeHuu (1.22) yao6HO mpeacTaBUTh B
euge InC. Y3 wauansuoro ycaosua C = n,.

Pemus norapudmuueckoe ypasaenue (1.22) ¢ yueTom Ha4aabHOro ycJjo-
BUf, HOJYYUM MCKOMBINA 3aKOH M3MeHeHUs uyucjia GaKkTepuii co BpeMEeHeM:

n = nge®. (1.23)

IIpoananuaupyeM MOJYyYEeHHBIN pe3yJbTaT, ONpejesuB, B UYeM 3aKJda-
ercd ero MPAKTHYECKAsd TOJb3da, 4 TAKIKE BO3MOKHBIe 0ojiee OTAAIeHHbIE
BBIBOJIBI.

3Has KoahduumenTt kK ¥ HauasbHOE YKCIO GaKTepHil 1y, JeTKo olpene-
JIATH UX YUCJIO B 1060 MOMEHT BpeMeHH I.

IIpupoct GakrepuaibHON Mac-
cbl oupefessercsa 4yeped Kodaddu- n ky>ky
IUeHT k yCJIOBHUSIMHU CPeAbl o6u-
Tapus Oakrepuit: uem OGoublae
3uayeHue k, TeMm GnicTpee yBesH-
uyBaercA uyuciao GakTtepmii (puc. k,
1.6). Ecau cymiectByor GaKTOpHI,
TIPeNsAITCTBYIONIYE PasMHOMEHUIO
baxTepuil (IOHMKEeHHAd TeMIepa-

Typa, MOHUBHPYIOIVE U3TyYeHHUs
u Ap.), To KoaddunueHt k B dop- no{

myaax (1.21)-(1.23) ymersiaercsa +
¥ MOKeT NPUHATH OTPUIATEIbHOE

3HaYeHWe — B 9TOM ciyuae GygeT Puc. 1.6. T'paduxu nameneHus
uMeTh MecTo rubens 6aKTepuii. uncsa 6aKTepuil 7 Co BpeMeHeM

C HEKOTODHIM DHCKOM MOKHO  IPY Pa3IMYHBIX Koa(pdunueHTax k
HOMBITATHECA HIPHUAATH INOJYYEHHO-
My aaa Gaxrepuil pesyibraty (1.23) Goabiiyio OGITHOCTE M cHPOPMYIHUPO-
BAaTh yTBEps;KIeHUe: J000# GMOoJOrHUecKnil B, HaX0ASACh B ONTHMAJIbHBIX
IJIA CBOEro CYyIeCTBOBAHMS YCJOBUSX, OKCIOHCHIMAJLHO YBEJINYNBAET
CBOIO YHCJICHHOCTH co BpeMereM. Tax, Kpoamnky, 3ape3enHble B ABCTPAIUIO,
rjge OpakTHYECKH HeT XUIIHUKOB, KOTOPbIE OBl UMM IHUTAJNCH, YBEIUUHIH
CBOIO YHCJIEHHOCTh B COOTBeTCTBMHU ¢ dopmysoii (1.23) u cranu npeacras-
JNATH CEPhE3HYI0 OMACHOCTE [JIA CeNbCKOro X03AUWCTBa.

PaccMoTpeHnHbIe IPpUMEpPH KACAJINCh KOJNYECTBEHHOTO OIUCa-
HUA C IIOMOIIbI0 guddepeHHaNbLHBIX YPABHEHUN CPABHUTEILHO
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npocTeix ABjaeHU#. EcrecTBeHHO, UTO u3ydeHMe 6ojiee CIIOKHBIX
3ajau Tpebyer mpuMeHeHHs GoJiee CJIOKHOIO MATEMATUYECKOI'O
anmapata. OQHAKO UCIIOJIb30BaHNE MaTeMATHUYECKUX METOOB IIPH
aHaJu3e IIPOIECCOB JKHU3HEIEATEJBHOCTH, U3YYEHUW BHEUTHUX
BO3IeHMCTBUH Ha OpraHusM, pas3paboTke METONOB AUATHOCTHUKY
" JIeYeHU COBEPINEHHO HeOGXOAUMO IJIA IIOHMMAHUS CYIIHOCTH
STHX SABJCHUH ¥ HeCOMHEHHO MMeeT IPaKTUUecKoe 3HaYeHUe.

KOHTpOABHbIE BONPOCHI M 33AaHUS

1. Jaiire ompeaeseHne NPOU3BOXHON (GYHKIUU, PACKPONTE ee TeOMeT-
puuecKmii ¥ ¢pusndeckuit cmbics. UTo Takoe rpajgueHT QyHKIHNH,
KaK OH HamnpasjeH?

KaxoB ¢pusnuecKuil cMbICJ BTOPOIl IPOM3BOAHOM OT myTHU IO Bpe-

MeHu?

Yto TaKoe 9KCTPEeMyMbI QYHKIIMKA ¥ KAKOBBI 9TAMbI MCCACAOBAHUS

GyHKIUHA HA SKCTpeMyM?

Haiire onpegenenne quddepeHnuana GyHKIUNA OgHON NepeMEeHHOM.

IIpounniocrpupyiite Ha rpadpuke GYHKIHNHA reOMeTPUUYECKUH CMBICI

auddepennuana 1 CpaBHUTE €r0 C NpupalleHueM QyHKIIUN.

HaiiTe ompenesieHNe 4YacTHBIX IPOU3BOAHBIX. KakoB mx dusuue-

CKui cMBICH?

Yro TaKoe 4YaCTHLIM 1 MOJHBIHA auddepenunan pyukuuit? Kax uc-

OJb3yeTcsa MNOHATHE NOoJHOro auddepeHIHana AJA OLEHKH u3-

MeHeHMs QYHKIMYU MHOI'MX IE€PEMEHHBLIX ¥ B IPUOGIMIKEHHBIX BHI-

YuCcJIeHuAX 3HaYeHu# GyHruun?

7. Yro Taxkoe nepsoobpasHas GyHKIMA U HeOllpeJeJeHHbIH uHTEerpan?

8. Uro Takoe ompenesIeHHbI HHTErpaJ U KaKOB €ro reoMeTpuyecKui
cMbIca?

9. B uem coctour nmpapuio HrroroHa—JlefiGHUNA AJs BBRIYMCIIEHUAS
omnpe/esieHHLIX MHTEerpajoB?

10. Kakoe ypaBHeHre HasnlBalOT AuddepeHnuaabHpiM? Yem onpexensd-
erca nopanok autdepeHnragbHOro ypasuenna? Uro asiaseTcs ero
perieEuem?

11. Yem oranualorcs obiee U 4acTHOe pelieHus aruddepeHnuaIbHOI0O
ypasuenusa? Kak ua o6liero pemeHusa MOJIyYUTh yacTHoe?

12. Kak nmpoBepuTh, ABJAETCA JHU HEKOTOpad GYHKLUS pelIeHHeM 3a-
JaHHOro AuddepeHuaIbHOr0 YpaBHeHnA?

13. B uem cyumiHOCTh MeTOJa pasfiejieHUA IEePEeMEHHBIX, IPHMEHAEMO-
ro AJafA pellleHUus HEeKOTOPBIX NPOCTHIX AUMPEpPEeHUNANBHBIX yPaB-
HeHui?

R

had

e

o

e



OcHoBbI  TEOpHUK
BEpPOATHOCTEN

asa 2

IIpenmer usyuyeHus OUOJOTOB M MEAMKOB — >XHBOI opra-
HU3M, 3apOJK/JeHue, PDa3BHUTHE U CYILIeCTBOBaHME KOTOPOTO OIpe-
IensieTcss pasHOOOPa3HBIMH, YaCTO CJAYYAHHBIMH, BHEIIHUMH U
BHYTPEHHHMH YCJAOBUAMU. OJIEMEHTHI HEOIIPEAETIEeHHOCTH, CI0MK-
HOCTH, MHOTOIPHUUYMHHOCTH, HPUCYIIHE CIYUANHBIM SABJICHUSAM,
Heo0XO0AUMOCTh YCTAHOBJIEHUS 3aKOHOMEPHOCTEH cpeau caydaii-
HBIX SBJIEHUH — BCe 3TO MOTPedOBAJNIO CO3MaHUA BEPOATHOCTHAIX
MaTeMaTHYeCKUX MeTOHOB JJIS UX HU3yUeHUs.

XapakTepHO, YTO 3TH 3aKOHOMEDPHOCTH BBINOJHAIOTCS JIWIID
IIpU MacCOBOM IIPOSABJIEHUHU claydallHbIX aBieHunil. IIpu aTom uH-
OUBHAYAJbHBIE OCOOEHHOCTH OTAEJNBHBIX COOBITHI «B3aMMHO IIO-
ramalioTcsa», a YCpeZHEeHHBIH pe3yJbTaT AJIA MacChl CIYUYaHHBIX
ABJIEHWH OKAa3bIBaeTCsA Y:Ke He CJAYYaWHBIM, a BIIOJHE 3aKOHO-
MEepHBIM.

JanHOoe 06CTOATENLCTBO B 3HAUNTEJIBLHON Mepe crmocobecTBOBa-
JI0 IITMPOKOMY PACIPOCTPAHEHUIO BEPOSATHOCTHBIX METOJOB HC-
cJeIoBaHUA B OMOJIOTMU U MEIUIIMHE, TJe PasBUTHE IPOIECCOB
YacTO 3aBHCUT OT MHOTOUMCJIEHHBIX, IPAKTHYECKH He ITOJal0-
UINXCA YUYeTy CAYUYaHHBIX (PaKTOpPOB.

Teopus éeposamnocmeld — MaTeMaTU4YeCKUN annapar, mpen-
HaBHAUEeHHBIH AJA KOJMUYECTBEHHOTO OHMCAHMSA CJHYYalHBIX CO-
OBITHII, KOTOpBIE NPU peaIu3aluy KOMILIEKCA YCJOBUII MOTYT
IIPOMBONTH MM He mpousoiiTu. KosmuecTBeHHOH MepOU BOSHUK-
HOBEHHA CJIYYaiHOrO COOBITHA ABJIAETCS €ro BEPOSTHOCTh.

2.1. Kaaccuueckoe u crarMcTtuyeckoe orfnpeaeseHue
BEPOSATHOCTH

HomycTuM, HEKOTOpOe COOBITHE A TIPOUCXOAUT B M CIYdYadAx
U3 n BO3MOXKHBIX. Torza kaaccuueckoiu eepoamunocmbdvio P(A)
COOBITHSA A HA3BIBAIOT OTHOIIEHHE 4HCJa CIy4aeB m, Giarompu-
SATCTBYIOIIUX IOSABIEHUIO JAHHOTO COOLITHA, K OOLIeMy umMcay n
BO3MOXKHBIX MCXO/OB:

P(A)=m/n. (2.1)
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Hanpumep, sKCIepruMeHTAJIbHO YCTaHOBJIEHO, UTO 32 8 CyTOK
paciafaeTcs OJOBUHA aTOMOB OJHOTO K3 PaJUOAKTHUBHBIX M30-
TONOB Hoza. UYemy ke OyaeT paBHa BePOATHOCTH pacliafa OLHO-
ro OTAEJBHOI'0 aTOMAa 3TOro M30TONa uona 3a 8 cyrok? B manHOM
ciayyae m = n/2. 3Ha4YUT, UICKOMad BepoaTHocTb P = 0,5.

Jaiee, nycTb B HeKOTOPOH ypHe cogepskurcsa 20 yepnwmx u 80
GenbIX MIAPOB, TOrAA BEPOATHOCTH HU3BJIEUEHUS Hayraj U3 yPHEI
yepHOro mapa cocrasut 20/100 = 0,2,

W3 onpeneneHus U IIPUBEAEHHbIX IIPUMEPOB cJjefyeT, 4TO
KJjaccuuecKas BePOATHOCTb COOBITHA NIPUHNMAET 3HAYSHWUS MEX-
oy Hynaem u egunuieii: 0 < P(A) < 1. Ecau P(A) = 1, to cobriTue
A pocroBepHO, ecnu ke P(A) = 0, TO OHO HEBOSMOXKHO.

PaccmoTrpuM Temepb CTaTHCTHUYECKOE ONpeAesieHHe BEepPOATHO-
ctu. IIpoBegeM npocToi sxcriepuMeHT. JJomycTuM, U3 obl1ero yuc-
aAa N OpOCKOB MOHETHLI YMCJO BhINajeHui repba cocraBsuio M,
pemku — K. Ecnu B COBOKYMHOCTH ciayuaeB N HeKOTopoe cobhI-
THe OCyIlecTBMIoCh, M pas, To BeJMUuHY M Ha3LIBAIOT YACTOTOM
3TOTO COOBITHS, a oTHOUIeHNne M /N — ero OTHOCHTEJLHOM! YacTo-
Toii. Ilpm cnyyaiimom GpocaHuyi MOHETHI JaHHBIe Tabn. 2.1 oka-
JKyTeA caMbiMu pas3HbeiMu. Ho ux Bcerza 6yzer xapakTepusoBaTh
00611188 0COGEHHOCTE: IIPH YBEIUUYEHUH uyuciia OpockoB N orHOCH-
TeJIbHbIEe YaCTOTHI 3TUX COOBITHIT (BbINaZeHie Tepba NN PEelIKN)
Bce GoJiblie npubamkaoTes K suauvenuio 0,5, KoTopoe u onpene-
JSIeT UX CTATHCTUYECKYIO BEPOSTHOCTD.

Tabauma 2.1

N M K M/N K/N
10 4 6 0,40 0,60
100 55 45 0,55 0,45
1000 490 510 0,49 0,51

Takum o0pasoM, cmamucmuieckol 6epOANHOCMbIO COOBI-
TS HA3LIBAIOT IIpejei, K KOTOPOMY CTDEMHTCHA OTHOCHUTEJIbHAA
yacToTa COOLITMSA TpPY HEOrpaHMUYEeHHOM BO3pacTaHMu oO6IIero
YHUCJIa UCIBITAHUNA:

P(A)=1lim M/N . (2.2)

Nox
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2.2. BuaAbl CAyualHbIX COOBLITHIA

Bce cayuaiinbie COOBITHA MOYKHO NOJPA3AEHUTH HA TPU OCHOB-
HBIX BHJA.

Hecoémecmuovimu Ha3BIBAIOT COOBITHS, KOTOPbIE HE MOTYT
MPOUCXOANTh OJHOBPEMEHHO, IOCKOJIBKY HACTYILJIEHUE OJHOTO
U3 HHUX UCKJIOUYAeT HACTYILIeHHEe JPYyroro:

» pasHble OLIEHKH, BLICTaBJIsieMbie TI0 KOHTPOJILHOM pabore;

> u3BJIeYEHME M3 YPHBI OJHOTO M3 UMEIOIIMXCH TaM IapoB
u Op.

HecosmecTHbie cobbITHA A, A,, A3, ..., A, 00PA3yIOT MOJHYIO
rpyIIy COOGBITHI, €CJH IIPH HCHBITAHNAX MOXKET ITPOHCXOJHUTH
TOJBKO OJHO M3 3TUX COOBITHI, 1 HUKAKOe Jpyroe.

Hesasucumbie COOLITHA MOTYT ITPOUCXOAUTH OJJHOBPEMEHHO U
HEe3aBHCHUMO IPYT OT JApyra:

> OLIeHKH, IToJilyuaeMble [0 KOHTPOJBbHOH paloTe pasHbBIMH
CTYJEeHTaMHu;

» OIEHKH, MoJydYaeMble CTYJeHTOM II0 Pa3HBIM IIpeIMeTaMm;

» u3BJeYeHHe II0 OZHOMY Iapy U3 Pa3HBIX YPH U AP.

3aéucumbimu HA3HLIBAIOT COOLITUS, €CJIN BEPOATHOCTE HACTY-
ILJICHUSA OAHOTO M3 HUX 3aBUCHT OT TOI'O, IIPOUSOUIJO MM HET
apyroe cobeitue. ITosTomy Asas saBucuMbIX coOniTuit A u B pac-
CMAaTPHUBAIOTCA ABa BUA BEPOATHOCTEMH: 6e3yCcI0BHAA U YCIOBHAA.

Besycaosnoii BepoaTHocTbi0 P(B) cobeiTusi B Ha3wIBalOT Be-
POATHOCTH €r0 OCYIIECTBICHHUA OO0 HACTYIJICHUSA COOBITHS A.

Yeno068Hoil BEpOATHOCTHIO COOBITUA B Ha3bIBAIOT BEPOATHOCTH
€ro OCYIIeCTBJIEHUA IIPHU YCJIOBUHM, UYTO COObITHE A yiKe IIPOM30-
1710, 4TO ob0o3HauaercA Kak P(B/A):

» mocjeqoBaTeNbHOE WM3BJEUEHUE IIAaPOB M3 YPHBI, €CAN OHU
B Hee He BoadBpamfapTca. Tak, ecaiu B ypHe 3 4depHBIX U 7 Oe-
JIBIX TIAPOB, TO BEPOATHOCTDH JOCTATh YePHEIH I1ap nepBbIM (6e3-
ycJIoBHasi BepOATHOCTH) paBHa 0,3, a BEpOATHOCTH NOCTaTh €ro
NIpU BTOPOM MHONBITKE (YCJIOBHAsI BEPOATHOCTH) OynmeT yke mpy-
roit: 2/9, ecsu nepBuIM OBbLT YePHBIH map wian 3/9, eciiu nepBuIM
mocTanau OeJIbIi IIap;

> BepPOATHOCTH YraJaTh IPAaBUJILHLINA HOMED IIPHU HIpe B JIOTO
N3MEHJAETCs [0 Mepe M3BJeYeHUA HOMEpPOB U3 UT'POBOro Dapabana
¥ 1p.

3-5281
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2.3. Teopembl CAOXKEHUA U YMHOXEHUS BEPOATHOCTEH

BeposaTHOCTh HACTYIJIEHUA HECKOJBKUX CHYUYAHHBIX COOBITHH
3aBHCHT KaK OT BEPOATHOCTEH 3THX COOBITHIL, TAK M OT BHAA CO-
ObiTHiI (HECOBMECTHBIE, He3aBUCHMEIE NIV 3aBUCHMEbIE) U OoIlpeje-
JISeTCSsI COOTBETCTBYIOIIMMH TeOpeMaMMu.

BeposaATHOCTE COBMECTHOI'O IIPOABJIEHUST HECKOJBKUX COOBITUH
(IpoucxoguT ¥ OAHO, U APYTroe COOBLITHE) ONpelessiOT TeOpeMbl
YMHOKEHUS BEePOATHOCTEH, KOTOpPhIEe HECKOJBKO Pa3JIMUHBI A
HE3aBHUCHUMLIX ¥ 3aBUCUMBIX COOBLITHIA.

HecoBMmecTHbIe COOBITUA OAHOBPEMEHHO IPOABIATHCA HE MO-
ryr (10 ompejesIeHUI0 ITUX COOLITUIT) ¥ IJIA HUX CIpPaBeAJHBa
TeopeMa CJIOKEHUS BEPOATHOCTEI.

Teopema cnoxcenusn eepoamnocmeii: BEpOATHOCTb HACTYILJIE-
HUS ofHOro (0e3pasaudYHO KAKOro) COOBITUS M3 HECKOJIbKHX He-
COBMECTHBIX COOBITHH A;, A,, ..., A, paBHa cyMMe BepOSTHOCTEH
3TUX COOBITHIA:

P(A, unu Ay, ..., unn A,) = P(A,) + P(4,) + ... + P(4,). (2.3)

Hpumep. IIpn 6pocaHny caydaifHBIM 06pa3oM HUTIPAJIbHOM KOCTH — KY-
6KKa, HA TpaHAX KOTOPOTO BBIrpaBupoBaHbl nudpsl or 1 g0 6, — Kiaccu-
YecKaa BePOATHOCTH BHINAJEHMA OLHOM KOHKpeTHOo# nudps! cocraBur 1/6,
a BEpPOSITHOCTH BHINIQJEHNA JI000r0 HedeTHoro uuciaa — 0,5, IOCKOJNBKY npu
cay4yaiiHOM GPOCAaHUM UIPAJIBHOH KOCTH BEPOSTHOCTH BbINTAJeHUA HEYETHO-
ro Yucja paBHA

P (1, umu 3, umu 5) = P(1) + P(3) + P(5)=3 - 1/6 =1/2.

Ecnu mecoBmecTHBI® cOObITUS A, A,, ... A, 00pA3YIOT IOJIHYIO
rpynny coOGbITHI, TO CyMMa BEPOSITHOCTEH BCeX 3THX COOBITHIL
paBHa eguHUILE:

P(A,,unu A,, ..., nnmu A,) = P(A,) + P(4,) + ..+ P(4,)=1. (2.4)

B uacTHOCTH, €CJIM NIOJHYIO CHCTEMY COOBITHII 00pasyIoT TOJIb-
Ko ABa cobniTua A u B, To cyMMa MX BepOATHOCTEH Bcerga pas-
Ha eguuune. [fosromy, 3Hasg BepOATHOCTH OJHOI'O COOBITHUS, JIET-
KO HaWTH BEPOSTHOCTH BTOporo: P(A)=1 — P(B).

Teopema ymuoziceHus O He3a8UCUMBLX COOBLMUL: BEPOAT-
HOCTHb COBMECTHOTO IIDOABJIEHUA HECKOJIbKUX HE3aBUCHUMBIX CO-
ObITHit A,, A, U A; paBHA IPOU3BEEHUIO UX BepPOATHOCTEMH:

P(A;, Ay, A3) = P(A)) - P(4;) - P(45). (2.5)
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Hpumep 1. Haitnem BepoATHOCTL TOTO, UTO MPH CJAEAYIOMUX ADPYT 3a
APYroM AByX OpocKax HrpaJibHOM KOCTH BhIIAAYT 4yucaa 1 u 5.
CorJyiacHO TeopeMe YMHOMKeHHA BEePOATHOCTEH HAXOZUM:

P(im5) = P(1)P(5) = 1.1 - L
6 6 36
Hpumep 2. B oxgnoit ypae HaxoadaTcA 2 4epHBIX U 8 GesbIxX IIApPOB, & B
apyroii — 6 uepHmix u 4 Geabix. KakoBa BeposATHOCTH OJHOBPEMEHHO W3-
BJleub U3 00euX ypH 1o Gesiomy wmapy?
BepoaTHOCTEL focTaTh Gesniit map u3 1-it ypHB pasHa 0,8, a u3 BTO-
poit — 0,4, m03TOMY HCKOMasa BEPOATHOCTb PaBHA:

P(2 6es. m.) =0,8 - 0,4=0,32.

Teopema ymHuodxcenus dns d6yx 3asucumvix cobbimuii: Be-
POATHOCTL COBMECTHOTO IIOSIBJIEHUS ABYX HE3aBUCHUMBIX COOBITHH
paBHa IPOM3BEJEHNI0 0e3yCIOBHON BEPOATHOCTHU IIEPBOTO COGHI-
THUA A ¥ YCJIOBHOI BEPOATHOCTH BTOPOTO coObITUS B:

P(Au B)=P(A) - P(B/A). (2.6)

Ecau ke mepBEIM HpOMCXOAHUT cobpiTHe B, TO Ans Hero pe-
anusyercsa 0e3ycjioBHAs BepoATHOCTL P(B), a gy cobpiTus A pe-
amusyeTcsa ycJOBHas BepoAaTHOCTh P(A/B). Tenepb BepoOATHOCTH
UX COBMECTHOIO IIOSBJICHUS PABHA:

P(Au B)=P(B) - P(A/B). (2.6a)

Ipumep. B ypre HaxozaTca 3 4yepHBIX Inapa u 7 Gexmbix. KakoBa Be-
POATHOCTL TOrO, YTO U3 ATON YPHHI MOCIENOBATENLHO OAUMH 32 gpyrum Oy-
AYT BBIHYTHI Gejible Imapsi?

BeposaTHOCTb u3BJEYEeHUA IHepBoro 6esoro mapa cocrasut 7/10, mocae
4ero B Hell ocTraHerca 6 Gesbix ImapoB mpu obmiem KoamudecTBe 9. Beposrt-
HOCThH H3BJIeYeHusl GeJIoro mapa BO BTOPOI pas cocrasuT 6/9, a ucxomas
BePOATHOCTbH IOCJEJOBATEJBHOIO U3BATUA JBYX 6eJbIX IIapOB paBHA:

P(26en.m) = .8 42
10 9 90

IIpupaBHuBaa ¢opmyas! (2.6) u (2.6a), MO2KHO BHIDA3UTEH YCIOBHYIO Be-

POATHOCTL COOBITHA B:

P(B) - P(A/B)
P(4) )

P(B/A) = 2.7
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BasxueiM pacmupenuem dopmysasi (2.7) Ha caydailt MHOTHX
3aBHCHMBIX COOBITHH sBJsAeTCA popmyna Baideca. ITycTs HEKO-
Topeie cobuiTus B, ..., B,, .., B, 00pa3yooT mOJHYyI0 CHCTEMY He-
COBMECTHBIX COOBITHI ¥ M3BECTHHI X 6€3yCJIOBHBLIE BEPOATHOCTH

P(B,) (mpuuem ZP(Bk) =1), a TaKKe YCJIOBHBIe BEPOATHOCTH
pa

P(A/B,) HacTynjeHus coGBITHS A IOcje KaKJA0ro u3 HuX. Toraa
BEpPOATHOCTh HACTYIJIeHMA cOOBITUA B, mocje OCylLIeCTBIEHHUSA
cobriTHA A

P(B,)-P(A/B,)

" .

Zk:P(Bk)'P(A/Bh)

IloguepKkHEeM, YTO IIPH HCIIOJBL30BAHMU 3TOH (OpMYJIBI He-
06xoAMMO 3apaHee 3HATh OeaycjoBHble BeposaTHocTH P(B,) He-
COBMECTHHIX COOBITHI B, u ycioBHbIe BeposTHoctu P(A/B,). 3a-
MeTHM, UYTO 3HaMeHaTeJb Beipaxkenus (2.8) nmpeacrapiseT co6oit
IIOJIHYI0O BEPOSATHOCTL HACTYILJIEHUS COOBITHA A B COYETAHHHU C
J1066IM (6e3pasINuHO KaKuM) cobbrTieM B,.

P(B,/ A)= (2.8)

Hpumep. YcTaHOBIEHO, YTO KypAlLlMe MY’KYHNHBI B BO3pacTe CBBINIE
40 setr ymupaoT oT paka Jjerkux B 10 pas yame, yeM Hekypauiue. ITosa-
ras, uro 60 % MYXYHH KYpAT, HalAUTE BEPOATHOCTH TOTO, YTO HEKOTODHIH
MYy>KYMHA, YMepIINi OT paKa JerKkux, Kypua?

Co6urtna K (xkypun) u H (He Kypusa) o6pasyoT IONHYIO IPyHIy co6bi-
Trit. ITo ycI0BUIO BEPOATHOCTL TOTO, UTO MyuuHa Kypui P(K) = 0,6, Toraa
BEPOATHOCTB, 4TO OH He Kypua P(H)=1 - P(K)=0,4. BepoaTHocTb cMepPTH
(C) He KypsALIero My>K4YuHbI OT paKa Jerkux obosnauum P(C/H), a Bepoar-
HOCTL cMepTH Kypsainero P(C/K)=10 - P(C/H). Teneps no dopmyne Baite-
ca (2.8) paccuuTaeM BE€pPOATHOCTH TOTO, YTO MYKUYWHA, YMEPIIHiIl OT paxa
JIerKNX, KypHI:

P(K)- P(C/E)
P(E/C) = =
P(E)- P(C/E)+ P(H)  P(C/H)
0,6 -10P(C/H) -8
0,6 -10P(C/H) +0,4P(C/H) 6,4

~ 0,94.

®opmysa Baiteca (2.8) mUPOKO mpuUMeHAETCA IPHU PeLIeHUH
Pa3HBIX 3a]]a4y, B TOM YHCJIe M IIPU JUArHOCTHKe M IIPOrHO3UPO-
BaHUU 3a00JIeBaHUIl.
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2.4. lpuHUMNbl BEPOSATHOCTHLIX MOAXOAOB
K 3aAa4am AMarHOCTUKM M MPOFrHO3WMPOBAHUSA
3a0oAeBaHui

CorsacHo KJjaaccupukanuy BeceMHpHOH opraHusanvu 3apa-
BOOXpaHEHNS, B II€epeuHe BO3MOYKHBIX AWATHO30B HACUUTHIBAETCHA
oxosio 10 000 HaumeHoBaurmit. [ Kakaor0o 3aboeBaHUA XapaK-
TepeH COOTBETCTBYIOIIUH HAG0Op CHMITOMOB, 00Iee KOJUYECTBO
Kotopbix npumepso 100 000. Ilosromy B 00miem cayuae ycTaHOB-
JIeHHe TOYHOI'O JUarHo3a BechMa CJIOYKHAS 3a/]a4a: 10 HEKOTOPOMY
HabOpy CHMIITOMOB Bpady JOJIKEH ONpeJeNUTh Y KOHKPETHOIO ma-
[HMEHTa OJHO MJM HeCcKOJbKo 3abonesanuiti ua 10* BO3MOMKHBIX.

Ilenbio BBeleHUSA B JUATHOCTUKY U IIPOTHO3MPOBaHUE 3aboJie-
BaHMUl KOJIMYECTBEHHBIX IIOAXOIOB ABJISAETCA obJieryeHme pelre-
HUS 9TUX Upe3BbIYAHO BaKHBIX ITpo6GiieM BpaueOHOM AeATesb-
HOCTH M IoJiydyeHHe OoJiee 3(hHEKTUBHBIX Pe3yJIbTATOB.

IIpu peasusanuu JaHHBIX IOAXOJ0B HEOOGXOAUMO COOJIIOJATH
JIBa OCHOBHBIX ycCJIOBHUs: 1) MakcuMaJIbHBIM 06pasoM MCIIOJIB30-
Bars Oorareifimuii KiamHMyecKU# ombIT; 2) 5(hMEKTUBHO CJexo-
BaTh JIOTMKE KJIMHUYECKOTO MBIIJIEHNUA Bpadya-AUar{ocTa.

IlocemoBaTEIbHOCTD JIOTMUECKHUX OIepanuii Mpu MOCTAHOBKE
IMar’Hosa AOoJMKHA ObITh OTpakeHa U opMaM30BaHAa C IIOMOIIIBIO
OIpeeIeHHOTO MaTeMaTHu4ecKoro annapara. OIHUM U3 BO3MOXK-
HBIX CIIOCO0OB peaju3alii TAKOTO IIOAXO0Aa SABJIAETCSA UCIOJIb30-
BaHMe BEPOATHOCTHBLIX METOIOB.

CocraBuM nepeuedHb 3a00JeBAHHI (BO3ZMOMKHBIX JUarHO30B),
obo3Hauus ux cumBosamu M,, M, M, ..., M,, ..., M,. Haupu-
mep, M, — rpunu, M, — mHeBMOHuA, M; — ocTpoe pecnupa-
TopHOe 3abosieBaHue M T.A. ITOJMHBIHA CIIMCOK BKJOYaj ObI IIpu-
MepHo 10* 3aGosneBanuii. OgHAKO Ha NMPAKTHUKe BLIOUPAIOT JHIIb
HEKOTODHIM KJacc OoJsiesHeill B CYIIeCTBEHHO MEHBIIIEM KoJHuye-
crBe (50-100 maumenoBaumii). I3 MHOrosieTHeili MeIUIIMHCKOH
CTATUCTUKU MOJKHO OlIpeJleIUTh BepoATHOCTE P(M,) kamaoro 3a-
fosleBaHUA B MHTEPECYIOIeM peruoHe. 3T 3a00JIeBAHUA NOJIMK-
HBbI 00Pa30BLIBATH IIOJIHYIO TPYINY COOBITHH, & UX BEPOATHOCTH
TOJYMHATHCH YCIOBUIO HOPMHPOBKU:

gP(Mi)=1.
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Hanpuwmep, obnanas ceeieHUAMHU O yuciae 3ab0ojeBaHU rpumn-
oM B r. MUHCKe B [aHHOe BpeMdA I'ofia 3a PAJL JieT, MOYKHO olpe-
genuTs P(M,) — BEpOATHOCTH AMATHO3A «TPUNI» AJIA 3TOrO pe-
IrHOHA B MHTePeCyioliee BpeMs roja.

WMeromuecs MefuIMHCKHAE CTATUCTUUECKE JAHHbIE TIO3BOJIA-
10T JINIID BHIABUTH PacIpeesieHre BOSMOXKHBIX AUATHOZOB M0 MX
BepoaTHOCTAM. EcrecTBenno, 6e3 o0ciienoBaumns naueHTa onpe-
JeINTh TOUHLIN AUATHO3 HEJb3HA.

MuarsocTuueckas NeATENbHOCTh Bpauya HAUYMHAETCHA C BHIAB-
neHusA cuMnToMoB. IToo6HO TOMY KK COCTABJAJCHA MepedYeHb
3a0oJieBaHMi, MOYKHO COCTABHUTH CIIHUCOK COOTBETCTBYIONIMX MM
cumnromos S;, S,, .., S, .., S,. B aToM nepeune, manpumep,
S, — uoBbIIIeHWe TeMnepaTypsl, S, — Kaileab, S; — HOBBILIE-
HUE CUCTOJNYECKOro AaBieHua ¥ T.4. W3 COBOKYIHOCTH KIu-
HUYECKUX NaHHBIX MOXKHO ONPEAeNIUTH, ¢ KaKOU BEPOATHOCTHIO
cuMnToM S; NpoABAAETCA NPU HEKOTOpoM 3abonesauuu M,
T.e. ONPENEeNUTh YCIOBHYI0 BepoaTHOCTs P(S;/M;). Hanpuwmep,
P(S,/M,) — BepOSTHOCTH IIOBBLIIIEHUA TeMIepaTyphl IpH rpui-
ne, P(S;/M,;) — BepOATHOCTL OOHAPYXKEHUA KallId IPU ITHEB-
MOHMH U T.QA.

Wrtak, npu UCIOAL30BAHNY BEPOATHOCTHBIX METOJOB AUATHO-
CTUKHU CYUTAIOTCH WM3BECTHHIMU U3 MENUIIMHCKOW CTAaTHUCTHUKY
pacnpejejieHue JUATHO30B IO MX BEPOATHOCTAM NPHU CAyUadHON
BeIOOpKe P(M,) u BepOATHOCTH NPOARJIEHUS CUMIITOMOB IIPY Pas-
JuqHBIX 3aboneBanusx P(S;/M).

Ecsu y 6016H0I0 00HADYKEeH HEKOTOPEIH cuMToM S;, TO dop-
myna Baiteca (2.8) nossosnger BLIYUCINTL BEPOATHOCTH HAIMYUAA
y Hero Kaxaoro ua 3abomesaumii M;:

P(M,)- P(S,/M,)

P(M,./Sl)= n
ZP(Mi)'P(Sl/Mi)

) (2.9)

raei=1, 2, 3, ..., n.

3areM ciexyeT HOBTOPUTH pacueT AJIA JPYroro HMeEIOLIErocs
cumnroma S, u r.1. Haubojiee BepoATHEIM Oyner 3aboseBaHue,
IJIS KOTOPOr'o CyMMa YCJOBHBLIX BeposTHocTrel (2.9), paccunran-
HBIX JJid PasHBIX CHMMIITOMOB, OyJeT HamubGosabImeil.
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PaccmoTpuM npumep, KOTOPBIA MMEET YHMCTO MJLIIOCTPaTHUB-
HBIIT XapaxTep, XOTA Obl IOTOMY, YTO IJIA VIIPOILEHUA PACUETOB
BBIOpaH OOMH CHMIITOM M BCETO TPHU BO3SMOYKHBIX JHAar€o3a, a Hc-
XOAHbIE JaHHbIE B3SATHI IPON3BOJILHO.

Hpumep 1. ITycte BoIOpaHHAA A8 SUACHOCTHKM rpymna 3aGoseBaHuil
BKJIIOYAeT JHUIIG TpH Gonesnu: M, — rpunn, M, — nueBmMoHusa, M; — ocrt-
poe pecriuparopHoe 3aboneBanue (OP3). JonycTuM, BEPOATHOCTHA ITHX AUA-
rHO30B, IO JAHHBIM MHOTrOJIETHEH CTaTUCTHKH, cocraBiaaior: P(M,)=0,3;
P(M,)=0,2; P(M;)=0,5. Cnegyer ©“MeThb B BURY, YTO AOJKHO BHIMOJHATHCS
yCJIOBHE€ HOPMHPOBKH

P(M,)+ P(M,) + P(M3)=1.

IlpeamonoskuM, 4TO y mammeHTa OOHAPYKEH CHUMIITOM S — IIyMbl B
Jerkux. Jlonmyerum gajiee, 4TO BEPOATHOCTHL OOHAPYIKEHUA WIYMOB B Jer-
Kux npu rpunne P(S/M,)=0,3, nupu naeBmonuu P(S/M, )=0,7, a npu
OP3 - P(S/M; )=0,2. [Ina ycaoBHBIX BeposiTHocTeil P(S/M,) ycioBue HOD-
MUDPOBKHU He 00513aHO COOJIOAATHCA.

PaccuuraemM Teneph BEDOATHOCTH 3THUX 3a00JeBaHUIl NIPH HAJIUYHUU Y
GonbHOrO JaHHOrO cuMmnToMa S (IyMoB B jerkux) mo ¢opmyse Baiteca
(2.9).

BrauaJjie BerumcsimM 3HaMeHaTeJb (GOPMYJIBI, MOCKOJBKY OH OymeT 00-
LINM JJI BCceX Tpex ciaydaeB. CyMMupoBaHNe IPOU3BOAUTCA 110 MHAEKCY i,
KOTODHII IpUHUMaeT 3HaueHusa 1, 2, 3:

3
> P(M,)-P(S/M,;)=0,3-0,3+0,2-0,7+0,5-0,2= 0,33 .
i=1

Teneps HaliieM BEpPOATHOCTU HaNW4uA y GoabHOrO 3ab0seBaHUN:

M .
» rpuno P(——lj = 0—’3—Oﬁ =0,27;
S 0,33

M .
> NHeBMOHUA P(JJ _02.0,7
S 0,33

M .
> OP3 p(_ﬁ’_) = 0,5-0,2 =0,3.
S 0,33

OtMmeruM, uTo Ge3ycIoBHbIE BEPOATHOCTH 3TUX 3a00JeBaHUi COCTABAANIN
COOTBETCTBEHHO P(M )=0,3, P(M,)=0,2, P(M,)=0,5, a 370 3HA4YuT, 4TO
obHapyxeHue myMOB B JIETKUX CHU3WUJIO BEPOATHOCTDH JUATHO30B «TPHUIII»
u «OP3», Torga Kax BepPOSTHOCTb JUATHO3a «IIHEBMOHUM» Bo3pocia GoJee
4eM BABoOe.

=0,42;
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Heo6xoauMo BHIABUTH CAELVIOIMMH CHMIITOM M CHOBA y4eCThb €ro 3Ha-
yeHHe ¢ IoMoIIbio popmyunl Baiteca. Ilpu aTom pacuere Bxoasiue B AaH-
HYO opmysy BepodTHOcTH P(M)) 3aMeHATCA HA IOJyYeHHbIE BEPOATHO-
ctu P(M,/S), uTo ysKe orpaskaeT pe3yJhTaT ydeTa CHUMITOMA S — IIYyMBI
B JIErKNX. 3aTE€M IPOM3BOJAAT YUYET CJISAYIOIIEero CHMIITOMa M Tak jAgJjee JO
OKOHYATENLHOM YCTAHOBKM AMArHO3A.

EcTecTBeHHO, B peaJbHBIX CHCTEMAX AUATHOCTUKM 10 OIMCAH-
HOMY MPHHIIUNY pacyeThl ¢ ImoMoliblo dhopmyiasl Baiieca Bpyd4-
HYIO He MPOou3BOAAT. Bce yIIOMAHYTHIE U PAJ APYTUX PACUETHBIX,
a TakMe JIOTMUYeCKUX OIepaluii BBIIOJHSAIOTCA C IIOMOIIBIO CO-
BPEMEHHOH BBIYHMCJIMTENbBHOH TEXHHKH IO CIEIMAJIbHLIM IIpPO-
TpaMMaM, KOTOpbI€ CO3JZAHBI HA OCHOBe KJIHMHMYECKOTO OIBITA U
dopMau3yIoT JJOrHUecKne AEHCTBHUA II0 IOCTAHOBKE AUATHO34.

ITogo6Hbie ITOAXOALI NPUMEHAOTCS Ha NPAKTHKE HE TOJIbLKO
OJIST MUaTHOCTHUKM, HO U AJIA IPOrHO3UPOBAHUA 3a00JIeBaHUIA.

Hpumep 2. YcranosieHo, uTo B cpefiieM oful u3 700 gereil MyKCKOro
1oJia poXKAaeTca C JUIIHeH Y-xpoMocoMoii. ¥ Takmux JeTeil KpaitHe arpec-
CUBHOe IOBejgeHue BcTpeuaerca B 20 pas yalne, 4eM y AeTeil ¢ HOPMaJIbHbIM
HabopoM xpomocoM. Onupasick Ha 3TU JaHHBIE, HY’KHO OIDEAENTh BEPOAT-
HOCTB TOro, 4T0 y pebeHKa, KOTODhIi Befer ceba KpaiiHe arpecCUBHO, JIAIII-
HAsS Y-XxpoMocoMma.

BepositHoCTP  posKzeHuss pebenka ¢ JgumHe#t  Y-xpomocomoi
P(My)=1/700, 3Ha4Yu“T, BEPOATHOCTL PpOMAeHUs pebeHKa 0e3 Hee:
P(M,) =699/700. O603HayuM BEPOATHOCTH arPecCUBHOr0 NOBEJEHUSA (CUM-
nTom S) y geteil, He UMEIIUX JHULIHEH Y-xpomocomsbl, P(S/M,)=A. Tor-
Ja IO YCJIOBKIO BEPOATHOCTH arpeCCHBHOrO NMOBEJEHHUSA y HeTeil ¢ JuInHel
Y-xpomocomoit P(S/My)=20A. ckomyi0 BEpOATHOCTbL TOro, YTO peGeHok
C IPOABJIEHHEM arpecCUBHOrQ IIOBEAEHHUs MMeeT JHIIHIOW Y-XPOMOCOMY,
Haiizem 1o popmyne Baiieca,

204 -1/700 20 0,028.

6994 /700 + 204/700 719

P(My/S)=

KOHTPOAbHbIE BOMPOCHI 1 3aAaHUS

1. Kakue coOniTHs HasblBalOT caydaiiHbIMu? [aiiTe KiaccuyecKoe H
CTAaTHCTHUUYECKOe OompefiejieHre BEPOATHOCTH CIIYyYaHHOTO COOLITHSA.

2. Kakwue Buabl crydaiiHbIX COOBITHII BBl 3HaeTe?

3. ChopmyupyiiTe TeopeMy CJOMKEHUA BepoATHOCcTei. [ljisi Kakoro
BUAA COOBITHII OHA NMprMeHNMa?
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4.

Kaxue cobeiTusi 00pasyioT noJHyo rpynny cobsituit? Uemy pasBHa
CyMMa BEPOSTHOCTEH TaKMX COOBITHI?

ChopmysupyiiTe TeopeMy YMHOYKEHUSA BEPOATHOCTEH AJA HEe3aBUCHU-
MBIX COOBITHH.

Kakue coObiTus HasbiBaloTcs 3aBUCMMBIMU? UTo Takoe ycjoBHAsA U
6e3yCJI0BHAS BEPOATHOCTH COOLITHAT

ChopmynupyiiTe TeopeMy YMHOXKEHWsi BEPOSITHOCTEH JJIsi 3aBUCH-
MBIX COOBITHIA.

IIpusenure dpopmyny Batfieca, o0bsicHHATE CMBICI BXOAAIIMX B Hee
BEeJIUYMH.

Kaxk ucnoasadyerca ¢opmyna Balieca B BEpOATHOCTHBIX NMOAXOAAX K
3a/ja4aM JUATHOCTHUKM 3a60eBaHuii?



CAyuyaiiHble BeAMUMHbI
M UX pacrperereHune

Nasa 3

BeanuwmHa, KOTopaAa NPpMHMUMAET PasjIMYHbIE YKCJIOBbIe 3HAUe-
HUSA TOJ BIUSHUEM CNy4YalHBIX OOCTOSTENbCTB, HA3BIBAETCH CRY-
yaiinou. ITpuMepsl CiIydailHBIX BeTHYMH: YHUCIO OOJMBHBIX, OMKUAA-
IOIUX NPreMa y Bpada; TOYHBIe 3HAUEHMSA MAaCChl M POCTa JIoAeH
" Jp.

Paznnyaior UCKPETHLIE i HEIIPEPLIBHLIE CAYUs HbIE BeTUYWHBI.

CanyuaiiHaa Beju4yuHA HasbiBaeTca duckpemuoil, eciy. OHA
NPpUHEMAaeT TOJIbKO OIpejesieHHble OTIeJeHHBIE JAPYyr OT Apyra
sHaueHus (He 00A3aTENbHO IIeJIbie), KOTOPbIe MOXHO YCTAHOBUTD
¥ IepeuucauThL. Hanpumep, Y4UCIO CTYAEHTOB B ayJUTOPUU MO-
KeT OBITH TOJNBKO IEJBIM IIOJOMKHTEeIbHBIM uzcjgoMm: 0, 1. 2, 3,
4, ..., 20, ...; oTHOCHUTEJBHAA YACTOTA MONAAA:iNA B HeJit npu 10
BeIcTpesax — 0; 0,1; 0,2; G,3; ...; 1,0 u gp.

Cnyualinad BeJIWYMHA Ha3bIBAETCHA HENnpepvi6HOU, €CIM OHa
MOJKET MPUMHUMATEH JI00ble 3HAYeHWS BHYTPH HEKOTOPCOTO MHTEP-
Basa [a, b], KGTOPBIH MHOTJa BMeeT Pe3KO BhIPDA’KEHHbIE I'DaHM-
upl. Ecaiy OHU He M3BECTHBI, TO CUUTAIOT, UTO 3HAUEHHUS CIydai-
HO# Beauumubl X jexaT B uutepsaje (—oo; ). HenpepbiBHBIMH
CAYYaNHBIMU BEeJIUYVHAMH SBJSAIOTCH, HAIDUMED, TeMIepaTypa,
IaBJieHMe, BeC M POCT JIIOJei, pasdMepbl (PODMEHHBIX 3JIEMEHTOB
KpoBu, pH kpoBu u T.11.

TlousiTue cay4yaiHOI BeJMYMHBI UTPAET ONPEAEIAIONIYIO POJb
B COBPEMEHHOM TeOpuYu BePOATHOCTEM, B paAMKax KOTOPOH paspa-
60TaHbl CIelUaJbHbIe NPUEMbI IEPEX0a OT CAYUANHBIX COOBLITHH
K CAYyYalHBIM BEeJHYHMHAM.

Ecan cayuaiinass Bea1nuyuHA 3aBHCUT OT BPEMeHHU, TO MOXKHO
TOBOPUTL O CJIy4aiiHOM IIpolecce.

3.1. 3akoH pacnpeAseAeHust AUCKpeTHOM
CAYHaHHOW BEAMYMHDI

Jast Toro 4wro6sl AaTh IOJHYIO XapaKTEPUCTHKY JHUCKPETHOH
cay1aiHON BeanuuHe, HeOOX0QNMO IIePEeYHCIUTE BCE ee BO3MOXK-
Hble 3HAYEHHNA M YKa3aTh UX BEePOATHOCTH.
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CooTBeTcTBYE MEMKY BO3MOKHBIMHM 3SHAYEHHUAMH JUCKPETHOM
CAYYAHON BEeJUYUHBI X UX BEPOATHOCTSAMM HA3BIBAETCH 3AKO-
HOM pacnpedenenus 0aHHOU 6eLUHUHDL.

00603HauYUM BO3MOXKHBbIe 3HAYECHUS CAYUANHON Beauuumsabl X
yepes X;, & COOTBETCTBYIOLINIe UM BEPOATHOCTU uepes p;. Torma
3aKOH pacIipefieJIeHUs ZUCKPETHON CIy4yailHON BeJWUMHEI MOXK-
HO 3a7aTb TpeMsa crnocobamMu: B Buie Tabuuibl, rpaduKa HIH
dopmybl.

1. B ta6a. 3.1, xoTropass HasbIBaeTCA pAIOM pacnpedeseHus,
YKAa3bIBAIOTCH BCE BO3MOYKHBIE 3HAUEHUS AUCKPETHOM CaydaiiHON
BesUYUHLI X ¥ COOTBETCTBYIOIIME 3TUM 3HAUCHUAM BEPOATHOCTH
P(X).

Tabauma 3.1

X X Xy x; X

n

P(X) P P2 D D»

IIpu sTOM cyMMa BCcex BepPOATHOCTEH p, HOJKHA OBITH paBHA
equHuIle (ycro8ue HOPMUPOBKU), TAK KaK BCe BO3MOJYKHbBIE 3HAUE-
Hus BesquuuHBl X 00pasyIoT MOJHYI0 CUCTEMY COOBITHIA:

>p,=p, +py+...+p, =1. 3.1)
i=1

2. I'padpuuecku B BHAE JO- Py

MaHOW JIMHUW, KOTOPYIO IpH-
HATO HAa3bIBATH MHOZ0YZOJIbHU-
Kom pacnpedenenus (puc. 3.1).
3aech IO TOPU3OHTAJBLHON OCH
OTKJIAABLIBAIOT BCE BO3MOYKHBIE
3HAYEHUs CcJayd4alHOH BeJu-
YWHBI X;, & IO BEePTHUKAJIbLHOH
OCHM — COOTBETCTBYIOILIME HM
BepOATHOCTH p;. llojyueHHBIE
TOYKHU TIOCJIEAOBATENILHO COeRu-
HAT [PAMBIMA  OTPE3KAMH.  pyc, 3.1. MHOrOYroOJLHUK pacmpe-
Takum 00pasoM, MHOTOYTOJb- jejeHHA CAYUAHHOM BeAMIMHBL X

ol x, x, x3 x, x;, X5 x,
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HHMK pacnpejejieHus IOJHOCThIO COOTBETCTBYeT Tabuile pacmpe-
JeJIeHus.

3. AHaJIUTHYECKH, T.e. B BuJe GOPMYyJIbI, oupeneasiomeil 3a-
BHCHMOCTH BEPOSITHOCTH COOGBITHS OT HEKOTODBIX €ro XapakKTe-
puctux. Hanpumep, eciim n3apecTHa BEPOATHOCTD P MONAJaHUA B
LeJb IPY OXHOM BEICTPEJI€, TO BEPOATHOCTH IPOMaxa IPpH OXHOM
BeICTPEJe Oyaer ¢ =1 — p, a BepOATHOCTH P,(n) nopaxceHus mean
k pas nmpu n BeICTpesax sagaercs dopMysoit

Py(n) = (1-p)"*p".

OrMeTHM, UTO Ha IPaKTHUKE PaclpeiejieHus JUCKPETHOM Ciy-
YyailHOM BeJIMUMHEBI Yallle BCEro 3aJaioT B BUAE TaOJMIIBI.

3.2. PacnipeaereHue HenpepbIBHOW CAy4YarWHOM
BeAuuMHbl. [AOTHOCTb pacnpeseAreHuss BepOSTHOCTH

Jna HeIpepbIBHEIX CAyYalHBIX BEJIMYUH HEBO3MOXKHO IIPHUMe-
HUTH 3aKOH pacupejejeHus B popMax, IPpUBeJeHHbIX BBIIIE, TaK
KaK HelIPePbIBHAA BeInunHa uMeeT OecunciieHHOe ( «HECUETHOE» )
MHOJKEeCTBO BO3MOJKHBIX 3HAueHWI, CILIONUIb 3alOJHAIOUINX He-
KOTOpbI uHTepBaja. IloaTomMy cocTaBUTH Ta0JAMIly, B KOTOPOIf
ObLIH OBI IEepedYUC/IEHLl BCe ee BO3MOJKHbBIE 3HAUEHWS, WJIM IIO-
CTPOUTH MHOTOYTOJILHUK pacipejeieHuss HeBO3MOXKHO. Kpome
TOr0, BEPOATHOCTh KAKOTO-JIN0O €e KOHKPETHOTO 3HAYEHUSA CIy-
YyaiiHO#M BeMMUYMWHLI oueHb Mana (6iauska K 0). Bmecre ¢ tem pas-
JAUYHEBIe 00JlacTH (MHTEepBaJjibl) BOSMOYKHBIX 3HAUYEHHUM HEeIlpephiB-
HOHM cjyYalHOH BeJWYHHEI OOBIYHO He ABJSAIOTCSA OZHHAKOBO Be-
POAATHEIMHY, T.€. pacupejesieHre HEOTHODPOJHO.

PaccMOTpHMM HeNmpephIBHYIO CHy4YaWHYI0 BeauuyuHy X, BO3-
MOXKHEIE 3HAUEHUS KOTOPOH CILJIOIIDb 3aIOJHAIOT HeKOTOPBIN MH-
tepBai [a, b] (puc. 3.2).

Ax
L I s i ! ;
a Xy x x+tAx x, b x

Puc. 3.2. Cnyuaitnas BennunHa X, HeIIPEeDPBIBHO pacipelie/IeHHAA
Ha uHTepBaJe [a, b}
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PaccmoTpuMm cHauajia O4eHb MAaJIbIH MHTEPBAJ 3HAUYEHHUM: OT X
70 (x + Ax). Manas sepoaTHOCTH dP TOro, 4To cayuaifHas BeIu-
yuaa X NpuMeT Kakoe-TO 3HaYeHHe U3 9TOT0 MAajoro HHTepBajaa
[x, x + Ax], 6yzeT mponOpPIOHAJIbHA BeJIMYMHE 3TOr0 HHTEpBaJia:
dP ~ Ax, nnu, BBegA K03(pdUIIMEHT MPOoNopLuoHadbHOCTH [(X),
KOTODHII MOXKET 3aBUCETh OT BEJIMYUHEI X, HOJYYUM

dP = f(x)Ax. (3.2)

Beenennaa ¢pyHkuusa f(x) Ha3bIBAETCA NALOMHOCMBIO pacnpe-
denenun 6éepoamuocmetl ciaydaitHoil BermuuHsl X WUJIM nAom-
HOCMDbI0 6epoamnocmu (IJIOTHOCTHIO paclpelesieHUA) 3TOH Be-
JAUYuHBI. Beipamenue (3.2) MOKHO paccMaTpuBaTh Kak gud-
depeHnMaNbHOE ypaBHEHHE M TOTJa BEPOATHOCTH TOTO, YTO CJIY-
yaiinaa BeauunHa X NpuMeTr 3HAUYEHUE U3 HEKOTOPOro LIMPOKOro
uHTepBana (x;, X,), paBHa

*2
P(x;< X < x,) = j f(x)dzx. (3.3)

1
I'padpuueckn BepoAaTHOCTs P(x; < X < x,) paBHa NJIOLIAAHA
KPHBOJIMHENHOH Tpalenuy, orpaHUYEeHHOHM ochio abciuce, KpH-
BO# f(x) u mpameimu X = x; u X = x, (puc. 3.3), uTo caengyer us
reoMEeTpPHUYECKOr0 CMbICJIa OIpeAesieHHOro uHrerpajaa (3.3). Kpu-

Basl f(x) Ipu 5TOM Ha3kIBaeTCA KPU60U pacnpedeneHus.

f(x)

P(x,<X<x,)

i

0 x, Xy x

Puc. 3.3. TIpumep xpuBOil pacnpezeseHus HEKOTODPOH Cayuaiimoit
BeJqIMYMHEL X . 3alITPUXOBaHHAA IJIOMIAAb YUCICHHO paBHA
BEPOATHOCTH IPUHATHUA €10 SHaAUeHU B MHTepBaJe (X,,X,)
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W3 ypaBHenusa (3.3) caegyeTr, 4TO €CJIM MU3BECTHA (QYHKIUA
f(x), To, N3MeHsA Npexesibl UHTETPUPOBAHUS, MOYKHO HaliTH Be-
POSITHOCTH IIONAJAHUA 3HAYECHUU CIAYUYANHON BEJMYUHBI B JH000
uHTepecyomuil nHTepBay. ITosaToMy MMEHHO 3asaHne QYHKIUN
f(x) mosHOCTBIO OTIIpesesiAeT 3aKOH pacupefeieHusA HeIpephIBHOH
cayyaiiHod BeanduHbl X.

dna mioTHOCTU pacmpezesieHus BEePOATHOCTH f(x) AOJIKHBI
BBIIOJHATBECA CJAEAYIOIUe YCIOBUA HOPMUPOBKU:

® ecJI U3BECTHO, YTO BCce 3HaUeHus X JieKaT B MHTepBaJe (a, b)

b
If(x)dx =1, (3.4)

® €CJIX TOYHbBbIC 'PAHNIIBI HHTEPBAaJa AJA X He U3BeCTHBHI
+00
j f(x)dx =1. (8.5)
B

Yci1oBuA HOPDMHUPOBKM IIJIOTHOCTH BEPOSATHOCTH SABJISIOTCA
CJIeACTBHEM TOTO, YTO 3HAUYEHUS CAYYaMHOH BeJuunHBI X JOCTO-
BEpHO JiesKaT B uHTepBaJe [a, b] uau (-0, +0), 1 yKa3bIBAIOT Ha
TO, YTO ILIOLIaAb (Uryphl, OTPAHWYEHHON KPUBOH pacIipenee-
HUA U Oocbio abciiuce, Bcerga paBHa 1.

3.3. Yncaosbie XxapaKTepuUCTMKK
pacnpeAeAeHMusi CAYHaWHbIX BeAUYUH

IMonnyio nHbOPMALHUIO O AMCKPETHOH M HEIPEePLIBHOH ciy-
YallHBIX BeJMUYMHAX JAIOT 3aKOHBI MX pacnpefenenusa. OgHaxo
BO MHOI'MX IPAKTHYECKH 3HAUYMMBIX CUTYAIUAX MMOJb3VIOTCH TaK
Ha3bIBAEMBIMU HUCLO6BIMU XapaKmepucmukamu pacnpedene-
HuA CAyJYalHBIX BeJIMYWH, TJIaBHOEe Ha3HAYEHNE KOTOPBIX — BBI-
pa3uTh B ciKaToili opMe HamboJsee CyIlecTBeHHbIe 0COGEHHOCTH
UX pacupejeeHus.

BaxxHo, uTO T mapaMeTpbl IIPefCTaBJSAIT cO00l KOHKpeT-
Hble YMCJIOBblEe 3HAYEHUS, KOTOpble MOXXHO PACCUMTATHL HA OCHO-
BAaHMW MMEIOI[UXCA 3KCIEePUMEHTAJILHBIX JAHHBIX. JTHMMU OLleH-
KaMM 3aHMMAaeTcsa TaK HasbIBaeMasl OIIMCATEJILHASA CTATHMCTHKA.
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B Teopun BepOATHOCTEH ¥ MaTEMATUUECKOH CTATUCTUKE MHC-
[OJIb3YeTCS JOCTATOYHO MHOTO Pa3IMYHBIX XapaKTepHUCTHK; pac-
cMOTpuM Haubosee yrnoTpebiseMsble.

3.3.1. XapakTepuCcTMKu NOAOXKEHUS

XapaKTepUCTUKAaMU HOJIOKEHUA ABIAITCA MAaTeMaTHIEeCKOe
oKUJaHUe, MOAa, MejauaHa. VIMEHHO OHHM OINpEJEJAI0T HEKOTO-
pbIe BayKHBIE 3HAUEHHA CJIYYaWHON BEJUMYMHBI HA UMCIOBOH ocH,
KOTOpBIe XapaKTepU3yIoT BCe pacipelesieHUe B I1eJIOM.

Cpenu HMX BasKHEHUIYIO DOJIb WrpaeT MamemamuyiecKoe
oxcudanue M(X) cayuaiiHoit BeauwumHbl X, KOTOpOe ABJIAETCA
BEPOSITHOCTHLIM AHAJIOTOM €e CpegHero apn@MeTudecKOro 3Ha-

— 1 n
yeHua: X = —in.
nia
Jia qucKpeTHO# ciayualiHOH BeJUYUHBI, 3aflaHHON Tabauei
pacnupejeneHua 3.1, OHO NpPEACTABIASET CyMMY NIPOU3BeLeHWH

BHAYEHHUH CHYYAMHON BEJMYMHBI U COOTBETCTBYIOIIUX MM BepO-
SITHOCTEH M BBIYHUCJAETCH MO hopMyJie

n —
M(X)=x1P1+x2P2+-~+ann=zx,~Pi ~ X. (3.6)
i=1
B cnyuae HenpepLIBHOM CIYUYANHON BeJIMYMHBI

b %
M(X) = [xf(x)dx, wmn M(X) = [xf(x)dx,  (3.7)

rge f(x) — maoTHOCTHL BeposaTHOCTH; f(x)dx = dP — 3jleMeHT Be-
poATHOCTHU (aHAJOT p;) AJIA MaJIoro MHTepBaJja dx.

Hpumep. Beruucnaure cpegHee 3HayeHHWEe HeIpPepHIBHOHM ciyyaiinoit Be-
JIMYMHBI, UMeoleH Ha orpeske [a, b] paBHOMepHOEe pacnpefeenue.

IIpu paBHOMEpPHOM pacHpejeseHUH JIOTHOCTh BEPOATHOCTH HA MHTEpBa-
ae [a, b] mocroanHa, T.e. f(x) = f, = const, a Bue [a, b] paBHa HyJI0. U3 yCio-
Bus HOPpMUPOBKY (3.4) Haiisem sHauenue f,:

b b
1= [fydx = f, Jax = ) = (>~ a)fy, oTRYAR fo=‘b1—.
a a —-a
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IToaTromy

y 1 2P -4 1
M(x)[—5—dx dx=—r—x?] =2 78 __1(,.p).
) s b~a,;‘x “20-a)" b 2o 2

Takum obpasoM, B paccMATPUBAE€MOM Ciy4ae MaTeMATHYeCKOe OXKH-
nanue M(X) cosmagaeT ¢ cepeAnHOl MHTepBaja [a, b] u paBHO cpeiHeMY

apudmMeTnyecKoMy 3HaYeHHI0 X:

X = M(X) = —;—(a+b).

Moooi Mo(X) nucKpeTHON CJIy4YailHOM BeJIMYUHBI HAa3bIBA-
10T ee HauboJiee BeposTHOE 3HaYeHue (puc. 3.4, a), a Moo He-
NPepLIBHOI BeJIMYMHBI — 3HaueHHe X, KOTOPOMY COOTBETCTBYeT
MaKCUMaJbHAas IJIOTHOCTh BeposATHOCTH f(x) (puc. 3.4, 6).

Meduanoii Me(X) pacnipeseneHus CAydaiiHON BeJHMUMHEBI Ha-
3BIBAIOT TaKoe ee 3Ha4YeHMe X, KOTOPOe JeJIUT BCe pacnpeseseHne
Ha ABe PaBHOBEPOATHBIE YacTHU. [Ipyrummu ciaoBamu, AN clydaii-
HOM BenunHEI X OAUHAKOBO BEPOATHO NPUHATH 3HAYCHUS MEHb-
me Me(X) unu Gosnbme Me(X):

P(X < Me) = P(X > Me) = %

IlosToMy MexmMaHy pacrpejie/IeHusi HEIPEPLIBHOM CiydaiiHoil
BeJIMYMHBI MOXKHO BBIYUCJIUTHh M3 COOTHOIIEHUSA

Me
[f(x)dx = 0,5. (3.8)

P; f(x)

»
o\
1

n A

Puc. 3.4. I'padhuueckoe npeacTaBieHue pacpeseeHN CaydaiHoi
BeJIMYMHBI X :
a — AVCKPETHOH C YKa3aHWeM MOAbI; 0 — HeIPEPLIBHOM ¢ yKa3aHueM
MO/Ibl; 6 — HEIPEePBLIBHO C yKa3aHUEM MeAVaHbI
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I'padpuueckn MeamaHa — 3TO 3HAUEHUWE CAYUAWHONH BeJIUUU-
Hbl, OPAWHATA KOTOPOI [JEJMUT IIONOJAaM ILIOIAAb II0J KPHUBOM
pacupeaenenaus (S; = S,) (puc. 3.4, 8). ATol XapaKTepUCTUKOHN
00BIYHO IIOJIb3YVIOTCA TOJBKO [AJS HEeNPEPbIBHBIX CHYYAMHBLIX Be-
JWYNH, XOTA QOPMAaJbHO €e MOYKXHO OIpEAENUTh U JJd JUCKpeT-
HBIX BEJIMYHH.

Ecan M(X), Mo(X) n Me(X) coBmazgaior, TO paclpegejieHue
CAYYalHOM BeJIMUMHBI HA3LIBAIOT CUMMEMPUYHbIM, B TPOTHBHOM
caydyae — ACUMMEMPULHbLM.

3.3.2. XapaxTtepuctuku paccesiHus

XapaKTepUCTHKAMK PACCEAHNSA ABIAIOTCA AUCIEPCUA U CPEX-
Hee KBaJpaTHYHOE OTKJIOHEHUe.

Hucnepcus D(X) cnydaiiHoit BeInduHB! X OIpe/eIdeTCA KaK
MaTeMaTHYECKOe OYKHJaHWe KBajpara OTKJIOHEHUSA CJIydaiiHOH
BesuuuHBLL X OT ee MaTeMaTHUYecKoro oxuganusa M(X):

D(X) = M[X — M(X))%, (3.9
D(X) = M(X?) - [M(X)E. (3.92)

nin

Hucnepcns duckpemnoil cyyaffHON BeJIHUYNHBI BRIYHUCIIAETCA
o ¢opmyJie
n
D(X) =[x - M(X)F p;,
i=1

uin

D(X) = i‘;[x?p;j—@w(x)lz. (3.10)

Hducnepcus HenpepviéHOl BeJIUYUHBI, pacipesie/ieHHON B UH-
Tepsaie [a, b].

D(X) = f{x - M(X)Ff(x)dx,
U 4
D(X) = [x*f(x)dx - [M(X)F . (3.11)

4-5281
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Hns maTepBana (—o, o)

D(X) = o] [x,~ M(X)] f(x)dx

WIn

D(X)= o]xzf(x)dx -[M(x)T . (8.12)

Hducnepcus xapakTepusyeT CPeJHION BEJIWYMHY PpPacGCeaHus,
pas3bpocaHHOCTH 3HAYCHUH CIIyYaHHOHM BeJINUYWHBI X OTHOCHUTEIL"
HO ee MaTeMATHYeCKOro oxuganusa. CaMo CJOBO «AHCIEDPCHA»
03HAYAET «PacCessHue».

Opuako gucnepcusa D(X) mMeeT pasMepPHOCTh KBaJpaTa Ciay-
YyailHOH BeJMYMHBI, UTO BeChbMa HEYJ0OHO IpH OlleHKe pasbpoca
B (U3MUYECKUX, OMOJOTUYECKNX, MEANIUHCKUX W APYTUX IPH-
aoxenusax. Iloaromy OGHIYHO IIOJIB3VIOTCS APYruM Hapamer-
POM, PasMEepHOCTH KOTOPOrO COBMNAAAeT ¢ pasMepHocThio X. ITO
cpednee rkeadpamuunoe omrnonenue o(X) caydaitHoil Benu-
ypHbl X

o(X) = JD(X). (3.13)

Hrak, maTemMaTH4eCcKoe OKHUIAHUE, MOJLA, MeAMAHA, AUCIEP-
CHsA U cpeJHee KBagpaTUYHOE OTKJIOHEHME SBJAIOTCSA Haubosee
ynoTpebaAeMbIMIA YHCJIOBBIMHM XapPaKTEePUCTHUKAMH paclpegee-
HUM CIyUYalHBIX BE/IMUMH, KAXKAaA U3 KOTOPHIX BBIPAXKaeT OIl-
peneseHHOe CBOMCTBO 3TOr0 pacipeneseRus.

3.4. HopmaAbHbifi 3aKOH pacnpesereHus
CAY4aHHOW BEAHUYUHbBI

HopMaabHBIH 3aKOH paclpejieIeHUsd UrpaeT MCKJIIOYUTEIbHO
BayKHYIO POJIb B TEOPHM BepOATHoOcTeii. Bo-mepsbix, 3T0 Hau6o-
Jlee 4ACTO BCTPEUAIOLIUIACSA HA IIDAKTHKE 3aKOH paclupefeseHus
HEIPEepPLIBHBIX CAyYailHBIX BEJWYHH. BO-BTOPBIX, OH SABJISETCA
npeAeabHEIM 3aKOHOM, TAK KaK K HeMy IPH OIpefe/IeHHBIX yC-
JIOBUAX IPUOIMKAIOTCA APYrUe 3aKOHBI pAaCIpeae/eHu.
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Hopmanvroii 3axon pacnpedenenus xapaxrepusyercsa (op-
MYJIO# AJIfl IJIOTHOCTH BEPOATHOCTY, NOJOOHOH M3BecTHOH (yH-

.2
knuu laycca (y = e "), MOITOMY MHOT[A €ro HA3LIBAIOT TAKIKE
3axonom pacnpedenenus I'aycca:

[x~M(OF
| Y
[(x)=—F=e ?° > (3.14)
ov2n
e x — TeKyllue 3HaUeHUd ciaydaiHo¥ Benwuumubl X; M(X)
U G — ee MaTeMaTH4eCKOe OXXHJaHHe U CpeJHee KBaJApaTUY-

HOE OTKJOHEHHE, KOTOpbI€ ITOJHOCTBIO OIPEAENAIT (DYHKIHIO
f(x).

Ira QYyHKIUA DTOAUUHSIETCA YCJIOBUIO HOPMUPOBKH (3.5).

Takum 06paszoM, ecyu cayJdaliHas BeJUUNHA PaclpejesieHa 1o
HOPMAaJbHOMY 3aKOHY, TO AOCTATOYHO 3HATh TOJIbBKO JBA YUCJIO-
BbIX mapamerpa: M(X) u o, uTOOBI IIOJHOCTBIO 3HATH 3aKOH €e
pacupegenenus (3.14).

I'padur ¢dysxnum (3.14) Ha3HIBAIOT HOPMANLHOU KPUEOU
pacnpedenenus (xpueoii I'aycca). OH MMeeT CHMMETPUYHBIH
BUJ OTHOCHTEJILHO opauHaThl x = M(X). MakcuManbHas ILIOT-

1 0,4
HOCTb BEPOATHOCTH, PaBHAA ——= X ——— , COOTBETCTBYET MaTe-
ovan o
MaTuyecKomy oxxkupanuio M(X) = X; mo Mepe yJajieHus OT Hee
IUIOTHOCThE BEPOATHOCTH f(X) CHMMETPUYHO CHaJaeT, MOCTeleH-
HO npubnamkacs K HyJwo (puc. 3.5). Usmenenue sHaueHus M(X)
B ¢dopmyiie (3.14) He MeHAeT hopmy
HOPMAaJIbHOH KpMBOH, a IIPHUBOLUT f(x)
JIMIIb K ee CABUTY BAOJIL OCH abciiycc.

Bennuuna M(X) HassiBaeTca Tak-
e IeHTPOM paccesHWdA, a cpejfHee
KBaJ[paTHYHOE OTKJIOHEHWEe G OIIpe-
lelseT IMUPDUHY ¥ BBICOTY KPHUBOH
pacnpeaenenus (puc. 3.6). C Bos-
pacraHueM G BeJMYXWHA MaKCUMyMa "
yOriBaeT, a caMa KpuBas CTAHOBHUTCH KPUBOW HOPMAMbHOrO

. pacrpeeeHusa CaydanHon
Gostee noJsioroit, pacTAruBasAch BAOJb BeJIMYMHEI X

0 ]\}(x) x
Puc. 3.5. Bug

4%
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1(x) ocu abciyice, Toraa Kak IPU YMEHb-
IIeHNY G KPUBas CY’KaeTcs U BBITA-
I'ABAETCs BBEPX.

IIpn sToM njoIaab TOJA KPUBOH
pacipenesieHusi Bcerga pasHa 1,
HezaBuCHMO OT 3HaueHu#d M(X) u o,
M(x) % TOJUYNHAACH YCJIOBHUIO HOPMMDOBKH
(3.5).

HopmasibHOe pacupenesieHHe CUM-

Puc. 3.6. Bug xpusoit

HOPMAaJILHOTO

METPHUYHO, TaK KaK
pacnpenenesus Ipu
pas3HbIX 3HAYEHUAX G M(X) = Mo(X) = Me(X).

(03<0,<0y)

Tlpu HOpMAaNLHOM paclipeiesieHUuHU
BEPOATHOCTL HONAJaHWs 3HaYeHUIi ciayuaiiHOM Beanuunbl X B
Ja1000i1 3ajaHHBIM UHTEpPBAN (X, X;) MOXKHO BBIUMCIUTDH 110 (op-
MyJie
1 _Le=MOOP
—=[e * dx. (3.15)
ovVan

1

P(x,<X<x,)=

Ha mnpaxkTuke YacTO BCTpeYaeTcs 3ajayva HAXOKIEHUS Be-
POATHOCTH TIONAfaHUA 3HAUEHUH HODPMAJILHO paclpenesieHHOMK
cay4aliHOl BeJIMYUHBI B MHTEPBAJ, CHMMETPUYHBIA OTHOCUTEND-
#H0 M(X). B uacTHOCTH, PACCMOTPHM BaXXKHYIO B IPUKJIATHOM OT-
Hourenuy szagauy. OTyoKuM Brpaso u BiaeBo oT M(X) orpeskw,
pasuble ¢, 26 u 36 (puc. 3.7), 1 HafileM BePOATHOCTH MOMAJAHNA
BeJUYUHBI X B COOTBETCTBYIOLINE MHTEPBAJIBI:

PM(X)-c<X<MX)+ 0)=0,6827=68,27 % (3.16)

P(M(X)- 20 <X <M(X)+ 20)=0,9545=95,45 %; (3.17)

P(M(X) - 836 <X <M(X)+30)=0,9973=99,73 %. (3.18)

W3 dopmyasl (3.18) caenyer, 4TO 3HAUEHUA HOPMAJIBLHO pacipe-
JeJIeHHOH caydaiiHoi BenuuHbl X ¢ BeposTHOCTBIO P = 99,73 %
Jgexkart B uarepsase M(X) = 30, HHaue roBops, B 3TOT MHTEPBAJ
MONajarT NPAKTUYEeCKH BCE BO3MOXKHbIE 3HAUECHUS NAHHON CIy-
yaiiHoil BesuunHEI. Takoil crnocob OueHKM Auana3oHa BO3MOXK-
HBIX 3HAUEHWHN cay4yaliHO! BEeJMYHMHBI U3BECTEH KaK «NpPa6unLo
mpex cuzm».
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f(x)

M(X)-20

M(X)+20
L i '/4 L
M(X)-30 MX)=x M(X)+3c X

99,73% l

Puc. 3.7. K BepoATHOCTH TIONaZaHUA 3HAUEHNH cyuyaitHoi Besmunnbl X

B uHTepBaJabl M(X) + o, M(X) = 20, M(X) = 3o

Hpumep. UssectHo, uTo A uenoBeka PH KpoBM ABIAeTCA HOPMAID-

HO pacIipe/ieIeHHON BeJIMYMHOM CO CPeJHUM 3HAUYeHUEM (MaTeMaTH4YeCKHUM
okugasuem) 7,4 u cTaHZapTHBIM OoTKJIOHeHHeM 0,2. Onpegesnre quanasoH
BO3MOXKHBIX 3HAUEHMH 3TOro mapamMerpa.

HJI& oTBeTa Ha ITOT BOIPOC BOCIIOJAL3YEMCA «IIPABUJIOM TpeX CHUI'M».

C BepoAaTHOCTHIO, paBHOI 99,73 % , MOXKHO yTBEP/KAATH, YTO JHANA30H 3HA-
yenuii pH ana yenoseka cocrasaser 7,4 = 3+ 0,2, t.e. 6,8 - 8.

KOHTpOAbHbIE BOMPOCH! U 3aAaHUs

Kaxue Bennunnb! HasbiBalor caydaiiueiMmu? Kakue cayyaiinbie Bexn-
YUHBI Ha3bIBAIOT OUCKPETHHEIMM, a Kakue — HenpepsiBHeIMU? Ilpu-
BeguTe IMpUMEpPHI.

Kak sagaorT pacmpeiesieHde LUCKPETHON cCiy4aliHOU BeJIMUYMHBI?
Yro mpeacrasiaser coboi ycioBue HOPMHUPOBKH?

Kax sagaior pacnpezesieHne HeNpPEpLIBHOM CiyuyaiiHON BeIUYHHBI?
Yro upeacrapisier co6oil ycioBre HOPMUPOBKU?

HaiiTe onpegesieHre U O6bSICHUTE CMBICJ YHMCJIOBBIX XapPaKTEPHCTUK
pacmpefesieHus CAyYadHLIX BeJUYMH (MaTeMaTH4YeCcKoe OKUJaHue,
JUCIIepCHs, CpeJHee KBaJpAaTUUYHOEe OTKJIOHEeHVe, MOAa, MeJuaHa).
Kax HaiiTu umc/ioOBBIE IapaMeTphl pacipeieseHHsa JUCKPETHOMN ciy-
YaMHOM BEJIMYUHBI?

Kak naliTu 4ucioBbie IapaMeTphbl pacnpejeseHNs HelpepbIBHOM
CAy4YaHHON BEJIUYMHBI?

Kakosb! cBoiicTBa HOPMaNbLHOTO paclipefeeHUA HENPepPhIBHON CIy-
JalHON BEJIMUYNHBI?



OcCHOBbI MaTemaTHuecKko#
CTAaTUCTUKM

raBa 4

3aKOHBI TEOPUM BEPOATHOCTEH — 5TO MaTEeMaTHYECKOe BHI-
pakeHUe PeajbHBIX 3aKOHOMEDPHOCTEH, KOTOPHIM IMOJUYMHAIOTCH
MaccoBble cayJalinble siBaeHusi. Kaixaoe uccaegosanue ciaydaii-
HBIX SIBJIEHUH, BBHIMOJHSIEMOE METOJaMU TEOPHUM BePOATHOCTEH,
NIPSAMO WU KOCBEHHO ONMHMpAaeTCs Ha SKCIEPVMEHTAJbHBIE HaH-
HBIE, Ha Pe3yJAbTaThl UCHbITAHNM 1 HabmMoAeHui. OgHAaKO AeTajlb-
HO 006cJIe[oBaTh BCe MHOMKECTBO HHTEPECYIOIINX HAC O0'LeKTOB 110
HEKOTOPOMY IIPU3HAKY 3aYacTyi0 HEBO3MOXKHO.

PaspaboTka MeTOZOB HCCJIEJOBAHUA MACCOBBIX CJIYYaiHBIX
ABJIEHWH HA OCHOBE aHAJN3a dKCIIEPUMEHTAJIBHBIX AAHHBIX, HO-
JYYeHHBIX IPY 00CcIeJOBAaHNY CPaBHUTEJIbHO HEGOIbIIION IPYIINEL
3TUX SIBJICHUI, COCTABIAET NPEAMET CHEIMATbLHON HAYKHM — Ma-
TeMaTUUYEeCKOH CTATHCTHKH.

4.1. llpeamer M 3aAauM maTemaTH4ecKom
ctatMctuku. FeHepaAbHass U BbIOOpOUHas
COBOKYIMHOCTb

dyHraMeHTAJIbHBIMY IOHATHAMHK MaTeMaTUYeCKOM CTaTUCTH-
KU SBJAIOTCA FeHepajibHasfg COBOKYIIHOCTH W BLIGOPOUHASI COBO-
KYIIHOCTBb (BBIGODKA).

T'enepanvras coéoxynnocmv — 3TO MHOMKECTBO OIHOPOX-
HBIX O0'BEKTOB, MOJJIEKAIUX CTATHUCTUYECKOMY HCCJIEAOBAHUIO
A XapaKTepU3YIOIUXCA OIPeleJeHHBIMN KA4YECTBEHHLIMH MJIHU
KOJIMUeCTBEeHHBLIMU Ipu3HaKamu. VMaydeHne Bcex 06'bEeKTOB ITOM
COBOKYIIHOCTH YaCTO HEBO3MOXKHO MM Heresecoo6pasHO 1o du-
3UYECKUM HJIU 3KOHOMHUYECKUM IIPpUYHWHAM,

Hampumep, peailbHO CYIIECTBYIOIAA IeHEpaJbHAS COBOKYII-
HOCTh — 3TO KOHKDPETHO BhIOpaHHas GONbIIAA IONYJIAIMS JIIO-
Jeli: Bce KurTeau Besapycd B JaHHBI MOMEHT BPEeMEHM WM
TOJBKO BCEe MYXXUMHbBI, UM JKEHIIWHBI, UINA NETH.

s Toro 4To0bl M3Yy4YUTh I'eHEePalbHYI0 COBOKYIIHOCTD IIO Ka-
KoMy-nu60 M3 ee KOJMUYECTBEHHBIX NpPu3HaKoB X (Hampumep,
OCTPOTA 3peHus, MOKa3aTej Iy aHANN3a KPOBH M T.X.), CJIELOBAJIO
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6Bl M3Y4YUTh BCE ee OO'BeKTHI 110 3TOMY NMPU3HAKY M 3aTeM 00-
paGoTaTh MOJYYEHHBI!I MacCUB AAHHBIX METOJAMMU TEOPUH Be-
postHocTeil. OgHAKO Ha IPAKTHKe IIPOBECTH IOAOOHOE CILIOII-
Hoe o0ciiefoBaHUe OOBEKTOB IeHEepaJbHON COBOKYIIHOCTH YacTO
pHU3NUECKH HEBO3MOXKHO U 9KOHOMHYECKH HEBHIroAHO. I'y1aBHasA
eJb AAHHOTO HCCJIEJOBAHMS COCTOMT B YCTAHOBJIEHMM 3aKOHA
paclipefeieHUs NPU3HAKA B NeHEPAJIbHOI COBOKYIIHOCTH M OII-
pelieieHNH OCHOBHBIX KOJIMYECTBEHHBIX XapPaKTEPUCTHUK 3TO-
ro pacmpezeneHusi. Hanpumep, ecau OymeT yCTaHOBJIEHO, UTO
u3yyaeMblii IIPU3HAK pacapefesieH II0 HOPMa,IbHOMY 3aKOHY,
TO JOCTATOYHO ONPEJEJUTH ABa MapaMeTpa pacupenesieHUs: ero
MaTeMaTHYecKoe OKHUIaHMe U AUCIIEPCHIO, YTOOBI UMETh MOJHOE
NpeacTaBJieHNe O pacupefeeHUU 3TOTO IPU3HAKAa B reHepab-
HO# cOBOKyImHOCTH [cM. dopmyuy (3.14)]. Huasa HaxoxaeHus 3a-
KOHa pacnpefesieHus 1 ero OCHOBHBIX UMCJIOBBIX XapaKTEePUCTHUK
NOCTATOYHO MCCJIEJ0BATb TOJbKO YacTh OOBEKTOB reHepajbHOM
COBOKYIHOCTH, TaK Ha3hbIBAEMYIO BLIOODKY.

COBOKYITHOCTH 71 OO'BEKTOB, OTOOPAHHBIX W3 HHTepecylomiei
HAC IeHepaJbHON COBOKYIIHOCTH IJIA KOHKDPETHOTO CTATHCTHUEe-
CKOTI'0 MCCJIeZJOBAHMA, HA3LIBAETCH 86bL60POUHOU CO60KYNHOCMbIO
Ui éviboproil.

WUccnenosanne BLIOOPKU [AaeT HEKOTOpble NIPUOJIMIKEHHbIE
OIleHOUHBIe 3HAUEHUS WHTepecyoUUX Hac MapaMeTpOB paclipe-
JeJleHus, KOTOpble IPUHUMAIOT Pas3jINUyHble 3HAYEHUA IJIA pas-
HBIX BBIOOpDOK. I'1aBHAs 1esib BHIGOPOYHOTO METOAA, OCHOBHOI'O
B MaTeMAaTUYeCKOH CTaTUCTHKE, — II0 BHIYMCJIEHHBIM YHCIOBBIM
XapaKkTepUCTHUKAM BBIOODKHM KaK MOXKHO TOUHee OIPENeJUTh CO-
OTBETCTBYIOIIHE XapPAaKTEePUCTHKU TeHepaJIbHOH COBOKYIIHOCTH.
9TO0 BO3MOXKHO JIMIIb B TOM CJy4ae, ecjau orobpaHHadA Aad pado-
THI 4aCTh OG'BEKTOB 00JIalaeT TEMH K€ OCHOBHBIMU CBOICTBaMu,
uTo ¥ neJoe. NHaue rosops, BeIGOPKaA NOJKHA OBITH npedcma-
sumenvHoil (penpezeHmamueéHoil), T.e. IO BO3MOXKHOCTH IIOJI-
Hee «IIpPeACTaBJIATH» CBOHCTBA I'€HEPAJHLHON COBOKYIHOCTH. ITO
OJHO W3 Ba)KHEHMIIMUX TpeOOBaHUI, MpebABIAEMBIX K BhHIOOpDKeE,
ero HecoGJI0eHNe BefeT K rpyGuIM omubKaM U obeclieHUBaeT pe-
3yJIBTATHI CTATUCTHYECKOTO HCCJIeJOBAHNA.

Hanpumep, ecam npu usydyeHUH 3a601€BaeMOCTH HacCeJIeHUs
pecnnybanku (reHepasbHasi COBOKYIIHOCTH) HIIeMHUYeCcKoill G6o-
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JIe3HbIO CepAlla B KaueCTBe BBIOOPKM B3fATa IPYIIIa CTYLEHTOB,
TO pe3yJbTaTbl OyAyT OIIMOOUYHBI, IMOCKOJBKY CBOMCTBa TaKoif
BLIOODKHM HE COOTBETCTBYIOT CBOMCTBAM TIeHEpPAaJbHOM COBOKYI-
HOCTH, KaK U B cJiydyae, €CJI4 B KauecTBe BbIOOPKU OYAYT B3ATHI
TOJIBKO IMAllMEeHTHI KapJuoJ0ruYecKoro Jucnancepa. PenpeseHra-
THBHOCTBb BBIOOPKU ofecrieurBaeTcsa ee JOCTATOYHLIM 06BEMOM U
oIpe/ie/IeHHBIMU IIpaBUJIaMu ee GOPMUPOBAaHUS, KOTOPLIE B HaH-
HOM yueOHMKe paccMaTpMBAThLCA He OYIYT.

W3 mHOrUX 3amau, perraeMeIx MaTeMATHUECKON CTATUCTUKOM,
BBIAEJIMM CJENYIOIHe:

1. BrlsicHeHue 3aKOHA pacHpefesieHUs HCCIeIyeMoro npusHa-
Ka B BeIOOpKe.

2. Onpenesienue YHUCIOBBIX XapPaKTEPHUCTUK BHIGOPKHU (METObI
onucaTeNbHON CTATUCTUKH).

3. Omenka mapaMeTpoOB TeHEpPaJbHOM COBOKYIIHOCTH II0 UMC-
JIOBBIM Xa8pPaKTepPUCTHKaM BBIOODKHM: TOUYEUHbIE€ OLIEHKU U [JOBe-
puTeIbHbIEe MHTEPBAJIb AJId [IapaMeTPOB paclpeaeIeHus.

4. UccnenoBaHme CTaTUCTHYECKON CBSA3K MEXXKAY ABYMS IIPH-
3HAKaMU BBIOOPOUYHON COBOKYMHOCTH (3JI€MEHTBI KOPPEJIAIHMOH-
HOro aHaJjuaa).

4.2. Cratuctuyeckoe pacnpeaeseHne BblOOPkM

Wrak, HeoOx0AMMO y3HATh pacupejesieHue npusHaxka X B re-
HepaJabHON COBOKYIIHOCTHU, HO peasIbHO HCCJIEAYeTCH JWIIL He-
KoTopasi BbIOODKA U3 Hee.

B cepuu sKCIIePMMEHTOB, IIPOBOAUMBIX C BHIGOPKOM, HCCIEY-
emMad BeauuuHa X IPUHUMAaET onpeAesieHHbIe 3HaueHnus. Kaxgoe
MOJIyYeHHOe 3HAa4YeHNe BeJUUYNHBl X HasblBalOT 6APUAHMOL. ITH
3HAUYCHMS, 2allUCAHHbIE B TOM NOPAJIKe, B KOTOPOM OHM GBLIM IIO-
JIy4eHbl B OIBITAX, NMPEJACTABISIOT CO00H npocmod cmamucmu-
weckull pad. JKciepUMEHTaIbHAA YaCTh HA 3TOM 3aKOHYEHA U Te-
mepb HOJIyYeHHEIE AaHHbIe IIOAJIeXKaT CTaTHCTHUECKOM 00paGoTKe.

TlepBoiii mar npu 06paboOTKe IIOJTyYEeHHOro MaTepHasia — Ha-
BeleHHe B HEM OIpeJeJIeHHOI'0 NOPAAKA, IO3BOJIAIOIIErO IOJy-
YUTH MPEACTABJIEHNE O CTATUCTUYECKOM pacipee/eHNH BapHuaH-
Te1 X B MccaenyeMoii BbIOODKE. 34eCh CYIIeCTBYeT BO3MOMKHOCTD
co3maHus Jubo BapMAaIMOHHOTO, JIN0O UETEPBAJILHOTO PAa.
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4.2.1. BapuaumoHHbiii psia u ero rpacuueckoe
npeAcTasAeHne

IIyers HeKoTOpasi BEIOOPKA MCCJAELYeTCs IO KOJWYEeCTBEHHO-
My IpusHarky X, KOTODPBIH IpeacTaBaseT co00i IUCKPETHYIO CIy-
yalinyio BeaununHy. CHauaja Bce IoJIyuYeHHBbIE YHCJIOBbIE JaHHBIE
cjelyeT PacIOJIO}KUTh B IOPSAKe HX Bo3pacraHusa (uiaum yObI-
BAHHUA), T.e. U3 IIPOCTOT0 CTATUCTUYECKOTO PsAAA MOJYUYUTH TaK
HA3bIBAEMBIII DaH)KWPOBAHHBIH CTATUCTHUUECKHI DAL JaHHBIX.
B aTOoM 11pocTOM pAAY BapuaHTa X; OyeT BCTpedaThCcd (II0BTOPATE-

k
cs) m, pas, x, — m, pasa, ..., X, — m, pas, IPpU 3TOM Zmizn,
i=1
T.e. CYMMAa 4acTOT paBHa 00beMy BeiGopKu. [lanee o atum AaH-
HBIM CTPOMTCHA CTATUCTHUYECKOE paclpeleieHue (B MeAUIIMHCKOMN
JuTeparype — 8apUAUUOHHbLL psad), KOTOpoe yINoOHO mpejcra-
BUTHL B BHAe Tabi. 4.1, BKAKOUaroweil B cedsi:

1) x;, — pasnuuHBIe 3HAYEHUS BAPUAHTHI, PACIIOJIOXKeHHbIe B
PaHKHPOBAHHOM IIOCJIEOBATEJBLHOCTU (OOBIYHO B IOPALKE BO3-
pacraHus);

2) m;, — 4YacToTa BCTPEYaeMOCTH BAPUAHTHI, T.€. KOJNYECTBO
HabGaogeHul (TOBTOPEHUI) BAPUAHTHI X; B IIPOCTOM CTaTHUCTHYe-
CKOM DAAY;

3) p’= m, /n — OTHOCUTE/JbHBIE YACTOTHl BAPUAHT, T.€. OT-
HOILIEHUS YaCTOT Mm; K 00beMy BLIOOPKHU 1; OHU SBJIAIOTCA BbI-
GOpOUYHBIMHE (AMIMPUYECKUMI) OLIEHKAMH BePOSATHOCTEHN II0sBIIE-
HUA 3HaUEeHUH X;.

Kakzasa OTHOCHUTEILHAS YaCTOTa YKAa3bIBaeT JOJII0 00111ero 00b-
eMa BLIGOPKH, IPUXOAAIIYIOCA HA JaHHOE 3HaUeHUe BAPDUAHTHI X;.

Ta6auma 4.1

Bapuaura, x; Kourpoasn
X, X, x5 x,
(X, <x, < x3<...< X)
k
Yacrora, m; m, m, ms . m, ,Zl m;=n
iz
OtHocuTenbHas ya-
. om, mo| My My T i m_
1 I I - —_—
CTOTa, p, = — n n n n &
n
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IIog pacnipeznesienueM JUCKPETHON CAYYalHON BEJIUYUHEI B Te-
OpUY BEPOATHOCTEH IIOHHMMAETCA COOTBETCTBHUE MEMKJAY BO3MOXMK-
HBIMU 3HAYCHUAMHU CJIYUANHOHA BEJIUUYUHBI ¥ UX BEPOATHOCTAMU;
B MaTeMaTU4YeCKOM CTATHUCTHKE — COOTBETCTBHE MEXIYy HabJo-
JaeMbIMH BapMaHTaMU X; U UX YACTOTAMY MJIH OTHOCHUTEJIBHBIMH
YacTOTaMU.

Ana mosydyeHMs HAIMVISIAHOTO HNPEeACTaBJIEHUA O paclpejese-
HUM CAYIaNHON BeTMYMHBLI B BRIOOPKE CTPOSAT COOTBETCTBYIOIIHE
rpauKu.

TI'paduueckum npencraBiieHMeM BapUAIUOHHOIO DAXA SABJIS-
eTCs NOJIUTOH YaCTOT WJIU IMOJUTOH OTHOCUTEJIBHBIX YaCTOT.

ITonuzonom wacmom Ha3BRIBAIOT JIOMAHYK JHHUIO, OT-
Pe3KHM KOTOPOIl IIOCjIefOBaTeJIbHO COEJAMHSAIOT TOYKU (X, mM,),
(xz, mz)’ eees (xk’ mk)°

[ mocTpoeHUsI IOJUTOHA YacTOT HA OocH abeiyce OTKIaAbI-
BAaIOT 3HAYEHWsI BAPHMAHT X;, a HAa OCH OPAUHAT — COOTBETCTBY-
omue uM 4actoTel m;. Touknu (x;, m,;) COEAUHAIOT IPAMBIMH OT-
peskammu.

Ilonuzonom omHOCUMENBbHBIX LACMOM Ha3LIBAIOT JIOMAHYIO

. m m
JVHUIK, OTPEe3KU KOTOPOU COeAUHSAIOT TOUKU (xl , ——i) , (xz , ——2);
n n
Xy, —— |
n

Hpumep. AnanusupyeMsblii noxkasatenb X — CPOK JeUeHHA OOJIHLHOrO
IPX HEKOTOPOM 3a00JieBaENHM. BapuanuoHHBI paJ — pacmpejesiesne 6oJb-
HBEIX II0 CpoKaM JieueHua (00'beM BBIGOPKU N = 26 GONBLHBIX) — HMMeeT BHUA,
IpeJcTaBJeHHBIH B Tabua. 4.2.

Tabnumna.4.2

‘ncro anei ne- 17 | 18 | 20 | 22 | 23 | 25 | Kourpons
JYeHud, X;

Yuciio 60JIbHBIX

C AaHHBIM CPO- 4 1 8
KOM JiedeHus (ua- 2 5 8 5 2 El m; = 26
crora), m;
OTrHocuTenbHAN 6 m.

. m, |0,080,19/0,15/0,310,19 0,08 X—-=1
yacrora, p; = — i=1

n




4.2. CratncTuueckoe pacnpeaeseHue sblbopku 59

m; m;
8 n
7 —
6 0,3
5
4 0,2
3
2 ; ! 0,1 R
TR RN
17 19 21 23 25 X, gum 17 19 21 23 25 X, nuu
Puc. 4.1. Tlonuron yactToTr Puc. 4.2. Tlonuron

OTHOCHUTEJIbHBIX YaCTOT

CoOOTBETCTBYIOLIIHE 3TOMY BApPHAIMOHHOMY PSANY IOJHUTOHBI
YaCTOT ¥ OTHOCUTEJNHLHBIX YacTOT IpEeJCTaBIeHbl Ha puc. 4.1, 4.2,

ITomo6HOe rpadhmueckoe mpencTaBieHUE JAHHBIX IIO3BOJIAET
HaIJIAQHO OLEHWUTH paclpefesieHue caydyaiiHoro mpuaHaka X u
OIIpeseJIuTh ero Oojiee 1 MeHee BEPOSATHBIE 3HAUEHUS.

4.2.2. UntepBaAbHbiii psa u ero rpacuyeckoe
npeAcTaBAeHHe

HNuTrepBanbHLIil pAx yA00HO MCIOJB30BaTh, KOTAA KOJUYE-
CTBEeHHBIN IIpusHaK X, XapaKTepu3yiolnuii BeIOOPKY, HENPEphI-
BEeH, T.e. MOXKeT IPUHUMATH JIO0ble 3HAUEHUS B HEKOTOPOM HH-
TepBaJsie. B aTOM ciydyae CTAaTHCTHUYECKOe paclpejesieHue BbI-
60pKY (MHTEePBAJNBHBIN PAX) CTPOUTCS CAEAYIOIIUM o0pasom:

1) obnacTs uaMeHeHUsA NMPUBHAKA (Xp,, — Xn,) DPasbUBaioT Ha
HECKOJIbKO MHTEPBAJIOB OOBIYHO PABHOM NUIMPWHBI;

2) uncno uHTEpBaNOB k2 (KaK mMpaBMJIO, HEe MeHee b u He 6o-
JNee 25) IpUOAUIKEHHO OIPEAeNAETCH CJIEAYIOIMMH 3MIIMpUUe-
CKUMHU hopMyIaMu:

E=+n,umk~1+3,321gn, (4.1)

rae n — o0beM BBHIOOPKH;
3) IINpHHA WHTEPBAJIOB OJQMHAKOBA:

Ax = h = Zmex “min . (4.2)
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4) BHIYHCJIAIOT TPAHUIEI MHTEPBAJIOB:
xmin= xo, xl = x0+ h, xz = x1+ h, ooy xmax = xk.

IToCKONIBKY HEKOTOpble BAPHMAHTHI MOTYT SHBJIATHCH TPAHU-
Heil JByX COCENHUX HHTEPBAJIOB, TO OOBIYHO IIPUAEPKHUBAIOTCS
cJeAyIoIlero mpaBwia: K uHTepBanay (@, b) OTHOCAT BapHMaHTEI,
YAOBJIETBOPAIOIIIE HEPABEHCTBY @ < X < b, T.e. IOTPAaHUYHYIO Ba-
PHMAHTY OTHOCSAT B IIPaBLIY WHTEPBAJ;

5) A KaXKIOro HMHTEpBajia NOJCYMTHIBAIOT YaCTOTHI M; U
(Win) OTHOCUTENBLHEIE YACTOTH! M;/N MONaZAHUA BAPDUAHT B JaH-
HBIH MHTepBaj. Hepeaxo ucnonap3yioT TakiKe ILIOTHOCTH OTHOCH-

TeJHbHOM 4YacCTOThI:
m, m

(e
nAx nh’ (4-3)
KOTOPYIO MOXXHO CUHUTATH BEIGOPOYHOM (3MIMPUYECKOIT) OIIeHKOH
IIJIOTHOCTHU BEPOSATHOCTH.
PaccmoTpenHoe pacnpezesieHre HelpepBIBHON cayuaiiHoil Be-
auauHbl X — HWHTEPBAJIBHBIH PAJ — OOBIYHO IIPEACTABJIAETCA B
Buge Tabia. 4.3.

Ta6auma 4.3

OTHOCUTENbHAA
HurepBan Yacrora, m; %
vacTora, p; =m;/n
Xo— %1 my m,/n
X;— Xy my my/n
Xo— X3 my mg/n
Xp-1— Xy, my, my/n

r pa(pnqecng IIpeacTaBJieHUeM MHTEPBANbBHOTO pAga ABIISAET-
CH rucrorpaMma 4acToT HJIHN OTHOCHUTE/IBHBIX YacToT.

r ucmozpammmi yacmom HAa3bIBAKOT JUarpaMMy, COCTOAIILYIO
U3 BEPTHUKAJIBHBIX IPAMOYI'OJIBHUKOB, OCHOBAHUSAMH KOTOPBIX
ABJIAIOTCA MHTEPBAaJIbI I(JIKHOﬁ Ax = h, a BBICOTBI PaBHBI OTHOIIIE-

m.
HHIO ———A’ (TJIOTHOCTH YACTOTHI). /1A IOCTPOEHUA I'HCTOrPAMMEI
x
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YaCcTOT Ha OCH abCIMCC OTKJAALIBAIOT MHTEPBAJIL 3HAUEHUH HC-
cleyeMoro MoKasaTelisi (MHTepBAJEl BADHAHT) M HA HUX CTPOAT

. m, .
NIPAMOYTOJLHUKHU BhIcOTONM — . ILnmomtans i-ro npsamoyroapHuKa
Ax
m,
paBHa Ax —A—’ = m,, T.e. KOJIUUeCTBY BapuaHT (4acTore m; nomaja-
X

HHUA) B i-M uHTepBase. CiegosaTesbHO, IJIOIaAb BCeH TaKol ruc-
TOrpaMMbl paBHA CYMMe 4acTOT BCEX MHTEePBaJIOB, HHAYe TOBOPS,
00'beMy BHIOODKH.

Tucmozpamma omHOCUMENBHBLX HACMOM OTIUYAETCH OT
NpeAbIAYIeil TMCTOrpaMMBI TeM, YTO Ha He#l BBICOTHI NPAMO-

m.
YTOJIBHUKOB PaBHBl OTHOIIEHHIO Al , T.€. IIJIOTHOCTHU OTHO-
naAx

CUTENbHOM YacTOTHI (SMIMPUUYECKOH NJIOTHOCTH BEDPOSTHOCTH).

. m.
B aTOM ciydyae IJIOIIAAb i-TO MPAMOYTOJbHUKA PaBHA AX Al =
nAx

= p," — oTHOCHUTeJNbHOM YacTOTe BADUAHT, IONABIIUX B i-if HHTEP-
Bas. Hanomuum, uTo p," = m,/n fABAsETCS NPUMEPHOH OLEHKOMN
BEPOATHOCTH NoIajfaHusA 3HadeHUH X B BHIODAHHBIN WMHTEPBAJI.
IInomagk rucTorpaMMbl OTHOCUTEABHBIX YACTOT PABHA CyMMe OT-
HOCHTEJIbHBIX YaCTOT BCE€X MHTEPBAJIOB, T.e. eAUHUIE.

Hpumep. Ananusupyemsbiii nokasarens X — Macca TeJla HOBOPOXKJIEH-
HOro. Onpenenenue macchl Tejta 100 HOBODOXKAEHHBIX IIOKA3aji0, YTO MHU-
HUMaJbHasl Macca cocrasiaser 2,7 xr, MakcumanabHas — 4,4 xr. IETepBan

(2,7 - 4,4) xr pas6uBaem Ha 10 pasHEIX UHTEPBAJIOB (kB = V100 = 10) mupu-
. 4,4 - 2,7

HO# h = 10 = 0,17 Kr u cTpoUM HHTepBaJILHBIN paf (Taba. 4.4).
Tabauma 4.4
u Macca rena,
HTepBaJT r YacroTa, m, m,/n=p; m;/nh
1-u 2,7-2,87 4 0,04 L 0,235
2-i 2,87-3,04 8 0,08 0,470
3-# 3,04-3,21 12 0,12 0,700
4-i 3,21-3,38 16 0,16 0,940
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IIpodonsicerue mabn. 4.4

MuTepsan Macczr'rena, Yacrora, m, m;/n=p, m;/nh
5-i 3,38-3,55 21 0,21 1,235
6-ii 3,55-3,72 15 0,15 0,880
7-1i 3,72-3,89 11 0,11 0,650
8-ii 3,89-4,06 7 0,07 0,410
9-1 4,06-4,23 4 0,04 0,235

10-i 4,23-4,40 2 0,02 0,118

Korwmpoas: k =10,

10
Zmi =4+8+12+16+21+15+ 11 +7+ 4 + 2 = 100 = n (o6beM BLIGODPKH),
i=1

10
3 T - 0,04+ 0,08 +0,12 + 0,16 + 0,21 + 0,15 + 0,11 + 0,07 +
' n

' +0,04 +0,02 = 1.

IlocTpoenHas Mo JaHHHIM TaGu. 4.4 IRCTOTPAMMA OTHOCHTEJNBHBIX dac-
TOT MpUBEAEHA Ha puc. 4.3.

m;

nh
1,40 |-
1,20 |- .
1,00 -
0,80 [
0,60 -
0,40 —
0,20
0,00

1

1T 1T 1 L X
2,7 3,04 3,38 3,72 4,06 4,4 X ¥T

Puc. 4.3. I'ucrorpaMMa OTHOCHTEJIbHBIX YaCTOT MACCHI TeJia
HOBOPOJKJEHHBIX

HOna npexcraBiieHHON BBHIGOPKU MHTEpBaJ Hambojiee BEpOAT-
HBIX Macc Teja HOBOPOJKJIEHHBIX cocrasiaser 3,38—-3,55 Kr.

Cnemyer OTMETHUTB, UTO T'MCTOTPAMMON HA3BIBAIOT M CEPHIO
TIPSAMOYTOJBLHUKOB, BBICOTAMU KOTODBIX HABJAIOTCA HEIOCPEs-
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CTBEHHO YaCTOTHI M, COOTBETCTBYIOIIUX WHTEPBAJIOB UM OTHOCH-
TeJbHEIE YACTOTHI (B HODMUPOBAHHOM TUCTOrpaMMe), a TaKIKe OT-
HOCHMTEJbHEBIE YACTOTHI B IPOIEHTaX (IPOLEHTHAN I'UCTOrPAMMa).
JlBa moCJIeIHUX BAPHAHTA MO3BOJIAIT CPABHUBATL THCTOIPAMMEI,
HOCTPOEHHBIE HA OJHUX M TeX K€ MHTepBajax, HO AJA pasiud-
HBIX BBIOOPOK M3 OJHOH IeHepaJbHON COBOKYIHOCTH.

BajkHO, 4TO I'MCTOTPAMMBI MOKHO HMCIIOJb30BATH JJIS OLEHKH
3aKOHA pachpefieJIeHNA IIPH3HAKa B IeHepaJibHOH COBOKYIIHOCTH
(8 nmonynanuu). CoequHaa cpejHHEe TOYKM BEeDXHMX OCHOBAHHMA
NPAMOYTOJBHUKOB I'MCTOTPAMMBI OTHOCUTENIBHBIX YACTOT IIJIaB-
HOI JIMHMEHN, MOYXHO II0 AAHHBIM BBIOODKM NOJYYUTH MpUOIH-
JKeHHOe NIPEeJCTABJIEHNEe O KPUBOH pacipeliesieHNUs, T.e. O 3aKOHE
pacnpezesenus IioTHocTu BeposaTHoctu f(X). Tak, mo Bugy ru-
crorpaMMbl Ha puc. 4.3 MOMKHO IIPEJIIONOKUTS, YTO AHANNSUDY-
eMbIil MoKasaTe b (Macca Tejia HOBOPOXKAEHHOI'0) B reHepaJIbHOM
COBOKYIIHOCTH pachpenesieH II0 HOPMAaJbHOMY 3aKOHY, T.e. HOD-
MaJIbHBIHM 3aKOH ABJIAETCA BEPOATHOCTHOM MOAEJILIO AJIA JAHHOTO
MpPHU3HAKA B IIOMYJIAIUH.

TakuMm o6pa3oM, 0GOOINMB M3JO0KEHHBINI MaTepuas, MOXKHO
cAeJIaTh CAeNYIOIINe BBIBOABL.

1. Ecau BLIOOpKA MCCAeAYeTCA M0 KOJIMYECTBEHHOMY IIPU3HA-
Ky X, IpeAacTaBJsIONIeMY AHUCKPETHYIO CIYYalHYIO BeJIU4YHUHY,
TO CTATHCTHYECKHUM pacipeleeHreM BbIOOPKH ABJISETCS Bapua-
OYOHHBIA CTATHCTHYECKHN DA, MIPEACTABISIOMINN HOJTyYeHHbIe
3HaYeHUs IPHU3HAKa, 3alIMCAHHLIE B YIOPALOYEHHOM BHJE C YKa-
33aHMEM MX YaCTOT M OTHOCHUTEJBHEIX “1acToT. I'padutiecKum npen-
CTaBJeHNMEM BapPHUAIIMOHHOTO PALA ABJSETCS IOJVTOH YaCTOT MIK
OTHOCHUTENILHBIX YacCTOT.

2. Ecin BuIOOpKA HcCCIeyeTCs 110 KOJIMUeCTBEHHOMY IIDU3HA-
Ky X, npeacTaBasSIONeMy HeIPEepPbIBHYIO CAy4yalHyl0 BEJIMUYHHY,
TO CTATUCTUYECKHUM pACIPeJeJeHNeM BbIOODKYU ABJAAETCH HHTEp-
BaNBLHBLIM cTaTUCTUUYeCKMi pajs. OH BKIOUaeT B ce0s MHTEPBAJIbI
3HaYeHWIl BapMAHT, YaACTOTHI NONAAAHUA BapHAHT B 3TH MHTED-
BaJIbl, OTHOCUTEJILHBIE YACTOTHI, a NP HeoBXOLAMMOCTH — ILIOT-
HOCTH OTHOCHUTEJBHBIX YACTOT IJIA 9TUX MHTepBauoB. Ilns rpa-
$uyeckoro mpexcTaBIeHUA MHTEPBAJBHOI'O PACHIPENEICHUS CIIy-
YaWHON BEJUUYMHBI OBBIYHO CTPOAT ZUCMOZPAMMbL HACMOM WU
OMHOCUmMeNbHbLX YACMOm.
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4.3. MeTtoAbl ONUCATEAbLHOW CTAaTUCTUKU

MeToabpl omucaTeNbHOM CTATHCTUKH — OINHUCAHWE BHIOOPOK,
HCCJeAYEMbIX II0 KOJMUECTBEHHOMY Hpu3HaKy X, ¢ IIOMOIIbLIO
Pa3IHYHBIX YHCJIOBBIX XapaKTEePUCTHK.

IIpeumymiecTBO 3THX METOJNOB 3aKJIOUYAaeTCA B TOM, YTO He-
CKOJIBKO IIPOCTHIX ¥ AOCTATOYHO MH(POPMATUBHBIX CTATHCTHUYEC-
KUX IIOKasaTejell, ecjyu OHU M3BECTHBI, BO-IEPBHIX, U30aBJISAIOT
HAC OT MPOCMOTpa COTeH, & IOpPOil M THICAY 3HAYEHHUI BAPUAHT,
BO-BTODBHIX, IIO3BOJIAIOT IIOJIYYHUTH 0OJiee HMJIM MeEHEe TOUYHYIO
OLIEHKY XapaKTepPUCTHK paclpejieieHHUA IIPU3HAKA B IeHepasib-
HOH COBOKYITHOCTH.

ITokasarenu, onmuchIBawIiie BHIOOPKY, pas3buBalOTCA Ha He-
CKOJIBKO TPYIII, KOTOPHIE B GONBIIWMHCTBE CBOEM AHAJOTMUHEI
YYCJIOBBIM XapaKTEePHUCTUKAM CIYyYAHHBIX BeJIUYNH B TEOPUU Be-
POATHOCTEM.

Iloxa3amenu noaoxenus ONYCHLIBAIOT IIOJOKEHHE BApPHAHT
BBIOOPKH HA YMCJOBOM ocu. K HMM OTHOCATCA: MUHHMAJIbHAA U
MaxKcHUMaJIbHasl BapHaHTHI; BEIOGOPOUYHOE cpefHee; BHIGOpOUHAS
Moza; BeIOOpOUHAS MeAMaHAa.

Boi6opounvim cpedHum Ha3BIBAETCHA CpeqHee apuMeTHYEeCKoe
3HaueHHue BBIOOPKU:

x5 =13z, (4.4)

rae x; — i-A BapuaHTa BBHIOOPKU; N — 0GBEM BLIGODKH.

Buwibopounas moda Mo, — BapuaHTa, KOTOpas dallie BCEro
BCTpeuYaeTcA B UccjenyeMoil BHIGODKe, T.e. MMEeT HaubOJBLIIYIO
Y4acToTy.

Buibopounas meduarna Me, — 3T0O 3HaueHNe BapUaHTHI, KOTO-
pasi JeJIAT PaHXUPOBAHHBIN CTaTUCTUYECKHUI DAL Ha [BE PABHLIE
YacTH IO YHUCJAY IONAAAI0LINX B HUX BAPUAHT, T.€. BEPOATHOCTD
0OKa3aThbCs Ha YMCJIOBOI OCH CJieBa U CIIpaBa OT MEeAUAHBI OJUHA-
KoBa: P(X < Me) = P(X > Me) = 0,5.

Ecau 06'beM BEIGOPKY N, TO BLIOOPOUHAA MEAMAHA B 9TOM PaH-

JKHPOBAaHHOM pPsAAYy 3aHHMaeT CpeaHee MeCTOoO ¢ HOMepoM n ;- 1 .
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Ipumep 1. Ha puc. 4.4 npuBeaeHo pacIpefiejieHHe IO BO3pacTy 3a6o-
nesmux Audrepreit (Ha 10 ThIC, HaceJEeHUA COOTBETCTBYIOUIErO BO3PACTA),
KOTOPOE ABHO He COOTBETCTBYET HOpMajibHOMY. OUueBHHO, UTO 3HAHHE CPEl-
Hero Bo3pacTta 3ab60JIeBINUX (Z ~ 7,8 roga) B 3TOM ciiyyae MeHee BaXKHO,
yeM 3HaHME BO3pacTa, B KOTOPOM duallle BCero BO3HMUKaeT 3aboneBaHue U KO-
TOpHI TIpeacTaBisger coboit Mmony (Mo, = 4 roga). IMeHHO sTOT moKasaTesnb
yKA3BIBAET, YTO I'JIaBHBIE NPOPUIaKTHUECKHE MEPhI JOJKHEI GEITH COCPeso-
TOYEHBl B JOUIKOJbHBIX VUPEIKICHUAX.

m;
200 —
100
Mo 1
1Lt | } : |
0246810 20 30 40 50

Puc. 4.4. 3aBucuMOCTb YaCTOTHI 3a00JIeBaHKuA OT BO3pacTa

ITpumep 2. Iau paH:KupoBaHHBIH cTarucTudeckuit pax: 1; 2; 2; 3; 3;
5;5;6;6; 7; 8 9;9; n=13. MeauaHa, T.e. BAPHAHTA, PasJeJas0Maa 9TOT
PAZ Ha ABe PaBHLIE 110 KOJIUYECTBY BADHAHT YAaCTH, 3aHMMAET B TAKOM DAY

n+1
cpegHee MecTo (34eCh cebMOe: ——

= 7) u paBua Me = 5. CieBa 1 cupasa
OT Hee KOJHMYECTBO BAPUAHT OLWHAKOBO (IO LIECTH).

IToxasamenu pa3Gpoca xapaKTepusyioT CTeneHb PacCesHUs

BapHaHT BOKPYTr X CpeJHero BEIOOPOYHOTO 3SHAUEHUS Xs. 3JeCh
O0OBIYHO HCHOJIBL3YIOTCS:

¢ Bpifopounas aucnepcusa D, = lZ(xi - x)% (4.5)
nia

¢ CpeiHEeeKBa/[PATUYHOE OTKJIOHEHNE O, =\/DB

U CTaHJApTHOE OTKJIOHeHue S = (4.6)

® pasMax BbIOODKH — Pa3HOCTh MEXKAY MaKCHMAJIBHOU U MH-
HUMaJbHOH BapMaHTaAMH: X
5-5281

— I
max xmm’
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¢ K0a(pDUIIMEeHT BapHaluy V = s . 100 %, 4.7)

xB
HCIIOJIb3YEeMbIH A8 CpaBHEHUS BeJUYUH PACCESHHUA ABYX Bapu-
aIMOHHBIX PAZROB (GosnlieMy sHaueHHI0 KoddduiimenTa Bapua-

IIAM COOTBETCTBYET GOJIbIIEE PAcCessHHE).

4.4. OueHka napameTpoB TFeHEPaAbHOM
COBOKYMHOCTU MO napameTpam BblOOpku

HanomuumM, 4TO riiaBHasi uesnb JIFOOOr0 CTATUCTHUYECKOTO MC-
cjIeJOBaHusA — YCTAHOBUTh 3aKOH pacIpefeleHus H3ydaeMOoro
NIpHU3HAaKa B IeHEPAJIbHOW COBOKYIHOCTH M ONPEAEJHTH OCHOB-
Hble XaPaKTePHCTUKH 9TOTO PaclpefesieHusi MyTeM aHaln3a BbI-
Gopku. MHaue rosopsa, HAJAO ONpENEUTh reHepalbHOE CpefiHee
xr = M(X), renepansusie aucnepcuno D (X), cpegHee KBajpa-
THYHOE OTKJIOHeHUe G, Moxy Mo, meaguany Me, u Apyrue xapax-
TEPUCTHUKY FeHEePaJbHOM COBOKYIHOCTH, 3Haf COOTBETCTBYIOIIIME
IapaMeTphl BEIOODKH.

1. Toueunas oyenka xapaKmepucmuK 2eHepaLbHOll COBOKYN-
HOCMU 3aKJI0UaeTCs B HCIOJb30BAHWYM B KaueCTBE UYMCIOBLIX
XapaKTEePHCTUK Te€HEePAJbHON COBOKYIITHOCTH COOTBETCTBYIOIIMX
YHMCJIOBBIX XapaKTepUCTUK BbIOOpKu. Hampumep, B KauecTse re-
HEpaJILHOI'O CPEeAHEro HCIOJL3YeTCA BBIOOPOYHOE CcpeaHee, Te-
HepaJbHOH Aucliepcuu — BbIOOpOYHAas gucnepcud u T.A4. Takue
OLIEHKY M HAa3bIBAIOTCHA TOYEUHBIMH. ITO HamboJjee MPOCTOI, HO
HE OYeHb JOCTOBEPHBIH cIT0c0b OIeHKH XapaKTePUCTUK IMeHePaJIb-
HOI COBOKYIMHOCTH. Ero He[OCTATOK COCTOMUT B TOM, UTO HE ACHO,
HACKOJbKO OHU OTJIHYAIOTCA OT HCTUHHBIX 3HAUYEHUH HapaMeTpoB
reHepajibHO# coBOKynHOCTU. Ilpy Mansix BEIGOpKax ominbKa Mo-
KeT 6bITh 0OCOGEHHO 3HAYUTEJIbHOH.

2. HumepsanvHaa OUEHKA napamempos zeHepanbHOl C080-
KynHocmu siBisieTcss OoJjiee JOCTOBEPHOMH. B aToM ciyyae onpeze-
JISeTCs NHTEPBAJ, B KOTODBIH ¢ 3apaHee 3aJJaHHON BEPOATHOCTHIO
nonajaeT UCTUHHOE 3HaAYEHME MCCIeJyeMOTo IpU3HaKa. TOT MH-
TepBaJ HA3LIBAETCA 006epUMENbHbIM, & BePOSITHOCTh TOTO, UTO
WCTHMHHOE 3HAYEHUE OLIEHMBAEMOI BeJWUYNHLI HAXOAUTCS BHYTPH
STOr0 WHTEPBAJIa, — O006epUMENbHOI 6ePOAMHOCMbIO Y WU
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nadexcrnocmsvro. B MeguIIMHCKON JUTEpaType AJiA 3TOH BeJIUUH-
HBI MCIIOJBb3YEeTCA TAKIKe TePMUH «BEPOSTHOCTbL 6e301InO0UYHOr0
nporx#o3a». Beanuuny o = 1 — y, XapaKTepHU3YIOI[YI0 BePOATHOCTH
HenonadarHus WCTUHHOTO B3HAYEHUS MCCJIEIYeMOro IPU3HAKA
B BLIOPaHHBIN JOBePUTEIbHbLIN NHTEPBAJ, T.€. BEPOATHOCTD OIIUO-
KU, Ha3bIBAIOT Y PO6HeM 3HAYUMOCMU . SHAUCHUS ¥ 3a[]aI0TCA 34~
pasee (00BIYHO B MeJUKO-0MOJOIHYECKUX HCCIeLOBAHUAX BLIOH-
patot 3Hauenus y = 0,95 =95 % nnn y=0,99 =99 %), mocne uero
BBEIUUCJISIOT COOTBETCTBYIOIUMI JOBEPUTEIbHBIN MHTEPBAJI.

s mocTpoeHus HAAEeXKHBIX MHTEPBAJIBHBIX OIEHOK HE00XO0-
IWUMO 3HATH 3aKOH, [0 KOTOPOMY OLlEHMBAeMbIH CIyYalHbIA MIpU-
3HAK paclpefiesieH B reHepajJbHON! COBOKYITHOCTH.

PaccmoTpuM, Kak HaxXOAUTCS HHTEPBAJbHASA OIeHKA TIeHe-
panbHOTO cpenHero M (X) B ciydae mManbix BbIGOpoK (n < 30),
eciu mpusHak X pacrnpejesieH B reHepaJbHOW COBOKYIIHOCTH IIO
HOPMaJbHOMY 3aKOHy. ByzeM cuMTaTh, 4YTO HaM M3BECTHBI BbI-
00pouYHAas CpeAHAST Xz U BBIOOPOUHOE CTAaHZAPTHOE OTKJIOHEHME
S,. B aTom cnyuae mHTEpPBaJILHOM OIEHKOW TeHEepPaJbHOTO CpeJX-
Hero (MatemaTuueckoro oxxuganusa) M (X) atoro mpusHaka fB-
JAEeTCA JIOBepI/ITeJIbeIﬁ HHTepBal

X, -0 < M(X)< x, +8, (4.8)
nin .
M(X)= x,= 0. (4.9)

ITonymuprHa ZOBEPUTEIBHOTO UHTEpPBaJia O (TOYHOCTH OIEeH-
KH) paccYMUTHIBaeTCs 10 GopmyJie

o=t —= (4.10)

rae n — 06beM BBIOOPKH; S, — BBHIOOPOUHOE CTAHAAPTHOE OTKJIO-
HeHue; S, / \/; — cTaHAapTHAasA OIIKOKa BRIGOPOUHOrO CpefHero’;
i, » — koatdunuent CTri0feHTa, 3HAYEHUA KOTOPOTO 3ABUCAT OT
3aJlaHHOU OBEPUTEJILHON BEPOSITHOCTH Y 1 00 beMa BBIOODKHU 11 1
OIIpefeNAIOTCSA 10 COOTBETCTBYIOMIUM TabJauIaM JI1u00 comepxar-
CA B IPOrPAMMHBIX CTATUCTUYECKUX ITaKeTaX o0paboTKYU JaHHBIX.

1 " -

B meaunmuCcKoil 1 6MOIOTMYeCKOI TUTepaType 9Ta BeIMYNHA UHOrLa 060-
3HavaeTcs 6YKBOIt m 1 HA3BIBACTCHA OWLUOKOLL PONPEeIEHMAMUBHOCMUL.
5%
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Anamus popmyasr (4.10) moxasriBaeT, 4To:

e yeM OOJIbIIIE OBEPUTEIbHAA BEPOSTHOCTD ¥, TeM 6OJbIie KO-
abPULMEHT £, , U IIKMpe JOBePUTEIbHBIM MHTEPBAJ;

e yem OoJiblile 06'beM BBIGOPKHU 72, TeM MEHbIIle NOBEePUTENb-
HBI# MHTEPBAJ U BBIIIe TOYHOCTH PE3YJbTATOB.

IIpun Gonbmux o0bemax BuIGOPKU (1 > 30) KoadpdpuuMEeHT
CThIOfieHTA IPAKTUYECKHU HE 3aBUCHUT OT N ¥ ONPEAEIAETCA TOb-
KO 3Ha4YeHMEM AOBEPUTEJbHO! BEPOATHOCTH Y, IIO3TOMY IIOJY-
IIMPUHa AOBEPUTEJLHOI'0 MHTEpBaa & npu 6OJbIINX BBIGOPKAX
OIIpefie/IAeTCA COOTHOUIEHUAMU:

8§=1,96 S/\/n npuy=95%, (4.11)
HJIN
§=2,588//n npuy=99 %. (4.12)

Cy1izecTByeT nOBEePHUTEJBHBIA MHTEPBAJ M IJIs CPeJHEro Ksa-
APATHUYHOTO OTKJIOHEHUS O, FeHEePaJbHOA COBOKYIHOCTH.

ITono6ubIe MHTEpPBaNbHBIE OLEHKM C 3aJaHHOM HaJeXHOCTHIO
JAaloTCA U B TeX CJIyYaAx, KOTAA pacupeejieHHAe CAydaifHOro IpHU-
3HaKa B reHepaJbHON COBOKYITHOCTH OTJIMYAETCA OT HOPMAJILHOTO.

Hpumep. Vccneayercs cOCTOAHUE OLIXATENLHBIX DyTel KypAIUX.
B kauecTBe XapaKTEepMCTHKU KCIOJL3YETCA MOKa3aTejb QYHKIUH BHELI-
HEero AbIXaHUS — MaKCUMajbHad 00BbeMHadA CKOPOCTH CEPEeIUHBI BbI-
noxa B J/c. Ilpeamonaras, 4TO B reHepaJbHON COBOKYIIHOCTH NAaHHBIH
napaMeTrp pacupejiesieH IO HOPMAaJibHOMY 3aKOHY, Halaute 95%-Hblil u

99% -HBI{l KOBEPUTEIbHbIC MHTEPBAIA AJIA X (tr.e. M (X)), xapaxkrepuay-
r r p

fomme aTHX Jofeil. O6crenyemas rpynma — 20 xypsammx, x, = 2,20 a/c,
S=0,73 n/c.

1. Onsa suauenuit y = 95 % u n = 20 koadpdbunuent CtoiogeHTa (HaX0AMM
no rabnuuam Kputepus CThIONEHTa) PABEH fg gs. 50 = 2,09. Brrumcsasem no-

JYIUHDHUHY AOBEPHUTEJIbHOI'O HHTEPBaJa 0:

5=t,,(S/\n)=2,09- 273 _ 034

J20
Terepp MOM¥eM CKa3aTh, YTO C JOBEPUTENBHON BEpPOATHOCTHIO Y= 95 %
MaTeMmaTudeckoe oxkunanue M (X) reHepasbHOM COBOKYIHOCTH HAXOAMTCH
B MHTEpBaJje
(2,20 - 0,34) n1/c < M(X) <(2,20 +0,34) n/c,
T.e.
1,86 n/c < M (X)<2,54 n/c.
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B 6osee komnaxTHO# dopme sanucu: M (X)=(2,20 + 0,34) a/c.

2. Onsay=99 % u n =20 ty 9. 99= 2,86; TOrAA AOBEPUTEILHBIH HHTEPBAT
nns M (X) onpenenserca HEPaBEeHCTBOM

(2,20 - 0,47) n/c < M (X) < (2,20 +0,47) a/c
U
1,783 n/c < M(X) < 2,67 x/c,

unade M (X)=(2,20 + 0,47) n/c.

TlosyuyenHble faHHBIE NOATBEPIKAAIOT CAEJAHHBIA paHee BLIBOZ: yBEJIH-

yeHHE JOBEPUTEILHOM BEPOATHOCTH Y PACIIUPAET IPAHUIILI IOBEPUTEIHHOTO
wHTEepBaja.

Takum ob6pasoM, dpopmyia (4.10) nmosBossfer no 3agaHHOM KO-
BEPUTENIbHON BEPOATHOCTH M 00BeMy BBIOODKH AATh TOYHOCTH
OIeHKH A MaTeMaTudeckoro osxupauusa M (X) Bapuanter X
B TeHEPAJILHOH COBOKYIIHOCTH.

4.5. Onpeaerenne obObema BbIOOPKM NPU 3aAAHHOM
TOYHOCTH MHTEpPBAAbHOW OLIEHKH

BakHOoe mpaKTHuecKoe 3HAUEHHE MMeeT M o0paTHas 3ajada:
ompeziesieHue He0OX0AMMOro o06beMa n BBIGOPKM IIO 3aJaHHOU
noaymupuHe O (TOYHOCTH OIEHKH) AOBEPUTEIBHOTO WHTEepBaJa
A5 TeHepaJIbHOTO CpefHero Jc_r = M _(X). 9ra 3ajava peuaercs
Hambosiee mpocTo B cayuae Goapuiux BeiGopok (n > 30). Ha-
IIpuMep, NpH AOBEPUTENBHOI BeposaTHOCTU ¥ =95 % mosaymmupu-

Ha JOBepuUTEeJbHOrO MHTepBajsa 06=1,96 S / \/; [ecMm. dopmyny
(4.11)], nosroMy HeoOX0AUMEIH 00'beM BHIGOPKU

n>(1,96S/3). (4.13)

Hpumep. WcciegoBaresnb Xo4YeT YCTAHOBUTH CPeJHUI YDOBEeHb re-
Morsio0uHa y OINpejesieHHON TPYNNLI HaceJeHuA. YUUTHIBaA IIpeaBapu-
TeJbHBIE JaHHbIE, OH IOJIATAeT, UYTO ITOT YPOBEHB COCTABJISAET HPUMEPHO
150 r/x co crangapraeIM oTKJIOHeHENeM 32 /1. OmpesenuTe, CKOIBKO YeJIo-
BEK OH AoJikeH o6cienoBaTh (¢ Kakoil BBIGOPKOHI OH LoJIKeH paboTaTs), 4To-
6L TONYUUTH TOYHOCTH OUEHKHM (IIONYIINPHHY AOBEPHUTEJHHOTO HHTEPBAJIA)
8=5 r/n upu soBepurensHOi BepoaTHOCTH 0,95 =95 %.

B cayuae Gospmiux BBIGOPOK U Y =95 % m0aIb3yeMCH COOTHONIEHHEM
(4.13), B pesysprarte Haxogum n > (1,96 - 32/5)* = 157,4. Takum obpasom,
Heobxoxumo oberiesoBaTh He MeHee 158 desnoBeK.
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4.6. MNMoHsATHE HOPMBbI AASI MEAMUMHCKMX
noka3sareAen

3HaueHNA MeAVKO-GHONOrMYeCKNX MOKasaTeNel, COOTBETC-
TBYIOLINE 3JODOBOMY UEJIOBEKY, YACTO HA3BIBAIOT MeAUIIMHCKOMH
HopMO#. OHHu ABIAIOTCA CBOOGPAZHBIM OPHEHTUPOM IIPH OLieHKe
COCTOAHUSA 3[J0POBbA MAIIHEHTA.

OGBIYHO NCIIONB3YIOT 4BA TUIIA HOPM: MOYeiHY0 HOPMY ¥ HOD-
MaabHblll uana3on, NpuYeM [PU WX YCTAHOBJEHHUM paGoTaroT
¢ BBIOOpKaAMM AoCTATOYHO GOJLIIOro o6bema. ToUeuHYI0O HOPMY
OIIPefeNAI0OT 110 3HAUYEHMIO IIeHTPa pacnpeaenenusa. HopMmaibsusble
JUAara3oHbl B OOJBLIIMHCTBE CAYYaeB YCTAHABJIUBAIOTCA TAK, YTO-
OBl B HUX TFapaHTHUPOBAHHO 1omagaio 95 % moxasareneii cayyaii-
HO OTOOPAHHBIX 3AOPOBLIX JIOAEH.

Ecnm COOTBETCTBYIOIIMU IOKA3aTeldb — CJHIydallHAfd BeJudu-
Ha — pacIpefejeH IO HOPMalbHOMY 3aKOHY, TOUEYHOUW HOPMOII
[IJIsT HerO CUUTAeTCH ;P = x_B , & HODMaJIbHBIN AMANIa30H OIpeje-
aseTca 1o popmyJie (4.11): ;c: =;;i- 1,96 S ; unOrAa MCHOJBL3YIOT
MeHee TOYHOe NpubJimkeHne, 3aMeHsA 1,96 na 2: Z =3c:i 28.

OueHp yacToO HOPMAJIbHBIE 3HAYEHUS HEKOTODPOro IOKasaTe-
JISI HEOAVHAKOBBI y JIWII, KMBYILUX B PasHbIX reorpauyecKux
PEeruoHax, y MY>XUYUH ¥ JKeHIMH, B DAasHBLIX BO3PACTHHIX I'PYI-
nax. IloaToMy npu yCTaHOBJIIEHUM HOPMAJBLHOI'O 3HAYEHHUS IIOKa-
3aTesisi HEOOXOAUMO YKAa3bIBaTh HOMYJSIMOHHLIE I'PYIIILI, K KO-
TOPBIM OH OTHOCHTCSI.

4.7. DAeMeHTbl KOPPEeASUMOHHOrO0 aHaAu3a

OpHo#l M3 ryIaBHBIX 33784 KOPPEJNAIHMOHHOTO aHAJIN3a SBJS-
eTCs BBISIBJIEHHE CBS3M MEXKAY cjaydalusiMy BeauunHamMu X u Y
("ampumep, BeC M POCT YEJOBEKAa, HACTOTA MYJbCA ¥ apTepHaib-
Hoe JaBjieHue u T.11.). Takas 3aBUCUMOCTD, eC/Iu OHA CYIIEeCTBYeT,
Ha3sIBaeTcA Koppenayuownoli. OHa MoxKeT GBITH yCTaHOBJIEHA
KayeCcTBEHHO — N0 (GopMe KOPPEJALNNOHHOrO HOJA, U Kojude-
CTBEHHO — IIyTeM BbIUMCJIEHHUSI KO3 PUIMEeHTa KOPPEIALNHA.

s ycraHOB/IeHUA KOPPENALHOHHONH 3aBUCHMMOCTU JKCIIEPH-
MEHTANBHO OIIPeAesIAioT COOTBETCTBYIOIHE APkl 3HAYCHUH HpH-
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sHakoB X u Y (HanmpuMep, pocTa ¥ MAacChl TeJa) AJsd KasKJI0ro o6-
cJefoBaHHOrO 06beKTa. PesynbraTel y4o0HO 3aHecTu B Tabu. 4.5.

Ta6auma 4.5

3naveHusa npusHaxka X X, Xy X x,

3uaueHusa npusHaKa Y Y1 Yy Ys Y,

Kaspoit nape sHauenunii (x;, y;) Ha miockoctu XOY coorBeTc-
TByeT ogHa Touka. KoiudyecTBO TOueK paBHO 00'beMYy BBHIOOP-
ku n. Obmacte Ha rpaduke y(x), 3aHATAA ITUMHU TOUKaMu, obpa-
3yeT KOpperAYUOHHOEe none.

ITo dopme KOPPESANHMOHHOIO IIOJA MOXKHO CAEJIATh KadecT-
BEHHBIE BBIBOALI O XapaKTepe CBSI3W MeXKJy npusHakamu X u Y.
Ecaun dopma xKoppenanmoHHOro noJjas 0Jau3ka K Kpyry (puc. 4.5,
a), To cBA3K Mexay npusHakamMu X u Y HeT. Ecau e Koppeis-
IIUOHHOE IIoJjie BBITAHYTO (puc. 4.5, 0, 6), TO KOppeaAIlMOHHAA
CBA3b MeXJy nNpusHakamu X u Y CYILIECTBYeT, IPUYEeM ueM 6OJIb-
1Ie BBITAHYTO KOPPEJANUOHHOE I0Jie, TeM CHJIbHee KOPPeJIAlu-
OHHaA CBA3b.

Kaxxpomy sHauenuio x; npudHaka X MOKET OTBEYATh HECKOJIb-
KO Das3HBbIX 3HAUYEHWI IpusHaKa Y, KOTOPHIM COOTBETCTBYET HEKO-

TOPOe CpefHee 3HaUeHue y,; . 3aBHUCHMOCTH cpeaHero sHa4YeHud Y,

Y Y Y
. i\‘.‘
i /o
N '/,. ° /. .’
IR s e
. L4 \ ;e -
o . . ¢ ® e e/
e o e . x)
e e 1 4 ,
* oo o /0 08
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¢ o o0 0 L 8e s
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Puc. 4.5. CoorBercTBre GOPMBI KOPPEIALUOHHOTO [IOJIH CTEeIeH!
KOPPEJALMOHHON CBA3U MeXAY BesuunHaMu X u Y.
a — CBA3b OTCYTCTBYET; 6 — CBA3b NIPsIMas, CPeNHAA;
8 - cBaA3b o0paTHasA, 6osiee TecHAA,4eM B Caydae 6.
ITyHKTHPOM NOKas3aHbl AMHNHK perpeccun ¥ = f(X)
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OT X; Ha3bIBA€TCA ImnupuiecKkum ypaéHenuem pezpeccuu Y Ha

X: y = f(x). Tpadux sroil PyHKIINN HA3LIBAIOT AUHUEU pezpec-
cuu. Ee o6pruyHO cTposAT rpaduyecku, onpenenss IId KaxJOTro
3HAYEHHUs X; CPeAHee 3HAUEHUE J; COOTBETCTBYIOIINX €My 3Hade-
Huit mpusHaxa Y. Yepes mosyueHHbIe TOUKH (X, Y,) TIPOBOAAT JIH-
HUIO perpeccuu. Ecau sta nuHua — upamasd (puc. 4.5, 6), To Kop-
peJIALMOHHAA CBA3b Me)KAy npusHakamMu X u Y HA3bIBaeTCHA JU-
Hellnoil, a eciu Her (puc. 4.5, 8) — Heauneinoi. Ecau ¢ ysenu-
yeHneM X cpejjHee 3HAauUEHHE Y, BO3pacTaeT, TO KOPPENSAIOHHAA
CBSI3b HA3BIBAETCH NPAMOLL, a €CJU YMEHbIIaeTcsa — 06pamHuoil.
ITpyu snuHeHHOH KOPPeaAUNOHHOM 3aBHCHMOCTH MexAy X U
Y crenens (cuay) cBSI3M MOYKHO OLEHUTh KOJHMYECTBEHHO C IIO-
MOIIIBIO KOIPuyueHma Koppeasyuu r, KOTOPbIil BBIYUCIAIOT IO
dopmye
(4.14)

n
rne G,, = zAxiAyi; G, =

i=1

3HaueHua KO03(hDULIMEHTAa KODPPENAIMr 10 MOJIYJII0 He IIpe-
BLINIAIOT 1, HO MOryT OBITH KaK TOJOMKUTEJbHBIMH, TaK M OT-

punarensibivu: —1 < r <1, wmu || < 1. Hpu |r| < 0,3 cunraror,
4TO CBA3b MeXAY X ¥ Y OTCYTCTByeT WM OYeHbL ciabad; mnpu
snavennsx 0,3 < |r| < 0,7 cBass ymepennas; npu 0,7 < |r|<1—

cunpHas (recuas). Ecau |l =1 — cBAsp QYHKIMOHAIBHAA, B
3TOM cJjydae cyllecTByer GyHKIUA Y = f(X), KeCTKO CBA3BIBAIO-
mag suavenua ¥ u X. Ecau r > 0, To ¢Bs3L MeXX/Ay NPU3HAKAMU
X u Y npamas, T.e. C yBeJIUUeHNEM 3HAYEHUIN OJHOrO NPU3HAKA
3HAUEHUA APYTroro TOMKe yBeJuuuBawTcdA; a npu r < 0 cBas3p 06-
pamuas — C yBeJudYeHVeM 3HaUeHWH OZHOTO IPU3HAKA 3HAUeHU S
IPYroro yMeHbIIaIOTC. )
Cpepxioio omubKy KoadduiimeHTa KOppeaAauy MOYKHO HAlTH
o opmyie 9
m, = —1\7_—" (4.15)
n
BuaHO, 4TO BeJIMUMHA 3TOM OINMOKHM TeM MeHbIIe, YeM 0O0Jib-
e o6beM BeIOOPKU 1. 3HadYeHHe Koa(PPuiyieHTa KOppeasanuu r
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cunuTaeTcsi 0oCmMoOBepHbLLM, €CIV OHO He MeHee deM B TPHM Dasa
IpeBLIIIaeT ero OomubKy, T.e. ecau |r| > 3m,.

Ecnu BEIGOpKA MMeeT JOCTaTOYHO OOJIBIION 00beM U penpes3eH-

TaTUBHAa, TO 3aKJI4YeHrue O TeCHOTe CBA3U MeXXAy IIpHu3HaKaMiu,
IIOJIYUE€HHOE 110 JaHHBIM BbIﬁOpKI/I, MOJKHO PacCiIpoCTpaHUTh U Ha
TreHepPaJIbHYI0 COBOKYIIHOCTD.

1.

7.

10.
11.

12.
13.
14,

15,

KOHTpO/\beIe BOMPOCHI 1 3aAaHNA

B uem cocTouT OCHOBHaA 3aja4a CTATUCTUYECKOI'O HMCCJIEJOBAHMA?
Yro TaKoe reHepasibHasg COBOKYIIHOCTH U BhIOOpKa? B uem saxJio-
yaeTcs TpeOOBaHWE PelPe3eHTATUBHOCTU BHIOOPKU?

Yro Taxoe BapHaHTa, IPOCTOH CTATHUCTHUYECKHUH DAJ, PAHKHPOBAH-
HBIA pang?

KakxoBbI 9Tanbl CO3HaHUA BAPUAIMOHHOTO Psijia (IUCKPETHOrO CTATH-
cTuyeckoro pacupeaenenus)? Kak on nmpeacraBnsierca rpagpuuecku?

. KakoBnl aTams! CO3IaHNA HHTEPBAJIBHOTO Psa (HeIPePLIBHOTO CTATH-

cruueckoro pacupenenenusn)? Kax on npeacrasiasierca rpadpuuecku?

. Yraxure XapaKTePUCTNKHN IIOJIOKEeHHUA U pa36poca cnyqaﬁHoﬁ

BEJIMYHUHBIL.

B uem cyTb TOYEUHOH ¥ MHTEPBAJLHON OIEHOK IIapaMeTpOB I'eHe-
PaJIbHON COBOKYIIHOCTH MO AAHHBIM BBIGODKM?

KakoB nopsA0oK HaxOKIAEHUA AOBEPUTEJHHOrO MHTEpBaJa AJA Ha-
paMeTpoB I'eHEepaJibHOM COBOKYIIHOCTH II0 JaHHBIM BBIOOPKH IIpH
3aJjaHHON AOBEPUTENILHON BEePOATHOCTHU C HCIIOJb30BaHMEM Ko03bh-
duuuenros CroiogeHTra?

Kak ompezgensiercs HeoOXOAUMBIH 06beM BbBIOODKM IIPHU 3a,uaHH0n
TOYHOCTH MHTEPBAJLHON OIEHKN?

Kak ycTaHoBUTH 3HauYeHHWe HOPMBI [JiA MEAUIMHCKUX HOKasare-
aen?

KaxkoBa ocHOBHas 3aJauya KOPPEJANUOHHOro aHaxusa?

Yro TaKoe KOPPEJAUNOHHOE IO0Jie M KaKyio HHDOPMALUIO O KOp-
PENAUMOHHON CBA3Y MEXKAY NPUIHAKAMM OHO LaeT?

Kak mocTpouTs IMHUIO perpeccuu u oNpeeuTh ypaBHEeHUe perpec-
cuu?

IIpy kakuX yCIOBUSAX M KaK MOXKHO paccuUMTaTh KOG UIIMEHT KOp-
pPeIsuuy MeXJy IMpu3HaKamMu?

Kakyio unpopmanuio o xapakrepe cBsizu gaeT 3HaHHE Kopdpunnen-
Ta Koppeaauuun?

IIpu KakoM yCJIOBMM 3HAUEHHE KOIPMUITHEHTa KOPPEIAIIUN MOMKHO
CYUTATh JOCTOBEPHBIM?



MaBa 5 IAeMeHTbl OMoOMexaHUKH

Buonorudeckas MexaHuKa U3ydaeT 3aKOHOMEDPHOCTH JBVYKEHUA
u 1eOPMHUPOBAHNA GHOJOrHYeCKHX CTPYKTYD oA JeiicTBHEM (hak-
TOPOB OKPY:KAIOIIell cpelbl M MBIIIEYHO CUCTEMBI.

IIpobGaemsi, pemlaemMble 6MOMEXaHUKOM, BA*KHBI OJHOBPEMEHHO
U JJ151 TEXHUYECKUX, U JJIsi MEIUKO-0MOJOTHYeCKUX HaYK. ITO CBA-
3aHO C T€M, YTO B IIPOLIECCe 3BOJIOLUN BO3HUKJIU OHOJOTHUYECKUE
CHCTEMbBI, ONTUMAJBHEIE II0 KOHCTPYKIIMHM B OTHOIIEHUU HE TOJIb-
KO BBITIOJIHAEMBIX UMY (PU3H0I0rudecKux MYHKIUHA, HO U CBOICTB
MAaTepHAaJIOB, ONPENeJAINX UX MeXaHudecKoe mnopezenme. Ilo-
9TOMY H3YUYEHHE CTPOCHUA M MEeXaHHYECKHX CBOHMCTB DPa3IHUYHBIX
OMOJIOTUYECKMX TKAHE! MO3BOJIUT CO3aTh MaTePUAIbI (0OLIUHO 3TO
KOMIIO3UTHI'), HauboJiee IIPUTOAHbIE AJIS 3aMellleHUsA TOPAKeHHbBIX
€CTECTBEHHBIX CTPYKTYP.

5.1. KuHematMka M AMHAMMKA ABMXKEHMHA YeAoBeKa

YesioBeKk u J106ble ApyTiHe GHOJOTHMYECKHE O00BEKThI, ABJIASACH
YacThbI0 MaTepUajbHOr0 MHPa, €CTeCTBEHHO, MOAYMHAIOTCS 3aKO0-
HAM MexXaHUKHu U pu3nKu. Bmecre ¢ Tem »KuBbie 00BbEKTHI OTJINYA-
IOTCSI OT TeXHHYECKUX cucteM U 00JiafaroT pAIOM OCOOeHHOCTel,
KOTOpBIE chefyeT MMeTb B BHUAY, M3ydas MX MeXaHHUEeCKoe II0Be-
aeHue. BaxHeiiiieli 0COGEHHOCTBIO SABJSIETCS CIIOCOOHOCTL MUBBIX
CHCTEM aJalTHUPOBATHCA K AJHUTEJbHbIM WJIM MHOTOKDPATHBIM BO3-
NefCTBUAM BHEIITHUX (DaKTOPOB IIyTeM (hYHKIMOHAJBHOW M MOp-
(osroruueckoii MepecTpORKU OTAEJBHBIX CTPYKTYD.

C TouKM 3peHHUs OMOMEXaHUKU aNlapaT ABUMKEHUS 4YeJoBe-
Ka mpejacTaBigeT cob0il yImpaBjsgeMyl0 CUCTEeMY MOABHUIKHO CO-
eIVMHEHHBIX KOCTei, 00/1a1al0luX OIpeleeHHbIMHU pasMepamu,
MaccaMM, MOMEHTAMM WHEpPHUW H CHaOXeHHbIX MBIIIeUHbI-
mu asurarenamu. Cresner cocroutT u3 206 xocreil (85 mapHbIx
1 36 HemapHbIX), KOTODPbIE CO€IMHEHbl CyCTaBaMU MU CBA3KAMHU.

! KoMI03uTh! (KOMIIO3UIIOHHbIE MaTepuabl) — MaTepUasbl, HEOJHOPOLHEIE
110 COCTABY, B KOTOPBIX MMEHHO COUeTaHNe PA3HBIX KOMIIOHEHT 00eciieunBaeT
HY)KHble QUBUKO-MeXaHuuecKe CBOHCTBA.
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DTO naccusHas wacmbs ONOPHO-ABUNaTEJLHOrO amnmapara. Ilome-
pedHOIIoJIOcaThie CKeJleTHBIe MBI (UX Gosee 600) — 3To ero
aKmuBHaa wacmo, NPUBOAALIAS B JBUXKEHHE KOCTHBIE 3BEHbS.
VipaeisieT 3TUM KOCTHO-MBIIIEYHLIM aNIlapaToOM ABUMKEHUSA ILIEeH-
TpajbHaAsg HepPBHAA CUCTEMA.

CaMo IBUIKEHUE OCYIIeCTBIASAETCA CUCTEMON KOCTHBIX PhLIYATOB,
KOTOpPBIE TIPUBOAATCA B JBU)KEHME CUJION TATH, BOSHUKAIOIIEH mpu
COKPAIIleHNUH MbIIIIII.

Pviuazom Ha3bIBAeTCS TBEPAOE TeJO, HMelolllee OCh BpallleHUsd
(TOYKY OIIOpEI), K KOTOPOMY IIPUJIOKEHBbI CHJIBI, CO3JAlOI[e MO-
MEHTHI CUJI OTHOCUTEJIBLHO 3T0¥ ocu. HarmoMHUM, UTO MoMeHm cuivt
(OTHOCUTENILHO HEKOTOPOI OCH MJIK TOYKU OMOPBI) PaBeH IPOU3Be-
JIeHUIO BeJIMUYMHEL CUJIbI U IJIeYa ee JeHCTBUS, a NJAeUO CULbL — ITO
KpaTuaiilliee pacCTOsIHME OT OCH BpAIeHUS OO0 JIUHUU AeHCTBUSA
CUJIbI, JIXKAIIEHN B ILIOCKOCTH BPAHIEHUS.

B kauecrBe mpuMepa pbluara pacCMOTPUM IIpeAIlIeube
(puc. 5.1, a). 3nech cuya TATW MBIINE! F IpuosKeHa K KOPOT-
KOMy Iiedy a pbiyara (Touxka omopbl O — JIOKTEBOH cycTaB),
a K ero AJWHHOMY Ijieuy b mpujoskeHa Harpy3ka R — cuna ta-
JKeCTU yAep KMBAeMOr'o Tpy3a, HPUJIOKeHHas OObIYHO K KUCTH,
a TaKi)Ke cuJjia TSAMKECTH CaMOro IIpeAINJedybs, MPHJIOKEeHHAd B
ero meHTpe Macc (Ha PUCYHKe He IOKasaHa U Jajiee He y4YUTHI-
BaeTcs). MOMEHTBI 3THX CHJI PaBHBLI cOOTBeTCcTBeHHO Fa u Rb.

Puc. 5.1. OcHoBHbIE BuABI pbIUara:
a — pbIYar CKOPOCTU; 6 — pbiyar CUJIbI



76 5. 3AemenThl BruomMexaHnkm

Jns paBHOBecHs prryara HeOOGXOJUMO PABEHCTBO MOMEHTOB IIPO-
THBOZEHCTBYIOIINX CHJI, IPUJIOKEHHBIX K HEMY:

Fa=Rb. (5.1)
HpI/I ABNXXEHU N pbruyara yrjosad CKOPOCTHh BCE€X ero TO4YeK
v o
® = — OAWHAKOBAa (U — JIMHEWHasdA CKOPOCTb TOYKH, I' — pPAacCTOs-
r

HHEe OT TOYKH IO OCu Bpamemm), IIO3TOMY OJ1 TOYEK IIPHUJIOXKEHUA
rpy3a ¥ MBILIIBI K pbIUary MOoKeM 3allnucaThb

= (5.2)

rae v,, — CKOPOCTh ABHXKEHHA Ipysa; U, — CKOPOCTb YKOpoOue-
H¥S MBIIIIEL.

W3 arux coorHoleHuil caenyer, uto F = R—b—, Vpp = U, —-

a a

Ilpu a < b peryar npourpsiBaer B cuJe (F > R), HO BBIUTDHI-
BaeT B CKOPOCTH MepeMEeNIeHUs TIpyaa (v,p >vM) ¥ Ha3bIBa-
eTcd II03TOMY pbliazoM ckKopocmu (Hampumep, MpeAIieube,
puc. 5.1, a). Ilpu a > b peruar naer BuIUCphHil B cuie (F < R)
U Ha3BIBAETCH PbLHAZOM CUAbL, HO OH IPOUTPLIBAET B CKOPO-
CTU mepeMellleHus rpysa (vrp < vM). IIlpumepoM Takoro psiuara
CJAYMKHUT CBOA CTONBI NPU IOgbeMe Ha moJsymajbubl (puc. 5.1,
6). B srom ciyuae omopoit O pbruara ciay)<aT TOJIOBKH IIIIOC-
HEeBBIX KOCTell; IIpeojoJieBaeMasi cuja TssKecTu R Tesja mpuio-
JKeHa K TapaHHOH KOCTH, & MbllleuHas cuiaa F, ocyliecTBas-
ollas NOABEM TeJa, NepejaeTcs dYepe3d axXWJJIOBO CYyXOKUJIHe
¥ OPUJIOMKEHA K BBICTYNY INATOYHOU KOCTH M IIOCKOJBKY 37eCh
a>b, 0 F <R.

YacTo mbliieyHas cuja F HanpaBjeHa K peiyary I1of yIJjoM o,
orsmunbiM ot 90° (puc. 5.2). B arom ciyuae ycioBue paBHOBe-

Rb
asino
T.€. MBIilIeuyHOe yeuaue F, HeoOX0oAuMoe Ui IIpeoAoJieHus JaHHOHK
CHJIBI CONPOTUBJIEHUS R, 10JI>KHO ObITh TeM Gosibllle, UueM MO MeHb-
LINM YTJIOM K OCHM pbiyara OHO HalpaBJieHO.

cus poluara npuaumaer Bun: Fasina = Rb, otkyza F =
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F J

\ Fsino

Puc. 5.2. BapuaHT peiuara cKopocTH mpu o < 90°

OIMHOYHOE MBIIIIEYHOE BOJIOKHO IIPY COKPAIIIEHUH PA3BUBAET CHILY
nopsaaxa 2 MH. B Mblmnax uesoBeka cofep:kutca npumepHo 3 - 107
BOJIOKOH., Ecyti ObI Bce OHM COKPATUIINCH OHOBPEMEHHO B OJHOM Ha-
HpaBJeHuH, TO codfaau Obl orpoMHoe yewiane — mo 60 000 H.

Cuia MBINIIBI 3aBUCUT OT KOJHUYECTBA COAEPIKAIIMXCA B HeEH
BOJIOKOH. IIOCKONIBKY HUX TPYAHO HOACUMTATH, OOBIYHO M3MEPSIOT
MOIIEPEeYHOe CEeUEeHME MBIIIIIbI, KOTOPOe ITPOIIOPIHMOHATIBHO YHUCIY
BOJIOKOH, ¥ II0 HEMY CYAAT O ee CUJIOBBIX BO3MOXKHOCTAX. Ilpm
9TOM HYKHO OINpeeNATh He reoMeTPUUECcKoe, a (uauonozuiecioe
nonepeuHoe ceveHue, Mo KOTOPBIM IIOHMMAIOT CYMMY ITOIIEPEeYHBIX
ceueHU# BceX BOJIOKOH, 00pa3youinx HJAaHHYIO MBIIIILY.

OTHOIIIEHHEe MAKCHMAJILHOI'O MbIIIIEYHOrO YCUJINSA, KOTOPOe MO-
JKeT pasBUTh MBIMIINA, K ee (PU3HOJIOrMUYecKoMy IIONIEpeYHOMy ce-
YEHWIO HA3LIBACTCH AOCONIOMHOU MbLULeYHOU CUNOU 1 BHIPAXKAET-
cf B efMHUIAX MexaHudecKoro Hanpssxerus (H « m?2=1la). Oua
OOJIBIIIMHCTBA CKeJIETHBIX MBIIIII] YeJIOBEKa abCoJII0THAA MBIIIIeuHAs
cusa umeer nopanok 10° Ila (100 H/cm?), a gaa raaakux — 10° Tla
(10 H/cm?). Cuna OfHMX M TeX ke MBIIII YeJOBeKa 3aBUCHUT OT
pAga GuU3MoIOrMUecKUX yCJIOBUI: BO3pacTa, 1oJjia, TPeHHPOBaH-
HOCTH ¥ T.J.

Ilepemertienie Tesia 4YeJIOBEKA B IIPOCTPAHCTBE COBEPILIAETCS
Osarojaps MBIIMIEYHBIM COKPAIEHUAM, MPU KOTOPBIX MBIIIIbI
YKOpPauMBAIOTCA M HANPATAIOTCHA. B U30MOHUYECKOM peXuMme,
T.e. IIPW TIOCTOSHHON HAarpy3Ke Ha MBIIIIY, 3aBUCUMOCTb MEXKIY
CKOPOCTBIO U MBIIIIEYHOIO COKPAIeHUs U NIPUJIOKEeHHOH cuoit F
OIINChIBaeTCHA ypasnenuem Xunna:

F -F
v=b- | (5.3)
F+a
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rae F,.. — MaKCuUMaJbHOE yCWJjHe, Pa3BUBaeMOe JAHHOM MBIII-
Heil; @ — KOHCTaHTa, UMeNiad PpasMepHOCTb CHJIBbl; b — KOHC-
TAaHT4, UMEOIIAs PasMEePHOCTH CKOPOCTH.

U3 ypasaenus Xwuizna (5.3) cienyer, 4To nIpu OTCYTCTBHH Ha-
rpy3ku (F =0) cxopocTh COKpallleHWs MBI MaKCUMaIbHadA,
C YBEIMYEHUEM HATPY3KH OHA YMEHBIIAeTCA YU IIPY MaKCHUMAaJIbHON
Harpyske (F=F, ) ee yKkopoueHue BOBce He npoucxozur (v=0),
YTO AEMOHCTPHUPYET M puc. 5.3.

Koabdunuent noyesnoro aeiic-
reud (KILl=A/E) npu cokpa-
INeHUY MBbIIUIILI OIpeAeNAeTC
KaK OTHOINIeHHe COBEepIIeHHOH
paboTsl A K 3aTpadyeHHOH 3JHEp-
run E u MOXKeT JOCTHUraTh
40~ 60 % y pa3HBIX TUIIOB MBbIIIIIL.

Mebimeuysnsle YCHJIMA U BHe-

Puc. 5.3. 3aBUCHUMOCTD IIHME CHJIBLI, JeMCTBYIONIME Ha

CKOPOCTH U YKOPO‘{eHuﬂﬂ . TKaHM 4eJjl0BeKa, BhISBHIBAIOT [~

MBIIUILBI OT IPUJIOMKEHHOU K HEU cpopmaumo 3TUX TKaHeﬁ ¥ co3ha-

marpyaxa ¥ JOT B HUX MeXaHMYeCKHe HAIpH-

JKeHUs, KOTOpbIe A0 OIIpeJeIeHHBbIX 3HaYeHWH Oe3omacHbl IJid

OopraimsMa, HO MX IPEeBLIIIEHUE MOYKET IIPUBOAUTH K TPaBMaM:
PACTSI)KEHMIO MBI, CBA30K, BRIBUXaM, IIepejoMaM U Jp.

Max

5.2. Buabi Aechopmaunii M mexaHnuyeckue
XapaKTepuCTMKU YNPyrux TeA

MexaHudYecKHe CBOMCTBa TeJ MPOABIAIOTCH B MX PeaKIUH
Ha JAeHcTBUE BHEIIHUX CUJI (Harpysok). HMameHeHuss (GopMbl
/AU pasMepoB o0pasna Nox JeHCTBUEeM BHEUIHMX CHJI Ha3bIBa-
10T degpopmayuei.

Hedopmaniuu GHIBAIOT YIPyTHUe U IJIaCTHYECKUE.,

Tedopmanusi HA3BIBAETCSA Ynpyzoil, eciu TNocjie CHATHA HAa-
rPy3KH TeJO MOJHOCTLIO BOCCTAHABIVBAET CBOIO MCXOAHYIO (Op-
My M pasMmepsl; nJjaacmuyeckoil (Heynpyzoii), ecay pasMepsl Teja
BOCCTAHABJIMBAIOTCHA HE ITOJHOCTBIO, T.€. MMEET MECTO OCTATOY-
Hada gedopmanus.
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lum

DN

2

€ F

Puc. 5.4. OcuoBHble BUAbI feopMalliiy TBEPAbIX TEJ: @ — BCECTOPOHHEE

cikaTue; 6 — OLHOOCHOE CKaTHe; 8 — OJHOOCHOE pacTsKeHue; 2 — u3rub;
0 — COBUT; ¢ — KpydyeHue

COOTBETCTBEHHO Ynpyzocmsb — 9TO CIHOCOOHOCTHL TeJjla BOCCTA-
HaBJMUBAThb UCXOAHbIE pasMepbi U (HOPMY IIOCTEe CHATUA Harpys-
KH, & nJAaCmMuiHOoCMb — 3TO CIOCOOHOCTb COXPAHATH OCTATOY-
HYIO0 AedopMalnio mocje CHATUA HATPDY3KH.

PasnuuaroT Takike BUAbI AedOopManuy 10 U3MeHeHUIo (HPOPMbI
Tejla ¥ HAMPABJEHWIO NPUJIOKEHHBIX Harpys3ok. OHM NOKas3aHBI
Ha puc. 5.4 u mpeacrasyieHbl Ae(OPMAIIUAMU CHAMULA, PACMS-
Henus, cosuza, uzeuba U KpyveHus; HapaBJjeHue BHEIIHUX CUJ
(HarpysoK) yKasaHo CTPEJKaMHU, & IYHKTUPHBIE JHUHUH COOTBETC-
TBYIOT Ae(OpMUPOBaHHOMY 00pasily.

OTrMeTHM, YTO pasHoOOpa3Hble BHUJbI HedOopMaIMU TBEPOro
TeJia MOT'YyT ObITh CBelleHbl K ABYM OCHOBHBIM: JedopMallU{ pac-
TSKeHUd (UM cXKaTus) u gedopManmy COABUTA.

Paccmorpum zedopmarnuio pacmaxcenusn (cawamus). Ee xo-
JUYeCTBEHHOI MeDOoH sABAseTCA abCconiomHas 1nd0 OmHocumennb-
Hasa gedopmanusa. Hanpumep, ecjiy mpu 0OQHOOCHOM PACTAMKEHNH
IlepBOHavdaJbHad AJIWHA [, Tesna Bo3pocyia A0 3HadyeHud [, To Be-
amuuHa Al=1 — |, Ha3biBaeTca abcoawomuoil nedopmauuein (ya-
JIMHEeHUEM) U U3MepseTcs B eAUuHNIAxX AauHbl. OmHocumenvras
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gedopManusa € — BeJiUYMHA 0e3pa3MepHas U OIperesseTcA Kak
OTHOIIIeHUEe abCOoIOTHOM Je)opMali K ITePBOHAYANIBHOM JJINHE
o6pasna:

8=A—Z,I/IJII/I8=?—I'1000/0. (5.4)

0 0

Ilpn medopmanuu B o6pasie BOBHUKAIOT ylnpyrue cuiasl Fy .,
NIPOTUBOAEHMCTBYIONME BHEIIHEH HArpys3Ke U IPeNATCTBYHOLIUE
ero ganbHeimeil gepopmanuu. dedopmanusa Tena non AedCTBU-
eM BHeIIHel cuyisl F,, MpoJoIKaeTcsa 4O TeX Iop, MOKa BO3HUKAa-
I0II[{ie B HEM yIpyrue CuJjbl, HallpaBjJeHHEIe IpoTus F  , He ckoM-

IIeHCUPYIOT felicTBue BHemmHe#d cuibl: Fy =F, (B BEKTOPHOM

Buge F, = —FBH ). Hanuuue B medopmupyemMom obOpasiie yIIpy-
rux cuia Fy, , pacupefeneHHBIX 110 BCEMY ero 00beMy, IPUBOJUT K
BO3HHKHOBEHHIO B 9TOM 00pasile MeXaHU1YeCK02z0 HANPANEHUA O,
KOTOpO€ PABHO OTHOIIEHHMIO YIIPYTIoil CHJIBI K ILIOIIALu S Iore-
pPEeYHOro, T.e. IEePHeHAWKYJIAPHOTO [AeHCTBYyOINeill Ha obpaaeir

cuJje, ceueHus: obpasia:

o=, (5.5)

Eme B XVII Bexe aurauiickuil gusuxk P. 'yk ycranosun 3a-
KOH: ynpyraa cuna F,,, BOSHUKaIasa B o0pasiie IPpH yIPYrux
IedopManusax, IPAMO IPONMOPIIMOHATBHA BeJIMUNHe abCoM0THOM
JedopManumn:

F., = kAL (5.6)

Vupyrasa cuiia Bcerjia MpoTUBONIOJIOXKHA HAUpaBjIeHuIo fedop-
Manuu X, MO3TOMY B BEKTOPHOU (opMe 3axor ['yxa 3auuchiBa-
eTcsA B BUJE

F =-kx, (5.6a)
rae x = Al

KosdpunmueHT TponopuuOHAJIBLHOCTI kB Ha3BIBAIOT MECMKOC-
mbio obpasiia, OH 3aBUCUT KAK OT yIPYFUX CBOMCTB MaTepHaJa,
M3 KOTOPOI'0 M3TrOTOBJIEH 00paser], TAK ¥ OT ero reoMeTpUYecKux
paamepos; B CU usmepsaerca B H/m.

3axoH I'yka (5.6) uacTo BeIpaXKaIlOT U B APYyrou ¢opme: Mexa-
HHUYEeCKOe HaIpsAKeHNe G, BO3HUKalollee B 00paslie Ipu yIPYTrux
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JedhopManusix, IPAMO IPOIIOPIIHOHAIBLHO €10 OTHOCUTEIbHOM Je-
dopmManun €:
o = Ee. (5.7)

3xech KO3((MUIMEHT IMPONOPIMOHAIbHOCTH E yiKe He 3a-
BHCHUT OT reoMeTPHUuYeCKHX pPasMepoB 00pa3lia, a ompeaeasieTcs
TOJIBKO YIIPYTMMH CBOMCTBaAMHM MaTepHaJa, U3 KOTOPOTO OH M3-
TFOTOBJIEH, W HaawiBaeTcsa mModynem ynpyzocmu (modyaem Ouza).
B CU on uamepserca B mackanaax (1 Ila=1 H/m?) u ero 3ma-
YeHHA JAJfA Pa3HbIX MATEPHAJOB IIPUBOAATCA B CIPABOYHBIX
Tabaunax.

ToacraBass popmyant (5.4) u (5.5) B ypaBHeHue (5.7) 1 co-
MOCTABJIAS MOJIyuyuBIIeecs BoIpaskeHue ¢ 3akoHoM ['yka (5.6),
HalifeM CBA3b JKecTKocTu k obpasia ¢ ero pasmepamu ([, u S) u
MoxyJaem yupyroctu E:

k:E?. (5.8)
0

Buauo, uTo skecTKOCTh 0Opasna £ IpIMO IIPONOPLMOHAJBHA
MOAyJIi0 yupyroctu E, mjiomany nonepeyHoro cedeHus obpasna S
1 06paTHO IPOINOPLMOHAJBLHA ero HauHe [, T.e. 4yeM Kopoue U
ToJite obpasel;, TeM OH JKecTdUe.

B 1enoM 3aBUCUMOCTD MEXIY MEXaHUYEeCKUM HaNpAXeHUeM G
B o0pasie M €ero OTHOCHTEJbHOM Jedopmamueid & AOCTATOUHO
CJOMKHAS U NPEJACTABICHA AMAIPAMMOI pacTda)keHud obpasma Ha
puc. 5.5.

Ha yuactke OA 3aBHCHMOCTb MEXAY G U ¢ IpAMOJIUHellHaA
u cooTBercTBYeT 3aKoHy I'yka (5.7). Ilpu sTom yroa HakjaoHa o

Puc. 5.5. Inarpamma pacTsaKeBUS
6-5281
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ompenesderca Moxyjaem ymnpyroctu E Marepuasa obpasma:
tga=E.

Ha yuactrke AB pedopmaiis OCTaeTcA ynpyro, HO 3aBUCH-
MOCTh MEXAY G U € CTAHOBUTCA HEJIUHEIIHOM, II03TOMY TOYKeE
A cooTBeTcTBYeT npefes. NpPONOPYUOHALbHOCMU Oy, & TOYKE
B — npeden ynpyzocmu Gy, TOCKOJBKY IIPU G > Gy, Aedopma-
IuA Tejia CTAHOBMTCA YsyKe HEymnpyroi (macTudeckoir). 3axkoH
T'yka (5.7) BeInonugeTcda TOIbKO Ha JauHeilHoMm ydactke OA, T.e.
IIPR G =< Cppon-

Ha yuacrke CK oTHOCUTe/IbHOE yIJNHeHue € o0pasia pacrer
IIPHU IOYTH ITOCTOSHHOM MEXaHUYECKOM HAIIPAMKEHUHU, II03TOMY
ero HashIBAIOT YYACTKOM TEeKydecTH, a HalpsKeHHUE G,, C KOTO-
POro HaAaUMHAETCSA ITOT YUYACTOK, — npedesom mexyiecmu.

Ha yuactke KD obpaser OIATHL OKA3LIBAET COIIPOTHBIICHUE
Jedopmanuu (T.e. ¢ pacrTeT ¢ yBeaudeHHeM g) u Touyxe D coot-
BETCTBYET npedes npowHOCMU O, — BEJINYMHA MEXaHWYECKO-
ro Hamps:KeHusa B oOpaslie, OCJ€ KOTOPOro OH HAUMHAET HeoO-
PaTMMO PaspyNIaThCs, TaK YTO Ha yuacTke DE oTHocuTenbHast
JedopMariyisi € pacTeT Aaske IPU CHUMKEHMM MEXAHMUYECKOro Ha-
IPSOKEeHUA.

BasxHoll xapaKTepHuCTHMKONM MaTepuajia ABISAETCH KOoappuuyu-
eum ITyaccona p, KOTOPHIY CBASBIBAET OTHOCUTENbHBIE IPOJ0JIb-
HYIO £ ¥ MOIEPEUYHYIO £, AedopManuu obpasia;

€
oo ——— p=--1, (5.9)
: 1 Al &
]
E : Ity pedopManuy BCerza UMeIOT PasHbIe
! X 3HaKu, a koadduument I[lyaccoHa Bcerpa
! p ; nojoxuTeNsHblil. Hanpumep, npu pacrsoke-
el HUHU obpasna (puc. 5.6)
: X ly
L G0 o a:él—>0, 81=—A£<0,
: ! d,
| 0 0
! )
1
taKk Kak Ad < 0, npu cxxatuu — Hao6opor:
Puc. 5.6. CBuﬁsb £<0, ¢ >0.
NIPOAOJILHON U
HonepedHoit Koadpdunuenr Ilyaccona p 3aBUCKHT TOJB-

aedopmManmii KO OT CBOWCTB MaTepuaja, U3 KOTOPOTO M3-
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roToBJIeH o0pasel, M ONpeAesseT OTHOCUTEeJIbHOEe H3MeHeHHe
obwema V obpasua npu asedopmanuu:

_A.VK = e(1-2p). (5.10)

Ecau roaddunuent Ilyaccorna = 0,5, To AV =0, r.e. Bemtec-
TBO HECOKMMAaeMo.

Paccmorpum Tenepns degopmayuio cdeuza (cMm. puc. 5.4, 9),
KOTOpas BOBHUKAET NPU AeNCTBUH Ha TeJIO Mapajijiej]bHBIX IpO-
THUBOIIOJIO}KHO HAIIPABJIEHHBIX KACAMeabHblX CUN F, NpUIIoxeH-
HBIX K PasHbIM, HO MAapaJlJIeibHBIM ILJIOCKOCTAM, ILJIOMIAABI0 S
kaxjgasa. KonnuecTBeHHOW Mepoi aTo# medopManuu sBasgeTcs
yroJ caBura y, a orHoienue T = F/S HasbiBaeTcA KacaTeabHLIM
(MM TaHTeHUIMAJNBHBIM) MEXAHUUECKUM HAIPAMKECHUEM.

3arxon I'yka Oas Oepopmayuu cO8uza aHAJOTHUYEH BBIpAXMKe-
Huto (5.7): kKacateiapHOe (TaHI€HIIMATbHOE) MEXaHWYECKOoe Ha-
npsiKeHUe T, BOBHUKAIOIIee B o0pasie npu gedopMalini, IpsIMo
IPOTIOPIIMOHAJILHO YIJIy CABUTA Y:

t=Gy. (5.11)

Mogayas casura G 3aBUCMT TOJBKO OT MarepuaJa obpasia u
CBfI3aH ¢ MOAyJeM ynpyroctu E 3Toro marepuaja 1 Kodahduiy-
entroM IlyaccoHa | COOTHOIIEHUEM

G:__E._’
21+ p)

U3 KOTOPOTO BHIHO, UYTO 3HAYEHUS MOAYJA CABUTa BCETrJa MeHb-
me 3HaueHusi moayasa IOHra maHHOTO MartepuaJia B ABa U Oosee
pasa.

Cuenyoimum BaXKHeHIIUM CBOMCTBOM AedOPMUPYEMOro Ma-
TepruaJia ABJIAETCA NPOYHOCMDb, XapPaKTepH3yoollas ero crocob-
HOCTb CONPOTUBJIATHCA Pa3pyLUIeHUWIO IIPU AEHCTBUM BHEIIHUX
cua. [y KoJIMYecTBeHHON ONEHKM MPOUYHOCTU HUCIOJB3VIOT KaK
VIIOMSIHYTBIA BhIILIE npeden npoLHoCmU G, .., MaTepruasa (ero Be-
JIMYMHA 3aBUCHUT OT BHJa JdedopMaluiu), TaK U BeJIUYUHY paspy-
waKnuLezo MexaHUYecKk020 HanpAXeHus -—— OTHOIIEHUEe BeJryu-
HBI paspymiapoiieil Harpy3ku K IJIOLIaAX MOIEPEYHOro CeyeHUdA
obpasia B MecTe pa3pylieHusd.

6

(5.12)
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Teepdocmv xapaKTepusyeT COIPOTHBJIEHHE MATepHaja IIpo-
HUKHOBEHUIO B Hero 0oJiee TBEepPAOTO TeJia IIPH BAaBaAnBaHuH. Kosu-
4eCTBEHHO TBEPAOCTh OpeAeaaeTCs KaK OTHOIIeHre HAarpysKu F,
JefcTByollel Ha BAaBiIMBaeMOe Tejao (MHIEHTOP), K ILJIOILa-
Iu S MOBEPXHOCTH OTIIEYaTKa, 0Gpa30BaBIIEroCsd B MaTepuale;
B CU uamepserca 8 H/m%. MeToasl U3MePEeHUA TBEPAOCTH OTJIH-
vaTca (opMoi M MarepuasioM BIABJIMBAEMOTO Tejia (MHIEHTO-
pa). Hanpumep, npu onpejgesjeHMH TBEPAOCTH II0 MeToxy Bpm-
HeJu1a B ofpasel, BAABJAMBAeTCA CTAJbHON 3aKaJIeHHBIH IApUK,
mo metony BukkKepca — ajsiMasHaA NMUpaMHUIKAa OIpedeseHHOH
dopmer u 1.11. O6o3Hauenusa tBepzocTu: Hy (wau HB) — TBep-
Joctes o Bpureanwo, Hy (uniu HV) — TBepmocts mo Buxkepcy
U T.I.

Cuubl (Harpys3ku), JelCTBYIOIIME HA TBepAble Teja, OGLIYHO
COCpeZoTOuEeHbl B TOUKe JIM0OO pacipelelieHbl 10 HEKOTOPOM Io-
BEPXHOCTH. Pas3iuualoT Taxk:Ke HaArpys3KH CTATUUYECKUE U AUHA-
Muyeckue. IlepBble JIHUTENBHO HArpPysKalOT TEJO U C TEeUYeHHEM
BPEMEHV He MEHAIOT CBOeH BeJIUYMHBI, & BTOPbIe OLICTPO U3MEHA-
I0OTCS BO BpeMeHHM IO BeJIMYMHE M Ja’Ke 10 HalpasieHuio. Ilpu-
MepaMyu AUHAMHYECKUX HAUPY30K SABJIAIOTCS yAapHble U IOBTOP-
HO-TIepeMeHHble (IIMKJIWYEeCKue) HATPYSKH.

5.3. MexaHmueckue CBOWCTBA OMOTKaHewH

HsyuyeHnne MexXxaHUYECKHX CBOHCTB OHMOJIOTHYECKHX TKaHeH
Heo0XoaUuMO KaK MAJA BBIACHEHUA AONYCTUMBIX HepPa3pyllao-
mux gedopmanuii 3TUX TKaHEeH, TaKk M AJd COBEPIIEHCTBOBAHUA
METOMOB JieueHUsI TPAaBM, CPEJACTB 3alllAThl 4eJIOBEKa OT Hebja-
FONPUATHBIX CUJIOBBIX BO3NENCTBUI, IPOTE3UPOBAHUSA OPraHOB U
TKaHell, co3laHUA HOBbIX MaTepPHaJoB, OJU3KUX 1O CBOMCTBAM K
OMOTKAHAM.

Buosiornyeckue TKaHU IPUHATO JEJUTL Ha Muldxue (KpPOBb,
auMda, CIU3UCThIe KUTKOCTH, CHHOBUAILHAA KUIAKOCTD U T.1.),
MATKWE U TBepAble, IpHUUeM NOCJeJHee HejieHue JOCTATOYHO yC-
noBHO. K MsazrKum OTHOCATCA TKaHM, NJIA KOTOPBIX YIpPyrue
(obpaTumele) aedopMalM MOTYT COCTABJAATL AECATKH M COTHH
MIPOIIEHTOB, — KOKa, MbIIIeYHAasA TKaHb, TKAHU JIETKOTO U MO3-
ra, CTeHKY KPOBEHOCHBIX COCYAOB, ABIXATEJbHLIX NYTeH U HEKO-
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TOpBIE ApyTrUe, K meepdvtm — KOCTh U 3y6bI. [IpoMexyTOUHOe
MOJIOYKEeHUe 3aHMMAaIOT CYXOXXHane U CycTaBHOM xpsamy. jaa on-
PeAEeNeHHOCTH CYXOMKIJIe OTHECEM K MATKHUM TKAHAM, 8 XPALL] —
K TBepAbIM.

5.3.1. OCoDeHHOCTM MeXaHMYeCcKOro MOoBeAeHMs OuoTKaHel

BrigensaoT ciepyioniye OCHOBHBIE OCOOEHHOCTH MeXaHUue-
CKHX CBOMCTB OMOJIOTMUECKUX TKaHeH.

1. BonbmuHCTBO GHOJIOTHUECKUX TKaHel aHU30MpoOnHo, T.e.
ux u3nyecKue, B TOM YHCJIEe U MEeXaHHUYeCKHe, CBOHCTBA HEOAH-
HAKOBBLI B Pa3HBIX HANIPaBJEHUAX, YTO OOYCJIOBJEHO HEOLHOPOL-
HBIM CTPOEHHUEM.

2. Tloutn pas Bcex GMOTKAaHeH XapaKTEpPHBI CJEAYIOI[Ue Bpe-
MeHHBbIe a(¢eKThl IpU AeOPMUPOBAHUM:

a) mpM IIOCTOSHHON BejiMuuHe aedopmanuu B OMOTKAHAX CO
BpEMEHEM IIPOMCXOAUT peaarcayus (cnad) mexanuieckozo Ha-
npaxcenus (puc. 5.7, a);

6) mIp¥ IMOCTOAHHON Harpyske (MeXaHMYeCKOM HAaIPSKEeHUU)
BeJuuYMHA Jed)OpMay CO BpeMeHeM yBeJNYNBaeTCsa — 3TO AB-
JleHue Ha3bLIBAIOT non3yiecmoio (kpunom) (puc. 5.7, 6);

c €
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8 2‘ 2 t
Puc. 5.7. BpemenHnrle adPeKTol, BOZHNKAOLIME DU AedOPMUPOBAHNAN
OuoTKaHEeH:
a — pejaxcanua HANPSAMXKEeHUs; 0 — NOJI3y4YecTh; 86 — IETJIA IUcTepesuca;
2 — oTCTaBaHHe N0 ¢dase fedopManul OT HANIPAKEHNA



86 5. DAeMeHTbl HromexaHuku

B) 3aBHCHUMOCTAM MEXaHMYECKOI'0 HANPSKEeHUs oT gedopma-
MY 0P HArpysKe M pasrpysKe COOTBETCTBYIOT pasdHble KPHUBLIE,
B pesyJsbTaTe o0pasyercs TAaK HashIBaeMad NemJas sucmepesuca
(puc. 5.7, 8).

T) IpU HMKJIWYECKOM HATPYIKEHWH OUOTKAaHeH B HUX BO3HUKA-
10T KOoJle0aHuA MeXaHUYeCKUX HANPAKeHUil u gedopManuii, mpu
9TOM JedopManus € Bcerga oTcraer 1o (ase oT MeXaHMYECKOTO
HanpssKeHud ¢ (puc. 5.7, 2);

) MeXaHUYeCKHe XapaKTePUCTUKY OMOTKAaHeH YacTo 3aBUCAT
OT CKOpPOCTHU AedopmManuu.

ITepeuncnensrle haKkTH — NPOABIEHNE 6A3K0YNPY2020 TOBE-
JeHus OMOTKaHU.

Bremuue cunbl, geiicTByloinue Ha oOpasel], COBEpPINAIOT pa-
fory mo ero medopMupOBaHMIO. OHEpPrus, 3aTpavueHHas Ha Je-
dopmanuio o6pasiia, BO-IIEPBHIX, YACTHYHO 3alacaeTcs B o0beMe
IedopMUPOBaHHOH cpelbl B BHAE IOTEHIMANBHOM 3HEePTUU Je-
dopmanuu u, BO-BTODPBIX, HEOOPATHUMO DACXOAYETCS HA IIPeoio-
JleHWe CHUJI BHYTPEHHEro TPEHHA, NepeXolA B KOHEYHOM HTOre
B TEILJIOTY.

Ecnu npu nedopmanuu peaausyerca TOJABKO MEPBLIA cayuai,
TO MaTepuay o0paslia SIBIAETCA Ynpyzoil cpeioil M IpU CHATUHU
HArpy3KH BCs 3allaceHHas B HEM MNOTEHIMAJIbHAA SHEeprus Je-
dopmanuy nepexoguT B paboTy IO BOCCTAHOBJIECHUIO €r0 IIpesk-
HUX pasMepoB u QOPMEI.

Ecnu peanusyercss TOJBKO BTOPOHM chaydail, T.e. IPOHCXOLUT
Jump HeoOpaTMMOe pacceMBaHUe dHepruM B obpasiie, TO cpeia
Ha3wIBaeTCAd 643KOI M Bce AedopMmaiiuy B TaKoil cpere Heolpa-
TUMBI (HeYIIPYTH).

Ecnu ke B pasHOH CTeNeHW peanrusyloTca 00a ciaydasi, TO
cpena HaablBaeTcs 6A3koynpyeoil. Ilpu nedopMUpoOBaHUM TaKOMH
cpensl yacTh paboOTHl BHEIIHMX CHJI 3amacaercsa B o6paslie B Buje
3HEpruu ynpyroi medopmaluu, a OCTaBLUIAACH 4YaCTb HeoOpaTHu-
MO paccemBaeTcs B Buje Teima. Ilocsie mpexpamenus geiicTeus
BHEIIIHUX CHUJI TIPOMCXOAUT JIUIIL YACTHYHOE BOCCTAHOBJIEHUE
pasmMepoB M (popMbI 06pasia u GopMUPYyeTCs MeTJss IrucTepesuca
(cMm. puc. 5.7, 8), miuomajb KOTOPOH (MeXXy KPUBLIMHU HATPYKe-
HUA U pasrpy3Ky o6pasiia) onpefessieT OO HeOOpATHMO 3aTpa-
YeHHOU 3HEepruu, nepelleilneil B Temio.
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5.3.2. MexaHunyeckme CBOWCTBA KOCTHOW TKaHM

HecmoTpsi Ha CyIECTBOBAHME Pa3JWYHBIX TUIOB KOCTeil B
TeJle YeJIOBEKA M MKUBOTHBIX (AJUHHBIE TPyOUaThie KOCTU KOHEU-
HOCTeH, TIJIOCKHE KOCTH uepena, KOPOTKME KOCTH — IO3BOHKH),
AU HUX XapaKTepHBbI 00IlHe MeXaHu4YeCKHe CBOICTBA, KOTOPHIE
aajee 6YAYT paccMOTPeHBI Ha IpUMepe KOMIIAKTHOW U ryGuaToi
(CIOHTHO3HOM) COCTABIAIOIINX TPYyOUaTHIX KOCTEH.

KocrHasi TKaHb — OAWH W3 BU/JOB COeIUHUTEJIbHON TKAHU,
ee MexaHWYeCKHe CBOMCTBA ONPEAEIAIOTCA IMPEXKAE BCEro COCTA-
BOM TBep/0ii (ha3pl KOCTU M CBOICTBAMMU ee KOMIIOHEHT. T'éepdasn
¢a3a xocmu — 3ITO OPraHUYeCKHUe ¥ MUHepajbHbIE COCTABJSIO-
e KOCTHBIX IIJAcTHHOK (yames). Opzanuieckas COCTABAANO-
1iaa npexcrasaeHa kosnaresom (40-50 % Tteeppoit daswl), a mMu-
HepanbHaa (60-50 %) — npenMymecTBEeHHO KPUCTAJJIAMH TU-
npokcuanaruta Ca,o(PO,)s(OH), u apyrux coJseil Kanbliusd.

Eciy 9KCIIepUMEHTAJLHO TOJHOCTHIO YIAJUTh M3 KOCTHU Op-
TAaHUYECKYIO0 COCTaBASKINYI0 (KOJJareH), TO KOCTb CTAHOBUTCS
HeOoObIYaTHO XPYNKOH, a €CJIU yAAJUTh MUHEPAJbHYI0 COCTaABIA-
IOIIYI0, TO KOCTh IpuUoOperaerT Pe3auHOIogobHbIe CBOHCTBA. ITO
O3HAYAET, YTO KOCTHAA TKAHL ABJAETCA IIPOYHBLIM MAaTEePHATIOM
JUIIL IPU OIPEIeJeHHOM COOTHOIIEHWHM BXOAALIMX B Hee KOM-
IIOHEHTOB. B cTaTWueCcKMX YCAOBUAX MOAYJIb YIIPYTOCTH KOJLIa-
rena pases E, ~ 10° I1a, runpoxkcuanaruta — E, ~ 10" Ila, a aas
KOMITaKTHOM TKaHu Koctu E, . ~ 10'°TIla, uTo cpaBHUMO € MO-
AyJASMHU YIPYTOCTH cTasu u tutana: E ., ~ 2-10'°Ia = 20 I'la,
E rana * 10" TIa = 100 I'Tla.

MuHHUMaJbHBIE PA3PYLIAOIIEe HANIPAKEHU COCTABIAIOT AJA
rugpoxcuanarura 600-700 MIla, ana xonnareda 50-100 MIla,
a JJid pa3HbIX KOCTHBIX TKaHeW NPUHUMAIOT ITPOMEKYTOUHBIE
3HAYEHUS.

AHM30TPONINA MeXaHUYeCKUX CBOMCTB KOCTU HPOABISETCHA
B CYUIECTBEHHOI 3aBUCUMOCTHU €€ YIIPYTHX CBOWCTB OT HaIlpaBJjie-
HUs Harpy:keHusa. Ha puc. 5.8 npuBegeHb KpUBbIE, IIOJIYUYEHHEIE
npu AedopMUPOBAHMK 00pasia BO3AYILIHO-CYXOU KOMIAKTHOU
KOCTHOH TKauu 00JbIe0epIioBOil KOCTH YeJjioBeKa IIPH pacT-
JKEHUY ee BIOJIb IpOoAoJbHOM ocu Ox (KpuBas 1) U MO KacaTesb-
Homy Oy (kpuBasa 2) m paamaibpHomy Oz (kpuBad 3) Hanpasie-
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Puc. 5.8. [IuarpaMmMbl PACTAKEHUA KOMIIAKTHOA KOCTHOH TKaHU
yeJIoBeKa BAOJb PA3HBIX HAllpaBieHuii: I — B IPOAOJIBHOM (X);
2u 3 — B nonepeyHLIX (Y ¥ 2) HAIPABIEHUAX

HASAM B ILUIOCKOCTH, IepneHAuKyJasapHow Ox. Hamomuum, uTo
TAHTEeHC yIJjla HAKJIOHA 3TUX KPWBBLIX K OCH a0CIHCC YMCJICHHO
paBeH MOAYJIO YVIPYTrOCTH M HECOBHAJEHUE 3THUX KPHUBLIX MEXK-
Iy co0oli yKashblBAeT HA 3HAYUTEJNLHBIE PA3INUYNS MEXaHUUECKMX
CBOMCTB KOCTH B YKa3aHHBLIX HalIpaBjeHUAX. s Goablnebepio-
BOIl KOCTH B3pOCJIOTO YeJIOBEKa XapaKTEepHHI CpeiHMe 3HAuYeHUS
MOAyJiell ynpyrocTd B 3TuUX HanpasieHusax: E,. = 18,35 TIlla,
E, = 8,5TTla, E, = 6,9 'Ila, uTo CBU/ETENLCTBYET O 3HAUUTEIHHOIH
aHW30TPOINU KOCTHOM TKAHU: BAOJB IIPOJOJIbHON OCH MOAYJIb YII-
pyroctu 6ojiee ueM B [jBa Pa3a BHIIIEe, UeM B IONEPEUYHBIX HAIIPaB-
JIEHUIX.

5.3.3. Mexanunyeckue CBOWCTBA CyCTaBHOrO Xpsiwa

CycraBHO# XpAlll TOKPHIBAET KOHIIEBbIe IOBEPXHOCTHA TPyOUYa-
TEIX KocTel. OH 1npefcTaBiAeT co60i MOPUCTHIM, JerKONIPOHUIA-
eMblii MaTepuaj ¢ HUSKUM MOJAYJEM YIPYroCTH U BO BpeMs Aei-
CTBUSI HATPY30K BBIAEJSET, & IPU PasTpy3Ke HOrJIOLIAeT CHHO-
BUAJBHYIO XUIKOCTh., ET0 padMepsl u ¢hopMa MOTyT U3MEHAThLCA
BCJIEICTBYE KAK KPATKOBPEMEHHBIX, TAK U JJIUTEJIbHBIX CUJIOBBIX
BO3JEUCTBUI, NIpUYEM II0CJEe PA3IPYy3KH UCXOMHOE COCTOSTHUE CY-
CTaBHOT'O XPAINA MOJHOCTHI0 BOCCTAHABIUBAETCH, UTO O0ECIIeuH-
BAeT KOHI'PYSHTHOCTH (OT JjiaT. congruens (congruentis) — copas-
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MEpHELIN, COOTBETCTBYIOIINI,COBIAJAIONNIT) CYCTaABHEIX IIOBEDX-
HOCTEeH.

B xpsige pasauyaioT KHUIKYI0 U TBepAyio (dassl. Hudkas
¢asa cocraBnger 60-80 % ero maccel. B ocraBmieiics meepdoil
@asze cogep:xutcs okoso 40 % xoHaponuros, 25 % mpoTeoryu-
KaHoB U 35 % KOJJIareHOBBIX BOJIOKOH. CuHnOBuUANbHAA HCUD-
KOCmb BHINOJHSET (PYHKIUIO CMas3KU CycTaBa M o0ecHeyuBaer
nuTaHue XpAua.

C TOYKM 3peHHs MeXaHWKH MATEepPHAJOB CYCTABHOH XPSAILL
ABJISIETCS BA3KOYNPYTMM AHW30TPOIHBIM MaTepuajioM ¢ He-
OJHOPOAHLIMHA MEXAHUYECKUMM CBOMCTBAMH II0 CYyCTaBHOI IIO-
BepxHoctu. OH obsajzaer AByMA GYHKIUOHAJIbHBIMHU OCOOEH-
HOCTAMMU:

e I0J AeHCTBUEM HArpysku ged)OpMHUPYETCA Jierde, yeM KOCTb
(oTHOWIEHME UX MecTKocTeil paBHo 1:10), Guarogapsa ueMy Xpsii
pacmpejensieT Harpy3Ky Ha BCIO CYCTaBHYIO IIOBEPXHOCTb KOCTHU
U CHIIKAeT 3TUM KOHIEHTPAIIUIO B HeMl MeXaHUUeCKUX HaIpsKe-
HUIH;

e ofecrnedynBaeT YPe3BLIYANHO HU3KUI KO3QMUIIMEHT TPeHUS
B cycrase (ot 0,005 mo 0,012).

TIpu HOpMasbHOM GYHKIMOHMPOBAHMHM CYCTaBa HArpPy3Ka
HA CyCTaBHOM XpsIl KoJuebjercsa OT HyJd A0 3HAUeHuUil, B 3-4
pasa IMpPEBBIMIAIONIXX BeC Teja, IIPU 3TOM IO KpadAM:KOHTAaKT-
HOH MOBEPXHOCTH MOTYT Pa3BHBATBCH NOCTATOUHO OOJbINIUeE Ae-
dopmanuu pacraxkenus. Ciaeayer OTMETUTh, 4TO JIOKAJIbHAA e~
CTPYKHIUS CYCTABHOT'O XPAIla He BOCCTAHABINBAETCA H II03TOMY
SIBJIAETCS ONACHLIM IOBPEXKAEHUEM, KOTOPOE B JaJibHEHIIIeM MO-
JKeT IIPUBECTH K JereHepaiuM BCero CycTaBa.

AHM30TpONIUS MeXaHUUYECKUX CBOMCTB XpsAIla IIPOSBIAETCHA B
CYIleCTBEHHOM pPa3JUYHiY DPaspyllaioNuxX pACTATUBAIOIIUX HAa-
OpAMKEeHUN BAOJh 1 MOIePeK HANPABJIEHUA KOJIJIAreHOBBIX BOJO-
KoH. Tak, AAA HApYXXHOTO CJOS XPSAIAa MEILIEJTKOB 0efpeHHOMH
KOCTH OHM PABHBI COOTBeTCTBeHHO 25,5 m 9,8 MIla, T.e. pasnu-
yawpTca B 2,5 pasa.

Moaynas ynpyroctu E cycTraBHOro XxpsAllia, OIIpeleJIeHHBIN
B SKCIEpUMEHTe Ha ckaTue, cocraBaser 23—-50 MIla, moxynas
casura G — 0,4—4 MIla, npuuem Ipu JereHepaTUBHBIX HU3MeHe-
HUAX B XpAIlle MOAYJIb CABUra YBeJIUUNBAETCSH.
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Koadpdunmenr Ilyaccona xpaima paseH npubiausurensao 0,5,
IIO3TOMY €ro MOXKHO paccMaTpHUBaTh KaK HeCHHMaeMbIil Ma-
Tepua.

Boaw1moit nmpakTudecKuit MHTEpEC IIPEJACTABIAET HCCIELOBa-
HUE YCTaJOCTHOU MOJTrOBEYHOCTH XPAIa, BeAb YEJOBEeK JAejaeT
B CPeAHEM OKOJIO 2 MJIH LIaroB B rojJl ¥ T€M CaMbIM NOJABepraer
JaHHYI0 TKAHb IIOCTOSHHOMY IIUKJIMYECKOMY HATrPYyKeHUlo. Yc-
TAHOBJIEHO, YTO HPH LIUKJINYECKHX HATPY'KEHHSAX YCTAJIOCTHAsd
JIOJITOBEYHOCTh XPHAIlA 3HAYMUTEJIbHO CHUJKAeTCA NpH BO3pacra-
HUY YDPOBHS MeXaHMYeCKHX HAIpPSKeHHH B HEM, & TAK)Ke ¢ yBe-
JUYEeHNEeM ero Bo3pacra.

Ta6auma 5.1
) IIpenen nmpouHoCTH
BeIILECTBO MO}IY.TIB yupy Ha pacTaAMKeHHue Ui KOS(I)(I)HH,HQHT
roctu, MIla IIyaccona
cxkatue, MIla
KommaxTHOe Be-
II}eCTBO KOCTH 7000-18 000 120-200 0,2-0,4
T'y6uatoe Berre-
CTBO KOCTH 26-600 3,7-11,4 —
CycrasHo#t
XPsaI 23-50 10-25 0,5

B Taba. 5.1 nmpuBeieHbl OCHOBHBIE MeXaHHUYECKHE CBOMCTBA
KOMIIAKTHOI'O ¥ T'y04aToro BelllecTBa GeIpeHHOi KOCTH U CyCTaB-
HOro xpsima yejoBeka. IIMpoxkuil AMaNIa3oH M3MeHEHUIl mapa-
MeTPOB BBIZBAH aHU30TPONMHUEH CBOMCTB 3TUX TKAHEH U Pas3HAIMU
BUJAMHU U HAIIPABJIEHUSIMM UX HATPYKEHUA.

5.3.4. MexaHuuyeCKHe CBOWCTBA MAMKUX OMOAOMMUYECKUX
TKaHen

K MArkum 01M0JIOTHUYECKUM TKAHAM OTHOCATCH KOXKa, MBIIIIEI,
CTEHKM KPOBEHOCHBLIX COCYAOB M JbIXaTeJNbHBLIX IIyTeH, JICNeCTKH
KJAallaHOB Cep/lia, CYXOXKWINA, CBASKH U ApP. BOABIIMHCTBO U3
HUX MMeeT OOIIMe 4epThl B MEXaHHYECKOM IIOBEAEHHU: CIOCOO-
HOCTb K Ooapmnm aedopmanuam — go 200 %, HecokuMaeMOCTb,
aHU30TPOIHOCTD.



5.3. MexaHuueckue CBoiCTBa HuoTkaHen 91

OTH cBOICTBA 00YCJIOBJIEHE! B IIEPBYIO OUePelb CTPOSHUEM 3TUX
TKaHel. B uX cocTaB BXOASAT KJIETKH, KOJLJIAreHOBbIE U 3JIACTUHO-
BbLI€ BOJIOKHA M OCHOBHOE BelllecTBO. Ka)k1as KOMIIOHEHTA UMeeT
CBOIO VJBTPACTPYKTYDY, KOTOpafA ONpeNessieT ee MexaHWUecKue
CBOHCTBA.

Koanazenosvie sonoxna nmeror guametp 0,2-12 MM u npea-
CTaBJAAIOT coboit myuku ¢pubpuan auamerpom 20-40 M, B 3a-
BHCHUMOCTH OT BHJa MJIEKOIUTAIOUIET0 ¥ TKAHU. JJIACMUHO8bLE
cmpykmypbl B MATKUX OMOJIOTUUECKUX TKAHAX BCTPEUYAIOTCH B
IBYX MOPGOJIOTMYEeCKU PasJUYHbIX (OpMax: BOJOKOH (KOXKa,
BeHBI, XpAIu) u meMOpaH (aprepun).

CpaBHUTeNbHASA XapaKTEePUCTHKA YIPYIUX CBOHCTB ajlacTH-
HOBBIX M KOJIJIATEHOBBIX BOJIOKOH (TabJs. 5.2), [26] norassiBaeT,
YTO KOJIJIAT€HOBbIE BOJIOKHA HCIIBLITHIBAIOT OTHOCUTEIbHO HEGOJIb-
mue gedopmanuu, Ho 06JIaAI0T ropaso OOoJIbIIel 10 CPABHEHUIO
C 9JIaCTHHOM IIPOYHOCTBIO U OTJMUYAIOTCS OT HEro 3HAYMTEJILHO
60JIee BLICOKMM MOJYJIEM YIIDYTOCTH.

Tabauna 5.2
Mogayas ynpy- IIpenes npoyHOCTH YnanuueHue
Bemecrso rocru, MIla Ha pactsxeHue, MIla npu paspsiBe, %
dacTUHOBHIE
BOJIOKHA 0,6 1 200
Konnaren 1000 50-100 50

XapakTep B3aMMOAEHCTBUA U KOJUUYECTBEHHBIE COOTHOILIEHUSA
3JJACTHMHOBBLIX M KOJIJIATEHOBBHIX BOJIOKOH B TKAHU OIIPENEJIAIOT
ONTHMAJbHOE COOTHOIIIEHNE IIPOYHOCTHBIX U Je(OPMAIMOHHBIX
CBOMCTB MATKUX OMOJIOTHYECKNX TKAaHEMH.

Kosnarenosbie BOJIOKHA B MATKUX TKAHAX YJOMKEHbI BOJIHO-
00pas3HoO U pacnHpAMJIAIOTCA JIMIIbL IPHU 3HAYUTEJBHBIX Jedopma-
nuax TKaHu. [JoaToMy Ha mepBOHAYAJILHBIX dTanax Jgedopwma-
UK YIPYrHe CBOMCTBA MATKHUX TKaHell ompeneasieT 3JIaCTUH, a
3aTeM, IIOCjie pacHpAMJIIEHHA KOJIJIAaTeHOBHIX BOJIOKOH, yIIpyrue
CBOMCTBA 3THUX TKaHEH OIpPEeAeNsIOTCA yKe 3HAYUTeNbHO OoJee
JKECTKMMH KOJIJIAreHOBBIMHM BOJIOKHAMM. OTO XODOIIO BHUAHO Ha
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Puc. 5.9. AHusoTpONNA MeXaHNYeCKHX CBOHMCTB KOMKU IPH PACTIKEHUHN
B nomnepeunom (1) u npogoabHOM (2) HanpaBiIeHNN

puc. 5.9, rge npeAcCTaBJIeHBl AMArDaMMBI PACTAMKEHUA KOXKH B
IPOAOJILHOM (BHOJIb OCH TeJa) ¥ ITONepevYHOM HAIPABJIEHUAX.

C yBenunuenuem jgedopManyu KOXKHU ee yIpPyroe COIpPOTHURIIE-
HUe cHayaja HeBeJduKo (00ycyioBjeHO Aedopmarmeil sjiacTmHa),
a 3areM, IOCJ€ DACIPAMJIEHUS KOJIJIATEHOBBLIX BOJIOKOH, PE3KO
Boapacraer. BOJBIIUHCTBO KOJIJIAr€HOBBIX BOJIOKOH B KOJKe OpHU-
€HTHPOBAHO B NOIEPEYHOM HAIPABJEHWUHN OTHOCUTEIBHO IIPO-
IOJBHOM OCH TeJia, YTO OOYCJIOBINBAET AHU3OTPONHIO MeXaHnde-
CKUX CBOICTB KOXKH: OHA MMeeT Pas/indHble MOAYJHU YIIPYroCTH,
paspyinamliue HaOpAKEHHUS, U MaKCHUMaJjbHble AedopMailuyd B
[IOIIEpeYHOM ¥ IPOJOJLHOM HampaBJieHusx. Tak, Ipenes npou-
HOCTU KOXXH B IIONE€PEUYHOM HAIPaBJEHUM (BIOJb KOJJIATEHOBBLIX
BOJIOKOH) npumepHo B 1,5 pasa 6ojbiue, ueM B IPOAOJBHOM, &
ee MaKCHMaJbHOE pacTaKeHue NpUOJIM3UTENbHO BABOE 0oJblIe
B ITPOJIOJIBHOM HaIpPaBJICHHUMU.

Cyxomcunue 1mo CPaBHEHUIO C APYTHMMU MATKUMH TKaHAMH
“MeeT OTHOCUTEJBHO NIPOCTYI0 MUKDPOCTPYKTYPY, KOTOpAsS OmIpe-
JejfeTcs OJHOHAIIPABJEHHO PACIOJIOMKEHHLIMU KOJJIATeHOBBIMU
BoJiokHamMu. Takas CTPYKTyYDa CBA3aHa C IVIaBHOI (pu3uosoru-
YeCKON QYHKIHEH CYX0XKUINA — ¢ He00X0JUMOCTLIO IIepeiaBaTh
YCUJIMSA B OZHOM HANPAaBJIEHUM: OT MBIIIIlEI K KOocTu. B dase pac-
caadJieHNs KOoJLIareHOBbIe BOJIOKHA CYXO0MKUJINY UMEIOT BOJIHOO0-
pasHyio Gopmy, a mpu mnepejade yCUIUA OHU PACHPSIMIAIOTCH U
IaJjiee MOYTH He Ae()OPpMUDYIOTCA.



KOHTPOAbHbLIE BONPOCH! 1 3aAaHMS 93

Mogyns yupyroctu E cyxomauil cocTaBjisieT CBBIIIE
100 MITa. Cyxosxkniane uMeeT caMbiil BBICOKHII IIpeesl IPOYHOCTH
Ha pasphiB U HaMeHee PACTSMKIMO CPEAY HEMUHEPAIN30BaAHHBIX
TkaHeil. MexaHnYecKue CBOMCTBA CYXOMKUJINM 3aBUCAT OT IOJa
¥ BO3PACTA YeJI0BeKa U MaKCHUMAaJIbHYIO IPOYHOCTL OHU IIproGpe-
TaloT K 21-25 rogam. 3HaueHUsT XapaKTEPHBIX TMOKa3aTejaeil A
HEKOTOPBIX MATKUX TKaHell mpuBeleHHI B Tabia. 5.3.

Tabnauma 5.3
Mopyns Ipenen npou- Vanusenue
TkaHb YOpPYTrocTH, HOCTH IIPHU pac- IIpu paspaiBe,
Mlla raxenun, MIla %

Cyxoxuine > 100 53 9,7
Koxa 2-40 7,6 78

AopTa B IPOJOJABHOM

HATIPABJIEHUU 0,84-3,9 0,7-1 46
Mueimna cepana 1 0,11 63,8

TakuM 06pa3oM, MexaHUUYeCKHe CBONCTBA MSTKHX M TBEPABIX
OMOTKAHel CYII[eCTBeHHO 3aBUCAT OT TOrO, KaK B3aMMHO Opra-
HU30BaHbI BOJIOKHA, KJIETKMX M OCHOBHOE BelecTBO B CTPYKType
3THX TKaHeH.

KOHTpOAbeIe BOMPOCHI U 3aAdHMA

1. Yem orauuaroTca pbluaru CKopocTu u cuibi? IlpuBeanTe npumMepsl
9THUX PHIUATOB.

2. YTo TaKoe M30TOHUYECKUI pPeKuM paborTsl mbimnbkl? UTo ycraHas-
JuBaeT ypaBHeHue Xuiua?

3. Naiite ompenesienue geopMalMy TBEPAOTO Teja. B YeM COCTOHUT
pasinune MeXAy YIOpyroil m miacTudeckoit pedopmanueii? Ilepe-
YHMCJIATE OCHOBHBIE BUABI AehopMaluu I10 U3MeHEeHUI0 GOPMbI TBEp-
ABIX TeJI.

4. Yro ABJIAETCA KOJIUUECTBEHHON Mepoil fedopmanuu? YKaKuTe exu-
HMIBI ee u3Mepennsa. UYTo Ha3bIBAIOT YOpYyroi CUJIOH, KaK OHA Ha-
npasyena? laiiTe onpeeseHre MeXaHNUeCKOro HAIPSXKeHNA, YKa-
s)KuTe ero pasmepHocts B CH.
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5. IlpuBeaure u npoaumanusupyiite 3akod I'yka and gedopMamuy ox-
HOOCHOrO pactsaxxeHusa (cxkatus). Kak cBA3aHbI K03(h(UIMEHTHI
SKeCTKOCTH U Mojayss KOHra, or 4ero oHM 3aBUCAT?

6. IIpuBeaure u npoaHajIusupyiiTe uarpaMmy pacrsikenus. Onpefe-
JIUTe NIpeAesibl MPONOPLUOHANILHOCTH, YIPYTrOCTH, TEKYYeCTH, IPo-
YHOCTH JedopMupyemMoro marepuasa.

7. IlpuBegure ¥ mnpoananumaupyite 3akoH ['yxka ans pedopmanun
caBura. 4To mpexacrapBasiorT co0oi KacaTeJlbHOe HaNpsAXeHue, Mo-
nynb caBura, koaddunuent ITyaccoHa, KaKoBa CBA3b MeXJY HUMHU
u moayJsiem FOura?

8. Jlafite ompeneeHue TOHATHIO «TBEPAOCTh MaTepHaa». YKaXXure
U3BeCTHbIe BaM METOAbI ONpeJesIeHUs TBEPAOCTH, PA3JUYUA MEXKAY
HUMU, eAUHHILI U3BMEPEeHUd.

9. YeM pasqMyalOTCA cTaTUYEeCKHe W JuHamMudecKue Harpysxku? Ilpu-
BeJUTEe NIPUMEPHI.

10. HaszoBure ocoGeHHOCTH MeXaHUYECKUX CBOMCTB GHOTKaHeil. B yem
CYyThb aHM30Tponuu GUOTKaHeH, KaKoBa ee mpupoga?

11. KakoBbl MexaHHWUECKHEe CBOMCTBA U 0CODEHHOCTH TBEPABIX GHOJIOrU-
YeCKUX TKaHell (KoCcTHAad TKaHb, CYCTABHOM xpAun)?

12. KakoBbl MexaHHWYeCKHEe CBOMCTBA U OCOGEHHOCTH MATKHX OHOJO-
TMYeCKUX TKaHeHl (CYXOMKWJINs, KOXKa, TKAHb KPOBEHOCHBIX COCY-
Z0oB)?

13. B uem BrIpakaercs sBieHMe Baskoynpyroctu? Kak nposisisercs
BABKOYIIpYyroe moBefeHue GUOTKaHeHl?



MexaHuueckue

TraBa 6
KOA€OAHUSA U BOAHDI

KosebatenbHoe IBUIKEHNE MOKET COBEPILATLCA 34 CueT 3a1aca
JHEpPruu KoJiebaTe bHON cucTeMbl 1 63 BHEIIHMX BO3AeUCTBUIA.
Takue KonebaHUA HA3LIBAIOTCA €60600HbiMmu. IIpu Hanuuuu co-
MPOTUBJIEHUA ABUKEHUIO KOJIeOaHNA HASBIBAIOTCH 3aMYyXaouju-
mu. KonebareabHBIN ITPOIlECC, BOSHUKAIOIMI IO AeiicTBUEM
nepeMeHHbIX BO BPEMEHH BHEIIHHUX CHUJI, HashIBAIOT GblHYNHcOeH-
Hbimu KOJIeOaHuAMHU.

6.1. TapmoHunyeckne KoaedaHus

HpOCTeﬁUIPIM BHJOM KO0Jie0aTeJbHOTO ABUIKEHUSA SABJISIOTCA
2apmonuiecrue xone6anun, Korma KOJIe6JIIOHJ;a$IC.‘r'I BEJINYNHA
U3MEHSETCA CO BpEMEHEM IO 3aKOHY CHHYCa NI KOCHHYCa:

x = Asin(ot + @), (6.1)
roe X — MIHOBEHHOE CMellleHUe TeJjia OT IIOJIOKEeHUs paBHOBe-
cus; A — aMniauTyAa KojebaHus, T.e. MAKCUMAaJIbHOE CMeIlleHue;
(ot + @) — MrHoBeHHas dasza KoyebaHUSA, ® — INKJINYecKas

yacTora KoJjiebaHus, t — TeKylllee BpeMs, ¢, — HauajibHadA ¢asa
KoJie6aHusd.

Hukanueckasa yactoTa o, JUHEMHAs 4aCTOTa vV ¥ IIEPHOJ KO-
nebauus T cBA3aHbI COOTHOIIEHUSIMU

v=l, 03:2ch=2?n. (6.2)

T

IToraskem, 4TO rapMOHHMYECKUe KoJiebaHUA BOSHMKAIOT IMOJ
JelicTBUEM YyIpyroil cuiibl uiau e mofo6HOH (KBa3UyIPYyroii).
IIpescraBuM mMaTepuanbHYIO TOYKY MACCOH M, 3aKPEIJICHHYIO Ha
NPYy:KUHE KEeCTKOCTH k U PACIIOJOKeHHYI0 Ha a0COJIIOTHO riaj-
KO# ropMsoHTabHOU moBepxHocTu (puc. 6.1). Ecau pacranyTs
NIPYXUHY HAa PACCTOSHUE X, TO CO CTOPOHBI IPYKUHEI HA 3Ty TOU-
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N 2 7

Puc. 6.1. Kosebanus MmaTepuaJbHOI TOUKM Ha IPYKUHE

Ky felicTByer ynpyraa cuna Fy, , IpOIOPUHMOHANIBHAA IO 3AKOHY
I'yka cmeleHuo x:
F,_ =-kx.

yup
3HaK «—» yKasblBaeT HA MPOTWBONOJOXHOCTL HANpPaBIEHUH
CMeIIeHHUA U CHJIBl YIPYTroCTH.
HOnis Toro 4Tobbl yCTAHOBHTH XapakKTep ABMIKEHHU, T.e. 3a-
BHCHUMOCTEh x = f(¢), sauuiremM BTOpoit 3aKoH HbIOTOHA B BUAE
nIuddepeHUHAIBLHOTO YpaBHeHus (IIOCKOJBKY YCKODEHHEe TeJsa

2
a=x"= —(Ell—t';ﬁ ), YYHUTEHIBas, YTO B PACCMATPHBAEMOM CJydae ABHU-
JKeHHe onpeaendaeTca TOJNBKO HaJIUYMEeM CUJIbI pryI‘OCTH:
2
mEx - _py, (6.3)
dt

Pasgenum j1eByIO ¥ IPaBYIO YacTU ypaBHeHu4a (6.3) Ha m u 060-
3HAYMM OTHOIIEHUE MOJOKHUTENBHBIX BeJTUUMH £ U M uepe3 g :

d’x

dt?

TTorkackem, 4TO peIlleHHEM 3TOro AUPpPepeHHuaIbHOrO ypas-
HEHMA ABJAETCS TapMOHHYECKOe KojebaHue:

= —@px wam x" + wix = 0. (6.4)

x = Agsin(wot + @g). (6.5)

Ina sToro asaasl npoauddepeHupyeM Bripaxkenue (6.5):
v =x" = Ayw, cos(wyt + @), (6.6)
~ A, 05 sin(wyt + ¢, ) (6.7)

5]
1
®
i
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¥ MIOACTaBUM pe3yJIbTaT B ypaBHeHMe (6.4):

— Ay sin(wyt + 9p) + 1 A, sin(wyt + 9)=0
m

wm A, (—]3 -of )sin(u)ot +9,)=0.
m

OTO pPaBeHCTBO JOJIXKHO BBIIOJHATHCA B JIIO00H MOMEHT Bpe-
MeHHU, YTO BO3MOJYKHO JIAIIL IIPU YCJIOBUU

Wy = —. (6.8)

CiienoBaTenbHO, €CJIM B KAdeCTBE Pe3yIbTHUPYIONIeH Ha TeJso
JeHCTBYyeT cuja YnpyrocTHd, TO TeJO0 COBEpPIIAeT TapMOHHYe-
ckue Kojebauus Buaa (6.5), a UKINYeCKaa 4acToTa KojebaHus

W, =+/kB/m omnpenenserca TOJIBLKO Maccoii Tejla W YNPYTUMH
cBoMicTBaMU (PKECTKOCTBIO) CUCTEMBI ¥ O3TOMY HA3bLIBAETCA CO6-
CmMe6eHHOU Yacmomou.

Cpapuenue BhipakeHuil (6.5) u (6.6) moxkaseiBaer, 4TO CMe-
IIeHHe ¥ CKOPOCTh FapMOHNYECKOro KojiebaHusa pasindaioTes 1o
¢asze Ha 1/2, aMIIUTYAA CKOPOCTH PaBHA U,,,, = A0, CKOPOCTh
Tejia MaKCHMaJIbHA IPU MMPOXOMKAEHUH TOJOXKEHUsT PAaBHOBECHA
(cmelieHye PaBHO HYJIIO), a IPU MaKCHUMAaJbHOM CMeIlleHnH (paB-
HOM aMILIUTYy/ie) CKOPOCTH paBHA HYJIIO.

W3 dopmyn (6.5) u (6.7) caenyer, 4yTo cMellleHHe TeJa U €ro
YCKOpEHUE U3MEHAIOTCA B MPOTHBO(MA3e 1 aMILINTY KA YCKOPEHUA
PaBHA A,y = vmaxm0:A0m02'

Honnas snepzusn zapmonuvecxkozo konebanus E omnpepens-
eTcs CyMMoO# KuHetwueckoil E, u moreHumanbuoit E sHepruu:

E=EK+En:m;2+E§—. (6.9)

HoacraBnsasa B dopmyay (6.9) Berpaskenue g1 ckopocTy u3 (6.6),
a nasa cMeleEns — u3 (6.5) ¥ yuuTsIBas, uTo k= 0,° M, HOAyYAM

E - %onz(Df[COSg ((J)Ot + (po) + Sinz((l)ot + (pO)] = %mAg(Dg . (6-93)

7-5281
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CiiemoBaTesIbHO, MOJHAS 3HEPTUA FapMOHUYECKOT0 KoaebaHuA
He 3aBUCUT OT BPEMEHHU U IPAMO IPOIOPIMOHAJBHA Macce Teja,
KBaApary aMIUIKTYALI M KBaApaTy 4YacTOTHl KojebaHus. Kune-
THYECKasa U MOTEeHIMAJbHASA SHEPTHU KOJIEOJIIOILErocsa Tesa He-
IIPEPBIBHO W3MEHSAIOTCS BO BpeMeHU, HO HX CyMMa BCerza OcTa-
eTcsa HEeU3MEeHHOI.

6.2. 3aryxaiomme KoAedaHus

B peanpHBIX cHcTeMax Bcerjga CyIIeCTBYIOT HEKOTODPBIE CHJIBI
CONPOTUBJIEHUS, IPEINATCTBYIOLINE PAa3BUTHUIO KoJebaTeJbHBIX
npoieccoB. I yeraHOBJeHUSI XapaKTepa KoJyebaTejJbHOr0 JABU-
JKEeHHUSA B 3TOM ciiydyae OyJeM CUMTaTh, YTO HAPAAY C YIpyroi
WM KBasuynpyroi cuioit F,,, B cucTeMe neicTByeT Cujaa Tpe-
HUA, DPONOPIUOHAJbHAA CKOPOCTH W HaIpaBJE€HHAA IIPOTHUBO-
TIOJIOMKHO ei: F, = _rdx

dt

Torzga yuyer BAMAHUS 9THX [JBYX CHJI Ha XapaKkTep JBHKEHUSA
NPUBOAUT K chaeaymoliiemMy auddepeHIUaILHOMY YpPaBHEHUIO
(BTOpOI1 3aKoH HperoToHA)

m ; =~kx —r==. (6.10)

Pasgenus seByio ¥ IPaByIo YaCTH 3TOI'0 YpaBHEHHUS Ha m, 060-
3HauuB r/m = 2B u coxpaHus o6o3HaueHUe k/m = »,’ , IpUBEIEM
3TO ypaBHeHHE K BHUAY

d’x
dt?

+2p9% L2x 0. (6.11)
dt
Peurenne sT0or0 YPABHEHMSA MMEET B
x = Age ¥ sin(ot + ¢,) (6.12)

¥ IMMOKAa3hIBaeT, YTO CMEIEeHHEe TeJjia BO BpEMEeHH IIPOUCXOAHUT IIO
rapMOHHYECKOMY 3aKOHY C YacTOTOM ®, HO aMILIUTyaa KoJe-

6aHUI yMeHbIIaeTCsa CO BpeMeHeM: A = Aoe'ﬁ’ . Koadbodunuenr
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B=r/2m (c') HasbIBaeTCH KOIDPUYUEHMOM 3amyxanus, A IeM
oH Oosbinie, TeM OBICTPee 3aTyxaioT Kosiedanusa. Ilo cpaBHEHHUIO
C TIPEeBIAYIIUM CIYdYaeM yMeHbIIAeTCH M IIMKJINYecKas 4acTOTa
coGCTBEHHBIX KOJEe0aHUH »:

o= Joi -B. (6.13)

KonebaTespHBINH IIPOLIECC MOMKET IIPOUCXOAUTH JIMIIL IIPH
yenosuu (w2 — B%) > 0, T.e. mpu ®, > P. Eciu e saryxanue
B CHCTEME CJMIIKOM BeINKO (®w, < B), TO mOA 3HAKOM KOPHA
B dopmyne (6.13) oxaspiBaeTcss OTpHIIATeJbHAS BeJHUYMHA,
B 9TOM CJiy4ae KoJsieGaHUs HEeBO3MOYKHBI M ABUKEHUE MMeEeT are-
PHOAWYECKUH XapaKTep.

I'paduueckn saryxaminee KoJjebaHMe MPeNCTABICHO HA PHC.
6.2, rae cnJIOIIHOM JIMHWEH MOKa3aHa 3aBUCHMOCTH CMeEIeHUS
OT BpeMeHU, a NIYHKTHUPHON — 3KCIOHEHIMAJbHBIA 3aKOH YyOBI-

BaHHUA aMIIJIUTYObI.
X e_Bt

Ay - AW
,f .. A(t+T)

-4 - ~Age

Puc. 6.2. 3aBHCHMOCTD CMEIEHHUS X OT BpeMeHH ¢
IpH 3aTyXallleM Kosebanuu

OnHaKo Ha NMpPaKTHUKe 3aTyxaHue KoJebaHuil yaobOHee xapak-
TepU30BaTh JeKpeMeHmom 3amyxanus 5, IpeACTABIAIOIIUM CO-
60it oTHOIIEHMEe ABYX IOCJAEAOBATEJbHBIX aAMILIHTYA, PasiesieH-
HBIX TepuogoM koiaebanuii T (cm. puc. 6.2):

A(t)

:A—(t—+—7‘). (6.14)

7*
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HartypanpHBIH JorapudgM 3TOTO OTHOIIECHHUA HA3bIBAETCA 102a-
pupmuieckum dekpemenmom 3aMYXanua \; OH CBA3AH C KOBD-
(UIUeHTOM 3aTyXaHUA U MEePHOJOM:

Age™
A=Ind= 1nm =Ine’” =BT, umu A=pT. (6.15)
e

Yrob6eTBO ucnonn30oBaHUS JOTapUPMHUECKOTO [OeKpeMeHTa
3aTyXaHWA A AJA XapaKTepHCTUKH 3aTyXaloluX KojebaHWi 3a-
KJIOYaeTCA B IPOCTOTE €ro SKCHEPHUMEHTAJIBHOI'0 Olpelie/IeHus.
Ecanu szaryxarmwume xosebaHns 3aperucTpupoBaHbBI B BHJE COOT-
BeTCTByIOLIEro rpadguka (cm. puc. 6.2), To He06X0AMMO B JIOOBIX
eIVHWNIIAX M3MEPUTh ABe aMILJIUTYIbl KoJjebaHuil, B3ATHIC Yepes
epuoj, ¥ HaliTU HATYypaJibHbINA JorapudM ux orHomenus. Onpe-
IeauB TakuM obpa3oM A u 3HadA nepuox T, JerKo HailTM U KO-
abdunuenT saryxanud f3.

6.3. BbiHy)KAeHHble KOAeDaHus

PaccmoTpuM ciyyaii, Korjga B CUCTeMe HaPAAY C CHUJIaMU YIIPY-
TOCTY ¥ TPEHUA IPHUCYTCTBYET HEKOTOpas BHEINHASA CHJa, Ipe-
NATCTBYIOIIAA 3aTyxaHUo Kojebamwuii. IIpeamonosxum, uTOo ara
BRIHYKJaouiasa cuia F, meiicTByeT mepmoauyecKu ¢ KPYyroBoi
yacToTOR (Q M 3aBUCUT OT BPpEeMEHU N0 3aKOHY

P‘B = Fosith,
rae F, — aMIIUTyJa BBIHYKAAIOIIEH CHJIBI.

B a3tom cinyuae puddepeHnanpHOe ypaBHeHUE KoJeOaHUMA,
COCTaBJIEHHOEe HAa OCHOBaHHUH BTOPOTO 3akoHa HpIOTOHA, mMeeT
BUJ

d’ d .
m:l?;ﬁ=—kx—rj:—+Fostt. (6.16)

2
Coxpausas obozHaueHuss B/ m =w,, r /m =2 u o6osHauus

F,/m = f,, npusenem ypaBHenue (6.16) x suny

d’x dx 2 .
+2——+ w’x =f,sinQt . 6.17
dt? Bdt W% =l ( )



6.3. BblHyXAeHHble koreBaHust 101

Pemenue 3TOro ypaBHeHUS NpeACTABISET HEKOTOPYIO QYyHK-
U0, KOTOpasa rpaguuecKu mokasaHa Ha puc. 6.3. Jto pemenue
COCTOHUT M3 ABYX 4acTeil. OfHa U3 HUX COOTBETCTBYET HeYycmaHo-
suswemMycs pexuMy konebaHuil, KOT4a UX aMILIUTy[a 3aBUCHT
oT BpeMeHHU. Bropas 4acTb OIUCHIBAET YCMAHKOBUBULLILCA PEIKUAM
KoJebaHuil.

Heycrago- Ycrano-
x |BEBmMMIiCA , BUBIINICH
PeXHM pesKuM

i

Puc. 6.3. 3aBuCHUMOCTL CMELIIEHNS X OT BpeMeHH ¢
NpH BEIHYKAEHHOM KojebaHuu!

B ycramoBHMBIIIEMCSI peKMMe BBIHYKIEHHBIX KojebaHU cMme-
I[eHNe X NONUUHAETCS rApMOHHUYECKOMY 3aKOHY U IIPOUCXOIHUT C
YaCTOTOM, PABHOM 4YacCTOTe JeHCTBUS BBIHYKAAION(EH CHUJIBI:

x = Asin(Qt + ¢). (6.18)

VYcranoBuBmIasica aMIINTyAa A BBIHYXKIEHHBIX KoJebaHmuit
33aBHUCHUT OT IapaMeTPOB CHUCTeMb! (4acTOThl COOGCTBEHHBIX KOJie-
6aHM ®, 1 KoaddUIeHTa 3aTyXaHUS ) U OT XapaKTEPHCTHUK
BHIHYJatomeii cuusl (fou Q): A= f(wy, B, o, Q). Crporoe pac-
CMOTpPEHHE IIPUBOAMT K CJEAYIOLINM BHIDAKCHUAM 4 SHaAUECHUH
A u ¢, BXogamuM B dopmyay (6.17):

A = f, / (@} - Q) + 4P, (6.19)
tgo=-2Q/(Q% - 0?). (6.20)

N3 dopmyansr (6.19) caeayer, 4To aMIIMTyAa AOCTUTAET MaK-
CHUMaJIbHOTO 3HAUEeHUus A, ., KOrjna sHaMeHaTeJb IPUHIMAET MHU-
HUMAaJbHOE 3HAYE€HUE, YTO IIPOMCXOAUT IIPU YCIOBHH

Q=0Q,, =Jol-2p. (6.21)
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Hrak, ecjiv 4acTOTa BEIHYIKARIOIEH CHIIBI onpeaesseTca Gop-
myqaoi (6.21), To ammiuTysa BRIHYXKIAEHHBLIX KoJebGaHUil OyneT
MaKCUMAaJLHOM.

siBmeHMe pe3KOro BO3pACTAHUA AMIIUTYABI BHIHYKAEHHBIX
KoaebaHuil, mpoucxoAdAlllee Ha HEKOTOPOIl HacToTe eficTBUSA BBI-
HYXJaIoLled CHUJbl, HA3bIBAETCSA PEe3OHAHCOM, & 4acToTa, oIpe-
mensiemass popmyaoir (6.21), — pesonancroi. Ecau 6wl 3aTyxa-
Hue B cucteme orcyrcTBoBaso (B =0), To pesonanc macrynas 6bi
IIpY yCJIOBHU Q= 0y, 4 AMILINTYAA CTPeMHUIach Obl K 6ECKOHEUHO
GOJILIINM 3HAUEHUAM.

6.4. CroxxeHne rapmMOHMYECKMX KOAeDaHwii

PeayabraT ClIOMKeHUA TADMOHUYECKUX KOJIEOaHUE 3aBUCUT OT
HAIIPAaBJIEHUS CMEIleHUIA CKJIaIbIBAeMbIX KOJIe0aHUU, a TAKIKe OT
COOTHOUIEHUSI MEXKAY UX HacTOTaMHu, GaszaMy U aMILJIUTYAaAMMU.

Caoxxenve Kojge0aHHH C OJUMHAKOBBIMHU YAaCTOTAMH, MPOUC-
XOQAIMX BXOJb ONHOM HPAMOM. B 9TOM ciiyuae cKJagbIBaeMble
KoJiebaHUsA pasiMyaloTcsd JIMIIb aMIJInTygamMu A, 1 A, U HaYaJb-
HBIMH dasaMu O U @,

X,
X, (6.22)

PesyabraToM cioKeHUs 9TUX KoJjieDaHUil ABJIAETCA rapMOHU-

yecKoe KoJsiebaHue, IIPOUCXOAAINEe C TOM ¥Ke YaCTOTOM:

il

A;sin(wt + ¢,)
A,sin(ot + @,).

X =X, +X,=A;sin(ot + ¢,) + A,sin(wt + 9,) = Asin(wt + ¢). (6.23)

AMuanTtyza pesyJbTUPYIOIIEro Kojgebaums A 3aBUCUT He TOJIb-
KO OT aMILIUTYJ UCXOAHBIX KonebaHuit A, u A,, HO ¥ OT Pa3HOCTHU
MX HauaJbHBIX Gas’ ¢;u ¢,

A=JAZ+AZ+24, A, cos(g,- 9,). (6.24)

HauanbHas ¢asa ¢ pe3ynbTUPYIOIIEra KojebaHusa Onpemeis-
€TCA COOTHOIIEHUEM

_A;sing, +A,sing,
A, cos@, +A4,cosp,

tge (6.25)

! PaccMOTpeHE! TONBLKO KOr€PEHTHBIE KoneGaHusd, T.e. KOJIeGaHNUA, PA3HOCTh
HaYaJIbHBIX ()a3 KOTOPHIX ITOCTOAHHA BO BDEMEHU.
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Takum o0pasoM, pe3ynsTHpPYIOIee Kojebauue GyaeT MPOMC-
XOJUTH II0 TAPMOHHYECKOMY 3aKOHY C TO# ’Ke yacToTOH, YTO U
HCXOAHbIe KOJIeGaHUA, HO aMIUIATYAA Pe3yJbTHPYIOINero KoJje-
GaHHuA CYLIECTBEHHO 3aBUCHT OT Pa3HOCTM HAYaJbHBIX (a3 uc-
XOOHBIX KOJIeOaHUIA.

Amvnauryaa maxcumanvha um paBHa A=A, +A,, ecau ¢ass
MCXOIHBIX KOJeOaHUH COBIAAAIOT WM OTJANYAKTCA Ha 2ETN, T.e.
upu Ap = 2krn, rae k=0, =1, +£2, ...

AMIINTYna MuHuMaAbHa 1 paBHA A = |A, — A,|, ecaii ncxoaHbIe
KoJiebaHu#A HaxoAsTca B nporuBodase, T.e. mpu Ap = nt (2k + 1),
rae k=0, =1, =2, ... . IIpu A, =A, Takue KoneGaHusA B3aMMHO
«moramaior» Apyr apyra u A=0.

Ilpu Apyrux sHaueHHUAX A@Q aMIUIMTY/a Pe3yJIbTHPYIOIETO KO-
aebanusa onpejessiercs BeipaxxeHueM (6.24).

Cnoxenne KojeGaHUIi ¢ pa3HBIMM YaCTOTAMH, IPOMCXOIA-
KX BAOJb OAHON mpamoi. CKJajbiBaeMble KoJieOaHUA rapmo-
HUYeCcKHe M IPOUCXOLAT C Pa3sHbIMU YaCTOTaMU:

Xl = AISin((Dlt + (pl) }

X, = Asin(w,t + @,). (6.26)

Onu mpejcTaBjieHb! Fpapu- X
yecKu Ha puc. 6.4, a, a pe- < T,
3yJbTaT HX CJOXKEHHUS — Ha 2 .
puc. 6.4, 6. er\

Ipu ciaomesEun rapmoHu- O T, \ 4 \ t
YeCcKUX KoJiebaHUi ¢ pa3HBIMHU T
4acTOTaMH O, U ®, (Iepuoja- x !
mu T, u T,) pesyabTUpyIOIIlee 6
KosiebaHue He OyaeT rapmo- X=X +X,
HUYEeCKMM, a Oyzer mpexcraB- O 7
JaTh 0oJiee CJI0XKHOe, HO IIe-

pPHOAMYECKOe ABHIKEHUE.
EciM CKIafBIBAIOTCA rap- Puc. 6.4. CroxxeHue KojebaHu
MOHMUECKMe KOJeBGaEms ¢ € PasHBIMH HYaCTOTaAMM W, = 4, :
a — HCXOAHbIe TADMOHUYECK e
KPaTHBIMU YaCTOTAMH (HaNpu- xonebanns, T, = 4Ty;
Mmep, Ha puc. 6.4,a o, =4w,), 6 — peayJIbTHDYIOLIee
TO Hmepuoj pPe3yJbTHUPYIOIEero HerapMoOHHYECKOe KoJiebaunue
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rosebanua T coBnagaeT ¢ mamboabmiuM nepuomoM T, cKjagbl-
BaeMbIX Kojebauuii: T =T, a yacToTa Pe3yJIbTHUDYIOHIEr0 KoJe-
0aHusa — C HAUMEHbIIeH YacTOTON: M = ;.

6.5. Pa3noxeHue CAOXKHBIX KoAeDaHuit B psa Dypbe

Paccmorpenue puc. 6.4 npuBOAUT K BBIBOJLY, U3BECTHOMY KaK
meopema Pypve: nw0b6oe CIOKHOE NEPUOANYECKOE IBUIKEHUE
x(t)=x(t+T) ¢ nepuonom T (uacroroit v=1/T) MOKHO npen-
CTaBUTH B BUJIe CYMMBI FapMOHHYECKUX KoJjiebaHUI (rapMOHUK),
YaCTOThl KOTOPBIX KPaTHBHI YaCTOTE V PacCMaTPHUBAE€MOIr'0 NepPUo-
JHYECKOTO Ipoliecca: v, = kv. 3TO yTBep:KJeHUe MOXKHO 3aIUCaTh
B Bujie popmMyJinl, npeacrasadmonieil pag Pypwe:

x(t) = A, + iAk sin(kot + ¢, ), (6.27)
k=1

rje A, — aMIJUTYJbl CKJIAALIBAEMBIX TaPMOHUK; ¢, — HaAYajb-
Hble (pa3bl rapMOHUK.

Ilepras rapMoHUKa UMeeT HUKJINUYECKYIO YaCTOTY ,, PABHYIO
IUKJINYECKOM 4aCTOTe CJI0XKHOro Koyebauus o, = o = 2nv=2rn/T,
BTOpasg — 20, TpeThba — 3 U T.A.

Cnaraemoe A, B dopmyiue (6.27) npeacrasiaser co6oit mocTo-
AHHYIO BEJIUUUHY, UMEIOLYI0 CMBICJ IIOCTOSAHHON COCTAaBJIAIONIeH
CJIOKHOI'0 IIepuoaudecKoro mnpoiecca. Ha puc. 6.5 npeacrasiie-
Ha nmepuogudyeckasa (GpyHKIuA x(t), OMMCHIBAIOIIAA IPOIECCHI, I'Ae
x KoneGaHus HEKOTOPOH BeJMYMHBI
(HampuMep, MYJIbCOBbIE H3MEHEHUA
KPOBEHAIIOJIHEHUS COCYJa) MPOMUCXO-
IAT Ha (hoHe ee cPeAHEro IOCTOAHHO-
ro 3HadYeHusd (HampuMep, CpPeIHEro
° YPOBHSA KPOBEHANOJHEHHUA), KOTOPOE

¥ XapakTepusyeTcd BeJIMUYUHON A, B
dopmyne (6.27).
- KonuuectBo rapmMoHuK, BxoAd-

Puc. 6.5. Coouoe IIUX B COCTaB CJIOXXHOr0 KojebaHus
kosebanue c nocroaupuoii  (6.27), ompepensierca CJIOMKHOCTBHIO

cocTaBaAIIeH A,. HCXOMHOIrO Kosebauud x(t) ¥ MOXKeT
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ObITh OYEHb OONBLIIUM (JEeCATKM, COTHHM M THICAYU TapMOHHUK).
IIpu paccMOTpeHHMM peayibHBIX KO0Je0aTeJIbHBIX NpPOIEcCOB CJIe-
IyeT y4YecCTb, YTO BKJAJA OTAEJbHBIX TapMOHWYECKHX COCTAB-
JAKIIUNX B aHAJM3UpyeMoe CJIOKHOe KojebaHue pasiauyeH,
B dopmyay (6.27) oraesbHBIE TADMOHUKY BXOJSAT C PA3SHBIMU aM-
ILINTYJaMU.

I'padux, mo ocu abeuyee KOTOPOTo OTIOMKEHBI YACTOTHI TAPMO-
HUK, a II0 OCH OPJUHAT COOTBETCTBYIOIINE UM aMILIUTYAbI, IpeJ-
cTaBJIseT COO0H 2apMOHULECKUL CneKmp CAOHCHOZ0 Konebanus
(puc. 6.6).

A

| | I 1
™19

Puc. 6.6. 'apMoHMUYECKHU# CIEKTP CJIOKHOIO KosebaHus

®; 0y 0y ®

Corsacuo puc. 6.6, MOKHO cJeaTh BbIBOJ[, YTO FAPMOHHUKH,
YacTOTa KOTOPBIX MPEBBILIAET 5, UMEIOT OYEHb MAaJIyI0 aMILIN-
TYRy ¥, CJIeZOBATEJbHO, UX BKJIaJ B K0oJebaHUe, rapMOHUYECKUH
CIIEKTD KOTOPOTO IIPeACTaBJIeH Ha PUCYHKe, HeaHauuTeseH. 110a-
TOMY MOYKHO CUUTATh, UTO pAX Pypbe AJA 3TOr0 CAYYIAS COAEP-
skuT 10 cinaraemmx (k= 1, 2, 3, ..., 10) u Bca undopmanusa o
CJIOXKHOM K0J1e0aTeJIbHOM IIPOoIecce 3aKJIIoYeHa B II0JIOCE YaCTOT
OT ®, (OCHOBHAA YacTOTa IIpolecca) A0 Wq.

6.6. lNpuHumnbl npumenenms @ypbe-aHaau3a
AAf OOpabOTKM AMArHOCTUYECKUX AAHHbIX

MHOroumucjJeHHbIe MIPOLECCH] KU3HeAeATeIbHOCT OpraHmu3Ma
HOCAT NEePHOAMYECKNIT XapaKTep (cepiedHble COKPAUIEHMs, Abl-
XaHVe, KPOBEHAIIOJHEHWEe COCYAOB H T.J.), IIO3TOMY OarHOCTH-
4YecKue JaHHBbIE, IIO3BOJSIOLIME CYyAHThL O paboTe DPAja opraHos
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9KT

s -
1 . T N 1-s1 rapMoHuKa

/J\BRF
N— N— !

0y 2-s1 rapMOHUKa +
T/2 9KT

. . . . . . . . . . .

Puc. 6.7. Pasnoxenue KT Ha oTAe/bHbIE FTApMOHUYECKHE
COCTaBJAIOIIYE

¥ QYHKIVOHANBHBIX CUCTEM OPTaHU3MA, IPEICTABJIAIOTCS B BIe
NEPHOAWYECKUX KpHUBBIX. Hampumep, sjeKTpoKapamuorpaMmma
(OKT) npexcraBasger coboii 3adurcupoBaHHYIO Ha OyMayKHOM
JIeHTE WJIM HAa SKPaHe MOHUTOPA CJIOKHYIO NEPUOAMYECKYIO 3a-
BUCHUMOCTH OT BpeMeHU ¢ GUOIOTEHINANOB ¢, COMPOBOMKAAIOMUX
padory cepaua (puc. 6.7). Oopadorra manHbix KT MmMoxer GBITH
MPOU3BeJEeHA ¢ IOMOIILI0O TRDMOHUYECKOT0 aHanusa. C moMoIsio
CIIeIIMaIbHEIX NIPUOOPOB — AHAAUIAMOPOE MOJYYAOT TAPDMOHHU-
yeckuii cuektp IKT. HacToTa nepBoii rapMOHMKHM B 5TOM CIIEKT-
pe COOTBETCTBYET YacTOTe CepPAEYHBIX COKpPAIIleHUIH y HalueHTa.
Ona cocrasaser okoso 1 I'u (mepuon T nopsaaka 1 ¢). M3 peanssHO
MONYUYEHHBIX CIIEKTPOB caexyer, 4ro rapmonuxku IKI' ¢ gacro-
tamu cBbimie 150-400 I'i uMeOT mpeHeGpesKMMO MANYIO aMIl-
auryny u npu pasiaoxkennu SKT' B pag @ypre [dopmyana (6.27)]
MOKHO OrpAaHMYHUTLCH IOCJeRHeH cocTaBisalmell ¢ gacToToii
400 T'r. 9ro osmadaeT, 4To MHOPODMamua 06 3JIEKTPHUUECKO:
IesITeILHOCTH CepAlia 3aKJIoYeHa B YacTOTHOM JAHANAa30He OT
0,5 T’y (MUHEMAJIBHO BO3MOMKHAA 4aCTOTa CepAeYHBIX COKpaile-
uuit) go 400 I'u (vacTora rapMOHHUKM CaMOT0 BHICOKOrO IOPALKA).
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IIpuMeHeHNE TADMOEUYECKOTO aHAJN3A IJIA 06pabOTKH CIIOMK-
HBIX IEPHOJUYECKUX (HUIMOJOTHUECKUX IPOLIECCOB IO3BOJIAET
¢ MOMOIIbIO 3JIEKTPOHHONU M BHIYUCINTEIBHON TEXHUKM aBTOMA-
TH3UPOBATh QUATHOCTUKY 3a00JieBaHMiIl U CYIIECTBEHHO pACIIM-
PUTHb €e BO3MOXXHOCTH.

6.7. MexaHunyeckue BOAHbI

Mexanuveckan eoana npencTasiseT cofoil mpoiece pacupo-
CTpaHeHUA MeXaHHMYeCKMX KoJyieDaHuil B yIpyroi cpepe.

W3-3a HauMuua YIPYTUX CBA3ed MeXXAy YacTHIAMU Cpejbl Ie-
pUOIUYEeCKHEe CMEIeHNs OQHONH U3 YaCTHUIl BHI3EIBAIOT CMEI[eHUe
COCEHUX YACTHUIL C TAKUM JKe IepPHOJOM. ITOT IIPOIeCC PACIpO-
CTpPaHseTCsa B YIPYToi cpelie ¢ HEKOTOPOiIl CKOPOCTHIO, OIpeesIs-
eMOH TOJIBKO MOAYJIeM yIIPYyrocTHu E 1 NJIOTHOCTBIO P CPEABI:

v= |E . (6.28)

p
Bosina HaswsiBaeTcsa npodoabHOll, eCiu HalpaBjlieHWe cMelle-
HUSA YaCTHIL cpeJbl COBIAJAeT ¢ HAIPABICHHNEM PACIPOCTPAHEHUSA
BoJHBI. ECJIM sKe 3TH HanpaBJIeHUA B3aMMHO IIePHeHAUKYIADHBI,
TO BOJIHA HAswIBaeTCA nonepeurnoil. IIpogosbHble MeXaHUYECKUE
BOJIHBI MOTYT PACIPOCTPAHATHCSA B JIOOBIX cpefax (KpoMe BaKy-
yMa), a MonepeyHble — TOJbKO B TBEPABLIX TeJaX.

6.7.1. YpaBHeHHe BOAHbDI

PaccMoTpeHHbIe paHee MaTeMaTHUYeCKHe BbIpasKeHHs, OIH-
CBHIBAJOII[ME XapaKTep KoJiebaHWii, ONpeReNAoT cMelieHue Kak
dyHKIIMIO oqHOI IepeMeHHOH — BpeMmeHH. CMmelleHue S YaCTHIL
cpelbl B BOJIHE 3aBHCHUT YIKe OT JBYX IIePeMeHHBIX — BPeMeHM ¢
M IIPOCTPAHCTBEHHOM KOOPAMHATBHI X — U o6JajaeT HOITOMY
IBOMHON IIEePUOIUYHOCTHIO.

asi monyuyeHnsa ypaBHEHHUS BOJIHBI, T.€. AHAJUTUYECKOI'O BhI-
paxkeHna QyHKIMH ABYX nepeMeHHbIX S = f(t, Xx), IpeAcTaBUM,
YTO B HEKOTOPO# Touke M IIPOCTPAHCTBA BO3HUKAIOT TFapMOHU-
YyecKMe KoJebaHuA ¢ KPYroBoi 4acToToN w, aMILIUTYAONR A u Ha-
vanbHO# (hasoit ¢ = 0:

S, =Asinwt.
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IlocKONIBKY uacTHUIBI CPeAbl YIPYro CBS3aHBI MEXAY coboii,
TO KoJieDaHusA oT Toyku M pacupocTpaHSAIOTCA BAOJb OCH X CO
CKOPOCTBIO U U uepe3 HEKOTOpoe BpeMsa At gocrturaior Touku N
(puc. 6.8).

T T

0 x

Puc. 6.8. YpaBHeHUe BOJHBI

Ecnu B cpeje orcyTeTBYeT 3aTyxaHue, TO CMellleHue B ITOH
TOUKe MMeeT Buj Sy =Asinm(f — Atf), TaKk Kaxk cMellleHHe 3[ecChb
3anasfgbiBaeT Ha Bpems Af orHocurtenbHo Touku M. Ilockouasky

At = MN _ x , TO, IOACTABUB 9TO B (hopMyay auasa Sy, HOIYIUM
v v
ypaBHEHHE BOJIHBI

S=Asino (t - %) . (6.29)
v
YuuTeiBasg, 4TO m=—277n , rge T — mnepuox, a AJMHA BOJIHBI
A =0T, dopmyany (6.29) MoXKHO 3amucaTs B BUAE

S = Asinzn(i - -’F—) . (6.30)
T A
Ypasueuus sonnsl (6.29) nan (6.30) TO3BONAIOT ONIPEAEINTH
cMelreHye J1000i TOUKY ¢ KOOpZUHAaTO# X B /110601 MOMEHT Bpe-
MeHu t.

6.7.2. TOTOK 2HEPIUN U MHTEHCUBHOCTL BOAHDI.
Bextop YmoBa

BoanoBoil mporecc CBA3aH C paclpocTpanenneM sHepruu E B
mpocTpaHcTBe, KosmuyeCTBEHHOM 9HEPreTUYECKO XapaKTepuCTH-
KO 3TOro mpolecca SABJIAETCA NOMOK Inepzuu @ — OTHOILLIEHHE
3HEPruu, epeHeceHHOI BOJHOH uepe3 HEKOTOPYIO IOBEPXHOCTD,
KO BPeMEeHH £, 32 KOTOpPOe dTOT IlepPeHoC coBepuiaeTca. Eciu mepe-
HOC 2HEPruHU OCYIIeCTBJIAEeTCA PaBHOMEpPHO, 10 P = E/t. B Gonee
ob1eM ciyyae MOTOK IPEJCTABISET MPOUIBOAHYIO OT SHEPIUH 110
BpeMenun — @ = dE /dt. EfuHnnell n3MepeHus MOTOKA SHEPIUH B
CU aenserca sart (1 Br=1 JIx/c).
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Humencusnocms (nromnocmsb nomoxa 3nepzuu) 60anot I —
OTHOIIEeHHEe NOTOKA dHepruu P K IIOIaAyu S IOBepXHOCTH, pac-
MOJIOXKEHHOI NePIeHANKYISIPHO HANIPaBJIEHHUIO PacIIPOCTPAHEHU S
BOJIHBL M IIpeJCcTaBJiAIoOmeN co60il MOTOK SHEPTruM yepes eIUHU-
ny noBepxHOCTH. IIpy paBHOMEPHOM pacupeiesieHNH dHEePTrUH 10
aroit moBepxHoctu I =P/S=E/St; B obmem cayyae I =dP/dS.
VsmepseTcsa WHTEHCHMBHOCTb B Br/M2,

IIpepcTaBuM yuaCTOK cpelXbl, B KOTOPO#l paclpocTpaHseTcs
BOJIHA, B Bujie napaJjesenumnena aauuoi l. Ilnomazas rpanu na-
pajulesienunena, INIEPHEHANKYJIAPHONR HAMPABICHUI0 CKOPOCTH
BOJIHBI U, 060o3HauuM 4depes S (puc. 6.9).

S

l

Puc. 6.9. CBasp MeKAy MHTEHCUBHOCTDHIO BOJIHBI ¥ CKOPOCTBIO
ee pacIpoCTpaHeHUA

Beegem 06eMHYIO IVIOTHOCTh 3HEPIUU K0JIe0ATEIbHOrO JBH-
JKEHHUSA W, MPEACTABJAIOIIYIO KOJINYECTBO KoJiebaTeIbHOM 9Hep-
ruu B eguHMLe odbema cpenwl: w = E/V, 3a Bpemd t duepes ILJIO-
manKy S mpoiifier sHePrus, paBHAf NPOU3BEJEHNIO BEJIUYUHBI
oobpema V =1S = vtS u 06beMHOM IIJIOTHOCTH SHEPTHH:

E = wutS. (6.31)

Paapenus jeByio u IpaByIo 4acTu 3Toi (GopMyJibl HA BpeMd U
IJIOMIab, IIOJIYYUM BHIpaXK€HHUe, CBA3BIBAIOIee MHTEHCHBHOCTD
BOJIHBI M CKOPOCTB ee pacmpocrpaneHus: I = wv. Bexktop I, mo-
AyJb KOTOPOTO paBeH MHTEHCHBHOCTH BOJIHBI, 4 HAaIlpaBJIeHHe
COBIIaZlaeT ¢ HANIPABJIEHUEM €€ PACIPOCTPAHEeHUd, HOCUT HasBa-
HHUe éexmopa Y moea:

I=wv. (6.32)

Dopmyay (6.32) MOKHO IIPEACTABUTEL B HECKOJIBKO MHOM BH/IE.
YuureiBasg, 4TO 3HEPTUA rapMOHMYECKHx KoJebGanuit [cM. dop-

myay (6.9)] E =% Ago)f, " Macca m = pV, TJe p — ILIOTHOCTH
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BenecTBa; V — 00beM BeleCTBA, IONYUNM BRIPAKEHUE HJis 00h-
€MHOM IIJIOTHOCTH SHEePruy BOJIHBI:

w =-;- 22 , (6.33)

Teneps hopmyna (6.32) npunuMaer Buj
I =—;-pA§a)gﬁ : (6.34)

Wrak, YHTEHCUBHOCTh MEXAHUYECKOH BOJIHBLI IIPSAMO IIPOIOP-
IHOHAJIBbHA CKOPOCTH €€ PACNpPOCTPaHEHUA, KBAAPATy aMILIUTY-
IbI Kosrebauuii yacTul, cpebl ¥ KBAAPATY YACTOThI KOJeOaHUA.

6.8. dddext Aonaepa

Ippexm Jonnepa COCTOUT B U3MEHEHUU HLACNMOMbL 60/H,
BOCIIDUHMMAEMBIX HEKOTODBIM IIPHEMHUKOM (HalamoaaTenrem),
B 3aBUCHMOCTH OT OTHOCHUTEJbHOM CKOPOCTH JBUKEHUA UCTOUHM-
Ka ¥ HabJgrozaTess.

Korja ucroyHUK u IPpHeMHUK HEMOABMXKHEI (puc. 6.10, a), To,
€CTECTBEHHO, YaCTOTA BOJIH, PETUCTPHUPYEMEIX IIPHEMHUKOM, COB-

WUcTtounuk IIpuemMunk
D)) Y v
a Bonna Us g -
vKOT
=) e
4 —v_—’ A'21:|p
B —’-'—1——
vuc’r
1 vnp< Uher
8 2] ;"3np

Puc. 6.10. ismeHeHue AJUHBI A IPUHUMAEMOH BOJHBI BCJIEACTBUE
adpdexTa Homnepa:
@ — TIPH Vg, = U,y 6 — MCTOYHMK NPUOAMIKACTCSA K IPHEMHUKY;
6 — HCTOYHUK YJAJSEeTCs OT IPUEMHHUKA
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IagaeT ¢ YaCTOTOW BOJH, MCIYCKAEMBIX HCTOUHUKOM: Vi = Vipe
Ecnu ucTouHUK NpUOAMIKAETCd K HENOJABMIKHOMY IPMEMHHKY
¢ HEKOTOPOIl CKOPOCTBIO U, ., TO €r0 JBHXKEHHE BHI3BIBAET «CoKa-
THe» BOJIHBI, T.e. DACCTOSHUSA MEXAY MAKCUMyMaMu (rpeGHIMM)
BOJTH YMEHbIIAIOTCA (YMEHbINAIOTCA AJTMHA BOJHBI A, U ee IepH-
0Jl, peruCTPUPyeMble IPUEMHUKOM), & YaCTOTa BOCIIPUHUMAEMOT0
BOJIHOBOT'O IIPOIlecca YBeJIMUUBACTCA: V,, > V,., (puc. 6.10, 6). IIpu
yaaseduu ucrouHuka (puc. 6.10, g8) Bce mpoucxoautr Hao6OPOT.
B obmiem cayuae, Korja HMCTOYHMK M IPUEMHUK [IBHIKYTCA
B/OJIb OJHOM HPAMOMA CO CKOPOCTAMH U, U Uy, , 4aCTOTa, BOC-
NPUHUMaeMas TPUEeMHUKOM:
v, tv
Vp = (6.35)
B+vHCT

rae v, — CKOPOCTH BOJIHEBI B CpeJje.

BepxHue 3HaKH, T.€. «+» B YUCJUTEJIE 9TOU (DOPMYILI U «—» B
3HaMeHaTeJle, COOTBETCTBYIOT CONMIKEHUI0O UCTOYHUKA U MpPHeM-
HUKA, a HIKHUE 3HAKU — MX B3aMMHOMY yIaJIEHUIO.

PasHocTh MPUHHMaeMO# U M3Tyd4aeMOH 4acTOT AV =v, — V,.
Ha3bIBaeTCH O0ONAEPOBCKUM COBUZOM, OH IOJOMKUTENLHBIA IpPHU
cOMMKeHN UCTOYHMKA ¥ MIPUEMHHKA W OTPULIATENIbHBIH IPU UX
yIajleHUH¥, a 0 BeJIWYMHE CABUra MOYKHO ONPeAeIUTh CKOPOCTH
MX OTHOCHUTEJIbHOTO JABUKEHUA.

IIpMHOMOBI HCTIONB30BAHUA
atdderra /Ionaepa ajsa ompe-
JeJIeHUSI CKOPOCTH IBHKeHUA
Kposu. IlpencraBumM KpoBe-
HOCHBIM COCY[, Ha HEKOTODOM
y4acTKe KOTOPOTO HeoOXOAMMO
ONpPERENIUThL CKOPOCTH JIBIKe-
HMA KDPOBHU V,, (puc. 6.11). Or
WCTOYHHUKA yJIbTPA3ByKa Ha CO-
CyJ HAIpPaBJfAETCA IIYyUYOK YJIb-

Hcrounuk
yABTPasByKa

uer

OTtpaxeHHas BOJIHA

IIpreMHEUK

TPa3BYKOBBIX BOJH C YaCTOTOH yABTPASBYKa
. o Vv
Vyere HHEKOTOPBIN ABMIKYHIUNACA P
CO CKOPOCTBIO V,, 06B€M KDO-  pyc. 6.11. IIpumenenne spdexTa
BN OTpaxxaeT YJbTPa3BYKOBbIE I[onj[epa AJIS OIIpeNeNIeH s

BOJIHBI B pa3JHUYHBIX HAaIpaB- CKOPOCTH OBUKEHUS KPOBU
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JeHUsAX, B TOM YHCJe M B HAMpaBJeHUU NPUEMHUKA YJIbTPa3BY-
ka. Takum obpasom, 3TOT 00'b€M KPOBU CTAHOBUTCA ABUMKYIIIUM-
¢ BTOPHUUYHBLIM MCTOYHMKOM YJbTPasByKa. JTO 3HAYHUT, YTO B
COOTBEeTCTBUU ¢ 3dhderTom Jlomiepa HacToTa BOJIH, PETUCTPUDPY-
eMBbIX IPUEMHUKOM V,,, 6yJeT OTJINYaThCS OT YACTOTHI HCXOLHOTO
yapTpasByka. Pasuuna yacTor (JONJIEPOBCKUI CABUT) 3aBUCUT OT
CKOPOCTH KPOBH:

Vip™ Vier = AV = f(Uy).

Ilo BennumHe 3TOr0 YaCTOTHOrO CABHUTA MOXKHO OIIPEIEIHTh
JUHEHHYIO CKOPOCTh KPOBH, a ITI0 3HaKy — HallpaBJIeHUE ee JABU-
KeHUsA OTHOCUTEJIbHO IIPUEeMHUKA.

Hanusiii MeTos ABJIAETCSA HEMHBASMBHBIM — M3MEPEHUA IIPO-
BOAATCA 0e3 HapylIeHMs IIeJIOCTHOCTH cocyza. Eciu mioimanb
TIONIEPEYHOro CeYeHMsA CUMUTATh WM3BECTHOH, TO PacCMOTPEHHBIM
METOOM MOXKHO OIpeAe/UTh U 00beMHYIO CKOPOCTH KPOBOTOKA.
CyliecTBEHHO, UTO NIPY U3MEPEHUAX HET He06XOAMMOCTH OIIpee-
JATH UHTEHCUBHOCTH OTPAXKEHHOTO KPOBBIO YJIbTPasByKa, KOTO~
pas 3aBHUCUT OT MHOTHUX (paKTOPOB, B TQM YHCJIE U COBEPIICHHO
cayuaiinbix. HeobxoaumMo u3MepuUTh JUIIL PA3HHUILY YaCTOT Av,
YTO COBPEMEHHAA M3MEPHTEJIbHAA TEeXHUKA II03BOJIAET BBHIIOJ-
HHUTH C BBICOKO¥M TOYHOCTHIO.

KOHTpO/\beIe BOMPOCHI 1 3aAaHUA

1. 3anumute guddepeHINANIbHOE YPaBHEHNEe rAPMOHUYECKUX KoJje6a-
HUM U BRIPaKeHUe IJIs CMeIlleHus.

2. 3anuinTe BeIpasKeHue AJId CMelLleHUs IPU 3aTyXalolleM Koaebannu.
Yro Takoe sorapudmuieckuil fekpement saryxanna? Kak oH cBs-
3aH ¢ KO3 PULMEHTOM 3aTyXaHuA?

3. OT Kakux IIapaMeTPOB 3aBUCHUT YaCTOTA BLIHYKIEHHOTO KoJjebaHus
¥ KaxkuM obpasom?

4. B ueM COCTOUT SIBJICHHE PE30HAHCA U PN KAKUX YCJI0BUAX OHO IIPO-
nCXOxUT?

5. B uem cymuocTb TeopeMsl Pypre? UTo Takoe rapMOHUYECKHI CIIEKTD
NepUoOAMYECKOro mpoiecca?

6. BanumniuTe ypaBHeHNe MEeXaHHUYEeCKOIl BOJHEI, YKAKUTE CMBICJ BXO-
LAIMX B HEr0 BEJIUYUH.

7. OT KaKUX NMAapaMeTPOB 3aBMCHUT MHTEHCMBHOCTDL BOJIHBI M KaKuM 06-
pasom?

8. B uem cocrout sdpdext Honnepa? Kak oH ucnoabsyercs Ajis onpeje-
JIeHHA CKOPOCTH KPOBOTOKAa?
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Axycmuxa — paszgen QUIHKHU, UCCAEAYIOIINN ynpyrue BOJ-
HBI OT CAMBIX HUBKHMX YACTOT A0 CAMBIX BbICOKMX (10'%-10'% I'm),
B 60JIee Y3KOM CMBICJIE — y4YeHWe O 3BYKe.

MexauuuecKue BOJMHEI, IMEIOI[ME YACTOTHI OT CAMBIX HU3SKHX
no 10'2-10'® I'u, HassbIBAIOT akycmuiecKkumu.

B gmanasone uyacror or 16 I't go 20 000 I'u Bo3zmeiicTBUE
aKyCTUUYECKNX BOJIH Ha CJHYXOBOH ammapar 4eJIOBEKAa NPUBOAUT
K (pOpPMMPOBAHUIO CIAYXOBOIO OIyIIeHusA. [loaToMy MexaHuuec-
KHe BOJIHBI 3TOTO [HUANA30HA HAas3hIBAIOT 38yKoevimu. Ilpu uac-
ToTtax, npessimanimx 20 kI, MHEPIIMOHHOCTL 3BYKOBOCIIPU-
HUMAIOILIEro ammnapara He II03BOJIAeT COPMUPOBATH CIYXOBOE
OLIyLIeHNEe — 3Ty O0JacTh YACTOT HASBIBAIOT YJAbMPA3BYKOM.
Ha uactorax mmxke 16 'y omyinenume 3ByKa TakKe He BO3HU-
KaeT — BOJIHBI CTOJIb HU3KUX YACTOT HA3LIBAIOT UHPPAIBYKOM.

CiieiyeT OTMETHUTDb, YTO YACTOTHBIN JMANAa30H ONIYILEHUS 3BY-
Ka y Pas3HBIX OPraHM3MOB Pa3jMUeH — HAIpuMep, AeJbGUHBI 1
JeTy4yhe MBI BOCHPHHUMAIOT 3BYKHM 3HAUYHTENbHO OOJbIIEH
4aCTOTHI, YEM UeJioBeK. Kpome Toro, yacToTHasA rpaHUIla BOCIIPH-
HHMAaeMbIX 3BYKOB 3aBHCHUT OT BO3pacTa. B Ipoliecce CTapeHUdA
YeJIOBeKa WHEPIMOHHOCTL €ro CJAYXOBOI'0 ammnapaTa yBeJnduBa-
eTcsl, U B TOXKUJIOM BO3PAcTe BepXHAS IPAHHMIlA 3BYKOBOT'O Iua-
Ia30HAa CTAHOBUTCA cyllecTBeHHO MeHbmieid 20 k',

7.1. ®u3nveckue n ¢usnorornueckue
XapPaKTEPUCTUKN 3BYKOBbLIX BOAH

DusnuecKe XapakTEPUCTUKN aKyCTUUECKUX U, B YACTHOCTH,
3BYKOBBIX BOJIH MMEIOT OOBEKTUBHBIN XapaKTep U MOIyT OBITh
H3MepPEeHBl COOTBETCTBYIOIIUMY IIpubopaMu B CTAHAADTHBIX edu-
HUUax. BodHuKawIee moj AeHcTBHEM 3BYKOBBIX BOJIH CJIYXOBOE
OIYIIIEHNE CYOBEKTHUBHO, OJHAKO €ro O0COOEHHOCTH BO MHOTOM
OIpE/IeNIAIOTCA NapaMeTpaMu (PU3UUYECKOro BO3JeldcTBus.

8-5281
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Cropocmb akxycmuveckux 604H U OIIPeAessaeTcsa CBOMCTBAMU
cpenbl, B KOTOPOI OHY PACHPOCTPAHAIOTCA — ee MOAYJieM yIpy-
roctd E ¥ mIOTHOCTHIO p:

v =E/p. (7.1)

CropocTh 3BYKa B BO3Ayxe cocTaBiser okoyuo 340 m/c u 3aBu-
CHUT OT TeMIiepaTypsl (¢ U3MEHEeHUEM TeMIlepaTyphbl U3MEHSeTCHA
IJIOTHOCTh BO37yXa). B sKHMAKUX cpejax M B MATKUX TKaHAX Op-
raHu3Ma dTa CKOPOCTh cocTamisieT okoso 1500 m/c, B TBepabIxX
tesnax — 3000-6000 m/c.

B dopmyay (7.1), onpeneasioilyi0 CKOPOCTh PacIpocTpaHe-
HUA aKYCTUYECKUX BOJIH, He BXOAUT UX YaCTOTa, [I09TOMY 3BYKO-
BbI€ BOJIHBI PA3JIMYHOM YACTOTHI B ONHOH U TOH 2Ke cpefe UMEIT
MIPAKTHYECKU OJMHAKOBYIO CKOPOCThb. VICKJIIOUEHME COCTaBJIAIOT
BOJIHBI TAKMX YaCTOT, AJISI KOTOPBHIX XapaKTepPHO CUJIbHOE ITOTJIO-
HieHue B ZapHOH cpeme. OOBIYHO 3THM YaCTOTHI JIEXKAT 3a Ipene-
JaM¥ 3BYKOBOTO auamnasoHa (YyIbTPa3BYK).

Eciu 3ByKOBHIEe KoJieOaHUS NOPEACTABJIAIOT NEPUOSUUYECKUI

polecc, TO TaKKhe 3BYKH Ha3BLIBAIOT-

A, % cA mMOHamu UIN My3bIKaJIbHBIMU 3By~
kamu. Oup MMeIOT AUCKPETHHIN rap-

100 t MOHUYECKWY CIIEKTD, IIPEeACTaBAAA
50 | Ha0oOp TapMOHHK C OIpPEeIeHHBIMU

yacToTamu u ammiauryjgamu. Ilepsas

l TapMOHMKA YaCTOTHI () HA3bIBAETCS 0C-

100 800 v,Tn  yognvim monom, a rapMoHHuKM GoJiee

Puc. 7.1. CueKTp CIO¥KHOTO BBICOKHMX NOPAAKOB (C yacToTamu 20,
TOHA 3w, 40 u 1.81.) — obepmonamu. Juc-
motil (111 IPOCTOM) MOH COOTBETCTBY -
eT 3BYKOBBIM K0Jie0aHWAM, UMEIOIWM JIUIIL OAHY 4acToTy. Ha
puc. 7.1 moKa3aH CIEKTP CJOXKHOTO TOHA, B KOTOPOM IIDeJACTaB-
JIEHBI UeThIpe IapMOHMUYECKHX cocrasigromux: 100, 200, 300
u 400 I'n. BennuyHa aMIUIUTYABI OCHOBHOT'O TOHA HNPUHATA 34
100 %.
Henepuoanueckue 3BYKH, HA3bIBAEMble WYMaAMU, HMEIOT
CILJIOIIHOH aKycTH4ecKuii crekTp (puc. 7.2). Onu 00yCJI0BIEHBI
IIpoIlecCaMy, B KOTOPBIX aMILTUTYAA K YACTOTa 3ByKOBBIX Kosieba-
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HUI U3MEHAIOTCA cO BpeMeHeM A, %
(Bubpamus gerajseit mamwux, 100 r
IIOPOX H T.IL.).

Humencuenocmov 3eyxa 1,

KaK Yy'Ke OTMeyaJioch paHee,
npejacraBinsier coboid 3HEPTruIio
3BYKOBOH BOJIHBI, IPUXOAILY-
I0CA HA MJIOIAAKY €AUHHYHOM
ILIOMia g 3a €IUHHILY BpeMe- Puc. 7.2. Cexrp myma
HHM, ¥ u3Mepaerca B Br/m.
OTa QU3MYECKas XapaKTEPUCTUKA ONpeJeNaeT YPOBEHL CIYyXOBO-
ro OLIYIeHUS, KOTOPLIM HA3LIBAETCA 2PDOMKOCMbIO U SBISAETCS
CYyOBEKTUBHBLIM (PHU3HOJOTrHMUYECKHM IapamMeTpoM. CBsasb MeKAy
MHTEHCHUBHOCTHIO M TPOMKOCTBIO HE fABJIAETCA IIPSAMO IPOIOPIIHO-
HaabHO. IIoKa OTMETHM TOJBKO, YTO C YBEJIMUEHNEM MHTEHCUB-
_HOCTH BO3pacTaeT U oLlylleHue rpoMkoctu. KonuuecTBeHHYIO
OLIEHKY T'POMKOCTHM MOYKHO BBITIOJIHUTbH, CDABHUBAA CJIYXOBLIE
OLIYIIeHUs, OOYCJIOBIEHHLIE 3BYKOBBIMHM BOJHAMM OT HCTOYHU-
KOB C Pa3JIMYHOH MHTEHCUBHOCTHIO.

IIpu pacupocTpaHeHHMH 3BYKA B CPeZle BOSHUKAaeT HEKOTOpoe
Io0aBOUYHOE JaBJeHWE, IepeMelnaplieecsi OT UCTOYHHMKA 3BYKa
K IPUEMHHUKY. BeJnunHa aTOro 36YK06020 daénenun P Taxxe
MIpeJCTaBIAEeT (PU3NUECKYIO XapaKTEPUCTUKY 3BYKa U CPeAbl ero
pacupocTpaneHns. OHa CBs3aHa ¢ MHTeHCUBHOCTRIO I COOTHOIIIE-
HEEeM

50

500 1500 v, I'g

P=/2Ipv, (7.2)

rae p — ILJIOTHOCTH CPeAbl; V — CKOPOCTh PACIPOCTPaHEHNA 3BY-
Ka B cpege.

Benuuuny Z = pv Ha3LIBAOT YOenibHbIM aKycmuiecKkum co-
npomuénenuem Ui YolenbHbiM AKYCMULECKUM UMNEIaHCOM.

YacTora 3BYKOBBIX TapMOHMUYECKUX KOJIeGaHUU OIpemesseT
TY CTOPOHY 3BYKOBOI'O OLIYINEHUS, KOTOPYIO HA3bIBAIOT 6bLCOMOU
36yxa. Eciu 3ByKoBbIe KoJie6aHUAA II€PUOUYHBI, HO HE IOAYNHSA-
IOTCA IapMOHUYECKOMY 3aKOHY, TO BBICOTA 3BYKa OLIEHMBAETCH
YXOM II0 4acTOTe OCHOBHOrO TOHA (IlepBafd TapMOHHYECKas CO-
craBidAmNias B pagy Pypre), mepuoJ KOTOPOTO COBIIAJAeT ¢ Ie-
PUOJIOM CJIOXKHOTO 3BYKOBOI'O BO3JE€HCTBHS.
8*
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OTMeTHM, YTO BO3MOKHOCTh OLIEHKY BBICOTHEI TOHA CJIYXOBBIM
annapaToM 4eJioBeKa CBsf3aHa C TIPOJOJKUTEJIbHOCTHIO 3ByYa-
Hud. Ecau Bpemsa 3BykoBoro BosgeiicTeus mesasbire 1/20 ¢, To yxo
He CIOCOOHO OLIEHUTHL BHICOTY TOHA.

Bauskuye 1mo yacrore 3BYKOBbLIE KOJIeOaHUA IIPH OJHOBpPEMEH-
HOM 3BYYaHUM BOCIPUHHMAIOTCA KaK 3BYKU PasJUUYHONH BHICOTHI
B TOM CJy4ae, eClIi OTHOCHUTEJbHAA PAsHUIA YaCTOT IpEBBLIIAET
2-3 %. Ilpu MeHbIe# pPasHOCTH YACTOT BO3HMKAET OIIyIeHUE
CJUTHOTO 3BYKa CpeJHeil BHICOTHI.

CuekTpanbHBIM cOCTAB 3BYKOBBIX KoJsebauumii (cm. puc. 7.1)
OIIpeessieTca YUCJIOM FapMOHNUYECKUX COCTABJIAIOUIUX U COOTHO-
IIeHUeM HX aMILINTYJ U Xapakrepusyer membp 3pyxa. Tem6p,
KaxK (QU3HOJOTHYECKAs XapaKTEepPHCTUKA CJIYXOBOTO OIIMYINEHHUd,
B HEKOTOPOi#l CTeNMeHW 3aBHCHUT TAKIKE OT CKOPOCTH HapacTaHUA
¥ UBMEHYHUBOCTH 3BYKa.

7.2. OBAaCTb CABIIMMOCTH, MOPOr CAbIIMMOCTH
M nopor OOAeBOro oulyleHus

CanyxoBble outyiieHus1 GOpMUDPYIOTCSA JUIIbL B TOM CJIydae,
KOr[la MHTEHCHBHOCTh 3BYKOBLIX BOJIH IIPEBBIIIAET HEKOTOpOe
MHUHHMAaJIbHOE 3HAUYEHHE, Ha3bIBAEMOE NOpPO02ZOM CALLULUMOCTMU.
JJid pasjIMYHBIX YACTOT 3BYKOBOTO AMAIIA30HA 9TOT IOPOr' MMEeT
pasIuuHble 3HAYEHUA, T.e. CIYXOBOHU amnmapar objazaer cnexm-
PARbHOU YYy8cmaeumeibHOCMmbio.

3aBUCUMOCTL IOPOTra CJABIIIMMOCTH OT YacTOThl 3BYKA MOXKET
OBbITH OIIpeZiesieHa ¢ IIOMOILILIO HECTIOMKHOTO dKcIepumentTa. IIpea-
CTaBUM, YTO HMeeTCsA HeKOTOPHI 3ByKOBOii reHepaTop — ycTpoiic-
TBO, B KOTOPOM CO3/Ial0TCs dIEKTPHUYecKue KojeGaHus, mpespa-
IaeMble C IOMOIIbI0 AUHAMHUKA B 3BYKOBbLIE€ BOJHEBI Pa3IHMYHBIX
yacToT. MHTEHCHBHOCTh M YaCTOTY 3BYKA MOYKHO MJIABHO U3Me-
HATh U U3MepPATh. Y CTAHOBUB OIPeJleJIeHHOe 3HAUCHUE YaCTOTEI
3ByKa, OyzeM IJABHO YBEJMYMBAThL €r0 HHTEHCUBHOCTb HAUMHAA
¢ HyJIeBOrO 3HaueHMsA. MUHENMAJbHOE 3HAYCHNE HHTEHCHBHOCTH,
KOTOPOE BHI3LIBAET Y HMCILITYEeMOro OIyIeHue 3BYKa, IPeACTaB-
JsfeT IOPOr CJBIIIMMOCTHM JJIA AaHHON yacToTel. PesynpraTh
9TOr0 SKCIEPHMEHTAa NPEACTaBHM rpaduyeckm, OTKJIALBIBAA IIO
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Puc. 7.3. JuarpaMma CABIIIUMOCTH [JIS yXa YEJOBEKa

ocu abciuce YacToTy, a 0 OCH OPAMUHAT — IIOPOrOBOE 3HAUEHMe
MHTEHCHUBHOCTHY 3BYKa (HMI)KHAS KpuBas Ha puc. 7.3).

Tlogobuble 3KCIIEPUMEHTHI, IPOBeleHHble Ha OOJbIIOM YUC-
Jie UCIBITYeMbIX, OKAa3bIBAIOT, YTO yXO 06JazaeT MaKCHMAaJIb-
HOIl 4YyBCTBUTEJNBHOCTHIO B oOaactu uyacror 1000-3000 TIm.
3Iech MOPOroBoe 3HaUeHMNe MHTEHCHBHOCTH 3ByKa MUHMMAJbHO
u cocrasiser 107'? Br/m®. OTmMerum, uTO Mpu MHTEHCHBHOCTHU
1072 Br/m? amnauryga KojebaHuUHE yacTHI BO3AyXa B COTHH Pa3
MeHbllle AuaMeTpa MoJieKyJ. HopMajbHBINM CIyXOBOM ammapar
dopMuUpyeT CAYXOBOE OLUYIIeHNe IPU Kpaline cyabbix dHepreTu-
YeCKUX BO3LENCTBUAX.

C yBesmyeHeM HHTEHCHMBHOCTH 3BYKa BO3pacTaeT U OIylieHue
rpoMrocTu. OfHAKO 3BYKOBbIE BOJIHLI ¢ MHTEHCUBHOCTBIO IOPALKA
1-10 Br/m? BLISBIBAIOT OmIyIeHue Goiau. 3HaueHHE NHTEHCUB-
HOCTHU, IIPU IIPEBLIIIEHNN KOTOPOr'o BO3HUKAaeT 00Jib, HA3BIBAETCA
nopozom 6one6oz0 oujywenus. Kax u mopor CAbILIMMOCTH, OH
TOXK€ 3aBHCHUT OT YaCTOThHI 3BYKa (BepxHsAsA KpHUBadA Ha puc. 7.3),
XOTs U B MeHbIIel crenenu. O61acTh MHTEHCUBHOCTEM 3BYKA, 34~
KJIIOUEHHAS MeXXAY 60JIeBBIM IIOPOTrOM M IOPOTOM CJBIIIMMOCTHU
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(mesxy BepXxHell M HUJKHeH KpMBBIMHM Ha pUC. 7.3) M COOTBETC-
TByOIIaA YacToTHOMY Auanasony 16-20 000 I'u, nassiBaercs 06-
AACMBIO CALLWUMOCTIU.

7.3. 3akoH Bebepa — MexHepa.
YpPOBHU MHTEHCMBHOCTM W YPOBHW FPOMKOCTM 3BYyKa

O6bexTHBHAS (uU3NUEeCKas XapPaKTEPUCTHKA 3BYKOBO BOJ-
Hbl — MHTEHCUBHOCTBH OIIpefesisieT ee CyObeKTUBHYIO (hH3MO-
JIOTHUECKYI0 XapaKTepPHUCTHKY — T'POMKocTh. HKoauuyecrBenHas
CBA3b MEXKJAY HUMH YCTAaHABJIWBaeTCd Ha OCHOBe 3axKOHa BeGe-
pa — PDexnepa, CBA3LIBAIOIIEr0 CTEIEHDb OINYIIEHHUA U HHTEH-
CHMBHOCTb BBI3BABIIIETO €r0 PasApPasKUTENSA: OLIYIINeHNe PacTeT B
apupMeTNUeCcKOi IPOrpecCUM, eCJIM MHTEHCHUBHOCTh PA3APAYKU-
TeJsl yBeJIMYMBAETCSA B T€OMEeTPUUYECKOIl IPorpeccumu.

dpyrumu cinoBamu, (usmosornyeckas peaknus (B paccMma-
TPUBAeMOM CJiyyae TI'DOMKOCTb) Ha pasfpakuTesib (MHTEHCHUB-
HOCTb 3BYKa) He IPSAMO IPONOPLMOHAJIBLHA MHTEHCUBHOCTH pas-
APaKHUTessA, a BO3PacTaeT C ee yBeJHUeHNeM CYILIeCTBEHHO CJa-
6ee — DPONOPIMOHAJBLHO JIOTAPUPMY HHTEHCUBHOCTH pas-
JPaKUTeNs.

Jdns noscHeHwss (U3HOJOTMYECKO! SHAYMMOCTH 3TOTO 3a-
KOHa BCIIOMHHM rpaux Jjorapudmmyecxoil pyHrnuum y = klgl
(puc. 7.4).

ITpu mansix aprymenrtax I dyaknus y = klgl pacrer JOBOJIBHO
OBICTPO C yBeJMYEHUHEM apryMeHTa. 9TO 03HAYAET, UTO HebGOoJb-
Ioe yBeJIMUeHWe MaJIO MHTEHCHBHOCTH (Ha BeauuuHy Al) npu-

I’'poMrocTs
y=klgI

HNureHcuBHOCTE

Puc. 7.4. 3aBuCcUMOCTb MEKIY 'POMKOCTBIO if 3BYKa
M ero MHTEHCUBHOCTBIO |
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BOAMUT K 3HAYWUTEJbHOMY YBEJIWUYEHHUIO TPOMKOCTH (HA BEJIMUYUHY
AY;) — KaK TOJbKO MHTEHCHBHOCTH 3BYKa HEMHOIrO IIpPeBLICHJIA
MOPOTOBOE 3HAUEHME, YK€ BOSHUKAET CIYX0Boe omyenue. Ecau
JKe MHTEHCHBHOCTBH 3BYKa BeJIMKa, TO ee JaJjibHelilllee yBeJuye-
HHUE HA Ty JKe BeIuunHy Al maeT Majblii IPUPOCT IPOMKOCTH (Ha
BeJIWYHUHY Ay,) — IPH OOJBIION MHTEHCHUBHOCTH 3BYK XOPOIIIO
CJBIIIEH, W JajbHeiilllee yBeJW4YeHHe MHTEHCHUBHOCTH 3BYKA HA
BO3pacTaHue OIMYIEHUS FPOMKOCTH CKAa3biBAETCH CYIeCTBEHHO
caabee.

s ycTaHOBIEHUA KOJIHNUYECTBEHHOMN CBSA3Y MEXAY UHTEHCHUB-
HOCTBIO M TPOMKOCTBIO 3BYKa BBEJEM YpPOGeHb UHMEHCUEHOCTIU
36yka L — BeIuuWHY, IPOIOPUVOHAIBHYIO ZECATUUHOMY JIOTa-
pudMy OTHOIIEHUS WHTEHCUBHOCTHU 3ByKa | K UHTEHCHBHOCTH Ha
nopore casimumocTtu I, = 1072 Br/m?:

L =nlgl. (7.3)
IO
Koadpduuuenr n B dbopmymne (7.3) ompegenser eguHULY H3-
MepeHHsI YPOBHA HHTEHCHBHOCTH 3BYKAa. OOBIYHO IPHHHMAIOT
n =10, Torga BesuunnHa L usmepdaerca B fenubenax (xB). Ha mo-
pore casimumocTtu (I = I;) ypoBeHs HHTeHCHBHOCTH 3BYyKa L =0,
a Ha mopore 6osesoro omymerus (I =10 Br/m?) L=130 xuB.
Eciu, HanpuMep, HHTEHCUBHOCTH 3BYKa cocraBisgeT 107 Br/m?,
YTO COOTBETCTBYET HOPMAJIbLHOMY pasroBopy, To u3 dopmy-
aet (7.3) caeayer, UTO YPOBEHb €r0 MHTEHCUBHOCTH COCTABJISIET
50 nB.
Ypoeenwv zpomxocmu 36yxa (zpomrxocme) E cBA3aH C yPOB-
HEM MHTEHCHBHOCTH L COOTHOIIEHuEM

E=EL, (7.4)

rae kB — HeKoTOpbIil K0ahdUIHUEHT MPOIOPIMOHATbHOCTY, 3aBU-
CAIUA OT YaCTOTHl U MHTEHCUBHOCTH 3BYKA.

Ecan 61 moporosoe 3HaueHKHE MHTEHCHBHOCTH BOCHPHHHMA-
€MOro 3ByKa He 3aBHCEJIO OT ero 4acToThl, TO Koaddunuenr £ B
dopmyse (7.4) 6611 6B IOCTOAHHLIM, YPOBEHb TPOMKOCTH COBIIa-
gaJ O6bl ¢ ypOBHEM MHTEHCHBHOCTH M M3MepAJICA B Aenubesnax.
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OZHAKO YPOBEHBb I'POMKOCTH TaKiKe M3MEHSeTCA C 4acTOTOMH.
Hamnpumep, 3BYK ¢ ypoeHeM uuHteHcuBHocTH 20 nB m wyacroToii
1000 T'm O6yzeT BoCHpHHMMATHCS CYIIECTBEHHO OoJiee TPOM-
KHM, 4YeM 3BYK C T€M K€ yPOBHEM HMHTEHCHBHOCTH, HO 4aCTOTOH
100 T'u. OnmHAKOBBEIA ypOBeHb I'POMKOCTH HA 3THUX YacCTOTax
Oygmer mocTuruyr, ecau guas 1000 T’y ypoBeHb MHTEHCHBHOCTHU
cocraBasieT 20 gB, a gna 100 I'm — 50 gb. Ilo sTum mpuumHaAM
JJIA “U3MePEeHUs YPOBHS I'POMKOCTH BBOJUTCA ocofas egUHUIIA,
Ha3beIBaeMad Qorom.

Ha uwactrore 1000 I'y, npuaumaioT k=1, T.e. ypoBeHb UHTEH-
CHBHOCTH B flenfu6Gesniax M ypoBeHb I'DOMKOCTH B (hOHAxX coBmaja-
ot. Ha apyrux gacrorax B 00J1aCTH CABIIIMMOCTH AJIA Iepexona
or genuben K (poHaM HeOOXOAMMO BBOAUTL COOTBETCTBYIOIIIUE
MONPaBKU. ITOT EePeXo] MOMKHO OCYIIIeCTBUTH C IIOMOIIBIO KPU-
BBIX PaBHON TpPOMKOCTH (CM. pHC. 7.3), IOJYYEHHBIX Ha OCHO-
Bauuu GU3KUOJOTHUECKUX 3SKcnepuMeHTOoB. Hampumep, mycrb
mas vactoTel 200 I'y ypoBeHb MHTEHCHUBHOCTH 3BYKa COCTAB-
aser 40 gB. Yemy paBeH ypoBeHb I'poMKOcTH 3Toro 3Byka? Ha
puc. 7.3 Haxogum TOuKy ¢ KoopzumHatamu 200 I'm u 40 aB.
Ona Je)KUT Ha KPUBOI, COOTBETCTBYIOIIEIH YPOBHIO I'POMKOCTH
20 doH, ciaenoBaTeabHO, AJS JaHHOU yacToThl 20 QOH cooTBeTC-
tyet 40 nB.

OmnpefesieHre mopora CJABLIIIXMOCTH HA PasHbIX UYacTOTAX CO-
CTaBJIAeT OCHOBY ayduomempu — METOAOB U3MEPEHUS OCTPOTHI
cayxa. CpaBHMBas ayaquorpaMMbl (KpHUBbIe, AaHAJOTUYHbBIE IIpPe]-
CTaBJIEHHBIM HA PHC. 7.3), NMOJy4YeHHbIE NJIAd KOHKPETHBIX TAIlU-
€HTOB, C YCPeAHEeHHON HODMOMH, CYIsiT 0 XapaxKTepe ¥ CTENeHU
pasBUTHA HApPYIIEHUI CJAYyXOBOI'O anmapara.

7.4. OTpaxeHue W noraoweHue
aKyCTMYECKMX BOAH

IIpoxoasa rpaHumy pasieia ABYX Cpel, aKyCTUYECKHe BOJIHBI
[IpeTepleBaloT OTpa)keHUEe U NIPeJoMJeHMe MO 3aKOHAM, aHAJO-
THYHBIM 3aKOHAM OTPaKe€HHUA U IpejioMiieHusA cBera (puc. 7.5).
Koappuyuenm ompancernus R onpesenseTcss OTHOLICHUEM WH-
TEHCHBHOCTH OTPaK€HHON aKyCTUYECKOH BOJHEI [ ,,, K MHTEHCHUB-
HOCTH BOJIHBI, Iajarouleil Ha rpaHuny pasaena I, .. R=1,./I .
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Cpena 1 Cpepna 2

IIpesioMnennas
BOJIHA

%

Orpa’keanasn
BOJIHA

P1s Uy P2> Vg

Puc. 7.5. OTpakenue u npesoMJeHre aKYCTHYECKUX BOJIH

Ero BestMynHA 3aBUCHUT OT COOTHOILLIEHUA IJIOTHOCTEH cpef (p; ¥ Py)
M CKOPOCTell pacupoCcTpaHeHUsA aKYCTUUYECKHUX BOJIH B 3TUX Cpe-
nax (v, u v,). IlponaBegenye MIOTHOCTH CPeAbl U CKOPOCTH PAC-
NIPOCTPaHEHUs B HEH aKYCTHUUYECKMX BOJIH Ha3bIBAIOT YOenbHbiMm
aKycmuieckum umnedancom Uiyl 601HOEbLM CONPOMUELEHUEM
Z =pv. Tak kax v =./E/p [cm. dopmyny (7.1)], To Z =/Ep .
IIpu HopMmanbHOM najeHnu KOIMGUIIMEHT OTPaKeHUS
2 2
Z, -7 v, — p,U
R=|22"21| gy p=| 222" P10 | (7.5)
Zy + 7, P2V + P11y

W3 dopmynsr (7.5) BUAHO, YTO uyeM OoJbIlle PasandaioTCA
aKyCTUYEeCKHNe MMIIeJJaHChI Cpell, TEM Bhille Ko3DPUIIMEHT OT-
paskeHus. Tak, HanpuMep, Ha I'PaHUIle pasjiesa BO3AYX — BoOJa
orpaaercd cBrIiie 99 % sHepruu aKycTU4YecKOH BOJHBI U JIHUIIb
BeCcbMa MaJjiad 4acTb ee IIPOHMKAET B BOJAY IPHU NaJeHUH U3 BO3-
nyxa. OTpajkenue Ha IDaHMIAX Pasfiena PasiaWyHBIX OuOJIOru-
YeCKUX TKaHEe! CYILleCTBEHHO MeHbIlle. B wacTHOCTH, MPU mepe-
X0Je YJbTPa3BYKOBOM BOJIHBI M3 MBILIILI B KOCTb KO3QUITEeHT
oTpaskeHus cocrasiaeT 30-40 % . OueBuHO, UTO KOIPPuyuenm
npoxoxcdenun D=1 — R.

Wrak, npy najeHNH aKycTUYECKHUX BOJH C MHTEHCHBHOCTBIO
I, Ha rpaHuIly pasfesa IBYX CpeJ BOBHUKAIOT OTPAYKEHHBIE BOJI-
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HBI C ”HT€HCUBHOCTBIO I, = RI ., ¥ BOJIHBI, BXOJsI[Ke BO BTOPYIO
cpeny, ¢ MHTeHCUBHOCTBIO [, = DI, .

IIpu pacnpocTpaHeHMN aKyCTHHYECKHX BOJIH B Cpefie IIPOMCXO-
AUT UX IOTJIOUeHue, IpHYeM HHTEHCHUBHOCTb I, BOJHEBI C yBe-
JMYEeHNeM NPOXOAMMOro B cpefie PACCTOSHUA X YMEHbIIAETCH 1O

IKCNOHEeHYUANLbHOMY 3AKOHY.!

I, =1I,e", (7.6)

np=

rje k — IOKasaTesb IOTJIOLIEHUs, 3aBUCAILNI OT CBONCTB Cpehl
M YaCTOTHI BOJIHEL.

T'pacdhruecku sTa 3aBuCUMOCTh IMpeACTaBjJIeHA Ha puc. 7.6.

I

1

BX
Boaubt
SN

SN N
SN e
2

TosmuHA CI0A CPEABl X

Puc. 7.6. 3aBUCHMOCTb HHTEHCUBHOCTH | aKYCTHUYECKOM BOJIHSI,
poiejIeil 4epes CPeny, OT TOJIIMHEIL X CJIOS CPEJbI.

HOI‘JIOIlIeHI/Ie aKYCTHUYECKHUX BOJIH B CpeJe CHJIbHO 3aBUCUT
oT 4acToThl BoJiHBI. C YBeJINUEHHWEM 4YacTOThl IIOKas3aTejlb Ior-
JIONIEeHU A k YBeJIMYHUBAECTCA BO BCeX CpeZaX M BBICOKOYACTOTHEIE
aKyCTHUYEeCKHE BOJIHBI IIOTVIONIAIOTCA CYLIeCTBEHHO CHUJbHee, ueM
HHU3KO4YacCTOTHBIE.

7.5. YAbTpa3Byk M €r0 MEAULIMHCKOEe NpumeHeHHue.
Nudpassyk

MexaHUYEeCKHe BOJHBI, YACTOTHI KOTOPBIX 3aKJIOUEHbl B AUA-
nasone ot 20 k' ;o 10°- 10" Tu, HaswBalOT Yyabmpassyxom.
ECTECTBEHHBIX HCTOYHUKOB YJBTDa3BYKA B HPUPOAE NpPAKTH-
YeCKH HeT, 38 WCKJIIOUEHHEeM HEKOTODBIX JKMBOTHHIX (JeTydume
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MBIIIA, AeJb(PUHLL 1 Ap.). [IosTOMY [4JA MPAKTUYeCKOro UCIIOJb-
30BaHUs HEOO0XOAWMO YMeTb TeHEPHpOBATh M pPerucTpPUpPOBATHL
VJIBTPA3BYKOBbIE BOJHBI PA3HbIX YACTOT.

7.5.1. MoAyuyenue yAabTpassyka

HaubGosee pacmnpocTpaHeHHBIM ; ¥ ‘ 1 1 ?
CIIoco00OM IIOJIYUEeHHS W perucrpa- . 4Py P
WY YJIbBTPasByKa ABJAETCA WUC- e
IoJIb30BaHWEe OOPATHOTO M TPAMO- AN AN A4
ro nbesosddexra. Hanomuum, uro |[/.7. /.77 V. /. /. /7.
npamod nvesoadexm 3arkmoua- T 0~ + o+ F
€TC B BO3HUKHOBEHHH 3JIeKTPU- ? T f * ‘ ‘
YeCKUX B3apAJ0oB Ha IOBEPXHOCTH
HEKOTOPBIX KPHUCTANINYECKUX Tell
(Hanmpumep, KBapliia) moj AeicTBUEM
MEXAHNYECKOr0 COKATHUA WM PACTAMKEHUS, YTO COIIPOBOMKIAACTCH
BO3HHKHOBEHUEM IJJIEKTPUUECKOTO HANPSIKEHUS MEXKIY 3THUMU
nosepxuoctamMu (puc. 7.7). IIpu usmMeHenum HapapjieHUA Oe-
opmanmu  mox ycusmem P (coxaTHe 3aMeHSIOT PACTSYKEHMEM)
3HAKU 3apPAL0B U 3JeKTPUUYECKOr0 HANPSIKEHUST U3MEHSIOTCS Ha
MIPOTHUBOIIOJIOYKHEIE.

Ipamoii nmpe303hPEeKT IIHPOKO HCIOJb3yeTCA B TeXHUKe, B
TOM uucie U B MeIUIMHCKON annapartype. Ha ero ocuoBe co-
3AI0TCA M3MepUTeIbHbIe IPUOOPL! (ZaTunkM), npeobpasyrouiue
JaBjeHUA, BUOpalLuu, 3ByKOBbIe Koje0aHUA W JApyrue MexaHU-
YyecKMe SBJIEHUS B dJIEKTPUUEeCKUEe CUTHAJLI, yAOOHBIE JJIA Jallb-
Heliieil perucrpanuu. IIpamoi nbe303G@eKT HUCIOJb3YeTCd U
JJIS PETUCTPanuy YJIbLTPasBYKa.

IIvezoatddexr o6patum. Ecau Ha
YIOMSHYTYIO KBapIleBYyIO NJIaCTUH-
Ky BO3AENCTBOBATL Il€PEMEHHBLIM
9JIeKTPUYECKHM IIOJIeM, CO3JaBa-
€MBEIM HEKOTOPBIM TIE€HEepaTopoM [ ~—
(puc. 7.8), TO BO3HHKAKOT Mexa-

Puc. 7.7. Ilpamoit
nbe303(dexT

TenepaTop IIseso-
HUYecKue aedopManuy IJIacTHH- BIEMEHT
KN — OH& C)KHMAeTCH W PaCTATH-
BaeTCA C YaCTOTOM AeHCTBYIOIIErO Puc. 7.8. OGpaTHbIit npes0-

3JIEKTPUYECKOT0 IIOJS -~— BO3HHU- aerT
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KaeT o6pamubili nvesoapdexm, m.e. anekmpocmpuryus. Ilpn
M3MEHEHUHY YacCTOThI 'eHEePUPYEMBbIX 9JIEKTPUUEeCKUX KoJnebaHuit
COOTBETCTBEHHO M3MEHAeTCs M YacTOoTa YJIbTPasBYKOBBIX KoOJie-
OaHuii.

s monyueHus yJabpTpasByKa HUCIOJNB3YIOT TaKKe MAZHUMO-
cmpuKryulo — MeXaHn4ecKyro nedopMaIHIio TeJs IOJ JeHCTBHeM
MepeMeHHOTO MarHuTHOrO IIOJA.

7.5.2. ®u3nyeckue NpUHUUNDI YABTPA3BYKOBOW AWArHOCTMKH

ITonyuenue BuAMMBIX M300pasKeHUH BHYTPEHHUX OPraHOB C
IIOMOII[BIO VJIBTPa3BYKA OCHOBAHO HA PErucTpamuy yJIbTPasBy-
KOBBIX BOJIH, OTPaK€HHBIX Ha I'PaHULAX pasfesa MopdoJsoruye-
CKUX CTPYKTYP, ¥ IOCHeAyIoileil o6paboTke MOJIyYEeHHBIX dJIEK-
TPUYECKUX CHUT'HAJIOB. MeToAbl TEXHUYECKOHU peau3aluy 3TOro
MPHUHITUIA JOCTATOYHO Pa3HOOOPA3HEI.

Hubosiee mpoCTHIM ABJISETCA IXON0KAUUR, Uiu A-memod (OT
anri. amplitude — mmupora, AuanazoH, pasMax). ITO OgJHOMEp-
HBIIl MeTOJ MCCJeJOBAaHMA, TaK KaK OH ITO3BOJIAET OIPEHeaaTh
PACCTOSIHME [0 OTPAMKAIOLUIMX YJIbTPA3BYK OOGBEKTOB JHIIbL B
OJHOM 3aJaHHOM HampasjeHuu (puc. 7.9).

T'enepatop
JIeKTPUYECKUX ’\ ‘\ n A

CHMT'HAJIOB
Perucrparop
VY nsTpasBykosoit
npeobpasoBareb
YnuTpassyKosas
BOJIHA
* O6BexT
g
/f 4
P OTpaxenHble
A B VJIBTPA3BYKOBLIE
BOJIHE

Puc. 7.9. IIpurnmnuanbHad CXeMa 3XOJIOKAIUU B A-perKume
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Ha moBepxzoOCTH HCCIeAyeMOro o0beKTa (IOBEpXHOCTHL Teja
YeJIOBEKa) YCTaHABJHMBAETCA YJIBTPA3BYKOBOH mpeoOpa3oBaTeib,
KOTOPBI# COIYMHUT KAaK UCTOYHWKOM, TaK ¥ NPUEMHUKOM YJbTPa-
3BYKa.

HcTounuk mu3syyaeT KOPOTKUH YJIbTPa3BYKOBOH HMIIYJbC,
KOTOPBIM pPacHpoCTpaHsieTcsA B TeJe 4YeJOBEKA CO CKOPOCTBIO V.
Ha rpanunax pasjejia pasiuyHBIX MOPGOJOTHYECKUX CTPYKTYP
NPOMCXOJHUT OTPaKeHue yJbTpasByKa. [IpueMHUK BocnpuHHMAa-
eT OTpa’skeHHbIe YJIbTPa3ByKOBbIE€ BOJHBI U 33 CUET NIPAMOTO IIbe-
309¢pexTa npeobpasyeT UX B 9NEKTPUUYECKHE CUTHAIILI, KOTOPbIE
3aTeM YCHJAMBAIOTCH C IIOMOIIBI0 YCUJIUTENS U PETHCTPUPYIOTCA
Ha 3KpaHe MoHuTopa. OrMeuaeMoe Ha SKpaHe BpeMsa At, mpuxo-
Jla IepBoro oTpaskeHHoro curnajia (puc. 7.10) coorBercrByer Bpe-
MEHH PacIPOCTPAHEHHUA YJIbTPa3BYKa OT MCTOYHUKA A0 I'PAHUILBI
paszaena A MopdoJsiornuecKux CTPyKTyp 1 o6paTHo (cM. puc. 7.9).
3HauuT, ray0uHa PacIoNOKEeHUA 3TOi rpaHullbl d, onmpeensaeT-
ca mo gopmyie d,= vAt, /2.

OTpaxeHHBIE YIHLTPa3ByKOBBIE
MomeHT n3nyueHuA CUTHAJIBI
YJABTPa3BYKOBOT'O MMITYJIbCA

Puc. 7.10. UMmnyabCHBIE CUTHAJIBI

AHAJIOTUYHO ONpPeJeNATCS PacCTOIHUA d, (10 TPAHUILBI Pas-
nena B), d; v T7.n. Takum o6pasom, IIOTyUeHHAA 9X0rPaMMa 1Mos-
BOJISIET CYAMUTh O IJIyOMHE DACIOJIOMKEHUS TIPAHUIL Pa3JIHYHBIX
MOPGOJIOrHYECKHNX CTPYKTYP II0 PACCTOAHUIO MEKIY OTMeTKOH
HAYaJbHOTO 30HAVPVIOIIEr0 UMIIYJILCA U IOJIOKEHNEM OTPaKeH-
HBIX CUTHAJIOB.

IxXoJIOKaNMed, HaIpuMep, OIPEeJIAIOTCA NPOAOJNLHBIE pPas-
MepHBI IJIa3HOro A0JOKA M CTPYKTYp riasa (9XOOKYJIOMeTpus),
u3MepsaeTcs PasHUNA PACCTOAHUY OT MOBEPXHOCTH I'OJIOBEI 10 ee
BHYTPHUYEPENHLIX CTPYKTYDP ¥ BBIABIAAIOTCA 00BEMHEBIE MOpake-
HUS Mo3ra (OmyXoJM, reMaToMbl, HHOpPOAHbIe Tela) (9Xoaneda-
aorpadus).
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AMOInUTYyABl 3aperucTPUPOBAHHBIX HA 9KPaHe MOHHUTOpPA CUT-
HAJIOB IIPONMOPIMOHANBLHBEI MHTEHCUBHOCTH YJbTPA3BYKOBBIX
BOJIH, OTPQ)KEHHLIX I'DaHUIIAMU pasfiesia cpej, U ONpeAeAlTCH
pasHUIEH B MX aKyCTUUECKUX MMIeAaHcax [cMm. dopmyny (7.5)],
a TakKe HEKOTODLIM IIOTJIOLIEHNEM B cpefie.

Yavmpasseyxosaa momozpagusa, unu B-memod (ot aHrI.
bright — sApkocTs), nHo3BOMsIET MONYYATH N300paXKeHNEe Pa3Ind-
HBIX CeUYeHHWi ucciaenyemoro oprasa. IIpm ee peanmsamuu yJb-
TPa3BYKOBOM Jyd4 mepememaercd (CKAHUPYET) B ONpelNeeHHOU
ILIOCKOCTH, MPOXOAsIell yepes uccaenyeMulil oprai. OrpaskeH-
HbIE OT TPAHMIL pasfena MOPPOJOrHUECKUX CTPYKTYDP ¥Y3-BOJIHBI
npeobpas3yIoTCcs B 3JIeKTPUYECKHe CUTHAJIBI, Hocjenyionas obpa-
60TKa KOTOPHIX II03BOJIAET MOJYYUTh Ha 9KpPaHe MOHUTOPa M300-
paskeHue oprala B BLIODAHHOM CEUEHUH.

M-memod (or aHrji. motion — JBUIKeHHE) ABIAETCA, B CYIII-
HOCTH, Pa3HOBUAHOCTBLIO YK€ pPaCCMOTPEHHOro A-meToma, HO C
pa3BepTKoii mo BpeMenu. OH NCIOJb3YETCS NI OIEHKU XapaKTe-
PUCTHUK ABUKEHUA HEKOTOPHIX 00beKTOB (Hampumep, KJIAaIaHOB
cepaua).

B coBpeMeHHBIX YJIbTPa3BYKOBBIX HUATHOCTUYECKHUX YCTPOIi-
CTBaX YIOMSAHYTHIE METOABI OOBIYHO TEXHUYECKH PeasN30BaHbI B
efuHOM IIPUOGOPHOM KOMILJIEKCe.

YacToTa yJAbTPa3BYKOBBIX BOJIH, OOBIYHO HCIIOJIb3YEMBIX HJISA
OIUarLocTuku, cocrasusger 0,5-15 MTI'n. Yem Gosbmie yacrora,
TeM BBIIIe paspemiarolias CIOCOOHOCTH MeToAa, T.e. TeM GoJee
MeJiKie 00beKThl MOTYT OBITH PACCMOTPEHBI M T€M BBIILIE Kaue-
cTBO M300pakenusi. ITO OOBACHAETCS TeM, YTO MUHUMAJIbHLIN
pasmep of6beKTa d, n300paxkeHre KOTOPOro MOJKET OBITH IOJIyYe-
HO, OIIpefiesigeTcs AJMHON BOJTHEI A TOTO M3JIy4YEHHUA, B KOTOPOM
opmupyeTca maobpaxkeHne JaHHOTO obwexra. Eciu d < A, TO
siBJIeHNe IudPaKIM¥ He II03BOJIAET IIOJYYUTH YeTKOe u300paske-
Hue o6beKTa. Hampumep, Npu 4acTore yabTpas3Byka v = 1 MI'n
U CKOPOCTH pPAaCIPOCTPAHEHUA B MBIIIeuHoi Tkauu v = 1500 M/c
IJIAHA BOJIHEI COCTaBJISAET

A=Y

_1,5-10°
v 6

=1,5-10° m = 1,5 Mm. 7.7
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OTO 3HAYUT, UTO MHUHUMAJIbHBIH pasmep o0heKTa, n306pae-
HUEe KOTOPOTO MOXKeT OBbITh IIOJYYEHO C IOMOINbLI0 YJIbTPA3BYKa
TaKoll 4acToThl, cocTaBiasAeT OKoJo 1,5 mM. Ilpu mopsimenun da-
CTOTHI yMEHBIIAETCA JJINHA BOJIHBI YJILTPA3BYKA U yBeJIUYNBACT-
cd paspeliamuasg CIIOCOOHOCTh ¥ 3-MeTOLOB.

OpHako ciefyeT yd4ecTb, YTO C IIOBBIIIEHHEM UACTOTHI YJib-
TpPa3ByKa yBeJUYHWBAETCS €ro IOIJIoIleHKe B cpege. Tak, uH-
TEHCUBHOCTb YyJbTpa3dByka dactoroit 0,8 MI'm B markux TKa-
HAX YMEHBHIAeTCsa BABOE Ha riiyOmHe 4-5 ¢M, a AJIg 4acCTOTHI
3 Ml'y — wua ray6usne 1,5-2 cM. [TosTomy mcenefosanus ray6o-
KO DaCHOJIOXKEeHHBIX BHYTPEHHUX ODraHoB (HampuMmep, IIe4YeHH)
BBIHYKJEHBI IIPOBOJUTL Ha 0oJiee HU3KUX YACTOTAX, NOCKOJBKY
BBICOKOYACTOTHHIH YJIbTPa3BYK INPAKTHUYECKHU ITOJHOCTBHIO IIOIJIO-
TUTCA OKPY KQIOLIMMH OPTaH TKAHAMHU U OTPAYKEHHBIN OT HUceJie-
IyeMoro o0beKTa YJbTPa3BYKOBOM CUTHAaJl OyAEeT HeBO3MOMKHO
3aperucTpupoBaTh. Ecim Ke HCCIEeAVIOTCA OPraHbl, PacHojo-
JKeHHBbIe Ha MaJIOM PacCTOSHUHU OT IIOBEPXHOCTH Teja (HAlIpuMep,
IUTOBUAHAA JKeJjie3a), TO MOIJIOIIeHHE OKPYKAIOIUMY TKAHAMU
CKa3pIBaeTCs CYIIeCTBEHHO MEHbIIIe 1 IOABJIAETCA BO3MOMKHOCTh
HCNOJb30BaTh [Js OUATHOCTUKHW VJIbTPA3BYK 00Jiee BBICOKHMX
YaCTOT.

YIbTpasByKOBasi AMArHOCTHKA IIOJYYMJIa ILIMPOKOE pPacipo-
cTpaHeHWe B KJIWHUKe 6JsiarofapsA BBICOKOI paspeuraioleii cro-
COOHOCTH IIPH BHU3yaJM3allUH MCCJIELYEeMbIX O0BEKTOB, BO3MOXK-
HOCTH IIPOBEJEHUS MHOTOKPATHBIX UCCJIEAOBaHMIl, 0€30IIaCHOCTH
¥ B CBA3U C 3THUM OTCYTCTBHUIO KaKMUX-ITU00 IPOTHBONOKA3aHU’IA.

MeToabl yABTPAa3BYKOBON AMArHOCTUKU UMEIOT U CBOM Orpa-
HUYeHUsA B npuMeHeHuH. OHU 00YCJIOBJIEHBI TEM, UTO Ha I'PAHUITE
paszesa MATKHE TKAHU — rasd WIN ra3d — KUJKOCTh IIPOUCXOTUT
NPaKTHYECKH IIOJHOE OTpaKeHWe yiabTpasByKa. MOIIHBIN yib-
TPa3ByKOBOM CUTHaJI, BOBHUKAIOUIUI 3a cUeT OTPaKeHUA Ha 9TUX
rpaHMIAaX pagjesa, fejlaeT HEBO3MOXKHLIM MCCJIEJOBAHUE CTPYK-
TypP, KOTOPbI€ PACIIOJIOMKEHEI 32 HUMHU. [109TOMY HCIIOJb30BaAHUE
YJABTPa3BYKOBBIX METOZOB He3((heKTUBHO Aas JUATHOCTUKH CO-
CTOSIHUSI T'a30HAIIOJHEHHBIX OPraHoOB (HAIIpUMED, JIeTKie, KU-
HIEYHUK).
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7.5.3. B3aumoaeiictBue yAbTpa3Byka C OuoAoruueckumm
TKaHamu. TepaneBTuyeckoe u Xupyprudeckoe npumeHexne
YAbTpa3ByKa

YILTPa3BYK NpPU PACHPOCTPAHEHUHM B OMOJOTMYECKUX TKa-
HAX IOPOXKAAET, KaK 1 a06afg MexaHWdyecKas BOJHA, JOKAJb-
Hble epHOJNUECKUe Mepenajbl JaBjleHUN B 30He BO3AeHCTBUSA.
IIpu meboNbmMUX MHTEHCUBHOCTAX YJbTPa3ByKa 9TH MeXaHH-
yeckue 3Gh(PeKTh MPOABAAITCA B BUAE CBOOOPa3HOrO MUKPO-
Maccaxca TKasedl ¥ MUKDOBuUOpanuii Ha KJETOYHOM YDOBHE.
IIpu sToM BO3HMKaeTr W Harpes TKaHeil 3a cueT npeBpale-
HUS IOTJIOIEeHHON Y3 sHEepPruu B TEIJIOBYI0O — IPOSBISIOTCS
menaosgvte sQpermut. IIpy BLICOKMX HHTEHCHBHOCTAX VJIb-
TPa3BYKOBBIX BOJH MOJKeT IPOMCXOAUTH DpaspylieHue Ouo-
MaKpPOMOJIEKYJ M MOBPEKIeHUEe KJETOUHBIX MeMOpaH. Peskue
nepenajpl AapBjieHuil MOTYT NPUBOAUTh K BO3HUKHOBEHHIO B
cpefie KPaTKOBPEMEHHO CYIIECTBYIOIIWX pPasphIBOB (KaBUTA-
nuii). Bo3aMOKHA TaKKe UOHUIAUUA ¥ OucCcouuauus MoJjie-
KYyJ U Uedbil paAx APYTUX HNEePBUYHBIX (DUIUKO-XUMHUYECKUX
a(ppexToB.

B ¢usuomepanuu wucnonbsyior yiabTPasByK € UYaCTOTAMU
0,8-3 MI'u u mHTeHCHBHOCTBIO N0 1 Br/cm?., OT 4acTOTHI yJb-
TPas3sByKa 3aBHCHUT IJIyOWHA eT0 NPOHHUKHOBEHHS B TKaHb (4eM
BBIIllE 4aCcTOTa, TEM MeHbille TIy0uMHA NPOHWKHOBEHUSA), 4 TPU
YKasaHHOW HHTEHCHBHOCTU B THKAHAX HE BO3HMKAeT HeoOpaTH-
MbIx paspyuieHuil. IIpoucxonsamue nox aelficTBueM yabTpasByKa
MHUKDPOMACCAXK, JIOKAJNbHBIN HAFpDEB TKazell HAa JOJM U eJUHHIILI
rpagyca u Apyrue IepBUYHEIE 3(h(HEKTHI [IOBLIMIAIOT WHTEHCHB-
HOCTb OOMeHa BelleCTB, CTHMYJUPYIOT IPOIecChl TKaHEeBOTO [bi-
XaHWs, CIOCOOCTBYIOT YJIVHYIIEHHIO CHAOGKEHNS TKAaHEH KPOBLIO
u Mo,

B ¢dusmnorepanuu IMHUPOKO IIPHMEHSETCS MeTOZ (orogpopesa
AEKAPCMBEHHbLX 6Beusecms, T'Re HCIONb3YeTCA COYETATeNIbHOE
BO3JefiCTBIE HA JKUBYIO OMOJIOTMYECKYI0 TKaHb ABYX (DPAKTOPOB:
¢usuueckoro (yabTPasByK) 1 XHMIYECKOT0 (JIEKAPCTBEHHbIE TIpe-
napaTsl). JlekapcTBEHHOE BEI[eCTBO BHOCUTCS MEXKAY IIOBEPXHOC-
TBIO TEJIa U I'OJIOBKOI uaaydaTend. Ilox aeficrBueM yasTpasByka
OHO NIPOHUKAaET B JIMUAEPMHUC, OTKYAA AudPYHAUPYET B KPOBb
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u JUMQY 1 PAZHOCUTCA IO BCEMY OpPraHmamy. B srom jeuebHOM
MeToZe YJbTPAa3BYK He TOJILKO BHIIOJTHAET TPAHCIOPTHYIO (DyHK-
uuo (BBeJeHUe JIEKapCTBa uepe3 KOXKY), HO M M3MeHseT gapMa-
KOKHUHETHUKY.

BoamoskHOCTE (OKYCHPOBKH VJBTPa3BYKOBEIX BOJH HA
BecbMa MAaJyl0 IOBEPXHOCTb (M3-3a MaJION JJIMHBLI BOJHBI)
¥ TIOJYy4YeHUs BBICOKOII IIIOTHOCTM JHEPrum (dHeprus Impo-
NMOPIMOHAJIbBHA KBAJApPaTy YacTOThI) IIO3BOJISAET WMCIOJIb30-
BATh YJBTPA3BYK B Xupypeuu IJjsA PAaCCEUEeHUS U COCRUHEHUIA
6uosioruueckux TKaHeil. IIpumeHeHMe yabTpasByKa AJs pas-
pyIIeHUs TKaHeil MOXKeT OCYILIeCTBJAATHCA ABYMS criocobamu.
IlepBBIii — BO3JelicTBMe HA MATrKHWE W KOCTHBIe TKaHU coOc-
TBEHHO (POKYCHPOBAHHBIM YJIbBTPa3BYKOM C yacToToit 1-10 MTI'm.
BTopoii — HaJIO}KeHHe YJIbTPa3BYKOBBIX KoJiebauuii ¢ uacrora-
mu 20-75 kI'y u ammiautyzgoit 10-50 MKM Ha XuUpyprudecKmui
WHCTPYMEHT.

IIpu ynpTPa3ByKOBO#M XUPYPru¥l YMEHBINAIOTCS KPOBOIIOTEPU
U 0oJieBble OINYINEHWS, YMEHBINAETCA yCcujaue pesaHusi. Boa-
MOJKHO NIpHMeHEeH!Ee YJbTPa3ByKa AJA pa3pyllieHuss TPpoMGOB B
KPOBEHOCHBIX COCYAaX ¥ OUMINEHUS COCYAMCTHLIX CTEHOK OT aTe-
POMAaTO3HBIX Macc.

YbTpPasByKOBbIE METOIbl IPUMEHAOTCA AJA CBAPKHU KocTeil
(YIbTPasByKoOBO#M ocTeocuHTe3). IIpM 3TOM IPOMEKYTOK MEXKIY
KOCTHBIMU OOJIOMKAMM 3alOJHAIOT KUAKOM IiacTMaccoil (Ha-
npuMep, IMaKpPUHOM), CMEIIAHHON ¢ KocTHOU ulebeHkoi. Ilox
AeficTBUEeM YJbTPa3ByKa IIPOUCXOAUT ObIcTpad Anddys3us MOHO-
Mepa B CBapuMBaeMbl€ KOCTHBIE YYACTKM U €r0o MOJHUMEepH3anusd,
obecneumnBaloIiasa COeJUHEHE KOCTEeH.

Ilocse yabnTpas3BYKOBOM CBapKM MATKUX TKaHell CBapOYHBIN
IMOB He NPEemsTCTBYET IIpoileccaM pereHepanuyl u pyOneBanHmA.
IToaromy yJBTPa3BYKOBYIO CBAPDKY NPUMMEHAIOT IPH ILJIACTHKE
KOXKU, MBIIII, HOBPEXKAEHNAX MMeUeHY, I0UeK, JeTKUX U APYTHUX
OpPraHoOB, a TaK’Ke IIPH OoNepanuaxX Ha HUX.

ITpuBeneHuble NpUMEPHI HJLIIOCTPUPYIOT JHIIL HEKOTODEIE
MeIUIHHCKYE IIPUMEHEHUs1 yJbTpasByKa. B MociegHee BpeMs
00J1aCTH ¥ METOAWKH €r'0 WUCII0JIb30BAHUA GLICTPO PACIIMPSAIOTCSH
¥ COBEPUICHCTBYIOTCH.

9-5281
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7.5.4. Undpassyk

Hugpaseyx — 310 MexaHUUECKHE BOJIHBI C YACTOTAMU MEHee
16 T,

ITockonpKy moOKaszaTenb MOTJIOUIEHUS AKYCTHUYECKHMX BOJIH
¢ YMeHbIIeHMEeM YacTOThl yMEHbIIaeTcsa, MHPpasByK objgazaer
00oNBIIION MPOHMKAIOIIEH CIIOCOGHOCTHIO M PACHPOCTPAHAETCA Ha
fospiyie paccrosHusA. MH@pPasByxk BO3HHKaeT mpu paboTe mpo-
MBIIJIEHHBIX YCTAHOBOK, TPAHCIIOPTHBIX CPEACTB M YaCTO COIIpPO-
BOXKJAETCS CJBIIIMMBIM IIIYMOM, UTO BHI3HIBAeT OIpejelIeHHbIe
TPYAHOCTH B BBIJICJIEHUH M3 COBOKYIHOCTY AKYCTHUYECKHUX BOJH
coOCTBeHHO MH(PPa3BYKa.

OrmeueHO, 4TO Bo3aelcTBHMEe HMH(PPA3BYKOM BLI3LIBAeT y Ue-
JIOBEKa M JKMBOTHBIX KOMILJIEKC HEXKeJIaTeJbHbIX OIIMYyIIeHUId.
Y nopeit MoXkerT HaOMIONATHCH TI'OJOBOKPYIKEHME, 3aTpyLHEHHe
JBIXaHUs, 00JIU B JKHBOTE, YYBCTBO CTPaxa u Jp.

IlepBuuHble MeXaHU3MBI BO3AeHCTBUA HMH(ppa3ByKa Ha Ouo-
JIoruyecKue O0BeKTHI M3YYEHBI HepocraTouHo. Ilpeamonaraeres,
UTO B OCHOBE 3TOT'0 BO3AEHUCTBHUA JIeKAT pesoHaHCHBIE 3((heKThI,
TaK KaK 4acTOTHI COOCTBEHHBIX KOJIeOAHUI Tesa dejioBeKa M ero
OTJeJbHBIX YacTell ¥ OPraHOB COOTBETCTBYIOT YACTOTHOMY AHAaIa-
30HY MH(ppa3ByKa. ITO ¥ CO3[aeT YCIAOBUA AJIA BO3HUKHOBEHUS
pe30HaHCHBIX 3(PGHEKTOB, ONpPeneNAIoNX, IO-BUAMMOMY, Hei-
cTBUE MHMPA3BYKAa HA OPraHU3M.

KOHTpOAbHbBIE BOMPOCH! 1 3aAaHMsS

1. Kakue BosHBI HA3bIBAIOT 3BYKOBBIMH? OT uero 3aBHCHUT CKOPOCTH
3Byka?

2. KakuMu pusnyeCKUMH XaPaKTEPHUCTUKAMH ONpPEAeNATCS PU3no-
JIOTUYeCKHe XapaKTePUCTUKU 3ByKa?

3. Yto Ha3wsIBaioT HoporoM ciabimiuMocTu? OT uero oH 3aBUCHT?

4. Chopmynupyitte 3axon BeGepa—®exnepa. KakoBa cBA3b MeXIy
YPOBHAMU MHTEHCHBHOCTHM U IDOMKOCTU 3Byka? B Kakux eAumHU-
[axX OHM HU3MepAITCA?

5. Yro Takoe akycTmueckuil umnenanc? OT yero ¥ Kak 3aBHUCHUT KO-
apPUIMEeHT OTpPaKeHUA aKYyCTUYECKHUX BOJH Ha TPaHMIE paszesa
cpen?
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6. 3anumnTe 3aKOH TOIJIOLIEHUA AKYCTUYECKUX BOJH B cpeje. Kax
3aBUCHT IIOKA3aTe b MOTJIOIIEHUA OT YACTOThI BOJHEI?

7. Ha3oBHTe METOABI MMOJYYEHUA U PErucTpanuu yiasrpassyka. O6bac-
HHUTe UX (HU3UIECKYIO OCHOBY.

8. B ueM CyIIHOCTH METOAOB YJILTPa3BYKOBOH JAMArHOCTUKH: 9XOJOKA-
nuu 1 Tomorpadun?

9. TTouemy npu Y3U opraHoB PasjiuyvHON JOKAJIN3alNN IPHMEHSIOT
pasJMuYHbIe YACTOTHI yIbpasByKa?

10. Iouemy oTranuaerTcs apMaKOTepaneBTUYECKOE NeHCTBUE OZHUX H

Q%

Tex Ke JIEKapCTB, BBOAUMBIX C IOMOIIbIO NHbEeKUNI U poHODOpE3a?



CBoiCcTBa XKMAKOCTEN.
lMoBepxHOCTHbIE SIBAEHMS

Masa 8

ITo ¢dusurueckum cpoiicTBAM KUIKOCTH 3aHUMAIOT IIPOMENKY-
TOYHOE MOJIO)KEeHHe MeXKJy rasaMyu u TBeDABIMH TeaaMu. Mo-
JEeKYJAbl KUJKOCTH MAOCTATOYHO IIJIOTHO YIAKOBAHBI, IIOITOMY
JKUAKOCTH HPAKTHYECKHU He COKMMAaeMbl M MX IIJIOTHOCTh OJIM3Ka
K IJIOTHOCTH TBEPABIX TeJ. MexXay MOJIEKyJIaMU *KUJKOCTH Jelic-
TBYIOT 3HAYWUTEJbHBIE CHJIbI B3aMMOAeHCTBUSA, HECKOJBKO MeHb-
mue, 9eM y TBepAbIX Tes. JKUAKOCTY, IOA00HO TBEPABIM TeJjaM,
COXPAaHAIT CBOiI 00'beM, OJJHAKO, KaK ¥ rasml, IIpUHUMAIOT (op-
My COCyJa, B KOTOPOM HAaXOAATCH.

B xuaxocTax umeercsa «OJAMMKHWH IOPAAOK» B PAaCIIOJIOMKE-
HUY COCEAHUX MOJIEKYJI, HO HOAJep:KHUBaeTcAd OH JMHOIb Ha pac-
CTOSIHUAX B HECKOJBbKO MOJIEKYJSPHBIX JUAMETPOB, & «JaJILHETO
IOPAJIKa», B OTJIMYMAE OT TBEP/bIX TeJl, B HUX HET.

Mosieky bl }KUAKOCTH COBEPILAIOT HENIPEePhIBHBIE OeCcIIopAag0U-
Hble TTOCTYIAaTeNbHbIE ABUKEHUS, JHEPIUA KOTOPLIX IPAMO IIPO-
MOpIHUOHANLHA ee TeMIlepaType.

8.1. lNosepxHocTHas 3Heprus

HauGosiee XxapaKTePHBIM CBOMCTBOM KHUIKOCTYW ABJIAETCHA HAa-
Juume CBOOOJHON IIOBEDXHOCTH HAa I'paHMIE C I'a3oM, UTO IpH-
BOAUT K BOSHUKHOBEHHIO SBJIEHUH 0cOGOro poja, Ha3bIBAEMBIX
noeepxnocmuvimu. OHu OOYCIOBJIEHBI 0OCOGBIMEH (PU3UUYECKU-
MU YCJOBHAMHK, B KOTOPBHIX HAXONATCS MOJIEKYJBl CBOGOAHOI
MMOBEPXHOCTH MUAKOCTH. Ha KaKIy0 MOJeKyy KUIKOCTH Aei-
CTBYIOT CHJIbl IIPUTAMKEHUS CO CTOPOHBLI OKPYKAKIIMX ee MoJle-
KyJ, PACIOJIOMKEHHBbIX OT Hee HAa PACCTOSHUM HECKOJLKUX HAHO-
MEeTPOB.

PaccMoTpum cuibl, OeHCTBYIOIIHE HA MOJEKYJY BHYTPU 065-
eMa »KHIKOCTH M Ha ee nosepxHoctu. Ha momeryay M,, pacmo-
JIOXKEHHYIO BHYTDH KUIKOCTH (puc. 8.1), meiicTBYIOT MpUMEpHO
OZUHAKOBBIE CHUJBL CO CTOPDOHBI OKPYKAIOIIINX €€ MOJEKYJI, 103~
TOMY MX paBHOAelcTBYyOIIaA 61U3Ka K HYJIIO.
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Hna wmoaekyasl M,, pacmoio-
SKEHHOM HAa MNOBEPXHOCTH YKHUIKOC-
TH, CHUJIbI IIPUTSXKEHUA CO CTOPO-
HBI MOJIEKYJI rasa O4YeHb MAaJbl IO
CPaBHEHUIO C CHJIAMH IIPUTANKE-
HUS MOJIEKYJI XUJKOCTH, II03TOMY
paBHOZEWCTByIOIIAA F,; 3THUX CHJI
OTJIMYHA OT HYJIA U HaIpaBJIeHa
BHYTPb JKMIKOCTM, mepmenauky-  PC. 8.1. Monexynspusie
JAPHO ee MOBEPXHOCTU. BeiencTBue CHJIBL, A€NCTBYOIHE
3TOTO0 MOJIEKYJIbI ITOBEPXHOCTHOTO na mozexyay M,

IIOBEPXHOCTHOTI'O CJIOHA U
CJI0s BTATMBAKOTCA BHYTPhL 00bEMa Momexyy M, BHYTpH 0BHeMa
JKUAKOCTH M IIOBEPXHOCTHBIN CJ0ii
OKasbIBaeT MOJIEKYJIAPHOE JaBJIe€HWEe HA KUAKOCTh.

Jas Toro 4To0hl IepeMecTUTh MOJICKYJIY U3HYTPHU o0beMa Ha
IIOBEPXHOCTH KHUJKOCTH, HeOOXOLMMO COBEPIIUTEL PAGOTY NPOTHUB
CUJ MOJIEKYJIIDHOTO JaBJieHUs. AHAJOTMUYHYI0 paboTy Hamo co-
BEPIIUTDH ¥ MDY IIEPEMEINEHUN MOJIEKYJbI TOBEPXHOCTHOI'O CJIOA
B rasoByio (asdy. CieroBaTesbHO, Ka'kKJasd MOJIEKYJia Ha MOBEp-
XHOCTH KUAKOCTUA 006J1afaeT AOIMOJHUTEJIbHOM IMOTEHIMANbHOM
S9Hepruey Mo CPaBHEHHUIO C MOJEKYJaMH BHYTPHU KUIKOCTH. ITY
TMOTEeHIVAJIBHYIO SHEPTHI0 U HA3HIBAIOT NOGEPXHOCMHOU IHep-
2uel.

OueBUIHO, YTO BeJINYMHA IIOBEPXHOCTHOH sHepruu W, mpsmo
IIPOTIOPIIMOHAJNIbHA KOJUUYECTBY MOJIEKYJI B IIOBEPXHOCTHOM CJIO€
M, cJIe0BaTeJIbHO, IIPSIMO IPOIOPIIMOHANbHA IIoInanu S ceobox-
HOIl NOBEPXHOCTH KHUIKOCTHU

W,=GS. (8.1)

KoadduureHT IpOnoOpruOHAJIBLHOCTY G 3aBUCUT TOJBKO OT
CBOMCTB *KMJKOCTH U T€MI€PaTypPhl U Ha3biBaeTcAd KOIPPuyuen-
mom noéepxHocCmMHoz0 Hamsadcenusn. Eguanneil ero UsMepeHus
B CU asnserca /Mm% unu H/m.

ITockonrky m06aa pusnueckas cucreMa CTPEMUTCH K COCTOA-
HUIO C HAMMEeHbIIe BO3MOMHOI B 3alaHHbIX YCJAOBUAX MOTEHIIU-~
anbHOI 9Heprueil, CBO0OJHAN TOBEPXHOCTD MUJKOCTH CTPEMUTCS
UPYHATH HAUMEHBIIYIO0 BOSMOXKHYIO Ia0IaAb. ITo aroit npuunne
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KallJad "KUJKOCTH B COCTOSHMM HEBECOMOCTU IPUHUMAaeT chepu-
YecKy0 (DOPMYy, YTO COOTBETCTBYEeT MUHUMAJIBbHON HOBEPXHOCTH
IIpA 3aZaHHOM 00beMe JKUIKOCTHU.

8.2. CuAbI NOBEPXHOCTHOrO HaTsHKEHUs!

CII0COOHOCTD NOBEPXHOCTH JKMAKOCTH COKpamaTrbesi obyc-
JIOBJIEHA CYII[€CTBOBAHHEM MOJIEKYJIAPHBIX CHUJI, CTPEMSIUXCS
COKPAaTHUTh 3Ty IIOBEPXHOCTh. TaK, Ha MOJIeKyJsy M, nmoBepxHoc-
THOTO ca0d (cM. puc. 8.1) meficTBYIOT He TOJIBKO MOJIEKYJIbI, Ha-
XOAAHINECH BHYTPU MMUAKOCTH, HO ¥ MOJEKYJbI, HAXOAAIINECS
Ha MOBEPXHOCTH KUJKOCTU ¥ CTPEMSAIINECA KaK Obl «Pa3opBaTh»
TIOBEPXHOCTH B TOUKe M. Eciu 110 TOBEPXHOCTH KUAKOCTH HPO-
BeCTH BooOparkaeMylo JHUHWIO, TO DaBHOJAEHCTBYIOHMIAS MOJEKY-
JIAPHBIX CUJI, HeHACTBYIOIIMX HA MOJIEKYJBI 3TOM JIMHUH 110 OZHY
U3 CTOPOH, OyxeT HaNpaBJieHa II0 KacaTeJbHOU K IIOBEPXHOCTH U
OZHOBPEMEHHO MEPIEeHANKYJIAPHA JUHUN BO3MOKHOTO pasphIBa.
9Ta paBHOJAEHCTBYIOIIas HA3LIBAETCA CUAOU NOBEPXHOCMHOZO
Hamsasxcenusn F,, mOCKOABKY MMEHHO OHA M CTPEMUTCS COKpa-
THTb IIOBEPXHOCTH KugrocTu. OUeBHIHO, UTO 3TA CHJIA MPOIOP-
IIUOHAJNBHA UUCJIY MOJIEKYJ B IMHUHU PasphliBa U, CJE40BaTeJbHO,
ee aauxe [:

F =ol, (8.2)

rge ¢ — Ko3(hpunueHT MOBEPXHOCTHO-
— 0 HATAXeHUsd, BbIDAXKeHHbIH B H/m
M YMCJIEHHO PaBHbBIN CHJIE TIOBEPXHOC-
THOTO HAaTAMEHUdA, NeUCTBYOIIeill Ha
eIMHUIY [JIMHBI paccMaTpUBaeMOu
A JAHUHN.

P

| ITY CHUJIY MOKHO M3MEPHUTh, eCJH
OTPAaHUYUTL IIOBEPXHOCTH JKHIKOC-
TH paMKOI, OJHA W3 CTOPOH KOTO-
poit MOKeT CBOGOZHO IepeMeIlaThbCsa
(puc. 8.2). Ha 3Ty mOZBUKHVIO CTO-
Puc. 8.2. Mamepenne POHY DPaMKu OyAyT AeHCTBOBATH CUJIBI
CHUIBI IOBEPXHOCTHOTO IIOBEPXHOCTHOTO HaTsXKeHusa 2F , Tak

HATAXeHUA KaK IIOBEePXHOCTEH JBe, CTPeMsAIIu-

F
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ecd COKPATUTh IIOBEPXHOCTh. JIJIA MX ypaBHOBEIIUBaHUS HEOO-
XOLUMO MPUJIOKUTH CUNY F, HanpaBIeHHYIO IIPOTHUBOIIOJIOMHO:
F=2F, . Namepus cuny F, HETpyJHO BBIUUCIUTL F,, a 3aTeM U
K03(hpUuneHT NOBEePXHOCTHOrO HATAMEHUS G.

KoapduiimeHT TOBEePXHOCTHOrO HATSMKEHUS 3aBHUCUT TOJIBKO
OT IPHUPOABI JKUAKOCTH M ee TeMIepaTypsl. Bpanm or xpuru-
YyecKOM TeMIlepaTyphl (IIpU KOTOPOIH HCYEe3aeT Pasjiudue MeKIY
JKUJKOCTBIO U €e HACHIHIEHHBIM IIapOM) €ro 3HaueHue yObIBaeT
JIMHEHHO ¢ YBeJIUUeHueM TEMIIEPATYPHhI, & IPU KPUTHUECKOH TeM-
nepatype o0paiiiaerca B HYJIb.

Ilon pmelicTBMEM IIOBePXHOCTHOTO HATSMKEHUsT He0oJbIIue
KOJIMUECTBA JKUJKUX CPell CTPEMATCA NMPUHATH MIapooOpasHyio
¢dopMy, COOTBETCTBYIOIIYI0 HAaUMEHbINEH BeJWYWHE IIOBEPXHOC-
Tu. IIpubnnikeHne K 1iapoBoil opMe JOCTUraeTcsa TeMm 0oJbiIe,
yeM cjiabee CHUJIBI TAMKECTH, IMOCKOJLKY Y MAJBIX Kallelb CuJja
MOBEPXHOCTHOIO HATSKEHUS 3HAYUTENLHO IIPEBOCXOAUT CHJIY
THKECTH.

IToBepxHOCTHOE HATAMKEHUeE SBJASETCS BasKHeilIlell xapakTe-
PHCTHKOIT IOBepPXHOCTH pasaena (pas. OHO HellocpeACTBEHHO BJIU-
sfeT Ha o0pas3oBaHUE MEJNIKOAMCIEPCHBIX YACTHI[ TBEPABIX TEJ U
KHUIKOCTeH IpY X PAaCHbLIEHUM, a TaKsKe Ha CIUAHUEe Kalejb
WX Ty3bIDbKOB B 9MYJbCHAX, TyMaHaX, MeHaxX, Ha IIPOIECChL
aAresuu.

IToBepxHOCTHOE HATsIKeHHe ompeaenseT Gopmy Owmosoru-
YeCKMUX KJETOK M MX dacTeii. MlaMedHeHue cuj IIOBEPXHOCTHOTO
HaTAYKEHUA BAUSAET Ha (aronuTos (3axBaT KJeTKaMU COCeAHUX
YacTUIl), MUHOIUTO3 (3aXBaT KJIETOYHOH MOBEPXHOCTHIO KUAKOC-
TH C COJep KalllUMUCA B HEH BelllecTBAMM), HA MPOIECCHI ajbBe-
OJIAPHOTO ABIXAHUSA.

TToBepxHOCTHOE HATSI)KEHHe PA3JIMYHBLIX BeIllecTB KoJiebjgercs
ot 0,01 n0 2,0 H/m, y kieTok ono He npessbiinaer 0,10 H/m. Be-
I1ecTBa, PaCTBOPEHHbIE B JKHUAKOCTH, CIOCOOHBI KAK IOHUXKATh,
TaK ¥ MOBBLIIIATHL MMOBEPXHOCTHOE HaTsKeHue. BellecTsa, mo-
HUKAIOIVie TTOBEPXHOCTHOE HATSKEHUWE pacTBOPa, HA3LIBAIOTCS
nogepxwocmuo-axmuernvimu éeugecmeéamu (IIAB). K aum oTHO-
CUTCSH, B 9YACTHOCTH, CYPDAKTAHT, CHMIKAIOI[AHA ITOBEPXHOCTHOE
HaTAKeHNe aJIbBeOJIAPHBIX CTEHOK, ofeciieuMBasg TeM CaMbIM
BO3MOYKHOCTD ABIXaHUA.
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3HaueHUsA KOd(h(uilmeHTa TOBEPXHOCTHOTO HATAXKEHUA He-
KOTODPBIX Juaxocreit mpum Temmneparype 20 °C npuBefieHBI B

taba. 8.1.
Ta6bauma 8.1

HKugkocrs o, H/™m HKuaxocts o, H/m
Bozaa 0,0725 PryTh 0,47
CroupTt 0,022 Kenusn 0,048
CbIBOPOTKA KPOBU 0,056 MoJioKko 0,050
dpup 0,017 Moua 0,066

HNamepenne KoahdUIIMEHTa IOBEDXHOCTHOIO HATAMKEHUSA
MMeeT JUAarHOCTHYeCKOe 3HaueHue B KiauHuKe. Hampumep, B
HOpMe Jig MOUYHU 4YesioBeKa OH paBeH 66 mH/M, a npu nmoasJie-
HHUHM B MOYe JKeJUHBIX NUIMEHTOB CHUKaercs no 56 mH/m.

8.3. AobGaBouHOe AaBAeHME NOA U3OTHYTOMN
NOBEPXHOCTLIO XMUAKOCTU. Dopmyaa Aanaaca

MoJieKyaibl ITIOBEPXHOCTHOTO CJIOS BTATUBAKOTCSH BHYTPH 00B-
eMa KHUAKOCTH, BCJIEJCTBUE UEro IOBEPXHOCTHBIN CJIOH OKasbI-
BaeT MOJIEKYJISIPHOE JaBJIeHUe Ha »KUIAKOCThb. ECIM HOBEPXHOCTh
JKUAKOCTH IJIOCKasd, TO BCe CUIbI F, AeliCTByIOIINe Ha KaKyIO
MOJIeKyJly M, MOBEePXHOCTHOTO CJIOf, NapajiefbHbl APYT IPYTY
U OKa3bIBAIOT HA TOBEPXHOCTH YKUAKOCTH MOJEKYJIsipHOe JaBJie-
Hue p, (puc. 8.3). Ilpu sTOM BKJIajx cui MOBePXHOCTHOTO HATH-
JKeHUA B 3TO MOJIEKYJSDHOE JaBjieHHe PaBeH HYJI0, TaK Kak Ha

a

Puc. 8.3. Cuubl, co3faolyie MOJEKYIAPHOe JaBJeHNe 10 IOBEPXHOCTAMMU:
a — TJIOCKOW; 6 — BBINMYKJION; 8 — BOTHYTOMI
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IUIOCKO¥ ITOBEPXHOCTH 9TH CHJIBI HAIIPABJIEHBI IIPOTHBOIOJIOKHO
M KOMIIEHCHUDPYIOT APYT Apyra.

Eciu e ITOBEPXHOCTH KUAKOCTH II0 KAKUM-IU60 NMPUYAHAM
VICKPUBJIEHA, TO CUJIbl MOBEPXHOCTHOTO HATAMKEHUA, AeHCTBYIO-
mue Ha MOJIeKyJibl M,, HanmpaBJjleHb! NIOJ YIJIOM M y:Ke He KOM-
MeHCUPYIOT APYT ApYyra, a UX pe3yJbTUDYIOUas HampasjeHa K
IEHTPY KPUBUSHBLI MOBEPXHOCTH M OKAa3bIBAET HA IIOBEPXHOCTD
JOMOJIHUTEJHLHOE MOJIEKYJIAPHOE AaBjieHUe Ap, BEIWYMHA KOTO-
poOro paccumnThiBaeTcs o gpopmyae Janaaca

1 1
Ap =0 —+—1|, (8.3)
R, R
rae R, u R, — pajuychl KPVMBU3HBI IIOBEPXHOCTU JKUAKOCTH B

ABYX B3aMMHO IIEPHNEeHAVKYIIIAPDHBIX CEUEHUAX.

Eciu noBepXHOCTB KUIKOCTU cheprueckas, To R, = R,=Ru

nobaBoUYHOE JaBjieHUE
26

Ap R (8.3a)

IToCKOMBKY CHMJIBI, CO3AAIONINE JOMOJHUTEJIbHOE MOJIEKYJIAP-

HOe JaBJieHWe, HAaIlpPaBJIEeHbI BCEra K IIeHTPY KPUBMU3HLI IIOBEDPX-

HOCTH, TO U AOMOJHUTEJHLHOMY JaBJEHUIO Ap IPUIINCHIBAIOT Ta-

KYI0 K€ HAIpaBJIEHHOCTh. B pe3ybTaTe MOJIEKYJIADHOE TaBJIeHNe

IOJ BBINYKJION MOBEPXHOCTBIO JKUAKOCTH Bcerga 0ojbllie, a MOA
BOIrHYTOM — MeEHBbIIIe, YeM IOJ IIJIOCKOI IOBEPXHOCTHIO:

Proun =Po + AP, }
pBOl‘H =Po— Ap’
Takum 06pas3oM, MOJEKYJIAPHOE JaBJIeHNE MOJ MTOBEPXHOCTHIO

SKUAKOCTH CYIIECTBEHHO 3aBUCUT OT KPUBU3HBI 9TON IIOBEPXHOC-
TH, YTO HATJISJHO IIPOSABJISETCS, B YACTHOCTH, B KaIUJJIAPDHBIX

(8.4)

ABJIEHUAX.

8.4. flBAeHMe cmaumBaHus

Ha rpauuie paszesa JXKUAKOCTHA ¢ TBEPALIM TEJIOM BO3SHUKAIOT
SIBJICHUA CMAYMBAHUA UM HECMAuYNWBAHUA, 00yCJIOBJIEHHBIE B3a-
UMOZEHCTBUAMHU MOJIEKYJ KUAKOCTH € MOJIEKYJIaMH TBepAOr'o
Tesa. Ecau CHIBI NPUTAXKEHUSA MEXAY MOJEKYJIAMH MUIKOCTH
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h\m
7 /N )

a

Puc. 8.4. BaaumogeiicTBre KUAKOCTH C IOBEPXHOCTHIO TBEPAOTO TEJIA:
a — cMauuBaHue, Kpaesoii yrou 0 < 90°; 6 — HecmaunBaHue, 0 > 90°

U TBEPIOTO Teja GOoJbIlle CHUJ IPUTSIKEHUS MEXKAY MOJIEKyJa-
Mu Kuaxocru: F, > F, ., TO JKUIKOCTb OYZET PacTEeKaThCs 110
TIOBEPXHOCTHU TBEPAOro Teja. ITO SBJeHHEe HA3LIBAIOT CMAYUEA-
nuem. Ecnu ke CUABl NPUTAKEHUS MEXKIY MOJEKYIaMU KUJI-
KOCTH M TBEPAOTO TeJIa MEHbINe CUJI IPUTSIKEHUS MEXIY MO-
JeKynamu skuaroctu: F, < F, ., TO *KUJKOCTb He Oyzer pac-
TeKaThCs II0 IIOBEPXHOCTU TBEPAOTO Teja, & OyAeT CTPEeMUTHCS
K YMEeHbIIeHUI0 CBOe! TMOBEPXHOCTH, coOHpasch B Kamiwo (puc.
8.4). Takoe siBNeHue HA3HBIBAIOT Hecmaxusanuem. IlocKonab-
Ky 9TH SABJIEHUS OINPEJEJAIOTCA OTHOCUTEIbHBIMH CBOMCTBAM
TBePAOTO TeJla U KUJKOCTH, TO OJHA U TA JKe YKUIKOCTh MOXKET
ObITH CMAYMBAIOLIEH IJIS OJHOTO TBEPJAOro Teja M HecMauyuBa-
ommei ana apyroro. Tak, Boga cMauyMBaeT CTEKJO M He CMauM-
BaeT KMPHYIO IIOBEPXHOCTh, 4 PTYTb HE CMAYMBAET CTEKJIO, HO
XOpOIII0 cMayuBaeT Menb. IloBepxHOCTH, cMaunBaeMble BOJOI,
HA3HIBAIOT 2udpodunbHbiMU, a HecMauyuBaeMble €0 — 2udpo-
dobrviMU.

KosmmuectBeHHON MepOI CMaYMBaHMS CIYKUT KPaeBoii yroJ 0,
o0pa3yeMblii TOBEPXHOCTBIO TBEPJOTO Tejia U KacaTeJbHOM, Ipo-
BEJE€HHOH K IIOBEPXHOCTH YKUAKOCTH B TOYKE MX COIPHUKOCHO-
BeHUs, NPUYEM KUAKOCTh HAXOAUTCA BHYTPM 3TOro yriaa (cm.
puc. 8.4). Ilpu cmauuBanuu 0 < 6 < 90°; uem Menblre yroa 0,
TeM cuilbHee cMmauumBaHue. Ecim 0=0, To cmauuBaHwe HA3LI-
BalOT TOJHBLIM MJIM HAeaJbHBIM. Ilpu udeaavnom cmauusanmuu
KaIlJIA XUAKOCTH PACTEKaeTCA IO MOBEPXHOCTH TBEPIOTO TeJa
IO TeX Iop, IIOKAa He IOKPOEeT BCI0 MOBEPXHOCTh WJM IIOKA He
obpasyeTcsi MOHOMOJEKYJADPHBII cioit. K ciyuyaio wupeaibHO-
ro CMauMBaHMUA MOYKHO IPUOJUIKEHHO OTHECTH pAacTeKaHHe
COMPTAa WJM BOJBI IO YUCTON IIOBEPXHOCTH CTEKJa, HeQTH IIO
BOJIe U TIP.
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IIpu HecmauuBarum 90° < 0 < 180° u yem Gossire yroi 6, Tem
cujJbHee OHO BBIpakeHo, npu 0= 180° 6yzer noamoe Hecmaxu-
sanue. B aToM ciiyuae KMAKOCTh HE NMPHUJIHUIAET K IIOBEPXHOCTH
TBEPAOTO TeJla M JIETKO CKaTbIBaeTCs C Hee.

fiBneHMe cMauWBaHUA HMMeeT BAXKHOE 3HAaYeHWe M B OLITY, H
B IIPOMBIIIIEHHOCTH, U B MeAulinHe. XOpOIllee cMaumBaHue He-
06X0AUMO IpU KPAIleHWH, CKJICUMBAHMU, NaliKe U APYrux mpo-
M3BOJACTBEHHLIX Ipoleccax. HecMaunBaHue Ba'KHO NPU T'UAPO-
U30JAINKA, CO3NAaHHHM HEIPOMOKAEMBLIX MAaTepuaioB. SIBienus
CMauMBaHUA BAaXKHBI TAKKe AJIA IPOABHKEHHUS KPOBH IO Ka-
NWIIAPaM, OCYIIeCTBIEHUA AbIXAHUA U OPYTHUX OHOJIOTHMYECKUX
IIPOIIECCOB.

8.5. KanuaaapHbie aBaeHus

CmaumBaHWe WM HeCMayMBaHWE JKUAKOCTHIO CTEHOK COCyZAa,
B KOTODOM OHa HAXOJWTCH, BIuUAET Ha Hopmy cBOGOAHON moBEpX-
HOCTH JKMAKOCTH B 9TOM cocyje. Eciu pasmepnl momepeuyHoro ce-
YeHUA COCYZA BEJNKY, TO (POpMa ITOBEPXHOCTH OIIpefiesiAeT s TJIaB-
HBLIM 00Pa30M CHJION TAMKECTHU U IPeJCTABJSAET B 9TOM ciy4ae ILIo-
CKYIO FOPM30HTAJNBHYIO IOBEPXHOCTh ¥ JIMIIBL Y CAMBIX CTEHOK IO~
BEPXHOCTh JKHUJKOCTH WCKDUBJSAETCA BCJENCTBHME CMa4YMBAHUA
win HecmauupaHusa. OJHAKO B COCyJaxX MAaJIOTO IIOTIEPEUYHOr0 ce-
yeHuA (Kanuwagpax) BCAeICTBHEe CMAYMBAHUA UM HECMAYUBAHUA
WX CTEHOK KHIKOCTBHIO IPOMCXOJUT CYIIECTBEHHOE HCKPUBJIEHUE
TIOBEPXHOCTH KHUAKOCTH M 00pasyeTcsi TaK Ha3bIBaeMBIA MEHHCK,
BOTHYTHIA NPH CMAauYMBAHHUHU JKUAKOCTHIO CTEHOK COCYZAA U BBIIY-
KJbIH PN HECMAYWBAHMM, YTO IPUBOAUT K KANWJLIAPDHBIM SBJIE-
HUAM.

fABneHusa M3MeHEeHNA BBICOTHI YPOBHS KUAKOCTH B KaNWJIJIA-
Pax 1o CPaBHEHUIO ¢ YPOBHEM >KUAKOCTH B IINPOKOM COCYJe Ha-
3BIBAIOTCS KANUAAAPHbIMU AéneHuamu (puc. 8.5). Ecau xuz-
KOCTh CMa4YMBaeT CTEHKM Kalmjulsgpa, TO o6pasyeTcs BOTHYTHIHM
MEHUCK PajuycoM I, MOJIEKYJISIPHOEe JaBjieHVe IIOA KOTOPBIM Ha
Ap MeHbIle, yeM MO IJIOCKO¥ MOBEPXHOCTBHIO B IMMPOKOM CO-
cyzne, coobmaonmuMed ¢ KanmaiasapoM. Tak Kak MOJIEKYJIsipHOe
JAaBJIeHHE TIOX MJIOCKOM NMOBEPXHOCTHLIO B IITMPOKOM COCyJZe Ha Ap
GosibIlie, UeM B KaOWJAsIpe, TO OHO BLITAJIKMBAET MXUIKOCTH B
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a 0

Puc. 8.5. KannnnsapHsle ABJIEHUA:
a — TOABEM YPOBHS *KHIAKOCTH B KAIWJIJIIPaX PasHOro AuaMeTpa
IpU CMauuBaHUM; 6 — OIyCKaHMe YPOBHA KUJKOCTH B KANUJLISApe
npyu HeCMAYUBaAHUAY

Kamnujjidgpe BBEpPX [0 Tex MOP, MoKa BECOBOE AamiieHUe 00paso-
BAaBIIIET'OCA CT0JIOA KUAKOCTU BLICOTOH /I He CKOMIEHCUPYET I0-
0aBoYHOe MOJIEKYJIADHOE JaBlieHue Ap:

rge p — IJIOTHOCTD JKHUJAKOCTH; & ~— YCKOPEeHue CBOGOAHOrO ma-
IeHUus.

Ecau UIKOCTh He CMauMBaeT KaoWJLIsAP, TO 06pa3yeTcs BbI-
NYKJBIH MEHHCK, MOJIEKYJISIPHOEe AaBJleHHE I0J KOTOPBHIM Ha Ap
6onabllie, yeM B IIUPOKOM COCYZE, M HAIIPABJICHO BHU3, BHITECHHASN
KHUAKOCTh HUXKe UCXOJHOI0 YPOBHA HA IVIYOUHY A, yAOBIETBOPS-
romyio yeaosuio (8.9).

Takum 06pa3oM, B KAIWJLIApPe XXUJKOCTh NMOAHUMAETCA (HMJIH
OIlyCKAaeTCs) Ha TAKyI0 BRICOTY K, IPH KOTOPOH ruiapocrarvuye-
CKOe JaBjieHye CcTON0a KMIKOCTH ypaBHOBELIMBAeT U3GLITOUHOE
MOJIEKYJIApHOe JaBJieHHe, 00yCJIOBJIIEHHOe KPUBH3HOM MEeHHCKa:

n=2P (8.6)
pg
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Ecau paguyc KPUBM3HBI MEHHCKa paBeH R, To, HMOACTaBJIAA
dopmyay (8.3a) B (8.6), monyuum

B = 20 _ 2ccos0 ) (8.7)
PgR pgr

B nocliefHeM COOTHOLIEHWY YUTEHA CBA3h MEXIY PafuycoM
KpuBU3HBEI MeHucKa R u paguycom Kanuianapa r: R = r/cosf, rae
0 — xpaesoit yroJ.

W3 popmyast (8.7) BUAHO, UTO YeM TOHBIIIE KANWIAAP U Jy4-
mie cMauuBanue (MeHbIne 6 1 Gosbine cosO), TeM BhIllle MOLHM-
MAaeTCA MKUAKOCTh M0 Kanmwiaapy. Ilpu naeansbHOM CMauMBAHUY
(0 =0, cosb =1, R = r) BbICcOTa NOJBEMA MaKCHUMaJIbHA:

ho = Ezg%' (8.72)
Ecin ke XMIKOCTb He CMAuUMBAET KAMUJLIAP, TO €e YPOBEHb B
Kallujjsape OIyCcKaeTcsa Ha IJIyOMHY, onpeaeideMyio dopmyiamMu
(8.7) u (8.7a), T.e. HeCMaUMBAIOUIAA KUJKOCTh «BBITAJIKUBAET-
cA» M3 Kanwigpa. I1osToMy Taxasd JKHAKOCTh HEe MOYKeT Iiy-
00KO IPOHUKHYTH B IOPHI TBepAoro Tena. C aTuM cBsA3aHa, HAa-
OpuMep, HEIPOHUIAeMOCTh [OJIA BOALI IIEPhEB NTHI], CMa-
saHHBIX KupoMm. HampoTus, cMauuBaiomiasa >KUJKOCTb XOPOILIO
IIPOHMKAaeT B TaKWe IIOPLl ¥ yAepsKuBaeTcsi B HuUX., Biaromapsa
9TOMY SABJIEHUIO IOPHUCTHIE BEIeCTBA MOTYT YAEeDPKUBATh 3HA-
YuTeJIbHOE KOJHYECTBO SKUIAKOCTH AAa’Ke U3 IapoB BO3AyXa,
YTO NPUBOAUT K YBJAXKHEHMNIO OelbsA, BaThl B CHIPBIX IOMe-
I[eHNAX, 3aTPYAHSIET CYMKY 'MTPOCKOINYECKUX Tell.
Kanunnsapusle sBleHUs BechbMa PACIPOCTPAHEHBI, MMHU 00-
VCJIOBJIEHO MOAHSITHE BOABI B IOYBE, [0 KOPHEBOH CHCTEMeE pac-
TeHuil, ABMMKEHHUE GHOJIOTHUECKHX KHUAKOCTEH IO CHCTEME MeJ-
KHX COCYZOB M KaHAJbIEB ¥ MHOrHe Apyrue sBJIeHNA.

8.6. Ta3zoBas 3mboAusa

C moBepXHOCTHBIM HaTAMKEeHMWEeM CBA3aHO U SBJIEHHE ra3o-
BOi#i sMGoMK, IPU KOTOPOM MNy3bIPEK rasa crocobeH 3aTpyn-
HHUTL U JaKe OCTAHOBUTL KPOBOTOK B MEJKHX cCOCyjmax, Jiu-
IINTh KPOBOCHAOXKEHUA KaKO0M-I1160 Oprad, YTO MOXKeT IPUBECTH
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K Cepbe3HOMY QYHKIUOHAIBHOMY PACCTPONCTBY U JaKe JieTaJNb-
Homy ucxony. Ilosromy paccMOTpuM IoApOOHee IOBeIeHUe
Oy3BIDbKA BO3JIyXa, HAXOLANIErOCA B KanMJJIApe C KUAKOC-
TBIO.

Iloka zuamerp rasoBoro IIy3hHIpbKa MEHBbIIEe AuaMeTpa
cocyna, OH MMeeT mouTu chepudeckyio GOpMYy M ABHIMKETCH
BMeCTe ¢ TOKOM Kposu. Ecam oH momajgaer B MeJKHI COCYA,
AUAaMeTP KOTOPOTO MeHBIIe AHaMeTpa Hy3bIpbKa, TO ero Me-
HUCKHU Ae(POPMUDPYIOTCA HOJ JeHCTBHEM AUHAMWYECKOTO JaB-
JeHUs TeKyIlel KPOBU: IIEPeJHMUI II0 TOKY KDOBU MEHUCK
BBITATHBAETCA, €ro pajguyC KPUBH3HbI yMeHbIIaeTcs, a 3a-
OHUI TIOA HAIIOPOM KPOBH YILJIOIAETCSA M €r0 paguyc KpH-
BU3HBI yBeauumBaerca. COOTBETCTBEHHO, JOIOJHUTEJbHbIE
MOJIeKYJIIPHBIE JaBJICHUI, AEMCTBYIOIIWEe Ha 3TU MEHHCKH,
OyAyT He OQVMHAKOBBI ¥ HAIIPABJIEHLI HABCTPEYY, & UX PE3yJib-
TUpPYIOIIad CUjia, NPUIOMKEeHHAs K IYy3BIPbRY, OyZer Hampas-
JleHa TIPOTUB TOKA KPOBM, IPOTUBOAEUCTBYA €My, BILJIOTH O
BO3MOKHOI OCTaHOBKM KpoBoTOKa (puc. 8.6, a). Eme 6osee
CJIO}KHASA CUTYaIlls BO3HHUKAET, KOTJA ra3oBbIN IIy3BIPEK IIO-
IajiaeT Ha pasBeTBJeHHe (6uDYPKAIINIO) COCYAUCTOrO PyCaa 1
TMOJIHOCTBIO OCTAHABJIMBAET KPOBOTOK B AMCTAJBHO PAaCIIOJO-
JKeHHBIX cocyzax (puc. 8.6, 6). Takum o6pasom, nonasuine B
KPOBb MY3LIPHKM BO3AYXa CIIOCOOHEI 3aKYIOPUTh MEJKHE COCYHI.

Tazosas sM00aMA MOKET BOSHUKHYTH IIPHA PAHEHUU KPYITHBIX
BeH, I'Jle AaBJeHNe KPOBU HUKe aTMOC(hEpPHOro, IIPX HEIPaBUJIb-

Hanpasienue
KPOBOTOKA

HanpasiieHue
KPOBOTOKA

Puc. 8.6. BiausHMe ra3oBoro nmys3sipbKa Ha KPOBOTOK:
a — B MeJIKOM cocyjlie; 0 — Ha pa3BeTBJIECHUH COCYLOB
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HO IPOBEJEHHBIX BHYTPUBEHHBIX WHBEKIMUAX U B APYTHX CHUTY-
anuAx.

I'a3oBble y3BIPbKY B KPOBU YeJOBEKA M YKUBOTHBIX MOTYT I10-
ABUTHCS W IIPY PE3KOM CHHMI)KEHWH BHEIIHEro JaBjeHUs Ha Op-
raHusM, 4YTO OOYCJIOBJIEHO YMEHbIIIEHNEM DaCTBOPMMOCTH I'a3oB
(B nepByI0 ouepenb a30Ta) B KPOBH M HEPEXOAOM UX M3 PACTBO-
PEHHOro COCTOSHUA B ra3000pasHOe BCJIEJCTBHUE PE3KOI0 CHUMe-
HUA OKpyJKamlero napiaenusi. C mono6HOH mnpobiemoit MoryT
CTOJIKHYTBHCA BOJOJIa3hI IPU OBICTPOM MOABEME C GOJIBLION TJY-
OMHBI Ha TIOBEPXHOCTH (KeccoHHass 60JIe3HB), JIETUMKHA M KOCMO-
HaBTHI IIPY pasrepMeTusanuy KaOUHbI uiIN cKadauapa HA GOJIb-
IIIOM BBICOTE.

8.7. PoAb aabBeoAsipHOro cypdpakraHTa
B Npouecce AbiXaHusl

B Jerkyx OpOMCXOAUT Ta3000MeH KHCJIOPOAOM, YIJIEKUCIIBIM
rasoM ¥ a30TOM MEJKIAY OPraHU3MOM M BHeIlltHeii cpenoii. CTpyK-
TYPHOM eguHHIell JIerKOoro, B KOTOPOM IMPOMCXOAUT 3TOT ra3ool-
MeH, ABJAETCA aabéeosa. B merxkmx npumepHo 300 MMIIHMOHOB
ajJbBeos, o0mias IIOBEPXHOCTh KOTOpPHIX mocturaer 70-80 m?2.
Huametrp anbpBeos cocrtasiseT Bcero 75-300 mMxM, IOBEPXHOC-
THOE HATS)KEeHWE AaJbBEOJSPHBLIX MeMOpaH, BBICTUJIAIOMINX MX
WBHYTPH, co3maeT jgobaBouHoe maBieHue Jlamimaca, cTpemsmie-
ecs YMEeHBIUUTh pasMep ajibBeos. Ilpm BHoxe o6beM aJjbBeEO
yBeJuumnBaerca OJjarogaps paboTe AbIXaTeJdbHBIX MBILIL, IaB-
JIeHVe B HUX CTAHOBUTCH HUIKe aTMocGepHOro U 3To crmocobc-
TByeT MX 3aIOJHEHMIO Boaayxom. Ilocie Bpioxa o0beM aiabBe-
0J1 yMeHbIIIaeTcsd, N00aBOUHOE AaBjieHMe B HUX yBEJIUUYUBaeTCH,
YTO OJIKHO OBLIO OBl CHJIbHEE YMEHBIIHUTL Pa3Mep aJbBeO] U
IPEnATCTBOBAJIO OBl CIEAyIONIeMy aKTy BAoXa. JTOTO He IpouC-
xXoauT Ouarofaps CHEeNHaJbHOMY BellleCTBY — cypdaxmanmy,
NOKPBIBAIOIEMY BHYTPEHHIOIO II0BEPXHOCTh ajbBeold. Cypdak-
TaHT CYILIECTBEHHO CHU’KAET NOBEPXHOCTHOE HATSKEHHe ajbBe-
OJIIPHBIX CTEHOK, IIpU4YeM ero KoahduiueHT IOBEPXHOCTHOTO
HATAMXKEHUA 3aBUCUT OT TOJIIUHLI MJEHKU: HAa BIOXE OHA TOHL-
Ile, TAK KaK NOBEPXHOCTH ajibBeosbl Oosbine, ¢ = 0,05 H/m,



144 8. CBOMCTBA XMAKOCTEN. [MOBEPXHOCTHBIE BACHUS

a Ha BBIJIOXE 9TA MJIeHKAa TOoJIe ¥ KO3(D(PUIMEeHT ITIOBEePXHOCTHO-
ro HaTsKeHUuA cyphaxranTa cuukaerca B 10-50 pas, npunumas
3Hauvenud o = 0,005-0,001 H/m, nosaromy cHUKaeTcsa u 106aBOY-
Hoe JaBJIeH’e B aJibBeoJiax, 00eCIeuruBas BO3MOMXHOCTD IIOCIeNY-
omiero Broxa. Takum o6pazoM, UMEeHHO Hajiuyue cypdaKTaHTa C
ero YHUKAaJbHLIMY IIOBEPXHOCTHLIMY CBOMCTBAMM NIPENSTCTBYET
MOJIHOMY CXJIONIBIBAHUIO aJbBEOJI M O00ecIrieynBaeT BO3MOMKHOCTDH
IbIXaHWII,

8.8. Metoabl onpeaenenuns kodhduunenta
NOBEPXHOCTHOIO HATSHKEHUSI >KUAKOCTei

Kanunnapnoii memod oCHOBaH Ha HCIOJb30BAHUH COOTHO-
menuda (8.7) ana onpeneneHus KodpHUIMEHTa MOBEPXHOCTHOTO
HaTSKeHUA KUIKOCTH IIyTeM M3MEePEeHUs BhICOTHI /i IOAHATHA ee
YPOBHA B KanMJJIAPe U3BECTHOI'O pajuyca r:

_ pghr (8.8)
2c0s0 )

OCHOBHOH HEJOCTATOK 3TOTO METOZA — CJIOXKHOCTH OIpejeJie-
HUS BeJUYHUHBLI KpaesBoro yria 0. ITos-
PesuHOBaA TOMY HCIIOJIb30BAThL 9TOT METOH YAOOHO
npoGka TOJIBKO B Te€X CJydYasxX, KOrja cMayuBa-

HUe OJIU3KO K MAeasbHOMY u cosO = 1.
Memod Pe6undepa (MeTojn omnpepe-
JIeHUS MaKCUMAJILHOT'O JABJEHHS B IIy-
Do 3bIpbKe). B ucciaemyemyio :xugkocts I,
K soganomy HAXOMAIIYIOCHA B COCYAe (puc. 8.7), Bep-
::%rgﬂ Hacocy THKaJIbHO OIIYCKAeTCHA KANWIIAPHAS
=" TpyOKa 2, Y3KHI KOHel KOTOpoil aua-
meTpoM He Gojee 0,5 MM kacaercs Io-
BEPXHOCTU HUCCHENYEeMONl IKHIKOCTH.
Puc 8.7. amepenue JdpyruM KOHIIOM sTa TPyOKa coobiaer-
MAKCHMAILHOLO cA ¢ aTMOCQEPHLIM BO3OYXOM, IHOSTOMY
JABJIEHNA B Iy3bipbKe  BHYTPH KAMMJLIApa HOAAEPIKUBACTCS aT-

BO3AYyXa mocepHoe faBJeHUue pPg.
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JlaBjeHue p Hax HccaefyeMoi YKUAKOCTBIO IIOCTeIeHHO YMEHb-
1IaI0T ¢ TIOMOIILIO BOAAHOTrO Hacoca. PazHocTs nasnenuii (p, — p)
CTPEMUTCH BHIAYTH TY3bIPEK BO3AYXa U3 KAIUJIAPA B MKUAKOCTh,
HO 3TOMY IIPOTHBOAEHCTByeT n00aBOUHOe JaBieHue Ap =26/T,
cO34aBaeMoOe CHJIAMU IIOBEPXHOCTHOI'O HATSKEHUA KHUAKOCTU B
obpasymllleMcsa IIy3bIpbKe pPaauyCcOM I' U HAIPaBJIeHHOEe K IeH-
Tpy my3bipbKa. HakoHell, mpu HEKOTOPOH Pa3HOCTH AaBJIEeHUMH
(po — p) ¥3 KaNMANAPHON TPYOKU BHIAYBAETCA B JKUIKOCTH BO3-
AYIIHBLIA IIy3bIpeK. PasHocTh gaBieHuitl (p, — p), MaKCUMANBLHAA
B 9TOT MOMEHT, uaMepserca U-o0pasHbIM MaHOMETPOM M PaBHA
pgh, THe p — IJIOTHOCTH JXUAKOCTH B MaHOMeTpe, A — pasHocTb
ee ypoBHeill. Takum o6pasoM, B MOMEHT BBIAYBAHUS Y3BIpbKA
MMeeT MECTO PABEHCTBO

pgh = 29, (8.9)
r

3lech HeM3BEeCTE€H PaAUyC I' BBIAYBAEMOTO IIy3bIpbKa, uU3Me-
PHUTBH KOTODHIN Kpaline 3aTpyaHuTeabHO. IloaTomy nmpuberamor K
KUCIIOJb30BAHUIO 3TAJIOHHON *KUAKOCTH, KO3(D(PUIUEHT II0BEPX-
HOCTHOT'O HATSYKEHMUS G, KOTOPO# M3BecTeH U OJU30K K Koahdu-
IUEHTY HOBEPXHOCTHOTO HATSKEHUA O UCCIELYeMOMN KUIKOCTH.
ITpu aToM mosararT, UTO paguycChl Iy3LIPHKOB, BEIAYBAEMBIX K3
OIHOTO ¥ TOTO K€ Kanuaigpa B 000uX ciydaax OyayT ORMHAKOBEI.

Temepr BMeCTO HCCIERYyeMOH KHUIKOCTHI B COCYJ HaJIMBAIOT
ITAJIOHHYIO KUJKOCTh M M3MEPAIOT II0 MaHOMETPY MaKCHUMAaJb-
HYIO pasHOCTb YPOBHEH A, IPM KOTOPO# ITy3bIPEK BO3JyXa BBIAY-
BaeTCd B 9TAJIOHHOW KUAKOCTH U BBINOJHAETCA PABEHCTBO

2
pgh, = ~;’_° (8.9a)

Pasnenus ypaBaenue (8.9) na (8.9a) 1 peuins €ro OTHOCHUTENb-
HO O, mojsyuaeM GOPMYNY AJS BHIUUCIEHNSA IOBEPXHOCTHOTO Ha-
TS2KEHUS HCCIeyeMOoll JKUIKOCTH:

= cohi. (8.10)
0

PaCCMOTpeHHbIM MEeTOAOM MOXHO OIUpeleysaTb I[IOBepX-
HOCTHOE€ HATAMXEHMEe M Ha rpaHule pas3feja ABYX HeCMelin-
10-5281
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BalOIIUXCA JKHUAKOCTeH., B 3TOM ciydyae Y3KHH KOHel Ka-
OUJIAPHON TPYOKM HOJIIKEH KacaThbCcAd IIOBePXHOCTH pasjesa
3THX KHIKOCTeH, HO IIpU 3TOM cJeAyeT 006sa3aTeNbHO YUHUTHI-
BaTh T'HUAPOCTATHMUYECKOe JaBjeHWe p,gH KuAKoCTH, pacmoJio-
’KeHHOH CBepXy, TOJMIMHA CJ0A KOTOpoii paBHa H, a miort-
HOCTb — pj.

Cmanazmomempuueckuii memod (MeToz cueta Kaneis). ITox
IefiICTBHEM IOBEPXHOCTHOIO HATAMKEHUA CBOOOZHAS IIOBEPXHOCTD
KameJb XKUJKOCTH CTPEMHTCS IPHHATH I1apoobpasHyio dopmy,
COOTBETCTBYIONUIYIO HAWMMEHbIIIe!l ITIOBEPXHOCTHON SHEPruM M Ha-
MMEeHbIIIeH NJoHiafu cBoOOAHOM moepxHocTu. Wx dopma tem
6aMiKe K IIApoBOli, YeM MeHbIIIe BeC Kallejb, IMOCKOJBKY MAJs
MaJbIX Kamejb CWJIa IIOBEPXHOCTHOrO HATSMKe-
HUA IPEBOCXOAUT CHUJIY TAMKECTH.

®opma ¥ pas3Mep Kalejb, OTPLIBAIOIUXCA OT
KOHIA KanMJUIAPHON TPyOKH, 3aBUCAT HE TOJb-
KO OT CHJIbI IOBEPXHOCTHOT'O HATS'KEHUs, HO U
OT AuaMerpa TPYOKM M IJIOTHOCTU BBLITEKAIOLIEHN
sKuAKocTH. IIpy BBITEKAHUU KUAKOCTH U3 Ka-
NUIJISPHOM TPYOKH pasMep Kalljd THOCTEIeHHO
pacTeT.

Ha puc. 8.8 moxkasau mnpouecc o0pasoBaHus
kamiu. Ilepes OTPBIBOM KaIliu oOpasyeTcs 1Ieii-

mg Ka, JuaMeTp d KOTOPO# HECKOJBKO MEHbIIe Aya-

Puc. 8.8. MeTpa d, KanuaaapHoii Tpyoxu. Ilo okpysxHOCTH

HUcreuenne MIeHKHN KallJIix JeHCTBYIOT CHJIBI IIOBEPXHOCTHOrO

Karm u3 HATSKeHusd, yAepikuBalonive kKamiawo. Ilo mepe
Kanujiadapa

yBeJIMYEHUA pasMepa Kalld pacTeT CMJja Ts-
JKecTu mg, CTpeMAIasaca OTOPBATh ee. B MOMEHT OTphIBA KalljIn
OHA PABHA PE3yJbLTHUPYIOIIEil CHJe IOBEPXHOCTHOTO HATAMKEHUA
F, =ndo:

ndc = mg. (8.11)

Takum 06pasoM, U3MeDAA MACCY M OAHON KaIlJIu M 3HAas Aua-
meTp d miefiky Kamjiu, MOMHO BBIYNCAUTH KO3G(MHUIIMEHT OoBep-
XHOCTHOT'O HATAMEHU!

mg
=—. 8.12
N nd ( )
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Maccy ozHOH Kanau OIpeaeasioT
B3BEIIVMBAHMEM Ha aHATUTHUYECKHUX BECAX
OIIPENEeJIEHHOTO OTCYUTAHHOTO KOJIMYECT-
Ba Kamenb (oTciofla ¥ HasBaHWE MeTo/a)
¥ TIOCJIENYIOIIEr0 BBIYHCJIEHUS CPemgHeH
MaccChl OJHOM KaIju.

Memod ompuiéa xonvya. Ha nosepx-
HOCThH HCCJeIyeMON KUAKOCTH IIOMela-
0T KOJBIO Uiy paMKy. Ecam XuaxocTb
CMavYuBaeT KOJIbIO, TO CUJIbI IIOBEPXHOC-
THOTO HaTaxeHud F, u F,, neiicTByoiue
Ha €0 HAPYXXKHYIO ¥ BHYTPEHHIOIO IIOBEP-
xHocTH Auamerpamu D u d, HanpaBieHBI
BHYTPb KUAKOCTH, K&K IIOKa3aHO Ha puC.
8.9, 1 co3aloT CyMMapHYIO CUJIY IT0BepX-
HOCTHOTO HATSKEHHUSA

F,=on(D + d). (8.13)

Yro6pl OTOPBATH KOJBIIO OT TOBEP-
XHOCTH JKHJKOCTH, HAJ0 IIPHUJIOKUTD

oy

Puc. 8.9. Usmepenue
Koa(pdpunueHTa noBepx-
HOCTHOT'O HaTAKeHUsd
MEeTOJOM OTPBIBA KOJbIA

HAIIpaBJEHHYK) BBEpX CHIY F, KoTopasa CKOMIIEHCHDPYeT CUuJy
TAMECTH mg KOJbLIa N CHJY IIOBEPXHOCTHOIO HaTAXXeHUA Fn:

F=F_, +mg.

(8.14)

WsmepuB ¢ TOMOIIBIO JUHAMOMETPA WK BecoB cuiy F orpriBa
KOJIbIIA ¥ 3HAsI er0 Maccy U pasMmepsl, u3 coorHoueHui (8.13) u
(8.14) monyuaroT BhIpakeHue AJS KodQPUIMEeHTa IOBEPXHOCT-

HOT'O HATAMEHUA XUIKOCTHU:

_ F-mg
n(D+d)’

(8.15)

KOHTpO/\beIe BOMPOCHI U 3aAaHNA

1. Yem 06yciioB/IEHO BOBHUKHOBEHVE IIOTEHUNAJLHON SHEPIUK MOBEPX-
HOCTHOTO ¢J10A JKUAKocTu? OT 4ero 3aBUCHT ITa dHEPIUA?

2. KakoB pusnyeckuii cMbICI Ko3(pPUIilneHTa 10BEPXHOCTHOTO HATAMe-
HHUA? OT 4ero OH 3aBUCUT? KAKOBa ero pasMepHOCTb?

10*
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3. UeMy paBHBI U KaK HampaBJeHbI CUJIbI IOBEPXHOCTHOTO HATAMKEHUA?
Kaxum 06pasomM NposBISIOTCA 3TH CUJIBI M KAK WX MOXKHO H3Me-
purs?

4. Yem 00yciiOBleHEl MOJIEKYJISPHOE JlaBlleHUe TIOBEPXHOCTHOTO CJI08
Ha KUJKOCTb U 100aBOYHOE AAaBJIEHUE 110 K3OTHYTOM II0BEPXHOCTHIO
supxoctu? Sanmmure popmyay Jlamiaca.

5. Kak 00bACHAIOTCA ABJIeHUA CMAaYUBAHUA U HecmauuBarua? Yro ra-
KOe KpaeBoil yroma?

6. Kak paccuurars BRICOTY mogbeMa (OIYCKAHHUHA) KUIKOCTU B KaluJ-
JIAPHBIX TPyOKax?

7. B yeM cyuiHOCTb ra3oBoil 3MGOJIMY ¥ KAKOBBI YCJIOBUS € BO3HHUKHO-
BeHUA?

8. KaxoBa poJib IOBEPXHOCTHOrO HATAMKEHUSA AJbBEOJISIPHOIO cypdak-
TaHTAa JIerKUX B Ipoliecce AbIXxaHuA?

9. OxapakrepusyiiTe MeTOABI OIpeaeJeHus KoahduireHTa I0BEPXHOC-
THOTO HATHKEHHUSA KUAKOCTEH.



dusmnuyeckne OCHOBDI
re MOAMHAMMUKU

Masa 9

I'emodunamurka — Hayka, M3y4yalOMas 3aKOHbLI ABUIKEHUSA
KPOBH II0 cOocyaucToi cucreme. OOlIMe 3aKOHBLI TEYEeHUS KUA-
KOCTH W3y4YeHbl TUIPOJMHAMUKON, YCTAHOBJEHBI B paMKax
KJacCUUecKoil (GMBMKM WU SABJIAIOTCA OCHOBOH AJiA ONKUCAHHUSA
TeMOAMHAMMUYECKHX IIPOIECCOB B JKMBOM opraHusme. OpzHako
CJOJKHASA OPraHM3allud pPeajibHOM CHMCTEMBI KDPOBOOOpAlleHWS,
crienupuYecKre CBOMCTBA ABUIKYIIENCA KPOBM, MEXaHMUYECKUe
XapaKTePUCTUKK KPOBEHOCHBIX COCY/JOB U PAJ APYrux (paxTopoB
NPUBOASAT K 3HAYMTEJbHBIM TPYAHOCTAM B 3ajJade IIOJHOI'O KO-
JNYECTBEHHOI'O ONMCAHMA ABHIKEHUS KPOBH B opranusme. B To
JKe BpeMdA TOJIbKO Ha 0CHOBE KOJHYEeCTBEHHBIX 3aKOHOMEPHOCTEH
CHCTEeMBI KPOBOOGPAIEHNA BO3MOMKHBI I'Iy0OOKOe ITOHNMAaHue re-
MOZMHAMMWYECKUX SBJEHHI, pa3paboTKa MeTOAOB JHATHOCTHKH
¥ JieyeHusa psjga sabosieBamuii.

9.1. OCHOBHblE TMAPOAMHAMMYECKUE MNOHATUN
M 3aKOHbI

JIJisi onmucaHKus ABMIKEeHUA KUAKOCTH NCIIOJNb3YIOT 1Ba MeToa.
MosxHO onpeaenaTh, KAK U3MEHAIOTCA BO BpeMEHH! TPAeKTOpHUA U
CKOPOCTH KayKAOM 4acTUILI KUAKOCTH. Takoit MeToA ucciiefoBa-
HUsA Ha3wuIBAIOT Memodom Jlazpanxa. OQHAKO MOXKHO HabI04aTh
He 32 OTAEeJbHLIMH YaCTHI[AMHU, 4 34 BhIJEJIEHHLIMH TOUYKAMH IIPO-
CTpaHCTBa, Yyepe3 KOTOphie HPOXOAAT YACTHUILLI KULKOCTH. JTOT
MEeTOJ, Ha3bIBAIOT Memodom Jiliepa.

9.1.1. YcAoBue HepaspbiBHOCTU CTPyH

Teyenune KHUAKOCTH XapaKTepuayeTcs JHHUAMHU TOKa. ITO
JYWHHMH, KacareJbHble K KOTODBHIM COBIIAJAIOT € HalpasJe-
HHMeM BEeKTODAa CKOPOCTH YaCTHI[ JXHUAKOCTH B JaHHOM TOYKe
(puc. 9.1). YacTs mpocTpaHCTBa, OrpaHUUYeHHAA JUHUAMH TOKA,
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Puc. 9.1. JIunuu roka
TIPH JIaAMMHAPHOM
TeYeHUU

Puc. 9.2. Jlunwnu Toka
npy TypOyJIeHTHOM
TeYeHUHU

HaabniBaeTca mpy6xoud moka (ua puc. 9.1
3amTpuxoBaHa). Ecnu npu reueHuM Kuji-
KOCTY JIMHUHM TOKa HEeNPEePBLIBHBI, TO Ta-
KOe TedeHHEe HA3bIBAETCHA NAMUHAPHBLM
(puc. 9.1).

IIpu ompeznesieHHBIX YCJOBUAX B ABH-
JKYIIeNcsa JKUAKOCTH MOTYT BOSHHUKATH
3aBUXPEHNSA, CKOPOCTb €€ YaCTHI[ Xao-
THYECKM H3MeHdAeTcs, JUHHM TOKa IIpe-
TePIEeBAIOT PaspbIBBI, U3MEHAINUECA CO
BpemeneM. Taxoe ABMMKEHHE KULKOCTH
Ha3bIBaeTca mypbynrenmuovim (puc. 9.2).

Ilsis1 ycTaHOBJIEHUA CBA3U MEXKAY CKO-
POCTHIO JIAMUHADHOTO TEUEHUS KUIKOCTHU
¥ TJIO[AABIO IIOTIEPEYHOT0 CeUeHUA YUIac-
TKa, Yepe3 KOTOPHIN OHa IIPOTEKAaeT, Bbl-
JenuM B TPyOKe TOKa YUacTKH C ILIOIA-
JbI0 IMOIEepevyHoro cedeHusa S; u S, (puc.
9.3). B npezenax aTux ceyeHni CKOPOCTH
HacTHL, JKUAKOCTH OAWHAKOBBLI, HAIPaB-
JIeHBl TIePIIeHRAUKYJASAPHO BHIJEJIEHHBIM
II0IaAKaM M PaBHBI N0 BeJHWYNHE U; U

v, cooTBercTBeHHO. O6BeMbI KULKOCTH V; U V,, npoTekamiei
yepes BBHIJEJIEHHOE CEYEHUE 3a OJHO TO JKe BpeMd ¢, OAMHAKOBEI,
TAK KaK JKUJKOCTh IPAKTHYECKH HECKMMaeMma. JTO IO3BOJAET

3armMucaTb paBeHCTBO

S,v,t =S,v,t, unu S,v, = S,v,, uim Sv=const. (9.1)

Ypapuenue (9.1) mpezacTasisger coboil ycaoeue Hepa3pvie-
HOCcMu cmpyu, yTBepXKAalollee, YTO IIPU JAMUHAPDHOM TeYeHUU

Puc. 9.3. YcioBre Hepa3pPbIBHOCTU CTPYU
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HeC)KMMaeMOi JKUIKOCTH IPOU3BeleHYe IIJIONIa A ceyeHna ydac-
TKa, Yepe3d KOTOPBbINi OHA MPOTEKaeT, U ee CKOPOCTH SBJISAETCHA
TMOCTOAHHOM BEJUUYMHON [Jist JaHHOM TPYOKH TOKa.

IIpu1 TeueHUM KUIKOCTU PA3JIAYANIOT €€ JIUHEUHYI0 U 00beM-
HYIO CKOpPOCTb. JIuHeithasa ckopocms (V) — 3T0 nyTs L, mpoxo-
OUMBIA YaCTUIIAMMY JKUJKOCTH B eIUHUIY BpeMeHu: v = L/t (aus
paBHOMepHOro TeueHusn). O6semunas ckopocms (pacxod) @ — 3To
00beM KUAKOCTH V, IPOTEKAIONINN Yepe3 HeKOTOpoe ceueHure 3a
efnHUIly BpemeHu t: @ = V/t. O0beMHAA U JHHEHHAA CKOPO-
CTH TEeYEeHUsA >KUIKOCTH CBA3aHBI OYEBUAHBLIM COOTHOIIEHMHEM:
Q@ = vS, roge S — MIOWIAAL IMOIIEPEYHOTO CeYEeHUs IMOTOKA KUI-
KocTtH. JInneiHass CKOpocTh KPOBOTOKA H3MepsaeTes B M/C, a 00'b-
eMHas — B M°/c, JI/MHUH, MJ/MHUH 4 Ip.

Ycaosue HepaspeiBHOCTH cTpyd (9.1) BeIOJHSETCA U B pe-
aJILHOM reMoaumHaMuke. 3zech (OPMYJHUPOBKA 3TOTO YCJIOBUS
3BYUMT CJEeAYIOIIUM 00pa3oM: B J000M CeYeHUM CepJedHO-Cco-
CYAHCTOM CHCTEMBI 00'beMHAsi CKODPOCTH KPOBOTOKA OJMHAKOBA:
@ = const.

Tlop mnoiaabio ceueHnsaA COCYAUCTON CUCTEMbI IIOHUMAIOT CyM-
MAapHYIO ILIOIAAb CeUeHUS KPOBEHOCHBIX COCYAOB OJHOI'O yPOB-
Ha BerTBJaeHuA. Tak, B 00JbIIOM Kpyre KpoBooOpallieHUA IIepBoOe
(HanMeHblilee 0 TIJIOLIALU) ceUeHVe IIPOXOAUT Yepe3d aopTy, BTO-
poe — uyepe3 BCEe apTepUH, HA KOTODble HEIOCPEeACTBEHHO Dpas-
BETBJIAETCA a0pPTa, U T.A. Hauboapuryio mioniagb UMeeT cedueHue,
COOTBETCTBYIOIIlee KAallMJIJISPHON CeTU.

Kak ciexyer m3 yciaoBusS Hepa3pbIBHOCTU CTPYH, C yBesHue-
HUEM ILJIOIIafH CedeHUsI COCYIUCTOH CHCTEeMbl CKOPOCTb KPOBO-
TOKA B €€ COOTBETCTBYIOIIMX y4acTKax yMmenbiiaercda. Tak, B no-
Koe cpefHsid JIMHeNHas CKOPOCTh KPOBOTOKA B a0pTE COCTaBJSAET
okoso 0,4-0,5 M/c, a B Kanuunapax — oxojo 0,5 mm/c. Cie-
JOBaTeJbHO, CyMMa IIONEPEeYHBbIX CeYeHUH BceX (PYHKIHOHUDPY-
OIIUX Kanuaiaapos npumepHo B 800 pas GoJiplie NJIOMIAAN Ce-
YeHUHA aopPThl.

9.1.2. Ypasxenue bepHyaru

OCHOBHBIM KOJHMUYECTBEHHBIM COOTHOIIIEHHUEM, OIMHUCHIBAIOIINM
TeueHue UJeaJbHOM MXHUIKOCTH, T.e. abCOJIOTHO HECKUMaeMOH
U HeBA3KOHM, ABJAETCA ypaBHeHUe BepHyJ/iM, BbITeKawilee u3
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3aKOHA COXPaHEHUs JHEPTruu B
ABHKyIIedcA Kuakoctu. Jasa
ero YCTAHOBJEHUA pPaCCMOTPUM
TPpYyOKY TOKA HAeaJbHON MKHJ-
KOCTH, B KOTOPOM BBIJEJINM IBa
ceyeHUs IoOmALbI0 S; u S,
(puc. 9.4). IlycTs HEHTPHI 3THUX
ceueHUWH pacloJIOMKeHbI Ha BBICO-
Tax h, 1 hy, OTCUUTHIBAEMBIX OT
HEKOTOpOro ypoBHs. JIuHeiHbIe
CKOPOCTH YaCTHI[ KUAKOCTH B
ITUX CeUeHUAX 00o3HAYUM U; H
v,. Cuabl, 06ycJioBJIMBAIOIIME TeE-
YyeHUe KUIKOCTU, OKasbiBaioT gaBjieHue P, u P, Ha Topiiax o0b-
eMa KUIKOCTH MeXIy BbIJeJIseMbIMH ceueHusaMu S; u S,. IIpu
CTAIlMOHAPHOM TEeUYeHUM WJeasibHOH KUIKOCTH (HET TpEeHHuA) ee
IIOJIHAA SHEPTHs BO BCEX CEUEHMSIX OJMHAKOBA, CJeN0BaTeIbHO,

Puc. 9.4. K BeiBOAYy ypaBHEHUSA
Bepuyann

mvi /2 + P,V +mgh,=mvi /2 + P,V + mgh,, (9.2)

TIe m — Macca HeKOTOoporo oomwema V KHUIKOCTH, IOCJENOBA-
TeJIBHO TIPOTEKAIOIero yeped ceuenud S; u S,.

IlepBbie ciaraeMbie B 000MX 4aCTAX PAaBEHCTBA IIPECTABJIAIOT
KMHETHUYECKYIO SHEPTUIO KUJKOCTH, BTOPbIEe — MOTEHIUANLHYIO
SHEPTuI0 AAaBJIEHNUs, TPEThU — IOTEHIHAJBHYK dHEpPruio, obyc-
JIOBJICHHYIO PACIIOJIO}KEeHMEM 3TOM Macchl dKHUIKOCTH Ha BBICOTaX
hy u h,.

PaszenuB IpaBylo u JIeBYIO yacTy cootHomeHud (9.2) Ha 065-
eM KHUAKOCTH V ¥ BBOASA ILJIOTHOCTH XKUAKOCTH P, MOJYYUM

Pvlz/z+P1+pgh1=P022/2+P2+Pghz,

uIn
pv?/2 + P + pgh = const. 9.3)

Cootnourenue (9.3) Ha3pIBaeTcs ypasnenuem Bepuynnu, yr-
BEPKJAION[MM, YTO CyMMa Pa3HONPUYMHHLIX JaBJIEHUHN B J1060M
cedeHuHM TPYOKHM Toka (cocyla) ABIAETCA IIOCTOAHHOUN BEIAYHU-
"Hoit. Cnaraemoe pv2/2 npencTaBiisger duHamuieckoe oaseHue,
00ycJIOBJIEHHOE ABHIKEHUEM XuaKoctu; P — cmamuyeckoe das-
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Puc. 9.5. Metopa onpeziesieHusi CKOPDOCTU ABHIKEHUSA KUAKOCTH

JleHue, He CBA3aHHOE C IBMIKEHUEM JKUIKOCTH (OHO MOXKeT GhITh
N3MEPEHO, HATIPUMEDP, JKUAKOCTHLBIM MaHOMETDPOM, OChb BXOJHO-
TO OTBEPCTHA KOTOPOrO PACIHOJIOMKEHA HMePIeHAUKYIAPHO JINHUU
TOKAa JKUAKOCTH); pgh — 8ecoéoe (zudpocmamuieckoe ) dasaeHue.

YpaBHeHue BepHyJIuM CTPOTO BBHINOJHAETCA IJIS HACAJILHOH,
T.e. HEBASKOH!, JKUJKOCTH, IIOCKOJIbKY IIPU €r0 BHIBOJE HE YUUTHI-
Basack pabora cuna tpeHusa. Ho ero MoKHO yCIleIlIHO IPYMMEHATH
H Ui KUOKOCTed ¢ HeBBICOKOH BSABKOCTBIO.

PaccMOTpHM HEKOTOPLIE CJIeACTBUA, BHITEKAIOIME U3 YpaBHE-
Husa BepuyJsin:

1. Cnocob usmepenus cxopocmu 08usceHUs HUOKOCTIU.

IIpegcraBuM, YTO B ABMIKYILYIOCA MKUAKOCTH ONYIEHBI ABE
TPpyOKH MAaJIOTO CeUeHMs, IPUYEM IJIOCKOCTH IONEePeuHoro ceue-
HUSA OJHOH M3 HUX MapallejibHA HaIlpPaBJe€HUIO CKOPOCTH [IBU-
JKeHUs KUAKOCTH U, a gpyrasa (Tpyoxa IIuro) usornyra Tak, 4To
MJIOCKOCTDh CEYEeHMU S U30THYTON YACTH TTePNEeHANKYAAPHA HAallpaB-
JIEHHI0 cKopocTu TedeHus (puc. 9.5). IlogpeMm *KUAKOCTH B IIpA-
MO# TPYyOKe Ha BBICOTY h, 0OYCJIOBJIEH JUINL CTATHYECKMM [aB-
JerueM P,, KOTOpoe MOXHO OIpeneJuth no dopmyne P.=pgh,.
B tpy6re IIuTo moapeM KUAKOCTH Ha BBICOTY h, 0OyCJIOBJIEH
NMOJHBIM [JaBjaeHueM P, — B JaHHOM cjlyuyae CyMMOH CTaTudec-
Koro P, u auHaMuuyecKoro P, naBneHui (TeueHHe NPOUCKOAUT
TOPU3OHTAJILHO M BECOBOE JaBJeHHe He yunThiBaeTcd). Cieznosa-
TEJIBHO,

P, =P +P;

pgh, = pgh, + pv®/2. (9.4)
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W3 dopmyast (9.4) HaxoguM JUHENHYIO CKOPOCTh MKULKOCTH

v=2¢(h,~h). (9.5)

Taxkum 06pa3oM, 1o U3MepEHHO! Pa3HOCTU YPOBHEMH KUAKOC-
TH B IPAMOH M HU30rHyTO# TpyOKax ompeznessieTcs CKOPOCTb Te-
YEeHUS MKUAKOCTH. ITUM K€ MeTOJOM OIpeJe]sl0T U CKOPOCTh ca-
MOJIeTa OTHOCHUTEJLHO BO3AYX4a, KaTepa OTHOCUTEJIBHO BOABI U JP.

2. Bceacwisawuiee deiicmaue cmpyu.

PaccMoTpuM TeueHMe XHAKOCTH IO TOPU3OHTAJIBHOHN TDY-
6e ImepeMeHHOro ceueHusd. BbIZEJUM IBa YYaCTKa C IJIOHIAZBIO
NOMEepPeYHOro cedyeHua S; U S,;, NpHUEeM AJA OIpPeAeeHHOCTH
S; > S, (puc. 9.6). Sanumem AN JaHHOIO Clydasd ypaBHEHHE
Bepuyanu, yuyuTeiBas, YTO B FOPU3OHTAJIBLHOI TpyOe h, = hy:

2 2
pUr/2+ Py =pu3/2 + Py, (9.6)
TAe U ¥ Uy — CKOPOCTU TEUEeHHUd KUAKOCTH B ceyeHusx S, u S,.

Cratnyeckue paBnenHuss P, u P, B COOTBETCTBYIOIUX cede-
HHUAX MOrYT OBITH OIpeAesieHbl II0 BEICOTAM MOABEMA YKUIKOC-
T4 h, 1 hy B cooTBercTByOIUX TpyOKax. Ilockonmbry S, > S,, TO
U, < Uy, T.€. B YBKHX MeCTaX »XHUIKOCTH TeueT GpicTpee. Torga us
ypasuenus (9.6) caeayer, uro P, > P,, T.e. craTHYecKoe [AaBje-
Hue B 0ojiee IIHMPOKOHM yacTu TPyOKU OoJsibiliee, UEM B €€ y3KOM
yactu. EciM Cy’KeHMe 3HAUUTENBHO, TO CKOPOCTHh KUIAKOCTH B
HEM U, HAMHOrO IIPEeBBIIIAET U;, CTaTHYeCKoe jaBieHue P, pesxo
YMeHbIIIaeTCA U MOJKeT cTaTh Hue atMocdepHoro. B atom ciay-
yae Bo3AyX (Mau OKpysKaloliasa TpyORy apyrada cpeaa) Gyzer saca-
CBHIBATBCSA Yepe3 OTBEPCTHE B MECTe PACHOJIOMKeHnd cyxenusa. Ha

ey
lllll (HH

Puc. 9.6. TeueHue *KUJKOCTH 110 TOPU30OHTAJILHOMN TpyOe
[IepeMeHHOT'0 CEeUeHHU s
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STOM IIPMHIIUIIE YCTPOEHHI BO- P
JOCTPY#HBle HACOCHI, MHrass-
TOpEI, IYJbBEDHU3aTOPHI U [IP.

3. 3axkynopka apmepuu, ap-
mepuaavhblii wym [12].

B ciyuae obpasoBaHus ate-
POCKJIEPOTUYECKOM ONAIMKY Ha
HEKOTOPOM Y4YaCTKe aprepuu
auaMeTpoM d; MOXKEeT BOSHMK-
HYTb CYJKE€HHe JuamMeTpoMm d,
(puc. 9.7). Uem meHbIHIe Aua-
meTtp d,, TeM 060JbIlle CKOPOCTH KPOBOTOKA U, M MEHbIIIEe CTaTH-
yeckoe jJaBJjeHue P, B 00yacTu cysKeHus cocyaa. TeueHue KpoBH
o aprepuu OyAeT NPOVICXOAUTH LO TEX IIOP, IIOKA CTATUYECKOE
naBjeHue P, B 00JacTH aTepOCKJIEPOTHYECKOH Onsamku Oynger
MpEeBHIIIATE AaBieHue Py Ha cocy[ CHApy X1, KOTOPOe B OOBIUHBIX
yCI0BUAX paBHO atmochepHOMY. UTak, HOPMAJIbHBIH KPOBOTOK
BO3MOJKEH JINIIL IPU YCJIOBUHU

P,— Py>0. (9.7

910 ycnosue GyleT pealm30BaHO, IMOKA AUAMETD CY'KeHUd d,
npeBbIIaeT (MM paBeH) HEKOTOpPoe MUHUMAaJAbHOE 3HaueHue d, ;. ,
KOTOPO€ MOXKHO BBIYHCIWTDH, HUCNOJB3Ys ypaBHeHue Bepryumu.
Hanpuwmep, ana coEHO apTepun fuaMeTpoM d, = 1 ¢M B HOpMe CKO-
PocTs KpoBu v; = 0,2 M/c, mIoTHOCTH KpoBu p = 1,05 - 10% xr/m?,
pasHOCTh jgaBienmit P, — Py=100 mm pr.cT.=1,33 - 10* IIa, u
pacuer JaeT 3HaueHNe MUHUMAJIBLHOTO JHaMeTpa MpocBeTa Cocy-
ra d .~ 2 MM.

Ecnm guaMeTp Cy:XKeHuS CTaHeT MeHbIne d,;,, TO BHEIITHEee (aB-
JeHus P, «3aXJIONHeT» IPOCBET COCYLAa B MeCTe PACIIOJIOKEHUS
aTepockJjepoTuyecKkoi Giasmku. Ecau O6ul maBieHue P, B Hesa-
KYMOPEeHHOM YYacTKe COCY/Ja OCTaBaJloCh HeM3MEHHBLIM, TO KpO-
BOTOK OBLI OBl IOJIHOCTBIO OCTAHOBJeH. OmHaKO B peayJbTare
paGoTeI cepAlia AaBjeHue P, HauHET BO3pacTaTh ¥ KPOBb Oyner
C yCHJMeM IIPOTAJKHBATLCS uepes cykeHme. IIpu aToM cepxie
paboTaeT B yCIOBHAX MOBHINIEHHOH Harpysku. IIpu mpocmymu-
BaHUU (DOHEHJOCKOIIOM HAJWUYME ITUX TOJUYKOB IPOSABIAETCH B
BHJie IPEPLIBUCTOrO IIyMa, CBUAETEJIbCTBYIOLIEr0 O HaPyIIEeHUN
HOPMAaJIbHOTO KPOBOTOKA.

Puc. 9.7. CxemaTuueckoe
u3o0parKeHne yuacTKa cocyaa



156 9. OU3UHECKME OCHOBbI NTeMOAMHAMUKH

4. ITosederue aneapusmot.

HexkoTopbie maTojiormyecKue IIPOIecChbl MOTYT IIPUBOLUTH K
JIOKQJTbHOMY CHUIKEHUIO NPOYHOCTHBIX M YIPYTUX CBOMCTB KpPO-
BEHOCHBIX COCYZOB. B pesyibTaTe Ha HEKOTODOM Y4YacCTKE COCY-
Ia ero geopManusa 1oj AefCTBHEM IYJILCUPYIONIEr0 KPOBOTOKA
CTaHOBHUTCS HeOOpaTUMOI — BO3HHKaeT 830ymue cocyda (aHes-
pusma). CxeMaTHUeCKH TaKOH Co-
cyd ImoKasaH Ha puc. 9.8.

CxropocTh KpPOBOTOKA U; B MeC-
Te Pa3sBUTUS aHEBPU3SMEI AHMaMeT-
poM d, 0 YCJAOBHIO HEpPa3phIB-
HOCTH CTpyu OyJeT MeHbille, uYeM
CKOPOCTh U; B ero Hegedopmu-
Puc. 9.8. PasBuTHe anespusmp  POBaHHOM dactu. Ha ocHoBaHum

ypaBHeHua Bepuyanu (9.6) cra-
THU4YecKoe JaBJjieHue P, B MecTe aHeBpPU3MBI OyJeT Gojplie JaB-
JeHus P, Ha y4acTKax COCyZa HOpMaJbHOTO ceueHusa. CienoBa-
TeJILHO, Harpy3Ka Ha paclINPEeHHYIO YaCTh COCYJA YBEJIUUNTCS U
BO3HUKIIASA aHEBPU3Ma HOJ HEHCTBHEM ITOBBILIEHHOTO AaBJIEHUS
OyneT MMeTh TEHIEHIIWIO K pPacCHIMpeHuio. PasHuua JaBjeHHH
P, — P, mosxeT OBITh pacCUMTaHa AJs KOHKPETHBIX COCYZOB C HC-
noab3oBaHueM opmyisl (9.6). Hanpumep, eciu quamerp cocya
d;= 2,5 cm, a AzuaMeTp aHeBpU3MHI d, = 5 CM, TO qaBJeHHUE B 00-
JacTn aHeBpusMbl 6yger 6osbnie Ha AP ~ 0,3 mMm prt.ct. = 40 Ila.
9Ta BeJMUKHA MAaJja 10 CPAaBHEHUIO ¢ abCOJIOTHBIM JaBJjeHHeM,
HO BCEe-TaKM JaKe 3TO Majioe M3OBLITOUHOE [aBJieHUe CTPEMUTCS
PACIIMPUTh aHEBPHU3MY, YTO IIDUBOAUT K ellle GOJbIIEMY 3aMe[-
JEHUI0 CKOPOCTH KPOBOTOKA B Ae()OPMUPOBAHHON YaCTH COCY-
fa U AajbHeHIIeMy MMOBBILICHHUIO CTAaTHYECKOTO NaBJEHUA U T.X.
B pesyabrare Bo3MOXKEH Pa3phiB AHEBPU3MEIL.

9.2. BA3KOCTb >XXMAKOCTM.
HblOTOHOBCKME M HEHbLIOTOHOBCKME XXMAKOCTM

Mexay MOJIeKyJIaMU PeaJIbHOM MUAKOCTH BCETa CYIIECTBYIOT
CHUJIBI B3aMMOJEHCTBHA, KOTOPhIE IPH €e TeUEeHUH IPOABIAIOTCA
KaK CHJIbl TPeHUs, HATIDABJIEHHBIE 110 KACATEJLHON K MOBEPXHOC-
TH IePeMeIalolIuXCcs CJI0eB. ITH CHIIbI U OIIPEJEISIOT 6HYMPEH-
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Hee mpeHue, UIU 6a3kocmd wudxocmu. Hanwuue cun BHyTpeH-
HEero TPEHUS MPUBOSUT K TOMY, YTO PA3JIMYHBIC CIOU JKUAKOCTH
ABHXKYTCA C Pa3IMYHBIMU ckopocTaMu. Ha puc. 9.9 npencrasien
caydail, KOrga Qg caMoro BepXHero cJos KMAKOCTH oMexa ero
IBUKEHWIO MHHMMAaJbHA, a JJIS HHJKHEro — MaKcuMalbHa (Ha-
npuMep, TeUeHHe B peKe).

TakuM 006pasoM CKOPOCTh ABHIKYIIHUXCSH CJIOEB BA3KOH IKHUA-
KOCTH M3MeHSeTCs OT CJI0d K CJIOI0 B HallpaBjieHuu ocu Ox, nep-
MeHJIUKYJIAPHON HAIIPABICHUIO TEYCHUA KUAKOCTH. I 4acTHO-
ro cayuasi, IOKasaHHOro Ha puc. 9.9, usMeHeHUe CKOPOCTH CJIOEB
TPOUCXOAUT IO JUHEHHOMY 3aKOHY. KoimuecTBeHHO BesmumHA
pasinyYMil B CKOPOCTAX ABMIKEHUS COCEJHUX CJIOEB KUAKOCTH
XapaxTepusyeTcd TIpajueHTOM CKOpocTH dv/dx, Ha3bpIBaeMbIM
TaKxe ckopocmbio cdeéuza. Cuna tpesus F,, mMexnay ciaosMu
IBUIKYIIENCA KUIKOCTU IIPOMOPIIMOHATbHA IIJIOUIAN COIIPUKOC-
HOBEHHUA S CJIOEB KUAKOCTH U T'PAaJUEHTy CKOPOCTH W OIpeed-
ercsa ¢dopmyaoir HeroToma:

F,=nS92, (9.8)

dx
Koadpdumuenr n, saBUCALIUA OT CBOHCTB KHUAKOCTH U TeM-
epaTypsl, HA3LIBAIOT KOIPQPUYUEHMOM HYMpPEHHe20 MPeHUs
Wit OUHAMUYLECKOU 6A3KOCMbIO, U YACTO IIPOCTO 8A3KOCMDbIO
KuaroctT. Epmumneil BaskocT# B MexXIyHapoAHOH cHcTeMe

Puc. 9.9. 'pagueHT CKOPOCTH ABUMKEHHS CJIOEB XKUAKOCTH
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eMHNL, ABJAETCS nacKkaiab-cekydaa (Ila-c). IIpumensierca u BHe-
cucreMHadA enuHUIa Baskoctu — myas (II), 1 ITa-c=10 II.

BsskocTh Beex sKUAKOCTEHM 3aBUCUT OT TEMIIEPATYPHI U, Kak
MIPaBUJIO, C YBEJIMYEHUEM TEMIIEPATyPhl BA3KOCTh YMEHbLIIAETCS.
BA3KOCTh HEKOTOPBIX KUJKOCTEH 3aBUCHUT OT I'pajueHTa CKOPO-
CTH, BOSHUKAIOLIEr0 B TeKylleH JKUIKOCTH, T.e. OT yCJOBUI Te-
YeHU.

HugrocTy, BA3KOCTD 1| KOTOPBIX He 3aBHUCHUT OT YCJIOBHUI Tede-
HUSA, HA3LIBAIOT HblOMOKHoéckumu. K HUM OTHOCATCS B OCHOBHOM
OJHOPOAHBIE KUAKOCTH, YNCTHIE PACTBOPUTEJY, HAIPUMED BOJA.
Bsaskocts Boabe! npu Temiepatype 20 °C cocraBisier 1 mITa-c = 1cll
(canTHITYa3).

Eciu Ke BA3KOCTH KUAKOCTH 34BHUCHT OT I'DAJHEHTa CKOPO-
CTH, TO TAKas XHUIKOCTh HA3SLIBAIOT HEHbIOMOHO0ECcKOU. OOBIYHO
3TO KUAKOCTH, CYI[eCTBEHHO HEOOHOPOAHBIE TI0 COCTABY — B3Be-
CHl, CYCIIEH3UU ¥ T.N. TUIMHYHON HEHBIOTOHOBCKOU KUIKOCTBHIO
ABJSIETCA KPOBb, TaK KaK OHA IpeJcTaBisAeT coboil B3Bech (hop-
MEHHBIX 3JIeMEHTOB (3PUTPOI[UTOB, JEAKOIUTOB U ApP.) B ILIa3Me.
ITO 3HAYUT, UYTO BASKOCTh KPOBM He OJMHAKOBA B PasIUYHBIX
YYaCTKaX COCYIAMUCTOI CHCTEMBI W 3aBHCUT OT BEJMYMHLI Ipagu-
€HTOB CKOPOCTEeH, PEeaIU3YIOUINXCS IPU €€ ABUIKCHUHU.

9.3. TeuyeHune BA3KON XUAKOCTHU.
®opmyaa [lyaseiins

3auumMasach HMCCIe0BaHUEM KpPOBooOpallleHuA, (HPaHIy3CKU
Bpau u ¢pusuk K. Ilyaseilns npumies K HeOOXOJMMOCTH KOJIM-
YEeCTBEHHOI'0 ONMCAHUA IIPOLECCOB TEUEHUS BA3KON JKHIKOCTHU
BOOOGIIe. YCTAHOBJEHHBIE UM JJISA STOr0 CJAydYas 3aKOHOMEPHOCTH
HMEIOT Ba)KHOe 3HaueHMe A MOHMMAHUSA CYI[HOCTH TeMOJNHA-
MUYECKHUX SBJIeHUH U MX KOJIUYECTBEHHOTO ONMMCAHMS.

He mpoussosa CTPOTHMX MaTeMATHYECKMX PACYETOB, IpOaHa-
JM3UPYEM, OT Uero 3aBUCHUT 00beM V BA3KOH JKHUAKOCTH, JAMH-
HAPHO IPOTEKAIoIledl II0 YYacCTKY IJIaJKoi TpyObl AauHoi L u
paguycom r (puc. 9.10). OueBuano, 3TOT 06BEM GyAET MPAMO
IPOINOPLIIOHAJIEH BpEMEHH! UCTeUYeHNs KUAKOCTH ¢ M TOMY Iiepe-
nagy mapiaeHuit P, — P,, KOTOPBIi 00yCJIOBINBAET TOK JKUAKOCTH
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HaA ydacTKe TpyOb! anwuuoii L. EcrecrBen-
HO, 4YTO 00b€M BBITEKAIOMIEH MXKUIKOCTH
O6yZAeT Pe3KOo BO3PACTaTh W C yBeJIWUEHUEM
IJIOLIAY IOIIePEeYHOr0 CeueHusi paccMar-
pUBaeMoOro ydacTtka. TeopeTuuecKmue pac- ¥
yeThbl U HeNOCPEeACTBEHHBIH 3KCIEePUMEHT
nokaseiBaior, uto V ~ r'. Ilomexoit ucre- pyuc 9.10. IlBuskenue
YEHUIO JKUAKOCTU SABJIACTCS €€ BASKOCTD 1, UAKOCTH [0 yUACTKY
nostomMy obvem V ~ 1/n. Yem Gosibitie gim- I'IafgKo# TPyOhI
Ha y4acTKa, TeM 0oJibllle mOoTepH B CKOPO-

CTH NIpPOTeKawliell Mo HeMy KUAKOCTH, 3Hayut V ~ 1/L. Ipu-
BeJeHHbIe COOOPa'KeHHUs, CTPOTOE TEOPETHUECKOE PacCMOTpPEeHHe
¥ HEIOCPEJACTBEHHBIH 3KCIePpUMEHT NPHUBOIAT K ¢opmyne ITy-
azeinn:

4
nr (P, - P,
V= ——(——————)—t . 9.9)
8nL
PaspenuB 06e yacTu 3TOTO BHIPAKEHUA Ha BPEMs UCTEUeHud ¢,
nogyuum ¢opmyay Ilyaseitns aias 0o6beMHON CKOPOCTH TeUEHUS
SKUJKOCTH .
nrt (P, - P,)
Q=—---—"==, (9.9a)
8nL
Ilo amasmoruu ¢ 3akoHoM OMa [JA ydacTKa 3JE€KTPUYECKO
Lley 3TO COOTHOILIIEHUEe MOKHO 3aIlucaThb B Buje 6ojee IMpocToH
dopmynsl 'arena — Ilyaaeitns:
P, -P
Q= g_l__’é’_) . (9.10)
X
Benuunna X, Bxojdamias B 9TO ypaBHEeHHe, Ha3bIBaeTCA T'UA-
PaBJIWYECKHM COIPOTHBJIEHUEM y4acTKa TPyOBI MK cocyla:
8nL
x =N~ (9.11)

nr!

Mexny 3akoHaMHM TUAPOJWHAMUKM M 3aKOHAMHU IPOTEKa-
HUA JJIEKTPUUYECKOr0 TOKA MO0 3JIeKTPUUYECKUM LeNdAM CyLiecT-
ByeT TecHas aHajsorusa. O0beMHasA CKOPOCTH TEUEHHUS YKUJKOCTH
Q=V/t apnsieTcA TUAPOSUHAMMUYECKUM AHAJIOIOM CHJIBI 3JIEKT-
buyeckoro Toxka I=¢q/t. IIpuunnHoil BOBHMKHOBEHHUA 3JIEKTPU-
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YeCKOTO TOKa SBJSAETCS Pas3HOCThb dJIEKTPHUUYECKUX MOTEHIIUATIOB
®; — (@ HA COOTBETCTBYIOIIEM yYacTKe IIelH, a NPUUYWHOMN ABU-
JKEHUS JKHUIKOCTH — pasHOCTb JaBieHuil P, — P, Ha ydacTke
TpyOsl. B 3axone Oma I = (¢, — ¢,)/R BeauunHa R — 3JeKTpH-
YeCKoe COIPOTHUBJICHHE IIPOBOJHUKA, aHAJIOrOM KOTOporo B (op-
myae (9.10) aBusiercs BenwuuHa X = 8nL/nr!, npeacrasasomasn
co00¥ TuIpaBIWYECKOe CONPOTUBJIEHHE YYacTKa TpyObl WIu
cocyaa.

Ecau or 061X 3aKOHOB UCTEUEHUA BA3KOU KUAKOCTU Iiepeii-
TH K 3aJaYyaM reMoAMHaAMHKM, TO C TIOMOINbIO ypaBHeHuda lare-
Ha — Ilyageiins MOKHO OnpefeuTh PAJ XapPaKTEePUCTUK KPOBO-
Toka. Tak, 3HaA 06'LEMHYI0O CKOPOCTb KPOBOTOKA @ M BEJIMUYUHY
TUAPABJINYECKOr0 conpoTuBieHUs X COCYIOB, MOXKHO HAHWTU Be-
JIMYWHY AABJIeHUA KPOBU B JI0O0HM TOYKe COCYIMCTOH CHCTEMBI:

P=P,-QX. (9.12)

Ecnu P, — nmaBiieHme KpOBH B JKesqyJouKe cepana, a X — 06-
Iiee CONPOTHBJIEHHUE COCYAOB HA YYaCTKe COCYAHUCTON CUCTEMBI
MeXAy 3TUM KeJyZOUYKOM M HEKOTOPOM TOYKOIi, TO HaBJieHHe
KpoBu P B 3TO# TouKe ompejaensaercs dopmynon (9.12).

T'ugpasauueckoe conpoTusieHue X pasBeTBJIEHHOTO YYacT-
Ka COCYAMCTOIH CHCTEMBI MOKeT OBITh OIPEEeIeHO IT0 aHAJOIMU
¢ pacueToM OOIIEero 3JeKTPUYECKOTO COIPOTHUBJIEHUSA YUYACTKA
3JIEKTPUUYECKOM €U, COCTOAILEr0 N3 Habopa OTHAeJIbHLIX Pe3uc-
ToposB. I[Ipu mocienoBaTeLHOM COeIWHEHHUU cocynoB (puc. 9.11,
a) o0iljee COIIPOTUBJEHUWE OUPENeNsieTci CyMMOM THIpaBJuvec-
KWMX CONPOTHUBJEHUN UX OTAEJBHBIX YUaCTKOB:

X=X+ X+ Xg+ ot X, (9.13)

Puc. 9.11. Bugsl BeTBIEHUS COCYAUCTOr0 pycJia:
a — IocJIeOBaTeJIbHOe; 6 — mapaJljieJibHOe
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a Py MapajlIeJIbHOM BETBJIEHUHU COCYLUCTOro pycaa (puc. 9.11, 6)
ob1iee conpoTuBjaenre X HAXOAUTCS U3 YPaBHEHUA
1 1 1 1 1
E—— bt (9.14)
X X X, X X
CrnenyeT OTMETHTB, UTO aHAJOTUA B OIIUCAHUY JJIEKTPUUYECKUX
uernei u ruapoJUHaAMUYECKUX IIPOIECCOB ILIOJOTBODHO HCIIOJb-

n

3yercd IIPU MOJAEJUPOBAHUU I'eMOSUHAMUUYECKUX SBJICHUN.

9.4. MeTtoAbl onpeaeAeHust BA3KOCTU XKUAKOCTH

OmnpegeneHne BS3KOCTH OGHMOJIOTHYECKUX KHAKOCTEH, M 0CO-
0EHHO BS3KOCTH KPOBM, MMeEET CYII[eCTBEHHOE JHArHOCTHYECKOe
3HayeHue. PasHooOpasubie npubGopbl, IpPUMEHAEMble IJd 3ToH
LleJIy, Ha3LIBAIOT 6UCKO3uMempamu.

9.4.1. Metoa Crokca (MeTOA MaAaloWero WapuKa)

IlpeacraBuM HUAMHAD, S3alOJHEHHBINM JMKHUIAKOCTBIO ILJIOT-
HOCTBIO p,, BA3SKOCTb KOTODOH T NOAJENKUT ONpPEHEICHUIO
(puc. 9.12). Eciu B 2TOM KUAKOCTHU TAJA€T IIAPUK PaguycoM r,
Maccoil m U MJIOTHOCTBIO P, TO ABUMKEHUE IIAPUKA ONpPe/iesieTcs
JeHiCTBYIOINVMMHY Ha HEro TpeMs CUJIaMU: CUJIoN Taxectu F,.= mg,
cusoit Apxumeza F, = 4nr’p,g/3 u cunoit TpeHus F,.

Cornacuo 3axony Cmoxca, cuia co-
IIPOTUBJIEHUA ABUKEHUIO IITADUKA IIPO-
IOPIIMOHAJIbHA €r0 PagnyCcy, CKOPOCTHU
ABUKEHUA U BASKOCTH JKUIKOCTHU:

F,,=6nnro. (9.15)

Cuna TpeHUus yMeHbIIIaeT CKOPOCTH
OBUO)KEHUS IIapUKa U Yyepe3 HEKOTopoe
BpeMs TIOCJI€ TOTPYKEHUA IIapuKa B
SKHIKOCTh €r0 IABHUKEHHE MOXKET CTATh
paBHOMEpPHBIM. IIpu AOCTHIKeHUU paB-
HOMEPHOTO ABMMKEHUS CHJIA TSXKECTH
CTAHOBUTCA PABHOII CyMMe CHJbI Tpe-
HUS U CUJIBI ApxumMena:

Puc. 9.12. Onpeaenenie
BASKOCTH KUAKOCTH
4/3nr’pg = 4/3nr’p,.g + 6mnrv. (9.16) meronoM CTokca

11-5281
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N3 sToro YpaBHEHUd onpeaejuM HCKOMYIO BA3SKOCTb:

_20p-p.)re
n 9v )
Taxkum 06pas3oM, g HAXOKIEHUA BA3KOCTHU JKUIKOCTU HEOO-
XOZVMO 3HATH €€ ILJIOTHOCTb P, & TAKKe PAANYC I' ¥ IJIOTHOCTD P
mapuka. CKOPOCTh IIapuKa U olIpefesnsaeTcs 3KCIepUMeHTalIbHO,
MyTeM H3MepPeHUs BpeMeHU ¢, 3a KOTOpoe HIapHK DaBHOMEDPHO
MPOXOAUT B MKUAKOCTH OlpeaesieHHoe paccroanme L: v = L/t.
Meton Crokca BecbMa mpocT U 006J1aaeT X0opolreil TOUHOCTHIO.
OpHako Ajas ompejeieHns BA3KOCTY KPOBU OH NPAKTHUYECKU He
IIPUMEHSETCHA, TaKk Kak TpebyeTcsa sHAUUTEJNLHOe KOJNYEeCTBO MC-
caenyeMoil Kposu. Kpome TOro, B KUIKOCTSAX, 00/IafaloIuX He
O4YeHb OOJIBIIOI BA3KOCTBIO, CJOMKHO NOOUTHCA PaBHOMEDHOCTU
IBUKEHUS LIapUKa.

(9.17)

9.4.2. KanuAAsipHble METOAbI

Kanunnspupie MeToAbl OCHOBaHBI Ha IIPUMeHeHUHM (opMy-
abl Ilyagzeitna (9.9). PaccmoTpuM, HanmpuMep, TeUYEeHHE KUAKOC-
TH uepes KAIWLIAP B suckosumempe Ocmeaavda (puc. 9.13).
IIpencrasum U-oGpasuyio TpyOKy. B ognom us ee mied umeer-
csa HeboJbmIadg moJsias chepa obnwemom V,
KOTOpasd KamWUIJIAPOM COeJUHSETCA C pe-
3epByapoM, pAacIlOJIOK€HHLIM B IPYyroMm
miede. 9Ta CHCTEMA 3aTIOJHAETCH MKUJ-
KOCTBHI0 TaK, UTO Pa3HOCTh ee ypOBHell
cocraBiuser Beauunny h. Ilycts BHauase
BHCKO3HMETD 3aI10JIHeH 9TAaJIOHHOM *KUJ-
KOCTBIO, BA3KOCTL KOTOPOI TOYHO M3BEC-
THa. B KavecTBe TaKkoil KHUAKOCTH YI0OHO
UCHOJIb30BATh AMCTUJLIMPOBAHHYIO BOAY.

ITockosbKy Ipu 3acachbIBAHMU BOIBI B
JIEBOe ILIeYO BHCKO3VMETPA €e YPOBEHD
3ech BBIIlle, YeM B HpPaBOM, TO IIOCJe
Puc. 9.13. Cxema npempamenunﬂ BCACBIBAHUSA JKHUIKOCTH Oy-
KATMJLISPHOTO JIeT oA NeiiCTBUEeM CUJIbI TAMKECTH IIepe-

BUCKO3MMeETpPa TEKATh Yepes KaNuJIAp U3 JIeBOro Ijeda
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BHCKO3HMETpPa B IIpaBOe [0 HAaCTYIJIeHHs DaBeHCTBA YpPOBHEH.
C moMOIIBI0 CeKYHAOMEDA JIeTKO ONpPeNeNUTh BpeMs t,, 3a KOTO-
poe XHUJIKOCTE BhITeKaeT U3 moJocTu oobeMoM V. CormacHo Gop-
myJe (9.9), aToT 06'beM BHITEKIIIEH BOJLI:

nrip,&h
8n,L

rze pp&h — pasuuna gaBiaeHui (py — IJIOTHOCTE BOALI); N, — Tab-
JIMYHOE 3HAYeHNe BA3KOCTH BOABI IIDH JAaHHOH TeMIiepaType.

V= ty, (9.18)

3aTeM BHCKO3MMETP 34IOJHSIOT MCCAEAYEeMOM >KUIKOCTBIO U
HU3MepHAIOT BpeMs { UCTeUeHUs TAKoro xe o0bema V ucciaenyemMoi
HKUIKOCTH:

4
nr'pgh
v=1rpPER, (9.19)
8nL
rzie p — IJIOTHOCTH HUCCJEAYEMOMH >KUIAKOCTH; 1| — BA3ZKOCThL HC-
caenyeMoi KUAKOCTH.

IIpupaBuuBas npasbie yacTu BoIpakennii (9.18) u (9.19), mo-
Jy49uM QOpMYJIy AJiA ONpeAesIeHUA BA3KOCTH HCCJIEAYeMOM »KuJ-
KOCTH:

n=n, 2. (9.20)
Polo

Hrak, Opu HCIONB30BAHMU 3TOTO MeTOJa HEeOOXOAMMO 3HATH
BA3KOCTb 3TAJOHHOH XUAKOCTY, IJIOTHOCTH HCCAEAyeMO 1 aTa-
JIOHHOHU "KHUAKOCTell IpK JaHHO! TeMuepaType, U3MEDPUTL BpeMsd
MX UCTEeUYEeHMd Yepe3 KaUAIAD.

s onpezneseHus BA3KOCTH NPOO KPOBM YACTO HCIMOJb3YIOT
sucrosumemp I'ecca, B KOTOPOM onpejesisieTcs He BpeMs UcTede-
HHUA JKUJKOCTH M3 KaMWIIApa, a paccrosuus Lou L, Ha KOTOpEIE
IlepeMeIalOTCA BOZA M KPOBBL 3a OJHO W TO Ke BpemdA. IIpume-
Henue dopmyasl Ilyaseitnsa (9.9) aas satoro caydass IPUBOJHUT K
crenyoomeil pacueTHo hopmysae, onpeaendoeil BASKOCTh Kpo-
BHU N
n=ng L. 9.21)

IIpocToTa KANMIIAPHEIX METOAOB O0YCAOBMIIIA UX IIMPOKOE pac-
TIpocTpaHeHue B Ja00paTOPHBIX MccaenoBanuax. OqJHAKO OHM He I10-
3BOJISIOT KCCJEOBATH 3aBUCHMOCTE BA3KOCTH OT CKOPOCTY CABHTIA.
1%
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9.4.3. PoTrauMoOHHbLIA METOA

JlOCTOMHCTBOM pPOTAalIOHHOTO METOJAA SIBJISETCS BO3MOMKHOCTD
OlpefeNIATh 3HAUEHUs BSI3KOCTH HEHBIOTOHOBCKHUX JKHUAKOCTEH
IIPpY DPA3JIMYHBIX, HO KOHTPOJUPYEMBIX
z 3HAUEHHUSAX TPAaJUEHTOB CKOpPOCTEH u yc-
TAHABJMWBATH 3aBHCHMOCTb BS3KOCTU OT
9 7 cKopocTu caBura: n = f(dv/dx).
Cy1iecTBy10T pasdHooOpasHbIe poTalu-
OHHBbIEe BUCKO3MMeTpPhi. PaccMoTpum npu-
HIIWI AedcTBUA ogHOoTo U3 Hux. IIpencra-
BUM [Ba IIWJIWHAPA, HUMEIOLIUX OOIIYI0
ock Bpamenus (puc. 9.14). Buyrpenuuii
UJIVHID HMOABelIeH Ha HUTH, a BHEIITHUH
MOXKeT BpalllaThCs BOKPYI' CBOeil mpo-
JOJILHOM OCH C peryjupyeMoil yrjoBoi
CKOPOCTBIO (. 3a30p MEXAY HUINHAPAMEI

T

[ RS RER S

E'/’ 3aMOTHAETCA MCCAeAyeMON KHUIKOCTHIO,
HAIIPIMEDP KPOBBIO.
Puc. 9.14. 3a cueT BA3KOCTH KUIKOCTH IPH Bpa-

IIpuuanun neiicreus
POTAIOHHOTO
BHUCKO3HMeTPa

HIeHUH HApPY'KHOro IUJUHJIDPA BHYTPEH-
HUN DIUJIVHID HaYWHAET [HOBOPAYUBATH-
cf, JOCTUTAsl pPABHOBECUSA TIPYH HEKOTOPOM
yrie moBopora 0. 9TOT YroJ MOMKHO JEerKo U3MepuThb. Uem 60Jb-
e BA3KOCTH KUJKOCTH U YIJIOBas CKOPOCTh BPAIEHUS M, TEM
00JIbIlIe ¥ YKA3aHHBIH yTroJl IIOBOPOTA:

0 = kno,
rae k — nocrosgHHasa npubopa.

IIpu pasHbIX 3HAYEHUAX YTJIOBOM CKOPOCTHU BpAallleHHA ® B
JKUOKOCTH, BANOJHSAIOIENH 3a30p MeXAYy LUIUHAPAMU, pean-
3YIOTCS pPa3JUYHbIe I'PAJUEHTHI CKOPOCTH. J[JiA HBIOTOHOBCKUX
JKUAKOCTEH 3HauUeHNe BASKOCTH He 3aBUCUT OT I'PAJAMEHTA CKOPO-
ctH (4, CIef0BaTeNbHO, OT BEJIMUUHBI (), 4 AJIA HEHbIOTOHOBCKUX
SKUIKOCTEH 3Ty 3aBHCUMOCTh MOXKHO He TOJIbKO HabiaonaThb, HO
M OIpelessaTh KoaudecTBeHHO. Takum oOpasom, AaHHbIE pOTAILU-
OHHOM BUCKO3HUMETPUM ITO3BOJIAIOT U3MEPATh BASKOCTU IBIKY-
eliCd KPOBH IPU PA3JUYHBIX CKOPOCTSX CABHUTA.
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9.5. YcAoBusi nepexoAa AAMUHAPHOIO TeyeHus
XUAKOCTH B TYpOYAeHTHOe

XapaxkTep TeUeHMA KUAKOCTM — JIAMHUHAPHBIH uim Typby-
JIEHTHBIM — 3aBHCHT OT ILIOTHOCTH YXHUAKOCTH P, ee BA3KOCTH 1,
CKOPOCTH TEYEHHUS U U JuaMeTpa TPyObl d, IO KOTOpOil TeueT
KUAKOCThb. OKa3bIBAETCH, UTO HEKOTOPAsd KOMOMHAIIMA 9TUX Be-
JUYMH — OAUH Ge3pasMepHBIN MapaMeTp — MOXeT OIpefeATh
yCJIOBUA IepPexofia JIAMUHAPHOTO TeYeHUA KUAKOCTH B TypOy-
JeHTHoe. TakuM mapaMeTpoMm ABAseTcA wucao Peiinoavdca

Re=P2. 9.22)
n

Korga uucno PefiHonbjca He NpPEBHIIIAET HEKOTOPOTO KPUTH-
YECKOro 3HaueHusA Re, ,TeueHue KUAKOCTHU JaMuHapHO. Ecim sxe
Re > Re,,, TO B IOTOKe KHUAKOCTY BOSHUKAIOT 3aBUXPEHUH, T.€.
TeueHHe CTAHOBUTCA TYPOYJIEHTHRIM.

3HaueHHe KPUTHUYECKOro 4uciaa PeiHombAcCa MOMKHO OIpexe-
JIATH 3KCIIepUMeHTaabHO. [IpeacTaBuM, 4TO MO rIAAKON LUIAUHA-
pHYecKoli TpyOe IIPOTEKAeT BOLA C PEryJupyeMoil U naMepaeMoi
CKOPOCTBIO U, KOTOPAas IPeJACTaBIAsAEeT CO00M CPEAHION0 10 CeYEHHUIO
TPyOBI CKOPOCTH TedyeHUA. [IJIOTHOCTEL BOABI, €€ BA3SKOCTb M AUa-
MeTp TPyOBI M3BecTHHI. JlotycTHM, uTO TpyOa Npo3pavyHa U mepe-
X0/ TeYeHUA KUIKOCTU U3 JIAMHUHAPHOI'O B TypOyJIEHTHOE MOXK-
HO OIpeeJUTh BU3yaybHO. IloCTemeHHO yBenn4yuBas CKOPOCTH
Te4YeHusd, OTMETUM TO €€ 3HAUeHHue U, ,, NIPH KOTOPOM B IOTOKe
SKUJKOCTH HauMHAET NPOABJIATHCA TypOyJeHTHOCTb. llofcTaBus
9TO 3HAYeHHUe v, B hopmyay (9.22), nosyuyum BeIWUYUHY KPUTH-
4eckoro yucia Peinoabica. lna rnagkux tpy6 Re,, = 2300.

Ecau Re,, 3BeCTHO, TO CTAHOBUTCSH BO3MOKHBIM IJIfA JII000#
KUAKOCTH U Pa3HbIX yCJOBHUH ee TedeHUA NpeACcKasaTh, OyaeT ee
IOTOK JIAMMHADHBLIM MJIM TypOYyJIeHTHBIM.

Hpumep. Boga reuer mo rnaakoii rpy6e amamerpom d = 2 mm. Ilpu xa-
KOil CKOPOCTH U ee TeUeHue CTAHOBUTCA TypOyJeHTHbIM?

Ilpumem BaskocTs Boabl 1 =107 Ila.c, mioTHOCTH p= 10° Kr/M°,
ToacraBum aTu 3naveHus B TpaByio yacTb (Qopmynasl (9.22), a B e-
By — 3Ha4YeHUe KPpUTHYecKoro yucina Peiinosnjca:

2300=v - 10°. 2. 10°%/10°.
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M3 nosiyyeHHOro ypaBHEHHUs CJeLyeT, UTO TeYeHHUe BOABI B 3TOH Tpybe
cTaHOBUTCA TYpOyaeHTHBIM npu ckopoctu v = 1,15 m/c. C yBenunueHuem
AuaMeTpa TpyObl U YMeHbIIeHNEeM BASKOCTH KUJKOCTHA 3HaUeHUe CKOPOCTH,
OPH KOTOPOI IPOUCXOAUT IIepexo] JaMUHAPHOTO TeyeHUs B TypOyJIeHTHOe
YMEHBIIAeTCs,

9.6. HekoTtopbie 0CODEHHOCTU ABMXXEHMS
KpPOBM M0 COCyAam

JBHKeHUe KPOBU B OpTaHu3Me B OCHOBHOM JlaMuHapHoe. OgHa-
KO HPH OIlIpeJeIeHHbIX YCJIOBUAX KPOBOTOK MOYKET IPHOOpeTaTh
U TypOyJeHTHBIN XapaxkTep. AHanus dopmyasl (9.22) nosBoaser
npeAcKasarh 3Tu ycaoBus. [leficTBUTeIbHO, TYPOYJIEHTHOCTH MO-
I'yT NPOSBAATHCA B IOJOCTAX cepala (Beauxo suauvenue d). [lo-
BUAMMOMY, UX HAJIM4YMeE 37jech (DU3NOJOTUUYECKH IIeJ1eCO00pas3Ho,
IIOCKOJIBKY BOSHHMKAIOLUIME 3aBUXPEHUA IIPUBOJAT K IepeMellu-
BaHMIO TOPIIUI KPOBM, MOCTYHABIINX M3 MAJOr0 Kpyra KpOBO-
obpaiieHuss B JIEBBIH JKeJyZOUeK CepPAlia, ¥, CJIeJOBATEJIbHO,
CcIIocoOCTBYIOT 0O0Jiee PABHOMEPHOMY OOOTraIjeHHI0 KHCJIOPOIAOM
KPOBHM, BBITAJIKUBAEMOM 3aTeM B OOJIBIIOH Kpyr KpoBooOpaile-
Husa. CpaBHUTENLHO HeOOJIbININE 3aBUXPEHUSA MOTYT BO3HHUKATH
B aopTre M BOJIU3M KJIAIAaHOB cepAlla (3Zech BeJIMKO KX 3HAUEHHE
CKOPOCTH ABYMYKEHUSA KDOBU).

ITpu nHTEeHCUBHOH (HhU3UYECKOH HAarpy3Ke CKOPOCTh ABMKEHUS
KPOBH YBEJIMUMBAETCS M 9TO MOYKET BBI3BATh TYPOYJIEHTHOCTH B
KPOBOTOKE.

N3 dopmyasl (9.22) ciaemyer TakKe, YTO € yMEHbLIICHUEM
BA3KOCTU TYpPOyJAE€HTHBIA XapaKTep TeYeHUA KUIKOCTH MO-
JKET MPOABIATBCH M TIPH MEHBIIHMX CKOPOCTAX ee IBUMKEeHUA.
IlosToMy NIpyM HEKOTOPBIX IIATOJIOTHMYECKHMX IIPOLeCcCax, IPHBO-
OANIAX K aHOMAJbHOMY CHUKEHWIO BA3KOCTH KPOBM, KPOBO-
TOK B KPYIHLIX KPOBEHOCHBIX COCYZAaX MOJKET CTaTb TypOyJieH-
THBIM.

Cnenyer mmMeTh B BUAY, YTO 3HAUEHHE KPUTHUYECKOTO UKCJIA
Peitnoabaca 2300 mosydyeHO AJA MNIAAKUX TPYO U HBIOTOHOBCKOMH
supkoct. Jins kposu Re,, uMeeT MeHblllee 3HaUeHHe U IO Pas-
JMYHLIM JIATEPaATyYPHBIM JaHHBIM cocTaBiaser okoso 900-1600.
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Kpome TOro, KpOBEHOCHBIH cOCyl B PfAAe CIyuaeB HeJb3s MOJe-
JANPOBATH MiIaakol Tpy6oii. HanpuMep, Npu HaIWuYuu aTepocKJie-
poTHYecKuX OJsAIIeK B NPOCBETe COCYAOB MMEIOTCS JIOKAJbHBIE
CYysKeHUs, NPUBOAALINE K BO3HUKHOBEHHIO TYpOYJIeHTHOCTU B
TeueHNHN KpoBu. Hanmuwme TypOYyJIEHTHOCTH B KPOBOTOKE MOXKET
OBITH OOHADPYIKEHO II0 IIIyMaM, MPOCJYIIMBAEMBIM C ITOMOIIBIO
¢oHeHTOCKOIIA.

TypOyneHTHOE TeUeHUe KPOBU IO COCYAAM CO3[aeT MOBLIIIEH-
HYI0O HArpy3Ky Ha CepAlle, UTO CIIOCOOCTBYET Pa3SBUTHIO IATOJIO-
THYECKHX MPOLECCOB B CEPAEYHO-COCYAMCTON CHUCTEME.

CpenuaAA BASKOCTh KDOBHM, U3MePEHHad KaNWJLISAPHBIM
BHCKO3UMETPOM, B Hopme cocraBisier 4-5 wmlla.c. Ilpu pas-
JUYHBIX TIATOJOTHUAX S3HAYEHUSA BA3KOCTU KPOBU MOTYT W3-
meHaTbesa ot 1,7 mo 22,9 mlla-c. OTHoUIeHHWE BS3KOCTH KPO-
BM K BSISKOCTH BOJABI HA3BIBAIOT OMHOCUMENbHOI 67A3KOCMDbIO
KpO8U.

Cnenyer noxyepKHYTb, UYTO IIPUBEJAEHHBLIE UYHCJIEHHBIE 3HA-
YEeHUSA XapPaKTEePU3YIOT CPeOHIO 6843KO0CMb KPOBU B KPYIIHBIX
KPOBEHOCHBIX COCYAaX, TOYHee, BA3KOCTb MPOO KPOBU BHE Op-
raHuaMa, U3MEepPeHHYI0 KaNWwasapHbiMu Mmetogamu (cMm. 9.4.2).
HeoguopoaHocTs cocTaBa KpoBH, crellu(uKa CTPOEHUS M pas-
BETBJIEHUS KPOBEHOCHBIX COCYJOB IPUBOJAT K AOBOJILHO CJIOMK-
HBIM U3MEHEHHSAM BA3KOCTH KPOBH, ABUKYILNEHNCSH MO COCYLUCTOMN
cucreme. IIpoaHanua3upyeM OCHOBHBIE (DAKTODBI, BJIUAIOIINE Ha
BA3KOCTh KPOBU B JKMBOM OpPraHH3Me.

Temnepamypa. B HoOpMaJIBLHBIX YCJIOBUAX TeMIeparypa TeJa
OOA/IePyKUBAETCS ITOCTOSAHHOI 6J1arofaps cucTeMe TepMOperyJs-
UM OpraHn3Ma, B KOTOPOH KPOBb caMa WrpaeT poJib TEIJIOHO-
curtesis. IIpy MoBBIIIEHUN TEeMIIEPATYPHI HOMKHA YMEHLINATHCH
M BASKOCTb KpoBU. Ilo-BUAMMOMY, 3TO MOrjo Obl HECKOJIBKO
YMEHBIIUTh HATPY3KYy Ha cep/lle IpPH Pa3BUTUM B OpPraHusMe
NAaTOJMIOTMUYECKUX IIPOLECCOB, COMTPOBOMKAAIONIUXCA MOBLIIIEHTEM
TeMIepaTyphl Tejia KaK 3allUTHON peaKkuuu opraHusma. B mepe-
OXJIaXKJeHHBIX YYACTKAX OPraHM3Ma BSA3KOCTb KPOBH IIOBLINIAET-
Cs, KPOBOTOK 3aTPYAHAETCH, YXYAIIaeTCA MUTAaHHe TKaHed, uTo
BeleT K PasBUTHIO B HUX IATOJOTMYeCKuXx mpolieccoB. Ciexyer
Y4ecTh, 4TO U3MEHeHHe TeMIlepaTypbl MOMKeT IPUBOAUTbL K K3-
MEHEHUIO CTeIlleHU arperanuy SpUTPOIUTOB U BBIZBIBATH ADPYTruUe
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U3MEHEeHUsd B CTpyKType KpoBu. llosTomy TemMmepaTypHble 13-
MEHEeHUS BSA3KOCTH IIPU IIATOJOTMYEeCKHUX IIPoIeccax JOCTATOYHO
ca0KHBI. TemnepaTypHbIii (QaKTOP HeoOXOAWMO YUYWUTHIBATH U
pu JieueOHBIX BO3JENCTBUSAX, B YACTHOCTY MIPH HCIOJIb30BAHUU
TUNEPTEePMUHM AJIs JieYeHUs paxa 3a601eBaHUM, T.e. IIOBBLIIIEHUA
TeMIIePaTypPhI BCET0 TeJia WU OTAEJNBHBIX €ro yacTell 3a cueT Ha-
rpeBaHUus PasIMYHBIMH METOJaMHU.

TFemamoxpum. 3ror nokasaresb IpeAcTaBisgeT coboif OTHO-
menune o0vema spurponutos (V,,) k 06vemy kposu (V,,), B KoTO-
poM oHHM cojepakarca. B mopme V, /V,, ~ 0,4. Oxasajnock, 4To C
MOBBIIIEHNEM MeMATOKPUTA BA3KOCTh KDOBU BO3pACTaeT. Y BeJIU-
YyeHNE TeMATOKPUTA MOXKET IMPOUCXOAUTH KaK W3-3a YBeJIUUEeHUS
KOHIIEHTPaLUX SPUTPOIMTOB, UX arperanuu, Tak U 3a CUeT yBe-
JUYEHUA UX pPa3MepoB.

W3BecTHO, YTO BA3KOCTH BEHO3HOH KPOBM BbIIIE, Y€M apTEpH-
aJNBbHOM. TO 00YCJIOBIEHO T€M, UTO SPUTPOIIUTHI BEHO3HOH KPOBU
COZlepIKaT YIVIGKUCJBIN rasd u uMelT dopmMy, OJIU3KYI0 K chepu-
YEeCKO#, Torga Kak B apTepruanbHOM KPOBU 3PUTPOLUTHI UMEIOT
tdhopMy TOpa M COOTBETCTBEHHO MeHbINIWII o0beM. bBiarogaps
3TOMY IréMaTOKPUT ¥ COOTBETCTBEHHO BA3KOCTh BEHO3HOIH KpOBU
BBILIIE, YEeM apTEPUAJILHOM.

Crxopocmv cdeuza (zpaduenm cropocmu). JIuHeiiHas cko-
POCThL KPOBM M AVAMETPHI KPOBEHOCHBIX COCYAOB B Pa3IMUYHBIX
Y4acTKaX COCYZHCTOIl CHCTEeMBI H3MEHSIOTCH OYEeHb CHJIBHO.
CiiezoBaTesNbHO, CYILIECTBEHHO OTJINYAIOTCA U CKOPOCTH CABUTA B

IIOTOKE JIBHMKYIEeNCSA KPOBH.

n, MIla-c ITocKONBKY KpOBBL SIBJIAETCA
HEHBIOTOHOBCKOMH HKUIKOC-
40 ThIO, TO U ee BA3KOCTb, 3aBU-

cAIast OT CKOPOCTH CHBUTIa,

80 r OyzeT pasauuHOl B Da3HBIX

20 + oTAesIaX CUCTEeMBI KpoBooOpa-
HIeHus.

10 +

U3 rpadura saBucumoc-
T _, TH BABKOCTH KDPOBH OT CKO-
0,1 1 10 1001000 v,c poery cpsura (pue. 9.15)

Puc. 9.15. Basucumocts Basxocru  L19], BUAHO, UTO mpu CKOP?I
KPOBHU OT CKODOCTH CABUTa crax caBura sbille 100 ¢
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NpOsiBJIeHNIE HEHbIOTOHOBCKO- Peanbustit npoduas ckopocTy
ro XapakTepa JBMKEHUA KPO-
BY HE3HAUUTEJBLHO U ee BfA3-

—_—

KOCTb COOTBETCTBYeT TIpH- Ocs cocyna

BeJIeHHLIM BbILlIe 3Ha4YeHu- [ =~ -

am 4-5 mlIla.c. Oguako mpu —

MAaJbIX CKOPOCTSAX CHABUra,

Mesbmux 1 ¢, apdpexTunas TIpodub ckopocTH A1

BSIBKOCTH BECbMa PE3KO BO3pac- HBIOTOHOBCKOM YKUIKOCTH

TaeT. Puc. 9.16. Peanbuerit mpoduis
Opzanusayus apumpoyu- CKOPOCTH HEHBIOTOHOBCKOM

moé 6 nomoxe kpoéu. Cy- swuaKoctu [12]

II[ECTBYIOT [JOBOJBHO CJIOXK-

HBIe ¥ HE [0 KOHIIA BbISICHEHHBIE MEXaHWU3Mbl, IPUBOAAIIME K
CHIDKEHUIO BA3KOCTH ABHIKyINeiicAa KpoBu. OHM CBA3AHBI C IIe-
pepacipejieieHueM KOHIeHTPAIIUY 3PUTPOLUTOB B IIOTOKE JBU-
JKylIeica KpoBu. Ecau ObI IO coCyAy ABUTaJIaCh OAHOPOIAHAS
HBIOTOHOBCKAsA KHUIAKOCTh, TO CKOPOCTh €€ YacTHL, IO OCH COCy-
na Oblia ObI MAKCHMAJbLHOM, a Y CTeHOK — MuHuUMaabHO#. Co-
eINHAS KOHIIbLI BEKTOPOB CKOPOCTH PA3JIMYHBIX YACTHIL KUIKO-
CTH, NOJYYUM JUHUIO — npodund ckopocmu. [114 HbIOTOHOB-
CKOM KHJKOCTH OH MMeeT BHJ Hapabonsbl, a AJA KPOBHU, JBHUIKY-
meiica o cocyiaM, MPOodHJIb CKOPOCTEeH CYIEeCTBEHHO «YILIO-
maercsa» (puc. 9.16). 9T0 NPOUCXOAUT IO HECKOJIBKUM IpUYH-
HaM. Y CTE€HKH COCYJa BO3ZHHKAIOT GOJIBIINE TPajMeHThl CKO-
pOCTH U, CJIef0BaTeJbHO, Ooabiiiue AedopMalluu CABUra, KOTO-
pbie «BBITAJIKMUBAIOT» SPUTPOIUTHI B 00J1aCTh MEHBUIUX CABUIO-
BBIX medopMaiiuii, T.e. K IEHTPY cOCyha, r'ge 'PafUeHT CKOpPo-
CTH 3HAYUTEJNHLHO MeHbIne. KoHIleHTpanusa 3PUTPOLIUTOB U CO-
OTBETCTBEHHO BSI3KOCTh KPOBM BO3pACTAlOT K LEHTPY COCYAa,
YTO MW IPUBOAUT K «YIUIOHIEHHIO» Npoduias cropocreii. OxHo-
BpEMEHHO y CTEHOK cocyga obpasyercda TOHKUN IIPUCTEHOUYHBIH
CJIOH TIJIa3Mbl KPOBM, HE COAEPKAINUIT 3PUTPOLUATOB U IIO3TOMY
obyiafaoinil HU3KOM BASKOCTHIO. B MTOre spuTPONMTHI IPOABHU-
rapTcA IO cocyny Kak Obl B 000JIOUKE M3 ILJIa3Mbl, UTO yMeHb-
11aeT TpeHUe KPOBU O CTEHKH ¥ 00jeruaer ABUKEHUE KPOBH I10
cocyaam.



170 9. Ousmnyeckne 0CHOBbI FEMOAMHAMMKMU

9.7. POAb 3AaCTMHHOCTH COCYAOB B CHCTeme
KposooOpawenua. yAbCOBbIE€ BOAHbI

IIpu BBIOPOCE KPOBH B aOPTY BO

Nz N
N ;%g BpEMA CUCMOJb. YACTh KHUHETHYE-
a /7 Nw - CKOH 3HEepPruy CHCTOJUYECKOro 00b-
— eMa KPOBH IIePEXO/UT B IOTEHIUAb-
\4%— HYIO DHEPTHUIO YIIPYTro# gedopManuu
0 ) *\T;_ i cTeHOK aopTel (puc. 9.17, a) [3T].
R LU S O6pasyeTca HEKOTOPBIH BpeMeHHbIiH
e TIPS > «pesepByap», TJ€ 3aIacaeTcs YacThb
8 » ‘% BBITOJKHYTON KEIYAOYKOM KPOBU.
B ~AA_A_‘_\g>:7— B duacmoay TpoXomuT oOpATHBIHN

IIPOIIECC: MOTEeHIUAJIbHAA DHEPIUd
COCYI IDH BOSHUKHOBEHHH neopMUPOBAHHOM CTEHKH KPYIIHG-
[y TCOBOM BOJTHBL: ro KPOBEHOCHOT'O COCY/A IMEPEeXOAUT

a — B HAYAJbHBIN MOMEHT B KMHETHUYECKYIO 3HEePrui IOopiunuun
BBIGPOCA CUCTOIUIECKOTO KPOBH, CO3JaBasg HOIOJHUTENLHBIIH
of6beMa KPOBH B a0PTY; daKTOp, CHOCOOCTBYIOMIINNI ee IBH-

0, 6 — pacripocTpanenue JKeHn. B KaxkoMmM-TO cMmbiciie aJia-

AeopManuU [0 LIHHE CTUYHBINA COCYJ KAk ObI «X0pabaThl-

Nl BaeT» yCHJIME cepZla.

Takum o0pasom, BbIOPOC KPOBH B A0PTY COIIPOBOXKIAETCS
yapyrumu jgedopMainusiMi €e CTeHOK U IMepPUOJUUECKUMU H3Me-
HeHusaMHU (KoseGaHnaMM) AaBJIE€HUS KDPOBU HA 3TH cTeHKH. UX
WCTOUYHMKOM SIBJIS€TCS NepuoAndecKuil BrIOPOC KPOBU B aOpTy
NIpY COKpAallleHMHu IKeJIyAouKa cepana. PacmpocrpaHsiouiuecs
Jajiee IO COCYAMCTOI CHCTeMe KoJiebaHus AaBJeHUS KPOBHU, CO-
OpOBOKFaImueca AedopMarnyeil CTEHOK COCY/[O0B, HAa3bIBAIOT
nYabco6ol 60aHOE. AMIIUTYA IYyJbCAalUil YMEHBIIAETCA IIPU
pacrpocTpaHeHNH BOJHBI OT aopTHI K nepudepun (puc. 9.17, 6, 8).

Masienne P Ha CTEHKH KPOBEHOCHBIX COCYJIOB B HEKOTOPOH
TOUKEe COCYAMCTOM CHCTeMBI 3aBHCHUT OT DAJa IIapaMeTpPOB: Bpe-
MeHHU ¢, pacCTOAHUSA OT CEPALA HO JAaHHOM TOUKH X, YACTOTHI CEP-
JeYHBIX COKpalleHUIH vV, CKOPDOCTH pPaCIPOCTPAHEHWH IYJIbCOBOM
BOJIHEI U: P = f(x, t, ®, U, 0). ITO AaBJIeHNE MOKHO NPEACTABUTH
B BHUJe ABYX CJaraeMbIX:

P=P_+ P(t), (9.23)

Puc. 9.17. Nedopmanus
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roe P, — nasnenue, o6ycioBien- P mm pr.cr.
HOE IOCTOSTHHBIM CPe{HUM YPOBHEM
KPOBEHAIIONHEHUA  (IOCTOSHHAA
cocrasasiomias); P(t) — caarae-
Moe, OIpeJejieMOe IIYJIbCOBBIMU
KoJIe0aHMAMU KPOBOTOKA.

120

70

KoneGauus gaBjeHUA BBLI3BIBA-
0T ¥ W3MeHeHus obbeMa Kpose-
ganoauenus. Cuurass KpOBeHOC-
HBIH COCY YIPYTHM pe3epByapoM,

CBA3b MEXJy 00beMOM KpoBu V B Puc. 9.18. BaBucumocts
HOAHHOM ydYacTKe cocyZia B Jw000if  [aBieHUs KPOBHM OT BPeMEHU
MOMEHT BpeMeHU U [JaBIeHUEM B ILJIEUEBO# apTepun

MOKHO 3anucaTb B BUJ€ YPABHEHUA

V=V,+kP(t), (9.24)
rae V, — ob6beM MOJIOCTH COCyfa NpH CpefiHeM JaBieHuu P
k — K03(hdHUIIMEeHT MTPOIOPIIHOHAIBHOCTH, XapaKTEePU3YIOMIMI

AJIaACTUYHOCTB COCya.

TunuuHas 3aBUCUMOCTH JABJE€HUA KPOBU OT BpeMeHU B HOpMe
B KPYIIHOM KPOBEHOCHOM cocyje (IIJleueBoii apTepuH) ITOKas3aHa
Ha puc. 9.18, rae orMeueHbl 3HaUeHUsA nyY.rwvcosozo (1), MuUHU-
MaJIbHOTO, ujau duacmoauieckozo (2), cpednezo (3) MU MaKCH-
MaJibHOTO, WK cucmoauueckozo (4) naBjieHus.

Crnenyer OAYEPKHYTb, UTO CpelHee AaBieHue P, ompejens-
eTCs He CpeJHUM 3HauYeHUeM OpAuHAThI rpaduka, a 6osee CI0MK-
HBIM 00pasom:

T
P, = % [P@yat, (9.25)
0

rge T — mepuo] NyJAbCOBBIX KonebaHuii; ¢ — TeKylllee BpeMd.

W3 puc. 9.18 BuaHO, UTO NMyabLCOBble Koae0aHUS AaBICHUS
MMEIOT [JOBOJIBHO CJIOKHYI0 (OpPMY M aHAJUTHYECKAd 3allucCh
saBucumoctu P(x, t, , v, a) sarpyaHera. OgHaKo, KaK ¥ BCAKUHA
CJIOXKHBIN MepUOJUUYECKUI IPoLect, OHM MOTYT OBIThH IIpeJCTaB-
JIeHBl B BUjAe HabOopa TapMOHHUYECKMX COCTAaBJIAKOINUX (pasno-
Kenue B psax Pypee). 'apmonnueckuit aHaJauU3 IMyJbCOBBIX KO-
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JnebaHuil KPOBOTOKA sABJAETCA OLHUM U3 Ba’XHBIX METOJOB €ro
usyuedusd. Torga mnsa mepBodl TapPMOHHYECKOH COCTABISIOLIEH
nasieHusa (P,) myJabCOBOM BOJIHBI MOXKHO 3alucaTh AOCTATOYHO
TIPOCTOE BBIPAYKEHUE:

P =Pe™ sinw(t—ﬁj, (9.26)
v

rae Py — ammiuTtyza nysnabcoBbIX KojeGaHumi.

IMoxguepkueM, 4TO KO3 PUILMEHT O, 3aBUCUT OT CBOIICTB KPOBe-
HOCHBIX COCyOB 1 B (hopmye (9.26) mox aToit BeuduHOM MOMK-
HO IOHUMAaTh HeKorTopoe ero dddeKTnBHOe 3HaueHUe. PeaslbHO
3JIACTUUYHOCTL COCYZa YMEHBLIIAeTCS C YBEJIUUYEHNEeM PacCTOAHUS
oT cepiua K nepudepun. Mophoaoruuecku aTo 00yCcI0BIEHO 13-
MEHEHNEeM OTHOCHTEJLHOI'O COAEPIKAHUSA 9JaCTUHA M KOJjIareHa
B cocyaucToi Tkauu. Tak, B o0lLiell COHHOM apTepuu OTHOIIEHNE
aJacTviHa K KoJsuiareny 2:1, a B 6eapennoii aprepun 1:2. C yaa-
JeHHueM OT cepilla yBeJUUYHBaeTCsd AOJA IIaJKHUX MbBIIIeYHbBIX
BOJIOKOH, KOTOPLIE B apTEPHOJIaX SBJSIOTCA YK€ OCHOBHOM CO-
CTaBJAIOMIEN COCYAMUCTON TKAHMU.

PaccmoTpumM Temepb CKOPOCTHh PACIIPOCTPAHEHHA MYJIbLCOBOM
BOJIHBI. B KPpYIHBIX KPOBEHOCHBIX COCYAAaX OHA OIpelessdeTcsa Ho
gopmyne Moenca — Kopmeseza

Eh
= [==, 9.27
v ’pd ( )

roe E — MonyJak yOpyrocTu CTeHKH cocyna; B — TONIMHA CTeH-
Ku; d — AuaMeTp cocyza. BeJuumHy p MOMKHO CUUTATD ILIOTHOC-
TBIO BEHMIECTBA COCYa.

Kakx Buano us dopmyisl (9.27), ¢ yBeanyeHHEM KeCTKOCTHA
coCyZa U YBEIWUYEHHEM TOJIIIUHB er0 CTeHKH CKOPOCTh IIYJb-
CcOBOM BOJHBI Bo3dpacTtaeT. Tak, B aopre oHa pasHa 4-6 wm/c,
B apTepuax MblireyHoro tuna — 8-12 m/c. B Benax, KoTopsie
006J1a71a10T GOJIbIIIEN 3IACTUYHOCTHI0, CKOPOCTEL NMYJIHCOBOM BOJHBI
MeHbIlle, ¥, HAaIIpUMeED, B MOJOH BEHE COCTaBJIAET OKoJo 1 m/c.
W3 3THUX JaHHBIX CJIENYyeT, YTO CKOPOCTh PACHPOCTPAHEHMA IIYJIb-
COBOH BOJIHBI HAMHOTO OOJIbIlle JIMHEHHOH CKOpPOCTH KPOBOTOKA,
B IIOKOe He IIpeBBIIIaloieil gaxe B aoprte sHaueHus 0,5 m/c.
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C BO3pPacTOM 3JIaCTUYHOCTEL COCY/IOB YeJIOBeKa cHuKaeTcsa (Mo-
IYyJIb YIPYTOCTU PACTeT), a CKOPOCTh MyJIbCOBOM BOJHEI BO3PaCTa~
er. OHa pacTeT M C yBeJudyeHUeM AaBieHUA. [Ipu moBBIITIEHHOM
AABJEHUM COCYJ, HECKOJIbKO DACTATMBAETCHA, CTAHOBUTCA 0Gojee
«HAUPSMKEHHBIM» W I ero JajJbHEHIero pacrskeHus Tpeby-
eTcs OoJiblilee ycUJIUe.

dopma IYJbCOBBIX KOJE0AHUH M HX XapPaAKTEPUCTUKU SB-
JSIOTCA OTPasKeHMeM paboThl CepAlla M COCTOSIHHUS COCYIHC-
TOM cucTeMbl. I109TOMYy MX DErucTpanusa B DasJMYHBIX ydac-
TKAX COCYIMCTOH CHCTEMBI M TOCJIEAYIOUIUNA aHAJU3 MMeEIOT
JUAarHocTHYecKoe 3HauyeHue. HeEKOoTopble MEeTOALI perucrpa-
OUHU 3TUX IIPOLECCOB OYAyT M3ydaThbCA NPH PACCMOTPEHUM Me-
XaHU3MOB NPOXOXKIEHUA 3JEKTPUUYECKOI'0 TOKA uepes SKUBYIO
TKaHb. 3/IeCb OTMETHUM TOJIbKO NMPHUHIUI OIpEeAeIeHUs CKOPO-
CTH PacHpOCTPaHEeHWS MYJLCOBOM BOJHBI Ha HEKOTOPOM ydacT-
Keé COCYyIUCTON CHCTeMBbI, KOTOPBIH NIpeAcTaByieH Ha puc. 9.19.
BepxHsid KpuBas HA 3TOM PHUCYHKE — B3JIEKTPOKApPAMOrpaM-
ma (9KTI'), T.e. 3aBUCHMOCTL OHOMOTEHIIMAJOB, BbI3BAHHBIX
paboroit cepaua, or BpemeHu. Kasawbiit yudactox SKI coor-
BETCTBYET OIpefAesieHHON (hase cokpalleHus cepana. Huxuas
KpuUBasi — IIyJbCOBbIe KOJIeOaHUA, XapaKTepuayloljue H3Me-
HeHHue AaBjeHus (a CJeJ0BATEILHO, U CTENeHb KPOBEHAaIoJ-
HEHHS) CO BpeMeHeM B OIIPelesieHHOM YydYaCTKe COCYAUCTOM
CHCTEMBI.

Hauano cwucrosnsl npouc-

XOAUT paHbIlle, YeM Hauajo

VBEJIMYEHUS IPUJIUBA KpO- 9KI

BU K HCCIEAYyeMOMY y4YacTKy ]
cocyna. [ns pacmpocTpane-
HUS BOJIHBI JaBJIEHUHA IO CO-
cyaucToil cucreme Tpebyerca N\
HEKOoTOpoe Bpemsa Af, KOTO-
poe MoKeT ObITH ompegeme- __,|At

HO M3 CpaBHEHUA BEepPXHEH u

HHUKHEH KPHUBBIX. 3Hasdg U3 I L 1
aHaToMUUYEeCKHMX coobpaxke- O 1 2 tc
Huif paccTOAHMe IO COCYAY  Ppyc, 9.19. CHHXDOHHAS 3amuch
OT cepAaua A0 HCCHeAYeMOro ny/ibcoBoil BOHBI u KT
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yuacTka L, MOXKHO olpeseNuTh CPEAHIOI CKOPOCTh ITYJIbCOBOH
BOJIHBI: U = L/At.

IIpu momo6HBLIX UcCaeJOBAHUAX PErHCTPUPYIOT €Ille U IEePBYIO0
[IPOM3BOAHYIO OT HuskHel KpuBoil (cm. puc. 9.19). Ecaum cama
aTa KpHuBas oToOpaskaeT M3MEHeHMe 00beMa KDOBEHAIlOJTHEHUSA
B JAHHOM Yy4YaCTKe COCYyAMCTOM CHCTEMBI, TO €€ IepBas IIPOU3BOJI-
Haf MTOKa3blBaeT, KAK U3MeHIeTCs BO BPpeMEHU CKOPOCTb KpOBe-
HATIOJIHeHU S,

9.8. PacnpeaeaeHne AaBA€HUS U CKOPOCTH
KPOBOTOKa B COCYAMCTOW cucteme

Camo IOHATHE «JaBJeHHE KPOBU» TPeOyeT HEKOTOPBIX yTOY-
Henuii. B m1060#f ToukKe COCYAHCTOH CHUCTEMBI AaBJIEHHE KDPOBU
3aBUCHUT:

e OT aTMOCc(GEepHOro AaBJIEHUS;

® THAPOCTATHYECKOro JaBJjeHus pgh, 00yCIOBIEHHOTO BECOM
KPOBSIHOTO CTOJI0Aa BBICOTOMH /A M HJIOTHOCTBIO p;

e faBJeHNA, obecrieunBaeMOro HaCOCHON (pyHKUMe# cepaua.

PasnocTs maBieHuii Ha BHYTpeHHIOW P, u HapyxXHyi P,
CTEHKHU COCyJa Ha3bIBAlOT MPAHCMYpAAbHbiM Oaénenuem P,
(puc. 9.20): P, =P, — P,. MoXHO cuuTaTh, 4TO JaBJeHVE Ha Ha-
PY’KHYIO CTEHKY COCYyJa PaBHO aTMochepHOMY.

TpancMypaibHOe JaBieHUEe SBAseTcA BaKHeHIlell XapakxTte-
PHCTHKONH COCTOSAHHS CHUCTEMBI KDPOBOOODAIIIEHUS, OIDeIeads
HATPY3Ky CepAlla, COCTOSHUWE Nepu(epudyecKoro CocyAuCTOro
pyciaa U pApn APYyrux (pu3HoJOrHYecKHX NokKasarteseii. OgHako
Heo0XoAMMO MMETb B BHUAY, YTO 3TO HEe TO JaBJeHHE, KOTopoe
obecrieunBaeT IBHXKEHHE KPOBH OT
OAHOI TOYKH COCYZUCTOH CHCTEMBI K
apyroii, Harmpumep, cpeamee mo Bpe-
MEHU TpaHCMypaJIbHOEe [AaBJIEHVE B
KPYNHON apTepuyl PYKU COCTaBJIIAET
oxoyo 100 mm pr.ct. (1,33-10* IIa).
B 10 *Ke Bpemsa gBuUsKeHNE KPOBH HU3
BOCXOAALIE#l AYr¥ aopThl B 9Ty ap-
Puc. 9.20.TpancMmypasibHOoe Tepuio obecneunBaeTcsi Pa3HOCTBHIO

maBjeHue TPAHCMYPAJbHBIX AABJIEHUN MEXKIY
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YKa3aHHBIMHM COCYJaMH, KOTOpas Co-
craBasier 2-3 mm pr.ct. (300 ITa).

Ha BeauuumHy TpaHCMYpaJbHOrO
IaBJE€HUS CYLIECTBEHHO BJIMAET CHJIA
TAXKECTH, Cco3jamollas zudpocmamu-
yeckoe (8ecosoe) dasnenue. Ilyisa mosc-
HEHUA 9TOTO BIUSHUS IPEACTABHUM, UTO
MPOUCXOAMIIO OBl C KPOBEHAIOJIHEHHEM
COCYZIOB BEPTUKAJIBLHO PACIIOJIOMEHHOTO
Tesia yeJIoBeKa, ecsu Obl ero cepiue He
paborayo. B aTom ciyuae moj mefcTBuU-
eM CWJIBI TSPKECTH KPOBb CTEeKaja Obl B

pgh

COCYZABI HUKHEeH YacTH TeJa ¥ BePXHU Puc. 9.21.
T'unpocraruueckoe
€ro ypoBeHb DACIIOJOXKUICH Obl B 06-
naBJjieHUue

JIaCTH cepAla, rAe JaBjleHue PABHAJIOCH

651 aTMOC(HEPHOMY, T.€. TPAHCMYPAJIbHOE AaBjieHue GBIIO OBl paB-
Ho HyIo (puc. 9.21). Ha HexkoTOpOii BhICOTE /2, OTCUNTHIBAEMOMN
BHHU3 OT ITOr0 YPOBHHA, AaBjeHUe uUMeJio Obl 3HaueHue pgh, rae
p — IJIOTHOCTb KPOBU, £ — YCKOPeHUE CBOOOJHOTO NaAeHUs, T.€.
onpenensanoch ObI TOJNBKO P'MADPOCTATUYECKUM HABJIEHUEM.

OueBHUAHO, TUAPOCTATUYECKOE AaBJIeHUE BJUSAET ¥ Ha pac-
npejeyieHe KPOBU B COCYAZUCTOM CHCTEMe JKHBOTO YeJIOBEKA.
B aroMm ciyuae oTTOKY KpOBM U3 BepxXHell YacTH Tejla BePTUKAJb-
HO CTOAILIEro 4YeJjioBeKa IPEeNsATCTBYET PAA PU3UOTOTHUECKUX Me-
xaHu3MoB. Kpome oueBugHOM paboTHI cepina, K HUM OTHOCUTCS
pedieKTOpHOE CcyXKeHUe BEHO3HBIX COCYAOB HOI' B CTOAYEM IIOJIO-
KeHUU, KOTOPOEe CHUJIbHO YMEHBLIIAET CIIOCOOHOCTE 3TUX COCYIOB
pacTAruBaThHCA M HAKalJIUBaTh KPOBb, a4 TaKJKe CIIOCODCTBYeT Be-
HO3HOMY BO3BPATY KPOBHM B cepJlie.

Ecau cocynocyxuBaromuii apdeKT ocaabieH B pe3yabTaTe 3a-
boseBaHUS WU KaKuX-I160 BHEUIHUX BO3AEHCTBUH, TO IIPH pe3-
KOM BCTaBaHUU Y€JOBEK MOJKeT BIIACTh B 0GMOPOYHOE COCTOAHUE
3a CcYeT yMeHBbIIIeHNS BEHO3HOrO BO3BpaTa U CHUXKEHHS KPOBO-
cHabKeHUsA T'OJIOBHOTO MOS3ra.

HN3mepsiemoe TpaHCMypajibHOE AABJIeHWE K3-38 BO3JAECTBUSA
Ha Hero rmJpOCTAaTUYECKON COCTABJIAIONICH MOMKET CYIIeCTBeHHO
3aBHCETH OT BBIOOPA YYaCTKOB M3MepeHus 1 B3AUMHOTO PacIIiojio-
skeHMs yacrtell tena. Tak, TpaHcMypasibHOe faBJIeHle B apTepusax
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roJIeHM MOXKEeT ObITh HAMHOTO 0OJIbIlle, YeM B apTepuUAX MNOAHSA-
TOM PYKH.

B KJIVHUYECKUX YCIOBUAX H3MepeHHe KPOBAHOTO HaBJIEHUS
00BIYHO HPOM3BOAAT B 00JaCTH IJIeUa, T.e. Ha yPOBHE CepAlla.
ITosTomy rugpocraTuueckass COCTABJIAIONIAA AABJEHUS B ILIede-
BOM apTEPHH B 3TOM CJIydae paBHa HYJIIO.

JBUyKeHVe KPOBH IO COCYAHUCTON CHUCTEME IIPOMCXOAUT 34 CUeT
NIPeBBIIIEHUA JaBjeHUs, 00yCJIOBJIEHHOro paboToi cepAalia, Haj
atMochepHbIM JaBiaeHueM. MeHHO IpaJUeHT YKAa3aHHOTO [AaB-
JI€eHUS U SABJASIeTCA NBUMKYIeli cuIoil KpoBoTOKa. Pacnpenenenne
3TOr0 JaBJEHHUS B COCYJHCTOM CHCTEMe NOKasaHo Ha puc. 9.22
(BepxHAA KpuBas), re BUAHO, UYTO B aOPTe M KPYIHBIX apTepu-
AX majeHue AapjeHus (PasHUIA JaBJIEHUI B Hayajle U B KOHIE
coCyZia) HEBEJIUKO.

P, mMm pT.cT.
120

100 - /\‘\ l‘
80 \/ Ml v, M/C
60 0,6
\ Jasnenue
40—, 0,4

TN
CKOPOCTE Ve
10,2

20

Aopra|Kpynssie | Aprepu- Kanuna Bernt™
apTepuu ! ojkl '.napbx l '

Puc. 9.22. Pacupenesesue JaBIeHUsA U CKOPOCTH JBUMKEHUS KPOBU
B COCYAMCTOM cuCTeMe

B aprepuosax HabJIHOAaeTCs MaKCHMAJIbHOE INajJeHHe HaBJie-
HU, TIOCKOJIbKY AJIA COBOKYITHOCTY apTepPUOJ IPOUCXOAUT GOJb-
III0e yBeJUYeHue r'iIpaBJandecKoro conpoTusienus X [cMm. dop-
myasl (9.10) u (9.11)].

B Benax, Bnasarolnx B cepALe, faBjeHue HUKe aTMOchepHOTO.
Kax yxe ormeuasnoch B 9.7, B KPYIHBIX KPOBEHOCHBIX COCYZax
[IPOABJIAIOTCA IIyJILCOBBIE KOJIeOAHU S JABJIEHUA, AMILIUTY 1A KOTO-
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pPBIX YMEHBIIAeTCH C YBeJIMdeHHeM CTelleHH Pa3BeTBIEHHOCTH CO-
CyAUCTOTO pycJjia ¥ yMeHbIIIeHNeM JUaMeTpa OTAeAbHBIX COCYLOB.

Cocyaucrasa cucrema o6sajlaeT MUHUMATIBHON ILIOMIAABLIO CE€-
yeHUSA B O0JACTH aOpThI, IJe HAOMIONAeTCA MAKCUMAJIbLHAA aM-
IJINTYJA NYJbCOBBIX KojebaHuil 1 HauOoJIbIIas JUHeHHAad CKO-
pocTb kpoBu nopazka 0,5 m/c (cM. puc. 9.22, HM>KHAA KpuBas).
ITlo mepe nepexoja K 6oJjiee MEJIKUM KPOBEHOCHBIM COCYJaM CyM-
MapHasd IUIOIAAb UX CEUYEHUS YBEJIHYUBAETCS X B COOTBETCTBUH
¢ YCJIOBUAMU Hepa3pPHIBHOCTH cTPYH (cM. 9.1) CKOPOCTH KPOBOTOKA
B HUX YMeHBIIIaeTcd, COCTABJIAA B Kaluiaspax okoJjo 0,5 mm/c.
B BEHO3HOU YaCTU COCYZHUCTOM CHCTE€MBI CYMMAapHAs ILJIOINAAL
CeUEeHUS COCYIOB YMEHBIIIAeTCs, UTO TMPUBOAUT K BO3PACTAHMIO
CKOPOCTHY KDOBOTOKA.

9.9. HekoTopble MeTOAbI ONpeAeAeHUsl AaBAEHUs
M CKOPOCTH KPOBU

IIpsmMoe u3MepeHME aBJIEHUS KPOBHU OCYIIECTBJSETCS BBe-
JeHreM KaTeTepa HEMOCPEACTBeHHO B KPOBEHOCHBIN COCYyZ, WJIH
MOJIOCTH cepAma. KareTep 3amosiHsieTcss U30TOHUYECKUM PACTBO-
pOM U IepejaeT JaBiieHVe KPOBM C BBOAUMOTIO KOHIIA Ha BHeI-
HUI u3MepuTeabHBIA IPUGOD NI YyCTPORCTBO aBTOMATH3HPOBAH-
Ho#t oOpaborku pauvbiX. Ilpamas maHomMeTpus — NPaKTHUYECKHU
eIUHCTBEHHBIH MeTOA U3MepeHUA NABIeHUA B IIOJIOCTAX Cepana
¥ IEHTPAJNIbHBIX cocyax. BeHO3HOe maBiieHWe HAJEIKHO U3MeDs-
eTcsa npAMBIM MeTonoM. OCHOBHOUM HeZOCTATOK NPAMBIX U3Mepe-
HUM O4eBUAEH — 3TO HEOOXOJMMOCTh BBEJEHUA M3MEPHUTEIbHBIX
YCTPOMCTB B MOJIOCTH COCYa.

Henpsimble maMepeHUsl gaBJieHUSA KPOBU TPOUBBOAATCS Oed
HapyIlleHus IEeJIOCTHOCTHM COCYAOB M TKaHel. B mozasisamomiem
60JIBIINHCTRBE HEMPAMBIE METOALI ABIAIOTCA KOMNLPECCUOHHbLMU.
Onu ocHOBaHBI HA YPABHOBEIIMBAHUM [aBJIeHUS BHYTPH cocyia
U3MepAEeMbIM BHEUIHUM JaBJIEHUEM HA ero CTeHKY.

IIpocreiimium M3 TaKMUX METOLOB ABJSETCA IAJbIIATOPHLIH
cnocob onpefesieHNA CUCTONUYECKOT0 apTePUAIbHOTO AaBJIeHUS,
npennoskeHEsId Pusa-Poyyu. IIpu ero ocyuecTBI€HNM Ha CpeX-
HIOI0 YacTh Ijleda HaKJaAbIBAIOT KOMIIPECCHOHHYIO MAaHIKeTy.
12-5281
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Puc. 9.23. OmnpeneneHue 1aBeHUH KPOBU METOOM
Koporkosa — Pupa-Pouuu:
a — ToHbl KOpoTKOBa He 00HApYysKeHbl; 6 — CHUCTOJHYECKOE [aBJIEHUE;
68 — IUACTOJINYECKOe AaBJIEHIe

JaBJyieH1e BO3Ayxa B MaHKeTe U3MepseTes ¢ IIOMOIIbI0O MaHOMEeT-
pa. HakaunBaHueM BO34yxa B MAHMKETY JaBJIEHWE B Hell ObICTPO
MIOAHMMAETCA 0 3HAUEHU S, IPEBHIIIAIOIIEr0 CUCTOJINYECKOe. 3a-
TEM BO3JYX M3 MaHKEThbl MEeJJIEHHO BBIIIYCKAIOT, OJHOBPEMEHHO
HabJr0ada 3a MOABJEHHEM MyJbca B JIyueBOIf aprTepuu. 3aduk-
CHPOBAB MAJBLIIATOPHO IOABJIEHUE IIYJIbCa, OTMEUYAIOT B 9TOT MO-
MEHT 3HaYeHUe JaBJIeHUS B MaH)KeTe, KOTOPOe M MIPUHUMAIOT 34
CHCTOJIMYECKOE JaBJIeHUeE.

Aycrkyabmamusehoiil. memod nMeeT HaubGoJsblllee pacrpocTpa-
HEHHe M OCHOBAH HA YCTAHOBJEHUU CUCTOJIUYECKOTO U AUACTOJIU-
YEeCKOro JaBjeHUs IT0 BOSHUKHOBEHWIO U MCYE3HOBEHMIO B apre-
puH 0cOOBIX 3BYKOBBIX fABJIEHUN — moHo8 Kopomkosa. Tak ke
Kak u B Meroge PuBa-Pouuynu, Ha o6JacTh mieua HaKJIa bIBAETCA
KoMIpeccuoHHass MaHxeTa M (puc. 9.23), B KoTOpyIO HaKauwu-
BAaeTCs BO3AYX, CO3AaBas HaBjieHue, 6OJIbIliee CHCTOJIMYECKOTO.
B sT10 Bpems (a) Tousl KopoTkosa ue obHapyxusawTca. [Ipu BuI-
X0Je BO3AyXa N3 MaHKeThl IPOCBET COCYAA YBEINUYNBACTCS U IIPKU
PaBeHCTBE HAPYXHOTO [AaBJIEHUS CHUCTOJUYECKOMY BOSHUKAIOT
XapaxkTepHble 3BYKH, IIPOCTyIINBaeMble C HIOMOIIbIO (POHEHTOCKO-
na @. B aror moMeHT (0) II0 MAaHOMETPY OIPEAeJAI0T CUCTONHYEC-
Koe aaBjeHue. MOMEHT NCUE3HOBEHUA HIYMOB (8) COOTBETCTBYET
PaBEeHCTBY U3MEPAEMOT'0 HAPYKHOTO JaBJIEHUS JUACTOJINYECKOMY.
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AycKynbTaTUBHBIN MeTOI Peaju3yeTcA B PA3IVYHBLIX BapHUaH-
Tax. B dacTHOCTH, B M3MepHuTeNAX AaBJeHUA TOHH KopoTKoBa
MOTYT BOCIPHHUMATBCSA MHUKPOMOHOM, KOTODHIHA mnpeobpas3yer
3BYKOBBIE BO3JEHCTBHA B 3JIEKTPHYECKHE CUTHAJBI, MOCTYIa-
jo1IMe Ha perucrpupyoigee ycrpoiictso. Ha uudposom Ttabao
perucTpaTopa yKa3bIBalOTCS 3HAUYEHHUA CUCTOJIUUYECKOTO U AHUa-
CTOJIMYECKOTO AaBJieHusi. B HEKOTOphiX npnbopax M3MeHeHHs B
IBUYKEHWM CTEHOK apTepUH IIP¥ CUCTOJUYECKOM U AUACTOJHYEC-
KOM JaBJjieHUY (COIPOBOKAAOINECS BOSHUKHOBEHMEM U HCYE3-
HOBeHHEM TOHOB KODOTKOBA) OIIpeAensIoTes ¢ IOMOIILIO VIbTPA-
3BYKOBO¥ Jiokanuu u shderra JJonnepa.

PaccMmoTpumM Temeph OCHOBBI HEKOTODBIX pusuveckux memo-
0o onpeneneHNs1 CKOPOCTH KPOBOTOKA.

Memod, ocHosanHblit Ha apperxme [Jonaepa. Pusuueckas
OCHOBa 3TOro Meroza Oblaa paccMoTpeHa B 6.8. Eme pas moa-
YepKHEM, UTO €Tr0 IUPOKOe KJIMHHUUECKOe IPUMeHeHne 06yCIOB-
JIEHO HEMHBA3WBHOCTHIO, BBICOKOM TOYHOCTHIO ¥ BO3MOXKHOCTBIO
HUCMOJIb30BAHUA [AJI HCCIEIOBAHWS PA3NWUYHBIX reMOAWHAMMU-
YyecKUX MpoiteccoB. IToCKOMBKY yIbTPa3sBYKOBas BOJIHA o0janxa-
eT Majoil AJWHON M, CJIeAOBATENbHO, MOMeT ObITH ChHOKycHpo-
BaHa HA MAaJYIO ILJIOLA[b, CTAHOBUTCA BO3SMOXKHBIM OIIPEJENATH
CKOPOCTHh KPOBH JIOKQJIBbHO B OTAEJNBLHBIX Y3KUX yd4acTKaX COCY-
OUCTOM CHUCTEMBI U Ja’Ke CKOPOCTh IABUMKEHUA PA3JIHUUYHBIX CJIOEB
KPOBH B OT/JIeJILHOM COCYyJ€e. _

dreKmpomMazHUmMHbLil B ©® —_

Mmemo0 OCHOBaH Ha (QU3HU- @\
YeCKOM SIBJICHHUHM, Ha3bIBa- @( 6’ 6‘2\ @. 9 ,
——

eMoM appexmom Xoaaa. U
Ero cymHocTs mnoscHseT :2\

6( g v
puc. 9.24. IIycTs B HeKo- 6’ @\ @\@(@\ @\

TOPOH TPOBOJAIIEH dJeK-

TPUYECKHNII TOK cpefe Co Fj +
CKOPOCTBIO U JABIIKYTCA
JIEKTPpHUYECKHE 3apAAbI (Ha > %)—»_
puc. 9.24 B HamnpaBJeHHUH ¥ v _ v
caeBa Hampago). BEciam sty B B 7
Ccpeay HOMECTHUTh B MArHUT- T

HOe IoJie ¢ MHAyKIueih B, Puc. 9.24. Dddext Xoana
12%
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HAIPABJEHHON NEePHeHANKYJAPHO HAIIPABJIEHUIO CKOPOCTH ABU-
JKeHUs 3apANOB, TO Ha 3apsanbl OyleT AeiicTBoBaTh cuia JlopeHia
F; = quB, rre ¢ — Beanumnna 3apaja. llox meficTBueM 9TOH CHIIBI
TPOUCXOAUT OTKJIOHEHUE IMOJIOKUTENIbHBIX 3aPAN0B B OJHY CTO-
POHY, a OTPUIATEJbHBIX — B MIPOTHBOIOJIOKHYIO, KAK TIOKa3aHO
Ha puc. 9.24. Taxum oOpa3oM, U3-3a IPOUCXOIAIIETO IIOA Heii-
CTBHEM MAarHUTHOTO II0JIA pasfesleHUs 3apaAf0B Ha NMOBEPXHOCTH
cpebl BOBHUKAET Pa3HOCTh MOTEHIaNoB U (X0JII0BCKOe Halpd-
sxkerue). Ee Benmmuuba mpomopuyoHanbHA 3HA4YEHHIO cuJbl Jlo-
penna Fj; 1 cKopocTH IBMKeHUA 3apAMEHHBIX YacTHIL V.

TlockosbKYy B KPOBH HMEIOTCA IIOJIOMKHUTEJbHBIE M OTPHIA-
TeJbHbLIE MOHBI, 3TOT d((PEKT MPOABIAETCA U B JBMIKYIIEHCA 1O
cocyny KpoBu. M3 msmepsaeMoil Pa3HOCTH NMOTEHIIMAJOB MOXKHO
onpeJesINTh JUHEHHYI0 CKOPOCTh KPOBOTOKA.

Meroabl onpejeseHnA CKOPOCTH JBUMKEHUS KPOBU, OCHOBaH-
Hble Ha ONMHCAHHOM MPUHINIE, VA0OHO IPUMEHATh B TEeX CJyda-
SIX, KOTJa BO3MOJKEH HENOCPeACTBEHHBIH KOHTAKT SJIEKTDOJAOB
COOTBETCTBYIOIIIEr0 HM3MEPHUTEIbHOI'0 YCTPOMCTBA CO CTEHKAMH
cocyza (IIpu HCIIOJB30BAHUM AIIapaTOB UCKYCCTBEHHOIO KPOBO-
ofbpalesus, reMocopOnuy, reMOAHaNu3a, B XOAe XWUpyprudec-
KHX oIleparimii).

9.10. Pabota M MOWMHOCTL CcepAua

B coorsercTBuM ¢ 3aKOoHOM Ilyaseiisis TeueHue KUIAKOCTH IIO
cocyZaM onpefessieTcs Pa3HOCTBIO JaBJIeHUHA B Hadyalle M KOHIIE
cocymoB. B cucTemMe KpoBOOOpallleHHSA 3TOT Iepenaj NaBJeHUM
00yC/IOBJIeH B OCHOBHOM paboroil cepaua. Takum o6pasom, 1o oT-
HOIIIEHUIO K COCYAVICTON CUCTEeMe CepAlle MOKHO CUMTATh HEKOTO-
PBIM HacocoM. B oTjmume oT 0GBIYHOrO IMOPIIHEBOrO HACOCA, Te
IIolaAb IOPIUHS [OCTOSHHA, Ipu pabore cepama ero pabodas
MOBEPXHOCTh — BHYTPEHHAS MOBEPXHOCTD MKEJYI0UYKOB — U3Me-
HseTcA B pasauuHble (a3bl ux cokpainenusa. Cuna F, geiicTBy-
0lHas Ha KPOBb B JKEJTYJOUYKAX, 3aBUCUT OT JaBjieHusa P B ux
HOJIOCTH U ILJIOLIAAM BHYTPEHHEH ITOBEPXHOCTH S:

F = PS.

B Hauajie cucTOJBL AaBJeHue MeHblIe, a 00'beM U ILIOLIAAb I10-
BEPXHOCTU IIOJIOCTH >KEJIyJOYKOB — OoJibille. B KOHIle CHCTOJIBL
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JaBJieHWe BO3PAaCTaeT, a BHYTPEHHAA IIOBEPXHOCTL yMEHbIIAET-
csi. KosnyecTBeHHOE paccMOTpeHMEe 3THX IPOLIECCOB U HENOCPes-
CTBeHHbIe (HhUBMOJIOTHYECKNE SKCIEPHMEHTHI IIOKA3BIBAIOT, UTO
npY yMEHbIIEHUM O0beMa BHYTPEeHHMX IIOJIOCTell cepjie pas-
BUBaeT MeHbumyoo cuiay. CorsacHo saxony Cmapaumnza, cuia,
pa3BuBaeMas IPH COKpallleHUuH cepAlia, IPOIOPIIMOHANLHA HAa-
YaJILHOU AJIMHE BOJOKOH MHOKapAa.

He zanumasce paccMOTpeHHEM CJIOMKHBIX ABJIEHMII, IIPOMC-
XOAAIIUX IIPU COKPAIleHHUH CePAIa, PacCuuTaeM ero pabory sa
OIHO COKpallleHue UCXOAA U3 00IuX Qu3uyecKux coobpaskeHuii.
Ora pabora A ckJajgbIBaeTcs U3 PabOTHI J€BOro A, U mpasoro A,
SKEJIYIOYKOB:

A=A +A,.

PaBora J1eBOro KejyIouKa, BbIOPACHIBAIONIETO KPOBb B 00Jb-
o Kpyr KpoBooOpallleHusA, eCTeCTBEHHO, Oosbliiie, ueM pabora
mpasoro xeaypnodka. Cuuraercs, uro A, = 0,24 . Takum o6pasom
A=1,2A,..

Pabora neBoro skenymouyxka mnpu BHIOpOCE CHCTOJHUYECKOTO
(yaapHOro) o6’beMa KpOBH B aOpTY 3aTPauyHBaeTCs Ha mpeoaoJie-
HYe CHJI JJaBJIeHUsA KPOBU B COCYAUCTOI cucTeMe ¥ Ha cOOo0IeHne
KPOBM KMHeTHYeCKoil aHeprum. IlepBasi cocrasisiionas aToi pa-
00TBHI HA3BIBAETCS CTATHYECKUM KOMIIOHEHTOM, 4 BTOpPas — KH-
HETUYECKNM KOMIIOHEHTOM.

Cmamuyeckuil komnonenm paccuuraem o dhopmyJe

Ac'r: Pchc’

rae P, — nmaBsjenue KpoBU B aopre; V, — cucToJudyecKuii 06bem.
cp

c

Cuuras nna yenosexa B mokoe P, =100 mm pr.cT. = 13,3 xlla
u V=60 mua=6-10"°wm*, naiigem A, ~ 0,8 JI:x.

Runemuueckuit komnornenm MoKeT GbITH pacCUUTaH u3 Gop-
MYJbI AJIA KUHETUYECKON 3HEepruu

mv®  pV, v?

14R - Cc
2 2 7
rae m — Macca KPpOBH B €€ CUCTOJIUYECKOM 06'1>eMe; P — INJOTHOCTH
KpPOBH; U — JIMHEHHAs CKOPOCTL KPOBM IIpY BHIOpOCE B aopTy.

Ilpunsas p=1,0510° kr/m*, v=0,5 ™M/c, moayYuUM, dUTO
A, = 0,008 ITx.
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Takum oOpasom, pabora cepialia 3a OJHO COKpallleHHe onpeze-
JiseTcs o popmysie

2
A= I,Z[PVC + BVZ—U) (9.28)

B noxoe ona cocrasaser npumepso 1 k. Cauras, 94To B cpefHeM
cepAle COKpalljaeTca OAUH pas B CEeKYHAY, olpexenum paboTy
cepana 3a cyTku. Oua cocrasaser 86 400 k. na cpaBHeHud,
TaKyioo paboTy HAamO COBEPIINTh, YTOOBI MOAHATH I'PY3 Maccoil B
1 T Ha BBICOTY OKO0JI0 9 M.

YuurbiBasi, 4TO HPOLOJIKHUTEJIBHOCTh CHCTOJBI COCTABJIAET
okoJio 0,3 ¢, 1 pasgenus paboTy cepAla 3a OJHO COKpallleHre Ha
9TO BpeMs, HOJYyUYUM 3HAUeHHe CpeHeld MOLIHOCTH CepAIla B IIO-
Koe — 3,3 Br.

IIpu pusnueckoii Harpyske pabora cepAlia Pe3KO yBeJIUUH-
BaeTcsl, BO3pacTaeT CUCTOJMYECKUI M MUHYTHBIM 00beM KPOBH,
YBEJIMYMBAETCA U CKOPOCThL TeueHHs KpoBuU B aopre. Ilpm stom
U3MEHAEeTCA M COOTHOIIeHUE MeXKJy CTaTHYEeCKMM ¥ KUHeTHue-
CKHM KOMIIOHeHTaMM. Kax BUIHO M3 IPHUBEeJEHHBIX UHUCJIEHHBIX
3HA4YeHUH, B [I0KOEe JOJA KUHeTHYEeCKOro KOMIIOHEHTA COCTaBJIA-
eT oKoJsio 1 % o6ureii paboTel cepana. C MOBLIIIIEHUEM HArpy3KH
pactyT oba caaraeMsix Gopmy.st (9.28), HO KUHETHYECKNI KOM-
IIOHEHT pacTeT ObICTPee, TAK KaK OH IIPOIIOPIMOHAJIEH KBaagpaTy
yBeJNYMBalleiica JUHEHHON CKOPOCTH KPOBOTOKA M HOJH KU-
HeTHYeCKOro KOMIIOHeHTa B o00Ieit pabore cepaua MOXKeET 10-
crurath 30 %.

KOHTpOAbHbIE BOMPOCHI 1 3aAaHUs

1. Yto Tarkoe obbeMHAA U JIMHEHHAS CKOPOCTU ABUMKCHUS MKUIKOCTH?
KaxkoBa cBA3b MeXAY HUMU? '

2. O yeM cBHUAETENLCTBYET YPAaBHEHUE HEPA3pbIBHOCTH cTpyu? s Ka-
KNX JKUAKOCTEeH OHO MPUMEHNMO?

3. IlpuBegure ypaBHeHHe BepHyIIM M oxXapakTepusyiiTe ero COCTaB-
aaomue. Jasa KaKUX SKUAKOCTe#l OHO NpUMeHuMO?

4. OcHOBBIBAAACH HA YPABHEHMAX BepHYJIM U HepaspHIBHOCTU CTPYH,
NpoaHanU3upyiTe M3MEHEHUS AAaBJICHUA KPOBH B COCY/ie IPU aHeB-
pu3Me U IIpY CYXKEHHU IIPOCBeTa CoCyla.
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5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Hexonsa na sHaveHui JUHEHHO CKOPOCTH KPOBOTOKA B A0pTE X Ka-
NUITAPaX OLieHHTEe COOTHOLIEHHE MeXXJy IJIOLIA/bI0 IIOIIePeyHoro
CeYyeHUs aopThHl U CYMMapHOH MJIOIAABLIO MONEPEYHbLIX CeYeHUuil Ka-
OULIAPOB.

Yrxaxxure 0COOEHHOCTM TedeHHA BASKOH dxuakoctu. IlpuBepuTe
dopmysy HeloToHa 14 cujl BHYTPEHHETO TPEHUS B »KUAKOCTH, UTO
TaKoOe «BA3KOCTb» KUIKOCTH, B KAKMX eIMHNUIAX OHA uaMepsaerca?
B uyem passuuyue MeXXAy HBIOTOHOBCKMMH Y HEHBIOTOHOBCKUMH
skuakoctamu? IlpuseanuTe nmpumepsl 3THUX MKULKOCTe.

IIpusenure dopmyny Ilyaseiina a1a ob6veMa U pacxoja NpoTexaro-
meit kuAKocTH. Kak ompezensercda ruipaBJINYecKOe COINpPOTUBJIE-
Hue cocyzna?

OxapakTepuayiiTe U3BECTHbIE BAM METOABI ONpEejeJeHUs BA3KOCTH
JKUAKOCTH, COIIOCTABhTE UX AOCTOMHCTBA M HEJOCTATKH.

Yro onpefesasaeT yucao PeiiHonpaca? 3anUIinTe ero BeIpaKeHue ue-
pes rUAPOIMHAMUYECKUE TTapaMeTphI.

VkakuTe 3HaYeHHE BABKOCTH KPOBU B HOpME U Npeiesbl M3MeHe-
HUS ee 3HAUEHUH IpU NAaTOJOIMYECKUX ITPOLECCax.

VkaknuTe NPUYUHBI, TPUBOLAININE K U3MEHEHUK) BASKOCTH KDPOBHU
B opranusame. ComocraBbTe BA3KOCTH BEHO3HON M apTepuaiabHOM
KPOBH.

YTo Takoe TpaHCMypaJibHOe gaBieHue? TMAPOCTATUUYECKOE JaBJie-
ume? Tloka)kuTe rpad@uyecKu 3aBHCHMOCTL AABJEHUS KPOBU OT
BpPEMEHU B KPYIHBIX apTepUaX.

Ha xakom yuacTke 60JIBIIOTO Kpyra KpoBooGpalieHusa HabaoaeTcs
HauboJsibiee nafeHue gapjaeHus KpoBu? Ilouemy?

ITpusenure opMysIy, ONMCHIBAIOIIYIO 3aBUCHMMOCTH CKODOCTM pac-
NPOCTPAHEHUA TIYJIbCOBOM BOJIHBI OT MEXaHMYECKHX CBOICTB U Be-
JIMYHUHBI IIPOCBETa COCYAa. YKa)KUTe MPuOIM3UTe/JbHble 3HAUCHUA
3TOH CKOPOCTH B aOpTe, apTePUAX MBILIEYHOrO THIIa U B BEeHaX.
Kak u mouemy uaMeHsaeTcss CKOPOCTH MYJILCOBOI BOJIHBI C BO3PACTOM
¥ C ITOBBIIIEHNEM apTePHAJIBHOrO AaBJIEHUA?

B kakMx yuacTKax COCYAHCTOH CHCTEMBlI TeYeHHEe KPOBU MOJKET
vMeTh TypGyneHTHBIH xapaxkrep u nmouemy? Kakx ofHapyxuBaercs
TypOyJIEHTHOE TeueHNne KPOoBu?

HasosuTe n3BecTHBIE BaM METOAEL ONpEJEIeHIs CKOPOCTH KPOBOTO-
Ka, YKaXXUTe UX NPUHIUIHUAILHYIO OCHOBY.

Paccuuraiite paboTy cepaiia B mokKoe 3a ofHO cokpalneHne. Kakosa
MoIHOCTh cepana? Haligure pa6ory cepana 3a OJHU CYTKU.
KakxoBo COOTHOIIEHHE COCTABJIAIOIMX PaGoThl CepAla IO MpPeojo-
JIEHUIO CTATHUYECKOrO AABJIEHUA KPOBU (CTATUYECKMH KOMIIOHEHT)
M 10 COOOIIeHHIO ABMIKEHUA KPOBU (KUHETHYECKUH KOMIIOHEHT)
B IIOKOe U 1py Gusnueckoi Harpyske?



®dusmnueckne CBONCTBA
Maga 10 | ¥ (QYHKUMU OMOAOTMUHECKUX
memopaH

CTpYKTYpHOII M (QYHKIMOHAJIBbHOI eaVHHUIEH XMUBOro opra-
HU3Ma ABJseTca kaemka. Eif IpUCYIX Bce OCHOBHBIE JKU3HEH-
Hbie pyHKIHU. KieTka oOMEHMBAETCs C OKPYIKAIOIleill cpenoit
BEIIECTBOM, sHeprueil u mHGoOpMAaIeil, JHEPrus MHUTATEIBHBIX
BeIIeCTB, IIOCTYIAIOIKX B KJIETKY, PACXOJYyeTCA Ha COBepleHue
Pas3JIMYHOTO BUA pafoT B HEll ¥ Ha BHINIOJHEHVE PA3HOOOPAa3HBIX
dbyurnuii. Bce 5Tu QyHKIIMK KJIETKU TECHO CBA3AHEI C €€ CTPYK-
TYypoH u cTpoeHueM. VzyueHue CTPYKTYPHI KJETKU ITO3BOJISIET
JIydille IOHATH ee QYHKI[MOHAJIbHBIE BO3MOYKHOCTH.

Ponp memOpaH B cTpoeHMH ¥ (PYHKIVOHUDOBAHHU KJETKHU
ypesBbIualino Beaumka. Kax samerusn II. Bepmas, TOJBKO mocie
obpasoBaHuA MeMOpaHbl BOKPYT KJIETKHM MbI AeHCTBUTEILHO UMe-
€M TO, UTO C IIOJIHBIM IIPABOM MOXKeT ObITh HA3BaHO OPTaHU3MOM.
HNmeHHO yepes memMOpaubl IIPOUCXOAUT OOMEH BeLIECTB B opra-
HuaMe. Hapyiienune c¢TpyKTypbel MeMOpaH BeJeT K HapyIIeHHUIO
X GYHKIMH #, CIENOBATEJbHO, K HAPYHIEHWIO (PYHKIIMOHAJIb-
HOTO COCTOSHUS KJIETKH M OPraHW3Ma B IIeJIOM.

10.1. CrpoenHne u c¢usmyeckue CBOWCTBA
onoAornyecknx memopax

HUssecTHO, uTO OHOJOrHUYEecKHMe MeMOpPaHBI COCTOAT B OCHOB-
HOM M3 JUIUAOB M GEJIKOB, IPOIEHTHOE COOTHOIIIEHNE KOTOPHIX
MEHSETCS B 3aBHCHUMOCTH OT BUJAA KJETKYU M (PYHKIIMOHAJILHOTO
HasHaueHusA MeMOpaHBbl.

Junudvt B KjIeTOYHOIl MeMOpaHe IIpeACTaBJEHBI X0JECTEpPO-
JoM, dochonunmgaMu U IIUKOJIUNHAaMu. XoJjaecmepon cOnep-
JKHUTCA TJIaBHBIM 00pa30oM B HapY'KHOI Ijia3MaTH4YeCKOi MeMOpa-
He KJIETOK MJIeKOMHMTalomux. Pasnauunsie ¢pocgoaunudvt BXOAAT
B COCTAB BcexX OMOJOrHYeCKUX MeMOpaH. MoaeKyJbl JHUIHNIOB
COCTOAT u3 ABYX (DM3MUYECKM PAa3IMUHBIX YaCTell — IOJAPHOM
TOJIOBKM M HEIOJAPHBIX XBOCTOB. Takue MOJEKYJbI HAa3LIBAIOT-
ca aMmpuuIbHEIMA. ['OI0BKY 21UKOAUNUG08 TIPELCTABIAIOT CO-
00if MPOM3BOJHBIE CAXapPOB, FOJIOBKH (MOCHOIUTIULOB — OCTATKU



10.1. Crpoenne u usnueckue CBOMCTBA GUOAOTMHECKMX MembpaH

185

$ochopHOIl KUCIOTBI, @ XBOCTHI JHUIUAOB — OCTATKU JKMPHBIX

guciaor. CBA3p MeXAy TOJIOBKOM M XBOCTAMH OCYILECTBJISETCA
MoJieKyJou raunepusa (puc. 10.1).

®Pocparnauasrasonamur NH, + AMuHOrpymna

/CH2
H,C
3N
| T'uapodbunsras yacrs
O=P—0 (rosoBka)
|
/0
H,C H—ch,
\O o/ Timnepun /H Xoxnecrepoa
/ \ 0
o=k
CH, HLC HO— Qe
/ \ H,C H
H,C CH, N\ /C 2
\ / C—C— CH,
CH, H,C / \
/ \ HC HC— CH,
HzC\ CH, \ 7 N
H,C—
CH, H,C LT CH
/ \ HC—C—CH,
H,C CH, / N/
\ / H,C HC—CH
CH, H,C \ 7/ \
/ \ CH,
HzC\ CH, H.C
CH H C/ Tnapodobuasn yacTsb 2 \
/ E 2 (xBocThI) CH
\ 2
H,C ol /
™ e
) C/CH2 Hzc\ nl con,
2
\ CH,
CH, H,C
/ \
H,C CH
\ Vah
CH, CH,

Puc. 10.1. CrpyxrypHbie Popmyanl PochaTHIAIITAHOIAMKHA
H X0JIecTepoJsia
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TonoBKu AUNNNOB AU00 3IEKTPUUECKU 3apsiKeHbl, Iub0 Heli-
TpPaJlbHBI, HO UMEIOT AUIOJLHBIA MOMEHT, T.e. B JIIOOOM ciydae
CO3JaI0T BOKDPYT cebs anexTpuyeckoe mmose. OHU XOpOIIO B3au-
MOJEeHCTBYIOT C HOJASAPHBIMYU DACTBOPUTENAMHU (BOAOI), NO3TOMY
TOJIOBKY ¥ HA3BIBAIOT I'MAPO(UIBbHON UaCThIO JUNKAA. XBOCTHI,
Hao00pOT, HEIIOJAAPHBI, M XOPOII0 B3aHUMOAEHCTBYIOT C HEMOJIAD-
HBIMMU BEIIIECTBAMMU U PACTBOPUTEIAMHU, HO ILIOXO ¢ Bojxoi. Takoe
IoBeJieHIe HEMOJIAPHBIX MOJEeKyJa B BoJe (rugpodobHocTs) 00yc-
JIOBJIEHO T€M, UTO MM JHEPTreTHUYECKH BBINOJHEe B3auMOAEHCTBO-
BaTh APYT C APYrOM, YeM C MOJEKYJIaMU BOJALI, BCJIEJCTBUE YEro
OHHM OTTaJKUBAIOTCA OT BOJBI.

B pesynwsrare ampuduabEbie JUNKUILI, HAHECEHHBIE HA IIO-
BEPXHOCTh BOJABI, 06pas3yioT TOHKHNII MOHOMOJEKYJSIDHBINA CJIOH,
B KOTOPOM TOJIOBKH JIMOHUAOB CBSI3aHBI C BOJAOI, a XBOCTBHI Ha-
mpaBJieHbl BBepPX — Imojasbiie oT Bogsl (puc. 10.2).

Junupg,
1/4 I'mapodbuninsHas
Y 1acTh JIunugsr
T'napodobuasa
3/4 4acThb
v

Puc. 10.2. Cxema JUNUIHOM MOJIEKYJIbl M MOBEeJeHUeE JUINI0B
Ha IIOBEPXHOCTU BOABI

Ecau sxe 9Ty AUl TOMECTUTh BHYTPb BOALI, HAIIPUMED, Y-
TeM MHTEHCHBHOI'0O BCTPAXUBAHUA HUJIHM BO3AEHCTBUA YJbTPAa3BY-
Ka, TO TIPU MaJblX KOHIIEHTPAIUAX OHMA 00pasyioT clepuuyecKue
CTPYKTYPbI-MUIEJIJIBI, B KOTOPBIX T'OJIOBKY JUIUAOB OOpAIleHb
B CTOPOHY BOJbI, & XBOCTHI CIIPATAHBI BHYTPS Muuest (puc. 10.3).
ITonoGHbIe 06pa3oBaHUA dSHEPreTUYECKY BBITOAHEI, TaK KaK IIPHU
9TOM JOCTUTAeTCs MUHHUMYM ILJIOHIAAYW KOHTAKTa I'UIPO(OOHBIX
YYaCTKOB JIMITUAOB ¢ Boxoi. Ilo Mepe yBeJnueHNA KOHIEHTPAIlUU
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T'uapodobrasn

T'uppo- JlarepanbHas 4acThb
4 dunpEa"  guddysus Dun-gaon
JIunocoma 4acTh

JInnuausi 6ucioi

Puc. 10.3. Buabsr camooprasusanuy JUINLOB B BOAE

JUIN0B CHaYaJa 00pasyoTCsa JUITOCOMBI (BE3UKYJIbI, IY3LIPhKH)
M3 IBYX CJIOEB JUIUJOB, B KOTODPHIX I'OJIOBKH 00paIlleHbl B CTOPO-
HY HapyKHOM M BHYTPEHHEN BOABI, & XBOCTHI — JAPYT K APYTY.
Takue o6pa3oBaHUA YyKe MOYKHO pacCMaTpHBaTh KaK HUCKYCCT-
BeHHLIE JUNKUIHbIe MeMOpaubl. W, HaKOHeI, NPU CINUAHUHA Be-
3UKYJI 00pasyeTcs: OOIIMPHBIN JBOWHOU CJIOY JIMIULOB, KOTOPHIl
M SBJAETCS CTPYKTYPHOH OCHOBOHM OHOJIOrmyeckoil MeMOpaHBI.

Wmenno 6aarogaps ceoeii aMpupUIbHOCTH JATUIL MeMOpaH
CaMOCTOSITEIBHO OPTaHM3yIOTCS B BOJE B BHUAE ABOMHOIO €04,
ABJIAIONLETOCA CTPYKTYPHOH 0CHOBOI 6nomem6bpan. Ilpu aTom mo-
JSpHBIE TOJIOBKU JUIIHAOB BCerja HalpaBJieHbl B CTOPOHY BOAHI,
a8 HemoJAPHBLIC XBOCTHI — BHYTPHL JUMUAHOrO OUCIOA, TOJUIUHA
KOTOpOro cocTaBiseT 6—7 M.

Taxum o6pazom, camocOopKa mMeMOpaH, T.e. 06pa3oBaHUe JIU-
MUAHOTO OUCJIOA CO BCTPOEHHBIMK B HEero GeJKaMH, IPOUCXOINUT
CaMOIIPOM3BOJILHO, BCJEACTBHE TOTO UTO TaKasd OPTaHU3ALUA JIU-
nHuKoB U OEJIKOB B BOJE 3HEPTEeTUUECKU BBITOAHA.

T'uapodobHbIe B3aUMOAEMCTBUS JUINI0B U 6EJIKOB B BOLE UT-
PaloT CYIECTBEHHYIO POJIb B (hOPMUPOBaHUKM MeMOpaH, BO MHO-
r'OM OIIpeflesiAsi IPOIeCC UX camMoc6OpKu W NpencTaBasa coboi
OIUH M3 OCHOBHBIX (h)aKTOPOB UX CTAOMIM3ALIVN.

Kpome nunugos, MeMOpanbl cogepsKaT 0eJIKKU U yIIeBOALI.

Beaxu, cBsasauHbie ¢ MeMOpaHaMu, IIOAPA3JEIAIOTCA HA ABa
Kjacca: unmezpaavHbvle u nepugpepuveckue. IHTEerpanbHble 6e-
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Hurerpanbublit

VYraesog

HNHuTerpanvubiit
6esiok

Tlepudepuuecknit
Gesox

Puc. 10.4. CrpoeHue KIeTOYHOH MeMOpaHbl

CJIOH

KM IIOTPYKEHbl B JUIIUAHbBIN OMCJION MOJHOCThIO WJIM YaCTUYHO,
a mepudepuyecKkre HAXOAATCH HA TON MM APYroil MOBEPXHOCTH
meMOpaHbI (00BIYHO Ha ee BHYTPEHHeH cTopoHe).

Yeneeo0v. Moryr ObITHL IPUCOEAUHEHBI JUO0 K Oeaxam, aubo
K JUIHUAAM, HO B JIOO0M cjy4ae OHM HEM3MEHHO PAaCHoJaraioTcs
Ha BHeIIHel, a He Ha BHYTPeHHeH IoBepXHOCTH MeMOpaHLI (puc.
10.4) u urpaioT BAXKHYIO POJb B MEKKJETOUHBIX B3AUMOAECHCTBHU-
ax., O6uias ToNIMHa KJIEeTOYHOH MeMOpaHbl 8~9 HM.

Benky uMeroT Ha CBOeil MOBEPXHOCTH KaK THAPOMHUILHbIE, TAK
u ruapodobHble aMHHOKUCJOTHBIe ocraTku. Ilepudepunueckue
0eJIKK MOJKHO OTAEJIUTH OT MeMOpaHbl, He HapyIlasd LeJOCTHOCTH
JUTUJHOT'O JBOWHOTO CJOsA, U IOCJE OTAEJNECHUSI OHM IOJHOCTBLIO
PacTBOPUMBI B BOJE, YTO CBHUJETEJBCTBYET O THAPODUIBHOCTU
ux moBepxHocTH. HanmpoTus, MHTErpaibHble GEIKU Helb3s yaa-
JIUTh, HE PaspyIIuB JBORHON CJIOH nUNuAOB. ITU OeJIKK OOBIYHO
HEPACTBOPHUMEI B BOJ€, TAK KaK 0O0JbIIIasl YaCTh HAXOOALUXCA HA
UX IOBEPXHOCTH AMHUHOKUCJIOT ruapododna. Mmenno atu yuac-
TKH 0eNKa U HOrpy:KeHbl B FHAPOQOOHYI0 30HY MeMOpaubl, rjae
CBA3BLIBAIOTCA C XBOCTAMU JIUNIUJI0OB r'uApPoOOHEIMU B3auMoeiic-
TBUAMHU. I'MApOPUIBHbIE YUYaCTKY MOBEPXHOCTH WHTErPAJLHOTO
6eJIKa CBA3BLIBAIOTCA C HOJAPHBIMU T'OJIOBKAMHU JHUIIUAOB, MOJE-
KyJaMH BOJbl U IreputepuieCcKIMU OeJIKaMu.

B sakjapouYeHne OTMETHUM, UTO U JUIIUABL, U OeJIKU B MeMOpaHe
HAXOJAATCA B IIOCTOSTHHOM TEILJIOBOM IBHKEHUU, SHEPTU KOTOPO-
ro omnpeeaserca TeMmiepaTypoil cpeabl T M UMeeT BeJIUYUHY I10-
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panka kT /2 Ha ogHy cTenieHb CBOOOABI MOJIEKYJIHI (31€Ch B — IOC-
TossHHAaA BojbliMaHa), MO3TOMY JUIHUILI HEIPEPLIBHO MEHSIIOTCHA
MeCTaMH, IIePeMellasach BAOJIb ITOBEPXHOCTH MeMODPAHBI CO CKO-
pOCTBIO OKOJIO 5 MKM/C. YYacTBYIOT B 3TOM [BMUKeHUU U 0OeJi-
KH. DTO SBJIEHHE XAOTUUYECKOTO NepeMeIeHUus JUINHI0B U 0eJi-
KOB BJI0JIb IIOBEPXHOCTU MeMOpaHbl Ha3blBAETCA 1ameparbHOl
dudgysuei (cm. puc. 10.3). Cropocrs naTepanbHoill auddysuu
0eJIKOB 3HAUUTEJIBHO MEHbIIIE, YEM JIUNHA0B, U3-3a UX OOJIBLIIOH
MAacchl.

IToMuMoO mocTymaTeNbHOIO ABHXKEHNSI, MeMOpaHHbIe 0eJKU U
JUNUABI YYACTBYIOT U BO BpaillaTeJbHOM ABUKEHUU BOKDPYT OceH,
IPOXOJANINX Uepe3 UX IIEHTP MacC, Ha3blBAeMOM 6paujamestb-
HoU Jugpy3ueil. YTioBas CKOPOCTh UX BpalleHUsA BeCbMa BeJlu-
ka. I[Ipy HOpMaJILHBIX TeMIepaTypax OHA COCTaBJAET AJA (oc-
donunugos 10° pag/c, a A 6eIKOB 3HAUNTEILHO MEHbIIIe: JJId
ponmoncuna — 10° pax/c, mna nmuroxpomorcuaassr — 10 pag/c.

Ilepexon TUTUAOB M3 OFHOTO MOHOCJIOS B APYroil (IBUIKEHUE,
HA3LIBaEMOe (Aun-¢hon) MajaoBeposiTeH M IPOMCXOAUT OUYEeHb
PenKo, TaK KaK B 9TOM cJydae MOoJIAPHAsS I'OJOBKA JIATINAA JOJAK-
Ha Npo¥iTH Yepes ruApodobHyio BHYTPEeHHIOI 06JiacTh MeMOPAaHBI,
rie oHa HepacTBopuMa. [[0aTOMy BEPOATHOCTH TAKUX NEPEXOJOB
B 10'° pas menbille, YeM BepOATHOCTH JaTepaabHO Aubdysuu,
a ¥X YacToTa CTOJIb MaJja, uTo Jiobas JaHHAsA MOJIEKYyJa JUIIuAa
nepecKaxkmuBaeT M3 OJHOTO MOHOCJIOS B JPYroil He dallle YeM pas
B MecdIl, TOTJla KaK BCJeACTBYeE jJaTepaabHON 1uhy3uu AU
MEHSIOT CBOE MOJIOKeHUE N0 MUJLIMOHA Pa3 B CEKYHAY.

B opranmsme TENIOKPOBHBIX BA3KOCTH JUIUIHOIO OHUCIOA
MeMOpaHbLI pPeryJjupyercs HyTeM H3MeHeHUs ee JUIUIHOIO CO-
CTaBa, HAITPUMED, 38 CUET W3MEHEHUS COOTHOIIEHUS MeXAY KO-
JIN4YEeCTBOM HACHIMIEHHBIX U HEHACBHIIEHHBIX JKUPHBIX KHUCJOT B
MeMOpAaHHBIX JIUTINJAX ¥, KpOMe TOTO, OHA pacTeT C yBeJUYeHU-
€M KOHIIEHTPAU{ X0JecTepruHa B MeMOpaHax.

Acummempun cmpoenus memO6pan IPOABIAETCI B TOM, UTO
BHYTPeHHME U HAPYKHbIe II0 OTHOILIEHUIO K KJIETKE CTODPOHBI
JA060# Guosornueckoil MeMOpaHBI Bcerja HMMEIOT Pa3HBIN Ju-
nUAHBIA ¥ GeNKOBBIH cocTraB. Mojsekyjbl yrieBOAOB pacloJara-
I0TCA TOJILKO HA BHEITHE# CTOpoHe MeMOpaHbl. ACUMMETPUUYHAS
oprueHTan s GepMEHTATUBHBLIX U TPAHCIOPTHBIX OEJIKOB B MEM-
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6paHe IPUBOAUT K HAJIHUYMIO MPEHUMYIIECTBEHHOTO HATIPABIEHUS
aKTHUBHOTO TPAHCIIOPTa BEIECTB Yepe3 MeMOpaHy, 4YTO Hrpaer
UCKJIIOUKATENbHO BAXKHYIO POJb B GYHKIIMOHWPOBAHNU KJIETKH B
LeJIOM.

10.2. TpaHCnOpT MOAEKYA U HMOHOB
yepe3 MemOpaHb!

Paj BakHeHIINX IpOIECCOB B KJIETKE, TAKUX KaK BO30yKAe-
HUe, oOMeH BellecTB, IoAAePsKaH1e IOCTOSIHHOI'O MOHHOT'O COCTa-
Ba U IP., CBA3AHKI C IEPEHOCOM BeIIleCTB Yeped KJIETOUHYIO0 MeMO-
pany. IIporunaemocts MmeMOpaH AJiA Pa3JIUYHBIX BEIleCTB — 3TO
OJHO M3 BaXHEHIIIMX CBOMCTB MeMOpaH, OIpezeJsiollee HOD-
MajbHOEe QYHKIIMOHNPOBAHUE KJIETKH.

IlpunsaTo pasauyaTh aKTHBHBIA U MACCUBHBINA IepeHOC (TpaHC-
IOPT) MOJIEKYJI 1 MOHOB Uepe3 KJIETOYHYI0 MeMOpaHy.

TpaHCHIOPT BeliecTB 4epes KJIETOUHYIO MeMOpaHy Ha3bIBaeTCA
naccuénblM, €CI¥M Ha HEro He 3aTpauwBaeTcs MeTabouvyecKas
3Heprus, 3alnaceHHas B KJIeTKe.

ITaccuBHBIN TpaHCHOPT ABJIfAETCA Hambojsiee pacHpOCTpPaHEH-
HBEIM CIIOCOOOM IepeHoca MOJIEKYJI 1 MOHOB Yepe3 meMOpany. 13-
BECTHBI TPM OCHOBHBIX BUJA NACCUBHO20 NepPeHOCaA BEIECTBA ye-
pes3 OmoMemMOpaHbI:

1) nuddysusa BemecTBa 3a CUET €r0 PACTBOPEHUS B JUIHJHOM
6uciioe MeMOpaHEI;

2) nuddysua BelecTBa 4yepe3d KaHaJbl (IIOPhI) B KJETOUHOH
meMOpaue;

3) obseruennas IuMOGy3us — IepPeHOC BEIecTBa Yepe3 MeM-
OpaHy OCYIIECTBJISAETCS € IIOMOIIbLIO CHELUATbHEIX MOJIEKYJI-TIe-
PEHOCUUKOB.

JBa mepBBIX caydas OTHOCATCA K Ipoctoi auddysuu, Korga
MOJIeKYJIbI AUPOYHIUPYIOIIETrO BellleCTBA ABMIKYTCS Uepe3 MeM-
GpaHy 6e3 00pa3oBaHUSA XMMHUYECKOT0 KOMILJIEKCa C APYTUMH MO-
JIeKyJIaMU.

Kax wusBectHOo, Audpdysua — 3To mpolecc caMOIPON3BOJIb-
HOTrO IIPOHMKHOBEHUS BeIlleCTBa M3 00JacTH ero OoJblieil KOH-
IeHTPally B O0GJIACTH MEHbIlel KOHIIEHTPAallu{ 3a CYeT 9HeP-
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rM# TeIUIOBOro JBroKeHus. IloaToMy oOCHOBHOH gBmKyIel
CHJIOR NACCUBHOTO TPAHCIOPTA ABJAAETCA T'PASUEHT KOHIEHTpA-
puu (TOuHee, IPajMEHT JJIEKTPOXMMUUECKOTO IOTEHIUANIA) Ha
meMGpane.

10.2.1. Ancpysua nytem pacTBopeHusi B AMNMAHOM Oucaoe

9rox BuA mpocToil auddysun cynecTBeHHO 3aBHCHUT OT pac-
TBOPUMOCTH AuGPYHIUDYIOUIEr0 BEIECTBa B JUINIHOM OUCIIOE,
KOTOPBLIH# 1o ronmuHe Ha 75-80 % COCTOMT M3 HEMOJAPHBIX
ruApodobHBIX COoeAMHEHMH (XBOCTOB JIMITHMAOB) M JIUHIL Ha IIO-
BEPXHOCTU MeMOpaHbl PACIIOJIOKEHBI MOJSPHbIE THAPODUIBLHBIE
TOJIOBKH.

B nununax meMOpaH XOPOLIO PACTBOPAIOTCS HEIoJApHEIE (I'd-
IpodoOHbIE) BelllecTBa, T.e. BelecTBa, He 00Jajaromue HUA OU-
MOJILHBIM MOMEHTOM, HY 3apsaA0M, IIO3TOMY IIPOHHUIIAEMOCTb MeM-
OpaHbl IS HEIMOJSAPHBIX OPraHUYEeCKUX COeJUHEHHII OYeHb Be-
guka. IIpu sTom dyepesd MemOpaHy MOTYT NPOXOAMUTHL HasKe OOJIb-
mive 0eNKu, ecii OHM He 00J1aJaioT 3HAYUTENbHBIM AUIIOJbLHBIM
MOMEHTOM.

Opranuyeckue COeNWHEHUS, HMEIOIIUe IIOJSIPHbIEe T'PYIIIIbI
(TUADPOKCUIBbHYI0, KAapOOKCHJIBHYI0 M aMWHHYIO), 3HAUUTEJIbHO
XyJKe PacTBOPAIOTCA B MeMOPAHHBLIX JHUMNHUAX, [IO3TOMY IIPOHU-
aeMOCTh MeMOpPAaH AJIsI HUX CYIIeCTBEHHO MEHbIlle. ITU 0COOeH-
HOCTHU IPOHUIIAEMOCTH KJIETOUHBIX MeMOpaH AJis OPraHMYeCKUX
coeiMHEHUI M3BeCTHBI KaK npaeunra Ogepmona:

1. TIpoHumaemMocts MeMOpaH O OPraHUYECKUX MOJIEKYJ
yMeHbINIaeTCs [0 Mepe YBeJIWUEHWs B HMUX YKCIa IOJSAPHBIX
rpynn (THAPOKCUIBHBIX, KAPOOKCUIBHBIX M AMHUHHBIX).

2. IIporumaemMocTs MeMOpAH AJis OPraHUUYECKUX MOJIEKYJ BO3-
pacTaer II0 Mepe YBeJIWYEHHSA B HUX UYMCJIA HEMOJAPHBIX I'PyNI
(MeTUNOBBIX, ATUJIOBBIX ¥ (PEHUILHBIX).

MHorue JieKapCTBeHHBIE IIpeNnaparhl, a TaKyKe TOKCUHBI, Ael-
CTBYIOII[HE€ Ha BHYTPUKJETOUHLIE IIPOUECCHI, NPEACTABIAIT CO-
6ot rugpodobHLIe, T.€. HeIOASPHLIe, BellleCTBa, 6aarogaps uemy
OHU CIIOCOOHBI GBICTPO HPOXOAUTH B KJETKY U CTOJb K€ OLICTPO
BBI3LIBATH COOTBETCTBYIOLIUH aheKT.
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10.2.2. Audpcpy3us vepe3 kaHaabl B memOpaHe

duddysua dyepes xaHanabpl B MeMOpaHe Tak:Xe BUJ IIPOCTOI
anddysunu. Heopraunueckume MOJIAPHBIE MOJIEKYJIBI X HOHBI B
JUNUAAX HEPACTBOPUMBI, II09TOMY OHM MOTYT IPOHUKAThH 4epes
MeMOpaHbl TOJbKO IpHM HAJIUYUK B HUX CIENMaNbHBIX KAaHAJIOB
(puc. 10.5). OgHako yKMCa0 TAKMUX KAHAJOB CPABHUTEJILHO HEBe-
JINKO, TIO3TOMY MIPOHHIIAEMOCTb MeMOpaH [Jf MOHOB U IIOJSD-
HBIX CO€JMHEHWII B COTHM Pas Xy:Ke, 4eM JJIA HEIOJSPHBIX coe-
ITUHEHW.

IIponunaeMocTs KaHaJI0B BeCbMa n3buparesbHa (CeJeKTHBHA).
B kierounoii memOpaHe BBIZEAAIOT KaHaJNbl HATPUEBBIE, KaJjue-
Bble, KaJblleBhle, XJOPHbIE U AD., IpeAHa3HAYEHHBIE JJIA IpPO-
MYCKA TOJABKO COOTBETCTBYIOIIUX MOHOB. HelaBHO OBIIN OTKPBITHI
n MeMOpaHHbIe KaHAJbL IJ51 BOOBI — AK68anopuHs.. Bce aTu KaHa-
JILI UTPAIOT YPE3BLIUANHO GOJIBITYIO POJIb B TPAHCIIOPTE MOJSAPHBIX
COeIVHEHWH U NOHOB uepe3 MeMOpany U BO BCcel PyHKI[MOHAIbHOMN
ZeATeJILHOCTH KJIETKH. B CBA3H € 3TUM YaCTO I'OBOPAT, UTO KJIE€TOY-
Had MeMOpaHa [ HEMOJSAPHBIX COeIUHEHUI CIAYIKUT PACTBODH-

HKuaras
JUNUTHAS
MeMOpaHa

CHuapyxu

o Beakosas
7/ MaKpoMoJIe-.

«CesJIeKTUBHBIN  \ BopoTHbIi1
GuapTp» —= 1 T MeXaHu3M

HapyxHBbIiH
IIOBEPXHOCTHBEI
3apan

e

Puc. 10.5. Cxema CTPOEHUA MOHHOIO KaHaJla



10.2. TpaHCNOPT MOAEKYA M MOHOB Yepe3 memOpaHsi 193

TesieM, a JJifA MOJAPHBIX COeAVHEHNII U NMOHOB — MOJIEKYJISPHBIM
CHTOM.

C QYHKIUOHAJNBLHONW TOUKU 3pEHUS BCE MOHHBIE KaHAJBI Xa-
PaKTePU3YIOTCA CeNeKMUBHOCMDbIO, T.€. U30MPATENIbHON NPOHH-
aeMOCTBI0, ¥ HAJMYUEM B0POMHOZ0 MEXAHUIMA.

BopoTHBII MeXaHH3M OTKPBLIBAeT W 3aKPHIBaeT KaHaJ, M3Me-
HAS T€M CaMBbIM ero IPOHUIIAeMOCTD AJIS MOHA. JTO CBOMCTBO Ka-
HaJIOB OUYE€Hb BAXKHO AJIA HOPMAJBLHOI'O MYHKIIMOHNPOBAHUS KU~
BOHM KJIETKM, B YaCTHOCTH JJIsl YCTAHOBJIEHUSI PABHOBECHOI'O MeM-
6paHHOrO IIOTEHIIHAJa, T'eHepallMy{ M IPOBeJEeHUsS IOTeHUHaxa
[eHCTBUS U JPYTUX IIPOILECCOB.

Y oxHHX KaHAJIOB BOPDOTHBIH MEXAHU3M ABJAETCA NOMEHUUAT-
3a8uCUMbLM, T.€. OHU OTKPBHIBAIOTCA JUO0O 3aKPHIBAIOTCS B 3aBU-
CHUMOCTH OT BeJWYMHBLI MeMOpaHHOrO MOTeHIIMaJa (Hampumep,
HaTPUEBbI M KAJWEBBIH KaHAJBI), APyrue KaHAaJdbl ABJISIOTCS
JUZAHO-3068UCUMBIMI VI UX «BOPOTa&» YIPABJISAIOTCSA IIYTEeM CBA-
3bIBAHUSA OIMpeNeSIeHHBIX XUMAYECKNX MOJIEKYJI-TIOCDETHUKOB.

10.2.3. Obaeryennas ancpysns

O6seryuennas aud@ys3us 3aHMMaeT B IIAaCCUBHOM TPAHCIIOP-
Te BellecTB 4yepe3 MeMOpaHy ocoGoe mecTto. B sTom ciayuae Be-
IIECTBO TOXKE IepeMerraercsa W3 00JacTu BBICOKOH €ero KOH-
uenTpanuu B objacTe ¢ 0ojiee HU3KON KOHIEHTpamueil, Ho
CKOPOCTh IIepeHOoca 3HAUMTENbHO BhIIIE, YeM IMPH IIpocToi Aud-
dysun. ITOT BUA TPAHCIIOPTA HOCUT Hambojee M30UpaTENbLHBIN
XapaxkTep M 00yCJIOBJIE€H HaJW4YMeM B MeMOpaHe CIelHaJbHbIX
BeIlleCTB — IEPEHOCUYMKOB, KOTOpble 00pa3yioT ¢ TPaHCIOPTH-
PYeMBIMU MOJIEKYyJaMH XHUMHUYECKHUH KOMILIEKC H 00JIerdaror
uX TiepeHoc uepe3 MeMOpaHy. MoJjeKkyia-iepeHOCUUK MOKeT
CBA3LIBATHCA TOJIBKO C OIIPeAeJIeHHBIM HOHOM WJIHM IIPOCTPaHC-
TBEHHBIM M30MEPOM IIE€PEHOCHMMOH MOJEeKYJbl M TPaHCIOPTH-
poBaThL ero uepe3 MeMOpaHy W HHMKOIZa He OyAeT TPaHCIOD-
THUPOBATh JAPyTrHe WOHBI WJIM Jpyrue wusomepnl. Hampuwmep,
D-raoko3a u MHOTHe L-aMMHOKWCJIOTBI IMPOXOJST dYepes MeM-
Opany myrem obGierdenHHoil ampdysuu, TOrJa KaK UX COOTBET-
crBylomue L- u D-u30Mepsl BRIHYIKAEHBI UATU NMYyTeM IIPOCTOM
Auhdysum.

13-5281
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W3BecTHEI [Ba Bua o0jerueHHoi auddysuu:

1) ¢ MOMONIBIO MOABUIKHOTO IIEPEHOCUUKA;

2) acradeTHbI nIepeHoOC.

B mepBOM ciyuae MoOJIeKyJia IIE€PEHOCUYMKA OObEAUHSETCS C
TPAHCHOPTHPYEMBIM BeIlleCTBOM Ha ONHOH CTOpPOHEe MeMOpPAaHLI
U BMECTe C HUM ABMIKETCS uepes3 JUIUIHBINA Ouciaoil Ha APYTrYIio
CTOPOHY MeMOpaHbl. IIprMepoM IOABUKHBIX II€PEHOCYUKOB fAB-
JIAIOTCA, B YACTHOCTH, HOHO(MOPHBIE AHTUOUOTHUKH, OCYILECTBIIA-
OILIYE TAKKUM IIyTeM TPAHCIIOPT OIpELeJIeHHOTO BUAa NOHOB Yepes
mem6pany. Hanpumep, BAIMHOMUIMH OCYUIECTBJIAET TPAHCIIOPT
TOJBKO MOHOB KaJinfA, 3aXBaThIBasg UX Ha OZHOU CTOpOHE MeMO-
PaHBL ¥ TPAHCIOPTUPYSA Ha APYTYIO CTOPOHY.

Bo BTOpOM cayuae, mpu acTag)eTHOM IepPeHOCE, MOJEKYJIbI
NepeHOCUMKa He COBEPIIAIOT YEeJHOUYHBIX ABMI)KEHUHN B MemOpa-
He, a BCTpauBaloTcsA B MeMOpaHy ADPYT 3a APYroM, oOpasyd Kak
ObI MOCTHK B Heil. 3aXBaTHB HYKHOE BEIIeCTBO, KPailHAA MoJe-
KyJia TIEPEeHOCUHKA IlepeflaeT ero CocefHell MoJeKyJie, HOCJIe[-
HAA — CIeAyOIllel M Tak gajnee Nno «acradere», B pe3yabTaTe
Yero BeIECTBO TPaHCIOPTHPYeTcA uepe3 meMmOpaHy. IIpmmepom
acTapeTHOr0 IEPeHOCUHKA CJIAYXKUT aHTUOUOTHK TIpaMUIIUAUH,
TPAHCIOPTUDPYIOINUY TAKUM MMyTEM MOHLI HATPUSA.

Becbma xapakTepHOl 0COOEHHOCTBIO OOJerdeHHoM mudpdy-
3N ABJIAETCA HACbLUEHUe ITOro BUJA TpaHCHOpPTa Ipu GOJIb-
IUX TPaJUEeHTAaX KOHIEHTpaIuu INEepeHOCHMOTO BeIlecTBa Ha
meMOpaHe. B KauecTBe IpuMepa pacCMOTPUM 3aBUCHMOCTH OTHO-
CHTEJIBHON CKOPOCTH MNEPEHOCA IVIIOKO3EI OT PA3HOCTH ee KOHIIeH-
Tpanuii Ha MeMOpaHe npu obnerdyennoi qudpdysun (D-rawKo3a)
u npu npocroit auddysuu (L-rmoxosa) (puc. 10.6). IIpu oxu-
HaKOBOH pasHOCTH KOHUeHTpanuili AC CKOpOCTb IlepeHoca IIpH
obserdeHHOH AuMPDY3UU IHAUYUTEJbHO BLINIE, YEM IIPU IIPOCTOM
nuddysun. IIpu npocToit 1uddysnu CKOpPOCTh IEPeHoCca pacTeT
npamo nponopruoHaabHO AC. Ilpu obaerdyeHHol Auddysuu oHa
CHayaJja To)Ke JUHEeHHO W OYeHb GLICTPO PACTET C yBeJHYeHUeM
AC, ofHaKO 3aTeM POCT 3aMeAJIIeTCS U, JOCTUTHYB MaKCHMAaJlb-
HOTO 3HaUYeHHs, GOJbIle HE MEHseTcA, T.e. FOCTUraeT HAacChIIe-
Husg. 3MeHUTh MAaKCUMA&JIBHYIO CKOPOCTh IIepeHoca mpu obJer-
YeHHOM AUDDY3NY MOIKHO TOJBKO IIyTeM M3MEeHEHHUA KOJHNYECTBA
IIepeHOCUYHUKOB B MeMOpaHe.
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OrHocurenbHaA
EKOPOCTI’ Ob6aeruennas Hacspienue
eperoca | aubdysus  TpaHcmopra
1,0
D-riioko3a
0,8
0,6 Hpocraa L-raokosa
andpdysusa
0,4
0’2 ) 1 1 [ 1 - 1

0o 0,05 0,1 0,15 0,2 0,25 AC, monb/a

Puc. 10.6. 3aBECHMMOCTEL CKOPOCTH IE€PEHOCA IIIOKO3b! OT PA3HOCTH
ee KOHIleHTpanuit Ha MemOpaHe nipu npocTtoil (L-n3omep) u ob6aeryeHHOMH
(D-usomep) auddysun

10.3. MaremaTnuyeckoe onucaHue NACCUBHOIO
TpaHcnopTa

PaccmoTpum Tereps MareMaTHYeCKHE COOTHOINIEHUS, OMUCHI-
BalOIllyie MACCUBHEIM TPAHCIOPT deped 6uomemMOpany.

C TOUKM 3peHUA TEePMOAMHAMHKH CIOCOOHOCTL KaKoii-imbo
GUBUKO-XUMUUYECKOI CUCTEMBI K COBEPIIEHHUIO TIOJE3HOH paboThl
ompejenseTcsa 3HaUYEHHEM ee (DYHKIMM COCTOSIHUA, KOTOpas Ha-
3BIBaETCA C60600HOU anepzueli. TepMoaMHAMUYECKUN MOTEHIIU-
aJ1, IPEeACTABJAIOIINHE CO00H CBODOAHYIO SHEPTrHUI0 OFHOT'O MOJIS
BEIeCTBA, IIPUHATO HABBIBATDH ILEKMPOXUMULECKUM NOMERYU-
anom .

Bes mosresmas paGora A, cosepinaroiasica B 1 MoJie BemniecT-
Ba, OCYIIECTBJISIETCSA 3a CUET YMEHbILIEHUs ee dJIeKTPOXHMHUYec-
KOro ImoTeHImaJa (eCJayu HeT IIOCTOPOHHETO MCTOYHHKA 3HEPIUH):
A = —Ap. JI715 pacTBOPOB BeIlleCTB 3HAUYEHNE 3T€KTPOXNMUYECKO-
IO MOTEHIMaa OIUCHIBAETCHA BBIPANKEHUEM

p=pe+RTInC + ZF o, (10.1)

rme L, — YacTh XMMHUYECKOIO0 IOTEHIHaJia 1 mona pacrsopa,
onpepesseMasn sneprneﬁ XUMMYECKOU CBA3H BelllecTBa C pacTBoO-
puTeseM u CBsS3aHHAA C PaCTBOPMMOCTBIO AJAHHOIrO BeIlleCTBa B

Boge; R — yHuBepcasbHasA rasoBasf mocTosHHasA; T — abcomror-
13*
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Hasi TeMnepaTrypa cpeini; C — MoJApHaA KOHIEHTPAIUA PACTBO-
PEeHHOTO BellleCTBa; Z — 3apsJ PAaCTBOPEHHBIX MOHOB, BbIDAYKEH-
HBEIM B €JUHNIIAX djleMeHTapHOro 3apsajga; F — uncio Papaznes;
(¢ — BJEeKTPUUYECKUI MOTEeHIUAJ CPeAbl.
Ecnu 3Hauenusa anek-
Mesccreroumas [ TPOXUMUYECKOr0 IOTEH-
MHUIKOCTD Mewmb6pana nuana 1o obe CTODPOHBI
MeMOpaHbI Pa3JINYHEIL,
TO CHCTEMAa TepMOAMHA-
MHUYeCKH HepaBHOBECHA.
IIpu astom Ha Membpa-
He BO3HUKAET I'pajueHT
9JIEKTPOXHUMUYECKOTO II0-
renmuana: du/dx = Ap/h,
rage h — TOJIIUHA MeM-
Puc. 10.7. Crasp HanpasieHus opanp (puc. 10.7). Jlo-
NnoToKa Auddy3uu 1 pacupereseHNd fasi 3aMKHyTas cHCTeMa,
JVIEKTPOXNMHUUYECKOr0 MoTeHuajaa Hpe,ZIOCTaBJIeHHa.ﬂ CaMOﬁ
Ha MmemOpane
cebe, Bcerjga cTpeMuTca K
COCTOAHUIO TEPMOAMHAMUYECKOr0 pPaBHOBECHA, KOTOPOe Xapak-
Tepu3yeTCcs PaBEeHCTBOM BCEX TEPMOJAMHAMMHUYECKUX, B TOM UHCJIe
U 3JIEKTPOXMMUYECKHX, MOTEHI[MAJOB BO BCEX OOJIACTSAX CHUCTeE-
MBI, MO3TOMY IIDU PaBHOBECUH [, = L.
IIpomiecc mepexoza cuUCTeMbl M3 HEPABHOBECHOTO COCTOSHUA
B paBHOBECHOE€ B PacCMaTPHUBAEMOM CJIyuae BCErza COIIPOBOK-
JaeTcsa IMACCHBHBIM INEpeHOCOM BemlecTBa (muddysueil) us o6-
JacTA GOJIBILEro 3HAUEHUS JJIEKTPOXMMHUUYECKOro MOTEeHIHaaa B
06J1aCTh C €ero MEeHbLIINM 3HAaUeHUeM, IIOKa 9TH NOTEHIUAJIBI He
BbIPDABHSIOTCS.
MaTteMaTHUeCK: IIPOIECC MEepeHOCa BelleCTBa OINUCHIBAETCHA
ypaéneruem Teopenna

H

IIuromrasma

My

Hanpagsenre moToka anddysun &

&= cu (10.2)

dx
KOTOpO€ ITOKAa3LIBaeT, YTO IJIOTHOCTD MOTOKA Aupdysuu & yepes
MOBEPXHOCTL MeMOpaHsl (T.€. KOJIUYECTBO BellecTBa, HepPeHOCH-
Moe 3a 1 ¢ uepes3 efMHUILY TLIOLIAAM MeMOpaHBI) IIPAMO ITPOIIOP-
LHAOHANbHA MOJAPHON KOHIEHTpanuu sToro BemectBa C, ero
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P

noABMAKHOCTH U ¥ rpaiNeHTy 3JeKTPOXMMHUYECKOr0 MOTeHI[MAaJa
dy/dx Ha MeMGpane'.

W3 aToro ypaBHeHUA TaKiKe CIeAyeT, UTO II0 Mepe BLIpaBHUBA-
HAA 9JIEKTPOXUMUUYECKUX MMOTEHIINAJIOB 10 06e CTOpOHLI MeMOpa-
HHI, T.€. 10 MeépPe YMeHbIIIeHUs rpaguenTa du/dx, yMeHbI1aeTcsa u
IOTOK BeIlleCTBa uepe3 MeMOpaHy, a IpHU JOCTHXKEHUN COCTOSHUSA
paBHOBecus (U, = | ; 4, CIefloBaTeJ]bHO, du/dx = 0) npeumyiect-
BEHHBIH IIOTOK BeIlleCcTBa MOJIHOCTBIO IIpeKpamiaerca: @ = 0.

Hcnonbaysa peipakenue (10.1), HeTpynHO HaAWTH IPOM3BOA-
gy1o dp/dx. ITocKkoabKYy 110 00e CTOPOHEI 6MOMEMOpPaH PaCTBOPHU-
TeJIb BCErAa OJUH U TOT JKe — BOJA, TO Mg = Mo = const. B ro xe
BpeMsA KoHIeHTpausa C 1 3JIeKTpHUYeCKHe MOTeHITUANL (¢ 110 obe
CTOPOHBI MeMOpaHbl B 00I[eM cJiydyae PasjINdHbI, [I03TOMY, AU(-
tdepeanupya ypaBHenue (10.1) mo xoopauHaTe X, HOJYyYUM

d

4 _ppldC , ,pde. (10.3)
dx C dx dx

TloacraBassa 3To BeIpakeHue B ypaBHeHue (10.2), npuxogum
K ypaBHeHuio Hepucra — Ilnanka, onucwiBawinemy auddysuio
HOHOB 4Yepe3 MeMOpaHy:

do

T (10.4)

&=-URTSC ZC cuzr%®

IlepBoe cnaraemoe B ypasHenuu (10.4) onmchiBaeT OOBIUHYIO
Iuddysnio, UAYIIYIO 3a cueT rpagueHTa KoHieutrpanum dC/dx
Ha meMOpaHe, a BTOpOoe cJjaraemMoe — 3JeKTpoauddysuio, Ko-
TOopasa obycjoBJeHA AeCTBHEM HA MOHBI 3JIEKTPUYECKOrO IOJsA
E =dg/dx, cosnasaeMmoro Ha mem6paHe rpajueHTOM 3JE€KTpHYeC-
KOTro IOTeHHHaJja.

Ilpu auddysun Hesaps:keHHbIX uactul (Z = 0) BTOpOe cia-
raemoe B ypasueuuu (10.4) obpainaerca B HyJb, ¥ IACCUBHBIH

! Papencrsa (10.2), (10.4) u (10.5) BekTOpPHbIE, IOITOMY 3HAK «—~» YKa3hl-
BaeT Ha TO, YTO HampaBJeHHe NmOoToKa Aupdysuu Bcerja NPOTHBOIOIOMKHO
HampaBJIEHWIO BeKTOpa rpaguenTta. Bexkrop rpaaueHTa BCerjja HampaB/ieH B
CTOpOHY HauObiCcTpeiilIero BO3pacTaHus TOH BEJIMUNHBI, OT KOTOPOi Gepercsa
upoussogHasA. Ecau paccMaTpuBaTh TOJIBKO MOAYJIU IOTOKOB Auddysuu, To
8HAK «—» B 3TUX YPABHEHUAX CJIEAYyeT ONYCTUTh.
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TPAHCIIOPT TAKWX BEIEeCTB ONMCBHIBAETCA OOBIYHBIM 3aKOHOM
anddysun — 3axonom Puxa:

@ =-Dp9% | (10.5)
dx

Besnuuna D o6biuHO HasbiBaeTcA Kodpduyuenmom dugddy-
3uu, u nockoabky D = URT, T0O cpa3y BUJHA €r0 3aBUCHUMOCTD OT
noasukHOCTH U BeinecTBa 1 abcosioTHOM TemepaTypsl T cpefbl.

Vpasuernue @uxa (10.5) MOKHO YIPOCTUTD, €CIIU IPUOIMIKEH-
HO BBIPA3HUTh I'DAJUEHT KOHLEHTPAIlUU Yyepe3 TOJIUHY h MeMO-
paHbI ¥ abcosoTHBEIe 3HauenuA KoHueHTpanuu C; u C, BelecTsa
1o obe ee cropomsr. Torma dC/dx ~ AC/Ax = |C, - C,| /h u pna
BeJIMYMHBI IIJIOTHOCTH IOTOKA AMGMGYy3uHn nojsydyaeM ypaBHeHUe

o=plc,-c,| = pac, (10.6)

rae KoadhduinueHTt p = D/h HA3BIBAIOT KO PUYyueHmom npoHu-
Yyaemocmu Uiu IPOCTO NPOHUYAEMOCMbIO MeMOPAHHI.

Crnenyer MOAYEPKHYTH, UTO IIPOHUI@EMOCTb MeMOpaHbI pas-
JWYHA AJSA Pa3HBLIX BEIEeCTB; ABJAETCA OLHUM M3 BasKHeHIIUX
mapaMeTpoB, oIpefensionux AUGOYy3HI0 MOJEeKyJl U HOHOB ue-
pes MeMOpaHy, M 3aBHCHUT OT TeMIIepPaTypPhl CPeAbl M TOJIIUHBI
camoit MeMOpaHHI.

Taxum o0pasoM, IIACCHBHLIM TPAHCIOPT MOHOB OIMCHLIBAETCH
ypaBHennem Hepucra — Ilnamka (10.4), a maccuBHBI TpaHC-
IOPT He3apsXKeHHBIX yacTul, — ypaBHeHueMm Puka (10.5) mn6o
(10.6).

10.4. AKTMBHBIA TPaHCNOPT HMOHOB

ITepenoc BemecTBa yeped MeMOpaHy B HaIpaBJIEHUHN BO3pacTa-
HHUA 3JIEKTPOXUMHUUYECKOr0 IOTEHIMAa, OCYIEeCTBIsSAEMBbIN KJIeT-
KOI 3a cueT sHepruu MeTabOJHYECKHX IIPOIIECCOB, HA3bIBAETCHA
AKMUGHBLM MPAHCILOPMOM.

HanoMHUM, UTO MACCHUBHBIM TPAHCIOPT BEILIECTB BCEraa HUAET
u3 00JacTH GOJBLHINX 3HAUEHUH 3SIEKTPOXMMHUUYECKOro MOTEeH-
nuajia B 06JacTh €ro MeHBLIINX 3HAUYeHWI, B pe3yJbTaTe uero
rpajueHT 3JIeKTPOXMMHUYECKOTo IOTeHIuala yMeHblIaerca. AK-
TUBHBIH Xe TPAHCIIOPT UAET B IPOTHBOIOJIOKHOM HAINpPaBJIeHUU
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U BeleT K YBEJIUYEHUIO PAasHOCTH 3JEKTPOXNMUYECKHX IIOTEH-
nuanos mo obe cTropoHbl MeMmOpanbl. OZHAKO Takol mpoiecc He
MOJYKET MJTH CaMOIPOM3BOJIBHO, T.e. 6e3 3aTpaT sHepruu u3BHE,
OT JOPYTHMX HMCTOYHUKOB. VICTOUHHMKOM 2TO#l dHEpPrMu B KJIETKE
ABJIAETCA MOJeKyJa ameHosunTpudochara (AT®), a akTusHbIH
TPaHCIIOPT OCYIIECTBJAIOT CIelHNaJbHble OeNKH, KaTaausupy-
oue paciemyaenue Mojexkyabl AT® Ha agenosungudocdar
(AP) u docdharnyio rpynny (P): AT® - AND + ® + E. Tlos-
TOMY OHU HasblBaloTcad mpancnopmuovimu ATD-azamu wnu na-
cocamu. OcBobGoxkmaemasi nmpu paciennesuun ATD smeprua E
KaK pas ¥ 3aTPAuMBAETCA Ha coBepleHHe PabOTHI 110 AKTUBHOMY
TPaHCIIOPTY.

AXTUBHBIN TPAHCHOPT BEI[ECTB NPUHATO ACJUTD HA JBa BHAA:

1) aKTUBHBII TPAHCIOPT UOHOB;

2) aKTUBHBLIA TPAHCIIOPT OPraHMYECKUX BEIIECTB, IJIABHBIM
00pa3oM aMHHOKNCJIOT B CAXapos.

PaccmoTpum niogpobHee akmugHbuiit mparncnopm uonos. B na-
cTosIee BpeMs U3BECTHBI YEThIPE OCHOBHBIE CHCTEMBI aKTHBHOTO
TPAHCIIOPTA MOHOB B »KMBO# KJieTKe. Tpu u3 HUX oGecreunBaioT
nepesoc uonos Na*, K*, Ca?* , H' uepes 6uosiorudeckue MeM6-
paHBl — 3TO coorBeTcTBeHHO Na'~K'~ATd-aza, Ca?* —ATd-aza,
H'-AT®-aza; uerBeprslii MeXaHW3M — 3TO aKTHBHbLINA IEPEHOC
IIPOTOHOB IIPH paboTe ALIXATENBLHOM Iel MUTOXOHIPUIA.

ITockonbKy BCe MeXaHU3MbI AKTHUBHOrO TPAHCIIOPTA COBEpIa-
10T paboTy MO IePeHOCY COOTBETCTBYIOINX MOHOB Yepe3 MeMGpa-
HY IIPOTUB HAIPaBJEHUA AEHCTBUA 3JEKTPOXUMUYECKOr0o Ipagu-
€HTa, TO UX YacTO HA3bIBAaIOT Hacocamu uau nomnamu. Ciepyer
HMeTh B BUIY, YTO JETAJbHO MEXaHM3Mbl AKTUBHOI'O TPAHCIOD-
Ta O KOHIIA ellle He M3yYeHbl BBUAY WX OONBIION CJIOMKHOCTH.
Cunraercs, uTo HauboMee CIO¥KHO yCTPOeHA MPOTOHHAA MOMIA,
T.e. H" —AT®-aza npIxaTeJbHOM’ ey MUTOXOHAPUI, a Haubonaee
mpocro — Ca?*—~AT®-aza.

MexaHuU3M aKTUBHOT'O TPAHCIOPTA PACCMOTPHUM B 00IIUX yep-
Tax Ha npuMepe Na " —K * -Hacoca. ITo coBpeMeHHBIM IIpeACcTaBIIe-
HuAM ero pabora nporekaer ciaegyiomum obpasom. Ilox neitcTsu-
em noHOB Na'* , HaxoJAIUXCcA HA BHYTPEHHe CTOPOHE MeMOpaHLI,
Gesok-nIepeHOCYHK, T.e. TpancnoprHas ATd-asa, akTusupyercs
u pacuenaser monekyny AT® na AIIP u P c BblIe/ieHHEeM 2Hep-
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ruu E =45 xJl)x/Mons. IIpu 9TOM IPOUCXOAUT MPUCOEIUHEHNE K
TPaHCIOPTHOMY GesKy Tpex nMoHOB Na'.

I9tu Tpu moHa Na® 3areM mnepeMelarTcs OeTKOM-IEpPeHOC-
YHKOM Ha BHEUIHIOI0 CTOPOHY MEMOpaHbI U TaM OCBODOMKIAIOT-
cs (puc. 10.8). BmecTo Hux GeIOK-IIEPEeHOCUHK 3aXBAaTLIBAET Ha
Hapy°'KHOH cTopoHe MeMmOpanbl ABa moHa K' m TpaHcnoprupyer
ux B 06paTHOM HamnpaBjeHuH (BHYTPb KjeTKu). OTMeTuMm, 4To u
Na* u K" nepernocsarca ua o61acTd UX MEHBIIEH KOHIEHTPALUN
B 00s1acTh ux OoJiblIeil KOHIeHTPAIuM, T.€. B HalIpaBJIEHUH, IIPO-
THUBOIOJ0XKHOM HX ITACCUBHOMY TPaHCIOPTY.

MesxkKmeTouHaA KUAKOCTD

0®

Mem6Gpana Membpana

2 nona K
3 nona Na

Puc. 10.8. Cxema peiicteus Na*—K *-nacoca

@ @a® @~
) &
O @

Iuronnasma

IlockoabKy 32 oguH nuka Aeticreua Na' — K* -nmacoca us Kiet-
KM TIepeHocuTcsa Hapyy 3 uoHa Na*, a BHYTPh — TOJIbKO 2 MOHA
K*, To kjeTka TepsieT OOUH IOJOKUTENbHBIA 3apAJ], ee BHYTPEH-
HSs 4acTh 3aPS’KAETCH OTPUIATENILHO, 4 BHEUIHSA — II0JOMKU-
TEJBHO, YTO NPUBOAUT K BOSHUKHOBEHUIO PA3HOCTH NOTEHI[MAJIOB
Ha KJeTouHoil membpaHe. Takue Hacockl, B peayabTare cBoer pa-
60THI CO3AAIONIME PA3HOCTD TMIOTEHIINAJIOB HA MeMOpaHe, Ha3bIBa-
10T anekmpozennbimu. K 310 rpynie oTHOCATCH BCe mepPeduc-
JIeHHBIE BBIIIIEe MOHHLIE HACOCHI.

Pabora, ocyuiecrBiasgeMass Na'—K'-macocom 3a omuH UK,
pasua 41,2 x//Moab. JHeprusi, oceoboKaaemas npu docdo-
puiauposauunu ATP B peanvHBIX yeaoBuax, — 45 k/xk/mMonb,
TAK UTO NMpPaKTU4YeCKU BCs dHepruda ruaponusa ATD rparurcs
na aktuBHbli neperoc Na" u K' (¢ KIIJ no 92 %).
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I/IsBeCTHO, YTO KOHIEHTpanmud MOHOB KaJausdg BHYTPH KJETKH
3HAUYUTEJbHO BBIIIIC, YEM B MeXKJeTOUHOH JHKUAKOCTU, TOT/Aa KaK
pacIipefieJieHMe MOHOB HAaTPHUA MPOTUBONOJ0XHO. Taxoe pacnpe-
JieJieHre 3TUX MOHOB XapaKTepPHO JJIA BCEX KJETOK U MOJNeP:Ku-
paeTca paboroit Na* — K "-Hacoca, KOMIIEHCHDYIOIIETro HacCHBHYIO
auddysuo 3TUX MOHOB Yepe3 MeMOpDaHy B COCTOAHMHU IIOKOA, a
TaK¥€ BOCCTAHABJ/IMBAKWINETrO KOHIECHTPAIMOHHELIE rpagueHThbl
HaTpuda W KaJjJusg Ha MeM6paHe I10CJi¢ reHepanmy IIOTeHIaJia
JeficTBUA.

B sakiioueHMe OTMETHM, YTO KaK IAaCCHUBHBIA, TaK U aKTUB-
HBI# TPAHCIOPT BELIECTB CYILIECTBEHHO 3aBUCAT OT BA3KOCTH JIH-
nugHOro 61uca0s MeMOpaH, HOCKOJBKY € YBEJIHMUYEHHEM BA3SKOCTU
CHUKaeTcA HOABUIKHOCTB BeIleCTB B MeMOpaHe M yMeHbIIaeTCs
aKTUBHOCTh (D)EPMEHTOB U TPAHCIIOPTHHIX OEJIKOB.

KOHTpOAbeIe BONPOCHI 1 3aAaHUA

1. Oxapaxkrepusyiite pusndyecKkne CBOMCTBa MeMOpPAHHLIX JUIMAOB U
UX POJIb B CTPOEHHMH M CBOMCTBAX OMOJIOTHMYECKHUX MeMOpaH, POJb
MeMOpaHHBIX GEJIKOB.

2. OnumuTe BUALI ABUMKEHUS JUIMIOB U OeJKOB B MeMOGpaHe (jaTe-
pansHaa aubdysus, daun-duon, BpamarensHaa guddysnsa).

3. KakoBbl BUIBI IACCHBHOI'O TPAHCIIOPTA BelllecTB uepe3 mMeMGpany?
B uem cocroar npasusia Oseprona?

4. Kaxwne BemecTsa In@GyHAUPYIOT Yepes KaHajibi B MmeMOpaHe? Yka-
JKHTEe CBOMCTBA MeMOpPaHHBIX KAHAJIOB.

5. B uem cocrout ob6aeruyenHas auddysua? Kaxossl ee BUABI U CBOIC-
TBa?

6. KakoB CMBICI 2/IeKTPOXMMHUECKOro moTeHnmnana? UTo OmmMCHIBAIOT
ypaBHeHUus Teopesnna, Hepucra—Ilnanka, ®ura? Uto Takoe mpoHH-
aeMocTh MeM6paun?

7. Yro TaKoe aKTUBHBIM TpancuopT? O6bsAcHUTEe MEXaHU3M AKTHBHOTO
TPAHCIIOPTA MOHOB Ha IpUMepe HATPHUI-KaJueBOro Hacoca.



MemOpaHHble NOTEHUHaAbI
KAETKM

asa 11

Ha mem06paHe, pasaendmoliell HUTONIA3MY U MeXKKJIETOUYHYIO
SKUJKOCTb, CYLIECTBYET PA3HOCTb 3JIEKTPUUECKUX IIOTEHIIVAJIOB,
KOTOPYIO Ha3bIBAIOT MeMOPARHBLM NOMEHYUALOM.

Jnsa mokosieiica "KUBOW KJIETKH 3Ta PA3HOCTh MOTEHIMAJIOB
Ha3BIBAETCA NOMeHYUALoM noxoa Kaemxu. Ilorennuan BHyTpH
KJEeTKKM OTHOCHUTEJIbHO MEMKKJIETOUHOM MKUJKOCTH COCTaBJIAET B
nokoe ot —60 MB no —-100 MB, B 3aBHCHMOCTH OT BUJIA KJETKH.

B mporiecce feATeNbHOCTH KJIETKH MeMOpPaHHBIN MOTEHIIHNAJ
MOXKET U3MEHATHCS, M 3TH M3MEHEHUA B HEPBHBLIX U PEIeIITop-
HBIX KJIETKAX HEMOCPeJCTBeHHO CBS3aHBI ¢ MepepaboOTKON u me-
penaueil mHpoOpMaNMK, a B MBIIIIEUHBIX BOJOKHAX — C UX COKpa-
I[eHHueM.

11.1. PaBHOBecHble noteHuunaAbl Hephcra

IIpennosio:kuM i IPOCTOTHI, YTO MeMOpaHa B HOKOE ITPOHU-
aemMa TOJIbKO AJIA OAHOTO BHJA MOHOB, W HaUgeM PaBHOBECHLIN
MeMODAHHBINA TMOTEHIMAJI, BOBHUKAIOIINI BCJeACTBUE Tupdy3nu
3TUX MOHOB Yepe3 MeMOpPaHy, YYUTHIBAA, UTO PABHOBECHOE COCTO-
SIHUE IOCTUTAETCSA IIPYU PABEHCTBE 3JIEKTPOXUMUUYECKUX ITOTEeHIM-
ajyoB 1o 06e CTOPOHBI MeMOPAHBI ;= |L,.

BHYTpU KJIETKHU 3JIEKTPOXUMUYECKUN ITOTEHIIMAN

U= Mo + RTInC; + ZF ¢,
a BHe ee
U, = Mo, + RTInC, + ZF¢,.

Tak Kak ¢ 06enx CTOPOH MeMOpPaHbI MOHBI HAXOAATCH B OJHOM
pacTBOpHTENIe — BOJE, TO Hy; = Lo, ¥ YCJIOBHE TEPMOAUHAMUYEC-
KOI'0 paBHOBeCHUS TIPUHUMAET BUJ

RTInC,+ ZF¢, = RTInC, + ZFq,,
njain
ZF(¢, - ¢.) = RT(InC, - InC,).
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W3 mocnezHero COOTHOUIEHUA TNOJy4YaeM ypasHeHue HepHcTa
JJ1s1 PABHOBECHOTO MeMOpaHHOro MOTeHIIMAaJIa:

BT, G (11.1)
ZF C,

W3 Hero cienyeT, YTO BeJUYMHA DPABHOBECHOTO MOTEHIIHAAJIA
s 11000r0 moOHa IPOIOPIMOHAaAbHA TeMmilepaType T KieTKH U
JorapndMy OTHOIIEHHUS KOHIIEHTDaluil 3TOTO MOHA BHYTDHM H
BHE KJeTKu. IToTeHIMaN Cpejbl, OKPYKAIOMENd KJIeTKY, O6BIUYHO
NPUHUMAIOT PaBHBIM HYJI0 (T.e. ¢, =0), 103TOMYy MeMOpaHHLIH
IOTEeHIINAJ HPEeACTaBIAET 000 IOTeHIMAN BHYTPHU KJIETKHU IO
OTHOLIEHUIO K MEXXKJeTOUHOH sKugKkoctu. Hanpumep, n1s 60ab-
HIMHCTBA KJETOK B HOPMAJIbHBIX YCIOBUAX KOHUEHTPAIUS HOHOB
KaJusa BHYTPH 3HAUUTENbHO BBIiIe, UeM BHE ee, BCAEACTBHE Yero
norennuan HepHcra no xaauio orpunarenbubiii. Jaa Na*® u Cl,
Ha000pOT, KOHIUEHTPAIlM BHE KJCTKYM 3HAUMTEJBHO BBIIIE, YeM
BHYTPH, TIO3TOMY PaBHOBECHBIN nmoTeHInaa HepHcra mo HaTpuio
MOJIOKUTENbHBIN, & [0 XJIOPY — OTPHUIIATeJbHBIH (M3-3a OTPHUIIA-
TEJBHOTO 3apAja 9TOro MoHa, cM. Taba. 11.1).

(pi—(pe ==

Tab6aunma 11.1

MexkiaeTou- Ilorennman | IToreHnuan
K u ) IIuTonsias- H HOKO
JTeTKa OHEBI Has KUI M/n epHCTa, s, Qs
KOCTh, MM/ Ma, M mVv mV
Murmst Na* 142 12 + 64
miaeronun- | K* 4 140 -92 -90
TAOLIAX Cl" 120 4 -89
Maimst Na* 120 9,2 +67
JATYIIKA K" 2,5 140 -105 -90
Cl- 120 3,5 -92
AxcoH Na* 460 50 + 58
kaaemapa | K* 10 400 -96 =70
Cl 540 40 -68

11.2. ToTeHUMAA NOKOR KAETKM

YcraHOBIEHO, 4TO HauboJsiee BaAXKHBIMUA MOHAMU, ONPENeIAr0-
muMyu MeMOpaHHBIE IOTEHIUANL! KJIETOK, ABIAIOTCA HEOPraHu-
uyeckue uousl K*, Na*, Cl', a Tak:xe B page ciayudaes Ca®*. Xopo-
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110 U3BECTHO, YTO KOHIIEHTPAIIUM 3TUX MOHOB B IIUTOIJIa3Me U B
MEKKJIETOYHOM KUJKOCTH Pas3jn4aioTcd B AECATKHU pas.

W3 raba. 11.1 BuaHo, YTO KOHIEHTpauus noHOB K' BHYTpH
kjgeTku B 40-60 pas solllle, YeM B MEMKKJIETOYHOH KHAKOCTH,
Torga Kak Anasa Na' u Cl pacnpezesenue KOHIIEHTpanu# IIpo-
TUBOIOJIOXKHOe., HepaBHOMepHOe pacipeieseHNe KOHIEHTDaLMii
3TMX WOHOB II0 006e CTOPOHBI MeMOpaHbI 00ecIeunBaeTCs KaKk UX
Pa3INYHON IPOHUIIAEMOCTBIO, TAK ¥ CUJIBHBIM 3JIEKTPUUYECKUM
mojxeM MeMOpaHBI, KOTOpOe ONpeAeNIAeTCS ee MOTEeHIMAJOM II0-
KOS,

HeiicTBUTEILHO, B COCTOSHMH IOKOS CYMMAapHBIN IIOTOK HO-
HOB 4Yepe3 MeMOpaHy paBeH HYJIO, U TOTAa u3 ypaBHemus He-
pHcTa — Ilnamka ciemyer, 4To

BIQQ__,_ZFd_(P. (11.2)
C dx dx -
TakuM 00pa3oM, B IMOKOE IpaJueHThl KOHUEHTpaluu Z—C u

— x
3JIEKTPUYECKOT0 IIOTEeHIHAJIa g% Ha MeMOpaHe HaIpaBJCHBI
IIPOTHUBOIIOJIOMKHO APYTr APYTY W IMO3TOMY B IOKOSIIEHCA KJeT-
Ke BBICOKaAsd M IIOCTOAHHAA Pa3HOCTh KOHIEHTPAIHHl OCHOBHBIX
MOHOB o0ecrreuuBaeT MOAJepKauue Ha MeMOpaHe KJeTKH 3JeK-
TPUYECKOTO HAIPSKEeHUA, KOTOPOe M HA3BIBAIOT PAGHOGECHLLM
MmemOpaAHHBLM NOMEHYUANOM.

B cBoio ouepeab BO3HHKAIOUINI Ha MeMOpaHe IIOTEHIIMAJ TO-
KOs IpPensiTCTBYET BBIXOAY MOHOB U3 KiJeTKH K' 1 upeamepHomy
Bxony B Hee Cl°, moggepxuBasg TeM caMbIM UX KOHIIEHTPAIIMOH-
HBIE TPaJMeHThLl Ha MeMOpaHe.

ITonnoe BhIpaskeHue AJST MeMOPDAHHOrO IMOTEHIUAJA, YUUTHI-
Balolee MOTOKU Au(QPy3Un ITUX TPeX BUIOB MOHOB, OBLJIO IOJY-
yeno IN'oapamanom, XomxkuBebiM U KaTmem:

_RT P.C,(K")+P,C,(Na")+P,C,(Cl")

- . . (11.3)
F  B.C,(K')+B,C,(Na")+P,C (Cl')

Oy =

rae Pg, Py, Pc — TPOHHUIAEMOCTh MEeMOPAHBI AJSI COOTBETCTBY-
JOLIUX HOHOB.
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Ypasrenune (11.3) ¢ BBICOKOII TOYHOCTBIO OmpejesseT MeMO-
paHHBIE MTOTEHIMAJBI IOKOA PasJMYHBIX KJeTok. VI3 Hero cie-
AYeT, UTO AJs MeMOpaHHOro MOTEeHIIMAIA IOKOS Ba)KHBI He abco-
JIIOTHBIE BeJIUUYKUHBI IPOHUIIaeMOCcTe MeMOPaHbl AJ1s Pa3JIuYHbIX
MOHOB, a UX OTHOILIEHUS, TaK KaK, pasjenaus obe uacTu gpobu Moz
3HAKOM Jiorapudma, Hanpumep, Ha Py, Mbl nepeiifeM K OTHOCH-
TeJbHBIM IIPDOHUIAEMOCTAM HOHOB.

B Tex cayuasx, Korjga MpPOHUIIAEMOCTh OJHOIO M3 3TUX UOHOB
3HAUYUTEJIbHO OoJIbllle, UeM APYruX, ypaBHenue (11.3) mepexomur
B ypaBueHnue Heprcra (11.1) gas aToro uoHa.

M3 Ta6sm. 11.1 Buano, uTo MeMOpPaHHBIA NMOTEHIMAJ INOKOS
KJeTOK O30k K nmortennuany Heprcra piaa uonoB K u Cl-, HO
3HAYUTEJBbHO OTJIHUaeTcAa oT Hero o Na’. 9To cBUAETEILCTBYET
0 TOM, UTO B IOKOe MeMOpaHa XOpPOILO MPOHUIlAeMa [Js UOHOB
K" u Cl, Torma xax gas noHoB Na’® ee NPOHUILAEMOCTb OYEHDb
HU3KA.

HecmoTtps Ha TO 4TO paBHOBecHBIH nnoreHnuat Heprera gina Cl°
HauboJsiee OJIM30K K MOTEHIIUAJY IMOKOSA KJETKU, MOCJeJHUN nMe-
€T MPEUMYINECTBEHHO KAJUEeBYI0 MPUPOAY. ITO 00YCIOBJIEHO TEM,
YTO BBICOKAs BHYTPUKJIETOUHAS KOHIeHTpanua K~ He MoiKeT cy-
IIIECTBEHHO YMEHBIIINUTHCHA, TaK KAK MOHbI K~ JOJKHBI ypaBHOBE-
IIMBATh BHYTPHU KJIETKU O0BEMHBIN OTPUIIATENbHBIN 3apsA] aHNO-
HOB. BHyTpHKJIeTOUHbIe AHHOHBI TPEACTABJAIOT COO0K B OCHOBHOM
KPYIIHbIe OpraHuYecKue MOJIeKyJbl (0eIKu, OCTaTKM OpraHudec-
KX KHCJIOT ¥ T.II.), KOTOPblE HEe MOTYT IPOMTH uepe3 KaHAabl B
KJeTouHOH MemOpane. KoHIleHTpalius sTHMX AHMOHOB B KJIETKe
IPaKTUYECKH IIOCTOAHHA U UX CYMMAaPHBINA OTPHUIATEIbHBIN 3aPAL
IPENSATCTBYET 3HAUYNTENbHOMY BBIXOAY KaJua U3 KJIETKHU, IoJ1e-
pkuBasa BMecTe ¢ Na—-K-HacocoM ero BBICOKYIO BHYTPHUKJIETOY-
HYIO KOHIeHTpanuio'. OJHAKO OCHOBHASA POJIb B IIePBOHAYAIBLHOM
YCTAHOBJIEHMYN BHYTPH KJIETKKM BBICOKON KOHIEHTPAIlUW HOHOB
KaJus ¥ HUSKOM KOHIIEHTPAIM¥ WOHOB HATPUA IPUHAAJIEHUT
Na-K-nacocy.

' TlockonbKy BHYTPUKIETOYHAA KOHIIEHTPAIMS KaluA NOALeDPIKABAETCS [0Y-
TH IOCTOSHHOM, TO Ja)ke OTHOCUTEIbHO HeDOJIbIle U3MEHEeHNA BHEKJIETOY-
HOH KoHIeHTpanuu K' MOryT oKaseiBaTh 3aMeTHOE BJAUSHUE HA NOTEHIMAJ
TOKOA U HA NEeATEJbHOCTb KJIeTKHU. [Togo0uble naMeHeHUA KOHIeHTpanun K*
B IJIa3Me KPOBH NMPOUCXOMNAT IIPU HEKOTOPBIX MATOJIOTHAX (Hampumep, Opu
IOYeYHO# HeJOCTATOUHOCTH).
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Pacnpenenenune unonos Cl” ycTaHaBIMBAETCA B COOTBETCTBUM
¢ MeMOPAHHBIM IIOTEHIMAJIOM, IIOCKOJbKY B KJETKe HEeT CIIeIlu-
aJIbHBIX MEeXaHU3MOB Hoxjep:xauus koHueHtpamuu Cl. Ioaro-
My BCJIEACTBHE OTPUIATEJIbHOTO 3apsazna XJIopa ero paclipejesie-
HUEe OKa3bIBaeTcs 0OpaTHBLIM IO OTHOUIEHWIO K DPACIpeleseHHI0
KaJgusa Ha MeMmOpane (cm. Tab6a. 11.1). Takum o6pasom, KOHIEH-
TpanuonHbie Auddysuu K™ us kietrku u Cl™ B KIeTKY IpaKkTH-
YeCKH YPaBHOBEIIUBAIOTCA MEMOPAHHBLIM IIOTEHIHAJNOM TMOKOA
KJIETKH.

Uro Kacaerca Na', To B noxoe ero auhdysus HanpaBjieHa B
KJETKY NOJ JOeliCTBHMeM KAaK rpaJueHTa KOHUEeHTPaluM, Tak Hu
3JIEKTPUUECKOro Iojsa MeMOpaHsl 1 Bxof Na* B KJIeTKy orpaHu-
ypBaeTcA B IMOKOE TOJBKO MAJOH IIPOHUIAEMOCTHI0 MeMOpaHBbI
Ias HaTpus (3aKpHITHI HATpPUEBble KaHaJbl). [leficTBUTENBHO,
XomxxkuH u KaTi sxKclepMMeHTaJbHO YCTAaHOBHJIM, YTO B CO-
CTOSIHMM TIOKOA NPOHHUIaeMOCTH MeMOpaHBI aKCOHA KaJibMapa
paa K*, Na* u ClI” orHocsarcs kaxk 1:0,04:0,45. Takum 006-
pasoM, B COCTOSHHM IIOKOS KJIeTOUHas MeMOpaHa MaJonpo-
HuUIaeMa Toabko miasi Na“, a pasa Cl” oHa mpoHmaema mouTH
TakK JKe Xopoluo, Kak u g K'. B HepBHBIX KJIeTKaX IPOHHUIA-
emocth AxA Cl° oOGbluHO HIKe, yeM aiasa K', HO B MBIIIIEYHBIX
BOJIOKHAX mpoHumaeMocts aaa Cl° gaske HecKonbKO mpeol-
Jajfaer.

HecmoTpsa Ha Malyl TIPOHHUIAEMOCTh KJIETOUYHON MeMO-
pansl g Na' B IIOKOe, CYIIeCTBYeT, XOTA M BechbMa MaJibiii,
maccuBHEIE mepenoc Na® B KiaeTky. 9tor Tok Na' moxeH
ObL1 OBl TIPUBOAWUTH K CHHMIKEHMIO PA3HOCTH IOTEHIUAJIOB HA
meMOpaHe u K BhIxoZy K' M3 KieTKu, 4To BeJO OBl B KOHEY-
HOM MTOre K BhIpaBHMBaHWIO KoHuedtpamuit Na* u K* mo obe
CTOPOHEI MeMOpaHbi. JTOT0 He MPOMCXOoAUT Oiarogaps pabo-
Te Na*—- K*-Hacoca, KOMIEHCHPYIOIETO0 TOKH yreuku Na* u
K" u nomaep:KuBaIoOllero TakuM O0O0pa3oM HOPMAaJibHbIE 3HA-
YeHUs BHYTPHMKJETOUYHBIX KOHIEHTPaIMi 3TUX HOHOB M, CJe-
JOBATEJbHO, HOPMAJBHYIO BEJUUYHHY IIOTEHIMAla [HOKOSA
KJIeTKH.

Hns OGonplimHCTBA KJIETOK MeMOpAaHHEBIN ITOTEHIHAJ IIOKOS
coctasaser (~60)~(—100) mB. Ha nepsuiif B3rJiAf MOXeT IOKAa-
3aThCd, YTO ATO Majas BeJIMYUHA, HO HAAO Y4eCTb, UTO TOJUIUHA
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memOpaHbI Toxke Masa (8—10 HM), TaK YTO HANIPAIKEHHOCTh JJIEK-
TPHUUYECKOTO II0JIA B KJIETOYHOI MeMOpaHe OrPDOMHA U COCTABJAET
oxkoso 10 mus BoabT Ha 1 M (mau 100 ¥B Ha 1 cm):

-2
E :i’;&z 80mMB_8-100 B_ 7B 1B (114

8am 8-10°m M cM

Bosnyx, Hanmpumep, He BblJeP)KHBaeT TaKOW HaIPAMXKEH-
HOCTH 3JIEKTPUYECKOTO IOJIA (3JeKTpHUYecKUil npo6oil B BO3-
nyxe Hacrynaer npu 30 kB/cm), a MemOpaHa BbifepKHUBAeT.
ITO HOPMaJIbHOE YCJOBHE ee [esITeJILHOCTU, NMOCKOJBKY KMEH-
HO TaKO€ 2JIEKTPUUYECKOe I10Jie HeoOXOAMMO JJIf IMOAMep:KaHus
pasHOCTY KOHIIEHTPAIuil WOHOB HATpuUA, KAJIUA M XJIOpa Ha
MemOpane.

BesnuuHA MOTEHIMAJA IOKOA, PA3jInyHad y KJIETOK, MOKeT
M3MEHATHCS IIPYU U3MEHEHWM YCJIOBHUI WX KM3HENesTeIbHOCTH.
Tax, HapylueHne OHO’HEPreTHYECKHX HPOIECCOB B KJETKe, CO-
IIPOBOKAAIOICECA HAKEHUEM BHYTPHUKJIETOYHOTO YPOBHS MAKPO-
aprudyecKux coenuHeHuii (B wactTuocty, AT®), npexae Bcero uc-
KJII0YaeT KOMIIOHEHTY IOTEeHI[MANa TOKO0s, CBA3aHHYI0 ¢ paboToit
Na'-K'-ATd-agml.

IToBpexkgenne KIeTKHU IPUBOAUT OOBIYHO K IIOBLILIEHUIO IIPO-
HUIAEMOCTH KJETOYHBLIX MEMOpPaH, B pe3yJbTaTe uero pasjaiudmsa
B IPOHUIAEMOCTH MeMOpaHbl AJIg UOHOB KaJINs U HATPUA YMEHb-
IIAIOTCA; TOTEHITHAJ TOKOA IPH 3TOM yMEeHbIIaeTCsd, YTO MOXKeT
BEI3BATh HApYIIEHHEe PsAfa QYHKIHME KJIETKH, HanpuMmep Bo30y-
IUMOCTH.

11.3. Bo30yxAeHne KAETKM.
lenepaums noTteHuMana AeWCTBUS

Cnoco0HoCTh OpraHM3Ma, OpraHa, TKaHU WX KJIEeTKH OTBe4aTh
Ha pasapaskeHue aKTHUBHOM crenmduueckoil peakiueil (resgepa-
IIueli HEPBHOI'O MMITyJIbCa, COKpAllleHueM, CeKpellueil u T.11.) Ha-
8bIBaeTCA 6030ydumocmopio.

Bcee kneTku BO30yOUMBIX TKaHeH (K HUM OTHOCATCSA HeDPBHAA
¥ MBIIIEYHANA) IpU AeHCTBUM pasipakuTelell JOCTATOYHOM CHIIBI
CIIOCOOHEI IIepeXoAUTh B COCTOSAHUE BO3OYKIACHUS.
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IIpouecc Bo3feicTBUA HA KHUBON O00BEKT BHEIIHUX (PAKTOPOB
HaSHIBAIOT pasdpaxceruem UIU cmumynayuei. PaxkTopbl BHe-
rHeil cpeab! (gaBjeHue, 3BYK, CBET, TEILIO, XOJOA U T.I.), CIHO-
coOHble BBI3BATh mepexon OHOCHUCTEMBI B aKTHBHOE COCTOSHUE,
Ha3bIBAIOT pa3dpaicumentmu.

Munnmanbuaa cuia pasgpasKHUTeNs, HeoOXoauMas AJS BO3-
HUKHOBEHUS BO30Yy)KAeHNA, HA3LIBAETCA NOPO2oM 8036yicde-
Husa. BeauuyuHa sTOrO0 mopora ABJISETCS KOJUYeCTBEHHON Mepoii
BO3OYAMMOCTH TKaHeil.

HeticTBHe pasapaskuTesii B KOHEYHOM WTOre IPUBOAUT K
M3MEHEeHHI0 MeMOPaHHOrO IMOTEHIMAJa KJIETKH HA HEKOTOPYIO
BeauuuHy U, 3aBUCAILYI0 OT CHJIBI PasgpasKuTeNs, B Pe3yJb-
Tare 4ero MOTeHIuaJ Ha MeMOpaHe HM3MEHJeTCH M CTAHOBUT-
csi paBHBIM ©,= Qo+ U, rae @, — IOTEeHIIMAN IIOKOA KJIETKH.
Ecau mop pefictsBmeM pasapakuTeNd MeMOpaHHBIA ITOTEHIIU-
aJl CTAaHOBUTCA BhIlIe (moJsiokuTedbHee mpu U > 0) morewHim-
ajla IIOKOsi, TO TaKoe H3MEeHeHHe MeMOPAHHOro NOoTeHIHaja
Ha3bIBAXIOT denonapuiayuell, TaK KaK DPa3HOCTh IOTEHI[MAJIOB
Ha MeMOpaHe (T.e. IOJIAPU3ANUA MeMOpPaHbI) YMEHBIIAETCS IO
a0CoNIOTHOM BesuumHe. Ecam e MeMOpaHHBIA TOTEHIUA
cTaHOBUTCA HUKe (orpunarenbHee npu U < 0) moreHmmuana
IIOKOSI, TO Da3HOCTh INOTEHIMAJOB Ha MeMmOpaHe yBeJIWuMBa-
eTca IO MOJYJI0 U TaKOe COCTOSIHHE HA3BIBAIOT ZUNEPNOL-
pusayuei.

Bosbysxaenne KJIETKU MNPOUCXOAUT TOJABKO NPH HEIOJidA-
pusanum ee MeMOpaHbl C IOMOIIBIO BHEIIHEro pasgpakure-
as (cTumysia) ZO OIpPeAEeJIEHHOTrO 3HAYeHWsI, KOTOPOE HAa3bI-
BalOT kKpumuueckum nomenyuarom E. . Eciau cuia pasjapa-
JKUTENA HMXKe Iopora Bo3byxiaeHus, To ¢, <E, u Takoi
pasgpakuTenb HasbiBaeTca nodnopozosvim. B sTom ciyuae
BO30YIKIEeHNe KJETKH He IIPOMCXOJWNT, HO pPasBUBAETCS TaK
HA3bIBAEMBLIN JOKQJAbHbLL OTBET, NPOABIAWNUIICA B HebGOJb-
IIIOM, IIPOMOPIIMOHAJBHOM CHJIE DasAPaKUTeNd, H3MEeHEeHUH
MeMOPAHHOTO TMOTEHIMAaja KJETKHM, He [OCTUIalomeM 3Ha-
yenusa E_,.
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11.3.1. Tenepauns noteHuuara Aeiicreus

Ecny cuna pasapaskmresissi paBHA IIOPOTY BO30OYKJCHUA WU
IPEeBOCXOAUT €ro, To ¢, > E, u KineTka Bo3Oyxpmaercs. Takoit
pasApakxuTesab Jub0 CTHMYJ HAa3LIBAIOT COOTBETCTBEHHO NOPO2O-
6btM UIU HAGLOPOZOBbLM.

Ilo moctmrenun kpuruueckoro norennuana E,, na memGpane
JasibHelilee n3MeHeHNe MeMOPaHHOTO IIOTEHIHAJMa B BO30y:KIae-
MOH KJIeTKe NPOTeKaeT yXKe He3aBHCHMO OT BHEIIHEro pasipaKu-
Tens (CTUMYJIa) U BCcerjja BIOJIHE OINpeesieHHBIM obpasom. KieTka
OTBEUAEeT Ha HEHCTBHE TAKOro CTUMYJa (PU3HMYECKUMU, (PUIUKO-
XMMUYECKUMU ¥ (DYHKIMOHAIHLHBIMYA UBMEHEHUSMH, IIPOMCXO-
AAIIMMH B HeH, IIpU 9TOM 06S3aTeNIbHO BIIOJIHE OIIpefle/leHHBIM
oO6pa3zoM H3MeHsSeTCsI BO BpeMeHH ee MeMODaHHBIM MOTEHI{MAJ.

ITO0 U3MEeHEeHUe BO BpeMEHH MeMOpaHHOI0O IOTEeHIMAIA KJIeT-
K¥, IPOUCXOJslNee TIPU ee BOIOYKIAEHUN, HA3bIBA€TCA NOMEHYU-
anom delicmeun.

PaccmoTpuM mpoiecchl, KOTOPbIE IIPOUCXOLSAT HA KJETOYHOM
meMOpaHe IpH BO3OYKIAEHWM HAYWHAS C TO'O MOMEHTAa, KOTZa
IOTeHIUaa Ha ee MeMOpaHe IOX AeHCTBHEM pasApaskuTens J0-
CTUT KPUTHYECKOTO 3HauYeHudA K .

OcHOBHBIM (paKTOPOM, OIIPeeISIONIVIM JaJibHeIee aBTOMaTH-
YyecKoe U3MeHeHWe MeMOPaHHOT0 HOTeHI[HAaNa KIEeTKH, ABIAETCSH
yBeJuyeHWe NPOHUWIIAEMOCTY HATPUEBBIX KahanoB. Hanomuum,
Y710 KOHUeHTpamusa Na' cHapy;Ku KJIeTKH B AeCATKHU pas foJbine,
yeM BHYTDH, ¥, KDOME TOI'0, B IIOKOe MOTEHIIAJ BHYTPH KIETKHU
OTPHUIIATENbHBIN, 103TOMY Na’ cTpeMUTCSA BOHTH B KJIETKY, HO B
TIOKO€ 3TOMY IPensTCTBYEeT HU3Kas IIPOHUIIAEMOCTb HATPHEBBIX
xkananoB. [lpu gocTmxkenuu mnoresnuana E,, HaTpuerble KaHa-
JBl B MeMOpaHe HAUMHAKIOT OTKPLIBATLCS M MOHBI Na' HauuHAaIOT
6nicTpo PO YHAUPOBRATE B KJIETKY MO AeiiCTBUEM KaK I'pajueH-
Ta KOHIEHTPAIMM, TAK U 3JEeKTPUUECKOTOo nojas. BosHukaoomui
OpH 3TOM HOTOK MOHOB Na' B KJeTKy emie 0oJbIlie yBeJIUYUBAET
Jenoasapusanuio MeMOpaHbl, ee NPOHUIIAEMOCTh IJIs1 HATPUS pes-
KO BO3pAacTaeT U IIPOUCXOAUT JaBHHOOOpAa3HOe HapacTaHue I0To-
Ka noHoB Na' BHYTDB KJeTkn. Biarogaps sToMy NIOTOKY B KJeT-
Ky IIOJIOXKUTENbHbIX HOHOB, NIePBOHAYAJBHBIN OTPUIATEIbHBIA
TOTeHIIUA BHYTPU Hee ObICTPO MOBBIILIAETCA, JOCTUTaeT HYJA,
14-5281
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a 3aTeM CTAHOBUTCH MOJIOXKHUTEJbHBIM KU3-3a TPOLOJIYKAIOIEerocs
II0TOKA MOHOB HaTpusd B KjaeTKy (puc. 11.1).

Ilo coBpeMeHHBLIM IpeACTaBJIeHUAM HATPHUEBHINI KaHaJ MMeeT
ABOE BOPOT, pafoTaolnux B HIPOTHBOGA3e ¥ OTIANUYAIOIUXCA CBO-
VMU WHEPIUMOHHBLIMHU cBolicTBaMu: ObICTDPLIe m-BopoTa u 6oJjee
MHEPIUOHHBIE A-BOpoTa. B IOKOE m-BOpPOTa 3aKpHITHI, & h-BO-
pora OTKpPHITHL. [Ipu nemonsapusauuu mMemOpansl g0 E,, nerxkue
m-BopoTa OBICTPO OTKPLIBAIOTCA, a DoJlee MHEPIIUOHHEBIE A-BOPOTA
HAUMHAIOT 3aKPLIBATLCS U B TeUEHUE dTOT0 BpeMeHH Na® BXOAUT
B KJETKY M OBICTPO AENOJAPH3YET MeMOpaHy A0 IIOJIOMKUTENb-
HOTO 3HAYEHUA O, IPA KOTOPOM A-BOPOTA IIOJHOCTHIO 3aKPHI-
BaIOTCH.

3HaUYeHe MAKCHMAJBHO JOCTUTHYTOIO INPH HEIOJAPU3AIUY
TIOJIOXKUTENHEHOrO MEMOPAHHOTO ITOTEHITNATA (,,,, BCET1a HECKOIb-
KO MeHbIIle paBHOBECHOro ImmoteHiuana HepHera aia nouoB Na':

_RT, G (Na’)
F C, (Na")

(pmax < (\oNa= (11.5)

¥ A5 pasHBIX KJIETOK IPHHUMAET 3HAYeHus ¢, ~ 10-40 mB
(cm. puc. 11.1).

Hrak, Mo ZOCTHIKEHUU MaKCHMAJbHOIO IOTEHIVaNa ¢,,, Ha-
TpHUEeBble KAaHAaJbl 3aKPHIBAIOTCA U IIOTOK HOHOB Na’ B KJjeTKy
MIOJIHOCTBIO IIpeKpamniaercss. B 1o jxe BpeMs IPOBOJUMOCTEL KaJlu-
€BbIX KAHAJIOB MOBbIIIaeTcA 1 WoHLI K' mox meificTBueM Kak rpa-
AVeHTA KOHILIEHTPAIIMY, TAK U JIEKTPUYECKOro IOJiA HAYMHAIOT
yeusieHHO AuGOYyHANPOBATE HAPYKY, BHIHOCA € CO00 U3 KJIEeTKHU
TMOJIOXKUTENbHBIN 3apaAl U BOCCTAHABJIMBAS TEM CAMBIM IPEKHUHI
MeMOpAHHBIA MOTEHIMAJN HOKOA. IJTOT IPOILEeCC, Ha3bIBAEMBLIH
penonapu3ayueil, TPUBOJUT K BOCCTAHOBJIEHHUIO NOTEHIHAJIA
MmoKosl Ha MeMOpaHe.

ITocnegumii y4acTOK KPHUBO¥M PENMOJIAPUBAIUY AJIA HEKOTOPHIX
BHUIOB KJETOK ObiBaeT 3amenteH (cMm. puc. 11.1, 11.2). 3to mez-
JIeHHOe MpuOAMmKenrue MeMOPaHHOIO IIOTEHIIHMANA K 3HAUEHUIO
MOTEHIMAJA IOKOA Ha3LIBAIOT C1ed06biM NOMEHYUAROM, KOTO-
PBIII MOXKeT ObITH AETOJAPU3ANMOHHBIM (€CAM OH NOJIOMKUTENb-
Hee IIOTEHI(MAJA MOKOSA) UK M'HIIEePNOJIAPU3aINOHHBIM (0Tpua-
TeJpHEe MOTeHIMasIa MoKos, cM. puc. 11.1, a).
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mB Heps Meima Muokapg
40 (komrka)  (xpwica) (romka)

-100 , , L1

I 1 1 1 1
00,51,0 012345 0 100200300 mc

Puc. 11.2, Popma moTeHIUAIOB AeUCTBUA PASIUYHBIX KJIETOK

PopMEI MMOTEHIIMAJOB AEHCTBUA PA3HBIX KJIETOK IIpeACTAaBJIe-
HBI Ha puc. 11.2.

JaurensHOCTD (hassl AeMOaASpPUSaIH BO BCEX CAyYadAX MaJja U
JJIs1 HEPBHBLIX M MBIIIEYHBIX KJETOK cocrasigeT 0,5-1 mc. Ilpu
3TOM CKOPOCTh HapacTaHuA MeMOpaHHOrO IOTeHIHajaa B (pase
JelmoJiapusalu o4eHb BeJuKa U gocturaer sauenuii 300 B/c.
JdautenbHOCTh (asbl PENOJIAPH3ALUN CYIIECTBEHHO 3aBHCHUT OT
BHUA KJETOK: JJI HEPBHBIX KJIETOK M KJETOK CKeJeTHBIX MbIIIIII
oHa cocTtasiser ot 0,5 10 10 Mc, a 1yIa KJIeTOK cepeYHO MbILI-
sl — oxoJio 300 mc.

Amnuryzna ¢, IOTeHIIMAaNa AeHCTBHUSA, KaK BULHO u3 puc. 11.1,
paBHa cyMMe aGCOTIOTHBIX 3HAYEHUH IMTOTEHI[HAJIA IIOKOS 1 MAKCH-
MaJIBHO JOCTHUTaeMOro NoTeHIuaaa ¢, 1 cocrasasger 90-120 mB:

Or= Prmax — Po= Pmax T |(p0|‘ (11'6)

Taxum o6pa3oM, IOTEHIIMAJ ACHCTBUA BO3HUKAET TOJBKO MpPH
BO3JEHCTBUM HA KJIETKY IIOPOTOBOr0 MJIM HAAIIOPOTOBOIO pasapa-
KUTEJsI, KOTOPHIM AeNONAPU3YeT MeMOPaHHLIA MOTEeRIIMAN KJeT-
KK [0 3HAYEHWA KPUTHYECKOro IOoTeHuuasna Bo3Oyxaenus E, .
Hauwmnad ¢ 3Toro MOMeHTa MeMOPaHHbLIH MOTEHIUAJ M3MEHAETCH
yKe He3aBHCHMO OT JAJbHEHINEro MOBeAeHUA CTHUMYJA M IOJHO-
CTBIO ompefenserca morokamu noHOB Na“ u K™ yepes memGpany.

Amnonuntyna u popMa HOTEeHHUANA AEHCTBUS IJSA KaKIOTO
BHUAA KJIETOK CBOSA M IIPEACTABISAET BCerja OJMHAKOBOE M Xapak-
TepHOe IJIA 3TUX KJETOK M3MeHeHUe MeMOGPAaHHOro MOTEHIMAJIa
BO BpeMeHH.
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11.3.2. MexaHM3m MNOPOroBOro AeHCTBUS

Hannmume KpuTudeckoro moreHnuana E,,, NIpu ZOCTHXKEHUM
KOTOpPOTC I'€HEepUPYeTCA MOTEeHIHNAJ AEMCTBUA, ABASAETCHA CJIEHC-
TBHEM chHenuduuecKoil 3aBUCHMOCTH NPOBOAMMOCTH HaTpHe-
BEIX KAHAJOB OT MeMOpaHHOro mnoteHuuana. Kpusasa moreHim-
asi-3aBUCHMOIl npoBoauMocTH Na'-KaHajoB, MIpeAcCTaBJIeHHAsS
Ha puc. 11.3, moxkassiBaer, uro Na'-IpOBOAMMOCTL MAaja, €CJH
MeMOpanHBIi noreHuuan HuKe (—40)-(-50) mMB, szareM oueHb
6sicTpo pacrer B uHTEpBaje oT —40 xo 0 mB, mociae uero poct
3aMeAJIAETCA U KaHaJ 3aKPhI-

BaeTcs. 20
U3 pwmec. 11.3 Bsugso, %
YTO JIMINb IPY BSHAYEHMAX 5 |
MeMOpaHHOrO moTeHnUAaja, §
6muskux K (-40) - (-50)mB, £
npoBoauMOcTE Na *-KaHaJoB § 10 -
HaYWHAeT IOBHIIATBCA M §
yike HeOoublllasg MNOCJIERYIO- 2 5
miasg AenojsaApU3ana BbI3HI- §
BaeT BeChbMa 3HAUUTEAbHOE 3, 0 A
yBeIn4YeHHne UX IIPOBOAHMOC- % -80-60-40-20 O 20 40 60

TH, YTO OOBACHAET HAJNHUYUE
KPUTHYECKOr0 IIOTeHIIaJa
Esz (_40) - (_50) MB u mo- Puc. 11.3. 3aBK?HMOCTb
pora BOSGYMICHMH KAeTKH nposogumMocty Na'-KaHAJIOB

oT MeM6paHHOI‘0 IIoTeHI aJIa
Uiop=Ey, - 9o. Ilpum pocru-
JKEeHUYM KPHUTUYECKOTO IIOTEHI[MAJa IPOBOAMMOCTL HATPHEBLIX
KaHaJIOB YBEJIUUYMBAETCS ¥ BXOAAIIMI B KJIETKY HATPHEBBIA TOK
eme GoJibllle HENONAPHU3YET KJIETKY, MOTOK MOHOB HATPHUA JIABH-
HooOpasHo HapactaeT u MeMOpaHa OBICTPO [AEIOJAPHU3YETCA RO
3HAYEHUA O, =30—-40 MB, npu KoTopom HaTpuUeBhIe KaHAJBI
3aKPBHIBAIOTCA ¥ HAUMHAeTCA (pasa penoasapusalyy IIOTEHIUaia
JeHCTBUA.

Us puc. 11.1, 6 BuAHO, YTO IIPOBOJAMMOCTS KAJMEBBIX KAHAJIOB
TOK€e YBEJINYNBAETCS IPU BO30YKACHHUH KJICTKH, HO MAKCHUMAJb-
Has KajiueBas IPOBOJWMOCTDH NOCTHUraeTcsa NO3¥Ke, YeM HaTpue-
BaA. BrICOKaA KajameBas IPOBOJAMMOCTb MeMODpaHBI onpeneaser

Mem0OpanHbI# HOTeHRINAN, MB
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OBICTPYIO PEIOJIAPHU3ALNI0 MEMOPAHBI U MMOCAEAYIOUIUN Clle0BOH
TIOTEHIHAaJ.

Xomxxun u Karn sKCHepUMEHTAJIbHO YCTAHOBHUJIHM COOT-
HOILIEHUEe KOd(QMUIIMEHTOB MPOHUIAEMOCTH MeMOpaHBI Iura-
HTCKOI'O aKCOHA KaiabMapa B COCTOAHUM HOKOA: Py: Py, : Py=
=1:0,04:0,45 u B (paze HapacTaHHs IOTeHIUaJa AEeHCTBUA:
Py:Py,: P=1:20:0,45. Bugso, 4T0 npu Bo30YKIEeHUHN KJET-
KM B HauOOJIbIIEH CTeneHN M3MEHSeTCH OTHOCUTEJIbHASA MPOHH-
1aemMocTh MeMOpanbt guas Na': or 0,04 no 20, T.e. B 500 paa, uro
COIPOBOXKIAETCA M3MEHEHHEM SJIEKTPUYECKOI'0 CONPOTHBICHUS
meM6panbl or 1000 Om/cm? B nokoe zo 25 Om/cm? npu Bo36YK-
nenwuu, T.e. B 40 pas.

11.3.3. UnaktuBauns Na*-kaHaroB

TeHepanusa mOTeHIMANA AEMCTBUA MPOHUCXONUT BCJIEACTBUE
noBelieHnss Na'-mpouuiaemoctu MeMOpaHbl; 0e3 Bxoza Na' B
KJIETKY IOTeHUMAJ AeiicTBUA chOPMUDPOBATHCA HE CMOIKET.

BMmecTe ¢ TeM M3BECTHO, UTO IIPM YCTAHOBJIEHUM HA MeMOpaHe
MOCTOSTHHOT'O YPOBHS JeIOJISAPU3aLMHU IIPOBOAUMOCTE MeMOpaHbI
aast Na“ He ocTaeTcs MOCTOAHHOM, a HAYMHAET NagaTh IPUMEPHO
yepes 0,5 Mc, a B HEPBHBIX KJieTKax — depes 0,1 mc mocie ycra-
HOBJIEHUS TIOCTOSIHHOTO YPOBHSA Aenojsipusanuu. Taxkoe OnicTpoe
cHmbKeHre Na'-mpoBOJMMOCTH MeMOpaHBI HA3LIBAETCS UHAKMU-
sayueli cucmemwv. Na'-kananos. Kax y)xe ormeuanoch, 310 005~
fAcHserca HaauumeM y Na‘'-KaHajloB ABYX THIIOB BOPOT: OBICTPBIX
m-BOPOT, OTKPHIBAIOIMX KaHau npu E,,, u 6onee MelneHHBIX
h-BOPOT, 3aKPHLIBAIOIIUX €rOo.

Eciu go mavasa felicTBUSA cTUMYyJa MeMOpaHa OblLIa JeloJis-
pusoBana Ha 20-30 MB, To cucrema Na'-kaHayioB OKasbsIBaeTcCs
MOJIHOCTBIO MHAKTVBHUPOBaHA (yCHeJH IIOJHOCTHIO 3aKpPbITHCH
h-BOpOTa) ¥ ee HEe MOYKET aKTUBUPOBATh HUKAKAS CTENeHb I10cje-
Aywoliei genoisipusany. B sToM cayuae BosOy:KIeHHE KICTKU
CTAHOBUTCH HEBO3MOYKHBIM W NOTEHUMAJ AeHCTBUA cHOPpMUpPO-
BAaThCS HE MOJKeT.

11.3.4. PedpakrepHocts membpan

Hcnonp3ysi TecTUPYIOIINE CTUMYJLI B pasJudHble (Gasbl pas-
BUTHA IIOTEHIIMAJA OEHCTBUA, MOMKHO MPOCIEXUTh BPEMEHHOMH
XOJ U3MEeHEeHMA Bo30yIMMOCTH B IIpoIlecce BO30YKIeHUA KJIETKH.
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Ecnu cpa3y mocje Havdaja reHepauuy IoTeHnvasa aeficTeud (Ipu
¢y 2 E,;) noneiTaThcs mogeidcTBOBATL HA KJIETKY BHEUIHMM Haj-
DOPOTrOBBIM pasApakKUTeNIeM, TO BO30YKAEHNE He BO3HHUKAET HU
IpY KaKuX 3HAYeHUAX CuIbl paszapakurens. Taxoe cocrosHue
ONHOM HeBO36YIMMOCTH MeMOpaHBl HA3BIBAIOT A6COAIOMHOU
pedpaxmeprocmovio. B HEepBHBIX KjeTKaX abCOMIOTHBIN pedpak-
TEPHBIN TepHOJ JJIUTCA OKO0JIo 1 Mc.

3a HUM CJIeyeT OMHOCUMENbHbLL pedhpaxmephviil nepuod,
KOTJa OyTeM 3HAYUTENLHOTO0 HAAIOPOroBOTO BO3AEHCTBUA BCE
sK€ MOYKHO BBI3BATH IIOTEHIWAJ HEHCTBUA, XOTS €ro aMILIUTYa
u OyzeT HMiKe HOPMBI. JIMIUL ITOCJie OKOHYAHUSA 3TOr0 Mepuona
KJIETKA MOJKET OBITh BO30YIKAEHA OOLIYHBIM TIOPOTOBBIM CTHMY-
JIOM M TOTeHUHaN JgecTBus OyAeT MMETh HOPMAJILHYIO aMILIK-
TYRAYy u Gopmy.

AoGcosroTHas pedpaKkTepHOCTh MEMOPAH OrPAaHUYNBACT MAKCH-
MAaJIbHYI0 YaCTOTY MeHepalluy IIOTEHIINAJIOB AefCTBUSA U OIpeje-
JIieT MaKCUMAJIbHYI0 YacTOTy TeHepalliy HEPBHBIX MMIIYJILCOB,
epe/aBaeMbIX OT pelenTopa N0 HEPBHOMY BOJIOKHY.

310 e ABJIeHHE OTPAHUYMBAET U MAKCHUMAJIbHYIO YacTOTY
BO30YK/JA€HUA KJIETOK NIPH UX CTUMYIALMH: Vi = 1/T ey, 9TO
NPUBOAUT K 3HaueHUsIM okKojo 500 I'y ayiA HEepBHOrO BOJIOKHA,
okoyio 200 T AnA cKeJIeTHBIX MBI M OKoJio 3 'y ansa mwmo-
KapuOIUTOB.

B saxjioueHue OTMETHM, YTO B pe3yJbrare reHepanyy IOTeH-
uuaja IeiiCTBHAA IePBOHAYANbLHBIC KOHIEHTpalmu noHOB Na' u
K* B kyeTKe usmensioresa jguins Ha 0,0001 %, uTo NpaKTHUUYECKHU
He MeHSeT BeJIMUMHY IPaJueHTOB KOHIIEHTPAIIUN 3TUX MOHOB Ha
meMbpane. Biarozaps sToMy KJIETKHM MOTI'YT TeHePpHUPOBATb ThI-
CAYU MMIIYJILCOB 6€3 «IOA3apAAKH» CBOMX KOHIEHTPAIIMOHHBIX
farapeii. OgHAKO SICHO, YTO JAJIMTE/IbHAA reHepaus KJIETKOMR I1o-
TEeHIUAJIOB NeWCTBUS PAHO MY IMO3AHO IIpuBesia Obl K 3HAYUTEIb-
HOMY YMEHBIIEHUIO KOHIIEHTPAIIMOHHBIX rpajueHToB Na* u K™,
B pe3yJbTaTe uero KJeTKa Iorepsna Obl BO3MOXKHOCTb T€HepHUpo-
BaTh MOJHOLEHHBIN NOTEHIIMAJ AeHCTBUA. B IelCTBUTEIBHOCTH
e 3TOro He MPOUCXOAUT OGilarofapsA TOMY, UTO CJIErKa MU3MEHEH-
HbI€ TIOCJIe TeHepaluy KaKIoro MoTeHnuasa AeHCTBUSA KOHIIeH-
TpanmonHsie rpagueHTsl Na' u K' BoccraHaBiImMBaloTcs 3a cuer
pa6orel Na'-K* -Hacoca.
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11.4. TloAanoporosbie pPa3ApaXKMTEAU
M MeCTHble MOTEeHUUAADI

Ilpu geiicTBMU Ha KJETKY IOJIOPOrOBOTO Pa3/IPaKUTENs re-
Hepalusa MOTeHIuaIa JeHCTBUSA He IIPOUCXOIUT, HO B MECTe BO3-
IeHCTBUS pasgpaskuTesss MeMOpPaHHBIM NOTEHIIUAJ HN3MeHAETCS
Ha HeKOoTOopywo BemuuuHy U, , KOTODYIO Ha3bIBAIOT MECMHbIM
nomenyuanom. MecTHble IOTEHIIUAJIBI MOTYT PacIpPOCTPaHSATH-
cs BXOJb MeMOpaHbl ¢ 3aTyXaHUeM Ha HeOOJIbIIINEe PACCTOSIHUA OT
MecTa BO3AEHMCTBUSA, IPHU 3TOM UX aMmianTyza U(x) ymeHnbiiaercs
C PacCTOSTHUEM X IO 9KCIOHEHIMAJIbHOMY 3aKOHY:

U(x)=Uge *, (11.7)

rage A — XapaKTepHbIH s KayAo# B0o30yauMOIl TKaHM Ilapa-
MeTp, U3MepsieMblil B MUJIJIUMETPAX YU ONpeAesaIoUiuil paccTos-
HIe, HA KOTOPOM aMILINUTY/a MECTHOTO IIOTeHIIMAa YMEHbIITaeT-
cA B e = 2,7 pasa.

OueHb BaXKHBIM CBOHCTBOM MECTHBIX IOTEHIMAJOB SABJIAETCH
TO, YTO OH¥ CIIOCOOHBI CYMMHMPOBATHLCS, IIPU 3TOM Pe3yJIbTUPY-
OIUIT MeMOpPaHHBIN ITOTEHIIMAJ MOKET IPEBHICHUTh MOPOr BO3-
Oy KIeHus KJIeTKU U BbI3BATH FeHePaIluio MOTeHIInAa feiicTBUS.
JerapuThl 1 cOMa HePBHBIX KJETOK YACTO AEMOJAPUIYIOTCA KAk
pas 0 IOPOTOBOTO YPOBHA, M TOrZAAa OT OYeHbL HeGOMBINNX pPas-
JUYUU B MHTEHCHBHOCTH DA3[parkUTeNisi 3aBUCUT, NEepeHaeT JIn
nHpopManusa B (dopMy HoreHmuana peiicrsua uiau Her. Tax,
IPUXOA OJHOTO WJIM CANIIKOM MAJIOTO YMCJIa HEPBHBIX HMIYJIb-
COB K CYMMHUPYIOIIEMY HeHPOHY BbI3BIBA€T MECTHHIN IIOTEHIIHAJ
MOAIIOPOTOBOM aMIIIUTYAbl, KOTOPBIM OBICTPO 3aTyXaeT, He Iepe-
pacrtasi B IIOTeHIIuaJ fgeiicTBus. Ecim jKe MecTHbIE IOTEHIMAJbI,
BBIZBAHHLIEC B JEHAPUTAX U HA Tejie KJIETKH, CYMMUPYSCH, mpe-
BBIIIAIOT KPUTUUYECKHII NMOTEHIIMAJ B TOM TOYKE, I'Zle aKCOH IIOo-
KUJaeT aKCOHHBINA XOJMUK, TO MPOUCXOLUT IeHepalus IIOTeHIU-
aja gedcTBUsA, T.e. MpeoOpasoBaHue MHPOPMALLMKM B KaUeCTBEH-
HO Apyryio dopmy. ITosToMy 371€KTPOTOHNYECKOE paclipocTpaue-
HHe BO30YyXIeHUSA II0 JeHAPUTAM MOYKET MMeTh IepPBOCTEIIeHHOe
3HaUeHMe s Iepeiadu u oOpaboTKM MHGOPMAIIMM B HEPBHBLIX
KJIeTKax.
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CpaBHUTENbHbIE XapaKTEPUCTHKH JOKAIbLHOro oTBera (Mec-
THOTO TOTEHIIMaJla) YW IMOTeHUuaja [JeHCTBUS MNpUBEAEHLI B

Taba. 11.2.

Ta6nunma 11.2

JlokanbHbIN OTBET

IloTennuan aeiicreusa

He umeeT 11opora BOSHNKHOBEHUA

Bo3HMKAET TOJBKO NPU JOCTHIKE-
HUHU IIOpora Bo30yKAeHUA

Pacnpoctpassaercs JIALTB "Ha | Pacupocrpanserca Ha 6oJabuioe
He0OoJIbIIOEe paccTosinve, ObIcTPO | paccrosHMe 0e3 3aTyXaHUA
3aTyxaeT

Amvniuryna IPONOPIIMOHANbHA | AMILTUTYAA HE 3aBHCHUT OT CHJIBI

CHJI€ pasapaxKnuTess

pas3apaXureuad, IIOAYMHSAETCA 3a-
KOHY «BC€ UJIKU HUYEero»

CnocobeH CyMMUPOBATHCSA

He cmocobeH cyMMUPOBATHCS

Bo30yauMOCTs HEPBHOI'O BOJIOKHA
BO BpEMS JIOKATHHOI'O OTBETA MTOBLI-
mieHa

Bo36yauMoCTs HEPBHOIO BOJIOKHA
oHMXKeHa 10 Hyas (no abcosrroT-
HOH peppaKTEpHOCTH)

Buano, 4TO JIOKAJbHBIIA OTBET M MOTEHIIHMAJ AeHCTBUA NDEX-
CTaBJIAIOT CO00I ABe CYIIeCTBEHHO Pa3Hble peaKL UM KJETKU Ha

IeHcTBUe pasapaskuTess.

11.5. PacnpocTtpaHeHue noTeHunaa
AEHCTBUSI NO aKCOHaM

KoopaunupoBaHHas AEesATEJbHOCTHL OPraHW3Ma OCHOBaHA Ha'
HEIpepbIBHOM IIPUTOKE HHGOPMALKMY K3 BHEIIIHEH U BHYTPEHHENH
cpeanl, ee nepepaboTKe M BLIPpAOOTKE OTBETHOM DEAKINU opra-
Hu3Ma B neaoM. CrenuaspHbie Opraibl MM KIeTKU, BOCIPUHU-
Malolue CTUMYJbI, Ha3bIBAIOTCA peyenmopamu. Bee perientopsl
npeo6pasyT JHEPrui0 CTUMYJia B JIOKAJbHBIA JJIeKTpHYeCKUi
CHUTHAJI, KOTOPLIA BO30YXKJaeT HepBHBIE MMITYJIbChl B CEHCODHOM
Heiipore. [Jajsee Ty MMIIYJILCHI IepefalOTCSA B COOTBETCTBYIOLIUE
OTZAeNbl HEPBHOIM CHUCTEMBI, Tle OHU pacuindpoBLIBAIOTCA U HC-
TMOJL3YIOTCA JAJs BRIPAOOTKM HY>KHOM OTBETHON PEaKIIuu.

HepsHbIi IMOYILC IPEACTABISAET cOO0M BOJHY BO30YKAEHHUA,
pacIpocTpaHsiolmyloca 0 HepsHOMY BOJOKHY. Ha HeGosbinue



218 _ 11. MembpaHHble NOTEHLMAAbHBIE KAETKM

paccTOAHUSA (B HECKOJAbKO MHJJIMMETPOB) HMHPOPMALUA MOXKET
nepeiaBaTbCAd M B BUJe MECTHBIX IIOTEHIIHAJOB (JOKAJBbHOI'O OT-
BeTa), aMILJINTYJa KOTOPHIX GBICTPO 3aTyxaer ¢ paccrosinueM. Ha
OoJsiblIne PACCTOSTHUSA MHEAOPMAIIMS II0 HEPBHOM cHUCcTeMe epega-
eTcsa Oea 3aTyxXaHusi B BAJe PACIPOCTPAHAIONINXCA 10 HEPBHOMY
BOJIOKHY ITOTEHIUAJIOB JeMCTBUA.

CuosxkHaa MHDOpMALUS O AeHCTBYIOMINX Ha OPTaHU3M pasapa-
JKUTEJAX KOAUDPYETCsi B BHJAE IDYIN HEPBHBIX MMIYJBCOB, TakK
Ha3bBIBaE€MBIX pa3pados. PopMa, aMIIUTYAA U JJIVUTEIHLHOCTb He-
PBHBIX UMIIYJHCOB, MPOXOAAIIUX 10 OJHOMY ¥ TOMY K€ BOJIOKHY,
OJMHAKOBHI, 2 YACTOTA X CJEJOBAHUS U KOJHUYECTBO B paspsaAne
3aBHCSAT OT MHTEHCHBHOCTH pasapakureid. Takoii cmocob mepe-
Jaum vHGpopManuy siBisieTcsa Hanbojiee MOMEXOYCTOUUYNBELIM, TaAK
KaxK B LUIMPOKUX IIpefesiaX He 3aBUCHUT OT COCTOAHUS NPOBOAS-
IUX BOJIOKOH.

PacnpocTpaHAoIiecss 10 HEPBHBIM BOJIOKHAM ITOTEHIIMAJIBI
JelicTBUSA IlepeJaloT MHPOPMAIIMIO OT PELENTOPOB K HEPBHBIM
HeuTpaM, a oT HUX — K 3ddeKTopam (MCIOSHUTEIBHBIM Opra-
HaM), MHAYIUPYIOT IIPOIECCHl COKPAUIeHUS MBIIII ¥ CEeKpeIuu
JKeJIE3UCTHIX KJIETOK.

OCHOBHBIM 2/1€eMEHTOM HEPBHOH CHCTEMBI ABJIAETCH HEPEHAA
Klemka, 1y HelipoH, CTPOEHKE KOTOPOH CXeMaTHUYHO MpPeACcTaB-
JieHo Ha puc. 11.4.

SAnpo kiaeTku JeHnpursr

Hepsuasn
KJIeTKa
(HeiipoH)

AKCOH\ A

PasBeTBiieHuEe

aKCOHa \

CyxeHue
(mepexBaT PauBbe)

PenenTopsr
B MBIIIIEYHOM BOJIOKHE

MpeinreuHble BOJIOKHA

Puc. 11.4. Cxema cTpoeHUA HelpoHa
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Hetipon cocTouT U3 Teja KJeTKH, AEHAPUTOB (BeTBeil Tesa
KJIeTKM), KOTOpble HOABOJAT K HEMY HepBHbIE WMMIIYJLCH, U
JJAAHHOTO HEPBHOTO BOJIOKHA (QKCOHA), II0 KOTOPOMY HEpBHEIE
MMIIYJbCHl IIEPEJAIOTCA OT TeJa KJIeTKU K ddderTopam. Bosok-
HA, TO KOTODPBIM HEpPBHBIE HMIIYJIBCHI IIePelaloTCA OT pellel-
TOPOB K TeJy HEPBHOH KJETKU, HA3LIBAIOT aggdepeHmHbLmu,
a Te, MO KOTOPLIM HEpPBHBIE MMIIYJbLChI IIEPENAIOTCA II0 He-
pBHOII cucreMe kK addexrTopam, — spPepermubimu. quamerp
PasHBIX AKCOHOB IIO3BOHOYHBIX JKHBOTHBIX BapbHUDPYETCS OT
0,0008 mo 0,8 MM, a JJMHA COCTABJAET HECKOJIBKO JECAT-
KOB CAHTMMETPOB M MOJKeT IIpeBhIMAaTh MeTp. OTmMeTuM, UTO
LeHJPUTHI CEHCOPHBIX HEWPOHOB TaKiKe JOCTUTAIOT B MJIHHY
o 90 cMm.

O0ulenpuHATaa KiracCHUMUKAIIMA HEPBHBIX BOJIOKOH C YKasa-
HHeM KX (QYHKIHMOHAJHLHOTO HasHAYeHUS, JUaMeTpa, CKODPOCTH
IpOBeAieHUsA IOTEHIINAJIOB JeICTBUA U JIUTEIbHOCTH MOCIeAHNX
npusegesa B taba. 11.3.

Tabauuma 11.3

Juametp CropocTs Anntens:
Tun HOCTDb OTEH-
BOJIOKHA, npoBeje- - PYHKIUA
BOJIOKHA muana aei-
MKM HUA, M/C
CTBUSA, MC

Ao 12-22 70-120 0,4-0,5 MoTopHble BOJIOKHA CKe-
JeTHBIX Mbln, adde-
PEHTHEIE BOJIOKHA OT MBI-
[IeYHBIX PELeNITOPOB

AB 8-12 40-70 0,4-0,6 ApdepeHTHBIE  BOJOKHA
OT PerenTopoB NPUKOCHO-
BeHUA

Ay 4-8 15-40 0,5-0,7 AddepeHTHBIE  BOJIOKHA

OT peleNTOPOB IIPUKOC-
HOBEHUSA U NaBJIEHUA, 3h-
¢eKTOPHBIE BOJIOKHA K
MBIIIEYHBIM BEpeTeHaM

Ad 1-4 5-15 0,6-1,0 ApdepeHTHBIE BOJOKHA
OT HEKOTOPHIX PeIenTOPOB
TelLla, JaBJeHn A, 6011
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Oxonuanue mabar. 11.3

Hnurens-
Tun Aumamerp Cxopocts HOCTB IIOTEH-
BOJIOKHA Bo;;):;na ga:i‘; nuaJa geii- Pynxmms
CTBUSA, MC
B 1-3,5 3-18 1-2 IlperanrinoHapHbie Bere-
TATHBHLIE BOJIOKHA
C 0,5-2,0 0,5-3 2,0 ITocTranrnuoHapHble Be-
reTaTUBHEIE BOJIOKHA, ad-
deperTHBIE BOJIOKHA OT
HEKOTODPBIX  peleNnToOpoB
TenJa, aBJeHUus, 00

18 Ka’aoro HepBHOTO BOJIOKHA CKOPOCTH PACIIPOCTPAHEHMS
noTeHOUaJIa AeHCTBUA, UM, KaK €e Ha3bIBaIOT, CKOPOCTL IIPOBe-
JEeHHs, IIOCTOAHHA ¥ 3aBUCHUT OT PYHKIMOHAJILHOI'O Ha3HAYEHHUS
aKCOHa, ero BUAa, AUaMeTpa M cTpoeHunsi. OTMeTUM, 4TO y BCex
aKCOHOB CKOPOCTHL IIPOBEJEHHS PACTET C YBeJIHYeHHeM HX JHa-
MeTpa. ¥ UYeJIoBeKa CKODOCTH NIPOBEAEHUS PA3JIUUYHBIX HEPBHEIX
BOJIOKOH JiexkaT B uHTepBaje ot 0,1 go 120 m/c.

W3BecTHRI ABa BUIa aKCOHOB: 0e3MUelUHO8ble, He TIOKPBIThIE
MHUEJIMHOBOM 000JIOUKOI, U MUCNUHUIUPOBAHHbLE, UMEIOIIIHe Ta-
KyI0 000s10uKy. PusnyecKue MeXaHu3Mbl [IPOBEIEHUA TOTEeHII A~
Jla AeHCTBUSA MO 3THM aKCOHaAM HECKOJILKO PA3JINYaloTCs.

11.5.1. PacnpocTpaHenme nOTeHUMaAa AEACTBUSA
no 0e3MHMeAMHOBBIM aKCOHaM

PacemoTpum cHauasia pacpocTpaHeHue IoTeHuaJa qeiicTsus
0 HEPBHOMY BOJIOKHY, HE IOKDPBLITOMY MHEJIUHOBOM 060/IOYKOIA.
Bos0yxgeHue TaKOro aKCOHa Ha KAKOM-TO YYaCTKe HPUBOJUT K
IIOJIHOM Aenmoasipus3anuy MeMODaHbBI B 3TOM MeCTe, B Pe3yJIbTaTe
4Yero MOTEHUMAJ BHYTPH aKCOHA B 9TOM MeCTE IIOBEINIAETCS MO
3HAYEHHUH ¢,,,, TOTAA KaK B HeBO3OY K/ E€HHBIX yYaCTKax OH OC-
TAETCA OTPULATEJILHBIM M PaBHBIM IIOTEHIIMANY HOKOA ¢, Ilox
LeHCTBUEM pPasHOCTU NOTEHIHATOB (Qp., — 0p) MEXKAY BO3OYIK-
JeHHBIMH ¥ HeBO30y KIeHHBIMM YYaCTKaMHU aKCOHA B aKCOILIA3Me
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Puc. 11.5. PacrnpocrpaHedue moTeHnana JeiicTBus
10 6e3MUEINHOBOMY aKCOHY

BO3HUKAET JOKANbHLIM MOHHBIHA TOK. [I0M0GHBIN JIOKAIbHBLIH TOK
BO3HVKAaeT M HAa HapYy:KHOH cTOpoHe akcoHa (11.5).

JlokaabHBIE TOKM, ODYCIOBICHHBIC JBMI)KEHHEM HOHOB, IPH-
BOAAT K H3MEHEeHWI0 KOHIEeHTpaluu 3apsafoB 1o obe CTOPOHBI
MeMOpaHbl ¥ BCJEACTBYHE 9TOTO K YBEJIMYEHUIO JJICKTPHYECKOTrO
HOTEHI[AaJIa B YYACTKe aKCOHA, NMPUJIEraloileM K BO30YyKIEHHO-
my. Korga meMOpadHbiii MOTEHIIMAN HA 3TOM y4acTKe HOCTUTAeT
BeJIMUYMHLI MIOPOTOBOr0 IOTEHIIMAJA BO30Y)KIAEeHUA, HaTpUEBbIE
KaHaJbl B MeMOpaHe OTKpBIBaIOTCSI, MOHBI Na' BXOgAT B KJeT-
Ky, 9TOT YY4CTOK aKCOHA BO30YXKJA€TCS U B 3TOM MeCTe aKCOHa
NPOKUCXOJUT reHepalus IMoTeHuana geiictsuda. TeM BpeMeHEM B
panee BO30YKJeHHOM YUaCTKe aKCOHA MEeT IPOIEeCC Perojspu-
3anuy, o0yCJOBJIEHHLIN BBIXOAOM KAaJIMA Hapy)Ky. B pesyiasra-
Te MOTeHIUuasJ AeHACTBHA, T.e. BO30y:KIeHUe, IepeMelliaeTcA Ha
coceZHMH YYaCTOK aKCOHa. 3aTeM B BO30Y»KJeHUe BOBIECKAETCS
CIEeAYIOIU y4aCcTOK HEPBHOTO BOJIOKHA M TAKUM IIyTeM BO30YK-
IeHue nepegaercd 1o 6€3MUENHOBOMY aKCOHY € ONpeJesieHHOH
CKOpOCTBIO.

IloguepkHEeM, YTO aMIIIUTYAA PACTIPOCTPAHAIOMIETOCHA IO aK-
COHY INOTeHIINaNa JAeHCTBUS COXpaHAETCs INOCTOSHHON Ha mpo-
TAKEHUY BCETro BOJIOKHA. ITO OOBLACHAETCS TeM, UTO Ha KaXKIOM
OCJIeI0BATENILHO BO30YyKAaeMOM ydacTKe 0e3MUeIMHOBOro aK-
COH4 BCeTJa NMPOMCXOAUT reHepanusa IIOTeHIuaNa qeiicTeus.
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VBenuuyeHNe JuaMeTpa aKCOHA NMPUBOJUT K CHUIKEHUIO 3JIEK-
TPHUYECKOI'0 COIPOTHUBJIEHUA AKCOIJIAa3Mbl M BCJEJCTBHE 3TOTO
K YBEJHYEHWIO CHUJIbI JIOKAJIBHBEIX TOKOB, Ojlarofaps 4eMy BO3-
pacTaeT CKODOCTh M3MEHEHHUS MeMOpaHHOTO IOTeHIUaja BIOJb
aKCOHA, a C HEI0 M CKOPOCTh NPOBEJEHUA HEPBHOTO HMITYJbCa.
YV HeKOTOPHIX 0eCHO3BOHOUYHBLIX YKMBOTHBIX B HensAXx OnicTpeiime-
ro COKpallleHHus OIpeJleJIeHHBIX ABUraTeIbHBIX MBIIIL (B OTBET
Ha TY UJIH MHYIO CUTYAINIO) PA3BHUINCHL TUTAHTCKHE Be3MHUeIHO-
Bble aKCOHEI JUaMeTpoM 0 1 MM, 4To 06eCHedunsIO UM CKOPOCTh
NpOBeJleHUA HEPBHOTrO MMIyJabca 0 25 m/c.

11.5.2. PacnpoctpaHeHue MNOTEHUMaAAA AeHCTBUS
N0 MHMEAUHM3UPOBAHHbLIM aKCOHam

¥V MO3BOHOUHBIX JKMBOTHHIX R IIpOIlecce 3BOIONK chopMHUpOBa-
JIACH AaKCOHBI, IOKPLITHIE MUEJINHOBOM 060J104K0i1, uTO obecmeyn-
JIo 6OJIBIIIEe CKOPOCTH IPOBEEeH S HEPBHLIX HMITYJILCOB IIPH 3HA-
YHUTEJbHO MEHBUINX AHAaMeTpPaxX TaKUX aKCcoHOB (cM. Tabu. 11.3).
CrpoeHyne MHEIWHHU3NUPOBAHHOrO AKCOHA CXE€MATHYHO IpeJ-
craBjieHo Ha puc. 11.6, a. YyacTku axkcoHa JIuHON B 2-3 MM

MuennnoBaa IlepexsaThl
pe 2-3mMMm 1 MKM

000JI0uKa Pansne
JloxanbHBIE TOKK \
“—+‘*»{+ 1 H__+
N R R

- — — =

—~ «_Akcomnnasma

6

Puc. 11.6. PacnpocrpaHeHue HEPBHOTO UMIYJbCa MO aKCOHY:
a — cTpoeHHe MHEeJIUHU3HPOBAHHOIO aKCOHA; 6 — U3MEeHeHue
mMeMOpaHHOTO MOTEeHIIATIA
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OOKPBITHL MHEJMHOBOH 00010uKOl (IIIBAHHOBCKOM KJIETKOM), a
MEXKJAY HUMH DacCIIOJIOMKEHbl «OrOJICHHbIE€» YUAaCTKU MeMOpaHEI,
gasbiBaeMble nepexéamamu Paneve, jivHOM nib okoso 1 MEM.

Ha yuacTkax akcoHa, NMOKPBITHIX MHEJIMHOM, MeMOpaHa MOJI-
HOCTBIO M30JIAPOBaHA U He HMMeeT KOHTaAKTa C MeXXKJIeTOYHOII
JKHIKOCTBIO, coiep:kalieil moubl Na', BCIeACTBHE Uero mOTEH-
nuaN AEeHUCTBUA 3JeCh CHOPMUPOBATHCSA HE MOMKET, AayKe eCiU
IIOTEHIIMAJ aKCOILJIa3Mbl IPEBBHIIIAET KPUTHYECKHUN MOTeHIMaJ
Bo3byxnenus E,,. IloTenuuan aeiicTBua Moxer chopMUpPOBATH-
¢sl TOJIBKO B IlepexBaTax PaHBbe, rae memOpana uMeer Heo6XOAM-
MBI KOHTaKT C MEKKJIETOUHON JKUJKOCTHIO.

HomycTuMm, 4TO OLWH U3 IepexBaTOB PaHBbe BO3OyKaeH, T.e.
JeIOoJIAPU30BaH JO ITOTEHIIUANA Pp,,. 1Orja noj feiicTeueM pas-
HOCTY HOTEHIMAJOB (Pn., — Po) MEKAY BO3OYKIEHHBIM M HEBO3-
6yKIEeHHBIM YYAaCTKaMH B AKCOIJa3Me M Ha HapY:KHOH CTOPOHE
MeMOpaHBl BOSHUKAIOT JOKAJbHEIE TOKHU, OJarofapsi KOTOPHIM
MeMOpaHHBINA HOTEHIIMAN PACIIPOCTPAHAETCH BIOJb AKCOHA KAK
IO 3JIeKTPUYECKOMY Kabeiao M ¢ OoJbIoi cKopocTeio. Ho mo
Mepe yAaJIeHus OT BO30YKIeHHOr0o y4acTKa MeMOpaHHBIH IOTeH-
nyaj aKCOHa JSKCNOHEHIMANbHO yMmeHbInaercsa (puc. 11.6, 6),
kak u J11000# MecTHBIH moreHuuaa [cm. dopmyay (11.7)].

FKorna sror saryxaromuii MeMOpAHHBIM ITOTEHIIAAJ JOCTHUr-
HeT OnvKaiimiero nepexsata PaHBbe M MOBBICHT TaM @, 10 E_,
B MeMm0paHe 3TOro mepexBaTa OTKpPhIBalOTCA Na'-KaHaJIBl U Te-
HepUupyeTCs IIOJHOLEHHBIH MOTeHIna AeficTBUs, YTO IPUBOSUT
K yBeJMYEeHUI0O MeMODAHHOIO HOTEHIHAJa A0 MaKCUMAaJbHOIO
3HAYEHUS Pp,,. Jajsee Bech IIpoOIecC IOBTOPAETCH, IIPU 3TOM ITO-
TeHIIMAJ JeHMCTBUA IOCIEZ0BATEIBHO F€HEePUPYETCA JIMIIL B IIe-
PexBaTtax PanBbe, a Ha MHUEJMHU3HPOBAHHBIX YYAaCTKAX aKCOHAa
LIPOUCXOJLUT €TO PACIPOCTPAHEHNE C 3aTyXaHueM, HO ¢ 6OJIbIION
CKOpOCTBIO, Giaronapa 4emMy U AOCTUIAeTCsl BBICOKAS CKOPOCTh
Nlepefayy BO30OY KJE€HUS 110 TAKOMY HEPBHOMY BOJIOKHY.

IIpoBeneHMe HEPBHOTO MMIYJIbCA B MHUEJIMHU3UPOBAHHOM aK-
COHe Ha3bIBAIOT CALLMAMOPHBIM (CKAYKO06PA3HBLIM), TAK KaK
noTeHIIUAJ AeHCTBUA reHEPUPYETCS TOJMBKO B IlepexBaTax PaHBLe
M B IIporecce paclpoCcTPaHeHus Kak Obl IePECKAKUBAET C OJHOI'0
niepexBaTa PauBbe Ha nmocaeayiommuii. Kak u B ciyuae 6eamuenn-
HOBBIX HEPBHBIX BOJIOKOH, CKODPOCTb PACIIPOCTPAHEHU A NMOTeHIY-
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aja [efiCcTBUS B MHeJUHU3NPOBAHHOM aKCOHE BO3PAcTaeT C yBe-
JINYEHWEM ero AuaMeTpa, 4YTO XOPOHIO BHAHO u3 Tabmn. 11.3.

OpHOM M3 MPUYUH BBICOKOUN CKODOCTH IPOBEAECHUSA IIOTEeHIIUA-
Jla AefCTBUS B MUCIMHUASUPOBAHHBIX aKCOHAX ABJIAETCA BHICOKAS
maoTHOCTL Na ™ -KaHanoB B iepexBaTax PauBbe, rie oHa IpuMep-
Ho B 100 pas BeIme, yueM B 0€3MUEJTMHOBBIX BOJOKHAX.

Bricokasi CKOpOCTL NPOBEAEHUS ¥ MANBINA JUaMeTp MUeNIn-
HUSUPOBAHHBLIX AKCOHOB O0ECIEYMJIM TIO3BOHOUHBIM KUBOTHBIM
BO3MOKHOCTh CO3[aHMS OOJIBINOT0 KOJWYECTBA MapaliebHbIX
OBICTPOTIPOBOSAIIMX HEPBHBIX ITyTel, YTO CIIOCOOCTBOBAJIO BBICO-
KO¥ HaAe)XHOCTH Iepejgaun WHGOpMAIIUU 10 HEPBHOH cucreMme.

Ecnu Bxogsamuii B KJIeTKY HATPHUEBRII TOK YyMEHBIIUTb, HA-
npumep, IyTeM CHUMKeHHs KOHIeHTpanuu Na ™ B pacTBope, OK-
pyJKarmoleM aKCcoH, Ju6o myTeM MHAKTUBALMY (YXYIUIEHUs IpOo-
pogumoctu) Na * -Kauayos (BBeJeHUEM A0B JTUO0 Bo3geiicTBHEM
MECTHOAHECTe3NPYIOIero rperapara), To CKOPOCTH IPOBeAeHUA
MOTEeHIMAJa AeHCTBUA CHUKAETCA U B KOHEYHOM HTOre IIpoBeje-
HUEe MOXKeT ObITh GJIOKMPOBAHO.

Ecnu ¢ moMoIbo onpefejeHHLIX SA0B (HAIPUMEpP, TETPOIO-
TOKCHHA) 3a0JIOKMPOBATh HATPHEBBIE KaHAJLI B OAHOM U3 Hepe-
xBaToB PaHBre, TO moreHnuman AecTBusd cHOpMUPYETCA He HA
HeM, a Ha CJEeAYIOIeM IIepexBarTe, TaK KaK aMILUIUTYAa 3aTyXaio-
1Iero MeCTHOTO MOTEHI[NAJa, PACIIPOCTPAHAIOIIETrOCA 34 CUET JIO-
KaJbHBIX TOKOB (IyHKTUPHAA KpuBasa Ha puc. 11.6, 0), erle cmo-
SKeT ZOCTHYb Ha HEM IOPOTOBOTO MOTEHIHAaja BOo3byxaerns. Ho
ecsy 3a6JI0KMpPOBaTh NOAPAL [Ba ujiu OoJiee mepexBaTtoB PanBsbe,
TO MOTEHIIUAJ NeHCTBHUS Ha IMOCJIeAYIOUIMX TiepexBaTax Pauebe
cPOPMHUPOBATHLCA HE CMOYKET U NPOBejieHHEe HEePBHOTO MMIYJIbca
Oyzer GJIOKMPOBAHO.

KOHTpO/\beIe BOMpPOCHI 1 3aAaHUA

1. Kax dbopmMupyoTca MmeMOpaHHbIe MOTEHIIHAJbI IIOKOA KJIETKU?

2. BriBeguTe GopMysy i paBHOBecHOro moreHinuana HepHera.

3. Kakue MOHBI ompesenAoT MeMOpDaHHbBIe TOTeHLIMAaJbl KJaeTok? 3a-
mumute ypasaenue loapamana — Xomxkuea — Karma. YUro oHO
omnpeneaseT?
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4. KakoBbl 3HaueHUs: MeMOpaHHBIX IOTEHIIUAJTIOB IIOKOS PA3HBIX KJe-
Tox? KakoBa npu 3TOM HANPSYKEHHOCTh JEKTPUUYECKOro MOJIA B
memb6paue?

5. Kak peficrBue pasapakuTesis BJAUAeT HA MeMODPaHHBIN mOoTeHIUAN?
TIpy KaKuX YCJIOBHAX KJETKA MOXKET BO30YAUTHCH?

6. UTo TaKoe MMOANIOPOTrOBbie CTUMYJIBI U MeCTHBIe oTennuans? Kako-
BBHI UX CBoifcTBa?

7. Ilpu Kaxux YCIOBUAX BO3HWKaeT BO30yxzeHue Kierku? Kaxue
MPOIECCH IIPOMCXOAAT Ha MeMOpaHe IIPU reHepaUuu MOTEHIMAJA
neicrBua?

8. OxapakTepusyite ¢assl [JeNoJaApHU3aldyd U PENoJApU3aANHNK, HX
IJATENbHOCTh M CBsi3b C MOHHLIMHM IIOTOKaMM 4epe3 meMOpaHy.
Kakosa ¢opMa u JJUTEIBHOCTH MOTEHIIUAIOB JeWCTBUA DPasHBIX
KJIeTOK?

9. OT yero ¥ KaK 3aBUCHUT IPOHUIAEMOCTh HATPUEBBIX KaHAJIOB?

10. Yro Takoe pedpaxTepubie nepuoabi? KakoBbl UX BUABI U AJIUTENb-
HOCTDH JJIsl PA3HBIX KJIETOK?

11. IIpuBenure CpPAaBHUTEJLHYI0 XapaKTEePUCTHUKY IOTeHIMaJa Jeiic-
TBAA M JIOKAJbHOTO OTBeTa. KAaKOBBI CyIlleCTBEHHbIE Da3INIusd
MeXAy HuMu?

12. OnuiixTe NpoOIECC PACIPOCTPAHEHUA OTEHIIVANA AeiicTBUA o 6e3-
MHEJIHHOBOMY AKCOHY.

13. OxapaKTepuayiiTe NPOIECC PACIPOCTPAHEeHus IOTEeHIMana fefic-
TBUSA 110 MUEJIUHN3UPOBAHHOMY aKCOHY.

15-5281



IAeKTpU4eCKue Moas
lraBa 12 | OpPraHoB WU TKaHeM.
MeTtoAbl MX perucrpaumnu

Bce Tena B mpupoge COCTOSAT M3 ATOMOB, KOTOpPbIe B CBOIO
ouepeb BKJIOUAIOT B ce0s IIOJOKUTENBHO 3apsAKeHHEBIe AApa u
OTPHULIATEABHO 3apssKeHHbIe SJIEKTPOHEI. IMEHHO 3/IeKTPOCTATH-
YecKHe CHJIBl NMPUTSKEHUA YAePKMBAIOT aTOMbl M MOJIEKYJIbI B
YCTOMYMBOM COCTOAHHM, a JJIEKTPHUYECKHe B3aMMOAeHCTBUA OII-
peAensoT Gu3NYecKoe ¥ XMMUYeCKOe CTPOeHre aTOMOB U MoJie-
KYJI, CBOMCTBA TBEPALIX TeJ, Fa30B, "KUAKOCTEI U GUOJIOTUUECKUX
CTPYKTYpP. 3HaHVE 3aKOHOB B3aNMOAEHCTBUA 3JIEKTPUUECKUX 3a-
PALOB MEXAY COGOHM M C BHEIMHUMU 3JIEKTPUYECKUMH IOJIAMU
HeoOXOAMMO /JIsi TIOHMMAHMUSA MPOIECCOB (OPMUPOBAHUS DJICKT-
pUYEeCKHMX IOJIell OPraHoB M TKaHeil, MeTOJO0B WX PErucTpanuu
¥ MEXAaHM3MOB BO3JEMCTBUS BHEIIHUX SJEKTPHUYCCKUX II0Jeil Ha
6uoJiornuecKye O0'LEKTHI.

12.1. DAekTpuueckoe noae
M ero XapakTepucCTMKH

B mpupoje usBecTHBI ABa BHUAA 3JEKTPUYECKUX 3APAAOB, KO-
TOpble OBLIM YCJIOBHO HA3BaHBI MOJOMKHUTEJIBHLIMH UM OTPHUILA-
TeabHbIME. B CH enuHMNEd SJIEKTPUUYECKOTO 3apsAAa SABJIAETCS
1 KyJloH — 93TO 3apak, KOTOPHIH IPoXoguT 3a 1 ¢ uepes mome-
peuHoe ceyeHHe MPOBOAHMKA Ipu ToKe B 1 ammep: 1 Kn=1 A -c.
Haumensmium (3/1eMEHTAPHBIM) OTPHUIIATEIbHBIM 3aPAA0M 001a5aeT
9JIEKTPOH, 4 TAKUM ’Ke [0 BeJIHYUHe, HO HOJOMKUTEIbHLIM — IIPO-
ToH. BesnuuHa ajeMeHTapHoro 3apazga e = 1,6 - 107° Ka.

OnHUM U3 BaXXKHEHIIINX 3aKOHOB IIDUPOAHI ABJIAETCSA 3AKOH CO-
XPAHEHUA INeKmpu1ecKozo 3apada: B 3aMKHYTOI CHCTEMeE TeJl
anrebpandecKas cyMMa 3JEKTPUYECKUX 3apANOB BCeT/a OCTAeT-
CH IOCTOSAHHOM IIpH JIOOBIX B3aMMOAENCTBUAX ITHX TeJ MEXKIY
coboii.

OneIT MOKA3LIBAET, UTO 3apAAbl OJHOrO 3HAKA BCETAA OTTAJ-
KUBAIOTCS, a 3apAjbl Pas3HbIX 3HAKOB NpUTArusBamTca. Cuia
B3aMMOJEHMCTBUA TOUEUHBLIX 3apAalfOB ¢, U ¢, PACIIOJOMKEHHBLIX
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HA DACCTOAHMM I IPYr OT Apyra, ompenenserca saxonom Ky-
JIOHA:

4,9
F=p222, (12.1)
er
rae k=9-10°H - m? /Kn® — nocroAHHAs 5JEKTPUYECKOr0 B3ay-
MOZENCTBUSA; € ~— OTHOCHUTEJbHAA NUIJIEKTPUUECKAA IIPOHUIAe-
MOCTb CPeZAbl, B KOTOPOH HaXOASTCS 3apsAAbi.

Cnoco6HOCTh 9JIEeKTPUYECKUX 3apAAO0B B3aWMOZAEIHCTBOBATH
Ha pacCTOAHUU OOBACHAETCA TE€M, UTO Ka’KIAbIA M3 HUX CO3JaeT
BOKDYT ce0s SJIEKTPHUYECKOe IoJie, KOTOPOEe OKA3LIBAET CHJIOBOE
BO3jelcTBYE Ha JII000¥ BHECEHHBI B HEro APYroi sapsj.

IlosTomy, 4TOOBI ONIpEeNUTh HAMMYME DJIEKTPUYECKOrO II0JIA
B KaKoi-i1m0G0 TOYKe cpefbl, B Hee IIOMEUIAIOT MPOOHBIN 3apsan
q,. Cuna F peiicTBHA MOJASA HA DTOT 3apsAj OyneT IPOIOPIUOHAb-

Ha BeJIUYNHe BHECEHHOTO 3apdAja ¢,, HO OTHOolIeHue E = F yoKe
q,
He 3aBUCHUT OT BeJWUYMHBI HPOGHOTO 3apsia, a ABJSETCA CUJMO-

BOH XapaKTePHCTUKON 3JIEKTPHUECKOTO HOJIA, KOTOPYIO HAa3bIBa-
ot nanpasennocmuio E (H/Ku, B/m). Eciy HanmpsAXeHHOCTH
E nons u3BECTHA, TO CUJja, JelicTBymollasi Ha Ji00o# 3aparn q,,
BHECEeHHBIH B 3TO IOJe,

F=¢qkE. (12.2)

OrmeruMm, yro 3akoH Kysona (12.1) npumMeHVM TOJBKO AIs
TOYEeYHBIX 3apAJ0B U LIApPOB, a dopmyrna (12.2) — u anxa Juaio-
ObIx Apyrux sapAnoB u moJeii. s BekropHoro paseHcTBa (12.2)
cjefyeT, 4TO CUIa, HEHCTBYIOIad Ha HOJOMHUTEJbHBIH 3apan,

HampaBJieHa TaK ’Ke, KaK U BeKTop E Hamps:KeHHOCTH IoJd, a
cmia, AeHCTBYIOad HA OTPHUIATENLHBIN 3apfAl, — NIPOTHUBOIO-
JIOKHO eMy.

JJIeKTpUUYECKHNe MOJIA HPUHATO M3006paskaTb CHUJIOBBIMM JIH-
HUAMK — HaNpaBJIeHHLIMU JUHUAMM, KacaTeJbHbIe K KOTOPBLIM
COBIIAJAIOT C HAIPaBJIEHNEM BEKTOPa HANPAKEHHOCTHU E mnoas s
9Toit Toure. CUNOBBIE JUHUN 3JEKTPOCTATHYECKOTO TOJA BCEraa
HanpaBJIeHBI OT NOJIOXKUTENbHBIX 3apsiioB K OTPHUIIATENbHLIM,
15%
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T.e. HAUMHAIOTCS Ha IIOJOXKUTEJNbHEIX 3apAAaxX ¥ 3aKaHUYMBAIOTCA
Ha OTPHUIATEeNbHBIX.

JNeKTPUYECKOe IIOJie HABLIBAIOT 00HOPOOHLIM, eClN¥ ero Ha-
IPAKEeHHOCTh OJMHAKOBA II0 BEJIMUMHE M HATIPABJIEHWIO BO BCEX
TOYKax OPOCTPaHCTBAa: E = const. Takue 1osis n306paskaroTCs
MapanieJbHLIMA PABHOOTCTOAIMMU APYT OT ApPyra CUJIOBBIMU
JIUHUSAMH.

Tloapaysicy saxonom Kysiona, HalijfleM HaIpPSKeHHOCTH MOJId,
CO3JaBAeMOTO TOUEUHBIM 3apPALOM ('

E=L-p% (12.3)
'S &r

Dopmyna (12.3) cupaseanuBa ¥ AJsA IOJsE, CO34aBAEMOT0
3apsLOKEHHBIM IIapoM paaumycoM R B OKpYMKaIOIeM ero npo-
cTpaHcTBe, T.e. npu r > R. Takoe moJjie HEOZTHOPOJHO, TaK KakK
ero HAaIpAXEeHHOCTh pas3juy-
Ha W IO BeJWYUHE, M II0 Ha-
OpaBJIeHUI0 B Pa3HBIX TOYKAX
npoctpaHctBa. Ha puc. 12.1
CTpeJKaM¥ ITOKA3aHbI CUJIOBEIE
JVHUHK JJIeKTPUYECKUX IMoJiei,
€CO3JaBaEMBbIX IIOJOKUTENLHBIM
Puc. 12.1. CusoBsle ¥ 9KBUNOTEH- M OTPULATENBLHBIM TOUEUHBIMU
nuajbHbele JIMHUAU (OicpymHOCTH) 3apAjgaMi, a KOHIIEHTPUYECKU-
QJIEKTPUYECKUX I10JiIen TOUYEUHBIX MU Opr)KHOCTHMI/I — JIWHUUn

3apAnos PaBHOTO NOTEHIUAA.

Ecan siexTpuuecKkoe I0Jie CO3HAETCA He OHHUM 3apsagoM, a
HECKOJbKMMH, TO [OJs ONpeleieHHs HaNPSKEeHHOCTH pe3yJib-
THDYIOILIEro MOJIs CcjleAyeT NPUMEHUTh NPUHYUN CYnepno3uyuu
nonel: HAIPAMKEHHOCTb JJIEKTPUUYECKOrO IIOJsS, CO34aBaeMOTO
CUCTEMOU 3apANOB, PaBHA BEKTOPHON CcyMMe HanpsKeHHocTel
noJjiei, co3gaBaeMbIX B 3TOI TOUKe Cpellbl KaKIbIM U3 3apsAL0B:

E=E +E,+E;+..+E,. (12.4)

PaccMOTpUM Teriephb SHEPTeTUYECKYIO CTOPOHY B3aNMOAENCTBIS
nojas u 3apAfa. IIoCKoJBKY Ha 3apAA ¢, TOMELIeHHbIN B 3JIeKTPH-
yecKoe mose, Aeiicreyer cuaa F =qgFE, T0O OH MOMKET IepeMecTUTh-
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s — =

cd BIOJb CUJIOBOI JIMHUU Ha DPaccTOgHHe S U coBepiuuTs pabory
A= jF(S)dS =q IE(S)ds . 910 O3HauaeT, 4TO NI06OH 3apAn ¢,

HAXOJAINUNCA B 3JIEKTPUYECKOM MoJje, 0b/afaeT mOTeHuuaIbHON
ageprueit W =A, KoTOpas NPONOPUUOHANBHA BEJIMYUHE 3TOTO

sapaja q. Ho otnomenne ¢ = W /q yKe He 3aBHCHUT OT BeINYU-
HBI 3apAza, a ABJAeTCA SHEPreTUUECKOH XapaKTePUCTHKOHN IoJs
¥ Ha3bIBAETCA €r0 dreKxmpuieckum nomernyuarom ¢©. Expunnnei
norennuana 8 CU asnsierca 1 soner: 1 B=1 Iix/Ka. Cooxkyn-
HOCTH BCEX TOYEK IIO0JIs, UMEIOIINX OJWHAKOBBIH 3JIEKTPHYECKUl
TOTEeHI VAN, 06pasyeT IK6UNOMEHYUALbHYI0 NOEEPXHOCMb, KOTO-
pas Bcerja NepHeHAVKYJIAPHA JINHUAM HaupsKeHHOCTH E mond.

ITorennmasn 3JeKTPUYECKOTO IIOJSA, CO3JAaBA€MOT0 TOUEUHBIM
3apAIOM @y, ompeaesnserca GopMyJIoH

o=rdo, (12.5)
er

B sToM ciryuae mOBepXHOCTAMHM PABHOTO IOTEHIIHAJA ABJSIOT-
ca cdepbl palycoM r, TOrJa KaK CUJIOBBIE JIMHUYU UAYT U3 IEeH-
Tpa cepsl MO paguycaM MNepHeHAuKYIApHO 3TuM cdepam (CM.

puc. 12.1).
Ecnu snexTpuueckoe mose co3jaeTrcs He OJHUM 3apsaloM,
a CHCTEMOM 3apsA0B, TO MOTEHI[MAJ CO3JAaBAEMOro €10 3JeKTDU-
YEeCKOr0 IOJIA paBeH ajnrebpawdecKoil cymMme HOTEHIUATIOB IIO-
Jei#l, co3AaBaeMbIX B TAHHOUW TOUKE CpeJbl KaKJbIM U3 3apAfoB:

(P:(‘pl+(‘P2+(P3+"'+(Pn' (12.6)

OueBUIHO, YTO HAXOXKIEHUE TOTEHIIUAJA CJIOMKHOIO ITOJIA 3Ha-
YUTEJNBHO IPOIIE, YEM BBLIYHCIEHWE ero HAIPAXKEeHHOCTH, Tpeby-
oIe HaXOXKAeHUS BEKTOPHON CYMMEI.

Ecnu aseKTpuuecKoe NoJie nepeMeraer 3apsan ¢ U3 OJHOI Tou-
K¥ TIOJIA B PYTrYIO, TO OHO coBepiiiaeT padory

A= Wno’rl - WnOTZ = Q((pl - (92) = qU' (12‘7)

Benuunna U = ¢, — ¢, Ha3bIBAETCHA PA3ZHOCMbIO NOMEHYUANL0E
WIN Hanpajcenuem MeXay Touxkamu 1 u 2 mojad u msMepsiercsa
B BOJIbTAX.



230 12. DAEKTPUYECKME NOAS OPraHOB M TKaHen

O6paTM BHHMAaHHE HAa OYEHb BAYKHOE CB0UCME0 3jexmpuiec-
K020 noaa: pabora B 3JIEKTPUYECKOM IOJIe HE 3aBHCHUT OT TPaeK-
TOpHM HepeMellleHus 3apafa U3 ToYku 1 B TOUKY 2, a ompegens-
eTCA TOJIBKO PasHOCTBIO NMOTEHLHANOB Mexxkay HuMH [cMm. (12.7)].

W3 dopmyast (12.7) caemyeT TakyKe, YTO IPU IlepeMeIeHUU
3apAjga [0 3KBUMNOTEHIIMAJIBLHON IIOBEPXHOCTU paboTa He COBep-
I1aeTcs, Tak Kak ¢, = o, u A=U=0.

B o6meM cinydae HanpAXEHHOCTh E 5JE€KTPUYECKOTO IIOJIA
paBHA "PAJUEHTy NOTEeHIHaka ¢ OOPATHLIM 3HAKOM:

E = —grado, (12.8)

II09TOMY, 3Has paclipe/ieJIeHue MOTeHIuaja ¢(r) B IPOCTPaHCTBE,
MOJYKHO HAWUTH pacupejeeHNe Hanps KeHHocTH noas E(r), u Ha-
obopor. 3HAK «—» YKa3bIBaeT, UTO BEKTOP HAIPAMKEHHOCTH HAa-
TIPaBJIeH [IPOTHUB IpaJUeHTa IOTeHIINaJla, T.€. B CTOPOHY HauObIC-
Tpeilnero yMeHbIEHUs IMOTeHuuasja. [Jas OoAHOPOZHOTO IIOJd,
CHJIOBBIE JIVHUU KOTOPOTO HapajiesibHbl ocu Ox, COOTHOIIEHHE

(12.8) npuruMaeTr BUA .
oL (12.8a)

dx

3HaueHUA HANPAKEHHOCTH M IIOTEHIHAJNa 3JeKTPUUECKOro
TOJIf, CO34AaBAEMOr0 TOYEYHBIM MJIM CHepUUYeCKHM 3apsaaoM (¢,
npatorcs popmysnamu (12.3) u (12.5).

Takum o0pasoM, 3JIEKTPHUUYECKH 3apsAKeHHasl CHCTEeMA TeJl
BCErLa CO3JaeT BOKPYT cebs ayieKTpudecKoe moJe. OgHaKo oKa-
3bIBAeTCH, YTO U JJIEKTPUYECKU HEHTpalbHASA CUCTEMAa 3apiAf0B
TOYKEe MOJYKET CO3JaBaTh BOKPYr cebs anexrpuyeckoe noiae. IIpo-
cTedIe TaKOM CHCTEMOM ABJAETCA SJIEKTPUYECKUN TUMOJb.

12.2. DAEKTPUHECKHIA AUMOAb U €ero Mnoae

OJIeKTPUYECKUH JUIOJb IPEACTABIAET COO0O0 3JEKTPUYECKH
HEATPANBbHYIO CUCTEMY, COCTOANIYIO M3 ABYX PaBHBIX IO BEJU-
YHHE, HO IMIPOTUBOIOJIOKHBIX 10 3HAKY TOUYEUHBIX 3apANOB (+q) U
(—q), pacmoJIOXKeHHBbIX Ha HEKOTOPOM paccTosHuM [ ApYyT OT APY-
ra. XoTs Takada cucTeMa 3JIeKTPUUYECKU HelTpaJibHAa, OHA CO3/1aeT
BOKDYyT cebs aJIeKTpHYecKoe 1oJe.
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PaccurTaeM IIOTEHIMAJ 3TOTO MOJA B
JPOU3BOJBHOI TOUKe A, PacCHoJIOKeHHOR
HAa DPACCTOSIHUAX I' U I'y OT IIOJIOMKUTEb-
HOTO U OTPHUIATEJBLHOTO 3apsJ0B AUIMOJS
cooTBeTCcTBeHHO (puc. 12.2). CymMmapHbIii
HOTEHI[MAJ B TOYKe A

en £n,

_g(l_L _ 1 —n)

= = T
e\n n € r

Puc. 12.2. ITorennuaiu

10JIg ANNOoad
rae npowusBeZieHa 3aMeHa Iyl & r’. YUuTHI-

Bas, uro (r, — ry) ~ lcosd, monyuum

lcosd €c0sod
0, = kqgrz = kpgrzs . (12.9)

Buauo, 4To MOTEHIHUAI @ MOJS IPAMO IPOMOPIIHOHAJIEH BeJIu-
YyuHe p = ql, KOTOpasa HA3bIBAETCH JUNONBHBIM MOMEHMOM U AB-
JAeTCA BaskHeHInel sJIeKTPUYECKOH XapaKTepUCTUKON AMNIONIA.

JAunoNBLHEIN MOMEHT P — 3TO BEKTOpP, HAlIPaBJIEHHBIN BJOJb OCH
Inions ot (—q) K (+g). 3Has1 9TOT BEKTOD, MOKHO BBIYMCIUTD IIO-
TEHIMAJ B JI060i TOUuKe 1M0Js, moab3yach popmystoi (12.9). Us
Hee, B YACTHOCTH, CJIEAYET, UTO
B ILJIOCKOCTH, MPOXOAAIIei ue-
pes cepeAuHy QUIIOJS IEepIeH-
BUKyJaapEo ero ocu (6= 90°,
NMOTeHIUAaJ paBeH HYJI, YTO
OH IIOJIOXKUTEJI5HBII CO CTOpPO-
HHl IIOJIOKHUTEJBHOTO 3apsazna
B OTPHULATENbHBINI CO CTOPOHEI
oTpHLAaTeJLHOTO 3apsaja. Ilpu- +2
MepHOe pacHpezejeHUue S5KBH- +1 o -1
MOTEeHNUAJbHBIX ITOBEPXHOCTEH
IOJIA AWUIONS IIPUBEAEHO Ha

+q

Puc. 12.3. Ilose aunosus.
JInHUM PaBHOTO NMOTEeHIKAJIA
puc. 12.3. 3JIEKTPUUYECKOTO TIOJIA JUIIOJS
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Wrtak, 3Has QUIOJbHBIM MOMEHT D, MOYKHO BBIYKCJIUTHL ITO-
TeHLAaJ HOJs JUIIOJsA B JI000H TOUKe IPOCTPAHCTBA.

Ha mpakTuke, B 4aCTHOCTH B 3JeKTporpaduu, 4acTo NpPUXo-
AUTCS peluaTs o0paTHYIO 3afauy: HEOOXOAMMO ONpPeAe/IUTL Be-
JAUYWHY ¥ HApaBJeHue JJIEKTPUYECKOTO MOMEHTA QWIIOJA, M3-
MepsAs PasHOCTh IIOTEHIHAJIOB (HaIpSAKeHUE) MeXKIy PasHBIMU
Toukamu (A u B) cozgaBaemoro uM mnoias (puc. 12.4).

p
Voo

L
p

\ - T e—

) —

1 - —
[N \\)_/
(RN =z
NI al -
./—
—
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i

;.\

Puc. 12.4. CBsasb Mex Ay AUIIOJIbHLIM MOMEHTOM P
u HanpsaxenueM U g

B cootBeTcTBUU ¢ pacueToM, HanpaxkeHue U,z =@, — Op MEX-
Iy IBYMS PaBHOYIAJIEHHBIMU OT LEHTpA AUIONS TOUKaMu A u
B (ry=rg=r) IpsaAMO IPONOPINOHAJBHO IIPOEKIIVY BEKTOpa AM-
IIOJIBHOIO MOMeHTa (pcoso) Ha JHUHUI0 AB, COeJUHAIINYIO 3THU

TOUKH, M OGPATHO IIPOIIOPIIMOHAJLHO KBAJApaTy MX PACCTOSAHHUSA
OT MUIIOJIA:

psing—cosa peosa
U,z =2k o ~ ot (12.10)

Ognaxo 3HAHMA OJHOH IIPOEKIIMH BEKTOpa HEAOCTATOYHO.
Yro6bl IOJHOCTBHIO ONPEIEJUTHh BeJUUYHUHY M HAMpaBJIeHHEe BeK-
TOpa D, HAJO 3HATHh KAK MUHUMYM JABE €Tr0 MPOSKI{NY HA Pa3Hbie
nanpasygenusa AB u BC (rouka C u orpe3oxk BC Ha puc. 12.4 e
II0Ka3aHbl), IIPA 3TOM TOYKH Pervcrpanuu MOTeHIUaaoB A, B u
C momxHBL OGbITH PABHOYZAAJEHBI OT HEHTPA JUIIONA (1, =rg=1¢)
¥ HAXOAUTHLCA C HUM B OfHOM ILJIOCKOCTH, a oTpesku AB u BC
JOJIXKHBL OGBITHL BUAHLI U3 IIeHTPA AUIIOJNSA 1104 OAUHAKOBBIMHU YT~
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+

—_ + _
a 6 6 T
Puc. 12.5. SneKTpruecKy HeHTPaNbHBIE MYJIbTUIIONH:
a — AUIOoJb; 6 — KBAaAPYIOJb; 8 — OKTYIOJb

aamMyu . ITUM YCIOBHAM yLOBJETBOPAIOT BEPHINHBI PaBHILHO-
ro MHOTOYTOJbHHKA, B IIEHTPe KOTOPOTO HAaXOAMTCS JUIOIL P .
B mpocreiimem cayuae 3To OyAyT BepIIMHBEI PaBHOCTOPOHHErO
TPEYroJbHUKA, KOTODHIE YacTO M BHIOMPAIOT AJH PEruCTpaIliy
IOTEHIINAJIOB.

OTMeTuM, YTO AWIOJNL — IIPOCTeHIIas, HO He eJUHCTBeHHAA
HeHlTpaJIbHAfA CHUCTEMAa 3apANOB, CO3JAMINAA BOKPYT cebs 3JeK-
TpuuecKoe moJie. K OpPOCTHIM 3JeKTPOHEHATPAILHLIM CHCTEMAaM
OTHOCSATCA TaKiKe KBaJAPYIOJb (2 IMOJOXKUTEJbHBIX M 2 OTPHUIA-
TEJILHBIX PaBHBLIX II0 MOAYJIIO 3apAza), OKTyImoab (4 + 4 3apsana)
M Jpyrve, KOTOpble HA3LIBAIOT OJHUM CJIOBOM «MYJIbTHIIOJH»
(puc. 12.5). ITorenuuanasl Imojseil, CO3JaBaeMBIX MMH, OBICTPO
yORIBAIOT ¢ paccTosgHueM. Tak, MOTEHIIMAJ [I0JIA TOYEYHOTO 3aps-
Aa yObIBAET C PACCTOSTHUEM KaK ', [IOTeHIMAJ OIS U0 —
r2, KBaJpyIloasa — r2, OKTYNOJA — rt ourm.

JJIeKTpHUECKOoe HoJjIe CO3HAI0OT He TOJbKO yKasaHHbIe IIPOCTei-
IIMe MyJIbTHIIONH, HO U OoJiee CIOKHBIE 3JIEKTPHUUYECKH HeNTpasb-
Hble CUCTEMBbI, B TOM YHCJe OMOJIOrMUeCKHe TKAHH U OPraHbI.

N3 maTemaTnuecKkoil (pu3MKM M3BECTHO, 4YTO Ji000Oe crammo-
HapHOe 3JJIEKTPUYECKOe II0Jie, CO3AaBaeMoe 3JIEKTPUUEeCKH Hen-
TPaAJILHOM CHCTEMOH 3apsifioB, MOYKHO NpPuOJMUIKEHHO IIpexacTa-
BUTH KaK CYMMY 3JIEKTPUYECKHUX I10JIeil, CO3aBaeMbIX AUIOJIEM,
KBaJpYIIOJEM, OKTyImoJieM u T.n. HaubGoasluil BKJIAL B 3TO CYyM-
MapHoOe IoJie, KaK IMPaBUJ0, BHOCUT IAUIIOJb, IOITOMY OOBLIUHO
OrPaHUYMBAIOTCSA PACCMOTPEHMEM TOJIbKO JHUIIOJBLHOM COCTaBJiA-
Io11eil CIOYKHOrO moJfA (AUNOJLHOEe NPUOINIKEeHUEe), UTO BO MHO-
THUX CJy4YasX OKa3bIBAETCS IOJHOCTBHIO ONMMPaBAAHHBIM.

3xech ciaefyeT OTMETUTh, UTO PACCMOTPEHHBIH 3JIEKTPOCTATH-
YeCKHUH AUIOJIb XOPOILIO OMMCHIBAET 3JIEKTPHYECKOE II0JIe B He-
TIPOBOJAIIIUX CpelaX, T.e. B AUIJIEKTPUKAX, I'Zle HET CBOOOZHBIX
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3apALOB ¥ IO3TOMY HET M TOKOB IIpoBoauMocTH. OZHAKO MHOTHe
O6MOTKAHM — KPOBb, JUMPAa, CHHUHHOMO3IOBasA KULKOCTDb, MBIIII-
IIbI, HEPBHAS TKaHb, U APYrue — SBJIAIOTCA XOPOIUINMHU IIPOBOJ-
HUKaMHU U B HUX HOJ AeHCTBHEM 3JIEKTPUUYECKHMX I10Jeil RO3HU-
KalOT 3JIEKTPUUYECKUE TOKH.

IIoaTomMy B mpoBojsieii cpefe MOA AeHCTBHEM IIOJNA TUITOJNS
BO3HUKHET ABUKEHUE CBOOOIHBIX 3apANOB (3JIEKTPUUECKUN TOK)
¥ 3JIEKTPOCTATUYECKHM AUIOJL J1u00 OBICTDO 3KpaHUPYETCA ITH-
MU 3apAgaMu, Jub0 HeHTPaIu3yeTcs.

OJleKTpUUYeCKoe II0Jie, CO3JaBaeMOe XUBBIMU BO30YAMMZIMU
OMOTKaHAME, 0OJiee MPABUJIBHO PACCMATPHUBATL HE KAaK II0JIe
3JIEKTPOCTATHYECKOI'0 AUIOJS, a KaK II0Jie, CO3AaBaeMOe TOKO-
BBIM pumnoneM. Taxkoe mpeacraBlieHHe B 3jJeKTpoxapauorpadun
BrepBsle 06110 pa3BuTo eule I'. l'eapMrogabieM, a 3aTeM DogpodHO
PaccMOTpEeHO APYTMMH HCCAENOBATEIAMMU.

Jast cosmaHus 2JIEKTPUYECKOro IOJIst B IIPOBOAAILEIH cpe-
Ie HeoOXOOWM WCTOUHUK TOKA — TOKOBHIUM reHepaTop, CO3Aaio-
muit AC u uMeronuii ABa MMOJIOCA: MCTOK (+) ¥ CTOK (—) 3apsa 0B
(puc. 12.6). Ero BHyTpeHHee CONPOTUBJIECHNE I HAMHOrO 6ojblie
conporuBienus R BHemnHe#l nenu (Harpyskwu), T.e. r >> R, Ilo
saxony OMa [JIs MOJHOM Ieny Cuja TOKa

1=-%
r+R’

rge € — 9JIC remeparopa.
ITockonpry r >> R, 10 I = £ Bro 0O3HayaeT, YyTO CHJIa TOKa I,
r
KOTOPYIO CO3JaeT 3TOT IeHepaTop, MPAKTUYeCKH He 3aBHUCHUT OT

R

s B

a
Hctoxk Toxa CToK TOKa

Puc. 12.6. DKBHUBaJIEHTHAA CXeMa TOKOBOI'O 3JIEKTPUYIECKOTO
resepaTopa ¥ BHeIIHe# IpoBosLeil cpelbl (a u 6 — moaioca
reHepaTopa, UCTOK M CTOK)
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CONIPOTHUBJIEHUST BHEUIHEH cpeasl U p
olpefiesisieTcsd TOJILKO IapaMeTpa- /C i @\
MM CaMOT'0 TOKOBOTO reHeparopa. Mcrok Crox

IIpu pacuere MOTEHIMAJIOB,
CcO34AaBaEMbIX TAKHM Ie€HEepaTopoM
BO BHellIHeil IpoBojAlie cpefe, ero yIo0HO NPeACTaBUTE B BUJE
moxo06020 dunons (puc. 12.7) — cucTeMbl M3 IOJOKUTEIBHO-
ro ¥ OTPUIATEIBbHOTO IOJIOCOB (MCTOKA M CTOKA 3JIEKTPUYECKO-
ro TOKa), PacloJIOKEeHHBIX Ha HEKOTOPOM PACCTOSAHWH [ ApyT OT
apyra.

OcHOBHOIf ITapaMeTp TOKOBOTO MAWUIOJNS — €ro JUNOJbHBIH
MomenT D = Il , paBHBIN POMBBEJEHUIO CUJIBI TOKA | Jepes re-
HepaTop Ha paccTossHWe | M HaAIpaBJeHHBIH OT CTOKa (-) K uc-
TOKY (+) TOKa, T.e. MO HANPABJEHUIO TOKA BHYTPU MCTOUHHKA
(cMm. puc. 12.6).

Jl1060i1 sy1eK TpUUecKY aKTUBHBIH 9JIeMeHT 6MOTKaHu (MeMbpa-
HA KJIeTKH, MBIIIIeYHOe BOJOKHO, AKCOH M JApP.) MOXKHO paccMar-
PUBATH KaK 3J€MEeHTapHBIN TOKOBBIA quNoJsb D, , UMEOIui cBOl
ucmox 1 cmox Toxka. Bosbliioe YMCJIO TAKHMX MAJbIX TUIIOJNEH,
PacHoJIO}KEHHBIX PAJOM U OPHEHTUPOBAHHBIX B OJHOM HAIIpaB-
JeHuu, o0pas3yoT «IBOMHOMU CJIOIi», HA OJHOI CTOPOHE KOTOPOTO
PAcCIOJIO¥KEHBbl «HMCTOKM», a Ha APYro — «cToku». OO6muit num-
HOJIBHBIA MOMEHT TaKOro JBOMHOIO CJOS PaBeH BEKTODPHOH CyM-
M€ MOMEHTOB COCTaBJIAIOUIMX €ro TOKOBBLIX Aumoseii. Kakabri
TaKkoOW AMIIOJNL MOYKHO Pa3jio’KUTh Ha TPU B3aMMHO IeplieHau-
KYJIsipHbIe KOMIIOHEHTBI, 3aT€EM COOTBETCTBYIOIIIVE KOMIIOHEHTBI
BCeX MAaJIbIX AUIIOJIEH MOKHO CJIOKWUTD U MOJNIYYUTH B pe3yJbTaTe
TPU CyMMapHbLIe KOMIIOHEHTHI OJHOTO SKBUBAJIEHTHOTO TOKOBOT'O
numonss D paHHONM GHOTKAHYW WJIM OpPraHa.

TloTennuasn B Touke A, CO34aBaeMBIA TAKHUM AUIIOJIEM, JAETCS
dopmyoi

Puc. 12.7. TokoBslit JUDIOND

_ pDc036 _ Dcos?d (12.11)

2 2 ’

Pa 4nr r

KOTOpas aHANOTMUYHA BeIpaxkeHuio (12.9) ana noresnuasia mojas
3JIeKTpocTaTU4YecKoro aumnoid. ITosromy ¢ MaTeMaTUYECKOH TOY-
K4 3pEHUSA BBIPAKEHUA JId NMOTEHIUAJTOB NIEKTPUUECKUX IIO-
Jeill, cO3/1aBaeMbIX JI€KTPOCTATHYECKHUM JUIIOJEM H TOKOBBIM
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OUIIOJIEM, AHAJOTMYHBLI, M (Qopmyay (12.10), cBA3BIBAIOLIVIO
Pa3HOCTb MOTEHIIMAJIOB MEKAY ABYMS TOYKaMu moad A u B u
AUIIOJbHBIM MOMEHTOM D , MOXXHO IIOJIYUUTH 1 B CJIy4yae TOKOBOI'O
AUIOJIA:

Dsin—B—cosa

D
Uss = 20— 25—~ ‘;f;sa. (12.12)

IToaromy, uTOOBI OHIPEAENUTD BEJIUYNHY 1 HATIDABJIeHUE BEKTO-
pa TOKOBOTO JUIIOJIBbHOTO MOMeHTa D, KaK U B cIydae ajeKTpocTa-

THYECKOTO AUNOJA P, TOYKM PETrUCTPALIMH IOTEHIAIOB HanGoree
yZOGHO BHIOMPATH B BepIIMHAX IIPABUJIBHOIO MHOI'OYI'OJILHUKA, B
IHEeHTPEe KOTOPOro HaXOAUTCS TUIIOJb D uma P; B npocTeHeM
cayuae 3To GyAyT BepINMHBLI PABHOCTOPOHHErO TPEYrOJbHUKA.

Bmecte ¢ TeM MeXKAY 3JIEKTPOCTATUYECKVM ¥ TOKOBBLIM JUIIO-
JIeM eCTb CyIlecTBeHHas pasHulla. TOKOBBIH NUITOJb BO3HUKAET
TOJIBKO B TOM cJyuae, KOTZa pasHble yUYacTKU Bo3OyAmMMOH TKa-
HH, HaApPHMMep MbIIIIbI, HAXOAATCSA B Pa3HBIX COCTOSHHUAX —
OHM TOKOATCA, a JPyrue Bo30YKAAIOTCSI, TOrJa W IOSABISIOTCS
obsacTy ucToKa (+) U cToKa (—) U BOSHUKAET TOKOBHIH AUITIOJb,
CO3JaIONINii B TPOCTPAHCTBE OIIPeieIEHHOE 3JIEKTPUUECKoe MoJe.
Ecau »xe BcA MBIIIIA HAXOAUTCA B OAUHAKOBOM COCTOAHUHU (IIO-
KOWUTCA WJAK IIOJHOCTHIO OXBaueHa BO3OYIKJAEHUEM), TO TOKOBBIH
JHUIIOJb B 3T MOMEHTHI BPEMEHM PaBeH HYJII0O ¥ He CO3JaeT pas-
HOCTM NOTEHIIMAJOB B IIpocTpaHcTBe. Takum o6pas3om, TOKOBBIH
IUTIOJNb OTPaKaeT AUHAMUKY IIPOIecca BO30OYIKACHUA B MBIIIIIAX
¥ IPYTUX BO3OYAVMMBIX TKAHAX.

12.3. ®@u3nyeckue OCHOBbI AeKTporpadpun
OpraHoB U TKaHei

Perucrpanus ajeKTPUYECKUX II0JIeHl OPraHoOB M TKaHe# 4eJo-
BEKa U JKUBOTHBIX MOJIy4Ynya oblllee Ha3BAHUE ILeKMpPozpaguu.
XopoIlio M3BECTHO, UTO HAa KaMKJOM YyYacCTKe KJIETOUHOH MemOG-
paHbl BO30YyAMMOIN TKAHU CYIIECTBYET PA3HOCTH 3JIEKTPUUECKUX
MOTEeHI[NAJIOB ¥, 3HAYUT, CYIECTBYeT 3JIEKTPHUUYECKoe IIoJie, Ha-
MPSAXKEeHHOCTh KOTOPOr0 BecbMa 3HAUYUTEJbHA U COCTABJISET B
COCTOSIHUY IMOKOA KJIETKM COTHU KHJIOBOJILT HAa CAHTHMETD (CM.
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11.2). 9Tu 014 JIOKAJN30BAHKI, IIPEK]E BCEro, B caMoii MeMOpa-
He KJIeTKH, HO OHHM €CTb M BHE ee. DJIEKTPUYECKHe I0JId, COo3Ja-
‘BaeMble OT/eJbHBIMY dJIEMEHTAMH KJETKH, CO3JAI0T dIeKTpHudec-
KOe IT0JIe 3TO¥ KJIeTKH, a CYMMAa 3JIeKTPUYECKUX I0Jieil KJIeTOK,
00pasyoIuX OPrai Ui TKaHb, QOPMUDPYET 3JEKTPHUUYECKoe 10JIe
BCEro OpraHa WX TKaHH.

ITockonbKy B 3TO 0O6Iee 3JeKTPUUYECKOE MOJIe BHOCUT CBOH
BKJAA KadKkAad KJEeTKa TKaHW, TO U3MeHeHWe (DYHKIIVOHAIb-
HOTO, a 3HAUUT, U 3JIEKTPUYECKOT0, COCTOSHUSA OTAENBHBIX KJIe-
TOK OTPAYKaeTCs Ha 3JIEKTPHYECKOM II0Jie BCEro opraHa MJiM TKa-
. IloaToMy perucrpanusf 3JeKTPUYECKUX IIOJIeHl OpraHoB M
TKaHel MO3BOJISIET OLIEHMBATL UX (YHKIIMOHAJBHOE COCTOSIHUE,
ONpeAeNsiTh N3MEHEHUS 9TOTO COCTOAHMA MOJ HeHCTBMEM paa-
JAYHLIX BHEIIHMX (PAKTOPOB, BHIABJIATL NATOJIOTHUYECKHE WU3-
MEHEeHHA B 9THX OpPraHax M TKaHAX. Bce aTO U ompeneaseT TO
0oJIbIIIOEe 3HAUEHWE, KOTOPOE HMMeeT B KIMHHUYECKON Megul{iHe
perucTpanusa JIeKTPUYECKUX IoJiel TKaHEH! ¥ OpPraHoB B LEJNAX
IUaTHOCTUKY MX (PYHKIMOHAJIBHOTO COCTOAHUS.

TouHOe onmcaHue JIEeKTPUUYECKHUX MoJeil TKaHe# 1 OpraHoB —
JIOKHaAA MaTeMatThyecKas U (usuuyeckaa 3ajgada. llostomy wuec-
MOJIb3YVIOTCA CHOCOOBLI MX TIPUOIUIKEHHOTO OIMCAHUSA, HAIOI[Ne
BMECTE C TeM JOCTATOYHO XOPOMIYIO TOYHOCTD.

ITockonbpKy 6GMOTKAHM ¥ OPTraHBl B II€JIOM 3J€KTPUYECKU HEM-
TPaJbHBI, TO CO34AaBAEMOE UMH dJEKTPHUECKOe I10JIe MOMXKHO NpuU-
OMIKEeHHO PacCMaTPUBATh KaK 3JIeKTpUUYecKoe 11oje, o6pasyemoe
HEKOTODPBIM AUIIONIEM.

ITOT Pe3yAbTUDPYIOLINA OHUIIOJb, ONUCHIBAIOLIUN 3JIEeKTpHUUe-
CKOe II0JIe OpraHa, 4acTO HAa3blBAXT HHTErpajdbHbIM (CyMMmap-
HBIM) 3JIEKTPUYECKHM BEKTOPOM 3TOro opraHa. Kciau maBecTHH!
€ero BeJIMYNHA ¥ HampaBJeHUe, TO (paxTuyecKu HU3BECTHO Bce 00
3TOM TOJie, TaK Kak 1o Gopmysae (12.9) uam (12.11) mHerpyano
BBIYHCJIMTh IOTEHIHAJ 3JIEKTPUUYECKOro IOJA B JI000H Touke
IIPOCTPAHCTBA BOKPYT AWIIOJNA M 3aTeM OIpeNeJIuTh APyrue xa-
PaKTEepUCTUKM MOJH.

Ecnm usmeHsiercsi cCOCTOsSIHUE OTAEJAbHBIX KJIETOK TKAHM (Ha-
nupumep, 4acTb UX BO3OYy)KZaeTcsi), TO M3MEHAeTCH U JIEKTPH-
YeCKOe IoJje 3TON TKaHW, M, KaK CJIeACTBHe, NapaMeTphl JUIIOJIS
(BemumHA M HaNpaBJieHUE), ONUCLIBAIOLINE 3TO moJje. Peruc-
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TPUPYA HU3MEHSOIIYIOCA BO BPEMEHH DPAa3HOCTh NOTEHIMAJIOB
MeXXAy OIIpeJeJIeHHBIMM TOYKaMM TeJia YejioBeKa (Tak HasbIBa-
eMBEIMH 0meedeHusaMu), MOKHO IJIA KasKJoro MOMEHT4 BpeMme-
HU HaWTH BeJIWUYHHY W HAIpPaBJIEHHE 3JeKTPUUYECKOrOo IUMOJIA,
PeACTaBIAAIONIET0 dAEKTPHUUECKOE [10Jie OpraHa WJXW TKaHHU, ON-
pelesnTh, KaKk M B KAKOU IOCJIeAOBATEJbHOCTH M3MEHSJIOCh BO
BpPEMEHM COCTOSAHME OTAEJNBbHBIX CTPYKTYPHBIX YACTEM TKAHM, U
OLIEHUTh €€ (PYHKIMOHAJBLHOE COCTOSHUE B I€JIOM. JTa HUAesd u
JIEKUT B OCHOBE MCIIOJIB30BAHUA 3JIEKTPOrpaduu AJad JUarxHoc-
THKH (PYHKIIMOHAJIBHOTO COCTOSHUSA BO3OYIMMBIX TKaHed opra-
HU3Ma.

OThe/IbHBIMU JHATHOCTHUYECKMMH METOAAMHU 3JJIEKTporpadpun
ABAAOTCA: anexmporapiuoezpadusa (OKI') — perucrpanusa siex-
TPUYECKUX HOJIeH, cO3/]JaBaeMBbIX CEePAEYHON MBIIIEH; 91eKmpo-
muozpagua (OMI') — peructpauus sJeKTPUUYECKUX IOJEH CKe-
JIETHBIX MBIIIL; dekmpoanuepanozpagpus (33I) — perucrpaims
9JEeKTPUUIECKON aKTUBHOCTY I'OJIOBHOT'O MO3Ta U Ip.

Paccmorpum Gostlee moApOGHO METOH PETrvCTPAIMM SJIEKTPU-
yeckux noJeit Ha mpumepe IKI. OnexTpuueckoe moje, cosjgasa-
€MOe CepAEeYHOM MBIIIIEeH, MOKHO MPUOIUKEHHO pacCMaTPUBATH
Kak IIoJie, CO3/laBaeMOe HEKOTODPHIM TOKOBBIM AMIIOJIEM, KOTODBII
HA3LIBAIOT UHMEZPALbHLIM (CYMMAPHBLIM ) INEKMPULECKUM 6€K-
mopom ceplya WIU IAeKmPuUiecKum zenepamopom cepduya. s
KOPPEKTHOM peructpaiuy IapamMeTpoB JUIIONA HeOOXOAUMO pe-
TUCTPUPOBATH HAIDSYKEHUs MEXAY TOUKAMM, DPACIOJOMKeHHBIMU

B BepIIMHAX NPABUJILHOTO MHOTOYTOJbHMU-
Ka, B IIEHTPE KOTOPOrO HAXOAUTCA UCCIIENY-

J I k €MBIHA JUIIOJb.
[R \ Y/ L\ BriepBrie mogo0HyII0 CCTEMY OTBEASHUI

IpeAJIOXKUI ToJLIaHACKUYN Bpau B. 9#iHTXO0-
BeH. OH IIPEAJIOMKUT PACCMATPUBATD BJICK-
11 IIIK TPHUYECKOe II0JIe CepAlla KaK IIoJe 3JIeK-
TPHUYECKOr0 IUIOJNS, PAaCIOJOKEHHOTO B
F

IeHTPE PaBHOCTOPOHHEI'O TPEYTOoJbHUKA
(M3BECTHOTO TeIepb KaK <«TPEYroJIbHUK

Puc. 12.8. Tpeyroap- OWHTXOBEHA»), BEPIIMHAMH KOTODOTO SB-
HUK OMHTXOBEHA JsA0TCA npaBoe R u neBoe L miedo u oc-
¥ CTaHAAPTHbIE HOBaHue Topca F (puc. 12.8). Oguako B 1e-
OTBeJeHUs nAX yA00CTBA MAIMEHTOB U MePCOHANA AJIs
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HAJIOXKEHUS JJIEKTPOJOB HCIOJb3YIOTCA HE 3TH TOYKH, & 3allfc-
ThSI O0EMX DYK M OJIEHH JIEBOM HOTH, IPHA 3TOM CaMH KOHEYHOC-
TH MTPAIOT JIMIIb POJIb €CTECTBEHHBIX «IIPOBOXHMKOB» IIPHMEPHO
paBHOI AJIUHBIL.

OrBeleHud, NpeOKeHHbIe JHHTXOBEHOM, MPHHATO HA3BI-
BaThb CMAHOAPMHLLMU. DIEKTPOTPAMMBI B 9TUX OTBEJeHUAX OIpe-
JeJIAI0T U3MEHEeHUA BO BPEMEHH MPOEKIINH WHTETrPATbHOrO 3JIeK-
TPUYECKOro BEKTOpA CepAla D) Ha TP CTOPOHBI TPEYroJbHUM A
diiETx0BeHa. PasHocTh noTenuuanoB U; MexRIy npasoil pyxoil L
neBOi PyKoil HaswpiBaloT I oTBemeHHeM, MeXXJy NpaBOi PYyKO#M M
JgeBoil Horo#t — II orBegenuem Uy u MeXXAY J€BOM PYKOIl u JeBoil
"oroit — III orBenennem Uy, DitHTXOBEHA.

IIpu 3TOM BBINOJIHAETCA 3AKOH JUHMX08€eHA: B 110001 MOMEHT
BpeMeHM ayirefpanuecKas cyMMa HAIIPSYKEHHUH B oTBefeHnax I u
III gosxkHa OBITE PaBHA HANPAMXKEHUIO B orBeaeHuu I1:

UI + UIII = UII' (12.13)

Ha mnpakTukKe, KpoMe 9THX Tpex
CTaHAAPTHBIX OTBEJEHMH, pErucTpu-
PYIOT ellfe AEBATH OTBEJEHUI: TPU yCH-
JIEHHbBIX YHUIIOJAPHBIX U IIE€CTh I'PYA-
HBIX.

B ynunoaapuuix ycunenHwvix om-
eedenusax, o0o3HauaeMbIXx Kax oVR,
oVL u oVF, perucTpupyiT PasHOCTBb

MOTEHIHAJIOB MEXXJy OJHOH u3 Bep- F

mINH TpeyroabHukKa OJiHTX0BeHa (R, Puc. 12.9. Cxema peruc-
L uwmu F) ® ycpeAHEHHBIM MOTEHIIH- TPaI¥H YHHIIOISIPHOTO
aJI0M ABYX APYTHX €ro BEpIIWH, LA YCUJIEHHOTO OTBEACHU S
Yero mnocjefHue COeLUHSIOT MeMK- oVR

Ay c¢o00ii ABYyMsI paBHBIMH COIPO-
TuBaeHuamMu (puc. 12.9). VuHunonspHsle OTBEJEHHA ON-
penensoT IPOEKIUH JJIeKTPUYEeCKOTO0 BEKTOpa cepAma Ha
6HCCEeKTPUCHI COOTBETCTBYIOIUX yriaos R, L, F TpeyronsHuka.
OzHaKO TPH CTAHAZAPTHHIX M TPH YCHUJEHHBIX OTBENEHHS OII-
pefensaioT MOBeJeHHE 3JIEKTPUUYECKOrO BEKTOpa CepAlia JIHIlb
B IJIOCKOCTH TPEYroJbHUKA OWHXOBEHAa, T.€. BO (QpodTAILHON
IVIOCKOCTH Teja, U He AAI0T HIKaKod MHPOPMaLUK O NMPOoeKLu-
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I'pyanoit
3JIEKTPOJ
nosunuu V;

R/3

I'pyaurie
OTBeAEeHUA

Ob1masa Touka
AJA TPYAHBIX
OTBeeHHH

Puc. 12.10. Cxema peructpaiyiv rpyAgHbIX OTBELEHH I

sIX BTOTO BEKTOpa Ha HamnpaBJieHue, MEPHeHIUKYJIAPHOE 3TON
miockocTd. IloaToMy, UTOGBI MOJYYUTH IOJHOE IIPEACTaBICHUE
00 3JIEKTPHYECKOM II0JIe CepPALla, PETHCTPUPYIOT ellle LIeCTsb Z2pyo-
Hulx omeedenuii. OHY TPEACTABIAIOT COG0M PA3HOCTH ITOTEHIH-
aJIOB MeKJy OOIeil TOUKOH TPeyroJbHHKa (OHA 3JeKTPHUYECKU
coeMHEeHA TPEMS PaBHLIMH CONPOTHBIEHHAMH C BEPILMUHAMU
TPEeyTroJbHUKA JHHTXOBEHA) U OAHOM U3 HIeCTH (PUKCHUPOBAHHBIX
TOYeK Ha IPyAHOU KJeTkKe marmenrta (puc. 12.10).

Takum obpasom, npu crasgapTHoil perucrpauuu IKI' sammu-
chIBalOT 12 orBefeHUi: TpU craHgaptHbix orBegenus I, II, III;
TPH yCHUJIEHHBIX OTBegeHUA VR, oVL, oVF u 1ecTh rpyaHBIX
orBegeHuit V,—Vi.

IPQ 1 | QRS-uHTEPBAIBI

R RR-untepsan R
T T
Qlg Qs
PQ- ! QT-unTepBai
CerMeHT

Puc. 12.11. [IBa nocsenoBaTeldbHbIX KapAUOIKIA cTaHAapTHON OKT
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Tunnunetit Bung OKI' npusegen Ha puc. 12.11, rge jgaTuHC-
xumMu 6yKBamMu 0603HaUEHBI ee OCHOBHBIe 3yOIbi. HayMeHBIIYIO
aMIIUTyRy (He cumrasa 3y6noB @ 1 S, KOTOPHIE MOT'YT OTCYTCTBO-
BaTh Ha 3JIEKTPOKapAuorpaMMe) oObIYHO HMMeeT 3yber, P (0K0JI10
0,1 MB), a Haumbonbuiyio — 3yben, R (o 2 mB). JaurensHOCTH
OCHOBHBIX BpeMeHHBIX mHTepBasioB SKI' B HOpMe mpexacTasieHa
B Tabu. 12.1, npuuem juuTeapHOCTh MHTEPBaNoB QT u RR npu-
BeZleHa JJA 4aCTOTHI CepAeYHLIX coxkpamienuit 70 ya./MuH.

Ta6nauna 12.1

Hurepsan OKT PQ QRS QT RR

JInTessHOCTD, C <0,2 <0,12 0,3-0,4 0,85

DJIeKTpHYECKOoe TI0JIe CEePALa Hepa3phIBHO CBABAHO C (PH3HOJIO-
TMYECKUMU IIPOLIECCAMU, IPOUCXOAAIMMI B CEPJEUHON MBILIIE.
IIosromy, 4TOGH HPABUJILHO IIOHMMATh, KaK OPMUDYETCH dJIEKT-
POKapAuorpaMMa U O YeM CBHAETEIbCTBYIOT T€ MJIN MHEIE ee yuac-
TKM, HY)XHO MMeTh ofllue IpeicTasieHuA O (HHUIMOJOTHUYECKHX
IpOIEeccax, IMPOHCXOAAIINX B MHOKAapZe B TeueHHe CepAeuHOro
OUKJIa.

Cepane (puc. 12.12) upeacrasasier co60ii opraH BeJHUYUHON
¢ KyJIaK; OHO MMeeT HeCKOJbKO 3a0CTPEHHYIO BEpXYIIKY, obpa-
MIEHHYIO BHU3 U BJIEBO. B BepxHeil uacTu cepAla DPacrooKeHbl
ABa TOHKOCTE€HHBIX Hacoca — IIPABOE M JieBoe Ipelcepaus, Ko-
TOpBIE HANOJHAIOT KPOBbIO OCHOBHEIE HACOCHI CE€pAlla — IIPaBHIil
M JeBbIi Kenygouku. OHU pasgejieHbl BHYTPH CEPAIA TOJICTOM
MBIIIIEYHON CTEeHKOM, KOoTopas HasbIBaeTcs Ieperopoaxoif. M3
IpPaBoro KeayJouKa KPOBb IOCTYIIAeT B JierKue Yepesd JierouHble
aprepuu, a U3 JIEBOro — B A0PTY U Jajiee B OCTAJbHBIE YACTH TeJja
o 60JIbHIOMY KPYTy KPOBOOOpAaIeHud.

B cepile BHIZEAAIOT LEHTP ABTOMATHM, PACIIOIOXKEHHBIN B CH-
HyCOBOM y3Jle Ha IpaBOM IIpeJCepAuH, CUCTEMY CHEeIHATIHU3HPO-
BaHHBIX NMPOBOISAIINX BOJIOKOH, IO KOTOPLIM BO30Y:KIeHUE pac-
IPOCTPAHAETCS [0 MUOKAPAY, ¥ MBIIIEYHBI COKPATUTENbHBIN
ammapat cepjala.

16-5281
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CuHYCOBBIR
yaea

ATpPHOBEHTpPUKY-
JNAPHBIR y3ea

TIpaBoe
npejcepaue JleBBIiYKETy AOYEK
IIpaBsri Bonokna
Iypkunbe
KENyIoueK

MesxxenyaouKoBas
neperopogka

Puc. 12,12, CxemaTnyeckoe n3obpakeHue cepiiia

ITenTp aBTOMaTHu (IIeficMeKep), COCTOALIINI U3 CIeINaTbHBIX
KJIETOK, BHIpabaThiBaeT 3JIEKTPHUYECKHNEe HMIYJLCHI, 3amMyCKalo-
e KamKabli IUMKJI COKPAILeHUs CepAIla. ITOT 3JeKTPHUYeCKHil
MMITYJIBEC 3aIllyCKaeT BOJIHY BO30OY KIeHUs, KOTOpas paclIpocTpa-
HSeTCA II0 NPOBOAAIIEH cUCTeMe TIPeACePAUil CO CKOPOCTHIO OKO-
a0 1 mM/c, oxBaThIBasg MBIMIIY IIpeacepius nmpumepHo 3a 0,08 c
(T.e. 80 Mc) u BbI3BIBAA ee COKpAIlleHUWe. ITOMY IPOIIECCY COOT-
BETCTBYeT NIepBhIil, HeOOIbIION Mo amMIIuTyae 3yben P xapano-
rpammsl (cMm. puc. 12.11). 3arem BosiHA BO3OYKAEHUS HOCTUrA-
€T aTPHOBEHTPUKYJIAPHOTO ¥3Ja, Ille CKOPOCTh PACHPOCTPaHEHU
SJEKTPHYECKOr0 MMITyJbca pe3ko mazaeT (go 0,05 m/c) u mpo-
WCXOIUT 3aJlePKKa Ilepefadyn BO30YIKJeHNUA HA KeAYI0UKHU IIpu-
mepHo Ha 0,05 ¢ (cermeHT PQ). B TeueHmne aTOro BpeMeHu 3aBep-
I1aeTCsa HAIOJHEHHUE JKeJIYZOUKOB cepAua KpoBbio. [lociie oKoH-
YaHUS ATPUOBEHTPHUKYJIAPHOH 3a[ePKKU JJIEKTPUUECKUNA HM-
MyJLC OBLICTPO PACHIPOCTPAHAETCH IO MPABOM U JIEBOM HOMKAM
nyuxa I'uca npoBofsiiei cuCTeMbl, KOTOPBIE Y BEPLIMHLI cep/La
Pas3BeTBAAIOTCH HA CETh MEJIKUX IPOBOJSLINY. BOJNOKOH IlypKunbe,
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ysKe HeIOCDPeJCTBEHHO MepejaloluX BO3-
6ysKIeHMe MBIIIEYHBIM BOJOKHAM IIPaBO-
ro ¥ JIEBOT'O JKeJIYAOUKOB, BBHI3LIBAS MX
coxpaienue (3youst @, R u S). Ob6mas
IIUTEJBHOCTh KOMILIeKca 3y6moB QRS
B HOpMe cocTaBiuseT okojo 80 mc. 3arem
npuMmepso 4epe3 0,2 ¢ HaumHaeTcs BOC-
cTaHOBJieHUe (Penosapu3alus) sJIeKTpu-
YEeCKOTO COCTOSIHMSA TIOKOS KeJYIO0UKOB,
gyeMy cooTBeTcTBYeT 3yOen T AIUTENIbHO-
ctpio 120-160 mc, 1 paccaabiene MbILI-
1Bl JKEeJYOOYKOB. Bes cucrosa menypod-
®oB (uHTepBan QT) maurca 0,3-0,4 c.
Ilocne mayasl (muactonsl), paasmeiica Puc. 12.13. Cxema ¢op-
oxoio 0,4 ¢, meficmMekep samyckaer Hoylo MAPoBaHusA IKI'B orse-
BOJIHY BO3OYIKJEHUSA CepALA. Renmu 1

OpHoBpeMEHHAsA PErucTpanus 3JIeKTPOKapAUOrpaMMbl B He-
CKONBKKWX OTBEJEHUAX IO3BOJSAET OIpEAeJUTh IIOBeJeHUe UH-
TerpaJibHOI'O BeKTOpa cepiauna Bo Bpemenu. OKasbiBaercd, UYTO B
TeueHUEe CePAEYHOr0 I[UKJA ITOT BEKTOP HEIPEepPLIBHO H3MeHd-
eT CBOIO [JIMHY UM HAaIlpaBjieHWe M 3a OJMH KapAUOIIMKJ OIIUCHI-
BaeT B IMPOCTPAHCTBE TP IeTJau pasHor aMmauTyasl. [lepras
metysi P vMeeT HAMMEHBIIMNA pasMax U COOTBETCTBYeT BO3OY K-
MeHuIo npeacepaunii. Bropas metia @RS uMeer HauOOJBIIYIO aM-
INTUTYLY ¥ COOTBETCTBYET BO3OYIKAEHUIO JKEJYAOUYKOB, & TPEThS
neriia T COOTBETCTBYET PEMOJAPHU3AILMY MKeayaoukoB. IIpoeknun
THX TpeXx IeTe/b Ha JUHUN OTBeAEHUIl U ONpeAesJAioT BUJ 3JIE€K-
TPOKapAHOTpaMM B 3TUX OTBeAeHuAx (puc. 12.13).

Crnenyer uMeTh B BHAY, UTO 3JEKTPHUYECKAsd aKTUBHOCTb MH-
OKapJa Bcerja OllepeskaeT ero MexaHMuecKoe cokpamienue. Tak,
3yber; P BosnukaeT Ha ORI nmpumepno 3a 20 Mc 10 COKpalleHUs
nupencepauii, a Komiiekc QRS — 3a 40 mc go HadaJa COKpalie-
HUSA JKeJYIOUKOB.

KOHTpO/\bele BOMPOCH! 1 3aAaHNA

1. Kakue BB 3JIEKTPUYECKUX 3aPAAOB Bbl 3HaeTe? YKaKUTE €QUHU-
ubt ux namepenns B CU u Besuuuny sjemenTapHoro sapana. Coop-
MYJHUPYITE 3aKOH COXPAaHEHUA 3JIEKTPHUUYECKOro 3apsaja.

16%
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2. Yro onpegesnser 3akoH KyjoHa ¥ B KaKKUX ClIydadx ero MOMKHO IPH-
MEeHATH?

3. YKaKuTe OCHOBHYIO CHJIOBYI0O XApPaKTE€PHCTHKY 9JIeKTPUUYECKOro
IoJs U 3anuunTe GOpMyJy IJA ee BhIYMCICHHA B clydae, KOTJa
noJjie CO3AAeTCS TOUYEYHBIM 3apAAOM. B ueM 3akrJouaeTcs NPUHLIUN
CYIEPHO3UINY 3JEKTPUUECKUX HOJIeiH?

4. YKaKuTe OCHOBHYIO SHEPreTHUYECKYI0 XapaKTepPUCTUKY dJIEKTpUUe-
CKOTO I0JIfl ¥ 3anuinuTe GOpMYIY AJIA €e BLITHUCICHUS, €CJIN I0Je
CO3JAaeTCA TOUECYHBIM 3apafoM. Kaxk HalTH HOTEHIUAJ HOJH, CO3-
LaBaeMOro CUCTeMoil 3apanos?

5. Kak cBsizaHBl HaNpPSXEHHOCTh M MOTEHIMAJ SJIEKTPHYIECKOro
nonaa?

6. Uro raxoe asnexTpudeckmii aunons? Kak paccuuraTh HmOTeHIMAN
noJss, co3gaBaemoro gunonem? IlpuBesuTe COOTBETCTBYIOIYIO (PODP-
MYyJy.

7. Kak cBA3aHO HanpsAMXeHue MeXXAY JBYMA TOYKAMH 3JIEKTPUYECKOro
noJisl ¢ ImapaMeTpaMu AUIIONA, co3garoulero ero? IlpuBeaute dop-
MYJIy.

8. Uro Takoe «MmyapTHOnONIN»? Oxapakrepuayiite nx. Co3zamT Ju OHU
3JIEKTPUUYECKHE II0JIA U YeM OHHU pasjnyaioTcsa? B yem cyThb Teope-
MBI O MYJIBTHIIOJIBHOM PAa30oKE€HUH 3JIEKTPUUYEeCKHX mojeit? B yem
COCTOHUT SUIIOJIbHOE NpUbamKenue?

9. Ilouemy ompenesieHHBEIe TKAHW ¥ OPraHbl CO3XAIOT COOCTBEHHLIE
dJIEKTPHUUYECKHE TI0JIs, OT Yero OHuU 3aBucAT? UTO TaKOe MHTErpab-
HBI# 3JeKTpHYeCKUil BeKTOp opraHa? Uro Takoe ajeKTporpamMma
opraHa M KaKue BHIbI 3JIEKTPOIDAMM Bbl 3Haere?

10. KakoBbl OCHOBHBIE MOJIOXKEeHUA Teopum IJiiHTx0oBeHa? Yro Takxoe
CTAHAAPTHLIC OTBENEHUH, YCWJIEHHBbIE YHUNOJAPHLIE OTBeHeHUNA?
Kak oHU CBS3aHBI ¢ MHTErPAJBbHBIM 3JIEKTPUYECKUM BEKTOPOM Cep-
aua? Yrto mpencraBasioT coboil rpyAHbIE OTBEJEHHUS M IOYEMY MX
HeoOGXOAMMO PEerucTpupoBaTh?

11. Hapucyiite npumepssbiii Bug OKI' 1 ykakure, KakaMm GHU3MOJIOTH-
YeCKHUM MPOIeCCaM COOTBETCTBYIOT €e OCHOBHBIE 3yOULI U BpeMeH-
HbIe MHTEPBAJIbI.



IAEKTPONPOBOAUMOCTD
Masa 13 | OMOAOrMYECKUX TKAHEH
U XXMAKOCTE# AAS MOCTOSIHHOTO TOKA

OJeKTPUYeCKHil TOK OOBIYHO ONPERENAIOT KaK YIOpAA0YeHHOe
IBUMKEHIe CBOOOAHBIX HOcUTesell 3apsafoB (SJIEKTPOHOB, MOHOB
u Ap.). Takoil TOK Has3LIBAIOT MoKOM nposodumocmu. Cuna Toxa
M, CJIIOBATEeJLHO, ero BO3/elicTBUE Ha Cpely, B KOTOPOil OH pac-
TIPOCTPaHAETCS, 3aBUCAT HE TOJNBKO OT BeIMYUHBI NPUJIOKEHHOR
pas3HOCTH MOTEHLIWAJIOB, HO U OT CBOMCTB CaMoOil Cpeasl, onpene-
JAIIIUX ee 9JeKTPOIPOBOANMOCTD.

Buojsornueckue TKaHU BeCbMa HEOJHOPOAHBI IO CTPOSHUIO U
BKJIIOUAIOT KaK 3JIEKTPONPOBOASAILNE KUAKOCTH (KPOBb, JuMda,
CIIMHHOMOBIOBAaA KUAKOCTb U Jp.), TAaK U AUIJIEKTPUUYECKUE TKA-
HH (KO0Ka, KOCTh, JKHPOBad KJIETUATKA).

13.1. TOCTOSIHHBIA TOK B IAEKTPOAUTAX

B cocraB npakTHyecKHu J00010 610JI0OrnuecKkoro o0beKTa BXo-
IAT 9JIEMEHTHI, O0Jiaflalolie CBOMCTBAMHU JJIEKTPOJHTOB (TKa-
HeBas KUIKOCTh, IIUTOIIa3Ma KJETOK W Ap.). Ilosromy mepen
paccMoTpeHueM OCOOeHHOCTEH IMPOXOMKAEHUS TOKA depe3 6uoJio-
PHUYEeCKHe TKAHU HAIIOMHUM HEKOTOpbIe 00Iue 3aKOHbB! IIPOXOXK-
IeHUs TOKa uyepe3 pacTBOPHI 3JI€KTPOJIHUTOB.

IIis BOBHVMKHOBEHUs MOCTOSHHOTO TOKA B HEKOTODOM cpexe
Heo0X0AMMO OCYIIIeCTBJIE€HYE ABYX YCJIOBHIA:

1) Hamuyue cBOGOAHEIX DIIEKTPUUYECKUX 3apPAL0OB B 3TOH cpene;

2) Hanuyue 3JeKTPHYECKOTO II0JIfA, BBIZHIBAIOIIET0 HaIpaB-
JIeHHOe IBVKeHUEe 9TUX 3apANOB.

B pacTBOpax 3J€KTPOJNUTOB CBOOOJHBIE 3JEeKTPHYECKUe 3a-
pAnbl (IIOJIOKUTEIbHBIE U OTPUIlATENLHBIE MOHBI) BOSHUKAIOT B
pesyJabTaTe 9JIeKTPOJIUTHYECKONM JUCCOUallnY, & 0] AelcTBUueM
MIPUJIOYKEHHOI BHEIIHEH pasHocTH noTeHuanaos U mpoumexogur
HarpaBJIeHHOe ABIKEHHE NOHOB B PaCTBOPE — HAET dJIEeKTpUYecC-
Kuii Tok. IlonHasa cuia Toka I uepes sJIeKTPOJHUT ONpeAeNACTCS
ABMIKEHUEM KaK HOJOKUTENbHEIX (cocTaBafaiomasn I, ), Tak u oT-
punarenbHbiX (I ) wonos: I =1, +1.
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OCHOBHOI1 3aKOH NIPOXOXMKAEHUS TOKA 110 OLHOPOLHBIM IIPOBOJ-
HUKaM — 3akod Oma, corJiacHO KOTOPOMY cuja Toka I mpomop-
UOHAaJbHA Hanpsxenunio U Ha DIPOBOJHUKE:

I=U/R. (13.1)

CompoTtusiienue R oZHOPOAHOTO ITPOBOJAHUKA, KAK H3BECTHO,
3aBUCHAT OT €ro AJMHBI /, IJIOUIAAY IIONEPEUYHOTo ceuyeHus S u
YOEJHHOTO COIPOTHBJICHUS IIPOBOLHUKA P:

R=pl/S. (13.2)

Insi onucanus NPOXOKJeHNUA TOKOB Yepes CAOYKHBIE HEOQHO-
POAHEIE CpeAbl HMCHOJL3YIOT 3aK0oH OMa B auddepeHIIMATLHOM
dopme. A mMoaydYeHUSI COOTBETCTBYIOIIEI0 BHIPAMKEHUA IIPE0D-
pasyem dopmyay (13.1), noacraBus B Hee BbipakeHnue (13.2):

I1=US/pl.

YuuteiBas, 4To I/S = j — IJIOTHOCTh TOKAa, & HAIIPAKEHHOCTD
OJHOPOJHOTO 3JEeKTpHYecKoro Imojiga paBHa E =U/l, noayuum
j=E/p. O6osHauuB y=1/p, OKOHUYATEJBHO 3anunieM 3akoH Oma
B auddepeHInanbHON 1 BEeKTOPHOI (hopme

j=vE. (13.3)

VienbHAA 3JI€KTPOIPOBOJUMOCTD 3JIEKTPOJIUTOB | — BEJIMUH-
Ha, o0paTHas yAeJbHOMY MX COIPOTHMBJIECHMIO p, UMEET pasMep-
HocTs OM ™! M7 mru Cm /M. HamoMHUM, UTO efUMHUIIeH H3MepeHUA
ajexTponpoBoguMocTH ABngerca cumenc (Cm): 1 Cm=1 Om .

VcTaHOBUM 3aBMCUMOCTb YAEJIbHON 3JIEKTPONPOBOAMMOCTH Y
3JIEKTPOJINTA OT ero ¢BoiicTB. CKOPOCTh U YIOPALOYEHHOTO JBU-
JKeHUSA HOHOB 3JIEKTPOJUTA HPONOPLMOHANBHE HANPAKEHHOCTH

JIEKTPUUYECKOIO II0Jid, BbI3bIBAIOILIEr0 3TO ABUIKEHHE:

v=>bE.

KoaddpuuuestT NpPOIOPIVOHAIBHOCTH b B3aBUCUT OT MAacChl
HOHA, ero 3apsaa, (opMbl U HA3LIBAETCA IOABUMKHOCTHIO MOHOB.
0O603HaAYUM ee IJId IOJIOMKHUTEJNbHBIX MOHOB b, , I OTpHUIlaTe/b"
HbIX b_. ITOABMKHOCTE MOHOB YHUCJIEHHO PaBHA OTHOUIEHWIO CKO-
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poc'reﬁ U, U U_ YyCTAHOBUBIIIETrOCA ABUIKECHHUA MOHOB K BeJIUUYUHE
HANPDAXEHHOCTU E nons, KOTOpPO€ BBI3BAJIO 3TO ABUKEHUe:

b+=v_+;,,_=z-_(_wi]_
E E \B-c

Boizeum HEKOTOPHIM 06beM 3JIEKTPOJIUTA, TI0 KOTOPOMY IIPO-
TeKaeT IOCTOAHHBIN d1eKTpudecKuil Tok. IlycTs nonsipaocTs Ha-
NPANKEHHS TaK0Ba, YTO IT0JOXKUTEJIbHbIe HOHBI ABMIKYTCS depes
3TOT 00bEM CJjieBa HAIIpaBoO, a
OTPUIIATENIbHLIE — CIpaBa Ha-
aeso (puc. 13.1).

Torxa cymMmapHblit 3apsang @
MOHOB, I€PEHOCUMBII 3a BpeM4 ¢
yepe3 IJIOCKYI0O TIOBEPXHOCTH
mnomazaerio S, Gyger ompene- Puc. 13.1. BeizesneHHbIil 00beM
aaThesa opMynoi SJIEKTPOIHNTA

R=Q.+Q_=q,n,Sl,+qnSl,
The ¢, U ¢ — 3apAgbl HOJIOKUTEJBHBIX U OTPUIATEJLHBIX HO-

HOB; [, u l.— paccTosgHue, KOTOPOe IPONUAYT 3apALbl 3a BpeMd i
n, U n_— KOHLEHTPAIMH UOHOB.

YuutweiBas, uro [, =v,t=b, Et u l_= v_t = b_Et, nonyuum

Q=(q.nb, +qnb)StE. (13.4)

Paspenus mpaByio M JeByio yacTu gopmyssl (13.4) Ha mio-
njaas S um BpeMs f, IOJYYUM BHIDAYKEHUWE 1A IJIOTHOCTH TOKAa

I _Q

j= 35 = o yepes 3JIEKTPOJUT:
j=(g.n.b,+qnb)E. (13.5)
CpasuuBas 3axon OMa B guddepennuansaoit ¢dopme (13.3) u

topmyay (13.5), mOSyYNM BeIpakeHue IJA YAEJIbHOHN 3JE€KTpPO-
IPOBOAMMOCTY 3JIE€KTPOJINTA:

y=q.n.b. +qnb. (13.6)

Ecau cunTaTh, 4YTO BeJIMUMHA 3apsga ¥ KOHIEHTPALUA I10JI0-
MUTEJBHOTO ¥ OTPULATEILHOTO MOHOB OAMHAKOBA: |¢,|=|¢|=q u
n, =n_=an, rae o. — KO3)OULHUEHT ZUCCOIUAIIUYN, 1 — KOHIIEeH-



248 13. DAeKTPONPOBOAMMOCTL BUOAOTUHECKUX TKAHEM AAS MOCTOSIHHOTO TOKa

TpanuA MOJIEKYJ PACTBOPEHHOI'0 BeIllleCTBa, TO BhBIpAXKeHMe IJia
YIEJBHON 3JIEeKTPONPOBOAUMOCTH ajeKTpoauTta (13.6) npunuma-
eT 6oJiee IIPOCTOHN BUI:

y=agn(b, +b). (18.7)

Taxum 06p330M, IPOBOAUMOCTD 3JIEKTPOJSINTA 3aBUCHUT OT 3a-
pAga MOHOB, X KOHIEHTpaluu U IIOABUXXHOCTH.

13.2. OCO06eHHOCTH IAEKTPONpPOBOAUMOCTH
OMOAOrMYECKNX TKaHewn

ITockosBKY B CTPYKTYPY $KMBBIX TKaHeil BXOAAT 3JIEKTPOJIU-
TBI, TO IIDH NPOXOYKAEHUM TOKA 4epe3 TKaHb B OIpeJleJIeHHOH
CTelleHU IPOABJIAIOTCA O0IMe 3aKOHBI NPOXOXKACHUA TOKA ue-
pe3 aneKTpoauThl. OfHAKO GUOJIOTHYECKUE TKAHUW COZEPIKAT U
3JIEMEHTHI, 00Jajaiolnye BBIPAYKEHHBIMHM CBOMCTBaAMH AWJJEK-
TPUKOB — KJIETOUHbIe MeMODaHbI, KOTOPbIE UIDPAIOT OOJIBIIYIO
poJib B (POPMHUPOBAHUY MeXaHHU3MOB IIPOXOXKIEHUA TOKA 4epes
JKUBYIO TKaHb. ECJIM B 97€KTPOJUTAX NOJ JeMCTBHEM TIPUIIOMKEH-
HO¥ Pa3HOCTM ITOTEHIINAJIOB BOSHUKAET HAaIPaBJIeHHOe ABHIKEHUE
WOHOB — 2JIEKTPHUYECKUI TOK, TO B JUIJIEKTPHUKAX B 5TOM CJY-
yae BOSHUKAIOT SBJICHUS MOJAPUA3ANUNA — IIPOLECCHl CMeIeHNs
CBSISAHHBIX JJIEKTPUYECKUX 3apANOB U 00pasoBaHMEe M3-3a TOrO
COGCTBEHHOTO 3JIEKTPUYECKOTO I0Js, HAIIPAMKEHHOCTb KOTOPOTO
HanpapjeHa IPOTUB BHEIIHEro NoJid, Buibl HONSpU3aiuil MOTYT
OBITH PA3JIMYHBIMU.

Hunoavras (opueHmayuoHHan) norAPU3AYUSL COCTOUT B TOM,
4TO IO AEHCTBHMEM BHEIIHETO IOJIA OTAeJIbHBIE TIOJsPHBIE MOJIe-
KYJIBI BEIECTB OPUEHTUDPYIOTCS B COOTBETCTBUHU C HAIPABJICHUEM
aroro mosA. B pacTBopax BelecTB, MOJIEKYJIbI KOTOPHIX 06Gana-
10T GOJIBIINM JUIOJLHBEIM MOMEHTOM, JUIIOJbHASA NOJApU3aIus
BBI3LIBAET BHYTPH AUDJIEKTPUKA 3HAUNTEJIbHOE YMEHbIIIeHHEe Ha-
NPAMEHHOCTH BHEIITHEro 3JIeKTPUYEeCKOro noJjsd. Tak, Ais BOABI
IudJIeKTpUYecKasi IPOHUIIaeMOCTh € = 81,

Ina OmosoruyecKux OOBEKTOB BechbMa CYIECTBEHHA MAKPO-
cmpyxmypHasa noaspusayus. OHa o0ycJIOBJIEHA TeM, YTO 3JeK-
TPOJIUTHI, COAEPIKALINECA B CTPYKTYPHBIX BJJIEMEHTAX KJIETKU,
OKPY2KeHbl MeMOpaHaMM. JJIEKTPUYECKOEe II0Jie BHI3BIBAET IIepe-
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MelleHNEe MOHOB 3JIEKTPOJIUTA BHYTPH OTAEIBHOIO IPOBOASIIETO
cJIOs, a TPOXOKJAeHUe MOHOB UYepe3 OKDYKalouyio MeMOpaHy
3aTPYAHEHO K3-3a ee HU3KOI mposoaumocTtu. Takum obGpasom, B
CTPYKTYPE TKaHM BO3HUKAIOT 00pPa30BaHMA C YCTAHOBUBIIUMCH
pasfiesieHreM 3JIEKTPUYECKUX 3apsfioB, KOTOPble obsajfaioT r'u-
raHTCKUM (II0 CPABHEHMIO C OTAEJbHBIMHI MOJEKYJIaMU) JAUIMOJb-
HpIM MoMmeHTOM. CyMMapHOe 3JIeKTPUYECKOe II0Jie aTuX 06paso-
BAHMI HaMpPaBJIEHO IPOTHB BHEIIHErO IOJA, YeM U 00bICHAeTCH
BBICOKOE 3HayeHHe IUIJEeKTPUUYECKON IIPOHUIIAeMOCTH TKaHei,
H3MEPEeHHON B MOCTOSHHOM 3JIEKTPUYECKOM IIOJIe.

YHOpoileHHO MeXaHU3M IPOXOXKJEHUs IOCTOSIHHOI'O TOKa ue-
pes TKaHb mpeacraBied Ha puc. 13.2. OCHOBHOW TKaHEBLIA TOK
ompenesisieTcsi IBU)KEHHMEeM HOHOB B TKAHEBOU JKHUIKOCTHU IIOA
JeificTBHEeM NPUJIOMKEHHO! Pa3HOCTU NOTeHIUasoB. BHyTpu KJe-
TOYHBIX CTPYKTYD IPOUCXOAUT pasfesieHUe 3apafoB UM BO3HU-
KaeT pasHOCTh ITOTEHIIHMAJIOB ITPOTHBOIIOJIOMKHOIO HaIllpaBJeHUS
(s7eKTPOABMIKYIIIAS CHJIa TOJspUsanuu), ob6yCcJI0BIMBAIOIAA
BHYTPHUTKAHEBBII MOJAPU3AIMOHHBIN TOK. OTO IPMBOAUT K CHH-
JKEHMIO 3JIEKTPOITPOBOAMMOCTY TKAHEH B 1ieJIOM II0 CPaBHEHUIO C
TKaHeBbIMHU dJjieKTposintaMu. Cienyer NoJgYepKHYTh, YTO MaKpo-
CTPYKTYPHASA MOJAPU3ALNA, CHIBHO BIHAIOIIAA HA 3JIEKTPOIPO-
BOAMMOCTL TKaHeH, MPOUCXOAUT He TOJHbKO Ha IUTONJIA3MATH-
yecKol MeMOpaHe, HO M Ha OTAEJbHBIX KJETOUHBIX CTPYKTypax,
HMeIuX cOOCTBeHHbIe MeMOpaHbI.

JJIeKTpUUECKEe CBOMCTBA TKaHEH M OPTaHOB CHUJIBLHO PasJiu-
4aoTesd. 3HAYEHUs YAEJIbHOr0 CONPOTHUBIeHUA (p) U YAEJIBHOH

TrkaneBas

KUIKOCTD I{uronnaszma

Puc. 13.2. JIBu:KeHUe MOHOB B TKaHEBOH KUAKOCTH U IIUTOIJIaA3Me:
I — ocHOBHOM TOK; I' — BHYTPUTKAHEBbI! NOJAPU3AUUOHHBIN TOK
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3JIEKTPOIIPOBOAUMOCTH (Y) AJIA HEKOTODBIX TKaHeH M KUAKOCTEH
npuBegeHsl B Tabu. 13.1.
Tabauma 13.1

TKaHb, 3JIEKTPOJUT p, OM - M Y, Cm/M
CIHHHOMO3roBas }KXUIKOCTh 0,55 1,8
Kposb 1,66 0,6
MpimieyHad TKaHb 2 0,5
TKaHb MO3roBasi U HepBHAsA 14,3 0,07
Txkaub xKupoBasa 33,3 0,03
Kosxa (cyxas) 10 10°°
KocTb 6e3 HaAKOCTHUIBI 107 1077

Xopoiieil 3JIeKTPONPOBOAMMOCTBIO 00J1aal0T KUIKUE CPeabl
OpraEu3Ma: CHMHHOMO3IroBas »KUAKOCTh, KPOBb, jduMdpa. Bosab-
III0€ COMPOTHBJIEHNE UMEIOT 3MUAEPMHUC KOKU, COeJUHUATEIbHANA
TKaHb (CBA3KH, CYXOKHJINA) U, 0OCOGEHHO, KOCTh 0e3 HaJJKOCTHH-
mpl. OHAKO 2JIeKTPOIIPOBOJUMOCTh OTHEJbHBLIX YYaCTKOB Opra-
HU3Ma ONpejeideTcs He TOJIbKO 3HAUEHUSAMH 3JEeKTPONPOBOAU-
MOCTH TKaHel, BXOAALINX B UX COCTaB, HO M UX Tomorpaduei u
PYHKIIMOHAJIIBHBIM COCTOSSHUEM.

Msarkue TKaHU BHYTPEHHMX OpraHOB dejioBeKa 006J1aJaioT
CPaBHUTEJIbHO HEOOJBIIIKM COPOTUBIEHNEM — JECATKH U COTHU
OmM (B pacuerax 1o obecnedyeHHUIO 3JIEeKTPOOE30HAaCHOCTH COIIPO-
TUBJICHHE TeJa 4YeJIOBEKa 0e3 KOXKHBIX IOKPOBOB NMPHUHUMAETCH
paBueiM 1000 Om). B pelicTBHTENBbHOCTH, HU3-3a HAJIUUYUS KOXK-
HBIX NOKPOBOB, MMEIOIIUX BBICOKOE yIeJbHOE COIIPOTHUBJIEHUE,
u3MepsaeMoe Ha TOBEPXHOCTHU Teja, CONPOTUBJIEHVE OTIENBHBIX
ero y4aCTKOB 3HAUHUTEJbHO OOJbIle.

BakneimuM (QAKTOPOM, OIpPEAeNAOINUM JJIeKTPHUYECKOoe
COIPOTUBJIEHUE KOXKHU, SBJISETCA TOJIMHA POTOBOI'O CJIOS SIIH-
nepMuca ¥ ero cocrosinve. Eciam Heoporopesaoliiuie cjIou 3mu-
Zepmuca cogepxart 10 70 % Boawi, TO porosoit cioif — jaHIIb
10 %, yTo 0O0yCIOBJIMBAET €r0 BHICOKOEe conpoTusyeHue. OgHaxko
IIPY BbIAECJICHUH IOTA U DU HAJNOKEHUHU BJIAKHBIX 3JIEKTPOAHBIX
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IPOKJIAJOK POrOBOM CJIOH MOKET BIUTBIBATH BOJY, UTO CHMXKAET
ero COIPOTHRJIEHUE.

OCHOBHOIf IIyTh BJIEKTPHYECKOr0 TOKA B KOXKe — IPOTOKH
MOTOBBIX Kejie3. PasBeTBieHMe TOKOB HAauMHAETCA HA ypOBHE
4-10 CJIOA SMUJEePMICa, KOTOPBLIM MMeeT OTHOCUTEJIbHO GOJIBIIOE
KOJMYECTBO MEXXKJIETOUHON JKUJKOCTH, U AOCTHUIAeT CUJIHHOIO
BETBJIEHUSA Ha YPOBHE JePMbI (COEMHHUTENbHOTKAHHON OCHOBBI
KO0KH). B manpHeiinieM TOK pacupocTpaHAETCS IO MyTAM C Ha-
AMEHBLIUM CONPOTHBJEHHEM — CTPYKTYPaM C MaKCUMAaJIbLHOH
3JIEKTPOTIPOBOANMOCTBIO.

13.3. Hekotopbie AeyeOHble MeTOAbl, OCHOBaHHbIE
Ha MCMOABL30BAaHUMM NOCTOSIHHOTO TOKa

T'anveanuszayusa — 3TO BO3AEUCTBHE HA TeJIO HeJOBEKA IIOC-
TOAHHBIM JJIEKTPUYECKMM TOKOM Ipu HanpsykeHuu g0 80 B u
cuie Toka g0 50 MA. IlpenesbHO gomycTuMasi IJIOTHOCTh TOKA —
0,1 mA/cm?. Tlpu ocylecTBIeHHH rajJbBaHU3AMMY MEXKAY DIeKT-
poaMM U KOMKell IIOMEeIIaioT BJIaKHbIe HPOKJIANKHN, CHUIKAIOIIUE
COIIPOTUBJIEHHE KOXKU M YCTPAHAIOIINE IPUIKUTAOIIee JelCTBUe
TOKA IOJ CYXHUMHU 3JeKTpoAaMu. VICTOUHMKOM peryaupyeMoro
TMOCTOSAHHOTO HAaNpPSKEHUA SABJSETCS allllapaT TaJibBaHU3aIUW,
NPeACTaBAAWINUNA, B CYIIHOCTU, BBHIIPAMUTENb [I€PEMEHHOTrO
TOKa.

IlepBuunbie pusdecKre MeXaHMU3MbI BO3HEINCTBUSA IIOCTOAH-
HOro TOKA Ha JKUBYIO TKaHb OOYCJIOBJEHBI NBUKEHUEM MOHOB,
UX pasfejeHMeM KM H3MeHeHHeM HMOHHBIX KOHILEHTpauUu#il B pas-
HBIX 2JeMeHTaxX TKaHU. CTPYKTypHBLIE NEepecTPOHKHU B TKAaHH,
BO3HUKAIOII[E TIPU TOKOBBIX BO3AEHCTBUAX, UBMEHAIOT TeUdeHUe
JIOKAJbHBIX OMOXMMUYECKUX MPOILECCOB U (GOPMUDPYIOT OTBET HA
BO3AeHCTBUE TOKOM Ha OPraHHOM M OPraHM3MeHHOM YPOBHE, KO-
TOPBIA B HEKOTOPBIX CJAYYaAX NPOABJISAETCA B JOCTHXKEHHUU I10-
JOXKUTEJBHOTO TepaneBTUUECKOT0 adeKTa.

CaenyeT oTMETUTH, YTO BhIAEJeHNe TEIlIa IPYU rajJbBaHu3alnu
KpaiiHe majio. 1o 00BACHAETCA TeM, UTO IPU BCeX BO3AEHCTBU-
fIX Ha ’KUBYIO TKAHb IIOCTOSHHBIM TOKOM €I'0 IIJIOTHOCTDb JOJIMKHA
OpiTH Mauioit (ue Beite 0,1 MA/cm?). OrpaHnYyeHNA Ha BEJIUYHMHY
BO31E€HCTBYIOLIEr0 MOCTOSHHOTO TOKA HAJIAraloT COIPOBOMIAIO-
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e ero IIPOXOKAeHue ABIEHUS dJeKTponausa. Eciu oHM CTaHyT
CYIIeCTBEHHBIMH, TO IePBHYHAA CTPYKTypa *KMBOH TKaHM MO-
s)xeT 6bITh HapymnieHa. IIOCKONIBKY KOJIMYECTBO TEILIOTHL & ompe-
aensercs sakonom Ixoyna — Jlenna: @ = I°Rt (I — cmna Toka,
R — conporuBnenne, ¢ — BpeMsa JeiicTBus), a CHMJIa TOKA MAaJja,
TO M TeII0BOH 9((eKT HeZBHAYUTEJIEH.

Jexapcmeennwvii anexmpogope3 npexpcrasiaser coboii code-
TaHHOe Bo3jeiicTBMe Ha OpraHMaM JBYX (DaKTOpPOB: gu3suuecko-
20 — 3JEKTPUYECKOro TOKA U XUMUYECKO0z0 — WOHOB JeKape-
TBEHHOI'O BellecTBa, IOCTYIAIOIIUX B OPraHM3M C TOKOM uepes
KOXKY WJIH CJU3UCTHIe 000JOUKH.

Mexay a7e€KTpOAaMM M IIOBEPXHOCTBIO TeJia IOMEMIAoT Ha
NPOKJafKax pacTBop MeauxameHnrta. Cojepskamiueca B 9TOM
pacTBope JIeKapCTBeHHBIE MOHBI MOJA AEWCTBUEM NPUJIOMEHHON
Pa3HOCTH MOTEHIMAJIOB IIPOHUKAIOT BHYTPh TKAHell opranmsma.
VloHb! IeKapCTBEHHBIX BEIIECTB BBOASATCS C SJIEKTPOa OGHOUMEH-
HO¥ NOJIAPHOCTU. Tak, NOJOKHUTEIbHbIe NOHBI (KATHOHLI) BBOJAT
c aHOza (+), a OTPUIATEJILHEIE MOHBI (AHMOHBI) — ¢ KaTtoja (-).
Cuuraercsa, UYTO IPH 3JEKTPodoOpese JEKAPCTBEHHBIE BeIeCT-
Ba NPOHUKAIOT B BEPXHME CJIOU KOXKKM M 00pasyioT TaM KOXKHOe
Iieno, u3 Koroporo B reuenue 3—-20 gueil nudPyHIUPYIOT B KPOBb
¥ 1My ¥ pasHOCATCS II0 BCEMY OPraHusMy.

XoT# JIeKTPHUUYECKUH TOK IIPH OCYIIECTBJIEHUU daeKTpodope-
32 ¥ BBINIOJIHSAET TPAHCIOPTHYIO GYHKIIMIO, er0 Helb3A paccMar-
PHMBaTh TOJBKO KaK CPEACTBO JOCTABKM JIEKAPCTBA B OPraHM3M.
INeKTPUUECKHUI TOK, AefiCTBYA Ha TKaHW, B TOM YMCJE pelel-
TOPHI, BO30yXKJaeT UX WU IIPUBOAUT B COCTOSHWE MNOBBIIIEHHOM!
aKTHUBHOCTU. IIpu aTOM M3MeHseTcA (apMaKOKHMHETUKa — Jeiic-
TBUE JIEKAPCTB MOXKET YCWJIMBAThCA MU ocaabnsiteca. Kpome
TOTO, BBOJMMBIE JIeKapCTBa MOI'YT YCHJIMBAThL WU OCHA0IATH
gelictBue ToKa. IIo cpaBHEHUIO ¢ APYTUMHU CIOCOO6aMU BBeAeHUSA
JEeKApPCTB — UHBLEKIIMOHHBIM, BHYTPUBEHHBIM, HHIAIAIMOHHBIM
U IPYTHM -— BO3AEHCTBYE IIPH 3JEKTpodopede HOCUT IJIaBHBIM
0o0pa3zoM MeCTHBIN XapaxkTep, NpUUYeM B OPraHM3M I[OCTyImaeT
auink 2-5 % JeKapCTBEHHOTrO BEIeCTBAa, HCIOAL3YyeMOI'o B mpo-
nezype. OgHAKO TepaneBTHUECKUU 3(PHEeKT MOKeT AOCTHUraThcsd
¥ TIPH CTOJIb MAJBIX 03aX.



KOHTPOAbHbIE BOMPOCHI M 3aAAHUSI 253
—_— . ,

KOHTpOAbHbIE BONPOCHI M 3aAaHUs

1. BoiBeaure 3akoH OMma B guddepeHnuanbHoi ¢opme. Kakos cMBICT
BXOLAINKUX B HEro BEJUUHUH?

2. Kak cBsizaHbl yAeJbHAs 3JEKTPOIMPOBOAUMOCTE M YJAeJILHOE COIpPO-
THBJEHUE dJeKTpoauTa? B KaKkux efMHUIAX OHU U3MepAoTcs?

3. Kakue XapaKTepUCTUKH 3JIEKTPOJIUTA OIPEAEeNAI0OT ero 3JIeKTPOIpo-
BOJUMOCTb?

4. YUro Taxoe BHYTPUTKAaHEBbIM MOJAPU3ALAOHHBIA TOK U 4eM OH 06yc-
JgoByeH?

5. Iouemy ¢GusKMOTEpaneBTHYECKOe BO3IeliCTBHE MOCTOAHHBIM TOKOM
HA »KUBYIO TKAHb HE COIIPOBOXXAAETCA 3&AMETHLIM TEILJIOBBIM 3(deK-
ToM?

6. Uem pasnuuaroTCA rajlbBAHU3AINSA K dJIeKTpodopesd?



[MepemeHHbIf TOK. DAeKTPUYeCcKuii
MaBa 14 | MMNEAAHC XXUBOW TKAHMU.
OcHoBbI peorpacum

ITepemerHBIMY HA3LIBAIOT TOKU U HATIPAXKEHUS, 3HAUCHUA KO-
TOPBIX M3MEHSAIOTCH 10 BpeMeHHU.

OOBIYHO 9TH M3MEHEHUS UMEIOT NEepHOAMUYECKUIH Xapakxrep.
AMInuTyna ¥ yacToTa HaIpAMKeHUA OOBIYHO 3aJaHblI 3apaHee,
a TOK, BO3HHUKAIOUIUN B HArpysKe, SIBJIAETCA CJEJCTBUEM IIPU-
JIOXK€HHOTO HAIPSKEHUS M 3JeKTPUUECKUX CBOMCTB HATPY3KH.
YacToTa TOKa, KaKk MPaBUJIO0, COBIIAIaeT C YaCTOTOH HAIIPAKEHU,
HO aMILIUTYZAAa TOKA, CABUT €ro HadaJbHOU (a3bl ¥ BBIJEJIAIOIIA-
scsl cpeJHAsA MOUIHOCTh IIOJIHOCTHIO OMPENesAIOTCS CBOMCTBAMHU
HArpy3KW U CYII[ECTBEHHO 3aBUCAT OT YACTOTHI.

WccnenoBanre 3aKOHOMEPHOCTEH IIPOXOXK/AEHHUS TOKOB pas-
JIMUHBIX YAaCTOT Yepe3 KUBbie OUOJIOTUYECKNE TKAHU ITO3BOJINJIO
OPeJIOXKUTh PAJ METOAOB AUATHOCTHKHU COCTOSIHUS OPraHOB U
(GYHKIIMOHAJBHBIX CHCTEM OPTaHM3M4a, a TaK¥Ke MeTOOB BO3Jeic-
TBUA IIepeMeHHBIMHM TOKAMH Ha OPTaHu3M C JIeueOHOM 11eJibio.

14.1. OCHOBHble XapaKTEePUCTUKN NEepemMeHHOro
TOKa

Haubosiee Ba)xHOE MPaKTHUUECKOE 3HAYEHUE MMEIOT IepeMeH-
HbI€ TOKY, N3MEHSIOIIHUECHA 10 TAapPMOHNYECKOMY 3aKOHY:

U=U,sinwt, I =1,sin(ot + ¢). (14.1)

3uaueHusa HanpsxkeHus U u cuibl Toka I, ompenesiseMbie B
pasjndHble MOMEHTHI BpeMeHu ¢t ¢opmyaamu (14.1), maseiBaioT
M2ZHOBEHHBLMU, & UX MaKCUMaJIbHBIEe Beaudunsl U, u [, — am-
naumyonsimu. Iuxkindeckas yacrora o = 2nv=2x/T (v —au-
Heiinasi yactora, T — IepuoJ) TOKA WM HANPAXKEHUS OJUHAKOBA.

PasHOCTh (a3 @ MeXXKIy TOKOM K HAIPSAKEHUEM Ha3bIBaeTcCH
daszoevim c06uzom U 3aBUCUT OT BHAA HATPY3KHU, BKJIIOUEHHOMU
B KOHKPETHYIO 3JIeKTPUYECKYIO I[elb.
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e

VepenHeHHBIE O IIePHUOJY 3HAUEHUS MOZYJIEH IepeMeHHBIX
1oKOB [, n HanpsxkeHuil U, ONpenensOT UX NelCTBHE W Ha3bI-
paloTCH apdexmusnbimu unu deiicmeyrouyumu. OHU CBAIAHEL C
aMIUINTYAHBIMY 3HAUEHUSMH ITPOCTHIMU COOTHOIIIEHUAMU

I U
I, = —f'z: y Ug = ——\/-%— . (14.2)
Cpenuas MOLIHOCTL P, BBlAeNsieMas B UENH IMePEMEHHOI'0
TOKAa, onpenesdercsa dopmMmyaamMmu

P=1I,U,cos¢, P= %ImUm coso (14.3)

M CYIIECTBEHHO 3aBUCHUT OT CABUTA (ha3 (¢p MEXKAY TOKOM U HAIps-
MEHMEM, TI03TOMY MHOKHUTEJBL COS( YacTO HA3LIBAIOT KO PuyU-
eHmoMm MOoujHoCmu.

CBf3b MeXXJy IepeMeHHBIMHU Ha-

IPAMKEHWEM M TOKOM YAOOHO mpen- / I
CTABAATHL rpadMyecKyd B BUJE BeEK- @ Un
TOpHBIX amarpamm (puc. 14.1), Ha o
KOTOPBIX aMILIUTYALI HATIPAMKEHUS U Puc. 14.1. Bexropras

AuarpamMa nepeMeHHOoro

TOKa OTOOpaKaloTCA BEeKTOPAMU COOT-
TOKA ¥ HANPAXKEHUA

BETCTBYIOII[E€H IJWHBI, a yroJl MeXIy
HUMH paBeH casBury das o.

PaccmoTpum pasnuuHble BUALI HATPY3OK B I[eIIU IePeMEHHOT0
TOKa, I1oJaras, 4YTo II0aBaeMoe HaIpAKeHNe Bcerja U3MeHAeTCA
o 3akony U = U, sinwt.

14.2. Pa3AuuHble HArpy3ku B Uenn NepemeHHOro
TOKa

3axkon Oma, yCcTaHABAMBAIOIUI CBA3h MEXAY COIIPOTHBJIE-
HUeM IenH, IIOCTOSAHHLIM TOKOM M HAIPAMEHHEM, CIDABEIJINB
U s nepeMeHHBIX TOKOB. ToONbBKO HeoO0XOAHMMO YUYUTHIBATH,
4YTO B JaHHOM CJiyyae COIPOTHUBJEHNE IleIH U CABUT (a3 Mexay
TOKOM UM HaNpAXeHHeM 3aBHCAT OT BHAA HATPY3KHU M YaCTOThI
TOKa.
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14.2.1. AktuBHas Harpy3ka

Eciy UCTOYHMK HATIPAMKEHUS 3aMKHYT Ha OMMYECKOe COIIPo-
Tusaeane R (puc. 14.2), To B 1100601 MOMEHT BPEMEHH MOXKHOQ
HaWTH cHJIy TOKa o 3akoHy Oma:

I :—ngi‘—sinmt:Im sinwt .
R R

B nmannom ciydae cuijia TOKA B I[N M3MEHAETCA II0 TAKOMY
JKe 3aKOHY, 4YTO M HAIpsKeHHe, GasoBuIif cxBUr ¢ = 0, mosTomy
MOII[HOCTb, BBIOEJAMINASCA Ha HArpyske, MakcHMajbHa (Tak

1
Kak cos¢ =1) m pasua P, =1 U, = EImUm .
IlockombKy HA OMHUYECKOM COINPOTHUBJIeHUuM R Bblaeasercs
HamboNblIas TEIJIOBasA MOIHOCTb, €ro Y4aCTO Ha3hIBAIOT aAKMUs-
HbLM COMPOMuUGLEHUeM NI AKMUEHOU HazpysKkoi. 3axoH Oma

IpYU TAKOM Harpy3Ke BBLINOJHSAETCA TAKMKe AJSA aMIJIUTYIHBIX U
3 PeKTUBHBIX 3HAUEHUN TOKA U HAUPAMKEHUA:

I,=U,/R, I,=U,/R.
BexTopHas [uarpaMMa TOKOB M HAIPAMKEHUI IIPU aKTHUBHOM

HArpy3Ke uMeeT IIPOCTOH BUJ, NpeACTaBIeHHbIH Ha puc. 14.3.

14.2.2. EMkoCTHast Harpyska

IIycts mepemMeHHOE HaNIpsKeHNe, U3MEHSAIOUIeeCA 10 rapMo-
HnyeckoMy 3akoHy U =U, sinwi, mogaerca Ha KOHZEHCATOD

— U
Puc. 14.2. AKTuBHAaA HATPY3Ka Puc. 14.3. BexTopHas guarpamma

B LieIIU IIepeMEeHHOT0 TOKa TIPY AKTUBHOH Harpyske
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emrocTbio C (puc. 14.4). Koupencarop
Ha4YHeT 3apsyKaTbCA U [epe3apsdKaTbCA C
yaCTOTOH IIePEeMEHHOr0 HaNpPSXKeHUudA, H
3apsii Ha KOHJeHcaTope OyJeT M3MeHHThb-
cs IO 3aKOHY

g=CU=CU,,sinnt.

TToCcKOIBKY CHJIA TOKA B Iieri — aTo mpo-  PYC. 14.4. EmkocrHas
dq HarpyskKa B I1ellnu

u3BOAHAA OT 3apAAa 1o Bpemenu [ = TR IepeMEeHHOTr0 TOKA

TO, BBIIIOJHHUB AuddepeHIIMpOBRaENe, HA-
JleM TOK B 9TOHU IIeMnu:

I=CoU,coswt =1, sin(mt + %) ) (14.4)
roe I, =CoU,,.
Besnuuna
Y 1
X, =—-2=— 14.5
© I, oC (14.5)

omnpejeasieT cConpoTuBjaeHue eMxoctTu C nmepeMeHHOMY TOKY dac-
TOTOM ® ¥ HA3LIBAETCS eMKOCMHbLM conpomuéieHuem. Bua-
HO, 4T0 X, YMEHBIIaeTCs C POCTOM YaCTOThl IIePEeMEHHOI'0 TOKa
U CTPEeMHUTCA K HYJIIO, TOTHA KaK AJsd MOCTOSHHOro Toka (= 0)
COIPOTHUBJIEHE €eMKOCTH OECKOHEUHO BEJHKO.

W3 dopmyasl (14.4) cienyer, 4TO TOK, MAYHIUI 4yepe3 KOH-
JIeHcaTop, o (pase oleperkaeT HanpssKeHue Ha HeM Ha ¢ = 90°.
Tak kax c0s90°=0, To cpeaHssa 3a MepPUOJ MOIIHOCTH, IOTPeO-
JseMasi YHUCTO €MKOCTHOM Harpyskoil, paBHa HYJIO (IlepBble
IOJTepuoaa KOHIEeHCATOD 3apsaKaeTcs, a

A
BTOpBIe — pa3pssKaeTcd U OTHaeT IOJy- In
YEeHHYI0 dHEePruio Ha3aj] B CeTh):
I U T[/2
P, =-2""¢c0s90°=0. U
C 2 k. m

BexkTopHas quarpaMMa TOKOB U Hanps- Puc. 14.5. Bexropras

KeHUH NpPM €MKOCTHOM Harpysxke umeeT AuarpaMMa 1npu

BUJ, NpeJCTaBJICHHbIH Ha puc. 14.5. EMKOCTHOM Harpyske

17-5281



258 14. TepeMeHHblii TOK. IAEKTPUUYECKMA MMNEAAHC KMBOWA TKaHu

14.2.3. MHAyKTMBHas Harpy3ska

Tlopk0uuM K ceTu mepeMeHHOTO Hamps-

sweaua U =U, sinwt Karymky HUHIYKTHUB-

HOCTH L C MaJIbIM aKTHBHBIM COIIPOTHBJIE-

~U L uuem R=0 (puc. 14.6). Korga mo xaryuike
HUJET IepeMeHHbLIH TOK, B Hel BO3HHUKAaeT

3IC camowBAyKIMu, KOTOpas IO 3aKOHY

JleHIla HOPOTHBOJENCTBYET IIPHJIOKEHHOMY

Puc. 14.6. HAIPAMKEHUIO:
NupyxruBHas
HATPY3KA B IeNu e = LY - _y sinot.
[epeMeHHOro TOKa ¢ dt "

Pemrenve »artoro auddepeHIInaibLHOTO
YPaBHEHUS OTHOCUTEJILHO TOKA UMeeT BUA:

U .
I=-——"cosot=1, sm(co t- £). (14.6)
oL 2
Buguo, 4To B 1[enu ¢ MHAYKTUBHON Ha- %
rPYy3KO# TOK OTCTAET Mo (ade OT HANPIKe- —n/2 m

Hua Ha 90° (puc. 14.7), mosToMy cpemHas
MOII[HOCTh, BBIAEAANIIIAACA HA UMCTO HH-

IYKTUBHOM Harpyske, paBHa HYJIIO: T

m
U Puc. 14.7. BekropHas
P =-—"-"c0s90°=0. AuarpaMma Ipu uH-
AYKTUBHOH Harpyske

ConpoTusJieHNe UHAYKTUBHOCTY IIePEeMEHHOMY TOKY Ha OCHO-
BaHuu 3axKona Oma

X, = -2 = oL. (14.7)

Buzgso, 4To mocToaHHOMY TOKRY (® = 0) yncTas uHAYKTUBHOCTD
L ne oxasmBaer conporusienus (X, =0), a ee conporusienune
epeMeHHOMY TOKY pacTeT NPOHOPIMOHAIBHO YacTOTe.
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14.2.4. MoaHoe conpoTusaeHne (MmrneAaHc)
NOCACAOBATEAbLHOH LENU NEPEMEHHOMY TOKY

PaccMoTpuM 1enb IIePpEeMEHHOr0 TOKa,
coJiepKaulyo IOCJaef0BaTeJIbHO COeIU- R
HeHHBIe Harpy3KH Tpex BuAoB (puc. 14.8).
JInsA Lenu MOCTOAHHOTO TOKA €e IIOJIHOe
COIIPOTHBJIEHHE OIPEeAeNAIoCh OBl Kak
cyMMa COIPOTHBJIEHWII BCeX IIOCJIeJOBa-
TEJbHO BKJIIOYEHHBIX COCTABJIAIOIINX.

B nocsiemoBaTebHOM eIy NepeMeHHO- L
ro TOKa o0IIMM AJIS BCEX HATPY30K LENH p,.. 14.8. Omuueckas,
ABJIAAETCH TOK, & HATIPSYKEHUS HA KAXKAOM  evyocTHAH M HHAYK-
U3 3JIEeMEHTOB INeny CABHHYTHI IIO Q)ase THBHas HATPY3KHU B LIEITH
OTHOCHUTEJBHO TOKA: HAIIPSIKeHWe Ha aK- [IePEMEHHOI0 TOKA
THBHOI HArpyskKe coBmajgaeT mo ¢ase C
TOKOM, HAIps)KeHue Ha eMKOCTH OTCTAeT
or ToKa Ha 90°, a HanpsAKeHUe Ha NHAYK-
THBHOCTH OIlepeXKaeT TOK 1o ¢ase Ha 90°.

ITosTromy npm omnpenejleHUH IIOJHOTO
COIPOTHBJIEHUA 3JIEKTPUYECKOH 1enwu,
npeAcTaBiIeHHOM Ha puc. 14.8, Heobxo-
JUMO YYMTHIBATH (hasoBble COOTHOIIEHUS
Me)XAy TOKOM M HAIpPAXXeHHEeM, 3aBUCHA-
1¥e OT BHJAA HATPY3KH.

PaccuutaTh TOK B TaKOH ILleIIM MOYKHO
€ IOMOI{BI0 BEKTOPHOIi JUarpaMMel, mpex-
CTaBJIeHHOI Ha puc. 14.9. I3 Hee BUAHO, UTO

U, =JUL+(U, -U,) . (14.8)
IlocKONMBKY aMILIUTY/ bl HAIIDAMKEHWI CBA3AHBI ¢ AMILIATYA0H
Toxka cootHomenusavu Uz=I R, U.=1 X, U, =1,X;, To nocne
DOJCTAHOBKH TIOJYYHM
U, =I,JR® +(X, - X,)* .

m

Puc. 14.9. Bekrtopnas

AuarpaMma Ajis nocJe-

JOBATEJbHOM LeNu IIe-
PEMEeHHOT0 TOKa

Temeps MOXKEM OIIPEJEJUTHL NOoAHOe conpomuénenue Z (um-
nedanc) mocjeAoBaTeIbHOMR IeNN IIePEMEHHOMY TOKY, YUUThLIBAA
dbopmyaw (14.5) u (14.7):

17%
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2
z=Un _ R%(L—wL) . (14.9)
m oC

Casur has ¢ MeXAy IMOJHBIM TOKOM M HaNpPAKEeHHEeM B 3TOH
LieNy ONpefesaeTca U3 COOTHOIIeHUA

1
— —oL
X, -X C 0)
tge = =< L -@ . 14.10
g R 7 ( )
AMIIATYAa TOKA B 9TOH LIENHU OIpefeseTcsa mo 3akony Oma
U
[ =Yn Un : (14.11)
VA 1\
R? + (co L- ——j
oC

BuaHo, uTo MMnenaHc Z paccMaTpHBaeMoOil I 3aBUCHUT He
TOJBLKO OT IIapamMeTpoB Harpy3ox R, C u L, HO 1 OT 4acTOTHI O
nepeMeHHOro HanpsikeHusi. Ha puc. 14.10 npuBeneHs! rpadukru
3aBHCHUMOCTH COIPOTUBJIEHUH pa3HBIX HAUPY30K OT YacTOTHI Ie-
PEMEHHOTO TOKa.

Zh |\

R ]

0 Opea o

Puc. 14.10. 3aBucuMOCTb AKTUBHOrO R, MHAYKTUBHOTO X;, eMKOCTHOTr0 X,
U IIOJHOTrO Z (IyHKTHUP) CONPOTHUBJIEHMI Iy OT YaCTOTEI TOKA

WUmMmneganc npuHUMaeT HauMeHbIllee 3HAYEHUE, PaBHOE aK-
. _ 1
TURHOM Harpyake R, nmpu o L = PR B aTom cayuae cuia Toka
®

B IIeNI¥M MaKCHMaJIbHaA U B LIelIM HaCTyHnaeT sBJIEHHEe 3JIeKTpruuec-

Koro pesoHaHnca. IlosTomMy wacrora ®,, = 1 , Ha KoTopo#
vLC

HabJII0AAeTCs 3TO ABJEHNe, HA3BIBAETCSA PE30OHAHCHOIL wacmomoil
ganHoil unenu. IIpu aroMm Z = R, a cgBur das MeXXAy TOKOM M Ha-
npsixkeaneM ¢ = 0, T.e. Ha 9TO# yacToTe 1ens BeZeT cebs Kak Yuc-
TO aKTUBHas Harpyaka R.
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=

14.3. ConpotuMBAeHHe XKMBOW TKaHu
nepemeHHoOMy TOKY

NsmepeHusa MOJHOTO COIPOTHRBIEHUA (UMIegaHca) >KUBOH
TKAHU, IPOBEeJeHHbIe Ha PA3HBIX YACTOTAX, IMOKA3LIBAIOT, UTO
COMPOTHUBJIEHNE TKAHU MaKCUMAJILHO U PaBHO R, HA mocTosHHOM
roxke (0w =0), a ¢ yBeITHUEeHNEM YaCTOTHI NIEPEMEHHOr0 TOKAa UM-
nejaHC CHayajaa OGhICTPO YMeHb-
maeTrcsi, a 3aTeM, JOCTUTHYB z
HEeKOTOpPOTo 3HaYeHUA Z,, OCTa-
eTCS NPaKTHUYECKH IMOCTOAHHBIM
(puc. 14.11). Takas saBucwu- R,
MOCTh HMOENAHCA OT YacCTOTHI Z,
YKas3bIBaeT Ha TO, YTO B JKUBOM
TKAH! HeT 3JEeMeHTOB, 00J1azalo- ®
MAX HHAYKTUBHOCTBIO, HO ecin Puc. 14.11. Tummasas
BMeMEHTBHI, obrafalomue CBOMC-  ,4uucumocTs MMIEIAHC FKIBOL
TBaMH €MKOCTH. TKaHM OT YaCTOTHI

IIpocreiias aneKrpuuecKas
cxeMa, MMIeJaHC KOTOPOHM MMeeT TAKYIO K€ YACTOTHYIO 3aBHU-
CHMOCTB, YTO U MMIIENAHC 3KMBOM TKaHU, MpPEACTABICHA HA PHC.
14.12. ITonHoe BhipaXkeHHe MMIeJaHCa TAKOH LiellM, SKBUBAJIEH-
THOTO UMIEeZaHCY KUBOH TKaHHU,

,. R/E X

CJB Ry X2

2 22
7= R, |1+ R;0"°C . (14.12)
J1+(R, + R, 0*C?

EmrocrHOe conmporuBieHune TRauu X.=1/wC onpezenserca
€e JUIJIEKTPUYECKUMMHU CTPYKTYPHBIMM COCTaBJASIOIMMHU (KJe-
TOYHbIe MeMOpaHBI, JKUPOBas KjeTuaTKa, SIHIEPMHUC), a BeJU-
uuHa conporusneHui R, u R, (upuuem R, >> R,) oupeaenserca
OMHYECKUMM COCTaBJISIOIINMY IPOBOAANIMX CTPDYKTYP OMOJIOTH-
Yeckoil TkaHu (Kooku (R;), TKAHEBOM XUAKOCTU, KPOBU, I[UTOI-
aasmet (R,) u ap.

uin
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mam

B B npeapcraBieHHOH Ha puc.
14.12 3KBUBAJICHTHOI CXeMe IIOC-

TOSAHHBIA TOK MOMKET HATHU TOJBKQ

R, c 2 yepe3 CONpoTHBJIeHNe R;, Tak Kak
|__ comporuBieHne emKoctu C Aia

Hero GeckoHeuHO BeauKo. Ho aus

Puc. 14.12. OxBuBaNeHTHAA  repeMeHHOr0 TOKA CONPOTHBIEHHe

SNIEKTPUUECKAR CXEMA HUBON  oppoCcTH YMEHBIIAETCA C yBeJIude-

TraH! HUEeM 4YaCTOThI, & C HUM yMEHbIIa-

eTCA M IOJHOE CONPOTHBJeHHe Ienu. Ha oueHL BBICOKMX Hac-

TOTaX COIPOTHBIEHNE eMKOCTH cTpeMurc K HYJI (X, —> 0) u
HMIEAAHC CTPEMHUTCA K HAMMEHbIIEMY 3HAYeHMIO:

. BBy
ey (14.13)

Cnenyer uMeTs B BHAY, YTO KAXKAAS TKAHb XapaKTepUayeTcs
CBOMMH 3HaueHHMAMHN napamerpoB R,, R, u C B 3KBUBaJIGHTHOMH
cxeme. Hampumep, AN KOMKM COIIPOTHBJIEHNE HA ITOCTOSAHHOM
TOKe OYeHb BeJIMKO U cocTapiser R, ~ 10*-10° Om, a Ha BHICOKHKX
yactoTax nagaer B 10-20 pas. [Ins MATKMX KPOBEHAIIOJHEHHBIX
trkageil R, mano (R, ~ 10° Om), MeHbIle UX €MKOCTHOTO COIpO-
TUBJIEHUS Ha HUBKHUX YACTOTaX, II03TOMY 4YacCTO 3KBUBAJIEHTHEIE
CXeMbl MATKUX TKaHEW IPEeACTABJIEHBI TOJBKO UX AKTHUBHEIM CO-
MpOTHUBJIEHUEM R,;.

Ha cpefHuMX ¥ BBHICOKHMX YaCTOTaX, AJS KOTOPHIX COMPOTHB-
JeHue HUXHeld BeTBHU Henwu (cM. puc. 14.7), cocrosmeit ns R, u
X,, 6yAeT 3HaUYUTENbLHO MeHbIIe R, 1 ocHOBHOI TOK Oyaer uaTu
IO HU:KHel BeTBM, IIO3TOMY HA 3THX YACTOTAX HMIIEZAHC eI
MOYKHO ITPUGJINKEHHO BHIPDA3UTh 00Jiee mMpocToil hopMyJ10ii:

2
Z=|R? +(L) . (14.14)
oC

Ona nocroarHoro Toka (o =0) ¥ HUBKHX YACTOT 3Ta (Op-
MyJa HEeIPUMEHUMa, HO Ha CPeJHHX M BBLICOKHX 4aCTOTax OHA
JaeT YIOBJIETBOPHUTEJbHBIE Pe3yJabTaThl, ecau R, >> R,+ X,.
HauMeHplllee 3HaUYeHWe UMIIEJaHCA TKAHM HA BHICOKMX YaCTOTax
onpejieJifieT BeJJUUYMHA CONPOTUBJIEHUA R,.
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3aBUCUMOCTL MMIIeJaHCA TKAHU OT YaCTOTHl IIepPeMeHHOr'o
TOKA OTpejensieTcss (PU3NOJOTMUECKUM COCTOAHUEM U MOPQOo-
JOTMUECKUMU OCOOEHHOCTSIMM TKAHM, UTO IMO3BOJSET HCIOJb-
30BaTh M3MEPEeHMS HUX 3JeKTPOIPOBOAUMOCTH B GHOJOTHYECKHX
¥ MEOULMHCKUX HMCCAeTOBaHUAX. MeToAbl U3MEPEeHUA JJIEKTPO-
OPOBOJUMOCTH TKaHEIl OCYIIeCTBJIAIOTCA IIPH JOCTATOUHO HU3-
guX HanpsixeHuax (meHee 50 MB) u crabbIX TOKaxX, KOTOPbIE HE
BHOCAT M3MEHEHWH B PU3UKO-XUMHUUYECKUE MPOIECChl B TKAHAX
¥ He ITOBPEXKJAI0T UX.

Ilpu peiicTBUM HOBPEXKAAIONINX (PAKTOPOB (IIOBBIIIIEHHAA TEM-
neparypa, MOILIHBIH YJILTPAa3BYK, MOHUSUPYIOUIHNE M3JIYUYEHUS U
Ap.), & TakiKe NPH OTMUPaAHUU TKAHUW IPOUCXOIAUT yBeJUYEHUE
NPOHUIIAEMOCTH MeMOpaH, UX 4aCTUYHOE UJIH IOJHOE paspylie-
HHE, YTO IPUBOAUT K YMEHBIICHKIO POJIH €MKOCTHOI'O COIPOTHB-
JICHHA TKAHU W 3aBHUCHUMOCTH €€ MMIIeJaHca OT YaCTOThI CTAHO-
BuTCA caaboil. IIna mMepTBOl TKAaHM OHA IIPAKTHUUYECKY HMCUe3aeT
BOOOIIIE.

Hunsa wmnmocrpanuyn Ha puc. 14.13 2
mpeAcCTaBjeHa 4YacTOTHAs 3aBUCHUMOCTH
uMIegaHca JJas Tpex o0pasmoB OJHOM 1
Tkanu: I — obOpasern, He IIOABEpPra-
¢ HUKAKHUM BHEIIHWUM BO3eiiCTBUAM; \2\
2 — TKaHb IOJBEPTHYTa KpaTKOBpe- 3
MEHHOMY HarpeBaHWIO, IPHUBOASIIEMY
K YaCTUYHOMY Pa3pPyUIEHUIO KJIETOYHBIX
MeM6puaH; 3 — obpasern TKaHu, OABEP- Puc. 14.13. UacrorHas
THYTOM JAJIUTENbHOMY KUIAYEHUIO, Bbl- sopncumvocrs ummeanca
3bIBAIOIIIEMY IIOJIHOE Das3pylleHue MeM- njg pPasJIMYHBIX oﬁpasuoa
Opan (MepTBas TKaHb). TKaHel

W3 pucyHKka BUAHO, YTO COLIPOTUBJIE-

HUe MepPTBOM TKAHUW MPAKTUYECKM HE 3aBHCHUT OT YacTOThI. [loa-
TOMY II0 YaCTOTHO¥ 3aBUCHUMOCTH MMIIEJAHCA MOYKHO OLIEHWBATHb
Hu3Hecmoilkocmys TKaHell OpraHusMa.

ITO CyIIIeCTBEHHO, B YACTHOCTH, AJISI OLEHKM KauecTBa TpaHC-
NJIaHTAHTA NIPU NepecagKke TKaHeil u opranos. Ilo mpepioxeHnIo
B.H. Tapycosa, *XKU3HECTONKOCTb TKAHM MOKHO KOJUYECTBEHHO
XapaKTepH30BaTh C ITIOMOUIBIO TaK Ha3hIBAEMOTO Ko3(ppuyuenma
noaspusayuu K, upeacTaBiadioniero co6oi OTHOIIEHNEe UMIIe[aH-

Inw
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z ca Tkanu Z, (puc. 14.14), namepen-
HOTO HA HHU3KOH uyacroTe (IOPAAKa
10° Tu), K ee uMmeAaHCY HA BBICO-
Koit yacrore Z, (10°-107 I'y):

_ 103

, kZelv=10)
7 Z,(v=10")

10° 10° v, Tn Has KUBOM TKaHH 3TOT KO-

buIMeHT 3HAYUTEJIHbHO IIPEBBIIIAET

Puc. 14.14. Onpegnenenue eanuuny (K >> 1) u 3aBUCHUT OT CIIO-
XKUBHECTOHKOCTH TKAHH COOHOCTH TKaHU K OOMEHY BeIleCTB.
Tak, IS NMeYeHW MJIEKOIINTAIOIINX

oH paBeH 9-10, uTo BhIllle, YeM JJIs MBIIII] TOTO JK€ OpraHusma.

14.4. ®u3nueckue ocHOBbI peorpadum

IlreTusmorpadusa — 3TO COBOKYIIHOCTh METOAOB PETUCTPaIlUU
MyJbCOBBIX KOJeO0aHUI KPOBEHAMOJHEHUS HCCJIEAYeMOTo opraHa
uian ero ydyacTkoB. OcHOBHBIE (DaKTOPHI, KOTODHIE OIpEAeNsIOT
xXapakTep KpOBeHAIlOJiHeHUA, — O9TO pabora cepila M COCyARNC-
To# cucreMbl. {151 oneHKM QYHKIMOHUPOBAHUA CepAlla IIUPO-
KO MpPHMEHSeTCA 3JIEeKTPoKapauorpadua U COBOKYIHOCTb ApY-
X METOHOB, (PU3MUECKUEe OCHOBHI KOTOPHIX paccMaTpyBaIOTCS
B COOTBETCTBYIOIMX pasieiax MEJUIIMHCKON U OMOJIOTrMuYecKOou
(pM3UKH, a BaXKHBIE CBEIE€HUS O COCTOSHUH COCYAHCTOH CHCTEMBbI
OTAEJIbHBIX OPraHOB JaeT aHAJIN3 IePUOJUYECKHX U3MEeHEeHUH ux
KPOBEHAIIOJTHEHU .

Perucrpanmsi mepumoAMYecKM U3MEHAIOIIErocs HMIIefaHCca
TKaHeil JIeXKUT B OCHOBE BAaXKHOTO METOJAa HCCJIENOBAHUS COCTO-
AHUSA COCYTUCTOIH CHUCTEMBI — uMmnedarcrol naemuiamozpaguu
(peozpaguu).

JTo 00yCJIOBNEHO TEM, UTO OMHMYECKOE COIIPOTHBJEHNEe TKa-
Hell CHUJIbHO 3aBUCHUT OT CTEIeHU UX KpoBeHamnosHeHusd. TkaHU
HEOJHOPOAHLI 110 CBOEHl CTPYKType, & TOK BCeraa uJeT No IyTH
¢ HauMEHBIIXM COINPOTUBJIEHHUEM U Ipe)kJe Bcero — IO Kpo-
BEHOCHBIM cocyzaMm. [loaToMy IpH yBeJmYeHHU KPOBEHAIlOJHe-
HHA TKAHU ee OMUYecKad cocraBjAomas R uMnenaHca yMeHb-
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gIaeTcd, a IPH YMEHbINEHUU KPOBEHAIIOJI-
HeHHMS — yBeJquuuBaeTcsa. Takum o6pasom,
AMIIEIAHC TKAHU IIePUOANUYECKH U3MEHACT-
¢ C YaCTOTON CEPAEUYHBIX COKpAaIllleHUi.

OMuueckoe CONPOTUBIeHHe R TKaHU
onpefesiseTcsa B OCHOBHOM 00beMOM cofep-
sKALUXCA B Hell 2JIEKTPOJUTOB U, MPeae
BCEero, KpoBu. PaccMOTPUM YyYACTOK TKAHU
MesKAy AByMA ajeKkTpomamu (puc. 14.15).
0603HAYNM PACCTOSHUE MEXKIY 3JeKTPOAA-
MHu L, yaeabHOe CONPOTHBIIEHUE HCCIeaye-
MOTO yYacTKa TKaHHU p, IJIOLUIALkL IoIlepey-
HOrO ceyeHus S NPOBOAHUKA (COCYIOB, TAK KAK MMEHHO II0 HUM
B OCHOBHOM MHJeT TOK), 00beM IIpoBoAsineii Tkauu V = LS.

OMuyecKoe CONPOTUBJEHUE IPOBOAHUMKA OIpeienaseTca (op-
mysoii R = pL/S . Breipaxkasa miomazns uyepes obvem S = V/L,
MOJIyYUM

Puc. 14.15. YuacTox
TKaHU MeX ]y
3JIEKTPOJaMH

R= pL?/V. (14.16)

Kax crenyer ua opmyant (14.16), mpu npunuse Kposu (V yBe-
JIMYMBAETCS) aKTMBHOE COIPOTHBJEHWEe R TKAHU yMeHbIIaeTcs,
a Ipu OTTOKEe KPOBM OHO Boapacraer. IlosaTomy mameHeHue AR
aKTUBHOrO COIPOTHUBJIEHUSI OPraHa WJIW TKAHU CBA3AaHO C M3Me-
HeHueM AV o6beMa ero KpoBeHalOJIHEeHUS:

2
AR = —%AV.
PaagenuB 3TO COOTHOIIIEHUE TOUYJIEHHO Ha BeIpaskenue (14.16),
IIOJIyYHM BBIPAKEHHE
AR _ _AV , (14.17)
R |4

KOTOpOe IOKa3bIBaeT PaBEHCTBO OTHOCUTEJbHBIX HN3MeHEeHUil
3TUX BeJHYUH. SHAK «—» TOBOPUT O TOM, YTO C yBeJIUYeHUeM
obnema KpoBeHamosiHeHusz (AV > 0) akTHBHOE COIPOTHBJICHHE
TKaHu ymeHsbinaercsa (AR < 0).

IIpm rexnmueckoil peanm3amuy MeTOLAa BO3ZHUKAET OIIpEJesieH-
Hoe 3aTpyaHeHue. Ha IOCTOSHHOM TOKe M Ha TOKAX HU3KHUX 4ac-
TOT IPOBOAUTDL U3MEPEHUA HEJIb3s IO COO0paskeHUAM 6e30macHoC-
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Koxa Koxa

Bnexrpon .. »f Drexrpox

R, R,
I 1
| I |
|_] R, L_{
C, C,
—5 ~ &

Puc. 14.16. JxBuBaJeHTHaA cxeMa peorpapuyecKux UCCAeI0BAHUI

TH, & Ha IepeMeHHOM TOKe COIPOTHBJEHHE KMBOM TKaHU (4 cuia
IIPOXOAAIIET0 Uepe3 Hee TOKA) OIMPeessieTCs NOJMHBIM 3HAYeHHeM
ee MMIefaHca Z, a He TOJbKO akTUBHON cocrasiaiomeit R. ITos-
TOMY HY’KHO TaK peajii30BaTh METOX, UTOObI BANSHUE €MKOCTHOMN
COCTaBJIAIOIIEH UMIeJaHca IpU peorpadUUecKUX HCCIeZOBAHUAX
CBeCTH K MUHMMYMY ¥ HZOOUTHCA BBITIOJHEHUS COOTHOMICHUA Z ~ R.

JJleKTpHUecKasi liefb, o0OpasyIoiasics Npu peorpaduyuecKmux
HUCCJEORAHUAX, TIPEJCTABJIEHA B BUle S9KBUBAJIEHTHOI CXeMbI Ha
puc. 14.16. dueKkTpoasl, IOACOeANHEHHEIE IPOBOZAMH K HCTOY-
HUKY TOKa, 3aKPEILIAIOTCA Ha KOXe MAMeHTA Yepes MapJeBbie
MIPOKJIAJJKH, CMOUYEHHBIEe (DM3PACTBOPOM MJIM 3JIEKTPOIPOBOAHON
nactoi. Tok nmpoxogut uyepes KOXKY (IMOJ KaXKAbIM dJIEKTPOAOM) U
HUCCIeAYyEeMYIO TKaHb, AKTUBHOE COIPOTURIEHE KOXKY R, BEIUKO
(A yuCcTOM CyXOHM KOXKH OHO cocrasJiseT mopaaxka 1 MOw) u
CPaBHUMO C €e eMKOCTHBIM COIIPOTHUBJIeHUEM X, ONIpeAesieMbIM
YaCcTOTOM TOKA U eMKOCThIO KOKU C,. AKTUBHOE COIPOTHBJICHUE
KpOBeHamnoJHAeMoN TKauu R, (KoTopoe Kak pa3 ¥ H3MEHSAETCH
B TAKT C IyJbCAIMSAMHA KDOBHM B HEH) HAMHOI'O MEHBIIIE ee eM-
KOCTHOTO CONPOTHBJIEHMS, IIO9TOMY IIOCJeAHee MOMKHO HE yuu-
TBIBATH (MOCKONBKY R, u C,, cOeIVHEHb! NapajliesibHo).

Ecau 6b1 a5 peorpaduu UCIIOJIb30BAJICA MOCTOSAHHBIN TOK, TO
n3-32 OOJBIIIOr0 CONPOTHBJIEHUA KOKM R, mpakTHueCKU HEBO3-
MOX{HO OBIJIO GBI 3aperucTPUpPOBATH MAJble M3MEHEHUS O00IIero
BBICOKOT'O COIIPOTHUBJIEHUA LIENH, BbI3BAHHbIE KPOBEHAIIOHEHNEM
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mim——

rxanyu R.. Iloatomy ana peorpaduu IPUMEHSIOT IepeMeHHBIN
rox dacToroii 40-150 kI'm. Ha Takux dacrorax eMKOCTHOE CO-

MIPOTHBJIEHNE KOMXH XC = CTAHOBUTCA MHOI'O MEHLIIIE €€

K
aKTUBHOI'O CONpPOTHMBIEHHA R, ¥ MeHbIle COIPOTHUBJIEHUS TKA-
gu R, B peaynbrate obmuit umnesasc Z ~ R,. B arom ciyuae
AZ = AR u coornoiiesue (14.17) npuHUMaeT BUA

AZ __AV
Z 14

KOTOPHIH MOKA3LIBAET, YTO HA BHICOKUX YACTOTAX OTHOCHUTEJILHOE
H3MEeHeHMe IMIIeJaHCa [IOJHOCTHIO ONIPeIeIAETCA OTHOCUTEIBHBIM
H3MEHEHVIEM KPOBEHAIONHEHHA OPTaHa WIN TKaHHU, UYTO B JICHKUT
B OCHOBE METOJa MMIIeJaHCHOU mjerusmorpadum (peorpacpumn).

Hrak, ucnonn3osanue B peorpaduy nepeMeHHOro TOKAa Yac-
T0#1 40--150 KI'11 T03BOJISAET BHIJEJINTS U3 OOIIIEr0 COIPOTHBICHNA
men# NepeMeHHbI# KOMIIOHEHT ee OMHUYECKOH COCTaBJIAIINeil,
00yCJI0BJIEHHBIN NYJIbLCOBEIMU KOJIEOAHMAMU KPOBEHAIIOJHEHUSA
uccJielyeMoil TKaHU!.

Jaa nonydyeHusa 6Gojiee MOJHOM AMArHOCTHUYecKoil uH(opMa-
OUM ¥ ee AaNbHEHIIIeH NHTEPIpeTalli IPU peorpadpuyecKux uc-
cJIefOBaHUAX CHHXPOHHO C PerucTpaiueil nsMeHeHUH nMIelaH-
ca nposogutca u sanuck IKTI'. IIpuMep perucrpanuy yKasaHHBIX
noKasaTesei npexacrasieH Ha puc. 14.17. Ilepuox nmoBropeHuUs

, (14.18)

KT
"
PT
\.
At
i 1 1
0 1 2 t,c

Puc. 14.17. Cunxponnas 3anuck OKI' u PT
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NpHUBEAEHHLIX KPUBBIX OJHMHAKOB, HO Mexkay OKI' u peorpammoit
(PT') ecTs caBUT At BO BpeM€EHH, OIIPeeIAeMbIil BpeEMEHEM pPacIpo-
CTPaHEeHUA MyJIbCOBOM BOJHEI OT cepAlla A0 UCCAeyeMOro opraHa.

Kpome Toro, 4acTo CHHXPOHHO 3alMCHIBAIOT €Illle u Mpogud-
(epeHLIUPOBaHHYIO peorpaMMy (ee IMepBYIO IPOU3BOAHYI0). Eciu
peorpamma PT' orpaskaer saBHCHMMOCTH 00beMa KpPOBEHAMOJIHE-
HHUA MCCJeAYyeMOro y4acTKa Tesia OT BpeMeHH, TO AudbdepeHIin-
poBaHHas peorpamMma (HCXOAs M3 (HPU3UYECKOrO CMBICJIA IIPOM3-
BOJHOI) oTOGpaXkaeT 3aBUCHMMOCTh CKOPOCTH KPOBEHAIIOJIHEHUSA
OT BPEMEHH.

KOHTpO/\beIe BOMNpPOCHI 1 3aAaHNA

1. Kakoii TOK HasplBaoT nepeMeHHBIM? YUTO Takoe aMILIMTYAHOe,
MTrHOBeHHOe M 3(ddeKTUBHOe 3HAYEeHUS MePeMEeHHOro TOKa M Ha-
npsaxKeHna?

2. Kak u Ha 4TO BJHAET CABUT (a3 MeKAY TOKOM M HanpsKeHHeM?

3. Yrto Taxkoe BeKTOpHAs AuarpaMMa TOKOB U HanpaxeHui? Kak u aisa
Yero oHa NnpuMeHsAerca?

4. KakoBa CBA3b MeXJy IIepeMEeHHBbIM HaUpAKeHueM, TOKOM M MOII-

HOCTBIO IIDH aKTHBHOM, EMKOCTHON U MHAYKTHUBHOH Harpyske?

KakoBa cBsI3b MeXAy IePEMEHHBIM HANPSA’KEHUEM, TOKOM M MOLI-

HOCTBIO B I10CJIEAOBATEIBHON LEMM, COCTOAIEH U3 HHAYKTHBHOCTH,

€MKOCTH ¥ aKTHUBHOI'O COIPOTHUBJIEHUA?

6. Yro Taxoe MMIIeZaHC IIENIM, OT Y€ro OH 3aBHUCHUT, KaK ero BBHIYHC-

JATH?

7. Kak 3aBUCHT WMMIIEJAHC KHBOHM TKAHM OT YaCTOTHI IEPEeMEHHOrO
roka? IlpuBeauTe 1 oxapakTepuayiTe S9KBHBAJIEHTHYIO CXEMY KH-
BOM TKAHU.

8. KakuMu MOPGOJIOTHUYECKUMH CTPYKTYPaMU ONPEeAesISIOTCSA OMHUYe-
CKasl 1 eMKOCTHAA COCTABJIAONINE HMITefaHCca GHONOrNYeCKON TKA-
HU?

9. Yro rakoe KoadduuvenTt noaspusauuu Trauu? Urto OH xapaxTe-
pusyet?

10. Ha uem ocHOBaHa uMNegaHcHada miaetusmorpadus (peorpadust)?

Kakyio auarfoctudyeckyio HHGOPMANHIO IIOJIYYalOT IOCPEACTBOM
3TOro Meroza?

5
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MarseTisM Kak CIioCOOHOCTH HEKOTOPBIX KeJIe3HBIX Py[ IPH-
TATUBaTH K cebe gpyrue Teja ObLi M3BECTEeH C APEeBHUX BpPEMEH.
IlepBoe 06bACHEHHE 9TOTO ABJIEHUA, OCHOBAHHOE HA aTOMHCTHYE-
CKHX IIpeJCTaBIIeHUAX O CTPOEHUH BEIlleCTBa, AaJ emle JIyKkpeuui
Kap B I B. 10 H.3. OquH U3 nepBLIX U3BECTHBIX HAYUYHBIX TpaKTa-
70B «Q MaruuTe, MAarHUTHBIX TeJIaX M OOJBIIOM MarLure — 3eM-
ae» Ouia usgau B. 'mas6eprom B 1600 r. OgHaKo OKOHYATENBHO
¢usnyeckad NPUPOJa MarHeTusMa OblIa YCTAaHOBJIEHA JHIIb B
XIX B. Tpynamm 9pcrena, Amnepa, Papazes, Maxkcsenna u Apy-
rux yueHbiX. Teopus MakcBesna o0beguHnIa 3JNEKTPUUYECKHE U
MAaTrHWTHBIE ABJIEHUS, IIOKAa3ajia, 4TO 9TO JBE, XOTA U HECKOJILKO
pasHbie, CTOPOHBI JJIEKTPOMATHUTHBIX SABJICHUH.

BreisicHMI0CH, UTO MATHHUTHOE IIOJIEe CO3LAIOT ABMIKYyILHECH
3JIeKTPHUYECKNe 3apsafbi, IPOBOJHUKN C TOKOM M IlepeMeHHbIe
3JIeKTPHUYECKHe II0JIsI, UTO MATHMUTHOE II0JIe OKas3bIBAeT CHUJIOBOE
BO3ZeiiCTBIE Ha HAMarHMYeHHbIe TeJla ¥ HA IIPOBOAHUKH C TOKOM.
MarsuTHEIMHE CBOMCTBAMHU 00J1a1al0T 3JI€KTPOHBI U AJpa aTOMOB,
IIO3TOMY BCe TeJjia B TOM WJIM MHOH Mepe UMeIOT MarHUTHBIEe CBOM-
CTBa M pearupyIioT Ha AelCTBHE BHEITHUX MATHUTHBIX IOJIEH.

MaruuTHele B3aMMOAEMCTBUA IMIUPOKO HCIIOJL3YIOTCS B CO-
BpeMeHHOH TeXHUKe. ¥ CTAHOBJEHO TaKJKe, YTO MArHUTHbIE HOJIA
OKa3bIBAIOT ClelM(uUecKlie BO3AeHCTBUSA Ha KUBbIe OPTaHU3MBI
U MarsuTHHIE BO3JAEICTBUA BCE IITMPE HCIIOJbL3YIOTCA B MEAUIIMH-
CKOH NMpaxTHKeE.

15.1. OOume CBOWCTBA U XapaKTePUCTUKH
MarHMTHOIO MOoAS

B nHacroduiee BpeMs TBEPAO YCTAHOBJEHO, UTO MAZHUMHOE
noJae co3naeTca ABHKYHIUMUCS 3JI€KTPHYECKUMU 3apAgaMu, T.e.
3NEeKTPUUYECKUM TOKOM. IlpuueM 3T0 MOryT OBITH:

e OTJ€JIbHBIE JBHIKYIINECHA 3JeKTPUYECKUE 3apALbI;

¢ 3JIeKTPHUYECKHe TOKU B IIPOBOSHUKAX;
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e MOJIeKYJIAPHBIE TOKH (3JE€KTPOHBI, ABMIKYIHECS II0 aTOM-
HBIM M MOJIEKVJIAPHBIM OpOUTANAM).

Ecay aTM TOKM TOCTOSAHHBI BO BpPEeMEHH, TO M CO3JaBaeMble
VMK MATHUTHBIE 110/ OYAYT NMOCTOAHHBIMHU, a €CJIM TOKM M3Me-
HSAIOTCA BO BPEMEHH, TO COOTBETCTBEHHO OyZieT U3MEHATHCA U UX
MATHUTHOE IIOJIE.

YcTaHOBJIEHO TaKiKe, UYTO nepemenHoe MAZHUNMHKHOE NONLe MO-
JKeT CO3JaBaThCA He TOJBKO IIePEeMEeHHBIM TOKOM, HO U IlepeMeH-
HBIM 3JIEKTPUYECKUM IIOJIEM.

MarauTHOe 1OJie B CBOIO OuepeAb OKA3HIBaeT CHUJIOBOE Aeil-
CTBUE TOJIBKO:

¢ HA JBMIKYIVECH dJeKTpUUYEeCKHe 3apAbI;

® IPOBOAHUKHU C TOKOM;

¢ HaMarHUYeHHEIe TeJia.

MakcumanbHasA CHJIa, AEMCTBYIOIIASA HA MPOBOOJHUK C TOKOM B
MArHHUTHOM II0Jie, BCeraa IIPOITOPIINOHATbHA IPON3BeJeHUIO CHUJIbI
Toka I Ha pnauny l npoBoguuka: F ,, ~ Il, Ho pasinyHa B Pa3HBIX
MAaArHHTHBIX HOJAX. 1J03TOMy OTHOIlIEHHMEe MaKCUMAJbHOM CHJIBI
F ., BEHACTBYIOIIEH Ha IPOBOJHUK, K IIpoudBefeHuI0 Il sBaser-
Ccsd CHJIOBOH XapaKTEPUCTUKON MATHHUTHOTO IIOJS M Ha3bIBAETCA

o e Fmax 2
maznumnuou undyxyuei: B = T . 3a eAUHUIY MATHUTHON WH-

IOVKIMH B MeXXAYHaponHou cucreme eguHul (CU) npuHuMaerca
1 tecsaa (1 Ta) — 9TO MHAYKIMA MATHUTHOIO IIOJS, AeHCTBYIO-
miero ¢ MakcuMaJabHOM cuioit B 1 H Ha nmpoBogHMK AauHOH 1 M
npu cuiie ToKka B HeM 1 A. BHecucTeMHO# eIMHUIIEH MarHUTHOM
MHAYKOUN asiaserca 1 speren=10"° Ta.

MarauTHas MHAYKUIUA B — BeJHYWHaA BEKTOpDHas, Ha Tpa-
buKax ee HalpaBJeHHE OIpefesideT HAIpPaBJeHHE JIUHWHA HH-
pyknuu. Junusa mazrnumnod undyxyuu — HaIpasieHHad JIM-
HUfA, KacaTelbHAad K KOTOPOH B Ka’KJO TOUYKE COBIAAAeT C Ha-
IpaBjieHUeM BeKTOpAa MAarHMUTHON MHAYKIIMU B 9TOIH TOUKe.

HanmoMHuM, 4TO CHJIOBLIE JIMHUHU 3JEKTPOCTATUYECKOTO II0JISA
HAYMHAIOTCA U 3aKaHYMBAIOTCA Ha BJIEKTPHUYECKHUX 3apajgax. Of-
HaKO MarHUTHBIX 3apAAOB HET, MO3TOMY JIMHUY MHAYKIUH MAar-
HUTHOTO II0JIS 3aMBIKAIOTCS CaMH Ha ce0s; Takue M0 Ha3hIBAIOT
euxpesvimu.
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e

MarsuTHOe 1oJie Ha3bIBal0T 00HOPOO- I
HbLM, €CIY BeJWUYWHA W HaIpaBJeHue
MATHUTHOM MHIYKIUH OZWHAKOBHI BO
BCEX TOYKAX paccMaTpuBaeMoro obbema
cpensl: B =const. Jlurum wunAyKIUH
OJHOPOAHOTO MATHHUTHOrO TOJA Hapaj-
JIeJbHBI APYT OPYrYy M 3aMBIKAIOTCA Ye-
pe3 0ECKOHEUHOCTb.

Besguunna MarauTHON HHAYKI UK dB,
co3aaBaeMasi HeOOJBININM 3JeMeHTOM dl
MPOBOJAHUKA C TOKOM [, PacnoJIO}KeHHBIM
Ha PAaCCTOSHUU I' OT TOYKM HabaIoeHus
A (puc. 15.1), ompejensierca 3aKOHOM
Buo — Caséapa — Jlannaca:

Puc. 15.1. Maruuruas

Idlsino 15.1 MHAYKI#A, cO3aBaeMast
4 ,m,z 4 ( . ) IIPOBOJHUKOM C TOKOM

dB = up,
rae j1 — MarHMTHAfA IPOHUIIAEMOCTh CPeabl; o= 4n - 107 T'ua/m —
MarHuTHAas MOCTOAHHAA (MArHUTHAsA NMPOHUWIIAEMOCTH BAKyyMa);
o — yroJ MeXAy HalpaBJICHHEM TOKA B 3JieMeHTe dl IpOBOAHUKA
¥ HAIpaBJeHMEeM Ha TOYKY HabawogeHus A.

ITonnas maruuTHAas MHAYKIUA B, co3maBaeMas IPOBOJHUKOM
¢ TokoM I B TO4YKe A, HAXOZUTCA MHTETPUPOBAHNEM BBIPAYKEHUS
(15.1) o Bce#t AnuHe TPOBOLHUKA.

15.1.1. MaruuTHOoe noAe OGeCKOHEHHOre MNPsIMOro TOKa

BriumcinM MarHUTHYIO MHAYKIIMIO B HEKOTOPO# Touke A, oT-
cTosAIled OT MIPOBOAHMKA C TOKOM Ha paccrosinue b.

Onss Toro uToOBl YIPOCTHITL WHTETPUPOBAHNE BhIPAYKEHUA
(15.1), BeIipasum mepeMeHHBIE r, dl U o uepe3 paccrosHue b u
yroa B = 90°-a, (cm. puc. 15.1):

r= , sina= cosf, = btgh—> dl = b—‘—iB—

cosp cos’ B
ITocsie IOACTAHOBKM 3THX COOTHOIIIECHHMI B BhIpaykeHue (15.1)
¥ ero MHTErpUpPOBaHUA 1O yray f§ B npefenaax ot (—n/2) po (+mn/2)
MOJIyYHUM BbIPaXKeHHE MJIA UHAYKIMHA MArHUTHOTO IOJIS, CO3[a-
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BaeMOro OeCKOHEUHBIM IIPAMBLIM IIPOBOJ-
HHUKOM C TOKOM I Ha paccTosaHuu b oT mpo-
BOJHUKA:

B, = Mol (15.2)
2nh
JIlvHMM MarHMTHONM WHIYKUUM B JaH-
HOM CJy4ae HMEIOT BHJl KOHUeHmpuuec-
KUuX OKpyMcHOcmell, PACHOJOYKEHHBIX B
TIJIOCKOCTAX, NEPHNEeHANKYJIAPHLIX TOKY I,
a IEeHTPOM JTHUX OKPYKHOCTeil sBJsercs
Tourka O TIepecedyeHuss TOKA C TLIOCKOCThIO
(puc. 15.2).

Hamnpasaenue JMHUHA MarHUTHOW WH-
Puc. 15.2. Jluguu  OYKIAM OlpefessaeTcd npasuiom npaéo-
MATHMTHOH MHAYKOMKM 20 OYypaeéiuka. ecau TNPaBhIi OypaBUMK
B (nyukTup) npamoro (BHHT) BpalllaTb TaK, YTOOBI OH JBUTAJICS
TOKa B HAIIpaBJieHUU Toka [, ToO HampaBJeHUe
BpallleHus PYKOATKHM ITOKAYKeT HaIlPaBJjie-

HUe JIMHUH MarHUTHOH WHIAYKI[UHA.

15.1.2. MarHutHOoe NoAe KpyroBoro toka

Haitiem MHIYKIIHI0O MATHUTHOTO IIOJIA B IEHTPE KPYTrOBOTO
Toka I (puc. 15.3), gnsa uyero npounrterpupyem (15.1) mo Bceit
aauge nposogHuka ot 0 1o 2nr ¥ yureMm, 4TO 37ech o = ©/2, mo-

aTomy sina = 1:

di 2nr
I I
Sar | BT Ly mely el
n S r 4nr 2r
Hrak, B IleHTPe KPYroBOro TOKa MarHuT-
Haf UHAYKLHUA paBHA:
I
B=Fho (15. 3)
2r
Puc. 15.3. JIMHUM MarHuTHOM HHAYKIHUH B JTOM

MaruaunrHoe 1moJie cjaydae NeprneHauKyJasapPHBbI TJOCKOCTH IIPO-
KPYI'oBOrO TOKa BOJHHKA U 3aMKHYTHI CaMU Ha celst, UX HA-
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e

npaBjleHue BHYTPU KOJIbLIA TOMe
omIpeAeNAeTCA NPAGULOM NPAE02O
6ypasiura: eciu PyKOSTKY Ipa-
poro OypaBumKa (BUHTA) BpamiaTh
[10 HATIPABJIEHUIO KPYT'OBOTO TOKa I,
T0 HAalpaBJeHUe ABMIKEHUA Oy-
paBUYMKa TOKa)KeT HaIpaBJieHue
AUHAA MArduTHOM UWHIYKIIAU
BHYTPH KOJbIIA, a4 CHaAPYXHU HX
HampasjeHne OyaeT NIPOTUBOIIO- Puc. 15.4. JInaNM MarauTHOM
n0xHbIM (puc. 15.4) MHAYKLUU KPYTOBOro TOKA

e

15.2. CuaoBOo€e AENCTBUE MATHUTHOIO MOAS

CusioBoe BO3AEHCTBYE MATHUTHOIO IIOJIA HA HaMarHWUYeHHbIe
TeJa U yKeJiedHbIe IpeAMeThl H3BECTHO JABHO U ITHPOKO MCIIOJbL-
3yeTcsA B MPAKTHUYECKUX IIeaAX. [lelicTBMe MarHUTHOro moJjs Ha
JIEKTPHYECKHEe 3apAABl M TOKH HU3BECTHO CPABHUTEJbHO HeJaB-
HO, ¢ XIX B., HO HAIILJIO IUPOKOE IIpUMeHeHNe B PUBUKE M MHO-
FOYMCJEHHBIX TeXHUYEeCKUX IpubGopax U ycTpoicTBax. MMeHHO
JelicTBMe MarHUTHOIO IIOJIS HA ABMIXKYIIWECS 3JEeKTPUUYECKHE 3a-
pAAbL U MPOBOAHMKM C TOKOM JI€KUT B OCHOBe PabOThI MHOTHUX
U3MEPUTEJIbHBIX IIPUOOPOB, JIEKTPOABUraTeNeH, ABVIKEHUS II0-
€310B Ha MarHutHoi noxyiuke, MI'/[-reHepaTopoB ¥ MHOTUX APY-
TUX TEXHHUYECKUX PEIIeHUNMH.

15.2.1. AeiiCTBUE MArHUTHOIO MOASI HAa ABWYIMHACS 3apsA.
Cuaa AopeHua

Ha snexTpuueckuil 3apaj ¢, ABMIKYIIHICA CO CKOPOCTBHIO U B
MarHuTHOM IIoJjle MHAYKIVENH B, nmelicTByeT cuia JlopeHna, Ko-
TOpasi onpenessieTcA BbIpa’KeHUeM

F; = quBsina, (15.4)
rge o0 — yroJj MesKJAy BeKTOPAMM CKOPOCTH U M MArHUTHOM HH-
Aykuuu B,

Hanpasnenue cuibl JlopeHna, gefcTBYIOIIEN HA TTOJOXKUATEI -
HBIIl 3apdAl, oNpeAeNsaeTCH NPAsULOM Ne60U PYKU: €CJU paclo-
18-5281
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JIOKHTEH JIEBYIO PYKY TaK, 4TOOBI BEKTOP MAarHMTHOM WHAYKIIUYK
BXOAWJ B JAJ0Hb, 4 4YeThIpe Majblla JIeBOH DPYKHM HAHPABUTHL
BIOJb BEKTOpPA CKOPOCTH, TO OTTAHYTHIN Ha 90° 6osbinoil majer
TMOKa)KeT HalpasJjeHue cuisl Jlopeniia (cm. puc. 15.6, a).

Ecnu amkyiuiicss 3apAj OTpUIATEJbHBIA, TO HAIpaBJIeHUe
cuisbl JlopeHma 6yaeT IPOTHUBOIIOJIOXKHBIM.

CsoiicTBa cuasl JlopeHua:

e Fj Bcerga mepueHANKYJISPHA ILIOCKOCTHA, B KOTOPOI Jear

BEKTOPBbI v u B, H, CJIefOBaTEJIbHO, NIEPHNeHANKYJIAPDHAa KaiKI0-

My M3 HUX Fn L {),f'n J.E;

e MarsuTHOE MOJIe He AeHCTBYeT Ha 3apfAjl, ABVIKYIIUICH Ia-
paJLIeIbHO BEKTOPY MArHATHOM MHAYKIINM, TAK KAK B 3TOM CJIy-
yae a=0u F;=0;

e cusa JlopeHIla MaKcHUMaJbHA, €CJIM 3apAjA ABUMKETCA Iep-
NeHAUKYJIAPHO JUHUSAM MarHUTHOH MHAYKUIMHU (sin90°=1):

Fmax = tu-

Baarogmaps atum cBoiicTBaMm cuiabl Jlo-
peHIa 3JIEKTPUYECKUH 3apaj ¢ Maccoi m,
BJIETEBIIHNH B OAHOPOJHOE MATHUTHOE II0JIe
NEPHeHJUKYIAPHO JUHUAM HHAYKIUU B,
OyAeT OBUTATLCSA NO OKPYNCHOCMU paiguy-
com R (puc. 15.5), mockonbKy cuuaa Jlopen-
na GyJZer co3aaBaTh IeHTPOCTPEMUTEIbHOE
yekopernue (Fno L v):

Puc. 15.5. [IBuxenue

3apsna B OGHOPOJHOM
2
MaI‘HHT—I:IOM I_I_?Jle, rge qu - mv . (15.5)
v 1B R
Haxoaum, 94T0 pasnyc 3TOH OKPYIKHOCTHA HPAMO IPOIOPILUO-
HajeH CKOPOCTH ABMIKEHHUA 3apsajga:

R=1Y (15.6)
qB
TOrJa Kak IepuoJ ¥ dYacToTa BpAIleHUA 3apAfa MO OKPYK-
HOCTH He 3aBHCAT OT CKOPOCTH ¥ IOJHOCTBHIO ONpPeNeIsaroTCs
cBolicTBaMu 3apsiia (¢/m) U MHAYKIHe# B MarHUTHOTO IIOJIS:
2rR _ 2mm 1 qB

T = = v=_=—"—, (15.7)
v qB T 2mm
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—

Ecsu 3apsaj BieTaeT B MarHMTHOeE Ioje nmox yrioMm 0 < a < 90°,
10 OH OYZRET ABUTATHCA II0 UHMOB0L mpaexmopuu paguycom Ry
¢4 L1aroM k, paBHBIMU

2nm

Ry = ™sina, h = Tvcosa = veosa.  (15.8)
gB
Och 3TO#i BUHTOBOH TPAaeKTOPHMH NapajjiebHa JIMHUAM HH-
AYKIMY MarHUTHOTO IOJIS, & MepHOoJ U 4acTOTa BpallleHus Onpe-
pensioTes coorHomenuamu (15.7).

15.2.2. AeiCTBME MArHUTHOTO NOASI Ha MNPOBOAHMK C TOKOM.
Curaa Amnepa

Ha nporoguuk ¢ Tokom I gauHoi# | B MArHUTHOM II0OJIEe MHAYK-
nuei B meiicTByeT cmya AMiepa, BeJIMUYMHA KOTODOM omnpenpesis-
eTCsA BBIPAXKEHUEM

F, = IBlsina, (15.9)

TZe O — yroj MeXAy HampaBjJeHWeM TOKa I M BEeKTOpOM Mar-
HATHO® MHAYKIIKN B.

Hanpasnenne cunbl AMnepa TOKe ONPEJEIeTCs NPpasuiom
Nne60lU pyKu: ecNU PAaCIOIOKHUTH JEBYI0 PYKY TaK, YTOGHI BEK-
TOP MArHUTHON MHAYKIMHM BXOAWJ B JIaJIOHb, 4 YeThIpe MaJbIlla
JIEBOM PYKM HANPABUTH BAOJbL BEKTOpPA TOKA4, TO OTTAHYTHIA Ha
90° Gonb1I0M Iajel OKAaMXKeT HallpaBjeHue cHibi Amiepa (puc.
15.6, 6).

\ i

Fy 6 F,
Puc. 15.6. HanpasaeHnue cui fefiCTBUA MArHUTHOTO HOJIA B:
a — Ha ABVIKYINUICA 3JIeKTpUdYeCKUi 3apas — cuisl JlopeHna;
6 — Ha MPOBOJZHUK C TOKOM — CHJIbI AMIiepa

18+
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CaoiicTBa cuibl AMiepa:

® OHa Bcerja NepHeHAUKYJSApPHA IJIOCKOCTH, B KOTOPOH Je-
JKAT BEKTOPLI In B, n, CJIelOBATENLHO, MePIeHIUKYIAPHA KaXK-
IOMY U3 HUX: Fa L I Fa _LB

® MAarHMTHOE II0Jie He [aeficTBYyeT Ha NPOBOZHUK C TOKOM,
napajuleIbHBI BEKTOPY MarHUTHOM HMHIAYKIWH, TaK KakK IIpu
a=0uF,=0;

e cuna AmMnepa MaKCHUMaJbHA, €CJM IIPOBOJHUK C TOKOM
pacmoJioyeH MEepIeHIUKYJIAPHO JUHUAM MArHUTHON MHIYKIIUM
(sin 90° = 1): F,,. = IBI.

Herpyano nmokasaThb, 4To cujaa AMIlepa eCTbh BEKTODHAS CyM-
Ma Bcex cu JIopeHma, AefCTBYIOIIUX HA OTAeJIbHbIE 3apAAHI,
ABMIKYINUECS B IPOBOJHUKE, TOITOMY Y 9THX CHJ MHOTO OOIIHMX
CBOMCTB.

15.2.3. Ae#icTBME MArHMTHOIO MOASi HA PaMKy C TOKOM

Eciu paMKy ¢ TOKOM ImOMECTUTh B MarHMTHOE IIOJIEe, TO OHA
OyZeT MOBOPAYMBATHCH, IIOKA €€ IIOCKOCTh He YCTAHOBUTCH IIep-
TNEeHAUKYIAPHO JMHUAM MarHutTHoM muAaykiuum B. Mexanwuuec-

Kuit MmoMeHT M, Bpamamouuii pam-
)_ Ky, CO3ZAIOT ABe IPOTHUBOIIOJIOMKHO
Fy HaIpaBJeHHBIe CHJIBI Amnepa Fl

u Fg, pmeiicTByrouiue Ha IIPOTHBO-

5 TOJIO’KHBIE (BePTUKAJLHBIE HA DHC.
< [— B 15.7) cTopoHBI pPaMKH C TOKOM H

AL n obpasyomue napy CHj, TOTAa Kax
/ ! cuner Ammepa F g U i,, IeHCTBY-
F, VF, ole Ha ABe Apyrue (BepxXHIOW U
Q: HMKHIOIO) CTOPOHBI DPaMKH, KOM-

IEHCUDYIOT APYT APYTra, IIOCKOJBKY

Puc. 15.7. Cunbl, AefiCTBYIO-  gampaBieHbHl POTHBOMONOMKHO ¥
e Ha paMKy ¢ TOKOM B Mar- BAOJIb OZHOMN NPAMOH.

HUTHOM rosie Bennuuuna B aolero mMexa-

pamiaionero Me
HUYECKOTO MOMEHTA 3aBHCHUT OT YIJa J MeXKAy BEeKTOPOM MHAYK-
uuu B u HopManpio (IepHEeHAVKYJISAPOM) 7i K ILJIOCKOCTH PaAMKH
(puc. 15.7):
M = ISBsinf = p, Bsinf. (15.10)
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IIpousBenenue cuibl TOKa [ Ha IJIOMIAAb PAMKHU S Ha3bIBAIOT
MAZHUMHbBILM MOMEHMOM PAMKHU C TOKOM:

p,=1IS. (15.11)

On npexacranjifger cob0il BEKTOD, NEPHEHAUKYIAPHBINA MJIOCKO-
CTH PAMKM M HAINPABJIEHHBIN B COOTBETCTBUM C NPABHJIOM Hpa-
poro Gypasumka (Ha puc. 15.7 — BROJb HODMaJH 1T).

W3 coorHomenus (15.10) BuAHO, YTO MEXaHUUECKUUN MOMEHT
MaKCcHMaJIeH, KOoTrja ILIOCKOCTh PaMKHU IapaJjejibHa JUHHAAM
maruutTHoil uuHAykuuu (B=90° sinf=1 u M,,,=ISB). Koraa
MJOCKOCTh PAMKH YCTAHOBHUTCA NEPHEHANKYIAPHO JUHUAM Mar-
auTHOM mHAYKIMU (B =0), To BpamamIMi MOMEHT CTaHET pa-
seH myJaio: M = 0, tax kak 6yzer sinf = 0. Iloatomy B MarHuTHOM
[oJIe paMKa C TOKOM BCerja IOBOPauMBAETCH TaK, YTOOBI ee ILI0C-
KOCTDb CTaJla MepIeHANKYJIsIPHA BEeKTOPY MHAYKINKN B,

Baarogaps 3TuM cBoiicTBaM PaMKy C TOKOM HCIOJB3YIOT I
oOHapy)XeHUsa MArHUTHLIX NOJieH U IJIiA ONpeAeIeHUA HalpasJe-
HUA ¥ BeJUYMHH (Mu3Mepsad M,,,) MarHuTHON MHAYKINU B.

CieayeT OTMETHUTDb, UTO ABJEHHE BDAIlEHUSA PAMKH C TOKOM
B MATrHUTHOM II0JIe IIHNPOKO MCIOJL3YeTCS B 3JeKTPOABUTATE-
JAX, 3JIEKTPOM3MEPUTENbLHEIX HIPUOOpPaX U PYTUX TEXHUYECKHX
ycTpo#cTBaX.

Cusia AMnepa omnpefiejifeT TaKyKe B3anMoAeiicTBIe NIPOBOJHMU-
KOB C TOKOM: €CJIM TI0 JBYM HapasjieIbHBIM IPOBOZHUKAM TOKU
HAYT B OJHOM HAIIPABJIEHUHM, TO INPOBOJAHHUKY IIPUTATHBAIOTCH,
8 eCTM B IPOTHBONOJIOMHBIX HANPABJICHUAX — OTTAJKHBAIOTCH.
910 06BACHAETCS TEM, UTO KAMKAbIM MPOBOJHUK C TOKOM CO3JaeT
BOKPYT ce6s1 MAarHUTHOE I10JIe, KOTOpoe AeHMCcTByeT Cuioil Amiepa
Ha APYroil IPOBOJHUK C TOKOM, IIPUTATMBAS €ro WJIN OTTAJKH-
BafA, B 3AaBUCHMOCTH OT HAIIPABJEHUS TOKA B HEM.

15.3. MarHMTHbIA MOTOK, 3aKOH 3AEKTPOMArHMTHOWM
MHAYKUWN

Ecnhp HeKOTOPBIN IJIOCKMH KOHTYP ILJIOIIAAbI0 S HAXOJUTCH
B OJIHODOJHOM MATHHTHOM II0JIe MHAYKOueill B, TO cKaJidApHas
BesqimunHa P, paBHAS NPOU3BEAEHUWIO IJIONIAAN PaMKH HA IpO-
€KIIMI0 BEKTOpPAa MArHWUTHOW HMHIAYVKIVM HA HOPMAaJb K ILIOCKO-
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CTU KOHTYpPa, Ha3bIBA€TCA MAZHUMHBIM NOMOKOM 4Yeped I3TOoT

KOHTYP:
& = BScosa, (15.12)

A “'g A A 4 B
_ | rme o — yron mexay HOPMAaJblO 7 K IJIOCKOC-

/n TH KOHTypa u BeKTopoMm B (puc. 15.8).
% MarsuTHBI# IIOTOK MaKCHMAaJeH, ecjlun
Bl IJIOCKOCTb KOHTYpa NEepPHeHAUKYJIAPHA JUHU-
aM nHAYKIuE (=0 u cosa=1), 1 TOTOK pa-
S BeH HYJIO, ecjIi OHa mapaijieiabHa um (o = 90°
| u cosa. = 0).

3a efMHUIY U3MEePEeHUI MarHUTHOTO IIOTOKAa
B CU nmpunsar 1 sebep: 1 B6=1 Ta-m® — a0

MArHUTHBIN IOTOK, CO3JZaBaeMbIii MATHUTHLIM
Puc. 15.8. Mar- moJjeMm unayknueit 1 To yepes KouTyp maoa-
HUTHBIHA IOTOK b0 B 1 M2, pacmosioskeHHEIH NepIeHANKYIAD-

HO JUHUAM HHIYKIVH.

M. ®apazeit B 1831 r. aKClIeprMeHTaJbLHO YCTAHOBHUJ 3GKOH
anexkmpomazhumnod undyryuu: jgiob6oe U3MeHEHHE MATHUTHO-
ro IMOTOKa 4Yepe3 KOHTYD BeJeT K BO3BHUKHOBEHUIO B HEM 3JIEK-
Tpuueckoit IC, paBHOH CKOPOCTH H3MEHEHUA MATHUTHOIO IO-
TOKAa BO BPEMEHHU:

BIC = - 42, (15.13)
dt

Ecin KOHTYp HpPOBOAANINE M 3aMKHYTHIN, TO B HEM IIOJ Aeil-
ctBueM atoi 9JIC BOSHHMKAaET HHAYKIIMOHHBIA TOK

I =2-H_C__ld£ (15.14)

w1 R R dt’

rae R — sjleKTpuduecKoe COIPOTHBJIEHHE KOHTYpA.

3sak «—» B dopmynax (15.13) u (15.14) orpaykaeTr npasuno
Jenya: MHAYKUVOHHBIH TOK, BOSHUKAIOIIUI B 3aMKHYTOM KOH-
Type, HalpaBjeH TaKuM 06pa3oM, UTO CO3AaBA€MOe MM MATHHUT-
HOe TI0Jie NPENSATCTBYeT M3MEHEHWIO MATHWTHOrO IOTOKA, BBI-
3BaBIIIET0 9TOT MHAYKIMOHHBIN TOK.

W3 dopmyast (15.12) cinenyer, 4To MarHUTHBIH MOTOK @ MO-
SKeT U3MeHSTLCS BO BPEMEHHU TPeMd criocobamu:

e 3a cueT UBMEHEHUSA BO BpeMeHM MATHHUTHON MHAYKUUM B;
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e 3aCYeT MU3MEHEHM S OPUEHTAIINH 0. KOHTYPA B MArHUTHOM II0JIE;

e B peayJsbTaTe H3MEHEHUs ILouwagu S, T.e. AedopManuu
KOHTYDa.

Bo Bcex aTux cay4yaax B KOHType Oyzer BosdHuKarb JIC un-
AyKnuu, tem Gosbuias, yeM ObICTpee U3MEHSIOTCA BO BPeMeHU
3TH IIapaMeTphI.

Eciu npoBOAHWK IIOMEILIEH B NepeMeHHOe MArHUTHOEe II0Jie
B = Bycoswt, TO B HeM Bcerja Bo3HUKaeT nepemeHHaa I[C uH-
AYKIUH:

9MC, =-SB' = (BySw)sinnt = E sinwt,

mojJ MeficTBUEM KOTOPOH B 00'beMe MPOBOJHUKA BO3HUKAIOT Iie-
peMeHHble MHIYKIMOHHbIe BHXpeBble (3aMBbIKalolIiecsa caMy Ha
ce6s1) Toku (15.14), HaspIBaemble Takxe moxamu Pyxo. Itu
TOKM BbI3BLIBAIOT 3HAYUTEJIbHBIA HArpeB IPOBOAHNKA, YTO IIU-
POKO HCIIOJIB3YyeTCA U B MeAUIIMHe (MHAIYKTOTEPMUS), U B Tex-
HNUYECKUX TIPUIOMEHUAX (MHIYKIMOHHLIEC HeUYH U Ap.).

15.4. CamouHAyKuMA. MHAYKTMBHOCTbL KOHTYpa.
DHeprusi MarHUTHOTO MNOAS

PaccMoTpuM 3aMKHYTBIM KOHTYpP, IO KOTOPOMY TedeT TOK [
(puc. 15.9). 3ToT TOK CO3ZaeT MArHHTHOE IIoJie, MHAYKIUs B
KOTOpOro IpoliopioHanbHa cuile Toka I [ecm. dopmyray (15.3)].
CoOTBETCTBEHHO MATHUTHBIH MOTOK P yepes 9TOT KOHTYD TaKiKe
6ymer mponopuuoHasieH CHUJe TOKA B KOHType:

D =LI (15.15)

Koadpdunuenr mponopuuoHaibHOCTH L
SBJISIETCSA XapaKTePHUCTUKOW KOHTypa H
Ha3bIBAETCHA KOIPPuyluenmom camoun-
Oykyuu uiu UHOYKMUBHOCMBIO KOHMY-
Pa. OH 3aBUCUT TOJBKO OT I'eOMEeTPUH KOH- S
Typa, ero pa3MepPOB U MAaTrHUTHLIX CBOMCTB S
OKpysKamileil ero cpennl. Enunuiei na- .’ lo
Mepenusa nEAyKTuBHOCTH B CU sABAsieTcs Puc. 15.9. MarsuTHui
1renpu (I'a)=1B6/A. 9To UHAYKTUBHOCTD [OTOK Yepes KOHTYD,
KoHTypa, B KOTOPOM TOK B 1 A cO3maeT  cozgaBaeMblii TOKOM
MarHuTHBIA IOTOK yepe3 KOHTYp B 1 BO. B HeM
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Ecay TOK B KOHType ITOCTOSAHHBIM, TO 1 MarHUTHLIN NIOTOK @
nocrossHHBIM. Ho ecau cuia Ttoxka I B KOHType u3aMeHsercsa (1o
JIIOOBIM IPUYUHAM), TO UBMEHAETCS U MATHUTHBIHM TOTOK @ Uepes
KOHTYD, B pe3yJjbTare 4ero B KOHType BosHHukaeT JC camoun-
IYKINY, IPONOPIUOHANbHAA CKOPOCTH M3MEHEHUs TOKA B KOH-
Type ¥ IPEemATCTBYIOUIas 3TOMY M3MEHEHHIO (HA 3TO YKa3blBaer
3HAK «—»):

Sﬂccamouuu = —% = _L%i; . (15.16)

IIpu oueHsb GBICTPOM 3aMBIKAHMY HMJIH PasMbIKAHHM LENU Be-
auunHa 3Toit HJIC MoKeT OLIThL OUYeHb OOJIBIION, ¥ BHI3LIBAEMEIE
€10 UHIAYKIHOHHBIE TOKH (9Kcmpamoxu) MOTYT BBIBOAUTH U3
cTpodA npubopsl (HAIrpuMep, 3JeKTPOJIaMITbl), BKJIIOUEHHBIE B 3TY
nenb. IloaToMy MOIUTHBIE HATPY3KHU BKJIOYAIOTCA B Hellb MeAJIeH-
HO, Uepes clelHuaJbHbIe YCTPOCTBA (pPeocTaTsl U AP.).

MaruuTHOe moJie, KaK u J1060e APYroe CUJIOBOE moJe, obyiaxa-
eT sHeprueii W, KoTopas 3aBUCHUT OT CWJIHI TOKa [, CO3AIOIIEr0
9TO MarHUTHOE I0Jle, U MAarHMTHOro Moroxka P uepes KOHTYpP C
TOKOM, a TaKiKe ¢ yueToM cooTHourenus (15.15) oT cuibl ToKa u
WHAYKTHUBHOCTH L KOHTypa:

2
w,=ter=1p2-2 (15.17)
2 2 2L

Popmyaa (15.17) mogobua coorseTcTBYIOLIEH GopMyse I
sHepruu W, 3JIeKTPHUECKOro II0Ja B KOHAeHcaTope eMKocThio C,

3apsiokeHHOM 1o HanpsikeHus U (¢q=CU — 3apsjp KOHAeHCA-
TOpAa):
2
w=iqu=1cvz-ZL . (15.18)
2 2 2C

Takum 06pazoM, 3JIEKTPUYECKUH TOK CO3ZaeT MarTrHUTHOE
IoJjie, dHEPTUA KOTOPOIO ONpejessaeTcd CUJIOH TOKa ¥ HHAYK-
TUBHOCTBIO KOHTYypa. JI100ble M3MeHEeHUA CHUJIbl TOKA B KOHTYDE
cozzpaoT B HeM J/1C caMOMHAYKIINH, IPEHIATCTBYIOIIYIO 9TUM HU3-

MEHEeHHNAM TOKa.
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15.5. MarHutHble CBOWCTBA BeWweCTs

Ecium BHeCTH BellleCTBO B MArHUTHOE II0Jle MHAYKIuein B,
r0 BHYTDH 3TOrQ BeIeCTBA WHAYKIUA MATHUTHOTO MOJA OyAeT

) BCD ..
ysxe apyroit: B, = nB,. Benmuuna p = ? Ha3bIBaE€TCSI OMHO-
0
cumenbrol MazHumuoil NPoHUYAeMOCMbIO STOTO BEILIECTEA.

ITo 3HAYEHUIO OTHOCHUTEILHOH MAaTHUTHO IIPOHUIIAEMOCTH BCE
BellleCTBa JeJNATCA Ha TPU TPYIIIIbL:

¢ JUaMarHeTMKd — BeHIeCTBa, AJs KOTOPHIX u < 1, B, <By;

¢ [apamMarHeTUKW — BeLIeCTBA, MJIA KOTOPBIX W > 1, B ,>By;

* (eppoMarHeTUKH — BEIeCTBA, AJIA KOTOPLIX U >>1, B, >> B,

JloiA AMaMarHMTHBIX W NapaMarHUTHBIX BeIeCTB OTKJIOHEHUE
3HAUYEHUI BEeJIMYUHEI {1 OT 1 BeCbMa HEBEJUKO ([ecsAThIe M COThIe
JI0JIM), TOTAAa Kak AJis peppomarHeTuros i ~ 1000 u Goxee.

O0'bACHEeHNE TAKUX PA3HbIX MATHUTHBIX CBOMCTB BEII[ECTB CO-
crout B ciaeaywiieM. MojieKyJApHbIe TOKH CO3al0T MarHuTHbIE
MOMEHTBI p,, MOJIEKYJI, BCIeJCTBHE Uero obpasyercsa coGCTBeHHOe
MarHuTHOE IoJe cpeabl B, IPAMO IPONOPIMOHATIBHOE BEKTOD-
HOM CyMMe MarHWTHBIX MOMEHTOB MOJIEKYJ cpensi: B, ~Zp, .
Ecnu aTy cpeiy BHeCTH BO BHeEIIHee MArHUTHOE I0Jie HHAYKIIHEeH
By, TO MHAYKINA Pe3yJIbTUPYIOIIEro I0Jis B cpefe OymeT paBHa
BEKTODHOH cyMMe:

B,, = B, + B.y. (15.19)

Monekyansl duamazHemurKoé He UMEIT COOCTBEHHOTO Mar-
HUTHOrO MoMeHTa (p, = 0), HO BO BHeIIHeM MATHHUTHOM IIOJIe
B 9TUX MOJIEKY/JaX BO3HMKAET HaBeJEHHBbII MArHUTHBIA MOMEHT
Pm ~ By #, COOTBETCTBEHHO, HAMArHUYEHHOCTb B, HampasjeH-
Hble TPOTUB BeKTOpa MHAYKIuUU B,. IlosTomMy uHIYKHUS pe-
3yJIBTUPYIONIETr0 [I0JA B AUaMarHeTuKe Oy/eT MeHbIlle BHEITHEro
B,,. = By — B.s < B, BceAcTBHE Yero y JUaMATCHETUKOB | < 1.

JduaMarueTuku, IOMellleHHble B HEOJHOPOAHOE MArHHUTHOE
noJie, BBITAJIKHMBAIOTCS B 00JacTh 0oJjiee caaboro moJis.

MousieKyabl napamazHemuko8 MMeT COOCTBEHHblE MATHUT-
Hble MOMEHTHI p, # 0, HO B OTCYTCTBME BHEIIHEro MOJA OHU
OPHMEHTHPOBAaHbl XA0TUYECKHM U MX BEeKTOPHAaA cyMMa OJH3Ka K
mymo: Zp, =0. Bo BaeliHeM noje wHAYKINeH B, mpoucxogut
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OpHEHTAIlMs MarHUTHBIX P, MOJEKYJ BJOJEL HAIPaBJIeHUS EO
¥ BO3HUKAeT HAMArHUYEHHOCTb cpeAbl B, ~Xp,. ~ Bo, Ha-
NpAaBJCHHAS OapajjielIbHO UHAYKIUYA BHEIIHEro MOJd, II03TOMY
pe3yJIbTUPYIOLIEe IoJIe B IapaMarHeTUKaX HEeCKOJIBKO IIPEeBOCX0-
nut BHemHee: B,,,, = By + B, > B, ciefposaTenibHo U 1 >1.
IlapamarueTuku, IOMeIeHHbIE B HEOAHODOJHOE MaTrHUTHOe
ToJie, BTATUBAIOTCA B 00/1aCTh GoJlee CUABHOTO TOJIA.
MouekyJibl peppomazHemuKos Toxe UMEIOT COOCTBEHHBIE Mar-
HUTHBIEe MOMEHTHI p,, # 0, HO B OTCYTCTBHE BHELIHEI'O IIOJIA OHU
OPHEHTHPOBAHBI HE XAOTHYECKU, a CONEPIKAT KPYIHbIe 001acTh

(momeHBI) CO CIIOHTAaHHON HamarHwueHHoctsio Bj ~(Zp,);, #0
(puc. 15.10). Ilpu BHecennu heppoMarseTKa BO BHEIIHEe IIOJie

B, npoucxonurt  OpHeHTaINA nosien B;0TAeabHBIX JOMEHOB BJOJIb
HanpaBgeHus B, 6jarogapsa 4eMy uHIYKIUSA CyMMAapHOTO IOJs
B (heppoMardeTuke B JeCATKYU U COTHU pPa3 IIPEBOCXOAHT MHAVK-
[MI0 BHEIIHEro monas: By, = B, + ZB; >> B, nosTomy u 1 >> 1.

Ecau reneps yOpaTh BHeIIHee 110JIe, TO CYMMapHOe MarHuTHOe
IoJie JOMeHOB, KOTOpOe B COTHU pas 6oxabiie By, 0yaeT co3nasars
TIOCTOSHHOE MAarHUTHOE I1oJie (peppoMarHeTuKa M MOAAEPKUBaTh
IIPEXKHIOD OPHUEHTAIMI0 MAarHUTHBIX IMOJeH OTHeJbHBIX JOMEHOB,

o0pasys MOCTOAHHBIA MarHuT: B, = Y B;.
j
B cuny aTX CBOHCTB (DEePPOMATHETUKHU IIIMPOKO IPUMEHSIOT-
Ccsl B TeXHUKe [JIi U3TOTOBJIEHMS IIOCTOAHHBIX MArHUTOB, A

sanucu nHGOpMAaIy Ha GeppoOMarHUTHbIE IJIEHKH, AUCKH M HC-
[I0JIB3YIOTCA B APYTUX yCTpPOCTBAX.

B~ (3P,);; By=0 .

o

Puc. 15.10. O6sacTH CIIOHTAHHON HAMATHUYEHHOCTH (ZOMEHBI)
B (peppOMarsHeTuKax:
a — B OTCYTCTBUE BHEILHEero 1oJid; 6 — BO BHeIIHeM noJe B,
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deppoMarHeTHKH, KaK M NMAPAMATHETHKH, DU BHECEHHUHU B
HEOAHOPOOHOE MATHHUTHOe IoJie BTATHUBAIOTCHA B 061acTh 6Gojee
CHJIBHOIO I0JIA.

15.6. MaruuTHble CBOMCTBA OMOTKaHel

Iaccusenwvie maznummnoie ceolicmea Guomraneii o6ycioBIie-
Hbl XMMHUYECKHMH M (PU3HUYECKHMH CBOHCTBAMM BeIIeCTB, BXO-
AAMUX B UX coctaB. OCHOBHBIE XHUMHUYECKHe KOMIIOHEHTHI Cpe[
opran3Ma (Boja, 6GesKu, yrjeBOABI, JWUIWJbI) ANAMATHUTHBI,
O3TOMY M OMOJIOTMUECKNEe TKAHN B OCHOBHOM JUaMaTHUTHBI, UX
MArHUTHas MPOHMIIAEMOCTH YyTh MeHbIe efMHHILI. OQHAKO B
opraHusMe B HEGOJIBIIIOM KOJIHYECTBe €CTh ¥ MapaMarHuUTHbIE CO-
eAHHEeHUs, HaIpuMep CBOGOAHEBIE PaJUKAJIHI.

HexoTophle MHUKPOOPraHMW3MBl CIIOCOOHBI CHUHTE3UPOBATHL Be-
mecTBa, obsanaiomye GeppoMariMTHLIMY CBOMCTBAMY, X HAKAaIl-
JINBATh UX B CIIEIMAJIN3UPOBAHHBIX opzarearax. IIpegnonaralor,
YTO 3TH OPraHeJlJIbI CIIOCOOHEI OPHEHTUPOBATHCS BO BHEIITHEM Mar-
HHATHOM IToJIe TOZO00OHO MarHUTHOM CTPeJIKe KoMIIaca M UTo ITogo00-
Hble GePPOMATHUTHBIE BKIIOUEHHA IPUCYTCTBYIOT B TKAHSX BBICO-
KOOPTaHW30BaHHEIX CYINeCTB (II4Yejbl, MTHUILI, AeJb@UHBI U AD.).

deppoMarsuTHble 06pa30BaHUS HMEIOTCA W B TKaHAX YeJso-
Beka. OHM OOHapy:KeHBI B ceJie3eHKe, NTeYeHH, HaAIlOUeYHIKaX.
Posb satux ob6pazoBaHNil B mpoTeKaHUM (PH3MOJOTHYECKUX IIPO-
LIECCOB A0 KOHIIA He BBIACHEHA.

Ha zgeiicTBMe MArHHMTHOTO IIOJIA PearupyioT BCE KJETOYHBIE
opraseyabl, 0OCOGEHHO MUTOXOHAPHUMA. K MarHMUTHOMY BJIMAHUIO
BeChbMa YyBCTBUTEJIbHE HEePBHAA TKAHb, CEKPETOPHLIN anuTeNui
SHAOKPHUHHLIX JKeJjie3, CepPAeUYHO-COCYANCTAsA CUCTEMA U CHCTeMa
KpoBu. MarsHuTHOe MoJie BIANSET Ha (PU3NKO-XMMUYECKUe IIPo-
IecChl, IIPOTEKAIOIIKE B XKUBBLIX TKaHAX. PU3NUECKON OCHOBOH
TAKOTO AeiCTBUA MOJA MOrYT ObITh OPHEHTALlUA MOJIEKYJ, U3-
MeHEeHHNe IIPOCTPAHCTBEHHOTO paclIpefesieHus HMOHOB B HEOJHO-
POOJHOM MATHHUTHOM IIOJie, JeiicTBMe cHMJibl JIOpeHIla Ha JBUIKY-
muecsas VOHLI, BOSHUKHOBeHNe MHAYKIMOHHEBIX IJIC u TOKOB mopa
HJeiicTBHNEM IIePeMeHHbIX ¥ MMIYJILCHEIX MATHUTHEIX ITOJIeH U AD.

AKmuénbie mazHumnbLe C60LiCMEA HUBBLX MKaHel Olpese-
JSIOTCH CBOMCTBAMH MX COOCTBEHHBIX MATHUTHLIX ITOJIEH, TIOPOXK-
A8eMBbIX JJIEKTPUYECKMMM TOKAMM, BO3HUKAKIIMMU B TKAHAX
B mponecce *XU3HeAeATeJIbHOCTH.
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Hanpumep, pacnpoCcTpaHEHHEe JJeKTPHYECKOTO MMIIYJIbLCa
110 AKCOHY — 3TO, B CYIIHOCTH, IIPOXOKACHHE 3JEKTPUUECKOTo
TOKA, KOTOPHIM B CBOIO OYepeab CO3JaeT MArHUTHOE IIOJI€ B OK-
py:xaolei cpene.

O BeiuMHE MATHUTHBIX HOJiell, BOSHUKAIOIINX IPpU GYHKIH-
OHHMPOBAHUHM HEKOTOPBIX OPraHOB, MOYXKHO CYAUTH 1o taba. 15.1,
B KOTOPO¥ [JIfA CDABHEHUS IPUBEAEHbI TaK)Ke COOTBETCTBYIOIIHe
JaHHBIE JJIA MarHUTHOrO moJsd 3eMan U GuUsnoTepaneBTHUEeCKOM
anmapaTypsel. 13 TabiauLkl BUAHO, UTO COOCTBEHHBIE MAarHUTHEIE
noJiss 6MoJIoOTuYeCKuX 06 bEKTOB KpaiiHe ciabpie, 4TO 06yCIIOBIIH-

BaeTr T HOCTb MX perucrpaigun.
pyA p pan Tabauma 15.1

O6BexT Moar | Memmua | Cepaie | 3emas Tep ATICBTHHECKHE
yeTpoiicTa

HNuayrous

MAarHUTHOTO

noss, MTx 1077 1078 107 | 5.102 1-100

B ocHOBe mMazrHumoduazHOCMuUKU JNEKUT PEruCTpanus codc-
TBEHHBIX MATHUTHBIX IIOJeHd OMOTKaHe#, BO3HUKAIOMIUX B pe-
3yJabraTe (QU3NOJIOTHUECKHX NPOLECCOB, IPOTEKAOIUX B HUX.
HecMoTpsa Ha Manylo BeJIMUYMHY WHAYKIIUYM 9TUX MArHATHBLIX MO-
Jei, IPOBOZUTCS UX PETUCTPALUS C ZUATHOCTUYECKON LeJbIO.

HauGonee paspaboTaHa mazrnumorxapduozpagus, MOCKOJIBKY
MarHuTHOe MoJie cepAiia 00jazaeT OTHOCHUTENLHO BBICOKMM 3HA-
YeHHMeM MArHUTHON muAyxiuu (cM. Taba. 15.1). Marauroxap-
auorpaMMa HUMeeT BHA, AHAJOTHYHBINA 3JIeKTPOKAapAmorpaMme.
CoxpaHeHsl Jaske o0o3HauerRus 3y61os. OnpepesieHHBIM HOCTO-
WHCTBOM MArHHTOKapauorpaduy ABJISETCS HOTyYeHHMe AUarHoc-
THUYECKHUX JAAHHBIX 6€3 HENOCPEACTBEHHOr0 KOHTAKTA 3JIEKTPOLOB
C IOBEPXHOCTBIO TEJAa ¥ HEKOTOPHIX HOBBIX CBEIEHUH O QYyHKI(HU-
OHWPOBAHUY CePALA.

Ilpu perucrpanuyl MazHUMOIHYepanrozpamm oOGHADYKEHEl HO-
BhI€ XaPAKTEPUCTHKKM aKTUBHOCTH MO3ra, HE IIPOABISIOIINECH
Ha dJIeKTposHnedasorpaMmmax. B uacTHocT, 0Ka3aoch BOSMOMK-
HBIM BBIZEJINTH BBHICOKOYACTOTHYIO COCTABASIOIIYI0 MArHWTHOI'O
HOJISE OTAENbHBIX HEeHPOHOB MO3Tra YesyoBeKa.

B Hacrosiiee BpeMsa HamOoJblilee IpHMeHeHWe MATrHUTHBIX
NoJiell B MeJUIIHE CBA3aHO C UX BO3JeiicTBHEeM Ha OPraHuaM Ipu
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M3NOTEPALINH, & TaKIKe C UCIOJIb30BAHNEM CUJIbHBIX TPaJUeHT-
gHIX MaTHUTHBIX noJseil (maaykumei 0,5-2,0 Tn) nas nonyuyeHus
#300PaKEHUsA OPraHoOB U TKAaHEN MeTOJOM SAepPHOro MarHMTHOTO
pesoHaHCa (MarHMTHO-PE3OHAHCHAA TOMOTpadus).

15.7. buoAornyeckoe Ae€ACTBUE MATHUTHOIO MOAAR

Ha MoneKyJApHOM YpPOBHE 3KCIIEPMMEHTAJIbHO M3y4eHo peiic-
TBHE TIepeMEeHHOI'0 MArHWTHOI'O MOJIA Ha KOH(pOpPMAaIlluio (U3MeHe-
HUE IPOCTPAHCTBEHHOMN TPEXMEPHOM CTPYKTYPHI) OEJIKOB CHIBOPOT-
KU KPOBH, TKaHeid u GepPMEHTOB U Ha MMOKAa3aTeJ i 9HEePTeTUYECKOro
obMena. MccnenoBaHusa BEIABAIN OTYETIUBOE BIANAHNE MATHUTHOI'O
NOJISE MaJIOH MHAYKIWY Ha CTPYKTYPY ONpPeNesIeHHBIX XUMHUYCKUX
rpymil 6eJIK0B, AKTUBHOCTb ()EPMEHTOB, YCTONYNBOCTD JIUIIONPOTEN-
HOBBIX KOMILJIEKCOB, PE3UCTEHTHOCT: MeMOpaHbI 9PUTPOIIUTOB.

B nocmoanwnom maznumwuom noae wuHpayrimumer 0,01-1 Ta
HAOJII0AAIOTCA MATHUTOMEXaHMUYecKue 3P(PeKThl B KUIKOKPIC-
TAJIIUYECKUX CTPYKTYPaX, KOTOPHIEe MOTYT OIIPEJeATh YPOBEHD
aKTHBHOCTH GepMeHTOB Ha 6momeMGpaHe 1 BAUATL Ha IPOHUILA-
€MOCTh KJEeTOYHBIX MeMOpaH.

JleficTBHI0 MarHuTHOTO IIOJS HOJBEPIKEHBI KJETOUHbLIE U He
KJIETOUHBbIe KOMIIOHEHTHI KPOBH, UYTO OOYCJIOBJIMBAET BJIUSHME
IOCTOAHHOr0 MarHUTHOI'O IIOJIS HA CBEPTHIBAEMOCTh KPOBM, MU-
KPOLUPKYJIALUIO U IIPOHUIIAEMOCTh COCY/I0B.

OcobeHHO cienyer OOpPATUTH BHUMAHNE Ha AeHCTBUE NnepemeH-
H020 MazHUMHO20 noas. B aToM ciyuyae, KpoMe MarHUTHOTO B3a-
UMOJeCTBUAS OMOMOJIEKYJI C MAIrHUTHBIM IIOJIEM, IIPOUCXOLUT
B3amMoelicTBue OHMOCHUCTEM C HEepPeMEHHBIM 3JIeKTPUYECKUM II10-
JleM, MHAYIUPYEMBIM B TKAHAX NepeMeHHBIM MArHUTHBIM IIO-
JeMm. Hanpsa:KeHHOCTH 3TOr0 JIEKTPHUUYECKOTO MOJIA NIPAMO IIPO-
NOpIUMOHANbHA CKOPOCTH HM3MEHEHHUSA MarHMTHOTO IIOJA M, CJe-
A0BaTeJbHO, €ro yacToTe. TaKk KaK B TKAHAX MMEIOTCA CBOOOIHEIE
8apsKeHHBbIe YaCTHUIIbI (MOHBI M 3JIEKTPOHBI), TO MHAYIHPyeEMOe
IeKTPUYECKOoe I0Jie IPUBOIUT UX B ABUIKEHUE, BOSHUKAET 3JIeK-
TPUYeCKUil TOK, 00JaJaloONNil, KAK M3BECTHO, MHOTOOOPA3HBLIM
Suosormueckum geiicTBueM.

B Hacrosmiee BpeMa B jieueOHOM MpaKkTHKe JOCTATOYHO IIHAPO-
KO ¥ aKTHBHO HCHOJB3YIOTCA DPA3HOOOpPAa3HbIe MATHHTHLIE, IO
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(MII): mocTosiHHBIE, IIePEMEHHLIC, UMITYJIbCHBIE, BPAIlAIOIIHAECs
u ap. Taxoe mupoxoe MpuMeHeHUe OOYCJIOBJEHO KaK OOJIBIIOf
rryOnHOM npoHuKHoBeHUA MII B TKaHM, TaK ¥ pasHOOODPa3HEL-
MK MexaHu3MaMu ero geiicrBus. MII ciocoOHBI BAMATHL HA IPO-
CTPAHCTBEHHYIO ODHMEHTAIIUIO CJIOMKHBIX OMOJIOTMYECKH AaKTHR-
HBIX BelrecTB ((epMEHTOB, HYKJENMHOBBLIX KHUCJIOT, IIPOTEMHOB 1
T.X.), MOABUKHOCTh MOHOB, UYTO MOMKET OTPAYKATHCA Ha KUHETHKe
¥ CKOPOCTH OMOXMMHUUYECKHUX Pearkiuil, HAYIIUX C YIYACTHEM ITUX
BentecTB. JeiictBue MII MoxeT peasu30BBIBATBCS U Yepe3 XU-
MHUYEeCKHe DeaKIly, IPOTeKalollye IO CBOOOAHOPAAVMKAIBHOMY
MeXaHH3MY, TOCKOJILKY CBOGOAHbBIe PagUKAJIbLl HAPAMATHUTHEL U
MOTYT B3anMOjelcTBOBaTh ¢ BHeITHUM MII.

Cpenu aneuebnobix agpexmos MII HaubGosee XOKA3AHHBIMM U
3HAYVMbIMH SABJIAIOTCA: IIPOTHUBOOTEYHBbIH, M'MIOTEH3UBHBINA, MIpO-
THUBOBOCIIAJIUTEJIbHBIH, HMMYHOMOAYJIHPYIOIINiA, META00IMUECKHIL,
CeJJaTUBHBLIN U Ap. MarHuTHOE I10J1e OKa3bIBaeT HOPMAJIU3YIOLle-CTH-
MyJUpYyIolilee JeiicTBHe Ha (MDYHKIMOHAJIBHOE COCTOSIHME BHYTPEH-
HYIX OPTaHOB, YJIYYIIIaeT MUKDPOIIMPKYIALNIO ¥ TPAHCKAITHJLIAPHBIH
o0MeH, 0GJIaronpuATHO BIHUAET HA HeHpOBereTaTHMBHBIEC ITPOIIECCHI.

Cunraercs, YTO IIOPOTOBAA UYBCTBHUTEJIbHOCTh K UMIYIbCHBIM
MATHUTHBIM noasMm cocraBiader 0,1 mMTa, Kk nepeMeHHBIM —
3 MmTxa, kK mocroaeHbIM — 8 MTur.

MegunuHCKON IIPOMBILLIEHHOCTBIO BBIIYCKAETCH O60JbIIOE
KOJIMYECTBO MArHUTOTEPaleBTHYECKHX ammnapaToB. B KauecTBe
UCTOYHUKOB IIOCTOSHHOIO MArHMTHOTrO IOJIST MCIOJIL3YIOTCA 3J1a-
CTUYHBIe MATHUTHI-ANIIIJIMKATOPHI, MarHUTHBIE KJMWIICHI, Opac-
JIeTHI U Apyrue U3JeJINus Ha OCHOBE IIOCTOSHHBIX MArHUTOB C MH-
aykuueir 25—-40 mTa.

HcToyHuKaMMu ImepeMEeHHOro M MMIIYJIbCHOIO MAaTrHUTHOIO
MMOJsl ABJSIOTCS MHAYKTOPBI PA3HOOOPA3HON (DOPMBI, HUCIIOJIBL3Y-
IOIIIMe IIepeEMEHHbIe U NMITYJIbCHEIE TOKM PA3HBIX YaCTOTHBIX A~
amasoHOB: OT €AMHMUIL Iepll A0 AecATKa Merarepn (MHIYKTOTED-
MHS) — ¥ MHIYKIUEH OT HeCKOJBbKUX JECATKOB 0 HECKOJNbKUX
COTEH MHJIJIHNTEC]A.

OaHMM M3 IePCIIeKTUBHLIX HAIIPABJIE€HUH Pa3BUTHUA MarduTo-
Tepanuu ABJAAETCA pa3paboTKa MeTOJOB COYETAHHOTO BO3Jeic-
TBUA MaArsMTHOIO MOJISA U APYIoro Jieueb6HOro BO3JeHCTBHA, UTO
yacTo obecrneunBaeT ux GOJBIIYIO TepalleBTHYECKYIO 3(hPeKTHB-
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gocTh U boJjiee KOPOTKHUIT Kypc JeueHus. K rakum meropam yxe
MOYKHO OTHECTH MarHUTOJA3epHYIO TePAaINio, Mariurogopes Jje-

KapcTB U Ip.

10.
11.
12.
13.
14,
15,

16.
17,

KOHTpO/\beIe BOMNpPOCHI U 3aAaHUA

Yro sABJSETCA UCTOYHUKOM MarHuTHoro noua? Ha kakue o6beKThI
MarHuTHOE II0JIe MOXKeT OKas3bIBaTh CHJIOBOE BO3AelcTBHe?
Yra’KuTe CHIOBYI0 XapaKTePUCTHKY MArHUTHOTO IIOJiA ¥ eJUHUILbLI
ee usmepenusi. Kak rpadpudeckn nsobpakaorca MarHuTHble M0aa?
Yro onpenensier 3akoH Buo — Casapa — Jlannaca? Kak ¢ ero mo-
MOII[BI0 MOX{HO BBIYHCJHUTb MHAYKIIMI0O MATHUTHOTO IOJS B TOYKE
HabmogeHnA?

Kax paccuuTaTh BEeJMUYMHY U ONPEAEUTL HAIPaBJeHHEe BEeKTopa
MHAYKINYA MATHUTHOTO HOJS, CO3JaBaeMOro NPSIMBIM GEeCKOHeY-
HBIM TOKOM?

Kak paccuuraTs BeJIWYHHY M ONpEAeNUTb HANpPaBIE€HUE BEKTOpa
VHAYKIWYA MAarHATHOTO IIOJIA, CO3JaBA€EMOI'0 KPYTOBBIM TOKOM?
Yro xapaxkTepusyer cuia JlopeHua? Kak paccunTaTh ee BEIUUNHY
¥ OIpeLeJINTh HalpaBJeHue?

Ha uto gmeiicrByer cuia Amnepa? Kak paccumraTh ee BeJIHYHHY U
OIpeleINTb HallpaBJieHue?

Y10 HA3BLIBAIOT MATHUTHBIM MOMEHTOM paMKu ¢ TokoMm? B kakmx
eguHunax CU oH usmepsierca?

Kakoe geiicTBHe OKa3bIBAET MATHUTHOE II0JIeé Ha PAMKY € TOKOM?
IIpuBenuTe BhIpasKeHHe AJIA MEXaHUYECKOrO MOMEHTAa, geiCTBYIO-
LIIET0 Ha PAMKY ¢ TOKOM B MarHUTHOM IIOJIE.

Yr1o Takoe MATHUTHBIA HOTOK? YKaKHUTe eJUHHIY €ro U3MepeHus
B CH u criocoGb1 namepeHus.

B ueM COCTOMT ABJIEHUE IJEKTPOMArHUTHON MHAYKIUN? 3alUIINTe
3TOT 3aKOH. B uem coctouT npasuio Jlenua? A

B ueMm cocTouT siBienne caMOMHAYKIUU? UTo TaKOe MHAYKTUBHOCTH
KOHTYpAa, OT Yero OHA 3aBUCHT U B Kakux eaunnnax CU usmepser-
csa? YTo TaKkoe 3KCTPAaTOKU, KOTAa W II0YeMy OHM BOSHHKAIOT?
IIpuBeguTre GopMyJibl AJiA pacyeTa SHEPru¥ MarHUTHOI'O IIOJIA.
KakoBbsl MarHUTHEIE CBOMCTBA BellecTs (qua-, napa- u deppomarse-
TrKOB)? O6baACHUTEe GUINYECKYIO IPUPOAY Pa3IUYUM UX CBOMCTB.
OxapaKTepuayiiTe macCHBHble M AKTUBHLIE MArHUTHBIE CBOMCTBa
6uoTKaHei.

HatiTe XapaKTePUCTUKY OHOJOrHUECKOMY ASHCTBUIO MArHUTHOrO IOJA.
KakoBbI OCHOBHBIE 06J1aCTH IIPHMEHEHMA MATHUTHBIX MMoJeHi B Je-
yeOHbIX Leasax?



OCHOBbI  3AEKTPOCTUMYASILIUU

lasa 16 -
TKaHENn U OpraHos

JdneKmpocmumMynayua — 3TO JO3UPOBAHHOE BO3JEMCTBHe
3JIeKTPUYECKUM TOKOM Ha OIipele/IeHHbIe OPraHbl U BO3OYIUMble
TKAQHM OPraHu3Ma C IeJIbI0 00eCleue sl WAV YAYYILIeHUS UX Ae-
ATeJbHOCTH. Ee MPUMeHAIOT AN HOpMaau3aluu QYHKINN IBK-
raTeJbHBIX HEPBOB M MBIIII, KCIOJL3YSA HU3KOUYACTOTHBIE (110
200 T't) UMy IbCHBIE TOKY PA3JIUYHON (POPMBI.

Hcnonbp3yeMble MIPHU 3JEKTPOCTUMYJIAINYN TOKH MOTYT BBI3hI-
BaTh CTUMYJISIMI0 HEPBOB M COKPAIIEHUS MBIIIIIl, He YIPABJIA-
empie ITHC, mosToMy OHM MOTYT OBLITH OIACHBI AJIA OPraHU3Ma
U TpedyIT CTPOroro coboieHUA NPaBu TeXHUKH O6esomnac-
woctu. Tak, Tox uwacroroit 50 I'm u cumoii 10-15 MA BhI3LIBa-
eT COKpallleHWe MEeJKWUX CKEeJIeTHBIX MBI, (Haupumep, MBIIII]
KHUCTH, TOPTAHU #U JpP.), ¥ YEJOBEK HE MOMKET CAMOCTOATEJLHO
ocBOoOOOUTHECA OT ero AeiictBusa. Taxkoil TOK Ha3bIBAIOT Heom-
nyckaowum TOKoM. Ecau mONHBIA TOK uepes I'PYAHVIO KJIETKY
yejoBeKa gocturaer 50-60 MA, To HacTymaer mapajadd JbIXa-
TeJbHBIX MBI {MEXPpeOEepHbIX M MBIIII, PEryJIUDPYIOUINX LBU-
JKeHue AuadparMel) ¥ 4Yepe3 HECKOJIBKO MUHYT MOKET HACTYIUTh
cMepTh oT yAyuiba. Ecan ke cuia Toka yepes3 IPYAHYIO KJIETKY
nocruraer 100 MA, mMoKerT mpousolTH QUOPUILIALNA cepAeyd-
HOM MBIIIIBI M IIOCJEAYIONIas OCTAHOBKA cepara. IlosTomy mpu
HAJO0MKEHHUU JJIEKTPOAOB cJefyeT obpalmjaTh 0cob0oe BHUMAaHUe
HA TO, YTOOLI CTUMYJUDPYIOIINI TOK He IPOXOAMJ TO JKU3HEH-
HO BaKHBIM OpraHaM, a ero aMILINTyzAa Gblia MeHblile 3HaYeHUH
IIOpaKAaloiero ToKa I ., AJS CTHMyJIHDPYyeMOro opraHa HJIH
TKaHX. PeaJlbHO HCIIONB3YIOTCA TOKM aMILIMTYAOH He GoJjee
50 MA.

OTMeTuM, UTO, XOTS K NAIHEHTY MOABOAUTCAH JJIEKTPHUUECKOEe
Hamnpsi)KeHue, OCHOBHBIM (haKTOpOM, AeHCTBYIOLIAM Ha OpraH
UIM TKAHb IIPU 3J€KTPOCTUMYASAIUMN, SBJISETCA CUJIa TOKa, BO3"
HUKAaIoIasa IoJ JeMCTBUEM 9TOTO HAIpAXKeHus. IlosTomy pasee
6yaer paccMoTpeHa MMeHHO GopMa M CUJIA UMIIYJIbCHOTO TOKA&,
JeHCTBYIOIIEero Ha TKAHb IIPU 3JIEeKTPOCTUMYIALMHA.
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16.1. lMapameTpbl MMNYALCHBIX TOKOB

JIJisi 3JeKTPOCTHMYJALUY MCHOJIb3YIOT HMIYJbCHBIE TOKYU
pasHO# (POPMBI, B 3aBUCMMOCTH! OT BHAA TKAHU U Je4e0HOHU Ienn
posaericTBua. Haubosee npocTyio ¢GopMy UMEIOT MIPAMOYTOJILHbBIE
AMITYJBCHBIE TOKU ¥ UMEHHO TaKie TOKU OOBIYHO ZAIOT MYJIbTH-
puOpaTopsl — (hU3UUECKe 3JIEKTPOHHbIE YCTPOUCTBA, reHePUpPY-
jolie UMITYyJIbChl HAMPSKEeHUA C 3aJaHHOM YaCTOTOIA.

UMnyabCHBIE TOKHU IPAMOYTOJBbHON (DOPMBI OOBIYHO MCIIOJb-
3YIOTCA A CTHUMYJIAHUU HEPBHOH CHUCTEMBI, & TOKU HEIPAMO-
yroJbHOH (POPMBI — AJIA CTUMYJIALVN MBI,

HamoMHUM, YUTO AJIA TOJHON XapPaKTEPUCTHUKH IOCTOSHHOI'O
TOKAa JOCTATOYHO YKas3aThb ero Besqiuuuny (I) 1 HalpaBJieHHe, AJA
NepeMeHHOT0 CUHYCOUJAJNLHOIO TOKa — ero ammiauryny (I)) u
yactory (v mam o). OgHaKo OJIsi ONMHMCAHUS HMMIYJbCHBIX TOKOB
Tpebyercs O60bliIee KOJNIECTBO XapaKTEPUCTUK.

16.1.1. TIpAMOyroAbHble UMMYAbCHblE TOKW

1A mONHOTO ONMMCAHMA UMIYJbCHOTO TOKa HPAMOYTOJIbHOM
tdopmbr (puc. 16.1) "Heobxoaumo ykKasaTh ero ammautyay I, u
IBa BpeMEeHHBIX IapaMeTpa: AJUTEeJbHOCTh UMITyabca ¢, (MMeHHO
OHa oIpeJesisieT BpeMsA BO3AEMCTBUA TOKA HA *KUBYIO TKAHb IPU
AIEKTPOCTUMYIALVM) U IIePHOJ] TIOBTOPEHUS UMITYJIbcoB T jubo
JJIUTEeNbHOCTh ay3bl ty, KOTOPhIe CBA3AHLI COOTHOIIIEHUEM

T=t,+ ¢ (16.1)

t t
T T

Puc. 16.1. IIpamoyrosibHble UMITYyJIbCHBIE TOKY U X ITapaMeTpPhI
19-5281
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3uasa mepuoi T MUMIYJIbLCHOTO TOKA U NJIWTEJbHOCTh UMITYJIL-
ca f,, MOYXHO PACCUMTATH APYTHe UCIIOJb3yeMble TapaMeTpbl UM-
IIyJbCHBIX TOKOB:

® YaCcTOTy UMIIYJABCHOTO TOKA V = %(I‘u); (16.2)
® CKBaXKHOCTH @ = —tl ; (16.3)
® K09h(PUIINEHT 3aMOJHEHUA K = é = 1;"7 . (16.4)

Crsaxcnocmb @ — OespasMepHas BeJMUYMHA, KOTOpas HOKa-
3BIBaET, BO CKOJIBKO pas 1nepuoj moBTopeHus T 6oJibllle AINTEhb-
HOCTU uMIyJbca t,. CKBaXXHOCTh, KaK CJeAyeT U3 ee olpefese-

T _t, +t, to

HUA, Bcerga 6oJbllle eIUHUIBI: @ = Pl 1+ .

" H 28

Koappguyuenm sanonmnenus kB — BenuuuHa, 00paTHAS CKBAXK-
HOCTH, IIOKA3bIBAET KAaKYIO JOJIIO TepHU0Ja 3aHNMAET CaM UMITYJIbC.

Ecnm anuTesbHOCTH MMITYJIbCA PAaBHA JAJUTEJIBHOCTH I1Ay3b
t,=1ty, TO MMHOYJbCHBIA TOK HAa3bIBAIOT CUMMEMPUYHbLM, DU
3TOM CKBaXXHOCThL @ = 2.

Taxum 06pasoM, AJIs IOJHOTO ONMCAHUA IPAMOYTOJIBHOTO MM-
IIyJbCHOI'O0 TOKA HEOOXOOWMO YKAa3aTh KAK MUHUMYM TDPH Hapa-
MeTpa:

1) aMmauTyy UMIyJIbCHOTO TOKA Ig;

2) yacToTy V MMIIYJIBCHOTO TOKAa WMJu ero mepuos T =1/v;

3) CKBAMHOCTH § NI JIHUTEJIbHOCTL UMITYJIbCA i,.

OcranbHble nmapaMeTpbl (AJUTEIBHOCTH Iay3bl, KO3 UIH-
€HT 3AIIOJHEeHUS W Jp.) HETPYAHO PACCUMTATDH IO MPUBEACHHBIM
BLIIIIE OpMYyJIaM.

16.1.2. HenpamoyroAbHbie MMMYAbCHbIE TOKH

[Onsi onucaHUA HeNnPAMOY2ONbHBLX UMNYLLCHLIX MNOKO6,
MpeICTABJIEHHLIX Ha puc. 16.2, Heo6X0AMMO BBECTH HEKOTOPBIE
JOIICJHUATEJbHBIE MMapaMeTPhl, Xapakrepusymoiue GopMy ITHX
uMnyabcos. [laske onpeiesieHne MPEeXHAX I1apaMeTpoB — IJH-
TeJbHOCTH MMIIYJbCa U 1ay3bl — Tellepb HEOLHO3HAUHO, TAK KaK
3aBHCUT OT TOTO, HA KAKOM YPOBHE MX M3MepATh. [loaToMy ycJI0-
BUJIKACH B 3JIEKTPOCTUMYJISAIINN U3MEPATD AJUTEILHOCTE UMIYJIb-
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t toep ten BenomoraTenbHas
I o : ep: . aunusa (0,91,)
Iobo-qde-ae-- tplm e e e o
0,91 A\ N/
1
\ Benomorarensaasn
\ auansa (0,11,)
o /
0,11, .
0 tvx tO t
T

Puc. 16.2. TlapameTpbl HENIPSIMOYTOJbHBIX UMITYJILCHBIX TOKOB

ca 1 may3el Ha ypoBHe 10 % aMOAWTYAHOTO 3HAYEHUA TOKA, T.e.
una ypoBHe 0,11,. IIpoBoAAT BCIOMOTaTeJIbHYI JUHHUIO HA 3TOM
ypoBHE (cM. puc. 16.2), 1 TouKH ee mepeceueHus ¢ GPOHTAMU UM-
IIyAbCA TIO3BOJISAIOT OJHO3HAYHO ONMpPEeNeJIUTh AJIUTEJbHOCTh HUM-
nyJasca t,, mayssl t, u nepuona T. Takum o6pasoM, JINUTEIbHOCTh
UMITYJbCa CJI0MHOI GOPMBI — 3TO BPEM#A, B TeUEHNE KOTOPOIo
cujia TOKa paBHA WM IpeBbiniaeT 3HadeHue 0,171,

YacTora MMITYyJILCHOTO TOKA, CKBAXXHOCTh M KO3(DPUIIUEHT 3a-
NOJHEHUA BBIUMCAAITCA mo (popmyaam (16.2)—(16.4). Oguako
JJIs TIOMIHOTO ONMMCAHUS HEmPSIMOYTOJbHBIX MMIYJIbLCHBIX TOKOB
3THX XapaKTEPUCTUK YK€ HeJOCTATOYHO W NMPUXOJUTCS VICIIOJb-
30BaTh JOMOJHUTENbHBIE TaPaMeTPhI:

® JaumenvbHOCMb PPOHMA UMIYJIbCA fy, — 3TO BPEMS, B Te-
YeHue KOTOPOro CHjia TOKA B MMITYJIbCE HAPACTAET OT 3HAUYEHUA
0,11, no yposus 0,91,;

* KpymusHa ¢ypoHma UMIYyJbca ONpeaesisieT CKOPOCTh Hapac-
TaHUSA TOKa BO BpeMmeHH oT dnaueHud 0,17, no snauvenusa 0,97,:

_ 0,81,

td)P

Kp (16.5)

* Jaumeavnocms cnada UMMIyJabLCA t,, — 9TO BpeMsd, B Teue-
HHe KOTOPOro CKUJIa TOKa B MMITyJbce cragaeT oT 3Havenus 0,91,
70 snauenusa 0,17,;

* JaumenvHOCMb 8ePULUHBL UMITYJIbCA ¢, — 9TO BPeMs, B Te-
YeHue KOTOPOTo CHJa TOKa B MMITYJIbCe PaBHA WJIM IIPEBHINIAeT
3Hauenue 0,9],.

19%
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s HaX 0K AEHUS 3THX AOMOJHUTEIbLHLIX 1apaMeTpoB Ha I'pa-
(puKe MMIYJIBCHOTO TOKA IPOBOAAT BTOPYIO BCIIOMOTATEIbHYIQ
JuHUI0 Ha ypoBHe 90 % amnautyawsr umnynasca: 0,91 (cMm. puc.
16.2). OTmMeTuM, YTO CyMMa JJINTEJBHOCTEH (PPOHTA, BEPUINHEI 1
crajia paBHA AJUTEJIbHOCTH UMIIYJILCA:

ty=top+ toep + ten - (16.6)

Taxum 00pasoM, MJiA MMOJHOTO ONMHCAHUA HEIPAMOYTOJBHOIO
MMIIyJIBCHOTO TOKA HAJO YKas3aTh KaKk MUHMMYM MNATH Napame-
TPOB:

1) aMmnanuTyny uMonyJsCHOTO ToKa Ig;

2) 9acToTy v MMIYJBCHOTO TOKa Miu ero nepuox T'=1/ v;

3) CKBayKHOCTH @ WU AJUTENLHOCTb UMIYJabLCA t,;

4) xpyrusny Kp ¢ppoHnTa uMnysbca uiu ero AMUTEIBHOCTD typ;

5) ANUTENBHOCTD CUaAa f., UIM JJIUTeNbHOCTb BEDPIIMHBI f,.,
UMITyJIbCa.

OcranbHble mapaMeTpbl MMIYJBCHOIO TOKA MOXKHO OIpeje-
auth o dopmynam (16.1)—-(16.6).

16.2. ®du3smnorornueckoe 000CHOBaHWE NapameTpos
MUMITYABCHbIX TOKOB MpPU 3AEKTPOCTUMYASILIMK

ITapameTphl MITyJILCHBIX TOKOB, IPUMEHSAEMBIX OJIA 3JIEKTPO-
CTUMYJALMA, AOJKHBI COOTBETCTBOBATh KaK (hM3UOJOrMUECKUM
0COOEHHOCTSAM JKHMBOT'O OPraHU3Ma, TaK U TPeOOBAHUAM TEXHUKHU
6esonacHoctu. IloaToMmy B aTOM pasgese 6yaeT pacCMOTPEHO BJIM-
fIHMe I1apaMeTPOB HMIIYJbHBIX TOKOB Ha 3JIEKTPOCTUMYJISIIHIO
OpraHoOB M TKaHeil 4YeJioOBeKa U OlIpeAeJieHbl UX JOIMYyCTUMBbIE (DU-
3H0JIOTUYECKN 000OCHOBAHHLIE 3HAUYECHUA.

16.2.1. AMNAMTYAA MMOYALCHOTO TOKa

OnbIT IOKA3bLIBaeT, YTO (PU3MONOrMYECKHUI OTBET BO30YyAuMO
TKaHY Ha AeMCTBUE 3JIeKTPUUECKOT0 TOKA (TeHepanud IOTeHIuasa
e CTBUA B KJIETKaX, BOSHUKHOBEHUE HEPBHBIX NMITYJIbCOB, COKPA-
MieHle MBIHIEYHBIX BOJIOKOH U T.II.) BO3HUKAET JUILIL B TOM CIY-
Yae, KOTAA CUJIA TOKA PaBHA WY IPEBLIIIIAET OPEAeJIeHHOe 3HA"
yenue I, Ha3bIBA€MOe NOPOZ06bLM MOKOM, T.€. IpY I, 2 I .
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IIpu 2TOM CHJIA TOKa He [OJKHA NPEeBHIIATh (e30MacHBIX 3HA-
yeHnH
Inop < ICTHM < Inopaxc' (16'7)

BenuunHa MOPOroBOro TOKA [, 3aBUCUT He TOJLKO OT BHAA
TKAHU, HO M OT JJIMTEJBHOCTH U (hopMbl uMnyJsisca. OfHAKO ecThb
p o6lIasg 3aKOHOMEPHOCTH: C YBEJHYEHUEM AJIUTEJIHLHOCTH HM-
[yJibCa MOPOTOBRIM TOK I, YMEHbIIAETCH, KAK IOKA3aHO Ha PHC.
16.3, a HauuMHAA ¢ HEKOTOPO# JAUTEeJNbHOCTH t . (TaK HaswiBae-
Moe «IIOJIe3HOe BpeMsi») yiKe He M3MEHAETCHA, JOCTUTHYB CBOETO
HaMMeHbIIIero 3HaueHna R, HasbiBaeMoro peobasou. I'padux 3a-
BHCHMOCTH IIOPOTOBOTO TOKAa I, OT JJIUTENBHOCTH NPSAMOYTOJb-
HOTO UMIIyJIbCA t,, IpeAcTaBJIeHHBIH Ha puc. 16.3, HaswHBaOT
Kpu6ol 3nexmpoeo3bydumocmu TKaHHU.

Taxum o6pasom, peobasa R npeacraBisaer cofoil HauMeHbIIee
3HA4YeHUe IIOPOr'OBOr0 TOKAa IJIA AAHHOH TKaHu, Habiuiogaemoe
npu t, 2 tg,,.

BropsiM mapaMeTpoM, XapaKTepHU3YIOIIUM 3JIEKTPOBO30yxAu-
MOCTb TKaHH, ABJIAETCA XPOHAKCUA t,, — AJUTEJILHOCTb UMIIYJIb-
ca, AJA KOTOPOro IOpOroBelii ToK I, BABOe Gosbile peoGasni:
Inop(txp) = 2R.

KaxxpoMy MMOyJIbCHOMY TOKY aMILIMTyAo# I W AJNMTEIBHOC-
TBHIO {, COOTBETCTBYET CBOS TOYKAa Ha ILIOCKOCTH (I,op t,), TIPEA-
craByieHHOM Ha puc. 16.3. Eciu aTta Touka HaxoquTCA HIXKe KPu-
BOI1 3JIEKTPOBO30YAUMOCTH, TO TAKOM TOK MEHbIIle IIOPOr0BOTO U
He CMOKeT BO3GYyAWTh TKaHb, a €CJIM dTa TOYKA HAXOAUTCA Ha
KDHBOIl MK BbIIIE Hee, TO lomyy = Iy, ¥ TKaHb BO3OYAUTCA.

I

nop

2RF-----

nox Ha

Puc. 16.3. 3aBuCHMOCTb BEJIMUNHBI IIOPOrOBOr0 TOKA
OT OJIUTEJIBHOCTH UMIIyJibCa
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3aBHCHMOCTB [I0POrOBOr0 TOKA OT AJUTEIbHOCTH IPAMOYIOJIh-
HOTO HMMITYJIbCa, IpPeACTaBJeHHAA Ha puc. 16.3, mpubiaukenng
OIIMCHIBaeTCA ypaéHenuem Beiica — Jlanuka:
. a

mop
"

rge a, b — KOHCTaHTHI, 3aBUCAIIME OT BUAA TKAHU.

ITonesnocty ypaBHeHus (16.8) B Tom, 4uTO, 3HaA KOHCTAHTEI
a u b, MOXHO BLIYMCJIUTL BEJWYMHY HOPOTOBOTO TOKa I, His
J1060H AJIMTEJIBbHOCTH UMITYJIbCA.

3HaueHUsA KOHCTAHT a 1 b B ypaBHeHuu (16.8) HeTpyaAHO CBA3aTHL
C onpeiesIsieMbIMY ONBITHBIM ITyTeM peo6a3oit R 1 XpoHAKCHeH ¢, .
JOnsa AMMHHEBIX UMIYJILCOB IpH t, > t .. TOPOTOBHIM TOK ONMHAKOB
¥ paBeH peobaie R, 4TO COOTBETCTBYET KOHCTaHTe b B ypaBHEHNU
Beiica — Jlanuka. eiicTBurenpHo mmpu 60abIIux t, — © Oyaer
I, — b, 3HauuT, b=R u u3MepsaeTca B eIUHHUIAX TOKa (MA).

Ecanu xe t,=t,,, 70 I,,,= 2R, u ypaBHeHue Beiica — Jlanuka
MIPUHUMAET BUL

2R=2 +R,

xp
OTCIOZA MOJIyYaeM COOTHOLIEHHE

a=Rtxp' (16.9)

IIpu HeKOTODBIX 3a60JIeBaHUSAX BO30YMMOCTh HEPBOB ¥ MBIIIII
nafaer u KOJUUEeCTBEeHHON MepOoi TAXKEeCTH HaTOJOTHUYECKUX IIPOo-
IIeCCOB CJYKaT OTKJOHEHWS 3HAYEHWI peobasbl M XPOHAKCHUH,
MOJNYYEeHHBIX SKCIEPVMEHTAJIbHO AJSA HCCAENYEeMOM TKAHM, OT
HX «HOPMAJIbHBIX» 3HAYEHUH NJIA 9TOH TKAHHU. ITa UIAesd JIEKUT
B OCHOBE XPOHAKCUMemMpUlU — METOAA AUATHOCTUKY COCTOSHUSA
HEPBHO-MBIIIEYHOM CHUCTEMBI YeJOBeKa IMYyTEM SKCIEePHMEHTAJb"
HOT'O ONpejesieHusi peo0asbl U XPOHAKCUHU JIJIS CCIenyeMOi TKa-
HUA. ITH IIapaMeTpsl 0ObIYHO ONpPeAeaAT AJA UMIYJIbLCHBIX TO-
KOB NIPAMOYTOJIbHOM (hOPMBEI.

16.2.2, AAMTEABHOCTb MMMYAbCA

qIuTeNBbHOCTh UMITYJbCA t, TIPU 3JIEKTPOCTUMYJIAINHA HeIoc-
PEACTBEHHO BJMAET HA BEJUYUHY IIOPOrOBOr0 TOKA, KaK BHAHO
u3 puc. 16.3 u ypaBuenus Beiica — Jlanuka (16.8). HauGosee
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ONTHMAJBHBIM OyZeT BO3AeCTBHE MMIYJbCHBIMH TOKAMM AJIH-
TeJIbHOCTBIO ¢, 2 f.,,, MOCKOJILKY B 3TOM CJjy4ae BeJUUYHHA IIO-
poroBOr0 TOKA MHHHMMAajbHA (paBHa peobase). Ilpu mMeHbHIHX
AAMTENLHOCTAX MMIyJbca f, MOPOroBBIA TOK Oyner Gonbine u
COOTBETCTBEHHO INPUXOAUTCSA YBEJUUUBATH AMILIUTYAY CTHMY-
qupyomero Toka. IlonesHoe Bpems t,,, 3aBUCUT OT BHAA TKaHU
¥ MOJKET COCTABJSTH OT HECKOJIBKHUX €JWHUI[ A0 COTEH MUJLIM-
CeKyHI.

16.2.3. Yacrora MMNyALCHOTO TOKa

YacToTa V CTUMYJIHPYIOIIETO MMIYJIbCHOTO TOKA MOJKET CO-
CcTaBJATh OT HECKOJbKUX A0Jiedl repria a0 coTeH repi. Makcu-
MaJIbHAA YacTOTa BO3OYKAEHUs TKAaHU OoIIpelesseTcs ee abcoior-
HBIM pedpaKTepHbIM IIePHOAOM, TOCKOJbKY AJs HOPMAaJIbHOTO ee
BO3OY K AeHUSA HEOOXOAMMO, UTOOHI IEPUOJ CIeJOBAHUSA CTUMYJIN-
PYIOIIUX MMNYJIbCOB ObL1 Gonbmie T4, AGconiomuviit pedppar-
mepnoiii nepuod T, — 3TO BpeMs, B T€U€HHE KOTOPOT'O KJIETKY
HENb3A BO30YAUTHL HUKAKUM cTUMYJOM. IToaTomy dusuonoruuec-
KM 000CHOBAHHAS MaKCHMMaJIbHAsA 4acTOTa BO30YXKIEHUA KJETOK
TKAHU Vo = 1/T oy, U UMEET IPUMEPHO CJIeAyIOL e 3HAUCHUS:

® [J11 HEPBHBIX KJETOK V., = 500-1000 I'ix (Tpeqp = 1 — 2 mc);

® CKEJETHBIX MBIIII Vy,, = 100—-200 I'1y (Tpeq, = 5 — 10 Mc);

® CepJeYHOM MBIIIIBI Vy,, = 3,3 T (T ey, = 300 — 350 mc).

IIpu 66abIIKMX YacTOTAX BO3JAEHCTBUS CTUMYJIAIUNSA TOXE MO-
JKeT MPOMCXOANTh, HO yiKe He KaXKJblll M3 IOABOJUMBIX HMM-
nyaecoB OyZeT BBHI3LIBATH BO3OYXKIEHWE TKAHU: MUMIIYJbCHI, II0-
nagamoinie B peppakTepHLIA MEPUOJ, CTUMYJIAINUIO BHI3BATH He
cmoryTt. Kpome Toro, ¢ yBesmueHreM 4acTOTH YMeHbIIAeTCH AJIH-
TE€JILHOCTh MUMIYJbCA ¥ COOTBETCTBEHHO BO3pAacTaeT aMILIUTYAa
noporosoro Toka. Ha gactorax Bwimie 10 kI'ny ajeKTpocTUMYIA-
OMsA OpaKTUYeCKNM He HaOaomaeTcss npu 6e30NMacHBIX aMILIUTY-
Jax TOKa.

B MeAuMLMHCKMX ammnaparax, NpefHa3HAUYeHHBIX IJA 3JeK-
TPOCTUMYJIAUMN HEPBOB M CKEJETHBIX MBI, HCIOJBb3YIOTCA
OOLIYHO MMITYJIbCHBIE TOKM HU3KOH uacTorsl (20—150 I'y). Same-
THM, YTO B 9TOT AWAIIa30H IMOMAJAET U YacCTOTA IPOMBINIJIEHHOTO
Toka 50 I'1;, yTo M ompezesieT €ro NOBLIMIEHHYIO OIIACHOCTD AN
UeJIOBEKaA.
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16.2.4. Kpyru3na cpoHTta mmnyabca

Eite pusumosmoramu XIX B. OBLIO YCTAHOBJIEHO, YTO BEJIMYMHa
IIOPOTOBOro TOKa I, 3aBUCHT HE TOJbKO OT IJIHTEJbHOCTH BO3-
JeHcTBUSA, HO U OT CKOPOCTM HapacTaHus (KPyTH3HBI) (pOHTA
UMITyJibCa, YTO OTPaKeHO B 3akone [J10bya — Peilimona, cornac-
HO KOTOPOMY pasapajskaloliee JeHCcTBHEe UMIYJIbCHOTO TOKA NIPs-
MO IIPONOPIIMOHAJIBHO KPYyTU3He ImepenHero (hpoHTa MMIYJIbCA.
9TO 03HAaUaeT, YTO ¢ YBeJUMUEHHNEeM KPYTH3HBI (DPOHTA MMIIYJIbCA
(T.e. ¢ yMeHblIIEHHEM JJIUTEILHOCTH (DPOHTA t4,) IOPOTOBLIA TOK
YMeHbIIAETCA (IIPU TOH Ke AIUTEJIbHOCTH UMITYJIbCA).

ITockonbKky HamGOJBUIYIO KPYTU3HY HMEIOT NPSAMOYTOJIbHBIE
MMIIYJIbCHI, TO UM COOTBETCTBYET Y1 HAUMEHBIIIN ITIOPOTOBHII TOK.
Ecnn ke GpoHT MMIIyibca OUEeHb IOJIOTHH U €ro KPYTHU3HA MaJia,
TO BO30y:KJeHMe TKaHH MOKeT He IIPOM30iTH BooOIlle, JaKe Impu
OUY€Hb OOJBIION AMILIUTYIe CTUMYJIA (ABJIEHNE aKKOMOLAIIVN).

16.2.5. AAMTEALHOCTb CMasa MMNyAbCa

JdaurenbHOCTh cniaza ., UMIIyJIbCca He BJIUAET HA BO30OYIKIeHUE
TKaHW, MOCKOJbKY BO30OYKIeHHe yiKe MPOUSOIILIO U JaJbHeHIee
M3MeHeHUe TOKA AJs BO30OY:KAEHHOM KJeTKM 6e3pasindHo.

Atak, Oasi 3JeKTPOCTUMYJASAIINN HEPBOB U CKEJETHLIX MBIIIII]
HCIIONBL3YIOTCA UMIYJIBCHbIE TOKM HU3KUX YaCTOT, OOLIYHO Me-
Hee 200 I'um. Popma MMITYJIbCHBIX TOKOB MOXKeT OBITH PasHOo00-
pas3Hoii: NPAMOYTOJIbHOHU, 3KCIIOHEHIIMAJbHOM, OAHOIIOJSIPHOM,
pasHbIX mojsipHocTeit (puc. 16.4).

VAV

Puc. 16.4. HexoTopbie BUALI UMITYJIbLCHBIX TOKOB:
a — MpAMOYTroJibHbIe; 6 — NMUJI000pas3Hble; 8 — TpanellengalbHbIe;
2 — 9KCIOHeHIUANbHBIE; 0 — KOJIOK0JI000pas3Hbie

I
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YacTo OPUMEHSIOT HU3KOUYACTOTHBIE TOKM, «3AIIOJHEHHBIE»
pplcoKouacToTHoi (2—5 kI u BeIle) cocraBaAlomeii. Tak, oias
CTUMYJIAIIMY MBILIIL, ¥ HEPBHEIX TKaHEH MCIOJb3yIOTCA CUHYCOU-
panbHble MopynuposanHble Toku (CMT). B cBsasu ¢ tem yTo npu
mede0HOM BO3JEMCTBHM MPOHCXOAAT AMIUIATYAHBIE MOYJIbCALIUH
TAKOI'0 TOKAa, 9TOT METOJ HasBIU aMNAunyivcmepanuel. JjeK-
TPOTEpPaNNA CUHYCONAAIbHBIMHU MOJYJIMPOBAHHBIMU TOKAMHU OCY-
[{eCTBJIAETCS ANMapaToM «AMIIUIYJIbC-4».

B sTOoM ammapaTre HCIOJB3YIOTCA HECyIUue CHHYCONZAJLHBIE
rosiebanus yactoroir 5 kI, KOTOpPBHIE MOAYJIMPYIOTCA HU3KOYA-
CTOTHBIMU CHHYCOMAJLHLIMHM KOJe0aHUAMH, YacTOTa KOTOPBIX
cTyIeH4YaTo peryiaupyercsa B npegenax 30—-150 I'u. Boamorkusie
(OpPMBI TOKOB, CO3JaBaeMble HTHM AaIllapaTroM, IOKAa3aHBEl Ha
puc. 16.5.

BhicokouacTOTHaA COCTABJAIOLIAA — 3TO NMePEMEHHBIH CHUHY-
COMIaJbHBIA TOK yacToToil okoso 5 KI'm. Ilockonbky Ha Takux
YaCTOTaX MMIIEJaHC YKHUBOM TKAHU B AECATKU pa3 HUKe, YeM IIPHU
HM3KHMX YaCTOTAX 3JIEKTPOCTHUMYJISAINK, TO BHICOKOYACTOTHOE 3a-
NOJIHEHHE CTUMYJIMPYIOIIEro HMIIYJIbCca MO3BOJISET IIPEOA0JIEeBATD
BBLICOKOE CONPOTHUBJICHHE KOMXKH U MOAKOMKHO-)KUPOBOH KJeTdar-
KM M OKAas3hlBaTh CTHUMYJALXI0 (HH3KOYacTOTHOMH orubaromreit
TOKA) BHYTPEHHHUX BO30OYAMMBIX TKaHEH IPKU OTHOCHUTENIbLHO He-
GONIBIINX AMIUIUTYAAaX TOKA M HAIPAMKEHUA.

i 3JIeKTPOCTUMYJIAIMHM CKEJIETHBIX MBIIIIIL ¢ HEHAPYIIIeHHOI
uHHepBaiuei o6bryno npuMenssior CMT ¢ uyacToTOoi MOAYIAIMH

-
M-l

Puc. 16.5. Buzgsl cHHYCOMAQIBHO-MOAYJ/IMPOBAHHBIX TOKOB
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100-150 I't u Hecymet uacroroii 5 KI'l, KOTOpbIe HE BHI3BIBa-
IOT pasApaskeHuA KOXKH U 00eCIIeuyrBaIOT XOpoIllee TETAHUYECKOe
COKpallleHNe MbILII, 0J1M3K0oe K ecTecTBeHHOMY. [Ipu moBpexge-
HUH IBUTATEJIbHOI'0 HepBA IPUMEHAIOT UMIYJbCHbIE TOKH 00JIb-
me#i gaurtenbHocTH (Ko 60 Mc) M MeHbINIEH YacTOTHI CIeNOBAHUA
(mo 12 T'm). Onast Takmx COCTOSHUH GoJiee ITpUeMJIeMbl 9KCIIOHEH-
LMAJBbHO HapacTalollle UMIYJbCHI ToKa (cM. puc. 16.4, 2).

B kianHuMYecKoil IpakTHKe IIPUMEHSAIOTCA anmapaTbl IJs
CTUMYJIALUN UEHTPAJIbHON HEPBHON CHUCTEMBI («JJIEKTPOCOH»,
«JNEeKTPOHAPKOH» , BJIEKTPOCTUMYJIANNA CIUHHOTO MO3ra, 3pu-
TeJbHBIX II€HTPOB T'OJIOBHOTO MO3ra M JAp.), HePBHO-MBILIEUYHOH
cucTeMbl («AMILIUNYJAbC», «PedToOH» U Ap.), a TaKkKe dJEKTPOo-
KapAuOCTUMYJISATOPHL.

Takum o6pa3om, 3JIeKTPOCTUMYAANNA Hanbojee apdeKTUBHA
Ha HU3KuX vyacTorax (0,1-200 I'u), rae 6esomacHble A OPTaHU3-
Ma 3HAYEeHUS CUJILI TOKA He NPEeBLINIAIOT HEeCKOJNLKUX JeCATKOB
muinamnep. Ilporpes :kKuBo# TKAHMA Ha 3THUX YaCTOTaX HEBO3MO-
JKeH M3-3a MaJioro 3HaueHus 0e30macHOro AelCTBYIOIIEro TOKA.

C yBeJMYeHHEM YaCTOTHI IIOPOT'OBbIe TOKH Pe3KO BO3PACTAaIoT,
BEPOATHOCTD JJIEKTPOCTUMYJIALUU CHH)KAETCA, a HA YaCTOTax
ceoimie 100 kI’ oHa y:Ke HeBO3MOXKHA H3-3a HHEPIUOHHOCTH
MOHHBIX KaHAaJIOB.

16.3. DAGKTPOCTUMYASILMA CEPACYHOHW MbilliLIbI

K 110K0BOI 3J€KTPOMMIIYJIbCHON Tepamui OTHOCAT Jde@uo-
PURNAYUIO — BO3IEWCTBHE Ha CepAIle MOIIHBIM OJUHOYHBIM
HMIIyJIbCOM TOKa [JIUTEJBbHOCTBIO f,=2-5 MC, KOTOpOe Ipu-
MeHsieTcss Ju0G0 IpPH OCTAaHOBKEe cepAla, Jubo IpH Heperyau-
pyemMoil apMTMuu, OOBIYHO HA HEBCKPBLITYI0 I'DYAHYIO KJETKY.
B sTOM cayuae OfMH 2J€KTPOJ HAKJIAAbIBAIOT MO JIOTIATKY, APY-
roii — Ha rpyab B obJiactu cepana (mau ob6a Ha TPYAHYIO KJeT-
Ky: OJUH 3JIEKTPOJ C IpaBoil, APyroil — ¢ jeBoii cropousbl). Ha-
npsaxenue 5—7 kB, cuna toka nopaaka 1 A. Ilpu mposegenuu
neubpuiaanuy Ha OoOHAYKeHHOM cepjue pabodyee HAPAKEHHE
cocrasager 1,5—2,5 kB. MouHbI KPaTKOBPeMEHHBIN HMHOYJIbC
ToKa (paspsak KOHIeHCATOPHOM 6aTapen) BHI3BIBAET ONHOBDPEMEH-
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HOe COKDallfeHre BCeX MBIIIIeYHBIX BOJIOKOH MHOKAp[a U B Jajb-
gefiieM ¢ 60JBIIONH BEPOSITHOCTBHIO CEPAIle HAYHET COKPAllaThCs
CAMOCTOATEJILHO.

Acunxponnaa kapduocmumynayua IpUMEHAETCA IPH NIopa-
sKeHHAX BOAUTEJISA PUTMa cepAna (neficMeKep) ¥ IPOBOAALLEH CHC-
TeMbl cepAiia. B aToM caydae posib BOOUTENS PUTMA BBLIOJHSIET
KApANOCTUMYJISITOP, KOTOPBIA C NMOCTOSHHON YacTOTOM, PaBHOM
gpumepHo 1,2 T, BripabaTsiBaerT 3JEeKTPUUYECKHE HMITYJIBCHI.
Ilocneguue mo cucTeMe INPOBOAOB, BYKMBJIEHHBLIX B MUOKAap/,
pasBOJATCA IO CepAEeYHOI MBIIIIe, BBHI3bIBAA ee IIePUOANUECKOe
cokpaieHre. HeZocTaTKOM 3TOr0 BHAA CTUMYJANUU ABJIAETCS
MOCTOSHCTBO YACTOTHI CEPAEUYHBIX COKpAIlleHUi, He 3aBUCALLel
OT MCIIBITHIBAEMO} ManueHToM (U3NUeCKOH HADY3KH.

KapduocunxpoHu3upoéannas 3ILeKmpocCmumMynayus Ipu-
MeHfAeTCA B TeX C/yuYasdX, KOTAAa BOLUTENIb PUTMa (meiicMerep)
BHIpaGaTHIBAET 3JIEKTPUYECKHE MMIIYJIbCHI, HO MAaJOi aMILIUTY-
Abl, WX 3Ke ILI0OX0 (GPYHKIIHMOHUPYIOT OTZEJIbHbIEe YYaCTKH IIPO-
BOASAIIEN CHCTeMbI cepila (aTPUOBEHTPUKYJIAPHBINA y3ea, myd-
ku I'mca). B aTux caydasax xapauoCTUMYJIATOD JIUIIL YCUINBAET
(mpu HEoOXOAMMOCTH) 3JIEKTPHUYECKHE CUIHAJBI IIeiicMeKepa H C
MOMOIIIBIO CIIeIMAJIbHBIX JIEKTPOAOB PAa3BOJUT €r0 II0 CepAeUHON
MBINIIE, ObeclieunBasd ee HOPMaJbHOE COKpaleHue. B aToMm cay-
Yae yacToTa CepAedYHbIX COKpallleHUi 3ajaeTcd IeiicMeKepoM, a
HEe CTUMYJIATOPOM, M MOKET (DHUIMOJOTHUYECKU USMEHATHCHA, obe-
cneyuBasl ManueHTy HeoOXOAMMYIO YACTOTy CEpPAEYHBIX COKpa-
LUIeHU.

KapauoctumyiAToOpsI Ae1ai0T MUHHUATIOPHBIME, UMILIAHTUDY-
€MBIMH IIOJ KOXKY, TOK K CEePAEYHON MBIIIIE IIOJal0T C IIOMOIIBIO
BXKHMBJIEHHBIX B Hee 3JIeKTPOAOB. VICTOUHMKOM NMUTAHUS SBIAIOT-
CA cIleIaJIbHbIEe MMILJIAHTHPYEMbIe BMECTe C KapANOCTHMYJISATO-
poM nuTHeBble GaTapedKy co cpokoM paboTsl xo 15 jer.

KOHTpoAbHbIE BOMPOCH! M 3aAaHUSA

1. Kakmne Bo3nedicTBuA HA3BIBAIOT JJIEKTPOCTUMYJIAIMEH?

2. KaxoBbI TpeGOBaHMA K aMILIUTY/ie TOKOB, BO3AEHCTBYOLINX HA OP-
raHU3M YeJIOBEKa IIPU IPOBEAEHUM 3JEeKTPOCTUMYJIAIUAU?

3. KakoBbl napaMeTphl IPAMOYTOJbHBIX HMIYJIbCHBIX TOKOB?
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16. OCHOBbI IAEKTPOCTUMYASILIMM TKAHENH U OpraHog

4.

11.

12.

VKaXuTe OCHOBHbIE IapaMeTPhl HENPSAMOYIOJbHBIX HMMIYJIBCHBIX
TOKOB.

Yem onpenesnAloTcs 4acTOTHbIE, aMIJIUTYAHbIE X BPeMEHHBIE Iia-
paMeTphl MMIYJbCHBIX TOKOB, UCIOJb3YEMBIX B 3JI€KTPOCTHMYJIH-
nun?

IIpuBeguTe M OXapaKTepM3yHTe KPHUBYIO 3JIEKTPOBO3GYAUMOCTH
TKaHU.

Yro Taxkoe peoGasda m xpoHakcusa? KakoBhl eAMHUIBI X M3Mepe-
HuA? YTo Tarkoe «I0Je3HOE BPEMA» B dIEKTPOCTUMYIAILNU?

Yro onuckiBaer ypaBHenune Beiica — Jlannka? Kak cBasaHBI KOH-
CTaHTHI 3TOTO YpPaBHEHUA ¢ Peodas3oil u xpoHaxcueit?

B uem cocrour 3axkoH Hob6ya — Peiimona?

Kakue BUAB MMIYJBCHBIX TOKOB IPHMEHSIOTCA LIS 3JIEKTPOCTH-
MYJAALUN OpraHoB M TKaHei? [[Is 4ero MCHONB3YIOT «BBICOKOYA-
CTOTHOE 3aIIOJIHeHHWE» MMITYJbCHBIX TOKOB?

B uyem cocrour wmeros AedUOPMIIALMM CEPAEUYHOM MBIIIIbI?
KaxoBsl napamMeTrpsl 1 0COGeHHOCTH 3TOrO Bo3aeiicTBuA?

B ueM cyTh anexTpoxapanoctumyaanun? KakoBsl ee pasHOBHAHO-
crtu?



MUcnoab3oBaHue
raBa 17 | IAGKTPOMArHUTHbLIX MOAEH
: BbICOKOM 4aCTOTbl B MEAUUMUHE

ITox snekTpoMarHUTHBIMH moaaMu (IMII) BeICOKMX uYacTOT
nouumalorca OMII ¢ wacroramu ot 0,1 MI'n no 300 I'Tu, xoro-
pBle yiKe He CIIOCOOHBI BO3OYK/AaTh JKMBYIO TKAHb U ITO3BOJIAIOT
BO3AEHCTBOBAaTh Ha Hee DOJIBIIMMM TOKAMM M IOJSAMM, BHI3LIBA-
JOLIYMU ee IIPOTPEB MK OKA3bIBAIOIUMHY HA Hee crnenududecKue
HETeILJIOBble BogAeiicTBUA. Ilof AeiCTBMEM BbICOKOYACTOTHBIX
3JIEKTPOMATHUTHEIX IOJIEH TEIJIO BBHIJENSAeTCA HEelOoCPeACTBEHHO
BHYTDH OMOTKaHe (9HAOTeHHOEe), B OTJNUNE OT HAPYXXHOI'O IpPo-
rpeBa IIPH MX KOHTaKTe ¢ Gojiee HarpeTuiM TeaoM. Harpesauue
skuBo#l TkaHM Ha 0,5~-2,0 °C npuBOANUT K YJIYYIIEHUIO KPOBOOD-
paiieHus B Heil, YyMEHbUIEHUIO O0JIEBLIX OINYIIEHHI, aKTUBH3a-
IHUH IIpolieccoB oOMeHa M T.II.

Hapsany ¢ TenyjoBeIM AeiiCTBHEM MMEIOT MECTO M HETEIJIOBBIE
atddexTnr BozaeiicrBusa OMII Ha GuosorHuecKue 00'bEKTHI, KOTO-
phble B ocJiefHee BpeMs HOAPA3AeNAAI0T Ha IHepzemuieckue U uHt-
dopmayuorHrboLe.

17.1. TenaoBoe aAeiictBue IMI1 BbICOKOW 4ACTOTbI

M3BeCTHO, UTO KOJHUYECTBO TEIJIOTHI, BHIJEJISIONIEECA B MPO-
BOAHUKE, II0 KOTOPOMY B TeUe€HHE BpeMeHH { UAeT TOK cujoi I,
ompegenseTrca 3axonom Jaucoyna — Jlenuya:

Q = I’Rt, (17.1)

rae R — COonpoTuBJIeHNEe NIPOBOAHUKA.

B nuanasone yacror 0,5-300 MI'i mporpeB 6moTKaHei onpe-
JendgeTcsa KaK TOKaMu IIPOBOAUMOCTH (B IPOBOASINIUX CTPYK-
Typax TKaHei), TaK ¥ TOKAMU CMelleHHs (B JUIEKTPUUYECKHUX
CTPYKTypax), mpudyeM ¢ yBeJandyeHueMm yactoTel OMII Briaag To-
KOB IPOBOAWMOCTH YMEHBIIIAETCs, & TOKOB CMEIIeHUA — pacTer.
ITockonsKy TKauu opraHu3Ma 06JafaI0T PA3HON YAEIbHOM BIIEK-
TPONPOBOAHOCTHIO, TO B 9JIEKTPOMArHUTHOM II0JIe OHM OyAyT Ha-
rpeBaThCA N0-Pa3HOMY M METOAbI N30HUPATEJBHOTO IIPOrPeBa pas-
HBIX TKaHeHW TaKiKe Pas3JNvyaioTcs.
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IdbdexTUBHOCTD J1000# TEIJIOBON HPOLEAYPHI OIMpeJessieTcs
YIEeJBLHOH MOIIHOCTBIO TEIJIOBBIAEJEHUA ¢ = %, T.e. KoJinyec-

TBOM TEILJIOThbI, KOTOPOE BBHIJEJAETCS B eANHHLE 06beMa JKUBOK
TKaHM 3a eJUHUILY BpeMmeHH. [ MONyIEeHUS OI[YTHUMOIO Ha-
rpera (6osee 0,1 °C) BoigessieMasi B TKaHAX TEIJIOBAs MOIIHOCTE
JOJI’KHA KOMIIEHCHPOBATH WJIM MPEBBLIIIATH MOIIHOCTD TEIIJIOBBIX
IIOTepPh KUBOM TKAHW M3-38 M3JIyUeHWUs, UCIIAPEHUs, TEIIOIPO-
BOJHOCTH, KOHBEKIIMHM M COCTABJATHL NECATKH M COTHHU BATT, a
CUJIa TOKA — eQUHUIILI aMIIep.

17.1.1. Anarepmus

Metox duamepmuu COCTOUT B BO3ZAEHCTBHM HA TKAHL TOKAMU
yacroroit 0,5-2,0 MI'uy u cuioit 1-2 A. JlBa ajexTpoja MmMjoLa-
ObI0 S HAKJAABIBAIOTCS HA TEJIO MAIWEHTA, M TOK, BO3HUKAIOIIUH
MEXIY HUMHU, MPOXOJUT IIOCJENOBATEJLHO Yepes KOXKY, HOLKOMK-
HO-’KHPOBYIO KJETUYATKY, MBIIIIEI U APYTHe TKAaHU, HATpeBad UX.

YaenbHadA Tena0BasA MOLIHOCTD, BBIAEAAIONIAACA IPU JUaATED-
MUY B eAUHNIE 00'beMa TKaHel 3a OJHY CEeKYHAY, ONpe/esieTcs
BBIpasKEHUEM

q:Q.z——=——p=pj2, (17.2)

rae ] = —I- — IIJIOTHOCTHb TOK& B TKaHU; P — €€ YAeJbHOE JJIeKT-
S

pu4yeCKo€e COIIPpOTHUBJICHUE.

Tomnepeunoe W3 BeIipaskeHus (1:('.2) BHHO,
ceueHpe KocTH YTO IIPH OJUHAKOBOH ILJIOTHOC-
TH TOKA IIPH AMATEPMHM JIydille
MPOrPEBAIOTCA TKAHM C BBHICOKUM
VAEJbHBIM COIPOTUBJICHHEM P,
T.€. KOXKa ¥ TOAKOKHO-KHpPOBad
KJeryaTKka. KocTb, HeCMOTps Ha
BBICOKOE Y/eJbHOE COMPOTHBIIE
HUE, OOBIYHO He MCIOBLITLIBAET Ha-
Jlunnu Toxa rpeBa IIpM TAKOH Ipoleaype, Tak
B TRAHRAX KAaK JUHHN TOKA 00XOAAT ee IO
Puc. 17.1. Cxema mpoBeneHus OKPY2KaIOIUM IIPOBOAAIIMM TKAa-
AuAaTEPMUN HaM (puc. 17.1).
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OfHUM M3 HeXKeJaTeJbHbIX 3M(PEKTOB NMPY JUATCPMUM ABJIA-
eTCA BO3MOKHOCTb TEDMHYECKUX OYKOrOB KOMKH IpU ILJIOXOM ee
KOHTAKTE C 3JIEKTPOAOM, TaK KAK B 3TOM CJydae yBeJNUYHUBAET-
cs KaK COIPOTHBJIEHVE KOHTAaKTa, TaK U IJIOTHOCTH TOKA (13-3a
yMEHBIIIeHUA IJIOMIaAH KOHTAKTa), a TeIIOBbIAe/ieHHe 3HAuYU-
TeJIbHO IOBKINIAETCS.

17.1.2. DAekTpoxmpyprus

B cospemenHoii MeguIITHEe METOOLI JUATEPMUAH TOJNYYMIN PAa3-
BUTHE U IIHPOKOEe MPUMEHEHUE B 3JIeKTPOXHPYPIriu.

IIpn MOHOAKTHBHON MeTOIW-
Ke OJuH M3 3JIEKTPOJOB MMeeT > S,
oueHb MAaJbIf pasmep (aKTUB-
HBI 3JIEKTPOX), a APyroil (wHu-
auddepeHTHEIH, TIaCCUBHBINA
3JIEKTPOJ) — OOJIBIIYIO IJIOIAAD @
CONPMKOCHOBeHUA ¢ TesqoMm. Ilon- U
HBII TOK uepe3 oba 3JeKTpoAa Q
OAMHAKOB, HO ILIOTHOCTH TOKAa
O/ MAJIBLIM (AKTUBHBIM ) 3JIEKTPO-
JOM B TBICSAYH Pa3 BBILIE, YEM 110
uaauddepenTHriM (puc. 17.2).
B pesysbraTe [OA AKTHBHBIM Puc. 17.2. Cxema NpOBe/eH s
3JIEKTPOJOM TKAHM HarpeBalOTCsA BJIEKTPOXHPYPrHIHecKon

avaTepMun

Ha JeCATKW U COTHH IpajyCoB,
Torga Kak moj uHaub(epeHTHRIM 3J1eKTPOAOM IIPOTrPER HE3HAUM-
TenbHBIM. CTelleHb HarpeBa TKaHU N0 AKTHBHBIM 3J€KTPOJIOM pe-
TYJUPYIOT KAK M3MEHEeHMNEeM CHJIBI TOKA, TAK U IToA00poM GopMbl
U ILJIOIIAJM aKTUBHOTO 3JIeKTpoza. IIpu HarpeBe :KUBOH TKAHU A0
60-80 °C npoucxoguT sJeKTPOKOAryJdalua — AeHaTypanusa 6es-
KOB M CBapMBaHHe TKAHU, a IIpu HarpeBaunuu g0 150-200 °C —
€e pacceueHue (3J1€KTPOTOMHUSA), TIPH STOM BOAA B TKAHAX BCKU-
naer, KJIeTKH PaspymaloTcs, UX COAEPKUMOe BLHITOPaerT.

BuakTuBHaA 2JIEKTPOXUPYPrUudecKas METOAUKA, IPH KOTOPOHK
00a 2JIeKTPOAa MMEIOT MAaJIYIO ILIOIAb M ABJIAIOTCA AKTUBHBIMH,
MCIIOJIB3YeTCH JJIA YAaJeHUA MalnjijioM, 00POJaBOK, HEGOABIINX
HOBOOOpa30BaHMUM U T.H.

RN 1)
N T
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17.1.3. UnAaykTOTEpMUSA

B aToM Gu3nOoTEpaneBTUYECKOM MeToe Ha GMOTKaHb BO3AEICTRY-
0T 6bLCOKOYACMOMHbIM MAzHUMHbIM nodem (puc. 17.3), MHAYK-
LMl KOTOPOTro U3MeHAETCA BO BpeMeHM ¢ yacToroi v =10 — 20 MT'y;

B = Bysin2nvt. (17.8)
I
B
I
~U
6
a ~U
Puc. 17.3. Bujnl KaTyuek Ajs cO3AaHUS MarHUTHBIX 10JIei B TKaAHAX
opraHusMa:

a — IJIOCKasd KaTyIIKa AJA HAJOXKeHUd Ha IOBEPXHOCTD TEJA;
6 — COJIEHOM I JJIs BOS}IeﬁCTBH}I MAarduTHBIM I10JIEM H& KOHeYHOCTH

I[Io 3aKOHY 3JIEKTPOMATrHMTHOM HHAYKIMHU 3TO IIepEMEeHHOe
MATCHHUTHOE II0JIe HABOAUT B OMOTKAaHAX IEePEeMEHHYIO dJIEKTpUYe-
ckyo IMC, paBHYIO IPOM3BOAHON OT MArHMTHOTO IIOTOKA:

9C = @' =SB’ = 2nvSB,cos2nvt. (17.4)

Ira IJIC BLizbiBaeT 06pa3oBaHue B TKAHAX BUXPE6bLX MOKOE

(ToxoB @PYyKO) NIOTHOCTHIO j = ?'ZITC -E , Tae E = 9—'?9 — Ha-
P [

NP EHHOCTDb 3JIeKTPUUECKOTO I10J1d, CO9LaBaeMas B TKAHM STOMH
9IC, a | — pnuHA IPOBOJAIIETO KOHTYpA.

Toxku PyKo B coOTBeTCTBUH ¢ 3aKoHOM J[:xoyns — JleHma
(17.2) BBI3BIBAIOT HPOI'DEB IPOBOAAIINX TKaHeil, IpU 3TOM BHI-
geasiolnasaca B efUHUIle 00beMa TeIJIOBad MOIIHOCTH OOpaTHO
NIPONOPLIHMOHAJIBHA YAEJILHOMY COINPOTHUBIEHUIO TKAHU:

¢ =pf = E? _ 2n’v’S’B;  v'B; .
p pl? p

(17.5)
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Takum o00pasoM, NPU HHAYKTOTEPMHUHM JIy4Yllle IPOrpeBaIOT-
cd TKaHH C MajbIM yAeJbHBIM COIPOTHBJIEHUEM p, T.e. MKHUA-
xpe MPoBOAsAIMe cpelbl (KPOBb, AuMda, TKaHEBas XUAKOCTD),
¥ TKaHH, GoraTele cocyJaMK (MBIINILI, Ie4eHb, CceJie3eHKa),
cnabee IPOrpeBalOTCSA TKAHM C BBHICOKHMM YAEJLHBIM CONPOTHB-
_JIeHUEeM.

17.1.4. YBY-tepanus

VYBU-repannsa s3akioyaeTcAd B BO3JEHCTBMM HA TKaHMU Teja
nanyMeHTa JJNeKmpuiecKuMm noaem YJabmpasbiCOKOlU Hacmombl
(30—-60 MI'm) ob6riuHO ¢ menpi0 ux nporpeBa. IIporpesaemsrit
y4aCTOK TeJia YeJOBeKa TOMELIAaloT MEeXKAY ABYMA OGpasyIomiu-
MH KOHAEHCATOD ILUIOCKUMHM 3jeKTpogamMu (9; u I,), KoTOpbIe
NMOAKJIIOYAIOT K BBLIBOJZAM TEPAIIEBTHUUYECKOT'0 KOHTYpa amnapara
YBY-repanuu. Mexay aneKTpogaMu CcO37la€TCs MEPEMEHHOe BbI-
COKOYACTOTHOE 3JIEKTPUUYECKOe I10Jie, KOTOPOe U BHIZBIBAET IPO-
rpeB TKaHeu.

Kak y:xe oTMedanoch, TKaHM Tejia YEJIOBEKAa MOXKHO MOAPA3-
JEJIUTH Ha XOPOIIIO IPOBOAAIINE dJIEKTPUYECKHI TOK (IIPOBOAHMU-
KH) ¥ ILJI0XO0 mpoBogsaniue (AuagekTpuxku). B mone YBY ouu Ha-
rpeBaioTCsa [10-Pa3HOMY.

B npoBopAamux TKAHAX MPOrPEB OCYIIECTBJSETCA TOKaMU
NPOBOAMMOCTH ¥ yAeJbHAs TEIJIOBas MOLIHOCTD, BhIAEJAIOIANCS
npu YBUY-BoaaeiicTBun, onpegenserca 3akonom [xxoynsa — Jlen-
11a, KOTOPLIil 3/iech yiOOHO BBLIPA3WUTL uepe3 d(PpHEeKTHBHYIO Ha-
NPAXKeHHOCTD E , 3]IeKTPHYeCKOro MoJId U yAeJbHOe 3JIeKTprudec-
KOe COIPOTHUBJIEHNE P TKAHU:

Tup = Ey/p. (17.6)

IIporpeB Hu3eKTPUKOB OCYILECTBAACTCHA B OCHOBHOM TOKAMH
CMeIlleHNs, a yJeJbHAasA TeIIOBad MOLIHOCTBH, BHIAEJIAIONIAACST B
Hux npu YBU-repanumu, onpeaengercs ¢GopmyJioit

Qaon = 2TvEEE 1S, 17.7)

rae v — yacrora YBY-moss; € — OTHOCHTENbHAH NUIJIEKTPH-
YecKas NPOHUIIAEMOCTb CPEAbI; £, — JJEKTPUUECKAd NOCTOSH-
20-5281
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q HasA BakyyMma; tgd — TaHreHc yriag
q““j‘/ IU3JIEKTPUYECKUX IIOTeph (Yyroa §
s V2 TOIONHAET Yroa ciasura Gas g
MeXIy IMOJHBIM TOKOM M HAaIps-
sxkeHmeM a0 90°: 8 + ¢ =n/2).

HawuboJsiee cyiecTBeHHOE OTJin-
yue MeXXAy BblpaxkeHuaMu (17.6)
u (17.7) B TOM, 4TO IIPOTPEB dJIEK-
TPOJIUTOB HE 3aBUCHUT OT YaCTOTHI,

Vi vV  a mnporpeB IUaJIEKTPHUKOB PpacTer

Puc. 17.4. YactoTuasa 3aBu- ¢ yBemuuenueM uactorsl IMIL
CHMOCTb TEeIJIOBOI MOI[HOCTH, (puc. 17.4), rax uTo AnA ABYX
BBIZeNsIOMelica ox feficTBuem NOHKDETHO  B3ATHIX 06pa3m31;

VBUY-1101151 B 31€KTpOIATE 3JIEKTPOJIUTA U AUIJIEKTPUKA Hali-

¥ AUDJIEKTPUKeE JeTCs 4acToTa Vi, Ha KOTOPOM Mx

mporpes omgmHakoB. Ha uwacrorax

v < v; Jydllle INporpeBaeTcs JEKTPOJIUT, a IPpU V>V, — AUI-
JIEKTPUK.

Ha uacrorax v=30-60 MI'n, ucmosn3yemMbIX B aliapaTrax
YBY-repanuu, BbIJIEHHME TeIla B [JUIIEKTPUUYECKHX TKa-
HAX JKUBOTO oprammama Oyzer 6oJjibliie, UeM B €r0 HPOBOLAIINX
TKaHAX. OTMEeTHM, OZHAKO, 4TO K060 XOpOIIMi IIPOBOAHUK,
B 0cOOEHHOCTM MeTaJlj, momaBIuuii B noje ¥BY, 6yger unTen-
CHBHO HarpeBaTbCsi M, KPOMe TOr0, M3MEHSTh CTPYKTYypy ca-
Moro mojs (JMHMU HAIUPAKEHHOCTH KOHIEHTPHUDPYIOTCA OKOJO
MeTaJlJINYeCKNX IPOBOAHHKOB), YTO MOXKET IpPHBECTH K 3Ha-
YUTEJbHOMY IIePEerpeBy OTAeJbHBIX YYaCTKOB TeJjia IMaINeHTa,
HAXOAIIUXCSA BO3Jle METAJNJIMYECKOro IIPOBOJHHMKA, M 00paso-
BaHUIO OYKOrOB. II03TOMYy HHUKAKMX METAJJINYECKHX IIPEAMETOB
Ha Tejle MalMeHTa Npu HpoBeAeHuu ¥YBU-repanuu He KOJMKHO
OBITH!

HOpyras ocobennocts ¥YBY-Bo3neiicTBUII B TOM, UTO MAIIMEHT
II0 COOOparKeHHUAM TeXHWKH 0e30IIaCHOCTH IOMEILNAeTCA B TaK
HasbIBAE€MBI TepameBTHYECKHH KOHTYD, KOTOPBI H30JIHPOBaH
OT OHACHBIX IJIA KM3HH IAIMEHTa HU3KOYACTOTHBIX HAIIpSAKe-
HUH TMUTAHMS TeXHUYECKOro KOHTypa anmapara YBU-repamuu.
IlepeMeHHBIE BJIEKTPOMAarHUTHBIE KoJe0aHUS HeoGXOoAMMOM
4acToOThl V, TFeHEepHPYIOTCAd MMEHHO B TEeXHHUYECKOM KOHTYpe

N
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Texnuueckuit TepanerTuuecKuit
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P KOHTYP IIporpesaemsiit
00 BEKT

Puc. 17.5. Cxema B3auMOCBA3Y TEXHAYECKOTO ¥ TEPAIIEBTUYECKOTO
KOHTYpOB annapara ¥ BU-repanuun

(puc. 17.5) m pas sbdexTnBHON nepejauu dHeprum IMII us
TeXHUUYECKOro KOHTypa B TepaleBTUYeCKU HeoOXOANMO, YTOOKI
OHM ObLTM HACTPOEHBI HA OHY YACTOTY, T.€. B PE30HAHC: Vg, = V.
B nporuBHOM ciyuae aMIINTYAA 3J€KTPOMAariUTHHIX KOJie0aHmit
B TEpaIeBTHUYECKOM KOHTYDe OyJeT CAUIIKOM MaJa IJs nojyde-
HUA TemyuoBoro agdekxra.

CoGcTBeHHAA YAacTOTA TEPAIIEeBTHUECKOr'0 KOHTYpa OIpenes-
€TCS TOJBKO €ro mapaMeTpaMu:

1
Veep = . (17.8
* 2nL(C,, +C) )

ep

HNaayxTuBHOCTS KAaTyWIKKM L, GUKCUPOBaHA, HO eMKOCTh C,.,
He IOCTOSHHA, a 3aBHCHUT OT PACIIOJIOMKEHUs DJIEKTPOJAOB J; M Iy
y Teja NalyeHTa, II03TOMY HaCTPOMKA TepaleBTUYECKOTOo KOH-
Typa B DPE30HAHC C TEXHUYECKUM OCYIEeCTBIAETCS C IIOMOIIbIO
OOIONHUTENLHOIO0 KOHJEHCATOpa epeMenHoit eMkoctu Cy.

17.1.5. MukposoAHoBas Tepanus

dDusnorepaneBTUUYECKHE METOABLI, B KOTODHIX [JJIs NIpOrpesa
nanueHTa ucnoassyiores IMII ¢ wacroramu v =300-2500 MI'1,
HA3BIBAIOT Mukpoeonnoeoi (MKB) mepanuei. Ha sTux uyacro-
Tax OMII yxe He COCPEAOTOYEHO MEKAY 3NEKTPOAAMHY anmnapara,
a HAIpPaBJIEHHO U3JIy4aeTcA B MIPOCTPAHCTBO B BHJE 3JIEKTPOMATr-

20*
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HHUTHOH BOJIHBEI, JJIMHA KOTOPOH A = < ,roec=3-10% m/c — cko-
v

POCTh CBETa B BaAKyyMe; B 3aBHCMMOCTH OT HCIIOJIL3YyeMOil 4acTo-
Tl A cocTaBiaser or 1 m g0 12 cMm.

InexTpoMaruuTHoe uanydenue (OMU) aTMX 9aCTOT XOpPOIIQ
TIOTJIOLIAETCS BOJOM, IIOPTOMY IIPM MHMKPOBOJIHOBOM Tepalnu
XOPOIIIO IPOTPEBAIOTCA BOAOCO[ep:kallie TKAHW OPraHu3Ma n
XyiKe — KUPOBasa TKaHb, IOJAKOMKHAA KJIETYATKA, KOCTHAA TKAHb,

Tny6uHa IPOHNKHOBEHU A MEKTPOMATHUTHBIX BOJH B OMOTKAHN
3aBHCHT OT CIIOCOOHOCTH A3THX TKaHEH IIOrJIONIATh SHEPTHIO BOJHEI
¥ oIpefiesisieTcA KaK CTPYKTYPOM TKaHu (TJIaBHBIM 06pas3oM cofep-
JKaHMEM BOJBI), TAK M UYACTOTOM 3JEeKTPOMATHUTHBIX BoaH. Ilor-
gomenue OMHU OGmoTKaHAMH, KaK IIPaBUJIO, PACTET C YBEJINUEHH-
eM 4acTOTHl (YMEeHbIIeHUEM JJIUHLI BOJIHLI) U3JIYUYEHHUS, IT03TOMY
Ha MPaKTHUKe MCIOJL3YIOTCA alnaparsl, uajaydaoiiue IM-BOTHE
xenumeTpoBoii aaunsl (JIIB-Tepanus, v =460 MI'n, L =65 cm) 1
cauTuMeTpoBoii anuubl (CMB-Tepanus, v=2375 MI'u, A = 12,6 cm),
IIPUYEM IOCJIeAHHE TOTJIOMIAIOTCA CUJILHEE,

Yem cunbHee noromnieane OMUY B TKaHAX, TEM MeHbIIIe TIyOrHA
€ro NpOHUKHOBeHUA (K IPOrpeBa), Mo KOTOpoil 00BIYHO HOHUMAIOT
paccToAHMEe, Ha KOTOPOM HHTEHCHBHOCTE BOJIHBI yOLIBaer (e = 2,72
pasa). B ogHOPOIHEIX TKAHAX MHTEHCUBHOCTL BOJIHBI YMEHbLIIA-
eTCA C MPONAEHHBIM PACCTOSHUEM 110 9KCIOHEHIIUAJIBLHOMY 3aK0-
ny. OgHaKo coCTaB KWUBOH TKAHU CJIOMKHBIH, IO3TOMY YCJIOBHO
cumnraioT, yro npu [I1B-repanuu cpegusasa riayduHa IPOHUKHOBE-
Husa OMMU cocrasaser okouao 9 cM, a mpu CMB-repanuu 3-5 cM.

Ilockonpky npu MKB-Tepanum B OCHOBHOM IIPOrPEBAlOTCH
BHYTPEHHUE BOAOCONEPIKAIINE TKAHU U He LPOI'PEeBAIOTCA KU~
poBas KJEeTuaTKa W KOXKa, TO 03a BO3AeMCTBUA JOJIPKHA CTPOTO
KOHTPOJIMPOBATHCA BO M3bekaHue neperpeBa BHYTPEHHUX Opra-
HOB, KOTOpOE IAIMEeHT CPa3y He CMOKET II0YYBCTBOBATh, TAK KaK
TEIJIOBLIE PELCIITOPEI HAXOASATCS B KOMKE,

17.2. HetenaoBoe aeicrsue IMIT BbICOKMX yYacToT

Hetemnoseie addeKThi Bo3zeiicteua IMII ma OGuoaormuec-
Kre O0BEeKThI IIOAPA3AessAIOT Ha SHepreTuYecKme u HHPOpMA-
IIAOHHBIE.
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e

OHepzemuyieckue HeremyaoBble addexTsr IIIM xapakTepusy-
JOTCA TE€M, YTO JHEPrufA OTBETHOH peakmuu OMOJIOrMYECKO# cu-
cTeMbl MEHbIIIe SHEPTruM, NepeganHoi eit IMII.

HampoTtus, aasa ungopmayuonnvix 3bHGHEKTOB XapakKTepHO
npeobiiafaHe 9HEPTUY OTBETHOH peaKIUM OpraHusMa Haj oHep-
rueit OMII, BBI3BABIIErO 3Ty pEaAKIMIO.

K szepreruuyeckmM HerensoBeIM addexram IMII oTHoCcaATCA
MecTHas JapCOHBaJIM3auusA, uMnyiabcHas YBY-repanusa, a Kk uH-
dopmanmonasiMm — KBU-repamnus.

Mecmnas dapconsanusayus — 35TO MeTOZ Bo3geiicTBUA HA
KOJKY ¥ JOCTYIIHBIE CIU3UCThIE 000JI0OUKH BHICOKOYACTOTHBIM 3JIEK-
TpuyeckuM paspagom (v ~ 100-500 kI'n), xoropeiii obpasyercst
MeKIYy NOBEPXHOCTHIO Tejia ITalueHTa U CIeUHaJbHBIM CTEeKJIAH-
HBIM IIOJIBIM BJIEKTPOJAOM, 3aNOJHEHHBIM pa3pe)XeHHBIM BO3AY-
xoM Uiy rasom. HecmoTpsa Ha BeicOKOe Hanpsixkenue (10—-30 xkB),
cuia ToKa HeBearka (10—15 MA B mMnysbce, CKBaXXHOCTD 0oJiee
100) u3-3a BBLICOKOI'O COIIPOTHBJIEHUA CAMOIrO CTEKJISTHHOTO dJIEeK-
TPOAA, COCTABJAIOIIEI0 HECKOJBKO METraoM.

JleueOubIi 3ddeKT MpH ZapcOHBaIM3anuu OOYCIOBJEH pas-
IpakeHreM HEePBHBIX PelieNITOPOB KOYKH U CIAN3UCTHIX 000JI0YEK B
30He pas3pAla, BEI3LIBAIOIIMM MECTHOE YAYULIeHHEe KPOBOCHabKe-
HUSl TKAHW U COOTBETCTBEHHO YJIYYIIeHVE ee MUTAHUSA, TPODUKHU
u ap. IlockoJbBKY cuJia TOKa B pa3pfAfe He3HAUUTENbHA, TO TEILIO-
BHIJIeJIeHHSI B TKAHAX IIPU JapPCOHBAJIM3AINM IPAKTUYECKH HET.

IIpumensierca MecTHaA AAPCOHBAJU3ALMA AJA JECUYEHUA pas-
JIMYHBLIX KOMKHEIX 3a00JieBaHNil, 0OMOPOIKEHMIi, 0’KOTOB, HEBPAJI-
Tu# u Jp. v

IIpu umnyavcuoi YBY-mepanuu Ha naunueHTa AedcTByeT
KpaTKOBpeMeHHOe (HECKOJBKO MUJIJIMCEKYHJ) BBICOKOYACTOTHOE
3JIEKTPOMATHUTHOE moJie yacroroit 30—60 MI'n, a 3aTeM ciexayer
B COTHH ¥ THICSAYM pa3 0oJiee ANuHHAA Iays3a, TaK YTO YCPeXHEH-
HBIH 110 BpeMeHU TeIIoBOH 3(¢eKT HesHAUHTENbHBIH. B Takux
UMIIYJbCHBIX TIOJAX XOPOIIO BHEIPA’KE€HBI HETEINJIOBbie 3(D(eKThI:
ODHMEHTANUA TOJAPHBIX MOJIEKYJ BAOJb HAIPABJIEHUA 3JeKTPHU-
4JecKoit cocrasidAwineii SMII, HekoTopble U3MEHEHUS CTPYKTY-
PhI 6eJIKOBBIX MOJIEKYJ, a TaKkyKe fBJIEeHUS, OKa3bIBalolue BJIU-
AHUE HA QYHKIMOHAJBHOE COCTOSIHNE OPraHu3Ma. XoTs NUKOBas
morngHocTs OMII B MoMenT ummyabca nmoutu B 40 pas Gosblme
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MOITHOCTH, UCHONb3yeMOil B HenpepsiBHOU YBU-tepanuu, cpea-
HASA TeIJIOBas MOIIIHOCTD, BBIAEJAIOMIAACA B TKAHAX, Majla U3-33
OYeHb AJINHHOH nayasl (00JbIION CKBAXXHOCTH), TAK UTO ¥ TEILIO-
BOU a(pheKT BecbMa Mal.

Kpaiine e6vicokovacmomnas mepanus (KBY-mepanus).
Kpaitne BhicOKMMHM HasbiBaloT uyactoTel OMII or 3-10° o
3-10! I', T.e. 30-300 I'Tw, YTO COOTBETCTBYET AJIMHAM BOJH B
Bo3gyxe oT 10 go 1 mm. Takue 3JIeKTPOMaArHUTHBIE BOJIHBI OKa3bI-
BAIOT BO3/elicTBHe Ha OMOJIOTHYECKNe O0BEKTHI Jake IIPU OYeHb
HUBKUX MHDOPMAIMOHHBIX YPOBHSAX MOIIHOCTH IPUMEHSIEMOro
usayudenus [30].

B stom guamnasone smeprusi kBauTa OMII 3HauYNTEeNbHO MEHBb-
IiIe 9HEepTUHU TEeIJIOBOT'0 ABMIKEHUA GHOMOJIEKYJI, MEHbIIIe dHep-
TUH 9JEeKTPOHHBIX U KOJiebaTeJbHBIX IIEPeXON0B B MOJIEKYJIaX, a
TaK)Ke HEPrUH BOAOPOLHLIX cBA3eil, nmosromy KBU-usnyuenue
CcrocoOHO BAUATL TOJBKO HA BpallaTeJbHbIE X KOH(MOPMAaIMOH-
HBIE TIepexobl B MoNeKyax. OgHaKO KJaBHO OTMEYEHO, YTO HU3-
KomHTeHcuBHOe KBY-manyuenmne okasbIBaeT 3HAUNTENBLHOE BJIM-
aave Ha GYHKIMOHUPOBAHUE KUBLIX OPraHU3MOB, XOTSA HATrpeB
TkaHe# He mpeBbinraeT 0,1 K. B Hacrosmiee Bpema KBY-repa-
[THI0 IIPUMEHSIOT AJs JIeUeHNs IUPOKOro Kpyra 3abomeBanuii, B
TOM YHCJie A3BEHHOUW 00JIe3HM KeJNyAKA ¥ ABeHaNIlaTUIIePCTHON
KHUIIKY, IICOpHUas3a, MHeBMOHUMU u Ap. CumraeTcs, 4TO IIPHU BO3-
neiicteBun KBY-uanyuyernmeM HOBBIIIAIOTCS 3aI[UTHBIE CHJBI Op-
raHu3Ma 3a cueT AaKTHUBHU3AINH Psga OMOXMMHUUYECKUX ITPOIIeCCOB,
dopMuUpYIOIMUX PUIUOJOTHYECKUNH OTBET OpPraHM3Ma. XOTA Me-
xauusm BozgeicTeus KBY-usnyuyennmii Ha opranmnsm A0 KOHIA He
SICeH, MPeAIIoJaramT, UYTO OH CBA3aH C Pe30HAHCHBIM ITOTJIOIIEHN-
€M 3TOro U3JIyYeHUs MOJIEKYJIaMU BOIbI, JJISI KOTOPOii HamnboJjee
CHJIBHBIN pesonaHc Habmiogaerca Ha yactore 50 I'T.

B nmocnemuue rogbpl aKTUBHO HCcyegyeTcA elle 6ojiee BHICOKO-
JacTOTHEIH nuanason DMU — reparepnossriii (1 TTo = 102 I'Tn),
KOTOPOMY COOTBETCTBYIOT AJIHUHBI BOJH OT 3 MM 10 30 MKM. JHEp-
rusi KBaHTa TAKOTO ITOJIS yKe COOTBETCTBYET SHepruu KoJjeba-
TeJbHBIX IIePEXOJ0B MHOTHMX OHOJIOTMUYECKH Ba’XKHBIX MOJIEKYJI U
rasoB (N,, O,, CO,, mapos H,0 1 ap.) [3].

B repareprioBom amamasoHe HaXOAATCA PE30HAHCHBIE YaCTO-
THl HEKOTOPBIX OWOJIOTMUECKHX CTPYKTYP KWBOIH Kierku. Ha-
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IpuMep, coMaTHdecKad KJIeTKa MJEKONUTAIOLIMX MMeeT pe3o-
gaHcHY0 dactory 2,39 TI'u, XpoMOCOMEI pa3IUUHOM MeHHOH aK-
rusHocTu — 0,75—-15 TT'1, pesoHaHCHbIE YACTOTHI AJbBEOJI JIer-
gnx — 0,3-0,5 TT'u, a spurponuros Kposu — 0,5-1 TI'm, HO
panbojiee CHJIBbHO 3TH BOJIHBI IIOTJIOLIAeT BO4A, IIPUYEM €e II0-
rJIOIIeHHAE PACTET C YBEJINYEHMEeM YacTOTHI.

10.

11.

KOHTpOAbHbIE BONPOCHI M 3aAaHus

OJIeKTPOMArHUTHBIE BO3AEHCTBMA KAaKMX YaCTOTHBIX [AUAIla30HOB
B MeAHIIMHE OTHOCAT K BHICOKOYACTOTHBLIM M UCIIOJIb3YIOT AJIS NPO-
rpeBa OMOJIOrMUeCKUX TKaHei?

KaxoBnl ¢pusugeckue MexaHU3Mbl, Belyllilde K BBIJEJEHHIO TelJia
B IPOBOAAUIMX M JUSJIEKTPUUECKMX TKAHAX OPraHU3Ma Ipu Jeii-
CTBHH BBICOKOYACTOTHBIX TOKOB U 1OJI€H1?

. KaxkoBsl mapamerpnl Bo3gefictBua npu guarepmuu? Ilpusepure

pacuyeT yZAeJBHOI TEIJIOBOH MOINHOCTH, YKa)XuTe HauboJsee Ipo-
rpesaemMble TKaHU, HCTOYHUKM ONMACHOCTH B JUATEPMHH.

Kaxossl npuanunsl ajieKTpoxupypruu? UTo Taxkoe sjaeKTPOTOMHUA
U 3JIEKTPOKOATYJISILUSA, MOHO- 1 GHAaKTHUBHAS MeTOLUKMN?

KaxoBbl mapamerpsl ¥ CIIOCOOBI MOABEeAEHUA BO3AEHCTBUA K HAIH-
enTy npu ungykrorepmuu? Yro rakoe suxpesnie Toku Pyko? Ka-
Kue TKaHU Jy4lle IPOrpeBalTCa NPHU UHAYKTOTEPMHU?

Yro takoe YBU-repanua? Yka)kure napamMeTpel U Crocobbl Tox-
BeJeHUs BO3JeMCTBUA K HNanueHTy. Kakue TKaHu YeJ0BeKa Jydlile
nporpesatorca B nojse ¥YBU? Ilpusegure coorBercTBylowiue (dop-
MYJIBL.

ITouemy npu nporegenun ¥ BU-trepanuu merannudyecKue IpeaMeThl
He JOJIKHbI HaXOAUTHCS BOJN3M 061aCTH BO3AEHCTBUA?

KaxoBo HasHayeHMe TEXHUYECKOTO M TePaleBTHYECKOro KOHTYPOB
B Qu3uoTepaneBTHYecKoi anmapartype? Kakoe ycioBue sABaAeTcA
HeOOXOAUMMBIM /AJId Tepe/iadyy 3JIeKTPOMArHUTHON 9HEpPruM U3 Tex-
HHYECKOI'0 KOHTYPaA B TePAIEBTHYECKHA?

KakoBbl OTINYHMSA B IapaMeTpax U pe3yJbTaTax BO3[eHCTBUA Ha Ia-
nnerata YBU-repanuu B HenpepsIBHOM M UMIIYJIBCHOM peskuMax’?
Kakos jeiicrsyiomuil ¢pakTop Ha HauUeHTa NP MUKPOBOJHOBOH
CMB- u [lIB-repanuu? B Kakux TKaHAX NPOHCXOAUT IIpeHMyHIe-
cTBeHHOe Beifesenue temaa? Or yero 3aBHMCHUT riybHuHA TIporpesa
TKaHei?

Ilouemy TpefoBaHusi Ha AO3UpoBaHue Bo3xelicTBus npu MKEB-re-
panuu Gosee xecTrue, yem npu Y BU-repanuu?
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12. B 4eM cocTOAT HeTemoBbie 9PGHEKTH BLICOKOYACTOTHBIX 9JIEKTPO-
MarHMTHBIX BoageiicTeuii? Kakue Bo3zeiiCTBUA OTHOCAT K 3JHep-
reTu4YecKuM, a Kakue — K HAGOPMAIMOHHBIM?

13. KaxoBbl 1apamMerpsl u cnocoG NoABeIeHUA BO3JeHCTBUA K MAIIUEHTY
pu MecTHO# gapconsaauzanyuu? IloueMy npu BHICOKOM HaIpsxe-
HHUHU, JeHCTBYIOIEM HA NalieHTa IPKM MECTHOH JapCcoHBaJM3alNy,
cuia Toka majua?

14. KakoB mexaumam JseueGuoro sospeiicrsus? Kakxos rensosoit ad-
(eKT mpu MeCTHOM ZapCOHBANU3AUUN?

15. Yro Takoe KpaiiHe BhicOKOuacTOTHAA Tepanusa? Kakxoswsl nmapame-
TPBI (YaCTOTa M JJIMHA BOJIHBI) 9TOTO BO3xeicTBUA?



lMoAyueHne u perucrpaums

Nasa 18
OMoPn3NUeCKMX AaHHBIX

HoctoBeprasa perucrtpanus (puU3NUEeCKNX NapaMeTpoB, IIPO-
BoauMas mpu obcjeJOBaHMM IAalMEHTa, M MX IPaBUJIbHAA WUH-
rTepupeTanysa O0eCHeYUBAIOTCA YeTKHM NOHUMAaHHEM BpauyoM
(pU3UYEeCKNX NMPUHIIUIOB PabOTHl 1 METOOUKU IIPUMEHEHHUs pas-
JAUYHBIX MEJUIIMHCKUX NPHOOPOB, 3HAHMEM WX BO3MOMKHOCTENH,
JOCTOMHCTB M HEJJOCTATKOB KOHCTPYKIIUH.

O6miasa cxeMa IOJIy4eHUST 1 PErHCTpanuy 6MoPpHU3nYeCcKoi UH-
dopmamuu o 6Moo0THEKTE TIpeAcTaBieHa Ha puc. 18.1, Koropas
OTpasKaeT BCe BOSMOYKHbIE pPeajibHbie CHUCTEMBI, IPUMEHsSeMbIe B
MeANIUHEe IJIA AUATHOCTUKH U 0GCIefOBaHUS.

HN3mepaemslil napamerp 611000 beKTa MOKET IIPEACTaBIATE CO-
0oi1 GMOIIOTEHIIMAJI, TEeMIEepaTypy, AaBjieHHe KPOBU, HEKHEe Xa-
paxTepuCcTUKM OMOTKaHM 1 ap. A permcrpanum sjexTpude-
CKUX CUTHAJIOB UCHOJIB3YIOTCS 3JIEKTPOALI, HajaraeMeie Ha Ouo-
00BEKT, a A8 PErucTPALY HEAJIEKTPHUUYECKUX IapaMETPOB — CO-
OTBETCTBYIOIIIMIE M3MepUTeJIbHbie Mpeo6pasoBaTeNn (JATUHUKHU).
IlockonpKky aMIIUTYZAa OHMONOTEHIMAJIOB OYEHb MaJja, UX He-
00X0MMO NIPEABAPUTEJILHO YCHJINTh, I€pPel TeM KaK I0JaBaTh
Ha peructpupymomuii npubop. B pajge ciy4yaeB mMOJIy4eHHYIO C
o6bekTa nHGpOPMALUIO HEOOXOAUMO IepefaTh Ha 3HAUNTEIbHbIe
PaccTOAHUA 10 KaHAJaM CBA3U (TesieOHHBIE IMHHUY, PARUOCBA3D
u T.1m.). B 9TOM Cciyuae yculeHHBIH CHTHaJI MOCTyIaeT CHaJasa
B OJIOK OUCTAHIIMOHHON Ilepefauyd JAHHBIX, BKJIOYAIOIIUH KO-
JHUpyIoIlliee yCTPOICTBO, NepelJaTyuK, JUHUIO CBA3H, a 3aTEM B
NPUEeMHHUK U AEKOJUPYIOIllee yCTPOMCTBO, Iocje dYero pacuudpo-
BaHHBIA ¥ NMPU HEOOXOAUMOCTH ellle pa3 YCHUJIeHHBI CUTHAJ Ie-
PexXoauT Ha PErMCTPUPYIONIN IpuGoOp M KOMIIBIOTEPHOE YCTPOii-
CTBO 00pabOTKYM M aHAJN3a AAHHBIX.

femmmm—— -
i Buiox |
YerpoiicTso ! _: | Perucrpu-
Buoob6nexti~ = chema |~ Vemnmrenn|— AUCTAHIMOH PyIoOLuit
nHbOpMaIH ! Hozggg:g?‘m ' uputGop

Puc. 18.1. O606mieHHad cXeMa perucTpaniiy MeAuKo-010I0TuYecKoi
nHpOpMaL Uy
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18.1. Perucrpaums OnonoreHuUMaroB

Samaya perucrpamum IE€PEMEeHHBIX 9JEeKTPHUUYECKHX II0JIed,
reHepUPYEeMBIX KHBBIM OpPraHu3MoM (GMOITOTEHIIMAJIOB), MMeeT
OoJbllIOe 3HaYEHHUEe AJIA Ilejiell AMAarHoCTHKHM MHOrmx 3aboJieBa-
HUB ¥ ompenesyennsa QYyHKUMOHAIBHOTO COCTOAHUSA PASTUUHBIX
OPraHoOB.

Ons perucrpamuy sJeKTPHYECKUX ITOTEHIIHAJIOB HCIOJIb3Y-
0TCA IneKkmpodv. — cIenuajbHble IPOBOAHUKY, 3aKpensdae-
Mble Ha MOBEPXHOCTH TeJia WUJXM BBOAMMEIE BHYTPb €ro IJs pe-
TUCTPAUUM JJIEKTPUUECKUX INOTEHUUANOB (3JIeKTPOrpamMm) aubo
AJIsi IOABEAEHWS BHEIITHErO 9JIEKTPUYECKOTO BO3AeicTBUA K Ouo-
00bexTy (puc. 18.2).

I —_—

R, S
q

g

RBX ?.s s

D8

S

& 2

Va

Puc. 18.2. Cxema 3JI€eKTPHYECKOH LENH PU PerucTpaluu
OuonoTeHIMala

B Mepuiiuue K 3JIeKTPOAaM MpPeNbABIAAIOT CIHEIHAJbHBIE TPe-
foBaHUSA: OHM AOJIMKHBI OBICTPO (DMKCHPOBATHCA U CHUMATLCA, 00-
JaAaTh MOCTOSHCTBOM 3JIEKTPHUYECKUX IapaMeTpPOB, 3JIACTUYHOC-
TBIO, IPOYHOCTHIO, HE CO3LABATH IJNIEKTPUUYECKUX [IOMEX, He OKa-
3BIBATH pasgpaskaiouniero JeficTBus Ha GMOTKAHM.

BuonoTeHuan xapaKTepu3yeTcsa 3JIeKTPOABHIKYILEH cuiioi
(9C), roTopas obGo3HaUeHa Ha cxeme & .

IIpu perucrpanuu 6MONOTEHIINANA CUJIa TOKA B IENU, COLep-
wautein JIC, oupenenserca 3akoHom Oma AJs HOJHOH ILenu:

I=% /R, +R), (18.1)
a HanpdAXXeHHue Ha BXole YCUJIUTEJIA

U, =IR,,, (18.2)
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rae R,, — cobcTBeHHOE BXOJHOE CONPOTURIEHUE YCUAUTEs JTub0
A3MEPUTEeNLHOr0 npubopa; R, — TaK Ha3biBaeMoOe IepeXxoiHoe
CONPOTHUBJIEHHE, KOTOPOE IIpefcTaBjsieT Co00¥ COIMpOTHBJEHUE
BceX KOMIIOHEHTOB JIEKTPHUUYECKOUN Ienu MeKIYy HUCTOUHHUKOM
OUOMOTEHIMANA U BXOJHBIMU KJIeMMaMu ycuiuTtessi; U,, — us-
MepAaeMoe HANpPAKEHUE, PEerUCTPUPYEMOe Ha BXOJe YCHUJIUTeNs
AIu perucTpupylomero npubopa.
IToxgcrasasas dopmyay (18.1) B (18.2), moayuum

&R, & (18.3)

Unx = = *
R,+R, 1+R /R,

N3 Bripakenus (18.3) caemyer, uTo HAUpsIKeHHe HA BXOJe
yeunutensa (UIH MU3MEepUTEJbHOrO pubopa) Bcerjga MeHbIle Be-
JAYUHBI U3MEpAeMoro GUOmoTeHnHANa & W YTO 3TO pasiuyue
yMeHbIIaeTcA ¢ yMeHblleHneM oTHomieHusa R, /R, . Iloatomy nipu
perucrpanuy GHOMOTEHIIUANIOB HEOOXOANMMO MAKCHUMAJILHO CHII-
JKaTh MEPeXOJHOe CONPOTUBJEHHEe R, W UCIOJAb30BATH YCHJINTE-
au (U3MepuTeNbHBIEe TPUOOPHI) ¢ BEICOKMM BXOAHBLIM COIPOTHUB-
gernueM R,,. YroObl pasiauuue mexkny U,, u & He MPEBBIIIAIO,
Hanpumep, 5 %, HeoGX0AMMO, UTOGLI BXOAHOE CONPOTHBJIEHUE
HUCIIONB3yeMoro ycunuTeas B 20 pas IMpeBsIIAIO IEPEXOJHOE CO-
npotusneHue uenu. [Ipu 6ojee TOUHBIX M3MEpPEHUAX GUOIIOTEH-
LUAaJIOB CJeLYeT ele GOJIbllle YMEHbIIATs, COOTHOIeHue R, /R,,.
Ha npaxkTuKe BeaIMuMHA MEPEXOJHOTO COMPOTUBIEHNA MOMKET CO-
CTaBJATH OT JECATKOB KUJIOOM 10 HECKOJbKMX MEraom, II03TOMY
OUeHb BAKHO 3HATH CIOCOOBI ero yMmeHbIneHus. PaccMorpum c
3TOMH ITeJIBbIO0 CXEMY INePEeXOJHOTO CONPOTUBIIEHMUS IeIX PETUCTPa-
uuu IAC 6uomorennmana (puc. 18.3).

M3 cxempl BUAHO, UTO OCHOBHOM BKJIAJ B IIEPEXOAHOE COIPO-
TUBJIEHHE BHOCHUT COIIPOTHUBJIEHHE KOMKH, COCTABJAIOLIECE eIH-
HUIIBI MeraoM, IO CPaBHEHUIO C KOTOPBIM COIPOTUBJIEHWE BHY-
TPEeHHUX NPOBOAALINX TKaHeidl (exuHunbl KOM) U 37€KTPOJOB
(egumuuns OM) HeBeauko. IloaToMy AJIA CHUMKEHUS IEPEXOTHOI0
COIIPOTHBJIECHUA HEOOXOAUMO IIpe)KAe BCEro YMEeHBIIUTH COIIPO-
TUBJIEHUE KOMKH N0 JeCATKOB U eIUHNI] KHUJI0OM.

Ecau Mesxay aJeKTpoaoM U KOMKell IIOMeCTUTh MapJjieBbIi TaM-
IIOH, CMOYEHHHLIH (PU3UOJOTUUECKUM PacTBOPOM, TO COIIPOTUBIIE-
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C, U,
& <~> ~1MOm
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Puc. 18.3. DKBUBaJIeHTHAA CX€Ma IEPEXOAHOTO COIPOTUBAEHUA

HHE KOXXH YMEHbIIaeTca A0 AeCATKOB KuiaooM. Mcnosn3oBaHue
BMECTO TaMIIOHa C (h)M3PACTBOPOM CIEHHAJBHBIX TOKOIPOBOJA-
IMUX rejleff W MacT MO3BOJASET CHU3UTH COIPOTHUBJIEHHE KOMKHU
0 eJUHUI] KUJI00M, UTO yiKe CPaBHHUMO C CONPOTHUBJIEHHEM BHY-
TPEeHHUX IPOBOASAIINX TKaHe#, IOITOMY JajibHeiillee HeMHBAa-
3MBHOE CHUMKEHUE IepPeXOJHOr0 CONPOTHUBJICEHUS HEBO3MOXKHO.

IIpu perucrpanuyn GHOMOTEHLHAJIOB CJIEAYET YUUTHIBATD TaK-
JK€ BOSHUKHOBEHHUE 3JIEKTPOAHLIX IToTeH1uanoB U, n U, npu KoH-
TaKTe 9JIEKTPOJa C KOoKell BeiaeacTBHe ANGGY3UY 3JIEKTPOHOB U3
MeTajIIa B 3JEKTPOJUTHI KoKu. IIpu 3TOoM Merann 3jJeKTpoAa
BCErja 3apsasKaeTcs MOJOKUTENBHO, a JIEKTPOJIHUTHI KOKH — OT-
pULATENbHO, IIO3TOMY 3JIeKTPOAHbBIe ToTeHuMansl U, u U, Bceraa
BKJIIOUEHB! HaBCTpeuy APYr Apyry (cM. puc. 18.3). Iloanaa 31C,
BO3ZHUKAIOIIAA B JJEKTPOAHON perucTpupymolneil nenu, paBHa
anredpaundeckoit cymme IJIC GuonoreHuunana & v 3JEKTPOSHBIX
norennuaioB U; u U,:

BIAC=& +U, - U,. (18.4)

BenuuuHa 3/1eKTPOJHBIX ITOTEHIIMAJIOB 3aBUCHUT TOJBKO OT Ma-
Tepuaa 3JEKTPOJOB U COCTABJIAET JeCATHIE OJH BOJLTA, UTO B
coTHu pas npessimaer 3C OGuonoreHnuana (€AUHHANBI ¥ JOJIHU
MUJLIMBOJBTA). IToaToMy, BO n3bekanue rpy6hix omnO0K B U3Me-
pennu &, MaTepHAaJbl IPUMEHAEMBIX 3JIEKTPOAOB HOJIKHBI GHITH
OAMHAKOBbLI M OJMHAKOBBEIM 00pa30M HAKJAABIBATHCSA HA KOMXKY.
Torga U, u U, OyayT paBHBI M CKOMIEHCHUPYIOT APYr Apyra, &
nosiHasa uamepsemaa IJC Gyaer paBua &.
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18.2. Perucrpaumsi HE3AEKTPUYECKUX NapameTpos.
Aatuuku

Muorue BakHBIE (pH3UUECKYE HapaMeTPhl 011000 beKTa NMEIOT
HedJIEKTPUYECKYI0 IpHPOZy (HaBiieHuwe, TeMIeparypa, 4YacToTa
gyJabca ¥ T.I.) U IS MX PErucTpaiyuy MCIOIb3YIOT CHeiualib-
HBle YCTPONCTBA, Ha3dbiBaeMble U3MEPUTEJILHBIMY IpeobpasoBaTe-
AAMH WINA JATYIUKaAMU,

Jdamuwukx — 3TO yCTPOMCTBO, IMpeobpasyioilee U3MepIeMyio He
3J€KTPHUYECKYIO BeJIMUUHY B 3JIeKTPUUYECKUH CUTHAJ, VOOOHBIN I
JaJbHeNIero ycuieHnsa, npeobpasoBanus, nepegayud ¥ perucrpa-
nun. Ilo cROeMy Has3HAYEHUIO MOAPA3AE/SIOTCS HA JATUUKU Jasne-
HUA, MeMnepamypsl, HaCMOmyl NYisvca, 1acmomut OblXAHUSL U AP.

IIo mpmanuny npeobOpasoBaHus N3MeDPAEMOro napameTrpa B
3JIEKTPUYECKHUI CUTHAJ pas3judaioT reHepaTopHble (AKTHBHbBIE) U
napaMeTrpuuecKkue (IaccuBHbIC) JaTUNKMU.

18.2.1. lenepatopHbie AATYUKK

T'enepamopnuie (axmuenvie) damuuru 1oJ Bo3neiiCTBIEM U3-
MepAeMoro napamMerpa (TeMnepaTypsl, ZaBJeHUAA U AD.) TeHePUPY-
10T 2JIEKTPUYECKOe HANPsKeHre Wik TOK. B 3aBucuMOCTH OT BUJA
(pM3HUIECKOTO ABJIEHUS, JEXKAIero B OCHOBE TAKOro npeodpasosa-
HUS, PeHEPATOPHEIE JAaTUNKK ObIBAIOT: IIHE303JIEKTPUUECKEe, UH-
IYKIUOHHLIE, (POTOJEKTPUYECKHUE, TEPMOIJIEKTPHUECKHEe U Ip.

ITve3oanexmpuueckue damyuku npeodPa3yIOT MEXaHUYECKOE
AaBieHue P, oxaspiBaeMoOe Ha HWX, HENOCPEACTBEHHO B BJIEKT-
puudeckoe Hanpsikenue U, IpAMO IpONOpIuoHaabHOEe AaBICHUIO
U ~ P (cm. 7.2). Takue JaTYAKU IIUPOKO UCIIOJIB3YIOTCA U B TEXHUKE,
¥ B MEAUIMHCKHUX NpUOOpax IJsA perucTpauuy JaBJeHUH, Je-
bopmanmii, Bubpaiuii, 3BYKOBBIX U YJBTPA3BYKOBBIX BOJIH M
APyrux MexaHWUYeCKHX sABJeHui. JloiroBeuHnie, TOYHbIE U Ha-
Ne)XHble Mbe30JaTUNKN NaBJIEHUA, NCIOJb3yeMble B MENUIIVHE,
BBINTYCKAIOTCA MHOI'MMM HU3BECTHBIMM (PUPMAMMU.

B undyxuuonuvix zenepamophbix damuukax HUCIOIB3YETCS
SIBJICHMe BJIEKTPOMArHuTHON mEAyKIUu (cMm. 15.3). IIpumepom
TAKOro NATYMKA MOXKET CJYYKUTHL KaTyIIKa C BCTABJIEHHLIM B
Hee (heppoMarsuTHBIM cepaeunuxoM (puc. 18.4). IIpu geusxenun
Cepreunnxa D B Karyimuke Bosuukaer IC uaayxkuumu U, npo-
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IOPIMOHANBHAA CKOPOCTH W3MEHEeHMg
MarsvTHOrO NOTOKA 4Yepe3d KaTymKy, u
NPOIOPIMOHANILHASA CKOPOCTH JIBUXKe-
HUA CepeYHUKA.

domoanexmpuueckue 2eHepamopHbole
damuuKu IIUPOKO HCHOJb3YIOTCA s

Puc. 18.4. UHayKUMOH- WU3MEPEHUA CBETOBHIX IOTOKOB M OCHO-
HBIH JATINK CKOPOCTH  Baupl OGBLIYHO HA (POMOZANbEAHULECKOM
HepeMeIeHNd CePACS”  yhdhercme, T.e. BosHUKHOBeHMHM DJC Ha
muKa D 06J1y4aeMOM CBETOM p—n-Iepexoie B Io-
aynpoBoaunkax. ITox aeificTeBreM ¢BeTa B NOJYIPOBOAHUKAX IIO-
SAIBJIAIOTCA JOMOJHUTENbHBIE CBOOOJHEBIE SIIEKTPOHE! U ALIPKY U HA
p—-n-unepexoge reHepupyercs 3IC, nporoprmnoHajbHasa OCBElIeH-
HOCTHM IOJYHpoBoAHMKA. K TakuM zaTyuxaMmM OTHOCATCA GOTO-
IUOABI, (POTOTPAH3UCTOPHI, IPUGOPHI ¢ 3apsaAoBoil caasbio (II3C-
MaTPHUIbl), IIKPOKO MCIOJL3yeMble ceiiyac KakK [ABYXMepHBIE
TBEPAOTENbHEIE JaTUYUKKM U300pakeHuda. CpaBHUTENIBHO BBICOKAA
CKOPOCTb OTKJHKA U 00JIbIIAaA YyBCTBUTEJIbHOCTD B OJIM)KHEM HH-
dpaxpacuom (UK) u BuguMom anamasoHe CIEeKTpa 00ecnedynBaeT
3TUM JaTYHKaM IIUPOKYIO chepy NpUMEHEHMS.

TemnepamypHole JaMUUKU OTIUYAIOTCA OCOOEHHO OOJIBLIINM
pasHooOpasueM THIIOB, ABJAIOTCA ONHUMH M3 CaMbIX pAacmpo-
CTPaHEHHBIX M HAXOAAT IIUPOKOEe NpHMMeHeHHEe KaK B TeXHUKe,
TaK U B MeJUIIUHE.

K renepaTOpHBIM JAATYMKAM TeMIEpPATypPhl OTHOCUTCS mep-
monapa, neiicTBHe KOTOPOH OCHOBAHO Ha aghdexkme 3eebexa: B
eI, COCTOAIIEeH U3 ABYX CIAaAHHBIX KOHIIAMU PA3HOPOLHBIX Me-
Tajanos, Bosuukaer SC, BesuMunHa KOTOPOH NpPONOPIIMOHATIBHA
PA3HOCTH TEMIIEPATYD CIIaeB,

PaccMoTpuM IPOIECCHI, NMPOMCXOAALNNE HA KOHTaKTe (crmae)
JIBYX PasHOPOAHEIX MeTannoB A u B (puc. 18.5). Itu meranusl

+U-
+ —

A + 4 - B
+ p—

/

n,>ng
Puc. 18.5. BO3HUKHOBEHHE KOHTAKTHOM Pa3HOCTH IOTEHIIUAJIOB
Ha Ccliae ABYX Pa3HOPOAHBIX METAJJIOB
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OoTJINYAIOTCS KOHIEHTpanmeid n B HUX CBOOOAHBIX 3JIEKTPOHOB.
[IpeAToNIONHUM [ ONpeneseHHOCTH, 4TO N, > ng. Beaeacrsue
TeIJIOBOTO [ABMIKEHUA 9JIEKTPOHLI OYyAyT MEepexXoauTh uepes
KOHTAKT (cmail) M MpOHMKATL B cOCeAHUN MeTasi. IIOCKONBKY
14> Np, TO IIOTOK 9JIEKTPOHOB 3 A B B O6yner 6onbine, gem B 06-
paTHOM HAIPaBJIEHUH, U B OOJIACTH crlad B MeTajle B BOBHUKHeT
n30bITOYHLIN OTPUIlATEIbHEIN 3apAk, a B MeTalle A — TaKoi ke
10 BeJHYUHE IIOJIOXKUTENbHBIA 3apAn. ITO pasfeieHHue 3apsAA0B
MeXIy MeTanyiamMu A u B cosjaeT Ha KOHTAKTe PA3HOCThL MOTEH-
nunasioB U, KoTopasi 6yaeT npenATCTBOBATh AajibHeH el Auddy-
3uM 3JIEKTPOHOB u3 A B B u momorath Audpysuy 3JeKTPOHOB B
o6paTHOM HAIPaBJICHUWH.

PaBHOBecne MexAy 3THMM ABYMS IIOTOKAMU 3JIEKTPOHOB 6y-
JeT AOCTUTHYTO IIPH HEKOTOPON KOHTAKTHOM DA3HOCTH IOTEH-
LUaJOB, ompejesseMoi ypasHerueMm Hepucra (11.2), Toasko
3/leCb BMECTO OTHOIIEHHS KOHIEHTPAalU# MOHOB O 00e CTOPOHEI
KJIETOYHOI MeMOpaHbl ciaenyeT 6paTh OTHOIIEHNE KOHIIeHTPauui
3JIEKTPOHOB IO 00€ CTOPOHBI KOHTAKTa (Crias):

U=28T "
Hiau F nB
U=kl P4 (18.5)
e ng

9tu (HopMyJIBHI PABHO3HAYHBI, TAK KAaK ra3oBas IOCTOAHHAS R
¥ yucjyio Papajes F cBA3AHBI COOTBETCTBEHHO € IIOCTOsIHHON Bo-
JblMaHA kK U 3JIEMEHTAPHBIM 3J€KTPUYECKHM 3apAIOM € uepes
uucyno ABoragpo Ns: R = kEN,, F = eN,.

ITockonbKy ANA JaHHON Iaphl METAJJIOB OTHOIIEHWE N,/Ng
NMOCTOAHHO, TO KOHTAKTHAsA pPa3HOCTh IMOTEHIIMAJIOB 3aBUCHUT
TOJILKO OT TeMIeparypsl cras:

U=aT, (18.6)
n "
rome o = Eln—A— — BeJH4YNHAa, NMOCTOAHHAA ANA JNaHHOU Iaphbl
e n
B
MeTano0B.
Ecau Teneph CIadATh X BTOPBIE KOHIEI 3THX METAJNJIHYECKHX

IPOBOJHUKOB, TO B 0Opa3oBaBlleiicA 3aMKHYTOM LENH BO3HHK-
Her 3]1C, nponopruonanbHaa pasHoctu (U; m U, BKIHOUYEHBI



320 18. Moayuenune u perncTpaums 6MoU3MHECKUX AdHHbIX

HaBCTPEYY, B 4eM MOKHO yGeauThcs, cresiaB 00XOX IO 3aMKHYs
TOMY KOHTYPY) TeMiepaTyp CHaeB, U II03TOMY Ha3bIBaeMas
Tepmo3IC:

QI[C = Ul - U2 = a(Tl - Tz). (18.7)

Ons uaMepeHns reMmnepaTypbl KaKoro-jiubo odbexTa OGMH u3
CIaeB MOMEIAIOT B 3TOT DOBEKT, & BTOPOil — B TePMOCTAT C U3-
BeCTHOHM TeMuepartypoii Ty, KOTOpas MOAAEP)KUBAETCA IIOCTOAH-
HOI1. i3aMepUB BHICOKOOMHEIM BoJbTMETpoM V TepmM0dC u 3Haa
TMOCTOAHHYIO 3TOM TepMomapbl o U TeMmiepatrypy T,, HETPYAHO
BBIYMUCJIUTD HCCAeRyeMyI0 TeMmuepaTtypy T.

TepMonapsl UMEIOT NOYTH JINHEHHYIO 3aBUCUMOCTEL TepMOID[IC
OT Pa3HOCTH TeMIepaTyp CIaeB M UIVPOKO WCIOJB3YIOTCH A
H3MEpPEeHU:A TEMIIEPATYD B MHTEPBaje OT
eJUHAL, A0 ThICAY rpagycoB KenabBuHa.

I¢pgpexm Ilenvmve. Ecim B nemns
(puc. 18.6), BMecTO BOJBTMETPa BKJIIO-
YHTh UCTOUYHUK TIOCTOAHHOT'O HAIIPAMKE-
HHUf, TO B Hell BOZHUKHET ITOCTOAHHBIN
TOK, IIPH 3TOM OAMH cIail Oyzer Harpe-
BaThCA, a4 APYroil — OXJarKAaThCs, I0C-
7, KOJBKY Ha NepBOM OyZeT BBIAEJIATHCH,
a HA BTOPOM — IIOTJIOWIATBCSA TEILIO-
Ta @, NMPONMOPLUOHAJLHANA cujie ToKa |

Puc. 18.6. Cxema Tepmo-
napsl 1 oGpasoBaHue .
Tepmod[C B Iemu:

Q=1IIIt. (18.8)

Koapdunuenr Ilennrhe II 3aBUCHAT OT NMPUPOABI IIPUMEHsAE-
MBIX MeTaIoB. ITOoT 3ddeKT GbLT OTKPHIT B 1834 roay dpan-
nysckuMm ¢usuxoMm JK. IlenbThe U Im0O3Ke HasBaH ero MMEHEM.
B HacTodlee BpeMaA OH UCIOJIb3YETCA B HEKOTOPHIX IPOMBILILJIEH"
HBIX XOJIOAHJIBHBIX YCTAHOBKAX, 8 TAKIKE B MEAUIMHCKUX I[eIAX
JJIS PETYJIMPYEMOr0 OXJIaXKAeHUA MJIV HarPeBaHUA y4acTHa THA"
HHU, B KOTOPBIA MOMEIAEeTCH CIail ABYX PasSHOPOAHBIX IPOBO-
JHHAKOB.
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18.2.2. lMapamerpuyeckue AATHUKU

ITapamempuueckue (naccuénvie) damuukxu moj BO3jeWc-
TBHAEM H3MepsAeMOH BeJMUYWHLI He TeHEPUPYIOT dJIeKTPUUYeCKMH
cUrHaJl, HO U3MEHSAIOT CBOM 3JIEKTpMYEeCKHe IlapaMeTpsl — CO-
[IpOTHBJIeHNE, eMKOCTh MM MHAYKTHBHOCTD, UTO U ONpeJessaeT
nx HA3BaHUA: PE3UCTUBHBIE (resistance — CONIPOTHUBJIEHHE), €M-
KOCTHbBI€, MHAYKTUBHBIE U AD.

IlaccuBHBIE AATYMKH BCErAa HEOOXOOMMO BKJIIOYATH B 3JIEK-
TPUUYECKYIO LIeNb C BHEIIHWM HCTOYHHKOM HUTAHUHA, YTOOBI IO
U3MEHEHHWIO TOKA WJIN HAUPKEeHUA HA 9JIeMEeHTaX 3TOH Lenu omn-
pelesINTh U3MEHeHU s JIeKTPUYECKHX I1apaMeTpPOB JaTUWKa, a 1o
HUM — M3MEHEHUS N3MepAeMOoro rapamerpa.

Pesucmususie damuuku nop geiicTBMEM M3MEPAEMOTO Tapa-
MeTpa M3MEHSIOT CBOE 3JIeKTPpUUYecKoe colpoTusieHue R, ompe-
JeJIUB KOTOPOe MOYKHO HAWTH sHaUYeHHe M3MepSeMOro IapaMeT-
pa. 1 XapaKTepUCTHKY PE3UCTHBHBIX JAaTUMKOB TeMIIEPATYPHI
mIpoxro uernoab3yior napamerp TKC (temmeparypHbI# Koddhpu-
UEHT COTIPOTUBJIEHU):

1 dR
TKC = — 928 (1/...9.
R, ar ' )

B cayuae suueiinoii 3aBucumoctn R(T) sra BennmdyuHa Imoc-
TOAHHA, a Nnpu HeauHeiiHo#l 3zasucumoctu THKC 3aBumcur or
reMnepaTypel gatuuka. dem Gosabpiie BeauuunHa TKC, rtem
YyBCTBHTENbHee matuyuk. [lomoxurenbuoe snayenue THC yka-
3bIBaeT Ha BO3pacCTaHUe CONPOTUBJIEHUA AATUMKA C POCTOM €ro
TeMImepaTypsl, a orpunarejbHbiii TKC — Ha obfpaTHylO 3aBUCH-
MOCTb.

PaccmMoTpuM B KauecTBe IIpUMepa AATUYMK TeMIepaTypbl Ha
OCHOBE METaJlJIOB.

Conporusnenne R MeTaUINYeCKOTO IIPOBOJAHUKA JIMHEHHO 3a-
BUCUT OT ero TeMIepaTyphl:

R = Ry(1+at), (18.9)

rae R, — conporusienue nposoguuka npu 0 °C; a — temmepa-
TYPHBIH KO3(DOMUIMEHT, 3aBUCANIUHA TOJIBKO OT IIPUPOALI METaJ-
Ja; t — remmeparypa, °C.

21-5281
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3asucumoctb R(t) nuHelngy
B IIMPOKOM JMATla30HE TeMIle-
paryp. YkasanHas Ha rpadu-
Ke (puc. 18.7) remmeparypa t,,
COOTBETCTBYET €ro nepexoAy B
CBEPXIIPOBOASIIEE  COOTOSSHUE

o o (R =0), ee HatMumMe U BeIUUUHA

tep 0°C t°C
_ 3aBUCAT OT IPHUPOABI MeETAJA.
Puc. 18.7. 3aBucumMocTh Yron [ HakJOHAa 3TOH JUHUN
COIPOTUBJICHHUA METAJINYECKOr0 K OCH TeMIlepaTyp ompezneadeTr
IIPOBOAHMKA OT TEMIEPATYPbL OBICTPOTY M3MEHEHUS COIIPOTUB-

JIEHWUSA C TeMIepaTypoi, 3aBu-
CUT OT CBOMCTB HATUYMKA U OIpPejessAeT ero YyBCTBUTEIbHOCTD:

tgh = %?aR0 (OMm/...°), KOTOpasaA 3aBUCHUT Kak OT IIPUPOABLI Ma-

Tepuasa (@), TaK X OT CONDPOTHBJIEHUA jatuuka R,. [as meran-
108 TKC = a u npakTyecK# MOCTOSHEH B IIUPOKOM AHAaIa3OHe
TEeMIIEpaTyD.

R Tepmucmopvt — TOJYIPO-
BOJHUKOBEIE TeMnepaTypHBbIe
naccuBHbie AaTuduku. Compo-
TuBJeHne R TepMucTOpOB, H3-
TOTOBJIEHHBIX U3 YHUCTHIX IIO-
JYIIPOBOAHUKOB (repmanuit

0 T.K WJIU KpeMHHUH), yMeHBHIaeTCiI
Puc. 18.8. 3aBucumocTs CONpPoO- ¢ ysemirienneM ux abcomornon

TUBJeHHs TepMucTOpa OT ero  TeMIeparypsr T (puc. 18.8) mo
abcoTIoTHOM TeMIepaTypal 3aKOHY

R(T)=AeP'T, (18.10)

rae A (Om) u B (rpa) — KOHCTAHTHI, 3aBUCSAIIAE OT MaTepHaa
MOJYNIPOBOJHUKA, UCIIOIb3yeMOT0 B TEPMHUCTODE.

W3 rpaduKa BUAHO, YTO 3Ta 3aBUCHUMOCTb HEJIMHEHHA: C poOc-
TOM TEeMIIepaTyphl MajaeT W CONPOTHBIeHUE R JaT4uka M ero
TKC:

TKC = -8B, (18.11)

T2
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Orpunarenbuoe 3HaueHue TKC ykaspiBaeT Ha CHIDKEHUE CO-
MPOTHBJIEHNSI R TepMHUCTOpa C POCTOM €ro TeMIEpATYyphl, IIPH
sToM ymeHbIiaercsa u Beanyuna TKC, ciegoBaTesbHo, yMeHbIIA-
eTCs YYBCTBUTENBHOCTEL JATUUKA.

TepMUCTOPHI, U3FOTOBJIEHHbBIE U3 JETHMPOBAHHBIX ITOJYIPOBO/I-
HUKOB, HMeIOT BoJiee CI0XKHEIe TeMIIepaTypHble 3aBucumoctu R(T).

B emrxocmublx damuiukax uCHoab3yeTCA 3aBUCUMOCTD JJIEKT-
pudeckoil eMrocTu C IJIOCKOTO KOHAEHCATOPa OT €ro reoMeTpu-
yeCKHUX pasMepoB (ILJIOIAAM ILJIACTUH S M PACCTOSHMUA d MEXIY
HUMM) M OTHOCHUTEJIbBHON [UAJEKTPUUECKOH IPOHUIIAEMOCTH €
cpenbl, 3aKJIYEeHHON MeXAY ero ooxaasxamu (puc. 18.9):

C- g€, S .
d

Ilpu mameHeHuu sTuX napameTpoB (S, d uaM &) U3MEHAET-
csi eMKocTh C KOHZEHCATOPA M COOTBETCTBEHHO HANPSAXKEHHe Ha
HeMm: U = ¢/C, u3MeHsAETCA U €ro COIPOTHUBJIEHUE IIePEMEeHHOMY
ToKy [cM. dopmyny (14.5)], uTO MOKHO 3aperHCTPUPOBATH MO
M3MEHEHMIO TOKa B LielU PErucTpallydy U 3aTeM ONpPEeJeJUTH Be-
JUYUHY MeXaHUYECKOIr'0 WY Apyroro (gakTopa, MOBJIKUABIIErO HA
€MKOCTh KOHAEeHCaTopa.

Hulyxmushbie napamempuyecrkue damyuxu )
nepemeujeHus B IPOCTEHIIIEM CJIy4ae COCTOAT

U3 KaTyIIKH{, B KOTOPYI0 YaCTHYHO BCTaBJIEH
(beppomaruuTHbI ceppeuHuK (cM. puc. 18.4), e |S
ABJIAIOIIUNCA UYYBCTBUTEJILHBIM JJIEMEHTOM
Jatyuka. IlepeMeliienie CepAeyHUKA OTHOCH- L
TEJHPHO KATYIIKY M3MEHSIeT UHAYKTUBHOCTh L ’
JaTYNKA U ero COMPOTHUBJIEHNE NEPEeMEHHOMY ,‘L
TOKY.
. Puc. 18.9.

Jns yBesudeHus TOYHOCTH M3MEPEHU Ta- 4

" IInocknii
¥e JAaTYUKHU 4acTO BKJOYAIOT B OAHO U3 ILJIed KOEZeHCATOD

M3MepUTEeNbHOM MOCTOBOI CXeMBbI.

OcHOBHBIE XAPAKMEPUCTIUKU JATYAKOB:

1) pyuxums npeoGpasoBaHmsi — 3aBUCHMOCTH BLIXOLHOH Be-
anuunsl (U, R, C, L u ap.) or usMepAeMoOil BXOJHO! BeJIUYHHEI
(F, P, T, x u 1p.), KOTOpasA ONMUCHLIBAETCA HEKOTOPOH (MyHKIUeH
Uy npezcrasieHa rpaguKoM;

21%



324 B 18. MoaydeHue u peructpaums 61opn3nUecKnX AaHHbIX

2) JuHaMMWUYeCKU# AMANa30H — AUAalla30H U3MepsSeMbIX BeJu-
4¥MH, KOTOPHIE IaTYUK npeobpasyeT 6e3 CyIeCTBEeHHbIX NCKAKeHUI;

3) YyBCTBUTEJIBHOCTh — MHHHMAJIbHOE N3MEHEHVE PErucTpu-
pyeMoTro IapamMeTpa, KOTOPOe MOXKHO YCTOHYUBO OOHAPY KUTH C
MOMOIIbIO AAHHOTO JaTUMKAa;

4) BpeMs OTKJIMKa — MUHHMAJbHBIN IIPOMEXKYTOK BpeMeHH,
B TeueHHE KOTOPOTO TIOKA3aHWUA AAaTUWKaA YCTAHABJIMBAIOTCSA Ha
YPOBHE, COOTBETCTBYIOILIEM 3HAUEHUIO U3MEPSeMON BEJIMYNHBI.
Uem MeHbIIe BpeMsA peaklUu JaTUYNKa, TeM BBIIIE eT0 YaCTOTHHIE
XapaKTEepUCTUKH.

18.3. Ycuaenmne sAeKTPUHECKMX CUTHAAOB

Avnauryra 6GUONOTEHUMATIOB U JJEKTPUUECKUX CUTHAJOB
JAaTYUKOB OOBIYHO UPe3BBIYANHO Maja (He 0ojiee HECKOJBKUX
MB), 103TOMY OH# MOTYT OBITH 3aPErUCTPUPOBAHEBI TOJBKO ITOCJIE
UX TIPeABAPUTEJBHOr0 ycuieHus. [Ipu 9TOM OUeHb BAaKHO yBe-
JUYUTL AMILIUTYAY STUX 3JEKTPUUYECKUX CHUI'HAJIOB U OZHOBpE-
MEHHO COXPAHUThL UX HOPMY HEM3MEHHOM, MTOCKOJIBKY BO MHOTHX
Ccnydyadax UMEHHO OHA HeceT AMATHOCTHUUECKYIO umHGopMauio.

YcunurejgeMm 3JEeKTPUUECKUX CUTHAJIOB HA3BEIBAIOT YCTPOM-
CTBO, YBEJUUUNBAIOIee MHTEHCUBHOCTh MOXABAEMOro CUTHAJIA 3a
cueT SHepruu NOCTOPOHHEro ucroyuuka. IlocrynieHue sHepruu
OT MCTOYHUKA PETryJUpYyeTCA YIPaBAsSeMbIM 3J€MEHTOM, B Kaue-
CTBE KOTOPOI'0 MCIONb3YIOTCH TPAHIHCTOPHI, MUKPOCXEMEL U APY-
rve 3JIeMeHTHI.

OCHOBHOIl XapaKTEPUCTUKON YCUIWUTENs ABJAETCH KOIdhdu-
yuenm ycunenus K, paBHBIN OTHOIIEHWIO aMIIUTYABl CUTHAJA
(MOUTHOCTH, HANPAKEHUA, TOKA) HA BBIXOAE YCUJIUTENSA K aM-
ILUIATYAE COOTBETCTBYIOUIET0 CUTHAJIA HA €r0 BXOJE:

P U 1
K=" Koo g Tox 18.12
PBX UBX IBX ( )

B 3aBucuMOCTH OT TOrO, KaKoil U3 mapaMeTpPoB CUTrHAaJa 104"
JIeKUT YCUJICHUIO, Pa3jinyaloT YCUJIUTEeJAN MOIIHOCTH, HanpsaxKe-
HUS U TOKA.
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18.3.1. Ycnaurean OMOIAEKTPUYECKMX CUFHAAOB

OcHOBHBIM TpeOOBaHMEM, IIPEAbABISIEMBIM K JIIOOOMY YCHJIA-
re10 OMO2JIEKTPUYECKUX CUTHAJIOB, SBJSAETCA yBeJHUYEeHHE aM-
NJKATYABI CUTHAJA 0e3 ucKaKeHusa ero HopMbi.

PaccmoTpuM, KaKMMM KOHKPETHLIMH (DUBNUYECKHMMU CBOMC-
TBAMH AOJIKEH 06JiafaTh Takoil ycuauTe b, [lognexaime ycuue-
U0 GuonoTeHnMaNLl £ (t), reHepupyeMble KUBBIM OPraHU3MOM,
HOCHAT OOBIYHO MEePHOANUECKUI XapaKTep U MOBTOPSIOTCA C HEKO-

TOPOH YaCTOTOH V, =—;— , rie T — mepuoj NOBTOPEHMST UCCIEAYe-

MOro GM3UOJOrHUECKOro Impolecca.

CorsacHo TeopeMe Pyphe, MePUOJUYECKUN IIPOIECC MOYKET
OLITh [IPEJACTAaBJIeH B BUAE CYMMbI FapMOHUYECKUX KOJeOaHUil,
YacTOTHI KOTOPBIX KPATHBI OCHOBHOI YaCTOTE Vo (MM ITUKJIUYeC-
KO¥ yacrore w, = 21V,) U3MEHEHUA OMONOTeHIHAA:

&(t)=a, + a,cos(wyt + @)+ a,cos(2wyt+ @,)+... (18.13)
... +a, cos(nwyt +¢,)

UJIY B KPATKOU 3amucu

n
E(t) = ay + Y a, cos(mwyt +9,), (18.13a)
m=1
rie a, — MOCTOSHHAS COCTABJAIOINAA CUTHAJA (BO MHOTUX CJIy-
Yafgx OHA PaBHA HYJIO); a,,cos(mwyt + ¢,,) — ero rapMoOHNYECKUe
cocrapiadamwomue (m=1, 2, 3, .., n), UMewOIUe aAMILIUTYAY &,
UHKJINYECKYIO YaCTOTY MMy ¥ HAYANLHYIO (asy ¢,,.

IlepBas us sTux cocrapiaomux (pu m = 1) ONNUCHIBAET rapMOHU-
4YecKoe KoJiebaHue, MPOUCXOIIIIee C OCHOBHOM YacTOTOM vy, paBHOM
4aCTOoTe HCCIeAYeMOro GU3UOTOTNYECKOro IIPOIECCa U Ha3blBaeTCsa
OCHOBHbIM MOHOM CuzHANLA (OCHOBHOILL 2apMOHUKOIL), a OCTANTbHbIE
cocrapasomue (npu m = 2, 3, 4...) Ha3LIBAIOTCA 00epMOHAMU, UL
COOTBETCTBEHHO 2-#1, 3-#, 4-if ¥ Taxk gaJjiee TADMOHUKAMM CUTHa-
J1a. Yuesmo n rakux TapPMOHMYECKHUX COCTaBJIAIINX Onpeensercs
BUZOM (CIOMKHOCTHI0) PYHKIUU & (f): 4eM cioyKHee popMa CUrHA-
J1a, TeM 0oJiblile TAPMOHUK HeoOXOAMMO AJIA €ro HpeiCcTaBJACHUA.

OGnacTs yacToT, 3aHMMaeMasi OCHOBHBIM TOHOM U 06epTOHAMM
Curnana (T.e. 06J1aCTh OT Vy 10 V,, = Vy), HABBIBAETCA LACMOMH LM
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0" v, 2v, 3v, v, T'n

(m-1)vy vy mv, nvg

Puc. 18.10. TapMOHUYECKUIT CIIEKTD CJI0KHOT0 IePUOAUYECKOro CUTHAIA

cnexmpom CUrHaja, KOTOPBIH B COBOKYIHOCTH C aMILIATYJaMU
FapMOHMK gy, 4, Ay, ..., G, OIPENEJIAET 2aAPMOHULECKUL cneKxmp
paccmarpuBaemoro curiasia (puc. 18.10). Ormerum, 4TO rapmo-
HUYECKHUH CIIEKTDP CJ0KHOr0 NepHOJMYeCKOr0 CHUrHajia Bcerja
JUHeHYaThlil, a HeIIePUOAHUYECKOr'0 — CILJIOIIHOMH.

IIpu mpoxokAeHuM cJoKHOro curnaia (18.13) uepes ycuau-
TeNb KasKJas U3 ero rapMOHUYECKUX COCTABJISAIOUINX YBEINUYNBa-
eTcsa MO aMILIUTYZAe B HeKoTopoe uucio pas K,,, paBHoe Koadhdu-
LIMEeHTY YCUJEHUA Ha YACTOTE 3TOM rapMOHUKH U B 00II[eM ciaydae
pas3JudHOe JNJis PA3HBIX TAaPMOHMK.

B npoitecce ycuieHUs MOTYT U3MEHATHCA U HadaabHbIE (a3bl
rapMoHHK ¢,,. Ha BBIXOJle YCHJINTEJISI NPOUCXOAUT CYMMUDPOBA-
HYEe 9THUX YCHJIEHHBIX FapMOHMYECKHX KoJieGaHUil, B pe3yabTaTe
4ero BBIXOAHOM CHUrHAJ OYAeT IIPeACTaBIATE CO00 HEKYI0O HOBYIO
nepruogudecKyo GyHKIIUIO %(t):

é;(t) = Kqag + ZKmamcos(mo)0+ D), (18.14)
m=1

KOTOpasA MOJKET CYIIECTBEeHHO OTIIMYAThCA 110 GOPME OT BXOLHOTO
curnaua &(t). U3 conocrasienus seipaskennit (18.13a) u (18.14)
BUJIHO, 4TO (hOpMa NePUOAMIECKOTo curHaNa &(t) Ha BHIXOAe yCH-
nuTens 6yaer COOTBETCTBOBATH QopMme curHana &(t) Ha ero Bxoze
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TOJABKO B TOM CJIy4yae, €CJHd KO3(MUIIUEHTHl YCUJIEHUS Pa3HBIX
rapMoHUK K, 6yZyT OMHAKOBBEI Ha BCEX YaCTOTAX, MMEIOIIUXCA
B CIEKTpe curuaina, T.e. ecim K=K =K;=..=K,=const =K,
ec/IM HadadbHbIe (a3bl PADMOHHUK MIPHU YCHJICHWH He W3MEHATCH
(1 OyAyT OTJIMYATHCA HA OJMHAKOBYIO BenW4uHy) P, =Q,,.
JleiiCTBUTENILHO, TOJbKO IPU BHIIOJHEHUH 3TUX YCIOBHUIH BCE KO-
spdunentsr K,, MOXXHO BBIHECTH M3-TIOJ 3HAKA CYMMEL:

é“';)(t)zK a0+iamcos(mm0+(pm) = K&(t), (18.15)

m=1

T.€. CUTHAJ Ha BBLIXOJE YCUJIUTENA OyAeT IPEeICTaBIATh CO0O
yeuyieHHbIN B K pas BxoaHo# curuaa & (t).

TakuM 06pa3oM, TOJBKO B Te€X CAydaAX, KOTAA Koadduimeut
yCHUJIEHUA OJMHAKOB HA BCEX YACTOTAX, UMEIOLIUXCA B CIEKTpe
CUTHAJa, U He 3aBHCUT OT aMIINTyAbl curHaiga (K =const), a
HavYyaJIbHBIE (pa3bl TADMOHHK He M3MEHSIOTCA B IIpoliecce ycuJie-
HUS, Ha BBIXOJEe YCUIUTEJA MONAYYaeTCA CUTHAJ, ITOBTOPSIOLIAN
o opMe BXOJHOU, HO YCWIEHHBIH B K pas. YCUIUTENb, YAOB-
JeTBOPAIOLINY 3TUM YCJIOBUSM, MOYKHO CUHNTATh UAEAJILHBLIM.

OgHaxko B AEHCTBUTEJHLHOCTH Yy JIIOOOro PeayibHOrO YCHJINTEJS
K03(D(UIHEHT YCUIEHUS BCErja 3aBUCUT OT YACTOTHI M aMILIUTY b
BXOJIHOTO curHaina, T.e. K = K(v, a,,), 4T0 IPUBOAUT COOTBETCTBEHHO
K YaCTOTHBIM ¥ aMILIATYAHBIM HCKAMKEHUAM YCUIHNBAEMOTO CUTHAJIA.

HecoxpaneHue (a3bl yCHIWBACMBLIX FapMOHHYECKUX COCTAB-
JIAIONUX CHUTHAJa BeieT K (GasoBBIM MCKAXKEHUAM CHUTHAJA.

Ilo sTuM npudnHAM pPEANbHBIN YCUINUTEIb MOJKET CYIIIECTBEHHO
HCKaXXaTh GOPMY YCHINBAEMBIX CUTHAJIOB, UTO HEAOIYCTUMO B Me-
OUIIFHe, TaK KaK UMEHHO (hopMa 3THX CUTHAJIOB (HAIIPUMeD, 3JI€KT-
porpamMM) 4acTo MMeeT OIpeJesisiiolee JUAarHOCTUUeCKoe 3HaUeHue,

IlockonbKy MAeanbHBIX yCHJUTEJeH HET, TO HajO YMeTh rpa-
MOTHO BbIOpaTh W NPUMEHUTHL peajbHbIM YCUAUTENb, YTOOBI OH
YCUJIUBAJ II0JIE3HBIN CUTHAJ, He HCKaXKaa ero gopmy. id aToro
HeoO0XOoAMMO 3HATh, KAK VMEHHO 3aBHCHUT Kod(pdumueHT ycuie-
HUA peajlbHOIO YCUJHUTENH OT YACTOTHI U AMILJIUTYABI BXOJAHOTO
CurHajia. ITO OOCTOSTENLCTBO 3aCTaBJSAET OMHCHIBATH CBOMCTBA
PeasbHBIX YCUJIMTEJeH IIPH IIOMOIM XapaKTepUCTHK, BhIpaKa-
OIINX 3aBUCUMOCTb KO3 PUILIMEeHTa YCUIIEHUS OT YacTOTHl U OT
aMIIUTYIbI CUTHAJIOR.
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18.3.2. YactorHas XapakTepucTHKa YCHUAUTEAS

3aBUCHUMOCTh KO3(DPUUMEHTa YCUJIEHUS OT YACTOTHI HA3LIBA-
0T YACMOMHOU xapaKxmepucmukoi ycunumens. Y UAeaILHOTO
YCHJIUTENA ero YaCTOTHAS XapaKTePHCTUKA NpeacTaBiaseT coGoi
npAMYI0, NapajlieIbHyI0 ocu adciuce, 1 Ko3ahGUIMEHT YCUIeHUs
He 3aBHUCHUT OT vacToTel: K(v) = const. ¥ peasbHOro ycuauress
K0a(pDUITUEHT YeUNeHuA JUUIH IPUMEPHO TOCTOAHEH B HEKOTOPOM
Arana3oHe 4acToT, a BHe ero obicTpo nmagaet (puc. 18.11).

K PeanbHasa xapaKTepUCTHKA
Hpeannaan
) XapaKTepUCTHKA
Y AN N« N
0,7K ..
1 ]
1 [}
1 ]
1 )
| )
) i
1 i
(i i
N J
Vi v vy v

Iosnoca nponyckaHnsa

Puc. 18.11. YacroTHas XapaKTePUCTUKA YCUIHUTENLH

ITO HENOCTOAHCTBO KOo3(ddUIMeHTa YCHIEHUs BeleT K 4acTo-
THHIM HCKAYKEHMSIM CHUTHAJNA, OJHAKO YCTAHOBJIEHO, YTO 9TH WC-
KAyKeHUA ellle MaJIbl ¥ MU MOXKHO IIpeHebpedb, eCliy H3MEHEHMA
KoaddpuenTa ycuaenus He npessinaioT 30 % MaKCHMaJIbHOTO
3HAYEHWS.

B cBs3u ¢ 9tuM 0051aCTH YaCTOT OT V4 AO Vi, B IIPEJesaX KOTO-
poii Ko3pdUIMEeHT yCuAIeHHA He HuKe (T.e. Gosibilie MJIM PaBeH)
0,7K .., HA3BIBAIOT NONOCOU NPONYCKAHUR YCUIUMENR.

Ecay yacTOTHBIN CHEKTP yCHINBAEMOTO CUTHAJIa IOJHOCTBIO
MOmafaeT B IOJOCY HPONYCKAHMSA, TO UYACTOTHBIE HCKAMKEHUS
CHUTHAJIa IPU YCUJIeHUH He3HAYHUTEJILHEI, He BAUAIOT Ha JHATHOC-
TUYECKYIO IIEHHOCTh KPUBBIX ¥ CUHTAIOTCA JONYCTUMBbIMHU.

Eciu ke CHEeKTp YCHJIUBAeMOr0 CHUrHaja XOTs OBl 4aCTUUHO
BHIXOJUT 3a IIPeAesbl II0JIOCH IPOIYCKaHUA YCUJIUTENs, TO 4ac-
TOTHBIE MCKaXeHUs OyAYyT 3HAUUTENbHBI M TAKOH YCHINTEIbL HE
MIPUTOJEH AJIS YCUJIeHUA NAHHOTO CHTHAJIA.
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18.3.3. AMNAMTYAHas XapakTepuCTHKA YCHAUTEAS

Bropoil BakHelnielt XapaKTepHMCTHUKON J060oro peajgbHOro
yCUINTENA SABJIAETCA ero amnaumyodnas xapaxmepucmuka,
IpeACTaBIIAIONIas cO00M 3aBMCHUMOCTh aMILJIMTYALI CUrHAMA (T.€.
HAIIPAXKEHUA, TOKA MM MOUIHOCTU) Ha BBIXOAE YCUJUTENA OT
aMILIATYIbl CUTHAJIa Ha ero BXoje.

Ona ycuanTena HanpAKeHUs 3To OyJeT 3aBHCUMOCTh
U,ux = [(Usy), ana yennurend toka I, = f(I,,), a axa yennurens
momgHOoCTH P, = f(Py,).

Jaa npeasbHOro yCUJINTENA 9TH 3aBUCHMMOCTH BCerza JuHeM-
Hbl, TAK KakK ero Koapdunuent ycunenns K mocTosiHeH u He 3a-
BHCUT OT aMILIUTYABI BXOZHoro curHana: U, = KU, . Amnoau-
TyAHasA XapaKTepUCTUKa HAeaJIbHOI0 YCHJIHNTEIA IpeACTABJAET
coboii mpamMyio JuHUI0 (IpsiMas a Ha puc. 18.12), raurenc yria
HAKJIOHA KOTOPOii K ocu abciyce paBeH KO3(hDUIIUEHTY YCUIIeHAA:

dU
K =W _ o4 .
au. ¢

BX

TUNUYHON aMILIUTYAHOM Xa- U a
BHIX

paKTEepPUCTHKE peajibHOr0 yCH-
JIUTENs COOTBETCTBYET KpuBas 6 0
Ha puc. 18.12. Ona nuneiina !
JMIIb B HEKOTOPOM JMalaso- '
1
:

He BXOAHBIX Hanpamennﬁ, a HHHaMH'{eCRHﬁ
NM€eHHO IIpH . . Ananason
1 1
< < —~
UBxl - Unx - UBx2' (18'16) U U U

BXx2 BX

Tonsko B mpezenax aroro Puc. 18.12, AMuiruryaHbie

AuanasoHa KoshuuHMeHT yCHu- XApaKTePUCTHKH YCUIUTENA
JeHWs] TOCTOAHHBIN, AaMILIU-

TyJHBIEe UCKaKeHUA (POPMBI CUTHaAJa OTCYTCTBYIOT ¥ YCUJINTEAD
nopoben nxeajabHOMY. HOSTOMy Analna3oH BXOAHBIX HaIIpsAMKe-
HU# oT stl pile) st2’ B MIpefesiax KOTOpPOro aMIjINTyagHadA Xapak-
TepucTnKa JIHHeﬁHaH, Ha3bIBaeTCs Junamuieckum ouana3onom
YCuaumenn v BHIpAYKAETCHA B nenn6e.nax:

F, x2

B

ans ycnaurens mouiHoctu D = 101g —=22<,

Bx1
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2

LI yeusuTens: sanpakenua D = 101g—=2=2 RY,. = 201g

RU? Um

Bre pmHamMuyeckoro auamasoHa aMIUIUTYAHAs XapaKTepu-
CTUKa CTAHOBUTCA HEJINHEHMHO#, UTO CBHUIAETEJIbCTBYET O Hemo-
CTOAHCTBEe KOodhdHIyeHTa yCUJeHNA Ha 3TUX yYacTKaX Xapak-
TEPUCTUKU. ECAM aMIINTYALI TAPMOHWK BXOZHOI'O CHI'HAJIA BhI-
XOAAT 3a Mpejiesibl 9TOr0 AUAIla30Ha, TO OyAyT HAGIIOAATHCS 3HA-
YUTeJbHbIE aMILIUTYAHbIE HCKa)KeHUuA (OPMbI YCHJINBAEMOI0
cuUrHaa.

Takum o0pasoM, uToOBI PeaANbHBIM YCHJINTENEM IPOM3BECTH
yCUJIeHHe HUCCIefyeMOoro curHajia 0e3 mCKaxeHUil, He0OX0ZMMO
BBITIOJIHUTD JBA YCJIOBUS:

1) YacCTOTHBI# CHEKTP YCHAVBAEMOTO CHUTHAJa JOJXKEH II0JI-
HOCTBIO IIONAJaTh B MOJOCY IMPONYCKAHUSA YCUJIUTEN;

2) auamnas3oH aMILIMTY[ TapMOHHK YCHUJHNBAE€MOrQ CUTHAJA
JOJKeH HaXOQUTBCA B IIpefesaX JUHAMHUYeCKOro JUANa30Ha YCH-
JuTeNs.

18.3.4. AndbcpepeHumanvHbiii ycuAUTeADb

BuomnoreHiinansl, BO3HUKAIOIIME B OPraHU3Me YeJIOBEeKa,
OueHb MaJibl II0 BEJIUYMWHE, B JAECATKHM W COTHM pas3 MeEHbIIE Io-
CTOPOHHUX 3JICKTPOMATHUTHBLIX CUTHAJIOB (IIOMeX), CaMOIIPoua-
BOJIBHO TOCTYIIAIOIIUX Ha BXOJ YCUJUTeNsA. B peayabrare 3TOTO
HA BBIXOJe OOLIYHOIO YCHJINUTENS HAOJI0AaeTCA OYeHb OOJIBIION
GecIIopAZOYHO U3MEHAIMINACA CUTHAJ TIOMEeXM, M3-3a KOTOpO-
ro MpakTU4YecKu HEBO3MOXKHO OyaerT Habnwaath ciaalbiii mcciie-
ayeMblil curHaJs. Iloaromy Ans yCujeHUA OGUOIOTEHIMAJIOB IC-
IOJIB3YIOTCH Juppepenyianvibie ycurumenu, CrocoGHbE YCH-
JUBAaTh MOJIe3HBIN CUTHAJ U MOAABJATH CUTHAJ IIOMEXH, T.e. 00-
JiaJaioliiie BLICOKOM IMOMEXO03alUINeHHOCTDIO.

OcoGenuocTio auddepeHITIaILHOr0 YCUINUTEN ABIACTCSA HA-
JIMYKe Y Hero IBYX BXOJO0B — HMHBEPTHPYIOILEro (BX,) U HEUHBED-
THUpYyIoLIero (Bx,) u ogHOro obirero Beixoga (puc. 18.13). Koad-
(PUIIMEHTHI YCUJIEHUS JJIS 9TUX BXOJOB OJUHAKOBEI IO BeJINYKUHE,
HO NPOTHUBOIOJIOMKHEI IO 3HAKY:

Uauxl = —KUBXI; UBHXZ = +KUBX2' (18°17)
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9

stz @ UBHX

L)

Puc. 18.13. Cxema nmoakaoueHns AuddepeHINaTIbHOTO YCUITUTE
K nanueHTy npu perucrpauuu I orBegenus KT

Ha mepBolil BXOZ IOCTyIIaeT HAIPAKEHUE MEXAY o0IIei Tou-
KOH YCHUIUTENA ¢, M KIEeMMOH (;, 2 HA BTOPOH — MeXJy obiieit
TOYKOH @y ¥ KJIEeMMOI @,.

Ecau ma mepBblil BxOoA mnoparh Hampsxenwme U,,;, a Ha BTO-
poit — Hampsaxxenue U,,,, TO Ha BeIXOJe ycuaureas Oyger an-
redpamyeckas CyMMa YCHJIEHHBIX CHUTHAJIOB, MPONOPIIMOHANL-
Hafd PA3HOCTY HANIPSIKEHUH HA ero BXOAax:

Unux = Usmx2+ Um,nd: K(Unx2~Uaxl)° (18'18)

ITosromy Tako# yCHJINTENb U Ha3bIBAIOT aAnddepeHIInasIb-
HBIM, TaK KaK OH YCUJMBAeT He CAMM CUTHAaJbI, 8 UX PAa3HOCTb
(ot anrua. difference — pasHoOCTB).

Ecan ¥ o6oum Bxozam anddepeHIHUATbHOTO YCUJIHNTENA MIPU-
JIOXKUTH HANPSIKEeHNA, OFUHAKOBLIE M IO aMILINTYAE, U TIO (ase,

. TO Ha BBHIXOJl€ ycuauTead Gyler HONb, TaK Kak o6a curHasa Ha
BBIXOZE KOMIIEHCUDYIOT APYr apyra. UIMeHHO 3TO CBOMCTBO gud-
(PepeHIINAIBHOI0 YCHMJINTEIA UCIHOJb3yeTCA AJS YCTPaHeHUus Io-
MeX ¥ OKa3bIBaeTCA YPEe3BLIUAMHO MOJIE3HBIM IIDU PerucTpanuu
caalbIX CHTHAJIOB Ha (hoHe BOJIBIINX TTOMEX.

Npennonoxum, 4o HEOOXOZMMO YCMJUTH Pa3HOCThL IIOTEH-
LMaoB MeX Iy IpaBoi M JieBO¥ pyKo¥ mammeHTa (OoTBefeHue I
9KT). Ha puc. 18.13 nokasaHno, 4To aieKTpoasl L (1eBas pyka)
u R (npaBas pyka) NOAKJIIOUEHB! K KJIEMMaM (; U ¢y YCUIUTENS
cooTBeTcTBeHHO. Tperuil anexkrpon H, pacnosioykeHblii Ha mpa-
BOI HOre ManMeHTa, CAYKUT OMOPHBIM U ITOJKAIYAeTCsa K 001eit
KJIeMMe YCHJIUTENA Qg.
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B pesysbraTe Ha HepBbIA BXOJ YCHUINTENS IOAAETCA HAIPSKe-
HUE ¢y~ (O MEKIY JIeBOH PYKO U OIIOPHBIM 3JIeKTPOAOM (IIpaBas
HOra), a Ha BTOPOM BXOJ — HAIPSYKEHHE Pp— @, MEXKAY IpaBoi
PYKOH M ONOPHBIM ajeKTpozoM. Hampsixkenue nmomexu U, ca-
MOCTOSITEJILHO IIOCTYIIaeT OJHOBPEMEHHO Ha 06a BXOZA M MOJKer
3HAUUTEJIbHO NPEBLIIIATE HAIPSMKEeHUEe T0Je3HOro curHaia. Ta-
KUM 00pasoM, Ha BXOJBI YCUJIUTENS IOCTYIAIOT CUIHAJIBI

stl =QL— Qo+ Unom; U5x2= Pr— Qo + Unom' (18'19)

Ha BrIXOze yeunuTesa noayduM ycuiaenuyio B K pas pasHocTs
BXOJHBIX CUTHAJIOB

UBmx:K(UBXZ" Uaxl)zK((pR_(PL)’ (18.20)

KoTopas npexcrasider coboil ycuaeHuoe orsenenne 1 KT, a cur-
HaJIbl IOMEXHY B3aMMHO YHHUYTOXKaroTcsa. OTMeTuM, YTO TOTEHIHU-
aJ (y OIOPHOTO 3JIEKTPOJAA He BJIMAET Ha KOHEUHBIH pesdyJsbTar,
II03TOMY JaHHLIN 3JI€KTPOJ MOKHO HAKJaALIBATh HA JIOOYIO TOY-
Ky TeJia manueHTa, Ho npu peructpanuu JKI' ero ynooHee HaKJia-
IBLIBATH HA TMPABYIO HOI'Y MAIlMeHTa, CBOOOJHYIO OT IIOAKJIIOUEHUA
CTAHZAPTHBLIX OTBEIECHUI.

18.4. Pernctpupyiomme yCTpOHWCTBa

ITocyie ycuaeHnsa MOJIE3HBIN CUTHAJ HEOGXOAMMO 3alucaTh Ha
KakKoM-aubo HocuTese nHGOpPMAIUM WKW OTOOPA3UThH Ha LIKAaJe
(3KpaHe) cOOTBETCTBYIOHIET0 IIpudopa.

Perucrpupymoinue npubopsl MOAPA3AEAAI0TC HA aHAJIOTOBLIE,
nudpossie ¥ KoMOuHUpOoBauuble (puc. 18.14).

| PETMICTPUPYIOIIUE yCTPoﬁCTBK]

/ N\

AmRajnoroesre IMudpossie Kom6uruporaHHbIe:
(HenpepbIBHEIE): MHIHKATOPBI: ~3JIT
~ CTpeJIOYHbIE IPUGOPHI; — JIaMIOBbIE — MOHHUTODBI
— CaMOIMCIIbI: — CBETOJIUOHbIE - 9BM
- nepbesble (100 I') - JKKH
+ crpy#iiHble (1000 I'y)
+ uckpossie (1kI'm)
» unneiidossbre (10 kI')

Puc. 18.14. Bujbl perucTpupyoIiux yCTPOHUCTB
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K ananozoesim otHOCSITCA IPUOOPHI, HETPEPLIBHO OTCJAEKUBA-
ol i€ PETUCTPUPYEMBIil IapaMeTp B PeKUMe PeaibHOI'0 BpeMeHHU:
cTPeNOYHbIe BOJbTMETPHI, aMIepMeTpsl, caMmonucubl. ITocnenune
B 3aBHUCUMOCTH OT crioco6a 3alucH MMeIOT PasHbie YACTOTHBIE Xa-
paKTepUCTUKM (II0JIOCY MPONYyCKaHUA): NEPbeBble CAMOMMCIBI
©3-3a TPeHUs Iepa o fymary uMel0T HAMMEHBIIYIO MOJIOCY IIPO-
nycauua — 0,1-100 I'u; crpyiiusie u uckposnle — go 1000 ',
maeidoBsie ocouamorpadbl (3amuch CUTHAJIA OPOU3BOJUTCS
CBETOBBIM JIYUOM, OTPAsKEHHBLIM OT KOJeOJIOIIErocsa 3epKasiblia
rajbBaHOMETpa, Ha PoTomIeHKe uau Gorodbymare) — go 10 xI'.

Hugposvie peructpupymoliine npubopbl — 3TO pasHOOOpas-
Hble IHU(PPOBLIE MHAWKATOPHI: JAaMIOBHIE, CBETOAMOAHbBIE, K-
KOKpucTrajaauueckue n ap. OHu Xopolo oTo6pakafoT MeAJIeHHO
M3MEHAIYIoca nHMOopManuio (TeMIeparypy, JaBjieHue, paana-
LHAOHHBIN GOH 1 AP.), IPUIEM U3MEePEHUS ITUX IapaMeTpPoB IIpo-
BOASATCS MMM HE IIOCTOSTHHO, a AUCKPETHO, Yepes olpe/ie/IeHHbIe
mepuoab! (CeKyHIa, MUHYTa, D MUHYT H T.II.), B 3aBHCUMOCTH OT
CKOPOCTH HM3MEHEeHUs IlapamMeTpa. B TeueHuwe 3TOro WHTepBAJa
MOKAa3aHuA WHANKATOPA OCTAITCA HEM3MEHHBIMU A0 CJeAyIoIle-
ro aKTa U3MEpPEeHus.

K xomb6unupoeannvim nipubopamMm OTHOCSTCA 3JIEKTPOHHO-JIY-
yeBble TPYOKU (9KpaHBI TEJIEBU30POB, OCIUAIOTrpPadoB, MOHUTO-
PBI) ¥ BHICOKOKAYECTBEHHLIE KuUAKOKpucraaauueckue (FKN)
UHAMKATOPHBIE NaHeJIH, Ha KOTOPBIX MOXKET 0TO0OpaKaThCA Kak
aHayioropas WHMOPMAIMSA B BHUJE HENPEPLIBHBIX AUArHOCTHUE-
CKMX KPHBBIX, PETHCTPUPYEMBIX B peajibHOM MaciiTabe Bpeme-
HHW, TAK U JUCKpeTHada MHPOpMALMA B BHAE TEKCTA, HUPPOBBIX
3HAUEeHMII ITapaMeTpoB, KAK M3MEPEeHHbIX AaTUYUMKAMM, TaK 1 BBI-
YHCJIEHHBIX BCTPOEHHBIMM MUKPOIpPOIleCCOpaMHU 110 3apaHee BBe-
JenHomy anaropurmy. KomOuanposaunbsie npuboOphl MMEIOT I10JI0-
Cy IPONYCKAHUA B COTHH KUJOTEpIl U BBIIIE, & TAKMXKe ITHPOKUH
AUHAMHWYEeCKHH Auanas3oH. B Hacroslee BpeMs 3TOT TUIl peru-
CTPUPYIOUIUX HpuGopoB Hambosee OLICTPO PasBHBaeTCA U MpPU-
XOAUT HA CMEHY aHAJIOTOBBIM. UX 0CHOBHOE JOCTOMHCTBO — BO3-
MOKHOCTDb IPeobpasoBaHUa aHAJIOroBOro CUrHasia, OOBIYHO CHU-
MaeMoro ¢ 6uo00beKTa, B OLU(PPOBAHHBIY CUTHAT, KOTOPBIN MOMK-
HO o6pabaTbiBaTh MAaTEMAaTHYECKH II0 CIeIIUATIBLHBIM aJITOPUTMaM,
nepenaBaTh MO JUHUAM CBA3K W XPAHUTH Ha COBPeMEHHBIX Mar-
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HUTHBIX U 3JIEKTPOHHBIX HOCUTEJIAX MHPOPMAIUHN: JKECTKUX THC-
kax IBM, CD- u DVD-guckax, ¢uem-gKaprax u T.I.

OrMeTuM, 4YTO Bce nmpuboOpbI AJA perucrpauum Guodpusude-
CKO#l MH(pOPMaUMY, UMEIOT CBOM YACTOTHEHIC M aMILIMTYAHBIE Xa-
PaAKTEepUCTUKHU, U KayKAblil M3 9THUX NpPuOOPOB He MOJIKEH BHO-
CUTh UCKAYKEHUS B PErHCTPUPYEMBIit CUTHAJI.

ITonoca mpomyckaumsa Bcero TpaKTa PEerucTpaluy CUTHAja
mpeacTaBiasgeT co00i YacTOTHBIA AMAIMA30H, OOMUH AJA MOJOC
NMPONYCKAHUA BCeX 3TUX NPUOOPOB; AMHAMMUYECKUH IHaNa30H
TPaKTa perucTpanuy — 3TO AUANTAa30H aMILIUTYJ BXOJHOTO CHI-
HaJia, o0OmIUi [Js IMHAMHWYECKUX ANAIla30HOB BcexX IIpubOOpOB,
3a7efiICTBOBAHHBIX B perucTpanuu cur"ajga. [loaTomMy mosocs
IPOUYCKAHUA ¥ AWHAMMUYECKME AUANA30HBI OTIAEJbHBIX Npubo-
POB B ILIeNIX PErHuCTPAIlUU JOJKHBI OBITh COrJIACOBAHBI KaK MeXK-
ny coboii, TaK M ¢ YaCTOTHBIMU ¥ aMIIJINTYJHBIMHY ITapaMeTpaMu
YCUJIMBAeMbIX CUTHAJIOB. 3aMeTHM, YTO B PAa3HBIX MMOCOOHAX IpH-
BOJAATCA HECKOJILKO pas3jnyaloliecss 3Ha4eHus [1Uana3oHoB yac-
TOTHBIX M AMILJIUTYAHBIX XapPaKTEepPHCTUK ajeKTporpamm. Iloc-
KOJIbKY C YBEJIMYEeHHEeM II0JIOCHI IIPONYCKaHUA U JUHAMUYECKOTO
IHAIa30Ha TPAKTA PerucTpauuy BeposSTHOCTb UCKAKEHHAST Peruc-
TPUPYEMBIX CHUTHAJIOB CYIIECTBEHHO YMEHBLIIAEeTCs, PEeKOMEHAY-
eTcs TMpU BHIOOPE YCHJIMBAIOLIEH M PerucTpupyloumieil anmnapary-
pPBLI YUUTHIBATE HamboJiee UTHMPOKOIIOJOCHBbIE BEepPCHUU YACTOTHBIX
U aMIJINTYOHBIX XapaKTEePHCTUK OCHOBHBIX OMO3JIEKTPOrpaMM,
npuBegeHHble B Tabm. 18.1.

Tabnunpa 18.1

JyekTporpamMma IKI 99T oMTI
YacToTHHIN AManaszoH, 'y 0,5-400 1-1000 1-10000
Junanaszon aMmnautyx, mB 0,1-5 0,01-0,5 0,1-50

KOHTpOAbele BOMNPOCH!I 1 3aAaHNA

1. OxapakrepusyiitTe 0000IIIEHHYI0 CXeMy perucTpanuyd MeIUKO-6GH1o-
JIOTAYeCcKoil nHpopMaIuU.

2. IlpuBenuTe cxemMy perucrpauvu 6ronorednuanos. Ilokaxure BiIu-
SIHWE ePeXOLHOT0 COIPOTUBJIEHU HA TOYHOCTH U3MEPEeHUs TOTeH-
LHAaJIOB.
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3.

4.

10.

11.

KakxoBel cocTaBisdionye NepexoAHOro CONPOTUBJICHUSA IIENY N Me-
TOZBI €r0 YMEHbIIeHUA?

KaxoBbI 0cOGeHHOCTH PerHCTPANY HEJIEKTPHYECKUX NTapaMeTpoB?
Onumure KiacCUPUKALNIO AATUMKOB M UX OCHOBHbIE XapaKTepu-
cruku. IlpuBenure npuMepsl reHepaTOPHBIX M NapaMeTPUYECKHX
JATYNKOB.

Yto mpeacrasiser cofoil TapMOHMYECKHUH CIEKTD HEPUOANYECKO-
ro curgana? Yem on onpegenserca? IlpuBegure aMnauTyaHble U
YacTOTHbBIE HapaMeTphl OCHOBHBIX OmoanexktTporpamm: IOKI, 93T,
OMT.

KaxoBbel 0CHOBHbIe TPeOOBaHMA K YCHJIUTENSAM GUOMOTEHIUAIOB?
Kakoil yCHJIHuTeNb CUNTACTCH UAeAJbHBIM?

IIpuBeauTe YACTOTHYIO M AMIUIMTYAHYIO XaPAKTEPUCTUKU pealib-
HBIX ycuauteneii. Kak onpezendaioTcs Hojioca HIPONYCKAHUA U JH-
HaMU4YecKuil guanasoH ycuaurena? [Ipy BoINOJMHEHMHM KAKUX YCJIO-
BUH peasbHBIE YCHJIUTEIN HE UCKAMKAIOT POPMY YCHIMBAEMEIX CHUI-
HaJoB?

Kaxorwl cBoficTBa guddepennuanbaoro yeunanteiaa? Ilouemy o
ycunuBaeT ciaabble CUTHAJBI U He YCHUJANBAET HOMexu?

Hapucyiite cxemy noakiaiouenus auddepeHuAaIbHOTO YCUINTEIA
K IanUeHTy OpU perucrpaunuu cranzaprHoro orsegenus III Jiiur-
XOBeHA.

Paccradxcure 0 Bugax perucrpupylomux ycrpoicrs. Kakopbl oco-
6eHHOCTH MX IPUMEHEHUA U YaCTOTHBLIE MapaMerpni?

Kax cBasanHbl mojoca NMPONYCKAHUA M ZUHAMHYECKUH AMANIa30H
BCEr0 TPAKTa PErucTpalidy C COOTBETCTBYIOIMMM XapaKTepPHUCTH-

KaM¥ OTAEeJNbHLIX IpUOOpPOB, BXOAAIIUX B CXeMy perucrpauuun?



OO0mme cCBOKUCTBA
lasa 19 | U noAspu3aums
JAEKTPOMArHUTHbLIX BOAH

JJIeKTpOMarHUTHAA BOJIHA IIpeAcTaBjisieT coboil pacrpocTpa-
HAIOIUECH B IPOCTPAHCTBE lIepeMeHHbIEe dJIEKTpUYecKoe ¥ Mar-
HUTHOE IOJIA, U3MEeHsIoIueca ¢ oguHakoBol uyacroroit v (T'm).
OHM 3aNONHSIOT BCE MHPOBO€ IIPOCTPAHCTBO, MX WCTOUHMKAMU
SABJIAIOTCS BCe TeJIa B MIPUPOEe M OHM B3aMMOJEHCTBYIOT CO BCeMH
TeJIaM¥, OKas3bIBasi HA HUX PasHOOOpasHbie BO3LEHCTBUA. OJEK-
TPOMarHuTHOE H3JydeHue HeceT MHGOPMAINIO KaKk 00 MCTOYHU-
Ke M3Jy4eHHs, TaK U O cpelie, yepe3 KOTOPYIO OHA MIPOIIJIa, YTO
MHUPOKO HUCIOJb3YeTCA AJIA HU3YYEHUS CTPYKTYPHI U CTPOEHUHA
BeuiecTB. HecMoTpa Ha cBoe MHOroobpasue, aJIeKTPOMATrHUTHBIE
BOJIHBI MMEIOT MHOI'0 O0IIUX CBOYCTB.

19.1. OOmue CBOHMCTBA M WIKAAQA
IAEKTPOMATrHUTHBIX BOAH

Ecnu seKTpoMarHnTHasi BOJIHA PACIIPOCTPAHAETCSH CO CKOPO-
CTBHIO U BAOJb Hampasjenus OX, To HaIPAXKEeHHOCTL E ee ajek-
TPUYECKOTO IIOJISE ¥ MHAYKIVS B MariuTHOTO 10/ U3MEHAIOTCH
BO BpeMeHH ¢ 110 OJMHAKOBOMY 3aKOHY:

E =E, sinm(t - 26—), B =B, sinm[t - ﬁ) (19.1)
v v

rge o = 2nv — Kpyrosas dacroTa Boausl (pag/c), T = 1/v — me-
puog BouHbl; Ey u By — MakcumanbHble (AMILINTYAHbBIE) 3HAYE-
HUSA JJIEKTPHUYECKON HANPSKEHHOCTH ¥ MATHUTHON MHIYKIUU
BOJIHBI.

Ba)xHOl XapaKTepUCTUKOM siBAseTCA AJWHA BOJHBI A (M) —
paccTosiHMe, ITPOXOAUMOEe BOJIHOMH 3a ofuH Imepuoj T BOJHBI:

A=0T =2, (19.2)
v
Teopus 3/JeKTPOMATHHUTHBLIX BOJH Oblna passuTa MakcseJ-
JIOM; B €e OCHOBE JIeXKaT JBa SKCHEPUMEHTAJIbHO YCTAHOBJIEHHBIX
daxra:



19.1. Ob6wme CBOWCTBA M WKaAA IAEKTPOMarHUTHLIX BOAH 337

1) mepeMeHHOe 3JIEKTPUUIECKOE I0Jie CO3AaEeT B OKPYKAIOLIEM
npOCTPAHCTBE MePEeMEHHOe MATHUTHOE 110Jieé TOR Ke YacTOTHI;

2) IepeMeHHOe MarHuTHoOe I10Jie CO3JaeT B OKPYKAIOIEM IIpo-
cTPAHCTBe BUXPeBOe IlepeMeHHOe 3JIeKTPHYECKoe IIoje TOoil ke
4aCTOTHL.

MagkcBessly yJajioCh COCTaBUTh YPABHEHUs, ONMCHIBAIOIIINE
B3aMMOCBA3b 3TUX IMOJIEH U IMPOIeCC UX PAaCHPOCTPAaHEHUA B Cpe-
ne. BBLIO TOKa3aHo, 4TO IPU PACIPOCTPAHEHUHN 3JIEKTPOMArHUT-
HOM BOJIHBI ee SHEPrufA IePUOJNYECKH MIePeXOIUT U3 dJICKTPUYEC-
koif GOpPMBI B MAarHuUTHYIO 1 Hao6opoT. IlnoTHOCTH BHEpPTUH, T.€.
KOJIMYECTBO YHEPTHU B eJuHUIEe o0beMa cpegbl 3JIEKTPUUECKOro
¥ MATHUTHOTO IIOJIEH BOJIHBI, OTIPEAENAIOTCS BHIDAMKEHUSIMH

2
w =1880E2, w, = B ,
2 2ppg

an
rie E u B — MrHOBeHHbIE 3HAUCHUS 9JEKTPUUYECKON HAIPSIKEH-
HOCTH ¥ MArHUTHOM WHAYKIIMYM BOJIHBI.

(19.3)

M

MaxkcuMmanbHBIE 3HAUEHUS ITUX 3Hepr‘m‘/’1 OAVMHaKOBBI U PaBHBEI
TIOJTHOM IIJIOTHOCTH! JHepruu BJIGKTpOMaFHI/ITHOﬁ BOJIHBI, YTO II03-
BOJIAET YCTAHOBHUTH CBA3b MEXAY aMIIJINTYJAaMU 2JIEKTPAUYECKOI'0

U MarHuTHOI'O IOJIeH
B,
Jego By = == (19.4)
HHo

OJIeKTPOMardHUuTHHIE BOJIHBLI MOT'YT PAcIpOCTPAHATBLCSA B BaKy-
VMe, BO3AyXe M JIOOBIX AU3JIEKTPUUYECKHX Cpefax, HO B XOPOIIIO
NPOBOASNIINX Cpefax (MeTajlaX) OHM OBICTPO 3aTyXxaloT H3-3a
CUJIBHOT'O IOTJIOILEHUS,

Maxcaesnnom GbLIO MOKA3aHO, YTO CKOPOCTDH PACIIPOCTPAHEHUA
9JIeKTPOMATHUTHBIX BOJIH OIPEE/sieTCA TOJBKO IJIeKTPUUYECKU-
MH ¥ MArHHTHBIMU CBOHCTBAMHU CpPeAbI

1
VEEQHHy

Tlle € ¥ | — OTHOCUTENbHBIE AUDIEKTPHUYEeCKasa U MATHUTHAS IIPOHK-

— -7
laemocru cpensl, €, = 8,85-10 2®/Mmn uo =1,43-107 I'm/m —
dJIEKTpHUYECKAsa U MATHUTHAA TIOCTOSIHHBIE COOTBETCTBEHHO.
22.581

U=



338 19. O6wme cBONCTBA M NOASPU3ALINS FAEKTPOMArHUTHBIX BOA

o,

B BakyymMe € = =1 u CKOPOCTH 9JE€KTPOMATHUTHOH BOJIHR
1

\VE&oMo

OT 4acTOTbI BOJHBI. B /1106bIX APYyTHUX cpejax CKOPOCTDb VU 3JI€KTpPo-

MaKcHUMaJIbHA ¥ PaBHA ¢ = =2,98-10° M /c HesaBuCHMg

MarHUTHON BOJIHBI MeHpIlIEe, YeM B BaKyyMe: U = % Benuuung
n= % = \/—SE Ha3bIBAETCH ABGCONIOMHbLM NoKa3amerem nperom-
MleHUA cpelbl M [OKa3bIBaeT, BO CKOJBKO pa3 CKOPOCThH CBETa B
IaHHOHM cpele MeHbIle, yeM B BaKyyme. Ilis Bcex cpex, Kpome
BaKyyMa M Bo3ayxa, n > 1, v < c¢.

Bce anexTpoMarHmMTHBIE BOJIHBI, HE3aBUCHMMO OT YaCTOTHI,
WMET O0IIVI0 MPUPOAY, OOHAKO METOABI U YCTPOHCTBA IreHepU-
pOBaHMA M DPErucTpalluy 3TUX BOJH, 00JACTH UX TEXHHUYECKOTO
IpUMEHEHHUs, a TaK)Ke XxapaKTep BO3AeHCcTBUA Ha OnoJIoTHYecKue
O0BEKTHI, B TOM YHCJ€ HA UYEJOBEKa, CYILIEeCTBEHHO 3aBUCAT OT
4acTOTH! (AJAUHBLI BOJHBI) 3JIEKTPOMArHUTHOMN BOJIHBIL.

Bco mikany aJeKTPOMAarHUTHBIX BOJIH NPUHATO AeJdUTh Ha
eCTh KPYIHBIX Ananasonos (Taba. 19.1), B npenesax KOTOPHIX
cBOiicTBa 3TUX BOJIH, METObI UX IOJYYeHUs, IPUMeHEeHUA U pe-
TUCTPAIMM, CTEIEHb BO3MeHCTBUS HA YEJIOBEKa IPUMEDPHO OJMHA-
KOBBI.

Tabauma 19.1

JJIeKTPOMarHUTHAS BOJIHA IinHA BOJIHBL
PaanoBosiHbI A >1 MM
NudpakpacHoe U3nydeHue 760 HMm < A <1 MM
Buaumeiil cBet 400 sM < A < 760 EM

(760 um — kpacHad IpaHUIA,
400 uMm — ¢QuoseToBas)

VYasrpaduoneroBoe uanydeHue 80 um < A < 400 M
-5
Penrrenosckoe uajnydeHue 107° um < A < 80 um
-5
lamma-uaayyeHue A <107 M

CaenyeT OTMETHTDb, UYTO NPHBEJEHHbIE TPAHUIILI AUAIIa30HOB
YCJIOBHBI U B PAlle CJAy4aeB MOT'YT IepeKphiBaTh Apyr apyra. Ha-
IOMHUM TaKKe, YTO JJIEKTPOMArHUTHBIe BOJIHBI 00JaJaroT Kak
BOJIHOBBIMH, TaK M KOPIYCKYJISAPHBIMHM CBOMCTBaMu. BOJIHOBbBIE
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(a/HA BOJIHBL A ¥ 9aCTOTA V) M KOPUYCKYJIAPHBIE (SHEPTHS KBAH-
ra € 1 €r0 MMIIYJIbC P) XapPaKTEPUCTUKY BOJIHBI CBA3AHBI COOTHO-
jeHuAM™ €=hv u p = h/A, vae h=6,6262 10 II:x - ¢ — noc-
rodunaa Ilnanka.

B oueHs HEGONBIIOM IO BeauuuHe gudumom duanasoue Gia-
roapsA 3PEHUIO HeJOBEK moJydaer oosiee 90 % wubopmanuu 00
OKPYIKAIOIieM ero Mype — JTOT AUATA30H 3JIEeKTPOMATHUTHBIX
BOJIH HauboJsee MHMOPMATHBEH U BaKeH AJA YeJIOBeKa U APYrux
GUOJIOTUYECKUX OPraHU3MOB.

OJeKTPOMArHUTHBIE BOJHBI UHPPaKpacHozo wu paduodua-
na3oHo68 Npu WHTEHCUBHOCTAX, CYIIECTBYIOIIUX B €CTECTBEH-
HOM TIPUPOLHON cpele, He OMaCHbI AJIA YeJOBeKa, IMOCKOJIBKY
9HEPrHUs 3JEKTPOMATHHUTHOI'O KBAHTA 9TUX BOJH MEHbIUE dHEep-
rAM BAJIEHTHBIX CBSA3€H MOJIEKYJI. ¥ HU3JAy4YeHUH STOro auamna-
30Ha GoJiblle BBIpasKeHbI BOJIHOBBIE CBOICTBA, Y€M KOPIIYCKY-
JISIPHBIE,

Bpeanoe BosaeiicTBue Ha 61OCHUCTEMBI HAUMHAETCA YiKe C YJlb-
mpaguoremogozo u3nyienus, a HauboJsiee ONMACHBIMHU AJIA MKH-
BbIX OPraHU3MOB ABJIAIOTCA PEHM2EHOBCKOE U 2AMMA-UINYHEHUA,
ITOCKOJbKY 9HEPrus 3JeKTPOMAarHUTHBIX KBAHTOB 3TUX BOJIH IIpe-
BBIIIIAET SHEPTUIO BaJIEHTHBIX CBA3eH MOJEKYJ X II03TOMY CIIO-
COOHO pPas3phIBATH 3TH CBA3U, NIPeodpasys MOJIEKYJbl B MOHBI U
WOH-pasuKanbl. UsayueHue 3TUX AUATIA30HOB ABJIAETCS MOHU3U-
PYIOIIMM U €r0 KOPIYCKYJSPHbIE CBOMCTBA BhIPpa’KeHBI CHIIbLHEe,
4eM BOJIHOBBIE.

HecmoTpsi Ha pasamuusi B JefCTBUMM HA BeUIECTBO U HA XKU-
Bbie OPraHW3MBbl, AJTEKTPOMATHUTHBIM BOJHAM BCeX AHANa30HOB
IpucyIy U obIue CBOMCTBA, OJHUM W3 KOTOPHIX ABJIAETCS IO-
JSIPU3anuA BOJIHBI.

19.2. Buabl noaspu3aumm
IAEKTPOMArHUTHLIX BOAH

B n1060# 91€KTPOMAriUTHOM BOJIHE BEKTODBI HAIPAMKEHHOC-
TH 3JeKTPUYECKOTO TOJsH E, unaykuup MarHUTHOro moas B
U BEKTOP CKOPOCTH BOJIHBI U 06pa3yiT B3aMMHO IIePHeHAUKY-
JSIDHYIO IPaBYI0 TPOMKY BEKTOPOB: E1BLv (puc. 19.1).

20
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—OMH

[

ITlnockocTn
HaOJIIOIeHNSA

Puc. 19.1. CrpyxTypa 3jIeKTPOMarHuTHOM BOJIHBI

IIpu pacnpocTpaHeHuy BOJIHBI BEKTOPHI B u E Bceraa name-
HAIOTCA B NPOCTPAHCTBE OAMHAKOBBIM 00pasoM, OIMCHIBAS OAU-
HaKOBBIE IO )OpMe KPUBLIE, HO BO B3AUMHO TIEPIEeHJUKYIIAPHBIX
mwiockocTaAx. [loaTOMy HOCTATOYHO 3HATH, KAK H3MEHAETCS B
IPOCTPAHCTBE OMH M3 3THUX BEKTOPOB, HOBeAeHMe Apyroro Oy-
JeT aHAJIOTUYHBIM.

CroenyalbHBIMM ONBITAMY YCTAHOBJIEHO, UTO JeliCTBHE 3JIEKT-
POMATHUTHOI BOJIHBI Ha r1a3, QOTONPUEMHUKH U MHOTHE Apyrue
00'BEeKTHI OKa3bIBaeT 9JIeKTPUYECKUIH BEKTOPD E BonHBI, TIO3TOMY
ero Has3bIBalOT TaKJKe CBETOBBIM BEKTOPOM BOJIHHIL.

Ionsapusayus 37eKTPOMATHUTHON BOJHBI 3aBUCUT OT IOBe-
JeHUS ee 9JEeKTPUUYECKOT0 W MArHUTHOIO I0JIeH B IPOCTPAHCTBE
IpU PACTIPOCTPAHEHUU BOJIHBL U ONpeJeAeTCa BUAOM TOW KpHU-
BOIi, KOTOPYIO OIUCHIBAET MPOEKIIUA 3JIEeKTPUYECKOro BeKkTopa E
BOJIHBI 3a OAWH IIepHoj KojebaHus B TJIOCKOCTH HabsogeHud.
TInocxkocTh HAOMIOMEHUA — 9TO MJIOCKOCTh, MEPIeHANKYIAPHAA
HANPaBJEHHUIO PACIPOCTPAHEH U BOJIHEI (M. puc. 19.1), mpu atom
cBeT JOJIXKEH PaclIpocTPaHsaATheA K HabmogaTenro. IcHo, yTo mIpo-

eKI[UA MATHUTHOTO BEKTOPA B BOJIHBI OIUCHIBAET B ILIOCKOCTH
HaGIIOIEHNs TAKYIO JKe [0 (JOpMe KPHUBYIO, UTO ¥ BeKTOp E , HO
B IEPICHAVKYAAPHOM eMy HanpaBjieHnuun. PAacCMOTPUM OCHOBHBIE
BUABI TIOJISAPU3AIIUN.

Juneithasa (naockasn) noasapusayus: B mpoliecce pacipocTpa-
HEHUs BOJIHBI BeKTOp E KoseGaercs: Bce BpeMs B OLHON u TOH
JKe IPOCTPAHCTBEHHOI IIIocKocTu (cM. puc. 19.1), KoTopymo
HasbIBAIOT [IOCKOCTBIO KOJIeGaHMil BekTopa E (MHOTZA TaksKe
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ITpoekuns E Ha na0CKOCTb HAGIIOACHU S

T o= J .-
/ “, mp / N
L I e -
‘\ ’; 1 ’

\ ’

Prc. 19.2. Buas! nossipu3aiuu aJIeKTPOMATHUTHBIX BOJIH:
a — nuHeliHas (IL10cKas); 6 — KPyroeasi; 8 — 3JLIAITUYECKAS;
2 — HeNloJIAPU30BaHHAA; 0 — YACTUYHO MOJAPUIOBAHHAA

IJIOCKOCTBIO HOJIApU3aluy BoJsiHbI). IIpoexnus BekTopa E na
IIOCKOCTh HaOMIONEeHUs B 9TOM caydae OyLeT UMeTh BUJ OTPE3Ka
NpAMOM JVHUU, B CBA3H C YEM 3TY IOJAPUIAINMIO U HA3BIBAIOT
JMHEWHON Miu 1njaockoi (puc. 19.2, a).

OrMeTuM, UTO MJIOCKOCTHL KOJIE0AHMA MArHUTHOTO BEKTO-
pa BOJIHBI OyZeT NepHeHAVNKYJISPHA ILIOCKOCTY KOJae0aHmuil BeK-
topa E .

Kpyzosasa (yuprkyaapuas) noaspus3ayus: BeKTOP E 3za
OAWH IePHOA BOJIHBI [AeJiaeT TOJIHBIA 00OpOT BOKPYr Hampas-
JEHUs paclIpPOCTPAHEHMSA BOJIHBI, IPHU 3TOM €ro AJUHA OCTa-
eTCsl TNOCTOAHHON. B maocKocTu HAOJAIOLEHUA MIPOEKIIUS BeK-
Topa E omnuchiaer KPYr, YTO ¥ ONpeJAeJifieT Ha3BaHUe TaKou
nonspudanuu. Ecin BeKTOp BpaljaeTcsi MO0 YacoOBOH CTpejKe
(BoHa [OJIKHA PpaCHpOCTPAaHATHCA K HaOJI0JaTenio), TO IO0-
JApHU3anysa HasblBaeTcsa NpaBoil KpyroBoil (IIp), a eciaw mpo-
TUB YacOBOI CTpeJIKU, TO JeBO# Kpyrosoii (J1) nonspusanueit
(puc. 19.2, 0). -

danunmuieckas norsapusayus: sBexTop E 3a onuH mepunox
BOJIHBI J€JIaeT MOJIHBIH 000POT BOKPYT HAIPABJIEHUA PACIIPOCTPa-
HEHUs] BOJHBI, HO IIpM 3TOM €ro BeJWYHHA WU3MEHSeTCS TaKUM
00pa3oM, 4YTO KOHEI| ero ONMCBIBAET B IJIOCKOCTU HAGIIOXEHUs
ayumnc. Ecnu ana Habaionatess BEKTOP E Bpamaercs mo 4aco-
BOU cTpesiKe, TO MOJAPU3ALUA HasbiBaeTcd MpaBoil (mp), a ecau
NporuB — JeBo# (s1) saaunrTuueckoi (puc. 19.2, 8).
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9TO BUABI IOJHOHN mosspusanuu cBeTa. IToJHOCTBIO HOMApY-
30BaHHBIN CBET MOYKHO C MOMOIIBIO CIIEIMAJLHBIX MOJISPU3AIY-~
OHHBIX NpPUOOPOB (KOMIIEHCATOPOB U (a30BHIX IIJIACTHHOK) Ipe-
obpas3oBaTh 0e3 yMeHbIEHUS UHTEHCUBHOCTH M3 OLHON (POPMby
B APYTYIO (HampuMep JAUHEMHO IOJIAPU30BAHHBIN CBET B IIVIPKY-
JIIPHO TIONADPU30BAHHBIN, U HA0O0POT).

Ecmecmeennustit céem — cBeT, UCIYCKAEMBIN OOBIUHBIMHY HC-
TOYHUKAMH, T.e. COJIHIIEM, IJIaMeHeM, 3JeKTPUUIeCKOil JlaMIIoy-
KOH; OH ABJAETCS HEMmoJasapu30BaHHbIM (puc. 19.2, 2). Taxoii ceer
MOXKHO pacCMaTpUBATh KAK COBOKYITHOCTb MHOMKECTBA JUHENHO
OJAPU30BAHHBIX BOJIH C OJIUHAKOBBIMU aMILIUTYJaMHU U BCEMU
BOSMOKHBIMY ODHEHTALUAMYI BeKTOpa E B ILIOCKOCTH Habiio-
nenus. ITo cBouM mOMspPHU3aIITMOHHBIM CBOMCTBAM TaKOU CBET Cy-
IIECTBEHHO OTJIMYAETCA U OT JIMHEHHO IIOJISIDU3OBAHHOTO, M OT
IUPKYJAPHO MOJAPU3OBAHHOTO CBETA.

JacmuuHo noNspuU308AHHbLI c8em MOXKHO paccMaTpUBaTh
KaK COBOKYIIHOCTH JIMHEUHO MOJAPU30BAHHOI'O U €CTECTBEHHOTO
csera (puc.19.2, 9) mu6o KAk COBOKYIIHOCTH MHOYKECTBA JIMHEIl-
HO IOJIAPU30BAHHBIX BOJIH C Pal3jIMUHBIMY HAaMpaBJeHUAMH KO-
aebaHUN BeKTOpa E, aMIJUTYyAa KOTOPOTO HEeOJMHAKOBA B pas-
JUYHBIX HanpaBieHusaX. [[03TOMY KOHIIBI 3THX BEKTOPOB JEXKAaT
He HA OKPY’KHOCTH, KaK y €CTeCTBEHHOIO CBeTa, & Ha JJIJIHICE.
dopmMa TAKOro AJJIUICA MOMKET OBITh PAa3HOI: OT HOYUTHU KPYro-
BO# (Takol CBET IO CBOMM CBOIicTBAM GJIM30K K €CTECTBEHHOMY)
0 CHJILHO BBITAHYTON (OJIM30K K JUHEHHO IIOJAPU30BAHHOMY).
ITosTomMy Asd KOJIMYECTBEHHOIO OIIMCAHMA YACTUYHO IOJIAPU30-
BAHHOI'C CBETA BBOAUTCA CIEIUAJbHBIM TIapaMeTp — cmeneHb
NnoAAPU3AYUY P, KOTOGPBIH MOXKET NPUHUMATh 3HAUEHUA 0T HYJIA
O €IVHWIILI:

0 — ecrecTBeHHBIA CBeT (HEIMOJSIPU-

I I 30BaHHBIN), I, ..= 1.

_. “max min __ o o
p= T +7. 1 — uneitHo mnoaApusoBaHHBIN (19.5)

max + min
cser, I, =0,
<1 — 4YacTUYHO TOJAPU30BAHHBIN
CBeT,

rae I, 1 1, — WHTEHCHUBHOCTDH JIMHEMHO MOJSAPU30BAHHBIX BOJH
BIOJIb OOJBIION M MAJON OCel 3JIIMIIca.
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19.3. MeToAbl NOAYYeHUsI NOASPU3OBAHHOIO CBETa

Muorue BasKHBIE CBOICTBA BELIECTB MOXKHO OOHADPYXKUTh M
[{CCJAEJOBaTh TOJNBLKO B IOJSIPU30BAHHOM CBETE, ONHAKO OObIU-
gble MCTOYHUKH (COJHIlE, MJIaMs, 3JEKTPUUYECKHUE JAMIOUYKU U
ApYTHE) U3NYy4YaloT CBET HEeNOJIAPU30BaHHbIN. [lna monydeHus
JUHEMHO IOJSAPU30OBAHHOTO CBETa U3 €CTEeCTBEHHOI'0 CO34aHbl
crelyajbHble NPHOOPHI — TOJSPU3aTOPHI, NeCTBME KOTOPBIX
OCHOBAHO Ha OlipejesieHHbIX QUINUECKUX ABICHHUAX.

19.3.1. ToAspusauns cseta Npu OTPAKEHUM OT AMIAEKTPHUKA

XOpoIio W3BEeCTHO, YTO NPHU NaJeHWU 3JIEKTPOMATHUTHOU
BOJIHBI Ha IPAHUILY pasjesia IBYX OUAJIEKTPUKOB BO3HUKAIOT OT-
pasKeHHas W MOpeJIOMJIeHHAasA BOJIHBI, NMOJYUHSAIOINECA 3aKOHAM
oTpakeHusl M npesoMmieHuA. Ilonsgpusanusa STUX BOJH B 00IIeM
caydae Oynet pasnuunoii. Ha rpadgmukax cBeTOBOM BEKTOP E uso-
OpasKaloT TOYKO#, ecjid OH OPHUEHTHUPOBAH IEPHEHIUKYJSIPHO
IJIOCKOCTHY NaJeHuA, ¥ YepToil, ecjiu napaJuieseH eii (puc. 19.3).

Ecau magarominii cBeT HEIOJSPU3OBAH, TO OTPAKEHHAA M
[IpeJIOMJIEHHAS BOJHBI OYAyT MOJSPU30BaHbI YacTuyHo. CreneHs
UX MONAPU3ALMH OyJeT 3aBUCETh OT YIJa MaJeHus o 110 Mepe ero
VBEJIMUEHUA CTENEHb MOJAPHU3ALUHN OTPAKEeHHOI0 CBETa pacTer 1
IpYU ONPeieJIEeHHOM yTJie AaJeHUA O, Ha3bIBa€MOM yrjoM Bproc-
Tepa (YIJIOM IOJHOI IOJApHU3alMu), OTPa’KeHHasa BoJiHA Oyner

n,

Puc. 19.3. llonapusanus ceeTa Npu oTpakeHnd (sABneHue Bprocrepa)
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—ccoiay,

IIOJIHOCTHIO JINHEWHO MOJIAPU30BaHA TaK, UTO ee 3JIeKTPUUECKui;
BEKTOp NepIeHIUKYJIApeH ILJIOCKOCTH TajeHus (K Iapajjeley
ILJIOCKOCTH pasfesa cpen). yroi BprocTtepa HaXOoAUTCA U3 COOT-
HOIIIeHUS n
tgag, = -2, (19.6)
n
rfe n; U n, — abcomoTHRIE TIOKAa3aTeJIN IIPEJIOMJIEHUS NEPBOH 1
BTOpPOIi cpen.

TIpenomnennas BomHa Oyaer Bcerjga MOJIPM30BaHA YacTUY-
HO, OpUYEM MaKCUMAaJbHAS COCTABJIAIOIASA €€ 3JIEeKTPUUECKOro
BEKTOpa IMapaJjliejbHa MJI0CKOCTH HajeHus. YTobsl Ipyu nazeHun
€CTeCTBeHHOIO CBeTa IPOoIIIeAlasa BOJHA CTaJa IIOJHOCTHIO O~
PU30OBAHHOM, MCHOAbL3YIOT CTONKY ILIOCKOHADAJJIEeNbHBIX ILjIac-
THHOK. B pesyjibTaTe MHOTOKPATHOI'O OTPAaXKE€HUA BOJHBI OJHOMH
JMHEeHHONM MoJasApusanuu (IeprneHANuKYJISIPHONU IJIOCKOCTH Iaje-
HHA) IIOJHOCTBIO OTPAYKAIOTCS U BO BTOPYIO CPeAy IIPOXOJAT BOJ-
HbI APYTroil JUHEeNHOUN MoJsapusanuy (IapajjebHOl IJIOCKOCTU
nageHus), 4TO MO3BOJIAET MOJYUYUTh MAKCUMAJIbLHO BO3MOMKHBIN
BBIXOJ, JIMHEeHHO moasspu3oBaHHOro ceera (10 50 %) Kaxa0i u3
aTux mojspusanuil (puc. 19.4).

3aMeTUM, 4YTO eCJAM MAfaolas BOJHA JUHEHHO NIOJIAPHU30Ba-
HA MapajljIeJIbHO IJIOCKOCTH MaJeHUsd, TO TPU MaJeHWH IoJ yr-
Jgom Bprocrepa oHa He OTpaskaeTcs, a IOJHOCTHIO NMPOXOAUT BO

50 o()
100 %

n

1<

Iy

50 %

SR ——— N D

Puc. 19.4. Ilonsapusanus CTONKOM IIJIACTUH
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BTOPYIO CpPeZy, TOTJa KAk BOJIHA, IOJIAPU30BAHHAS IEPIeHAUKY-
JAPHO MJIOCKOCTH HaJeHNd, BCerAa YaCTUUHO OTPAXKAeTCsa U yac-
rU4HO IPOXOJUT BO BTODYIO CPeAy.

19.3.2. Hekotopbie onTuueckne CBOICTBA aHU3OTPOMNHBLIX CpeA

Cpepnbl, CBOMCTBA KOTOPHIX OAMHAKOBBI II0 BCEM HAIIPABJICHHU-
AM, HasbIBAIOTCA U30OMPONHbBLMU, & CPEJbl, CBOMCTBA KOTOPBIX HE
OAVMHAKOBBI B PA3JINYHBIX HANPABICHUAX, — GHU3OMPONHLLMU.

OnTndyeckasd aHM30TPONMNA XapaKTepHa AJAA KPUCTANLIOB U
[OIPOABJIAETCA B TOM, UYTO B PA3HbIX HAIIPABJEHUSIX B KPUCTAJLIE
CKOPOCTBb CBeTa pa3jdYHa U, KpOMe TOro, Aa’Xe B OJHOM M TOM
JKe HaIpaBJIEeHNY OHA PA3JIMYHA [JJIsl BOJH PA3HOM IOJAPU3AI[AN.

OpHako B KpUCTaJAJIaX BCcerga ecTh OAHO HWJIM ABA HalpasJie-
HUA, B KOTOPBLIX CKOPOCTDb CBETA OJAMHAKOBA AJSA BOJH Ji000i 110-
ASPU3ANUN. JTU HANPABJIEHUSA HA3BIBAIOT ONMUYECKUMU OCAMU
kpucmanna. Ecian B Kpucranie TOJNbKO OZHO TaKoe HallpaBe-
HHe, TO OH HasbIBaeTcA 00HOOCHHIM, a €Cau ABa — OBYOCHLLM.
dpyrux BUAOB aHU3OTPONHBIX KPHCTAJJIOB B IIPUPOJAE He Cylile-
cTByeT. B fanHOM yueGHMKE PacCMOTPEHBI CBOMCTBA TOJLKO OX-
HOOCHBIX KPHUCTAJJIOB.

B oxHOOCHBIX KpHCTaJLIaX, HE3aBUCHUMO OT IOJAPU3ALUN I1a-
JAaLIero Ha HUX CBeTa, BCEIrJa PacHpOCTPAHAIOTCS TOJBKO JBe
JIMHENHO MOJIAPU30BaHHLIE BOJHBI, MJIOCKOCTH MOJIAPU3aLUN KO-
TOPBIX B3AWUMHO IEePHEHANKYIAPHEI.

s oxHOM M3 3THX IJIOCKOIOJISAPUIOBAHHBIX CBETOBBIX BOJIH
CKOPOCTh PacupPOCTPaHEHUWsI OJWHAKOBA BO BCEX HAMPABJIEHUSIX
(xax ¥ B M30TPOIHOM cpefe); 9Ta BOJHA HA3LIBAETCS 0O6bIKHOGEH-
HOU U XapaKTepusyeTcs IIOCTOSHHOM CKOPOCTHIO PacIpoCTpaHe-
HUS U, 1 COOTBETCTBYIOIIMM HOKA3aTeJaeM IPeJIOMIICHHUA 1N, = C/V,.

HJis1 BTOPO# IIIOCKOIIOJISIPU30BAHHON BOJHBI CKOPOCTH PACIIpo-
CTpaHEeHUA U, ¥ [IOKAa3aTesb MPeJIOMJIEeHUA N, = C/V, Pa3IUUYHbl B
Pa3HbIX HANPABJEHUSAX, T.€. TAKAS BOJHA HA3bIBAETCH HEOObLK-
HOBeHHOU.

Takum 06pasoM, HE3aBUCHUMO OT MOJAPUIAIUY BOJIHBI, Iaja-
omeil Ha KpUCTaL, B HeM OyAyT pacrmpoCTPaHsAThHCS OLHOBpe-
MEHHO JiBe JIMHEWHO MOJIAPU30BaHHbIE BOJHBI — OOBIKHOBEHHAA
Y HeOOBIKHOBEHHAS, ¥ KOTOPBIX ILIOCKOCTH KoJebaHuil CBEeTOBOIO
BekTopa E GyAyT B3aMMHO IepPIEHIUKYIAPHBIL.
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VY 06bIKHOBEHHOH BOJIHBI IJIOCKOCTb KOJIEOaHMil dJIeKTpHyec-
Koro BexkTopa E Bcerga nepuneHAuMKYJIAPHA TJIaBHOM IJIOCKOCTY
KpHCcTaJa, a V HeoObIKHOBEHHOH BOJHBI — IapaJijejbHa eif,
I'naenasa naockocmv kpucmanna — 3TO IJIOCKOCTb, COLEPHKa-
mas ONTUYECKYI0 OCh KPHCTAJIJIa M CBETOBOHM JydY, PACHPOCTpa-
HSIOIUIACA B HEM.

ITockonpKy mpu majeHWH Ha KPUCTAJNI €CTeCTBEHHOTO CBeTg
B KPHCTAJJIe BCerja paclpOCTPAaHSIOTCH JBe JMHEHHO Noaspu-
30BaHHBIE BOJIHBI — OOBIKHOBEHHAasd X HeOOBIKHOBEHHAH, TO AJsA
cOo3JaHusA MOJAApU3aTopa HeOOGXOAMMO, UTOOBI M3 KPHCTAJLIa BHI-
LIIJIa TOJBKO OAHA U3 3TUX BOJH. [lJ1A 9TOrO UCIIOJB3YyeTCs SABJIe-
HUe IBYJIyYENnpeJOMJIeHNUs CBeTa NN JUXPOH3Ma IOIJIOIIEeHUSs B
KpHuCTalIax.

19.3.3. flBAenne ABYAYUENPEAOMAECHUS CBETA B KPWUCTAAAAX.
lMpusma Hukoas

Ecim Ha KpuCTANLJI II0J HEKOTOPHLIM YIJIOM (O IIaJlae€T eCTeCT-
BEHHBIHN CBET, TO B KPMCTAJLIAX, KaK HNPABUJIO, BOSHUKAIOT IBa
NpeJIOMJIEHHBIX JIy4a, TAK KAaK YIJIbl IIPEeJIOMJEHUA OObIKHOBEH-
HOH M HeOObIKHOBEHHON BOJIH OyayT pasubiMu (puc. 19.5) mus-3a
pa3HBLIX 3HAUEHWI IOKA3aTeJIsA IIPEeJOMJIEHUS JJIS 9TUX BOJH:

_ sina _ sina

sinf, = " , sinf, = Y

(o] e

fBnenme, HasbiBaeMoe OdgyayuenpenomieHuem, IIUPOKO
UCTIONIB3YeTCH [JI CO3[AAHUA ITPO3PAYHBIX MONAPUIANMOHHBIX
MPu3M, OCHOBHAA 38444 KOTOPBIX COCTOUT B TOM, YTOOBI IIpoIryc-
TUTh Yepes3 KPUCTAJLI TOJIBKO OJIHY U3 JJUHEHHO MOJAPUIOBAHHBIX

Puc. 19.5. [IBynydernpesioMjeHne CBeTa B KpUCTAJLIE:
0,0 — HanpasJieHHde ONITUYECKON OCH KPHCTaLIa; 0 — OObIKHOBEHHBIN
Ny4; € — HeOOLIKHOBEHHBIH Jy4
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BOJIH U He IIPOIyCTHUTh APyryo. OZHUM K3 BO3MOXKHBIX BapHaH-
roB fABJseTcA npusma Hukossd.

IIpusma Hukona npencrasiifgeT co00# IPU3MY U3 UCIAHICKO-
ro HaTa, MMeolero HauboJbIIyI0 U3BECTHYIO PA3HOCTL MOKAa-
zaTeJieil IMpeJoMJIeHUST OOBIKHOBEHHOW ¥ HEOOBIKHOBEHHOI BOJH
n, — n.=0,017.

IIpusma, BEIpe3aHHAasA OIpelesIeHHbIM 00pa3oM M3 3TOr0 Kpuc-
Tajia, PaCIHUINBAETCS II0 MEHbIeHd AWMaroHaj I, NOJUPyeTcd u
3aTeéM CKJIEMBAETCA MO0 MECTy pacluja CIelHaJbHBIM OITHYEC-
KUM KJeeM —— KaHaIcKum GaanzamoMm (puc. 19.6), moxasarens
IpeIOMJIEHHA KOTOPOTO 3aHMMaeT IIPOMEKYTOYHOE 3HadeHVe
MEXAy IOoKa3aTessiMU MPeJIOMJIEHNUS OOBIKHOBEHHON U HEOOBIK-
HOBEHHOW BOJIH N, > Mg >N,.

HenmossipusoBaHHBIN CBeT, Majaloliuii Ha IIPU3MY, pacia-
faeTcs MPM MPEeJIOMJIEHWH B KPHUCTaJe Ha ABAa JUHEUHO IOJA-
PU30BAHHBIX Jyua, KOTOPBle IMAJal0T Ha CKJeHKY IOA PasHBbIMU
yraamu (cM. puc. 19.6).

OOBLIKHOBEHHBIN JIy4 ITafaeT U3 ONTUYECKH 0oJiee IJIOTHO! cpe-
bl Ha MeHee ILJIOTHYIO (1, > ng). IIpu Takux ycioBHAX BO3MOYKHO
MOJIHOE BHYTpPEHHee OTpAaKEHHEe CBEeTa M TeOMeTPHSA IIPU3MbI pac-
CUUTHLIBAETCS UMEHHO TAKUM 00pas3oM, uTOGBI OOBIKHOBEHHBIH JIyY
TIOJTHOCTBIO OTPA3UJICA OT CKJIEUKM (0L 2 Olype,). 3aTEM OH HOIJIOLNA-
€TCs 4YepHOil KpacKoi, HaHeCeHHOIl Ha HUIKHIOK I'paHb HPU3MBL.

HeoOblKkHOBEHHBIN JIyY ajaeT U3 ONTHUYECKU MeHee IIJIOTHOH
cpeabl Ha OoJiee MIOTHYIO (1, < ng) U IPAKTUYECKH ITOJHOCTHIO
npoxoAauT depes cKIelKy. B pesyasrare uepes mpusmy Huxosna
IIPOXOAUT BCErZa TOMBKO JMHEHHO MoIAPN30BaHHbIH cBeT. Ilioc-
KOCTh KoJsiebaHUiT BeKTOopa E 9TOro Jyya Bcerza IapaJiieibHa
IIJIOCKOCTH, B KOTOPOU JIEKMT ONTHYECKass OCh KPUCTaka, I0d-

EcrecTBeHHBIH
cBer

Jluneitno
NOJISIPU30BAHHBIA

Kanaackuii
6anb3aM

Puc. 19.6. ITpuazma Hukoss: OOBIKHOBEHHBIN JIyY O UCIIBITHIBAET IIOJIHOE
OTpakeHne OT CKJEHKHU, a HEOOBIKHOBEHHBIHM JIy4 € IIPOXOJUT Yepes Hee
¥ BBIXOJUT U3 IPU3MBbL



348 19. O6wme CBOMCTBA M NMOASPU3ALINA SAEKTPOMATHUTHBIX BOA
~=0M

TOMY IIpM BpallleHun npudMbl Hukossi BOKPYT nagaroIero ayua,
IIJIOCKOCTB IOJIIPU3aIiuy Ipolleaieil BOJHBI TOXe OyIeT IIoBo-
paynBaThCS BMECTE ¢ IMPHU3MOIA.

Takum obpasom, mpusma Hukons ABIsSeTCA noafApudamo-
pom — yCTPOIiCTBOM, HE3aBUCHMO OT MOJSAPH3alNM Najalollerg
CBeTa NPONyCKAIOMIUM TOAbKO JUHEIHO MOIAPU30BaAHHbBIE BOJIHDI,
IIJIOCKOCTh KOJIeOaHMA CBETOBOI'O BEKTOPA KOTODPLIX MMAapajiyielIbHa
oIpefeJeHHON IJIOCKOCTU IPUBMBL — NJOCKOCMU NPONYCKAHUS
moJiApu3aTopa.

19.3.4. fAlBrenne Anxpousma noraoueHus. Noasponas

W3sBecTHO, YTO B IMOIJIOUIAIOLUMX CpelaxX HWHTEHCHUBHOCTH [
cBeTa yMeHbINAaeTcs C NMPOIHJEeHHBLIM DPACCTOAHKHEM X IO 3aKOHY
Byrepa:

I=1Ie*, (19.7)
rae I, — MHTEHCUBHOCTD ITaJaI0lIero cBeTa; K — IIOKasaTeJb Io-
TJIOIIEHMSI CBETA B CpeJie.

i morJomiaoninx aHU30TPONHBIX KPHUCTAJJIOB XaPAKTEPHO
pasauure B IIOKa3aTesAX IOIJIONeHUs 41 OObIKHOBEHHOUN U He-
OOBIKHOBEHHOM BOJIH: k, # k.. SIBJeHUe 3aBUCHMOCTH OKA3aTeNs
IOTJIOLIEHUA CBETA OT MOJIAPU3ALNK BOJHBI Ha3bIBaeTCcA duxpo-
U3MOM NOZNOULEHUS.

Braronapsa saromMy ABJIeHHIO OOBIKHOBEHHAs M HEOOBIKHOBEH-
Hasd BOJIHBI B HOTJIOLAIOINX KPUCTANJIaX 3aTyXaloT I0-pasHoOMY,
II03TOMY MOXKHO IToJo0paTh TaKyio TOJLIMHY KPHCTaJa X, YTO
OllHA M3 3TUX BOJIH IPAKTHUYECKHU IIOJHOCTBHIO IIOTJIOTUTCS KPUC-
TaJJIOM, a Jpyras BOJHA BbilizeT us Hero (puc. 19.7).

EcTecTBeHHBIH k,> k,
cBeT
I, 4 | | | | [ LT
i | [ DR | !
0 JInneitno
i ! MOJIAPU30BAHHBIH
(0} CcBET
x

Puc. 19.7. TTonapusanusa cBera BeJeACTBYE AUXPOU3MA IOTJIOUIEHUA
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Taxum o0Opa3oM, He3aBUCUMO OT IIOJAPU3aANMM [ajarolei
pOJIHBL Yepe3 TaKoi KPUCTAJI IPOHAET TOJBKO JTUHEHHO MOISIPH-
30BAHHAA BOJIHA, IJIOCKOCTBH KoJe0aHUIl KOTOpOoIi mapaJebHa
[1JIOCKOCTHU IIPOIYCKAHUA 3TOr0 IOJIApU3aTopa.

M3 nIpUpPOAHBIX KPUCTAJJIOB HaMOOJBIIUM JUXpoU3MOM (T.e.
gosbLIOH pasHoCThIO |k, — k) obnagaer mypmansun. Ilnacrus-
Ka U3 TypMaJIMHa TOJIIIMHON OKOJO 1 MM NpPaKTHYeCKHU IOJIHO-
¢ThIO TOTJIONIaeT OOBIKHOBEHHBIN JIyd, & HeOOBIKHOBEHHBIN J1yd,
KOTOPBIH IIOTJIOLIIaeTCSA BHAUMTENIbHO ciabee, MPOXOJHUT uyepes
maacTuHKyY. HauGoabilluM M3BECTHBIM AUXPOM3MOM 00Jazaer
HMCKYCCTBEHHO BBIPAIIIVIBAEMbIH KPUCTAJI 2epanamum, KOTOPbii
npy TOJIIUHe Bcero okojio 0,1 MM mpomyckaeT TOJLKO JUHE-
HO MOJIAPU30BAHHBIN CBEeT. T KPUCTAJLJIBI BBIPAILUBAIOTCA HAa
HeJTYJOMAHON MUJH CTeKJSHHON MOJJIOMKKE M MOTYT IIOKPHIBATE
foJibIIINe ILIOL[afu, 00pa3yst MOJAPU3aTOPhI, KOTOPbhIE HA3bIBAIOT
noaapoudamu.

19.4. llpoxoxaenune csera uepe3 [OASPU3ATOP.
3akon Maaloca

Ecnu Ha nosigpusatrop majaeT ecTeCTBEHHBIH CBET, TO IOC]eE
HNPOXOMKAEHHUA IOJNAPU3ATOPA OH CTAHOBUTCA JIMHENHHO MOJSAPU-
30BaHHBIM. IIpyM 5TOM HMHTEHCHBHOCTH BOJIHBI YMEHBIUIUTCS MU-
HUMYM B JBa pasa:

_1;

I o 5 Lo (19.8)
N3-3a orpaskeHuss cBeTa Ha nepeaHeil u |

3amHell MOBEePXHOCTAX IIOJIAPU3aTOpa AOJs Ey .. _E,

IpOIIeAIIero ceera Beceraa Mmeusiae 50 % .
Pacemorpum Temeps mazeHue Ha IOJA-

Pu3aTop JuHEHHO NOJAPU30BAHHON BOJIHBI,

IIPHYeM TJIOCKOCTb KOJeOaHUsI CBETOBOTO

BeKTopa kE(9Toii BONHBI COCTABJIAET € IIOC- ILrocxkocrs
KOCTE ~ NponycKaHUuA
10 mpomyckaHus AA; moJspusaropa | anammsaropa
/

yroa ¢ (puc. 19.8). Ilonspusarop mpormyc-
KaeT TONBKO JIMHEHHO MOJISPU30BAHHYIO Al!

BONIHY, MJIOCKOCTL KOJe0aHUIl CBETOBOI'O Puc. 19.8. K BBIBOAY
BeKTOpa KOTOpOH MapasJeibHa IJIOCKOCTH 3akona Masnroca
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[IPOIIYCKAaHUA IIoJIdgpu3aTopa. AMHJIPITYII& 3TOH COCTaB.T[ﬂIOmeI‘&
6y,ueT paBHa INpoexuuu EO HA& IIJIOCKOCTH IIPONYCKAHUA 44\441
(cMm. puc. 19.8):
Eupoul = EO COS(p *
Tak Kak MHTEHCHBHOCTb BOJIHBI OPOIIOpIIMOHAJNIbHA KBaI[paTy
€ee aMIJIMTYyAbl, TO IIOCJIe BO3BEAEHUA B KBaJpaT IIOCJIE€OdHEro co-
OTHOLIEHHUS MIOJyUaeM 3AKOH Manrwca:

Ipow = IoCOS%0. (19.9)

Ecaiu ma monapusaTop nafaeT JUHEWHO TNOJAPU3OBAHHBIN
CBeT, TO WHTEHCHBHOCTL IPOIIEJIIEeT0 Yepe3 Hero CBeTa IpoIop-
IMOHAJNbHA KBaJpaTy KOCHHYCA YIJla MEXKAY IJIOCKOCTBIO IIpo-
nyckanusa noasapusatopa (AA;) ¥ IIJOCKOCTHIO KOJIeOaHUA BEKTO-
pa E najaionieil BOJHBI.

Ecau sty miockocTy mapaJijielbHBI, TO CBET INPOXOAUT depes
noJiapu3aTop noaxoctew (p=0, cosO=1 n I=1,), a ecniu ouu
MePIeHINKYJISAPHBI, TO CBET 4Yepe3 MMOJAPU3ATOP HE NPOXOAUT
(@ =90°, c0s90° =0, I =0). IIpu Apyrux 3HaYEHUAX yrjaa @ UH-
TEHCUBHOCTb IPOIIEAIIEr0 CBeTA IPUHUMAET NPOMEXKYTOUYHBIe
3HAUeHUS, KOTOPbIe ompenestorca gopmy.oit (19.9).

19.5. OnTuueckas aKTUBHOCTHL

Onmuieckans aKmuéHoCmMb — 3TO SABJIEHUE TOBOPOTA ILJIO-
CKOCTHU HMOJAPUBALUN JUHEHHO MOJAIPHU30OBAHHOTO CBETA NPU ero
NPOXOXKIEHUY UYepes BEIlecTBO.

Cpenpl, crocobHBIE MOBOPAUYUBATH IIJIOCKOCTH IOJISIPH3ALIUU
CBeTa, HA3BIBAIOTCSH ONMUYECKU AKMUBHLLMU.

OnTuyeckas akTUBHOCTD BellleCcTB 00yCJIOBJIEHA TeM, YTO BOJI-
Ha, BOIIeJUIAas B OHNTHYECKM AKTHBHOE BeIleCTBO, pacliafaercs
Ha JBe KOTepeHTHbIe IUPKYJAPHO TOJSIPHU30BaAHHBIE BOJHBI —
C IIPaBbIM U JIEBHIM HANpPaBIeHUEM BPAIlleHUS CBETOBOI'O BEKTO-
pa, CKOPOCTH PACIHPOCTPAHEHUS KOTOPBIX pasamuHbi. Ha BbIXO-
Jle 13 BellecTBa 9THM BOJIHBI CKJIAABLIBAIOTCS, 00pasys JIMHEHHO
MOJAPUIOBAHHYIO BOJHY, OJHAKO ILJIOCKOCTb IOJISAPH3AIlUM €ee
[MOBOPAYMBAETCS HA HEKOTOPBIH YroJI 0L OTHOCUTEJBHO IIPEsKHEero
MOJIOKEeHUA.
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Puc. 19.9. Ournueckass aKTHBHOCTb

VTroJs mOBOPOTa O IJIOCKOCTU IOJIAPU3AUU IIPOIIeAIIero cBe-
ra BCEerAa IMPSAMO IIPONOPIIMOHAJIEH AJiHe nIyTH L cBera B Berec-
ree (puc. 19.9) u onpenensierca dopmyramu:

e A1 TBepABIX 06pasuoB a = [a,]L, (19.10)

rae BeanunHa [0,] — MOCTOSIHHAS BpAllleHUs, 3aBUCAINANA TOJIBKO
OT IPUPOABI BellleCTBA U AJWHBI BOJHBI CBeTa, I'pal/MM;

e Juis pacTBOpoB o = 0,CL, (19.10a)

rie o, — yAeJIbHOe BpallieHue, ...°/MM - [en. koHuertpanuul; C —
KOHIIEHTPAI[USA PACTBOPEHHOTr0 ONTHUYECKN aKTHBHOTO BEIlEeCTBA.

Coornomrernue (19.10a) asaserca OCHOBOM AJIA OIpeAEJeHUA
KOHIIEHTPAIIMY OIITUUYECKY AKTHUBHOTO BeIecTBA NYyTEeM H3Me-
peHMs yIJja MOBOPOTa MJIOCKOCTH ITOJAPU3alLUK CBeTa, mpolen-
IIero uepe3 PacTBOP ITOTO BElleCTBA.

Y MHOTMX OpraHu4YecKHWX COeIWHEHWH, B TOM YHCJIE aMUHO-
KHCJIOT, MMEIOTCS 3€PKaJIbHO CHMMETPHUYHBLIE IIPOCTPAHCTBEH-
HbIe M30MEPHI, KOTODHIE PAa3/JIHYAIOTCA [0 HaIpPaBJICHUIO Bpalne-
HUS TJIOCKOCTH IIOJISIpU3AIlNM CBETA, IPOXOASAIero yepes HUX,
u obo3Haualorcsa Kak D-(mpaBoBpamjaroiue) u L-(J1eBOBpaIiaio-
re) wu3oMepbl. YCTAHOBJIEHO, YTO MHOTME M3 9THX H30MepOB
[10-Pa3HOMY YCBAMBAIOTCA KMUBLIMHU opranusmamu. Cmecs D- u
L-uzomepos, He Bpamamas B UTOTe IJIOCKOCTb IOJIAPU3ALUU
CBeTa, HA3bIBAETCH PAYEMULECKOU.

19.6. MeTOAbl UCCACAOBAHMUSA
B MOASIPU30OBAHHOM CBeTe
IlonapusoBaHHBIA CBeT MIMPOKO HCIOJb3YETCS [JIA U3Me-

PeHus KoHIleHTpaluuil ONTHYECKHM AKTUBHBIX BellecTB (mojsd-
PUMeTpus), ucciaeROBaHUA CTPYKTYpPhl GMOJIOTUUYECKUX TKAaHeH
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B MOJAPH3OBAHHOM cBeTe (IOJISPU3ALMOHHAS MHMKPOCKONUs),
B TUTHMEHWYECKUX HCCIEJOBAHUAX, IPU OITUUYECKUX HCCIEI0By-
HUAX MeXaHWUeCKUX HaNpAKeHUH, BOSHUKAWOIIUX B MOAENsy
KOCTHBIX TKaHEeH.

19.6.1. OnTHueckas noOAsSpUMeTpus

Onmuueckan noasapumempusn — 3TO COBOKYIIHOCTb (hU3NYec-
KHMX MEeTOJOB MCCJEJOBAHUSI, OCHOBAHHBIX HAa OIpeAeJIeHUU YTia
MOBOPOTA ILJIOCKOCTH MOJSPU3AIMKU CBETa, IIPOUIEJIIero 4Yepes
OIITUYECKU AKTUBHYIO CPELY.

K takum cpemam OTHOCATCA PAcTBOPHI MHOI'MX OPTaHUYECKUX
COeIMHEHUN — caxapa, KUCJIOThI, ajxajgoupbl u Ap. Ilonapu-
METPHI0 MPUMEHSIOT He TOJIBKO AJIs OIpefielleHns KOHIEeHTpa-
MM ONTUYECKHM aKTUBHBIX Cpell, HO ¥ KaK MeTOo] HUCCJeJOBaHUuA
CTPYKTYPHBIX IIPEBPAIlleHU MOJIeKYJI, B YaCTHOCTHU, B MOJIEKY-
JsIpHOY Omodusuke.

Wsmepenue yrja IoBOpOTa IJIOCKOCTH IHOJSAPH3AIUN CBeTa
IIPOBOAUTCS C HOMOIbIO CIIeINAJBLHOI0O Ipubopa — noaapumem-
pa, OercTBHE KOTOPOU'0 OCHOBAHO HA& MCIOJIb30BAHUU 3aKOHA
Maunroca. Ilpocreiimuit moaapuMeTp COCTOUT M3 [ABYX IOJAPH-
satopoB II u A (puc. 19.10), mexagy KOTODPBIMHU IOMellaeTcH
koBera K ¢ pacTBOPOM ONTHYECKM aKTUBHOTO BeEIlleCTBa.

Ha nonspusarop Il mamaer MoHOXpOMaTHYeCKUI ecTecT-
BEHHBIM CBeT, KOTOPBIHN IOCJIE ITPOXOKAEHUS uepesd II0JApu3a-
Top GymeT JWMHEWHO MOJAPKU30BaH. B oTCyTCTBHE KIOBETHI ILJIOC
KOCTh IIPOIYCKAHHWSA BTOPOTrO IoaApusaTopa A (ero HaswpBawT
aHAJIM3aTOPOM) YCTAHABJIMBAIOT IMEPHEHAUKYJIAPHO IJIOCKOCTH
MPONYCKAHUSA IEPBOTO, TAK UTO CBET 4Yepe3 HUX He IIPOXOJUT:
I pom = 15€0890° = 0.

HBI cBeT

o
I1 £ a A \
Ecrecrsen- \ ‘ R i

Puc. 19.10. Cxema ycTpoiicTBa mojsipuMeTpa
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TIpu BHECEHNHU MeXJy I0JIpu3aTopaMu KioBeTsl K ¢ pacTBo-
poM OITHYECKH AKTHBHOTO BEILIeCTBA IJIOCKOCTb HOIAPU3ALIM
cpeTa, NaJaoliero Ha aHaJIU3aTop, ITOBOPAYMBAETCS Ha HEKOTO-
peiit yroa o =0oCL. YT0o0bI €ro uaMepuTh, aHANIU3ATOP NOBOPA-
yyBAIOT BOKPYT JydYa OO TeX IIOp, NOKA MHTeHCUBHOCThL NPOLIes-
[Iero CBeTa ONATH HE CTAHeT MUHUMAJILHON, M MU3MEPAI0T YTroJ
HOBOPOTa aHanuasaTopa (3To 1 Oyaer yroia o) mo mkajie. amepus
yroj o, 3Had AJUHY KIOBeThl L u yaenbHOe BpallleHue O PacTBO-
PEeHHOTO OIITHMYECKH aKTHBHOIO BEeleCTBa, HETPYAHO HAaWTH ero
roHLeHTpauuio C,

HonsapuMeTpusa — OCHOBHOH MeTOX KOHTPOJNA KOHUEHTPaU U
caxapa B CaxapHOIl MPOMBIIIJIEHHOCTH, TTO3TOMY IOJAPUMETPbI
4acTO Ha3bIBAIOT caxapumempamu.

IMonspuMeTrpus HAXOZUT HIVUPOKOE IMPUMeHEeHHe B CaHUTap-
HO-TUTHMEHUYECKUX, KJIANHUYECKHUX M (PU3MOJOTHYECKUX Uccie-
joBaHUAX., MeTogaMu NONSPUMETPHUM ONPEAESAIT HajJIUdue Hu
KOHLEHTPAIUIO YIJIEBOAOB B PAaCTUTEJIBHOM CBHIphE, OEJIKOB U
AMHUHOKKCJIOT B PAaCTBOPaX, UCCIEAYIOT aKTUBHOCTb (JEPMEHTOB,
PaCUIeIIAION[UX YIAeBObl, MCIIOJb3YIOT AJIA aHaln3a d3(PUPHBIX
MaceJi, aJIKaJOnA0B, AaHTUOMOTUKOB U JPYT'UX ONTUYECKU AKTUB-
HBIX COeJUHEHU.

OaHUM 13 Ba)KHBIX METOJOB HCCJEJOBAHUS CTPOEHHUSA Bellec-
TBa SBJIAETCHA CNEKMPONONAPUMEemPUR, OCHOBAaHHAA HA OIpe-
JeJIeHNU 3aBUCUMOCTH YJEJbHOr0 BPAIUEHMS (MJIU IMOCTOSHHON
BpallleHUs1) O, OT AJIMHBI BOJHLI MAafaioliero ceera (gucnepcus
ONTHYECKOrO BpallleHus). ITa 3aBUCUMOCTh AJS KaXA0ro Beljec-
TBa UHAUBUAYAJbHA, TIO3TOMY CIEKTPOIOJSIPUMETPUA MCIIOJIb3Y-
eTcdA AJIA IPOBEJEHUA KAUueCTBeHHOro aHajau3a NpPOo3padyHbIX pac-
TBOPOB, a TaKiKe AJf YTOUYHEHUA KoHGOpMAaUuu PACTBOPEHHBIX
OPraHMYeCKUX COeJVHEHUM.

19.6.2. OnTH4eCKUit KPyroBoi AUXpOU3M

Hapsagy c BpaltieHMeM IIJIOCKOCTH MOJNIAPUSAIMN ONTHYECKHU
AKTUBHBIE BEIIECTBA IIO-PA3ZHOMY MOIJIONIAIOT CBETOBBLIE BOJIHBI,
0JIsipU30BaHHBIE TI0 KPYry BJIEBO U BIpPaBo, T.e. 001afaioT on-
muvecrkum kpyzo8oim Ouxpousmom. CneKTpbl KPYroBOIO AMXPO-
u3Ma M3y4aioT ¢ MOMOIIbI CHEelHaJbHBIX IIpHOOpPOB, Ha3bIBae-
MbIX duxpozpagpamu.

23.528)
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Meroarr uamepenns npuciepcuu (3aBUCUMOCTH OT AJUHBI BOJ-
HB]) ONTUYECKOI'0 BPALIEHUS U KPYTIOBOTO AUXPOU3MA IIUPOKQ
NIPUMEHAIT [JS U3YUYEHUS CTPYKTYPbI MHOTUX OWOJIOTHUYECKH
BaKHBIX COEIWHEHWIH, B YACTHOCTH BTOPHUYHOM M TPETUUHOI}
CTPYKTYP MOJIeKYyJ GeJKOB B pacTBOpPax IpPH HU3MEHEHUM YCJO-
BUIl cpelbl WM IPU UX B3aUMOJEHCTBUU C APYTUMU MOJEKYJa-
M#. ITUMHI METOJaMU MCCJIEeAYIOTCA CTPYKTYPhI (PepMEHTOB, Ien-
TUAHBIX TOPMOHOB, MeMOPaHHBIX OEJKOB, PA3IUYHBIX OEJIKOBBIX
KOMILIEKCOB (HanmpuMep, aHTUTeH — aHTUTEeJO), CJOKHBIX KOM-
NJIEKCOB (XpoMaTuHa, pubocoM, BUPYCOB, (aros u ap.), mnpoiec-
CBbI HYKJIEMHOBO-0EJIKOBOIO yY3HaBaHUSA U Jp.

19.6.3. ToAapu3aunmoHHas MHMKPOCKONUS

IMonapusoBaHHBIN CBET IIMPOKO HPUMEHSETCA TPU HUCCJIENO-
BaHWM OITHYECKU AHMW3OTPOIHBIX OMOJIOTMUYECKUX TKaHed. Bo
MHOTHX CIydYasX IIPU 3TOM MOYKHO YCTAHOBUTH PACIIOJIOKEHUE U
CTpOeHUEe aHU3O0TPOIIHLIX dJIEMEHTOB OHOCTPYKTYPHI, KOTOPHIE He
BBIABJSIOTCA IIPA MHUKDPOCKONMPOBAHWM B €CTECTBEHHOM CBETE.
OnTudyecKas aHM30TPONNA HAOGIIONAETCA Y KOCTHBIX, MBIIIIEUHBIX
¥ COeIMHHUTEJIbHBIX (KOJIJIAT€HOBBIX) TKaHe#H, Y HEePBHBIX BOJIO-
KoH. CaM0O HasBaHWe CKeJETHBIX MBINI (IOIePedyHOII0JIOCAThIE)
CBA3aHO C TE€M, UTO IIPH MHUKPOCKONMHPOBAHUU B €CTECTBEHHOM
CBeTe BOJIOKHO KajyKeTCs COCTOAIMM U3 YePeAyIOMUXCsa TEMHBIX A
¥ CBeTJIbBIX I yY4acTKOB, UTO W IpHJAaeT €My IOMePeYHy0 ucdyep-
YeHHOCTb. MceiieoBaHMe 3TUX BOJOKOH B MOJIIPU30BAHHOM CBe-
Te MOKa3bIBaeT, 4To 60jiee TEMHbIE YUACTKHU A ABJISAIOTCS aHU30T-
POTIHBIMHM, TOTZAA Kax OoJiee cBeTjbie | — M30TPONHBLIMU, UTO U
ABJISIETCA MPUYMHOM UX Pa3INUYUS B €CTECTBEHHOM CBETE.

JJ1s1 TECTOJIOTMYeCKOr0 UCCJIeIOBAHUA CTPYKTYP INpUMeEHSET-
CA NOAAPUIAYUOHHBLU Murpockon. OH aHAJIOTUYEH OOBIYHOMY
0MOJIOTUYECKOMY MHUKPOCKOIY, HO HMMEeT TOJAPHU3aTOD Hepen
KOHJEHCOPOM M aHaJu3aTop B TyOyce MexkAy OOBEKTHBOM H
okyJasapomM. [IpeaMeTHBIN CTOJIMK MOXKET BpAIaThCs BOKPYT OI-
THYECKOI ocu MuKpockoma. Takum o6pasom, nmpeameT OCBeliaeT"
Cs1 JIMHENHO MOJIAPU30BAHHBIM CBETOM U PACCMATPUBAETCS depes
aHaJM3aTop. Ecau CKpecTUTh IOJAPU3aTOP UM aHAJIM3aTop, TO B
OTCYTCTBHE 00bEeKTa ToJie 3peHusa Oyaer TemubiM. [Ipu nmomerne-
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HMY Ha IPeIMEeTHBIH CTOJIUK IIpenaparTa ¢ U30TPOIIHOM CTPYKTY PO
noJie 3peHUd ocraHercA reMHbIM. Ecim )Ke mpemapar CORepKUT
y4aCTKH C @HW3OTPONHOW CTPYKTYPO#, TO OHU GYAYT BHIMIAAETDH
goJiee CBETJLIMU Ha o0IeM TeMHOM (bOHE M3-3a M3MEHEHUS IIO-
AAPU3AINHUY CBeTa IIOCJe HNPOXOXKAEHMUS AHU3O0TPOIIHOM Cpenbl.

19.6.4. NoASPU3AUNOHHO-ONTUHECKMIA METOA MCCACAOBAHUS
MexaHM4eCcKux Hanpsbkenni (meroa ¢otoynpyroctu)

IIpu co3gaHuu B U30TPOIHOM O0pasiie MeXaHMUYECKUX Halps-
JKeHUH OH CTAHOBUTCSA aHM30TpOonHbIM. IloaTomy siBieHue nBoii-
HOTO JIy4YenpeJoMJEeHUS MOYKHO HaOJI0JaTh U B H30TPOITHBLIX
BeIlleCTBaxX, €CJU WX TOABEPTHYTH AedopManuu. ITO SABJIEHHE,
[oJIyduBIllee Ha3BaHHIE UCKYCCMBEHH020 J80UiH0Z0 Jayienpenom-
JAeHUS, JIeKUT B OCHOBE OIITUYECKOTO METOAA MCCJIEJOBAHUA Pac-
npeleieHUs MeXaHNYeCKUX HaNpPAKeHWH B NeOpMHPOBAHHOM
TBEPAOM TeJjie, KOTOPBbIH HasblBaeTcA Memodom gomoynpyzoc-
mu. OH Hallle/ IIAPOKOe HPHMEHeHHe B MeJUliHe IIPU u3yde-
HUY MEeXaHHWYeCKHUX HaNUpsKeHUU u AedopMaluy B PASTHUYHBIX
KOCTHBIX TKAHAX M OPTONEAHUUYECKUX KOHCTPYKI[MAX.

MeToa poTOynpyrocTy pacCunTaH Ha MCIOJL30BaAHUE MOLEJIH,
BBIIIOJTHEHHOU M3 NOAXOMSIIIero IIpo3payHoro N30TPOIHOro MaTe-
prana. OOBIYHO IJIA 3TOI'0 MPUMEHSIOT OPICTEKJIO, dMOKCUAHYIO
¥ noJaud(uUpHyIo cMoabl. Mongenb, reoOMeTpUUECKH aHaJIOTUUHAS
HaType, MOABEPraeTcA TAKUM »Ke YCJOBUAM HATPY3KU, KaK u
Hatypa. [Ipu npocBeywMBaHWM NOJSAPU30BAHHLBIM MOHOXPOMaA-
TUYECKUM CBETOM HATPYKEHHON MOZEeJU KaKAbIN ee JJIeMeHT
Beger cebda MONOOHO KPUCTAJJIY C ABOMHBIM JIyYenpeJioMJIeHH-
eMm. ITocsie MPOXOKAEHUS BOSHHKAIOIMX NPU ABONHOM Jyue-
upesoMjaeHUU OOBIKHOBEHHBIX M HEOOBIKHOBEHHBIX JIyuell de-
Pe3 aHaIM3aTOP BOSHUKAIOT YCJIOBUSA AJA MHTePHEPEHIMH 3TUX
KOTepeHTHBIX BOJIH, BCJEACTBHE 4Yero Ha M300parKeHHH MOIeJu
BUJHA CHCTEMA TeMHBIX W CBETJILIX MHTeP(EePEeHIMOHHBIX MOJIOC.
Temurle mosocsl MOMYYMAN HasBaHume u3oxpom. Ilo BULY M30X-
POM MOXKHO CYIHMTH O paclupeleeHHH MeXaHWYeCKUX HalpsaKe-
HUI B MOJeJM, TAK KAaK KaKAasd M30XpOMa COeJUHSIET TOUYKH,
KOTOpPBIM COOTBETCTBYET OJHWHAKOBOE MeXaHWUYecKoe HaImps-
KeHue.
23+
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Puc. 19.11. UnurepdepeHIMOHHAA KapTUHA PacnpeneieHus
MeXaHNUYEeCKUX HAIPSKeHu B ne)opMHUPOBAaHHOM O0pa3sile

WcciienoBanve HANPSKEHUN HA MOJAENSAX JAeT IIPelICTaBJIe-
HHEe O pacIpeieieHUH MeXaHWUeCKUX HAIPAKeHUH B peajbHbIX
KOHCTPYKIUAX, €CJIN MOJEJb B MEXaHUUYECKOM OTHOIIEHUH IIO-
nodua obpasamy.

Takum ob6pa3om, Oiarogaps sABJIEHHIO POTOYIIPYroCTH MOYKHO
[IOJIYYUTh HATJIAAHYIO KAPTHHY pacCIIpenesleHUS MeXaHUYeCKUX
HANPSMKEHUNA B CIO0XKHBIX COOPYKEHHSAX U KOHCTPYKIUAX, KOI-
Jia TIPYMEHEeHUE BhIYMCINUTENbHBIX METOJJOB MaTeMaTH4YECKO# Te-
OpUH YIIPYFOCTH 3aTPYAHEHO WM HEBO3MOYKHO.

PaccmoTpum B KauecTBe mpuMepa MHTEeP(HEPEHIMOHHEYIO Kap-
THUHY, NOJYYEHHYIO IPU MPOCBEUMBAHUU IIOJISPU30BAHHBIM CBeE-
TOM MOJ€JIX HArpy’>XKeHHOro 3yba ¢ pasjaudyHO# reoMerpueil dhop-
muposauus nosoctu (puc. 19.11). Uem OoJiblite TEMHBIX IT0JIOC
CXOIUTCA B HEKOTOPOM MecTe 00pas3iia, TeM BBIIIIe MEXAHUYECKOE
HalupsKeHue B 3TOHW Touke. M3 pucyHKa BHIHO, UTO B 00jacTH
OKPYIJIeHHOI'0 IIepexojia CO CTeHKHU IIOJIOCTH HAa €€ JHO MeXaHu-
yecKue HAIpPAXKEeHUA 3HAYUTEJLHO MeHblle (0AHA, MHOTAA JBe
TE€MHBbIE JIMHNN), YeM B 00JIaCTH IPAMOYroJbHOrO nepexona (Tpu
JUHAHU).

KOHTPOAbHbIE BOMPOCHI 1 3aAaHUS

1. Yro npexacrasaser coboii aseKTpoMariutHad BoaiHa? KakoBa cBA3b
MEKIY aMIIUTYAAMH HANDAKEHHOCTU 3JIEKTPUYECKOI0 U MHAYK-
UMK MardHUTHOTO moJiell BoHBI? UeM omnpesesnseTcss CKOPOCThL pac-
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10.

IpocTpaHeHusA BOJIHBI B cpefe? UTo XapakTepusyeT abCOJIOTHBIMN
[I0KAa3aTejib PeJOMJIeHUA cpeanbl?

VKaXUTe OCHOBHbIe [AWATNA30HBI IIIKAJbl 3JEeKTPOMArHUTHBIX
BOJIH.

Kaxue BUALI HOMAPU3AINY 3JIEKTPOMATHUTHBIX BOJIH Bbl 3HaeTe U
yeM OHU ompegessaoTcsa? YTo Takoe cTeneHb NOAApU3AIAY?

Kak uaMeHseTCs MOJAAPU3AIINs BOJHBI [IPU OTPAXKEHUU OT JUIJICK-
rpuxa? B uem s3axJouaercs 3akoH Bprocrepa?

B ueM COCTOUT sABJeHHE [BYJIYUENPEJIOMJIEHUS CBeTa B KPUCTAJI-
nax? KakoBsl cBolicTBa OOBIKHOBEHHON M HEOOBIKHOBEHHOH BOJIH?
OnuinuTe yCTpOHCTBO IpusMbl HUKOJIA H IPOXOXKIEHHE CBETa de-
pes Hee.

B ueM COCTOUT siBJeHHE ONTHUYecKOro auxpousma? UrTo Takoe mo-
nsspoupns?

Yem pas/inyaroTca HPOXOXKIEHUS €CTECTBEHHOTO U JIMHEHHO moJsd-
PU30BAHHOTO CBETa uepes nossgpusarop? B ueM 3akimouaeTca 3aKOH
Mautroca?

Yro TaKoe onTuyecKas aktusHocTb? Kak ycTpoeH mossspumeTrp u
KaK C ero IOMOIIbIO ONpee/UTh KOHIEHTPAUIO PacTBopa?
Kaxkue MeTOAbI UCHOJIBL30BAHUSA MOJAPU30BAHHOIO CBETA B MEJUKO-
6UOJIOTUYECKHUX HCCJEA0OBAHUAX Bbl 3HaeTe?



TenAaoBoe
M3AYYEeHUe Tea

MNasa 20

Bce 6Ge3 uckarouenns tesia B IpUpoOAe U3IYUYAIOT dJEKTpOMAr-
HUTHBIE€ BOJIHBI, MHTEHCHUBHOCTh M CIIEKTPAJILHBIA COCTAB KOTO-
PBIX CYIIECTBEHHO 3aBHCAT OT TeMIIepaTypbl Teja. 3TO HU3Iyde-
HUe Ha3blBalOT mennoébim. UeM BbIllIe TeMmeparypa Tejd, Tem
HHTEHCUBHEE 9TO H3JIyYeHUe.

20.1. OCHOBHbIE XapaKTePUCTUKN TEMAOBOTO M3AY4YeHMUs

ITomox usnywenuna @ (Br) — 3TO KOJIMYECTBO 3JIEKTPOMAr-
HUTHOH 9HEPruu, uajyuyaemMoe Bceil IMOBEPXHOCTBIO TeJa B elu-
HUIly BpEMEHU 10 BCEM HANIPABJICHUIM:

e (20.1)
t
Inepzemuueckan céemumocmsv R tena (Br/m?) — Komgmuect-
BO 2JIEKTPOMArHUTHOMN SHepruu, uaaydyaemoe ¢ 1 m? moBepxHOCTH
Tesa 3a 1 ¢ MO BCeM HAIPABJEHHUAM KM BO BCEM CIEKTPAJbLHOM
IUanasoHe, IPYTUMU CJI0BAMU R — 3TO MOTOK U3NyUYeHUsA ¢ eau-
HHUIbI IOBEPXHOCTHU TEJAa:
rR=2_-E
S tS

CnexmpanvHas niOMHOCMb IHePzeMULECKOl céemumocmu
r, (Br/m%) — ato KonuuecTBo aHepruu, usaygaemoe ¢ 1 m? mosep-
XHOCTH TeJia 3a 1 ¢ 1Mo BceM HAIIPABJIEHUAM B eIUHUYHOM CIIEKT-

pajbHOM AMAINA30He HA IJMHAX BOJIH OT A OO A + dA:

r, =98 (20.3)
an
3aBUCUMOCTH CHEKTPAJBHOH IJIOTHOCTU I, OT AJUHBI BOJIHBI
IpeACTaBaAsaeT cO00 cneKkmp menJiogozo U3iyieHus Tea.

BHepreanecmaa cBeTUMOCTL R Teya u CIIeKTpaabHad IJO0T-
HOCTB ero SHepreanecxoﬁ CBETUMOCTH 7, CBAA3aHbI COOTHOLIEHEM

R= [rdh. (20.4)
0

(20.2)
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CnenoBaTeJIbHO, 9HEpreTHYeCcKass CBETHMOCTH JIoOoro Tteja
4guCcJICHHO DaBHa TLIOIaJy HOJ KPWUBOW 1y, OIpenessAlomieil ero
cIIEKTD M3JIyYeHUs.

Monoxpomamuueckuil KOI@Puuuenm noziroweHus o, —
npelCcTaBisieT co0oii OTHOUIEHUE ITOTOKA U3NYUEHNUH, MOrJIOLIeH-
HOT'O TEJIOM Ha JJIMHE BOJHBI A, K IIOTOKY U3JIYUEHUA C TOH XKe
AAUHOM BOJIHBI, IajaolleMy Ha Ty ’Ke OBEPXHOCTH TeJsla:

D)

a, = ¢:‘°”‘(M . (20.5)
nan

3aBHUCHUMOCTb 3TOr0 K0a(hPUIlHeHTa OT AJUHBI BOJIHBI olpee-
JIIET CNEeKmp NO2J0UW,eHUSL mead.

Ilo Tuny saBucmMOCTH KO3(d)-
¢unyeHTa IOIVIOIIEHUST o, OT % 1 2
AJIMHBL BOJHBI BCe Teja B MPU- |
poie MOYKHO pas3feJuTh Ha TPHU
rpynmst (puc. 20.1):

AbconiomHo yepHble meaaq,
Ko3()PuuyueHm nozaoweHus Ko-
mopeLx paséeH eQuHUUe Ha BCexX 0
Jruaax BoJsH (o = 1).

Taxkoe Ten0 IOJMHOCTBIO IIO- Puc. 20.1. BaBHCHMOCTS
riaoujaeT Jo0oe majarilee Ha K02 UIHeHTA TOTIOUeHI
Hero I/ISJIy‘-IeHI/Ie, HOSTOMy n HaA- Pa3"bIX TeJ OT AJITUHBI BOJTHbI:
3bIBaeTCa abCONMIOTHO YEPHBIM. 1 — aBcosoTHO YepHOe TeJIo;

B npupone abcosOTHO uep- 2 — cepsnle Tesa; 3 — OCTaJbHbIE
HbIX TeJ HeT, Haubosee OIUIKU- Tena
MM CBOMCTBaAMU 00JIaJAIOT carka,

IJIaTUHOBAsT 4YepHb, mosepxHocTh Cosauita u ap. [losromy nna
9KCIIePUMEHTAJLHOI'0 U3YUEeHUsa CBOMCTB M3JIy4YeHUs abCOIOTHO
YEepHOTO TeJia OblIa CO3[aHa CIEelHAJbHAss MOJelb, IIpefCTaB-
JAIOLUIAA IMTOJIBIHA AP U3 TEIIOMPOBOAAILIEro BelnecTBa (0OBIUHO
Mezb), B KOTOPOM ITpojAeaHo He0oablroe 60KOBOe 0TBepcTHUe (puc.
20.2). ManydeHne nomnajgaer B IOJOCTh Yepe3 3TO OTBepCTHe U Ia-
JaeT Ha CTEHKY HIapa IIof HEeKOTOphIM yrJaoM. HacTs usiyyeHus
Ccpasy MorJaoLIaeTcsi, a OCTABIIASACH YACTh OTPa*KaeTcd W majaer
Ha Apyroll y4acTOK BHYTPEHHEH IIOBEpPXHOCTH IIapa, YaCcTHYHO
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NIOrJOIAACh U YACTUYHO OTpa-
Kasfach, U TaK JO TeX II0p, IIOKAa
BCe M3JIyUEHUE He IOrJIOTHUTCS
cTeHKamm Imapa. B pesysnprare M3ayuenue
OTBEpCTHE, Ha KOTOpOoe INajaerT > W
uajgydeHue, U ecTb abCONIOTHO
YepHOe Teno, MOCKOIBKY OHO Puc. 20.2. Mogesnb abcomioTHO
MOJIHOCTBIO IOrJIoLIaeT JitoGoe HepHoro Tena
najgawpilee Ha Hero uajydyeHre, He3aBHUCHUMO OT AJIMHBI BOJIHBI.
Bwmecre ¢ TeM npu 1060 TemIiieparype BHYTPH IIOJIOCTH yc-
TAHABJKWBAeTCA DPABHOBECHOE TEIJIOBOE 3J€KTPOMATHUTHOE u3-
JydeHHe, UAYIlee OT CTEHOK IIapa, YacTh €r0 Yepe3 OTBepCTHe
U3ny4yaeTcAd HAPYMXKY, UTO IMO3BOJUIO SKCIEPUMEHTAJNLHO HCCJle-
JOBAaTh CIEKTP U3JNydeHUA abCOJIOTHO YEPHOTO TeJa IPHU PA3HBIX
TeMIepaTypax.
Cepvie mena, KoI(ppuyueHm nozaoueHus KOMopvlx MeHbule
eduHuybl, HO OLNHAKOB Ha BCeX JJNHAaX BOJIH (o =const < 1).
ITH TeJia MOTJIOMAIOT UBJIyUYEeHUE He MOJTHOCTHIO, HO OJ{MHAKO-
BO Ha BCeX AJHNHAX BOJH. MHOrga KOIGHUIUEHT MOIVIOIEeHUS O
3TUX TeJ HAB3BIBAIOT Kodppuuyuenmom cepocmu. aeanbHo cepbix
TeJI B IIPHPOJie HET, HO MHOTHeE TeJjla B OIIPeAeJIEHHBIX HIMPOKUX
CHeKTPaJbHBIX 00JIaCTAX IIOIJIONIAIOT, KaK cepbie Teja. B uact-
HOCTU KOJKY ueJIOBeKa B MH(PPAKDPACHOM AMANa3oHe MOYKHO CUU-
TaTh cepbIM TenoM ¢ o =0,9.
Tena, koapuuuenm nozaoueHUs KOMOPuLX 3asucum om
Oaunwvt goanwvt (o, = a(r) < 1).

20.2. 3akoHbl TEMAOBOrO M3AY4eHUS

OcHOBHBIE 3aKOHBI TEIJIOBOIO H3JyUE€HUs YCTAHOBUJU IKC-
TEPUMEHTAJILHO U 3aTeM 00ocHOBaam TeopernyecKku B XIX B.
I'. Kupxrog, J. Boasuman, M. Crepan, B. Bun, M. Ilnank u
Jpyrue yuyeHkle.

3axon Kupxzoga, ycranosnensbiii B 1859 r., mokasniBaer,
YTO B YCJOBUAX TEPMOAUHAMHUYECKOI'O PABHOBECUSA JJIA BCEX TeJl
CYIIEeCTBYeT OIlpefesieHHasA KOMUUYECTBEHHAs CBA3b MEXIY HX
CNIEeKTPAJIbHON IJIOTHOCTBIO dHEPreTUYeCKOH CBETHUMOCTH M MO-
HOXPOMATMYECKUM KOI(DOUITUEHTOM HOIJIOIIEHUA: [IPU OUHAKO"
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poii TeMIlepaType OTHOILIeHHe CIIEKTPaJbHOU NJIOTHOCTH dHepre-
TUUECKOH CBETMMOCTH K MOHOXPOMATHYECKOMY KO3(pduIueHTy
[OTJIONIeHUA OJUHAKOBO JJIA BCeX TeJl U PABHO CIEKTPAJIBHOU
[{JI0OTHOCTHY dHEPreTH4YeCKOH CBETHMMOCTH &, a0COJIOTHO YEPHOTIO
TeJia:

AN B /S 2_.,:{5_];%. (20.6)
a; |, o, |y 1

Orciona 1, = O, €, W BBITEKAIOT Ba)XKHBIE caedcmeus:

e ueMm GOJbIlIe TEJIO IIOTJIOIIaeT B HEKOTOPOM CNEKTPAJIbHOM
auanasoHe, TeM OOJIbIIe OHO U M3Jy4YaeT B 3TOM AUAIla30HE, TaK
KaK 7} ~ 0,3

e IIPM OAWHAKOBON TeMIliepaType CIeKTpajbHas ILJIOTHOCTH
SHEPTeTUYECKOl CBEeTHMOCTH JIIO0OTO Tejla MeHblle, yeM y abco-
JIIOTHO YepHOro Teja: r; < €, , Tak Kak o, < 1. lIpyrumu ciosa-
MU, Ipu Ja1000it buKcupoBaHHOI TeMieparype abCOJIOTHO uyep-
Hoe TeJio obiajaer HamboJbIIel HM3Nydyawlileil CIOCOOHOCTLIO II0
CpPaBHEHHIO C IPDYTUMH TeJIaMH.

3axon Kupxroda mos3BoJsigeT OIpenesUTh CIEKTP TeIIOBOro
H3y4YeHUs 7, JIOOO0T0o Teja, ecliv W3BeCTHAa 3aBUCUMOCTDL €r0 MO-
HOXPOMATHUYECKOTO Koa(hpUIleHTa IIOTJIOIeHN TeJia O, OT AJIH-
HBI BOJIHBI, IIOCKOJIBKY CHEKTD M3Jy4eHUA aOCONTIOTHOTO YePHOro
Tejla €, XOPOIIO M3BECTEH.

3akon Cmegana — Boavymana: sHepreTudecKas CBETUMOCTb
aBCoOMIOTHO YEPHOI'O TeJja NMPSAMO IIPONOPLMOHANbLHA 4-U cTelleHn
ero abCcoJIIOTHOM TeMIepaTyphl:

R=cT" (20.7)

KoaddULHeHT IponopnuoHaIbHocTi 6 = 5,67 108 Br/(v?- K*)
Y HasblBaeTca nocmoanhoit Cmepana — Boavumana.
C "eboJsplION IIONPaBKOM 3TOT 3aKOH CIpaBelJUB U JAJIS ce-
PBIX TEI:
R=ocT?, (20.7a)
rae o — K03 GhUIUEeHT NOIVIOUIeHUs ceporo TeJa.

3akxon cmewenus Buna omnpepesserT 3aBUCHUMOCTb IIOJIOXKe-
HUS MaKCHMyMa CIHEKTpa uajydeHus abCOJIOTHO YEepHOro Teja



362 20. TenA0oBOE M3AYYEHME Te,
e

(puc. 20.3) or TeMIepaTyphl: Ajy-
HA BOJIHBI Ay, HA KOTODYIO IIpy-
XOZUTCH MAKCHUMyM CIEeKTDAJbHOH
IIJIOTHOCTY DHEPreTUUYECKoil creTy-
MOCTH a0COJIIOTHO YePHOrOo Tea,
o0paTHO MpoHopIlHOHAJbHA abco-
JIIOTHOH TeMIIepaType 3TOr'o Tena:

Ay = s (20.8)

Puc. 20.3. Criexrpst Teriosoro  Tae b =2,898- 1072 m- K — nocmo-
H3JTyueHKA aGCOMIOTHO YepHOTO gHHaA BuHa.
rena (cmJouiHAs JIMHUA) U

ceporo Tena (MyHKTUD) HpH 3TOT 3aKOH CIIPABEAJIUB U [IJs
IBYX Pas3HBIX TeMIeparypax, CE€PbIX TeJ 6e3 Kakux-Iubo maMe-
T,>T, HEHHUH U MOKa3bIBAeT, YTO C yBeJu-

YEHHEeM TeMIEPaTypbl MaKCHUMyM
CIIEKTPa TEIJIOBOI0 U3JYyUYEeHHsI CMellaeTcsi B CTOPOHY 0oJiee KO-
POTKHUX AJINH BOJIH.

N3 3zakona Buna criegyer, YTo IIpU NMPUBBLIUHOI HaM TeMIle-
parype 300 K (27 °C) makcUMyM HU3Jy4eHHUs 4UEPHBIX U CEpPhIX
TeJ COOTBETCTBYeT M3JIyueHMIo ¢ A=9,7 MKM, T.e. cpefnHeil
yacTH HH@pPaKpacHOro AuamnadoHa; mpu Ttemmeparype 2000 K
(HUTh JAMIBI HAKANWUBAHUSA) MaKCUMYM MH3JIyYeHUs IPHUXO-
IUTCS Ha ONM)KHIOW HHQpakpacHyioo o6iacts A=1,45 MM,
a MaxkcuMyM TeluioBoro muanydenus CosHIa (TeMmeparypa ero
nmoBepxHocTu npumepuo 6000 K) npuxoxurca Ha 061acTb BAIH-
Moro crextpa A =480 HM.

3axoH BuHa KCIHOJB3yeTCS TaKKe IJs AUCTAHIIMOHHOTO Oec-
KOHTAKTHOI'O OIIpeJeJIeHNA TeMIIepaTypsl IIOBEepXHOCTH Vyia-
Jenusix tea (ConmHia, 3Be3] W T.[I.) ¥ PACKaJEHHBIX TeJ Iy~
TeM PErMcTPAIMy WX CIOEKTPa H3JyueHUsl, ONpPenesIeHud A, ,, U
BBIUMCJIEHUS TeMIIepaTyphbl Tejla HAa OCHOBAHWM COOTHOIIIEHWUS
(20.8). Temmneparypa Tena, OIpeJesieHHAA TAKUM CIOCOOOM,
Ha3bIBAETCA UBEMOB0Il, TAK KaK OIpe[esiseTcsd IO BETY MaKCH-
MyMa CBe4YeHud.

Hpyroii crioco6 6eCKOHTAKTHOTO ONpejesIeHUsl TeMIIepaTyphl
TeJl OCHOBAH HA BbIDABHMBAHUU APKOCTU CBEUEHHUSA HCCJIEAyeMOr0
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00bEKTa C PeryJupyemMoil APKOCTbIO HUTHM HAKAJIMBAHUSA CIe-
uaJbHOTO mpubopa (mupoMeTpa), TeMIepaTypa HUTH KOTOPOI'O
oro0pakaerca Ha IIKaJje npubopa. HalinenHas Takum crnocobom
reMIIEPATYPA TeJia HAa3bIBAETCH APKOCMHOU UIU PaduayuoHHOU.

3HaHUe CHeKTpa M3Jy4eHWsd aOCOJIOTHO YEDPHOIO Teja Ipu
pasHBIX TEMIIepaTypax fABJIAETCsS KJIOYEBBIM 3BEHOM JJIA Ompe-
feJleHHUA CIEeKTPOB U3JYUEeHUA BCeX OCTATbHBIX TeJl II0 UX CIeK-
TpaM MOTJIOIIEHUS Ha OCHOBaHuM 3aKoHa Kupxroda.

CHeKTp TelJIOBOro M3NydyeHHs abCOJIOTHOTO YEPHOIo Teja &,
6Bl XOPOINO M3y4eH HKCIEPUMEHTANBbHO IPU DPa3HBIX TeMIlepa-
rypax eme B 80-x rr. XIX B. (cm. puc. 20.3), HO aHaIUTHYECKOE
BpIpasKeHne yaanock noayunts jauuib M. Ilnanky 8 1900 r.:

e = 2mhe’ 1 .
" % [exp(hc/MkT)]-1

TIpm BBIBOZE 2TO¥ (HOPMYJIBI €My HPUILIOCH HPEAIOIOMKHUTD,
YTO CBET U3JIy4UAeTCA U IIOTJIOUIAETCH OHPENENIeHHbIMH MAJILIMU
mopuuaMY dHeprun (Av), MIPONOPHNOHAIBHLIMI YACTOTE U3JIyUe-
HUA, KOTOPLIE ObIIN HA3BAHBI KEAHMAMU U3AYYEHUS UIN (OMmo-
HaAMu. DTO IPEAIOJIOKEHNE OKA3AJIO0Ch IPABMJIBHBIM, I03BOJINIIO
IitHInTeTHY 06'BACHUTD ABJEHUE BHeuiHero ¢oroadhderra u ABU-
JIOCh MOIIHBIM CTUMYJIOM [JISI HAJbHeHIlero pasBUTUS KBAHTO-
BOl MeXaHUKHU.

Honsaysace gpopmynoi IMaanka (20.9), MOKHO TeOPETUYIECKH
BeIBecTH 3aKOHBI Buna u Credana — Boabnmana. [na nosyue-
Hug 3akoHa Buna dopmyny [lnaunka (20.9) wago uccnenosaTs Ha
SKCTPEMYM IIO A M HAWTY BBIPAIKEHUE OIS Ap,,, & JJIs HOJyUYeHUs
3axona Credana — BosbliMaHa HY)KHO IIPOUHTErPUPOBATH (POp-
mysy (20.9) mo X or 0 7o o u moayuuthk 3aBucuMocTh R ot T.
B monyueHnHBle aHAMUTHYECKHE BBIPAMKEHUA AJIA Ay, U R BOii-
Jer nocroaHHasa Ilnauka A. Takum o6pas3om, 3HAf YUCIEHHOe
3Hauenue KoHcrauT Buua u Credana — Bosabnmana, HETPYyAHO
BLIYMCANTH 3HAYEHHNEe HMOCTOAHHON Ilnanka, onpelesdlonlell Ha-
UMEeHbUINI BO3MOIKHBIN KBAHT JEHCTBUS:

(20.9)

h=6,63-107* Ik - c.

HeCMOTpH Ha MaJioe 4YMCJIeHHOe 3HaYeHne, [IOCTOAHHaA [Inau-
Ka urpaer uCKJIIOYNTEIBHO BaAXKHYIO POJb B KBaHTOBOM MeXaHUKe



364

20. TenaoBOE U3AYHEHME Ta,

YacTHll, ATOMOB ¥ MOJIEKYJI, B TEOPUM U3JyUEHUS U NOIJIOUIeHn g
TeJ, SIBJAACH MPH 3TOM OOHOM M3 (PyHIaMEeHTaJbHBIX (DU3UYec-

KHX KOHCTaHT.

20.3. MU3ayuenne CoAHua

HauGosiee MOLIHBIM MCTOUHMKOM TEILJIOBOTO H3JIYUEHHS, OIpe-
JeJISIIOIMM JXKU3HL Ha 3emJe, apiasgercsa Couanine. Kaxk ncTounny
TeIJIOBOro majaydeHusa COMHIE MOMHO CUHUTATH aOCOTIOTHO YePHEIM
TEJIOM ¢ TemuepaTtypoii rnosepxuoctu oxkoso 6000 K. IToTox cosmuey-

'3:1'“ Conuie

Atrmocdepa

Puc. 20.4. Pasznuuue B nmyTH
CBETOBBIX Jyueil B aTMochepe
nis ConHua B 3eHUTE U HA
BOCXOJe (3axare)

€y 1

|
]
1
1
I
1
i
1
1
I
L

1
400 800 1200 A,HM

Puc. 20.5. Criexktp nsnyueHus
CosnnHna:
1 — ma rpanuue ¢ armochepoii;
2 — y IOBepXHOCTH 3eMJIHN

HOTO H3JIYYEHUs, IIPUXOAAIINNCS
Ha 1 M® TUIOIIAAM TTOBEPXHOCTH Ha
rpaHuile 3eMHOW aTmocdepsi, Ha-
3LIBAETCA CONHEYHOU NOCMOAHHOU
u cocraBiaser 1350 Br/m2.

IIyTh, IPOXOAMMBIT COTHEYHBI-
MU JIy4aMu B aTMocdepe, CyILIecT-
BEHHO 3aBUCHUT OT BbICOTHI COJIHITa
HaJ TOPU30HTOM M IO 3TOH IpU-
yyHe MOXKET pPal3juyaThCA IOUTH
B 30 pas (puc. 20.4). U3-3a pacce-
SHWS U YaCTUYHOTO IIOTJIOIeHUS
COJIHEYHOTO M3JyYyeHuss B aTMOC-
(pepe NJIOTHOCTH IIOTOKA COJIHEY-
HOIl pajgumanyu yMeHbIIaeTcss H
Ha IIOBEPXHOCTH 3eMJaH Aaxke IpH
caMbIX GJIArONIPUATHBIX YCJIOBUAX
cocrasiser e Gosee 1120 Br/m?.
C ypajseHueM OT OKBaTopa 9Ta
nudpa yMeHbIIaeTcs, Hampumep
Ha miupore MuHCKa B WIOHE OHA
cocraBiser aumb 930 Br/m?.

OcnabieHue IIOTOKA U3JIy4e-
HUA aTMoc(depoil cOmpoBOMKAAETCH
M3MeHEeHNeM €ro CIeKTpPaJbHOIO
cocTaBa BCJEACTBHE KAaK IOTJIOLIe-
HUH, Tak U pacceanus. Ha puc. 20.5
MOKA3aH CIEKTP COJHEUHOTO W3-
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ny4eHHUs Ha TPaHUIE 3eMHOH atmocdeps! (Kpusas 1) u y nosep-
xHOCTH 3eMJ (KpuBasd 2) NpU HauBbICIIEM crosaHuu CoJHIA.
Kpusas 1 yMeeT MakCMMyM Ha IJNAHE BOJHBI OoKo0Jio 480 HM u
§aA13Ka K CIEKTPY YepHOro TeJja ¢ TeMmepaTrypoii okoso 6000 K,
yTO YU TIO03BOJAET paccMaTPUBaTh ee KaK TeMHOeparypy IoBep-
xpoct ConHna. MakcumMyM KpuBoil 2 pacIoJioKeH BOJIU3H
550 HM, YTO COOTBETCTBYET IIBETOBOI1 TeMieparype (10 3aKOHY
Buna) 5230 K. Kpome Toro, B MH(ppaKpacHOM AuAalazoHe HaOJIIO-
AAeTCA MHOXKECTBO IIOJIOC IIOIJIOIEHUS IIapaM¥ BOJLI M aTMOC-
(bepHBIMU Ta3aMu.

20.4. UndpakpacHoe u3ryuenue
M ero nNpumeHeHue B MeAUUUHE

JJIeKTPOMATrHMNTHOE M3JydeHue B AuamnasoHe OT KPacHOil rpa-
uunb! BuAuUMoro cseta (A =0,76 MKM) 1 KO KOPOTKOBOJHOBOTO
paguousnydenus (A =1 mm) HaswIBawT un@paxpacuvim (UK).

Momsaeim uctounukoMm UK-nanyuenusa asasercs Connue, moc-
KOJBKY OK0JI0 50 % ero usnyyeHUs JEKUT B 3TOM JUATIA30HE.

HNudpaxpacuyo 061aCTh CIEKTPa YCJIOBHO MOAPA3HEHAAIOT HA
Oruacnioro k Bugumoit (0,76-2,5 mxm), cpedniow (2,5-50 Mrm) u
danvuiww (50-1000 MKMm).

Ecnu B 3aKkon Buna BmecTo A, mogctraBuTh rpaHuisl MK-aua-
a3oHa, TO TeMIepPaTypPhl TeJl, MAKCUMYM TEIlJIOBOTO U3JYUYEeHUS
KOTOPBIX HPUXOAUTCA HA 3THU FPAHUIbI, OYAYT COCTABJATH COOT-
BerctBeHHO oT 3800 K 1o 1,5 K. 910 o3nauaer, 4yTo B OOLIYHBLIX
YCIOBUAX NMPAKTUYECKHU BCE TeJla He TOJbKO SABJISAIOTCA MCTOUHU-
Kamu VK-usnydyeHns, HO U MMEOT MAaKCUMAaJbHOEe U3JIyYEeHUE B
9TOH YaCTH 9JIEKTPOMATHUTHOTO CIHEeKTPA.

JleuebHoe npumeHeHUe HHAPAKPACHOIO MBJIYUEHUA OCHOBAHO
Ha ero TemJaoBoM geiictBuu. Hamnbonsmunii jeuebHbINH 3O @EKT 10-
CTUuraeTrcsa KOPOTKOBOJMHOBBEIM WUK-manyuenuem, OJMBKHUM K BU-
Aumomy cBety. MH(ppakpacHoe maayueHne IPOHUKAET B TEJIO Ha
ray6uny okoso 20 MM, m09TOMYy B GOJBLIEH CTEIeHU MPOrpeBa-
0TCA rmoBepxHocTHBIE ciaou. TepameBruueckuil sddekT Kak pas
¥ 06ycnoBileH BOSHUKAIUM TeMIepaTyPHbIM I'DAJUEHTOM, UTO
AKTUBU3UPYeT KPOBOCHAOXeHHe 00/1ydeHHOI'O MeCTa ¥ IPUBOIAUT
K GJIaronpuATHBIM Je4eOHbIM I0C/IeJICTBUSIM.
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B seuebHBIX LENAX AO3UPOBAHHYIO COJHEUHYIO DPaaHAIlUI
NPUMEHAIT KaK COJIHLeJiedeHVe (reJuoTepanns), a TaKiKe Kag
CPeACTBO 3aKAJUBAaHUA OpraHuU3Ma. MCIomb3yoT TaKiKe HCKyc-
CTBEHHBIE MCTOYHVKM TEIJIOBOT'O H3JIyYEeHUS: JIAMIIbI HAKAJIUBa-
HUA (COJUTIOKC) B MH(PaAKpacHbIe U3JIydyaTe u.

20.5. Tenaosoe u3AyyeHMe Teaa H“eAOBeka

TemnepaTypa Teja uYesJioBeKa IOANEPIKUBAETCH TOCTOSAHHONR
Onmaromapss (GU3UOJOTMYECKUM MexXaHU3MaM TepMOperyJsaiuu,
IIPU 9TOM IIOCTOSHHO NMPOUCXOAUT TEIJIOOOMEH OpPTraHU3Ma C OK-
pyskalomiei cpenoit. Obuine s BcexX cpef, COocoObI TemaoodMe-
HA — TEINJIOMPOBOJHOCTL, KOHBEKI[US, MCIAPEHHE M TeIlJIOBOoe
usjaydeHue (mOTJOIeHue).

Tennonpoeodnocms BO3AYXa HE3HAUYUTEIbHA, IIOITOMY ITOT
BUJ TEIJIOOTHAYM AJIA UeJOBEKa He CYIecTBeH. BKJiaa ocTajib-
HBIX IIPOIECCOB B O0IIUU TeIJJ000MeH 3aBHUCUT OT MHOTUX (hak-
TOPOB: TEMIEPATYPHI TejJa YeJIOBeKa, COCTOSAHUS OKPYIKalollen
cpensl (TeMmeparypa, BJIAXKHOCTb, ABUJKeHHE BO3Ayxa ¥ Ap.),
ome)kabl (MaTepuaJ, opMa, pasmep, 1Ber, TojiuHa). I[Toaromy
HpPUBEHEM JINIh TPUOJTMIKEHHYIO OIEeHKY BKJAJ0B 9THUX IPOIec-
COB AJA JIOfeHN, HAXOAAIIMXCA B IIOKOE M B YCJIOBUAX yMEpeH-
HOTO KJIIMATA.

Temnnonorepu BejencTBre KOHBekyuu (00AyBaHue Teaa BO3LY-
XOM) CYIIECTBEHHO 3aBUCAT OT HAJWYUSA ¥ BUJA ofeKAbl. B ycio-
BUJAX YMEPEHHOT0 KJIMMaTa Ha KOHBEKI[MIO IPUXoaAnTcsa He Oosee
15-20 % Bcex TemJonoTeph YeJ0BEeKa.

Ha ucnapenue 6nazu ¢ T0OBepXHOCTH Tesja B YCJIOBUAX IOKOSA
npuxoautca okoao 30 % Terionorepb, a HaMbOJbILIAA UX HOJSA
(oxomo 50 %) — Ha mennoeoe u3nyierue OT OTKPBITBIX yacTel
Tena 1 ofexkabl. IIpu 5TOM OCHOBHASA YACTh ITOTO U3JYUEHUA Jie-
JKUT B MH(pPaAKPaACHOM AuUanasoHe, B 00JAaCTH IJIUH BOJH OT 4 10
50 MKM.

ITpu BBIUMCIIEHNHN 9THX IIOTEPH CeJaeM JABa OCHOBHBIX AOIY-
uienus [2].

1. Usnyuamwiue Tesaa (KOKa YejOoBeKa, oAekja) OygeM cuu-
TaTh CEPbIMHU.
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B sToM ciydae AJi BBIUMCIEHMSI PAJAWALMOHHBIX TEIJIOBBIX
poTepb ¢ 1 M® HOBEPXHOCTU Tesla MOKHO BOCIIOJIb30BATHCH 32KO-
pom Crepana—Bonbumana ana ceporo tena: R, = acT*.

3Ha4YeHuA KO3(OhUNINEHTOB NOTJIOMIEHU o HEKOTOPHIX CePhIX
res npuBejeHs! B Taba. 20.1 [28].

Tabauma 20.1

ITosepxHocTs | Koka uenosexa | Xnomdarobymarkuasa Tkasb | IllepeTs, meik

Koadpdununenrt
MOTJIOLIEHUA O 0,90 0,73 0,76

MakcuMyM CHeKTpaIbHON MJOTHOCTH SHEPreTUYECKOH CBETH-
MOCTM TeJjia YesjOoBeKa IIPU TeMnepatype MoBepxHoCcTH Koxu 32 °C
(305 K), B cooTBeTCTBMHU € 3aKOHOM BUHA NPUXOANTCA HA AJUHY
BOJMIHEBI 9,5 MKM:

A =£=2898MKM'K:9’5MKM.

mer 305K

2. Ilpumenum 3axoH Credpana — Boabnmana K usayuyeHMIO
TeJIa YeJIOBEKa B HEPABHOBECHBIX YCJOBUAX (TeMIlepaTypa moBep-
XHOCTH TeJia uesioBeka T, He paBHA TeMiepaType OKPYy Kalouiei
cpensr T).

YesnoBex u3JIydyaeT cO BCEH MOBEPXHOCTH S Tejia MOTOK SHEp-
ruu D, = acT+S. OXHOBPEMEHHO €ro TeJo IIOIJIOLIAeT JYacCTh
U3JyYeHHUs, IONALAIONIer0 HA HETO OT OKPYIRAIOIUX IIPEIMETOB
(cren, moronka u T.1.), paBryo D, = acT,S, I03TOMY peanb-
Hble TeNJIOBbIE IIOTEePH UYeJIOBEKA COCTABJSIOT JHUIIL PasHUIY
9THX MOTOKOB dHepruii: P, .. . = oac(T; - T;)S.

Ecan yesioBex oger, To nox T, ciieqyeT NOHNMATh TeMIIepaTypy
ITOBEPXHOCTHU O AbI. II0OACHUM pOJb ofiex (bl Ha pumepe [28].

Pazgerniit uesoBer, co cpejHell TeMIepaTypol IOBEPXHOCTU
Kooxu 33 °C (306 K) u nuomansio mosepxHocTu Teia 1,5 m* mpu
TeMmiepaTrype oKpy:xaroieii cpegst 18 °C (291 K), tepaer exxece-
KYHAHO BCJEJCTBYE TEIJIOBOTO U3JIyUYeHUS

P;=0,9-5,67-10%306*-291%)-1,5=122 Br.

IIpu Toli ke TeMIlepaType OKPYKAaMIleil Cpejabl, HO B XJIOM-
HaTobymMarKHOH Ofe[e, TeMIepaTypa IIOBEPXHOCTH KOTOPOH



368 20. TeraoBoe M3AYHEHUE Tep

24 °C (297 K), ero Temnyiossie motepu OyAyT 3HAYUTEJIHLHO MEHbIIIe:
P,= 0,73-5,67-10%297*-291*)-1,5= 37 Br.

Takum o00pasoM, ogekAa HUIPaeT pPOJIb TEIJIOUIOJATOPA:
YMEHBIIAET TeIlJIOBble IIOTEPK IPU IIOHMIKEHHOU TeMIlepaType
OKDYJKaIoLel cpejbl U MPeAOXPaHsIeT TeJI0 OT M3GBLITOUHOrO IIe-
perpesa IIpu CJUIIKOM BBICOKOI OKpY:Kalolllell TeMIepaTrype.

20.6. NMouste o Tepmorpacun

TemnepaTtypa pasiuyYHBbIX YYACTKOB ITOBEPXHOCTH TeJia Uejo-
BeKa HEOJMHAKOBA, €e paclpejelieHue JIJsi 3MOPOBOTO UYeJOBEKa
JOCTATOYHO XapaKTEepHO M CUMMETPAYHO OTHOCHUTEJILHO IIpo-
LOJBbHOU ocu Tesa. Temmeparypa KOHEUHOCTeH OOBIYHO HMIKe,
yeM JPYrUX yacreil Tesia, ¥ 3aBUCUT He TOJBKO OT TEMIIEPATYDhI
OKDpYyIKAIOWeHd cpeabl, HO WM OT COCTOSIHUS CHCTEMbI KPOBOOODa-
mweHus. BocmanmuresbHble IPOLECCHl, HOBOOGPA3OBAHUSA TaKIKe
3HAUUTEJbHO U3MEHAIOT MECTHYIO TeMIepaTypy.

Perucrpanua pacupefeneHus TeMIIePaTypPhl 10 IOBEPXHOCTHU
TeJa 4eJIOBEKA HA3bhIBAETCH mepmozpaguell 1 ABIAETCA JUATHOC-
TudecKuM Metonsom. [Ipu tepmorpadum perumcrpupyerca cobe-
TBEHHOE M3JIYyUeHMeE Tejla UeJOBEKa, II0ITOMY 3TOT ZUATHOCTHUYEC-
KUH MeTon alGCcoaI0THO Oe3BpeleH, He UMEeT MPOTUBOIMOKA3AHNN
W MOXKET CJYXXUTh CPeJCTBOM MACCOBOTO MPO(PUIAKTHUUECKOTO
obcyieoBaHMA HaCeJIEHUA, IIOCKOJBbKY II03BOJIAEeT HabJI0AaTh
M3MEHEHNsS B paclipejieieHuH ITOBEPXHOCTHOH TeMIepaTyphl Ha
PaHHUX CTAAMAX PA3BUTHUA HATOJOTHIH.

Baarogapsa cuiabHON 3aBUCUMOCTH 9HEPTETUYECKOH CBETHMOC-
TH Tesla OoT Temmeparyphl (R~ T*), naxce HeGOJbIIOe U3MEHEHUE
TeMIIepaTypbl ITOBEPXHOCTH BbI3LIBAET 3HAUUTENBHOE H3MEHe-
HUE M3Jy4yaeMO¥ MOIIHOCTH M HaJe:XHO (pMKcupyeTca npudopa-
MU — mepmozpapamu U meniosu3opamu.

HeiicTBuTenbHo, mpoauddepenunposaB ypasHenme (20.7a):
dR =400T?dT u pasfenuB IOYJEHHO IIOJY4eHHBIH AuddepeH-
nuaJ Ha (20.7a), moayuum

2 =g (20.10)
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9TO O3HaYaeT, UTO OTHOCHUTEJLHOE N3MEHEHHEe sHepreTuuec-
kol CBETHUMOCTH 6oOJibllle OTHOCUTENBHOIO M3MEHEHUS TeMIlepa-
rypbl H3JIyYaIOllel NOBEPXHOCTH B UeThipe pasa. Eciu abcosor-
gas TeMIlepaTypa NHOBEPXHOCTH TeJsla 4YeJOBeKa M3MEHHUTCA Ha
3 °C, T.e. npubansurenabso Ha 1 %, TO 9HepreTUYecKas CBETH-
mocTh u3MeHHTcHa Ha 4 % . CoBpeMeHHsble TepMorpadsl U TeILIo-
BU30PBI CIIOCOGHBI PErMCTPHPOBATH M3MEHEHWMS TEMIIepPaTyphbl C
TOUHOCTBIO B HECKOJIBKO COTBIX JOJIel rpagyca.

KOHTpO/\beIe BONPOCHI U 3aAaHNs

1. KaxkoBbl OCHOBHBIE XapPaKTEPUCTHUKHU TEILIOBOTO M3JIyUeHHs Tes?
YkaskuTe CBA3H MEXKAY HUMU ¥ eIVHUIBI U3MEePeHNs.

2. Yro Takoe MOHOXpoMaTHUeCKUil Koapdunuent noraouenusa? Kax
ero 3HaueHUe BJIMSET HAa KJIACCU(PUKALWIO Tej KAK TeIJOBBIX HC-
TOYHUKOB?

3. Chopmynupyiite 3akoHBI Temysosoro uanydenms (Kupxroda, Cre-
¢ana — Bospiimaza, BuHa), npuseguTe UX MaTeMaTHYeCKOe BhI-
pakeHue W yKayKuTe 06JaCTh HPUMEHHMOCTH.

4. Ilpuseaure dopmyny M. Ilnanka aas TensoBoro uaiaydeHus. dro
ona ompegenser? Kaxor rpadpux sroii pynxnuu? Kaxos cmbica
nocroaHHo# Ilnauka?

5. Kakum ob6paszom us popmyssl [L1aHKa MOMHO IOJYUYUTL 3AKOHBI
Buna u Credana — Bonbumana u BeruncauTb nocroaHuyo Inanka?

6. Kax usmMepuTh TeMmmepaTypy yiajeHHbIX Teja? UeM pasanvaloTcs
[IBeTOBasA U APKOCTHAA TeMIepaTyphbl TeJ, KAKOB MPUHIUII UX HU3-
mepeHus? Kak onpenenuts Temnepatypy nosepxHoeTd Coaxua?

7. Yro npeacrasiaser coboit ConHue kax Tensosoil ncrounuk? Kaxos
CIIeKTp coJiHeuHoro uanydenusa? Kakoso BiausHue armocepbl Ha
aroT cnexkTp? YTo Takoe cosiHeuHass MOCTOSAHHASA?

8. OxapakTepusyiiTe TEILIOBOE U3JydeHHe TeJla UeJOBEKA, ero CIeKTp,
TIOJIOYKEHNEe MaKCUMyMa U3JIyYeHn .,

9. KakoBel OCHOBHbIE MeXaHW3MBbl Temnonepenaun? Kak paccumraTs
TEeNJIONOTEPY OPTaHN3Ma 34 CUeT U3JydeHusa?

10. Kak cBA3aHO OTHOCUTENbHOE M3MEHEHHMEe TEeMIepaTypPhbl TOBEPXHOC-
TH Ceporo TeJjia U OTHOCUTENbHOE M3MEeHEHHEe ero dHepreTudecKou
CBETUMOCTH ?

11. KakoBbl npHHIAIIE! TEIIOBUAEHHSA U TepMorpaduy B meanuune? Ka-
KOBBI JIOCTOMHCTBA TepMOrpaduy Kak AUarHOCTHYECKOro meroxa?

24.528)
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IJIeKTPOMAarHuTHOE M3JIyuYeHUe, PAcIpOCTPaHsAsCh B Bellecy-
Be, B3aUMOAEHCTBYeT C ero aTOMaMU U MOJIEKYJIaMH, M IMpOIlley-
uree u3jyyeHue HeceT MHGOPMAIIUIO O MOJIEKYJIAPHON CTPYKTYpe
BEILIeCTBA M €ro 9HepPreTuYeCKnx COCTOAHUIX.

IIpu mpoxoskneHun ceera yepes BEILIECTBO YaCTb SHEPTUM U3~
JydeHHus [IOTJIOIIAETC S, YaCTh PACCEUBAETCHA, TIPUUYEM HaA PA3HBIX
YacToTax (AJMHAX BOJIH) [OIVIOUIAETCS KM DACCEeMBAeTCS Pa3Hoe
KOJIUYEeCTBO JJIEKTPOMATHUTHOW SHEPTHUU, B 3aBHUCHUMOCTH OT
CTPOEHUSA M cOocTaBa BelllecTBa. IloaToMy, M3ydas CIEKTPHI Ipo-
LIEAILIero ¥ PACCEAHHOI0 M3JIy4YeHUs, MOXXHO ONpeAeNuTb BHU,
COCTaB ¥ KOHLEHTPAIUIO ITOTJIOIIAIOIINX K PACCEeNBAIOIUIUX EH-
TPOB B UCCJIEAYEMOM BellleCTBe.

CoeKTphl UCIIyCKAHWSA M TIOIJIOIeHHA BeIecTBa, JiexKaliue B
yabTpadnoIeTOBOM, BUAUMOM 1 MHPPAKPACHOM ANATa30Hax, Ha-
3BIBAIOT onmuyeckumu cnekmpamu. OHM OTPA’KAIOT dHEPreTH-
YeCKHe COCTOSHUSA €r0 aTOMOB U MOJIEKYJI, II0O3TOMY BeCcbMa 4yBC-
TBUTENbHBI K USMEHEHUVIO XNUMUUYECKNX CBA3€ei, HX OKPYIKEeHH,
pH cpenbl, Bo3mefiCTBUIO BHEHIHUX AJIEKTPHUUECKUX ¥ MAaTrHUTHBIX
noseii. CmeKTphl KaXIOro BeIlllecTBa CTPOTO MHIWBUAYAJIbHBI U
SIBASIIOTCSA €r0 «IIaCNOPTOM», UTO IO3BOJISET IO CIIEKTPaM M3Jy-
YeHUsA WU TOTJIOIIEHUS ONpPeAeJIUTh BHJ BEI[eCTBA, €r0 COCTaB
U IPOIIEHTHOE COAEPyKaHWE KOMIIOHEHTOB CMECH, T.e. IIPOBECTH
KayecmeenHblll M KOJLUYECMBEHHbLL CNeKmpaabHbulil AHALU3.

CrekTpanbHBLIM aHATU3 ABJIAETCS OAHWUM M3 BasKHEHIIUX He-
paspylIapIiuX METOJ0B UCCJENOBAHUS KAK CTPYKTYDHI Berec-
TBa, TaK U PUINYECKHX U XUMUUYECKUX IIPOIECCOB, IIPOUCXOA~
IAX B 9TOM Bel[eCTBe HA aTOMHOM M MOJIEKYJISPHOM YPOBHAX,
U IIUPOKO HMCHOJIb3yeTCSA KaK MeTOoh uccieloBaHusA B (PU3uUKe,
XMWY, MOJCKYIAPHON OMOJIOTHHN ¥ MeJulluHe.

21.1. lNorAowenune cBera

SipjeHue IOTJIONIEHWS CBETA XOPOIIO M3yUeHO W COCTOMUT B
YMEHBIIIEHNA MHTEHCHBHOCTU CBETOBOM BOJIHBI IIPH €€ Pacrpo-
CTPaHEHWU B BEIIECTBE.
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OKCIEepUMEHTAJbHO YCTaHOBJIE-

I

40, 9TO TNPU IPOXOXJEHUU CBETa 0 | L opom

yepe3 TOHKUH TOrIOIA0NINH CI0k I ‘

ero MUHTEHCHBHOCTb U3MEHACTCA HA

peAn4uHy dI, KOTOpas IPAMO IPO-

[OPLMOHANBHA TOJIINHE dX 3TOTO

cJ10f 1 UHTEHCHBHOCTH [ majfaroire-

ro Ha Hero maaydyenus (puc. 21.1): Puc. 21.1. TIpoxoxaenue
cBETA yYepe3 IIOTJIOLIAOIIee

BeIIEeCTBO

dI = -kldx, (21.1)

rae B — KO3((HUIIMEHT TPONOPIMOHANBHOCTH, 3HAK «—» YKA3bI-
BaeT Ha YMeHbIIIeHVe NHTeHCUBHOCTH U3JYUEHNs II0CJe MPOXO0K-
JeHus depes CJOM.

Pasgensaa nepeMeHHbIE U MHTETPUPYHA, MOJYUYUM cHauaa 00-
mee, a 3aTeM UM YacTHOE pellleHHe:

dI/I = ~kdx,
[dI/I = ~kldx,
Inf = —kx + InC,
I=Ce ™,

YuursiBasi, uro I = Iy npu x = 0, maxogum C = [,. B peayinb-
TaTe MOJYYMM 3aKOH IMOTJIONIEHUs CBeTa, ONpeAessioliuii 3aBU-
CUMOCTL MHTEHCUBHOCTY [ mpolieflero u3JydeHus oT IYTH X,
NPOHJEHHOr0 CBETOM B BellleCTBE:

I=Tze*, (21.2)

KOTOpLI 13BecTeH KaK 3axkox Byzepa. OH G511 OTKPLIT (PPaHILY3-
ckuMm yueusiM I1. Byrepom skcmepumenTtanbHo (1729), a moske
Teoperuyecku BoiBeged M. JlamGeprom (1760).

ITOT 3aKOH CIPaBEJIMB JJIs BCEX BellEeCTB, & UX MHIUBUAY-
JIBHBIE MOTJIOUIAOI[KE CBOMCTBA IIOJHOCTHIO ONMPENEeNAITC 10-
Kazamensamu nozioueruss k, KOTopsie U3MepAIOTes B 00paTHBIX
Metpax (M) mam (cM!) ¥ ABAAIOTCH ONHUMM U3 BaskHEHIIMX
ONTHMYECKMX XapaKTePHCTHK BellecTBa. BelnMumHA DOKasaTes
TOrJIomeHy s BelllecTBA PA3WYHa HA PA3HBIX AJIMHAX BOJH. 3a-
Bucumocts k(1) uau k(v) MHAUBUAYANAbHA AJIA KAXA0r0 BEllieCTRa

24+
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U OllpeJesseT ero CIeKTpP IOrJIOIeHUs U Pa3HyIo IBETOBYIO Ok.
pacKy NOTIJIOLIAOIIUX BEIEeCTR.

Hasi pacTBOPOB npu HEGONBUIMX KOHUEHTPALMAX CIpaBej-
nuB 3axkoH Bepa (1852): moxkasaresb IOTJIOUIEHUS PACTBo-
pa IpAMO IPOIOPLUOHAJNEH KOoHiledTpanuy C Torjomiaimiierg
BeIecTBa:

k=aC, (21.3)

e 0. — yJeJIbHBIM (B pacueTe Ha eAUHUILY KOHIIEHTPAI[MH) TIOKa-
3aTeJb IOIJIOUIeHUs BellleCTBa, 3aBHCAILNHN, KaK U B, OT JJIMHE]
BOJIHBI,

TloacraBnaa seipaskeHue (21.3) B dopmyrny (21.2), moay-
YMM 3aKOH ITOIVIOLEHUS CBeTa IJIA PacTBOpOB — 3axkoH Byze-
pa — Jlambepma — Bepa.

I = Ie C*, (21.4)

Brenem Teneps Ase o0IenprHsAThHIE 6€3pa3dMepHbIe BeTUUNHEL,
XapaKTepuayollue MoriolneHmue ceeta 06pasmom:

® Koaghpuyuenm nponyckanus T — OTHOIIeHHe HHTEHCUBHOC-
TH CBeTa, npollexliero obpasel, K WHTEHCUBHOCTH IIaAaloiiero
Ha Hero cBera:

T===——=¢ 3 (21.5)

e onmuyeckyio naiomuocms D o6pasa, paBHYIO0 AECATHUYHOMY
Jorapudmy Koa(d(puileHTa NPONYCKAaHUSA, B3ATOMY CO 3HAKOM
«—»:

D=-1gT =k,x = a,Cx, (21.6)
rae k, = klge = 0,43k, a, = alge=0,43a.

W3 dopmya (21.5) u (21.6) BugHO, uTO 3aBUCUMOCTb K093h(u-
1UeHTa nponyckanusa T OT TOJIMHLL X 06pasia u Konuenrpauuu C
PACTBOPEHHOTO IIOIJIOIIAIOIIEro BellleCTBa JKCIIOHEHIIHaJlbHAaA,
TOTIa KaK ONTHYEeCcKas IUIOTHOCTH D ob6pasia JuHeMHO 3aBUCHUT
OT 9THX MapaMerpoB, YTO OUYEHEL YAOOHO NPU H3MEPEHUSAX KOH-
IIeHTPalii BeIlllecTB.
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Kpome Toro, nockojasKy D(A) ~ k(L) ~ a(L), OHM OQUHAKOBO 3a-
BUCAT OT AJIMHEI BOJIHBI U IIPEJCTABJAIOT cO00# cnexmp noziouse-
nus eewecmea. Ha npakTHKe B KadeCTBe CIEKTPa HOTJIOUICHUS
gellleCTBa yAob6Hee perucTPpUpPOBATH 3aBUCHUMOCTHL OITHYECKOH
paoTHOCTH D(A) OT IIMHBI BOJHBI.

3axon Byrepa — JlamGepra — Bepa JIeKHUT B OCHOBE KOH-
YeHMPAYUOHHOL KOLOpUMeMPUL — (POTOMETPUYECKOr0 MeTona
onpelesieHus] KOHIIEHTPAIINY IIOTJIONUIAOIETO BellleCTBa B OKpa-
[IeHHBIX pacTBopax. g aTOM HeAM HUCHOJIb3YVIOTCA ONHOJyUe-
Bble MJIU ABYJy4YeBbie (POTO3NEKTPOKOAOpUMeTPLl (PIKuU).

IIpuHuMnuanpHad cxema oguosaydeBoro @3Ka mpencrasieHa
ma puc. 21.2. Cser ot ucrounuka I ¢popmupyerca JUH30i 2 B n1a-
payiesibHBIH Ty4oK. CBeToOuALTP 3 IPOIyCKaeT CPaBHUTEILHO
y3KHI CHEKTPaJIbHBIHY AUanasoH BOJIM3HM JJIUHBI BOJIHBI A. OTOT
MOYTY MOHOXPOMaTHYECKHI MYyYOK CBETa cHAYasa IIPOXOIUT ue-
pe3 KioBeTy 4 C YHUCTHIM PacTBOPUTEJEM U OINTHUUECKUI KIAUH 5
u monnagaetr Ha doroasieMeHT 6. [lepeMemasa moryoaOIUil OI-
THYECKUI KJIWH 5, IOKa3aHus U3MepuTeJbHOro npubopa 7 yc-
TaHaBauBaoT TouHO HA 100 % mnpomyckauusa. 3aTeM Ha NYyTH
CBETOBOTO IIyYKaA BMECTO KIOBETHI C PacTBOPUTENEM IIOMEIIAaloT
KIOBETYy 4a ¢ uccjefyeMbIM pacTBOPOM, M M3MEDPUTENBLHBIN IpHU-
60p cpasy MMOKa3bIBaeT ero KodOUIUEHT MPONYCKAHUA U ONTH-
YeCKYI0 ILJIOTHOCTH, KOTOPbBIE MO3BOJIAIOT ONPEAENUuTb KOHIIEHT-
PaIuIo MOTJIOUIAIONIETO BEIleCTBa B PACTBOpE.

4a

Puc. 21.2. IlpunnunuajipHas cxema ogHoaydesoro @3Ka
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21.2. PaccesHue cBeta

IIpu npoxokaeHWH uepe3 CPeAy YacTh CBETOBBIX Jydeil op-
KJIOHAETCA OT [IepPBOHAYAJIBHOTO HAIPAaBJIEHUS HA 3HAYUTEbHEIe
yribl, BILIOTE 40 180°. OTo sABIeHMe HA3BLIBAIOT paccesHUen
céema. OHO BO3HMKAaeT M3-3a ONTHYECKOH HEOJHOPOJHOCTH Cpe-
Abl, T.e. Hajnyus obJyacTeil ¢ pa3HbIMU TIOKA3aTeJSIMH IIPEJIOM-
JIeHU4.

PaznunuatoT aBa OCHOBHBIX BUZA TAKUX HEOJHODPOJHOCTEMH.

Heooduopodnocms cocmasa (zemepozennocms ) cpedvi, T.€. Ha-
Ju4Yre B OFHOPOJHOM BellleCTBe MHOPOAHBIX YacTull. TaKue cpess:
Ha3bIBAIOTCS MYMHbLMU, K HUM OTHOCATCS B3BECH, 9MYJbCHH,
IBIM (TBepJble YaCTUILLI B rade), TyMaH (KaleJdbKWN KUIKOCTHU B
rase) u T.n. PaccesHme cBera B MyTHBIX Cpefax Ha3bIBAIOT pac-
cesnuem Tundansa, no umeHn aHIIAUNACKOro GhusMKa, BIIEPBbIe
(1868) usyuusmiero ato apiaenue. OH 3aMeTHJ, YTO B HAIpaBie-
HUU, NePIeHANKYJISPHOM NaJalolneMy cBeTy (HampaBieHue B Ha
puc. 21.3), paccessHHBIN cBeT uMeeT 6osee roany6oif OTTEHOK, YeMm
CBeT HMCTOYHMUKA S, ¥ paclpocTpaHAeTCA B BUIe KOHyca Jyuei
(konyc TunpgandA), xopoino BHUAMMOI'O Ha TeMHOM (QoHe, TOrAa
KaK CBeT, NpOoIlejIinii MPAMO CKBO3b KIOBeTY (B HAlpaBJIeHUH
A), umeeT KpacHOBATHIA OTTEHOK.

B
~
IR NN -
S D — A
B

Puc. 21.3. Paccesnue cBeTa (CTpPEJKaMU MOKA3aHbI HAIIPABJIEHUA
paccesiHHOTO CBeTAa)

Onmuueckue HeoOHOpoOHOCMU, B03HUKAWWUEe 8 00HOPOOHOIL
(20MmozeHHOL) cpede BecieAcTBUE (IYKTYalHil NJIOTHOCTH, T.€.
BPEMEHHBIX OTKJIOHEHUH IJIOTHOCTH CPeAbl OT ee cpeaHero 3Ha-
YeHUS U3-38 HEIPEePbIBHOI'O XAOTHUECKOr'0 TEILJIOBOrO JBUIKEHUS
MoJsiekyJa. Paccesinue cBeTa Ha TaKMX HEOZHOPOJHOCTSIX HA3bI-
BAIOT MONLEKYRAPHbLIM paccesnuem (paccessHUEM B YUCTBIX Cpe-
nax) uian paccesnuem Panesa. On ycranoBua (1871), uro mpu
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MOTEKYJISPHOM DACCeSHUHU, & TaKiKe [IPU PACCEAHUU B MYTHBIX
cpelax C pasMepamu HeogHOpoaHOcTel d < 0,2\ MHTEeHCUBHOCTH
paccesiHHOTO cBeTa 0o6paTHO IPONOPUMOHAJIBHA 4YeTBEpPTOH cTe-
geHW JOJUHBI BOMHBL A — 3akon Panea:

1
~= 21.7
N (21.7)

9TOT 3aKOH O3HauaeT, YTO B ONZHOPOAHOM 4uCcTOi cpene OymyT
paccenMBaThCSI IPEMMYIIECTBEHHO rojiyGbie U (DUOJIeTOBBIE JIy4YH,
a KpacHBle JIyun OyIyT Jydilie IPOXOAUTH CKBO3b Hee. IloaTomy
CIIEKTP PACCeaHHOTO U3JIyYeHUA CUJIBHO CMEIIaeTCA B CUHEe-TOJy-
oy1o 06JIaCTh, a IPOMIEAIEr0 — B KPAcHYIO.

B ynCTHIX OZHOPOJAHBIX CPeJaX KDACHBIM CBeT pacCeuBACTCH
goutH Ha nopanok (B 10 pas) meHbiile, YeM CHHHIA, U IO3TOMY
BUZEH Ha 3HAUYUTEJbHO 0oJiee JAJIbHUX PACCTOAHUAX. ITO CBOMC-
TBO MOJIEKYJIADHOIO DACCESIHUSA HCIOJIL3YVIOT B CUTHAJIMSALIAN:
CHTHAJIbHBbIC OTHU Ha BBICOKMX OaIIHSX, BBIIIKAX, 3JaHUIX, HA
aspoAapomMax — KpacHble, HamboJiee OTBETCTBEHHLIN CBET CBETO-
thopa — Toxke kpacHbiii. UMEHHO MOJIEKYJIAPHOE pacCesHHUe OII-
penessieT roay0oi 1BeT YMCTOro Heba ¥ KpacHbii nser CosHIA
Ha BOCXOJle ¥ 3aKaTe, KOrja ero CBeT ZOXOAUT RO HaGaiogarens
yepe3d GOJIBIIYIO TOMILY aTMochepsl ¥ GonbIIad YaCTh MOJyObIX 1
(bu0JIeTOBBIX JIyueil B Heil paccenBaeTCs.

SHAUNTEILHO MEHBINE PACCEHUBAIOTCA, 4 3HAYUT, Jy4IIe IIPO-
XOAAT 4Yepe3 cpely HHPPaAKpaCHBIE JY4UM, MHOCKOJBKY WUX AJUHA
BOJIHBI CyILlEeCTBEHHO 0OJIbIlle, YeM Y BUAMUMOIO CBeTa. JTO II03BO-
JIfeT UCNOJb30BaTh UH(PPAKpacHbie MpuOOPHI AJiA HAOJIOAEHUA 34
OKpy:Katoueil 00CTAHOBKON B YCJOBUSAX OrPaHUYEHHOH BUIUMOC-
TH (B CHJIBHOM TyMaHe, IIPY 3aJAbIMJICHMHM M B APYIHX Cpefax).

Ilpu paccesinmu cBeTa B MyTHOI cpefe (paccesnue Tunpgans),
Korpa pasmephl HEOZHOpPOAHOCTEN mpeBbiniaoT d > 0,2A, UHTeH-
CHBHOCTh DACCEeAHHOrO CBeTa yXKe MeHbIIle 3aBHUCUT OT JJIMHBI

BOJHBI, — OHA OﬁpaTHO IIPONIOPIIMOHAJIbPHO BTOpOﬁ CTelleHu OJInu-
HBI BOJIHBI: 1
pac ?. (21.8)

B aTom cayuae cnekTp paccesnHOro uM3ny4yeHUsi MEHbIIE CMe-
eH B cuHe-rony6yo 061acTh, OH TepsieT CBOIO royOousHy u cra-
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Hosutrca Oesnee. Tak, yucTbie O0JIaKa, YUCTBIH ABIM, IJIOTHBik
TyMaH KaXyTcsi HaM 0eJleChIMU B IIPOTHBOIOJIOMXHOCTb CHHeMy
HeOy yucToil armocdepsi.

IIpn pmanbHeiieM yBeJIMYEHHUH Da3MepPOB HEOJHOPOAHOCTeH
3aBUCUMOCTD I, OT AJIMHbBI BOJHBI CTAHOBUTCA elrje 6oJiee ciaboi
M Ha KPYIHBIX HEOJHOPOAHOCTAX YiKe IPaKTHUEeCKM He3aMETHa,

MHTEeHCHBHOCTL CBETA, PACCETHHOTO O PA3HLIMH YIJIAMHU, He
OIWHAKOBA U OTOOpAa’kaeTcsl CHEIMANbHON AuarpaMMoll — un-
duxampucoi pacceanus, KOTOpasA IOKa3bIBAeT OTHOCUTEIbHYIQ
VHTEHCUBHOCTH PACCESHHOTO M3JIYUYEHUA B PA3HBLIX HAIIPABJIEHU-
six ¢. OHa, KaK IpPaBMJIO, CHMMETPUYHA OTHOCUTEJIBHO OCH IIep-
BUYHOIO Ty4yKa. [IpM MOJIEKYJIAPHOM pacCesiHUM UHAWKATPHCA
MMeeT BUJ, TOKAa3aHHbIN Ha puc. 21.4, u Beipakaerca hopMyJioH
I../To=(1 + cos’p).

Ilo mepe yBesmueHUsi pa3MepOB YACTHUIL paclipefesjieHUe WH-
TEHCHBHOCTH paccesHHOTO CBEeTA BIepel M Ha3aJ lepectaeT ObITh
CUMMETPMYHLIM M HauWHaeT npeoliajaTh paccessHUe BIiepen
(puc. 21.5).

dopMa UHAUKATPUCH PACCEAHUS 3aBUCUT OT (JOPMBI U pasme-
POB pacCceuBaIOUIMX YacTHUII.

VIHTEeHCUBHOCTD U3JIyUeHU s, IIPOILIEAIIEero Yepes CJI0i paccen-
Balolleil cpeAbl TOJIIUHOM X, YyMeHbIIaeTcs 0 3aKOHY Byrepa:

I =I,e ", (21.9)

1pour

rge ¢ — II0Kas3aTeJib PacCesiHusA, 3aBUCAIIMI OT CBOMCTB BeIeCT-
Ba ¥ AJIMHBI BOJIHBI [1aJAI0IEero U3IydeHusd, M | (cmY); I, — un-
TeHCHMBHOCTb MAaJalollero N3jaydeHus.

IlepBUYHBI!

Hamnpasiernsa

paccesHnA Puc. 21.5. Unaukarpuca

Puc. 21.4. Nugukarpuca paccesHUA HA KPYIHbLIX
MOJIEKYJIAPHOI'O paccesiHUs CBeTa yactunax, d > 0,2\
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IIpu ONHOBPeMEHHOM HaJIMYMU B CpeJie U IOTJIOIIEeHNA U pac-
cesAHUSA WHTEHCUBHOCTD IPOLIEAIIETO U3JIyYeHUS OIpefesaeTcs
06001IIeHHON 3aBUCUMOCTBIO
=T,e %, (21.10)

Inpom
rae (6 + B)=u — nokasamenv ocnabieHus.

Vsyuas napaMeTpsl PACCeAHHOT0 U3JIyYeHUA (CIEeKTP, CTeeHb
HoJAPU3alUY, UHINKATPUCY paccesiHUSA U PAX APYTUX), MOMKHO
OIpeNeSNTb CBOMCTBA pacceuBalomiedl Cpeabl, NOJIYUYUTh MHGOP-
MALHI0 O MEKMOJIEKYJISIPHBIX B3aNMMOJENCTBUAX, PasMepax MakK-
POMOJIEKYJI CPe/IbI, YACTHIL B KOJJIOUAHBIX PACTBOPaxX U 3MYJIbCH-
fX, OIIPeeJIUTh COCTAB a’po30Jiell U Jpyrue mapaMeTphl.

MeTonbl MCCIeNOBAHUA PACCETHHOTO U3JIYUYEHUSA C IIeJIbIO 110-
Ay4YeHHa Nomo0HON WHGOpMaLUM HA3LIBAIOT Hederomempuell,
a COOTBeTCTBYIOII{Me NPHUOOPEI — Hegeromempamu. B HacTos-
1iee BpeMs NIMPOKO MUCIIOJIb3yeTCs 30HAUPOBaHME aTMochepsl
CHenyaJbHBIMU JIA3ePHBIMHE YCTAHOBKAMU (JHAapaMu), KOTOpOe
TIO3BOJIAET IO M3MEPEHHBIM XapaKTEePUCTUKAM PaCCEeTHHOTO aT-
Mocdepoil J1a3epHOTO M3JIYUYEHUS ONPEAesiUTh KAUECTBEHHBIH U
KOJIMYEeCTBEHHBIHN COCTAB a3P030JIeil HA PACCTOSTHUAX B HECKOJBKO
KHJIOMETPOB OT HCTOUYHHKA H3JAy4YeHudA. g moaydyeHUs TaKuM
€110co00M KapThl COCTOSIHNA BO3AYIIHOTO Dacceiina Haja 60IbINNM
ropojsom TpedyeTcs JUIIL HECKOJBKO AECATKOB MUHYT.

21.3. DHepreTuyeckue COCTOSIHMSI aTtoma

Onrunueckue CeKTPbl MHOTHX BeleCcTB ObLIN XOPOIIO HM3Bec-
THBI U cucTeMaTu3upoBaHsl yixke B XIX B., HO hu3nduecKas Ipu-
POJla X BOBHUKHOBEHHS ObljIa HesCHA.

Bruepssie npasunbHOe OGbACHeHHe HAGMIOAABIIVMCS CIEK-
TPpaM M3Jy4YeHWsd ¥ MOIJoleHua aTomoB gana H. Bop B mauazne
XX B. OcHOBBIBAACH Ha ITAHETAPHOI MOJENHU aToMa, BHIABHHY-
Toi 9. PesepdopaoM, X Ha KBAHTOBEIX CBOMCTBAX CBETA, YCTAHOB-
JeHHpix M. [ImaHKOM, OH HOCTYJIUPOBAJ CJAEAYIOIINE IIOJOXEeHNA:

1. AromHas cucTeMa MOYKEeT HaXOQUTHCS TOJBKO B OIIpefiesIeH-
HBIX aHepreTHM4YeCcKux cocroauusx E;, E,, Ej, .., E,, B KOTOPBIX
OHa He WM3Jy4yaeT W He IOIJIOUIAET SHEPrHui0; 3TU COCTOAHUA Ha-
8BaN cmMayuUoOHAPHbLIMU.
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2. Illpu nepexoze aToMa M3 OJHOTO CTAllMOHAPHOTO COCTOMHMg
c aHeprueit E, B gpyroe, ¢ sHeprueii E,, aTOM MOKET U3JIyYary
(ecau E, > E,) nu6o noraomats (ecau E, < E,) sHepruio B Buge
KBaHTAa 9JIEKTPOMATHUTHOrO I10JIfA, IIPY 9TOM 9HEpPrus Av KBaHTy
U3JIyUYEHUs OlpenesisgeTcs cCOOTHOmeHneM (ycaoBue Bopa)

hv=|E,-E,|. (21.11)

3. CTanmoHapHbIMU ABIAIOTCA COCTOAHUA, B KOTOPHIX MOMEHT
VMIIyJIbCa 3JEeKTPOHA NPUHUMAET 3HAUEHNS, KPATHbIE BeJIUYMHE
h=h/2n:

mvur =nh/2n = nh, (21.12)

raoe h — mnocrosadHasa Ilmauka, h = h/2n; m, v, r — Macca, CKo-
PoCTh U paguyc opOUTHI 9JeKTpoHa; n=1, 2, 3, 4, ... — 1eoe
MOJIOKUTEJNbHOE YHCJIO.

IToctyaarst Bopa, XOTA M TPOTUBOPEUHJIM KJIACCUYIECKOMN
NEeKTPOAMHAMUKE, [aji BO3MOMKHOCTh BEIYHUCIHUTDL PAJINYCHI CTa-
IUOHAPHBIX OPOUT U S9HEPrHUIO JIEKTPOHA B 3TUX COCTOAHUAX A
MpocTeifIllero aromMa — aToMa BOJAOPOAA M BOAOPOAOIIOAOOHBIX
MOHOB, T.€. UMEIOIIUX TOJbKO ONWH 3JeKTPOH, U 3aTEM pPaccuu-
TaTh UX CIIEKTPbI U3JIYUEHUA U IIOTJVIOIIIEeHNA.

Teopusa Bopa BmepBrie 060BACHIJIA U IIPABUJBLHO ONHKCAJA Ha-
OJfofaBIlIeCsd CIIEKTPhl M3JIyYeHUS U IIOTJIOIEeHUsS aToMa BOJO-
poAa ¥ BOLOPOAOIIONOOHBIX MOHOB, YKa3aja MpaBUJIbHOE Hallpas-
JIeHUEe JJIA MOCJIeAYIOIero PasBUTUS BCEM KBAHTOBOM MEXaHHMKH,
00'BACHUBIIIEH ABJIEHUS, IIPOUCXOASAIE HA ATOMHOM U MOJEKY-
JSIPHOM YPOBHSX.

Taxum o6pasom, OBLIO yCTAHOBJIEHO, UTO UCNYCKAHUE aTO"
MaMM KBaHTOB 3JIEKTPOMATHUTHOTO U3JAYYEHUA IPOHUCXOAUT IIPH
mepexoje aTOMOB U3 60Jee BHICOKUX SHEPTreTUUEeCKUX COCTOAHMH
Ha Oojlee HM3KHe, a NO2zl0WeHUe KBAHTOB 3JEeKTPOMATHUTHOI
JHEPTUHU COMPOBOXKAAETCA IEePEXOJaMU aTOMOB C HM)KHUX dHep-
reTUYEeCKUX COCTOSIHMMA Ha 60Jiee BBICOKUE B COOTBETCTBUH C YCJIO-
BueMm (21.11).

ITockoJIBKY 3HepruA aToMa IMpPsAMO 3aBUCUT OT 3apsAnaa aapa Zeé
U, CJaef0BaTeJbHO, OT HOMEpa Z 3JIeMeHTa, TO Ha0Op BO3MOXKHBIX
JHEPreTHUYECKUX COCTOAHHUM y aToMa KaKA0ro XMMHUUYECKOro dJie-
MEHTA WJIN ¥ MOJIEKYJIBI CTPOTO UHAUBUAYAJI€H, [I09TOMY CIIEKTPHI
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JCITyCKAHUA U MIOTJIOLEHUS aTOMOB ¥ MOJIEKYJI TaKe CTPOTO MH-
JUBAAYaIBHBL. Baarogapst aToOMy 110 HUM MOKHO OIPENeasiTh XM1-
MHuuecKuit coctas o6pasna. B 9ToM cOCTOUT OAHO U3 OCHOBHBIX Ha-
rpaBJIeHUH IPAKTUYECKOTO IPUMEHEHHU A CIIeKTPAIbHOTO aHAIU3A.

PaccMoTpuM IoapoOHee sHepreTUdYeCKHUe COCTOAHMSA NPOCTE-
HUX, OOHO3JIEKTPOHHBIX aTOMOB W HMOHOB C YyYeTOM I[OCTYJIATOB
Bopa.

Ha 271eKTpoH, ABMMKYLIUMHACA IO KPYTroBoil opbuTe paguycom r
BOKPYI #AApa ¢ 3apsaoM Ze, [AediCTBYeT KYJIOHOBCKAas CUJia
Fyya = Z€*/4mggr?, coobuiaommas aneKTpoHy HeOOXOLMMOe LEeHT-
pOCTPEMUTEbHOE YCKOPEeHHe B COOTBETCTBHUM CO BTOPBHIM 3aKO-
noMm HrioToHa:

Fyy,=ma

n.e? (21.13)

T.e. Ze?/dng,r? = mv?/r, unu Ze?/dngyr= mv?, (21.13a)

rae €, — 9JIEKTpHUUYecKas IOCTOSHHAS BaKyyMa; e M m — 3apan
¥ Macca dJIEKTPOHA; ' U U —— Pazuyc opoUTHI 9JIEKTPOHA B aToMe
1 ero CKOPOCTh Ha 3TOHU opldure.

BosBeznsi coorHomienne (21.12) B kBagpaT u pasfeJiuB ero Ha
(21.13a), HaiizeM pasguychl CTAIMOHAPHBIX OPOUT SJIEKTPOHA B
aToMe BOAOPOJa W BOAOPOJONOZOOHBIX MOHOB:

r, = n’g,h?/Ze*nm, (21.14)
rnen=1, 2, 3, 4, ... — HOMep OpPOUTHI.

IIpu n=1u Z=1 noayunm paguyc nepsoii, HauMeHbIleil 60-
POBCKOI OpGUTHI 3JIEKTPOHA B aTOME€ BOKOPOXA:

ry=goh?/e?nm=5,3-1011 m=0,053 am. (21.14a)

IlorenunanpHas dHepPrud 3JEKTPOHA B JIEKTPUYECKOM IIOJe
Allpa orpuIlaTeNbLHas ¥ paBHA

E. .= —e¢=—eZe/dneyr = —Ze*/4ne,r, (21.15)
& KHHeTHYeCKas dHEePrus sJeKTpoHa ¢ yuerom (21.13a)
E, .=mv?/2=2Ze*/8neyr. (21.16)

MockonbKky moTenuanbHas 3HEPIUA JIEKTPOHA OTPULIATEIb-
Hasg u o mMomyJi0 BABOE IIPEBOCXONUT €T0 KUHETUYECKYIO dHep-
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THIO, TO HIOJIHAA 9HEePrus SJeKTPOHA B ATOME BCETa OTPUIATE -
Hasi. JTO YKa3bIBAET HA TO, YTO 9JEKTPOH HE CBOOOJEH, a CBA3ay
CO CBOMM SAApOM (9HEpPrus 3TON CBA3M paBHA MOAYJIO IIOJHOM%
9HEPrum 3JeKTPoHa):

E=E,.+E,.=-Zée"/8n¢,r. (21.17)

IlogcraBnsasa B dopmyay (21.17) Beipaskenue (21.14) gnsa pa-
JUYCOB CTAIIMOHAPHBIX OPOUT, IOJYUYUM BhIpaKeHUe AJIS HOJTHOH
SHEPTUH JJEKTPOHA B CTAIIMOHAPHBLIX COCTOAHUAX:

E,=-Z%"m/8¢,*h*n® = -Z*E,/n®. (21.8)

3necy E,=e'm/8¢)?h?=2,176-10""® Iz =13,6 3B (anexTpon-
BosibT, 1 aB=1,6-10"!° [I:x) — sHeprus aroma BOJOpPOJA B OC-
HOBHOM COCTOAHWH, T.€. SHEPTHA 3JEeKTPOHA Ha IepBoi 60pOBC-
KOi1 opbure aToMa BOAOPOLA.

Takum 006pa3oM, IOJHASA SHEPTUsA dJIEKTPOHA B aTOMe BCeraa
oTpullaTeNbHAas U €€ BeJIUUNHA NPAMO MPONOPLMOHAJNBHA KBaj-
pary 3apsaga sapa (T.e. KBaApaTy IOPSAKOBOTO HOMEpA 3JIeMeHTAa
B Tabaune MeugeneeBa) u 06paTHO MPOIOPIIMOHAJbHA KBaApPaTYy
HOMepa opOuThl. HanbGosnbpmyio mo Monyswo (HO OTPUILATENBHYIO
110 3HAKY) IIOJIHYIO SHEePTHIO 3JIEKTPOH uMeeT Ha 1-ii, camoii 6113-
KO# K sapy opbute (mpu n =1): E,=-Z?E,, I03TOMY 3TO 2HEp-
FeTUYECKOe COCTOSIHUE SIBJISIETCA OCHOBMbLM JJiA 3JEKTPOHA, &
COOTBETCTBYIOUIMM SHEPreTHUYECKUH YyPOBEHb — CAMbBIH HUKHUY
Ha 9HepreTnyeckoii guarpamme. OcranibHbie SHEPTETHUYECKUE CO-
croauus (E,, E; ¥ T.[1.) PACIIOJIOXKEHBI BbIlIe, B OOBIYHBIX YCJO- .
BUAX CBOGOAHBI, M 3JIEKTPOH MOJKET II€PEXOAUTH B 3TH COCTOAHNA
JUIIb IPH MOIJIOIEHUY HEeOOXOMMbIX TOPIIUN 9HEpPruu, Hampu-
Mep, B BH/JE KBAHTOB 3JI€KTPOMArHUTHOI'O U3JIyYEHHsI B COOTBETC"
TBHUM CO BTOPHIM mocTysaTom Bopa. HaGop uacToT snexTpomar-
HUTHOTO U3JIYUeHUs, KOTOPBIN MOXKeT IIOIJIOUIATh JaHHBIH aTOM,
OIIPEReNsieT €ro cneKmp nozaou,eHus. 3aTeM, IIpu MOCIeAYIOIIAX
00paTHBIX Hepexojax 3JIEKTPOHA M3 BePXHUX, BO3OYKIEHHBIX
JHEPreTHUYECKUX COCTOSAHMI Ha Oojiee Hu3Kue (B TOM uucie 4
HA OCHOBHOe FE,) cocTOAHMSA, aTOM WH3JydaeT dJIEKTPOMATHUT-
HbIe BOJIHBI coOTBeTCTByIux yactor (21.11), oOpasyomninx ero
cneKkmp UCnYcKaHnus.
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21.4. Cnektp atoma BOAOpOAQ

PaccMmoTpuM 6oJiee 11OAPOOHO SHEPTeTUIECKUE COCTOTHUA TPO-
creHIillero aroMa — aToMa BOAOPOAA.

B cooTBeTcTBUYU C HocryJjatamMu Bopa sHeprus aToma BOZOpO-
43 MO’KeT IPMHUMATh TOJBKO BIIOJIHE ONpelie/ieHHble 3HAUSHU,
onucbkiBaeMble popmysioi (21.18) npu Z = 1:

E,=-Ey/n?n=1,2, 38 4.. (21.18a)

ITosoXuTEIbHOE 11€JI0€ YWCJIO 7, ONPeAeJSIOllee PaguyChl
crallMOHApHBIX opbut (21.4) M SHeprui aToMa B 3THUX COCTO-
aauax (21.18) u (21.18a), HA3BLIBAIOT 2/1A6HbLIM KEAHMOEHLM
YUCAOM.

B mepBoM sHepreTUyecKOM COCTOSAHUHM, npu n =1, noaxas
sHEprusg aToMa HauMeHbIad (a ee MOAYJb — JHEPrUs CBH3U
aneKkTpoHa — Haubosnbmasn: E., = |Ey = 13,6 3B), mosromy 3o co-
CTOAHYE SABJIAETCHA NS dAEKTPOHA OCHOBHBIM, M COOTBETCTBYIO-
MUH eMy YPOBEHb 3HEPTUHU SIBJIAETCS CAMBIM INTYOOKUM HA dHEp-
reTH4ecKOH fuarpamme.

B npyrux cocrosHusax (npu n =2, 3, 4, 5...) moaHasg sHeprus
GoJibllie, a 3HEPrusa CBA3H C AAPOM MEHbIIE, [I0ITOMY 3JEKTPOH
IOJITO HAXOAUTBLCA TAM He MOKeT 1 npuMepHo uepe3 107 ¢ nepe-
XOOUT HA OCHOBHOU, 3HepreTudyecku 0GoJiee BBHITOJHBIN YPOBEHB,
HCNycKasi KBAHTHI COOTBETCTBYIOLEH 3HEPTUM.

YacroTa v u3NydeHUs, BOZHUKAIOIIEro NPHU IEepexofe JIeKT-
POHa ¢ aHepreTuyeckoro ypoBHus E, Ha yposeHb E,, onpenessier-
€4 npaBuaoM 4yactoT Bopa (21.11) u cootHourenuem (21.18a):

E -E Eo(l 1)
_ noB(1 1)) 21.19
v 3 hln2 ( )

tien=1,2,3,4, ..;k=n+1,n+2,n+3, ..
®opmynaa (21.19), DpaBUIBLHO ONMCHIBAIOMIAS YACTOTHl BCEX

JIUHUY B CIEKTPe U3JIYyUYEeHNs aToMa BOJOPOJa, ObLIa aMIupudec-
Ku ycranosnena BanbMepoMm [Jis1 BUZMMOM YacTH CIEKTPAa BOLO-
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poaa (ans n=2 u k=3, 4, 5...) 1 Ha3BaHa ero UMeHEM 3aJ0.rg
o teopuu Bopa, Ho guins Teopusa Bopa cMoryia mpaBuIbHO 06-
SICHUTh IIPOMCXOKJEHHe dTUX JUHUN, YTO U IBUJIOCH OTHUM ug
BaKHEHMIIINX JOKA3aTEeNbCTB €€ MPABOTHI.

Taxkum 00pasoM, 4YaCTOTHI BCEX CIMEKTPAJIbHBLIX JUHUHN B CIek-
Tpe aToMa BOJIOPOZa ONMUCHIBAIOTCA opmyaolt Banvmepa (21.19),
JquarpaMma sHepreTUYeCKUX YDOBHEH aToMa BOAOPOJA, IOCTpPOo-
€HHad B cooTBeTcTBUU ¢ hopmyJion (21.18a), u cxeMa OCHOBHBIX
Iepexo/ioB, 06pasyIoIUX CIeKTPHI NCIIYCKaHUs BOJOPOJA, Ipes-
crasjieHa Ha puc. 21.6.

7/ O6nacTh HOHN3ALUH n=oo

E,=0 —
n=>5

E,=-E,/16 n=4
E;=-E,/9 n=3

Cepus Ilanrena
E,=-E,/4 n=2
Cepus Bansmepa
Cepua Jlaiimana
E, =-E
1 0 n=1

Puc. 21.6. [IuarpamMa sHepreTHUYeCKHX YPOBHEI aTomMma BoZopoa
¥ cxeMa 00pa30BaHUSA OCHOBHBIX CIIEKTPAJIbHBIX CEPHI B M3JIyUeHUHI
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COBOKYIIHOCTE CIEKTPAJIbHLIX JUHHI, COOTBETCTBYIOIUX Tie-
pexozaM ¢ JIOGBIX BEPXHUX SHEPreTUUYECKUX YPOBHEH Ha OJUH
g TOT JKe HIDKHWHI ypoBeHb, 00pasyeT CIeKTPaJbHYIO Cepuio B
psiyueHuH. B creKTpe aTomMa BOAOPOJA BBIAEIAIOT ClEeAYIOLIHE
OCHOBHBIE CILEKMPALbHbBLE CEPUL.

1. Cepusa Jlaimara BO3HUK&ET NPHU IIepPeXOfax 3JEeKTPOHOB
co BCeX BepXHMX ypoBHei (B =2, 3, 4 ...) B OCHOBHOe COCTOSIHME
(n = 1). HacToThl ClIEKTPAILHBIX JVHUY 9TOH cepuy MOJYyYaloT U3
gopmysr (21.19):

E
v, = —hi(l“kl?j’ (21.20)

rnek=2,3,4,95 ..

JInuun cepun JlaiimaHa JieskaT B yJIbTpaduoIeTOBOH obsacTi
CIIeKTPA.

2. Cepus Baavmepa COOTBETCTBYET NepexojaM Ha BTOPOH ypo-
BeHb (1 = 2) co Bcex BepxHUX ypoBHe#l (k£ = 3). YIx yacToTh! onpe-
npensiiores popmysiol Banbmepa

E
Vg =—h°—&——l;15), (21.21)

rie k=3,4, 5,6 ..

JIuauy 3TOIl cepum JeKaT B BUAUMOM 00JIaCTH CIEKTpa.
3. Cepusa ITawena cOOTBETCTBYET NepexoiaM cO BCEX BEPXHUX
YpoBHe# Ha TpeTuit (n =3):

E(1 1
vy = 70(5"172]’ (21.22)

rie k=4, 5,6, 7 ..

Idra cepua nexur B uHdpaxpacuoii (UK) obnactu crnexrpa.

YxasanHble CHEKTpajbHble CePUHM HAOJIOJAIOTCA TaKXe U B
CIHeKTpax IOrJOLIEHUS aToMa BOAOPOJA, I'ie UM COOTBETCTBYIOT
epexonsl ¢ OZHOTO HUMKHEro yposHsa (1-ro — pia cepun Jlaiima-
Ha, 2-ro0 — Banesmepa u 3-ro — Ilaurena) Ha Bce 00jiee BHICOKHE
dHepreruyecKue yPOBHHU.
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20Nk
Cepus Cepus

Cepus Jlaiimana Banesmepa Ilamena

/—_&_ﬂ

pin. L,

| Y®-o6acTh | ‘ UK-ob6nacrs

Bugumbri
CBeT

Puc. 21.7. Cxema pacojiosKeHus CIIeKTPaJbHbBIX JUHUHM OCHOBHBIX
cepuit aTomMa Bozopoaa

Kax BUAuUM, CIEKTPHI ATOMOB COCTOST W3 OTAEJIBHBIX Y3KHX
JUHUN, II03TOMY Has3bIBalOTCA AuHevwambimu (puc. 21.7).

Jas aTOMOB XapaKTepHO COBIIaJeHUe YacTOoT (AJUH BOJIH) JH-
HUI B CIEKTPax MCIIYCKAHUA U HOTJIOLIeHUH.

21.5. CnekTpbl CAOXHbIX aTOMOB

ATOMBI HA3BIBAIOT CAOMCHbLMU, €CJU OHU HMEIOT Ha CBOMX
opburax aBa u GoJsee sneKTpoHA. X0oTA Teopusa Bopa mpaBUJILHO
00'BACHMJIA IPOUCXOMKJeHMEe CIIeKTPOB aTOMa BOAODO/Ia U BOLOPO-
IOHMOAOOHBIX MOHOB, OIKMCATh TAK K€ TOUHO CIEKTPHI CJOYKHBIX
aTOMOB OHA y3Ke He CMOTJIa, HO HOCAYXWUJIa OTIIPABHOI TOYKOM AJ14
pasBuTusa 60Jiee TOUHON TEOPUU ATOMA — KEAHMOEOU MEeXAHUKU.

CoryiacHO KBaHTOBOUN MeXaHUKe, COCTOAHUE 3JIEKTPOHA B aTC-
MaX ONMCHLIBAETCA UEThIPbMS KBAHMOBLLMU HYUCAAMU: TAABHBIM
KBAHTOBBIM Y¥MCJIOM N, OPOUTAJIbHLIM KBAHTOBBIM YHCJIOM [, Mar-
HUTHBIM YHCJIOM /M ¥ CIIMHOBBIM uncjioM m,l.

I'nasroe Kkeanmosoe wucaio n oupenesseT sSHEPruio 3JeKTPpoHa
B aTOMe ¥ MOXKeT IIPUHMMAaTh IOC/ef0BaTeJbHbIE 1ieJble 3Have:
HuA oT 1 u BhIIIE.

Opbumansroe (noboyHoe uru aA3UMYMAAbHOE) KEAHMO080€
yucano 1 ompeneinser OpOMTAJBHBIA MOMEHT HMIIYJabCa 3JIEKT"
poHa

p=Jll+1)-h/2rn=JIl+1) (21.23)

! YacTo UCHOMB3YIOT U APYTYH YeTBEPKY KBAHTOBHIX 4mces: n, I, j, m;, TAe
YHCJIA [ U M; ONPeJeIAI0T IONHBIH MeXaHUYeCKUt MOMEHT JJIEKTPOHa ¥ ero
TIPOEKIIUIO Ha BBIAEJEHHOE HATIPABJICHUE.
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i opMy ero opOUTHI (Kpyrosasi, SJIIUITHYHASA) U MOXKET IIPUHU-
MaTh 1l UeJNbIX 3HaueHu#d ot Hyna no (n — 1):1=0,1, 2, .., n - 1.

Mazrnumnoe wucao m Moxxet npuHuMarts (21 + 1) uennix 3Ha-
geunit o —l o +l: m =~ [, ..., 0, ..., + [; OHO U oIpezeJsieT IIPoO-
eKIIMIO OPOUTATBHOIO MOMEHTA UMITYJIbCA 3JIEKTPOHA HA HANIPaB-
neane OZ BHEITHETO IOJA:

p.= mh/2n = mh. (21.24)

CnuHogoe KeaHmoagoe 4ucao M, IPUHUMAET JWIIb JBAa 3HA-
yenus (m, = = 1/2) u onpegensier npoexkuuo cuuxa (r.e. code-
TBEHHOTO MEXaHHWYeCKOT0 MOMEHTA) 3JIEKTPOHA Ha BBIJEJEeHHOe
HarpaBJeHuUe.

ONEeKTPOHHbBIE COCTOAHMUS B 3aBUCHUMOCTH OT 3HAUECHHUA Op-
GuranbHOTO umcaa | 0603HAYAIOTCA COOTBETCTBEHHO KaK S-CO-
croauus (I = 0, xpyrosas opbura), p-cocroauus (I = 1, anaunru-
ueckasi opbura), d-cocroauusa (I = 2, samnunrudyeckas 6ojee Bbl-
TAHyTaa opbuta), f-cocroanus (I = 3, sanunrudyeckas, eule 6osee
BHITAHYTasi opOUTA) U T.J.

Ilo npuryuny Ilaynu B OgHOM KBAHTOBOM COCTOAHWHU (T.e.
COCTOAHUU C OUpe[esieHHBIM HAOOPOM UeThIpeX KBAaHTOBBIX 4M-
cesq n, I, m u m,) B atoMe MOXXKeT HAXOAUTbCA He Gojiee OJHOTO
sJeKTpoHA. B ofiuiemM ciaydae 4YMCIO0 3J€KTPOHOB B COCTOAHUHU C
3aJaHHBIM OPOUTANBLHBIM UMCAOM [ M PA3HLIMU 3HAUCHUSAMU M U
m,pasuo 2(2! + 1). ITosromy B s-cocrosauusax (I = 0) moxxkeT Haxo-
nuThes He Oosiee ueMm 2 asnekTpoHa (m = 0, m, = +1/2), B p- cocro-
Aanax (I = 1) — 6 suexrponos (m = 0, =1, m, = =1/2), B d-cocto-
sruax (I = 2) — 10 snexkrponos (m = 0, =1,+2, m, = =1/2) u 1.x.

OcHOBHOE OTJIMUME CJHOMHBIX ATOMOB OT aTOMa BOJOpOJAa B
TOM, YTO SHEPrus 3JEKTPOHOB B CJOMKHBIX aTOMaX 3aBHCHUT He
TOJILKO OT IJIaBHOT'O KBAHTOBOTO YMCJIA M, HO ¥ OT OpOUTANBHOTO
KBaHTOBOrO 4mcaa I’

Sueprusa CBA3HU 2JIEKTPOHA B aToMe OGLIUHO TeM Goiblie (T.e.
9HepreTUYeCKU# YPOBEHL PACIOJNOMKEH Iy0sKe), 4eM MeHbIle
TJlaBHOe KBAHTOBOE YUCJIO N, a NPHU 3aZaHHOM N — YeM MEHb-

we opburanpHoe uucao [. ITosTomy 1o mepe BO3pacTaHus 3aps-

_—

] - o
HDH BO3€VMICTBHMM Ha aTOM BHEIIHUX JJIEKTPUYECKUX M1 MarsMTHBIX [TOJIEN

BHEDY‘HH JIEKTPOHOB 6yne'r 3aBUCETb M OT MArHuTHOI'O M, ¥ OT CIIMHOBOTO M

KBaHTOBOrO 4MCIa.

25-528)
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Aa saapa Z v, CJIeJ0oBaTeNbHO, KOJHYECTBAa 3JEKTPOHOB B aTOMme
3a10/THEHUE 3JIEKTPOHAMY SHEPreTHYeCKHUX YPOBHEU B CIIOMKHhryx
aToMax HAUMHAETCA ¢ HUMKHEro COCTOAHUA 18, B KOTOPOM MOer
HaxXogUThCs He Gojiee 2 9JI€KTPOHOB. 3aTeM 3AIMOJHAIOTCA 2S-Co-
croAaHNA (2 s7eKTPoHa), 2p-cocToAHUA (6 37I€eKTPOHOB), 35-, 3p- i
T.JA., TAK YTO 9JEKTPOHHbLIE COCTOAHUA (KOHPUTYpaAIIUHN) MHOTQ-
9JIEKTPOHHBIX aTOMOB 3allOJHSIOTCA B CJAEAYIOUIeM MOPSAAKe:
15%2522p535%3p®4523d'°4pS...,
rae nudpa cripaBa BBepXY YyKa3bIBAeT MaKCHMAJbLHO BO3MOYKHOE
KOJINYECTBO JIEKTPOHOB B JAHHOM COCTOAHUMU.

Ha camoM BepxHeM 3HepTeTHYECKOM YDPOBHE, 3aHATOM 3JIEKT-
pOHaMU, HAXOJATCA BaJ€HTHbIE 9JIEKTPOHBI aTOMa, U 3TO COCTOS-
HYe 1A HUX OyJeT OCHOBHBIM dHEPreTUYeCKHUM COCTOsiHMEM. Bee
6oJjiee BLICOKHE dHEPTeTHUECKHE YPOBHH 0OBIYHO CBOGOHEI, a BCe
06oJiee HU3KUE — 3aHATHI AJEKTPOHAMHU aToMa.

IIpu morjomieHUUM aTOMOM 3JIEKTPOMATHUTHON SHEPruu IIPo-
VCXOAAT TEePEXOIbl 8ANeHMHbLX IACKMPOH08 aToMa Ha CBOOOJ-
HbIe, 00jiee BBICOKHE dHepreTUYecKue COCTOAHUSA (YPOBHU dHeEp-
THU), U COBOKYIIHOCTb COOTBETCTBYIOIIMX YAaCTOT Vv (WU IJIUH
BOJIH A = ¢/V) 3JIEKTPOMATrHUTHBIX BOJIH, HOTJIOLIAEMbIX aTOMOM,
oImrpesiesisieT ero CIeKTpP HOIJIOIIeHN.

O6paTHble IePeXOoAbl C BePXHUX SHEPreTHUeCKUX YPOBHeEH Ha
CBOOOHbIE HUKHUE ONIPEIeNAT CleKmp ucnyckarus amoma. Bo
BCEX CJAyYaAX HHEPTUA IMOTJIOMIAEMOr0 WU KU3JIYIaeMOTO 3JIeKT-
POMArHUTHOTO KBaHTa CBA3aHAa C 9Heprueill mepexoja MpPaBUIOM
Bopa (21.11): kv = |E, — E,|.

Cnefyer OTMETUTH, YTO B aTOMaX W MOJIEKYJIaX [epexojbl
MEXKAY SHEePreTUYeCKUMU YPOBHAMHU MOAPA3JeasiOTCAa HA U3y~
yaTejbHbie (ONTUUYECKHEe) U Oe3msjaydaTesibHbie (HeonTU4ecKue,
TEIJIOBBIE) nepexonbl. BesusniyyamebHbie nepexodv. BO3MOMKHBI
MEKAY JIOOBIMM YPOBHSAMM SHEPTYM U OHM TE€M BepOsTHeE, YeM
MEHBIIIe 9HEPTHUA nepexona AE = ‘E,l - Ekl .

Onmuveckue cnexmpuvl aTOMOB OTIPEAEJISAIOTCSH, eCTECTBEHHO,
TOJIBKO HU3JAy4yaTeJbHBIMHU (OINTUUYECKNMU) IIepexojaMu 3JjeKT-
DOHOB M3 OJHUX 3HEPreTH4YeCKHX COCTOAHUI B Jpyrve, a Takue
nepexobl BO3MOJKHBI JIUIIL MEXKAY ONpelesIeHHBIMI YPOBHAMH
SHEPrUH H OHPeJesATCA CIelUaJbHBIMU IpaBHJaMKu oOTbopa
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«BAHTOBOW MexaHWKW. B wacTHOCTHU, ONTUYECKUE IePeXonsbl pas-
peuIeHbl JIHUIIb C UBMEHEHHEeM opOUTANIBHOTO KBAHTOBOTO uucJia [
pa eAVHUIlYy U 6e3 N3MeHeHMA CNMHA S 3JIEKTPOHHOTO COCTOSHMSA
aroma: Al = =1, AS = 0.

[lepexoxbl, 3ampelieHHbIe dTUMHU IIpaBUjIaMu 0T60pa, MOTryT
[IPOMCXOAUTb, HO UX BEPOSTHOCTh 3HAYUTENbHO (IPUMEDPHO B
10%-10° pa3) menb1e, YeM paspellieHHbIX epex0A0B. II0CKOIBKY
MHTEHCUBHOCTH CIEKTPANbHBIX JUHUI IPAMO NPONOPLUHOHAIbHA
KOJHUYECTBY OIITHYECKUX [IePEeX0A0B B EANHUIY BpEMeHH, T.e. IIpA-
MO IIPOTIOPI{NOHATIHLHA BePOSTHOCTH S3THX IIePeX0I0R, TO NUHTEHCHUB-
HOCTHb CITEKTPAaJbHBIX JIMHUI, COOTBETCTBYIOUIUX DAa3PElIeHHBIM
mepexoiaM, BeJIMKa, a HMHTEHCHBHOCTH CIEKTPAJIBHBIX JIMHUM,
COOTBETCTBYIOIIUX 3ATPEIIEHHBIM IIePexXonaM, 00bIYHO MaJia.

21.6. CnekTpbl MOAEKYA

B MosieKyJsax, KpoMe OBUKEHUS JJEKTPOHOB BOKDYT suep,
CYILIECTBYIOT U JPYyr¥ie BUALI IBMKEHUA, KOTOPLIE TOXKEe KBAHTY-
0TCS, T.e. IPUHUMAIOT AUCKPETHLIE SHAUEHHA M OINUCHIBAIOTCS
COOTBETCTBYIOIIIMMH KBAHTOBLIMH YHCJIaMH. ITO KoJjiebareabHoe
IBVKEHUEe Aflep aTOMOB OTHOCHTENLHO UX IOJIOMKEHUS DPaBHOBE-
cUfd W BpalleHHe BCEl MOJEKYJbI B 1IeJIOM BOKDYID Oceil, IIPOX0-
AAUTUX Yepes ee 1eHTp Mace. [IojHas sHeprua MOJIEKYJIbI CKJa-
AbIBAETCA U3 SHEPTUil 3TUX BUAOB IBHIKEHU:

E.=E, .+E +E (21.25)

MOt 1.AB KOJI.AB Bpany?

IPA 3TOM JdHEprusd JEeKTPOHHOTO ABUKEHUA 3HAYUTEJIBHO 6011b-
e sHepruun KoJiebaTebHOro ABUXKeHUA sAep, a OHa B CBOIO oue-
penp 3HAUNTEJIBHO OOJbIIiEe 9HEepruu BpalleHUsI MOJIEKYJIbI, T.€.
BBIMMOJIHAIOTCA HEepPaBEHCTBA

E >>F >>F

3J.0B KOJI.AB Bpaly*®

JHeprus 5JIeKTPOHHOTO ABUMNKEHUS ONMNCHIBACTCA KBAHTOBBI-
MU yncnamu n u [, a KojebaTeJbHOT0 ¥ BpAalllaTeJbHOI'O ABUMKE-
HU{ — KBAHTOBBIMU uuciaamMu V ¥ j COOTBETCTBEHHO,

B pesyasTaTe CTpyKTypa JHEpPreTHMUYeCKUX YPOBHEH MOJIEKY-
JIBI 3BHAYUTEJBHO YCJOKHSCTCA 110 CPABHEHUIO C 9HEPTeTUYeCKOH
CTPYKTypoil aToMa. ¥ KaKJ0oro sJeKTPOHHOTO cocTosdnusd (n = 1,

25
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2, 3, ..) noaBnsATca cBon KojnebareapHnie (V =1, 2, ..) 1 Bpa-
marensHsle (j = 1, 2, 3, ...) nogypoHu (puc. 21.8). Hanuuwne xo-
snebaTeJbHBIX U MEJIKHX BPAllaTeNbHBIX NIOAYPOBHEH IIPUBOTMT
K 00pasoBaHUIO Y KaXAOT0 3JIEKTPOHHOTO COCTOAHUSA CILJIOMIHBLIX
30H KoJsebaTeIbHO-BpallaTeIbHbIX COCTOSHUM, MPUYEM B OObIy-
HBIX YCJAOBUAX JAYUIIE «3aCeleHbl» HUMKHUE TOAYPOBHU 3THUX
30H (CM. KpUBBIE 3aCEJEHHOCTH YPOBHEH cjieBa OT AUarpaMMbl
Ha puc. 21.8).

Ilepexoabl MOJIEKYJIBI ¢ HUMKHUX SHEPreTUUECKUX yPOBHEHN Ha
BepxHue 6yLyT CONPOBOKAATHCSA ITOTJIOEHNEM SHEPTUN MOJIEKY-
JI0ii, a ONITUYECKHE IePexobl C BEPXHUX COCTOAHHN HA HUMKHHE
COIIPOBOYKAAIOTCS MCIYCKAHMUEM 3JIEKTPOMATHUTHBIX BOJIH.

7/ 71 OB6racTh HOHUBALUK

n=aoc
E=0 —
BHyTpeHHASA
J KOHBepCH4,
-11
. ~10 ¢
J
Bropas n=3
nojsoca Bropas mosoca
IIOTJIOIEHHM A HCITYCKaHUA
j =
H 2 = V=1
- n=2
‘ ‘ 1T T
IlepBas IIepBas
moJioca 1T noJsoca
NOTJIOIEHU A VCMyCKaHUA
J
j V=3
i V=2
=1
j { ==
n=1

Puc. 21.8. [JluarpaMMa sHepreTU4YeCKUX YPOBHEN MOJIEKYJIbI
(BepTUKAJbHBIMYU CTPEJIKAMH ITIOKA3aHbI ONITUYECKUEe ITIePeXOAbl,
o6pasyolnye 3JJeKTPOHHbIE CIIEKTPbI IOTJIOLEeHNs X UCIIYCKAHKUA)
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[HoraolueHue OOBLIYHO MIET ¢ CaMbIX HH)KHUX, Haubojee 3a-
ceJleHHBIX, TIOAYDPOBHE! OCHOBHOTO COCTOSIHMSA Ha JiloOble Koe-
gaTeNbHO-BpAlllaTeJibHble IMOAYPOBHU BEPXHUX JJIEKTPOHHBIX
cOCTOSIHUI, 00pa3yIOIIUX CNAOWHYIO 30HY cocmosanull (CM. puc.
21.8). IlosTOMYy B cEKTpax IOIJIOIIEHUA MOJeKy.a HabionanTes
He OTHeJbHBIE JUHUY (KAaK Yy aTOMOB), & IIMPOKKE CIIeKTPAIbHbIE
q0JIOCHI TIOTJIOUIeHU .

ITepsas nonoca nozrowenus COOTBETCTBYET IIepeXoiaM U3 0OC-
HOBHOT'O COCTOSIHUA HA Pas3JMYHbIe KoJebaTeibHO-BpalilaTeJbHble
HOAYPOBHM IMEPBOro BO30YXKIEHHOTO 3JIEKTPOHHOTO COCTOSHUSA.

Bmopasa nonoca noziouw,enus COOTBETCTBYeT IepexojaM ¢ 0Cc-
HOBHOTO YPOBHA Ha KoJebaTeJbHO-BpalllaTeJbHbl€ NOAYDPOBHU
BTOPOTO BO30YIKIEHHOT'O 9JJeKTPOHHOI'O COCTOSHUA U T.Q.

B B030yKIeHHBIX KoJe0aTenbHO-BPAllaTeJbHBIX COCTOSHUAX
MOJIEKYJIA HOJITO HAXOAUTHCA He MOXKeT 1 3a Bpems 10711-10712 ¢
coBepulaeT 0e3bI3IyuyaTebHble TIepPexXobl HA dHepreTuvyecKu 60-
Jee BBIFOJHBLIE, CAMbIe HWI)KHHMe KoJjebaTenbHO-BpalllaTelbHbIe
HOAYPOBHH JTOTO K€ 3JEKTPOHHOI'0 COCTOSIHUA, — 3TO fABJEHUe
HAa3bIBAETCA 6HYMPeEHHel KoH8epcuel.

BceneacTBue BHyTPEeHHEN KOHBEPCHY UCIYCKAHNE dJIEKTPOMAr-
HUTHBLIX KBAHTOB IMIPOMCXOAUT MIPH IIepexoe MOJIEKYJbl ¢ CaMbIX
HIDKHUX IIOAYPOBHEH BO30YIKACHHBIX COCTOSHHH Ha J0o0ble IIo-
IYPOBHM HMeJe;xamux (rJ1aBHbIM 00pasoM OCHOBHOTO) 3JIEKT-
POHHBIX cocTOosAHHu#. B pesyabrare o6pasyioTcsa IOJIOCH! MCIIyC-
Kauusa (JIOMWHECHEHIIUKH) — IepBad, BTOpasg U T.A., KOTOPHIE
He COBIAAAIOT II0 YaCTOTe C II0JI0CAaMU MOTJIOUeHUA, & CMeIleHbl
OTHOCHTEJBHO HUX B CTOPOHY MEHBLUIMX YacToT (6onbminx AJMHMH
BOJIH) — 3Ta 3aKOHOMEPHOCTL MOJIEKYJISDHBIX CIIEKTPOB M3BeCT-
Ha Kak 3axkon Cmokca.

Paccmorpum nospodHee BUAB MOJEKYIAPHBIX CIEKTPOB.

YacToTsl OTHENBHBIX JHUHUI B CIEKTPaX MOJIEKYJ OHPeneJis-
oTes yeaosuem Bopa:

lEmon.2 EMO.H.]' _ AEBJI +AEKOJI + AEBpam

- _ = . (21.26
v P Y ( )

Ecnu usmensaiorcs Bce Tpu BHUAA SHEPTHH IIPU mepexoje Mo-
JI€KYyNBI U3 OQHOIO COCTOAHMA B Apyroe, TO CIIeKTPhI Ha3bIBAIOTCA
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3LeKMPOHHO-KONEe6amenbHO-6PAULAMELbHbLMU UIN dNEKMPoy.
notmu (o Haubonbureir sHepruu). OHM MMEIOT BUJ JOCTATOYRg
IIAPOKUX CIEKTPAJIbHBIX I0JIOC, PACIOJOMKEHHBIX B YIbTpady-
osieToBoil (YP), BuaumMoil uiam OiauKHEeNH uHGpPaKpacHOH (UR)
obaactu cunekrtpa (puc. 21.9).

JJIeKTPOHHBIE CIEKTPHI IIOTJIOMIEHUS GOJILIIIMHCTBA GUOMOITe-
KyJI (0eJIKOB, HYKJIEMHOBBLIX KHCJOT U Ip.) Jexxar B YP-obmacry
cruexTpa. OHU UCTIONB3YIOTCH AJSA WACHTU(PUKALMY HUCCAELYeMo-
ro BellecTBa, UCCAEeTOBAHNA KMHETHKU XUMUUYECKUX PeaKILui, g
TaKkKe AJS OoIpedeseHUA KOHIEHTPAIlUKd PAaCTBOPEHHOTrO Bellec-
TBa. CIIEKTpHI MOTJIOLIEHUS ITO3BOJIAIOT MOJYyYaTh HHOMOPMAIHIO
0 CBOHCTBaxX MaKPOMOJIEKYJ U UX B3aUMOJEHCTBUAX C APYTHMHU
MOJIEKYJIAMU, IIOCKOJIBKY 9TH CIIEKTPHI CYI{€CTBEHHO 34BUCAT OT
OJIMKAaMIIIEro ¥ BHEIIIHETO OKPYKeH U A MOTJIOIaloniel MOJEKYJIbl,

IlIorsonienue 6enkoB B ob6sactu aauH Boau 250-300 HM obyc-
JIOBJIEHO T'JIaBHBIM 00pa3oM apOMaTHYECKUMH aMHUHOKUCJIOTAMU:
TpunrTodanom (puc. 21.9), THPOZUHOM U (PEHUIATAHUHOM, XOTH
Y®d-uanydyerve ¢ JIMHON BOJHLI 250 HM TIOTJIONIAIOT TAKYKe T'HC-
THAUH U CEPOCOAEPIKAINe AaMHHOKUCIOThI — I[MCTHUH, I[ACTEHH
¥ METHOHUH.

INeKTPOHHBIE CIIEKTPhI UCIIYCKAHKUA HA3bIBAIOT TAKIKe cnexm-
pamu AIOMUHECUEHUUU.

Kone6amenvno-epausamensrsie (Kkonebamenvrole) cnexmpoi
MOJIEKYJ HabJII0aloTCA TOJLKO B IOTIJIOIEHWH, KOrJa SHEprusd

N
I S B | | N TS NN SN SR BN S|

200 240 280 320 360 400 440 A, M

Puc. 21.9. 9neKTpOHHbIE CIEKTPBI TPUIITODAHA B OTHOCUTENbHBIX
eqUHNIIAX:
1 — norgnomenus; 2 — quyopecieHuu
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[BUMEHMS BJIEKTDOHOB He M3MeHseTcH, T.e. AE, =0, a uamens-
joTCs JIMIOB KonlebaTenibHaA U BpallaTe/lbHAA JHEPIrUU MOJIEKYJIbI
g npejiesiaX OCHOBHOTO 3JIEKTPOHHOTO cocTosinusA. OHHM JieKaT B
uHOPAKPaCHOH 00JaCTH CIIEKTPA U UMEIOT BHUJ I10JIOC, 3a4acTyIO
HepeKPhIBAIOIHXCA MEMKAY COOOM.

KonebGaTenpHble CHEKTPHI Aal0T UHMOpManuio o6 sHepruax
BaJeHTHBIX CBfA3€Hl MOJIEKYJIBI, DHEPTHMIX MEMKMOJCKYIAPHBIX
p3anMOJeficTBUY, 0 KOHGOPMAUUOHHBIX U APYTUX H3MEHEHUAX
B CTPYKType€ MOJIEKYJ WU TOJTOMY IIWDPOKO HCIOJb3YIOTCA HNPHU
CIEeKTPAIBHBIX HMCCJIeLOBAHUIX MOJIEKYJI.

Bpawamenvrsie cnexmps, MOJEKYJl 00pasyloTCA IIpU Ie-
pexojax MeMKAy BpallaTeJbHBIMU NONYPOBHAMH OJHOI'O M TOTO
JKe 3JIEKTPOHHO-K0JIeD6ATeTBHOTO COCTOSAHUA, T.e. Ipu AE, =0 u
AE,,=0, o AE,,,, # 0, u Moryt HabniogaTbca JAUIIL B Paguo-
JauarasoHe.

B 3akjoueHue npuseseM HHODOPMAIHNIO O KojaebaTenbHBIX
CIIEKTPax MOIJIOUeHUA BOABI, 00YCJIOBIEHHBIX PA3HBIMUA BUAAMU
rosebannii rpynn OH u pacnono)XeHHBIX B MH(PPaKpacHOH 06-
JacTtu criekrpa (taba. 21.1). MArKkue TKaHU YeJOBEKAa COLEPKAT
60JIBIII0E KOJIHUUECTBO BOABI M MO3TOMY IOIVIOIIAIOT 3JIEKTPOMAar-
HUTHOE U3JIyYeHUe STUX JUala30HOB.

Ta6auma 21.1

Bug kose6anns rpynnst OH

IToxkaaarennb )
BanenTtubie HAedopma Topcuouusie
IIMOHHBIE
I'panuna nosocer
TIOTJIOIEeHU A, MKM 2,7-3,6 5,6-6,7 10-20
Maxcumym norsomenns,
MKM 2,9 6,1 13,5

OtHocurenspHas

OIITUYecKas NJOTHOCTh N
D,,, 0,7 0,14 2.0
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21.7. AlomuHecueHuUus

Ecnu aTom My MoJeKyJsly Kakum-1n60 o6pasom mepeBecTy g
BO30Yy KAeHHOe JICKTPOHHOE COCTOSHME, TO OHU 3aTeM CaMOIpo-
M3BOJIBHO BO3BPAI[AIOTCS B OCHOBHOE 3JIEKTPOHHOE COCTOAHWUe,
SJIeKTPOMArHUTHOE K3JIy4YeHUe, COIPOBOMKJAIONEe TAKWUe Iiepe-
XOIbI, HA3BIBAIOT JIOMUHecHeHIInel. UToOsI OTINYATE JIIOMUHeC-
IEeHIUIO OT TEeIJIOBOrO U3JIYUYEeHU A TeJ W paccesinHoro ceera, C.U,
BasuioB mnpeanoui ciaegyioilee ee omnpeznenenue: Jromunec-
YeHyua — 3TO U3JyueHue, MPEeBHIIIAIIee TEeIJIOBOe IPU AaHHOM
TeMIepaType M UMellee AJUTEeJbHOCTE T IIOCJIECBeYeHUA MHOIQ
GoJibllle TIepHoJa CBETOBBIX KoJsebanuii (T.e. T > 107%¢).

MHTEeHCUBHOCTD JIOMHHECIIEHIIUY BeIllecTBa B COTHHU pa3 IIpe-
BBIIITA€T MHTEHCHUBHOCTH €I'0 TEILJIOBOTO H3JIYUEHUS B TOM e
CIeKTPaJbHOM IHMAaIla30He, MO03TOMY ee UacTO Ha3bIBAIOT X0.100-
HbLM CB8eYeHUeM.

21.7.1. Buabl AlOMMHECUEHUMM MO CNOCODOY ee BO30YyKAeHHs
U AAUTEABHOCTU NOCAECBEHEeHUs

ITo cmocoby Bo30OYKAECHHA aTOMOB MJIM MOJIEKYJI MOYKHO BblJe-
JHATH CJEeAYIOUe OCHOBHbIE BUABI JTIOMUHECHEHI MU,

DdomonwmunecueHyus — Bo30yKIEeHNE IPOUCXOIUT B PE3YJIb-
TaTe MOTJIOIeHNUA MOJIEKYJIaMU MJIY aTOMaMU BellleCcTBa 3JIeKTPOo-
MAarHUTHOH 9Hepruu (00LIYHO YILTPAGHOJIETOBOTO UK BUIUMOTO
AVanas0Ha).

Kamodoawmunecyenyus — o030y K JeHe IPOM3BOJUTCH 3JEK-
TPOHHBIM yZapoM II0 aTOMaM KJIU MoOJeKyJaM BellecTBa (Haburo-
JaeTcA B KMHECKONAaX, 3JIeKTPOHHO-JIYy4YeBbIX TPyOKax M T.I.).

daexmponiomMuHecyeHyus — BO30YKIeHIIe aTOMOB M MOJIEKYJI
IIPOVI3BOJIUTCA 3JEKTPUUECKUM I10JIEM.

Penmeenontomunecuyenyua — BO3OYy)KAEHHE IIPOU3BOJUTCH
PEHTTeHOBCKUMMU JIYUaMU.

XemuniomuHecyeHyus — B Pe3yJibTaTe XUMUYECKON peaKrIuu
MexxaAy MmoJiekyjaamMu A u B obpasyercss ux coeguHeHue AB¥* B
BO30Y KJE€HHOM COCTOSHUHU, IIPU NEpexolie U3 KOTOPOTO B OCHOB-
HO€e COCTOSIHUE UCIIyCKAeTCsl KBAHT JIIOMHUHECLIEHIINH AV:

A+ B —> AB"— AB + hv.
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BuosiomMuHecyeHyus — BO30YKICHNE MOJIEKYJI IPOUCXOJUT B
pesyJpTaTe OMOXMMUUYECKUX DeaKkuuil, IPOTEKAIONUX B KUBOM
opraHusMe.

OTMeTHM, 4YTO 0Jarozaps SBJICHUIO JIOMHHECIEHIIMN PAa3JIAY-
gple BUABI 9HEPruu NpeoOpasyloTcs B 81€KTPOMATHUTHOE U3JIY-
yeHHe YaCTO BUAMMOTO JHANas0Ha, X 3TO IIMPOKO HCIOJL3YeT-
ca Ha NPaAKTUKe (3KpaHbl KMHECKOIIOB, 3JIEKTPOHHO-ONTUYECKUE
npeobpasoBaTeNy, PEHTIeHOJIIOMUHECIIeHTHbIe 3KPAHbI ¥ JP.).

Ecnu Bo36Gy:KAeHUE MOJEKYJ WJIX aTOMOB IPOHCXOAUT He-
IpePBIBHO, TO M JIOMHUHECHEHIUA TOoye OyAeT HeIpPepLIBHOH C
HEKOTOPOH MHTEHCHUBHOCTBIO [,, ¥ B 3TOM CJy4yae ee Ha3bIBAKOT
cMAUUOHAPHOU JIIOMUHeCYeHluell.

Ecau Bo30y:KIeHME MOJEKYJbI WJIM aTOMAa BHE3aIHO IIpeKpa-
TUTh, TO HHTEHCHUBHOCTEL JIIOMUHECIIEHIIUYN HAUYHET SKCIOHEeHI[M-
JILHO 3aTyXaTh BO BPEMEHH IT0 3aKOHY

Loow=Ioe™", (21.27)

roge T — AJIUTEeJIBHOCTH JIOMWHECIeHIH.

ITapameTp T Ha3BLIBAIOT TaK’Ke
ATUTEIBHOCTBIO  OCHECBEUeHHA lmow

UIA BpeMeHeM JKHU3HU BO36YIK- To-

AE€HHOTO COCTOSIHUSI, OH SIBJISIETCS

BaXKHelme#l  xapaKTepHCTUKON To/e

JIOMUHECIMPYIOIEr0  BEIeCcTBa. 0 " ;

Hauubiit mapamerp OnpegeaseT
BpeMs, 33 KOTOPOEe UHTEHCUBHOCTh
JIOMUHECIEHIIY YMEHBIIAaeTCs B
e = 2,7 pasa. 9To BpeMa OOBLIYHO
HaxoxAT u3 rpadura, NoJIy4YeHHO-
To omeITHBIM IyTeM (puc. 21.10).

Puc. 21.10. Saryxanue
MHTEHCUBHOCTH
JIIOMMHECIIEHIINY BO BDEMEHU

o gnurensHOCTH ITOCTECBEUCHUA T JIIOMUHECIEHIIAA AIHTCA:
* ma guyopecyenyuio (t < 107"c), T.e. 3aTyxaHHe JIOMIHEC-
HEeHIMM NPOUCXOAUT OUeHb GbICTPO (IJIs1 IJ1a3a — MIHOBEHHO);
* ocpopecyenyuio (1 >10"*c), B sTOM caydae 3aTyxaHue uaeT
CPaBHMTEJbHO MEJJeHHO U 4aCTO XOPOILIo HabaI04aeTcsa HeBOOPY-
KeHHBIM rJ1a30M.
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DiyopecueHINsT BOSHUKAET B DPE3YJbTarTe paspelleHHBIX of-
THYECKUX TIePeXO0JI0B ¢ BO30YKAEHHBIX 9J€KTPOHHBIX COCTOSHMY
B OCHOBHOE, BEPOATHOCTDb 3TUX NEPEXOJOB OUeHb BeJIUKA, MO3TO-
MY BpeMsi BLICBEUWBAHUA MaJiO.

DochopeclieHINs TPOUCXOAUT B PE3YJIbTATE ONTUYECKUX Iie-
PEXOMOB, 3alpeIeHHbIX IIPABUJIaMi 0TOOpPa KBAHTOBOM MeXaHu-
KU, BEPOATHOCTb MX oueHb Mana (B 10°-10* pas menbmre, uem
BEPOSITHOCTh Pa3pellleHHBLIX HePexXofoB, T.e. uyopecueHInu), u
COOTBETCTBEHHO BPEMs BBEICBEUMBAHUSA (BPEMS 'KMU3HU B BO3OYHx-
JEHHOM COCTOSIHMU) BeChbMa BEJIUKO.

21.7.2. OCHOBHbIE XapaKTePUCTUKU
M 3aKOHbl AIOMHMHECLEHLMUH

Cnexmp JiOMUHeCYeHUUU — 3aBUCUMOCTL HWHTEHCUBHOCTH
JIIOMUHECUEHIIUY OT AJMHBI BOJHBI WJIHN OT yacToThl. lIpexcras-
JseTrcsa coboi cIeKTpasibHble JHMHUHM HJIHM MOJOCHl, KOTOpbIE Xa-
PaKTePU3YIOTCHA IJIMHON BOJHBI Ap,, (WJIKM 94acTOTOH V,,.), COOT-
BETCTBYIOIIEH MAaKCHMyMYy IIOJIOCHI JIIOMUHECUEHIINY, a TaKXKe .
¢dopMoOii M IMUPUHON dTOI MOJOCH! AA (Maum Av).

daumenvHocms AIOMUHECUeHUUU T — 3TO BpeMs, 32 KOTOpoe
VHTEHCHBHOCTDL JIIOMMHECIIEHIIY yMeHbinaeTcsd B e = 2,7 pasa,
T.e. BpeMs JKU3HHU MOJIEKYJIbl B BO3OY)KZEHHOM COCTOSAHUU.

Keanmoswlit 6btx00 Ni0OMUHECUEHYUU Y — ITO OTHOIIIEHNEe YUC-
Jla KBAaHTOB JIIOMHUHECLEHIIUN N, K KOJIUYEeCTBY KBAHTOB N,
TOTJIOIIEHHBIX TIPU BO3OYIKJEHUHM MOJEKYJBL: Y =M 0./ Moom.
KBaHnTOBBIA BBIXOJ Bcerjga Menbliue exuHuUb! (Y < 1) mn3-sa Ha-
TVUYNA HEONTUUECKUX IepPexonoB. BelecTBoO cuurTaerca XOpOLIO
JIIOMUHECITUPYIOIUM, €CJIM ero KBaHTOBbIY BeIXON ¥ > 0,01, T.€.
eciry > 1 %.

Cnexmp 8030yxdeHus — 3TO 3aBUCUMOCTb MHTEHCUBHOCTHU
doToNOMUHECTIEHIINY OT AJIMHBLI BOJHBI BO30Y)KAAIOIIETO H3JIY-
yeHUs (A MHOTHX MOJIEKYJI OH COBIIAJA€T ¢ UX CIEeKTPOM IIOT-
JIOLITEHUA).

Cmenenv noasapu3ayuu JAOMUHECUEHYUU ONpefenseTcsa NIpHU
BO3OYKAEHUN BEIleCTBA JIUHEHHO TOJAPU30BAHHBIM CBETOM H
fI03BOJISIET OIIEHMUTh CKOPOCTHb BPAIEHUS JIOMUHECUMPYIOHIEH
MOJIEKYJIbI B MUKPOBSISKOCTh €€ OKPYIKEeHUS.
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Kaskjoe JIIOMUHECIMPYIOIIee BeIeCTBO UMeeT CBOMl MHIMBH-
ﬂyaﬂbeIf;I CIIEKTD JIIOMWHECIEHIINH, YTO HUCIIOJBL3YETCS IIPH HC-
c1elOBAHUM CTPYKTYPbI BEIECTB C IIOMOIIBIO JIIOMHUHECIEHTHOTO
ananusa. Ilo cueKkTpy JIOMuHeCHeHIIH MOKHO ONPEJEeNUTh KaK
g, TAK ¥ KOHIEHTPAIUIO JIOMUHECHUDPVIOIIEro BeIleCTBa B
cMecH JaKke IPU HUUYTOXKHO MaJbiX KOHIeHTpanuax (1o 1072 p/x
npud KBAHTOBOM BBIXOJe Bcero okoyo 1 %). JlromMuHecueHTHBIN
aHAJU3 YyBCTBHTeJNbHee abCOpOUUOHHOIO (II0 CHEeKTpaMm IIorJio-
IeHUA) CIeKTpaidbHOro aHanusa 6osee dem B 1000 pas.

CHeKTpPsI JIOMUHECIIEHIINH OUeHb UYBCTBUTENbHALL K XUMHUYEC-
KUM CBOMCTBaM OKpyeHHdA (moJsisipHocTu, pH, BA3KOCcTH M Ap.)
JIOMHUHECIUDYIOUIEH MOJEKYJIbl, YTO IMIMPOKO HCIOJb3yeTcS B
OMOXMMHUYECKUX MCCHeNOBAHMAX. JIIOMUHECUEHIUS II03BOJISeT
nM3yuaTh HM3MeHeHUd KOoHGpoOpManuKM MaKpPOMOJIEKYJ, a IpHA MC-
110JIb30BAHUY JIIOMHUHECIIEHTHOTO MUKDOCKONA HU3y4YyaTh U JIOKA-
JHU3AIMI0 JIOMUHECIUPYIONMNX MOJEKYJ BHYTPH KJIETKH.

OCHOBHBIMH 3aKOHAMUY JIIOMUHECLIEHIIUY ABJIAIOTCH:

1. Baxon Cmokxca: CIeKTp JIOMUHECHEHUWM BellecTBa CMe-
mieH B 00JacTh Gojiee QIMHHBIX BOJIH OTHOCHTEJIbHO €I'0 CIEKTpa
norJjoinenus (cm. puc. 21.9).

2. 3axon Basu.si08a: KBAHTOBLIM BLIXOJA W CIEKTP JIIOMUHEC-
LEeHI MU CJOKHLIX MOJIEKYJ He 3aBHCAT OT NJWHBI BOJIHBLI BO3-
OyKaeHus.

Ob6a aTu 3aK0HA OO'BSICHAIOTCA HAJINUYNEM BHYTPEHHEI KOHBEp-
CHUM B CJIOXKHBIX MOJIEKYJIaxX, B pPe3yJjbTaTe KOTOPO# HCHyCKaHue
BCerja HPOHUCXOAUT C CAMBIX HUJKHUX IOAYPOBHeil BO30y KIeH-
HBIX 9JIEKTPOHHBIX COCTOSHWI HA BCE IOAYPOBHM OCHOBHOI'O CO-
CTOSHUSA, He3aBMCHMO OT TOrO, Ha KakKue KoJiedaTesIbHO-Bpala-
TeJIbHLIE IIOAYPOBHH BEePXHHUX 3JEKTPOHHBIX COCTOAHUIN ObLIa
BosOysxaeHa mosekryJia (cm. puc. 21.8). OcHoBHOe TpeGoBaHUE K
CIEeKTPAJbLHOMY AMANA30HY BOJH, UCIIOJAL3YEMBIX IJs BO3DyKae-
HUA JMIOMUHECLEHIIUN, — OH JOJI’KeH IONaJaTbh BHYTPBH IIOJIOCHI
TIOTJIOHIEHUS 9TOrO BElllecTsa.

21.7.3. CoOGCTBEHHAs AlOMUHECLEHLNS OMomMoAekyA

Ilpu o6ayuyenny pazivUHBIX KJETOK ITO3BOHOYHBIX U 6ecros-
BOHOYHBIX JKMBOTHBIX, a TaKiKe pacTeHWHl ¥ MHUKPOOPraHM3MOB
KOPOTKOBOJHOBLIM yJibTpaduosaerom (A =250-280 HM) MOKHO
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3aperucTpupoBaTh ux (Guyopeciiey-
nupo. ITO CcBedeHHe OOBACHAEeTCy
TeM, YTO MHOTHMe TKAaHH OPraHW3Mg
copeprkar BellecTBa (BUTAaMHUHBI,
6eJiku 1 Ap.), criocobHbIe BIyopecu-
poBaTh MOA AelicTBUEM cBeTa. Takag
(hayopecueHInsa OHMOMOJIEKYJ HAaabl-
BaeTrcsa cob6cmeennoli. CobecTBeHHasn
yabTpaduosieToBai (QJIyopecileHIns
D JKMBBIX TKaHeill onpenessercsa Iias-
400 A, um HBIM o00pasoM cBeueHHeM GeJIKOB
Puc. 21.11. Crexrps: [39]. CHeK'prI coOCTBEHHOI yJbTpa-
b TpadUONeTOROM duoseroBoit GuyopecueHIUA MHO-
dryopecuenuy Mpimednpx TAX KJIETOK MMEIOT CXOAHYIO (opmy,
BOJIOKOH (1), HeiipoHoB (2), XOTS ONHM M3 HUX CBETATCA CUJIbHEee,
apUTPOIUTOB (3) Ipyrue — caabee (puc. 21.11).
BMmecTe ¢ Tem pasHbIe YJabTpa-
CTPYKTYPHBIE KOMIIOHEHTBI ONHOM M TOH Ke KJeTKu (uyopec-
OUPYIOT HeoguHakKoBo. HaubGosee sApraa yJuabTpaduoseroBas
dayopecueHIINA NPUCYILA COKPATUTEILHOMY ammapary KJIeTKH,
MUTOXOHADPUAM U SAAPBINIKAM.

B cocTaB KJI€TOK »KMBOTHOTO IIPOUCXOKACHUA BXOIUT PsJ Be-
HIECTB, JIOMHUHECIUPYIOUIUX KaK B YJALTPa(UOJETOBOH, TaK U B
BUAMMOM 001acTH crexTpa. [10 mMOJ0KEeHUIO CIIEKTPOB JIOMUHEC-
LEeHIUKU GMOMOJIEKYJI B LIKaJjie AJUH BOJH UX MOYKHO PasAeluThb
Ha CJeAYIOIIVie TPYINLI: HYKJIEMHOBbIE KUCJAOTH], OeNKM, Kodep-
MEHTBI, TIPOJYKTBI OKUCJIEHUSA ¥ BUTAMUHBI.

CneKTpbl TOTJIOLIEHUSI HYKJICUHOBLLX KUCAOM ONPEIENAI0TCs
BXOASIIIIUMM B UX COCTAB IYPUHOBLIMA ¥ HUPUMHUAUHOBBIMHU OC-
HOBaHUAMHA. JIIOMUHECIEHUMA HYKJEMHOBLIX KHCJIOT B BOAHBIX
pacTBOpax oueHb cJjaba: KBAHTOBBIA BBIXOJ JIOMUHECLEHIIUU
IHK, manpumep, coctaiser okoyo 107, a mosoxkeHre Makcu-
myma dayopecueniuu 330-335 Hm.

N3 amunoxkucnom crmocoOHBI JIOMUHECIIMPOBATh TOJbKO TPHU
apoMaTH4YeCKHe aMHHOKHUCJIOTHI: TPUITOMAH, THPO3UH M (PeHU-
JaJIaHWH, MAKCUMYMbI (DJIyOPECUEHIMY KOTOPBIX B BOAHBIX pac-
TBOpax npuxoxastca Ha 348, 303 u 282 HM, a KBAHTOBbIE BBIXO/bI
paBHbl 0,2; 0,21 u 0,04 coorBercTBeHHO. [IoaTOMy cobGcTBeHHAA

1
300
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JOMUHECHeHI A GeTKOB euT B Y @-00/1aCTH CHEKTPA U MOJIHO-
¢THIO OTIPeZeNIsieTCs JIOMUHECIeHI[Uel 3TUX TPeX aMHHOKMCIIOT.
[Ipy 9TOM OCHOBHOHN BKJIa# B JIOMUHECIEHUUIO 0eTKOB MpHHA-
JJIEXKAT TPUNTO(AHY, & B €0 OTCYTCTBHE — THPO3UHY, U TOJb-
KO B OTCYTCTBUE UX 000UX MPOABIgeTcCA cjaabas JIOMUAHECLCHIIUS
peHNIATIaHNHA.

B KJeTKax 4eJOBEKa M yKMBOTHBIX COAEPIKUTCA MHOTO 0e/1K08,
B COCTAB KOTOPBIX BXOAAT TPUOTOMAH, TUPO3UH U QeHUNaJaHUH.
AT0 AKTHH, MUO3UH, (DePMEHTHl THUIIA JerujporeHas, docgaras,
OKCH[a3, HEKOTOPbIe TOPMOHBI, (PEPMEHTHl NUILEBAPUTE]LHOH
CHCTEMBI, aTbOYMUHLI ¥ TVIOGYJIMHEI IIJ1a3Mbl KDOBH U JPYyTHe€ Be-
ujectBa. CobcTBeHHAsA yiabTpaduoseToBas QIyoOPeCcueHius Beex
sTuxX GEJIKOB OIpenesseTcsl, TJIaBHBIM 00pasoM, TPHIITOQAHOM,
YTO ¥ OYIPEAEJISAET CXOXKECTb CIIeKTPOB JIOMUHECIEHIINY MHOTUX
6eaKOB U KIeTox (cM. puc. 21.11). OueHp BaKHBIM CBOIICTBOM
JIOMUHECIIEHIIMY TPUITOMAHA ABJIAETCS CMeIlleHNe MAKCHUMYyMa
ero UIyopecueHIUMY IPY U3MEHEHWU MOJAPHOCTH U KECTKOCTH
ero MHKPOOKPY:KEeHHS, UTO I03BOJUIO paspaborars (uyopec-
IEeHTHBIM MeTOA aHaJu3a CTPYKTYPHOT'O COCTOAHUS HATHUBHBIX
rpurrrodancoepKamnx 0eJKOB KAK B PACTBOpe, TAK U B COCTA-
Be KJeTKU. KoH(OpMaIlMOHHO-UyBCTBUTEJIBHLIMU OKA3aJNCh U
Ipyrue mapameTpel (QUIyopeciieHIuM 3TuX OeJKOB: KBAaHTOBBIH
BBIXOJX, AJIUTEJIbHOCTh (IYOPECUEeHIUN U CTEleHb IOJAPHU3aIuN.

B Bugumoit obnacTy CHeKTpa JIIOMHUHECIUDPYIOT PasjIuyHble
NPOAYKTHI OKUCTCHUS 6eJIKOB U JUMUAOB (CUHAA 06JIaCTh C Mak-
cumymoMm oxKoao 405 um), DayopecireHInsa KUBLIX TKaHEH B
CUHEH M KeJTO-3eJIeHON 00JacTAX CBA3AHA C HAJIWYUEM B KJIeT-
KaX BOCCTAHOBJIEHHOM (popmbl nupuanuaykaeorunos (HAL - H u
HAI® - H) u okuciennoii gopmbr duasonporensos (PII). Itu
BeIleCTBa YYaCTBYIOT B TaKMX NPOUecCaxX, KaK IVIMKOJU3, IeH-
TO3HBIN IIUKJ, HUKJ Kpebca, okuciaeHne KUPHBIX KUCJOT U, YTO
0cobeHHO BAKHO, KJIeTOUHOE IbIxaHue. [I03TOMy mpakTUdecKu
J100ble CABUTH B KJIETOUHOM METaboIu3Me OTPaKATCA U HA AN-
Hamuke dpayopecuennuu HAJIL - H u ®II, uro MoxeT ObITH BhIAB-
JIEHO MpHU JIOMHAHECUEHTHOM aHau3e JKUBbIX TKaHEH.

Boccranosnennas popma HurkomunamudadeHunOURYKAEOMU-
da (HAJ-H) ob6nasaeT XapaKTepHBIM CIIEKTPOM IIOTJIOIIEHUS,
BRJIIOYAIOIIUM /[Be HOJOCHI MOTJIOIEHUA B YAbTpadmoseToBOR
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4acTd CHeKTpa ¢ MakcuMyMmoMm B obnacTu 260 M u 340 HM, 4
TaKKe coOCTBeHHOI cuHell (QuIyopecleHIUeHl ¢ MaKCUMYMOM g
uHTepBaJse 465-480 um. ITepexox HAJL - H B oKMCJIE€HHOE COCTO-
sHME COIIPOBOKAAETCS IOTepeil oaHoM mosiockl (npu A = 340 uwm)
B CIIEKTpe NOIJOLIeHUS UM yTpaTodl crmocobHocTu Qayopecin-
pOBaTh.

Iupudurnyxkreomuds. B BoccranoBnenHoi ¢opme (HAJL - H,
HAJII® - H) ¢payopeciiupyior ¢ MmakcumMyMom 470 HM B BOOHBIX
pactBopax u 440 HM npu CBA3BIBAHHUU C 0eJIKAMHU, B IOCJEIHEM
cayJae IMOYTH B 6 pa3 yBeAUUNBAETCS ¥ KBAHTOBBINA BLIXOA U MH-
TEHCUBHOCTH JIIOMUHECIIEHIIH.

drasuns. — Butamut B, (puboduiasun), ®PMH (baaBuEMOHO-
HykJgeotun) u GAJl (baapyHAZEHUHANHYKJICOTH) B OKUCJICHHON
dopme 06MANAIOT CHEKTPAMHU (PJIYOPECHEHIUY ¢ MAaKCHUMYyMOM B
ronyboBaTo-3enienoi obnactu cruektpa npu 530 um (puc. 21.12).

Cpenu ¢paasonpomeunog (PII) HamboabiIUil HHTEpPEC IIPEA-
CTaBJAIOT cO0O# mpousBoAHble pubodiaBuHa. B oKucIeHHOM
COCTOAHUU (JIABONPOTEUHBI 00/IaTAI0T XAPAKTEPHBIM CIEKTPOM
HOTJIOIIEHUA U COOCTBEHHOM! JKeJTO-3eJieHoH (iyopecleHInen
¢ makcumMymoM B obnactu 530 HM, 00yciioBiieHHON pubodiaBu-
oM. Ilpu BoccTaHOBIEeHUU (JIaBONMIPOTEMHBI YTpPauMBaIOT c00-
CTBEHHYVIO )JIyOPeCIeHITUIO.

HeopunakoBasa iayopecleHInsa MTUPUIUHHYKICOTUAOB 1 da-
BOIIPOTEMHOB B BOCCTAHOBJIEHHOH M OKMCJEHHON (PopMax JEKUT
B OCHOBE MCIIOJIb30BAHUA (PJIyOPECUEeHTHOrO aHaiu3a [OJd KO-

D I, oTH. exn.
/N2
/ \
\
\
\
\
\
0 t ]
300 400 500 *. M 600

Puc. 21.12. Cuekrpsl pacTBopoB PAJT (draBuHAAeHUHANHYKJICOTHA):
1 — norsouienue; 2 — payopecueH s
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gAYECTBEHHON OLEHKH KJIEeTOYHOIO [AbIXaHWA >KHBBIX TKaHeH.
YeuJieHUe KJEeTOYHOTO JABIXaHMA COINPOBOMKAAETCA H3IMEHEHUEM
cOOTHOIIEHUS] BOCCTAHOBJIEHHBIX M OKMCJEHHBIX (hOPM KOMIIO-
HeHTOB JIBIXaTeNbHOH Ienu B CTOPOHY IIpeobsIafaHUs BTOPBIX
HgaJ [IepPBbIMU. YTHETEHUE IbIXaHUA INPUBOAUT K HIPOTHBOIIOJIOMNK-
gomy abdexTy. IlosToMy IpH YCUIEHHOM ABIXaHUK KJIETKH B Hel
gapacTaeT KeJITO-3eJIeHasi M 3aTyxaeT cUHAA duryopecueHuus,
roTla KaK IIPU OcJableHn AbIXaHUS XapaxKTePHO YCUJIEHHUEe CH-
uero ceeuenus HAJL - H u yracanue »ento-3esieHoil guyopecres-
pun DPII.

Bunupybun, apiaamompiicd IPOMEXKYTOYHLIM MPOAYKTOM pac-
maja reMmorJio0MHa, B BOJHBIX pacTBopax cjaabo (yopeciupyerT B
roayboBaTo-gesieHoi oosactu 500-550 um, HO HpM B3aumogelic-
TBUYM C CHIBOPOTOYHBLIM aJbOYMHHOM 4eJIOBEKA ero JIOMUHECIEH-
uus Bospactaer noutu B 50 pas, a MakCcuMyM NOPUXOAUTCS Ha
515 um.

dayopecueHIIMA B KpacHOi 00JacTy TPHUCYINA MPExAe BCEro
nopgupunam, COIep:KaluM UX [UTOXPOMaM, IePOKCcUaase, Karta-
Jlage, reMorao0uny, Muorsio6uny u ap. CneKTpsl GJIyopeciieHIiun
nopUPUHOB OOBIYHO WMEIOT ABE IOJIOCHI: 060Jiee MHTEHCUBHYIO
B KpacHO-opaHsKeBol obiaactu 600-650 M M MeHee MHTEHCUB-
Hy!o B GoJiee IIIMHHOBOJHOBOUM KpacHo# obiactu. OqHAKO B TeMo-
nophupuHax QIyopeclueHIIUA «IIOTYIIIeHA» aTOMaMU JKeJesa,
YTO OTPAaHUYUBAET BOSMOKHOCTHY €€ MCCJeZOBaHUSA B JKUBBIX THAa-
Hax. Ilpu 06paboTKe TKAHM HEKOTOPBIMM BeIlleCTBAMU aTOM JKe-
Jle3a OTPHIBAETCA OT IIPOCTETUYECKONA IPyNnbl BHYTPUKJIETOUHBIX
reMonopUpUHOB M BBHIABJAETCS XapaKTepHasi KpacHasa Qiyo-
pecuiennusa NOpPUPUHOB.

[IpoTonopdupuH ABIAETCS YACTHI0 MOJIEKYJbl FeMOrjao0uHa,
No3TOMY OOHAPYIKMBAETCA B OPUTPOLATAX U B HEDONBUINX KOJIH-~
YecTBax B IJIa3Me KPOBHM, Ojarofaps yemy 3pUTPOLUTH OOBIYHO
Cnabo JIOMUHECUMPYIOT KpacHeIM ceBeroM. IIpm HegmocraTouHo-
CTH KeJsie3a, OTPABJICHUU CBUHIOM M JPYTHUX IATOJOTHMYECKUX
COCTOAHUAX KpacHas JIOMHUHECIIEHIIUA IIPOTONOPpMUPHHA yBeau-
YHUBAaETCS B JECATKHM U COTHH pas. ITUM CBOMCTBOM IIOJIB3YIOTCH
CyneGHBIe MEOVKHU AJA O0HADYIKEeHUA OTAEJbHBIX 3PUTPOLUTOB
10 ux nopdUPUHOBOI QuyopecueHuuu Iocje o0paboTKu uccie-
AyeMoro o6 beKTa CepHOM KUCJIOTOH.
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SHAYNTEeNbHBIII HHTEpeC NPEeACTABAAIOT NOPOUPHUHBI U nx
JIIOMUHECIIeHTHBIE CBOMCTBA B CBS3U CO CIIOCOOHOCTBIO 3THUX CO-
eUHeHUN u30MpaTesbHO HAKAIJIMBATHCA B 3JI0KAYECTBEHHBIX
onyxonax. IloMumMO AMArHOCTMKH, 3TO CBOWCTBO MNOPQYPUHOR
ucrojabdyerca cefiyac B (POTOAMHAMUYECKON Tepaluy OIyXoJei;
(mogpobuee cM. Ti. 23).

21.7.4. BropnyHas AIOMMHECUEHUMS, AIOMHUHECLEHTHbIE€ 3O0HAbI

Ecths MHOro OHMOJOrHUYECKH BaYKHBLIX COEIMHEHUIl, KOTOPbe
caM¥ He JIIOMUHECIHUPYIOT U IM03TOMY MCHOJIb30BATh BECbMa UyB-
CTBUTeJIbHBIE, HEpa3pylllalllue BeIIeCTBO M XOpPOUio oTpabo-
TaHHbIE METObl JIIOMUHECIIEHTHOTO aHANIN3a [JIA UX H3YUEeHHs
HAIIPAMYIO HEBO3MOXKHO. B Hacrosfmlee BpeMs IpHU H3yUYEHUU
O0M000BEKTOB HapsALYy C HccjeloBaHKeM COOCTBEHHOU (uiyopec-
HEHIIMH KJIETOK U TKaHell HIMPOKO HCIOJNB3yeTCH Memod ¢ayo-
pecyenmHublx 30n006. CyTh 9TOr0 MeTOJa 3aKJII0YAEeTCA B CIeLy-
0IeM: CYILeCTBYeT PsAJ JIOMHHECIIMPYIOHIMX BeilecTB (30HAOB),
KOTOpble M30MpPATEJbHO B3aMMOLEHCTBYIOT C OIpeleeHHBIMU
KOMIIOHEHTAMH KJIETKHU U OTAEJbHBIMH MOJEKYJIaMu, IpuueM o0-
pasylomuiics KOMIIJIEKC (IYOpPecieHTHOTO 30H/Aa U B3aMMOLEMH-

CTBYIOILIIET'0 C HUM BellecTBa KJer-

100 % KA, KaK M[paBujo, uMeer 0oJee
HWHTEHCHUBHYIO  (QUIyOpeCcHeHI IO,
YyeM JIIOMHUHECI€HTHBIH 30H] B He-
cBsA3aHHOM cocTosHuu. CBeueHme
9TOTO KOMILJIeKca II0J JelcTBUEeM
CBeTa Ha3BIBAIOT 86MOPUYHOU (HA-
6edennoll) MIN 30H0080U Qnyo-
pecyenyueii. Ha puc. 21.13 noxa-
3aHa 3aBUCUMOCTD (DJIyOpeCIeHIIuN
soga (AHC) or konuenrpanuud

160 . 5:)0 j,‘, 4y  CBIBODOTOYHOrO anbbymuHa ue-
aoeexa (CAY) B BOAHOM pacTBO-
pe. B uncroii Boze (xpusasa O0)
nomurectenmuu AHC or cpﬂyopecuenupiﬂ 30H/a OYeHb CJa-
konmerTpamun CAY 06a (kBauToBbiii Beixoa 0,006), HO

B PACTEOpE II0 Mepe CBA3BIBAHUA C OEJIKOM

>H - w

80

40+

0

Puc. 21.13. 3aBucumocTthb
OTHOCHTEJILHOM HTEHCUBHOCTU
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kBaHTOBBII BbixoA Bospacrtaer zo 0,3-0,8, t.e. B 50-100 pa3s
(kpUBbIE 1-3). 9ra ocobeHHOCTh JOMHUHecHeHIuu 3oHza AHC
JCTIONB3YyeTCs IJIA dKCIIPecc-aHAIN3a CTeIeHW OYHMCTKH ChIBOPO-
FOYHOTO anbbyMUHa YeJOBEKa NMPH NPOBEAEHUU reMo- U JumMpo-
copbuuu.

IIpumeHeHne BTOPUYHOI (PIyopeclieHI Y MO3BOJIUIO0 U3YYUTh
pacIipe/ieJieH/e NOHOB KaJbliMA B KJIETKE U Pa3IMUHBIX OpraHax,
a TAK’Ke ero U3MeHeHNe B IIPOIecce YKU3HEeAeATEIbHOCTH OPTaHia3-
ma. B kadecTBe 30Ha HA KaabIuil HaubOJIbIIee PACIPOCTPaHeH e
gameJs xaopmempayuxkiur. OH o6pasyeT CIOXKHBIA KOMILJIEKC C
NOHAMH KaJbLIH#, KOTOPLIN GIyopecuupyeT TeM HHTEHCHUBHEE,
yeM 0OJIbllIe KaJbIUA aAcopOmupoBaHo Ha 6uomemOpanax. B Ha-
crodlilee BpeMsa H3BECTHO OoJiee CTa PA3JTUUHBIX (uyopecueHT-
HbIX 30HJAOB, CIeIU(PUUECKY CBA3BIBAIOIIUXCA C ONPeAeIeHHbIMMI
6UOMOJIEKYJIaMH U KJIETOUHBIMHU CYOCTPYKTYpPaMHU.

KOHTpO/\beIe BONPOCHI 1 3aAaHNSA

1. B uem cocroutr ABJeHUE MOTJIOMEHUA CBETAa U KAKHUM 3aKOHAM OHO
nopumHsaeTcsa? YTo HAa3bIBAETCS CIEKTPOM MOIJIOIIEHUs BelecTsa?
B kKakux egMHUIAX U3MepSeTCs OKA3aTeNb MOrJIomenuns?

2. Kax sanmucbiBaeTcs 3aKOH IOIJIOUIEHUS CBeTa AisA pactsopos? Ot
Yero 3aBHCHT ¥ B UeM U3MepseTcA yAeJNbHbIM [TOKasaTesb IIOTJIO-
meHus?

3. YUro Takoe KO3(pOUIMEHT INPONYCKAHUS M ONTHYECKAH NJIOTHOCTD
obpasua? Kax oHu 3aBUCAT OT AJIMHBI BOJXHEI CBETA M OT KOHIIEHT-
pauuu pacTBOPEHHOTO MOrJIOUIA0Iero seiecrsa?

4. B yeM COCTOUT fABJIEHHME PACCEAHUS CBETA M KAKUM 3aKOHAM OHO
nopgunusierca? Yem pasnuuaiorcs paccesaHus TuHgana u Pojea?
ChopmynupyiiTe 3akod Panes.

5. YTo Takoe MHAMKATDHUCA PAcCeSHMA M dYTO OHA XapaKTepusyer?
Yramxyre o61acTy NPUMEHEHUA HeeJIOMEeTPHH.

6. B ueM CyTh OCHOBHBIX NOCTyJaaToB Teopuu Bopa? Cdopmynn-
pyiiTe ux.

7. Kak BO3HUKAIOT ONTHUYECKHe CIeKTDHI IIOMJIOIMEeHNA ¥ UCIYCKAHNA?
IlouemMy OHM MHAMBHAYAJABHBI IJA KAMAOro BelnecTna?

8. TlpuBesuTe cxemMy JHepreTHMUeCKHX YpOBHell aTomMa BOOpoja u
o0bACHNTE (POPMUPOBAHNE CHEKTPAJbHBIX CEPUil, oOXapaKrepusyii-
Te UX.

20-528]
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9.

10.

11.

12.

13.

14.

15.

B ueM 0COGEHHOCTH 9HEPreTUYeCKoi CTPYKTYPhI MOJEKYJI? Hoquy
MOJIEKYJIAPHBIE CIEKTPhI He JUHeiiyaThie, a moJocarsie?
IIpusenuTe KiaaccMPUKAUMIO MOJEKYJAPHBIX CHeKTpoB. B xakmy
0o6JacTAX CHEeKTpa OHM HAGMIOJAIOTCH U Kakyw uHGOpMauuo o
CTPYKTYPE MOJIEKYJbl HecyT?

Yro rakoe giomuHecnennua? Ha xaxkue BUbl OHA MOApa3fesideTcy
o crocofy BO3GYIKAEHUS U 110 IJUTEJbHOCTH IIOCJIeCBeYeHua?
KaKoBbl OCHOBHbBIE XapaKTepPUCTHUKU JIOMHHECLIEHIMH, €€ 3aKo-
HBI?

B uem s3akjouaercsa JIOMUHECIIEHTHBIM aHaJN3 U KAKOBBI €ro npe-
VMYLIECTBA 110 CPABHEHUIO ¢ a6CcOpOIMOHHBIM CNEKTPAJILHBIM aHa-
an3om?

Kakue OHOMOJIEKYJIbI CIIOCOOHBI JIIOMUHECIIMPOBATL M B KaKUX 00-
JNacTAX creKkTpa?

Yrto Tarkoe JIOMHHECIEHTHbIe 30HALI ¥ BTOPUYHAA JIIOMHUHECIEH-
nua? Kax JIOMHHECUEHTHBIM AHAMU3 MCIOJb3YETCA B MeIUILVIHC-
KHUX HCCJIeZOBaHUAX?



BuiHy)xAeHHOE H3AYyueHue.

frasa 22 | Aazepp

B npexbigyiieil riaBe ObLIM PACCMOTPEHBI ITPOIECCHI HOTJIO-
[leHUSI X CAMOIIPOM3BOJILHOrO (CIOHTAHHOTO) MCIYCKAHUA JJIEK-
TPOMATrHUTHON 3HEPTHM aToMaMu ¥ MOJeKyjaamu. Bmecre ¢ Tem
A. OitHiTeitH eme B 1917 r. ykasaym Ha BO3MOMKHOCTH Tak Ha-
35IBAEMOT0 «BBLIHYIKJEHHOIO» HCHYCKAHUA 3NEKTDOMArHUTHOTO
H3JAYYEHUS KBAHTOBBLIMHA CHCTEMaMU.

22.1. BblHY)XXAEHHOE M3AYY€HMe U ero CBOWCTBA

BriHy:KAeHHOe M3IyUeHNe PAacCMOTPUM IoApo0Hee HA IpUMe-
pe TpocTeifiieit AByXypPOBHEBOM KBAHTOBOM cucreMb! (puc. 22.1).
HuxHuit ypoBeHb E| — OCHOBHOII ¥ B 9TOM COCTOSHHUU HAXOJUT-
ca OOJBUIMHCTBO aTOMOB (MJiM MOJIEKYJI) BelllecTBa. BepxHuii
ypoBeHb E, — BO30Yy:KIEeHHBIN U B OOBIUHOM COCTOAHUU He 3a-
ceJsleH.

O6sryueHne TAKOM CUCTEMBI PEe30HAHCHBIM WH3JIYYEHUEM, T.e.
M3JIydeHueM C sHeprueit kBauta hv = E, — E,, paBHO} 3Hepruu
oepexona MeMAy YPOBHAMU, GYIeT COMPOBOKAATHCA IOIVIOIUIE-
HMeM 5THX KBAaHTOB M II€pexXoJaMy CHCTEMEI U3 OCHOBHOIO CO-
croaaus E, B Bo3Oy:xJeHHoe coctosinive E, (3Tu mepexonanl Ha
puc. 22.1 noxaszaHbl YEpPHLIMU BEePTUKAIbHBIMYU CTPEJIKaMU).
Benencrsue aToro mporecca HACENEHHOCTHh 1, BEPXHErO YPOBHSA
Oyzer Bo3pacTaTh, a HACEJIEHHOCTD N, HUMKHEr0 YPOBHA — YMEHb-

Puc. 22.1. BolHyXZeHHbIEe IePeXobl B [BYXYPOBHEBOH KBAHTOBOM
cucTeMe I0J BO3AeHCTBHEeM Pe30HAaHCHOTO U3JIyYyeHUd
26¢
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marsesi. Kosnyecrso kBaHTOB N ., IOTJIONIEHHBIX CHCTEMOM’ ggq
eJUHUIy BPEMeHH, IPONOPIMOHATBHO YHCIY KBAHTOB N, Hang.
IOLIMX Ha KBAHTOBYIO CHCTEMY B €UHUILY BPEMEHHU, & TAKIKe Ha-
CeJIEHHOCTHU 1, OCHOBHOT'O cocTtosasHuA: N .. = BNyn,, rae B — xo-
adhdunuenT IHUITEHHA.

KsaHnToBas cucrema B cocTosiHuUM E, He DAaBHOBECHA U CTpe-
MHUTCA BEPHYTBCA B OCHOBHOe cocrTodAHMe K. CyiiecTByIOT Tpy
BO3MOXKHOCTHY TAKOTO Hepexona:

1) 6esviznynamenvrolit. nepexod, TPH KOTOPOM BHEPTHsg
AE = E, — E, nepenaercsi B BUie KHHETUYECKON 3HEPTHUU OKpy-
JKAIOMIMM aToMaM MJIM MOJIeKYJIaMH U IIpeBpalaeTrcss B TeILIo;
BEPOATHOCTH 9TOTO NPOLEcca TeM MeHbIIe, YeM HOoJbile JHepTHs
AE m MeHbIlIe IJIOTHOCTH CPEXBI;

2) cnonmanHoe usayvenue (AOMUHECUEHUUS), LD KOTOPOM
M3Jy4aeTcss KBAHT 3JEeKTPOMATHUTHON 3HEPTUM DPe30HAHCHOU
yacrorsl v = AE/h, ogHaKO HampaBJIeHUE A3TOrO HU3JIyYEHHUS, ero
MoJIAPU3aINsa U HauanbHasa (pasa CIIOHTAHHEL, T.€. IIPOU3BOJILHEL.
BepoATHOCTH TAKOrO 1nepexoja TeM Buillle, ueM 6OJbiIe 3HEPrud
AE, n onpefesisgeTca TOJBKO CBOMCTBAMU M3JIYUAIOIIUX ATOMOB U
MOJIEKYJI CPeAbl;

3) 8blHYIMCDeHHOe Uu3lyienHue, BOSHUKAIOIIee BCIEACTBUE CTH-
MyJUPOBAHHOTO BHEIIHUM PEe30HAHCHRIM 3JIEKTPOMATHUTHBIM
U3JIyUeHNEeM INepexoJa KBAHTOBOII CHCTEMBI M3 BO30YKIEHHO-
ro COCTOSIHHA B OCHOBHOe., OHO COUPOBOKIAETCA UIITyUEHUEM
KBaHTa AV DPE30HAHCHOTO HM3JIyUeHUs, KOTOPOE II0 BCEM CBOUM
XapaKTepPUCTUKaM (YacToTe, HAIPAaBJIEHUIO U3JIYYEeHUs, TIOJIApH-
3anuu u (ase) He OTAUUALTCHA OT CTUMYJUPYIOUIETO U3NyUYEeHU.
BepoAaTHOCTH BBIHYKAEHHOTO UBJIYUEHUS IPOIOPIUOHANLHA MH
TEHCHUBHOCTH MAAaloIero W3JIyYeHusl, T.e. UMCIYy KBAHTOB Ny,
[ajalonux Ha CUCTEMY B €AMHUIY BPEMEHH, 8 TAKIKE HaCeJ e HHOC"
TH N, BepXHero yposHa: N, . = BNyn,.

CnoHTaHHOE M3JIyUeHHWe COBNAAaeT ¢ MafalollinM JUIIh 10 Yac-
TOTE, HO OTJIUYAETCS OT HEero IT0 HAMPABJIEHWIO, MOJIAPU3aIuy,
(aze (me xorepeHTHo ¢ HuUM). Hamporus, BEIHYKIeHHOE N3JIyde-
HJe [0 BCeM XapaKTepPUCTHUKaM COBHIAJAeT ¢ MaJarouiuM (CTUMY”
AUPYOMMM) U3TyuyeHHeM, I03TOMY BBIHYKICHHO MCITYIIeHHbIA
KBAHT HEBO3MOYKHO OTJIMUMTHL OT KBAHTA BHIHYIKIAIOHIEr0 K3y~
uenus (tada. 22.1).
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Ta6aunma 22.1

Xapax’repncruxa HSJIquHHe
M3IyHeHNA CIIOHTaHHO€e BBIHYXIEHHOe
YacroTa, Vv v=(E,~E))/h v=(E,— E,)/h

HamnpagiieHHe U3JIyYeHU s IIpoussonsHoe | Toxe,urouy

CTUMYJIMPYIOIIETO
Tlonspusaunsa IIpounsBosbHAA To ke
daza u3TyYeHUA IIpoussonpuan Ta ke, uTony
(He KOrePEeHTHO | CTUMYJHPYIOLIEro
C ajaouIuM) (KOTEePEeHTHO C HUM)

22.2. YcAoBusi yCMAEHMS CBeTa.
Aa3epbt

T'umotesa A. JiHiuTeHHa O BHIHYXIEHHOM H3JIY4YEHUH HOJI-
roe BpeMs OCTABaJaCh HE JOKA3aHHOW 3KCIEePUMEHTANbHO, HO B
1939 r. coBerckuit pusux B.A. PabpUKaHT yKasaja, YTO 3a CUET
BBIHYKJEHHOTO H3JIYYeHUS HIPH OIpPEJESIeHHBIX YCIOBHAX MOXK-
HO TOJIYYUTH YCHJIEHUNE JJIEKTPOMArHNTHOTO U3JIyYeHUS.

JefcTBUTENBHO, €CJIM HA KBAHTOBYIO CUCTEMY B €IHMHUILY Bpe-
MeHu najgaer N, pesoHaHcHbIX KBaHTOB (hv = E, — E,), TOo uacTtsh
ux noryomaerca N .., = BNyn;, a 4acTh TaKUX e KBAHTOB BbI-
Hy»aeHHO ucnyckaerca N, . = BNyn, u KonmudecTBO KBaHTOB,
HanpaBJeHHO NPOLIEANINX 3a €JUHUIY BpPeMeHH CKBO3b TaKyIO
Cpeny, onpenesfieTcsa CAEIYIOUNM 00pasoM:

anom = NO_ Nnom + NBHH = NO— BNOnl + BNOnZ =
= N0+ (nz_ nl) BNo. (22.1)

Bugno, uto ecut ny > ny, T0 U Ny > Ng, T.€. HOJYYUM yCH-
JIeHNe najaionero U3Jay4eHns, IOCKOJIbKY KOJNYeCTBO KBAHTOB,
Bhlllleqmiux M3 TakKOi Cpeibl, NPEBBICUT KOJHMUYECTBO Iahalo-
ux,



406 o 22. BoiryxaeHHOE n3Aydenmne. Aazepy
T

B 0oObIYHBIX yCIOBHAX HACEJIEHHOCTH OCHOBHOTO COCTOSIHKg
HaMHoro 6oibile, yeM BO30YIKIAEHHOrO (n; > n,), M03TOMY 00bIy-
HO HabJIoaeTcs JUID MOTJIOIEHNE CBeTa.

Ecnu cosnates B cpelie MHBEPCHYIO HACEJIEHHOCTH Ny > 1, , Tg
Takas cpela yCUJINBaeT IPOXOJdIlee Uepes3 Hee Pe30HAHCHOE 13-
Jy4YeHHe U Ha3bIBAETCA AKMUBHOU NIV Yycuauseawnuieil cpedoir,
BrepBble co3maTh YCUJIWBAKIUIYIO cpeay yaaiochk B 1954 r. coser-
ckum pusuram H.I'. Bacoy n A.M. IIpoxopoBy u Hesasucumo
ot Hux Y. Tayncy (CIIIA), 3a uTO BCe TpPoe BIOCJTEACTBUM ObIiIn
ynocroenbl HobGesieBcKoM npeMuu 1o Gpusuxe.

Co3zaTh MHBEPCHYIO HACEJIEHHOCTb 34 CYeT MOIJIOLIEHWA IIa-
Jaroinero uaaydeHus (ONTUYECKOIN HAKA4YKM) B JBYXYPOBHEBOH
KBAHTOBOI crCTeMe HEeBO3MOIKHO, TaK KAaK II0 NOCTHMKEHUU pa-
BEHCTBa HaceJIeHHOCTel Oo0OMX YpOBHEH n,= n, HACTYIIMUT AWHA-
MUYECKOe PaBHOBeCHE: KOJMYECTBO IOTJIOIEeHHBIX KBAHTOB Oy-
JeT PABHO KOJMYECTBY BbIHYKIEHHO MCHYINEHHBLIX KBAHTOB 34
TO *Ke BpeMsA. IToaToMy co3zaTh MHBEPCHYIO HACEJEHHOCTH TIPHU
OTITUYECKO! HaKauKe MOJKHO TOJNBKO B TPEX- HJM YEThIPEeXyPOB-
HeBOUM KBAaHTOBOU CHUCTEME.

IIpumepom TpexypOBHEBOW aKTUBHOU CpeAbl ABJISETCS PyOuH
(puc. 22.2), npeacraBasfomnii coboit Kpucranaa Kopyaaa Al,Os,
B KoTopoM Heboubiirasa (okoso 0,05 %) yacTe MOHOB aMIOMHUHUA
Al®* 3amenena mosamu xpoma Cr®', mpuaromumu pyOuHy Kpac-

HYI0 OKpacKy ¥ o0pasyrouiuMu aKkTUB-
Bessianyuatensubiét  gyio cpegy. MOHBI XpoMa XOPOIIO TIOTJIO-

E, 2 s DEPEXOR  natoT omTHUeCKOe MBNYUEHYE YACTOTOR
AN g, Vis TIEPEXOAsA U3 OCHOBHOTO 1-ro cocto-

5 g ? aAHMA Ha cBOOOIHBINA 3-i ypoBeHBL aHED-
g A § e ruu Egjizc KOTOPOTO 3aTe€M OYeHb OBICTPO
g Z v | & § (3a 107°° ¢) GesnbI3iiyuaTeJIbHO IIePEeX0onAT
E = 32 Ha metacTabuibHbINl ypoBeHb E,. Bepo-
o ax SITHOCTH CIIOHTAHHBIX TI€PEX0I0B C ITOTO
y YPOBHSI B OCHOBHOE cocTosdHue E; oueHb

E, n, MaJja, 4YTO CIOCOBCTBYET HAKOIJIEHUIO
Puc. 22.2. Cxema Ha HeM OOJIBIIIOrO KOJUYecTBa 4acTHIl
TpPeXypPOBHEBOH 1 CO3JaHUIO I/IHBepCHOﬁ HAaCEJIEHHOCTH

AKTUBHOU CpeasI (n,> n,) B xanane 2-1. [na sroro Ha
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ypOBEHb E, He0o0X0oUMO IIepeBecTu . Besniznyuarenbabiit

Gosiee IOJOBHUHBI IIEPBOHAYANBHOIO E, T 4 . [1epexox

KOMUYEeCTBA HOHOB xpoma. B arom i E,

COCTOAHMM Cpefa cuocobHa yCuiiu- 5 2o

paTh MBJIYy4YeHHe YACTOTOH Vyy, KOTO- £ = | Z oz

pasi IUIfl PyOUHA COOTBETCTRYET [JIH- Eé E 13 3 % Vig

He BOJIHBI A = 694 HM. & =g
BHAYUTEIBHO MEHBIIHE OHEDP- = y

reTHUEeCKHEe 3aTpaTbhl HeoO0XOAUMBI E, — n, Ey

IJIs1 CO3JaHUS HMHBEPCHOM HaceJleH- m

HOCTH B UeTHIPEXYPOBHEBOII aKTHB- Bespianyuarensusbiit

HOU cpejlie, TPUMEPOM I-QOTO];)?I AB- Puc. 22.3. Cxewl::pexo;n

asoTesa MoHbl Heogmma Nd°° (pwmc. qeTHIPEXYPOBHEROH

22.3). B rmakoii cpege ImOTJIOUIeHUE AKTHBHOMN CPeLbI
UBJIYYEHUS HAKAYKU OCYLIECTBJISAET-

cd B KaHaie 1—4, zateM mpoucxoguT ObICTPHIM 0e3bl3iyyaTresb-
HbIl mepexof ¢ 4-ro Ha 3-if ypoBeHb, a MOCKOJBKY 2- YPOBEHb
OpaKTHUYECKHM Bcerga nycroil (6saromapsi ObICTPHIM 0e3bI3JIy-
yaTeJbLHBIM IepexoJaM C Hero Ha 1-¥ ypoBeHb), TO 71z > N, U
B KaHaje 3—2 HPaKTUYECKH CPa3y BO3HUKAET WHBEPCHAaA 3ace-
JEHHOCTh, Cpeda CIoco0HA YCUIWBATH M3JIyUeHUEe YACTOTOU Vi,
YTO JJIsL HeoAUMA COOTBETCTBYET A = 1060 um (6uvoxunii UK-gua-
Ma30H).

Taxum oOpa3oM, aKTUBHASA cpefla COCOOHA yCUJIUBATL U3JY-
YeHue C OIpele/eHHOM (pe3OoHaHCHOM) AJjuHOM BoJHBI. OZHaAKO
4TO6EI CO3/ATh OIITUYECKUN KBAHTOBBIM reHepaTop, HeoOXOAUMO
VMeTh HCTOUYHMK TAKOI'O PE30HAHCHOTO M3IYUYeHUs U 00beJUHUTD
€ro ¢ ycuJamuBaiouieil cpegoi.

IlepBhIii KBAHTOBLIA IeHEPATOP BUAMMOrO AHANa30Ha ObLa co-
3n1aH Ha pybune B 1960 r. B CIIIA T. MeiimaHoM 1 Ha3BaH /a-
3epom (ot aurn. light amplification by stimulated emission of
radiation (laser) — ycmieHue cBeTa 3a CUeT BBIHYKJIEHHOTO K3-
Tyyenus). C Tex nop Oblain paspaboTaHbl COTHY PA3JIUYHBIX JIa-
3epoB (B COBETCKOI (QU3UUECKOI JTuTepaType UX Ha3bIBAJU ONUTH-
YeckuMmu KBaHTOBbIME reHepartopamu (OKI'), KoTopble MIHPOKO
IIDUMEHAIOTCS B HACTOSAIlee BpeMaA B TeXHHKE, BOEHHOM Jejie U
B Megunune.
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R<1
JlazepHoe
AKTHBHasA cpefa _ HU3IydYeHUue

x =
Gl » o

CucremMa HaKaYKu ]

r CucremMa HaKauYKK ]

Pesonarop

Puc. 22.4. TMpunuunuajbHad cXeMa jazepa

JIro60it nazep (OKI') cocrouT m3 Tpex ob6A3aTeNbHBIX KOMNO-
Henm (puc. 22.4):

® aKTHUBHAdA Cpela, KOTopas IIPHU OIPEAeIeHHBIX YCIOBUAX
MOXKeT OBITL TIEpeBefieHa B YCUJIMBAIOIEe COCTOSHUE;

® cucreMa HaKaykKu, obecreunBaollasd MHBEPCHYIO HacejeH-
HOCTb MEXIY pabouvMy YPOBHAMM JSHEPruM AKTHBHOU Cpejsl,
MEepeBOJA €e TEeM CaMbIM B YCHUJIMBAIOIEe COCTOSHUE;

® pe30HATOP — CHEMAJIbHAA CHUCTEMa 3epKaji, POPMUpPYIO-
miasa obpaTHYIO ONTHUYECKYIO CBS3b, HEOOXOAHMMYIO IJsA TeHepa-
WX U3JYUCHMS,

IIpunyun @gopmuposarnus aa3epHo20 U3AYHEHUS COCTOUT
B CJEAVIOLIEM: CUCTeMa HaKa4K{ IePeBOAUT AKTUBHYIO Cpemy
B YCUJIMBAIOILlEE COCTOAHMUE, B KOTOPOM OHA CIHOCOGHA yCHJIMBATH
HU3JIy4eHNe PEe30HAHCHOIN YaCTOThI, COOTBETCTBYIOUIEH IIepexXony
MEXKAY YPOBHSAMM C WHBEPCHOH 3aceneHHOCTBIO. [lepBoHauanb-
HBIM, WM KAK I'OBOPSAT «3aTPABOYHBIM», U3JIYUYCHUEM HY KHON
YaCTOThl CTAHOBUTCS CIIOHTAHHOE WU3Jy4YeHHe (JIOMUHECIEeH-
II1sA), BOSHUKAIOIIee B pe3yjbTaTe CAMOIIPOM3BOJBHOI'O IIepexo-
la cucTeMbl M3 BO30Y)KJEeHHOTO B OCHOBHOE cocTosiHue. M3 Bce-
ro Habopa XaoTHYHO HAIPABJEHHBLIX CHOHTAHHBIX H3JIydeHHH
HauboJblllee YCUJIEHNE UCILITHIBAECT U3JIyUYEeHHEe, PACIIPOCTpaHA-
o1leecd IEPHNEeHAUKYJISIPHO 3ePKajllaM Pe30HATOPa, MOCKOJBLKY
fsarozaps OTPaKEHUAM OT 3e€pPKaj OHO MHOIOKPATHO IIPOXOIUAT
yepe3 aKTHBHYIO CpeAy M COOTBETCTBEHHO MHOTOKPATHO YCHJIN-
BaeTcs.

PezonaTop 00bIYHO COCTOUT M3 ABYX MAapaJlJIeJbHBIX APYT APY"
Iy 3epKajl, ©3 KOTOPBLIX OJHO OTPAKaeT PE30HAHCHOE M3JIyueHUe
MOJHOCTBIO (K03 duimeHT oTpakenusa R=1), a apyroe — yac-
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rauHo (R < 1). imenHo u3nyyenue, BHIXOJsAIIee U3 PE30HATODPA
gepe3 3TO MOJIyIpO3payHOe 3ePKaJjo, U INpeAcTasjideT coboi aa-
gepHOe M3JyYeHHe.

OCHOBHBIE C80IlCMBaA a3epHOT0 U3JIYUYEHUd:

e BBLICOKAfA HAIPABJEHHOCTh — OIPEJeJseTcs CBOICTBAMU
pe30oHATOpa, TaK KAaK MAKCMMaJbHO YCMJIMBAETCS JHUIUL H3JY-
yeHUe, PACIpPOCTPAHAIOIIEECsS NEePIeHIUKYJISPHO ero 3epkaJjaM,
geneCTBUE Yero GopMUpyeTcs Y3KOHAIPABJIEHHLIN Mapasijeb-
HbIA JIa3€PHBIH MIYYOK;

e BBICOKAs MOHOXPOMATHUYHOCTH — OIPEAEJIAETCS IPEXKae
pcero AJIMHOH BOJIHBI M IIMPWHON JIMHUMK JIOMHUHeECLeHIuu (Ja-
3epHOTO TIePex0/ia) aKTUBHOMN Cpejbl, a B IpeJesiax MMPUHEL 9TON
JUHUK — CBOMCTBAMH pE30HATOPA;

e BBHICOKAdA KOTE€PEHTHOCTh —— SABJSETCH IMPSAMBIM CJIEIACTBUEM
KOTEPEHTHBIX CBOMCTB BBIHY KIEHHOTO U3JTyUEeHN;

e BLICOKAA CIEKTPAJbHAA IJIOTHOCTH MOIIHOCTH — OTHOIIe-
HYe UHTEHCHUBHOCTHU JIA3E€PHOTO U3JIYUEHUSA K IINPUHE CIEKTPaJib-
HOU JTUHUU uadaydeHus. [1o jaHHOMY ITapaMeTpy Jla3epHOe U3Jy-
YeHHEe IIPEBOCXOAUT BCE APYrue M3BeCTHbIe BUABI U3JTyIEHUH.

OnuHa BOJIHBI TeHEPUPYEMOTO JIa3ePOM U3JIyUeHHUs OIpenens-
eTCA Tpeske BCero caoiicmaeami akmueHoill cpedul, a B IpeAesiax
ee JIMHUM JIOMUHECHEHIIUU — C0lcmaeamu pe3oHamopa.

B 3aBUCHMOCTH OT MCIOJb3yeMOil aKTUBHOU cpeabl COBPEMEH-
Hble Jla3epsl T'€HEePUPYIOT U3JYUYEeHUE B PA3JIUYHBIX CHEKTPaJb-
HBIX JUAaNa3oHax: OT MHPPAKPACHOTrO 0 yJAbTPadpuoIeToBOTrO.

B 3aBUCHMOCTH OT Azpezammuozo COCMOAHUS AKMUBHOLL cpedbl
Jiagepsl OLIBAIOT I'a30Bbie, TBEPAOTENbHBIE, IIOJYIIPOBOJHUKOBLIE,
JKHUIKOCTHRIE.

Ilo Buxgy ucnoavayemozo cnocoba co30anusi UHBEPCHOU Hace-
JleHocmu (CHCTeMbl HAKA4yKW) Jiasepbl OLIBAIOT C ONTHUYECKOWM
HaKauKoil (TBEPAOTEJNbHbLIE M KUAKOCTHBIE), HAKAYKOW BJICKT-
POHHBIM yZapoM (rasoBbie), XMUMHUYECKON HAKAYKOH (3KCHMep-
Hhle), HAKAYKOH 3JEeKTPMYECKHM TOKOM (IIOJYIPOBOJHUKOBBIE),
JasepHON HaAKAUKOH (HEKOTOphIE KHAKOCTHBIE J1a3€ephl).

Ilo spemennvim napamempam zenepupyemozo u3iyieHus ja-
3epbl moApas3NeNAlnTcsA Ha HelpepbIBHbIE, UMIIYJIbCHBIE K YACTO-
THBIE, ¢ YACTOTOM CJEJOBAHUS UMITYJIbCOB U3JIYYEHHUA OT €LUHHUILL
A0 ThICAY repil.
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HemnpepbiBuble J1a3ephbl B 3aBUCHMOCTH OT BU/IA U HA3HAYCHyuy
MMEeIOT MOILIHOCTb U3JIYYeHHUs OT eAUHUI], MUJJIUBATT 4O HECKOy-
KUX KHJIOBAT. .

NmmynbcHble Ta3epbl XapaKTepU3yIOTCA dHeprueil U3IydeHuy
B UMIIyJIbCe, AJUTEJIbHOCTHIO UMIIYJIhCa UBJIYUEHUS OT MHUKDPOCe-
kynz (107%¢) no pemrocexynn (107'° ¢) ¥ MUKOBO#H MOIHOCTBIO op
HeckosbKux MeraBatT (10°) 1o necATKOB U coTeH TepaBaTT (10%3),
Onu MoryT paboTaTh KaK B peyKuMe ONUHOYHBIX UMIIYJIbCOB, Tak
U B YACTOTHOM pPeK¥Me.

22.3. TlpumeHeHue AA3EPHOTO M3AYUYEHUS
B MeAuuMHe

YHUKaJbHbIe CBOUCTBA JIA3€PHOTO M3JIYyYEHHSI — MOHOXPO-
MATUYHOCTh, KOT€PEHTHOCTb, BBLICOKAS CTeleHb MOJAPU3AINH,
MaJjiasg pacXogUMOCTh, ILIMPOKHI AMAMasOH BPEeMEHHBIX Iapa-
METPOB M COOTBETCTBEHHO GOJIBIION AUaNa30H MOUHOCTH H3JIyde-
HUA — obecmeuynyiu IIIUPOKOE IPUMEeHEeHNE JIa3ePOB B PA3JIUUYHBIX
06JaCcTAX MEIUIMHEI.

IIpu sTom cienyeT yYUTHIBATH, UTO INIyOMHA MPOHUKHOBEHUA
M3JyYeHUs B GMOTKAHM CYIIECTBEHHO 3aBMCHUT OT [JHMHBLI BOJ-
HBI M3JIYUEHUA: Jyullle BCEro MPOHHUKAET H3JyUeHHe KPaCHOTO
u 6amkuero nadpaxpacuoro (MK) guanasonos (630-2700 um),
MOCKOJILKY OHO MeHbIlle TIOTJIONIaeTcss ¥ paccemBaercsa Ouo-
Tkassamu. Wanyuyenue 3senenoro (630-650 mm) m ¢uoseToBoro
(A < 405 5EM) IMaMa30HOB CHEKTPA XOPOIIIO MMOTJIOIAeTCA KPOBLIO,
a B yabrpaduosierosoM auanasone (200-340 um) jJgeskaT 1m0JOCH
MOTJIONIeHuA MHOTHUX OeskoB. B cpegnem u manbuem MK-guana-
3oHax (2,7-3,6 MKM, 5,6—6,7 mkm u 10—-20 MKM) JeKaT MOJIOCH
MOTJIOIIEHUSA BOABI 1 COOTBETCTBEHHO MSTKMX OHMOTKAaHEe.

YcranosieHo, uto Hu3kouHTeHcuBHoe (~10 mBT) KpacHOE
U3JIyYeHHe Teuii-HeoHOBOro Jadepa (A = 633 um) obmagaer 610°
CTUMYJUPYIOIMMMU CBOMCTBAMHM M IUMPOKO HCIOJAb3yeTcd AT
JiedeHUsI MHOTHX I[TaTOJIOTHIl: HepMaTo30B, TPOPUUECKUX $3B,
THOIHBIX PAH, 0KOTOB U Ap. B HacTosIIee BpeMsa A/ 3THX Henel
HUCIIONIB3YIOT U HU3KOUHTEHCUBHOE M3JYyUEHHE MOJYIPOBOSHUKO"
BBIX JIa3epoB KpacHoro u 6immkHero UK-nquanasonos. Ycmons3y”
0T TaKKe BO3JEMCTBME TAKOrO0 M3JIYUYEHUSA HA TOUKM aKynmyHK~
TYDBI.
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UMIOyabCHOE H3JYyYeHUe TBepAOTeJIbHBIX JIA3epPOB HA pyou-
ge (A =694 HM) HIUPOKO MCHOJB3YyETCA B OPTAILMOJIOTHH HPH
npoBeleHuH GECKPOBHBIX XUPYPrUYeCKUX OMepanuil Ha cervar-
ke rjasa (IpuBapHBaHUe OTCJAOUBLIEHCH CETYATKH, KOATYJIAINA
JIOMMHYBIIMX COCYAOB # T.II.), 4 TaK¥Ke B MUKDPOXUDPYPTUU Nepe-
Hero oTieJia rJasa.

Jlazeps! yabTpaduoseTOBOTO JUANTa30HA, U3JIYUYEeHUE KOTOPBIX
XOPOUIO TOTJOIIAeTCA POTOBHIEH, MPUMEHSIOTCA B OIepanmusx
10 KOPPEKIWH KPUBU3HBI POTOBUILH ([JIA yCTPaHEeHUs OJu30py-
KOCTY ¥ CMJILHOM JAJIbHO30PKOCTH) MyTeM MCIAPEHUS YacTH ee
BelecTBa CPOKYCHUPOBAHHBIM JIa3ePHBIM U3IYYCHUEM.

B xupyprum MATKKAX TKaHeil B OCHOBHOM MCIONb3yeTca MH(-
paxpacHoe HellpepbIBHOE u3iydenue razosnix CO,-1a3epos cpen-
relt moigHOCTH (10—-30 BT), KOTOpPBIE ITO3BONSIOT MPOBOLAUTE KaK
paccedeHHe TKaHell Ha HYXHYIO IMTyOUHY, TaK U UX KOATYJIAIHAIO
C BO3MOXKHOCTHIO 00eciieueH sl OMOJIOTUYECKOl CBAPKU TKaHeil, B
TOM YHCJIe CBAPKHU CTEHOK COCYAOB M T.II.

JlasepHoe wussyuyeHue cpefHell MOIIHOCTA HEIOCPEACTBEHHO
UCHOJB3YeTCA U ANA yAajeHUus (TepMHUYECKOTO paspylLIeHUs)
OnyxoJiel, 0co6eHHO MOBEPXHOCTHOU JoKaaus3anuu. B mocaenuue
TOABI B OHKOJIOTHH HCHOJIL3VIOT Ja3epHoe U3JydyeHue HeOONbIIoH
uHTeHCcUBHOCTU (~1 BT) B coueranuu ¢ ¢goroceHcubUIN3aTOPAMU
U1 1e4YeHUs onyxoJieil MeTogaMu (POTOAUHAMHUUYECKOHN Tepanuun.

JlazepHoe uU3IyYeHMEe MCIOJNL3YIOT TAKKE IS BHYTPUIIOJIOCT-
HBIX BO3JeHCTBUII HA CTEHKU U CJIM3UCTYIO ITOJIBIX OPraHoB, CO-
CYAOB, IPUMEHASA SHJOCKOIIMYECKYIO TeXHUKY .

B xocmerosiorum Takike HCIOJB3YIOT Jia3ephl PA3HBIX CIIEK-
TPaJabHBIX AWAMIA30HOB M MOIHOCTEH B 3aBUCUMOCTH OT 00BEeKTa
Y 1iesy BO3AEeHMCTBUA.

B coBpemenHOM MenuuuHe 06/IACTH TPUMEHEHNS JIA3€PHOE 13-
Iy4YeHUSs MOCTOAHHO PACIIUPSIIOTCS.

KOHTpO/\bele BONPOCHI U 3aAaHUA

I. Kakwe IepexoAbl MOTYT IPOMCXOANTH B JABYXYPOBHEBOIl KBAHTOBOI
cucTeMe MOk BO3JeHCTBHMEM Pe30HAHCHOr0 U3JIYIeHUA?

2. OT uyero 3aBUCUT KOJMYECTBO MOTJIOINAEMBIX CUCTEMON B eXMHHUILY
BPEeMEHY KBAHTOB Najaiomero usjydyeaus?
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Kaxue nepexonn! HaspIBalOTCA CHOHTaHHBIMU? KaKoOBEI #X OCHOBHEg
xapakrepuctuku? OT uero 3aBHUCUT BEPOATHOCTb CIIOHTAHHBIX Iepe-
X0J0B?

Kakoe uanyuyeHue Ha3bIBaeTCs BHIHY)KAeHHBIM? KaKoBBI ero ocHog-
uble cBoiictBa? OT uero 3aBUCHUT BEPOATHOCTb BBIHYKJIEHHBIX Ilepe-
xX0m0B?

IIpu KakuX YCJIOBHAX BO3MOXKHO YCHUJIEHHE 3JIEKTPOMArHUTHOTO M3-
ayueHusd?

Yro raxkoe nasep? KaxkoBbl OCHOBHBIE KOMIIOHEHTHI JIa3€PHBIX CHC-
Tem?

KaKoBEI OCHOBHBIE CBOMCTBA JIa3€PHOI0 M3JIyYE€HHHA, YeM OHH OIIpe-
IeJIATCa?

IIpuBeauTe KJacCUMUKAIMIO JIa3€POB IO COCTOAHUIO aKTUBHOMI cpe-
JIbl, PEKUMY U CIIocO0y HAKAYKH, AJIUTEJIbHOCTU U MOIIHOCTH M3JIy-
YeHUd.

Vkaxure 06/1aCTH IPUMEHEHUS JIa3epOB B MeJUIIUHe.
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domobuonozuieckumu Ha3bIBAIOTCS IPOIECCHl, KOTOPHIe Ha-
YMHAIOTCS C TOTJOIEHNUSA CBeTa OMOJOrMYEeCKMMH CHUCTeMaMHU, a
3aKAHYUBAIOTCA OIpe/iesIeHHOH (PU3UONOTHUYeCKoi peakmueii op-
raHusMa.

®dorobuosorusa ucciaeayeT BO3[NEHCTBUE CBeTa HAa OPraHU3MBbI
¥ ero poJib B }KHU3HU PACTEHUI, JKUBOTHBIX U YEJOBEKAa, U3ydadeT
(oTocuHTE3, (DOTOPELENNNIO, B TOM YUCJIEe MEXaHU3Mbl 3PeHUA,
PeaKIIMI0O OPTraHM3MOB HA TEPUOANYECKYI0 CMEHY NHS W HOUH,
IPOABIAOIIYIOCS B KOJebaHMAX WHTEHCHBHOCTA (U3UOJOTH-
yecKUX IpoiieccoB. [lo3upoBaHHOE BO3AECHCTBHE HA OPraHU3M
UH(PPAKPACHBIM, BUJUMBIM UK YIbTPA(DHOJETOBLIM U3JyYeHeM
¢ jieueOHBIMM [EeAAMU yiKe JaBHO IPUMEHSeTCA B MeJUIIMHE, HO
B IIOCJI€HUE TOAbI MONYUNIU PAa3BUTHE METOAbI (POTOAUHAMUYEC-
KO Tepalluu onyxoJieil U Apyrux 3aboJjieBaHuil, OCHOBAHHbIE HA
HCIIOJIb30BAHUY (DOTOCEHCUONIN3AaTOPOB U HOBBIX WMCTOUHHUKOB,
B TOM YHCJIEe Ja3€PHBIX, ONTHUECKOTO U3IYyUECHUS,

23.1. doToOMOAOrMUHECKMe npPouecch

Ilo BoageiicTBMI0 Ha opraHmaM (POTOOMOJOrMYECKUE IIPOIEC-
CHI MOYKHO Pas3JeIuTh HA ITO3UTUBHLIE (II0JIe3HbIe) U HeraTUBHbBIE
(BpesHbBIE) IS YesOBEKA.

K nosumueénvim poTobuoasorndecKuM NPoOLEccam y YesoBeKa
U JXKMBOTHBIX OTHOCSITCS: 3peHue; (DOTONEepUoOAN3M — PeryIalns
CYTOUHBLIX W TOJOBBIX IMKJIOB JKM3HW JKHUBOTHBIX IIyTeM ILIUKJIU-
9eCKOro BO3AEHCTBUA <«TeMHOTa—CBeT»; ob6pasoBaHUEe BUTAMU-
Ha D u3 ero npoOBUTAMMIHOB.

K nezamuenvim porobuonornueckum mpoiieccaM OTHOCHT:

¢ dororoxcuueckue ahGheKTs! (CBEeTOBblE NOBPEKICHUA IJ1a3
" KoKy, KOTOpHIE NPOABIAAIOTCA B (popMe IIOMYTHEHUS XpycTa-
JUKa, 3puTeMbl, IUTMEHTAHNY KOXKHM); DaKTepUILInIHOe AeiicTBYIe
(umeer u monoskuTENBHOE 3HaueHMe); KaHIlepoTeHHoe nelicTBUe
VABTpahuoJIeTOBOrO U3JIYyUeHU;
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¢ doToannepruuecKue >PPeKTHl — YyBeJNYeHHe YYBCTBy-
TeJIbHOCTH OPTaHU3Ma K HEKOTODBIM ajlIepreHaM MoJ AeUCTBUey
cBeTa.

Hecmotrpsa Ha Oosblioe pasHoobpasue (HOTOOMOJIOIMUYECKHy
TIPOITECCOB, B JIIODOM M3 HUX BCErja MOXKHO BBIIEJIUTH CIEIYIo-
e nepguyHole cmaduu, 6aarogaps KoTopeiM GopMUPYeTCs or-
KJWK OpPraHu3Ma Ha CBEeTOBOE BO3AeMCTBHE:

1) moruolieHMe KBaHTA CBeTa OTHEJHbHOH MOJIEKYJIOM Opra-
HU3Ma,

2) npeoGpasoBaHue HONYUEHHOM 9HEPTUH BHYTPH 3TOU 3Ke Mo-
JIeKyJIbl (ITepexol ee B Bo30y KJeHHOE COCTOAHUE U JP.);

3) nepemaua (MUTpanus) Bcell IOIJIONIEHHOM SHEPIUH WU ee
YacTH OT OAHOIN MOJIEKYJBbI K JPYroi;

4) obpa3oBaHUE TIEPBUYHBLIX (POTOXUMUUECKUX IIPOAYKTOB —
MOHOB, PAAMKAJIOB UM HOH-DAJUKAJIOB;

5) TeMHOBBIE TPEBPALIEHUA TMEPBUUYHBEIX (QOTOXUMHUYECKUX
IMPOAYKTOB, 3aKaHYMBAMOINeCcA 00pa3soBaHMEM HOBBIX CTaOWIb-
HBIX TIPOAYKTOB. CBeTOBOE BO3AEMCTBHE HA 3TON U IOCHEAYIOUIUX
cTaguAX yxKe He Tpebyercs;

6) GmoxuMMUYECKMe PeAKIIUY ¢ yyacTueM obpasoBasmuxcs ¢o-
TONPOAYKTOB (HAIpuMep, MHAKTHUBaNUs (PepMeHTOB u 06enKoB,
OKMNCJIEHNE JUIINAOB U T.M.);

7) ob11ehn3noIOruYecKuil oTBeT Ha JelicTBUe cBera (3peHue,
apuTeMa, OKOr', IUI'MEeHTalus U Ap.).

OznHOM U3 BaXKHEHIIINX XapaKTEePUCTHUK JI000T0 (HoTOOMOIOr!-
YeCKOro mpolecca SABJSETCA ero cnekmp ¢omobuonozuiecxkozo
delicmeéusa — 3aBUCUMOCTH (oTobmosoruueckoro addexra OT
JJIVHBI BOJHBI JeHCTBYIOIIIETO CBETA.

3HaHUe cIeKTpa LeHCcTBUA JJIsI KaKoro-iubo ¢goroduoaoruyec:
KOro IIpoIlecca II03BOJIAET, B 3aBUCHMOCTH OT CTOAIIlEeH 3amayH,
BeIGpaTh 00aCTh CIIEKTPa, Hanbosee a(hGHeKTUBHO BBISHIBAIOLLYIO
ATOT mIpoliecc b0, HA000POT, He BHI3BIBAIOLIYIO €I'0, €CJIU OH He”
JKeJlaTeleH.

B kauecTBe NIpuUMepa paccCMOTpPUM IOPAJOK OINpeleleHnd
CIEeKTpa BO3HUKHOBEHUSA yJIbTPaPUOIETOBON 3PUTEMBI.

CuauvaJjia I Ka)XJ0H AJUHBI BOJHBI ObLiIa olTpeeieHa MUHUA"
MasibHas apuTeMHas nosa (MIJ), T.e. nosa obayuenns D ([x) =
=TI (BTt) - t (c), BHI3BIBAIOIIA MHUHMMAaJbHO OOHaApPyKUBaeMylO
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Puc. 23.1. CrrekTp HOTOOHMOTIOTHIECKOTO
BO3BHUKHOBeHUA Y P-3pUTEMEI

sputeMy (moxpacHeHue). Yem Goubile 3Ta 103a, TeM MeHbIIe a¢-
(beKTUBHOCTD AelicTBudA ndnyueHusd o = 1/ MA/I. IloaTtomy cnekTp
JeficTBuA B NAHHOM ciiy4ae IIpejcTaBjiseT coDoil 3aBUCUMOCTb O
0T JJIMHBI BOJIHEI cBeTa (puc. 23.1).

C yBenuueHueMm 03bl 3G GHEeKTUBHOCTL (POTOGHOIOTMUECKUX
IIPOIIECCOB BO3pacTaeT.

OueHb Ba)KHBIM 3AKOHOM, IINPOKO HCIIOJB3YEMBIM B IIPHJIO-
KeHUsAX, ABJASETCS cienyooimuii: ¢gopma cnekrpa (doroduosio-
PHYECKOr0 /efiCTBHs COOTBETCTBYET CHeKTpy morjgormeHus k(L)
BelllecTBa, OTBETCTBEHHOrO 3a paccMaTpuBaeMoe doTobuosoru-
YecKoe JeiHCcTBHE.

ITOT 3aKOH IIO3BOJISIET IIYTEM CPaBHEHMS CIIEKTPOB (OTOOHO-
JIOrMYECKOro JeHCTBUSA CO CHEKTPaAMU IIOTJIOIIEHHA OTAEJIbHBIX
BEUIECTB, BXOASAIUX B GMOCUCTEMY, BLISICHUTD (DU3HMKO-XHUMUUEC-
KHe MeXaHH3Mbl BOSHUKHOBEeHUA MHTepecymouero porobuosoru-
9eCKOro mpoiiecca.

Hanpumep, 66110 yeTaHOBIEHO, UTO KpuBas rubenn 6akrepuit
og peiicrBueMm cBera YP-IuanaszoHa MMeeT MaKCUMYM B obJac-
T 265 uM, a ee ¢popma 6IM3Ka K CIIEKTPY IOTJIOLIEHUA HYKJe-
UHOBBIX KHCJOT. OTO W NO3BOJIHJO CAEJATh BBIBOJ, YTO rubeinb
GaRTepnﬁ nop peiicrBueM Y@-usiydeHusd o0yCJIOBIEHA MMEHHO
Hospexxnenuem ux JHK.
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[Togo6HBIM TyTeM yJaeTcs BBIACHUTBH HPHPOJY aKIEITOpogy
KBAHTOB cBeTa B OuocucTeMe, a 3aTeM JeJaTh IIPeoIOMeHyy
U BBIBOJbI OTHOCUTEJIBHO (DOTOXMMUYECKUX DPeaKIU#, IPOTery-
OUKX B OpraHuaMme.

23.2. Tunbl poTOXMMHUYECKNX peakunit

Onsa dorobuosoruu B OCHOBHOM THUIIHYHBI (POTOXUMHYECKHe
peakuy ¢ y4acTUeM MOJEKYJ, HaXONAUIMXCS B BO30OYIKIEHHOM
3JIEKTPOHHO-KO0J1Ie0aTeILHOM COCTOSHUW, CHHTJIETHOM JIU0O TPUI-
JgetHOM. CoCcTOosTHME HA3BIBAETCS CUH2AeMHbLM, €CJIN CYMMAaPHbIiH
CIVIH 3JIEKTPOHOB Ha BHENTHEH 000J0UKe aTOMa WUJIW MOJIEKYJIhL
paBeH HYJIO, U MPUniemHblM — €CJII CyMMapHBIN CIIMH DaBeH
euHULIE.

H3BecTHBI cieyioniue OCHOBHBIE TUITHI OJJHOKBAHTOBLIX (POTO-
XVMUYECKUX PEaKIIUN OPTaHWYEeCKUX MOJIEKYJI.

Domopacnad — TOA NeHACTBUEM CBETa IIPOUCKOAUT Pa3pPhIB OT-
IeJbHBIX XUMHWUYECKHUX CBA3EH U pacmajk MOJIEKYJIbl Ha PaIUKAaJIbl,
MOHBI UJM HeHTpaJbHbIe MOJeKYabl. PoTopacnas HabiaiomaeTcs,
HaIpumMep, HpU O0JYUEeHUM aMUHOKMCJIOT, 0EJIKOB UM HYKJEHMHO-
BBIX KHUCJOT OOJBINUMU J03aMU yjabTpaduosera.

domonepezpynnupo6ku, B X0Le KOTOPBIX OOUH H30MEp HJIH
TayToOMep MOJIeKYJbl IpeBpaiitaeTca B Apyroii. (Pororayrome-
pusaius — IIePeHOC aToMa BOAOpPOJa M3 OAHOM YAaCTU MOJIEKY-
JeI B Ipyrywo.) Hanpumep, uMeHHO (POTOXMMHUUYECKAA pearIjud
I[AC-TPAHC-U30MePU3ATINY PETUHAJSA JIEJKUT B OCHOBE MEXaHM3MA
3peHUs MPAKTUYECKU BCEX JKUBBIX OPraHM3MOB, B TOM YHUCJIE U
YeJIOBEKA.

domonpucoedunenue — MNOPUCOCJUHEHHE K BO3OyKIeHHON
CBETOM MOJIEKYJe APYTUX MOJIEKYJ. B 3aBUCHMOCTH OT TOrO, Ka-
Kas MOJIeKyJa IIPUCOeANHAETCS, Pas3janudalor:

o ¢dortogumepusanuio: A* + A > (A% ... A) > A,;
e ¢dorookcunupoBanue: A* + O, - (4*... 0,) —» OAOQ;
e ¢ororugparanui: A* + H,O0 - HAOH.

Takue AMMeEpHI, UJIU KOMILIEKChI, OOBIUHO HEeyCTOWUHBHl H
MOTYT CaMOIIPOU3BOJILHO PacHafaThbCs C BbIJeJeHHEeM JHepruy
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p BAAE KBAaHTA CBETA, YTO IIUPOKO MCHOJb3yeTCA AJid CO3AaHUSA
yCUITUBAIOIIEH CPeAbl B 9KCHMEPHBIX Jladepax:

A*+ A > (A%...A) > A+ A+ hv.

domonepenHoc IJeKMPOHOE, IPU KOTOPOM BOSOYKIEHHAA MO-
jeKkysia A¥ oTxaeT CBOH BJIEKTPOH JPYroil, HeBO3OY >KIeHHOI MO-
aexyJie B:
A* + B> A'+ B™ — doTooKucienue,

nmn A¥ + C > A” + C* — doToBoccTaHOBJIeHME (P TOJYUYEHUH
JAUIIHETO 3JIEKTPOHA).

Pomoneperoc npomona — TPUCOETUHEHHe K BO30YKIEeHHOU
MOJIEKYJi€ IPOTOHA OT HEBO30VIKAEHHOW KHUCJIOTHI UJIH, Ha000poT,
oTAa4ya BO3OYIKAEHHON KHCJIOTOH CBOEro IIPOTOHA OCHOBAHHIO!

A* + BH - AH"+ B™ — doronpucoennaerane H';

AH* + B > A~ + HB" — ¢orootrgaua H".

B ofoux cayuasx doropeaknua oOycJoBjieHA M3MEHEHUEM
MPOTOHHO-JOHOPHBIX WJM ITPOTOHHO-AKIIENITOPHLIX CBOMCTB BO3-
Oy KIEHHBIX MOJIEKYJI.

IIpoMeKyTOUHBIM 2TAIIOM MHOTHX (DOTOXUMUUYECKHUX PeaKHmi
ABAseTcA obpasoBaHue CBOGOZHOTO pajAuKaja, T.e. MOJEKYJIbI,
Hecylleil OguH unu 60jiee HeCIIaPEeHHBIX (XUMUYECKU AKTUBHBIX)
3JIeKTPOHOB Ha BHeEIIHell opOuTe.

23.3. ®OTOCEHCMONAN3UPOBAHHDbIE
¢hotobUoArOrMUeCcKMe npoLecch

CyliecTByeT psi BeilecTB, HAJIUUUE KOTOPBIX B OpraHu3Me II0-
BBIIIIAET €ro YyBCTBUTEIbHOCTD K YALTPA(DNOIeTOBOMY ¥ BUAMMOMY
cBety. B (hoToGUOSIOTMY TaKue BellleCTBa HA3BIBAIOT pomoceHncu-
6unuzamopamu, a B MeJUIMHE UX 4aCTO OTHOCAT K (pomomoxcu-
YecKkum UM (POMOANNLEePULECKUM 6eU,eCMEAM, B 3aBUCHMOCTH
OT TOro, KaKue IIpPOoIlecchl B OPraHu3Me OHM BBI3BIBAIOT.

Ilo mexanuamy geiicTBud (GoTOCEHCMOUIN3ATOPBI AEJIATCA Ha
ABa TUIIA.

Domocencubunuzamopuvt 1-20 muna caMu NMpPeTepneBarT Xu-
MuyecKue IpeBpalileHus moj gelicTBueM cBeTa. B Menunusxe se-
llecTBa TAKOro TUIMIA KCIOJL3YIOTCH, B YACTHOCTH, IJId Je4eHHUA
27.538)
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MCOPMUA3a, B CBA3M C UeM OHU MOJIYyYUIU HAuMMeHOBaHUE Ncopa-
JneH08. B 0CHOBe UX TepaneBTHYECKOTO NefiCTBUS JIEKAT PeaKiing
upucoepunenus ux Kk JHK xaerox mox pmeiicreuem V®-uany-
YeHUs.

Hpyrum npumepom (horoceHCcHOUAN3aTOpoB 1-ro Tuna sABsg-
0Tca pomoannepzenst. [Ipn YD-00ayuyeHnn 3TU BeliecTBa CIo-
COOHBI XMMUYECKU NPUCOCIUHATHCSH K 6GejxaMm, B pe3yJbTare
uero o0pasyeTcs ajjiepreH, BHI3BIBAIONIUN 3aTeM aJlIeprudecKue
peaknuu OpraHu3Ma B BUJE 3PUTEMbI, 9K3E€MBbI, OTeKa KOXKHU, a B
HEKOTOPBIX CJIyUYasiX ¥ aCTMBI.

domocencubunruzamopst 2-20 muna, HOTJIOTUB KBAHT CBETA,
epPexoJAT B MeTacTabniabHOe BO30OYKAEHHOE COCTOSHUE, B KOTO-
POM MOT'YT HaXOAUTHCA CPABHUTEJABHO Z0JT0. [Ipu cTOMKHOBEHUN
¢ MOJEKYJADPHBIM Kucjopogom O, aTa BO3OY)KAEHHAA MOJEKYJa
OTZaeT eMy CBOM M30BITOUHBINM 3aIlac 9HEePruu U BO3BpAIllaeTCA B
ucxoxHoe cocrossnue. Ilormorupmuii sHepruio kucaopog O, me-
pexonuT B BO3OYIKAEHHOE CUHIJIETHOE COCTOSHUE, B KOTOPOM OH
npuMepHo B 100 pas 6osnee apdeKTHBHO, YeM HEBO30YKACHHBIN
KUCJOPOJ, OKMUCJSAET JUIUAbI, GEJIKU U Jpyrue GHOMOJIEKYJIHL,
OKa3bIBasdg TeM CaMbIM OHOJIOTMYeCKOe BO3elicTBIE HAa OPraHU3M.
B cBasu ¢ aTuM 3 (heKTUBHOCTH AEUCTBUA (oTOCEHCHUOUIU3aTO-
pOB 2-T0O TUIIA IOJHOCTHIO 3aBUCUT OT IPUCYTCTBUA KHUCJIOPOAA.

TUNMYHBIM DpPeACTABUTEJEM CEHCUOMJIM3aTOPOB 2-r0 THIIA
sAByaAeTca npomonoppupur. Ilpu HeroTOpPHIX 3a00JieBaHUAX OH
HaKalJuBaeTcAd B OPraHM3Me B @HOMAJbHO BBICOKHX KOHIEHT-
panuax. [IporonopdupuH X0OpouIo morjaollaer CHHUI CBeT, II0C-
Je dero 3¢h{eKTUBHO BO30OYKJAeT MOJIEKYJIAPHBIA KUCJIOPOA,
IIOCJIETHUI OKHUCJSEeT HEHACHIIeHHbIe JUMUALI, BbI3bIBAs pe3-
KOe yBeJIMUeHUe NPOHUIAeMOCTH OmomeMmOpaH. OAHOBpPEMEHHO
UHAKTUBUPYIOTCA MHOrue GeJKu, (PepMeHTHI, IIOJINMepU3yeTcd
MeMOpaHHBIA OEJIOK CIIEKTPUH U NIPOMCXOLAT APYTrHUe ABJIeHUS.
Y GONBHBIX, HAXONALINXCSA HA JHEBHOM CBETY, PA3BHBAETCHA dPU-
TeMa U OTeK, II03TOMY TaKHUM GOJIBbHBIM MPUXOJUTCH HAXOZUTHCH
Ha JKeJITOM CBEeTY, KOTOPBIH He IOTJIOUIAeTCA IPOTONOPGUPUHOM.
B nocsnennee Bpemsa i JiedeHUS Takux 3abojeBaHUE IIpeAsio-
SKeH TepaleBTUYECKHI MeTOJ, OCHOBAHHBIA Ha IIpHEMe BHYTPP
f6eTa-KapoTUHA, CIIOCOOHOrO 3hdHeKTUBHO TYIIUTL (OBICTPO nepe-
BOAUTH B OCHOBHOE COCTOsIHVE) BO30YIKAEHHBIH KUCJIOPOI.
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23.4. OcHoBbl (hOTOAMHAMMNYECKOW Tepanuu

B nocisieaHue rojbl B MeAUIlMHE aKTUBHO PA3BUBAETCSA HOBOE
panpaBieHue — (Qorogunamuyeckan repanusa (PJT), ocuosan-
Had Ha HUCIIOJb30BaHMU (DOTOCEHCHOUIN3ATOPOB B IUATHOCTHKE U
nedeHUU 3a00JIeBaHHUHA.

Merog ¢oToauHAMHUYECKON Tepanvuyd OCHOBAH HA BBENeHHUM
B OPTaHU3M IHanMeHTa CHeNUuaNbHBIX (OTOCEHCUOUIN3ATOPOB,
KOTODBIE 3aTeM BO30Y)KZAIOTCA CBETOBLIM M3JYYEHHEM OIIpefe-
JIGHHOT'O CHEKTPaJILHOTO JHAaIlla3oHa U CTUMYJHPYIOT o0pasosa-
HY€ CHHTJIETHOTO KUCJIOPOJla, BHISBIBAKOIIET0 I'Mbesib KJIETOK 00-
JIYyUEHHBIX TKaHei.

OTOT WIAJALMU A1 OPraHU3Ma MeTOJ XOPOIIO 3apeKOMEeH0-
BaJ ce0A B JIEYCHUH 3JI0KAUYECTBEHHBIX HOBOOOPA30OBaHMM, 0UATOB
BOCTIAJIEHUN U OPYTrux nartojoruii. Ha ceroguamnamnii 1eHs OCHOB-
Hasa obisactb npumenenus AT — oHKOJIOTHS, HO €CTh ¥ Apyrue
Baj)KHbIe 00J1aCTH ee MPUMEHEHUA: JeUeHne AJIUTENHHO He3asKu-
BAIOIIVX FMHOWHBIX PaH U TDODHUUECKUX A3B; aHTUOAKTEepUAIbHASA
Tepanuda -— nIpu (POTOAUHAMUUYECKOM BO3LEHCTBUM IIOTH0AIOT
Jajke IITaMMbl DaKTepuii, yCTOHMYMBbLIe K aHTHOMOTHKAM H Ap.
®NT onyxoneil MOKazaHa U B TeX CUTYalUAX, KOIAa XUPYypPru-
4YecKasd ollepalliad HEBO3MOYKHA M3-3a TAMKEJBIX COMMYyTCTBYIOIINX
3aboneBaHUA.

IIpu neyeHMM U JHATHOCTHKE OMYXOJIeBbIX 3abosieBaHUiT Me-
rogoM @AT B opranusm 60JILHOTO BBOAUTCA CIeUANbHBINA GoTO-
cencubunusarop (PC), KOTOPBIH HAKAMINBAETCA B OOJBIINX KO-
JYYecTBaX B IATOJIOTMUECKUX TKausax. OcBelieHue TaKoil TKaHU
U3TydyeHHUEeM OIPeAeIeHHOMN AJIMHBI BOJHBI BHI3HIBAET JIIOMMHEC-
nernuo PC 1 MOKa3bIBaeT TEM CaMbIM 00JIaCTH NMATOJOTUYIECKUX
U3MeHeHUH, UTO U UCTIONB3VIOT ANA ueneid duaznocmuru. C Je-
Ye0Hoil UeNblo IOpaKeHHLIe YYACTKM TKAHW, HACBIIIeHHBIEe (O-
TOCEHCUOUIN3aTOPOM, 00/Iy4al0T BUAUMBIM U3JIyUeHUEeM cpefHeil
MOIHOCTH U ONpPefeeHHOI0 CIeKTPAJIbHOr0 JUana3osa (Jo/KeH
IIonagaTs B MOJIOCY MOrJIONIeHusA GOTOCeHCUONIU3AaTOPa), 0OBIYHO
UCIIONB3YIOT Jasep momuocThio 1-2 Br. Ob6inyuennniii @C me-
bexogutr B BO30YXKJEeHHOE AKTHBHOE COCTOAHNE U CTUMYJUPY-

€T mepexoJ; OGLIYHOTO (TPUILJIETHOIrO) KHCJIOPOAA B CHUHIJIETHBIH
27+
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KHCJOPO]l, KOTOPHIH ABJAAETCA MOUIHBIM OKMCJIUTEJIEM U TryOu-
TEJIPHO AeHCTBYET Ha OKpYyJKalllue TKaHuU. B pesayibrare maro-
JOTHYECKME KJeTKH, Hakonusiine ®C, morubarr. OTmMeTHM, uyTg
IJs1 YCIEUIHOHN peayua3aliuy 3TOTO MeTOJa HeoOXOAMMO HAJTWYMe
KUCJIOpoJa B 00JIy4aeMbIX TKaHAX.

Meroxg ®IAT noassosser usberkaTh OOIEro TOKCHUYHOrO BO3-
JelicTBUSA Ha OPraHuU3M, HAHpUMepP, KaK IIPH XUMHOTepaIIiy Ommy-
Xo0Jel, 1 APYyTrux NoboYHBIX 3(h(PeKTOB.

Bueapenne metona @/IT B MeAUIIMHCKYIO MPAKTUKY CPaBHH-
BAIOT MO 3HAYNMOCTH C BHEJPEHHEM aHTUOUOTUKOB B MEIUIINHY,
K ero mpemmyiecTBaM OTHOCAT OJHOBPEMEHHOCTH IIPOBEIEHUSA
JVaTHOCTUYECKOrO M JieueOHOTo BO3AEUCTBUA; M30UPaTENbHOCTE
(mopa)kaeTrcsa TOJBKO OIIyXoJeBas TKaHb); BO3MOMKHOCTL yaa-
JIeHUA ONyXoJeill B TPYAHOLOCTYNHBLIX 30HAX, HWCIOJIbL3YyA CBe-
TOBOJZIbI; BO3MOJKHOCTh MHOTOKPATHOI'O IIOBTOPEHHUS JieueOHOro
Tpolecca; OTCYTCTBUE TAMKENBIX MECTHBIX M CUCTEMHBIX OCJIOMK-
HeHWH U Ip.

OcuoBHoe orpaununuenue meroga ®IAT — webosabmias riayonHa
MPOHVNKHOBEHNSA JIa3€PHOTO U3JIYUIEHNSA B TKAHH, KOTOPas COCTaB-
JisgeT JUINb HEeCKOJbKO MHJIIUMETPOB. Mcmosb3yemuie cefiyac B
KanHuke (oroceHcubmaunzatopnel (Porodpun, Pororem, Poro-
CeHC M Ap.) UMEIOT CIIeKTDP (POTOTMHAMHUECKOTO BO3LAEHCTBUA B
o6nactu 620-690 rM, Torma Kak MakcUMaJIbHAS IIPOHUIIAEMOCTh
MATKUX TKaHel MPUXOAUTCA HA JAJBHIO KPACHYIO U OJIUIKHIOK
UK-o6aactu (750-1500 uM).

B mocneguee Bpemsi 00JIbIIOH MHTEpeCc B KadecTBe (hOTOCEH-
cubuanszaropoB B ®JIT BbI3LIBAIOT IPOMU3BOAHLIE PsAJa XJIOPUHA,
KOTOpbIEe UMEIOT I10JIOCY TIOTJIOIIEHUA B IJIMHHOBOJHOBOM obJac-
TH BUJMMOTO CIIEKTPA M BBICOKYIO CKOPOCTH BBIBEJEHHSA U3 Op-
ranuaMa (2 CyTOK), UYTO MOKeT PaJUuKAJIbHO U3MEHUTH TEXHOJIO-
ruio DJIT, cokpaTuB AIUTEIBHOCTh TPEeObIBAHNSA B CTAIlMOHApe 1
IasKe 3aMeHUB ero aMO0yJIaTOPHBIM JIeYEHUEM.

B Hacrosiee BpeMs gy npoBegenus @UT BHYTPUIIOIOCTHBIX,
BHYTPUTKAHEBBIX ¥ MOBEPXHOCTHBIX 00pa30oBaHUI UCIIONB3YIOTCH
NPOMBINIJIEHHAS JIa3epHAs YCTAHOBKA OIITHUYECKON MOIIHOCTBHIO
o 2,5 Br, KoTopas KOMILIEKTyeTCsi HaGOpOM BOJIOKOHHO-OII
TUYECKUX KaTeTepPOB AJIA PAa3JUYHBIX JIOKAJIU3aLUil, a TaKiKe
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piAe0(IYOPECIIEHTHOEe YCTPONCTBO, IpPEAHA3HAUEHHOE JAJA IIPO-
peJleHUS KaK AUArHOCTHKM, TaK U JOTOAMHAMHUYECKOH Tepamuu
¢ WCIIOJIb30BaHMWEM HW3JIYYEeHHS MOIIHBIX IOJYIPOBOAHUKOBBIX
CBETOXHOJOB.

KOHTpO/\beIe BOMNPOCHI U 3aAaHHA

1. Kaxkne npoieccnl HasbiBaloTca porodmosornueckumu? Kak onu nox-
pas3fendioTCa 0 BO3LeiCTBUIO Ha JKUBbie opraHusMiei? Kakosel ux
HepBHYHbIE CTAZUNA?

2. Yro mpeacrasisger cobo# cneKTp GOTOOMOIIOrMYECKOro AeHCTBUS U
KaKyio MHQOPMAaLAIO OH COAEPIKUT?

3. YkaxXuTe OCHOBHbBIE THUIBI (DOTOXMMUYECKUX PeaKIuii.

4. Kaxme BeillecTBa HAa3BIBAIOT (PoTOCEHCHMOM3aTOpaMM? VYKaKHUTE X
THIBl 1 MEXaHU3Mbl JefiCTBUA HA OPraHU3M.

5. KakoBel NpUHIUNL npoBegeHuns GOTOLMHAMUYECKON Tepanmuu, 06-
JIaCTY €e MeJUILMHCKOro IpruMeHeHns?

6. YraxXuTe OCHOBHbIE NJOCTOMHCTBA 1 OrpaHUMUYEeHUs MeToja (oToauHA-
MUYECKOH! Tepanui.



buocdunsnyeckne OCHOBbI

Irasa 24 3penus

OO6myio npobsemMy 3peHHs MOYKHO pasfejuTh Ha TpU OoJiee
TIPOCTHIE:

1. Kaxk ¢opmupyercsa maobpakeHre BHEIIHEro Mupa Ha cert-
yaTKe riasa’?

2. Kakum o0pas3oM sHeprusa CBeTa, IOTJIONIEHHOTO 3PUTEJIb-
HBIM HMIMEHTOM, TIpeBpamjaercss B GOTOPENeNTOPHLIM CUTHAN U
HEPBHBIN MMITYJbC?

3. Kak mepepabarpiBaeTcsi ITONydyeHHAdA MHMOPMAIUS B 3pH-
TeJbHBIX I[EHTPax MO3ra ¥ KaK BO3SHUKAaeT CyObeKTUBHBIN 00pas
BHEIIHEro Mmupa?

PenreHne TpeThero BOIpoca ABJIAETCA IpeAMeTOM Helpoduan-
OJIOTHH.

24.1. CrpoeHnue raasa

T'nasnoe a6aoxo umeer 1OYTH IAapOBUAHYI0 GOPMY JuaMer-
POM OKO0JI0 24 MM M OKDysKeHO TpeMsa obomodkamu (puc. 24.1).
Cxnepa — Hapy’kHad Helpo3pauyHada 6enkoBas 060JI0UKa — MMe-
eT 3allliTHOe 3HAUeHHue, IpHuJaeT riaa3y GopMy U B ero nepegsen
YacTHA IEPeXOAUT B NPO3PauHy0 BHINYKIYIO pozo6uyy, uepes
KOTOPYIO B rjlad IPOXOIAT JIyUU cBeTa. Uepe3 3aZHIOID CTEHKY
CKJIEPBI IIPOXOAAT KPOBEHOCHBIE COCYABlI M IJIa3HON HEpB.

Puc. 24.1. T'na3 yesnoBeka: I — poro-
BUIA; 2 — mepefHas Kamepa; 3 — -
JiMapHas Mbla; 4 — CTeKJOBULHOE
Teso; 5§ — ceTuaTKa; 6 — cocyauctad
oboJsiouka; 7 — cKJepa; 8 — 3pu-
TeJIbHBIN HepB; 9 — IUJINapHOe TEJO;
10 — 3apHasa kamepa; I ] — KOH'BIOH-
KtuBa; 12 — pany:kHas o0OJIOUKA;
13 — xpycranuk; A — rjaBHas oI~
THYeCKad och Iyiaza; b — spureib-
Hasd och IJiasa
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K cxnepe npuieraer cocyducmasn 060104Ka, KOTOPAs COCTOUT
{3 CEeTH MEJKHMX KPOBEHOCHBIX COCYJOB, IUTAIOIUX BHYTPEHHUE
CTPYKTYDPBI r1a3a. Ee BHYTpeHHAA TOBEPXHOCTH BLICTJIAHA CJIOEM
OUTMEHTHBIX KJETOK, IQIVIOIIAIOUINX CBET M HPENATCTBYIOIIMX
paCcCessHUIO CBeTa B a3y (TeM CaMbIM yJYYIIaeTcs OCTPOTa 3pe-
aus). B nepeaneit wactu riasa cocygucras o60I04YKa IepexosuT
B padyiinyio, B KOTOPOI MMeeTCA KPYTJIoe OTBEPCTHE — 3PAUOK.
OT NuUTrMeHTanuy PaJyKHOM 000JIOUKH, cojeprkalleil MUIMeHT-
Hbl€ KJIETKH, 3aBUCUT L(BeT IJaa.

3padyoK WUTpPAeT PONb IJadHOoH Auadparmsl, ero paciiupeHue
WU CysKeHHe peryJupyeT KOJHUYECTBO CBeTa, Iajalollero Ha
ceTyaTKy rJasa. HemocpencTBeHHO 3a 3pAauKOM pPaclojaraercs
MPO3PAYHBI Xpycmaauk, uMewmnii GopMy ABOAKOBBIIYKJIOH
auH3bl. OH COCTOUT U3 HECKOJNbKUX ILIACTUHYATEIX CJI0EB, OTJIU-
YaIOIMXCS APYT OT APYyra HO paguycy KPUBU3HLI U IOKAa3aTeJI0
npesoMiieHus (cpeiHee 3HaueHue 1,44). Xpycraauk sjacTUdeH,
€ro KpMBMU3HA MOYKET U3MEHATHCA YCUIUEM CHEeUATbHOMN (I[WIn-
apHOU) MBIIIILI, O/arogapsa uemy obecrieunBaeTcs aKKOMOAalns
rjia3a — €ero CHOCOOHOCTbL CO3JaBaTh HA CETUYATKe 4YeTKoe M300-
pasKeHue IIpeIMeTOB, HAXONAIMXCA HA PA3/IMYHOM PacCTOSHUHU
OT rJyasa.

Meaxay poroBumell M XpyCTaJHKOM DPacCIOJIOKeHA nepednan
Kamepa Tiiasa, 3allOJHEeHHAass BOASIHHCTOM BJIATOM — JKHUIKOC-
ThIO, OIIM3KOHN IO ONTUYECKUM CBOMCTBaM K Boje. IIpocTpaHCcTBO
no3afgu Xxpycranuka (3agHAA KaMepa) 3aloJHEHO IIpOo3pauHoi
*eseo0pasHoil Maccoil — CMeKn08UOHbLM MenoMm.

CaMmasi BHyTpeHHAS 000J0YKA IVIa3a — Cemuiamia, Wi peTu-
Ha, COCTOMUT U3 CBETOYYBCTBHUTEJLHBIX KJETOK M PaguajbHO pac-
XORAIINXCA Pa3BeTBJIEHUN 3puTeiLHOro Heppa. OHa npeobpaayer
CBETOBbBIE CUTHAJIBI B HEPBHbIE MMITYJIbChl ¥ IIPOM3BOJUT, TAKHUM
00pasoM, nepBUYHYIO 06pPabOTKY CBETOBOTO M300paskeHus, Hmpe-
06pa3ys ero B MOTOK HEPBHBIX MMIIYJILCOB, MOCTYIAIOIUX B 3PU-
TeJIbHbIE LEHTPLI MO3Ta.

MecTO BXOMKAEHUS 3PUTEJHLHOTO HepBa B IVIazHoe S6JIOKO
Ha3bIBaeTCsI CAenbiM NAMHOM, TAK KaK 3JecCh HET CBETOUYBC-
TBUTEJbHBIX KJETOK. Hemameko oT cJjemoro NnATHA HaXOAUTCA
Henmoe namuHo, BBHICTJAHHOE OYeHb IMJIOTHO YIaKOBAHHBIMU
KosboukamMu. B ero meHTpasbHON yacTH HUMeeTCA yriayOieHue,
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HagblBaeMoe yenmpaanvHol amxou. Henroe naTHO, U B 0cOGey-
HOCTH LIEHTPaJbHAA AMKA, ABIAIOTCA HanboJjiee YyBCTBUTEIbHEL-
MM MeCTaM¥ CeT4YaTKu (IIp¥ AHEBHOM 3DEHHHM), B HUX JOCTHra-
eTcsA HamOOJbIIasd OCTPOTa 3PEHUA M JIy4Ille BCETO Pa3lnYaloTes
usera. [losToMy Ipu paccMOTpeHHM IpeJMera UYeJOBEK HEIPO-
W3BOJILHO CTapaeTcs PacIoNIOXUTh IJia3 TaKUM 006pa3oM, YTOGE
n300pakeHre paccMaTpHUBaeMoro o0'beKTa IOINajgajo B o0jacTs
JKEJITOrO IIATHA, IOCKOJIBKY B 3TOM cJydae JeTaau IpeJMeTa pas-
Ju4aloTca Haubosaee OTYETIIUBO.

24.2. OnTHuyeckas cucrema raasa

Js1s1 Toro uToGHI a3 XOPOIIO BUAEJ PACCMATPHBAEMBIN IIPeX-
MeT, Ha ceTYaTKe HOJIKHO OBITH IIOCTPOEHO ero UeTKoe JAeiCTBU-
TeJIbHOE ONTHYEeCKoe H300parkeHWe. JTY 3ajady pelraeT OITH-
yecKad cucTeMma rjasa. Ee o6pasyioT B OCHOBHOM pPOrOBHUIA U
XPYCTAJIMK, B HE3HAUWTEJIbHOH CTeNeHH — IMepeJHAs KaMepa
rJjasa.

OnruuecKue CBOMCTBA IJIA3HBIX CpeJ IpUBeAeHkl B Tada. 24.1.

Tabauna 24.1

. ITokaszarens Papnyc xpusnsHbI Ontnuec-
CprKTypHHH npesaoMme- Kada cuja
3JIEMEHT rJjasa b nepeauei 3agHel I ?
Hud TMIOBEPXHOCTHU | MOBEPXHOCTH AUTD
Porosuna 1,376 7,7 6,8 40-43
Buara nepenueit
pea 1,333 6,8 ~10 4
KaMepbl
XpycTanuk Heax-
by ) 1,414 10,0 6,0 20
KOMOJUPOBAHHBIHA
XpycTaauk Mak-
CHUMAaJILHO aKKO- 1,424 5,3 5,3 33
MOJAMPOBAHHBIH
CrekJoBUgHOE
A 1,336 ~6 - -
TeJIo
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Puc. 24.2. CxeMma IOCTPOEHUSI N300pasKeHUS JepeBa Ha ceTdaTKe rasa:
C — onrTuyecKui 1eHTp XpycTaaunka; JI — «IpuBefeHHbIH raas»

IIpsamasa nuHuda, npoxogAias yepe3 NEeHTPH KPUBU3HLI BCEX
yeThIpeX ChepHYecKUX MOBEPXHOCTeil, 00pasyoINX POTOBUILY
U XPYCTAJUK, HA3BIBAETCH 2AA6HOU ONMUYECKOU OCbI0 Ija3a,
a IpAMasa, MPOXOAAIMIasa dyepe3 LEHTP XPYCTAJHWKA U LIEHTPAJb-
HYI0O AMKY Ha CEeTYaTKe, — 3PUMenbHol ocvlo riasa (CM. puc.
24.1). Yroa MeKZY 3THMH OCAMH COCTABJIAET IPUMEpPHO 5°,
pY 3TOM 3PUTEJNbHAA OCh BIIepeJd IJIa3a OTKJIOHEHA HA3AJILHO
(¥ HOCY).

CymMapHaa ONTUYECKAsd CHJa IJia3a MOXKET H3MEHATHCSA B
upeaesnax 60-73 gonrp. Hawbonpiimit BKJIaJ TPUHALJIEIKUT PO-
rosunie — npubausurenbHo 40 aurp. OnTHYecKas cujaa Xpycra-
auka MoXKeT usMeHarsca orT 20 go 33 AmTp, B 3aBUCHMOCTH OT
ycuius, co3zaBaeMoro muamapuoit meiurnei. Ilpu pacciabieH-
HOM MBIIIIE IIPEJIOMJIAIONIAS CHJa XpycTaauka okoso 20 puorp,
a Ipy ee MaKCHUMAaJbHOM HanpsKeHun — 33 AITp.

CII0KHYI0O ONITUYECKYIO CUCTEMY rJla3a yIoOHO 3aMeHUTH OfA-
HOW TOHKOIl cobuparomieil JMH30iT — npuéedenHHbiM 21a30M,
PacmoJIO’KeHHBIM HNPHUMEDPHO B LIEHTPE XPYCTAJIMKA M HMEIIUM
[IepeMeHHYIO OITHYeCKYIo cuay B 60-73 aurp.

Ha ceruarke rs1asa Bcerzia co3gaercs AeMCTBUTENbHOE, YMEHb-
llleHHOe M NepeBepHYyTOe M300pakeHue pacCMaTPHBaeMbIX IIpex-
MeToB (puc. 24.2).

24.2.1. AKkomoaauus raa3sa

CrocoGHOCTb I1a3a YeTKO BUAETh IpeJAMeThl, HAXOAA[Hecs OT
Hero Ha Pa3JIMYHBIX PACCTOAHUAX, HA3LIBAETCA aKKomodayuell.
Naobparxenne npegmera Ha ceTuaTke 6yAeT YETKUM TOJBKO B TOM
Cllyuae, eCIM PACCTOAHME d OT MpeAMeTa A0 LEHTPA XPYCTAaINKA,
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paccrosinue f OT LeHTpa XPYyCTaJUKA A0 CeT4aTKu M (POKYCHoe
paccrosgnue F riiaza ygoBieTBOPAIOT GOPMYJie TOHKON JIUF3bl

f1-1 (24.1)

Wa sroif (opMysbl cjeayeT, UTO IPU U3MEHEHHH DACCTOS-
HUA d 1O npeaMeTa AOJYKHO COOTBETCTBEHHO M3MEHUTHCS JIMGO
paccrosinue A0 usobpakeHus f, 1ubo GOKycHOe pacCTOTHUE JINH-
3ol F. IlepBniii cayuaii peanusyercsa B oroanmnaparax, rae F o0s-
eKTHBA Heu3MeHHO. [lJia rjiasa HeM3MeHHBIM ABJAETCA PaccTos-
HYeE OT [eHTpa Xpycraanka 1o cerdatku [ = 17 mm. [TosTomy nosny-
YeHNe YeTKOro M300parkeHns Ha ceTuaTKe rjasa npyu N3MEeHEHUHR
IMOJIOYKEHUS IIpeIMeTa BO3MOXKHO TOJIBKO 38 CUeT U3MEeHEHUS ero
dorycHoro paccrosgnusa F. Taxum obpaszoMm, akKoMoJamus rjiasa
OCYILeCTBJIAETCA NIyTeM H3MEHEHUS KPUBU3HBI XPycTajJuKa Hu-
JIMAPHOM MBINIIEH 4O TeX IOp, [IOKA Ha ceTdyarke He obpasyerca
YyeTKoe u300pajkeHue mpejMeTa. B pe3yabraTe B COOTBETCTBUH
¢ ¢opmy.ioit (24.1) uamensierca porycHoe paccrosHue F riaaa.

Tak Kak M3MeHeHUe KPUBU3HbI MTOBEPXHOCTEH XPyCTaJMKa
MOXKeT IIPOUCXOAUTH TOJLKO B ONpelieJIeHHBIX IIpeaesax, TO A1
BCAKOI'O [V1a3a CYILIeCTBYIOT FPAHUIbI PACIIONOKEHNA IpeaMeTa,
B Ipejejax KOTOPBIX a3 MOYKeT ero OTUYETJIMBO BHUAETH, HA3bl-
BaeMble OaJibHell U OAuxCHeil moukamu akkomodayuu (4eTKoro
Bujenus). HopMmaibHBIH IJiad B HeHANPAYKEHHOM COCTOAHHUHU aK-
KOMOAMPOBaH Ha 6ecKOHEeUHO yaaaeHHbIe (6osee 20 M) npeAMeTHI,
T.e. €ro AaNbHAA TOYKA AaKKOMOJANMM HaXOAUTCHA B OecKomed-
goctu. C npubamnskeHneM MMpeaMeTa K rJa3y pasMepsl ero nsob-
pasKeHusA Ha ceTYaTKe YBEeJWYMBAIOTCS, YTO IIO3BOJISET JIydIlle
paccMOTpeTh AeTaay npeaMeTa. BIMIKHASA TOUKa akKOMOJAI A
Haxogurcsa Ha paccrosguuu 10—12 cm ot ryiasa, HO IpYW 3TOM Ha-
IpsKeHue MBI, Ae(OPMUDYIOIe XPyCTaJIUK, 3HAUNTEJIBHO
BO3pacTaeT U OHA OBICTPO yToMJseTcsA. Paccmosanue Hauay4-
uLezo 3peHus — 3TO ONTHMAJbHOE PAcCCTOSHUE NPU paccMaTpu-
BAHUM IIPEAMETOB, YTeHUH U T.O. Ha 3TOM paccToAHUU aKKO-
MOJAIINSA OCYIIeCTBIISAETCA 0e3 3HAUNTEJBHOTO YTOMJIEHUS IUJIN-
apHOM MBIIIIILI. [IJis HOPMAJbHOTO IJia3a OHO COCTABJIAET OKOJIO
250 mmMm.
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Onass 6amsopykoro rminasa ob6a AD
ppefesa aKkKOMOJAUH HaXOAATCS 14 3
panKe, T.e. JAJbHAS TOUYKA Haxo- 12 N
AUTCA HA KOHEYHOM DACCTOAHMH . \

-
(HECKOJIBKO METpOB) OT IJasa, a - \\\\\

pACCTOSHME HAWJIYYIIEro 3peHus O AR
venbme 250 mm. Haa namsHO- ¢ M \‘
30PKOTO rjasa OJMKHAA TOYKa al AAN!
AKKOMOJAIMM OTJANAETCa U pac- . \\\
2 AN Y.
\‘

cTOSIHWME HAWJIYYIIero 3peHus mpe-
poimraer 250 Mm. Ry

Huanaszonom  axkomodayuu 0770 20 30 40 50 60 70
HA3bIBAETCSA WHTEPBaJl U3MeEHe- BoapacT, roant
HUA TIPEJIOMJIAONIEN CHJbI rjasa
(B ZUONTPHMAX) NOPU HN3MEHEHUU
ero aKKOMOJAaIlM¥ OT JaJbHEH A0

. . OT BO3pacTa 4ejioOBeKa B HOpME

6n%mnen Touku., CaMbIif WIKPO- (cumommas aumms). TlymkTa-
Kuy Jualia3on — B MOJIOAOM BO3" pom mnokasaHa BeJIMYMHA CTaH-
pacre (14 pnTp), a ¢ BO3pacrTom JapTHOTO OTKJIOHEeHH [37]
XPYCTAJUK I[IOCTeIEHHO TepsAeT
CBOIO YIIPYrOCTh, NUJIMAPHAasa MBIIIIAa ocjabeBaeT U JUANa30oH aK-
KOMOZAAI MU CYLIeCTBEHHO cHUMKaeTcA (puc. 24.3) — pasBuBaeTcs
cTapyeckoe 3peHue (IpecOUonus).

- e, [

Puc. 24.3. 3aBucuMoCTs auana-
3oHa AD akKomozanuu riasa

24.2.2. Heaocvatkn pedppaxumm
rAasa M uxX Koppekuws

B nopme npu arkkomomamum riasa Ha yjajleHHble IpeaMe-
Tl (d =) 3agHuil (POKyC rjasa pacmojaraeTcsi Ha ceTdaTKe
(puc. 24.4, a) — raxoiil ri1a3 HA3BIBACTCA IMMEMPONULECKUM.
IIpu 6ausopyrocmu (muonuu) npenomasmLias Cujia rjiasa us-
ObITOuHA, W 3agHUA (QPOKYC Ta3a HAXOAUTCA IEpe] CeTYaTKOi,
03TOMY JIYyYHW OT YAAJEHHOrO IpejgMeTa (GOKYCHPYIOTCA Nepen
CeTUATKOM, a 3aTeM PACXOAATCs, o0pa3ysa Ha Hell pasMbITOe MAT-
Ho (puc. 24.4, 6). IlosTomy TakKoii rna3 4eTKO BHAUT IIPEJMeTHI,
pacmosiodKenHble He fajiee OIpelesIeHHON TOYKH, Ha3hbIBAeMOMH
JaNbHeH TOYKONH aKKOMOZAIMK (COCTaBjideT JMIIb HECKOJBKO
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Puc. 24.4. Pacnonoxkenue 3agHero (oxyca riasa npu pacciabieHHOM
XpyCTaJNKe:
a — B HOpMe; 6 — 1pu OJIM30PYKOCTH; 6 — IIPU JAJIBHO30PKOCTH

MeTpOB), a OJMKHAA TOUKA aKKOMOJAIINY U PACCTOSHUE HAMIYY-
LIero 3pPeHus y TaKOro Ijiasa MeHbIlle, YeM B HOpMe.

B cayuae danbvHozopkocmu (zunepmemponuu) Ipu paccaab-
JIEHHOW NIHMJIMapHO# MBIIIIe 3agHUil (DOKyC TIJjia3a OKas3bIBaeT-
cA 3a cetuyaTKoil (puc. 24.4, 6), a Ha Hell co3JaeTcss HeUYeTKOe
ns3obparkeHre, HO 3TOT HEJOCTATOK IJa3 KOMIIEHCHUDYeT 3a cueT
HEKOTOpOro HanpsiKeHus uuimapHoit wmsinunsi. C Bo3pacToM
MIPOMCXOJUT YIJIOTHEHWEe U TIOBBINIEHME DUTUAHOCTH XpyCTa-
JUKa, a TaKiKe ocjiabjieHHe 3TOM MBILNILBI, II0O3TOMY cO3JaBa-
eMo€e MBIIIIell Hanps)KeHue CTAHOBUTCA HEAOCTATOYHBIM JJA
YeTKOTO HaOdoAeHus OJHU3KO DPACIOJOKEHHBIX INPEeIMEeTOB H
paccTOAHHE HAWJIYYIIero 3peHWs CTAaHOBUTCH OOJblle HOPMBI
(>250 mm).

IIpu obGoux BHAAX OTKJOHEHHs pedpaKIHUU Ijaa3a OT HOPMBI
3peHUe MOXKeT OBITh IMOJKOPPEKTUPOBAHO IIOMEINEeHUEM Iepej
IJIa30M COOTBETCTBYIOIIMX JMH3 (OYKOB): IIPH KOoppeKuuu Gam-
30PYKOCTH HMAUEHTY HOAOMPAIOT HeoOXOAUMYIO PacCeuBaIoNIyIo
auH3y (puc. 24.5, a), a JJA KOPPeKINA AAJLHO30PKOCTH — CO-
Gupatomryio (puc. 24.5, 6). 3TH JUH3BI BO3BPAILAIOT 3aZHUN (o~
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Puc. 24.5. KoMneHcanus ¢ IOMOIILIO JTUH3:
a — 6JIU30pPYKOCTH; 6 — NANBHO30PKOCTH

KycC IJia3a Ha CeTYaTKYy U IMO3BOJAIOT PACIIMPUTH IPEAesbl aKKo-
MOJAIINH IJIa3a.

HedekTsl 3peHUA Pa3auyaroTCsA He TOJLKO MO BHAY, HO M IO
crenenu. Yem fgasiblile HAXOAUTCA 3aAHUI (POKYC IUiasa OT CeT-
YaTKH, TeM BBIIlIe CTeIeHb aMeTponuu (OTKJIOHEHUs pedparkiiuu
riasa oT HopMebl). CTelleHb aMeTPOIIUHN M3MEPAIOT B JUOINTPUAX,
OHA PaBHA MPEJOMJIAIONIEeH CUJjie JIUH3bI, UCTIPABJIAIONEH Je(eKT
3peHHns, T.e. IoMelnamwineil QoKyc Ha ceTYaTKy, IPHUYEM IIpH
6JIM30PYKOCTH aMeTpOuMA OTPHUIATENbHAA, IIPHA JaJbHO30DPKOC-
TH — MOJIOXKHUTEJbHA.

Bojsee Cl0XHBIM HeZOCTATKOM pedpakiuy IJjasa ABJISAETCH
acmuemamu3m, OIpu KOTOPOM CBETOBbIE JIYUH, JIe)KAllle B Tro-
PU30HTAIBHON ¥ BEePTUKAJBHON ILJIOCKOCTAX, UMEIOT Pa3Hble, He
copmagatoniue Goxycenl. Besiegcreue aToro nudodpakenue npeame-
T4 Ha CeTYATKE IJjia3a BCerja HedeTKOoe: ecau rJja3 aKKoMOAUpOo-
BaH Ha FOPU30HTAJIbHLIE JUHHUY, TO PA3MbITEl BEPTHKAJBHEIE U
HaoGopoT. KoMIeHCUpYyIOT acTUIrMaTHU3M IIyTeM moabopa HMUJIMH-
IPUYECKHUX JIMH3, KOTOPbI€ TaK)Ke MOTryT OBbITh IOJIOMKUTEJIbHbI-
MU ¥ OTPHLATEJIBHLIMHU.

24.2.3. Ocrtpora 3peHud

Ecau rnas pacecmaTpuBaeT HeKOTOpbIi npeamer AB, o yroa o,
00paszoBaHHbBIi Jy4aMu, UAYIUMU OT ero KpaiHuUX Todek A u
B uepes nenTp xpycTannka, Ha3bIBAETCA Y2J0M 3DEHUS (p STOTO
npeamera (puc. 24.6). ITog TaxkuM e yIVIoOM BHAHO m3obpaske-
Hue A'B' sroro mpeaMera HA ceTyaTKe M3 LEHTpa XpPyCTalIHKa.
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Puc. 24.6. YroJu spenus

C ymeHblleHHMeM pasmepa IpeiMera AB yMeHbIIAeTCa U YIroJ
3peHUd, I0J KOTOPLIM OH BHUZEH.

OcTpoTa 3peHUs onpefeaseTcs HAUMEHbIIUM YIJIOM 3PEeHHs,
IIPY KOTOPOM TIJIa3 CIOCO0eH BUIETh PAa3lesbHO ABE TOUKH Ipe[-
MerTa.

JBe Touku npexmMera A u B BoCIIPMHMMAIOTCA TJIAa30M pasje-
JBHO, eCJIM UX U300parkeHUs Ha ceTUaTKe IIPUXOATCA Ha pasHbIe
koy0ouky. Tak Kak MUHHMaJIbHOE PACCTOAHUE MEXKY KOJ00UKa-
MU B IIeHTPaJbHOH AMKe d = 5 MKM, a DAaCCTOSTHUE OT CETYATKH JO
HeHTpa Xpycranuka f=17 MM, TO MUHUMAJLHBIN Yroj 3peHus,
IIPY KOTODOM [JBe TOYKHU ellle BUAHBI pa3jesJbHO, B HOpMe PaBeH

IPUMEPHO OJHOM YIJIOBOH MMHYyTE: @, = % =3-10"pag=1'".

MuHUMAaNBHBIA yroa 3peHUs ¢;, (B yIJIOBBIX MHUHYTaX) ue-
JIOBEKa MOYKHO OIPEeNeNiuTh, UCTIONb3YA ClelAaNbHble TabauIibl
C CUMBOJIaMHU PasHOI'o pa3Mepa, I'le cpa3y yKasaHa OCTpoTa 3pe-
HUA Y, BBIUHCAeMas 10 (popMmyie

Y= 1
(Pmin

. (24.2)

Jlna HOpMAaJBHOrO riasa ¢, = 1', I09TOMy B HOPMe OCTpPOTa
3peHus paBHA eJUHUIE, a C YBeJHUYEeHUEM HAWMEHBIIEro yrjia
3PEHUA @, OCTPOTA 3PEHUA YMEHBIIAETCH.

OcTtpora 3peHHSA ONpefeJsieT CIOCOOHOCTH Ija3a pasjindaThb
MaJible JeTaJii IIpeJMeTOB, U ueM OJIMKe K IJasdy pacrojokeH
npegMeT, TeM Jyullle BUAHBL ero MeJKue geranu. MuHumMaibHOe
paccTosaHUe Z , Mex/Jy AByMsS TOYKAMM IPeAMeTa, pas3aindaeMbl-
MH HEeBOODYXKeHHBIM IJIa30M Ha PACCTOSAHWM HAWJIY4LIero 3pe-
HUS, HA3BIBAIOT npedenom paspeulenun zaasa. B Hopme (ocTpoTa
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spesusa y =1, @, = 1' =8 - 107 pag u paccTroaHne HAUIYUILIErO
spenuda d = 250 MM) mpezes paspelleHU IJlasa COCTABIACT HPH-
MepHO 75 MKM:

Z, =do,,, =250mMmM-3-10" =75-10° MM = T5mrM. (24.3)

Pasmep msobpaskeHUs Ha CeTYaTKe HNPU 9TOM paBeH 5 MKM,
T.€. CPEAHEMY PACCTOAHUIO MEXKAY ABYMA KONOOYKAMU B UEHT-
panbpHOI sIMKe.

OTMeTHM, UTO Ha OCTPOTY 3peHUd BJANAET OYeHb MHOIO (ak-
TOPOB, HAIIPUMEP YPOBEHb OCBEIeHHOCTH CPeibl, YPOBEHL I[BETO-
BOI'0O ¥ APKOCTHOT'O KOHTpAacTa MeXAy pacCMaTpMUBaEMbBIM O0BbeK-
TOM M ()OHOM, AUAMETP 3PavuKa, BO3PACT YeJOBEKA, 0COOEHHOCTH
pedpaknuu riasa.

ITpn HOpMAaIBLHOM OCBEII[eHUM OCTPOTA 3PeHUs MaKCcUMAaJbHA,
KorJa m3o0paskeHye IpejMeTa IonajaeT Ha IEHTPAJIbHYIO AMKY
ceTyaTKM, Ije ILIOTHOCTH KOJiDOueK HamboJbinasg. B cymepkax,
KOrja KOJOOUKM YiKe «OTKJIOUalOTCA», OCTPOTA 3PEHUA MaKCH-
MaJibHAa IIPY HONAJaHWU CBETa HA TOT YUAaCTOK CeTUaTKH, TAe Ha-
nOOJILINAA ILIOTHOCTD MAJIOUEK, T.e. IPUMepHo o yraom 20° or
LEeHTPAJIbHON AMKH.

24.3. buodm3nyeckne OCHOBbI
doTopeuenumnn

B manmom maparpade paccmarpuBaloTcs OGuodusndecKue me-
XaHM3MBbI TPeo6pPa30BaHMs CBETOBOM 9HEPrUAH, TOIJIOIeHHOM! (o-
TOPELENITOPHBIMM KJETKaMU CeTUaTKH IJjia3a, B CEPUI0O HEPBHBIX
UMIIYJIbCOB, MEpefarnInux MHPOPMAIUI0 0 3PUTEIbHOMY HEPBY
B MO3rI', CBOMCTBA JHEBHOTO U CyMEPEUHOro 3peHusd, MeXaHU3Mbl
I BeTHOI'O 3PEHMS M CBETOBOI ajanTaiiuy riasa.

24.3.1. Crpoenne cer4arku
M CBETO4YBCTBUTEAbHbIX KAETOK

CBeTOUYBCTBUTEJAbHBIMM 3JIEMEHTAMH B CETUATKEe SBJIAIOT-
cs1 nanouyku U Koabouku. IManouxu (upumepno 125 maH) pac-
NOJIOMKEHbI IO BCEH ITOBePXHOCTH CeTYATKH, LIpUYeM Ha Iepu-
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e,

depur UX KOHIEHTpAIlMA BBIIIIE, UEeM B IEHTPAJbHON YacTy,
ITanouku oTBeTcTBeHHBI 3a uepHO-Oesoe (cyMepeduHoe) 3pe-
Hue u o00sagaoT OoJiblllell YYBCTBUTEJIbLHOCTBIO, UYEM KOJ-
6oukm.

Kon6ouku (oxosio 6,5 MaH) oTBeyaloT 3a IjBeTHOe (IHEBHOE)
3peHNe, OHM KOHIEHTPUPYIOTCS B OCHOBHOM B IIeHTPaJbHOM
YaCTHU CETUATKY, OCOGEHHO MHOT'O UX B JKEJITOM IATHe U BOKPYr
Hero. 37ech K0JI0OOUKM HamboJiee TECHO NPUIKATHI APYT K APYTy
¥ KaKJas U3 HUX CBA3AHA C OTAEJbHBIM BOJIOKHOM 3PHUTEJIBHOr0
HEpBa, KOTOPHIi Iepejaer B MO3T ee CHUTHAJBI, UTO ONpejeider
BBICOKYIO Pa3peIlaollyio clIoCOOHOCTD IJia3da B 3TOM 06J1acTH ceT-
yarku. Ha nepudepun ceTyaTKyd OZHO BOJIOKHO 3PUTENBHOTO He-
pBa CBA3aHO C IEJION rpymnoil (GoTopelenTopoB, paspellarlnasn
CcII0CcOBGHOCTD I'1a3a 3/eCh 3HAYMUTEJIbHO HUXKE, HO BbIIle YYBCTBU-
TEJILHOCTD.

Cmpoenue cemwamrxu desopexa (puc. 24.7) Z0CTATOYHO CIIOMK-
Ho. OOGLIYHO B Heil pasJMYyaioT JeCATh CJ0eB, IPUYeM CBEeTOUyBC-
TBUTEJILHBIE M HEPBHBIE KJETKH HaXOAATCA B CAMOM BHYTPEHHEM
cjoe ceTyaTKu. Bojiee TOro, majouKu M KOJAOOUKU OPHEHTHPO-
BaHblL K CBeTY CBOMMM BHYTPEHHUMM CerMeHTaMu, He COAep Ka-
IIMMH 3PUTEJbHOrO0 NMUI'MEHTAa ¥ IPO3PAYHBIMU [JA BUAUMOIO
cBera.

Konbouxku ITanouxwu
IMurmesTHBIN
SMUTESUH
b & }—- Curod
Hapyxubiit : doTopenenTopos
ANEPHBIH |
cJIoit
HapysxHabIif
ceT4aThId B .
cJIoi HYTDEeHHHH
. ——— ANepHbIN
HeiipoHbl — CJI0H
ceT4aTKH
____ Bmyrpeunuit
T cerTyaThI#
Tarrauo3HBIR __| cJoit
cJoi

===~ HepBHbIe BOJIOKHA,
1 uayue K SpuTeIbHOMY
Cer ! Cser HEpPBY

Puc. 24.7. Cxema CTpPOEHHUSA CETUYATKH IJia3a
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OKOHYaHMe

Puc. 24.8. TIpoueccs! B hoTopenienirope (Iatouke):
a — cxXeMa CTPOeHMA NMAJOUYKK; 6 — BbIXOJ MeAuaTopa U3 IUCKOB
u 6siokupoBaHue Na'-KaHaJ0B B MeMOpaHe NaJIOuKH;
6 — TIOTJIOIIleHH e CBETOBOI'0 KBAHTA AV POLOIICMHOM, BCTDOEHHBIM
B MeMOpaHy AucKa

3pumendvHoulli nuzmMenm nanowex — PONOICUH, HOIJIOLIAIO-
W CBETOBbIe KBAaHTHI, HAXOAUTCA B MeMOpaHe AUCKOB, pacIio-
JIOKEHHBIX B HAPYXHOM cerMeHTe nanouek (puc. 24.8). Mewm-
Opana auckoe oOpasoBaHa GucjoeM (OCHOJIUIUAOB, a BHYTPHU
OVCKOB HaXOAATCA MOHBI Kanbiusa Ca?' [24].

Pogoncun mnpejcrasiasier coboil GeclBeTHBIH O€JIOK OICHH, C
KOTOPBIM XWMHYECKHM CBS3aHa XpoMopopHasi, T.e. CBETOUYBC-
TBUTeJbHAA, I'PYIINaA, TAK HA3BIBAEMbIH pemuHalb, IPeJCTABIIA-
IOIIWiI cO00M ayibAeru BUTAMUHA A.

28-5281
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Puc. 24.9. Perunans

PeTunans MoKeT UMeTh PasjuyHble IPOCTPAHCTBEHHBbIE KOH-
durypamuu (130Mepsl), OIHAKO C OEJIKOM OIICHMHOM MOJKET CBS-
3BIBAThCS TOJBKO OAWH U30Mep — TaK HasbiBaeMbI#i 11-muc-pe-
TuHAIL (puc. 24.9).

CremyeT OTMETHTB, YTO 3Ta GOpMa 3PUTEJBHOTO NHUTMEHTa
MpHCyIa BceM 0e3 HCKJIOUYEHUs OPraHM3MaM OT HUBLIUX IO Bbl-
CIITHX.

24.3.2. lNpeobpa3osBanne CBETOBOW DHEPrUNM B HEpPBHbIE
UMNYALCDHI

Ciegyer OTMETHTb, YTO HOTEHIIHAJ IIOKOS HAJOYeK U KO0Jbo-
UeK MOJIOKUTEeJbHBIHM, TIOCKOJIbKY MeMOpaHbl UX HAPYMKHBIX Cer-
MEHTOB B IIOKO€ XOPOII0 IpoHuuaeMsl AJis noHOB Na“¥, rorga Kak
MeMOpaHbl KJIETOK APYTIUX BO30YAUMBIX TKaHEH B COCTOSHUU 10~
Kos1 HauOoJiee npoHUITaeMbl A noHoB K*. BemjecTBoM, KOTOpPOE
B MOKOE MOJNEePKUBAeT OTKPBITHIMU HATPUEBbIe KAHAJBI, SIBJIA-
eTcsA UMKJINYECKuil ryaHosuH-moHopochar (uI'MP), xoropsli,
10 HEKOTOPHIM AaHHBIM, IIPH CBETOBOM O0JIYYEHUU CBA3BIBAETCH
cIenMaJbHBEIMU MoJieKyaamu [24].

OcHOBHOII (OTOXMMUUECKON peakiueil, KOTopad MPOUCXOZUT
IPY IOTJIOIIEHUH KBAHTA CBETA, ABJISETCA (YOMOU3omepusayui
pernHanda. [lorjoTuB cBeTOBOM KBAHT, MOJeKyJaa 1l-muc-peru-
Hans pacnpamiserca u 3a 1072 ¢ mpespaiaercs B Apyroii u3o-
Mep — TpaHC-peTHHaIb. TpaHC-pETHHAJDb yiKe He IoMeIlaeTcd B
LIeHTpe CBA3BIBaHUA OesiKa OICHUHA, BCJIEACTBUE Yero IPOUCXOAUT
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paspeIB POJONCHHEA HA ONCHH U TPAHC-PETHHAJIb, IPOTEKAIOIUI
yepe3 pAJd IPOMEKYTOUHBIX CTaAui.

Ilocne pacnaja pojporncuHa HA ONCHUH U PETUHANL NPOHUILAE-
MOCTDH ZVCKOBOHM MeMOpaHbI U3MEHSETCS U M3 AUCKA HAUYMHAIOT
BBIXOQUTHL MOHBI Kanbiuusa Ca?’, crioco6CTBYONIME CBA3LIBAHMIO
uI'M®P'. B pesynbTaTe NIpOHULIAEMOCTh MeMOpAHbI MIAJIOYKY IJIS
HATpUA CHIKAaeTCA U Ha ee MeMOpaHe pas3BuBaeTcdA (hoToperern-
TOPHBIH MOTEHIUAN, IPONOPUHUOHAJIBHBIN KOJHUYECTBY HOTJIOIeH-
HBIX KBAHTOB. AMIUIMTYa 9TOr0 (DOTOPEIeNTOPHOTO MOTEHIMAIA
ue mpeBsbiaer 5 MB. On pacnpocrpaasgercs 1mo meMOpaHe magotu-
KM, JOXOJUT J0 IPECUHANITUYECKOTO OKOHYAHUS Y CTUMYJIUPYET
BBIOPOC cofeprKallerocs B HeM HelpoMeaumaTopa B CHHANTHYEC-
KYIO IIIeJIb, YTO NPUBOAUT K BO3OY KIeHNI0 OUIOIAPHON HepBHOMI
kaetku. [loreHnuan peiicTBust, cHOPMUPOBAHHBIN 9TON HEePBHON
KJEeTKOil, nepejaercs jajee B BUJe HEPBHOI'O MMIYJbCa IO 3PpU-
TeJILHOMY HEPBY B 3puUTENbHbIE LEHTPhI TOJOBHOTO MO3Ta.

YacrTora cieioBaHUsA HEPBHBIX MMIIYJILCOB BO3PAcTaeT ¢ yBe-
JUYeHUEM HHTEHCHBHOCTH MAMaolilero cBera 110 Jjiorapudmuye-
CKOMY 3aKOHY.

Takum o6pa3oM, Bcs UENOYKA npespauieHus IHepzuu cgema
B HEPBHBIN HMNOYJBLC BBITJIAAUT CJAEAYIOINUM OOpa30M: KBAHT
cBeTa hv — morioiuenue ero 1l-uuc-peruHaneM — IHUC-TPAHC-
KOH(popMaIua PeTHHAJNA —> Pa3PbIB POAOIICHA Ha OIICHH U PETH-
HaJlb — yBeJIMYeHVe NPOHUILAEeMOCTH AMCKOBOM MeMOpaHBbI IJis
Ca? —» muddysua Ca'? k muromntasmaruueckoit mMemOpaHe ma-
JIoukn — OsokupoBanue Na -KaHajnoB —» of0pasoBaHue QoTope-
LIeTITOPHOT'O HOTEHIMAaIa Ha MeMOpaHe aJouKHu —> BO30y KIeHMe
HeMPDOHOB CeTYATKYM —> MOCTYILIEHVWE HEPBHBLIX UMIIYyJIbCOB B 3PH-
TeJbHble LEeHTPhI I'OJOBHOIO MO3Ta.

3puUTeNbHBIHM MUTMEHT POJOIICUH, PacuaBuIniica o AeHcTBU-
€M cBeTa HA ONCHUH W PETHHAJb, MOXKET 3aTeM OIATh BOCCTAHAB-
JYUBaThCA TOJ AeHCTBUEM ClelHaJbHOro (hepMeHTa pPeTHHAalb-
U30Mepasbl, KOTOPBIA MEpeBOANT TpaHc-peTHHadb B 11-muc-pe-
THHAaJb, IIOCJIe YEero NPOMCXOLUT IIPHCOeJUHEeHUe IIOCJIeAHero K
ONCHHY ¢ 00pasoBaHMEM POAOCICHHA. ITOT IIPOLECC MOXKET OCy-

1

ITo mexkoTopbIM AaHHBIM, TIpU cBeToBOM obGsyueHun uI'M® cBaseiBaerca
TaK’Ke ClenuajJbHHIMKU GepMeHTaMu, YTO yBeJIHUYMBAET PELeNTOPHBIH IIO0-
TeHuuaJ Ha MeMOpaHe.

28+
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LIECTBJATHLCA U Ha CBETY, U B TeMHoTe. OJHAKO Ha CBETY IIPOIiece
pereHepanyy POAOIICMHA YCKOPSeETCA, TaK KaK Iepexoi TpaHc-
peTuHansa B ll-muc-peTMHanb OCYIIECTBJSETCS B 3TOM CJdydae
¥ 1oJ AeHCTBUEM CBeTa, Giiarogapsi 00paTMMOCTH (QOTOpeaKIny
Ouc-TpaHc-KoHGOpMAaIuN peTUHAJd.

24.3.3. lisetHoe 3penue

IIpomeccsl B KOJM0OYKAX IMOJHOCTHIO AHAJOTUYHBI TEeM, UTO
IIPOUCXOJAT B majioukax. OTnyue JUIIb B TOM, YTO B KOJIOOUKax
3PUTEJbHBIM IIUT'MEHTOM SIBJSETCA YK€ He POJOICHMH, a iodon-
CUuH, KOTOPBIH NpeAcTaBaseT coboil ApPyroii 6esIoK, copep:Kalui
TOT Ke xpomodop: 11-1uc-peTuHaib.

B ceruaTke uMeroTCs Tpu BUAA KOJIOOUEK C PA3HBIMHU CIIEKTPAa-
MH TNOIJIOILIEHUA ¥ CIHEeKTpaMHu (OTOOMOJIOTUYECKOrO AeHCTBHA.
9TH TPM BUAA KOJOOYEK OTJIMYAIOTCS APYT OT ApPyra CTpPOeHHMeM
Oesika-MaTpULBl HOAOIICHHA, C KOTOPBLIM CBA3aHa xpomodopHas
rpymnna 11-muc-peTuHanib. JHePrusd CBA3H PETUHAJS C 6eJIKOM B
9TUX TpeX BHJAAX HOAOICHMHA Da3Had, IIOITOMY B CeTUYATKE MMe-
IOTCA TPM THUHA KOJOOUYEK — C MaKCHMyMaMH IIOTJIOIIeHHA Ha
440, 540 u 590 HM, Torga KaK POJOINCHH [1aJ0YeK UMeeT MaKCH-
myMm norviomteHus Ha 510 #M (puc. 24.10 u 24.11). MoHoxpoMma-
TUYECKHMHA CBeT BO30Oy:KaaeT oguH (MHOrga aBa) BUI K0J00UYEK, a
CBET CJIOXKHOTO CIIEKTPaJbHOTO COCTaBa — BCE TPU THUIMA KOJ00-
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Puc. 24.10. Cnexrp poro6uoso- Puc. 24.11. Crnekrpsl GoTOOGHOIOI -
TH4YeCKOr'o JAeiiCTBHA IIajJ0YeK YeCKOro AeMcTBHA KOJOoUeK
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Puc. 24.12. KpuBsle BUAHOCTH 8 JHEBHOI'O M CyMEPEUHOr0 3peHu s

YeK, HO B PasjIMYHON CTEeNeHU, B 3aBHCHUMOCTU OT (POPMBI 3TOr0
CIIEKTPAa, YTO ¥ IPUBOAUT B UTOTE K BO3HHUKHOBEHUIO OTTEHKOB
IIBETOBOTO OILIYIIIeHUS.

Taxum o6pasoM, IIBETOBOe 3peHKE O0YCJIOBJIEHO HAJUYNEM B
ceTyaTKe TPeX BHJAOB KOJOOYEK, OTIMYAIOIINXCA CieKTpaMu (o-
TOOMOJIOrNYECKOTO JefCTBUA.

IIpu oreyrerBUM B ceTdyaTKe XOTs ObI OZHOTO M3 BHAOB KOJI-
6ouex rsa3 TepseT CHOCOOHOCTH NMPaBUJILHO PAa3JUYaTh I[BeTa
(manvrornaM). YyBCTBUTEIBHOCTh IVIa3a K U3JIYYEHHSAM Pa3HBIX
JUINH BOJIH BHAMMOIO AUAIa30Ha XapaKTepusyeTcs Kpueoil sud-
Hocmu. CymMMapHas KpPHBaA CHEKTPAJIbHON UYYBCTBUTEJNLHOC-
TH TJada AJA CJydyas SPKOTO OCBelleHUs, T.e. IBETOBOTO 3pe-
HUA, UMeeT MaKCUMYM B KeJTO-3e€JIEHOH YaCTH CIEeKTpa IpH
A =555 um (puc. 24.12).

B nenom yyBCTBUTENLHOCTH KOMGOUEK K cBeTy OoJee ciaabad,
4eM y IaJIoueK, I09TOMY IiBETOBOE 3peHHe UMeeT MECTO IIpH XO-
poIeil OCBeleHHOCTH O0BEeKTOB, a MpH cJaab0il OCBEIeHRHOCTHU
KOJIOOUKHY «OTKJIOUAIOTCH» U paboTaeT TOJALKO NAJOUYKOBBIN am-
napaT CeT4aTKH.

ITosToMy mpu cyMepeYHOM 3peHMH KPHBad BUIHOCTH CMeNIa-
€TCSI B CTOPOHY KOPOTKHX BOJH C MaKCMMyMOM Okoyio 510 uHm
(cM. puc. 24.10) B COOTBETCTBHH CO CIEKTPOM IIOTJIOIIEHUS Ha-
Jouek. IToCKONBLKY B cyMepKax KoJIGOUKM yiKe «He paboraioT»,
TO U3MEHAETCA U HBETOBOCIPUATHE («HOUYBIO BCE KOUIKU CEPHI»).
Tak kak majJOYK¥M YYBCTBUTEIbHH B OCHOBHOM B CHUHE-TOJYGO0M
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o6aacTH CIleKTpa, TO KpacHbii uset (A = 630-760 MKM) nIpu Huas-
KHX YPOBHAX OCBELIEHHOCTH OYJET BBIMVIALETH NPAKTUUECKH Yep-
HBIM HJIH T€MHO-CEPBIM.

OrmeTuM, 4TO 06JIaCTh 3PUTEJILHOTO BOCIPUATHA IJ1a3a He 06-
pBIBaeTcA pe3ko Ha JauHax BoJjH 400 u 760 HM. B ycnoBuax rem-
HOBOH aJalTalyy Iyia3 MOXKeT BUAETH (B oueHb ca1aboil cTeneHu)
WHTEeHCUBHbIe HHGPAKpAaCHbIE JIyuM C AArHAMU BOJH A0 950 um
u yasTpaduosieToBrie gyuyu B auanasone 400—-380 uwm.

24.3.4. Aaantaumsa raasa

IIpu pesxoM M3MEHEHHMM OCBEI[€HHOCTHM pPacCMaTPHUBAEMOTO
00beKTa Ij1a3 HeKOTOpoe BpeMs He MOKeT IPaBUJIbHO PAa3IndaTh
ero JeTajy M OTTeHKH, IIOCKOJbKY eMy Heo0X0IUMO BpeMs, UTO-
OBl «IIOACTPOUTDL» CBOIO UYBCTBUTEIBbHOCTD I10]] YCJIOBUSA OCBEIIIEH-
HOCTH 00bekTa Habmaozenus. IIponecc npucmocobaeHUs ry1as3a K
TOMY MJM MHOMY YPOBHIO OCBEILIEHHOCTH HasblBaeTcd adanma-
yuei. Ilpy MOBBIIIEHWM OCBEIIEHHOCTH O0'BEKTa IPOHUCXOJUT
cgemosasn, a IpU MOHWIKEHUN — MeMH06aa ajalTalud rjasa.
CaeToBas ajanranus MPOVCXOJUT JOCTATOYHO OBLICTDO, B IIpeje-
JaxX MUHYTHI, TOTAA KaK TeMHOBAA ajauTanud AJUTCS AECATKU
MUHYT (0 uaca), Ip¥ 9TOM YYBCTBUTEJLHOCTH IJlasa Npu Iepe-
XOJie OT APKOTO CBeTa K TeMHOTe Bo3pacTaeT npumepso B 107 paa.

I'nas asasercs oguuMM u3 Haubojiee YYBCTBUTEAbHBIX OITH-
YecKUX npubopoB M CIoco0eH BOCIIPMHUMATHL CBETOBBbIE NMOTOKH
B muTepBaste 10717-107° Br.

W3BeCTHO BA OCHOBHBIX MEeXaHU3Ma afalTallly I'asa:

1) usmMeHeHMe guaMeTpa 3padyka IJasa;

2) usMeHeHHe KOHIEHTPALUU POAOICHHA B MaNOYKax u Ho-
JIOTICHHA B KOJOOYKAaX.

TIpu n3MeHeHuU OCBEIeHHOCTH 00beKTa duamemp 3pavKa us3-
mensierca 3a 0,3 ¢ B guamasone ot 2 1o 8 MM (B 4 pasa), Ipu 3TOM
OCBEILI[eHHOCTh CeTYATKH Ij1a3a usMeHserca B 4°= 16 pas.

OCHOBHOIT MeXaHW3M aJanTaluy — 5TO U3MEHEHHUEe KOHYeHm-
payuu 3pumeibH020 nUzMeRma 6 cemyamiKe — POROIICUHA U HO-
moncuHa. Ilox meiicTBMeM cBeTa 3TH coeAWHEHHsA ObICTPO pacna-
JalTcAd W, COOTBETCTBEHHO, OBICTPO MajaeT W YYBCTBUTEJIBHOCTD
rJasa, M03TOMY afalTalus Ijia3a K MOBBIIIEHHON OCBEIlleHHOCTHU



24.3. Buodm3snueckre ocHoBb hoTopeuernumu 439

MPOUCXOLUT JOCTATOYHO ObIcTpo. O6paTHBIN IIpomece — aganTa-
¥ K IJIOXOH OCBEIEHHOCTH — HAET Iopasio MelJieHHee, 1oc-
KOJIBKY OH CBSI3aH C BOCCTAHOBJIEHUEM 3PUTEJILHBIX ITUTMEHTOB
MoJ AeHCTBUEM CIelUaJbHOro ¢GepMeHTa — DPEeTHHAJIb-H30oMepa-
apl. Ha cBeTy mporecc pereHepanyuy POJOIICHHA MAET ObICTpee,
yeM B TeMHOTe, Giarojaps 00paTHMOCTH (OTOpeakiluu LMC-
TpaHC-KOH(pOPMAaIlUM PETHMHAJA.

Ecsu ocBelleHHOCTDh CeTYATKH IOCTOAHHA, TO YCTAHABIMBAECT-
cA IUHAMHUYECKOe PaBHOBeCHe MeXKIY IIPOlleccoM pacmafa apu-
TEJLHOTO MUIMEHTA IO AeMCTBUEM CBeTAa ¥ BOCCTAHOBJIEHMEM €TI0
¢ yuactueM (pepMerTOoB. Ilpy CHUMKEHHNHU OCBEILIEHHOCTH CETYarT-
K¥ YMEHbIIIAeTCS KOJIMYECTBO PACHAAOB 3PUTENLHOTO IHI'MEHTA
¥ paBHOBeCHE CABUraeTcA B CTOPOHY 0o0jiee BHICOKOH KOHIIEHT-
vauuy POJOICHHA U HOLOIICHHA, YYBCTBUTEJbHOCTD IJIa3a MOBbI-
mraetcA. [Ipu yBelmueHMW OCBEINEHHOCTU CeTUYATKU PABHOBECHE
COBUTraeTCs B TPOTHUBOIOJOKHYIO CTOPOHY M UYBCTBHTENLHOCTH
rjiaza CHUMKAETCH.

PaccMoTpeHHbIe MeXaHUaMBI afaNTAIMY [TO3BOJISIOT IJIA3y B
IINPOKUX IpeeiaX M3MEHATH CBETOUYBCTBUTEJBLHOCTH (hoTOpe-
LEIITOPOB C U3MEeHEeHUEM OCBEIIeHHOCTH CeTUYaTKH U obecrneymnBa-
0T TJ1a3y CIOCOGHOCTL BOCIPUHMMATHL CBETOBBLIE IIOTOKU B LIU-
DPOKOM MHTeDBaJie HHTEeHCUBHOCTEH.

AOGCOJIOTHBIIT TTOPOr YYBCTBUTEJILHOCTH IJja3a 4desoBeKa CO-
orBeTcTByeT mpumepHo 60—-150 kBaHTaM cuHe-3eJ€HOI'O CBeTa,
nagaromuM B rias. Ilpudem Tonbko 5—-15 M3 HUX NOTIOHIAIOTCS
HEMmoCPeACTBEHHO MOJIEKYJIAMYM 3PUTEJIBHOTO IMUTMEHTA, OCTAJb-
HBbIe PACCEMBAIOTCS MM IOTJIONIAIOTCSA APYTMMU CTPYKTypaMu
ceTyaTKu. Bce KBaHTHI cBeTa, AOCTUrAIOIMie CETYATKHM IIPU I10-
POroBO# MHTEHCUBHOCTH, IIOTJIONIAIOTCA OTHEJBHBIMM MaJOYKa-
MU, KOTOpble 06/1aai0T ropaso 6osibnieil YyBCTBUTENBHOCTDIO K
CBeTy, 4YeM KOJOOUKH.

ITocKoabKY YYyBCTBUTEJNLHOCTD ITAJOYEK K CBETY 3HAUUTENIBLHO
BbIIIE, YeM KOJGOUEK, TO IpH memH080il adanmayuly OCHOBHOE
CBEeTOBOCIIpUATHE O6YCIOBIEHO MAJOUKOBON CHUCTEMOIl CeT4aTKU
(cymepeunoe spenue). [Tosromy B TeMHOTe cl1abbie CBETOBBIE CTH-
MyJIBI JIy4Ille pa3inyaloTCA He LeHTpalbHON AMKON, a OKPYKAaIo-
e ee 4acThio ceTyaTKu. MakcuMaabHAdA TEMHOBAA ajamTarus
JocTtHraerca zoctatrouHo mepieHHo (40—60 MuH), HOCKOABKY
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e,

(hepMeHTaM HeOOXOZMMO BpeMs, UTOOBI «HapaboraTb» GOJbINOe
KOJIMYECTBO POAOIICHHA U3 PeTUHAJA U OIICUHA, PACIIABIINXCA Hy
CBeTY.

Ceemosasa adanmayus TIPOTEeKaeT HAMHOTO OnICTpee TeMHO-
BOIf, B TeUeHHWEe HECKOJIbKMUX CEKYHJ, IOCKOJbKY IIPHU BBICOKOI
OCBEIIeHHOCTH pacHaj poAOlCHUHA B ITAJIOYKAX HAET OYeHb WH-
TEHCHBHO ¥ €ro KOHIIeHTpaius pe3Ko CHUKaercs. B aTtux ye-
JIOBUSIX B IIPOIECCE 3PEHUS YYACTBYIOT THOYTH MCKJIIOUUTENBHO
Konbouku. [[HeBHOe 3peHMe XapaKTepHU3yeTcs BBICOKOI OCTpO-
TOI 3PEHUSA M XOPOIIMM BOCIPUATHEM U6€ma, TaK KaK Kojbou-
KH CIIOCOOHBI pPasjMyaTh I[BETa, a MaJIOYKU 3TOH CIIOCOOHOCTBHIO
IIpaKTUYeCKHU He 00afaror.

Nudopmanusa o0 MHTEHCHBHOCTH CBeTa KOAWDPYETCA UYacCTO-
TOW HEPBHBLIX MMIYJBCOB, MOCTYNAIOIIUX B 3PUTEJIbHbIE IIEHT-
pbl rojioBHOro mosra. QOmHaKo ecau MHTEHCUBHOCTH CBeTa OCTa-
eTCsl MOCTOSIHHOM, TO YACTOTAa HEPBHBIX MMIYJbCOB IOCTEIEHHO
yMeHnbmaeTcsi. [10aToMy, ecnu KakuM-aubo crnocobom s3aduxcu-
poBaTh I'Jia3 HA OCBEIlleHHOM IIpeiMeTe, OH yeped 1—2 ¢ BooOIie
IepecTaHeT BUAETh IIPpeIMeT, TAK KaK MPEKPATUTCA HOCTYIJICHME
HepBHBIX HMIIYJbLCOB B TOJIOBHOM MO3I (BpEMEHHAS afalnTallus).
B peasbHBIX YCA0OBUAX 3TOTO HE IPOUCXOAUT O1aroaapsa HaJIUuIuIo
CIHeIMANLHBIX MBIIIT, TEPUOJUYECKH CABUTAIOIINX IJiadHoe sf0-
JoKo Ha yroja go 20°. IIpogoaKkuTeIbHOCTh TAKOTO CKa4Ka paBHA
COTBHIM JOJSM CeKYHIbl, & MHTEPBaJ MeXXAYy HUMH, T.e. IIPOJOJI-
JKHUTEJbHOCTL (DUKCATMY IJ1a3a Ha IIpeAMeTe, COCTABJIAET OOBIYHO
0,2-0,5 c. B pesysabrarTe aTHUX ABHIKEHHUH H300parKeHue IIpen-
Mera IepeMeraeTcss Ha JApPYyrue CBeTOUYBCTBHUTEJIbHbIE KJETKHU
ceTYaTKM M HHEGODPMAIMS MPOJOJIKAET IMOCTYyIaTh B T'OJIOBHOM
MOa3T.

YacTtoTa HEPBHBIX UMIIYJbCOB, IMOCTYMAIOUIMX B MO3T, IIPO-
MOPIMOHANbHA JIOTapu(pMy WHTEHCUBHOCTH IIafaloIero B IJa3
cBeTa, barogapsa 4emy K 3peHUIO NIPUMEHUM M3BECTHBIH IICUXO-
dusuyeckmit 3akon Bebepa — PexHepa (cM. TJI. 7): 3pUTEJbHOE
omyuieane E IponOpIMOHANBHO jJorapudMy WHTeHCHBHOCTH [
Iafaloniero B IJia3 CBETA:

E =EInI +C, (24.4)
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rae k — Ko3hOUIHUEHT IPOIOPINOHAJIBHOCTH, 4 3HAYCHHE KOHC-
Ta"Thl C 3aBUCHUT OT afaiTaiuy rjasa.

BbrlACHHM HEKOTODHIE CJAEACTBUA ITOr0 3aK0HA. KEcin uenosex
OCMATPHBAET OCBEIlIeHHBIH (DOH MHTEHCUBHOCTHIO I, Ha KOTOPOM
ecThb 0oJiee CBETJIOE MATHO MHTEHCUBHOCTBIO I, == I + dI, To mu-
HUMAaJbHYI0O O0HAPYKHMBaeMyIO 4eJOBEKOM Da3HOCTb WHTEHCHUB-
HocTel dI nsarHa U GoHA HA3BIBAIOT PA3HOCMHbLM NOPOZOM, & €T0
OTHOIUIEHWe K uHTeHcuBHOCTH I doHA, T.e. dI/I — Juppepenyu-
ANbHBLM 1OPO2OM.

Iponuddepeniuporas (24.4), nmoayuuM BbIpaXKeHuWe A
YYBCTBUTEJILHOCTH TIJIasa

dE = k4L,
I

a 3aTeM BbIpaKeHUA Wi AUGPepeHI[HaJbHOr0 U Pas3HOCTHOIO
[IOPOT'OB:

al _l,p  ar=1r.4g. (24.5)
I & K

Coornoternus (24.5) moxkassiBawoT:

o uro gudpdepennuanbubiit nopor dI/I mocrosHeH, He 3aBU-
CHUT OT SIpKOCTM (hOHA M OIPeNessieTCsT TOJHKO UYyBCTBUTENLHOC-
Teio dE rnasa;

® Pas’HOCTHBINA Iopor dI NMponopIUOHAJIEH KAK YyBCTBUTEJb-
HocTH dE riasa, Tak 1 apkoctu I doHa: yeM APKOCTh BbIIliE, TEM
BBILIE M PA3HOCTHBIN IOPOT, CJELOBaTEJLHO, TeEM XYiKe CIIocoD-
HOCTB I'J1a3a K PasjuvyeHuIo Ipajgaluil SpKOCTH.

ITa 0COGEHHOCTh 3PeHUA YUUTHIBAETCA B ONTHYECKHUX IIpHBO-
pax: HauboJiee TOYHBIC CPAaBHEHUS OCBEIEHHOCTEe! ABYX 00bek-
TOB (HanpuMep, BHIPABHUBAHUE OCBEIEHHOCTH IT0JIeH B HONApHU-
MeTpe U Ap.) NPOBOAATCA IPY MHHUMAJIBLHBIX APKOCTAX (POHA.

KOHTpOAbeIe BONPOCH! Y 3aAaHUsA

1. Onumure crpoenue riraza. Kakoss! onTuyecKHe CBOHCTRA IIABHBIX
cpen?

2. KaxoBo HazHaueHHe ONTHYECKOM CHCTEMBbI IVIa3a U KAKMMU CTPYK-
TYPHBIMHU 3JIeMeHTaM# OHa cosgaerca? Kakxosa omrudeckas cuia
rjasa, 4TO TaKoe NPUBEJeHHBIN riaas?
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10.

11.

12.

KaxoBo ycioBue uerkoro BuaeHus mpeameroB? Kakos MexaHuam
axkkomoganuu riasa? Yro Takoe AMANa30H aKKOMOZALUM, OT Yero
OH 3aBUCHUT?

KakxoBbl OCHOBHEIE HEZOCTATKH PePpaKkIMM Ijasa M KaK UX KOp-
PeKTUpyoT?

YTo TaKOoe MUHUMAJLHLIN yroJ 3peHusi? OCTPOTa 3peHus? Ipexes
paspernresaus riaasa?

KakoBo ctpoenne ceruaTku riasa? Hasosure BHABI CBETOUYBCTBH-
TeJbHBIX KJIETOK, X KOJIMYECTBO U DacipejesieHue Mo ceTdyaTKe.
Onuiinre crpoeHue najgouxku. KakoBa poJsib POAOICHHA W peTHHA-
aa? B ueMm pasinune majouek ¥ KoJGOUYEK KAK CBETOUYBCTBHUTEJb-
HBIX KJIETOK CeTUaTKHU?

Onuiinre Mexanuam o6pa3oBaHus GOTOPEIEeNTOPHOrO MOTeHIIMAA
Ha MeMOpaHe MaJOYKH UJIU KOJOOUKHU.

KakoB nyTs nepegaum uHdopmManuu o6 OCBEIIeHHOCTH MAJOYKH B
3pUTEJIbHBIE UEHTPLI FOJOBHOTO Mo3Ta?

Yem 06yCIOBJIEHBI PA3JIMYUA CYMEPEUHOTO M JHEBHOIO 3PeHHUA, B
yeM OHU nposaBaslTca? IlpuseauTe CeKTPs! POTOOHOIOTHIECKOT0
JefCTBUA HaJoYeK U KOJO0UeK, KPUBYIO BUAHOCTH IJla3a DU JHEB-
HOM ¥ CYMEDPEYHOM OCBeIleHUH.

Yro Tarkoe amanTtamusa riasa? KakoBbl OCHOBHble MeXaHH3MBL ee
peanusaunn?

Vraskure KOJUYECTBEHHYIO CBA3b MEXKAY 3PUTEJbHBLIM OLIYIIeHHU-
€M ¥ MHTEeHCUBHOCTLIO TIAJAaI0NIero B IJIa3 CBeTa, a TAKIKEe BIUSIHUE
AprocTU (hoHa Ha PAa3HOCTHLIA U AuddepeHUNANBHEIN TOPOTH 3pe-
HUSA.
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Iasa 25
MUKPOOOBLEKTOB

Ilpenen paspeureHus rjasza dejgoBeKa B HOPME COCTABJIAET
0K0J10 1 YrII0BO# MUHYTHI, UTO TIO3BOJISIET PA3JINYATL HA PACCTOSM-
HUU HaWJIYJINero 3peHus AeTalu NpeJMeTOB Pa3MepoM He MeHee
75 MKM. Bosiee MesiKUe AeTanu NpeaMeTa HeBOODYKEHHBIM IJia-
30M PacCMOTPETEL HEBO3MOXKHO. [[09TOMY HM3yUeHUe MUKPOOGBEK-
TOB HEJIL3Sl IPOBOAUTE 6e3 clienualbHbIX NIPUOOPOR, CO3AAIOIIMX
yBeAMYEHHOE M300pakeHne MUKPooOBeKTa B JEeCATKHU, COTHU WU
Jake COTHM ThICAY pa3. Be3d Takmx NpubOOPOB HEMBICJIUMA COB-
peMeHHas HayKa, B TOM yucje ouonorus u meaunuua. Tak, 6es
ONTUYECKOI0 MUKPOCKOMNA HEJb3A U3YUUTh IUCTOJOTHUIO, [TATOJI0-
IMYECKYI0 aHATOMMIO M MHOI'Me IPYyrue HAyKH.

25.1. AuH3a

T'aBHBIMM ONTHUYECKMMH 3JeMEHTaMu, CO3LAIOIUMHU yBe-
JAYEeHHbIe M300pa’KeHusT NpPeIMeTOB, ABJIAKTCS chepuyuecKue
JUAH3bl. S3HAHNE ONTHUYECKUX CBOMCTB JIMH3, METOJOB U YCJOBUI
MIOCTPOEHUST MMHU YeTKUX u300parkeHUil IO3BOJAET Jydlle II0-
HATh HPUHIMUIBLI U 0COOEHHOCTH (POPMHUPOBAHUA H300parKeHMit
JynaMy ¥ MHKPOCKOIIAMH, DACCUUTAThL CO3JaBaeMOE€ MMU YyBe-
JUYEeHHE.

25.1.1. OnTuyeckue xapakTepucTUKu AUH3

Jun3oi HaspIBaeTCs MPO3pavyHoe TeJIO, OTPaHUYEHHOe JByMSA
chepryeckumMu (WIK ILIOCKON M cepHuuecKoil) IOBEePXHOCTAMU
U OTJHYAloIeeca 0T OKPYXKaloleil cpeApl moxKasarejeM IIpesoM-
neHus. JIuusa HA3bBIBAETCSA MOHKOU, ecayd ee TOJNIMHA MaJa 10
CPaBHEHUIO C paAuycaMu KpuBusHsel R, u R, ee moBepxHOCTeIl.

IIpsimasa O,0,, npoxoasaias yepe3 LEHTPbl KPUBU3HBI IOBEP-
XHocTel JuH3bl (puc. 25.1), Ha3RIBaeTCA 2LA6HOU ONMULECKOL
ocvio. Ha aToil ocu pacnosioskeH u onmuieckull yenmp O nuH-
3bl, HAXOASIIUNACA B TE€OMETPUYECKOM IIeHTDE ee cpefHeil 4acTH.
Tonmuua TOHKOM TUH3BI HE YYUTHIBAETCSH, [IOITOMY ee OITHIeC-
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HOBODXHOCTH JIMH3BI

TnaBnas
OIITHYECKAA OCh

Puc. 25.1. Cxema aBosko-

BBINYKJIOM JTUH3BI
Puc. 25.2. PoKyCHI IUH3BI:
. a — JeHCTBUTENbHBII
KHHM HEHTP — BTO TOUYKA II€-  y cofuparoimeil TMH3L; 6 — MHH-
peceyeHusa CAMON JMH3HL C ee MBIii y pacceMBaoleil INH3LI

TJIABHOH OITUYECKOH OCHIO.

Jli06aa npsiMasi, mpoxoAAnias uyepes omruiecKui ueHTp O, AB-
JseTcs noGOYHOU onmuieckol 0Cbi0 JINH3BI, U BCe JYYH CBeTa,
HAyLuue Yepes IEeHTP JHUH3H, He IpeJoMJIATCa. [Ipyrue ayun,
UAYIHe He Yepesd IEeHTD JIMH3LI, 0Cjie MPOXOKIACHUSA JUH3bI U3~
MEHAIOT CBOE HAIpaBJeHue, T.e. NPeJIOMJIAIOTCS.

Ecnu napanjiensHblil Ty4OK CBeTa IIOCJIE IIPOXOXKAEHUS JIMH-
3Bl CXOUTCA B OHOH Touke F, To IMH3y HA3HIBAIOT cobupaowell
(puc. 25.2, a), a Touky F — ee delicmeumenvrvim doxycom.

Ecau ke mapaiiesNbHBIM IYYOK CBeTa IOCJE IIPOXOIKACHUSA
JIMH3BI PACXOAUTCA TAK, YTO KAXKETCS UCXOAAIUM U3 OJHOM TOd-
ku F,, To IMH3a Ha3bIBaeTCA pacceusaioujell, a Touka F, — mMuu-
Mmoim poxycom 3roii auu3e! (puc. 25.2, 6).

PDoKyc TUH3HI, JEeIKANINUN Ha IIaBHOMU ONTUYECKOH OCH, HA3bI-
BAeTCS 21A6HbIM (YOKYCOM JIUH3BI, a BCE OCTANBbHBIE € (POKYCHI
(eskarye Ha APYrUX ONTUYECKHX OCAX) HA3HLIBAIOTCS NOGOWHbL-
mu. IIpu aroMm Bce DOKYCHI JIMHBHI JIEXKAT B OZHOM IJIOCKOCTH,
KOTOpasi Ha3biBaeTcA (POKATBHON IIOCKOCTHIO JUH3HI. OHA mep-
NEeHAUKYJISPHA IJIABHOH ONTHYECKOH OCH JIMH3BI U IPOXOAUT Ue-
pe3 ee IIaBHBIHA (QOKyC.

Paccroanne F oT neHTpa JIMH3KI KO ee IJIaBHOro (hokyca Ha3bl-
BaeTCA OKYCHHLM PACCMOARUEM LUH3bL.

Ecau B nepegunii hoxyc cobuparoiieit JIHH3bBI IIOMECTHTh TO"
YeUHKIH HCTOYHHK CBETAa, TO IIOCJIe IPOXOKICHMS JINH3BI BCe JIyYH
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MOUAYT MapalieJIbHO ONTHYECKON OCH JIMHBLI, YTO MCMOJIb3YeTCA
HAa TPaAKTHKe AJSA TOJYYEeHUA IapajlleIbHBIX TYYKOB CBETa OT
TOYEUHBIX UCTOYHMKOB.

OCHOBHOM KOJIMYECTBEHHON XapaKTePHCTUKOH IPEIOMJISIO-
mieil criocoOHOCTH JIMH3BI CJHYKUT €€ OnMmuiecKkas Cuna — Be-
JUYNHA, PaBHAS OTHOUIEHHIO MMOKA3aTess IIPEJIOMJIEHUA CpPelsbl,
OKpYIKamIeil TUH3Y, K GOKYCHOMY DPAaCCTOSHUIO JIMH3LI B 9TOM
cpene:

D=—. (25.1)

B CHU onruueckas cuja JUH3bI U3MEPAETCS B AUONTPHUAX,
npu 3ToM GHOKYCHOE PaCCTOSTHHUE HOJIMKHO M3MEPATHCA B METpax:
1 antp=1 M. OnTuyeckoil cuioit B OGHY AMOITPUIO 06JamaeT
JIVH3a ¢ POKYCHBLIM paccTosinueM F =1 M, HaXOAAIAACA B BaKy-
yMe uau Bosayxe (n=1). OnTuyeckass cujia cOOUPAIOIUX JIMH3
MOJIOXKUTENbHAS, 4 PACCEMBAIOIIUX — OTPUIATENbHASN.

Onruveckas cuja JMH3BLI 3aBHCHUT OT IIOKasaTejeil mpeyioM-
JIEHUS BeIeCTBa JIMH3bI ¥ OKPYJKAIOIIell ee cpelbl, & TaKMKe OT
PaguycoB KPUBU3HBI €€ IIOBEPXHOCTE U MOYET ObITh BHIYHCJIEHA
no gopmyae

p="

0 1
2 , 25.2
7 ( )

=(n-ny) 11
R, R,
TAe ny, — HOoKa3aTejb IPeJIOMJIEHNA CPeAbl, OKPYKaloIlell INH3Y;
n — MOKasaTeJb IIPEJIOMJEHUA BeulecTsa JuH3w; R, u R, — pa-
AWYChI KPUBU3HBI €€ IIepBOH M BTOpoH (O X0Ay Jy4a) MOBepX-
HOCTell, KOTOpPhbIe CUHTAIOTCH IOJIOKHUTEJIBHBIMHA, €CAU UX IeHT-
PBI PACIIOJIOMKEHR] CIIpaBa OT JIMH3LI (3a NUH30M 110 X0AY Jiy4a), U
OTPUIATENbHBIMH ~— €CJIU CjieBa OT Hee (Iepef JUH30M).
Hanpuwmep, ua puc. 25.1 gas nepsoit mosepxHoct™ R, > 0, a
Ius Bropoit R, < 0, moaromy dopmyaa (25.2) A1 ABOAKOBBITYK-
JIOH JIMH3BI IIPUMET BUJ

D=0 c(n-ny L

1.1
F R, |R)|



446 ) 25, INpnbopsl AAS MCCAGAOBAHUS MUKPOOObEKTOR

—

Ecan nunsa naxopurca B BO3ayxe, TO Ny = 1 u popmyna (25.2)
HECKOJIbKO YIIPOIIAETCA:

p=L_(n-1nL-L| (25.3)
F R, R,

Ecau F > 0, To qorycC meificTBUTEJIbHBIA U JINH3A coOUpaomiag
(D > 0), aecau F <0, To poxyc MHUMBII 1 JHUH3A paccenBaiomaa
(D < 0).

OrmeruM, UTO Kaxkgasd JMH3A UMeeT mepenHuil (mepej JIHNH-
301 o xXo4y Jyda) U 3aauuil (3a JuH30I1) porycsl. Ecau nmo o6e
CTOPOHBI JINH3BI OJJMHAKOBaA cpefia, To IepesHee F, u 3anHee F,
(OKyCHBIe PAaCcCTOAHNS JUH3bI paBHBI. Eciu sKe 1mo 006e CTOPOHBI
JUH3BHI CpeAbl pasHble (HAIIPpUMED, BO3AYX M BOASHUCTASA BJa-
ra mo pasHble CTOPOHBI POTOBHIIBI IJIa3a), TO nmepenanee F, u 3a-
nHee F, GOKyCHbIe pacCTOAHUS He PAaBHBI M OTJIMYAIOTCS B 11,/1,
pas:

F n
it SE S (25.4)
F, n,

roe n, U n, — IMOKa3aTeJd IIPeJOMJEHHUS COOTBETCTBYIOIIUX

cpen.
25.1.2. NMocTpoenne u300paKeHUs B AMH3e

YT106bI HOAYYNTH U300PAXKEHUE TOUKH, CO3JaBaeMoe JINH30M,
HeoO0X0AUMO HAHTH TOUKY IepeceYyeHnusI HCXOAAIINX U3 Hee JIyJyeil
mmocje UX IpejioMjeHud B juH3e. [nsa 3TOTO yIOGHO HCIIOJIL30-
BaTh J00YIO Iapy U3 TPex Jydeil, npeAcTaBJeHHbIX Ha puc. 25.3:

e JIyu, ImapajieJbHBIN IJIaBHOM ONTUYECKOI OcH, IocJe mpe-
JIOMJIEHHS B JIMH3€ MPOXOJUT uepes ee 3aguuil Goryc Fo;

& JIyd, IPOXOAALIUI Uepes lepeJHUH IyIaBHbIA Qoryc F, auH-
3bl, IIOCJI€ IPEJIOMJEHHS HIeT I1apajljleJIbHO TJIABHOU OITHYeC-
KOii ocu;

® JIy4, UAYHINH deped onTudeckuil meHTp O JuH3BI, He Ipe-
JIOMJIAeTCsA, T.e. IIocje JIUH3bl HAET B TOM JKe HalpaBJeHUH.

Ilepeceuenne aTux Tpex aydeil, HCXOAANTUX U3 TOUKU A, gaeT
TOUKY A,, ABJAIOMYIOCA u3o0pakeHHeM Touku A. Omyckas u3
TOYKM A, IEePHEeHANKYJIAD Ha IJIABHYIO OIITHYECKYIO OCh, HailfeM
TOYKy B, — usobpakenue TOuKu B.
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Jiuaza A
4 f
h Fl h N Bl
B Vd O F2
H H
\

Puc. 25.3. TlocTtpoeHue peiicTBUTENBHOIO H300pAKEHU S
B cobuparoueii JuH3e

Ecau nyum, ucxopdAime M3 TOUKH A, IIOcjie ITPOXOKIEHUS
JINH3BI ITIePECeKaIOTCs, TO n300paKenne A, HaswIBaeTcsa delcmeu-
menvrbim. [leiicTBUTEIbHOE N300pasKeHUE BCeTAA nNepedepHymoe
(o6paTHOE) M HAXOAUTCS C IPEIMETOM BCErja II0 pasHbie CTOPOHBI
auH3H (puc. 25.3). Ero MoXHO HAGJI0JATh U PErHCTPUPOBATD,
IIOMECTUB B ILJIOCKOCTH IIlepeceueHus Naydeil sxkpad uaud ¢oTto-
IIEHKY. Ecim iKe Jiyuum, HCXOAAINAe U3 TOUKH A, IT0CJIe IPOXOK-
JEeHUs JINH3BI PACXOAATCS, TO IIEPECEKAaIOTCA MUX IMPOLOJIKEeHU,
U Taxkoe nsobpaskeHne A, Ha3LIBAETCA MHUMbBIM, — OHO BCerja
npsAmoe U pacrojoKeHO II0 Ty Ke CTOPOHY JWH3bI, YTO U Ipexn-
mer. Tarkoe uzobpaskeHMe HEJb3A HEHMOCPEACTBEHHO HabJIOZATH
Ha SKpaHe WM 3aMKCUPOBaTh Ha (DOTOIJIEHKE, HO €r0 MOYKHO
Ha0JI0JaTh IjiasoMm.

25.1.3. ®dopmyAa TOHKOW AMH3bI

Ecaun mpeamer HaxXoauTcA Ha paccrosHuu d OT JMH3BL ¢ (o-
KyCHBIM paccTosinueM F, a ero usobpaskenue -—— Ha PacCTOAHUH [
OT JuH3bI (CM. puc. 25.3), TO 3TH BeIUYHUHEI CBS3aHEI COOTHOIIIE-
HUeM, KOTOPOe HA3bIBAIOT YOPMYAOl MOKRKOU NUHSBL:

1, (25.5)

Paccrosnue d or npeamera 0 JUH3EI BCeTAa MOJIOXKUTENbHOE,
a paccrosiHue f OT JIMH3BI A0 M300pa’KeHUA MOJOMUTEIbHOE AJS
AeACTBATEJbHLIX N300pasKeHNd 1 OTpUIlATeIbHOE [JJIA MHUMBIX.
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DoxycHoe paccrosgnue F coOHpaIOMNX JIMH3 IIOJIOKUTEJNBHOE, g
pacceuBaOUINX — OTPHUIATETbHOE.

Ecsu npegmer HaxoAauTcA Ha GECKOHEUHOCTH (T.€. VAAJEH Hy
6osblI0e paccrosiume d —» ©), TO ero u3obparkenue OyAeT pacmo-
JI0KeHO B hoKyce JuH3HL (f = F), a Mo Mepe npubIMIKeHUs IIpes-
MeTa K JIMH3e ero m3obparkeHue ypajdeTcsa or JuH3bl u f > F.

Juneinvim yeeaudenuem I' nuH3BI HA3LIBAIOT OTHOLIEHME
JUHENHBIX pasMepoB H m300pakeHusA K JJUHEHHBIM pasMepaMm h
IpejMeTa; OHO MOMKET OBITH BRIPAKEHO COOTHOIIIeHHEM, KOTOPOoe
HETPYIHO MOJYYUTh, MOJBL3YSACE puc. 25.3 u dopmyioit (25.5):

r-H_f__F (25.6)
h d |d-F

BuzgHo, 4TO yBeJuMYeHUe JIMH3BI TeM OOJIbIlle, YeM MeHbIIe
3HaMeHaTeJb 3Toi Apobu, T.e. yeM OJIMIKe ITpeIMeT PAacHOJI0MKeH
K mepegHeMy QOKyCy JUH3BHI.

Cobupawwas AUH3a MOXKET CO3/laBaTh KaK JeUCTBUTEJILHEIE,
Tak ¥ MHUMBbIe U300paKeHus, B 3aBUCUMOCTH OT PACIOJOKEeHUSA
mpejMeTa OTHOCHUTEJIBHO JHUH3BI. JlelCcTBUTENIbHBIE H300paie-
HUA GOPMUPYIOTCA B TeX CAy4asiX, KOTAa TpeaMeT PaclojioXKeH
OT JIMH3BI Ha paccToAHuu d, 60ibineM (POKYyCHOTO paccrosHus F,
T.e. Ipu d > F, a MmEuUMBIe — 11pu d < F, Korza IpeiMeT pacmo-
Jaraerca MeKIy HmepegHUM (POKYycOM M JIMH30M.

Cobuparoias JuH3a MOXKeT JaBaTh TP BUA AeHCTBUTEIbHBIX
n300pasKeHnil, a TaKIKe MHUMOe YBeJUYEeHHOe U300parKeHue:

e neitctBuTesnbHOe yMeHbIennoe (I' < 1), ecau d > 2F;

e neiicrsuTenbHoe paBHoe (I'=1), ipu d = 2F;

o nelicrBuresnpHoe yBeandennoe (I' >1), eciu F < d < 2F;

o mHuMoe yBenudeHHoe (I' >1), eciu d < F.

Pacceusawuwas aun3a Bcerga ZAaeT TOJbKO MHHUMBbIE yMeHb-
IIeHHbIe IPAMBIe U300paskeHnsA. ITO IIPAMO cjefyeT U3 COOTHO"
meuanii (25.5) u (25.6): nmockoasky d > 0 Bcerga, a oxycHOE
paccTrosHue F Taxkoil JUH3BI OTPHUIlATENbHOE, TO H300pakeHHe

noayuaercss maumbiM (f < 0): 1__1 1 <0 — u ymeHbIIEH-

T F| d
IF] f I l

— < 1.
d +|F|

HeIM: T =
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25.2. Ayna

Jynoi HasriBaeTcA cobupalouiad JUH3a, HCHOJAb3yeMas AN
[MOJIY4eHUsT YBEJNYEHHbIX MHUMBIX N300pakKeHuil npeamera.

Jlynmy o0BIYHO pa3MelnaloT HEeIIOCPEACTBEHHO Iepe] IJa3oM, a
paccMaTpUBaeMblil IpeAMeT noMelnaercs BOJM3K ee mepemHero
toryca, HO Ommoke ¥ anuse (d = F, H0 d < F). IIpamoe mHUMOE
u3obpa’KkeHue, co3JaBaeMoe JIYIIOHW, paclojiaraloT OT Hee, Kak
IpaBUIo, HAa PACCTOAHMU Haujaydulero 3peHuss f=dy=0,25 m.
Jlyna paxruyecKu yBeJIMYMBaeT yroj 3peHUud, IO KOTOPLIM pac-
cMarpuBaeTcs usobparkenue npeamera. Ilocnennee Habaozaerca
mox GOABUINM YIJIOM, YeM CaM NpPeAMET IIPY PACCMATPUBAHUY He-
BOODYKE€HHBIM TIJIa30M, YTO M IIO3BOJIAET BHUJETH 0ojiee MeJIKHEe
meranu npeamera (puc. 25.4).

JInHeliHOe yBenuUYeHKe JYIILI ONpeaeasercss GopmMyJioil

r-Ab _f 4 (25.7)
AB d F

Yem kopoue (hoxycHOe pacCTOSAHHME JNYIILI, TeM O6oJbiue ee
yBeaunyenue. OZHAKO NMPH GOJBIINX YBEJIUYEHUSIX YMEHbIIAeTCA
IoJie 3peHHUA U BO3pacTaloT UCKa'KeHuA (abeppanuit) usobpake-
Huii. [loaTomy HanboJiee pacHpoCTPAHEHbI JYIILL ¢ 2—25-KpaTHBIM
YBEJINUEHUEM, YTO COOTBETCTBYET €€ (DOKYCHBIM PACCTOSHUAM OT
12,5 no 1,0 cm. Ecsiu npesen paspellieHus HEBOOPYIKEHHOrO IJia-
3a COCTaBJASAET 75 MKM, TO IPH UCIHOJb30BAHNY 25-KPaTHOM JIYIIBI
OH COCTAaBHUT 75 MKM/25 =3 MKM.

A, JIuuaa
RS T /P
e
T e F
f
A 4

Puc. 25.4. Muumoe yBennyeHHoe u3obpaxesne, co3gaBaemMoe JIynoi

29-5281
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25.3. Mukpockon

Ona nonydyenmsi GONMBIINX yBeJWYeHWH NPUMEHAIOT MUKpO-
cKon, KOTODLIN mpejicrasisieT co6oll coueTanue ABYX cobuparo-
IHUX JUH3: O0BEKTHBA M OKYJSApPa, PACIOJOKEHHBIX Ha 3HaYH-
TeJIBHOM PACCTOAHUK OPYTr OT APYra.

Xonx Jgydeil U mocTpoeHue N300pakeHNA B MHKPOCKOIIE IOscC-
HAeT puc. 25.5. )

TIpenmer AB momermmaior BOIM3M HepexHero (Qoryca o0bex-
TuBa (npuueMm d; > F,), KOTOPHII CO3JaeT ero AefiCTBHUTEIbLHOE
yBeJIWUYEeHHOe TepeBepHyToe usdodpakenue A B,. Oxyaap — ato
Jyla, 4epes3 KOTOPYK PacCMATPUBAIOT IIPOMEXYTOYHOe M300-
pakeuune A;B;, Habmiogas NIpPU 3TOM €ro yBeJIHMYEeHHOE MHHU-
Moe m3obGpaxkenue A,B,. Takum 00paszoM, OINTHYECKUH MUKPO-

AN

o]
)

Puc. 25.5. Xopn nyueii 1 IoCTpoeHne N300pPakeHUA B MHKPOCKOIIe:
AB — o00bekT; A, B, — npomexyrouHoe n3obparkenue;
A,B, — KOHEeYHOe MHUMOe yBeJIUUueHHOe H300parkeHne
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CKOIl JaeT MHHMOe YBEeJIMYeHHOe M IIeDeBEepHYToe M300paskeHHe
o0BbeKTa.

Herpyauo mokasarth, 4YTO yBeJIUYEeHHEe MHKDPOCKOIIA PABHO IIPO-
W3BeJCHNIO YBeJINUeHNH OO0 beKTHUBa U OKYJApa:

r,-2B 4B AB o &L a5
AB  AB AB F,

e

B ¢opmyne (25.8) yuTeHo, UTO YyBeJHYeHHE OKyJasapa
(nymw) T,=d,/F, , a yBeauuenue obbvexrusa I';=A,B,/AB=
= FB;/F, ~ L/F,, rne d, — paccTosinuie HaWJIy4lllero 3peHUs
(0,25 m), L — onTuueckad AJMHA TyOyca MHUKPOCKOIIa, T.e. pac-
CTOAHNE MEXKAY 3aQHAM (POKYCOM O00'beKTHBa U NMepegHuM GOKy-
coM okKyJasipa (cMm. puc. 25.5).

dopmyaa (25.8) ansa yBeIuueHUs MHUKPOCKOIIA IIOJydeHa U3
coo0pa)keHUil TeoMeTPUUYECKO! OIITMKH U I103BOJAET, Ka3aJoCh
Obl, CO31aBaTh MHUKPOCKOIILI € JIIOOBIM YBEJIWYEHUEM, BapbUpydA
toxycHrle paccrosuusa F,, F, u onTudeckyo AIuHy TyOyca L.
Hanpumep, npu F;=2 mm, Fy=18 mm u L =180 MM noaydyaem
r,=1250.

OnHaKo Ha IPaKTHKE IONYUNUTL TaKne OOJIbIIVE yBeJIUu4eHUs
CJIOXKHO, IOCKOJIbKY HaGJIOAeHUI0 OYeHb MalbiX O0BEeKTOB Ipe-
NSITCTBYET SABJIEHMe JUMpaKIVi cCBeTa, KOTOpoe reoMeTpUdecKas
ONTHKA y4YecTb He crnocobHa. Jupparyus — 3TO sSBIEHNE OTKJIO-
HEHUs CBeTa OT NPAMOJNHeiHoro pacupocrpanenus. Habaonaer-
CA OHO IIpHU pasMepax Z NPeHATCTBUI (B JaHHOM clydae — JeTa-
Jiell pacCMAaTPHUBAaEMbIX 00BEKTOB), CPDABHUMBIX C JJIMHOI BOJHBI A
BUIMMOrO cBeTa, T.e. Iipu Z ~ A,

Bonnosyi meopuio muxpockona, y9uTHIBAOIIYIO AU(PPaKIU-
OHHBIEe ABJEHHS, CO34aJ HeMelKul pusuk J. A66e. OH mokasan,
YTO mpejes1 paspenieHns Z (HauMeHbliiee pacCTOAHNE MeXIy ABY-
M pasInYMMbIMU TOYKaMM O0LEKTa) ONTHYECKOr'0 MHKPOCKOIIA
oIpeJeNseTcs KaK JJIMHON BOJIHBI A M3JIy4eHUSA NOACBETKH, TAK
M CBOHCTBaAMM MHKDPOCKOIA (ero 4mucjoBO# anepTypoi A = nsinu)
u ¢popMoil HabIIOfaeMbIX 00 BEKTOB.

Dopmyaa A6be pna mpejesia paspemieHNs MUKDPOCKOIIa UMeeT
BHJ:

20+
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e 111 00'bEKTOB IIPOAOAT0BaTOM (JIMHENHOMH) HOPMBI

z= 05+ (25.9)

nsinu

11 06LEKTOB OKPYTJIOi (DOPMBI
z - 0.61% (25.9a)

nsinu

rage n — IMOKa3aTejb IPeJOMJIeHUA CpeAbl, 3alOJHSIOUIeH IIpo-
CTPAHCTBO MEXAY OOBEKTOM M JIMH30# O00BEeKTHBA (IJIA CYXOro
00'BEeKTHBA — 3TO BO3AYX, n = 1); u — anmepTypHBIA yroJ, o6pasy-
€MBIH FJIaBHOY OIITHYECKOH OChI0 MUKPOCKONA M KPAMHUM JIyUYOM
F,C, eme nonajamoiuM B 00beKTHUB U3 ero nepeguero ¢okryca F,
(cm. puc. 25.5).

B coBpeMeHHBIX MHKPOCKOIIaX alepTyPHBIN yroJ ZOCTATOYHO
Beauk (u = 70°), sin70°=0,94 ~ 1, mosToMy mpefen paspelne-
HUA «Cyxux» (n=1) MUKDPOCKOIIOB MPUMEPHO pPaBeH IIOJIOBHHE
IJUHBI BOJHBLI CBeTa, HCIIOJb3YyeMOI0 AJA IOACBETKH 00BEeKTa
(Z ~ 0,5)), mosaTomy B cuHeM U duojseroBom cBere (A = 400 HM)
6yAyT BHAHBI IIOYTH BABOe Gojiee menkme geranu (Z ~ 200 um)
o0beKTa, yeM B KpacHoM (A = 700 um, Z ~ 350 um).

Yayumnts paspeliaroniyio CIioco0HOCTh, T.e. YMEHbIIUTh Z,
MHAKPOCKOIA MOXKHO BHECEHHEM MeXJy 00beKTOM U 00'beKTHBOM
MMMEPCHOHHOM KMAKOCTH ¢ IIOKA3aTesieM npejgomiesus n=1,5—
1,6. OgHako 00BEKTHB B 3TOM cJiyuae HOJKeH OBITh Clernuajb-
HO PacCUYUTAH Ha NPUMEHEHMEe TaKoi MMMepCHUH, JHUIIbL B 3TOM
ciyyae Ipefes paspelieHUs MHUKPOCKOIA YMEHBIIUTCA B 1 pas
[cMm. dopmyny (25.9)] 1 cOOTBETCTBEHHO BO3pACTeT €ro paspemia-
I0I[asA CIIOCOOHOCTD.

Takum o6pa3oM, fake IPU UCMOJb30BAHUU UMMEPCUH IIpeeJI
paspellleHHA ONTHYECKUX MUKPOCKOIIOB HE MOYKET ObITh MEHBIIIE
125 uM, a Jia «CyXux» MuUKpockonos — 200 M.

JanbHeiinee yBeJndeHHe paspeliaiolieil CIoCOOHOCTH BO3-
MOKHO TOJIBKO 34 CUeT YMEHBIUEHUs AJUHBLI BOJHBI IIOJCBETKH,
T.e. IYTeM MHCIOJb30BAHUA YJIbTPA(DUOIETOBOr0 U3JIYUEHUS.
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OnTuxa TAaKOTO MHKDOCKOI& [HOJPKHA OBITH NPO3PAuYHOR I
yasTpaduonera, a usobpakeHue HaOIIOAATE HENOCPEICTBEHHO
rJ1asoM yiKe Heab3s. [103ToMy CO3AI0T He MHUMOe, a AeHCTBU-
TeJIbHOE yBeJIWYeHHOe H300pasKkeHHe IIpeJMeTa myTeM IepeMe-
1IeHuA OKyJaspa Bnpaso (cM. puc. 25.5) Tax, YTOOBI IPOMEKY-
ToOYHOe m3obpakeHue A,B; oxasajoch JieBee IepefHero (poxyca
F, okynapa. B atom caydae OKyaAsap (M MUKPOCKOII B IIeJIOM)
OymeT JaBaTh AeYCTBUTENbHOE YBEJUUYEeHHOe N3o6parkeHue mpen-
MeTa. B IJIOCKOCTH 9TOro mM300pasKeHUs MOMEIaloT (POTOIIeH-
Ky MM JIOMHHECUHPYIOINH SKpaH, npeobpasyrouuii yabTpa-
duoneroBoe u3006parkeHNe B BUANMOE, KOTOPOE PacCMaTpPHUBAIOT
riiasoMm uam ¢gororpadpupyror. IIpum uCHONL30BaHMM TOACBET-
K ¢ A=250-300 uM ynpaercAa yJy4YUIUTL paspelIalOIyIo CIIO-
coOHOCTE (YMEHBINUTH Npeaes] paspemieHus Z) MHKPOCKOIA B
1,3-1,5 pasa.

Hanpueiillee yBelnyeHre paspelnamineil cClioco0HOCTH IyTeM
YMeHbILIeHUA AJWHBLI BOJHBI MOACBETKH YK€ HEBO3MOXKXHO, TaK
Kak Y®P-uanyuernune ¢ A < 200 HM CHJIBLHO IOTJIOIIAETCS HE TOJb-
KO OITHKOM MMKPOCKOIIa, HO ¥ BO3AYXOM.

MuorooGenjaonium ObL1 OLI IIEPEXOJ K PEHTTeHOBCKOMY
AMANAa30HY C ero KOPOTKUMH AnuHaMH BoaH (A =80-10"° mm)
U TIPOHUKAIOUMM H3JyUYEeHHEeM, UYTO Cpasdy Ha HEeCKOJLKO IIOo-
PAJKOB YMeHbINMWIO Obl IIpefiel paspellleHusi M IMO3BOJIUJIO Dac-
CMaTPUBaTh CTPYKTYPY HE TOJBKO KPYIHBIX MOJIEKYJ, HO U
OTHeJbHBIX aTtoMoB. OLHAKO 3/[€Ch CYILIEeCTBEHHOE IPEIATCTBUE
3aKJIIOYAeTCsI B TOM, YTO PEHTTE€HOBCKUE JIYYH HE IPEeJIOMJIAIOT-
CA HHA OJAHUM BeIJeCTBOM M IOITOMY IOKa He YAAJIOCh CO3HATh
JVH3Y AJS PEHTreHOBCKHX JIy4ell M MOCTPOUTL DEHTIeHOBCKUHA
MUKPOCKOII.

25.4. DAEKTPOHHbLI MHUKPOCKON

CosnaHue 31eKMPORH020 MUKPOCKONA CTAJIO BO3MOYKHBIM 110~
Cjle YCTaHOBJIEHUSA BOJIHOBBIX CBOHCTB MUKPOYACTHUIL, B TOM UHC-
Jie U 3J1IeKTPOHOB. OTHPaBHOIT TOYKOH IIOCHYKUIO YCTAHOBJIEHHE
KOPIYyCKYJISIPHO-BOJHOBOTO Ayaju3Ma CBETa, YTO IIPHBEJIO B UTO-
e K yCTAHOBJIEHUIO BOJIHOBBIX CBOMCTB MUKPOYACTHI, U Pa3BH-
THIO BOJIHOBOH (KBaHTOBOII) MEXaHUKH.
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Eme M. HoroToH mosiaraj, 4To CBeT — 3TO IOTOK 4acTuiy,
yeM O6bACHAJ NPAMOJMHENHOCTh €ro pacnpocTpanedud. OmbiTey
®penens, OHra u apyrux yueHnIx mo audpaknuu U MHTEpGhe-
pPeHIUK cBeTa yOeauTeNbHO AOKA3alM, YTO CBET — 3TO BOJHa,
XapaKTepu3yIoInasaca 4acToOTO! v, nepuogoM T U JJIMHOH BOJHEI
A=c/v.

Ognaako B 1900 r. M. Ilnank npu 00BACHEHUM 3aKOHOB TeIl-
JIOBOTO W3JIYyYEeHHWS IIpHIlleJ] K BBIBOAY, YTO TeJjia UCIIYCKAIOT K
NOrJIOUIAIOT CBETOBYIO 3HEPTHUIO OINPEeNeJIeHHBIMA MAaJIeHbKUMU

NOPIUAMU — CB8emO8blMU Keawmamu, Wiux gpomounamu. Ilpu-
YeM 9HEPI'MsA CBETOBOrO KBAaHTA IPONOPIIMOHAJLHA YacToTe
u3nydeHus: ¢=hv, rge h=6,63-10"3* II'x-¢ — mnocrosHHas
Ilnauka.

Ucnonwsys orm mpexacraBiienus, A. I¥Hmredin B 1905 r.
00BACHUII BCE paHee YCTAHOBJIEHHbIE 3aKOHBI BHEIIIHEro GoTosd-
(eKTa, KOTOpPEIE BOJTHOBASI TEOPHS CBETA HE MOIJIA OO'bACHUTDL Ha
npoTtaxkeHun nmouru 20 jer.

Takum o6pasomM, ObLIa JOKAa3aHA ABOMCTBEHHAS MIPUPOJA CBe-
Ta: C OAHOHA CTOPOHBI, CBET — 3TO 3JIEKTPOMATHUTHAA BOJIHA C
YacTOTOM V U JJIMHOM BOJHEI A =¢/V, a C JPYroid — IIOTOK YaCTHI]
(boTOHOB) C 3Heprueit € ¥ UMIYILCOM p', IPUYEM 3TH XapaKTe-
PYCTUKH BOJIHBI CBA3aHBI uepe3 MocTOAHHYI0 Il1anka:

e=hv; p=h/A\. (25.10)

B 1923 r. dpaunysckuii pusnk JI. e Bpoitns npeamnosoxmi,
YTO BO3MOYKHO M 00paTHOE: MUKDPOUYACTHILE C UMIIYJIBLCOM p = MU
(T.e. ©MeOIIEH MAacCy m ¥ CKOPOCTH V) COOTBETCTBYET HEKHI BOJI-
HOBOH IIPOIIECC C AJIUHOMN BOJIHBI

Agy = 2= P, (25.11)
p mv
KOoTOpas 3aTeM Oblia Ha3BaHa JJIMHOM BOJIHBI Ae Bpoiins.
YIOOHBIMM 4YacTHULAMHU [JIA IPOBEPKH 3TON TI'MIIOTE3bI OKa-
3aJIMCh 3JIEKTPOHBI, TAK KaK MX Macca XOpOIlI0 W3BEeCTHa, a
KMHETHYECKasA J9HEpPrus 3aBUCUT OT YCKOPAIOIIEr0 HaIpsxKe-

! Ummyasc doToHa p=mc= mc?/c=hv/c= h/A. 3pech yuUTeHBI COOTHOIIIEHUA
E=mc?=hv,A=c/v.
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Hud U, NPpRI0XKEHHOTo MeXKAY aHOAOM M KaTOAOM 3J€KTPOHHOM
IMyHIKK:

—;—mvz = eU. (25.12)

VYmuokasn obe uactu ypasHenua (25.12) ma 2m u usBiekas
3aTeM KBaJpPAaTHHIN KOPEeHb, HaiileM 3aBHCUMOCTbL UMIIYJILCA K
JJIMHBI BOJIHBI Jie Bpoiina 3/JeKTPOHOB OT YCKOPSAIOILIEr0 HAMPH-
JKeHUA:

p=mv =+2meU; (25.13)
Ay = = (25.14)

P mv  2meU )

OneITh 0 AUGPAKEIUN 3IEKTPOHOB HA TOHKOM 30J0TOH (POJIh-
re, urpapumieil poab IUMPaAKIUOHHONH peIIeTKH, HOKA3ajau Ha-
JUYNe Yy 3JIEKTPOHOB BOJIHOBBIX CBOICTB, IIpUYEM HAJIMHA BOJ-
Hpl, BHIUHCJIEeHHas 1o Halmiomaemoi auppPaKIUOHHOM Kap-
TAHE, cooTBeTrcTBoBasa Gopmyne (25.11) aauHBI BOJHBL A€
Bpoiinsa.

Tak 6BII0O YCTAHOBJIEHO, YTO MaJjbie ABHIKYIIHECA YACTHUILBI
0671a1210T BOJTHOBBIMY CBOIICTBaMU, M Hauajia pasBUBATbLCS BOJI-
HOBadA (KBAHTOBAaf) MEXAaHVUKA MUKPOYACTHLI.

IlockonbKYy 9JIEKTPOHBI — 3apsAX{E€HHBbIE YACTHIBI, HA HHX
MOJKHO BO3AEHCTBOBATH 3JIEKTPUUYECKUMHM Y MATHUTHBIMH IIOJISA-
MU, U3MEHAS UX TPAECKTOPHIO. ITO MO3BOJMUJIO CO3ZATH InNEeKm-
POHRBIE BUH3BL, CTIOCOOHBIE (POKYCHPOBATH JIEKTPOHHBIE IIYYKH
Y CO3/1aBaTh yBeJUUYEHHbIE 3JIeKTPOHHbIE M300paKeHn.

Taxum 06pa3oM, HajJuyyMe y 3JIEKTPOHOB 3apsiia U BOJHOBBIX
CBOHCTB C MAaJIO¥ JJIMHOA BOJHBI Ay, IO3BOJUJIO CO3AATE IJIEKT-
POHHBIZT MUKDPOCKON (puc. 25.6), npeaes paspeunieHus KOTOPOTO
B ThICSYY pa3 MeHbIIe, YeM Y ONTUYEeCKOr0 MHKDOCKOIA.

Bce IpoCTPaHCTBO 9JIEKTPOHHOIO MHKPOCKOIIA HAaXOJHUTCA
B BLICOKOM BakyyMme. Karop anexmpournoll nywru 1 aBnserca
HCTOYHMKOM 3JIEKTPOHOB, KOTOpPBIe Pa3TOHANIOTCA Ioj JeiicTBH-
€M BBICOKOro Hanpsi:keHus U adnona 5o HEOOXOAUMOM CKOPOCTH U
AnuHbl BoJHBI e Bpoiina [¢dopmyna (25.14)]. 3tor ny4yox ajaek-
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Puc. 25.6. YnpoieHnHas cxeMa (a) 1 BHeIHu# Buy, (6) MPOCBEYUBAIOIIETO
3JIEKTPOHHOrOo MUKpockorma ([I9M):
1 — snexkTponHas nMymka; 2 — KOHAEHCOPHBIE JIMH3LI; 3 — JINH3a 00beK-
TuBa; 4 — MPOEKUNOHHBIE IUH3bI; 5 — CBETOBOI MHUKPOCKOII, JONOJHH-
TeJbHO yBeJINYHUBaIomuii n3obpakenne, HabiiogaeMoe Ha JIIOMUHECIIEHT-
HOM 3KpaHe; 6 — TyOyc CO CMOTPOBLIMU OKHAMU; 7 — JIIOMHUHECIIEHTHBIH
dKpaH
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TPOHOB coGHMpaeTrcs CHENHANBLHON 3JMeKTPOHHON JHH30H — KOH-
dencopom Ha uccaegyemom obpasie AB U rociie pacCeMBaHUA Ha
HEM JJIEKTPOHBI IIPOXOAAT IIOC/IEeA0BATEJIbHO 4Yepes JBe (MHOr-
Ja u 06oJiee) ayeKTPOHHBIE JMH3B 4 M 5, NOOUEpPEeAHO CO37al0-
myie yBeJWYeHHBIE JJIEKTPOHHBlEe H3o0paxkeHuss A;B;, u A,B,
(cm. puc. 25.6). ITocaenumee wm3oOparkeHue IpoeLMPYeTCsl Ha
JIOMUHECIIEHTHBIN 3KpaH 7, npeobpasyioniuii ajieKTPOHHOE U306~
pasKeHHe B BHAUMOE, KOTOpOoe MOXKHO HaluaioAath riaasoM u ¢o-
TorpadupoBaTh.

HamnpsaxeHue B 2JeKTPOHHOMN IIYIIIKe, YCKODSIOIIEE 2JIE€KTPO-
HBl, gocturaer 100-200 kB, peryiaupyerca CTYNEHYATO M OTJIH-
yaeTCA BHICOKOM CTa0MIbHOCTBIO: 3a 1—3 MHH OHO U3MEHAETCS He
Gosiee yem Ha 1-2 MHAJHOHHBIE JOJH OT UCXOHHOI0 3HAYEHUA.
Benuunua YCKOPAWINEro HAUPAKEHUS OIpeAesseT TOJNI{UHY
00'beKTa, KOTOPYIO MOYKHO «IIPOCBETHTDH» 3JEKTPOHHBIM IIYYKOM.
B 100-Ku10BOJIBLTHBIX MHKPOCKOIIAX H3yYalOT O0BEKTHI TOJIIU-
HOI OT OJHOTO A0 HECKOJbLKHMX COTEH HaHOMETDOB.

TIpesen paspeineHus 3JeKTPOHHOIO MUKPOCKOIIA TaKIKe OIpe-
nensiercs opmyJioit AGGe:

a 0,5, B h
o A 24 2emU

(25.15)

YucaoBad amneprypa 3JEKTPOHHOTO MHKDPOCKONIA OOBIYHO
MaJa A =sinu ~ 0,001, Ho 3a cyeT UCHOJH30BAHUA BHICOKOTO YC-
Kopsamwiero HanpsixeHuss U B HECKOJIBKO AECATKOB KUJIOBOJLT
(xo 200 KB) u CcOOTBETCTBEHHO MaJioii NJIMHBI BOJHBI Je Bpoii-
JA Tpefesl paspelieHUsd 3JIEKTPOHHOTO MHKPOCKOIA MOKeT
COCTABJATh €NUHHMILI M goau HaHomerpa (mo 0,1 uM), uro B
COTHM ¥ THICAYM Pa3 MeEHbIle, YeM y OITHYECKOr0 MHMKPOC-
KoIma.

OCHOBHBIM HEJOCTATKOM 3JIEKTPOHHOI'O MUKPOCKONIA ABJISIET-
CSl CJIOHOCTH NPUTOTOBJIeHMA 06pasioB (PemInK o6beKTa), KO-
TOpHIE ZOJIKHEI TOYHO IlepezaBaTh (GopMy 00beKTa M GHITH TOH-
KHUMH, 94TOGBI He MOTJIOTUTH MOJHOCTHIO 9JE€KTPOHEI.

Buonornyeckue 00beKThl OOBIYHO IPEeABAPHTENBLHO BHICYIIH-
BAIOT MM 3QJIMBAIOT CMOJIOH, 3aTeM pa3pe3aloT MHUKPOTOMOM Ha
TOHKME CJIOM M MCCJEeAYIOT.
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B =macroamiee BpeMsA IIMPOKO HCIHOJBL3YIOTCH pPacmposvie
anexmponnbvie mukpockonst (POM), xoTopbie MOTYT paboraTh He
TOJIbKO Ha IIPOCBET, HO ¥ B OTPA’KEHHBLIX 2JIEKTPOHHBLIX ITyYKaX.
B mocnennem caydae ToauuHa o6pasiia JKeCTKO He OrpaHWYeHa,
TaK KaK CKaHWUPYEeTCS JIUIIb TOBEPXHOCTH 00pasia.

B pacTpoBBEIX MUKPOCKONAX SJIEKTPOHHBIN JIy4, U3JIyUYaeMbIii
nymgoi I, GoKkycupyerca KOHIeHCOPOM 2 B TOYKY Ha obpasiie, u
€ TIOMOIIBIO CIIEIUANbHBIX MATHUTHBIX JIMH3 3TOT C(POKYCUPOBaH-
HBIH 9JIGKTPOHHLIH JIyu ckanupyeT obpaser 3 (Kak ObI ITOCTPOYHO
«IIPOYMTHIBAET» €r0) U Ha CIEeINaJbHOM 9KpaHe (MOHHUTOpE) 0TOO-
pasKaeTcA yBeJMUEHHBIH pejibed MNOBEPXHOCTH MUKPOOOBEKTA.

Kpome TOr0, IpM TOPMOXKEHUH! 3JEKTPOHOB Ha NOBEPXHOCTU
o0pasia BO3BHUKAET XapaKTepHCTUYECKOe DPEeHTTeHOBCKOe H3Jy-
yenue (cMm. 1. 27), KoTopoe maeT MHGPOPMAIMIO KaK O CTPYKTY-
pe, TaK M O 3JIEMEHTHOM COCTaBe KaXKJON TOYKH IOBEPXHOCTH
o6pasua. ITo O3BOJIAET BBLIICHUTL PacipefieieHre Pas3IMYHBIX
aTOMOB II0 HCCJIeIyeMOil MOBEPXHOCTH.

PacTpoBnle aJI€KTPOHHBIE MHKPOCKOIIBI IIpeJHASHAYEHBI AJIA
VICCAeIOBAHMSA MAaCCUBHBIX 00BEKTOB. llpemen ux paspenreHus
XyJKe, 4YeM y IIPOCBEUYMBAIOIIMX 3JEKTPOHHBIX MUKPOCKOIIOB,
cocrasiser oT 5 70 20 HM, a yCKODPAMIOIINE HAODAMKEHUA — [0
30-50 xB.

25.5. CkaHupyowas 30HAOBasi MUKPOCKONMUS

Cranupyouwue 30Hd06ble MUKPOCKONbL TIPEACTABIAIOT COGOH
cpaBHuTe bHO HOBBIH (1981 r.) KiIacc npubopoB, MpegHa3HAUYEH-
HBIX JJId MCCJIeJOBaHUA IOBEPXHOCTH 00paslia U ee JOKAJIbHBIX
XapaKTePUCTHK.

Ilpomecc mocTpoeHNs M306pasKeHUs OCHOBAH HA CKAHUPOBA-
HUM («IIOCTPOYHOM CUUTBIBAHWH») pesbeda MoBepXHOCTH 00pas-
1a CHeIMajJbHLIM CBEDXTOHKUM 30HAOM-MIVIOH, IIPH 3TOM pac-
CTOSAHME MEeXKJy 30HAOM M IIOBEPXHOCTBHIO BBIJEpPKUBaeTcA II0-
crosgHHBIM. KoMIbOTEp PErucTpupyeT BeJIMYHNHY BePTHKAJIBHOrO
mepeMellleHUA 30HZA HafA KayKJOH TOYKOM IIOBEPXHOCTH, IOCJIE
Yyero BBIYUCJISIET M IIOKA3bIBA€T Ha MOHHUTOPE TPeXMepHoe H30-
Opa’keHMe TOBEPXHOCTYU C Pa3pellleHNeM B eJWHHUIIBI HAHOMETDA.
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B 3aBucumMocTu OT (pHU3UUECKOro cnocoba, KaKuM MOAJEDIKK-
BaeTCss HEM3MEHHBIM DACCTOSHHE MEXAY 30HIOM H o0pasuoM,
CKaHUDPYIOIIYe 30HAOBLIe MUKPOCKOIIEI OAPA3AENATCA Ha TYH-
HeJbHbIE MUKPOCKOIIBI ¥ ATOMHO-CUJIOBbIE MHUKPOCKOIIBI.

B cranupyrowem mynnenvnom murpocrkone (CTM) pacerosi-
HUE MeXKAY UIJION-30HAOM U 3JIEKTPONIPOBOAALINM 06pa3iOM Bbi-
JePKMBAaETCA TaKUM, YTOGBI 00ecneyuTh MOCTOHCTBO TYHHENb-
HOTO TOKa 4depe3 BO3LYIIHBINA 3a30p MeXKAY 30HAOM M 06pa3IioM,
pejmojiarasi, 4To Ipu aToM OGygeT BbIAEPKUBATHCA MOCTOSIHHOM
U BeJIMYMHA 3TOro 3a3opa. Takoil MHUKDPOCKOI IIO3BOJIAET IIOJY-
YUTh MHGDOPMaLuIo 0 Tomorpaguu (Gopme) npoBoasAiIeii TOBEPX-
HOCTH ¥ 3JIeKTPUYECKHX CBOMCTBaxX 00pasiia.

B amomno-cunogom muxpocrkone (ACM ) uccieayoTcs B oc-
HOBHOM [JU3JIEKTDHUUYECKUe 00pasiibl, B TOM YHucje U Oumoorudec-
Kue 00BbEeKThbI, KOTOpPblE MOTYT HCCIENOBATHCA B €CTECTBEHHOH
JJIS HUX cpefe — MKHUAKOM MM BO3nyLiHON. PaccTosiHue mMexay
30HIOM (37ech ero HasbeiBaloT KarmuJaegepom) ACM m mosepx-
HOCTBIO 00pa3ia TOAAEPIKNBAETCS TAKUM, YTOObI CHJIA MEXKATOM-
HOr'0 B3aMMOJEHCTBUSA MeXAy KOHUMKOM KaHTHUJIEBEpA U aToMa-
MU OBEPXHOCTU o0Opasiia 6blj1a HEeM3MeHHOI, 4To obecrmedyuBaeT
IPAKTUYECKH OCTOAHHYIO BEJIMUMHY 3a30pa MEXKAY HUMH.

ATtomHO-cuI0BO#I MHUKpOCKon (puc. 25.7) ycTpoeH TakK, 4TO
Ipu CKaHWpPOBaHUM o06pasia B rOPUIOHTANBHOH ILTOCKOCTH XY

HerexTop

H cUCTeMa

o6paTHoii
CBSI3HN

Jlazep

e
Obpase
Kantunesep pasen
C Urjaoi-30HAOM Hoamoxxkka

———————
XY-ckaHupoBaHUe

Puc. 25.7. IIpunuunuanpuasn cxema ACM
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H3MeHeHUsd pejibeda IIOBEPXHOCTH NPUBOLAT K BEPTUKAILHBIM
Z-CMelIeHUsAM 30HAA, KOTOpbie CUMTLIBAIOTCS ClefAlneil cucre-
MOH MMKPOCKoIIA (J1a3epHblil JydY, OTPAKEHHEI OT IOBEPXHOCTH
KaHTuJIeBepa, nonajaer Ha GOTOAUOAHYIO MATPHILY, IO CUTHAITY
OT KOTOPO¥ OmnpejensieTca BeINUYNHA Z-CMEIeHUs 30HAA).

KomnsioTep npoBOANT MaTeMaTHYeCKy0 06paGoOTKY MOJIydYeH-
HBIX Pe3yJbTATOB U 10 CIHEIHAJILHON IIpOorpaMMe BBIYHCIISIET pe-
abed nmosepxHOCTH o0pasna, T.e. 3aBucuMocTh Z(X, Y), u orobpa-
JKaeT Ha JAMCIIee JH0O TpexMepHOe M300pakeHMe HCCIeAyeMoii
TIOBEPXHOCTH, JIN0O ee ceueHUA 3aJaHHBIMM ILUIOCKOCTAMU. IIpe-
IeJl IPOCTPAHCTBEHHOT'O pa3pelIeHMs 30HAO0BLIX MUKPOCKOMOB
3aBUCHUT OT KPMBU3HBI KOHYMKA HUTJIbI-30HIa U MOXKET AOCTUTaTh
0,1 HM, YTO COIIOCTABUMO C pasMepaMH OTAEJIbHBIX ATOMOB

B macrosiiee BpeMsi CKaHMPYIOIINE 30HAOBBEIE MUKPOCKOIILI
HAULJIW NPHMEHEHHe NPAKTUYECKM BO Bcex 00JACTAX eCTeCTBeH-
HBIX HAyK: B (QPU3HKe, XUMUH, OMOJIOrUYN, MeZUIHe u Ap. Ilep-
CIIEKTUBHLIM IIOJIAraloT COBMeEIeHHEe CKAHHPYIOL{MX 30HAOBBIX
MHUKPOCKOIIOB C APYTUMHM TPAAUIIUOHHBIMH M COBPEMEHHBIMH Me-
TOZAMHY HCCIEeZOBAHUSA U CO3AAHNE HA UX OCHOBE IIPUHIIUIINAILHO
HOBBIX IIpHOOPOB.

KOHTpO/\beIe BOMPOCHI 1 3aAdHNA

1. Yro HaswsiBaioT auH30#? KakoBbl ux Buibl u coiicrBa? Uro Taxoe
rjaBHAsA ONTHYECKAS OChb, IE€PeNHUN M 3aAHNUHA (POKYCHI, OITHYEC-
Kaa cuaa?

2. Kak noctpouTh usobpaskeHue npeamera auaaoi? Uro Takoe geiic-
TBUTEJbHbIE U MHUMbIE M300pasrKeHnA?

3. Ilpusegure dopmMyny TOHKOH JuH3bI. Kaxk paccumTaTh JHMHEHOE
yBeJIMUeHHe, JaBaeMoe JIMH30i?

4. Kakue n3obpaskeHUs U IPY KaKUX YCJIOBUSAX MOTYT CO3JaBaTh CO-
Oupaloiias ¥ pacceuBaromad JUHIbI? ’

5. YUro naseiBaltor aynoi? Kakoe usobparkenue oHa JaeT, KaK ero mnoc-
Tpouth? Kakoe yBenudeHue gaert syna?

6. ITocTpoiiTe X0k JyYeil ¥ N300parKeHHe B ONTHUYECKOM MHKPOCKOIIE.

7. OT 4ero 3aBUCHUT ¥ KaK BBIUUCIAETCA YBeJHUYEHHEe MUKPOCKoma?

8. Yem omnpepensierca npenes paspeuleHns mukpockona? Ilpusepure
dopmyny A66e. Kakos npezses paspeuleHUA ONTUUECKUX MHKPO-
CKOIIOB?
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9. B yeM cocTOMT KOPNYCKYJIAPHO-BOJHOBON Ayanusm? Kak cBasaHbl

KOPHYCKYJAPHBIE 1 BOJIHOBbIE XapAKTEPHUCTUKHU cBeTa?

10. B ueM 3aKII0YAIOTCA BOJIHOBBIE CBOMCTBA MuKpouacTui? Uro taxkoe
AJIVTHA BOJIHHI Oe Bpoiiaa?

11. Ha xaxux ¢usudecKux ABJIEHUAX OCHOBAH 3JIEKTPOHHON MHUKPO-
ckon?

12. Kax onpegensaercs npenesi paspenieHNs 371eKTPOHHOIO MUKPOCKONA?

13. TIpuBeanTe NPUMHIUNNAIBHYIO CXEMY 3JIEKTPOHHOIO MUKPOCKONA.

14. KakoB npuHIuN AefcTBUSA CKAHUPYIOIIAX 30HLOBLIX MUKPOCKOIIOB?
Yro oun uccnenyior? Kakossl ux pasHOBUAHOCTH?

15. KaxoB npesies paspenieHuns CKaHNPYIOMEro aTOMHO-CHJIOBOIO MUK~

pocxona? KakoBBI ero mpeumyliecTsa IIPH UCCAEAOBAHUU 61006H-
eKTOB?



IAEKTPOHHDI
[AaBa 26 | NApamarHMTHbLIA U  SAEpPHbIA
MarHMTHbIA Pe30HaHC

SIBnenus anexmponnozo napamazHumnuozo pesonanca (I11IP)
u adeprozo mazHumuozo pe3onanca (IMP) mmpoko mucnoabay-
I0TCI B COBPEMEHHOIN (usuKe, XUMWUU, OMOJIOTHU U METUIIMHE
IIPM HCCJIEOBAHUM IIPOILECCOB, IIPOTEKAOIHUX C yUacTHeM Iiapa-
MarHUTHBIX MOJIEKYJ U sagep. Kpome Toro, sizepHblii MATHUTHBIN
pe3oHaHC ABIAeTCA hr3uUecKON OCHOBOH Hanboiee MOITHOTO COB-
PEeMEHHOTO MeTOJa IOJYYEHHUS U300pa’keHUil OpraHoB M TKaHeH
yeJIOBEKa — MAZHUMHO-Pe30HAHCHOU momozpaduu (MPT).

Merox IIIP mpuobGpen 6GoJsibilioe 3HAYEeHWE B XMMHH M OHO-
JIOTMU Ipeskie Bcero Ojarogapsd CrnocoOHOCTH OOHAPYKWBATh M
UIeHTU(PUIUPOBATH CBOGOAHBIE PATUKAJBI B XUMUYECKUX U GHo-
JorudecKmux cucremax. IIpu 3ToM ¢ BBICOKOM TOUHOCTBIO OIIpeje-
JAOTCA He TOJBKO BUJ ¥ KOHIEHTPAUusd cBOGOJHBLIX PAfNKAJIOB,
HO ¥ KMHETHKa OMOXMMUYECKHX peaKIluil, IPOTEeKaIoIIuxX ¢ 06-
pa3oBaHMEM CBOOOJHBIX PAAMKAIOR KAaK B IIPOMEXKYTOUHBIX, TAK
¥ B KOHEUHBIX CTAAUAX PeaKIluu.

26.1. CBobOoAHbIE pasnKaAbl B OMOAOrMUECKMX
cucremax

WsBecTHO, uTO B COOTBETCTBHHU ¢ npuHUuNOM Ilaynim B Kak-
IOM KBAHTOBOM COCTOSIHUM MOJIEKYJIBI MOJKET HAXOJUThLCA HeE
6oJiee ABYX 3JIEKTPOHOB, CIIMHBI KOTOPBIX MOJIKHBI GBITH IIPOTH-
BOIIOJIO’KHO OPUEHTHPOBAHBI (CKOMIIEHCHDOBaHbI). CRUH — 3TO
BHYTPEHHEe CBOMCTBO 3JIEKTPOHA, KOTOPOE NPOABISIETCS B HAIU-
YUM Y HEro cOGCTBEHHOTO MEXaHMYECKOTO MOMEHTA o , T.e. JJIEK-
TPOH IIPEACTABJSIET CO00M KaK Obl «3aKPYUYEHHBbIH» BOMYOK. [las
YCTOMYUBBIX MOJIEKYJ OOBIYHO XapaKTEpPHO HeTHOE UUCJIO JJIEK-
TPOHOB M KaXJasd Iapa 3JeKTPOHOB Ha JIOO0M HepPreTHYecKOoM
YPOBHE MMeeT MMPOTHUBOIIOJOKHO HAalpaBJeHHbIe, UM, KAK I'OBO-
PAT, CKOMIIEHCUPOBAaHHEBIE (CIIapeHHbIe) CIIUHEI.

OgHaKO eCcTh COeAUHEHMS, Y KOTOPBIX UHCJIO 3JEKTPOHOB He-
YyeTHOE U TOTAA ¥ OJHOr0 U3 BAJEHTHBIX 3JEKTPOHOB CIIMH He Gy-
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JeT ckoMmileHcupoBaH. Takas »Ke CUTyalus BOSHHUKAeT U B TOM
cay4dae, €CJii Y CTa0MJIbHOTO COeAUHEHUS OTHATH Jin00o, Hao00-
poT, Bo0aBUTHL eMy OAUH 3JieKTPOH. Torjga CIMH OfHOTO U3 3JIeK-
TPOHOB TOXKe OyZeT He CKOMIIEHCHPOBAH.

Mosexysma unu ee 4acTb, UMeloUlasd HECIIAPEHHLIH SJIEKTPOH,
Ha3bIBaeTCA c60600HbIM paduranom.

C TOYKM 3pEeHUA XUMHUU HAJIHUUYUE B MOJIeKyje HeCHapeHHOo-
ro 3JIeKTPOHA €CTh He YTO MHOEe, KaK HaJaudue y Hee CBOOOAHOM
BaJIeHTHOCTHU. [105TOMY cBOOONHLIE PAJUKANLI OUEHb AKTHUBHBI B
XUMHYECKOM OoTHouieHuH. OHU JIETKO BCTYHAIOT B XUMHYECKHE
CBSISHU C APYTHMMU MOJIEKYJIAMH M XHUMHYECKHMH COCINHCHUIMM,
4TO BJIUAET Ha IPOTEeKaHUE MHOT'UX ITPOIECCOB B GMOJIOTHUECKUX
cucreMax.

HaubGosiee BasKHYIO POJIb B OMOJIOTHUECKUX CHCTEMAaX WUIPAIOT
cjenyIonye BHAB PAANKAJIOB (PaguKal yacTo 0003HAUYaeTCes TOU-
KO HaJl COOTBETCTBYIOIIEH XUMHUUECKO IpyIoit):

o cBoGopuble pajgukassl Bogp: OH — TUAPOKCUNBHBIH,
H02 — mnepekucHu, O, — cynepoxcun;

e cBOOOJHBIEe paJUKaJbl OPraHUYECKHX MOJIEKYJ, 00pasyro-
mueca NpU JeiicTBUM MOHUBUDYIOILEH U yasTpaduosieToBoi pa-
Auanuu;

AH+hv > AH > AH' +e > A+H +¢,

rie e — COJbBATHPOBAHHBIN 3JIEKTPOH, a 00pa3yIoIuiics pag-
KaJ1 0603HaYeH TOYKOH CBepXy.

Itu cBOOOIHBIE PASUKAJIBI UTPAIOT BAXKHYIO POJIb B BOSHUKHO-
BeHHY PagUaIlMOHHOIO NMOBPEXKAEHUsI TKaHEH U OpPraHoB, a TaK-
e mpu YP-oKorax;

e cBOOOJHbIE PAfVKANbl XMHOHOB YYaCTBYIOT B OKHUCJIUTENBHO-
BOCCTAHOBHUTEJILHBIX PEAKIMAX OPraHu3Ma;

¢ cBOOO/IHBIE PAJUKAILL JUITHUAOB MOT'YT OOPa30BLIBATHCA B OII-
peZieJleHHBIX YCJIOBUSX IIPH OKUCIeHUN UX JKUPHBIX Kucior. Ha-
Juune CBOGOAHBIX PAJMKAJIOB B JUIUAAX OUOIOrHUYecKux MeMO-
PaH BeJeT K HapYIIEeHNIO UX MPOHUILA€MOCTHU JJIs UOHOB U JPYIrux
MOJIEKYJI, YTO HPHUBOJAUT K DA3BHUTHIO TOH MJIM MHOU NATOJIOTHH
B opraHuaMe. I[IpumMepoM TaKMX MaTOJOTUN MOMKET CHAYXKUTh Pas-
BuTHe Y P-3pUTEMbI KOMKM, CBETOBBLIX OJKOTOB IJIa3 M Ap.
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OcHOBHOEe (U3UUECKOe OTJuuYMe CBOGOAHLIX PAAHUKAJIOB OT
APYTHUX MOJIEKYJ COCTOUT B TOM, YTO CBOOOJHEIE pPaIuKaJbl IIa-
pPaMarHuTHHBI, T.e. 00JIalalOT COOCTBEHHBIM MATHHUTHLIM MOMEH-
TOM, TOTZAA KaK CTa0HUIbHBIE MOJIEKYJIBI €T0 He MMEKT, T.€, OHU
AuaMarHuTHBL. IMeHHO 3TO pasjinyune B MATHUTHLIX CBOMCTBAaX M
MM03BOJIAeT O0HAPYIKHUBATh CBOOOAHBIE PAJUKAJBI CPeAUN AUaMAar-
HUTHBIX MOJIEKYJI.

OCHOBHBIM (QM3UYECKUM METOAOM M3YUEHUA CBOOOAHBIX pamu-
KaJIOB B OMOJIOTMYECKUX CHUCTeMaX ABJISAETCS JJeKMPOHHbLIL na-
pamaznumubiii pesonanc (IIIP). Merog IIIP monyumn 6oabioe
pacIpocTpaHeHne B OHMOJOrMM M MeAUIlMHEe MMEHHO OJarogaps
€ro crocoOHOCTH ONpeAeATh HaJudue U BUJ CBOOOJHBIX pajuKa-
JIOB B OMOJIOTMUECKHX CHCTEeMAax in Vivo, UCCJIeAOBATh KMHETUKY
OMOXMMHUYECKUX peaKkIuil ¢ UX yJyacTueM U Jp.

IIpu 3TOM OueHb BaXKHO, UTO METOJ 9TOT HEMHBAa3WBHBIH, 6e3-
BPEeJAHBIH U MO3BOJIAET HCCJEJ0BATh MPOIECCHI, IIPOTEKAIOIINE B
SKMBBLIX OpPraHM3Max, He BHOCA HHKAKHNX W3MEHEHWH B 9TU IIpO-
11eCChI.

26.2. DAEKTPOHHLIA MapaMarHUTHbIA PE30HAHC

Asnenue SIIP, oTkpbitToe B 1944 r. coBeTCKMM (U3HKOM
E.K. 3aBoiickum, 00yCJIOBJIEHO T€M, UTO MOJIEKYJIbI ITIapaMarHuT-
HBIX BelllecTB 06JiagaloT COOGCTBEHHLIM MArHWUTHHIM MOMEHTOM
¥ 6jarogaps sTOMY MOI'YT B3aMMOZEMCTBOBATH ¢ BHEIIIHUM Mar-
HUTHBIM Iojiem. Takue B3amMmozeHCTBUSA BeAyT K HU3MEHEHHUAM
B CTPYKTYyDE€ SHEPreTHYeCKUX YPOBHEH MOJIEKYJbI, YTO MOXKHO
3aperuCcTPUPOBATH CHEIUATBHON CIEeKTPaJbHOUN amnapaTrypoii.

ITapamarauTHble CBOICTBa CBOOOJHBIX PAAUKAaJIOB, a TaKIKe
IPYrUX TapaMarHUTHBIX MOJIEKYJ OOYCJIOBJIEHBI HAaJIUUYMEM ¥
HUX HECHAPEHHBIX 3JeKTPOHOB. M3BeCTHO, UTO 3JIEKTPOH obJia-
JaeT COOCTBEHHBIM MEXaHHYECKMM MOMEHTOM J (CImHOM), a
HOCKOJIBKY 3JIEKTPOH 3JIEKTPHUUYECKU 3apSKeH, 3TO HPUBOJUT K
HAJHUYMIO ¥ HErO M COOTBETCTBYIOIIEr0 MAarHUTHOIO MOMEHTA:

i, =27, (26.1)

€
me

rae e 1 m, — 3apdAA U Macca 9JIeKTPOHa COOTBETCTBEHHO.
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9TOT HeCHAPEHHBLIN JJEKTPOH OJHOBPEMEHHO ABHMKETCSA II0
cBOoel opbuTe B aToMe HJM MOJEKyJe U, Kak Ji060l Kpyroroi
TOK, co3jaeT opOuUTaNbHBINI MarHMTHBIM MoMeHT. B pesysabrare
TOJIHBIMl MArHUTHBLIA MOMEHT 3JIeKTPOHA B aTOMe MJIM MOJIEKYJie

i, =-g=-J. (26.2)
2m,

Muoxurens g, HasbpIBaeMbIil @axmopom Jlawnde, 3aBUCUT OT
BUJa CBOOOJHOrO pafguKaja M AaA GOJNBIIMHCTBA M3YYEHHBIX pa-
AWRAJOB NpuHMMaeT sHauenuda ot 2,0000 xo 2,0060.

Ecau 651 B MoJIeKyJie Bce 3JIeKTPOHBI OBLIM CHApeHbl, TO HUX
MArHUTHLIE MOMEHTHI OBLIM ObI ITOMAPHO HPOTUBOIOJIOMKHEI U
CKOMIIEHCHPOBAJHU APYT Apyra. ECau aToM MM MOJIEKYJda MMeeT
HeCITapeHHEIH 3JIEKTPOH, ITOJA00H0 CBOGOAHBIM PAZHKaJIaM, TO €ro
MATHHUTHBLI MOMEHT He CKOMIIEHCHPOBAH, U MOJIEKYJa B I[€JI0M
OyleT MMeTh COOTBETCTBYIOLIVI MArHUTHBIA MOMEHT, T.e. obJja-
JaTh NApAMATHUTHBIMY CBOMCTBAMM.

B orcyrcTBHE BHEIIHEr0 MarHUTHOIO HOJIA 3TOT PaKT HUKaK
He TPOABJIAETCS, IIOCKOJLKY DHEpPrus 3JeKTPOHA B aTOMe WU
MOJIEKYJie B 9TOM CJIy4yae He 3aBHCHUT OT BeJIWYHHBI M OpHUEHTa-
MU 3TOr0 MAarHUTHOTI'O MOMEHTAa B MPOCTPAHCTBE M MeeT BIIOJIHE
OompegeIeHHYIO BeJIHUYNHY .

Ecau e moMeCTUTh TAKYIO MOJIEKYJY BO BHEIIIHEE MAarHUTHOE
noJie MHAYKIueH B, TO ee MAarHUTHLI!I MOMEHT HauHET B3aUMO-
IefiCTBOBATh C 9THM BHEINHUM II0JIEM, CTPEMACH COPUEHTHPO-
BaThbCA OTHOCUTEJIFHO HETO OlpexaesieHHBIM o6pasoMm. IIpu aTom,
COTJIACHO KBAHTOBOM MeXaHHUKe, MATHUTHBI MOMEHT 3JIEKTPOHA
B OpocTedlIeM cJjiydae MOXKeT 3aHATh JHULIb JBAa BO3MOMKHBIX
TIoNIoXKeHus: aubo 0 HanmpasieHuio nouad ([, 11 B), au6o mpo-
TUBOIIOJOXKHO eMmy (i, {17 B). Ecam roBoputh Gojiee TOUHO, TO
KBAHTOBO-MeXaHWYECKOe paccMoTpeHue Tpebdyer, 4TOObI IIPOEK-
U MeXaHMYECKOT0 MOMEHTAa 3JIEKTPOHA Ha HalpaBJieHHe BHe-
IIIHEr0 MarHUTHOTO HOJIA IIPUHUMAJA JUINb OIpeAesieHHbIe 3HA~
YeHUS:

Jy=tih b (26.3)
227 27
rae InS =i% — MArHMUTHOE€ CIIMHOBO€ KBAaHTOBO€ YHCJIO 3JIEKT-

PoOHa.
30-5281
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g

OHeprus B3aMMOZAENCTBUS MAarHUTHOTO MOMEHTa 3JIeKTPOHg
C BHEIIHMM MArHUTHBIM II0JieM MHAYKIued B onpezgesasaercs
BeJIMUYNHON

E,=(i,);B=— g% J,B=+1guB. 26.
B3 (p’e)B g2me zgl"lB ( 4)
IlocTOAHHAA BeNMYMHA Mg = _9274.10% A v na-
seiBaetcs maznemonom Bopa.  *TMe

Temnepsb noaHaA 9HEPTUA 3TEKTPOHA B MOJIEKYJIE€ B MATHUTHOM
moJie

E=E,+E, = E, 2guBB (25.5)

3HaK «+» B 9TOM YPAaBHEHUYU COOTBETCTBYET OPMEHTAUUM Mar-
HHUTHOT'O MOMEHTA 3JIEKTPOHA IIPOTUB HAIIPAaBJIEHUS II0JISI, 4 3HAK
«—» — Baoab moas. Takum 00pa3oM, BHeCEHUE MOJIEKYJLI BO
BHEIIIHee MaTHUTHOE TI0Jie MHAYKIIuei B npusoaut K «paciuern-
JIEHUI0» TIPE)KHEro 9HepreTUYecKoro ypoBHA E, Ha aBa HOBBIX

VPOBHSA 3HEPTHH:
E, =E, —Eglls (TT), E,=E, +2gus (JrT)

BesnunHa 9TOT0 paciemieHuA NPsAMO IPOMOPIHUOHANLHA Be-
JVYHHE BHEIITHEr0 MariuTHOTO IO :

AE = E, - E, = gu B. (26.6)

Takum o6pasom, OCHOBHOII dHepreTHYeCKUN YpPOBEHbL Iapa-
MardUTHBIX MOHOB ¥ MOJIeKYJ BO BHEIITHEM MarHUTHOM II0Je pac-
IIEeIJISIETCA HA BA pHepreTuuecKux cocrosuusa £, u E,, ortanya-
IOMIUXCH MPOTHUBOMOJIOMKHBIM HAIlPaBJIeHUEM CIIMHA BaJEHTHOTO
anexTpoHa (puc. 26.1).

E, b
Leu B
E, : 2848

Y
B=0 B=z0

Puc. 26.1. Pacmensenue 3JieKTPOHHOI'O YPOBHSA NTapaMariuTHOHN
MOJIEKYJIBI B MATHUTHOM II0JIE
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Bosabuas 4acTh MOJIEKYJ (MOHOB) IIPH 9TOM OyIeT HaXOAUTHCA
B HM)KHEM 3HEpreTu4ecKoM coctosinun E,, sueprernuecku Goiee
BBIFOZHOM.

Ecau Temepp 06ayYaTh TAKYI0 CHCTEMY JJIEKTPOMATHUTHBIM
[I0JIEM DEe30HAHCHOH YacTOThI (9HEPrMs KBaHTA pPaBHA 3HEPTHH
nepexoga: hv = AE)

v = E,-E 1
h h
T0o OyayT HAGAIOHATHCH KAK I1€PeX0Abl CHU3Y BBEPX, T.€. C YPOBHA
E, na E,, cooTBeTCTBYIOUIVIE IIOTJIOIIEHNIO KBAHTa 3JIEKTpOMAr-
HUTHOTO II0JIfA, TAK ¥ IIepexobl cBepXxy BHU3 (¢ ypoBHA E, Ha E,),
COOTBETCTBYIOIME UCIIYCKAHUIO TAKOTO *Ke KBAaHTA.

W Te u gpyrue nepexoisl CONPOBOKAAIOTCA IiepeopueHTanuei
CIIMHA 2JIEKTPOHA ¥ COOTBETCTBEHHO MATHNUTHOT'O MOMEHTA 3JIeK-
TPOHA.

ITockonbKy Ha HH)KHEM 3HEpreTUYecKOM ypoBHe E; Bcerpa
HAXONUTCHA 0OJIbIIe MOJIEKYJI, YeM Ha BePXHEM, TO NMOTrJoIieHue
Oymer mpeofsagaTh HaJ MCUyCKaHWeM M B IejoM Oyner Haburo-
JaTbCs SBJIEHVE PE30HAHCHOT'O IOTJIOIEHY S 3JIeKTPOMAariuTHOrO
najyuyeHusa dacToTel (26.6a).

SBieHne pe3soHAHCHOTO MOIVIOI[EHUS 3JIEKTPOMATHHTHOIO M3~
JIyYEHUS ATOMHBIMU WU MOJIEKYJIAPHBIMU MapaMarHUTHBIMH
cucTeMaMd, HAXOAAUIUMUCA B MATHUTHOM II0Jle, KOTOpOe CO-
MPOBOXKAAETCA IlepeopueHTanueil CIIMHA 3JIEKTPOHA, Ha3bIBAIOT
IneKxmponnbviM napamaziumnoim pezonancom (IIIP).

Veranoska aua Habmogenusa IIIP (puc. 26.2) aelicTByer cie-
AyomuM o6pasoMm.

dnexkTpoMarsiuTsl 1 CO34a10T IOCTOSHHOE MarHUTHOE I10JIe UH-
AyKuue#d B, BeIMYHMHA KOTOPOrO MOMKET M3MEHATBCS MO JKeia-
HUIO SKCIIepuMeHTaTopa (3a cueT M3MEHEHHS TOKa B 0OMOTKAax
ajeKTpoMaruuTa). B aTo moJse nomenjaerca uccirezyemblit obpa-
3er 2. Ucrounuk 3 obiydaer obpasel] sJeKTPOMArHUTHBLIM IIO-
JieM (pUKCHPOBAHHOM 4acToThl v (06pryno CBUY-auanasona), npu-
eMHHK 4 ompejesieT *HTEHCUBHOCTD IIPOIIEJIIEro U3JIyUYeHU d, U
cucTeMa perucrpauuu 5 sanuckipaer IIIP-cnexTp.

TlockonbKy yacToTa MCIOJL3YEMOTO B YCTAHOBKE 3JIEKTpOMAr-
HUTHOI'O U3JIy4eHus cTPoro GUKCAPOBAHA, TO BLIIIOJHEHUA YCIIO-

gugB, (26.63)

30*
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Puc. 26.2. Cxema ycTaHOBKHM 1A HaGaonqenusa IIIP:
1 — mnouoca aJileKTpoMaruura; 2 — uccyeayemsolii obpaaserr;
3 — ncrounuk CBY-usnyvyenus; 4 — NpueMHUK U3JIYUEHNA;
5 — peructpatop IIIP-ciekTpa

Bus (26.6) pe30HAHCHOTO MIOTJIOIIEHUA HOOMBAIOTCA U3MEeHEeHHEeM
WHAYKIUN B MarHWUTHOTO IOJIA: yBeJIWYMWBAS TOK B OOMOTKax
3JIEKTPOMATHUTOB, YBEJIMYUBAIOT MHAYKIHMIO B HajaraemMoro Ha
obpaser; MAarHUTHOrO MOJIA U, CJIeA0BATEJIbHO, BeJIUUNHY PACIell-
geHust AE OCHOBHOIO 3HEPTreTUYECKOTO COCTOSAHUA ITapaMarHuT-
HBIX MOJIeKyJi. Korga BesimuuHa 3TOro paciielnyieHusA CTAHOBUTCS
PaBHO¥M BHEPruM 3JEeKTPOMArHWTHOrO KBaHTra hv, Habmaomaercs
peskoe BoapacraHue Koaddunmenra mnoryomeHusa K obpasna
(puc. 26.3), uto U GUKCUDPYETCA IPUEMHUKOM U3JIYUYEHUA.

OmHaKo M0 TeXHUYECKUM IIPHUYNHAM yL0oOHee PerucTpUPOBATD
He 3aBucumocTh K(B), nzobpakennywo Ha puc. 26.3, a 3aBucH-
MOCTE ee mepBoii npousBogHoii dK /dBot B (puc. 26.4).

K dK
dB

1
I
1
1
1
[l
1
1

pe3

B B

pes

Puc. 26.3. 3aBucumocTs
Ko3hdULeHTa IIOTJIOIeH U
obpasia OT MUHAYKIIMX MAarHUTHOrO
oJIs

Puc. 26.4. Bug SIIP-cnekrpa
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Cnextp JIIP mo3BoJjisieT MOJYYUTL CJAEAYIONIYyI0 HHGpoOpMAa-
IHIO:

1. Kaxkpprii cBOGOAHBIH pajMKAl XapaKTepuUsyeTcs CBOUM
sHadyeHHMeM ¢axtopa Jlange, 4YTO IO3BOJIAET YBEPEHHO OIpe-
IeNATh BUJ CBOOOAHBIX PAAMKAJIOB IO 3Ha4YeHuio B, T.e. mo
nojoxenuio auanii B JIIP-cnekTpe. HeiicTBHTeNbHO, YacToTa
3JICKTPOMATHUTHOTO M3JIyYeHUA M3BECTHA M CTPOrO (PHKCHPOBA-
Ha, I03TOMY, 3HaA B, MOXHO BRIYMCIUTD g-paxrop Jlanze uc-
cIeRyeMoro pagukaja us ycjaosud (26.6):

g=—tv (26.7)

“BBpea
¥ ONIPeAEJUTH TeM CaMbIM BHJ 3TOro cBOOOAHOrO pasmkana (Ia-
paMarsuTHONM MOJICKYJIBI).

2. IInomaaw S nox aumuueir IIP mossonsieT CyAUTh O KOJIH-
yecTBe N CBOOOJHBIX PAAMKAJNOB (IapaMarHUTHBIX MOJIEKYJ) B
obpaaue:

N=as8,

rage o — KOI(PUIMEHT NMPONOPIMOHAILHOCTH, U3BECTHRIA I
xanuoit IIIP-ycranosku.

3. ®opma IIIP-auumit Taxkske HeceT mHPOpMAIMIO O (PU3H-
YeCKHX CBOMCTBax CpeZbl, B KOTOPOH HAXOAUTCH MCCJIERYEMBIi
paguKai: yeM IIUpe JUHUSA, TeM OoJiee BA3KaA cpela, M Hao0o-
por. TakuM cmocoGOM OLIEHHUBAIOT BA3ZKOCTb JIUIUAHOrO 6HUCI0sA
¥ JPYTUX KJIETOUHBIX CTPYKTYP.

BaaumopeiicTBue 2J€KTPOHOB MEXKJy COO00M M C MAarHUTHBLIM
nojieM sifpa IposBAsieTcA B BuAe pacwenienusd Aunuil IIIP na
HECKOJIBbKO OJM3KuX KoMIoHeHT. B cnexrpax OIIP umerorcs asa
THUIIA TAKHX PacClleIlIeHHnii:

® 3JIeKTPOHHOE pacliemyieHue — OOYCJOBJIEHO HAJIHYUEM Y
aToMa MM MOJIEKYJHI HEe OJHOro, a ABYX M 0oJiee HECIapPeHHBIX
3JIEKTPOHOB;

® CBEpPXTOHKOE pacliellJIeHHe — BBI3BAaHO B3aUMOAelCTBUEM
MarHMTHOTO MOMEHTA 3JEeKTPOHA [i, He TOJbKO C BHEIIHMM Mar-
HUTHBIM HOJeM B, HO M ¢ MarHUTHBIM TIOJIEM AZPA aTOMa.

C nomomsio metoza SITP usyuator noseieHue B 610I0rHUECKUX
CHCTEMaXx He TOJbKO CBOOOAHBIX PagUKaJIOB, HO M Apyrux 6muoso-
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CH, FUYeCKU BaXKHBIX MOJIEKYJ — OeJIKos,
| CH JIMINJOB, HYKJEHWHOBBIX KHUCJOT, IIpes-
/ BapuUTEJIbHO NMPEBPATUB UX B Iapamar-
R, C HUTHBIE 30HJbI, MOCKOJbBKY CaMH OHY
\ 00BIYHO HemapaMarHUTHBI.
N——0 IMapamaznumnoii 30nd Tpexncras-
/ adgeT co0OHf COOTBETCTBYIOIHMI OGeJIoK
R,—/C WU JUNHAL, B KOTOPOM OAHA U3 I'PYHI
| \ 3aMellleHa HA YCTOWYMBLIN HM3BECTHBIH
CH, cBOGOAMBII pAaJMKaj, Ha3LIBAEMEIN na-
CH, pamazHumHoil (cnuro6oit) Memioil.
Puc. 26.5. OCHOBY MHOTHX CIHWHOBBIX METOK
CrpykTypHas dopmyaa COCTABJIET UMUHOKCHJIBHBIN paJuKaJ
UMUHOKCHUJIBHOTO (puc. 26.5), mapamarHuTHblE CBOMCTBA
pazukana

KOTOpPOTO OIpEAeJAIOTCA HeCIapeH-
HBIM 3JIEKTPOHOM, JIOKaJn3oBaHHbIM B rpynne N—O. ®opwma cur-
Haga IIIP oT Takoro 3oHAa 3aBUCHUT OT BpAaIllaTeJbHOU IMOOBUIK-
HOCTH TOY XMMHYECKOH I'PYNIILI WX MaKPOMOJIEKYJILI B I€JIOM,
B COCTaB KOTOPO# OH BxoAuT. UeM culbHEe 3aTOPMOKEHO TaKoe
BpaleHue, Tem wmupe currayg 31IP. Ha nHTeHCMBHOCTL CUTHAJIa
BJIMSIET TAKJKe IIOJAPHOCTDL OKPYIKaloIeil cpeasl (PaCTBOPUTENA).
Metog SIIP ob6smagaeT JOCTATOUHOM YYBCTBUTEJNILHOCTHIO U U3-
6HMpPaTeIbHOCTBIO AJIA HEIOoCpeACTBEeHHOTOo HabmromaeHus cBOOOA-
HBIX PAJWKAJIOB, BOSHUKAIOIIUX IPU IIPOTEKAHUY MHOTHUX 6110J10-
FUYECKY BAXKHLIX PEAKIHI: OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX,
PAAUAIMOHHOTO MOPaXKeHus, (D)OTOCHUHTE3a U OD.

26.3. SlaepHblit MarHUTHLIA PE30HAHC

fBnenue AgepHOro MarHuTHOro pesoHaHca (fIMP) mwupoxo
WCMOJb3yeTCsa B (DHU3MKe, XMMUM, OHOJOTHM W MeAUINHEe AJA
OIIpeNieICHUA CTPOEHUS OPraHNYECKHX COeAWHEHWH, JHUIIUAHBIX
¥ GEJIKOBBIX CTPYKTYP, a4 TaKKe JJIA IMOJYyUYeHNI KOMIbIOTePHBIX
n300pakeHnii OPraHoB U TKAHEH YeJIOBeKa U JPYTUX JKUBBIX OpP-
raHu3MOB.

910 sABJeHHe O0YCJIOBJEHO HaJWUYMeM COOCTBEHHOrO MArHuT-
HOT'O MOMEHTa y sapa aroma. CyllecTBoBanue TaKOro MAarHUTHO"
ro MOMEHTAa CBJ3aHO C TEM, UYTO IPOTOHBI X HEMTPOHBI, COCTaB"
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JAI0lHe AAPa ATOMOB, 06J1aAaloT COGCTBEHHBIMH MAarHHUTHBIMH
MoMeHTaM¥ [, ¥ [i,. [lonHBIA MarHUTHBIA MOMEHT sfapa ’Z‘X
paBeH BEKTOPHOI CyMMe MarEUTHBIX MOMEHTOB BCEX €ro HYKJIO-

HOB. A-

z z
EDYTNED I (26.8)
i=1 i=1

Jlnss GONBUIMHCTBA €CTEeCTBEHHBIX AMeP MATHUTHBIE MOMEHTHI
HYKJIOHOB CKOMIIEHCUPOBaHbI, TAK KAaK OHU NOMIapHO HATIPABJAEHBI
B MIPOTHBOIIOJIOKHBIE CTOPOHBI, B PE3YJIbTATe Yero CyMMapHBIH
MArHuTHBIA MOMEHT TaKuX sjep paseH Hyao. OgHaxKo y sngep ¢
HEYETHBIM YHCJIOM HYKJIOHOB IOJHBIM MAarHUTHBIA MOMEHT He pa-
peH Hyaio. K mum ormocarca: 'H, 2H, 13C, °F, 3'P u ap.

Ecam Takoe mapamMarHuTHOE SAPO HOMECTUTH BO BHEIIHEE
MAarfuTHOE 110JIe MHAYKIIMeni B , TO MAarHUTHBIM MOMEHT [i sAxpa
Oyaer CTpeMUThCA COPHEHTHUPOBATHLCA BIOJIHE ONpEeAeeHHBIM 00-
pPa3oM OTHOCUTENBHHO HAaNpPaBJeHUsI BHEIITHEr0 MarHuTHOTO MOJIA,
B TpocTeifiieM ciy4dae Jub0 BAOJL MOJAS, JU0OO IPOTHUB HETO.
B nepBom ciryuae monHas 9Heprus A/pa YMEHBIIUTCSI, 8 BO BTO-
poOM — yBeJHMUHUTCA Ha —;—gﬂpﬂB , The g, — sAnepHbIA g-daxTop,
BeJIMYHHA KOTOPOTO AJA SIAep OLHOro BHAA BCerja OAHA U Ta iKe,

n, = _eh _ 5,049-10% A-m® — adepnbLii maznemon, oriu-

4nmp

Yyamomuiicsa or marserona Bopa TeM, 4To Macca 3JIEKTPOHA 3aMe-
HeHa HaA Maccy IPOTOHA (II03TOMY OH MEHbIe Ha TPU IODANKA).
IT0 NPUBOAUT, KaK U B cayuae IIIP, K paciienieHuIo NPexHero
SHEPreTHYECKOro ypoBHA E, Ajpa Ha ABa HOBHIX NOAYPOBHA £, u
E, (cM. puc. 26.1). Beanuuna pacuienyieHUa NOAYPOBHEH 2Hep-
THHY AIpa JUHEHHO PacTer C yBeJndYeHUeM MHAYKIWY BHEITHero
MarsiuTHOTO TIOJIA:
AE = EZ - El = gﬂuaB‘

Ecau Tenepb 3T AApa, HaAXoAAIMecsA BO BHENIHEM MAarHuT-
HOoM moje B N OﬁJIY‘II/ITB 9JIEKTPOMArHuTHLBIM H3JIYYE€HUEM pPe30-

HaHCHOM YaCTOTBI

Vo = % = %g’ﬂuaB, (26.9)

TO, KaKk U B cayyae IIIP, npousoitier ero norjouieHue.,
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SIBneHue pe3sOHAHCHOTO IIOIVIOIEHHA 3JIeKTPOMATHHUTHOTO HU3-
JIyUeHUs] IapaMarHuTHBIMM SAAPAMH, HAXOAAIMUMUCS B MarHuT-
HOM TIOJie, KOTOPOEe COIMPOBOXKAAETCS IepeopUeHTAIllell chuHa
fipa, HAa3bIBAIOT A0epHbiM MmazHumHovim pesonancom (SIMP),

Cxema ycraHoBKM naaa HaOmwogenus AM-pesoHanca moJHo-
crei0 aHajioruyHa cxeme IIIP-cnekTpockonum (cm. puc. 26.2).
OHa oTimyaeTcA JHUIIL KOHCTDYKIMS HU3JIyYaTesNd U JETeKTopa
3JIEKTPOMATHUTHOTO II0JII, TAK KaK PEe30HAHCHAS YacToTa V, B
SAMP-cruexTpocKonuu Ha 2—3 NOpsifika MeHbIIIE YaCTOTHI, IIPUMe-
Hsaemoi B JIIP (aT0 06ycnoBIEHO TEM, YTO ANEPHBLIA MArHETOH |
Ha TPH HOPAAKA MeHbIle MarHeroHa Bopa ). B ycraHoBKRax ajs
SIMP-cieKTpOCKONHMK YacTOTa 3JIEKTPOMATHUTHOIO M3JIyYeHUs
TOM¥E CTPOro (QPUKCUPOBAHA, & PE3OHAHCHOIO IIOIJIOMIEHHS [gO-
OMBAIOTCH NMyTE€M HM3MEHEHUS BeJWYMHBI BHEIIHET0 MarHUTHOTrC
moas B.

AMP-crmekTp IpencTaBiaseT co6oil 3aBUCHMOCTb KO3 duImeH-
Ta moryomenna K o0pasiia OT BeJIMUMHLI BHEIIHEro Iojsa B (cM.
puc. 26.3).

HNudopmanua IMP-cieKTpoB Ta e, uTo u B MeToze IIIP:

1. Ilnomans S nog iuHueit norioiienus B cnekTpe SIMP nporrop-
UOHANBHA KOoJudecTBY N HccienyeMbIX sgep B obpasie: N =aS.

2. llupuna auant AMP zHecer mHbDOpMAIUIO 0 PU3MYECKUX
CBOICTBaxX CpeAbl, B KOTOPOH HAXOAATCA HCCeqyeMble fAApa.
Kak mpaBuio, ¢ yBeJIHWYE€HHEM BA3KOCTH 9TOH CpeJAbl JUHUM B
SAMP-criekTpe pacHIMPAIOTCS, YTO IO3BOJIZET KOJIMYIECTBEHHO
OIEHHMBATh MUKDPOBASKOCTb OMOJIOrMYEeCKHX cuUcTeM (MeMOpaH M
7.1.) mo cnexrpam JIMP. Ilo aroii xxe npuunne B AMP-cexkTpax
TBEPABIX TeJ HaOMJaloTCA IIMPOKWE JUHHU MOIVIOIEeHUdA, & B
CIEeKTPaX >KULKOCTeH — y3KHe JINHUU.

Ha puc. 26.6 npusenens! cnextpsl IMP Ha sapax Bopopoza
(poToHax) AJA BOABI M JbAa (TOT e oOpasel], HO 3aMOPOXKEH).
TaxuM ImyTeM OHEeHMBAIT BA3KOCTh JUIHUIHBIX CJIOeB B 610JIOTH-
uyecKuXx MeMOpaHax, BA3KOCTb IUTONJIA3MBI ¥ APYrux Guojoru-
YeCKHX CTPYKTYD.

B dopmyae (26.9) Besuunnbl A ¥ |, — KOHCTAHTHI, AAePHBIN
daKTop g, AAS JAHHOrO TUNA sAepP IOCTOSHEH, Kasajoch ObI,
ONWHAKOBLIE AApa (HAIpUMEpP, IIPOTOHBI) AOJIXKHLI MMETH OJHY
U Ty ¥Ke JuHUIO B cnekTtpe IMP, HeszaBMCcMMO OT TOro, B Kakue
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K
Bona

Jexn

B

Puc. 26.6. CpaBaurenbubie IMP-ciekTpsI BoAbI 1 Ibja

XUMUYECKHe COeMHEeHUA 3TU Aapa BxoxATr. Ha camom gmese aTo
He Tak. Jleso B ToM, YTO Ha AAPO aToMa BO3[eiiCTBYyeT HE TOJb-
KO BHEILIHee MarHUTHOe moie B ,, Ho u MarauTHOe noie B', co-
3JaBaeMoe ABMIKYILIUMYUCA [0 OpOUTaM 3JIeKTPOHAMY M MOHAMU,
10aTOMY uYacToTa JuHui norsonienus AMP cmemaerca oTHOCH-
TEJIbHO OKHUAAEeMOI UacTOTHl v, (26.9) Ha BenuuHy Av, 3aBUCH-
IIYIO OT TOTO 3JEKTPOHHOTO ¥ MOHHOTO OKPYK€HUA, B KOTOPOM
HaXOAUTCA U3ydaeMoe faApo:

1

V=g, (B + B) =%"pr0 v 8y B ovy + Av=v,| 1+ 4V | (26.10)

h Vo

BennunHa BHYTPEHHEro MarHuTHOTO noJyia B', B KoTOpoM Ha-
XOAUTCA SApPO, 3aBUCUT OT XMMHMYECKOrO CTPOEHMUs BelllecTsa,
[I03TOMY OTHOCUTENBHBIH CABUT Av /v, YacTOTHl 3JIEKTpOMAT-
HUTHOTO M3JIYYEHUS WM WHAYKIMK pe3oHaHcHoro mnouasa B'/B,
Ha3BIBAIOT Xumuweckum cdeuzom o. IlockoabKy OH O4YeHb MaJl,
ero ymHOoxaioT Ha 10° 1 M3MepsaIOT B MUJIMOHHBIX AOJAAX (M.1.):

5=él-106=;i~106. (26.11)

Vo 0

W3-3a HaInuusA XUMHUYECKOr0 CABHTa PA3HBIM XMMHUUYECKUM
IpyInnaM, COAEePKaIUM OJHHU M Te )Ke napaMarsuTHEIe aapa (Ha-
npumep, nporousi OH, CH,, CH; u T.A.), COOTBETCTBYIOT pa3HkIe
pesonaHcHBIe JUHNK B ciieKTpe IMP:

By, = By +B' =By 1+ |. (26.12)

0
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e —

1 2 3 4

A

-~

4
HO-CH,-CH,-CH,~CH,~CH,-CH,~CH,~CH,-CH,-CH,
3

4
[N\a Y
B
Puc. 26.7. CTpykTypHasa dopmyJia fekanosna u ero SIMP-criekTp.

Iudpamu yka3aHbl IPYIILI IPDOTOHOB ¥ COOTBETCTBYIOIIIE
um AMP-nmuaun

10 Xopomro BuAHO Ha mnpumepe AMP-cnekrpa aexaHoaa
(puc. 26.7).

Bnarogmapsi xuMn4yecKoMy cABUTY B cuexktrpax SIMP, meron
SIIePHOT0 MATHUTHOTO Pe30HAHCA SBJSETCS BasKHEMIIUM METo-
IOM OIIpeIesieHUsi CTPYKTYPhl M CTPOCHUS MOJIEKYJ B GMOJIOTUHU
u GUIUIECKONH XUMUU.

ITocKkoabKy OMOJIOTHYECKHE COEJUHEHUS — ITO COeAUHEHMA
OpraHHMYeCKMe, TO B HUX OYeHb MHOTO sazep Bogopoza 'H (mporo-
HOB). OTO XOPOIIIO C TOUKYU 3peHuA mHTeHcuBHOCTU SIMP-nunuii,
HO M3-3a XUMHUUYECKOr'0o CABUra KOJNYECTBO JUHUI OUeHb BEJIUKO,
YyTO 3aTPYAHAET MX UAeHTH(MMKANWIO, T.e. pacirudposry IMP-
crexTpoB. Iloaromy SAMP-cieKTpsl OGHOJOTHUYECKUX OOBEKTOB
YacTO PerHCTPUPYIOT Ha sAxpax wusoromoB °C m 3'P, KoTopwle
TOXKe BXOAAT BO BCe Ba’XHbIe OMOJIOTMUYECKHME COeJUHEHHUA, HO B
3HAYNTEJIbHO MeHbINNX KoJaudecTBax. HaubGosee pacnpocrpanes-
Hble B €CTECTBEHHBIX YCIOBHAX M30TOIB! yraepoaa 2C u docdopa
30P He 06,184210T MATHUTHBIM MOMEHTOM, II09TOMY HA HMX HEBO3-
MoxxkHO HabsiogaTe aBaenue AMP,

OCHOBHBIE IIPEMMYUIECTBA TAKHUX CIIEKTPOB B ToM, uro AMP-
JUHUM NTOJy4YaoTca 60jiee y3KUMH, 8 XUMUUYECKHe CABUTY YBeJIH-
YUBAOTCH, UTO yaydmaer pacmiudposry AMP-ctniekTpoB na #AA-
pax '3C u 3P mo cpaBHeHHIO C MPOTOHHBIM pe3oHaHCOM. OZHAKO
cofiepyKaHue dTUX M30TOIIOB B €CTECTBEHHEIX COeINMHEHUAX HeBe-



26.4. TIpUHUMNBL MAarHUTHO-PE3OHAHCHOW ToMOTpadum 475

JIMKO, B PE3yJAbTATE YEro CHIbHO
YMEHBIIAETCA  WHTEHCUBHOCTD
SAMP-n1uHW# ¥ JJ1 UX PEerucrpa-
UMHU HEODXOAMMO HCIIOJIL30BaTh
0oJiee YUYBCTBUTEJBbHEIE U OoJiee
poporue SAMP-ycTaHOBKH, UTO
SAIBJIAETCSH UX HEJOCTATKOM.
Hanpumep, B Mmojiexkyay ¢oc-
donrunuaa BXOAUT TOJLKO OAMH

aToM (ochopa U ogHaA M3 0CO- %

oenHocTeit dochopuoro AMP
COCTOIfT B TOM, 4TO (popma FMP- Puc. 26.8. CuexTps! dhochoprOTO
JAHUN B3aBUCHT OT YyIaKOBKHU SIMP npu pasHoft ymakoBKe
JUNUAOB M OT YCJIOBUIH OKDpY- o —

JKeHUs, B KOTOPBIX HaxXOAHUTCH

napaMarautHoe aapo °'P. B kauecTBe mpumepa Ha puc. 26.8
npuBeaeHb! cieKTpsl hochopuoro AMP s 6ucaos aununos A,
reKCaroHaJbHOM CTPYKTYPHI TUNUA0B B u Mmuuenn B.

OcuogHoi1 Hexocrarox merona AMP — manasa uyBCcTBUTENB-
HocTb. Ona npumepno B 10° pas mensure, uem y meroga DIIP,
n coorBercTBeHHO B 10° pas MeHble, yeM y (UIyopecHeHTHBIX
METOIOB CHEKTPAJbHOr0 aHAJM3A.

B

26.4. lpuHUMNBLI MarHUTHO-PE30HAHCHOIA
Tomorpadun

Maznumno-pesonancnas momozpagua (MPT wiu AMP-
UHmMpocKonus) — COBPEeMEeHHBIH n Hanbosee MHPOPMATHBHBLIN
MeTOZ, IIOJIy4YeHUs K300pasKeHUil Tejia HMAIMEHT4 B Da3IMUYHBIX
CeueHUsIX, OCHOBAHHBII Ha PErucTpanuyl CUTHAJIOB SAAEPHOTO
MAarsfuTHOrO Pe30HAHCa OT IIPOTOHOB OHMOJIOTHYECKHUX TKaHeH.

KosuuecTBO MPOTOHOB B pa3HBIX MOJIEKYJaX M TKaHAX paa-
JIHYHO, 3HAYUT, B PA3HBIX TKAHAX IJIOTHOCTh IIPOTOHOB (UX KO-
JIMYEeCTBO B eAWHUIEe 00beMa) TOXKe pasHas, IIO3TOMY, M3MEPUB
Merogom AMP-pesonanca pacnpegeieHue NIIOTHOCTH IPOTOHOB B
uccreayeMoM 00beKTe B PASHBIX IMPOCTPAHCTBEHHBIX HAIIpaBJje-
Huax (sroas oceit OX, OY, OZ), M0KHO BBIYHCIUTH KOHIEHTPA-
IMI0 IIPOTOHOB B KaKJ0i TOUKe 00BEKTa, NOJydyas TaKuM obpa-
30M ero IPOTOHHOE H306parkeHue.
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B

B(Z)=By(t)+ kZ

1
5
4

0 A
Zl Zz Z3 Z4

Puc. 26.9. YupoirieHHas cxeMa perucTpamnuy pacupeneinesns
TIJIOTHOCTH NMPOTOHOB (MHTeHCUBHOCTH SIMP-curaaioB) BIosb
nanpasaenusa 0Z

V0OpomeHHO NIPHHIMII PErnucTpalvyl paclpefesieHus IIpo-
TOHOB B BLIGPDAHHOM HAIIpABJEHUM NPeACTaBjeH Ha puc. 26.9.
Hccnepyemas 06sacTh Tejla ITAalMEHTA INMOMEIIAETCS B CHIbHOE
MArdvTHOE II0Jie, MHAYKIUA KOTOPOTO JUHEHHO M3MeHSAETCA B
BbIOpaHHOM HanpasjieHuM OZ, HanpuMep BO3PacTaeT II0 3aKOHY
B(Z)=B,+ kZ, rpe B, — mocTosiHHAA COCTABJAIONIAA MArHUTHO-
ro mossa. Takue moJss HASLIBAIOT ZPACUEHMHbIMU, TAK KAK OHHM
pPaBHOMEPHO M3MEHSIOTCA B 3aJaHHOM HAIDaBIIEHUH U IO3TOMY
MMEIOT He HyJeBo# rpaaueHnTt: gradB =dB/dZ = k.

B TakoM MarHuTHOM IIOJIe BeJIMYHUHA PACIIeIIeHUA SHepreTH-
YeCKMX YPOBHE MPOTOHOB OyzeT JIMHEHHO M3MEHATHCA C KOOP-
IuHATON Z u nipu 06Jy4eHnu 00beKTa PaguonsaydeHneM Gurcu-
pPOBAHHOM YACTOTHI IOTJIOLIATh 3TO U3JIy4YEHHE M AaBaTh CUTHAI
AMP-noraomenua 6yayT TOJIBLKO NPOTOHBI, UMEIOIIHe OLHY U TY
’Ke OIpefesIeHHYI0O KOOpAWHATY Z, T.e. HAXOAAINWECH B ORHOH
IJIOCKOCTH Z; = const, mepneHaukyaapHoit ocu OZ. IIpm aroMm
yCJIOBHE€ PE30HAHCA IPUHWMAET BUJ

hv = g u_ (B, + kZ), (26.13)
OTKYAA

_1(_hv

-B, |. 26.14)
pes k gu“a 0 (
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P S

TTocTenneHHO M3MEHASA MOCTOSHHYIO COCTABJSIOUIYI0O MATHHT-
Horo nojss B, (HampuMep, yMeHbIIasA ee, Kak Ha puc. 26.9) uan
MeHsA 30HAWPYIOILYI0 YacTOTy V, MOYKHO HOCJeJOBATEJILHO 3a-
(puKCcHUpOBaTH NHTeHCUBHOCTHL SIMP-curaasgos ot ceueHuil ob6pas-
11a TJIOCKOCTSIMHY C KOODAUHATAMMU Z, Ly, L3, Z4 U T.A., PETUCTDH-
pysd TakuM obpaszomM pacupejeseHUe HJIOTHOCTH IPOTOHOB p(Z) B
obpasiie BIoJIb HatpaBaeHuA OZ. 3ateM CO30al0TCA IPafueHTHbIE
MATBHUTHbBIE NOJIA BAOJb HanpaBaeHuid OX u OY u aHAJIOrHYHBIM
obpasom perucrpupyetcs pacupenenenue p(X) u p(Y) miotHoctu
IPOTOHOB BAOJb 3THUX HaIIpaBJIEHU.

KoMnbpioTep Ha OCHOBAHUM IMOJYYEHHBIX AAHHBIX BHIUYMCISET
pacupezesieHue IIoTHOCTH nporoHoB p(X, Y, Z) B ob6beKTe, OI-
penensas TaKUM 00pa3oM ero «IIPOTOHHOE» mi3obparkeHue. 3aTeM
BpPAY-0IIepaTop 3ajjaeT KOMIBIOTEDY KOOPAUHATH! HHTEPECYIOIIero
ero ceueHus HCCIeyeMoro o0beKTa U Ha 3KpaHe AucIIea 0To6-
pa’kaeTcsA pacipejesieHNe IJIOTHOCTHY ITPOTOHOB B 9TOM CEYEHUH,
KOTOpOe HpezcTaBisaeT co0oil uepHO-Gesioe MM IICeBAOIIBETHOE
u300pakeHe aHATOMUUYECKUX CTPYKTYP, IOMaBIIUX B 3TO ceye-
uue. Ilogobouoe MPT-usobpaskeHne Ha3LIBAIOT 838eULUBAHUCM 110
nAOMHOCMU NPOMOHOE.

Bonee xoutpacTtHbie M MHDOpMATHBHBIE M300pa’KEeHUA JAIOT
«B3BEUIMBAHUA» MO BpeMeHaM npodoavroit T, uau nonepeunoi
T, penrarxcayuu MarHUTHBIX MOMEHTOB IIPOTOHOB. B mocTogHHOM
MAarHyuTHOM IIOJie MarHuTHbie MOMEHTHI IIDOTOHOB BBIHYXXJEHBI
OPHEHTHPOBATLCS BAOJb HAIIPaBJeHUs: aToro nojs. Ecau temeps
CllenMaJIbHBIM BHEITHUM KPATKOBPEMEHHBIM BO3JelCTBHEM OT-
KJIOHUTb MarHMTHBIE MOMEHTBI IIDOTOHOB OT HAIPaBJIEHUS BEK-
TOpa MHAYKIIHMHM BHEHIHEro 1oJsA B (oHO HampaBJIeHO, HallpuMep,
BAOJb OCH Z), TO OHM HAUYHYT BO3BPAIlaTbCA B IIPEKHee I10JIO-
JKeHMe, IIPU 3TOM IIPOJOJIbHAS KoMIoHeHTa M2 BOCCTaHABINBAET
CBOIO HAYAJBHYIO BeJquumuy M, ¢ mocTosHHOH Bpemenu T, (Bpe-
M$ IPOJAOJIBHOM pejiaKcaluu), a IonepevHble KOMIIOHEeHTh Mx
“ My 5KCIOHEHIIMAJIBHO 3aTyXaloT C IOCTOSHHON BpemeHu T,
(Bpems momepedHOH penakcaluun):

Mz = M1 -e"™),
Mx = Mye/T?cos(wot), (26.15)
My = Mye """ sin(w,t).
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Hanmune dyurnmit cos(wyt) u sin(wyt) y nmomepeyHsIX COCTas-
JAOLUIYX CBSI3AHO C TEM, YTO BEKTOP MATHUTHOIO MOMeHTa M,
NIIPOTOHOB BpamiaetTcs (lapmoposa npeyeccus) ¢ Pe30HAHCHOMN
4acTOTOU 0, (1apmoposa wacmoma), ONUCHIBAA KOHUYECKYIO N0~
BEPXHOCTb BOKPYT HAIIPABJIEHUA NOJA B, I09TOMY €ro IPOeKIuy
Mx u My Ha nnockocTs XOY M3MeHAIOTCA C 3TOHM YaCTOTOM o
rapMOHHUYECKOMY 3aKOHY, OZHOBPEMEHHO 3aTyXas 10 aMILUIUTY e,

CroenmuanpHOil 30HAUPYIOLIEl IOCJEA0BATEJIBLHOCTRIO PAaLMO-
YACTOTHBIX HUMITYJILCOB ONIpeNeNsaioT BpeMeHa penakcanuu T, u
T, Ans ramnoro Z-cedueHus obpasia, INepHeHIUKYJIAPHOTO Ha-
MPaBJIEeHUIO MHAYKIIUYA MAarHUTHOTO IOJIA,

AHasoruyubiM 06pa3oM pEerucTpUPYIOT BpeMeHa pesiaKCalluu
BHoJIbL HatipaBienuit OX u OY, mpeJBapUTeBLHO CO3LaBas rpagu-
€HTHbIe MaTHUTHBIE II0JIA BAOJb 3TUX HanpaBieHuii. Ilocie aToro
KOMIILIOTOP IO CIIeIHaJbHOI IporpaMMe BBHIYMCIAET paclipeze-
neuune T, u T, no o6beMy oOpasna. KaxxagoMy 3Ha4eHUIO BpeMe-
HHU peJlakCaly IIPHCBaMBaeTCs OIpelesieHHOe 3HaUYeHVe cepoi
(11U BETHOM) HIKAJBI, I KOMIBIOTED CTPOUT YepPHO-Oejioe (UIu
IceBAOIIBETHOE) M300paskeHne o0beKTa B 3aJJaHHOM BPadoM ce-
yenuu. Bpay-omeparop MOXKeT peryjupoBaTh KOHTPACT IMOJyda-
eMOro M300parkeHus, U3MeHaA HCIMOJIb3yeMblil AMATIa30H cepoi
WJIM HBETHOM IMKAJBI.

Bpemsa mpomonbHO#l penaxkcamuu T (ero Ha3bIBaIOT TaKIKe
BPEMEHEM CNUH-Peulemoi ol penaxcayuu) Bcerga Goabine Bpe-
meHu nomepeuHoil T, (cnuH-cnunog0il) penaxcanuu. BaxHo,
4TO MJINTEILHOCTH OOOMX IPOLECCOB CYIIECTBEHHO 3aBUCHUT OT
IUJIOTHOCTH CpPegbl U (PM3UKO-XMMHUUYECKUX CBOMCTB OJMKaNIIEro
OKPYXKeHUA MCcielyeMbIX IIpoToHOB. [loaToMmy naske HeGoabIIHE
M3MEHEHUS B CTPYKTYPE U CBOMCTBAX 3TOT0 OKPYKEHUS BeAyT K
3aMeTHBIM U3MeHEeHUSAM BpeMeH pesakcamuu T u T, m BUIHBI HA
MPT-u306paKeHuAX. ' A

B Tabn. 26.1 mpeacraBieHbl 3HAUEHWS BPEMEH peJlaKCal#
[IPOTOHOB /AJIST PA3HBIX TKaHel Mpu pe3oHaHCHOI yacrore 20 MI'u.

TloxasaTequ BpeMEHW CYIIECTBEHHO DPas3jIW4alOTCA IJIA pas-
HBIX TKaHel, uTo ofeclieynBaeT BBHICOKUNH YPOBEHb KOHTPACTHO-
ctu MPT-uzobpaskenus u IO3BOJSET XOPOLIO BHAETb CTPYKTY-
pPBI F'OJIOBHOTO M CIMHHOTO MO3ra, Paclio3HaBaTh [1aTOJOTUYeCKHe
MPOIIECCHl B MBIIIIAX, CYXOKHUJIUAX U CyCTaBax, MopaykeHHdA
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KOCTHOI'0O MO3ra Ipu 3a0oJjieBaHUAX KPOBUY, 3JI0KAUECTBEHHbIE U
n00pOKaUYecTBeHHbIe HOBOOOPAa30BaHUA KOCTEH 1 MATKKMX TKaHeH
naske 6e3 MCIOJB30BAaHUA KOHTPACTHBIX BelllecTB (puc. 26.10).

Tabauua 26.1

Txraxb T,, Me T,, Mc
IlesnbHas KPOBb 900 200
Mbruna 500 35
Hup 200 60
Bozaa 3000 3000

SAMP-romorpadus faeT YyHUKaJIbHYI0 HHOOPMAIIHUIO O COCTOA-
HUY KPOBEHOCHBIX COCYAOB, MO3BOJISIET UETKO AETAJHUINPOBATH
aHaTOMHYECKHe CTPYKTYpPbl CPEeNOCTeHUA M IIapeHXUMBI Jer-

Aopra -y coverne worsota
JleBniii g ceue:
KENYAOUEK SR Y ) ! " Hogxenynounasa
! : ! f Jesiesa

KosierHbIii cycTas
. :

TloaBonOYHEI!
crot .
A COMHHOH MO3I

Puc. 26.10. MPT-o6cenosanue
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KHUX, OPTaHOB OpPIOIIHOI mojocTu. IlepcreKTHBHO TaKyKe pas3Bu-
tue MPT c¢ npumeHeHueM MATHUTHO-KOHTPACTHBIX BeIECTR,
BaXHBIM IIPEeMMYIIECTBOM METOJa MAarHUTHO-PE30HAHCHOM ToO-
mMorpaduM SBASAETCA BO3MOMKHOCTH IIOJyUYEeHUS H300parKeHumii
OpPraHOB B Pas3HBIX IJIOCKOCTAX 0e3 M3MEHEeHUS MOJIOMKEHUA Ia-
IIMeHTa B IIPOCTPaHCTBe.

B MarHuTHO-pe30HAHCHOM TOMOTpadHUU MCIOAL3YIOTCA CHIIb-
Hble MarHuTHBIE moJdA (MHAYKIuei oxkoao 0,5—-2 Ttecna) u Hus-
KOMHTEHCUBHOE 30HAUPYIOIee 3JIEKTPOMArHUTHOE W3JIy4YeHUe
Pai0oYaCTOTHOTO JUAINIA30HA, KOTOPble He MIPEeACTABJAIOT Omac-
HOCTH IJd opramusma uesioBeka. Ilostomy MPT npakruuecku
Oe3BpefiHa, He MMeeT BO3PACTHBLIX OTPAHUUYEHUil U He Tpedyer
IpeJBapuTeNbHOI MOATOTOBKH IailMeHTa. BMecTe ¢ TeM chieiu-
(dHKa 3TOr0 MeTOAa AUArHOCTHUKK He MO3RoJjseT npoBogutb MPT
y MaIMEHTOB ¢ KapAHOCTUMYJISITOPOM, & TaKKe IPU HAJIUYUHU B
TeJsie ManuenTa (PeppoMarHuTHBIX IIPeIMeToOB.

KOHTpO/\beIe BONPOCHI U 3aAaHUA

1. KaxoBsl ¢pusuyecKre OTIUUUA CBOGOJHBIX PASUKAJIOB OT CTAOMIIb-
HBIX cOefuHeHHI? YKaKuTe OCHOBHBbIE BMAbI CBOOOIHBIX paguKa-
JIOB B JKMUBBIX OpraHU3Max.

2. Yro Takoe MATHUTHLIA MOMEHT 3jieKTpoHa? YeMm oH onpexesserca?

3. Kaxk Biusger MarHHTHOE IIOJie HA SHEPreTUYECKUil CIIEKTp mapamar-
HUATHBIX MOJIEKYJI?

4. B ueM COCTOUT SBJICHUE 9JIEKTPOHHOTO IIApaMarHMTHOTO De30HAaH-
ca? IIpn KakoM yCJOBUM HacTymaeT 3ToT pesoHaHc? Ilpuseaure
cXeMy yCTaHOBKH AJis HaOsonenus IIIP.

5. Yro npexacrasaser coboii ciexktp IIIP? Kakyo nHbopManuo MOMK-
HO IOJYYUTH U3 Hero?

6. Yto npeacrasaAoT co60ii cnwHoOBbIe METKHU ¥ 30HALI? [l yero ux
MCIIOJIb3YIOT? :

7. KaxkoBbsl MariuTHbIe cBoiicTBa HyKJI0HOB? Kak o6pasyerca MarHuT-
HBIHT MOMeHT AApa aromMa? Kakue aroMHbie fSApa Has3LIBAIOT mapa-
marauTHeIMH? [IpuBeauTe IpuUMepsl.

8. Kax Biusger MarHuTHOE I10JIe Ha 9Hepruio aromuoro aapa? IIpuse-
aure GOpMyy AJIA BeJIMUUHBI 9HEPreTUYECKOro pacllellIeHHus.

9. B uem cocToUT ABJIEHUE AAEPHOrO MAarHuTHoro pesodanca? Ilpu ka-
KOM YCJIOBUM OH HAcTymaer?
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10.

11.

12.

13.

14.

31-5281

Yro npencrasaser coboit AMP-cnektp? Kakyo undpopmanuoo oH
paet?

B ueM coCTOUT W 4YeM BBI3BAH XHMHUYECKHH CABHUI B CIEKTPax
AMP?

B yeM OTJIMYUA U 0COOEHHOCTU HPOTOHHOrO M Gocdopuoro AMP?
Kakue eme sapa ucnoassyioT B AMP-uccrenoBanusax 6uo06bex-
TOB?

Kak ucmonnsyercsa asnenne AMP B megunune? Ha xaxux atom-
Heix aapax? ITouemy?

KakoBbl IPUHIMIOBL MATHUTHO-PE30HAHCHOM ToMorpaduu? KaxoBsl
ee BosmorkHOcTH? Kakme dusudeckue GaxkTophl AeicTBYIOT Ha Ma-
nuenta npu MPT-o6ciegoBaHuu?



PeHntreHoBckoe
M3AyueHue

lTraBa 27

Hcnonn3oBaHue MOHUSUPYIONIMX M3JIYUEHUH B MEeAUIMHE HA-
4ajochk ¢ OTKphITUSE B 1895 r. B. Penrrenom Jsyueii, Ha3BaHHbBIX
X-nygyamu, a MO3Ke PEHTT€HOBCKUMH JydaMu. BrlsicHeHue mpu-
POABI U CBOMCTB JAAHHBIX JIydeil HapALY ¢ OTKPHITHEM eCTeCTBEH-
HOH PaZMOaKTUBHOCTH TIOCTYIKUJIO CTUMYJIOM AJIsA YCTAHOBJICHUA
3aKOHOMEPHOCTEH PaJNMOAKTHBHBIX ITPEeBPAIlleHUN XUMUUYECKHX
9JIEMEHTOB, VISl PA3BUTUA PEHTTeHOJIOTHH, PaAuo0MUOJIOTUH, Pa-
JAUAIMOHHOA MeAWIIMHLI ¥ JAPYTHMX COBPEMEHHBIX METOI0B PEH-
TreHOBCKHUX U PaIUOHYKJHUAHBIX HUcciaenoBaHuii. PaspaboTka
MPAKTAYECKUX METOAUK BO3AEHCTBUA HOHU3UPYIOIIUX H3JIyde-
HUHA Ha OMoJioruuecKue 00BeKThI, METOJAOB JieueHUs 3aboJiesa-
HUT, METOJOB PAJUAIIMOHHOTO KOHTPOJA OKPYKatolleil cpeibl U
paxa Ipyrux mogoO0HBIX MpobjeM HeBO3MOMKHA 6e3 rIy0oKOoro Io-
HUMAHUS YUCTO (hH3NUECKUX 3aKOHOMEPHOCTe, JeKallluxX B oc-
HOBEe B3aMOLEHCTBUSA NOHU3UPYIOIINX U3JIYUEHUN C BeIIIeCTBOM.

Penmzeno6eckoe usnyienue IPeACTABISIET €000 3IEKTPO-
MarHuTHBIE BOJIHBI C JJIMHOM BosHBI oT 80 no 107° M. I'paruns
9TOr'0 AMAIIA30HA HECKOJBbKO YCJIOBHBI, TAK KAK AJHHHOBOJHOBOE
PEHTIeHOBCKOE H3JIyUYeHHe IePEKPLIBAETC KOPOTKOBOJIHOBBIM
yaAbTPadMoJIeTOBEIM, a8 KOPOTKOBOJIHOBOE — JJIMHHOBOJHOBBHIM
raMMa-uajaydyeHneM. PeHTTeHOBCKYE JIYUM KOPOTKHUX IJIUH BOJIH
Ha3bIBAIOT HEeCMKUMU, & IJIUHHOBOJHOBLIE — MAZKUMU.

27.1. Topmo3HO€ PEeHTreHOBCKOe H3AyveHue

CorjlacHO 3aKOHAM JJIEKTPOAMHAMWKH, IPH YCKOPEHUU HJIU
TOPMOIKEHNH JII000T0 ABHUIKYILETr0oCs 2JIEKTPHUECKOTO 3apsaa BO3-
HUKaeT 3JeKTPOMarHuTHoe uajayuenue. [Ipuuem uacrora 9TOro
U3JIyYeHUs TeM OoJibllie, ueM OOJIbIlIe MOAYJb YCKOPEHUsS 3aps-
na. Ecau 3apsa)kennas yactuiia, obsazampinasd 00JabIIOH KUHEeTH-
4YeCKOU sHeprueil, MCILITHIBAET Pe3K0oe TOPMOKeHue, TO BO3HU-
KaeT 3JeKTPOMarHuTHOe U3JlydyeHHue PEeHTTeHOBCKOTr0 AUAIIa30Ha.
B mMeauIIMHCKOH NpPaKTHKE HMCTOUHHKOM PEHTTeHOBCKOTO H3JIY-
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DoKyCUPYIOUTH i
EKTPOA

Karop
OJIEKTPOHHKIH

— IY4YOK
PenTresoBckoe n3inydeHue

Puc. 27.1. Cxema peHTreHOBCKO# TpyOKU

YeHHA ABJIAETCHA peHmzenoéckaa mpybka (puc. 27.1), koropasa
mpeacTaBsieT cob60it BaKYyMHUPOBAHHBII CTEKJIAHHBINA 6aJJIOH C
JBYMs OCHOBHEIMH 3JIEKTPOAaMu: KaToaoM (—) u anoaom (+). Cnu-
pajib KaToja pasorpeBaeTcs dJeKTPUUYECKUM TOKOM [, (1o uenu
HaKajia) #H, 6jarogapsi TePMO3JEKTPOHHONH 3MMCCHY, SBJISETCH
HMCTOYHHUKOM CBOOOZHBIX 3JIEKTPOHOB. Mekay KaTogoM U aHOAOM
(ero Ha3BHIBAIOT TAK)KEe AaHTUKATOAOM) CO3JaeTcs BBHICOKOE IIOCTO-
sSIHHOe Hanpaxenue U, KoTopoe coobLIaeT ajieKTPOHAM GOJbIITYIO
KHHETUYECKYIO 9HEePTrUI0 ¥ 3aCTaBJ/IseT 3JIEKTPOHBI ABUraThCA Ha
anog. Ilpy monaganuu Ha aHOJ 3JIEKTPOHBI MCHBITHIBAIOT PE3KOe
TOPMOYKEHHE, MX KHHETHUYeCcKas JHeprusi 4aCTUUYHO NepexXOquT
B 9HEPTrHI0 PEHTreHOBCKOTO HU3JIYyUYEeHUH, & OCTABLUIAACH HACTh —
B TEILIO, Harpesamwlliee aHOA.

OnuieM npouecc BO3HUKHOBEHUA TOPMO3HOTO PEHTTEHOBC-
KO0 M3Jy4eHNs KOJIWYECTBEHHO. DJIeKTPOH, UMeoIuil 3apaf e,
mon JeiCTBMEM pAasHOCTH MoTeHmuanoB U MexIy KaroAOM H
aHONOM [BMIKETCS YCKOPDEHHO M npuobpeTaeT KHMHETHYECKYIO
9Hepruio, paBuyio eU. Ira KUHETHUYECKas JHEPrusa Ipu yrpape
006 aHOJ MEepPexXOoJUT YaCTHUYHO B SHEPruio KBaHTa M3JydyeHus hv
(h — nmocrosinnas Ilnanka, v — 4dacToTa) ¥ YaCTUYHO B TEILIO §:

eU=hv+@Q. (27.1)

1A ogHOro 3JIEKTPOHA HEBO3MOXKHO IIPEACKAa3aTh, KaKafd
YacThb €ro JHEePriuy nepei/ieT B U3NyUYeHNEe, 4 KAKAA B TEIJIO — 9TO
npouecc ciaydaiiHbiii. OJHAKO IOTOK 3JIEKTPOHOB, IaJalOIIMX
Ha aHOJ, MOPOM/JAeT PEHTIeHOBCKHE KBAHThI PDA3HBIX JHEPruii,

3%
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BCJEJCTBHE 4Yero CIEeKTDP TOPMO3HOIO PEHTTeHOBCKOIO U3Jy-
YEeHUS OKA3bIBAETCA CILIOIIHBIM. B 3TOM CIIeKTpe CYyIIecTBYeT
KOPOTKOBOJIHOBAas TIpPaHUla, ONpeAeNsdioniad MHHUMaJIbHYIO
JJIUHY BOJHBI A, (HambOJBIIYI0O BO3MOXKHYIO YacCTOTY V...)
PEHTTeHOBCKOTO M3JIy4YeHHs IIpU 3ajaHHOM HanpsskeHuu U Ha
Tpy6xe. Hanbosabias yacTora V,,, B CIEKTPE TOPMO3HOIO PEHT-
TeHOBCKOI'0 M3JIyyeHusi HaGII0jaeTCa B cayuae, KOrja BCSA KUHe-
THYECKas SHEeprus 3JeKTPOHOB IepexoquT B uanydeHue. Torza
B opmyite (27.1) @ = 0 1 1A KOPOTKOBOJHOBOM I'PaHUILBI CHEK-
Tpa MOoJIy4aeM COOTHOILIEHUE

hv =xhc —eU=h,,

= ke
. T eU - (27.2)
min

B dopmyny (27.2), kpome Hanpsa:xkeHua U, BXogaT MOCTOAH-
HBble BeJIMUYHMHBI: I — mocroaHHaa [lmaHka, ¢ — CKODOCTH CBeTa
B BAKyyMe, € — 3apsijJ SJeKTPoHA. BEIUMCINB 3HaUeHHE TTIOCTOSH-
Holt he/e, popmyay (27.2) MOKHO npencTaBUTH B fosiee yROOHOM
IUIA IPAaKTHYECKOro MCIIOJIb30BaHUA BUJE:

Amin = 1,23/U, (27.3)
IaloIeM 3HaUeHus A, B HAaHOMeTpax (HM), ecau Hanpsxkenue U

BbIpa*XeHoO B KHJIOBOJIbTaX.

CHexTpLl TOPMO3HOTO PEHTIeHOBCKOTO M3JIy4YeHUs IPeJiCTaB-
JeHbl Ha puc. 27.2 u 27.3. Ilo ocu opawHAT OTJOeHA CIIEKT-
pajbHas IJIOTHOCTh HOTOKA P, PEHTTeHOBCKOTO M3JIydYeHUsd, T.e.

D, @,
U = const
U,>U, Lyp > Iy
U, Iy,
A Mg A A
A'm'mZ A'minl ‘min ‘max

Puc. 27.2. BaiusHue HanpsiyKeHUA Puc. 27.3. BausHaue TOKa
B R-Tpy6Ke Ha CIIeKTP TOPMO3HOT'O B R-TpyOKe Ha CIEKTD

HU3JyYeHusd TOPMO3HOI'O U3JIYUE€HUA
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OTHOIIIeHHUe II0TOKAa 3Hepruu dP(1), U3IyuaeMoro peHTreHOBCKOH
TpyOKOI B Y3KOM MHTEepBaJe JJIUH BOJH OT A 10 A + d\, K IIUpUHEe
3TOTO MHTEpBaJa dA.

OTMeTHM, YTO MAKCHUMYM TOPMO3HOTO H3JIYUYECHWUA MPUXOLUT-
csi Ha JJMHY BOJIHBI, IIpuMepHO B 1,5 pasa GonbInyo0 KOPOTKO-
BOJIHOBOM I'DaHUIIBI:

kmaxz 1’57"min'

Honnstit norok @ (BT) TOPMO3HOrO PEHTrEHOBCKOINO M3Jyde-
HUA paBeH HHTerpany or @, no BceM MU3JAydaeMbIM AJMHAM BOJH:

D = j@xdx (27.4)

A

min
U YMCJIEHHO PaBeH ILIOINaAM, 3aKJIIOUEeHHON MeXay KPuBoil @, u
ochio abcuwmcce Ha rpadukax puc. 27.2 n 27.3.

CorusacHo dopmynam (27.2) u (27.3), ¢ mnoBblIIeHHEM Ha-
IPAMXKEHUA MeKJy aHOIOM M KATOJOM DPEHTIFeHOBCKON TPyOKH
(U, > U;) B cCIeKTpe TOPMO3HOr0 PEHTI'€HOBCKOTO WH3JIyYEeHUA
YMEHBIIAeTCa Ay;,, W H3JIyYeHUEe CTAHOBUTCH 6Ojiee YKECTKHM.
IloaToMy peryupOBKa KECTKOCTH HU3JIyYEHHS B PDEHTTeHOBCKHUX
anmnaparax OCYILEeCTBJISEeTCA U3MEHEHUMeM HAMPAKEeHUS MEKIY
KaToAOM M aHOJIOM PEHTI€HOBCKOU TPyOKM.

ITonusiit motox @ (BT) TOPMO3HOrO PEHTTEHOBCKOI'O H3Jyde-
HUA 3aBUCUT OT CHJIBI TOKA [ U Hanps:KeHus U B PeHTTE€HOBCKOM
TPyOKe M pacCUMTHIBAETCA II0 hopmyie

@ =EkIU?Z, (27.5)

rae k=10"° (B!) — KosduuUuIEeHT NIPOIOPIUOHAILHOCTH;
Z — HOMep aToOMa BeIeCTBA AHOAA B MEPHMOAWYECKOH CHCTeMe
3JIEMEHTOB.

PerynupoBaTh MOTOK PEHTTEHOBCKOTO M3JIYyYeHNA MOXKHO KaK
IyTeM U3MEHEeHHA HAupsxeHua U, Tak ¥ IIyTeM U3MEHeHUA TOKa
I B peHTrenoBckoii Tpy6ke [cM. dopmyay (27.5)]). Ipu uszmene-
HUHM HaNpyKeHUA NOTOK U3ydeHus OyJeT U3MEeHATHCA GhICTDEe,
nponopnuonanbHo U?, HO OZHOBPeMEHHO Gy/eT U3MEeHATLCH M
KEeCTKOCTh (CIeKTpajbHbIil cocTaB) U3ayueHUusa (cMm. puc. 27.2),
UTO He BCErJa ’KeJaTeJIbHO.
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Ecau ke yBeIMunBaThL TOJBKO CHIY TOKA I B TpybOKe, TO IIOTOK
M3JIyUYEHUs PacTeT MeJJieHHee, HO CIEKTDP U JKEeCTKOCTb H3Jiyuye-
HUS IIpKU 3TOM He uaMeHswTca (puc. 27.3).

WsameHuTs cunty ToKka I B PEHTreHOBCKOM TpyOKe npu GuKcn-
POBAHHOM HaIps)KeHUM U MOXKHO IyTeM HM3MeHeHUA Toka I,
HakaJja xKaroza. C ero ypeanueHreM TeMIepaTypa KaToja Bo3pac-
TaeT, YBEJIUYMBAETCA UMCJIO JIEKTPOHOB, IIOKMUAAOINX KATO 3a
cueT TepPMOIJEKTPOHHONW 3MUCCUM, U COOTBETCTBEHHO YBEJIUUH-
BaeTcs cuya Toka B Tpybke. Takum oOpasoM, m3aMeHeHHe TOKa
HAKaJa KaToJa MO3BOJsAeT PeryJupoBaTh MOTOK PEHTTeHOBCKOIrO
HanydYeHus 6e3 M3MEHEHHUSA €ro CIEeKTPAJbHOTO COCTaBa (KecT-
KOCTH).

27.2. XapakTepucruueckoe peHTreHOBCKoe
u3Ay4eHue

IIpux BBICOKHMX HANPAMXKEHUAX HA PEHTTeHOBCKOH TpybOke Ha
(poHe CILTOIIHOTO CIIEKTPA TOPMO3HOTO PEHTIeHOBCKOI'O M3Jyde-
HUSA IPOABJAIOTCA pe3aKkue JuHUM. Takoe u3nydeHNe HA3bIBAETCA
xapaxmepucmu1ecKum U He MoXeT ObITh 00bACHEHO TOPMO3HBI-
My addextamu. OHO 00BACHAETCA CIEAYIOINUM 00pa3oM.

TIpu GoJBIINX SHEPruAX JeKTPOHBI, 6oMbapaAupyIoLIie aHOA,
NIPEeoA0eBAI0T KYJOHOBCKHE CUJIbI OTTAJIKUBAHMUSA OT HAPYKHBIX
3JIEKTPOHHBIX 000JI0YEK aTOMOB BellleCTBa AHOAA U B3aUMoOJeiic-
TBYIOT C 3JI€KTPOHAMU, 3aIOJHSAIOU[MMI BHYTPeHHHE 000JOYKU.
IIpoucxoauT BeIGMBAHME 3J€KTPOHA, HAXOAAIIEroCsa Ha BHYTPEH-
Heit 06010uKe aToMa. ITOT 3PPeKT Ha3bIBAETCA 6HYMPEHHEU LO-
Hu3ayuel uiu agppexmom Orce 1 TPUBOAUT K 06PA30BAHUIO CBO-
60AHOro MeCTa Ha OJHOM U3 BHYTPEHHUX 3JIEKTPOHHBIX 000JI0YEK
aroma. IIpu mosBJIeHuUM TAKOH BaKaHCWM, HANIPUMeDp B Oiykan-
weit ¥ aapy K-o6os0uke, Ty/la HAUYHYT NEPEXOAUTE 3JNEKTPOHBI
¢ 6osnee ynaneHubix L-, M-, N-o6onouex u ap. Ilpu atom O6yayT
HCIYCKAThCA KBAHTHI H3JIydeHUA C aHeprueil hvy,=E, — E;,
paBHOII pasHOCTHM 3Heprumii aromMa Ha wucxoguoir (L-, M-,
N-o6omoukax um Ap.) u kKoHeuHoi K-o6osmouxke. OHeprus 3THUX
KBAHTOB OYE€Hb BEJMKA U COOTBETCTBYET PEHTT€HOBCKOMY AHaIla-
30Hy. CIleKTp BO3HHMKAIOLIETO TAKUM 00pasoM XapaKTepucTUdec-
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Puc. 27.4. Cxema 5/1eKTPOHHBIX [I€PEX0/0B, obpasyiomux K- u L-cepun
B XapaKTEPHCTUYECKOM MU3JITyIeHUN

KOTO PEHTTEeHOBCKOTO M3JNIYYEHUA COCTOUT W3 I'PYIIN OTAEIbHBIX
Y3KHX JIMHUH, COOTBETCTRYIOIINX NTEPEX0AM 3JIEKTPOHOB MEKIY
BHYTPEHHUMH 000oJI0ouKaMm OGomGapaupyemeix aTomoB. Hamowm-
HYM, YTO CIIEKTDHI N3IyYEeHHSA ONITHYECKOTO ANANA30HA 06yCI0B-
JeHbl NepexofaM# BaJIEHTHBIX 3JIEKTPOHOB U3 BO30YKAEHHBIX
BEPXHUX COCTOAHUI B MX OCHOBHOE COCTOSHUE.

B n1nHeiuaTOM CIIEKTPE XapPaKTePUCTUUECKOTO U3JIYYEHUS Bbi-
JeNAI0T TPYNNLI CIEKTPAJbHBIX JUHUM, KOTOphie HasuiBaoT K-,
L-, M-cepuamu. Oy 06pa3yoTCcd NPH IepexojaX 3JIEKTPOHOB C
co Bcex OoJiee yAaJeHHBIX OT sigpa 060J0YEK COOTBETCTBEHHO Ha
K-, L-, M-o60oji0uKy u T.a4. (puc. 27.4).

YacToThl V IMHUN XaPaKTEPUCTUYECKOTO USIYUCHUA 3aBUCHT
OT MIOPAAKOBOrO HOMepa 3jieMeHTa Z no 3axony Mosau:

JVv =A(Z—B), (27.6)
rge A u B nocrosiHHbBIE, 3aBUCAIIE OT BUJa CEPUMN.

B orsiuune oT ONTHYECKUX CIIEKTPOB, KOTOPHIE 3aBUCAT OT Xa-
PaKTepa XMMHUYECKHX CBA3Ei Me)KIy aTOMaMHU BellleCTBa, XapaK-
mepucmuueckue peHmMzeH08CKUE CNEeKMmpPb., aTOMOB He 3aBUCAT
OT XMMHYECKOr0 OKPY)K€HHA M AJs JAaHHOTO BHUAA ATOMOB OHU
BCerga OAMHAKOBBI. ITa UX 0COGEHHOCTD JIEJKUT B OCHOBE PEHTre-
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HOBCKOI'O CIIeKTPAJbHOTO aHAJIN3a, KOTOPBIA IMO3BOJISET IO Yac-
TOTAM XapPaKTEePUCTHUYECKOrO M3JNyUYeHUS BelleCTBa OIpPeAeUTh
€ro 3JeMeHTHHIM COCTAB Ha OCHOBaHUU cooTHOIreHud (27.6).

27.3. MepBuunbie 3cpexTbl B3aumoaencTBus
PEHTreHOBCKOTO M3AYHEHUS C BelleCTBOM

PaccmoTpuM B3aumMopeicTBUEe KBAHTOB DEHTTEHOBCKOTO H3-
JIYyYEeHUs C aTOMaMM U MOJIEKYJIaMH BEILECTBa, B KOTOPOM OHU
pacupocrparsiorca. OueBUAHO, YTO Pe3yJLTAT 3TOTO B3aUMOJeil-
CTBUSA 3aBUCUT B IIePBYIO ouepelb OT SHEPruyl KBaHTa U3JIYYEeHNUS
¥ 37]eChb NMPUHATO BHIAEJATH CJeAVIOIe CIy4dau.

1. OHnepzusa Keamwma MeHbwe 3HEPZUU UCHU3AYUW aAmMoOMa
(hv < A)). Torga Ha aToMax BelIeCTBA NPOMCXOAUT paccesHHUe
KBaHTOB 0e3 M3MeHeHMA MX yacToTel (puc. 27.5, a). Taxkoe Bza-
uMojefiCcTBHE HAa3bIBAETCA KozepeHmHubvim pacceanuem. OHO xa-
PaKTEePHO IJ5 AJIUMHHOBOJIHOBOrO (MATKOr0) PEHTT€HOBCKOI'O U3JIY-
yenusa. KorepeHTHoe pacceAHNe IPUBOIUT K M3MEHEHMIO CTPYK-
TYPBI MaJAIOMIEro IyYKa PeHTTeHOBCKUX JIyUueii: ec/Iu Nafarom it
Ha BEILECTBO IIYYOK ObLI NapaJljIeIbHbIM, TO IOABIAIOTCSA KBAaH-
ThI, KOTOPbLIE€ PACIIPOCTPAHAIOTCA B APYTUX HalpaBJIeHUAX.

2. Onepeus K6AHMA HECKONbKO nNpesvlluuaem 3Hepzuio uo-
nusayuu (hv 2 A)). B aToMm cayuae HmpoOUCXOAUT gomoadgexm
(puc. 27.5, 6) — DPEHTreHOBCKOI KBAHT IIOTJIOILIAETCSH BellecT-
BOM, 4 €ro SHeprus pPacxoAyeTcs Ha BLIOMBaHUE 3JIEKTPOHA U3
aromMa (MOHM3aIuI0) U CcOOOLIeHNe eMy KWHeTHYeCKOH 3Hep-
run E, B COOTBETCTBUM C ypaBHeHueM OiiHMITeliHa kA (HoTOd(-
dekTa

hv=A,+E,. (27.7)

3. OHepeusa K6aAHMA 3HAYUMENbHO NPESbLULAET IHEP2UI0 UO-
Husauyuu amomos eewecmaea (hv >> A,). B atom cayuae auib
YacTh PHEPruu Av majaloijero KBaHTa HJeT HAa MOHU3aUUIO aTo-
Ma M Ha cooOleHHe BHIOMTOMY 3JIEKTPOHY KHHETUYeCKOU 3Hep-
ruu E_, a ocHOBHas uacTb mjer Ha o6pasoBaHue ()OTOHA MEHb-
me# sgepruyu hv' ¥ ADPYroro HaIpaBjJeHUS DPaCIPOCTPDaHEHWSI:

hv=A,+ hv'+ E,. (27.8)
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I9TO0 ABJIeHNUE HA3LIBAETCHA HeK0ZePEeHMHbLM PACCeAHUEM, TIOC-
KOJIBKY YaCTOTA PACCEAHHOr'0 PEHTIeHOBCKOI'O U3NyUYEHUS YMEHb-
mntaercs, unn agppexmom Komnmona (puc. 27.5, g). Bropuunsre
PEeHTIreHOBCKME KBaHTHI, obsajas sHepruei hv' > A,, MOTYT elie
BBI3BIBATh MOHM3AIIMIO BEILECTBAa, B KOTOPOM OHH paclpocTpa-
HAIOTCH. JIEKTPOHBLI OTJAa4YM, IMOJIYUMBIINE GONBIIYI0 KHUHETH-
YEeCKYIO SHEPTUI0, MOTYT TaKyKe MOHU3UPOBATH COCEAHUE aTOMBEI
BelllecTBa IYTEM COyZapeHus.

OrMeueHHBIE€ IIePBHUYHLIE aKThl B3aUMOAECHCTBHUA PEHTTE€HOB-
CKOTO M3JIyYeHUS ¥ BEHeCTBa MOTYT IIOPOXKAATH DAL BTOpPUU-
HBIX MpOIleccOoB. B yacTHOCTH, BO3OYKACHHE aTOMOB M MOJIEKYJ
BEIBLIBAET PeHM2ZEHONIOMUHECYEHYUIO, ITO WCIOJb3yeTcdA N
CO3JaHMsA JIOMUHECHIUPYIOIINX 3KPAHOB, ITO3BOJIAIONINX HAOJIO-
JaTh DPEHTTreHOBCKHEe n3o0pa'keHusi. Kcjau IPOUCXOAMT OTPHIB
2JIEKTPOHOB C BHYTPEHHUX 000JI0YEK aTOMOB, TO BOSHMKAaeT Xa-
paKTepHCTUYECKOe PEeHTTeHOBCKoe uaayuenue (puc. 27.5, 2).

©

hv hv
a hv 6
hv
hv e
e
8 hv' 2 hv'

Puc. 27.5. CxeMblI IepBUYHBIX MEXaHU3MOB B3aUMOAelCTBUA
PEHTIeHOBCKOI0 M3JIyUYeHUA ¢ BeleCTBOM:
a — KOrepeHTHOe paccesgnne; 6 — GoToadPexT; 6 —HEeKOTrepeHTHOe
paccesanue; 2 —0o6pa30BaHME XapPAKTEPUCTHYECKOI'O DEHTIeHOBCKOIO
M3JIyYeHUS [IPU HEKOTePEeHTHOM PACCeAHUH
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Takum 06pasom, KeCTKHEe PEHTTeHOBCKHE JIYUYH 3a cyeT (o-
ToatpekTa, apdexra Komnrona, a Takke BTOPUYHBIX IIPOLECCOB
BBHI3BIBAIOT 3HAUUTEJIBHYIO MOHU3AIUIO BEI[eCTBa, ¢ KOTOPHIM OHK
B3aUMOZAEHCTBYIOT. [lofo0Has noHU3ana BeJeT K 00pa3oBaHHUIO
CBOOOAHBIX PaJUKAJOB B OHMOJOTMYECKHX TKAHAX, UYTO BeChbMa
OTPUIIATENEHO BAUSET HA KUHETUKY OMOXUMUYECKUX ITPOIIECCOB
B 9THX TKaHAX.

27.4. OcAabAeHne PeHTreHOBCKOro M3Ay4YeHus
B Beuecrse

Paccmorpennble mepsuuHbie 3hdeKThl B3auMOAEMCTBUA PEH-
TreHOBCKOT'O M3JyYeHMs C BeI[eCTBOM OOYCJIOBJMBAIOT yMEHb-
[IeHye MHTeHCHBHOCTH JAHHOTO M3JIYy4YEeHUA. ITO MPOUCXOIUT 3a
CUYeT ABYX IPOILECCOB: NO2J0UjeHUA, KOTZa SHEPIrua PeHTTeHOBC-
KMX KBAHTOB IIOJHOCTBIO MJIM YaCTUYHO PACXOAYETCA Ha CTPYK-
TYpHBIE IIEPECTPOMKHM B BelllecTBe, M PACCesAHUs, KOTAA PEeHT-
reHOBCKHME KBAHThl H3MEHSIOT CBOe IIePBUYHOE HAIPaBJIEHUE
pacupocrpanenus (puc. 27.6). Tak, eciau Ha BemiecTBO IajaeT
napauUleJIbHBIA IIyY4OK PEHTTeHOBCKHUX Jydeill MHTEHCHBHOCTHIO
I,, TO IpY NMPOXOXKAEHUU CJIOS TOJIIUHON X MUHTEHCHUBHOCTH H3-
JYYEeHUus, PAcCIPOCTPAHSIONIErocs B IPeKHEM HaIpaBJIeHUH,
npunuMaeTr 3Hauvenme I. OcialbjeHue WHTEHCHUBHOCTH H3JIyue-
HUSA B JaHHOM CJIy4ae IPOMCXOAUT II0 TOMY K€ IKCIOHEHIH-

TTapannenbusblit y4ok

PEHTTEHOBCKOI'0
Tagaromee W3JIy4eHUA, BhIIISAI U
DEeHTreHOBCKOE Paccesannsble gyun H3 CJIOf BelljecTBa

HU3JIy4YeHue

Puc. 27.6. IlpoxoaeHnue NyYyKa PEHTT€HOBCKOIO U3JTy4eHHs
yepes BelecTBO
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aJbHOMY 3aKOHY, 4YTO U ocjaljieHre WHTEHCHMBHOCTM CBETOBBIX
Jyden:
I=1I,et, (27.9)

rje | — JUHeRHbI II0Ka3aTe b 0Caa0IeHNs, XapaKTepuayIoui
yOBLIb MHTEHCHBHOCTH DEHTTEHOBCKUX JIydell HA eAWMHUIE TOJ-
IIMHBL CJIOA 38 CUeT MOIVIOMIEeHNs (1) ¥ paccesHusa (p,):

B= byt Hpe

JInHelHbI# NOKa3aTedb ocaabIeHHa IPAMO NPONOPIAOHATIEH
IIJIOTHOCTH BelliecTBa (L ~ p), TOrZa KaK MacCOBBIH IOKa3aTesb
ocnabuaenus (u,), NPeACTaBIAAIOIINI cOOOM OTHOINEHMe JIMHE-
HOrO IOKasaTesisl K INIOTHOCTH p BelmecTsa (u, = p/p), yKe He
3aBMCUT OT IJIOTHOCTH U ONPEeLeNdeTcd TOJIbKO HOPALKOBhIM HO-
MepOM Z aTOMOB 3TOTO BEIIeCTBA U AJWHON BOJHBLI A PEeHTTeHOB-
CKOI'0 M3JIyUYeHUA:

W, = kA3Z3, (27.10)

rge k — KoabdUIUEHT TPOMOPIIUOHAIbHOCTH.

Ilpu ocnabjeHUM TMOTOKA TOPMO3HOTO PEHTIE€HOBCKOTO H3IY-
4YeHUS BeI[eCTBOM CJIeJyeT YUUTLIBATh HEIPEPHLIBHOCTH CIEKTpPa
9TOr0 U3JIyYeHUs U TOT (PaKT, YTO JJIMHHOBOJHOBOE H3JIyUEHHE
TOTJIONIaeTCA 3HAYUTENBHO CUJIbHEE, 4eM KOPOTKOBOJIHOBOE [cM.
Gdopmyay (27.10)].

Ha nmpakTuke i oneHKH I
NIIPOHUKAIOIIEH CcIoCcobHOC-
TH PEHTTeHOBCKOTO M3JIyye-
HUST UCIOJIb3yeTCA IOHATHE
«CAO0U NOJOBUHHO20 0CAAD-
JeHUs dy;5» — BTO TONIUHA
CJI0S1 TIOTJIOTUTEJN S, KOTOpasd
ociabyidgeT UHTEHCHBHOCTD
MafaloIero M3Jy4eHUus B
IABa pasa (puc. 27.7). CBass
MEXKAY CJI0eM TIOJIOBUHHOI'O
ocyabyieHuA U MOKasaTejeM

WHTEHCUBHOCTHN PEHTreHOBCKOI'0

O -
CraGnenus H MOJKHO ycTa HU3JIYYEeHHUA IIPU NIPOXOXKIEHHNH Yepel
HOBUTE U3 Gopmysl (27.9): BeIecTBO

Puc. 27.7. Ocnabiaesue
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npu x =d;;; MHTEHCUBHOCTbL IIpoeninero usnydenus I=1,/2:

fo _ Ie "4 = g2 = L gtz o o
2 2
= udy ;= 1n2=0,69. (27.11)
In2 _ 0,69

Taxum obpasom, d,, =
[ H
Hanpumep, i PeHTreHOBCKOTO TOPMO3HOTO W3JIyUEeHHS,

BOSHHUKAIOIETO IPH HANPS)KEHUM Ha DEHTTEeHOBCKOI TpyOKe
60 kB, cioil monosuHHOrO ocnabiaeHusa cocrasasger 10 MM BOARI
i 1 MM aJIOMHUHUS.

Eciu peHTreHoBCKOe H3JIyueHHE INMHUPOKOr0 CIEKTPajbHOTrO
cocTaBa (HanpuMep, TOPMO3HOE) ITPOXOAUT Yyeped CJIOH BellecTsa,
TO €ro CIEeKTPAJbHBIA COCTAB M3MEHACTCS — H3JyuyeHHe CTaHO-
BUTCA 00JI€e JKEeCTKHUM, TAK KaK MATKOE U3JIyYeHNe MOIJIOIIAeTCs
cuiibHee, a 0ojiee KOPOTKME PEHTTeHOBCKUE JIYUU MOTJIOIIAI0TCSA
MEHbIIIE ¥ JIYYIlle IPOHUKAIOT depe3 caoi BemmecTBa. [loaTomy
BTOPO CJIOH IIOJIOBUHHOIO OCJIa0JIeHUSA OKAKETCs TOoJIIIe IIepBO-
ro. Hampumep, mpu yKasaHHBIX YCJIOBHAX AJA BOJAbI OH COCTA-
Bur 15,3 MM, a Tperuir cioii — yxe 20 MM, IpM 3TOM CIEKTP
MPOILIEIIEro U3JyUYeHusa CY)KaeTca U B HEM OCTaeTCs JIMIIbL KO-
POTKOBOJIHOBAaA 4acTh CIEKTPa. JTOT 3hdheKT Huclonab3yercsa Aas
CO3JaHUSA NYYKOB MOHOIHEPreTUYEeCKUX PEHTreHOBCKUX Jydei
B Ipoiiecce PpUALTpanuy PEHTTEHOBCKOI0 M3ayuenns. Taw, mpu
Hanps:xeHnn Ha TpyOKe 80 ¥B m dunbTpe B BHAe IJIACTHUHKHU
AJTIOMHHMA ToJuHOoN 20 MM M3nydYeHre CTAHOBUTCS ITOYTH MO-
HosHepreTudeckuM. Coii TOJIOBUHHOTO OCJabJIeHUs IPH STOM
cocTaBjseT 7 MM AJIOMUHUS.

27.5. ®u3uueckne NPUHLUMNBI PEHTIeHOANArHOCTUKH

MaccoBsliii mokasaress ocialbieHusa PeHTTeHOBCKUX JIydeil Be-
LIECTBOM CUJIbHO 3aBHCHT OT COCTaBa BeIlleCTBa U JJIUHBI BOJIHBI,
4TO NPAMO cjefayer ua sBuipaykenus (27.10). Ilpu mpoceBeumsa-
HUU Teja YeJIOBeKa PEHTTeHOBCKHM H3JIydeHMeM Ha JIOMMHeC-
HUPYIOLIEM 3KpaHe WaH (GOTOIIEHKE, PACIOJOKEHHBIM 32 HUM,
HaluiofaeTcss TeHeBoe M300parkeHHe BHYTPEHHUX opraHoB. s
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PEHTTeHOANATHOCTUKU WCIIOIb3YyeTCAd H3JIYUEeHHe, AJA KOTOPOro
IePBUYHEIE IPOIECCH] B3AaNMOJEHCTBHS C BEI[eCTBOM O6yCIOBIIN-
BAIOTCA B OCHOBHOM (poToadpderTom.

Paszuble TKaHU ¥ OPTaHBHl YejOBEKA MO-PA3HOMY IOIJIOIAOT
peurrenosckue ayun. Tak, msobpakeHue KocTe# OUYeHb OTYET-
JIUBO MIPOABJseTCS Ha GoHe M300paKeHUA MATKUX TKaHell. 3Ha-
YUTEJNBHO CJIOX¥(Hee Da’INYaioTCd U3MEeHEHHS B CTPYKType MAr-
KOHM TKaHM, TAK KaK IIOKa3aTeJu OCaablieHus PEeHTreHOBCKOTO
W3y4eHUsl Pas3HBIX ee YyYaCTKOB OTJUYAIOTCA He3HaUYHTeJbHO,
MO3TOMY OYaru IaTOJIOTHU BBIABAAIOTCA TPYAHO. ATy mpobaeMy
peLIaoT MYyTeM BBEAEHUA B HCCIIEyeMble OPTraHbl PeHM2eHOKOH-
mpacmublX éeujecme, CONEpPIKAIUX dJIEeMEHTHI ¢ Goabuinm Z,
KOTOpBl€ CHJIBHO IIOTJIOIIAIOT PEHTTE€HOBCKOE H3JIYyYEeHHe U TeM
CaMBIM XOPOIII0 KOHTPACTUPYIOT MCCIEeAYeMbIil Oprai Ui TKaHb
[IPY PEHTIeHOBCKOM 00CJIe[0BAHUY.

Tak, Ipy OCMOTpE KeJAYAKa, KUIIeUHUKA U T.I. IPUMEHSIIOT
cyabsdur 6apusa (Zz, = 56) B Buje KaureodpasHoOl Macchl, 3aI0J-
HAOUEeH 3TU IoJible opraHbl. lIpm wmccaesoBaHMM COCYAMCTOTO
pycJia 4acTO HCHOJb3YIOT HETOKCHYHLIE AJISI OpraHu3Ma COexu-
HeHusa woaa (Z; = 53).

PenTreHoguarHoCcTUKa CO34aeT 3HAYUTEJIbHYIO JYUeBYIO Ha-
rpy3Ky HA OPraHu3M, OCOOEHHO IPH PeHmz2eHOoCKOonuu, Koria
usobparkenue JOCTATOUHO AOJITO PACCMATPUBAIOT HA JIOMUHECI M-
pywoieM sxpaue. [Ipu penmzenozpaguu BpeMs 9KCHO3ULIMH I8
MOJIYYeHUHN PEHTIeHOBCKOI0 CHHMMKA COCTaBJISAET AOJHU CEKYHIHI,
MIO3TOMY JIyueBas HaTrPy3Ka B COTHU pa3 MeHBbIIIE.

CyulecTBeHHOE CHMIKEHUE J03bl 00JIydUeHHMS IPU PEHTTEeHO-
OUATHOCTHKE M pacClivpeHHe AUArHOCTHYECKHX BO3MOXKHOCTEH
JOCTUATAETCA 34 CUeT NMPUMEHEHUs yCHJINTeNedl PEeHTTeHOBCKOIo
us3obparkeHus, TeJeBU3UOHHBIX CUCTEM, YYBCTBUTENbHBIX AATUYM~
KOB U HHUQPOBBIX METOAOB 06pabOTKHM H300paxKeHnil.

Baxkuoit 3amaueii peHTTreHOAMATHOCTUKY ABJIAETCA TOJydYeHe
n300pakeHUl BHYTPEHHUX OPraHOB 4YeJIOBEKa B PA3IMYHLIX Ce-
YyeHHAX. JTa 3a4aUa pellleHa ¢ CO3[JaHHEM DEeHM2eH06CKOU KOM-
nvromepnoi momozpadpuu (KT).

OT TPaAUIMOHHEIX TEHEBBIX METOJOB PEHTTEHOANATHOCTHUKH
OHA MPUHOUNHAIBHO OTJMYAETCA TEM, YTO BbIYUCAAET u306pa-
JKEHUS OPraHOB B Y3KMX 3aJaHHBIX MONEPEYHbIX CEUCHUSX TeJa
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HcToyHHK
PEeHTIreHOBCKOro
U3JIYYCHUA

O6BeKT

Puc. 27.8. JInneiika 1eTeKTOPOB,
Ipeo0pa3yIoIUuX PEHTIeHOBCKOe
HU3JyYeHHE B JIEKTPUUECKUE
CHUI'HAJIBI

YyeJIOBEKAa IYTeM KOMIbIOTEep-
HO# 00pabOTKH BdJIEeKTpHYec-
KHX CHUTHAJIOB, IIOCTYIIAIOLIUX
OT JIeTEKTOPOB PEHTTEHOBCKO-
ro naaydennsa. OAuMH U3 MHO-
rooOpasHbIX IPHEMOB IIPOCBe-
UMBAHUA ¥ JAETEeKTUPOBAHUS
W3JIyYeHUs IJis TaKOTo HccJe-
JOBAHWA NPEACTABIEH HA PUC.
27.8, a caM pEHTIreHOBCKHU
KOMIILIOTE€PDHBIH Tomorpad
u3obpaskeH Ha puc. 27.9.
Pacxopamuitcs BEEPHBIN
IIy4OK PEHTTeHOBCKHUX Jyueil,
NMpoxoAa uepe3 O0BEKT, MOIa-
IaeT Ha JIMHEHKY JEeTeKTOPOB,
YHCJI0 KOTOPBIX COCTaBJAAET OT
300 go 700 u Gomee (ueM uxX
Gospllle, TEM BBIIIE pa3pelra-
0Iasg CIOCOOHOCTH MeTOAA).
Cucrema wuaIydaTenb ze-

TEeKTOPHI BpalllaeTcsi BOKPYT oO0beKTa, CO3JaBad PEHTTEHOBCKUE
«3JIEKTPOHHBIE CHUMKM» O0bEKTa TOJ Pas3HBIMHM yrJjlaMu, uepes
1-2 rpaayca noBopota. Ilpu mccienoBaHMM CHUCTEMa COBEpIIAeT
OOBIYHO MOJHBIN 060OPOT M IPOM3BOAUT 3a 3To Bpems 300-400

BKJIIOYEHUH.

HUcrounuk
PEHTT€HOBCKOI'0
U3JIyYEeHUs

Jlugeiika AeTEKTOPOB
usnyyenuns (6osee 700)

Puc. 27.9. Cxema peHTIeHOBCKOI0 KOMIILIOTEPHOr'0 TOMorpada
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3aperucTpupoBaHHbBIE  JIH-
HEeHKOH JeTeKTOpOB MHOIO-
YCJeHHBIe PEHTreHOBCKHE
IIpOEKIIM oOpraHa B 3ajaH-
HOH ILJIOCKOCTH NOCTYHAIOT B
KOMIIbIOTED, KOTOpbhili obpa-
6aTpIiBaeT UX O CHEIHAJb-
HOIl IporpamMme M BBIUKUCJIAET
PEHTTeHOBCKYIO ILJIOTHOCTHL B
KasKJA0¥ TOYKE MCCJIEIOBAHHO-
TO cedennsd, Iocje 1eTo BbIBO™  pyc, 27.10. CxeMa «CIMPATLHOTO»
IUT TOJIYUYUBIIIeeCs n3obparke- KT-ckaeupoBanus
HYe B cepoil IIKajie HA dKpaH
MOHHTODPa. JTO wu300paKeHMe
MpU HeoOXOAWMOCTH MOMKHO KOHTPAaCTHUPOBAThL, YBEJWUYUBATL U
COXPAaHATDL B MaMATU KOMIbIOTEpa Jub0 Ha BHeIIHEM II(POBOM
HOCHUTEJIE.

IIpu oGcnemoBaHuy MauueHTa OGBIYHO MOAPOOHO M3Yy4aloT OIl-
peneJIeHHyi0 00JacTh ero teja, moatromy moaydarnt KT-uzobpa-
JKeHUSA HeCKOJbKHUX IapalIebHbLIX CeUeHUN 9ToH obisacTtu. s
YCKOPEHUS MPOIeAyPbl MOJYUEHUA IOCIeA0BATEIbHOCTH TaKMX
N300paKeHNH IPUMEHAIOT «CIUPAIbHOEe» CKAHUPOBAHME: CTOJ C
MaIrueHTOM PaBHOMEPHO ABUIKETCS IPW OJHOBPEMEHHOM Bpalie-
HUM CHCTEMBI M3JyuyaTelb — gatuuk (puec. 27.10).

PeHTrenoBcKas KOMIILIOTEPHAA TOMOTpadus I03BOJAeT MOJIY-
JaTh IIOCHOIHOe N300paskenre OPTaHOB M Pas3jindaTh CTPYKTYPHI,
uMelonre oTanuns auinb Ha 0,1 % mo moxasaTesro MOIJIOeHN A
¥ He MeHee 2 MM IIO pasmepam jerajeil. Bpems nccienoBanns
IJSI TIOJIVUEHUSA OJHOTO CEUEHUS MOXKET AOCTUIaTh HECKOJbKUX
CeKYHI.

KOHTpO/\beIe BOMPOCHI N 3aAdHNA

1. KaxoB MexXaHU3M BO3HMKHOBEHUSA TOPMO3HOTO PEHTTE€HOBCKOTO U3-
nyuyenusa? [louemy CIeKTp TOPMO3HOTO U3NydeHus cuomuoii? Kak
OIlpeJieIUTh ero KOPOTKOBOJTHOBYIO rpaHUIly?

2. Kak ocylecTsiasieTcsi peryJupoBKa MHTEHCHBHOCTH M KeCTKOCTH
PeHTIeHOBCKOI0 M3JyuUeHUsi B PeHTreHOBCKHUX ammaparax? Kak u
OT 4Yero 3aBHUCHT [TOTOK TOPMO3HOI'O PEHTTEHOBCKOTO UBJIYUEHUS?
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3. CpaBHMTE CIEKTDPHI TEIJIOBOTO U3JIYUYCHUSA U TOPMO3HOTO PEHTIEHOB-
CKOro mManydyeHusa. B uem mux cxofcrBa u pasauumnsa?

4. Kax BO3ZHHMKaeT XapaKTEepUCTHYECKOE DEHTIEHOBCKOE H3JydeHue?
Kakossl ero ocob6ennoctu? Chopmyaupyiite 3akon Mosau.

5. B yem passiMuuA MEeXaHM3MOB OOPa30BaHUSA ONTHUYECKHX CIIEKTPOB
aTOMOB M CIIEKTPOB XapaKTEPHUCTHUUECKOTO PEHTIeHOBCKOrO HU3JIy4e-
Hua?

6. OnuinTe OCHOBHBIE MeXaHU3Mbl B3aNMOAEHCTBAA PEHTIEHOBCKOIO
U3JIyYEeHUd ¢ BeunecTBoM. IloueMy JKeCTKoe PeHTTeHOBCKOe n3Jyue-
HHeE, KOTOPOE B MeHbIlleli CTeleHN MOTJIONIAeTCA BeillecTBOM, Hojee
BPEAHO 0 OGMOJIOTHYECKOMY AEHCTBUIO, YeM MATrKoe?

7. Kar usMeHseTCA NOTOK PEHTIeHOBCKOI'O U3JIYyUYEeHNs I0CHe TIPOXOXK-
JeHuA uepesd cJyoil BemecTBa? YTO TaKkoe JNHUHEWHBIN M MacCOBBIH
NoKasaTesJu ocjabieHnd, CJIOH IoJOBUHHOro ocjaabaennsa? Kax ouu
CBsI3aHbI MEXIy coboii?

8. Ha yeM OCHOBAaHO MCIOJIb30BAHME PEHTTeHOBCKOTO H3JIYYEHHUS B
auarHocTuke? OnuinuTe MeTO4bl KOHTPACTUPOBAHUSA KPOBEHOCHOTO
pycaa, JKKT u gpyrux MATKux TKaHeH.

9. CpaBHuTe pusnUecKue MPUHIUILI YIbTPA3BYKOBOII M DEHTIeHOBC-
KOM AMATHOCTHKHM, YKAXKHUTe UX JOCTOMHCTBA U HEZOCTATKHU.

10. KaxoBb! NPUHIUILI 1 BO3MOYXHOCTH PEHTTEHOBCKONW KOMIIBIOTEPHON
ToMorpapumn?

11. KakoBbl cII0CcOOBI CHMIKEHHS [03bl 00JYUEeHNS MAllMeHTa NPU PEeHT-
TeHOZMarHOoCTUYECKOM o0ciiejoBaHuM?



Masa 28 | PaAMOaKTUBHOCTL

fnpa MHOTUX aTOMOB (PaJUOHYKJINABI) CIIOCOGHBL K CAMOIIPO-
H3BOJIBHBIM IIPEBPAIlEeHUAM, B pe3yJbTaTe KOTOPBLIX BOSHUKA-
0T AApa APYrUX aTOMOB W HMOHUBUPYIOUIWE U3JIYYEHUSA B BHJE
KBAHTOB 3JIEKTPOMArHUTHOH 3HEPTHU M 3JIEMEHTAPHBIX YaCTHIL.
ITH U3NYYEHUS U YACTHUILI, B3aUMOEHCTBYS C GHOJIOTHUYECKU-
MK TKaHAMM, OKa3bIBAIOT HA HUX CHJLHOE BO3jeiiCTBHE, BBLI3bI-
BafA CTPYKTYypPHBIe B QYHKIMOHAIbHBIe U3MeHeHusd. PaccmoTpum
3aKOHBI PaJMOAKTHBHOCTH U UX MeJUKO-OMOJIOrHYecKoe IIpuMe-
HEHUue.

28.1. OcHOBHblE XapaKTepUCTUKM sAep

fapa aTOMOB COCTOAT M3 3JEMEHTApPHBIX 4YacTHI], HasbiBae-
MBIX Hyxaonamu. IlociepHme, B CBOIO ouepeAb, NOApPa3eJis-
IOTCSI Ha NPOMOHb. U HeilmpoHbi. IIporon mmeer maccy, 6Gaus-
Ky K OZHOW aTOMHON eaumHune macckl (1 a.e.M.), ¥ 3apsan
e = +1,6:107!° Kx1, paBHBIiT IO BeJIMuMHE U IIPOTHUBOIIOIOMKHBIIH 10
3HAKY 3apAny anexkrpoHa. HellTpoH He mMmeeT 3apAzna, ero mMacca
MIPUMEPHO coBmazaeT ¢ Maccoi mporoxa (1,001 a.e.m. ).

Inexkmpuueckutt 3apad q adpa Inemenma ONpeneaeTca
YHCJIOM NPOTOHOB, BXOAAUIUX B €ro COCTaB, ¥ B eAWHHIAX dJie-
MEHTAPHOTO 3apsafa paBeH IOPAAKOBOMY HOMeDY Z 3JleMeHTa B
rabuune MeHzesneeBa: g = Ze.

Maccosoe wucno adpa A Bcerga niesioe ¥ ONpefeIseTcsa KO-
YEeCTBOM HYKJIOHOB B siipe: A = Z + N, rje Z — 4UCJIO IPOTOHOB;
N — uwmcno HeiiTpoHOB. CUMBOIMUECKAs 3aIKUCh A4Pa dJIeMeHTa:
gX . Huxkauii unjaexe Z y ajeMeHTa 03HAYAET MOPALKOBBIA HO-
Mep, BepXHUif A — MaccoBOe YHCJIO.

Paduyc adpa R 3aBUCUT OT MacCOBOI'O YHMCJIA ¥ MOJKET OBITH
BHIYKCJIEH (B MeTpax) 1o npubian;xeHHol (popmyJie

R=1,510""¥A . (28.1)
32-5281
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Hyxi0HBI B sifpe CBS3aHBI OCOOBIMY SAJAEPHBIMM CHUJIAMH,
IMIPEBBIIIAIOIIAME CUJIBl 3JIEKTPOCTATUYECKOTO OTTAIKUBAHUS
mexxny nporoHamu. OHmM 00ecrmeduBaIOT SAAPY AOCTATOYHYIO yC-
TOMYUBOCTEL ¥ OOGJAAAIOT CJIEAYIOIMIMMY CHernu(puuecKUMU Ca0il-
cmeamu:

® KODPOTKOZEHCTBUE — AeMCTBYIOT TOJbKO HA PACCTOAHUAX
NOpAAKa pasMepoB camoro szapa (< 107 m);

® CUJIBHOJENCTBUE — CHUJIA B3aMMOJEHCTBUA HYKJIOHOB B fApe
HA HECKOJbKO IODPAAKOB BhBIIIIE, UeM CHJIBLI JIOOBIX M3BECTHBIX B
IPHPOJEe B3aIMOJeUCTBUIA;

e 3apANOBaf HE3aBUCHMOCTL — CUJBI SAEPHOr0 B3auMojaelic-
TBUSA He 3aBUCAT OT 3JIEKTPUUECKOro 3apsAja HYKJOHA, IIO3TOMY
CHUJIbI B3aMMOJAEHCTBUA JBYX IIPOTOHOB TaKue Ke, KaK M ABYX
HEUTPOHOB MU HEHTPOHA U IPOTOHA;

¢ HACBINEHME CBA3eH — KaIbIH HYKJOH B3aMMOJEHCTBYeT
TOJIBKO C OTPAHWYEHHBIM UYMCJIOM OKDPYIKAIOIIHUX ero HYyKJOHOB
(o6bruHO He Gosee 6).

Yemoitiwueocmov amomubix adep 3aBUCHT OT OOIIEro 4mcia
HYKJIOHOB B Si/ipe, a TaK’Xe OT COOTHOIIEHWA UHCJa HeHATPOHOB
u npotoHoB N/Z. Haubojsee yCcTOHUYMBBL AJpa C OTHOCHUTEJBHO
HeOOJIBIIINM YKCJIOM HYKJIOHOB M 3HaueHuem N/Z = 1. Ilpu yBe-
JUYEHUH O0Iero urcjaa HYKJOHOB B Spe U NPEBBLIIIEHUN YHC-
Jia HeMTPOHOB HAJ uMcJaoM mpotouoB (N/Z > 1,6) ycToumBOCTD
Aapa ocnabyfgeTcs U YBeJIMYMBAETCH BepPOATHOCTH €ro CaMOIIPO-
H3BOJILHOTO pacrnaja.

HeiicTBue sgepHbIX CUJ 00YyCJIOBAMBAET HAJMUME OIIPeJeseH-
HOU 3HEPTUHU CBASHU €, HYKJIOHOB B AApe. JHEPrusd OTAEILHO B3d-
TBIX HYKJOHOB y.m.c’ Bcerna GoJblle, ueM 3Heprusa aapa M,c?,
KoTopoe ouHu 00pasyroT. PazHoCTh aTuUX aHepruii mpeBpaiiaeTcs
B 9HEP2UI0 C6A3U HYKIOHOB:

€ep= 22— M, c? = (Im,— M,)c?, (28.2)

roge M, — macca sgpa; m,, — CDeJHAA Macca HYKJOHA; ¢ — CKO-
POCThH CBeTa B BaKyyMe.

Pasnocts Macc sAzapa UM COCTABAAIUX €r0 HYKJIOHOB
AM =(Xm,~ M,) Ha3bIBaIOT depeKkmom Maccol, 3Ta BEJIUUNHA U
ompenessieT SHEPrui0 CBA3U sApa.
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Eyns

MsB/ByKa

8
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6
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4 -

3 -

2 =

112y
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Puc. 28.1. 3aBucuMoCTb yAEJHHOM SHEPTUH CBSI3H HYKJIOHOB B AADE
OT MacCOBOT0 YHCJIa

Yoenvnan snepzusa ceasu ¢, mpeicrasisieT coboii cpeaHee
3HAUYEHWE OSHEPruU CBA3KU, IIPUXOLSAINIEECA HA OAUH HYKJIOH:
€yn = &/A (puc. 28.1). Ee makcumanbHoe 3Hauenue (8,7 MaB/
HYKJIOH) XapaKTepHO IJIs Afep ¢ YHUCJIOM HYKJOHOB A = 50-60.
C m3meHenmeM uymciaa A y Oojiee JIETKUX JJIEMEHTOB OHA YMEHBb-
1mIaeTcs pesko, a y GoJiee TsaKeNbIXx — miaaBHO. OTCIOAa BOZHUKA-
OT JBE€ BO3MOKHOCTH BBICBOOOXKJIEHHA U HCIIOJNL30BAHUA Afep-
HOU! 9HEPruu.

1. Adepras peaxyusa Oernerus, Ipu KOTOPOH AAPO TAMKEJO-
ro ajieMeHra (HalpuMmep, 23§U) menurca ¢ obpasoBaHueM GoJiee
YCTOMYMBLIX Afep U IpeBpalfeHeM YacTH JHEPruM CBA3H HYK-
JIOHOB B KMHETHUYECKYIO JHEPruio IMPOJYKTOB JeJ€Hus, Koropas
3aTeM npeoOpasyeTcA B TEIUIOTY B SAEePHBLIX JHEPreTHYEeKUX yc-
ranoBKax. Ha peakiuu gesesus ocHoBaHa pabora BceX COBpe-
MEHHBIX ATOMHEIX 3jeKTpocTaHuuii (AJ3C) u APYrux MpPOMBINI-
JIEHHBIX SIePHBIX 9HEProyCTAHOBOK.

2. Peakxuyus cunmesa spep JIeTKUX 3JIeMEeHTOB, COIIPOBOXK A0~
masca obpasosanueM 6ojiee ycToNUIUBOro AApa GoJbleil Macchl
U BBHIJEJICHVEM 3HAYHUTEJbHOTO KOJHUYecTBa dHepruu. Peaxknus
CHHTE3a MOXKeT HATH TOJBKO NMPH BBICOKHUX TeMmIleparypax (He-
CKOJIbKO MUJIJIMOHOB I'DAIyCOB), HeOOXOAUMBIX JJIA IPEOJ0JIEHNA
KYJOHOBCKOI'O OTTANIKUBAHUA AAEP, U PeaTU3yeTCqd B TepMOAaep-
HOM B3pbiBE X B TEPMOSJEPHBIX MCCJIEN0BATEIbCKUX pPeaKTopax.
32+
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28.2. BuAbl paAMOaKTMBHOIO pacriaAa

Paduoarxmuenocmovio HA3LIBAIOT CAMOIIPOU3BOJILHLIM pacmajn
HEYCTOMUYMBLIX siiep ¢ oOpa3oBaHWEM [PYTrUX AJEP ¥ MUCIyCKa-
HYEM dJIEMEHTapHLIX YacTull. Ecmecmeennas paguoakTUBHOCTD
XapakTepHa AJs Aep, CYIecTBYIOIIUX B MPUPOAHBIX YCIOBUAX,
UcCKyccmeennas — AJsa Afep, ICKYCCTBEHHO TOJYYEeHHBIX B pe-
3yJbTaTe AAEePHBIX peakiuil. Bujg pacmajia ompefiesisieTcst cTpoe-
HUEeM $iIpa, COOTHOLIeHUeM M OOIIUM KOJUYECTBOM IPOTOHOB M
HEeHTPOHOB, XapaKTePOM AAEPHBIX CHJI.

VicxonHoe PO IPUHATO HA3BIBATL MAMEPUHCKUM, & AAPO,
obpasoBaBIlleecsl B peayJjbTare ero pacuajna, — doveprum.

ITpu n06bI1X BUAAX paclaja, €CTeCTBEHHO, BBIMOJHSIOTCA 3a-
KOHBI COXPAHEHUs 3JIEKTPUYECKOTO 3apsjia, MacCoOBOrO YUCA,
TIOJIHOM SHEPTUM ¥ MMIIYJIbCA.

Ecau obpasoBasBiieecsi B pesyJbTaTe paciaja IouyepHee SADO
OKa3bIBAETCA He B OCHOBHOM, A B BO30YKIEHHOM SHEpPreTUYeCcKOM
COCTOSIHWAM, TO 4Yepes3 AOJIH CeKYHIbl OHO IIePeXOJUT B OCHOBHOE
coCTOosIHME, OTAABasA M30LITOK SHEPTUU B BUJe y-usiaydenud. [Ipu
DTOM 3JHEPIHs y-KBAHTA, WCIYCKAEMOro NAHHBIM JIOYEPDHUM M-
poM, Bcerga OAMHAKOBA, UTO IO3BOJISET YBEPEHHO OIPeNesaATh
BUJ 00pasoBaBIIUXCH fAAEP IIyTeM HU3MepeHNsa JHEePruu y-KBaH-
TOB, CONPOBOKIAIOIINX PaANOAKTUBHEII pacman.

Anvga-pacnad (o-pacnaj) COIPOBOKAAETCA HCIyCKAHHEM O-
YaCTUIHI (A4pa aToMa rejiugd ‘;He ). IIpu aTom siapo 3nemenTa X,
MMeIOIIero HOPSAKOBLINA HOMep Z (YMCJI0 IIPOTOHOB) U MacCCOBOE
Ymeo A, IpeBpalaeTcs B AApo HOBOrO 2jieMeHTa Y II0 cxeMe

AX > 44Y + 4o, (28.3)

BBITEKAIOIEH 13 3aKOHOB COXPAaHEHUS JJIEKTPUUECKOTO 3apAja u
MaccoBoro umcia. Kaxk u m060i BuA pacmajga, o-pacnajg MOYKET
COIMPOBOXKAATLCA MCIIYCKAHMEM Y-KBaHTOB. Takue mporiecchl, Ha-
mpUMep, UMEIOT MeCTO IIpH O-pacnaje IJIyTOHNUA:

239 235 4

g Pu— U+ a+7y. (28.4)
Kunetnueckas sHeprusi o.-4acTHIbI, UCIIyCKAeMOM IIpM o-pac-

naje saapa, MMeeT BIOJIHE ONpeJesieHHOe 3Ha4YeHUe, T.e. O.-U3JIy-

yeHUe MMeeT JUHeHYaAThIH dHepreTUUeCKU CIeKTp.
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Bema-pacnad (p-pacmazn) mogpasfessieTcss Ha TP BHAA:

1. aexmponnuiil, nau f-pacnad. B aTom ciyuae siapo paguo-
HYKJHAA KCIYCKAaeT 3JIeKTPOH, 00pa3yd AApo HOBOrO 3JEMEHTAa
C TMOPAZKOBBIM HOMEPOM HA eAUHULY OOJIBIINM MCXOLHOTO:

2X 5 LAY + IB+0V. (28.5)

HerasbHoe M3ydyeHHe ITOro pacnaja IMOKasajgo, YTO BMeECTe
C 9JIEKTPOHOM M3 Sipa BBLJIETAET €lile OJHA 3JIeKTPUUECKU Heil-
TpajibHaA YacTHUA HHYTOMKHO MaJjIofi MacChl, KOTOPYIO HA3BAJIH
anmuneiimpuno (3V ). MoxeT BOBHUKHYTH BOIIPOC: OTKYJa TPH
TAKOM paclajfie MOSBJIAETCA JJeKTPOH, €CJIU B AApe ero Her?
IIpoTuBOpeuns 3heCh HeT, MOCKOJBKY SJIEKTPOH 0o6pasyeTcs mpu
BHYTPHUS/JEPHOM IIPEBPAIleHHH HeHTPOHA B IPOTOH:

on = 1 p+ B+oV. (28.5a)

OHeprus, BHIJENAKIAACA NPU JEKTPOHHOM pacmage, pac-
npejesiaeTcs B OCHOBHOM MEXKJY 9JEeKTPOHOM M aHTHHEHTPUHO,
IIPU 9TOM CJIy4aiHbIM 00pa3oM, MO3TOMY KMHETHYECKas d9HePrus
B-uyacTHUI], NUCIYCKAEMBIX NIPHU pacmaje, MPMHUMAET BCE BO3MOXMK-
Hble 3HaueHusa — ot 0 go E,,,, B CBA3H C 3THUM KHHETHYECKAad
aHeprus B-dacTui umeeT cIIOIuHOM cnexkTp. Ha puc. 28.2 noka-

OTHOCUTENBHOE YUCIIO
3NEeKTPOHOB B €eANHNYHOM
NHTepBajie 9Hepruu

O L 1
0,4 0,6 1,2 E_ .. MaB

KUH?

o 11
Puc. 28.2. DHepreTudecKuil CeKTp B-4yacTHll IPM pacnajie 2§3 Bi
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3aHO pacrpezaesieHNe 3JeKTPOHOB II0 3HEePTUAM (dHepreTHYeCKuii
CHEKTp B-JacTHI)) NpH pacmage BUCMYTa ‘a3 Bi.
Jna Kaxaoro KOHKDPETHOro pafHMOHYKJINJA CYUIECTBYeT CBOe
XapaKTepHOe 3HaUeHNe MaKCUMaIbHON dHepruu P-yactuus E ..
2. ITosumponnwiit, unu B*-pacnad, conpoBOKIaeTCA HCIyC-
KaHueM MNO3UTPOHA (3JeMeHTapHOM YacTHUIlbl, PABHOH II0 Macce
M MOAYJIO 3apALY 3JIEKTPOHA, HO C IIOJOKUTEJIbHBIM JIEKTPHU-
yecKUM 3apagoMm). Ilpu saTrom obpasyercs Aapo HOBOI'O dJIeMeHTa,
TOPAAKOBBIM HOMED KOTOPOro Ha €IUHULY MEHbIIe UCXOTHOTO, U
HeATPHUHO:
2X > A7+ B+ov. (28.6)

JHepreTudecKuil cnekrp B’-uacrun criomHoi. ITosuTpon 06-
pasyeTcsa B pe3yJbTare BHYTPHUSAEDPHOTO NPEBPAILeHUA MPOTOHA
B HEHTPOH:

AP = an+ 3B+ Jv. (28.6a)

IIpriMepoM Takoro pacmaja MOXKET CIY'KHThb IIPEBpaileHue
docdopa B KpemMHUIT

30 30 qQ: 0 0
5P = 1481 + B+ v,

HeiiTpyuHO 1 aHTUHEHATPUHO BECbMA CJIOKHO 00HAPYIKHUTH dKC-
IepUMEHTAJIbHO, MMOCKOJIbKY M3-3a MAaJIOil MacChl M OTCYTCTBUSA
sapaga oHu 00JaJal0T KOJIOCCANbHON IIPOHUKAIome# crocobHoc-
TBIO, TEM HE MeHee MX CYIIeCTBOBAHNE NOATBEPIKICHO ONBITHBIM
nyrem. Pasnuune mMexay HeHTPHHO M AHTHHEHTPHHO COCTOUT B
TOM, UTO y IIePBOIl YaCTHUIIbI CIIMH HAIIPABJEH BAOJb ABUXKEHWS,
a y BTOpPOi — IPOTHUB HEro.

3. daexmponnuii 3axeam (e-3axéam). B aToM ciaydae 3JieK-
TPOH 3aXBATBLIBAETCSH SAAPOM C OJHOM M3 BHYTPEHHMX O0OJOUYEK
CBOEro aToMa, B pe3yJbTaTe Yero NPOTOH AApa IIPeBpallaeTcs B
HeWTPOH C BblAEJIeHHEeM HEeHTPHHO:

Ip+ 3B — on+Jv. (28.7)

IIpumepoM e-3axBaTa MOXMKET CJAYKHUTH IIpeBpaleHue Oepu-
JIUS B AUTHUI:

7 0 713 0
TBe + IBoILi + ov.
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Ilepexon anekTpoHa
¢ L-060510uKku Ha cBOGOLHOE

3axsat MeCcTO

3JIEeKTPOHA

XapaKkTepuCTHYECKOE
PEHTIe€HOBCKOE
H3JyYeHHe

L

Puc. 28.3. OneKTpoHHBIH 3axXBaT (e-3axBara)

ITocKONBKY IIPH ZAHHOM BHAE PAAHOAKTHBHOrO pacliajfia 0OCBO-
00’KTaeTCA MECTO AJA 3JIEKTPOHA Ha BHYTPEHHeli 060I0uKe aToMa,
TO 3JIEKTPOHBI U3 00Jiee VAaJE€HHBIX 000JIOUEK TIePexXOAT Ha 3TO
MEeCTO, IIO3TOMY €-3aXBaT BCErJa COMPOBOMKIAETCHA XapaKTepuc-
THYECKHUM PEHTTEHOBCKUM H3JTy4eHHeM. JTO OTJINYAET e-3aXBaT
OT IO3WTPOHHOTO pacnaza, NOCKOJLKY B oboux cirydasax oOpa-
3YyIOTCS OAMHAKOBLIE AOUEPHUE AApa U3 OLMHAKOBBIX UCXOJHBIX
anep. Ha puc. 28.3 upeacraBieH ciayuaii 3axBaTa SAPOM dJIEKT-
pota ¢ K-o6oyouku (K-3axBaT) M BOBHHUKHOBEHHS XapaKTepUC-
THYECKOr0 HU3JIYUeHUA HPU Iepexoje 3jJeKTpoHa ¢ L- na K-060-
JIOYKY.

Cnenyer umeTh B BHUAY, YTO o0pasoBaBIINeCA NIPU paJuoax-
THBHBIX pacuajax JO4YepHUE SApa MOTYT IOABEPraThbCA AaJIbHEH-
UM PaJ¥OaKTHBHBIM IPEBPAllleHHSAM A0 TeX IIop, IIoKa He 00-
pasyercs cTabuibLHOe SApo.

28.3. lpocreiime saepHbie peakumnu.
lMoAyueHne paAMOHYKAMAOB
HAdeproil peaxyuel Ha3bIBAIOT B3AUMOJEICTBHE AApa aTOMA C

APyruMu sgpaMy HIH 3JIEMEeHTapHbIMHU HYacTUIlaMHU C 06pa303a-
HUEeM sapa APYyroro 3jieMeHTa M JPYIrux 3JIEMEHTAapHBbIX YacTHIl.
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IIpu Bcex sizepHBIX PeaKIVAX BBIIOJHAIOTCS 3aKOHBI COXpa-
HEHHUS CYMMApPHOI'O 3JIEKTPUUYECKOTO 3apsja, MaccoOBOrO UHCJAa,
TIOJIHOHM 9HEPruy M UMITyJibCa.

OCHOBHBIE METOJBbI TIOJYUEeHUS PAJNOHYKJINILOB:

1. Bombapduposrka sdep amomos 3apANEHHbLMU dTeMeHmap-
nomu wacmuyamu. llepBaa Takaa AgepHas peakuma ObLIa OCy-
miectBaeHa 9. Pesepdopmom mpm 6omMOGapaupoBKe sAnep, asora
anbda-dacTumamMmum:

14 4 17 1
N +50 = 30+ ,p.

IIpn sTom sapa asoTa IpeBpalaluch B fAApa KHUCJIODPOAA C
BBIleJIEHUEM NpPOTOHA. [ OCYIllecTBIEHUS ANEePHBIX DeaKIIui
OoMOapAPOBKON TIOJIOXKUTEJBHO 3apAKEHHBIMM YaCTUI[AMHK
(c-yacTulaMM, IPOTOHAMHU, JEATPOHAMM) UX HEOOXOAUMO YCKO-
PHUTH [0 IOBOJBHO BBLICOKUX JHEPTHUIl, 4TOOBI 3apAKeHHasd 4Yac-
THITA MPEOJ0JieJia CHJIBI 3JI€KTPOCTATHYECKOI'0 OTTAJIKUBAHUSA OT
AApa U OblIa «3aXBaueHa» KOPOTKOJENCTBYIOIIUMU AJePHBIMU
cunamu. O6pasyoiuecss B pe3yJbTaTe 3TOI'O HOBBIE fAApa dalre
BCEro HEYCTOMYMBHI ¥ MCIIBITHIBAIOT PAAVIOAKTUBHBIHN paciaj Toro
NJIN UHOTO BUAA.

2. HeiimponHasa axmuéayus. PagvioHyKJINbl B OTHOCUTEJILHO
6OJBIIHUX KOJUYECTBAX MOTYT OBITH IIOJyU€HBI B aTOMHEIX Deak-
TOpax mMyTeM O0JyueHud siiep CTabMILHBIX 3JIEMEHTOB He¥TpoHA-
Mu (HeiTpoHHas akTuBanusa). Iloraomiasa HeHTpPOH, crabuabHOE
SIPO TpeBpalaeTcs B PAJUOHYKJINUA TOTO Ke dJeMeHTa:

2X +on—> 4, X. (28.8)

Takum 06pa3oM, MOKHO IMOJYUYUTh LIMPOKO IPUMEHAIONiicA
B MeAWIIHE PAaJNOaKTUBHBIA K0OAJIbT

59 1 60
27Co + on — 5;Co,
KOTOPBIH 3aTeM HCILITLIBAET 3JIEKTPOHHBIN pacmaj
60 60 . 0 0~
57C0 = e Ni + [B+y+,V.

O6paasyiolieecsa sSIAPO aToOMa HUKEJS OKa3bIBaeTCA B BO30YK-
IeHHOM cOoCTOAHUM. Ero mepexos B OCHOBHOE COCTOSTHUE COIIPO-
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BOJKJAETCSA UCIIYCKAaHUEM Y-KBaHTA, U 9TO Y-U3JIyUEeHUE UCIT0Ib3Y-
€TCsI B JIYYEeBOH TePaInuu JJIA BO3AEHCTBUSA HA 3JI0KAYECTBEHHBIE
HOBOOOpa3oBaHUA.

3. Buidenenue paduonykaudos u3 ompabomarHbLx cmepicHeil
sdeprozo peaxmopa. OnucanHble AAepHbIe PeaKkIUuU CJIefyeT OT-
JIMYATH OT UYenHblX Pearkyuil nejieHus TAMKENbIX ANep, KOTOpbie
HUCIIONb3YIOTCA AJIA MOJYUEeHUs d9HEPrud B ANEPHBIX peakTopax.
B mocienuem cayuae mocjie HOTJIOLEHUS HEUTPOHA SAPOM OHO
JeJNUTCA ¢ MCIYCKAHUEM HECKOJNbKWX HEHTPOHOB U BhlAEJIeHUEM
sHepruu. IIpumepom MokeT ciy:KUTh HapaboTka 239Pu B ypa-
HOBOM peaxTope. B siiepHbIil peakTop GOJIBINIONA MOILHOCTH (TUIIA
PBMK Yeprob6brnbekoit AIC) sarpy:xaercsa okono 190 T ronau-
Ba B BUJIe IPUPOHOTO yPaHa, COCTOAIIET0 B OCHOBHOM U3 ‘oo U,
cinabo 000TalieHHOTO SApPaMu 235U IIpespaiienue HEKOTOPOIt
YacTU ypaHa B MJIYTOHUI IIPOUCXOAUT B HECKOJbKO aTanoB. Ilpu
obnyuenun “53 U Hefirponamu obpasyercsa “ggU :

U +on > U+,

KOTOpLIM MyTeM 3JIeKTPOHHOIrO paclajia IpeBpallaeTcsa cHavasa
B PaJMOHYKJINJ HENTYHHUSA

U — *Np + B+ o, (28.9)

a 3aTeM B DaZUOAKTUBHBIN IJIyTOHUH
ZIND > 2Pu + B+ 0V (28.9a)

O6pasoBaBHIniics 23 , Pu uMeeT 60rp1110#1 IepHO TIOTypaciaga
¥ TIpY TIOTIaIaHuU B oxpyxcalomylo cpeny, Halmpumep BCJACACTBUE
aBapWy peaxTopa, BHI3LIBAET ee AJUTEJbHOe U KpailiHe OITacHoe
pagviallioHHOe 3arpsisHeHHue 13-3a CBOEH O-PagMOaKTHBHOCTH.

Paccmorpum npumeps! 3-pacnaa OCHOBHBIX PaAUOAKTUBHBIX
9JIEMEHTOB, OOYCIOBUBIINX 3HAUMUTEJbHOE pagHallOHHOE 3apa-
JKeHue cpeAsl mocje apapuu Ha YepHobuLibekoi AIC.

B 11epBoe Bpems mocJje aBapuy OCHOBHOM BKJIaJ] B CYMMapHYIO
PaIMOAKTUBHOCTD HABaJI PaJMOAKTUBHBIA MOJ, pachagarmolnuics
¢ HCIyCKaHueM raMMa-KBaHTOB ¢ sHeprueit 0,72 MaB:

B 5B Xe + pry+ov. (28.10)
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MaKcuManpHass SHEPrus JJEKTPOHOB, 00pasymoIHUXcA TpHU
aToM pacnazge, paBua 0,81 M»sB. IlockoibKy CKOpPOCTH pacma-
Ja nojaa Beauka (3a 8 cyTox pacmajaeTcs MPUMEpPHO IOJOBHHA
Anep), TO OH MMeJi HaubOoNbIIYI0 HAYaJbHYI0O AKTHBHOCTH U JIer-
KO O0OHAPYKUBAJCA [0 UHTEHCUBHOMY Y-U3JAYUEHHUIO U OOJIBIIOMY
YHCaAY 3JIEKTPOHOB, UCIYCKAEMBIX 3a €IUHUILY BpeMeHHU. Hepes
HECKOJIbKO MecsIleB MOCJie aBapuy INPaKTHUYECKH Bech MOJA pac-
rnaJics.

Pacmaj pagnoaKTHBHOTO 1:‘;‘,;Cs COTIPOBOIKJAETCS UCIIYCKAHU-
eM y-KBaHTOB ¢ sHeprueii 0,66 MsB u MakcuMaJyibHOH 3Hepruen
aJsieKTpoHoB 1,18 MaB:

BTCs » 3Ba + B+y+ V. (28.11)

CxopocTs pacmaga y '51Cs CyIeCTBEHHO HUKe, 4ueM y ‘a3l
NoJIOBMHA sjep ueausa-137 pacmagaerca npumepHo 3a 30 jer.

Pacraji paMOaKTHBHOTO s3SI He COMPOBOYKIAETCS HCIYCKA-
HHMEM y-KBAaHTOB, [IOSTOMY 3TOT H30TOI TODPA3Z0 CJOKHee oOHa-
DYKUTH, 9eM PafMOAKTHBHBIN HMOJ MM Le3uii:

ST > RY + B+ V. (28.12)

O6pasyioleeca B pe3yabTaTe 3TOT0 paciajia Sgpo UTTPUA TaK-
’Ke HeyCTONUYMBO U IOC/Ie 3JIeKTPOHHOrO paciajia IpeBpamiaeTcs
B CTaOMJIbHOE AAPO IUPKOHUA:

WY = 0Zr + B+ oV. (28.12a)

PaguanuoHHOe 3apasKeHHe cpeibl PagMOHYKJIHUJAMH, pacoa-
JAOIIMMUCA ¢ HCIYCKAHWEM y-KBAHTOB, O0HApDYKWUBaeTcHs Hau-
foznee MPOCTO, TAK KaK y-M3JydyeHUe MMeeT BBICOKYIO IIDOHMKA-
IOILIYIO CIIOCOGHOCTD, PACIPOCTPAHAETCSA B BO3AYXE HA COTHHU Me-
TPOB M JIETKO yJiaBJuBaeTcs mpubopamu.

PaguannonHoe 3apaskeHue cpeibl DaJNOHYKJMJAMM, He HC-
IYCKAOIMMU IIpY¥ pachajie y-KBaHThi, B YAaCTHOCTH CTPOHIIMEM
S9Sr, o6HAPYKUTH CYIECTBEHHO CJOMKHEE, IIOCKOJBKY DPerucr-
pauusa B-usaydenns Oojiee CIOKHAsA 3anada, ueM obHapy:KeHHUe
Y-U3TYyUYeHUs.



28.4. OCHOBHOM 3aKOH PAANOAKTHBHOTO pacnasa , 507

28.4. OCHOBHOWM 3aKOH pPAAMOAKTUBHOIO pacnaaa.
AKTUBHOCTb PAAMOHYKAMAOB

IIpeackasaTy BpeMs, B TedeHWe KOTOPOTO OTHAENHLHO B3ATOE
SIAPO PAJMOaKTUBHOrO aTOMa PACMAaeTcs, HeBO3MOXKHO, MOKHO
JHULIb CeJaTh 3aKJIYeHHe O BEepPOATHOCTH NaHHOI'O COOBITHUA.
Ecnu xe umeerca GoJiblllass COBOKYIHOCTH SiEep, TO JIETKO BHI-
BECTU CTATUCTHUYECKHI 3aKOH, BHIPAYKAIOIIUI 3aBUCUMOCTDb YHUC-
Jla HepacHaBIIUXCA fxep oT BpemeHH. OH ycTaHABJIUBAEeTCA HA
OCHOBAHUM CJIEAYIOUINX COO0OpasKeHU#.

Byaem cuurath, 4TO 3a MaJIblii IPOMEKYTOK BpeMeHU di pac-
nagercsa uucyao agep dN. OueBUAHO, 3TO YMCJIO MPOMOPIINOHAb"
HO IPOMEXKYTKY BpeMeHH df U 001IeMy YHCAY HEPACHABIINXCA K
JaHHOMY MOMEHTY paguoakTUBHbBIX aAxep N. Torpa nuddepennu-
aJbHOe ypaBHEHHe, ONUCHIBaOIIlee ITPoIlece pacnaja, npuobpera-
eT CJeAyIoLIuil BuI:

dN = - ANdt. (28.13)

3HaK MUHYC YKa3bIBaeT HA yOBLIb YMCJIa HEPACIABIIUXCS CO
BpeMeHeM szep, KoapduiuenT A(c ') 3aBUCHUT OT BHJa SA7€ep U Ha-
3LIBAETCA NMOCMOAHHOU pacnada.

BBezneM HayanbHOE YCJIOBUE IJIA 3TOTO YPABHEHUA, 0603HAUNB
YHCJIO HEPACHAaBIINXCA ANeD B UCXOAHBINI MOMEHT BpeMeHU uepes
Ny (N =Nynpu t = 0). Pemenue nudpdepeHIIIaTbHOI0 YPABHEHUS
(28.13) ¢ yueToM 3TOI'0 HAYAJILHOI'O YCIOBUS MMeEeT BUJ

N =Ny, (28.14)

CrnenoBaTelbHO, 3aKOH paduoakmueéHoz0 pacnada IOKa-
3bIBAET, UTO YMCJO HEPACMABIIMXCS AJepP aATOMOB yOBLIBAET CO
BpeMeHeM OKCIOHeHIUaJbHO. CKOpPOCTh pacmaja oIpeiesseT-
CA TIOCTOSHHON pPagUOaKTHWBHOIO pacmaga A, BXOAAIIEH B IO-
KasaTesjb SKCHOHEHTH! B ¢GopmyJe (28.14), m 3aBUCUT TOJIb-
KO oT Buga sgep. Ha npaxtuke ualne HCIOJIb3YIOT nepuod
noaypacnada T — BpeMs, 3a KOTOpOe pacIajaeTca II0JIO-
BMHA HAYAJbHOrO KOJAMYECTBA pPaAMOaKTUBHBIX dAnep. Ilepu-
Of TmoJypacmaja Jerko HaWTu ua rpadura 3asucumocTu N(i)
(puc. 28.4).
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N,/2

Puc. 28.4. 3aBucumocCTb yKciia HepacnaBmuxcs saep N oT BpeMeHMU ¢

A Toro utro0bpl HAWTHM AHAJUTHUUECKYIO CBA3b MEXIY IIOC-
TOAHHOW pacnaga A ¥ mepuoaoM mosypacnajga T, NOACTaBUM B
ypaBaenue (28.14) t = T. Torga N,/2 = Nye ™7, orciona mosmyuaem
In2 _0,69

A A

OTMeTHM, 4YTO [IOCTOSHHAA pacHaza A u3MepseTcda B €IWHHU-
nax, o0paTHBIX BPEMEHHU, a MePUOo] MOoJypaclana OnpefedioT B
CeKyHIax, uacax, rojax u T.[A.

Kpome paccmoTpesnsIx mapaMetpoB A u 7', pacniaz paquoHyKJIH-
[IOB XapaKTepU3YIOT TaKKe CpedHUM 6peMeHem HUSHU T — IIpPo-
MEXXYTKOM BpeMeHM, 3a KOTOPBIM 4YMCJIO HepaclaBIINXCA fAJep
yObIBaeT B e pa3. CpengHee BpeMd *KU3HU T cBA3aHO ¢ A wian T co-
OTHOIIIEHHEM

2 = ", unu AT = In2, u okonuaTenpuo: T =

=T _q,447. (28.15)

=1
» 0,69

28.4.1. AKTMBHOCTb. EAMHMULI M3MEpeHUst aKTUBHOCTH

BaxxHOI XapaKTepuCTHUKOH, OIIpeiesIAIoNniel CKOpoCcTh pacna-
Ja PagNOHYKJIHNAOB, SBJIAETCA UX AKMUEHOCMb, PaBHAA YUCITY
aKTOB paciiajia 3a eIUHUIY BpeMeHHU:

N
A= e _dN (28.16)

dt dt



28.4. OCHOBHOM 3aKOH PAAMOAKTUBHOIO PacriaAd 509

IToacTaBassa B popmyay (28.16) oiparkenus (28.13) u (28.14),
OOJIy4YUM
_ _dN _ _ Gy X
A———d—t——kN—)L(NOe ) =Age 7, (28.17)

rae Ay = AN, — HayaJbHasd aKTUBHOCTH IIpenapara.

Takum o0pa3om, N
A=)AN-= 0,69—%— . (28.18)

AKTHBHOCTh PAAVOHYKJIHUIOB NPAMO NPOMIOPILHUOHATBHA UUCTY
sanep, ele HepachnaBIIUXCsA HA JaHHBIH MOMeHT. BuaHo Takike,
YTO aKTHBHOCTh PaJpionIperiapata TEM BblIlle, YeM MeHbIlle IIepHu-
0], ero moJypacnaja.

Co BpeMeHEM aKTUBHOCTL YOLIBAET IO TOMY YK€ 3KCIIOHEHIIVI-
aJILHOMY 3aKOHY, UTO U YHCJIO HepacnaBUINXCS Agep:

A=A ™. (28.19)

3a eIMHUIY aKTUBHOCTU B MEXAYHAPOLHOW CUCTEME eIUHMI]
npuHuManT GexkkKepens (BK) — aKTHBHOCTb, IIPX KOTODPOH 3a
1 ¢ npoucxoauTr 1 pacnaz. Bosiee KpynHasi eJuHUIA AKTHUBHO-
ctu — 1 pesepdopa (Px): 1 Px = 10° Bk. Yacro ucnoabsyercs
BHECHCTeMHAasA eJUHUIIA aKTUBHOCTH — Kiopu (Kn), coorBeTcTBY-
omas akrussoctH 1 v pagus “20Ra: 1 Ku = 3,7-10' Bk.

AXTHUBHOCTD TUMUYHBLIX PAac(hacOBOK PaZMOAKTUBHBIX BellleCTB,
NPAMEHSAEeMBIX IJis Ja00pAaTOPHBIX HCCJIELOBAHUU, cOCTaBJIAET
OOBIYHO MUKPO- ¥ MUJIIIUKIOPU.

YcTaHOBHM CBA3h MEXKAY MAaccoi paguoHYKJNUIOB M U UX aK-
TuBHOCTBIO A. Hucio HepacnaBmuuxcs sinep N paBHO ux Macce m,
IeJIeHHO! Ha Maccy OAHOTO atoMa my, (Macco¥l 3JIeKTPOHOB MOXX-
HO npeHebpeub):

N=T _m N,,
m, M
rage M — monapuas macca; N, — umncyio ABoraapo.
TloacraBissa 9TO BeIpakeHue B (opmyay (28.18), Hailgem

CBSA3b AKTUBHOCTHA A ¢ Maccoit m, MOJApPHON maccoil M u mepu-
ofoM moJiypacnajga 7 paauoHYKJIUAA:
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A = 069N _0,69mN, 0,69-6,02-10% - m _

T T™ T™
=4,17-10% 1, (28.20)
T™

ITopcTaBMB B HaHHOe BbIpAXKEHHe MacCy m pPaJjHOHYKJIUZA B
rpaMMax ¥ ero aTOMHYIO Maccy M B r/MOJb, a 3HAYEHUE IEepu-
oga monypacunaga T B CeKYHAaX, IOJIYUYUM aKTHBHOCThH B OeK-
Kepeasax. Hao6opoT, Mo M3BeCTHONW AKTHMBHOCTYU DPAJUOHYKJINAA
MOJKeM HalTH ero Maccy.:

m= 2,410 ATM.

Hanpuwmep, onpeneaum aktusrocTs 1 T %20 Ra (T = 1600 ner =
= 5,04-10"c):

o _ALT10% g0 0% Bk = 1Kn.
226-5,04 10" ¢

IMTockoNbKY aKTUBHOCTH IIpenapaTa IpPAMO IIPOIOPIUOHAJIBHA
ero Macce, TO IJf XapaKTEPUCTUKM PAANAIMOHHOIN 3arpasHeH-
HOCTH 00beKTa (HalpuMep, TBEPABIX IPOLYKTOB IUTAHMUA) BBO-
OAT ydeavHylo maccosyio akmusnocmev A, =A/m (Bx/Kr) — ot-
HOIIIEHMEe AaKTUBHOCTH IIPOAYKTA K €ro Macce.

Ecin paccmaTpuBaemMblii 06bEKT — JKHAKOCTb MJIM ras (Ha-
nmpuMep, BOAA HJIM BO3AYX), TO COZEpP:KaHHE PaIMOHYKJIHJOB
B HEM XapaKTepuayioT YOeabHol 00seMHOU aKMUBHOCMbIO
A,=A/V (Bk/M?, Bk/a, K#i/n) — OTHOIIEHWEM aKTHUBHOCTH pa-
JIUOHYKJINAOB B 00beKkTe K ero oobsemy V.

Voenvnas nosepxrHocmHas AKMUSHOCMb NPUMEHSAETCA JJIA
OIeHKY paJuallAOHHON 3arpA3HEHHOCTH [IOBEPXHOCTEH U Ipen-
craBiseT cobGoil OTHOIIeHVMe AaKTHWBHOCTU DPAaJAUOHYKIHUIOB, CO-
JepRaIuXxcs Ha HOBEPXHOCTH 00paslia, K maomaiau S 3TOH I10-
BepxHocTH: Ag = A/S. CucremHas equHuna ee u3MepeHus Bx/m?
CJAMIIIKOM MAaJjia, II09TOMY B HyOJHKYeMbIX KapraX pPajuoOaKTUB-
HOM 3arpsi3HEHHOCTY OOJBIINX TEPPUTOPUN JAHHBIE IPUBOAATCS
B Ku/xm?,

TMonaTue yienbHOM AKTUBHOCTH UIMPOKO UCIONbB3YETCA AJSA
OIEHKH CTEeIIeHU 3arpA3HEeHHOCTH PAJAMOHYKINAAMY OKPYKaoIeR
cpelnl, IPOAYKTOB IUTAHUA, BOALI, TEXHUKH U APYTUX 06BEKTOB.
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28.4.2. AKTMBHOCTb PAaAMOHYKAMAOB B KMBOM OpraHusme

BogpeiicTBue Ha Ouosioruyeckime O6HEKTHI y-KBAHTOB U 4Yac-
TH1], BOSHUKAIOHIUX IIPDH pacnaje paJUuOHYKJIUIOB, 3aBHCUT IIpe-
JKJle BCeTo OT KOJHUYeCTBA pacmlajioB 3a eAUHUNY BPDEMEHH, T.€. OT
UX aKTUBHOCTH B "KUBOM OpraHusMe.

YMeHbIIEeHNE KOJIWYeCTBa HAXOAAIINXCA B OpraHU3Me pajuo-
HYKJUJI0B 00YCJIOBJIEHO HE TOJIBKO UX PaJUOAKTUBHBIM pacia-
JOM, HO U OHOJIOTMUYECKUM BBIBeJIeHHWEeM u3 opraHusma. Komu-
4YeCTBEHHO HPOLIECCHl BBIBEJEHUS XaPAKTEPU3YIOT INOCTOSHHOM
61OJIOTMYECKOTO BBIBEJEHUS Ay JINOO (uaie) nepuodom 6uonozu-
Yecko0z0 noayevieedenusn Ty, IpeACTABAAIOIAM cO00M BpeMs, 3a
KOTOPOEe KOJHUYECTBO PAJHUOHYKJMIOB B OpraHuname (MU oprame)
YMEeHbIIIaeTCA BIBO€ TOJBLKO BCJIEACTBHE BBIBEIEHUS U3 HEro,
npudeM T = In2/As.

Juddepennuanbuoe ypaBHeHMe, ONHCHIBamoliee yObuib dN
PazuoOHYKJIHIOB B JKMUBOM OpTraHH3Me 3a majoe BpeMms di, upu-
HUMAaeT BUJ

dN = -(\, + h)Ndt ,mmm dN = A, Ndt ,  (28.21)

rae A, = A, + A; — 3PdeKTUBHAA IOCTOAHHAA Pacnaga, paBHAS
CyMMe NOCTOSAHHBIX PaJUOaKTUBHOTO pacmajga A, u A, Gumojoru-
YeCKOr'0 BbIBEJEHUA.

Pemenve guddepernunansaoro ypasaenus (28.21) npusoaut
K 3aKOHY YMEHBIIIEHUS KOJUYECTBA HEPACIIABIINXCA PAJHOHY-
KJHOOB B "KMBOM OPraHMU3Me, aHAJOTHYHOMY dopmye (28.14):

N = Nje ™, (28.22)

BBonsi agppexmusnbiii nepuod 6Guonozuyeckozo noayevieede-
nua T,, — BpeMs, 3a KOTOPOe KOJHUYECTBO HePacCIaBHIUXCA pa-
JUOHYKJUAOB B OPraHM3Me YMEHbIIIaeTCs BJBO€, M YUYUTLIBasd,

qTOo A,y = In2 _ 0,69 , TIOJIyYM
T,
ah 3
In2 _In2 , In2 1 _1 1
T, T, T T, T, T,
CuenoBaTeJibHO, T,-T,
Tgy= —1r. (28.23)

T+ T

p
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dra hopmya noKaseiBaeT, 4ro T, Bcerga OyAeT MeHbIe HaU-
menblnelt us eauuns T u Ty Ecniu Tyu T;3HaUUTENbHO pasiu-
yampTca (B JeCATKH WJIM COTHH pas), To T,, OyJeT mpakTudecKu
paBHO HamMeHbleMy u3 Hux. Hampumep, maa '3'I mepumon pa-
AMOAaKTHBHOTO pacnaja cocrasadeTr T, =8 cyTok, a mepuoj 6uo-
Joruieckoro nonyssiBeseHnsd T =138 cyTok, T.e. T, << Ty, u B
coorBeTcTBHM ¢ (28.23) T, = 7,56 CyTOK, T.€. IPAKTUYECKHU COB-
nagaet ¢ T, ocTaBasch MEHbIIE €ro.

Ecau mao6opor, T, >> T, T0 T,y ONpeAenseTcs NPaKTUUECKH
TOJBKO IIePHOAOM GHoJoTrHdYecKoro nojsyseiseaenus Ts. 31O xa-
pakTepHO, Hampumep, aaa 3’Cs, y KoToporo nepuoj mojypacma-
na 30 ner, a nepuoj noNyBhIBefeHUs 0Koyio 70 cyTOK.

Eciy mepBoHauyasibHO B OopraHmam nocrynmio N, diep pa-
JUOHYKJINWAA, TO €r0 AKTUBHOCTL B OPraHN3Me C Yy4eTOM 3aKOHAa
(28.22) 6ymetr u3MEHATHCA MO 3aKOHY
‘fiN hoyN =289 oot | (28.24)

t T,,

Ecau BBIpasuTh UMCI0 UCXOAHBIX Aaep N, yepesd Maccy m pa-

IUOHYKJINAA, €ro MOJAPHY0 maccy M u uucio ABoragapo N,:

A=-—

N, = ﬂN , 1 Y4€CThb, UTO k ln2, TO MOJIYYUM
M o
_In2 Lt
420:69my  To _0.69my 5 Ty (o5 95
T ,M T,M

BuaHo, 4TO aKTUBHOCTE PAJUOHYKJMIA B OPraHu3Me IIPAMO
[IPONIOPLIMOHAJbHA €ro Macce m, 06paTHO NMPONOpUHOHANBHA Ty

U 9KCIIOHEHIINAJILHO YMEHBbIIIaeTCA CO BPDEMEHEeM.

28.5. B3aumoaeicTBrMe WMOHU3IUPYIOWETO HU3AYUYEHUS
C BewecTBOM

@OTOHHOE U3JIyUYeHHe U YACTUIIBl IPHU PACIIPOCTPAHEHUN B Be-
HieCTBe B3aMMOJAEMCTBYIOT C aTOMaM¥ W MOJIEKYJIaMU BellecTsa,
U3MEHHA ero CTPYKTYPY M COCTOsIHME BO3AEHCTBYIOIIHUX YACTHIL.
Kunernueckas 9sHeprus 4acTUI] PACXOAYETCA Ha HOHU3ALUIO aTO-
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MOB CPefbl ¥ APYTYe CTPYKTYPHEIE IEPECTPONRKY, HE TOJIHKO HOHU-
3aIMOHHOM NPUPobl. Pu3nUecKue TPOMECCh], TPOUCXOAAIINE Ha
[IepBUYHBIX 3TallaX B3aUMOJENCTBUS, IPUBOSAT K PE3KOMY U3Me-
HEHUIO JIOKAJIbHBIX OHOXUMHUECKHUX PeaKI i, GOPMUPYIOINUX OP-
raHM3MEeHHBIM OTBET Ha BO34eCTBHE NOHUSUDYIOUINX U3JIYYEeHUIL.

28.5.1. XapakTepucTUKM B3aMMOAENHCTBMS C BEIECTBOM

Paccmorpum o01Ime napamerpbl, XapaKTepu3yloijye B3auMo-
IeliCTBre MOHUSUPYIOIIETO M3JIyUYeHUs C BeIeCTBOM.

Juneinas nnomunocms uonusayuu. OCHOBHAA YACTh 9HEPTUH
3apPAMKEHHBIX YACTUIL X Y-KBAHTOB, B3aUMOAEHCTBYIOLIUX C Bellec-
TBOM, HIET Ha MOHH3AIUIO ero aToMoB 1 Moserkya. CremeHs HO-
HU3aL MK 3aBUCUT OT CBOMCTB M3JIyYEeHUA, CTPYKTYPbl 00beKTa U
paccTosiuus [, KOTOpoe KBaHT M3JYUYeHNUA UJIM YaCTUIlA IPOXOAUT
B BelllecTBe. Hampumep, o-4acTUIlbl ¥ IPOTOHBI CO34AI0T MAKCU-
MAJIbHYI0O MOHU3aIIUI0 B KOHIle mpobera — Iepes MOMEHTOM IOJ-
HOM pacTpaTs! cBoeil sHepruu. Ha nmyTu pacnpocTpaHEHUS 3THX
YACTHUILL BBIAECINM [TPOU3BOJIbHBIH TOHKUI CI0U BellecTBa TOJIIH-
HOU dl 1 gomycTHM, 4TO B HeM 00Gpa30BajiOCh YHUCJIO IIap HOHOB
dn (puc. 28.5). KonnuecTBeHHON XapaKTepPHUCTUKON HMOHU3UDY-
romiero sdeKTa ABIAETCSA JUHEUHAA NJAOMHOCMb UOHU3AUUL
i=dn/dl (uap noHOB/CM), paBHAsA OTHOLIEHWIO UMCJIa MOHOB Of-
HOro 3HaKa (Wi 4uciia Iap MOHOB), O0OPA30BAHHLIX HA IyTH dl,
K BeJauuuHe atoro nyTu. IloguepkHeM, UTO JIMHEHHAA IJIOTHOCTD
VOHM3aI[UX 3aBUCUT OT IIYTH, IPONJEHHOTO YACTHUIIEH B BEIIECTBE:

i=f(l).

dE

HWouusupyomui
KBAHT MM YACTHIA |0 ®
WL ———————

!

Puc. 28.5. O6pasoBaHie UOHOB B Bell[eCTBE NP AeHCTBUU
MOHU3UPYIOIEro U3JAYUeH U

33-5281
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Juneinas nepedaua snepzuu (JIIJ). dHeprus, nepenasae-
Masd 4YacTUIEH BellleCTBY, PACXOAVETCHA He TOJbKO Ha ero NpAMYIo
HOHU3AIINI0, HO U HA IPYrue CTPYKTYPHBIE IEPECTPORKH, XapaK-
Tep ¥ CTeIleHb Pa3BUTHUA KOTOPHIX TAKIKe 3aBUCAT OT BUIA U3ayUe-
HHMA ¥ cocraBa Bemiectsa. Yewm Oosbliie sHeprus dE, nepesanHas
HUBJIyYeHUEM CJIOI0 BeIllecTBa TOJIUIMHOMN dl, TeM cujibHee paspy-
IIUTEJBbHOE AeliCTBYEe HOHU3UPYIOLIEro U3JIyUYeHuA. ITO BO3aeic-
TBHE MOHUSHUPYIOIETO N3JIyYeHNs HA BEIJeCTBO XapaKTepru3yeTcs
JIII9 =dE/dl. B CH egunuieii ee uamepeHusa asaserca IK/M,
HO YacCTO 3Ty BEJWUYUHY HU3MEPSIOT B KMJIO3JIEKTPOH-BOJbTAX HA
MHKpoMeTp Boabl (KaB/MrMm). [lya HezapsaseHHBIX vactu JIITI
He NPUMEHseTCA, HO MCIoJIL3yIoTcsa 3HaueHuda JIIIO BropuuHBIX
3apAKEHHBIX YACTULL, 00PA3YIOIINXCA IIPY HOHUS3AILIUH BEIeCTBAa.

s ogHUX U TeX Ke YacTUIl 3aBUCUMOCTU JIMHEWHOW NJIOT-
HocTy nonuaanuu u JIIID ot paccToAHUA, TPOXOLUMOTr0O B Beljec-
TBe, OOBIYHO OUYeHb BGJIU3KU.

Cpednuii nunelinblli npoez YACTULLI ONIPeJeIAeTCA CPeJHUM
3HAYEHHMEM PACCTOSHWNA, KOTOPOE YACTHUIlA MPOXOAUT B BeIleCTBE
0 TeX IOP, TIOKA e€e KUHeTHYeCKas dHePrud He CPaBHAETCA CO
cpeaHe KMHETUYECKOUN sHeprueil aToMOB M MOJIEKYJI BeEI[eCTBAa.
JLis1 2/IeKTPOMATHUTHBIX U3JIy4eHUH (Y-KBAHTOB, PEHTTEHOBCKUX
KBAHTOB) 3TO OINIpeJeeHNe He UMeeT CMbBICJIA, IIO3TOMY IIPOXO0XK-
JleHre UX 4Yepe3 BeHIeCTBO XapaKTepU3YIOT €Jloem NOLO6UHHOZ20
ocrabnrenun d,,, Hocjie NPOXOMIEHUA KOTOPOTO KOJIHUYECTBO
KBAHTOB, UAYIIUX B MIpeKHEM HAaIPaBJEeHUM, YMEHLIIAETCA B
IBa pasa.

28.5.2. OCo6eHHOCTU B3aMMOAEHACTBURA
C BelecTBOM Pa3AMYHBIX 4YacTuu

Anvpa-wacmuys 06a1a10T BBICOKOH HOHHU3UPYIOIEH CIO-
cobHocThIO. ITo Mepe NPOABUIKEHUSA O-UACTUIILI B BEII[ECTBO IJIOT-
HOCTh MOHHU3ALMU BO3PACTAET M, AOCTUTHYB MaKCHUMyMa IIOYTHU
B KOHIIe mpobera, 3areM pesko mnazaer (puc. 28.6). Kaxk BugHO
U3 PUCYHKA, JUHEWHAA IJIOTHOCTH UOHU3AIUY B BO3JYyXe u3Me-
Haerca ot 2:10" map nonoB/cM B Hauane mpobera no 8:10* map
VIOHOB/CM B €TO KOHIIE.

CymMMapHOe YMCJI0O MOHOB, 0OPa30BAHHBIX B BEIIECTBE 3a CUeT
HONHOTO TIpobera o-4yaCTUIlLI, MOXKeT ObIThb ITOJIYYEHO HMHTETrpH-
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8-10

i, map MOHOB/CM

210

l,cm

Puc. 28.6. 3aBucnumMoCTs IMHEAHON IIJIOTHOCTH MOHKU3AIUN BO3AyXa
OT PACCTOSTHUSA, IPOXOAUMOTO O.-4aCTHIeH

poBaHNEM 3aBUCUMOCTH i(l) ¥ YHCJIEHHO PaBHO ILJIOIAA¥ TIOJ
Kpusoit Ha puc. 28.6. CpexuHuil JuHeNHbIH Ipober o-4acTUIIbI
3aBMCHT OT €e SHEePruy U CBOIMCTB BellecTBa. B Bo3ayxe oH paBeH
HECKOJIbKUM CAaHTHMETPAaM, B JKUAKOCTAX M OMOJOrHYEeCKuX TKa-
Hax — 10-100 mxm. Hecmorpsa Ha Manyio riiyOUHY HPOHHKHO-
BEHUSA O-UaCTHI] B OMOJOrMUECKYI0 TKaHb, UX Pa3pyUINTENbHOE
neficTBUE 13-3a BHICOKOU WOHM3UPYHOitledi crocoOHOCTH BecbMa
3HAYUTEJHbHO IPY TIONANAHNY BHYTPh OPTAHM3MA.

Kpome monmsamuu, npu B3auMOJeHACTBUU O-YACTHIL C Belec-
TBOM BO3HMKAaeT pafl Apyrux ad@erToB: B0o30y:KIeHUEe ATOMOB,
BOBHMKHOBEHNE XapPaKTEPUCTHUECKOTO PEHTIe€HOBCKOI'0 M3Jyue-
HUS, PAAUOJIOMUHECIIEHIINA U T.4. Pexxe mMeeT MeCTO B3auUMO-
OeficTBUE Q-YacTHUILl ¢ SAPAMKW ATOMOB, BXOASMIMX B COCTaB Be-
uiecTsa. B aToOM cirydae BO3MOIKHBI sSepHbIE PeaKI[UH.

Bema-wacmuybt, obiagaooiie MEeHbIIIUM 3apAJOM U Ccyllec-
TBEHHO MEHbIIIeil MacCcOH 1O CpaBHEHWIO C (-4acTHUIaMU, OTJIH-
YalTCA ¥ MeHbIIeH HMOHM3UpYyIleil crocobHocTh0. B BO3ayxe
JUHeHHAad IJIOTHOCTh MOHUS3AIUK, CO3JaBaeMasa MOTOKOM 3JIeKT-
POHOB, MOKeT ObITH PACCUMTAHA 10 POpPMYyJe

i = k(c/v),
rae k — rosbduuueHT npomopuuoHanbuoctTa (B ~ 46 map wmo-
HOB/CM); ¢ — CKOPOCTBH CBe€Ta B BaKyyMe; U — CKOPOCTH OeTa-

qACTUIBI.

33*
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IIpu pacnpocTpaneHuy B BelleCTBE B-4aCTHI bl U3MEHAIOT CBOU
NepPBUYHDBIE HANTPABJIEGHNS 34 CUET PACCeAHUA HA BJIEKTPOHAX aTo-
MOB BelllecTBa. ['1y0uHa IPOHUKHOBEHUSA 3-U3JYUEHNA B MATKUE
TKaHU opranusma 10-15 mwm.

Kpome noHmnzaium, mpu TOPMOKEHHU U 3JIEKTPOHOB B BEII[eCTBE
MOJKET BOSHHUKATh TOPMO3HOE PEHTTeHOBCKOE H3JIydYeHUe.

HosumponsL ABIAAIOTCA aHTUYACTUIAMU IIO OTHOLIEHUIO K
9JIeKTPOHAM, ITIOTOMY IIPX MOMAJaHUX B BEII[eCTBO OHU IIPU BCTpe-
Ye ¢ 2JeKTPOHAMY QHHUZUJLUPYIOM ¢ OOPa30BaHUEM ABYX y-KBaH-
TOB ¢ aHeprusamu He mMeHee 0,51 MsaB kamnniii (sHeprusa mokos
9JIEKTPOHA) U JIETAINUX B IIPOTUBOIOJIOKHBIX HANPABICHUAX:

e+ Se—2y. (28.26)

TF'amma-usnywenue, npeactasassa co0ONl BecbMa KODOTKUE
3JIeKTPOMAarHUTHEIE BOJIHBI, ABJAsfeTcA 0oJjiee JKECTKUM, dYeM
PEHTTeHOBCKOe H3JyYeHHe, HO UX IMepBUYHbIe MEXaHMU3MBLI B3a-
HMOJEHCTBUA C BeIl[eCTBOM BO MHOTOM CXOXHBI. ['aMMa-KBaHT
obJiafaeT 3HAYUTENLHO OOJIbIlIell 3Heprueli, ueM KBaHT DPEHTre-
HOBCKOrO M3JyUYeHMUsI, MO3TOMY OCHOBHBIE MEPBUYHbIE MEXaHU3-
MBI €r0 B3aMMOJeHCTBUA C BeluieCTBOM — (OTO3I(hGeKT U HEKO-
repeHTHOE paccesHue, MNPU KOTOPLIX 00pa3ylTcA paccessHHbIE
BTOPUYHBIE Y-KBAHTHI BBICOKUX JSHEPrHi M 3JeKTPOHBI, MOHU-
aupytomue cpeny. Kpome TOro, BLICOKOSHEPTeTHUHBIE Y-KBAHTHI
(hv > 1,02 MaB) B cus0BOM 10OJie /[eP ATOMOB MOT'YT BBI3LIBATh
o0pasoBaHte 3JeKTPOHHO-TIO3SUTPOHHBIX IIap:

y— Je+le. (28.27)

ATO mpolecc, oOpaTHbIA NPUBEAEHHOW pPeaKIIUW AHHUTWJIA-
IUHU.

TlockoJIBKY NMPU PACTIPOCTPAHEHUU B BeIeCTBE Y-U3JIYUEHUE
BBI3HIBAET PAJ BTOPUUYHBIX ITPOIECCOB, 3KCIOHEHITWAJbHBIN 3a-
KOH 0CJa0/JIeHUs ero MHTEeHCUBHOCTH B JaHHOM CJIy4yae BbIIOJIHA-
eTcs MpuOJIUIKEeHHO, 0OCODEHHO AJs Y-KBAHTOBR BBICOKUX 9Heprui.
IIporukamwiIaa crnoco0HOCTh Y-U3JIYUYEHUSA BecbMa Bb'COKAa —
B BO3AYyXe CpeAHAA JJIUHA Ipobera KBAHTOB IIPEBBINIAET JeCATKU
¥ JaXe COTHHM METPOB, B BOLE M MSATKMX TKAHAX — HECKOJbKO
METPOB, IIOJTOMY TeJO UeJOBeKa IPOHU3bIBAETCA VMU MPaKTy-
YECKHU IOJIHOCTHIO.
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Hetimponst, HecMOTpPS Ha OTCYTCTBUE 3apAAa, 061aiaioT 3Ha-
YUTEJbHOM KMHETUYECKO! sHeprueil U TaKKe OKAa3biBAIOT HA Be-
1IeCTBO UOHUBUPYIOIee AeiCTBUE, B OCHOBHOM IIPU CTOJIKHOBE-
HUM C AJPaMH aTOMOB U 3a CYeT JPYTUX TpoiieccoB. TaKOBBIM
MOKeT OBITHL JeJleHMe sjep NPU 3axXBaTe HEHTPOHOB, M3-3a KO-
TOPOI'0 BO3HUKAIOT PAaAMOaKTHUBHBIE OCKOJIKH, 3apAKeHHBIe Hac-
TULB] U Y-u3JydeHue. MoOryT MpPOUCXOAUTH AXEPHBIE PEAKIIUU C
BblEJIEHNEM IIPOTOHOB U OL-YACTHII.

W3-3a oTcyTcTBUA 3apsjga HEHTPOHBI IJyOOKO IIPOHMKAIOT B
BEILIECTBO, & 3alIUTA OT HEATPOHHOTO 00JyUYeHUA — CJIOMKHAA 3a-
zada. BricTphie HEHTPOHBI HEOGXOAUMO CHAYAJIA 3aMEAJINUTD, AJIS
Yero UCIIONb3YIOTCS JIErKHe SAAPa BOLOPOAOCOAEPIKAIMX BEILIECTB
(manpumep, Boga H,0, taxenas soga D,O u ap.). 3areM npume-
HAIOT BeIleCTBa, aKTUBHO IIOTJIOUIAIONU[NEe HENTPOHBI (Hanmpumep,
KaJMueBbIe TIOTJIOTUTEN).

28.6. MNpuHuUMNBbI PAAMOHYKAWAHBIX
METOAOB AMArHOCTUKH

B ocHOBe paguOHYKJIWAHON AUATHOCTUKU JIEKUT MCIOJIb30-
BaHMe PAAWOHYKJMJAOB WJIM MEUEHBIX MMH XUMHYECKHX COeIU-
HeHu#l. Bece pagmoHyKIUHBIE METOAUKH CBA3AaHBI C BBEAEHUEM
paanodapMaeBTHIECKUX NIPeNapaToB B OPTaHU3M GOJILHOTO WK
B W3BJEUYeHHbIE M3 OPTaHWM3Ma TKAHU M KUAKOCTH. BBogmmblie
B OPraHu3M PAZUOHYKIUABLI OOBIYHO SABIAIOTCA HUCTOUHUKAMU
Y-M3JIy4YeHHUA, KOTOPOe PETUCTPUPYETCSA CIeIUaTIbHbBIMU JAETEKTO-
pamu.

B cocrase paduoduazrnocmuueckux npub60opos8 BbIIENAIOT TPU
OCHOBHBIX OJIOKA:

e Jemekxmop, IpeobpPa3yOINil U3JIyUYeHe OT O0BEKTA B 3JIEK-
TPUYECKHE UMITYJIbCHI;

® snexmponHbLll 010K, 06eCIeuYnBaOIII HeOOXoUMbIe IIpe-
o6pasoBaHUA MMIIYJIbCOB JeTeKTopa (yCcuieHVe U Op.) U UX IIe-
pefauy HA PErUCTPUPYIOIilee YCTPOHUCTBO;

® pezucmpupyiowee ycmpoiicmeo, orobparkaioliee JHATHOC-
THYECKyI0 UH(popManuio B TOH UM MHON (popMe; K HEMY MOTYT
MPUJaraTbCsl AONOJHUTENbHBIE YCTPOHCTBA AJA 06paboTKH U
ananusa MHGOPMAIHH.
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Puc. 28.7. Tamma-xpoHorpadus mouxu

MeToAbl PaFUOHYKAUAHONR AMATHOCTUKY YCIOBHO MOXKHO paas-
IeJUTh HA TPU IPYIHBI: paguorpaguio, raMmMma-Tornorpaguio u
TIOSUTPOHHO-dIMUCCUOHHYIO TOMOI'DagpuIo.

Paduozpagua (zamma-xponozpagpua) — merol DYHKIHO-
HaJbHOTO HCCJENOBAHUS, B OCHOBE KOTODOTO JIEKUT H3yUeHHe
3aBUCHMOCTUA MHTEHCHUBHOCTU Y-UBJIYUEHUS opraHa (Iiocje BBe-
IeHusa pagrodapMalieBTHUECKOro mpenapara) or BpeMmeHH. Iloc-
PEeACTBOM TAKMX MCCAEJOBAHUNA MOXKHO CYyJUTH O ABUIKEHUHU KPO-
BM IIO cOCyJaM U KaMepaM cepzua, QYHKIHMOHUPOBAHNY ITeUeHN,
MOYeK, JeTKUX 1 T.X.

PaccmoTpuM npumep, CBA3AaHHBIM C IIUPOKO pacmpocTpa-
HEHHBIM paduozpaduueckum uccredosanuem noyex (puc. 28.7).
PaguoakTUBHBIM Ipenapar, BBeJeHHBIH BHYTPUBEHHO, IPWHO-
CHUTCA C KPOBBLIO B apTepHH MOYeK. ITO 0ByCJIOBJINBaET GhICTPOE
NOABJEHYE V-U3JIyueHusi B o6sacTy nmouek (BO3pacTaroiias 4acThb
KpUBOIi). 3aTeM COgepP:KuMOe KaHaJblLIEB CTEKAeT U B TeUueHHe
HECKOJLKUX MHHYT IPAKTUIYECKH CO3JAeTCs PaBHOBECHE MEXXIY
[MOCTYILIEHEM U YOhIBAHUEM PAJAMOAKTUBHOIO IIperapara, 4eMmy
COOTBETCTBYET BepIIuHa KpKuBoii. B ganbHeHIIeM OTTOK HAUNHAET
npeobaafaTh HAA NOCTYILIEHWEM M KOJHUYEeCTBO y-KBAHTOB, HOC-
TYHAIAX Ha JeTeKTOp 3a eQUHUILY BPEMEeHU, YMEeHbIIaeTcsa —
STO BBI3BIBAET CHM)KEHUE KPUBOH. AHAJNM3 IOJNYUEHHBIX TaKHUM
METOAOM JIaHHBIX /IaeT MOAPOOHYI0 MH(MOPMATINIO O GYHKIUOHU-
pOBaHUM TTOYKH.

T'amma-monozpagus, npercTapias co00H KINHUKO-aHATOMMU-
yecKoe HCCJIeJ0oBaHue, JaeT HHMOPMAIUIO O JOKAIU3alui, BeJan-
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YypHe W IIOJIOMKEHUH opraHa, pacmpe-
JejieHUM B HeM (bYHKIUOHUPYIOIEH
TkaHu. OHA OCHOBaHA HA H3y4YeHUU
TIPOCTPAHCTBEHHOTO pacHpejiesieHusA
PagNoOHYKJINIOB, HAKAIJIMBAIOIINXCA
B oprae. C IIOMOIIbIO JAHHOTO METO-
la pacmpejejeHHe PaguOHYKJIUIOB B
OpraHuaMe TOJYYaloT B Bujie uzobpa-
JKeHHus.

B KauecTBe mpuMepa BO3MOMHOC- Puc. 28.8. Tamma-
Teil ramMMma-ronorpaduu paccMOTPUM TONOTpaMMa NedeHHu,
uccrenoBanue nedenu. Ilocne sayr- — [OPAKEHHOU LMPPOSOM
PUBEHHOT'O BBeIeHUS PAAHOAKTHBHOIO Ipemapara ne4eHsb 370Po-
BOr'O 4eJIOBEKA HAKAILIMBAET ero JOCTATOYHO paBHOMepHO. Eciu
e uacTb (GMYHKIHMOHMPYIOUe#l NapeHXWMbI II€UYEHH 3aMeHeHa
COeIMHUTEJILHON TKaHbIO (HampuMep, IPU HUPPO3e), TO B 3TUX
MecTax OyneT HAKAIJIMBATBCS CYL[ECTBEHHO MEHbIle PaJUOHYK-
JUAOB, 4eM B 370poBoii uactu. QuaraM IOpa’KeHKs Ha raMMma-
TomorpaMme 6yJeT COOTBETCTBOBATH CHH)KEHHAf MHTEHCUBHOCTh
ramMMa-usnydesui (puc. 28.8) [21].

ITo3umponno-amuccuonnas momozpagpus (IIIT) — sTo HO-
BelInii MeTo] MeIUIIMHCKOM BH3yaJiMs3alliy, OCHOBAHHBLIN HA
npuMeHeHuu paauodapmipenaparos (PPII), nogBep:KeHHBIX 110~
surporuomy (B*) pacnaxny (puc. 28.9). PDII BopuTcs B uccaemye-

y-KBaHT

90

y-KBaHT

a 0 8

Puc. 28.9. CxemMa aHHUTWJIALMY ITO3UTPOHA U JIEKTPOHA (@), o6l BUA
IIO3UTPOHHO-IMUCCUOHHOTO ToMOrpada (6) 1 pacosiodKeHue JaTUNKOB (@)
cXeMbl perucrpaiui (8)
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MBI# OopraH, rie 6bicTpo pacuagaercsa. [l0aUTPOH, UCTIYIEHHBIHA B
pesyJabTaTe '-pacmajia paguou30ToIa, IPOXOAUT B TKAHAX He 6o-
Jee 1-3 MM ¥ CTAIKWBAETCA C 3JIEKTPOHOM, B Pe3yJIbTaTe 4ero mpo-
UCXOAUT UX aHHUTHUIAIUS, IPU KOTOPOI 00pasyoTes JBa raMMa-
KBaHTa ¢ sHeprueii Av > 0,51 MaB, nersamnue B IPpOTHUBOIIOJOMKHEIE
CTOPOHBI:

B*+ B =2 y-kBanra.

Biok cucrembl perucrpaniu romorpada BeIIeASAeT TOJBKO Te
Y-KBaHTBI, KOTOPble OHOBPEMEHHO 3aPerucTPUpPOBaHbI IIPOTHBO-
MOJIOMKHO PACIIOJIOMKEHHBIMH AETEKTOPaAMU, ONIPeAeaa TaK Ha3bl-
BaeMyIl0 «JIMHHIO oTBeTa» (cM. puc. 28.9, 8). 3aTeM KOMNObIOTED
CYMMUPYET BCe JIMHUM OTBETA OT Map JEeTEKTOPOB M PEKOHCTPYH-
pyeTr usobpakenue obiacTu, UCHycKaweil B -9acTuusl (1103UT-
POHBI), IIOKA3bIBAs TeM CAMBIM (DYHKIIMOHUDPYIOIIYIO YaCTh MC-
cjaeayeMoro opraHa.

Ha cerogusamunit gend B II3T nmpumeHAOTCA MO3UTPOH-U3-
JIy4aiolye U30TOIMbl 9JIEMEHTOB C MaJIbIM IEePHOJAOM IIoJypacIia-
aa (BbIcokoii aktuBHOCTBIO): ''C (T = 20,4 mun), *N (10 Mun),
150 (2 mun), ®F (110 mun). @Top-18 061aa3€T ONTUMAILHBIMU
XapaKTepUCTUKaMU AJsT ucnojb3oBanus B 119T: mHanbonbIiimm
Mepruoa0OM MoJiypacnaga u Majaoil aHeprueil Io3UTPOHOB.

WN3obpakenus, coznpaBaemble I119T, oTpakaroT QyHKIUOHAIL-
Hble TMPOLeCChl KMU3HeAeATeJIbHOCTY OPTAHOB U TKaHe# desiose-
Ka Ha MOJIEKYJsIPHOM ¥ KJETOYHOM YPOBHE, BKJIIOUas Mertabo-
JUA3M TJIIOKO3bl M YTUIM3AINI0 KHUCI0POJa, OIeHKY KPOBOTOKA U
mepdys3uu, OLEHKY KOHIEHTPAIMKU M CPOACTBA CIelupUUYeCKUX
perentopoB. Muorue 3a6oJieBaHNA AUAaTHOCTUPYIOTCS IPU IIOMO-
mu 19T mamuoro pausbiie, yem Ha KT u MPT, nockonbky ¢ysn-
KIIMOHAJbHbIE U3MEHEHUS Ha KJEeTOYHOM YPOBHE IIPEAIIEeCTBYIOT
Mop@osornueckum msmenenuam. I19T aBndercsa elMHCTBEHHOHR
MEeTOOVKOM AJIA OLEeHKMN MeTaboJMYecKUuX IPOLeccoB in vivo.

B wnacrosamee spemsa I[I9T npumensierca AJASA OUATHOCTHKH
rJIaBHLIM 00pa3oM B OHKOJOTHUH, HEBPOJIOTMH U KapAUOJOTHUH.

B onronozuueckoir II9T-agnarnoctuke Haubosee HMIUPOKO HC-
moap3yercs pagunoapmnpenapat 18-gpropaesoxcuriaokosa (18F-
@®JIT), 4TO OCHOBAHO HA 0COGEHHOCTM MeTaboJIM3Ma 3JI0KAUecT-
BEHHBIX KJETOK: 00jlee MHTEHCUBHOM ITOTPEOJIEHUM TJIIOKO3bI IO
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CPaBHEHWIO C HOPMaJbHBIMU KJIETKAMHU. JTO TO3BOJISET BHU3ya-
JU3UPOBATh 3JIOKAUECTBEHHBIE HOBOOODPA30BAHUS M METACTA3bl
Ha (QoHe 3JOPOBBIX TKAHEUW KaK «ropdgdyue» odyaru U IIPOBOLUTH
HCCJIeIOBAHUS B PEIKUME «BCE Teji0», IIO3BOJIAIOIIEM He TOJIbKO
BBIABUTH IIEPBUUYHBIN ONyXOJIeBbIA OYar M OIIPEJEJIUTh CTeIleHb
ero 3JIOKAUYeCTBEHHOCTU, HO M OLEHUTh PACIIPOCTPAHEHHOCTH Me-
TACTATUYECKOrO IIOPaKeHUs APYrUX TKaHel.

B nesponoeuu meron II9T npumensercd I BbIABIEHUA QYHK-
IIMOHAJbHBIX U3MEHEHUHN I'OJIOBHOTO MO3Ta IIPU er0 COCYyAMCTBIX
3a0oJsieBaHMAX, JeMEHIINH, a TaKkKe M4 fuddepeHInaIbHoR JU-
arHOCTHMKY OYaroBLIX 00pa3oBaHUU.

B xapouoaoczuu II9T npumensierca A onpepejesus merabo-
Ju3Ma TJIIOKO3bl B MHOKap/e U KU3HeCIIOCOOHOCTH KapAuoMUO-
uutoB. Pesyabrarsr [I3T uMeroT NpUHIUINAJbHOE 3HAUEHUE B
onpeesieHUM IMOKA3aHUN AJIA KapaUuOXWPYPrUUYecKoro BMela-
TEJILCTBA, €r0 00'beMa M OUEeHKHU IIPOBEIEHHOrO JeUeHun .

Takum ob6pasom, II9T oTKpeIBaeT nepea BpauaMu HOBBbIE BO3-
MOYKHOCTH:

® paHHeH AUATHOCTUKU PA3JTMUHBIX 3a00J€BAHUM [0 MOABJICHIA
CTPYKTYPHBIX U3MEHEHUIl, UTO CYIIIECTBEHHO YJIYYIIIaeT IIPOrHO3;

® IIPOBEJEHUS MOHHUTOPHUHTA TePaluy ¢ paHHEH OIeHKOH agh-
(GEeKTUBHOCTH IMPOBOAUMOrO JICUEHHNS, UTO ITO3BOJIIET COKPATUTh
JJINTEJbHOCTD JICUEHUS U B psifie cjydyaeB M30eKaTh IrocmuTaau-
s3anuu 00JILHOTO;

e 3aMeHbI CepUU UCCIEeNOBaHMII OAHUM, HauboJsiee MH(pOPMA-
TUBHBIM;

¢ [TPOTHO3UPOBAHUSA PE3yJIbTATOB XUPYPIrUYECKOTr0 JICUeHN;

® BBLIAABJIEHUS OTAAJEHHBIX METACTA30B, UTO MOYKET KOPEHHBIM
00pa3oM MOBJIUATH HA TAKTUKY JIEUEHUS.

28.7. ®du3nuyeckne OCHOBbLI Ay4e€BOW Tepanuwu

Jdyvweeas mepanus — KIWHWYeCKAd AUCHUIINHA, M3ydYa-
OUad NpUMeHeHNe HOHUIUPYIOUINX H3JyUYeHUH Ui JIeueHUs
GosesHeii, MeToAbl JY4eBOl Tepalluy SBJISIOTCS OAHHNMHU U3 Be-
OVIUX, IPUMEHAIONIUXCA B KOMIIJIEKCHOM JIeUeHUH OOJbHBIX CO
3JIOKAYEeCTBEHHLIMU HOBOOOPA3OBAHUAMU.
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IIpu ycnosb30BaHUHY JIYYEBO Tepanuy HeoO0XoauMo Haubosee
MHTEHCUBHO BO3/€ICTBOBATh H3JIy4YeHHEM Ha odar IaTOJIOrMU
IpY MUHUMAJBHOM IIOTJIOLUEHHM JHEPrHuY B OKPYIKAIOIIUX €ero
3J0POBBIX TKAaHAX M OpPraHax. JTO BechbMa cepbe3Had mpobieMa,
¥ HEKOTODbI€ IPUEMbI €€ paspelleHus s KasKJoTo KOHKpeT-
HOTO cJydYas JIedeHUs IpelyCcMaTPUBAIOT ONTHMAJbHBIN BHIGOD
M3JIy4YeHUs ¢ ONpeJieIeHHEIMU (PU3NUYECKUMYU CBOMCTBAMHU U CIIO-
co00OM BO3IelCTBUA.

PaccMoTpuM JMIITH HEKOTOPBlE OCOOEHHOCTH M3JIyYeHUH, IIPH-
MeHsAEeMbIX IJId Jy4eBOoil Tepamum.

Penmzenoécxoe uanyienue HUBKUX U CPEJHUX SHEPruil npu-
MEHSIOT [IPY BO3AEHCTBUHM HA IIOBEPXHOCTHO PaCIONIOMXKEeHHEIe 06-
pasoBaHUA UJHU IPHU JeueHuu 3a0ojieBaHUIl, He TPeOYIOIUX BBI-
COKOMHTEHCUBHOrO 00JIyueHMus. ITO BHI3BAHO T€M, UTO B TKAHHU
VHTEHCUBHOCTHL TAKOTO PEHTTEHOBCKOT'O WM3JIYyYEHUS AOCTATOYHO
pe3ko yoprBaeT ¥ B 10 ¢M OT MOBEPXHOCTH OOBIYHO HE IIPEBLINIAET
20 % WHTEHCHBHOCTH HAJAIONIEr0 IIYYKA PEHTIeHOBCKHUX JIyuyei
(puc. 28.10).

T'amma-uznywenue BBI3BIBAET MOHUIANMIO MOJEKYJ OHMOTHKA-
HY Ha JIOO60M paCCTOSHUM OT IOBEPXHOCTH TejJa. ITO IIO3BOJISA-
eT paspylaTh riyGoKo pacIlOJIO}KeHHBbIe OMYXO0Ju, o0ayuas uUX

IIpoToHsI ¢ BHEPrHEH
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Puc. 28.10. 3aBrcHMOCTh OTHOCHTEJIbHOMN BEJIMYMHBI IIOTJIOIIEHHOH
3HEPTrUU HEKOTOPHIX UBAYUEHWNH OT tyIyGUHBI NPDOHNKHOBEHUSA B TKAHU
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10 pa3HbIM HAIPAaBJIEHUAM, CXONAIIMMCA B 00JAaCTH OIIYyXOJIH,
OJHOBPEMEHHO CHMYKafd DPHUCK IOBPEKIEHUA KOXKHM U OKPyKa-
IOIIUX 3A0POBBIX TKaHeil. MCTOUHMKOM Wu3JydyeHUs B Y-Tepa-
HuY OOBIYHO ABJAIOTCA PAJUOHYKIMALI ggCo, co3gamlnue mpu
CBOEM pacmajle, HapaLy ¢ dJIeKTPOHaMU, BLICOKOSHEPreTHUYHbIE
Y-KBaHTHI.

Idnexmponnvie nyuku c sueprueit 25 MaB cosgaoT mMakcu-
MaJbHYIO HOHM3aLUIO Ha riybuHe 1-3 ¢cM M HCHOJNB3YIOTCA AJS
obayueHuss HEerJay0oOKO JeXxalmux [aTOJOTMYecKUx ouaros. Lo
CTOJIb 3HAYUTEJbHBIX 3HEPTHil 9JIeKTPOHHbIE IYUYKH Pa3TOHAIOT-
cf B YCKOPUTENAX.

YckopuTeay 3apsyKeHHBLIX YaCTHL, MCIIOJIB3YVIOTCS B Jy4eBOM
Tepanuy He TOJBKO AJSA COOOILEeHUS BBLICOKOH 2HEPruHM YacTH-
11aM, HeIIOCPeACTBEHHO BO3AEHCTBYIOUIUM Ha 00beKT. B yckopu-
TeJSIX 3JIEKTPOHOB (GeTaTpoHax) 3a CUET PE3KOT0 TOPMOYKEHUA
3JIEKTPOHOB, ITONAJAIOIINX Ha MUILEHb, IOJYYAIOT JKECTKOe TOp-
MO3HO€ PeHTTeHOBCKOE M3JIyUeHUe C BHICOKOH sHeprueil KBaHTORB
(mecsitkm M»3B), KOTOpBIE HCHOAB3YIOTCA AJAA obGinydeuus. Ilpu
9TOM MaKCHMaJIbHasA MOHU3AINA TKaHeH IPOUCXOAUT Ha TIyOuHe
4-6 cM, a TKAHU, PACIIONOMKEHHBIE OJIMKe K IIOBEPXHOCTH TeJa,
moJsry4yaroT He 0oJjiee ITOJOBUHBI MAKCUMAJABHOM MO3BI.

IIpomonwsl, KaK M 0-4ACTHUIILI, JAIOT MAKCHMYM HOHH3aIlUN
B KOHIe cBoero mpobera B BellleCTBE. JTO MO3BOJiseT MPHU IPO-
TOHHOM OOJIyUEeHWH [OABECTH BHICOKYIO SHEPruio K obJyuae-
MOMYy ouary 06e3 CYIIeCTBEHHOTO OOJIyYeHHS OKPY KAWIIHUX €ro
HOPMAaJbHBIX TKaHeil. OZHAKO masi obecliedyeHUA I'IyOMHEI MIPO-
HHUKHOBEHHUA B TKaHb Ha 11-14 ¢M NpOTOHHEBIE MYyYKH HOJKHEI
obsanate sHeprueit 120-160 M»B.

Anvga-wacmuyst 13-3a Majioro npodera B BeIIECTBE MOT'YT HC-
0JIb30BAThCSA B JIy4eBOH Tepanuy IPH KOHTAKTE C OPraHU3MOM
WY BBEJEHUM BHYTDPb ero. XapakTepHbIM IPUMEPOM SABJISETCH
pazoHoBas Tepamnusi. Boga, cogepakamasa Zgg Rn u npoaykTe ero
pacniaia, UCIOJb3yeTCA AJI BO3AEMCTBUSA HA KOXKY IPH IIpueMe
PaJOHOBLIX BaHH.

Heiimponui ¢ sueprueii 10-15 MaB pator pacupeesenue npo-
U3BOAVMOM MOHU3AIINY IO IJIyOuHe TKaHM, CXOJHOE C aHAJOTHUY-
HBIMH 3(deKTaMy TIPM PEHTTeHOBCKOM o0JydyeHuu. MaKCUMyM
HOHM3MpYyIoiero adderTa pacmosaraeTcs Ha MOBepPXHOCTH 001y~
YyaeMoro y4acTKa TeJia.
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28. PaAMoakTMBHOCTb

1.

2.
3.

4.

5.
6.

7.

8.

10.

11.

12.

13.

14.

15.

16.

KOHTpO/\beIe BOMPOCHI U 3aAaHNsA

Kaxkumu nmapamerpamMu XapakTepuayioTCa AApa aTOMOB?

KaxoBbl cBoOMcTBa ANEPHBIX CHJI?

Kax omnpejensercsa sHeprusA CBA3K HYKJOHOB B sape? Kak saBucur
yAeJbHas dHEPTUs CBA3U OT MaccoBOTO uucaa?

Ha uem oCHOBaHO HOJyUeHME 9HEDPrHHU B AAEPHBIX PEAKTOpax HeJie-
HUA U cuHTEe3a?

HasoBure 0CHOBHBIE BUIBI PAAMOAKTHBHOIO paclaja.

ITouemy pacnaj ONHUX PaAUOHYKJIMUAOB BCErJa COIPOBOMKJIAETCH
y-U3JIyUeHUeM, a APYIuX — HUKorma?

KakKoBBI 9HEpPreTUYeCKHe CIEKTPHI (- ¥ -4acTHUI] U y-KBAHTOB, CO-
MPOBOXKAAIINUX PagUOAKTUBHLIN pacnaj anep?

IIpuBenuTe mpUMepHl pacmaza OCHOBHBIX PaAgHMOU30TOIIOB, OIpe-
JeJIAI0IUX pagualVoOHHOe 3apakeHue cpelbl IIOcje aBapuu Ha
YASC.

BriBegure 0CHOBHOH 3aKOH pajuOaKTUBHOro pacrnaga. dro Taxoe
MmocToAHHAs pacmaza? mepuoj moaypacnaga? BpeMs *KU3HU Paguo-
myranga? Kak oHu cBA3aHbl MeXAy cobol M B KAKUX eIUHUIAX
U3MepATCca?

Y10 TaKOe aKTHMBHOCThL PajUONperapaTa U B KAKUX €IWHUIAX OHA
uaMepsaerca? KakoBBI COOTHOIIEHUST MEXKAY 9TUMU eINHULAMU?
Kak usmeHserca akTUBHOCTL BO Bpemenu? Kak ona saBucut oT
Macchl paZMOHYKJINIOB U IeproJa ux Imojypacnazna?

Kak uameHsiercA BO BpeMEHM aKTUBHOCTDb PAAMOHYKJIUAOB B JKUBOM
opranmsme? YTo XxapaKTepU3YIOT PaAMAIIIOHHBIH TePHOJ moJypac-
najga, mUepuos OMOJOTMUYECKOro TIONYyBBIBeAeHUS ¥ 9Gh(HeKTHUBHLIH
nepuon? Kak ouu cBsA3anbl Mexxay coboii? Kaxkoit n3 HUX HauMeHb-
mu?

OxapakTepuayiiTe OCHOBHble IapaMeTpbl, OMNCHIBAIOLINE B3alMO-
JeficTBUEe MOHUSUPYIOIIETO U3JIYUEeHUS C BEIIeCTBOM, YKAKUTE eI~
HULBI UX U3MepeHus.

KaxoBbl 0cO6eHHOCTH B3aUMOAeHCTBHUA C BEI[eCTBOM O~ ¥ 3-4acTHIL,
Y-KBAHTOB, HEATPOHOB?

Kakue paguoHyKJIUAHBIE METOAbI JUArHOCTUKY Bbl 3HaeTe? Ha ka-
KUX (PU3NYECKUX NMPUHIIUIAX OHM OCHOBAHBI?

KaxoBbl puauuecKkue OCHOBHI JiyueBoil Tepanun? KakoBwel ocobeH-
HOCTY BO3JeHfiCTBUA Ha OPraHW3M PEHTreHOBCKOTO W Y-U3NYy4YeHUdd,
o- U B-yacTul], HeATPOHOB, IPOTOHOB?



Ao3umertpus

faasa 29 1 younsnpyommx mnsnyuenmii

Buosnoruueckue nocileACTBUA BO3AENCTBUS MOHUSHUPYIOIIUX
HM3JIyYeHU Ha KJIeTOYHOM, TKaHEeBOM, OPTaHHOM U OpTaHU3MeH-
HOM YPOBHSIX OIpeReJAITCA dHeprueil BO3JeHCTBUA, KOHKDET-
HBIM BHJOM H3JIyY€HUS M CTPYKTYpOl Oo0BeKTa.

JIJig KOJIMYeCTBEHHON OIleHKHU 010J0THUeCKuX 3 (EeKTOB, BO3-
HUKAIOIIUX IPYU AEHCTBUM MOHMU3UPYIOUIUX UIJIYyUeHUH Ha Omo-
JoTHYecKue O0BEeKTHl, HeoOX0quMO BBECTU OOLEKTUBHBIE M [0~
CTYyIIHbIE U3MEPEHUI0 (husmuyecKkre XapaKTEePUCTUKHN U3JIyUEeHUd,
OT KOTOPBIX 3aBUCUT CTENEHb Pa3BUTUA 3TUX 3(PPEKTOB.

Ormnpegenenue PU3NYECKUX XaAPAKTEPUCTHK U3JTYUEHU C IeJIbI0
YCTAaHOBJIEHMSI ¥ IPOTHO3UPOBAHNS PAANAIMOHHLIX BO3AEHCTBUN
Ha OPTaHU3M M NPEJCTAaBISAET 3axaduy do3umempuu — o0JacTH
NIPUKJAAHOM DU3UKH, U3ydarolieil Bo3eiCTBUe NOHU3UPYIOIINX
U3JIYUYEeHUH Ha OOBEeKTHI JKUBOW M HEXXUBOM IPHUPOILI, & TaKIKe
npubophbl ¥ METOAbLI U3MEPEHUT ITUX BEJINUYMH.

29.1. Ao3bi u3AyueHus

B kauectBe (dusnueckux 3hGHEeKTOB, NPUBOJAIIUX K ycCTa-
HOBJIEHHIO JO3UMETPUYECKUX [1apaMeTpPOB, OOBIYHO HCIOJBL3YIOT
MOHU3ALNIO CPeAbl, BOSHUKAIOIIYIO IIOA BO3JeHCTBUEM YacCTHUIl U
GOTOHHBIX M3JTYYEeHUH, a TAKKe IOrJIOIleHe UX SHEPruu. YKa-
3aHHbIE dSOMPERTH TO-PA3HOMY IPOABJIAIOTCA B U3JIYUYEHUAX Pas-
JIMYHOH MPUPOALI ¥ Pa3HOOOPA3HBIX CTPYKTYPax 00 bEKTOB, KOTO-
pbie IOABEPraloTCHd PAANAIVOHHBIM BO3AeHCTBUSAM.

29.1.1. IKCNO3MUMOHHAsA AO3a M3AYHYEHUS

Haun6oJiee IpocTO XapakTepus3oBaTh pafuallMOHHBIE BO3Zeic-
TBUSA KOJUYECTBEHHBLIM BBIDAYKEHWEM TOI'0 OCHOBHOTrO 3ddexrTa,
KOTOPBI HOHU3UPYIOIINE M3JIy4eHUs MNPOU3BOAAT B BEILIECT-
Be — CTEIEeHbIO ero MOHU3aIuu, T.e. CYMMAapHBIM 3apAIOM HO-
HOB, 00pa3oBaBIINXCA B €JUHUIIE MAacCChl BEIIIECTBA.
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IKcno3uyuornaa 603a usayvernus X mpeacTaBaAeT codoi or-
HOIlIeHHWe CyMMAapHOro 3apsaaa d@ MOHOB OJHOTO 3HakKa, o6paso-
BaBIIIKXCH B HEKOTOPOI Macce BO3ayxa dm noj AefCTBYEM DeHT-
FeHOBCKOTO WJIY Y-M3JYUYEHUS, K BeJIMYWHEe 3TOU Macchl BO3ayxa:

d
_ 49 (29.1)
dm

B dopmyae (29.1) macca dm cuuraerca HaCTOJIBKO MAJIOH, YTO
pacupenenesue no Heil sapaga dQ paBHoMmepHO. Eciu B Jro6oit
Macce m 3apsAx @ pacupepesieH PABHOMEPHO, TO

x=-9. (29.2)
m

TloguepkHeM, YTO 3KCIIO3UIIMOHHAA 1038 BBOJUTCS TOJBKO AJIS
BO37yXa, PEHTTEeHOBCKOro U y-uaaydenusa. OHa xapaKkTepusyer pa-
JUALMOHHYI0 OOCTaHOBKY BOKPYI' OOBEKTAa — CTEHNeHb MOHU3ALNN
OKPYJKarollleil BO3AYIIHOM CPeAbl 3JIEKTPOMArHUTHLIM U3JIydeHUeM.

W3 popmya (29.1) u (29.2) BUgHO, UTO CUCTEMHAA €JUHHUIIA
usMepeHua sxcnosunuonnod nos3nl 1 Kiu/kr. Ha npakrtuke npu-
MeHsdeTCA U BHecuctemHasa equnuiia — 1 peurren (P) — ato gosa
PEHTTeHOBCKOI0 WJIW Y-U3JIYUYeHHUs, KOTOpas BbI3biBaeT 06pa3oBa-
uue 2,08 - 10° nap nonos B 1 cm® Bosayxa mpu HOpMAaNBHBIX yC-
JNOBUAX,

VcTaHOBUM CBA3b MeyKAy aTuMu epmauiiamu. [Ipu skcno-
3unuoHHoil go3e B 1 P obpasyerca sapsaa: @ = ng = 2,08 . 10° x
x1,6-10"°= 3,33 -107° K1, rae n — umcJ0 Hap MOHOB; ¢ — 3a-
pAJ OAHOTO HMOHA. JTOT 3apsij o6pasoBaH B KOHKPETHOH Macce
Bosayxa: m = pV = 1,29 . 10°® xr (p = 1,29 xr/mM® — nIOTHOCTH
Bosayxa; V =1 cm®= 107 m® — obmem).

CnepoBaTebHO,
_3,33-107"°

1P= -
1,29-10
nnu 1 Kn/kr = 3876 P.

= 2,58 - 10 Ka/kr

Ecau skcnmosunuonsas go3a X IoJjiydeHa 3a BpeMd £, 10 cped-
HAA MOWHOCTb ITOH NO3bI

X:Xt. (29.3)
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Ecay sKCcmo3umuoHHAS 034 MEHSIeTCs CO BpeMeHeM, TO CKO-
POCTH 3TOr0 M3MeHEHUS XapaKTepUs3yeT MOULHOCMb 3KCNO3UYU-
OHHOU 003bL (X' ), IpeAcTaBJIAKIIell TPOU3BOAHYIO OT 403kl X 1O
BPEMEHH:

X =9X (29.3a)
dt

Cucremuasi efMHAIA U3MePEeHUS MOILIHOCTH 3KCIO3UIIMOHHOK
no3sl — 1 A/kr, BHecucremunie — 1 P/u, 1 MP/u, 1 MxP/c u ap.
ITy BeJIMUMHY U3MEPAIOT MHOTHe J03UMEeTPhI, U €CJIM MOIIHOCTb
X 03Bl IOCTOSTHHA, TO IKCTO3MLMOHHAS L03a, MoJIyYeHHasA
06'BEKTOM 3a BpeM#A T, OIpejeaseTcs IpousdBeieHnmeM: X = XT.

Ecnap MouITHOCTH 03Bl HE IMOCTOAHHA, 4 3aBUCUT OT BPEMEHU
X = f(t), TO BKCIIO3UIIMOHHAA [03a 34 BPeMs T ONpeessdeTcsa NH-
TerpupoBaHUEM:

X = [X(t)dt. (29.4)
0

s y-m3jIydaomux paguo-
aKTUBHBIX INpenapaToB ycra-
HOBJIEHA TIPOCTAasfA 3aBUCHMOCTh
MOLIHOCTH  3KCIO3UIAOHHOUN
O3Bl OT PACCTOSHUSA I' O TIpe-
napara aKkTuBHOCTbIO A. OT TO-
YEeYHOI'0 HUCTOUHMKA Y-KBAHTBI
BBLJIETAIOT C pPaBHOU BEpPOSAT-
HOCTBIO II0 BCeM HAaNpaBJIeHU-
am (pumc. 29.1). Ob6uiee uywmc-
JIO 3TUX KBAHTOB IIPOIIOPIMO-
HaJIbHO UMCJY aKTOB pacunaja 3a eqUHUIY BPEMEHHU, T.e. aKTHB-
HOCTH, a YMCJIO KBAHTOB, IIONAAI0I[MX HA MOBEPXHOCTL €IUHUY-
HOU TIJIOLIAAKM S, HaxoAdAmeHcsa Ha PACCTOAHUU 7' OT MCTOYHU-
Ka, 00paTHO NPOMOPIIMOHANBHO KBajgpaTty paccrosuus r. Takum
o6Gpasom

.

Puc. 29.1. Pacopocrpanenue
Y-KBHTOB OT TOUEYHOI'0 HCTOYHHAKA

X=K 4, (29.5)
r
rae K, — y-MOCTOAAHHASA, XapaKTepHasd AJA KasKJOTr0 PaJuoOHyK-
2

Awm
JUJa U u3MepseMas B —— WUJIX BO BHECHCTEMHBIX eIMHULAX
KT - Bk
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P cm?
u - mKn
JUIIb AJA PAJUOHYKJIUAOB, IIPU PacIafe KOTOPLIX BO3HUKAIOT
Y-KBaHTHI.

Hrak, sKCIIO3UIIMOHHASA /1034 XapaKTepU3yeT CTeleHbL paaua-
IIMOHHOTO BO3AEHCTBUSA PEHTTEeHOBCKOIO M raMMa-U3JyYeHUuA Ha
BO3AYX.

. Cne,aye'r OTMETUThb, YTO 3TO COOTHOILIIEHHWE IIPHUMEHUMO

29.1.2. TlNoraoweHHasi A03a

BospeiicTBue HOHU3UPYIOUIETO U3JyYeHUA Ha OMOJIOTMUECK Ui
00BEKT OlpefesigeT Ta YaCThb H3JIYUYEHHUs, KOTOpasd IOIVIOLIAeT-
cA o0beKToM. CylecTBeHHOe OMOJIOTUYECKOE [eHCTBHE OKAa3bI-
BAOT MOHUSUPYIOUIME KBAHTbHI M UYaCTHUILBI, KOTOPbLIe BO3HUKA-
0T IpY paclafe PaAMOHYKJIHIOB, COIEPYKALIUXCSA B OOBEKTe
(BHyTpeHuee obayueHue). [losTomMy AJisi XapaKTePUCTUKU paju-
aIlMOHHOTO BO3JelCTBUA Ha OPraHM3M BBOJAUTCA (uU3MYecKan
BeJIMYMHA, Ha3biBaeMas NnozioujeHHol 00301 woHU3UpYOULez0
u3nyvenun D — orHOmeHue snepruu dE, nepefaHHON MOHU3U-
pyIOIIUM K3JyYeHVWEM BeIlecTBY Maccoil dm, K BeJWUYUHE 3TOHU
Macchi:

p=24E
am

Ecau norsionieHHas sHeprusi E paBHOMEpPHO pacipejeseHa 1o
Macce m obaydaeMoro o0bexkTa, TO

- £ (29.62)
m

Enununeil norsomennoii ngossl B CH asasercs rpeit (I'p):
1T'p = 1 [I»x/Kr; 4acTo HCIIOJIb3yeTCA HECUCTEMHAA eJUHUIIA 10T~
JIOIIeHHOM 103kl — 1 paj, mpuueM MekJy HUMU ITPOCTasl CBA3b:
1 I'p = 100 pag (pax — ot aurj. radiation absorbed dose — mor-
JIOLEHHASA 1038 M3JIyUeHus).

OrMmeruM, uTO pas3oBas no3a B 6 I'p BoI3bIBaeT cCMepTh BCEX
00IyUeHHBIX JII0[eli, He MONYUHUBIINX CIIENNAJTA3UPOBAHHOTO M€~
JUIMHCKOro JedeHus (mosa 100-nponeHTHOR J1eTaJbHOCTH).

MouwHocmb noz2noujeHHoll 0o3bl OTIPEeNesIAeTCH KaK D =gd€ u
usmepserca B I'p/c, pag/c uau Npou3BOAHBIX OT HUX eJUHHIIAX.

(29.6)
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Cpednsas mowHocmbs 003bt D, noJyueHHOU 3a BpeMA ¢, PACCUNTHI-

BaercdA Kak D = %

OKCcIepUMeHTabHOEe ONpefiesieHUe IOTJIOIIeHHON O3Bl IIpej-
CTaBjseT BeCbMa CJOKHYIO 3alauy ¥ BO MHOTHUX CJIyYasagX HEBO3-
MO3KHO. [T09TOMY OLIEHUTH MOTJOIIEHHYIO 103y MOXXHO IIO JIETKO
u3MepAeMON 9KCIIO3UIMOHHOM H03€, MOCKOJBKY IPU BHEIIIHEM
00siydeHNH 00BbeKTa IOTJIOMIEHHAs [03a IPOINOPINOHAJIbBHA SKC-
MO3UIMOHHOM’:

D=fX, (29.7)

Koaddunuenr f 3aBucut ot psajga GakTopos, Ipexxae BCEro OT
CTPYKTYPHI 00J1y4aeMOro 00beKTa, S9HEPTUU KBAHTOB ¥ KCIIOJb3Y-
€MBbIX eJUHUI, U3MEDEHUA.

YucsieHHble 3HAaUYEHUS KodQuiimeHTa [ OKas3bIBAIOTCSA OYeHb
YAOOHBIMHU, eCaM M3MEPATH A03bl BO BHECHCTEMHBIX €JHHUIAX:
X — B penrresax (P), D — B pagax. Torga kosdpduinment f npu-
HUMAaeT CJIeAYIO{Ue IPOCThIe 3HAUCHUA:

e nnsa Bo3ayxa f = 0,88 pan/P;

e I BOABL U MATKUX Ouotkauei f = 1,0 pan/P;

e 1uid KocTHOU TKauu f = 1 — 4,5 pan/P.

9TOT KO3(PDUIIMEHT IOBOJBLHO CHUJILHO 3aBUCHUT OT JHEPIHH
KBaHTOB, YMEHBIIIAACH C YBEJIMUEHUEM UX SHEPruu.

3HaueHue Koadpduimenra f aas BO3AyXa HE CJIOMKHO yCTa-
HOBUTh. [IJIs1 3TOrO paccuuTaeM 3Hepruio, morjomieHHyi 1 cm®
BO3AyXa NpU dKCHo3uMoHHOUN goze X = 1 P. B arom cinyuae B
1 cm® Bosayxa maccoit m = 1,29 - 107® kr o6pasyerca 2,08 - 10°
nap unoHoB. UsBecTHO, UTO Ha 00pasoBaHME ONHOI mapsl (Ha HO-
Hu3auuio 1 MojeKyJbl BO3AyXa) pacxoxyercs sHeprusa 34 3B =
=34 -1,6 - 107" I:x. Torma nmoryomeHHaa 5032

p_ E_34-1,6-10"-2,0810° i

-4
m 1,29 -10 Sxr = 88-107Ip = 0,88 par-

Takum 0o06pas3oM, IpU IKCIO3UIMOHHOK no3e X = 1 P morgo-
mieHHaa go3a B Bo3ayxe cocraBut 0,88 paxn. CiaenosaTenbHO, 40d
3TOro caydyaa xkoagpdunuent f = 0,88 pax/P.

34-5281
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29.1.3. DkBMBaAeHTHAs AO3a

Buosornyecknit ahdeKT BO3HEHCTBUA MOHUIUPYIOWAX UIJIY-
YeHUHN 3aBHUCUT He TOJBKO OT BEJIUYUHELI S3HEPruu, IOrJIOIeHHOH
B BemecTBe. Ha cremeHb paguaniMOHHOrO IIOPAYKEHUA CYIIECT-
BE€HHO BJIMSAET BUJA M3JIYUEHUA, ITOCKOJLKY IPU OJHOM M TOH iKe
TIOTJIOLIEHHOH f03e o-, - U y-U3JAydeHUsd 00JIafaroT PasIudyHOMH
HOHHU3MPYIOIel crnocobHoCThio. IloaToMy mIpM OOMHAKOBOMH IIOT-
JIOIIEHHOM [03e CTelleHb MOPAKEHUA OpraHmuaMa OyJeT pPasHOU B
3aBHCHMOCTHU OT BH/la BO3JEHCTBOBABIIIEr0 HOHU3UPYIOIIEro M3-
JIydeHU .

Ons cpaBHeHUsT 6MOJIOTUYECKUX 3(PPEKTOB, BHI3LIBAEMBIX Pas-
JUYHBIMY BUIAMY UBJIYUEHUA, UCTIONb3YETCA MOHATHE OMHOCU-
menbrol 6uonozuteckol agppexmuenocmu usnywenua (OBI).
Hnsa naxomxpenus OBD Heo6x0aMMO BBIOPATh HEKOTOPOE U3JIyUe-
HUE 34 3TaJIOHHOE U OIPeAeJUTh MOTJIOMIeHHYIO 103y, BhI3HIBAIO-
VIO OIIpeeJIEHHBIH O1ooTHYeCcKui apeKT. 3aTeM BO3IeHCTBO-
BaTh Ha TAKOM 2Ke 00BEeKT MOHUBUPYIOIUM HU3JIYyUEeHUEM JPYTOTO
BH/Ia ¥ OTIPEeJIUTD AJISI HETo IOIJIOIeHHYIO 03y, BhI3BIBAIOIIYIO
TOT ’Ke OHOJIOTMYECKHH 2(p(eKT, UTO W ITAJOHHOE H3JIyUYeHUe.

B xauecTBe 9TaJIOHHOTO U3JAYUYEHUS BLIOUPAIOT PEHTI€HOBCKUE
ayum ¢ sHeprueii ¢goronor 180-200 ksB. C BrIGOopoM Guosoru-
yecKoro saddeKTa U ero KOJMUYECTBEHHOU OIEHKOH Jeso 06CTo-
ur caoxkHee. I[ns aToro mcnoimb3yercs, HanmpuMmep, KPUTepuUi
JI50/30 — KPUTepHUil NOJNyJeTanbHOR J03bI A8 KUBOTHBIX. JTO
TaKaA 034, KOTOpas BbI3bIBAeT rubeib monoBuubl (50 %) moz-
BEpPTIUINXCA O0JIYyYEHHUIO KUBOTHBIX OIPEAEJEeHHOrO BUAA B Tede-
nue 30 cyrok mocie obayueHus. Kpome Toro, moryr ObITH BBI-
OpaHbl U Apyrue paauobuosormyeckue ah(HeKTh: XpOMOCOMHbIE
afeppailui, 4acTOTa BO3HMKHOBEHUS JIeMKeMUU, HapyHIeHUS B
¢gopMyJie KpOBU 4 T.II.

Takum o6pasoM, OTHOcUTeEJIbHAA Omojoruuyeckad apHeKTUusn-
HOCTb UBJIYUEHUS OMPEAENIeTCA COOTHOIIEHUEM

Ilorsnowrenuas 103a PEHTTEHOBCKOTO U3y YCHUST
(180-200 kaB), BBI3BIBaMOIIIAA GHOSIOTHUECKNH ahheKT

OB9o-=

ITornotenHas 5032 MOHU3UPYIOIIET0 UBTYUYeHUI JPYTOT0
BU/Ia, BHIBBIBAIOILIIAA TOT Ke OuojgoruuecKkuit aggpeKT
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IIpumep. Jonycrum, 4To OOJydeHUEe CTAHJAPTHBIM PEHTT€HOBCKHM
UBJIyYEHNEM HEKOTOPOT0 KOJHUYECTBA SKCIEPUMEHTAJbHBIX YKUBOTHBIX
BBI3BAJIO JETAJILHLIN MCXOJ [JiA HOJIOBUHBI U3 HUX B Teuenue 30 cyTOK
npy norJyomeHHoi mose 5 I'p. BoazelcTBHe HAa TaKoe e KOJMYECTBO
QHAJOTUYHBIX >XMBOTHBIX O-4ACTAIIAMH OOYCJIOBUJIO TOT »Ke OMOJIOTH-
dyecku#l addexkT (rubesib MOJIOBUHBI U3 HUX 34 TO Ke BpeMsA) B [03e
0,25 I'p. Torga OBI gjya a-dacTull pasxa 5/0,25 = 20.

Pernamentuposannoe snauesue OB npencrarasier coboit xo-
appuyuenm Kavecmaa (k) u3nydeHus, yUUTbIBAIOUINN Pa3Iudns
B CTENEHW PAJAMAINOHHOIO BO3JEHCTBUSA U3JNYUYEHUIN Pa3IHYHOTO
BUIA.

Kosdpdpunuenr KauecTBa Ajsi PA3HLIX UOHUSUPYIOLIUX H3AY-
YeHUIl UMeeT CleAylone 3HaueHuA:

® 111 PEHTTe€HOBCKOTO, y- U [-usaydyenusa k=1;

® /1A O-YaCTUI] ¢ sHeprueit, meuslieii 10 MsB, k = 20;

® JIJIA MPOTOHOB k= 10;

® 1715 HeUTPOHOB ¢ aHeprueit 0,1-5 MaB k= 3-10.

Y06l yuecTh PA3HYI0 OTHOCUTENBHYIO OMOJIOrMYeCKyio ad-
(heKTUBHOCTh U3JIYUEeHUA, BBOAUTCH IKeusarenmuan 0osa. Ilpu
ONVHAKOBON SKBUBAJIEHTHON 103€, IOJYYEeHHON JKWBBIM Opra-
HU3MOM, OuojioruuecKuii apdeKT Bo3aelcTBUA TOXe OyaeTr onu-
HaKOBBIM, HE3aBUCHMO OT BHJa MOHUBUPYIOIIEr0 U3JAYUEHUS.

JKBUBaAJIEHTHAA H03a H HMOHUBHPYIOUIEro U3JIYUYEHUA IIpej-
craBasgeT co60¥ Ipou3BeneHue MOTJIOLIeHHOM 103b1 D u Koaddu-
IUeHTa KayecTBa U3JYUEHUS:

H = kD. (29.8)

B CU eaununeil SKBUBANEHTHOHN JAO3bl SBJSETCS 3UBEPT
(3B) — Takasa sKBUBAJIEHTHAA 1034, IPU KOTODPOU MMPOMU3BeJeHNe
TOTJIOIIeHHON [03bI B OMOJIOTMUYECKONl TKAHU HA KO3(PUIIMEeHT
KauecTBa paBHO 1 [[»k/Kr. U3 onpesesieHusA 9KBUBAJIEHTHOMN N03bI
cjeyeT, 4ro 3UBePT M Tpeil UMeT OJMHAKOBYIO Pa3MepPHOCTH
(% /Kr), HO OHU IPEJCTABJAIT Pa3HbIe J03bI!

Eciun B dopmyay (29.8) moacraBiasATh IOTJIOIIEHHYIO 03y B
rpesx, TO TOCJe YMHOKEHMS HA Kk TMOJYYHUM SKBUBAJIEHTHYIO
Io3y B auBepTax. Ecau ke morJoileHHasd h03a M3MepeHa B pa-
Jax, TO COOTBETCTBYIOIIEH BHECHCTEMHOU eIUHUIIeH 5KBIBAaJIECH-
THOM M03bl ABJseTcA 0ap (6uosormuecKUil SKBUBAJIEHT pajna),
1 63p = 0,01 3.

34
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Mouwnocmb sxeusarenmmuoil do3dst H — OTHOIIEHUE mpupa-
LIeHNSA 3KBUBAJIEHTHON 03bl dH 3a mHTepBaJ BpeMeHU df K Be-
JUYUHE 3TOr0 UHTEpBaJa:

=44 (29.9)
dt

Ecnu sKBUBaJIeHTHAA J03a NPAMO HPONOPIIHOHAJILHA BpeMe-
HH, TO MOLIHOCTD HO03bI ONpeleseTCs OTHOIIEeHNEM J03bI KO Bpe-
MEeHU:

Eguuuibl u3MepeHHs MOIIHOCTH SKBHUBAJIEHTHON A03bI —
3s/c, M3B/u4, 63p/c, MOIP/4 U T.n.

EcJii MOILIHOCTH 03Bl MeHsieTCs BO BpeMenu H = f(t) , TO 9K-
BMBaJIeHTHAsd [03a oOJy4yeHUs 3a BpeMs T HaxXOAUTCH UHTErpu-
poBaHueM:

H=[H()dt.
0

NmenHo mosHaA 3KBUBAJIEHTHAS 03a onpenessieT CTEIIeHb pa-
OJUAIMOHHOTO IMIOPAaKEeHUsA opraHa.

29.1.4. OdpexTBHAR IKBMBAAECHTHAS AO3a

Paziuunsie opraibl ¥ TKAHU MMEIOT PAa3HYIO pPaJuO4yBCTBHU-
TeJLHOCTh, [IOITOMY PeaxKlus OpraHu3Ma B IIeJIOM Ha Bo3zeiic-
TBYE MOHUBUPYIOMIUX W3JYUEHUN 3aBUCUT OT TOTO, KaKOi Oprax
MOJAYYNJ KaKyio f0o3y. Co caydasiMyl JIOKAJbHOTO O0JIydeHusd OT-
JeJbHBIX YYaCTKOB TeJia CTAJKMUBAIOTCS, HANPIMED, IIPH JIydeBOU
Tepanuu. Y4eT Pajuo4yBCTBHTEIbHOCTH OTAEJIbHBIX OPTaHOB He-
06X0aUM 1 IIPU OLleHKe A03 BHYTPEHHEro o0JIyueHusl, TOCKOIbKY
OTZeJIbHbIC HYKJINAbI CIIeIiUUUH0 HAKAIJINBAIOTCS B PA3JIMUYHbIX
opranax (*®Sr — B OCHOBHOM B KOCTHOi TKaHu; *'1 — B IMUTOBUA-
HOII }Kese3e U T.J.), BBI3bIBAA UX [IPEUMYIIleCTBEHHOE O0JIyueHue.

Ippexmuenan Ixeuearenmuas dosa H,, npeacrasiser co-
0oif cyMMy IIPOM3BeJEHUI SKBUBAJEHTHBIX 03, MOJYYEHHBLIX
OT[EeJIbHBLIMU OpraHamMu opranusma H;, ¥ COOTBETCTBYIOIIMX UM
K03 (hUunueHToB paiMaltMOHHOI0 PUCKa W;:

H,=Sw H, . (29.10)
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Kosgpuyuenm paduayuonnozo pucka w; (B3BelIMBAOIIUN
daxTop) npeacrasiigeT codoii OTHOUIEHE BEPOATHOCTHOTO PUCKA
JeTaJIbHOr0 MCXO0HA NMpU 00JyueHUH i-TO OpraHa B HEKOTODPOHM 9K-
BHUBAJIEHTHOI J103e K PUCKY CMePTU OT PABHOMEPHOTO 00JyUeHUA
BCEro OpraHuaMa B TOH ’Ke 9KBUBAJIEHTHOI noae.

Hpumep. Ecnu jerkue 4esoBexa INOJBEPIrINCH 00JIYIEHUIO B 9KBUBA-
JeHTHOU no3e 1 3B, TO pucK (BepOATHOCTH) CMEPTH OT Paxa JIeTKHX CO-
craBuT P, = 2:107%. Ecsim e Bce Opranbl YeJOBEKA MMOJTYIHIN PABHOMED-
Ho 1 3B, TO BEPOATHOCTH JIeTAJIbLHOTO KMcxoja cocraBut P, =1,65 - 1072,
Koadpdunuent pasnanuoHHOTO pucKa OIS JIETKUX

_P_ 2.10°

=Y _~0,12.
P 1,65-107°

o

WUrak, xosdduIueHT w,; onpeenseT BKJaJ PagWanloOHHOTO
Iopa’XeHUs JAHHOT'O OPraHa B PHCK HeOJIATONPUATHBIX IOCJEN-
CTBUII AJIsT GpPraHu3Ma [IPU paBHOMEepPHOM o0ayuennu (tabia. 29.1).

Cymma Bcex KO3hIUIIMEHTOB DPAAMAIMOHHOIO PHCKA paBHA
eguHULE: Y w, = 1.

' Tab6auma 29.1

Opraux w;
T'onaas! 0,25
MoJstounad xejesa 0,15
KpacHBI# KOCTHBIN MO3T 0,12
Jlerxue 0,12
HIuTtoBugHasa Kese3a 0,03
TloBepxHOCTH KOCTH 0,03
Bce npyruve opraHbl BMecTe 0,30

29.1.5. KoAArekTMBHas AO03a

JKBUBAJIEHTHAA 0034 XapaKTepHU3yeT IOCJeACTBUS pagualii-
OHHOT'O BO3JEHCTBUSA [JIS OTAEJBHBIX OpPraHos, 3d¢heKTuBHAsS
JKBHUBAJIEHTHAsI J03a — COOTBETCTBYIOIIME ITOCHEACTBUA JAJISA
opranuaMa B IejoM. [ OLeHKH pagVallMOHHBIX IIOCJeACTBUI
Ha ypoBHe OOJIBIIIOr0 KOHTUHIE€HTA HACEJEeHUs BBOLUTCS IIOHA-
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THE KOANEKMUBHOU 003bl, UIN KONLEKMUEHOU 3IPdhexmuenoil
IxeuéaneHmuou 003bt S. OTa BeJIUUYMHA SBJISETCA OOBEKTUB-
HOUl OlleHKO# MacinTaba pagualMOHHOrO IIOPAMKEHHA GOJBIIOrO
KOJIJIEKTUBA JIIOAEH U IIpeACTaBIAeT co00l cyMMy ap(eKTUBHLIX
9KBUBAJIEHTHBIX 103 H,; ,;, MOJyUYEHHBIX PA3IUUYHBIMY HHAUBUAY-
yMaMu:

S= ZZH,.W N, (29.11)

rae N; — 4ucio jum B JAHHOM! IPYyIIe, MOJYUYUBIIUX N03y H, o

Eaununa usmepenus KOJLJIEeKTUBHOMN 03Bl — YeJIOBEKO-3UBEPT.

BremeHue KOJJIEKTUBHON 03Bl Ja€T BO3MOKHOCThL IPUMEHATH
CTATUCTUYECKUE MeTOAbl AJisi OIPENe/IeHUS YKUCJIA SIBHBIX U CJIa-
00 BBIDA’KEHHBIX NocaencTBUM o0ayuenusa. OnpeseseHHAA UHIA-
BUAYyaJbHASA 034 BHIBLIBAET Pa3BUTHE HEKOTOPOIo 3a00JieBaHUA
JaHHOTO UHAWBHIAYYyMa JIHIIL C KaKOH-TO BEPOATHOCTHIO. Ilpm
60JIbIIOM YMCJIe OOMYUeHHBIX JINL IPeACcKasaHHoe uuciio 3aboe-
BaHWUU DOJIPKHO OCYHIECTBJATLCA B JeHCTBUTEIbHOCTH.

Hns HaceseHUs, MPOJOIIKAIOILETO0 KUTh B YCJIOBUAX AJATEb-
HOT'O XPOHHUYECKOro 00JyueHusi, BOSMOXKEH pacuer oxudaemoru
KONLeKMUBHOU IK8UBaleHmMHOU 003bL HA ONpeleSIeHHbIH Hepu-
ozx. TounocTs TaKoro nmporuosa (1, CJaIeA0BaTeIbLHO, IPOTHO3HUPOBA-
HUSA COCTOSIHUA 3I0POBbA HACEJEHUA) 3aBUCUT OT MOJHOTHI y4yeTa
XapaKTepPUCTUK paJUalMOHHOTO 3apajkeHHs, 3aKOHOMepHOCTel
VU3MEHEHUS PajHallMOHHONH OOCTAHOBKHM, pallMOHA IIUTAHUSA, I't-
THEeHUYeCKOro pexxuma u JApyrux (aKTopoB. BeimojaHeHue mo-
JMOOHBIX IPOTHO30B IIPEACTABJISET AOCTATOUHO CJOMKHYIO 3aady.

29.2. MNpuHuMnbl pacyera A03 BHYTPEHHEro 00AyveHus

Paguonykauasl, monasuire BHYTPh OPraHM3Ma, CO3JAIOT IIO-
BBIIEHHYIO ONACHOCTb €ro paJWalUOHHOTO IOPaKeHUA., OTO
onpenesnsieTcs psanoM GHaKTOPOB.

Bo-nepBbIX, pAAMOHYKJIUABI, U3JIydaloniue o- 1 3-4acTULbl BO
BHEIIIHEH cpele M HaXOAAIUecs BHe OpraHuaMma, He IIpeicTraB-
JAAI0T O0JBIIOH OIIACHOCTY IJIA €T0 BHYTPEeHHeH cpejbl, TaK KaK
9TH UBJAYUYeHUA 00/1a8a10T HUSKOH IPOHUKAIOIEl CTOCOOHOCTHIO.
Ho, momagasi BHYyTph OpraHm3Ma, B OCHOBHOM IIPH JBIXaHHUU H
noTpebGJeHUN BOALI U MUILTH, 3T PAAUOHYKJIUIBI CBOMM BBICOKO-
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VOHUBUPYIOLUINM M3JIydeHUEM BBISBIBAIOT B HEM MOII{HbIe pajgua-
IIMOHHBIE TOBPEXKACHNA.

Bo-BTOpPBIX, MHOTME pajuOHYKJIUAbI U30MpaTeJbHO HaKAIJIN-
BAlOTCH B OTAEJBHLIX OpraHax M BO3HUKAIOLINE NPH UX pacmaje
UOHU3UPYIOIINE U3JIYUeHUSA OTAAIOT CBOI0 9HEPIUI0 CPaBHUTENb-
HO HeDOJIBIIIOMY O00'beMy TKAHHM, BBISHIBAS B HEM 3HAUMUTEIbHBIE
JIOKaJIbHbie TIOBPEXKJeHUA.

B-rpersux, paguoHyKANAKI, 00Ja1at0111e OOJIbITHM IIePHOI0M
nojypacnaza ¥ HOJyBbIBEIEHMA, OFHAXKABLI IIOIIaB B OPTaHU3M,
OKAa3bIBAIOT CBOE Pa3pyIlINTeJbHOE AeiCTBHE HAa HETO B TeueHHe
OJUTEJBHOTO BPEMEHH.

JosuMeTpuuecKoi BeJIMUMHOM, ONpeAeasionleid crelneHb 01o-
JIOTUYECKUX IMOCJeACTBUH BO3[AECTBUA MOHUSUPYIOIIUX HU3JIyUe-
HUH Ha OPraHHOM YpOBHE, SABJSETCA 9KBUBaJeHTHasa no3a. OHa
HEeNoCpPeJCTBEHHO He H3MepseTcs, a ONpenessieTcs PacueTHHIM
nyteM. OCHOBHBIMM [OAaHHBIMM IJiA pacuera MOJydaeMbIX J03
BHYTpPeHHero o0JIyuyeHUs1 ABJIAIOTCA CBeJeHUA 00 yJNeJIbHOH aK-
TUBHOCTH BO3AyXa, BOABLI U NMIPOAYKTOB IIUTAHUA.

29.2.1. Cea3b aKTUBHOCTU PAAMOHYKAMAOB M IKBUBAACHTHOM
AO3bl BHYTPEHHEro OOAy4eHus

IKBUBAJIEHTHAA J03a 00ayuenus H ompegessercs npousseje-
HUEeM ITOTJIONIeHHOM 103kl D u Koadduiuenra Kavectsa: H = kD.
HamomHuM, 4TO IOrJoOLIeHHAsA n03a omnpenenasercda sHepruedl E
VOHU3UPYIOIIEro H3Jy4YeHUsd, NOIJOINEeHHON enuHUIeld Mac-
cel BemjectBa: D=E/m. DHeprus, NOIJIOIIeHHAS BeIeCTBOM,
E=E\N,, rne E, — aHeprus, BbiejasgeMas IPU OJHOM aKTe pac-
naga, N, — 4duciao pacrnagos. Takum o6pas3om, 1Jid 3KBHBATEHT-
HOII J03bI B OpTaHe MACCHI M MOJYy4aeM BbIPAXKeHHe

H=XEpnN,
m

3HaueHUsI dHEPTUU OZHOTO pacnaza E, Ajs KOHKPETHOTO pa-
JIMOHYKJNIA U3BECTHBI U3 CIIPABOUHOI auTepaTyphbl. OfHAKO IJIs
OMOJIOTHYECKOTO JIEeUCTBUSA U3JNyUeHUH, BOSHUKAIOIIUX IIPU pac-
rnajie, BasKHO eIe U TO, B KAaKOM KOHKPETHOM OpTaHe MPOUCXOMUT
pacraj paIuoHYKJINAA U BUA U3aydeHus. [10aToMy IId KaKZOTO
PAAUOHYKJNAA B CIIPABOYHOH JiMTepaType IPHUBOAATCSA ZaHHBIE
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(MaB ra pacmapg), xapakxrtepuayiomuye 5(PpHDeKTHUBHYI0O SHEPIHio
OJHOTO pacaja B COOTBETCTByIOIeM opraHe E.,,. B Benuuune
E,, yxe yuuTbiBaeTcsa Koa(UIMEHT KauyecTBa, YTO yHMpPOIIaeT
NpoBeJeHNe PacueToB.

WUrak, nasa SKBUBAJEHTHONH A03bl BHYTDEHHErO OOJYUYEHUS
B OpraHe IoJy4yaem

H=LE.N, (29.12)
m

Hucio pacnagoe N, onpeAenseTca AKTUBHOCTbIO A PaAMOHYK-
JINJOB B OpraHu3Me

dN, = A(t)dt,

¥ 3a BPEMA T B OpraHmsMe IIPOU30IJIET KOJIMYECTBO PACHaIOB,
paBHOE

N, = ]’A(t)dt. (29.13)
0

IMoacrasiast aTo BeIpaXkeHue B opmyay (29.12), naiinem ax-
BUBAJICHTHYIO 103y, MIOJYUEHHYIO OPraHOM Maccoil m 3a BpeMsd T
MPU BHYTPEHHEM OOJIyUeHUU:

E,"
H=—"2 IA(t)dt (29.14)
m 0

Ecnm akTUBHOCTS A PaJUOHYKJINUAOB B OPraHu3Me He MEHAeT-
cA co BpeMeHeM (oueHb OOJIBINION IMepHoJ MmojypacHaza U IIoay-
BBIBEleHNs), TO 3KBUBAJICHTHAA 034 PacTeT IIPAMO IIPOIIOPIIHNO-
HAJbHO BPEMEHU T HAXOMJAEHUA PAZUOHYKJIUAA B OpraHusme:

H=1E 4 (29.15)
m

Ilna npaktuyeckoro nmpumenenus dopmysast (29.14) Heobxo-
JMMO 3HATh 3aKOH M3MEHEHHA AKTUBHOCTH PAJUOHYKJIUJAOB A(%)
B opraHuame. B o0ieM ciyuyae 3TOT 3aKOH MOJKET ObITh JOCTa-
TOYHO CJIOJKHBIM, IIOCKOJbKY HEOOXOAMMO YyYHUTHIBATH IPOIECCHI
dusMyecKoro pacrmaja paguoOHYKJIUJ0B, UX BHIBeJeHUe M3 Opra-
HMU3MAa, y4YacTHe B MeTaboJn3Me M MMeTb KOJHYECTBEHHYIO Xa-
PaKTEePUCTUKY UX MOCTYIJIEHUS B OPraHU3M.
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29.2.2. PacuyeT 3KBUBAAEHTHON AO3bl BHYTPEHHEro OO0Ay4eHus
NpU OAHOKPAaTHOM NOCTYMA€HUN PAAUOHYKAMAOB B OPraHu3m

IIpu OgHOKpPATHOM MOCTYILICEHUHN PAIUOHYKJHNAOB B OPraHu3M
UX aKTVBHOCTH M3MEHSETCA IO 3aKoHy (28.24)

- Xapt
A(t) = Age ™, (29.16)
roe Ay = A, Ny — HauagpHasd aKTHBHOCTb IIOCTYIMBIIETO B Op-
raHu3M PpaauOHyKJIuja; N, — HavaJbHOE KOJUUYECTBO ALEP
PafguoOHYKIUAA; A, — IOCTOAHHAA PAJAMAIlMOHHOTO pacraia;

Ay — OhdeKTUBHAA IOCTOAHHASA, OIpPeNesArIad CKOPOCTh KC-
4Ye3HOBEHUA DAJVOHYKJIMAA U3 opraHusma [cm. (28.22)].

JJa HaxoXKIeHus SKBUBAJIEHTHOW I03bI, ITOJY4YE€HHOM opra-
HMU3MOM 3a BpeMsd T, IOACTaBUM Boipakenue (29.16) B (29.14):

E -
H="24, J‘e Mool gy (29.17)
m
0

ITponssozs uHTErpUPOBAHKE U YUYUTEIBAA, UTO Aq = 0,69/T,,
OKOHUYATEJBHO IOJIYyYNM

E T 0,691 0,697
H=_9¢;A_°9_¢(1_e T )zH (l—e Tot ) (29.18)
0,69 m max

3nech uepes H,, 0003HaUeHa MaKCUMAJbHAS dKBUBAJIEHTHAA
034, KOTOpas MOKeT ObITh IIOJIydeHAa OPraHOM Maccoil m 3a He-
OrpaHHYeHHOe BpeMs 0T HEKOTOPOro PaAUOHYKJAUAA C HAYAIbHOMH
aKTUBHOCTBIO Ayt

E
H, = 1,44%‘4—"—@(;,. (29.19)

Bupxo, uTo MakcuManbHAA dKBUBAJIEHTHASA 034 MPSAMO IIpO-
NOPIMOHANbHA HE TOJIBKO HAaUaJIbHOW aKTUBHOCTU A, PAAUOHYK-
J¥Ja, TONABIIEro B OPranu3M, HO U apdeKTuBHOMY nepuony T,
MOJYNUCYE3HOBEHUA PAJUOHYKINA U3 OpPraHH3Ma. OKBUBAJEHT-
HafA 1033, IIoJAyYeHHAs 3a HEKOTOpoe BPeM4 T, TAKJ¥Ke CYIIeCTBeH-
Ho 3aBucur ot T, (puc. 29.2).
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Puc. 29.2. 3aBucuMOCTb 3KBUBAJIEHTHON K03kl H OT BpeMeHH T,
npouieauiero nocJje OAHOKPATHOrO MONaJaHUsA PAJUOHYKJIMI0B
AKTUBHOCTBIO A B OPraHU3M, [IDY Pa3HbIX 3HaueHUAX T,

W3 amaaumsa Boipaxkeuus (29.18) caexnyer, uTo 3a BpeMd
T = 5T, opranusm noayuut 97 % MakcuMaJbHOH H03bl H .,
a 3a Bpema 1= 7T, - 99,3 % H,,. 9T0 TakKe XOPOULIO BUIHO
n3 rpaduKoB, IPUBeAEHHBIX Ha puc. 29.2.

Taxum o6pasom, uem meHbiue T,,, TeM MEHBIIYI0 S9KBUBAJIEHT-
HYIO 103y BHYTPEHHETO O06JYUEeHUs IOJYYUT OPraHUSM OT IOIAaB-
IIer0 B OPraHKU3M PAJMOHYKJINAA HAYAJILHON aKTUBHOCTBIO A,.

29.3. AetekTOpbl MOHU3UPYIOWMX M3AYHEHMIA

JeTekToOpaMy MOHMBUPYIOLIUX M3JYUEHUIH Ha3bIBAlOT YCTPOM-
CcTBa, HpeJHA3HauYeHHbIe IJIA 00HAPYXKeHUS U3JIYyUYEeHUil U uac-
THI], OIIPeAEeJIEHNA COCTABA M3JIYyUEeHUS U U3MePEeHUs ero sHepre-
TUYECKOI0 CIIEeKTpa.

s peanusamuu JeTeKTOPOB MCHOJIB3YIOT Pa3HOOOpasHbIe
a(pdeKThI, BOBHUKAIOIIIUE IIPU B3aNMOAEHCTBUY U3JIyUEHUS C Be-
HIECTBOM.

Cnedosvie demexkmopsbl TIO3BOJAIOT ONPeReIATh TPaeKTOPHIO
yacTHIBI M JJIHNHY ee mpobGera B BeulecTBe. Tak, B kamepe Buav-
COH@, 3aIIOJTHEHHOW MeperpeThiM MAapoOM, ABHIKYIIAACS YaCTHUILA
OCTaBJISeT cjeJ B BUJe MeJKUX KalleJeK *KUIKOCTH Ha IEHTpax
KOHIeHCalluX, HAIpUMep HA UOHAaX, 00pasyoIIuXCsa Ha IyTU ABU-
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JKEeHUSA 3apAKeHHON uJacTulbl. KarmelbKH AOCTUTAIOT BUIUMBIX
pasMepoB U MOryT ObITh choTorpadupoBaunsi. IIpupony u cBoiic-
TBa MCCJIe[yeMbIX YACTHUI[ yCTAHABJIUBAIOT 110 BeJIMUKMHe IIpobera
U WCKPHUBJEHUIO CJIeJOB YACTHIILI ITOJ AeHCTBHEM MAarHHTHOTO
noas. B nysvipvrosoil kamepe cien yacTuibl o6pasyercs 3a cueT
BCKUIIAHUSA II€PETPeToi KUAKOCTHU BAOJb TPAEKTOPUU YaCTUILBI.
ITOT cJie; OTMEYAeTCH 1[eN0YKO Iy3bIPbKOB Iapa 1 MOKeT ObITh
cororpadupoBaH. B smyrbcuontblx Kamepax perucTpanms yac-
THUL, IPOM3BOJUTCA IIO CJedy, KOTOPBIA OHM OCTABJAAIOT, IIPOHU-
KadA B TOJICTOCJOMNHBIE (poTorpadhuuecKue aMyJIbCUU.

eficTBre HIHPOKO pacnpoCTpPaHEHHBIX UOHUIAUUOHHBLX Oe-
meKmopoé OCHOBAHO Ha M3MEPeHNU YUCJa U IIapaMeTpPOB dJIeK-
TPHUUYECKUX HMITYJIbCOB, BO3HHUKAIOIINX M3-3a JBUYKEHHUS HOHOB,
00pas3oBaBIINXCSA B rasde WM NONYIPOBOOTHMKOBBIX MaTepuaJax
nox JedicTBUeM wuaayueHuii. Harmpumep, JeTeKTOp, HCHOJb3Y-
eMbIli B cuemuuxe wacmuy Ielizepa (puc. 29.3), npexncrapis-
eT coboil IUINMHAPWUYECKYI0 TPYOKY, HAIOJHEHHYIO ra3oM IIPHU
napiaernn 100-200 mm pr.cT. ITo ocu TpyGKM YyKpemigeTcsa Ha
H30JIATOPAX aHOJ B BUAe TOHKOU HUTHU. BTOPBIM 3J€KTPOAOM
(KaToOmOM) CAYIKUT KOPIIYC CUETUYHKA. 3aUacTyIo 3TO yCTPOHCTBO
3aKJIIouaeTcA B 000JIOUKY M3 cTeKsa. Mexay KaTomoM ¥ aHOJ0M
razopaspsgHoil TpyOKU co3jaeTcs PasHOCTh IOTeHUmayioB. IIpu
TMOTIalaHUM YacCTUIIBl B JIETEKTOP B rase obpasyeTcsa HEKOTOpoe
KOJIMYeCcTBO MOHOB. IToa geiicTBueM pasHOCTH ITOTEHIIHNAJIOB MEX-
Iy KaToJOM ¥ aHOAOM BO3HHMKAET MMIIYJbC TOKA, IIPOTEKAOIIETO
10 COMPOTHUBJIEHU0 R. AMIINTYZa 9TOT0 MMIYJIbCA IIPOIOPILIUO0-
HaJbHA YHUCJY UOHOB, YUYaCTBYIOIIUX B ero 06pa3oBaHMY, ¥ 3aBU-
CHUT OT HAIIPAMKEHUS.

Honusupyomasn
qacTUIa

Karon R H

+ || - QJIEKTPUUECK I
l CUTHAJ

Puc. 29.3. IIpuHumnuaabHas cXeMa MOHU3ALUOHHOrO AeTeKTopa
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He npousBogsi geranpHOro aHanausa paboThl 9TOro JeTEKTOpa,
OTMETHUM, UYTO [0 aMIIUTYJE SJEeKTPHUYECKOr'0 CHUTHAJIa MOXKHO
CYZUTH 00 S9HEPTUH MOHN3UPYIOUINX YACTHIL, & [I0 YHUCIY UMITYIb-
COB — 00 X KOJIMYECTBE.

HeTekTrpoBanue POTOHHOrO M3JIYYEHUA W YACTUL, HOHUIAIH-
OHHBIMHU JETEKTOPAMH IPOU3BOAUTCA IIO CTEIIEHHM HMOHUBAUUUA B
onpeneieHHOM 00beMe BeliecTBA. PeHTreHOBCKMe U Y-KBaHTHI,
uMewinue GOJBINYI0 IJuHy mpobera B rase, B HeGONBIIIOM ero
ob6beMe peIKo MPOM3BOAAT MOHM3anuio. OHU IPerMYILIECTBEHHO
BBIOMBAIOT 3JIEKTPOHBI U3 ATOMOB BEIIECTBA CTEHOK TPYOKHU, KO-
TOpBIE, IIOIAasA B ras, €r0 HOHUSUPYIOT.

Cyunmunnayuonnvie demexmoput (puc. 29.4) oCHOBaHEI Ha
peT¥CTpany BCIBIIIEK CBETAa, BO3ZHUKAMIMX IIPH MONaJaHUK
Ha BEIeCcTBO (CUMHTUJILIATOP) MOHUBUPYIOMUX usnyueHuil. [Ipu
B3aMMOJEHCTBUU CO CIMHTUJIJIATOPOM HOHUSUDPYIOIHE H3JIyde-
HUA TIOPOYKAAIOT €ro BUAMMYIO JIOMHHecHeHIUuoo. C moMomiso
YyBCTBUTEJIBHBIX (DOTOIJEKTPUYECKUX YCTPOICTB ((hoTOyMHO-
JKHUTEeJIeH) CBeTOBbIe CUT'HAJIBI IPONOPIMOHAIBHO IIPeo0pasyrTcs
B 9JIEKTPHUUECKHE ¥ 00pabaThIBAIOTCA C IIOMOIILIO 3JIEKTPOM3Me-
PHUTENbHOH TeXHUKK. B meTekTopax HeOOJIBIIINX Pa3MepPOB CIUH-
THUIJLIISITOPHI HAHOCATCS. HEIIOCPeACTBEHHO HA KaTok (hOTOYMHOMKU-
Tessd. B psage ciyuaeB MexIY CUMHTHIIATOPOM U (POTOKATOAOM
MOMEILAI0T CBETOBOJA. AMILIUTYAa JJIEKTPUUECKOI'0 CHTHAJa
(GOTOYMHOKHUTEISA MPOIOPIHOHAIbHA WHTEHCUBHOCTH CBETOBOH
BCIIBIIIIKY, KOTOpas, B CBOIO OuYepelb, IIPOIOPIHOHAJIbHA JHEP-
ruu yacTunbl. [loaTromy, BeIOpaB A KaKAOr0 BUAA UIJIYUYEHUH

Honusupyomiue usjaydeHns
WJIM YaCTHLIBI

DOTOHBI
IJIEKTPOHBI

ONeKTpUYeCcK it

> curgan

Karoa hOTOyMHOMUTENSA
Cuunrunnarop CBeToOBOA

Puc. 29.4. ITpuHnNnuaabHas cXeMa CIUHTUJIALKOHHOIO JeTeKTopa
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COOTBETCTBYIOINE CIIMHTUJIATODPBI, MOYKHO OIIPENEJIATEL dHEPTe-
THYECKHe CIIEKTPhI U3JIyUYeHUH.

Ipunyun deticmeun ¢pomozpaduieckux demexmopoé 0CHO-
BaH Ha TOM, UTO CTeleHb ITOUePHEHUS NO3UMETPUYecKoil (oTo-
IJIEHKY B HEKOTODPOM AHAalladoHe IMOYePHeHU IIPONOPIHOHAIbHA
JKCIIOBUIIMOHHOM J03e.

PaccMoTpuM Temephr 0coGennocmu Oemexkmupoeéanus pas-
JIMYHBIX MOHUBUDYoOUINX yacTu (puc. 29.5).

O,~YaCTUILEI
B-uacTHIBI

Y-KBaHTHI

HetexTop
O6BexT

Puc. 29.5. OcoGeHHOCTY A€TEKTUPOBAHUA YaCTHUI U Y-KBAHTOB

Haubonee cioxkHa peructpanms o-idacmuy. ITO CBA3AHO C
MaJIoif AJIMHOI mMX mnpobera B Bel[eCcTBe — IOPALKA HECKOJIb-
KHX MHKPOMETPOB. II03TOMY CTEHKM HETEKTOPa TOJKHBI OBITh
KpaliHe TOHKMMHM, YTOOBI O-4aCTUI[hl MOIJIM IIOIAacTh B pabouee
BEILIECTBO, BBIZBATH €T0 MOHM3aIn U0 M OGYCIOBUTH IIOCIEAYIO-
mnee (OPMUPOBAHUE 3JIEKTPUUYECKOr0 HMIIyJibca. EcTecTBeHHO,
YTO MPU KMCCJEJOBAHUU PASMOAKTUBHOCTH PA3JINUYHBIX 00'BEKTOB
o-M3JIyUeHUe MOXKET ObITh 3aperucTPUPOBAHO JHUIIDL ¢ UX TOHKO-
ro MOBEPXHOCTHOTO ciod. IlosTomy Heobxommma crenuajbHas
MOArOTOBKA 00PasioB AJIA HCCIelOBARUSA (U3TOTOBIEHNE TOHKHUX
Cpe3oB, pacTBOPEHNE, HaHeCeHNe HA MOIJOMKKY U IpP.).

Ierektuposauue P-uacmuy, ob6aagaoux OoJbIIEH [IJu-
HO# mpoGera, HeCKOJBbKO Ipomie, OgHAKO HALO0 UMeTb B BUAY,
4yTO AJMHA mpobera P-yacTul, 3aBUCUT OT MX dSHepruu. Ilosro-
My OOHADPYXHTH [-UacTHIIbI, BOZHMKAOIHE IIPU pacmajie lgg Cs,
1IpoIIie, YeM IIPH pacaze gg Sr , DOCKOJBKY MaKCHMAIbHAS SHEPTUSA
rnocjaezHUX HAMHOTO MEHBINE, U JaHHbIe B-4acTUIBl TPAKTUYECKU
MOJIHOCTHIO HOrJIOIAIOTCA MHWJLIMMETPOBLIMU CJIOSMU BelllecTBa.
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HauGoJiee 1pocTo feTeKTUpYyeTCs y-U3lyderue, BOSHUKAIOIEe
IIpY PaJMOaKTUBHOM pacnaje, Tak Kak y-KBaHTHI 06/1a4a10T 60J1b-
wo# ajguHo# npobera. OHM MOryT OBITH 3aPETUCTPUPOBAHDI AaXKe
B TOM cCJly4ae, KOTAa M3JIydalollne UX PaAMOHYKJIMABl PACIIOJO-
JKeHbI INTyDOKO BHYTDH HCCJIeAyeMOoro obpasla.

Tak, npu pacnajge 12;1 3a eIVHUILY BpeMeH! BO3HUKAaeT
60JIBIIIOE YHMCJIO Y-KBAHTOB BBICOKOU 3HEPrHHu (aKTHBHOCTH BbI-
COKa HM3-3a MaJioro mepuopa moaypacmaza). Ilostomy aerekTu-
pOBaHUe Y-U3JIY4EHUsI 5TOT0 PAJUOHYKJINWAA, HAXOAAIIErOCs B
OKpysKarollleil cpeje MIH BHYTPU OpraHW3Ma, HE LPeACTaBJseT
TeXHUYECKUX cJIoKHOcTel. Perucrpamus y-kBauToB, obpasyio-
muXcsd Ipu pacnaje 12; Cs, Tak:Ke He BBI3BIBaeT 0COOBIX TIPOGIEM.

[1a oneHKY cTelleHU PafgHAIllMOHHOTO 3aPaKeHUs Cpeabl U Op-
raHu3Ma Ba KHO 3HATh HE TOJBKO OOIIYI0 aKTUBHOCTh, HO U pa-
JUOHYKJUIAHBIA COCTAB DAfMAIlOHHOTO 3apasKeHus, T.e. 3HATh,
KaKue KOHKPEeTHO DaJMOHYKJIHUIbI er0o 00yCJIOBINBAIOT ¥ KAKOBO
KOJIMYECTBEHHOE COOTHOIIIEHNE MX COJAEpP’KaHus B cpele M opra-
Hu3Me. g y-aKTUBHBIX PaZIUOHYKJNJ0B 5Ta npobieMa pellaeT-
Cs U3MepeHNeM dHepreTUYeCcKOoro CIeKTpa y-u3JydeHus — 3aBU-
CHMOCTY €ro MHTEHCHUBHOCTH OT dHEePruu y-KBaHToB. Kaygomy
PaJUOaKTUBHOMY MPEBPAIEHNIO TAKUX PAJUOHYKJIUIOB COOT-
BETCTBYeT CBOil HA0Op y-KBAHTOB BIIOJIHE OIpe/leJIeHHBIX 3HEP-
TUil — SHepzemuuecKuil cnexkmp.

IIpu6ophl, ¢ MOMOIIBI0 KOTOPBIX M3MEPSAIOTCH CIEKTPBI raM-
Ma-U3JIyUeHUsA, HAa3bIBAIOT y-Cnekmpomempamu.

29.4. Ao3umerpuyeckue npuoopbl

Hosumerpudueckue Opubopbl — YCTPOMCTBA JJIA U3MEpPeHUud
03 MOHUSUPYIOUINX HBIYYEHUN UIH AKTHUBHOCTA O00BEKTOB, CO-
JepsKanux PajuoHyKIUABI.

Onu noapaszessioTcsA HA JO3UMETPHI U PaJOMEeTDHI.

Hdo3umempost — npubOpHI, IpelHa3HAUEHHbIE AJA H3MePEeHNA
O3Bl (ITpe:KAe BCEro SKCIO3ULMOHHON). osumerp cocTour us ze-
TEKTOPA ¥ BJIEKTPOHHO-M3MEPUTEIBHOTO YCTPOHCTBA. JJIEeKTPOHHO-
H3MEPUTEJIbHOE YCTPOHMCTBO OCYILECTBJISET IIpecOpa3oBaHue CUTHAIA
neTexkTopa B hopmy, YAOOHYIO [IJIsl MOCAEAYIOIIEeH perucTpaiyu.

PaccMoTpuM NPHHLWI YCTPOMCTBA pacnpoCTPaHEHHBIX KOH-
Oencamopnbvix Oo3umempos (puc. 29.6). OCHOBHON MX YaCTBIO
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Puc. 29.6. IlpuHnunuansLaasa cxeMa KOHAEHCATOPHOI'O JO3UMeTPa

ABJIAETCA MOHM3ALIMOHHAA KaMepa, 3aIlOJJHEHHAA BO34YXOM IIPHU
aTMocdepHOM MM IOHMKEHHOM AaBJjeHum, pabouum obremom V.
B rkamepe pacnosaramores saeKTPOLbI, IPEACTABIAIONYIE, B IIPO-
CTeHIlIeM cJiydae, HJIACTHHBI IIJIOCKOTO KOHAEHCATOpAa. OTH DJIEKT-
poabl Iepes HauaJoM HUCIIOJb30BaHUA AO3NMETPA 3apAKAITCA A0
pasHocTH noreHuuajgos U; u npuobperaior 3apsaj ¢,. llox peiic-
TBHEM HOHH3HUPYIOIIEro H3JyueHusa B KaMepe 00pas3yroTess HOHBI.
H3-3a umMeroliencs pa3HOCTY MOTEHIIMANIOB B KaMepe BO3HUKAET
TOK ¥ PA3HOCTh [MOTEHIIHAJIOB MEXAY IIJIACTUHAMY KOHAEHCATOPA
YMEeHbIIIaeTCH OT CBOET'O ITepBOHAYAJLHOTO 3Hauenus U, no U,, a
3apsax — X0 3HAUYEHUA (,. VI3MeHeHHe 3apsAja CBA3aHO ¢ MSMEHE-
HUEM Pa3HOCTH IIOTEHIHAJIOB uepe3 eMKOCTb KoHaeHcartopa C:

g1~ 92=Aq=C(U—U,).

ITockonpKy yMeHbIIEHHe 3apsja KOHAEHCATOpa 00yCJOBJIEHO
CYMMapHBIM 3apALOM MOHOB OZHOTO 3HaKa, 0OOPa30BaHHBLIX B BO3-
Jyxe ZelicTBHeM MOHM3WPYIOIIEro U3JyuyeHHUsd, TO 9KCIO3UIIAOH-
Has 2032
_Ag_CU, -U;)

m pV

X =k(U,-U,) = kAU,

rae m — Macca BO3AYXa; p — IJIOTHOCTHL BO3ayxa; V — mocro-
SAHHBIA 00'beM BO3LYyXa B Kamepe. ITH IIOCTOSHHBIE BEJIUUHHBI
obvenuueHbl B KoagduuueHt k, ycTaHaABIUBAEMbIll IIPU TI'Paxy-
UpoBKe IIpudopa.

Tarkum o6pa30M, 9KCHNO3UIITMOHHAaA [03a IIPONOpPUMOHAJBbHAa
M3MEHEHNIO HaIPpAKEeHUA AU n orpejeJideTcd Mo AByM 3HaAYEHUN-
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M HaNPS)KEeHUS — IIPU 3apAAKe U IocJje 00JyuyeHUusa B TeuyeHue
HEKOTOpOro BpeMeHu. I'paayupyior mpubopsl cpasy B eIMHUIAX
9KCHO3UI[MOHHOM A03bI.

WUnauBuayanbHbie KOHJEHCATOPHBIE JO3UMETPHI UCIOJIHIIOTCA
B BUJle MUHHATIOPHBIX YCTPOHCTB (Hanpumep, B BUAE IUJIUHAPU-
YeCKOro KOHJeHCATOpa Pa3MePOM C aBTOPYUYKY) M MO3BOJIAIOT OII-
PefenaTh MHAUBUAYAJIbHbBIE N03bI, TOJyUeHHEBIe IEPCOHAIOM, Pa-
60TAIOINMM B YCJIOBUAX BHEIIHEr0 PAAUAIIIOHHOTO O0JYUEHU.

HamepeHne MOIIHOCTH 9KCIIO3UIIMOHHOI M03LI OCHOBAHO HA
ompeeeH’H € IIOMOIIBIO COOTBETCTBYIOUINX 3J€KTPOHHBIX CXeM
U PETHCTPUPYIOIIUX YCTPOMCTB CHUJILI TOKA | B MOHU3AIMOHHO
KaMepe, IMOJYIPOBOAHUKE (AJs IOJYIPOBOIHUKOBOI'O JETEKTO-
pa) uiu ToxKa (POTOINEKTPUYECKOr0 MPUEeMHUKA (A CUUHTHI-
JNANMUOHHBIX JeTEKTOPOB). ITO CAEAYET U3 TOTO, YTO MOIIHOCTBH
SKCITO3MIIMOHHOM 1035l (cM. 29.2) '

x-4X _de _ I,
dt mdt m

UsmepuTesu MOITHOCTH 9KCIO3UIIMOHHOM 03Bl I'PaAyUPYIOT-
ca yame Bcero B MP/4 unu mrP/c.

IloguepkHeM, YTO MO3WMMETDHI IpefHA3HAYEHBI JIJIs H3Mepe-
HUA 3KCNO3UIIMOHHOM 03I B BO3[yXe, IIO3BOJISIOT KOHTPOJIUPO-
BATb YpPOBeHb (D)OHA PEHTTEHOBCKOTO U Y-M3AYYEHHUS U HE MOTYT
MIPUMEHATHCS JJIA KOHTPOJISA CTEIEHN PAAMAIMOHHOM 3arpA3HEH-
HOCTH IHIIEBLIX TPOJYKTOB U OPraHU3Ma.

Paduomemps. — upubopbl AN H3MepPeHUA AKTHUBHOCTH.
ITocKONBKY aKTMBHOCTL ONpEAesiseTcs 4YKCJIOM aKTOB pacmajaa
33 eJMHHUILY BPeMEHU, TO B PAJUOMETPAX OCYILECTBIAETCH CUET
3JIEKTPUUYECKUX MMIIYJIbCOB, BEI3BAHHBIX MOMIAJaHUeM HaCTHI] HA
JeTeKTOop 3a oIpeAesieHHOe BPpEMH.

PaccmorpuM mo/ipo0Hee pacipoOCTPaHEeHHBIH c1toco0 onpexesie-
HUA yAeabHOH 00BeMHOHN MJIM MacCOBOU aKTHBHOCTU IPOAYKTOB
nuTanud. JJeTeKTophl paguoMeTpa U IOMellleHHbIe 1101 HUMU HC-
cieayeMble 00BEKThI PACIIONATa0TCA B KaMepe ¢ TOJICTHIMU CBUH-
IOBLIMKA CTEHKAMM, TaK KaK Jake IIPU OTCYTCTBUM B M3Mepse-
MOM 00'beKTe PAJUOHYKJINAOB Ha JETEKTOP pPagruoMeTpa MoIafaloT
HOHM3UPYIOIINe YaCTUIILI U3-3a UMEIOIIErocs ecTeCTBeHHOro (hoHa,
OT KOTOpPOro Heo0XOoAMMO dKpaHMpoBaTheA. [Jo Hauayma usMmepe-
HUH paguoaKTHBHOCTH O0BEKTa B KaMepe He0oOX0AUMO U3MEPUTH
HaYaAIbHYIO0 (OHOBYIO aKTUBHOCTE C IIyCTOM MU3MEPUTEJIBHOI KIOBE-



29.5. EctecTBeHHbI paAMaumnoHHbIi doHA, PoHoBOE 0BAyHeHne yeroBeka 545

Toit. JlomycTum, 4TO 3a BpeMd t; CUETUHK PaJHMOMETPa MIMOKAa3bl-
BaeT YHCJIO UMITYJILCOB (POHOBOM aKTHUBHOCTH N,. 3aTeM u3Mepu-
TeJbHadA KIOBeTa, uMeroImasa cTporo GUKCUPOBaHHBIN 00beM, 3a-
MOJHAETCA UCCAefyeMbiM npoAaykToM. omycrum, 4uTo 3a BpeMsd
u3MepeHUl t, CUeTUYUK IIOKAa3bIBaeT Telepb YUCJI0 UMNIYJIbCOB N,.
Ecnu Bpemena t; u t, 0ofMHAKOBBI, TO aKTUBHOCTD IIPOZYKTA TEM
foibize, yeMm Oosiblille pasuuia N, — N,. Pacuer yaenbpHO# 06peM-
HO#M aKTUBHOCTH (4,) mpoussoauTcs Mo dopmye

A, = Nz/tz -N /4
pP

rge koahdunrenrom P yuurbiBaeTca o0 beM U3MepsieMoro 00beK-
Ta& U YYBCTBUTEJBHOCTH PagMOMeTpa K M3JYy4eHUIO cMecH paju-
OHYKJIKIOB B mpobe.

I

OTMeTHM, UTO ONMCAHHAA METOAUKA ONpPeAeeHUs] aKTHBHO-
CTH He ABJsieTcs efUHCTBeHHON. Moaudukaiuii mpubopos U Me-
TOZOB JOBOJBHO MHOTO.

Paduomempus enympennezo o6ayienus naubonee shdexTus-
Ha IS Y-U3AYYaloIUX DaguoHYKJINAoB. Ux maeHTHhUKaMIO,
HaKOIlJIeHWe, BHIBEAEHNE U ONpeaesieHe HHAUBUAYAJIbHON 1035l
BHYTPEHHEro o0JIydeHUus OCYIIEeCTBJIAIOT C IIOMOIILIO Y-CReKmpo-
Mempos uaryienusn wenoéexa (CHU).

Hawubosee pacnpocrpanestsle yeranosku CYY muoroueneso-
IO Ha3HAYEHHUS COCTOSAT 13 CTAJIbHOM 3alMTHON KOMHATHI, Habopa
CUMHTU/LIAIUOHHBLIX CHEKTPOMETPHUYECKUX AETEKTODPOB, PETHCT-
pUDPYIOIel annapaTypsl, Kpecja ¥ HOCUJIOK [JJS ITOMEeNeHUa Uc-
ciesyemMoro nanuesHta. MIyjabcsl OT AETEKTOPOB MOCTYMAIOT HA
MHOTOKaHAaJIbHBIHM aHAIN3aTOP, € TOMOIIBI0 KOTOPOTO BEIIEIAIOTCS
CUTHAJIbl, COOTBETCTBYIOIAE Y-KBAHTAM OIIpejesIeHHON DHEPTUH.
Ilo sHeprum y-KBaHTOB OIPEAENSIOT BUA DaJHMOHYKJIHNJOB, a IO
KOJIMYECTBY UMITYJILCOB CYJAT 00 MX KOHIEHTPAllUY B OpTaHU3MeE.

29.5. EctecTBeHHbIVi paAMauMOHHbLIA (DOH,
¢oHoBOE 00AYueHUE HeroBeKa
Ecmecmeaennvim paduayuonnvim ponom HA3LIBAIOT HU3JIyde-
HHe, co3xaBaeMoe KOCMUYECKUMH JjJydaMy ¥ €CTeCTBEHHbIMU pa-

IUOAKTUBHBIMMI BeIl[eCTBAMU, COAEPIKANIUMUCH B OKPYKaroleit
cpelle U TeJjie 4eJIOBEKA.

35-5281
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PaccMoTpuM KOMIIOHEHTBI (POHOBBIX WCTOYHMKOB HMOHU3UPY-
OIIUX U3AYUYEHUU U UX BKJAJL B GopMUpoBaHNE 3PHEeKTUBHONI
9KBUBAJIEHTHOM A03bI (DOHOBOTO ODJIYUEHUA UEJOBEKA.

Ba)KHBIM MCTOYHMKOM BHEUIHEro O0JIyUeHUA SABJAETCHA IIONa-
Jamplnee B aTMochepy 3eMJu KocMUuUYecKoe U3JydyeHune, KOTOpoe
nojapasjenseTcs Ha IepBUYHOE u BTopuYHoe. ITepsuiHnovie Kocmu-
yeckue AYil COCTOAT, B OCHOBHOM, M3 IPOTOHOB W O-UACTHI] BBI-
coKux sHepruii (1o 10'* MaB), nmonazamoIux B 3eMHYI0 aTMocde-
Py 3 KOCMHUUYECKOT'0 IIPOCTPAHCTBA U IMIPOHUKAIOIUX A0 BBICOTHI
okojio 20 KM Hang ypoBHEM MOps. B pesyabTarTe mx B3auMogeic-
TBUA C ALpPaMM aTOMOB, BXOAAIIUX B COCTAB 3eMHOIT aTMoc(epsl,
obpasyeTcs BTOPMUHOE KOCMHUYECKOE H3JIyueHUe, NOCTUTaolee
IMOBEPXHOCTH 3eMJIH U CoAeprKalliee MPAKTHUYECKH BCe U3BEeCTHRIE
aJIEMeHTapHBIE YACTUILILI.

Ouenky apHPeKTUBHON SKBUBAJECHTHOM [03bl, IOJIyYaeMOil dye-
JIOBEKOM Ha YPOBHE MOPS 34 CUeT BO3JeHcTBUA KOCMUYECKHUX JIY-
yel, 1aroT ee 3HaueHne okoao 0,31 m3B B rog. 9ty gamHble (Kak
U IPUBOAUMbBIE HUKE) OTHOCATCA K CPEIHEMUPOBBIM U OMyOJIH-
kKoraHbl HayunbiM Komuterom OOH mo meiicTBUI0O aTOMHOI pa-
muamnu (HKIAP).

B 3eMHOI KOpe CONEPIKUTCA PAJ AONTOMKUBYIIIUX PAANOHYK-
JUI0B, KOTOPBIE TP CBOEM Paciaje MOPOMKIAIT UOHUSUPYIOIHE
uanyuenusa. [IpogyKTel uX pacnaja TakKe PagUOaKTHUBHLI, IIPU-
ueM UX IIepPUOJ MoJIypaciaza MeHbille, 8 aKTUBHOCTb OOJIbIIe, U
BKJI4J, B €CTECTBEHHBIH PAJUOAKTUBHEBIN GoH elle Boile. Kpome
TOTO, IIOJ JAefiCTBUEM KOCMHUUYECKUX Jydeil B aTMocdepe obpasy-
I0TCSI KOCMOIreHHbIe paiuoHYyKJIuAbl. B peayabraTe G6osee 60 pa-
OIUOHYKJAKAOB, cojep:alnmxca B Ouochepe 3emau, yBernuusa-
10T (DOHOBYIO 103y BHelllHero objyuenusa B cpexuem go 0,65 m3B
B rozx. EcrecTBeHHO, UTO 3TOT (POH CYIIECTBEHHO OTJHYAETCS B
PasJaMyYHBIX yYyacTKaxX 3eMHOIO IlIapa M 3aBHCHUT OT COCTaBa I'op-
HBIX IIOPOJ, IOYBbI, HANUYUSA BYJKAHUYECKUX BBIOPOCOB M T.II.
CpegHssi MOIHOCTH (POHOBOM SKCHO3UIIMOHHOM [03bI HA TEPpHU-
Topuu Bemapycu cocrasiaser B Hopme 10-12 MgP/4.

Brnympennee obnryuenue deloBeKa CO3LA€TCS PafUOHYKJHU-
JaMy, IOCTYIAIUIUMH B OPraHM3M C BO3AYXOM, BOJIOH W IU-
mei. Cpean ecTeCTBEHHBIX PaJMOHYKJIUIOB HamboJsbliiee 3HA-
yenne uMetor K, C, ?»Ra, ?*°Rn, #?Rn. CorsacHO oleHKaM
HKIOAP, shhekTrBHAA SKBUBAJEHTHAS 1034 BHYTPEHHEro 00-
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Jy4YeHUS OT €CTEeCTBEHHBLIX MCTOYHUKOB 3€MHOIO IIPOHUCXOXKIE-
HUS BABOE BbIIIE, YeM BHeIIHero, u cocrasiser 1,35 m3B B roa.
Taxkum obpasoM, cpegHemupoBasd CyMMapHasd SKBUBAJIEHTHAaA
1032 OT eCTeCTBEHHBIX MCTOYHMKOB PAaAUAIlY COCTABJASAET 2 M3B
B roj.

IIpousBoacTBeHHAA [eATeJbHOCTh UejioBeKa (M3BJeuyeHHe M3
HeIDp 3eMJIM IOJIE3HBIX HMCKOIAeMBbIX, [IPOU3BOACTBO MHHEPAJIb-
HBLIX yAOOpeHUH, CKUraHWe TOILJIMBA M Ap.) YBEJIWYUBAET B OK-
pyskaroileil cpeie KOJMYECTBO €CTECTBEHHBIX DPAJUOHYKJIUAOB U
HCTOUHNUKOB MOHUBUPYIOUUX HINYUeHU. BOBHUKAeT mexHozen-
HO U3MEHEeHHbLU ecrmecméeHnbill PAOUAUUOHHBLIL (POH, TIOA KO-
TOPBIM HNOHUMAIOT A03Y OBJydeHUs, 00yCJOBICHHYIO0 VKa3aHHOM
X035ICTBEHHON AEATENbHOCTHIO. B HEro He BKJIIOUAIOT yBeJnye-
HUe [103bI OOJyUYeHMHs, NMPOMUCXOAsAINee H3-3a WCHbITAHUI sgep-
HOTO OpY:Kus, paboThl MpeJOpPUATHNH B ALepHON sHepreTuke, a
TaKIKe NPUMEHEHHE B MEAUIIMHCKHUX I[eJX PEeHTTeHOBCKUX U
PaAUOHYKJIUAHBIX METOAOB AUATHOCTUKU U Tepaliu.

IIpumepbl KOHKPETHBIX 3HAUYEHWUH 103, MOJYyYaeMbIX II0 He-
KOTOPBLIM TIPUYMHAM HOPU OONYUEeHVWU BCETO TeJa, TPUBEIEHBI B
Tabx. 29.2.

CpenneMUpPOBLIe 3HAUCHUA MHANBUIYAJIbHON SKBUBAJCHTHOU
03I 00JIyYeHHA BCEro TeJia MU3-3a IPOU3BOACTBA MEAUIIMHCKUX
npoueayp ouenuBaiorca B 0,4 M3B/rom, 4TO COCTABIASAET OKOJIO
20 % ecrecTtBenHoro ¢oHa. EcTecTBEHHO, YTO 9TOT NOKAa3aTelb
CUJIBbHO OTJIMYAETCA B PA3JIMUYHBIX CTpPaHaX.

Tabauuma 29.2

Cpenusast MOIIHOCTH 9KBUBaJIEHTHON
103b] 00Iy4eHus BCEro Tesa, MK3B/4

HcTouHuk HU3JIyYeHUudA

Ioner Ha camoJieTe Ha BbICOTE 8 KM 1,35

IIsernoit Tenesusop ¢ IAJIT =ma

PAacCTOSAHUU:
5 cM OT 9KpaHa 100 .
250 cm or axpaHa 2,5-10

Paiion MoOIIHON TemjoBOH 3JEKTPO- 0,6-10°

cranuuu paguycom 20 km

35%
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29. AO3UMETPUA NOHU3MPYIOLLMX U3AYHEHMNIA

10.

11.
12.

13.
14.
15.

16.

17.

KOHTpO/\beIe BOMPOCH!I U 3aAaHUA

YT0 TaKkoe SKCMO3ULMOHHAA A03a udiIydeHNs? KaKkoBbl cCUCTEMHBIE
U BHECHCTEeMHBIE eAUHUIbI €€ u3MepeHus? BriBeaure CBA3L MEXKLY
3TMMY €SUHUIAMH.

Kak cBfA3aHbl paccTOsiHHME A0 Y-UCTOYHUKA, AKTHBHOCTDL Y-U3JIY-
YAIOIUX PAJUOHYKJINJOB M MOIIHOCTb SKCIO3UIIMOHHOM HO3bI?
YT0 Takoe TIOrJIoIIeHHAasA 1034, €€ MOIHOCTE? YKAKUTe CUCTEeMHBIEe
¥ BHECHCTEMHBIE eNNHUILI U3MEPEHMA, CBA3b MEXKAY HUMU.

Yt0 Takoe oTHOCHUTENbHAA 6uosornueckas 3pGHeK TUBHOCTD H3JIyte-
HuA? YTo TaKoe sKBUBaJEeHTHAdA N03a? B KAKHX eAMHMUIAX H3Me-
paerca?

Kak paccunrniBaercs s@dpeKTHBHAA SKBUBaJeHTHan no3a? Urto ona
XapaKTepusyer?

Yro Taxoe Koadpuuuent paguanuonsoro pucka? Kaxue opravsl u
nouemy oGyazaoT HaUGOJBIINM 3HaUeHHEM KoaddunueHTa pagua-
IIMOHHOTO pucka?

Yro onpesendeT KoMIeKTuBHAA 9hheKTHBHAA DKBUBAJIeHTHAA 103a?
CocraBbTe ¥ pemute guddepeHINaIbHOEe YPaBHEHME, ONMCBIBAIO-
mee M3MeHeHWe aKTUBHOCTH DAJUOHYKJHNJOB B OpraHuaMe IPU UX
OAHOKDATHOM MOCTYILJIEHUH.

Honyuute dopmyay maas pacuyera 3KBHUBAJIEHTHON H03BI B opraHe
NpH OJHOKPATHOM IOCTYILIEHUH PAAMOHYKJIUZOB B OPTaHU3M.
Kaxue GaxkTopsl ¥ KaK BAXAIOT HA BeITUYUHY S9KBUBAJIEHTHOMN NO3BI,
MOJiy4aeMoi CO BpeMeHeM OT DaAUOHYKJIHNZA, OLHOKPATHO IIOCTY-
TUBIUEr0 B Opraunuam?

KaxoB npusuun paboThl MOHU3AIUOHHOr0 AETEKTOpA U3AyHeHuH?
Yro TaKoe 3HepreTrYecKue CIIeKTPh! y-uaaydenuii? Kakoso ux 3xa-
YeHUe AJIST ONpefesieHNsl PafuOHYKJINIHOrO0 COCTaBa pagUaluoOHHO-
ro 3arpA3HeHus?

IloueMy o-4acCTHIbLI PErHCTPUPOBATD CIOMKHEE, UeM Y-KBAHTHI?
YeM pasianyaroTCs II0 CBOEMY HA3HAYEHUIO NO3UMETPHI M DPaguo-
MeTpbl?

Kakywo nadopManuio 1 KaK IOJIYyUYaOT IpKU 00CIeOBAHNHN TIaleH-
Ta ¢ IOMOUIBIO CIIEKTPOMETPOB u3ayuyeHuil yemosexa (CUI)?

W3 KaKUX OCHOBHBIX COCTABJIAIOIINX CKJIAABIBAETCH €CTECTBEHHBIN
pazuanuonuslii pon? KaxoBa B HOpMe ero MOIIHOCTb Ha TEPPUTO-
puu Benapycu?

KakoBa cpejHeronoBas dKBHBaJEHTHAs [03a OT eCTECTBEHHBIX HC-
TOYHUKOB paguauuu? oT MeJUIMHCKUAX Ipoueryp?
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