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IIPEAUCJIOBHE

Buobnauxa kak yuyebHaa AUCIMUNINHA AJIS TOATOTOBKH CIIEMAA-
JucToB-0MO0MN3NKOB pasIUYHOro IpoduiIsa npenogaercs yxxe 6oJiee
40 net. B HacTosIlee BpeMs 3Ta JUCIUILINHA HAPALY ¢ ApyruMu (Mo-
JIEKYAsipHasa 6uoaorus, 6uoxumMus, GU3NOJIOrUA U Ip.) cTana 6asoii
dbyEIaMeHTaAbHOTO Kypca HayK O »KN3HU. B a3ToM KauecTBe 6nodu-
3HKa CTAHOBUTCA HEOOXOAMMOM NJIA CIeINaJuCcTOB-He6nohu3NKOoB,
cpeiu KOTOPHIX MeAHUKH, GapMaleBThl, CIEIIUATHCTEI CEJIbCKOI0
x03a#icTBa, BeTepuHapuu u Ap. Buohnsnka B mociefHee BpeMs IIpe/-
CTaBJIfAET HHTEPeC U A HeKOTOPHIX r'YMaHNTAPHBIX CIIeIINAJIbHOC-
Teii. B ¢BaA3U ¢ 3TUM oueBMAHA HeOOXOANMMOCTDL IIOATOTOBKN KOMII-
JeKTa yu4eOHBIX mocobni mo 6nodusnKe, OPHEHTHPOBAHHOIO HA
CHEeLMAJIMCTOB B 00JIaCTH HAYK O SKHSHU, KOTOPHIE B JaJibHEeHImTeM He
OyayT npodeccuoHalbHBIMU GHODHU3UKAMH.

B cooTBeTCcTBHH ¢ AeHCTBYIOMIMMHE yUeOHBIMH IIJIAHAMH MU IIPO-
rpaMMaM¥u MecTO 6MODHUIUKYK OIIpejieIeHO Ha MJIAAIONX Kypcax U
OHA MMeeT, KaK IIPaBHUJIO, OrpaHNYeHHLIH 00'beM uacoB. C yueToM
3TOTO 00CTOATENHLCTBA HEOOXOANMO TOUHOE OIpeAeeHNne MHUHH-
MaJIbHOHM 6a3bl AJIA YTeHHUs Kypca M TeCHOH HHTerpanmum Kypca ¢
nocJeAYVIOIIUMHY yueOHBIMY JUCIUIINHAMK. ONIBIT IPpenogaBaHUsI
Kypca OMOGHN3UKHN B MeJUIIMHCKOM By3e IIOKA3bIBAET, YTO MHHH-
MaJbHOH 0a30H JHUCITUILIHHLI MOT'YT OBITH BY30BCKHE KYPCHI QU3H-
KM, OMOJIOTHH, OpraHuYecKol XUMHuHU. [Ipu He06X0ZHUMOCTH IIpes-
JaraeMblii Kypc 6uohu3nKy MoKeT OLITH peasM30BaH Ha Oase
yriay0ieHHBIX IKOJbHBIX KYPCOB IO €CTECTBEHHBIM NpeJMeTaM.

B cooTBeTCcTBHH C peKOMeHIATUAMU MexaAyHapoOAHOTO COI03a IIPH-
KJIagHOH H YHCTOH Omodusuky, 6modpnsnka BKIOYAET B cefd Moe-
KYJAPHYIO OMOoGHU3NKY, 6MODHU3NKY KJIETKH U OMODHU3UKY CA0KHBIX
cucreM. Takasa rpaganusa ogHako ob6A3aTeIbHA A HAYUYHBIX HcCe-
JoBaHMI B o6sacTy 6MohNSHKHM, B TO XXe BpeMd IIporpaMma yueGHOI
JUCIIHIIJINHBEI MOKET OTJIMYATLCA OT YKasaHHBIX peKoMengainuii. B
mpeasaraeMoM yueOHOM KoMmmieKTe “Bunodusuxa” npegycMoTpeHa
OpHeHTanKsA Ha yuyeGHEIe JUCIIAILINHEI H3MOJIOrNIeCKOro, Npoduid,
O3TOMY OCHOBHOE BHUMAaHUe Y eJIeHO KJIeTOYHOM 6nodm3nke u 61o-
(bH3HKe CIOKHBIX CCTeM. BOIIpOCH MOJIeKYIApHOM 6H0GU3UKY Tpa-
IUIIAOHHO pacCMaTPHBAIOTCA B Kypce “Bruodbnsnyeckas XUMHUA .

JaHHoMy yueOHHKY IIpefIleCTBOBAMH 2 N3GaHUA yIeDHOro Io-
cobus «Buodbusuka» THX e aBTOPOB. ABTODHI CUUTAIOT CBOUM
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MPHUATHEIM A0JITOM BEIDASUTH GJIar0apHOCTh COTPYAHUKAM Kadea-
pBHI MeAUIIMHCKOH u 6monornyeckoii Gusuku MoCKOBCKOM MeaH-
nuHCKoi akagemun uM. .M. CeueHOBa, IPHHAMABIINM y4acTHE
B ILIOAOTBOPHOM O0CYKJAeHHH MATEDPHATIOB KHUTH.

Bo BpeM#a NOATOTOBKM KHMIH KO 2-0My M3AaHNIO 6€3BPeMEeHHO
yires u3 xus3an npodeccop B. M. Ilaceunnk. ABTOph! 61arofapHLI
BuxTopy IBaHOBHYY 3a TBODUECKOE COTPYAHHYECTBO B TeUECHHE
MHOTHX JIeT COBMeCTHOH DaboThl. IIaMATE 0 HEM MBI COXPAaHHMM B
HAIIIMX CepAllax.

OTaesbHEIE IJIABHI HACTOAINIEH KHUTM HAIMCAHEI CJIEAYIOIIUMH
aBTOpPaAMH:

Tnasa 1 — B.®. ArtonoB, C.A. Bo3HeceRCcKuii

TsnaBa 2 — B.®. AasTosoB, C.A. Bo3HeceHckHit

TnaBa 3 — B.®. ArTonoB, C.A. Bo3receHCKHii

Tsnasa 4 — A.M. Yepurm,B./A. Ilaceusuk

T'naBa 5 — C.A. Boanecenckuii, A.M. UepHsim

TsaBa 6 — A.M. Yepariur, B.®. Autonos

T'nasa 7 — A.M. YepHnim

T'saBa 8 — E.K. KosysoBa

TnaBa 9 — E.K. Kosniosa, A.M. YepHbIm

Tsnasa 10 — C.A. Bosmecerncknii, A.M. UepHnIn

Tnasa 11 — A M. Yepubin

TnaBa 12 — B./A. Ilaceynnk



BBEJEHHE

IIpenckasyemoe 6yayiiiee padsBUTHs €CTECTBEHHBIX HAYK CBHIE-
TeJIbCTBYET 06 0;KHAAEeMOM pacIBeTe B CJIEAYIOIIEM CTOJEeTHH HayK
0 'xu3HU. Ba)xHOe MeCcTO cpefy HUX 3aHMMAET 6uosorudeckad Gu-
3uKa. fABIfAsCE IPEeNMYIIeCTBEHHO GMOJIOTHUYECKOH HAayKo#M, mo-
CKOJIPKY OCHOBHO#M 00'beKT MCCJEeJOBAHUA HPeACTABJISAET CO00it
JKMBOI oprannam, 6uodu3nKa B IOJHON Mepe HCI0JIL3yeT YHUBED-
caJIbHBIH XapaKTep OCHOBHBIX (hM3MUYECKHMX 3aKOHOB M CTPOTOCTH
MaTeMaTHYIeCKHNX MOAXOAOB IPH M3YUECHHH IIPOLECCOB KU3HeAed-
TenbHOCTH., C yueToM 3Toro 6modmusmra MoskeT 6GLITHL olpefesieHa
Kak Hayka o HauboJiee. MpOCTHIX M QYHAAMEHTAJIBHEIX B3aNMOeit-
CTBHAX, JIEKAINX B OCHOBE 6HM0JIOTHUEeCKUX ABJIEHUIA.

Crnenmdura *KMBOTO BIepPBhIe NPOSABIAETCA HA MOJEKYJIAPHOM
YPOBHe CTPOEHUS OPraHNYecKoro MHpa. B cBoe BpeMs OCHOBaTeJIb
KBaHTOBOHM MexaHUKH J. IlIpenunrep B cBOeil 3HAMEHHTON KHUTeE
“Yro TaKoe JKU3Hb C TOUKH 3peHHusI GU3NKKN" BIepBble cCHOPMYIH-
pOBaJI U JaJl OTBET Ha PAJA BOOPOcOB 6modu3uKu. BeliIo moguepK-
HYTO, UTO C TOUKH 3peHUsa GUSHKH XKUBON OPraHU3M OTHOCHUTCS K
OMKPbiMbiM TEDMOJUHAMUYECKHM CUCTEMAM C HEIIPEPEIBHBIM 00-
MEHOM BEILIECTBOM H SHEpTrHell ¢ okpy:xkalomieii cpegoii. Ilopasu-
TeJIbHYI0 YCTONUYHMBOCTE YKMBOTO OPTaHU3MA B YCJIOBUAX MPHHITU-
nuajbHOH HepaBHOBECHOCTH NPOTEKAIOIIUX B HEM IIPOIECCOB
Ipeaunrep 06'bsaCHUI HEIPEPHIBHBIM OTTOKOM 3HTPOIIMHY U3 Opra-
HHM3Ma B OKPYIKAaIOIyIo cpeny. BTopoi Bonmpoc, BaKHBIN ¢ TOUKH
3peHus GUSUKHN, — moueMy Ji060i KMBOIl OpraHmusM COCTOUT U3
OTDOMHOTO KOJHYecTBa aToMoB? OTBETOM ABJAETCS YKa3aHWe Ha
TO, YTO CHCTEMA, COCTOAIIAA M3 HeOOJBIIIOro KOJIMYeCcTBa aTOMOB,
He MOXXeT ObIThH YIIOpALOUeHHOMH. JII0b6asa QayKTyalnusa B pe3yJjbTa-
Te TENJIOBOTO ABH KeHHA YaCTHL, JOJKHA 6bl1a OLI pas3pyLiaTh CHC-
TeMy, YTO He COBMECTHMO C »KU3HBIO.

CoBpeMeHHBIIH 3Tal pasBUTHA OM0MHU3NKH HAYAJICH, IO CYILIECTBY,
¢ BeIfaonuxcs oTrkpeiTuii JI. IlouHaroM npocTpasdcTBEHHOM CTPYK-
Typhl 6enka u . Yorcorom u ®. KpukoM 3HaMeHHTO#H CIIMpan
skusHY — ABoitHOH cnupaan [THK. IlociaenoBaTenbsHOe NDUMEHEHHNE
¢usryecKUx MeTOLOB U IPeACTABJIECHUH IIPH U3YYEeHUHN HATMOJIEKY-
JISIPHBIX MeMOPAHHBIX CTPYKTYD IIDUBEJIO K OTK PHITHIO MOHHOMH IIpH-
ponnl 6uosaexkTpuueckux ssiaeHni (A. XomxkuH, A. Xakcau,
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B. Karn, [x. Hkxic, P. Keitac). Kak oxasanocsk, KI0YeBYIO POJIb
' UrparoT MeMOpaHBEI B CONIPAKEeHUH OKHcIeHu ¢ hochopuiupoBaHu-
eM (II. MuTue), OCHOBHOI 3HEPTOCONPATAIONIEH PYHKIITUH MUTOXOH-
apuii, 6akTepuii u APyrux dmonorudeckux yactul,. B dorocunresn-
pyoouux mem6panax ObIJ PACKDPEIT MEXaHU3M MOJIEKYJISAPHLIX Te-
HepaTopoB Toka (P. Xy6ep, . Haiizeaxoddep, X. Muxensn).
Pacmugposana MoieKyIsipHasa CTPYKTYpa OAUHOUYHELIX HOHHBIX Ka-
HajoB (B. Cakman, 3. Heep). B 6uodusukKe CIOKHBIX CHCTEM ILJIO-
JIOTBOPHEIMHU OKa3aJHCh (GU3MYeCKHe HAeH TEPMOJUHAMUKH Ieobpa-
TUMBIX mporeccoB (M. IIpuroxun) u npeacTaBjIeHUsA O TUIIEPIIAK-
JIaX KaK ocHoBe sBosonuu (M. diiren). TOT JakeKo He HMOJHBIH
nepeyeHb JOCTHKEHUH, YAOCTOEHHLIX B pa3Hble roasl HobeneBekux
IpeMuii, IO3BOJIMI OTPEe/ieIUTEL TPH OCHOBHEIX HAIIpaBJIeHHA UCCJIe-
IoBaHUH B 00J1aCTH COBPEMEHHOH 6OMU3UKY — MOJIEKYJIADHAs GHO-
tusuka, 6MopU3NKa KJIETKH U OMODU3HUKA CIOYKHBIX CHCTEM.

OCHOBHBIMHU 00'BEKTAMH HCCIEAOBAHUS MOJLEKYIAPHOL Ouodu-
3uKu ABAAITCA QYHKIHOHAJbHO AKTHBHEIE BEIeCTBA U CDelH
HuX 6eJIKM 1 HYKJeUHOBLIE KUCAOTH. Buodusura xaemrxu nMmeeT
IeJIO ¢ HaAMOJIeKYJASPHLIMHU CTDYKTYDaMHU JKMBOH KJIETKH, CpeIu
KOTOPBIX 0C060e MeCTO 3aHMMAaIOT MeMOpaHHEIe CTPYKTYPHI KJe-
TOK M CYOKJIETOUHELIX YACTHUIL. Buouiauka ca0M¥HbLX cucmem pac-
CMAaTPHUBAET *KUBEIE OPTAaHU3MBI Pa3/INYHOTO YPOBHA OPTraHU3aIlu
¢ no3uIuit PU3HKO-MaTEeMaTHYECKOTO MOeTupoBaHusA. O6beKTa-
MH MCCJIeAOBAHUSA B 3TOM cJIydae ABJAIOTCSA COO0IeCcTBa KJIETOK,
JKUBBIE TKAHU, QU3NOJIOTHYECK e CUCTEMBI, Oy IAINA OPraHu3-
MOB.

ITocTpoenue Mojeseii ABJIsAETCA OXHUM U3 I'JIABHBIX 9TAmOB 6HO-
pusuueckoro ncciaeaoBanusi. FHuBoil opraHusM npeacTaBIAeT CO-
60ii upe3BHIYAMHO CI0XKHYIO CHCTEMY, He BCerja JOCTYIHYIO AJIsS
TOYHOTO (GHU3NUECKOr0o S9KCIIepUMEeHTa. B 9TOM ciayyae ILJIOAOTBOPD-
HEIM CTaHOBHUTCS MCIOJL30BaHUe GU3HMUECKHUX, AaHAJOTOBEIX H Ma-
TeMaTH4YecKnX Mojeneil. EcTecTBeHHas TPYAHOCTE TAKOT0 METOAA
MO3HAHUS KUBOTO MHPA COCTOUT B OIIPeJeJeHUN afeKBAaTHOCTH
MOJIEJI U B OLIEHKE CTelNeHH ee MPUGIMIKEHHOCTH K OPUTHHATY.
K cuacThio, B hu3uKe paspaboTaHbl CIOCOGHI MIPEOAOJEHUA ITUX
TpyauocTei. MoYXHO yTBEpPKAATE, UTO JI1060e KPYIHOE OTKPLITHE B
6uodu3HKe TIOJYUEHO IyTeM puMeHeHus: mogeieit. Ilpeacrasne-
HHe OMOMaKpPOMOJIEKYJI B BUJIE KPHUCTAJLIIOB II03BOJINJIO YCTAHOBUATH
MOJIEKYJIAPHYIO CTPYKTYypy remoryno6una (M. Perutz), muoraobu-
Ha(J. Kendrew). Ba)XHY10 pOJIb CELITPAJIa aHAJOTOBAA 3JIEKTPHUEC-
Kas MojieJib BO30yAuMoii MeMOGpaHEI B HCCAeI0BAHUAX XOMKKHUHA
u Xakcuau. B 6uodpunsuke meMGpan IINPOKOe IPHMEHEHNE MMOJIYUH-
Ju pusuuecKue MoAesu MeMGpaH B BHAe MOHO- M OMMOJIEKYJIsAp-
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HBIX JJUNUAHLIX IJIeHOK. C pa3BUTHEM 1 COBEPIICHCTBOBAHHUEM BEI-
YUCJIUTEJLHON TeXHUKH MOJeJIUPOBaHUE IOJyYaeT HOBOE PasBH-
THE.

ITorpanuunoe mojioxenne 6MoOUINKH MexXay 6uosorueit u du-
3MKOH CTAJIO, K COKAJeHNI0, IPUYNHON MOABIeHN JiKebuobusun-
ku (o TepmuHosorun M.B. Boabkenmmreitna). [Ippunna aToro sa-
KJIl0ouaeTcA B HEpPABHOMEDHOM Da3BUTHH QUSHUKH, XUMHAH, C OTHOHN
CTODOHEI, ¥ 6MOJIOTHH, MEZULIHHEI B CeJILCKOX03AHCTBEHHBIX HAYK
— ¢ apyroii. O6beKTHBHO CYINEeCTBYIOIIHe “Gesble OATHA” 6Hodu-
3UKH IBITAIOTCA 3AMOJHHUTH ICEBJOHAYIYHBIMH CIEKYIANUAMH.
Cpenu HUX Ipe/cTaBIeHNe 06 “aHTUSHTPOIHUIHOCTH }KHBBIX CHC-
TeM, IpeAcTaBjIeHNe 00 0COOBIX IOIYIPOBOJHUKOBBIX CBOMCTBAX K
JajKke CBOHCTBe IPOBOAKUMOCTH O6uomojumMepoB (“6uoniasma”),
npeacTaBiIeHue 06 0cOORIX “6MOmONAX”, HEeM3BECTHRIX HayKe, Ipe.-
CTaBJIEHUS 0 GHO0JOTHYECKOH 3HAYUMOCTH CJIabbIX 3JIEKTPOMarauT-
HBIX H3IyuYeHu (“HeKpoOnoTHYeCKHe JJyun”) u T. 4. PacKkpoiTHe Ha-
VYHOH HECOCTOATEIbHOCTH NIpeACTaBIeHUHN JIKeONODU3NKH MMeeT
6oJabmIOe 3HaUEHHE, 0OCOGEHHO B CIyyae MEeANIUHEL U CEeJIbCKOTO
X03AMCTBA, MOCKOJLKY MHOTHE IOJIOMKEHHU J)KeOnobU3NKH cTa-
HOBATCA 6a30il “cCBepXMOJHEIX” METOJOB JeUeHUS B MeAUNHHE U
MOJIy4eHNA “CBEPXYPOKaeB” B CEJILCKOM X03AHCTBe. YacTHIHOMY
HMCIPaBJIEHUIO 3TOTO [IOJIOKEHHU IIPH3BAHO CIIOCOOCTBOBATEL ZaHHOE
yuebHOe mocobue.

B sakJiroueHne cieqyeT DOAYEPKHYTE eIlle OAHY BasKHYIO POJIbL CO-
BpeMeHHOI 6rmodusnku. Jlesio B TOM, YTO TPAJUIHUOEHO OIINCATE b
HEIEe OHOJIOTHA, MEAUIINHA U CEJIbCKOX03AlCTBEHHRIe HAYKH BCe
60JIee CTAHOBATCA TOUHBIMY HaYKaMu. TPYAHO NEePEOeHUTh B 3TOM
clIydae poJb 6MODU3NKH, IPU3BAHHOMN UCCIENOBATh ABJIECHU JKH3-
HH C HCIIOJIb30BaHKEM GH3HIeCKHUX MIPeACTaBIeHAH 1 METOAOB.



PA3JIEJ L.
BHO®HU3NKA MEMBPAH

I'JIABA 1. BHOJIOTHYECKHE MEMBPA HBI.
CTPYKTYPA, CBOUCTBA

Buoduzuka MmemOpaH — BasKHelmui pasaen 6MobuUsSUKHN KIeT-
KU, nMeIonuii 60Jbiroe sHaueHue Aad 6nosornu. MHorue »Xu3HeH-
HBIE IPOLIECCHI IIPOTEKAIOT Ha OmoJiorrnueckux Membpanax. Hapy-
meHue MeMOPAHHBIX IPOIECCOB — MPUYMHA MHOTHUX IIATOJIOTHM.
JleueHne TaKsKe BO MHOT'HX CJIydasiX CBA3AHO ¢ BO3AelicTBHEM Ha
dbyHKIIMOHNpOBaHNe OHOJOrnUYeCcKuX MeMOpaH.

§ 1. OcaoBHBIE PYHKIMH GHONOTHUYECKHX MeMOpaH

SJIeMéHTapHaﬂ JKHBasA CUCTEMAa, CIIOCOOHAA K CaMOCTOATEIbHO-
MY CYIIIECTBOBAHHIO, PA3BUTHIO U BOCIPOU3BEJEHUIO — 9TO YKHUBAA
KJIETKA — OCHOBA CTPOEHUA BCEX YKUBOTHBIX U pacTeHuii. BaxkHeli-
UIMMHA YCJIAOBUAMH CYIIECTBOBAHUA KJETKH (M KJIETOUHBIX Opra-
HeJLJI) ABJAAIOTCSH, C OAHOH CTOPOHBI, ABTOHOMHOCTD II0 OTHOIIEHHIO
K OKpYysKaloleil cpejie (BeleCTBO KJIETKH He JOJKHO CMEelINBaTh-
Cd C BeII[eCTBOM OKPYKeHHU s, JOJIKHA CO0MI0AaThCA ABTOHOMHOCTE
XMMHAYECKHX PEAKIIN B KJIETKe H €€ OTEeJbHBIX YaCTAX); C APYTOH
CTOPOHBEI, CBA3b C OKDPYJKAIOWIEel cpefoii (HempephIBHBIMN, peryau-
pyeMbiii 00MeH BellleCTBOM M S3HEPrueH MeKAY KJIEeTKOHU U OKpyJKa-
ouleit cpenoii). JKuBas KJIeTKAa — OTKPLITAS CUCTEMA.

EnuHCTBO aBTOHOMHOCTH OT OKPYsKaloleil CpeJibl U OJHOBPeMeH-
HO TeCHOIl CBA3H C OKPYyJKalolliell cpefoi — Heo0X0AUMOe YCIOBHE
(GHYHKIIMOHAPOBAHUA }KUBBIX OPraHN3MOB Ha BCEX YPOBHAX UX Opra-
Husanuu. IlosToMy BavkHelfIlee yCI0OBUE CYII[eCTBOBAHUSA KJIETKH,
U, CJIeJOBATENBHO, JKU3HH — HOpMaJibHOe DYHKIMOHHUPOBaHuE O1o-
JIOru4eCcKHUX MeMOpaH.

Tpu ocHOBHBIE HYHKIIUK OMOJIOrNIecKUX MeMOpaH:

oapvepras — 00ecieynBAET CEJIEKTUBHBIHI, PETyJINpYyeMblil, IaCCHB-
HBIA ¥ aKTUBHBIN 00MeH BelleCTBOM € OKpYysKalolleli cpesnoii (cenek-
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THUBHBIN — 3HAYHUT, H30HMPaATEJILHEIN: OJHH BellleCTBa IEPEHOCATCS Ue-
pes 6uosiornyecKyio MmeMOpaHy, APYyTHe — HET; peryJIHPYeMEIil — mpo-
HHUILAeMOCTh MeMOpaHhI JJ1s OIpe/IeJIeHHBIX BEIIleCTB MEHAETCA B 3a-
BHCHMOCTH OT I'¢HOMA U QYHKIIHOHAILHOTO COCTOSHUS KIIETKH);

mampuinas — oGeclIeUnBaeT ONpefieIeHHOe B3AUMHOE PACIIOJIO-
JKeHWe B OPHEeHTAaIlNI0 MeMOPaHHLIX GeJKOB, 00ecmeYnBaeT UX OI-
THMaJIbHOE B3auMOJEHCTBHE (Hanpnmep, ONTHMAaJIbHOE B3auMOIeii-
cTBHUEe MeMOpaHHEBIX (epMEHTOB);

MexaHuveckas — obeciednBaeT MPOYHOCTb U ABTOHOMHOCTD KJIeT-

.K¥, BHYTPHUKJIETOUYHBIX CTPYKTYP.

Kpome Toro, 6uonornueckue MeMOpPaHbI BEIIOIHAIOT U APYrue
GOYyHKIHU:

sHepreTHYecKyio — cuHTe3 AT® Ha BHYTpeHHUX MeMOpaHax MH-
TOXOHAPU 1 doTOoCHHTE3 B MeMOpaHaX XJIOPOIJIACTOB;

reHepaIuio U NpoBeieHHue OHOIOTEeHITHAJIOB;

penenTopHy0 (MexaHHYecKas, aKkycTudeckas, o00HATeIbHAA,
3puTeNbHasA, XUMHUEeCKas, TepMopeleniiusa — MeMOpaHHEIe IIpoliec-
CbI) M MHOTHE Jpyrue GyHKIUH.

O61asa mioiagk Bcex OMoJornuecKux MmeMOpaH B OpranusMe ue-
JIOBEKa MOCTUTAeT JeCATKOB THICAY KBaJpPaTHLIX MeTpoB. OTHOCH-
TeJILHO 60JILIIAS COBOKYIMHAA ILIOIIAAL CBA3aHA C OTPOMHOIA POJIBIO
MeMOpaH B )KU3HEHHEBIX IIpolleccax.

§ 2. Crpykrypa GHoNOTIYeCKNX meMGpan

ITepBasa Momenb cTpoeHUA GUoIOrHUecKnX MeMOpaH GbLIa Ipea-
Jo:xeHa B 1902 r. BeL1o 3aMeueHO, UTO Yepe3 MeMOpaHFbI JTydIie Bce-
ro MPOHHUKAIOT BEl[eCTBa, XOPOIIO PACTBOPUMEIE B JIUITHNAAX, X Ha
OCHOBaHUH 3TOTO OBLIIO CAEJIaHO MIPEAII0JIOKEHNE, UTO OroIoruyec-
KHe MeMOpaHBI COCTOAT M3 TOHKOTO cios dochomununos. Ha ca-
MOM JfieJie, Ha IIOBEPXHOCTH pPasjesia HOJISIPHOH U HENOJISIPHOM cpe-
Abl (HanpuMep, BOALI U BO3AyXa) MoOJeKyJan dhochoaunumos
006pasyioT MOHOMOJIEKYJIAPHEIN (OAHOMOJEKYJIAPHBIiH) caoi. Ux
MOJIAPHBIE “20/108bL” TIOTDY2KEHEI B IMOJAPHYIO CPEAY, a HeIoasap-
HEIE “x80cmul” OPHEHTHUPOBAHEBI B CTOPOHY HEIIOJSIDHOH CpeJhI.
ITosToMy 1 MOXHO OBLJIO IPEAIIONOMKHUTE, YTO 6nonornt{ecxne MeM-
6paHEI MOCTPOEHEI 3 MOHOCJIOS JTUITHLOB.

B 1925 r. I'oprep u I'perges nokasaju, 4To MAOIIAAh MOHOCJIONA
JUMHJOB, 3KCTParupoBaHHEIX U3 MeMOpaH 3pUTPOIMTOB, B BA pa3a
6oJsiblie cyMMapHOi nIoniagy spuTpoiuToB. I'oprep u I'penpe sk-
CTParHpPOBAJIH JIUMUALI U3 TeMOJIH3HPOBAHHLIX 9PUTPOIIUTOB alle-
TOHOM, 3aTE€M BHIIIaPUBA&JIH PACTBOD HA IOBEPXHOCTH BOJKI U I3Me-
paan njomwanb o6pa3oBaBUIECs MOHOMOJIEKYASAPHON IJIEHKH
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aunugos. Ha ocHOBaHHH pe3yJbTaTOB 3THX HCCJIIOBAHHI OBIIa
BBICKa3aHAa ujesd, UTO JUOUIEI B MeMOpaHe PACIOJIATAIOTCA B BHAE
6uMoaeKkyasapHoro caosd (puc. 1.1).

3JIEKTPOJINT | +

QJICKTPOJIAT | -

a 6

Puc. 1.1. BumoJiekyJaapHHEI croi InnugoB (a);
membpana Kax xoHaeHcaTop (6),
(C — anexTpuuecKas eMKOCTD, € — JUIJIEKTPUUECKAaA MPOHUIIAEMOCTH)

9Ty runoTesy MOATBEDAMIM MCCICAOBAHUA 3ICKTPHUECKHX IIa-
paMeTpoB Ouogornueckux memopas (Koyn u Keptuc, 1935 r.): BHI-
COKOe 3JIeKTpHuecKoe conporusyenue = 107 Om'm? u 6onbimasa em-
KocTh = 0,5:1072 @ /m2,

BuonornuecKyo MeMOpaHy MOKHO PACCMATPHBATH KaK 9AeKM-
puieckuil konderncamop (puc. 1.1), B KOTOPOM NIJIACTHHAMH ABJIA-
I0TCA 3JIEKTPOJIATEI HAPYKHOT0 M BHYTPEHHET0 PACTBOPOB (BHEKJIe-
TOYHOr0 M NMHUTONJA3MEI) C IMOTPYKEHHEIMH B HUX TOJIOBAMH
JHUOUAHBIX MOJeKYJ. IIpOBOAHHKY pasfieNe b UK TPHYECKUM
cjoeM, 06pa30BaHHEIM HENOJIAPHON YaCTHIO INIUAHBIX MOJIEKYJI —
JBOMHEIM CJIOEM MX XBOCTOB. JIMMIUAKL — JUIJIEKTPHKH C AUINEKT-
pHYECKOM IPOHUIAEMOCTHIO € = 2.

EMKOCTb IIJIOCKOT0 KOHAEHCATOPA

o €€,S
d

rje 3jJeKTpuuecKkas nocroansas €= 8,85 - 102 ®/m, d — pac-
CTOSHHE MEeXK Y IIaCTHHAMH KOHAEHCaTopa, S — NAoIaAb I1aac-
THHEI.

YaennHass eMKOCTh (Ha efuHUIY MJIOIIA M)

€€
CYA = To.

*
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Orcioza MOKHO HafiTH DACCTOAHHE MEXK Y IJIACTHHAMY KOHAEH-
caTopa, COOTBETCTBYIOIIee B HAIIIEM CJIy4Yae TOJIIMNHE JUIINIHOM Ya-
CTH MeMOpaHkI,

' -12
d- o BBI0T2, oo
C, 0,510

pZs

9To KaK pa3 COOTBETCTBYET II0 HOPAAKY BEIHMUMHBL TOJINUHE He-
MOJIAPHOM YaCTH GMMOJIEKYJIAPHOTO CJI0SA IUIHAOB, CJIOMEHHBIX OII-
pelejieHHBIM 00pa3oM.

Ozanaxo MeMOpaHa — 9TO He TOJBKO JHITHAHLIHN 6ucaoi. UMenucs
SKCIEePUMEHTAJbHEIE JaHHEIE, KOTOPEIE CBHASTEILCTBOBAJIH O TOM,
yTO OHOJIOrHYecKas MeMOpaHa COCTOHUT U M3 OEJIKOBBIX MOJEKYJI.
Hampumep, Tpu ©U3MEPEHHH MIOBEPXHOCTHOTO HATAXKEHUS KJIETOU-
HBIX MeMOpaH ObLI0 O6HADYKEHO, YTO U3MEePEeHHbIe 3HAUEHUS KO-
shdHUIIEeHTa IOBEPXHOCTHOTO HATAKEHNA 3HAUYNTEIbHO OIMKe K
KopdPUITNEeHTY NOBEPXHOCTHOTO HATAMEHHUA Ha I'paHUle paszeia
Gesok-Boga (oxoso 1074 H /M), Hexeu Ha TpaHMle pa3fesia JTUIH-
soja (oxoso 1072 H/M). OTH HpOTHBOPEUYNSA SKCIEPUMEHTAILHBIM
peayJiabTaTaM ObLIM ycTpaHeHB! Januennan u eBCOHOM, mpensio-
KUBINTKUMHY B 1935 r. Tak HaseIBaeMyio 6yTep6pOLHYIO MOIEIE CTPO-
eHMA OMOJOTMYeCKHX MeMOpaH, KOTOpas ¢ HEKOTOPLIMHU HecyIie-
CTBEHHBIMY M3MEHEeHUAMHM IIPOoJepikajach B MeEMODPAHOJOTHH B
TeueHMe nouTH 40 ser. CorsacHo 9Toit MoZea I MeMOpaHa — Tpex-
caoitaasi, OHa 0Gpa3oBaHa ABYMS PACIIOIOKEeHHLIMH II0 KpasM CJIo-
AMHY 0eJIKOBBIX MOJIEKYJI C JUIHIHBIM OHCJIOEM IIocepe e ; obpa-
3yeTcsa HeuTo Bpoje 6yTepbpoza: numuinl, Hamozobue Macia,
Mexay AByMdA “JoMTaMn’’ GesKa.

OaHAaKo 10 Mepe HAKOIJIEHUA 9K CIIEDUMEHTAJILHBIX JaHHLIX IIPH-
IIIJI0Ch B KOHIe KOHIIOB OTKa3aThCsA M OT OyTepOpOmHOH MOHAeIH
CTPOEHNsI OHOJIOrHYeCKUX MeMOpaH.

OrpoMHYIO POJIb B PA3BUTHM IIPEICTABICHHUI O CTpOeHUHN 610JI0-
ruyecKuXx MeMOpaH chIrpajio Bce 60JIbIllee IPOHUKHOBEHHE B OMO-
JIOTHIO GM3UUYECKUX METO0B HCCIIEJOBAHMA.

Boapinyio nudopMalifio o CTPYKType MeMOpaH, 0 BBAaMMHOM pac-
TIOJIOYKEHMH aTOMOB MeMOpPaHHLIX MOJEKYJI JaeT DEHTIeHOCTPYKTYP-
HBIM aHAJIM3, OCHOBAHHLIH Ha AUPPAKUHNH KOPOTKOBOJIHOBEIX PEHT-
reHOBCKUX JIyuell Ha ATOMapHBIX CTPYKTypax. Penmezenocmpyxmyp-
Hblil aHAU3 TIO3BOJISAET OOHADYKUBATE YIIOPAKOYEHHOCTE B PacIo-
JOXKEeHHH ATOMOB U ONPEAeJNATh MapaMeTphl YIOPAAOYEeHHBIX
CTPYKTYP (HamlpuMep, PaCCTOAHUA MEKAY KPHCTAJIorpaduuecKu-
MU ILTOCKOCTAMHU). Mccaenopaausa Audpakiii PeHTTeHOBCKUX JIY-
yeii Ha MeMGpaHe MOATBEPAMIN OTHOCUTEIHHO YIIOPAA0YEHHOE pac-
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MOJIOXKeHHe INOKUAHBIX MOJIEKYJI B MeMOpane — ABOMHOM MOJIEKYJIAD-
HBIH cJ10#i ¢ GoJlee MM MeHee TapaJUIeIbHO PACIOJIOMKEHHBIMH JKHP-
HOKHCJIBIMHM XBOCTAMH, JAJIM BO3MOYXHOCTE TOYHO OIIPEAENHNTD Pac-
CTOSIHHE ME3KAY IMOJIAPHON roJIoBO INIINAHOM MOJIEKYJIBI 1 METHJIb-
HO¥1 IpyNIIOH B KOHIIE YIJI€BOAOPOAHOM LENH.

HauGonsmine ycnexu B pacKpPBEITHH 0CO0eHHOCTei cTpoeHuA 61o-
JIOTMYEeCKHNX MeMOpaH ObLIM JOCTUTHYTHL B 31eKMPOHHO-MUKDOCKONU-
yecKux UCCNEROBaHNAX. Kak M3BECTHO, CBETOBOM MUKDOCKOI HeE IO~
3BOJISIET PACCMOTPETh AETAIHN 00K TA, MeHbBIIINE IPHMEPHO IOJIOBUHBI
JJIHMHBI CBeTOBOI BOJHBI (0K0JI0 200 HM). B cBeTOBOM MHKPOCKOIIE
MOKHO Pa3rsifieTh OTHEJIbHBIE KIeTKH, OMHAKO OH COBEPIIEHHO He-
NPHUrofeH AJA N3yuYeHUA OMOJIOTHYeCKHX MeMOpaH, TOJIHHA KOTO-
preix B 20 pa3 MeHbIIe IIpefesia pa3peleHna CBeTOBOI0 MUKPOCKOIIA.
Paspeinamiasa cnocoGHOCTh MUKPOCKOIIA OTPaHUYEHA ABJICHHEM
mudpaxnun. IlosToMy, YeM MeHbIIle FJINHA BOJHEI 110 CPAaBHEHUIO C
JeTasIMH UCCIexyeMOoro o6LeKTa, TeM MeHbIIe NcKaskeHnd. Ilpenern -
PaspeliieHnA IPOIOPIUOHAJIEH AJINHE BOJHEI.

B s1eKTPOHEOM MHKPOCKOIIE BMECTO CBETOBOI'0 IyYKAa Ha HCCJIIe-
EYyeMBIi 06beKT HAPaBIAETCA IYYOK SJEKTPOHOB, Pa30rHAHHBIX
10 GOJBIINX CKOPOCTei. ,

H3BecTHO, UTO SJIEKTPOHAM C BHICOKHMH CKODOCTAMM TOXKE IIPUCY-
III BOJIHOBBIE CBOMCTBA, B TOM YHcie ABJeHne udpaxknuu. ORHAKO
IIPH JOCTATOYHO GOJIBIINX CKOPOCTAX, coriacHo Gopmye e Bpoiins,
JLJIHA BOJHEBI MaJIa B COOTBETCTBEHHO MaJI IIpeAen paspemenus. Tak,
€CJIH 3JICKTPOHBI YCKOPAIOTCA SJIEKTPUYECKHM II0JIEM C HapsKeHneM
10° B, ux cxopocts gocruraet 10° m/c, An1HA BOIHBEI YMEHBIIIAETCA U
npefesl paspelleHNsa cocTaBiseT nopsigka 0,1 HM, 4To I03BOJIAET pac-
CMOTPETH OTJENLHBIE AeTAJIN CTPOSHUA OMOIOrHYecKnX MeMOpaH.

B 5/1eKTPOHHOM MHKPOCKOIIE JOCTHUraeTCsA YBeJnYeHNue B COTHH
THICAY Pa3, YTO KAJIO BOZMOYKHOCTb HCCIEeJOBATh CTPOCHHE KJIET-
KH, KJIETOYHBIX OpPraHesia u GHOJIOTHYecKNX MeMOpaH.

HeznocTaTKOM 5/IeKTPOHHOM MEUKPOCKOIIMH ABJIAeTCA AedopManus
JKHMBOro 00'beKTa B IIporecce ucciaenopanud. Illepex HauasoM a1eKT-
POHHOMHMKDOCKOIIMYECKHX HCCIeSOBAHUN KJeTKAa MPOXOJUT Yepes
MHOTHE CTafHH IIPeABapPUTEIbHON 06paboTKu: 00e3B0KMBaHME, 34~
KpeIlleHne, VIbTPATOHKHH cpe3, 06paGoTKa IIpenapaToB BEIIECTEA-
MH, XOPOIIIO PACCENBAIOIIUMH 3JIEKTPOHH (HAaIPHMED, 30JI0TOM, ce-
pebpom, ocMueM, Maprasnem u T.1.). IIpu aTom nsyuaemsblii 00bEKT
3HAYHNTEJILHO N3MeHAeTcsA. HecMOTpA Ha 3TO, YCIeXU B U3YYECHUH
KJETKH IIPH IOMOIIY 3JIEKTPOHHOTO MUKPOCKOIIA HECOMHEHHHI.

IIpu moMomy 3JeKTPOHHONH MHKPOCKONHH YAANOCH IOJYYHUTH
n3obpaskeHne GHOTOrHYECKNX MeMOpaH, Ha CHUMKAaX BHJIHO TPex-
CJIOIfHOe CTpOeHne MeMOpaHBI.
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Hosas nrdopManusa o cTpoeHNH MeMOpaHHI GB1JIa TOTY4eHa ¢ Io-
MOIIIBIO MeToJia “3aMopaXHBaHHe-CKoJI-TpaBienue”’. ITo aTomy me-
TOAY KJIETKY OXJIQKIAIOT JO OYeHb HU3KOH TeMIIepaTyDPHI B 3 XHAKOM
agote. OxXJaxKAeHNe TPOBOJUTCA ¢ OUEeHB GOJIBIIION CKOPOCTHIO (0KO-
a0 1000 rpagycoB B cekyHAy). IIpn 3TOM Boja, coAep:Kamjaaca B
mnpemnapare, IEPeXOAUT B TBepAoe aMopdHoe COCToOAHNE. 3aTeM KJIeT-
KH PaCKaJILIBAIOTCA CIeIHANBLHBIM HOKOM H IIOMEIAIOTCA B BaAKy-
yM. 3aMep3smiasg Boja OGRICTPO BO3TOHSAETCH, 0CBOOOMKAasd MOBEPX-
HOCTH CKoJIa (9TOT IIpOmecCc M Ha3wIBAalOT TpaBieHHeM). Ilocae
TpaBJIeHUA [IOJIYYaloT PEIUIUKY (OTIIeYaTOK CO CKOJIOTOH TOBEPXHO-
ctu) ¥ pororpadupyoT B 3JI€KTPOHHOM MHKPOCKOIIe. 3aMODPOXKeH-
Hble MeMOpAaHEI MOTYT IIPH PACKAJIBIBAHWH PACIEIIATHCA B PASHBIX
HanpaBJIeHNUAX, B TOM YHCJIe H BAOJb 'PAHUIIEL ABYX JHOHIHBIX MO-
HOCJIOEB, ¥ IO3TOMY MOXKHO BU/IETh HX BHYTPEHHEE CTPOCHHE.

Bri0 06HapYKeHo, UYTO UMeIOTCHA 6eJIKOBEIEe MOJIEKYJIBI, IIOTrPyY-
JKeHHBIE B IUITHAHBIHA OMCI0# U ke IPOMINBAIOINIE er0 HACKBO3b.
9TO0 IpHUBEJIO K CYIIeCTBeHHOMY U3MEHEeHHI0 IPeACTaBJIeHH i 0 cTpo-
eHHH MeMOpaHkI.

CoBpemMeHHOE IpEeICTABIEHHE O CTPYKType MeMOpansbl. COBOKYII-
HOCTBH Pe3yJIbTATOB, IIOJYYEHHHX HHU3NUECKUMH U XUMHYECKUMH
METOAAMH HCCIeOBaHHNA, AaJIa BO3MOXKHOCTD IPE/JIOKUTH HOBYIO
HUOKOCTMHO-MO3AULHYI0 MOJEJIb CTPOeHNS OHOJIOTHYECKHX MeMO-
pas (Currep u Huxonscon, 1972 r.). Cornacuo Cunrepy n Huxomns-

. COHY, CTPDYKTYDPHYIO OCHOBY GMOJIOTHUYEeCKOil MeMOpaHHE 00pasyeT
JABOMHOM cioit hochornnnaoB, MHKDYCTHDOBaHHEIHM 6esikaMu (pHC.
1.2). Paznanualor NoBepXHOCTHEIE (MIH nTepudepuuecKre) U HHTeT-
paJbHEIE OeJIKH. ,

JInnuabl HAXOAATCA IPH (QHU3HOJIOIHYECKHX YCIOBUAX B dKUAKOM
arperaTHoM COCTOAHHH. ITO IIO3BOJISAET CPABHMTE MeMOpaHy ¢ doc-
dboMINAHEIM MODEM, II0 KOTOPOMY IIJIaBaIOT OeJIKOBEIe “aiic6epru”.
OnEMM K3 TDOATBED:KAeHHI »KAAKOCTHO-MO3aHYHONH MOJEIH ABJIA-
eTca ¥ TOT QaKT, YTO, KAK YCTAHOBHJI XMMHYECKHH aHAJIN3, B pas-
HBEIX MeMOpaHax COOTHOIIIEHNE MeKAY coiep:KanueM OeJIKOB H doc-
GomnouI0B CUIBHO BAPbUDYET: B MUEJIMHOBON MeMOpaHe GekoB B
2,5 pasa MeHbIIe, YeM JUIHAOB, & B SPUTPONUATAX, HAIIPOTUB, OeJi-
KoB B 2,5 pasa 6osblme, ueM JUOUAOB. IIpu aTOM, corsiacHo coBpe-
MeHHOH MOJeJIH, COOTHOIMEHNE KOJHNYeCTBa GeIKOB U JIUIULOB BO
BceX MeMOpaHax JOJIKHO OBITH IPUMEPHO OAUHAKOBO. TOT dpaKT, uTO

 He BCA MOBEPXHOCTH OHONOrMYecKoi MeMOpaHBI MOKPHITa GerxamMu,

IOKAa3aJ U MeTOJ ARePHOI'O0 MarHUTHOTrO pesoHaHca (cM. § 3). Taxk,

HampuMmep, 6ojiee YeM IMOJIOBUHA IMTOBEPXHOCTH MeMOpaHBI KUIIeY-

HOM nayIouKH 06pa3oBaHa MOJIAPHBEIMH I'OJIOBAMH JHUIHIOB.
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HN3yyeHreM CI0KHOrO XHMHYECKOT0 COCTaBa MeMOpaH, MeMOpaH-
HEIX 0€JIKOB M APYTUX BemlecTs 3aHuUMaeTcd Omoxumuda. OcHoBHAA
objsacThs mpuNoKeHNA OHOoDHUIUKH — CTPYKTYpHAA OCHOBA MeMOpa-
HEBI, & HMEHHO ABOMHOM cJoi pochoMuIngHBIX MOJEKYI.

Monekyna dochonrunuma JeOUTHHA COAEPIKUT HOJAPHYIO I'OJIOBY
(upousBoanYIO (hochopHON KMCIOTH) ¥ ANTMHHLIH HEeNOJAPHBIA XBOCT
(ocTaTKH KHPHBIX KucJa0T). B romoBe dochonunuaaoi MOJEKY BT
JIEUTHHA UMEIOTCA JiBe 3apAKEeHHBIE IPYIIILI, PACIOJOXKEHHLIe Ha
HEKOTOPOM pacCTOSHUY APYT OT Apyra. J[Ba pasHOMMEeHHEIX 3apAbl,
paBHEIe 110 a6COIIOTHOH BeTmIuEe, 00pa3yIOT 3 IeKTPHUECKHH TUITONb.

B meMmOpaHax cozepxkarcsa pasaule dochonunuanl. Hanpumep, B
memOpaHe 3pUTPONUTOB UX 0K0JO 20 BUAOB. BapeupyeT xumnyec-
Kada ¢popmyia NOAAPHON roJIOBEI MOJIEKYJIEI, ¥ HEKOTOPHIX docdo-
JIAIUJOB IOJIOBH KPOME ABYX 3apAZ0B IPOTHBOMOJIO¥HOTO 3HAKA,
CO3AAIOIIMNX JUIIOJbHLIH MOMEHT, HO OCTABIAIONINX MOJIEKYJIY B Iie-
JIOM HeHTpaJILHOM, HeCYT OAMH HEKOMIIEHCHPOBaHHKIHM OTpULIATENb-
HEI# 3apsAj, BCIeACTBHE Yero MOJIeKyJIa OKashlBaeTCd 3apAKeHHOH
OTPHIATENBHO. YTJIEBOJAOPOAHLIE XBOCTH (ochosunuanoif MoJre-
KYJbI cofepxaT npubiausurensuo 20 aToMoB yrieposia, B XBoCTe
MOKeT 6uITh 1 — 4 IBOMHEIX HEHACHIIEHHLIX CBA3EH.

roJiosa

JIBa XBOCTA

3%

Puec. 1.3. CxemarnuyaOe H306paKkeHne “ABYXBOCTOBOM

dochonnnugHOM
MoOJIeKYJH (a) B cxeMa 0OpasoBaHmns GucioiiHOH MeMOpaHBI U3 TAKHUX
MoJieKyJ (6)

ITonapruvie 20n08b. MOJIEKYI PochonununoB — 2udpoPuiviovl, a
KX HenoaapHboie X80cmoul — 2udpogobrui. B cmecu dochonnuugos ¢
BOAOH TepMOAHHAMHYECKH BLITOAHO, YTOOHI IIOJNSIPHEIE I'OJIOBEL
OBLIH MIOTPYKEHEI B COCTOAMIYIO U3 MONAPHLIX MOJIEKYJI BOAY, a UX
HENOJIAPHLIE XBOCTHI OBLIK OBl PACIIOJIOKEHBI IOAAJIbINE OT BOJLI.
Taxoe pacnoyoxeHue aMPuUPUABHBIX (MMEIONINX U T'HAPOGUND-
HYIO0, H THAPO(OOHYIO YaCTH) MOJIEKYJI COOTBETCTBYET HAKMeHbIIe-
My 3HaueHHIO 3Hepruu I'u66ca o cCpaBHEHHIO C JPYTHMH BO3MOXK-
HBIMH DACHOJIOXKeHUAMHU MOJIEKYJI.
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MHUKpPOTPYOOUKHM

Pue. 1.2, JKnaKocTHO-MO3aMYHASA MOJeNb ILIa3MaTHYeCKOil MeMOpaHbL
(o0BACHEHNA B TEKCTE)

Kpome ¢pochonnnnsos n 6eJIKOB, B OHMOJOrHUYECKHX MeMOpaHax
coZlep KaTCA U APYTHe XMMUYeCKHe coefHeHNA. B MeMOpanax xu-
BOTHEIX KJIETOK MHOI'O XOJecTepHHa (B CPAaBHMMOM KOJIMYECTBE C
dochonunugamu u 6enxkamu). EcTh B MeMOpaHax u Apyrue Belle-
CTBa, HallpUMep INIMKOJIUNUAEL, TIMKOIIPOTEHEL.

JKuaxocTHO-MO3aMYHAA MOJEIb CTPOEHU MEMOPAHBI B HACTOA-
1jee BpeMsa obmenpuaaTa. OqHaKo, KaK BCAKaA MOJeNb, OHA JJaeT
JOBOJILHO YIPOIIeHHYIO KapTUHY CTpOoeHuA MeMOpaHsi. B yacTHo-
cTH, 00Hapy KeHo, uTo OenKoBBIe “aiicOepru” He BcerAa CBOGOAHO
IJIABalOT B JUITUAHOM MOPE, a MOTYT OLITEH “3asgKOpPEeHBI” HA BHYT-
peHHMe (IUTOMJIA3MaTHYeCKNe) CTPYKTYDH KJaeTKH. K Takum
CTPYKTYPaM OTHOCHTCA MUKPO(HUIaMeHTH U MUKPOTPYGOuYKH (puc.
1.2). MukpoTpyOOUYKH — MOJIbIe ITUJIHHAPHI AuaMeTpoM O0KoJo 300
HM U3 0co6oro Gejika (TyOyJIHHA) UT'PAIOT, IO-BUANMOMY, BAXKHYIO
PoJis B QYHKIHOHUPOBAaHUM KJIETKH.

BEISICHMIOCH TaK2Ke, UTO He BCe JHUIHUABI B MeMOpaHe pacmoJio-
JKeHBI 10 IPUHITNNY OHuciod. PHU3HYECKHe MeTO b UCCAeJ0BAHNA
MOKAa3aJii, YTo JUIKAHAA (asza MeMOpaH COAEPIKUT TaKKe YUaCT-
KM, IJie JHIIHJHBIE MOJIEKYJIEI He 00pa3yloT JBOMHOM CJI0M.
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OueHB CYIIECTBEHHBIM ABJSETCA TO 00CTOATENIHCTBO, UYTO MO-
JeKyJIbl GocHOoMUINA0B UMET ABa XBocTa. Takasda MoJieKyJja B
NIPOCTPAHCTBE UMeeT (POPMY, GJIHU3KYIO K HUINHADPY (puc. 1.3).
W3 monekyn ¢pochoIunIngoB B BOGHOU cpesie IPOUCXOAUT CaMO-
cbopka 6ucnoitHOM MeMOpaHEl. IIpuCyTCTBHE MOJIEKYJ ¢ OZHUM
XBOCTOM (JIHM30JIEIUTHH), UMEOIUX B IIPOCTPAaHCTBE (pOpPMY,
OJIM3KYIO K KOHYCY, paspylIaeT KJIeTouHble MeMOpaHn! (puc. 1.4).
®DochoaunUIHEIE MOJEKYJIBI, JUITeHHBIE OJHOTO U3 XBOCTOB, 00-
pasyioT mopbl B OucJIoiiHOM MeMOpane, Hapyliaerca OapbepHas
dyrKIINA MmeMOpaH.

6 nopa

Puc. 1.4. CxemaTnuHOe N306parkeHNe “OAHOXBOCTOBOM”
(poc@o.nnmmnon MOJIeKYJII:I (a) u cxema oﬁpaaoBaHna nopsl B MeMGpaHe
13 “OAHOXBOCTOBHIX” MOJIEKYJI

§ 3. Imaamuxa memOpaH. HOI[BHJRHOCTL (boctbo:mmmnmx Mo-
JeKys B meMOpaHax

PexxyuM QYHKUIMOHHPOBAHMA MeMOpPaHBLI CHJILHO 3aBHCHUT OT:
MHKPOBA3KOCTH JHITHAHOTO OHCJIOA U MOABUKHOCTH (POCPOTHUTIH-
HBEIX MOJIEKYJI B MeMOpaHe, (0a30BOI'0 COCTOSTHUA MeMODaHHEIX JIH-
nugoB. OTKIOHEeHUA OHOPUINIECKUX XaPAKTEPHUCTHUK JHUIHUAHOTO
GMCJIOA OT HOPMEI CBSISaHO C PA3HOI'0 POJia NATOJOruAMA. Ba)KHYI0
POJb B (GH3MOJOTHH KJIETKH UTPaloT ¢a3oBEIe IEpPexoasl B 6M0J0-
ruyecKux membpanax.

JIunuguasa dasa 6uosornueckux Mmem6paH npu GuU3NOJIOrHUec-
KHX YCIOBHAX (TEMIIEPATYPE, JABJeHHH, XUMHYECKOM COCTaBe OK-
pyJkamwlei cpebl) HAXOAUTCA B dKHUJKOM arperaTHOM COCTOSAHHH,
9To JOKAa3aHO MeToAaMH QII0OPECIeHTHOTO aHaJInu3a (C MCIOIb30-
BaHHEM (IIIOOPECIEHTHRLIX 30HJ0B U METOK), 3JIEKTPOHHOTO 1apa-
MarsuTHoro pesoHauca (9IIP), ¢ ncnoissoBaHueM CIIHHOBEBIX 30H-
JOB H METOK, U iIePHOT'0 MarHUTHOTO pe3oHaHca (AMP).
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B HopmansHOM cocToAaHuu MeMOpaHa He ¢duawopecnupyer. Yro-
OB IPOBECTH HCCJIEAOBAHNA MeMOpaHLl (DJIHOPECIEHTHLIM METO-
JOM, HaZl0 BBOAUTHL B MeMOpaHy MOJIEKYJIEI HJIN MOJEKYIApHLIE
rpynisl, cnoco6HEBIE K ¢urioopecuennun. B kauecTBe dirroopeciien-
THBIX 30H0B HCIIOab3yoTcA: IMX — nuMeTnnaMmuHoXankou; MBA
— 3-meTokcubensanTpos; AHC — I-annnanu-madranun-cyabhoHaT
u ap. (puc. 1.5).

IMA

Puc. 1.5. CTpyKTypa HEKOTOPHIX (QIOOPECHEeHTHRIX 30HAOB,
NPEMEHAEMBIX P M3yUeHNH GHOJIOTHYECKMX MeMOpaH

Pa0opecueHTHLIN aHAANS JaeT BOBMOKHOCTE UCCIeOBATh IO/ -
BHXKHOCTS (hocHOIUIHUAHBIX MOJIEKYJ B MemOpaHe, OIIEHUTH BA3-
KOCTH JIMINAHON a3kl MeMOpaHEI (TaKk Ha3blBaeMyl0 MHKPOBA3-
KOCcTh MeMOpaH). MUKpPOBA3KOCTE MeMOPaHBI MOKHO OLIEHUTH II0
U3MEHEeHUAM CIIeKTPOB DII00pecIleHIIH, a TAKIKe 10 CTEeeH! o~
Jaspusanuu P diioopecieHTHOrO N3JIyUYeHNA DY OCBEIl[eHUH MeM-
OpaHbl IOJAAPU30BAHABIM cBeTOM. CBASH cTeneHu nojaspusanuu P
¥ MHKPOBSBKOCTH MeMOpaHbi 1 BeIpakaeTcs dopmyJioit Ileppena
u A6soHCKOrO:

11
E“é“?‘?‘l e ),

rae P, — crenens MOJIIPU3AIMY CBETa Ha HEMOABH KHBIX MOJIEKY-
aax, R = 8,31 [Ix / (K - Mosb) — yHHBepCaIbHAs Ia30Bas HOCTOSAH-
Has, T [K] — Temneparypa, V — MoJApHSBIH 06beM (i1ioopeciiupyio-
IIUX MOJIEKYJI, T — BpeMA XU3HH BO30YKAeHHOT'O COCTOSTHUA.
Hawubonee mojHbIe cBefieHUA 00 arperaTHOM COCTOSTHUM JIMITH/-
HBIX OHCJIOEB Aal0oT MeToARl paanocnekTpockonuu ITIP u IMP.
JIeKTPOHHBI MAPAMATrHUTHLIH PE30HARC — 5TO ABJIIEHNE De3K0-
r'o BO3pacCTAHUA MOIJVIOIEHNU S SHePTrUH 3JIeKTPOMATHUTHOMN BOJIHEI
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CHCTeMOH MapaMATHUTHHIX YgCTHUI] (3JIEKTPOHOB ¢ HEKOMIIEHCHPO-
BAHHLIMH CIIMHAMH), IOMEINeHHEIX BO BHEITHEEe MATHUTHOE HOJIe,
IpH Pe30HAHCHOH YacTOTe BOJIHEL V.

PesonancHOe 3HaYeHUE YACTOTHI

_gBB

pe3 h ’

rge B - uHAYKIINA MATHUTHOTO 1018, h — nocroseHasa [1nanka, g —
rMPOMArHUTHOE OTHOINEHHE, HJIH Z-GaKTOp, 3aBHCAINHUA OT IpH-
POALI IapaMarHUTHEIX dacTun,. [i1s ¢cBoOOAHOrO 3JIeKTPOHA g ~ 2.
‘Marreron Bopa p = 0,927 - 102 T / Ta. [IpakTudecku yao6Hee
OCTABJATH YACTOTY V 3JIeKTPOMArHUTHOM BOJIHH MOCTOSHHOMH, a
MeJJICHHO MEHATb MHAYKIIMIO MArHUTHOTO Nojs B. Peaomancuoe
MOTJIoILeHue 3Hepruy GyeT HabIogaThesa Ipu

v

Puc. 1.6. Usmenenue cnektpos IIIP
DM YMEHBIIIEHMH MEKDPOBASKOCTH T] (YBEIHYEHVH MOABHKHOCTH
MOJIEKYJI) — CXeMaTHYHOe H300pakeHne

B OI1IP ucroab3yI0TCa YaCTOTHL 9JIEKTPOMATHHUTHOTO IMoJIsa v~ 1010
I'n mw uaayknua B ~ 0,3 Ta.

CuexTponm OIIP HaseIBaeTCA 3aBUCHMOCTEL MOITHOCTH IOTJIOIIe-
HuA P 3/1eKTPOMATrHUTHOM BOJHEL OT BeJIMYHMHEI MATHUTHOM HHAVK-
nouu B.
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Yem cuibHEe B3aNMOecTBHE MeKJY aTOMaMH M MOJIEKYJIaMH
o6pasia, TeM caexTphl JIIP mupe. Yem crabee B3ammopeiicTBIe
MeXAy YacTHIaMH (HOoJbIlle MOABHIXHOCTE MOJIEKYJ), TeM yiKe
cuekTpsl JIIP (puc. 1.6). Ilo mupune cuexktTpoB IIIP MoxHO cy-
IHUTH O MIOABHMXHOCTH MOJIEKYJI BEI1ecTBa.

Tak xkak MoJIeKyJIHl QocHoaunNI0B ZUaMarHuTHE, gaa I1IP-
HceJefoBaHUM 6MoMeMOpaH UCHOJBL3YIOTCH CRUH-30H0bL 1 CRUH-
MemKu — MOJIEKYJIB HJIH MOJIeKYJIApHbIe I'PYNIIBI C HeCIIapeHHBbI-
MH 3JIeKTpoHaMH. PopMyJia OZHOTO U3 TAKUX COeJUHEHHH, YacTO
ucnoanayemoro npu IIIP-cunekTpockonuum membpaH, AaHa Ha
puc. 1.7.

H,C ~_ __— CH,

CH

Puc. 1.7. Popmyna cunaosoro songa TEMIIO
(2,2,6,6-rerpamMeruanunepeuH-I-oKCHEH)

IMapaMarHUTHBIE CIIMH-30H5I BBOJATCA B JTUMUIHYIO MeMOpany,
CIIEKTPHI HOIJIOMIEHUA CINH-30HIAMU 3JIEKTPDOMATHUTHOM BOJIHEL
IaroT MEHGOPMAIHIO 0 CBOHCTBAaX JUIHUIHOI'O OKPYKeHNUsd, B YaCT-
HOCTH 0 HOJBHXXHOCTH JUMIHUAHLIX MOJIEKYJ B MeMOpaze.

HecMoTps Ha IIeHHEY10 HHGODPMAIHNIO, KOTOPYIO YIAJIOCh HOJYIUTH
IPH UCCIETOBAHUHU GHOJIOTHUYECKUX 06beKToB MeToaoM IIIP ¢ uc-
MOJIb30BAHMEM CIIMHOBEIX 30HOB, 3TOT MeTO 00J1a/iaeT CyIecTBeH-
HEBEIM HeJOCTATKOM — BHECEHHEe B 6MOJIOTNYeCKUH 00 BeKT Uy Kepos-
HEIX MOJIEKYJI-30HIOB MOYKeT U3MeHATh CTPYKTYpy obmbexTa. OT
3TOro HejocTaTKa cBobogen meroz SIMP.

AnepHBIit MArHUTHEIH pe30HAHC — 3TO ABJIEHHE PE3KOr0 Bo3pac-

TAHWUSA MOTJIOINEHU S YHEPTHUH 3JIEKTPOMATHUTHOH BOHEI CCTEMOM
' aTOMHBIX sfiep, 06JIafaoMNX MATHHTHLEIM MOMEHTOM, MOMeIeH-
HBIX BO BHEITHEe MATHUTHOE II0JIe, IPU Pe30HAHCHOM JacTOTe BOJI-
HHIV o
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B
h
rme g — ANePHBI MHOMHUTENDb JlaHze, AMeOIIni Pa3HbBle 3HAYCHUA
AJiA Da3sHBIX MAPAMATHUTHRIX Sep, AJ1A IPOTOHa g_= 5,08; |, — anep-

HBII Mar"geToH cocTasiseT 1/1836 yacTs maraeToHa Bopa.
MarsuTHBIM MOMEHTOM 00JIaIal0T, HAaPUMep, TaKKe AApa, KaK

Vpes = ga

H, PC, }IP. He 061a5at0T MATHATHEIM MOMEHTOM TaKHe AApa,

xax sHe, ¢ O, ;' C. B 6uonoruueckoM o6beKTe CONEPKUTCA MHO-

ro AAep }H — IIPOTOHOB, UTO JA€T BO3MOKHOCTh IPUMEHATH AJIA UX
- uccnegoranusa IMP. B AMP ucnonsaylorca 6ojiee CHIbHBIE Mar-
HuTHEIe noada (B = 1 Tx), a yacToTH HepeMeHHOTO 3/IeKTPOMATHUT-
Horo noud MeHbie (5 - 107 I'n), yuem B ITIP.

Kaxk u B cnyuae 3IIP, cuiexTps AMP TeM miupe, yem O60ibliie BA3-
KOCTH U MeHbIIle MonenympHan MOABUYKHOCTh MCCIEAYEMOTO
obneKTa.

dDawopecueutHiie, IIP- u AMP-ucciegoBaHna NOKA3aJiH, YTO
MOABUKHOCTB GocHOINIHUAHBIX MOJIEKYJ B MeMOpaHe CDaBHUTEIb-
HO BeJHKAa, a BA3KOCTh Maja. B HopManbHBIX HU3HOJIOTHYECKHX
YCIOBUAX JUMUAHAA YaCTh MeMOpPaHEI HAXOAUTCA B dKUIAKOM arpe-
raTHOM COCTOAHHMU. BA3KOCTh IMNUAHOM MeMOpaHbl CpPaBHUMA C
BA3KOCTBIO IIOACOJTHEYHOT'O Macja:

1 = (30 ~ 100) MIla - ¢

(nns cpaBHeHMA: BA3KOCTE BoAnl npu 20 °C cocrasasier 1 mIla - ).

HNsMmeHeRne MUKPOBA3KOCTH JHOUAHOTO OKPYKeHHA MeMOpaH-
HBIX 0eJIK0B-depPMEHTOB PE3KO CKa3hBaeTCA HA NX QYHKIIMOHUDO-
BaHNH. HeKoTOophle 3KCIIepHUMEeHTAJbHEIC JaHHBIE CBHAETENbCTBY-
IOT O TOM, UTO KaHIePOTeHe3 CBA3AH CO CHHKEHHEM BA3KOCTH
aunupHOM da3nl MeMOpaHbI, & IPH CTADEHUH BASKOCTH, HAHPOTHUB,
yBennuuBaeTca. PazpabaTeIBaloTCA JUATHOCTHUECKHAE METOARL, OC-
HOBAHHBIE HA M3MEPEHUH MHKPOBA3KOCTH MeMOPaH ¢ IMOMOIILIO
CIIH-30H/IOB.

JI1000IBITHO, YTO MUKPOBA3KOCT:L MEMODAHEI Y KOHIIOB JIMIIUA-
HBEIX XBOCTOB MEHbIIIE, YeM OKOJIO IOJNAPHKIX I'0JIOB. ITO JOKA3AHO
meTtozom JIIP ¢ ucmoab3oBanueM cnuH-MeTOK. CIMHOBEIE METKH
NIPHCOEAUHANNCH K Pa3HEIM MecTaM GochOoTHINAHON MOJIEKYJIbI.
Kaxk sBuamo 13 puc, 1.8, BTOpOMY HOJIOKEHHIO CIIMHOBOH METKH CO-
oTBeTCTBYyeT OoJiee y3kui ciekTp I1IP, a cregoBaTebHO, HOABUIK-
HOCTBb yuacTka 2 dochonunnaaoi MoJIeKyJsl 60IbIe, YeM YUacT-
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ka 1. ITosTomy B cepesnne MeMOPAaEbl YIOPALOUeHHOCTb BO B3aHM-
HOM PACITOJIOXKEeHHNH XBOCTOB hochoIUINAHEIX MOJIEKYJI MeHbIIIe.

B B

Puc. 1.8. [IBa comocofa npukpenjieHud CINHOBON MeTKH
K docdhonmunupHot Moyekyie U pazauune cuekTpos IIIP
JJIA 9THX IBYX CIy4aeB — CXeMaTHIHOe H306paKkeHne

Bricokas OABMIKHOCTE IMIUIHEIX MOJIEKYJI 00YCJIOBINBAET Ja-
TepaibHyIo (0oKOBYI0) suddysuio. JlaTrepannras guddysuda — sTo
XaoTHUYeCKOe TeILJIOBOe IlepeMelleHe MOJIeKYJI IUIU0B U OeIKOB
B IIOCKOCTH MeMOpaHsl. IIpn naTepanbHO# auddysuu pagoM pac-
IOJIOXKeHHBIEe MOJIEKYJIBI JJUIHAOB CKAUKOM MEHSAIOTCA MECTaAaMHU K
BCJIEACTBHE TAKHUX IIOCJEA0OBATEJIbHBIX IIEPECKOKOB U3 OJHOTO MecC-
Ta B Apyroe MOJIeKyJia lepeMenaeTcsa BJ0JIb IIOBEPXHOCTU MeMO-
pantl. CpepHee KBaIPATHUHOE IepeMeIenne S MOJEeKYJ Tpu gud-
¢ysuu 3a BpeMs t MOXKHO OLIEHUTH IO (hopMyiie DifHIITeiHA:

S,, =2Dt.

3Hasa an’ MOXKHO HAMTH 3HauYeHHe Koa(dduiiueHTa JarepaibHOR
andbdysnn D.

" IlepeMmelneHue MOJIEKYJI IO MOBEPXHOCTH MeMOpaHbI KJIETKH 34
BpeMs t ompejesieHO SKCIePUMEHTAILHO MeTOAOM (hIloopecIieHT-
HBEIX METOK — (PIIOOPECIUPYIOINNX MOJEeKYJIAPHLIX rpynmn. ®ioo-
PeCIleHTHBIE MEeTKH JeJIai0T QJII00PeCIUDYIOIIMH MOJIEKYJIbI, ABH-
JKeHHe KOTOPHIX IO MOBEPXHOCTH KJETKH MOYKHO H3yUaTh,
HaIIpUMep, UCCAEeRYA I0X MHKPOCKOIOM CKOPOCTH DACIJIBIBAHHUS
IO IIOBEPXHOCTH KJETKH QJII00PeCUPYIOINero IATHA, CO3ZaHHOIO
TaKkuMHu MoJeKyiaMu. OCTPOYMHBIA IIPHEM, HCIOJIBL3YEMBIil ¢ Ie-
JIBIO OIpeZeJIeHUSA CKOPOCTH IepeMelleHusa (hJIopecupyIOmMX
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MOJIEKYJ — (oToobeciiBeunBaHue. B KJIeTKY BBOJAT MOJIEKYJIBI,
MeueHbIe GQII00PEeCIIeHTHEIMU METKaMH, a 3aTeM HeOOIbIION yyac-
TOK KJE€TOUHOIH MOBePXHOCTH (HECKOJILKO KBaAPATHHIX MUKPOMET-
poB) 06sy4aroT JasepHEIM Jy4oM. Ilog feficTBueM sasepHOro u3-
JYUEeHHA MOJEKYJBI TePAIOT CIOCOOHOCTS (hIroopecupoBaTh.
WNaMepsasa CKOPOCTH BOCCTAHORBJIEHUA (DIII0OpECIeHIINY B obeciiBe-
YeHHO# 00JIACTH II0 CKOPOCTH YMEHBIIIEHUA pajuyca obecrBeueH-
HOTO IIAITHA, [10JIYYAIOT OLleHKY CKOPOCTH JIaTepaibHoM quddysun.

OxasaJjyoch, 4TO cpeiHee KBaAPATHUHOE IlepeMelleHNe 3a CEKYHAY
dochornnugHON MOJEKYJIBl 110 IOBEPXHOCTH MeMOPaHBI 9PUTPO-
IIUTa COCTABUJIO OKOJIO 5 MKM, UTO CPABHUMO C pa3MepPaMH KJIETOK.
Taxum 06pasoM, 3a CEKYHAY MOJIEKYJIa MOXKeT 00e)XKaTh BCIO II0BEP-
XHOCTDb He0OMbINOo KiIeTKH. O6HapyYKEeHHOe CpeJHee KBaJPaTH -
HOe IlepeMelreHue O6eJKOBBIX MOJIEKYJI COCTABUIIO 0K0J0 0,2 MKM
3a CEeKyHJIYy.

Paccunrannsie mo ¢gopmyJe JilHIITEiHa KO9PPHUIHUECHTHI JaTe-
paiabHoOi guddysun gaa munugos D ~6-107'? m® / ¢, gua Genxos
D, =10 m?/c.

YacToTa IepecKoKOB (UHCJIO0 IIePECKOKOB B CEKYHAY) MOJEKYJIbI
¢ OZHOTO MecTa Ha JpYyroe BCJIeACTBHE JaTepalbHoil nuddysuu
MOJKeT OBLITH HalifieHa 1o hopmy.ie:

v=2x/§%

rge f — nnomajb, saHMMaeMas ONHON MOJIEKYJIOM Ha MeMOpaHe.

Ina monekys dochomununoD =6-10"2m? /c, =7 10719 M2,
Jst 9TUX 3HaUYeHUI YacToTa NepecKoKoB V = 3 - 107 ¢ . Kaxkaas mo-
JIeKyJia, TaKuM 06pa3oM, B CpelHEM IIpeTepreBaeT AeCATKHA MUJLIH-
OHOB II€PECTaHOBOK B IIJIOCKOCTH MeMOpaHEI 3a CEKYHAY, TO €CTh Xa-
paKTepHOe BpeMs OZHOTO nepeckoka t= 107 - 103 c.

®aun-daon — 3to guddysus Moierkya MeMOpaHHBIX docdoan-
NHUI0B oNepex MeMOpaHEI.

CKopocCTh IEPECKOKOB MOJIEKYJI C OAHOM IIOBEPXHOCTH MeMOpa-
HBI Ha ApyTyio (haun-dion) onpenesieHa MeTOJOM CIIMHOBEIX Me-
TOK B OIBITaX Ha MOJAEJIbHBIX JUMUAHBIX MeMOpaHax — JUIOCOMaXx
(cmM. § 5). '

Yacts GochoINnUIHBIX MOJIEKYJ, U3 KOTOPHIX ()OPMHPOBAIHCH
JIUIIOCOMBI, METUJINCH IPHUCOEIUHEHHBIMY K HUM CIIMHOBLIMH MET-
KaMu. JINIIocOMEI IO ABEPTANINCEH BO3JEHCTBHIO aCKOPOHMHOBOM KHC-
JIOTHI, BCJIEACTBUE Uero HeclapeHHEIe 3JIEKTPOHLI Ha MOJEKyJaax
mponagajn: mapaMarHUTHbBIE MOJIEK YJIBI CTAHOBHUJIUCH ZUAMAarHUT-
HBIMH, UTO MOYXHO OBLIIO OOHAPY'KUTH 10 YMEHBIIIEHUIO TLIOIIaAH
mox Kpusoii ciexktpa IIIP.
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CHauajia “HeATpaJM30BAINCE” HeCTIapeHHbBIE 3JIEKTPOHEI MOJIEKY.JI,
PacIIONIO’KeHHBIX HAa BHEIMHHUX ITOBEPXHOCTAX JIMIIOCOM, YTO IIPHBO-
AWJIO K VMEHBIIIEHNIO YKHCJIa HeCIapeHHLIX 9JIeKTPOHOB B JBa pasa.
IIIP saTeM onpeAesaicsa CIMH-MEeTKAMU Ha BHYTPEHHUX,, He JOCTYII-
HBIX JeHCTBHIO ACKOPOMHOBOM KHCJIOTHI IIOBEPXHOCTAX JutiocoM. Ox-
HAKO Iromanb moA cruektpamu JIIP mpomomkaiia MIOHMMKATBCA, UTO
CBHJIETEJILCTBOBAIO 00 YMEHBIIIEHNH YKCJIa HeCIapeHHBIX 3JIeKTPO-
HOB. 9T0 00'bACHAJIOCHL IEPECKOKAMHY MEUEHHBIX CIIMH-METKAMH MO-
JIEKYJI C BHYTPEeHHEH NOBEepXHOCTH 6MCI0MHOMH MeMOpaHbI JIMITOCOMBI
Ha BHEIMHIOW — Gyun-diomnom. I1o CKOPOCTH yMeHBIIIeHUSI MHTEHCHUB-
HocTH curHasa JIIP ycTaBOBIeHO, YTO ITIOJIOBUHA MEUEHLIX MOJIEKYJI
nperepneBaet ¢urn-¢on npuMepHo 3a 6,5 4acoB, MOCKOJLKY NPH-
MEPHO Yepes 3T0 BpeM4 ILIOIIaAL oA KpuBoi cuextpa JIIP (a ciexo-
BaTeJILHO, YHCJIO HECIIAPEHHBIX 3JIEKTPOHOB) YMEHbBIIIAJIACh B Ba Pa3a.

Taxum 00pa3oM, IePECKOKHM MOJIEKYJ ¢ OAHOI IIOBEPXHOCTH OHC-
JIos Ha APYryio (Qaumn-¢Jomn) cOBEpUIAIOTCA 3HAUNTEIHLHO MeJIEH-
Hee, YeM IIepecKOKH IIPH JiaTepaibHOH guddysuu. CpesHee BpeMsd,
yepe3 KoTopoe ¢ochorunugHas MoOJIEKYJa coBepiiaeT uun-giion
(T ~ 1 gyac), B fecATKHN MIJLIINAPAOB pad Goyiblie CpeiHEro BpeMeHH,
XapaKTePHOro AJs IepEeCKOKa MOJEKYJIBl M3 OAHOTO MECTa B COCE[l-
Hee B IJIOCKOCTH MeMOPAaHEI.

CoueTranue ObICTPOM ANGDY3NH MOJIEKYJI BAOJD MeM6paHm M OYeHb
MeJIeHHO# quddys3un monepeKk MeMOpaHbl HMeeT GOJILIIOE 3HAYe-
HHe JIA GPYHKIMOHNPOBaHUA MeMOpaH, a MMEHHO AJIA MaTPUYHOMI
dyaxouu mem6pann (cM. § 1). Biaaronapa saTpyAHeHHOMY epexo-
Iy HomepeK MeMOpaHbI IOAAEPIKHUBAETCA YIIOPAAOUYEeHHOCTh B MOJIe-
KYJIAPHOIi CTPYKType MeMOpaHEI, ee aHU30TPOIIN S, aCHMMETPH A (OT-
HOCHTEJIbHO MJIOCKOCTH MeMODaHbI) PACHOJIOKEHHA JUMUAHBIX U
6eJIKOBBIX MOJIEKYJI, OpeieJIeHHAasA OPHEHTAIN A OeJIKOB-(hepMEHTOB
nornepex MeM6paHsl. ITO HMeeT 60JIbIIOe 3HAYEeHHe, HAIPUMED, JJId
HaIPaBJIEHHOT'O IePEeHOCA BEIIeCTB Yepe3 MeMOpany.

§ 4. dusugeckoe cocroaaue H Ga3oBele Nepexoabl JHIHIOE B
meMOpamax

BemecTso opu pasHBIX TeMnepaType, JaBJeHUAH, KOHIEHTPaIA-
AX XUMHUYECKUX KOMIIOHEHTOB MOYKET HAXOAUThCHA B PA3JIMUHBIX
bU3MUEeCKHX COCTOAHUAX, HAIPUMED razoo6pasHOM, KHUIKOM,
TBEpAOM, IIJIa3MeHEHOM. KpucTanamyeckoMy TBEPIOMY COCTOSHHUIO
BEIIECTBa MOT'YT COOTBETCTBOBATHL pasHble (ha3oBble COCTOAHUA
(kpucTannanueckue moguduKanun). B KauecTse NpuMepa pasHBEIX
KPHCTAJIINYECKHX MOAUPUKAINY OZHOTO M TOTO 2Ke BellecTBa —
yIJepoZia — MOYKHO Has3BaTh I'paduT u ajamMa3s.
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M3 cpeaneil LIKOIBI U3BECTHO, YTO XaPaKTEPHBIMHU, OTIUYUTENb-
HBIMH Y€ PTaMH TBEPIOTO TeJla ABJISAIOTCA COOCTBeHHBIHN 00beM, hop-
Ma, MeXaHNYeCKasa NPOYHOCTh; JKUAKOCTH — COOCTBEHHEBII 00heM,
OTCYTCTBHE YIIPYTOCTH II0 OTHOLIEHUIO K U3MEeHEeHHI0 (JOPMHBI U Me-
XaHHUYECKO# IPOYHOCTH, TEKYYEeCTh.

TBepaoe Telo MOXKeT OBITh KaK KPUCTANJIMYECKUM (MMeeTcCs
IaJIbHUH MOPAAOK B PACIOJIOMKEeHHUH YaCTHII HA PACCTOSHUAX, MHO-
r'o IIPEeBBILIAIOHINX MEYXKMOJIEeK VISPHbIe PACCTOAHNA — KPHUCTAJIIN-
JeCKas PellleTKa), Tak ¥ aMOPdHBIM, HAIIPUMEP CTEKJIO (HeT Tajb-
Hero MopsAgKa B PACIOJIOKEeHUH aTOMOB U MOJIEKYJI).

Pasznmune Mex Ay TBeDALIM aMOP(HBIM TEJIOM H JKUAKOCTHIO COCTO-
HUT HE B HAJIMYUH HJINA OTCYTCTBHH JAJILHErO IOPAOKa, a B XapaKTepe
IBHKeHHA dacTuli. Y MOJeKyJIBl 3KUIKOCTH, ¥ MOJIEKYJIBI TBEPAOTO
TeJjla COBEPINAIOT KoJiefaTeIbHbIe (MHOTIa BpalllaTe/IbHbIe) IBHKCeHA S
OKOJIO TIOJIOKEeHUs PaBHOBecHs. Uepe3 HEKOTOpOe CpeHee BpeMs —
“BpeMsA OCEeAJION KHU3HHU — IIPOUCXOJHUT IIEPECKOK MOJIEKYJBI B APY-
roe IOJIOYKEHHe paBHOBeCHsA. Pa3inune 3aKJI04aeTes B TOM, UTO Bpe-
MsI OCEeAJION }KU3HHU B JKHAKOCTH MHOT'O MEHbIIIE, YeM B TBEPIOM TeJIe.

JInnuausre 6ucioiiHple MeMOpaHbl TPH (PU3HOJIOTHYECKUX YCJIO-
BHAX — KHIKHE, BpeMs OcedJioN KHU3HN (ochoIMnuAHEIX MOJIe- -
KyJa B MemOpane mayo: T= 10" - 1038 c.

BwmecTe ¢ TeM, MOJIEKYJIEI B MeMOpaHe pa3MelieHbl He 0ecrops-
JIOYHO, B MX PACIOJIOKEeHUHT HabaroJaeTcsa JaibHUN nopaaok. Poc-
domunuaHbBIE MOJIEKYJILI HAXOAATCA B ABOMHOM CJIO€, a8 X I'HAPO-
(ho6GHBIE XBOCTHI IPUOJIN3UTENHLHO ITapaJjeIbHEI ADYT ApyTYy. EcThb
TMIOPSA/IOK U B ODMEHTALIMH MOJAPHLIX IHAPOGUIBHBIX I'OJIOB.

PDusnyeckKoe COCTOAHNE, IIPA KOTOPOM €CTh JaJIbHHI IIOPALOK BO
B3aMMHOI OPHEHTAIIMH M PACIIOJOKEeHHH MOJIEKYJI, HO arperaTHOe
COCTOAHME KUIKOE, HA3bIBAETCA KUAKOKDHCTANIHYECKHUM COCTO-
SAHHUEM,

amopqmasl HeMAaTHYeCKaaA CMeKTHYecKada XoJdecTHYecKas
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Puc. 1.9. PacuonoxkeHnne Mojekya B amopdHoM (a)
H JKUJKOKPHUCTANINIECKOM COCTOSHUAX (6, B, T)
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JKuaKkue KpHCTAJIBI MOTYT OGPa30OBBIBATBECS He BO BCEX Bellle-
CTBaX, a B BeIIECTBAX M3 “IIMHHBIX MOJEKYJ”’ (IollepedyHEle pa3-
Mepbl KOTOPLIX MEHBIIIe NPOAOJbHBIX). MOryT OBITH pas3jauYHBIe
SKUAKOKPUCTAJIINYECKHe CTPYKTYpHI (puc. 1.9, 6, 6, 2): HeMaTH4ec-
KafA (HUTeBHUAHAA), KOTJAAa AJHHHBEIE MOJIEKYJbI OPUEHTHPOBAHBI
napajjejlbHO APYTr APYrY; CMeKTHUYecKas (MbpLI0OOpasHaA) — MO-
JEKYJILI mapajuleJbHbl APYT APYTY ¥ PACIOJATAIOTCA CJIOAMHU; XO-
JlecTepuyecKada — MOJIEKYJIBI PACIIOJIATaloOTCsA MapajjieibHO APYT
IPYTY B OLHOH IIJIOCKOCTH, HO B PA3HBIX ILIOCKOCTAX OPHEHTAI[AN
MOJIeKYJI pasHble (II0OBePHYTHI Ha HeKOTODPHIi Yroj B OAHOM ILIOC-
KOCTH OTHOCUTEJbHO ApPYroii).

Bucnoiinaa munuagHas ¢gasa 6HOJIOTHYECKHX MeMOpaH COOTBET-
CTBYeT CMEKTHYECKOMY *KUAKOKPHCTAJJINYECKOMY COCTOSHHUIO.

JKuaKoKpuCcTALINYeCKHe CTPYKTYDPHI OYeHb YYBCTBUTEIbHEI K
HU3MeHeHUIO TeMIIeDaTyphl, SaBJIeHUs, XUMUIeCKOT0 COCTaBa, 3JIeK-
TPHYECKOMY MOJI0. ITO OIIpeaesiaeT JUMHAMHYHOCTD JUITHAHBIX Ou-
CJIOHMHBIX MeMOpaH — U3MeHeHNe UX CTPYKTYDHI DY PasJINYHBIX,
Jake HeOOJBIMUX U3MEeHEHUAX BHEIIHWX YCJIOBHIl MM XHMHYEC-
Koro cocTasa. IIpu uaMeHeHUH YCIOBHU BellleCTBO MOXKeT IepeiTu
B Apyroe (a3oBoe cocTosiHHUE (HaIpUMep, U3 ra3006pasHoro B KU/ -
Koe, U3 JKHUAKOTO B TBEP0e, N3 OMHOM KPUCTAIIUIECKOH MOAUDHI-
KalluH B APYTYIO).

Kak moxasano GusnyecKMMH MeTOJaMHU HCCIAeAOBAHMNA: JHUJIA-
TOMeTpueil (u3amMepeHne KoadhduHeHTa 06’H€MHOI0 PACTITUPEHU )
M KaJopuMeTpueil (M3MepeHHe TeILI0OeMKOCTH), MeTOOM PeHTTe-
HOCTPYKTYPHOTO aHAIU3a U IP., JUIHIHAST 4aCTh O6MOJOTHYECKUX
MeMOpaH NpH onpeAesieHHBIX TeMIlepaTypax MCHBIThIBaeT $aso-
BBIH Ilepexoj mepBoro pojga. CorjacHO JaHHBIM DEHTTEHOCTDYK-
TYPHOTO aHAJN3a, PaJNOCIeKTPOCKONNH, (DJII00PECIeHTHOTO aHAa-
Ju3a, HHPPAKPACHON CIEKTPOCKOIHNHK U APYruX MPHUINYECKHX
ucciaefoBaHuit, B GochoaunmugHoi MeMOpaHe NpH IMOHUKEHUN
TeMIepPaTyphbl IIPOMCXOJUT IIepeXxol U3 KHUIKOKPHUCTALINIECKO-
r'o B TeJIb-COCTOAHKNE, KOTOPOe YCIOBHO MHOT/JA HAa3EIBAKOT TBEp-
Joxpucrajgrndeckum (puc. 1.10).

B rean-cocrosunu MOJIeKYJIBl PACIOJIOMEHBI elle GoJjiee ymo-
PAO0OYEHO, 4YeM B KHAKOKpPHCTAJIHYeCKOM. Bce ruapodobHbIE
YTJIeBOJOpPOAHbIEe XBOCTHI GOCHOTHIHAHBIX MOJEKYJI B rejib-dase
NOJIHOCTBHIO BEITAHYTHI CTPOTO MapaljelbHO APYT APYTY (MMEIoT
IIOJTHOCTBIO TPAaHC-KOH(MpopManuio). B }KiHIKOM KpucTaJljie3a CUeT
TeIJIOBOTO ABHKEeHHMA BO3MOKHEI TPAHC-TOII-II€PEeX04hl, XBOCTHI
MOJIEKYJI H3rubaTcs, uX NapaljaelbHOCTD APYT APYTY B OTAEJdb-
HEIX MeCTaxX HapyliaeTrcd, 0COGEHHO CHJILHO B cepeauHe MeMO-
paHEIL. :
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NOBhLIMIEHHE TeMIepaTyphl

Puc. 1.10. UaMeBeHHe CTPYKTYPHI MEMODPAHEI [IDA IIEPEX0ie
M3 JKUAKOKPICTAJJIHUYECKOI'0 B reJib-COCTOAHENE K 00paTHO
IPX U3MEHEeHHH TEMIEPATYPHI

Toampuua MeMOpaHLI B refib-hase moaToMy 60JIbINe, YeM B MU/ -
KoM kpucrauie (puc. 1.10). Ogmaxo DpH mepexoe U3 TBEPAOTO
B JKHJKOKPHCTAJINYECKOE COCTOAHNE 00'beM HECKOIBKO YBEJIUUH-
BaeTcdA, [IOTOMY UTO 3HAYNUTEJILHO YBEJINYNBAETCA IJIOIALL MEMG-
paHEI, IPUXOAAIIaAcA Ha OgHY MoJeKyay (ot 0,48 um? 10 0,58 am?),
Takx Kax B TBeDAOKPHUCTANLINIECKOM COCTOSSHUH OOJIbIImE IIOPAAOK,
JeM B KHJIKOM KPHCTAJLIe, eMy COOTBETCTBYET MeHbIIaA SHTPOIH .

Jna HopMaJbHOTO PYHKIIMOHMPOBAHMA MeMOpaHa AOJIKHA OBITh
B KHJKOKDPHCTAJLIMYECKOM COCTOSHHH. I103TOMY B KHUBEIX CHCTE-
MaX IIPH IPOJOJIKUTEILHOM IIOHMXKEHHUH TEMIIEPATYPRI OKPYKAIO-
el cpeanl HabaoJaeTca afanTallHOHHOe H3MEHEHHEe XMMIUYECKOT0
coctaBa MeMOpaH, of6ecreunBalolliee MOHMKEHUE TEMIIEPATYPH (ha-
30BOrO II€pexofa.

TeMmneparypa (a3oBoro mepexoja IOHHIKAETCA IIPH YBEeJIHUYEHHH
YmpcJia HeHACBIIMEeHHLIX CBA3ei B ()KHPHO-KHUCJIOTHLIX XBocTax. B xBo-
CTe MOJIEKYJILI MOXKeT OBLITh O UeTHIPEeX HEHACHINIEHHRIX CBA3EH.

B 3aBHCHMOCTH OT XHMHYECKOTrO COCTaBa JUMUAHBIX MeMOpaH
TeMIepaTypa (asoBoro repexoa rejis — MUIKNH KPUCTAJII MOXKET
MeHATHCA OT —20 'C (a1 MeMOpaH M3 HEHACHLIIEHHLIX JIUIHAOB)
1o +60 °C (a1 HacHIINEHHABIX JUIKXAOB). Y BeJIMUeHHe YHCIa HeHa-
CBIIIEHHHIX JUOUAOB B MeMOpaHe IpH HOHMMXEHUM TEeMIIEPATYPEI
oburarua HabmogaeTcd Yy MEKPOOPTaHUM3MOB, PACTHUTEJIbHEIX U
KMBOTHEIX KJIETOK. JII0OONMBITHRI MpUMep IPUCIOCcobIeHus KJiie-
TOUHEIX MeMOpaH K TeMIIePATYPHLIM YCIOBUAM — HSMeHEHHE TEM-
nepaTypnl (a3oBoro mepexoja (3a cueT HUSMEHEHHS XUMHYECKOTO
cocTaBa MeMOpaHHKIX JIUIIUAOR) HOTH HOJAPHOro oJieHdA. TeMmepa-
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Typa BOJb HOTH IOJAPHOTO OJIeHs OT KONBITa AO TYJIOBHINA MO-
sker 3uMoit MenaTheA oT —20 “C o +30 'C. Kinerounsie MeMGpaHbl ¥
JUCTAJILHON YacTH HOTH OJIeHs CoAep KaT 00JIbIite HeHACHIIIEHHBIX
¢dochonTunIngOB.

ITo-BuauMOMYy, IEepBUYHEIN MEXaHM3M KPHONOBPEXKACHUH (I10-
BpEXACHNH IpU OXJIAXKAEHUIX) OHMOJIOrHYecKUX MeMOPaH CBA3aH
¢ a30BBLIM IIEPEXOIOM B rejib-cocToAgHue. IloaTomMy 6nonmornueckme
MeMOpaHbI COAEPKAT OOJMBIIOE KOJIHUECTBO XOJIECTEPHHA, YMEHb-
MIAOIero U3MeHeHUs B MeMOpaHe, COMpOBOMKAaoIKe (HasoBhIi
mepexos. . . ‘

Y HeKOTOPHIX MHKPOOPTraHU3MOB OMOJIOTHUECKe MeMOpaHEL Ha-
XOAATCA IIPH TeMIEPATypax, JUIIbL Ha HEMHOTO IPEBLIMIAIOIHUX
TeMIIepaTypy Gas3oBbIX MEPEeX00B TUNIUAOB. MeMOpaHa COTepIKHUT
JEeCATKH PA3HBEIX JUIIHAOB, KOTOPEIM COOTBETCTBYIOT pa3HbIe TEM-
mepaTyphbl (a30BOTO IIE€PEX0/ia, B TOM 4ucje OJu3KHe K GHU3IN0JIO-
ruyecKkuM. IIpn moHM»KeHHHN TeMIIepaTypH B MeMOpaHe IIpOHUCXO-
IAT (pa3oBbIe NpeBpallleHKA B JIUIKELHOM OHcIoe.

B pa6orax B.®D. AnTOHOBaA 0Ka3aHO, UTO IPH (Ha30BLIX IIEpexo-
JaX U3 rejib- B )KUAKOKPHUCTAJLINIECKOE COCTOAHUE U 06paTHO B JIH-
TuAHOM 6HCIIoe 00pa3yIOTCA CKBO3HEIE KAaHAILI, pagnycoM 1 — 3 HM,
TI0 KOTOPHLIM Yepe3 MeMOpaHy MOTYT II€PEHOCHTHLCS MOHBI U HU3KO-
MOJIEKYJIApHEIE BelllecTBa. BeiieACTBHE 9TOro IIPH TeMIepaType da-
30BOTO IIepeX0/ia Pe3K0 YBeJINUNBACTCA HOHHAS IPOBOAUMOCTE MEM-
OpaHBbI. .

VBeauueHNe MOHHOH MPOBOAUMOCTH MeMOpaH MOXKeT CIacTH
KJIETKY OT KPHOTIOBPEXKAeHHUH 3a cUeT yBeJIMUeHNsI BEIX0AAa 13 KJIET-
KH BOJALI U COJIeH — NPHUBECTH K HapYIIeHHIo ee 6aphepHO QYHK-
IIMH, YTO NPENATCTBYeT KPHUCTALIN3alluM BOALI BHYTPH KJETKH.
IToBhImeHe HOHHO#M IPOBOANMMOCTH MeMOpaH IIpu Ha30BOM Iiepe-
XoJe, BO3BMOXKHO, II03BOJIAET MOANEPKUBATE META00INUECKHNH 00-
MeH HeKOTOPEIX MHKPOOPraHu3MoB. Bosbiioi nHTEpEC IIPEeACTaB-
nAer 3TOT 3pdheKT AAd 00BACHEHNS TEePMO- H XEeMOPEIenIiuu.
HNsBecTHO, UTO ITEpEHOC MOHOB Uepe3 MeMOpaHy JIEKHUT B OCHOBE
¢dbopMHUPOBAHHUA OHOTOTEHIHAJIOB, U3MeHEHHEe HOHHOM IPOBOLMMO-
CTH 00YCJIOBJIMBAEeT HEPBHLIH UMIIYJabc. He HCKJIIOUEHO, UTO He-
PBHBIH MMOYJILC, CBHETEILCTBYIONINN O MOHUKEHUH UM MOBBI-
IIEHWHW TEMIIEPATYDPHI, 06pa3yeTca 3a CUeT U3MeHEeHHUSA MOHHOMN
OPOHHUIIAEMOCTH JHIHIHOTO OUCJIOA TpH (hasoBOM Hepexoe MeMO-
paHHBIX JHIHAOB. ,

ITo-BuguMOMYy, 1 HEeKOTOpPhIe BUALI XeMODPeUenluy MOTYT OBITE
CBA3AHHBI ¢ (a30BLIM IEPEX0OIOM MEMOPAHHEBIX JUIIHAOB, TIOCKOJIb-
KY $a30BbI# Iepexok MOXKeT OBITh BEI3BAH HE TOJBKO H3MEHEHHEM
TeMOePaTyphl, HO ¥ H3MeHeHHIEeM XMMHIECKOI0 COCTaBA OKDYKalo-
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mie#t cpeasi. HanipuMmep, JokasaHo, 4TO IIPH JaHHOM TeMIepaType
(hasoBEIil nepexo] U3 JKUAKOKPHCTAIINUYECKOTO COCTOSIHUS B TeJIb-
COCTOSHHUE MOXKeT ObITH BEI3BAH YBeJINUeHNeM KoHueHTpanuu Ca%t
B husmosornyeckoM guamnasone ot 1 1o 10 Mmoib/J1 B BOZHOM pa-
CTBOpe, OKpysKarieM MmeMOpaHy.

§ 5. MogeabsHbBIE JHITHIHEIE MeMOpaHbI

JIunocomsl, uau hochoruTHIHEIe Be3UKYIBI (IIY3LIPLKH ), TOIY-
YaloT OOLIYHO NpH HabyxaHWU cyxux docdoJunugoB B Boje HUIH
IIpH BIPLICKUBAHUK PACTBOpA JHIUAOB B Boay. IIpu aToM mpowic-
XOAUT camMocOopka GHMOJIEKYIAPHON JUIUAHON MeMOpaHbl. Mu-
HEUMYMY sHeprun ['n66ca oTBeuaeT 3aMKHyTas chepuyeckas OgHO-
naMennsapHas popMa MeMmGpansl. IIpH 2TOM BCe HEHOJNSpHEIE
ruapodo6HbIe XBOCTH HAXOAATCA BHYTPH MeMOpaHEL ¥ HU OAYH U3
HHUX He COINPHKACAETCH C MOJAPHBIMHM MOJIEKYJIaMH BOIHI (pHcC.
1.11). Oaraxo yanie noay4uanTca HecdepUdecKre MAOTOIAMEJLIIAD-
HBIE JIUIIOCOMBI, COCTOSLIME M3 HeCKOJBKUX OUMOJIEKYIAPHBIX CJI0-
eB, — MHOTOCJIOIIHBIE JTUIIOCOMBI.

Puc. 1.11. CxeMa cTpoeHUASA OFHOCHOHNHOMN JUITOCOMEBI

OTgenbHEbIe OMMOJIEKYJIAPHLIE CJIOA MHOTOCJIOHHOMN JIUIIOCOMEI
OTZejIeHbI BOgHOM cpefoii. ToaniuHa JUIHAHLIX CJIOEB COCTABJISA-
€T, B 3aBUCHUMOCTY OT IIPUPOALI IUMNHUIOB, 6,5 — 7,5 HM, a paccTod-
Hue Mexay Humu — 1,5 — 2 am. JluamMeTp MHOTOCJIOMHBIX JIUIIOCOM
KoJebiieTca B mpeaeaax ot 60 am go 400 uM u GoJee.

OnHOCIOMHEIE IUITOCOMBI MOXKHO ITOJIYYUTE PA3IUIHEIMH METO-
JaMu, HaIpHUMep K3 CYCIEeH3HH MHOTOCJIONHEBIX JIHIIOCOM, eCJIH 00-
paboTaTh UX YJIALTPA3BYKOM. JlaMeTp OQHOCIONHBIX JIAIIOCOM, II0-
JIyYEHHBIX 3TUM METOAOM, cocTasafer 25 — 30 uM. Pagpaboraser u
Jpyrue MeTOAEI IONYUeHHuA OAHOCHIONHLIX JIUIOCOM, B TOM UHCJIE
nuamerpoMm a0 400 HM u Goree.
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JIumocoMBbl IpPeACTaABAAIOT cO00H B HEKOTOPOM poje mpoobpas
KjaeTku. OHH Cay»XaT MOZEJbI0 AJA HCCHEAOBaHMI pasiIHYHBIX
CBOMCTB KJIETOYHLIX MeMOpaH. .

JIUIIoCOMBI HAILJIM HEHOCPEeACTBEHHOE IIPUMEHEHNEe B MEIHUIH-
He. Hanpumep, MOKHO 3aKJIIOYATH BHYTPb JIUIIOCOM JIEKADPCTBEHHBIH
IpenapaT ¥ HCIOJb30BaTh Kak GOoCHOIUIHAHYIO MUKDOKAIICYJIY
AJIS AOCTaBKH JIEKapCTBa B ONpeleJIEHHEIe OPraHbl ¥ TKaHH. JIHu-
MOCOMBI HE TOKCUYHSE! (IPHU IPaBUJILHOM IIoAOOpe JIUINAOB), IO~
HOCTbIO YCBAHBAIOTCA OPraHU3MOM, CIIOCOOHEI IIpeofoJeBaTh He-
KOTOpPHIe Gnosorudyeckue 6apoepri. Tak, MHCYJAUH, 3aKII0YeHHBIH
B JINIIOCOMY, 3aIllUIIEeH OT AeHCTBUA NHUINEBAPUTEILHEIX (hepMeH-
ToB. B HacTosdAIIEe BpEMA BHIACHAETCA BO3MOXKXHOCTb BBOJAUTD 3TOT
mpenaparT B JAMOCOMax IepopajibHO, YTO MOXKeT N30aBHUTh 00Jb-
HEIX fUabeTOM OT HeOOXOJHMOCTH CHCTEMATHYECKHX YKO0JIOB. IIpo-
BOJAATCcA paboTHI 10 pa3spabdoTKe METOAOB JUIIOCOMAJIbLHOM TEPAITHH
omyxoJeii, GepMEeHTATUBHON HEJOCTATOYHOCTH, aTEPOCKJIEePO3a.
HsyuaeTca BOSMOXKHOCTb NPHUIEJIbLHOH AOCTABKH JEeKaPCTBEHHO-
ro mpernapara, 3aKJIOYEHHOr0O B JHAIOCOMAaX, K 00JbLHOMY OpraHy
WIH AaKe K 6QIbHOMY y4acTKY (B 4YaCTHOCTH, K NMOPAKEHHOMY
Y4acTKY cepAiia).

L1 3TOro K IUIIOCOME NPpHUCcOeAUHAEeTCA GeJIKOBass MOJIEKYJIa —
AHTHTEJNO K COOTBETCTBYIOUIEMY MeMOPAHHOMY aHTHIEHY Oopra-
Ha-MUINeHH. JINMOCOMEI ¢ TOKOM KPOBH Pa3HOCATCA IO BCEMY
OPraHHU3My H 3aJAeP’KHBAIOTCH, OKA3aBIIKHCHL OKOJIO OpPraHa-MH-
IIIeHH. :

HecmoTpa Ha 3aMaHYNBEIE IEPCOEKTUBEI JIUIIOCOMANBHOI Tepa-
MUY, elle UMeeTCs JOCTATOYHO MHOT'O HEPEIIeHHEIX BOIIPOCOB.

Pue. 1.12. O6pasoBanne miockoit OucnoitHoi JunuHOM MeMOpaHE
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Ilnockue 6ucaoiinsie aunugasie memO6pansl (BJIM) — npyroit
THI MoJelbHBIX MeMOpan. Takue MeMOpaHEl IOJy4alOT Ha Ma-
JIeHbKHUX OTBEePCTHAX JHaMETPOM OKOJIO 1 MM B MJACTUHKE M3
miaacTuka (Hanpumep, ¢TopomniacTa), HOrPpYsKeHHOH B BOAHYIO
cpeny. Ha orBepcTie HaHOCAT KAILIIO pacTBOpa JUINja (B CIIUPTe,
xJjopodopme, rernTaHe MM JPYrHX pacTBOPUTeAX). PacTBopu-
Tesb guddyHAMPYET U3 PACTBOPA B BOAY, ¥ Ha OTBEPCTHH OCTAET-
-CA NJAeHKa JUIKUAa. 9Ta IIeHKA CIOHTAHHO YTOHYAETCHA IO TeX
Iop, TOKa He 06pasyeTcsa 6MMOIEK yIAPHBIH CJI0H TOJINHOMN OKO-
J0 6 M. JIumenii aunua cobupaeTca B BuAe 000AKa-TOpyca y Kpa-
eB oTBepcTuda (puc. 1.12).

IInockue annupHble MeMOpPAHbI, HAPAAY C IUIOCOMAMH, LIHPO-
KO HCHOJIB3YIOTCSA B KauecTBe Mojesiell s M3yYeHHs 3JIeKTpU-
YeCKHX CBOMCTB MeMOpaHBI, UX NIPOHULAEMOCTH U APYTUX HAYY-
HEIX ucciaenoBaHuii. C IOMOIIBIO MOJEIbHEIX MeMOpaH U3yJaioT
pax dyHErnui 6uogoruuecKux MeMbpas, a TOM yucjae, 6apbepHYIO
(HanmpumMep, CeJeKTHBHOCTh IPOHUIAEMOCTH — XOPOIIYIO TPOHU-
{aeMOCTH AJISI BOALL U IIJIOXYI0 AJiA HoHOB). MOoxHO Mojgenupo-
BaTh OHOJOTHYECKHH TPAHCIOPT, BBOJAS B MOAEJbHYIO MeMOpaHy
MOJIEKYJIBI-TIEPEHOCUHKH.

KOHTPOJIBHBIE BOMIPOCHI, 3AJAYH, 3AJAHHA

1. YaensHas sleKTpUYECKaaA eMKOCTh MeEMODaHbl aKCOHA, U3Me-
PeHHasi BHYTPHUKJIETOUHBIM MUKPO3JIEKTPOJOM, OKa3alack PABHOM
0,5 muxpodapan/cm?. ITo dopmyIie MIOCKOTO KOHAEHCATOPA OLe-
* HATH TOJMUHY I'uAPo¢dobHOro cj1oa MeMOpaHBbI C JUAJIEKTPAYECKOH
T POHHUIIAEMOCTBIO 2.

2. Kakoe paccTosiHFe Ha IIOBEDXHOCTH MeMOpaHBI 3pHUTPOLUTA
MPOXOAUT MoJIeKyJa dochoaunuga sa 1 ceKyHIY B pe3yJbTaTe
aatepaiabHoit nuddysuu? Kosddunuent marepansaoii nuddysnu
npuHATE paBHEIM 10712 M2/c. CpaBHHETE C OKPYKHOCTHIO 5PUTPOLIH-
Ta JXaMeTpOM 8 MKM.

3. IIpu dasoBoM nepexoge MeMOpPaHHBIX (hochoINTTUAOB U3 KU -
KOKPHUCTAJLJINYECKOTO COCTOAHUS B I'eJIb TOJINHA 6MCIOSa H3MeH -
erca. Kak nmpu aToM U3MeHUTCA DJIeKTPHUYECKasas eMKOCTh MeMbpa-
Hel? Kak M3MeHUTCA HANPAXKEHHOCTDH 3JEeKTPHUUYECKOTO MONA
B MeMOpaue?

4. C nOMOIILI0 CIUH-MEYEHBIX MOJEKYJ PochoIUIUIOB yCTa-
HOBJIEH TPaJUEeHT BA3KOCTH MO TOJIIHEE MeMOpaHbl. OnUIINTe 3K-
CIIepUMeHT. I'/le BA3KOCTh BBIIIE: Y IOBEPXHOCTH MeMOpaHEl UJIN B
ee 11ieaTpe?
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THIIOBBIE TECTHI TEKYHIEIO KOHTPOJIA

1.1. Tonmwuaa GHOIOTHYECKOIl MeMOPaHEI:

1. 10 A , 3. 0,1 MM
2. 10 am 4. 10 MxMm

1.2. JuaKOCTHO-MO3aMYHAA MOJIeJIb OMOJIOTNYeCKOM MeMOpaHbI
BKJIIOYAET B ceds:

6eJIKOBBIMH CJIOH, MOJINCaXapPHUALI H MOBEPXHOCTHEIE JIUIIHEI
JMIUAHBIA MOHOCJION M X0JIeCTePHH

JUOUAHBIA OHUCJIO0H, OeJIKH, MHKPOPHIaAMEHTHI

IUOUAHBIH Gucioi '

oo =

1.3. Jlunmuanas 4acTh 6momornuyeckoii MeMOpaHEsl HAXOQUTCS
B CJIeAYIOueM (PH3UIeCKOM COCTOAHHUHN:

1. xumaxoM amopgpHOM

2. TBepAOM KPHCTANINICCKOM
3. TBepAoM amMophHOM

4. KUAKOKPUCTAIIHNIECCKOM

1.4. YaennHad sJeKTPHYECKAA eMKOCTh MeMOpaHbI aKCOHA:

1. 0,510 ®/m? 3. 0,5-102 @/cm?
2. 0,510 @/m? 4. 0,5-1072 @/m?

1.5. XapakTepHOe BpeMd IepeHoca MOJEeKYJabl (GochoIunnios
M3 OJHOIO MOJIOKEHNUs paBHOBECHA B Ipyroe OpH uX AUGPy3un:

JaTepalbHasa ¢baun-daon
1. 107-10%¢ ~ 1 gac

2. 10°-102¢ 107"-10%c¢
3. 1 - 2uaca 10-50c¢c

1.6. PazoBHIi nepexo JTHOUAHOTO 6MCI0A MeMOPAaH H3 KUIKO-
KPHCTAJJIMIYECKOTO COCTOAHHUA B TeJIb COIIPOBOKIaeTCH:

1. yToHbmeHneM MeMOpaHBI
2. ToammuHa MeMOpaHHI He MEHAETCA
3. yronmieEneM MeMOpaHbI
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TJIABA 2. TPAHCIIOPT BEIIECTB
YEPE3 BHOJOTHYECKHUE MEMBPAHBI

JKuBLIe cCHCTEMEI HA BCeX YPOBHAX OPraHU3AIMH — OTKPBITHIE
cucteMbl. IT03TOMY TPAHCIIOPT BEIeCTB uepes GUOJOrHYeCKe MeM-
6paHEI — Heo6x0oAMMOe ycaoBHe KHU3HU. C IIepeHOCOM BEeIeCTB Ye-
pe3 MeMOpaHLI CBA3AHbBI IPOITECCH MeTab0IN3Ma KJIEeTKH, GHO3HED-
reTHYecKHe IPoIecchl, o6pasoBaHue 6MONOTEHNNAJIOB, FeHepanus
HEPBHOr'c UMIIyabca ¥ aAp. Hapynienne TpaHcmopra BellecTs uepes
6uomMeMOpaHE! MPUBOAUT K Pa3IMUYHLIM IIaTOJOTrHAM. JleueHnue
YacTo CBA3aHO ¢ IPOHMKHOBEHUEM JIEKAPCTB Yepe3 KJIEeTOUHELIE MEM-
6panbl. 3G GHEeKTUBHOCTD JIEeKaPCTBEHHOrO IIperapaTa B 3HAUYUTE b~
HOMU CTeIIeHN 3aBUCHUT OT TIPOHMUILAEMOCTH AJIA HEro MeMOpaHHI.

Boibmioe sHaueHue AJA ONMUCAHUA TPAHCIIOPTa BEHIECTB HMEET
MOHATHE IIeKTPOXUMHUYECKOro IIOTEHIIUAIA.

X¥MUYECKHUM IIOTEHIIMAJIOM AAHHOTO BellleCTBa |l Ha3bIBaeTCA
BeJIM4YMHA, YUCJICHHO paBHaA 3Hepruu I'mb60ca, mpuxogamiasacsa Ha
OAUH MOJb 3TOTO BelecTBa. MaTeMaTU9eCKH XMMHUYECKUI MOTEeH-
IAAJ OTIIPeAesIAeTCA KaK YacTHaA IIPOU3BOAHAA OT 9Heprnu I'u66ca
G 1o KonuuecTBY k-To BellleCcTBa, IpHU IOCTOAHCTBE TeMIIePATYpPHI
T, naBnaenus P u KonuuecTs Beex apyrux semects m, (I #Kk):

_ 96
uk 8mk P’T’m#k.

Ilna pa3GaBiieHHOTO PACTBOpPa KOHIIeHTpauy Benjectsa C:

u=p,+RTInC,
rae pj,— CTAaHJAPTHHIA XUMUYECKHH IOTeHIHUA, YUCJIEHHO PaBHBIH
XUMHYECKOMY MOTEeHIIUAJY JAHHOrO BEIIeCTBA IIPM €ro KOHIIeHT-
pamuu 1 MoJb/J1 B pacTBODE.

DNeKTPOXMMUUYECKHIT IOTeHITHAJ ﬁ — BeJINUMHA, YHMCJIEHHO paB-
Has sHepruu I'n66ca G Ha OZMH MOJIb JAHHOTO BEIIIeCTBA, HOMEIeH-
HOTO B 3JIEKTPHYECKOM IIOJIE.

Jlna pasbaBlieHHEBIX PACTBODOB

i =p, +RTInC+ZFg, (2.1)

rae F = 96500 Ki/Mons ~ uncyao @apazed, Z — 3apajg HOHA JIEKT-
poJsnTa (B 3JIeMEHTAPHBLIX eAUHHIIAX 3aPAAA),p — IOTCHIIHAJ 3JIEK-
Tpuueckoro nouas, T [K] — temmepartypa.
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TpaHcOpPT BeliecTB Yepes OGHOJIOrHYEeCKHe MeMOPaHBI MOYKHO
pPas3geauTh Ha ABA OCHOBHLIX THIIA: TACCUBHBIA M aKTUBHBIM.

§ 6. IlaccuBHEIA NepeHOC BemecTB Yepe3 MmemOpany

IIaccHBHBIH TPAHCHOPT — 3TO IIEPEHOC BEIleCTBa U3 MeCT ¢ §0 JIb-
IIIMM 3HAaUYEHHUEM DJIEKTPOXMMHUUYECKOTO MOTEHIINAIA K MECTaM C eTo
MeHbIINM 3HaueHneM (2.1).

IlaccuBHEIH TPaHCIIOPT HAET C YMEHbIIIeHNneM 3Hepruu I'utoca,
H.II09TOMY 9TOT IIPOLEeCC MOKET HATH CaMOIIPON3BOJILHO 0€3 3aTpa-
TELI PHEPTHH. ‘
T~ B> Ky ~

Ky Ko
> I

HaIpaBJeHNe aCcCHBHOTO TPaHCIOPTa

Puc. 2.1. CxeMa nacCHBHOTO TPAHCIOPTA

IInoTHOCTH MOTOKA BE1leCTBA j  IPH IaCCHBHOM TPAHCIIOPTE MO/ -
YpHAETCA ypaBHeEMI0 Teopeana:
, dp
in=-UCSE, (2.2)
dx
rge U — mogBusKHOCTL YacTull, C — KOHIeETpausa. 3HaK MHHYC
MIOKa3bIBaeT, YTO IIePEeHOC IIPOMCXOAUT B CTOPOHY YOBIBAHUSA | .
IInoTHOCTHL MOTOKA BelmecTBa — 3TO BeJIWYHWHA, YHCJIEHHO PaBHAA
KOJHUYeCTBY BelllecTBa, IEPEeHECeHHOTO 3a eJUHUNY BPEMEHH Uepes
eIMHHUIY ILIOIAAHN IIOBEPXHOCTH, IIePIeHANKYJISPHOI HalpaBJie-
HUIO IIepeHoca:
i o= m ,MOJIb
" 8t Mec
ITogcTaBuB B (2.2) BrIpaskeHUe JJIA 9JIEKTPOXUMUYECKOTO IIOTEH-
ouaia (2.1), mosydum A pasbaBIeHHBIX pACTBOPOB IPH [, = const
. ypaBaenue Heprcra—Ilnanka:

).

i. =—urTC _uczrd?, (2.3)
dx dx ‘

HTak, MOryT GBLITH ABe IPUYMHLI TIEPEHOCA BEIeCTBA NPH IacCHB-

HOM TPaHCHOPTE: I'PAJHEHT KOHIIEHTPpAaOuH —, _ U I'PAJHEHT 3JIeKT-

dx
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do
PHYECKOT0 MOTEeHITHAJIA —; . 3HAKU MHHYCOB Ieépej rpajieHTaMu

dx

MOKA3LIBAIOT, YTO TPAJMEHT KOHIIEHTPAIINH BLI3LIBAET IEPEHOC Be-

" miecTBA OT MeCT ¢ GOJIbINEH KOHIeHTpallueil K MecTaM C eT0 MeHb-
el KOHIeHTpanuel; a rpagueHT 3JeKTPUIECKOTo MOTeHIHaIa
BBLI3BEIBAET MIEPEHOC IIOJOKHUTEIbHEIX 3aPAA0B OT MeCT ¢ 60JIBIINM
K MecTaM ¢ MEHBIIIMM MOTEHI[HAJIOM.

B oTAenbLHEIX CIyUYadaXx BCIeACTBUE COMPAXKEHUS 3THX ABYX IIPH-
YHMH MOKET IPOUCXOJUTD MACCUBHLIH IIepeHOC BeIlleCcTBa OT MeCT ¢
MeHbIlle# KOHIIEeHTpaIueil K MecTaM ¢ O0JbIllell KOHIleHTpaluei,
ecJiy BTOPOI 4JieH ypaBHeHud (2.3) 1o MogyJIIo 60JIpIe NepBoro, u
MOJKET IPOMCXOAUTEH IePEHOC BENIeCTBA OT MECT C MEHBIITMM IIOTeH-
IHAJIOM K MecTaM ¢ OOJBIIIMM IOTEHITUAJIOM, €CJIH IIePBHI 4iIeH
ypaBHeHUA (2.3) oo MoayJio 60JbIlle BTOPOTO.

B cyuae HeanexkTponuTos (Z = 0) uam OTCyTCTBUSA 3JI€KTPHUIECKO-

do
ro HoJA (d— =0) ypaBueHue Teopesnna nepexozm'r B YpaBHEHHUeE:
X
dc
=-URT—.
dx

CorsacHo COOTHOINIEHNIO JHHINTeHHA Koaddbuniiuent gudpdysun
D =URT. B peayabraTe nosyuaeM ypaBHEHHE, OIIUCHIBAIOIEE IIPO-
ctyio suddysuio — 3aKon Puka:

= —Dd—C (2.4)
dx

Ha puc. 2.2 npepcraBieHa KaaccumKamus OCHOBHLIX BUAOB IIaC-
CHBHOI'O TPAHCIOPTa Yepe3 MeMOpaHy, a Ha puc. 2.3 — 0CHOBHEIe
pa3HOBMAHOCTH IpocToit fuddysun yepes MeMOpany.

Andody3us — caMONIPOU3BOJILHOE IepeMeHNieHNe BelllecTBa U3
MecT ¢ 0oJIbINIel KOHIIEHTpaIlueil B MecTa ¢ MEeHbINIel KOHIleHTpa-
Iuei BelleCTBa BCJIEACTBHE XA0THUYECKOTO TEIJIOBOTO ABMIKEHUS
MOJIEKYJI.

Iuddysua BemniecTBa Yepes JIHIHIHBIH 6HCJIOPI (puc. 2.3a) BbI-
3BLIBAETCA I'PASMEHTOM KOHIIeHTpanuy B MeMbpane. I110THOCTE mmo-
TOKAa BeHIeCTBa 0 3aKOoHY Puka

M M M .
Jm:—DgradC:—DCZ Ci DC —Cs , (2.5)
l l
rae C;" — KOHIIEHTPAIKA BellecTBa B MeMOpaHe OKO0JI0 OJHOM ee Io--
BEPXHOCTH U C’z" — OKOJIO ZpyTo#, [ — TonmineEa MeMOpaHHI.
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| maccuBusi Tpancmopr
ocMoc . / X duaLTpanus

npocTrasa obnerdyennasn
fubdysusa fnpodysusa
AN
depes C DOJBHUKHEIM ¢ GUKCUDPOBAHHBEIM
AR AHBIA IePeHOCUNKOM HepeHOCUNKOM

cJaon
Yepes MOPHBI . yepes
B JIUNUIHOM 6EeJIKOBYIO

6ucioe nopy

Puc. 2.2. Knaccudukauus BUIOB TACCUBHOI'O TPAHCIIOPTA

ML (1T
NSzl

Puc. 2.3. OcHOBHBIe Pa3HOBHAHOCTH NpocToil suddysun
yepe3 MeMOpaHYy: Yepe3 IUOUAHBIN Oucioi (a),
Yepea nopy B JunuaHoM 6ucioe (6), uepes 6e1KoBYIO ODPY (B)

. - Ccr-cr
T'pagmenT KoHUEHTPAIINK NPUOGIU3UTEIHFHO DABEH f
2.4).

6 B

» (puc.

Tak Kak N3MEPUTH KOHIeHTPaI[NH ClM " Cg TPYJIHO, Ha ITPAKTH-
Ke NOoJIb3YITCH (HopMyJI0ii, CBA3LIBAIOIIEH ILIOTHOCTD IIOTOKA Be-
IecTBa Yepe3 MeMOpaHy ¢ KOHLEHTPAIIUSIMH 3TOTO BellleCTBa He
BHYTDPHM MeMOpaHbl, a CHAPYKH B PACTBOPAX OKOJIO IIOBEPXHOCTEH
mem6pansl, C, u C, (puc. 2.4):
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mMemOpaHa

Puc. 2.4, Cxema npocroit sudhdysnu
yepes JAIKAHHN GHcaI0d MeMODaHH

in=P(C,~C,), (2.6)

rae P — kosddunueHT npornmaeMocT MeMOopansl. Tak Kak MJIOT-
HOCTB ITIOTOKA BeIleCTBa j MMeeT pa3MepPHOCThb MOJIb/M? - ¢, KOHIIeH-
Tpanusa C — Moas/M%, pasMepHOCTE KoahdHIHEHTa IIPOHHUITAEMOC-
T P—M/c. . ‘

KoadodunumerT mpoENIaeMOCTH MeMOPaHsl 3aBUCHT OT CBOMCTB
MeMOpaHbI M IEPEHOCHMBIX BeIlecTB. ECIn CUUTATE KOHIeHTPal i
BellleCTBa Yy MOBEPXHOCTH B MeMOpaHe IIPAMO IIPONOPIHNOHAJIbHEI-
MH KOHII€eHTPAaIUAM y IOBEPXHOCTH BHe MeOpaHkl, TO

C*=KC, (2.7a)
C¥ =KC,. (2.76)
Bennuuna K HocuT HasBaHne KoadduIMeHTa pacIpesieleHUd, KO-

TOPHII MOKA3LIBAET COOTHOIIEHWE KOHIEHTPAIINH BeImecTBa BHE
mMemOpaHs! 1 BHyTpH ee. IlogcTasuB (2.7a, 6) B (2.3), moayuum:

. DK
o =T(CI—CZ)° (2.8)
W3 ypaBuenni (2.8) u (2.6) BugHO, 4TO K0adPHIIHMEHT ITPOHNLae-
MOCTH: . DK
P=—"r (2.9)

l

KospdpunueHT IpOHNIAeMOCTH TeM GOJIbIIIe, ueM 6oabliie Koaddn-
nueHT Auddysuu (4eM MeHbIIIe BA3SKOCTb MeMOpaHbl), YeM TOHBIIIe
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MemOpaHa (4eM MeHbIOe 1 ) ¥ yeM JIydiiie BerecTB0 PaCTBOPAETCS
B MeMbpaHe (ueM GoJsbine K).

Xopomnro pacTBOpHUMH B hochonnuauaoi ¢pasze MeMOpaHLI HEIIO-
JiApHBIE BelllecTBa, HAPpHMeD OPraHWYecKHe SKHPHBIe KHCJIOTEI,
" 9¢bupHI. ITH BEIllECTBA XOPOIIO IPOHUKAIOT Yepe3 JIUIHAHYIO hasy
MeMOpaHEI.

IInoxo npoxogAT yepes IUOHUIHBIA OHCIIOH MOJApPHEIE, Bogopa-
CTBOPHMEIe BELeCTBA: COJIH, OCHOBAHMS, CAXapa, AMUHOKHCIIOTHI,
CIIMPTEI.

Ha nmepsBriit B3rsA, OpeacTaBifeTca HEOOBICHUMBIM CPaBHU-
TeJIbHO 0OJIBIIOE 3HAYCHHNE K03(PdDHUIMEeHTa MIPOHUIAeMOCTH JINIIH-
HOM MeMOpaHBI JJIs BOIEI.

0,15 am

Puc.’2.5. YrieBoJopoAHEIE LIENH B IOJHOCTHIO Tpanc-rconq)nryparfnn (a)
M rom-rpaHc-rom-Koudurypamnum (6)

B mociegHee BpeMs IPOHMKHOBEHUE Yepe3 JUIHUAHEIE OGHCIION-
HbIe MeMOpPaHEI MEJIKHUX IIOJAPHEIX MOJIEKYJ CBA3LIBAIOT ¢ 06pas3o-
BaHHEM MEXAY XHPHOKHCJIOTHBIMH XBOCTaMM (HochHOJIUIHIHBIX
MOJIEKYJI IIPH UX TeIJIOBOM ABHU KE€HHH HeGOJIBIINX CBOGOSHEIX 11O~
Jocreil — KUHKOB (or aHrJ. kink — mersisa), o6pasoBaHHBIX rom-
TpaHC-TOII-KOH(MHUrypaunei JUMUIHEIX MOJIeKYJI (puc 2.5).

Benencrsue TeIIOBOro JBMIKEHHA XBOCTOB KMHKH MOTYT Hepe-
MelLaThcA monepeK MeMOpaHbl ¥ HepeHOCHUTh ITONAaBIINe B HUX MeJI-
KHe MOJIEKYJILI, B IePBYIO O4epelb MOJIEKYJIEI BOALI.

Yepes runugHeie u 6eIKoBbie OOpH (puc. 2.3, 6, 8) CKBO3b MeMO-
paHy IPOHHKAIOT MOJIEKYJIbI HEPACTBOPDHMEIX B JUIHAAAX BELIECTB
¥ BOJOPACTBOPHMEIE THAPATIPOBAHHEIE HOHBI (OKPY:XEeHHEIE MOJIe-
KyJIaMH BoAHI). [IJIA sKMpOHEePACTBOPHMEIX BeIlleCTB X MOHOB MeM-
6paHa BHICTYIIAeT KaK MOJIEKYJIIPHOE CHTO: YeM OOJIbIile pa3Mep Mo-
JIeKYJbl, TeM MeHbIlIe NMIPOHUIIaeMOCT:E MeMOpaHLl AJA 3TOTrO
BellleCTBa.
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M36upaTeabHOCTE IepeHoca ofecnednBaeTess HabopoM B MeMOpa-
He MOP OIpedeeHHOTO paguyca, COOTBETCTBYIOIIUX pa3Mepy IIpo-
HUKAIoIei yacTUIlLI. TO pacnpeAeeHne 3aBHCUT OT MeMOpaH-
Horo notennuaina. Tak, n3d0uUpaTeIbHBIe IJI HOHOB KaJIH IOPEI B
MeMOpaHe 3PUTPOIUTOB UMEIOT CPABHUTEIBHO HU3KUH KoahduI -
€HT IIPOHHUI[A€MOCTH, PaBHEIH 411M/C IpU MeMOPAaHHOM IIOTEHIIHA-
Jge 80 MB, KOTOpPLIM YMeHBIIAETCA B UETHIPE pa3a ¢ MOHMIKEeHHeM
noteHnuaia 5o 40 mB. IIponnmaeMocTs MeMOpPaHBI AKCOHA KaJb-
Mapa [IJs MOHOB KAJHA P YPOBHE MOTEeHI[MAIa BO30OYKIEHU S Ol -
pelendeTcAd KAaJTHEBEIMH KaHAJAMH, PAJUYC KOTOPBIX YHCIEHHO
OLIEHMBAETCA KaK CYMMa KPHUCTAJINUECKOro pafuyca HOHA KaJIusd
¥ TOJIIUHK OfHOM ruapaTHo# o6onouku (0,133 am + 0,272 um =
0,405 um). CregyeT NOAUYEPKHYTH, YTO CEJIEKTHBHOCTh HOHHBIX
KAaHaJIOB HeaOCOJMIOTHA, KaHAJLl JOCTYIHLI U AJA APYTHX MOHOB,
HO ¢ MeHBIIUMH 3HaueHUAMHU P (Taba. 2.1.).

Tabauya 2.1. OTHOIIEHNE NPOHHIIAEMOCTEH AJIA OXHOBAJCHTHLIX HOHOB
B KaJIHEBOM KaHAaJle AKCOHA KaJabMapa

P .Hom Kpucramainuecknit
- pazuyc, HM
0,018 JInTmit 0,060
0,010 | Harpuit 0,095 .
1,000 Kaauit 0,133
0,910 Pyongmix 0,148
0,077 Ilesnit 0,169

N3 taba. 2.1 caegyer, 4To MaKCcUMaJIbHaA BeJInunHa P cooTBer-
cTByeT noHaM Kajus. LoHEHI ¢ 60JIbIINMHU KPHUCTAJINUYECKUMH pa-
guycaMu (pyouznuii, nesnif) *MeloT MeHbIINE P, IO-BHAUMOMY, 1O~
TOMY, UTO HX Pa3MepPEHI C OAHOHA r'IApaTHO#H 060J0UKOM IPEBLIIIAIOT
pasMep kaHajia. MeHee OUeBHHA MPUYNHA CPABHATEIHHO HU3KO-
ro P 7JifA HOHOB INTHA U HATPUA, UMEIOII[UX MEHbBIIIHI CPABHUTEIb-
HO ¢ KajueM paguyc. McxXoaa U3 npeAcTaBIeHHN 0 MeMOpaHe KaK
MOJIEKYJIAPHOM CHTE, MOXXHO OBLIO ObI IYMAaTh, YTO OHM JOJIKHBI
¢BOOOJHO IMIPOXOAUTH Uepesd KajineBble KaHajbl. OZHO U3 BO3MOMK-
HBHIX PellleHHi 3TOro NpoTHuBopeuns npeajoxxeno JI. Myaauasom.
OH mpeAnojaraer, UTO B PaCTBOPE BHE IMOPH KaXKABIH MOH MMeeT
THAPATHYIO 000JIOUKY, COCTOSAINIYIO U3 TpeX chepUUECKUX CJIOEB
MoJeKya BoAbl. IIpu BXox/JeHWH B NOPY THAPATHPOBAHHBIN MOH
“pasgeBaeTcs’”, Tepad BoAy nociaoitHo. Ilopa 6yaeT mpouuiaemMa ajs
HMOHa, eCJIH €e AUaMEeTP TOUHO COOTBETCTBYeT JuaMeTpy Jboi us
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aTHX chepuueckux obomouek. Kak nmpasmio, B mope HOH ocTaeTcs
¢ oHO# ruApaTHo# 060/0uKoii. Pacuer, npuBeieHHELIH BHIIIE, IIO-
Kas3blBaeT, YTO Paguyc KaJNeBOil MOPHI COCTABHT B 3TOM cilyuae
0,405 M. I'mapaTHpOBaHHBIE MOHKLI HATPUSA U JUTHA, Pa3MephI KO-
“TOPBIX He KPAaTHLI padMepaM IOpPhl, OYAYT HCILITHIBATEL 3aTPYAHE-
HHUe OpH NPOXOKJeHHUH uepe3d Hee. OTMeueHO cBoeoOpasHoe
“KBaHTOBaHKE” THAPATHPOBAHHLIX HOHOB IO KX padMepaM IPH IIpo-
XO0XJAECHUH Yepes MOPHI.

B 6uonornueckux MmemMOpaHax Ol 0OOHApPY)KeH elle OAHH BHJ
Auddysun — ooaeraennan auddysusa. O6reruesnas auddysusa
NPOHUCXOANUT IPH YYACTHM MOJIEKYJ mepeHocumkoB. Hanpumep,
6aJUHOMUYUH — IEPEHOCYMK HOHOB Kausa. MojeKyJa BAJIHHOMH-
npHa pMeeT GOPMY MaHKETKH, YCTIAHHON BHYTPH NOJAPHBIMH
rpyniaMu, a CHapy»X# — HeNOJIAPHLIMHE (puc. 2.6).

B cuiy 0co6eHHOCTH CBOET0 XHMHYECKOT'0 CTPOSHHA BAJIMHOMH-
LIMH, BO-IEPBLIX, cnocobeH o6pa3oBEIBATL KOMIJIEKC ¢ HOHAMH Ka-
151, MONMAJaIOMIMMH BHYTDPb MOJIEKYJIBI-MaHKEeTKH, ¥, BO-BTOPKIX,
BAJIMHOMHIIMH PACTBOPHUM B JUNUAHON dasze MeMOpaHBI, TaK KakK
CHApYKH ero MoJeKyJa HemoJasapHa. MoJieKyJIn BATHHOMHUIIMHA,
OKAa3aBIINeCA ¥ MOBEePXHOCTH MeMOpaHLl, MOTYT 3aXBATLIBATEL U3
OKPYJKaIOIIEero pacTBopa HOHEI Kanusd (puc. 2.7). lIndbdbyaaupysa B
MeMOpaHe, MOJIEKYJIBI IEPEHOCAT KNl yepe3 MeMOpaHy, ¥ HeKo-
TOpLIE M3 HUX OTAAIOT MOHBEI B PACTBOP IO APYTYIO CTOPOHY MeMG-
paHbI. TakuM 06pa3oM M IPOMCXOAHUT IIePEHOC HOHA KaJHA Yepes
MeMOpaHy BAJITHHOMHIHHOM.

[} o
] l I
c—o 0—C—N

o=cC

o=

Q=0

, \ﬁ_\m_@I&\c g

Puc. 2.6. Crpoenne Mmonekynsl norodgopa (MOJIEeKYJIR BAJIMHOMHUIIUHA):
a — xumudeckas dopmyina [L-nakrat — L-Banun — D-okcu-usoBangepua-
' HOBas KHCA0Ta — D-pajgun],;
6 — o6muit Bug (Kpy:ROUKaMH 0603Ha4YEHBl XMMHYECKHe I'DYIIILI,
ABOMHEIMH UePTOYKAMH — BOJOPOJHEIE CBA3H)

e}
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Puc. 2.7. Cxema nepeHoca BATHHOMHIIAHOM MOHOB KAJUS
yepe3 MemMOpaRy

PasyMeeTcs, mepeHOC KaIud BAJTUHOMUIIMHOM MOMKeT IIPONCXO-
JUTH 4yepes MeMOpaHy U B OJHY B B IPYryIo cTopoHy. ITosTomy, ecan
KOHIIEHTPAIMH KAJHA 10 00e CTOPOHBI MeMOPaHEI OIMHAKOBEI, [IOTOK
KaJIusA B OAHY CTOPOHY OyAeT TaKol 3Ke, YTO U B APYTYIO, U B pPe3yiib-
TaTe IepeHoca KaIua depe3 MmeMOpany He 6yaet. Hoecau ¢ oxHoil cTo-
POHBI KOHIIEHTDAI U KaJInsA 6obie, yeM ¢ apyroit ([(K*], >[K*],), To
3/lech HOHBI OyAyT Yallle 3aXBaTHIBATHCA MOJIEKYJIaMH NIePeHOCUH-
Ka, 4YeM C ApYroii CTOPOHEI, M IIOTOK KAJHUA B CTOPOHY YMEHbIIIeHUS
[K*] 6yzer 60sbie, 4eM B IPOTUBOIOJIOMXKHYIO.

Ob6neruennas auddysusa, TakuM o6pasoM, OIPOUCXOIUT OT MECT
¢ GosblIeil KOHOeHTpalliell MepeHOCHMOr0 BEIIeCTBa K MeCTaM C
MeHbplllel KoHIeHTpanueii. [lo-Buaumomy, obrerdennoii auddy-
3ueil 00'bACHAETCA TaKKe IIEPEeHOC Uepes OHMoJIorudyecKue MeMo-
paHbl AMMHOKHCJIOT, CAaXapoB U JPYTrUX OHOJOTHYECKH BaKHBIX
BEeN[ecTB.

Otauuna obaeryennoi guddysnu oT mpocToii:

1) mepenoC BemecTBa ¢ yU4acTHEM IePeHOCUYMKA IIPOMCXOAHT 3Ha-
YUTeJbHO OBICTpEE;

2) obneruennas auddysua obragaer cBOHCTBOM HACHII[eHUA
(puc. 2.8): mpu yBeJIMYeHNN KOHIIEHTPALLUY C OGHOM CTOPOHBI MeM-
6paHLI IJIOTHOCTH IIOTOKA BelleCcTBA BO3PACTAaeT JHIIb 40 HeKOTO-
poTo mpeesia, KOTAA BCe MOJIEKYJILI IEPEeHOCUNKA YoKe 3aHATHI;

3) mpu obineruennoii suddysnun nabaonaeTca KOHKYpPeHIIUA IIe-
PEHOCHMEIX BeIecTB B TeX CJyJYaax, KOTJa IepeHOCUNKOM Iepe-
HOCSATCA Pa3HEIE BEI[eCTBa; IIPHU 3TOM OJHY BENIECTBA IePEeHOCATCA
Jy4ine, 4eM Apyrue, u AobaBjieHHe OJHUX BeINEeCTB 3aTPYAHSET
TPAHCIOPT APYTHUX; TaK, K3 CAXapOB IVIIOK03a IIepeHOCUTCA JIyullle,
yeM bpyKTO3a, GPYyKTO3a IyUlIe, YeM KCHJI03a, 8 KCHJI03a JIyylne,
yeM apabuHO34, U T.J.;
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Puec. 2.8. 3aBHCHMOCTD IJIOTHOCTH ITOTOKA J  BelmecTs
gepes 610JIOTHYECKYI0 MeMOpaHy B KJIETKY
B 3aBHCHMOCTH OT KOHIleHTpannii C_ sTHX BeriecTs
BO BHEKJIETOYHOM cpejie Opu npocToii (1)
u obseruennoii (2) guddysun
(cunTaeTcH, YTO KOHIEHTPANUA BHYTPH KJIETKHA
H3MEHAETCHA He3HAYNTEIBHO)

4) ecTb BellecTBa, OJOKHUpYyIONIHe 00JeTIeHHYI0 AUDDY3HI0 —
OHM 00pa3yIOT NMPOYHBLIA KOMILJIEKC C MOJIEKYJaMH IepeHOCUHKA,
HampuMep, GJIOPUASHH NOJAABJIAET TPAHCIIOPT CaXxapos uepes 6mo-
JIOTHYeCcKyI0 MeMOGpaHy.

Ecan TpaHCIOPT KaKoro-au60 BerecTBa Yepes GHMOJIOTHUECKYIO
MeMmOpaHy 006/1agaeT 3STUMHU 0COOEHHOCTSAMH, MOXKHO CAeJaTh Ipe-
MOJIOYKEeHHe, UYTO HMeeT MeCTO obJierueHHAasa AuPDy3us.

Pa3sHOBHAHOCTHIO 06JIerdeHHOH qudGy3un ABJIAETCA TPAHCIOPT
C [IOMOIIHI0 HEOABHKHEIX MOJIEKYJI-IEPEHOCUHUKOB, GUKCHPOBAH-
HBIX OIpefieIeHHBIM 00pas3om nonepek mem6pansil. Ilpu aTom Mo-
JIEKYJia IePEeHOCHMOTr0O BeIIEeCTBA IePeIaeTCsa OT OAHOM MOJIEKYJIBL
TIepeHOCYHKa K APYroil, KakK no acradere.

dunsTpanueil HasbIBaeTCA ABUIKEHHUE pacTBOpa Yepes MOPHI B
MeMOpaHe HoJ| eMCTBMEM rpasueHTa AaBjaeHHss. CKOpoCTh mepe-
Hoca OpH GUALTPAIUH NOAYNHAETCA 3aKony Ilyazeis:

dv_P-P,
d W’
dv .
e E — 00'beMHa s CKOPOCTH IePEeHOCA PACTBOPA, W — THAPaBJIH-
' - 8nl

9ecKoe CONPOTHBIeHNe, W =—_, | — JUINHa IIOPHI, T — ee paguyc,
nr

1) — Koo dHUIMEHT BASKOCTH PACTBODA.
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fABnenne pUABTPATNN UTPAET BAIKHYIO POJIb B IpOmeccax mepe-
HOCA BOJBI Uepes3 CTEeHKY KPOBEHOCHEIX COCY/IOB.

OcMoc — IperMYINecTBeHHOe JBIYKeHHE MOJIEKYJI BOA LI Yepes 110-
JIYyIpOHHUITaeMble MeMOpaHsI (HenpOHUIIaeMBIe JJIS PACTBOPEHHOT'O
BellecTBa U MPOHNIaeMEble JJIA BOALI) M3 MECT ¢ MEHbIIIeil KOHIIeH-
Tparueil pacCTBOPeHHOT'0 BelllecTBa B MecTa ¢ 60JbIeli KOHIeHTpAa-
nueii. OcMoc — 10 cyTH feJia, npocTad Ang¢ysusa BOAEI I3 MECT C ee
6ospmIeli KOHOEHTpanueil B MecTa ¢ MeHbIell KOHIleHTpanuei
Boasl. OcMoc HUrpaeT OOJIBIIYIO POJIb BO MHOTMX OMOJIOTHYECKHX
ABJIeHUAX. IBJIeHne ocMoca 06yCIOBINBAET reMOJIN3 3PUTPOIUTOR
B TUIIOTOHHYECKMX pacTBopax.

§ 7. AKTHBHBIH TpaHCHOPT BemecTB. OnsIT ¥Yccunra

AKTHBHBIA TPAHCIOPT — 3TO IIEPEHOC BEIIIeCTBA U3 MECT C MEHb-
1AM 3HAYEeHHEM JIEKTPOXHMHUYECKOr0o MOTEHIINAJIA B MECTA C ero
6ospImuM 3HadeHHeM (puc. 2.9).

AKTUBHBIA TpaHCIOPT B MeMOpaHe COIPOBOMKJaeTcsa POCTOM
aHepruu I'mb66ca, OH He MOKeT UJTH CaAaMOIIPOU3BOJHHO, 4 TOJHKO
B CONIPAMKEHHUH C IIPOIECCOM I'MJPOaHU3a afeHOo3HHTpudochOopHO
KucaoTsl (AT®), To ecTh 3a cUeT 3aTpaThl 9HEPTHH, 3allaCeHHOMI
B MaKpO3PTUYECKUX CBA3AX ATD.

ﬁ | He>H, ﬁ

o €

HanmpapJeHHEe AKTHBHOIoO TpaHCNIOpTa

Pue. 2.9. CxeMa aKkTHBHOIO TPAHCIIOPTA

AKTUBHBIHA TPAHCIIOPT BEIIECTB uepe3 GMoJoruyecKue MeMo6pa-
HEI HMeeT OTPOMHOe 3HaueHHe. 3a CUeT aKTUBHOTO TPAHCIIOPTaB Op-
raHn3Me CO3Jal0TCA IPaJUEHTH KOHIIEHTpaIMii, TPafUeHThl 3JIeK-
TpUYECKHNX IOTEeHIIMAJOB, IPaAfHEHTHl JaBJIeHHUA H T.JI.,
NoAePKUBAIOITHE }KU3HEHHBIE IPOIIECCHI, TO €CTh ¢ TOUKU 3PEeHU S
TepMOAHHAMUKY aKTHUBHEIN IIePEHOC YIePyKHUBaeT OPraHusM B He-
PaBHOBECHOM COCTOSHMHU, IIOAeP/KHUBAET JKU3Hb.

CymrecTBOBaHUe aKTUBHOIO TPAaHCIIOPTa BELIECTB depes 6MoJIo-
ruyecKne MeMOpaHEI BIiepBhIe OLLJIO JOKA3aHO B ONMBITAX YCCHUHTAa
(1949 r.) Ha TpUMepe NTepeHoCa NUOHOB HATPUS Yepes KOXKY JIATyIII-
KH (puc. 2.10).
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NaZZ

i,» HaD

KaMepa
KOMKa JATYOIKYT

Puc. 2.10. CxeMa onsITOB YCCHHTA
(A — amnepmeTp; V — BolIbTMETP, B — 6arapeiika, II — moTeHIuOMETD)

IKCnepHUMEeHTAJIbHAA KaMepa ¥ CCHHTa, 3all0JIHeHHAs HOPMAaJb-
HEIM pacTBOpPOM PuHrepa, 0n1jia pasziejieHa Ha ABe HACTH CBEXKeHn30-
JUPOBaHHON KOKel Jarymku. Ha puec. 2.10 caeBa — Hapy:xXHana
MYKO3Hafd IIOBEPXHOCTh KOKH, CIIpaBa — BHYTDEHHsAA cepo3Hasd.
Hab6mroganmch D10TOKHM MOHOB HATPUA Uepes KOXKY JIATYIIKH: CJIeBa
HAIpaBo OT HAaPY XHOM K BHYTPEeHHEeH MOBePXHOCTH U cIIpaBa HaJjle-
BO OT BHYTDeHHEH K HaDY>KHOH OBEPXHOCTH.

M3 ypasaenusa Teopeiia, ONNCHIBAIOIETO ITIaCCUBHEIHA TpaHC-
nopT, ciaeayeT ypapHeHue Yccuara—Teopeana ni1a oTHOIMIEHUS
3THX IIOTOKOB B CJIy4Yae IIaCCUBHOTO TPAHCIOPTA:

: ZFAyp
]m,nn —_#p o RT

C

]m,Hap BH

Ha xoxxe narymku, pasgensiomieii pacrsop Punrepa, BosHEUKaeT
PasHOCTE IOTEHIUAIIOB (@, — @, ) — BHYTPEHH#AS CTOPOHA KOXKU HMe-
" eT MOJIOXKUTEJILHBIH IIOTeHITNAJ 10 OTHONIEHHIO K HapysKHOMH. B ycTa-
HoBKe ¥YccuHra (puc. 2.10) umesics 610K KOMIIEeHCAIIMY HATIPAYKEHU A,
C IIOMOIIBI0 KOTOPOT'O YCTAHABJINBAJIACH PA3HOCTDH IIOTEHIIUAJIOB Ha
KOKe JIATYINKH, PaBHAA HYJIIO, YTO KOHTPOJIMPOBAJIOCH BOJIBTMETPOM.

KpoMme Toro, mogaep:KuBajachk OANHAKOBasg KOHIEeHTpaIus
MOHOB C Hapy»XHOM ¥ BHyTpeHHeii cTopoHeI C = C_ .

IIpm aTHX ycaoBHAX, eciiv ObI mepeHOC HATPHUA Uepe3 KOXKY Jif-
TYIIKH ONpeAeIsAJICA TOJBKO IaCCHBHRM TPAHCIIOPTOM, TO COTJIac-
HO YypaBHEHHIO ¥ ccuHra-Teopessia IOTOKH jm, B Oblsiu pas-
HBI IPYT APYrY:

m, Hap
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m, BH Jm, HAp

CyMMapHEI DOTOK depe3 MeMOpaHy OB ObI paBEH HYJIIO.

OnHaxo, OGHAPYXEHO C IIOMOIOLIO AMIIEPMETPA, YTO B YCJIOBHUAX
OIIEITA (OTCYTCTBHE rPaAHEHTOB 3JIEKTPHUYECKOr0 MTOTEHIHANA U KOH-
EHTPAIlK) Yepes KOMKY JATYINKH TedeT aJleKTpuueckuil Tok I, cie-
JIOBATEJILHO IIPOUCXOJUT OJHOCTOPOHHHUM IIEPEHOC 3apAMKEeHHBIX Ya-
CTHIL. YCTaHOBJEHO, UTO TOK Yepe3 KOKY TeueT OT BHEIIHe cpeanl
K BHYTpeHHeH.

MeTooM MeUYeHEIX ATOMOB OBIJIO MIOKAa3aHO, YTO MOTOK HATPHA
BHYTPL OOJIBIIIE IIOTOKA HAPYXKY Jm on jm e st aTOTO B JIEBHIi1
pacTBOD SKCIIEPHMEHTAIBHOM KaMephl GbLIN BKJIIOUEHB! PagHoaK-
TusHBIe n3otTonkl Na??, a B npaseiit — Na?¢. Msoron Na?? pacnagaer-
csA ¢ M3JIyYeHHEM KeCTKHUX Y-KBaHTOB. Pacnag Na?* conposoxna-
ercd MArkuMm P-usnydenueMm. Perucrpanusa Yy u P -usnyuyenuns
nokasaJja, 4ro notox Na?2 Gosabie motoxa Na?,

OTH 3KCIePUMEHTAJLHLIE JaHHLIE HEONPOBEPKUMO CBUAETEb-
"CTBOBAJIH O TOM, YTO IIEPEHOC MOHOB HATPHUA Yepes KOKY JIATYIIKH
He MOJUYHMHAETCA YPAaBHEHHIO NIACCHBHOrO TpaHciopra. Ciaenosa-
TeJbHO, HMEEeT MeCTO aKTUBHLIH IepeHoc.

§ 8. DaexTporenHnIe HOHABIE HACOCHI

CorsacHo COBpeMeHHBIM IIPeJCTaBJIEHUAM, B OHOJIOTHYECKHX
MeMOpaHaxX MMEIOTCA HOHHEBIE HACOChI, paboTaroinue 3a CYeT CBO-
00O sHEeprun ruApoan3a ATP, — cienualpHbIe CHCTEMBI HHTEr-
panbHBIX 6egkoB (TpaucnopTHele ATdasm).

B macTosiiee BpeMd U3BECTHEI TPH THIIA 3JIEKTPOreHHBIX HOH-
HEIX HACOCOB, OCYII[ECTBJISAIONINX aKTUBHEIN IepeHOC NOHOB yepes
MeMOpany (puc. 2.11).

- ITepenoc nonoB TpaHCcnOPTHEIMU ATPasaMu NPOUCXOJUT BCIEA-
CTBHIE CONPAMKEHHUA IPOIeCCOB IepeHoCca ¢ XUMHUYEeCKIMH PeaKIiy-
AMH, 3a CUET dHePrUu MeTab0Iu3Ma KJIETOK.

IIpu pa6ore K*-Na*-AT®a3srnl 3a cueT 3HEPTrUH, ocnoﬁoxcnalomen-
cs IPXA THAPOJIN3e KaXKa0i MoteKyabsl AT®P, B KIIeTKY IIepeHOCUTCA
JBa HOHA KAJHsA H OJHOBPEMEHHO M3 KJETKH BBHIKAYHMBAIOTCHA TPHU
uoHa HaTpua. TakuM o6pas3om, co3faeTcs MOBLIINIEHHAS IO CPaBHEe-
HHIO ¢ MEXKKJIETOUHOM Cpefoil KOHIIeHTPAIUA B KJIEeTKe NOHOB Ka-
JIUA ¥ MOHM)KeHHas HATPHsA, YTO HMeeT OrpoMHoe dbu3HoIornyec-
Koe 3HayeHwue.

B Ca?"-AT®agze 3a cueT sHepruu ruapoausa ATP nepenocsarcs
ABa HOHAa KaJabliud, a B H'-moMne — gBa mpoTona.
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3 Na™* 2 Ca*t 2H*
Hap

>
AT®Daza AT®asa) " JAT®Daza
o N N /|
2K*
AT® AI® AT® Al® AT® Al®

a 6 B

Puc. 2.11. BUaL HOHALIX HACOCOB:
a — K*-Na*-AT®aaa B nuromra3aMaTHd4ecKuXx MeM6paHax
(K*-Na*-macoc);
6 — Ca?"-AT®aaa (Ca®*-Hacoc);
B — H*-ATda3a B 9HEProCOmpArajom{ux MeMOpasax MUTOXOHIPHIA,
xaoporuiacros (H*-macoc, Wiy IpoToEHaa mommna) '

MonexynapHblii MexaHEn3M paboTsl HOHHBIX ATdas 10 KoHIA He
n3yyeH. TeM He MeHee IPOCIAEKHMBAIOTCA OCHOBHBIE 3TAILI 3TOTO
cjoxHOro (hbepMeHTATHBHOTO nporecca. B ciayuae K+*-Na*-ATdasml
(o603HaUMM ee g KpaTKocTH E) HaCUMTHIBAETCA CEMBb 3TAIIOB IIepe-
HOCA HOHOB, CONPSMKEHHBIX ¢ ruapoansoM ATP. O6osnauenna E! n
EZ coOTBeTCTBYIOT PACIIONIOMEHIIO AKTHBHOTO IeHTpa (hepMeHTa Ha
BHYTPeHHEH NIOBEePXHOCTH MeMOpaHbl COOTBETCTBEHHO (aleHO3BUHIN-
docdar — AIIPD, neopranuueckmit docdar — P, 3Beagouxoii 0603Ha-
YeH aKTHBHBIA KOMILIEKC):

1) E+AT® ___ E’'AT®,

2) E'AT® + 3Na___[E*AT®]'Na,,

3) [E'AT®]'Na,—[E' ~ P['Na, + AJI®,
4) [E' ~ PI'Na,_,[E?~ P]'Na,,

5) [E? ~ P]'Na, + 2K ___,[E? ~ PT'K, + 3Na,
6) [E*-PI'K,_ ,[E'-PI'K,, :

T [E'-PIK] —SE+P+2K.

Ha cxeme BMAHO, YTO KJIIOUYEBLIMH 3TamaMM paboTH (epMeHTa
ABAAOTeA: 1) o6pasoBanue KomILieKkca epmenTta ¢ ATP Ha BHYT-
PeHHell HOBEPXHOCTH MeMOpaH#HI (3Ta peaKINg aKTUBHPYeTCA HOHA-
MM Mareusa); 2) cBA3bIBAHKHE KOMILJIEKCOM TpPeX MOHOB HATDHA;
3) bochopuanpopanne pepMenTa ¢c o6pasoBanEueM afeHOIUHAUGOC-
tdaTta; 4) nepeBopot (diaun-daon) bepMeHTa BHYTPH MeMOGpPaHbI;
5) peaKIIMsA HOHHOTO OOMeHAa HATPU A HA KaJuii, IPOMCXOAAIASA Ha
BHEHIHEH IOBEPXHOCTY MeMOpaHnbl; 6) o6paTHEIl mepeBopoT dep-
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MEHTHOTO KOMILIEKCA ¢ IEPeH0COM MOHOB KAJIHNA BHYTPh KJIETKH U
7) Bo3Bpalnenue pepMeHTa B HCXOIHOE COCTOTHUE C OCBOOOMKICHHU -
eM HOHOB KaJIus U Heopranuueckoro docdara (P). Takum obpasom,
3a IOJHBIH ITUKJ IPONCXOAAT BEIOpPOC M3 KJIETKU TPEX MOHOB Ha-
Tpu4d, o6orameHne DUTOIIA3ME ABYMSI HOHAMM KAJTHS U THADOINS
ogHO0# MosekyJasl AT®. '

BropuuHbIii AKTHBHBII TPaHCHOPT HOHOB. IloMUMO MOHHBIX Ha-
COCOB, PACCMOTPEHHBIX BHIIIE, H3BECTHEI CXOJHEIE CHCTEMEI, B KOTO-
PHIX HAKOILJIEHHWE BEeIleCTB CONPAKeHO He ¢ ruaponaunsom ATD, a
¢ paboToil OKUCINTENLHO-BOCCTAHOBUTENBHEIX (DePMEHTOB MJIH (ho-
TocuHTe30M. TPaHCIIOPT BEIlIeCTB B 3TOM CJIy4ae ABJIAETCS BTOPHY-
"HBIM, OIIOCPEIOBAHHBLIM MEeMOpPAHHBIM ITOTEHIIMAJIOM M /HUJIN rPajgn-
€HTOM KOHIeHTPAOMM HOHOB HIpPH HAJIWYUu B MeMOpane
crenuPHUUECKHUX NePeHOCUYNKOB. TaKoil MexaHusM mepeHoca IoJy-
yuJ Ha3BaHMWe BTOPHYHOrO AKTUBHOIO TpaHcmopTta. Haubosee me-
TAJIBLHO 3TOT MexXaHu3M paccMorpeH IIutepom Mutuemom (1966 r.)
B XeMHOCMOTHYECKOH TeOpMH OKMCINUTeJbHOro ¢ochopuarmposa-
HHA. B nnasMaTHyecKux U cyOKJIeTOUHBEIX MeMOpaHaX *KHUBBIX KJle-
TOK BOSMOXKHO OZHOBpeMeHHOe (GYHKIIMOHUPOBAHNE IIEPBUYHOTO U
BTOPHYHOI'O0 AKTHBHOTO TPAHCIOPTA. IIpUMepOM MOXKeT CIYKHTL
BHYTpeHHdAs MeMOpaHa Mutoxouapuii. Murubupoanue ATdDaszwl
B Hel He JHUIIaeT YaCTHIY CIIOCOOHOCTH HAKAIIMBATEL BellleCTBa 3a
cueT BTOPHMYHOTO AaKTUBHOTO TpaHcmopra. Takoil cmocob HakoIwIe-
HUSA 0cO0eHHO BaXXeH AJd TeX MeTaboJINTOB, HACOCH! JJIA KOTODBIX
OTCYTCTBYIOT (Caxapa, aMUHOKHCIIOTHI).

B HacToAIee BpeMs JOCTATOYHO TIIyGOKO MCCIeOBaHEI TPH CXe-
MBI BTOPHYHOI'0 aKTUBHOI'0 TPAHCIIOPTA. [{JIg IPOCTOTHE pacCMOTPEH
TPAHCIOPT OAHOBAJIEHTHHIX MOHOB C YYaCTHEM MOJIEKYJI-[IEPEeHOCUH -
KoB. IIpm 3TOM mOgpasyMeBaeTcs, UTO MEPEHOCUMK B HATPYKEHHOM
WJIM HeHATPYKEeHHOM COCTOSHHH OAWHAKOBO XOPOUIO ImepeceKaeT
meM6pany. MCTOUYHMKOM SHEPTHU CIYKHT MEMOpPAHHLIH MOTeHIH-
aj u/uau rpagueHT KOHIEHTPAIUHM OTHOr0 N3 MOHOB. CXeMEI IOKAa-
3aHEI Ha puc. 2.12. OmHOHATIPABIEHHEIHN IEPEHOC HOHA B KOMILIEKCe
€O crnenupUIeCKNM ITePEeHOCUMKOM ITOJIYUYNUJI Ha3BaHHE YHUIIOPTA.
IIpu sTOM Uepe3s MeMOPaHY MEPEHOCUTCS 3apAL JIH00 KOMILIEKCOM,
ecJIM MOJIeKYyJia IepeHOCUHUKa 3JIeKTPOHeHTpalbHA, JU60 MyCTHLIM
IIEePEHOCYNKOM, €CJIM NTIePEeHOC 00eCIeYBAETCS 3aPAYKEHHEIM epe-

" HOCUYHKOM. PesysbTaToM IlepeHoca 6yieT HAKOILJIeHNe MOHOB 32 CUeT
CHMXKeHns MeMOpaHHOTO moTeHIuana. Takoil adhdekT madbaomaer-
cA NpPH HAKOILIEHWH MOHOB KaJudA B IPUCYTCTBMM BAaJMHOMUIIMHA
B 9HEePrusHpPOBAHHBIX MUTOXOHIPHUAX.

BeTpeunblii mepeHOC MOHOB € YUACTHEM OJJTHOMECTHOMN MOJIEKYJILI-
NePeHOCYNKAa OJIYYHJI Ha3Bauue autunopta. Ilpeanosaraerca npu
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3TOM, UTO MOJIeKyJa-IepeHOCYHK 06pa3yeT MPOYHHN KOMILIEKC
C KaXJIbIM M3 IePeHOCHMEIX HOHOB. IlepeHoc ocyuiecTBIAAETCSA
B [Ba 3Tama: cHayajia OTHH MOH mepeceKaeT MeMOpaHy cJeBa Ha-
IpaBo, 3aTeM BTOPOii MOH — B 00paTHOM HampaBieHuH. MemOpan-
HEII IOTEHIIAJ IIPH 3TOM He MeHAeTcs. YTo iKe ABISIeTCA ABUKY-
mei cuinoii aToro nponecca? OueBUIHO, PA3HOCTh KOHIIEHTPAaI Ml
OJHOTO 13 IIEPEHOCHUMBbIX MOHOB. EC/IN NCX0AHO PA3HOCTh KOHIIEHT-
paiui BTOPOro MOHA OTCYTCTBOBAJIA, TO PE3YJIbTATOM IIEPEHOCA CTAa-
HeT HaKOIIEHWe BTOPOro HOHA 3a CUeT YMEHBIITEHHUA PA3HOCTH KOH-
LeHTpanuii nepporo. Kinaccuueck MM IpHMepOM aHTHIIOPTA CIAYIKHUT
ImepeHoC Yepe3 KJIeTOYHYI0 MeMOpaHy HOHOB KajJKufA M BOJOpPOAA
C yuacTHeM MOJIEKYJbl aHTHOMOTUKA HUTePUITUHA.

CoBMecTHBIN OZHOHAIIPABJIEHHEIN NePEHOC HOHOB C YUYACTHEM
ABYXMECTHOI'O IIEPEHOCUYHKa Ha3blBaeTCA cuMmmnopToM. Ilpeamoa-
raeTcs, 4To B MeMOpaHe MOI'yT HaXOAUTHCA JBe 3JIEKTPOHEeATpaIb-
HBbIe YaCTHUIBI: IePEHOCUYHK B KOMILIEKCE ¢ KATHOHOM M aHHOHOM H
nycToii mepeHocunk. Ilockoabky MeMOpaHHBIH IOTEHITHAJ B TAKOMN
cxeMe IepeHOCa He M3MEHSIeTCS, TO NPUUYUHON epeHoCa MOJKET
OBITH PA3HOCTH KOHIEHTpAIHil 0JHOr0 N3 HOHOB. CunTaeTcs, 4To
[0 CXeMe CHMIIOPTA OCYIIECTRIAETCH HAKOILIeHNE KJIeTKAMU aMH-
vHoKkucaor. Kanmii-HaTpueBhIii Hacoc (cm. puc. 2.11) cospgaer Ha-
YaJbHBIA rpaieHT KOHIIEHTPAIUY HOHOB HATPHA, KOTOPEIE 3aTeM
IO CXeMe CHMIIOPTAa CIIOCOGCTBYIOT HaKOILICHUIO aMUHOKHCIOT. M3
CXeMBbI CUMIIOPTa CJIeAYyeT, YTO 3TOT IIPOLECC AOJKEH COIIPOBOXK-
JaThbCsA 3HAUNTENBHLIM CMEIeHMEeM OCMOTHYECKOro DaBHOBECHS,
IOCKOJBKY B OLHOM LIUKJIe dYepe3 MeMOpaHy IepeHOCATCS Be Uac-
TUIILI B OJJHOM HaTIpaBJICHHMH.

Karnon | + ;| Katnon

Hom

Yannopr ) Auartaoopr Cumuopr

Puc. 2.12. OcHOBHBIE CXe€MBI BTOPUMYHOI'O AKTUBHOI'O TPAHCIIOPTA MOHOB

B npomecce Xu3HeAEATeTLHOCTH IPAHUILI KJIETKH IePeCceKaroT
pasHoo0pa3HbIEe BEIIECTBA, IOTOKH KOTOPBIX 3(h(eKTUBHO peryiu-
pyioTcs. C aToil 3amaveii cupaBaseTca KJjeTouHaa MemOpaHa
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C BCTPOCHHBLIMH B HE€ TPAHCIOPTHBHIMH CHCTEMAMM, BKJIIOUAIOIIH-
MU HMOHHEIE HACOCHI, CHCTEMY MOJIEKYJI-IIEPEHOCUNKOB U BEICOKO-
CeJIeKTUBHLIC MOHHBIE KAHAJIKI.

Taxoe o6uINe cUCTeM TepeHOoca Ha MEPBLIE B3IJIAL KarkKeTcd HU3-
JHUIIHUM, BeAb paboTa TOJILKO MOHHBIX HACOCOB IIO3BOJIAET obeclie-
YUTHL XapaKTepHEIe 0COGeHHOCTH OHMOJIOTHUYECKOr0 TPDAHCIIOPTA:
BBICOKYIO H36MpaTeIbHOCTD, IIEPEHOC BEIeCTE IIPOTHUB CuJl Auddysuun
M BJIEKTPHYecKOoro mosid. Ilapasoke sakjIoyaercs, OGHAKO, B TOM, UTO
KOJHMYECTBO MOTOKOB, MOAJEKAINX PeryJInpoBaHuIo, 6eCKOHEeUHO
BEeJINKO, B TO BpeMsA KaK HacocoB Bcero Tpu (cM. puc. 2.11). B sTom
cayuae ocoboe 3HaUeHMe IPHOOPETAIOT MeXaHN3MEI HOHHOT'O COIIPA-
SKeHHA, HOJYYHBIINE HA3BAHNE BTOPUYHOTO aK THBHOI'O TPAHCIIOP-
Ta, B KOTOPHIX BayXHYIO POJIb UrpaioT quddysmnoubie nporecchl. Ta-
KuM o6pa3oM, coueTaHHe AaKTHBHOTO TPAaHCIOPTA BeLIeCTB
¢ siBJIeHHAMH nud@Py3HOHHOro NepeHoca B KIeTOYHO MemOpane —
Ta OCHOBA, KOTOPaA 00eclleunBaeT JKHU3HEAeATEeIbHOCTE KJIETKH.

§ 9. JIunuaabie NOPHI: CTA0HILHOCTS H NIPOHUILAEMOCTh
MeMOpan

Bumonerkynapubsiii caoit dochorunuioB cocTaBiasAeT OCHOBY
a1060# KaeTouHOM MmeMOpaHbl. HempepLIBHOCTE €ro onpenenaaeT
GapbepHEIe I MEXaHUUYeCKHe CBOMCTBA KJIeTKH. B mpoliecce Ku3-
HelleATeJIbHOCTH HEIPEPLIBHOCTL OHMCIOS MOKeT HApYyINaThCs
¢ o0pazoBaHMEeM CTPYKTYPHHIX Ae(deKTOB THNA CKBO3HBIX I'M[-
poduiabHEIX ITop. BriosHe ecTeCTBEHHO OXHUAATEH IPH 5TOM U3Me-
HeHHuA BceX PYHKIMH KIeTOUHOH MeMOpaHbl, BKJIAKYAA IPOHH-
aeMOCTh M CTabHUIbHOCTL. Panee 3TH mpoOieMbl 00CYyKAAINCH
pasenbHO, OJHAKO CO3JaHNe MOJeH JUNUHOM MOPHI TO3BOJIA-
€T paccMOTpPeTh UX C eAMHBIX HOo3unuii. Baxen ToTr dakT, uTO
JUOHUAHEIE IOPHI, IOMHMO IIPOHHUIIA€MOCTH, OKA3aJIHUCh IPUYACT-
HBEIMH K CTPECCOBEIM BO3JeHCTBUAM BHEIIHUX CHJI HA YPOBHE KJe-
TOUYHLIX MeMOpam,

®PochomuIUALI, COCTABISIONINE OCHOBY KJIETOUHBIX MeMOpaH, OT-.
HOCATCA K JKHAKHM Kpuctasiam. Kak B 1060M peasbHOM KPHCTA-
Je, B ILIeHKe 13 (GochoaUIng0B MOTYT OBITh Ae(eKThI, B MeCTe KOTO-
PBIX U Pa3BUBAIOTCS OCHOBHBIE COOBITHA CTPYKTYPHBIX IIEePECTPOEK.
Buzgn nedexToB MHOroo6pasuel, HO M HanboJIee eCTeCTBEHHBEIM A
OncCI0A ABNAETCA AeeKT THIIA CKBO3HOI THAPOPHNILHOIMA IOPLL, ITH
MOPHI 1 OYAYT IpeAMeTOM AaNbHellero paccMoTpenns (puc. 2.13).

JIunuaable NOPHI H cTabuIbEOCTS, MeMOpan. OueBNAHOE BHEI-
Hee CXOICTBO JII000H MIapOBUAHOMN KJIETKH ¢ MBIILHEIM IIy3bIPEM,
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OKasbIBaeTcA Ha caMoM geJe 6osiee rayboxkum. B Tom ¥ fipyrom ciy-
Yae peYb UJET 0 BaKHOH POJIH NOrpaHUUYHON OMMOJIeKYIAPHOH JIn-
OUAHON IVIeHKH, CBOMCTBA KOTOPOH ONpeeiAi0T CTaGUIBLHOCTD U
MIPOHHUILAEMOCTDb YACTHII,. .

Pasamume 3akr04aeTcs JHUIIL B TOM, YTO MBLIJIbHAA ILIEHKAa 00pa-
3yeTcsa Ha TpaHHIlEe Pasfesa ¢ BO3AYXOM, a JUMAAHLINA OUCJION — B
Boze. He yAuBHUTEIEHO II03TOMY, UTO YaCTO JUIHUAHLIE BE3UKYJIBI —
JIATIOCOMEI — IMUPOKO UCIIOABL3YIOTCS € IeAbI0 MOASIUPOBAHUA MEM-
6paHHBIX CBOMCTB JKMBOI KJETKH. B HacToslllee BpeMa BBIACHEHO,
9TO MexaHWYeCKas IMPOYHOCTE KMBOH KJIETKH HADAAY C JUIHIHEIM
6ucioeM obecreunBaeTcs CUCTEeMO# GEIKOBBIX MUKPOTPYOOUEK H
ceTbi0 MeMOpaHHBIX OenxoB. OZHAKO 3TO HE YMAJSAET POJIHU CAMHUX
JHOUAHBIX 10D ¥ CBA3AHHOTO C HUMH MeXaHu3Ma JiecTabuIn3anuu
MeMOpaH, 0OCOGEHHO B TeX CAYYaAX, KOTZA CHCTeMAa MUKPOTPyGOoUeK
OTCYTCTBYET WJIH HE DA3BUTA.

Puc. 2.13. Bucaoiinas aunugHada meM6paHa ¢ JUITHIHEIMEA IOpAME

WsBecTHA HECTaOMIBHOCTH MBLIBHOTO ITY3LIPA, IPHUYNHOH KOTOPOI
MOJKET CTATH Jrobas NeLInHKa. Hauanom gectabuinsaiuy aBiaseTcsa
IIPOKOJI CTEHKH ITy3bIpA U o0pasoBaHMe NOpH. B unuaHoi 6mmote-
KYJISADHOH ILIeHKe KJIEeTOUHON MeMOpaHbI IOPH IOABJIAIOTCHA, €CJIHA
HCKJIIOUNTh YHCTO MeXaHHYECKHe IIOBPEXKIeHUA, B pe3yIbTaTe Tem-
JIOBBHIX (hIIYKTyaluil II0BepXHOCTH GHCIION, 9JIeKTPHUYeCKOro Ipobos,
3aMOpayKHMBaHUA ILIEHKH, JefiCTBUA MOBEPXHOCTHO-aKTHUBHLIX Be-
1IIECTB, OCMOTHYECKOI'0 AaBJIEHU S, IEPEKUCHOTO OKHCJICHUS INIUIOB
u ap. OauH n3 HauboJiee THIIMYHEIX U XOPOIIIO N3YUYeHHBIX IPMMEPOB
JecTabHUIN3aIuy GHOIOTHYECKHNX MeMOpaH — reMOJIN3 3PUTPOILIUTOB.
ITo ABIeHNe BKJIOYAET HA HAYAJILHOM dTale HabyxaHune KJIETOK B
TUIIOTOHNYECKOH cpee B pe3yabTare AeHCTBUA CHJI OCMOTHUECKOTO
Jasjenus. Bo Bpema HabyxaHua KiIeTKH MemOpaHa pacTATHUBaeTcd,
4TO 06YCJIOBIMBaET pocT MeMOpaHHOrO HaTaeHnA. IIpu onpeneseH-
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HOM [IOPOTOEOM YPOBHE HATSXKEHUA IOABIAIOTCA I'UAPOGUILHEIE JIU-
MUAHEIe TTOpEI. PasMeph! mop JOCTAaTOYHEI JJIA BHIX0OZA MOJIEKYJI I'e-
MOTJIOOHMHA 1 HUBKOMOJIEKYJIAPHBIX BEeIecTB. BRIXoJ BemniecTB conpo-
BOXKJ]aeTCA B CBOIO OUepeAb CHUXKeHHEeM Da3HOCTH OCMOTHYECKOT0
JIaBJIeHUS, IIPH 3TOM HaTsKeHe MeEMOPaHbI YMEHBIIIAeTCSA U ITOPEI 3a-
JIEUMBAIOTCA. BesIKkK UTOCKe IeTa II03BOJIAIOT SPUTPONUTY COXPAHUTH
¢opmy, IpH 3TOM 00pas3yeTcs TaK Ha3pIBaeMas TEHb 3pUTporuTa. TeHn
COXpaHsAeT OCMOTHUYECKYIO AaKTUBHOCTD M TAKMM 06pa3oM mporiecce Je-
crabunusanuy mpuodpeTaeT MUKINYECKUN xapakTep. IlosHoro mMe-
XaHHUUYECKOTO Pa3pyIlleHus KJIETKH MoJ00HOTO MELIBHOMY ITY3HIPIO B
3TOM cJIy4ae He IpoucxoguT. B oTcyTecTBUE ITUTOCKeIeTa UK ero He-
JOCTATOYHOT'O PASBUTHUSA MEXaHHUUYECKAA MPOYHOCTD KJIETKH IIeITUKOM
ompegenserca cyAb6oi MuIuAHLIX mop. Ecau mopa mmeeT paszmep
MeHbIIle KDUTHYECKOT0, TO OHA 3aJIeUMBaeTcda. B IPOTUBHOM ciIy4dae
HEOTPAaHWYEHHBIH POCT IIOPHI IPUBOAUT K PaspyLIEHHIO MeMOpaHEI.

Moaenr KpuTHuecKoii mopel. PaccMoTpuM MoAenb JUITUAHOMN
nopsi (puc. 2.14). Bygem cuuTaTs, 4T0 60KOBas IOBEPXHOCTH IIOPHI
umeeT GopMy Kpyrosoro muiamHapa. BoJjee Toro, mpeanogoKuMm,
4yT0 GOKOBAs IIOBEPXHOCTH IHJIMHADA M30THYTA U MMEET PaAnyc
Kpusu3Hel h/2. Paguyc mopsl paseH r. Kak BugHO Ha puc. 2.14,
JUITHAHBLIHA GHCJION B IIEJIOM ABJIAETCA IJIOCKHUM, a TOpa MMEeT iBa
paguyca kpuBusHsl h/2 u r. Us hpusukyu N3BECTHO, UTO UCKPHUBJIE-
HUe IIOBePXHOCTU Ha I'paHUIe pasjeiia JUIHJ-BOAA COMPOBOXKAA-
eTcA IOSIBJIeHNeM A00aBOUHOTO JaBIeHUA, Ha3bIBAeMOro Jamjiaco-
BBIM M PaBHOTO :

20"
AP=—,
. r
rae ¢ — Mexx(dasHOe HATAXKeHNe BHYTPH IOPHI, I' — PANYC KPUBU3-
HBI.

SEE.

2r

Puc. 2.14. Crpoerue ruapodunbHOM JUITHHOMN IOPKI: I — TOJIHUHA
JUNUAHOTO 6uciodA; A/2 — paguyc KDUBU3HBI CTEHKH; I' — PaZHyC ODPHI.

B paccmaTrpuBaemoii MmoAean Takux paguycos asa (h/2 u r) u,
cleqoBaTeJIbHO, ABa gaBjaeHuA. Oxuo u3 Hux P (h/2) cmocoGeTByer
pacmupeHuo, a apyroe P (r) — cokaTuio nopsi. JaxsHeilnmasa cyab-
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0a IOpHI 3aBUCHUT OT COOTHOINEHUA 3TUX ABYX Aabieunii. Ecau P
(h/2) > P (r), nopa 6yzer pacmupaTsed, a ecant P (h/2) medbme P
(r), To mopa 6yAeT 3aTeKAaTh. :

PaccMorpuM sHepreTuKy nopsl. Kax ycTanoBJeHo BhIIIIE, HA I'Pa-
HHIIE TOPHI AeHCTBYIOT ABE IPOTUBOIIOIOMKHBIE CHUJIbI, OQHA U3 KO-
TOPBIX — KpaeBoe JUHeHHOe HATAMKeHNe IIePUMeTPa MODHL — CIIO-
co0CTBYeT POCTY IIOPEI, 4 BTOpasA CHJIa — IOBEPXHOCTHOE HATAMKeHNAE
6HCJIOS — BHISBIBAET CyKaTue MOpel. Kpaesasa sHeprus mopsl npo-
MOPIMOHAJIbHA EPBOI CTeIeHN PAANYyca M YBEeIMYHNBAET CyMMAap-
HYI0 9HEPrHUI0, JHEPIUA ITOBEPXHOCTHOrO HATAMKEHUS IPOIOPIAO-
HaJbHA KBAZApaTy Paguyca M CHUKAET CYMMAaDHYI0 dHEePTHIo,
B pesynbTaTe cymmapHuas aHeprus E (r) paBHa

E(r) = 2nrj—nr’o, (2.10)

rre MepBHi YieH onpeaesisieTcs dHeprueil KpOMKH IIOPEI C JInHek-
HLIM HATSAXEHHEM Y, a BTOPDOH — dHEPruel NOBEePXHOCTHOTO HATA-.
JKeHudA 6. Bug xpusoii Ha puc. 2.15 yKasbIBaeT Ha CYIeCTBOBAHHUE
HeyCTOHYMBOrO pABHOBECHS B TOUKE MAKCHMYMa C KDUTHYECKUMHU
sHauennsamu sueprun (E*) u paguyca (r¥).
oE
B Touke paBHOBecHUs —a—* =0 u ypaBHeHHe IpeBpalaeTCcs B TOXK-
JEeCTBO: r

0=2ny-2nor’,

OTKY/a MOYKHO ONPEAEINTh KPUTHUYECKUH pajuycC IOPH

=X (2.11)

Bricora sHepreTuueckoro 6apbepa mocJe [oACTaHOBKY " B ypaB-
Hernue (2.10) 6ygeT paBHA .

E =ﬁ_ (2.12)
: (0]

C y4eTOM HeyCTOMUYMBOCTH PABHOBECHUA MOYKHO YTBEDPKIATE, UTO
MMOABJIEHHE TIOP ¢ T > r’ nopa OyAeT 3aTeKaTh ¥ CTa0UILHOCTH MEM-
6paHnl coxpanuTca. TakoB KOJHMYECTBEHHLIN KpUTEPUH cTaOUIb-
HOCTH JUNUAHOM Omcoiinoil MmeMOpaHEL.

dnexTpuuecKmnit mpo6oit MmemOpan, Brosornueckre MeMOpaHbL
HaXOOATCSH IO efiICTBHEM 3JIEKTPUUECKOT0 II0JIA OOJIbIIOH HANIpA-
JKeHHOCTH, codfgaBaeMoro auddysueit moHOB uepes MeMOpany u
9JIEKTPOT€HHLIMM MOHHBIMY HacocaM#. IIOCKOJIBKY pPa3HOCTH IO-
TEHIMAJIOB MEXKAY LWUTOILIA3MOH 1 BHEKJIETOUYHOH cpenoil JOCTH-
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Oneprus niopsl, E(r) (kT)
20 omB

15
10
500 MB
5
0 ]
0,5 1 1,5 r, am
1000 MB

-5

Puc. 2.15. Dueprus nopsl Kax GYHKOMA paguyca MOPHL IIPH Pa3JIHTHBIX
3HAYEHUAX MeMOpaHHOrO IIOTEHIAaa.
Pacuer KpuBHIX IpOU3BEAEH 110 ypaBHeHUIO 2.14

raet nmopsaaka 0,1 B, a TonmuHa MmemOpaHbI He npeBuimaeT 10 HM,
TO HAaIPAXKEHHOCTD 1014 pasHa 107 B/m. UaTepecHo, uTo MeM6pa-
Ha ABJseTcA Gojlee COBEPIIEHHLIM JJIEKTPUUECKUM HU30JIATOPOM,
YyeM MHOTHE JKHAKHE U30JATOPLl, IPUMEHAEMEIC B TEXHHUKE. .

B HeKOTODLIX ciryuasx MeMOpaHHBII IOTEHIIMAI B }KUBOMH KJIeT-
Ke MoKeT GbLITH BeIlle U jgocTturath 0,2 B (mpecHOBOAHEBIE BOAO-
pocau, DaKTepuu, SHEePru3upPOBaHHbBIe MUTOXOHAPHUHU). B B030Oy-
AUMBIX HEPBHBIX ¥ MBIIIIEUHBIX KJIETKAaX NIPOUCXOAUT KPaTKOBpe-
MeHHAaA penojsapusanuda MeMOpaHsl ¢ POCTOM AMIOJIUTYALI
norennuaia. OxHaKo npoboii KJIeToUuHOoH MeMGpaHbI cOGCTBEHHEIM
MeMOpaHHBIM IIOTEHIIMAJIOM MaJIOBEPOATEH. B TO »ke BpeMA pocT
MeMOpPaHHOTO IIOTEeHIIMAJA B Pe3yJbTaTe BO3AEHCTBUA BHEITHUM
3JIeKTPUYECKMM II0JIEM MOXKET JOCTUTaTh BEeJIMUMHEI, IIPEeBHIIIAa-
I0IEe# MOPOTOBYI0 AJIA dJIEKTpUUecKOoro npobosa. IIpu sTom nmoas-
JAKTCA CTPYKTYPHEIE AeeKTH THUNA CKBO3HBLIX JUITUAHBIX TOP.
Paspaborannas MeTOAHKA 3JIEKTPUYECKOTO NIPo60Osa KIETOUHBIX
mMeMOpaH mOJyYnuaa Ha3BaHHE 3JIEKTPONOPALMH U IIUPOKO IPHU-
MeHAeTCA B GMOTeXHOJIOTUH. ‘

B dusuke nox saeKTpUUECKHUM IIP000eM IIOHMMAIOT Pe3Koe yBe-
JIMUeHMNe CHUJIBI 3JIEKTPUYECKOTO TOKA B IIePBOHAYAIBHO cJiaborpo-
pogAmieil cpefe. B :xuBoil KIeTKe Tako# Cpefoll CAYKUT OuMoJIe-
KyJApHEIA cioil munuaa. Kak 66110 mokasano 0. A. UnasMaxeBbIM
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M COTPYAHHUKAMY, GOpPMYJIa JOMKHA OLITH B 9TOM cJIyvyae H3MeHeHa
OyTeM BBeAEHUS NOIOJHHUTEJLHOIO UjeHa, OTPAXKAIINero BKJaas
3JIEKTPHUYECKOTO IOJIA:

: 2
E=21rry—1tr2(o+0;p ) (2.13)

€
raie  C=(-2-1)C,,¢, — AudIeKTPHIECKASA TPOHUIAEMOCTD BO-
€M

ABI; €, AA3JIEKTPAYECKAs IPOHUIAEMOCTb MeMODaHK; (p — MeMG-
'paHHRI morernuai; C, — eMKOCTh eAMHHUIL IIOIany MeMOpan.l,
He cojiep:kameif JedheKToB.

3aBHCHMOCTB SJHEPTUH IIOPEI OT €€ paJguyca AJIA 3TOr0 CJIy4as Ipu-
BeJieHa Ha puc. 2.15. [TokasaHo ceMeiicTBO KPUBBIX, HOJYYEHHBIX
o ypaBHeHUIO (2.13) 114 pas3sIMYHLIX 3HAUEHNT MeMOPaHHOro mo-
rennuanga. Yem Gosbire MeMOpPaHHBIR MOTEHINA, TEeM MeHbIIe
3HaYeHHne SHEePTHH IOPHL U TeM 0OJILIIIEe CMeInaeTcss MAaKCHMYM KPH-
BOM K HAUAJIy KOOPAHHAT. AHAJIN3 KPHUBBEIX HOKA3LIBAET, UTO C YBe-
JUYeHNEeM Paguyca SHEePTrus MOPH JOJLKHA PacTH, DIOCKOJIbKY yBe-
JMYHBAETCA MIepUMeTp IMOPhI, U OSJHOBPEMeHHO 3HEePTrus AOJIMHA
YMEHBIIIaeThCHA IPOIOPIIHOHANLHO POCTY IOBEPXHOCTHOTO HATSKe-
HHAS MeMOpaHB 1 MeMODAaHHOrO MOTeHIIHAJNA. B pe3yabrare (CM.
puc. 2.15), mosABisieTcss KPUBad ¢ MAKCHIMYMOM, YTO IIO3BOJIZET
KOJMYECTBEHHO OIIeHUTHh KPUTHYECKHAe ITapaMeTphl MeMOpaHbI —
KPHUTHYECKHII paJuyc IOPH! H BLICOTY 3HEPTreTHYECKOro 6apbepa mo
dopMysaM, IpUBeIeHHEIM BhIOIE. BLICOTA 3HEPreTHYEeCKOro 6aphn-
epa ¢ y4eTOM II0JIA paBHa:

2
. Co",
E = TCY2 /(0'+T) (cp. ¢ bopmymoii 2.12).
MOKHO BHIETb, 4YTO ¢ POCTOM MeMOpPAHHOrO IMOTEHIHAJa U II0-
BEePXHOCTHOT'O HATAKEHHUA BRICOTA faphepa CHHYXKaeTCH.
Kpurudeckuii paguyc Nopel MoeT OLITH paccuuTaH mno ¢gopmy-
Je:

2
r =’Y/(0'+9;L) (cp. ¢ popmyaoii 2.11).

Ero BenwunHa Takke yMeHbIIaeTca ¢ pocToM 6 u ¢. 3 dopmy-
JIEI CJIEYET, UTO 3aBHCHMOCTL KPHTHUYECKOI MOPHE OT MeMOPaHHO-
ro IOTEeHIIHNANa CTAHOBUTCA 3aMETHOM JHINb IPY 3HAUATEILHOM
TIPeBBIIIEHUHN 3JIEKTPUUECKOM COCTABIAIOMEH Haj BEJIUUYNHOMN Io-
BePXHOCTHOTO HATAXeHUsA. PacueThl IOKA3LIBAIOT, YTO AJIA U/ -
HOT'0 OHCJIOA B YKHUAKOKPHUCTAJINYECKOM COCTOAHHUH BeJIMUNHA MEM-
OpaHHOTrO HOTEHIINAJIa He MOoeT OuITh MeHpIe 0,23 B.
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CTabHJIBLHOCTE OUCIOMHBIX MeMOpaH OIpeieJIseTCsI BEPOATHOCTHIO
IOABJIEHHUS IOP KPUTHYECKOro pagnyca. OueBHIHO, UTO T1060i ak-
TOP, CHUIKAIOLKI BLICOTY 3HepreTudecKoro 6apbepa, 6yaeT yBesn-
YMBATH 5Ty BepoATHOCTE. K TakuM daxkTOpaM ciaeqyeT OTHECTH CHH-
JKeHHe KDPaeBoil 9HEePTHH MOPHI Y, POCT IOBEPXHOCTHOTO HATAYKEHUA
H pocT MeMOpaHHoOro notenuuaia. Kak sugao Ha puc. 2.15, poct mpo-
Goiizoro HanpsikeHus g0 1 B conpoBoxxaaeTéss cMeleHUEM KPUTH-
YeCKOro pagnyca K sHaueHuAM MeHbINUM 0,5 HM, uT0 GJIM3KO pagu-
ycaM IPHPOJHBIX MOHHBIX KaHAJIOB KJIeTOUHOH MeMOpaHbl. OTcoAa
cjJenyeT, 4TO SJeKTPUYECKUil Po0Ooii COMPOBOMXKAAETCS MOABJIECHHN-
€M IIHPOKOro CIeKTpa JUIIHIHBIX MOP Pa3JIMYHOT0 Paguyca, BKJIO-
YyadA paguyCchli HOHOCEJIEKTHBHEIX 0€JIKOBBIX KaHaMoB. B HacToslee
BpeMA MeTOJ BO3JeACTBHA BHEIIHUM 3JI€KTPHUECKHM II0JIeM SBJIA-
€TCA OJHUM M3 OCHOBHBLIX B COBPeMeHHO#H OmoTexHosoruu. MaBect-
HO €ro NpUMeHEeHHEe C UeJIbI0 YBeJIHUYeHHA MOPUCTOCTH MeMOpaH
(snexTponopanua), BBegenus [JHEK (amexkTporpancdekriinsg), ocBo-
6oXKIeHre KJIETOK OT KPYIHBIX MOJIEKYJI (sjIeKTponepMeaduInsa-
us), CIUSHUSA KJIETOK (3JIEKTPOCIUSAHEE).

TemnepaTtypabIil (pa30BbIH Nepexoa MeMOPaHHBIX JNIHAOR. 3a-
MOpaXKHBaHHe JHITHAHOTO OUCJIOA B pe3yabTaTe (asoBoro nepexo-
[a U3 MHANKOKPHCTAINYECKOT0 COCTOAHUA B I'eJIb COIPOBOMXKIAET-
cAl MOSABJIEHHEM JUIHAHBIX mop. OueBHAHO, YTO KaK U B cJaydae C
2JeKTpUYeCKHUM mpoboeM, cyanby meMOpaHbl OyIeT onpeaeaaTs
COOTHOIIIeHUE PaAUYCOB 00pa30BaBIINXCS IIOP M KPUTHUYECKHX IO
I TaHHOTO COCTOAHUSA OHMcIoA.

Bemwunns: TPII b1 onpeiesieHb MeTOIOM AuddepeHInanLHOM
cKaHupyIollei KajopuMeTpui. ONEITH IPOBOIHUIIH Ha IIOCKHX OHC-
JoiHbIX aunugasx MeM6patHax (BJIM) B ycaoBuax dbukcauuu Ha-
npsxenusi. BJIM domupoBanuch U3 AUHACBHIINIEHHBIX CHUHTETHYEC-
KHUX UM OPHPOAHBIX GocHONUNHUAOB, UMEIOIIUX TEeMIepaTypy
tdasoBoro nepexoja ykasaHroro Tuna B obmactu 40—60 °C. Peruct-
pHupoBanuch QIYKTyaliH TOKA, IOABJIEHHE KOTOPHIX YKA3bIBAJIO HA
posxaenue mop (puc. 2.16). Ha puc. 2.16 BuaHO, 4TO HCXOTHO QIYK-
TyalMy TOKa OTCYTCTBYIOT H PETHCTPUPYETCA TOAbKO myM. JlocTu-
JKeHHe TeMIIepaTyphl, COOTBETCTBYIOIIEH TeMIIepaType OCHOBHOTO
tdaszoBoro nepexoga (TPII) aunuga, cONPOBOXKAAETCA MOSABJICHIEM
OTAENBHBIX QIAYKTYaUHii TOKa AJTHTeIbHOCTbIoO ~1 ¢. CieBa Ha pu-
CYHKe NpeICcTaBleHEl peaanusanni GIyKTYaIlnii TOKa, cIpaBa — Co-
OTBETCTBYIOIIIHie THCTOrPAMMBI PACIIPeAeIeHH 10 SJIeKTPHUYeCKO
npoBoauMocTu. Ha pucyHKe TOKasaHbI XapaKTepPHbIE 3anicH QIIyK-
Tyalui TOKa A YeThIpeX HHIUBHAYAIBLHBIX GochOoNINITNIOB C pas-
JHUYHBIMHE TeMIepaTypaMu dasoBoro nepexoja. ConocraBieHue pe-
amn3anuii TOKA U TMCTOTPAMM IOKAa3LIBAET UX OJHOTHIHOCTDH IJIS
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Puc. 2.16. PaykrTyanuu TpaHcMeMOPaHHOTO TOKA M COOTBETCTBYIOIHeE
THCTOrPaAMMBEI IPOBOAMMOCTH IIOP B ITockoii BJIM npmn TremnepaTypHOM
(asoBoM nepexoje HHAMBHAYANLHEIX Gochonununos. Ciesa — 3anuch
dbaykTyanuii Toka npu samopaxkuBaanu BJIM, cipaBa — rACTOrpaMMEI
HPOBOZHMOCTH.

JIimnupreni coctas BJIM: a — aunaasmutoundochaTuIUIX0JINH (TeMIie-
paTypa ocHoBHOro dazosoro nepexoaa (T®II) = 315 K); 6 — sucreapoun-
dbocharugunxonun (TPII 332 K); B — aunansMuTonndochaTuaHasa
kucioTa (TPII 340 K); ruapupoBarHEELil suyubii JenntrH (TPII 324 K).
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u3ydeHHRIX (pocomununos. Ilpenmonaras, 4To KasKAhliH CKAYOK
TOKA COOTBETCTBYET OAMHOYHOM IIOPE B OTKPHITOM COCTOSTHHH, MOXK-
HO 110 IPOBOAMMOCTH PACCUMTAThL DAXHMYC IIOPHI.

®@azoBHIiil nepexos B BJIM ocymecTBAAACA IPU MaJbIX MeMO-
PaHHBIX moTeHHuajgax nopaaxa 0,05 B. Kak BugH0 Ha puc. 2.15,
NPHU TAKUX HAIPAKEHUAX BKJIAZAOM 3JI€KTPHYECKOTO IMOJIA B Aec-
Tabuamnsanuio MeMOpaH MOXHO IIpeHeOpeub. B cOOTBETCTBUH C
dopmynoit (2.11) exMHCTBEeHHON NMPUYNHON YMEHBbIIEHUA KPHU-
THUYECKOro paguyca IOPhl MOTJIO CTATh JU0O YMEHbIIeHHe B pe-
syapTaTe (asoBoro nepexoia y uiam ypeamueHume 6. Cumraercs,
4YTQ Y ABNAETCSA BeJIUUYNHOI, Majo 3aBucAIeil oT pasoBoro mepe-
xoza. Peus TakuM 06pa3oM MOKET HATH TOJBKO 00 OIIpeseJeHNHN
BeJMUYHHLI IOBEPXHOCTHOT'O HATAXeHNA Ouciiona AxA AByX daso-
BhIX cocToAHMHi. OKa3ajoch, UYTO 3aMOPa’KUBaHKUEe OMCIOA MPH-
BOJHUT K POCTY IOBEPXHOCTHOTO HATAKEHUA AJIA BCeX H3YUYeHHBIX
JHAIHUA0B. 151 ruAPNPOBAHHOrO0 ANYHOTO JIELIUTHHA G BO3PAaCTa-
a0 or 1,1 - 1023 g0 5,6 - 10°® H/m. C yuyeToM »TOro mo gopmye
(2.10) 6pia paccuMTaHa 3aBUCHMOCTDL SHEPTHH IIOPH OT ee pa-
ANyca B 3KHUAKON U TBepAoil Mem6pane (puc. 2.17).

E-10"Dx ;
E . A
300 :

200

sk

=]

=]
1

- B
E Tesms - cocToAHME)

1
0 T 4 8r,.r, HM

Tenns

Puc. 2.17. 3aeprua nopul Kak QyHKIMS paagnuyca NOphI
B ’KHAKOKPHCTAJLINYECKOM COCTOAHHH (A) U reb-COCTOAHUHI
(B) Mem6GpannEIX uINAOB. PacueTr nponssesen no hopmyne 2.12
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Kax cneayer us puc. 2.17, xpuTHdecKuii paaguyc Iophl B rejlb-
COCTOAHHUM 3HAUNTEJNLHO MeHbIIE II0 CPABHEHHUIO € JKUAKOKPHUCTAI-
JIMYECKHM COCTOSHUEM U 10 aGCOTIOTHOHN BeJIMUMHEE He IPEBHINaeT
2 5M. CoxpaHerue JINUTEJbHON YCTOHYMBOCTH JIUINAHOIO 6ucaos
B reJIb-COCTOSTHHH CBHJAETEJBCTBYET O TOM, UTO CYOIECTBYIOMUE
TIIOPHI M IOPHI, BOBHUKAIOLINE IIpu (Ga3oBoM mepexoje, HMeIoT pas-
Mepsl MeHbine 2 EM. CpaBHeHMe puc. 2.15 n 2.17 gemoHCTPHDYET
BBICOKYIO 3p(EeKTHBHOCTb METOJAA TeMIepaTypHoil o6paboTku 6u-
CJIOMHEBIX IMITNHEIX MeMODaH ¢ HeJIbIo IO YYEeHH S IOy IAINH JTU-
NUAHBIX IO, CPABHUTEJILHO C 3JIEKTPHYEeCKUM ITpoGoeM. [eiicTBh-
TeJbHO, 3aMOpaKNBaHNe MeMOPaHHHIX JIMIIHAOB B Xoae (a3oBoro
nepexoja, 4To AJIsI MHOTHX AUHACHIIIEHHEIX JININ/O0B IPOUCXOLNAT
IpM KOMHATHOH TeMmepaType, 5KBHUBAJIEHTHO 3JIEKTPHYECKOMY
npo6oio MeMOpaHbl BHEITHHAM 5JIeKTPHYECKHAM II0JIeM HAllpAXKEeHH-
em 0,5 B. B T0 xe BpeMs 04eBHAHO, UTO 3JEKTPHUECKHUe BO3Zeii-
cTBUsA G6ojiee yAOOHBI ¢ TOUYKHM 3peHUA KaJnGpOBKHU CHUJIBI BO3Jeii-
CTBHA U €ro AJUTEILHOCTH.

0O006maa npuBeicHHEBIE AaHHbIE, MOXKHO YTBEDPKIAATH, 4TO JII000€E
BO3/lelicTBHE MeXaHNUYECKOH, GHu3uUYeCcKOoil NN XMMHAYECKO IPHUPO-
JBI, 3aTparuBalolifee IOBEPXHOCTHOE HATAKEeHNE TUIUAHOro 6HcIos,
ABJIAeTcsa PaKTOPOM PHCKA B CTAOMIN3AIIUH IIOPCOAEPIKAIIINX MEM-
6pax. PasBHTHe TAKOr0 IOAXO0/Aa MO3BOJIAET MOJYYNTE KOJHUECTBEH-
HBEIH OTBeT Ha BaXKHBIH JJIA GHOJIOrMH O BePOSITHOCTH pa3pyIlleHHs
WY 3aJIeYUBAHNA MeMOpaH IIpH THIMYHBIX CTPECCOBHIX COCTOSHU-
fAX »KHUBOI KJIETKH.

Ha puc. 2.17 nokasaHO, YTO KPUTHUUECKHA pajuyc IOp B MeMOpa-
HaX, HAXOAAOMXCA B JKUAKOKPHUCTAJLIMUYECKOM COCTOAHUH IIPH OT-
CYTCTBMM BHEIIHHUX BO3JAECHCTBHIi, JocTUraeT 9 HM. 3Ta BeJIUYMHA
HACTOJBbKO 3HAYUTENbHA, YTO BEPOSATHOCTH MEXaHNUYECKOro pasphl-
Ba KJIETOYHEIX MeMOpaH B A3N0IOrNIeCKIX YCJAOBHAX OYEeHEL MaJja.
Pasprie MmemOpaHEI, HaxogAmelicad B TAKOM COCTOAHUH, BO3MOXKEH
JUIIL TOTAa, KOTAa Iopa npuobperaeT pasMephbl, COR3MEePHMEIE C
TONMMHON MeMGpaHbl. OIBIT IOKA3BIBAET, UTO IIOJHOE Pa3pylIeHne
JIAINHOrO OMCA0s BOZMOXKHO JMING IPH IPyORIX MeXaHUUIECKHUX
MAaHUIIYJIAMUAX NN HeoOpaTIMOM 3JIeKTpIYecKoM mpoboe.

Baxxsu1it npakTUuecKnii BRIBOJ COCTOUT B TOM, UTO OMUPAACH HA
JaHHBIC O KPUTHUYECKHX paguycax nop (puc. 2.15 u 2.17), MoixHO
npejAcKas3aTh CyAbOY KJIeTOUYHBIX MeMOpaH B Pa3JIMUYHBIX CTPECCO-
BBIX COCTOAHUAX (Tabi. 2.2).

IlepBEiii BHIBOJ, KOTODHIA MOYKHO CAEJIATDH, 3AKJIIOYAETCA B TOM,
YTO peajibHbIE TIOPHI BO BCEX CIYYaAX MEHbIIe KPUTHUECKOro pas-
Mepa Iop, XapaKTepHOro AJNA JKUIKOKPHACTAJIAYECKOr0 COCTOAHMSA
MeMOpaHHBIX JHNHAOB. [leficTBUTENbHO, pa3MepPhl KPUTHYECKHUX
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Ta6auya 2.2. PasMepsl IANMIHLIX 0P B MOAEABHEIX H KJICTOYHBIX
mMemMOpaHax CpPaBHMTEJIbHO C KDHTHYECKHMH IIOPaMH, PACCIHTAHHBIMH
mo ypaeHEenEnam (2.11) u (2.15)

Paguyc nopwl (r),] OOBEeKT CooTHollleHIE CtpeccoBoe
HM : PaguycoB IIOp COCTOSIHHE
* * -
3,0—-4,0 OpUTPOLHUAT Tec e S 2r ONeKTpHUYeCKH it
. npogoi
2,0 To xe e > F OcMoTHYeCKH
. h . reMoJHu3
_ r >r >r i
1,2 L-xkaeTkn K > o BHeKT?nqecxnn
. npoGoit
0,2-2,0 JInmocoMer tce > T OcMoTHUYECKHH
. . JAN3HUC
- r >r z2r %}
0,6-0,8 To ke Kce > TEm PDa30BBIH
. . mepexon
— r >T1 2r
0,5-2,0 To xke wice > TEm To J!ceu
oY srsp PDa30BBIH
1,2-1,8 BJIM Laic ~ Trem Yrenson mepexoxn

r* — KDUTHYECKHI PAJUYC ITOPH! B 3KMAKOKPHCTAIHIECKOM COCTOAHMH MeMG-
PaHHBIX JUOHAOB (FKKC), I'eIb-COCTOAHUM (reiib), IIPH 3JIEKTPHYIECKOM IIpoboe
(3m), IpH CoYeTaHUE I'eJIb-COCTOAHMA C 3JIeKTPUIECKUM npofoeM (reib+am).

MOP AJIA JUIUIHOTO GMCJIOA B dKHAKOKPHUCTANINYECKOM COCTOAHUHU
(9uM) 3HAUNTEIHHO IPEBLINIAIOT Pa3MePhl pealbHbBIX 0D, YKa3aH-
Hble B JieBoM cTosbne. TakuM o6pasom, MeMODaHEI B Pa3IMUYHBIX
CTPECCOBEIX COCTOAHUAX 00JIaal0T 3HAYNTEJIHHBIM 3aIIaCOM IIPOY-
HOCTH. BO-BTODHIX, AeiicTBHe 3JIeKTPHUYECKOro Ipobos ¥ 3amMopa-
KUBaHNUA OHCJIO0s, KaK BUAHO B ITOCTefHEH CTPOKe, afnuTHBHO. Ta-
KOIl pe3yJbTaT MOKHO OXKHUJAATh, CIeJOBATEJbHO, H IIPH APYTHX
coueTaHNAX PUIMUECKUX U XUMHUUYeCKHX Bo3aeiicTBmii. CTpeccoBoe
BO3ZeficTBME TAKHUM 00pPasoM, He3aBHCHMO OT €ro MHU3HUKO-XHUMH-
YeCKOH IPHUPOABI, MOXKeT OLITh KOJHMIECTBEHHO OLIeHEHO U ero pe-
3yJbTaT NpeACcKa3aH B paMKaX paccMaTpuBaeMoil mogenu. Tperwit
BEIBOJI KAcaeTcA YaCTHOTO CIydasd reMoJIN3a 3PUTPOIUTOB. PaHee
OBLJIO IIOKA3aHO YTO KPHTHYECKHIH paJRyC MOPHI B JUIUAHOM GHC-
JIoe IIpU TeMIlepaTypHOoM Ga3oBoM mepexofe (cM. puc. 2.17) gocTu-
raer 2 HM, UTO COBIAZAET C PAZUYCOM IIOP SPHUTPOLUTA IIPH OCMO-
THYECKOM r'eMoJIn3e. ITOT Pe3yJIbTAaT MOXKeT O0bACHUTh H3BECTHBIMH
B KpHOOGHOJOruM QaKT reMoJN38 3PUTPOIIUTOB IIPU OTTAMBAHUMU
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3aMOPOXXEHHBIX KJIETOK B H30TOHHMUYECKHX YCJIOBHAX. W3 mepBoi
cTpoYKH Tabxa. 2.2, KpoMe TOro, CIeqyeT, UYTO IIPOCTOE 3aMOPaXKH-
BaHMe MeMOpaHHBIX JUIINAOB MOXKET IPUBECTH K reMonusy. Ilo-
MHMMO KPHOOHOJIOTHH, $a30BeIi Mepexo] MeMOpaHHBIX JHAIIHAOB
UrpaeT BaXXHYIO POJIb B XOJIOAOYCTOHYNBOCTH PACTeHHIH.

Mopens hopMmupoBauusa nop npu daszoeom nepexoge. Hezasucu-
Masd OLleHKa pasdMepa IIOp MOXKeT ObITh MOJIyUeHa ITyTeM HCCJIeoBa-
HUA NpeAsoxxeHHOH B.®. AHTOHOBBIM H COTPYAHHKAMH MOJEJH
dopmupoBauusa nop. Ilpu pazoBoM nepexoge 3 >KUAKOKPUCTAILIH-
YeCKOTr'0 COCTOSAHUSA B I'eJIb IO JaHHBIM PEHTTeHOCTPYKTYPHOrO aHa-
JIN3a, IPOUCXOAUT H3MEeHEeHHE TOJIIUHE OMCJIOA U ILJIOIAAN Ha MO-
aeryay qunuga (cM. puc. 1.10). YunTeiBasg KoOmepaTHBHOCTS $aso-
BOTO II€pexX0/a, MOXXHO IIPEAIIONOMKHUTD, YTO MOJIEKYJILI B JOMEeHAaX,
nepeuieiinX B relb-pasy, U OCTAIOIIUXCA B KHUIKOKPHUCTAIHYEC-
KOM COCTOAHHNH, 6YAYT HAXOAUTHCA B PasHEIX yCaoBUAX. OTHOCH-
TeJILHO PAaBHOBECHOT'O COCTOSHHA MOJIEKYJIEI B JOMeHe Ieib-pasnl

. 6yayT PACTAHYTEHI, & B YKUIKOKPHUCTALIIMYECKOM COCTOTHHUH — CHKa-
Thl. [TogBUTCA yIpyroe Hanps»eHne, KOTOpPoe IpUBeAET K HapyIie-
HUIO CTPYKTYPHI OHUCJIOA. '

JI 15 KoTMYeCcTBEeHHOI OLIEHKY BOSHUKAIOIIIKX 0P 6yAeM CUNTaTh,
4TO B resib-(hasy mepemrto N MOJIEKYJI OJHOTO MOHOCJIOA. B pesyb-
TaTe N MOJIEKYJI IIPOTHBOIIOJIOKHOIO MOHOCJION OKAMKYTCS CIKAThI-
MM OTHOCHTEJLHO CBOell paBHOBecHoH momanau Naf, rae af — mwio-
IaAb Ha MOJEKYJY B JKUIKOKPHUCTAIINYECKOM COCTOAHUH, U OYIYT
CTPEMUTLCSA PasOPBATh IIPOTHBOIOJIOHBIA MOHOCJIOH.

Yupyrasa sHeprufa aedbopMHUpPOBaHHOTO yuacTKa OMCJIOA 3a7aeT-
¢Sl B COOTBeTCTBHH ¢ opmy.roi HOura:

(Na’-Na®)® _ r N(Aa)?

f

AW=T -
Na a

(2.16)

rie, Aa = af - a® — uamenenue 3¢hdHeKTUBHOIM IJIOIIAAKA MOJIEKYJI B
MJI0CKOCTH 6ucyiod mpu (pasoBoM mepexone, I' — KoadpPUIHEHT YII-
pyrocty, paBHEIHN npuMepuo 50 MmH /M.

HamnpskeHus, BosHHKAaIONIMe B MeMOpaHe, MOTYT YMEHbBIIIUTCSA
I UCYE3HYTH, €CJIU IHOABUTCA I'nApodobHa s mopa ¢ moCIeyIOIUM
npeBpalenneM B rugpoduabuyio mopy. IIpu o6paszoBaEnM MOPHI
MOABJAETCA PHEPTAA HATAKeHNA KPOMKH nopkI. O01Tee n3MeHeHHe
3Hepruu 6ucy0sa npu 00pa3oBaHUH IOPEL pagnyca r 6yaeT paBHO:

(NA a2 —mr?)?

AG=T + 2rtyr,
Na T (2.17)
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3lech — Y — JIMHeHHOe HATAKeHNe KPOMKH MOPHI, IapaMeTp, BBe-
aeHHBEIH ReparnasiM. B pacuerax Yy npuauMaercda pasaoit 10 aH.
PaccMoTpuM H3MeHeHHe 3Heprun MeMOpaHbI OT Paguyca IIOpHI.
Byaem cuuTaTh 4YHCJIO MOJEKYJI, OAHOBPEMEHHO MEPEXOAANINX B
TBepPAOE COCTOSIHNE, PABHEIM pasMepy KoonepaTuBHOM eqUHHUIEI N.
BennunHa KOOEepPaTHBHOM eJMHUIIBI MOYKET ORITH OIIpejiejieHa U3
COOTHOIIICHUS '

N=AH,_./AH,, (2.18)

rpe AH_ - suranenusa Baut-Todpda, AH - sHTanbnua nepexona,.
omnpejeiigeMas IO TeIJIOTe moraomeHusa. Temneparypy ¢asoBoro
nepexoxa T , mosnymupuny nepexoga AT u suransnuio AH_omnpe-
JeJIANH KaJOPUMeTpUYeCKH. 3HAYEeHUA KOOIePATUBHOMN e JTUHUIIEI
JJIsl HeKOTOPHIX JIUIIHAOB IIpeJcTaBleHH B Tabaune 2.3.

Ta6ruya 2.3. Xapakrepuctuku ¢a3oBoro nepexona
CHMHTEeTHYECKMX M IPHPONHLIX JUINIOB

T,C AH N
JIumug n T
kK /MONB | MoJaerysn
JIIPX 41,7 35,3 100
OII®K, pH 6,5 68 23,9 70
'uapupoOBaHHEBIN AUYHBIHA JEIUTHH 51 18,7 80

3aBUCHMOCTH 3HEPruy NIOPHI OT pagMyca NnpeAcTaBJeHa Ha
puc. 2.18. CaeBa npejacTaBieHa 9Ta 3aBUCHUMOCTL IIPH M3MeHe-
HuM N or 80 n0 190 monexysn. UamMeHeHMe MIOMIaju Ha rOJOB-
Ky upu ¢asosom mepexoje, pasHoe 0,1 HM2, omeHeHO O JaH-
HBIM DPEHTreHOCTPYKTYPHOro aHajamsa JJA JenuTHHaA. BuaHo,
YTO H3MEeHeHHEe 3HepruM, pacCinTaHHOe Mo ypaBHeHuio 2.17,
uMeeT MHUHMUMYM. DTO 03HAYAET, UTO MOABJEeHKEe MMOPHI d9Hepre-
TudecKH BHrogHo. C pocrom N 3Hauenne paguyca B TOUKE MHU-
HuMyMa pacrer. CupaBa Ha puc. 2.18 npuBezeHa 3aBUCHMOCTDb
9HePruM MOpH OT pajuyca Aasa MeMOpaH ¢ mocTogsHHRIM N = 70
U MeHamplneiica Aa. Ecau Aa mensurie 0,08 aM2, TO KpUBas Mo-
HOTOHHO Bo3pacTaeT. Haunnasa co sHauenusa Aa> 0,09 am? ua
KPHUBOM MOABIAETCA JOKAJABHBIH MHHHUMYM, T.e. IOSABJIEHHE
DODPH CTAHOBUTCS BRIFOAHEIM. C pocToM Aa, TaKe, KaK M € PO-
ctoM N, 3HaueHHMs pajuyca IIOPHl B TOUKe MHUHHMYyMa Bo3pac-
TailoT. Takum o6pa3oM, moABJIeHHe TOPLI B MeMOpaHe B obJac-
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TH (a30BOTO Ilepexoaa 3HepreTHYEeCKH BRITOAHO. [lna uccaeno-
BAHHBIX JUIOIHUJIOB MUHHUMYM COOTBETCTBYET IIOPAM C PAAHUYCOM
1,2 -~ 1,6 EM. OTH 3HAYEHHUSA YAOBJIETBOPHUTEJBHO COBIAAZAIOT C
3KCIIepHMEHTAJNbHO ONpeAeIeHHEIMH (cM. Tabua. 2.2).

G- 10"

G - 10"
Aa=14A

2

1,0 4

0,5 -

T
0 1 2 r,am 0 1 r, HM

Puc. 2.18. 3aBucHMOCTs U3BMEHEHHA dHEPTHH MODPEI OT paguyca,
paccunTaHHaA mo ypasHenuo (2.17); a — Aa = 0,1 am2,
N usmenserca ot 80 go 190 monexyn. 6 — N Mosexy,
Aa namensercs ot 0,08 10 0,16 am?

Junuaanie NOPHI H IPOHUIIAeMOCTE MeMOpan. C TOUKY 3peHUsd
MPOHHIAEMOCTH JHUIIHAHBIE NOPEI NPUHITMIHAIBHO OTJIUYAIOTCH
oT GeJKOBEIX KaHAJIOB CBOMM MPOUCXOXACHHEM H HCKIIOUUTEIb-
HO! JUHAMHYHOCTHIO. B TO BpeMd Kak OeJIKOBEIe KaHAJIBI HMEIOT
CTPOTO onpeiejIeHHEIe PASMEPHI, COXPAHAIOIIINECS B TeYeHHE Beeil
JKHU3HU KJEeTKH, padMepHl JUIUAHLIX IIOP B IPOIlecce 3aTeKaHudA
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BapLUPYIOT B IMIMPOKHX mpefeaax. OQHAKO 3Ta H3MEHUYHUBOCTD
uMeeT npeen. Ecau paguyc mopbl MeHbIlle KPHUTHYECKOrO, TO IOpa
B IpOIecCe 3aTEKaHHNA A0JKHA IIPONTH BCE IIPOMEXYTOUHBIE pa-
AUYCHI U JOCTHTHYTh MHHHMAJBHOTO padMepa. Borpoc ¢ BO3MOK-
HOCTH IIOJIHOTO 3aTeKaHUA JHIIHIHLIX IIOP OCTAeTCSA OTKPBITHIM.
IIpeanonaraercs, 4YTO MOJHOMY 3aTATHBAHHIO IIOPEI IPEIIATCTBY-
IOT MOIJHEIE CHJILI THAPATAINH, IPOABJSIOIINECS IPH COMHIKEHUHN
CTEHOK ruApoduABHBIX HIOP.

JINnugHbIe MOPHI B OTJIHYME OT 0eJIKOBBIX MOHHBIX KAaHAJIOB He
00J1a1ai0T BEIPAXKEHHO H30HPaTeJILHOCTDHIO, YTO KOPPEJUDYET ¢ UX
CPaBHUTEJbHO 0OJIBIINMY HCXOAHBIMH pa3MepaMu (cMm. Tabi. 2.2).
fcHo, oxHAKO, UTO B IIpoliecce 3aTeKaHWUA JHNUJHBIe IIOPBI MOTYT
JOCTHUTATh CKOJIb YITOAHO MaJbIX Pa3MepoB, B TOM UMcCJie CPaBHU-
MBIX C pasMepaMi 0eJKOBBIX NOHHBIX KAHAJNIOB, YTO MOJKET IIPUBO-
JUTh K Ilepepaclpe/ieIeHUI0 HOHHBEIX TOKOB B MeMOpaHe, HApH-
Mep, IpH Bo30yxaeHun. V3BecTHO gajee, YTO IOCJIE BEIKJIIOUYEHHA
CTPEeCCOBOro BO3AeiicTBUA OHCIoHHAaA IUITHAHASA MeMOpaHa MOXKeT
BEPHYTHCA B COCTOAHHUE C HHU3KOH IPOBOAMMOCTBIO, YTO IIOAPA3Y-
MeBaeT HOCTH)KeHHe MopaMHU pa3Mepa, HeJOCTATOYHOI'O JJA IIPOo-
XOXKAeHUS N paTHPOBAaHHBIX HOHOB. TakuM o6pasoM, rugpoduiis-
HbIe JUNHIHbIE IIOPHl YHUEEPCAJIbHEI B TOM OTHOIIIEHUH, YTO MOTYT
OBITH UCIIOJIb30BAHEI KJIETKOMH IJIA TPAHCHOPTA BLICOKOMOJIEKYJIAD-
HBIX BeIlleCTB, MOHOB U MOJIEKYJI BOIb!.

WccnegoBanns MpoOHUIIAEMOCTH JIUIHAHLIX IO Pa3BUBAIOTCS B HAa-
CcTOsAIIee BpeMS B IBYX HAIIPABJIEHUSAX: B IEPBOM UCCIEAYIOTCSA MaK-
CHMAaJIbHO 60JIbIIIKe OPbI, BO BTOPOM, HA000POT, — IUMUAHBIE IOPHI
MUHHUMAJIBHOTO pajuyca. B mepBoM ciaydyae peub ugeT 00 3JeKTPO-
TpaHcheKIHH — cIIoco0e BBeAeH!UA B JKUBBIE KJIETKH HUJIH JIUIOCOMEBI
mosexkya JJTHK c menbio mepeHoca ¥ BHYTPHKJIETOYHOI'O BBEAEHUSA
YyIKepOLHOI0 reHeTu4eCcKoro Mmatepuaja. OKkasajloch, YTO BHENTHEE
3JIeKTPHYECKOe I10JIe BLICOKOIH HAIPAMKEHHOCTH CIIOCOOCTBYET Ipo-
HHUKHOBEHMIO rurauTckoii mosekyasl JHK suyTph MemOpanHoii ua-
ctuusl. Kaxk BugHo 3 TabJa. 2.2, MaKCUMAJbHBINA pasMep KpUTHYEC-
KO# MOphI COOTBETCTBYET KHUAKOKPHUCTAJINUYECKOMY COCTOSHHUIO
OHCJIOA JHUIIHIOB B OTCYTCTBHE BHEIITHErO 3JI€KTPHUUYECKOTO HOJIA U
paBed 9 uM. HajioskeHHe BHEMIHEro 3JIeKTPUYECKOr0 MOJIs HANPs-
skeuHocThio 100 kB/M nmoum:xaeT KPUTHYECKHH PANYC IIOPHI IO
1 uM 3a Bpema 0,2 c¢. IIocKOJBKY IIPH 9TOM MEMOPAHLL COXPAHAIOT-
csl, TO pa3Mep JHUINAHLIX IOP B HUX He IPEBHIIIAET, OUeBUIHO, 3TO-
ro HUKHero npegea. Ilapasokc cocTouT B ToM, 4TO 3pPeKTHBHBIN
JuaMeTp cTaTucTudeckoro kayoxa [IHK, koTopas foyKHA IONacThb
BHYTPbB YacTHuiiei, gocturaetr 2000 um. IloucTnae 3agaua npo Bepo-
JIOAA, IIPOHMUKAIOIIETr0 CKBO3b UI'OJIbHOE YIIIKO. [loaToMy oueBHAHO,
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yro mosexyia JJTHK noxHa IpORUKATE Yepe3 MeMOpaHy B BUAE Pac-
NJIeTeHHOH OAMHOYHOM HUTH. U3BeCTHO, YTO KOHEI, HUTHU UMeeT AU-
‘aMeTp 2 HM U TAKHM 06pa3oM TOJILKO-TOJILKO MOXCET BOMTH B OPY.
Opnrako cBo6oaraana nuddysua eutu JHK B mope mpu aToM BpsaAn Iu
- BosMokHa. K coskasieHnIo, MeXaHM3M STOro ABJEHUA N0 KOHIA He
sicer. [Ipegnonaraercs, B 9aCTHOCTH, uTo MoseKya JHK cmoco6Ha
PacIINpPHUTH NOPY X TAKHUM 00pa30M MPOCKOJIL3HYTH Yepe3 MeMOpa-
ny. IIpornkHoBeruo [JHK MoryT crioco6CcTBOBaTh JOMOJHUATEIHHEIE
CHIBI 3JIEKTPOoGdopesa U 3JIEKTPOOCMOCA C YUETOM CyMMAapPHOT'O OTPH-
paTteabHOro 3apana mojekyasl JHEK. He nckialogeHo, 4To mopel €
(bUKCUPOBAHHBIMH B HHX KoHIamu mojiekyiasl JHK urpaior posas
KO, YAEPIKHUBAIONIEr0 MOJIEKYJIY B OIIPeAeIEHHOM MeCTe y IoBep-
XHOCTH MeMOpaHBI Be3HKYJILI, 4 CaM IIPOIECC MepeHoca ABIAETCS
Pa3sHOBUAHOCTHIO MHHONUTO3a. MccirefoBanme 5TOT0 HHTEPECHOTO C
TOUKH 3PEHHA IPOHUIAEMOCTH SBJIEHUSA IPOJOKAETCA.

Bropoe manpaBiieHMe HCCIeJOBAHUA ITPOHUIAEMOCTH: MeMOpaH
€ YYaCTHEM JIMIMUAHEIX IIOD CBA3AHO C TPAHCMeMOPaHHBIM IIEPEHO-
COM MOJIEKYJI M MOHOB BOABI. I3BeCTHOE B GMOJIOTHH ABJIEHNE BHI-
COKO¥ BOAHOI NPOHMIAEMOCTH KJETOUHBIX MeMOpaH IOJIHOCTHIO
BOCIIPOM3BOAMUTCA HA HUCKYCCTBEHHBIX JHIHUIAHBIX OGHCJIOAX, YTO
noApasyMeBaeT yd4acTHe B 3TOM IIpoiiecce rHApoGHIbHBIX JHUINA-
HbIX IOp. BosbImoit HHTEpeC B 3TOH CBA3H IIPEACTABJIAIOT PE3YJIb-
TaThI ONBITOB J1aMpaHu U BiayMa ¢ cycnensuei snnocom us doc-
baTHAHOH KHCJOTHI B TEMIIEPATYPHOM 001acTH (ha30BOro mepexoaa
JHUIHAA U3 MHIKOKPHCTAINYECKOr0 COCTOSAHUA B rejib. IIpoHHU-
1,aeMOCTH OHCIIOA A MOJIEKYJI BOABL MI3MEPSANH B OMBITAX C THAMXKe-
JIOH BOZOiA, IIPOHHIIAEMOCTD JJIsl HOHOB BOALI — MeTogoM pH-ckau-
kKa. OcHOBHbIE Pe3YJIbTATHI IIPECTABJIEHE! B Tabu. 2.4.

ITepBoe, UTO MOKHO OTMETHTE, 3TO OTPOMHOE Da3JIHUKe MeXIY
K03 dHUIeHTOM IPOHUIIAEMOCTH JUINIHOIO 6UCnosa ANd ruapa-
THUPOBAHHBIX MOHOB (HOH HATPHA) U MOJIEKYJ (HOHOB) BOABI. ITO
pasnuune gocruraeT 9 nmopsakoB. CTosb 3HAUKUTENILHOE pasjauyne
CBHUIEeTeJbCTBYET B IIOJIL3Y IPEAIIOJOXKEHHUA O TOM, UTO B IIpPOIlecce
3aTeKaHUs JUIUAHEIe IIOPEI MOTYT JOCTHIaTh pa3dMepa, HeJOCTa-
TOYHOIO JJIsl IPOXOXKAEHUA r'HAPATHPOBAHHEIX HOHOB, HO AOCTYI-
HOT'O AJIA IPOXO0XKAeHUu A 60Jiee METKHX YACTHL, — MOJIEKYJI M HOHOB
Boabl. Kpome Toro, ¢hasoBelif mepexoq MeMOpaHHBIX JHIHAOB B
reJb-COCTOSHIE COIIPOBOKJA€TCSA CKAUKO0OPA3HbIM YMEHbITIEHHEM
KoshdureHTa IPOHUIIAEMOCTH AJA HOHOB U MOJIEKYJ Bogel. OT-
cloJa cjIenyeT, UTO B Xoje (a30BOro mepexoja U3 MHOXKECTBA JIx-
OHUAHBIX 0P OTOMPAIOTCA T, PAAUYC KOTOPLIX He IPEeBRIHIaeT 2 HM.
N naxonen, obpamnjaeT BHUMaHue KOJUYECTBEHHOE COBIIaJeHHe
K03(bdHIIeHTOB IPOHUIIAEMOCTH GHCIOWHON MeMOpaHbI g/ MO-
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JIeKyJ1 ¥ HOHOB BOJABI, a TaKJKe X OJHHAKOBas ITWHAMHKA NpH da-
30BOM mepexoje. ECTeCTBeHHO MPeAIONOKUTD, YTO MOJEKYJILI U
HMOHBI BOJBI IIEPECEKAaI0T MeMOpPaHy OJHHMM H TEM JKe IIyTeM. JTOT
Pe3YJbTAT II03BOJIAET HEKOTODPBIM YU€HBIM BePHYTHCA K U3BECTHOM
THIIOTe3e 0 TOM, UTO JIMIHTHBIHN GHCI0H HAaCHIIEeH AedeKTaMu THIIa
TpaHCcMeMOpPaHHBIX IENOYEK MOJIEKYJI CTPYKTYPHPOBAHHOMN BOJbI.
C TOUKH 3peHNA MOJIEKYJIAPHOI OpraHn3alii CTPYKTYPa MOJIEKYJT
BOJBI B 3TOM CJIy4ae HAEHTHYHA CTPYKTYPe Jbha. MoJeKyJIbl BOIbI
CBsISaHBI MEJKIY cO00H BONOPOAHBIMHY cBA3AMU. [Ipeamonaraercs,
YTO MPOTOHBI MOTYT IEePEeABUTaThCA MO CHCTEME MEyXMOJIEKYJIAP-
HBEIX BOJOPOOHBIX CcBA3eli. M0XKHO IIPEAJIOKHUTDL, UYTO TaKHe JbIO0-
oA 00HbIE IIEMOYKH BOALI BOSHHKAIOT B JINIMIUAHOM OMCJIOe B MOMEHT
POKICHUSA NN 3aTeKaHUs JIUITHAHLIX IOP.

B nosp3y BO3MOXHOCTH IIDOTOHHOH NPOBOJUMOCTH Ha I'DaHHIIE
pasgeyia BOgHOI (ha3bl ¢ MOJAPHON 4acThio (GOCHOIUNUAHOTO OHC-
JIOSl CBHAETEALCTBYIOT JAHHDIE O JIaTepaJbHOI IPOTOHHOM IPOBOAH-
MOCTH Ha I'DaHUIIe JUIIUAHOr0 OMCJI0s ¢ BoAoii. BAoab MoHOCH0A N3
dochaTuanisTaHOJIAMIHA cO3/jaBasicA rpaaueHT pH u usmepsanaco
NIpoAoJIbHAasI CKOPOCTD IIepeHoca IIPOTOHA ITYTEM PerucTpaIuu ¢Jio-
OpEeCIIeHIINY MEUYEHOr0 B IOJIAPHOU rojioBKe dochomunuga. Ogmo-
BpeMeHHO IIPOU3BOANIN N3MePEHU S [IOBEPXHOCTHOTO IIOTEHIINAJIA 1
NIOBEPXHOCTHOTO AaBienus. [[okazaHo, UTO IPOTOH ABHKETCA BAOID
MOHOCJIOA JIUMIHAA B TOM CJIYiae, eCJIH 3TOT MOHOCJIOHM OpraHu3oBaH
u ynopsagodeH. CKOPOCTb IIePeH0Cca SHAaUNTEIbHO IPEBLIIANa CKO-
pocTh Auddy3uU IPOTOHOB B Bojie. dPdeKT 6611 06HADYsKeH B MOHO-
CJI0AX N3 O0JBIINHECTBA NPUPOAHLIX hochonunugos. Ilonnas nerua-
paTtaius gochosunHUAOB B OJISAPHOIH 00J1acTH IPUBOANIA K IIOTEPe
IPOTOHHOM NPOBOANMOCTH. ABTODEI IIPEJIIONATAIOT, YTO MOJIEKYJIBL
BOABI HA TPaHHUIIE pa3jeiia JHUIIHA-PACTBOP 00pasyioT YeThbIpe CJ0A:
00'beMHBIH CJIO pacTBOpAa, CJIOHM I'APATHOM BOAKI, MOJIEKYJIbI BOAEI
B KQTOPOM HeIIOCPeACTBEeHHO B3aUMOAeCTBYIOT C IOJAPHBIMHY I'PYII-
IIaM¥ MOJIEKYJIbI INMHUIA; CJIOHM MOJIEKYJI BOJBI, CBA3AHHEIH BOJAOPO/I-
HOH CBA3BIO C MOJIEKYJIAMH JINNIUAA Ha YPOBHE KapOOHWILHOM Py II-
nBl, ¥, HAKOHEIl, TPaHcMeMOpaHHEIEe BOJHBIe MOCTHKH. B 1iejioM Ha

' IOBePXHOCTH JUNHAHOTO 61c10: 06pa3yeTca ceTh BOTOPOIHBIX CBSI-
3ei1, o0ecrieuynBalOIX OBICTPHIM NepeHoc npoTouoB. Ilpenmosnara-
eTcA MpPHU 3TOM, UTO IIPOTOHEI, IepefBUTaIoIIHecs B CUCTeMe BOJO-
POJHBIX CBsi3e Ha NMOBEPXHOCTH OMCIIOA, He CMEIIHNBAIOTCA C
IPOTOHAMH 06'ELEMHOTO CJIOA BOABI. TakuM 060pa3oM, BO3MOKeH MeM-
GpaHHbBIi 00MEH IPOTOHAMH Me 1y IPOTOHHBIMU KAHAJIAMH U I1PO-
TOHHBIMH HACOCaMH, MHHYS PACTBOP 3JIEKTPOJIUTA, OMBLIBAIOIIET0
mMeMmOpany. Kpome Toro, MoJjieKyJasl JIUNNAa B KPOMKe JHIHAHOMH
NIOPHL CIIOCOOHBI, KaK MOKasaHO B mociejHee BpeMs, YIacTBOBATL
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B ObicTpoM duini-guion oomeHe. B coueTaHMM ¢ JaTepaabHOM MHUI-
panueil IPOTOHOB, 3TOT MEXaHMU3M TAKIKe CIIOCOOCTBYeT ahpeKTHB-
HOMY TPaHCMeMGPAHHOMY IEPEHOCY IIPOTOHOB.

Ta6ruya 2.4. IIpoHATAEMOCTH JHIHAHOrO GHCI0A
JJisi MOJEKYJ H MOHOB BOIEI

Koaddunuear |Temmepa-

- Hacruna JInmup MMPOHUNAeMOCTH,| Typa
cM/C

IIporoxn / ragpoxkcun’| fumupucronadochaTns- 10°% T < TOIT™
HAdA KUCJI0TA

IIporon / ruapokcua | JuMupucronadocharus- 1073 T > TPII
HAdA KUCJI0TA

Mousexkyna Bogb Hunansmuronndocharna- 3,5-10°% T < TPII
Hasd KACJI0Ta :

Mousekyna BOAH Munansmuronadocharni- 2,4-102 T > TPII1
HAfA KUCJI0TA

HoHbl HATPHA Anynsni senuTHR ~10712 T > TPII

* CoueTaHue MPOTOH / THAPOKCHI NCHOJIb3YeTCA IIOTOMY, YTO IIPAMEHEH-
HBIN METOA He IIO3BOJIAET PA3AE/INTh IIOTOKH IIPOTOHOB M THAPOKCHUIIOB.
“*TII — TemmepaTypa GHa30BOro Mepexoia KUAKOKPHCTAILIAYECKOe CO-

CTOSTHHE — IeJlb. '

OcHOBHOH BBIBOJ, COCTOHUT B TOM, YTO CTaOMABHOCTD JUIHUIHOTO
OHcCJIosa M KJIeTOYHOMH MeMOpaHbl, JHIIIEHHOM 0eJIKOBOro KapKaca,
oTmpefiesiseTcA TUOUIHBIMA IOPaMHU. ITH IIOPEI 06Pa3ylOTC B Me-
cTax AedPeKTOB XKHUIKOKPHCTALINYECKON CTPYKTYPHI JUIIULHOT'O
Oucyo#a. JIunuaAHbIe TOPH BO3HHKAIOT B Pe3YJIbTATe TEILJIOBBEIX
bAyKTyanui MoBepXHOCTH OHUCJIOHA, a TaKKe MOTYT POXAATHCH
npHA MeMOpaHHOM CTpecce, COIIPOBOXKAamoueM (Pa30oBLIi mepexos
MeMOpaHHBIX JIHIINJOB, IPH 3JIeKTPHUECKOM Ipo6oe 1 0CMOTHYeC-
Koit u3uce. Cyanba MeMOpaHHL B 9THX cJydaAx OyleT 3aBHCETh
BE€POSITHOCTHHIM 06pa3oM OT TOro, OyAeT JIH JUMHUAHAs TIopa Ipe-
BBIIATH HEKOTODPHIM KPUTHYECKHH pasMep MJIM HeT. B mepeom
ciaydyae MeMOpana MOpBeTCH, BO BTOPOM cJIydae ee CTPYKTypa Co-
xpauutca. IIpyu coxpaHneHun cTaOMIBHOCTH MeMOpaH IOPHI 3aje-
YHBaIOTCS, Mpoberasa MPH 3TOM BCe IPOMEKYTOYHBIE BHAYEHUA
paguycoB. MMHHMAJIbHEIE PAAUYCHI JUIHAHLIX IOP MOT'YT CTaTh
CPaBHHMBIMH C pa3zMepaMH M30MpaTelbHBIX 6eJIKOBHIX KAaHAJIOB,
PeryJupyroiiux B HOPMe HOHHYI0O IPOHHUIAEMOCTh KJIETOUHBIX
mem6pan. Ha mociegHNX aTanax 3aTeKaHWs JHIINHLIE IIOPEL MO-
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T'YT OPeBPAIaThCA B BOAHbBIE IOPLI, JOCTYIIHBIE TOJBKO IJIf MOJIe-
KYJ ¥ HOHOB BOJHI.

KOHTPOJIBHBIE BOIIPOCHI, 3AJAYH, 3AJAHHA

1. Kpurnueckuii paauyc JUIHAHON IOPH B MeMOpaHe 3aBUCHT OT
KpaeBOro HATAKEHN OPHI, IOBEPXHOCTHOTO HATAXKEHU S MeMOpaHbI
¥ MeMOpaHHOTO IIOTEeHIMANa. BLIBECTH OPMYIY A KPUTHYECKOTO
paguyca mophl. Paccunrath KPpUTHYECKHIT PAJNyC HOPHI IPH OTCYT-
CTBHM MeMOpaHHOro oTeHIHaIa. [IpHHATHL KpaeBoe HATSAKEeHHE IOPEI
10! H, noBepXHOCTHOE HaTsKeHHe Junugaoro 6uciod 0,3 MH / M.

2. Kak nameHuTCA o6seruenHas nuddysna HoHOB KN4 € yda-
CTHEeM MOJIEKYJIE BAJITMHOMHUITHHA II0CJIe (ha30BOro epexosa MeMo-
PaHHBIX JJUOHIOB M3 KHAKOKPHCTAJIINYECKOTr'O COCTOSTHUA B TeJIb?

3. OcmoTHnuecKHit 3hdeKT B IKMBEIX KJIETKAX COIIPOBOMKAAETCS MX
HabyxaHueM B THOOTOHHYECKOM PACTBOPE U CIKATHEM B TMIIEPTOHH-
yecKoM. Byzer i mabaoaaThca ocMoTHYecKuii 3dderT npu HaKoI-
JIeHHH MOHOB HATPH4 IO CXeMe QaHTUIOPTa? -cXeMe CHMIopTa?

4. Iloxasars, uro ypaBHenue Heprcra—Ilnanmka cogurcs K
ypaBHeRH0 ®uka 11a Auddysuit HesapAKeHABIX YaCTHII.

5. Pepment Nat-K-ATdasza B miaasMaTHUYECKON MeMOpaHe spuUT-
POLMTA COBEPIIMJI ITeCTh MUKJIOB, KaKkoe KOIH4eCcTBO MOHOB HATPHUA
M KaJINA NP 3TOM OBLJIO AKTHBHO TPAHCIOPTHPOBano? CKOJIbKO S5HEP-
Ir'H GBLIIO TIPHM 5TOM U3PaCXOA0BAHO, €CJIH T'HIPOJIH3 OGHOrO Mo ATd
conpoBoXxaaeTca ocBoboxgerreM 33,6 kI:x? IhdPeKTHBHOCTEL IPO-
Hecca SHEPTeTHYECKOTo conpsaxenus cuutars 100 % .

6. B xieTouHBIX MeMOpaHAX N3BECTHEI TPY MOHHBIX Hacoca: Na*-K+-
Hacoc, MPOTOHHEBIH HACOC, KAIBITHEBLRN Hacoc. KakmM ofpasom ocymie-
CTBJISIEeTCA ITPY TOM AKTHUBHEINA TPAHCTIOPT CAXAPOB ¥ AMMHOKMCIIOT?

7. BosMoxeH J ONHOBPeMeHHEIN TpaHCMeMOpaHHEIA mepeHoc
HMOHOB KaJius M HaTpuA no cxeMe cumoopra? Ilo cxeme aETHIOD-
Ta? 1o cxeme yEHnopra?

THIIOBBIE TECTHI TEKVINErO KOHTPOJIA

‘2.1, IlepeHOC MOHOB IPONCXOANUT B HAIIPABJICHNH:

IACCHBHEIA TpaHCOOPT ° AKTHBHEII TPAHCOOPT

1. g > p, Hy = My
S ~_l_>.Jm

2. p, >, PR |
——)—Jm J;‘—

3. my < p, By < M,
—_—J Joe— "
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2.2. Ypasuenue auddysun HeasexkTponuTos (Puxa) 3anuceiBa-
eTcs:

1. T _pde 3. J_m=_]_)$
dx dx
2. Jm=Dilg 4, Jm=_D$
dt - dt

2.3. MoJieKyJla BATHHOMHITHHA IEPEHOCHUT depe3 MeMOpany:

1. Ktu Na* 3.Cl uOH
2. Ca?" 4. K*

-2.4. Tleperoc BemecTBa npH obiaerdenHoi guddysun uaeT o
CPaBHEHHUIO ¢ mpocToii juddysueii:

. B IPOTHBOMNOJIOXKHYIO CTOPOHY
. OBIcTpee

. MeJJIeHHee

. C TaKOH JKe CKOPOCTBHIO

QO DD

I'TIABA 3. BHO3JEKTPUYECKHE
IIOTEHITH AJIbBI

Opna us BasxkEedmux Gpyarnuii 6uosornyeckoit MmeMOpash! — re-
Hepanud M nepejada GMOIOTEHIUAIOB. ITO ABJEHHUE JIEIKHUT B OC-
HOBe BO30YJHMOCTH KJIETOK, PEryJAINHN BHYTPHUKJIETOUHLIX IIPO-
meccoB, paboOTH HEPBHOH CHCTEMEl, PEryJANHH MBIIIEYHOTO
COKpalleHud, penennun. B MeguIinae Ha Uccief0OBaHUE JIEKTPH-
YeCKHX moJieH, CO3JaHHbIX GHOMIOTEHITNAJIAMH OPraHoOB M TKaHeH,
OCHOBAHBI JHATHOCTHYECKHNE MEeTOAbI: 3JIeKTpoKkapauorpadusa,
anexTposHnedanorpadus, snexrpoMmuorpadus u apyrue. IIpakru-
KyeTcsa H JeueOHOe BO3JelCTRHE HA TKAHU U OPraHBl BHEIIIHUMH
SJIEKTPUYECKHMH HMIYJIBCAMHY DU 9JIEKTPOCTUMYJIAIIUHN,

B mponecce :xu3HeieATEILHOCTH B KJIETKAX M TKAHAX MOT'YT BO3-
HHKATh PASHOCTH 3JEKTPHYECKHUX IIOTEHITHAJIOB:

1) OKHCIHTENBHO-BOCCTAHOBUTE/IbHEIE MOTEHIIUALI — BCJIE-
CTBHe IIepeHOoca 3JIEKTPOHOB OT OAHUX MOJIEKYJI K ADYTHM;

2) MeMmOpaHHEIE — BCJIEACTBHE I'PaJHEHTa KOHIIEHTPAIIHH HOHOB
M IIepeHoCa HOHOB Yepe3 MeMOpaHy.
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BuonorerEnuasnsl, perucTpupyeMeie B OpraEu3Me, — 9TO B OCHOB-
HOM MeMOpaHHEIE IOTEeHIHAJIEI.

MemGpaHHEBIM DOTEHI[MAJIOM HA3LIBAETCS Pa3sHOCTh MOTEHOUA-
JIOB MeXJy BHYTpeHHei (IUTOomIa3MaTHYeCKO) U HapYKHOIi 1mo-
BEPXHOCTAMH MeMOpaHBI:

A(PM=(Pm—(Pmp' (3-1)

B manpHeitmrem Bo Bcex rjaaBax KHHUTH IS YOIPOILEHUA HaIHUca-
HEA GopMy BennuuHy AQ 6yzeM 0603HauaTh OPOCTO KAK @, .

ITporpecc B ucciegoBaHNN GMOMOTEHIIHATIOB 00YCJIOBJIEH:

1) pa3spaboTkoit MUKDPO3JIEKTPOLHOIO MeTOla BHYTPHKJIETOYHO-
ro U3sMepeHUS MOTEHIUAJIOB; :

2) cospmaHHMeM CHeNMAaJbHEIX YCHIHTENeH GHONOTEeHIHNAIOB
(Y1IT);

3) BHIGOPOM YIAUYHEIX O0'HEKTOB HCCJIEJOBAHUA KPYIHLIX KJIETOK
M CpPeAM HHMX THTaHTCKOrO dKCoHa Kaavbmapa. AmaMeTp aKCOHA
KanapMapa gocturaet 0,5 MM, uro B 100 — 1000 Gonsire, ueM gua-
MeTp AKCOHOB HO3BOHOUHBIX »XMBOTHHIX, B TOM UHCJI€ YeJIOBEKa.
T'uraETCKMe, B CDABHEHHUH C IIO3BOHOUYHBIMH, PA3Mephl aKCOHA —
3TOr0 NPOBOPHOI'O M JIOBKOTO I'OJIOBOHOTOTO MOJIJIIOCKA — HMEIOT
6ospinoe GU3HOJIOTHUECKOe 3HAUeHHe — 00eCIIeunBaloT GBHICTPYIO
nepefavy HepBHOI'O UMIIYJILCA II0 HEPBHOMY BOJIOKHY.

Jas 6nodu3UKN r’HraHTCKUH aKCOH KajJlbMapa MOCHIYKHJI BeJIu-
KOJIEITHBIM MOJEIbHBIM O0HEKTOM JJISl H3YYeHUA GHONOTEHIINAIOB
(HezapoM BEIIBUTAINCE IPEAJI0KEeHNA MOCTABUTE MAMATHUK KaJlb-
Mapy — JKHBOTHOMY, KOTOPOMY TaK MHOTHM ofsa3aHa HayKa, Hof006-
HO CYIHIEeCTBYIOINUM HaMATHHKAM JATyinKe B Ilapuike u co6ake oz
C.-IlerepGyprom).

B ruraHTCKH aKCOH KaJIbMapa MOXHO BBECTH MHKDO3JIEKTPO,
He HaHecsd AKCOHY 3HAUHNTEJILHBIX MOBPEXKICHHUH,

CrekJIAHEBIN MHKDOJJIEKTPO MPEACTABIAET CO00H CTEKJIAHHYIO
MUKPOIINIETKY ¢ OTTAHYTHIM OUYeHb TOHKMM KOHYHKOM (puc. 3.1. a).

MeTtananuecKuii 3JIeKTPOA TaKOM TOJNIMHE] IJIACTHYEH H HE MO-
KeT IPOKOJIOTh KJIETOUHYIO MeMOGpaHy, KpOMe TOr'0O OH NOJAPHU3YeT-
cA. A “CKIIOUeHNS IIOJIAPU3ANUY JIEKTPOa NCIIOIb3YIOTCA He-
MOJIAPHUIYIOHNECS BJIEKTPOALI, HAarpuMep cepeGpsaHasa IPOBOJIOKA,
nokpriTas coabio AgCl. B pacrBop KCl uan NaCl (sxeraTuru3HpO-
BAHHLIH arap-arapoM), saroJHAIOIHA MUKPO3JIeKTpok (puc. 3.1. 6).

Bropoii asekTpo — 3JeKTPOJ CPABHEHHS — PACIIOJIATAETCA B pa-
CTBOPe Yy HApYKHOIl MOBepXHOCTH KJIeTKH (puc. 3.18). Perncrpn-
pyiomiee ycTpoiicTBo P, coeparamee yCHINTEIb IOCTOAHHOrO TOKA,
n3MepaeT MeMGPDaHHEIH IOTEHINAT:
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Q 2—-3 MKM Ag-AgCl

KCl

P

KJIeTKa

50,1-0,5 mrM
—

Puc. 3.1. MEKpPO3NIeKTPOJHBIA MeTOZ N3MePeHna 6MONOTeHIAJIOB:
a — CTEeKJIAHHAS MHUKDOIUNETKA; 6 — CTeKJIAHHBIH MHKDO3JIEKTDO;
B — CXeMa PerucTpanuy MeMOpDaHHOrO IOTEeHIHAaa

Py =Py — (Pnap .

MHKpOQJIeKTpOAHHﬁ MeTOoA AaJI BOBMOXHOCTh U3MEPHUTH 6uormo-
TeHIINAaJIbIl HEe TOJIBKO HAa THT'aHTCKOM aKCoOHe KaJipMapa, HO 1 Ha KJIeT-
KaxX HOpMaJIbHBIX Pa3dMePOB: HEPBHEIX BOJIOKHaX APYI'UX YKXUBOTHLBIX,
KJIeTKaX CKeJeTHBIX MBIIII, KJIeTKaX MHOKApJa U APYTHX.

MeMﬁpaHHHe NOTeHOHAaJbI IIoAPa3fAeJdITCA Ha IMIOTeHIINaJIbl
IIOKOS M IOTeHIMAIEI eHiCTBUA.

§10. TIloTesuuaa IOKOA B KJIeTKaX

IloTeHnaj MOKOA — CTAIIMOHADHASA PA3HOCTH YJIEKTPUYECKHUX I10-
TEeHIHAJIOB, PETUCTPHUPYeMad Me}KAy BHYTPeHHeH 1 HAPYKHOH 1o
BEPXHOCTAMH MeMOpaHbI B HEBO30yKJeHHOM COCTOSHHH.

IToTeHIMAa IOKOA ONIPeieigeTcA pasHOM KOHIIEHTpaIei HOHOB 10
pasHble CTOPOHE! MeMOpaHb! ¥ AuGdy3ueil HOHOB yepe3 MeMGpaHy.

Ecau KOHOERTpaumsa KaKoro-aufo noHa BEYTPH KJaeTku C,_ oTud-
Ha OT KOHIIEHTPALMH 3TOI'0 MOHA CHADYKHU Cop MeMOpaHa IPOHUIIA-
eMa JJIA 9TOro MOHA, BOBHHKAET MOTOK 3apAKEeHHBIX YaCTHIL yepes
MeMmOpaHy, BCJIEACTBHE YEro HapyIIaeTcA 3JeKTpHYecKas HeATpasib-
HOCTB CHCTEMBI, 00pasyeTcs pa3HOCTh HOTEHIINAJIOB BHYTPH i CHApy-
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KHuKIeTKH @ =@, — @y, , KoTopasa 6yaer IPenATCTBOBATE AaIbHEMH-
HIeMy HepeMeIIeHnIo HOHOB uepe3 MeMGpany. IIpu ycTaHOBIeHHH
PaBHOBeCHS BbIPaBEHBAIOTCA SHAYEHHUSA 3JIEKTPOXUMHYECKHUX IOTEH-
IHAJI0B II0 Pa3HEIe CTOPOHLI MeM6paHbI: M, =W, .

Tax kak | =, + RTInC + ZF g, To

RTInC,, +ZF¢,, =RTInC_, +ZF¢,, .

Orcopa nerxko noayuuts popmyiny HepHcTra AJjiA paBHOBECHOTO
MeMOpPaHHOTO MOTEHIINAJIA

RTC

_ (3.2)
ZF C

O =0~ Py =

Ecin memOpaHHBIH DOTEHINAI 00YCJI0BJIEH ITepeHocoM HoHoB K+,
Ansa koroporo [K*] > [K“]lmp u Z = +1, paBROBEeCHLI MeMOpaHHBIH
NOTEeHITHAa

RT, [K'],
T [K*]

== <0. (3.2,0)

Hia wonos Na*: [Na*] <[Na*] ,Z=+1,

Hap

RT, [Na'l

un =T F M (Na'l,.

——=>0. (3.2,6)

HAna nonos C17: [CI], <[C17],,,Z=-1 H.

_Rr, [C]

BH <0
F [CI] (3.2,8)

Hap

P —
(pM,Cl'

Ecan B popmyse HepHeTa nepeiiTi oT HATYpPaJIBHOTO Jorapud-
Ma K JeCATHYHOMY, TO AJIf NOJ0KHUTEIbHOI0 OAHOBAJIEHTHOrO HOHA
(Z=+1)

RT C

F C

HAp

o=

ITpnmem Temnepatypy T = 300 K, Torma
70



RT . 8,3/x/(mom K)-300K
F 96500K/Mann

-2,3=0,06B.

¢} =—-0,06lg g‘“’ (B).

Hap

Cornacuo Bepamreiiny (1902 r.), npruynna meMOpaEHOro HOTEH-
nuasia moKoda — auddys3us NOHOB KAJIKHA U3 KJIeTKH HAPYKY.

C
IIpumem B bopmyse Hepaera —22 =~ 100, uTo 1o MOpAAKY BeJn-
‘A
YHHELI COOTBETCTBYIOT 3KCIIEPUMEHTANLHEIM AAHHEIM AJMA KaJus
(cM. Taba. 3.1):

Ig C“ =1g100=2, u MmeMOpaBHLI# TOTEeHIHAI

Hap

[¢2|=0,06-2B=0,12B=120uB,

YTO HECKOJBKO 60JIbIIEe MOAYJIA 3KCIePHMEHTAJFHO U3MEPEeH-
HBIX 3HAYEeHUH MMOTeHIuaJa MOKOs, U, HOJb3YACh POPMYyIaMHu
3JIEKTPOCTATHUKH, OIeHKM, KaKOoe KOJHYEeCTBO MOHOB JOJKHO
mepeiiTH U3 IUTONJJIA3MEI B HEKJIETOYHYIO cpely, YTOOkI CO34aTh
TAKYIO Pa3HOCTh IMMOTEeHIHAJOB. Paanyc KjieTKH r = 10 MKM =
10° M. VaenbpHasA 31eKTPOEMKOCTE MEMOPAHE (3JJeKTPOEMKOCTE
Ha eAVHNNY NJOMMALH) szIO‘? @ / M2 Ilnomane MeMO6panbl

4nr? =~ 4n-107"Mm2% =107°Mm2 . Toraa sJeKTPOEMKOCTh MeMOPaHbI

C=C,-S=1072 10"y - 101 @.
M

AGcosIoTHAA BeIMUHHA 3apAfa KAXKJA0r0 3SHAKA HA HOBEPXHOCTH
MeMOpaHEI, €CJIH ee IPEeACTABUTE cebe KaK KOHAEHCATOP,

la|]=CAp~10"®-10"B=10"Ku,

9TO COOTBETCTBYET
q_ 10"Kn
F 10°Kw/mons

17
=10"" mosb HoHOB.
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‘06 bEM KIIETKH

Vzénr3 41t10‘“'M ~5-107""m®,
3 3

HN3meHeHNe KOHIIEHTPAIIMH HOHOB B KJIeTKe BCJIe[ICTBHE BHIXOKA
u3 kJIeTKu 107 MOJIb HOHOB COCTABHUT

17
AC= m ~2-10moms /m® =2-10 Mmoan / 1.

5-10"°m®

9T0 HUUTOXKHOE H3MeHeHHEe KOHIIEHTPAIINH 110 CPAaBHEHHIO C H3-
‘MeHeHHeM KOHIeHTpaIlii MOHOB KaJius BHYTPH KJIeTKH (CM. Ta6JI.
3.1), cocraBaser Bcero 10™ % OT KOHIEHTPAMK KAJIHA BHYTDH
kymetkn. Taxum o6pasom, 4TOORI CO3aTh paBHOBECHBIHI HEPHCTOB-
CKuil MeMOpaHHBIH NOTeHIINAJ, Yepe3 MeMOpPaHy JOJKHO IPOHTH
npeHeOpeKUMO Majloe KOJIMYEeCTBO MOHOB II0 CPABHEHHUIO C O0IIUM
HMX KOJIMYECTBOM B KJIETKE.

B Ttabs. 3.1 npuBeaeHbl 3HaueHNA MeMOpPaHHOrO MOTEHIIHAJA,
paccuutaHHOro o ¢popmyne Hepucra [1A pasinyHbIX KJIETOK U JJIA
pasJINIHBIX MOHOB, 1 3KCIEPHMEHTAJILHO IOJIyUeHHbIe 3HAUeHU
NOTeHNHAA IOKOSA JJIA 3THX KJIETOK O, .

H3 cpaBHeHHSA PACCUMTAHHEIX 1 HKCIIEPIMEHTAJILHEIX 3HAUYCHUH
MeMOpaHHOTO MOTEHIIHAAa BUAHO, UTO IIOTEHIUAJ IIOKOSA Ha CAMOM
JeJie OuvoKe K IOTEeHOUANY, paccyuTaHHOMY I1o dopmyste Hepuera
oaa K.

BmMmecte ¢ TeM, o6paimaeTr Ha ce6A BHUMaHUE 3HAUHUTEJILHOE pac-
XOKJIEHHE IKCIIEPUMEHTAJIbHBIX 1 TEOPeTHYECKUX 3HaUeHu . [Ipu-
YHHBI PACXOMKAEHNUA B TOM, UTO He YUTeHa IPOHUIAEeMOCThL MeMO-
PaHHL [ APYTUX MOHOB.

OpuoppeMeHHaa nuddy3us uepes memopany noaos K+, Nat u Cl-
YUYHTHIBaeTCa ypaBHeHueM 'ojibiMaHa.

Ypasrenue 'onpaMana MOKHO BeIBECTH U3 ypaBHennsa Hepuera-Ilnau-
Ka (2.3).

= —URTd— - UCZFd—

IIpeoGpa3yeM 3TO ypaBHEHHUE:
__urt&C dC , CZF d(p)

dx RT dx

URT = D cornacuo cooTHomeHn© JiinmTeiina. [IpumeM Tak HasslBaeMoe
npuGauskeHne mocTosHHoro noisa Foneamana. Byaem cunTaTs HalpsskeH-
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Tab6auya 3.1. Conep:xxanue nonor K+, Na*, Cl-,
PaABHOBECHBIE OTEHIMAJIBI ¥ MOTEHIMAJIBI IOKOSI HEKOTOPBIX KJIETOK

¢, MB | Q,,MB

O6bexT RonueHTpauﬁa, MMOJIb/ JI o opmyne |axcmep
) Hepxcra
[K*] [Na*] [C1] K" |Na*| Cl-

BH. |Hap. | BH. | Hap. |BH. | Hap.

lF'uranTe- | 360 | 10 | 70 | 420 |160| 500 | —-90|+50|—-30 |- 60

KU aKCOH

Meurnna 1251 2,5 | 156 1125 |11 | 120| -98|+60(-87 [-94
AATYOIKHA

HOCTB 3JIEKTPHYECKOro IoJA B MeMOpaHe IIOCTOSHHON U PDABHOM cpexHe-
© MY SHAUYEHMIO IPaJHEHTa IIOTeHIUANA:

ﬂzﬂzq)nﬂ_q)uap =&
dx Ax l l

rae [ — ToAIMEA MEMGPaHLI.
HMonyyuM AnA NIOTHOCTH MOHHOTO IOTOKA Uepe3 MeMOpaHy:

’

dC CZF
jm =-D(= ).
dx RT
ZF . dC C
0603HaYNM R(;M =V. Banumem J, _“D(d—x"'TW)-
Pasgenum nepeMmeHHEBIE:
. - C
bn_ dC Cy iy, Cy)_ dC g dC_
D dx ! D ! dx’ i Cy°

D I

IIpouHTErpHDYEM JIEBYIO UacTh JuddepeHIHaTLHOTO YPABHEHUSA B IIPe-
M

nesnax ot 0 fo 1, a mpaByIo OT Cmp = KC‘mp mo Cr =KC__ (rme K — ko~

adbunmeHT pacnpeseaeEns)

dx=- I 'jm—C\l—I.

l

i KC,, dc
!

KCpyp
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ITomxyunm:

Bripasum oTcioga:

DK . (CBH _Cﬂape_w)

=Y e¥-1
DK
YunTeIBas, 4YTO I =P , IOJYIHM:
(CBB - CH& e_w)
Jm = WP : -y _; M

B cTanuoEApPHOM cJy4Yae, KOr/ja, BOSHNKafa Ha MeMOpaHe, pasHOCTD 110-
TeHIHAaJoB — MeMOpaHHEIH TOTeHIUAT — TOPMO3HUT JaJIbEEHIINI mepeHoc
HOHOB yepe3 MeMOpaHy, CYMMAapPHEIH IOTOK Pa3JIMYHLIX HOHOB CTAHOBHUT-

C#A PaBHBIM HYJIIO: . . .
JNa+ +JK+ _JCl— =O'

Tlepen ) - cTOMT 3HAK MUHYC, yYNTHIBAIONINHA OTPHLATEIbHEIH 3apAA HOHA
xaopa. OgHaKo, TaK KaK B CO3JaHNN MeMOpPaHHOrO HOTEBINANA YIACTBY-
IOT Pa3JNYHEIE HOHEI, PABHOBECHE IIPH 3TOM He HACTYNAeT, HOTOKH Pas-
JIMYHBIX NOHOB He PABHEI HYJIIO 0 oTAEeAbHOCTH. Ecan yuecTs TONBKO IO-
TOKH ] . H Jnat » TO

_]'K+ + jNa* =0, nan jK+ =—jNa* .

H, IOACTABUB, NOJIYIUM:

[K+ ]BH - [K+ ]ﬂape_w _ P [Na+ ]BH - [Na+ ]nape_w
— % Na

P
K e¥-1 e¥-1
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oV = P.[K'], +P.[Na'l,

PK [K+ ]nap + PNa [:N.a+ ]nap
Orcroga:
_y=in Bl LB [Ne'],
P [K ]m,p + P, [Na -]!mp
ITockoasky '
_ZF¢, _Fo,
RT RT &

TO

__RT In P [K'].+P.[Na']l, .
" F  FK[K'], +P.[Na'l,

Ecau yuecTs erite # noToK HOHOB Cl™, TO, IOBTOPHB HpeaLIAYIIHe
_ paccy’KAeHHs, MOXKHO IIOJYyYUTh YpaBHEHHE 1151 MeMGPagHOro 1o~
TeHIMajla, CO3JaHHOrO MOTOKAaMH uYepe3 MeMOpaHy Tpex BHAOB
HMOHOB, ypasHeHne I'onsamana:

RT In B[K'],+P,[Na'], +Py[CI' ],

0, = - + P (3.3
F  ByK'],, +Pe[Na'l,, +Py[CI ., )

B uncanTese BHIpadkeHUs, CTOAIIEro MOJ 3HAKOM Jorapudma,
npeacrasjeHbl KoHnenTpanuu [K*] , [Na'] , mo [Cl‘]m, a B 3Ha-
meHaresne — [K*] . [Nat ]m, HO [Cl‘]nﬂ, Tak KaK HOHEKI XJopa OTpH-
HATEeIbHO 3apPAXKEHEI.

B COCTOSHUM MOKOA NPOHMUIAEMOCTL MeMOpaHHl AJsA noHoB K*
3HAYHNTEJLHO 0oJbINe, YueM AJdA Na', H 6oabire, uem aaa Cl—:

PK >> PNa’ PK > Pcr
IIns akcoHa KajbMapa, Hanpumep,

P.: P, :P,=1:0,04:0,45.
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ITepenucae ypaBHeHHe ['onbaAMaHa B BUIE:

P, P
K'] +—2[Na‘]l +-9[Cl”
RT [ ]BH PK [ a ]nn PK[ ]mp
¢, = - In

P, P, ’
K'], +22[Na*]__+=2[Cl"
(K Juy + N8 T+ (O e

B CIy4ae, KOr/Ja IPOHUIaeMOCTh MeMOpaHE! AJIA HOHOB HATPHA H
XJIOpa 3HAUUTEJIHLHO MEHbINe IPOHUIIAeMOCTH AJIA KAJIUA:

PNa << PKH P01 << PK’

u3 ypaBHeHus [osbpaMaHa DoayuuM ypasHerne HepacTa fis MeM-
OpaHHOIO MOTEHINAJIA IIOKO:

.__RT_[K'],

“ F [K'l.,

Taxum o6pasoM, ypaBEeHUe HepHCTa — yacTHHIK cayuaii ypas-
Henusa 'oxsgMaHa.

MeMO6paHHHI DOTEeHINAJ, PACCUNTAHHHN IO YpaBHEHHIO
TonpaMana, oxaszasnca mo aGCONMIOTHOM BeJIMUMHE MEHbIIe MeMO-.
PaHHOTrO NOTEHINAJIA, PACCUNTAHHOrO 110 hopmyiie Hepucra, 611m-
JKe K SKCIIepHUMEHTAJIbHEIM er0 3HAYeHUAM B KPYIIHEIX KJIeTKaX.
Y popmyna Heprera, u ypasHeHue ['orpIMaHa He YIUTHIBAIOT aK-
THBHOT'O TPAHCIIOPTA MOHOB Yepe3 MeMOpaHy, HAJINUKUA B MeMGpa-
HaX 5JEeKTPOTeHHHX (BHI3BIBAIOIIUX PasfielieHue 3apsfoB, a cje-
JAOBaTeJIbHO M BOBHMKHOBEHHE Pa3HOCTH IOTEHIMAJIOB) HOHHBIX
HAaCcOCOB, UT'PAIOIIAX BAXKHYIO DOJIb B IO PyKAHNY HOHHOI'O paB-
HOBECHS B MEJKHX KJeTKaX. B muronnasmaTudeckoii MeMOpaHe
pa6orarT K*-Na*-ATdassl, nepekauynBalomue KajJluil BHYTPb
KJIEeTKH, a HATpHil n3 xieTKu. C yueToM paboThl 5JeKTPOreHHEIX
MOHHBIX HACOCOB AJIA MEMOPAHHOI'0 IOTEeHIUANA GBIIO NOJIYYEeHO
ypasaenne Tomaca (Tomac, 1972 r.):

RT, mP,[K'] +P,[Na*
¢, = In xl - b Pl a+]“" , (3.4)
F mP[K'],, +P,[Na‘l,,

re m — OTHOIIeHNe KOJIN4eCTBa HOHOB HATPUA K KOJINUECTBY HOHOB
KaJusd, MepeKaunBaeMBIX HOHHBRIMH HACOCaAMH 4Yepe3 MeMOpaHy.
Yaine Bcero K*-Na*-AT®aga paGoraeT B pexxnme, xoraa m = 3/2,



m Bceraa Goxsine 1. (Hetr noHHEBIX HacocoB, nepexkaunpaomux Cl-,
noaromy B ypaBHeHuHu Tomaca orcyrersyioT wienst P, [Cl].)

Kosddumment m > 1 ycuruBaer BKJIaJ rpaueHTa KOHIIEHTPA-
MU KAJINA B co3iaHne MeMOpaHHOrO NOTEeHIUAJNA, IO9TOMY MeMO-
PaHHBIHA MOTEeHNMAJ, paccunTaHHblil o ToMacy, Gosbine oo abco-
JIIOTHOH BeJIMUYHHE, YeM MeMODAHHBIA IOTEHIINAJ, DACCUUTAHHBIH
no I'osbMaRy, u faeT COBIaJieHNe C 3KCIePHMEHTAJIbHLIMH 3HaYE-
HHUAMH AJIA MEeJKHNX KJIETOK.

Hapyitienme 6H03HEpreTHYECKHX MIPOIECCOB B KJIETKe H paboThl
K*-Na*-AT®a3sl IPHUBOJUT K YMEHbIICHUIO (Pmr, B 5TOM ciiy4ae
MeMOpaHHLIA DOTEeHN A JIyYlile ONNCLIBAeTCA YpaBueHneM [oba-
MaHa.

IToBpexxkgenne KaeTOUHON MeMOpPaHLI IPUBOAUT K ITOBLIIIIEHUIO
TIIPOHHUIIAEMOCTH KJIETOYHBLIX MeMOpaH /I BCeX MOHOB: K IIOBRIIIe-
wniou P, uP  ,uP,. BceaeacTsue ymenbIieHue pa3inyuA IPOHH-
maeMocTeil abcooTHOe 3HaYeHne MeMOpaHHOroO IIOTeHINAIa (PMI
CHHXKaeTcd. :

A CUIBHO HOBpPEKAEHHBIX KJIETOK |(pmieme MeHbHIe, HO CO-
XpaHAeTCS OTPHIATeIbHLIH MeMOpaHHbIH MOTeHIINAT ¢, 3a cuer
COZleP’KalINXCA B KJIeTKe MOJUAHNOHOB — OTPUIIATEIbHO 3aPAXKeH-
HEIX 0€eJIKOB, HYKJIEHHOBBIX KNCJOT U APYIAX KPYIIHBIX MOJIEKYJI,
He MOT'YIINX IPOHUKHYTH uepe3 MeMOpaHy (JOHHAHOBCKHI IOTEH-
mHaj).

§ 11. IToTenmuuan neifcTBHA

ITocpencTBOM 2JI€KTPUUYECKHAX HEPBHBIX HMITYJIbCOB (IIOTEHIIHA-
JIOB NeHCTBHA) B "KHBOM OpTaHH3Me IepeaaeTcA MHPOPMAITHA OT
perenTopoB K HeiipOHAM MO3Tra M OT HEHPOHOB MO3ra K MBLIIILAM.
JKuBo# OpraHN3sM ABJIAETCA MOJHOCTHIO 3JEKTPHGHUINPOBaHHOMN
cucremoii. Bes aJleKTpruecTBa HET YKU3HHU.

Tlorernmuas AelicTBuA OBLI OTKPHIT PAHBIIIE TIOTEHINAIA TOKOA.
JKHBOTHOE BJIEKTPHYECTBO H3BECTHO AaBHO. PaspanI anekTpuyec-
Koro yrpsa (IpoucxoAdAliie Opyu HanpsxeanH go 600 B u ganrtens-
HOCTHIO MOPAAKA MUJLJIMCEKYHALI) HCIIOJIh30BAJINCh MEJUIIUHOMN
eiie B [IpesHeM Pume gy leueHusa nDogarpel, roJJOBHOM OOJH, 9K~
Jencum. JIeKTPUUECKHNIH HepBHHIH MMOYJIbC OTKPHLI JIyupxu
TanpBanu, npodeccop aHaToMuH B . Bosonbs. PeayabTaTsl ero
3JIEeKTPODH3NOJOTHUECKNX OIBLITOB U3J0KEeHL! B KHure “Tpaxkrar
0 CHJIaX 3JIEKTPHUYeCTBa HOPH MBIIIeYHOM ABH:KeHHu” (1791 r.).
T'anbBaHU OTKPELI, YTO MBIIIEYHEBIE COKPAIEeHNA KOHEeUHOCTei IIpe-
OapupOBaHHON JATYIOKH MOTYT BRI3BATHCA 3JIEKTPUIECKHM M-
OyJBCOM M UTO CaMa KHUBAaf CUCTEMA ABJIAETCA HCTOUYHHUKOM 3JIeKT-
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pHUYeCKOro uMIyJjsca. Bexnkoe oTkpoiTie ['albBaHHN CHIIPAJIO BBI-
JaloIMyIOCA POJIb B PA3BUTHH GHU3HKH, 3JIEKTPOTEXHUKH, 3JIEKTPO-
XUMHUH, busuosoruy, 6mopusnky, Mesuuebl. OJHAKO OrpOMHAA
HOIyJAAPHOCTD HAeil [asbBaHM MpHBeJa K X OpobaHAIUsaM, Cle-
IBbI KOTOPHIX OCTAJINCH A0 HAIlero BpeMeHH (raJbBaAHU3AINA TPY-
NIOB, TAJIbBAHU3M IPUKOCHOBEHHUI ¥ B3TJISAIO0B U T.[. ), YTO BEI3LIBA-
JI0 HeJjoBepHe K 3KcIepuMeHTaM l'albBaHU YUYeHBIX-(QPHU3UKOB.
Muaaagmuii copeMeEHENK 'aspBannu npodeccop busuku Aneccans-
po BoabTa GBI APOCTHIM IIPOTUBHUKOM K€U JKHBOTHOT'O 3JIEKTPH-
YyecTBa (3a MCKJIIOUEHMEM OCOOBIX CIyUaeB SJMEKTPHUECKHX PLIG:
9JIeKTPHYECKOT0 yrps U 3JIEKTPUUECKOro cKaTa). B cBOUX aKcme-
-PUMEHTaX OH HCKJIOUYHJ OHONOTHUeCKUH 00'bEeKT B IIOKa3aJl, YTO
3JeKTPHUYECKMHA TOK MOXKeT OLITH MOJyYeH NpU KOHTaKTe Habopa
MeTaJLIOB, Pa3fieIeHHBIX 3JIEKTPOJHATOM (BOJIBTOB cT0J10). Tax 6611
OTKPBIT XUMHYECKHH MCTOUHHUK TOKa (Ha3BaHHEBIH, OHAKO, 103~
JKe, B UeCTh ero Hay4YHOTr0 IPOTHBHUKA TaJIbBAHUYECKHUM dJIEeMEeH-
TOM). "

B XIX BeKe yTBepAMJIOCH IPUMUTHBHOE IIPEACTaBJIEHHE O pac-
IpOCTPaHEHHUH SJeKTPHUYECKHUX TOKOB II0O HepBaM, KaK II0 IIPOBO-
naMm. Ogaaxo I'enbMrogabpmem (Bropasa monosuHa XIX Beka) GpLIO
MOKAa3aHO, YTO CKOPOCTh PacIpoOCTPAHEHUS HePBHOTO MMIYJbCA
cocraBiysaeTr aumb 1 — 100 M/c, 9TO 3HAYUTENPHO MEHEIIE, UeM CKO-
POCTh pacIpoCTPaHEeHU A JIEKTPHYIECKOTO HMIOYJILCa II0 IPOBOAAM
oo 3 - 108 m/c. IToaromy K KoHIy XIX Beka rumnoTesa sjeKTpHUeC-
Ko# mpupoAbl HEPBHOTO MMITyJibca OblJIa OTBEPTHYTA GOJNIBUIHH-
¢TBOM (b13H0I0roB. BBLIO BLIABMHYTO IIPEANOIIOMKEHHE O PACIIPOC-
TpaHeHHH II0 HePBHLIM BOJIOKHAM XMMHUYecKoii peakmuu. Ha caMmom
Iele, KaK GBIJIO MOKa3aHO IO3Ke, MEAJIEHHOEe PacIPOCTpAHEeHUe
3JIeKTPMYECKOI'0 HEPBHOTO HMITYJIbCA CBA3AHO C MeJJIeHHOH mepe-
3apANKOH KOHAEHCATOPOB, KOTOPHIE IPEJCTaBIAIOT CO00M KieTou-
HEIe MeMOpanbl, yepes 6oboine conpoTuBieHud. IlocToasrHasn Bpe-
MeHM mepesapagku MemOpaHbl T = RC Bennka, TaK KaK BeJIUKHU
eMKocTh MeMb6pankb! (C) u compoTuBieEre R HepBHOTO BOJIOKHA.

To, 4yTO HePBHLIH HMOYJILC IPeCTaBIsaeT cO60H NMITYILC 2JIEKT-
PHUUYECKOT0 TOKA, 6BLJI0 JOKa3aHO IUIIL K cepeguHe 20-ro Bexka, B Oc-
HOBHOM B paboTax aHrauiickoro ¢pusumosiora A. Xo[JKKHHA U €ro
coTpyAHUKOB. B 1963 roxy Xomxkuny, Xakcau u Ukicy 6b1ya npu-
cyxaena HobeseBckaa npeMusa 0 MeJUIIHHE “3a OllepHpOBaHHE
HEPBHHIX KJIETOK”,

Ilorenuuanom aeicreusa (I1/1) HassIBaeTCs 3JIeKTPUUYECKUN M-
yJbC, 00YCIOBICHHLIH H3MeHeHHeM HOHHON IPOHNITaeMOCTH MeM-
OpaHEBI ¥ CBA3AHHEIH C PACOIPOCTPAHEHHMEM 110 HEPBAM M MBIIIIAM
BOJIHBI BO30Y KIACHUA.
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OnuITH IO MCCJIeJOBAHUIO MMOTEHIIHAJA [efiCTBUA IIPOBeIeHH! (B
O0CHOBHOM XOJKKHHEIM M €TI0 COTPYAHMKAMH) Ha TMTAHTCKHX aK-
COHA KaJbMapa MeETOJ0M MHKDO3JEKTDOJAOB C UCIOJb30BaHHEM
BBHICOKOOMHBLIX M3MepHUTeJ el HANPSAXKEeHUs, a TaKKe MeTOJJ0M Me-
yeHEBIX aToMOB. Ha puc. 3.2, a nokasaHBI cxeMa ONLITOB U pe3yab-
TaTHI HCCIICAOBAHHM.

B onplTax mo mccaefoBaHHIO MOTEHIMANA AEHCTBUA HCIOJb30-
BAJIH IBA MHUKPO3JIEKTPO/ia, BBEJIeHHEIX B aKCcOH. Ha mepBuIii MHK-
PO2JIEKTPOJ, IIOJAETCA UMIIYJbC C aMIJIATYAOA V oT reHepaTopa I'
NPAMOYTOJbHLIX UMIYJILCOB, MEHAIOMNE MeMOPDAHHBIHM MOTEHIIH-
an. MemMbpaHHBIH NOTEHIHA U3MEPAETCA HUPHA IMOMOIIH BTOPOTO
MHKPO3JIEKTPOAA BHICOKOOMHLIM DETHCTPATOPOM HANpsKeHUA P.

BHEKJIETOUHAS »KANKOCTH

Puc. 3.2. Accnenosaanue NOTeHIHANA AeHCTBHA:
a — cxema onsiTa (I' — remepaTop IMIOYJALCOB, P — perucTpaTop Hanps-
JKeHHnd); 6 — MOTeHIINAA AeHCTBHA ( (p: — IMOTEeHINAJ IIOKOA, (p:" -

nop
M

HOTEHIINAJ PeBepCHH, (pf‘ — aMIUIATYJa OTeHInaaa JeiicTsud, (P
IIOPOTOBHIII TOTEHIIHAT)

" Boaby:xaaomui HMIYyJILC BHISHIBAET JHUIIL HA KOPOTKOE BpeMs
cMeImeRHe MeMODaHHOrO MOTeRNHAIa, KOTOPHIi OrICcTpO Ipomaza-
€T ¥ BOCCTAHABJIMBAETCSA NMOTeHIHAJ OKOs. B ToM ciayuae, Korja
BO30y:Aar0Mmuii UMIIYJIbC CMeIaeTca eme Jajiblie B OTpUNATe b-
HYIO CTOPOHY, OH COIIPOBOXKAAETCS rHnepmoadpHusalueii MmeMmopa-
uel. Tak:xe He GOPMHUPYeTCA NOTEHIUAT feHCTBUA, KOTAa BO36Y K-
AalOmMUil UMOYJIbC IIOJOXKHUTEJNBHEIH (elloaapu3yIomuii), Ho ero
aMIIIUTYAA MeHbIIEe HOPOroBOT'0 3HAUYEHHA Vnop. Opsaxo, ecau aMm-
IINTYAA TOJOXKHUTEIBHOTO, JeI0NAPN3YIONEero HMIyJIbCca OKaXKeT-
ca Gosnbmie 3EaYeHUa V™, (@, craHoBUTCA Gonbme @, u B MeM6-

paHe pa3BHBaeTCsA IIpolecc, B pe3yjabTaTe KOTOPOro NnponCcCxoaAnuT
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pesKoe IOBLIIeHne MeMGpAaHHOTO ITOTeHITHANIA 1 MeMODaHHEIHA [o-
TeHIHAN @  Aake MeHAET CBOM 3HAK — CTAHOBHUTCH IOJIOYKUTEND-
HBIM ((p“>(pmp) (puc. 3.26).

IoCTUTHYB HEKOTOPOTO OJIOKUTENILHOTO 3HAUeHHA ¢5 ~ — IIoTeH-
uuajga peBepCcHH, MeM6paHH1>m IIOTEHIINAJ BO3BpalllaeTcA K 3Ha-
YEHMIO IIOTeHINAJIA TOKOA P, , COBEPIINB HEUTO BPo/e 3aTyXalolIe-
ro Kojgebauusa. B HepBHEBIX BOJOKHAX M CKEJNIeTHBIX MBIIIIAX
IJUTEJBHOCTH MOTEHHHNANA AEHCTBUA 0KOJO 1 Mc (a B cepaeuHOil
melIe okoao 300 mc (em. § 14). ITocye cHATHA BO30YKISHUA €Ille
B Teuenune 1 — 3 Mc B MeM6paHe Ha0II0ZaI0TCA HEKOTOPBIE OCTATOY-
HBIe ABJIEHKA, BO BpeMs KOTOpPHIX MeMOpaHa pedpakTepHa (HeBO3-
Oyauma).

HoBuIi Aenonapusyoinuii noreHnuan vV > Vi MoKeT BLI3BATh
o6pasoBaHMe HOBOT'O IOTEHIIAANA JeiICTBHUSA TOJNBKO IIOCIe IIOJHOTO
BO3BpallleHus MeMOpaHEI B COCTOsIHAE ITOKO0s. IIpuyeM aMIIuTyga
MmoTeHIHAJa JeiicTBUA

pen

@

He 3aBHCHT OT aMILTHTYABI JelOIAPU3YIOIIero MoTeHnana (ecau
ToALKO V > ViP), Eciu B mokoe MemOpaHa IoJiApu3oBaHa (IIOTeH-
UAJ IUTOILIA3ZMEI OTPHUIIATEJIEH IO OTHOIIEHHIO K BHEKJIETOUHOM
cpene), TO IIpH BO30YKAECHUH IIPONCXOTHUT AEMOJIAPU3ANUA MeMO-
paHEbI (IIOTEHIHAJ BHYTPH KJICTKH MOJOKHUTEJIeH) U IMocJe CHATHAS
BO30Y:xIeHUA MMPOUCXOIUT PEMONAPU3AL NI MeMOPaHEI.

XapakTepHble CBOMCTBA MOTEHITHAJIA JeHCTBUS:

1) HATHYHE MOPOTOBOT0 3HAYEHUS AETONAAPUIYIOIIEro MOTeHI M-
ama;

2) 3aK0H “Bce HJIA HUYEro”, TO €CTh, €CJIH AeNOMAPUIYIOLITHI 10~
TeHIHaJ 00JbllIe HOPOTOBOT0, Pa3BHUBaeTCA MOTEHIINAJ JeiICTBHUA,
aMILTUTYAA KOTOPOTO He 3aBHCHUT OT aMILIATYALI BO30YKAAIOIIET0
MMIIyJIbCca M HeT IOTeHIaNa AeHCTBHUA, €CJIN aMILUIATYA AeIOJA-
PH3YIOIIEro NOTEHIHaJa MEHbIIle IOPOrOBOA;

3) ecTh mepuoj pepaxKTEpHOCTH, HEBO30YIMMOCTH MeMOPaHEI BO
BpeMs Pa3BUTHA MOTEHIIHAJA AEHNCTBUA U OCTaTOYHbIX ABJICHUH
MmocJie CHATHA BO30YXKIeHNs; ;

4) B MOMEHT BO30YKIEHUSA PE3KO YMEHbIIAETCS COIIPOTUBIEHHE
memGpaHbl (y akcouna xamnbmapa oT 0,1 Om - M2 B mokoe g0
0,0025 Om - M2 mpu Bo30y K aeHAM).

Ecin 06paTUThCA K JAaHHBIM AJIS1 3HA4eHNUH DABHOBECHBIX HEPHCTOB-
CKHMX IOTEHIIHMAJIOB, CO3TAaHHLIX Pas3MNUYHLEIMM HoHaMHu (Tabu. 3.1),
€CTECTBEHHO IMIPEANOJOKHUTD, UTO IOI0KHUTEILHBIH MOTEeHUAT DEBED-
CHH IMeeT HATPHUEBYIO MPHPOAY, HOCKOJbKY MMeHHO Tuddysus Ha-
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TPHS CO3TAET MIOJIOKUTEILHYIO Pa3HOCTD IIOTEHITHAIOB MEXKY BHYT-
peHHell ¥ Hapy’KHOH IT0BEPXHOCTAMHE MeMOpaHbI.

MoskHO MeHATH aMIUIUTYAY UMIYJIbca MOTEeHIIHAJIa AeHCTBUA,
N3MeHAs KOHIEeHTPAIMIO HATPKUA B Hapy»XHoii cpefe. IIpu yMeHB-
IMeHUH HAPYKHOH KOHUEHTPAIlUU HATPHUA aMILIUTYAa HOTEeHIIHA-
Jla JefCTBUA YMEHLIIAETCA, TAK KaK MEHSETCA IIOTeHIIHAJ PeBep-
cuu. Ecru u3 oxpyKapome KJIeTKY CpPeJ:l IMOJTHOCTHIO YAAIUTh
HaTpHil, MOTeHIHAJ AeHcTBUSA Boo6Ile He BOSHUKAET.

OneITEI, HPOBeJeHHBIE C PAANOAKTUBHBLIM U30TOIIOM HATPHA, IIO-
3BOJIMJIM YCTAHOBUTDH, YTO IPU BO30OY KAEHUHN MPOHNIAEMOCTE JIA
HaTpud Pe3Ko Bo3pacTaeT. EciiH B COCTOAHNY IIOKOA COOTHOIIIEHUE
K02 dDHUIINEeHTOB IPOHUIIAeMOCTH MEMOPAHEI AKCOHA KaJIbMapa A
pasHBIX HOHOB:

P :P_: P;:1=1:O,O4:O,45,

K Na

TO B COCTOSHHUY BO30YKIAEHUS:
P .: P, :P,=1:20:045,

TO €CTh, II0 CPABHEHHIO C HeBO30YKAEHHHIM COCTOSHUEM, TIPH BO3-
OysxaeHNH K03¢hPHUINeHT IPOHUITAeMOCTH JJIA HaTPHA BO3pacTaer
B 500 pas.

PacueTsl MeMOpPaHHOTO MOTEHIINAJIA PEBEPCHU IO YPABHEHUIO
Tonbamana, ecam B Hero MOACTABHATH 3HAUYEHUSA IPOHHUIIAEMOCTEMH
MeMOpaHbl 15 BO30OYKIEHHOT'O COCTOSHNU S, COBIAJAIOT C DKCIIEPH-
MeHTaJIbHBIMH JaHHBIMH.

Boaby:xagerre MeMOpaHEI ONUCHIBAETCA YPABHEHUAMH X OMKKH-
Ha-Xarcau. OxEo0 13 ypaBHeHU# XoKKHHa—XaKCIN nMeeT BUJ:

do
I =C X4+ M1, 3.5
M M dt Z 1 ( )

rae I — Tox yepes membpany, C_—eMKoCTh MeMOpaHEL, ZL —~ CyM-
Ma MOHHBIX TOKOB uepes MeMOpany.

JJIeKTPHYECKHH TOK Uepe3 MeMODaHy CKJIAALIBAETCA U3 HOHHBIX
TOKOB: HOHOB KaJIUS — IK , HaTpHua — INa+ H JPYTHX MOHOB, B TOM
yucie Cl', Tak Ha3bIBAEMOT'0 TOKA YTEUKH Iw, a Tak’ke eMKOCTHOTO
ToKa. EMKOCTHOI TOK 00yCJIOBJIEH Ilepe3apAAKOi KOHIeHcaTopa,
KOTOPBIH IpezcTaB/sgeT coboii MemOpaHa, mepeTeKaHHEM 3apAAOB
Cc OJHOI ee MOBEPXHOCTH Ha APYyTryio. Ero BernunHa onpeenaeTcs
KOJIMYEeCTBOM 3apAja, IepeTeKaolnero ¢ ogHol o6KIajKkyu Ha APY-
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ryio sa eauanny spemenn dq/dt , a HOCKOABKY 3aps KOHAEHCATO-

d
pa q=C_A@=C, ¢, , To emxocroii rox C, (;i" .
Ilonubiit MeM6paHHEBIH TOK
de,
I,=C, +I . +I . +1, (3.6)

dt

Ha puc. 3.3 npeAcTaBieHa 9KBUBAJIEHTHAS dJIeKTPHYECKAA CXe-
Ma aJjieMeHTa Bo30yAuMoil MeMOpaHHI.

Hapy KHas cpega

4

0. C ElRK RN& R,.

T I l Iy.r
o T O § I 0T

BHYTPEHHASA Cpeja

Puc. 3.3. OxBuBaseHTHAA 3JIEKTPHUECKAA CXeMa
ajeMeHTa BO30yAuMOii MeMOpaHEI

Kaxabiit HOHHEIN TOK onmpefesiAeTcss PasHOCTHIO MeMOPaHHOro
noreranuana Py 1 paABHOBECHOI'0 HEPHCTOBCKOI'O MOTEHOHANA, CO-
saaBaemoro aAndodysneil HOHOB JaHHOTO THIA (Pf :

—_ p
IL=g(o.-9¢]), 3.7
1
rae §; =—— — HPOBOAMMOCTS (BeJINIHNHA, 00paTHAA COIPOTHBICHUIO
i

2JieMeHTa MeMOpaHbI A HOHOB JAHHOTO THIIA).
Ha SKBHBaJIeHTHOﬁ SJIeKTpH‘IGCKOff'I cxXeMe JJIeMeHTa MeMﬁpaHbI
PaBHOBECHBIE ITOTEHIIHAJNBI HepHc'ra MO}:[eJIprmTCH HCTO;IHHKaMH
HanpsAKeHNi ¢ 3JIeKTPOABHKYINNMU CHIIaAMH: (Pf( » (P‘;;,, » Pyr , aTIPO-
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BOJZMMOCTH 3JIeMeHTa MeMOpaHHI JIsl Pa3HBIX HOHOB MOZeJINPYIOT-
ca pesucropamu R, R, Rw.

BocnoassoBasmiucs (3.7), sanumem (3.6) B Buze:

d .
L,=C, (;pt“ +8x (O~ OL) + Ena (0r —Oxa) + 81, (9. —@5)  (3:8)

CoraacHo Teopuu XomKKHHA—XaKeIH, BO30YKAeHUE dJIeMeHTa
MeMOpaHbl CBA3aHO ¢ U3MeHeHUSIMHU IIPOBOAUMOCTH MeMOpaHbl Ans
wonoBNa*uK": g ng,.

IIpoBoAMMOCTH MeMOpPAHBI CIOKEBIM 00pa30M 3aBUCAT OT MeMO-
PaHHOro moTeHIMana 1 BpemMerH (cMm. § 13).

OnsiTeI ¢ huKcanueli HanpAKeRud. s foKa3aTeJILCTBA pella-
10111eif poJIM HOHHEIX TOKOB B reHepalliy HePBHOI'0 UMIIYJIbCa OBLIHN
MOCTaBJIeHBl 3HAMEHUTHIE ONLITH ¢ pHuKcanueil MeMOPaHHOIO mMO-
TeHOManIa ¢, = ¢ _~¢__ (Xomxkuy, Xaxkcau 1 Ap.).

Hoanepaxanue NOCTOAHAOrO HAIPAMKEHUA @ IPH UCCIeAOBAHUH
TOKOB uepe3 Bo30Y:K/IeHHYI0 MeMOpaHy II03BOJISIIO;

1) usbaBuThCA OT eMKOCTHEIX ToKOB C_ do_/dt;

2) HCKJIOYHTH U3MeHeHHe HOHHBIX IPOBOAUMOCTEH g, U g, IpH
H3MEeHeHWH (K U3YUHUTh UX U3MEHEeHHe B PasiIuyHbIe (hashl Pa3BU-
THA Bo30yxaenns: g, = f (t).

ITocTosanHaa pasHOCTb NOTEHIMAJIOB MeXXJy BHyTpeHHell u Ha-
PY>KHOM IIOBEPXHOCTSIMH MeMOpaHEI HOAJep:KUBaeTCs IPU IIOMO-
MU cOenUaIbHOH 3JIeKTPOHHON cxeMEI (puc. 3.4), KJIH04eBOil vre-
MEHT KOTOPOT'0 — ollepaiuoHHEIHA yeriauTesxb (0OV). (B ocuoBHOM OV
NpPeACTaBIAIT CO00H YCHINTENIN IOCTOAHHOIO TOKA, OXBauyeHHEIe
rayboKo# oTPHIATeJIbHON 00PATHOM CBA3BIO IO HAIIPAMKEHHIO. )

Mexay Bxogamu B OY — pa3HOCTh HOTEHIHAJIOB MEKPOIJIEKTPO-
Jia, IOMeIlleHHOr'0 BHYTPh aKkCcoHa Kaabmapa (1), ¥ sJ1eKTpoja cpas-
HeHu4 (2), To ecTs MeMOpaHHEIN OTeHIHAT O, = @, — P Ha Bui-
XO0Je OIepariMoHHOr0 YCHJINTEIA CO34aeTCA HalPsAKeHne, KOMIIeH-
cupyolee H3MeHeHHe TPaHCMeMOpPaHHOIO IOTEeHIHaJa. ITO
HaIIpAMKeHHe MoJaeTcsl Ha cepeGpAHEI npoBoaHUK (3), pacmoo-
JKeHHBIH BJOJIb AKCOHA, YTOORI 110 BCeMY BOJIOKHY OBLJIA OJHA U Ta
ske MeMOpaHHAA Pa3HOCTH HOTEHINAJIOB, DJIEKTPOHHAA cXeMa yaep-
JKUBaeT Ha BBIXOJe (BHYTPH aKCOHA) TOT Ke MOTEeHIHNAJ, YTO U Ha
Bxoze OV, Takum 00pa3oM yAep:KUBAaeTCA MOCTOAHHLIN MeMOpaH-
HBIH noTeHnuai: ¢, = const. Ilpu moMoInm regepaTopa mOCTOSHHO-
ro HampaxeHUda (4) MOKHO “CTYHEHbKOH” N3MEeHUTH BXOZHOe Ha-
npsaxerue OY, HanpuMep, IOAHATH €ro BEIIIE IOPOTIOBOT0. JJIEeKT-
POHHAA cXeMa OyJeT YAePKUBATh 3TO 3aJaHHOe HANpAKEHUE BO

83



BpeM4d onbITa. AMnepmerp (5) u3MepseT TIPOTEKAIOUTHI IPU 3TOM
yepea MeMOpPaHY TOK (MeXAY 2JeKTPOAOM cpaBHeHUA (2) U BRIXO-
aanum saekTporom OV (3) (puc. 3.4). B onnrrax ¢ pukcamueii Ha-
NpAXKeHUuA MOXXHO HCCJIeI0BATh H3MEeHEHHe MeMOPaHHOTO TOKa BO
BPEMEeHH, IPH PAa3BUTHM BO36GYKACHUA, 3a]aBasA pasHbIE IOCTOAH-
Hbl€ 3HaUeHHA MeM6paHHOro noTeHnyuana @ .

Puc. 3.4. Cxema ncciefoBaHNA TOKOB Yepe3 meMOpaHy ¢ (pHUKcameit
MemGpaHHOro noteHnualia (1 — MEKDO3JIEKTPOA, 2 — BJIEKTPOX
CpaBHeHHA, 3 — cepeGPAHLII IPOBOAHNK, 4 — TeHepaTop NOCTOAHHOTO
HanpAXeHHud, 5 — amepmerp, OY — onepanuoHHLIH YCHINTENb)

Bynem cUHTATH TOK, HanpaBJeHHBIN U3 KJIETKH HAPY Ky B OKpY-
sKaoUuil pacTBOP MOJIOMKHUTENILHEIM, & BHYTDD KJIETKH U3 OKDPYKAa-
I0LIIEr0 pacTBOPa — OTPUIATENLHBLIM.

O6uapysxeHO, 4TO, €cn¥ NOAHATH MEeMOPaHHBIH HOTEHOUAT @
BhIIIIe moporosoro (puc. 3.5a), cuauajia TeyeT TOK BHYTPEL KJIETKH,
a 3aTeM M3 KJIETKM Hapyxy (puc. 3.56). ‘ '

B sxcnmepuMeHTax, npoBefeHHEIX XOMKKUHBIM, XaKkcau, Beii-
Kepowm, Illoy, 6b1710 JOKa3aHo, uTo daza 1 MeMGPAHHOIO TOKA CBA-
3aHa ¢ MOTOKOM MOHOB HATPHS U3 OKPYy Kalolleil cpeAnl (rae KoH-
HeHTpauusa HaTpuA 6oJbllle) B KIETKY (I'le OHA MeHbIle), a ¢asa
ABa 06'bACHAETCSA BHITEKAHUEM HOHOB KAJIUA U3 KJIETKN HADYKY.

B cBoux ombiTax XoMxKUH ¥ XaKCJI¥ USMEHSIN MOHHBIA COCTAB
OKpY>Kaloero pacTsopa. BuLio 06Hapy»keH0, YTO, €CJIM CHAPY KU yOu-
paJi HaTpMii, nepBas pasza MeMOPAHHOTO TOKA (TOK BHYTPD KJETKH)
nponagana. CienoBaTesILHO, Ha CAMOM ZieJie, iepBasd (asa pa3BUTHA
TIIOTEHIMAJIA AeHCTBUA CBA3aHA C yBeJINYeHUEM IPOHUIAEMOCTH MeM-
OpaHEI I MOHOB HATPU A, IIOTOK IOJIOKUTEIHHBIX YACTHIL B KIETKY
IPUBOANT K JAENOJIAPU3AUY MeMOpPaHEI — BHYTPEHHAA €€ IOBEPXHOCTD
3apsKaeTcA HOJIOMKUTEIBHO 110 OTHOILIEHWIO K HAPY>KHOM.
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Puc. 3.5. Pe3yasTaTel HccaefoBaHNA MeMOPaHHOrO TOKA METOAOM
duxcauun HanpAKeHAS

Bo BTOpOIi (hase pe3ko yBEIHINBAETCA IPOHUIIAEMOCTE MeEMOPaHbI
JUIA KAJINA B U3 KJIETKH HapY:KY BRIXOIAT ITOJOKHUTENBHO 3aPAKEH-
HbIe HOHBI KaJINA, B TO BpeMs KaK HATPHEBLIH TOK YMeHbIIAETCS.

Hounprit Mexanu3M pa3BUTHUSA ODOTEHIINAJA AeHCTBUA OBIJI OKOH-
YaTeJbHO NOKA3aH B PEHIAIONIEM SKCIEepUMEHTEe XOAKKHHA, Deil-
kKepa u Illoy, B KOTOpOM aKcomnasMy IpenapHupoOBAHHOrO aKCOHA
3aMEHHUJIM Ha HADYMKHBIM PAcTBOD, 4 MOHHEBIA COCTAB HAPYKHOTO
pacTBOpa CesIaJi TAKMM e, KaK y HOpMaJIbHOH aKkcomaasmel. IIpu
TaKoil 3aMeHe MOHHBIX COCTABOB M3MeHNJIa 3HAK PAa3HOCTL IIOTEH-
nuaJioB Ha MeM6GpaHe. Teneps B IOKOe BHYTPEHHAA €€ IIOBEPXHOCTh
Onina 3apAX<eHa NOJIOXUTELHO 10 OTHOIIEHHUIO K HADYXKHOM. A mo-
TEHINAJ AeHCTBUA OKA3aJCA OTPHIATEILHBIM.

BreigBHMHYTA rumoTesa, 4To ceJIeKTUBHOE (130MpaTeibHOE) H3Me-
HeHMe HOHHOM IPOHUIIaeMOCTH Bo30yKaeHHOII MemGpaHpl: CHAYa-
na ana Na*t, a notom ansa K* — o6psAcHAeTCA TeM, 4To B MeMOpaHe
HMEIOTCA CIeIHAbHEBIe HOHHBIE KAHAJIEI (IIPEII0JI0KATEILHO, 3TO
TOpEI, 06pa3oBaHERIE GEJIKOBBIMU MOJIEKYJIaMHu), cM. § 15. Cyme-
CTBYIOT OTAEJHHO HATPHEBHIE U KAJTNeBhie KAHAJIBI, KOTOPhIE OTKPhI-
BAIOTCA W 3aKPHIBAIOTCA BO BPEMS IPOXOKJEHNA Ueped AaHHBIIH
yuacTOK MeMOpaHbI HEDBHOIo MMIIyibca. B nmepBoii ¢pase — oTKpEI-
BAIOTCA HaTpHeBhle KaHAJBI, BO BTOpoii ¢pase — KammneBble. CooT-
BETCTBEHHO, CHAYAJIA 3aKPLIBAIOTCA HaTpPUEBbIe KAHAJBI, a 3aTeM
KasueBble. OTKDBHIBaHNE U 3aKPhIBAHNE HOHHBIX KaHAJIOB BHI3LIBA-
eTcd N3MeHeHneM MeMOpaBEHOr0 HOTeHINAJIA.

Oz1HO U3 JOKa3aTeJLCTB HAJINYNA B MeMOpaHe HOHHBLIX KaHAJIOB —
CYIIeCTBOBAHHE BeLIECTB, GIOKMPYIOIINX MOHHBIE IOTOKH 4epe3
MeMOpany.
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Tak, coaep:kairuiics B peibe Gyry TeTpoOTOKCHH 6JI0KHDPYeET 11O~
CTYIJIeHHE BHYTPH KJETKHM HATPHA M, TAKUM o6pasoM, HapymiaeT
nepejfady HepBHOTO MMITYJIBCA, YTO MOKET OIPHUBECTH K JIETAIBHO-
My ucxoay. JlokasaHO, UTO TETPOJOTOKCHH He BJINAET Ha IPOHUIA-
€MOCTb KJETKH AJA Kajlus, 3HAUYUT, HOHEI HATPUS M KAJIHUaA Ha ca~
MOM JieJie IIPOXOASAT Yepes pasHble KaHAJHI.

HN3-3a cBoero cnenu¢pHUUYeCKOT0 CTPOEHHA MOJIEKYJIBI TETPOAO-
TOKCHHA, II0-BUAUMOMY, 3aCTPEBAIOT B HATPMEBHIX KaHanax. Iloa-
CUYHMTAB YHCJIO 3aCTPABIIUX B MeMOpaiie MOJIEKYJ TeTPOLOTOKCH-
Ha, YAaJOoCh ONpPeJeJHUTh KOJIHYEeCTBO HATPHEBHIX KAHAJOB.
B pasHEIX HEePBHHIX BOJOKHAaX IIO3BOHOYHEIX OHO OLLIIO pA3HBIM —
oT 3 10 75 KaHAJOB Ha OAWH KBaJAPATHBEIH MHKDPOMETD MJIOINALH
MeMOpaHBI (371 CDaBHEHHA KOJIHUECTBO MOJIEKYJI GoCchoaInInI0B
=2-10°%1/mrm?).

Bt o6HapyskeH U ciemudpnuecKHil HHM'MOHUTOD KalneBHIX KaHA-
JIOB — T€TPA’THJIAMMOHHMIA.

Ecanu o6paboraTs MeMOpaHy TeTPOAOTOKCHHOM, GJIOKUDYIOMUM
HaTpHUeBble KaHAJHI, B ONBITAX ¢ GHUKcanueil MeMOpaHHOTO ITOTEH-
OHaJjia mpomajgaer nepsad gasa (puc. 3.5), a TeTpPasTHIAMMOHHI,
IpeKpamannuii nepeaoc uepes MeMOpaHy Kaius, BHISLIBAET HC-
Yye3HOBeHHe BTOpPOoH ¢askl. '

MB
20 30 mMCwm
0 g’—cM2
20
-20 v
10
-40 .
-60 Y
0 1 2 3 4 mMc

Puc. 3.6. NaMenenue npoBoAXMOCTH MeMGPAHEI 715 HOHOB Kauus (g,)
u HaTpu4 (g,,) BO BpeMsa PasBUTHA NOTeHIHANA AeficTBUA (CIpaBa
OIKaja IPOBOAHMOCTH g, cjieBa — HoTeHIuans (O, )

Takxum 06pa3oM, YyCTAHOBJIEHO, YTO (OPMHDOBaHHE IOTEHIIHA-
Jla 1efACTBUSA BLIBHIBAETCA HOHHLIMH IIOTOKAMH uyepe3d MeM6GpaHy:
cHauaJjia HOHOB HATDHMA BHYTDb KJETKH, a 3aTeM — MOHOB KaJnsd
" M3 KJIETKH B Hapy:KHBIH pacTBop (puc. 3.5), UTO CBA3aHO C U3ME-

HEeHUEM IIPOBOAMMOCTH MeMOpaHH JJi MOHOB KaJlusd U HATPUA
(puc. 3.6).
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§ 12. PacnpocTpanenue HePBHOTO HMIIYJALCA BAOJIb BO30yTHMO-
I'0 BONOKHA

Ecxu B kakoM-HUOY b yYacTKe BO30yAuMoii MeMOpaHHl chopMu-
poBajics MOTEeHIHAaa JeHCTBHA, MeMOpaHa Jemosapu30BaHA, BO3-
OyKJeHHe pacIIPOCTPaHAETCA HA APYTrUe y4acTKH Mem6pansl. Pac-
CMOTPHMM pAacCIpOCTpaHeHUe BO30YyKIeHUsA Ha NMpUMepe HepegadH
HEPBHOTO HMOYJIbca OO axKcony (puc. 3.7).

++++F;Q:'-4lji:f--h++++++
RS AR

pedpaKTepHOCTD | Bo30y:KACHME| NOKOMH

pacIpoCTpaHeHue
AKCOH H HEePBHOTO AMITYIbCA

;———+-¥/—-h+ﬁ++++3—-—-—-

++++l|—+++ - -- -—U++++++
K+

NIFRNN

Puc. 3.7. JIokanbHbIe TOKH OPH PACIPOCTPAHEHNH HEPBHOI'O MMIYJIbCA
110 HEPBHOMY BOJIOKHY

U B akconiasme, ¥ B OKPY:KaOIIEeM PACTBOPE BO3HHUKAIOT JJOKAJIb-
Hble TOKH: MeXXAY VIaCTKAMH IOBEPXHOCTH MeMOpaHE!l ¢ 60IbIINM
HOTEHUHAJNOM (IOJIOXKHUTEJbHO 3aPAKEHHBIMHA) U YUACTKAMHU
C MEeHBIIHM HOTEHIIHAJIOM (OTPHIATEIbHO 3apAXKEeHHBIMH).

JIokanpHEIE TOKH 00pasyloTca U BHYTPH AKCOHA, M HA HApPyXK-
HOIi ero moBepxHOCTH. JIOKaJILHEIE 3JIEKTPHYECKe TOKHA IIPUBOJAT
K NOBHIIIEHWIO HOTEeHIMAJIA BHYTPeHHEH MOBePXHOCTH HEBO30Y -
AEHHOTO YYaCTKA MeMODAHHIM @ K HNOHHXKEHHIO 9,,, HAPYHKHOTO
OOTEeHIINAJIA HeBO30YKAeHHOTO yYacTKa MeMOpaHbl, OKasaBIIero-
¢A IO COCEACTBY ¢ BO30yKAeHHOI 30HOI1. TakuM 06pasoM, OTpHUIA-
TeJIbHBIA MOTeHI XA [TOKOS (), YMEHBIIAETCA 110 a6CONIOTHOM BesIu-
yuHe, TO €CTh OBLINTaeTca. B o61acTax, 6IH3KHX K BO30YKIeHHO-
My Y4acCTKY,( NHOBHIIIAETCA BHIIIE IOPOroBOro 3HadeHHA. Ilox
JeHiCTBHEM M3MEeHEHHS MeMOPaHHOT0 HOTEHIHAJA OTKPLIBAIOTCHA
HATPHEeBhIe KaHAJNLI U JajibHeillllee HOBLINIEHNE ITPOUCXOTUT yiKe
34 CUeT IOTOKA HOHOB HAaTpHA yepe3 MeMOpamy.

IIpoucxoAuT Hemoaapn3anua MeMOpaHhl, PA3BHBAETCA IOTeHI N~
aJi JelCcTBUA. 3aTeM BO30YKAeHHe NepefaeTca JAJIbIIe Ha HOKO0A-
mecs yIacTKH MeMOpaHhI.
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MosxeT BOSHUKEYTEL BOIIPOC, IIOUEeMYy BO30yIKIEHHEe paclupocTpa-
HsAETCA II0 AKCOHY He B 00e CTOPOHEI OT 30HEI, 0 KOTOPOii OIILIO BO3-
Oy:kJieHHe, BeJb JIOKAJILHBIE TOKH TEKYT B 00e CTOPOHBI OT BO30YXK-
IeHHOro yvyacTka. J{eso B TOM, 4YTO BO30y)XAEeHHE MOMKET
PAaCIPOCTPaHATHCA TOJIbKO B 0071aCTh MEMOpaHLI, HAXOJAIYIOCH B CO-
CTOAHUH IIOKOS, TO €CTh B OFHY CTOPOHY OT BO30YKJIEHHOTO YIACTKA
aKcoHa. B Apyryio cTOpOHY HEPBHBIH MMIOYJIbC HE MOYKET PACIIPOCT-
paHAThCA, TaK Kak 06JacT, Yepe3 KOTOPBIe NPOILIO Bo36ykaeHue,
HEKOTOpOe BpeMsA OCTAIOTCA HeBo30yAUMEIMU — ped)paKTePHLIMHM.

IToBrimenne MeMOPAHHOTO IOTEHIIUAJIA — BeJIHYNHA ACTIOAAPH-
3YIOIIero NoTeHnuaja VvV, nepesaBaeMoro ot Bo30yKAeHHLIX ydyac-
TKOB BJ0JIb MeMOpaHbl, 3aBUCUT OT PACCTOAHUA X (KaK 3TO CJIeyeT
U3 ANIeKTPOAUHAMUKH) IO opMyJie:

V(x)=V,-e*,

V, — moBhIIIeHHe MeMOPaHHOro NOTeHIMAJA B 30He BO30YKAeHus,
X — paccToAHHe OT BO30YIXIEHHOIO YYACTKA; A — KOHCTAHTA JJIHMHEI
HEePBHOTO BOJIOKHA, PABHAs PACCTOAHUIO, HA KOTOPOM ZEeII0JIApU3Y-
IOIHI IOTEHIMAJ YMEeHbIaeTcA B e pas (puc. 3.8).

Puc. 3.8. 3aBUCHMOCTh AEMOJISIPU3YIOMIEro NOTEHIINATIA
OT PACCTOAHUSA

Koncranra A1uAB HEPBHOTO BOJOKHA
r, da

2r,

1

A=

’

rje r, — yAeAbHOE 3JIEKTPUIECKOE CONPOTUBIEHNEe 000JOUKH BO-
JIOKHAa, & — Toxm[uHa 060JI0YKH, & — pajuyc HepBHOI'O BOJOKHA,
r, — yeJbHOE 3JIeKTPHUUIECKOe CONPOTHURIIeHHEe IMTOILIa3MBl. YeM
60JbIIIe KOHCTAHTA AJIWHBI MeMOPaHBI, TeM 00JIbIIIe CKOPOCTE pac-
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MpocTpaHeHH A HePBHOTO UMITYyAbca. Beanuuna A TeM 6osbIie, yeM
0oJIbille paNyC aKCOHA U YAeJbHOE COIPOTHBJICHNEe MeEMODAHEI U
YeM MEHbIIe YAeJbHOe COIIPOTHBIEHNE IUTOIJIA3MEI. '

Bonbmiyio CKOPOCTH pacirpocTpaHEeHU I HEPBHOTO HMOYJIbCA IT0
aKCOHY KajibMapa ofeclieuMBaeT UX THTAaHTCKHUH 10 CPAaBHEHHUIO
C aKCOHAMHM IIO3BOHOUYHEIX JHaMeTp. ¥ IMO3BOHOUHLIX GOJbLIIas
CKOPOCTD IIepesaun BO30YKAeHuS B HEPBHEIX BOJOKHAX JOCTH-
raeT ApyTUMH ciiocof6aMu. AKCOHBI ITO3BOHOYHBIX CHAOMKeHEI MH-
eJIMHOBOH 000J04KOi1, KOTOPasa yBeJIHUHNBAET COIIPOTHUBIIEHNE
MeMOpaHBI ¥ ee TOJUINHY.

/——\
- + +
~—— T
pacnpocTpaesHmne
HEPBHOTI'O HMIIYJILCA
— ——
- ¥ =
——

Puc. 3.9. CanpraTopHOE PacnpocTpaHeHNE NOTeRINANA AeHCTBHA
- 10 MHEJIAEN3HPOBAHHOMY BOJIOKHY

Bozby:xaerne mo MueJINHH3UPOBAHHOMY BOJIOKHY pacIpocTpa-
HsAeTCA CaJbTAaTOPHO (CKAUYK00Opas3HO) OT OAHOTO nepexeaTta PaH-
Bbe (yuacTKa, cBOGOJHOTO OT MHEJUHOBO#H 000JIOYKH) A0 APYrOro.
HepBHBIE MMITYJILCHI TPOBOAATCS MO AKCOHAM B KaKOIi-TO CTEIIEHH
aHAJIOTUYHO TOMY, KaK IIepeJaloTCA 3JeKTPUIeCKHUEe CUTHAJELI II0
KabeJbHO-peJieHHOH JUHUHN. JJIeKTPHUYECKHIH HMITYJILC IIepeaaeT-
cda Oe3 3aTyXaHHA 3a CUET €ro YCUJIEeHHA HA MPOMEXKYTOUHBIX pe-
JIeHEIX CTAHIUAX, POJIb KOTOPHIX B AKCOHAX BBIIOJHSIOT YIACTKH
BO30yAuMOiT MeMOpaHbl, B KOTODEIX I'€HEPHPYIOTCSA MOTEHIH AL
necTBHA.

KOoHTPOJIBHBIE BOITIPOCHI, 3AJJAYH, 3AJAHHA

1. Kakoif TpaHCIIOPT MOHOB CO3/jaeT MEMOPAHHYIO Pa3HOCTE I10-
TEHIIMAJIOB: HACCUBHHBIN MM aKTUBHBINA?

2. Yro Gosbille: CKOPOCTH PACIPOCTPaHEHUA BIEKTPHUUYECKOTO
CHTHAJIA IO IIPOBOAAM MODPCKOTO Tejierpada HaIn CKOPOCTh pacnpo-
CTpaHeHHUs HEPBHOTO UMITYJbca Mo MemOGpaHe akcoHa? Ilouemy?

3. O0bacHEnTe 6HODU3NUECKHIT MEXaHU3M AeHCTBUA AAa TETPO-
AOTOKCHHA M MECTHOT'O aHeCTETHKA TeTPAa3THIAMMOHHA.

89



4. Kak COOTHOCATCS IIPOHUIIAEMOCTH MeMOpaHbl AKCOHA Kajb-
Mapa JJIf pa3JIMYHbIX HOHOB B IIOKOE ¥ IIPK BO36yKAeHNH ?

5. Kak uaMeHnTcA Buji rpaduKa IOTeHIMAaNa JeHCTBU A, €CJIH IO~
MEeHAThL XMMHUYECKHI cocTaB BHYTPH aKCOHA M CHAPYKH: aKco-
JIa3My 3aMEeHHUTEH HA BHEKJIETOUHYIO JKMIKOCTD, 4 BHEKJIETOUHYIO
SKMJKOCTD — Ha aKCOILIasMy? ‘

6. UeMmy paBHA HANIPAKEHHOCTH 3JI€KTPHYECKOI0 MOJIA Ha MEeM-
OpaHe B COCTOSAHNH IIOKOA, €CJIN KOHIEHTPAI[UsI HOHOB KaJInus BHYT-
pu KiaeTku 125 MmMoiab/Ji, cHApYyKu — 2,5 MMOJb/J, a TOJIDUHA
MeMmGpaHEI 8 HEM?

(OtBeT: 1,3-10"B/M™.)

7. PaccunraiiTe aMIINTYAY NIOTEHIIHAJIA JEeICTBHA, €CIIH KOH-
LeHTpanusd KaJua I HaTPHUA BHYTPHU KJIETKH BO36yaAUMOIi TKa-
HH COOTBeTcTBeHHO: 125 MmMons/ia, 1,5 MMOIL/JI, 8 CHADYIKH
2,5 Mmoas/au 125 MMoan/ .

(OTBeT: 160 MB.)

THNOBBIE TECTHI TEKVIIEIO KOHTPOJIA

1.MeMOpaHHBIM IOTEHIMAJIOM (), HA3LIBAETCA:

1. (pM = (pHap - (pBH

2. (pM = (pBH _(pHap

3. (pM = (psu + (pnap

2. NTuaMeTp KOHUYMKA BHYTPHUKJIETOYHOI'O 3JIEKTPOAA, HCIOJIL3Y-
€MOro AJIf H3MepeHUs MeMOPaHHOTO IOTeHIIAAa:

1. cousMepHuM ¢ pasMepoM KJIIETKH

2. MHOro MeHbIIIe Pa3MepPOB KJIETKH

3. MHOro 0oJblie pasMepoOB KIETKH

I'’TABA 4. MEXAHHN3MbI TEHEPATITH
MOTEHIIUAJIA JTEVCTBHSA

dKcoepuMeHTANbHEIE JAHHBIE N0 I'eHePalluy OHOMOTeHIMAIOB 1
o6Iye IPUHOUNEI BO30YAHMOCTH OHOJIOTHUECKHX MeMOpaH, M3JI0-
JKeHHBIE B I'1aBe 3, DOJIYYNIN MaTeMaTHYEeCKOoe onmucanue, 6uodu-
auuecKoe 060CHOBaHNE U CTPYKTYPHYIO HHTEPIPETALHIO MJIA PALA
BAXXHEIX 00beKTOB: BO30YAHIMEIX MeMOpaH HepBHEIX BOJIOKOH H MEM-
6paH KJIeTOK CepAeYHON MBIIIILI — KAPAUOMHMOIIUTOB.

B ganHoIi rmaBe pacCMOTPEHBI MaTeMaTHUeCKHe MOAEIN, PACKPEI-
BalOIie MeXaHN3MEI lFeHepaIuy 6HONOTeHINAJIOB, 4 TAKKe CTPYK-
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Typa M CBOMCTBa 2JIeMEeHTAPHOTO IPOBOAHKMKA B OmomemOpaHe —
HMOHHOTO KaHaJja.

§ 13. onnsie Toxu B akcone. Moaeas XomxxuHa-Xaxkcian

. OKCIIePHMEHTAJIbHO 6a30i AJIA CO3AAHNS MOAEIM FeHePAIHH MO~
TeHOnAaJIa AeACTBHA ABNINACH PE3YJILTATHI ONBITOB II0 Pa3AeIeHUI0
MOHHBIX TOKOB B0O30yKA€HHOIO aKcoHa (puc. 4.1).

OW §
oM )
a "I a
. . 56 MB=¢,_,
P V}
1MA /cm?
0 2 4 BpeMs, MC

Pue. 4.1. NoraALIe TOKH (MX OJOTHOCTDL) Yepes MeMOpaHy aKCOHa
KaJIbMapa UpH ZemoaApHU3alini: a — GUKCHPOBAHHLIN MOTEHIHAI
meMOpanh (pz 3 6 — 1 — cymMapHLIi TOK, 2 — BRIXOAAINN HAPYKY TOK
uoHoB K*, 3 — Bxoxamuii B kKAeTky TOK HoHOB Na*

Jia pasgesieHnA TOKOB MCIOJIE30BAJIM OJIOKATOP HATPHEBOTO
ToKa — TeTpoAoToKcHH (TTX) u 610KaTOP KAaJIHEBOro TOKa — TETPa-
sTnaamMMmounii (TIA).

HNamvepeHne BXOAAIMUX U BHIXOJAIEAX TOKOB IPOBOAMIIOCE B pe-
JKHEMe PUKcanuy noTeHnuaaa. IIpu BBeJeHUH B PaCTBOP TETPOAO-
TOKCHHA PErMCTPHPOBAJIM BDEMEHHYIO 3aBMCHMOCTE BEIXOAAIIETO
roka K*, I (t) (xpuBaa 2, puc. 4.1) npu faEEOM PUKCHPOBAHHOM

3HaYeHUH MeMOPDAHHOTO MMOTEHINAIA (pf: :

$ __
(pM _(p:[s+(paeu’

rape: (pnefl— NOTEHIINAJ AeNoJsIipHu3annu, KOTOpHﬁ 3aiaeTcAa CXeMoil

dbukcaunun noreunuana (puc. 3.4). 3arem BeanunHy GHKCHPOBaH-
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HOT0 JIeII0JIAPHU3YIOIIEro IOTEHITHAJA H3MEeHAH CTYIeHRKOM 1 CHO-
Ba crpomsu KpuByio I (t). Ilpu peiictBun Ha MemOpaHy TeTpaas-
THJIAMMOBHEM PETMCTPUPOBAIM BPEMEHHYIO 3aBUCMOCTD BXOJAIETO
toka Na*, I, (t) (kpuBasa 3) npu Tex xe 3HAUEHHUAX [EIOJA-
PHSYIOIIero DoTeHENHAaNa, YTO K JJIA KaJINeBOro TOKAa.

CeMeHCTBO KPUBHIX JJIA HATPHEBOI'O ¥ KAJTHEBOr'0 TOKOB B PeKH-
Me (UK CcallNH NOTeHIINAaJIa JJIs Pas/INYHLIX 3HaYeHNE GUKCHMpPOBaH-
HOTO IIOTEeHIHAaJIa IPeICTaBJIeHbI HA PUCYHKe 4.2.

L [HA] @&, =+60MB Ii [BA] ¢ =-60mMB
: +60 MB
0 5 10 15
5 - mC 1ol 0 MB
101 ~30 MB Pk
15 +T9A —30 MB
Tox BHYTDB KJIETKH 5 1'0 o
+TTX

Puec. 4.2. Hatpuessiii (2) u xanueshii (6) Toxu yepes MmeMOpany
MHUEJINHUIUPOBAHHOTO AKCOHA JATYIIKY AMA PUKCHUDOBAHHBIX
IMOTeHIUANIOB JJIs (pﬁ =-30, 0, +30MB g5 I,

u o2 =+60, 0, —30MB gnal,.

Ha puc. a) 1 6) yrkasaHb! paBHOBECHEIe HOTeHIMAaXH ajisg Nat u K+

W3 npeacTaBiIeHEABIX PHCYHKOB CJIEAYET, YTO, BO-IIEPBLIX: YeM OJIn-
JKe cCMelnaeTcsa (pﬁ K 3HAYEHHIO PABHOBECHOTO IIOTEHIIHAJIA, OIIpeie-
Jnsemoro no ypasaeumo Heprera (3.2) ni1a monos Na* n K+, rem menn-
IIte 3HAYEHNE COOTBETCTBYIOIIEro Toka. Tak, npu cTpeMIeHAHN (pz K
+ 60 MB HaTpueBHIil TOK magaeT A0 HyJAsA. To Ke NPOUCXOAUT H C
KaJIMeBLIM TOKOM DU JOCTYIKEHWH @QF Benmumnnt — 60 MB. U Bo-
BTOPBIX, MEHSETCA BpeMEeHHOH xox I, 1 IN; Ipu U3MEeHeHusX P, . Taxk,
TOK HATPHA IPHA (pg: — @}, ObIcTpee yMeHpIIaeTCA 10 Ky (Goree

10 mc mpu @, = —30 MB 1 oxoso 2 mMc mpu (pﬁ =+ 30 MB), a y ToKa
KaJIuA IpH (P yBeMYMBaETCA 3a/IePHKKa POCTA.

Taxum o6pasom, ceMefiCTBO KPUBLIX /1A TOKOB I u I, mpu pas-
JIXMYHBIX 3HAYEHNAX QUKCUPOBAHHEIX (P, SKCIIEPHMEHTAJIBHO IOKa-
3bIBaET 3aBUCHMOCTH 3THX TOKOB H OT (), , ¥ OT BDEMEHH.

BnocnencTsun o ceMeHCTBY IIOJYYE€HHEBIX KPHUBBIX GBLIH IIOCT-
POeHbI 3aBUCUMOCTH U3MEHEHHUS IIaApaMeTpPOB HATPHEBLIX U Kajiue-
BBIX TOKOB B IIPOIleCcCe reHepariy IOTeHONaka 1efCTBUA.

B cepum onsITOB Ha aKCOHE KajbMapa ObLIO IIOKA3aHo:
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1) o0pasoBaHHe mOTeHNHAIA AEHCTBHSA CBA3AHO C IePEHOCOM
noHOB Na* n K* yepes meMOpany;

2) IpoBOANMOCTE MeMODAaHEI AJIfA 3TNX MOHOB MEeHAETCHA B 3aBH-
CHMOCTH OT BeJIHYHNHBLI MeMOPaEHOTO DOTeHIINAJIA U BpEeMeHH:

& (Poot), 8x (@.1) .-

B nanpreiinieM XomKKUH 1 XaKCIHU IPeAJOMXKHIN MaTeMaTHYec-
KyI0 MOZeJb, KOTOPAs ONMCHIBAJIA U3MEHEHUs MPOBOAHMMOCTEMH, a
cJIefoBaTeJIbHO, M ToOKOB HOHOB Na* m K* uepes mem6pary B mpo-
mecce BO30y KAeHHUA.

OCHOBHBIMH IOCTYJIATAMH 3TOM MOJeJIH ABJAIOTCHA:

1) B MeM6paHe CyIIeCTBYIOT OTAENbHEIE KAHAJB! AJIA IIePEHOCA HOHOB
Na*u K*;

2) BO BHYTPEHHEH CTPYKTYpPEe MeMOPAHEI CYI{eCTBYIOT HEKOTODHIE 3apsa-
JKeHHBI€ YaCTHIbI, YIIDaBAAIINIIHAE IIPDOBOANMOCTBEIO KAHAIOB. B 3aBucu-
MOCTH OT BE€JIHYHHBEI HANIPAKEHHOCTH NMPHUJIOXEHHOTO 3JIEKTPHYECKOT O
[IOJIA 3TH THNOTETAYECKHE YACTHILI MOT'YT IEpeJBUTATECA B MéMOpaHe,
TeM CAMBIM YBEJIHYHBATH HJIH YMEHBHOIATE HOTOKH HOHOB Na*n R+ qyepe3
KaHaJbl.

IIpeanonaraercs, 4To MOHEI KAJIHA MOrYT IPOXOAUTE Yepes Ka-
HaJ, eCJIM K ero YYacTKY IoJ AeiiCTBHEM 3JJeKTPHYECKOro moJd IIo-
IOMIYyT ONHOBPEMEHHO YeThbIpe OgHO3apaAHbIe yacTunpl. O603Ha-
YHMM N — BEpPOATHOCTH MOAXO0Ja OofHOM Takoi yactuunl. Torga
IPOBOAMMOCTE MOHOB KaJIMA:

gx =8¢ n°, 4.1)

rae g, — MaKCHMAaJbHAA IPOBOAUMOCTE KaHaa Aua noHoB K*. Yer-
BepTas cTeleHb IIPH N onpefiesiaiach sMuupudeckn. Besmunaa nt
00BbACHATIACH KaK BePOATHOCTh HAXO0KAeHUA OJHOBPEMEHHO Y€THI-
Pex aKTHBHUPYIOIINX YaCTHI B HEKOTOPOM OIIPeeIEHHOM yYacTKe
MeMOpaHEI.

H3MenenHne npoBoauMOCTH A4 noHOB Na' onucriBajoch 6oJiee
CJIOKHEIM BEIpasKkeHueM. [[JId HaTpreBOro KaHaJja MpeAIoJIarajioch,
YTO OH OTKPBIBAETCH, €CJIH OMHOBPEMEHHO B JaHHLIN yYacTOK IO-
OajaloT TPH AK THBADYIOHINE YACTHIIE M YAAJIAECTCA OAHA OJIOKHDY-
omasn. Torga, 0603HaYHUB M — BEPOATHOCTE IIPUXO0AA AKTHUBHUDYIO-
mell YacTHILI, a h — BepOsTHOCTL yAajleHns GIOKMpyIomeif,
moJiydaeM:

En. =By, m’h, (4.2)

rie gy, MaKCHMMAaJIbHasd IPOBOJMMOCTh KaHasa Aad HoHOB Na*.
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3nech BBeJeHE! Ba THUIIA YaCTHUI], AKTUBHUPYIOIOUE U GIIOKUPYIO-
Imue, TaK KaK HATPUEeBHI TOK B YCIOBUAX (PUKCHPOBAHHOTO IOTEH-
nuaia (puc. 4.1 xpusasa 3) cHauajJa HapacTaeT A0 MaKCHMyMa —
aKTHBAIIYA, 4 3aTeM yMeHbInaeTcda 40 0 — nHakTuBanusd. Creme-
HH Ipu m U h Takxe moa0HpaIuCh SMIUPHUECKH, UTOORI HAMJIYY~
muM 00pa3oM ONHCATH KHHETHKY TOKOB. UHcJlIeHHBIe 3HAUYeHUA
n, m ¥ h *MeT CMBICJ BePOATHOCTH HAXOXKIeHUSI COOTBETCTBYIO-
Hieil YaCTHUILI B JaHHOM MeCTe KaHaja, a BeJIHYMHEI HX MOTYT
MeHAThCA oT 0 (oTCyTCTBHe YacTHIH) 10 1 (HaxoxeHue ee B 3a-
JaHHOM MecTe).

Kunetuka nnepepacnpeziesieHNA YaCTHUIL Yepe3 MeMOpany IpH Aeii-
CTBHH 3JIEKTPHUYECKOTr0 II0JIA OITMCHIBAETCS CHCTEMOM OJHOTHUITHEIX
ypaBHeHUI.

Tak, AJA RAJIHEBOr0 KAHAJIA YpABHEHNEe KHHETHKH 3alIUCLIBAET-
cA B BHJeE: ’

((11—1;=0Ln(1—n)—[5_nn, 4.3)
rie o ¥ [ — KOHCTaHTHI CKODOCTH MePeCKOKA YACTHIILI, AKTUBUDY-
IoIIeil KaJIMeBhId KaHaJ, K HEMY H OT HEero COOTBeTCTBEHHO.

KoHncraHTEI cKOpoCcTH 0. ¥ B, #BIAIOTCA GYyHKUIMAME MeMOpaH-
HOTO DOTEeHIUANA, 0. = O, ((p )s [3 B, (9,). Eciu memGpannsIii mmo-
TEHIMAT CKATKOM YBeIMIHBATE OT 3HAUCHU ¢, TIOKO0S 0 HeKOTO-
poro sHaueHus @ = ¢, TO BePOATHOCTh OTKPBITOTO COCTOAHUA
KaJIHeBOro KaHajla ONUCHIBACTCS YpaBHeHHeM:

n(t)=n_—(n_-n,)e ", (4.4)
rjae IIOCTOSIHHadA BpeMEHH
1
T=—" 4.5

Hna cranuonapHoro cocroanus dn/dt = 0 sHaueHMe n_ C yueTOM
(4.3) umeer BuA:

n =—%n (4.6)
” u‘l'l-i-Bl'l. )

ITpu norernuane moxos o. = 0, To ecTs n, = 0, TOrAa A1 HAYAID-
HEIX yeaoBuii: mpu t = 0 n(0) = 0 — kaHaa 3aKPHIT, OIpH t = o cocTo-
siHMe HOHHOTO KaHaJIa OImpeJesdeTcd 3HaUeHMeM 1 , GyHKDoua n(t)
HMeeT BUA;:
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n®)=n_(1-¢").

Kunernueckue ypaBHeHHs A HapaMeTpoB m 1 h aHasormusanl
ypaBHeHUAM (4.3) — (4.6) ¢ yueTOM MHEIX BeJIUYHMH KOHCTAHT O _,
B, ANA AKTHBHPYIOIIUX YACTHIL H O, , B, — N1 MHAKTUBUPYIOIIEH Ya-
CTHIIEI HATPHEBOT'O KaHAJIA.

h m

23

1,0
0,8
0,6
0,4

0,2

0 . | . | ]
-60 0 —40 ¢, MB

Pue. 4.3. 3aBUCHMOCTH CTATKOHAPHLX 3HAYECHUI IApAMETPOB
Na* — ganana n_, m_# h_ or meMOpaHHOro ImoTeHIHANA

JJs onncaEMA MOHHEIX TOKOB IPH BO30yXAeHNN aKcoHa (3.8) ¢
y4eToM 3aBucumocTelt g, (¢,) ¥ g, (¢,) 611 mogOOpanbl QYyHK-
nuu o (9,) u B (¢ )nnsan, m u h napaMeTpoB ¥ MOCTPOEHE! 3aBUCH-
MOCTH CTalMOHADHHIX 3HAYEHUH N_, m_ ¥ h_ 1j1s pa3iIndHbIX Be-
JuYuH MeMOpaHHOIO IOTEeHI[HAJIA, IpeicTaBjleHHLIe Ha puc. 4.3.

Ypasuernue (3.8) c yuerom (4.1) nn (4.2) Terneps MOXKHO IIpeACTa-
BHUTH B BUJE:

do. _ . _
L,=C, ;pt“ +8n* (¢, — 9%) + 8y, ’h(, — 9},) +

+8,(9, —0y,)- (4.7)

Jnsa MofeTMpOBAaHKA H3MEHEHMH, Mocjie CKavYKa HaupAKeHnd,
KaJINeBRIX M HATPHEBLIX TOKOB, H300paKeHHBIX Ha pHC. 4.2, B ypas-
nerwue (4.7) 66111 NpeCTaBIeHE 3HAUeHUA @, ¥ PELIeHNs ypaBHe-
HUii Tina (4.4) oad Kaxaoro U3 n, m u h mapamMerpos.

Has pacuera GopMuI moTeHOUAJA AeiicTBUA Heo6XoauMO 0510
PEIIuTE CymecTBeHHO GoJlee CI0XKHYIO CHCTEMY YPABHEHHH: ypaB-
HeHUA A1 MeMOparHoro Toka (4.7), Tpu ypasHenns Tuna (4.3) And
n, m u h napaMeTpoB, B KOTOpEIX Koaddunuents o, , B, , o, P, =
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o, » Bh ABJAIOTCSA CHAOKHBIMH, SMIOIHPHUYECKA OAOOpPaHHEIMHU (yH-
KU UAMA MeMOGpaHHOTO NoTeHKaNa (Q,,), X TaK HasblBaeMoe Kabesb-
HOe ypaBHEHHEe, ONNCLIBaollee H3MeHeHrne TpaHCMeMOPaHHOTO
TOKa BAOJIL aKCOHA.

XomKKNH 1 XaKCJIH PeIluan 3Ty 3aady H noJayyunan ¢dopmy mo-
TeHIHaja JeiiCTBHA U CKOPOCTD €TI0 PacIipOCTPaHEHHUA 110 AKCOHY, KO-
TOpHIE COBIIAJAJIH C SKCIIEPHMEHTOM C TOUHOCTHIO 710 10 % .

Taxum o6pa3oM, HCXOAA U3 BLIOPAHHBIX IIPEAIION0KEHHUN H 9M-
MUPHUYECKH NOAO00OPaHHBIX KOHCTAHT, XOMKKWUH U XaKCJIH 060CHO-
BAJIM HOHHYIO TEOPHIO BO3OYANMEBIX MeMOpaH M CMOTJIH YAOBJIETBO-
PHTEJbHO OMHCATh B PaAMKaX 3TOH TeOpHM M3MEeHeHHe MOHHOM
MPOBOAMMOCTH M IIPOIlecC IeHepallid NOTEHIHaa AeiiCTBUA He-
pBHOI KJeTKH. Moaenps XomKKuHa—XaKCJINn He O0bACHAJA IIPH-
POAY AKTHUBHPYIOMIUX U 6JIOKMDYIONINX YACTHIL M MEXaHUSM UX BJIH-
AHUSA Ha NPOBOJHMOCTb HOHHOTO KaHaJia.

PdusnyecKas MHTEPIPETAINA MOAeaN XOAKKNHA—XaKCJIH Tpe-
60BaJjla HANNYNA BHYTPY MeMOpaHbl HEKOTOPEIX 3apAXKeHHEIX yac-
TUL, IPAYEM 9TH YaCTHIBI JOJKHBI IEPEABUTATHCA B 3aBUCUMOC-
TH OT BHEINHETO 3JIeKTpHUUYeCKOoro nojsa. Takum obpasom, mjsd
NOATBEP;KAeHUS BTOPOTO IIOCTYJIATA MOAEIN Heo0X0AMMO OBILIO 3a-
peruCcTPUPOBATEH MIEPEMEIeHUA 3aPAKEHHBIX YACTHI] BHYTDH MeM-
OpaHbBl NpU U3MEeHEHUHN MeMOPaHHOTO IMOTeHOMuajaa, TO €CTh 3ape-
THCTPHPOBATh TaK HasblBaeMble BOPOTHBIe TOKHU. TpYyAHOCTDH
0o0HapY KeHns BOPOTHRIX TOKOB 3aKJI0YAJACh B TOM, YTO AKTHBH-
PVIOIINX YAaCTHUIL] BHYTPH MeMOpaHbl OUeHb MAJIO U, CJIef0BATENb-
HO, MaJIO 3HaUYeHHNe BOPOTHOTO TOKA M0 CPABHEHHIO ¢ HOHHBIMH TO-
KaMu, IIPpOXOAAIINMA Yepe3 MeMOpaHy.

Jlas o6HapyKeHNsI BOPOTHHIX TOKOB C IOMOIIBIO GJIOKATOPOB
TTX u TOA, a Takske 3aMeH0# HoHOB Na' B HApy>KHOM pacTBOpe Ha
MOHBI TPHCA, NCKJIIOUYAJIN MOHHLIE TOKH; 3aTEM CTYIEeHbEKaAMH Me-
HAJA HAOps KeHne Ha MeMOpale M peTrNCTPUPOBAJIM IIOABJICHUE
BOPOTHOTO TOKa HATPHEBOro KaHala, KOTOPHIi okasaca B 10° pas
cy1abee HATPMEBOro TOKA.

H3smenenue BoO BpeMeHH BOPOTHOTO TOKa B aKCOHE KaJbMapa ObIJIo
B3aMMOCBSI3aHO0 ¢ H3MEHEeHHeM HaTpueBoro Toka. Takum o6pasom
HAa OIIbITe OBLLJIO IOKAa3aHO CYIeCTBOBAHUE BOPOTHBIX TOKOB, IIpeJ-
CKa3aHHEIX B Mogean XoMKKNHa—XaKCJIH.

§ 14. Hounpie KaHAJBI KICTOYHBIX MeMOpaH

Mounenp Bo36yauMoii MeMOpaukI 110 TeOpUH XOMKKHHA—XaKCJIH
IpeAmnoJiaraeT peryjupyeMblil IePpeHOC HOHOB yepe3 MeMOpaHy.
OnHaK0 HenocpeACTBEHHEBIN IIepex o] MOHA Uepes JINIIUAHBINA O1CIIOH
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BecbMa 3aTpyAHeH. [losToMy BenrnunHaA KoadhdHUIeHTa pacpeae-
nenus K B popmynax (2.7, a, 6) oueHb MaJia, a cJief0BaTEIbLHO, OBLI
OBl MaJI ¥ IOTOK HOHOB, €CJIHN OLI HOH IIePeX0 U HeIIOCPEACTBEHHO
Yyepes JUIUAHYIO a3y MeMOpaHbl.

IleficTBHTeNLHO, A Hepexofia N3 PACTBOPA ¢ JHIIEKTPUYECKOH Ipo-
HUIIAeMOCTBIO € = 80 B MeMOpany ¢ £, ~ OJHOTO MOJIA HOHOB HEOOXOAMMO
IpeoAoeTh MOTEHINAJbHEIN 6apbep AW, BEHICOTA KOTOPOTO 0 Teopu¥
BopHa onpefenseTca COOTHOIIEHUEM:

2
(Ze)N( 1,

dne,r g, £

AW =

" Ife e — 3apsAf 3JIEKTPOHA, I — paguyc uoHa. JInsa vonos Na* u K* Benuuuna
AW cocraBasetr 350 — 400 k{>x / Mosab. s cpaBHeHUs, SHEPTHUA TEILIO-
BBIX KoJsiebanuii mpu Temnepatype 300 K cocrasisier Bcero RT = 2,4 k[ /
MOJIb.
BepoaTHOCTE ITepexoAa MOHA M3 pacTBOpa B JUIHUAHYIO hasy
AW
P~e RT.

"Ilns OpuBefeHHEIX YucI0BEX sHavenui AW MoxxHo omennTs BeposT-
HOCTb

CJIeJOBaTeJIbHO, B 3TOM ciay4dae KoaddunuenTt pacupeneneaus K B bopmy-
nax (2.7, a, 6) ouens maa. Takum 06pasoM, HeMOCPEACTBEHHKIH TEPEHOC
MOHOB Yepe3 JUNUAHLIH Oucioil ToJbKO 32 cuer Auddy3unm MaroBepos-
TEH.

9TO M pAL APYruX coob0parkeHuii a1 OCHOBaHNE CUUTATh, YTO B
MemOpaHe MOJXKHBI OBITH HEKOTOPHIE CIeNUAJIbHBIE CTPYKTYPLL —
mnmpoBoaAniHe HoHEI. TaKie CTPYKTYPHL ObLIN HAM[eHR U HA3BAHBL
HOHHLIMH KaHaJIaMH. [Togo6HbIe KaHAJIBI BBIZEJICHBI N3 PA3JIUYHBIX
00'BEKTOB: IIa3MaTHUYECKO MeMOpaHbI KJIETOK, MOCTCHHAIITHYEC-
KO MeMOpaHBI MBILIEYHRIX KJIETOK KM ApPyrux o6sexTos. M3secT-
HBI TaKJ)Ke HOHHBIEC KAHAJLI, 00pa30BaHHbIe AHTHOHOTHKAMH.

OcHOBHBIE CBOMCTBA MOHHBIX KAHAJIOB:

1) celeKTHBHOCTD;

2) He3aBMCHMOCTE PaboOTHI OTAEILHEIX KAHAJNOB;

3) mucKpeTHEHI XapaKTep IPOBOLUMOCTH;

4) 3aBHCHMOCTH IIapaMeTPOB KaHAJIOB OT MEMOPAHHOIrO MOTEH-
muaJa.
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PaccMoTpuM uX 110 HOPAAKY. ) .

1. CeneKTHBHOCTHIO HA3KIBAIOT COCOOHOCTh MOHHEIX KAHAJIOB
u36MpaTeJLHO IPONYCKATh HOHB KAKOro-aIubo oHOro THIA.

Einme B mepBEIX OIIBITAX HA AKCOHE KaJibMapa OBLJI0 O0HApYKeHO,
uto noHb Na* u K* no-pasnomy Biunsaior Ha MeMOpaHHEIi1 TOTEHIN-
aji. Mous K* MeHAIOT HOTeHIHAJ IOKOA, a MOHLLI Nat — moTeHnmuan
neiicrBua. B mogesn XomxknHa—Xakcian (cM. § 13) aTo onuchiBa-
eTcA IyTeM BBeAeHNS HE3aBHCHMEIX KAJINEeBhIX M HATPMEBEIX MOH-
HEIX KaHaJoB. [Ipeamnosaranock, YTo nepBhie IPONYCKAIOT TOJLKO
noHHI K+, a Bropkie — TOJIbKO MOHEL Na®.

HNamepenns nokasajm, 4YTo MOHHBIE KaHAJEL 00J1aa10T abCcoMIoT-
HOii CeJIeKTMBHOCTBHIO IO OTHOHIEHNIO K KaTHOHAM (KaTHOH-CeJIeK-
TUBHBIE KaHAJIKI) JN00 K aHNOHAM (AHNOH-CeJIEKTUBHBIE KaHAJEI).
B To »ke BpeMsA uepe3 KaTHOH-CeJIeKTHBHEIE KAHAJIBI CIOCOGHEL IPO-
XOAWTH Pa3JINYHLIC KATHOHEI PA3JIMIHREIX XHMHUYECKHX 3JIEMEeHTOB,
HO MPOBOAHMMOCTh MeMOPAaHHI JJIsT HEOCHOBHOI'O HOHA, a 3HAUNT, U
TOK Uepe3 Hee, OyAeT CyIecTBeHHO HAKe, HanpumMep, aAnd Nat-ka-
HaJa KaJINeBHIH TOK uepe3 Hero Oyaer B 20 pas Mmensme. Conoco6-
HOCTH MOHHOI'O KaHAJIA TPONYCKATH PA3JINUHbLIE MOHLI HA3LIBAETCA
OTHOCHTEJILHOM CeJIEeKTHBHOCTHIO ¥ XapPaKTepU3YeTCs PAJOM CeJIeK-
THUBHOCTH — COOTHOIIIEHHEM IIPOBOAMMOCTEl KaHaja AJIA Pa3sHBIX
MOHOB, B3ATHIX IPH OAHON KOHMeHTpanmu. IIpu 3ToM IJIst OCHOB-
HOr'0 HOHA CeJIEKTHBHOCTEL OpuHNMaloT 3a 1. Haupumep, aaa Na*-
KAaHAaJAa 3TOT pAJ UMeeT BUJ:

Nat: K*=1:0,05.

2. HezaBucumocTs paGoThi OTAEALHBIX KaHAJOB. IIpoxosxieHne
TOKA Uepe3 OTAEILHBIH HOHHBIH KaHaJl He 3aBUCHT OT TOI'0, HJAET JIN
TOK uepe3 Jgpyrue KanaJwl. Hanpumep, K*-kagaaw mMoryr ObITh
BKJIIOUYEHH MM BHIKJIIOUEHEI, HO TOK uepe3d Na*-KaHaJbl He MeHA-
eTcsa. Bansnre kaHaJoOB APYT Ha Fpyra IPOUCXOAUT OOCPEOBaH-
HO: H3MEeHeHHe IPOHNIaeMocTe Kaknx-Inbo KasaioB (HanpuMep,
HaTpHEeBHIX) MeHseT MeMOpPaHHEINA IOTeHITHAJ, & VXK€ OH BJINAET Ha
NIPOBOAMMOCTH OPOUMX HOHHBIX KaHaJoB (cM. § 13).

3. IuckpeTHHH XapaKkTep NPOBOOHMOCTH MOHHLIX KaHAJOE.
Honnunie kauaJnsl IpeACTaBIAAIOT CO00# Cy0'be IMHUIHBIH KOMILJIEKC
0eJIKOB, IpOHM3KIBaOMIUii MemOpany. B meHTpe ero cyuiecTByeT
TpyOKa, CKBO3b KOTOPYI0O MOTYT IPOXOANTh MOHK. KoamuecTBO
MOHHLIX KaHaJoB Ha 1 MkM? moBepxHOCTH MeMOpaHH onpefes-
JIA ¢ IOMOIIBIO PaNOAKTHBHOMEUEHHOr0 6JI0KaTOpa HATPHEBEIX
KaHaJIOB — TeTpoAoToKcnHa. U3BecTHO, uTO ofHA MoJsekyaa TTX
CBA3BIBAETCA TOJIBKO C ONHUM KaHaJoM. Toraa namepeHue pagmno-
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aKTHBHOCTH 00pasiia ¢ U3BeCTHOM IJIOMIAAbIO MO3BOJHJIO MOKA-
3aTh, 4TO Ha 1 MKM? aKCOHA KajbMapa HaXoAuTcs okoixo 500 na-
TPHEBBIX KAHAJOB. B

Te TpaHCMeMOpaHHBIe TOKH, KOTOPbIEe H3MEPAIOT B OOLIYHEIX K-
CIePUMEHTAX, HAaIIlpUMep, Ha aKCOHe KaJbMapa JJIUHOHN 1 cM H Au-
aMeTpoM 1 MM, TO ecTh mIomAageo 3 + 107 Mxm2, 06yCIOBICHEI CYM-
MAPHEIM OTBeTOM (H3MeHeHueM nposoaumoctn) 500 -3 - 107 ~ 1010
HMOHHLIX KaHaJOB. [IJIA TAKOTo OTBETA XapaKTepHO IJIABHOE BO Bpe-
MeHH H3MeHeHNe IPOBOguMocTH (puc. 3.6). OTBET OfMHOYHOT0 HOH-
HOTO KaHaJjia MeHseTCsl BO BpeMeHH IPHHINIHAJILHO HHEIM o6pa-
30M: JUCKpeTHO U AnA Nat-kaHaiuoB (cMm. puc. 4.5), u ana K*- , i
ana Ca?t-kaHaJioB (CM. OIICaHHUe HHXe).

Buoepsrle 310 651510 06HapykeHo B 1962 r. B HcclIeJoBaHUAX IPO-
BOAMMOCTH OHCIOMHBIX INNUAREIX MeM6paH (BJIM) npu no6aBie-
HHH B PacTBOD, OMBIBAIOIKH MeMOpaHy, MHKDOKOJINYECTB HEKO-
TOPOro BEIleCTBa, HHAYIHpOBaBImiero Bo30yxaerne. Ha BJIM
TOoAAaBAJIH IOCTOSHHOE HANPSYKeHHUE X PerucTPUPOBaH ToK I(t). 3a-
MHCh TOKA BO BpEMEHH MMeJla BHA CKAUKOB MEXXKAY ABYMS IIPOBO/A-
UMMM COCTOAHHAMH.

OnuuM u3 3¢ PeKTHBHBIX METOOB KCIIePEMEHTAILHOTO CCIe0-
BaHHs MOHHBIX KaHaJIOB cTaJ paspaboTaHHBEIA B 80-e roasl MeTO.
JIOKaJbHOH pHKcanuu moreHmuana memopansl (“Patch Clamp”),
(puc. 4.4).

UK

KJIeTKa

L

Puc. 4.4. Merox 10KaJpHOM (PHKCAIMH IOTeHIHAJA MeMOPAHEL.
M3 — mukpoanektpoxn, UK — monski# kagan, M — MmemMOpaHa KJIeTKH,
C®II — cxema puKcanuy TOTeHNHANA, | — TOK OHHOYHOrO KaHala

CyThb MeToZa 3aKJIIOYAETCHA B TOM, UYTO MHKPO3JeKTpoa MO (puc.
3.1.) TOHKMM KOHIIOM, HMeromuM auametp 0,5 — 1 MKkM, npucacsi-
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BaeTcs k MeMOpaHe TaKHM 06pa3oM, YTOGEI B €ro BHYTPEeHHMH Ana-
MeTp monaJ noHHBIH KaHaJ. Torga, Hcnoab3ys cxemy GHKcany 0~
TeHnuaaa (puc. 3.4), MOXHO M3MEPATHh TOKH, KOTOpPhIe MPOXOAAT
TOJILKO Yepe3 OAMHOYHLIH KaHaJa MeMOpaHEl, a He Yepe3 Bce KaHAJbI
OAHOBPEMEHHO, KaK 3TO IPOHCXOAUT IIPH NCHOJIb30BAHUH CTAHAADT-
HOTro MeToJia GUKcAlMH NOTeHINAIA, OMUCAHHOTO B § 12,

PesyabpTaThH 3KCIIEPHMEHTOB, BHIIIOJHEHHBIX HA PAa3JIMYHEIX HOH-
HBIX KaHaJIaX, TOKa3aJH, YTO IPOBOJUMOCTh HOHHOI'O KaHAJIa JUC-
KPeTHA ¥ OH MOKET HAXOJUTHCH B IBYX COCTOSHUAX ! OTKPHITOM HJIN
3aKpEITOM. Ilepexoabl MeXAY COCTOSHUAMM OPOUCXOAT B cIrydaii-
HbI€ MOMEHTH! BpeMeHH U NOJUNHAIOTCA CTATUCTHYECKHUM 3aKOHO-
MmepHocTaM. Henbp3a ckasaTh, 4TO JaHHLIH HOHHBIH KaHAaJ OTKPO-
eTCAd MMEHHO B 3TOT MOMEHT BpeMeHH. MOJXHO JHIOIb CAEJATh
yTBepKJeHKEe 0 BEPOATHOCTH OTKPHIBAHHS KaHAJA B OIIpeJeJIEHHOM
HHTepBaJie BpeMeHH. '

PaccMmoTpuM ToOKM uepesd ognHOUYHEIe Nat-KaHaJIbI.

Ha puc. 4.5 npuBeeHb! pe3yabTaThl ONLITOB, IPH KOTOPHX Ha
memOpany N pas mozaBajy JenoJapusyomuii casur GuKCcHpoBaH-
HOro moresnuaa @) = —40 MB u perncTpupoBasu TOK OAMHOYHO-
ro KaHaJja ¢ IOMOUIbI0 MeTo/a JIOKaALHON PUKcanuy NoTeHnua-
Ja. PesyasTaTh OOBITOB pacloJjaraj# OgUH OoA Apyrum: 1-i,
2-#... ...N-it onmIT (puc. 4.5, 6). ITH TOKH TeKYT BHYTPh KJETKH,
HuX cpeaHAd ammiauTtyga ~ 1,6 mA (1,6 - 1012 A).

Kanan 3a 6pems 001020 maxozo denonspusayousezo cdsuza om-
KPbleancs Auulb 00Ul pa3 Ha épems t , komopoe 6ydem Ha3bi-
8amb 8peMeHeM OMKPBLMOZ0 COCMOAHUR KARANA.

Cpennee snauenne t nna Na*-kanana=0,7 mc (ot 0,3 10 1,5 mc).

OauHOYHBIN KaHAJ MOMET OTKPHIThCA panbmme (1-# ONmEIT) HaHn
noase (N-it onriT). Bpema, 6 meuenue x0mopozo 6epoAmHoOCmb om-
KPpW®EaHUR OmadenbHOZ0 Kanana éeauxa, 6ydem nasoieaams apeme-
nem scusnu kananoe: T, , T . lna natpuesbix Kananos T, = 2 mc.

Taxkum 06pa3oM, IPOIlecC OTKPHITHS HATPHEBHIX KAHAJIOB — MPO-
Iecc CTOXaCTMUYECKHH: CABUT (,, BHIIE IOPOTOBOrO 3HAUEHHUA yBe-
JHYNBAET BEPOATHOCTh OTKPHIBAHMA KAHAJOB, TO €CTh MJET mpo-
necc ux aKtupanuu. ITo npomecrTsuu BpeMeHH A u3HM KaHANOB T,
BE€POATHOCTh UX OTKPHIBAHMSA MafiaeT A0 HYJs U 9TOT IIpoIecc Ha-
3bIBaeTCs MHaKTHBanuei Na'-Toka.

IKCOepHMeHTaJIbHLIE 3aIITUCH TOKOB OAMHOYHLIX KaHAJOB CI0XK-
Hee IPABEAEHHLIX Ha puc. 4.5. ITo onpeAenseTcAa, BO-IePBLIX, Ma-
JIBIMM BeTUMYNHAMH PETHCTPHDPYEMBIX TOKOB II0 CDABHEHHIO C TOKA-
MM IIYMOB M, BO-BTOPHIX, HeCTAOHUJIBHOCTHIO paboTH CaMUX
KaHaJOB.
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o? =—40 MB

o: =-80 MB—J — 2
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4 KaHaJIOB 6
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T , 5 mA
) LI
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(N-1) —
N
1]
10 mc
1 |
IH
t B

CyMMa TOKOB
ONUHOYHEBIX
KaHAJIOB

Puc. 4.5. Toxku yepes OAMHOUYHBIE HATPHUEBLIE KAHAJIBI:

a) AeNoJIAPHUIYIOLIHII CABUT TPAHCMEeMOPaHHOIO IOTEeHIIHAJIA OT HOTEH-
mHaja (p: = —80 MB a0 pUKCHUPOBAHHOrO IIOTEHIIHAJIA (pz = -40 MB;
BpeMs caBura — 14 mc;

6) ANCKPETHEIE TOKH Yepe3 OAMHOYHLIN KaHAJ IpH Hoxaye
nocaenosaTeasHo N IenonapH3yONMUX cABUTOB MOTeHIINAJIA;

B) CYMMa TOKOB Uepe3 OAMHOYHbIC HATPHEBEIEC KAHAJIBI

Hecmorpsa Ba To, 4TO TOK Yepes KaKALIH HOHHKIH KaHAJ MeHAET-
CcfA CKaYKOM, 3aBHCHMOCTH CYMMAPHOr0 TpaHCMeMOpPaHHOro TOKa
BO BpeMeHH nJiaBHaA (cM. puc. 4.8). 3ror GeHOMEH MOXKHO 00BsC-
HHTb, HCIIOJBL3YA METOALI CTATHCTHYECKOH DU3UKH.
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Cymmapssii Tok 1 yepe3a N 0/MHOUHRIX MOHHRIX KAHAJOB:

rme i — TOK yepes n-il Kagas.
Cpennee 3HaueHMEe | CYMMAapHOroO TOKA B CIy4dae OfNHAKOBEIX Ka-
HAaJIOB OIpeJelAeTCA CPeJHNM TOKOM 1 B KaXXJI0M KaHaJe:

I=Ni.

OTHocHuTebHAA Q)lelc'ryannﬂ TOKa B OJUHOYHOM KaHaJie BeJINKAa:

Jeiy

i
B cayuae N cTaTUCTHYECKH He3aBUCHMBIX KAHAJIOB OTHOCHUTEJIb-
HyI0 QAYKTyanuio CYMMapHOT'O TOKA CJIe[[yeT paCCMaTPHUBAThb KAK
dbayxkTyanuio cpeiHero 3HaueHUA CAyJaifiHOM BeJIHMUYMHBI, H3Me-
pesrywo N paa. IIpu aToM, Kak H3BeCTHO U3 MaTeMaTHIeCKOMH cTa-
TUCTUKH, BOSHHKAaET NONPAaBOYHEIH MHOKHTENb (KopeHb 3 N), a

HMEeHHO.
J(ATY _ 1 .\/(Ai)2~ 1
I JN i N

IIpu 6onpmux N oTHOCHTENbEEIE QIYKTYan Uy HUITOXKHEL, [{1a
coBoKynHoCcTH N = 10'° HOHHBIX KAHANOB, PACHOJOMEHHLIX Ha
y4acTKe aKCOHA KanabMapa, QIyKTyanusa Toka cocrasiser 10°
(0,001 %) ot cpenHero 3aHa4YeHUs TOKa Yepe3 MeMOpaHyY, TO €CThb
GAYKTYan MK TOKA IPY U3MEPEeHHUAX B 3TOM CJIydae NIPaKTHUYECKH
He 3aMeTHHI. 1A MaJleHbKHUX KJIETOK, B KOTOPBLIX MOXKeT OLITh
nopagka 10° HOHHEIX KaHAJOB, OTHOCHUTEJIbHEIE PIYKTYanuu 60-

Jee cym;éc'rBeHHbI: 1/410° (8%) cm. (puc. 4.5,8). "

Toxku oguHOYHLIX K*-KaHaoB HMeIoT aMIINTYAY o 2 LA, a cpen-
Hee BPeMs OTKPBITOTO COCTOAHMA t, ~ 5 Mc. OmHAKO 3a 3TO BpeM4A
KaHaJ MOKeT HeCKOJbKO Pa3 OTKPHITLCA M 3aKPLITLCSA Ha KOPOT-
KOe BpeMs, TO €CTh MOT'YT HPOHCXOAHUTEL OCIM/IJIANNAN TOKa. B oT-
JAWYHe OT HATPHEeBHX, K'-KaHajbl He HHAKTHBHUPYIOTCA, NOKAa
¢, BBIIIIE TOPOTOBOTO 3HaYeHHusA. OTAenbHbIe KaHAJLI BO BpeMs fe-
MOJAPU3AIIUH MOTYT OTKPBIBATHLCA IO HECKOJBKY Pas.

102




Toxn oguHOUHEIX Ca’*-KaHANOB KAPAUOMHOIUTOB NMEIOT Gostee
CJOKHBIN XxapakTep no cpaBHeHuio ¢ Na™ u K*-TokaMHu aKcoHOB.
Bo BpeM4 1tocjIef0BATEJBHBIX CKAYKOB AeIONApU3anun B 70 % ciay-
yaeB Ca?'-KaHaJ OTKPHIBaETCA Ha BpeMs = 1 McC; 3aTeM yepe3 Kax-
asle 0,2 MC OH 3aKPHIBaeTCA M BHOBb OTKPHIBAETCA H IIPOIYyCKaeT
TOK ¢ aMOIuTyRoi mMnyasca = 1 nA. Takoil npomecc akTHBAIMH
Ca?*-Toka gauTtca okoso 130 — 200 mc, a 3aTeM HaCTymaeT HHAKTH-
Banua Ca?t-toxka. B 30 % cxaukos genonsapusauuil KaabIueBLIH
KaHaJ OCTAeTCA 3aKPHITHIM.

4. 3aBHCHMOCTb IapPaMeTPOB KaHaJa OT MeMGpPaHHOTO IOTEH-
nuana. HoEHEIe KaHaJbI HEPBHBEIX BOJOKOH YYBCTBHTENBHEI K
MeMOpaHHOMY IOTEHIHANY, HAIPHUMeD HATPHEBBHIA M KaJIHeBBIH
KaHaJIBI aKCOHA KaJbMapa. JTO OIPOABJIAETCA B TOM, YTO HOCJEe
HavaJja AemoJIspH3aiuil MeMOpaHB COOTBETCTBYIOUINE TOKH Ha-
YUHAIOT H3MEHATHCA ¢ TOH HJIM WHON KMHeTHKOI (puc. 4.2). Ha
A3BIKe HOHHBEIX KAaHAJIOB 3TOT HpOoIecC NIPOUCXOAUT CIAEeNYIOLTNM
o6paszoM. MoH-CeleKTHBHEIII KaHAJ IMeeT CEeHCOP — HeKOTOPEHIi
3JIEMEHT CBOeHM KOHCTPYKI[HH, YYBCTBUTEILHBIHN K AeHCTBHIO 3JIeK-
TpudyecKoro monasa (puc. 4.6). Ilpn nusMeHeHnn MeMOPAHHOIO IIO-
TeHIuala MeHAeTCA BeJINUNHA JeiicTBYIoUIel Ha Hero CHJIL, B pe-
3yJbTaTe 3TA YaCTh HOHHOTO KaHaJa IepeMellaeTca U MeHAET
BEPOATHOCTL OTKPLIBAHUA HJIHN 3aKDBEIBAHUS BOPOT — CBOeoGpas-
HEIX 3aCJIOHOK, JIeliCTBYIOIINX II0 3aKOHY “Bce MJH Huuero”. Jxc-
MIepUMEHTAJILHO IIOKA3aHO, YTO MOJ AeHCTBHEM [JEeIOJAPU3aluu
MeMOpaHEl YBEJIHUMBAETCA BEPOATHOCTH Iepexoha HaTPHEeBOI'o
KaHajia B mpoBpogAulee cocrogHne, CKauyoK HAPAMXKEeHU A Ha MeM-
6paHe, co3aBaeMblii IPH H3MEPEHUAX METOJOM (QHKCALMH IIOTEH-
nuaJja (puc. 3.5 n.4.2), 1pUBOAUT K TOMY, UYTO OOJIBIIIOE YHCJIO Ka-
HAJIOB OTKpPEIBaercA. Yepes HUX OpoxoAuT Gonblne 3apAROB, a
3HAYHT, B CpegHEM, OpoTeKaeT Gonpmuii Tok. CyllecTBeHHO, YTO
IIPOIECC POCTA IPOBOAMMOCTH KaHAJA ONpEeAeAeTCH YBeJnYeHH-
€M BepOATHOCTH ImepexoZa KaHajla B OTKPHITOE COCTOAHHE, 8 He
yBeJIMYeHHEM JuaMeTpa OTKPLITOro KaHaja. TAaKOBO COBpeMeHHOe
NpeACTABICHHE O MeXaHU3Me IIPOXOMIeHUA TOKA Yepes3 OAUHOY-
HBIH KaHaJ.

IInaBHBIEe KHHETHYECKNE KPUBLIE TOKOB, DETHCTPUPYEMEIX IDH
3JIEKTPHYECKHX H3MEePeHNAX Ha 6oJbImnx MeMGpaHax, IIOJYYaiOT-
CA BCJIEACTBHE CYMMAaIlMM MHOTHX CKAYKOOOpasHEIX TOKOB, IIPOTE-
KaioInUX uepes OTAeJbHBIE KaHANLI. X cyMMHpOBaHHe; KaK IIO-.
Ka3aHO BHIIIIE, Pe3K0O YMEeHbHOIAET QIYKTYa UK U JaeT JOCTATOYHO
rJIafikue 3aBUCHMOCTH TPaHCMeMOPaHHOr0 TOKA OT BpeMeHH.

HonrHBIE KAaHAJBI MOTYT OBITh YYBCTBUTEJIBHBL U K APYTUM (hu3u-
4YeCKHMM BO3LEHCTBHAM: MeXaHN4YeCKHUM AeGopMaIuAM, CBA3LIBA-
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HHIO XHMHUYECKHX BeIIeCTB U T.J. B 3TOM caydae OHH SBJISIOTCA
CTPYKTYPHOIT OCHOBOI1, COOTBETCTBEHHO, MEXaHOPEEITOPOB, X€MO-
penenToposB M T.[.

HWayuenme MOHEHEIX KAHAJIOB B MeMOpaHaX ecTh OHA U3 Ba*KHBIX
3aJ1a4 COBPEMEeHHOH GMO(PHU3HUKH.

CTpyxTypa HOHHOrO0 Kanaja. oH-CeJIeKTUBHBIH KaHAJ COCTOUT
U3 cJIeAyIOUNX uacTeil (puc. 4.6): morpy:xeHHO# B 6ucyoi 6esko-
BOM 4YacTH, MMeIneill cy0'beJMHUYHOE CTPOeHNE; CeJIEKTHUBHOTO
¢buasTpa, 06pa3oBaHHOTO OTPHIATEBHO 3apPAKeHHEIMH aTOMaMH
KHCJIOPOJia, KOTOPEIE 2KeCTKO PACITOJIOKEeHE! Ha OIIpe/ieIeHHOM pac-
CTOSTHHMH APYT OT ApPYTa M NPOIYCKAaIOT HOHK TOJAbKO OIIpeieIeHHO-
ro IMaMeTpa; BOPOTHOM YacTH.

BopoTa HOHHOTO KaHaAJA YIPABIAITCA MeMOPAHHBIM IIOTEHITNA-
JIOM M MOTYT HaXOJNTLCSA KAK B 3aKPLITOM COCTOSTHIH (INTPUXOBAasd
JIMHUSA), TAK U B OTKPBITOM COCTOAHHUH (CILTOIIHAA JuHMNA). Hop-
MaJbHOE IOJIOJKEeHHE BOPOT HATPHEBOro KaHaja — 3aKkpeiToe. Ilox
JleiCTBHEM 3JIEKTPHYECKOr0 IO YBEeJINYNBAETCA BEPOATHOCTS OT-
KPBITOTO COCTOSHMUA, BOPOTA OTKPLIBAIOTCSA M IIOTOK M PAaTHPOBaH-
HBIX MOHOB IIOJIy4aeT BO3MOYKHOCTD IIPOXOAUTEL CKBO3b CEJEKTHB-
HEIN GUALTP. '

Ecau MOH MOAXOAHUT IO AMAMETDY, TO OH cOpachIBaeT rMApAaT-
HYI0 O00JIOUKY M MPOCKAKHMBAaET Ha APYrYyI0 CTOPOHY MOHHOTO Ka-
HaJia. EcJIH ’Ke MOH CJHMIIIKOM BEJHK II0 JHAMETPY, KaK, HaIllpH-
Mep, TeTPA3THJIAMMOHHHA, OH HEe B COCTOSHUH IIPOJIE3Th CKBO3b
duaLTp ¥ He MOKeT epeceub MeMOpany. Ecin ;xe, HAIpOTUB, NOH
CAMOIKOM MaJI, TO Y HEro BOSHHKAIOT CJOKHOCTH B CEJIEKTUBHOM
buaLTpe, Ha ceil pa3 cBA3aHHLIE C TPYAHOCTHIO cOpoca rHAPaTHOMR
060JIOUKH MOHA.

BioxaTophl HFOHHBIX KaHAJIOB JIN0O HE MOTYT LIPOMTH CKBO3b HETO,
3acTpeBas B GHUIbTpe, 1160, ecan 3T0 GOJIbIINE MOJEKYJIbI, KaK
TTX, OHM CTepHYeCKH COOTBETCTBYIOT KaAKOMY-JIH00 BXOAY B Ka-
Haa. Tak kKak GJOKaTOPH HECYT IOJOKUTEJILHLIA 3apA/, HX 3apsd-
JKeHHAaA JaCTh BTATMBAETCS B KAHAJ K CeJIEKTHBHOMY QUILTPY KaK
OOBIYHBIF KATHOH, & MAKPOMOJIEKYJIa 3aKYIIOPHBAET €ro.

TaxuM 00pa3oM, N3BMEHEeHHU JIEKTPHUYECKHUX CBOHCTB BO30yIH-
MBIX OMOMeMOpaH OCYIIeCTBJIAETCS C IOMOIILI0 MOHHLIX KaHAJIOB.
9TO GeJIKOBLHIE MAKPOMOJIEKYJIBI, IPOHUILIBAOIIHNE JHUINAHBIH
OHCJIOi, KOTOPHIE MOT'YT HAXOAUTHCA B HECKOJBKHX TUCKPETHBIX
cocroaauax. CBOMCTBA KAHAIOB, CeJIEKTHBHBIX A8 noHOB K*, Na*
u Ca?*, MOryT no-pasHoMy 3aBHCETL OT MeMGPAHHOTO IOTEHIINA-
Jla, 9TO M oIpejesfeT JUHAMUKY IOTeHINaaa AeficTBUA B MeMO-
paHe, a TaK)Xe OTINYMUS TAKHX ITOTEHIIMAJIOB B MeMOpaHaxX paas-
HBIX KJIETOK.
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" Beakosas

MAKPOMOJeKYJIA

CenekTHBHEBIH
¢uiabTD

Hapyxubii
HOBEPXHOCTHBIH
sapsg

Pue. 4.6. CxeMa CTpoeHHS HATPHEBOT'O MOHHOI'O KAHAJIA MeMOpPaHEI
B paspese

§ 15. MexaAu3M reHepanyH NOTEHIIHAJIA JeHcTBHA
KapIHOMHOIKTA

IToTeHIMAI ReHCTBHA MEIIMEYHOM KJIETKY CEPALA OTIMYAETCS OT
MOTEeHIHAJNA AJeHCTBUS HEPBHOI'O BOJOKHA U KJETKH CKeJIETHOH
MBIIIIEI IPEXKAE BCEro AJINTEJIHHOCTHIO BO3OYIKAeHUA — AeNOJIApH-

sanuu (puc. 4.7).

-100¢

Puc. 4.7. IToTernuan gefcTBUS KaPAUOMHUOIIUTA

Ecan pgautensrocTs IIJ] akcoHa cocTaBiaseT 1 Mc, KIETKH CKe-
JIETHOM MBIIIIIEI 2 — 3 MC, TO AJHUTEJHHOCTD HOTEHIINAJIA HEeHCTBUA
KJIETKH COKPATHTEJBLHOTO MHOKDAZA MeJYyA0UKa U cCepAIla COCTaB-
Jaser 250 — 300 mc. Kak 6yzer nokasano Huxe (1.5, 7), 9TO 103BO-
JsieT OCYIIECTBHUTH, CHHXPOHHOE BO30yKIeHWe M cOKpalleHue
CTPYKTYP cepAna AJsa obeciieueHKs BEIGpoca KPOBH.
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Taxue ocobennoctu ILI{ kapauommorura obecneunBaoTCA pac-
npejieJIeHAeM HOHOB BHYTPH ¥ CHAPYKH KJIETKH, [IPeACTABIEHHBIM
Ha puc. 4.8.

2Ca*

Ca® [2] Ca® [10*]

Na* [145] Na® [15]

K" [4] K* [145]

3Na*

Pue. 4.8. PacnpeaeneEne KOHIEHTPAMNA HOHOB BHYTPH U CHAPYKHU
KapAMOMHOIINTA IO3BOHOYHBIX (MMOJE/JI).

Ioxasausl K*- Na*- u Ca?t- Hacochl, mOAAEePKUBAIOLHINE KOHIEHTPANNA
HMOHOB Ha YKA3aHHLIX YPOBHAX; NOPHU3OHTAJILHEIMY CTPEIKAMA YKAa3aHE
HATIpaBJeHUA MaCCUBHEIX IOTOKOB HOHOB MPH OTKPBHITOM COCTOSHUH
COOTBETCTBYIOLINX KaHaJOB, BePTUKAJbHEIMHA — HaIpaBJIeHHe
AKTHUBHOIO IepeHOCca HOHOB

Pacupenenenne nosos K* u Na* B kapanomuonurax 6J1n3Ko K pac-
peAeIeHNIO 3THX NOHOB B cKeJieTHOM MEliiie (Tabi. 3.1). Oguako B
KapauoMuonuTe npu opmuposanumy I111 1 B nporecce cCOKpaleHus
CYLIECTBEHHYIO POJb UrpaioT U noHkl Ca?'. X KOHIIEHTpalua CHAa-
PYKH KJIETKH COCTARJIAET OKOJIO 2 MMOJIb/JI, HO BHYTPH KJIETKH KOH-
LIeHTpanua CBoGOAHEIX HOHOB CaZt ouens mazna: 10 mmous /. IIpu
COKpallleHNN KOHIIEHTPanusa cBoGoHBX noHoB Ca?" BHYTpH KieT-
KH MoOXeT BospacTtaThk 0 103 Mmmoabs/i1, HO B dase penojapU3amun
M30BITOK 3TUX MOHOB YAAJIAETCA U3 KJIETKH.

HoHHEIe HACOCHI MHOKAPANAJLHBIX KiIeToK. CoxpaHeHne MOH-
Horo fansaHca B KapauoMuonuTax obecrneunBaer K- Na*- u Ca?*-
HACOCHI, AKTUBHO NepekaunBaomue noHE Na't u Ca?' napyxy, a
noHbl K* — BHYTDE Ki1eTKHN (cM. puc. 4.8). PaboTy aTux Hacocos obec-
neunsaior @epmentrs K- Nat- AT®aza n Ca?-ATdasza, Haxona-
I[Hecs B CADKOJEeMMe MUOKAPAUANIBHEIX KJIETOK.

IInorrocTs Monekya K*- Na*-Hacoca B MemOpane, olieHMBaemMas
no cnenuuueckomy ceasmBauamio [’H] — oyabGauna, cocTaBiser
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oxouo 1000 Ha 1 MxMZ, To ecTh 10! Hacocos Ha cm2. UnCIO UKIOB
Hacoca oneHuBaeTrca =~ 20 B cekyaay. Torga Ha 1 cM? 3a OfHY CEKYH-
ny npoucxogart 2 - 102 mukoB Hacocos, Tak Kak 3a KaxIbIH THKI
Hacoc nepeHocut 3 uoHa Na*, To Bcero nepesocurcs 6 - 10'2 mornos
3a 1 ¢ Ha 1 cm?. Pasgenus 9TOT pe3yJabTaT Ha YHMCIO ABOragpo
(6,02 - 10%® moan!), monyuaem 10 - 107'2 mons/cM? * ¢, TO ecTh IO
pacuety depes 1 cm? 3a 1 ¢ Hacoc mepexaumBaeT 10 MO MOHOB
Na*. Bauskuil pe3yabTaT OB HOJYUY€EH B B 3KCIEPUMEHTE.

B nokoe nmporuaeMocTh MeMOpausl 4Jas noHoB Na* u Ca?* Bechb-
ma mana: P / P = 0,05; orromenne P, / P, Takxe Mmano, Majna u
KOHIeHTpanusa HoHoB Ca?" BHe KJyeTkH. [losToMy HOTeHIMAJN HO-
KOfA, KaK ¥ B HEPBHBIX BOJIOKHAX, OIIpeZieIieTCA B OCHOBHOM pa3-
HOCTBIO KOHIIeHTpanui noHoB K* o 06e cTOpOHE! KJIETOUHOM MeM-
6pansI (cm. § 10).

IloTennuan neficCTBHA KJIETKH MHOKAapAAa MMEET TPH XapaKTep-
Hule dasnl: genoasapusanudd (I), maaro (II) n penonsapuzamusa (I11).

I ¢pasza — nenoasapusamus, Kak 1 B aKCOHe, OIpeeaAeTCA pes-
KHM POCTOM IIPDOHHIIA€eMOCTH MeMOpaHH AJA MOHOB HATDHUA:
P .:P,, =1:20 B MOMEHT IIpeBHILIEHHUA @  IOPOTOBOTO 3HAYECHUSA
py Bo30y:kAeHnHu. [lopor aKTHBAIINK HATPHEBREIX KAHAJIOB IpUMe-
HO —60 MB, a BpeMs ;xu3au 1 — 2 MC ¥ MOJKET JOXOAHUTH 0 6 Mc.

I pasa — naaro — xapakTepHa Me[JIGHHBIM CIAZIOM @, OT IHKO-
Boro 3HaueHud (= + 30 mB) mo rynsa. B sToii dase ogHOBpeMeHHO
paboTaroT ABa THIA KAaHAJOB — MeAJIeHHEIE KAJIbIiueBEle KaHAJIEI B
KaJHeBble KaHAJbI.

KansnueBnie KaHAJIBI UMEIOT IOPOT aKTHBAIUH 0KoJio —30 MB, a
BpeMsa uXx xusHU npumepHo 200 Mc. B pe3yibTaTe OTKPHIBAHUSA
KaJIBITUEBHIX KAHAJNOB BO3HUKAET AEIOJNAPHUIYIOMMI MeAleHHBIH
BXOAAIMUY B KJIETKY KaJbIIMEBLIH TOK:

Ca =gCa((pM —(Pga)’

rae g,, — IPOBOAMMOCTh MeMOpaRk A1 uoHoB Ca®*.
ATOT TOK 06€eCIIeYNBAETCS NACCHBHEIM TIEPEHOCOM B COOTBETCTBUH
C rPAaJUEHTOM 3JIEKTPOXUMUYECKOro IIOTeHnuanta Ajasa noHoB Ca?t

(cm. puc. 4.8).
PaBHOBeCHHIM KaJlbIMeBLI IOTEHIIN A IO ypaBHeHUI0 HepHCTa:
RT. 10~
=———In =+130 MB.
¥ 2F 2.10°

OIHOBPEMEHHO ¢ POCTOM KaJIbIMEeBOI'0 TOKA PacTeT HpOBOAH-
MOCTE /U1 HOHOB KAJIUA g, YTO IPUBOAUT K BOSHUKHOBEHHIO BhI-
TEKAIOIEro KAJAEBOr0 TOKA, Peroaapu3yoero Memopany.
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Bo II dase g, ymeHb1IACTCA, & g, YBEJUYHBaeTcA (CM. puc. 4.9),
IIPOMCXOAUT IOCTENIEHHOE BHIDABHUBAHUE TEKYIITUX HABCTPEUY ADYT
APYTY TOKOB, & IOTEHIHAJ MEMODaHEI (  IOHHIKAETCA MOYTH A0
Byada. [Ina Il ¢passl xapaKTepHO, YTO CYMMAaPHBINX TOK MeMOpaHbI I |
crpemurca K 0, To ecThb

e (0. — 08| ~ g (@~ %)

N3MeHEeHNA NPOBOAHUMOCTEH MOHOB HATPHA, KANBIIUA M KAJTUA
npu dopmuposarunu I1l] kapauoMuonuTa NIOKA3aHKI Ha puc. 4.9.

MCm '
g ’ 2 ]

cM r .

10 =9—0~ £k
5..

1,OJ

0,5

0,1--J

L

Puc. 4.9. UameBenne nporoguMocTei Axs nonos Nat, Ca?t, K+
npy BO30YKIeHNH KAPHAOMUOLATA

~250 mc

111 ¢pasa — penoasipusanua — XapaKTepU3yeTCA 3aKPHITHEM
KaXbUMeBBIX KAHAJIOB, POCTOM BEJIMYUHH g, U YCUIeHHEM BhIXO-
aamero Toka K+,

Moaundunupysa ypasaeHue (3.8), MOXHO IIOJIYYUTE YDABHEHHE
Ansi MeMOpaHHOTO TOKA IPH BO30YKAeHUH KapAUOMHOIIUTA:

d ,
L=C ;pt“ + 8Py —ON) + 8 (9, —92.) +
+ gK((pM _(pf()-*- IyT‘ - (4'8)

BTopoe u TpeThe ciiaraeMoe — COCTABJIAIOIINE BXOAAIINX AEIIOJNA-
pusymomero 6sicrporo Toka Nat u meanenroro Ca?*, yerBeproe —
BrIXOAAmMMUM penonspusyromnuii Tok K*. Heo6xogumo yuuTsiBaTh,
YTO B COOTBETCTBHH ¢ TeopHeil XomxKuHA—X aKCJIH IIPOBOAUMOCTD
gy, x> & TaKXKe U g, ABIAIOTCA MOTeHIHATO3aBUCHMBIMH BeJIH-
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unaamu:'g. = (@, ,t) . Ina karsnueBoro Kanama, TAK e KaK H 114
HaTPHEBOro, IpenojaraeTca CyIecTBOBaHNe AKTHBUPYIOMHUX U
MHaAKTUBHPYIOIINX YACTHI, COCTOSHIE KOTOPHIX ONMMCHIBACTCA HE-
KoTopriMu napamerpaMu d u f cooTBercTBenHo. Torga onpoBogu-
MOCTb KaHaja g, B ypaBHeHHH (4.8)

gCa =gca'd'f,

rae g, — MaKCHMAaJbHASA IPOBOJAMMOCTb OTKDHITOTO KalbIHMEBOro
KaHaJa.

Onuncanme KHHETHKH I1apaMeTPOB AKTHBAIINK d ¥ MHAKTHBATUH
f ABnAeTCA CNoXHON HayYHO 3aaa4eil, NONCKH PemeHnA KOTOPOi
B HACTOAIIEe BpeMA HHTEHCUBHO BeAYyTCA.

Kparxo pesioMHpoBaTE XapaKTEepUCTHKH HOPOILECCOB, MPOMUCXO-
AAMUX IpH GOPMHUPOBAHMH IIOTEHIIUAA JeHCTBUA KADANOMHUONU-
Ta, MOHO Tabauneit 4.1. Crpenku B Tabayne yKa3sIBAIOT HAIPAB-
JIeHVe COOTBETCTBYIOIEro TOKA, 3auepHEHHBIe KAHAJIBI 3aKPHITHI,
Ty, Ty, 1 T, — XapaKkTepHEIe BpeMeHa KH3HH COOTBETCTBYIOIMMX
KaHAaJIOB.

Ta6auya 4.1. IIponeccsi, npoucxonanmue npu GopMHpoBaHHKH
' IIJI xapaAOMHOIMTA

daza ITapaMeTphl Cocrosiane Hamnpasaerne

KaHaJIOB KaHaJIOB TOKOB
I T, ~ 1-2 Mc Na Ca K
Henonsapusanmns
nop
(PNa = —60MB )
Na Ca K
T,, = 200mc (‘Ca2+
1I
IInaro ‘é‘;" = —30MB K
I Na Ca K
Penonsapusanns Ty =50 Mc q

K+

IIpoueccH Bo30y:KAeHUS KapAUMOMMOIIUTA MU3YIAIOTCA C IIOMO-
IIbBIO PALA CIENUAJBHEIX METOAOB,

OnuH U3 HUX — 3TO MeToJ 6JI0KATOPOB (AHTATOHHUCTOB) MOHOB
Kanaelusa. Belnu Halinenul cuenudnyecKkre 6J0KATOPH KajJbOoue-
BOT'O TOKAa B MHOLIHTe: mpenapaTht [1-600, BepanaMui, KAaTHOHEI Me-
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TajutoB La%", Mn?" u HeKoTOpBIe Apyrue. ITH BellleCTBa IpeKpalna-
10T JOCTYII KaJblNA BHYTPh KJIETKH U TeM CAMEIM U3MEHSIOT U Be-
JAYUHY, 1 GOPMY NOTeHITHAA AeiicTBuA. UHTepecHO OTMETHTE, UTO
KaJIbIHEeBble KaHAJBI He OJIOKHPYIOTCA TETPOLOTOKCHHOM (OJIOKa-
Topom noHOB Na'), uTo faeT oCHOBaHMe JOIYCKATh CYIIeCTBOBAHHE
B KapJUOMHOLIMTAX OTACJILHEIX KAJILITHEBEIX KAHAJIOB.

Bropoii MeToA — TIOMHHECLEHTHEIH aHainn3. OH IO3BOJISET Peru-
CTPHPOBATE B 9KCIEPHUMEHTE IIePEHOC HOHOB KaJbLIUA ¢ IIOMOIILIO
6eJIKa 9KBOPHHA, IOJYYaeMOTr0 U3 CBeTAIIUXCA Mefly3. Oco6eHHOCTE
3TOro 6eJIKa 3aKJII0YAETCA B TOM, 4TO, 001a4asi BEICOKHMM CPOACTBOM
K moHaMm Ca?", oH JIOMHUHECIIUPYET B UX IPUCYTCTBUH. DKBOPHH
BBOAUTCA B MpeNapaT CepAeYHOH MBIIMIEI, U C TIOMOIILIO CIIEIH-
aJBLHOM ONTHYECKOH allllapaTyphl perucTpUpyeTca U3MEeHEeHNe UH-
TEeHCUBHOCTH CBEYEHUA BO BpeMeHH. IlosyueHHEBIe pe3yJabTaThl IO~
3BOJIAIOT ONMHCATH IPOIECCHI IepeHOCa HOHOB KAJbIUA IIPH I'eHe-
panuu IOTeHIHAala JeHfCTBUS B MEIINIIE CepAIA.

Pacopesenenne HOHOB KaJbLHA MO CePAEYHOH MEINIIE B HOpMe
¥ IaTOJIOTHM M3Yy4aeTCs ¢ IOMOINLI0 METO/la PaJHOHYKJIHAHOM A1-
arHoCTUKH. [{J1A 3TOro HCIOJL3YIOT PaZHOAK THBHEINA H30TO KAJb-
nus — Ca%, B — uaayueHre KOTOPOrO PETUCTPUPYETCA CKAHEPaMH.

KOHTPO/IBHEIE BOIIPOCHI, 3AJAYH, 3AJAHHA

1. Iloyemy Ha puc. 4.1 cymmapHHIii ToK I, 1 BHauase uaeT HUKe
ocu t, a 3aTeM IepeceKaeT ee n uaet Builie? YeM aTo onpenensderca?

2. Kak c noMmomibio ypaBHeHn# 3.7 i 3.8 MOKHO 00'bACHUTE Xa-
pakTep nsMenenuii Toxos I, u I, npm namenennsax (p$ ?

3. PaccunTaiiTe paBHOBECHBIE IOTEHIUAIKI 4151 HOHOB Ca®t, Na*
u K* nna kapauommonnurta. CpaBHUTE UX C STUMH HOTEHLHATIAMH
JJ1s1 HEPBHOI'O BOJIOKHA.

4. BosmokeH Jiu npoluecc Ha MeMOpaHe BO30yAUMOM KJIETKH, IPH
KOTODOM OZHOBPEMEHHO HABCTPEYY TEKYT MOTOKM Da3IMYHBIX
HMOHOB, AMEIOIINX OAWHAKOBHIHA 3HAK 3apAna?

5. B ueM CMEICJ BhIpa’Ke€HUA

8. (0, — 02| ~ |2 (9, — 0}

ansa I1 dassl noreEnuana AefiCTBUA KapAHOMHOOHUTA?

6. B ueM NpMHIUOMAJbHOE OTJIHMYHE MeToja (PMKCALUK HOTeH-
IHUaJia OT MeTo ja JIOKanbHOH hukcanum norennnaia (patch clamp)?
OznunaxoBble 1 GOPMH TOKOB I monyualoTca Npu MCOOJIB30BA-
HUH 3THX METOJOB?

7. B 4yeM npuYHHA TOro, UTO TOK Yepe3 KaHAJ JUCKPETHHIH, a
yepes MeMOpaHy — HeNIpepLIBHEIN, MIJIABHO N3MEeHAIOMHiicA?
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8. Tok KaKOro MHHHMAJbHOIO KOJHNYECTBA KaHAJIOB Heo6Xoau-
MO CYMMHPOBATD, YTOOEI QIYKTYyanuu (Koneﬁannﬂ TOKa) COCTABH-
au 0,1 oT ero cpefHe BeINYUHBI?

THAnoBBIE TECTHI TEKYI[ETO KOHTPOJIA

4.1. B dase aenonapusanuy OpH Bo30YKA€HUH AKCOHA HOTOKH
noHOB Na' HanmpaBJIeHBI:

a. J BHYTDB KJIETKH : r. IaCCUBHO
6. J, HApYxKy 4. AaKTMBHO
B. J,,=0

l.ag 2.6 3.ag 4.B b.ar

4.2. Bdase penosapr3anuy AKCOHA IOTOKY MOHOB HAIIPABJEHEL:

a.J BHYTDB KJIETKH r.d,=dJ,=0
6. J BHYTDB KJIETKH I. aKTHBHO
B. J HADYXKY €. IIaCCHBHO

l.ag 2.6 3.6e 4.1

4.3. JauTeabHOCTh NOTEHIMAA AefICTBUA KAPDAUOMMOIUTA MO
CPaBHEHMIO C [IOTEHITHAJIOM NeHCTBUS AKCOHA

1. Gosbie 2. MeHbIIe 3. paBHA

4.4, ®a3a nnarto B KapauoMuonuTe ornpejgeisaeTcsa IIOTOKaMu
HOHOB:

a. J, BHYTDB B. J HApyXy  A.J BHYTPb
6. J, HApYXKY r. J,, BHYTDb e. J . Hapyxy

1.a6 2.Br 3.6r 4.ae

4.5. VlorHbIe KaHAALI IPOBOAAT MOHLI Yepe3 OHOJIOrHYeCKYIO
MeMOpaHy:
4. He3aBHCHMO OT A(pM
6. IPOBOAMMOCTb KaHAJIOB 3aBUCHT OT AQ,,
B. KaHAJ npoBoguT oguHaxkoso K+, Nat u Ca?*
T. CYI[eCTBYIOT OTAeJIbHBIE KAHAJIEI /I PA3JIMYHEIX BUAOB HOHOB

l.aB 2.ar 38.6B 4.0r
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PA3JIEJ II.
BHO®HU3UKA KJETOK H OPTAHOB

I'TABA 5. 3JIEKTPHYECKAA AKTHBHOCTD
' OPTAHOB

Kaxk 65110 NoOKa3aHo B riiase 3, PyHKINOHAPOBaHUE JKUBBIX KJIe-
TOK COIIPOBOXKAAETCA BOSHHKHOBEHHUEM TPAHCMEMODAHHBIX 3JI€KT-
pHUYecKHX nmoreunuaaoB. Kierku, o6pasys 1esoCTHLIHA opraH, ¢dop-
MUPYIOT CIOKHYIO KADTHHY €ro 3JIeKTpuuYecKoil akTueHocTH. OHa
onpeiegeTCs KaK 9JIeKTPUUYECKOH aKTHBHOCTBIO OT/eJIbHBIX KJle-
TOK, TAK ¥ B3aUMOJieficTBHEM MeXJy HHUMH, YCTPOMCTBOM CamMoOro
opraHa, HeOAHOPOAHOCTBIO CTPYKTYPHI 9TOT'0 OpraHa, IponeccaMu
PeryJaAnyy B HEM U IeJILIM PAAOM APYTUX NPUYHH.

AJIeKTpUYecKad AKTUBHOCTH B 0OJIBIIION CTEIIEHU OTpakaeT QyH-
KIIMOHAJIbHOE COCTOAHME KJIEeTOK, TKaHeil 1 opranos. Perncrpanusa
H aHAJHM3 DJIEKTPUYECKON aKTHBHOCTH MO3BOJISIIOT IIPOBOAUTE OHO-
(busHYecKe ¥ MeIUKO-0MOJIOTHUYECKHE HCCIIeLOBAHNS C IIEJIBI0 U3Y-
YyeHUA paGOTHI OPTAHOB M IIPOBEJeHUA KINHUYECKON JUArHOCTUKH.

§ 16. Baemune 3JieKTpHUECKHe NOJsA Opranos. IIpuBIiHn 5KBH-
BAJICHTHOTO FreHepaTopa

[Ipu mepexoie OT KJI€TOUHOI'0 YPOBHA Ha OpraHHBIA (CIIe IOl
YPOBEHb OPTaHU3aIlMH KHUBBIX CHCTEM) BO3SHHKAET 3a/jaua OmuUca-
HUA pacIpeieIeHuA 5JIeKTPHUYeCKUX TOTeHINAJIOB Ha IOBEPXHOC-
TH BTOro OpraHa B pe3yJibTaTe IOCJEJ0BATEIBHOTO BO30OYKACHUA
OTAENLHBIX ero KJIeTOK. B mpomecce Ku3HeAeATEILHOCTH COCTOMA-
HHe OpraHa, a cJef0oBaTeJIbHO, U €ro dJIEeKTPHYECKasd aKTHBHOCTD
MEeHAIOTCHA C TeYeHHeM BPeMeHH. JTO BBI3BAHO LPeXKJe BCEro pac-
NpocTpaHeHHEM BOJH BO30YKJeHUA 110 HEPBHBIM M MBIIIEYHBIM
BOJIOKHaM. B Hccae0BaTeIbCKHNX IeJAX MOXKHO M3MEPATH pas-
HOCTH IIOTEHIIHAJOB HEeIOCPeICTBEHHO HA IOBEPXHOCTH MJIM Ha
BHYTPEHHHUX CTPYKTYPax H3ydaeMoro oprata (cepAia, Mosrau ap.).
OaHaKoO B KIMHUYECKOH IIPaKTHKe TaKOe IIPAMOe U3MepeHue pas-
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HOCTH IIOTE€HIIMAJIOB Ha OpraHe TPyAHO ocyinecTBuMo. Ho aake B
caydasx, KOTAa yAaeTcd HSMEPHUTH PA3HOCTH MOTEHIIHAJIOB HEIoC-
PEeACTBEHHO HA BHYTPEHHHUX OpPraHax, TO HX KapTHPOBaHKE U OIIH-
caHue N3MeHeHHI BO BpeMeHH IIpeZicTaBiseT coboi TpyaHopaspe-
MIUMYIO 3akauy.

IToaTomy auisa oneHKM GYHKITMOHAIBHOTO COCTOIHUS OPTaHa I10
€ro 3JIeKTPHYECKOH aKTUBHOCTH HCIIOJIb3yeTCA IIPHUHITUII 9KBUBA-
JIeHTHOTO reHeparopa. OH COCTOMUT B TOM, YTO U3y4aeMbIii oprasH,
COCTOAIMI N3 MHOMECTBA KJIeTOK, BO30YKAAI0MMXCA B pas3jiny-
HBIe MOMEHTHI BpeMeHH, MPeJCTABJIAETCA MOJEIbI0 eIUHOTO IK-
BHBAJIEHTHOTrO regeparTopa. Cunrtaercs, 4To 9TOT 3KBUBAJIEHTHBIH
TeHepaTop HAXOAUTCA BHYTPHM OPTaHH3MAa U CO3JaeT Ha IOBepX-
HOCTH TeJia 3JIEKTPHYECKOoe I10JIe, KOTOpOe H3MEeHIeTCs B COOTBET-
CTBHHU C U3MEHEHHUEM 3JeKTPUUECKON aKTHBHOCTH H3yUAEMOTO
oprana. :

TepMuH “9KBHUBAJIEHTHLIN” 03HAYAET, UTO pacupe/esieHNe IIOTeH-
IHMAJIOB Ha IOBEPXHOCTH TeJIa U UX USMEHEeHHe BO BpeMeHH, TIOPOXK-
JaeMoe OpraHoOM, JOJKHEL OBITh OJIMSKH TAKOBBEIM, IIODOK/1a€MbIM
THIOTEeTHUYECKHM (BooOpakaeMbIM) reHepaTopoM. Tak, Hanpumep,
B TeOpHH JMHTXOBEHA cepAlle, KJIETKH KOTOPOTO BO30YKIAIOTCA B
CJIOKHOH IIOCJef0BaTEeIbHOCTH, IIPEACTABIAETCA TOKOBLIM JHIIO-
JeM (3KBUBAJEHTHLIN reHepaTop). IIpuuem cunraercsa, 4To U3Me-
HeHHe MOTEeHIINAJIOB 3JIeKTPUMUYEeCKOTO MOJIA Ha IOBEPXHOCTH TPYA-
HOH KJIETKH, BEISEIBaeMO€e U3MEHEHHEM 3JI€KTPHUECKOT0 MOMEHTA
JHUIIOJNA, TAKOe Ke, KaK M OT paGoTaloIero cepaia.

MeTtoa uccneoBaEusa paboThl OPTAHOB MJIN TKaHeH, OCHOBaHHBIHM
Ha pericTpaIliy BO BpeMeH! MOTEeHIINAIOB 3JIeKTPUUECKOTO 0
Ha IIOBEDXHOCTH TeJia, HasLIBAETCA aNeKTporpacdmueii. [IBa snexT-
pojlia, IPpUJIOKEHHbIe K PA3HEIM TOYKAM Ha II0BEPXHOCTH TeJla, pe-
THCTPUPYIOT MEHAIOUYIOCS BO BPEMEHM PasHOCTh MOTEHIIHAJIOB.
BpemenHas 3aBUCHMOCTD U3SMEeHEeHH A 3TOIH PASHOCTH ITOTEHIHAJIOB
A@(t) Ha3BIBaeTCA 3JIEKTPOrPAMMON. ’

HasBaHne 916 KTPOTPaMMHEl YKasblBaeT Ha OpraHsl (MM TKaHM),
b yHKIHOHNPOBaHNEe KOTOPBIX IIPHBOJUT K IIOABJICHHI0O PETUCTPH-
PYEeMBIX USMEHEHUH PasHOCTH MOTeHIIuaIoB: cepana — IKT (ay1ek-
TpOKapAMOrpamMma), ceTuaTky riasa — 9PI' (aaekTpopeTrHOrpam-
Ma), rosoBHOr0 Moara — J9T (anekTposnnedarorpaMma), MBI —
OMT (3;ekTpoMuorpamma), Koxxu — KI'P (koxxHoOraJpBaHHYECKas
peaknus) U Ap.

B snexTporpaduu cyiiecTByoT ABe GyHAaAMEHTAJbLHEBIE 3aaUN:

1) npsamas sajaua — pacueT pacIpeseIeHN 3JIEKTPUUECKOTO IO~
TeHIHMAaJIA Ha 3aJaHHOM IIOBEDXHOCTH TeJla II0 3aJaHHBIM XapaKTe-
PHCTHKAM 5KBHUBAJIEHTHOTO reHepaTopa;

113



2) o6paTrHasa 3azada — onpesieJIeHNE XaPAKTEPUCTHK SKBUBAJICH-
THOTO reHepaTopa (M3y4aeMoro oprasa) o I3MepeHHBIM IOTeHIIH-
aJ1aM HA IOBEePXHOCTH TeJa.

OGpaTHasa 338498 — 9TO 3a4a4a KIMHNYECKOH JUATHOCTHKM: U3-
MepdAs U perucTpupysd, HanpuMmep, OKI' (mim 99T), onpenenars
G YHKIMOHAJILHO COCTOSHHE CepAna (MIa MO3ra).

§ 17. dusuuecKue OCHOBHI JeKTpOKapaAnorpadun

HaubGonrimee pacnpocTpaHeHNEe B MEAUITUHCKOM IPAKTHKE B Ha-
cTodlliee BpeMA MOJYYHJIO N3YUEeHHe dJIEKTPUYeCKONH aKTHBHOCTH
cepAaia — 3neKTpoxkapauorpadus.

JKCIIepHUMEBTAIbLHEIE JaHHBIE IOKA3HIBAIOT, UTO IPOIECC PACHpo-
CTpPaHEeHHs BO3OYKAEHNSA MO PASIHYHBIM YACTAM CEDAILA CJIOMKEH.
CKOpOCTH pacIpoCTpaHeHNs BO30Y KAeHUA BADLUPYIOTCA B cepAILe
IO HampaBJIeHHIO U BeauuyuHe. B cTeHKax npeacepauil Bo3Gy:xae-
HHe pacmpocTpansieTcd co ckopocThio 30 ~ 80 cM/c, B ATPHOBEHT-
PUKYJIAPHOM y3Jie OHO 3afiepskuBaetcsa fio 2 — 5 cM/c¢, B nyuxe 'uca
ckopocTs MaxkcuMaabHa — 100 — 140 cm/c.

Cunycossiif , |
ysen \2 alad

A-V yzen
0,06 ¢
0,07 ¢
Hoxkn
0,06 c Imy4Ka
T'uca
0,05¢

Puc. 5.1. IlocrexoBaTeN-HOCTH PACTIPOCTPRHEHNA BOJIHEL BO3OYKACHUA
o oTxesiaM cepAna. CTpej KM YKa3hBalOT HAIIPABJIEHNUA U BpEMEHA
IpuxoAa BO3OYXAEHNA B JAHHBIH YIACTOK CEPACYHON MBIINIIEI
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B pesyabrare AJIMHE BOJH BO30YXKIeHUA:
A=RV,

rae R — mepuoa pedpakTepHOCTH, B pa3IMYHLIX OTAEJIaX CHCTEMEI
MIpPOBeleHNs BO30YKAeHUA TaKkKe OYAYT pasiInyaThbCcA: TaK B IIpea-
cepauax A = 12 cM, B aTpHOBEHTPUKYJIsAPHOM y3Jsie A = 0,6 cm,
B HOKKax myuka 'mca A = 30 cm.

ITosHoe oncaHKe 2JIEKTPUYECKOIO COCTOAHMUSA cepAlla, MaTeMa-
THYeCcKOe ONMHUCAHHE PacIpejeeHusa MeMOpaHHBIX TOTeHITHAJIOB M0
BceMy 00beMy CepAlla B KaXKAOH KJeTKe U OMHCAHWE M3MEHEeHUs
9THUX IOTEHIMAJIOB BO BpeMeHH HeBO3MOXKHO.

ITosToMy, B COOTBETCTBHH ¢ IPMHIIUIIOM 3KBHBaJICHTHOI'O I'eHe-
paTopa, cepjle 3aMeHSIOT 9KBMBAJeHTHLIM I'eHepaTOPOM TOKA,
9JIEKTPHYECKOE I10JIe KOTOPOT'O GJIM3KO II0 CBOMCTBAM dJIeKTpHYEeC-
KOMY IIOJII0, CO3JaHHOMY cepAlieM. TOKOBBI# reHepaTop ¢ 3JIEKTPO-
ABIDKYINEH cHJIOi € UMeeT TaKkoe 6OJIbIIIoe BHYTDEeHHee CONPOTHUB-
genmne r >R, uro co3pganusiit M TOK I = £/ (r + R) He 3aBuCHT OT
conpoTuBJieHnsa Harpysku R (puc. 5.2): I=¢/r.

Jlna pacueTa MOTEHIINAJIOB 3JI€KTDUUECKOTO II0JIA, CO3JaHHOTO
reHepaTopoM TOKa B OQHOPOAHOIT IPOBOJAINEH cpele, reHepaTop
NPEACTABJIAIOT B BHAE TOKOBOI'O BJIEKTPUUYECKOr0 JUIIOJIA — CHCTe-
MBI K3 IIOJIOKHUTEJBHOTO ¥ OTPHIIATEIHHOTO HoJIfoca (MCTOKA 1 CTO-
Ka 3JIEKTPHYECKOTI'0 TOKa), PACIIOJIOXKeHHBIX Ha HeGOJILIIOM PACCTO-
aanu 1 apyr ot Apyra. BaxkHeini# mapaMeTp TOKOBOIO AUIONS —
,u;nno.m;nmﬁ momeHT D = 11.

BexTop D HampasBJieH OT K “4”, OT CTOKa K HCTOKY, TO €CThb
10 HaIIpaBJIEHUIO 9JIEKTPHUYECKOro TOKa BO BHYTPEHHe!H Ilenu rexe-
paTtopa ToKa. Ecjil B yCJIOBHAX OIBITA | MOIKHO CIMTATEL IpeHeOpe-
KHUMO MaabiM [—0, TO IUIOJb Ha3EIBAETCA TOYEUHELIM.

“__”

(] e

Puc. 5.2. T'erepaTop ToKa
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J1a pacueTa MOTEHITHAJIOB 3JIEKTPHUYECKOIO IIOJA TOKOBOIO AH-
oJIA cHAYajia pacCMaTpPHUBaeTCA I0JI€ VHUIIONA — OTHAENBHO pac-
CMAaTPHBAEMOI'0O OJJHOT'O U3 IMOJIOCOB JUIIOJIA. )

IToTennnan sJeKTPHUUYECKOTO MOJIA YHUIOOAA (pHC. 5.3) MOKHO
paccumMTaTh Ha OCHOBe 3aKoHa OMa B auddepennuanbHoil popme.

Puc. 5.3. K pacdeTy noTeHnuana 21eKTPUIECKOT0 DO
VHHIOJSA: 8 — ICTOKA; 6 — CTOKa

II1OTHOCTB 3JIEKTPUIECKOT0 TOKA j, TO €CTh dJIeKTPHUUeCKHH TOK uepes
eauHuny miaomaznu: j =1/ S, cornacHo sakony Oma:

j=—— =, (5.1)

TAe p — YAeJbHOE COIPOTHBJIEHHE Cpe/ikl, B KOTOPOM pa6oTaeT TOKOBHIM
TeHepaTop, ¢ — TOTeHIINAJ 3JIeKTPHIEeCKOI0 IOJIA, I' — PACCTOAHME OT YHHU-
nons.

C apyroii CTOPOHEKI, IO OIpE/ieIeHNIO

I
4nr?’

anech I — TOK, reHepUpPyeMBIil FreHePATOPOM TOKA, a 47r? — miomans cde-
pHI paguyca r, 4epes KoTopyio Teder Tok I. s (5.1) u (5.2) caenyer:

j= (5.2)

I _1de
4nr*  p dr-
OTcroga: ‘
I
do= dr. 5.3
? 4ﬂtrzp (5.3)

116



Cuuras OpoBoAAIYIO cpefy GearpaHUYHO GOJBIIOH IO CPABHEHHIO C pas-
MepoM AHIIONA ¥ MHTETPHPYA (5.3) OT oo KO I', MOXKHO HAHTH HOTEHIHMAI @,
TOYKH A, OTCTOANEH OT YHUIONA HA PACCTOAHMH I':

r r pI pI
= |do=- dr= = =
?, icp 2p J 7= 4n r)L, | n
I
cpa=—|p-

9To BEIpAXKECHUE AJIS MOTEeHINAIA DJIEKTPHIECKOr0 IOJIA NOJIOXUTEIbHO-
ro yEAOoAA (McToka). B aToM ciyuae MHTErpHPOBaHHE HPOH3BOAUTCA
OT oo KO I', TAK KaK IIPH Ir'— o () = 0, DOTeHIIHA YMEHbIIAETCS IO HATIPAB-
JIEHUIO TOKAa. [{JId moas oTpHIAaTeIhbHOr0 YHHUTIOIA (CTOKA) IOTEHI AN

__ o
P dnr’

s 3MeKTpUYecKoro moia Aunoia (puc. 5.5) morennuan ), CKIAALIBA-
eTcA U3 NOTEHIIHAJIOB BJIeKTPHIECKHX IoJeil, cO3aBaeMEX YHHIOJIAMH
oboero 3Haka + (ucToKAa) M — (CTOKA):

= T T (5.4)
1

rjer — paccTOAHHE OT IIOJIOXKNUTEIBHOIO II0JIK0CA, a I, — OT OTPHIATEIBHOTO
ooJamoca JHIIONA.

r-r, T

Puc. 5.4. K pacueTy moreEnuasa 3JeKTPAIECKOTO MOJAA JUIONA

" Ecau I << r (ZMIIOJBb TOYEYHEIH), MOYXHO IPUHATE (pHC. 5.4)

I'n=r1, r-r,~lcos®, (5.5)

r&e 6— yroa Mesxay BekTopoM D ¥ HAIDaBIEHHEM OT ZUIOMNA K TOUKE A.
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IToacTaBue (5.5) B (5.4), moxyuum

rneD=1I, k=
4

Pue. 5.5. K pacueTy pa3HoCcTH NOTEHI{MAIOB 3JEKTPHYECKOTO MOJIA
JHMIIOJNS

Pa3HoCTh IOTEHI(HAIOB JBYX TOYEK II0JIA, CO34aHHOI0 TOKOBEIM AUOOJEM
(puc. 5.5):

Ap=¢, —@,=kDcos 6, ~kDcos 8, =kD(cos 0, —cos6,)  (5.6)

ecau TOYKH A ¥ B HaxoAsaTCa HA OAUHAKOBOM PACCTOSHUH T OT AUMOJIA.
CornacHo GopMyJIaM TPHTOHOMETPHH, MOXKHO DOKA&3aTh, YTO

Ap=0¢, —@, =2k sinf3-D cosc. .

Brega kosddunueHT IponopuoHAIBHOCTH

K=2T‘:rz sin B, (5.7

MMOJIYUHM:
Ap=K-Dcos a=KD,;, (5.8)

rae D, — npoekuusa BeKTOpa D Ha npamyio AB.

PasHocTh noTeHnMAaNoB AQ 3JIeKTPHUECKOTO MOJIA SUIOJIA TeM
6oJbIie, 4eM GOJIbIle yaeJIbHOe COMPOTHRIEHNE IIPOBOAAINEH cpe-
OBl p, ueM Osmdke TOuKM A u B K agumosio (ueM MeHBINE I') U YeM
Goubine P (ueM GosbIme paccToAHMe MeXKLY ToukamMu A u B).
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Taxum 06pa3om, pa3HOCTh MOTEHIINAJIOB JBYX TOYEK MOJIA TOYed-
HOT'0 2JIEKTPHYECKOI'0 JHUIOJIA, PACIOJNOXKEeHHBIX HA OJJUHAKOBOM
PaccTOAHUH OT AUIIOJA, IPONOPIHOHANLHA IIPOEKINH AUIIOJIBHO-
I'o MOMeHTA Ha IIPAMYIO, Ha KOTODOi JIeXaT 3TH TOUKH.

Hccnenya naMeHeHUs Pa3HOCTH OIOTEHIIMAIOB HAa IOBEPXHOCTH Ye-
JIOBEUYECKOT'0 TeJIa, MOXKHO CYAUTH O IPOEKEUAX AUIOJIHHOT'O MOMEH -
Ta cepAIa, cJefoBaTeJbHO, 0 OMODOTeHIIMANaX cepAna. ITa uaes
HOJIOKEeHA B OCHOBY Mofenu DHHTXOBEHA, OJIaHACKOTO YYEeHOro,
cosfaTels 3JeKTpoKapauorpaduu, HobeleBecKoro Jaypeara 1924 r.

OcHOBHBIE IOCTYJIATEI ATOH MOieIH:

1. OnexTpruecKue DoJie cepAna IpeACTaBIAeTCH KaK DIeKTpHYec-
KOe€ I10JIe TOYEYHOI'0 TOKOBOI'O JUIIOJIA ¢ JUIOIbHBIM MoMeHTOM E , Ha-
3LIBAEMBIM HHTETPAJILHEIM DIEKTPUHeCKUM BEKTOPOM CepAa (. (I/IBBC)
(cKJIagLIBaETCA U3 QUITONEH Pa3HLIX YacTell cepana: E ) D;)-

2. NOBC mHaxoauTcsa B OJHOPOSHOM M3OTPOIIHON OpOBOAAIMIEH
cpeae, KOTOpOii ABNAIOTCA TKAHKM OPraHU3MA.

3. VHTerpansHbIH BJIEKTPUYECKUI BEKTOP cep,zm;aE MeHsAeTCH
IO BeJIMYMHE M HampasjieHuIo. Ero Hadajso HeIOJBHYKHO M HaX0-
JUTCA B AaTPHOBEHTPUKYJIAPHOM y3Jle, 8 KOHEIl OIUCHIBAET CJIOXK-
HYIO IPOCTPAHCTBEHHYIO KPUBYIO, IPOEKIINA KOTOPOH Ha GpOHTAIB-
HYIO IJOCKOCThE 00pasyeT 3a IMKJ cepledyHOH NeATeJbHOCTH
(B HOpM™Me) Tpu meTan: P, QRS u T.

OuyeBUHO, B 3TOM CJIy4ae B pa3HEIX TOUKAX MOBEPXHOCTH TPYyA-
HOH KJIETKM YeJOBeKa B HEKOTOPLI# MOMEHT BpeMeHH GyAyT BOa-
HUKATh PasjMYHbIE 10 BeJIHUYHHE U 3HAKY 3JIEKTpHUUYEeCKHe IIOTEeH-
nuajJsl. B ciaefyoiuii MOMEHT BpeMeHH pacnpeliesieHue 3THX
MOTEHIINAJIOB Ha IOBEPXHOCTH TeJIa U3MEHUTCS.

T'pyaw | —Cnuaa—-

/'/—\@—1,3 MB (D +1,2 MB

~—

Puc. 5.6. Pacupeaesienue (KapTa) aJIeKTPHUECKHNX IIOTEHIIMAJIOB HA
IOBEPXHOCTH TeJjia B MOMEHT GopMHUPOBaHHUA KoMILIekca QRS
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IIpubanauTenbHo 2/3 KapThl COOTBETCTBYIOT I'PYAHOMH IOBEPXHO-
CTH, a OCTaBIMAasACA TPETh CIIpaBa — ClIMHe. Pacipe/ieieHne OIOTeH-
IUAJIOB IIOKAa3aHo JJIs HEKOTOPOIr'o OAHOIO MOMEHTA BpeMeHH, OT-
MedYeHHOro 4epToukKoil Ha xomuniaekce QRS omopuoit 3KT,
NoxasaHHO# BHU3Yy. CIIOUIHEIMY JUHUAMHA OTMEYEHELI N30MOTEH-
UAJbHEbIe KPUBHIE AJIA HOJOXKUTEIbHBIX IOTeHIUAJOB, IPePHIBHU-
CTHIMH — JJIsl OTPULOATENbHEIX. TOJCTOM JUHKEH OTMEeUeHa KpUBasa
HYJIeBOTO TOTeHIuAaja. 3HaueHUsA HauboIbIIero ¥ HAaMMeHBIIEero
MOTeHIIMAJOB, HabmogaoIinueca B AJAHHEIH MOMEHT BpeMeHH!, TIpu-
BeJleHbI CHU3Y ITI0J] KAPTOH, a MOJOXKeHNA MAaKCUMyMa I MUHUMY-
Ma OTMeUeHHI Ha KapTe 601pmuMu 3HaKamMu “+” u “-”. Bo3HHKHO-
BEeHHE TAaKOro pacipefieIeHUsl MOXKHO O0BLACHUTDL, mojaras, 4To
06J1acTH OTpULATEIHHOrO HOTEHIINAJIa IPOEIUPYIOTCA Ha Te y4dac-
TKH CTEHKH JKeJIYA0YKOB cep/ilia, KOTOPhIE YiKe BO30YKIeHH, a I10-
JOXKHUTENbHBIE IOTERITUANE] — Ha YYACTKH CTEHKH, TJie MPOAOJIMKA-
eT pa3BUBaThCA Bo30yxKAeHUE, _

HNsmeHeHMe BeTMUNHEL M HAIPaBJaeHUA BeKTopa E 3a oguH nmuxa
COKpallleHNsA cepAna o6 bACHAETCA IIOCIe[0BATeIbHOCTHIO PACIIPO-
CTpaHEeHH s BOJIH BO30YKJeHU MO CEPANY: BOJIHA HAUMHAET PACIIPO-
CTPaHATHCA OT CHHYCOBOIO y3Jia 1o npejcepaunam (neras P), arpu-
OBEHTPHKYJIAPHOMY Y371y, II0 HOXKKaM nyuka I'mca K Bepxyiike
cep/lia K Aajiee 0XBaThIBAET COKPATUTENIbHbIE CTPYKTYPHI K 0a3asb-
HBIM otienaM (kommrexc QRS). Ierne T coorBercTByeT dasa pe-
NOJAPU3AITUY KapAUOMMOIIUTOB.

DI HTX0BEH NPeAJIOKU]I U3MEDPATH PASHOCTH IIOTEHIIUAJIOB MeX-
Ay ABYMA U3 TPeX TOUYEK, IPEeACTABJIAIOINX BepPIINHbLI PABHOCTO-
POHHErO TPEeYroJbHHUKA, B eHTPe KOTOPOro HAXOAUTCA HAYAJOo
HI3BC (puc. 5.7).

B mpakTuke siaekTpokapauorpadri pasHOCTH MOTEHITUANOB U3~
MepAJUCh Mex Ay JeBoi pykoil (JIP) u npasoit pykoit (IIP) — I ot-
BeJieHUe, Mexay JeBoil Horoit (JIH) u mpasoii pykoii (ITP) - II oTBe-
neHue, Mexay nesoit Horoi (JIH) u nemoit pykoii (JIP) — III
oTBejieHne. Pyku u HOrn paccMaTpHUBAJNCh KaK MPOBOAHUKH, OT-
BOASAILINE HOTEHITNAJILI OT BEPIINH TPEYroJbHHKa JHHTXO0BEHA.

IIpeanonaraercs, YTo pacCTOAHUSA OT IIEHTPA TPEYroJdbHUKA Jii-
HTXOBeHa [0 BepIIMH OJUHAKOBO, U MO3TOMY JJIf pacueTa pasHo-
CTH HOTEHIMAJIOB KAaXKAOro OTBEJEHNs MOXKHO BOCIOJb30BATHCS
dbopmymnoii (5.8):

1 OTBeneHﬁe: Ap, =9, -9, =KE,
11 oTBeseHMe: Aoy =9,, -9, =KE;
11T OTBegeHue: A(plll = (pJIB - (p.np = KEIH .
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Pa3sHOCTE IIOTEHIINAJIOB i-T'0 OTBeIEHUS IIPSIMO IIPOIOPIUOHA -
Ha OPOeKIUH E, HHTerpaJbHOro 3;IeKTPHIECKOr0 BEKTOpa CepALa
E Ha JIMHHIO 3TOTO OTBEJeHHA:

Ag,~E,.

INEeKTPOKAPAHOrpaMMa — 3TO rpadK BpeMeHHOI 3aBUCMMOCTH
Pa3sHOCTH TIOTEHINAJIOB B COOTBETCTBYIOIIEM OTBEICHUH, a 3HAUUT
1 BPeMeHHOI 3aBUCHMOCTH ITpoekiini UIBC Ha IMHNIO OTBEeAeHNA
(puc. 5.7).

JJIeKTPOKapaUOrpaMma npejcTanifeT co60ii CI0KHYI0 KPUBYIO C,
COOTBETCTBEHHO IIeTAAM, OAThIO 3yomamu P, Q, R, S, T u Tpemsa
HHTEePBaJIaMH HYJeBOro moresnuaina. aa ao6oro BLIGpaHHOTO
MOMeHTa BpeMeHH HaIpaBJeHHe U MOAYJb HHTETPAIbLHOTO 3JIEKT-
pHUYECKOr0 BEKTOPa cepAlla MMEIOT OnpeJeIeHHYIO BeJINYNHY, HO
MPOEKIMH 3TOTO BEKTOPA HA TPHU OTBeJeHUSA pa3audHbl. [loaTomy
IKT 81, BoIl u B II] oTBefeHNAX UMEIOT Pa3HEIE AMILIUTYALI M KOH-
durypanuy ofHOMMEHHBIX 3y0I0OB.

T'apMounYecKHii CIEKTD 2JIEKTPOKAPAHOrPaMMEI (Ha60p MPOCTHIX
CHHYCOMJaJIbHBIX KoJeGaHMuii, Ha KOTOphIe, CorjacHo TeopeMme PDy-
pbe, MOXKHO Pa3JIOXKHTL CIOXKHOe KojleGaHue), B OCHOBHOM coJep-
sxuT yacToTh OT 0 1o 100 I'x,.

Tpu oTBeieHHA He JaIOT IIOJHOM MHPODPMAIHUH 0 paboTe cepAla.
ITosaToMy coBpeMeHHAA KapAHOJOTHA UCIIOAL3yeT 12 cTaHAaDTHRIX
OTBeIeHUI U PAJ CIIeNUATLHEIX.

Oznakxo mofAeab JMHTXOBEHA He ABJAeTCA cTporoit. OHa uMeer
pAL ZOIYIIEHWA:

1. Opranusm He ABIsAETCA OLZHOPOLHOMH 3JIEKTPONPOBOAHOI Cpe-
JIoii: KPOBb, IMM(a, COCYALI, MEIIIIEI M APYTHe TKAHN UMEIOT Pas-
JUYHBIe VAelbHbIe MpoBoguMocTu. KpomMe TOro, mpoBOAMMOCTh
MeHsAeTCs CoO BpeMeHeM, HallpuMep, NIPH B0Xe U BhIJJOXeE.

2. BekTop E, Bpamasch, co3faeT CI0KHYI0 06BeMuYI0 GHTrYpy,
a He IPOEeKIHIO JIUIIE Ha OJHY ILLIOCKOCTD, M HAYAJI0 €r0 MOKEeT cMe-
INAaThCA. _

3. Henpencrasiaerca BO3MOXHEBIM TOYHO OIIUCATh U3MeHeHHsa B
cepAIa TOJLKO H3MeHeHHUEM MOMEHTA OQHOT0 TOYEUHOTO AUIIOJA.

Ogaako MeJUIUHCKAA NIPAKTHKA IOKA3bIBAET, YTO 3TU HEAOCTAT-
KM He CTOJb CYIeCTBeHHEI. Mogelb JMHTX0BeHA YCIIeTHO HCIIOb-
3yeTcA B 3JleKTPOKapAuorpadum.

B HayuHBIX HCCIEJOBAHMAX paspaboTaHa 6ojiee TOUHAA MYJILTH-
NOJIHaA MOJeJb CepAna, YINTEIBAIOIAA TO, YTO CEPAIle UMEET KO-
HeYHbIe pasdMepsl. B 3Toii MOAen n cep/ne MpeACTABIAETCA He Of-
HHUM, 8 MHOTHIMH JUIIOJSIMH,
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IT ot : I o8

Puc. 5.7. Cxema perucTpanun koMimaexca QRS s1eKTpoKapaHorpaMMel
B TpPeX CTAHAAPTHHIX OTBEAEHHUSIX. SHAKH + H — COOTBETCTBYIOT 3HAKAM
Ha ocax JKT' B COOTBeTCTBYIOIIUX OTBEAEHUSX

Bexropanxexrporapauorpadusa (BOKI') — meToauka, no3sosdio-
" ma#a cyauTs 06 namenennn UOBC B mpocTpancTBe. Perucrpupyior-
Cs IPOEKIMH CJIOMKHOH IPOCTPAHCTBeHHOH KPUBOIi, OIIHCHIBAeMO#t
KOHIIOM BeKTOpa E , Ha GPOHTANBHYIO, CATTHTAJIBHYIO U TOPU30H-
TaJILHYIO IJIOCKOCTH.

Jas nosydIeHNss BEeKTOP3JIEKTPOKAPANOTIPAMMEL UCIOJIb3YETCH
3JIeKTPOHHEIH ocomiiorpad. Ha skpaHe ocousorpada npoucxo-
AT CIIO¥EeHMe JBYX B3aNMHO lepIeHJUKYIAPHEIX Koebannii (bu-
rypsl JIuccaxy). Ha ropu3oHTaIbHO OTKJIOHSAIOMIMUE TIJIACTHHEIL OC-
nuIorpada NoAaeTCA PasHOCTH HOTeHIUanoB I OTBeeHUs, a Ha
BEePTUKAJILHO OTKJIOHSIOIINE IJIACTUHB — HAOPSMKEHNE JPYroro
OoTBEJCHMSA.
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Tax mojsy4aiorT IPoeKnuio Ha GPOHTAIBHYIO IJIOCKOCTE. [Ins mo-
JIy4eHH S IPOEKIIUH Ha APYTHE IIJIOCKOCTH UCIIOJIb3YIOT IPYTHE 3JIEK-
TPOABI, B YaCTHOCTH 3JIEKTPO/J, HAKJIALBIBAEMEINM HA COMHY OKOJIO
yraa jeBoil JOOATKH. PasinuHble NOM0KEHNA YCTAHOBKH 3JIEKTPO-
0B no3BoaAIT noayduTh BOKI' Ha pa3siuuHaBIX MIOCKOCTAX.

§ 18. MeToa HccaeOBAHHA 3JIEKTPHIECKOM AKTHBHOCTH
rOJIOBHOT'O MO3ra — 3JieKTpo3nIedanorpadpusn

Perucrpanusa 1 anaIn3 BpeMEHHBIX 32BUCHMOCTe pasHEoCTeli 1Io-
TEHIIMAJIOB, CO3AAHHLIX MO3rOM HA IMOBEPXHOCTH T'OJIOBBI, HCIOJIb-
3yeTcA A JUAaTHOCTUKH PA3JINYHLIX BUAOB IATOJOTMY HEPBHOMH cH-
CTeMBI: TPaBM, BITHJIEICHH, ICHXUYECKHUX PACCTPOMCTB, HAapyHIIeHWH
cHa. dieKTposHnedanorpadpusa NpAMeHseTCa MeJUIHHE JJId olIpe-
IeseHUA 00JaCTH OMYXOJH MO3Ta, AJA OlleHKH (QYHKIIMOHAJIBLHOTO
COCTOAHMSA MO3Ta JI0 U MOCJIe BBeleHNU JeKaPCTBeHHOro Ipernapara.

PerucrpupyeMsule pasHocTH noreHuanos B 100 pas ciaabee, uem
B 9KT: 0,1 — 5 MB B 9KT'; 0,001 — 0,05 mB 8 93I'. IToaToMy y ycu-
JuTees 6uonoTeEIHAIOB AT JOAKHEI GBITH JOCTATOYHO OOJIBIIHE
KoapdunmeHTsl yeuaenus: 10% — 104 — s OKT'; 105 - 10° — g 93T

danexTposHNedasorpaMma — 3T0 rpadMK H3MEeHEeHHSA Pa3sHOCTH
HOTEeHIIHAJIIOB MEKAY PasJIMYHLIMHA y4aCTKaMM (TOUKaMH cheMa)
MOBEPXHOCTH T'0OJIOBBI UejIOBeKa BO BpeMeHH. KosmyecTBO Touek
Cc'beMa MOXKeT CYIIleCTBeHHO MeHATHCA (OT 2 A0 HeCKOJIbKHUX AeCAT-
KOB) B 3aBHCHMOCTH OT IieJieil HCCIeOBaHNS.

IIpumep peructpanuu n Bug 39T npeacrasieH Ha puc. 5.8.

99T oTpakaeT MHTErpAJIbHYIO AK THBHOCTH OTPOMHOTO UHCJIA Hel-
POHOB KOPEI I'0JIOBHOT'O MO3Ta ¥ paclIpoCTpaHeHHe BOJIH BO30y K ae-
HHUA B HeHPOHHEBIX CeTAX.

JJIeKTposHIle(paIorpaMMa UMeeT BU/ CJIOKHEIX PeryJspHBIX KO-
JeGaHU# ¢ pasJIMYHLIMHA YaCTOTAMM M aMIIuTyaoi. Jaa uccaeno-
BAHMSA 3JIeKTPHUECKOM AKTUBHOCTH MO3ra IIPH Pa3jJIHYHbIX QYHKIN-
OHAJIBHBIX COCTOAHHUAX OOBIUHO DACCMATPHBAIOTCS CIEKTDAJIBHEIE
cocTasiaAonye (IPOCThie CHHYCOUAANBHEIE Koe0aHuA Pa3InYHBIX
YaCTOT ¥ aMILUIUTY/], Ha KOTODEIe, COrJIacHO TeopeMe @yphe, MOMKHO
Pa3JIOKHUTE CJIOKHOe KojebaHHe — 3JIeKTPOdHIle(daJIOrpaMMmy).
¥ Bapocioro 604pCTBYIONErO YeJoBeKa JOMHUHHUDYET O-PDHTM — KO-
JebaHuA ¢ yacToToii 8 — 13 I'm. Kpome Toro, mpH HcCiIeJOBAaHUH JIEK-
TPHUYECKOM aK THBHOCTH I'0OJIOBHOT'O MO3Ta HabG ofaeTces B-puTm ¢ ua-
croroii 14 — 35 'y, y-purm — 35 — 70 I'tr. Beigensor eme §-put™ —
0,5 - 3T, 0-putm — 4 — 7 ', u ap. ITo BuAy snexTposrnedaior-
paMM, 1O IMOSBJIEHHIO WA HCUE3HOBEHHIO ONpeJeIeHHLIX DHTMOB
MOXKHO CYAHTh O XapaKTepe M CTelleHH CABUIOB QYHKIHMOHAIBHOTO
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Ta3a OTKPAITE

Puc. 5.8. Ilpumep perncrpanun 331 ¢ 8 anekTponos.

COCTOAHUA HEPBHEIX CTPYKTYP M'OJIOBHOI'O MO3Ta, O AUHAMHUKE H3Me-
HeHHI, 0GHADPYKUBATE 00JI8CTH KOPEI F'OJIOBHOT'O MO3T4a, I'/le 3TH U3-
MeHeHUs Hanboiee BuIpakeHkl. Tak, mpu mepexosie oT 60APCTBOBA-
HHSA KO CHY O ¥ [-pDHTMEI 3aMeIlal0TCA CYIIeCTBeHHO GoJiee MeJIeH-
HBEIMH (6 1 6-puTMamu). CyniecTBeHHO MEHAETCA CIEKTPAJIbHEIH CO-
ctas 99T npn HApKO3e Pas3JIAYHOMA INTyOUHE, (hU3HMUYECKO Harpyskxe.
B HeBposIOrnyecKoi KJINHAKe aHAJIN3 CIIEKTPAJIBHOTO COCTABA JJIeK-
TpPUYECKOH AKTUBHOCTH MO3ra IMTHPOKO UCIOJIL3YETCA IJIA ONEHKH
naToJIOTHYeCKUX cocTosAHnM. OcHOoBHEIE PUTME 93I' OTCYTCTBYIOT
HJIH MeHBbIITe IIPOABJIAIOTCH IPH TAXKEJBIX (h)opMax SIMHIIeIICHH, OIY-
XO0JIAX KOPSLI OOJBIITHX MOJYIIapui u Ip.

B HacTosamiee BpeMs 4JIA MOACJINPOBAHNAS SJIeKTPHUYECKOHA aKTHB-
HOCTH KODEI I'OJIOBHOI'O MO3r'a B KaueCTBe 3KBUBAJIEHTHOIO I'eHepa-
TOpa BEIGUPAIOT CHCTEMBI, COCTOAIME U3 GOJILIIOT0 KOJIHYECTBA TO-
KOBHIX gunoJeii. [IpnueM yUATHIBAIOTCA HEKOTODEIE BUIEI B3AaMO-
JeHMCTBHUA TUIIOJNEH MeXKAY cO00H U reOMeTPHSA UX PACIOJIOKEHN,
OaHaKo 3TH MOJeJIH BOCIIPOM3BOAAT JIUINb HeGOJIBIIYIO YaCTh IPO-
necca reHesa 991" u TpebyIOT AANBPHENINIEr0 YCOBEPIIEHCTBOBAHMA.

Ananns peanrusanuii 90I" npeacraBisgeT coboi CIOXKHYIO 3a7a-
uy. JIna cxxaTna nHGOPMAIUN U IPEACTABJIEHHA ee B YA0OHOM i
TIIOHMMAaHHUSA BHJE CTPOAT YAaCTOTHBIE CIEKTPHI ¢cUrHajoB I Ha
HeKoTopoM mHGOPMATHBHOM MHTepBaJje. Ilocie 3TOr0 YaCTOTHEIE
CIOEeKTPHI MOXXHO Pa3BEePHYTH BO BPEMEHH M IMOJYYUTH BPEeMeHHOMH
“magmmadpT”’. ' ) :

B HacTosiee BpeMs, NCIIONb3YA KOMIIBIOTEPHYIO TEXHUKY, BJIEKT-
PHYECKYIO AKTHBHOCTE MO3Ta AHAJTIM3HUPYIOT ¢ IIOMOIILI0 KAPTUPOBA-
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14 Tn 16

A}
Puc. 5.9. ABTroMaTH3HpOBaHHEIH aHau3 DI, a) yeThIpeXCeKyHIHEIE
peaymuaanuu JIT, 6) uacToTHEI Dyphe-aHAIN3 3THX PeaTH3anuii;
B) BpeMeHHOH JarmadTt IOI'-U3MeHeHNS (-PHTMa BO BDEMEeHH

HUA HIOBEPXHOCTH I'OJIOBEI. MeTO/ MOCTPOEHUA KAaPT 3JIEK TPHUYECKOM
aKTHBHOCTH MO3ra onucaH Huke B § 51, Ba ¢opaane u Ha Tabi I11.

KOHTPOIBHBIE BOIIPOCHI, SANAYH, BAJAHHA

1.B yeM cocTOMT HPMENUI S3KBHBajJieHTHOro resepatopa? Ilpu-
BeUTe IPHUMEDPHI HCIOJb30BaHUSA 3TOT0 IPUHIUIIA.

2.Iloyemy uMeHHO Oo6paTHAA 3ajjauya 3JeKTporpadyu ABJIAETCA
safaveil JTUATHOCTHKH, a He OpAMana?

3.KakoB Mexanu3M 06pa3oBaHUAA KapTH 3JIeKTPUUYECKHX ITOTEH-
IIHAJIOB Ha IIOBEPXHOCTH TeJa YeJIOBEeKa?

4.KapTa 3/IeKTpHYeCKHX IIOTEHNHMAJIOB Ha IIOBEPXHOCTH I'PYAHOR
KJIeTKH IOCTOSHHA MM €€ BHJ MOJKeT MEHATLCA C TeUeHHEM Bpe-
mern? IHouemy? :

5.1Io puc. 5.6 onpeaennTe, KaKOBa MaKCHMAaJbHAaA PA3HOCTS I10-
TeHIIMAJIOB Ha IOBEPXHOCTH IPY/AHOM KJIETKH B MOMEHT PerucTpa-
nur? Mexy KaKHMH TOYKAMH OHa BOZHHUKJIA?

6.ITouemy HeO6XOAMMO PETUCTPHPOBATHE MEHUMYM 3 OTBeA€HUA
9KT, a He, HanpuMeEp, OOHO?

THOOBBIE TECTHI TEKYIIETO KOHTPOIA

5.1. IIpu MmozennpPOBaHNH KT OoJIaraioT, YTO OKpyJKalomasn
JUIOOJH cpeaa

a. ofHOPOJHA a'. HeogHOpOAHA
6. maoTponHA 6. aHM30TPOIHA
B. OTPAHHMYEHA B'. 6eCKOHeuYHA

1. a6B 2.a6'8’ 3.ab6's 4, abp’
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5.2. Yro aBasgeTcA NPUYNHON U3MEeHEeHHU il BeJIMYNHBI U HAIIPaB-
JIEHUS UHTETPAJBHOrO 3JEKTPHUYECKOr0 BEKTOPa CepAIla 3a IHKJI
ero paboTsi?

1. coxkpalmeHue KeJyJOUKOB cepAna

2. mocJeOBaTeJLHBIH OXBAT BOJHOM BO30YKAeHNA PA3IUIHEIX
CTPYKTYP cepana

3. MerabonuyecKada aKTUBHOCTH KapAUOMHUOIIUTOB

4. 3amejJieHNe CKOPOCTH IIPOBe/ICcHUA BOJIHBI B ATPHOBEHTPUKY-
JISIPHOM y3Jie :

5.3. IToueMy aMILIUTYABI OAHUX U TeX ke 3y6moB IKI' B ogun u
TOT 3Ke MOMEHT BpeMeHH B Pa3JINYHBIX OTBEJeHUAX He OAMHAKOBHI?

1. pns pasHBIX OTBeJEHMH pPa3jINYHA BeJIMYHMHA MHTETPAJIbLHOTO
3JIEKTPHYECKOro BeKTopa E _

2. B pa3IMYHBIX OTBEJEHUAX NMOBOPOT BeKTopa E pasmuyen

3. npoexnuu BeKTopa E Hapasjiu4HbIe 0TBe/leHNA He ONUHAKOBBI

4. ansa KaXXIA0ro OTBEJeHUs CYIeCTBYeT CBOU BeKTop E

5.4. UHTErpaJbHLI dJIeKTPUYECKHH BEeKTOD cepana E ommchI-
Baer metau P, QRS, T:

1.B ropu30HTAJIBHOM MIOCKOCTH

2.B IJIOCKOCTH MMOBEPXHOCTH I'PYAHOM KJIETKH

3.8 06 semMHOM npocTpaHCcTBe XY7Z

4.B IJIOCKOCTH, COeAUHAIOINEH TOUYKH IIPaBOil, JIeBOil PYKH H JIie-
BO# HOTH

5.5 Perucrpupyembie pa3HOCTH IIOTEHIIHAJIOB

“mpu OKTI™: npu 90I":
a.0,1-5mB r. 0,01 -0,05 B
6.1-200mB &.10°MB
B.1-10mMB e.1B

1. ar 2. 6e 3. BT 4. nB

5.6. PasnocTu noresnuaioB A¢ B I, IT u IIl orBefenusax aisa npex-
CTaBJICHHOTO CIy4asd:

ap — + Jap
+ + a. A¢,>0 r. Ag, >0 u. Ag, >0
6. Ag, <0 A Ap, <0 K. A@,, <0
B. Ag, <0 e. Ap, <0 1. Agy, <0
l.agn  2.6ex  3.Brum
—
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I''TABA 6. ABTOBOJIHOBBIE ITPOIIECCHI
B AKTHBHBIX CPENAX

ABTOBOXHOBRIMH IIPOl[ECCAMM HA3BLIBAIOT IIPOIECCHI PACIIPOCT-
paHeHHs BOJIH BO30Y)XKIeHNA B aKTHBHEIX CPefax.

CTHMYIOM K H3YYEeHHIO aBTOBOJHOBBIX IIPOIECCOB ABHJIOCH OT-
kpeiTHe B 1959 r. B.II. BesloycoBEIM aBTOKOJIe6aTEILHEIX IIpOIIeC-
COB IIPH DeaKIUF OKMCJeHHUSA JIMMOHHOM KHCJIOTH 6poMaToM C Ka-
TAJIN3aTOPOM — MOHaMu Hepuda. HabGiaoganuchk nepuogudyecKme
nepexobl Nepusa N3 TPeXBAJEHTHOH B YeThIpeXBaJIeHTHYIO hopMy
u o6patHO: Ce®* =2 Ce*'. IIpomecc COOIPOBOMKIANCA HEPHOSAIEC-
KUMK H3MeHeHHAMHN OKPacKM: OT PO30BOM K rojyiy6oit u obparHo.
HccaemoBanusa, nposeaenEsie A.M. JKaboTuHCKUM ¢ COTPpYAHHUKA-
mu B 70-e rr., JOKasaJgu CyllecTBOBaHME aBTOKoJiebaHWUII U aBTO-
BOJIH He TOJIbKO B PA3JIMYHBIX XHUMHUYECKHX CHCTEMAaX, HO H B Omo-
JIOTHYECKHX OpoIeccax, TAKKUX,KaK INIHK0JIN3, (DOTOCHHTE3 K JP.

B oprarusme BoJIHEBI Bo30yK/IeHHA 06eCIeUNBAIOT 3JIeKTpOMeXa-
HHUYeCKOe COOpAKeHre U KOOPANHAIIHIO COKPAMeHNl MBIIIeUHRIX
CTPYKTYP, CHEXPOHH3AMKIO OTAEeJbHBIX YaCTeH M CHCTEM OPTraHOB,
padoTy ABUraTeJHLHOIO aNnlapaTa, OCYIIeCTBIAAIOT MEOTHE KU3HEeH-
HO Ba)XHBIe QYHKIIUH. :

HapyimeHue pacipocTpaHeHHA aBTOBOJH MOYKeT OPUBOAUTE K Ha-
pylieHHAM GYEKIIHOEHNPOBAHUA Pa3JIHUYHBEIX OPraHOB H CHCTEM
opraEunama. Takme HapynieEHA MOTYT BO3HUKHYTH B IPOBOAAIILEH
M MBINIEYHOH CHCTEeMax cepAIa, B HeHPOHHBIX CeTAX TOJOBHOIO
MO3ra, B I'NIaZKOMBIIMEYHBIX CTPYKTYpPax cocyZoB, B ceTyaTKe rja-
3a u Apyrux cucremax. Ilokazaro, 4To HapyIlmeHHe paclpocTpaHe-
HHUA aBTOBOJIH B CePAIle MOYKET BHI3BIBATEH PA3JIHUYEBIe BUABI APHUT-
Muii, a 06pasoBaHNEe HICTOUHHKOB CIMPANBHBIX H KOHIIEHTPHUECKHX
aBTOBOJIH — GUOPMIIATIHIO ey JOUKOB.

B HacToAIee BpeMsa M3yYeHNIO ABTOBOJIH IIOCBALIEHO GOJIBILIOE YHC-
JIO 9KCIIePEMEHTAJIBHBIX paboT, a Taxxe paspaboTaH MaTeMaTHYeCKHH
anmapar, OITMCHIBAIOLIHIA DACIIPOCTPaHeHHe aBTOBOJIH B CAMBIX PA3HBIX
TI0 CBOEH IIPHPOJE AKTUBHEIX Cpefax . ABTOBOJIHOBEIE IPOIIECCHI ABJIA-
IOTCA OAHHM M3 XapaKTePHBIX IIPOABICHEN CAMOOPraHH3aIINK CHCTEM.

B manBO#H riaBe pacCMOTPEHBI OCHOBHEIE CBOMCTBA aBTOBOJIH B
HEKOTOpble MeXaHU3MBl HADYHIEHHH pPacIPOCTpAHEHHS ABTOBOJIH
B cepAIe, OPUBOJAIKUX K CepAeYHBIM IIaTOJOTHAM,

§ 19. ABTOoKOIe0aHHA M ABTOBOJHEI B OPraHaX M TKAHAX

IIponeccr, KOTOpBIE IOBTOPAETCA BO BDEMEHEH, HAa3bIBAIOT KoOJie-
6aauamu. B 6uosiornuecKkux ob6meKTax HabaogaoTCA Kosebanuda
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PasJINUYHBIX BUAOB HA BCeX YPOBHAX UX opranusanun. Tak, B KJieT-
KaX MepuoguYecKt MEeHAETCA KOHIIEHTPAIINA HOHOB, 3aMLIKAIOTCA
¥ pa3MBIKAIOTCA MOCTUKH B CApKOMEPE, COBEPIINAITCA MeXaHuYyec-
KHe KoJieDaHHs B CTEHKaX COCYAOB, PUTMHYECKH COKpPAIaloTCH
JIETKHeE U cepAlle, MHOT'HE JKH3HEeHHbIe (QYHKIINHY NIOAYHHSIOTCA O110-
PUTMAaM M TaK Jajee.

PasinuarT cBOOOAHBIE, BEIHYKJeHHEIE 1 aBTOKOJIE0aHNA.

CBo6ogHbIe, TO eCTh KoJie0aHHs, COBepLIaliuecsa 0e3 mogBoga
JHEpPTruH M3BHE, SABJIAIOTCA 3aTYyXAalOIUMH KojdebannamMu. K aum
MOJKHO OTHECTH KO0JIe0aHUs TKaHeH MpH MePKYCCHH.

BreIHYKIeHHBIE KOJe6aHNA COBEPINAIOTCA IOJ BO3AeHCcTBUEM
BHeIIHel, IepHOgUYeCKH H3MeHAIneicA cubl. Takue KojebaHns
COBepINAaIOTCs, HATIPUMED, TOJIOCOBEIMHU CBA3KAMH IIOJ JefiCTBHEM
BO3YLIIHOT'O IIOTOKA.

Mmuorue Ba)kHbIle PYHKIMHN OPraHu3Ma OCYIIECTBIAIOTCA aBTO-
KoJie0aTeJLHBIMHU CHCTeMaMu. B 3THX cucTeMaXx BOCIIOJIHEHME pac-
TpauyNBaeMoii 9HepIiH IIPOUCXOAUT 3a CYET BHYTPEHHET0 UCTOYHH-
Ka sHepryuu, coieprKainerocd B caMoii aBTOKO0JIe0aTeabHOMU cucTeMe,
a obecneuenne HeoOXOAUMOIT a3kl MOAAYH IHEPTHH OCYHIECTBIISA-
eTcA MPH IIOMOIIH Herneii 06paTHoi cBA3u. K aBTOKOI€6aTe/ILHBIM
CHCTeMaM OTHOCHTCS, HallpUMep, CHHYCOBBIH y3eJ cepz[u;a. B nem
HMeeTCA HEKOTOPOoe HebOoIbIIoe KOJHYECTBO KIETOK — “HCTHHHBIX
BoauTeineil putMa”. B Takux KjeTKax 3a (pas3oii penmojiAapusanmuu
ciaenyet dasa caMOCTOATEIbHON MeAJeHHOM AeoaAPHU3AIIUH, IIPH-
BOJIAIIAsA K IOBHIIIEHHIO @ 10 IOPOTOBOTO YPOBHA U FeHePaIyH 110~
TeHIuaa feicTudA. IloTeHIHaNE AeiicTBNA NeiiCMeKePHLIX KJie-
TOK CepAlla mpeAcTaBIEeHBI Ha puc. 6.1. B Takux KJeTkax ecThb
CcOGCTBEeHHBIM NCTOYHHK SHEPTrUY ~ 9HePrusi MeTaboIn3Ma KJIETOK,
KoJefbaTelbHAasd CHCTEMA COCTOMUT N3 MeMOpaHEI M HOHHBLIX KaHAJIOB
C peryJaupyeMoi IPOBOJHUMOCTEIO g, AJIA KaXXJ0T0 COPTa MOHOB, a
o6paTHasi CBA3b OCYIIECTBIAETCA no'reHn;naJIsaBnchon byHKIN-
eii IPOBOJUMOCTH: '

gi = f((pM’t)’

B neiicMeKepHBIX KJIeTKax (POpPMHUDYeETCA NOTEHIIUAJ NefCTBUA
aaurenapHocThio 200 — 300 Mc ¢ yacToToi okoso 1 I'tt B Hopme. MHoO-
rye BUBI BO3MYIIeHU (MeXaHuuYecKue, 3JIeKTPUUYECKHIE, X HMUYEC-
KHe U Ap.) MOTYT IlepeJaBaThCA II0 CTPYKTYPaM OpTaHH3MAa B BHJe
BOJIH, .

Boaaa — 3T0 mIpoliecc pacipocTpaneHNnsa KoJaeOauuii NIu OTAeNb-
HBIX BO3MYIEHW# B MPOCTPAaHCTBE, HAIIpHMEp, MeXaHu4YeCcKHe,
3JIEKTPOMATrHUTHEIE BOJIHBEL.
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(pM, MmB

EAUAUAY

300 Mc

Puc. 6.1. IloTeHnuan AeficTBUS BeAyIero meiicMmexepa
(cTpenku — dhasbl MeJIEHHOM ASTOJISIPU3AIIHUN)

OCHOBHBIM MeXaHHM3MOM IlepeJaud MOTeHI[MAaJIOB AeHCTBUA B
JKMBOM OpPraHM3Me ABJIAETCA paciIpocTpaHeHHe BOJH BO36yxae-
Husa. Tak HanpuMep, aBToKoIe6aHUA @, BO3HHKAIONIKe B meiic-
MeKepe, PacIpoCTPaHAIOTCA M0 HepBHBIM BOJIOKHAM M MBIIIIEY-
HBIM CTPYKTypaM cepama (cMm. puc. 5.1). BoaHbI Bo36yxaeHUA
MOT'YT TaKJKe PacIipOCTPAHATLCA IO KJIeTKaM CKeJIeTHOI MYyCKY-
JaTypbl, MOYEBOT0 MY3bBIPA, KPOBEHOCHBIX COCYJIOB U ADYTHM
CTPYKTYypaM.

IIporiecc pacpocTpaHeHNsI BOJIH BO30YKAEHUA B TKAHAX Opra-
HI3Ma MMeeT DAJ CYLIeCTBEHHBIX 0CODEHHOCTEH 10 CpPaBHEHHIO C
MeXaHMUYECKHUMH U 3JIeKTPOMATHUTHLIMH BOJIHAMH. :

Bo-niepBhIX, 3TH BOJIHBI PAcCIpOCTPAHAIOTCA IO aKTUBHBIM Cpe-
nam. AxtusHas cpena (AC) — aTo cpesa, cocTosaniad U3 GOJIbIIOTO
YHCJIa OT/IeJbHEIX 2JIEMEHTOB (HalpuMep, KJIeTOK), KaKAblH 13 KO-
TOPHIX ABJSETCS AaBTOHOMHBIM MCTOYHHMKOM HEPrUHM. DJIeMEHTE
aKTHBHOI1 cpeJbl UMEeIT KOHTAKT MeKAY co00H M MOTyT Iepea-
BaTh UMIYJbC BO30YKIeHN OT OAHOI KJIEeTKH K APYToW.

ITpuMepoM aK THBHOI CpeZibl B OPraEu3Me ABJIAIOTCA HEPBHEBIE BO-
JIOKHA ¥ HEeMPDOHHEIE CETH, MBIIEYHLIE CTPYKTYPHI CEPAIA, FIaJKO-
MEBIIIIeYHBbIE BOJIOKHA COCYZOB, JKeIyAKa, a TaKyKe Apyrue TKaHH.
B Takux cpegax pacnpocTpaHAIOTCA BOJIHBI BO3GYKISHN T, HA3bIBa-
eMble ABTOBOJIHAMH. ABTOBOJHBI — 3TO CAMOIMOAAEPKHUBAIOIIHECS
BOJIHBI BO30Y K/IeHNA B AKTUBHOI cpefie, COXPaHAIOIIHEe CBOK XapaK-
TEPHCTHKH MIOCTOSHHLIMH 34 CUET paclpeie/IeHHBIX B CpeJle UCTOoY-
HUKOB 3HEepruu. XapaKTepUCTUKHM BOJHBI — IEPHOJ, JJIHNHA BOJIHEI,
CKOPOCTb PacIpocTpaHeHHUs, aMIUINTY/Ja U ¢opMa — B YCTAHOBHUB-
LIIeMCS B peKHMe 3aBUCAT TOJILKO OT JIOKAJIBHBIX CBOHCTB aKTHBHOM
cpejnl ¥ He 3aBUCAT OT HAYAJbLHBIX YCJIOBUIA. .

MexaHuYeCKHe ¥ 3JIeKTPOMAarHUTHLIE BOJIHEI B HEAKTUBHOM Ccpe-
Jie IepeHOCAT SHEPTHUI0 OT HCTOUHHKA BoaMynleHnda. MHTeHCHB-
HOCTH BOJIHBI IIPH 3TOM YMEHBINAETCA 10 Mepe VaJieHusa OT UCTOY-
HUKa BO3MYIIIEHHA, TO €CTh BOJIHA 3aTyXaeT.
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JJIeKTpUUYECKHEe UMIYJbChl BO30YKAECHUA — MOTEHIHAJBI feii-
CTBHSA PaCPOCTPAHSAIOTCA [0 HEDBHBIM M MEIIIEYHBIM BOJIOKHAM 6e3
3aTyxXaHHud, TaK KaK B KayKJ0i TOUKe BO30YyANMOIi ak THBHOMH cpefbl,
JI0 KOTOPO# JOILIO BO30YKAeHNe, 3aHOBO I'eHepUpyeTCcs MOTeHIIUAT
neiictBua. MelieuHble 1 HepBHEIE BOJIOKHA ABJIAIOTCA CpelaMM C
pacnpefieIeHHBIMHA NCTOUHHUKAMN SHePIruu MeTaboIu3Ma KIeTOK.

CuunTaeTcs, 4TO IIPH PACIIPOCTPaHEHWH BOJHBI B aKTUBHBIX Cpe-
Jax He MIPOUCXOAUT IIepPeHoCca SHepruu. JHeprusa He IepPeHOCUTCA,
a ocBoOOKAaeTcs, Korga no yuacTka AC moxoauTt Bo3by:kJaeHue.
MoyKHO TPOBECTH AHAJIOTHIO € IMOXKapoM B crenu. Ilnama pacmpoc-
TpaHsAeTCA 1o 00JIaCTH ¢ pacipe/ieIeHHEIMY 3allacaMi 9Hepruu (Imo
cyxoi TpaBe). Kaxxprii mocyeAyoOmuii 2jieMeHT (CyxadA TpaBUHKA)
3a)KHUTaeTcsa OT mpeawniayinero. I takum o6pasoM pacrnpocTpaHs-
ercsi QPOHT BOJIHBI BO36YKaeHUA (TIJ1aMA) 110 aKTHBHOMH cpeje (cTe-
nu). B peanbHoii cucreMe HekoTopas uacTh AE coG6cTBeHHOI 3HED-
r'MH 3JIeMeHTa pacXxoayeTcs Ha BO30YyXAeHHE IIOCIEeAVIOIero
3JIeMEeHTa, KOTOPEIil B CBOIO OUepeb BhIJeAeT COOCTBEHHYIO 3HED-
ruio E. IIpu aToM B aKTHBHEIX cpefax OyAeT BHIIIOJHATHCA Hepa-
BeHcTBO AE << E.

Jl1A ommucaHms MpoIlecca pacipocTpaHeHU A HEPBHOI'O UMIIYJIbCa
II0 AaKCOHY NpeJCTABUM IIOJIHEIH TOK Yepe3 memOpany I :

_1 %,
" I'1 ale, -

Iie I, — COMPOTUBJIEHNE aKCOIIa3Mbl Ha efHHULY AnuHbl. Torza ¢
yuerom (3.6) zaBucumocts @, (X,t) OIUCHIBaeTCA ypaBHEHNEM

I (6.1)

+C§(-'1, (6.2)

rge C — eMKocTh MeMOpaHbl, IPUXOAAINASACA HA €UHUIY AJIHHBI
BOJIOKHA, |, — moHHEIE TOKH Yepe3d meMOpany. BocnoassoBaBinch
ypaBHeHHeM XomKKHHA—XaKC/au, IoJydYaeM JJId aKCOHA:

1 %%, -9
r, ox’ ot

YpasHenus, onucHBaOMme pACIPOCTPaHEHNAE BOJHBI BO30YM Ie-
HUS 0O CTPYKTYPAM COKpPaTHTEJHLHOrO MHOKAp/Ja, CYMEeCTBEHHO
VCIOXKHAIOTCA TeM, YTO B KApJAHOMHOLUTE NOTEeHIHA AeficTBAA
dopMHupYeTCA TONOJHATENIHLHO MeAJIEHHEMMA BXOAANIHMHA TOKAMH

(cM. § 15) cnoxkHEIMH DpOLECCAMH COIPSIMEHUA TOKOB B HEM.
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§ 20. PacrpocTpaHeHHSA ABTOBOJIH B OJHOPOAHBIX CPexax

MartemaTH4eCcKOe ONNCAHNE OPOLECCOB PACHPOCTPAHEHHSA ABTO-
BOJIH B aKTHBHBIX CcpeZlax CBSA3aHO C PeIIeHNEM CHCTEM yDaBHEHHH
Buga (6.3). Pemenue 3THX cHCTEeM IIPeACTABIAET 3HAYUTEIbLHLIC
TpyAHOCTH. IT03TOMY AJIsA ONKMCAHMA aBTOBOJHOBEIX MPOLECCOB HC-
Ooab3Y1I0TCA MoZen (GopMabEBX AaKTHBHEIX CPeJl, HAIIPEMED, MO-
JAeJb, npeAsiosxKeHHas Buaepom u Po3eH6I0TOM, Ha3LIBaeMasa T-MO-
JeJbio.

B 3T0i1 MOAeNM NOCTYIUPYETCH, YTO KAXKAaA KJIEeTKa, ABJIAI0IAa-
fAcCHA 3JeMeHTOM aKTHBHOMH cpeAbl, MOXKET HaXOAUTLCA B OAHOM H3
TpeX COCTOAHMI:

1) Bo30y:knenue — T, ecnu ee P, > ¢, ; B 3TOM COCTOAHUM KJeT-
Ka He Bo30yauMa, HO MOYKET BO3OYAUTE COCEAHIO0 KJIETKY, HaX0-
AAIMYIOCA B IOKOE;

2) “pedparrepunii xsoct” — (R-1), eciu @, <@, <O.”;
B 3TOM COCTOSHHU 3Ta KJETKa He BO30yauMa, HO He MOXKeT Bo30y-
IUTH KJIETKY, HAaXOJAIYIOCA B IOKOE;

3) nokoit — ee ¢, =@, ; B 3TOM COCTOAHHH KJIETKA MOMeT GLIThH
BO30y K eHa coceAHell IPH YCJIOBHH, 4YTO TPaHCMeMOpaHHLIH DOTEH-
THAJ coceAHel KIeTKH Bhlllle 3HAYEHU A IOPOra pacCMaTpUBAEMOiA.

3naueHMA (), A1 KAX/A0T0 U3 TPEX BO3MOXKHBIX COCTOAHUM KJIeT-
KH COKPATHTEJBLHOTO MHOKapAa NPe/CTaBIeHE Ha pHc. 6.2,

Puec. 6.2. P'pagpuueckoe npeacrasienne T-mojenu, R — pedppaxrepaocTs

Honymennsa Mmozein:

a) kordurypanua noreEnuana JeicTBUA yOpoIeHa u 6JIU3Ka K
OPAMOYTOJIbHOMY TPEYTOJbHUKY; §) He YYUTHIBAIOTCA COCTOSHHAA
OTHOCHUTEJLHON pedpaKkTepHOCTH, a Bech nepuoa R cumraerca ab-
COJIIOTHO ped)pPaKTEPHBIM. -
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Toraa BoJHY BO30YXJeHHA MOXKHO IIPE/ICTABUTL B BHJIe HEKOTO-
po¥ 30HEBI, COCTOSAMIEH U3 N KJIETOK, HaXOAAUINXCA B pedpaKTep-
Hoi# dase R, gBuraromieiica no o6acTu DOKOAIMUXCA KJIETOK C IO~
CTOAHHO#M cKopocThio V (puc. 6.3, a).

Puec. 6.3. Ilnockas BosHa Bo3byxaeHnd B AC, pacupocTpaHdgonaaca
€O CKOpOCTHIO V: A ¥ A,— IUIMHA BOJIH B CPeAaX ¢ pedPAKTEDHOCTAMY
kaerok R, u R, cooTBeTcTBEHHO, R, > Rl -

Ha puc. 6.3 B 30He TeMHOH IITPUXOBKOH MOKA3aHBI KJIETKH,
HaxojsImuecs B COCTOSIHNHU BO30Oy:KaeHuA —T-30Ha. CBeTaoi
IITPUXOBKOM 0003HAUEHA 30HA, COCTOAUIAA U3 KJIETOK B COCTOS-
HuH (R — 1) — pedpaxkTepHBIHA XBOCT, M He3aMITPHXOBAHHOE PO~
CTPAHCTBO — KJIETKM, HaXOJAUIMeCA B OKoe.

OcHoBHBIe cBoOicTBA aBTOBOJH B AC,

1. ABToBOJIHA pacnpocTpaHseTrcd 6e3 3aTyXaHHus.

2. ABTOBOJIHH He nHTePhEePUDYIOT M He OTPAXKAIOTCA OT IPeAT-
CTBHUI. .

3. HampaBieHne pacIpoCTPaHEeHUA ABTOBOJHEBI OIpefesdeTcs
30HaMM pedpaKTepHOCTH H IIOKOS.

InuHa BOJHEI BO30OYKIeHUA A onpep;enae'rca COOTHOIIIEHHEM,
BBeJeHHBIM Buuepom:

A=R-V : (6.4)

Orcrona cieayer, 4To ecaul peppaKkTEePHOCTb KJIETOK HEKOTOPOTO
yuacTtka (puc. 6.3, 6) nossimena o cpasHeruIo ¢ R, Ha puc. 6.3, a (to
€CTh AJIUTEeJIbHOCTh OTEeHI[NAJA AeHCTBUSA 60JbIle), TO H AJINHA BOJ-
HEI BO3GY XK /IeHUs B 3TOM y4acTKe Gosbmre: A, > A, . JITMHEI BOJIH BO3-
Oy IeHHA JJ1A PA3JIUYHBIX OT/JEJIOB cepAna yKasanel B § 17,

B ogHOpOZHBEIX cpesax, B KOTOPHIX R 1 V 0fMHAKOBLI B JIIOOOM
y4acTKe, AJHHA BOJHEI Bo30y K JeHUs IIOCTOAHHA. B TaKHX cpeiax
JBe BCTPeYHBIE BOJHLI FaCAT APYT APYTa, IOCKOJBKY KaXX1as U3 BOJIH
HaKJIaALIBaeTCA Ha HeBO30yAMMYIO 30HY BCTPeuHOM BOJIHEI (puc. 6.4).
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Puc. 6.4. AHHUTHAANNA NJIOCKUX aBTOBOJNH B AC

AHaJIOTHYHO ABa BCTPEYHBIX (GPOHTA MJIAMEHH CTEIIHOTO II0XKa-
pa racaT Apyr apyra. Ilosagu orHeHHOTrO GpPOHTA KaXKAOTO OCTAET-
cA yepHas, BEIXKKEeHHAA 30Ha — 30HA pedpaKTepPHOCTH, JHUIICHHEANA
HCTOYHHUKOB 9HEPI'HH.

B HeoaHOPOJHBIX cpefax IpoIece PacIpPOCTPAHEHHUSA aBTOBOJH
YCIOXKHACTCA.

Heoproponuoit HazkIBaeTCs aKTHBHAA CPefia, B PA3JIMYHBIX yya-
CTKaX KOTOpoi 3HaueHHUsI R u V MoryT 6BITHL He OTMHAKOBBIMH.
AXTHBHa cpefia OpraHN3Ma, HaIPUMep MBIHIeYHAsA TKaHb, HEOJXHO-
poAHa. B pasHEIX yyacTKaX MBILMIIL MOTYT IPOXOAUTH KPOBEHOC-
HBIE COCYJLl, HEPBHEIE BOJIOKHA M ApYyrue BKAdYeHHus. IIpu nato-
JIOTHSAX, HAIIPEMep IIPH BOSHHKHOBEHHH 30H HEKDO3a; CBOICTBa
3THX 30H MOTYT CYIIECTBEHHO OTJIHYATHCA U IO pedpaKTepPHOCTH
R, n no ckopocTy npoBefieHNA BOJHEL V OT 3THX IapaMeTPOB B yua-
CTKaX HOPpMaJLHO#M MBI, OueBHaHO (pHc. 6.3), 4TO AJIUHEI aB-
TOBOJIH B PasJHYHBIX YYaCTKaX HEOJHODOJAHLIX aKTHBHBIX CDeJ
OyAyT HeOAUHAKOBLIMH. IIDK BEINOJIHEHHUH OIIpeieIEHHBIX YCIOBHH
3TO MOJKET IPHBOAUTL K CEPAEYHBIM aDATMUAM, HEKOTOPEIE MeXa-
HU3MEI KOTOPEIX PACCMATPHUBAIOTCSA HHUXKe.

§ 21. IupKy AU BOJH BO3GYKICHNA B KOIBILE

B opoBozAmeil cucreMe cepAna, a TakKe B CaMOM cepAeuyHOH
MBIIIlle MOTYT 00pasoBHIBATLCA 3aMKHYTHIE TIYTH, 10 KOTOPBIM
OUPKYJHUPYeT BOJHA Bo36yxaeHEnsi. MogelnLHO 3T0 sABJI€HNE MOJK-
HO IpPeACTaBUTDH NOCIEeA0BATEJIbHOCTHIO IPOXOXKACHUAA ABYX BOJH
BO30YIK/JeHHS B THIOTETHYECKOM KoJibLe. EcIM Koabmo oZHOPOL-
HO Mo pedpaKTEepHOCTH, TO JBe BOJHEI BO30OYKAEHUA, HAYITHE IIQ
KOJBIY OT HCTOYHHKA BO30Y:KAeHUA A, aHHHUTHJINDYIOT B TOUKe B
(puc. 6.5). -
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Puc. 6.5. AHHNTWIAOMA BOJH B KOJbIE OZHOPOAHOM aKTUBHOI cpeAnl

Ecyu B KoJbIle aKTHBHOM cpeanl uMeeTca yuyacToxk CD, nmepuon
pedpaKTepHOCTH 37IeMEHTOB KoToporo R, 6obte, yeM nepuog ped-
PaKTepHOCTH OCTaNbHOM cpeas! R, (puc. 6.6), To B aTOM ciryuae Mo-
JKeT BOSHUKHYTH IIUPKYJIAINNA Bo30ysKAeHUs B HeM. ITO IIPON30ii-
IeT, eCJIH B TOUKe BHeIlHee BO3JelicTBHe co3jaeT HoApAJ ABa
B0o30y:kmenus. IIpuuemMm BTOpas BOJIHA BOSHMKAET 4yepe3 BpeMmd,
MeHbIIee Nepuoaa pedpaxrepHocTu yuactka CJIl: T<R,. Toraa Bo-
Ha Il creBa modxet goitu Ao yuacrka CJI kK MoMeHTYy BpeMeHH, KOr-
Jia OH eIle OCTaeTcs pedpakTepHBIM, M racuTcs. OcTaercs ofHa BOJI-
Ha II copaBa. Ecau ona goitger mo yuactka CJll yepes Bpems, 3a
KOTOpOe OH ycleeT IPHHTH B COCTOSHHME HNOKOs, BojHA II cnpasa
npoiifeT Jajbile U B KOJIbIE TaK K OyJeT IPOXOIKATHCA He3aTyXa-
FOmuii mpomecc — DUPKYAAINA Bo30y:KaeHus (puc. 6.6).

VciroBua BOSHUKHOBEHU S IIUPKYJIAIINN:

1) BpemMsa MeXAY NOCHIIKOH ABYX MMIYJBLCOB BO3OyxkaeHHA T
AomxHO OBITH MeHblIe leproza pedpaxTepHocT R,

T <R,.

2) ANMHA OKPY>KHOCTH KOJbIa | = 21r fomixHa 6BITH GosbIe AJH-
HBI BOJHBI BO30YXKACHUA:
1>\

Jdauna nupKyIupyolieii BOJIHB B NYTAX NPOBEACHUS NPH
V=3mMm/cuR=0,3 c MOXXeT COCTaBAATH BEINYUHY OKOJO 1 M, uTO
AHATOMMYECKHM HMCKJIQYAaeT e€ MOABJeHMe B 3TUX nyTax. OgHaxo
B y3JaxX MeJJIeHHOI'O mpoBeaeHus Bo3bOyxaenusa (V = 0,01 m/c)
{ MO eT UMeTh NOPAJAOK HECKOJBKNX MUJIJIEMETPOB U B 3TOM CJIY-
yae MeXaHHU3M MUPKYJAAIUMHA BONHL BO30OYKAEHUS MOKET OBITH
peaJn30BaH B cepAIle.

Taxkada penUPKyIAIHA MOXKeT HaOII0AaTHECs B 00JIaCTH aTPUOBEH-
TPUKYJISPHOrO y3Jia 1 B 30HaX ¢ 3aMeXJIEHHBIM IPOBE€HNUEM aBTO-
BOJIHBI.
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BTOpPOE
Bo3OyxKAeune

Puc. 6.6. Ilupkynanusa 8o36yxAeHnd B KOJbIle HEOXHOPOIHOMH
110 pedpaKTEpHOCTH aKTHBHOM CpeIbI

§ 22, Penep6epa’rop B cpeae ¢ OTBEPCTHEM

Ha ocHOBe MeTOLOB MaTeMaTHMYECKOIro MOAeJIHNPOBAHUSA ObLIa
OOKa3aHa BO3MOMHOCTh CYIIeCTBOBAHHUSA NPUHIIMITHAJIBEHO HHOTO
MexXaHH3Ma IUDKYJIAINNHA aBTOBOJH B AKTUBHBIX CpeaX.

B aT0ii Mogesu paccMaTpHUBaeTCA NJIOCKaA OAHOPOLHAA aK THBHASA
cpefa, UMeIaA OTBepCcTHe (HaipuMep, OTBEPCTHE, 06pasoBaHHOe
moJioil BeHOii B mpecepauH), BOKPYT KOTOPOTO IIMPKYJIUPYET BOJIHA
BO30yKIeHnsa. BaykHeilmana ocoGeHHOCTE TAKOTO IPOIecca 3aKJII0-
YaeTcsa B TOM, UTO GPOHT aBTOBOJHEI PACHPOCTPAHAETCA II0 AKTHUB-
HOMH cpelle He NpAMOJHHeHHO (puc. 6.3), a 3akpyuuBaeTca B Buie
CIIMpaau BOKPYTr oTBepcTus. KauecTBeHHO nmpolecc o6pa3oBaHuA
COMpPaJbHOM BOJIHEI IIOKAa3aH Ha pHC. 6.7, pe3yJIbTaT 3KcOepUMeEHRTA
Ha ¢popsare Tadi. II1. ABTOBONIHA KacaeTcsa Kpas OTBEPCTHA U, IIepe-
XOZS OT MOJIOYKeHNA 1 K IoJIoMKeHHIo 2 U fajee K 3, 4, BpaliaeTca
BOKDYT I'PAHUIILI 3TOTO OTBEPCTUA U CTAHOBUTCSA HCTOYHHUKOM IUD-
KYJNDYIONTUX CIMPAJTbLHEIX BOJH B AKTHBHOIL cpefe.

PeBepbepaTopaMi Ha3bIBAIOTCA MCTOUYHNKH CIUPAIBHEIX BOJH B
AC. ITepuon BpallleHUd aBTOBOJH peBepOepaTopa:

T= _\17 ,
rge | — nepuMeTp OTBEPCTHSA HIH AApa peBepbepaTopa.

Benuuunsl [ 1 V 3aBHCAT OT IapaMeTpPOB aKTHUBHOM cpexsl. Ilo-
Kas3aHo, YeM 6O0JbINyI0 KPHBU3HY MMeeT (GPOHT BONHBI (OHA HAM-
GoabInasd Ha IpaHUIlE AAPA), TeM MeHbIIIe er'0 CKOPOCTh, IIO3TOMY A
aBTOBOJIHEI B 3TOM CJIYYAE MOXKET OLITh HEIIOCTOAHHOI.

fapo pesepbGepaTopa MOXKeET IIPEACTABIATE CO00I aHATOMUYeCKoe
otBepcrHe (110 Buuepy), Ho MoKeT GLITH 1 HeBO30YyAMMOi1 30HOI, 1IN,
HaKXOHeIl, 30HOM ¢ CYIIIeCTBEeHHO DOHMXXEeHHOH Bo30yauMocThIo. 06-
pPasoBaHHEM TAKHX 30H MOTYT COIIPOBOKIATHCA cepPAeUHbIe HAaTOJIO-
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Puc. 6.7. PesepbepaTop B AC BOKDYT OTBepCTUSA
(cTpenkH — HaNpaBJIeHUA PAaCIPOCTPaHEeHUA PPOHTA BOJIHBEI)

r'HH (HEKPO3, HIIeMUA U AD.). BO3HHKHOBeHNe CIMPAJbLHBIX BOJH
BO30YKAeHHA BOKPYT OTBEPCTHI ITOJBIX BeH B IPEACEePANAX, 00BAC-
HAET MeXaHU3M psAfla NpeAicepAHBIX apUTMHUM,

BosunkHOBeHNe peBepbepaTopa 00BIYHO CBA3AHO ¢ Pa3pPhIBOM
¢poHTA BOJIHEI, MEXaHK3M KOTOPOT0 00CYysKIaeTCsa HUMXKeE.

§ 23. TparcopmMauua pHTMa B HEOJHOPOTHOH aKTHBHOM cpeae

Ha puc. 6.8 nmpeacrasieHa cxeMa TpancgopMani pUTMa B HEo-
JHOPOAHOMR cpefe, COCTOMAMNIel 13 ABYX obsacTeil ¢ pasiInmyaronu-
MHCA IepuofaMu pedpaKTePHOCTH TaK, 4To R, > R,.

Ecnn nepuoj pedppakTepHOCTH BBIJEJIEHHOTO yIacTKa cpeasl R,
Gosbine nepuozia pebpakTEpPHOCTH OCTAIBHON yacTH cpenbl R, u
ecJI¥ MHTEePBAJ MEXKAY IIOCHLIKOHN ABYX UMIIYyJIBCOB BO30OY KIACHHUS
T mensine nepuoga pedpaxreproctu R,: T < R,, Bropas BosHa He
MoxkeT Bo3byauTs o6nacts ¢ R, > R,.

9TO IPOUCXOANUT IIOTOMY, UTO T-30HA BTOPOrO MMIyJbCa Ha T'pa-
HHIle HeOAHOPOTHOCTH KacaeTcs 30HBI 3aTSAHYBIIErocs peppaxkrep-
HOI'0 XBOCTAa IePBOro UMIIYJIbCa. ITO MeCTO 00BeZleHO Ha puc. 6.80
KpysKKOM. BosHMKHeT pa3pHB ¢ poHTa BOJHE. B JTaHHOM IpuMepe
KaykJas BTOpas BoJHa B o6sacTH ¢ R, 6yzer seinanarts. Takum 06-
pPasoM, IIOJYYHUB JBA CTUMYJIMPYIOIINX UMIIYJIbCa, AKTUBHAA Cpe-
na B 30He ¢ R, mpoBeneT nx Gea usMenenni o6a, a B 30He ¢ R, poii-
JIeT JHUIIb TOJbKO NIEPBHI MMIIYJILEC H B Hell BOSHUKHET apUTMUA,
Ecan 611 BTOPO#i MMITYJIBC IIOLIEJ IIOCJI€ OKOHYAHUSA pedpaKTepHO-

136



a 6 B
Puc. 6.8. TparchopManua puTMa B HeOAZHODOAHOI
1o pedpaxrepaocTu AC

IO XBOCTa IIePBOT0 UMIYJIbCa B 30He ¢ R,, To Tparchopmanuu put-
Ma He 651710 651. Pasnuynable nopaXeHNa cepAeYHON MBIIUITEI MOTYT
IIPUBOJNUTH K YBEJIMYEHHUIO €€ HEOAHOPOAHOCTH II0 pedpaxTepHOC-
TH, K yBesuyenuio AR = R, — R,. 9ro, B cBOIO OUEpens, YBeJIH‘IHT
BE€POATHOCTD NOABJIEHNA Tpancd)opmannn puTMa.

TparchopManusg pUTMa MOKET BOSHUKHYTE U IPH OJHOIIPOBO/ -
HO# 6JIOKazie (BOSHHKAaET 9KCTpacucTosaa). (cM. Tadiu. II ma ¢popsa-
ne)

§ 24. PeBepGepaTophl B HEOTHOPOAHBIX Cpegax

PeBepGepaTopsl — HCTOYHHKH CIIMPAJBHBIX BOJIH BO30Y:KASHNS —
MOryT BOSHUKHYTbH B HEOXHOPOAHBIX aKTHBHEIX cpejax 6es oTBep-
CcTHil. DTOT Ipolecc IPOUCXOAUT Ha FpaHHUIle pasjesia YYACTKOB
aKTHBHOH cpeJibl ¢ pa3sHBIMY IIapaMeTPaMHy 3JIEMEHTOB 3TOI Cpe/ibI,
HaIPHMeD, ¢ PA3HEIMH pedpPaKTEepPHOCTAMH.

PaccMoTpuM JiBe 30HBI aKTHUBHOM cpeanl ¢ R, u R, pasnenensnie
KpuBosnHeitHo# rparuneit CB, u 6yaem cuntats, uro R, > R, (puc.
6.9).

IIo akTHBHOII cpefie pacOIPOCTPAHAIOTCA ABE BOJHEI BO30yxae-
HUA, IpuyeM BTOopad (2) moceljiaeTcd cpasdy BeJe[ 3a NepBoi Tak,
uyro T <R,. BosaukaeT TparchopManus PUTMAa, U B CUJLY 3TOTO BOJI-
Ha 2 pacnpoCTPaHAeTCA TOJABKO caesa oT rpaHuns CB mo sone c R,
(puc. 6.9, a). Bonua 2, 1surasacs ¢ Toi »Ke CKOPOCTBHIO V, UTO ¥ BOJI-
Ha 1, raunHaeTt Ha rpaaue CB oTcTaBaTh OT Hee. ITO BHI3BAHO TEM,
YTO IIyTH BOJHH 1 K Touke B naer no npsamoit AB (oHa oguHAKOBO
DPOXOAHMT IO 30He ¢ R, — cnesa, u no 30ue ¢ R, — cupasa ot CB).
A nyTe BonuH 2 K TouKe B usner no xpusoii CB, To ecTh IyTh BTOPOIi
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Puc. 6.9. Mexanu3M BO3HUKHOBEHHS peBepbepaTopa B HEOZHOPOAHOM
no R akTuBHOI cpege (CTPEIKK YKa3bIBAIOT HANIPaBIeHHUE
pacmpocTpaHeHHA GpPOHTA BOJIHEI)

BOJIHEI K Touke B nnnHEHBee, yeM nepBoii. IIpnuem, yem Gosbinie Kpu-
pusHa auanu CB, Tem GoJibille OTCTaBaHMe BTOPOH BOJHEI. B Heko-
TODHIHf MOMEHT BpeMeHHM BTOPAaA BOJHA OTCTAHET HACTOJBKO, UTO €e
7-30HAa BHIET U3-110/ pedpaKTepPHOT0 XBOCTa BOJIHBI 1 M KOocHeTCS
NIOKOALUXCA KJIETOK B 30He ¢ R, B Touke N (puc. 6.9,6). lanee, B
COOTBETCTBMM ¢ IpUHIKIOM [1oiireHca, BoJIHA 2 HauWHAET paclpo-
CTpaHAThCA 10 30He R, B Buje cnmpasu (puc. 6.98). Ilo npomecTsun
ellle HeKOTOPOIr'o BpeMEeHH CIUpaJibHaA BOJIHA 2, BEIIAA N3-110] CO0-
CTBEHHOT0 pedpakTepHOro xsocra (Touxa M Ha puc. 6.9, 8), ycr-
peMisieTcs BHu3 o rpanune CB, mepeiifeT rpaHuly pas3aeJia 1 Hay-
HeT pa3BOpauyMBaTh ciupajs yxke B 30He R, (puc. 6.9, 2). Jlunua
NM nasrviBaeTca ¢oKycom peBepbepaTopa.

Ceoiicmea pesepbepamopos. ‘

1. T'naBHasA 0co6eHHOCTL peBeP6ePATOPOB 3aKII0YAeTCA B TOM, UTO
B aKTHBHOM cpefie, B KOTOPOi HeT COOCTBeHHEIX HCTOUYHIKOB BO30Y K-
JEeHNA, BOSHHKAaEeT UCTOUHMK, IIOCLLIAIONIUN BOJHBI BO30OYXACHUA B
OKpYy:rawiyo cpeny (puc. 6.10). B HopMe ot nmeiicMeKepa pacipoc-
TpaHseTCA BOJIHA, IIPOXOAAIaa Yepe3 TOUKY A, BbI3EIBAOIIad B HEH
IOTeHIHAJ JefiCTBUS B MOMEHT BpeMeHn t’ (puc. 6.10, a). Peepbe-
paTop, BOBHUKIIHNI OKOJIO TOUKH A, BHI30BET B HEH IEJIYIO CEepHI0
3JIEKTPHUECKHX OTBETOB, ONIpEIeJIsIeMbIX He DUTMOM IleficMeKepa, a
TOJIBKO CBOMICTBAMU caMoro peBepGeparopa (puc. 6.10, 6).

2. Bpems sxusHu peBepOepaTopa B HeOAHOPOAHOM aKTUBHOM cpeae
xKoHeyHO. OHO OHpeeJIsIeTCsI YNCJIOM 0DOPOTOB N BOJIHEI BO3OY K Ie-
HUs BOKPYT JIMHUY, paszaessiomieii 30Hul R, u R,, To ecTh unciom um-
HyJALCOB, IPOXOAAIINX Yepe3 HEKOTOPYIO TOUKY B AKTHUBHOM cpele:

T

n=1l+——.
R2—R1
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N ‘ AADAD,
Puc. 6.10. Ilponecc Bo36yxAeHUA B TOUKE A aKTUBHOM cpeJsl B HOpMe (a)
¥ Opu BO3HUKIIEM peBepbGepaTope (6)

HcuesnoBenune pepepbepaTopa 06 LACHAECTCA TEM, YTO IIOCTIE KAXK-
zoro obopora pasmep poxyca NM ymeHbniaerca u mocje n 060po-
TOB OH CXOQUTCA B TOUKY.

TaxuMm o6pasom, ueM GoblIe HEOAHOPOAHOCTE, TEM KOPOUE Bpe-
M JKU3HHU peBepbepaTopa, TeM MeHbIIle UMITYJILCOB BO30YXKAeHNSA
npoiiger 4yepes aKTABHYIO CPEAyY OT 3TOI'0 MCTOUHHUKA (puc. 6.106).

3. YacToTa BOJIH, IOCHIJIAEMEIX peBepOepaTOpoOM, €CTh MaKCH-
MaJIbHO BO3MOKHASA YaCTOTa BO30OY:KJACHHAA AAHHON cpearl. MHRI-
MH CJIOBAMH, COMPAaJILHAA BOJIHA B HEOJHOPOAHOM Cpefie HeIPABUIh-
Has: ona nmeer nepuoA T,~ R, cupasa ot ntuanu CBu T, ~ R, cesa
ot aroil 1uHEKMHA. I10aTOMY cIMpaJbHBIE BOJHKL OT peBep6epaTopoB
B OPHHOWIIE HE CAHXPOHN3HPYIOTCA.

"~ 4. Paswmep peBepGepartopa onpefensercd doxycom (puc. 6.9r):

o =R, =)V

¥ MOKeT GBITh MeHbIIEe AJUHB BOJHBI A.

5. PeBepOepaTophl MOTYT PA3MHOMKATHCA HA rPAHNOAX HEOJHO-
pPoaHOCTEN AKTHBHOM Cpeabl.

N3 yxasaHHBIX CBOMCTB CIIEAYeET:

1. Ecau CKOpPOCTh pa3MHOMKEHHSA peBepGepaTopoB 60 b1Ie CKOpo-
CTH X HMCUYE€3HOBEHNSA, HAYMHAETCA HEeNHO mpomecc yBeJIHUYEeHUS
KoJIn4YecTBa peBepbepaTopoB (AHAJOIMUYHO IeIHOH pPeaKmuH OpH
B3pEIBEe YPaHOBOH GoMOBI). B aKTHBHAA cpeja MOKPHIBAETCHA HC-
TOYHHKAMM CIHPAJIbHBIX BOJIH C PASHBIMH YaCTOTAMHU. ITOT cJIay4ail
COOTBETCTBYeT QUOPHILIANMH AKTHBHON cpe/kl (MHOKAap/a cepana).
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2. Ha ocHoBe aHaIM3a MaTeMaTHYECKOM MOJeJIN YCTAHOBJIEHO,
YTO IIeIIHEIe IIPOIleCChHl Pa3MHOKeHUA peBepbepaToOpOB BOGHUKAIOT,
KOr[a YHCJIO BO3HUKIINX peBepbepaTopos 60JIblile HEKOTOPOTO KPH-
rudeckoro K . . 9Ta BeJIMUMHA CHIILHO 3aBUCHT OT OTHOIIEHHU A Bpe-
MeHH B0o30y KaeHud T K nepuoay pedpakrepHoctu R (puc. 6.11):

2+17(R,-R))

Km.m= +1.
TR, -R))-(R, -1)(R,-R,)

B cayuae maioil pasHHIEI IEPHOA0B pedPAKTEPHOCTH JBYX 00-

|

nacteit (R1 =R2=R) gna E > 5 MOYKHO 3aIIHCATD:
T
K ~———,
™ 21-R,

Taxum 06pa3omM, IIOKa3aHO, UTO CYIIECTBYET HEKOTOPasd KPUTH-
4YecKad Macca MHOKapJam, , B KOTOpOH MOr'yT BOBHUKHYThH PAa3MHO-
sKaroinuecs pesepbepaTopsl. Eciin Macca COKpaTHTEILHOTO MUOKAP-
Aa MeHbIle m _, TO B Hell OOHOBPEMEHHO MOYKET IIOABHUTLCA JIUIID
MAaJIoe YMCJI0 HCTOYHHKOB CIUPaJbHEIX BoJiH. OHO 6yAeT HezocTa-
TOYHO AJsI 00pa30BaHUA ITEIHON peaKIMy UX pasMHOKeHudA. Oue-
BHJHO, 4TO ueM Goiblie Benuuuna K . , TeM MeHbIle BePOATHOCTD
JIABUHHOTO VBeJIMUeHHUA Yucia peBepbeparopos. Kak cieayer us
pucyuka 6.11, B nenax yMeHbIIEHUSA PHUCKa CePAEYHBIX apUTMHIKI
MOXKeT oKasaThed 3¢ deKTHBHLIM YMeHbITIeHNe TapameTrpa T/R.
Kpin

644

164

/R

Pxc. 6.11. MuauManIbHOE YHCIO PeBep6epaTopoB, BHISHIBAIOIIHX
He3aTyXalInye aBTOBOJIHOBEIE IPOIIECCH B AKTHBHEIX Cpelax
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IIpu paspaboTke aHTHADUTMHUKOB OMODUBUKH HCCICAOBAJIHA CBA-
3aHHBIH ¢ IapaMeTpoM T, apamMerp 6 — BpeMs BO3HHKHOBEHHS OT-
BeTa Ha II0JjaBaeMbIi UMIIYJIbC, TO €CTh JaTeHTHEIH nepnof. Ilapa-
MeTp 0 MOXHO H3MEPUTH BJIEKTPOHIHOTIOTHISCKMMH METOJaMu.
HccnepnoBaHu A aBTOBOJIHOBEIX IPOIIECCOB IIOKA3aJIH, UTO ONACHOCTE
BO3HMKHOBEHHA peBepbepaTopoB Bo3pacTaeT nIpH yBeaundenunu 6/R.

B nacrosdmee BpeMsa yCTaHOBJIEHO, YTO MEJUOHUHCKHE IIPHIIOXKE-
HUS TEOPMH aBTOBOJIHOBBLIX IIPOILIECCOB He OrpaHMYMBaIOTCA hud-
puianaumueii Mmuokapaa. OTKPHITE, HAIPUMEDP, HATOJOTHYECKHE
aBTOBOJIHOBEIE€ TPOLECCHI, BOSHMUKAIOIIINE B HEPBHEIX CETAX KOPEI
TOJIOBHOT'O MO3ra npu sanuiencui. Ilokasad aBTOBOJIHOBOM MpoIece
pacnpocTpaHeHHs JeIPecCHHU B CETYATKE IJIa3a u AP.

KoHTPOJIBHBIE BOIIPOCHI, BAJJAYH, 3AJAHHA

1. B uyeM COCTOUT NPUHOUIHAILHOE OTIHYME ABTOBOJH B AKTHB-
HEIX CpefaX OT MeXaHHYEeCKHX BOJIH B YIPYTHX cpejax?

2. Tloyemy aBTOBOJIHA pacOpOCTPaHAETCA B aKTUBHOM cpepne Ges
saTyxaHMA?

3. HabaronaeTca i B aKTUBHEIX cpefax HHTephepeHIUA aBTO-
BoNH? _

4. OT 4ero 3aBHCAT NapaMeTPLI ABTOBOJIHEL B aKTHBHOM cpefe?

5. Ilorennmannopora AJs KJIeTOK yuacTKa MHOKapaa paseH — 30 mB.
TparcMeMOpaHHBIH IOTEHIINAJ KJIETOK 9TOTO YYACTKA B HEKOTOPLIM
MOMEHT BpeMeHH JOoCTHT BexwuuHkl — 40 MB. MoskeT 111 mo AaHHOMY
VYaCTKy MHOKapAA IepelaBaThCA BOJIHA BO30YKIEHNAA?

6. JlBe aBTOBOMHEI ABMIKYTCS HABCTPEUY APYT APYTY (pHuc. 6.4) ¢
OJMHAKOBLIMHY CKOpPOCTAMHA. PedpaKkTepHOCTD epBoii 30HEI 100 Mc.
IIpn KakMX yCJIOBHAX BOJHA, BXOASA BO BTOPYIO 30HY, HE aHHUTH-
aupyet? '

THHOBLIE TECThI TERYIEro KOHTPOJIA

6.1. BosaHa Bo36GyxaeHN S (aBTOBOJIHA), PACIIPOCTPAHAACH II0 aK-
THBHOI cpelie (HaIpUMeD, IO CTPYKTYype MHOKapAa), He 3aTyXaeT:

1. 3a cyeT Hnepejayy SHEPTHHU OT OJHOH KJIETKH K ApPyro#

2. 3acuyeT BEICBOOOXKIeHNA SHEPTH, 3aTIaCeHHON KasKI0M KJIeTKOMH

3. Bpe3yJbTaTe NEpefadyl MeXaHHYeCKOMH S9HEPTHH COKPAIleHN A
MHOKapAaa

4. B pe3yJbTaTe HCIOJL30BAHUA SHEPTHH 3JIEKTPHUYECKOTO IIOJIA

6.2. Inuna BOXHBI Bo36Y)KIeHNA B aKTHBHOI cpefie 3aBUCHT OT:
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4. aMILUITHTYAH IOTeHIHAJA AeACTBHA KAPANOMHUOIATA

6. OT CKOPOCTH PacOpOCTPaHEeHHUHA BOJHBI IO MHOKADAY |

B. OT YaCTOTHI HMIYJLCOB OeficMeKepa

r. OT JJIMTEJbLHOCTH pedpaKTEePHOr0 MepHoNa BO36YKACHHOMN
KJEeTKH

1. a6 2. 6r 3. Br 4. ar

6.3.1[upKyIAIHA aBTOBOJIHEI (reentry) JJIHTEJIbHOCTHIO A B KOJIb-
e ¢ IepuMeTpoM [ MoKeT BOSHUKHYTD IIPH YCJIOBHH:

1. A=21 2. A>>1 - 3. A<l

6.4. Ecau B HeOOHOPOAHON aKTHBHOH cpeje UMEIOTCS 30HEI C
pedpakreproctamu R, u R, (R, > R)) u umnyasce oT neiicMexepa
caenyioT ¢ nepuogoM T, To TpaHCchOpManua pUTMa MOKET BOSHHUK-
HYTb NPHU YCIOBUU:

1. T<R, 2.T>R, 3.T=R,-R,

6.5. IIBe BosHH BO30YKAeHUSA ABHIKYTCH II0 aKTHBHOUN cpeje
(Muokapay). Ix mapameTphl 3afaHBI HA PUCYHKe. B Kakyio cTopo-
HY ABMKYTCA BoaHB? KakoBo yeaoBHe NpoXoxKAeHEAs BOJHEH 11 B
308y R, (myEKTHD — rpaHHOA MeXKAY 30HOH ¢ pedpakTeprOCTEIO R,
u R,, ckopocTH BOJIH V oAMHAaKOBHI)?

a. 00e BOJIHEI ABHXKYTCA BJIEBO r. VR, > Vg,
0. BOJIHBI JBHIKYTCA HABCTPEUY A. VR, <Vr,
B. BOJIHBI B3aHMHO VIAJAIOTCA e. VR > VR,

1.8g3 2.06e 3. ar 4.06n
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6.6. BosHMKHOBEHHE CIIHPAJIbHOrO HCTOYHHKA BOJHEI BO36YHK-
neHuA (peBepbepaTopa) B HEKOTOPOH 30He MHOKAPAA BBHIBHIBAET B
OKPECTHOCTH 3TOH 30HHI:

1. yBeJnYeHHMe YaCTOTEI COKpAIeHNH
2. yMeHbIIEHHE YaCTOTHI COKpAaIleHui
3. He N3MeHAET YACTOTY COKpaIleHnii
4. mpekpalaeT cCoKpalieEnsa 30Hb

6.7.BepoATHOCT, BOSHUKHOBEHHUS MHOYKECTBA CIIUPAJILHEIX HC-
TOYHHKORB BOJIH B0O30y:KAeHHUA B cepAue (GubpHIamusa) BospacTa-
eT, ecJIH:

4. YBeJIMUMBAETCA COKPATHMOCTh MHOKapa

6. MOABJIAIOTCA 30HBI HEOAHOPOAHOCTH 110 pehpaKTEePHOCTH

B. IIOABJIAIOTCA 30HEI HEOJHOPOAHOCTH II0 CKOPOCTH IIPOBEIeHHUS
BOJIHBI :

I'. TOABJIAIOTCA AeeKTh B paboTe KIamaHOB

JI. BOSHAKAIOT YACThIE PAaHHHE UMIIYJILCEI BO30YXAeHUA

1. absB 2. BIA 3. 6Bg 4. aar

I''TABA 7. BHO®PU3HUKA
MBIIEYHOT'O COKPAIIIEHHUA

MElImeyHas aKTHBHOCTE — 3TO OHO M3 OGIIMX CBOMCTB BHICOKO-
OpPraHN30BAHHLIX JKUBBIX OPTaHM3MOB. BeA JKH3HEAEATEILHOCTD
YeJI0BEKA CBA3aHA ¢ MBEIIIIEYHOH aKTHBHOCTHI0. HesaBHcuMoO OT Ha-
3HAYEeHH, 0COOEHHOCTEI CTPOeHNA U CIOCO60B Peryaanuu OpHH-
muO paboThI PA3JIMYHBIX MEIIIL OPTAHU3MA OJNHAKOB.

Melmmeynas KieTKa OTJINYAETCS OT APYTHX BO30YIMMEIX KISTOK
TaKUM cenudHUYecKNM CBOMCTBOM, KAK COKPATHMOCThL, TO €CTh
CIIOCOGHOCTSH MeHePUPOBATEH MEeXaHMYeCKOe HAPSKEeHNe U YKopa-
yuBaThcA. KpoMe TOro, MEIIINE ABJATCA TeHEPATOPOM TeIJja,
IpHYeM He TOJLKO OIPH MEIIDeYHOH pafoTe, X0I0A0BOM APOKH, HO
¥ B peXHMNMe HeTOHMYECKOTO TepMOoreHesa.

MruimeuHas aKTHBHOCTH B IIPOIECCe JKH3HEAeATeIbHOCTH obec-
meuwBaeT paboOTHI OTAENBHLEIX OPTAHOB H IIE@JILIX CHCTEM: paboTy
OIOPHO-ABHTAaTeIbHOrO alapaTa, JerkHx, COCyAHCTYI0 AKTHB-
HOCTB, KeJIY09YHO-KHIIeYHOT0 TPAKTAa, COKPATHTEIBLHYIO CIIO0CO0-
HocTh cepana. Hapymenue paGorn Mmum, (Hanpumep, onpeseid-
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©muX QYHKIUOHNPOBAHUE JIETKUX, CePAIla) MOXKeT NIPUBOAUTH K
IATOJIOTHAM, a €€ IpeKpalleHne — JaXKe K JeTaJIbHOMY HCXOAY.

§ 25. CrpykTypa nomnepe4Ho-1oJI0caToOH MBIINIbI.
Mopgeas CKOMB3AUINX HUTEH

MeilredyHasa TKaHb IPeICTABIAET CO00il COBOKYIIHOCTD MBILIIEY-
HEIX KJIETOK (BOJIOKOH), BHEKJIETOUHOTO BelllecTBa (KOJLIareH, 3ja-
CTHH U JIP.) ¥ T'YCTOH CeTH HEPBHELIX BOJIOKOH M KPOBEHOCHEIX COCY-
J0oB. MpImnpbl MO0 CTPOEHUIO JAeNATCA Ha: z2adKue — MBIMIIBL
KHINEYHUKA, CTeHKH COCYJ0B, U NONEPELHO-N00Camole — CKeleT-
HbI€, MBIIIIEI cepala. He3aBUCHMO OT CTPOEHHUA BCE€ OHH HMMEIOT
OJIM3KHe MexXaHMYeCcKHe CBOMCTBA, OQMHAKOBEIM MeXaHH3M aKTH-
Ballu¥ " GIN3KHI XUMHUYECKH cocTas.

ITonepeuHo-moJjiocaTadA CTPYKTypa MBIIIEYHLIX BOJIOKOH MOYKET
Ha0JII0JaThCA [0 OOBIYHBIM MHKPOCKOIOM. OTIeILHOE MEIIIIEUHOE
BOJIOKHO umMeeT guameTp 20 — 80 MKM U OKpYKeHO MiIasMaTUYEC-
Kol MmemOpano# ToamuHoi 10 uM. Kaxkaoe oTaenapHoe BOJIOKHO —
3TO CUJILHO BBITAHYTAA KJeTKa. [[JINHA OTAeIbHBIX BOJOKOH (KJe-
TOK) MOXKET CYIIIECTBEHHO BaPhbUPOBATLCS, B 3aBUCHMMOCTH OT BHJA
MBIIIIEI, OT COTEH MHKPOH 0 HECKOJIBKHNX CAHTHMETPOB. BHyTpH
BOJIOKHA, KpOMeE H3BECTHHIX OpPraHeJLI (A4p0, AJPHIIIKO, MUTOXO0OH-
ApuH, annapat [OJIBAKH U AP.), HAXOAATCA COKDATHTENbHBIHN am-
mapar KJjaeTku, cocroamuii 3 1000 — 2000 napaJiiensHo pacmosio-
JKeHHBIX MUOGNOPUII guaMeTpoM 1 — 2 MKM, a TaKsKe KJIeTOUYHBIE
OpraHeJLIbl: CapKOIMIa3MaTHYeCKHEi PETHKYJIYM U CHCTeMa IHome-
peuYHBIX TpyOoueK — T-cucrema.

C L | SEROR
Mnosnnz—;( *.*.

e — e KK
R SRS S v 5,5

Puc. 7.1. CxemaTnueckoe nsobpaKeHue MHOGUOPHUIIJIEI MEIIIIEYHOTO
BOJIOKHA: & — COCTOSIHME NOK0d, 6 — pacTaxeHue (IoApoGHOCTH B TEKCTe).
Cropasa — cxeMa pacloJIOMKeHUS aKTUHA 1 MUO3HUHA Ha MONepedyHoOM
cpese
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B mrodubpunnax pasauuaior (puc. 7.1): A-30HY — TeMHEIe II0JIO-
CBl, KOTODHIE B IOJIAPU30OBAHHOM CBETe Jai0T ABOMHOE JIydelpesoM-
JIeHHUe, TO ecThb 00JI1afal0T CBOMCTBOM aHM30TpoIuy (0TCIOAa U Ha3Ba-
Hue: A-3o0ua), I-30HY — ¢BeTJIRIEe II0JIOCKHI, HE AAIOM[HE JBOMHOTO
JIy4YellpEJIOMJIEHH S, TO eCTh U30TPOITHEIE (OTCI0a HasBauue: I-30Ha).
B o6nacTu I-30HBI IPOXOAUT TEMHASA Y3KaA Moxoca — Z-aucK ( OT HeM.
zwischenscheibe — npomexyTounbit auck). IIpoMekyToK Mex Iy

JBYMA Z-THCKaM{ Ha3bIBAETCH CADKOMEDOM H SIBJIAETCS 3JIeMEHTAD-
' HOII COKpaTHUTENbHOI eJUHNIE MbIIIEYHOH KIeTKH.

CaproMep — 3TO yIIOpAAOUYeHHAA CUCTEMA TOJICTHIX U TOHKHX HU-
Teil, pacHoJ0XeHHBIX FTeKCAaroHAJIbLHO B IONePeYHOM ceueHun. ToJr-
cTasd HATb UMeeT TOJAIGUEY ~ 12 HM ¥ JJIuHY =~ 1,5 MKM 1 COCTOHT
u3 benxa Muo3uHa. TOHKAA HUTH MMeeT JUAMeTp 8 HM, AIUHY
1 MKM u cocTouT M3 6elIKa aKTHHA, IPUKPEIJIEHHOr0 OJHUM KOH-
L,OM K Z-IUCKY. -

AxrTHH
TpomouuH

MOCTHKAa

Puc. 7.2. MUKPOCTPYKTYpa cCapKoMepa

AXTHHOBasi HUTH COCTOUT U3 JBYX 3aKPYUYEHHBIX OJHH BOKPYT IDY-
Troro MOHOMEPOB aKTHHA TOJIOHUHOMH 1m0 5 HM (puc. 7.2). Ora cCTPyK-
Typa MoXoxka Ha ABe HUTKHU Oyc, CKPyUeHHSBIe 110 14 6ycuH B BUTKe.
B nensax akTuHa peryJsipHo npuMepHo Yepes 40 HM BCTpPOEHBI MOJIe-
KYJbl TDONOHUHA, a caMa Iledb OXBATHIBAET HUTH TPOIIOMMO3HMHA.
IIpu coxpanieHUM MEBIOIEI TOHKME HUTH BABUTAIOTCA MEXKAY TOJ-
cteiMu. IIpoucxoguT oTHOCHTENbHOE CKOJIbKEeHNE HUTEH 6e3 n3Me-
HEHUA UX JUIMHEBL. JTOT IpoIiecc 00yCI0BJIeH B3aNMOIeHCTBHEM 0CO-
OBbIX BHICTYIIOB MMO3HMHA — IOIEPEYHLIX MOCTHKOB ¢ AKTHBHLEIMH
LEeHTpaMH, PACIIOJIO?KEHHBIMHY Ha aKTHHE. MOCTHKH OTXOLAT OT TOJI-
CTOI HUTH IIePHOJUYHO Ha paccToAHuM 14,5 HM ApyTr OT Apyra.

B paccinabieHHOM COCTOAHUH MUOQHUOPUIT MOJEKYJIb TPOMO-
MHO3MHA GJIOKUPYIOT IPHUKPeIlIeHHe IoNePeIHEIX MOCTHKOB K aK-
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MocTHK Pa3OMKHYT 3aMbIKaHUe Vennue
Tpononusa :

roJIOBKa Alc'mnm.le
MOCTHKA 1LeHTPRI
3a610KHPOBAHEI

a

Puc. 7.3. IIponecc akTHBAIITMH MOCTHKA
¥ reHepanuy yCHJIMA B capKoMepe

THHOBBIM nensm (puc. 7.3, a). Housl Ca?" ak THBUPYIOT MOCTHKH
M OTKPEIBAIOT YYACTKM UX IPUKpEIJIeHNA K aKTHHY (puc. 7.3, 6).
B peayianTaTe MOCTHKHM MHO3HHA IMIPUMKPEILIAIOTCA K AKTHHOBBIM
HHUTSAM, paclienasioTca MoJekyansl ATd u nusmenaerca KoHdpop-
ManuA MOCTUKOB: HX I'OJIOBKHY II0BOPAYMBAIOTCA BHYTDb CAPDKOMeE-
pa (puc. 7.3, 8). 3T0 IPUBOAUT K FeHepaI M CHUJIbI, CKOJbLXKEeHHIO
AKTHHA OTHOCHUTEJNBLHO TOJCTON HUTH MHO3HHA K IIeHTPY CapKO-
Mepa, YTO BEISHIBAET YKOPOUYeHHe MBI, [locie okOHUaHMA aK-
THBAIIMHM MOCTHUK PasMEIKaeTCs M capKoMep BO3BpalaeTcA B HC-
xoaHoe coctoAanue. IIpu ykopoueHnu o6beM capkoMepa NpaKTH-
YyeCKH He MeHfAeTcd, a CJIeZ[oBaTeJIbHO, OH CTAHOBUTCS TOJIHIE, YTO
¥ HOATBEPXAAEeTCA HA CHUMKAX IOIEPEeYHOro CeYeHus MEIIII, C
IIOMOITBIO 3JIEKTPOHHON MUKpOCcKomuu., KarKAbIil MUK 3aMBIKa-
HUe-Pa3MBIKAHHE COMPOBOXKJaeTCs pacllelyieHHeM OJHO# MoJe-
Kyasl AT®. Takum o6pa3oM, ak THH-MHO3HUHOBEIM KOMINJIEKC SIB-
JAEeTCA MEeXaHOXMMHYeCKHM mpeoOpasoBaresieM 3Hepruu AT®.
PaccMoTpeHHaA CTPYKTYpa U IMOCJIEeA0BATEJILHOCTD IPOIEeCCOB Ha-
3BIBA€TCA MOJAEJNBIO CKOJNL3ANINX HUATE.

BriepBrle CKOJIb}KeHe HUTeil B capKoMepe ObLI0 0GHAPYKEHO aH-
rauniickum yueHbIM X.Xakcau. OH ke chopMyJIHpOBal MOJeNab
cKoab3amux HUTel. CylnecTBeHHEIN BKIaK B paspaboTKy Teopuu
cxkoan3sauux EuTel BEec B.A. [lemepeBckuii.

IIpencraBieEHAA CTPYKTYPHAS MOJENb CKOJb3ANINX HHUTEl Ha-
Je3KHO MOATBEePIK/IeHA 3KCNIePUMEHTAJILHO M ABJIAETCA ONBITHHIM
¢daKTOM, Ha KOTOPOM OCHOBAHEI BCE COBPEMEHHELIE TEOPHY MEIIIEeY-
HOT'O COKpAIleHU.

JKcoepMMeHTAJbHEIE AaHHEIE O MUKDOCTPYKTYPE MBIINIT ObLIH U3Y-
YeHBI C IOMOMIBIO 3JIEKTPOHHOM MHMKPOCKOIINH, PERTIeHOCTPYKTYP-
HOT'O aHANN3a M MeToAa Audpakuy CHHXPOTPOHHOT'O U3IyYeHHS.,

OcHOBHBIE TOJIOKEHNA MOJIEIN CKOJIB3AIMUX HATEH!:

1. JauHEl BATE# aKTHHA ¥ MAOSKHA B X0Jie COKPalleHuA He Me-
HSAIOTCH.

146



2. NaMeHeHNe AJMHLI CApPKOMeEpAa IIPH COKPAIIEeHHH — Pe3yJIbTAT
OTHOCHTEJIBHOT'O HPOAOJIHHOTO CMEIEeHUA HUTeil AKTHHA ¥ MHO3H-
HAa. ,

3. Homepeunkble MOCTHKH, OTXOAAIINE OT MUO3UHA, MOT'YT IIPH-
COeIUHATHLCA K KOMILUIEMEHTAPHLIM eHTPaM aKTHHA.,

4. MOCTHKHM OPUKPEILIAITCA K AKTHHY He OJHOBPEMEeHHO.

5. 3aMKHYBIIMECA MOCTHKM IOJBEPralOTCA CTPYKTYPHOMY Ile-
pexoAy, IpH KOTOPOM OHH PasBMBAIOT YCHJIHE, IIOCJIE Yero MPOMC-
XOAHUT MX PA3MbIKAHHE. ‘

6. Coxpamnrenne u pacciaadienye MEIIIIEI COCTONT B HApACTAHHUH
M MDOCJIEAYIOINEeM YMEHbIIeHUH YUCJIA MOCTHKOB, conepmammnx
IUKJ 3aMbIKaHHe-Pa3MEIKaHHE.

7. Kaskanlii QUKJ CBA3AH C THAPOJIH30M OJHOM MOJIeKYJILI ATD.

8. AKTHI 3aMBIKaHHUA-Pa3MEIKAHHUS MOCTHKOB IPOMCXOAAT He 3a-
BHMCHMO APYT OT Jpyra.

Ha puc. 7.4 npeacrasieHa 3aBUCHMOCTh MAKCHMMAJLHOTO 3HaYe-
HHUS PasBUBAE€MOM CHJILI OT CTEIEeHHM MePEeKPEITHA AKTHHOBEIX M
MHMO3UWHOBBIX HUTEH.

Bo3MOXHOCTH CapKOMepa COKPATHThCS M Pa3BUTh yCHIIHeE B 60JIb-
IO CTeleHM 3aBHCHT OT HaUaJIbHEIX yCJOoBHii. Ecim capkomep ma-
HAYaJbHO PacTARYT (ero JjuHa 3,65 MKM), TO MOCTHKHM He IePeKphbI-
BAIOTCS ¢ AKTHHOBLEIMY HUTAMH U IPH CTUMYJIAIIMH TAKOTO 3JIEMEHTA
ycuiue He hopmupyercs (crpeaka 1 Ha puc. 7.4, a u pparmesnT 1 Ha
puc. 7.4, 6). Ecau capkoMep HaX0gUTCA B pafouemM HaUaJlbHOM CO-
croaHuu (pasmep capkoMepa 2,2 MKM), TO IPH CTUMYJISIIMH OH pa-
30BBET MAKCHMAJLHYIO CHAY (cTpesnKa 2, puc. 7.4, a u pparMesT 2,
puc. 7.4, 6). Ecain HauanpHEIHA pasMep capKoMepa CIHMIIKOM KOpo-
TOK, reHepalusa yCHINA YMeHbInaeTca (cTpesika u pparmest 5).

§ 26. BuoMexaHMKa MBIIIIIEI

MEImnEI MOKHO peACTABHATD KaK CIUIOIIHYIO CPeAy, TO eCTh Cpe-
Y, COCTOAINYIO U3 GOJIBINOTO YHCJIA 3JIEMEHTOB, B3AaUMO/IeiiCTBYIO-
IIHX MeXay coboil 6e3 coyapeHHH M HAXOAAIMMXCA B MOJI€ BHE-
ITHUX cuJji. MEIMOa OJHOBPEMEHHO 00JIafiaeT CBOMCTBOM YIIPYTOCTH
M BA3SKOCTH, TO €CTh SABJIAETCA BA3KO-yOpyroi cpegoii. Jlina Takoii
cpeabl NpeAnoJaralTcA COPABeJJIMBLEIMHM 3aKOHEI KJIACCHUIECKOH
MEeXaHUKH.

dyHAAMEHTATHLHEIMY NOHATHAMHE MEXaHHUKH CIUJIOIHIHEIX CpeX
ABIAOTCA AedopManus, HAIPAKEHNE, YIPYTrOCTE; BA3KOCTD, 4 TAK-
JKe SHepTuA U TeMIepaTypa.

a). Ynpyzocmb — CBOMCTBO TeJl MEHATH Pa3MepH u GopMy Iox AeficTBHEM
CHJI H CAaMOIIDOH3BOJBHO BOCCTAHABJINBATDE UX IDH DPEeKDaIIeHHH BHEMIHUX
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Puc. 7.4. 3aBHCHMOCTH, MAKCHMAJILHOTO 3HAYEHHUA CHJILI P, pa3sBuBaemoit
TIpH K30METPHIECKOM COKPAIlleHNH, OT HaUaJbHOH JJIMHE capKoMepa [
(a) ¥ cTeneHN MepeKPHITHA AKTHHOBEIX ¥ MHO3HUHOBHIX HHTE (6)

BO3AeiicTBHII. YIIPYrocTh TeJl 00yCIOBJIeHA CHJIaMH B3auMOJAEHCTBHA ero
aTOMOB ¥ MOJIEKYJI. IIpH CHATHH BHEIITHErO BO3eICTBHA TEJIO CAMOIIPON3-
BOJIbHO BO3BpAIaeTCA B HICXOAHOE COCTOAHUE.

6). Basxocmb — BHYTpEeHHEE TPEHME CPEABI.

B). Baskoynpyzocmb — 3TO CBOHCTBO MaTepHAJIOB TBEPALIX TeJI COYETATh
YIPYrocTh H BASKOCTbD.

r. Jegpopmayus — OTHOCUTEJIbHOE H3MEHeHNEe JJINH:

e Al
T
l
rae |- HauajnbHaaA AJINHA, Al - 3HaueHne yYAanHeHnd, Al MoteT MeHATD 3HAK.
n). Hanpaxcenue mexanuveckoe O — Mepa BHYTPEHHHUX CHJI, BOSHHKA-
omux upn aedopmanun matepuana. J1Jjis 0AHOPOAHOro CTEPMKHA:
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rae S - miomans ceueHnd, F — cuna, NpuiaoKeHHad K CTEPKHIO.

Yupyrasa gebopmanusa BOSHHKAET H HCUYe3aeT OZHOBPEMEHHO ¢ Harpya-
KOil ¥ He COMPOBOXKAAETCA pacceAHNeM 3Hepruu. s ynpyroi gedopma-
MY cOpaBeAuB 3akoH ['yka:

c, = eE,

rae E — Mmogyns OHTa, onpenensemMuiil 1pEPOLOI BeliecTBa.

Ilp; pacTaAXeHHN pa3IMYHLIX MaTepHAaJOB, B 00IIeM ciydae,
E = {(g). Ilpu maneix pacTaxeHuax cuntaoT E =const. Bra6a. 7.1
NpHBeJeHH 3HaUeHNuA E /14 pasjIuYHbIX MATEPHAJIOB, '

Ta6auya 7.1. 3mauennna mogynda FOATra 14 pa3snuIHEbIX MATEPHAJIOB

Marepnan Mogynxs IOmTa (I1a)
dnactuH 6-10°
Koanaren 10°
Koctnb . 1010
Pesnna ' 108
y6 101
Crannb 2-101°

dsacTHH — ynpyruii 6eJIOK I03BOHOYHBIX, HAXOAUTCHA, B OCHOB-
HOM, B cTeHKax aprepuii. Kosjares — BoJOKHEHCTEHIH 6e10K. B MBIIT-
nax 20 % Bcex O6eakoB — KoJtareH. HaxoauTca TaKKe B CYX0XKH-
JHUAX, XpAMAX, KOCTH.

B cny4ae BA3KO#H cpeabl HanpsaxeHHNe O, OIPefeIAeTCA CKOPOC-
ThI0 Aedopmaniuu de / dt:

6. =7 de

il
Podt
rae 1 — Ko3dunueHaT BA3KOCTH Cpeabl.

Jiia BA3xoynpyroil gjedopManuu xapaKkTepHa ABHas 3aBHCH-
MOCTB € OT IIpoliecca HATDYKEeHHsS BO BpeMeHH, IpHYeM OpH CHA-
THH HarpyskH gedopmanus ¢ TeueHHUEM HEKOTOPOrO BpeMeHH ca-
MOIPOM3BOJBHO CTPEMUTCS K HYJIIO.

ITaccuBHBIE MEXAaHAYECKHE CBOMCTBA BASKOYIPYTo# CpeAibl MO -
HO MOJ[eJIMPOBATh COUETAHUEM YIPYTUX ¥ BASKUX 3JIEMEHTOB.
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BaskocTbs Mopeaupyercs (1306paxcaerca) nemudepoM 1, a yupy-
TOCTH NPy XuHOI E.

Muimna se ABasieTCA HA YACTO YIPYTIHAM, HA YACTO BASKHAM 3JIe-
MeHTOM. Muimna — BA3KOYNPYTu# 2jIEMeHT. ’

ITaccusnoe pacmaxcenue. Ha ocHOBaEMH PaCYETHHIX ¥ 9KCIIEPH-
MeHTAJbHBIX JAaHHBIX HOKa3aHo, YTO HanboJiee MpoCcTOi MOAENbIO,
Ialome# AOCTATOYHO XOopolnee NpUGIHKEHNe K MEXaHWUYECKHM
CBOMCTBAM MHIIILEI, ABIAETCA TPEXKOMIIOHeHTHAA MOoZieib Xniia
(puc. 7.5).

E.c,
Ec,
n

Puc. 7.5. TpexKOMIOHEATHAA MOAEJb MBI
(C3 — cokpaTUTENbLHEIN 3JIEMEHT)

Jlns ycTaHOBIEHNA XapaKTePHOH 3aBUCMMOCTH fedopMariy MEILI-
el BO BpeMeHY TpH NPMJIOXKSHNH K Heil MI'rHOBEHHOT'O BO3JeiicTBHA
ynpocruM moznens (puc. 7.5). lonyctuM, uro aneMerT E, orcyTeTByer
(6, = 0). Toraa ana BASKOYNPYTOi CpeAbl HANIPSXKEHNE G B CUCTEMeE
OyZaeT onpenenaTLCA YIPYron o, u BAI3KOi G COCTABJIAIOMUMHU:

6=0,+0G,,
de

oc=Ee+n—.
L

Haiinem sasucumocTs (1), pemas qudwbepeHIaibHEOE ypaBEEHHE B
cuuTas, YTO B HAYAJIbHBIN MoMeHT BpeMeRH t = 0 ngedopmanusa € = 0.
B pesynbraTe monyumnm:

e(t):%(l—e‘?) (7.1)

rae BesinunHAa T =1} / E HasnBaercsa BpeMeHeM 3ana3ALIBaHUSA., -
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CxopocTb HapacTaHuda feopManun MakcuMaiabHa npu t = 0:
de o
(Do =
dt n

OTcioga cieayeT, 4YTO 4eM 00JIbllle BeIMYNHA BA3KOM KOMIIOHEH-
THI 1|, TEM MEHBIIIE YI'0JI HaKJIOHA KPUBOi £(t).

Hedopmanusa £(t) pacrer ¢ yOBIBaIOIIEl CKOPOCTHIO U ACHMIITO-
THYECKH IPUOINKAETCA K CTAMOHADHOMY 3HAUEHHIO £_!

Taxkum 06pa3oM, 3aBECUMOCTE (7.1) JOCTATOUHO XOPOIIIO OIMUCKI-
BaeT Ipolecc HapacTauusa gedopmanuu €(t), mMoNTydeHHBIH B seKC-
IIepUMeHTe.

B TepMuHax MexaHNUYeCKOM MogesH (puc. 7.5) 1 MOAEJIH CKOJIb-
sAmux Huteld (puc. 7.3) napajienbHelil ynpyruit anremenT E, on-
peflelfdeT MeXaHUYeCKHe CBOHCTBA BHEIMHUX MeMOpaH KJIETOK
(capxoJjieMMBI) ¥ BHYTPEHHHX CTPYKTYP — T-cHCTEeMBI H capKoI-
JIa3MaTHYEeCKOT0 PEeTHKYJIyMa. ,

INocrenoBarenvHbIdt 3s1eMeHT E, onpenenseT ynpyrocT aKTHH-
MHMO3HHOBOI'O KOMILJIEKCA, 00YCJIOBJIIEHHYIO, IIpeXKAe BCero, MecTa-
MH NPHUKPENJEeHNa aKTHHA K Z-TUCKAM ¥ MeCTaMM COeINHEeHUS
MOCTHKOB C aKTHBHBIMH IIeHTPAMH TOHKHX HUTeH.

Bsaskuii asiemMeHT 1) 00yCIOBJIEH CKOJIbKEHNEeM HUTeH aKTHHA OT-
HOCHTEeJLHO MHO3WHA. JTa KOMIIOHEHTA pe3K0 BO3pacTaeT IIpH Hac-
CHBHOM pe:XHMe MEITIIEI, TAK KaK B 3TOM CIIy4ae MOCTHKH Pa3soM-
KHYTBI. 3TO HPOSABJIAETCA B BO3SMOXXHOCTH CHJIBHOI'O PACTKEHUA
MaCCHBHOM MBIUINEI Ja)Ke IPH He3HAYNTEJLHLIX Harpy3Kax.

BaxHo, 4TO y:e B 3TO# MoZeu OBIJIO MOKa3aHO CYIIleCTBOBaHKE
BSI3KOH KOMIIOHEHTBI B MEIIIIE, HO GU3NyecKas IpUPOIa ee OCTa-
BaJlach He SICHOM.

AxmusHoe cokpaujerue molilysl. 1A vccrefOBaHUS XapakTe-
PHCTHK COKPAIIAIONINXCSA MBIIIIL HCIIOJb3YIOT JBA HCKYCCTBEHHEIX
pexuMa: -

1. MsomeTpuuecKu# pesx¥M, IpH KOTOPOM AJHHA MBI [ =
const, a perucTpupyercsa passuBaemasn cuia F(t).

2. N30TOHNYECKHNH PEXXNM, IIPH KOTOPOM MEIIIIA IOZHUMAET II0-
CTOSHHEIN Ipy3 P = const, a perucTpupyeTca u3MeHeHHe ee AJIUHEI
BO BpeMmeHH Al ().

Ilpn m3omeTpuyecKOM pexuMe ¢ IIOMOIbIO (huKcaTopa (puc.
7.6, a) mpegBapUTEeIBLHO YCTAHABINBAIOT AIuHY MBIUIE! /. Ilocae
YCTAHOBKHM JJIWHEI HA JJIEKTPOAEI O OJAETCA 3JIeKTPUISCKUH CTH-
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_3J1 M

e

/ .
' I
a 6
Puc. 7.6. CxeMEI ONBITHHIX YCTAHOBOK JJISl PEAIM3AI[UH B PKCIIEDUMEHTE
uzomeTpHuecKoro (a) u usororuyeckoro (6) pesxnmos (M1, — narunk
CHIHL, [ — AaTYMK U3MeHeHNS JUINHK, M — MBImma, 31 — 3JeKTPOALI
cTumyasauuu, P — Harpyska, @ — dbukcaTop AIUHK)

MyJI ¥ C IOMOIILIO AaTUulKa perucrpupyerca bynknusa F(t). Bua
dbyarnmun F(t) B m3oMeTpHUecKOM pekuMe AJA ABYX Pas3iMUHEIX

JAJMH UpeAcTasieH Ha puc. 7.7, a.

F £
L>L P, <P,

P, o(1)

P, 0(2)

1
T 0,1 0,3 tc¢
CTUMY.JI

Puc. 7.7. BpemeHHaA 3aBUCHUMOCTH OJUHOYHOI'O COKPAIeHNA HPH;
2 — H3OMETPUYECKOM 1 § — N30TOHUYECKOM PeruMaX COKpPallennsa
MEBIBIE; [ — AJTAHA MBIIIITE
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MaxcumanbHas cuia P, KOTOpYIO MOKeT Pa3BUBATh MBIIIIA, 34~
BHUCHT OT €e HAa4aJbHOI AJHHEL ¥ 00JIACTH HePeKPHITHA AKTHHOBBIX
M MHO3HHOBEIX HUTE, B KOTOPOil MOI'YT 3aMBIKATHCA MOCTHKH: IPHA
HayaJIbHOH AJNHe capKkoMepa 2,2 MKM B COKPAlleHUH YYacTBYIOT
Bce MOCTHKH (CM. puc. 7.4).

IToaTromMy MakcuMaJIbHASA CHAJIA TeHePHUPYETCA TOTAA, KOTAA MEIII-
11a IpeABapPHUTEJIbHO PACTSAHYTA HA YCTaHOBKe (puc. 7.6, @) rak, uro-
OBl JJIMHBI ee cCapKOMePOoB Oblu On3ku K 2,2 MxM. Ha puc. 7.7, a
9TO COOTBETCTBYET HAYANBHBIN AMuHaM ABYX Mbimn [, u [,. Ho Tak
KaK KOJIMYeCTBO MOCTHKOB B Muimiue [, 6osxbmie, uem B [, (I, > 1,), To
cuia, reHepupyeMas [, 6onbmre.

IIpu n30TOEMYECKOM pesKMMe K He3aKpellJIeHHOMY KOHIY MBIII-
Ol noasemuBaloT rpys P (puc. 7.6, 6). Ilocae aToro noaaercs CTH-
MYJ ¥ PETHCTPHDPYETCA N3MEeHeHVe NJINHL! MBIIIIE BO BpeMeHH:
Al(t). Bua 310it QyHKIIUN B H©BOTOHNYECKOM peKNMe AJIA ABYX pas-
JUYHBIX HArpy3okK IIOKa3aH Ha puc. 7.7, 6.

Kax caexgyer ua puc. 7.7, 6, uem Goaple rpys P, TeMm MeHbIIe
YKOpOUYEeHHe MBIHINB 1 KOpoue BpeMsA yAep:KaHus rpysa. Ilpm He-
Koropoii Harpyske P = P, MBlmIia coBceM nepecTaeT DOAHHMATD
rpy3; aTO 3HaueHHe P, u OymerT MaKCHMAaJIbHOH CHJIOH M30MeTPH-
YeCKOro COKpameHnd AJIs JaHHOHM MBIIIIE (puc. 7.7, a).

" 3mech BasKHO OTMETHATH, YTO IIPH YBEJIMYEHHUH HATPY3KH YroJ
HaKJIOHA BOCXOAANIEH YaCTA KPUBOM N30TOHHYECKOTO COKPAIleHN A
ymenbmaercs (puc. 7.7, 6): o, < o,. [Ipyrumu crosaMu, CKOPOCTb
YKOPOUYeHHs C POCTOM HArpy3KH majgaeT. ITOT eHOMEH OyaeT 00-
cyxzueH B § 27, 28.

§ 27. Ypasaenne Xuana. MOIHOCT, OAHHOYHOTO COKPAIEHHUA

3aBHCHMOCTH CKOPOCTH YKOPOUYEHHA OT HATPY3Km P aBnsercsa
BaKHeMHIell Ipy U3ydeHNH paGoThl MBEIIINBI, TAK KaK MO3BOJIAET
BEIABHUTH 3aKOHOMEPHOCTH MEIIIEYHOTO COKPAIIlEHU S B ero Hepre-
TukHu. OHa ObL1a ToAPOGHO M3yYeHAa IIPH Pa3HEIX PEKHUMAX COKpa-
nieHnsa XHUJIJIOM | IIpeACcTaBJIeHa Ha puc. 7.8.

WM ke GBITIO OPEAJIOIKEHO SMIIMPHYECKOE BEIDAKEHHE, OIMACHI-
Baroniee 3Ty KPUBYIO:

b(P,—P)

V)= P+a

(7.2)

- 9TO BEIPA’KEHHE HA3RIBACTCA ypaBHEeHHEeM XHJJIAa U ABJIAETCS OC-
HOBHBIM XapPaKTePHCTHYECKHM YPaBHEHHEM MEXAHHKH MBIIIEY-
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0,04

0,02

0 ) 1
0,2 0,4 06 DH

Puec. 7.8. 3aBNCIMOCTL CKOPOCTH OJANHOYHOr0 COKPAILIEHUT MbIIIIIhI
OT HArPY3KH

HOro coKpamenus. P, — MakcumManbpHOe U30METPHYECKOe HAIIPA-
JKeHue, pa3BMBaeMOe MEINIIeil, MM MAaKCHMAaJbHBIHA rpys, yaep-
JKUBaeMBIM MBbIHIIei 6es ee yaauHeHHs; b — KOHCTAHTa, UMeIO-
mjasa pasMepHOCTh CKODOCTH, a — KOHCTaHTa, NMelolad pasMep-
HOCTH CHUIHL,

N3 ypaBrenns (7.2) ciegyeT, 4TO MAKCHMaIbHAA CKOPOCTH pas-
BuBaerca npu P = 0:

b
Vmax = P0 R
a
IIpu P = P nonyuaem V = 0, TO eCTh yKOpOUEHME He IPOUCXOAMT.
Pa6oTa A, mpousBogHMAas MBIIIIEH IPH OAMHOYHOM YKOPOUEHHUH
Ha BeanuuHy Al paBHa:

A =PAl
9Ta 3aBHCHMOCTE, OUeBHIHO, HeJInHelMHadA, Tak Kak V = £f(P). Ho

Ha paHHel ¢ase COKpAIIeHNs MOKHO HpeHeOpeub »Toi HeJIHHEH-
HOCTBIO M cUNTATEH V = const. Torga

Al = VAL,
, dA
a pasBuBaeMas MBINIIEH MOIMHOCTE W= E uMeeT BUI:
W =PV. : (7.3)

IoacraBnsasa (7.2) B (7.3), HOAYIUM 3aBHCHMOCTH MOIIHOCTH OT
pasBuBaeMoii cuasl P:
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W(P)=PV =Mp.
P+a

Pyaxnna W (P) umeer Ronoxonoo6baany10 ¢opmy ¥ npegcras-
JieHa Ha pHc. 7.9.

W/W.

max

1,04

0,5-

P/P,

0,31 0,5

Puc. 7.9. 3aBHCHMOCTb MOLITHOCTH MBIIINEI OT HAIPY3KH

JTa KpHuBasd, NOJy4YeHHAdA U3 YpaBHEeHHSA XMJJIa, XOPOIIO CO-
rjacyeTcs ¢ pe3yJbTaTaMH ONBITOB. MOIIHOCTE paBHA HYJIIO IIDH
P=P, u P =0upocruraer MaKCHMaJabHOr'0 3HAYEHN A OpH OITH-
MaJIbHOM BeJIMUHHEe HATPY3KH P :

T

Porrr = \/ a(P() +a)_a’

T0 ecTh Koraa P = 0,31 P,.

3ddexTHBHOCTS PAGOTHI MEIIINE! TPM COKPAIMMEHNH MOKeT GBITE
olpefiejieHa KAK OTHOMIEHHE COBEPIIEeHHO paboThI K 3aTpadeHHOH
sHepruH AE:

. A
gu = E'

PasBuTne Hamboanmei MOIIHOCTH M 3(G(}PeKTUBHOCTH COKpalge-
HUA pocturaercA npH yeuamax 0,3 — 0,4 ot MmakcHMaibHOR H30-
MeTpHUYecKoil Harpy3ku Py a1 1anHO# MBIIINEL. ITO KCIIOAB3YIOT,
HAOpPHMEP, CIIOPTCMEHEI-BeJIOTOHIIIMKN : IPH Ilepexofie ¢ PaBHHHBI
Ha TOPHHIH Yy4a¢TOK Harpy3Ka Ha MBINIIIEI BO3pacTaeT ¥ CIIOPTCMEH
[IepeKJII0YaeT CKOPOCTHL Ha HUSIIYIO Iepefavy, TeM CAMBIM YMeHb-
mas P, npubmmxaseex P .
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IIpaxkTruecku apeKTHBHOCTH MOKET JOCTUTATh 3HaUeHui 40 —
60 % paa pasEBIX TUNOB M. CaMas BeIcokad 3pPeKTHUBHOCTH
HabJI0faeTcA y MBIIII, Yepemnaxu, focturamoinaa 75 ~ 80 %.

§ 28. MoneanpoBaHEHe MBIIIEYHOT'0 COKPAIIEHNA

Vpasuenue (7.2) 61710 mOTyUYeHO IPH 0600meHNH GOJIBINOro Ko-
JHYEeCTBa ONBITHHX AAHHHIX. BHJ 9TOro ypaBHeHHMA YKA3kIBAeT Ha
CYLIeCTBOBaHHE B MEIIIIE BHYTPEHHEIo BA3KOIO (3aBUCHAILETO OT
CKOPOCTH) TPEeHHU A, IIPEOATCTBYIONIEro ee yKopoueHno. OAHaKo mpu-
poia 3TOrO0, KaK M PH3NIeCKHI CMBICJ KOHCTAHT a ¥ b, ocTaBaInuch
He acHbIMH. O0bACHEeHHA TUX U PAJla APYTUX ABJIEHU OBLIN JaHBI
B MaTeMaTH4YeCKOH MOJAeJH COKpaUleHUsa MBIIIIIEI, IPeIJIOKeHHON
B.[lemepeBcKuM, Ha MOJEJIN CKOJIb3AUNX HUTEH (cM. § 25).

IIpegnonaraercs, UTO CHJa COKPaIleHNs BOJOKHA DaBHA CyMMe
CHJI, FeHepUPYEeMbIX MOCTHKAMH B CJIOe, PABHOM IIOJIOBHHE CapKo-
Mepa, TAK KAK CADKOMePHI I10 TOJIIIMHEe BOJIOKHA BKIIOUEHEI TAPAJI-
nenbHO. CKOPOCTh H3MeHeHUA JIUHE BOJIOKHA V

V,=2NV",

rae N — 4#CJIOo CAapKOMEpOB B BOJIOKHE, V* ~ OTHOCHUTEJIbHAA CKO-
POCTh CKOJIb2KeHus HUTeil. IIpu CKOJIbXKeHHHM HUTEH MOCTHK MO-
JKeT HaXOAUTHCA B ONHOM M3 TPeX BO3MOKHBIX COCTOAHHMIA; pa3oM-
KHYTO€, 3aMKHYTOe TAHYIIIee — KOTr/[a roJIOBKd reHepupyeT cuiy +f,
HAIpPaBJEHHYIO K [IEHTPY capKoMepa, U 3aMKHYTOe TOpMO3sllee —
KOrj[a AKTHHOBAA HUTh IIPOLLIA KOOPAHHATY IeHTPA HPHKDeIIe-
HHUA M'OJIOBKH M IPHKPEIJIEHHBIH MOCTHK CO3JJaeT OTPHLIATEIbHYIO
110 HAIIPABJIEHHUIO CHUJY -f, 1OCJIe 4ero ou pasMbIKAeTC.

N

PasomMkByTHIIT k Tanymuii
MOCTHK 1 ~ 3~ MOCTHK
k U
2 —
) )
Topmozammii
MOCTHK

Puc. 7.10. KuneTnueckas cxeMa IIepexo OB MOCTHKA MEXAY Pa3JINUHEI-
MU cocToAHUAMY (K, — KOHCTARTA CKOPOCTH 3aMBIKARUA CBOGOLHOTO
MOCTHKA; § — AJHHA 30HBI, B KOTOPOH MOCTHK Pa3BHBAET TAHYIIYIO
cuny, U — CKOPOCTE CKOJMBXKeHHuA HuTeit, Torga U / 8 — xoHCcTaRTA
nepexoja MOCTHKA B TOPMO3slllee COCTOAHME; K, — KOHCTaHTa CKOPOCTH
paciaja TOPMO3SAIIMX MOCTHKOB).
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Ilepexoar! U3 0ZHOTO COCTOAHUA B APYroe, IPeAcTaBjIeHHLIE HA
puc. 7.10, onpefenaioTca COOTBETCTBYIOMINMI KOHCTAHTAMHU CKO-
pocTeii. IToJIHEIHA OHKJ MOCTHKA COMPOBOXKIAETEA PACIIAIOM MOJIe-
Kyn1 ATO. »

Jas obmero uucia TAHYIIUX (X) ¥ TOPMO3AIMINX (Z) MOCTHKOB
pa3BHBaeMasa capkoMepoM cmia F:

F=xf—zf.

OueBHUAHO, UTO ITePBOE CJIaTaeMoe — 3TO CJIa, FreHepupyeMas 3aM-
KHYTHIMH, & BTOPO€ — TOPMO3AMNMH MocTuKamu. Torga cucreMa
KnHeTHYecKnX aAnddepeHInanbHRX YPaBHEHUN AJIA COCTOSAHUM
MOCTHKOB MOXKeT OHITh 3allHCaHa B BHZE:

%:kl[a(l)—x—z]—%x, (7.4,a)
dz U
Tz -k, (74,0
du _ ~
i £ P], 7.4,
dt 2NM [fx~z)-P] - 4

rae a(l) — 4MCII0 MOCTHMKOB, CIIOCOOHLIX 3aMBIKATHCA IPH AJIHHE
0,5 capkomepa B cJIoe BOJIOKHA TOJIMHHOHK [, M — Macca HarpyskH,
P — cuna, pasBuBaeMast BOJIOKHOM.

CMruICI KMHETHYECKNX ypaBHeHHi (7.4, a, 6, 6) AOCTATOYHO SICEH.
Hanopumep, B ypaBHenuu (7.4, a) 1eBadg 4acTh — CKOPOCTh H3MEHe-
HHUS KOJIMYeCTBa TAHYIIUX MOCTHKOB. B mpaBoii uacTi mepBoe cia-
raemoe a(l) — ob1iee YMCJI0 MOCTHKOB MUHYC KOJIHYECTBO TAHYIIINX
X ¥ TOPMO3SAIIUX Z MOCTHKOB, TO €CTh B KBaJPaTHRIX CKOOKax —
KOJIMYEeCTBO OCTABINUXCA PA3OMKHYTEIX MOCTHKOB. ¥ MHOXKAaf 9TO
KOJHYeCTBO Ha KOHCTaHTY k , mosyuaeM CKODOCThH YBeJIHYEHHSA
KOJIMYeCTBA TAHYIINX MOCTHKOB (BePXHAS CTPeJKa Ha puc. 7.10);
BTOpOE cj1araeMoe — CKOPOCTh YMeHbIIeHNA KOJHYeCTBa TAHYIINUX
MOCTHMKOB 3a cUeT UX IIepexoja B TOPMO3slee COCTOsIHNe (IIpaBasd
cTpesaka puc. 7.10). PasBocTs MeKAY CKOPOCTSMH pPocTa M yObIBa-
HHA KOJHUYECTBA TAHYIINX MOCTHKOB JAaeT NCKOMYIO CKOPOCTb H3-
MeHeHHs HX KOJH4YecTBa. YpaBHenud (7.4, 6) u (7. 4 8) 3allNChIBa-
IOTCA aHAJIOTHYHO.

- IIpu M30TOHMYECKOM COKDAIIeHHH C NOCTOAHHOH CKOPOCTBHIO B
oﬁ.nac'm € TIOCTOAHHEIM YHCJIOM MOCTHKOM (COCTOAHHE 6 Ha puc. 7.3)
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~a(l) = a, — MAKCHMAJILHOMY YHCJIY MOCTHKOB, KOTODbI€ MOTYT yua-
CTBOBATH B COKPAIECHUH.

B 3TOM ciayuae 3HaUCHUS BeJHMYHH X, Z H U He MeHSIOTCSA BO Bpe-
MEHH, TO €CTh CHCTEMA HAXOJUTCA B CTANHOHAPHOM COCTOSHHH

dx dz dU
—=0’ ’ _=09 _=0 7.5
dt dt dt (7-5)
Torxa u3 cucreMul ypaBHenwuii (7.4 a, 6, 8) 1 yCJIOBUA CTAIHO-
HapHOcTH (7.5) HoayuaeM:

_k,(fa, +P)+k,P
T fok+k,)
_k(fa,-P)
2k, +k,)’

__k k(fa,-P)
"k +k, P+[L .

£
k +k, ol

(7.6, a)
(7.6, 6)

(7.6, 8)

BripaxxeHue AJA cTanuoOHAPHON CKOPOCTH yYKOpoueHHdA (7.6B)
coBnafaet ¢ ypapEeaHeM Xuuia (7.2). IIpu aTom:

P, =fa,, a=—£‘—PO, b=M. (1.7
k +k, k, +k,

To ecThb, eciu BuipaskeHus (7.7) noacTaBUTEL B ypaBHEeHHE (7.6, 8)
ans ckopocru U_, To moxyuaerca ypasHerue (7.2).

Takum 0o6pasoM, KHHETHYECKAA MOJeJb JleIepeBCKOro mo3BOJIH -
Jia 00BACHUTE GeHOMEHOJIOrHIecKoe ypaBHeHre XMJLIa, CMBICJ KOH-
CTAHT a 4 b, BXOAAIGUX B HEro, CMLICJ BeJHYHUHEI MAKCHMAJILHOMN
cmiel Py m30oMeTprrdecKoro coxkpamerus. Kpome roro, mokasaso, 9ro
BHYTPEHHAS BA3KAA KOMIOHEHTA MEIMIOLI OOpPeJeaAeTCa CHIOM,
pa3BHBaeMOM TOPMO3AIGUMH MOCTHKAMH, YHCJIO KOTOPBIX PACTET C
yBeJIM4eHMEeM CKOPOCTH COKpaIeHns Mermnsl (7.7).

Hcxona u3 JaHHBEIX 3JEKTPOHHOH MHKDOCKOIHH, PEHTIreHO-
CTPYKTYPHOrO aHAJIH3A U NPeAJIOKEeHHON MOJesiH, OLIJIO pacCIH-
TaHO, UTO Ha OJHY HHTH AKTHMHA OPUXOAHTCH ycmume 3 - 101 H
OpH MaKCHMAaJbHON M3oMeTpHiecKolt Harpyske P, = 30 H / cm?.
Cunrtas, 4TO B KaMA0H CTPYKTYPHOH efMHHNE HaxoguTea 1 Mo-
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JIeKyJia MHO3WHA M 3a KayKIBIH ITUKJ 3aMbIKaHHe-pasMbIKaHUe
pacmiemigerca 1 mogexyina ATD, sHeprusd KOTopoil HCIIOJAB3YeT-
csa Ha 50 %, moJyUYeHBI cJefyIoInNe XapaKTepPHUCTHKY eJUHUYHO-
ro sanementa: f =3-102 H, § = 102, m = 10 uM, sHeprud coxpa-
menud E = 6 - 10% [I>x, Bpema saMmbikaHua 1 Mc. Takum oO6pasom
cuJla, reHepupyeMas eJHHUYHEIM 3JIeMeHTOM, JIMIIb B 3 pasa mpe-
BHIIAET CHJIY TATOTEeHHA ABYX Macc 1 T Ha paccroanuu 1 MM, pas-
myo 10712 H. [lenada sxe MBIIIIIa MOMKET pa3BuBaTh cuay o 104 H
(mo 1 TrouHkI), TO €cTh Ha 16 mopaxkoB Gospnie!

§ 29. 9nexTpoMexaHHYECKOE CONPSKEHNEe B MBIINIIaX

JJIeKTpoMeXaHHYeCcKoe CONPAKEeHHe — 3TO IHKJI II0CJIeJOBaTe b~
HBIX IIpOIECCOB, HaUMHAOUINICA ¢ BOSBHHKHOBEHHUS IMOTEeHIINAIA
neiicreusa I1]] Ha capKoseMMe (KJjaeTouHO MeMOpane) U 3aKaHYIH-
BAIOIIUICA COKPATUTEILHEIM OTBETOM MBI,

Hapymenne rmocie10BaTeIbHOCTH IIPOIECCOB COIPSIMKEHN A MOKET
IPUBOAUTH K IATOJIOTUAM H JaKe K JeTaIbHOMY ucxony. OCHOBHEIE
aTallkl 3TOTO IIPOIlecca MOKHO IIPOCIeANUTh o cxeMe puc. 7.11.

Ca2+ .

/M Na*

e A A tt e o+ VI s~ W

C a2+

Puc. 7.11. Cxema 371eKTPOMEXAHHUIECKOI'O COIPAXKEHAS B KAPJHOMHUOLH-

Te (M — k1eTounas MeMOpara-capronemMma, CP — capkonnasmarTuaeck it

peTHKYAyM, M® — Mrodubprnna, Z — z-aucku, T — T-cucTeMa moneped-

HEIX TpyGouek); 1 — mocrynnenus Na* u 2 — nocrymrennda Ca?* B KiIeTKy

npHr Bo36yxAeHNH MeMOpaRhl, 3 — “KajbIlHeBHIH 3ann”, 4 — aKTUBHEIX

rparcnopr Ca?* 8 CP, 5 — Buxopn u3 knerkn K*, BrisniBaromuii penonapu-
. ganwmio MeMbpan:l, 6 — akTEBHENE TparcOOpT Ca?' U3 KAeTKH
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IIpouecc coxpaleEuA KapJAUOMHOILIUTA IPOUCXOAUT CIAEAYIOLTAM
oOpasoM (HOMepa IIYHKTOB B TEKCTe COOTBETCTBYIOT HOMEpPaM IIpPo-
[IeCCOB B CX€Me 3JIEeKTPOMeXaHHYeCKOro copAkeHud Ha puc. 7.11):

1 - Ipu moZaUe HA KJIETKY CTUMYJINPYIOIIEro MMITYJIbCa OTKPhI-
BarTcA ObICTPHIe (BpeMdA aKTHUBAIlUM 2 MC) HaTpPHeBHIe KaHAaJIbI,
nosbI Nat BXOZAT B KJIETKY, BRI3LIBaA Jel0IAPH3aII0o MeMOpaHEL;

2 — B pe3yJbTaTe JeNoJApHU3allid IJa3MaTHUYeCKoi meMOpa-
HLI B He#l ¥ B T-Tpy6oUKax OTKPLIBAIOTCS MOTEHIIHAJI-3ABUCUMEIE |
MeJJIeHHEIE KaJIbI[eBhle KaHaJbI (BpeMa xkusHu 200 Mc), 1 HOHBI
Ca?' mocTynamT U3 BHEKJETOUHOM Cpebl, I'le UX KOHI[eHTpaIlusd
=210 Monb / 1, BHYTPS KJIETKH (BHYTPUKIIETOUHAA KOHI[EHT-
panusa Ca®** = 107 moas / ia);

3 — KaJbIiuii, MOCTYNAIOUINHA B KJIEeTKY, aKTUBHUpyeT MeMOpany
CP, aBisiomerocsa BHyTPUKJIETOUHLIM Jeno uouoB Ca?" (8 CP ux
KOHIleHTpauua gocturaet = 10° Moasb / 1), ¥ BHICBOGOKAAET KaJlb-
1y n3 ny3HpbKoB CP, B pe3yJsibTaTe 4ero BO3HHUKAET TaK Ha3bIBa-
eMblil “kanpnueBruiil 3aan”. Horsl Ca?t us CP mocrymnalor Ha ak-
TUH-MHO3UHOBBIHA KoMILIeKC M®P, OTKPHIBAIOT AaKTHBHBIE HEHTPEI
AKTHHOBLIX Ilelleii, BEI3BIBas 3aMbIKaHUE MOCTHKOB H JaJIbHelnee
Pa3BUTHE CHJILI 1 YKOPOUEHHA CAPKOMepa;

4 — 10 OKOHYAHMM MpoNecca coKpaleHna Muohuépmt uonst Ca?t ¢
IIOMOILLI0O KAJLIIMEBBIX HACOCOB, HaxomAmuxca B membpaune CP, ak-
THBHO 3aKAHYHUBAIOTCA BHYTPb CAPKOILIA3MATHUYECKOI'0 PETUKYJIyMAa;

5 — mporecc 3MeKTPOMEXaHUYECKOro CONMPAXKEHUA 3aKaHUMBa-
eTcd TeM, uTo K macCHBHO BEIXOAUT M3 KJIETKH, BEISHEIBAA PEIOJIA-
pHU3aIio MeMOpaHbI;

6 — umonsl Ca?" akKTHBHO BHIBOAATCS BO BHEKJIETOUHYIO CPeAy C
TMIOMOIIBIO KAJbIIUEBBIX HACOCOB CAPKOJIEMMEI (CM. TaK2Ke puc. 4.4).

Taxum 06pa3oM, B KADAHOMHUOINTE dJIeKTPOMeXaHHYeCKoe COo-
npskKeHHe UIET B IBe CTYIEeHHU: BHaYajie HeOOJIbIIONH BXOAALIIHNHA
MOTOK KaJbIIna akTHBUPYeT MemOpausl CP, cmoco6eTBy s Gonbie-
My BBIOPOCY KaJblIHA U3 BHYTPHUKJETOYHOrO JIello, a 3aTeM B pe-
3yJIbTaTe 3TOro BHIOPOCA MPOMCXOAUT COKpAllleHHe capxomepa.
OnucaHHBIH BEHIIIE ABYXCTYIIEHUYATHIM IIPOIECC CONMPAXKEeHHUA I0-
KasaH 9KclepuMeHTaabHO. OTIBITH IOKA3aJH, UTO: a) OTCYTCTBUE
IOTOKA KaJbIKA U3BHE KJIETKH j IPEKpallaeT COKpalleHue cap-
KOMepOB, §) B YCJIOBHAX MOCTOSHCTBA KOJHMYECTBA KAJbI{U, BEIC-
Boboxgaemoro u3 CP, naMeHeHHe aMIIJINTYALI IOTOKA KAJbINA
MPHBOAUT K XOPOIIO KOPPEeJIUPYIOIleMy H3MeHEeHHIO CHIIEI COKDa-
menusd. Ilorox nonos Ca?' BHyTpE KJIeTKH BHIIOIHAET TAKUM 06-
pasom aBe GyHKIuN: GopMmupyer aauresabHoe (200 Mc) maaTo no-
TeHnuana geicTeua xkapauommonura (cM. § 15) u yuactByeT B
nporecce JEKTPOMEXaHNYECKOTI0 CONPIXKEeHUd.
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Cienyer OTMETHTL, YTO He BO BCeX MBINIEYHHIX KJIETKAX Opra-
HH3Ma IIpollecc CONPAKeHUA IPOUCXOUT, KaK B KapJHOMHOIIUTE,
Tak, B CKeJIETHRIX MBIIINAX TEIVIOKPOBHBIX MOTEHIUAJ JeHCcTBUA
KOPOTKHH (2 — 3 Mc) 1 MeAJIEHHBLIA IIOTOK MOHOB KaJbIlUA B HUX
OTCYTCTBYeT. B 3THX KIIeTKax CHJILHO passuTa T-cHcTeMa Iomeped-
HEBEIX TPyOOUeK, MOAXOAAINNX HEMOCPEeACTBEHHO K capKoMepaM
61m3Ko K z-gucKaM (cM. puc. 7.11). Iamenenns meMOpaHHOTO II0O-
TeHIIMaJa BO BpeM4 AenoAapusanuy yepes T-cucremy nepenaercs
B TAKHX KJIETKaX HemocpecTBeHHO Ha MeMOpany CP, BRI3hIBas 3aJ1-
TIOBOe BBEICBOGOXKAeHUe noHoB Ca?t u JanpHenIyo aK TUBanUIO CO-
Kpaimmenus (3, 4, 5).

BpemenHOI X0/ OIMCaHHBIX TPOIECCOB IOKAa3aH Ha puc. 7.12.

0 (F(®)
-6
o H4
L0 = t(MC)

1 100 200 300
CTUMYJI
Puc. 7.12. BpemenHOe COOTHOMIEHNE MEXXAY HOTEHOANOM JEeHCTBIA
KapAHOMHMOOHTA (a) M OZMHOYHEIM COKpalmerueM (6) B 3THX KJIeTKax.
OpanHEaTta cieBa — MeMOpaHHBIH TOTeHIMAJ, CIIDABA — CHJA.

(pz — DOTEeHIMAJ TOKOS

O0muM ANA MIO0LIX MBEIIMEYHBIX KJIETOK ABJSETCSA IPOIECC OC-
BoGOKJeHNA MOoHOB Ca’' M BHYTPHKJIETOUHBIX A€II0 — CApKOILIas-
MaTHYEeCKOI'0 peTHKYJIyMa K JaJbHeHIIasa ak THBAIUS COKPAIleHNU .
Xon kanpnueBoro BHOpoca u3 CP sxcnepuMeHTaJIbHO HAOIIOaeT-
cA ¢ TIOMOINBLIO JIOMHHECIIUPYIOIEro B IpUCyTeTBUE MoHOB Ca®t
6eJIKa 3KBOPMHA, KOTOPBIM OBLI BEIAEJIEH M3 CBETAITUXCA Mey3.

3ajepKKa Hauasa pasBUTH COKPAIEHN B CKEJIETHBIX MBIIIIIAX
cocraniser 20 Mc, a B cep/leuHoi — HeCcKoJIbKO Oobiie (Ko 100 mc).

KOHTPOJILHEBIE BOIIPOCHI, 3AJAYH, SAJAHHA

1. TloyeMy mpu pasiaMYHBIX HAYAIBHBIX JJIMHAX MBIIIIEI H30-
MeTPHYeCKOe COKpaIlleHrne HMeeT Pa3INvHy0 GopMy 3aBHCHMOC-
Tu F(t)? '

2. MoxxHo nu o KpuBoii sasucumocTr V(P) Xuna (puc. 7.8) on-
peieJINTDb, KaKOil MAKCUMAJIbHLIM IPY3 MOKET YJePXKUBATH MBIITIIA?
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3. ¥YBeamuuBaerca Jau 3PpPeKTUBEOCTS COKPAITEHUS MBIIION C
yBeJIMJeHNEeM reHePanyy Teljia 3TOM Memnei?

4. BueM COCTOAT OTIUIHNA K TPOMEXaHHYECKOTO CONIPAXKEEN
B KAPDAUOMHOLMTE U B CKeJETHON MuImne?

THNOBBIE TECTHI TEKYIIETO KOHTPOJIA

1. IIpy MHIEeYHEOM COKPAIIeHHH:

4. HATH aKTHHA CKOJBb3AT BHYTDBb CaAapKOMéepa BAOJb MHO3HHA
6. MHO3HMH C:KHMaeTcs IIOI[O6HO Opy>xXHuHe

B. MOCTHKH HpKerHJIHIOTCH K aKTHBHBIM OEHTPAM aKTHHAa
r' MOCTHKH DA3MBIKAIOTCA

1. aB 2. or 3. 6B 4. ar
2. Camina éorcpamenna, reHepupyeMas MeImneif, oopeaexseTca:

1. annuOi akTHBHOH# HATA

2 U3MeHeHHeM CHJIN, 'eHEPUPYEeMOiX OZHUM MOCTHKOM
3. KOJHYEeCTBOM ONHOBPEMEHHO 3aMKHYTHIX MOCTHKOB
4. yopyrocTsio MHO3HHOBOH# HUTH

3. 3aBHCHMOCTH CKOPOCTH V OZHHOYHOI'O COKPAIMEHAS MBIMIIEI
oT Harpy3kn P umeer Bua:

- VK VV VV- v
—P P P &P
4.91eKTpoMeXaHHUECKOe CONpAIKEHHEe OIpeelIAeTca CJlefyIo-
mieil menb coOBITHI:

P

a. BEIGpoc woHOB Ca*" Ha MHOGHGPHILIE!

6. Bo30y:xJeEHe KJIeTOUHOM MeMOpaHbI

B. aKTHBHBI TpaHCOPT MOHOB Ca?* BEYTPH CApKONIIa3MaTHIecC-
KOT'O PeTHKYJIyMa

I. 3aMBIKaHIE MOCTHKOB Ha AKTHMBHEBIE IEHTPH AaKTHHA

J. CKOJIb)XeHNe aKTUHA BHYTPBh CApKOMepa

1. 6oa—r-a 2. B2a—06-1 3. 1->r—B—[
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PA3JEJ III. BHOPHU3UKA
CJIOsKHBIX CHCTEM

T'JIABA 8. MOAEJIHNPOBAHHE BHOPHU3NYECKUX
IIPOIIECCOB

MoennpoBanre — OAMH K3 OCHOBHEIX MeTOOB 6nodpnankm. OH
NCOOJIb3YeTCA Ha BCEX YPOBHAX M3YUEHUA JKHABHIX CHUCTEM, HAUYH-
Had OT MOJIeKyJIapHOil 6uodusnkn, 6nodpusnkm Mmem6pan, 6nodpu-
3HKH KJIETKH U OPTAHOB M KOHYAS 6MOGHU3HKOM CIOKHBIX CHCTEM.

Pasroobpasue nmponeccos B 3HBQM OpPraHN3Me HACTOJLKO BeJH-
KO, 4YTO HeBO3MOCHO NOJYYHThH IOJIHOE U JIeTaIbHOE IPeACTABICHUE
0 MOBEJ€HHUH CTOJIb CJIOKHOM cucTeMbl. IloaToMy mecAenoBareb,
paspabaThIBasi HOBhEIE METOJbI JIeUeHNA, JUAaTHOCTHKH, (hapManuy,
IpUMeHsAeT MeTOJ MOJeJIUPOBaHUA, TO €CTh 3aMeHAeT HeKOTOPHIHA
00beKT (mpomecc, ABJIEHHE) BCJIEACTBHE €ro CJIOKHOCTH MOJENbIO,
TO €CTh 00'bEKTOM, MOAOOHBLIM €My, HO OCO3HAHHO YIIPOINEHHEIM.
IIpakTIyeckn B KaskJo# TeMe Kypca 6oH3MKHN pacCMaTPHABAIOTCA
pa3Hoo0pasHbIe MOJIeJIH, HAIPUMED, YK HAKOCTHO-MO3AMYHAA MOJIEJIE
MeMOGpansl, MoJiesIs GOPMUPOBAHUA NOTEHIUANA AeHcTBUA (MoieIb
XomxxnHa—XaKCcaIn), MOJeNEb CKOJIBL3AINX HUTEMH IIPH OITHCAHUH CO-
KpaleHna MBINIIEI, MOJeJIb KPOBEHOCHOM cHcTeMEI (Moens PpaH-
Ka) ¥ eJIbli pAJ ADYTHUX.

N

§ 30. OcHoBHEBIE 3Tanbl MOZEJINPOBAHUSA

IIpu na3yyeHnu CJIOMHEIX CHCTEM HCCIEAYEMEIH 00BLEeKT MOMKET
6BITH 3aMeHeH JAPYruM, 6oJjiee IPOCTHIM, HO COXPAHAIOIIHUM OCHOB-
Hble, HauboJiee CyleCTBEHHEIE IJI JaHHOIO MCCAeA0BaHUSA CBOM-
ctBa. Taxoil 6oyee mpocToif 00BEKT HUCCJIENOBAHNA Ha3bIBaeTCs
Mozienbio. MoJesns — 5TO Beerjia HeKoe yIpoieHne 00bEKTa uccIe-
JIOBAHHS U B CMBICJIE €T0 CTPYKTYDHI, H II0 CIOKHOCTH BHYTPEHHENX
¥ BHEINHUX CBs3eH, HO 00A3aTeJIbHO OTDPAXKAIOIIee Te OCHOBHEIE
CcBOMCTBa, KOTOpble MHTEPECYIOT UCCJIENOBATEN .
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MopeanpoBanne — 3TO METOA, IPH KOTOPOM IIPOMU3BOJAUTCS 3a-
MeHa U3YyYeHNs HEeKOTOpOro CJI0KHOro 00beKTa (IIpomecca, ABJe-
HHA) HCCIEAOBAHUEM €TI0 MOJeIH.

Ha npee MozeTMpoBaHUA 110 CYyMECTBY 0asupyerca 000 MeTo,
HAY4YHOT0 UCCJIeJOBAHUSA KaK TeOPETHUECKMil, TAK ¥ 9KCIIepHUMEH-
TaJIbHBIHA.

OcHOBHBIE 3TAIL MOJETHPOBAHN A MOKHO CBECTH K CJIeYIOIIHUM:

1. ITepguunuiit c60p ungopmayuu. Uccienopatess AONMKEH 1O-
JYYHUTDH KaK MOYKHO 00JIbIIIe HHPOPMAIINH O Pa3HOOOPa3HBIX XapakK-
TEPHUCTHUKAX PEAJbHOT0 OO'BEKTA: €ro CBOMCTBAX, IPOUCXOAAIMUX
B HEM mpoIieccax, 3aKOHOMEPHOCTAX MOBeJeHU MPH Pa3JUUYHBIX
BHEIIHUX YCJIOBHAX.

2. Ilocmanosxa 3adavu. PopMyInpyeTcs IieJb UCCIEJOBAHUA,
OCHOBHBI€ €T0 38/]a4H, oNpefiesiAeTcd, KaKkue HOBble 3HAHHUA B pe-
3yJbTaTe IPOBEeJEeHHOr0 MCCIeJOBaHUSA X0UeT IOJYINTD HCCe0-
BaTeJb. OTOT 9TAIl YACTO ABJSETCA OFHUM U3 Hanbojiee BAXKHBIX U
TPYAOEMKHX. ‘

3. Ob6ocHoB8aHue 0CHOBHbLX donyuweruil. [{pyrumMu cIoBaMHu, yII-
poijaeTcA peasbHbIH 00BEKT, BHASNAIOTCA U3 XapakTepucTHK (1. 1)
He CYILieCTBeHHEIE A4 IfeJieil HcclieJOBAHNA, KOTOPHIMHY MOKHO Ipe-
HeOpeus.

4. Cozdanue modenu, ee uccaredosarue.

5. Ilposepra adexeamnocmu modeau peaJbHOMY 00BEKTY. YKa-
3aHHe I'PaHUIL IPUMEHHMOCTH MOJEIH.

Takum o6pasoM, MOJeJIb KaK OBl COrJIacoOBLIBAET pealbHLIA
00'beKT C IeJbI0 UCCIEAOBAHUA: C OAHOH CTOPOHHI, YIpOIIaeT
00'bEKT, faBad BOSMOKHOCTh IIPOBECTH HCCIEJOBaHUE, HO C APYTroi
— cOXpaHAET TO I'IaBHOE, UTO HHTEpPeCyeT HCCIe0BaTe .

PeanbHBIH N - nean
—>~ MozeJan > .
o0 bexT HeCaeAOBAHMA
A A
JONMyHIeHH s, TPaHHIBI
ynpomeHus NPHMEHHMOCTM

B 6nodusuke, OMOJOrHH ¥ MeAUITHEE YACTO IPUMEHAIOT PU3U-
yecKue, OM0JIOrHUeCKHe, MaTeMaTHUYecKHe Mojenu. Takoke pacipo-
CTPAHEHO aHAJIOTOBOE MOAe/INpOBaHue. ByneM KiaccupumuposaTs
MOJleJI CIeAVIOIINM 00pasoM.

Puznueckas MoeNb HMeeT PU3nIecKyIo IPHPOAY, YacTo Ty Ke,
YTO M HccaeAyeMuIi 00beKkT. HanpuMep, TeueHre KPOBH II0 COCY-
AaM MOJeJHUpPYeTCA ABUIKEHHEM KHIAKOCTH 10 TPyOaM (SKeCcTKHM
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uau anacTHIHEBIM). IIpu MogennpOBaHHM SJI€KTPHYECKHX IIpouec-
COB B cepjAlle ero pacCMaTpPHBAIOT KaK 3JeKTPHYECKUH TOKOBBIH
Zunosub. IInsa M3ydeHUsa NpomeccoB IPOHMIAEMOCTH MOHOB Uepes
6mosrornyeckue MeM6paHbl peajibHAA MEMOpaHa 3aMeHAETCA HCKYC-
CTBEHHOH (HampuMep, jJunocomoii). Jimnmocoma — pusuueckas Mo-
gesb Onojsormueckoit meM6pannl. PusnUecKHe yCTPOIiCTBA, Bpe-
MEHHO 3aMeHSIOUIe OPraHbl JXHBOI'0 OPraHNu3Ma, TaKkKe MOXHO
OTHECTH K PU3NUECKUM MOJeIAM: NCKYCCTBeHHAS IIOYKA — MOJIeJIb
NOYKH, KADAUOCTUMYJISATOD — MOJEJIb IIPOIeCCOB B CHHYCOBOM y3JIe
cepAla, anmnapaTt HCKYCCTBEHHOTO ALIXAHUA — MOJeJb JerKuX.

Buomornueckse MoneH NIpeACTaBIAIOT cO60H GMOIOrHYecKHe
00'beKTHI, YIOOHBIE IJIA SKCIIEPMMEHTAJBHBIX HCCICAOBAHMH, Ha
KOTOPHIX M3Yy4alOTCA CBOHMCTBA, 3aKOHOMEDHOCTH 61odH3nIeCKHUX
IIPOIIECCOB B peajIbHBLIX CJIOKHBIX 00beKTax. Hampumep, 3aK0OHO-
MEPHOCTH BO3HMKHOBEHMS H PACHPOCTPAaBEHUS NMOTeHIMAaNa Jefi-
CTBHA B HEPBHBIX BOJIOKHAX OBLJIM M3YUEHHI TOJIBKO IIOCJIe HAXO0MKAe-
HUA TaKoH yAauHo OMOJIOrHIeCKO0M MOJIeJIN, KaK THTAHTCKIH aKCOH
raabpmapa. OneIT YCcCHHTa, JOKA3hIBAIOIINIL CYINEeCTBOBAHNE AKTHB-
HOT'0 TPAHCHIOPTA, OBLJI IPOBeAeH Ha GHOJIOTHYEeCKO MOJen — KOXKe
JIATYIMKH, KOTOpas MOJeJHPOBaja CBOMCTBO OHOJIOTHUECKOH MeM-
OpaHEBI OCYLIECTBIATHh AKTHBHBLIH TPAHCIOPT. 3aKOHOMEPHOCTH CO-
KPaTHMOCTH MMOKapAa YCTAHABIKUBAIOT HA OCHOBE MOJEJIbHBIX K-
CIePHMEHTOB Ha IAaINAJIJISIDHON MBIIIIE.

MaremaTHUYeCKHe MOAEJH — ONMCAHWUE IPOIECCOB B PEalbHOM
00BEKTe ¢ IOMOLIBIO0 MATEMATHUYECKHUX YPaBHEHHIi, KaK IPaBHIIO,
InddepeRnnanbEBIX. I pealnsanul MaTeMaTHIECKUX MOIeIei
B HacTosLlee BpeMA MINPOKO UCIOJIb3YIOTCSA KoMIObioTephl. C moMo-
meio IBM nDpoBogAT Tak Ha3LIBaeMble “MalllHHHLIE S9KCIEPHMEH-
THI”,IPA HCCIEAOBAHHH MATOJIOTHYECKHUX IIPOIECCOB B KADPAHOJIO-
T'HH, PAa3BHUTHA snUaAeMHui 1 T. 4. IIpH 9TOM MO HO JIeTKO U3MEHATH
MacmTab o BpeMeHH: YCKOPHUTH HJIH 3aMeJIATh TeUeHue Iporec-
ca, pacCMOTpeTh IPOoleCcC B CTATMOHAPDHOM pPeXXHUMe, KaK 9TO Ipen-
JIO}KEHO B MOJEJH COKPAIIEeHNA MEIIILEI (Moaens JlerepeBCcKOro), |
M 110 npocTpaHcTBY . HannprnMep, BBECTH TOKAJIBHYIO IPOCTPAHCTBEH-
HYIO HEOJHOPOAHOCTh IIapaMeTPOB, HBMEHUTH KOHMHUIyPauio 30HbI
narosornu. UamMeHAs KO3dDGHUIUEeATH MU BBOJS HOBHIE UJIEHEI B
pubddepeHnanbHbIE YPABHEHNUSI, MOKHO YUUTHIBATH T€ UJIH WUHEIE
CBOHCTBa MOAEJIUDPYEeMOro 00BEeKTa HJIN TEOPETHYECKH CO3JaBaTh
00K THI C HOBBIMM CBOHCTBaAMH, TAK, HAIPHUMED, IOJIYyJaTh JeKap-
CTBeHHBIE NTpenapaThl 6osee adpdexTUBHOrO feiicTBuA. C moMomIbIO
9BM MOKHO peInaTh CJOMHbIE YPABHEHUA X NPOTrHO3HUPOBATH IO~
BeJleHHe CHCTeMEI: TeueHue 3a001eBaHu s, 3pHeKTHBHOCTD JeUeHN,
gelicTBHUA papManeBTHYECKOro IIpenapara u T.4.
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Ecan nponecchl B MOZieJIN NMEIOT JPYTYIo GN3NJecKyIo IPHPOLY,
YeM OPUTHHAJ, HO OLMCHIBAIOTCA TAKHM JXe MATEMATHYEeCKUM ammna-
paToM (Kaxk MpaBHUJIO, OAMHAKOBEIMU AuddepeENNaIbHEIMI yPaB-
HEeHHAMH), TO TAKAA MOJeIb Ha3EIBaeTCA AaHaJIOroBoii. OGEIYHO B BHAE
aHAJJOTOBOM MOJENH HCIOJb3YIOTCA 3jJeKTpudeckue. Hanpumep,
AHAaJIOTOBOM MOJENbI0 COCYAUCTOH CUCTEMBI SBIAETCA JeKTpuJec-
Kas Iellb U3 COMPOTUBJIEHNH, eMKOocTell ¥ MHAYKTHUBHOCTE.

OcuHoBHEIE TPeOOBaHN A, KOTOPEIM JOJIXKHA 0TBEYaTh MOJeb.,

1. AmexBaTHOCTh — COOTBETCTBHE MOJAEIH O0BEKTY, TO €CTh MO-
JeJb MOJKHA C 3aJaHHOH CTeIeHbI0 TOYHOCTH BOCIPOM3BOJHUTE 3a-
KOHOMEDHOCTH M3Yy4Ya€EMEIX ABJICHUN. AHAIN3 8eKBATHOCTH JJOJIKEH
MIPOBOAUTHLCA K IPH BEIGODE MOAEJIH, K IIPU CPaBHEHUN Pe3yJIbTaTOB
MOJAEJINPOBAHUSA C IOBeJJeHUEM 00'beKTa.

2. JToMKHEI OBITH YCTAHOBJIEHEI TPAHUIIBEI IPHMEHUMOCTH Mo/je-
JIY, TO €CTh YeTKO 3aJaHEI YCJIOBHA, DX KOTOPHIX BLIOpAHHAA MO-
JeJIb aJeKBATHA U3yUYaeMOMY O0'bEKTY, HOCKOJIbKY HH OHA MOJAEJb
He JaeT MCUYepHLIBAIOINEro onnucauua ooneKkTa. I'paHMIIBI IpUMe-
HUMOCTH OIIPEeNeIAITCA TeMH AOIYIeHNAMK, KOTOPhIE JealoTCH
NIpH cOCTaBJeHUH Moenan. Kak npaBuio, ueMm Gosbliie JOMYIeHnid,
TeM y)Ke IpaHHUILI IPEMEeHUMOCTH. Tak HanpuMep, JHUIIOCOMA AB-
JfAeTcdA aJeKBATHON MoJesbl0 OMoJornyeckoil MmeMOpaHbl, eCaH
H3yYaeTcsA IPOHUIAEMOCTh JHINAHOTO Oucaoa MeMOpaH AJa pas-
auvHbIX BemecTs (§5 u §6). Eciu ke 11es1b HCCIeJOBAHUA — 3JIEKT-
poOTeHe3 B KJIeTKaX, TO B 5TOM ClIyuae JINIIocoMa He aJleKBaTHasa MO-
Jellb, TPAHUIILI €6 MIPHMEHUMOCTH He YAOBJETBOPAIOT HEeIAM
HUCCIeIOBaHUS.

Ypasuenne Hepaera (§ 10) ya0BJIeTBOPHTEIBLHO ONIACHIBAET MEM-
OpaHHYIO PA3HOCTh IIOTEHIINAJIOB AJIA KJIeTKH, HaXogAleicA B Io-
KOe, TO eCTh B PABHOBECHOM COCTOAHHNH, TEM CAMEIM ABIAACH €K~
BaTHOH MaTeMaTH4eCKO#l MOJeJIbI0 CUCTEMEL B JAHHOM COCTOSHHUH.
Ecau ke paccmoTperh a3y AenoJAPM3AINH MOTeHIIMAaJa Aeii-
CTBHS, KOTAA COCTOSIHUE CHCTEeMBI JaJIeKO OT PABHOBECHOTO K HIET
IIOTOK MOHOB B KJIETKY, 3TO YPaBHEeHHe CTAHOBUTCS He aJeKBaTHBIM
IaHHOMY Impoieccy. AJleKBaTHOM MaTeMaTHYeCKOH MOJAENbIO IIpPo-
ecca GOPMHPOBaHUSA MOTEHIUAJA AeMCTBUA B aKCOHe KaJbMapa
ABJAETCA MOJAENbh XOMKKHHAa—XaKCIH .

Pe3yapTaToM MOJEeINPOBAHUA ABJIAETCA IOJYYeHNe HOBLIX JaH-
HBIX O IIPOTEeKaHWH N3yUaeMOoro IIpolecca, ero cBoiicTeax. Peayin-
TaT MOJEJUPOBaHUSA, KaK IIPAaBHUJIO, He JaeT NCUePIEIBAIOIINX CBe-
JeHn# 00 H3yuaeMoM 00'beKTe, HO YIIy0JdeT HaIllK 3HAHAA O HeM,
TI03BOJIAET IIPOBOAUTE JaJbHel e 6oiee CI0XKHLIE HCCIeJOBAHU A,
Tax, HampuMep, B ypaBHEHUN TPEXKOMIIOHEHTHON Mozen XHJjIa
OBLIO ITOKa3aHO CYIleCTBOBaHUE BASKONH KOMIIOHEHTHI IPH COKpAa-
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meHnn MeIus: (§ 26 u § 27). B gancueiimem mogens Hemepesc-
Koro (§ 28) o6bacHmIa GN3UYeCKHH CMBICI KOHCTAHT YpaBHeHHA
Xusia.

B Meauko-6nonornyecKux NcciaeJOBaBEUAX IPUMEHSIETCA B PAlie
cay4yaeB MeTOJ “depHoro aAmuka”. IIpu 3ToM H3y4aloTCA TOJIBLKO
BXOJHEIE M BEIXOAHBIE IIapaMeTPhI UCCIeAYeMOii CHCTeMEI, 6e3 yue-
Ta ero BHYTPeHHelH CTPYKTYPHLI H BHYTPEHHHX IIPOIEcCoB. B sToM
cJyuae H3Yy4YalOTCA 3aBHCHMOCTH BLHIXOAHBIX IIAPAMETPOB OT BXOJ-
HBIX, TaK Ha3bIBaeMble nepeAaTouHble Qyukuuu. IIppMepoM Mo-
JKET CIYKHUTb HCIIOJIb3yeMbIl B HeipoKkubepHEeTHKE “QopMaTbHBIHN
Heiipon”.

B 6uonorum n MmeAgunuHe BayKHOE 3HAYEHHE HMEIOT MOJEIH poc-
Ta YUCJICHHOCTH B (hapMaKoKHHeTHYECKAA MOJeJIb.

§ 31. MaTemaTnueckue MoJaean POCTA YHCIACHHOCTH NOIYJAAIHH

OCHOBOIIOJIOXKHHKOM MaTeMaTHYECKHUX MOMYJIAINORHBIX MOAeeH
npuaATOo cunTaTh T.MansTyca, pa6orasiiero B kosme 18-ro Beka.
3axoH MaarsTyca, OIpeAeNA0IAil 3KCIOHEeHITHAJILHEBIA POCT IIONTY-
JAIANA, ©MEET CMBICJI JIUIITbL HA OrPAHHUYEHHLIX BDEMEHHBIX HHTED-
Bajax. Mogenu, npeAsoskeHHRIE B JadbHEHIIIEM, CTAIN OIUCHIBATD
YacTo Hab/II0faeMyl0 B Ipupoje cTabnInsanuio YNCJIeHEHOCTH IIOIy-
JIANNHN, HAIIPUMED, 3a CUET BHYTPUBUAOBOBH KOHKYDPEHITUH (MOAEIb
®epxiogbeTa). ClieAYIONINM KPYITHBIM IIIarOM CYNTAETCA MOJEIUPO-
BaHHE B3aUMOJAEHCTBHA JBYX M OoJiee BUAOB, HauaToe B 20-x rogax
Hanrero croretns paboramu A. Jlortku 1 B.BoabTeppa.

Bce 1mpoiiecchl B coo0I[eCTBaX YKHUBBIX 00'HLEKTOB IPOHCXOAAT BO
BPEMEHH ¥ B IIPOCTPAHCTBe. B pAJe cIyuaeB MOKHO CYUTATD, YTO
BO BCeX YaCTAX pacCMaTpHBaeMoro o6nemMa Iponeccsl CMHXPOHHEI.
B aToM cayuae mpocTeiiiniyie TOUeUHbIE MOAEIN OIINCHIBAIOTCS CHUC-
TeMOi quddepeHINANTLHBIX YPABHEHMIH:

o _p
dt
rje X, — YHCJIEHHOCTH i-#l nonyaanuu (KUHeTHYeCKHe YPaBHEHHU ).
Bennmunnn F (x,, X,,...,X ) — HeluHeiiable GpyaKknuu. Kax mpa-
BMJIO, OHM COCTOAT M3 HECKOJBbKHX cJaraeMuiX. IlosoxkuTesbHEIE
YJIeHBbI OOUCHIBAIOT IPUOEIHL KOMIIOHEHTa, OTPUIATEIbHBIE — €TI0
y6BLIB. ,
PaccMoTpuM Tpu MaTeMaTHYE€CKHE MO EJIN, IO3BOJIAIONINE Hal-
TN 3a8BUCMMOCTb U3MEHEHHUA YHACIEeHHOCTH MONYJIANHHN OT BDEMEHHU
AJI PA3JINYHBIX YCJIOBUH PYEKOUOHHPDOBAHUS CHCTEMEI.

(X,X55....X,)  (i=1,2,...,n),
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I. Moaens ecTeCTBEHHOTO POCTA YHCIEHHOCTH IOMYJIAIHHA (MO-
Aeab ManpTyca)

CosaENe MOAeH MPOBEJAEM TI0 BRIIIEOMHCAHHOM cXeMe.

Peanvnas cucmema: nMeeTcA HeKOTOpas NONYJIAOUA ONHOTO
Buga (MHKPOOPTaEN3MEI, 3aMIOEI ¥ T.II.), B KOTOPOH MPOHUCXOAAT
SKM3HEHHBIE IPOHECCHl BO BCEeM X MHOT000pasui.

ITocmanosia 3adauu. HaiiTu 3aKOHEI M3MEeHEHU S YHCIEHHOCTH
OOMYJANHK BO BpEMEeHH.

OcHoéHbie donyuienua.

1. CymmecTBYIOT TOJILKO IIPOMeCcChl pa3MHOMKEHHA 1 €CTeCTBeH-
HOM rubein, CKOPOCTH KOTOPBIX IIPOIOPIHAOHANLHLI YHCIE€HHOCTH
ocobeil B JTaHHBLIN MOMEHT BpeMeHH.

2. He yunThiBaeM OMOXUMHYECKHE, GHU3HOJIOrIYeCKHe OPOMECCHI.

3. HeT 60puOBI Mexay ocoDAMM 3a MecTO oOMTaHMsA, 3a TUINY
(becKoHEYHO 0OJIBIIIOE IPOCTPAHCTBO H KOJUYECTBO ITHIIH).

4. PaccMaTpuBaeM TOJBKO OOHY IMONYJIANUIO, HET XUII[HUKOB.

Modenv.,

BBegem BeIMUMHBI:

X ~ YUCJE€HHOCTh IONYJIANUNA B MOMEHT t;

R — cropocTb pa3aMHOKEHNA, Y — KOG PHUUMEHT PAa3MHOKEHHT;

S — ckopoCTE ecTecTBEHHOM rubesn, 6 — K09 HHUIMEHT eCTeCTBEH-
Hoil rnbenu;

dx

dt

dniieHT pocTa.

— CKOPOCTh U3MEHEeHUA YUCJIEHHOCTH NOMYJIALIUY, € — K0ath-

Torza R =vx, S=—-0x.

CocraBuM guddepennuaibHoe ypaBHeHUe 6asadca. Mamenenne
YHCJIEHHOCTH 0co6ell B e[UHUILY BpeMeHH ONpefeAeTcs KoJude-
CTBOM POKJIE€HHEIX 3a 9TO BpeM#A U YMEPLINX:

dx
'a{ = (Y_G)X’

dx
dt
Hauansuoe ycaoBue: npu t = 0 urcieHHOCTb 0cobe# X = X
Pemum ypaBHeHuE:
X

ji‘xf=jedt, InX =et,
Xg 0

HJIn

£X, (8.1)

Xo
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oTcoaa w

X=X,'€
(8.2)

a 6 t
Puc. 8.1. UsMereHNe YUCIEHHOCTH TONYJIALNY B OTCYTCTBHE KOHKYDEH-
ouu Mexay ocobamu npu € < 0 (a) m opu € > 0 (6)

Ananus pemenus.

a) € < 0 (upu © > 7Y), TO eCTh CKOPOCTb r'ubesin 60JIbIIe CKOPOCTH
PasMHOKeHHnsA. UKnCcaeHHOCTh ocoleli Co BpeMeHeM YIIaAeT a0 HyJid
(puc. 8.1a);

6) € > 0 (mpu Y > G), TO €CTh CKOPOCTh PAa3MHOKeHN A 60JIbIIe CKO-
poctu rubesin. YucjieHHOCTE ocobeit HeorpannquHo pacTer co Bpe-
meHeM (puc. 8.16);

B) € = 0 (upu Y = G), TO eCTh CKOPOCTH I'ibeJil paBHA CKOPOCTH
pasMHOXeHNA. YucieHHOCTh 0cobeil He M3MeHAETCS, OCTABAACH HA
HauYaJbHOM YPOBHeE.

Mogens ipu € > 0 ageKkBaTHA PeaabHOCTH JIHIIE A0 OIPEAEJIeH-
HBIX 3Ha4YeHH# BpemMeHH. COrJIacHO HaHHOH MOJeJIH, PACCMATPH-
Bapolmedl yMeHbUICHHE YHCJIEHHOCTH 0cobeil TOJBKO 3a CUET ecTe-
CcTBEeHHOH rubeJiu, HX YMCJEHHOCTD JOJLKHA 0€CKOHEUHO BO3PacTaTh
co BpeMeHeM (puc. 8.16), UToO He COOTBETCTBYET peaslbHOCTH. [Ipu
0O0JIBIIOM KOJIHUeCTBe 0co0eil BO3MOYKHO YMEHbIITIeHHe UX YNCJIeH-
HOCTH 34 CUeT APYTHX MeXaHH3MOB, HalipUMEp, 3a cUeT 0opbOLI 3a
MeCTO OOMTAaHUsA, 3a HHUIITY.

II. Mogeas naMeHeHAA THCIACHHOCTH NOMYAAIMH ¢ yY€TOM KOH-
KYPeHI[MH MeXKay ocobamu (mogens Pepxroancra)

Y 102X HEM pacCCMOTPEHHYIO BhIllle MOAe b, C 1eJIbIo ToIyueHn A
pellleHHt s, Jiy4Ille OMACEIBAEMOT0 N3y4aeMblii 06 beKT, CpeaH AOUY-
HieHn#, TpUBeAeHHBIX B Mojenu I, caumem ponymenue 3. Ilycrs
cyuiecTByeT Gopnba Mexxay ocobaMu, HAaIpUMep, 3a MecTo odHUTa-
HUfA, TeM CaMBIM N00ABAAETCA AOMOJHUTEJbHBIM HCTOUYHHK T'ube-
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au. CuuTas, 4TO CKOPOCThL THOEIH 3a CYET KOHKYPEHIMH MEMAY
0co6GAMHM OpPOOOPIMOHANbHA BEepPOATHOCTH BCTPEU ABYX ocobeil,
MOJKHO 3amucaTth S = —0x-Xx — 6X (8 — K03ppUIUeHT MPOTOPIHUO-
HaasHocTH). Toraa ypaBHeHne 6anaHca YHCIEHHOCTH 0co0ei:

E =vx~0x—-0x?,
HINn dt
%%:ex—&xz. (8.3)

9ro meauneiinoe fuddepeHnuansHoe ypasHerue. Crenaem 3a-
meRy nepemeHnHx: U = (ex — 8x?). Torga ¢ yuerom, uto nput =0
X = X, HOJMY4IHM:

In (x / x,)-In ((e—8x)/(e—8x,)) =¢t.

Orcroga
X,€
(e—8x,)e™ +8x,

x(t)=

I'pa¢puk saBucumocTtu x(t) mpuBeaen Ha puc. 8.2.
X

X

CT

Puc. 8.2. UsmeneHUe YHCJEHHOCTH NONYJIANMHY C YYeTOM KOHKYPEHIMH
MEeXAY 0co0aMu

BuaHo, 4TO ¢ TeueHNEeM BpPeMeHH X He YXOAHUT B 6ECKOHEYHOCTb,
€
a BBIXOZHUT HA CTAIMOHAPHLIN YPOBEeHb, X =

)

Mopenn 1 n II aBinATCS OCHOBOII MOAEIHMPOBAHHA IIPOIECCOB B
6HMOTEeXHOJIOTHH (HAUpHMeD, IJIs YCTAHOBJIEHUA ONTUMAJLHEIX pe-
JKMMOB BHIPAIMBAHNA PA3JINYHBLIX MHKPOOPTaHU3MOB).
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§ 32. Moznens “xnmauk-xeprea” (modenv Borvmeppa)

Cpenu gonymieHui, BBeAeHHLIX B MOoAe M |, CHUMeM gonyinesue
4. TlycTs B HEKOTOPOM HPOCTPAHCTBE XKUBYT ABa BUAa ocobeii: 3aii-
1Bl (>KePTBHI) ¥ PBICH (XHUITHUKH). 3aliIbl MTUTAOTCA PACTUTEIHHOMN
nuieit, uMeroIeiica Bcerja B AOCTATOUHOM KOJHYecTBe (MEXAY
HHMMH OTCYTCTBYeT BHYTPpUBHAOBaA 6opbda). PricH MOryT mHUTATh-
cd TOJIBKO 3aiinaMu.

BsemeM BeJIMUNHEL:

X — YMCJIO >KepPTB B MOMEHT t;

Y — YKCJIO XUIITHUKOB B MOMEHT t.

YpaBHeHHA fajlaHCa MEXKAY YMCJICHHOCTLIO DOXKIACHHBIX M T'HM0-
HYIIHX ocobeii:

HepmewL:
dx
E = 429 - ox - oxy,
CKOPOCTEL CKOPOCTEL CKOpOCTh r'ubein
Pa3sMHOXXEHHs  eCTeCTBeHHOIi 3a CUeT BCTPEUH
rudenu C XMITHHKOM
XuwHuru:
dy
FT dxy - By
CKOPOCTb CKOpOCThH

PasMHOXXEHHUA eCTeCTBEeHHOI rudenun

HINn

g—Ex—(xxy

(‘iit ) (8.4)
'

Y Sxv—

T By

ITO cIIOXKHAA CHCTeMa HeJIMHeHHEIX AnddepeHINaNLHLIX YPaB-
HeHwuii. CHauaJia HaliJleM cTaliMOHApHOE pellieHHe X = const, y =
const, To ectb dx/dt = 0, dy/dt = 0. Cucrema auddepeHnHaIbHBIX
ypaBHEHMUI IpH 9TOM CBOAUTCA K aJIre0pandyecKuM:

X (e-ay,)=0
Ver (0%, —B) =0
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PacemoTpuM pelieHuA:

X,=PB /& y,=€/0. (8.5)

VnpocTuM cucreMy ypasHeHuit (8.4), mpegmojaras, 94To mpo-
M30IILIY MaJible OTKJIOHEHU A YMCIEeHEOCTH XUITHNKOB V(1) 1 )XepTB
U(t) oTHOCHTEIBHO CTAMOHAPHEIX 3HAUCHMH:

x=x_+U(t), U<x_, U<y_; . (8.6)
y=yn+.V(t), V<y,, V<x,. (8.7)
Torpa
£:l%=xm(s—ocym)+U_(z-:—0LyCT)—ou;CTV—OLUV,
%\tf' =y.(6x, ~B)+ V(6x , —B)+8Uy_ +8UV,
WIu

du , A% Uu Vv

&2 (a——a— 1),
dt xc’l‘ XCT CT

Vo U UV
dt yc’r CT CT

YuuTteiBaga (8.4) n npeHeGperasi WieHaMH BTOPOI'O MOPAAKA Ma-
U Vv U Vv '
JIOCTH T S

u ) » IOJIYYUM CUCTEMY YPaBHEeHMIH:
xc’r XCT yc’r yCT

—=-0x,V

] dt (8.8)
d_V = SU cr?
dt

KOTOPYIO JIETKO CBeCTH K JuddepeHnHalbHBIM YPABHEHHUIM BTO-
POT0 NOPAAKA OTHOCHTEJNbHO NepeMeHHbIX U n V:
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d’U

7 +epU= 0, (8.9)
2
dtZ+EBV=0. (8.10)

9T0 XapaKTepHBIe YPABHEHUA AJIA OIACAHNA FraDMOHHYECKHX KO-
JNebaTebLHBIX IPONeccoB. PemleHnss ypaBHeHMIH:

U=U,,, sin@t,
V=V, sin(\eBt+¢,).

OrHOHIEHNE aMILIUTYJ OTKJIOHEHHI

Vo _3 JE
Up VB

B peayabTaTe uncienHoCTH 0cofeil MPH MANBIX OTKJIOHEHUSX OT
CTAIMOHADHEIX 3HAYEHHUH DaBHEI:

x(t)=x,,+U,,, sin\/ept,
V(B = Ver + Vs SIN(/EBE+ ).

Taxum 06pa3oM, YNCICHHOCTH IOIMYJIANUI X M Y UCIIBITHLIBAIOT Iap-
MOHHYECKHe K0JeOaHMSA OTHOCHUTEFHO CTAIMOHADHBIX 3HAUECHUM C
OJIMHAKOBOM 4acTOTON ()= \/a » HO cMeieHHEIe 00 dase Ha @ Ilepu-
OAMYHOCTH U3MEHEHN I YHCJIEHHOCTH XHUITHUKOB M 2K€PTB HabJIIoJaiach
n Ha onbITe. Ha puc. 8.3 npuBeZieHbI ONBITHEIE JAHHBIE IO KOJIWYECTBY
yucsa JoOBITHIX HIKYPOK 3aiineB u priceii B Kanage ¢ 1845 mo 1935 r.

BuaaOo, UTO B peasbHOM ciydyae 3aBUCHMOCTH 0o0Jiee CJIOYKHEIE,
yeM 5TO0 cJegyeT ua mogenn. Heo6xoquMo noguepKHYTE, UYTO CHHY-
COMAANLHOE PEIIeHNe BO3MOXKHO JIUIIE IIDH MAJBIX OTKJIOHEHUIX
U u V orHOCHTENBHO CTaIMOHADHEIX 3HaueHu#. [Ipu Goabmux oT-
KJOHEHNAX 3aKOH He O6yner rapmMoHndecKkuM (puc. 8.3). Tem He
MeHee JaHHAas MOZeJIb BIOJHE aleKBaTHA JeCTBUTEILHOCTH: KO-
JNebaHuA YHCIEHHOCTEN XUITHUKOB U JKePTB IPOMCXOAAT C OGUHA-
KOBO#1 4acTOTOM, HabaohaeTcs cMeleHue Kolebanuil oo dase.

3aBUCUMOCTD ¥ OT X MOXXHO IIPeICTABUTE U B BUZ€e $asoBoro mop-
rpeta. [y mneproguyecKnX 3aBUCHMOCTEHM MOPTPET HMeeT BUA 3JI-
aunca (puc. 8.4), HeHTP KOTOPOro COOTBETCTBYET CTAIlMOHAPHEIM
3HAUYEHUSAM. ‘
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so‘lncnenn_ocu, THIC.

120

40

1845 1855 1865 1875 1885 1895 1005 1915 1925 1935

Puc. 8.3. IlunaMuka nonyaanuii saifines U puicei

Y,
3
Y“ 1 2
1
Xer X

Puc. 8.4. ®a30Bhlii HOPTPET CHCTEMEL IIPH MaJbIX OTKJIOHEHHMIX
" YHCJICHHOCTH XMINHUKOE M KePTB OT CTAIMOHAPHEIX 3HAYEHMIl

JlonycTHM, IPON30IIJIO OTKJIOHEHE YHCIIEHHOCTH 3aiIleB OT CTa-
nmuoHapHOTOo 3HaueHnd (1—2). Ecau uncio 3aiines BO3pOCIO, TO
YKCJIO PRICeil TaKKe YBEJIUUNBAETCS, HO KOJIUYECTBO 3aiIieB NpHu
3TOM IOCTElIeHHO HAaYHEeT YMeHbIAaTheA (ToOuKa 3). 3TO MOBJIEYET
YMeHbIIeHNe yucja peicelf (Touka 4), a ciegoBaTeJbHO yBeJInde-
HHe Yuca 3aitnes (Touka 1).

Mozgenb «XUITHNK—KePTBa» HUCIOJIbL3YeTCH B HACTOSIee BpeMs
B meguuuHe. Tak npu MoAeIMpOBaHMK OHKOJOTHYECKUX 3abose-
BaHUI OIIyXOJieBble KJIeTKH PACCMaTPHUBAIOTCA KaK JKePTBHI, a JIUM-
douuTEI, KOTOPEIE MOTYT MX IIOJABIATH, KAK XUINHHKH. B arom
cjlydae MOJeJIMPOBaHHe I03BOJIAET IIOJYINTEH HOBbIe 3HAHUSA O ITPO-
meccax MeXXKJETOYHOTO B3aMMOAEHCTBHA IIPHU 3THX IIATOJOTHUAX,
HaXOAUThH IIYTHU OIITUMAJLHON CTpaTeTHH JIeYeHN s, CO3JaBaTh HO-
BbIe cpe/icTBa GOpHORI ¢ HUMH.
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Camoopzanusayus. Cunepzemuxa. BosHHKHOBEHUE CaMOIIPO-
M3BOJLHO (TO eCTh 6€3 KaKuX-Iu60 IepHOANYECKAX BHEIIHUX BO3-
JeiCTBHIi, a TOJBHKO 3a CYET COGCTBEHHBIX CBOHCTB CHCTEMEI) KO-
ne6aEU B cHCTeMe “XHIOJHUK-KePTBa” ABIAETCA KIACCHUICCKHM
OpHMepoM caMoopranusamuu. IlepBrle HCCIeOBAHUA ABJIEHHA
caMoopragnsanuu 6n1au npoBefeHs U.P. IIpUroXUHEKIM H €ro
KoJeramMu B 1960-e roasr.

3aech MBI BUAUM NPOSIBJICHHE ANHAMHYECKOH YHOPALOICHHOCTH,
CBOMCTBEHHOIH CJIOXKHBIM OTKPHITEIM CHCTEMAM, AaJIeKAM OT PABHO-
BecHsl. B rakux cucremax (pUsmIecKux, XUMHYEeCKUX, GUOIOrTIec-
KHX, 9KOJIOTHIECKHUX ) IPY OOpeAeeHHNX YCIOBAAX MOI'YT BOSHHUK-
HYTH OPONECCHl CAMOOPTAHM3ANUHA BO BpeMeHH! 1 B IPOCTPAHCTBE.

HanpasiesEue B HayKe, CBA3aHHOE ¢ H3ydeHNEeM OOIMNX 3aKOHO-
MepHOCTe# 06pa3soBaHNS YIOPSIAOUCHHKX BpeMEeHHEIX H IPOCTPaH-
CTBEeHHHIX MAKPOCTPYKTYP, HA3HIBAETCA CUHEPZeMUKOIL.

TepMHE «CHHEDreTHKAa» HPOUCXOAKT OT rpedecKkoro synergetikos —
COBMECTHOE, COTJIACOBAHHOE, KOollepaTHBHOE JAeiicTBre. CHHEpTe-
THKa BO3HUKJIA B Hadajse 70-x rr. 20-ro Beka. ITOT TeEDMHH BBeJ
I'. Xaren q14 o0beJHECHAA CAMBIX PA3JIAYHLIX IIPOIECCOB CAMO-
OpraHH3afVH B MAKPOCKOIIAYECKHAX CHCTeMaX barogaps B3amMo-
JeHCTBHIO GOJILIIOTO THCJIA 3JIEMEHTAPHBIX IOACHCTEM.

Bo3HNKHOBEHHE CAMOIIPOH3BOJILHO IIPOCTPAHCTBEHHO-BpEeMeH-
HO#l yIOPAZOYCHHOCTH HA MAKPOCKOIIAIEeCKOM YPOBHE BO3MOXCHO
TOJIbKO IPH COBOKYIHOM, KOONEPATUBHOM B3auMOAeHCTBUH GOIb-
IIOTO YUCJIA O6HEKTOB B CJI0XKHHX OTKPHITHIX CHCTEMAX.

OcHOBOIi CHHEPreTHKH CJIYKUT eANHCTBO ABJERU ¥ Mogesel, ¢
KOTOPHIMY IPUXOAUTCA CTAIKHBATHCA PN HCCJIeAOBAHNH IIPOIEC-
COB BO3HHKHOBEHUSA NnopAdia U3 xaoca (TaK Ha3hIBAEMBIX JUCCH-
HATHUBHBIX CTPYKTYP). IIpMepoM caMoopraEn3anuu B GU3HYECKNX
ABJICHUAX ABAAIOTCA A4YeiiKH BeHapa, B XHUMHUHu — peaknus Beno-
ycoBa-3KaboTurCKOrO, B 6H0dH3NKe — pacnpocTpaHeHHe HePBHO-
ro UMOyJabca, B KAPAUOJOTHH — BOSHHKHOBeHHEe GUOPHIIAIUH JKe-
JYAOUYKOB cepAlia, B 3KOJIOTMH — OpraEu3anusa coobmecTs,
B KOCMOJIOTHH — CIMPAJIbHBIE FaaKTHKH.

§ 33. dapmakoknHeTHYECKAA MOedb

I[JIH OINHCaHUA KHHETHKH H3MEeHeHHUA KOHIeHTpannu BBEIeHHO-
TO B OPraHH3M JICKAPCTBEHHOrO Nnpenapara npeajaraeTcs Tak Ha-
3plBaeMasn (bapmaxoxnne'rnqecxaa MOAeNb.

ITocTraBuM nepexn coboit KOHKPETHYIO I1eJIb, & HMEHHO HailiTu 3a-
KOHBEI U3MEHCHH A KOHIEHTPAHH JIEKAPCTBEHHOI'O IperapaTa oap#a
pPa3siimdHKX coocobax u napaMeTpax ero BBeleHHA U BLIBEICHUA.

175



B peasbHOCTH BBOJ ¥ BLIBO/] JIEKAPCTBA COIIPOBOKaeTCA GONBIITNM
YHCJIOM Pa3HOOOPa3HbIX IPOIECCOB. ITO IPOLECCHI BCACLIBAHNUA B KPO-
BEHOCHOE PYCJIO IPH BHECOCYAHCTOM BBEJEHHM, MEPEHOC JIeKapCTBa
M3 KPOBHM K Oprauam, yJajieHue IIpenapaTta U3 KpoBH HOYKaMHM ¥ p.

OcHoBHBIE AONYIIEHUA: v

1. He Oynem paccMaTpHUBaTh CHCTEMY OpPraHOB, YePe3 KOTOPLIE II0-
cJIeIoBaTeJIbHO IPOXOAUT JeKapeTBo. MCKIII0UMM MHOrOCTa UM HOCTL
MPOIIECCOB BBOJa, IEPEHOCA, BLIBOAA JIEKADCTBEHHOI'O BEIIECTBA.

2. He GyfeM yYUTEIBATH MOJIEKYJIAPHEIE MEXaHU3MEI IIPOIIECCOB
(HanpuMep, IPOHMAIAEMOCTD BeIlIeCTBA, XUMHUECKHE IPeBpatieHus).

3. Ilpomeccsl BBOJa U BLIBOJA CBeJieM K CKOPOCTH.

PaccmoTpumM 3aKoHBI n3MeHeHUA ¢(t) IpH pas3JIuYHBIX criocobax
BBEJI€eHUS JIeKapCcTBa. ‘

m, m,
oprasan] Q P
opresua]
c Cot
CO
a 3] B "

Puc. 8.5. PapMaKOKAHETAYECKHME MOJAENH AJIA PASTUUHBIX crroco6oB
BBeJeHUS JeKaPCTBEHHOrO IIpelapaTa: OAHOKPATHOE (a), HeIPEPHIBHOE
(0) 1 xoMOUHUPOBaHHOE (B) U rpadMKHU COOTBETCTBYIOUINX UM BpeMeH-

HBEIX 33aBHCHMOCTEH KOHIIEHTPAIIUM JIeKaPCTBEHHOTO Ipenapara B
opraHmusme

1-ii cmoco6. OpHOKpaTHOE BBE/IeHNE JIEKAPCTBEHHOE IIperapara —
uHBeKIuAa (puc. 8.5, a) (3To COOTBETCTBYET CJIYYAl0, KOTa mamm-
CHTY “cHesalu YKOJI). _

ITpeacrasum cebGe OpraHN3M KaK CHCTEMY 00'eMOM.V, IIOCJIe BBE-
JeHHA B KOTOPYIO JIeKapCTBEHHOro IperiapaTa Maccoil m, HauuHa-
eTcd ero yjajieHue U3 opraHusma. Pacnpejesenmne npemapara no
o6beMy mpefmoJiaraeTca paBHOMepHBIM. CKOpOCTh yAalleHHs P
MpernapaTa u3 OpraHusMa I PAMO I PONOPIOHAJIbHA €r0 MacCe B Op-
raHusme:
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p=_km,

k — xoabdULHEHT yAaNEeHNA IperapaTa U3 Opraunusma.
CKOpOCTh H3MEHEHUA MaCCH JeKapCTBEHHOTrO BellleCTBA B Opra-
HHU3ME

dm
E paBHa CKOPOCTH €ro BBIBeJICeHHU A D:
dm _ P
H, cjienoBaTejJbHO, dt
dm
—=-km.
dt

Penienne storo guddepennuaibHOro ypaBHeHNA, ¢ YYE€TOM Ha-
YAJIBLHOTO YCI0BUsA, yTo npu t = 0 Macca BBeIeHHOTO JIEKapPCTBEH-
HOrom =m,,

m=nm," ekt,

KonneHnTpanus JekapcTBeHHOI'O IpenapaTa B opranusMe (Haopy-
Mep, B KpoBHu), ¢ =m/V:

my, i
c =70'e ’
nIu
c=c, e,

rae V — 06beM KPOBH, ¢, — HayalbHasA KOHIEHTPaUu.

KoHueHTpaius JeKapcTBEHHOro IpeliapaTa B KPoBU GyeT Henpe-
PHIBHO CHHIKATHCSA M0 yORIBAIOIEMY 3KCIOHEHIUAILHOMY 3aKOHY
(puc. 8.5, a). Takum o6pasoM, Ipu OAHOKPATHOM cIiocobe BBeIeHU A
JIeKapCcTBa He yAaeTcA NOAAeP>KUBATh B KPOBM €ro IIOCTOAHHYIO KOH-
EeHTPAaIHIO.

2-it cnoco6. HenpepbiBHOE BBeAeHMe IpeliapaTra ¢ IOCTOAHHOMN
cKopocThio — uHpYy3ua (puc. 8.5, 6) (3T0 COOTBETCTBYET CAYUAIO,
KOT/ia alMeHTy IIOCTABUIM KalleJIbHUILY).

B aTom cilIyyae H3ME€HEeHHEe MAaccChl JIEKapCTBEHHOI'O 1IperiapaTta B

dm

OopraHH3Me onpeaeasaeTca He TOJABKO CKOPOCTHIO €I'0 YIaJICHUAA

dt
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P, HO H CKOPOCTBHIO BBEICHN A Q — KOJIHYEeCTBOM JIEKAPCTBEHHOI'O Be-
mecTBa, BBOZHUMOI'O B OPI'aHN3M 34 eITHHHUNY BpeMEeHH:

dm
— =Q-km.
a -~ Qkm

Pemum 3To AndpepernuairHOE ypaBHEHHNE C YIETOM, YTO IPH
t =0mMaccam=0:

TR fat
0Q-km o

BsegeM HOBYIO IePEMEHHYIO
U=Q-km, dU=-kdm, dm=-dU/k, -
dm _ 1,dU
Q-km k U’

Torza noxydaem

~In(@-km)[5=t];

—km
L
M, HaKOHeI, Q
Q “kt
m=—(1-e™).
. ( )
KonnenTpanusa jieKapcTBa B KPOBHU
Q —kt
c=—1(1-e).
kV (
B HauansnHEIL MOMEeHT Bpemerd, nput=0,c=0.
Q

IIpu t—oo BenuunHA €01 ¢ — vV

‘-Iepea HEKOTOpO€e BpeMs 1ocCJjie HavyaJa BBeJeHHU A JIeKapCcTBa ycC-
TaHaBJINBaeTCA NOCTOAHHAA KOHIOEHTPanHUudA

Q

c=—-.
kV
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IHopobpas ckopocTr BBeAeHRA Jekapcrsa Q = kVe , nobpemcsa
TOro, 4YTO Yepe3 HeKOTOpoe BpeMA YCTAHOBHTCA ONTHMANBLHAA KOH-
HeHTpanus ¢, Heo6XoaquMas A TepaneBTuIecKoro agypexra. Ipu
HenpephHIBHOM cOocole BBeIeHHA JEKAPCTBa yjaeTcsa AOCTHTHYTh
3aaHHOTO Pe3yJBTATA C = C__ TOJBKO Yepe3 HeKoTopoe BpeMs (pHc.
8.5, 6). OnTuManbHAA KOHOEHTPANHA MOXXeT OBITh YCTAHOBJIEHA B
Oprasu3Me MI'HOBeHHO IPH COYEeTAHUH IEPBOT0 M BTOPOTO CIIOCOG0B.

3-it cmoco6. CoueTagne HeOpepLEIBHOI'O BBEJ€HUA JIEKaPCTBEHHO-
ro onpenapata (2-# cnoco0) c BBeieHAEeM HArpy3o4Ho# A03kl (1-i co-
co6) (puc. 8.5, 6)

IIpu aToM papMaKoOKHHETHIECKAS MOJeb IPUMET BUA:

I'paduk 3T0i 3aBMCMMOCTH B 00IIIeM BHJe NPeJCTABJEH HA PUC.
8.5,8,kpuBrie 1 m 1°. '
Ecau BHIOpaTE COOTBETCTBYIOIINE CKOPOCTE BE€IEHIA JIEKAapPCTBa

Q=kVc__
1 HaArpy3ouHyIio 103y
Q
=—=Ve__.,
mO k onT

NOCTOSTHHAS KOHIEHTPAIUs C = C
_(npamasn auuua 2, puc. 8.5, 8)

Takum o6pasoM, bapMaKOKMHETHYECKAA MOJEJb IIO3BOJISET B
npejesaxX BHIIIE YKA3aHHLIX JONYIUIEHNH HAMTH 3aKOH NU3MEeHEeHU A
KOHIEHTPalL Xy IIperapaTa BO BpeMeHH NIpH Pa3JudYHEIX cllocofax
€T0 BBeJIcHUA B OPTaHM3M, PACCYMTATH OIITHMAJBHOE COOTHOLIIEHHE
MeX Ay IapaMeTpaMH BBOJA M BEIBOJA IpenapaTa g o6ecrieueHns
Heo0X0AMMOTo TepaneBTHYecKoro 3ddexTa.

YCTAHABJINBAETCA MI'HOBEHHO

onr

KOoHTPOJIBHEBIE BOIIPOCHI s SAJAYH, SAJAHHA

1. Yepes xkaKoe BpeMs NOCJIe MHBbEKIUH B KpoBH ocTamerca 10 %
NePBOHAYAJIBHON MACCHI JIEKapPCTBEHHOT'O IIperapara, €CJIi KOHCTaH-
Ta BeiBefeHUuA K = 0,3 (1/4ac)?
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2. KoHCTaHTHI BHIBEIEHUA IBYX PA3HBIX JIEKAPCTBEHHEIX Hpenapa-
TOB pPasJIMYaIOTCA B iBa pasza. HapucyiiTe KauecTBeHHO rpapUKH N3Me-
HEeHMs MAacchl JIEKAPCTBA B KPOBH IIDH MHBEKINAX JJIA 3THX ABYX CIIY-
yaeB. Bo CKOJILKO pa3 pasjImIaoTCA CKOPOCTH BbIBeieHNA mpu t = 07

3. Yepes HeKOTOpOE BpeMA MOCJIe TOTO, KAK NaIMeHTy IIOCTABHU-
JIM KalleJbHNANY (Korja KOHIeHTPaIud IIpenapaTa BhIIJa HA CTa-
IHOHAPHHI YPOBEHE), eMy cAeJaiu nHbeKnuio. Hapucyiite kaue-
CTBEeHHO rpaMK M3MEHEHHUs MACCH IIpernapaTa BO BpeMeHH.

THOOBBIE TECTHI TEKYIETO KOHTPOJIA

8.1. B MmoJiesin XHIDHHK-)XePTBa IIOKAa3aH0, YTO YUCJIEHHOCTS I10-
NyJAINE XUIDHAKOB Y YXePTB COBePHIaeT rapMOHUYecKHe Kojeba-
HusA. OMUHAKOBHI JIM YaCTOThI U a3kl 3TUX KoJiebaHMii?

a. YaCTOTHI OJUHAKOBEI ‘B. (a3l OMUHAKOBBI
6. 4acTOTHI pasHbIe r. (paskl pasHbie

1.aB 2.6B 3.ar 4.6r

8.2. Kakasa Moaeis ABIAETCA afeKBaTHOHA NJIA McclenOoBaHUHM
3JIEKTPOreHe3a B KjaeTKax?

1. mumocoma 2. OmucyioiHaA TUNNAHAA MeMOpaHa
3. aKCOH KaJpMapa 4. monmens PpaHKa

8.3. B hapmMaKoOKMHEeTHYECKOH MOJeJN 3aBHECHUMOCTL KOHIIEHT-
panum JieKapcTBeHHOTO IpernapaTa B KPOBHU OT BpeMEHH IIpeiCTaB-
JieHa Ha rpaduke:

C

ooT

Kaxopnl pPexXNMEI BBEAeHNA JICKAPCTBEHHOI'0 npenapa'ra?

1. sarpysounas gosa, 2. uH(pysud, 3. mepuoxuYecKasn
uHPY3ua u nepuoauyiecKas UHBEKIUA U
nepuognvYecKaa UHBEKIUA HarpysouHas

MHBEK A nosa
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I'JTABA 9. BHO®H3UKA
CHUCTEMBI KPOBOOBPANIEHHUSA

CepaeuHO-cOCyAHCTAs CHCTEMA 00eCIIeuNBaeT IENPKYIALAIO KPO-
BH II0 3aMKHYTOI cHcTeMe cocyaoB. IlocTogaHHEAA UPKYIAGUA KPO-
BH B OpraHu3Me II03BOJIAET JOCTABJIATDH KO BCEM KJIETKAaM BellleCTBa,
HeoO0XOouMEIe AJIA WX HOPMAJbHOro GyHKIHOHNMPOBAHUA, B YAA-
JIATH OPOAYKTEI NX XXH3HeAeATeJbHOCTH. JI1a Toro urobrl ocyme-
CTBHTBH 3TOT XXHM3HEHHO HeOOXOAMMBIH M OUeHb CJIOXKHKIH IPOILEce
o0MeHa BeIlecTB B KATUJJIApAaX, CepAeYHO-COCYANCTAA CHCTEMAa
MMeeT OoIpeZesIeHHY0 QYHKOHOHAJbHYIO I CTPYKTYPHYIO OPraHu-
sanuio. B gaHHO# riaBe paccMoTpuM GnodnsnyecKkne OCHOBHI pAja
NPOIECCOB, NPOUCXOAAINNX B CEPAEYHO-COCYAUCTOMH cCrCcTEME.

T'emoagnHaMHYeCKHE IOKA3aTEIH KPOBOTOKA OIIPEAeIAIOTCA G1o-
busnuecKEMM NapaMeTpaMHM Bcell cepieUHO-COCYANCTOM CHCTEMEI,
a4 IMEeHHO COOCTBEeHHBIMH XapPaKTEePUCTHKAMH CePACYHOM AEATENb-
HOCTH (HanpuMep, yAapHbIM 005€MOM KPOBH), CTPYKTYPHBIMH 0CO-
6eHHOCTAMM COCYAO0B (MX PaJUyCcOM H 3JIaCTHYHOCTHIO) M HEIIOCDEA-
CTBEHHO CBOMCTBaMH CaMOii KPOBH (BA3KOCTHIO).

Jlnsa onucanua pAafa IPOIEeCCOB, IPONCXOAAIINX B CHCTEME KO-
BooOpallleHusi, NPUMEHSIIOTCSA MeTOAR! GHU3NUEeCKOro, aHAJIOTOBOT'O
¥ MaTeMaTH4YeCKOro MojieiupoBanus. B HacToameii riase paccmar-
PHBAIOTCS MOJEJIN ABMKEHNA KPOBY KaK B HODMe, TaK U IIPH HEKO-
TODHIX HADYILIEHUAX B CEPAEYHO-COCYANCTOI cCTEMe, K KOTODRIM,
B YACTHOCTH, MOXKHO OTHECTH CYy’KeHUe COCYAOB (HaIpumep, IpH
o6pa3oBaHMM B HUX TPOMOOB) B H3MEHeHHE BA3KOCTH KPOBH.

PaccmaTpuBaeTca TaKike MoAeJb (hHILTPATHOHHO-PeabcopOIoH-
HBEIX MIPOI[ECCOB B KaNMJIJIAPAX U M3YUYAIOTCAd MEXaHU3MBI BO3MOMK-
HOr'O HapyIeHHd QUILTPAINOHHO-peabcopOnuOHHOr0 paBHOBECHS
IpH HEKOTOPHIX naToaoruax. CepAeuHo-cOCyANCTas CHCTEMA — Ca-
MOCOrJIaCOBaHHAS CHCTEMAa CO CIOXKHBEIMH B3aWMHO-00pPaTHHIMH
CBA3SAMH.

§ 34. Peostormaeckne CBOMCTBA KPOBH

Peosiorus (ot rpeu. rheos — Teuenne, NOTOK, l0g0s — yUeHHUE) —
3TO HayKa o feopManuax U TeKydecTu BemecTea. Ilog peonorueii
KpoBHu (reMopeoJsiormeii) 6yziemM nNoHMMATh n3yueHue 6nobusuyuec-
KHX 0cOOEHHOCTEH KPOBM KAK BA3KOMH XXHUAKOCTH.

BaskocTs (BHyTpeHHEe TPeHHe) JKHIKOCTH — CBOMCTBO JKUAKO-
CTH OKAa3bIBATH COIIPOTHBJICHHE IIeDEeMEIISHUIO OJHOM ee YacTH OT-
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HOCHTEJIBHO APYroi. BaskocTs KUAKOCTH OOYCIIOBJIEHA B IEPBYIO
ouepeab MEKMOJIEKYJIADHBIM B3aHMOAEHCTBIEM, OTPAaHNUYNBAIO-
UM DOABHKHOCTE MOJIEKYJI. Hanuune BA3KOCTH IPHUBOINT K AYIC-
CHIIAITMH S9HEPTHH BHEIITHETO NCTOYHHNKA, BRIBLIBAIOIIIETO ABHKEHNE
JKHAKOCTH, ! IIEPEXOAY €€ B TEILIOTY. sKHuAKOCTE 6€3 BA3KOCTH (TaK
Ha3biBaeMasa HAeajJbHAada dKUIKOCTD) ABJIsAeTcsa abcTpakmmeii. Bcem
PeaNBLHEBIM SKHUIKOCTAM IIPHCYINA BASKOCTb.

OCHOBHOM 3aKOH BA3KOro TedueHua 6uL1 yeranosiaeH . HeioTo-
HOM (1687 r.) — dopmyna HrioTona:

F= nd—V~S, 9.1)
dZz

rae F [H] — cua BHYTpeHHEro TpeHuA (BA3KOCTH), BOSHUKAIOIIAA
MeXX Y CJIOAMH KHUIKOCTH IIPY CABUTe UX OTHOCUTEJIBHO APYT ADPY-
ra; 1 [IIa-c] — koadbdHuIIEeHT ITUHAMIYECKON BA3KOCTH YKUAKOCTH,
XapaKTepH3YIOINil COIIPOTUBIICHNE JKHUAKOCTH CMEIEHNIO ee CJIO0-
eB; dV /dz[1/c] - rpagueHT CKOPOCTH, IIOKA3LIBAIOIIUI, HA CKOAb-
KO U3MeHAeTCA CKOPOCTDh V IIPH M3MeHeHNH Ha eAUHUILY PACCTOMA-
HUA B HANIpaBJIeHUH Z IIPHU Iepexofie OT CJI0A K CJ0I0, HHaue —
CKOpPOCTE cABHra; S [M?] — maomanb COIPUKACAIOINXCA CIIOEB.

Cua BHYTPEHHEro TpeH!A TOpMO3uT Gojiee GRICTPHIE CJIOH U yC-
KopseT 6osee MeAJieHHEIE cjon. Hapaay ¢ koadhduiimeHTOM JHHA-
MUUYECKOH BA3KOCTH PACCMATPHBAIOT TAK HA3hBIBaeMbIi KO3hGUIH-
eHT KHHEMATHYeCKOM’ BA3KOCTH V=T/ P (p — ILIOTHOCTb UAKOCTH).

EunarocTu genarca Mo BASKKM CBOMCTBAM Ha JiBa BUJa: HBIOTO-
HOBCKHE H HEHBLIOTOHOBCKHE.

Hp10TOHOBCKOI Ha3bEIBaETCHA YKUIKOCTh, KO3hIUIIMEeHT BA3ZKOC-
TH KOTOPOMH 3aBHCHT TOJIBKO OT ee MPHPOJLl U TeMIlepaTyphl. Jlaa
HBIOTOHOBCKHX JKHAKOCTEH CHJIa BA3KOCTH IPAMO IIPOIIOPIMOHA b-
Ha rpafueHTy cKkopocTu. [Jid HUX HeloCpeACTBeHHO CIIPABEeJINBA
tdopmyna HeioroHa (9.1), K02ddHUITMEHT BABKOCTH B KOTOPOH AB-
JsieTcA MOCTOAHHBIM IIapaMeTpOM, He 3aBUCAINM OT YCJIOBHH Te-
YeHU S KHUIKOCTH.

Henn0ToHOBCKOI Ha3bIBaeTCA KHIKOCTE, KoadhGHITHeHT BA3KO-
CTH KOTOPO# 3aBMCHUT He TOJIBKO OT IIPHPOAELI BelllecTBa U TeMIlepa-
TYDBI, HO TaKKe X OT YCJIOBHM TeUeHU JKHUJKOCTH, B YACTHOCTH OT
rpaguedTa ckopocTi. KoaddunueHT BASKOCTH B 3TOM ClIydae He

- ABJIAETCA KOHCTaHTOH BemiecTBa. IIpH 3TOM BABKOCTH KUIKOCTH
XapaKTePHUBYIOT YCIOBHEIM KO3(pHUIeHTOM BA3KOCTH, KOTOPBIH
OTHOCHTCHA K ONIpe/IeIeHHBLIM YCJIOBUAM TeUeHU A "KUAKOCTH (HaIllpH-
Mep, AaBjieHHe, CKOPOCTh). 3aBUCHUMOCTh CHJIBI BABKOCTH OT rpa-
JHEeHTa CKOPOCTH CTaHOBHUTCA HeJIUHEWHOI!:
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F- (e, 9.1, a)
dz"-

rae N XxapakTepusyeT MeXaHUYeCKHe CBOHCTBA npﬁ JaHHEIX YCJIO-
BHUAX TeueHUs. [IppyMepOM HEeHLIOTOHOBCKHUX XHUIKOCTEHN ABIAIOT-
cA cycneasun. Eciau uMeeTcs »XHUAKOCThH, B KOTOPOH PABHOMEDHO
pacrnpejeseHbl TBep/ble HEB3ANMOeCTBYIOIMKUE YACTUILLI, TO Ta-
KYIO CpeZly MOXKHO pacCMaTpPHMBATh KaK OJHOPOAHYIO, T.€. MBI HH-
TepecyeMcs ABICHHSAMH, XapPaAKTePHUIYIOIIUMUCH PACCTOAHUAMH,
00JILITUMMU II0 CPAaBHEHHIO ¢ pasMepoM uacTull. CBoiicTBa Takoit
cpeabl B IEPBYIO OUepeAh 3aBUCAT OT T XKHUAKOCTH. CucTeMa e B
meaoM 6yaeT o6aagaTh yixe Apyroit, 6oabmieil BASKOCTHIO 1¢, 3aBU-
caoleit or GOopMBI M KOHIIeHTPAuu dacTur. s ciaydad MajbIX
KoHIeHTpanuii vactun C copaBeausa GopmyJia:

' N’ =n(1+KC), . 9.2)

rae K — zeomempuueckuil parmop — koddppunueHT, 3aBUCAITUHN OT
reomerpuu uactun, (1x ¢hopmsel, pasMepos). [I1a cheprieckux ua-
ctur K seruncisaerca mo gopmye:

K= 2,5-(§nR3), 9.2, a)

rae R — paguyc mapa.

Jia snnuncounzoB K yBeJIHYHMBaeTCA U OIIPeJeIAETCA 3HAYEeHU A~
MH er0 HOJIyoceH ¥ HX COOTHOINeHNAMH. EcIN CTPYKTypa YaCTHI 13-
MeHHTCA (HaIpuMep, [IPH N3MEHEHUH YCJIOBHH TeUeHU), TO H KO-
atdduuent K B(9.2), a ciiegoBaTeNbHO, ¥ BASKOCTD TAKOH CYCIIEHSHH
7¢ Takxe nsMeHUTCH. Ilof00HASA CyCIIeH3U A TPEICTABJIAET CO00i He-
HBIOTOHOBCKYIO XHUAKOCTL. ¥ BeJINUeHHE BA3KOCTH BCeil CHCTEeMEI
CBA3aHO C TeM, YTO pa6oTa BHENTHEH CHJIBI IDU TeUeHUH CyCIeH3n i
3aTpaYMBaeTCA He TOJLKO Ha IPeooJIeHIe HCTHHHOM (HeHbIOTOHOB-
CKOM) BA3KOCTH, 00YCIOBJIEHHONH MEXMOJIEKYJIAPHLIM B3amMozeli-
CTBMEM B YKHIKOCTH, HO'M Ha IPeoJ0JieHHe B3aMMOAEeHCTBHUS MEXKAY
HeH U CTPYKTYPHBIMH 3JIEMEHTaMH.

KpoBsr — HEeHLIOTOHOBCKAA AHAKOCTh, B HaubGoJIbIei cTeneRn
9TO CBA3AHO C TEM, YTO OHA 061ajgaeT BHyTpPEeHHEH CTDYKTYPOI,
npejcTaBiaasa coboil cycneH3u0 GOPMeHHEIX 5JIeMEeHTOB B PACTBO-
pe — miaasme. IlnasMa — NpaKTHYeCKH HLIOTOHOBCKASA XHIKOCTD.
ITockoanky 93 % ¢GOpMeHHEIX 3JIEMEHTOB COCTABIAIOT 3PUTPOLA-
THI, TO IIPH YIPOIEeHHOM PACCMOTPEHHH KPOBb — 3MO CYCNnen3us
apumpoyumose 8 (hu3Uoa0zudecKom pacmaope. XapaKTEePHBIM CBO-
CTBOM 3PHTPOLNMTOB SBJIAETCA TEHAeHOIUA K 06pa30BaHHIO arpera-
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TOB. EcJiM HaHECTH MA30K KPOBH HA OPEAMETHBIH CTOJHK MHKDPO-
CKOOAa, TO MOXKHO BHAETH, KaK 9PUTPOLUTEHI “CKJIeNBaloTca” APYT ¢
ApyroM, o6pasyda arperaTthbl, KOTOPEIE NOJYUNJIA HA3BAHHE MOHET-
HEIX CTOJOMKOB. YCJIOBHA 06pa3oOBaHUSA arperaToB Pa3JIMUYHEI B
KPYOHEIX M MEJKHX cOCcyZaX. ITO CBA3AHO B HEPBYIO OUepeab C CO-
OTHOLIEHNEM Pa3MePOB COCYAa, arperaTa ¥ 9puTponuTa (Xapakrep-
HbI€ pa3MEepPHI: dapz 8 MM, dm =10 dsp).

31ech BOBMOXKHEI BapHaHTHI (puc. 9.1);
1.Kpynnute cocydvr (aopma, apmepuu ):

dcoc > darp’ dcoc >>d

apaTp”

—
0) oTHeNLHEIE SPUTPOIUTEL B B) nedopMaIusa SPUTPOIUTA
MeJKHX apTepHsax, apTepHoJIax. B KaOWJLIApe

Puc. 9.1. CxemaTnuHOe H300pakeHne CTPYKTYPEI 9PHTPOIINTOB
B PA3JIMYHEIX OTAEJIaX COCYAHUCTOrO pycaa
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IIpu arom rpaauent dV / dZ me6oabIIoit, 3pUTPOTUTEI cOOMpa-
IOTCS B arperaThl B BH/le MOHETHEIX CTOJIONKORB. B aTOM ciyuae BA3-
KocTh KpoBu 1) = 0,005 I1a - c.

2. Meaxue cocyovi ( Meaxue apmepuu, apmepuoast ):

d =d , d_=(5-20)d
0C arp coC

.
(v apHTp

B mux rpaguent dV / dZ sEaUNTEIbHO YBEJINYHNBACTCS U arpera-
THI PACHAKAIOTCS HA OTAEJIbHEIE 3PUTPOIMUTEI, TEM CAMLIM YMEHDL-
mafg BABKOCTh CUCTEeMBI. [[JIg 3THX COCYZ0OB UYeM MEHbLIIle JHAMETP
MpocBeTa, TeM MeHbIle BA3KOCTb KpOBH. B cocymax aumamerpom
OKO0JIO b dap BASKOCTh KPOBM COCTaBJIAeT NPUMEPHO 2/3 BA3SKOCTH
KPOBH B KPYNIHEIX COCYZaX.

3. Muxpococydv. (Kanuanrapot):

dcoc < dapﬂ'rp'

B »xxuBOM cocyie 3pUTPOIIUTEI JIETKO 1e(DOPMUPYIOTCHA, CTAHOBSCH
ODOXOXHMH Ha KyIOJI, U IPOXOAAT, He pa3pylIasch, depes3 KaITu-
JISIpHI fa)ke JUAMETPOM 3 MKM. B pe3ybTaTe NOBEPXHOCTH COIPH-
KOCHOBEHHSA 3PUTPOIIMTOB CO CTEHKOH KaMMJIJIApa YBeJINUNBAETCHA
10 cCpaBHEHMIO ¢ HeleOpMUPOBAEHEIM 3DUTPOITUTOM, CIOCOGCTBY S
00MEHHBIM [IPOIIECCaM.

Ecin npefnoJ oM uTh, UTO B CAyYaaX 1 1 2 5pUTPOIUTH HE Je-
dopmMupyIOTCS, TO A4 KAUECTBEHHOI'O ONNNCAHNS N3MEeHEeHN S BA3-
KOCTH CHCTEMBI MOXKHO IPUMEeHHTh popmyay (9.2), B KoTOpoit
MOJKHO y4eCTh pa3jinive reoMeTpHIeCKOro (paKTopa mia cHucre-
MBI M3 arperaTos (Kup) U AJIA CUCTEMEI OTAEJIbHBIX SPUTPOIUTOB
(Kap): Karp:ﬁ Kap, o0ycJIoOBJINBAOIIee Pa3Inuue BASKOCTH KPOBH B
KPYIHBIX U MEJIKHUX COCYAax.

JJIsa onmmMcaHMS OPOIIECCOB B MHKpococyaax ¢gopmyJa (9.2) me
NPpUMEHWMA, TaK KaK B 9TOM cJIyuae He BHIIOJIHAIOTCA NONYIIeHN s
06 OJHOPOZHOCTH CpeALl M TBEPAOCTH YACTHII.

TakuM 06pa3zoM, BHyTPEHHAS CTPYKTYPa KPOBH, a CJIeI0BATEIb-
HO, U ee BA3KOCTh (9.2), oka3rIBaeTCA HeOJUHAKOBOM BJOJb KPOBe-
HOCHOI'O PycJia B 3aBHCHMOCTH OT ycJIOBU# Teuenua. KpoBs aABinA-
eTcs HeHBIOTOHOBCKOM MKMAKOCTBIO. 3aBUCHMOCTE CHJIBI BASKOCTH
OT rPafiieHTa CKOPOCTH AJIA TeUeHUA KPOBH N0 COCYAAM He TOUH-
HAeTcs Gopmyse HeioToHa (9.1) 1 sBIIAETCS HeJIMHEHHOIM.

BaskocTs, xapakTepHad AJS TEUEHUA KPOBH B KPYIHEBIX COCY-
Jax: B HOpMe n'xp =(4,2—-6) -n_; opuagemunn =(2 - 3)-n; opu
nomunuremunn =(15-20)-n, . Baskocrs mrasmein =~ 1,21 . Bas-
kKocThb Boaei 1, = 0,01 Ilyas (1 IIyas = 0,1 Ila - ¢).
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Kaxk 1 y mo60i sKUAKOCTH, BA3SKOCTH KPOBH BO3PACTAET IPH CHH-
JKEHUH TeMmnepatypul. Hanpumep, npu yMeHBIIEHUH TeMOepaTy-
pel ¢ 37" 10 17° BA3KOCTH KpOBH BodpacTaeT Ha 10 %.

PexuMEI TeueHUT KPOBU. Pe:XHMMEI TeUeHUS KUAKOCTH Pasaeis-
IOT Ha JIJaMWHapHOE U TypOyJeHTHOoe. JIamuHaproe meieHue — 3TO
ynopsiJoueHHOe TeUeHMe MKUAKOCTH, IPH KOTOPOM OHA IepeMeIla-
eTCsA KaK GBI CJI0AMY, TapaJIIeIbHEIMH HAIPaBJISHHUIO TeYeHU (pHC.
9.2, a). [Ina naMUHEADHOIO TEUEHN S XapaKTePHEI IVIaKe KBasuIa-
paJulesibHBIE TpaeKTopuu. IIpn JaMMHADHOM TeYEeHVH CKOPOCTH B
ceueHUH TPYOLI U3MEHSeTC S 110 NapaboaiecKOMY 3aKOHY:

72
V=V,1- —2) ,

R

rae R — paguyc Tpy6s1, Z — paccTosiHUE OT OCH, V, — oceBas (MaKCH-
MaJbHAA) CKOPOCTh TEUYEHHUA. ‘

C yBeiMueHHEM CKOPOCTH ABUKEHHA JaMUHapHOEe TeueHUe Ie-
PEeXOAHUT B mypbyieHmHoe meyerue, Ip¥ KOTOPOM IPOMCXOUT UH-
TeHCHBHOE NepeMEITUBaAHHE MEKAY CJIOAMH KHIKOCTH, B IIOTOKE
BO3HMKAIOT MHOTI'OUHMCIEeHHbIe BUXDH Da3MMYHBLIX pasMepoB. Yac-
THIBI COBEPIIAIOT Xa0TUUEeCKe ABUKEHUA IO CJIOKHBIM TPAeKTO-
puaM. g TypOysIeHTHOTO TeYeHN A XapaKTePHO YPesBLIYAiHO He-
peryiasapHoe, GeCIIopAf0YHOe H3MEeHeHHe CKOPOCTH CO BpeMeHeM B
KayKI0# TOUKe MOTOKa. MOHO BBECTH IOHATHE 00 OCpeaHEeHHOM
CKOPOCTH ABMKEHN A, IONydalolneiica B peayjibTaTe yCpeJHEHUA 10
OOJIBIIMM IIPOMEKYTKAM BPEMEHH MCTHHHOI CKOPOCTH B KaxXJoil
TOYKe IIpocTpaHcTBa. IIpu 3TOM CyIleCTBeHHO M3MEHAIOTCS CBOI-
CTBa TeYEeHH A, B HACTHOCTH, CTPYKTYpa IIOTOKa, IPOMUIL CKOPOC-
Teii, 3aK0H cOIIpoTuBJIeHuA. IIpoduis ocpefHEeHHO# CKOPOCTH TYP-
OyJIEHTHOrO TeueHHsd B Tpybax oTJMYaeTca OT mapaboJuyecKoro
npoduia TaMHHADHOrO TeueHUsA OoJjiee OLICTPHIM BO3pacTaHHEM
CKOPOCTH Yy CTEHOK U MEHBIIIE KPUBU3HOI B EHTPAJILHONA YacTH
TeyeHud (puc. 9.2, 6). 3a HCKIIOUEHHEM TOHKOI'O CJIOS OKOJIO CTeH-
KH, IPO(HIb CKOPOCTH OMMCHIBAETCA JIOTapUPMIUECKUM 3aKOHOM.
PeXHM TeueHHA KHUIKOCTH XapaKTePHU3YeTCa YHUCIOM PeifHOMLA-
ca Re. Jln1a TeueHH ;KHAKOCTH B KPYTJIoii TpyGe:

- 2R
Re=%, 9.3)

rae V — CKOPOCTD TeUeHH A, CPeSHSAA 0 NONepeYHoOMY CeYeHHIo, R —
pazuyc Tpy6ul.
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Z Z
0 ), >V,
—— X X

Puc. 9.2. IIpoduis ocpefHEHEHEBIX CKOPOCTEH TP JIAMIHAPHOM (a) 1
TypbysrenTHOM (6) TeueHMAX

Korga szauenue Re MeHbIlle KDUTHYECKOT'O Rexp = 2300, umeeT
MeCTO JJAaMIHADHOE TeUeHHUEe XUAKOCTH, ecau Re > Rexp, TO Teue-
HUE CTaHOBUTCA TypOyseHTHRIM. Kak mpaBuiio, JBUKeHHe KPOBHU
Mo cocyiaM ABasAeTcsa JaMuHapHeIM. OfHAKO B pAJe CJIyYaes BO3-
MOXXHO BO3HUKHOBeHUe TypOyseHTHOCTH. TypOyIeHTHOE JBUKE-
HUe KPOBH B a0PTE MOKeT OBITh BBI3BAHO MPEXK e BCEro TypOyaeH-
THOCTBHIO KPOBOTOKA ¥ BXOJla B Hee: BUXPH HOTOKA YyKe N3HAYAJILHO
CYIIeCTBYIOT, KOrZJa KPOBb BHITAJIKMBAETCSA U3 KeJYAOUYKa B aop-
Ty, UTO XOPOIIIO HabJI0gaeTcsa IPHU AoIep-Kapauorpaduu. ¥ MecT
pasBeTBJIEHUA COCYLOB, 4 TAKYKe IIPK BO3pacTaHUH CKOPOCTH KPO-
BOTOKA (HanpuMep, IIPH MBIIIIEYHON paboTe) TeueHne MOXKET CTATh
Typ6yIeHTHBIM 4 B apTepuax. TypOyieHTHOE TeueHHe MOKET BO3-
HUKHYTH B COCYJZ€E B 006JaCTH ero JOKAJIbHOrO CYKeHUsA, HallpH-
mep, npu ob6paszopanuu Tpomba.

TypOyjeHTHOE TeueHHe CBA3AHO ¢ JOOOHHUTEJIHLHOM 3aTpaTon
JHEPIrUH IPH ABM)KEHUH KHUIKOCTH, II03TOMY B KPOBEHOCHOM CHC-
TeMe 3TO MOKeT IPHUBECTH K JOMOJHUTEJbHON Harpy3Ke Ha CepA-
ne. Illym, BOBHHKAIOMIWA IPH TYPOYJIEHTHOM T€UeHHNH KPOBH, MO-
sKeT GBITH HCHOJIB30BAH AJA JUATHOCTHKH 3aboseBaHu#. [Ipm
nopa’KeHHH KJIallaHOB Ccep/lia BOSHUKAIOT TaK Ha3bIBaeMbie Cepheu-
HBIE IIYMBI, BEI3BaHHbBIE TYPOYJIEHTHLIM ABMIKEHUEM KPOBH.

§ 35. OcHOBHBIC 3aKOHBI FreMOTHHAMHKH

T'emoguBEaMuKa — OfUH U3 pa3fesioB 6MOMEXaHUKH, U3YYaIONTHH
3aKOHEI JBMKEHHA KPOBH II0 KDOBEHOCHBIM cocyaaM. 3amada re-
MOJMHAMHUKHA — YCTAHOBUTH B3aUMOCBA3b MEXKJY OCHOBHBLIMH Te-
MOAMHAMHUYECKMMH IIOKA3aTEeNAMHU, 4 TaAKKe UX 3aBUCUMOCTD OT
(HU3NYeCKHX TaPaMETPOB KPOBH U KPOBEHOCHHIX COCYAOB.

K 0ocHOBHEIM reMOJHHAMHYECKHUM IIOKA3aTEIAM OTHOCATCA 4B~
JIeHUe U CKOPOCTh KPOBOTOKA.
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asnenue — 3ro cuna, AeHicTBYIOIIAaA CO CTOPOHBI KPOBH Ha CO-
CyZbl, OpuXoAImasaca Ha equHuny miaomganu : P=F / S. Pasau-
YaT 00'beMHYIO B JHHEHHYIO CKOPOCTH KPOBOTOKa. O68eMHOIL
cKopocmbio Q HA3HIBAIOT BeJIMYMHY, YHCJIEHHO PABHYIO 00'beMy
JKHIKOCTH, IIePeTeKaloleMy B eJHHUIY BpeMeHH uepe3 JaHHOe
ceueHue TPyOrI: v

Q =
¢
eIUHHIIa H3MepeHus (M3 / c).
Juneilnaa cxopocmbo OpeACTaBAAeT OYThL, IPOXOAUMEIN YacTH-
[aMH KPOBH B €IUHHUILY BpeMeHH:

v=1/t,

enuunna usMepenns (M / ¢). IlockoabKy IMHeiiHaA CKOPOCTDH HEO-
AHUHAKOBA II0 CEeYeHUI0 TPYORI, TO B JaJibHeHmeM peub OyaeT UATH
TOJBKO O JINHEHHOIT CKOpOoCTH, cpeHeil 0 ceueHHIo.

JInHeitHaa 1 00beMHAA CKOPOCTH CBABAHEI IIPOCTHIM COOTHOIIEHH-
eM Q=VS, raeS — woiaAb MonepeyYHOro ceYeHNs MOTOKA JKUAKOCTH.

Tak Kak KHJKOCTb HeC’KMMaeMa (TO eCTh ILJIOTHOCTEL €€ BCIOLY
OJMHAKOBA), TO Uepea Ji000e ceueHNE TPYORI U B e IUHHUILY BpeMeHH
NPOTEKAIOT ONUHAKOBEIE 00'bEeMEI KHUAKOCTH:

Q = VS = const. 9.4)

STO Ha3LIBaETCA YCIOBHEM Hepa3pLIBHOCTH cTpyH. OHO BBITEKA-
eT U3 3aK0HA COXpaHEeHUs MAacCCHl AJIS HeCKHUMaeMOH KUIKOCTH.
YpaBHeHNe Hepa3phIBHOCTH CTPYH OTHOCHTCA B paBHOMH Mepe K JBU-
JKEHUIO BCAKOM JKUJKOCTH, B TOM yucJe U Baskoii. IIpu omucanun
¢u3nyecKNX 3aKOHOB TeUEHMUSA KPOBH IO COCY/JaM BBOAUTCS JOILY-
1ieHUe, YTO KOJHNUECTBO HUPKYJINPYIOlIeil KPOBH B OpraHu3Me I10-
croanHo. Orcioga cienyeT, 4To 00beMHAasT CKOPOCTE KPOBOTOKA B
N1060M ceUeHUN COCYAUCTOM CUCTEMEI TAKKE IOCTOAHHA: Q = const.

B peanbHEBIX JKHIKOCTAX (BA3KHUX) IO MEPE ABUKEHUA UX 110 TPY-
0e moTeHIMAJIbHASA DHEPTHUSA pacxoAyeTcda Ha paboTy mo mpeojoJe-
HHIO BHYTPEHHETO TPEHMS, [I03TOMY AaBJIE€HHE KHUIKOCTH BAOJIL
TpyOHI nafaer. [yiA cTaMOHAPHOTO JJAMUHAPHOTO TeUeHU peallb-
HOH XHAKOCTH B IIUJIHWHIPHUYIECKOH TPyOe MOCTOAHHOTO CEUEeHUS
cupaseasanBa topmyaa (3axon) I'arema—Ilyazeiiaa:

_TR! AP
8n I

Q ’ (9.5)
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rge AP = P, — P, — majieHne faBJIe€HN, TO €CTh PASHOCTD JaBJIEHUN

y Bxoza B Tpy6y P, u Ha BriXoge u3 Hee P, Ha paccrosinuu [ (puc.

9.3). JlanHas 3aKOHOMEPHOCTEH OblJIa IMIUPHUYECKH YCTAaHOBJIEHA

yuensiMu Tarerom (1839 r.) u Ilyaseitnem (1840 r.) He3aBHCHMO

IPYT OT APYTra M 4acTO HOCHUT HasBaHMe 3aKkoH Ilyazeiina.
Beanuuna -

8n!
nR*
HA3HIBAETCA THAPABINYECKHUM COIPOTUBICHHEM cocyAa. Bripaxe-
HHe (9.5) MOKHO NpeCcTaBUTh KaK

W= (9.6)

AP = Qw. (9.5, a)

N3 3akona Iyaseitna (9.5) cirenyer, uro nafeHue JaBICHUI KPOBH
B COCYZIaX 3aBHCHT OT 00BeMHON CKOPOCTH KPOBOTOKA M B CHJIBHOM
CTeNleHM OT paguyca cocyaa. Tak, ymeHbIIeHNe paguyca Ha 20 % npu-
BOJANT K YBEJIWIEHHUIO IaAeHN AaBjeRus 6ojee ueM B 2 pasa. [laxke
HeboJIBIIINe H3MEHEH U IIPOCBETOB KPOBEHOCHEIX COCYAOB CHIIBHO CKa-
3BIBAIOTCA Ha MafleHNH faBaenus. He cayuaifHo ocHOBHEIE hapMaKo-
JIOTHYECKHEe CPEeiCTBA HOPMAIN3aH JABJICHUS HATIPABJIEHEI IIPeXk-
Jle BCero Ha M3MeHeHHe MPOCBeTa COCYAO0B.

T'paruisl npuMenuMOcTH 3aKoHA Ilyaseitna: 1) ramMmuHapHOe Te-
yeHHe; 2) roMOreHHaAA JKUAKOCTE; 3) IPAMEIE JKeCTKHe TPYOKH; 4)
YIAAJIeHHOE PAacCTOSHNE OT HCTOYHMKOB BOSMYIIEHHH (OT BXoJja,
n3rubos, cy)KeHnit).

Puc. 9.3. Ilagenne naBieHnd NpU TeYeHUN XKUAKOCTH IO TPYyOKe

PaccMoTpuM reMmognHaAMAYEeCKMEe TOKA3aTeJH B PASHEIX YACTAX
-COCYAUCTONA CHCTEMEI.

189



T'udpaenuveckoe conpomuseaernue.

T'upgpaBanvYecKoe COOPOTHBICHNE W B 3HAYHTEJIBLHOR CTeleHHA
3aBHCHT OT paguyca cocyza (9.6). OrHomeHns pagHyCcoB AJIA pas-
JHAYHBIX YYACTKOB COCYAHUCTOTO pycJia:

R R :R_ =~3000:500:1.
opT ap Kam
HOCROJH:RY rnnpannnqecnoé CONpPOTHBJIEHHE B CHUJIBHOH éTene-

HH 3aBHCHUT OT paguyca cocysa w ~
HOII€HHe:

7’ TO MOJMKHO 3allHCATH COOT-

W.on > Wap > Wmm

Juneiinas ckopocmyv Kpogomoka.

PaccMoTpuM 3aKkoH Hepa3peiBHOCTH (9.4). Ilnomans cyMMapHO-
ro IIpocBeTa Bcex Kannaiaspos B 500 —- 600 pas Gonpme monepeyHo-
o ceueHHs aopThi. ITO 03Hauaer,uroV, ~1/500V,  .VimMeHHOB.
KanWUISAPHO ceTH IpHu MeIJIeHHOI clcopoc-m nnnmenna Ipouc-
XOJHUT OOMEH BeIECTB MEKAY KPOBBIO M TKAHAMM. |

Ha puc. 9.4 npuBesieHa KpuBas pacﬁpe,ue.nemm nnnennux CKO-
pocreiil BIOJIb COCYAUCTOMH CUCTEMBI.

VA

0 3 1 e
Aopra A
pTAp'r' pTepnoananmmapm

Puec. 9.4. JInuneilnasa CKOPOCTh B PA3JHYHBIX YYACTKAX COCYAHCTOrO
pycia

Pacnpedenenue cpednezo dasnrenus.

IIpu coxpaieHnu cepAila faBJIeHHAe KPOBH B A0PTE UCIBITHIBAET
KoJaebanusn. Ceiiuac OyaerT peus HATH O CPeJHEM AABJICHHHU 3a Iie-
puoja. CpeaHee gaBjieHne MOKeT GBITH OlleHEeHO 1o opmy.ie

P-P '
Pcp le+Tn"
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Ilanenne cpegHero gaBJeHUs KPOBH BAOJIb COCYJOB MOXKET
65ITh onucaHo 3akoHoM Ilyaseiina (9.5, a). Cepane Br6pacniBa-
eT KpOBb IOA CPeXHUM KaBieHueM P . ITo mMepe mpoaBuKeHUS
KPOBH IO cocyaaM cpefgHee naBieHue nagaer. IIockoabKy Q =
const,aw > Wor = W TO AJIA CPEHUX 3HAYeHHH NaBJIeHUH:

AP > AP >AP .
7 aprepait aopr

B xkpynHHIX cocyaax cpeiHee AaBJIeHHe najfaeT Bcero Ha 15 %, a
B MeaKHuX Ha 85 %. 3To o3HauaeT, 4TO GoabIIAs YaCTh SHEPrHH,
3aTpavYHBaeMoil JIEBEIM JKeJTyNOUKOM CepAna HA U3THAHHE KPOBH,
pacxogyeTcs Ha ee TeUeHUE IO MEJIKHM COCYAaM.

Pacopenenenue gaBieHuA (DpeBHINEeHHAE HAJX aTMOChEPHEIM) B
PA3JIXIHAIX OT/EIaX COCY/JUCTOr0 PyCJIa IpeCTaBJeHo Ha puc. 9.5.
OTprnaTenbHOe 3HAUCHAE JABJICHUA 03HAUAET, YTO OHO HECKOJIBKO
HHXKe aTMocdepHOro.

0 i 2 i

1 2 3 4 5 > )

Puc. 9.5. Pacnpegnenenve qaBjieHus (IIpeBEIITeANe HaJ aTMOChEPHEIM) B
PasSIMYHBIX YYACTKAX COCYAUCTOro pycia (TPpHXOBKOIl 06osHaueHA
06y1acTh KOJIeOAHUA AABJIIEHUSA, IYHKTHPOM ~ CpeAHee AaBJIeHHE);

1 — gaByleHEE B 20pTE, 2 — B KPYIOHEIX apTEPUAX, 3 — B MEJIKMX apTepHiX,
4 — B aprepHoax, 5 — B KANWJIJIAPax

§ 36. Broduznueckne pyHKIMHA IEMEATOB CePASIHO-COCYAHC-
TOM CHCTEMhI

B 1628 r. anrauitckuii spau B. I'apseit npeAsoxiI Mogeb CO-
CYAHCTOHi CHCTEMEH, I'le cepAne CIYXXKUI0 HACOCOM, IPOKAUMBAIO-
IUM KPOBb IO cocyAaM. OH mOACIHTAM, YTO MAcca KPOBH, BRIGpa-
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CHIBA€MOI CepIleM B apTePHUH B TeUEHHE HeCKOJbKUX YacoB, 3HAa-
YHTeJbHO MPEeBBIIIaeT Maccy UYesoBeuecKoro tesa. Orcroga FapBeit
cllesiaJl BEIBOJ, UTO B CepAlle, Hrpaloliee Pojib 'MAPaBJINUeCcKOro
HAacoCca, MHOTOKPATHO IOCTYIIaeT OHA 1 Ta Ke KPOBb.

CxeMaTHYHO CePAEYHO-COCYAHCTYIO CHCTEMY MOXKHO IIpPeCTa-
BHUTH caedyonuM obpasomM (puc. 9.6).

/ cepAue

aopra
BeHHI
' aprepuu
\
BeHYJIH apTEePHOJIED

KallnJJaAPbL

Pue. 9.6. CxemaTuuHOE B300paKeHe CepAeYHO-COCYAHCTOR CHCTEMEL

PaccmoTpuM KpaTko ¢pusnyecKyo GYHKIHNIO KAaXKJO0r0 dJIeMeH-
Ta CHCTEMHBI.

OcHoBHAaA QYHKIINA cepAeuyHo-COCYIHUCTOM cuCcTeMEl — ofecnieue-
HHe HelIpepPRIBHOT'O ABHJKEHHUS KPOBH IO KAITHJLJISIPAM, I'Zle IIPOUC-
XOAUT OOMEH BemecTB MeXXJy KPOBbIO ¥ TKAHAMHM. APTepHOJEI —
Pe3HuCTHBHEIE cocyAbl. JIeTKO U3MeHAs CBOM IPOCBET, OHM PEryJin-
PYIOT reMOZMHAMHYECKHe [I0Ka3aTell KPOBOTOKA B KalMJIAPaX.
ApTepnoisl — “KpaHbl” cepAeYHO-COCYAUCTON CUCTEMEIL.

CepaeuHo-cocygHucTas cucTeMa 3aMKHYTa, IIOBTOMY AJs obec-
ImeYyeHNA TeUeHNA KPOBHU B Hell [OJKEeH ObITh IepUOJUYeCKH Jei-
CTBYIOLINH Hacoc. 3Ty POJIb BRINOJHsET cepale. Ilepnognueckoe
moCcTyIJIeHHe KPOBH M3 CepAlia mpeBpaliaeTcAa B IOCTOAHHOE MO-
CTYILIeHHE ee B MeJIKHe COCYABI C IOMOIILI0 KPYIMHBIX COCYZOB:
YacTh KPOBH, IIOCTYIAONIEHN U3 cepAIia BO BDEMA CUCTOJIBI, pe3ep-
BUPYeTCA B KPYIMHLIX cocyzax Gjarogapf MX 3JIACTHYHOCTH, a 3a-
TEM BO BpeMsI AUACTOJIEI BEITATKNBAETCA B MeJIKHe cocyasl. Kpyn-
Hble COCYAbI ABJIAIOTCS COTJIACYIOIIMM 3JIEMEHTOM MeK Y CepALeM
U MEeJKHMH cocyzaMu. Ilpu 3TOM aopTa M apTepHH BRIIIOJHSAIOT
POJIb IPOBOJAHUKOB, MO3BOJAA IMOABOAUTH KPOBb K PA3JIMUYHBIM
yacTam teJa. Ilo BeHaM KpOBb BO3BpaliaeTcsa B CepAlle.
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AKTHUBHAA NeATEJBLHOCTD Cep/la BHI3BIBAET CJIOMKHOE IPOCTPAH-
CTBeHHO-BPeMeHHOe pacIpe/ieieH1e reMOAMHAMMYECKUX TapaMeT-
POB B CEPAEYHO-COCYAUCTOMH CHCTEME.

B cucTeme 0JHOBpeMEHHO IIPOTEKAIOT Pa3HOPOAHBIe IPOIecchl, B3a-
MMOCBA3AaHHBIE APYT C APYTOM: nocmynJieHnue Kposu 13 JIeBOT'O XKeJry-
JIOYKa cepAilla B aOPTY M KPOBOTOK IO COCY/aM; U3dMeHeHUe da8aeHUA
KPOBH K MeXaHWYECKHUX HATIPSKEHUH B CTEHKAaX COCYAa; U3MeHeHUe
o6sema 1 GopMEI 3JIEMEHTOB CepAedYHO-cocyAncToi cucrembl. ToaHO
PeIINTh 3a7a4y IIOBeZleHNs KPOBOTOKA B TAKOM CHCTEMe BeCchMa 3a-
TPYAHUTEILHO. ¥ IIPOIIAs CHCTEMY IIPH MOJIETNPOBAHNH, MOYKHO OIIH -
CaThb OTAEJbHEIC aCeKThI I'eMOJHHAMHUYECKHX IIPOLIECCOB.

§ 37. KunmeTHKa KpOBOTOKA B 3JIACTHYHBIX COCY/JaX.
IlynscoBana Boana. Mogens ®Ppanxa

OaHHM N3 BasKHBIX 'eMOANHAMHUUYECKHX IIPOIIECCOB SIBJIAETCH pac-
MPOCTPaHEeHHE MYJLCOBOM BOJHEI.

Eciau perucrpupoBaTts fjedopMaluy CTeHKNA aDTEPHUH B IBYX pas-
HOY/JaJIeHHBIX OT CepPAIla TOYKaX, TO OKaKeTcsd, 4To AedopManus
cocyzia foieT n0 60Jiee yaleHHOH TOYKH [TO3Ke, TO €CTh 110 COCY-
Iy PaACIpOoCTPaHAETCS BOJHA MYJILCOBLIX KoJieOaHHi 00 beMa cocy-
Ia, JaBJIeHUS M CKOPOCTH KPOBOTOKA, OJHO3SHAYHO CBA3AaHHBIX C
APYT APYroM. DTO Tax HasbiBaeMas IyJbCOBasA BOJHA.

Ilyascoras BoJIHA — [IpOLIECC PACIPDOCTPAHEHUA U3MEHEHHA 00'be-
Ma BOJIb 3JACTUUHOTO COCYAA B Pe3yIbTaTe OFHOBPEMEHHOI'O M3-
MeHEeHHs B HEM JaBJICHHA H MACChl JKHIKOCTH.

Ha punc. 9.7, a npuBe/ieHbI H3MeHeHNA 00'beMa cocya JJis He-
CKOJBKHX IIOCJeA0BATEILHEIX MOMEHTOB BpeMeHH.

PaccMoTpuM xapaKTepHUCTUKHU NMYJIBCOBOM BOJHEI. AMILIUTYNOMH
nyJbCOBOM BOJHH P (X) (mysbcoBoe naBienne) 6yseM Ha3LIBATH
PasHOCTL MEXJY MaKCHMAaJbLHBEIM U MUHUMAJbHLIM 3HAYCHUAMH
JaBJIeHW B JaHHOM TOYKe cocyAa. B Hauajie aOpTEI aMIJINTYAA BOJI-
Hel P, paBHa Pa3HOCTH CHCTOJIMYECKOro P_u amacromndyeckoro
P naBneHnn P0 wx =P~ P (puc. 9.76). 3amTpnxoBaHHAA 00JIaCTH
- nnanaaon M3MeHeHHs naBJerna B KPYIHBIX COCYAAaxX B CBA3H C
pacupocTpaHeHMeM B HHX IYJBCOBOI BONHEBEI. 3aTyXaHHe aMILIH-
TYABl IYJIbCOBOH BOJIHEI IIPH €€ PACIIPOCTPAHEHMM BAOJb cocyz[on
MOYKHO npez[c'raBn'rb 3aBHCHMOCTBIO;

P(x)=P,  -efr, (9.7)
rae  — koaddunueHT 3aTyXaHNS, YBEINUNBAIOINNACA ¢ YMEeHbIIe-
HHMEM paguyca. ‘
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Puc. 9.7. CxemaTnunOEe N306pakeHne pacnpocTpaHeHNA NepefHero
dpoHTa NYABCOBOI BOJHEI BIOJB KPYIIHOrO cocyaa (X) [ HECKOJIb-
KHX MOMeHTOB BpeMeRH (1, < t, < t,): yBenuuenue o6pema (a) H COOT-
BETCTBYIOIIee NOBLIIIERHE faBleHusa KposH (6); 1 » ~ XaPaKTepHoe
paccToaHue nepeanero dbponTa (mepegunii GpoHT KOpOUe, YeM 3aAHMIT),
V — CKOpPOCTE BOJIHBI

Cropocmbv pacnpocmpaneHua nNYibCo80il 60JHbL 3ABUCHUT OT
CBOMCTB cocyha U KPOBHU:
Eh

V. =.]—,
2rp

" (9.8)
rae E — Mmoayas FOHra MmaTepnaja CTeHKH COCYAa, h — ee ToMIUKHA,
r — paguyc OIpocBeTa, P — IJIOTHOCTh KPOBH. (9Ta hopmysra GuIIa BBI-
BefieHa BIepBHIC 3HAMEHUTHIM aHIIMACKUM ydueHhIM T. FOHrom, B 4ecTn
KOTOPOr0 Ha3BaH MOAYJb YIIPYroCcTH MaTepHasioB. IIpu 5ToM OH GBI aB-
TOPOM KJIacCHMYECKHX paboT mo Teopnu KpoBoobpanienus. Beio sKU3HE oH
coBMemnmian ase npodeccun — Bpaya u GHU3NKa.)

CKopoCTb pacIpoCTpaHEHNA A IYJILCOBOH BOJIHLI, N3MEePEHHAA 3K C-
IIepIMEeHTAJIBHO, cocTaBisAeT V =6 -8 M /¢, uros 20— 30 pas 6071n-

111, YeM CKOPOCTB ABHUKEHUA YaCTHUL KPOBHU pr =0,83-0,5Mm/c.3a
BpeMA U3rHAHMA KPOBU W3 XKeJIyJ0uKoB (Bpema cucronsl) t = 0,3 c
NyJILCOBaA BOJHA YCIEBAET PACIPOCTPAaHUTLCA Ha PACCTOSHUE

Lu=Vu'tcz2M,

TO €CTh OXBATHTh BCE KPYIIHBIE COCYABI — a0OPTY M apTepruu. JKcIe-
PHMEHTANBHOE ONpPefie/IeHNe CKOPOCTH IIYJILCOBOI BOJIHHI JIEXKUT B
OCHOBE IMATHOCTHKH COCTOSAHMA cocyaoB. C BozpacToM BesuuuHa E
yBenuumsaerca B 2 — 3 pa3sa, a cjefioBaTeJbHO, BO3PACTaeT M CKO-
POCTB IIYJIBCOBO# BOJIHEIL.
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Hapsazny ¢ oyJbcoBoi BOJIHOH B CHCTEME «COCYI-KPOBb» MOTYT
PACIIPOCTPAHATECHA U 3BYKOBBIE BOJIHBLI, CKOPOCTh KOTOPBIX OYE€Hb
BeJIMKA 0 CPABHEHUIO CO CKOPOCTHIO JBUMKEHUA TACTHUII KPOBH U
CKOPOCTBIO IIyJILCOBOM BOJNHBI. Takum o6pasoM, B CHCTEME COCY-
KPOBbL MOJXHO BEIJEJIUTH TPH OCHOBHLIX IIPOIECCa ABHMKEHUA:

1) mepeMelneHue YacTHL, KPOBH (V= 0,5m/c);

2) pacmpocTpaHenwue myJIbcoBoit BoaHbI (V =10 M / ¢);

3) pacmpocTpaHeHHe 3BYKOBBIX BOJH (V_ =~ 1500 m / ¢).

B 1899 r. memenkuit pusuosor O. PpalKk TeOpeTHUCCKH PA3BHI
HIeI0 O TOM, UTO APTEPHH “3amacaT”’ KPOBb BO BPEMS CHCTOJIBI B
BLITQJIKHBAIOT €€ B MEJIKHE COCYIbI BO BpeMs JUACTOJbI.

ITocTaBuM 1eM1b: paccUNTaATh U3MEHEHNE FeMOJUHAMHUYECKHX I10-
KasaTeJeil (HalpuMep, JaBJIeHN ) BO BpeMeHM B HEKOTOPOH TOUKe X
KPYIIHOTO cocyaa (IpOM3BOJIHHOCTHh BRIGOpPA TOUKHU OOYyCJIOBIECHA
MAaJIOCTBIO Ko3h U MeHTa 3aTyXaHUA NYJLCOBOH BOJHBI BIOJb
KPYIIHBIX COCYZOB).

Ha puc. 9.8 cxeMaTHYHO NOKa3aHBl 3KCIIEPUMEHTAJbHEIE JaH-
HbI€ N3MEHEHU AaBJIeHUA P B IIOJIOCTH JIEBOTO KEJIYJOUKA U B a0p-
Te, a TaKXe 00'beMHAaA CKOPOCTDb Q_IIOCTYIIIeHNs KPOBH U3 cePAIa
B aopTy. BuaHo, uTo P 1 Q, HeTMHe i HO H3MEHAIOTCA BO BpeMeHH.

P 4

=}
A /

1 3 1

>y

Puc. 9.8. sMeHeHnEe reMOZUHAMHMYECKHX MOKAa3aTesel IpH cOKpalie-
HHH CepAIa: a — JaBjeHue KPOBH B aopre (IITPpHXOBas JIMHHUA) U faBJie-
HHE B JIEBOM KeNyJouKe cepAna (cruromuan); 6 — o6beMHasa CKOPOCTE Q,

IIOCTYNJIeHH s KPOBH B 80PTY BO BpeMs cucronsl. Kpussie F cooTser-
CTBYIOT IIEPBOMY COKPAMIEHHIO, R — IIOBTOpeHHe nponecca; Touku 1 u 1°
COOTBETCTBYIOT MOMEHTAM OTKPHITHSA A0PTAJBLHOTO KJIalaHa, TOUKa 3 —
€ro 3aKPBITHIO, TOUKA 2 — MOMEHT BPeMeHH, Korjla Q_ JOCTHraeT MaKCH-
MAJILHOTO 3HAYEHHS
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IIna yooGeTBa pacCMOTPEeHHS BRIZIEINM [Be (ha3hkl KPOBOTOKA B
cHcTeMe “JIeBHI JKeJyLoueK CepAlla — KPpyIOHEIe COCYAbl — MeJIKHe
cocynn” (puc. 9.8, 9.9):

1-a ¢asza — dasa OpUTOKA KPOBH B a0PTY M3 CepAna ¢ MOMeHTa
OTKDEITHA A0PTAJIBHOrO KJjamaHa A0 ero 3akpeiTusa (puc. 9.8, T.
1-52—-53). Bo BpeMa NOCTYILJIEHHS KPOBM U3 CeDANA CTeHKHU KPYII-
HEIX COCYZOB pacTArMBalOTCA Ojarogapsa UX 3JIaCTHYHOCTH, YacThb
KPOBM pe3epBHpYeTCA B KPDYIHEIX COCYAAX, & HaCTh IPOXOJUT B MeJI-
KHe cocyasl (puc. 9.9, a).

2-1 ¢raza — Gpasa U3rHAHNA KPOBH M3 KPYIHEIX COCYLOB B MeJ-
KHe TOoCJIe 3aKPHITHA aopTaJbHOro KjaanaHa (puc. 9.8, t. 3—1°).
Bo Bpems 5T0i1 a3kl CTeHKM KPYIIHEIX COCYIOB 34 CYeT YIPYTrOCTH
BO3BPAIAIOTCA B ICXOHOE ITOJIO}KEeHHe, IPOTAJIKNBAasA KPOBb B MUK-
pococyabl. B 5To BpeMs B JIeBHIH XKeJyZoYeK MOCTYIaeT KPOBb M3
JeBoro npeacepaunsa (puc. 9.9, 6).

I
dnacTuaHbIi pesepByap | JKecTras TpyOK:
(xpynHBIe cOCYABI) | (MHKPOCOCYIHI)
C#01C=0

.1 dasa. Aopraannnlii k1ana T, Q. # 0
a.ld op H NaH OTKPHIT, Q, WzO:W;eo

6.2 da3a. AopraasHuiii KIanan 3aKkpeIT, Q. =0
=~ " Vawa =~

Q=0 -;.9_

Puec. 9.9. CxemaTuunoe H300paKeHHe KPOBOTOKA B KPYIIHEIX ¥ MHKPO-
CcOoCyZax IPH OTKPHITOM (a) M 3aKPHITOM (6) a0pTAILHOM KJaNaHe

B monenn PpaHKa cAeJIaHH CleLYIOIHe JOIYIeHN .

1. Bce kpymnHBIe COCYARI O6beIMHEHE B O4WH PE3EPBYAap C »J1aCTHY-
HBIMH CTEHKaMM, 005eM KOTOpOro IIponopuyoHajeH gaBaeuno. OHu
(a cepgoBaTesILHO, ¥ Pe3epBYyap) 001afaI0T BRICOKOMH 3JI1aCTHYHOCTEIO;
I'HAPaBINYECKNM COIIPOTHBIICHEM pesepByapa peHebperaror.
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2. CucreMa MHKPOCOCY/JOB IIpeficTaBjieHa KaK JKeCcTKas Tpy6ka.
I'mapaBauyecKoOe COIPOTHBJICHNE KECTKOM TPYOKH BeJNIHKO; Jac-
THYHOCTLIO MEJIKHX COCYZAOB ImpeHebperaroT.

3. ONacTUYHOCTH M CONPOTHBJICHHE AJA KaXKA0il MPYINEI COCy-
JOB IIOCTOSHHEI BO BDEMEHH U B IPOCTPAHCTEBE.

4. He paccMaTpHUBaIOTCS NMepeXOAHEIE IPONEeCCH YCTAHOBICHUA
ABM)KEHUSA KPOBH.

5. CymecTByeT “BHEIIHMII MeXaHM3M” 3aKPBITHS M OTKPHITHA
a0pPTaJIbHOTO KJIaaHa, ONpe/ieseMbIil AKTUBHON AeATeJbHOCTHIO
cepAana. ‘

CocTaBuM cHCTEeMY YPaBHEHMIi, OIMHUCHBAKOIMUX mnporiecc. CKo-
pocTh N3MeHeHUs o0'beMa pesepByapa dv / dt paBHseTca pasHocTn
CKOpPOCTei IPUTOKA B HET'O KPOBH U3 CePALa Q_H OTTOKA B CUCTEMY
MHKPOCOCYAOB Q:

v _ Q.-Q (9.9)
dt
rae Q(t) — o6'beMHasA CKOPOCTH NOCTYNJIEHHA KPOBH H3 CepALa
(puc. 9.8, 6), Q(t) — o6'beMHa s CKOPOCTL KPOBOTOKA B HaUaJIe MeJl-
KHX cOCyJAOB, dv — nuamMeHeHue o6beMa KPYIIHEIX COCYZOB.
IIpeanonaraem, uTo n3MeHeHHe o6beMa pesdepByapa JHHeilHO
3aBHCHUT OT H3MeHeHNd AaBjeHUa KPoBH B Hem dP,

dv = CdP, (9.10)

rae C — 31aCTUYHOCTE — KO3 DU IUEHT IPOOPIUOHATLHOCTH MK -
oy gasjeHueM u o6bemom, C ~—.

Ilpnmensas ansa TeueHUA KPOBH IO 3KECTKOM TPyOKe 3axoH Ilya-
3eMJId, TOJAYYHM, YTO

q=2"Fun (9.11)
w
rae P(t) — naBieHMe B KPYIHEIX cocyAax (B TOM YHCJe Ha BXOJe B
Meskme), P, - — naBnenmne Ha BEIXOZe U3 KeCTKOM TpyOKku, W —rua-
PaBIHYECKOe COMMPOTHUBJIEHNE MEJIKUX COCYA0B. Bo Bcex ypaBHeHH-
Ax oo P moagpasyMeBaeTca N3OEITOUHOE AaBieHNE (PA3HOCTh MesK-
IY peajbHEIM AAaBJICHHEM B aTMOCQEpHEIM).
Cucremy ypasuenuii (9.9, 9.10, 9.11) M0OXHO peIINUTEL OTHOCH-
TeasHo P(t), Q(t) mau v(t). Pemuum cucremy orHOcuTeNBEHO P(t).
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C yuerom 9.9, 9.10, 9.11 mosyyuM ypaBHeHHE

@ P _Q P 9.12)

dt WC C WC
ITO HEeOAHOPOIHOE JIHHeI‘&Hoe auddepennaibHOE YPaBHEHHE,
pelIeHHe KOTOPOro onpeesseTcs BuaoM pyurnuu Q (t).
H3 teopun nudrpepeHNAIbHLIX YPABHEHHH H3BECTHO, UTO AJIA IPOU3-
BoJIbHOM dyHKIAM Q (t) pelmeHKeM JaHHEOTO ypaBHeHuA Gy aeT o6mmit na-
Terpai:

_t 1 P t
Pt)=e Y¢| = +Em). aWCdt+K |, 9.13) .
(t) cj@+== (9.13)

e KoHcTanTa K HaXOAUTCA HCXOAA U3 HAYaJbHBIX YCIOBHMA.

Ha puc. 9.10, a upeacraBied rpaduk dyarnuu P(t), nonyueHHrii Ha
OCHOBe pacyueToB AaBjeHus no Gopmye (9.13) ana Q (t) B e napaGomnet
(puc. 9.10, 6):

Q(t) = -at?+ bt,

Qo 2

to to

rae Q .. — MaKCHMaJbHOe 3HaUeHHe KPOBOTOKA, MOCTYIIAOIIEro U3 cepA-

a=

’ (9.14)

t
1a, BpeMs t, PaBHO OJIOBHHE AJHTEIbHOCTH 11ePBO# ¢assl ( to =-1),

Pacuerras saBucumocTs P(t), mpeacraBiennas Ha puc. 9.10, 61u3Ka K
HaGmonaeMol B felicTBUTEeNbHOCTH (pHC. 9.8, a), P, = 0.

IIpeacTaBieHHass MOJEJb II03BOJIAET paccuuTaTsh P(t) u ans iro-
0oit anmpokcHManuu peanbHoRt dynknuu Q (t). )

Modeav @panra daa 2-i paswt

IIpocToe aHaTUTHYECKOE PENIeHNe II0JIyYaeTcs A 2-i ¢daskl. Pac-
cMoTpuM Mojesab PpaHKa assa 2-if dasel. Bropas dasa HaunHaeTcsa
¢ MOMeHTa 3aKPHITHA a0pPTaJLHOTO KiamnaHa (T.3 Ha puc. 9.8, 0).
WMeHHO 3TOT MOMEHT 6yeM CUMTATh HaYaJbHHEIM AJs 2-i1 dasbl.
Mopens ®PpaHKa IIO3BOJIAET AHAJTUTHUECKH HAWTH 3aBUCHMOCTD I1a-
meHuda naBieHusa P(t) B KpynHoOM cocyze mocie 3aKPHITHS a0PTaNb-
HOTO KJIamaHa.

ITockoJbKY KPOBb yoKe He IIOCTyIaeT u3 cepana, To Q = 0. Toraa
ypaBHeHue (9.9) npeBpamjaeTcs B:
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Puc. 9.10. NameHeHre reMOJHHAMHYECKIX BeJMUYNH. PacueTHasd 3aBHCH-

MOCTH gaBjeHUA KpoBH P(t) B aopTe (a) A1s napabomuecKkoro H3MeHeHusd

Q,(t) B 1-ii daze (6). [lapamerpr: Q,, =500 Ma /¢, W =1 Mm pT.CT. " ¢ /MII,

C=1,2mn/mmpr.cT., t,=0,24¢;t,=0,56¢c; P(t=0) = PA =80 MM prT.cCT.,
Pou=0 .
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- Qdt =dv. (9.15)

3HaK MHHYC OTDaYKaeT YMeHbIIIeHHne 06'beMa KPYIIHOr0 cocya ¢
TeuyeHHeM BDEMEHH.
C yuerom (9.10),

dP
Q=-C—.
dt
C yuetom (9.11), monaras, uro P__ = 0 (zaBienue nocjie Kamui-
JSpOB HAMHOTO MEHBIIle, YeM JaBJieHHEe B apTepHAX), IMOJydaeM
IuddepeHIIaILHOE YPABHEHUE:

> _ P —_. (9.16)

a wo

HauansHoe yesnoBHe: pr t = 0 (COOTBETCTBYET 3aKPHLITHIO KJIalla-
Ha) cuuTaeM fasjaenue P =P . (B nanHo# Mo/ie/u He yUUTHIBA€M pa3-
JUuYue JaBJeHuH BT. 2 ¥ 3, cunTas JaBjieHNe B T, 3 PABHBIM CHCTO-
Juueckomy). B pesysibTaTe mosyuaem 3aKOH H3MeHeHUA IaBJICHUS
B KPYIHEIX COCYIaX ¢ MOMEHTA 3aKPBITHSA a0PTAJILHOIO KJalaHa:

P(t) =P - et/ 9-17)

Ha puc. 9.11 npuBeaeHa 3aBHCHMOCTD CIIaa JaBJIEeHHUS B KPYII-
HBIX COCYAAaX IIocJjie 3aKDHITHA a0PTAJLHOTO KJjalaHa (BO BpeMd
IHAaCTOJIbI).

P
Pc
P, ——
0,5
t, t

Puec. 9.11. 3aBHCHMOCTD JaBJI€HHUA KPOBH OT BpeMEHH .
B KPYIIHOM COCYZie TIocJie 3aKPBITHA a0PTAIbHOTO KianaHa

Yepes HekoTOpoe Bpems (t,) IaBJIeHHe yIafeT JO AUACTOJIHYeC-
KOTo:
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MocJIie Yero OTKPLIBaeTCA KJIAllaH, TeEM CAMBIM 3aKaHuYuWBaeTca dasa
2 ¥ HauMHaeTCcs ONAThL dasza 1.

3aBucHMOCTB (9.17) XOPOIIIO OIIMCHIBAET 3KCIIEPUMEHTAJILHYIO 3a-
BucuMocTh P(t) B aopTe, mpuBeseHHylo Ha puc. 9.8, a BT. 3—1°.

§ 38. AunamMuka IBH/KeHUA KPOBH B KaNIMJAAApax. PUIAsTpaADM-
OHHO-peaGcopGuMOHHBIE ITPOIECChl

CeppeuHo-coCcyauCTas CHCTEMA IpeJHA3HAUEHA [JS JOCTABKH
oforalieHHO¥M KMCIOPOJOM KPOBM K TKaHAM oprasuama. Hemocpe-
CTBEHHDLIN 06MEH BEIeCTB MEXKAY KPOBbIO H TKAHIMY OCYIIIECTB-
JseTcsa Yepe3 CTeHKH KanursapoB. Oco6eHHOCTHIO KPOBOTOKA B
KalMLIApax SABJIAETCSI YaCTHUYHOEe U3MeHEeHUWe cocTaBa U obbheMa
IBHIKYITEHACT JKUAKOCTHA. B peryaanum KanniIspHOro KPOBOTOKA
Y4aCTBYET COBOKYITHOCTD COCYAOB OT APTEPHOJ JO BEHYJI — MUKPO-
LUPKYJIATODHOE PYCJIIO, IpeAcTaBiAwIIee cob60i 0011yi0o GyHKITH-
OHAJIBHYIO eJUHNNY. TpaHCKaIMJIAPHLIA 00MeH oIlpefelisieTcs
mpeXkJe BCEero reMOJMHAMUYECKMMHY ITapaMeTpaM#u KPOBOTOKA H
YJABTPACTPYKTYPOH KalMJLIADHON CTEeHKH.

Perynsanus gaBjeHHs U CKOPOCTH KPOBOTOKA HA BXOJEe B KAIIMJI-
JISIP OCYILECTBJASETCA 3a CUET CY)KE€HHA HJIN PACIIHpPEHUS apTepH-
0JI, IPEAINEeCTBYIOIUX KaIuJJIAPHOMN CeTH.

PazauuHble opraHsl UMEIOT PA3HYIO VILTPACTPYKTYPY KalUJLIA-
poB. AnaMeTp NOp B KAIMJIIAPHOI cTeHKe gocturaet 100 um. IIpo-
HUIAeMOCTh U3MeHAETCA BI0JIb KalUJLJIAPa, BO3pacTasi OT apTepu-
AJILHOTO KOHITA K BEHO3HOMY.

HapyineHns reMoguHaMAYEeCKHNX MoKAasaTeJiell coCyIuCTOH CHC-
TeMBI ¥ YIBTPACTPYKTYDHI KATMJIJIAPHOH CTeHKY Hen30e:XHO IPHU-
BOJAT K HAPYIIIeHWI0 00OMeHa BEIIeCTB.

PaziuuaioT ABa OCHOBHEIX MeXaHHM3Ma IIepPEeHOCA BEIIeCTB:
TpaHCKANWIIADHBIHA Tuddy3noHHBIIT 0OMeH MOJIeKyJjIaMHu, o0yc-
JIOBJIEHHBIH pa3indueM KOHIEHTPAI Ml 3THX MOJEKYJI IO pasHbIe
CTOPOHBI CTEHKH COCYIOB M DHUILTpAIMOHHO-peabcopOIIMOHHEBIMH
MeXaHMU3M — JBHKEHHEe BMeCTe C KUAKOCTHIO Ueped IIOPHI B Ka-
NUJLISAPHOM CTeHKe o AeficTBMeM rpaJueHTa JaBileHus. Peayib-
THPYIOININE CKOPOCTH IIePEHOCA BEIIIECTBA TEM U JPYTHM MeXaHN3-
MOM CBs3aHBI MeXXAY c000ii, MOCKOJMLKY IPagueHTH JaBJIeHUH U
KOHIIEHTpAIuil CBA3AHEI Yepe3 ocMOoTHYecKHEe 3¢ eKThI.

PaccMoTpum noapobuee 06Men nyTeM GUILTPAIIHM. »

PuasTpanua H peadcopObuua KHUAKOCTH B Kanuaaape. [Ipn
buIbTPAIMOHHO-PeadCcoPOIIHOHHBIX IPOIIECCaX BOAA I PACTBOPEH-
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HEIE B Heil COJIM IIPOXOAT Yepes CTeHKY KalluJiApa Oarogapsa Heo-
LJHOPOLHOCTH ee CTPYKTYpHEl. HammpaBieHue ¥ CKOPOCTb ABHKEHH A
BOJBI Yepe3 pasjiudyHbIe IIOPHl B KANWJIJIAPHON cTeHKe oIpeneis-
IOTCA THAPOCTATHYECKHM H OHKOTHYECKHM JABJEHAAMH B IIJIa3Me
H B MEXXKJIeTOYHOM KHJIKOCTH: :

a=f-(P,-P)-(P,~P,) 9.18)

rge q — o6’beMHasA CKOPOCTD JBHYKEHHA BOJBI YePe3 KalHLIAPHYIO
CTeHKY (IPUXOASAIIAACA Ha eUHUNY JJIMHBI KAUJLIApa), P — rua-
pocTaTHYecKoe JaBieHHe B Kanuiiaape, P_ — ruapocraruueckoe
AaBleHHe B TKAHEBOH KUAKOCTH, P — OHKOTHYeCKoe JaBleHue
TKaHEBOM XKHAKOCTH, P — OHKOTHYECKOe JaBjieHHe IIa3MBbl B Ka-
nuaiaape. Koapdunuent duasrpanuu (kosdpdunmueHT OpoHUIae-
moctH) f onpegenaeTcia BA3KOCTHIO GHIALTPYIOMIEHCA KHUAKOCTH,
pasMepaMu IOp ‘M uX KoaudecTBoM. IIpomneccrl GuabTpanmun u oc-
Moca KPaTKO IIpeACTABJIEHE! B IIaBe 2.

Ilox neiicteuem P_, P SKHUAKOCTL CTPEMHUTCA BHIATH U3 KaIlWJI-
nApa B TKAHH (QUILTPAnUA), a TOA AeHcTBHEM P _, P__ —BO3BpaTHUTD-
cs o6paTHO B Kanmuuiap (peabcopbmusa). Eciu 3HaK q IOJI0MKHTEIb-
HBIH, TO MPOUCXOANT GUILTPALHA, €CJIN OTPHIIATEIbHBIHA, TO HMeeT
mecTo peabcoponua. [Ipu HOpMaNbLHBIX YCIOBHAX JABJICHHE B HAYA-
Je Kanuiisapa (B aprepuanbaoM Kouue) P, = 30 — 35 mm pr. cT.,
a B KOHIOe ero (B BeHo3HOM KoHlle) P, = 13 — 17 Mmm pr. cr. T'uapo-
cTaTH4YecKoe AaBJIeHHe B MeXKKJIETOUHOM KHAKOCTH 0OBIYHO He 60-
xee P = 3 mMm pr. cT.

B cBA3H ¢ TeM UTO CTEeHKH KAIMJIJIAPOB CBOOOAHO MPOIYCKAIOT
HebOOJIbIIINE MOJIEKYJILI, KOHIIEHTPAI[NA 3THX MOJIEKYJ B CO3/1aBa-
eMble MMM OCMOTHYECKHe JABJIEeHHUA B IIJIa3Me H B MEXXKJIEeTOYHOM
SKMJKOCTH IPHMEPHO OAMHAKOBEL. UTO ske kacaeTcs 6eJIKOB IJIas-
MBI, TO UX KPYIHBIE MOJIEKYJIEI JIUING C OOJBIINM TPYAOM IPOXO-
AT Yepe3 CTeHKH KalluJIAPOB, B Pe3yIbTaTe BHIPABHUBAHUA KOH-
meHTpanuii 6eJKOB 3a cueT AUGGY3MOHHBIX NMPOIECCOB He
npoucxoAuT. Mexty miIasMoil 1 MeXKJIeTOYHON KUAKOCTBIO CO-
3aeTcA rPafHeHT KOHIIEHTPAIIuK 0eJIKOB, a CJIeJOBATEeJIbLHO, H rpa-
AUEHT KOJIJIOMZHO-OCMOTHUYECKOTO (OHKOTHYECKOTO0) HaBJEeHHA.
OrKoTHUECKOe JaBleHKe I1a3Mbl P = 25 MM pT. cT., a OHKOTH-
yecKoe JaBJeHHe B TKaHU P~ § MM pT. CT.

T'pagueHT r'EAPOCTATHYECKOT0 AABJEHNSA BAOIb KAaOIWJLIApPA OpH
HOPMAJbHBIX QH3HOJOTHYECKHX YCIOBHAX MPHUBOAUT K TOMY, UTO
0o6BIYHO PHUIBTPALMA MPOMCXOAUT B APTEePHAIBHOM KOHIIe, a peab-
copOIna — B BEHOSHOM KOHIIe Kanuiuiapa (puc. 9.12).
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30K

20

0 =750 X, MKM
Pue. 9.12. Cxema o6MeHa XKHUIKOCTHIO MEXKAY KPOBEHOCHEIM KaIUJIIA-
POM U MeKKJIETOYHEBIM IIPOCTPAHCTBOM B CKEJIETHOM MEIIIIIE

Mesxay o6 beMaMM KHAKOCTH, GUILTPYIOIIeiicsa B apTepHuabHOM
KOHIIe U peabcopbupyioleiicd B BEHO3HOM KOHIIE, B HOpMe CyIIle-
CTBYET JUHAMHUYECKOe paBHOBeCHE — (PMJILTPaIHOHHO-peabcoponu-
oHHOe paBHOBecue. IIpumepHo 10 % o6BeMa KHUIKOCTH, IIOCTYIIA-
IOIIIEr0 B MHTEPCTUILMAILHOE IPOCTPAHCTBO, OCTAETCA TaM M 3aTeM
BO3BpAaIllaeTCA Hasajl B COCYAEI C IIOMOILIO JUMPpaTHUECKOil cuc-
Tembl. M3 puc. 9.12 BUAHO, YTO CYIIECTBYET OIpPeeeHHAA TOUKAa
“A” Ha rpaduKe, B KOTOPOH OTCYTCTBYIOT U GMILTpAIAsA, U peal-
copbmust, — 3To TOUKA papHOBecus. IIpu n3meneHnH JI060T0 U3 (hax-
TOPOB, ONPEeAEIAIIINX QUIbTPAIlMOHHO-peabcopOMMOHHOEe PaBHO-
BecHe, OHO HAPYIIaeTcs.

OfHIM U3 IATOJOTHYECKHUX IIPOABIEeHNH, CBA3aHHLIX ¢ HapyIle-
HHEM (HILTPAIMOHHO-PeabcopOIMOHHOTO PABHOBECH A, ABJIAETCS
BO3HHMKHOBEHHE 0TeKOB. OTeK — CKollJIeHre N30EITOUYHOT0 KOoJIuYe-
CTBA *KHAKOCTH B TKAHAX OPTaHN3MAa B Pe3YJIbTATE HADYUIEHUA CO-
OTHOUIEHU S MEeKAY IPUTOKOM M OTTOKOM TKaHeBo# xunkoctu. OH
BO3HHMKAET, €CJIH CIMIUIKOM MHOTO MKHAKOCTH GHILTpYeTCA B3 Ka-
IAJJIAPOB B TKaHb MO0 CPaBHEHHIO ¢ ee peabcopbiineit MM eclIu eCcTh
HapyleHns B JUM(pAaTHUYECKOH cHcTemMe, IPEeNATCTBYIOINE HOP-
MAaJIbHOMY BO3BPAIEHHIO JKUJKOCTH B COCYHI.

MoskHO BEIZIETHUTH CIELYIOMne IJIaBHBIE GaKTOpPLI, IPUBOgA-
IMHUe K U36BITOYHOMY BEIXOAY KHIKOCTH B MeXXKJIETOYHOE IIPO-
CTPaAHCTBO:

a). ysesuLeHHOe KANUAAAPHOE das ieHue Ha apmepuaibHOM KOHUe
kKanuansapa, P_(puc. 9.13a). OHo BO3HHMKAET H3-3a YMEeHLIUIEHHS CO-
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NPOTUBJIEHHUA apTepPHOJ 34 CUET UX PACIIMPEHHU, HAIPUMEpD, IpH
CHJILHOM HATDEBE TeJa, IIPH IIpHeMe COCYA0PacCIINPAOLINX JEKAPCTE.,

‘P, MM DT.CT. }P, MM pT.CT.
3
40 40
|
30- I 30
20 I A
PO \u» —20P' A
0 L 0 L
X X
a 6

Puc. 9.13. Hapymenue puabTPanMOHHO-peabCOPOIMOHHOr0 PaBHOBE-
CHUS NIPY HEKOTOPHIX MATOJOTUAX, IPUBOAAINUX K OTEKAM:
a — MOBBINIEHHOE KaNMJLISPHOE AaBieHne, P ;
6 — noHMIKEHHOE OHKOTHUYECKOe JABJIEHHUE, P

0). ymeHbWeHHAA KOHYeHmPpayus 6eLKo6 6 naa3me, IPUBOJA-
Ias K YMeHbIIEHHUI0 OHKOTHYECKOro JaBienus, P (puc. 9.13, 0).
YMeHbIlIeHYe KOHIeHTPauy 6eJIKOB B IJIa3Me IPOMCXOAUT, HATIPH-
Mep, IpH He(ppos3e — 3a60jieBaHUHM MMOYEK, XaPAKTePU3YIOMEMCA
NpeNMYIeCTBEHHEIM NOpa’keHneM IMOYeYHBIX KaHauableB. Ilpu
3TOM MoTeps 6EJIKOB B ILJIa3Me KPOBY CBA3aHA C BhleJeHueM 60JIk-
IIOTO MX KOJMYeCcTBa ¢ MOYoii. JIpyroil IpuUYMHOM YMEeHBIIeHNA
KOHIIEHTPAINH MOXKeT OBITH HeJOCTAaTOYHOE IPOU3BOJICTBO 6EJIKOB
npu 3a60JeBAHUAX IeYEHHU UJIM IIPU IIJIOXOM IUTAHUH.

ITockonbky anbOYMMH COCTABJAAET CAMYIO GONBIMIYIO GpaKIHUIo
GeJIKOB ILJIa3MBI, TO CABUI'H B COAEDPKAHHH aJL0YMHHA 0COGEHHO
CHJIBHO BAMAIOT HA. OHKOTHYECKOe JaBiaeHue. CHUKeHNe KOHIIeHT-
paouu aJb0yMHHA B NIJIa3Me YacTO IPUBOAUT K 3a/iePYKKe BOJEI B
MeXKKJIETOYHOM IIPOCTPaHCTBE (MHETepPCTHLHANLHEIN 0TeK). B cBs-
3H C 9THM HCKYCCTBEHHbIEe KDOBEe3aMEeHUTENH, KaK IPaBUJIO, JOJ-
SKHBI 06JIAIATh TEM Ke OHKOTHYECKHM AABJIEHHEM, YTO M I1J1a3Ma.
B kauecTBe KOJUIOHJOB B TAKUX PACTBOPaX YaCTO MCHOJb3YIOT IO~
JNCaxXapHUALI M MOJHUIEIITHALI (KeJIaTHH), TAK KaK IIOJIyYeHHEe B UH-
cTOM BHe 6EeJIKOB I1JIa3Mbl KDOBH YeJIOBEKAa OUEHB JOPOrOCTOAIAS
npoueaypa.
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B). NOGbLUWEHHAA NPOHUUAEMOCb KANUJLADPOS MOXKeT OLITE 06yC-
JIOBJIEHA PAAOM BEIECTB, HAIPUMED, BEIAECNAIOMIUXCA IIPH aJJIep-
I'MYecKHX PeaKIUAX, BOCNIAJIeHNAX , HHPEKIHH, 0)Korax, JeiicTBHH
pamuamuy ¥ Ap. ‘

YacTo OTEeK fABJAETCA Pe3yJbLTATOM COBMECTHOTO NMPOABJICHHUA
pasnuuHBIX addexToB. Korga nospesxaercs cTPYKTYPa CTeHKH Ka-
NULIApa, HallpUMep, IPH 03Korax, 0eJIKH naasMel AuGGYHIAUDY-
10T U3 KaWJIAPa B TKAHEBYIO XXUAKOCTH Yeped 6oJibIIMe MOPHI 3a
cueT rpajMieHTa KOHIIeHTPALMH. ITO IPUBOJNT K YMEHBIIIEHHIO OH-
KOTHYECKOTO JaBJEeHHUS B IJIa3Me H K YBeJIMUEHHIO €TI0 B MeXKKJIe-
TOYHO XHJAKOCTH, 4 TEM CAMBIM K YMEHBIIIEHHIO CKOPDOCTH peal-
copobumu, 1, CJIeJOBaTeJIbHO, K OTEKY. B 3TOM ciyuae pe3yJabTHDY-
[0I[ee OHKOTHYECKOe JJaBJieHne OyAeT 3aBUCETh H OT pajguyca mop
P, (). -

MaTtemaTHYecKas MOFEJIb KPOBOTOKA NIPH (PHIBTPAIHOHHO-pE-
aGcopOnnoHHBIX nponeccax. 3aBUCUMOCTb P (X) MO HO CUHUTATh
JUHEeHHOH, KaK Ha puc. 9.12, TOJBbKO IpH HIPEANOJO¥EeHNH, UTO
00 beMHAaA CKOPOCTH TEUEHN S dKHUAKOCTH 10 KanWJLIAPY (“Ipoaoin-
Hoe” TeueHMEe) BO MHOTO Pa3 IIPEBLINIAET CKOPOCTh TPAHCKAIIHJI-
JAPHOTO TeueHU (“ronepeuHoe” TeueHue). ITO yCIOBHE BHIIOJI-

'HAeTCsA NPH HOPMANBHBIX (HHU3HOJOTHYECKUX YCIOBHAX, KOrja
JAeicTBUTENBHO TOABKO 0,5 % ob6miero o6'remMa niaa3Mel KPOBH IO -
Bepraetrcd QUIALTPALNIH.

B o6memM e cayqae dyaknuu P (x), Q (x) u q (X), 3aBUCA APYT OT
JApyra, ABISAI0TCA HeJIMHeHHEIMH. [{eficCTBUTEIbHO, BLITEKAHUE KU -
KOCTH CO CKOPOCTBIO (| YMeHbIIIaeT Q, a Bo3BpallieHHe ee, Ha00opoT,
yBenuuuBaeT Q . B pesynbTaTe namMeHeHNA Q NPU TeUeHNH IMJIA3MEI
BJOJIb KaNMJIJIAPA He OCTAETCA MOCTOAHHEIM ¥ I'PaJMeHT I'UAPOoCTa-
THYecKoro AaBienus grad P (x), cienosarentHo, P (x) — semn-
HeitHaa dysxkuua. IlockonbKy rmapocTaTHuecKoe JaBJIeHHue oIpe-
JeJiseT B CBOIO ouepenb (, TO U 3aBUCHMOCTH ( (x) n Q (X) —
HeauHelHBIe QYHKINH. CHCTEMY “KanHJLIAP — TKaHbL” Heo6X0AMMO
paccMaTpHMBATh KAK HEJHHEHHYIO CHCTEMY CO B3BAHMHO-00pPATHEIMHU
CBA3AMH.

Jnsa Toro uro6el HaiiTH dyHRIMLO P (X), Q (X) 1 q (X), cocTaBIM
cleAyIOImMYIO0 CHCTEeMY ypaBHeHHil. PaccmoTrpum aABa ofHOBpeMeH-
HO IIPOTEeKAaIMUX NPoIlecca B paclpe/e/IeHHOM CHUCTeMe: JBHKe-
HHE YKHJKOCTH BAOJBb KalIMJIJIAPA U ITollepeK Yepes IOPKI B €r'o CTeH-
Ke (puc. 9.14).

IIpu sToM KanuAIAp paccCMaTpUBaeM KaK KeCTKYIO TPYOKY € I'uj-
paBanuecKuMu nopamu B ee creHke. (IlorsaTue «mopa» B 6mobusu-
Ke 4acTo IpHMeHseTcA AJA 0003HAUeHNA HeOAHOPOJHOCTH BHYT-
peHHedl MUKPOCTPYKTYPH 00BbEeKTa, depe3 KOTOPYI0O MOJXKeT
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OCYILIeCTBJIATLCA TPaHCHOPT BemlecTB. Tak, B riaBe 2 peus ILIa O
0eJIKOBBIX IOpax B MeMOpaHe, 00pa3yIonx MOHHBIE KaHAJIBI, UX
IuaMeTp cocTaBiseT =~ 1HM. B mfanHOi riiaBe Mbl TEDMUHOM «IHA-
paBJIHYecKas mopa» o6befUHAEeM HEOAHOPOAHOCTH B KalNJLIAPHON
CcTeHKe, AUaMeTpoOM, KaK IpaBHJo, 6oJbine 5 HM, Yepe3 KOTOpLIe
MOJKET ABUTAThCs JKUAKOCTD B Pe3yJIbTaTe rPajiueHTa JaBJIeHHU . )
HonycTum, no Takoil TpyOke TeueT BOAA C PACTBODEHHBIMH B HeM
COJIAMH, KPOMe 3TOr0, B Heil HMeIoTCA MOJIEKYJIHI OeJIKa, pasMepsl
KOTOPBIX HAaCTOJBHKO 60JIbIIINE, UTO OHM HE MOT'YT MMPOXOJUTH Uepes
nopel B TpyOKe. ByaeM cuUnTaTh, YTO MYJIbCAIIUN KPOBOTOKA B MUK -
pococyax OTCYTCTBYIOT.

TUAPaBIAYECKAaA

Puc. 9.14. Moaenp kanniasapa (r — paanyc¢ ruAPaBIUYecKoi IOPEI B
Kanuaaspe, R — paguyc kanuaasapa, L — ero anuna, [ — ToamuHa
crenku, P, — fasiense Ha apTepHabLHOM KOHIE, P, — naBrenne na
BEHO3HOM)

CKOpOCTBh TeUeHHU S BOARI Yepe3 mopkl q dX paBHA YMeHbIIEHHIO CKOPOC-
TH ee TeYEeHHS N0 KANUJJIADPY HA Aaume dx:

dQ =-qdx, (9.19)

rae q [M3 / ¢ - M] — o6'beMHAS CKOPOCTD TEUEHHUA XKUAKOCTH Yepes Bee MOPEI
HAa MOBepPXHOCTH KaNWJJIAPa eAUHUYHOMN ANHHEL, Q [M3 / ¢]— o6beMHas CKO-
POCTB TEYEHHS JKUAKOCTH BAOJIb KAMUJJIAPA.

JonycTuM, 4TO OCHOBHBRIM ypaBHEHHMEM, CBA3bLIBAIOIHM reMOJHHAMH-
YyecKHe BeJIMYUHEI, ABasdeTcd 3aKkoH Ilyaszeiins.

Jst “npomoabHOro” TeYeHUs N0 KaMUJIIAPY

== (9.20)

Bennunna P (x) = P (x) - P_ — pesyabTupyIOlllee THAPOCTATUYIECKOE
AaBJIeHHe. Y JeIbHOE IHJpaBiInvyecKOe COIPOTUBJIEHHE KanWLiasapa (egu-
HUYHOHN JJINHEI)
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w=20
nR

rge R — paauyc npocBeTa KalMIIApa, 1 — KO3QQUIHEHT BA3SKOCTH XHUJ-
KOCTH, KOTOPYIO MEI 0yIeM CUNTATH HEIOTOHOBCKOM.
Jna “nonepeyHoro” TeyeHMA Yepes NOPHI B CTEHKE KAHJLISAPa

_P"Po
w

. I'Aie pe3yIbTHpYIOIee OHKOTHYEeCKOe RaBaeHue P =P — P . BernumHa

’

9

8n! 4anl
w=— =24
nmr*-N-2rR 7n°r*-R-'N
npeacraBpiasaeT COﬁOﬁ ruapaBIn4YeCKoOe COIIPDOTHBIIEHNE BCEeX ITIOP Ha IIOBEPX-~
HOCTH KANHJJIAPA eIHHUYHON ANUHEL, 3fechk N — KoluuecTBo mop Ha 1 M2
NOBEPXHOCTH KAMUJLIJIAPA, T — PAAAYC HOPH, [ — ee AuMHA (TOJIHNHA CTEH-

KU Kanuiaapa). CuuraeM, 4TO pasMepH U ILJIOTHOCTE PACIPeAesIeHHA IOP
OAMHAKOBHI BAOJIb KAIUJIADA.

O6o3Hauas ‘
3

A= ’ﬂ= I#

w 2nr*-N

M NPHHUMAaA BO BHEMaHue ypaBHeHHd (9.19) — (9.21), noayuum audde-
PeHIMabHOe yPaBHEHUe BTOPOTO [OPAXKA:

&P P P
@_Fbx_g, (9.22)

I'paHMYHBIMH YCJIOBHAMM JJIS1 JAHHOTO YPaBHEHHUA NMPUMEM BeJIHMYMHEI
THAPOCTATHYECKOI'0 AABJICHHUS Ha apTepuaibHOM (X = 0) 1 BeHO3HOM (X = L)
KOHIIAX KamMJLIApa:

Px=0)=P,
P(x=L)=P,.

Pemrenue ypasaenns (9:22):
X

P=A-e*+B-e *+P,..

KoadbdumuenTs A u B HaxoaATCA N3 rPAHUYHBIX YCJIOBHIA.
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Korpga ruapasindeCcKoe CONMPOTUBIIEHHE BCEX MOP B KAITUJIIADHOM
CTeHKe BO MHOI'0 Pas IIPEeBHIIIAET THAPABINUYECKOe COIIPOTHURIICHHE
kamuiapa (L/A < 1), us o61rero pemieHusa MOKHO IIOJIYYUTh, YTO

P(x)~P, _M.x,
L ,
TO eCTh JaBJeHVe YMeHbIIIaeTCA C PACCTOAHNEM II0 JINHEHHOMY 3a-
KOHY, UTO COOTBETCTBYeET 3aKOHY llyaseilna Jja TeueHUA KHUIKO-
cTH 1o TpyOe (cMm. puc. 9.3, 9.12, dopmyas: 9.5 u 9.6).

dyarnuu Q (x) u q (x) TakKe B 0011[eM BUE ABIAIOTCA HeJINHEH-
HBIMH.

Hsmenenus napamerpoB P, P, r, R cymecTsenHo BIUAIOT Ha
JaHHble QYHKIINH.

PaccumranHBIe MPOCTPAHCTBEHHLIE pPaclpefesieHUs reMOIUHA-
MHUUYECKMX BEJIHUYUH IIpPeACTaBJIeHEl Ha puc. 9.15 qia pasauuyHBIX
pazuycos nop. IIpu aTom npeanonaranock, uro P He saBucHT OT I

PacueTsl mOKasHIBaIOT, YTO IIPU MaJIBIX paauycax nop (r < 30 Hm)
3aBHCHUMOCTL P (X) BEIMIAAUT KaK npaMasa JuHusa (puc. 9.15, a,
KpuBas 10), coBmazamoInas c 3aBUCHMOCTLIO, IIPeACTABJICHHOMN Ha
puc. 9.12. IIpu sToM Q M3MeHseTCs OUeHb HEe3HAUHTEJAbHO, YTO
COrJIacyeTcs ¢ ONBITHRIMU AJaHHLIMU. IIpu 60NbIINX paguycax mop
NpoABIAeTCA HeJIMHEeHHOCTD N3MeHeHNsI reMOANHAMHYECKHX TIa-
paMeTpoB BAOJb Kanuaiaapa (puc. 9.15, a,6, kpussie “200”). Ua-
MeHseTCs TaKKe JOKAJIN3ANHUA U NPOTAXKEHHOCTL 00JIaCTH paB-
HoBecusA. IIpu yBenuuyeHNYM r 06JacTh paBHOBECUSA CTAHOBUTCA
6oJIee IPOTAKEHHOIH.

3Has q (X), MO3XHO PaCCUMTATD AOJIO 06 H-eMa JKUAKOCTH, OCTAI0-
meics B MeXKKJIETOUHOM IPOCTpaHCcTBe, PacueTh TOKa3kIBAIOT, UTO
IOJIsA 06BeMa JKUAKOCTH, OCTAIOIIEHCA B MEKKIETOUHOM IIPOCTPAaH-
CTBe, IIPM HEKOTOPBIX IATOJIOTUAX MOKEeT CYIIeCTBeHHO TPEBHIIIIATE
HOPDMaJIbHBIE€ 3HAYEHNs, TeM CAMBbIM YBeJIHUHBas I'MAPOCTATHUEC-
Koe faBieHne. HauGosee aieKBaTHLIE Pe3yJIbTATHI IOJIYYAOTCSA IPH
yuere 3asucumoctu P_ (q) u P (r). Mogens nossonser npu pasabix
P, P,, P, paccunTaTth u nocTpouts rpaduxu GyHKIuUM pacupene-
JIeHUs reMOAMHAMUYECKHUX BeJJUYNH, HAIPUMeD, IIPe/ICTABJIEeHHLIX
cxeMaTH4HO Ha puc. 9.13.

Pagnyc xanuiansapa Takske CyIlleCTBEHHO BJIHsET Ha TpaHCKa-
NUIAAPHBIA 00OMeH. AHANN3 BANAHUA IIPOCBETA KAUIJAApPaA HA
duabTpanmoEHO-peabcopOuMOHHBIE MPONECCH CBA3aH ¢ mpobie-
MOil pacueTa reMOAMHAMUUYECKUX BEeJIHWYHWH IIPH JOKAILHOM CY-
KeHWHM COCyJa, B YaCTHOCTH npu o0pasoBaHUM B HeM TPOMGOB
(§ 39).
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Puc. 9.15. Pacupeferenre FeMOTUHAMUAYECKHIX BEJIUYHNH BAOJIb KANNJIJIA-
pa Aad pasiTudyeIX paguycoB nop r = 10; 200 M (pacueTHEIE JaHHBIE).
Hasnerwne P, = 32,5 mm pr. cT., P, = 14 Mm pr. cT., P, = 23 MM pr. cT.,

paguyc kanuiaapa 3 MKMm, BaskocTs 0,001 Tla - c, I = 0,6 MM,
N=1,5-1021/ m?
209



TakumM 06pa3oM, OpeAcTaBIeHHAA MOAEIh (GHUILTPAIIHORHO-Deab-
COpOIMORHEIX IPOIECCOB B KATMJLIAPaX IIOKasaya, YTO IeMOANHA-
MHUYecKHe BeJJHIHHE P, Q 1 q B 00111eM BHIe ABJSIOTCS HeJINHeHHbI-
MU PYHKITUSIMH PACCTOSIHUS X BAOJDb KaNMasapa. JIokaausanua u
MPOTAXKEHHOCTH 00JIaCTH JUHAMUYECKOTO PABHOBECHS, & TAKMKe JOJIS
MKUIKOCTH, OCTAIOHIeiicA B MeXXKJIETOUHOM IIPOCTPAHCTBE, CyIIle-
CTBEHHO 3aBUCSAT OT THAPOCTATHUCCKMX NaBJIeHU B MeKKIETOUHOM
MKUIKOCTH Ha ApTEPUATLHOM ¥ BEHO3HOM KOHIIAX KaOUJIJIAPA, OT OH-
KOTHYeCKHX JAaBJIE€HHUH B IIJIa3Me H B MeXXKKJIETOUHOH KHUIKOCTH, OT
VIBTPACTPYKTYPHI KATMJIJIApPA: PagfUyca M KOJIHYECTBA IIOP B €ro
CTeHKe, OT pafinyca IpocBeTa Kanuaapa. Moers No3BOJIAeT KO-
YeCTBEHHO IPOaHAIN3UPOBATh MEXaHU3MBI PAJa HATOJIOTHIH, B yac-
THOCTH OTEKOB.

§ 39. Oco6eEHOCTH KPDOBOTOKA IIPH JOKAJBHOM CY:KE€HUH COCY-
xoB. PeaucTiBHA" Mogean '

Kak 6r1710 moKa3aHO BbIIIIe, OLIpeeIsaionIM (akTopoM puabTpa-
LHOHHO-peabcopOIMOHHEIX IIPOIECCOB B KAMMJIAPaX ABIAIOTCA re-
MOAXMHAMHUYeCKHe TapaMeTPhl KpOoBOTOKAa. ONHAKO psiJ IPOLECCOB B
CepAeuHO0-COCYAUCTOI crcTeMe MOXKeT M3MEeHHTH JaBJeHNe U CKO-
POCTh KPOBOTOKA KaK B CEpAEeUHO-COCYIUCTOM CHCTEME B IEJIOM, TaK
¥ B OTZAeJbHEIX ee YaCTAX, TeM CAMBIM IIOBJIMATH U HA TPAHCKAIMJI-
nApHEIH 06MeH. I[IprunHO# HapyIleHU s TeMOANHAMMKY MOIYT GBITh
H3MeHeHUsA IPOCBETOB COCY/I0B ¥ PEOJIOTHYECKHX CBOMCTB KPOBH.

B nannOM pasjiesie pacCMOTPHM MOJeJb, IIO3BOJIIOINYIO IIPOaHa-
JIM3UPOBATH H3MEHEeHHe reMOJUHAMHYECKHX ITOKa3aTe e CUCTeMEI
MIPH HEKOTOPLIX IATOJIOTHAX B KAYECTBEHHO IIPEeACTABUTD BIUAHNE
3THUX HapyllleHU# Ha TPaHCKAIMJIAPHEIE Iporecchl. [JlagHas Mo-
Ienb He OyJeT YUUTHIBATH 3JACTHYHOCTEH COCYAOB (B OTJIMYKE OT
mozenn Ppanka, B KOTOPOH YYHTHBAIOTCA B COIPOTHBIeHHE, U
3JIACTHUYHOCTH cocyhoB). Ilogo6HBIE MOJEIN HA3BIBAIOTCS Pe3uC-
THBHBIMH. '

Hcnonpaysa 4mucTO pe3nMCTHBHEIE MOJEJH, PACCMOTPHM H3Me-
HeHHA TeMOJUHAMHUYECKHX ITOKa3aTejel CHCTEMEI IIPH:

1) cy:eHHH IIPOCBETa COCYZa, MPeAIIeCTBYIOMETO pa3BeTBIeH-
HOMY Y4YacTKy, HallpuMep IpH 06pa3oBaHUM B HeM TpoMmbGa;

2) cy»KeHNHU IpocBeTa cocyza (o6pasoBaEUY TpoMOa) B OGHOM U3
MeJIKHX COCY/0B Pa3BeTBJIEHHOTO OTAejIa KPOBEHOCHOM CHCTEMBI;

3) u3MeHeHHH BA3BKOCTH KPOBH.

Kaxk npu s3ToM H3MEEATCA reMOAUHAMUYECKHE TaPaMEeTPHI BAOJIb
cocynoB? ;

Kak aT0 noBiuseT Ha QUIBTPANMOHHO-peabCcoOpPOIIMOHHBIE IIPO-
eCCHl B KanupiIsapax?
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Jla MaTeMaTHYeCKOro OMHMCAHHUA pacHpejieleHNA AaBJIeHUA U
CKOPOCTH KPOBOTOKA B 3THX CIyUadgX HEOOXOAUMO YIPOCTUTE CHC-
Temy. IlosTOMYy BBeZleM CIeAYyIOINVe ONYIIeHNA:

a) mapaMeTphl CUCTEMEBI He N3MEHAIOTCS BO BPEMEHH;

6) 9J1aCTHYHOCTb COCYOB He YINTHIBAETCH;

B) HE YUUTHLIBAIOTCA MMYIbCAIINH JaBJICHNA B Pa3JINYHbIe passl cep-
JEeYHOI'0 LUKJA, peub OYAeT UATH O CpeIHEM AaBJICHHNHN;

I') TeueHHe KUIKOCTH JaMUHADHOE.

s ucenefoBaHMA MOBEAEHU S CUCTEMBI HCIIOJIBL3YeM 3JIeKTpHYec-
KHe YHCTO Pe3UCTHBHEIE MOJIENIN, TO €CTh AHAJOHOBEIE MOJeJIH, YUH-
THIBAIOIIHME TOJIBKO CTALMOHAPDHEIEC PEKHUMBI TeUCHUA M He YUHUTHI-
Baloil¥e MMepeX o HAIE PO ecCHI (IIPOITeCCHl YCTAHOBICHUA TEUCHHA).
B aToM ciyuae TeueHHe KPOBH II0 cocyAaM OyAeT MOAENIHPOBATHCSA
3JIEKTPUYECKUM TOKOM B IIEMH U3 aKTUBHBIX COIIPOTHUBIIEHMH.

BBegeM 3KBUBAJICHTHEIE BeJIHUMHE (puc. 9.16):

Cua ToKa Bo Beeit menn I — Q, — o6beMHaA CKOPOCTE KPOBOTO-
Ka BO Bceil cucTeMe

ITapenune nanpsaxenna U — nageHne aasaeaua AP Broab

Ha CONMPOTHUBJIEHHH cocyza

dnexTpuueckuii moTeHIMAX @ —  faBjieHHe P B ceuenuu cocyna

9C ucTouHUKA € — P, — cpexmnee naBienue B Hauaje
aopTHI

Conporusneaue R — W — ruapaBin4ecKoe CONPOTHUBIIe-

HUe yYacTKOB ab win cd

COHpOTHBJIeHHe r-— W — 'HApaBJINYeCKOe COIIpOTHUBJIE-
HHe yYacCTKa BC I0 ero Cy)XeHusda

ConporuBiaenne r’ — . w’ — rHpaBJIHYECKOe COIIPOTUB
) JICHHE YYACTKA BC IIPH €ro Cy>KeHHHU

ConporuBieHHe I, — W, — THJpaBJIHYeCKOe COIIPOTHUBIIe-
HHe MMOCJEAYIOIIEero COCyJuCTOr0
pyciaa )

CompoTusienne r, — W, — THAPaBJIHNYIeCKOe CONPOTHURIIE-
HHe MPeAIIEeCTBYIOMIEr0 COCYAUCTO-
ro pycia

211



B 0CHOBY MaTeMaTHYeCKOH MOJeIH 100X eHbl 3aKoH Ilyaszeitns
(9.5), ycioBHe Hepa3phIBHOCTH ¢TPYyH (9.4) u 3akoH Oma.

1. Cyxxenne KpynmHOro cocyaa (Hanpumep, Opu oOpasoBaHUH B
HeM Tpomba), puc. 9.16, a. -

Ha puc. 9.16, 6 npuBeaeHa 9KBUBaJIEHTHASA dJIEKTPHUECKAA CXeMa.

7 R r R
Dp- Q- b ¢
T, r,
0O
A
1,
ab c d X .
a (]

Puc. 9.16. Cy>keHne KpymHOro cocyja (a) 1 DKBUBaJIeHTHASA
anexTpuueckana cxeMa (6). Ha yuacTke be npounsomio cyxeHue cocyna

ITockoJBKY TOK B MU JOJIKEH OCTABATHCA HEH3MEHHBIM (110 aHa-
JIOTHH IOCTOSHCTBA KPOBOTOKA) HECMOTPSA HA yBeJIHUeHHe oDIIero
COIIPOTHBJIEHHUSA B eI N3-3a YBeJINUEHHA COMPOTHUBIIEHUA I’ > I, TO
JOJIXKeH YBeJIMUUTHCSA IOTEHIIUAJ B T. 4 38 CUeT YBeJINYeHnd €.

Hcxoaa U3 9KBUBAJEHTHOM 9JIEKTPHUYECKOM CXeMBI C YUETOM 3a-
koHa Ilyaseiina:

Cocyn ad 6es cyxenns [P, —P=(2W +w)Q,
Cocyn ¢ cyxeHueM P, -P=2W+w)Q,

rge P, — naBsnenue B T. a, KOT/la CyKeHHe OTCYTCTByeT; P — naBie-
Hue B T. d; P’ — naBieHue B T. a IpU CyIKeHUHU:

W=_8n_l._4’ w' = 8nl ,4
n(D /2) n((D-d)/2)
___8nL 9
T am/2)" (9-23)

rae l — nnuua o6aactu cy:xeuusd (be), d - U3BMeHeHUe UAMeTPA IIPO-
cBeTa B 06J1aCTH Cy»KeHUsA, L — nqnuna yuactka ab (u e¢d), D — gua-
MeTp OpocBeTa cocyza B T. a (1 d), (D —d) — amameTp mpocBeTa B 30-
He CyXeHHA.
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IIpumem ycnoBHO gaBiaeHue P Ha KOHIe JaHHOro cocyaa ad pas-
HBIM HYJIIO.
Torga

P,=(2W + w)Q,
P, =QW+w)Q,

Brruuras OOHO YpaBHEHHNE U3 Apyroro, nojJy4YnMm:.

. w'
. P,(w'-w) (2+W)
P, =P+ =P, .
2W+w 9, W
A%
P, MM pT.CT
4150
3
P '0r130
PHO
Ch10~<
P,
\ .
PO
L 00 0
70 X, yCJI. efl.
a b c d g

Puc. 9.17. Pacupepnenenue cpeaHero AaBjieHud BIONb KPYITHOrO cocyZa
JUIA PasiUYHEIX oTHomeHuit d / D (gna nunnii 0, 1, 2, 3 orHOTIEHUE
d / D pasro 0; 0,1; 0,25; 0,4 cooTBeTCTBEHHO)

HaitneMm magenme gaBjieANUs Ha yYaCTKax ab, be, cd:

AP, = AP, =Q,W=—",
24—
W
w'
] Po'_
AP, =Q,w'=—0% W
2W+w 2+W
W
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Pacnpenenenue faBleHUA BAOJb COCYAA IPH CYKeHUH YYACTKA
BC OpeficTaBiieHo Ha puc. 9.17. Kaxxaas INHUA COOTBETCTBYET Pas-
HOMy oTHomreruio d / D.

Taxum o6pazom, Ha 6aze JaHHOM YMCTO PE3UCTHUBROM MOZeaIn
MOKHO OIIE€HUTH HOA'bEM JaBJIeHUS KPDOBH B JIEBOM JKeJIyA0UYKe cep-
Ala IPHM BO3HUKHOBEHHMH CYKeHHMsI B KPymHOM cocyie. Eciu »xe
KPOBB He 6yZeT BEIGPachIBATHCA MO OOJIBLIINM JABJI€HHEM U3 JIEBO-
ro KeJlyJOYKa cepAlla Ipu o6pasoBaHUM TPOMGA B KPYIITHOM COCY-
Je, TO AaBJIeHUe B KOHIIe 3TOTr0 cocyza (B Touke d) cTaneT HUsKe HOD-
MbI. B pesyJbTaTe rMAPOCTATHYECKOE KANWIIAPHOE JaBleHHe P,
(cM. 1. 9.5) IOHU3UTCA, YTO MOKET NPHUBECTH K HADYIIIEeHUIO GUJIIL-
TpAIOHHO-PeabcopOnOHHOTO PABHOBECUA MEXKAY 00 heMaMu MesK-
KJIETOYHOM JKHUIKOCTH U IJIa3MBI.

2. CysxeHHe OJHOTO U3 MEJKHX COCY0B Pa3BeTBJICHHON cucre-
MEI (BO3HUKHOBEHHE B HeM TpoMb6a), puc. 9.18, a. Yucmo napan-
JIeJIbHO COeQUHEHHBLIX COCYyZoB n > 10, _

Ha puc. 9.18, 6 npeacraBieHa 9KBUBAJIEHTHAA dJIEKTPUYECKAA
cxeMma.

Puc. 9.18. CyxeHue (o6pasoBanue TpoM6a) OLHOTO U3 MEJKUX COCYAOB
Pas3BeTBJIEHHOM cHCTEMEI (a) U SKBUBAJIEHTHASA 3JEKTPHYECKAA CXeMa
(6), r, — 9KBHBAJICHTHOE LIYHTUPYIOLIEE CONPOTUBIEHUE, COOTBETCTBYIO-
ee 06mieMy THAPABINYECKOMY COIIPOTHBJICHUIO BCEX NapAJJIebHO
COEJMHEHHEIX COCYyA0B 0e3 TpoMba

Tak Kak 001Iee ruApaBINYeCKOE COIIPOTUBIIEHNE CUCTEMEI HEIlO-
BPEXKJEHHBIX COCY/IOB CYILleCTB€HHO MeHbIIIE, YeM ' paBINdYeCK0e
COIIPOTHBJIEHHE COCYAa ¢ TpPOMGOM, Tor, << 2R +r’.

Jlo cysxeHuA 00I1jee 9KBUBAJIEHTHOE COIPOTUBJIEHHE yYyacTKa ad:
R . =T,/ n(r,~ 9KBUBaJIEHTHO 'MAPABINIECKOMY COIPOTHBIIEHHIO
oHOro cocyna 6e3 cyskenus). [locie cyxeuns R oom = I, = T, / (n—1).
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r r
Hocxonbxy——ci =% npun > 10, TO MOXXHO CYHUTATE, UTO O6IIIEe
n-1 n :

COIPOTHBJICHHE CHCTeMB! He H3MeHmJIoch. CiefoBaTes bHO TOK I B
Ileny B IIeJIoM ¥ nafenue Haupsxenus (P — P)) a yuacrtke ad oc-
TAJKCH IPEeXHUMH. B TO jKe BpeMs IPOM3ONUIO IIepepacipeeie-
HHe TOKAa MeX Y COIPOTUBIECHNAMH (X COOTBETCTBEHHO KDOBOTOKA
‘MEXAY cocyZaMu: O0MbINas YaCTh HOTOKA DOTEKJIA B HEIIOBPEXAeH-
HBIe cocyabl). IaMeHMICSA XapaKTep NafieHUs AaBI€HUSA BAOJb I10-
BPEXXJEHHOI'0 COCYAA: B CBA3H C YBeJHMUYEHMEM I'HAPABJINYECKOTO
CONPOTHBJIIEHHUS YBeJIHYHJIOCE AP BIOJL CYy:eHHOro y4acTKa K
yMmerbmnaock AP 10 1 mociie Hero n3-sa yMeHBIIIeHUA KPOBOTOKA B
MOBpeXJAeHHOM cocyze. PaccunTaem najgenue AaBieHUsS X 00beM-
HYI0 CKOPOCTb KDOBOTOKA. ‘

a ). Pacnpedeaenue 0asaenus:

Hcxopga n3 3akoEa OMa M 9KBUBaJIeHTHOM cxeMsl (puc. 9.18, 6)
MOJKHO IMOJYUUTE:

Hanopsxenue , ITapenne naBieHnsa
U,=Uy= Uad‘- APabzAPcd:Pa_Plvi
r
2+— 2+—
R A%
o w'
Ucd'_ (Pa—Pd)"
U, =— B AP, = W
be = r be = W
2+— 2+ —
R A%

IC'uapaBInYeCcKMe COMPOTHUBIEHHA YUACTKOB BHIYHUCIAIOTCA IO
topmynam (9.23).

Pacopenenenue qaBjaeHHSA BJOJIb COCY/a, B KOTOPOM IPOHN30MIJIO
JIOKaJIbHOE CY:XKeHHe, PACCIMTAHHOE II0 BhIBeJEeHHEIM BhIIIe (Qop-
MyJiaM, mpeAcTaBJeHo Ha puc. 9.19.

O6pasoBanne TpoMba IPUBOJHUT K HAPYIIEHUIO JINHEHHOM 3aBH-
CUMOCTY NafieHHA JaBJIeHUA BAOJIb Kanuiigapa (cpaBauTe puc. 9.19
u puc. 9.12). Taxk, B Touke “b” ruApOCTATHUECKOE AaBJIeHUE CTAHO-
BHTCSA BBIIIe HOPMBI, a8 B TO4Ke “c” — HMKe. IaMeHAeTca 1 rpagu-
€HT 'HIPOCTATUYECKOrO AAaBIeHH S BIOJBb KalNLIApa 10 CPaBHEHHIO
CO CTAHJAPTHEIM 3HAUEHMEM: YMEHBITAeTCA Ha yUuacTKax abu cd u
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Puc. 9.19. Pacipenenenue faBieHNUs BIOJAEL MEJIKOIO COCYZAa B pa3BETB-
nenHoit cucreMe (1 — cocyz 6ea cykeHusI, 2 — COCYZ C cy:KeHMneM; ab = cd —
JIJIMHA YYACTKOB 6€3 CyKeHus, bc — JINHA y4acTKa ¢ CYKEeHUeM)

pesKo YBeJIHUYHBaeTCca Ha be. B pe3yabTaTe Jo0KaJlbHOE U3MeHEHHE
IIPOCBETa KATTHMJLIAPA MOYMKET CO3/IATh B KATTMJLIADE TPOCTPAHCTBEH-
HO HEOAHOPOAHEIE YCIOBUSA AJS MPOTEKAHHUA IIPOIECCOB BHIXOAA
JKHUAKOCTH B MeKKJIETOYHOE IMPOCTPAHCTBO ¥ BO3BPAllleHHUSA €€ B
COCY/I, UTO MOJKeT IIPUBECTH K HADPYIITeHHI0 GHUILTPpanUOHHO-peal-
copbuuonHOro paBHoBecus (cM. § 38). IIpu aToM pe3yabTaT TpaHc-
KAINJLIAPHOTO OOMeHa MOKET 3aBHUCETh 1 OT MECTOPACIIOJIOMK CHU S
TpoM0ba B KaIlUJLIAPE, 4 KMEHHO OT TOr'0, K KAKOMY KOHIY OH HaX0-
IUTCA OJIMAKE — K apTepHaIbHOMY HUJIM BEHO3HOMY.

0 ). Ob6semnas ckopocms KpOBOMOKA:

BgejgeM BeJIWYHHBI:

Q, — o6eMHasA CKOPOCTh KPOBOTOKA JI0 M ITOCJIe Pa3BeTBIeHU (B
TOYKax a u B Toukax d),

q, — 00'beMHas CKOPOCTb KPOBOTOKA B Ka’KZI0OM M3 HEIIOBPEXKAEH-
HBIX COCYJAOB (KOrZa HeT CyXeHUus cocyaa),

( — 06BEMHAS CKOPOCTH KPOBOTOKA B KAXK/IOM M3 HEIIOBPEIKAEHHBIX
cocyAoB (Korza IIpON30IIIO0 JOKAJIBHOE CY»KEeHKE OAHOT0 COCYAa),

q’ — 00'beMHaA CKOPOCTh KPOBOTOKA B COCY/€, IPOCBET KOTOPOTO
M3MEHHJICH.

B oTcyTcTBHE CYKEHHA CUUTAEM BCE COCYIbI OUHAKOBEIMHY, B 9TOM
cJIyuyae KPOBOTOK PacIIpPeAessieTcs PaBHOMEPHO II0 BCEM COCYIaM:
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Hcexonsa U3 SKBUBAJIEHTHOM 3JIeKTpUYIeCKOH cxeMbl (puc. 9.18, 6)
¢ yueToM 3axkoua OMa JJIA y4acTKAa IeITH MOKHO HOJTYUHUTD:

2+w/W)
\2’+w' /W'

q =qq-

d/D
0 0,5 1,0

Puc. 9.20. Brusane pasMepoB 061aCTH CY>KeHHMs B MEJIKOM COocye Ha KPOBO-
TOK B HEM (KPHBLIE COOTBETCTBYIOT PASHEIM AJAHAM YUACTKA CYKEeHUS: I
smuamii 1, 2, 3 orHomenue I / Lpasuo 0,04; 0,2; 0,5 coorBeTcTBeHHO); cIipaBa
CXeMaTHYHO IIOKAa3aHbI OTHOCHTEIbHEIE IJIMHE CyKeHus be u cocyza ab

VYMeHbIIEHE ITPOCBETA COCYa IIPUBOJUT K Pe3KOMY NaZIeHIIO KPO-
BOTOKA B 3TOM cocyze. IlpnueM saBUCHMMOCTE q’ OT d HeIHHeHHAasA
(puc. 9.20). Korga cysxenue orcyrcTByeT (d = 0), To KPOBOTOK B CO-
cyze He uamensercs: q’ / q, = 1 (puc. 9.20). Koraa npocseT ymMeHs-
maeTcA A0 HYJIsA (TpoMO IIOJMHOCTHIO IIepeKphIBaeT cocya, d = D), ToB
3TOT COCYJ, KPOBb He uaet: q° = 0.

O6pasoBaHne TPOMOOB B KallMJLIAPaX MOYKeT IIPOMCXOIHUTH B pe-
3yJpTaTe AeHCTBUA HOHUSUDYIOIIEro N3JyUeHUs Ha opraausM. B
STOM CJIyYae B KaNMHWJIAPaX MOXKeT BOSHHUKHYTH CTa3 KPOBH, UTO
IOBJUSET Ha TPAHCIOPT BEIeCTB MEeXAY IIa3MOH U MeXKKJIeTOoU-
HOH KUAKOCTHIO (cM. 1. 9.5).

VYMeHbIIIeHNEe CKOPOCTH KPOBOTOKA B IIOBPEXKIEHHOM COCY/e MO-
JKeT MIPHUBECTU K CHUKEeHWIO NHTeHCUBHOCTH OOMEeHa BeIIleCTB Me-
Iy KPOBBIO ¥ TKAHAMHU, BRISBATH I'MIIOKCHUIO OJIM3IEKAIINX YUaCT-
KOB TKaHEeH ¥ BO3MOXKHO Jake UX HeKpo3. C mono6HeIMHU addeKTaMu
MoryT OBITH CBA3aHBI TaKHue 3a60/IeBaHUsA, KaK UHGAPKT, HHCYJIBT.
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B nannbIx 3agauax He paccMaTpuBaiics o0paTHbIM 2hdEKT Ban-
SIHUS CKOPOCTH KPOBOTOKA U NajeHNUs AAaBJICHUA Ha IIponecce obpa-
30BaHHA TPoMOOB. B To ke BpeMs M3BECTHO, UYTO IIafeHHE CKOPOC-
TH KPOBOTOKA M CHUJKEHHE NafleHUs JaBJIE€HUA B COCYAE CO3LAIOT
NPeANOCHIIKH AJSI HX BOSHUKHOBEHUs. 00 3TOM CBHETEILCTBYET
yacToe oGHapy:KeHne TPoMOOB B yUaCTKAX PE3KOI0 CYyKeHusd Ipo-
CBeTa apTepuii,

Kpowme aToro, BciecTBHE HEPABHOMEDPHOI'O CYKeHHUS IIPOCBeTa
coCy/0B (HMJIH JIOKAJBLHOTO PACHINDPEHN ) MOYKET BOSHUKHYTL Typ-
6yJieHTHOe (BUXPEBOe) ABUKeHNe KPOoBOTOKA. TypOysieHTHOe ABHU-
JKeHHE CO3AaeT YCIOBMUA JJId OceJaHUA TPOoMOOIIMTOB 1 06pa3oBa-
HHUA arperaToB. 3TOT NMPOHECC YaCTO ABASAETCA IYCKOBLIM B
tdopmuporaruu Tpomba. Kpome atoro, ecam Tpom6 cima6o ¢cBa3aH
CO CTEHKOMH cocyaa, TO IIOJ AeHCTBHEM Pe3KOro Iepenajga JaBJje-
HHSA BAOJBb HEr0 OH MOXKeT HauaTh ABMraTheA. B JaHHBEIX MOJgenax
He pacCMaTPHUBAJNCHL BO3MOXKHBIE CKAYKY HA PPAHUIAX CYKeHUS
(o ypaBHenunio BepHynnn).

3. HameneHne BA3SKOCTH KPOBH.

Ilepenan naBaennsa (a caenoBaTeasao — grad p) B cocyjhe u3Me-
HACTCH, €CJIN U3MEHAETCA BA3SKOCTEL KPOBH; C YBeJIMUEeHUEM BA3KO-
CTH OH JINHEHHO pacTer:

8Q
grad p=n—.
R*

Ha puc. 9.21 opuseseHo pacipejejieHue AaBJIeHAA BIOJL COCY-

Aa B HOpMe ! ITPpH HEKOTOPEIX 3a00/IeBaHHUAX.
B pe3yJabTaTe Ha BBIX0[4€ N3 JaHHOI'0 COcyJa JaBJIieHNe N3MEHNUTCH:

P <P, P,>P,

YTO MOJKET IIPUBECTH K U3MEHEeHHIO reMOANHAMMYECCKHUX TapaMeT-
POB BJOJIb MOCJHEAYIONINX COCYA0B. I3MeHeHNe I POCTATHYECKO-
o JaBJI€HUA B CBS3H C YMEHBIIIEHUEM UJIH YBEJINYEeHNEM BASKOCTH
KPOBH BHI30BET U3MEHEHHE KANMIIAPHOTO JaBJI€HHUS, YTO MOMKET
SAIBIUTHCHA IPUYNHON HapYIIEHNA GUILTPAIMOHHO-PeabcopOIOHHO-
0 paBHOBECH .

TakuM 00pa3oM, YHCTO PE3UCTHBHAA MOJEJNEL MO3BOJIAET Kave-
CTBEHHO IIPOAHAJIN3UPOBATh U3MEHEHHE e MOJNHAMUYECKUX ITapa-
METDOB CHCTEMBI IIPH JIOKAJBHEIX CYKeHUAX KPYIHBIX U MEJIKHUX
COCYAOB ¥ cieJIaTh KaUeCTBEHHBIE BHIBOJL! O BIUSHUNA 3TUX HADY-
LIeHN Ha IpoTekaHue (hUIbTPAIOHHO-peabCOPpOIMOHHEIX IIPO-
1IeCCOB B KaIMJLIAPAaX.
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P, yen.en.

X, YCII. efl.

Puc. 9.21. Pacopegenenne faBIeHAA BAOJL COCYAA ANA PA3IUYHBIX
BA3KOCTEH KPOBU 1], > 1, > 1,

CepZieuHO-COCYAUCTAA CHCTEMA — HEeJIMHeH HAad CHCTEMA CO CIIOMK -
HBIMHM B3aMMHO-00PATHBEIMH CBA3AMH, aHAJIHU3 KOTOPO# Heo6X0au-
MO IPOBOAUTH HCXOAA U3 CHCTEMHOTO NOAXO0Aa K pasdHOOGpa3HLIM
npoleccaM, MIPOTEKAaIOUM B Heil.

KOHTPOJIBHBIE BOIIPOCHI, 3AJAYH, 3AJJAHHA

1. Paguyc cocyaa ymeHbIINIICA BABOE. Bo CKOJIBKO pa3 M3MeHHT-
cA 06'beMHAaA CKOPOCTh KPOBOTOKA IPH HEM3MEHHOM Iieperajie AaB-
JeHuA? ;

2. BniumcJHnTe AaBjleHNe KPOBH Ha PacCTOSAHHMH 5 ¢M OT Havaja
cocyZa, ecJM B Hayaje cocyda pasienme cocrasaser 104 Ila, ero
paauyc 1 MM, BaskocTk KpoBHu 0,005 Ila - ¢, JuHeiiHaa cKOpoOCTH
IBHKeHudA KpoBH 20 ¢M / c.

3. B0 CKOJBKO pa3 MBMEHUTCA CKOPOCTh ITaJIeHUA JaBJIeHUA B Ha-
yajie AUACTOJIbI, €CJIM THAPABINYECKOE COIPOTHBICHHE MEJIKHX
cocyoB yBeaunuuiiocsk Ha 20 % ?

4. Bo CKOJIbKO pa3 THAPABINYECKOe COIIPOTUBJIEHHE YIACTKA aop-
TwI (paguyc aopthl 1,25 cM) MeHbINe, YeM I'HAPaBIHYECKOe COIPOTHB-

‘JIeHHMe YJYACTKA apTepHH TOH »Ke NIHHE (pajguyc aprepun 2,5 Mm)?
Bsa3KoCTb KpOBH B apTepuu cocTaBidAeT 0,9 BA3KOCTH KPOBH B aA0pTe.

5. B0 CKOJBKO pa3 JOJKHO YBeJIHUYHUThCA JaBJIeHHe KPOBH B Ha-
YaJjie KPYIHOTO COCYAa, YTOORI IPH CYKeHHH ero npocBeTa Ha 30 %
ZaBJieHMe Ha BHIXO0Je M3 cocyla B o6beMHasa CKOPOCTh KPOBOTOKA
ocTanuck Obl IpesxHuMu? B 0TCYTCTBHE CY:KEHHA MafleHue JaBiie-
HHA B cocyze cocrasiaser 0,2 oT JaBieHna B Hauaje COCYAa.

6. OneHuTe, Kakoe BpeMs 3PUTPOLUT HAXOAUTCA B KalMJLIADE.
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THIOBBIE TECTHI TEKYIIErO KOHTPOJIA

9.1. KpoBs — 3TO KHAKOCTh (a MM 0), Tak Kak 310 (I mau m),
K03 pHuIHeHT BASKOCTH KOTOPOIi (X HIH ¥).
a. HBIOTOHOBCKAaA l. ogHOpOHAA MKUALKOCTH
6. HeHBIOTOHOBCKAA m. CycleH3nsA
X. TOCTOAHHEIN mapaMeTp 1| = const
y. GyHKIUA ycaoBuil Teuenud 1 (dV/dZ)
l.aly 2.6mx 3.alx 4.6my

9.2. B KpyIIHOM cOCYZ€e OJHOBPEMEHHO ITPONCXOAT:
a. mepeMeIneHue YacTHI KPOBA

6. pacIpocTpaHAETCS IYyJAbCOBAA BOJHA

B. pacIpocTpaHfAeTcs 3ByKOBasA BOJHA

KaxoBEI xapaKkTepHble CKOPOCTH 3THX IIPOIECCOB?

x.1500m / ¢ yv.10Mm /¢ z.0,5Mm/c
1. az, 6y, BX 2. az, 6%, BY 3. ax, 0y, Bz
9.3. B peayJbTaTe pelieHHUA CHCTeMb! ypaBHeHHU B MoZern PpaH-
Ka I0JIy4aeTcs 3aBUCUMOCTS: P =P - eV¥ I majfleHNs JaBJIeHNS

BO BpeMd mporecca (a, 6), KOraa CKOpOCTh MOCTYIJIEHAA KPOBH K3
cepAlla B KpynHbIe cocyanl (1, m).

a. CHCTOJIEI l. Q #
6. IUacTOJILI m. Q =0
1.a,l 2.a,m 3.0,1 4.0, m

TJIABA 10. HHOOPMAIINA H ITPHHITUIILI
PETYJAIINA B BHOJIOTHYECKHX CUCTEMAX

Buonornueckas KMOepHETHKA ABJISETCA COCTaBHOM YacThIo 6HO0-
GUBHUKHK CI0KHBIX cUCTeM. Bruogornueckas KHOepHETHKA MMeeT
OoJibIOe 3HAYCHHE OJIs PA3BUTHS COBPEMEHHOMN OHOJOTHH, MeqH-
OUHEBL ¥ 3Kogorun. KnGepHeTnyecKHil TOAXON K H3YUeHHNIO PyHK-
IMOHMPOBAHNS OPTaHOB, (PM3MOJIOTHYECKUX CUCTeM, OPraHU3MAa B
1eJIOM K c000IIecTB OPraHU3MOB IIO3BOJISAET U3YUYUTH OCOOEHHOCTH
YIIpaBJIEHHUS B CAMOPEryAsanuy OHOJOTHUYeCKHX 00 HeKTOB B HOPMeE
M IIATOJIOTHH.
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§ 40. KnoepreTHueckan cucrema. Ee cBoiicTa

Cl0BO KubepHemura TpedecKoro npoucxoxaenus. OHO BeTpe-
YaeTcs elle B TPyAax Ipedeckoro dumocoda IlnaToHa, »KHUBIIEro
okoso 2400 seT ToMy Hasa[, U 03HAUYAET MCKYCCTBO YIIPaBJICHHUS
kopa6mem. Ammep B 1832 r. sasBas KubepHeTHKOH HayKy o6 yn-
PaBJICHMH TrOCYyJapCcTBaMH, KOTOPYIO, IO €ro MHEHHIO, CJIeAOBAIO
65l co3gaTh. Hop6ept Burep B 1948 r. B kHure « KubGepHeTHKA MK
yIpaBJleHMe B )XHBOTHOM M MAIIMHE» H3JOXKHJ OCHOBHBIE HAEH
HOBOI HaYKM 00 O0IMUX 3aKOHAX YIPABJICHHA CAMBIX PA3JIHUHBIX
CJIOKHBIX CHCTEM.

Kub6eprernka — HayKa 06 oﬁm;nx 3aKOHAaX MPOIECCOB OPraHu3a-
LIMH, YIIPABJIEeHUA U NepepaboTKH HHPOPMALMHA B CIOMKHEIX CHCTE-
MaX pasauuHOM DU3MUeCKOoN NPHUPOABI: MAIIHHAX, TEXHHUECKHX
YCTPOMCTBAX, JKHUBLIX OPraHN3Max.

Bo3HNMKHOBeHEHEe HAYKHM KHOepPHETHKH O0YCJIOBJIEHO HAYUYHO-TEX-
HUYECKOH peBoMIOIHEl, CO3AaHNEeM CIOMKHBIX CAMOYIPABIAIOIINX-
¢ CTAHKOB, ABTOMATHYECKHUX INHUH, BHIYACINTEILHLIX MAIINH. 3Ha-
YHUTEJbHYIO POJIb CHITDAJIO TaK¥Ke pasBUTHe HelipodH3MOJOTHMH —
HAYKH O CHCTEMAaX YIIPABJIECHNS X PeryJINPOBAHUS B XKUBOM OPraHN3-
me. Co3naHre HayKH 00 O0IIUX 3aKOHAX YIIPaBJIeHU S BHI3BAHO TaK-
JKe pasBUTHEM HayK 00 yIpaBJIeHHN YUDEXACHHUAMH (B TOM YHCJIe
MeIHOHUHCKAMM), TOCYAapCTBeHHLIMY CHCTEMaMH, o01mmecTBoM, Pas-
BUTHEe KHOepHEeTHKM OBLIO OBl HEBO3MOXKHEIM §€3 Imporpecca 3JIeKT-
POHMKH M CO3JaHHU 3JIEKTPOHHEIX BEIUMCINTENbHEIX MAIIINH,

' IIpenmer xubGepHETHKH — KMOepHeTHYeCKasd CHCTeMa — yIops-
JOUEeHHAS COBOKYITHOCTb B3ANMOeHCTBYIONX O0'LEKTOB (3JIeMeH-
TOB CHCTEM), O0beJHHEeHHEIX BBLINIOJHEHUEM ONpeAeIeHHOH QyHK-
MY ¥ cOOCOOHBIX OOMEHHUBATHLCA HHPOpMaITHei.

dJeMeHTaMH KHOePHETNUECKOH CHCTEMBI MOT'YT OBITH 0O HEKTHI
pasyInyHoi GU3MYeCcKONH NPHUPOALI: HEKHUBEIE IPEAMETEI, KUBEIE
00'beKTHI, IPOLECCHl, ABJeHNA 1 T.A. Hanpumep, 3jieMeHTaAMH
9BM saBasiorca 610k 9BM; Mo3ra — HeHpOHBI; KOJNJIEKTHBA —
JIOAM, YWieHHl KoJmeKTnBa. (Tonna He KuGepHETHUECKAA CHCTE-
Ma, IOTOMY YTO OHA He 06befinHeHa Ompe/e/ieHHO# obmeil hyHK-
e, OTCYTCTBYeT YIOPAMOUYeHHOCTh U HeT YeTKOro oOMeHa HH-
dopmarlueii.)

Kubepuernueckana cucrema - aﬁc'rparnposaﬂnoe MMOHATHE, HE OT-
pakalomee Bcex GU3UIECKUX, TEXHUUYECKUX WIN (PU3HOJOrHYeC-
KHx ocobennocTer o6bekra. Tak, YeloBeKk KaK KHGepHeTHUEeCKas
CHCTeMAa PACCMATPHBAETCSA TOJbKO C TOUKH 3DEHNA B3aMMOCBA3H U
YIIpaBJIEHHA €ro OT/AEeJbHEIX OPTraHOB §€3 AHATOMUYECKHUX oA Po6-
HOCTEHHA.
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XapaKTepUCTUKH CHCTEMEI, pACCMATPHUBaeMEle KHGEPHETHKOIM,
ee IapaMeTphl, JeJsITCA Ha BXOAHEIE TapaMeTpHI: X1, Xyseees X, YUH-
TBHIBAIOII[HE BO3eiICTBHE BHEIHEH Cpeibl Ha CUCTEMY, H BEIXOAHBIE
napamMeTpsl Y, Y,,..., Y , XapaKTepH3yIoliye BO3AeHCTBHE CUCTe-
MBI Ha BHEIIHIO0 cpeny (puc. 10.1).

X, : Y,
X /\ Y,
oo

A\ @ v

n

Puc. 10.1. Kubeprernueckas cucrema (cxema)

KubepHeTHuecKHe CUCTEMEI — CJIOMKHBIE CHCTEMBI, CAMH COCTOSA-
mue us mogcucreM (A, B ... ma puc. 10.1), MeX Iy KOTOPBIMH TOXKe
HMEIOTCA CBA3H. ITH IIOJCHUCTEMEI, B CBOIO OYepelb, TaKKe MOTYT
COCTOSATH 13 elrje 60Jiee MPOCTHIX KHOEePHETHYECKUX CUCTEM, TO €CTh
opraHuzanusa KUOepHETHYECKUX CHCTEM HMepapxndecKasa. Kaxpao-
MY YPOBHIO HepapXHnH COOTBETCTBYET ONpe/ie/IeHHbIi YPOBEeHb Opra-
HU3anuu. JAUBO# OPraHHU3M TOKE HepapxuuecKas cucrema. Buo-
¢dusnKa pasaesigeTcA MO YPOBHAM OpraHHU3annu (HepapXuaM)
JKMBOT'0 OPTAaHHU3MA: Ha MOJIEKYJISAPHYIO, KJIETOYHYIO, OPTaHHYIO 1
CJIOKHBIX CHCTEM.

KuGepHeTnKa H3yyaeT JHHAMHYECKHE CUCTEMbI, B KOTODPEIX MPO-
TEeKaloT CJIO}KHEIE IIPOIECCHl, COCTOAHNE KOTOPBIX HEMPEPLIBHO Me-
HAETCA IIOJ BJINAHNEM BHEIIHAX BO3JAeHCTBHUIl MM B 3aBUCHMOCTH
oT (¢asel pyHEKIHMOoOHNpOoBaHKA. COCTOTHME JUHAMUYECKO CHCTEMEI
XapaKTepHU3yeTcsA 3HAUeHUAMH ee IapaMeTPOB He TOJBKO B JaHHLIH
MOMEHT BDEMEHH, HO ¥ B IPEALIAYIIINe MOMEHTHI BpeMeHu. Tak, ue-
JIOBEK, KaK KMOepHeTHUeCKasa CUCTeMA, — 9T0 COBOKYIHOCTE MPOTe-
KaloIIUX B HEM, MEHAIOUXCA BO BpeMEHH IIPOILECCOB, AJA XapaK-
TEPUCTUKH COCTOAHNA OPraHM3Ma 4YeJIoBeKa HeoO0XOAUMO 3HAHHE
aHaMHe3a ¥ HaJi0 YYNUTHIBATE €T0 CBA3H C OKPYKaIOIer cpeaoil (yc-
JIOBUS »KM3HH, paboTel u T.4.). (CorsiacHo onpeaeieHnio, IIPUHATO-
My BeceMupHOIi opraEusanuei 34paBo0XpaHeHN s, COCTOSIHIE 340PO-
Bbs YeJIOBEKA — 9TO He TOJBKO OTCYTCTBHE O0JIe3HH, a COCTOSHHE
IIOJIHOTr0 (PM3NUECKOTO0, JYXOBHOTO M COIAAIIBHOro 6JI1aromnoIyyna.)

Ha coBpeMeHHOM aTale pa3sBUTHA MeJUIITNHEI OPTaHU3M PacCcMarT-
PHBAaETCsI ¢ MO3UIIMI CHCTEMHOrO IIOAX0/a, 3aKJI0YaloIIeroca B
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KOMIIJIEKCHOM H3YYeHHH ero BHYTPEeHHMX CBA3el M B3auMOJei-
CTBHH ¢ OKpy:carommeil cpefoii. -

CoenuajJbHO A OMOJIOTHYECKHUX CHCTEM CJIEAYET OTMETHTh HX
BBIpa:keHHYI0 BapuabenbHOCTh. HeT 0AHHAKOBBIX MAOHUEHTOB, TaK
JKe KaK HeT OJMHAKOBHIX KJeToK. Kax bl yemoBeK TpebyeT oco-
6oro BEUMaHHuA, 0c06OT0 NOAXOAA.

Cienyer Tak:ke YUUTBHIBATE TO O6CTOATEILCTBO, UTO B KHOEPHETH-
YeCKHX CHCTEMAaX MOTYT AeHCTBOBATH He TOJbKO JTHHAMHYECKHE 3a-
KOHEI (32KOHEI 0JHO3HAYHOTO COOTBETCTBUA CJICCTBUA H IPUUMH),
HO ¥ CTATHCTHUYECKHE, BEDOATHOCTHBIE 3aKOHBI, KOI'/Ia MOHO I'oBO-
PHUTSH 0 60JIbIIIeH MU MeHbITel BepOATHOCTH TOr'0 MJIH HHOTO CJel-
CTBUA JAaHHOM npuunHEI. CTaTHCTHYECKHE 3aKOHEI YacTO BCTpeda-
I0TCA B MeIUI[MHE, HAIIpUMeP, KOrJa pedb HJeT O BePOATHOCTH TOT'O
WJIH HHOTO ucxoaa 60JIe3HU, 0 BepOATHOCTH OCJIOKHEHHUH, 0 BeposT-
HOCTH TOM MM MHOM peaKIUN OpraHN3Ma Ha BHEIITHee Bo3JeiicTBHe:
nepeMeHy KJINMAaTa, HEBECOMOCTD, KaUKy, BBeJleHHe JIeKaPCTBEHHO-
TO IIpenapara, o6rydenue u T.4. IlosToMy KuGepHeTHKA IUPOKO KC-
MOJB3YeT TEOPHIO BEePOATHOCTEeH — OCHOBY €e MaTeMaTHYEeCKOTO al-
mapara. ‘

§ 41. IIpuBIHI ABTOMATHIECKOM PETYIAIMH B (KMBBIX CHCTEMaX

Yupasieaue (peryInpoBaHHe) — [IPOIlecC UBMEHEHUA COCTOAHN A

WK pexuMa QYHKOMOHUPDOBAHUA CUCTEMEI B COOTBETCTBHH C IIO-
' CTaBJIEeHHOH Ilepe] Heil 3agaydei.

Bcakasa cucTeMa COAEDKUT YIDPABIAKINYIO YaCTh U UCNOAHU-
menvryro yactsb (puc.10.2). ITo tuENN OIpAMOI CBA3KM yIpPaBIAIO-
I1as 4YacTh MOCHLIAET B COOTBETCTBHUH C 3a/JaHNEM B HCIIOJIHUTEIb-
HYIO 4acTh KOMaHAbI. 110 IMHUN 06paTHOH CBA3H B YIPABIAIOIIYIO
YacTh MOCTYHNAIOT CBeJeHUA U3 HCIOJHUTEJLHON YacTH O BEINOJI-
HeHnHU KoMaH]. Hanpumep, rooBHEON MO3T (YIPaBIAIOIIAA YACTh)
IOCBLJIaeT KOMAHARI MBIIIIAM, a II0 KaHaJaM o0paTHO# CBASH B I'0-
JIOBHOM MOS3I' IIOCTYIAIOT CBEJ€HUA O BHIIOJHEHUH KOMaHAhI (Ha-
MIpHMEpP, O COOTBETCTBYIOIEM JBATATEIHLHOM aKTe).

AMHAA
apAMoi

3ajaHde |(ynpapasroman | CBA3M IycnosmEmTeapRAd | PE3YABTAT
—_— —

>

q9aCcTh aacrb

S~ —

avEEdg ofpaTHOH
CBA3H

Pue. 10.2. IIpocreiimas cxeMa CHCTeMBbI YIIPaBI€HUA
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Buosorndeckve 00beKTHI OTHOCATCA K CAMOPeZYAUpYeMbLM CUC-
memam. CaMoperyaupyemMeie CHCTEMBI TaKHe, KOTOPEIe 06JIaaioT
CIIOCOOHOCTHI0 MOAAEPKUBATHL CBOE COCTOAHME UM PeKUM byHK-
IMOHUPOBAHMSA HA ONDeAeJIeHHOM 3aJJaHHOM YDOBHE IIPH HeNpe-
BHIEHHLIX BHEIIIHUX BO3JeMCTBUAX.

3amamHe |ympasamomas [KOMAHIA |yenopuurensnan | PE3YAbTAT
—_— > S

JacTh YJacrTh
A

|anamuzaTop |« naTunk j—sp

BO3MYIIEHHE

Puc. 10.3. CucreMa peryInpoBasHus MO BO3SMYNIEHUIO

Teopus aBTOMaTHYECKOTI'0 PETYJINPOBaHUA BbIAeJiAeT JBa OCHOB-
HBIX crocoba peryjanpoBaHUs: peryJjupoBaHue II0 BOSMYLIEHHUIO U
peryJMpoBaHKe IO OTKJIOHeHHUI0, CHCcTeMa peryaupoBaHus (puc.
10.3) o BO3MYIII€HHIO TIO3BOJISIET YCTPAHUTE Pe3yJIbTaThl HENPENd -
BHAEHHOTO BHEIITHEr0 BO3A,eiICTBI S Ha CUCTEMY C [IEJILIO COXPAHUThH
3alaHHBIHA pesXuM byHKITMOHUpOBaHUA. [[Jj1d 9TOTO CHCTEMA JOJIK-
Ha COJIepKaTh B CBOeH MaMATH HHPOPMAIMIO O BO3MOKHBIX IIOCIIeN-
CTBHAX BO3MYUIEHUS. '

ITpnMepoM peryJaupoBaHUS 10 BO3MYIIEHNUIO ABJISETCSA CUCTEMA
TepMODEeTyYJIANIAHA OPraHN3Ma, OCHOBaHHAA Ha CUTHAJNaX KOXKHBIX
TepMOpeeIITOPOB 00 N3MeHeHUH TEMITePATYPhl OKPYKalOIIero Bo3-
ayxa.

JpyruM pacnpocTpalieHHBIM BHAOM PeryJUpOBaHUA SABJIAETCS
peryJupoOBaHHeE II0 OTKJIOHEHUIO.

B ciyuae peryJupoBaHus o oTKJoHeHMIo (puc. 10.4) ynpasis-
I0Iiad YacTh BEIpabaThIBaeT KOMaHbl, BEISHIBAIOIIIE N3MEeHEeHHA
B CCTEMe, KOMIIEHCUDYIOIIVe OTKJIOHEHUA OT 38JaHHOI0 PeKuMa
(GYHKIMOHUPOBAHHUS B CHCTEME.

Komanzaa
YOPaBATIOMAN HAA|gcnoamuTenpuan | PE3YALTAT

> >

qaCTh aacTh
N

sagamwe [ ammapar
——>

CpaBHEHHA

Puc. 10.4. Cucrema peryJIupoBaHnA 0 OTKJIOHEHHIO
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HaTunk nepegaeT M0 KaHAJTyY 0GpaTHO CBA3H CBeJeHHUA O PeXKH-
Me (PYHKIMOHMPOBAHMA CHCTEMEI B almapaT CpaBHEHUS, B KOTO-
POM OHH CPABHHMBAIOTCA C 3aJaHHEIMN IIapAMETPAMH, B CIy4ae OT-
KJOHEHHUS OT 3ajaHudA (pPaccorjacoOBaHMs) YIPaBIAIONAA YacTh
BEIpAOAaTHIBAET KOMAHJALI, YCTPAHAKIIUE OTKIOHeHNsa, OOpaTHbIe
CBA3HM — HEOGXO0AMMOe YCIOBHE MIPOIleccoB caMoperyaanuu. O6pat-
Has CBA3Lb NepefaeT HHGOPMAIIHIO 0 pe3yabTaTe QYHKIMOHUPOBA-
HHA CUCTEMEI B YIIPABJIAONIYIO YACTh. PasImuaroT N0J0KHTeIbHEIE
¥ OTpHIATEIbHLIE 00paTHLIE CBA3H.

ITonoxxknrenbHBIEe 0OpaTHEIE CBA3U IPUBOIAT K BEIPAGOTKE KO-
MaH/J, BeJyIINX K YBeJIUYEHNIO OTKJIOHEHUA CUCTEMBI OT TIEPBO-
HavaJIbHOT0 COCTOAHMNA. Hanmpumep, BcaCkIBaHMe KeJYIKOM IIPo-
AVKTOB IIepeBapUBaHUsA O€JIKOB IPUBOJUT K YBEJUUEHHIO COKO-
oTAeneHud («aNNeTHT IPUXOAUT BO BpeMA eAkl» ). B To xxe Bpema
HEeKOTOpPbIe MATOJOTHH Pa3BUBAIOTCA C YYACTHEM IIOJIOMKUTENDL-
HBIX 00paTHBIX cBaA3eil. Hanmpumep, ociiablieHHUe cepAeYHOM Hed-
TeJbHOCTH MOXKET IPUBOJUTE K 3aKYIOPKEe COCYAOB, UTO B CBOIO
ouepenb BLI3BIBaeT eile Gosinmee ociabieHne cepaedHOM Jges-
TeJbHOCTH. '

OTrpunareabHbIe 00pPATHEIE CBA3H BHISLIBAIOT KOMAHALI, CTPEMSI-
Aecs YMEeHBIUTL OTKJIOHCHH A B CcTeMe. Peryiuposanue mo or-
KJIOHEHHUIO OCYIIECTBJIAETCA C MCIOJIb30BAHNEM OTPHIIATEIbHBIX
obpaTHeIX cBa3eil. Hanmpumep, npu neperpese opraHU3Ma yCHUJIA-
BaeTcA IOTOOT/EIEHNE, yYalllaeTcd AbIXaHye, YTO IPUBOUT K yBe-
JIMYEHHIO TEHJOO0TAaYM B OKPYKAOIYIO CPeiy U OHUKEHUIO TEM-
nepaTypbl OpranusmMa.

Buosornueckue cucTeMul oﬁ.na,ualo'r CII0COGHOCTHIO MEHATD 34~
JaHue, IPOrpaMmy, olpeAeAKIIYIO pe3yaAbTaT UX GQYHKIIMOHH-
POBaHMSA, B LeJAX yAyUYIIeHUsA pe3yabTaTa AesiTeJLHOCTH HMJIN
npucnocobieHusa K pesKUM H3MeHeHUAM YCJIOBUI BHellIHell cpe-
i AR

MexaHu3M mpHUCIOCO0IEHNA OPraHN3Ma K MEHSIIOU[UMCA YCJIO-
BHUSAM Ha3bIBaeTcsA romeoctazoM. ['oMeocTas obecrieynBaeT moAAEp-
JKaHHMe B OpraHM3Me YCJIOBHI IIOCTOAHHOTO (GYHKIMOHMPOBAHUSA
npoleccoB MeTaGoIM3Ma: IOCTOSHCTBO TemnepaTypsl, pH, nasie-
Hud u T.1. Bojee crporo, mapaMeTpPHl BO BHYTPeHHeH cpefe opra-
HHU3MAa HeNOoCTOAHHLI. OHM COBEPINAIOT KOJe6aHUA OKOJIO CPEeTHNX
3HaUeHU: Ce3OHHBIE, CYTOYHbIE, 32 IUKJ ALIXaHUA, CePAeUHOr0
coKkpamienuda u T.4. Ilogaepxkanme Kojnebauuii mapaMeTpoOB CHUCTe-
MBI HA IIOCTOSIHHOM ypOBHe (110 aMILITHATY e ¥ YACTOTE) HAa3bIBAeTCs
rOMEOKHMHE30M.

B 3ak0ueHENEe PACCMOTPHM B KaueCTBe IIpUMepa YIIPOIIeHHYIO
CXeMy TepMOpPeryJIfAIiH TeIJIOKPOBHEIX opranu3moB (puc. 10.5).
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1 P
e
yupasamomas ANIAPAT Tenao- I
YACTh NEHRTP anmapar Teno- Teao BLIICACHMA: KOWRA, e
NPOXYKIMM: n

TepMOperyIaus KPOBb coCyanl, MOTOBLIE
(oTaen moara) METEHL, MBIMIEI JEeNe3bl, TeTEHE :
P
: Bl

TeMneparypa KpoB:a . ‘

(peryaanusa 1o oTK/JI0OHSHHIO)

TeMuepaTypa Bo3qyXa

(peryaaius 1o BO3MyiIeHHIO)
Puec. 10.5. CxeMa TepMOpPEryJIsSIiAA TeILJIOKPOBHBIX OPTaHU3MOB

Undopmanusa o TeMmepaType TeJla OPTaHH3MAa IOCTYIIaeT B
IIeHTD TePMOPETyIAIAN FOJOBHOTO MO3Ta BMeCTe ¢ OMBIBAOIIE
ero KpoBbio. [IpH OTKJIOHEHHH OT 3aJaHHON TeMIIlepaTypsl BEIpa-
6aTEIBAIOTCS KOMAH/EI B MCIIOJHAIOINYIO YaCTh AJISI KOMIIeHCAITHH
OTKJIOHEHHA. ITO PETYIAIMUA [10 OTKJIOHEHUIO IIPH IIOMOIIH OTPH-
nmaTeabHOI o6paTHOI cBa3u. Kpome Toro, ocyiecTBiaseTcs pery-
JALINA 110 BO3MYIIMEHUIO HA OCHOBE CBeJeHui 00 N3MEeHEeHUH TeM-
MepaTypPhl OKPYMRAIOIIET0 BO3AYXAa, MOCTYIAOIINX OT KOMHBIX
TepMopenenTopos. KoMaHEI U3 IeHTPaA TePMODPETYISAIIHNH IIOCTY -
[AIOT B aNlIapaT TeIJIONPOAYKIINH (B OCHOBHOM TEILJIO BEIpabaTsI-
BaeT IleYeHb, MBIILIILI) ¥ B AlllapaT TeIJOBLIAeJeHHUA (K0OXKa, CO-
CYABI, IOTOBHIE JKeJIe3kl, Jerkue). Tak, Ipu neperpese opraEu3Ma
YMeHBIIAeTCA Tena00o6paszoBaHe H YCHIINBAIOTCA NPOILECCHI TEI-
JIOBBIZIEJICHHUSA B OCHOBHOM IIOCPEICTBOM HMCIIAPEHMA BOAEI C IOBED-
XHOCTH KOXXHU U JeTKHUX.

§ 42. Hadopmanua. HadopmanHoaRbie TOTOKH
B JKMBBIX CHCTEMAaXx

WNadopmanusa (ot aart. informatio — pazbACHEHNE, OCBeLOMJIE-
HHe) — 9TO OJHMH U3 IIMPOKO MCIOJL3YEeMBIX HAa CeTOAHA TepMHU-
HOB, KOTOphIe YyIOTPeGJIAeT YeJIOBEK B Ipoliecce AeATeJbHOCTH.
CospgaroTca uHGOpMAaIlHOHHBIE IIeHTPHI, IepefalTea HHGopMaIu-
OHHbIE IPOTPAMMEI, TOBODAT O JJABUHHOM pocTe MHPOpMAIIMOH-
HBIX IOTOKOB, CO00maeTcss HHGQOPMAaIIUS «JJd PA3MEIIICHUSA» U
7.74. IIpakTHYeCKH OJJHOBPEMEHHO U B3aUMOCBS3aHO C IIOABJIEHU-
eM KubepHeTukH B XX CTOJIETHH CO3JaeTCsa Teopus nHdopMa-
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UK — pasjes KnOepHeTHKHM, IIOCBAIIEHHBIH MaTeMaTHUYeCKOMY
OIMMCAHUIO IIPOIECCOB MOJYUeHNA, XpaHeHN A, repepaboTKy u 1e-
pesaun nHPOPMAITAN.

OTa Teopnus BO3HHUKJIA B XOJ€ PEIlIeHU 3a1a4 IIePeJadyr IOTOKOB
coo0meHn# M0 KaHAJIaM CBS3H B TEXHUUECKHX CHUCTEMaxX, U Mep-
BhIN byHIaMeHTANbHLIN TPy A npuHagaexuT K. Illernony «Mate-
MaTHuyecKas Teopud cBasu» (1948 r.). Ceronua nousarme «uudGOp-
Maluf» SBJIAETCH OJHON M3 OCHOBHEIX (GMI0COGCKUX KaTeropuii,
HapAAy ¢ TAKHMH KaTerOPHAMHN, KAK MaTepus, sHeprud, 6e3 KoTo-
PBIX HEBO3MOIKHO OITMcanue GyHKIIMOHNPOBAHUA YKUBBIX CUCTEM.

K OCHOBHBIM ITOHATUAM TEOPUU HHPODPMAITUHU OTHOCATCS: CO00-
HIeHne, CUTHAJ, KOJTMYECTBO HHPOPMAIIHUH, SHTPOIIUA, KOAUPOBA-
HHe, IPOIIYCKHAA CIIOCOOHOCTh KaHaja CBA3H.

Coobmienue — 5To HeKoTOpas nHbOpMAaNUsa 0 COOBITHAX,, 3aK0TH-
poBaHHast B GopMe ONpeAeIeHHOTO CUTHAJIA.

Curnai — ¢unsnueckuii Hocureab nHDopMauu. CUrHAJIOM MO-
et ObITH 3BYK, CBET, GyKBa, MeXaHWUECKUH yAap U AD.

ITpex e uem paccMOTpeTh BOIIPOC O KoJMHWYecTBe MHpopManuy,
Heo0X0ANMO OTMETHUTH CIIeAVIOIINE ee CBOMCTBA:

1. UadopManusa HMeeT CMLICJ TOJLKO IIPH HAJAYUY ee IIPHEeM-
Huka (morpeburens). Ecau npuHAMAaOIINi 00LeKT OTCYTCTBYET, TO
HeJIb3A TOBOPUTE O CYII[eCTBOBaHMY NHDopManuu. Tak, ecyii B KOM-
HaTe pafoTaeT TeJIeBU30D, HO B Hell HET UeJIoOBeKa, TO BCe, UTO II0-
KasbIBaeTcsi M TOBOPUTCH, He ABJIAeTcA nHbopMammeit.

2. Hanmnume curaaia He 00A3aTeIbHO TOBOPUT O TOM, UTO Iiepe-
naercst HekoTopasa nubopManns. MEdopMaTHBHO TOJBKO TaKoe
cooOIeHue, KOTOpPOe HeceT B cefe UTO-TO HeN3BeCTHOe PaHee, B UeM
HyXJaeTcd 00beKT, KOTOPOMY OHO IIepefaeTcs.

3. UndopManusa MoKeT NepefaBaThLCA He 0083aTeIbHO TOJBLKO
yepes Halme cosHaHue. OHa mepejaeTcs M Ha NOACO3HATEJILHOM
YPOBHe, H HAa YPOBHEe BHYTPEHHHUX IIPOIlecCOB B opranmuame. s
MBIIII, ABUTATEJBLHOTO AlNapaTra NPHUIIeAline K HEMy HePBHEIE
MMIIYJIbCHl HeCYT HHPOPMAIIHIO O HEOOXOAUMBIX AeHCTBUAX; NI
cepana 06'beM KpOBHY B AMACTOJIY HeceT HHGOPMAIHUIO 0 HEOOXO-
IUMOM CHJIe IIOCJIeAYIOIero COKpanieHns, nepecTpoka Koudop-
Manuu pepMeHTa HeceT mHGOPMAIIHIO JA MPOIECCOB IepeHoca
HMOHOB M IP.

4. Eciu co6biTHE JOCTOBEePHOE (TO eCTh ero BepoaTHOoCTh P=1), TO
COO0ImeHNe 0 TOM, UTO OHO IIPOM3ONLIO, He HeceT HUKAaKoi nH(Op-
MaIHH JUIs HoTpeOnuTed. Tak, eCiiu BEI B HACTOAIIHIT MOMEHT YUH-
TaeTe 3Ty CTPaHUNy Y4eOHHKA ¥ BAM KTO-TO 00 2TOM coob1iaeT, TO B
STOM COOOIIIEHHNH I BAC HET HUYET'0 HOBOTO, TO €CTh HE COEePKUT-
cA abCOJIOTHO HUKAaKO# nHpOpManuu.
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5. Coobmmenue o COGEITHH, BEPOATHOCTH KOTOPOro p<1, COREPIKUT
B cebe mAGOpManuio, 1 TeM 60JIbNOIYIO, YeM MEHbIIIE BEPOATHOCTH
COORITHS, KOTOPOE IIPOM30LILIIO.

Taxum 06pa3oM, UeM MeHbIIIe BEPOATHOCTL HEKOTOPOTo COOBITHA,
TeM 6GoJIbIIee KOJHMYEeCTBO MHGOPMAMUN COAEPKUT coobiieHre O
TOM, YTO OHO IIPOM3OIILIO.

Tax HamlpuMep, ecJiu BO BecesleHHO ITOABUIACHh CBEPXHOBAasA 3BE3-
Ja, coObIiTHEe KpaiilHe MaJIOBEPOATHOE, 00 3TOM COOOIIAIOT BCe MU-
poBbie MHGDOPMAIIMOHHBIE ATEHTCTBA ¥ I'a3eThl, TAK KaK B 3TOM CO-
OOIIIeHNH CONEPKUTCA OTPOMHOE KOJInYecTBO HHbOpManun.

Illennon nau ciaepyoiiee onpeAeneEne nEbopMaun:

“Undopmanuia, cogep:xaniaaca B cOOOHIeHNH, eCTh MepPa TOT0 KO-
JUYECTBa HEOIpPeJeJeHHOCTH, KOTOpoe JUKBUAUPYETCA IOCe II0-
JYUeHUA JaHHOTO COOOILeHuA» .

Konuuectso madopmanyn I (X,), conepsxaiiieecs B COOOIICHNH X,
paBHO jiorapudMy BeJIWUYMHSI, 00paTHOI BepoaTHOCTH P(X,) aToro
coOrITHA:

I, =log, =—log, P(x,). (10.1)

1
P(x,)

3a eguaNIy MEGOPMaIMH NPHHATO KOJINYECTBO uHbopmaiuu,
cojiepsxariieecsa B COOOIIEHNH O TOM, YTO IIPOM3OIIJIO OJHO U3 JBYX
PaBHOBEpPOATHHIX COOBITHIA, TO ecTh ecau P(A) = P(B) = 0,5, To

1, =I,=-log,0,5=1.

910 KommuecTBO MHDOPMALUY HAa3BIBAIOT OMUT.

IIpumep: Croabko 6utT nadopManuu COJIePKHUT HPOM3BOJBHOE
TpexX3HaYHOEe YHCJIO?

ITepBasa nudpa nmeer 9 pasauuHbIX 3HaYeHNH# oT 1 10 9 (T.K. O B
HayuaJle YucjIa He3HAYMM), BTOPasA U TpeThs — no 10 snadenwii (ot 0
no 9). Torpa

I=log,9+2log,10=9,28 6ur.

B Teopuu nadopmMaliun HCTOUYHHK HHEGDOPMALIUHK 3a7laeTCs B BUE
MHOXecTBa coobmennit X , X ,...,X , ¢ BEPOATHOCTSAMH COOTBET-
creenHo P, P,,...,P . B aTom cayuae cpefHee KoauuecTBO NHGDOD-
Maiuy, Npuxojsieecd Ha OJHO COOOIIeHe, onpeaenaeTcs o dbop-
myine IHlennona:
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I= —ZH:P(xij log, P(x,), (10.2)

1=1

roei=1,2,...n.

ITpumep: Paccuuraem xonmuuecTso uudopmanuu I, u I, B coo6-
meHuAX 0 coObITHAX A 1 B, BeposiTHOCTH KOTOpPEHIX: P (A)=3/4 1
PB)=1/4.

s coobmenus A: =-log,(3/4)=0,42 6ur.

st coobmenns B: I = —log2 (1/4)=2,0 6ur.

CpefHee KOIHYECTBO MHPODMAITHH HA OJHO COOOIIeHHe:

=—ZP log, P, = ( 042)+( .2,0)=0,81 6ur.

i=1

Bennuwnsia I paccMaTpuBaeTCa KaK Mepa HeoIpeZile IeHHOCTH CBe-
JeHHI 00 HCTOYHNKEe NHGODMAIINH, KOTOPasa uMeJIa MEeCTO JO IpH-
eMa coofOIIeHmit u OblyIa YCTpaHeHA MOoCJe X MOJyUYeHH .

© 9Ty Mepy HeoIlpeJeIeHHOCTH HasbiBaloT 3HTponuei (H) ucrou-
HHKa HHpopManuy, NPHXoAAlleica Ha ofHo coobrienne. Takum,
o6pa3om:

=—2P()g) log, P, (10.3)
i=1

CpenHee KonIuuecTBO HHGOpPMATHNH U 3HTponua H uncnenHo pas-
HbI, HO HMEIOT IIPOTHBOIOJIOKHBIA CMEICJI.

Yem u3 GOMBIIErO UMCJIA COOOUIEHNH HOMyUYaTeJ b MHDOpMAIIIH
JIOJI3K€eH cleIaTh BLIOOD, TeM 60JIblllee 3HAUEHHNE MMeeT HHPOpMa-
IIMOHHAA SHTPONHNS.

J151 HICTOUYHMKA ¢ e AMHCTBEHHO BOSMOXXHEIM COOOIIeHUEM,, Bepo-
ATHOCTH KoToporo crpemurca B8 1 (P—1), BHTDOIIHH CTPEMHUTCA K
nyxio (H—0).

Ecau Bce k BO3MOKHBIX COOOMIEeHN HCTOUHNKA PABHOBEPOATHBI
(P(x,) = 1/k), To ero saTponusa H MakcumanbHa:

H__=logk. (10.4)

IIpeanonaraercs, 4To Ka:KAOMY COOOIIIEHHIO COOTBETCTBYET TOJb-
KO OJIHO M3 BO3MOYKHBIX COCTOAHMHA NCTOUYHNKA. B 3ToM ciayuyae Be-
anunHa H MoKeT cIyXKHUTHh MEpPOil HEOPTaHU30BAHHOCTH CHCTEMEI,
ABJIAIOMIENCA NCTOURNKOM HHpopManuK. YeM MeHee Oprasnu30Ba-
Ha cHUCTeMa, TeM 00JIbITIe YHCJIO €€ BO3MOYKHEIX COCTOTHUH 1 BeJIH-
YHHA MaKCHMAaJIbHOMN SHTPOIMNH; '
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IIna npuMepa pacCMOTPHM TpH ucToYHNKa nHbopManuu A, B n
C, xapaxkTepusyemsbie Tpema coobmenuamu xaxkaniit: I, II u III ¢
BEPOATHOCTAMHU, YKa3aHHLIMH HUXKe: '

CcOoOBIIeHu A I I 111
HCTOUHHK
A 0,8 0,1 0,1
B 0,4 0,4 0,2
C 0,33 0,33 0,33

Boruncaum sETponuu ncTo4ENKOB A, B 1 C Ha 0fiHO coobiieEne:

H, =0,8 logzoisw,l log,10+0,1 log,10=0,92 6ur.

b

1 1
HB =0,4 10g2ﬁ+0,4 log2ﬁ+0,2 log25=1,50 our.

b b

H,=log,3=1,53 6ur.

Kak spgum, ncTournk nHbDopManuy C, KOTOPHIE XapaKkTepuay-
eTcs cooOIeHUAME ¢ ONMHAKOBEIMH BepoATHocTAMH (P = 0,33),
umeeT camyio Gonbmyio H=H __ , To ecTb camyio GobITyio CTeeHb
HeoIIpeaeIeHHOCTH.

YpoBeHs onpeleeHHOCTH (IeTePMHUHNPOBAHHOCTH) HCTOUYHHMKA
nHboOpMAINY XapaKTepU3yeTCA BeJINYNHOH '

Rzl_i,
H

max

rae H — saTponns Ha OAHO COCTOSIHME HCTOYHHKA MHPOpMAaIuM,
H_ —MaxcrMaiabHas 9HTPONHUSA Ha OGHO COO0IIeHKe, KOrLa Bee Co-
obmrenns paBHOBepoATHHI. B Hamrem npumepe R, = 0, R, = 0,02,
R, =0,4.

Ecau R = 1,0 — 0,3, ucrourEnK nHMDOPMAINK CIUTAETCS AeTep-
MHWHHDOBAaHHEIM, R = (0,3 — 0,1 — BEepOATHOCTHO feTePMHUHHUPOBAH-
HBIM, R < 0,1 BepoaTHOCTHEIM (cTOXacTuuecKuM). TakuMm o6pasom,
ncrounuku B u C — cToxacTuuecKkue, a ICTOUHHK A — leTepMUHH-
POBAaHHBIM.

Cpezntee KOMIHUYECTBO HHOOPMADUH, KOTOPOE MOMKET IIOJYYUTD
06BeKT, 3aBHCHT OT XapaKTePUCTHK KaHajia cBA3N. KamajsoMm cBsa-
3H MOKeT OBITH IIPOBOJ, CBETOBOI YU, BOTHOBOJ, HEPBHEIE BOJIOK-

230



Ha, KPDOBEHOCHEIE COCY bl ¥ Ap. OCHOBHON XapaKTepHCTHKOHN Ka-
HAJIa CBA3U ABJAETCS €ro IponycKHaA ciocobHocTh. Oua 6ymer omn-
pefeasThCA NpelebHOH CKOPOCTBIO Mmepeiaun MHGOpMAIuK, H3-
Mepsemoii B 6uT/c.

nomMexH :
MCTOUHMEK > \ 4 )-:)) NOJYIATEb
Koae exone
coobmenns _)|_np_ coobmenns
KaHax
CBA3H

Puc. 10.6. Biok-cxeMa KaHajia CBA3HK

s nepegaum coobiieHnsa mo kaHaay nHGopManusa KOogUpyeT-
cd, HaIIpUMep, noJloxkeHue duara Ha dJore, asbyka Mopae, mocie-
AOBaTEJbHOCTD, YACTOTA, JJIUTEJIbHOCTb UMIYJIbLCOB B HEDBHOM CeTH
u 1ap. Ha npuemHoii cTopoHe He0OX0AUM AeKoAep, KOTOPHIH ocy-
1ecTBJAeT 06paTHOe KoJepy IpeoGpasoBaHmMe: KoJ CUTHAJNA IIpe-
o0pasyeTcsa B cojep:kanmne cooOieHnd. BIoKk-cxemMa KaHAIa CBA3HU
mokKasaHa Ha puc. 10.6.

IIpu nepeaave nupoOpMaIINK IO KAHANY CBA3U MOTYT IPOHCXO-
JUTh ee NCKa)KeHUs 3a CUEeT IIOMeX M3 BHEIIHeH cpeJbl U HapyIIIe-
HUHA B caMo#l IMHHUH,

ddpdpexTUBHBIMHU criocob0aMu 6O0PEOBI ¢ HCKAXKeHUAMHU NHPOpMA-
VU SBJISETCA CO3/[aHue ee U3OBITOUHOCTH M ITepeiaua CUTHAJIOB 0
6oJpIIIOMY UHMCAY IapaJjebHBIX KaHasoB. 06a aTu cmocoba mim-
POKO UCIIONB3YIOTCS B OPraHN3Me YeJIOBeKa. B HepBHBIX CeTAX Bce-
raa obecneunBaeTcA AyOAHMpPOBaHWE OCHOBHOTO COOOIEHUS GOJIb-
IIMM YHCJOM HapajljieIbHEIX CUTHAJOB, IIO3TOMY KOJHUYECTBO
PelenTOPOB 3HAYNUTENBHO IPEBLINIAET KOJIUIECTBO HEHPOHOB, K KO-
TOPHIM OT HUX IIOCTYIIAIOT CUTHAJIEI.

IIponyckHas cIIOCOGHOCTH JIOOBIX DEIeIITOPHAIX AnIapaToB Cy-
II[eCTBEHHO BHIIIIe BO3MOYKHOCTEI 0CO3HaHMS CeHCOpHoii nudopma-
muu. YegoBeuecKoe CO3HAHHUE IIOJb3YETCSA OUeHb MAJIOH A0J1el nH-
¢dpopMan i, IOCTABAAEMON B MO3T nmepudepuieCKUMHU OTAeJaMU
aHAJIN3aTOPOB — CEeHCOPHBIMM BxoAamu. Tak Hanpumep, MaKCH-
MaJIbHBIF IIOTOK MH(pOPMAaINN B IIpoliecce 3pUTEIbHOT0 BOCIIPUSI-
THs, 0CO3HABAEMOTO UeJIOBEKOM, cocTaBJsier Bcero 40 6uT/c, Toraa
KaK MHQOpMAITHOHHAA EMKOCTh IIOTOKA HEPBHBIX UMITYJIbCOB B 3pH-
TeJIbHBIX HEePBaX OlleHHUBaeTcAd BessuunHoii 107 6ur/c. 3a cueT cTOMB
OrpOMHOH N36BITOYHOCTH AOCTHUTAeTCA BLHICOKAS HAAEMHOCThH IIPO-
HEeCcCOoB B OpraHu3Mme.
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KOHTPOJIBHBIE BOITPOCHI, 3AJAYH, 3AJAHHA

1. Kakue 3afauu perraeT 6mogornueckKas KnbepHeTukra?

2. HauepTuTte 6/10K-CXeMBI CICTEM aBTOMATUYECKOTO PEryIUpO-
BAHHUA II0 OTKJOHEHHIO, II0 BO3MYIleHHI0. IIpuBeAnTe IpHUMEpPEI
ABTOMATHYECKOTO PeTyJIHPOBAHMS. :

3. Yrto Taxkoe mHpoOpMALNa, COOOIIeHNe, CUTHAJ, KaHaJl CBA3M,
our?

4. Kakoe KOIMYeCTBO HH(POPMAIINH COAEPKUTCS B ABYX3HAYHOM
yucae? —

(OtBer: 6,5 6uT.)

5. IlocTyunio Tpu coobienusa o coouITuaAX A, B u C, BepoaTHo-
CTH KOTODHIX COOTBeTCTBeHHO: '/, , '/, u'/,. Kakoe cpennee Kom-
YyecTBO HHGPOPMAIIMH IPUXOJUTCS Ha OJHO coobIenne?

(Otser: 1,5 6ur.)

THIIOBBIE TECTHI TEEYVIIEIO KOHTPOJIA

1. Ina ;xuBOTO OpraHN3Ma KaKk KNOepPHETHYEeCKOH CHCTEeMEI Xa-
PaKTepPHBI CBOHCTBA:

. CJIOYKHOCTH
. HepapXu4YHOCTh
. AHHAMHYHOCTH
. BapuabeJbHOCTH

LV S

2. BcucreMe aBTOMaTHUYECKOT'O PETYJIHPOBAHNS 110 BOSMYIIEHHUIO
B YIIPABJAIOIIYIO YaCTh CHCTEMBI IIOCTYAaeT MHPOPMAITHA:

1. o0 Bo3AEiicTBMH BHENIHNX (PaAKTOPOB HA CUCTEMY
2. 0 peaKIIUN CUCTEMEI Ha Bos/eiicTBHe

3. B cucTeMe aBTOMaTHYECKOT0 PeTyJIMPOBAHNS II0 OTKJIOHEHHIO
B VIPaBJAOINYIO YaCTh CHCTEMEI IIOCTYIIaeT uHpopManusg:

1. o BozAeiicTBMM BHENTHUX (JAKTOPOB HA CHCTEMY
2. 0 peaKIIMHU CUCTEeMbI Ha BO3JieiicTBHe

4.YeMm GOJBIIIE BEPOATHOCTD COGBLITHA, TEM COOOIeHne 06 3TOM
COOBITHM HeceT HHGPOPMAIIHIO:

1. GosabIiryIo
2.MEHBIIYIO
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PA3JEJ IV.
BHOC®EPA M ®U3NUYECKHE HOJIS

Buocdepa 3eman, B TOM YHCJIE K YeJIOBEK, pA3BUBAJINCH U CYIIle-
CTBYIOT IIOJ] IIOCTOSSHHBIM A€ CTBHEM IIOTOKOB 3JIEKTPOMArHUTHBIX
BOJIH ¥ MOHHUSHPYIOIUX U3NydeHHil. EcrecTBeHHBIH paguoaK THB-
HBI# (HoH 1 HOH 2JIeKTPOMATHUTHEIX U3JIYUYeHUH ABIAIOTCA chepoii
HaImero o0UTaHNA, HEOT'HEMJIEMOH YacThI0 M YCIOBHEM PA3BUTHUSA
JKHU3HU. '

KocMmuueckue co6pITH A, N3MEHEH U COJTHEUHOM aKTUBHOCTH, HA-
pyuieHne MarHurocdeps 1 noHochEpPEI 3eMJIN MOTYT OKa3LIBATH
BINAHHKE Ha YKU3HEeHHEIE IIPOIleCChI BceX GMOJIOTHUYeCKUX 00 HeKTOB
HaIel IJIaHeThl.

HNayuenue Bruauusa QusnyecKux nojeil OKPysKaIoliero Mupa Ha
6uocdepy ABIsgeTCA OLHOM N3 BarkHeHIMNX 3aga4d 6modpusurn. Ilpo-
rpecc B 9Toi1 06J1acTH HaYKH TECHO CBA3AH ¢ NpobieMaMu pasBUTHUSA
LIUBUIN3AINH, 9KOJOTHYECKOr0 COCTOAHNA 3eMJIN M CYIeCTBOBA-
HHUS YeJ0oBeYecTBa.

C apyroi cTopoHbl, CaM UeJIOBEK SABJIAETCA MCTOUHHUKOM aKyC-
THYECKHUX U 3JIeKTPOMArHUTHEIX IOJeil. ITU MOJid Ha3bIBAIOTCS
coOCTBeHHBIMH (HU3NYECKNMU IOJNAMH YesioBeKa. K uum oTHOCAT-
cA aKyCTHUYEeCKOoe, 3JIEKTPUYeCKOe M MarHUTHOE IIOJIfl, 3JEeKTDO-
MAarHUTHEIE BOJHEI B paguo-HHGpaKpacHOM U BHAMNMOM AMAIaso-
Hax. Uayuenme co6CTBeHHBIX (PUBHUECKUX IOJIeH YesOBeKa
[103BOJIAET MJIy0iKe MOHUMATDL IIPOIECCHI, MIPOUCXOAIINEe B OpPTa-
HHU3Me, U HCIOJbL30BATE 3TH II0JA B AUAarHOCTUYECKHX IIeIAX.

B nannoM paspesie pacCMaTpPUBAIOTCA ABa acCHeKTa IpobaeMul
«YyeJIoBeK — (pU3HUUYeCKHe NOJA»: BJIUSHUE BHEIIHUX (QU3HUYECKUX
moJiei Ha opraHu3M 4YejioBeKa (riaBa 11) u xapakTepuCTHKH CO0-
CTBEHHBIX (QU3NUECKUX II0JIeil yesoBeka (riasa 12).

ABTOpEI COUNH 1eJIecCO00Pa3HbIM IIPeABAPHTEL 5TH IVIaBbI KpaT-
KHWM OOIIIMM BBEJAEHHUEM.
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BemecTBo 1 110.1e — COCTABIAIONIHE eHHOTO MaTepHAJHFHOIO MMPA.

Ha coBpeMeHHOM ypOBHE pa3sBUTHSA HAYKM KM3BECTHHI ABa BHJA
MaTepHUHu: deujecmao u nose. K BemtecTBy oTHOCATCA QOPMEI MaTe-
PHMH, COCTOSAIIHE U3 3JIeMEeHTaPHBIX YACTHII (IPOTOHOB, 3JIEKTPOHOB,
HEUTPOHOB M Jp.), U3 KOTOPBHIX COCTOAT aTOMEI M MOJIEKYJIEI M, B
KOHEUYHOM CUeTe, Bce OKPYKalolllie Teja. BelmecTBy CBOHCTBEHHO
HaJIn4yMe Macchl NoKodA. Ilose — popMa MaTepHH, IOCPEACTBOM KO-
TOPO¥ OCYIIECTBIAETCA B3aUMOJeHCTBHE MeXK 1Y YaCTUIIaMH Bellle-
CTBa MJu TejaMu. 10,110 CBOICTBeHHEBI HeIIPePhIBHOCTE B IIPOCTPaH-
CTBe M OTCYTCTBHE MacCCHI IIOKOS.

Ilose u BeltecTBO Hepa3pLIBHO CBA3aHEI MeXKAY coboil, o6pasys
eIUHYIO MaTepHIO HAIIero MUPA.

BakueiininM yHHBEPCAJIBLHEIM CBOMCTBOM MaTEPHH ABJIAETCS KOP-
NYCKYJIAPHO-BOJIHOBOH AyanusM. BceM MUKDPOOOBEKTAM IPUCYIITH O -
HOBPEMEHHO H KOPHOYCKYJIsPHbIE, 1 BOJIHOBEIE CBOCTBa. BriepBrie
KOPIYCKYJIAPHO-BOJTHOBOH Ayan3M GbLI YCTAHOBJIEH 4J1A cBeTa. OneI-
TBHI IO HHTePPEpEeHIINH, TUPPAKIIUH CBETA CBUAETEILCTBOBAJIH O €T0
BOJIHOBOI IpHpoe X NOATBEPIK AN TeopHuio MaKcBeilIa, yCTaHOBHUB-
HIYIO, YTO CBET IIPeJcTaBiseT cob0ii aIeKTpOMarHUTHEIE BOJIHEI.

AnexkrTpoMarauTHOH (9M) BosHO# Ha3BIBaeTCA IpoOIiecC pacipo-
CTpaHeHHs B IIPOCTPAHCTBEe B3aHMOMHAYIIMPYIOIIUX APYT Apyra
IIepeMeHHEIX 3JIEKTPHYEeCKUX M MATHUTHEIX IOJICH.

OcHoBHBIe T0J0eHNA 06 OM noJie 6bLIH CHOPMYJIUPOBAHEI AH-
ryniickuM pusunkoM MakcBesyioM, 00beJHHUBIIHNM B pAMKaX eIu-
HOM TEeOpHH 3JIEKTPHUUYECKHe U MarHHUTHEIe ABJeHusa. M 65110 mo-
KasaHo, 4TOo 9M BOJIHEI PACIIPOCTPAHSAIOTCA B Cpele C KOHEUHO
CKOPOCTBIO, BEKTOPHI HaIIPAXEHHOCTH 3JIEKTPUYECKOro Iojsa E u
MAaTHUTHOTO ojiA H B3auMHO-NepHeHUKYJIAPHBL U Pas3bl HX KO-
JebaHUE OAMHAKOBEI. [JIA MJOCKOHM rapMoHHYecKO# OM BOJHEI,
pacrpocTpaHsAwolIeiicd B H30TPOIMHOH cpee 6e3 3aTyxaHusd:

E(x,t)=B,sino(t-x/v),
Hx,t)=H_sino(t—x/v) (11.1)

rae E(x,t) — MrHoBeHHOe 3HaYeHHMEe HAIPSIMKEHHOCTH 3JeKTpHUYec-
Koro moJis, B — ee MakcuManbHoe 3HaueHne, H(x,t) — MraoBerHoe
3HaueHUe HAIPAMKEHHOCTH MarHUTHOTO 101, H —ee MmakcuMains-
HOe 3HAYEeHHUeE, () — IUKJINYECKAs YaCTOTa; V — CKOPOCTh PacIpoCT-
paHeHus OM BoJIHE, t — BpeMd, X — KOOpPAHHATA BAOJb HallpaBJe-
HUS pPacIIpoCTpaHeHNUs BOJIHEIL.

JInvHa BOMHBI A ¥ mlepuo] Kosebanuil T ¢cBA3aHLI COOTHOIMEHNEM:

A= vT. (11.2)
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JMHOH BOJIHBI HA3LIBAETCHA PACCTOAHNE MEKAY ABYMA Oamsxaii-
UMY TOYKaMH, KojiebaHusa BeauyuH E 1 H B KOTOpBIX mpoucxo-
AAT B OANHAKOBOM dase. CKOpocTs pacrnpocTpaHeHus OM BOJIHEHI B
BaKyyMe (C) ecTb BeJIUNYHNHA NOCTOAHHAA:

1

C=—F—,
V&t

e €, — 3IeKTpUUecKas nocrosanHas (€,= 8,85 1072 @ /m), i, —mar-
HUTHaA mocroanHas (K, = 47 107 I'n/m ). CxopocTs pacmpocTpase-
Husa OM BOJIHBI B OZJHOPOZHO# N30TPOIHON cpefie, MMEIOei OTHO-
CHTEIbHYIO AUEKTPUUYECKYIO IPOHUIAeMOCThb € > 1 M OTHOCHUTED-
HYI0 MAarHUTHYIO IPOHNULIAEMOCTS JL > 1, uMeeT BUJ;:

V=ﬁ- (11.4)

W3 ypaBueuns (11.4) cieayeT, 4To CKOPOCTH PACIPOCTPAHEHUA
9M BongsI B cpese (V) Bcerga MeHbIIie, YeM B BakyyMme (c).

BaxxHeiinmeit xapaKTepHCTHKOMH BOJIHBI BJIAETCS HHTEHCUBHOCTD
1 - cpexnee KonMUYeCTBO SHEPTUH W _, IepeHOCHMOe BOJIHOM 3a A1~
HUIY BpeMeHH Yepes eJUHUYHYIO ILIOIIAIKY, PACIIOJJIOMKEHHYIO ITep-
MeHNKYJAPHO HAalPABJIEHHIO PACIIPOCTPAHEHHA BOJIHEI:

W (11.5)

St
Bmecre ¢ Tem IL1aHK IOKAa3aJI, YTO JJIA 00BACHEHUA 3aK0HA PABHO-
BECHOT'0 TEIJIOBOT'O K3 TyUYeHHUA HeOOXOANMO IIPUHATH CHIIOTE3Y O JHC-
KPETHOM XapaKTepe M3JIyU4eHUA, IOJIarad, YTO SHePrusa NU3IyuYeHus
KpaTHa HEKOTOPOi BeJIMYNHE £, HA3BAHHAA UM KBAHTOM IHEPTHH:

€ =hv=he /A (11.6)

rie v — 4acToTa U3JydeHud, h = 6,62 - 1073 Ik - ¢ — mocroAHHaA
IInauka.

B nansHeiinteMm TpygaMu JiHIITEHA N pAJA YYEeHBIX OBLIO IIO-
Ka3aHo, uTo OM-u3ayueHue He TOJIbKO UCIIYCKAETCH, HO ¥ PaciIpo-
cTpansierca KBaHTaMu. TaK BOSHUKJIO IIpeACTaBleHIE 0 YaCTHIIAX
cBeTa GOTOHAX, HECYIUX KBAHT 3HEPTUH € I JBHKYIIUXCA CO CKO-
POCTLIO CBeTaA.

Taxum o6pa3oM, GBIJIO paspemeHo MPOTHEOPeYne, BOSHUKIIEE
eule B 17 croneTnn U coaeprKanieeca B yTBEPKIACHUAX, YTO CBET, C
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OJHOM CTOPOHEL, — 3TO BojIHA (['0iirenc), a ¢ APYroi — MOTOK «KOP-
nyckya» (Heioror). OM usiaydenue obnagaer IyaJu3MoM, TO €CTh
OJHOBpPEMEHHO M cBOiicTBaMH BOJIHEL (11. 1), ¥ cBOMicTBAMH DOTOKA
yactui (11.6). KopnycKyiapHO-BOJIHOBOH AyaJIU3M IPUCYI U APY-
MM MUKDPOYACTHIIAM, HaIpUMep 3JeKTPOHAM, HeHTpOHaM.

OauH BHJ MaTEepPHH MOJKET NpeBpaliaThLCs B APYroi U o0paTHO.
Tak u3BeCTHA peaKIUsa AaHHUTUIANNY (YHUYTOXKEHNA) ABYX aHTH-
YACTHIL: 3JIEKTPOHA B TIO3UTPOHA:

et +e >y+y. a1rm

B faHHOI peaKINH BellleCTBO — 3JIEKTPOH e~ U MO3UTPOH e — Ipe-
BpAIITAIOTCH B JBA KBAaHTAa 3JEKTPOMarHUTHOro noJjd. B pesyianra-
Te 9TOI peaKIiy MOT'YT 00pa3oBHIBATLCA JABA raMMa-KBaHTa, UMe-
10mue Hepruio He meHee 0,51 M3B kaxabIi.

H3BecTHO M 00paTHOE IpEeBpalieHe — peakIud DOXKACHUA aphl:

,Y_) e++e—. (11.8)

IIpu aToii peakninu raMma-GHOTOH BHICOKOI aHepruu (Goiee 1,
2 MaB) npu B3anMOAEHCTBHH C JIEKTPUYECKHUM II0JIEM AApa aToMa
TIpeBpalaeTcs B ABe YACTHUIIHI: 3JIEKTPOH M MO3UTPOH. TakuM 06-
pasoM, KBaHTHI 3JIeKTPOMATrHUTHOTO I10J1d IPEBPaNIaloTcs B Bellle-
cTBO. Peakniuy aHHUTHIANUN U POKAEHUA NNap ABAAITCA IpUMe-
POM IIepexoja OZHOr0 BUAa MaTeDHH B APYroM U OGPATHO. -

TJIABA 11. YEJOBEK U ®H3WYECKHE IIOJIS
OKPYHKAIOIIEroO MHPA

ITousaTrue «pusnuecKkre mMoasI OKPYRAIOIIEr0 MUPA », OUEBUIHO,
ABJAETCSA NINPDOKHUM U MOYKET BKJIIOUATH B ce0s MHOTHE SBJICHUS B
3aBHCHMOCTH OT IieJieli 1 KOHTeKCTa paccMoTpeHuA. Eciiu ynorpes-
JIAITH €T0 B CTPOro (Gpu3MYEeCKOM CMEBICJIE, TO €CTh KAK BUJ] MAaTEpHUH,
TO cJefyeT UMeTh B BUAY IIPEXJe BCEero 3JeKTPUYecKoe, MarHuT-
HOe, 3JIeKTPOMarsuTHOE, I'PABUTAIIMOHHOE II0JIA M II0Jjle BHYTDH-
ANEPHBIX CHJI. B 9KOJOrHYeCKOM KOHTEKCTE B 3TO HOHATHE MOTYT
OBITh BKJIIOUYEHBI IOTOKH MOHHU3HUPYIOIHUX YACTHI], AKYCTHUECKHE
1 BUOGpaIMOHHbIE [10J151, ATMOC(GEepHEIe U3MEHEeHHNA U pAJ APYTUX.

3azaua JaHHOH IIaBHI CO3HATEJBHO CY)KeHa, U B Hel paccMart-
pHBaIOTCA JIUNIL BOIIPOCHL BO3efiCTBUS Ha UeJIOBEKa 3JIEKTPoMAr-
HUTHBIX TIOJIeH ¥ ITOTOKOB MOHUBUDYIOIIUX U3yUeHHUHA.
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Bea 6nocepa 3emun: mpocreiiinue, oGIINPHEIE [APCTBA PACTeHUIA
M JKVBOTHBIX M 4€JIOBEK — HAXOANTCA B OKPY KEHHH €JUHOI0 MATEpH-
aJIBHOT'O MHPA, COCTABJIAIOLIETO ee cpely oouranaus. Coepa oburanus
ABJISIETCA HEOT'HEMJIEMEIM YCJIOBHEM PA3BUTHSA YKU3HH U OJHOBPEMEH-
HO CyMMO¥M (PpaKTOPOB, BINAIOIINX HA KUBBIe OPraHU3MEI U OIIpeJie-
JIAIOIIMX 3BOJIIOIIHIO dKUBOH mpupoAsl. OJHHM U3 CYIIIeCTBEHHEIX haK-
TOPOB chepbl OONTAHUA ABJIAIOTCA HOTOKM HU3JIYYCHHH, AeHCTBHUIO
KOTOPBIX ITOABEPraeTCsA BCe YKUBOe Ha 3eMJie. ITO 3JIeKTPOMarHuTHLIE
BOJIHBI, B 0e36pesXHOM OKeaHe KOTOPBIX HAXOAUTCA 3eMJIA, MEXK3Be3-
JTHOE M raJIaKTIiecKoe IIPOCTPAHCTBO, ¥ MOHU3UPYIOIINE H3ITYUYCHUA.

§ 43. EcTecTBeHHEIE HCTOYHMEH 3/ICKTPOMATHETHBIX H3JTyIe M

CoBokynHOoCTs OM BOJIH PAaSAMYHLIX AJHH OT THICAY METPOB IO
1072 M 1 Kopoue, pacipocTpausIoux cs 8o Beesennoii (8 ToM uncie
M B YCJIOBHAX 3eMJIH ), MOYKHO IIPEICTABUTE B BHIe IIKAJIE OM BOJIH.
CaMbIil [IMHHOBOJHOBBIH TMAIa30H COCTABJIAIOT PAJTNOBOIHEL, 3ATEM
110 Mepe YKOPOUYEHM A JJINHEI BOJIHEI CJIeAYIOT: MHppaKpacHoe, BUIH-
Moe, YILTpa(HOJIeTOBOE, PEHTTeHOBCKOE M TaMMA-HU3JIyYeHUA.

Heo6xoaumMo UMETHL B BHAY, YTO IPAHMIIEI AHAA30HOB YKa3aH-
HbIe IO IJTMHAM BOJIH, YACTOTAM MJIM PHePTUAM (DOTOHOB, IPHHATHI
YCJIOBHO. YKa3aHHBIE NUAMIA30HBI MEPEKPHIBAIOTCA APYT C APYIOM-
H B IpUpOJie He UMEIOT YeTKUX rpannn. PusndecKas Ipupoaa BCex
H3JyJYeHHi, COCTABJIAIOINX IIKANY, €IHHA: BCE 5TH U3JIYYeHUA —
3JIeKTPOMArHHUTHBIE BOJIHEL. B 3aBHCHMOCTH OT YACTOTHI V, a CJIEe0-
BaTeJbHO, N SHEePTHH (PoTOoHA hv, cyIlecTBeHHO MEeHAIOTCA CBOMCTBA
pacIpocTpaHeHHUSA U XapaKTep BzauMofeicTsusa M BoaH ¢ 6uos0-
FHYEeCKUMH 00'bEKTaAMH.

PenTrenosckoe
HNudpaxpacHoe . uaayuenue
H3JIyYeHHue (Y - A
,—J_
. Yo -
Panngaonnm | | P Y-U3JIyUeHe

106 10* 102 1 102 10*
3-102  3-10° 3-108 3-10! 3-10% 3.10¥ 3.10% v, In

10¢ 10% 1010 107 Ax

Puc. 11.1. ITIkasna 3/1eKTPOMATHUTHBIX BOJIH

BTa6a. 11.1 opeacraBiieHbI OCHOBHBIC XapaKTEePUCTHKH, MEXaHH3-
MEI H3JIYYeHHs, BUALI B3aMMOJEHCTBIA ¢ GMOIOrMYeCKUMH O0BEK-
TaMH U IpEMeHeHHe B MeuIlinEe OM BOJIH yKa3saHHBIX JHATIa30HOB.
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OCHOBHBEIM MCTOYHMKOM eCTeCTBeHHoro (npupojgHoro) g)oHa pa-
JUOBOJIH Ha 3eMJle ABAAIOTCA aTMOC(hePHbIE 2JIeKTPHUECKHe ABJIe-
Huga (rpossl, 3apHUIBI, IIIaPOBBIe MOAHNN), pagnonsayderaue Co-
HIIa ¥ 3Be3/]. UHTeHCHBHOCTE (hOHAa COCTABIAET B CPEHEM IPHMEPHO
107" Br/Mm2.

OCHOBHLIM €CTECTBEHHBEIM HCTOUYHNKOM usiayueHusa B UK, suan-
MoM m YP-auanasoHax apaserca CoJIHIE, a B PEHTT€HOBCKOM M
raMMa-auanasoHax TakiKe Me)K3Be3/Hble M rajlak THYeCKHe COObI-
Tusa (06pasoBaHue CBepXHOBLIX 3B€3][, KBa3aphl, IyJAbCaphbl U AD.).
@®oHOBaA MHTEHCHBHOCTEL B 3THX AMANa30HaX 3aBHUCHUT OT MHOTHUX
$haKTOpOB, B YACTHOCTH OT COCTOAHMA aTMocthepsl ¥ HOHOCHEDHI,
MATHHTHOTO I10JIs1 3eMJIH, COTHEYHON AaKTUBHOCTH M AD. X MOJYKET
M3MEHATbCA B JOBOJBHO MINPOKNX TIpeJiesiax.

OM Boaunl, uaymue ot CosHIIa, YeJIOBEK ONIyHIaeT B BHAE COJI-
HeuHoro Temia (MK-guana3oH), AHEBHOTO CBeTa (BUAHUMBIHN Juana-
30H ). YO-1uana3oH CONMHEYHOTO U3IYUEeHUSA IIPOABJIAETCA B BHJE
IIUTMEHTAIINH KOXKHOT'0 IOKPOoBa (3arap). PEeHTTeHOBCKOe U raMMa-
WM3JIyYEeHUA YeJI0BEeK HEelIOCPeACTBEHHO He OIIYIIAeT.

IInoTHOCTH mOTOKA ?HEPruM OM usayuennsa ot CosHIA Ha rpa-
nuile armochepsl cocrapaseT 1350 Br/M2. 9Ty BeIMYNHY HA3LIBA-
IOT COJIHEUHOU MOCTOAHHOM. ATMOC(eEpPa MOTJIOIAeT COMHEUHYIO
BHEPTHUIo, MOITOMY y IIOBEPXHOCTH 3eMJIH Ha MIHpoTe MOCKBEI HH-
TeHCHBHOCTE nmajaet g0 930 Br/m2.

Ha puc. 11.2 npeacraBiieH CeKTP COJMHEYHOro U3JNYUYeHUA Ha

BepxHeii rpaguIle aTMochepsl (1) 1 Ha moBepxHOCcTH 3eMiH (2).
g4

A, HM
800 12001600 2000
| '555 am
1470 aMm
Puc. 11.2. CoexTp conneunoro uzayuyennsa (1 — cneKTp Ha BepxHe#
rpanune arMocdepsi, 2 — Ha NOBEPXHOCTH 3eMJIH, €, — CIEKTPANLHAA
IIOTHOCTDL 3HEPreTUYecKOM CBETHMOCTH)
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Tabauna 11.1 OneXTpoMarHUTHBIE BOJHEL

Paguononms: Ymsrpaduoneronoe | PemrrenoBcKoe I'amma-
ATHHABIE, Hagpaxpac- Buaumerit H3TMydeHHne H3TydeHHe M3TydeHHe
cpennne, HOE cBer
KOPOTKHe, H3IyuenHne
¥BY, CBY Homunsupywomee H3JIydeHHE
JymMHA BOMHBI 10° M —1 MM IvMm — 0,76 mxm | 760 — 380 am 380 — 10 M 80 - 10" um 0,1 aM u MeHee
JHeprua KBanTa P
P [oB] 1,2*¥10° - 1,2%*10* | 1,2*10"* - 1,6 1,6 - 3,3 3,3 -120 10 - 0,5*10¢ 0,2*10° u Gonee
Hero - Jsnxenue H3JIyYeHne
. envii 3apAJ0B C HMB3JIyYeHHe MOJIEKYJ U ATOMOB H3JIydeHne aTOMOB BO36YKAEHHOTO
’ YCKOpeHHeM Axpa
Ionspuzanua K
MK TPUKOB PDoT0o6HOIIOTHIECKHE TTPOLECCHI OTepeHTHOE
i paccesHue
R —— BO3HUKHOBEHUE
TOKOB
BEIIECTBO poBoZMMOCTH B AKTHBAIIUA AKTHBAINA POTOXAMHYIECKHE HOHHBAITUA
- TEpMOpELENTo- | 3PHUTENbHBIX peakuuy Ha D0oT0- ¥ KOMOTOH->(PheKTEL
HIKOCTAX PoB PpelenTopoB NIOBEPXHOCTH KOXKH ol6pasoBanue Iaphl
VYBY-repanusa CBeTOJICUeHHe Creroneuenne P r
CBY-repanus TEIJIoB0e nasepuad * Y®-repamua CHTTEHO" amma-
IIpumenenue B | Dupnopammosonanl Jieerme Tepanua Cunres BuTamusa [ Tepanui repanma
MeaHIMHEE
JlarsocTKa ¢ IOMOINBIO KAPTHPOBA- JIIOMHHECHIEHTHBIE METO/LI PentreHo- Paguonyknens-
HHA TEIJIOBEIX IOJeii OpraHuaMa AMACHOCTHKU JVIarBOCTHKA HAA JHATBEOCTHKA




Kaxk caexyeT U3 pucyHKa, MAKCUMYM 9HEPTUH U3JIYUEeHUA [IPU-
xoguTca Ha A =470 HM, a Ha HOBEePXHOCTH 3eMJIH — Ha AJHHY BOJI-
HBI 0K0JI0 555 EM. Y®-usnyuenne kopode 290 HM morjomiaercsa
030HOBBIM CJIOEM OKOJIO BepXHell rpaHuIbl aTMocdepbl, a 4acTh
AJINHHOBOMHOBOTO MK-U3n1yUeHUA — BOAHBIM IIAPOM.

Buocodepa 3emsu, B TOM UHCJIe U YeJIOBEK, PA3BHBAJINCH B yCJIO-
BHAX OTHOCUTEJIBHOT'O IOCTOAHCTBA COJIHEUHOH pajHallii, II03TO-
MYy M3MeHeHUe SHepruH, najamwineil Ha 3emMiaio B guanasonax UK,
BUANMOM U Y®P, onpegesisieMoe COCTOSIHHEM aTMOC(hephl U HOHO-
cepsl (HampuMep, DOABJIEHAEM O030HOBBIX ABIP), MOXKET OTPHIA-
TeJILHO BJIUATH Ha CYIIeCTBOBAHME KHU3HH. '

Hapsaay ¢ ykasaHHBIMHA €CTeCTBEHHLIMHU 00BLEKTAMH, U3JIy4alo-
mumMu M BOJIHBI, CYIIIECTBYIOT U APYTHE IPUPOJHbIe UCTOUHHKH.
B yacTHOCTH, NCTOYHHUKOM 3M H3JIyUeHHUA ABJSIETCSI OPraHu3M Ue-
soBeKka. IloHnMaHMe GU3UIECKNX MeXaHU3MOB BO3HUKHOBeHus OM
BOJIH OTKPBIBAeT BO3MOXKHOCTH H3YYaTh IIPOIECCHI PELeIIINH, 3JIEK-
TpOTeHe3a, PACIPOCTPaHEeHUEe HEPBHLIX MMMYJbLCOB B AKTHBHBIX
cpeAax | IeJbIi AL APYTHX »KU3HEHHO BaKHBIX QYHKITHII.

CoBpeMeHEAasa HayKa pacCMaTpUBAaET JBa II0JX0Aa K 00'bACHEeHUIO
MexaEuaMoB IM unsiayuenusa. IlepBriilt 6asupyercs Ha 3aKOHaAX
KJIaCCHUYEeCKOI 3JIeKTPOAHHAMHUKY B OCHOBE KOTOPOH JICKUT TEOpHUA
Makcsesna. Bropoil ncnojib3yeT 3aKOHBI K8AHMOB0I MEeXAHUKU.
O6a noaxoaa 0GBACHAIOT BOBHUKHOBeHHe OM BOJIH B pasMM4YHbIX
AUANa30HaX M B3aMMHO JONOJHAIOT APYT ADYTA.

§ 44. BaaumMoaeiicTBHe 3JJeKTPOMATHUTHLIX HIIyYeHH
C BeIeCTBOM

IIpu npoxoxxkaennu 3M BOJIHBI Uepe3 CJIOH BeIlleCTBa TOJIITHHON
X HHTEHCHBHOCTH BOJIHEI I yMeHbIIIaeTCs BCJIEACTBHE B3auMOJeii-
ctBuA OM noJiA ¢ aTOMaM¥ ¥ MOJIEKYJIaMH BelllecTBa. I deK T B3a-
MMOJAEHCTBUA MOTYT OLITH PA3JIMYHLIMU B Pa3HLIX BEIeCTBaX U JJIs
Pas3HBIX AJIHH BosiH. Ho o61nrii 3aK0H ociabieHUsI THTEHCUBHOCTH
BOJIHBI O0Y/IeT OANHAKOBBIM

I=1,-e™, (11.9)

rae I, - "HTeHCMBHOCTD IAAAIOIIEr0 U3JydeHus.

9To BHIpa)KeHNe HOCUT Ha3BaHUe 3aKoH Byrepa, || HasbIBaer-
ca KoadbdunmenTom ociaabireHuna. B o6mem Buge ocyaabieHue on-
pelejiAeTcs NOTJIOLIEeHNEM U paccesHUEM 3HepTuH OM BOJIHEI Be-
mecTBoM. BestnunHa |L 3aBHCUT OT IPUPOALI BellleCTBA M JJIAHEI
BOJIHEI.
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PaanoBoansi. K pagnosnanasony OTHOCATCA caMble NJIMHHBIE
OM BosHmM : A =3 - 10% 1o 1 M (wacrora 10° 1o 3 - 108 Tn) — gamu-
HBIE, CpeqHHue, KOpoTKue u YKB-auanaszons:, u A or 1 10 1023 M
(gyactora 3 - 102 — 3 - 101 Ty) — MEKDOBOJIHOBEIM guanasoH. Pa-
IVOBOJIHBI, B3AMMOJENCTBYA ¢ OMOJIOTMYECKMMHE CTPYKTYypaMu,
MOTYT TEPATH UYACTH SHEPTHUH IIeDEMEHHOI'0 3JIeKTPHYECKOTO 014,
npeBpalnamIneica B TEMJIOTY, 3a CYET I'eHepalluy TOKOB IPOBO-
IUMOCTH B 3JIEKTpPOJUTax (KpoBH, JuMde, ITUTONJIAa3Me KJIETOK)
¥ 3a CcUeT HMOJAPHU3alUU JU3JeKTPUKOB TKaHel oprarnsma. Oco-
0eHHOCTH PACIPOCTPAHEHUA 3JIeKTPOMArHUTHHIX BOJIH B JKHBBIX
TKAHAX:

1. XapaKkTepHO# 0COGeHHOCTHIO JKNBLIX TKaHeH ABJIAETCA CHUJIb-
HadA 3aBHCHMOCTDb MX 3JIEKTPUYECKHX CBOMCTB: AN3JIEKTPUUYECKOHN
TIPOHHUITAEMOCTH € ¥ MIPOBOSUMOCTH G OT YaCTOTHI PAJUOBOJIH.

2. C poCTOM YacTOTH! V JJIHHA BOJHEI A 5JIeKTDOMATHUTHEIX BOJIH
CTAHOBUTCS COM3MEpPUMOIi ¢ pasmepaMu Teja. Kak uspecTHo, qyiu-
HAa BOJIHBI A B BeIlleCTBe C JUIJIeKTPUUECKOM IIPOHHIIA€MOCTBIO £ OII-
pelensAeTcs BHIpasKeHueM: A =c¢ / (V\/E ), raec=3-10%m/c — cKo-
pocTs cBeTa. Hanpumep, Ha uactore 460 MTI'ny, npumMeHsaeMoii B
dusuoTepanuu, JJIMHA BOJHLI B CBOGOZHOM IpocTpaHCTBe (€ = 1)
cocTaBaser okoJo 0,7 M, a B MATKHUX TKAaHAX TeJia YeJOBeKa TOJIb-
Ko okoJyio 0,1 M. ) )

3. Ha BLICOKHMX M CBepXBEICOKHX YaCTOTaX BCJIEJCTBUE BHICOKOH
TIIPOBOJHMOCTH TKaHEH 3Heprus 3JIeKTPOMarouTHOH BOJIHEI OLICT-
PO IMCCHUITUPYET B TEILJIO U BOJHEI OUeHb OBICTDO 3aTYXAalOT II0 Mepe
IPOXOKIeHNA 110 TKAHAM TeJIa: 3aTyXaHHe 110 MOITHOCTH Be = 2,72
pasa mpoucxoguT Ha nyTu B 1,525 cM. 3To BaXXHO 3HATH IIpU aHa-
JiN3e MEeJHITUHCKHUX [IPHJIOKEeHHH.

PaauoBoIHLI OT HCKYCCTBEHHBIX HCTOUHUKOB MOTYT HMETE 6OJIb-
IIYI0 HHTEHCUBHOCTH M OKA3BIBATH OTPHIlaTeIbHOE BIHAHNE Ha
JKU3HEHHO Ba)XHEIE IIPOIecChl.

W cKycCTBeHEEIMY HCTOYHMKAMHM PAAUOBONH ABJIAIOTCS Paguo-
BelllaTeJbHble U TeJIeBU3HOHHbIE CTAHLINH, DAJAUOJOKATOPHI X CITYT-
 HHUKOBBIE CHCTEeMEI ¢BA3u. Onu MoryT fgasath Ao 30 - 10° Bt B um- -
myJbce Ha yacToTax oxkoao 101 I'n. J1s yesioBeka, HAXOAAMIETOCH
B HOCTOSTHHOM I10JI€, HETEHCHBHOCTH paguosoiH 0,1 Br/m? cunra-
ercsa Gesonacuoil. Ha paccrosmnmnax 6osee 0,5 KM OT paguosema-
TeJbLHBIX CTAHIUI pPafHOBOJIHE AJHEHOIO, CPeJHEr0, KOPOTKOTO U
YKB-n1uamna3soHOB He BHI3HIBAIOT B OMOJIOTHYECKHUX 00'beKTax 3Ha-
YUTEJbHBIX Onmodusndeckux spdexToB. B 30HaX, rlle HHTEHCUB-
HOCTB paguoBoJH gocturaet 100 Br/m2, npeGriBanue yeIoBeKa 3a-
IpelreHo HopMaMu BceMupHoil opraEmsanui 3gpaBoOXpaHeHN s
(BO3) . 3ddekTr HarpeBa 6MOJIOTHUECKUX TKaHel paJuOBOIHAMHU
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HMCIIOJB3YIOTCSA B MeAUIIMHE IIPH IIPOBeAeHU K (PU3HOTEepaneBTHYEC-
KHX IIPOLEAYP ¢ momombio anmnaparos YBY, CBY-repanuu, a Tak-
Ke HHIYKTOTePMHH.

UK, suaumoe n YD-usaydyeHUA MOTYT BHI3LIBATh cbo'roﬁno.norn-
YeCcKHe Ipolecchl B OHOCTPYKTYpPax.

BuauMEbIil cBeT BEISHIBAET ‘B PACTEHUAX PeaKIlMH (POTOCHHTE3A.

TIpu geiicTBum panbHero Y®-usnayuenus € > 12 a3B mosxeT npo-
HCXOLHUTh oOpazoBaHue CBOOOIHBIX PAJHKAJIOB ApOMAaTHYECKHX H
cepocoiepsxamux 6eJIK0B B THPUMHINHOBBIX OCHOBAHUNA HYKJIEU-
HOBBIX KHCJIOT. '

WK u BuauMble BOJHLI aKTUBHPYIOT TEPMO- H 3PHTENBHEIE pe-
LIeIITOPHI coOTBeTCcTBeHHO. [leficTBue UK-usiyueHna Ha OpraHusM
CBA3aHO, MIPEXKJe BCEro, C TeILIOBLIM 3((EeKTOM B IIOBEPXHOCTHEIX
TKaHAX. [[J1A nIporpesa UCNoab3yIOT KOPOTKOBOJHOBYIO yacTh UK-
IuarasoHa. :

Yd-usnyueHne IpOHUKaeT B TKAHU OpraHU3Ma Ha rayOuHy KO
1 mMm. Ilornomenne Y®P-usiyueHusa cBa3ano ¢ GOTOXHMHYECKUMHU
peaKIHAMH M MOKeT MPUBECTH K IOABJIEHHIO 3pUTEMEI (IIOKpac-
HeHHe U 3arap). BulaensoT Tpu 30HEHI AecticTBuA YD Ha opranusm:
A — antupaxurHas (400-315 M) — uaeT cuHTE3 BUTaMuHA II;
B — spuremHas (315—280 um) BosHHKaeT 3puTeMa, oxkoru; C — dak-
repunugaas (280—200 HM) — MoXeT BLISHIBATH KaHIIEPOreHes3, My-
Tanum, 6aKkTepunuAHLIH 3 dexT. ITocrenauii HCIIOAb3YeTCH B OIIe-
PAIIMOHHLIX M IIEPEBA30YHEIX OTAEIEHNAX KIUHHUK AJ Ae3uH(peK-
LMY TIOMEIIleHHiA.

PenTtrenosckoe u raMMma- na.nyqunH 00saa10T BEICOKHMH 3HEP-
THSMH KBaHTOB, UTO OIpeJeNseT X cIelnuduuecKkoe B3auMOAeL-
CTBUE C BEILIECTBOM, — 3TH U3JIyUeHHUS ABIAIOTCA HOHU3HPYIOIUMH.

Pentrenosckoe najgydyeHne IIpH B3aNMOAEHCTBHH C BEIECTBOM
MO’KeT KOTepeHTHO pacCeuBaThCA (IIPH B3aMMOAeHCTBHH (POTOHOB
HEBBLICOKHX 3HEPTHi ¢ 3JIeKTPOHAMHY BHYTPEeHHUX 060104eK). Penr-
TeHOBCKO€ M raMMa-u3Jy4YeHUs MOTYT BHI3BIBaATh (oToaddekT, a
P OOJMBIIUX SHEPruaX (POTOHOB — KOMITOH-3(deKT.

Oobpasymolieeca BTOPUYHOE U3JTyUYeHHUEe IPU KOMITOH-3tddeKxTe
JIe;KHUT Bcerja B 0ojiee JJIMHHOBOJHOBOM 00JIaCTH, YeM IIEPBHYHOE
H3JIy4deHHe. ITO 00bACHAETCA TeM, UTO YaCTh 9HEPIHH HCXOAHOTIO
PEHTreHOBCKOr0 MK raMmMa-(oTOHOB PacXoAyeTCs Ha COBepIIeHNe
paGoTHI BEIXO/a U COO0IIeHNe 3IEKTPOHY KMHeTHUECKOH 9Hepruu.

BropuuHOe M3ayUeHMNe TaKKe MOXKET OBITh HOHM3UPYIOIIUM, Ha-
npuMep, Npu B3auMMOJeCTBUM raMMa-(OTOHA C BEIl[eCTBOM MOXKeT

_ BO3HMKATh BTOPUYHOE U3JIyUYeHHEe B PeHTIeHOBCKOM AHanasoHe.

I1pu BaaumopeiicTBMM raMMa-(OTOHOB BEICOKO# 9HEPriH ¢ Belle-

CTBOM MOI'yT 00pasOBBEIBATHCSA HaPHI: 3JeKTPOH-O3uTpPoH (11.8).
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PaccmoTtpenHtble addheKTH B3aUMOeiiCTBUA PEHTT€HOBCKOTO 1 TaM-
Ma-"3JIYy4YeHU ¢ BelecTBOM MOTYT UATH HEe3aBUCHMO M OJHOBDE-
MeHHO. oA Toro uiu mHOrO 3ddeKTa B 00I11eil KapTHHE B3aNMO-
AeHACTBHASA 3aBUCHT OT SHEPTHH (POTOHA (AJTHUHLI BOJHBI N3JIYUYESHN)
M MOPAAKOBOT'0 HOMEPAa BEIeCTBa.

Oco0eHHO CJIOMHEIM fABJIAETCS MPOABJIEHUE 3THX CBOMCTB IIPH
B3aMMOJEeHCTBUHY PEHTT€HOBCKOTI'O U Y-U3JIyUE€HUA C OMOJIOTHYECKH-
MH 00beKTaMu. OTO CBA3aHO C TEM, UTO IIOTJIOIIeHUE Pa3IHUHBIX
TKaHell OpraHu3Ma MOXKeT CHJIBHO OTJINYATHCA.

OrnHO# 13 BasKHBIX XapaKTepUCTHK IM-HU3IyuyeHNus, ONpeaes-
Iomei xapaKTep ero B3aUNMOJeHCTBUA ¢ OHOJIOTHYeCKUMH 00beK-
TaMH, ABJAETCA 3Heprud ¢oTona €. MuI roBopuiu pasaee, 4to OM-
H3JIy4YeHHe o0IasaeT OfHOBPEMEHHO KAK CBOMCTBaAMH BOJHEI, TaK
M CBOMCTBAMM YaCTHIBI (IPOABJIEHKE KOPNYCKYJIAPHO-BOJIHOBO-
ro gyajusma). BeIpaskeHHOCTh KaXXA0Tr0 U3 STHX CBOMCTB 3aBUCHT
OT AJINHLI BOJHEI. Tak, B paguoauanasone 1 B UK-usixyuyerun npo-
ABJIAIOTCA BOJHOBEIE CBOMCTBA (AudpaKIUA BOJIH, HHTephepeH-
IMd), B BHANMOM JHAIla30HE U Te U JPyrue CBOMCTBA BHIPAYKEHE]
IPHUMEPHO OJUHAKOBO (fudpaxknusa — BOJHOBEIE, hoTo3dhPpexT —
KopnycKkyaapHsbie). C yMeHbIDeENEM [JIUHEI BOJHEI CHJIbHEE IIPO-
ABJIAIOTCA KOPIYCKYJApPHEIE cBOMcTBa OM-usnyuenusa. Haunnas
C 9HEPruM KBaHTa, IpUMePHO paBHOM 12 5B (15B=1,6-10° I:x),
YTO COOTBETCTBYeT JajibHeMy Y®, m najee B AUaNa30He PeHTTe-
HOBCKOT'O M TeM (oJjiee raMMa-u3jay4yeHud, OM BoJHa BejeT cebsa
KaK IDOTOK 4acTun,. C »3Toi ycJOBHOHN rpaHunsl OM-u3IydeHHUA
MOT'YT HOHH3UPOBATEH BEIeCTBO, X II03TOMY, HAYMHASA C JaJIbHET0
YO, peHTreHOBCKOE M TaMMAa-HU3JIyUYEeHUSA OTHOCAT K HOHU3UPYIO-
o[uM,

Brimie MBI pPACCMOTDEJIH OQ¥H U3 BUAOB U3JIYYEHHH , BO3AEHCTBHIO
KOTODPHIX TOJBEpraeTcsa YejIOBeK, a HMEHHO 3JIeKTPOMArHUTHEIE
BOJIHBI BO BCceX AHamna3oHax. Temeps nepeiijeM K PACCMOTPEHHIO
H3JIy4eHUH, BOSBHUKAKIIINX B Pe3yJIbTATE BHYTPHALEPHEIX IIPOIIEC-
COB — PaJHOAKTHBHBIX U3JIyYeHUI.

§ 45. Buasl M CBOICTBA PAAMOAKTHBHBIX H3JIyYeHMi

ITo coBpeMeHHLIM IpPeACTaBJACHUAM AP0 ATOMA COCTOUT U3 HYK-
JIOHOB: IPOTOHOB : p ¥ HeHTPOHOB tn . Paszmep aapa npubIn3uTEIb-
HO B 10° pa3s MeHpIle pasMepa aToMa, HO IOUTH BCA Macca aToMa
COIEePXUTCA UMEHHO B Alpe.

B npupozge nHabaroaaeTcs ABJieHHE PaIHOAKTHBHOTO pacnafa — ca-
MOIPOM3BOJIbHOE (6e3 BHEeIIHNX BO3JeHCTBHUI) IpeBpallleHue Afep
olpefieIeHHBIX 3JeMEHTOB B AApa APYTHX 3JI€MEHTOB C HCITyCKaHM-
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€M paJuOaKTHBHEIX N3JIyuYeHUil. PagioakKTHBHEIE U3JIYYE€HNSA NCTO-
pHUYecKH OLLIK Ha3BaHBI aJib(a-, 6eTa- 1 raMMa-uanydeHnsaMu. Ilo-
TOKM ajb(a-4yacTHil, 3JIeKTPOHOB 1 IO3UTPOHOB, & TAK)KE raMMa- U3~
JIlyJYeHHe BO3HHKAIOT IPH PAXHOAKTHBHOM paciafe:

1) o-uacTunkl 06pasyOTCa B pe3yabTaTe O pacnaza TAMKENbIX
agep: »

A A-4 4
2 X9, Y+,,0,

O-YaCTHIILI COCTOUT U3 4-X HYKJIOHOB: ABYX HEHTPOHOB M ABYX
HIPOTOHOB; '

2) IOTOKH 3JIEKTPOHOB M IIO3UTPOHOB BO3HUKAIOT B PE3yJILTATE
B-pacnaga:

1 1 0 &
o> P+ e+V,

ip—pn+, . e+v,

rae e — oaeKTpOH, ) e — MO3UTPOH, V i V — HeHTPUHO U AHTHHEH-
TPHHO COOTBETCTBEHHO;

3) o- u B- pacmajgsI MOryT COIPOBOMKAATHCH Y-U3NyYeHUEM (KBaH-
THI 3JIEKTPOMArHUTHOIO II0JIS ¢ BRICOKOI aHeprueii). BosMOXXHEI 1
IpyrHe Iponecchl, IPUBOAAIINE K TAMMA-U3TYYESHHIO,

K ocHOBHLIM cBOMCTBAM PaAMOAKTHBHEIX U3JIYYEHHN OTHOCATCS
MX OPOHHUKAIONAA U MOHU3UPYIOIasd CIIOCOOHOCTH.

Tab6nuyal1.2. XapaKTepUCTHKY PagOaKTHBHBIX U3JIYyIeHUN

Bug | 3Bapsang| Arom-| Cpenusasa | JIuneiinasa | Cpenamnii tuHeHHBIH
usny- | Zen. | maa | sHeprus, | MIOTHOCTL npober, M
yenuda | sneMm. | macca 10% 5B HOHH3amHH 1

sapag| A, (Bo3ayx), | (y-manydeHuns lY ~—)
a.e.M nap/cm
: TKaHH
BO3AYX
» OpraHu3M
ansha 2 4 4-8,8 ~3-10* (2-8)102

Gera 1 0 0,01-10 50 -250 10 1,510

raMmma 0 0 0,2-3,0 300 300 oxoJo 1
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Honusupyowas cnoco6Hocms U3IyUYeHUA OLleHUBAETCS JIMHel -
HOM MJIOTHOCTBLIO MOHHU3AIUH i:

. dn
i=—,
dl

rae dn — 4¥CJI0 MOHOB OAHOTO 3HaKa, 0GpasoBaHHBIX MOHUSHUPYIOmIei
yacTureil Ha ssemenTapaom myTu dl. Ha npakTuKe aTa BeJIM4uHa o1e-
HUBaeTCA KOJIUYeCTBOM IIap HOHOB, 00pa30oBaHHBIX yacTHIeil Ha 1 cM
npobera. IIpornukaiow,as cnoco6HoCcmMb U3AYUeH A OTIeHUBAETCS JJIN-
HOi1 ¢cBoGogHOTO TIpObera Nin cpedHuM AUHElHbIM npobezom — CPefi-
Hee PacCTosAHKe, KOTOPOe IIPOXOJUT YACTUIIA B JAHHOM BeIlleCTBe, MIOKa
OHA cIoco0HA MOHU3UPOBaTH. MOHUSHpYIOMIasa M IPOHUKAIOIIAA CIIO-
COOHOCTH YaCTHUIL, 3aBUCAT OT UX 3apAa ¥ MacChl, 4 TAKXKe OT ILIOTHO-
CTH BellleCTBa, B KOTOPOM HJET IIpoIiecc oHKH3auun. YeM Gonbime 3a-
PAA M Macca YacTHUILI, TeM OoJbmIe ee CIIOCOOHOCTHE MOHUSHPOBATH
BEIIIECTBO ¥ TeM MEHbIIIE ee CpeJHUIl InHeilHbIH mpober. CpegHue 3Ha-
YeHUs SHEPruil, JUHEeHOH JIOTHOCTY HOHUS3ANUH, JUHEHHOro Ipo-
Gera s paf0aKTUBHBIX U3JIyUYeHUI IpUBeAeHH B Taba. 11.2.

BrIOUTEIE MPY HOHU3AUHK 3JI€KTPOHBI MOT'YT BHIOMBATE BTOPHY-
HbIE 3JIeKTPOHEI, 00J1a/jafoniue sHeprue, JoCcTaTOYHOM JJIs noce-
AYIOIIeHd MOHU3AI MY BemiecTB. Bo3HUKalomee B pe3yJbTaTe KOMII-
TOH-3¢)(eKTa PEeHTreHOBCKOe U3JIyueHHe, B CBOIO oUepeb, TaKKe
MOJKeT BBISHIBATH MOHUIAIHIO.

Penrrenosckoe usiyuenune u raMma-(OTOHbBI, BHI3hIBAs HE3HA-
YUTEJbHYI0 IePBHYHYIO HOHM3ANUIO, IOPOKAAIOT BTOPHYHYIO, B
pesyJibTaTe KOTOPOii NOJMHBIH HOBU3aNlMOHHBIH 3()deKT MoXKeT OBbITh
BechMa 3HAYHUTEJLHBIM.

BceneacTBue pa3jiNyHBIX MOHNUSHUPYIONINX U IPOHUKAIOMIUX CIIO-
cobHOCTeil paflMOAKTHBHEIX USJIYUEHHH CIIOCOOLI 3aIUTEI OT HUX
pasINYHbI: AJIA SaIUTHI OT (~YaCTHI] JOCTATOUYHO CJIoA Oymarm,
OJIe}KABI U T.II.; OT -H3IyUYeHHS MOKHO 3aI[UTUTHCA CAHTHMETPO-
BEIM CJIOEM JiePeBa, CTeKJa WM JI000ro JIErkoro MeTala; IJis 3a-
MUTHL OT Y-U3JIYUEHUsA IPUMEHAIOTCA TOJCTHIE (IO METPOB) CJIOH
BOALI, 0eTOHA, KUPIIUYHLIE CTEHRI, & TAKIKe IIJIACTHHBI U3 CBHHIIA
ToMIxuHOM K0 10 cM.

'§ 46. Jo3aumMeTpua HOHNSUPYIOMUX HITYIeHHH

K HoHN3HDYIOIUUM U3JIYYIeHUAM OTHOCATCHA PEeHTreHOBCKOEe U
Y-U3JIy4eHHne, IOTOKH (-JaCTHUIL, 2JIEKTPOHOB, IO3UTPOHOB, a TAK-
K€ IIOTOKHM HEeMTPOHOB M IIPOTOHOB.

HeiicTBHEe HOHHU3UPYIOMIUX U3JTYUYEHUH HA BEMIECTBO OIIEHUBAIOT
nmosoit D. B rabnue 11.3 npuBejeHbl eAUHUIL U3MEPEHUA YIIOT-
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pebiseMEBIX Ha MpaKTHKe f03. B OCHOBHOM Ha HPaKTHKe HCIOJIb3Y-
10T BHECHCTEMHEIE e JTUHHUIIBI.

JIsg MATKUX TKaHEe# U BOAHI AJA PEHTIeHOBCKOI'O U raMMa-u3-
Jy4YeHWH YHUCcIeHHbIe 3HAUEeHNUA PA3HEIX 03 PABHEI:

1P
1pan

COOTBETCTBYET
H MM COOTBETCTBYET

3KCIO3UIINOHHAA 034
MIOTJIOIIEHHOMH A03€e
6uosornyeckas 03a 169p.

IIpu o6iyueHHHN OpraHU3Ma HOHU3HPYIOIIUMH H3IYyYCHUAMH,
HanpuMep IIPH DpoHeaypax Jy4eBoi Tepanni, B y4aCTKaX TKaHe,
HaXOJAINXCA HA PA3HBLIX MNIYOHHAX, HOTJIOIIAETCA Pa3sHAA BeJH-
YWHA SHEPTHH, a CJEJOBATEJILHO, U IIOIJIOIMeHHAaA A03a AJA HTHX
rayoun Oyger pasHada. JlJs usaydeHu# ¢ Majxoi sHeprueil hoToHa
pacunpenesenue D_mo riy6une 6yJeT onmpeneaaTbCA dKCIOHEHIH-
aJILHEIM 3aKOHOM oOcJiabJjieHNsI HHTeHCHUBHOCTH u3iaydeHud (11.9).

Tab6auya 11.3. JIo36I H HX €JHHKIILI H3MEPEHUSA

Jo3a |mOrJICINeHHAA | 3KCOO3HMIUOH-| OHOJIOrHuYecKasn
D, Had (9KBHUBaJICHTHAM)
CUCcTEMAa eAWHUL] D, D,
cHu Jox / KT 3usepr (3B)
T'peit (T'p) Ka / kr
: . 0op (6uomoruuéckmii
BHecucTemHble |1pax=10-2Tp | penrren (P) | skBuBajeHT paja)
165p = 107238

HKecTroe M3yueHHne BLI3BIBaeT 3p(PeKTH BTOPHUYHON MOHH3A-
1AM, a 3TO, B CBOIO OUePelh, IIOBLIIIAET JIOKAJILHOE BLIASICHHE SHEP-
rU¥ Ha rIyOWHAaX, Te BOSHUKAET BTOpHMYHAA MOHH3auuA. Taxkwme
3¢ deKTH MOryT HPUBOJUTH K NOSABJIEHHUIO HA HEKOTOPHIX XapaK-
TePHEIX IMyOMHAX MAaKCHMYMa IOTJIOIIeHHO 10361 D . Yem Bhimme
sHeprus ¢GoToHa, TeM IiIy0iKe CIBUraeTCsa MAaKCHMYM.

Ha puc. 11.3 npefcTaBieHbl 3K CIIepUMEHTAJILHBIE 3aBUCHMOCTH
HOPMHPOBAHHOI0 3HAYEHUA TOTJIOIEHHOMH 03Kl B 3aBUCHMOCTH OT
rIyOMHBI B TKAHAX AJA Pa3HEIX BUAOB U3MyUYeHHH.

Tak, Ipu 00JIy4E€HHM PEeHTTEHOBCKHUM HM3JIYyYEHHEM C 3Heprne1‘?1
¢dorona 0,2 MaB s¢ddeKTh BTOpHUHOH HOHU3AINN MAaJbl I YMEHb-
menne D mo riy6mue corsacyerca ¢ saBucuMocTsio (11.9) (puc.
11.3, a). OGJIyqune ¢ aHeprueii porona 6 MaB naer makcumym D_ '
Ha ray6use okono 20 MM, a ¢ sHeprueit 25 MaB makcumym D .ne-
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sKkuT Ha rry6uae 50 MM (puc. 11.3, 6). 3toT 3ddeKT UCIONb3yeTCA
IIpH JIedeHHUH ONnyXoJiei: HoA60poM KEeCTKOCTH H3JIyUYeHUA JOCTH-
raloT BHAeJICHHEe MAKCUMyMa 9HepPruy B MeCTe o4ara.

IToroku mpoTOHOB ¥ HEHTPOHOB ¢ 60JILIII0M SHEPTrUell HMeIoT Ma-
Jible KO3 GbUIIMeHTH ocaabaeRusa U OTAAIOT GOJBIIYIO YaCTh BHEP-
ruu (MakcumyM D_) B KoHIE mpobera ¥ MX KHHETHYeCKaA S9HePTus
CTAHOBUTCS CPaBHUMOI ¢ TemaoBoii (puc. 11.3, 8).

D /D,
A\"/ ®

0,75

0,50

0,25;

e ———————

N

1
50 100 150 ~x(mm)

Puc. 11.3. Pacnipesienienne DOrIOIIEHHO 9HEPTMH B TKAHAX OpraHu3Ma
IIPU BO3IefICTBUH PASHBIX BUAOB U3JYUEHUII: a — PEHTreHOBCKOe U3Jiyue-
HHUe ¢ sHeprueii porona 0,2 MaB; 6 — TopMO3HOE UBJIyUEHHUE C SHEPrueit
doroma 25 MaB; B — TOTOK IIPOTOHOB ¢ 9Heprueii 160 MsB. Ilo opaunate —
IOrJIoHIeHHAA 4038, HOPMUDOBAHHAA Ha SKCIIO3HIMOHHYIO (X — riybuHa
TKaHM, 3alITPUXOBAHHAA 30HA — 30Ha o4ara)

Buosornueckad fo3a (9KBUBaJIEHTHAsA) 3aBUCUT OT BHJA U3JY-
YeHUs U CBA3AHA ¢ NOTJIOUIEHHOH COOTHOIIEHNEM

D,=KxD, (11.10)

rae K — koadbunuesT KauecTsa, 3aBUCAIUI OT BUAA N3JIYUCHUA:

BUJ U3JIYyYEeHUSA K
PEHTTeHOBCKOE ¥ raMMa-u3JydeHue 1
HeHTpOHBI, IPOTOHEI ‘ 10
anbha-u3aydeHue 20
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W3 Bripaxkenns (11.10) caexnyer, uto adhdekT AeiicTBUSA Ha opra-
HH3M YeJIOBeKa PAAUOaKTHBHEIX H3JIYUYeHHH CYIITeCTBeHHO 3aBUCHT
He TOJBKO OT BeJIMUMHEI IOTJIONIeHHON sHepruu D_Ha 1 Kr, HO H OT
BHJA JeMCTBYIONIETO U3JIyYeHNA.

IIpu geiicTBHM Ha OPraHN3M INOTOKA HEHTPOHOB MOTYT IIPOMC-
XOAHUThH: YIIPYTOoe cCOyAapeHne ¢ AIPOM M BTOpHUUYHAS HOHM3aIINI;
Heyupyroe coyaapeHue ¢ SAPOM ¢ HCIIYyCKaHHeM Y-KBaHTa; 3aXBaT
HeHTPOHA AApPOM ¢ 00pasoBaHKMeM paJuoaKTHBHOTO usoroma. ITo-
ciaeauunii apdexT MoKeT ObITE IPUINHOM 06pa3oBaHUs B OPTaHUS-
Me pPagMOAKTHBHBIX M30TOIOB:

H (n,7y) o *H geiiTepuii
2Na (n,7y) - 24Na
3P (n,Y) - P

a TaKe MOKeT UIATH DAL IPYTHX PeaKIluii.

ITpu B3auMOgeHCTBUYN HOHUSHUPYIONINX U3JIYIYEHUH ¢ BOLOH Ipo-
WCXOJUT PAgHO0JIN3 BOABL, B pe3yJbTaTe KOTOPOT'O BO3MOXKHO 00pa-
30BaHMe BO30yxAeHHbIX Moeky (H,0%), nonos (manpumep, H,0%),
paguxanos (Eanpumep 'H, ‘OH), mepexucu Bogopoaa (H,0,). 9tu
BBEICOKOAKTHBHEIE B XUMHUYECKOM OTHOIIIEHUU COeJUHEHUS MOTYT
B3aMMOJEHCTBOBATh C OCTAJLHBIMU MOJEKYJIaMH GHOJOTHYECKON
CHCTEMEI, YTO MOXKET IPUBECTH K HAPYIIeHUI0 HOPMaJLHOTO GyH-
KIITMOHUPOBaHUA MeMOpaH, KJIETOK U OPraHoB.

Kpome Toro, meificTBHe paguoaKTHBHEIX U3JIYUYEHUH MOXKET BBI-
3BIBATh B OpraHusMe 00pasoBaHNe CBOOOAHEIX PAJHKAJIOB HYKJIEH-
HOBBIX KHCJOT, JIUOUAOB U AP.

MoniHoCTh 403kl OnpeAenaeTcs o GopMyae:

D
P=—.
t
11 BHECHCTEMHBIX € JUHUIT u3MepsAeTcA B pag / ¢, P / uac, 63p / rox

H ap.
§ 47. EctrecTBeHHBIH paAHOAKTHBHLIN dhoH 3eMiIH

Ha 6uocdhepy 3eMiIu HempepEIBHO AeHCTBYET KOCMHUYECKOE U3-
Jy4eHHUe, a TaKKe MOTOKH albda- u OeTa-yacTHI, raMMa-KBaHTOB
B pe3yJbTaTe U3Jy4YeHU A PAa3IUYHBIX PATUOHYKJINAOB, pacCeAHHBIX
B 3eMHOii KOpe, BoZie MOA3EMHEIX HCTOUHUKOB, peKaX, MOPAX U OKe-
aHaX, B Bo3Ayxe. KpoMe Toro, pafuoHyKJIUAE BXOJAT B COCTAB XKHU-
BHIX OpraHnu3MoB. COBOKYIHOCTD U3JIYYeHHH 3THX PAJUOAKTUBHBIX
UCTOUYHWKOB HA3LIBAETCA IIPUPOLHBEIM UJIH ecinecmeeHHviM paduo-
AKMUBHbLM POHOM.
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Haubonee pacnpocTpaneHHbIe Ha 3eMJje PafHOHYKIUABLI — BTO
20Rn, ?22Rn u °K, a Takxe paguOHYKJINALI, COCTABISIONINE DAL
ypaHa.

Paguanmumonusniii pou 3emMnu onpefesigeTca B OCHOBHOM CJEAYIO-
IIYMY IPUPOAHBIMU HCTOUHHUKAMH (B % YKA3aH BKJIAK COOTBETCTBY-
IOIIeT0 UCTOUHUKA B 0b1IHil hoH):

“20Rn u ?2Rn - 50%
WK - 15%
KOCMHYECKUE JIYUYH - 15%
HYKJIUJBI pAJa ypaHa - 20%

Hsoron pagona ?22Rn faet anbha-usayuenane 5,5 MaB Ha HYKIIOH,
COIIPOBOXKAaloIIeecs UCITyCKanneM raMmma-coroHos 0,5 MaB. Bmacce
crabuasHoro ¥K cogepsxutca 0,01% wusorona “°K, agpa KoToporo
pacmagaoTcsa ¢ obpasoBarneM °Ca, GeTa-U3IyueHNA ¥ TaMMa-KBaH-
TOB. ITOT U30TOM KAJINUA COAEPIKUTCA B IIOUBe,yAOOPEHNAX, & TAKIKE
B TOJIOBHOM MOST€, MEIIIIAX, CEJIe3eHKe ¥ KOCTHOM MO3T€.

KaxoBo cogep>kanue nsoromna ‘°K B opranusme uenosexa? B op-
raHu3Me 4eJoBeKa colepRuTcda okonao 0,3 % K no oTHoleHMio X
ero macce. Tax y uenoBexa mMaccoii 70 KT coiep>XUTCA B OpraHu3-
me okono 210 r K u 0,021 r pagumonyxkanga ‘°K. Ilepuox noaypac-
nanga *°K cocraBaser 1,3 - 10° net! MoXHO paccunuTaTh, 4TO B KaXK-
IVIO CEKYHIY B HallleM OpraHusme pacnagaercs 5 - 10% aromos ¥K,
a B cyTku 430 -10%! Ho aTo He mpeAcTaBideT A4 HAC HE TONBKO
HUKAKOI OIMacHOCTH, HO U, IIO-BHAMMOMY, SIBJIAeTCI Heobxoam-
MBLIM [JIsl pA3BUTHA OPTaHU3MAa, TAK KaK 3apOXKAEeHHe X Pa3BUTHE
KU3HM Ha 3eMile B I[eJIOM BCeT[a COIPOBOKIANIOCH ITHM IIPOIEC-
coM.

Kocvmuueckue 1yun BOSHHKAIOT B pe3yJIbTaTe MeK3Be3IHEBIX 1 I'a-
NaKTUYeCKUX coObITHiI 1 akTHBHOCTH ComHia. KocMmuueckoe us-
JIyUeHHe COCTOUT U3 IIOTOKOB IPOTOHOB BLICOKMX 3HEPruii, aanpa-
4YaCcTHUI, AAep HeKOTOPHIX 3JIEMEHTOB, IOTOKOB 9JIEKTPOHOB,
thoToHOB U HeliTpoHOB. MarHUTHOE OJie 3eMJIH OTKJIOHAET HU3KO-
SHepreTHYeCKMe 3apsaiKeHHbIe YaCTUILI. YacTHUITLI BHICOKHUX 9HED-
ruit, B3aUMOZeHCcTBY A ¢ aTMOoc(hepoii, 06pa3yIoT B pe3yabTaTe Afep-
HBLIX peaxnuil mesyio cepuio pagunonykannos *H, 'Be, 2Na u 1p. u
HOTOKM HENTPOHOB M TPOTOHOB. O6pasyloTcs KOCMHUYECKHe JINBHY,
COCTABJSAIONMEe BTOPUUYHOEe KOCMHYECKOEe U3JIyYeHne, TPOHHUKAI0-
Ilee B HUKHEE caou atMocheprl. Ha 6rocthepy Bo3aecTByeT HOHH-
3UPYIOIINI KOMIIOHEHT BTOPHYHOI'O KOCMHUYeCKOro usnyueHud. OHO
maet 1,9-2,5 nounsanuii / cm® 3a 1 ¢ Ha ypoBHE MOPA; B ropax B 2—
3 pasa BhIIIE.
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JlnanasoH 3KBUBaJICHTHHIX 03 fJ1s1 YeI0BEKA OT NPMPOJHBIX HC-
TOUYHHKOB, CO3JAIOINX PafUaKTUBHEIM (0H, MK3B 34 roj;:

BHellIHee obJIyueHHe; BHYTpeHHee o0JIydeHue;
KOCMHUYECKHe JIyUH - 300 40K - 180
WK -120 222Rn - 800
pazasl 28U u 22Th -230 20Rn - 130.

CpeaHsia MOUIHOCTH AO3EI 00JIYUEHUA OT BCeX HCTOUYHUKOB IIPH-
POZHOI PafUaliy Ha TOHAJBI, TaBePCOBEI KOCTHEIE KAHAIBI 1 KOC-
THBIM MO3I YejioBeKa KaK HauboJiee YyBCTBUTEIbLHBIE TKAHH K Jeii-
CTBHIO paJHaliuy cocTaBiasgeT okoyo 200 m63p B rox (2 m3B B roa).

OZHAKO paJUAIMOHHEIN (DOH B 3aBUCHMOCTH OT MECTOMOJIOMKEHN A,
BPEMEHH rofia, HaJIUUHU IPOMBIILICHHBIX IPEANDHUATHI 1 AD. MOMKET
MEHATHCSA B 3HAUMTEIBHLIX [Ipefiesiax. Tak, B TOPOAax MOLIHOCTE 03B
¢hoHOBOTO M3TyUeHNA COCTABJIAET B cpefHeM okoio 20 MKP /4ac u mMo-
JKeT MeHsAThCA B 2 U GoJiee pasa B PAsJINYHBIX pailoHax ropoga. Ha
puc. 11.4 opefcTaBjieHbB HICTOYHHKH PAZUAAIINH K JO3bI €CTECTBEH-
Horo ¢poHa 1 GPOHA, BEISBAHHOTO aKTHBHOH IeATEeJIHLHOCTHIO YeJIOBEe-
Ka [PH HOPMAJILHBIX YCIOBMAX QYHKIIMOHUPOBAHUA.

EcrecTsenHsuie 2

Hcrounurwu,
HUCIIOJb3YIOM{ecH
¢ megunune 0,4

PagyoaxTuBHEIE

ocagku 0,02
AToMHAaSA

sgepreruka 0,001

ITudpsl yKasHEBAIOT BEIXYNHY JO3HI B MUJLIH3eBepPTax

Puc. 11.4. Cpeaune rogosuie a@deK THBHbIE 9KBHBAJECHTHEIE 03I
06JIyueHHu OT €CTECTBEHHEIX ¥ TeXHOTEHHEIX MCTOYHUKOB pafgyaiuu
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BaxxHO 0TMeTHTL, UTO IPHUPOAHEIN PAAUOAKTABHEIN (OH, OKa-
3BIBaf BINAHUE HA PAa3BUTHE KA3HU HA 3eMJIe, ABIAETCA HEOTHEeM-
JleMO# yacThIo cheprl OOMTAaHHUA YeJoBeKa. B ycaoBuaAX pagnoak-
THBHOTrO (OHA NMPOUCXOAAT TAKHEe IIPOMECCH, KaK JeJieHHe
OJHOKJIETOYHBIX OPTaHN3MOB 1 KJETOK, pa3BUTHE dMODHOHOB HA-
CEeKOMBIX, POCT B Pa3BUTHE BHICIINX PACTEHHI M KHBOTHEHIX.

§ 48. Hapyimenusd eCTeCTBEeHHOr0 pagHoaKTHBHOro ¢hona

Hapymesnus paguoakTHBHOTO GoHA B JOKAJIBHEIX YCJIOBHAX H
TeM GoJiee ro6anbHBEIE ONACHEL JJIA CYIIleCTBOBaHHA OHochepH H
MOT'YT IPHUBECTH K HEIIONPABUMEIM IIOCaeACTBuAM. Il prnunHoii yBe-
JINYeHNA PaJAOaAKTUBHOTO (DOHA ABIAETCA AKTHBHAA NEATeILHOCTD
yejioBeKka. Co3aHMe KPYIHON IPOMEINLICHHOCTH, HAYYHKIX YCTA-
HOBOK, 9HEpPreTHUYeCKHUX HCTOYHUKOB, BOEHHOM TeXHUKH U AD. MO-
JKeT IPHUBOJAHNTL K JOKAJLHEIM H3MeHeHUAM ¢oHa. Ho mambGoiee
OIMACHBLIMH IPAYMHAMH HADYIIIEHUH eCTEeCTBEHHOT'O PaJUOAKTHBHO-
ro (poHAa ABIAIOTCA BEIGPOCHI DAANOAKTUBHEIX YACTHIL, KOTOPEIE MO-
T'YT BO3HHKHYTEL IIPH AAE€PHBIX B3DBLIBAX MM IIPH 3KCILIyaTalHH
aTOMHEIX 3JieKTpocTarnuii (A9C).

B ocHoOBe sAiepHBIX B3pHBOB U paboTH AJC JIe:KUT ABJIeHHE Je-
JIeHMA AAep PAAMOAKTHBHEIX 3JIEMEHTOB, HAIIpHMED AAep ypaHa.
(TepMuH «IesieHHe AApa» OBLT BBeJeH B ofpallieHHe 10 aHAJOTHH C
TePMUHOM «JeJIeHHE KJIeTKH» B OMOJIOrnu.) \

3TOo ABJIEHHE 3aKJIOYAeTCA B TOM, UTO IIpn 6oMOapANpOBKe Heii-
TpOHAMH AAep M30TOIa ypaHa 23U ero Aapa pacnagaloTcsa Ha aBe
MpUMEPHO paBHEIE YacTH. IIpormecc JeeHusa AApa COIPOBOMKIaeT-
CA HCIYCKAHMEM JBYX HJIM TpeX HeHATDPOHOB, HalpHMep:

Y+ n -1 Ba+” Zr+3in (L

9Ta peaKnud OJHA U3 TUIINYHEIX, XOTA B IPUPOJE CYIIECTBYIOT
emfe MHOTMeE JPYrUe DeaKI Uy AeJIeHuA ypaHa.

BaxxH0, 4TO IPH JejIeHNH YPaHa BEICBOOOKIAETCA OIPOMHOE KO-
JIMYECTBO SHEPruH, TaK Kak Macca azapa 23U Goibile cyMMapHOi
MAacchl OCKOJIKOB AeJieRus (B IPUBegeHHOH peaknun 4'Ba u %Zr).
PasHoCTb 5Hepruii MexxXay HCXOJHBIM AAPOM YPaHA H OCKOJIKaMHU
AeJIeHNA cocTaBseT npuMepHo 0,9 MsB Ha HyKJIOH. A

B kaxxaoM mponecce feJleHHA yIacTBYIOT 235 HYKJIOHOB M 3HED-
THs, BEACAAIOIIAACA IPH JeJeHHH OAHOT0 AApa, COCTABIAET IPH-
mepHO 0,9 - 235, To ecTh oKOJI0 200 M>B. Ho npu s3TOM, KakK yKa-
3aHO BBIINE, BBEIJEJAETCA 2 HJIH 3 HelITpOHA, CIOCOOHEIX BBI3BATDH
JaJibHelNIee JejleHNe AfleP, TAKMM 06pa3oM OCYILIEeCTBJIATD Hell-
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HYIO peakIuIo AejeHNA ypaHa. IIpu yxasaHHBIX IpoIeccax Bo3-
HUKAIOT PasjNyHbBle Peakliy, TeueHHe KOTOPHIX OIpejeasercs
MHOTHMH YCJIOBUAMH HX IPOTEKaHNUsA. BaXXHEIM IOKa3aTeJIeM SIB-
aaerca KoadpPHUIueHT pa3MHOKEeHNA HeUTpoHoB f: cpeaHee uuc-
JI0 HeHTPOHOB B Ka’KJOM aKTe JeJIeHHs, BLI3LIBAIOIMUX JeJIeHHe
aApyrux aaep. Ecau f = 1, To ujaeT nenHad caMonogaep;KkUBaOIa-
fAca peaxnusa. Ecau £>1, To nponecc HasbiBaeTca HagKpHUTHUYEC-
KHMM, CIIOCOOHELIM BBI3LIBATHL ATOMHEIN B3pLIB. IMeHHO 3TO ycjao-

. Bue (f>1) BEIIONHAETCA B aTOMHEBIX 6oMOax. MuHMManbpHaA Macca
JeJIAINerocA BellecTBa, HaIpUMep ypaHa UK IJIYyTOHUS, Heo0Xo-
AUMasA JJA BRIIOJHEHUA ycaoBudA £>1, To ecTh JJId BOZHHKHOBE-
HUA UENHOH peakInM, HashIBaeTCA KPUTHYECKOH Maccoit M, .
(TepMuH “kpurnyeckas Mmacca”, 0603HadaOMUHA Iepexo] IPoIiec-
ca B HOBOE KaueCTBO, MCHOJL3yeTcA B GUOJOTHH M MeAULMHE, Ha-
npuMep «KPHUTHYECKAsa Macca MHOKapJa» IpH BO3SHUKHOBEHHUH
oco00 onacHEIX apuTMui cepaua.) Pasauna Mexay siepHBIM pe-
aKTOPOM M aTOMHOI1 60MG0#i 3aKAI0UaEeTCA B CKOPOCTH BEICBOOOK -
JeHusa dHepruu: B peakTope moajaepkuBaerca f<1, HO 6IM3KO K
Heil, a B aToMHOIT 6omMOe f>>1, oTuero menuasa peaKnuA pasBUBaeT-
CA ¢ BEICOKOHM CKOPOCTBHIO M MPOUCXOZHUT B3pHIB. IIpu aToM Macca
AXEPHOTO TOMIMBA AOJKHA NpeBbicHTh M, . ina **U kpurnyec-
kasg Macca M = 50 xr, a g 23Pu — M_=11xkr.

B snuuenTpe B3psiBa pa3BUBAEeTCA OrpoMHAaA Temuepatypa 108 K
¥ gasjeHue 102 atM. 3To BHI3LIBAeT COBOKYOHOCTD CIOKHBIX (pu-
3UYeCKUX ABJeHUii. BemecTBo npespaliaerca B mjasMy, pas-
JleTaeTcd U TepsaeT HaZKpUTHYHOCTE. O6pasyeTcsa MOIHEL IOTOK

. He'TPOHOB M raMMa-uaayueHus (1% oT BbIAeIUBIeliCA SHEPTUH).
9TH NOTOKH ONACHH AJA YENOBEKA, HAXOAALETrOCS HA PACCTOA-
HHMH HECKOJBbKHX COT MeTpOB. B Bo3aAyxe o6pasyeTrcsa yaapHasd BOJI-
Ha, TO €CTh GPOHT BLICOKOTO JaBJIeHUA U ILIOTHOCTH, KOTOPAasd BEI-
3pIBaeT pas3pyuieHusa B paguyce 1 kM. B meHTpe B3pBIBa Ha
HECKOJILKO CeKYH/l BOSHUKAET APKO CBEeTAIHICA MIap paJuycoM
oxkoiio 150 M (ana 6omMOu1 20 KMJIOTOHH TPOTHUJIOBOTO 3K BHBAJIEH-
Ta). 3a BpeMs cBeueHUA npuMepHO 10—20% sHeprum BapLiBa Ile-
PEeXOJHuT B CBEeT, BOSHUKAIOT NOXKaphl ¥ osKoru. KpoMe Toro, Bos-
HHUKaeT MHTEHCHBHOE PagHAIlMOHHOE U3JIYYeHHEe, eT0 HCTOUHUKOM
ABNAIOTCA OCKOJKH JeJIeHUA AREPHOro TONJNIHUBa — HecTabnabHEBIe

~m3otonsl ¢ Z ot 30 o 60.

PaspsxeHHEIH HarpeThiil BO3AYyX NOJHHUMAaET BBePX HPOAYKTHE
pacmaza Ha BeICOTY A0 50 KM, mocJie uero 3To o6JIaKo MOXKeT pac-
HJBLIBATHLCA HA COTHH M Jake THICAYM KHJIOMETpoB. PaguoaKTHB-
HbIe YaCTHUILI BLINAAAIOT HA TOBEPXHOCTL 3eMJIH, 06pasysa paamno-
aKTHUBHLIH cliel. PagHOHYKINALI, HAXOAAINECS B BHE a3p030Jiei

252



B BO3ZIyXe, a TAKJKe OCEBIIHE Ha 3¢MHYI0 IOBEPXHOCTD, MOTYT IpeJ-
CTABJIATH AJIA 4eJOBeKa onacHocTs., OmeHKY CTeNeHH ONACHOCTH
MOYKHO MOJYYHTh II0 AKTHBHOCTH OpemnapaTa A:

A=——,
dt
rae N — KOJIM4eCTBO paclajaloinuxcs afep. AKTHBHOCTD JAHHOTO
npenapaTta uamepsaerca B Kopu (Ku): 1 Ku = 3,7 - 10%° pacmaz/c.
AXTHBHOCTL YMEHBINAETCSA CO BpEMEHEM II0 S9KCIOHEHIIMAJIBLHOMY

3aKOHY:
A=AN,-e™, (11.13)

rfe A — IOCTOAHHASA pacmaja, N, — HayaJbHOE KOJHYECTBO sAJeD.
J1J1s1 TOYeYHBIX NCTOYHUKOB M3JIYUeHIU MOILMHOCTD 9KCIO3UIIAOH-
HOi £03bl YMEHbIIAeTCA C PACCTOAHUEM II0 3aKOHY:

A
P=K == (11.14)
Yy 2
r
rle r — PacCTOSHHE OT MCTOYHUKA U3JIYUYEeHHs , KY — raMMa-IocTo-
AHHA, 3aBUCAIIAA OT IPHPOLLI PAJHOAKTHUBHOrO HCTOUYHHKAE. 3HAa-
derHud K 7151 HeKOTODHIX PaIOaKTHBHBIX HCTOYHUKOB!

¥y -2,6 ®Co -13,5
%Na -—18,6 2Ra —8,4.

TaxuM 06pa3om, IPH BHIIAJEHUH PAAHORYKIULOB Ha TIOYBY CTe-
NeHb OIIACHOCTH UX BIMAHUSA HAa OPTAaHU3M 3aBHCUT OT IPHPO/HI pa-
IHOAKTHBHOI'O M30TOIIA (Ky), €ro aAKTUBHOCTH U PAaCCTOSIHHA I OT Ue-
JIOBEKa /{0 MCTOYHMKA, 8 9KCHOZUIMOHHYIO 03y MOXKHO OIIEHUTH
U3 COOTHOIIEHHUSA

A

D,= Ky —At,
r
rae At — Bpemsa o6yyeHus.

Ta6ruuya l1l.4. CBOHCTBA HEKOTOPHIX PAHOHYKJIHIOB

PagwoaxkTuBHEI# Tlepuop Bup usnyuennn
H30TOI noJypacuaja : '
1311 . 8 pmeit v(0,7 MaB)
9Sr 28 ner : -B (0,2 MaB)
137Cs 27 ner —B (0,3 MaB) u y(0,6 MaB)
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IIpu aBapusax Ha ADC UM IpHU AAePHBIX B3PHIBaxX B aTMocdepy
MOTYT BBIOpachIBATHCA PasjJNUYHEIE PAAUOHYKINUALI, CBOMCTBA He-
KOTOPLIX M3 HUX IIPUBEJeHEk! B Taba., 11.4 ,

9TH M30TONEI MOTYT HaKallJIMBAaThLCA B OPraHU3Me, BHI3BIBAA B
HeM HapylUIeHHe AeATeJbHOCTH KaK OTJEeILHEIX OPraHOB, TaK M
OpraHM3Ma B IeJIOM.

Tax, '] HakanIuBaeTCA B LIMTOBUAHOM »KeJese, u yske 0,35 Mr pa-
JAVOAKTHUBHOTO HOZA ONACHBI JJIA YeJIOBeKa (TP e3KeCyTOUHOH moTpes-
nHocTH oKoiio 150 mr). Usoron *Sr HakammeaeTca B KOCTHOM TKaHM,
a usoTon ¥’Cs paBHOMEepHO pacIpefiesiieTCs B KJIETKAX OpraHusMa.

Oco6yI0 0MaCHOCTh IPEACTABJIAIOT MOBLINNIEHHEIE JO3EI PAAAOAK-
TUBHEIX U3JYUYEHWH NI KPOBETBOPHOH CHCTEMEI, IIHIIEBADUTEEL"
HOT'O TpaKTa M jKeJjie3 BHYTPeHHe# cexperiuy yenoseka. Jloau, pa-
GoTaroinue ¢ u3JaydeHueM: B 6oapHULAX, Ha AIC, B 1abopaTopuax —
MOTYT IoJy4aThb ao3y xo 0,5 6sp B rox.

IlpepensHo monmycTHMOIl OMOJMIOTHUECKOH 030 AJa UeloBeKa
npu npodeccroHaIbHOM 06J1yUeHNM cuuTaerca 5 6ap B rog. Munn-
MaJIbHAA JIETAJIbHASA 033 OT «[IPAMOrO Y-Iy4a» YCJIOBHO IPHHATA
600 62p mpu 061yUeHHHU BCETO TeJia.

§ 49. OneKTpOMarHUTHBIE ¥ PAAUOAKTUBHBIE U3JIYICeHUS
B MeUIUHE

ek TPOMArHUTHLIE BOJIHEI ¥ PaJHOAKTHBHEIE H3JIYUeHHUS Cero-
HA HIMPOKO UCMOJIL3YIOTCA B MEAUIIMHCKOM IPAKTHKE AJIA AUATHO-
CTHUKM U Tepanuy. ITOH TeMe IOCBANeHbI MHOTHE I'IaBhI COOTBET-
CTBYIOIINX YuYeOHHKOB 1 MoHOrpaduii. B sToM nmaparpade KpaTKo
PaCCMOTPEHBI JINIIL OCHOBHbIE HAIIPABJICHNA IPUMeHEeHR 3JIeKT-
POMATrHUTHEIX IT0JIell ¥ DaMOaKTUBHBIX H3JIYUeHUH B MeJUIIUHE,
6e3 onucaHNA METOAUK U annapaTyphl.

PaauoBonnbel npuMeHaioTca B annaparax ¥ B4 u CBU-dusuore-
panuu. HeiictBue YBY u CBY-paanoBosH Ha TKaHU OpraHusMa
COIIPOBOKAaeTCA HX HarpeBoM 3a CUeT TEeILJIOTHI, BbIAeNAe MO IIpu
MOJIAPU3aIUK ¥ IPOTEeKaHNH JIEKTPUUYECKOTO TOKA.

MomHocTh, paccenBaeMad B €eJUHUIIE 06BeMa 3JIEKTPOJIATA —

yAeJHJHaH MOIITHOCTH: GEZ
P= m,
2
B ciyuae HarpeBa AU3JEKTPUKOB
PRS0)
2

rae tgd — TaHreHC yria ANIEKTPHYECKUX IIOTEPD.
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PaamoBosnbl Taksie Hapaay ¢ UK-usiyyeHreM HCIIOIL3YIOTCA
JAJIS KAPTHPOBAHUSA TEILJIOBBIX I0JIel Opramnsma Ipu JUATHOCTHKE
3aboneBaunii. UK-usigyuyeHne HCIOJIL3YETCA B TEPAIINH AJIA Harpe-
Ba YYAaCTKOB TKaHeH. '

Buanmeiii auanazod DM BOJH KCIOJIb3YETCS B CBETOJIEUCHNH,
JlasepHO# TepallMM, a TaK)Xe B JIIOMHHECIEHTHBIX METoJax JAUAar-
HOCTHKH — PErHCTPAllMH CBepXcjaaforo cBeueHHA MOBEPXHOCTEH
OpraHmsMa IIPpH KOXKHBIX H HEKOTOPBIX APYrux 3a00JieBaHUAX.

VY ®-nanyueHHe IpEMEeHAETCA TaKKe IPH IIPOBEAeHUH IPOLeAyP
CBETOJIeUEeHNs, NICKYCCTBEHHOI'0 3arapa M B JIOMHHECIIEeHTHBIX Me-
TOAAX JUATHOCTHKH.

PeHTreHoBcKOe M3JIyueHHE HCIIOJb3yeTCda BecbMa IIHMPOKO B
NpaKTHYeCKOil MegunuHE ( B peHTTeHOrpadHu, peHTT€HOCKOIINH 1
¢drrooporpadun) KaK OAUH U3 MOLIHEHIINX U IHHPOKO JOCTYIIHBIX
MeTOAOB AuarHocTuKHN. OJHUM K3 IMePCHeKTHBHBIX M BBICOKO 3d-
ek THBHBIX METOAOB JUATHOCTHKH ONyXO0Jeil ABIAETCA PEeHTIeHO-
BCKasa KOMIIbIOTepHasa Tomorpadpns. Kpome Toro, peHTreHOBCKOE
U3JIyYeHNe UCTIOJIb3YEeTCA B TEPAIINHU AJIA I0JABJIeHUA OyXOoJei.

PagnoaxkTHBHLIE H3JYUYeHHA IIAPOKO UCIIOJIL3YIOTCA B JHATHO-
CTHKE M B Tepanuu 3abojieBauuii. PagnoHyKJInAHAS JUATHOCTH-
Ka MJH, KaK ero Ha3wIBaloT, METOJ MeUeHEIX aTOMOB MCIIOJIL3YeT-
cA gna ompelejeHNs 3aboseBaHMHA HIMTOBHUAHOH ’KeJe3bl
(c ucmoab30BaHKHEeM paguonsoToia 3I). IToT MeTo ] TaKKe DO3BO-
JIieT U3YYaTh pacupefeseHusaA KPOBH H JPYIrHX GHOJOTHYECKHX
SKHUIKOCTel, AUaTHOCTUPOBATH 3a00eBaHNA cepAlla U paAja ApY-
T'HX OpraHoOB.

T'aMMa-Tepamma — 3TO MeTOZ, JeueHU s OHKOJIOrnYecKux 3aboJre-
BaHMI ¢ IOMOIILIO Y-U3JIYUYeHus. [ 9TOro IpUMeHsAIOT Yallle Bce-
ro cnenuaJbHblie YCTAHOBKH, Ha3bIBaeéMEI€ KOOAJLTOBEIMH IIYIIIKA -
MU, B KOTOPHIX B Ka4YeCTBE M3JIyYaioliero H30Tona uenoanayior ©Co.
IlpumeHsieTCA Tak)Ke pajjoOHOBAA Tepallnda: MHUHepaJbHEIE BOALI,
coziepaxkarniue 22Rn U ero NpogyKThl, HCIOJL3YIOTCA AJISA BO3JAeH-
CTBHA Ha KOXXY (POJOHOBBIE BAHHEI), OpPraHbl NHINeBapeHns (mmu-
Th€), OPrasbl JLIXaHUA (MHIraIAINA).

Jia nedyeHNsa OHKOJIOrHYecKUXx 3a60jieBaHUl MPUMEHAIOTCA O
YacTUIHI B KOMOMHAIIUH ¢ IOTOKaAMM HeHATpOHOB. B onyxoJb BBO-
BAT 3JIEMEHTHI, AAPa KOTOPHIX MOK BO3AEHCTBHAEM IIOTOKA HEHTPO-
HOB BBISBIBAIOT AAEPHYIO PEaKIHIO C 00pa3oBaHNEM (-H3JIYUCHHUA:

YB+in—>"Li+a
HJINn

6y:,1 3

Li+yn—>"H+o.
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Taxum 00pa3oM, O-UACTHIILEI M SApA OTAAYX 06pasyioTCA B TOM
MecCTe OpraHa, KOTOpoe Heo0X0AHMO MOABEPraTh BO3AeCTBHIO.

- KpoMe Toro, B coBpeMeHHON MeAMIIMHE HCIOJb3YIOT JKECTKOe
TOPMOBHOE PEeHTIeHOBCKOE M3NIyUeHNe, IIoIyyaeMoe Ha YCKOPHUTe-
JISIX YaCTHI[, IMEIOINee BHICOKYIO YHEPIHI) KBAHTOB: A0 HECKOJIb-
KHuX gecaTkoB M»sB.

Nsnyuenne, IogydeHHOE Ha YCKOPHTEIAX (anxpOTpOHHoe u3-
JIyueHHe), UCIOJBL3YIOT B AUATHOCTHUYECKHUX IeJIAX.

B HacTosIIee BpeMA MOTOK HAYYHBIX HCCIEAOBAHUH B 00JaCTH
BJINSHUA QU3HUESCKHX MOJIeH Ha OpTaHNU3M YeJIOBeKa JaBHHHO pac-
TeT. Ilokasano, 4To H3MeHeHNe paJHOAKTUBHOTO (OHA, COCTOSIHHE
MarHuTtochepsl 1 noHochephl 3eMIN HEIIOCPEACTBEHHO BINSIOT HA
9KOJIOTHIO ¥ cocTossHUE 6noceprl. TexHOreHHBIE HCTOUHHKH DJIEK-
TPOMATHUTHEIX U3JYyYEeHUH, BCe IIINPe UCIOIb3yeMbIe UeJIOBEKOM,
BHOCAT CBOM OTPHIIATeJBbHBIH BKJAJ B 3KOJOTHYECKOE COCTOSHHE
Hale# na"eTs. 3ydeHne 5THX BIUAHUN — OQHO M3 MEPCIEKTHUB-
HBIX HAMNpaBJIeHUI HAYKH, CIOCOOCTBYIOINEE COXPAHEHHIO Halllel
6uocdepsr.

KOHTPOJIBHEIE BOITPOCHI, 3ANAYH, 3ANAHHA

1. B opramusm uesoBeka momaiyo 0,1 % msotoma '3 ot ero cy-
TouHO# moTpebHOCTH 150 Mr. CKOJIBKO aTOMOB 3TOT'0 H30TOIIA pac-
nafeTcsa B OPraHU3Me eKeCeKYH/IHO B TeueHHUe IIepBOro yaca (Cuu-
TaTh, YTO B IEPBEIH Yac CKOPOCTH pacIaja IOCTOAHHA).

2. PagnoaxTuBHEIH IperapaT nMeeT IMOCTOAHHYIO pacnama A =
=1,44%10* 4!, Yepes ckoJIbLKO BpeMeHH paciajercsa 75 % nepeoHa-
YaJIbHOT'O KOJUYeCTBA sAfuep?

3. Pabouwuii B TeueHue 6 yac J0JKeH HAXOAUTLCA B 2 M OT ToUeu-
HOTI'O HCTOUYHHKA raMMa-usjyuesusa. KakoBa goJxHa 6BITh aKTHB-
HOCTH HCTOYHHUKA raMMa-u3JIydeHN T, 4TOOBI MOKHO OLLJIO paboTaTh
6e3 sammuTHOro ’xpana? I'amma-ocrossHuaA 1, 35 P*m?/ yac*Ku.
IMonycTumasn nosa pasuHa (0,01 p.

4. MArkKye TKaHU 4eJIOBEKA MOABEPraoTca paJuoaKTHBHOMY 00-
JIy4eHMIO B TeueHue 1,5 yaca, IpH 3TOM SKCIIO3UIIMOHHAA 103a CO-
crasuiaa 0,6 peHtreHa. YeMy paBHA MOIVIOIEeHHAs A03a B pajax?
KaxoBa MOIITHOCTH 9KCIO3UITMOHHO# 103617 KaK cOOTHOCATCA Me-
Iy cob0H SKCIO3UITHOHHAA U GHOJIOTHYEeCKaa 03617

5. Kaxyio onacHOCTB IJIA YeJIOBEKA HeceT BHIOPOC Pa3IHUYHBIX
pazuoaKTHBHEIX M30TOIOB B aTMochepy? OauHaKOBO JIU feiicTBHE
ux Ha opranusm? Kakue oCHOBHEIE IIOKA3aTEH OIPEHEJSIIOT CTe-
MeHb UX BO3AeMCTBUA Ha OPraHusM?
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THIOBBIE TECTHI TEEYIIEIO KOHTPOJA

11.1. K nOHM3UDYIOUINM BHAAM H3JIYyUYEeHUA OTHOCATCSH :
a. paJuOBOJIHEI

0. BUAUMEI CBET

B. JannHui YP

I'. DEHTTeHOBCKOE ¥ FaMMa- U3JIyUeHne

J. TIOTOKY HeHTPOHOB, IIPOTOHOB, (-YACTHI],
€. YIbTPa3ByKOBO€ U3IyUeHHue

1. abB 2. Bae 3. B, 4. 6ge

11.2. Cpenusas MOITHOCTS JO3H 00JVUEHUA YeJTOBEKa OT HCTOY-
HHUKOB IIPUPOSHOM pafualiiy COCTABIAET ; :

1. 200 m05p B rox

2.2,0 m0Gop BTOA

3. 100 6sp BTOA

11.3. PagunanmoHBbIi GoH 3eMJIH OIpPefeIAeTCA:

a. paguorykauaamu Rn, K, U

6. paboTOIl paapoB ¥ CHCTEM CIEKEHHA 3a CIIyTHUKAMH
B. KOCMHUYECKHMH Jy4aMy

r. uanydeaueMm Connna B UK-aunanasone

1.aB 2. 6r 3. ab 4. Br

11.4. PagmoBoJaHbl OPUMEHAIOTCS B MESUTOMHE:

1. dusmorepanuu YBY-u CBY-guanasonax

2. 1ua ranpBaHMA3aIMN
3. LI cBeTOJIeYeHU A
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T'JIABA 12. COBCTBEHHBIE ®H3HYECKHE II0JA
OPTAHHU3MA YEJOBERA

Bokpyr 106010 Teja CyIIeCTBYIOT Pa3jIMuHbIE (hU3HUeCK e IO,
onpejeigeMble IPOIECCaMK, IPOUCXOAAIUMY BRYTpH ero. He co-
CTaBJIsIET B 9TOM CMBICJIe HCKJIIOUEHNS U yeJoBeK. PusmdecKkue
IIOJifA, KOTOPble TeHePUPYeT OPraHU3M B Ipoliecce GyHKIIMOHUPO-
BaHMs, Ha3LIBAIOT COOCTBEHHBIMM QPHU3NYECK MU IOJISIMHM OPraHna-
Ma 4JeJIOBeKa.

MuorounciéHHEbIe (PU3NYECKHe MeTOALI CCIeJOBAHU A OPTraHN3-
Ma 4YeJIOBeKa, MCIIOJIb3YIOIINe PETHCTPAnUI0 COGCTBEHHBIX (QHU3H-
YeCKHX IoJieil yejioBeKa, MO3BOJIAIT HOJYYNUTh MHPOpMAIHIO O
Iponeccax B OpraHmusMe, KOTOPYIO HeJIb3A MOJYYUTh HHBIMHU CIIO-
cobaMH. JJIeKTpOKapAHOTpagusa — THIIUYHLIA TOMY IpHMED.

B nociepHMe rogbl HHTEpPEC K 3THM IOJAM OBLI CTHMYJIHMPOBaH
(heHOMEHOM «3KCTPaCeHCOB» — JIIOAeH, KOTOPBIE€ MOTJIM IIPOSBIATE
coco6HOCTH K JUATHOCTHKE CKPHITHIX 3a60JIeBaHUl 60JIBHBIX M UX
JieYeHHIO, He IpUKacasich K HUM, TO eCTh 00jiajast Kak OBl cCBepXx-
YYBCTBUTEJBbHOCTBHIO II0 OTHOIEHUIO K IIponeccaM B riaybuHe Tesa
YeJioBeKa. B cooTBeTCTBHY ¢ OOLIYHOM JIOTUKOM NO3HAHMSA, B PEXKHA-
Me «IMarHOCTHKH» MOJYYUTh KaKy0-Iubo nHGOpManuo U3 IJIy-
OGHHEI YeJIOBEUECKOTO TeJIa MOMHO TOJILKO BCJISACTBHE CJeyIomei
IEeIOYKH COOBLITHII: 1) MMEIOTCA Kakue-TO OTJIUYKUA IapaMeTpPOB
60JILHOTO OpraHa OT 34OPOBOro; 2) CylllecTByeT cmocob mepegaum
nudopManH 00 STHX OTIMYMAX U3 MIYGHHLI HA IOBEPXHOCTL TeJIa;
3) ecTb Kakoii-To criocob nmepefaun NHQOPMALIMH 34 IIpeAebl Tejxa
K «3KCTpaceHcy». B pexxuMe «jiedeHUsA» , KpOME TOTO, CAEAYeT OKH-
IaTh, YTO OT «9KCTPaceHCca» HCXOJAT KaKoe-TO U3JIyUeHue Ju6o Ka-
KHe-TO BO3MYIIeHUA OKPY Kalole cpe/ibl, KOTOpbIe JOXOLAT J0 I1a-
IMeHTa, BOCIPUHUMAIOTCA KM M OKa3LIBAIOT TO caMoe Bo3jeiicTBue,
KOTOpOE HYKHO.

Kaouepas npo6sieMa ¢ TOUKH 3peHNa PUINKM — 3TO Nepegavya
nHpoOpManuy 3a npejeibl oprauusma. Haubosiee o6meynorpedu-
TeJibHA MMIOTE3a O CYIeCTBOBAHMM HEKHX HEHM3BECTHHIX HayKe
6uomnoJeii, ¢ IOMOIIBIO KOTOPHIX, BBUAY MMOJHOM HeonpeaeaeHHO-
CTH 3TOT'0 TePMHUHA, MOYKHO O0bACHUTDH UTO YIOAHO U KAaK YroJHo.
B To0 ke BpeMda Hay4HLIH IYTE NO3HAHUSA COCTOUT B TOM, 4YTO CHA-
YaJjia aHAJIN3UPYIOTCA BCE CYIIECTBYIOINE PanOHAIbLHbIE THIIO-
Te3bl, U TOJHKO JIUIIE €CJIH OHHU He MOATBEPKIAIOTCA, HeOOXO A -
MO H306peTaTh 4TO-TO HOBOe. B TOM cM&Icje eCcTeCTBEHHOH
aJbTEePHATHBOI GMOIIONAM ABIAIOTCA GU3NUYECKUEe MO0JIs 6H006D-
€KTOB.
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IIpo6neMa cuCTEMATHYECKOTO HCCIEJOBAHMS (PH3NUYECKUX TOJIeH
611006 BEKTOB ObLIa HOoCcTaBIeHa B MHCTUTYTe pafUOTEXHUKHY U JJICK-
TpoHuku PAH 10.B. I'ynaesbpim u 3.9.T'ogukoMm.

Huxe 6yayT u3yI0KeHbI CIeAYIOIHe BOIPOCHl: BUABLI (husmyec-
KUX nojeil 61000 beKTOB, UX UCTOUHHKH, CIIOCOOLI perucTpalluu,
moJIy4eHre MeIUKQ-0H0JIOTHYecKOol MHPOPMALIY Ha HX OCHOBE.

§ 50. Buns1 ¢pusuuecKux nojeii resia yeaosera. HX MCTOUHNKM

Bokpyr yenoBeka CyIieCTBYIOT 3JIeKTPOMarauTHEIE M aKYCTHYEC-
K¥e 110415 (FPaBUTAI[MOHHOE NOJIe U 3JIEMEeHTAPHbIE YACTHIIHI OCTAa-
I0TCS 3a IpejeiaMi Halllero pacCMOTPEHUS).

MoK HO BBIJIEJINThL OCHOBHEIE 4 HaNa3oHa 3JIEKTPOMArHUTHOTO
H3JTyYeHUA U 3 JUana3oHa aKyCTUYECKOr0 U3JIyYEHU S, B KOTOPBIX
HBIHE BelyTcA ucciegopaunmna (puc. 12.1).

AKYCTHYECKHE 2JIEKTPOMArHHTHERIE
nonsa oons
aKceJepoMerp MEKTPORBI
MHKpOdOH 0-10°
0,01 - 10°

CKBHAJ,

10°
unxpod:ox: AHTEHHL-ANNAHKATOPH
10
10!4 ’
TenI0Bu30p
HbEe30AATIMK
>10° 101 DIV

Pue. 12.1. Cxema 31eKTPOMarHUTHEIX (CIIPaBa) U aKyCTHYECKHUX (cJIeBa)
cOBCTBeHHBIX IOJIeH YesJoBeKa. JJIeKTPOMaruiuTHeie nouad: E — anexTpu-
yeckoe moJjie, B — marauntHoe, CBY — ¢cBepXBHICOKOUYACTOTHLIE 3JIEKTPO-
MarHWTHBIE BOJHEI ZEIMMETPOBOro Auana3ona, UK — ajileKTpPOMarHNTHLIE
BOJHBI HHGPaAKPaCcHOro AUANIA30HA, BUAUMOE — ONTUUYECKHI AUAIA30H
usnaydyeHuii. Akycrtnueckue monda: HY — HuskouyacToTHbIe KojebaHUA,
KA93 - koxneapHas aKkyCTUYECKAA 9MUCCHA, ¥ 3 — YIBTPA3BYKOBOE U3JY-
uyenue. Ilndpe — xapakTepHEIEe YaCTOTHI H3JIYYEeHHH (B repuax). 3auir-
PUXOBaHbI 06J1aCTH TEIMOBHIX U3JAyJYeHUil. CripaBa U cleBa yKa3aHBI Ha-
3BaHUA JAaTYUKOB U NPUOODOB 1 pPEerucTpaluy COOTBETCTBYIOIINX
noneit. CKBUJ] — cBepXnpoOBOAAIINI KBAHTOBBIM MHTepdepoMeTp,
DIV — HoTOdIEKTPHUUECKHIN YMHOMXKATEND.
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JIIeKTpOMAaTHUTHEIE Noad. [{nanason coGCTBeHHOT0 3JIeKTpoMar-
HHUTHOIO M3JYUYeHUA OTPAHNYEH CO CTOPOHEI KOPOTKHUX BOJIH OIITH-
YeCKHM U3JIyUeHHeM, 0ojiee KOPOTKOBOJHOBOE H3JIYUEeHHE — BKILIO-
yasg PeHTTeHOBCKOEe M Y-KBaHTHI — He 3aperucrpuposaHo. Co
CTOPOHEI JIMHHBIX BOJIH AHANa30H MOXKHO OTPAHUYNTDH PagHOBOJI-
HaMu AJHUHOM oKoyo 60 cM. B mopsaake Bo3pacTaHUA 4aCTOTHI ue-
TLIpe AMaNas3oHa 3JeKTPOMATHUTHOTO IO0Js, MpeACTaBJeHHEIe Ha
puc. 12.1, BkaioualoT B cebs:

1) Hu3KouacToTHOe 3jeKTpudeckoe (E) u marHutHoe (B) mose
(uactorrl Huxke 103 I'mr);

2) paAMoOBOJHE cBepXBEICOKMX yacToT (CBY) (wacTorsr 10°—101°
T'n 1 xnuHa BOJIHEI BHe Teaa 3—60 cm);

3) undparpacuoe (UK) uanyuenue (dacrora 10 I'ny, AnmmHa BoJI-
HeI 3—10 MKM);

4) ontuueckoe usaydyenue (dacrora 10 I'u, AjMHA BOJHLI II0-
panxa 0,5 MKmM).

Takoit BEIOOD [uanasoHOB 00yCJIOBJIEH He TeXHUUYECKMMH BO3-
MOSKHOCTSIMHM COBpEeMEHHOM 3JIEKTPOHHKH, a 0CODeHHOCTAMH OHo-
JIOTHYeCKHX 00 HEKTOB H OlleHKaMU HHGOPMATHBHOCTH Pa3JIUUHEIX
JUMAIIa30HOB AJIA MeAUIIMHE!. XapaKTepHble IapaMeTPhI Pa3InYHBIX
3JIEKTPOMATHHUTHLIX IT0JIe, CO3laBaeMbIX TeJIOM YeJIOBeKa, IIpHUBe-
OeHEI B Tabia. 12.1.

W CTOUHMKH 5/IEKTPOMATHUTHBIX II0JIei pa3Hble B pasINYHBIX H-
ama3oHax 4acToT. HU3Ko4YacTOTHLIE IOJIA CO3JaI0TCH IJIABHBIM 06-
Pa3oM IIPHU IPOTeKaHUH (GHU3HOJOTHUYECKHUX IIPOIIECCOR, COIIPOBOMK -
JaIOIIUXCA dJIEKTPMUECKON aKTUBHOCTHIO OPTaHOB: KHIIIEUHHKOM
(-1 mun), cepaneM (XxapaKTepHOe BpeMsA IIpoueccoB mopaznka 1 c),
moarom (~0,1 c), uepsubiMu BosloKHaMHu (~10 mc). CnekTp yacToT,
COOTBETCTBYIOII[MX 3THM IIPOLECCAM, OTPAHHUYEH CBEPXY 3HAUCHH-
SAIMH, He NIPpeBOCXOAAIUMH ~1KT'1L.

B CBY u UK-zuanasoHax HCTOUHHKOM (PH3HUECKHUX TOJIeH fAB-
JsIeTCHA TEILJIOBOe 3JIeKTPOMATHUTHOE U3JIyUeHHE.

YT06bI OIIeHNTL HHTEHCHBHOCTD 3JIEKTPOMATrHUTHOTO H3TyYeHHU A Ha
PasHBIX JUIMHAX BOJIH, TeJIO YeJIOBEeKAa, KaK H3JIydaTesIb, MOYKHO ¢ JIO-
CTaTOYHOH TOYHOCTLIO MOZIEJINPOBATEL aGCOJIIOTHO YePHBIM TeJIOM, KO-
TOpOE, KaK H3BECTHO, TIOTJIOIAET BCe IIafalollee Ha Hero H3IyUeHe u
IMO3TOMY 00JIaIaeT MaKCHMAaJbLHOMN M3JIyYaIoIIei CII0COOHOCTEIO.

HNanyuarenbHas ciocOGHOCTS TeJIA €, ,, — KOJIUYECTBO 9HEPTUH, HC-
nmyckaeMoi eguHHIlei MOBEPXHOCTH TeJjla B eJUHHILy BpeMeHH B e I1-
HHUYHOM HMHTEpPBAaJe AJHH BOJIH II0 BCeM HAIIPABJIEHUAM — 3aBHCHT
OT JJIMHEL BOJHEI A 1 aGCcoII0THOI Temueparypsl Tena T.

9ra GyHKINA MMeeT MAKCHMYM Ha JJauHe BOJIHHI A = he / (5kT),
YTO IIPH TeMIepaType denoBeueckoro Teja T = 310 K cocraBasier
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Tabauya 12.1. XapaKkTepHCTHKH 3JIeKTPOMATHUTHBIX MOJI€li,
CO3aBaEMBIX TEJIOM JeJIOBeKa

dnexTpu- |Maraurionexkrpomarantaoe] Mudpa- | Bugumoe

YyecKoe HoOe nanayuerue CBY | kpacHoe
ANANa30Ha UK
YacroTa,
T 0-108 ) 10° 10 1013
JINHA 3-14
A — - 3- 60 cm 500 s
BOJIHBL MKM
AHTeHHEI- TeII0BH-
Hatunkn |anexrpopsl CKBUR PIY
anIJINKATODEL 30pH
Cuocob KOHTaKT- | 6eCKOH-
. . AUCTAH- | JUCTaH-
perucr- |Hei u 6ec-| TaKT- KOHTAKTHBIN . Sy
. IMOHHBIH| {HOHHBIH
panun KOHTaKTH.| HbI#
HcTounn- | 6monoTen- XeMHJIO-
KH nuaas  |6uoToK TeMJI0BOe U3NYYeHHne MHHeC-
noaei TeHIus

oxoyo 10 mxm. [ToaTromy UK-usnyuenue Tesa yeT0B€Ka H3MEPAIOT
TEILJIOBU30PaMHu B Juana3oHe 3—10 MKM, rie 0HO MaKCHMAJIbHO.

N3 puc. 12.2 cnenyer, uro B CBU-ananasoHe, B KOTOPOM LJINHA
BOJHEI B 10* pas 6oJbllie, NJIOTHOCTS SHEPIHH TEIJIOBOT'O U3JIyde-
HHA Ha MHOTO IIOPAAKOB MEHBIIIE.

N3mepeHne TenJIOBOro U3Ny4YEeHUS MO3BOJISET OINPEAEJIUTh TEM-
IepaTypy TeJjla 4YeJIOBeKa M3-3a TOI'0, UTO CIEKTpaJIbHASA 3aBHCH-
MOCTH TEILJIOBOTO U3JIyYeHUA MEHAETCA C pOCTOM TeMIiepaTyphl. Ha
puc. 12.2 npuBeJeHEI KPHUBLIE JJIS JBYX TEMIIEPATYD YEDHOTO TeJjIa:
290 K (xpusasa 1) u 310 K (kpuBas 2). CTons GONBIIYIO PA3HOCTH
TeMIIEpaTyp MBI BEIOpan, 4YTOOLI IpUe BLIACINTE PA3IHUNA MEXK-
Ay KpuBeIMU. BuaHo, uTO pocT TeMmepaTyps! Bcero Ha 20 K BHISHI-
BaeT yBeJInUeHUe HHTEHCUBHOCTH uainydeHus B 1,5 pasa (8 UK-gu-
ama3oHe) — B APYTUX JUAla3oHaX OH 3aMEeTHO MeHBIIIe..

AxycTHueckne mojd. J{HanasoH co0CTBEHHOI'O AKYCTAYECKOTO H3-
JIy4eHHA OrPAHUYEH CO CTOPOHEI AJMHHBIX BOJH MEXAHUYECKHUMH
KoJIe0aHUAMHY OBePXHOCTH Tesa Yenoseka ( 0,01 I'n), co cTOpoHEI
KODPOTKUX BOJIH YJIBTPA3BYKOBLEIM H3Jy4eHHEM, B UaCTHOCTH, OT
TeJla YeJIOBeKa PEerHCTPHUPOBANN CUTHAJLI ¢ YACTOTOM MOPAAKA
10 MTI'.
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10®
10°
10%|
10°

10°

107

10*

10°* N
10 10° 10 10° 102 10" A ™

Puc. 12.2. CnexkTpaibHad JIOTHOCTb H3JIy4aTeNbHOH criocoGHOCTH €, Tem-
JIOBOr'0 3JIeKTPOMATHHTHOI'O H3JyYeHNA abCOJIOTHO YEPHOro Teja Kak
dyHKUMa ZTUHE BOJAHEEI A. Bribpans! sorapudMudeckne IIKaIL o obe-
MM 0CSM, IIOCKOJIbKY BEIHYUHbI €, ¥ A H3MEHAIOTCA Ha MHOTO IIODAJKOB.
He6oab1ine BUAMMEIE OTJANYUA KPUBBIX 1 ¥ 2 Ha caMOM JjeJie COOTBETCTBY-
0T O0JIBIINM H3MEHEHUAM €1 (B HECKOJIBKO pa3)

B nopsaake BospacTanusa yuactoTsl (nudps! Ha puc. 12.1) Tpu aua-
Na3oHa aKyCTHUYECKOTO II0JIsI BKJIKYAKT B ¢ebsa: 1) HU3K0oUacTOTHBIE
KoJebauusa (uactotel HuKe 103 I'n); 2) KoxJeapHYIO aKYCTHUYECKYIO
smuccuio (KA3J) — naayuenne us yxa yenoeeka (v ~103 I'y); 3) yawt-
pasByKoBoe usayuerne (v ~ 1-10 MTI'm).

- HcTOYHHMKM aKYCTHYECKUX II0JIEH B pPa3IMYHBIX AUAaNa30Hax da-
CTOT UMEIOT PasHyIo npupoay. HuskouacToTHoe usinydeHue co3zna-
ercA GU3NOJOTHUECKMMH NIPOIECCaMU: AbIXaTeIbHBIMU ABUKEHN-
AMHU, GMeHHeM cepAlla, TOKOM KDOBHM B KPDOBEHOCHBIX COCYJax U
HEKOTOPBIMH APYTHUMH IIPOIIECCaMH, CONIPOBOKAAIOTUMUCA KOJIe-
6aHUAMY IIOBEPXHOCTH Y€JIOBEUECKOTO TeJla B ANaNa30He npubdau-
sureabso 0,01 — 102 I'u. 310 usnyyeHue B BUAEe KoJeGaHUIH 110-
BEPXHOCTH MOYXKHO 3apermCTPHUPOBATH KOHTAKTHRIMHU, Jubo Gec-
KOHTAKTHBEIMM METOAAMH, OJHAKO €T0 TPaKTHUUEeCKHN HEBOZMOYKHO
M3MEPUTh AUCTAHIMOHHO C IIOMOIUbI0 MUKPOJIOHOB. ITO CBA3aHO
C TeM, UTO MAYIfHe U3 TIIyOUHEI TeJla aKyCTHUYECKHEe BOJIHEI NpaK-
TUUYECKH TIOJHOCTBIO OTpa)XkaloTcsa o0paTHO OT I'PAHUIILI pPasjieia
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«BO3AYX—TEJIO YeJOBeKa» Yl He BRIXOAAT HAPYsKy B BO3AYX M3 Tejaa
yejioBeka. KoadpunmeHT oTpakeHHs 3BYKOBBIX BOJIH OJIHM30K K
eIUHHUIIE U3-3a TOT0, YTO IJIOTHOCTh TKaHeil TeJa YyesoBeKa OJIH3-
Ka K JIOTHOCTH BOJLI, KOTOPAA HAa TPH MOPAJKA BbIilIe IJIOTHOCTH
BO3AyXa.

¥ Bcex Ha3eMHBIX TO3BOHOYHEIX CYIIIECTBYET, OAHAKO, CIIEIHAb-
HEIf Oprad, B KOTOPOM OCYVIILECTBJISIETCS XOpolllee aKyCTHYEeCKoe
corjiacoBaHHE MeXKAy BO3AYXOM U KHAKOM cpexoil, — 3To yxo. Cpexn-
_ Hee M BHYTDgHHee yxo ofecrneunBaloT nepejady nouTHn 6e3 norepb
3BYKOBEIX BOJIH M3 BO3yXa K PelelNTOPHBIM KJIeTKaM BHYTpPEeHHe-
ro yxa. CooTBeTCTBEHHO, B IPUHIINIIE, BO3MOYKeH U 00paTHEI Ipo-
mecc — nepeaava U3 yxa B OKPY:KaOIIYIO Cpely — M OH 00Hapy:KeH
3KCOEePUMEHTAJBHO C IOMOMIBI0O MUKPO(OHa, BCTABJIEHHOTO B YIII-
HOM KaHAaJ. ‘

HcTouHNKOM aKyCTHUECKOro U3yUYeHUA MErarepreBoro AWAama-
30HA SBJIIETCA TEILJIOBOE AKYCTHUECKOE U3JydeHre — MOJMHbIH aHa-
JIOT COOTBETCTBYIONIETO 3IeKTPOMATHUTHOTO H3IyYeHna. OHO BO3-
HHUKAaeT BCIEeACTBHE XA0TUUYECKOro TENJOBOr'0O ABUXKEHUST ATOMOB U
MOJIEKYJI 4YEJIOBEYeCKOro Tesia. UHTeHCUBHOCTD 3THX AKYCTHYECKHUX
BOJIH, KaK U 3JIeKTPOMAaTHUTHBIX, ONpefeisgeTca abCoMOTHON TeM-
mepaTypoii Teja.

PacecmoTpuM Kaskanlil B GU3NUeCKUX ITojieil, co3gaBaeMBIX
TeJIOM YeJIOBEKA, II0 OTAEeJIbLHOCTH. )

§ 51. HH3K0OYACTOTHEIE 3JIEKTPHYECKHEe H MATHUTHRIE MONd

DeKTPUYECKOe I10Ji€ YeJIOBeKa CYIIeCTBYET Ha TOBePXHOCTH TeJjaa
¥ CHAPY’XH, BHE €ro. '

JIeKTpUUECKOe [10JIe BHe TeJa YeJIoBeKa 00YCIOBIEHO rNIaBHBIM
o6pasom Tprb603apALaAMHU, TO €CTh 3apAAAMHK, BOSHUKAIOITUMH Ha
IIOBEPXHOCTH TeJjia BCJIeACTBHE TPEHHA 00 Ofe XKy UJIHU O KaKOi-
Ao AMIIEeKTPUUYECKHI IIpegMeT, IPH 3TOM Ha TeJjie CO3AaeTcs
3JeKTPUYEeCKHUl MOTeHIIHA] NOPAAKA HECKOJIBKNX BOJbT. JJIEKT-
pHYecKoe IoJie HeIPEPLIBHO MEHAETCA BO BPEMEeHH: BO-IIEPBHIX,
NPOMCXONHUT HelTparusanua Tpubo3apaiaoB — OHMA CTEKAIOT C
BBICOKOOMHOH IMOBEDPXHOCTH KOXKH C XapaKTepHLEIMH BpeMeHaMH
~ 100 — 1000 c; BO-BTOPBIX, H3MEHEHHUA T€OMETPHUH TeJja BCJAe]-
CTBHE ALIXaTeJbHBIX IBUXKEeHMNH, OMeHNUs CepALla U T.II. IPUBOIAT
K MOAYJAAI MY NOCTOAHHOTO 3JeKTPUYECKOT0 IIOJA BHE TeJAa.

Eime ofHNM HCTOYHMKOM 3JIEKTPHYECKOTO IIOJIsI BHE TeJia YeJoBe-
Ka ABJASETCA 3JIeKTpUYecKoe IoJe cepAna. IIpubanusue ABa aJeKT-
poOZia K IMOBEePXHOCTH TeJIa, MOKHO 0€CKOHTAKTHO H JUCTAHIIMOHHO
3apEeruCTPHUPOBATh TAKYIO 3Ke KapAUOTPAMMY, UTO M TPAJAUIMOHHBIM
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KOHTAKTHEIM MeTOAOM (cM. ria. 5). OTMeTHM, YTO 3TOT CUTHAJ BO
MHOT'O pa3 MeHblIIie, UeM IToJIe Tpubh03apamaoB.

B MeaumunHe 6eckonmarxmHubulii Memod H3MepeHUs 3JIEKTPHYECKHUX
oJIeH, CBA3aHHBIX C TEJIOM YeJIOBEKa, HallieJl CBoe IPUMEHeHUe JJIA
N3MePEHUA HU3KOYACTOTHHIX ABHKEHUMN I'PYAHON KJIeTKH.

IIpu 9TOM Ha TeJIO DAaIMEHTAa I0JAeTCA IEPEMEHHOE dJIEKTPHUYECKOE HAa-
npsxeHne ¥acToToit ~ 10 MTI'1, a HeCKOJIBKO aHTEeHH-3JIEKTPOIOB IIOTHO-
CAT K TPYLHOI KJIeTKe Ha paccToauuM 2—5 cM. AHTeHHA M TEJO PEeACTAaB-
JAI0T c0601#1 ABe 06KIaAK U KOHAeHcaTopa. IlepeMelieHuA rpy IHOM KIeTKH
MeHseT PACCTOSIHNE MEK Y OOKJIaKaMH, TO €CTh eMKOCTh 9TOr'0 KOH/IEH-
catopa (cM. ri. 1) 1, ciegoBaTeIbHO, EMKOCTHOM TOK, U3MEPAEMBIN KasK-
oo anTeHHoi. Ha 0OCHOBaHMY H3MePEHMI 9THX TOKOB MOYKHO IIOCTPOHTH
KapTy HepeMelleHui TPYAHOH KIeTKH BO BPEMS ABLIXATEIBHOTO LHKJIA.
B HopMe OHA IOKHA GLITH CHMMETPAYHA OTHOCUTEJIbHO rpyaAnHEl. Ecin
CUMMETPHA HapyIlleHa ¥ ¢ OAHON CTOPOHHI AMILIMTYAA ABMIKECHUHN Masa,
TO 9TO MOXKET CBHETEJbCTBOBATE, HAIIPUMEDP, O CKPBITOM IepeioMe peb-
pa, Ipu KOTQPOM GJIOKMpYeTCA COKpallleHie MBIIII] ¢ COOTBETCTBYOMel
CTOPOHBI TPYAHOMN KJIETKH.

KonmarxmHosie usmeperus sJIeKTPUUECKOro IIOJA B HACTOMAIIEe
BpeMA HaX0oAAT HamboJiblliee IPUMEHEHHE B MEJHITHHE: B Kapquo-
rpaduu u 3j1eKTposHInedanorpadpun. ITOT BOIPOC HOLPOOHO H3JI0-
JReH B TJI. 5. )

OCHOBHOM TpOrpece B 3TUX HCCHAEeJOBAHUAX 00YCJIOBJIEH IPUMe-
HEeHMEeM BEIYHCJIHUTEJBbHOA TEXHUKH, B TOM YHCJE IIePCOHATLHBIX
KOMIILIOTEDOB. JTAa TeXHUKA II03BOJIAET, HAIIPUMED, IIOJYyUYaTh TAK
Ha3bIBaeMble 3JIEKTPOKAPANOTpPaMMbI BEICOKOI'O pa3pelleHHudA
(KT BP). '

Kak uspectno, amniautyga curagaya OKI' ue 6osee 1 MmB, a ST-cermen-
Ta elle MeHbIIe, IPHYEM CHIHAJ MACKHPYETCA dJIeKTPHYECKUM HIYMOM,
CBABAHHLIM ¢ HEperyJIAPHOl MEIIIEeYHOM aKTHBHOCTHIO. I109TOMYy HpH-
MEHSAIOT METOJ HAKOILJIEHHUA — TO €CTh CYMMHPOBAHKE MHOTHX IIOCJEM0-
BaTeabHO HAymux curxHajoB SKI'. [aa storo 9BM caBuraet KaKAabli
HOoCJIeAYIOUIU i CHTHAJ TaK, YT0OkI ero. R-muk 651y coBMelleH ¢ R-mukom
npensIAyIero CUrHana, ¥ OpubaBisgeT ero K mpeJbIaylieMy, U TaK I
MHOTHX CUTHAJIOB B Te4EHHE HECKOALKMX MUHYT. IIpH aT0i mpoleaype
MOJIe3HEIH MOBTOPAIONIUHACA CUTHAJ YBEJIHUYHUBAETCH, 4 HEPEeryJaapHEIe
MOMeXH TacAT APYr Apyra. 3a cueT IOJABJICHUSA HIYMa YAAE€TCHA BhIJe-
JHUTH TOHKYIO CTPYKTYpPY ST-KOMILIeKca, KOTOPasA BaskKHA JJIA OIPOTHO3a
pHCKAa MI'HOBEHHOM CMEpPTH.

B snexTposrnedanorpadun, uconab3yeMoi 4 1elieil Heipo-
XUPYPI'UN, I€PCOHAJIIBHBIE KOMIILIOTEDPEI II03BOJIAIOT CTPOUTE B pe-
aJILHOM BpeMeHH MTIHOBEHHEIE KapPTHI paclpeieJIeHU A dJIeKTpudec-
KOro II0JIA MO3ra ¢ MCIIOJb30BaHMEM IIOTEHIHANoB oT 16 mo 32
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3JIeKTPOJIOB, pPa3MEIeHHBIX Ha 060MX HMOJIYIIIAPUAX, Yepe3 BpeMeH-
HbI€ MHTEPBAJIEI IOPAJKA HECKOJIBLKUX MC.

ITocTpoeHme Kax«kJ0¥M KapThl BKJIIOYAET B ce0s YeThIpe IIPoLeny-
pHI:

1) usMepeHHe 2JIEKTPUUYECKOT0 MOTEHITNAIa BO BCEX TOUKAX, I'le
CTOSAT 3JIEKTPO/IbI; 2) MHTEPIOJIAIINIO (IIPOJO/KEeHNE) U3MePEeHHBIX
3HAYEeHUH HA TOUKH, JeXKAIHE MEXKIY dJIEKTPOJAMH; 3) CIIaAMM-
BaHHe MOJyuYuBINeiica KapThl; 4) pacKpalluBanue KapThl B I[Be-
Ta, COOTBETCTBYIOIIME ONPeAeJCHHELIM 3HAUYCHUAM IIOTEHIINAJA.
ITonyuatorca sdpdeKTHBIe IIBeTHHIE H300pakenusa. Takoe mpex-
CTaBJIEHHE B KBA3HIIBETE, KOTJAa BCEMY ANATIA30HY 3HAUeHUH IO
. OT MHUHUMAJILHOTO 10 MAKCHMAJLHOI'O CTABAT B COOTBETCTBHE HA-
60D IIBETOB, HAIIPUMED OT (DHOJIEeTOBOTO AO KPacHOro, cefuac OUYeHb
PACIIPOCTPAHEHO, MOCKOJILKY CHIBHO -00JerdaeT Bpauy aHAIHN3
CJI0KHBIX IIPDOCTPAHCTBEHHEIX paclipejeiieHnii. B pesyabsTaTe 1mo-
Jy4aeTcs MOCJIeZ0BaTeJIbHOCTD KapT, U3 KOTOPOM BHAHO, KaK II0
TIOBEPXHOCTH KODHI IePEMEIAIOTCA HCTOUHHKHU 3JIeKTPHUYECKOTO
moTeHIINAaNA.

IlepcoHaTBbHEIH KOMIBIOTED ITO3BOJIAET CTPOUTH KapTHI HEe TOJILKO
MI'HOBEHHOTIO paclipe/esieHusA IIOTeHIMATIA, HO U (0Jiee TOHKHX IIapa-
meTpoB I, KoTOpEIe aBHO aTpOOHPOBAHEI B KIIMHUYECKOMH IIPAKTH-
Ke. K uuM B iepByIo ouepeas OTHOCUTCA ITPOCTPAHCTBEHHOE paclipe-
IeleHHe SJEeKTPUYECKON MOIIHOCTH TeX MM MHBIX CIEeKTPAIbHBIX
cocrasyaouux I3T ( o, B, v, 8, 1 6-purMmer) (Taba. I Ha dopaare).
J1s1 TOCTPOEHNA TaKOH KapThl B OIIPeZie ICHHOM BPEMEHHOM OKHe 13-
MEPAIOT IIOTEHIUANEL B 32 TOUKaX CKaJIblla, 3aTEM II0 9THM 3aIIHCAM
OIIPeIeIAIOT YACTOTHBIE CIIEKTPLI K CTPOUTCA IIPOCTPAHCTBEHHOE pac-
IIpefieJIeHHe OTAENbHBIX CIIEKTPAJIbLHBIX KOMIIOHEHT.

Kaptu o, 8, u f puTMOB cunbHO oTian4arTceA. Hapymenusa cum-
MeTPHMHU TAKMX KAPT MEeKAY IPAaBLEIM U JIEBEIM IOJIYyIIIapHeM MOXKeT
OLITH JHATHOCTHYECKUM KPHUTEDHEM B CIydae OIYyXoJell Mo3ra M
TIpM HEKOTOPHIX APYTHUX 3a60jieBaHUAX.

Taxum 06pa3oM, B HaCTOfAIIee BpeMdA paspaboTaHkbl 6eCKOHTaAK-
THBIE METOABI PETHCTPAIIMH 3JeKTPHYECKOTO I10JIA, KOTOPOe CO-
3aeT TEJIO YeJI0BeKa B OKPYKAalollleM IPOCTPAHCTBE, U HalJeHEl
HEKOTODEIEe IIPHUJIOMKEHUA STHX MEeTOZOB B MeauiiuHe. KoHTaKT-
HBI€ U3MEPEHHUSA 3JICKTPUUECKOTO IIOJA IMOJYUYHUIN HOBLIH MM-
NyJbC B CBA3U C PA3BUTHEM IIEPCOHAJBHEIX IBM — HX BEICOKOE
O6pICTPOAEeHCTBHE IIO3BOJIMJIO NMOJYYaTh KAPTH 3JeKTPHUYECKUX
moJyeil moara. : :

MarHuTHOe I10JIe TeJla YeJI0OBeKa CO3aeTCsa TOKaMU, reHepupye-
MBIMH KJIETKAMH Cep/ila ¥ KOPEI roJIOBHOTO Mo3ra. OHO NCKIIIOYH-
TeJBbHO MaJo — B 10 MaH. — 1 Mapa. pa3 caabee MAargEUTHOTO NOJA
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3emuu (Tabn. 12.2). JIna ero nusMepeHus NCHOJIB3YIOT KBaHTOBBIH
MarHUTOMeTp. Ero JaTYNKOM SIBJIsieTCA CBePXIPOBOAAMMNI KBaH-
ToBeIii marHuToMeTp (CKBHU]), Ha BX0J KOTOPOTO BKJIIOUEHBI IPH-
eMHBIe KaTYLIKH. OTOT JATYUK NU3MepAeT CBepXcaalblii MAarHUTHBIH
MOTOK, NpoHU3bIBaomuii karywku. Yro6sr CKBU]I paborai, ero
HAaN0 OXJIAAUTD O TeMIepaTyphl, NP KOTOPOii IOABISAETCA CBEepPX-
MPOBOAUMOCTD, T. €. O TeMnepaTyphl xuskoro rexuda (4 K). daa
3TOr0 ero U IpHeMHble KATYIIKH IIOMeIIaloT B CIeHaIbHBIN Tep-
MOC JJIs1 XpaHEeHUS 3KUAKOTO T'eJIud — KPHOCTaT, TOYHee, B ero y3-
KYIO XBOCTOBYIO YaCTh, KOTODPYIO YVAAeTCSA MaKCHMAaJIbHO OJHU3KO
MOAHECTH K TeJy UeJIOBeKa.

B nocsieHze FOALI 10CTE OTKPHITHSA « BRICOKOTEMIIEPATYPHOMH CBEPXIPO-
BoaumMocTu» noasuaucs CKBU]IsI, KOTODEIE AOCTATOYHO OXJAKIATH A0
TeMIepaTypH Kuakoro asora (77 K). Ux 9yBCTBUTENBHOCTH AOCTATOUHA
J715 U3MEPEeHUS MarHUTHOTO MOJA cepAla. -

Tabauya 12.2. Aapykuuda (B) MarEHTHOTO IMOJA OPraHU3Ma YeJIOBeKa
M OKPY’Kalomes cpensbl

O0BexT Nupyknus B, Ta
cepjie 101t
MO3T 10713
noJse 3eMJH 5-10°%
reOMarHUTHHIHA LITyM 10%-107°
marrut SIMP tomorpada 1

Kax suaHo 13 Tadbn. 12.2, MarHuTHOe NoJIe, cO3ZaBaeMoOe opra-
HU3MOM YeJIOBeKa, Ha MHOI'0 NOPAJKOB MeHbIle, UYeM MATHHUTHOe
noje 3eMsH, ero GbayKTyanui (reOMarEUTHBIH IITYM) MJIH IIOJIA TeX-
HHYECKHUX YCTPOoiHcTB., UTOOBI OT HUX OTCTPOMNTHLCS, U3MEPSIOT He
caMO MarHHTHOE TIoJIe, 4 ero rpagueHT, TO €CTh ero H3MeHeHHe B
npocTpaHcTBe. B Kax0ii TouKe NpOCTPAHCTBA MOJHAA HHAYKITUA
B MarHuTHOrO N0JsA €CTH CYMMa HHAYKIMIA oJieil noMmexu B_u cep-
ana B, a umenno B=B_+ B, npuuem B_ > B,_. Ilose nomex: 3em-
JIN, METAJLINYECKHUX IpeAMeTOB (TPYO OTOILIEHN A ), IPOe3KAIOIUX
Mo yJune rpy30BUKOB U T. . — MeIJIEHHO U3MEeHAETCS 110 IPOCTpaH-
CTBY, B TO BpeMA KaK MarHUTHOe NOJie CepANa NN MO3ra crajgaeT
OBICTPO IIDM y4aJleHHH OT TeJa.

ITo sToit mpryKHe MHAYKIUN MArHATHOro noJisi momex B, u B,
N3MepeHHbIe HeIIOCPEACTBEHHO HAa IOBEPXHOCTH TeJjia X HA pacCToA-
HUH, CKaXKeM, 3 CM OT HETr0, NPAaKTHUYeCKH He oTanyalorea: B =B ,,
a HHAYKOuM nojs B, u B ,, cosnasaeMoro cepameM B 9THX Ke TOY-
KaXx, oTauyaiorTca moutu B 10 pas: B >> B ,.
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IToaToMy, eciu BeIYECTH APYT U3 APYTa ABa 3HAUYCHUA H3MepAeMOii
HMHAYKIMK MarHuTHOro 1o B, u B,, To pasHOCTHBIH CHIHAJ B,-B,~
B, — B,, IpaKkTHYeCKH He COAEPKUT BKJIaJa OT IIOMEXH, 8 CUTHAJ OT
cepZlia JHUUIE ¢J1abo ncKasuTes. [J1d peausau OITMCAHHOM ITpocTeii-
mieii cxeMbl ~ IpafuoMeTpa IepPBoro MoPAAKa — MOXKHO MCITOIb30BATh
IBe IapaJuiejbHble APYT APYTry KaTyIIKH, PacIojioKeHHble O4HA 3a
Apyroii Ha pacCTOAHNN B HECKOJBbKO CAHTHMETPOB M BKJIOUEHHEIC
HaBCTPeuy APYT APYTY. B HacTOsAIIee BpeMs HCIIOJIb3YIOT 00JIee CI0MK-
Hble KOHCTPYKIIMH — I'PafHoMeTPhl BTOPOTO MOPAAKa (MX JaTUYHK CO-
JepsKuT 6osiee JBYX KaTyIIeK). OTH yCTPOHCTBA IO3BOJIAIOT M3MEPATH
MAar"suTosHIedasIorpaMMbl HEIIOCPEACTBEHHO B KJIIMHUKE.

Maznumoxapduozpamma u duHamuieckas MazHumHas Kapma
yeno8exa. UCTOUHMK MarHUTHOIO TIOJIA CEPAIA YeJIOBEKa TOT e, UTO
¥ 9JIeKTPHYECKOT0, — IIepeMeIlaolasca rpanuna obiactTu Bo3byx-
JeHud MHOKapha. Pazanualor ABa crnocoba MccefOBaHUA 3TOTO
noas: (1) namepenne MarauToxkapauorpamm (MKT) u (2) mocTpoe-
HUe AuHamMuueckoi MarauTHo# kapThl (IMK). B mepBom cayuae
H3MepeHHue IPOBOAAT B KAKOM-TO OQHOU TOUKE HAJd CepAlieM, B pe-
3yJIbTATe MOJIYYaIOT 3aBHCHMOCTH BEeJIMUMHBEI MATHHUTHOIO IIOJISA OT
BpEeMEeHH, 3aUacTyIo COBIajalomue 1o ¢opme ¢ TpagUIMOHHBIMH
aJIeKTpOKapAuorpaMMaMu. YToObl IIOCTPOUTH AUHAMHUYECKYIO Mar-
HUTHYIO KapTy, Heobxozumo uamepursb Habop MKT' B pasubIx Tou-
Kax HajJ cepguemM. Iy 9TOro nanmueHTa Ha ClieliaJbHON HeMATHUT-
HOI KpoBaTH IlepeMellaioT BOJM3H HEIOABIKHOIO naTunka. Ilose
u3mepsaetcs B obmactu 20 x 20 cm? o ceTke u3 6 x 6 seMeHTOB, T.e€.
Bcero B 36 Toukax. B ka0l TOUKe 3aIMCHIBAIOT HECKOJIBKO IIEPHO-
OB CEPAEUHOTrO ITUKJIA, YTOOhI YCPEeJHUTD 3alIUCH, 3aTeM IIepeMenia-
IOT IalleHTa TaK, YTOObI N3MEPHUTh CJAeAyIONIYI0 TOUKY. 3aTeM B
onpejesieHHble MOMEHTHI BpeMeHH, OTCUNThIBaeMble OT R-niuka,
CTPOSIT MI'HOBEHHbBIe AUHAMHUYECKHe MATHHUTHEIe KapThl. Kaxkgas
JIMEK cooTBeTcTBYyeT onpefiesieHHOH (hade cep/leHOTO ITUKJIA.

B marantorapauorpadun (MKI) nu maraurosunedansorpaduu
(M3T') ucoaBL3YIOT ABE OCHOBHEIE (hOPMEI IIPeiICTaBIECHUS IIOJIYUEH-
HBIX Pe3yJbTATOB. TpaguIMOHHBIHN CIIOCO0 — 3TO IIOCTPOEHME U30-
JUHUH, TO eCTh IPOBE/IeHNe ceMeHCTBA KPHBBIX , COOTBETCTBYIOITUX
OQHOMY H TOMY K€ 3HAUEHUIO MHAYKIIMKA MAaTHUTHOTO IIOJIA ! Pas-
JUYAIOMKXCA APYT OT Apyra Ha IOCTOAHHOe 3HaYeHue, Hallpumep,
5nT(1uT=102T): 0nT, 5aT, 10nT u r.1.

OcHoBHBIE MEJUIINHCKHAE ITPUMEHEHUA U3MEePEeHUH MarHUTHBIX
mmoJieit Tesia uejioBeKa — 3To marautokapzuorpaduns (MKT) u mar-
"uroaHnedanorpadud (MITI'). Jocrouncrsom MKT 110 cpaBHeHUIO
C TPAAUITMOHHOI dJieKTpoKkapauorpadueii (AKT) apaaercsa BosamMoxk-
HOCTb JIOKAJIH30BATh MCTOUHUKH T10JIS1 ¢ BHICOKOI TOYHOCTBIO IIO-
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paaka 1 cM. ITO CBA3aHO C TEM, UTO JHHAMHYECKHEe MarHATHBIE
KapTHI HO3BOJIAIOT OIEHUTEH KOOPANHATHI TOKOBOI'O JUIIOJIS.
Mexannsm GOpMHPOBaHNA MArHATHOIO IOJIs MOKAa3aH Ha cXe- -
me. IToa OBEPXHOCTHIO NOJA Ha rpybmee d pacmosioxkeH IpoBoA-
HUK, I10 KoTopoMmy TeueT ToOK 1. Torpa coxaaerca moJie C UHAYKIIA-
el B, c 04H01 CTOPOHEI OT ITPOBOAHHUKA HOJIE BRIXOAUT U3 IJIOCKOCTH,
¢ Ipyroii — cxoaut B Hee. 3MepsAIOT NEPOEHANKYJIAPHYIO IJIOC-

KOCTH KOMIIOHEHTY IoJia B,.
: y/

oo

IToxkasaHbpl M3OJMHUMMATHATHOTO HOJA B IUVIOCKOCTH U3MEPEHHUI, 3aTeM-
HeHHad 00JIaCTh COOTBETCTBYeT 06JacTH BXOASIMUX B Heyo auHMiA, 1 — pac--
CTOAHHE MEXKIY SKCTPEeMYyMaMH II0JIA II0 OCH X.

JIMMHHBEIE IPOBOAHMKH C TOKOM B TEJIe UYeJIOBeKa OTCYTCTBYIOT. [IoaTomy
JyqlIed annpoKCcHManueil peaJbHbIX MCTOYHMKOB MAarHMTHOTO HOJIA SBJIA-
eTCsl MOJAEeJb TOKOBOI'O AUMOJA KOPOTKOIO VYACTKA IMIPOBOAHHUKA C TOKOM,
KOTOpHIii OpueHTHPOBaH Ha cxeme. CozgaBaeMoe TOKOBEIMANIOJIEM IIOJIE MM-
MeT HauboJbllTee M HAMMEHBIIICe 3HAYCHNE HA TOMIKe YAAaJEeHHUH OT CBOeH ocH,
YTO M N1 AJIMHHOTO IPOBOAHMKA, OAHAKO BAOJb OCH JUIIONA OHO GRICTDO crIa-
gaeT B o6e CTOPOHEI, TaK YTO M30JHMHH I0JA BOIM3HN 3KCPEMYMOB HAIOMMUHA -
IOT OKPY>KHOCTH.

Taxkum o6pasoM, perucrpanusg MarHUTHBIX MOJIEH YeloBeKa HO3BOJIAET
IOJIYYUTDH HOBYIO HH(OPMAIINIO, JOIIOJHHUTENBHYIO K TOH, KOTOPYIO AAIOT H3-

MepeHUdA 3JNeKTPHUECKHX moJei.
§ 52. Hadpaxpacuoe uanygenue

Hau6osee ApKy0 HHPOPMANUIO O PACHDEIeIEHUN TEMIIEPATYPH
MOBEPXHOCTH TeJia YeJIoOBeKa U €e N3MEHEeHUAX BO BPEMEHH JlaeT
MeTOJ] AMHAMHNYECKOr0 NHPPAaKPACHOrO TeNJIOBHACcHUSA. B Texuu-
YeCKOM OTHOIIICHUY 9T0 OJIHBIA AHAJIOT TeJIeBUIeHNU A, TOJIbKO IaT-
YUK U3MepseT He ONITUYECKOe U3JyUeHHe, OTPAKeHHOe 0T 00'beK-
Ta, KOTOPOe BUAUT YeJIOBEUECKHIA IJ1a3, KaK B TeJeBUACHUH, a ero
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co0GCTBEeHHOE, He BUAMMOE I'1Ia30M, HH(ppaKpacHoe uanydenne, Ten-
JIOBH30D COCTOUT M3 CKaHepa, I3MEPAIOIIEro TeILJIOBOe N3JIyIeHne
B M alla30oHe JJIMH BOJH oT 3 10 10 MKM, ycTpoiicTBa 414 c60opa JaH-
HHX B IBM ans o6paborku usobpakenusa. [{uanaszon 3—10 MM
BREIOpaH MOTOMY, YTO, KaK BUJHO U3 puc. 12.2, ”MeHHO B 3TOM AHAa-
na3oHe HaOMI0JA0TCA HANGOJIBIINE OTJINUYNA MHTEeHCUBHOCTH H3-
JIY4eHHU A IIDK NU3MeHeHUH TeMIIlepaTypHI Tea. IIpocreiiniue ckane-
PHI COOpaHEI 110 CJIeAYIOIIEH cXeMe: TeIJIOBOE U3JIyYeHNe OT Pa3HbIX
Y4aCTKOB TeJla II0CJIeI0BATEIBHO, C IOMOIILIO KOJIEeGIIOIINXCA 3ep-
KaJI, IpoeupYIOT Ha OAWH IPHeMHUK HH(PAKPaCHOT0 U3JIyYeHU T,
oXJIaXKJAaeMBIil KUAKUM asoToM. M3obpaxenune uMeer gopMmar
128 x 128 amemeHTa miau 256 x 256, To eCcTh MO Y€TKOCTH MaJIO yC-
TyIIaeT TeJeBU3HOHHOMY. TellIoBM30DH ITepefaioT B 1 cexyuay 16
KaApoB. YyBCTBUTEJBHOCTE TEIJIOBH30Pa IIPH U3MEDPEHUH OTHOTO
kazapa — nopaaka 0,1 K, ofHAKO ee MOKHO Pe3KO YBEJIHYUTh, MC-
moab3ya IBM miis 06paboTKM M300parKeHuA.

OcobGerHocTH 06paboTKH H IpencTaBJIeHHA TEeINIOBU3HOHHOTO
nsodpaxenusa. TemnoBrsnoHHOE N300paKeHNe MOKHO BHIBOAUTE B
yepHO-6eJioM 6o BeTHOM hopMmare. Ilepenasnsl TeMepaTypsl, KO-
TODHIEe HY:KHO U3MEPATH Ha TEPMOTPaMMe, COCTaBJIAIOT, KaK IIpaBH-
JI0, AOJIH rpajyca, B TO BpeMsd KaK IIOJHEIN CUTHAJ COOTBETCTBYET
npubnusureasno 300 K, T. e. ncxoanoe nsobpakeHue obianaer Ma-
JIBIM KOHTPacTOM M ero Heo6xogumo obpabarriBaTh. Bes npeasapu-
TeJIbHOI 06padoTku Ha IBM nosyuyeHHas KapTHHA HeHHGPOPMAaTHB-
Ha. 3BM mosBojisieT AeyaTh CHeAYIOIHe ollepalnM o6paboTKu
uzobpakeuns: 1) yecpeaneumne; 2) usMeHeHNe KOHTPACTA IIOJIYUWB-
muxcA u3obpaskeHuii; 3) pacKpacKy B KBasHI[BET KOHTPACTHPOBaH-
HEIX M300paskeHuit, ' ,

HcnonsayioT ABa MeToJa YCpeAHEHUS: IO IPOCTPAHCTBY M IIO
BpeMeHH (HakoleHue). B mepsoM ciayuae B mosyueHHOM KapTe
BMECTO TeMIIepaTypPhI Ka)XJA0r0 YIACTKA H300pasKeHN s 3alIUChIBA-
10T CPEeJHIOI0 TeMIIePATYPY HeCKOJBKHX COCeTHUX ToueK. Bo BTO-
POM clyuae CYMMHUPYIOT HeCKOJIBKO KaJpPOB, CHATHIX APYT 3a APY-
roM. B 000ux cayuyasax ciaydaiHble IIYMEI IOAABISIOTCA, B [10JIe3-
HBEIM CHrHAJ CTAaHOBHUTCA Gojiee 4eTKHM. IIOCKOJBKY TeIJIOBHIE
MOJIsI BO BpEMEeHH MEHAIOTCA AOCTATOYHO MEJJEeHHO, a UX Mpo-
CTpaHCTBEeHHEBIE I'PAHMILI PEJKO OBIBAIOT PE3KHMMM, 3TH METOJB
06paboTrn n306paskeHHH IO3BOAAIOT 3HAYUTEIbHO IOAHATE Yy B-
CTBHTEJHHOCTH TEIJIOBU30POB, KOTOpasg MOXeT HOCTHTaTh He-
CKOJBKMX TEICAYHEIX JoJel rpajgyca, H B TO JKe BpeMs He OUeHb
MOPTAT KauecTBO N300pakeHn .

KoHTpacTHpoBanue n3obpakeHnsa 1 pacKpacka B KBa3UIIBET JAIOT
BO3MOYKHOCTD YCHJIHNTD BOCIIPHUATHE BEJUUHHEI TEILIOBEIX KOHTPAC-
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ToB. PoJib pacKpacKu uso0paskeHHusd MbI 00cyaniu Bhiire. Ocramo-
BUMCA HA KOHTpacTupoBauuu. KoHTpacTHpoBaHMEeM HasbIBaeTCA
YMeHbIIIeHHe TUAIIa30Ha U3MepAeMOH BeJIUYHWHbI, KOTOPOMY COOT-
BeTCTBYeT MOJHbBII MacIITab nu3MeHeHUA IPKOCTH HJIH IBeTOBOM ma-
autpel. IIyeTs, HampuMep, nsoOpaskeHue ObLJIO pacKpallleHo Tak,
uyT06sl mMATEpBaTy Temnepatyp 1 K co cpennum snauenuem T, coor-
BETCTBOBAJIO USMEHEHHUeE IIBETa OT (PHOJIETOBOro A0 KPacHOro, IIpH-
4yeM cpefiHel TemmnepaType usobpaxxenus T, — ycioBHOMY HyJIO —
COOTBETCTBOBAJ 3ejieHbIH 1BeT. Toraa 11BeT 60Jiee XOMOAHBIX YUACT-
KoB ¢ TemnepaTypoii oT T, 10 —0,5 K capunyT k huonerosomy, 6onee
rerabix — oT T, 10+0,5 K — k kpacHomy. B sToM cryuae masoe nusme-
HeHMe TeMIlepaTypsl, Hanpumep Ha 0,05 K, npoasasercsa Ha u300-
pasKeHWH B BUJe U3MeHeHHUs OTTEHKOB 3€JIeHOTO IBeTa. Ecan ke
nzobpaskeHne KOHTPaCTUPOBATh B 4 pasa — paCTAHYTH €ro MaciuTab
TaK, 4TOObI BCs najuTtpa cooTBeTcTBoBasia He 1 K, a 0,25 K, To niepe-
nagy temiepatypsl 0,05 K 6yaeT cOOTBeTCTBOBAaTh KOHTPACT 3eJie-
HBIA-OpaHKeBEII — XOPOIIIO PasINYNMBIH I'JIa30M.

Pa3sHOBHIHOCTL TENJIOBUAEHUS, IPH KOTOPOIl HCCIeAyeTCs Bpe-
MeHHaA JUHaAMUKa TeMIEePaTyPHLIX II0JIeil, MHOr/Ja HasLIBAIOT AU~
HaMH4YeCKHUM TeIlljioBugeHueM. O0pabaTwiBasa mocjedoBaTEbHEIE
TEepMOKAaPThHI, MOXKHO ONPeAeNTUTh TUHAMHUKY TEeMIEePaTyphl B Ka-
KHUX-TO MHTEPECYIOIINX Hac TOYKaX, D9BOJKIIHUIO BO BpEMEHHU pas-
MepOB OIIpe/ieIeHHBIX HarpeThiX YUACTKOB KOXKH U T.1I.

Tennosunenue B 6Moxorun u megunune. Hanbosee apkuit pe-
3yJbTaT MPUMeHeHUus TeIIOBHUAEHUA B OHOJIOruH (3T0 o6HapyxKe-
HUE U PETUCTPAIlUA IIPOCTPAaHCTBEHHOrO pacipeeieHusa TeMepa-
TYPhI KOPEI FOJIOBHOT'O MO3ra JXHBOTHBIX — POAMICA (PaKTHUUECKH
HOBBIH paspei husnosornn — repmoanedanockonns). s usme-
peHUil TeIJIOBU30D HABOAAT HA NOBEPXHOCTD UepenHoil KOpoOKH, ¢
KOTOPOM MpeBapUTEILHO CHUMAIOT CKAJIBII.

B Tabaurie V Ha Qpopsalie npuBeJeHbl TEPMOKAPTHI MO3Ta KPBICHI
TIPY 3PUTEJIbHOMN CTUMYJIAIMH JIEBOT'O I'Ia3a KOPOTKO# BCIBIIITKOMN
cBeta. Iloaublil nepenaj remepatypsl coctasui 0,1 K. Bugno, uro
yepes 2,6 ¢ mocJie HAYaJIa CTUMYJIAIIUH IIOABIAIOTCA OUArH TEILIa B
TpPaBOM U JIEBOM HOJyInapuaAx. IlepBrlii ouar MHTEHCUBHO pasorpe-
BaeTCA U YBeJIMUUBAET CBOU pasMephl. Yepes 7—8 ¢ HauunHaeTcs pa-
30TpeB U JIeBOro ouara. Yepes 10 ¢ Bo30Oy K eHIe OXBaTHIBAeT 0OJIb-
IIVIO YACTH OBEPXHOCTU KOPLI MO3TAa.

TepmosB1edaTOCKONMUA MO3BOJHNIIA «YBUAETh» BOJIHEI, PACIIPO-
CTPaHAI0IINeCd IO IIOBEPXHOCTH KOPEI M'OJIOBHOrO Mo3ra. OfuH u3
THIIOB BOJIH — BOJIHA PacIpocTpaHdamieiica nenpeccun (PI) — Bos-
HUKaeT npu nHbekiuu pactBopa KCI u gBukeTcs co CKOPOCTHIO 3-
5 mm/MmuH. OKaszanocs, uTo BosHa Pll, KOoTODYIO paHee perucTpu-
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POBAJIH TOJBKO B OTHEJBHEIX TOYKAX KODBI ¢ MTOMOIIBIO 3JIEKTPO-
OB, COIIPOBOKAAETCA HHTeHCUBHOI TeIlsIoBoi Boiuoil. [locaenHana
BHAHA KaK JIOKaJIbHOe yBeJInyeHKe TeMnepatypsl (o 1 K), anurca
CYIIECTBEHHO JOJIbille, YeM dJIeKTPHUYECKasd BOJIHA, M BbI3BAHA Ie-
Hepaiuei Tenja B KJIeTKaX KOPLI MO3ra.

K cosxasieEHMI0, TeIJIOBEIE KAPTHLI MO3Ta YeJIOBEKA MOMKHO IIOJIY-
YUTH TOJBKO B X0Jle HePOXHPYPrUUeCcKUX oepanuii Ha OTKPLITOM
MO3re, MOCKOJIbKY U3-38 CHJIBHOIO nomiomenusa UK-uanyuenuns
CKaJbII H TOJICTAA YepellHad KOPOGKa OKA3KIBAIOTCS HEIPEOL0JIN-
MO mperpaaoil A CHIHAJIOB U3 MO3TAa.

HNudpaxpacHoe TeILIOBHUIEHHE TeJIa YeJI0BeKa JaeT HHGOPMAIIHIO O
TeMIlepaType BepXHHX CJIOEB KOXKY — POr'OBOIO CJIOSA SIUAEpMHCA H
HEKOTOPLIX MOAJISKANX CJIoeB 00ImeH ToMIuHOH oKkoao 100 MKM,
TOCKOJIBKY, KaK IIOKAa3aHO CIeINAJILHLIMM N3MEDEeHUAMH, 3JIEKTPO-
marguTHbIe BoJiHB MK-granasona saTyxaior, Ipoijsa B Orosormdec-
KUX TKaHAX paccTosgHue Bcero okoio 100 mxm. Temneparypa aToro
cJ104 onipefiensercd 6aIaHCOM TeILIa 8a CUET ero OTHAYU B OKPY2Kalo-
LIYIO Cpefy M IPUTOKA 38 CUeT KPOBH, IIPUTEKAIOINeH M3 TEIJIOBOTO
azapa oprarusma. Ilosromy dpaxtiuecku NK-TenioBrugeHne 310 CIIO-
€00 OITeHUTH KOXKHBIM KPOBOTOK B PASJIMYHBIX YYACTKAX TeJja.

Hau6omnee pacipocTpaHeHEBIM HpuMeHeHneM MK -renioBHaeENA
B MeJUIMHE ABJSAETCA BU3YAIN3ANNA KPOBOCHAGKEHNA HUKHUX
KOHeuHocTell. Ecin KpoBocHaG)KeHMe B HUX HapyUIEHO, TO TeMIIe-
paTypa ZUCTAJIbHBIX YYaCTKOB Pe3KO CHM)KeHa. Perucrpupysd pas-
Mep obiacTeil co CHH)KEHHOM TeMIepaTypoii, MOKHO OIpeJeIUTh
CTeNneHb BHIDAXKEHHOCTH 3abosieBaHMA, a TakKe 9dEKTHBHOCTH
TepaleBTHYECKUX MepONpHATHIH.

JmaaMuyecKoe TenI0BH/eHIE II03BOJIAET OTCIeANTDh H3MeHeHN A
TEeMIIEPATYPhI TeJA NP PA3JIMYHLIX HO3SHPOBAHHBIX BO3JeHCTBH-
AX — QYyHKIUOHAJBHEIX pobax. Hanpumep, nmociie CHATHA O€K-
OBl KOKa IAallieHTa OKa3hIBAeTCA B HHOM TeMIepaTypPHOM DesKH-
Me, ¥ IPOUCXOINT AauTeabHas (15—20 mun) agantanusa. JuaaMuxa
N3MepPeHUus TEMIIEPATYPhl Teja B 9TOT IePHOJ CIYKUT KPHTEepHUeM
HOPMAaJbHOIr0 QYHKIMOHNPOBAHNSA CHCTEMEI TEPMODEryJJIAILNH.
IInaBHOE MOHOTOHHOEe U3MEHEHNE TeMIIePATypHl — OOBIYHAA HOP-
MaJIbHasA PeaKIudA, OTCYTCTBHE JMHAMMKH — CBUETeJIbCTBO Heba-
rononyuuda. Takum o6pasoM, HAIpUMEDP, KOHTPOJUPYIOT DA3BUTHE
GosesHu PeiiHo, IpH KOTOPO# HApYIIaeTCA TEPMOPEryJIANNA: CHU-
SKEeHHe TeMIepaTyphl B KOMHATE BHISBLIBAET 3aKOHOMEDHOE CHUKe-
HIe TeMIIePaTyPHl KOXKH 3[0POBLIX HCIBITYeMbIX 1 He OKa3blBaeT
Bo3IelicTBHMe Ha OOJBHEBIX 3TOH GosiesHbI0. OTCYyTCTBYE JHUHAMHKH
NpH TaKo# mpobe XxapaKTepHO M AJa GOJBHBEIX ¢ IOBpPEKAeHHOI
BCJIeICTBHE TPaBMBI HHHeDBaLue# KOHEUYHOCTH.
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MeToa AMHAMHUYECKOTO TeILIOBUAEHUS OTKPHLI BO3MOKHOCTH BH-
3yaJN3HupOBaTh PeaKIHI0 OprausMa B soHax 3axapbuHa—Iena. B
IIPOIILIOM BeKe PyCcCKHil Bpau 3axapbMH ¥ aBCTpHiicKui yuensiii I'ex
OOHAPYKIIH, YTO OIIpEJEIeHHBIE YUACTKH IIOBEPXHOCTH TEJIA CUTHA-
JIM3UPYIOT 0 HeBGJIaTrOIIOIYyUNH B COOTBETCTBYIOMIEM €My BHYTPDEHHEM
oprase. B uacTHOCTH, IPK CEPAEYHOM HEAOCTATOYHOCTH 00JIb OLITyIIIA- |
€TCsI C JIeBOH CTOPOHEI ¥ OTAAET B JIEBYIO PYKY. OfHAKO IPAaHUIIBI 3THX
obnacreii yfaeTcA OKOHTYPHUTD ¢ OOJIBIIINM TPYAOM, TaK KaK IIPHXO-
JUTCA OITMPATHCA JHIIL Ha CYyO'beKTMBHEIE PeaKINH anuesTos. Uc-
MOJIb30BaHHE TEILIOBUAECHHA OCHOBAHO HA TOM, UTO B cirydyae 6oeBoi
Peaxnun Kaxkoro-jmuto opraia Ha GyHKIHOHAJBHYIO IIPO0Y BO3HHKA-
€T COCYINCTAsI PeaKINs B COOTBETCTBYIOIEH 30He 3axapbuHa—Iena —
3TO IIPUBOJUT K N3MEHEHHUIO JIOKAJILHOM TeMIlepaTyphl KOYKH.

§ 53. dnexrpomaranTusie Boaasl CBU-guanasona

HUuTrencuBHOCTL n3nydenus sond CBUY-quamaszoHa 3a cueT Ten-
JIOBOTO JBMYKEHHA HUUTOKHA. Kak MoskHO paccuuTaTs us puc. 12.2
HJIV HemlocpeACcTBeHHO u3 ¢opmysl IlnaHKka, IpHU mepemnajie TeMiie-
PaTyphI OTHOCHTENLHO OKPY:Kamwileii cpeabl Ha 1 K oHa cocTaBas-
eT Bcero 2 - 1013 Br/m2. Kak samerun akagemuk 10.B. I'yases, mo
CBO€il MHTEHCUBHOCTH 3TO COOTBETCTBYET CBETY CBe4H, IIOMEIIEH-
HO# Ha paccTosauue cBoIie 10 kM.

ITH BOJHLI B TeJle YeJIOBeKa 3aTyXaloT ciabee, ueM nudpakpac-
Hoe usinyueHHe. [IoaTOMy ¢ IIOMOIILI0 IPUGOPOB AJIA H3MEPEHUA
cIa0bIX 3JIEKTPOMArHUTHBIX II0JIeH 3TOro AMAarasoHa YacTOT, TaK
HasbpiBaeMbIX CBY-pagnoMeTpoB, MOMKHO U3MEPHUTH Telvmepa'rypy
B I''TyOHMHe TeJia YeJIOBeKa.

BoJHEI 13 Tella YeJIOBeKa MPHHUMAIOT IOCPEeACTBOM KOHTAKTHOM
aHTEeHHH! — alIlJINuKaTopa. J[cTaHNMOHHLIE N3MePEeH!A B 3TOM U~
ama3oHe, K COKaJIEHUIO, IPaKTHYeCKY HEBO3MOKHEI, TAK KaK BOJI-
HEI, BRIXOJAIINE U3 TeJjla, CHIbHO OTPaXKaloTcA o6paTHO OT rpaHu-
Il TeJI0—BO3AYX.

T'maBHas TPYAHOCTS IPH aHANN3€ H3MEPEHHH INIYOMHHOM TEMIIE-
PaATYPHI IO PAAVOTEIIOBOMY U3JTYyUEeHHIO HA €ro IOBEPXHOCTH COCTO-
HT B TOM, YTO TPY/AHO JOKAJIM30BATh MNIYOMHY UCTOUHUKA TEMIIEPATY-
pel. [Ina UK-usnyuenus sTa npobieMa He BO3HHKAET: U3JIyUeHHe
norJyoniaercs Ha rryoude 100 MKM, TaK 4YTO €T0 MICTOYHHMKOM OJHO-
3HAUYHO ABJAETCS IOBEPXHOCTS KOku. Paanosonnsl CBY-ananasona
TIOTJIOIIAIOTCH Ha PACCTOSHUM, KOTOPOE COCTABIAET HECKOJIBKO CM.

Cpepnasa ray6éuHa, ¢ KOTOPOi M3MepsieTCA TeMIlepaTypa, onpe-
IeAeTCA rIyOnHOM MIPOHNKHOBeHN A d. OHA 3aBUCHT OT JJIUHEI BOJI-
HEI 1 THOa TKaau (puc. 12.3). Yem Goabilie B TKAHU BOABI (3JIEKT-
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Puc. 12.3. 3asucuMocTb MTy6HHEI TPOHHKHOBeHHA d [eIIMMeTPOBLIX BOJH
OT JJIMHEI BOJIHH A B CBOGOZHOM OPOCTPAHCTBE AJIA TKaHeH, cofepRalinx
MHOTO 3JIEKTPOJINTA (MBIIIIBI) ¥ MaJio (3KUpPOBafA TKaHb)

poJsuTa), TeM ¢ MeHbIIIe# IIIyOMHLI MOXKHO U3MEPHTL TEMIIEPATY-
PV: B 2KHPOBO#i TKaHH! C HU3KHUM cojJiepKaHueM Boabid =4 —8cMm, a
B MBIIIEYHON TKaHHU (C BEICOKUM COJIePyKaHUeM BOJLI) 9Ta BeJIUUH-
Ha yMeHbIaeTcs no sHaueHnii d = 1,5 - 2 cm.

OnTNMAaJLHEIME JJI U3MepPeHUs TIYOMHHOM TeMIepaTyphl siB-
JISTIOTCA PAAHUOMETPHI C AJIHHOM BOJHE B CBOOOJHOM IIPOCTPAHCTBE
‘A =20-40cm: y 6051€e KOPOTKOBOJHOBBIX YCTPOMCTB I'’Ty0HMHA IIPO-
HUKHOBEHHSA CHHKAETCA 10 HECKOJNbKHUX MHJLJIMMETPOB, TO €CThH OHU
daxTHUeCKH, TaK Ke KaK H UK-TenmioBu30pbl, H3MEpAIOT TEMIIEPA-
TYPY KOXKH, a y 0oJiee AMUHHOBOJXHOBHIX paguoMeTpos (A = 60 cm)
CJINIHKOM BEJIMK PasMep aHTEeHHHI M MaJjia IPOCTPAHCTBEHHAA pas-
penlaonias CIOCOGHOCTb.

Xotsa merog CBU-pasuoMeTpHH H3MepAeT CPe/HIO IT0 TTyOHHe TeM-
epaTypy B TeJie UeJIOBEKA, CEMYac H3BECTHO, KAKHUe OPraHbl MOT'YT Me-
'HATH TEMIIEPaTyPy, ¥ IO3TOMY MOXHO OHOZHAYHO CBA3ATH HU3BMEHEHH A
TeMIepaTyphl ¢ 9TUMH oprasamu. Hanmpumep, naMeHeHHE TEMIIEPATY-
PHI BO BpeMs MBILIEUHOM paboThl, OU€BHUHO, CBA3AHO HMEHHO C MbI-
MIeYHOH TKaHbIO, ©3MeHeHH A IITyOMHHO TeMIIepaTyphbI T'OJIOBHOTO MO3-
ra, Koropble gocturaoT 1-2 K, onpeaensorcsa ero Kopoii.

Mexaan3Mbl H3MEeHEHUA TEMIIEPATYPH B Tele dedoBeka. Tem-
JIOBO GaJjlaHC KaXA0T0 YUaCTKAa TeJla MOAEDKHUBACTCA 3a CUET TpeX
dakTOpOB: 1) reHepaiiuy TeIJa BCJIEACTBHE MeTadOJIHu3Ma; 2) 00-
MeHa TelJIOM € COCeJHUMH YUaCTKaMH Teja n3-3a repmoauddysun;
3) KOHBEKTHBHOTO TEILJIOOOMEHA IOCPEACTBOM KPOBOTOKA, TO €CTh
3a cUeT IPUTOKAa M OTTOKA TeIlJla C KPOBbIO. 3a CUeT KOHBEKTHUBHO-
ro TenJooGMeHa OSHU TKAHU MOT'YT HarpeBaThCA, a APYrue OXJIax-
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maTtecA. TemnepaTypa KPOBH, IPHTEKAONIEH 110 apTepuaAM B pas-
JUYHBIEe OPPAHEI, OIIPEAEIAETCA TeMIIepaATy POl «TEII0BOro AApa»
Tena (paKTHUYECKH PPYAHOH KJI€TKH) K COCTaBJIAET 0KoJo 37 °C.

KpoBb, IpUTEKAOIAA B IIOKOAIINECA MBIIIILI (X TeMIepaTypa
okoio 35,5 °C), BLI3bIBaeT ux HarpeB. HanpoTus, TemnepaTypa
MO3ra M3-3a aKTUBHOM pPaboTh! HeitpoHOB 6amxke K 38 °C, T.e. npu-
TeKawIasd KPOBb ero oXJakkaeT. B cuiy 3Toro pasinunsa BpeMeH-
HOe IpeKpallleHne KPOBOTOKA IPHBOAUT K OXJIAMKACHUIO MEIIIIBI
H, Hao6OpOT, K HATPEBY MO3ra.

B xauecTse npumepa GU3HOJOTHUECKHUX HCCIEAOBAHUN MpHUBe- -
JIeM BPEMEHHYIO 3aBHCHUMOCTD INIyOMHHON TeMIlepaTyphl MBILIIEI
noj AeiicTBUeM MBILIeUHOH paboTel. I1iy6HHHAA TeMnepaTypa 6u-,
HeIca JeJjIoBeKa B IIOKOe COCTaBJIAeT 0Ko0J0 35,5 °C, mocse Hauana
COBEPIICHNA MBIIIEeYHOH paboTHI POCT TeMilepaTyphl (kpuBad 1,
puc. 12.4) HaunHaeTCA He Cpa3y, a OCJe HEKOTOPO# 3aJePKKH —
JaTeHTHOro nepuoza, paBHoro 20 — 30 c. ITogsem TeMnepaTyphl
CBA3aH ¢ YBeJNUeHNEeM KPOBOTOKA M MeTab0JIN3Ma B MEIIIHE B IPO-
JOJIXKAETCA Mocje OKOHYaHUA PaGOTHI.

CymiecTBeHHO, YTO 3TOT MOJHEM TEMIIEPaTyPHl He IMpPeKpaliaeT-
CA B MOMEHT OKOHYAHMsA paboThI, OH JJIHUTCA elle HEKOTOpOoe Bpe-

T C

35,5

35

I I I I t, Muu
1 2 3 4

Puc. 12.4. 3asucumocTsb riryOMHHOI Temiieparyprl T Guenca uejosexa noc-
Jie HayaJia COBEPIIEHUA PAGOTEI IO IIEPUOJMIECKOMY IOABEMY I'PY3a Maccoi
B HECKOJBKO KI' ¢ 4acTOTOM OK0JIO 1 pasa B cekyHAY (kpuBaa 1) (Bpems,
B TeYeHHe KOTOPOTo coBepInajiach pabora, IOKasaHO BHU3Y YyepToii). Kpusasa
2 — TO e, HO IIPH HAJIOKEHHOM KI'yTe H OCTAHOBJIEHHOM KPOBOTOKE
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M9, a JIAIIG IIOTOM HACTyNaeT MeAJIeHHEIH ciiaj. Ecoiu Ha pyKy nIpen-
BapHTEJLHO HAJOMXKHUTD KI'YT ¥ OCTAHOBUTH KPOBOoOpaIlieHue, TO 1
B 3TOM cJIyuae Ipu paGoTe TeMIepaTypa GUIeNca pacTeT, O4HAKO
mMeasieHHee (kpuBas 2). 3 3TUX JaHHBIX BHITEKAeT P BAXKHBIX
JaHHBIX O pa0oTe MBIIIII Ye/JJ0BeKa. Bo-mepBLIX, COGCTBEHHO COKpa-
TUTEeJbHAA CUCTEMA MBIMINBI — MUODUOPHIILI — UMEEeT BBICOKUIA
K03 HUHMHUEHT MOJIEe3HOTO AeHCTBHA, 00 3TOM TOBODUT OTCYTCTBHE .
pocTa TeMIlepaTyphbl BO BpeMd JIATEHTHOTO IIepuoia, Korga MBIIIIa
HUCIIOJIL3YET T'OTOBBIM 3amac Makpoapros: AT® u kpearundocoha-
Ta. Bo-BTODHIX, TJIaBHOE MOBLINIEHUE TEMIIEDATYDHI CBA3aHO He C
coBepIlieHueM pabOThI, a ¢ TEIJOIPOAYKIHei, 00yCIOBIeHHOH
3HepreruueckuM obecreuenuem cunresa AT® B paGoTaroieit MbIII-
1le U ocJie OKOHYAHUA Pab0oTEHI; pABHLIM 06pa30M OTBETCTBEHHO 3a
POCT TeMIIePATYyPhI U yBeJIMYeHue KPOBOTOKA. '

IIpuvenenne CBY-paguoverpun B meguuuae. OCHOBHBIMYU cde-
pamu npakTudeckoro npumMeHeHns CBU-pagmomerpun B HacTosAIIee
BpeMs IIPEJCTABIAIOTCA JUATHOCTUKA 3JI0KAYECTBEHHEIX OMyXoJIeit
pasJIMYHBIX OPTraHOB: MOJIOUHOH 2KeJiesbl, MOSra, JIETKHX; MeTacTa-
30B, a TakxKe QYHKIIUOHAJIBHOTO COCTOSTHUA KOPHEI TOJIOBHOT'O MOSTAa.
IIpu 3TOM MCIIONB3YIOT TAK HasbIBaeMble QPYHKIIMOHAJIbHEIE IIPOOKI:
BO3/IeHiCTBUA, BLISLIBAIOLIUE U3BECTHBIN OTKJINK opranusma. B sTtom
KayecTBe IIPpUMEHseTCA, HAIIpUMeD, IVIIOKO3HasA npoba — mamueHT
IPUHUMAET HECKOJBKO I'PAMMOB PacTBOpA TIIOKO3LI, MOCJE YEero
HAYMHAIOT H3MepeHHs BHYTPeHHeH TeMIIepaTypsl aHTeHHaMHU, yCTa-
HOBJIEHHBEIMHY B HECKOJLKUX TOUKAX HA IIOBEPXHOCTHU TeJIa OKOJIO HC-
cjegyeMoro oprasa. Eciiy ecTh 3JI0KadyeCTBeHHbBIE OIIYXO0JIH MM Me-
TaCTa3bI, TO IIOCJIE TVIIOKO3HOH IIPOOKI BUAHO YBEJIHYCHUE TTyOMHHOM
TeMIepaTyphl TeJia B 3TUX 00JIacTAX.

BoaMoskHEBI Godn3UecK il MEXaHNSM ITOBHIIIIEeHK A TeMIIEepaTy-
pHI CBAI3aH C TeM, UTO I'JIIOK03a aKTHBHO YCBaMBAaeTCA KJIETKAMH.
9ddpekTUBHOCTE IIpeobpasoBaHus IIIOK036I B AT® B paKOBEIX KJeT-
KaX SHAYUTEILHO HUKE, UeM Y 30POBHIX: U3 OLHOH MOJIEKYJIbI TJII0-
KO3BI B PAKOBBIX KJIETKaX CHHTesupyeTcA 2 MosieKyasl AT®, a B 310-
poBeIix — 38. IloaToMy paKOBBIM KJIETKaM He00X0AUMO nepepaboTaTs
ropaszo 6oJiblliee KOJIUYECTBO IIIOKO3EL. IIocKONbKY KoahdumeHT
T0JIe3HOT'O AEHCTBUS 3TOTO IIpoliecca He mpesbimaeT 50% , paKkoBEIe
KJIETKHY CHJIBHO PasorpeBaloTcA. STOT PasOorpeB B CUIy (U3MOJIOTH-
YEeCKUX MEXaHU3MOB UHAYMPYeT OBHIILIEHNE TeMIepaTyphl 1 6us-
JeXKAIIUX HOPMaIbHBIX TKaHe#d. CyMMapHBIf HOXBEM 'reMnepa'ry-
peI perucrpupyercs CBU-pagnomerpom.

B ra6aune IV Ha ¢popsaiie npuBefieHBI pe3yILTATEI 00CIef0BaHU A
GoJIbHOTO ¢ 3a60IeBaHMEM T'OJIOBHOT'O Moara. Temueparypa uaMmeps-
aack 12-10 aHTeHHaAMU — UX IOJIOKEHUA CXeMaTUYHO ITOKa3aHH cJie-
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Ba. [[MHaMUKa H3MeHeHUA TeMINepaTyphl B OAHOM M3 TOYEK IIOKAa3a-
Ha cripaBa. CrrycTs 4 MUH IIocJIe HadaJia n3aMepeHns (udpa 2 B KBaj-
paTHKe CIIpaBa) HayaJlach THII€DBeHTHIAIMOHHAS IIpoba — 1o KOMaH-
Iie 60JIBHOM HayuaJ yacTo U riryboko apimaTth. Ciyera 1,5 Mmun npoba
6nL1a okoH4YeHa (mudpa 3). Kax BugHo 13 Tabauiist, BO BpeMs Mpo-
OBl cJIeBa B TeMeHHOH obtacTH (auTeHHa No 6) Hab 1ronasIca poCcT TeM-
nepaTypsl Ha 2 K — 1nociie OkOHYaHUA NPOOHI OH CMEHHUJICA PEe3KHUM
cnagom. CireBa B Tabaunite mpUBeZeHa TeMIIepaTypHasA KapTa, IOCT-
pOeHHAA B MOMEHT OKOHUAHHA IPOOLI, — OUeBUHA Pe3KAasd HEOLHO-
POZLHOCTB TeMIIepaTyPhI KODHI. IIofo6HEIe CHIBHEIC N3MEHEHH A TeM-
mepaTyphl ¥V 340POBEIX HMCHBITYyeMHEIX He Habiaopaiorca. Takum
oopasom CBY-pagmoMeTpHs BHIABIAET TOHKHE H3MEeHeHNA QYHKITH -
OHAJIbHBIX 0COOEHHOCTEe TOJIOBHOTO MO3TA.

§ 54. OnTHYeCcKoe H3IyJeHHE Tella YeI0BeKa

OnTuueckoe U3IyUEHHE TeJIa YeJIOBeKa HaJe:KHO PeruCTPUpPYeT-
CA C IOMOIILI0 COBPEMeHHOH TeXHUKHU cueTa GoTOHOB. B aTnx yer-
po#CTBaX MCIOJIb3YIOT BHICOKOUYBCTBUTEIbLHEIE (OTOSIEeK TPOHHEIE
ymHOXKuTenn (PIY), cuocobHBIe PETUCTPUPOBATh OAHHOUYHEBIE
KBAHTEHI CBeTa ¥ BEIAABATH Ha BEIX0Jle KDATKOBPEMEHHbBIE UMITYJIh-
Chl TOKa, KOTOPHIe 3aTeM CUMTAIOTCA C IIOMOINBIO CIIeIlHaJ bHBIX
JIEKTPOHHBIX CUETUMKOB,

HN3amepennsa, npoBeseHHble B pAje JabopaTopuii, IOKAa3alH, UTO
1 cm? K01 yesIOBEeKa 3a 1 ¢ CIIOHTAHHO H3JIy4aeT BO BCE CTOPOHEI 6§
— 60 xBaHTOB, I'NIaBHEIM 00pas3oM, B CHHe-3eJIeHOH 00JIaCTH CIIeKT-
pa. CBeTHMOCTH PA3JINUYHBIX YIACTKOB KOXKM OTJIHYAIOTCA — HAM-
0oJiee CUIILHOE M3JIyYeHHe HCXOAUT OT KOHUHKOB IaJbIleB, Iopas-
o ciaabee, HATIPUMED, OT JKHUBOTA MJIH NpeAIliedbaA. ITO CBeUCHHE
He CBSI3aHO C HAJITMUMEM 3arPA3HEHUN Ha KOXKe ¥ 3aBUCHT OT QYHK-
IIMOHAJBLHOTO COCTOAHUA IMAllNeHTa, CHUMKAACH B IIOKOE U [IOBLIIIIA-
fACh C POCTOM €r0 AKTHBHOCTH.

MoKHO MHAYIIUPOBATE CBEUEHHE KOXKH, HATIPUMED, C IIOMOIIBLIO
00paboTKM ee IMePeKHChI0 BOAODOIa HJIM BO3AEHCTBHA HA KOXKY
peaBapHTeJbHOM 3acBeTkoil. CHIbHOE mociaeneiicTBue — docdo-
peCclieHOUIO — BLI3BIBAET U3JIyUeHMe Ha JJUHE BOJIHbI 254 HM, COOT-
BeTcTBYIoIee NuKY noraomenua [IHK. IIpegsapuresbHas 3acBer-
Ka BBI3LIBAET POCT CBeUEHHA B THICAYH pa3, KOTOpPOe 3aTeM CIIAZaeT
BO BPEMEHH II0 CJO0XKHOH KHHETHUYECKOM KPHBOHI ¢ HECKOJbKHMU
IIOCTOSHHBIMM BpeMeHH OT e JUHHII IO JeCATKOB MUHYT.

Onruueckoe U3JIyUYeHHE KOXKHM He ABJISAETCA TEILIOBBIM. MHTEH-
CHBHOCTB TEILJIOBOT0 M3JIYUEHUA B OIITUYECKOM ANATIa30He HHUTOM -
Ha — ¢ 1cM? MOBEePXHOCTH TejIa OAMH KBAHT B CPeSHEM MOXKeT U3Jy-
YaThCs JIUIOD 38 MHOI'O CEKYHI.
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Hau6osee BepoATHEIN MeXaHU3M CIIOHTAHHOT'O CBeUeHU S —~ ITO Xe-
MIJIIOMUHECIIEHIVA, BHI3BAHHAA ITePEeKUCHBIM OKHCJIECHHEM JIHIIN-
JIOB, KOTOPOE COIIPOBOKIAETCS NMOABJIEHHEM PagUKAJNIOB, T.e. MOJe-
KyJ B BO30Y>KJeHHOM 3JIEKTPOHHOM cOCTOAHMHU. IIpH B3amMoeii-
CTBHMM TAKHX MOJIEKYJI B OIIpe/ileIeHHOM (MaJIOM) IIDOII€HTe CJIydaeB
MPOHCXOUT U3Jy4eHHe cBeTa. IIpH HHAYIMPOBAHHOM CBEYEHHH
BO3MOJKHEI ¥ IPYTHE MeXaHU3MEI, HAaIIPDUMEDP, U3MepPeHO N3TyUeHue
IpY aKTHBAIIAM ONIpe/eIeHHRIX KJIETOK KPOBH — HEMTPOGHUIIOB, CBA-
3aHHOE ¢ TeHepanueil akTHBHEIX GopM KHCIopoja.

§ 55. AkxycTHUecKHe oA YeT0BeKa B

IToBepXHOCTE UEJIOBEUECKOT0 TEJIa HeIIPEePEIBHO KoJiebJeTcsa. 9T
KoneGaHns HecyT HHGDOPMADHIO 0 MHOTHX IIPOLIECCaX BHYTPH Opra-
HU3Ma: IHIXaTeJbHBLIX ABUKEHUAX , CHeHNAX cep/AIa ¥ TeMIepaTy-
pe BHYTPEeHHUX OpTraHoB. »

Huskxouacmomuoie Mexanuieckue Kone6AHUA C YACTOTON HHMXKe
HEeCKOJILKHX KHUJIOTepIH, AaloT mHGopMAaruo o paboTe JIETKHX, cep/i-
1a, HePBHOM cUCTEeMEI. PericTpHpOBaTh ABHKEHNUA IOBEPXHOCTH TeJIa
YeJJOBEKA MOXKHO JUCTAHIIMOHHBIMM MJIA KOHTAKTHHIMH JaTYUKaMHA
B 3aBHCHMOCTH OT pelraeMoii sagaun. Hampumep, B hoHOKapAHOrpa-
¢uH q1A H3MEpeHNa aKYCTHYECKHX IIIYMOB, CO3JaBAEMbBIX CepAmeM,
HMCIIONB3YIOT MUKPO(MOHEI, YCTAHABJIHMBAEMbIE HA TOBEPXHOCTH TEJIA.
JJIEKTPHUYECKHUE CUTHAJIEL ¢ JATYHKOB YCHJIMBAIOT U MIOJAIOT Ha peruc-
TpHpYIOlIee yerpoiicTBo 1160 IBM 1 mo ux dopMe U BeJIMUUHE Aesa-
IOT 3aKJIIOUYEHNA O JBUKEHUAX TeX MJIN HHBIX YIaCTKOB TeJa.

Koxaeapnas axycmuuecras smuccus. I3 yxa :XKUBOTHBIX M UeJIO-
BeKa MOT'YT H3JIyYaTHCA 3BYKH — 3TO SABJIeHHe HA3KIBAIOT KOXJIEAPHOM
aKyCTHUECKOM 3MHCCHEH, TOCKOJILKY X MCTOYHMK JIOKAJIHM30BAH B
yamTKe (cochlea) oprana ciyxa. 9TH 3ByKH MOYXHO 3apeTUCTPHPOBATE
MHKPOGOHOM, PACIIOJIOXKEHHEIM B YIITHOM KaHasie. O6HApY:KeH psj
BHJIOB KOXJI€APHOU aKyCTHYECKOH 9MHUCCHH, CPeiN KOTOPBIX BhIIEJIA-
eTCA TaK HAa3bIBaeMas CIIOHTAHHAS IMHUCCHA M aKyCTHUECKOe DXO.

CHoHTaHHAA HMHCCHSA — 3TO CAMOIPOM3BOJILHOE HelIDePEIBHOE
H3JIyueHne 3BYKa U3 yiIeil uyesoBeKa. Y pOBeHb 3BYKOBOT'O AaB-
aennd pocturaer 20 aB, T.e. B 10 pas BhIllle IOPOTOBOTO 3HAUE-
HuA 2 - 10 ITa, KoTOPOE CIOCOGHO BOCIPHHUMATE YXO YeJ0BeKa
Ha 4yacToTe 1 xkI'it. YacTOTH 9MuUccUn y pasdHBIX JIUI OTJINYAIOTCA
" Jexkar B aAuanasoHe 0,5 — 5 kI'nj, uanyuyenne obmagaeT BHICO-
KOM MOHOXPOMATHYHOCTLIO. DMHCCHA HabiogaeTcda B CpEJHEM Y
25% My:xRumH Uy 50% KeHmuH. CHOHTaHHAS 3MHCCHS He HMe-
eT HHKAKOTr0O OTHOIIeHRA K «3BOHY B YIIAX» — CYO'BeKTHBHOMY
OIYINEeHHIO YNCTO HEPBHOTO IPOUCXOXKACHHUA.
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KoxneapHas akycTHYeCKasd IMUCCHUA CBA3AaHA C JeATEeIbHOCTHIO
TaK Has3LIBaéMBIX HApPYKHBIX BOJIOCKOBBIX KJIETOK, PacCIIOJIOKeH-
HBIX B KOPTHEBOM OpraHe yJIUTKU. B 0TBeT Ha IPUXOAALIYIO 3BY-
KOBYIO BOJIHY OHH U3MEHAIOT CBOM PasMePHI ¥ BLISLIBAIOT BO BHYT-
peHHeM yXe MexaHHUYeCKHe KojebaHUA, KOTOpPHIE CIOCOOHBI,
pacIpoCcTpaHAACh B 00paTHOM HAIIPaBJE€HUH, BEIXOAUTH HAPYIKY
uepe3 cpeliHee yx0. Buopusnueckuii Mmexanusm GBICTPBIX HM3Me-
HeHW reoMeTpPHUH KJIETOK OKa HesfACeH, ero 6FICTPOoAeiicTBIE B CTO
pas BBIIIE, YeM Y MBIIIIIL.

W3 Bcex BHAOB KOXJIAPHOI aKyCTHUeCKOH 5MHUCCHH IPHUMeHe-
HUe B MeJAUIlHMHE NOKa YTO HAIIJIO ABJIEHHE aKYCTHUYECKOTO 3Xa —
H3JIyYeHHUs 3BYKOB U3 yXa CIIyCTS HeKOTOPOe BPeMs Mocje IoJAaun B
VX0 KOPOTKOTO 3BYKOBOro curHasa. OHo ucnonbayercs A AUardoc-
THKH CJIyXa HOBOPOYKJEHHEIX B IePBbIe HECKOJIBbKO JHEH JKU3HH, KOT-
Jla HEBO3MOYKHO HCIOJIb30BaTh OOBIYHEIE METOABI ayaquomMerpun. Ot-
CYTCTBUE 9Xa ABJIAETCA TPEBOYKHEIM CUMIITOMOM He TOJIBKO TIIyXOTHI,
HO M 3a4aCTYIO CONPAKEHHBIX ¢ Hell TOpaKeHui IPYTUX OTAEJIOB IIeH-
TpaJbHOIi HepBHOI cHcTeMbl. PAaHHAA JUArHOCTHKA ITIO3BOJIAET YaKe C
TepPBBIX AHEH KHU3HH NPHHATL AKTHBHBbIE MEPBI 1 B 3HAUMTEJFLHOMN
CTeIleHH! OCJIA6UTEL HeGIaronpuaTHEIE ITOCIEICTBUA 3TOT0 HeLyTa.

Arxycmuuecrkoe u3nyieHnue yaompassyrxoeozo duanasorna. Teno
YeJIOBeKa ABJIAETCA HCTOUHHKOM TEIJIOBOTO AKYCTUUECKOTr0 U3y~
YeHUA C Pa3IuUHbIMU YacToTaMu. OGEIYHO aKYCTUYECKHNEe BOJTHBI
NOAXOAAT U3 IJIyOMHEI Tejia, OTPaKalTCA OT ero IOBEePXHOCTH M
yXoaAaT 06paTHO, OAHAKO Ibe30JaTYNK, KOHTAKTUDYIOIIHIA C TeJIoM,
| MOXKeT UX 3aperucTpupoBaTh. Oco6eHHOCTh aKYCTHUUYECKUX BOJIH,
PacnpoCTPaHAKINNXCSA B TeJle YeJJOBEKa, B TOM, UTO, YeM BhIIIIe Uac-
TOTa, TeM OHU CHUJIbHee 3aTyxaioT. IloaToMy U3 riIyGHHEL yejoBeuec-
Koro TeJsa ¢ paccroanumii 1 — 10 ¢cM MOTYT JOMTH TOJBKO TEIJIOBBLIE
YJIBTPa3ByKOBbIE€ BOJIHBI METrareplieBoro AuanasoHa ¢ YaCTOTaMHU He
Belie 0,5 — 10 M. MHTeHCHBHOCTE 9THX BOJIH IIPOIOPIIHOHAILHA
a0CoJIIOTHOM TeMIlepaType TeJa. A m3MepeHnA MHTEHCUBHOCTH
TeIlJIOBOT0 aKYCTHUECKOT0 M3JIYyUeHUA HCIIONB3YIOT MPpUGoOp — aKyc-
roTepMoMeTp. C MOMOIIBIO 3TOr0 Ipubopa MO3KHO, HalpuMep, H3-
MEPUTH TEMIIEPATYPY TeJla UeJIOBeKa, OTPYKeHHOTO B BOAY.

Cy1iecTBeHHOI 001aCTHIO IPUMEeHEHU A aKycToTepMorpaduu cra-
HeT u3MepeHHe MIyOUHHOIM TeMIIepaTypPhl B OHKOJIOTHH, IIPH MpO-
nexypax, CBA3aHHBLIX C HarpeBOM OIIYyXOJieil B IIIyGHUHE TeJa ¢ II0-
MOIIBIO Pa3HBIX METOJOB: YVJABTPABHICOKMMH H CBEPXBEICOKHMMU
YacCTOTaMH, YAbTPa3BYKOM, Ja3epPHEIM H3IyueHHeM. AKycTOTep-
Morpadusa — MoTeHIHAJIFHO € f{HHCTBeHHBIIi HeMHBA3UBHEII MeTO,
crocoOHbIi 06ecrIeYnTh BEICOKOE IIPOCTPAHCTBEHHOE paspelleHue
3a IpHeMJIeMOe BpeMsA H3MepPeHU IIOPAAKA OJHON MUHYTHI.
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duznveckne NoJaa YeJoBeKa M IKcTpaceHnchl. Vzyuenue dbusu-
YeCKHX II0Jieil OpraHnu3Ma uejioBeKa II03BOJIAET OTBETUTDH HA PAX
BOIIPOCOB, BOSHUKAIOINX NPH 00BACHEHNH MEXaHU3MOB BO3je-
CTBHA 3KCTPACEHCOB, XOTA NOJYYEHHEIE JaHHEE 0 GU3HUECKHUX
NOJAX YeJIOBEKa II03BOJIAIOT He CTOJNLKO 00BACHUTSL HabaiogaeMule
(heHOMEHEI, CKOJIEKO YKa3aTh TPYAHOCTH B TAKOM O0'BACHEHUH.

B pesxnmMe «JuarHOCTHKM», IIPOCJEXHUBaA 1lenb COOLITHI, B pe-
3yJbTAaTe KOTOPOH SKCTPACEHC MOT OBl MOJAYYHTh UHGOPMALHIO O
60JLHOM OpraHe NaleHTa, MOXXHO OTMETHUTH CJIeAVIOolee:

1. BonbHO# opral OTJINYAETCS OT 340POBOTO KaK II0 CBOMM ¢ui-
3MYECKHM XapaKTePHUCTHKAaM, HAlIpUMED, TEMNEPATYPE, TAK U IO
buU3HOIOrHUeCKHM IIapaMeTpaM — CHTHAJAM, NOCTYHAKIOUM OT
HEro B HEPBHYIO CUCTEMY.

2. AadopMalnius o0 pa3INYHLIX COCTOAHUAX OPraHa MOXeT IOCTY-
naTh Ha IIOBEPXHOCTH TeJja M3 IrIyOuMHBl Ju00 HENOCPEeACTBEHHO B
COOTBETCTBHH ¢ GN3HUeCKNMH 3aKOHAMH IIepeHoCca YHepruu, Judbo
nyTeM «(H3HMOJIOTNYECKOT0» IIPOEKTUPOBAHUA. B mepBoM ciyuae
3T0 He MOXKeT NPONCXOJHUTH IIOCPEeACTBOM OOBIUHOM Temjaonepena-
4§, KOTOpas NPOUCXOAHUT 3a 0YeHb O0JbIlIlie BpeMeHa; BO3MOXKXHEI
c1rocoObI mepeayy ¢ IOMOIIBIO TEIJIOBOT'O CBEPXBHICOKOUACTOTHO-
ro 3JIeKTPOMarHuTHOrO U3JydeHudA JuG0 MerarepreBoro aKycTH-
YeCKOro U3Jy4YeHus. OTH HU3JIyUYeHHUA IIO3BOJNAIOT «BLIBOAUTH» HA
IOBEPXHOCTD TeJIa MCTOUHHKH TeILIa C IJIYOMHBI B HECKOJIBKO CaH-
TUMETPOB. «Pu3HoNOrNUEeCKOe» MPOSKTHPOBAHNE MOJKET ocyile-
CTBIATHCA 3a CUET HEPBHBIX MEXaHM3MOB, HalpuMep, B 30HHI 3a-
xapbuHa—Tega.

3. Ilepenaua nHpopManmuu o GOALHOM OpTaHe JHUCTAHIIMOHHO
MOJKET IIPOM3BOAUTHCA TOJBKO C IIOMOINLIO 3JIEKTPOMArHUTHBIX
nojyeii, TaK KaK mepejaya akyCTHUYeCKOI'o U3JNyUeHnA TpebyeT He-
MOCPECTBEHHOTO KOHTAKTA C TEJIOM IAIlueHTa. BO3MOXKHOCTD HC-
MOJIB30BaTh TOT WJIKM MHOH AMAIAa30H 3JEKTPOMATHHUTHOTO H3JIY-
YeHHsA OmpeesiieTCd MHTEHCHBHOCTHIO COOTBETCTBYIOLIETO
U3JYYeHUSA U YYBCTBHTEIHLHOCTHIO K HEMY DPEIEeNITOPOB PYKH K-
cTpaceHca. CylecTByoIinye JaHHEIE MO3BOJAIOT HCKJIIOUATE HA3-
KOUYaCTOTHOE J€KTPUUYECKOe 1 MATHUTHOE I0Jie, a TaKKe BOJIHBI
CBY-gnana3oHa, TaK KaK K U3BECTHBIM CIAGBIM ITOJAM UEJIOBEK
HeuyBCTBUTeJeH. U3yueHHe ONTHYECKOTO JHANA30HA TaKKe He
MOXKET CIYXXUTh TAKMM areHTOM, TaK KaK MHTEHCHUBHOCTH COG-
CTBEHHOTO CB€UEHUA KOKHM B MUJLJIMOH Pa3 MeHbIIle MHTEHCUBHO-
CTH COJTHEUHOTrO, JIN60 NCKYCCTBEHHOTO U3JIyueHNu B KomHaTe. Ta-
KuM 06pa3oM, HanboJiee BepOATHEIN NepeHOCUYHuK nHGOpMAaIuu B
pesxuMe «AUACHOCTHKH» — 3TO 3JeKTPOMATHUTHOE H3JyYeHHe
Tena B undpaxpacHOM JInb0 GIN3KOM K HEMY JHANa30HAX YaCTOT.
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B pexxnme «jeueHms» riaBpHad npobJjieMa TakKyKe COCTOUT B He-
SCHOCTH MeXaHHN3Ma IlepeHoca NHGOPMAaIHHU OT SKCTpaceHca K IIa-
nuenTy. Ilo fanHEIM, DOTy4YeHHEIM B MHCTUTYTe PAINOTEXHUKH U
sapexTpouuxu UPJ PAH, y sKcTpaceHCOB, 3a NCKJIIOUYEHUEM OLHO-
To cJay4asi, He OTMEYaJIOCh KaKUX-JTH00 OTJIHYHIH HX QU3NUYECKHX
moJieif OoT mojaeil OOBIYHBIX HCIBITYEMBIX: HET HHM MOIHOTO OIITH-
YecKOTro, HU uHbpakpacHoro, Hu CBU-usryuenns AeuMeTpOBOTO
auamnasoHa. B 1o ;xe Bpema UK-TensoBueHne oTcae;KUBaeT B psijie
cJIy4aeB U3MeHeHHe IOBEePXHOCTHON TeEMIIEPATYPHI HCILITYEMBIX B
pe3yjabTaTe 6€CKOHTAKTHOTO BO3JEeHCTBUS SKCTPaceHca Ha MCIIBI-
TYEeMBIX. ’

MexaHu3MEBI 6eCKOHTAKTHOTO BO3AeHCTBUA NJIN TaK Ha3biBae-
MoT0 6eCKOHTAKTHOTO Maccaska MoKa HessicHBI. Kak mokasaHo co-
Tpyaaukamu UPO PAH, Tennosoe nHppaKpacHOe H3IyIeHNE MOT-
Jo OB UTPATH CYILIECTBEHHYIO POJIb B IIpOIleccax Bo3AeHcTBUSA
caenyronum obpasom. B UK-auanasoHe BecbMa BeJTMKa MOITHOCTh
H3JIYUYeHNA, TAK YTO TEIJOBOEe PABHOBECHE KOYKH HUCIBITYEMOTO B
3HAUUTEJLHOM Mepe onpefeasieTcss PA3HOCTHIO MOII[HOCTe!H, M3JIy-
qyaeMoOM Koskeil M OTJIoIaeMoi eI0 OT CTeH KOMHAaThI. II0CKONBKY
TeMIIepATYPhl KOKH M CTEH KOMHATEI DA3JIUYAIOTCS Ha HECKOJIb-
KO IrpaiyCcoB, TO CYIIIeCTBYET HeIPEPHIBHAS OTAAYa MOIIHOCTH OT
TeJja YyeJIoBeKa. EcJu IPpOTUB KAaKOTo-JM60 YUACTKA KOMXKH HCIIBI-
TyeMOro OKa3bIBaeTCA PYKa 5KCTpaceHca, TeMOepaTypa KOTOPOH
BBIIIIE, YeM Y KOMHATHI, TO 3TOT YYACTOK HAUHNHAET OTAABATh ME€Hb-
Ile TeNJa, B Pe3yJAbTATe 4ero ero TeMIepaTypa IIOBHIIAaeTCsa — Ha
9TO MOTJIH OBl OTPEaTHDPOBATH TEPMODEIISIITOPH KoKu. OcHOBHAA
TPYAHOCTH 00'bSACHEHHUS AAJTbHEeHINeH peaKIINH KOJKH HCIBLITYEMO-
IO 3aKJI0YaeTcAd B TOM, UTO COOTBETCTBYIOIIlee IOBRIIIEHUE TEM-
mepaTyphl KOKHM BeCbMa MaJio — He CBEIIle AecAThIX mojei K, a
TePMOPEIIEITOPHI KOKH 00J1aZal0T BeCbMa HU3KOH YYBCTBUTEIb-
HOCTBIO. BO3M0XHO, UTO B 30HAX KOJKHO IIPOEKITHH, COOTBETCTBY-
IO[EX «0OJBHBIM» OpraHaM, YYBCTBUTEJILHOCTD TEPMOPELEIITO-
POB 3HAUUTEJBHO BEIIIE. B a3TOM cayuyae yaajaoch OLI MOHATH,
MoYeMYy YYBCTBUTEJIBHOCTD KOXKH MCILITYEMOTO OKa3LIBaeTC s 0-

_CTATOYHOI AJIA PeaKIHN Ha IMogHeCeHHe PYKH 9KCTPaceHca H II0-
yeMy BO3JeiiCcTBHE OKa3bIiBaeTcA CIeHGHUUYHBIM . BRiicHeHHEe 3THX
MEeXaHH3MOB TpebyeT clelHMaJbHBIX QU3NYECKHUX U QPU3HOJIOTH-
YeCKHX HCCJIeOBaHUI. '

CrnenyeT OTMETHUTE, YTO B COOTBETCTBUHU C 3THM MEeXaHU3MOM OIIH-
CaHHBIHN BHIIIe «0ECKOHTAKTHBIN MaccaXK» TpedyeT JOCTaATOUYHO
6/IMBKOr0 MOAHECEHUA PYKM IKCTPAceHCa K TeJy MCILITYeMOro,
IOCKOJBbKY HHT€HCUBHOCTH Ten10Boro NK-nsnyuennsa pyku u cre-
HOK IMOMEI[eHH S [0CTATOYHO OJIN3KH.
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JlaBHO BEICKA3EIBAIOTCA TAKIKE IIPEAIIOJIO0KEHNA O TOM, YTO TaK
Ha3BIBaeMoe «3KCTPaceHCOpHOe» BOCIPUATHE CBABAHO C 3JIEKTPO-
MAarHHTHBIM U3JIyYeHneM KpaliHe BHICOKHUX 4acTOT (MHIJIHMETPO-
BBIX BOJIH) C AJIMHO¥M BOJIHEI B CBOGOAHOM IIpOCTpaHCTBE 2—8 MM,
 IpuYeM HHTEHCHBHOCTH TAKOI'O U3JIy4eHUA 3aMeTHO BEIIITe HHTEH-
CHBHOCTH TEILJIOBOTO N3JayueHUs. Iloka HeT IIPpAMEBIX 9KCIIepHUMEH-
TaJbHEIX JAaHHBIX O CDABHHUTEJILHLIX N3MEPEeHHUAX UHTEHCHUBHOC-
TH MOAOGHOTO U3NYYEeHUA Y IKCTPACEHCOB U Y OGRIYHEIX JIIOAEH.

B nestoM, uMerluecs B HacTodAlee BpeMs JaHHEBIE o Gusnyec-
KHM II0JIAM OPraiu3Ma YeJOBeKa M II0 MeXaHU3MaM UYBCTBUTEIIb-
HOCTH €T0 PELIeIITOPHBLIX CHCTEM He IMO3BOJIAIOT AATh IIOCJIe0BATEb-
HOI'0 PM3NYECKOT0 OIIMCAHUA IIPO0JIeMbI 3KCTPaCEHCOPHOTO BO3eti-
cTBUsA. Bo3aM0OXXHO, TaKOE BO3AEMCTBHE — 9TO HeKasa PasHOBHUAHOCTD
ncuxotTepanuu. JJIs IpoBepKH 9TOM 'MIIOTE3bl HEOOXOAUMBI OIIbI-
TBI ¢ CEHCOPHOI H30JIAIHel NaIlMeHTOB OT 3KCTpaceHca — OTCYT-
cTBue 3DEKTOB B 3TOM ciayuae 6yJeT apryMeHTOM B ee IOJb3Y.

IToaBeaem utoru. PusnyecKUe IIOJIA UEJIOBEKA B HACTOSAIIIEE Bpe-
MA OAWH U3 pasjeloB MeJHIUHCKON M OHMoJoTHUYecKoll GHU3NKH.
HawubGoJsee BakHOE €ro MPHUJIOKEHHE — 9TO HCCJIEJOBaHHE COCTOS-
HUSA PA3JINYHBLIX OPTAHOB YeJIOBEKa C IIOMOINBIO ITaCCUBHOM peruc-
TPAIMH 3JIeKTPOMATHATHOTO MJIH aKYCTUUECKOTO U3JIyUYeHU A HeIoc-
peACTBEHHO 3TOT0 opraHa 1n6o Kakux-anbo Jpyrux y4acTKoOB Teja,
CBSA3aHHEIX C HCCJIeYEMBIM OPTaHOM HepBHBIMH WJIA T'YMOPAJIbHBI-
MH CBS3SMH,

KOHTPOJIBHBIE BOIIPOCHI, 3AJAYH, 3AJAHHA

1. KakoBBI BUARI U HCTOUHUKH GU3NUECKUX IT0JIEH TeJia YesoBe-
Ka?

2. B xakux YacTOTHBIX AHMANIa30HAX TeJO YeJOBEKa H3JIydaeT
SJIEKTPOMATHUTHLIE BOJIHEI?

3. Yrto Takoe KoXJieapHas aKYyCTHYECKAS amnccna‘?

4. Kakue dusuyeckue n1pudopnl H3MEPAIT JNeKTPHIeCKHe U
MarHUTHEIE IIOJIS TeJIa YeJI0BeKa?

5. Kakne dusndecKkue npuboOphbl H3MEPSIOT H3JIyYCHHEe TeJa Je-
JoBexka B CBU-guamasoHe, a TaKKe ero u3JiydeHue B HH(ppaxpac-
HOM M OIITHMYECKOM JHAanasoHax?

6. Kak mocTponTh KapTy 9JIeKTPUUECKOH AKTUBHOCTH I'OJIOBHO-
O MO3ra YeJloBeKa?

7. IlepeuncauTte crocoonl 06paboTKu u3obparkeHnii GHU3HUYECKNX
moJieif, CO37aBaeMbIX TeJIOM YeJIOBEeKa.

8. KakK mocTponTh AMHAMHUECKYIO MarHUTHY0 KapTy (IIMK) cep-
nama geaoBexka? Kakue cymecTByIoT crioco6nl npeactasiaerusa [JMK?
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9. Kak MeHAI0TCS TepMOKapThl MO3ra Bo BpeMeHn? Kakosel oc-
HOBHBIE IPHUJIOKEHVA METoa AMHAMNYECKOTO TEILJIOBUACHUA?

10. Kak u3mMepsioT 3JIeKTPOMariuTHOE U3JIYUYeHHUE TeJIa YeIoBe-
ka B CBU-gwanasone? C xakoii r1y0HuEbI perucTpupyeTcsa uaJjiyue-
HHe, KAaKOBO IIPOCTPaHCTBEHHOe pa3pelleHue MeTonxa?

11. IlpuseauTe npuMephl NpuMeHeHus Metoaa CBY- pa,zmome'r-
pHH B QHU3HOJOTNHN U METUITUHE.

THHOOBBIE TECTHI TEKVHIETIO KOHTPOJIA

12.1. NadparpacHoe N3irydyeHHe YeJIOBeKa HeceT NHGODPMAIHIO O:
1. TeMIiepaType KOXHU

2. ABMKEHVH KPOBH N0 KaUJIJIAPaM BHYTPEeHHUX OPraHOB

3. 3JIEKTPHUYECKOM aKTHBHOCTHA BHYTPEHHUX OPraHOB

12.2. MaraurokapauorpaMma co3gaeTcs

1. MexaHUYECKUM JBHKEHHEM KJIANIaHOB CepALia

2. pacnpocTpaHeHHeM 3J1eKTPHIeCKOH BOTHEI Bosﬁyxcnemm
3. yToJIIIeHNEeM CTeHKH K eJIYA0YKOB B CUCTOJIY

12.3. MaruuTHoe moJjie cepana

1. GoJpIIle MATHUTHOTO II0JIA 3eMJIN
2. MeHbIITe MATHUTHOTO MOJIST 3eMJIHN
3. oauoro mopAAKa ¢ 3eMiei

12.4, MakcuMaibHasA CHEKTPAIbHAS IZIOTHOCTH 3JIEKTPOMArHUT-
HOT'O M3JIyUeHUs Teja YeJIOBeKa HaXOAUTCA B AUANIa30HE

1. panuoBOJIH

2. UK-u3nyueHns :

3. PEHTTeHOBCKOT'0 U3JTYYEHUA

4. N3JIyUYeHUA CBEPXBLICOKHUX YaCTOT

12.5. IadpakpacHOoe N3JTyueHHEe BBIXOAUT U3 TeJIa YeJOBEeKa C
ray6uH n0: ’

1.100 MM

2.1cm

3. 10cm

12.6. MUKDPOBOJIHOBOE H3JIyYeHHE BBIXOANUT M3 MATKHUX TKaHeil
TeJjia YeJIOBeKa ¢ ITyOHH J0:

1. 100 MM

2.2cm

3.20cm
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Ta6n. |. 3oHa UMPKYASLMK CNMPaLHOR BOMHLI BO3BYXAeHUs (peBepbepaTtop)
Ha cepAle Kponuka

Kaxnyto o6nactbe 0a4HOro usera GpPoHT BosiHbI NpoxoanT 3a 10 Mc. Mo KoHTypy
PUCYHKA yKa3aHO BPEMS NPOXOXaAeHua GpoHTa. PasnunyHas koHdurypaums
LBEeTHLIX 0BnacTen ykaasliBaeT Ha TO, 4TO B JAHHOM SKCNEPUMEHTE MOKap[,

HEeOHOPOAEH MO CKOPOCTU NPOBEAEHNS BO3DYXKAEHUSI B PA3NINHHBIX yHaCTKax.



Tabn. Il. TpaHchopmMaLms puTMa (SKCTPacUcToNa)
npv ogHONPoBOAHOW Bnokane.



0,0 " mkB/Ty gf'
.

Ta6n. lll. SnekTpuyeckoe KapTMpoBaHMe Mosra

a - cxeMa namepeHusa 336 B 16 ToUkax NOBEPXHOCTU roNoBbl; 6 — cNekTpbl
MOLLHOCTHW 3NEKTPUYECKMUX CUTHANOB B 3TUX TOYKaX; B — KapThl 33T ~
NPOCTPaHCTBEHHbBIE PacnpeAeneHUs CrexTpanbHbIX cocTasnsiiowmx 33T (a, B,
B,. 6, 6,, 6 - puTMmbI). LiBeTHas Nonocka CHU3Y — LKana koaupoBaHus
CNeKTpanbHOM MOLWHOCTU CUrHaNOB B KBA3ULBET.

Ta6n. IV. MNocTpoeHne TepMOKapT roNOBHONO MO3ra MeToaoM
CBY-paanomeTtpum y 6onbHOro ¢ 3abonesaHnemM ronoBHOr0 Mo3ra

Cnesa — TepMoKapTa, Cnpaea — AMHaMnKa UBMEHEHUSI TEMNEPaTypb.



Tabn. V. TepMOKapThbl MOBEPXHOCTM MO3ra KPbIChI MPU 3PUTENbHON CTUMYNALNN
CO CTOPOHbI, MOXa3aHHOW CTPEnNkKon Ha kapTe 1

Jlo6Hble 06nacTu — cnpasa, 3aTblIo4HbIe — crieBa. 1 — 4epes 1,3 ¢ nocne
KOPOTKOW BCMbILWKK; 2 ~4yepe3 2,6 C; 3-3,8¢;5-9¢; 6 - 10,2c.
Pa3orpes — kpacHble 061acTh; OXNKAEHME — CUHE-DUONETOBLIE,
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