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NMPEANCITIOBUE

3HaHWe 3aKOHOMEPHOCTEW BO3ACMCTBMSI Ha OpPraHuM3M Je4eOHbBIX
puznyeckux (HakTOpPOB, COCTABISIONIMX TEOPETUYECKYIO OCHOBY
COBPEMEHHOI (hU3MOTEpanMK, HEOTACIMMO OT MOHUMAHMST MeXa-
HU3MOB M3MEHSIEMbIX MMU (U3NYECKUX U (PU3UKO-XMMUYECKUX
MPOLIECCOB, JIEXKAIIMX B OCHOBE XU3HEAESTEIbHOCTH OpraHu3ma.
OTU TIPOLIECCHl COCTABJISIIOT TpeaMeT OMO(pU3MKHU, COBPEMEHHBIC
MporpaMMbl U3y4eHUs KOTOPOI He MO3BOJISIIOT AaTh BpayaM ITOJI-
HOI KapTUHBI (PU3MYECKMX OCHOB XM3HU M IPAKTUYECKU HE 3a-
TparuBalOT OMOGMU3NYECKUE MEXaHU3Mbl JIeYeOHOro JeHUCTBUS
pa3IMUHBIX u3ndeckux ¢GakTopoB. IIOIMBITKONM BOCHOJHUTL Ha-
pactarouuii 1eUunUT GU3NIECKUX OCHOB KM3HENESTEIbBHOCTU BO
BpayeOHOM 00pa3oBaHMM M SBJSIETCS JaHHOE M3JaHUe, KOTOpOe
He 3aMeHsIeT KJIaCCHYECKUi Kypc OMO(U3UKM U OTPaHUYEHO CBe-
JEHUSIMU 00 OCHOBHBIX OMOMU3MUYECKMX Ipoleccax, MMEIOIIMX
HETMOCPEICTBEHHOEe OTHOLIeHWe K (duznorepanuu. Mbl MOMbITa-
JIUCh M3JI0XUTh MX JEOYKTUBHO, JOTMYHO IIOKa3biBasi, KakK P
3aKOHOMEPHOCTEI JIe4eOHOro NeicTBUSI (pr3MYecKrx (HakTopoB
HEen30eXXHO clieayeT M3 OOIIMX 3aKOHOB (U3MKU, OMOPU3UKU U
(usnueckoit xumun. B creHax Hameir Alta tare: — BoeHHo-
MEIUIIMHCKOM aKaJieMMM — TaKOM IMoaxof K IpernogaBaHUI0 OKO-
(u3uKM ObUT yCMEIHO MPUMEHEH HallUM YUuTeleM — YJIeHOM-
koppecrioHgeHToM PAMH mnpodeccopom B.O. CamoiiioBbIM.
Crenyst aTOMy MOAXOMY, Mbl M30paiu IS paCCMOTPEHUST MPEUuMy-
IIECTBEHHO 3HEPro3aBUCHMbIe (puU3ndeckrue M (PU3MKO-XUMUUE-
CKME TMPOLECCHl OOECIEUYEHUST XU3HEACSATEIbHOCTU, B HaUOOJb-
LIel CcTeneHU ITOABEPKEHHbIE BIMSHUIO JIeYeOHbIX (DU3MUECKUX
(akTopoB.

H3zyyenue OuopU3MIECKMX OCHOB (u3MOTepanuu TpedyeT OT
Bpayeil HEeMaJlo YCWJIMMK, OJHAKO, HAa Haul B3IV, TOpas3no Bax-
Hee TIPOCNenuTh JIOTUKY TPeNCTaBIeHHBIX TEOPETUIECKUX JT0Ka3a-
TEJLCTB MEXaHU3MOB (OpPMUPOBAHUS JieYeOHbIX 3(h@PEKTOB UC-
MOJb3yeMbIX Bpayamu puzndeckux ¢axkrtopoB. Mcxoms u3 3Toro,
BBIBOJI psiia 3aKOHOB, TPEOYIOIIMX JOCTaTOYHO IIMPOKOro MprMe-
HEHMsI MaTeMaTUKM, OMYyIIeH WM JaH TETUTOM.

CryneHTaM-MeIMKaM M BpadyaM-(u3noTepaneBTaM  Heo0Xo-
JIMMO TIOCTOSIHHO TOMHMTb, 4YTO IS OOOCHOBAaHMSI TapamMeTpoB
JieyeOHbIX (U3MYeCKUX (aKTOPOB B KJIMHMKE, MPOCTEHUIIMX MO-
Nefieil, TMPUBEAEHHBIX B OTAEJbHBIX pasjiesiaXx JaHHOTO Y4eOHOro
rnmocobusi, SIBHO HemocTaToyHo. HeoOXomuM COXHBIA MaTeMaTu-
YeCKUii armaparT Teopuud OToOpaxkeHMI M (paKTaJbHBIX pa3Mep-
HOCTEl, a IJIJaBHOe — peajibHble 0MoGU3NUecKre U (U3NOJI0THYE-

CKUe JaHHbIe Ui HAOJHEHMS IIPeICTaBICHHBIX MOJIENEH comep-
>KaTeJIbHOM 4YacTblo. Bce aTM BONpPOCHI MPU3BaHbI PEIIMTH TEOpe-
TAYECKasl OMOJIOTMS M MeAulrHA OJvKaiiiiero Oymyliero, ogHaKo
M OHM elBa JIM CMOTYT MOJHOCTbIO 3aMEHUTb OIMBIT U WHTYULIMIO
Bpavya-KJIMHULKUCTA (OPMaJbHBIM MaTeMAaTUYECKUM PaCUCTOM.
Tonbko B TeCHOM, B3aMIMHO OOOTralllalollleM TBOPYECKOM EOWHCT-
Be OMOM3MKM M (PU3MOTEpanMy ClieayeT WCKATh ONTUMAaJIbHBIE
MyTM MX AajbHEHIIero mporpecca.

CerofHs1 BO MHOIMX 00J1aCTSIX KJIMHUYECKON MEIMIIMHBI Mpu-
HAThl AJITOPUTMbl HAYyYHO OOOCHOBAHHBLIX ONTUMAJIBHBIX ITOAXO-
JIOB K JIeYeHUIO0 OOJIbHBIX OCHOBHBIMM (popMamu 3a00JieBaHUIA,
OCHOBAHHBIE Ha MNPMHLMIIAX JOKA3aTeJbHOM MeauLIMHBL. JleueO-
Hble (usnyeckre (akTopbl B OOJBIIMHCTBE U3 HUX OTCYTCTBYIOT
B CUJIy HEJOCTATOYHBIX AOKA3aTeIbCTB 3(PHEKTUBHOCTU UX ACKCT-
BUsi. B ocHOBe nokasarelbHON (U3MOTepanuu JOKHBI JIeXKaTh
cTporue Omou3Myeckre 3aKOHOMEPHOCTH JIedeOHOro AeHCTBUS
(pusznyeckrx HakTopos.

Wpess HanucaHuss AaHHOW KHWUIW TpUIIA HaM B pe3yibTa-
Te TUIONOTBOPHBIX o0OcCyxXneHuit mpobiembl ¢ B.O. Cawmoiino-
BoiM. B.C. Vmammkom, A.M. TopoxtuaeimM. T.A. 3omorapeBoid.
A.H. Ky3neunoseiM. B.H. CeMeHOBBIM M [p., 33 YTO BhIpakaeM
MM Hallly MpU3HATEJIbHOCTb. MEbI OlarogapHbl TakKe MHOTMM
caywareassM — (pakyJabTeTOB  MMOCAEAUIUIOMHON  TMOATOTOBKM U
LIKOJI-CEMUHAPOB, YbM BOMNPOCHI W IOXEJaHWS! MO3BOJMIMA TOY-
Hee C(hOPMYIUMPOBaTh MHOTME TOJOXEHUS HACTOSIIEH KHUTH.
Hapeemcsi, yTto oHa oKaxeTcs IIOJIE3HOM Kak BpayaM, TaK U CTy-
JIEHTaM BBICIIIMX YYEOHBIX 3aBEICHMIA.

Aemopuol



BBEAEHUE

KuzHenesTeIbHOCTh OpraHM3Ma eCThb HeNpephIBHBINA Ipolecc pea-
JIM3aldM TeHEeTUYecKol MHGoOpMallMu B KOMILIeKce (pusznosornye-
CKMX M OMOXMMWYECKMX IIPOLIECCOB. MexaHM3MOM peanu3aluy Ie-
HeTUYeCcKol MHGOpMal¥ OUMOJOTMYECKUX CHUCTEM SIBJISIETCSI OOMEH
BellieCTB — Mmemaboauzm. HapylieHuss obMeHa BelIeCTB U 3HEPIUU
Hen30eXKHO BemyT K O0OJe3HU, Jaxe Npy Oe3ynpeyHOM TI€HOTHUIIE.
B 3TOM CMBICIIE MMEIOTCST TUIONOTBOPHbBIC MOMBITKY BBIACICHUS MO-
JIEKYJIIPHOTO, KJIETOYHOIo, MeTaboJIMYeCKOro M TeHHOTO YpOBHEM
narosioruy. Takoe pasmeneHue He IIpeArojaraeT WX IIPOTHMBOIIOC-
TaBJICHUS, TaK KaK TeHEeTUIeCKe Ae(MEKThI IIPOSIBIISIIOTCS B HapyIlle-
HUSIX MeTabomm3Ma ((DeHWIKEeTOHYpusl, modarpa W 1p.), a MHOCTeM-
HME BIUSIIOT Ha XpaHEHWE U pean3alluio TeHeTMYeckoi HMHpopma-
1 (penapauus JHK. TouHocTh M 3¢ GEeKTUBHOCTb TPAHCKPUITLINT
1 TPaHCJISIIMM, KAaHIIEPOreHe3, paguallMOHHbBIA MyTarcHes).

KmoueBbIM 3BeHOM MeTaboJIM3Ma JIF00OM KIIETKU SIBJISIETCS He-
MPepbIBHOE MTPOM3BOACTBO HOCUTENIE CBOOOTHOM 3HEPIuu, KOTO-
pYyIO OHa 3aTpauyMBaeT Ha BCe IIPOSIBICHUSI XU3HUM — POCT, OBU-
JKeHUE, pa3dpaXMMOCTh, CAMOBOCIIPOM3BEACHUE U NIp. Y YeloBe-
Ka SHeprus IUIIM PacXomyeTcs IIPEHMMYIIECTBEHHO Ha CHHTE3
AT®, sHeprust pochaTHBIX CBSI3EH KOTOPO# 00ecIieuynBacT CHH-
Te3 IOJUMEPOB, IoaaepXaHue (MU3MKO-XMMUYECKUX TpaJIlueHTOB
U MbllIeyHylo pabory. IlepeuncieHHble MPOLECCHl COCTABISIOT
OCHOBY MOIAEPXAHUSI XKU3HEACATEIbHOCTA OpraHuM3Ma — <«ITHO
xu3Hn» o WM.I1. TlaBno.y.

ITonBeka Hazam oAuH M3 OCHOBaTesield OMOIHEPreTUKU, Jiaype-
at HoGeneBckoil mpemun A. CeHT-AbEpapu. OpMyIUpPYS. OIHY
U3 KapAuHAJbHBIX MpobneM Ouonoruu, nucai: «[IpoGrema cra-
BUTCSI TaK: KaKUM OOpa3oM BSHEprus yIpabisieT XXU3HeIesTeIbHO-
cthio? Kak oHa MpUBOIWT B ABMXKEHUE XKMBYIO MalllMHY?». 3a 10-
cleNHUe AECATWIETUSI sl BOIIPOCOB O MeXaHM3Max OOecIedyeHUs
SHEPTUeil BaKHEWIINX IMPOLIECCOB KM3HEACSTEIbHOCTU OpPraHu3-
Ma MOJY4WI CBO€ paspellieHue. BbhUIo YCTaHOBJIEHO, YTO Hapylle-
HUS MeTabojM3Ma IIPUCYTCTBYIOT B IIIMPOYAMIIIEM CIIEKTpe H3Be-
CTHBIX 3a00JIeBaHUI, a €ro KOPPeKLUs SIBISIETCSI HEOTheMJIEMbIM
KOMITIOHEHTOM JII000ro Buja Tepanuu. B mocnenHee mecsTuieTve
B MEIUIIMHE 3aMETHO BO3POC MHTEpPEC K CPEeACTBaM, CTUMYIUPY-
IOIIMM TKaHEeBbIA MeTaboiau3M. IlepcneKTMBHO, B YaCTHOCTH, MC-
I0JIb30BaHUE IIPeIapaToB, IIOBBIIAMOIINX KO3(G(OUIIUEHT COMIps-
>KeHUsI OKUCAeHMsI U (hochopuaivpoBaHus [KooH3uM Q, aMTH30,
omudeH, cynepokcuaaucmyTasza (CO/)]. B mocnennue mecsituie-
TS BHMMaHUE Bpayell TakkKe CTalM IpUBJEKaTb U JiedeOHble (hu-
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3ndyeckre (hakTopbl, KOTOPBIE MOIYT BBICTYIaThb B POJIM MOIIIHBIX
PEryJIsITOpOB MHTEHCUBHOCTU MeTa0O0JIM3Ma B TKaHSIX.

B TteyeHue mnpomoKuTenbHOro mepuoga XX CTOJIETUS Bpadud
KCMOJIb30BAJIM TTPEUMMYILIECTBEHHO TEIUIOBOE MEWCTBUE JIeUEOHBIX
dusnueckux (pakTopoB Ha opraHusM. IIpu 3TOM M3OBITOK MpH-
BHOCMMOI B OpraHM3M OHepruyd TpaHChOPMUPYETCS B TEIUIO
(TpUBUATBHBINA HArpeB), YTO MPUBOAUT K YCKOPEHMIO OOJIBIIMHCT-
Ba MeTabOJIMYecKrX peakivii (cornacHo mpasuiay Bant-T'odda) u
MpOSIBIISICTCSL TUIlepeMuUell TKaHeil. B mocieqHiolo 4eTBepTh Beka
uccaenoBaTesid o0OpaTWiM BHUMaHuE Ha crieliuguyeckrie peak-
MM OpraHu3Ma, KOTOpble IIPOSIBISIIOTCS HauOojiee OTYETIIMBO
MpY IPUMEHEHUN HU3KOMHTECHCUBHBIX (PaKTOPOB, SHEPIUU KOTO-
pPbIX HETOCTAaTOYHO 11 HarpeBaHus TKaHei (cBoime 0,1 °C) wm
W3MEHEHUS UX (PyHKIIUIA.

BoiOupasi agexkBaTHBIN [JI1 JAaHHOTO OOJBHOIO (hU3MUYECKUIA
METO[ JIeYeHMSI, Bpad OPUEHTUPYETCS] HE CTOJbKO Ha HO30JIOTU-
yeckylo (opMy 3a00JeBaHUS, CKOJBKO Ha BBIPAXXEHHOCTb W KJIM-
HUYECKYI0 3HAYMMOCTb CUHApPOMOB. CHneuuduIHOCTh Je4eOHOro
BO3IEUCTBUS JIEKUT B OCHOBE CUHAPOMAIbHBIX KIMHUYECKUX (-
(beKTOB KOHKPETHOIO (PU3UUECKOI0 MeTojNa JIeYEHUSI — MPOTUBO-
BOCHAJIUTEJIBHOTO, aHAJIbIeTUIECKOTO, TPO(POCTUMYJIUPYIOIIETO,
Iepudposupywoniero U ap. Takass CMHAPOMHO-IIATOreHeTUYecKast
HanpaBJIeHHOCTb COBPEMEHHON (pu3noTepanuu 00yCIOBIEHA TeM,
yro ¢uznyeckue (pakTopbl CIOCOOHBI HEMOCPEICTBEHHO BIIUSITh
Ha OCHOBHBIE OMO(MM3MYECKUE IIPOIECChl HAa CYOKJIETOUHOM U
MOJIEKY/ISIPHOM YPOBHSIX — CHMHTE3 M IpeBpallleHHe CBOOOMTHOM
SHEPruy, MaCCUBHbBIN 1 aKTUBHbBIM TpaHCMEMOpPaHHBIN TPAHCIIOPT
HU3KOMOJIEKY/ISIPHBIX BellecTB (MOHOB, aMUHOKHUCIOT. CaxapoB u
JKUPHBIX KHUCJIOT), OMOB3JEKTPOreHe3, pacIpoOCTpaHEHME BO30YXK-
JIIEHUs 110 HEWPOHAM W MBIIIIAM, MEXJIEUPOHHYIO Tiepeaadyy BO3-
OyXKIeHUSI U MEMOPAHHYIO peLeNnLuio.

PazHopogHocTh MexaHN3MOB (hOPMUPOBAHMST PEAKLIMI 1IEIOCT-
HOTO OpraHm3Ma Ha JiedeOHbIe (u3mdyeckre (haKTOphl pa3IMIHON
MPUPOALI TTO3BOJISIET B KAXKIOM KOHKPETHOM C/Iydae MX IpUMEHeE-
HUSI IPOTHO3UPOBATh T€ WIM UHBbIE crienrdpurdeckue JeueOHble 3¢-
(ekThI, a TakKe JaeT BO3MOXKHOCTD BBIIEIUTh KOHKPETHBIN (hU3K-
yeckKuit (akTop M METOA €ro WCMOJb30BaHUSI W3 UMEIOLIErocs
MHOXXECTBA U OMNpeAe/sieT IMPUCYIIME TOJAbKO MM JiedeOHbIe (-
(exThl. BMecTe ¢ TeM yHUBepcalbHble MEXaHU3Mbl OpraHW3alvuu
LIEHTPaJIbHOM HEPBHOM CUCTeMbl O0ECIIEUMBAIOT €IMHCTBO IIPOLIEC-
COB Pa3BUTHUsSI MPUCIIOCOOUTEIbHBIX peakiuii opraHM3Ma K JaHHO-
My (pakTopy, OCOOEHHO MpU €ro MPOJO/LKMTEIBHOM BO3IACIHCTBUM.
Takasi nuaneKTMKa pa3HOPOIHOCTU U €AMHOOOpa3usi MEXaHU3MOB
JeHCTBUSA JiIedeOHbIX (pu3nveckux (pakTopoB Ha OpPraHM3M COCTaB-
JISIET BaXXKHBIM KOMIIOHEHT KaK CHeIM(PUIECKOIo JIeueOHOro 3h-
¢ekTa Mcrob3yeMoro pu3ndyeckoro (akropa, Tak U oOILlIed mpu-
CTOCOOMTENIbHON peaklMM OpraHu3Ma OOJBHOIO, HampaBJIeHHON
Ha BOCCTaHOBJIeHUE (PYHKIIMI, HAPYLIEHHBIX OOJIE3HbIO.
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®U3UNYECKUE CBOMCTBA TKAHEX OPrAHU3MA

1.1. DaekTpHyecKHe ¥ MATHHTHbIE CBOHMCTBA
OHOJIOTHYECKHX TKaHeii

1.1.1. DaeKTpuyecKue CBOMCTBA JKMBBIX TKAHEH

Xapakrep B3auMmopeiicTBuss OMII (2/1eKTpOMarHUTHOTO MOJISL) C
Pa3IMYHBIMU TKAHSIMU ONPEIEISIeTCS MX DJICKTPUYSCKMU U Mar-
HUTHBIMU cBoiicTBamu. IlapaMeTrpamMmy 35TUX CBOICTB SIBJISIFOTCS:
YVOeAbHAs 31eKMPONPo8O0OHOCHb A, XapaKTepU3yIollasl KOHLIEHTpa-
LIMI0O ¥ MOJABVXKHOCTb CBOOONHBIX 3apsSDKEHHBIX YacTUll OMOJIO-
TMYECKUX TKaHel, a Takke WX dussexmpuueckas (€) U MAeHUMHAS
(W) nponuyaemocms. OHU OTPaXalOT CTENEHb YMEHBIIEHUsI CUJIO-
BbIX XapaKTePUCTUK IEKTPUYECKOTO M MArHUTHOIO IOJiell B pas-
JIMYHBIX TKAHSIX IO CpaBHEHWIO ¢ BaKyymMoM. Ha ocHoBe sTux ma-
PaMeTpOB MOXHO PacCUMTaThb CWJIOBBIE XapaKTePUCTUKU 3JIEKTPO-
MAarHUTHOTO IIOJISI B TKAHSX M KOJIMYECTBEHHO OLICHUTH IIPOIeC-
ChI, TIpoucxosiue npu BozaeiicTBun DMII Ha TkaHU.

B coctaB pasnnuyHbIX TKaHEW M Cpel OpraHu3Ma BXOISIT MOHBI,
MPOCTPAHCTBEHHO OPMEHTUPOBAHHLIC IOJSIPHBIC W HEIMOJSIPHBIE
MaKpOMOJIEKYJIbl pPa3IMYHbIX JUHEHHBIX pa3sMEPOB W JAUIIONU
Boabl. PasHble TKaHU comepKaT MX B HEOAMHAKOBOW ITPOIOPIINH,
MO3TOMY Kaxknass M3 HUX 00JafaeT pasIuYHbIMU IUBJIEKTpUYe-
CKVMM CBOHCTBAMM U 3JIEKTPOIIPOBOIHOCTHIO.

DnekmponposooHOCMb XUBBIX TKaHEW OIpeaesercss KOHLEeHT-
paluell MOHOB M MX ITOABMXKHOCTBIO. B MeXKIeTOYHOI XUAKOCTU
C MakCUMaJIbHbIM COfiepXaHWEM HOCHUTeNleli ToKa — HWOHOB —
yaeJIbHasl 3JIEKTPONPOBOAHOCTD JOCTATOYHO BHICOKA M COCTaBISIET
1 Cm/M (cumMmeHC Ha MeTp). B muro3ose, comepskallieM opraHe-
JIbI U KPYIHbIE O€IKOBBIC MaKpPOMOJIEKYJIbI, HAIIPOTUB, OHA MOHU-
xkaerca go 0.003 Cwm/M. VYmenpHas 3J€KTPOIPOBOTHOCTD ILIa3-
MOJEMMbl Y BHYTPUKJICTOYHBIX MeMOpaH, COCTABISIOIIMX MO
50 % macchl KkneTku, eme Hike: (1—3) 10" Cw/wm.

N3-3a mMajoro KojuyecTBa MEXKIECTOYHON KMIKOCTU W BbIpa-
KEHHOM KOMITApTMEHTAIMU3auuu (HAIU4MSI MEMOpaHHBIX SYEeK)
LIMTO30JISl. CYLIECTBEHHO OTpaHWYMBAIOIIEH TMOABUXKHOCTb COMEP-
KAIIUXCSl B HEM HOHOB, YAEAbHAsl 3JIEKTPOIIPOBOAHOCTD LIENBIX
OpPraHoOB M TKaHEl 3HAYUTEJIbHO MEHbIIIe, YeM COCTaBJISIIOIIMX MX
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cpen. Hambompmme Bemmumabl mipoBomuMoct (0.6—2.0 Cm /M)
HMMEIOT XUAKHWE Cpellbl opraHu3Ma (KpoBb, nuMda, Xeadb, CITMH-
HOMO3roBasl KWIKOCTb, MOYa), a TakKXKe MbIIIeUyHasd TKaHb
(0.2 Cm/M). VYmenbHas 3JEKTPOIPOBOAHOCTh KOCTHOM, KHUPO-
BOii, HEPBHOW TKaHM, a B 0COOEHHOCTU TPYOOBOJOKHUCTOM COe-
,B,I/IHI/ITCJIbHOI/I TKAHI U 3yOHOII 3Majiy, HaIpOTUB, 3HAYMTEILHO
mike: 10°—10° Cwm /M.

DJIeKTPONPOBOAHOCTh KOXM 3aBUCUT OT €€ TOJIIMHBI, COCTOSI-
HUSL [EepUBAaTOB M COACPXKaHWSI BOAbL. ToOJIIMHA SOUAepMUCca
OospIIMHCTBA y4yacTKOB Tena coctaBisger 0.07—0.12 mMm. a Ha Ja-
JOHHBIX ITOBEPXHOCTSIX KUCTEI M MOAOILIBEHHBIX ITOBEPXHOCTSIX
crorr gocturaetT 0.8—1.4 mm. Comep:kaHue BoOpl B TIOBEPXHOCT-
HOM cioe — Bcero 10 % OT Macchl KJIETOK, TOLIa Kak B HIDKeJIe-
KalMx cosix oHo moxomut a0 70 %. Ilmoiaab MOTOBBIX M Callb-
HBIX XKeJie3, BOJIOCSIHBIX (POJUIMKYJIOB Ha pa3HbIX ydacTKax Telia
HeoguHakoBa: 0.5 % TOBEPXHOCTU KOXHBIX ITOKpOBOB. C y4eTom
9THX OCOOCHHOCTEIl yaeiabHAs 3JICKTPOIIPOBOIHOCTh OTICIBHBIX
YYaCTKOB KOXM  CYIIECTBEHHO Da3MyaeTcsd UM COCTaBJISIeT
10°—2*%10° Cm/m. W3BecTHO, uTO cyxasg Koxa sBJsieTcsl ILIO-
XM TIPOBOIHMKOM D3JIEKTPMYECKOTO TOKAa, TOrAa KakK BIlaxHasl
MPOBOJIUT €r0 XOPOIIIO.

Husnekmpuueckas npoHUUAEMOCMb XapaKTEpU3yeT CII0C00-
HOCTb K MPOCTPAHCTBEHHOMY CMEIICHUIO CTPYKTYyp TKaHeid u 00-
pa3oBaHUIO OOBEMHOrO AUTOJBHOTO MOMEHTa (TOJSIpPU3ALINN).
OHa oOyc/loBJieHa MPEUMYIIECTBEHHO CBSI3aHHBIMU 3apsaaMu,
NOJSIPHBIMU ¥ HEHOJSIPHBIMU MAaKPOMOJICKYJIAMM  Pa3JIMYHbIX
JIMHEMHBIX pa3MEpOB UM AUIOJSIMMU Bomabl. OTHOCUTEIbHAS M-
BJICKTpUYECKas. MPOHMUIAEMOCTb Pa3IMYHBIX TKaHCI/I IUISL TIOCTO-
SHHOTO 32JIeKTpuyeckoro mojsi coctapisier 10°—10°. KapauHanb-
HOII OCOOCHHOCTBIO OpraHM3Ma YejloBeKa SIBJISICTCS HaJlMuue 4Ya-
CTOTHOM 3aBUCHMMOCTU (IMCIIEPCUU) MACCUBHBIX 3JIEKTPUYECKUX
CBOICTB TKaHEl, CBSI3aHHBIX C HEOAWHAKOBHIM COCTOSTHUEM 3a-
PSDKEHHBIX YacTull, Npu BosneicTBur OMII paznnyHO 4acToThbl
(puc. 1.1).

Ha nuskux yactorax (1o 10° T'iy) KJIETKM MPaKTHMYECKU MOTHO-
cTblo dKpaHupyloT DOMII, KkoTOopoe He NMPOHUKAET BHYTPb HUX U
He BBI3bIBACT IIEPEMEIICHMSI BHYTPUKJICTOUHBIX MOHOB. YBeIU4e-
HME YyHEJbHOW 3JEKTPOINPOBOAHOCTU TKaHed (A) C¢ HapacTaHueM
4aCTOThI ® (CM puc. 1.1, a) obycnosiaeHo TeM. yto DMII yacTo-
toit 10'—10° T1 BO3NEHCTBYIOT Ha BHYTPUKJIETOUHBIE CTPYKTYPBI
(KpyIHbIe TOJISPHBIE MOJIEKY/bI), 4YacTOTa OUIOJBHOM pejakca-
1IMM KOTOPbIX, KaK CjeAyeT M3 MPUBEACHHOTO PUCYHKa, COBMaa-
€T II0 MOPSIAKY BEIMYMHBI C 4YacTOTOM BHeliHero moss. Ha yka-
3aHHBIX YacToTaxX TIOJSIPHBIE MUMKPOCTPYKTYPbI I1IMTO30JI51  <«HE
yCIieBaloT» CUH(A3HO CJIeAOBaTh 3a MU3MEHEHMSIMM HaIlpaBJICHMS
E-mosisi. B wuTore BEKTOpP HaNpPsSDKEHHOCTH — DJIEKTPUYECKOTO
nonst E He coHampaBieH BekTopy mojsipu3auuvu P, a omepexkaeT
ero. Yron Mexay BektopaMuM P um E Ha3bIBaeTCsl «yrojl AWSJIEKT-
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Puc. 1.1. YacTtoTHass 3aBUCHMMOCTb YIACJIbHONW 3JEKTPONPOBOAHOCTU (a):
JAUBJIEKTPUUYECKON MpoHULlaeMocTu (0) M B3aMMHOMN OPUEHTALlUU BEKTO-
pPOB HATPSIXKEHHOCTH 3JieKTpudeckoro monss E u monspusaumu P 6umoso-
TMYECKUX TKaHEM.

a: 1 — MOHBI UHTEPCTULIUSI. 2 — MOHBI MHTEPCTULIMS U IIUTO30J51. 3 — MOHBI U
JIUTIONY WHTEPCTULIMS U LIUTO30JIs.

pUYECKUX MOTepb». BciencTBre BOZHUKHOBEHMS YIVia IMAJIEKTPU-
YECKUX IOTepb TOKM CMEIIeHUS (IUIOTHOCTh KOTOPBIX IIPOIOPIIM-
oHajibHa dP/dt) cTaHOBSTCS HE YMCTO peaKTUBHBIMU, a Y HUX T10-
SIBJIIETCSl aKTUBHAs COCTaBJIAIOLIAsl, KOTopass M OOYyCIOBIMBAET
yBenMueHue 3¢ (GEeKTUBHON MPOBOAMMOCTA Ha BBICOKMX 4YacTOTax.
OpgHako MPUYMHOM YaCTOTO3aBUCHMOIO YBEIMYEHUS IPOBOAUMO-
CTU SIBJISIIOTCSI HE MOHHBIE TOKU, a 3anazdvléanue 6eKmopa noasapu-
3ayuu PomuocumenvHosexmopaHanpasceHHOCMUINeKMPU1eCcKoeo
noss E Ha BBICOKMX 4acTOTax.

B yacToTHOI 3aBUCMMOCTU AU3JIEKTPUYECKO IPOHULIAEMOCTH
(cM. puc. 1.1, 0) TakKe BBIAEISIIOT HECKOJIBKO O0JacTeil mucIiep-
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Puc. 1.1. IpononxeHue.
0: 1 — nOBOIHONM 3JEKTPUYECKMI CJIOM HapyXKHOW MeMOpaHBl. 2 — IBOMHOI
3JIEKTPUYECKUI CJIO MeMOpaHHBIX KOMIApPTMEHTOB IIUTOIJIAa3Mbl. 3 — TMOJSIp-
Hble MHTeTpajbHble OENKM B MeMOpaHaX. 4 — TMOJSpPHbIC TIMKOJUMUABI U TJIU-

KOMpOTeuAbl. 5 — mojsipHble pocdonumnuasl. 6 — yrneBoabl. 7 —Oenku. 8§ —
JIUIOJY TIOBEPXHOCTHO CBS3aHHOW BOJBL. 9 — numoiau oObeMHON BOABI. YyacT-
K1 Haubosiee BBIPaKEHHOW 3aBUCUMOCTU OUINEKTPUUYECKON MPOHUIIAEMOCTH OT
4acTOTl — 00JacTu a-, B- U Y-IUCHEPCUMU.

I — 21eKTpONMpPOBOAHOCTb BHEKJIETOUYHOM XUAKOCTU: Il — 3JIeKTponmpoBOTHOCTH
BHYTPU- W BHEKJIETOYHOW CpEIbI.

CHMH. YTO yKa3blBaeT Ha pa3inyve MEXaHMU3MOB IOJISIpU3alIMU TKa-
Hell B pa3HbIX YacTOTHBIX auanazoHax OMII. Kaxnpiii 13 Mexa-
HU3MOB ITIOJISIpU3allMK XapaKTePU3yeTcsl CBOeil uacmomoii (xapak-
mepucmu4eckoil 4acmomou peaakcayuu), BOJIU3M KOTOPOM 3amas-
IbIBAaHWE OpHEHTAUMM BekTopa P pasIMuHbIX KJIETOYHBIX U
CYOKJIETOUHBIX CTPYKTYp M OHMOJOTMYECKMX MOJEKYJ OTHOCHUTE/Ib-
Ho BekTopa E makcumanbHo. B 3TuX 0061acTsIx 4acTOTHAsI 3aBUCH-
MOCTh OU2JIEKTpUYecKoil IpoHuliaemMoctu E (v) HauOojiee BbIpa-
KeHa. Bplmemsior Tpu 00JacTM  AUCIEPCUU  TUSJIEKTPUYECKOM
MPOHULIAEMOCTH — a, 3 U Y OTpaXeHHbIX Ha puc. 1.1. 6. Koro-
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pble TIPUMEPHO  COOTBETCTBYIOT ~XapaKTEPUCTUYECKMM 4acToTaM
penakcauuu 10°, 10°-10°, 10°-10" Tw.

O6.HaCTb a- ()ucnepcuu I[I/IaﬂeKTpI/I‘{eCKOI/I MMPOHMUIIAEMOCTH (Ha
yacrore 10° Tw) o6ycn013J1eHa nompmauuem KJIETOK U MCM6paH—
HBIX KOMITApTMEHTOB. B Heil yJacTByeT ABOMHON 3JIEKTpUYECKUIA
cioit, dopMupyolIMiicss BOJIM3M TTOBEPXHOCTM MeMOpaH (CM.
puc. 1.1, 6). OmHa ero yacTb oOpa3oBaHa OTPULIATCIILHBIMM 3apsi-
JaMU TUAPOKCWIBHBIX U KapOOKCUJIBHBIX TPy MEMOpaHHbBIX IIM-
KOITPOTEMIOB, BTOpasi — 3JICKTPUUYECKU CBSI3AHHBIMWA C HUMHM I10-
JIBWDKHBIMU MOJIOXKUTEIbHBIMU 3apsinamMu (IpoTuBonoHamMu). Ilpu
HajloxkeHnu BHemrHero OMII mociegHmue cMelaroTcst BAOJIbL I10-
BEpXHOCTU MEMOpaHbl M YBIIEKAIOT 3a COOOM IPUIIOBEPXHOCTHBIN
OTHOCUTEJIbHO KJIETKM CJIOH BOAbL. DTOT (DEHOMEH M OIpelesisieT
MAaKpOCKOIMMYECKYIO IMOBEPXHOCTHYIO IOJISIPU3ALMIO KIIETOK.

O6nactb P-ducnepcuu (oxsatbiBaromiass yactorel 10°—10° T)
00ycJIOBJieHA CTPYKTYpHOM TMOJsIpu3alMeil KpYIMHBIX TMOJISIPHBIX
MOJIEKYJI B COCTaBE KJICTOYHBIX MEMOpaH, B KOTOpPOI Y4acTBYIOT
OeIKOBbIE MaKpPOMOJIEKYJIbI, a Ha €€ BEepXHeil rpaHulle — IIo0y-
JIIPHBIE BOJOPACTBOpPMMEBIE OeaKM, hochonmnuabl 1 MeJbuaiiime
CYOKJIETOUHBIE CTPYKTYpHI.

VYuacTtok (y-ducnepcuus COOTHOCST C OPMEHTALMOHHBIMU ITOBO-
poramu (cMellleHUSIMM) MOJIEKYJ CBOOOMHOM BOIBI Ha 4YacTOTe
2-10" Tu. WHorna BblmensiorT 6- 0ucnepcufo COOTBETCTBYIOILYIO
JUMOJBHOM pelakcalliy CBSI3aHHOM BOABI COJIbBATHBIX 00OJIOUEK,
a TaKkKe HU3KOMOJIECKYIAPHBIX TOJIAPHBIX BEIIECTB THIIA CaxapOB
U aMUHOKUCIOT (B YacTOTHOM wuHTepBaie 10°—10" T'w).

1.1.2. MarauTHble CBOMCTBA ZKMBBIX TKaHei

B ormmume OT 32JeKTpUMYECKOro IO OMONOrMYecKrue TKaHU
0CJIa0JISIIOT BHEIIHEE MArHUTHOE I10JIE6 B OYEHb MaJioil CTeleHU
(mopsimka 0,001 %). BoONBIIMHCTBO M3 HUX OTHOCSATCS K duamae-
Hemuxam (CymMMa OpOUTAJbHBIX U CIIMHOBBIX MAarHUTHBIX MOMEH-
TOB COCTaB/ISIIOIIMX MX OMOJOTMYECKMX MOJIEKYJ paBHA HYJIIO),
KOTOphIe €1ab0 IMpeoOpa3yloT SHEPIUI0 MAarHUTHOTO I0JIs1. DHep-
TMs MarHMTHOTO TIOJIfl, TIOIJIOIIAeMast, HarpuMep, IUIa3MoJieM-
MOW. He TIpeBbIILIAET 10 JIxx. MarHuTHas NpPOHMIIAeMOCTb KJle-
TOK M MpaKTAYECKM BCEX JKMAKOCTEHl OpraHum3Ma COCTaBIISIET
0,99995. JIuiib HEKOTOpbIE MOJIEKYJIbI, BXOMNSIIME B COCTaB pas-
JIMYHBIX CTPYKTYp OpraHm3ma (MOJIEKYJISIPHBIA KHMCJIOpPOHd, COMU
Kejie3a, HEKOTOpble TUAPOMEPEKUCU Y paauKaibl), UMEIOT CyM-
MapHbI MAarHWTHBIA MOMEHT, HE 3aBUCSIIMA OT BHEIIHETO Mar-
HUTHOTrO moJisl. Takue HU3KOMOJIEKYJIIPHbIE COCAMHEHUSI OTHOCST
K mapaMarHeTMKaM, MarHWTHasl IPOHMIIAEMOCTh KOTOPBIX COCTaB-
ager 1.00005. Paznuuyue MarHUTHBIX MPOHUIAEMOCTE Ava- U Ta-
paMarHeTUKOB CYILIECTBEHHO He M3MEHSIET XapaKTepa B3auMOeli-
CTBUSI TIOCJIEAHUX C BHEIIHUM MArHUTHBIM TOJIEM, TaK KaK WX Be-
JIMYUHBI UMEIOT OOMHAKOBBIN IOPSIIOK.
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1.2. OnTryecKkue CBOICTBA TKAHEH OpraHM3Ma

IIpu B3auMMOAEHCTBUM C IOBEPXHOCTHIO Tejla YeIoBeKa 4acThb OIl-
TUYECKOTO H3JIy4eHUs OTpakaeTcs, Apyras paccerBaeTCsl, TPEThbs
MOIJIOIIAeTCsI, a 4YeTBepTas IIPOXOAUT CKBO3b pa3IMYHbIC CJIOU
ouoornuyecknx TKaHei. OTHOIIEHWS 3TUX YacTeil K IIamarolieMy
MOTOKY WM3JIydeHUs] XapaKTepusyloT Kod(PdULMEeHTaMU OTpaxke-
HUSI, pacCessHUs, ITOIJIONICHUSI M TPONYCKaHWs TKaHEW M Cpem.
Yamre Bcero o0beKToM B3aumoneirctBus OMII onTuyeckoro aua-
Ma3oHa C OpraHM3MoM siBjsieTcss Koxa. KoadduimeHT oTpaxe-
HUS ONTUYECKOIO W3JIy4YeHUs] CJIa0O0MUIMEHTUPOBAHHOM KOXei
nocturaet 43—55 % W 3aBUCUT OT MHOTHX MPUYMH. Y MYXUMH,
HampuMep, oH Ha 5—7 % Huxe, 4eM y XeHIUMH. [TurmeHTHpo-
BaHHasl Koxa OTpaxkaeT cBeT Ha 6—8 % cmabee. Ckoub3asiiee,
0M3KOe K HaIlpaBJIeHUIO MO KacaTeJbHOM, MaJeHue CBeTa Ha I10-
BEPXHOCTh KOXM yBEJIWYMBAeT KOI(PPUIIMEHT OTpaXeHUs IO
90 %.

DoTOOMOSIOTMYECKHE PeaKIIMM BO3HUKAIOT BCJIEACTBUE ITOIJIO-
IIEHWSI DJICKTPOMarHUTHOM SHEpPruu, KOTopas OmpenessieTcs
SHEPIruell CBETOBBIX KBAHTOB M BO3pAacTaeT ¢ YMEHBIICHUEM JIM-
HbI BOJIHBI. XapaKTep B3aMMOIEWCTBUS OITUYECKOIO M3Iy4EeHUS C
OMOJIOTMYECKMMU TKAHSIMM OIPEACNSIETCS €ro  MPOHUKAIOMIEH
CMOCOOHOCTBIO. Pa3nuyHble CIOM KOXH HEOAMHAKOBO ITOIJIOIIA-
10T ONTUYECKOE M3Iy4eHHE pa3HOil UIMHBI BOJHBI (puc. 1.2).

I'myOmHa TPOHMKHOBEHMSI CBETa HapacTaeT IpM Mepexone OT
yAbTparoNeTOBOTO M3JIydeHus a0 opaHxeBoro ¢ 0,7—0,8 1o
2,5 MM, a g KpacHoro wusiaydyeHus coctapisier 20—30 Mwm.
B OmrxHem mmamaszoHe MH@pakKpacHOro M3iIydeHUsl (Ha IIMHE
BOJIHBI 950 HM) IIpOHMKaIIasd CIOCOOHOCTD TOCTUTAeT MAaKCHUMY-
Ma u cocrtapisger 60—70 MM, a B cpeaHeM U JalIbHEM JMara3oHax
pe3ko cHuxkaetcs o 0,3—0,5 mMm.

1.3. MexaHn4ecKue CBOMCTBA TKAHEH OpPraHmM3Ma

Peakuuu TKaHeil opraHm3Ma Ha MeXaHW4YecKue (PaKTOpPhI OIpeae-
JIAIOTCSI UX MEXaHUYECKMMU CBOMCTBAMM, KOTOpbIE OOYCIOBJIEHbI
MPOCTPAaHCTBEHHO-BPEMEHHBIM pacIpeieIeHeM YacTvll TKaHEeM,
a TakKe TUMOM CBs3eil Mexay HuMU. OCHOBHBIMU IlapamMeTpaMu
MEXAHUYECKUX CBOMCTB TKaHEH ABIAIOTCA Hanpaxcenue (O,) U Oe-
dopmayus ().

Hanpsaxcenue o, B omMYMe OT NAapamMeTPOB BHELIHETO CWJIO-
BOTO BO3JeicTBUA (0,,) OTpaxaeT BHYTPEHHHUE MEXaHUYECKUE
BO3MYIIIEHUSI, pa3BUBAIOLIMECs B TKaHAX MPU ACUCTBUM Ha HUX
MexaHudyeckux cuji. EauHuieit ero usMepeHMs] TakkKe SIBISIETCS
nackanb (I1a).

Jeghopmayus € — yripyroe BO3MyllleHHUE, OOYCIOBJIEHHOE U3Me-
HEHMEM IIPOCTPAHCTBEHHOM CTPYKTYphl TKaHU, IIPU KOTOPOM
MPOMCXOIUT TIEPEeHOC TIOTOKA DHEPTrUuM YIpyroi aecdopmaunu 6e3
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Puc. 1.2. IIpoHukammas CIIOCOOHOCTbh ONTUYECKOTO HM3IYyYeHUSI B pa3-
JIMYHBIE CJIOM KOXM 4YeJOBeKa.

[To ocu abcuumcc — AMHA BOJHBI ONMTUYECKOTO M3Jy4EeHUs, Y MKM: IO OCH Op-
MHAT — TIPOHUKAOIIAsl CMIOCOOHOCTh. 1. MM.

nepeHoca yactull cpeapl. Jedopmanus pacrnpocTpaHsieTcss ¢ BOJI-
HOW W3 OJHOW TOYKM B JIPYTYIO W OMPENENSIET TUIT MEXaHWYECKOTO
Bo3MylleHUsl. OHa XapakTepu3yeT OTHOIIEHWE W3MEHEHHBIX JIM-
HEWHBIX Pa3MEPOB EIMHUYHOTO O0beMa TKAHW MPU BO3OYXICHUU
B Hell KojebaHUil K ee COCTOSSHUIO B TMOKOE M SBJsieTcsl (hyHK-
IIMENl BHEIIHETO HAMpPSDKEHUs M KOJeOATeabHOTO CMEIIEHUS Yac-
TULL CPENbL:

€= o,/E. [1.1]
rme E — wMomynp FOHra — HampsokeHue, NMpU KOTOPOM IJIMHA
€IMHUYHOrO 00beMa TKAaHU YBEJMYMBAETCSl BIBOE; O,, — IOBEPX-

HOCTHBIE CWJIBL.

Ilo peakuuy Ha BHEIIHME HAMPSDKEHUS BCe TKAHU pa3desisaioT
Ha ynpyeue, Heynpyeue (BsI3kue) U esa3xoynpyeue. Kputepuem Ta-
KOTO pazleieHMsl CIyKUT Haauuue WIA OTCYTCTBUE OCTaTOYHOM
neopMaliiy TKaHE.

IIpn caMompou3BOJIBLHOM BOCCTAHOBJICHMM HCXOOHOIO COCTO-
SIHASL C TIpeKpallleHueM IPUIOXKEHHOIO0 HAIpPSDKeHUSI TKAHU OT-
HOCAT K ympyeum. B ciydae HeoOpatumMoil nedopManmy MOmI
JIEVCTBUEM BHEIIIHMX CWJI WIM OCTAaTOYHBIX BHYTPEHHHUX HAIIPSI-
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XKEHUI TOBOPAT O 643KuUX cpemax. BSI3KOCTb OMOJIOTMYECKMX Cpen
00yc/IOB/IeHa HaJM4YuMeM B WX CTPYKTYPHOIl pellleTKe Y3J0B, 00-
pa30BaHHBIX CIA0BIMU BaH-AeP-BaaJbCOBBIMU cujiamu. QOycioB-
JIEHHbIE STUMM CUJIaMU CBSI3M HApYLIAIOTCS IIPU COBUIOBBIX JIe-
(opManMsix ¥ BOCCTAHABIMBAIOTCS TOC/IE OKOHYAHWST BO3IEUCT-
Busa. PaspylieHue 3TMX HaIMOJEKYJISIPHBIX CBSI3€i IIPU HEKOTO-
poOil  «IOpPOroBOii» MHTEHCMBHOCTUM MEXaHMYECKOro (pakropa
NPUBOIUT K MUKCOMPOnUU — OOpaTUMOMY U3MEHEHUIO KUIKO-
KPUCTAJUIMYECKOM CTPYKTYpbl LIMUTO30JISI  BCIIENCTBME pa3pbiBa
c1abbIX CBSI3EH.

[lo maOTHOCTU ¥ TUITy MIPOCTPAHCTBEHHOM CTPYKTYPHI BCE TKa-
HU OpraHu3Ma pasleisiioT Ha meepdvie (KOCTHAs TKaHb, JEHTUH
U BMajlb 3y0OB), Maekue (Koxka, MblIeYHasl TKaHb, TKAaHU MapeH-
XUMATO3HbIX OPraHoOB, BSHIOTENUI COCYIOB) U dcudkue (KpOBb,
amumda, 1uepedpocnuHalbHas XUIKOCTh, CIIOHA, CIiepMa).

CrpyKTypHass HEOOHOPOAHOCTb TKAHEW OpraHu3Ma, MpUCYILIas
UM aHuzomponus (pa3numiue MeXaHWYeCKHUX CBOWCTB TKaHEd B
Pa3HBIX HAMpaBJICHMSIX), CYLIECTBOBAHME B HUX PA3JIMYHBLIX TUIIOB
BOJIH (IIPOJOJbHBIX, IIOIEPEUYHBIX, CIBUIOBBIX) M AaKTUBHBIM Xa-
pakTep U3MEHEHUS WX YIPYIMX M BI3KUX CBOMCTB CYIIECTBEHHO
VYCIIOKHSIIOT ITPOCTPAHCTBEHHO-BPEMEHHBIEC XapaKTEPUCTUKU pa3-
BUBAIOLIMXCS B HUX HampsoKeHWil u nedopmanuii. OHU onpene-
JITIOTCS napamempamu MexaHu4eckux c8oicme ero OpraHoB U TKa-
HEl — HMAOMHOCMbI0 MKAHEl P, CKOPOCMbIO 38YKA ¢ U MOOYAeM
ynpyeocmu E (taba. 1.1).

Taonuuma 1.1. IlapaMeTpbl MexaHMYECKHUX CBOUCTB OMOJIOTMYECKUX
TKaHe}

Traui ! 0. KM~ i c.o Mgt E. MNa

Teepase TRaHH

KocTHasn

1200—2000  (12.3—40.7)-10°
2.2.109

— KOMTIaKTHas 1920—1990
— CTNIOHTHO3HASA 240
Markuwe TKaH#H

Koxa 1048 —106A 9h— 100 107
CKeaeTHbIE MbILILIb] 150 (2—7.6)-10°
Mitokapa 1030 120—130 6107
1030—1041 100—120

200 30—60 3—27-104

1041 —1100

['o.10BHOIT MO31
[Maperxnya Jerkim
AnakoecTn
Kposb 1048—1066 1300
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Cpeay Bcex OMOJIOTMUECKMX TKaHEH HauOOJbIIMM MOIYJIEM
IOnra (kectkocThiO) OOMagaroT KocTu. s GONBIIMHCTBA MSITKHX
TKaHeil xapakKTepHbl HEOMNpPeIeICHHOCTh HAYaJIbHOTO U €CTECTBEH-
HOTO COCTOSIHUM, HECXKHMMAaeMOCTb M aHM30TPOIUS BHYTPEHHUX
HanpspkeHui. Hdedopmaluyy MSTKUMX TKaHEl BEJIMKU U JOCTUraloT
200 %, a y cocTaBISIIOIIMX WX KJIETOYHBIX MeMOpaH — 600 %.
IIpy nepuogmyecKoM BO3IEUCTBUM KojebaHusl nedopMaluii U
BHYTPEHHMX HamnpspKeHMI pasnmdaiorcs 1o ¢ase. Takme medop-
Maluy OOYCJIOBJI€HbI M3MEHEHUEM IIPOCTPAHCTBEHHOI OpHeHTa-
oM 1 (POPMBI OMOJIOTMYECKUX MOJIEKYII.

HenuHeliHbll XapakTep 3aBUCMMOCTHU AeopMalldii OT MpUJIo-
>KEHHOIO HampsDKeHHUsl B IMaIla30HE ero MallbiX M CPEOHUX BeJId-
YUH OOYCJIOBJICH HAJIMUMEM B COCTABE OOJIBIIMHCTBA MSITKMX TKa-
Hell KOJUIareHOBBbIX BOJOKOH. OHU CHOCOOHBI K 3HAYWUTEIbHBIM
nedopMaLUsIM U MMEIOT BBICOKMIA MOIY/Ib yIpyrocth — o 10°—
10" Ila. JIpyroif CTpYKTypHBII KOMIIOHEHT — »3JIACTMYECKME BO-
JIOKHA, KOTOpbI¢ 3HAYUTEJILHO paCTITMBAIOTCS TIOH JCHCTBU-
€M IPUWIOXEHHBIX HaNpsKeHWM: uX AedopMalMy IIPEBHIIAIOT
200 %. Momyib YIpyrocTd 3JaCTHYECKMX BOJOKOH CYILLIECTBEHHO
HUXe, yeM y kosutareHoBblx: 10— 10" IMa, u ux medopmauuu
IIPOMCXOIAIT T10 JIMHEMHOMY 3aKOHY.

OCOoOEHHOCTH TIPOCTPAHCTBEHHOTO PACIIONIOXEHMST KOJIJIareHo-
BbIX U BJIACTUYECKMX BOJIOKOH OIPEIE/ISIIOT Xapakrep nedopma-
LMiI B MATKUX TKaHAX. TaMm. rae comepxarcsli oba TUIA COSAMHU-
TeJIbHOTKAHHBIX BOJIOKOH, HayaJlbHble JIMHElHbIe AedopMaluun
OOYCJIOBJICHBI PACTSDKEHMEM 3JIaCTUYECKUX HUTEM, a IOCIeaylo-
1€ HeJMHEWHble — PACTSKEHUEM KOJUIAT€HOBBIX HUTEHA.

11 HEKOTOPBIX MSTKMX OMOJIOTMUECKMX TKaHEW XapaKTepHa
ciaabast 3aBUCHMMOCTh WX YIIPYTMX CBOMCTB OT CKOpocTH Aedop-
Mauuu. BcneacTBue 3TOro IpyM HANPSDKEHUSIX, BO3HMKAIOLIMX
Mo, AEMCTBUEM MeXaHMYeCKUX (aKTOpOB, BI3KMMU CBONCTBAMU
MSTKMX TKaHEW 4JacTo mpeHeOperaioT. Takoe HomylleHUE OIpaB-
JaHO JajeKo He Bcerma. Y KOXW, MBI M MSATKMX TKaHEW Io-
JILIX OpraHoB IIpu (PUKCUPOBAHHLIX AeopMalusgx B pe3ysibTare
pefakcalMy YacTUI[ BEIIeCTBA ITPOMCXOIUT YMEHBILIEHUE BHYT-
PEHHUX HANpPSDKEHUII — MPOSIBISETCS TEKydecTh cpedbl. Takast
penakcaius HampsokeHWsT HauOosiee XapakKTepHa ISl MbIIed-
Hoii TKaHu. OHa He BbIpaXKeHa y 2JIACTUHA M OYeHb Maja y KOJI-
JlareHa.

JedopMaliy KOXM MMEIOT BbIPaKEHHBI HEJIMHEWHBINA Xapak-
Tep, OOYCJIOBJACHHBIM pPACTSKEHMEM KoJllareHa, CoAepXKaHue KO-
TOPOro B KOXe cocTaBiisieT 75 %. Torga Kak 3JIaCTMH COCTaBIISIET
Bcero 4 % ot ee cyxoii Macchl. BOJBIIMHCTBO KOJUTar€HOBBIX HU-
Teil OecropsiAOYHO OpUEHTUPOBaHLI B mpocrpaHcTBe. MX medop-
Maluyd B (pU3MOJIOTMYECKUX YCIOBUsIX HeBenuku (>10 %) u BO3-
HUKAIOT TOJLKO IIOA AEHCTBMEM 3HAYUTEJIbHBIX MEXaHMYECKUX
HanpspkeHuid. CeTb MaKCMMalbHBIX HampsDKEHU B KOXE Ipo-
CTPaHCTBEHHO coBINamaeT ¢ JuHuUsIMU JlaHrepa (puc. 1.3. a).
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B

L i LT |
02 04 06 = 24 28 32 3.6
a 6
Puc. 1.3. JluarpaMMbl «HaIlpsiKeHUE — TMPonoJbHasE nedhopMalivsi» s

KOXHM (a) U CKEeJIETHBIX MBIIIIL (0).

Ho ocu abcuyce — nedopmalist, €. OTH. €.: 110 OCH OPIMHAT — BHYIPEHHEe
Hanpspkenne o. 10° Ia (a). 10° Ila ().

HenuHeitHast 3aBUCMMOCTb HampsKeHUsT OT AedopMaluy IIpu-
Cyllla M CKeJIeTHbIM MbimiaMm (puc. 1.3, 0). JIma Hux Takke Xa-
pakTepHa pejakcalys HaMpsKEHUs Npy PacTSKEHUU. AKTUBHBINA
XapaKTep MbILIEYHOTO COKPAILEHUS CYIIECTBEHHO BIMSIET M Ha UX
MeXaHW4YeCKMe CBOMCTBA. Y pacciabiaeHHbIX MBI Moay/ib HOHra
coctasiser nopsinka 10° TMa. a Tpu COKpalleHWM OH YBEIM4MBa-
eTcsl B JECSATKU pas.

Hedopmaliuy, BOZHUKAIOIIME B BO3MYXOHOCHBIX MYTSIX U COCY-
Jax 2JaCTUYECKOro TWIIA, JIMHEWHBI. YINPYrocTh STUX TKaHeH
OIpelesieTCs] B OCHOBHOM 3JIACTUYECKMMM BOJIOKHAMU, XOTSI B
MX COCTaBe TMPUCYTCTBYIOT M KOJIJIAareHOBBIE BOJIOKHA, KOTOPbIE HE
HMMEIOT 3[eCh BHYTPEHHEIO HAIPsSDKeHMS, TaK KakK YJIOXEHbI BOJI-
HOOOpPa3HO 1 NpU (PU3UOIOTMUECKUX HArpy3kax TOJbKO pacrpsM-
JISI0TCS, a He pacTaruBaiorcs. CregoBaTesbHO, YIIPYTUME CBOMCTBA
BO3IYXOHOCHbIX HyTCfI N COCYyJOB HAUYMHAIOT ITPOABJIATHCA TOJIBKO
NpY 3HAYUTEABHBIX HAIPSDKEHMSIX, KOIIAa OHU CUJILHO PaCTSrvBa-
fotcst. Cozepkanuecs B UX COCTaBe IMPOCTPAHCTBEHHO YIOPSIIO-
YEHHBIE KOJIJIAaT€HOBLIE BOJIOKHA OOYC/IOBIMBAIOT BBICOKYIO ITPOY-
HOCTb COCY/IOB U BO3MYXOHOCHBIX ITyTEHl.

IIpu pepopMaliu jgerkue BeayT ceOsl Kak IUIacTUYECKas cpena,
MOIVIONIAOIIAST 3HAYMTEIbHYI0 4YacTh TMOABOAMMONM MEXaHUYECKOn
sHepruu. ComepkaHue KOJJIareHa M 3JIaCTMHA B JIETKMX COCTaBJIs-
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eT coorBeTcTBeHHO 12-20 % m 5-12 % ot ux cyxoit maccel [lpe-
Jel TeKyyecTM JIerOoYHOMl mapeHxuMbl mpesblmaer 4107 [la.
B MArKmMx TKaHSX IapeHXMMAaTO3HBIX OpPraHOB BOJIOKHA BHEKJIE-
TOYHOTO MAaTpHKca 00pasyloT (PYHKIIMOHAIBHO IIEJIOCTHYIO CHUCTE-
My C KJIeTKaM{ BHYTpeHHUX opraHoB. Ilo cBomM ympyrmm CBOMCT-
BaM OHM TIOXOXM Ha TUAPOGUIbHBIN Tejlb, OCHOBHBIMU YIPYTUMU
KOMITOHEHTaMM KOTOPOTO SIBJISIIOTCS TJIMKO3aMUHOITIMKAHBI (MYKO-
MoJMcaxapybl) U LIUTO30JIb.

BoabIIMHCTBO OMOMOrMYECKUX KUAKOCTEH SIBISIIOTCSI CYCIIEH-
3UIMHA 1 0OJIamaoT WCKIIOUYMTEIBHO BSI3KMMU CBOMCTBamu. Jlimsa
HUX XapaKTepHa HeJMHelHas 3aBUCUMOCTb jaedopMaliuii OoT Ha-
npskeHuit. HenrHelHbBIA xapakTep MX BSI3KOCTHBIX CBOMCTB 00y-
CJIOBJIEH BJIMSTHMEM JUCIIEpCHOM (pa3bl Ha BSIBKOCTb CYCHEH3UM.
BennunHa BSI3BKOCTM KpPOBHU 3aBUCUT OT CBOMCTB (DOPMEHHBIX 3JIe-
MEHTOB M JIMaMeTpa KpPOBEHOCHBIX cocyaoB. Cpemau (PoOpMeHHBIX
a7eMeHTOB 93 % COCTaBJISIOT SPUTPOLIMTHI, MEXaHUYECKUMU
CBOMCTBAMU KOTOPBIX U OIpeaessieTcsl BI3KOCTb KpoBU. C yMeHb-
LIEHWEeM paauyca COCYIOB B HHUX (DOpMUpPYETCS MHPUCTEHOYHbIM
CJIOM, TJe BSI3KOCTh CYILIECTBEHHO MEHbIIE, YeM B LIEHTPE COCy/a.
Ilo 3TOil HpuYMHE C yMEHBIIEHWEM paadyca KanWLIIpoB Bs3-
KocTh KpoBu manaer (apdexr Dapeyca—JIuHakBucTa). Xapak-
TEPHO, YTO COCTABJSIOIIME KPOBb 3JIEMEHTHI O0JIadaloT 3HA4YW-
TEJIbHBIMU YIPYIMMU CBOMCTBAaMM. MoIysib yNpyroctv OeIKOBBIX
w06y cocTaBisieT, Hanpumep. (2—9)10° ITa, a MeMOpaH 3puT-
pouuroB 4enoBeka — 10" Ila.

Wtak, aHU30TpONKSI U HEOOTHOPOIHOCTh OOJIBIIMHCTBA OMOJIO0-
TMUYECKMX TKaHeH CYIIECTBEHHO 3aTPyIHSIOT BO3MOXKHOCTb Mpei-
CTaBJIeHUsI B aHAJIUTUYECKOH (opme ITapaMeTpoB MeXaHMYECKUX
CBOICTB TKaHeil opraHu3Ma. Bmecre ¢ Tem B nmamnasoHe (pu3uo-
JIOTMYECKUX AedopMalrii MX 3aBUCUMOCTb OT IIPMJIOKEHHBIX Ha-
MPSDKCHUI JIMHEMHA, YTO MO3BOJISIET MCIIOJNb30BaTh UX I M3yde-
HUS peaklMii opraHM3Ma Ha MeXaHWYecKue JiedeOHble (haKTOPHI.

1.4. Tennohusnyeckne CBOCTBA TKAHEi opraHu3Ma

Peakuuu TKaHell opraHu3Ma Ha TepMUYeCcKUe (paKToOpbl OIpelne-
- JIAI0TCS MX TeIIo(pU3UMYeCKMMHU CBOWMCTBAMU. DTW CBOMCTBA BO
MHOIOM OOYCJIOBJIMBAIOT IMpeoOpa3oBaHKME B OpraHu3Me CBOOOI-
HOW SHEPruy NUTaTeJbHbIX BEIIECTB B TEIUIOTY C €€ MOCJEIyI0-
LM BBIACIEHUEM B OKpyXamlnylo cpedy. OCHOBHBIMU IlapaMeT-
pamMu TemIopU3NYECKUX CBONCTB TKaHE SBISIIOTCS yOeabHAs
Mena0eMKoCmb, K03 uyueHmMbLlmeni0npo8ooHOCMUNIMEMNepamy-
PONPOBOOHOCHIU.

Yoenavnan menaoemrocme C, ONIpenessieT KOJTMIECTBO TEILIOTHI.
KOTOpOoe HEeOOXOAVMMO COOOIIMTh €IMHMIIE MAcChl Tela IS TOTO.
yroObl HarpeTh ero Ha 1 °C. Ilpu KOHTaKTe Tel U Cpel ¢ pas3ivd-
HOI TeMIlepaTypoii MexXay HUMM oOpasyercsl TEIUIOBOM IIOTOK B
HaIpaBJIeHUM MEHee HarpeToil cpenbl. TeIIOmpOBOTHOCTb TKa-
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Heil A xapakTepu3yeT BEJMYMHY TEIUIOBOTO MOTOKA, MPOXOJSIIEro
Yepe3 HUX. MpU U3MEHEHUU TeMIlepaTypbl Ha €AUMHUYHOM PaCCTO-
saun Ha 1 °C.

YacTh MOpoXOAdIero uepe3 TKAaHW TEIJIOBOTO TIOTOKa OyneT
pacxomoBaThbCd HAa WX HarpeBaHWE U TMOBBILIEHWE TEMIIEPATyphl
pPa3IMYHbIX 27eMeHTOB TKaHel. CKOpoCTh U3MEHEHUST TeMIlepary-
pbl B KaXIOW TOYKE Cpelbl OMpPEAENsieT Koagguyuenm memnepa-
myponpogooHocmu a.

CBsI3b MeXIy YKa3aHHBIMU MapaMeTpamMu Terio(pu3nIecKux
CBOICTB TKaHEW OIpEeessieT COOTHOIIEHUE:

a=)/C,p. [1.2]

Ije P — IUIOTHOCTb TKAHU.
OcCHOBHbIE TIapaMeTpbl TEIUIO(PU3NUECKUX CBOMCTB Pa3IMYHBIX
TKaHell opraHu3Ma INpUBEAcHbI B Ta0Om. 1.2.

Tao6nauuma 12 OcHoBHBIE MapamMeTpbl TEIUIO(U3MUECKIX CBOICTB pa3-
JIMYHBIX TKAHel OpraHn3Ma

buotoriyeckue | Tenjoesmkocts.  TenIonpoBOIHOCTE.
2 |

TRKAHW |1 OPTraMbl bl % S i 5 rn. Br-m (

Mosr 3352 U.363 16.1

Muokapa 3730 0.8114 21,

Kposb 43— 37T (h.6—0, | 5.6—1

Koxa 2926 —3444 0.31—1.3 &—20
AiipoBas TKaHb 2300 0.1—0.23
Mgarkite TRaHi 3360 0,44 2

Teao (B cpeanem) 3560 0.382 ).734




OCHOBHbIE BUOD®UI3UNYECKUE NPOLIECCHI,
MOAYJINPYEMbIE JIEHMEBHBIMU
OPUSNYECKMMU DAKTOPAMMU

2.1. OcHOBBI TepMOIVHAMMKY 1 TIPEBpalllcHUEe SHEPTMHA B OpraHu3Me

B 1772 r. AJL JlaBya3be yCTaHOBWJI, YTO B pe3yJbTaTe CropaHMs
yoIsl U anMasa obpasytorcst nuokeun yoiepona CO, M Tero, Kak
W OpU Mpolieccax XKU3HEAESITeIbHOCTU B XKMBbIX OpraHuM3Max. 9T1o
HaOJI0cHNE TMPUBEIO BEJMKOIO YYEHOIO K BBHIBOOY, UYTO MEXIY
rOpeHUEeM TOIUIMBA Ha KOCTpPE U OKUCJIEHMWEM IWIIA B OpraHu3Me
y 4YeJoBeKAa M XKUBOTHBIX HET MPUHLMUIIMAILHOIO pa3INdusl.
N xots ceifyac ¢ TakuM KaTerOpMYHbIM CYXIEHMEM TPYIHO CO-
[JIACUTBCSI, TEM HE MEHee JIIoOble MpeBpalllcHUs SHEepruu B hU3U-
YEeCKUX CHUCTEMaX, B TOM YWCJE€ UM B XXUBBbIX OpraHM3Max B Mpollec-
ce MeTabojM3Ma, M3yvaeT OJHA M Ta X€ Hayka — TepMOAMHA-
MMKa.

Metaboau3M opraHM3Ma MOXHO pacCMaTpUBaTh ¢ pa3HbIX TO-
yeKk 3peHus. OauH TOmXod TpearojaraeT mpeBpalleHus KoBa-
JICHTHBIX CBSI3€il YITIEpOOHBIX M BOIOPOMHBIX aTOMOB, OPYrol —
yaeasieT OCHOBHOE BHMMaHUE OKHCJIMTEJIbHO-BOCCTAHOBUTEIIb-
HbIM 2KBHUBajJeHTaM (0aJlaHCy 3JEKTPOHOB), TPETUI — YYUTHIBACT
OayaHc cymMMapHOW 3HepruM cucTeMbl. OCHOBHOM YepTOil Bcex
MEePEYNCACHHBIX IIOAXOAOB SBJSIETCS COXpPaHEHME BEJIMYMHBI 00-
meid (CyMMapHOI) 9SHEpruM, KOJIM4YecTBa BEIeCTBA M 3apsja.
YeTBepThlii MNOAXOH, HaMOOJIee TUIOAOTBOPHBIN I OMKUCAHUSI Me-
XaHU3MOB KM3HEIESATEILHOCTH, CBI3aH CO C80000HOIU IHepeueli —
BEJIMYMHOI, KOTOpas HE COXpaHsIeTCs, a pacceuBaeTcs. — TOu
YacThl0 BHYTPEHHEHW BHEpPruu, KOTopas MOXET IIpeBpPaTUThCS B
paboTy OMOJIOTMYECKOr0 CHHTE3a, MBIIIEYHOTO COKpAaIlleHUs, pa-
00Ty MOHHBIX HacocoB. IlepeHoc M XpaHeHUE CBOOOAHON 3HEp-
MM B OpPraHU3ME OCYILIECTBISICTCS IJIaBHBIM O0pa3oM MpU IIOMO-
DM MakKpoOd3ProB M OCHOBHOTO M3 HUX — aaeHO3MHTpudocdop-
Hoii KucaoTel (ATD).

AneHosuHTpudochOpHasT KUCIOTa SIBIISICTCS YHUBEPCAIbHBIM
MepEeHOCUMKOM CBOOOIHOI SHEPIMM B KMBBIX KJIETKAX, OMHAKO
He 00s13aTeIbHO, 4TOObI CBOOOAHAsI SHEPrus, IepedaBaemasl U3
OIHOM YacTW KJIEeTKW B ApYIylo, IIpeIBapUTEIbHO 3amacanach B
Bume dochatHbix cBsazeit AT®. OxkucieHne CcyOCTpaToOB KIIETOU-
HOIO IbIXaHWS, HAIpUMep, MPUBOOUT HEIMOCPEACTBEHHO K 00pa-
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30BaHUIO DJIEKTPUUYECKOTO M KOHIIEHTPALIMOHHOIO TIPAIUEHTOB
MPOTOHOB Ha MEMOpaHe MMTOXOHIPUI, KOTOpbIE BIOCJEACTBUM C
nomoiblo AT®-cuHTa3bl (IPOTOHHOI MOMIIbI) IIPEBPAILAIOTCS B
SHEPIUI0 XMMUYECKMX CBSI3€l OCTaTKOB OpTO(OC(OpHOI KUCIO-
Thl. I'pamueHT HaTpusi Ha IIa3MOJIEMME MOXKET WCIIOJIb30BaThCs
Kak ABMXKYILAs CUia TpaHCIIOpTa caxapoB, aMUWHOKMKCIIOT, MOHOB
BOIOPOJA U KaJbLUA, HO MCXOMHO oH co3naercs Na' - K -AT®da-
3o0i1. CnemoBare/ibHO, MOAAEPXKAaHME BBICOKOM AKTMBHOCTU CHH-
1e3a AT sapisgercs HEOOXOAMMBIM M JIOCTATOUYHBIM YCJIOBHEM
(pyHKLIMOHANTBHON TTOTHOLEHHOM aKTMBHOCTU KJIETKU, TKAHU WIA
oprasa.

2.1.1. IlepBbIil 3aKOH TEPMOIMHAMUKA U €0 3HAYeHE
U OMOJIOTMYECKMX CUCTEM

IIpenBaputeIbHOE 3HAKOMCTBO C TEPMOAMHAMMKON TpeOyeT Mo-
HUMaHUs pa3Iu4uii Mexmay menaomoii U pabomoii. TernnoTy cBs-
3bIBAIOT C HEYIOPSIOYECHHBIM IBWXKCHUEM MOJIEKYJI, TOIIa Kak
paboTa COOTBETCTBYEeT MX YIOPSIIOYEHHOM) COIJIACOBAHHOMY JBM-
KeHuto. TerioBoe IBMXKEHHE OBJIEKTPOHOB B IIPOBOAHUKE IIPU
KOMHATHOM TeMIIepaType, HallpUMEP, UMEET CPEIHIO KBaIpaTU-
4yeckyio ckopocTh nopsiaka 100 000 M/c. HO 3TO ABUXKEHHE HEllb-
35 TIOJIHOCTBIO MCIIOJb30BaTh I COBEPIICHUS paboThl. Ecam ke
B TAKOM Xa0CE€ CKOPOCTEHW TMOSBJISECTCS YIIOPSAOYEHHAsT COCTaBJISI-
IOIIAs TTIOTOKA YaCTUI] CO CKOPOCTBIO BCETO HECKOJILKO CAHTHUMET-
POB B CEKYHIY, TO BO3HUKACT 3JIEKTPUYECKUMN TOK, KOTOPBIA JiET-
KO IpeBpallaeTcsd B padOTy ¢ MOMOIIBIO, HAIIPUMED, 3IEKTPOIBU-
raTess.

Kakoe-HruOyap OmHO oOmpeneleHHOe 3HAaYeHWE BHYTPEHHEN
SHEPrMM TeJla COOTBETCTBYET OIPOMHOMY 4YHMCIy KOMOWHALIMiA
pacipenesicHusT SHEPIUMM MEXIY COCTaBJSIIOLIMMU TEJIO MOJIEKY-
namu. KonmmyecTBo 31X KOMOMHALMI HA3bIBAIOT 4UCAOM 0OCHYR-
HBIX COCMOSHUL, UAU MePMOOUHAMUHECKOU 8ePOSIMHOCMbBIO.

CBg3b KBAaHTOBBIX YPOBHEW OSHEPTHU C TEPMOAMHAMMYECKOM
BEPOSITHOCTBIO MJUIIOCTPUPYET aToM (MOJIeKyJa) ¢ Maccoid m, Ha-
XONIIWICS B AMMKe NUIMHOW L M cBOOOMTHO mepeMelaromuniics
BIOJb OOHOM ocu (Hampumep, ocu "X"). JI1o6oii MMKpodacTuile,
COMIACHO KOPITYCKYJISIPHO-BOJTHOBOMY Iyalli3My, COOTBETCTBYET
BoiHoBag ¢pyHkuusa P(x)=Asin(Kx), 1me K - BojgHOBoOe 4uc-
70, X — KoopauHara. [IpyHMMass Bo BHUMaHUE, YTO KBaapaT MO-
nyas BOJNHOBOM GyHKUMU P|) — 3TO MIOTHOCTL BEPOATHOCTH 06-
HapyXeHUsl 4acTULbl B TOYKE C KOOpAMHaATOW "X" WHTerpaia or
IUIOTHOCTU BEPOSITHOCTU IO HEKOTOPOMY OOBEMY paBeH BEpPOSIT-
HOCTH HaXOXIEeHWS YacTUIIBI B TaHHOM OOBeMe.

[Tyctb MuUKpoYacTUIla HAXOAMTCS B OJHOMEPHOW Iueau AjauHoi L.
Tak Kak OHa MOXET CBOOOAHO ABUTATbCSl BIOJb KOOPAMHATHI X, a MpPO-
HUKaTb B CTEHKY HE MOXET, 10 3HAUeHUs BOJHOBON (YHKIMU M TOYKAX
0 u L Oymyr paBHBl Hym0 "B CTeHe" aToM Tra3a MOXHO OOHAapyXUTb



¢ HyneBoil BepositHOCThIO: P(0) = 0 u P(L) - 0. TMockonbky sin - 0.
sin(KL) = sin(tn) = 0. MOXHO IPUPaBHSTh apPTYMEHTHI:

K:-L =n-n.
IIe N — HaTypajbHble yucia: 1, 2, 3, ..., n, ToaydaeMm:
K=mnn/L
CrnenmoBate/IbHO, TepruoandecKass BOJTHOBas (DYHKIMS JacTWLBI ) 3a-
BUCUT B CTAIMOHApPHBbIX YCJIIOBUSIX HE OT BPEMCHM, a OT KOOpAMHATHI X.

U «BPEMEHHOI» (ha30BbIii MHOXUTENh (Wt) MOKEH ObITh COpa3MepeH
«ITPOCTPAHCTBEHHOMY» K * X:

ot = K-x.
OTKyZa mojy4aeM BbipaxeHue misa K:
K = wt/x unu 2rv(1/x).
ITockonbky t/x = 1/V, t1e v — CKOpOCTb, U V = VA, [Jie V - 4acToTa,
X — nnvHa BojiHBI, TO 3HayeHue K:
K = 2n/n.
IIpeobpa3dyeM paBEeHCTBO [Isi BOJHOBOTO YMCJa Ha TpaHULE LU
mmHoi L: K = min/L. ToacraBuB 3HayeHue K = 2m/A, momydmm:
2n/k = =n/L wm 2/% = n/L. [2.1]
CornacHO KOpPITyCKYJISIPHO-BOJTHOBOMY JIyaJIU3My, KaX/IOW YacTu-
1Ie COOTBETCTBYET <«BOJHA BEPOSITHOCTH» C JJIMHON BOJHBI n¢ bpoiins
A =h/p, tme h - nmoctosiHHasi [lnaHka, p - umIyasc yactuibl. [lpen-
craBuM dopmyay ae bpoiinsa B Buze:
1/7. = p/h
u, noactaBus 1/A B [2.1], momxydum:
2p/h = n/l [2.1a]
Yyrem, 4TO aTtoM JBMXKETCS CBOOOIHO, BCS €r0 BHYTPEHHSISI 3HEp-
U - KMHETHYECKAs U €ro MMITYJIEC MOXeT 261>m> BbIpAXEH uepe3 Ku-
HeTuveckylo sHepruio kak: E = p/2m wnu p° = 2mE. Bo3sens ypaBHe-

Hue [2.1a] B KBampaT U MOICTAaBUMB BbIpaXKeHHUE IJIs1 KBajpaTa WMITyJIbca
p’ = 2mE, nonyunm:

4p3/h? = n?/L%, unu 8mE/h? = n¥/L%. nau E = hon°/8mL-
W3 1oc/ieIHEr0 ypaBHEHUS HAXOIUM N
n = \?EE_L_ h? = L/h v8mE. [2.2]

N3 [2.2] cnenyeT BaxHbIN BBIBOM: 110008 amom (wacmuya) ume-
em (8mE)"*L/h cocmosnuii ¢ snepeueii menvueii, yem E (om 0 0o E).
AtoM MmoxeT HaxoauTbesl B (dn/dE)dE cocrosiHusix ¢ sHeprueit B
nHTepBaie oT E mo E+dE. Bto umciao, obo3HayaeMoe w, M €CTh
mepmMoouHaMu4ecKas 8epossimHOCb, U YUCAO OOCMYNHBIX COCHOS-
Huil cucmemst. TlpoauddepeHumpyeM (Bo3bMeM IMPOU3BOIHYIO IO
SHEPIUU) BBIpAXXEHUE I «». TOJYIMM IIOTHOCTD YMCJIa JOCTYII-
HbIX COCTOSIHUI IJIs1 00HOI Yacmuubl 8 cocyde, VA TEPMOINHAMM -
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YEeCKyI0 BEpOSITHOCTh. 3aMETHUM, YTO 3HaueHue L mpuHMMaeT Mak-
poMacIiTabbl pa3MepOB COCyla, a He XapaKTepHBIiI pa3Mep aTroma,
IO3TOMY SIBJIIETCSI TOCTATOUHO OOJBIINM YUCIIOM.

B TpexmMepHOM NpPOCTPAaHCTBE KOHEYHOTO Oo0beMa V. TAe 4Yac-
TULIA MOXKET OBMUIATbCS BHOJb KOOPIMHAT X, Y, Z, YUCIO JOCTYII-
HBIX COCTOSIHWM I ONHOM YacTHMIIbI (TepMOAMHAMMYECKAs BEpO-
SITHOCTbB) PaBHO:

o= 22V/h32mi? “E' dE [2.3]

3aKOH COXpaHEHUs SHEPrUu IJIs SJIEMEHTapHBIX KBa3UMpaBHO-
BECHBIX ITPOIIECCOB OIpENesieT MU3BMEHEHUE BHYTPEHHEW SHEPIUM,
KOTOpOE IIPOUCXOAUT TOJILKO 3a CYeT TEILIoNepenayd U COBeplle-
aus pa6otel: dE = (dQ - dA). U3menenue sHeprun E He 3aBucuT
OT IIYTU IIepexoJa CHUCTEMbl M3 OJHOIO COCTOSIHMSI B ApPYroe. u
BHYTPEHHSISI SHEPIUsl €CTh «(DYHKIIMSI COCTOSIHUSI CUCTeMbl». B TO
Ke BpeMsi OECKOHEUHO Masible M3MeHeHUs1 paboThl dA 1 u3MeHe-
HUs TeruioThl dQ) 3aBUCAT OT Mpoliecca.

PaccmoTpuM M3MeHeHHe SHEPIMU Ha BEpOSITHOCTHO-CTATUCTH-
yecKoM ypoBHe. (003HAYMM BEpOSTHOCTb HAXOXICHUS CHCTE-
Mbl ¢ 3Heprueii E(n) depe3 P(n), Torma cpegHsia 3HEpPrusi cuc-
TeMbl OymeT paBHa cymMme Bcex KomOuHanumii P(n)E(n), T.e.
E__ =2P(n)E(n), a npupailieHue 3Hepruu OyaeT paBHO:

cpen
dE ey = Z[P(n)-dE(n) + E(n)-dP(n)] [2.4]

W3 ypaBHeHus [2.4] ciaemyeTr, YTO uU3MeHeHUe GHYMpeHHell IHep-
cuu cucmemol dECp GO3MOJNCHO ocyuecmeunsvb KAK 3a cuem COXPAaHeHUsA
8epossmHocmu pacnpeoeseHust ypoeHell U npubasKu dHepeul Kaicoomy
U3 HUX, makK u 3a cuem U3MEHEeHUA eepoimHocmu Haxoxcoerus cucme-
Mbl Ha pa3Hbix yposHax. Tak, HallpuMep, MOINIOIIEHUE TEIUIOThI CO-
BeplmaeTcss 0e3 M3MEHEHMsI paclpeleieHUs] YPOBHEN SHEPTUM, HO
C U3MEHEHHEM BEpPOSTHOCTM HAXOXIEHUSI CHUCTEMbl Ha pa3HBIX
ypoBHsx. CrenoBareibHo, Teruiora — 310 wieH dQ = 2E(n)dP(n)
[2.4]. Tak kak 3Heprusi 4acTULBbl B TOTEHUMAILHON sIME 3aBUCUT
OT TabapuUTHOTO mapaMmerpa — IJIUHBEI (00beMa) [2.2]. To ee M3Me-
HEHMS TaKKe MPUBOAIT K Pa3HOCTU 3HEPIUU MEXIy YpoBHIMM. M3
9TOIO CJIEAyeT, YTO WM3MEHEHNE TadapUTHOIO IlapaMeTrpa MEHSIET
BEJIMUMHY CpeOHEN SHEPIWM C y4ETOM HOBBIX 3HAYEHWI 3HEPruu
kaxmgoro ypoBHs: dA = -2P(n)dE(n). Takum oOpa3om, mepBblit
yjeH ypaBHeHUs [2.4] cOOTBeTCTBYeT pabore.

s coBepilieHUsI 3JIEMEHTAapHO pabOoThl B pa3IMYHBIX pase-
Jax Gu3MKu HeoOXOomMMO 3aJaTh TpupalleHue o0beMy Mpu II0-
CTOSSHHOM OABJICHWHU, MyTW MNPU IOCTOSIHHOM CHUJIEe, YMCIy MOJei
MpA TIOCTOSSHHOM XMMMUYECKOM ITOTEHIIMAJIe, 3apsimy IIpHM II0CTO-
SIHHOM D3JIEKTPMYECKOM ITOTeHLManae 1 T.O. Ilpu 3ToM Hamo mo-
MHUTB, 4TO IIPY COBEPIICHUM DPAOOTHI M3MEHSIETCSI SHEPIUST Kaxk-
Ioro cocrtossHus. CaMmbIM IIPOCTBIM CIIOCOOOM IIepedadyr BHYTPEH-
Hell »Hepruu 0e3 W3MEHEHMHU I1apaMeTpOB MAaKpOCHUCTEMBI M
SHEPIUMM KaXIOro MUKPOCOCTOSHMS SBIISIETCSl TeIUIolepenaya.
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MPOUCXOASIIAs 32 CUET M3MEPEHUSI BEPOITHOCTU HAXOXICHUS
CUCTEMbl B PAa3JIMYHBIX MHUKPOCOCTOSHMAX. MOJEKynbl «Harpe-
TOW» CUCTEMbl HaxomsATCs Ha 0OoJjiee BO30YXXIEHHBIX YPOBHSAX IIO
OTHOLIEHUIO K <«XOJIOHHOM» CHUCTEME.

Tennoeoe 63aumodeiicmeue — 3TO DHEPTETUYECKOE B3aMMOJIEH-
CTBME TIPM CTAOMJIbHOCTM BHEIIHMX IapaMeTpOB U HEU3MEHHOCTU
YPOBHEN HEPTMU CHUCTEMbI, TIPU KOTOPOM M3MEHSETCS JUIlb Be-
POSITHOCTb €€ HAXOXIEHUS Ha pa3IMYHbIX HEM3MEHHBIX YPOBHSII.
IIpy TerioBOM B3aUMONEWCTBUM [BYX CHUCTEM 3JHEPTUS OJHOM
BO3pacTaeT 3a CYET SHEPrMU IPYroi, HO 3TO BO3pAacTaHUE IPOUC-
XOIWT HE 3a CYeT MU3MEHEHMsl 3HaueHWI caMuX ypOBHEU, a Bcien-
CTBUE YBEIMYECHHUS BEPOSTHOCTU HAXOXAECHHUS CUCTEMbI B COCTOSI-
HMM Cc Oosiblliell 3Heprueil (ogHa cuUcTeMa) U MeHbllel 3Heprueu
(mpyrast cucrema). Ilpu sTOM mepBasi cucTeMa HarpeBaeTcsi, BTO-
pas — OCTbIBaeT.

Kpome TermnoBoro B3aMMOACICTBHUSI, CHUCTEMbl MOIYT B3auMMO-
JeNCTBOBAaTh aduabamuyecku, HaxoIsCh TEPMUUYECKU W30JMPOBAH-
HbIMU JIpyr OT apyra. Ho B aToM ciydae npu oOMeHe 3Hepruu obs-
3aTeIbHO JOJDKEH W3MEHMTbCS KaKOH-HUOyIb MakporapaMeTp.
M3MmeHeHre 2HEPTUM B TaKOM CUTYalluM MPOUCXOAUT 3a CYET COBEP-
meHus: paboThl, a He TermaooOMeHa. B oredecTBeHHOM nMTEparype
MPUHATO IMOJOXUTEIBHOM CYMTaTh Ty pabOTy, KOTOpasl COBEpIlaeT-
cs 3a cyeT yObUIM BHYTPEHHEW SHepruu, OTpULIATEJbHOM — Ty. KO-
TOpasl COBEepIIACTCS Hall CHCTEMOM M COINPOBOXIACTCS MOBBIIICHU-
€M ee BHYTpPeHHEe# 3Hepruu (KpoMe U30TePMUUYECKUX MPOLIECCOB).

ITocne moapoOHOro pacCMOTpPeHHUs] OBYX IIPUHUMIIMAIbHBIX
MyTeil, MO0 KOTOPHIM MOXET M3MEHSThCS BHYTPEHHSSI BHEPTHUS,
HETPYJIHO TOHSTHb TaKOW TEPMUH, KaK Cc80000HAs dHepeus, KOTOo-
pHIil sIBISIETCS KJIIOUEBBIM ISl omucaHus MeTrabojusma. CBoboj-
Hasl dHEeprus — 3TO Ta YacTb BHYTPEHHEHU HEpPruu, KOTopasi CBS-
3aHa ¢ M3MEHEHHMEM CaMUX JHEPreTUYECKUX YpPOBHEl, 00ycJoBIe-
Ha U3MEHEHUEM KaKoro-jubo mMakporiapaMeTrpa U MOXET KOHBEp-
TUpOBaThCcsd B padory. Tak. mpu J000M BuAe pabOThI U3MEHSETCS
Makpornapamerp:

1) pabora pacuiMpeHus rasa:

AA = P AV.

rie P — paBneHue. AV — u3smMeHeHue odbeMma;
2) MexaHuyeckasi pabora:

AA= F AS.

e F — cwra, HampaBieHHasg IO KacaTeJbHOM K TpPaeKTOPHHU.
AS — sjeMeHT myTu;
3) paboTta o mepeMeIIeHMIO 3apsaa:

AA = U Aq.
rie U — pasHoOCTh MOTeHIMaNoB, AqQ — U3MeHEeHUe 3apsja;
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4) paboTa XMMWYECKOTO CHHTE3a:
AA= U An.
Ime |\ - XMMHWYECKWM TMOTeHIMaN, a An - M3MEHEHHE KOJIMYECT-
Ba BellecTBa B XOJIe peakivM.
3aKOH COXpaHEHHUsI 3HEPTruM, B TOM YKCIE U IJIST KUBBIX CHC-
TEeM, TAKUM 00pa30M, IJIACUT, UYTO UBMeHeHUe GHYMPeHHel IHepeull
cucmembl 803MONCHO MOABKO Nymem menionepedayu u cosepuleHus

pabombl.
dE=(dQ - dA).

Takasg TpaguMLIMOHHAS 3alUCh 3aKOHA MCTOPUYECKU OOYCJIOB-
JIEHa TEM. 4TO paboTy paHee MOIydyaJd MPWA TOMOIIM TEIIOBBIX
MalliMH. B HUX BHYTpEHHSsI SHEpPrus MOJEKYISIPHBIX CBSI3€H TOII-
JMBa 4YaCTMYHO IIpeBpallaeTcs B TEIUIOTy pabodero Tenaa (rasa,
rapa) Ipu TeMmIlepaType CYLIECTBEHHO OOJIblle OKpYXalollei, Of-
HAKO IJII TIOJIydeHUs paboThl HE Bcerma o00S3aTeIbHO SHEPTHUIO
MeX- U BHYTPUMOJIEKYJSIPHBIX CBSI3€i IIpeBpalllaTh B TEILIOTY.
DTO mpexae BCero HeBKOHOMUYHO, a JUId TeTUIOKPOBHBIX (IOMO-
MOTEPMHBIX) OPraHM3MOB, CYILIECTBYIOIIMX B Y3KOM JHalla30oHe
TEMIIEPATYPHI T€a, U HEBO3MOXHO.

DyieMeHTapHasl TeXHUYeckKasl cucTeMa Ul TOJydyeHUs] paboThI
0e3 IpedBapUTEbHOIO IIpeBpallleHUs] BHYTPEHHEd SHEpPruM B
TEIJIOTY — TaJlbBAaHWYECKUM 3eMeHT. Ha MosjekynspHoM ypoB-
He — 93TO OKHWCIUTEIbHO-BOCCTaHOBUTeNbHas1 (ox/red) mapa.
B wupeanbHOM ciyyae, MpW OAMHAKOBOM TeMmmepaType, OKMUCJICH-
HOE€ U BOCCTAaHOBJIEHHOE COCTOSIHME HMMEIOT pa3Hble 3HauyeHUS
SHEPruy Ha OCHOBHBIX YPOBHSIX M OJMHAKOBbIE BEPOSITHOCTU pac-
NpeleleHnsT Ha HUX SHepruu («3aceIeHHOCTh» OCHOBHOI'O YpOB-
Hs). B cBSI3M ¢ 3TMM mpeBpallieHWe BOCCTaHOBJIEHHON (PopMbl B
OKHCJIEHHYIO COIIPOBOXKIAETCS M3MEHEHUEM BHYTPEHHEW 3Hepruu
3a CYET MOTOKA 3JEKTPOHOB, KOTOPYIO MPAKTUYECKU IOJHOCTHIO
MOXHO IIpeBpaTUTh B pabotry! Hampumep, uemnp mepeHoca >JeKT-
POHOB B MUTOXOHAPUSIX — 3TO IOCIEIOBATEILHOCTh OpraHWYe-
ckux Mmonekya (HAJI, PAJl, yOMXMHOH, LIMTOXPOMBI), HAXO.Is-
IIMXCS TI0OOYEpPEeIHO B OKMCICHHON M BOCCTAHOBJICHHON (opmax.
JpIxaTenbHas 1Lelb MOJ00HA ITOCIEeI0BaTEIbHO COSAMHEHHBIM 0a-
TapeiikaM pa3MepoM C JIB€ MOJIEKYJIBI Kaxmasd, B KOTOPOW OTpH-
LIaTeJIbHBI IIOJIOC — BOCCTAHOBJIEHHAs1 (popMa OOHOI MOJIEKY-
JIbI, a TIOJIOXUTENbHBIE — OKHCIEeHHas (popMa APYroi.

Hecmotps Ha Beicokuit KIIJI. mis XWBBIX CMCTEM ITOTOK 3JIEK-
TPOHOB WM COMNPSKEHHBIE C HMM IIOTOKM IIPOTOHOB M MOHOB —
HE BCErma IOAXOMSAINME W YHUBEPCAJIBbHBIC ITOCTABIIMKU CBOOOI-
Hoii oHeprumu. a1 OOJBIIMHCTBA OMOJOTMYECKUX IIPOLIECCOP
(6MoMOrMYECcKOro CUHTE3a, MBIIIEYHOTO COKpalleHus, OOJIbIINH-
CTBa MOHHBIX HAcOCOB M Jp.) TpeOyeTcs elle OOUH IIOCPEIHMK B
JIOCTaBKE CBOOOMHOM SHEPTAM OT TOTOKA 3JIEKTPOHOB K HEMO-
CPEACTBEHHBIM y4YaCTHMKaM IIOTpeOJIeHUSI CBOOOZHON SHEPIruu —
MOJIEKYJIa MaKpO3PTUYECKOIO COCAMHEHUS.



CoenuHeHusi, uMelomue ocTaToK ¢GochOpHOU KUCIOTHI —
AT®, I'TD, xpeatuHdocdar', crmocobHB MepeHocUTb docdar-
HYIO TpYINy Ha aMMHOKMCJOTBI, HYKJIEOTUAB U KO(PEpMEHTHI.
Ilepenoc octatka opTodochOpHON KHCIOTHI Ha KaKo-Imbo cyo-
CcTpaT HasbiBaeTcsl gocgopuruposanuem, KOTOPOE OOCTABISIET MO-
JIEKyJie OomnpeaeaeHHOe KOJIMUECTBO c80000HOI IHepeuu, T.€. HE Te-
peBOAUT ee B Oojiee BO3OYXIEHHOE COCTOSIHME, a U3MEHsEeT dHep-
TUI0 MCXOOHOI'O (B TOM YHMCJIE OCHOBHOTO) COCTOSIHMS MOJIEKYJIHI.

buomonexyna mnpu dochopuaupoBaHuU TMoJiyyaeT BSHEPTUIO
0e3 HarpeBaHMs M YBEIWYECHHUS CKOPOCTH TEIJIOBOTO JIBUXKCHMS.
[TonyyeHHast MoJieKyJ10ii cBOOOIHAsi HEPTUST MOXET OBbITh peanu-
30BaHa CUHTE30M MOJMMEPHON IEMOYKU, CKOJBbXEHHMEM aKTHUHO-
BbIX U MMO3MHOBBIX HUTE MpPU MBIIIEYHOM COKpallleHUU, KOH-
dopManmein ¢ mociemyiomeil akTuBalmel (MHaKTUBauueir) gep-
MEHTa WIM OPYTUMM HOYTSIMH B M30TEPMHYECKUX YCIOBUSIX.

HwuyroxHass 9acTb 3HEPIMM pacCeHMBAETCS B BHUAE TeIjIa 4epes
coymapeHusi ¢ MoJieKylamMu-coceasiMu. Hampumep, sHeprusi Mo-
JIeKyael 1pu (pochopuINpoBaHUM YBEIWYMBAETCI NPUMEPHO Ha
0,5 B (1 2B pasen 1,610 Jx). Ecau kaxcoas Monekyna moiy-
ymia Obl TaKylo 3HEepTui0 B ¢opmMme TeIia, TO TeMmIleparypa opra-
HU3Ma yejoBeka Bo3pocia Obl Ha 1500-2000 °C. Ilpu KomHaT-
HOW TeMIepaTrype DHeprusi TeIJIOBOrO NBUXEHUS MOJEKYJl HMEeT
BeJIUYUHY, TIpuMepHO paBHyw 3-4 kT, T.e. okono 0.07-0.1 »B.
e K — nocrosHHas bosabuMana, pasHag 1.38107 JIx/K, a
T — abcoyroTHasi TemIiepartypa.

Bricokouactorasie (YBY, CBY u KBY) mons, momuMmo mepe-
Bola B BO30OYXICHHBIE COCTOSIHMSI (HArpeBa) MOJSPHBIX MOJEKYJ
OMOJIOTMYECKMX TKaHel, CIIOCOOHBI M3MEHITh KOH(MOpPMAIMIO ITO-
JIIPHBIX TPyNmn OUOMOJEKYT U nepedasamv C80000HYIO SHEpeUro
MAKPOMONEKYAAM U MONEKYAAPHbIM KOMNAEKCAM NOCPEOCMEOM u3Mme-
HEHUsl UX <«eeoMempuu» 8 OCHOBHOM COCMOSHUU, 0e3 6030yicoeHus
MONEKYAAPHBIX  INEKMPOHHBLIX U  K0AeOAMeNbHbIX DHepeemu4ecKux
yposneil. B 3TOM cMbIciie HeKOTOphle dusndeckue (HakTopsl (JIa-
3epHOE M3JIydeHUE, BBHICOKOYACTOTHBHIE 3JEKTPUUYECKME U MAarHUT-
HbIe TI0JISI) HE MMEIOT aHaJOTOB Cpelu JIEKApCTBEHHBIX CPEACTB U
MOIYyT 3(p(HEeKTUBHO MOAYJIUPOBATH META0OIM3M KJIETOK M TKaHEM.
"~ CHHTE3 MaKpodproB - YHOOHBIX IS opraHusma ¢opm Iepe-
HOCYMKOB CBOOOIHOII 3HEpPruM — MOXHO TrpaduyecKu IIpencTa-
BUTh TaK. KakK 3TO IMokKa3aHO Ha puc. 2.1. Ilpu oKucCIeHUU TUIIU
(HampuMep, IJIIOKO3bI) 3JeKTPOHBI ¢ MOJIEKYJl CyOcTpaTa B KOHEY-
HOM UTOIe IMEPEeHOCSITCS Ha MOJICKYJSIPHBIM KUCIOPOJ MO KOMIIO-
HEHTaM BHYTPEHHE MeMOpaHbl MUTOXOHApuii. CoONpsKeHHO IIe-
peHOCYy 3JIEKTPOHOB B MeXMeMOpaHHOM IPOCTPAHCTBE MUTOXOH-
Ipuii "HaKaIUIMBAaIOTCA WOHBI Bomopoda, Ojarogapss KOTOPHIM B
nocienylwiieM 3amyckaercss cuHte3 AT® (puc. 2.1).

'V HEKOTOpBIX MMKPOOPraHM3MOB MAaKPO3PIOM SBISETCS MHUPOdoc-
(har — gumep octaTkoB OpTOGOCGHOPHOI KHUCTOTHI.
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Puc. 2.1. JIpIxaTenbHasi Lielb, JIOKAJIM30BaHHAsI Ha BHYTpEHHE MeMOpa-
He MutoxoHapuit [CamoitnoB B.O., 2004]

BHyTpeHHsII 3Heprusi XUMUYECKMX CBSI3ed MUIIM Ha JaHHOM
aTare TpeBpalllaeTcsi B JIHEPTUI0 TpaHCMEMOpaHHOW pa3HOCTHU
MOTEHIIMAT0B, OOYCIOBIEHHOW TpaJueHTOM TIPOTOHOB Ha BHYT-
peHHeli MeMOpaHe MutoxoHapuu. KIIJ mpeBpalieHusi 3HEpTUU
XUMUUYECKUX CBs3ed MMM B DHEPTUI0 TpajueHTa 3JEKTPOXUMU-
YeCcKOro IOTeHIIMaja JOBOJBLHO BBICOK M cocTtaBisieT 90 % u 6o-
nee. Insg cuHte3a AT® mpoToHBI, Haxonsliuecs B MeXMeMOpaH-
HOM TMPOCTPAHCTBE, IO 2JEKTPUYECKOMY M KOHIIEHTPAIlMOHHOMY
rpaiueHTaM TPOXOASIT B MAaTPUKC MUTOXOHAPUHU, COEIUHSIIOTCS
TaM C BOCCTAHOBJIEHHBIM KHCJIOPOAOM, 00Opa3ys Boay M obecre-
yyBas 3Heprueil cuHTe3d ATO:

2H' + 0%+ Al® + ® = AT® + H,0

KII npeBpalieHWs 3HEPTMM TpaHCMEMOpaHHOU pa3HOCTU
MOTEHIIMAJOB Ha BHYTpEHHEeH MeMOpaHe MUTOXOHIPUM B XUMU-
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Puc. 2.2. JIpixate/ibHast Lelb MUTOXOHIPUIA.

YECKYI0 SHEPTHIO CBSI3€il 0CTaTKOB OPTO(HOCHOPHON KHUCIOTHI MO-
nekynsl AT® cocrasister B cpenHeM 40—60 %. Cxemy cuHTE3a
AT® MOXHO TPOWIIIOCTPUPOBATH CJIEAYIOUIEN aHAJOTHEN: BBICO-

Ta BOOBl B BOMOXPAaHWIMIIE — pPa3HOCTh MOTEHIIMAJOB Ha BHYT-
peHHeli MeMmOpaHe; TypOMHA reHepaTopa — (epMEHTbl CUHTE3a
AT®; mageHue BOABI C BEPXHETO YPOBHSI BOJOXPAHMIMIIA

BHM3 — IIOTOK ITPOTOHOB Y€pe3 MEMOpaHy; SJEKTPUUYECKUI TOK
norpedureno — caMu Mojekyiabl AT® (puc. 2.2).

Ha KII/ oxucmureabHOro ¢pochopuainpoBaHus, T.e. Ipolecca
cunTe3a AT®, MOXHO MOBIUITH HU3KOMOJICKYISIPHBIMU OpTaHU-
YeCKMMHM BelleCTBaMU (JIMITO(MUIBHBIMU OPTaHUYECKUMM KHCJIO-
TaMM), pa3o0IIaOIIMMU OKUcIeHrue U ¢ocopriipoBaHue U CO-
OoTBeTCTBeHHO CcHukawmumu KIII cuHTe3a makpospros. B Ha-
CTosllliee BpeMs MMEIOTCS TakkKe IIpernaparbl, CIIOCOOHBIE YBe-
JuuyrBath KII MbllIe4HOro COKpalleHWsi, — aHTUTMIIOKCAHTBHI.
Takue npemnapaThl IPEACTABISAIOT CO00K KOGEPMEHTHI IbIXaTellb-
HOI 1LIeNM MUTOXOHAPWI WM ux aHanoru. IlpyumeHeHme aHTUTH-
MOKCAaHTOB BCJIEICTBME HW3KOIO ITOTEHIIMAda WOHMW3aIUU 3THUX
BEIEeCTB (BBIPAXKEHHOCTU JOHOPHO-aKIIEITOPHBIX CBOMCTB), K CO-
XKaJICHWIO, 4YacTO IIPUBOAUT K OOpa30BaHMIO HOH-pagUKaIoB U
aKTUBAaIlUM IIEPEKMCHOTO OKMCJIEHUS JINIIMAOB U NPYIMM TOKCHU-
yeckuM 2¢dekTtamM, 0OYCIOBJIEHHBIM CBOOOTHOPAAUKAILHBIMU
MexaHu3MaMu. Hapsmy ¢ BO3MOXHOCTBIO (hapMaKOKOPPEKIIMU
OKMCIUTEAbHOTO (ocdonupoBanus dusndeckue @GakTopbl (Ha-
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Puc. 2.3. Bo3MoXHbIe BEPOSTHOCTM CTATUCTUUYECKOIO pacIipeae/ieHs
YeThIpeX MOJEKYNl (MMKPOCOCTOSIHMSI) B JIByX OTCEKAX ONHON CHCTEMBL.

npuMep, Tunodapuyeckas TMIIOKCHS) 3HAYMTEIBHO IIOBBIIIAIOT
KIIJI MBIIIEYHOIO COKpallleHUs.

MexaHu3MBbl JEWCTBUSI Ha OpPraHU3M BJIEKTPOMArHUTHBIX IO-
JieW Y M3Jy4eHU HM3KON MHTEHCUBHOCTM MOTYT BKJIIOYATh M3Me-
HeHUe CBOOOMHOM 3HEPrud MOJEKY1 M peaau3yloT HEeTEeIIOBOe
JecTBUE JIeYeOHbIX (DU3NUECKUX (HaKTOPOB.

2.1.2. CTaTUCTHYECKOE M TEPMOIUHAMHYIECKOE ONMUCAHHE CHCTEM.
DHTpOIHS

CucreMa MOJIEKY/l MOXKET PaBHOBEPOSITHO HAXOMUTLCSI B JIHOOOM
U3 JOCTYITHBIX MUKPOCOCTOSIHMM, T.€. B KaKOM-JIMOO MHUKPOCOC-
TOSIHUM IIPU 3aJaHHOW BHYTPEHHEH 3HEPIruM CUCTEMBI (puc. 2.3).

[TocKoNbKY mena06oe B3aUMOJEHCTBUE JABYX CUCTEM IIPOMCXO-
OAT 0e3 M3MEHEHUs MaKpomapaMeTpOB, TO U YPOBHU SHEPTUU
KaXIOW M3 CHCTEM OCTAlOTCS HEM3MEHHBIMM — M3MEHSIETCSI TOJb-
KO BEpOSITHOCTh HAXOXIEHUS CHCTEM Ha KaXIOM M3 YPOBHEM.
Cucrema MOXET PaBHOBEPOSITHO HAXOOUTLCS B JIIOOOM U3 JIO-
CTYIIHBIX COCTOSIHMI, HO MOCKOJIBKY Pa3IMYHble MAKPOCOCTOSHUS
peann30BaHbl Pa3HBIM KOJIMYECTBOM JOCTYITHBIX COCTOSIHMIA, TO
peaJbHO CUCTeMa HaXOAMUTCS B TOM MAaKpOCOCTOSIHMU, KOTOpOE
COOTBETCTBYET MAaKCHUMAJIbHOMY YHCIy JOCTYIIHBIX COCTOSTHUIA.
M3zonupoBaHHAasl OT OKpYXKalollleid cpeibl CUCTeMa, Bce 4acTH KO-
TOPO WMEIOT OJWHAKOBYIO TeMIIepaTypy, CaMOIIPOM3BOJBHO
CTPEMUTCSI K COCTOSHUIO, COOTBETCTBYIOLIEMY MAaKCUMyMy HO-
CTYITHBIX COCTOSIHUI, WIM MaKCUMYMY IHMPONUL.

[Tyctb nmetorcst ape cuctembl X U X' ¢ 3Heprusimu E u E' cootsetet-
BeHHO. Torma TepMoIMHaMIYecKasi BEPOSITHOCTD (YHCIIO i IX CO-
cTostHuiT) crcteMbl X B uHTepBaie sHepruii or E no E + dE oymer w(E),
a cuctembl X' — cootBercTBeHHO M'(E'). Cuctembl X u X' MOIyT B3au-
MOJICHICTBOBATh TOJIBKO JIPYT C JIPYTOM, TI03TOMY TIOJTHAsl SHEPIUsT 00erX

33



cucteM coxpansiercst: E(o6mr) = E + E' = const. Otciona yepe3 KOHCTaH-
Ty oOuieit sHeprun E(o01r) ynoO0HO BbIpa3uTh 3HEPruio cucrembl X:E' =
= E(obm) - E. IloaHoe 4MClIO HOCTYIHBIX COCTOSIHUMIA COBOKYMHOI CuC-
Tembl X(o0mr) Oymer paBHO ® ., (E) = w(E)w(E'). Beipasus E' kak
(E(ob6mr) - E) momyymm: woﬁm(olg = 0(E)w(E(obm) - E) BepostHoCTh
TOTO, YTO cucTeMa X uMMeeT sHepruio E mpu B3aumopeiicTBuu cucteM X
u X' paBHa:

P(E) = Co(E)w(E(0o6w) - E), [2.5]

e C — kKoadhdUIMEHT MpornopLUrOHATbHOCTU, paBHbIN 1/w(tot); w(tot) —
YUCJIO JOCTYITHBIX COCTOSIHUI COBOKYITHOM CHCTeMbl BO BCEM WHTepBaje
sHepruii oT 0 mo E(o6m1), a He B y3koMm uHTepBaiie oT E no E + dE.
B wrore xoadpdunuent C o0paTHO IPONMOPILMOHATICH BEIMYMHE OOIIETO
yucjia MUKPOCOCTOSIHUI cUCTeMbl X TMpU Pa3IWYHBIX 3HAUEHUSIX ee
sHepruu ot 0 mo E(o6m).

Yucao AOCTYMHBIX COCTOSIHUMI @ OBICTPO pacTeT C YBEJIWMUECHUEM
sHeprun E. Takum o6paszom, w(E) pacrer ¢ poctom E, a w'(E(o6m) - E)
¢ poctom E ymenblaercsi, Tak Kak ymeHbiraercs sHeprusi E'. Cnenosa-
TeJbHO, TIPU TPOTHUBOIIOJOXHBIX 3aBUCMMOCTSIX OT E IByX cOMHOXWHTE-
neri w(E) m o'(E") ¢dyukuua P(E) momkHa IpoXoauTs depe3 MaKCHUMYM.
Haiinem sto ycimoBue. WM3-3a KpaiiHe OBICTPOro M3MeHeHUs (hyHKIIW
o(E) m w'(E(obm) — E) ymobHee paccMoTpeTh JiorapudM BEpOSITHOCTH:

In(P) = In(C) + Inw(E) + Inw'(E(o6mm) - E). [2.6]

3HauyeHne 3Hepruu, npu KotopoM BepossTHOCcTh P(E) mocturaer mak-
cuMmyMma, obo3HaumM uepe3 E. [Ins HaxoxkmeHus: MakCHMyma BEpOSITHO-
CTU BO3bMEM Ipou3BOAHYI0 (yHKIMU 1n(P) u mpupaBHSIeM ee K HYIIO.
IMTpousBognas In(C) paBHa Hymo, Tak kKak C — KoHcrtaHTa. I[IponsBom-
Hasl JICBOM YacTu ypaBHeHMs [2.6] vimeeT BMI:

din(P)/dE= (1/P)(dP/dE) =0
(TIpaBUJIO IPOM3BOIHOM CJIOXHON (DYHKIIWHN).

BosbMeM Jajiee MPOM3BOIHYIO OT KaXIOIO CJIAraeMoro IpaBoOi YacTd
BbIpakeHus [2.6]:

(1/P)(dP/dE) =dlnw(E)/dE + dlnw'(E(obw) - E)/dE = 0,

a mnocienHee ciaraemoe npomuddepenuupyeM no E. Tak kak E' =
= E(060) - E, To dE = -dE".
Torma ycmoBue makcumyma BepositHoct P(E) mumeer Bum:

dinw(E)/dE = dinw'(E')/dE' [2.7]

IMponuddepeHIMpoBaHHOE IO TIPaBWIY CIOXHOW (YHKIUM BbIpa-
xeHre dinw(E)/dE moxer ObITb MpencTaBieHO B CIEAYIOIIeM BUIE:

(1/0)(dw/dE) [2.8]

O6o03HaunM BeipaxeHue [2.8] kak P(E).

Torma makcumyMm BepositTHocTu P(E). unu ycaoeue mennogoeo pasro-
gecuss Mexy cuctemMamMu X u X'. HacTymaeT B TOM cliydae, Korma OyayT
paBHbl BennuuHbl P(E) u P'(E'), yro skBUBajIeHTHO

1/w(dw/dE) = 1/ - (dw'/dE"). [2.9]
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W3 paseHcta [2.8] cnemyer, uyto B(E) umeer pa3mMepHOCTb, OOpaTHYIO
sHeprun. PaBeHcTBO [2.8] ompenenser Takoe 3HaueHue sHepruu E cucre-
MBI X (1 cooTBeTcTBeHHO 3Hepruu E' crcrembl X'). KOTOpOE OCYIIECTBIISA-
eTCs1 C Hauboavulel B6EPOSAMHOCMbIO npUu Mena060m ezaumodeiicmeull.

Bemmuuna 1/f mporopuuoHalbHA SHEPTMM M OOMHAKOBA UIS JIBYX
TeJI TPU TEIUIOBOM paBHOBecuu. [lapameTp, mponopLMOHANBHBINA BHYT-
pEHHEll SHEepPIMM W paBHBIA OIS JTIOOBIX ABYX T IIPU TEIIOBOM paB—
HOBECUHM, Ha3bIBaeTCs TeMIleparypoil. Takum o6pa30M 1/ =
e KOS(I)(I)I/IL[I/ICHT K B cuctreMe CH paBeH ITOCTOSIHHOM BOJ‘ILLIMaHa

K= 1,38 10 JIx/rpan.
3anuiieM ypaBHeHHe [2.7] ¢ ydeToM IIOHSTHSI <«TeMIlepaTypa» B

onpeneiaeHun BeanduHbl P(E):
dinw/dE = 1/KT wm d/(klnw) = dE/T [2.10]

Ecu BCIIOMHMTD, YTO Mbl pacCMaTPUBAIM TOJBKO TEIIOBOE B3aUMO-
nericTBUe 0e3 M3MEHEHMIT rabapuTHBIX MapaMETPOB CHUCTEMBbI, W YYWThI-
Basi, YTO M3MEHEHUE HEPIUM BO3MOXHO TOJIBKO 33 CYET W3MEHEHUS
TEIUIOTHI, a He pabotel, u dE = dQ, momy4yaeM (yHIAMEHTaJIBHOE COOT-
HOIlIeHUE:

dklnw) = dQ/T [2.11]

VpaBHeHue [2.11] mokasbIBaeT 3KBUBAJEHTHOCTb MOJIEKYJISIPHO-KU-
Herryeckoro (klnw) m tepmommHammueckoro (AQ/T) ompenenenuii oH-
TPOITUH.

Dumponus — QYHKYUS COCMOAHUS CUCMEMbL, PABHAS USMEHEHUIO
menaomsl Ha epadyc 8 oOpamumMom npoyecce U Npu 3Mom ee 3Haue-
HUe NPsSMO NPONOPUUOHAALHO A02APUPDPMY HUCAA OOCMYNHBIX COCMOSA-
HUU (MepMOOUHAMUYECKOU 6epPOAMHOCMU) CUCMEMbL:

S = klnw [2.12]

W3 BeipaxeHust [2.12] ciemyeT, 4TO SHTPONUS CUCTEMBI IIPO-
MOpIMOHaAbHA JOrapudMy TEpMOIMHAMUYECKON BEPOSITHOCTU U
OTpaXxaeT CcTeleHb HEeYMNOpSIIOYeHHOCTU CHUCTEeMbl (CTaTUCTUYeE-
cKkuil cmbica aHTponuu). C Opyroil CTOpOHBI, U3MEHEHUE IHTPO-
nuu 15 oTpaxaeT M3MeHEeHUEe TEeIJIOThl Ha TpalyCc WIW TpUBEAEH-
HYIO TEIUIOTY (T€pMOAMHAMUYECKMU CMBICI 3HTPOIMUU), MpUYEeM
00e GOPMYIMPOBKU MPUHLUIUATBHO 3KBUBAJTEHTHBI.

2.1.3. BTopoii 3aKOH TepMOAMHAMUKU

DHTpoNUs TIPU B3aMMOACHUCTBUU TOACUCTEM BHYTPU H30JUPO-
BaHHOM cUCTeMbl BoO3pacTaeT WJW. B IIPEACIILHOM cliydae, YCJO-
BUSI paBHOBECHsSI HE M3MEHSIIOTCS.

JonycThM, YTO NPU TEMJIOBOM B3aMMOAEHCTBMU ABYX CUCTEM B
00bEeIMHEHHOU CUCTEME YUCIO AOCTYIHBIX COCTOSIHUN TO XE. 4TO
ux cymMma. Torma sHTPONUS CUCTEMbl HE U3MEHMTCS, a Ha MaKpo-
YpOBHE 3TO O3Hayaer, 4yTto f3, T.e. TeMIepaTrypbl CUCTEM, ObLIU
OIVMHAKOBBI 10 B3aMMOJEMCTBUS M HE U3MEHSTCS IIOCJIE B3auMMO-
geiictBusi. Eciau 3 OByX MOACUCTEM OO B3aUMOACHCTBUS ObLIU
pa3HbIMM, TO OHM OymyT B3aMMOAEHCTBOBATh IO MaKCHUMyMa Be-
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postHoct P(E) B Beipaxkenuu [2.6]. Takum oOpa3oM, SHTPOIMS
nocjie B3amMmogeiicTteusi, Korga P(E) mocturHer makcumyma, Oy-
JeT Oosbllle HayaJdbHOrO 3HayeHus. HampapiaeHue mnpoleccoB
M30JIMPOBAHHOM CHCTEMBI OIIpelessieT BTOPO 3aKOH TepMOIMHA-
MMKHU: B M30JIMPOBAHHOI CHCTEME BCe MpOLIeCChl MAYT C BO3pac-
TaHUEM DHTPOIUU CUCTEMBI B LIEJIOM.

A,S>0.

[NoHATHE SHTPONUM MOMOTAaeT BBECTU KOJIMYCCTBEHHYIO MEpy B
OCMOTHYECKOE JaBJICHME — BAXXHYIO COCTaBJISIOIIYIO TOMEOCTa3uca
OpraHu3Ma, ITOIAEePXKMBACMYIO C BBICOKOI TOYHOCTBLIO M PETYINPY-
€MYI0O B TOM YHCJIe 1 JIeYeOHbIMU (PU3NYECKUMU (DAKTOPaAMU.

HomyctM, 4TO B BOOy, 3aHMMAIOIIyI0 00BeM V, BHECIM HEKOTOPOE
KOJIMYECTBO BellecTBa 00beMOM V. YuuThIBasg, 4TO B (PU3MOJIOTMYECKUX
YCJIOBUSIX PAcTBOPHI JOCTAaTOYHO pa30aBiieHHBbIE, TTpuMeM, uTo v<V. [Ipn
pacTBOpEHMM BeEIIeCTBA B BOAE YMEHBINAETCS CBOOOAA ITepeMEIICHUS
€ro MoJIeKyJl B o0beMe V 3a cyeT coOCTBEHHOro obnema V: BMECTO HUC-
XOIHOTO 00BheMa V MOJIEKyJIbI MOTYT aBHMTaThest B o0beMe (V — v). Oue-
BUIHO, YTO W YUCJIO JOCTYITHBIX COCTOSIHMI KaXKIOW MOJIEKYJIBI M3MEHU-
nock B (V— v)/V pa3, wm B 1—v/V pa3s. Torma mist N MoOJEKysl 4MCIIO
TIOCTYITHBIX COCTOSIHUI (TepMOOMHAMUYecKas BEPOSITHOCTb) YMEHBIIIUT-
ca B (1+v/V)" pa3. DHTpOIMSA COOTBETCTBEHHO U3MEHUTCS HA BEJTMUYUHY
AS = - K*In(1+V/V)" = - k* N*In(1+V/V) = - k*v*N, *In(1+V/V). B cmydae
V>v x = v/V u npu MaibIx «» cobmomaercs paBeHCTBO In(1+x) ~ x. Tor-
Ja U3MEHeHue dSHTponuu coctaBuT AS = - R*V*v/V, e R = k*N, —
YHUBEpCaJbHAsI Ta30Basi TIOCTOSIHHAs, a 3HAK «» CBUIETEIbCTBYET O
TOM. YTO 3HTpONUS yMeHbIWIach. [Jdanee v/V — MojsipHas KOHILIEHTpa-
ST «c». B mTore m3MeHeHMe SHTPOIMU cocTtaBUT AS = R*c*v. C mpyroit
CTOPOHBI, U3MEHEeHNe SHTponuM B cucteMe paBHO AQ/T, rme AQ — u3-
MEHEHHUE TEIUIOTHI, paBHOe paboTe OOpaTMMOTrO IIpoIecca, KOTOpYIO He-
00XOMMO COBEPIIUTH ISI YMEHBIIEHUS SHTponuu; 1T — abcomoTHas
TemIieparypa. M3aMeHeH1e TeIUIoThl 32 CUeT M3MEHEHUST BEPOSITHOCTU 3a-
CEeJICHUSI MUKPOCOCTOSTHMI TP HEM3MEHHOW BHYTPEHHEH SHEpruu BO3-
MOXHO KOMIIEHCHPOBaTh paboTOil «A», CXHMMas CHUCTEMY II0H HEKUM
JaBJICHNEM Ha BEIMYMHY «V» IUISI TOTO, YTOOBI COXPaHWUTb HEM3MEHHBIM
MakpococtogHue. AQ = c*R*T*v = A = p*v. [Ina 3Ha4eHUs NaBICHUS
nosiyyaeM BbIpaxeHue: p,. . = c*R*T, 3Hakomoe u3 Kypca duskomnona-
HOM XMMMM Kak ypaBHeHMe Bant-TI'odbda mig ocMoTryeckoro maBieHUs
pa30aBIeHHBIX pPacTBOPOB.

Cnenyer 3aMeTUTh, YTO XOTSI OCMOJIIPHOCTb KpPOBU, TKaHE-
BOM KMIKOCTM M JPYTUX Cped OpraHmM3Ma CoCTaBiseT 285—
290 mMMoab*n' M OTBeyaeT MPUOIMXKEHUIO <«CHJIBHO pa3baBieH-
HBIX PacTBOPOB», OCMOTUYECKOE JABJCHUE Y HUX COCTABJISIET OKO-
Jo 5600 mm pr. cT., i 7.6 atm! C apyroii CTOpPOHBI, OTKJIOHE-
Hus 3Toi uudpel Ha 10—15 MM PT. CT. IPUBOIAT K BHIPAXKEHHBIM
HapyILIeHUsSIM BOJIHO-3JIEKTPOJUTHOIO OajlaHca.

®dusnoTepanus MMeeT B CBOEM apCeHaJIe CPEICTBa ISl A0KAAb-
HO20 BO3IEWCTBMSI HAa TKAHU IIPM HApyLIEHWU BHYTPU- U MEXKJIE-
TOYHBIX (PU3UOJOTUYECKUX COOTHOIIEHUN OCMOJISIPHOCTU. OTO
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3JIeKTpodOpPe3 HU3KOMOIEKY/ISIPHBIX BEIIECTB — HEOPraHMYECKUX
WOHOB U 3apsKEHHBIX OPraHWYECKUX MOJIEKYJ — U DJIEKTPOMMO-
CTUMYJISLIYS, OPUBOISIIAS K HAKOIJICHUIO MOJIOYHOM KMCIIOTHI B
MbIax. IIpyHIMIIMAIBHO BaxKHO, YTO JieueOHbIC (PU3NIECKHUE
(hakTOppl HE HapylIalOT BOAHO-3JIEKTPOJUTHOTO OajaHca 1IeJIoro
opraHusma. IlocTosIHHBIM TOK B MeTO/AE TajibBaHU3allMM CO3[aeT
nepenag OCMOTUYECKOTO JABJACHUST BCIACACTBUE SIBICHUS 24€KmMpo-
ocmoca, TIOCKOJIbKY MOJISIpHasi KOHIIEHTpalMsl aHUOHOB M KaTvO-
HOB TIOJ 2JIEKTPOAAMHU HE PaBHbI APYr APYTy M3-3a aCUMMETpUY-
HOTO pacrnpefieieHuss UX B opraHusme Mo 3apsaaM. OaMHaKOBbI
TOJILKO CyMMapHbI€ 3aps0bi CMELICHHBIX MOHOB IO 3JEKTpoda-
mu. K nmpuMepy, B LIMTOIUIa3Me MOJISIpHAsl KOHILIEHTpALsl KaTHO-
HOB BBIIIIE, YeM aHMOHOB, JecsSTasl 4acTh KOTOPBIX MpeAcTaBieHa
MOJIMBAJICHTHBIMU Oeikamu u docdaroM. Takum oOpazom, A0S
MOJIMBAJICHTHBIX aHMOHOB B KJIETKAX OOJbIlIE IMOJIMBAJICHTHBIX Ka-
THOHOB B (pusmoyormyeckux ycaopusax pH. B TkaHeBoil Xuoko-
CTH, HAOOOpPOT, AHUOHHI IPEUMYIIESCTBEHHO OJHOBAJICHTHBIC
(xpome docdara HPO,”, conepxanue kotoporo MeHee 20 mr/i),
a 4yacTb KATMOHOB 3a CYeT BHEKJIETOYHOIO KalblUMsg W MarHus —
JIBYXBaJleHTHBI (cBbiie 150 mr/im).

BcnenctBue HepaBHOro comepkKaHUsI OQHO- M JBYXBaJ€HTHBIX
VIOHOB B TKAHEBOI XXUAKOCTU MO KATOIOM €€ OCMOJISIPHOCTh HITKE
U COIEpKaHWe BOIBI BBIIIE, a MO aHOAOM OCMOJIIPHOCTb TKAHEBOM
KUIKOCTU BHIIIE MHTAKTHOM, a COAEPXKAHUE BOObI COOTBETCTBEHHO
MeHblre. IlocaenHuii akT MOXHO YCIHEIIHO WMCIIONb30BaTh IS
CHSTUS OTEKa ITOCPEICTBOM PErysiiMU (DUIBTPALMU XUIKOCTU B
Kaluuisipax Imoa aHoaoM. ['MmnepocMoIsIpHOCTh MHTEPCTULIMATBHOM
KUIKOCTU IO/ aHOIOM MOXET OBITh MCITOJIb30BaHA MOAOOHO ITpH-
MOYKE C TMIEPTOHWYECKUM PACTBOPOM C TEM IMPEUMYIIECTBOM, YTO
rajJbBaHU3alMs He BHOCHUT M30BITKA DJIEKTPOJUTOB B OPraHU3M M3-
BHE 1 TMIIEPOCMOJISIPHOCTD B IIPOEKIIMM aHOIA COXPAHSETCS B Teue-
HUe Bceil mpouenypbl. Takum oOpa3om, mocpeactBoM Il 3akoHa
TePMOAMHAMUKNA OOBSICHUMBI SIBJIEHUSI 3JIEKTPOOCMOCAa M Ha €ro
OCHOBE — IIPOTMBOOTEYHLIM 3(D(MEKT NMpU HANMYMKA SKCIIO3UIIAUN
TIOCTOSIHHOTO TOKA Ha aHOJE MpY TaJbBaHU3ALIUU.

2.1.4. CBoOoaHasi 3Hepruss M OUOJIOTMYECKHE NMPOLECChHI

CBobOogHoli sHeprueit «C» Ha3bIBAlOT OO BHYTpPeHHEH »3Hep-
T, KOTopasi MOXET MPEeBpaTUTLCI B pabOTy, W Torma, obo3Hayast
B 3aKOHE COXpaHeHMs SHepruu padboty dA Kak TMOJOXUTEIbHOE
npupamenne dG, 3akoH coxpaHenms sHepruu dE = dQ - dA mo-
xkeT ObITh 3anucaH B Bujae: dG = dE - dQ. Belpa3um mpupaliieHue
TeIIoThl 4epe3 auddepeHunan sHTponuun: dQ = T*dS. Iloacra-
BUB BBIpaXXCHME JIS1 TEIUIOThI B YpaBHEHME IUISI CBOOOTHOM SHEP-
TMH, OKOHYATEJIbHO TOJY4MM:

dG = dE-T*dS. [2.13]
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IIpy BCSKOM TIOBBIILIEHMM SHTPOIMU CBOOOAHAS SHEPrUs
YMEHBIIIAeTCsA, 1 HA00OPOT, MO3TOMY MAKCMMyM SHTPOIMUU COOT-
BETCTBYeT MUHUMYMY cBOOOmHOI sHepruu. C Bo3pacTaHUEM 3HT-
ponuM IIpolecChl OOMeHa DHEPruyu CaMOIIPOU3BOJIBLHO MOYT TOJb-
KO B M30JMPOBAaHHOI cucTeMe. B HeHW30IMpOBAaHHOU CHCTEME,
HaxXOAMIIEWCs B TEIUIOBOM KOHTAKTE C OKpPYXalolleu Ccpenaou,
MPOLECCHl MOYT C MOHMKEHHWEM CBOOOMHON 3Heprum! B dacTHO-
CTU, DHTPONMUS ITOHIMKAETCS MNPM KPUCTAUIM3ALUM XUIKOCTHU, a
HE HAaoOOpOT, OJHAKO 3a CYET «OIEPEKAIOIIEro» CHWXXEHUS BHYT-
peHHel 3Hepruu (HaIlpuMep, BHYTPEHHE! 3HEpPruu jbIa IO CpaB-
HEHMIO C BOAOI) CBOOOMHAs SHEprus IIpU OTTOKE TeIula BCE paB-
HO YMEHBIIAaeTCsl M HuAeT Ipouecc KpucTtaumsauuu. Cremoba-
TEJIbHO, B OTKPBITOM CUCTEME, INE €CTh OTTOK TeIlIa, IPOMCXOIUT
CaMOIIPOM3BOJIBHBIN TIPOLIECC KPUCTA/UIM3ALMU, COIIPOBOXIAIO-
IIUIACSI YMEHBIIEHUEM SHTPONMM CHUCTEMBI <«BOdA—JIEM».

VYnuBuTenbHas 0COOEHHOCTb OMOXMMMWYECKUX peaKIii CUHTE3a
(anaboym3ma) OblTa OBl COBEPIIEHHO HEITOHSITHA C TepPMOIWHAMM-
YECKOI TOYKU 3pPEHUS, €CJIM HE YUMThIBATh, YTO OHU NPOUCXO0AM 6
accouyuupoB8aHHvix Jcuokocmsx — eode u ¢pocgoaunudax. Paccmort-
pUM IOApOOHEe TEePpMOAMHAMUYECKMI acIleKT CHUHTe3a OEJIKOB U
HYKJIEMHOBBIX KMCJIOT. IlycTh mpoumcxomut camMocOopKa MOJIUIIEI-
TUIHON WIM MOJUHYKJIeOTUAHOM uenu. Ecim peakuust umer, To:

dG = (dE-T*dS) < 0.

TakuM oOpa3oM, U3MEHEHUE CBOOOMHOI 3HEPruu OTpULIATEIb-
HO, OMHAKO OYE€BUIHO, YTO SHTPOMHS YNOPSAOUYEHHON LIETU MEHb-
e, 4eM OTIenbHbIX MOHOMepoB M dS<0! Ha 310 Bo3paxeHue ecTb
KJIaCCUYECKUI OTBET: M3MEHEHME BHYTPEHHEH 3HEpPruu sl Lenu
M0 CPaBHEHUIO CO CBOOOJHBIMM MOHOMEpPAMU OTPULIATETbHO
(dE<0) m TOMHOCTBIO KOMIIEHCHUPYET YMEHBIIEHUE DSHTPOIMHUM.
BHyTpeHHsIs1 aHeprusi cojbBaTMPOBAHHOIO IMOJMMEpa TeM HE Me-
Hee MPaKTUYECKW paBHAa BHYTPEHHEH SHEPruy COJbBATUPOBAHHBIX
MOHOMEPOB U peaKklius CHUHTe3a, Ka3aJoCh Obl, uomu He 004JCHA.
OIHAKO YMEHbIIIEHWE DHTPOMMUU LIEMM B BOTHOM Cpele COMPOBOX-
JaeTcsl BO3pacTaHUEM SHTPOINMUU MOJIEKYT BOIbl 3a CYET TOTO, 4TO
MOJMMEp paspyllaeT KBa3MKPUCTAIMIECKYIO CTPYKTYPY BOJBIL.
B wurore oOiiee M3MeHeHHE SHTPONMUU CUCTEMbI «ITOJUMEpPHas 1ie-
Moyka — BOA@» BCE XK€ BO3PACTaeT 3a CUeT Pa3pyIIeHUS] BOMHBIX
KJI1acTepoB (KBa3MKPUCTA/UIMYECKUX TMOJIMACCOLIMATOB) W pPeaKIIUs
MpOTeKaeT YCHEIIHO.

[IpencraBieHHbIl MpUMep elle pa3 MOATBEPXKIAET TMOJIOXKEeHNe
0 TOM. YTO BOJa — OCHOBAa M KOJIbIOEIb XKM3HM, TJIABHOE BEILIECT-
BO Hamero opraHusma. Kpome oOlieTeopeTnyeckoro MHTepeca,
CTPYKTYpHasi OpraHu3alus BOAbl MMeEET OOJIbllIoe 3HAaYeHUE U B
KJIMHUYECKON TPaKTUKE JIeYeOHOro MPUMEHEHUSI MMHEpPaTbHbIX
Bon. Crienupuyeckue KiamHudeckue 3¢@eKTsl MpU MpHeMe pas-
JIMYHBIX MUHEPAIbHBIX BOA MOIYT ObITh OOYCJIOBJIEHBI HE TOJBKO
U HE CTOJbKO WMHAMBUAYAJIbHBIM XMMWYECKUM COCTaBOM COJICH U
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Puc. 2.4. ®opmupoBaHue YHOpSIOYCHHBIX KIIACTEPOB.

MUKPO3JIEMEHTOB, CKOJBKO OTIMYMUSIMUA TMapaKpUCTAUINYECKON
CTPYKTYPHOI OpraHM3alliid BOABI U3 Pa3IMYHBIX CKBAXXWH W PETHU-
OHOB.

B wactHOCTM, peaklMM aKTUBAallMA W YTHETEHWs aHaOoJIJe-
CKMX M KaTaboJIMYeCKMX ITPOLIECCOB OyayT MMEThb pa3HylO CTEIleHb
BBIPAKECHHOCTH TIpY MPUMEHEHMN PA3TMIHBIX MUHEPAJIbHBIX BOI
C HEOJIMHAKOBBLIM OTHOIIEHHWEM CBOOOZHONM M CBSI3aHHOW BOJBI,
Pa3IMYHONM YCTOMYMBOCTBIO K HArpeBaHUIO M CTEIICHBIO YIIOPSIIO-
YEHHOCTU KJacTepoB (puc. 2.4).

CTpyKTyprpOoBaHHasl Boja IIpA €€ ITOTPeOICHWM OpraHUu3MOM
crocoOHa, pas3pbiBas CBSI3M, ITOIVIOMIAThL TEIUIOTY IIPU PEaKIMsIX
ouosiornyeckoro cuHte3a. IloTrpebieHue oOpa3LoOB Boabl C IIpe-
o0jlamaHeM CTPYKTYpUpPOBaHHON (pakiuuy, IO HalleMy MHe-
HUIO, IIeJIeCOOO0pa3HO ITpY YIrHETEHUM aHaOOJMYECKMX peakKIuid 1
MOKAa3aHo TIpU cTpeccax, TUCTPOPUSIX, TIOCIe TSDKENIBIX OrepaTUB-
HBIX BMeIIaTeNnbcTB. CBA3bIBAHME BOIBI, HAOOOPOT, OymeT compo-
BOXIAThCS BBIIEJICHUEM TEIIJIOTHI, TaK 4YTO TMPUEM MWHEpaabHOI
BOIbl C TpeoOiamaHMeM ee€ CBOOOJHOM, WM HEYNopsiHOYeHHOMH,
¢dpakumny MokazaH TIpM HEOOXOZMMOCTM aKTUBALlMM KaTaboymye-
CKMX peaklvii (OXMpeHue, aKpOMETallisl, TUTAHTU3M).
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TepMuUH <«CTpyKTypa BOIbl» DPACIpPOCTPAaHEH B €CTECTBO3HAHUM U
ynoTpeossieTcss pU3uKaMu, XUMUKaMu, OnosioraMyd M BpadyaMu. B omim-
yue OT KPUCTAIMYECKOM CTPYKTYpbhl TBEPAOrO Tejla TIOA CTPYKTYpOii
KUAKOCTU ClieayeT MOHUMAaTh Cmamucmuyeckyro 3aKOHOMEPHOCTb MeX-
MOJIEKYJISIDHBIX PACCTOSIHUM UM TMPOCTPAHCTBEHHOW OpHEHTAlMU MOJie-
KyJ. B3aumopeiicTBMe PEHTIeHOBCKOIO M3IyYeHMs ¢ oOpasuaMu KUmI-
KOl BOIbl 0OpasyeT odughpaxuyuoHuvle Koavya, CBUIETEIbCTBYIOIIME OO0
YOOPSIIOYEHHOW MPOCTPAHCTBEHHON CTPYKType MOJIEKYJl BOIbI, OIHAKO
BCJIEJICTBUE CTATMCTUYECKOTO XapakTepa YMOpsSAOYeHHOCTU MEXMOJIEKY-
JIIPHBIX CTPYKTYD >KUAKOM BOABI PETYJISIPHOCTb MPOCTPAHCTBEHHOTO pac-
MOJIOXKEHUsT MOJIEKY/l HapylllaeTcsl Ha PacCTOSIHUM HECKOJbKUX MOJIEKY-
JISPHBIX paiuycoOB — Ui BOIbl XapakTepeH OaudcHuii nopsdox. Kpowme
TOTO, MOJIEKYJISIDHBIE CTPYKTYPbl B XMJKOW BOJE HEYCTOMYMBBI U CYILIE-
CTBYIOT JIECSITbIE M COThbIE JOJM HAHOCEKYHIbl. Pa3pyllieHue ogHuX Hal-
MOJIEKYJISIDHBIX KOMILJIEKCOB COIPOBOXAAETCS (hOPMUPOBAHUEM APYTUX,
Y B XUJKOW BOJE MONAEPKUBACTCS TUHAMMUYECKOE PAaBHOBECUE MEXMO-
JIEKYJIIDHBIX acCOLIMAaTOB M CJIa00 CBSI3aHHBIX APYr C APYTOM MOJIEKYIL.
C M3BECTHON J0Jeil YCIOBHOCTU HAAMOJIEKYJISIPHbIE aCCOLIMMPOBAaHHBIE
KOMILIEKCHI 00pa3yloT (hpakiUIO C8sA3aHHOLU BOMABI, a CJIabo B3anMOJCH-
CTBYIOILIME MOJIEKYJIbl COCTABJISIIOT (DPaKIIMIO c60000HOU BOAbl. Mexmy
oberMu (ppakiUsIMU CYLIECTBYET JMHAMMYECKOE PaBHOBECUE C TMOCTO-
ssHHOI BpemeHu okosio 100 mc. BoasHoli map B HOpMaJIbHBIX YCJIOBUSIX
MpeacTaBsieT coboil cabo CBA3aHHBbIE MOJIEKYJbI, U TMO3TOMY IpaKTH-
Yyecku BCsl Bola CBOOOMHAs, B TO BpeMsl Kak Jield TMpeAcTaBiseT coOoii
CBs3aHHy10 Boay. CrTemneHb CTPYKTYPUPOBAHHOCTW BOJIbl 3aBUCUT OT
Temmnepatypsl: Tpu temrieparype 0—4 °C B Bome mpeobsanaroT accolua-
Thl W3 YeTbIpex MoJyiekys, npu Temreparype 4—100 °C — accoumartsl u3
IBYyX MoJiekyld. Takum oOpa3oMm, mpueM oOpa3loB ¢ IpeodiagaHueM
(paxkiimu cBOOOAHON BOABI TMOKAa3aH MPU HEOOXOAMMOCTH aKTUBALUU
KaTabOJIMYEeCKUX peakliMii 3HepreTuyeckoro Meradosnusma. [lpupomHas
MUHepaJibHas Boma, objanaoiasi 0ojiee YCTOMUMBOW CTPYKTYpHOU opra-
Hu3alMel U coxpaHsiolas ee Oojiee IIUTEbHOE BpeMsi, MPEANouTU-
TeJIbHEeE BCJIEACTBUE OOJIblliEl MPOAOKUTENbHOCTU 3 deKTa «moce-
NeHCTBUS».

OCOOEHHOCTH TI€O0JIOTMYECKOT0 Pa3BUTUSL KPYHHBIX TEPPUTO-
pUil 3eMHOI KOpbl OOYC/IOBIMBAIOT (POPMUPOBAHUE U HAKOILIE-
HHME B WX HEIpax MUHEPAIbHBIX BOI OMNpeAeIeHHbIX TUMOB. OO0-
IIWPHBIE TEPPUTOPUHN, XapPaKTEPU3YIOIIHECS OMHOTUITHOCTHIO XM-
MMYECKOTO COCTaBa M €JIWHCTBOM IPOIIECCOB OOpa3oBaHUsI pac-
MPOCTPaHEHHBIX B WX TMpefesax TUIIOB BOM, Ha3bIBAIOTCS
NPOBUHUUAMU MUHEPATBHBIX Bod. Ha moBepxHOCTh 3eMiu MUHE-
paTbHBIE BOABI BBIXOIST B BWJIE €CTECTBEHHBIX MWHEPATbHBIX WC-
TOYHUKOB WJIX BbIBOJSTCS W3 HEAp TpPU TMOMOIIM OypoBbIX (Kar-
TaXHbIX) CKBaXXWH, TyOMHAa KOTOpPbIX AOCTUraeT 2—3 KM u 00-
nee.

B cocraB Bcex MUHepadbHBIX BOM BXOAST YETbIpe B3aMMOCBSI-
3aHHBIX KOMIIOHEHTA: HeopeaHu4ecKue MUHEPAanbHble 6eulecmaa,
2a3vl, OpeaHuyecKue seu,ecmeaa i MuKkpoghaopa.

YKazaHHble KOMITOHEHTbl PacTBOPEHbI M B3BEllIEHbl B BOIE,
MOJIEKYJIBI KOTOPOi, MO COBPEMEHHBIM TIPEACTABICHUSIM, COEIU-
HEHBbl MEXIy COO0Oli CJIaObIMU BOIOPOJHBIMMU CBSI3IMU (C IHEpP-

Puc. 2.5. Crpyktypa nonuaccolyiata BOIblL.

rveit 15—20 xJIx*Monb') U 06pasyloT pasMyHble MOJIUACCOLMA-
Thl. Takue CynepMOJIEKYJIbI COCTOST U3 57 MOJIEKYJ BOIBI, UMEIO-
LIUX TETpad’JpUUecKylo KoopauHaluio (puc. 2.5), U COCTaBISIIOT
15 % Bcero oobeMa Bombl. [lo 16 TakMx CymepMOJIeKyJ CLEIICHBI,
KaK MOKa3aHO Ha puc. 2.5, B 0COObIe <«CTPYKTYpHBIC 3JIEMEHThI»
BOJIbI — MUKPOKJIACTePhl, cocTosiiue u3 912 momiexysn.

Honst Takux HOPOCTPAHCTBEHHO CTPYKTYPMPOBAHHBLIX 3JICMEH-
TOB B 00IIeM oObeMe Bombl cocTaBisieT 80 %, a WX JIMHEHbIe
pasmepbl nocturaior 10° M. LleToCTHOCTb Takoil CTPYKTYpbl 0OY-
CJIOBJIEHA MEXKJIACTEPHBIMU B3aMMOJCHCTBUSIMU. ['ekcaroHasb-
HbIe KJIAaCTEPhl MOJIEKYJ BOABI IOYTU HE B3aMMOICUCTBYIOT APYT C
IPYTOM M, JIETKO CKOJb3s TpaHSIMM OPYyr OTHOCUTEJIBHO [Ipyra,
0OYCJIOBJIMBAIOT €€ BBICOKYIO TeKydecTb. OHU OKOHYATeJIbHO He
pa3pylIalTcs JaXe MpU KUMeHUW BoAbl. [lpy Hammuum xumude-
CKHUX BeIleCTB (MOHOB, Ta3oB U ApP.) CTPYKTYPHBIE 3JI€MEHTHI BOIbI
00pa3yloT CcaMOOPraHU3YIOIIUeCsd JIUCCOLMATUBHBIE CYIEPCTPYK-
Typbl, CTpOEHUE U (PUBNKO-XUMHUUYECKNE CBOMCTBAa KOTOPBLIX O0Y-
CJIOBJIEHBI XMMUWYECKOU Tpupomoii npumeceii. Mcxoma u3 artoro,
TOBOPSIT 00 YHUKAIbHON <«MH(MOPMALIMOHHOM» CTPYKTYpe MUHE-
panbHOI BOIBI, B KOTOPOM «3amvcaHa» MHGOpMalus O pacTBO-
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PEHHBIX B Hell BemecTtBax. OO0 3TOM MHTYWUTMBHO JOTadbIBaIuCh U
JIpeBHUE MbICAUTENN. JIBe ThICSYM JieT Hazal ApUCTOTEIb YTBEPXK-
Jajl, 4TO «BOABI TAKOBBI, KaK 3€MJIM, KOTOPble OHU ITPOXOMIST».

HckyccTBeHHbIE MUHEpaJdbHbIE BOAbI HE SIBJSIIOTCS JOCTATOY-
HO MOJHOLICHHBIM aHaJOroM MPUPOMHBIX MHUHEPAIbHBIX BOI,
0COOEHHO MO Ta30BOMY COCTaBY, COIEPXAHUIO MUKPOIJIEMEHTOB
M CBOICTBaM KOJUIOMAOB. B CBS3M ¢ 3TUM MX LIeJIeCOO0pa3HO HC-
TM0J1b30BaTh TOJBKO ISl HAPYKHOTO TPUMEHEHUS, a JijIsl BHYTPEeH-
Hero (IMUTHEBOIO JIEYEHUSI) OHU HE PEeKOMEHIYIOTCS.

B npencraBieHHOM MOpUMEpPE pPacCMOTPEHa poJib BOABI Kak
Cpe/CTBA YMEHBILIEHUS] SHTPOINMUU B XOAe OMOXMMUYECKUX peak-
Mt cuHTe3a. el cTBUTENbHO, JI0OOM >XMBOM OpraHW3M HepaB-
HOBECEH I10 OTHOIIEHMIO K OKpyXarollel cpeiae W JOKEeH 3aTpa-
YWBaTh CBOOOMHYIO SHEPIMIO IS ITOANEPXKAHUS CBOETO YHOPSAO-
YEHHOTO0, HU3KOYHTPOIIMMHOIO, COCTOSHUS. Takum o0pa3om,
MPOM3BOJACTBO B XON€ META0OIMYECKMX peaKrii CBOOOTHOM
SHEPrud U OTTOK TEIUIOTHI (TEIUIONOTEpPHU) B OKPYXKAIOLIYIO Cpe-
Iy — CBS3aHHBIE MpPOLIECChl. bilaromapss MHOTOYMCIEHHBIM O0OpaT-
HbIM CBSI3SIM YBEJIMYEHUE TEILTIONPOAYKIIMU B TKAHSIX CTUMYJIUPY-
€T B HUX MPOLIECCHl BBIPAOOTKM CBOOOTHOU 3HEPIUU.

TemnoBbie neyeOHbIE (AKTOPHI U3BECTHBI C IIyOOKOH APEBHO-
CTU, HO B apceHajie COBpPEMEHHOW (u3noTepanuu IMOSIBUINCH
TaKXKe€ METOIbI, MCIOJB3YIOIIME HE IOTOK TeIUla W3BHE, a WHIY-
LIMPYIOIIUE TETUIONPOAYKIIMIO B €AWHUIIE O0beMa TKaHel —
VYBY- n CBY-tepammsi, BU-maraurorepanusa. «OO0ObeMHBIN» Ha-
TpeB CMOCOOCTBYET aKTUBALIMU (PU3MOJOTUYECKUX peaKkiuii Tep-
MOJIM3HMCA, PaCIIMpPsIET BO3MOXHOCTM KOMIIEHCATOPHBIX peaKIIMiA
U TI03TOMY OINTUMAJIEH C TOYKM 3pEHUs aKTUBALIMU OOMEHHBIX
MPOLIECCOB MO OTHOIIEHUIO K HArpeBy «M3BHe». Tak, paciimpeHue
COCYIIOB TIpM HarpeBe «M3BHE» HE TOJIbKO YBEJWYMBAET TEPMOJIM-
31C, HO IOPOM U YCYTyOJsieT Harpes!

dusroTepanusl 4acTo B IJa3ax JIone, JaJeKUX OT MEIUIIMHBI,
accouuMpyercss ¢ OaHaJbHBIM <«IIporpeBaHueM». JleliCTBUTENIBHO,
TEIJIOBOE BO3IENCTBUE MPUCYTCTBYET NMPU TepMOTEparuu, TUapo-
OandpHeoTepanuu, (POTOTEepanuy, BBICOKOYACTOTHONH MAarHUTOTE-
panuu, YBYU- u CBY-tepanuu, yabTpa3ByKOBOUl Tepanuu, KIM-
MaToTepamnuu, JIe4yeOHOM Maccaxe M IpYyrux (pU3MdecKux MeTomax
JeyeHus. Eciu s Bpayeil Apyrvx crielMaJbHOCTEH JiedeOHOe
BO3IEHCTBUE, CBSI3aHHOE C THUIIEpTepMUEil OOJBbHOIO, OrpaHUYU-
BaeTCsl Ha3HauYeHWEeM AHTUIIMPETUKOB WJIM. HA00OPOT, MUpOreHa-
JIa ¥ TIpOAUTMO3aHa, TO WIS (pU3MOTepaIeBTa TeIioTa — TOHKMIA
U QUIMTpaHHBIM MHCTPYMEHT OOILETO M JIOKaJbHOTO BO3IACHCTBUS
Ha opraHm3M. B HacTosilee BpeMsl, K COXaJeHHUIo, Y (pu3rorepa-
MEeBTOB UMEETCSI OTPOMHbIN pa3pblB MEXITy 3HAHUSIMU OCHOB Tep-
MOIWHAMUKM — HayKM O TEIUIOTE U €€ MpeBpalleHUusIX — U CTe-
MEeHbIO MPAKTUYECKOT0 HCIOJb30BaHUSI TEIUIOBOTO (hakTopa Mpu
JIedeHUM OOJbHbIX. MCKpeHHUM XeJlaHWEM aBTOpPOB OBLIO BOC-
MOJIHATH 3TOT IIPOOeE.
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TECTHI

1. TTepBoe Hayajo TEPMOAUHAMUKKU COCTOUT B TOM, UTO:
A. VI3MeHeHue BHYTPEHHEN 3HEPTUM CUCTEMbl BO3MOXHO TOJIb-
KO BCJIEACTBUE TETUIOOOMEHA M COBEPIIEHUSI PabOTHI.
b. Teruiota 1 pabota B JIOOBIX MpolECCaX MOTYT MpPEBpaIaThCs
ApYT B JpyTa.
B. BHyTpeHHsIs1 3HEprusi Tea MOCTOsSIHHA, a TETUI0O0OOMEH BO3MO-
KET TOJIBKO 3a CYET COBEpIIEHUsI pabOoThI.

2. Paznuuuve Mexmay TeIaoToil M padoTOif COCTOWUT B TOM, UTO:
A. TemnoTy U3MepsIoT B KaJopusiX, a paboTy — B JKOYJISIX.
b. Terora cBg3aHa ¢ HEYNOPSIAOYEHHBLIM ABMKEHMEM MOJIe-
Ky, a paboTa — C YIOpsIIOUYEHHBIM.
B. PaGota MOXeT IMOJHOCTBIO IIPEBPATUTLCS B TEILIOTY, TEILIO-
Ta BCerJa TOJbKO YaCTMYHO MpeBpalllaeTcsl B pabOTy, a 4Jac-
TUYHO — BO BHYTPEHHIOIO HEPIHIO.

3. YHuBepcaJlbHbBIM HEMOCPEACTBEHHBIM MCTOYHMKOM CBOOOIHOI
9HEPIrUU B OpPraHU3ME SIBJISIOTCSI:
A. XuMHM4YecKue CBSI3M MEXIy aTOMaMM ITMTATeIbHBIX BEIECTB.
b. ®u3uko-xuMuvecKue IpaagdeHThHl Ha HapyXHOl MeMOpaHe
KJICTOK.
B. Xumunueckue CBSI3M MeEXIy ocTaTKaMM opTodochopHoit
KHUCJIOTHI.

4. ConpstxeHue okKuciaeHus U (ochopuiupoBaHus COCTOUT B

TOM, YTO:

A. DHeprusi XMMMYECKUX CBSI3€l MUILIEBBIX CyOCTPAaTOB MpPeoo-
pasyercss B TpaJuMeHT MPOTOHOB Ha BHYTPEHHEW MeMOpaHe
MUTOXOHIPMIA, a DHEPIrUsl NPOTOHHOTO TIpagueHTa — B
9HEepruw ¢GocgaTHBIX CBSI3eil MaKpO3proB.

b. TpaHcmMeMOpaHHBIN TOTOK TUILEBbIX CYOCTpaTOB CO3[aeT
Na - K-rpagyeHT Ha mjaa3MaTUYecKoi MeMOpaHe KJIETOK,
KOTOpBII Iajee mpeoOpasyercss B dHEpruio (pocdaTHBIX CBS-
36 MaKpO3pProB.

B. Oxucnenue mmmeBbix cyoctpatoB co3maeT Na - K-rpampuent
Ha  HapyXHOil  MeMOpaHe  MUTOXOHAPUIA,  KOTOPBINA
AT®-cunTeTa3zoli Tpeodpasyercss B 3Hepruio (GochaTHBIX
CBSI3€li MaKpO3PIOB.

5. OCHOBHBIMU BHIAMU pabOT B OpraHU3MeE SIBJISIIOTCS:

A. CuHTe3 XMMMUYECKHX BEIEeCTB, MBIIIEYHOE COKpaIlleHUE U
paboTta Mo mojmep:KaHuio (GU3MKO-XUMMUUYECKUX TpaHCMeMO-
pPaHHBIX TPATUEHTOB.

b. PabGora mo paclleruieHuIo MUILIEBLIX CYOCTpaToB, TPaHCIOP-
Ty CaxapoB MU aMMHOKHMCJIOT 4Yepe3 MeMOpaHbI, MBIIIEYHOE
COKpalleHMue.

B. IlpoBeneHue >AeKTPUYECKUX HUMITYJIbCOB I10 HEPBHBIM U
MBIILIEYHBIM BOJIOKHAM.
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6. Uncao JOCTYIHBIX COCTOSIHMIA CHUCTEMBI, WM €€ TepMOIMHA-
MHYECKasi BEpPOSITHOCTh, PaBHO:

A. KonyecTBy MUKPOCOCTOSIHUIT CUCTEMBI, KOTOPHIMUA MOXKET
OBbITh peair30BaHa CHUCTEMa TP M3MEHEHUM €€ BHYTPEH-
Helt sHepruu oT 0 1o gaHHOTrO 3HayeHus E.

b. KonmyecTBy MUKpPOCOCTOSIHUI CHUCTEMBI, KOTOPBIMU MOXET
OBbITh pear30BaHa CHUCTEMa IIPU M3MEHEHUM €€ BHYTPEH-
Heil sHepruu ot E no E+dE, rne dE — GeckoHeyHO Majoe
MpUpaIicHUE SHEPIUMN.

B. KonuyecTBy MUKPOCOCTOSIHUI CUCTEMBI, KOTOPBIMU MOXET
OBITh peajM3oBaHa CHCTEMa IIPU MOCTOSTHHOM OOBEeMe.

7. DHTpONUS M30JIMPOBAHHON CHCTEMBI TTPOIOPIIMOHAIbHA!

A. Yuciy OOCTYIHBIX COCTOSIHUM CUCTEMBL.
b. KBagpaty umcna gOCTYIHBIX COCTOSIHUIA CHUCTEMBI.
B. Jlorapudmy uucia IOCTYHHBIX COCTOSIHUI CUCTEMHBI.

8. CBoOOgHAsI BHEPrUsl CUCTEMBbl — 3TO:
A. KuHeTuueckast aHeprusi CBOOOJHOIO JABMXKEHMSI COCTaBJIsI-
IOIIMX CHUCTEMY MOJEKYJI.
Bb. YacTb BHyTpeHHeIl 3HEPrUU CUCTEMbl, KOTOPAsl ITOJTHOCThIO
MOXeET ObITh IpeBpalleHa B padoTy.
B. DHeprus, xortopas BBICBOOOXKIAETCSI IIPU pa3phbiBE MEXMO-
JIEKYJISIPHBIX CBSI3eil B CHCTEME.

9. Ilpu coBeplieHMM pabOThl CUCTEMOI (WIM Haa CHCTEMON)
00513aTeIbHO U3MEHUTCSL:
A. MakpocKOMMYeCKUii MapaMeTp CUCTEMbl (IJTMHA, OOBEM.
IJIOIIAAb, OPUMEHTALIUSI B IIPOCTPAHCTBE U T.1.).
b. BHyTpeHHSI 5Heprusi U TeMIiepaTypa CUCTEMBI.
B. DHTponus cucTeMsbl.

10. B xxuakoMm arperaTHoM COCTOSIHUM HamOoJjiee aieKBaTHOM pe-

AJIBHOCTU MOIEJIBIO BOABI ABJIAETCH:

A. CnaGoynopsimoueHHas: OJHOPOAHAs CHUCTEMa CBS3aHHBIX
IPYT C IPYroM MOJIEKYJ, IS KOTOPBIX XapaKTepeH <«OJK-
HUUN TOPSAOK».

b. CocyiectBytolye B duHamu4eckom pagHosecuu nBe (ppak-
Ul — 0OoJjiee YIOpsIOYEeHHAs! «CTPYKTYpHpOBaHHAs» BoAa
W MEHee YHOpSOOYEeHHas «CBOOOIHAs» BOMA.

B. JIBe ycmoiiuusvie dpakiium — «MHUKPOJIbINHKI»-KJIACTEPhI
U HeynopsimoYeHHble CIabO0CBSI3aHHbIE APYT C APYTOM MO-
JIEKYJIbl CBOOOIHON BOIBI MEXAy KjacTepaMMu.

OrBeTsl: 1 ~A:2-b:3-B:4-A:5-A:6-b:7 - B;
8-b:9-A; 10 - Bb.
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2.2. TepMoauHAMMKA HEPABHOBECHBIX NMPOLIECCOB B OPraHym3Me

2.2.1. O000mEHHDbIE CWJIBI U TIOTOKM B TEPMOIUHAMHKE

H3znoxeHHbIe B IpeablaylIcii IMaBe 3aKOHOMEPHOCTU IIPEUMYILIE-
CTBEHHO OTHOCATCS K PaBHOBECHBIM CHCTEMaM, B KOTODBIX B3H-
TPOIUSI MMEET MaKCUMaJIbHO BO3MOXHOE 3HAueHWEe TpU JTaHHOMU
BHYTpeHHel sHepruu. 2KuBble CUCTEMbI NPUHLMUITMANBHO JaJIeKU
OT paBHOBeCHsI, IO3TOMY ISl HUX HEOOXOOMMO YUUTHLIBATH Tep-
MOAMHAMWYECKNE TPOLECChl, XapaKTepHblEe I HEPaBHOBECHBIX
CHCTEM.

B caywasx, korma mpoliecc TPOXOAWT OYEHb MEUICHHO, uepe3
LIETIOYKY OEeCKOHEYHO OJIM3KMX IPYr APYTY COCTOSIHUM CHCTEMBbI,
OH Ha3bIBaeTCs KBAa3MPABHOBECHBIM WJIM TIPOCTO PAaBHOBECHBIM.
XKuBble cuCTeMBbI, OJHAKO, AMHAMMWYHEI, U UX HapaMeTphbl OBICTPO
U3MeHSI0TCST BO BpeMeHu. CremoBareibHO, MPUOIMKEHE paBHO-
BECHBIX IIPOLIECCOB, B KOTOPBIX MPOU3BOAHBLIC IO BPEMEHU BCEX
MaKpoIlapaMeTPOB PaBHBI WIM CTPEMITCS K HY/IO, 1T HUX ITPUH-
LIMIIMAJILHO HEMPUEMIIEMO.

B xauecTBe mnpuMepa pacCMOTPHUM CHUCTEMY, COCTOSIIYIO M3 OBYX
nogcucteM. IlpeactaBum ra3. oObeM KOTOPOTO paslejieH Ha ABe YacCTHU.
DHTponuu 0bOeux 4JacTeir obbeMa raza OyIyT COOTBETCTBEHHO pPaBHBbI:

S'= k*Inw' 1 S" = k¥*lnw".

CyMMapHasi dHeprusi CUCTeMBbI MOCTOSIHHA U paBHa:

E=E+E".

DHTPONUS COBOKYIHOM CUCTEMBbI paBHAa CyMMe SHTPOIMUU KaXIOl W3
MMOACKCTEM, TaK KaK YMCJO JOCTYITHBIX COCTOSIHUI CO PaBHO IMpPOU3BEIe-
HHIO JOCTYIHBIX COCTOSHMHI MOACKCTeM ®'®', a jorapudM Mpou3sBeme-
Husg In(w"®") paBeH cymme JorapucdMoB:

In(w"®w") =Inw' + Inw".
M3 3TOro paBeHCTBa CJedyeT, YTO COBOKYITHAas IHTPOMUS S paBHa:
S=S"+S".
Jlist TmojayYeHuss TMHAaMUKH 3aBUCHMMOCTU SHTPONMUM OT BHYTPEHHEH

OQHCPIrmmu BO3BMEM YAaCTHYIO IIPOU3BOAHYIO 3HTPOIIMU II0 SHEPruu Mnep-
BOW TOJACUCTEMBI:

dS/dE' = dS'/dE' + dS"/dE' = dS'/dE' + dS"/d(E - E") =
= dS'/dE' - dS"/dE".
Orcloaa.
dS/dE' = dS'/dE' - dS"/dE".
Torma  MOJEKYIIpPHO-CTAaTUCTUYECKOE  ONpeAesieHue  SHTPOMUU
«dS/dE'»> MoxHo mnpeacraButh B Buie k*d(lnw)/dE'. BripaxeHue

d(Inw)/dE' paBuo B, tme B = 1/KT (cm. [2.8] u [2.9]). Takum obGpasom,
npousBoaHas Mo «E» 3HTponuM COBOKYMHOI cUCTeMBbl OydeT paBHa:

dS/dE' = dS'/dE' - dS"/dE" = «x*QB'-B") = (1/T' - 1/T").
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Bee xapakreprCTVKK HepaBHOBECHOM CHCTEMbI, BKIIIOYAsT SHTPOIIMIO,
3aBUCAT OT BpeMeHu. [IpomsBomHast sHTpory 1o BpeMenn dS/dt ¢ yde-
TOM 3aBHCMMOCTM SHTPONMU OT SHEPIUM paBHA:

ds/dt = dS/dE*dE'/dt = (1/T - 1/T")*dE'/dt.

IMorok sHTponum dS/dt Bo BpeMeHM BBHIpaXKaeTcsl IIPOU3BEIC-
HUeM o0b0buennoeo nomoka sHeprun J = dE'/dt Ha obobwennHyro
cuny, pasuyto X = /T - 1/T". Ecmm cucrema XxapakTepusyeTcs
MHOTMMM TlapaMeTpaMM, CKOPOCTb M3MEHEHMSI 3HTPOIUU BO Bpe-
MEHH OIpelessIeTCs CyMMOR TNpPOM3BEACHU OO0OOIIEHHBIX CHII U
0000IIEHHBIX MOTOKOB:

dSy/dt = S(XJ). [2.14]

CyMMapHast CKOpPOCTb M3MEHEHHsI 3HTPOIUM OTKPBHITOWM CHUCTE-
Mbl CKJIAAbIBAETCSd M3 MOPOAYKLUMU SHTPONWM BHYTPU CUCTEMbI
dS/dt 1 m3 moroka sSHTponuM 4Yepe3 rpaHuMubl cuctemsl d S/dt,
BO3HUKAIOIIETO IIPU B3aUMOICUCTBUM CUCTEMbI C OKpPYKAIOLICH
Ccpenou:

dS/dt= dS/dt + d.S/dt. [2.15]

IIponykuus sHTponuu, corjacHo Il 3aKoHy TepMOOWMHAMUKMU,
Bcerna nosoxutenbHa: dS > 0. 3HaK MOTOKa 3HTPONMM B OOLLEM
cllyyae He ompeneieH. Ecimm cucremMa 3aMKHYTa M MOTOK 3HTPO-
MU OTCYTCTBYET, TO B M3HAYaJbHO HEPABHOBECHOM CHUCTEME ITPO-
OYKIMST SHTPOIMU IIOJOXUTENbHA M, KOINa 3HAY€HWE SHTPOITUU
MOCTUTHET MaKCMMyMa, B TaKOW CHCTEME€ paHO WJIM IO3IHO YCTa-
HOBUTCSI paBHOBECHE.

B Ouonornyeckux cuctemMax XapakTepHLIMU IpUMepaMH 0000-
IIIEHHBIX TTOTOKOB SBIISIIOTCSI CKOPOCMU XUMUHECKUX PeaKuuil V.
CKopocTh XMMUYECKOM peaklu ymaoOHO BBIPa3uTh 4epe3 Koopou-
Hamy peakyuu §, tae ckopoctb v = d¢/dt =J

KoopauHata peakiiuyd BbIpaXaeT CTEICHb IIPOXOXICHUS XU-
MUWYECKON pEeaKUUU:

(1) =&(0) + J‘i'lﬂdi = 2(0) +

[Ie n, — YKCIO MOJIeil peareHTa Yy, a Vv, — CTeXMOMETPUYCCKUI
KO3 GULIMEHT 3TOr0 peareHTa B peakiuu. XapakTep TeUSHMSI pe-
aKIIMM OIPEICISIETC Pa3HOCTBI0 XMMHWYECKUX IIOTEHLMAJIOB pea-
TeHTOB M MPOAYKTOB peakluy, MOJOOHO TOMY KaK IOTOK TEILIO-
THI OIpEHeNsIeTCs pa3sHOCTbIO Temmeparyp. OO0oOIIeHHasT cuia s
XUMHUYECKOTO IIPOIecca €CTh:

— * —
X =-(1/T)*Znp, = A/T. 2.16]
Ioe W, — XuMu4eckuil nomenyuan pearcHta Y. BenuuumHa <«A»,
paBHas -Znu”, HasbIBaeTCsI  cpodcmeom.  XUMMIECKUIA
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MOTEHIMaJl MOXET OBITh npeacTaBJI€H CICAYIOIIMM  yYpaBHC-
HHUEM!

w, = dG/dn, = ¢’ + RT*In c/c,, [217]

stand,

rie G — cBoOoaHas dHeprus mo ['mbOey, ¢, — KOHLEHTpaUus pe-
areHTa «y», (C),., — CTaHIapTHas KOHLEHTPAIMs 3TOr0 pearcH-
Ta, paBHass 1 monb/n. Torna cmandapmubiii Xumuueckuii NOMeHyU-
an «\.» €CTb XMMUYECKUI TIOTCHIIMA peareHTa NMpM KOHILEHTpa-
uun 1 Mojb/m.

IlocnemHee 0OOCTOSITENBLCTBO OCOOEHHO BAaXKHO MJIsI IIPaBUJIb-
HOTO TOJKOBaHMSI BO3MOXHOCTM MPOTEKAHUS HEKOTOPBIX OMOXU-
MHUYECKHUX peakKlLMii, y KOTOPhIX M3MEHEHUE CMaHOapmHoii CBO-
OOMHOI BSHEpPruM IOJIOXMUTEAbHO. B psme ciaydyaeB omMOOYHO
1oJIaraloT, 4YTO €CJAM M3MEHEHHE CBOOOMHONM SHEPIUM IIOJIOXU-
TeJIbHO, TO peaklus BCE paBHO MIET, HO MeIJeHHO. B KauecTBe
mpuMepa TaKOM peaklMyd 4YacTO IIPUBOASIT BTOPYIO pPEaAKIIMIO
IJIMKOJIM3a — TIpeBpallleHue TII0K030-6-docharta Bo (PpyKTO-
30-1,6-gudocdar (pochodpykroknHazHasg peakuus). MzBecTtHO,
YTO W3MEHEHWE Ccmardapmuoli CBOOOIHON B3HEPruu 3TOH peak-
muu +5,1 KKaja/MoJib, OOHAKO eclIM Obl M3MEHEHHE peaJbHOI
CBOOOJHOUN 3HEpPruu OBLIO MOJOXUTEIbHO, TO PEAKLUS 6 HpUH-
yune ObUTa OBl HEBO3MOXHA. TeM He MeHee, eCId KOHIIEHTpaLus
MPOAYKTOB peaklMM Majla WJIXM BO MHOIO pa3 MEHbIIE CTaHIapT-
HOI KOHLEHTPALlMM 3TUX peareHToB, To In(c/c,, MeHbIIe
HYJIsl, TOCKOJBbKY c/C, , MEHblIe enuHuLbl. Torma u obluee M3-
MeHeHue CBOGOAHON sHeprum, paBHoe AG’ + RT*In(c/c,),
O0Ka3bIBa€TCsI MEHBIIE HYJIS W peaklus WAET B CTPOrOM COOTBET-
CTBUM C 3aKOHAMHM TE€PMOIMHAMUKMU.

BbIpasum cpoicTBO KOMIIOHEHTOB peakuuu (A,) B COCTOSHUM
XMMUYECKOI0 paBHOBECHUS Yepe3 XMMMUYECKMI MOTeHIral (OT Jart.
equilibrium — paBHOBecue):

Aeq = _z n«/ H'Y - ;Z nY MOY - RT[Z n“x’ (CY)eq] -
= -Z n\{ u Y - RT*an(paT) = O’

rie K(p,T) — koncmanma pasnosecus, 3aBUcsasi OT TeMIlepaTy-
pHl W IaBJIEHUsI, paBHas c"lleq*c”kq...; n, — CTEXMOMETPUYECKHE
KO3GGUUMUEHTHI, C, ,, — PaBHOBECHbIE KOHLEHTpauuu 1-ro pea-
renta. B wrore cpoactBo xummueckoit peakuuu AA = (A, - A),
rme A, — CPOICTBO PEareHTOB B COCTOSIHMM DaBHOBECHUs, A —
CPOIACTBO pPEArcHTOB B TEKYyLIEM COCTOSIHMM, 4epe3 KOHCTaHTY

paBHOBECHST MOXET OBITh BBIpaxkeHO (hOPMYJION:
_ * vl g V2
AA= RTHn(K/c" *c”....).

CrenoBaTebHO, YeM OOJblIe KOHIIEHTpAllMK PeareHTOB OTJIM-
YaloTCsl OT 3HAYeHWI paBHOBECHBIX KOHILIEHTpallMif, TeM OOJbIie
CpOICTBO XMMMYECKOM peakIMy M TeM Jajblle KOOpAMHATa peak-
LIM1 OT paBHOBECHS.
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2.2.2. ConpspkeHre NMOTOKOB XMMHYECKHX PeaKIIMid.
Teopema Omnsarepa

[nst obecriedeHUsI MPOLECCOB KUBHENESTETbHOCTH OCOOEHHO BaXKHBI
MPOLIECCHl COMPSDKEHUsT XMMUYECKMX peakiuii Apyr ¢ apyrom. PaccMor-
PUM TPOCTEUIIYI0 XMMUYECKYIO Peakliiio BOJIM3U pPaBHOBECUS, INe Ove-
BUJHO, YTO CKOPOCTh 0Opa3oBaHUs BellecTBa «B» paBHa CKOPOCTU YObI-
JIM BELIECTBA <«A».
3
A X "B

L1

KuHetnueckoe ypaBHEHUE peaklMd MMEET BUI:
Cg — Cs =k Cy — k. ,Cs,
rme C, u Cy — CKOpOCTM M3MEHEHHUs1 KOoHUeHTpauuii, k, 1 k, — KOH-
CTaHTBI CKOPOCTEl MpsSIMOW M OOpaTHOM peakiivii; Touka Haj 00O3Haye-
HUEM KOHUEHTPALlMM — MPOM3BOAHAsS MO BPEMEHU, WIA CKOPOCTb peak-

LA, . .

CKopocTb peakluu ecTb 0600ujennviii nomok Jy,, =v = Cp = -C,.
B paBHOBecuu ckopocTh peakumu paBHa Hymo: v = 0, mm k(C))., =
= k,(C),.

KoHcTtanTa paBHOBecHSI BBIpaXKaeTcsl 4Yepe3 pPaBHOBECHBIE KOH-
LHEHTpaUUMd U KOHCTAaHTbl CKOPOCTEeH MNpsIMOM M OOpaTHO peakuuit B
BUJIC:

K=k/k, = (Cp./(C). [2.18]

JlomycTrM, 4TO cuUCTeMa NMPUHLMIIAAILHO HEpaBHOBECHA, HO OM3Ka
K paBHOBecuio. B atom ciyyae xoHueHTpauuu peareHtoB C, u C, Oy-
JIyT PaBHBI:

C,=(C), T auC, = (Cy, ta,
ITockonbKy OTKJIOHEHMSI OT PaBHOBECHBIX KOHIIEHTpALWMii OYEeHb

Mabl, To cobmonaercs ycnosue: o, < (C,).; o, < (Cp),. B stom ciy-
yae O4YEBUIHO, YTO

CA + CB = (CA)eq + (CB)eq

u, cienoBatenpHo. a, + o, = 0, a, = -a,.
B Takux ycioBusix BOIM3M paBHOBeCHs] OOOOIIEHHBIM TOTOK peak-
uu OymeT paBeH:

J = kl[(CA)eq + (lA] - k-][(CB)eq + aB] =

XUM

= [k(C), - k,(Cp. ] + ko, - k,a,

Bpra.)KeHI/Ie B KBaJpaTHBIX CKoOKax pPaBHO HYJIIO, TaK KaK OTBCYACT

ycJoBuIO paBHoBecus. C ydyeToM TOro, YTo O, = - Q,. a TaKkKe NPUHU-
Mas BO BHMMaHue [2.18], B UTOre IOJy4yuM ypaBHEHMUE:
unw = aA(kl + k-l) = aAkl(l + k-]/k]) = [2'19]

= a,k(1 + 1/K) = ok, (1 + K)/K.

Vpasuenue [2.19] mpenctaBisieT coOOM BhIpaXXeHUE 1T MTOTOKA pe-
aKIMM B TEPMUHAX XUMHUYECKOM KWHETHKU. Terepb TMOIy4uM BbIpaxkKe-
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HUE JUIs TIOTOKA peakUydM B TEPMMHAX HEPABHOBECHOI TEPMOIMHAMMKMU.
CpoICcTBO peakliMM B HallleM IpUMepe, Te CTeXUOMETpUYecKue Koad-
(pMLMEHTHl paBHBI €OUHMIIE, OINpPEAEISIeTCs Pa3HOCTHIO XMMMYECKUX I10-
TEHLIAJIOB:

AA =y, - u,.

B paBHOBecum cponacTBO peakiiuy paBHO Hymo. O00OIEeHHas cuia
peakiuu paBHa «/IA/T> (cm. [2.16]). Ilpu HEGOMBUIMX OTKIOHEHUSIX OT
PaBHOBECUST PA3yMHO TPEIOJNIOXUTh, YTO HOMOKU AUHEUHO (NpAMO npo-
ROPUUOHANBHO) 3ABUCIM OM 0000UEHHBIX CUA. DTO KIIOUEBOE NOITyILIEHUE
JIMHETHOM HEPAaBHOBECHOW TEPMOJMHAMUKU:

Jw = V= LAAT) = L, - w)/T  [220]

e L - deHomeHonornyecknii KoaGUIIMEHT, CBSI3bIBAIOIIMNA TTOTOKU
«J» ¢ 06001eHHO# cunoit «AA/T>: L = k (C,)./R. Ero 3HayeHue no-
JIy4UM, WCIIONIb3YSl BBIPAXEHME IS XMMMYECKOro moteHumana [2.17] wu
YYUTBIBASI, YTO KOHLIEHTPALIMsI HE3HAUMTEIbHO OTKJIOHSIETCS OT PaBHO-
BecHoit — C = (C, + ). B pesynbrate nmeem

AA=u,-u,=u’ + RT*In[(C,), T a,]- wy- RT*In[(C,).
+ ] = W, - Wy + RT*n[(C) *(1 + o/(C),] -
- RT*In[(C,),*(1 + a/(C),] = [v', - u', + RT*In[(C,), -
- RT*In[(C)y), ] + RT*In(1 + «,/(C,),) - RT*In(1 + a,/(C)),).
BoipaxkeHne B KBaapaTHBIX CKOOKAX OTBEYAET YCIOBUIO PaBHOBECUSI
M paBHO Hy/0. [IJIsT JanbHEHIIMX MpeoOpa3oBaHUil BOCIOIB3YEMCST TIPU-
ommkenneM In(1 + x) ~ x, ecm x<1.

AA = RT*In(1 + @,/(C,).) - RT*In(l + a,/(C,).) ~ RTla,/(C,),, -
- 0/(C).] = RTG/(C[1 - [ay/(C.T ™ [(CY /]l

C yuerom Toro, uro a, = -a, u K = k/k, = (Cp)./(C,,, mony-
qUM:

AA = RT*[a,/(C),.] * (1 + 1/K) = RT * 0,/(C)).*[1 + K]/K).
YunteBag, yro J , =L*AA/T, momyunm:
Jow =V = L*R*0,/(C).I[1 + K]/K. [2.21]

XUM

IIpupaBauBas [2.19] u [2.21]. momyumm:
L*R*[a,/(C)),J[1 + K]/K == ok [1 + K]/K,

M 1

CJIeIOBATEIbHO, COKpAILasi Ha (11— h—\i MOJTYYUM:
L= k*(C,)./R. [2.22]

Dro 3HayeHue (eHomeHosornuyeckoro koaddpuinuenra "L" (koad-
(uieHTa MPONMOPUMOHATBHOCTA MEXIy TEPMOAMHAMMUYECKUMU IIOTO-
KaMU U CUJIaMHU).

C y4eToM TIOJYYEHHBIX PE3YIBTATOB PACCMOTPUM CBsI3b TOTOKOB C
00O0OILIEHHBIMA CUJTAMU TIPU COMNPSDKEHUM HECKONBKMX peakuuii. s
5TOrO IPENCTABUM MPOCTEHIINIA UK U3 TPeX PeaKLIii:
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IMoTokM Kaxknoi peakuy BOJM3M paBHOBECHs OylyT paBHBI:

Jl = klaA - k—laB; Jz = kzaA - k—zaB; J3 = k3aA - kaG’B

3HaueHUsI CPOACTBA I KaXKION peakUUM LUKIa OymyT paBHBI COOT-
BETCTBEHHO:

AAlzuA_MB’AAZZuB_uC’AA3=uC_MA'

YUuTthiBasi, 4YTO LUMKJI B 1IEJJOM OTBEYAET YCIOBUIO PaBHOBECHSI, CyM-
mupoBaHue AA, + AA, + AA, =, - 1, + U - Ue T M - U, = 0, creno-
BaTejbHO, CPOICTBO KaXIOM Tapbl LUMKIA PEAaKIUil MOXHO BbIPA3WUTh
yepe3 CPOICTBO JBYX IPYrMX Tap peakiuii.

OnpenemuM NOTOK 3HTponuu [2.14] — dS/dt = 3(XJ) — kak cymmy
MPOMU3BENEHUI TepMonrHaMuieckoir cuibl X, = AA/T Ha COOTBETCTBY-
IOIIMIA MOTOK J @

dS/dt =J *AA /T + 1*AA /T + ] *AA /T,

BoIpasuB AA, = - AA, - AA, ¥ OmycTMB U1 KPAaTKOCTU 3HAYKU <«A»
3IECh U Jajee, IONyYHM:

dS/dt =1 *AA /T + J*AA /T +1.(- A, - A)/T =[2.23]

=J,-1)*A/T+{J,-1)*A,/T.

ITockonbKy cuctemMa paccMaTpuBaeTcsi BOJM3U COCTOSIHUSI paBHOBeE-
cus, otMeTuM, 4to notoku (J, - J)) n (J, - J)) ecmo auneiinvie ynx-
yuu mepmodunamuueckuxcua [2.20]:

Jl - J3 = LIIAI/T + L12A2/Tv
J, - J = LA/ T + LA/SJT. [224]

C yd4eToM TOJyYeHHOTO BBIpaXEHUS g (DEHOMEHOJOTUYECKOro KO-
acdduumenra «L» [2.22] moroku J, J, m J, OyoyT paBHBIL:
lek]*(CA)eq/R*(AI/T)’ Jzkz*(cs)eq/R*(Az/T)’ J3=

=k*(C)./R*(-A, -A)/T.
[loncraBuB ypaBHEHUS UL TIOTOKOB B cucTeMy [2.24], TOmy4mm:
J -1, = [k*C),. 1 K*(C)J/R*A/T + [k*(C), J/R*A/T,
J, - 1= [K*(C)J/R + [K*(Cy,, T k*(C),J/R*A,/T. [2.25]

C yuetom [2.24] u [2.25] 3HaYeHUs (PEHOMEHOIOIMUECKUX KO3(PPU-
MeHTOB «I» OMpenessioTcs Kak:

L, = [k*(C),* k*(C),l/Ru Ly, = [k,*(Cp) + k*(C),J/R
L,=L, =[k*(C),l/R. [2.26]
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INocnenHee BeIpaskeHIE OTPAXKAET pABEHCMBO OUALOHANAbHBIX (heHOMe-
HON02UMECKUXKOI(DDUUUCHMOE CUCIEMbL CONPANCeHHbIXNOMOK0e L, =L,
u Hazvleaemcsi, meopemoii Onzaeepa. OHa ObUIa TOKa3aHAa aMEPUKAHCKIM
¢uszukom JI. Onzarepom B 1931 1. [lo 3HaUYeHMIO MOJTYYEHHOIO PE3YIIb-
TaTa Ui TUHEHHON HEepaBHOBECHON TEPMOAMHAMUKN OTKPHITHIX CHCTEM
3Ty TeopeMy 4YacTo HasbiBaloT [V 3axonom mepmoounamuxu. Teopemy
Onzarepa MOXHO C(hOpMY/IMPOBaTh CISOYIOIIMM 00Opa3oM: 6 obaacmu
PABHOBECUS 3a8UCUMOCMbA00020 nomoka J,om cunbl X,coenadaem c ana-
N02UMHOL 3A6UCUMOCMbIO NomoKa J,om cunbL X,

CornpskeHre XMMUYECKMX PeaklMii TO3BOJISIET B OTKPBITOM CHCTEME
MPOTEeKaTh peakIvsIM, 3alpellleHHbIM B M30JMPOBAHHBIX CHUCTEMax, Ha-
MpUMep peakysIM C TIOJOXUTEIbHBIM H3MEHEHMEeM CBOOOTHOI 3Hep-
run. Takue peakiid B OpraHM3Me, KakK ITpaBMJIO, COIPSDKEHBI C THAPO-
mm3oM AT®. YuusepcanbHag poiab AT® kak moHOpa CBOOOMHONM 3HEp-
UM MOXET IIPOSIBIISITBCSI MOAbKO 8 OMKpbimbix cucmemax. Ecim Obl KIteT-
KM YW OpPraHU3Mbl OBUTM M30JMPOBAaHHBIMU cucTeMamu, To AT®D He
Moria Obl MrpaTh cBoeil ponm. biaromaps akTMBHBIM IIpolieccaMm OMOJIO-
TMUYECKOTO OKUCIIEHMSI CKOpocTh pecuHTe3a AT®D B HalleM opraHusme
orpoMHa. B 3aBHUCHMMOCTM OT MHTEHCHMBHOCTH SHEProTpaT B OpraHM3Me
YyeioBeKa B CYTKM CHUHTE3MpyeTcs (M TUAPOIM3MPYETCS) IO COTHU KMIJIO-
rpaMmoB AT®! Haiur opraHu3M — BecbMa IPOM3BOAMUTENbHAS AUHAMMY-
Has XUMWJecKasl «MallliHa», W 3amacoB AT® xsaraer mis mommepskKaHus
KU3HEACSITEIBHOCTA BCEr0 Ha HECKOJBKO CeKyHH, KpearmHdochara —
Ha MUHYTY, a BCEl IJIFOKO3bI KPOBHM TOJBKO Ha 15 MUH.

PaccmoTpyM KpaTko camblif BaKHBIM ST OOECIIEYeHUST KU3HEHEes-
TEJIPHOCTU TIPUMEP COIPSDKEHUS XMMHWUYECKMX peakIMii — COIpsDKeHUE
okuciaeHnss u GochopunupoBanusa. CucreMa JIMHEHHBIX ypaBHEHUI
IIByX TIPOILIECCOB — OKHUCIeHUs (0) u pocopmmmpoBanus (P) — mmeer

BUI:
Joz LIIAO/T+ L12A¢/T-

J,= LA/T + LA/T.

VYuuteiBasg Teopemy Ownzarepa, L, = L,, u BBens o0OO3HauYeHUS:

x=A/A, 1= (L,/L)"uq=L/LL,)"” — nocne HeCIOXHbIX
anredpandecKnx IpeoOpa3oBaHMiI HAXOAUM OTHOIICHHWE ITOTOKOB (oc-
(bopuupoBaHUs U OKMCICHUS:

Jo = (@ + /1" + g*).

TN «q» — CMeneHb COnpAaNceHUs oxucaenus u gpocghopuruposanus. Ipu
MIOJTHOM Pa300IIEeHUN OKUCIUTEILHOTO (bocgbopymnpOBaHm q=0u or-
HoureHue 1oToKoB «J /J» Oymer pasHo I™*(A,/A)). Ilpu momHom co-
NpsDKeHNM = 1 — OTHOIIEHWE MOTOKOB (POCHOPMIMPOBAHUS U OKHC-
nenmst Gymer: J /J, = (L,/L)”. B pesyibrare Ipu MOIHOM CONpsIKe-
HUU OTHOILIEHUE TIOTOKOB J /J He 3asucum om omuowenus cpoocmea
A,/A,. He yrnyOnssicb B KOHKPETHbIE KHHETUYECKUE MOJIEIN OKUC/IU-
TeIbHOTO (hOCHOPUITHPOBAHMSI, YKAXKEM, YTO CTETIeHb COIPSDKEHUST BO3-
pactaeT NMpU YBEJIMYCHUM CKOPOCTM MEMOpaHHOrO TpPaHCITOpTa IPOTO-
HOBuepe3 A TD-cunma3zy (NpomoHHYH HOMNY).

TII 3aKOH TepMOAMHAMUKM YCTAHABIMBAET AOCOMIOTHBIE 3HAYEHUS
SHTpONMU BOMM3M abcomotHoro Hynms: S -> 0 mpu T -> 0.

51



2.2.3. CramyoHapHble COCTOSIHMSI OTKPBITBIX CHCTEM.
Teopema IlIpuroxuna

OTKpBITbIE CUCTEMbI HAXOMSATCSI B HEPABHOBECHOM COCTOSIHUU, U
M3MEHEHUE CYMMapHOW SHTPOMUU B HUX OMpEAEseTCs CIeayio-
el 3aBUCUMOCTBIO:

dS=dS+dS
Bo3MOXXHO Takoe COCTOSIHME, KOrJa MOTOK SHTPOIMM ITOJHO-
CTbI0 KOMIICHCUPYET €€ MPOLYKIIMIO:

dS/dt=dS/dt+d S/dt=0mwmdS=-dS.

DHTpONUsI OTKPHITOM CUCTeMbl OyleT HEM3MEHHON CKOJIb Yroj-
HO J0JITO, YTO CBOMCTBEHHO PAaBHOBECHBLIM CHCTEMaM, OJHAKO HE
Oyler MakCUMaJIbHOM, YTO OTJIMYAeT TAKOE COCTOSIHUE OT paBHOBE-
cus. JJaHHOe TOJIOXKEHUE XapaKTEepHO IJIs1 XXKMBOIO OpraHu3Ma, Ko-
TOpPBIA B TeUeHUE MPOJOJIKUTEIBHOTO BpEMEHM HE U3MEHSET CBOU
MakKpoInapaMeTpbl U COOTBETCTBEHHO SHTPOIIMIO, HO OJHOBPEMEH-
HO B HEM ITPOTEKaeT MHOXKECTBO peaklluii, JaJleKuX OT paBHOBE-
cus. B 30-e roner XX B. coBerckuii o6mosor D. baysp Ha3Ban Takyo
CUTYallMI0 «YCTOMYMBBIM HEpaBHOBECHMEM», a OAMH M3 OCHOBOIIO-
JIOXKHUKOB TEePMOIMHAMMKU OTKpBITEIX cucteM JI. ¢on bepra-
JaH(pPU — «COCTOSTHMEM TMPOTOYHOTO PAaBHOBECUSI».

PaccMOTpUM  OTKPBITYIO CHUCTEMY, KOTOpasi OOMEHMBAETCS C
OKPYXKAIOILIEH CPeaor BEIIECTBOM M BHEPrUEH B YCJIOBUSX IIOJ-
JIepXaHWsl TOCTOSIHHBIMM ~MakKpoIlapaMeTpOB: Macca CUCTEMbI
M Pa3HOCTh TeMIlepaTyp C OKpYXKalollleil Cpeloil OCTaroTCsl He-
U3MEeHHbIMU. B cucremMe mpu 3TOM OTCYTICTBYeT MOTOK BelllECTBa:
J,, = 0 u npucyrcrByer TemoBoil norokJ, ><0 npu gukcuposan-
Hoti cune XT — paznocmu memnepamyp cucmemvl U OKpPYICAIOUELl
cpedbl.

CKopocTb M3MEHEHUST SHTPOINUU OyIeT paBHA:
dS/dt = 2XJ = J X, + I, X, [2.27]

C y4yeToM TOro, YTO IIOTOKU €CTb JMHEKHbIe (PYHKUIUU TepMOIUHA-
MUYECKMX CHUJI, 3aBUCHMMOCTb MX OT IOCIECIHMX MMEET BUI;

JT = LIIXT +L12XM><O’
J,=LX, +LJX,=0. [2.28]
IMoncraBnsis 3HaueHus 1MoTokoB [2.20] B ypaBHeHMUE MPOLYKLIMU DHT-

poriu [2.23] ¢ yuerom teopembl Onsarepa L= L, mnomydum:
dS/dt =L X’ + 2L XX, + L,X, .

l'l)gomBOL[Haﬂ nocsieHero BbipaxeHus wis dS/dt mo X, mpu ycino-
BUM X, = cOnst paBHa:

dS/(dt * dX,) = 2L, X, + 2L, X, => 2], = 0.

KakK cJeAyeT M3 BTOPOTO YpaBHEHMs CHCTeMBI [2.28], a BTOpas IIpOM3-
BonHas — d’S/(dt * dX,’) = 2L,, > 0.
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Takum o0pa3oM, B CTAlLIMOHAPHOM COCTOSIHUM TIPOYKLIUSI SH-
2 *
TPONMU MMEET 3KCTpeMyM, a mockosbkKy d'S/(dt * dX,,) > 0, xa-
pakTep 3KcTpeMyma — MUHUMYM. OTcioma ciemyeT, 4To

dS/dt  ->  min.

B cmauuonaprnom cocmosHuu npooyKuus SHMPONUU CUCHEMbl
dS/dt HOCMOSIHHA U UMeem MUHUMAAbHOE U3 BO3MOJCHbIX 3HAYEHU.
D10 opMyIpoBKa meopemut Ilpueoxcurna. KoTopasi SIBISIETCSI Of-
HUM M3 IJIaBHBIX TEOPETUYECKMX JOCTMKEHMII HepaBHOBECHOM
TEPMOIUHAMMKU OTKPHITHIX cucTeM B XX B.

B wurore mosmyunsiii BecbMa HETPUMBMAJIbHBIM pPE3yJbTaT, KOTO-
pPbIli COCTOUT B TOM. UTO 8 CMAUUOHAPHOM COCMOSHUU NPOOYKYUS
SHMPONUU HE MOABbKO YPABHOBEULEHA NOMOKOMIHMPONUU (IMO cae-
dyem U3 yca08uUs CmayUOHApHO20 COCMOSHUSL), HO U CIMPEMUMCsL K
MUHUMAABHOMY 3HAYEHUIO U38CEXO0CMYNHBIXCOCIMOAHUL.

Teopema IlpuroxuHa mokazaHa TOJBKO ISl OTKPBITBIX CHC-
TeM BOJIM3M COCTOSIHUSI paBHOBECHS, T.e. JJIsI TeX YCJIOBMH, KOT-
Jla TIOTOKM SIBJISIIOTCS AUHeUHbiMU (PYHKLMSIMUA OOOOIIEHHBIX CHII:
J.,.,=Vv=L*A/T. B ycnoBusx, najekux OT paBHOBECUSI, B OOLIEM
ciydae Teopema Ilpuroxuna HempumeHuma. Ilpenenbl mpumMeHu-
MocTu TeopeMbl [lpuroxuHa aasi OMOJIOTMYECKUX CUCTEM CEphe3-
HO O0OCyXHaloTcsl YYeHbIMM B TeYEHHE IIOCIEOHEro IoJyBeKa.
Ecnmu cobmonaercsi Teopema OH3arepa. TO KpUTEPUN MUHUMYyMa
MPOAYKLIMM SHTPOIUM COXpaHsIeTCS W I JaleKOi OT paBHOBE-
CUSI CUCTEMBbI.

B Hacrosiee BpeMsi MpakTUYECKHWE Bpayd MajlO0 HCIOIb3YIOT
3aKOHOMEPHOCTU COBPEMEHHOM TEPMOIMHAMUKM IJI JUATHOCTH-
KU U JIeYeHUSI MAMEHTOB. DTO O0BSICHUMO, MOCKOJbKY MPUKIAI-
Hasl TepMOAMHAMUKA BpPSA M TO3BOJUT YIYYIIUTbL HO30JIOTMYe-
CKYIO IMarHOCTUKY B KJIMHWYECKON MeIMIIMHE, OJHAKO OHA 00ec-
MEeYUBACT BO3MOXHOCTb YTOUHUTb TPAHUILy MEXIYy 300pogvemM U
bonesnvio. Hammpumep, BbICOKast ¢u3mdeckass pabOTOCIIOCOOHOCTh
3a4acTyl0 JIOCTUTaeTCsl ILICHOM HampsKEeHUSI KOMIICHCATOPHbBIX
MPOLIECCOB, W MPOAYKIIUS SHTPOIMM OPraHU3MOM CIIOPTCMEHA Ha
MMMKE Harpy3Ku Jajeka OT MUHUMAJIbHOTO 3HadyeHusl. OHa Oymer
TaKKe BO3pacTaTb MPY TAKMX OTKJIOHEHUSX OT CTallMOHApPHOTO
COCTOSIHMSI, KaK MHTEHCUBHBI POCT BCErO0 OpraHuM3Ma, BocIiajie-
HUe JMOO HOBOOOpa3oBaHME, M MpW IOBBIIIEHUA aKTMBHOCTU

MPOLIECCOB CTAPEHMUSI.

2.2.4. DHepreTdecKuii 00MEH OpraHu3Ma

DHeproTparbl 1eJOCTHOIO OpraHM3Ma MOXHO YCJIOBHO pa3leiuTh
Ha OCHOBHOW OOMeH u pabouyto npubaBky. OCHOBHOW OOMEH —
3TO BHEProTpaTthl OpraHM3Ma B COCTOSIHMM TIOKOSI, JiexXa, HaTo-
1IaK, B COCTOSSHMM OOAPCTBOBAHMSI, B YTPEHHME Yachl MPHU YCJIO-
BUU TeMIlepaTypHoro komdoprta. [lpu cobmoneHun mnepeyrciaeH-
HBIX BBbIIIE YCIOBUMI B OpraHM3ME COBEPIIAIOTCS  CIIEAyIOIIne
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BUIBl paboT: pabora cuHTe3a ATP, MexaHudyeckas pabOTa MbI-
IIEYHOTO COKpallleHUsI (AeSITeIbHOCTh CepAeYHO-COCYIUCTON U
IBIXaTeJIbHOM cucTeM), paboTa I0 ITOAAEPKAaHWI0 MOHHBIX TI'pamy-
E€HTOB, paboTa XMMHUYECKOIO CHHTe3a OEJKOB U HYKIEHMHOBBIX
KucaoT. MI3MepeHue 3HEproTpar OCYIIECTBISIETCS METOIaMU Mpsi-
MOl U Henpsamoil Kkasopumempuu. ITlpsiMasi KalopUMeETpUsl — HEIOo-
CpeACTBEHHOE WM3MEpeHUE BBIACISIEMON OpPraHM3MOM TEILJIOTHI.
CaMbIM TOYHBIM HPUOOPOM TSI ONpeldeaCHUS TEILIOThbI, BbIACISIC-
MO OpraHu3MOM, SIBJISIETCS epadueHmHublll Karopumemp. JaHHBIN
npudop U3MepsIeT TEIIOBOM ITOTOK OT BHYTPEHHEM CTEHKHU Kajlo-
pumeTpa K HapyxHoW. O4eBHIHO, YTO B KaJOPUMETPES MOMACPKM-
BalOTCA TOCTOSSHHBIMU 3HA4YeHUs [apaMeTpoB TeMIIEpaTyphl,
BJIQXHOCTU, KOHIIEHTpALMM KUCJIOpOIa M YIJIEKMCJIOro rasa. Ms-
MEpEeHME DSHEpProTpar 4ejoBeKa METOAOM MPSIMOM KalopuMETpuu
TpeOyeT rPOMO3IKOTO M JOPOTOCTOSIIEro 000pYIOBaHMSI.

DHeproTrpaTbl 4eJOBeKa JKCIEPUMEHTAaJbHO U B KJIMHUKE
yalle OMNpee/saioT MO pe3yJibTaTaM aHaJau3a KOJMYeCTBa IOTpeOo-
JIsieMoro opraHm3mMoM Kuciopoxa. Ilorpedmenue 1 1 Kmciaoponma
cooTBeTCTBYeT BbIAeneHuro 19,6—21,1 k/x. TouHblii Kasopuue-
ckuil skeugansenm 1 J1 KUCIOpoAa 3aBUCUT OT MPEUMYIIECTBEHHOTO
TUMA KaTaboJM3Ma: YIJIEBOAHOIO, XXMPOBOrO WM OelkoBoro. Tur
KaTabojiM3Ma B CBOIO Ouepe/lb OIpeAesisieT 3HaUeHUE ObiXamenbHo-
20 K03ghghuyuenma: OTHOLICHUE O00beMa BBIACICHHOIO YIJIEKUCIIO-
ro raza K o0beMy MOTpPeOJeHHOTO KUCIOpoJa — VCOZ/ O,. Omnpe-
JeJeHUe ObIXaTeJbHOrO Ko3(duiieHTa mo3BOISIeT 10 PacueTHHIM
Ta0aMIIaM YCTAaHOBUTh 3HAUYEHME KaJOpUUYECKOro KoladhduliveHTa
KHCJIOpPOJa, a KOJIMYECTBO IOTPEOJICHHOTO KMCIOPOAAa COOTBETCT-
BYeT BbIICJIEHHON TeruioTe. Y 3I0pOBBIX JIOAEH, COOIIOAAIOIINX
CMEILIaHHYIO JUeTy, ObIXaTeJbHbli Ko3dduuueHT paBeH 0,82
VY nun, crpamamImx caxapHbIM AMAa0ETOM, AbIXaTeJIbHBIA KO3(-
unment Hiske 1 Moxer gocturath 0,6. Ilpu mpenmyiiecTBEHHO
VIJIEBOOHOM OOMEHE IbIXaTeIbHbII KO3(p¢UIMEeHT paBeH 1; Xu-
poBoM obMeHe — 0.7; 6enkoBom — 0.81. Ilpm 3HaYeHUM ObIXa-
TeJbHOro Koaddumuenra 0.7 xajopudeckuii Koap@UINEHT KUC-
nopona paseH 19,6 xJIx*1"', npu ApIxaTeabHOM KoadduuueHTe |
oH Oymer 21,1 kJDx*m'.

JnutenpHOe MOTPeOICHNE YMCTHIX YIVIEBOAOB MIPWBOIUT K 9H-
JOT€HHOMY CHHTE3y JIMIMMUAOB W3 YIJIEBOOOB, M 3HAUCHUE AbIXaTe-
JIbHOTO K03 GUIIMEHTa CTAHOBUTCS OOibIe enMHUIBI. B aKcIre-
PUMEHTaX Ha XMBOTHBIX MOJIy4aau 3HAUYCHUE AbIXaTeJIbHOIO KO-
apdunmenTa donee 1,5.

HMHTeHCMBHOCTb OCHOBHOIO OOMEHA y MYXYMH C MAaccCoil Tena
70 Kr coctaBisieT B cpenHeM 85 Br (1750 kxkan*cyr’'), y XeHIIMH
¢ Maccoit Tena 70 kr — 76 Br (1570 xxar*cyr'). dusnueckas Ha-
Ipy3Ka MHOTOKPATHO IIOBBIIIACT SHEPIOTPAThl OpraHM3Ma, W TP
BBIMOJIHEHUU TSDKENIOM KPaTKOBPEMEHHOM pabOThl 3HEProTpaThl
MOI'YT TIPEBBIIIATh OCHOBHOUW oOMeH B 20 pa3. MakcuMmalbHBEIE
SHEProTpaThl MOIYT ObITb BBICOKMMHU Yy CIOPTCMEHOB, HO IIpU
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3TOM OHM MOTYT SBJISTBCS MOKA3aTejieM TPEHUPOBAHHOCTU U BbI-
HOCJIMBOCTU, a HE 3I0POBbsl. YHUBEPCATIbHBIM U 3HAYMMBIM KpH-
TepreM 3I0POBbsI BBICTYHAeT KO3(PGUIMEHT I10JE3HOIO AEHCTBUSI
IO3WPOBAaHHOM MBIIIEYHOM pPadOThl, T.€. OTHOIICHWE ITOJE3HOM
paboTbl M CYMMAapHBIX 3HEProTpar OpraHuM3Ma, ONpeacsIeHHBIX
MPSIMBIMUA METOIaMU WIM PACCUUTAHHBIMU IO ITOTPEeOJICHUIO KHC-
Jjopona.

BemuunHa OCHOBHOTO OOMEHa M IOIOJHUTENBHBIX SHEProTpaT
MpU J03UPOBAHHON (PM3MUECKOUN HArpy3Ke SIBISETCS BaXKHBIM HH-
TErpaJIbHBIM MOKa3aTeJleM SHEPreTMYeCKOoro ooMeHa OpraHu3Ma.

2.2.5. Cnoco0bl Temionepenayn. YpaBHeHHe TeILIOBOro O0OMeHa

BaskHeWImmM yCIoBEM HOPMAJIBHOTO CYIIECTBOBAHMSI OpraHM3Ma
SIBJIIETCS TOAJepXKaHUE TEIUIOBOro OajlaHca, KOTOPBI yCTaHaB-
JINBaeT paBHOBECHE MEXIY ITpOLIECCaMM TEIUIONPOAYKIIMM U Tell-
JJooOMeHa opraHu3Mma. TpaguiIMOHHO TEILIONPOIYKIIMIO Ha3bIBa-
10T XUMUYeCKOll TEPMOPETYJISILIMEN, a TeTUI000MEH — ¢hu3uueckoil
tepMoperyssinueit. Ternonponykuus: (M) xapakTepusyeT IpoLEce
BBIIEJICHNUS TeIUIa TP OMOJIOTMIECKOM OKMCJICHWM, CUHTE3¢ MaK-
POMOJIEKYJI, TPAaHCIIOPTE BEILECTB 4epe3 OMojormyeckue MemoOpa-
Hbl, MBIIIIEYHOM COKpallleHuu 1 T.a. Bce Temio, obpasymoiieecs B
OpraHu3Me WM NPUBHOCMMOE M3BHE, IIPU YCJIOBUU CTallMOHAp-
HOTO COCTOSIHMSI yxomuT u3 Hero. CremoBaTelIbHO, TEPMOJIM3KC
oIpelesieT COBOKYIIHOCTh IIPOLIECCOB BBIACICHUS 00pa3oBaB-
IIIeiics TEIJIOBOM SHEPIMU M3 OpraHm3Ma. BEIIeIsIoT JeThIpe CITo-
coba TeruioooMeHa (puc. 2.6): menaonpogooHocmb, KOHEEKUUH),
uzyveHuenucnapenue.

TerutonpoBonHOCTh Q, OMNpenessieT KOJIWYECTBO TeIUla, Iepe-
HOCHMOTO IIpM KOHTaKTe KOXHU C TBEPIOIl Cpeloi JIMOO C KUIKO-
CTBIO U Ta3aMHU Oe3 ux nepemeuiuéanus, a KOHBeKusl Q. Mpu KOH-
TaKTe TOJIbKO C XXKMOIKOM M ra3oo00pa3Hoil BHellHel cpemoit. Ilepe-
HOC Tella MyTeM u3aydyeHusi Q, MPOUCXOAUT B CpenHeM WH@pa-
KpacHOM JMaria3oHe (C MaKCMMYMOM 3HEPreTUYeCKO CBETUMOCTU
npu A = 9,3 mxM). HakoHel, Teruio, BblaelsieMOe M3 OpraHu3Ma
IyTeM MCMAapeHUs KUIKOCTU Q., NPSAMO IPONOPLUOHAIBHO Macce
HCTIapUBIIIeiicad ¢ MOBEPXHOCTU Teja KUIKOCTU.

PaBeHCTBO MHTEHCHBHOCTM IIPOLIECCOB TEILIONMPOAYKLIMM U
TEMJIOOTAQYM B OPraHM3ME OTpaXaeT YpaBHEHUE TeIJIOBOro Oa-
JIaHCa YeJIOBeKa:

MiQTiQCiQR_QE=O' [229]

TermTonpoBOAHOCTh MPSIMO TPOMOPILIMOHATBHA TTPOU3BEICHUIO
pPa3HOCTU TeMIlepaTyp Tejla M OKpYXalollleil Ccpenbl, TUIOMAIN
TETJIONPOBOISIIEH TTOBEPXHOCTH, BPEMEHU 3KCIO3UIINKM U 00part-
HO MPOIOPLUMOHATbHA TOJIIWHE TEeTUIOMPOBOSIIIETO CJIOS:

Q,=«k[(T,-T)/1]*S*t
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e K — xosddunueHnt termionposongHoct, T, — Temmeparypa
oKpyXamwllei cpenbl, T, — TemrepaTypa MOBEPXHOCTH Tena, | —
TOJNIIMHA TEIJIONPOBOASIIEIO CJI0S1 (B YACTHOCTHU, OHEXKIBI), S —
IUTIOIIAAb TEILIOMPOBOMASIIEH MOBEPXHOCTU, t — IIPOMEXYTOK Bpe-
MEHU.

Ecnu TemmniepaTtypa okpyxaroieii cpeibl OOJIble TeMmIlepaTyphbl
Teja, TO TEIUIOBOH IIOTOK HAampaBjieH BHYTPh M TEJIO HArpeBaeTcsd,
a eClIM OKpyxXalolllasi cpeda MEHee Harpera, 4YeM IOBEepXHOCTb
Telaa, OHO OCTBIBAET.

Koneekyus — TniepeMelllMBaHUE XOJOAHBIX U TOpSYMX CJIOEB
rasa M >XKUIKOCTH BCJICACTBME WX pPa3HOM IUIOTHOCTU. ITOoCKONBKY
IUTOTHOCTD Ta3a U XKUIAKOCTH MPSIMO MPOMOPIMOHATIbHA TeMIlepa-
Type, TO KOHBEKIIMS TakXkKe MPSIMO IIPOIOpLMOHAIbHA Pa3HOCTU
TeMIlepaTyp HarpeBaeMoOro Teja M OKPYXKaloIlIeil Cpembl:

QC =C*(TC—Ti)*S*t,

rie C — xKoadPpuiLMeHT, 3aBUCAIINI OT TEIUIOEMKOCTA W BSI3KO-
CTU OKPYKAIOILEro ra3a WIA KUIKOCTH.

MHTEeHCUBHOCTh U3IYYeHMsI, WIA 3HEepreThudeckasi CBeTUMOCTh
Tena, paccuuThiBaeTcs Mo 3akoHy CredaHa—bosbimaHa:

Q. =0*(T'-T.)*S*t,
rie 0 — nocrostHHasg Credana-boapumana (cMm. 2.3.1).

5

Ternonorepu 3a cyeT MCIaApeHUsST TPSIMO MPOIMOPLIMOHATBbHBI
Macce McIapuBIlerocss (He BbIOSIMBIIETOcs!) MoTa U APYTUX KWI-
KOocCTel:

Q.=L*m,

e L — yaenbHas Terwiora mapooOpa3oBaHHMS, m — Macca McHa-
PUBILIEICS KUIKOCTU.

Cnenyer oOpaTUThb BHUMAaHUE, YTO IIPU WCHAPEHUM Menioma
6cec0a mepsemcs meaom. VicmapeHue — €IMHCTBEHHBI UCTOYHUK
obecreyeHsT MOCTOSIHCTBA TeMIIepaTyphbl Tejla, eciv TeMriepaTypa
OKpYyXKarolleil cpeapl Ooblle, YeM TeMreparypa Tena. Eciu Hapsi-
Iy C BBICOKOM TeMIIepaTypoil OKpY:KalOIlEro BO3dyXa OH HMMEET U
BBICOKYI0, 0/3Kyi0 K 100 %, BIaXHOCTb, TO IIPU MPOAOKUTEIIb-
HOM IMpeObIBAHMM B TaKMX YCJIOBUSIX IPOMCXOIUT TIeperpeBaHue
opraHu3Ma. B oOOBIMHBIX YCJIOBMSIX (IIpUM TeMIIEpaType OKpyKalo-
mweit cpenpl 293 °K m cymMMapHOM TerjiooO0pa3oBaHWM OpraHu3Ma
418 xJIx * 4" moasl pasAMUHBIX TyTeil TEIIOOOMEHa COCTABIISIET:
TEIUIONPOBOIHOCTL U KOHBeKUUSA 15 %, uznydenue — 50-60 %,
ucrapenue — 20 %.

TECTBbI

1. B 1uHeHbIX HEPABHOBECHBIX CHCTEMAX:

A. OOO0O1IEHHBIE CWIBl €CTh JIMHEHbIe (YHKIMU aOCOIIOTHOMN
TeMIepaTyphl.

b. Ilotoku ecth MuHeiHBIE (QYHKIIMA TEPMOAMHAMUYECKUX CHIL

B. Ilpoaykuusi 3HTpONUM IMPSIMO IIPOHOPLMOHATIBHA aOCOIIOT-
HOI TeMIlepaType CHCTEMBI.

I'. CBobOonHast sHeprusi CUCTEMbl HAXOOUTCS B JTUHEWHOM 3aBU-
CUMOCTH OT CTEXHOMETPHUECKMX KO3(M(DUILIMEHTOB peaKII1ii.

2. Kputepuii paBHOBECHOIO COCTOSIHUSI CUCTEMBI:

A. DHTponus B paBHOBECHOI CHCTeME YMEHBIIIaeTCsl.
b. DHTpoNUsS B paBHOBECHOI CUCTEME YBEIMYMBAETCS.
B. DHTponus paBHOBECHOI CHUCTEMbl MaKCHMMaJIbHa.
I'. DHTponus paBHOBECHOI CUCTeMbl MUHMMAJIbHA.

3. HpO,Z[YKLII/IH OHTpPOIIMU B JIMHEWHBIX HEPaBHOBCCHLBIX CUCTEMAaxX

paBHa:

A. CymMe mnpousBeleHUII OOOOIIEHHBIX CWI Ha OOOOIIEHHbIE
notoku: dS/dt = XX J..

b. Cymme 00001LIEHHBIX CHMJI M 0000IIEHHBIX MOTOKOB dS/dt =
=2X + 2.

B. OtHOImIeHNIO CyMMBI OOOOIIIEHHBIX CHJI K CyMME OOOOIICH-
HbIX TOTOKOB: dS/dt = XX, / ZJ.

I Cymme kBagpaToB OOOOIIEHHBIX CHJI U OOOOIIEHHBIX ITOTO-
koB dS/dt = (ZX)*+ (2]))°.
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4. O0O0OILIEHHBIMU TTOTOKAMM B XMMMUYECKUX peaKLIMSIX SIBJISIIOTCS:

A. TlpousBeneHMe XMMMUYECKOIo IOTEHIMajla Ha YMCIO MOJjei
YYacTBYIOILETO B peakLMu BewiecTsa: J, = un.

Bb. OTHoIIEHNE XMMUYECKOTO HOTeHLlI/IaJIa peareHTa K €ro cre-
XuoMeTpuueckomy koadduumenty: J. = w/y.

B. CkopocTb xummnueckux peakuuii: J, = dni/dt.

5. B OTKpBITBIX cUCTeMax JitoOble peaklUyd UIyT C:

A. YBeIW4eHHEM 3HTPOIIMU CUCTEMBI.
b. YMeHbllleHUEM 3HTPONUU CUCTEMBbI.
B. YMmeHblIeHUMEM CBOOOIHON DHEPIUM.
I'. ¥YBennueHueM cBOOOIHON SHEPTUU.

6. Teopema OH3arepa COCTOUT B TOM, YTO:

A. O0OO0OI1IEHHBIE MOTOKU COMNPSDKEHHBIX PeakLMid €CThb JIMHEMH-
Hble (PYHKUMU TEPMOAUHAMUYECKUX CHIL.

b. O6001IeHHbIE TOTOKM COMpPSDKEHHBIX peakuuil  oO0paTHO
MPOMOPLMOHATIbHBI KBaIpary aOCOMIOTHON TeMIepaTyphl.

B. IlnaronanbHbIe (beHOMeHonoqueCKI/Ie KO3 PULIMEHTHl CO-
NPSDKCHHBIX peakuuid Buna L, paBHbl L.

I'. IlnaroHanbHbIE (’peHOMeHOJIomquKMe KOB(I)(I)I/IL[I/IeHTbI co-
NPSDKEHHBIX peakuuii Buga L, paBHbl L.

7. Kputepuii CTallMOHAPHOTO COCTOSIHUSI COCTOUT B TOM, UTO:

A. TloTok SHTpoOnMU paBeH €€ IMPOAYKLIMU B CUCTEME, W MPO-
IYKLKUS UMeeT MUHHAMAaJIbHOE M3 BO3MOXHBIX 3HAYECHMIA.

b. IToTok 3HTpOnMM paBeH ee¢ IMPOAYKLMU B CHUCTEME, U IIPO-
IyKIMS MMEET MaKCUMalbHOE M3 BO3MOXHBIX 3HAYCHMI.

B. ITotok sHTponuM mpeobiagaeT Had ee MPOAYKLMeildl B CHUC-
TeMe.

I'. ITponyKuusi 3HTPONMM CHUCTEMBI TPEBBIIIACT €€ MOTOK.

8. CylIHOCTb oOmpeAescHUs] SHEProTpaTr 4YelloBeKa METOIOM He-
MPSIMOI1 KaJIOpPUMETPUM COCTOMT B:

A. Pacuete sHeprorpaT opraHm3ma Ha OCHOBAaHMHU YdeTa SHEp-
TreTUYeCKOil LIEHHOCTU ITOTPeOJCHHON MUIIHU.

b. Pacuere sHeprorpar mo M3BECTHBIM TEILIOM3OJISLIMOHHBIM
cBoiicTBaM oaeXkmbl W 3(POEKTUBHONW TeMIlepaType OKpYyKa-
IOLLEN Cpebl.

B. Pacuere sHeprorpaT Ha OCHOBaHMU M3MEPEHMUST OOBEMOB I1O-
TPeOJIEHHOTO KUCIOpPOoAa Y BBIAEACHHOIO YIVIEKMCIIOIO rasa.

9. B cTauroHapHOM COCTOSIHUM Y 4Y€JIOBeKa U APYTMX FOMOMOTEPM-
HBIX (TETJIOKPOBHBIX) OPTraHM3MOB:
A. Pe3ynbTathl M3MEpPEeHUsT 2HEProTpaTr TMOCPEICTBOM MPSIMOI
KaJIOPMMETPUU COBITANAIOT ¢ JAHHBIMU HETNPSIMOM Kallopu-
METPUU.

b. Pesynbrathl M3MepeHUS 3HEProTpar IMOCPEACTBOM HEMps-
MOl KaJOPUMETPUM TPEBBIIIAIOT MOKA3aTENM, MOJYYEHHbIE
C MOMOIUIbIO MPSAMON KaJIOPUMETPUM.

B. PesynbraThl M3MepeHUs SHEProrpaTr MOCPEICTBOM IMPSIMOIA
KQJIOPUMETPUM TMPEBBIIIAIOT T10KA3aTeU, TIOJyYEHHBIE C
MOMOIIIBIO HEMPSIMOU KaJOPUMETPHUH.

10. IIpeobnamanye B opraHM3Me aHAOOJWUYECKMX peakunit (acch-
MUJISILIMSI) Hal KaTaOOIMYeCKMMHM (IMCCUMMIISIIINS) OyneT co-
TIPOBOKIATHCSI:

A. PaBeHCTBOM pe3y/JbTaTOB W3MEPEHUSI IHEProTpar Mocpe.-
CTBOM MPSMOM U HEMPSIMON KaJTOPUMETPUM.

b. TlpeBbllieHUEM pE3YJLTATOB MPSIMOM KaJOPUMETPUM Hall
pe3yabTaTaMu HENpSIMO KaJIOpUMETPUU.

B. IIpeBbllieHrEM pe3y/IbTaTOB HEMPSIMON KaJIOPUMETPUU Haf
pe3yJibTaTaMu MPSIMON KaJIOPUMETPUU.

OrT B T Bl 1 -b:2-B;3-A;4-B;5-B;6-1;7-A;
8-B:9-A; 10- B.

2.3. OcHoOBbI KBaHTOBOII 0MOGH3UKH

2.3.1. 3aKoHBI TEILIOBOTO H3TydeHHUsI

TermnoBoe u3ny4eHUEe — BJICKTPOMATHUTHOE M3JIy4eHUE Tej, Mpo-
WCXOMIIee 3a CUET X BHYTPEHHEN 3Heprvu. TeruioBoe M3mydyeHue
MMEET MECTO Ipu 000l TeMIiepaType, OTIMYHON OT a0COJIIOTHOTO
Hyssg. Ilpu HEBBICOKMX TeMIlepaTypax H3IydaeTcsl OTHOCUTEIbHO
Majas dHeprusi, a MakCUMyM CIIeKTpa W3JIy4eHMS! TPUXOAMTCS Ha
HEBUIMMYIO WH(PpakpacHyio obsacte. [Ipy HarpeBaHWM Tel OHU
M3JIy4aloT BCce OOJbIlIe SHEPrMM, a MaKCHUMyM BSHEpPreTMyecKoin
CBETMMOCTH CIIEKTpa CMeEIaeTcsl B 00JIaCThb KOPOTKUX BoJjH. Ha-
TPETOe 0 HECKOJBbKMX ThICSIY TpamaycoB mo lleabcuio Teno mmeer
SHEPreTUYECKUII MaKCUMYyM TEIUTOBOTO M3Jy4yeHUsi B 00JacTU BU-
JMMOTO CHeKTpa.

TeryioBoe M3NydyeHWEe — E€IVUHCTBEHHBIN BUJ PABHOBECHO20 W3-
JgyyeHus ten. Ecau temmeparypa Tena MOCTOSIHHA, TO OHO WM M3My-
YEHWE HAXOAMTCS B PABHOBECUH, T.. CKOJbKO SHEPTrUU TEJIO W3-
JIy4aeT, CTOJIbKO W moriomiaer. Ecam sHeprum wusmyvaercs: 0OJb-
1Ie, 4YeM TMOMJIOIIAETCI. TO TeJ0 HAYHET OXJIAXKIAThCs, W 3TOT
npouecc Oyner MpoaoJIKaThCs 10 BOCCTAHOBJICHUS PaBHOBECHS.

MNHTEHCUBHOCTD TEIJIOBOTO M3ITyYeHUSsI XapaKTepU3yeTcs yae/b-
HBIM TIOTOKOM SHEPIMH Ha eIMHHUILY TLIOIIaH, U3MEPSIEMOIT B Bar-
Tax, [EJIEHHbIX HA KBaI[paTHbII/I metp (Bt/M’). TToTok aHepruu, uc-
MyCKaeMblii eIMHULIEH TTOBEPXHOCTY Teja MO BCEM HaIlpaBICHUSM,
B Ipefie/iax TEeJIeCHOrO ymia 47 CTepaliviaH, HA3bIBACTCS SHepeemil-
yeckou ceemumocmoio meaa, obo3HavaeTcs OykBamu R, n mmeer
pasmepHocTh [BT*M7]. prron BaXKHOM XapaKTepI/ICTI/IKOI/I U3y~
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YEHUs SIBJISIETCSI CHeKMpAAbHAs NAOMHOCMb SHEP2emu4ecKoll cee-
mumocmu — J0Js WHTEHCUBHOCTU TIpU JaHHOW JUIMHE BOJI-
Hbl. DTy BEJIMYMHY 4YacTO Ha3bIBAIOT UCHYCKAMEAbHOU CNOCOOHO-
cmoio 1, = CR,/CA.

PaBHOBecue M3TyyeHUsI M BELIECTBA IMOAPa3yMEBAeT PaBHOBE-
CUe MEXIy MU3JydyeHueM U mnorjonieHueMm, KoinuecTBeHHO Morjio-
LIEHWE XapAKTEPU3YETCS] OTHOILLICHUEM NOMEU|eHHOU 3Hepeuu Ay4u-
cmoeo nomoka Ha JaHHOU anuHe BoaHbl @,"""" K sHeprum nadaro-
ujeeo Ayuucmo20 nomoka Ha JaHHO# uinHe BoiHbl @, ™. Bemnuu-
Ha o, = @D""/D™ Has3bIBaeTCs1 no2rouamensroii cnocobHOCMbio,
WIUMOHOXPOMAMUYECKUMKOIPDUUUEHMOMNOA0UCHUA.

[Ipy mocTOsTHHOW TeMmmiepaType i COXpaHEHUs TEeIJIOBOTO
paBHOBECHUS JIIOOOTO Tela ¢ M3JIydeHUMEM HeoOXOAMMO, 4YTOOBI OT-
HOILIEHWE MCITyCKaTeJbHON CIMOCOOHOCTM K €ro IMOIJIONIATEIbHOMN
CIOCOOHOCTU OBLIO MOCTOSIHHBIM. B MpOTMBHOM ciiyyae paBHOBE-
cue Oyler HapylIeHO: OfHM Teja OyIyT caMOIPOM3BOJBHO Harpe-
BaTbCsl, a Ipyrue ocTbiBaTh. MaremaTuueckas ¢hopma 3anucu 3To-
ro siBjieHusi ObUta BriepBble TpemioxeHa P.Kupxrodom m Hocur
Ha3BaHMe 3akoHa Kupxeogha:

(r/o), = (r,/a), = (r,/a,), ... = f(A; T).

OmHouweHuecnekmpantbHOUNAOMHOCIMUIHEP2eMUYeCKOUceemu -
MOCMU K MOHOXPOMAMUHECKOMY KO3 duyuermy noeaoujeHus He3a-
sucum om npupoosvt mea u 041 0AHHOU ONUHbBL BOAHbL U MEMNePamy-
Dbl BEeAUHUHA NOCMOAHHAA.

CnenctBueM 3akoHa Kupxroda spiasercss ToT (akT, 4TO 4yep-
Hele Teja Ha CoJjiHile OBICTPO HArpeBaloTCsl U OBICTPO OCTHIBAIOT,
a Tela C 3epKajlbHOM MOBEPXHOCTbIO, HAO0OPOT, HArpeBarOTCs
JIOJITO, HO W JIOJTO COXPAHSIIOT TErIo.

[ToHgTre paBHOBeCcHS MEXIYy TeIaMM M M3JIy4eHUEM IOApasy-
MEBaeT, YTO M3IyJdeHME TEPEHOCUT TETUIOBYIO DHEPIUIO, MEPOil KO-
TOpOU SBsIETCA TeMrepaTrypa. TepMoauHaMU4YecKrue COOOpakeHUs
npusenu JI. bonpiiMana B 1884 r. K cTporoMy 000OCHOBaHHMIO 3KC-
nepuMeHTaibHOro HaomoaeHus M. CredaHa, KoTopoe COCTOSIJIO B
TOM. UTO 3HEpreTrdeckasi CBETHMOCTh HArpeThIX Tel ITPONOpPLIMO-
HajJbHA YETBEPTOI CTENEeHW MX aOCONIOTHOM TeMrmepaTyphbl. 3aKoH
Cmegpana— boavymana ycTraHaBIMBAET COOTBETCTBUE MEXIy 3SHEp-
FeTUYECKOM cBeTUMOCTBIO Tel R, m ux temneparypoil T:

_ 4

R,=o0oT,
e 0 — TOCTOsHHAs Credana-boabiimaHa — pasHa 5,67*10°
Bt/ (M *K"). Duepeemuueckas ceemumocms abcoaromuo 4epHo2o

menanponopyUOHANbHAYeMEepMOolicimeneHue20abcoromHolumem-

nepamypol.

3akoH CredaHa-boabiMaHa cTporo codomaeTcsl TOJbKO ISt
aOCOJIIOTHO YepHBIX TeJ. AJIsI KOTOPBIX IOIJIoliaTejbHas Croco0-
HOCTh paBHA €AWHMIIC ISl BCEX IJIMH BOJIH IIPU JIIOOOK TeMrepa-

Type.
60

Puc. 2.7. CrexTpaibHasi TUIOTHOCTh 3HEPreTMYECKOW CBETUMOCTH JIBYX
a0COMIOTHO YEpHBIX Tes, UMEIOIMX pasinyHbele Temmeparypbsl T, u T,
(T,>T)

2 17

TemnoBoe u3nydyeHHE TPOMCXOAMT BO BCeil 001acTH CIrekTpa
3JIEKTPOMATHUTHBIX BOJH, HO MaKCHUMYM CIIEKTPaJbHOM IJIOTHO-
CTH DHEPreTHYECKOi CBETMMOCTU 3aBUCUT OT TeMIIEpATyphbl M IIO
Mepe HarpeBaHMsl Tela CMeIlaeTcsi B 00JacTb KOPOTKOBOJHOBOIO
U3Iy4eHUS.

Jlauna 604HbL 31EKMPOMAZHUMHO0 U3AYHEHUS, HA KOMOPYIO NpU-
X00umcsi MaKCcumManbHoe 3HaveHue CHeKmpanbHOl NAOMHOCMU SHep-
2emu4ecKoil ceemumocmu meaa, oOpamHo NPONOPUUOHAAbHA e20 a0-
conomuoi memnepamype (3aKoH cmeuieHus Buna):

A= b/T,

max

rie b — mocrosaHHas Buna, paBHasg 2,898+10° M« K.

HanmoMHMM, 4TO B CTOPOHY KOPOTKHMX BOJH CABUTAETCS JIMIIb
MakKCUMyM CIEKTpalbHON IUIOTHOCTM 3HEPreTUYECKON CBETUMO-
CTU, TOrJa KakK TeJl0 M3JIyyaeT BO BCEM CIEKTPE 3JEKTPOMArHMT-
HbIX BosH. Ha puc. 2.7 mpeacTtaBieHbl 3aBUCUMOCTU CIEKTpasib-
HOW TUTOTHOCTHM OSHEPTeTMYECKOW CBETUMOCTH [IBYX aOCOJIOTHO
YepHbIX Ted. Harpersix fo temmeparypel T, u T, (T, > T,). Mak-
CUMYM CHEKTPaJbHON TUIOTHOCTU DHEPTreTUYECKONM CBETUMOCTH
IpYM TOBBIIIEHUU TEeMIIEpaTyphl COBUraeTCsl B CTOPOHY Oojee KO-
POTKMX BOJH. MHTerpan or r, BO BCEM Juana3oHe UIMH BOJH pa-
BEH BHEPIreTUYEeCKON CBETHUMOCTH:

Hcxonsa u3 reoMeTpnuiYeCKOro CMbiCjla OINPEACICHHOTO WMHTETI-
pala Mbl MOXEM OIIPCACINTL, 4YTO OHEpcemuyecKkas Cceemumocms
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PABHA NAOWA0U OO KPUBOIL, 0mobpadcarouell )yHKUUOHANAbHYI03d~
BUCUMOCMb CNeKMPAAbHOU NAOMHOCMU SHEP2eMUHECK 0L C8emMUMO-
cmu om OauHbl 804HbL A (CM. puc. 2.7).

st ompeneieHusT 3aBUCUMOCTU  CIIEKTPAJIbHON IUIOTHOCTH
DHEPIreTUYECKOl CBETMMOCTM OT JJIMHBI BOJHBI M TEMIIEPATYypPhl
M. [lnaHKy OpMIILIOCH TPEIIOJIOXNTh, YTO SHEPTUs M3ITy4aeTcsl
U TIOIJIOIIAETCS TOJIBKO MOPLUSIMU — KEAHMAMU.

Kak n mro6asg yactuiia, KBaHT o0OJlagaeT dHEePTUEi:

W=hN=hc/A,

[I€ V — 4acTOTa M3JIy4eHusl, a A — JINHA BOJHBL.

CHeKTp TEIUIOBOTO W3JIy4eHMs U TOMIOLICHUSI HenpepblaHblil,
TaK KaK SHepreTMYecKue YpOBHU Tesla MaKpOCKOMMYECKUX pa3Me-
pOB OYEHb OJIM3KO OTCTOSIT APYT OT Apyra. Hampumep, MmycTb Tejo
UMeeT JMHeNHbIl pasMep 1 MM M Maccy 1 Mr, Toria, CONIACHO
dbopmyie [2.2l, Pa3HOCTh MEXIy YPOBHSIMU BSHEpPIUu OylneT IMo-
panka h’/8mL’, e h — nmocrosiHHas Ilnanka, 6,626%107 Ix*c,
m — Macca, 10° r, L — nuHeitHblit pa3mep, 10° M. Pacuer moka-
3bIBAa€T, YTO PA3HOCTb BSHEPTMU MEXIy IEPBbIM U OCHOBHBIM
ypoBHsIMU OyzeT 5,5%107° dx, wim 2,9-107 3B. D10 oueHb He-
3HAUUTEIbHAS BEJIUUYMHA, U3MEpeHHe KOTOPOil COBPEMEHHON Tex-
HHUKE HeNOoCTynHo. JIpyroe 1e10 M3IydeHMe U MOIIOLIEHHE OT-
NeIbHBIMUA aTOMaMU M MOJIEKYJIaMH, pa3Mepbl KOTOPHIX MMEIOT
nopsinok 10°—10"" M, a macca paBHa Bcero 10°—107 r. B atom
cllydae pa3sHOCTb SHEPreTUYecKUX YPOBHel, cormacHo [2.2]. ume-
et nopsinok 10"'—10" oB. Takue BeaMUMHBI SHEPIUU MBI MOXEM
HAJIeXXHO PEerucTpUpoBaTh, TaK KAaK Pa3sHOCTb PEalbHBIX SHEpre-
TUYECKUX YPOBHEN aToMOB mMeeT mopsagok 10'—10 3B.

2.3.2. MexaHu3Mbl TOIIOMIEHUS] M M3TYYEeHHA SHEPrUM
aToMaMM U MOJIEKYJIaMHU

DHeprusi MUKpPOYaCTHUIL B MOTEHIIMAIbHON SIME 3aBUCUT OT HOMe-
pa ypoBHs «n» Kak E = h’n’/8mL’ (cMm. pasmen 2.1.1). Takum 06-
pa3oM, YpOBHU 3HEPruu B MOTEHUMAIBLHOM IIOJIE C «BEPTUKAIb-
HbIMU» CTEHKaMM 3aBMCSIT OT HOMEpa YpPOBHSI B KBalpaTU4eCKOM
CTEINEeHU, T.. YPOBHU 3HEPTUM Kak Obl «pasderatorcs» — E n’
(puc. 2.8).

[Tpoduap moTeHUMATBHON SHEPTUU PEATBHOTO aToMa HE UMe-
€T «BEepPTUKAJIbHBIX» TPAHUIl, & COOTBETCTBYET IOTEHIUAIBHOMY
MO0 TOYEYHOTo 3apsija, T.e. O0OpaTHO MPOMOPLUOHATIEH PaccTo-
saHMIo 10 3apsga: E ° — 1

CnenoBarteibHO, IpaHULIbl MOTEHUUAIBHOTO MOJISI MPenCTaBIIsi-
10T co0O0il BeTBM TUIEpOOJIbl, YPOBHU IHEPTUMU B Mojie He «pa3de-
rajouiecs», a «coeraiouyecs», IMpUYeM B BEpPXHEH ITOJIYILIOCKO-
CTU 3JIEKTPOH MMEET TaKyl0 SHEPIrulo, YTO OH yXe€ IMOKWHYJ MO-
TeHUUATbHOE TI0JIE BJIEKTPOCTATUYECKOTO (KYJOHOBCKOIO) TPUTSI-
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Puc. 2.8. YpoBHM sHepruu B
MOTEHILIMAJIBLHOM sIME C BEpTU-
KaJbHBIMU CTEHKaMMU.

L — umpuna ams;; E, E,, E,,
E, — ypoBHM 3HepruyM MHKpoua-
CTULL B MIOTEHLIMAJBHOM TI0JIE.

KEHUSI Spa W HaxXOOUTCS
B CBOOOJHOM COCTOSIHUHU,
a aToM MOHW3MPOBaH.

IIpu  oTpuLaTeIHLHOM
3HAYE€HUHN TOTEHIUAIbHOMN
SHEPIrUM SJICKTPOH HAXO-
OUTCSI B IOTEHIMAIbHOM
sMe, CBsSI3aH C aTOMOM U
¥MeeT JUCKpeTHble 3Ha-
yeHus1 oHepruu. Iloso-
KUTENbHOE 3HAYEHUE €ro
MOTEHIIUAJIbHON  3HEPIUu
CBUIICTEJILCTBYET O TOM,
4TO 3JIEKTPOH C aTOMOM He
CBSI3aH U €r0 DHEPrusi Mo-
KeT MpPUHUMAaTh JIIo0ble, a
HE TOJbKO (UKCHUPOBAH-
Hble OMCKPETHbIE 3HaYe-
Hus (puc. 2.9).

Puc. 2.9. YpoBHM sHepruu atoma.

E — ypoBHM 3Hepruu aroma, r — pacCcTOSIHHE OT siapa.

Es

Es

E2

E4
X

r
7EE/F’
4
/Es
E2
Eq
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IIpn mepexone >AE€KTPOHA M3 OAHOTIO SHEPreTUYECKOTO COCTO-
SIHUS aToMa B APYroe IPOUCXOAUT IOIJIOLLIEHUE WIM UCITyCKaHUE
KBaHTa 3JIEKTPOMArHUTHON aHepruu. Eciu mepexon coBepllaeTcs
¢ OOJIbIIIEr0 ypOBHSI HAa MEHBIIWI — 3HEPTUsl U3Iy4yaeTcs, a eClId
C MEHBIIEro Ha OONbIIMIA — 3Heprus norjolnaercd. Yacrora u3-
JIYyYEHHMS MpsSMO MPOIMOPLMOHAIbHA Pa3HOCTU SHEPreTUYECKUX
YPOBHEM, a JJIMHA BOJHBI COOTBETCTBEHHO OOpAaTHO MPOMOPLMO-
HaJIbHA 3TOM Pa3HOCTHU:

v = (E, - E)/h wm A = c*h/(E, - E),

IJe v — 4acToTa, A — JJIMHa BOJHBI, h — mocrosHHas Ilmanka,
C — CKOpOCTb CBETa.

TTockonbKy aTroM MOXET MOIJIoOIaTh W U3Jy4aTh BDHEPIuio,
paBHYIO Pa3HOCTH COOCTBEHHBIX SHEPreTMYECKHUX YPOBHEM, TO
CIIEKTPbl aTOMOB WMEIOT 1uUHeluamyr CTIPYKTypy, OJHAaKO HE BcCe
Tepexonbl MEXIy BCEBO3MOXHBIMM 3SHEPICTMYECKUMU YPOBHSIMU
aroMa paspelieHbl. Tak, (pu3nmyeckd BO3MOXKHBI TOJILKO Te Mepe-
XOJIbI, TIPU KOTOPEIX 0pOUmManbHoe K8AHMOB0e Yuca0 IJeKTpoHa «I»
n3MeHsiercsd Ha 1. Hampumep, peaibHO COBEPIIAIOTCS MEPEXOAbI
BJIEKTPOHOB C «p» Ha «s» (WM ¢ «d» Ha «p») MOTYpPOBHU U HA00O-
pOT, OAHAKO HEBO3MOXHBI IMepexoabl 3JEKTPOHOB, HAIpUMeEp, C
«3d» Ha 2> mogypoBHU. B miepBoM ciryyae opOoUTaIbHOE KBAHTO-
BOE UMCJIO HE M3MEHSETCSI, BO BTOPOM M3MeHsIeTCs Ha 2. 3arpeTrsl
Ha oIpeae/icHHBIC DHEPreTUUecKue Iepexodbl B aTOMHOUN (U3MKe
Ha3bIBalOTCS npasuramu omobopa. IlpenacraBieHHOe MpaBUIO OTOO-
pa CBSI3aHO C 3aKOHOM COXpaHEHMSI MOMEHTA MMITYJIbCa U SIBJISIET-
csl aOCOJIIOTHO CTPOTUM, T.€. HUKOTJA HE HapyllaeTcs.

B aTtoMHoO#1 (pu3uKe MOIyT OBITh TaAKME IHEPreTUYEecKue Iepe-
XOIbl, KOTOPEIE B MPUHIIMIIC BO3MOXHBI, HO MaJIOBEPOSITHEI 1 KO-
TOpbIe 3allpellieHbl Hecmposumu npasusamu omoopa. Hanpumep,
BJIEKTPOH, KaK NpPaBUJIO, COXpaHSIET OPHUEHTAIIUI0 COOCTBEHHOTO
MarHMTHOTO MOMEHTAa — CIIWH, WX CITIMHOBOE KBAHTOBOE UYMCIIO,
OIHAKO B IPUHIIMIIC BO3MOXHBI SHEPTeTUUECKUE TIEPEXONbl C U3-
MEHEHUWEM CIIMHA, HO OHU B COTHM ThICSY pa3 MeHee BEPOSITHEHI.
HecMoTpss Ha Manyio BepOSITHOCTb, TaKHME TIEPEeXOIbl OOYCIJIOBIIM-
BalOT JJIMTEJIbHOE COXpaHEHWE aroMaMM OMOMOJIEKYJT BO30YKIEH-
HBIX COCTOSIHUM, M 0e3 HUX He ObLI1o Obl XXM3HU. biaaromaps miu-
TeJIbHOMY (B aTOMHBIX MacIliTabax) CYIIECTBOBAHUIO BO30YXKIEH-
HBIX COCTOSTHUIA BO3MOXHO M (DYHKIIMOHMPOBAHME JIa3€pOB — OJI-
HOM M3 OCHOB COBPEMEHHBIX TEXHOJOTUI (hU3NOoTeparnuu.

Ecnu mepexonm aroMa m3 BO30Y:KIEHHOTO COCTOSIHUSI B OCHOB-
HOE COIPOBOXKAAETCS M3JydeHHEeM Ha CTPOro OIpeleIeHHON IIv-
HE BOJIHBI, TAKOE BO30YXKICHHOE COCTOSIHME Ha3BbIBACTCSI CUHeAem-
HbiM. YPOBHM 3HEPTUU, HA KOTOPBIX U3MEHSIETCS CIIMH 3JIEKTPO-
Ha, HA3BIBAIOTCS MpuniemHuviMu, TaK KaK IIpM HAOIIOACHUU B CH-
JIbHBIA CHEKTPOCKOIT Tepexod M3 BO30YXIEHHOTO TPUIIJIETHOTO
COCTOSTHMSI B OCHOBHOE COOTBETCTBYET TPEM OJIM3KO PACITOJIOKEH-
HBbIM CHEKTpaJIbHbIM JUHUSAM (puc. 2.10).
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Puc. 2.10. CuHmeT-TpuruieTHoe B3aMMOACHCTBHE Tapbl CBOOOMHBIX
OropanuKaioB (a) M €ro JMHAMMWKA B TTIOCTOSSHHOM MarHUTHOM Tione (0).

HenocpencTBeHHBIN Mepexon M3 OCHOBHOTO (S;) CHMHIJIETHOTO
cocrosiHus B TpuiuieTHoe (T) 3ampellieH, oMHAKO C BO30Y>KAEHHO-
ro ypoBHs (S*-ypoBHS) 3JEKTPOH MOXeT mepeiiti Ha T-ypoBeHb
0e3 u3nmydyeHus1 (POTOHA, €CJIUM TPUILJIETHBI YPOBEHbL aroma SIBJISI-
ercst MetactabuwibHbIM. [lockonpky nepexon T—S, 3ampeuieH, To
U DJIEKTPOH MOXET HaXOOWUThCS Ha BO30YXICHHOM YPOBHE HO-
BOJILHO Joiro. Bmecte ¢ Tem 3amper Ha mniepexonm T—S He sIBseT-
cs CTPOTMM U B KOHEUHOM HTOTe 3JICKTPOH IIEPEXOAUT Ha OCHOB-
HOI S -ypoBeHb, a aToM (MOJIEKYJ1a) BO3BPAIAETCS B OCHOBHOE
COCTOSIHME.

Tlepexon atoma ¢ BO30YXAECHHOIO TPUILIETHONO B OCHOBHOE
CHUHIJIETHOE COCTOSIHME COIMPOBOXIACTCSI CMEHOU OpMEeHTAlUUu
CIMHA 3JIeKTpoHa ¢ +1/2 Ha +1/2 1160 HaobopoT. B urore cymmap-
HBII CIIMH aToMa MOXeT M3MeHuThcsd Ha +1, -1 wm 0, T.e. oc-
TaTbCsl B IIPEKHEM COCTOSIHMM, YTO COOTBETCTBYET CHHIJIETHOMY
YPOBHIO, M3MEHEHME MATrHUTHOIO MOMEHTa KOTOPOrO pPaBHO
Hymo. B obiiemM ciydae pa3inMyHble CIIMHOBBIE COCTOSTHUSI HEM30-
SHEPreTUYHBI, TTO3TOMY B CIIEKTPOCKOIC BUAHBI TPU JWHUU, OI-
HAKO BCe TpU MOAYPOBHSI TPUILIETHOIO COCTOSIHUSI aTOMa MOTYT
WMeTb OJHO 3HaueHue BHepruu. Takoe COCTOSIHME Ha3bIBaeTCs
8blpoJiceHHbiM. B MarHUTHOM T1OJie IPOM3OMIET pacllierIeHue
JIaKe CUHIVIETHOTO YPOBHSI M Pa3HOCTb DHEPIUM MEXIy paciiiern-
JICHHBIMM YpPOBHSIMU OyIeT MPONOPLMOHAIbHA WHAYKIUM Mar-
HUTHOTO MoJjisi (00pa3oBaHME 3eeMaHOBCKOIO TPUILIETA):
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o

E=h(u-Au)
E=hu E=h(u+Au)

Puc. 2.11. PaciuenieHye CUHIJIETHOTO 3HEPreTHMYeCKOIro YPOBHSI B Mar-
HUTHOM TIOJIe ¥ 00pa30BaHMe 3¢eMAHOBCKOIO TPUILIETA.

AE = u,gmB,

roe AE — pasHOCTb 3HEPrUM MeXIy paclleIVIEHHbIMU YPOBHSIMU;
W, — MaeHemor bopa — MUHMMaJbHAs BEJIMYMHA OPOUTATIBHOTO
MAarHUTHOIO MOMEHTa 2JEKTPOHA; M — MAcHUMHOe KBAHMOB0Ee
uucno, paBHoe 21+1, rne | — ynmoMuHaeMoe Bblllle OPOMTAIBHOE
KBAHTOBOE YUCIO; g — pakmop Jlande, 3aBUCAILIMI OT B3aUMO-
JEeWCTBUS OpOMTaIbHOIO, MAarHUTHOTO M CIIMHOBOIO KBaHTOBBIX
COCTOSIHMI 3JIEKTpOHA Ha JAHHOM YPOBHE (M3MeHseTcs oT 1 1o
2,06), B — BennunMHa MHIYKIIMM MAarHUTHOTO TTOJIS.

Pacmieryienue ypoBHell SHEPTMM aTOMOB B MArHUTHOM ITOJIE
otkpeiTo I1. 3eemanoM B 1896 r. m HasbiBaeTcs 3(pdexrom 3eema-
Ha (puc. 2.11).

OTMETHM, YTO M3yYeHUEM paCIICIUICHMSI CIIEKTPOB B MarHuUT-
HOM TMoJjle MPOAYKTUBHO M TJIyOOKO 3aHUMAJUCh PYKOBOAMUTE/b
Kadeapel ¢uzuku Mmmepatopckoil BoeHHO-MeIMIIMHCKON aka-
nemuu npodeccop H.I. Eropos u ero accucrent H.H. I'eoprues-
ckuii B KoHle XIX B. O miyOMHE HAyYHOIO YPOBHS MX HCCIEIO-
BaHWI CBUIETEILCTBYET TOT (hakT, YTO Ha Pe3yJbTaTbl MX padoOT
cchlialicsl B cBoeil HoOeneBckoil peun A.T. JlopeHil.

HM3MeHeHUsT SHEpPreTUYeCKUX YpOBHEl aTOMOB CBSI3aHBI C
9JICKTPOHHBIMU TiepexofamMu. B ominume OT HUX MOJIEKYJbl MMe-
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10T ropasfo OoJiee CIOXHBIE, YeM aTOMbl, KOH(MUTYpalUu DJIEKT-
POHHBIX opOuTaneil. B MoyeKynax HeT <«4MCTbIX» aTOMHBIX OpOM-
Tanei s, p, d u f, oHU B3aUMHO BAMSIOT APYT Ha Apyra, M3MeEHss
XapaKTepHYIO ISl OTIENbHBIX aTOMOB CTPYKTYpY M KOHGUrypa-
LI1I0, 00pasysl eubpuoHsie OpoOUTAIN. DHEPreTUUECKNEe YPOBHU MO-
JIEKyJ, TMOoAOOHO aToMaM, COOTBETCTBYIOT IlepexoiaM »BJIEKTPOHOB
C OIHOI TMOpMAHON OpOMTaNM Ha Apyryio. TeM He MeHee, KpoMme
SHEPTUM BJICKTPOHHBIX MEPEXOAOB, JaXe B IIPOCTEUINMX IBYX-
aTOMHBIX MOJIEKYJIaX HMMEIOTCS KoyieOaHUsl Siep OTHOCUTEIbHO
MOJIOXKEHMSI paBHOBECUsI. DHeprusl KojebaHuii LIEHTPOB Macc aro-
MOB B MOJIEKyJie, T.e. B CBSI3aHHOM COCTOSSHMM, KBaHTOBaHa W
MPUHUMAET JUCKPETHBIE 3HAYCHMUS.

KaxmoMy 5HepreTM4ecKoMy YypOBHIO, OCHOBHOMY WU JIIOOOMY
BO30YXIEHHOMY, CBSI3aHHOMY C COCTOSIHMEM 3JICKTPOHOB Ha Op-
OuTalM, COIMYTCTBYEeT LEJbI psl YPOBHEW-CIYTHUKOB, CBsI3aH-
HBIX ¢ KojeOaHueM siiep aTOMOB B Mojsekyine. KpoMe kosebaHmit
OTHOCUTEJIbHO TOJIOXKEHUSI PaBHOBECUS SIIEP aTOMOB, BXOMASIIIMX
B MOJIEKYJy, caMa MOJEKYJla MOXET BpalllaTbcs KakK 11eJ0€ OTHO-
CUTEJIbHO 1IEHTpa Macc. DHEprusl BpalllaTeJIbHOTO, WIA pOTalU-
OHHOTIO, IBVIKEHUS TaKKe KBaHTOBaHA, HO pa3HOCTb BHEpreThye-
CKMX YPOBHEH BpalllaTeIbHOIro ABUXXEHMSI HAMHOTO MEHbIIIE, YeM
Jaxke pa3HOCThb dHeprum kKosedbanuii. Ha puc. 2.12 mpeacraBieHbI
SHEPIeTUYECKUE YPOBHU IIPOCTEHIIEN IBYXaTOMHOM MOJIEKYJIbI.

Kak cneayer u3 puc. 2.12, MOJHYIO 3HEPIUIO0 MOJIEKYJbl MOX-
HO IPeICTaBUTh B BUIE CYMMBI SHEPrUii OTHOCUTEIHLHO HE3aBU-
CHMBIX JABWXKEHUI — ABMDKEHUS 3JIEKTPOHOB, KOJeOaHUi simep U
BpallleH!sI caMOii MOJIEKYJIbI KaK 1IeJIOro:;

E=E +E +E,.

C yyeToM BCEBO3MOXHBLIX KOMOWHAIIMI TEPEXON0B MEXIy KO-
JiebareIbHO-BpalaTeIbHbIMA ~ YPOBHSIMU-CITYTHUKAMU ~ MOJIEKY-
JISIpHBIE CIEKTPbl OyayT HE JIMHEH4YaTbIMM, KaK aTOMHbIE, a T10J0-
caTbiMU. B crnekTpockornax BbICOKOTO pa3pelieHus MOJ0Chl Mpe-
CTaBJISIIOT COOOM HaOop JeXallMx OJM3KO APYr K APYTY JIMHUI,
COOTBETCTBYIOILIMX DHEPreTUYECKUM TepexofaM MeXIy CHUHIJIET-
HeiMU (S) u TpuruieTHeIiMU (T) BO3OYXXIEHHBIMU COCTOSIHUSIMU
ouonornyeckux Mosiekysa. CrenoBaTesibHO, B OMOJOTMYECKUX MO-
JIeKyJaX BEpOSITHbl pa3iM4yHble BHUIbl BO3MOXHBIX TIEPEXOIOB
9JIEKTPOHOB (puc. 2.13).

DHeprusi, COOTBETCTBYIOIIAS IHEPTUU 3JEKTPOHHBIX TEpPeXo-
JIOB MOJIEKYJIbl, TIO MOPSIIKY BeJWyuMHbl paBHa 2—10 3B u coBma-
JAET C IHEPTHeil KBaHTOB YAbTPahUOJIETOBOIO U BUAUMOIO M3JTy-
yeHuil. [lpy 5TOM B yKa3aHHOM IMamna3oOHE pa3HbIEe JIEKTPOHBI,
YUYACTBYIOIIUE B MEXATOMHBIX KOBAJIEHTHBIX CBS35X, HANpUMEp O-
U TI-3JIEKTPOHBI. MMEIOT CYILECTBEHHO DPa3IMyalonIvecs] BeJIYu-
Hbl Pa3HOCTU DHEPTUU MEXTy OCHOBHBIM M BO30YKIEHHBIMU
ypoBHSIMU. Tak, OTBETCTBEHHbIE 3a OIMHAPHbBIE KOBAJEHTHBIC
CBSI3W O-3JIEKTPOHBI, KaK MpPaBUJIO, BO30YXKIAIOTCSI KBAHTAMU KO-
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Puc. 2.12. DHepreTuyeckue ypoBHU MOJEKYJIbI.

Ee' u Ee2 — DBJICKTPOHHEIE (CBSI3aHHBIE ¢ KOH(WIypalnel TMOPMIHBIX opOuTa-
Jeit) ypoBHH 3Heprun, V' u V' — KoseGaTesbHble YPOBHU-CITYTHUKH COOTBETCT-
BYIOIIMX 3JIEKTPOHHBIX 3HEPreTMYecKuX ypoBHeil, R — BpaiarenbHble (poTanu-
OHHBIE) dHepreTHYeckKre YpoBHM. 151 ameKkBaTHOrO MaciiuTaba pacCTOSIHUE MEX-
Iy 3J€KTPOHHBIMU YPOBHSIMU CJI/IyeT yBeIWYUTh B 3—4 pasa.

POTKOBOJIHOBOTO yabTpaduosetoBoro usiaydyeHus: (YPC), Torma
Kak oOpa3syiollye ABONHBIE U TPOMHBIC CBA3U JI-2JEKTPOHBI JETKO
BO30YXXIAlOTCSl KBaHTaMU CPEeIHELTMHHOBOJIHOBOIO yabTpaduro-
sgetoBoro m3nydeHus (YOB u YDA) u gake BUIMMBIM IMANa3o-
HOM wu3nydeHusi. MIMeHHO Onaromapsi COMPSDKEHHBIM JIBOWHBIM
CBSI3SIM B MOJIEKYJax MeJaHMHA M KapoTMHA 3TU BEIIECTBA BOC-
NPUHUMAIOTCS HaMM KakK OKpalleHHble, a He OecuseTHble. Co-
MPsDKEHHbIE JTBOMHBIE CBSI3M SIBISIIOTCS HEOOXOAMMBIM YCIOBUEM
MUTpALIMM SHEPTUU MO OMoMakpoMosiekyiaM. Pa3HOCTh 3HaueHMI
SHEPruyd MEXIy IT0J0COM OCHOBHOTO M HAWMEHBIIEro BO30YyX-
JIEHHOTO COCTOSIHWIA M1 O- W JI-3JIEKTPOHOB MOJIEKYJT C COIps-
JKeHHBIMU JBOMHBIMU CBSI3SIMM ITOKa3aHa Ha puc. 2.14.

DHeprusi KoJiebaTeJIbHbIX YPOBHEH COOTBETCTBYET CpEIHEBOJI-
HOBOMY MH(paKpacHOMY H3JIy4YeHUIO, a BpallaTeJbHbIX YPOB-
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Puc. 2.13. [uarpamMMa OCHOBHOIO M BO3OYXKIEHHBIX SHEPIECTUUECKIX
YPOBHEN OpPraHMYECKUX MOJIEKYJL.

Heli — panpHel mH@pakpacHou (MK)-obmacty criekTtpa M MMK-
POBOJIHOBOMY PaJAMOM3IYYCHUIO.

PasznuyHas rmiyOmMHa IPOHUMKHOBEHUS M3IIYYEHUM OT JaMIl —
COJUTIOKC 1 MuHMHA — 00yC/I0B/IeHAa UMEHHO OCOOEHHOCTBIO MO-
JIEKYJISIPHBIX CIIEKTPOB TorjouieHus. «CHHSS JaMIla», WIA JIaMIia
MuHuHaA, — OAWMH U3 MPOCTBIX, JOCTYIMHBIX U BMECTE C TEM IIOIy-
JISIpHBIX U 3¢ ¢eKTUBHBIX anmapaTtoB (otorepanuu. Komba aMIibl
MuHWHA HM3roToBJIeHa M3 KOOAJTBTOBOTO CTEKJIa, HEIMPO3pPadHOro
JUIST UH(PPaKpacHBIX («TETIOBBIX») JIydeil U OOJbIled 4acTh BUAM-
MOTO M3IIy4eHUS, KpOME CHHEl M (PUOJIeTOBOI O0JacTH CIEKTpa.
KobanbToBoe CTEKIO cuHee OT TOrOo, YTO KpacHOe, XEIToe U 3e-
JIEHOE W3JIydeHWsI OHO IIOIJIOIIaeT, a CUHee IpomyckaeT. Takas
KOHCTPYKILIMSI IIPUBOAMT K TOMY, YTO HEIIOCPEACTBEHHBLIM MCTOY-
aukoM WK-mydeit oT cuHel maMITbl SIBISIETCS HE pacKajeHHas
BOJIb(PpaMoOBasi HUThb, a HarpeTasl OT Hee CTeKIsHHas1 Koji0a. Huth
HakaimBaHus, Harperag no 1500—2000 °C. mmeeT MaKCHMab-
HyIO0 ILUIOTHOCTb DHEPIeTUYECKOM CBETMMOCTM B 00JacTU OVDKHE-
ro mH(GPAKPACHOTO M3IYYECHMST C IJIWHOW BOJMHBI 1,52 MKM.
Konba, Harperast or Hutu Bcero g0 150—200 °C, oCHOBHYIO JOOJIIO
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AWo AW _.:[J:

Puc. 2.14. Pa3HOCTb 3HEprMM MEXIy 30HAMU OCHOBHOIO COCTOSIHUS O-
W JI-3JIEKTPOHOB M BO3OYXKIEHHOTO COCTOSIHUSI OF- M JT*-3J1€KTPOHOB:
AWo u An [Camoiimos B.O., 2004].

SHEPTMM U3JyvyaeT B MH(pPaKpaCHOM Auana3oHe C JJIMHOKW BOJHBI
5—8 MKM. bojee «xomomHOe» M3Iy4eHHE OT KOJIOBI «CHUHEH JiaM-
Ibl» WMEET JJIMHY BOJHBI 6—7 MKM M 00JamaeT B HECKOJIBKO pa3
MEHBbIIEH MPOHUKAIOUIEH CIIOCOOHOCThIO B OMOJIOTMYECKUE TKAHU
M0 CPpaBHEHUWIO C M3IydeHHeM 15—2 MKM M. ITOIJIOIIAsiCh B I10-
BEPXHOCTHBIX CJI0sIX, 3((PeKTuBHEe HarpeBaeT UX, HE MPOHUKAS
myoxe B TKaHM. CyIIecTBEHHOE CHMKEHWE MPOHMKAIOLICH CITO-
COOHOCTU NIMHHOBOJHOBOrOo MK-u3aydeHusT OOBSCHSIETCS TEM.
YTO TaKO€ M3Iy4eHHUE TOIIOIIAeTCs KojaebaTelbHbIMA DHEPreTHU-
YECKMMM TIEpPeXofaMu MOJIEKYJl BOJIBIL.

KBantel 6mxkHero MK-u3imydeHUsT OT JaMIIBbI-COJUTIOKC C MPO-
3payHbIM CTEKJISSHHBIM Oa/UIOHOM IJIyOOKO IIPOHMKAIOT B TKaHMU
BCJICACTBME TOTO, YTO ISl BO3OYXXAECHUSI SJEKTPOHHBIX YPOBHEMU
OHM HEeCyT MaJl0 3HEpruu, HO BMECTe C T€M CYILECTBEHHO OOJIb-
e, yeM TpeOyeTrcsl I BO30YXAEHUSI KOJeOaTeNIbHBIX IEPEXOI0B.
Ecniu xBaHT MMeeT SHEPruio, paBHYIO WIM OJM3KYI0 Pa3sHOCTHU
DHEPIeTUYECKUX COCTOSHUI MOJIEKY/bl (aToMa), OH C BBICOKOI
BEpPOSITHOCTBIO Toryomaercs. Eciau ke sHeprus (oToHa CyllecT-
BEHHO HE COBMAAaeT C DHEPrueil pa3HOCTU COCTOSIHUIA MOJICKYJIbI
(3JIEKTPOHHBIX, KOJiebaTeJIbHBIX, BpalllaTe/lbHbIX), TO BEPOSITHOCTD
MorIoleHus Maja U (GOTOH B3aMMOACKMCTBYET C MOJIEKYJION-MU-
IIEHbIO 0 MEXaHM3MYy YIPYroro COydapeHus, T.. pacCerBaeTCs.
bmvxknuit UK-nuana3oH npospaudeH sl OMOJIOTMYECKUX TKaHEMH,
IIOTOMY 4YTO €r0 KBaHThI YK€ INMPAKTUUECKU He BO30YXKIAIOT 3JIEKT-
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POHHBIX TIEPEXOJ0B, HO BCE K€ €Illeé MMEIOT CJIMIIKOM BBICOKYIO
BHepruio mist 3(PPEeKTUBHOIO BO30OYXKIEHUSI KoJiebaTebHbIX CTe-
MeHeil cBoOoAbl Mojekyd. BcmeacTBue ykazaHHBIX NMPUYMH HUH-
pakpacHoe uanydeHue ¢ MIMHOK BojHBI 800—1500 HM COOTBETCT-
ByeT <«OKHY MpPO3payHOCTU» sl Ouojorndeckux TkaHeir, a MK-
usnydyeHre ¢ aauHoi BoimHbI 6000—7000 HM yxke 3(pdeKTUBHO
MOrJoaeTcss MOJEKYJIaMu BOAbI 3a CUET BO30YXAEHMS Koseba-
TEJIbHBIX SHEPreTUYECKMX YPOBHEIA.

TECTbI

1. TernoBoe U3MyYeHVE MaTE€pUalbHBIX TeJI MPOUCXOAUT 3a CYET:
A. TlepexogoB Mexay 3HEpPreTMYeCKMMM YPOBHSIMM aTOMOB U
MOJIEKYJ/I, BXOMASIIMX B COCTaB JAaHHOIO TeJja.
b. BHyrpenHeii sHeprum gJaHHOTO TeJa.
B. CBoOoaHoli 3HEepruyd AAHHOIO TeJa.

2. AOCONIOTHO YEpHOE TeJIO0 — 3TO TaKOe MaTepHalbHOE TeJlOo, KO-
TOpOE:

A. Bce mapmaromiee Ha Hero M3JIydeHHE TOIIOIIACT M HUYETO HE
HM3JIy4Jaer.

b. Huyero He m3nydaer B BUIMMOM JUaria3oHe CIEKTpa, a W3-
JIy4aeT TOJBKO B MH(PpaKpacHOM IHMaIla30He 3JeKTpoMar-
HUTHBIX BOJIH.

B. Huyero He oTpaxkaeT BO BCEM IMalla30HE 3JIEKTPOMAarHWT-
HBIX W3JTy4EHUM.

3. 3akoH Kwupxroda s TEIJIOBOIO H3IyYEHUSI COCTOUT B TOM.
4TO:

A. OTHOIlIEHWE CHEKTPaJbHOW TUIOTHOCTU DHEPreTU4ecKoi
CBETMMOCTU Tea K €ro MOHOXPOMaTUYeCcKoMy Ko3hduuu-
€HTY TIOIJIOLIEHMSI TP NaHHOW TeMIlepaType W Uil KOHK-
PETHOM IJIMHBI BOJIHbI OJAMHAKOBO Ul BCEX Tell.

b. OtHollleHUe CHEeKTpaJibHONH TUIOTHOCTM 3HEPreTMYecKom
CBETMMOCTU Tela K €ro MOHOXpOMaTWYeckKoMmy Koahduuu-
€HTY TOMIOUIEHUSI TIPSIMO TMPOIMOPLUMOHATBHO YETBEPTOM
CTerneHu aOCOJIIOTHON TemrmepaTyphbl Tela.

B. OTHomleHWe CHeKTpaJibHONW IJIOTHOCTM 3HEpPreTMyeckKom
CBETMMOCTH TeJla K €ro abCONIOTHON TeMIlepaType €CTb KOH-
CTaHTAa.

4, C poctoM aOCOMIOTHOI TeMIlepaTypbl aOCOMIOTHO YEpPHOIO

TeJa:

A. DHepreTnyeckasi CBETMMOCTb Teja YBEJIMYMBACTCS IIPOIOP-
LIMOHAJIbHO a0CONIOTHOM TeMIlepaType, a IUIMHA BOJIHBI IS
MaKCHMMyMa CIEKTPAIbHOM TUIOTHOCTA SHEPreTUYECKOM CBE-
TUMOCTM TeJla yMEHBbIaeTcsl 0oO0paTHO MPOIMOPLMOHAIBHO
YETBEPTOM cTerneHU abCOJIIOTHOU TeMIlepaTyphbl.
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b. DHepreTnyeckass CBETMMOCTb TeJla YBEIMYMBAETCSI IIPOIIOP-
LIMOHAJIbHO YETBEPTOM CTEeNeHU aOCONIOTHOI TeMIlepaTyphl,
a JIJIMHA BOJHBI UISI MaKCHUMyMa CIIEKTpaJbHOM ILTOTHOCTU
SHEPIreTUYECKOM CBETMMOCTM Teja YMEHbIIAeTcsl oOpaTHO
MPOIIOPLIMOHAJIBHO TeMIlepaType.

B. DHepreTuyeckass CBETMMOCTb TeJla YBEJIMYMBAETCS IIPOIIOP-
LIMOHAJIbHO YETBEPTOil CTeleHU aOCOJIIOTHOM TeMIepaTyphl,
a MaKcHUMaJibHasl JJIMHA BOJIHBI TEIUIOBOIO CIEKTpa YMEHb-
1aeTcs o0paTHO IPOIOPLIMOHAILHO a0COJMIOTHOM TeMIlepa-

Type.

5. HpuHL;Ul’lLlafleble OTJIMYMA TEIJIOBOIO M3ITYYCHMA TEI OT UIJIY-
YEHUA OTACJIbHBIX aTOMOB M MOJICKYJ 3aKJIO4YaroTCd B CIIEAYIO-
IeM:

A. TeroBoe M3TydeHWE HATrPeThIX TeJl BO3MOXKHO TOJBKO B MH-
(bpakpacHOM nuama3oHe, a aTOMBI U MOJICKYJIbI MOTYT W3JTy-
YyaTh KBaHThI ((hOTOHBI) BMOMMOIO OWAIAa30HA M B <«XOJOI-
HOM» KOCMMYECKOM ITPOCTPAHCTBE.

B. AToMbI 1 MOJIEKY/IBI M3IIy4arOT OTACIbHBIE KBAHTHI, a TEILIO-
BOE M3JTydeHHWE MMeeT TpoMaaHylo (B KBAaHTOBOM MacIITa0e)
MOIIIHOCTb BCJICACTBME W3JIy4eHUsS] OIPOMHOIO KOJIMYECTBA
KBaHTOB.

B. Cniextpbl M3IMy4eHUsT aTOMOB M MOJICKYJ JIMHeHJaTbie (I10-
JIocaThie), a CIEeKTP TEIUIOBOTO M3IyYECHUS BCEerda CILIOII-
HOM.

6. Ilepexompl MeXay pas3IMYHBIMU 3HEPIETUYECKUMM COCTOSIHUSI-
MH aTOMOB M MOJIEKYJI BO3MOXKHBI:

A. Bcerma, eciii oHM CONPOBOXIAIOTCS U3JIydeHUEM (MOIJIOIIe-
HUeM) KBaHTa C SHEprueli, paBHON pa3HOCTU 3HAYEHUIA CO-
OTBETCTBYIOIIIMX SHEPIEeTUYECKUX YPOBHEW aTOMOB M MOJE-
KYJL.

b. Beerna, eciii oHM COMPOBOXIAIOTCS M3Ty4eHHEM (ITOIJIOLIe-
HMEM) KBaHTa C dHEpPruen, paBHOW pa3HOCTU 3HAYEHUU CO-
OTBETCTBYIOLLIMX 3HEPIeTUYECKUX YPOBHEW aTOMOB M MOJIE-
KyJl, HO pa3pelleHbl NMpA 3TOM CTPOTMUMHU IIPABWIAMU OT-
oopa.

B. Bcernma, eciu oHM paspellieHbl B COOTBETCTBUHM CO CTPOIMMM
MpaBWIaMu OTOOpa, a M3AYYeHUS] U IOMJIOIIEHUS (POTOHOB
MOXeT 1 He ObITh — B BElLECTBE BO3MOXHLI Oe3uziyuament-
Hble TIEPEXOIBI.

7. HpI/IHHI/IHI/IaJ'IbeIe pasimuud MEXOy aTOMHBIMU W MOJICKYJIAP-
HBIMU CIIEKTpaMU COCTOAT B TOM, 4YTO:

A. DHepreTMueckrde ypoOBHM aTOMOB OOYCJOBJIEHBI TOJIBKO CO-
CTOSTHMEM 3JICKTPOHOB HAa Pa3IMYHbIX OpOMTAJISAX, a DHEpre-
TUYECKHWE YPOBHM MOJEKY1 MOOIOJHUTEIBHO OOYCIOBICHbI
KoleOaHUSIMU SIIep aTOMOB M BpalllCHMEM MOJIEKYI Kak
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LIeJIOTO JIMOO BpallleHHMeM OTACIbHBIX TPYIIl BOKPYI KOBa-
JIEHTHBIX O-CBSI3EM.

b. DHepretnyeckue ypoBHU aTOMOB OOYCJIOBJICHBI H10AbKO TIO-
JIOKEHHEM 3JIEKTPOHA Ha OpOMTaIN C OINPEacTICHHBIM IJIaB-
HbIM KBAHTOBBIM YMCJIOM <«JI», a DHEPreTMYECKUE YpPOBHU
MOJIEKYJI 3aBUCSIT OT IIEPEXOIOB JJICKTPOHOB MEXIy MOJe-
KYJSIPHBIMU OPOMTAIIMUA C PA3IAYHBIM TUIIOM TMOpUAM3a-
110078

B. MonekynsipHble CIEKTphl IIPEACTaB/ISIOT COOOM JIMHEHHYIO
CYNEPIO3ULINIO aTOMAPHBIX CIIEKTPOB aTOMOB, BXOISIIHNX B
COCTaB JAaHHON MOJIEKYJBL.

8. HHHTCJ’[LHOC CYIIECCTBOBAaHMC OMOJIOTMYECKUX MOJICKYJI B BO3-

6y}I(IleHHbIX COCTOAHMAX TJIaBHBIM 06pa30M BO3MOXHO BCJICO-
CTBUE:

A. CIIOXHOTO CTpOEHUsI MOJIEKYJISIpHBIX OpOuTaneil W BCiemd-

CTBUE 3TOTO [JIMTEJIbHOTO IIpollecca pesakcaluu BO30YXK-
JEHHOI'O COCTOSIHMS JO OCHOBHOTO.

b. Haauuusi y MoJeKyln TPUIUIETHBIX BO30YKIEHHBIX COCTOSI-
HUI W 3ampeTa IepexoJa B OCHOBHOE COCTOSIHME BCIEACT-
BM€ HECTPOIMX MpPaBWJI OTOOpa.

B. lnmuTenbHOM MUTpallMu 3HEPTUU BO30YXICHHON MOJIEKYJIbI
IO €€ COIPSDKEHHBIM IBOMHBIM CBSI3SIM.

9. HanGonbirass mpo3padyHOCTh OMOJIOTMYECKMX TKAHEH I

OMIKHETo MH(MPAKPaCHOTO M3Iy4eHUs OOYCJIOBJICHA TEM, 4TO:

A. Haunyuime ycioBusl IjI MUTpalldM SHEPIUM BO30YXKICH-
HBIX COCTOSIHMII II10 OMOJOTUYECKMM MaKpOMOJICKYIaM
npuxonarcsa Ha ompkHuih MK-auana3oH.

b. Ilpu B3aumoneiictBuu onmkHero MK-uznyyeHus ¢ BajeHT-
HBIMU BJIEKTPOHAMU JIIOOBIX YIJIEPOACOAECPXKAIIMX BEIIECTB
MMeeT MECTO HU3Kasd BEepOSITHOCTb IOIVIOLIEHUSI KBAaHTOB
omoxHero MK-m3nyyennss —C — C— cBI3sIMU.

B. B crnexkrpe noriomeHWsT MOJEKYJ BoAbl Ha OJVDKHMIA
MK-1uamna3oH NpUXOAUTCS «OKHO IPO3PaYHOCTH».

10. OcHOBHOE pa3ziuuue Je4eOHOro AEHCTBUS JIAMIIBI-COJUIIOKC U

JaMnbl MUHMHA 0OYCJIOBJIEHO:

A. CyliecTBeHHO pa3jIMYHON MOIIHOCTBIO JIAMII.

b. PaznuuueM mIMHBI BOJHBI, Ha KOTOPYIO IIPUXOAUTCS MaK-
CUMYM CIIEKTPAJIbHOM IIJIOTHOCTU SHEPIeTUYECKOU CBETH-
MOCTH KaXXIIO JIaMITHI.

B. HamuuneMm B clieKTpe M3IydeHMs JamIlbl MUHMHA KOMIIO-
HEHTa BUAMMOIO CBeTa CHMHE-(HOJIETOBOIO lIBETA.

OrtBeTnl: 1 -B:2-B:3-A:4-DbB;5-B:6-B; 7 -A:
8 -b; 9-B; 10 - b.
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2.4. TpaHCnopT BeNIeCTB Yepe3 OHOJIOrHYeCKHe
MeMOpaHbI

Ku3zHenesaTeIbHOCTh OpraHu3Ma XapaKTepU3yeTCsl HeIpepbIBHBIM
oOMeHOM »Heprueil, MHdopMaleil U BEIIECTBOM MEXKIY KIIST-
KaMu U OKpyXaromuM Mupom. KapauHaibHBIM YCJIOBUEM OOMe-
Ha BEIIECTB SIBJISIETCSI MX TPaHCIIOPT. B Tipoliecce »BodOLIUUA B
opraHu3zMe chOPMUPOBUINCH pa3IMUHbIE BUIbl TpPaHCIIOpPTa Be-
IIECTB — OT TIpocTtoii auddy3um 10 aKTUBHOIO TpaHCIIOpTa
(puc. 2.15). OHu pasnIMUaloTCsI MEXIy COOOil 110 BEJIWYMHE CBO-
OomHOI »Hepruu, oOecHeyrBalolIei IepeMellleHue Pa3IndHbIX
BellecTB: auddy3uss MpoTeKaeT C BblICJIEHUEM BSHEpPruu, a ak-
TUBHBII TPaHCIIOPT — C ee 3arpaTtaMu. IIpu pasmauuyHbBIX 3a00Jie-
BaHMUsSIX 4YeJloBeKa CYIIECTBYIOT YHMBEpCAIbHbIE MEXaHU3MbI Ta-
TOJIOTUM KJIETOYHBIX MeMOpaH W BUIbl HapylIeHUI TpaHCIIOpTa
BEIIIECTB Yepe3 HUX.

MaccuBHbLIM TpaHCMOPT AKTUBHbBIV TPAHCNOPT

Audpepyaus KorparcnopT
TpaHcnopTHaa AT®aza |
Mopa | Kawan |CMMNOPT|AHTUNOPT, pEncop
3| E3
) i = -
— 2 - | i)
—% 3 |
3 | E
] SneKIpD- N&'K=2Cr| CI-HCO3 Ca*--Ma**
HenTpank- ket g
Hbl X | C!“CI-
K=CI" | N&-H ‘
K4Z4= K:Z; Na'-ClI” r K=H" |
' ] ]
| e gsle : oz ] =
<JNEKTPO- | INa™-Ca™" [ AINa™- 2K
réHHbiv H-Ca | Ca"- I
Na' K CI'f{Na. K CI © - |
l"\;Z'IK_:Z‘- | |
| |

Puc. 2.15. PaznuuHble BWIbI TPaHCIIOPTA BELIECTB Yepe3 OMOJIOTMYEeCKUe
MeMOpaHHI.
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2.4.1. IIpocraa nudpy3us

duddy3us — oauH u3 Haubojee pacnpoCTpaHEHHBIX IS Ouojo-
rud GU3UIECKUX MPOIECCOB, UMEIONIUN KapAWHaJIbHOE 3HAYEHUE
o obecrieyeHUs XKU3HeNesATeNbHOCTU. JIpiIxaHWe U TUTaHUEe
KJeTKH, TocTyluieHue B Hee CaxapoB, XUPHBIX KHUCJIOT, aMUHO-
KUCJIOT, KUCJIOpOda U BbIIEJIE€HUE MOYEBUHBI, MOJOYHOU KHUCIO-
ThI, YIJIEKUCJIOTO ra3za U APYrux CcyOCTpaToB U IPOAYKTOB MeTabo-
JIu3Ma TpPOTEeKaloT MO MeXaHusMy Ipoctoit auddysuu. duddy-
31Usl — YHUBEPCAIbHBIN Tpolecc, KOTOPbIA MPOUCXOAUT MpU He-
PaBHOBECHOM paclpelejeHUM BellecTBa B MPOCTPAHCTBE U
HeHyJeBoil abcofoTHOI TeMmepaTtype. OHa Takxe sIBJsieTCs Tpo-
CTEUIIMM TpoleccoM, Osaromapsi KOTOPOMY OCYLIECTBISETCS Me-
peHoc »Heprum (MaccoIlepeHocC).

MHTYyUTUBHO MOHSTHO, YTO €CIMU CYUIECTBYET Pa3HOCTb KOH-
LIEHTpalMu Kakoro-jiubo BellecTBa B JABYX OO0JacTSIX MPOCTPaHCT-
Ba BHE JEUCTBUS CTOPOHHUX TEPMOAMHAMMUYECKUX CHUJ. TO Oiaro-
JIapsi TEIJIOBOMY IBWXEHUIO MOJIEKYJ ero KOHIIEHTpallusl paHo
WJIM MO3IHO BbIpaBHUBaeTcs. PaBHOMepHoOe pacnpeneieHue KOH-
LIEHTpalluu OTBeYaeT MaKCUMYMY SHTPOINUM, TMOI3TOMY Aubdy3us
SIBJISIETCSL CaMOTIPOU3BOJIbHBIM TpolieccoM. UM XOTS 3aKOHBI Tep-
MOJAWHAMUKMU TIPENCKa3bIBalOT HEM30EXHOCTh NUbdy3umn, OaAHAKO
HE TMO3BOJSIOT OUEHUTH €€ KUHemuky, T.e. CKOPOCTb 3TOTO IpO-
ecca.

Paccmorprm mnddysmio Ha MonekyiasipHoM ypoBHe. [lycte Bmormb
ocl X M3MEHSITCs] KOHLEHTpalMsi HeKOToporo Belectsa. B touke X
MPOBEAEM TUIOCKOCTh, TMEPIEHANKYISIPHYI0 ocM X. a TakkKe IpoBeIeM
napauieibHble TJIOCKOCTH ClieBa U CIpaBa OT TOUKM X, U OTCTOSILLIME OT
Hee Ha pacCTOSIHUU CBOOOIHOrO Ipodera Mojekyibl (puc. 2.16).

II1oTHOCTh TIOTOKA YacTHI (YMCIIO YACTHII, MPOXOMSIIUX B COUHUILY
BpEMEHHU 4Yepe3 eOUHUILY IUIOIIaar) TaKoBa:

J=dN/dt*1/s=(C*S*V*dt)/(dt*S)=c *v,
cieBa HampaBo (B TMOJOXMTENbHOM HAaNpaBleHUM) Yepe3 IUIOCKOCTh X,
OHa OyzleT paBHa:
X, =1/6 *c(X)*v,

e ¢(X,) — 4YncIIo YacTUll B eAMHHLE oObeMa B KoopauHare X,, V —
CpenHssl KBagpaTUUecKas CKOPOCTh OBVKEHMS 4acTwll, 1/6 — Koaddu-
LIMEHT, OIpeHe/sSIeMblid BEPOSITHOCTBIO IIOJIOXXUTEIBHOTO  JIBMKCHUS

v

Puc. 2.16. Dupdy3us de-
pe3 cinoit X, — X,. paBHBIA
JIBYM CBOOOIHBIM TIpo0e-
raM MOJIeKYJbI 1.
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Png. 2.17. Mogenb u ¢opmyna npoctoro dochonunuaa [Haggis A.,
1965].

(1/2) Bnosmb oiHOM 13 Tpex paBHOBEpOsITHBIX KoopauHart (1/3). Utoro: 1/6 =
=1/2*1/3.I110THOCTb TMOTOKA Yepe3 IUIOCKOCTb X, ChpaBa HalieBo Oy-
ner JX, = -1/6%c*(X,)*v. CymMmMapHBIif TTOTOK 4epe3 IJIOCKOCTh X, Oymer
X, + IX, =1/6%v¥[c(X,) - c(X,)]. U3 puc. 2.16 crenyer, uto X, = X, - 1,
a X, = X, + 1. BcnoMHum dusnueckuil cmoicn auddepeHunana — Mpu-
pamieHuss GYHKIIMM — KaK TIPOU3BENECHUSI TIPOM3BOMHOM Ha TIpupa-
IeHre apryMeHTa. Torga cyMMapHbIi TOTOK 3amuiiercsi Kak J(obmr) =
= -(1/6)*v¥[c(x + 1) - c(x -1)] = -(1/6)*V*(dc/dx)*2*], unu, B urtore:

J(o6my) =-(1/3)*v*1/(dc/dx), npu x = X,. [2.30]

CnenoBaTelbHO, TUIOTHOCTH ITOTOKA 4YacTWIl TPOTOPIMOHAIbHA Be-
mmanHe dc/dX — epaduenmy Konyermpayuu.

VYpaBHenue auddysun [2.30] — ypaBHeHue Puka — uUMeeT
CIeAyIoIni MpeoOdpa3oBaHHbBIN BUIT:

J=-D(dc/dx),

rmie D =(1/3)*v*]— xoaddunuent aubddysuu, V — cpeaHss
KBaJpaTu4yHasi CKOpOCTb, | — JgiauHa cBOOOJHOro mpobera MoJie-
KYJIBL.

VYpaBHeHnre Puka oTpakaeT IPOIECCH B OXHOPOIHON Cpere.
*IIpu nuddy3nn yepes3 MoCHoiHbIE TIperpaabl, HaIpUMep OUOJIO-
rMYecKre MeMOpaHbl, OCHOBY KOTOPbBIX COCTABJISIET JBOMHOM CJIOM
dochonununos (puc. 2.17), ypaBHeHue [2.30] yclioxHsIeTCS.

Paccmorpum nuddysuio BelecTBa yepe3 OMOJOTMIECKYI0 MEM-
OpaHy, ¢ 00enX CTOPOH KOTOPOI HAXOAUTCS BOAHBINA pacTBOp AUd-
(¢yHaupyroiiero Beiectsa. BceiienctBue HEOAMHAKOBOW PacTBOPU-
MOCTU BelleCTBa B 6ode U ¢hocgho.uunudnom Oucioe, Ha TpPaHULIE
MeMOpaHBI OyneT HaOMoAaThCsl CKAYOKKOHIeHTpauu (puc. 2.18).

Tak xak cponctBo mMpPYHAMPYIOLIETO BEllleCTBA K BOAE OIU-
HAKOBO IJI1 HApy:KHOTO M BHYTPEHHETO BOAHBLIX PacTBOPOB, a K
dochomunumaM OIMHAKOBO Ha 00EMX CTOpPOHAX MeMOpaHbI, TO
co0omaeTcss MPOHOPIIUS:
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Puc. 2.18. Pacmnpenenenue
KOHILIEHTpauun 1udbyHII-
PYIOILIETO 4Yepe3 MeMOpaHy
ruapoGoOHOTO BEIIECTBA.

C,, — KOHLEHTpALWsi CHapy-
ki B BogHOM cpene. C,, —
— Ppa3HOCTb KOHLIEHTpa- 5
LMK BellecTBa B MeMOpaHe y
HApY>XHOW UM BHYTPEHHEW IO-
BEPXHOCTU  COOTBETCTBEHHO.
Ce — KOHLICHTDALMS C BHYT-
pEHHEil CTOPOHbI MEMOpaHbl B '
BOJIHOM cpefe. | %

MH Cus r
MH 2 =K, 2.31
= [2.31]

Alo

rie K — KoaddunmueHT pacnpeneacHus.

C omnpeneieHHON CTEIEeHbIO IIPAaBIONOA00MS MOXHO JOITyC-
TUTh, YTO KOHIICHTpALMs BeIlleCTBa B MeMOpaHe yObIBaeT JIMHEI-
HO, MO3TOMY TIpaaueHT KOHIeHTpauuu dc/dXx BO3MOXHO 3aMe-
HUTh Pa3HOCTBHIO KOHIICHTPALIMII Ha KOHIIAX MeMOpaHbI, OTHECEH-
HOM K €€ TOJILIUHE.

Torna ypaBHeHue auddy3un [2.30] MOXHO MOpeacTaBUThL B
CJIeyIoOlIEM BUJIE:

J=-D(C,,- Cp)/L

[TockosIbKy M3MepsATh KOHILIEHTPAIlMKM TOpa3mo Ipolle B pac-
TBOpax, a He B caMOil MeMOpaHe, TO TOC/Ie[Hee ypaBHEHUE YI00-
HO TIPEICTaBUTh CIICAYIOIIUM 00pa3oM:

J =-D*K/I(C,,- C,,). [2.32]

Bemmuuna D * K/I Ha3pIBaeTcsl npoHuuaemocmoto MEeMOpPaHEL.
3HayeHne Koad¢UUMEeHTa pachpeleeHUsT OKa3bIBaeT CYIIECT-
BEHHOE BJIMSHME Ha IPOHUIIAEMOCTh OMOJIOIMYECKMX MeMOpaH
MpY Pa3INYHOU TeMIlepaType.

B omHOpOmHOI cpele INIOTHOCTh MOTOKAa JIuPPYHIUPYIO-
ILIEr0 BeIIeCTBA 3aBUCUT OT TeMIIepaTypbl HE3HAYMUTEJbHO (Bce-
ro B crenenu3/2),Tak Kak CpeaHsisl KBaapaTUdecKasi CKOPOCTb V =
= \/3kT/m, Bxoasas B koadduiueHt auddysuu D = (1/3)*v*1,
3aBUCUT OT aOCOJIIOTHOM TeMmepaTypbl B cTeleHu 1/2, a mauHa
CBOOOJHOTO mpobera MpsAMO IIPOMNOPLMOHAIBHA TeMIIepaType.
OnHako BCJEACTBUE PA3IMYHOTO CpoiacTBa AU dyHAMpPYIOLIEro
BEILIECTBA K BOAHOMY U JIMITMIHOMY PAaCTBOPUTENISIM 3HAYEHUE Be-
JIMYUHBI KoadduumueHTa pacrpeneneHuss meMopanbl (K) nmomguu-
HsieTcs pacripeaesieHrio bonbumaHa:

K = exp(y, - w)/KT,



e W, - W, — Pa3sHOCTb XMMUYECKMX IMOTEHIMAJIOB PAaCTBOPUMO-
¢ nPyHAUPYIONIEro BemlecTBa B Boje W (pochormmnumax.

CnenoBaresibHO, JIOKQJIbHOE HarpeBaHUE BCErO0 Ha EOWHUIIbI
rpamycoB IMpH yciaoBuu, 4to (U, - W) > kT, crnocoOHO M3MEHUThb
notoku anddy3nnu depe3 HocPOIMIUIHBIE MEeMOpaHbI 10 JECST-
KOB MpPOLIEHTOB!

MmMeHHO 00OBEMHBI M JIOKAJIbHBIA HarpeB TKaHeil ITOCpeacT-
BOM JIeUeOHBIX (pU3MUECKUX (paKTOPOB, IIPUBOMSIIIMKN K aKTHBa-
MM psAa MeTabOoJIMYECKUX IIPOIIECCOB, BO MHOTOM OOYCJIOBJIEH
MOBBIIIEHNEM MHTEHCUBHOCTH IU(P(PY3NOHHBIX ITIOTOKOB IJIIOKO-
3bl, aMMHOKUCJIOT, a TaKKe KHMCJIOpoJa M yIIeKUcJIoro rasza. Tax.
HaIlpuMep, IpU BO3AECUCTBUU 3JeKTpuueckoro noast YBY makcu-
MajibHO€ BBbIIEJIEHUE TeIula IPOUCXOAUT B  (hochoaunumaHom
¢dpakumm, a He B BomHo#. CiemoBaTebHO, IIPM CyMMAapHOM Ha-
rpeBe TKaHeil Ha 1 °C joKaJdbHBIA HarpeB MEMOpaH MOXET OBITh
CYIIECTBEHHO BBIIIIE, TaK KAaK 3TO ITOBBIIIAET CKOPOCTh Iupdy3uu
Ha 5—7 %. Kpome TpaHCTIOPTHOI, MeMOpaHbI BBIMOJHSIOT U JIPY-
rue ¢pyHKUuK. Jlokanm3oBaHHbIE B HUX (PEPMEHTHI IIpM IEHCTBUM
aniekTpudyeckoro moist YBYU Takke HecnmenMUUYHO MOBBIIIAIOT
aKTMBHOCTh Ha JECSITKM IIPOLIEHTOB. BO3MOXHO, TerioBoe BO3-
JIEMCTBUE BBICOKOYACTOTHBIX BJCKTPUYECKUX TOJIe CIOCOOHO aK-
THBUPOBATh He TOJBKO mudp¢y3uto, HO U (pepMEHTATUBHEBIE peak-
LIMM, TIpOTeKalollue B KJIeTKaXx opraHu3ma.

2.4.2. Ilepenoc CBODOIHOI SHEPrHM NPH OCMOCE.
YpaBuenue Teopesia

Huddys3us saBasieTcss MEXaHM3MOM HE TOJBKO MaccollepeHoca, HO
U MepeHoca CBOOOMTHOW 3Hepruu 4yepe3 OMOJIOTMYecKre MeMOpa-
Hbl. IS MOSICHEHUsI 3TOr0 BOCIIOJb3yeMcsl ypaBHeHueM BaHT-
T'odda m1g 0ocMOTMYECKOTO TaBIICHUS:

p=c*R*T,

IIe ¢ — MOJIsIpHasl KOHIeHTpalusl, R — yHuBepcanabHas razoBas
nocrosiHHas, T — aOcoJjioTHasl TeMmIieparypa.
Torma smemeHTapHas paboTa CWI OCMOTHYECKOTO HABJICHUS

OygeT paBHa:
A= NRTIn(C,/C,). [2.33]

Ecmu ypaBHeHue [2.33] paccMoTpeTh mist 1 Mojsl BellecTBa, TO MpH
€ro nepeHoce M3 00MacT ¢ KOHLEHTpauuen ¢ (¢, >c,) B 00J1acTb ¢ KOH-
LIEHTPaLMeN ¢, BBICBOOOXIAETCA 3HEPrHs (KOTOPYHd MOXHO NPEBPAaTUThH
B paboTy):

AG = KT(Inc, - Inc,).
Ee rpanveHT Ha yyacTke X, — X, MM€eT BUL:
dG/dx = RTd(Inc)/dx = RT(1/c)dc/dx. [2.34]

78

Boipaxkast rpagueHT KoHuUeHTpauun dc/dx u3 ypaBHeHust ®Puka, 1mo-
JIy4aeM:

J = -D*dc/dx, otkyma -J/D = dc/dx.
IToacrapnsst BbIpakeHHBIA 4epe3 MOTOK TpaaueHT KOHLEHTpaluuu B
[2.34], momyummM:
dG/dx= RT(1/c)(-J/D).
M3 nocnenHero ypaBHeHMS! BbIpa3uM MOTOK J:
= -D/(RT)* c*(dG/dx). [2.35]

Bemnuuna D/(RT) HasbIBaeTcsl nodsudcHocmbo 1 0003HAYAET-
cs1 OykBoii «u». CremoBaTebHO, TTOTOK BEIIIECTBa MPSIMO TTPOTIOP-
LIMOHAJILHO 3aBMCUT OT I'paJMeHTa CBOOOMHOI 3HEpPryM:

J = —uc(dG/dx).

C y4eroM TOro 4ro CBOOOMHAsI SHEPIHWS OOHOIO MOJSI Ha3bIBa-
eTCS Xumuyeckum nomeHyuansom, ypaBHeHUe [2.35] mpmHMMaeT

BUI;
J = -uc(du/dx).

IIpu mepeHoce 3apsLKEHHBIX YacTHUIl B 3JIEKTPUYECKOM II0JIe
XUMMWYECKUI MOTEHIIMA 3aMEHSIETCS I1eKMPOXUMULECKUM U YPaB-
HeHue [2.35] mpuoOpeTaeT BUI:

J = —uc(dp*/dx). [2.36]

e u* — 3JeKTPOXMMMUYSCKMI ITOTeHIIMA.

B Takom Buae ypaBHeHue [2.36] ObL1O BhIBemeHO B 1954 T.
T. TeopemreM u HocuT ero uMs. OHO CBSI3BIBAET MOTOK IEPEHO-
CHMMOTO C MOMOIILI0 AUMdY3UnM BellecTBa ¢ TPAgUEHTOM CBOOO/I-
HOW 3HEpPTUU.

2.4.3. Conpsokennblii TpaHcnopr. YpasHenme Hepucra—ILianka

DNEeKTPOXUMUYCCKII TIOTCHLIMAA 3apsDKeHHOrO BellecTBa Ha
MeMOpaHe Mpy HaJIWYMKM Ha HEW TpaJAMeHTOB KOHIEHTpallud U
MOTeHIMAajla, KpoMe KOHLEHTpallMOHHOro wieHa [2.36]. momoi-
HSETCS BJICKTPOCTATUYECKMM M IIPUHMMAET BUI;

u*= RTInc + zF(9,-9)). [2.37]
IIe Z — BaJIeHTHOCTh MOHa, F — uyuncio ®apanest (3apsim 0gHOIO
MOJISI JIEKTPOHOB), @,-(, — PA3HOCTb NMOTEHLIMAIOB Ha MeMOpa-

He.
IponnddepenunpoBaB ypaBHeHue [2.37] mo KoopauHaTe, MbI
MOXEM OIIPEACINTb TPAIUCHT CBOOOMHON SHEPTHM:

du*/dx = RT(1/c)dc/dx + z*F*dg/dx. [2381
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INoncraBnas BelpaxkeHue [2.38] B ypaBHeHme Teopemwta [2.36]
¢ yuetoM u = D/RT, noayyum ypaBHeHUE UId ITOTOKA BelECTBa:

J=-D*dc/dx-u*c*z*F*dp/dx.

YMHOXMB 1 TIOIE/MB TocienHee BoipakeHue Ha KIT, momyuum
TpaaMUMOHHBIA BUA ypaBHeHus1 HepHcTa—IlnaHka:

J = -u*R*T*dc/dx -u*c*z*F*dp/dx. [2.39]

VpaBHenne Hepncra — IlnaHKa HamISIAHO IEMOHCTPHUPYET
3aBMCHMOCTb ITOTOKA BEILECTBA OT I'PaIMEHTOB KOHIEHTpaUUW U
MOTEHIIMAIAa 3JIEKTPUYECKOTOo IIOJSI M JOIyCKaeT BO3MOXHOCTb
JIBUKEHUSI MOHOB 4yepe3 MeMOpaHy npomue 00H020 U3 epadueH-
mog! HammpuMep, npu pemnoisipu3aliii HEMPOHOB U KapIHMOMMO-
LIMTOB MOHBI Kajus ABWXKYTCS IPOTUB CUJI 3JIEKTPOCTATHYECKOTO
B3aMMOJCIHCTBHS, TaK KaK B OIpPEAECHHBIX YCJIOBUSIX KOHIIEHT-
PallMOHHBINA TpamgUeHT «CWIbHee». [Ipu Jenoysipu3alii MOHBI
HATpUSI TIPOXOAST B LUTOIDIA3My II0 CYMMapHOMY TpaaudeHTy
KOHIICHTpAallMX M TOTeHLMaaa, IpU peroysipu3allii KaJluil BbI-
XOIUT TI0 TPAAMEHTY KOHIIEHTPAllMKM, HO IPOTUB TpagveHTa II0-
TEHIIMaja.

2.4.4. Obneryennas nucdys3us

Kupasi kieTka HyXmaeTcss B ITOCTOSHHOM TIOCTYIUIEHUM ITWTa-
TEJIbHBIX BEIEeCTB — MpOCThbIX CaxapoB M aMUHOKHUCIIOT, KOTOpPbIE
SIBJISIIOTCSI TUAPOMMIBHBIMU U, CJIeNOBaTeIbHO, 00JamaloT TJIOXOH
MPOHMUILIAEMOCThIO uepe3 dochoaunuaHbie MeMOpaHbl. Kpowme
TOTO, KOHIEHTPAIIMSI 3TUX BEIIECTB BO BHEKJIETOYHOM XKMIKOCTH
COCTaBJISIET BCETO HECKOJbKO MWIIMMOJbL Ha 1 JI, TO3TOMY TpaHC-
MeMOpaHHBII TPamTUeHT TMUTATeJbHBIX BEIECTB HeBeJWK. Bcrienm-
CTBME TEpPEUYMCIEHHBIX MPUUYMH TOTOK CaxapoB M aMUHOKMCIIOT B
KJIETKY, TIPOMCXOMSIIMIA TI0 MeXaHu3My IpocToii mauddys3uu,
KpaiiHe HEBEJIWK M COBEPIICHHO HEMOCTaTOUYEH IS TOMIepKaHUS
JOJDKHOTO YPOBHSI MeTabOJM3Ma KIJIETKHU.

Caxapa 1 aMWHOKMCJIOTBI TTOCTYMAlOT B KJIETKY IJIaBHBIM 0Opa-
30M He BCJIEACTBUE IIPpOCTOil Auddy3uu, a Mo MeXaHU3My olaee-
uenHoll ouggy3zuu. CyTb MEXaHM3Ma COCTOUT B TOM. UTO BEIIECTBO
MOXET COEIMHSITLCS C OCO0O MOJIEKYJION TMepeHOCUYMKOM, Tpem-
CTaBJISIIONIMM COOOM MeMOpaHHBIN 0€IOK, MOABMXKHOCTH KOTOPO-
ro B MeMOpaHe 3HAYWTEJbHO BbIllE MOABMKHOCTM CaMOIo Iepe-
HOCHMMOTO BelllecTBa. B OONBIIMHCTBE ClydaeB TMEPEHOCYMK CO-
ENUHSIETCS HEe TOJBKO C TPAHCIOPTUPYEMBIM BELIECTBOM, HO M C
MOHOM HaTpusi. B MTOre KOMILIEKC «TpaHCIIOPTUPYEMOE BEILECT-
BO — TMEPEHOCUYMK — HaTpuii» HE TOJbKO 00JIalaeT BbICOKOHN MO-
JIBUXKHOCTBIO B MeMOpaHe, HO M TIOABEpraercsl NEHCTBUIO OOJb-
1IOTO TpaHCMEMOpPaHHOTO HATPUEBOTO TpaaueHTa, OOYCIOBJICH-
HOTO Pa3HOCTbIO BHYTPU- M BHEKJIETOYHOW KOHIICHTpAIIMU HaT-
pusi BeauyuHoi okojio 100 MMoJb/J.

80

Takum 00Opa3oM, CKOPOCTb TpaHCMEMOPaHHOIO IOTOKa Bellle-
CTBa 110 MeXaHu3My oOJerdyeHHou AUdQy3ur 3aBUCUT HE TOJBKO
OT IpaJMeHTa KOHIEHTPAUUU IIIOKO3bl M1 aMUHOKUCIOT, HO U OT
KOHIEHTpAllUM MEePeHOCYMKA, KOHCTAHT B3aMMOACIHCTBUS IIepe-
HOCHMOTO BelllecTBa M IepeHocuuka. [Ipy M30BITKe IMUTaTEIbHBIX
BEILIECTB BO BHEKJIETOYHOM XXMIKOCTH, KOIJAa BCE IEPEHOCUYUKU
3aHATHI, CKOPOCTh OOjerdyeHHou auc@y3uyd AOCTUTaeT HACIILE-
HUSI M TIPaKTUYECKW HEe 3aBUCUT OT JaJbHEHUIIEr0 YBEJIMUEHMS
rpagveHTa KOHILICHTpalUU. 3aKOHOMEPHOCTM KMHETHKHU OOJIer-
yeHHON mmddy3um coBmagaloT ¢ KMHETUKOM IpocTelmmx dep-
MEHTATUBHBLIX peaKlMii, OMUCHIBAEMBIX YpaBHEHMEM Muxasiau-
ca—MenreH. JlaHHOe KMHETMYECKOE YpaBHEHUE [IJII CKOPOCTU
obOneryeHHON TUPPy3un B 3aBUCUMOCTU OT KOHIIEHTpalUuu aud-
(byHaupyoIIero BelIecTBa CHApPY:KM MeMOpaHbl MMEET BUI:

I: Imax*ce/(ce + I<m)'

rne I — muotHocTh moTtoka auddyHanpyomero sewecrsa, [ —
MakKCMMajbHas IUIOTHOCTh IIOTOKA BEIECTBa 4Yepe3 MeMOpaHy,
C, — KOHULEHTpauusi TPaHCIOPTUPYEMOIO BEILECTBA CHAPYXHU
memOpaHbl, K — KoHCTaHTa Muxasnuca, KOTOpas 4YMCIEHHO
paBHA TaKOll KOHIEHTPALlMM BEILECTBA CHApYXu MeMOpaHBI, IIpU
KOTOpO# IIJIOTHOCTh MoToka I gocturaer 50 % oT MakcUMaIbHOR
wiotHoct [ . Yem MeHblIe 3HaueHMEe KOHCTaHThl Mwuxasnuca,

TEM BbIIIE CPOACTBO BCHIECTBA K IEPECHOCUUKY.

PaccMoTpuM KMHETHMKY MepeHOoca BELIECTBA, TPAHCIIOPTUPYEMOIO
yepe3 IUIa3MaTUYECKYI0 MeMOpaHy I0 MeXaHu3My objerdeHHoi audady-
3um. Ilycte C, — KOHUEHTpauus BELIECTBA (HAIpUMEpP, IIIOKO3bl) BO
BHEKJIETOYHOI cpene, C, — KOHLEHTpaLMsl TOIO Xe€ BELIECTBA BHYTPU

ietk, dC,/dt = C, — IUIOTHOCTb MOTOKAa BELIECTBA Yepe3 HapyXHYIO
[}

nosepxHocTb MeMbpaHbl, dC/dt = C, — TUIOTHOCTb MOTOKAa BEILECTBA

yepe3 BHYTPEHHIOIO IOBEPXHOCTh MeMOpaHbl. KoHueHTpaiumo cBoOOI-

HBbIX MOJIEKYJISIPHBIX TNEPEHOCUMKOB B MeMOpaHe o0Oo3HauuMm II, KoH-

LIEHTPaALXIO MePEHOCYMKOB, CBSI3aHHBIX C TPAHCIOPTUPYEMbIM CyOCTpa-

ToM, ob6o3HauuM IICK — «mepeHOCUMK — CyOCTpaTHBI KOMILJIEKC».

CootserctBeHHO IT 1 ITCK — npousBoaHbIE 110 BpeMEHU WM CKOPOCTU
W3MEHEHUS KOHIIEHTPAW YKa3aHHBIX BEIIECTB. B cocTosTHMM nuHaMu-
YecKOoro paBHOBecUsl peakliuu cuHTe3a M pacnaga [ICK moxHo npen-
CTaBUTb B CJIEAYIOLIEM BUIE:

G =" NEK —8 5 114G,

3neck k, k,, k, — KOHCTaHTBI CKOPOCTEil COOTBETCTBYIOLIMX IIpSi-
MBIX M OOpaTHBIX peakumii. O6parHoi peakumeir oopazoBanus I1CK Ha
BHYTPEHHE! CTOpOHE MeMOpaHbl ¢ KOHCTaHTOM K, BClencTBue ee Hu-
YTOXXHOTO BKJIaJa MBI IIpeHeOperaeM: Ha BHYTpPEHHEH CTOpOHE MeMOpa-
HbI TIEPEHOCUYMK-CYOCTPaTHBIN KOMITIEKC pacragaeTcs MPaKTUUeCKU He-
obpaTumo.
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CucreMa KMHETMUYECKUX YPaBHEHWI JUISI KOHLIEHTpaluii cybcrpara
BHYIPM M CHApyXWM KIETKM, a TakXe i1 KOHLEHTpaluu IepeHOC-
YUK-CYOCTPaTHOTO KOMILIEKCAa BHYTpU MeMOpaHbI MPUMET BUI:

|C, = —k,-C,-TI + k., -TICK;
{TICK = k;-C,-IT - k ;- TICK - k;-TICK; [2.40]
|C; = k,-ICK = —C,.

IIpu HaxoxnmeHUU perieHUsT cucteMbl Wi KoHueHTpauuu [TCK Boc-
MOJIb3YEeMCSI OYEBUIHBIM YCJIIOBUEM: CyMMapHasl KOHLIEHTpalus CBOOOI-
HbIX TIEPEHOCYMKOB M IIE€PEHOCUYMK-CYOCTPATHBIX KOMILIEKCOB («3a-
HSTBIX» TIEPEHOCUYMKOB) €CTh BelmumHa moctostHHas, T.e. I1 + TICK =
= E (const). U3 nanHoro ycioBusi uckinouuMm mnepemeHnyio I1: I1 = E -
- IICK. B stoMm ciyyae BTopoe ypaBHeHUE cucTeMbl [2.40] mpuUMeT BUI:

MCK = k,-C,-(E - NCK) - k.-TICK - k,-TICK.
B CTalMOHApHOM COCTOsIHUM CKOPOCTb I/ISMCHCH}/IH KOHIECHTpalunumn

IepEHOCYNK-CyocTpaTHOrOo KoMiurekca pasHa Hymo: [ICK = 0, ciaenosa-
TEJIbHO, BMECTO pelleHust auddepeHIMaIbHOIO YpaBHEHUSI OCTaeTCs
HalTH pellleHHe TOJBKO allre0pandecKoro ypaBHEHUSI:

k*C, *E - k,*C *IICK - k *IICK - k,*IICK = 0.
Ilocne mepeHoca B MpaByld YacTh BCeX YICHOB C OTPUIIATETbHBIM
3HAKOM M BbIHECEHMEM 32 CKOOKM OOILEro MHOXUTENIS TMOTyYUM:
k*C*E =TICK (k,*C, + k, + k,).
CnenoBaTesibHO, B CTAallMOHAPHOM COCTOSIHMM KOHIEHTpalus Tepe-
HOCUYMK-CYOCTpAaTHOTO KOMILIeKca Oyner:

‘_7-_

[CK - 3T
G Ce + Ky

e

Hocjie BBIHECEHUs 3a CKOOKM B 3HaMeHatese k, Mmoaydmm:
_ K, L -E _ ki C, ‘E [2.41]
k;-C.+k,;+k; Kk (C.+(k,;+ k,)/k,

[CK

[110THOCTH TIOTOKAa BEIIECTBA BHYTPh KIIETKHM, COIJIACHO TPETHEMY
L]
YPaBHEHMIO cUCTeMBI, npenacTasieHa BolpaxeHueM: C, = k, TICK. a
CTallMOHAPHOTO COCTOSIHMS, ToacTtaBuB 3HadeHue mist [ICK uz [2.41],
OKOHYATEJIbHO MOJIyYymM*
-
! k,-E-C,
( = — — ".-—.
C. + (k) + ka/k,
IMockonbky 3HaueHue «E» — 3T0 cyMMapHass KOHLIEHTpaLUsl 3aHs-
ThIX U CBOOOMHBIX IEPEHOCUMKOB, TO IIO CMBICIY TPETHETO YpPaBHEHUS

cucrembl [2.40] Belpaxenne kE — 5TO0 MakCUMaabHO BO3MOXHast
IUIOTHOCTh TOTOKAa TMEepeHOCMMOro 4Yepe3 MeMOpaHy BeulecTBa. Eciam

&

KOMOMHaALMIO KOHCTaHT B 3HameHatene [(k, + k,)/k,] mepeobosHaunm
kak K , mocienHee ypaBHeHUE MOXHO 3alucaTb B BUIE:

[12.42] ( max * C .
C = —=,
C. +K,,

Beipaxkenue [2.42] — ypaBHeHue Mwuxasnuca—MeHTeH — OCHOBHOE
KMHETUYECKOE ypaBHeHUe obserdyeHHoi auddysuu, rme C, — mmior-
HOCTh TIOTOKA BEIECTBA, MEPEHOCUMOTO Yepe3 MeMOpaHy Mo MeXaHU3My
obsieryeHHON Auddysun, C, . — MAKCUMaJIbHOE 3HAYEHUE ILUIOTHOCTU
MOTOKA BEILECTBA, KOIA 3aHSATHI Bce MepeHocuuku, K —— KoHcTaHTa

Muxasnuca, 3aBUcsIIasi OT CPOJACTBA BeleCcTBA K MepeHocuuKy. st 00-
JieryeHHoU Auddy3un Mpy yBEIWYEHUU TPaJueHTa KOHIIEHTpAlUU Xa-
paKkTepeH aghgexm HacviuleHUs, B TO BpeMsl KakK ISl IpocToil nuddysuu
XapakTepHO TOJIbKO JIMHEWHOE BO3pacTaHWe IUIOTHOCTU TmoToka. [lpu
MaJIbIX KOHILIEHTpALUSIX BEILECTBA, KOraa OOJIBIIMHCTBO MOJIEKYJISIPHBIX
MEePEHOCYMKOB BaKaHTHBI, KWHETUKA O0JieryeHHou auddy3un Mano oT-
JINYaeTcsl OT MPSIMOU TPOIMOPIMUOHAIBHOCTU BEJIMYMHBI TUIOTHOCTU TIO-
TOKa 3HAYEHUIO HAPYXKHOW KOHIIEHTpAalMW MEepeHOCHMOIO BEIlEeCTBa.

HamomHuuM, 4Tto KMHeTHKa 00JerdYeHHON AudGhy3uu TOYHO COOTBET-
CTByeT KWHETHMKEe (DEepMEHTAaTUBHBIX peaKlMili IIepBOrO TMopsiaKa, Ime
3HayeHue C, COOTBETCTBYET CKOpPOCTH peakuuu, C, = — MakCHMab-
Hasl CKOpOoCTb peakumu, C, — KOHLEHTpalMsl CyOCTpaTa, 3HAYEHMIO
[ICK cooTBeTcTBYeT KOHIIEHTpaLMsl (hepMEHTCYOCTpaTHOTO KOMILIEKCa,
a K, — Takxe KoHcTaHTa Muxasnuca, 3aBUCALLAsl OT CPOICTBA CYOCT-
pata K (pepMeHTY.

2.4.5. AKTMBHBIA TPaHCHOPT

Mpbl paccMOTpen MeXaHUu3Mbl TpPaHCMEMOpPaHHOIO TpaHCHIOopTa
BEIIIECTB B TeX YCJIOBUSIX, KOIa 3JIEKTPOXMUMUUYECKUE U KOHIIEHT-
palMOHHbBIE TPAIUEHTHI YK€ CYIIECTBYIOT U3HAYalbHO: TTUTATEJIb-
Hble BelleCTBa M KUCJIOPOH IOCTYIaloT B KJIETKY M3 00JlacTh C
OONIBIIMMU KOHIIEHTpALMsIMU (CHApy>u) B 00JIAaCTh C MEHBIIIUMU
(BHyTpH). BblmeseHUe HU3KOMOJEKYJISIPHBIX TIPOAYKTOB MeTabo-
JIU3Ma MPOUCXOIUT aHAJIOTUYHO: U3 00J1acTeii BHICOKOM KOHIICHT-
paliyd BHYTPUM KJIETKU HapyXy, OJHAKO pacIpee/ieHue Aaieko
HEe BCEX BEIIECTB BHYTPU U CHApYXU KIIETKU OOYCJIOBJIEHO TOJIBKO
muddysueit. PazHOCTh KOHIIEHTpauuu psina noHos — Ca’’, K,
Na', Mg, H" — cHapy:Xu U BHyTpU KJIETKU COCTABJISIET OT Jie-
CATKOB /1O COTE€H ThICSY pa3, NpUYEeM Mepenaabl KOHIIeHTpa-
LUU TIOJIEPKUBAIOTCS TI0 00€ CTOPOHBI MEMOpAHBLI C HEHYJIEBOU
npoHullaeMocthlo. Takue rmnepenanbl KOHIEHTpAallMU CO3[aloTCs
OJylaromapsi UOHHbIM Hacocam — CIIEHUATU3UPOBAHHBIM MOJIEKY-
JIIPHBIM KOMIUIEKCaM, paboTalolllMM C 3arparoil  cBOOOIHOI
SHEPIUMU.

MNoHHble Hacochkl (POPMUPYIOT MEPBUYHbBIE TPAAUEHTHI JISI HE-
MHOTMX MOHOB: TOJIBKO JUUIsI KaJlusl, HaTpUsl, KaJlbliMsl U BOJIOPOJA.
HepaBHoBecHOe pacripenesieHue CHapy>Ku U BHYTPU KJI€TKU MHO-
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IMX IECSATKOB U COTEH APYIMX BEIIECTB BTOPUYHO U JOCTUTAETCH,
B YACTHOCTU, YEPE3 CONPSICEHUE C MPAHCNOPMOM UOHO8 HAMPUSL,
Kanvyus u 600opoda. GopMUpOBaHUE T'PAAMEHTOB MOHOB MAarHus,
OukapOoHarta, ocdaToB, MOHOCAXapOB, XKMPHBIX KUCIOT U aMHU-
HOKMCJIOT IPOUCXOIUT OIOCPEAOBAHHO, Yepe3 «pas3psuKy» Ipamu-
€HTa, HallpuMep HaTpus, IMEePBUYHO CO3JAHHOTO MOHHOI ITOM-
noii — Na-K -AT®a3zoii.

CucreMbl aKTMBHOTO TPAHCIOPTa MOHOB SIBJISIIOTCS. TIEPBUYHBI-
MM CTPYKTYpamMu i1 (hOPMUPOBAHUSI TMOCTOSIHCTBA BHYTPHUKIIC-
TOYHOW CpeAnl TIpU IIUPOKOH Pa3sHOOOPA3ZHOCTU XMMUUYECKOTO CO-
cTaBa BHEKJIETOYHOTO MpocTpaHcTBa. Ho 3a mocTosIHCTBO cocTaBa
LIMTOIUIa3Mbl HEOOXOIVMMO <«IUIaTUTh» PAacXOIOM CBOOOTHOM 3Hep-
TUU, U TIPEXIE BCEro TUApOIM30oM (pochaTHBIX CBSI3eil MaKpo3ap-
IOB.

PaccmoTpuM paboTy OCHOBHOTO MOJIEKYJISIPHOTO arrapaTa o
¢GOpMHUPOBaHUIO TpaHCMeMOpaHHBIX rpamieHToB — Na-K-ATdaszy.
BrtoT depmeHT BriepBbie ObLT BhiAeaeH JI. Ckoy B 1957 I., a B KOH-
e 70-x romoB K. CBuaHzmep ycTaHOBWJIA, YTO B MO3re U II0Y-
Kax TIPUCYTCTBYIOT pasjindyHble M30(DOpMbI 3TOrO (pepMmeHTa.
Na—K-AT®az3a npeacrasisieT coboil OEJIKOBYIO MOJIEKYINTy, COCTO-
SIIYI0 U3 O- U P-cyOopenuHuil. bombinas mo Macce a-cyobemumHUIIA
(MonexynsipHass Macca 6onee 1000 x/I) mpoHU3BIBAET IJiIa3MaTUye-
ckyio meMOpany 10 pa3, B-cyobeamHuia (maccoii okono 300 xII)
JIOKAJIM30BaHAa B TOJIIIE MEMOpaHbl U HE UTPaeT KaTaJIUTUYECKON U
TPAHCIIOPTHOW (DYHKIIMM, a TOJbKO CTAOUIM3UPYET O-CYObeAUHU-
umy. B MemOpaHe Monekyaa OZHOBPEMEHHO BBIMOJIHSET (PYHKIIUMN
nepeHocurnka u (pepMeHTa, aKTUBHBIC HEHTPhI CBSI3BIBAHUS MOHOB
Yy KOTOPOTO, JIOKAIN30BaHHBIE B O-CYOBbEAVMHMIIE. MOTYT OBITh IpU
Pa3IMYIHBIX KOH(GOPMALMSIX KaK ¢ BHYTPEHHEH, TaK U C HApy:KHOM
cTopoHBl MeMOpaHbl. CeromHs BBIICIEHO YEThIpe H30(OPMBI
a-cyobeauHUIBI U 3 130GOpMbI [B-CyObeTMHUIIBI, Pa3IMYaIoIIuecs
M0 MOJEKYJIpHOM Macce UM YYBCTBUTEIBLHOCTH K OJIOKaTOpy
(oyabauny). M3odopMbl (hepMEHTOB ITO-pa3HOMY IIPEACTABICHBLI B
TKaHSIX.

®OyHKIIMOHUPOBaHUE (pepMEHTa MPOMCXOIUT B HECKOJIBKO 3Ta-
OB, MOKa3aHHBIX Ha puc. 2.19.

1. E + AT® -> E*fAT® — obpa3oBaHMe KoMILIeKca (pepMeHTa
AT®azbl (E) ¢ monekynoit AT® Ha BHYTpeHHEH CTOpOHE MeMO-
panbl. E* — aktuBHasi (popma pepmeHTa.

2. E*AT® + 3Na -> [E*AT®|Na, — cBs3bIBaHME KOMILIEKCOM
TpeX MOHOB HATpMsl HAa BHYTPEHHEN CTOPOHE MeMOpaHBI.

3. [E*AT®]|Na, -> [E' - P|*Na, + AII® — dochopunupopanue
depmenTa.

4. [E' - P]*Na, -> [E’ - P|*Na, — mepeBopoT ()epMeHTa BHYTpH
MeMOpaHbl ¢ OOpallleHHeM LIEHTPOB CBSI3bIBAaHMS MOHOB K BHEII-
Heil ctopoHe MeMmOpaHbl. PochopunupoBaHue (IIEpeHOC CBOOOMI-
HOI BHEPIUM) BHI3BIBACT M3MEHEHUS MapaMeTpOB MOJICKYIbl — €€
KOH(UPMALIMIO U TIEPeriopoT.
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Puc. 2.19. Yyactue AT®a3bl B padbore Na-K-Hacoca.

5. [E’ - P|*Na, + 2K -> [E’ - P]*K, + 3Na — peakiusi MFOHHO-
ro obMeHa TpeX MOHOB HaTpHUsl, BBICBOOOXKMAMOIIMXCS BO BHEKJIE-
TOYHYIO Cpedy, Ha IBa MOHA Kanus, cBasbiBaroluxcsa ¢ AT®azoit
U3 BHEKJIETOYHOTO TIPOCTPAHCTBA.

6. [E - P]*K, -> [E - P|*K, — oOparHblii nepeBopotr ep-
MEHTHOTO KOMILIeKCa U MEePEeHOC KaJusl BHYTPb KJIETKMU.

7. [E* - PI*K, -> E + P + 2K — BosBpaieHue (GepmeHTa B UC-
XOITHOE COCTOSIHME C OCBOOOXIEHMEM Kalusl BO BHYTPUKJIECTOUHOE
MIPOCTPAHCTBO M OCBOOOXAEHHEM OPTO(MOCHOPHON KUCIOTHI.

Ilpn opueHTauMU LIEHTPOB CBSI3bIBAHUSI BHYTPb KIIETKM OHU
00J1a1aloT BBICOKMM CpPOACTBOM K HATpUIO, a IIpM OpUEHTALUU
HapyXy — K KaJuio.

Na—K-Hacoc SBisIeTcsl 3AeKTPOreHHOM MOMIION, TaK KakK yaa-
JICHUE TpeX MOHOB HATPUSI BHIHOCUT M3 KJIETKU TPU 3JIEMEHTap-
HBIX TOJOXUTENIbHBIX 3apsiia, a BXON JBYX MOHOB Kajius 3aKauM-
BaeT B KJIETKY TOJIbLKO JIBa 3JIEMCHTApHBIX 3apsama. OouH LMK pa-
OOTBbI TIOMITBI 3KBUBAJIEHTEH IIEPEHOCY B KJIETKY OJHOTO OTpHIIa-
TEJIbHOIO 3JIEMEHTApHOro 3apsiia. PaboTa MOHHBIX HACOCOB
MOXET OCYILECTBJISATbCSI C OY€Hb BBICOKOM CKOPOCTBIO, KOJUYECT-
BO OOOPOTOB MOJIEKYJISIPHOM ITOMITBI MOXKET JOCTUIaTh HECKOJb-
KHUX JIECSITKOB ThICSIY B CEKYHIY.
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Cosmannblii Na—K-AT®a30ii rpamueHT MOHOB HATpUsl U Ka-
JINSL UCHOJIB3YETCS AJIS1 COIPSKEHHOIO TPAaHCIIOPTAa CaxXapoB, aMU-
HOKHMCJIOT W psiia APYTMX HU3KOMOJIEKYJSIPHBIX COEIUHEHUH.
K mpumepy, B KJIETKM TKaHEil ¢ BBICOKOH MeTaOOIMYECKON aK-
TUBHOCTBIO TJIIOKO3a TOCTYIAET, KakK IMpaBUJIO, BMECTE C MOHAMU
HaTpus. IlepeHOCUMK MOJIEKY/I IJIIOKO3bI «paboTaeT» COMPSIKEHHO
C BXOISIIMM B KJIETKY IO DJIEKTPOXUMUUYECKOMY TPaIeHTY TOKOM
VOHOB HaTpusl.

Paznmuyaor OBICTPYIO M MEUICHHYIO PETYJSIUI0 aKTHUBHOCTU
Na—K-Hacoca. bricTpass peryiasiius 3aTparMBaeT aKTMBHOCTD
COOCTBEHHO (epMEeHTa-IIePeHOCUnKa, a MEIJICHHAs peaanu3yeTcs
IyTeM U3MEHEHUs KOJMUYECTBA MOJIEKYJISIPHBIX HACOCOB, T.€. OIIO-
cpemyercsl 4yepe3 aKTUBALIMI0O TeHoMa M CUHTe3 Oenka. Hanbonb-
1Iee 3HaYeHME M3 M3YYEeHHbIX (PaKTOPOB BIMSHMSI HAa aKTMBHOCTD
pabotel Na—K-AT®a3b1 uMmeroT cieayoomye XuMudeckue u u-
3ndeckue (PakTOpHI:

Daxropn! perymsiimn Na—K-ATdazb1

bvicmpas peeyasuyus Meonennas peeyrayus

WHcynuH TupeounaHbie TOPMOHBI
IGF-1 (uHCYynuHOMOMOOHBIMA dusnueckre TPEeHUPOBKU
dakrtop pocra 1) I'umokcurepanus

DJieKTpuyecKasi CTUMYJISIIIS
UMITYJIBCHBIM TOKOM

[IpuMeuaTebHO, YTO CaMblil MOIIHBIM M3 MHCTPYMEHTOB aK-
TUBALIMM BaxKHelIiero @epmMeHTa, OO0ECIEYMBAIOIIETO 3JIEKTPO-
JINTHBIM 0ajJaHC YeJ0BEUYECKOr0 OpraHM3Ma, HaXOOUTCA Cpeau
dusuveckux gaxmopos. DIEKTpUUecKass CTUMYJISIIAS BO30YIUMOM
TKaHU H3MEHSET TpaHCMeMOpaHHbIe MOHHBIE TOKM M IIO MeXa-
HU3MY OTPHULATEIbHONM OOpaTHON CBSI3M 3alyCKAeT MEXaHU3MbI
BOCCTaHOBJIEHUS MCXOMHBIX JIEKTPOXMMUUYECKHUX IpagueHToB Na'
u K'. BoccTaHOBIEHNE MOHHBIX TPANUEHTOB OOECIEYMBAETCS aK-
TuBHOCTBI0O Na—K-AT®a3pl, ynangionieii NoHbl HaTpusl U3 KIIET-
KM U 3aKauMBaOIICH B Hee MOHBI Kalusl.

BaxxHoe oTimumMe akKTWBAllMM MOHHBIX HACOCOB (PM3UYECKUMU
dakTopaMu (MEKTPOCTUMYJISILIMS) IO OTHOLICHUIO K XUMUYE-
CKM — BO3MOXHOCTh KPAaTKOBPEMEHHOTO (B T€YEHUE HECKOJb-
KUX MUHYT) BO3NCUCTBUS NPH OTCYTCTBMU CTPYKTYPHOTO «CJIeoa»
B BMIE 3amycka Kackaga MeTaboauueckux peakiuit. CTpykTyp-
HBI «Clef», He BCerdaa KeJaTeJbHbI MpU M30BITOYHON aKTHUB-
HOCTM aHa0OJIMYECKUX IIPOLIECCOB, 00s3aTesIbHO OymeT MpHUCYT-
CTBOBaTh IIPU XMMUYECKONM aKTHUBALlMM MOHHBIX IIOMII, BBI3BaH-
HOM, HampuMmep, IOBBIIICHMEM KOHIIEHTpAalUM B KPOBU WHCYJIM-
Ha wm IGF-1 (mHCynmHOIIOOOOHBI (aKTOop pocTa — grows
factor-1).
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Bropas BaxHass 0OCOO€HHOCTb OSJIEKTPOCTUMYJSILIMA — BO3-
MOXKHOCTb JIOKQJIbHOTO Bo3naeicTBus. Hapsiny ¢ MMmynbCHBIM TO-
KOM B KaKOM-TO CTEIIlEHM aKTUBHOCTh MOHHBIX HACOCOB MOXHO
JIOKAQJIbHO M3MEHUTb U ITOCTOSIHHBIM TOKOM, TOCPEICTBOM H3Me-
HEHMSI PAaBHOBECHBIX KOHIIEHTpALMiA MOHOB Kajusl BHE KJIETKU.
[MoapoOHBIEe MeXaHM3MBbl (DU3MOJIOTMYECKOTO NEUCTBUS ITOCTOSH-
HOTO TOKa OyayT pacCMOTpEHbI Jajee.

OrMetuM, uTO wuHeubuposanue Na-K-AT®a3el maBHO U
YCIEUIHO MpUMEHsSIeTCS B (hapMaKoTepanuy MpU MCIOJIb30BaHUM
CepIeYHBIX TIMKO3UIOB, TOIMa Kak BO3MOXKHOCTM €€ aKTUBaluu
JIe4eOHbIMU (U3NYECKUMU (PaKTopaMU M3y4eHbl HEIOCTATOYHO U
Jajgeko He ucuepraHbl. [lonoxurenbHblid KIMHUYECKU 3(dekT
or mHTMONpoBaHusT Na—K-AT®a3pl cepaeyHbIMU TIIMKO3UIAMU
COCTOUT HE B HEMOCPEJCTBEHHOM CHWXXEHMHU TpaHCMeMOpaHHBIX
BJICKTPOXUMUYECKUX TPAIUEHTOB (3TO HEM30EXKHBbIC M3AEPKKU), a
BO BTOPMYHOM MHruoupoBaHuu Na—Ca’-aHTUIIOPTOB M, CIENO-
BaTeJbHO, TOBBIIIEHMHM KOHLEHTPAllM¥M MOHU3UPOBAHHOTO BHYT-
PUKJIETOUHOTO KaJbIIus.

TECTbI

1. II1oTHOCTH IIOTOKA BelllecTBa IIpU IpocToil A y3un MIpsIMO

MPOIOPILMOHAIbHA:

A. KoHlleHTpalMy BellecTBa B JaHHOM TOYKe.

b. I'panueHTy KOHIIEHTpallMKi BEIIECTBA B JAaHHOUW TOYKE.

B. HarypanbHoMy JioraprcdmMy KOHIIEHTpallMy BellecTBa B IaH-
HOU TOYKE.

2. IInotHOCTh ToTOKa AWM GY3uN TUAPOGUILHBIX BEILIECTB yepe3
dochonunuaHsie MeMOpaHbl MMEET 3aBUCHMMOCTh OT TeMIlepa-
TYpbl CJIEAYIOIIMM 00pa3oM:

A. TIpsmo mporopimoHaabHa abCOMIOTHON TeMmepaType.

b. IIpomopuoHanbHa aOCOMIOTHOM TeMIieparype B cTerieHr 1/2.

B. IIpy moBbIIlIECHMH TeMIIepaTypbl B apu(METUYECKOR IIpo-
IPeCCUU ILIOTHOCTh TpaHCMEMOpPaHHOIO ITOTOKa BelllecTBa
YBEJIMUUBAETCS B T€OMETPUYECKON TPOTrPecCUu.

3. IIpoHuIaeMOCTh MEMOpaHHI €CTh BeJIMYMHA, paBHAs:

A. Koapdpuumenty nuddysuu, neJieHHOMY Ha YHUBEPCATILHYIO
ra30BYI0 MOCTOSIHHYIO M aOCOMIOTHYIO TeMIIepaTypy.

b. Koadppunuenty auddys3uu, yMHOXKEHHOMY Ha KO3(hhuULIM-
eHT pachpeaeieHusl BellecTBa Mexay ¢GochoMunuaIHoOn u
BoAHOI (pazamMu U IeJICHHOMY Ha TOJILMHY MEMOpPaHBI.

B. Koapprumenty mmdpdysnm, yMHOXEHHOMY Ha IUIOIIAIb
MeMOpaHbl U ACJIE€HHOMY Ha €€ TOJIIMHY.

4. YpaBHenue HepHcrta—IInaHka omnuchiBaeT 1udPy3uio:
A. 3apspkeHHBIX 4YacTull (MOHOB) B YCJIOBUSIX HEHYJIEBOIO 3Ha-
YeHUs KOHILEHTPAallMOHHOIO IpaueHTa M TpaJdueHTa >3JIeKT-
PUYECKOTO IOTEeHIIMAA.
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b. 3apsokeHHBIX YacTull (MOHOB) B YCJIOBMSIX HEHYJIEBOTO 3Ha-
YEHMS KOHLIEHTPALMOHHOIO TPaAveHTa U IpaaueHTa TeMIIe-
paTyphl.

B. HeliTpasibHbIX yacTull (MOJEKYJI) B YCJIOBUSIX HEHYJIEBOTO
3HAUYCHUSI KOHILEHTPALlMOHHOIO TIpaJiMeHTa W TIpaaueHTa
TeMIIEPaTyphl.

. Pabora 1o INEPEHOCY MOJIAA 4aCTUll IIPOTUB KOHIICHTPALIMOHHO-

IO Irpagv€HTa MNponoplHrOHaJbHaA:

A. OTHOILIEHWIO KOHLIEHTpALMii BEIECTBA B IBYX TOYKAX, YM-
HOXXEHHOMY Ha pacCTOSIHUE MEXIy 3TUMHU TOYKAMU.

Bb. Pa3HOCTM KOHLIEHTpallMii, YMHOXEHHON Ha pacCTOSHHE
MEXIy AByMsSI TOYKAMM B IPOCTPAHCTBE.

B. Jlorapucmy OTHOLIEHMSI KOHLEHTpalMii BelIECTBa B JBYX
TOYKaX ITPOCTPAHCTBA.

. dns obaeryenHoit auddysuu (O) obs3amenvHo xapaKTepHBI

ClIeyIoIIe CBOWCTBA:

A. TlepeHoc BemectBa mpu Ol mpouMCXOAUT MO KOHLEHTpalu-
OHHOMY TpaJMeHTy U C 3aTpaToii CBOOOMHOI SHEPIuUU.

b. TlepeHoc BeliecTBa IPOMCXOOWT II0 Onaeconpusmusim (HU3H-
KO-XMMMWYECKUM TpagueHTaM, U i IoTHocTh moToka OJ1
xapakTepeH 3¢G@eKT HaChILEHUS IIPU COOMIOACHUU YCIOBUS
130bITKa AUGGYHIUPYIOIIETO BEIleCTBA CHAPYXMU.

B. O]l 6ceeda compstkeHa ¢ TTOTOKOM MOHOB HATPHSI B KIIETKY U
TpeOyeT 3arpaT CBOOOJHON BHEpPTUu.

. Koncranta Muxasmica B KuHeTndeckoM ypaBHeHuu O]l ymc-

JICHHO paBHa:

A. XumMuueckoMy IOTeHIUATy AU(P@YHIUPYIOLIET0 BellecTBa.

b. HapyxHoli KoHIeHTpauuu IuddyHAMpPYIOLIEro BellecTBa,
MpU KOTOPOM TpaHCMEMOpPaHHbBII ITOTOK paBeH I10JOBMHE
MaKCUMaJIbHOTO.

B. HapyxHoii KoHUeHTpauuu AudGyHIUPYIOIIEro BellecTBa.
MpU KOTOPOM TpaHCMEMOpaHHBIN MOTOK B «©» pa3 MEHbIIIE

MaKCUMaJIbHOTIO.

. AKTUBHBI TpaHCMOPT MOHOB 0053aTEJIbHO TMPOUCXOAUT C CO-

OJIIOJIECHUEM CIIEYIOIIUX YCIOBUIA:

A. TIpotTuB (HUBMKO-XMMUUYECKUX TPaAMEHTOB W C 3aTpaTamMu
CBOOOIHOI SHEPIUM MaKpPOIPIOB.

b. ConpsikeHHO TpaHCMOPTY MIOKO3bl U ¢ OOMEHOM MOHOB IO

00e CTOpPOHBI MEMOpPaHHI.
B. IIpoTuB rpagMeHTa 3J€KTPUYECKOTrO MOTEHIMada W C Bble-
JeHWeM (CUHTE30M) CBOOOIHOM SHEPIrMM MaKpO3PIOB.

. B HacTtosiiee BpEMA HU3BECTHLI CJICAYIOIINUE CHUCTEMbI aKTHBHO-

ro TpaHCIIOpTa:
A. Kaxnplii MOH MMeeT CBOM Crielu(PUUYECKUl MePEeHOCUUK.

b. Kaxaplii mepeHocyrMK crneuu@uueH oIpeaeaeHHONn mnape
KaTUOH—AaHUOH.

B. CymiectByer HaTpuii-KajaueBasi, KaablueBast (KaJabLUii-
marHueBast) u BomoponHas (H —Cl') nomma.

10. Na—K-AT®a3a 6 nauboavuieii cTenieHU aKTUBUPYETCS:

A. MloHaMM HaTpus ¢ Hapy>KHOU CTOPOHBI MEMOpPaHBL.
b. MonamMm kanust ¢ BHYTpeHHE CTOPOHBI MeMOpaHBI.
B. MoHaMu TUTUSI ¢ BHYTPEHHENM CTOPOHBI MEMOpaHKI.
I'. Monamu Kanvsi ¢ Hapy>KHOM CTOPOHBI MeMOpPaHEI.
. MoHamMu HaTpusl ¢ BHYTpEHHE CTOPOHBI MEeMOpaHBI.

OrBeTn: 1 -b;2-B:3-b;4-A5-B;6-Db;7-hb:
8§ -A:9-B; 10 - B

2.5. OcHOBBI OHO3JIEKTPOreHe3a
M PACHPOCTPAHEHUS BO30YKIECHHS

Hecmotpst Ha TO 4TO M3ydyeHME MEXaHM3MOB ITPOAYKIIMN <«KMBOIO
aJIeKTprudecTBa» ObLI0 Hauyato JI. I'anbBanu eie B KoHie XVIII B.,
COBpeMeHHasi MeMOpaHHasl Teopusl OMolNeKTporeHe3a chopmu-
poBajiach TOJILKO B Havasie 60-x romoB XX B. mociie OJecTSIIMX pa-
60T A. XomkkuHa u D.MD. Xakcau. YpaBHEHHUE CBS3U BEJIMYMHLI
TpaHCMEMOPaHHOIO MOTEHIMaNa ¢ KOHLEHTpAaUMsIMU HOHOB IIO
00e CTOpOHBI MeMOpaHBI U €¢ IMPOHMIIAEMOCTBIO OBIJIO TeOpeTHIe-
cku nojydyeHo JI. T'onboMaHoMm B 1948 r. M BIIOC/IEACTBMM MHOIO-
KpaTHO TOATBEPXKIEHO IKCIEPUMEHTAIBHO.

2.5.1. Daekrpoauddysus noHos. YpapHenue I'ojbaMana.
IToTeHnman nokos

s ynpollleHUs1 U3JI0XKEeHUSI MaTepuajia BBeAEM TMOHSITHE «0e3-
pa3mepHbiii noteHuuan» P = (zF/RT)*@, toe @ — 0oObIYHBIA 1O-
TeHLUaJl, u3MepsieMblii B BosibTax (B), uuciautens zF usmepsiercs
B kymoHax (Ku), snamenatenr RT B mkoymsax (k). [eiicTtBute-
abHo. Ki/llx = B". B urore [B]/[B] — 6e3pa3MepHasi BeJM4MHa,
MPUMEHEHUE KOTOPOi YIOOHO B JIIOOOI CUCTEME €AVHMII, MO3BO-
Jsgs1 aenath ¢opMysibl MeEHee TpoMO3AKMMU. Torma ypaBHEHME
Hepncra—ITnanka:

J=-uRTdc/dx - zFucdp/dx

C y4yeToM BbIpaxkeHus: misd mnoaskHocth (u = D/RT) mpumer
BU/I;

J = -Ddc/dx - Dc(zF/RT)dgp/dx.
BBenst Bo BrOpoii wieH Oe3pa3MepHbIii MOTEHILIMAT, TOTYyINM:
J = -Ddc/dx - Dcdy/dx. [2.43]
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VpaBHeHue [2.43] umeeT 2 He3aBUCHUMBIE IIPOM3BOIHBIE IIO KOOPIU-
HaTe TMEPEMEHHBbIX KOHLEHTpalMd U MoTeHuMana. lomyctuMm, 4to mo-
TEHUMal Ha MeMOpaHe W3MEHSIeTCSl JUHEWHO, M TOrJa BMECTO TMPOU3-
BomHOU d\)/dx mpaBoMepHa ee 3aMeHa BbIpaxxeHueM «y/l», tnme 1 — Toj-
IIMHa MeMOpaHbl, ) — pa3HOCTb IIOTEHIIMAJIOB Ha OOEMX CTOPOHAX
MeMOpaHbl. B uTore ocraiorcst 1Be nmepeMeHHbIe «dx» U «C» — PaccTos-
HME U KOHLEHTpalMsl, KOTOpble MOTYT ObITh pa3iejieHbl CIEAYIOIIUM 00-
pasom:

J = -Ddc/dx - Dcy/L.

(J + Dcy/l)dx = -Ddc, wim dx = -Ddc/(J + Dcy/1),
wm dx = -dc/(J/D + cy/l).

Tenepb MOXHO paCcCTaBUTH IIPEACIbI MHTCTPUPOBAHNA:

_(d\_ = [de(J/D + cy/D).

Cu

e C,, — KOHLIEHTpalMs BellecTBa B MeMOpaHe ¢ BHYTPEHHEH cTopo-
Hbl, C,,, — KOHUEHTpaLXs BelleCTBAa B MEMOpaHe C HapyXHOW CTOpO-
Hbl. [locie MHTErpUpOBaHUST TIONTyYaeM:

-l = (I//w)-In(J/D + cy)|
C

MH

[ToncraBum npenejibl MHTETPUPOBAHU A
-p=1In(J/D + C,¥/l) - In(J/D + C, /D).
HOTGHHI/IpYH YpaBHEHHUE, ITOJTYyYUM:
e'= (/D + C,b/HJI/D + Cy /D).
Bpra3I/IM 13 IOCJACOHEIO YpaBHCHMS ITOTOK!:
J= 1I)I)/l*[cyvua - CMHe-w]/[e_w' 1]

[TockobKy KOHIIEHTpallMU YA0OHee U3MEpsITb B pacTBOpax, HEXelu
B MeMOpaHax, 3aMeHUM KOHLIEHTpalluM B MeMOpaHaX Ha KOHLIEHTpaluu
B pacTBOpax ¢ MOMOIIbI0 Koadduumenra pacopenenenus K [2.31]:

J=¢*(DK/MD*e; - ce'l/le” - 1],
rme DK/l — nponunnaemocts [2.32], obo3Hadaemass P, ¢— BHyTpeHHSs

KOHLICHTpAIMsl MOHA. C, — HapyXHasi KOHLEHTPaLus MOHa.
TakuM 06pa3oM, OKOHYATEbHOE YpaBHEHHWE MOXHO 3aIicaTh B

BUJIE:

J=p*P¥[c, - ce'l/le” - 1]. [2.44]

Pemenune nuddepenuunanbaoro ypaBHenuss HepHcra—Ilnanka

[2.43] nmpu pomylieHWM JUHEHHONW 3aBUCHMMOCTHM ITOTEeHIIMajaa Ha
MeMOpaHe uMeeT BUJ:

=0 P¥c - ce'l/le” - 1]. [2.44]

YpaBHeHue [2.44] ycTaHaBIMBaeT CBSI3b MEXIy MOTOKOM HOHA
yepe3 MeMOpaHy (J), pa3HOCThIO NOTEeHIHMAaI0B 1), Pa3HOCTHIO
KOHILIEHTpaUMUi Mo 00e CTOPOHBI MeMOpaHBI (C, — C,) U NMPOHULA-
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€MOCThI0O HMOHa uepe3 MeMmMOpaHy P U oHO ecTb HHTerpajibHas
¢opma ypaBHeHusi Hepucra—IlnmaHka, omuchiBamImas 3JIeKTPO-
Inbdy3ro MoHOB (3apsiK€HHBIX YacTull) yepe3 MeMOpaHHI.

Hng snextpoauddy3un HeoOXoauMa pa3HOCTh KOHILEHTpalUi
“oHa mo obe cTopoHbl MeMOpaHbl. Eciu oHa co3maHa, HampuMep,
MEXaHM3MaMU aKTUBHOIO TpaHCHOpPTa, TO 3jeKTporudoys3us 3a-
KOHOMEPHO TMpPUBEAET K PasHOCTM MOTEHIMadoB Ha MeMOpaHe.
Tak, B LMTOIUIa3Me B IECSATKU pa3 Goublie MoHOB K', yeM B Mex-
KJIeTOUHOI XuakocTu. [Ipenmosoxum, 4yTo KjaeToyHas MeMOpaHa
HeIlpoHMIllaeMa HU g Kakux moHoB, kpome K*. Torma, Gmarona-
psl TpaAuMeHTy KOHLEHTpalUUuM U HEHYJeBOW MNPOHMUIIAEMOCTH,
nonsl K’ HayHyT mokuaath KiaeTKy. I1ocKOJIbKY Kaauii — moJio-
XKUTEJIbHO 3apsSXKeHHBI MOH. TO €ro BbIXOH M3 KJIETKU OyaeT NMpu-
BOJIUTh K CHUXEHUIO COAEPKAHUS B LIMTOIIA3ME IOJOXUTEIbHBIX
3apsJ0B M BHYTpPUKIETOUYHas cpeda OyldeT 3apskaTbCsl OTpulla-
TeJIbHO. BO3HUKIIMII BClieACTBUE OTHOCUTEIBLHOTO M30BITKA aHUO-
HOB OTpMLIATEJbHBIN 3apsl LIMTOIIA3Mbl CO3AACT 3JIEKTPUUYECKUI
rpagueHT Ha MeMOpaHe, MPENSTCTBYIOUIUN BBIXOLY ITOJOXUTEb-
HO 3apsikeHHbIX MOHOB Kajus. CienoBaTe/bHO, yTeuka Kalus U3
LIUTOILIa3Mbl OyIeT IMPOXOAUTh HE [0 BBIpABHMBAHMSA €ro KOH-
LIEHTpaluu Mo obe CTOPOHbI MeMOpaHbl, a 10 paBHOBECHUs MPOTU-
BOIIOJIOKHO HalpaBJE€HHBIX «CWI» DJIEKTPUUYECKOIO U KOHIIEHTpa-
IIOHHOTIO I'pagueHTOB!

B nameit mpocreiiimeit MoAean OTCYTCTBHE ITOTOKA MOHOB Ka-
U — CTalUMOHApHOE COCTOSAHUE — OydeT CONMPOBOXIAThCS
TpaHCMEeMOpPaHHOW Pa3HOCTbIO MOTeHIMaloB. Takoe TOJKOBaHUE
MEeMOpaHHOTO TMOTEeHIMaa il HeHPOHOB M MBIIIEYHBIX BOJOKOH
B nokoe gat lO. bepniureitH B 1902 r.

IIpu Bcelt HarISIAHOCTUM TAaKOro TOJKOBAaHUS OHO. K coXale-
HUIO, CJIMIIKOM YIPOILIEHHO MO OTHOUIEHUIO K PeaJibHOCTU. Y-
TeM, YTO MeMOpaHa IMPOHUIIAeMa HE TOJIbKO IJISl Kalusl, HO U IJIA
IPYTUX WOHOB, HampuMmep MoHOB Na'. B cralMOHapHOM cOCTOS-
HUU CyMMapHBI IMOTOK MOHOB uepe3 MeMOpaHy paBeH HYJIIO:

I +J. =0, umI, =-J,. [2.45]

B cooTBeTcTBUM C JaHHBIMM YpaBHEHUSMU 3alMIIEM 3JIEKTPO-
aubdy3uoHHbIE TTOTOKU [2.44] /11 MOHOB HATpUSI U Kallus:

J.. = WP ([Na], - [Na]e"]/[e" - 1].
Jo = VP(K] - [Kle")/le” - 1. [2.45a]
[TogcTaBUM 00a BBIpaXXeHUS I ITOTOKOB B ypaBHeHHe [2.45a]
U MOocCje 2JIEeMEHTapHbIX MpeoOpa3oBaHUN ITOJIYYUM:
_I".'i\l P...[Na]
Pi[K] P..INal
rnocje JorapuMUpOBaHUS MMEEM:
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_ 1 PlK]e + Py, [Na],
 KIK], + Py[Na],

C y4yeroM OMHOBAJICHTHOCTM MOHOB KaJMsl M HATPUS IIEPEXO-
IUM oT Ge3pasMepHoro nmoreHuuana P = (zF/RT)*fi k oobraHOMY
MOTEHIIMAY:

0 = (RT/F):In I-‘I\[_}\J - r\lll [246]
Pe(K], + Px.[Na]

IIpu BBIBOOZE ypaBHEHUS [2.46] MBI y4WIM TOJBKO HEHYJIEBYIO
npoHuuaeMoctsb 1 AByx noHoB: K u Na'. B peanbHOil XuBoit
KJIeTKe HeoOxoauMo ellle ydyecTh M 1moTtoK noHoB Cl1°. Torma pa-
BEHCTBO [2.45] 3amuieTcsl ClemayrolmM 00pa3oM:

3HaK «MHUHYyC» [UIsI MOTOKA MOHOB XJIOpa MHPUCYTCTBYET BCJEI-
CTBHE OTpUILIATEIBHOIO 3apsaa ero umoHa. IlpoBenst aHaIOTUYHbBIE

npeobpa3oBaHus IJIs1 TpeX IOTOKOB, MbI MOJYYMM ypaBHEHUE:
P [K]e + Pa[Nal. + Foi[Cl) [2.47]

o =(RT/F) - In—=—— : :
P [K]; + Pya[Na), + P [Cl]

IMocneaHee ypaBHeHUe HasbiBaeTcs ypaBHeHMeM [onbaMaHa—
XomxkknHa—Katiia m 6euto momyyeHo B 1948 1. Hecmorps Ha
OIIPENICIICHHYIO TPOMO3IKOCTb €ro BHIBOJA, ICAYKTMBHOE ITOJIyde-
HHUE BTOT0 ypaBHEHUs BecbMa ITOy4YuTeJbHO. Bo-mepBhIX, ypaBHe-
HHUE OOCTATOYHO TOYHO OIIMCHIBAET BCE JO CUX IIOP M3BECTHBIC
M3MEPEHHBIE ClIydau ITOTEHIMAJO0B Ha KJIETOYHON MeMOpaHe IIpu
YCJIOBUU TIPABUJILHOTO 3KCIIEPUMEHTAJILHOTO OIPEACICHUST IIPO-
HULIAEMOCTel MeMOpaHbI 111 MOHOB. BO-BTOpHIX, OHO MOJY4EeHO
M3 OOIIMX 3aKOHOB TEPMOAMHAMUKM M KMHETUYCCKUX YPaBHEHUIA
MepeHoca 1 SIBJIIETCSI KBUHTACCEHIIMEH NeCSITKOB U COTEH 3KCIe-
PUMEHTAJIbHBIX MCCJIEIOBAaHMI, BBIITOJIHEHHBIX ¢ cepearHbl XIX
oo cepenuHbl XX B. mecsaTkamy ydeHbix — OT I. T'ebmronblia u
9. JTobya-PeiitMoHa 10 HAIIMX COBPEMEHHUKOB.

HanpuMep, sKcnepMMEHTaIbHO IS TUTAHTCKOIO aKCOHa Ka-
pakaTuiibl ObLIM 3aUMKCUPOBAHBI OTHOIIEHUS IIPOHMUIIAEMO-
creit P, : P, : P, =1:0,04: 0,045, a oTHOLIEHUSI KOHLEHTPALIUI
BHYTpU- M BHEKJIETOUYHOIO Kajusl, HATPpUSI M XJIOpa COOTBETCTBEH-
Ho [K'1/[K'], = 340/10; [Na'l/[Na'], = 49/460 u [C1]/[Cl], =
= 115/590. IloacTaBnsia 3T SMIMPUYECKUE JaHHBIE B ypaBHEHUE
[2.47], momyuuMm [ TpaHCMeMOpaHHOro ITOoTeHIMana (IOKOS)
-60 MB (peanbHO M3MepeHHas pa3HOCTh MoTeHLMaaoB — 70 MB).
VpaBuenue lonbaMaHa mpakTUdecku Bcerga maer Ha 10—15 %
3aHUXKEHHbIE 3HAYEHUSI TPAaHCMEMOPAHHOI pPa3HOCTU IMOTEHIIMA-
JIOB TI0 CPaBHEHUIO C 3KCIIEPUMEHTOM M3-3a TOIO, YTO MbI HE
ywm saektporeHHoro Na-K aktuBHoro tpancnopta. [lpu mac-
CUBHBIX MOHHBIX TOKaxX CIIPaBEeIJIMBO paBEeHCTBO [2.45].

%2

Onnako Na'—K'-AT®a3a orkaumBaeT U3 KIeTKU 3 noHa Na'
B 00MeH Ha 2 Bxomsammx noHa K'. CrenosaTesbHO, Ul aKTMBHO-
IO TPaHCIOpPTa XapakTepHa CTEXMOMETpUs MOTOKoB: J . = al,
e koadduuueHT a paBeH K. B peanbHoli KjIeTKe, B KOTOPOU
MPUCYTCTBYIOT KaK ITACCUBHbIC, TAK U AKTUBHBIC IIOTOKM HMOHOB
HaTpus U Kanus, KoadduuueHt o Oymer 6osbine 1 1 MeHble 3/2.
IMoncTaBuB «MCIpaBiIeHHBIC» BBIPAXXEHUS IS IIOTOKOB B ypaBHE-
HUd [2.45] n TIpoBeAs majee MpeoOpa3oBaHMsI, aHAJIOTUYHbBIE BBI-
Boly ypaBHeHUS [ojibAMaHa. MOJIYYMM OKOHYATEILHO:

aR[K], + Pra[Nal. [2.48]

¢ =(RT/F)-In " ;
“—P}-,i}\] + P\_l?\d

VYpaBuenue [2.48], monygenHoe TomacoM B 1972 r. m Hocsee
€ro MMsI, YYMTBIBae€T BKJIAI 3JICKTPOIeHHBIX MOHHBIX HAaCOCOB U
Haubojiee MPaBUJIbHO OTpakaeT TpaHCMEMOpPaHHYIO Pa3HOCTb I10-
TEHLIMAJIOB KJIETOK B IoKoe. Ero aHaau3 NpUBOOUT K 3aKJIIOYe-
HUIO, Y4TO YJ4eT aKTMBHOIO TPaHCIIOpTa BCErla yBEIWYMBAeT pas-
HOCTb MOTEHLMAJIIOB B IIOKO€ IO CPaBHEHUIO CO CTallMOHAPHBIM
noteHumanoM Tompamana. Wurmbuposanne K'—Na'-ATdasbl
MpUBeNeT K CHUKEHUIO TTOTeHLIMala IIOKOs, a aKTHBallus, Ha000-
pOT, K €ro TMOBBILIEHUIO TIPY CTALMOHAPHBIX KOHIIEHTpaluax Na'
u K’ no obe ctopoHsl MeMOpaHBbI.

HMHTepecHbl KOppesauuyd MeMOpaHHBIX MOTEHILIMAIOB C COCTO-
STHMEM KJIETOK pas/IMJHBIX OpraHoB M TKaHeu (puc. 2.20). B kier-
KaX C BBICOKOHW IpoarcepaTUBHON aKTUBHOCTbIO (OITyXOJICBbIE
WA 3MOpMOHAJIBHEIE KJIETKM) BeJIMYMHA TPaHCMEMOPaHHOIO IIO-
TeHlMana Haxomgutcsa Mmexay -10 u -30 mB. B Bbicokocrneumnanu-
3MPOBAHHBIX BO30YIMMBIX W HEMPONM(PEPUPYIONMINX KIETKaxX, Ta-
KUX KaK HEMPOHBI, MUOLIMTBI CKEJIETHBIX MBI U KapaAXMOMUOLIK-
TBI, HAIIpOTUB, TPaHMUIIBI MEMOpPAHHOIO TOTeHILIMAJa HaxXOmsITCsS B
npeaenax ot -70 mo -90 MmB. MemOpaHHBIA HOTeHLMAI TOCTUTAeT
MakcrMyMma abCONIOTHOTO 3HA4YeHMsl MOCje TOTro, KakK 3aBepliacT-
csl mpoliecc npoaundepalni KJIETOK.

2.5.2. Peakuym BO30YIMMBIX MeMOpaH
B MOCTOSIHHOM 3JIEKTPHYECKOM II0JIE

TpancmemOpaHHasi pa3HOCTb MOTEHIIMAIOB Ha TUIA3MOJIEMME JTO-
00i1 >KMBOI KJIETKW OMpeNessieT ee YyBCTBUTEIbHOCTb K 3JIEKTpH-
yeckoMy mono. HopManbHble 3HaYeHUsT OMOIOTEHIIMAIOB CO-
CTaBJIIIOT HECKOJIbKO JECATKOB MWLIMBOJBT, M, Ka3ajaoch Obl, Ja-
K€ He3HAUMTETbHBIC 3JIEKTPUYECKME TIONS AOJDKHBI CYIIECTBEHHO
M3MEHSITh YCJIOBUSI KU3HEACSTEIbHOCTU KIJIETOK, OJHAKO B 0OJIb-
IIMHCTBE CJyJaeB 3TOTO0 HE IMPOUCXOmUT. JlefCTBUTENTbHO, CHUJIO-
BbIe XapaKTePUCTUKM OOJIBIIMHCTBA BHEIIHUX 3JIEKTPUUYECKUX I1O-

nen — HaIlpAXKCHHOCTDb, WU epaaueﬂm QJICKTPUYCCKOI'0 ITOTCH-
nuyajga, — HE€ TaK yX BCJIMKM IO CpaBHEHUHIO C HAIIPAKECHHOCTLIO
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Puc. 2.20. TpancMeMOpaHHBIE TIOTEHLIMABI PA3TMUHBIX KIIETOK.

oJjisi Ha 6uomeMOpaHe. Tak, mpu TpaHCMeMOpPaHHOM IOTEHLIMaIe
-70 MB u TommmHe mMemOpaHbl 6—10 HM HampPSIKEHHOCTh COOCT-
BEHHOT'O 3JIEKTPAYECKOIrO MOJISI MEMOpPaHbl COCTABJISIET:
\ T.10-2 _ = .
E=~:—I" B: 7-10° B/M = 10/ B-m7!

L 10-5 M

D10 0OYeHb OObIIAs BeJIWYMHA, CIIOCOOHAS MOpa3uTh BOOOpa-
JKEHUE JII000ro TEeXHWYECKOro CIelualucTa, He 3HAKOMOIO C
Oouosnorueii. B HOpMalbHBIX YCIOBUSIX B BO3OyXe TaKOM HaIpsi-
KEHHOCTU HE MOJYYUTh — MEXKIY B3JICKTpOJaMH BO3HUKHET UCK-
pOBOI1 paspsii MpW 3HAYEHUSX PA3HOCTU TOTEHIIMAIOB B 2—
3 paza meHbluX. buonornyeckue mMemMOpaHbl HOPMaibHO (HDYHK-
LIMOHUPYIOT B KMBBIX KJIETKAaX KaK pa3 B «IIpeArnpoOOMHOM» pe-
KUME: yBeJIMYeHUEe Pa3HOCTU IoTeHIuanaoB Ha 30—40 % Bblle
GU3UOJOTMYECKOTO YPOBHS Y€ BBI3OBET 2JIEKTPUUYECKUI MpoOoi
MeMOpaHbl U TMOEIb KJIETKMU.

B MCKyCCTBEHHBIX 2JIEKTPUYECKUX IOJISIX, HECMOTPsI Ha 3HAYM-
TeJbHbIE PAa3HOCTM TOTEHIIMAJIOB B MakpomacluTade, HaIpsoKeH-
HOCTb TIOJII B THICSYM U Oojiee pa3 MEHbIlIE BHYTPEHHUX MeMO-
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Puc. 2.21. OcHoBHBbIe 2JeKTpodu3noornyeckue (peHoMeHbl Ha BO30Y-
JUMOM MeMOpaHe.

A, — ananextporoH; KV/I — kputnyeckuil ypoBeHb NETOSAPU3ALIUY; —
KaraekTpoH; JIO — JIOKaNbHBIN (TTOAMOPOroBblii aKTUBHBIN) oTtBetT; MITIT —
MeMOpaHHbIN MoTeHman mokost; 11 — morenuuan neiictBusi; CII — orpuiia-
TeJIbHBIA W TTOJIOKUTESIbHBIN CJIeMOBbIe TTOTEHIIMATBI.

paHHBIX HampspkeHHocTeill. Takum oOpa3oMm, OHoOJOrMYecKue
MeMOpaHbl SBISIOTCS HAACXKHBIMA SKpaHaMU BHYTPH KJIETOUHOMU
cpenbl OT IIOCTOSIHHBIX M KpaliHe HU3KOYACTOTHBIX BHEIIHMX
9JIEKTPUIECKUX ITOJIEM.

M3 MHOTroO/MIeTHEN KIMHMYECKOW MpaKTUKU (pU3NOTepanuu U3-
BECTHO, 4To HeOonbliue mo cuie (1 — 10 MA) TOCTOsSIHHBIE TOKMU
OKa3bIBAIOT CYIIECTBEHHOE (PU3MOJIOTMUECKOe AEHCTBHE Ha KJie-
TOYHbIe MeMOpaHBI, OCOOEHHO BO30yauMMble. BosHUKawIIe MNpu
5TOM M3MEHEHUs BO30YAMMOCTHA Ha3bIBAIOT 21€KMPOMOHUYECKUMU
saeaenusmuy. Ilpy OpomyCKaHWMM ITOCTOSHHOIO TOKa IIOA KaToaoM
BO3HMKAET IIOAIIOPOroBasl ASMOIsIpu3alivs MeMOpaHbl, a O aHO-
oM — ee runeprnojsgpusanus (puc. 2.21).

MexaHu3M 3THX SBJICHUI 3aKII0YaeTCS B MCKYCCTBEHHO M3MeE-
HEHHBIX YCIOBUSX 2JeKTPoAud@y3ud MOHOB IO OTHOIIECHUIO K
WHTAaKTHBIM YCJIOBUSIM TIpM (POPMUPOBAHMUM CTAILMOHAPHOIO IO-
TeHuuana. OTMETHM TakKe paHee IIOYTHM He YIOMSIHYTYIO pOJib
nonoB C1° B ¢opMupoBaHNM MOTEHIIMAMa Ha MeMOpaHe. Bo BHe-
KJIETOYHOI cpele MOHOB XjIopa OOJbIlle, M €ro rpaldeHT BHOCHUT
ONpeeNeHHbI BKiIaa B (OpMUpPOBaHME CTAlIMOHAPHOTO MOTEH-
1Maja; 4eM TIpadueHT OoJbllle, TeM IIOTeHIIMaal MeMOpaHBI OoJee
OTpHUILIATeIbHBIN. BOMM3M aHOma MPOWMCXOAUT MOJISIpU3aLUsI MeMO-
paHbI 3a CYET JIOKAJBbHOIO YBEJIMYEHUSI KOHIEHTPALM OCHOBHOIO

95



BHEKJIETOUHOrO aHnoHa — C1” — u cHmxkeHus KoHueHrpauuu K.
TpancMeOpaHHbIe I'paAvMeHThl HA3BaHHBIX MOHOB, HA00OPOT, BO3-
pactaioT. BcrienctBue NOKaJbHBIX CIBUTOB KOHIEHTpAlMil HETo-
CPEICTBEHHO IO/ aHOAOM IPOMCXOAMUT TMIEPIOApU3asI MeMO-
paHbl (aH2JEKTPOTOH, A,)). Ho;[ KaTolIOM, HAaIMpOTUB, BO3pacTacT
JokainbHasg koHueHTpauus K™ u nmamaer konuentpauus Cl. I'pa-
JIVEHTbl 3TUX MOHOB Ha MeMOpaHe COOTBETCTBEHHO CHMWXAIOTCS U
B pe3yJbTaTe IPOMCXOAUT YacTUYHAS JEMoJsapu3aivs MeMOpaHbI
(xaranektportoH, K,,). B cBA3M ¢ 3TuM cpasy nocie BKJIIOYEHUS
TOKa MO aHOAOM BO30YIMMOCTb CHMIXKAeTCs, a IIOd KaTOAOM —
Bo3pacraeT. [lnuTenpHoe BO3AEMCTBME MOCTOSSHHOTO TOKa MPUBO-
OUT K MHBEPCUM BO30YIMMOCTH MeMOpaH IIOA 3JIEKTpoAaMu 3a
CUEeT UHAKMUBAUUU NOMEHUUAN3ABUCUMBIX HAMPUEBbIX KAHAA08.
o0ecreunBaoIIX MOTEHIMAl ACHCTBUS.

2.5.3. Honnble KaHaJIbl U MOTEHIMAJ NEHCTBUS

CylllecTBOBaHUE 3JIEKTPUUYECKUX WUMITYJIbCOB B HEPBHBIX U MbI-
IIEYHBIX BOJOKHAX ObLIO Obl HEBO3MOXHO 0€3 ObICTPOTrO U3MEHe-
HUSI TIPOHUIIAEMOCTH MeMOpaHbl, TaK KaK TpaHCMeMOpaHHasl pas-
HOCTb MOTEHLMAJIOB BCErIa OCTaBajlach Obl BONM3M CTAllMOHAPHO-
TO YPOBHsI, COOTBETCTBYIOIIEIO BbICOKOH MPOHULAEMOCTH st K"
u Huskoi jis Na'. [lpuurHa s1eKTpruyecKoro mmmysbca (IOTeH-
Luana JeMCTBUsI) — OBICTPOE M KPaTKOBPEMEHHOE BO3pacTaHMe
npoHuriaemMoct 11si Na B 500 pa3 1o OTHOILLIEHUIO K WCXOTHOMY
3HAYEHMUIO.

PaccMoTpuM  KOJIMUeCTBEHHbIE XapaKTEPUCTUKU 3JIEKTPOreHe-
3a Ha mpuMepe MeMOpaHbl TMTAaHTCKOIO akCOHa KajlbMapa — Of-
HOTO U3 caMbIX TOIMYJSPHBIX OOBEKTOB 3JIEKTPOGU3NOJIOTHH.
Hrak, ecim B nokoe B MemOpaHe akcoHa P, . : P . =25, To npu
nenossspusaunu Heiipona P, : P, = 100. T.e. mpoHMLIaeMOCTb
JUI. HATpUST B JECSITKU pa3 MPEeBOCXOIUT MPOHUIIAEMOCTb IS Ka-
nus! TloacTaBuM yka3aHHBbIE COOTHOLIEHUS MPOHUIIAEMOCTEN ISt
MOMEHTa BPEMEHH, COOTBETCTBYIOIIETO Pa3BUTUIO 3JIEKTpUYEC-
KOTO WMITyJIbea, B ypaBHEHUE FOJ'IB,E[MaHa [2.45] v monyuum U1
aKCOHa Ka)IbMapa [Na] = 460 MMOJ‘IL*)I , [Na], = 49 MMOJ‘II)*JI ,

P : P, : 30; [K], = 10 mmonp*n’, [K] = 410 MMOJIL*JT, OT-
crona:
! . + Py.[Na
Viin = (RT/F)-In l’-‘—“_\]_._P‘i _l = [2.49]
Pc[K]; + Py,[Na]
= 0,026 -In 10 30450 +52 MB
410+ 30-49

DTa BeIMYMHA MOTEHIIMAIa UHBEPCUM (OBepIlyTa), CyMMa KO-
TOPOrO C IMOTEHIMAIOM IOKOSI COCTABJISICT BEJIMUMHY IOTEHIIMAJA
neiicreust: T1, = ITIT + TIMU. C yuetom [2.48] u [2.49], a TakkKe
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Puc. 2.22. TloteH1uanbl AEMCTBUS Ha MeMOpaHax pa3MYHBIX TKaHEH,

a — BOJIOKHO TMTaHTCKOI'O aKCOHa KaJibMapa, 0 — MBIIICYHOE BOJIOKHO KpoJin-
Ka: B — BOJIOKHO OpraHa 3JICKTPMYECKOIO CKara, I' — BOJIOKHO THUITMYECKOTO
KapIMOMUOLIUTA KPOJIUKA.

YYCJEHHBIX 3HAYEHUI KOHUEHTpaUMi M MPOHMIAEMOCTEH IOJTy-
gum: 11 = |80 mB| + [52 mB| = [132 MB|. B pasmuunbix TKaHsx* ¢
pPa3HbBIMM COOTHOIIEHUSIMW KOHIIEHTpALlMii M IMPOHUIIAeMOCTei
KaTUOHOB M aHMOHOB BeiaunuyumHa U (opma 11 paznuuHbl (puc.
2.22).

BaxxHo OTMETUTb, YTO BO BpeMsl 3JIEKTPUYECKOTO MMITYJIbca
MPUYUHON MHBEPCUU TOTEHIMala Ha MeMOpaHe SIBJISIETCSl He W3-
MEHEHNE MOHHBIX I'DaJMEHTOB Ha MeMOpaHe, a U3MEHEHME IIpO-
HULIAEMOCTEN.

Ol1ieHUM, HaCKOJbKO BO3PAaCTET KOHLEHTpaLMsl HATpUSI B KJIET-
Ke nuaMmetpoM 10 MKM Mpu reHepaluy OJHOro MoTeHIMana 1encT-
Bus. Ilycte moreHuMas Ha MemOpaHe wusMeHutcsi or -70 1o
+30 MB, T.€. Ha 100 MB, W 0,1 B. YnembHast eMKOCTb OHOJI0rMYe-
CKUX MeM6paH 1 MKCD/CM TO3TOMY €MKOCTh MeMOpaHbl KJIETKU
auametpoM 10 MxMm 6ymer okosno 107" ®. 3apsn mMemOpaHbl BO
BpeMsi UMMyJIbca u3MeHuTest Ha q = CU = 10 " ®*0,1B= 10" K.
yto cootBercTBYeT 10" MOJb VIOHOB HATPHISI. OGLeM KJIeTKU Jua-
metpoM 10 MkMm coctapisier 107 M°, a u3meHeHue KOHIIEHTpALIMHU
uoHoB Na cootetctsenHo Gyter 107/10° = 10 MMonb/M wm
10 MKMOJIB/11.
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ITockonbKy KOHIIEHTpalWsl HAaTpUsi B HEPBHOM KIIETKE YeIOBE-
Ka M JIPYyrMX MJIEKOIMTAIOIIMX OKOJIO 5 MMOJb/JI, TO B TeUECHUE
TeHepalMyd OJHOTO MMITYJIbCa BHYTPUKJIETOYHAS KOHIIEHTpaLIWs
Na' yBesmuurca Bcero Ha 0,2 %. CrenoBareibHO, Aaxe IpH
YCJIOBUM TIOJHOCTBIO OJIOKMPOBAaHHOTO aKTMBHOIO TpaHCIOPTa
KJIeTKa MUMeeT OrPOMHbIM 3armac MOHOB IS TeHEepaluu COTEH WM-
MyJIbCOB, MPEXIE YeM CYIIECTBEHHO M3MEHSTCS (HUBEIUPYIOTCS)
(przuKo-xuMHUYeckue rpaieHTbl MOHOB Ha MeMOpaHe.

HeobxonymMo OTMETHTh, YTO B IOKOE CTallMOHApPHBIA MeMO-
paHHBIN TIOTEHLIMaN OJM30K K PaBHOBECHOMY KaJli€BOMY MOTEH-
unany (RT/F)*In[K] /[K],, o 6ceeda menvuwieco no amnaumyde 3a
CUYET HEHyJIeBOM mpoBoaumocTH mist Hatpus: P, >< 0. Bo Bpems
MPOXOXIEeHUsI HMIIyJbca IIOTeHLIMal WHBEepCUM (TaK OH Ha3BaH
M3-3a U3MEHEeHHUS 3HaKa pa3HOCTU IOTEHIMAJIOB HAa MeMmOpaHe) 3a
cueT HeHyneBol P, Onusok (no eceeda menvuwie no amnaumyoe)
paBHOBecHOMY Harpueomy noreHuuany (RT/F)*In[Na] /[Na], u
IJIS1 TAaHHOTO MOHA SIBJISIETCS TOW BEJIMYMHOM, IIpU KOTOPOM OT-
CYTCTBYeT TpaHCMEMOpaHHBIN TOTOK JaHHOTO MOHAa 4Yepe3 MeMO-
pany. MHbIMM clioBaMU, MPU PABHOBECHOM NOMeHUudle Ha MeMO-
paHe ypaBHOBEIIEHBI «CWIbl» KOHIICHTPALIMOHHOTO M 3JIEKTpHYe-
CKOro TrpamgueHTa 011 OanHo2o uoHa. ITpoMexXyToK BpeMeHM, 3a
KOTOPBI M3MEHSETCs MOJIIPHOCTh MEMOpaHbl MOTOHEMPOHOB Ye-
JIOBeKa M OPYIrUX MJICKOINMUTAIOIIUX, cocTaBisieT MeHee 0,25 Mc.
Takoe ObicTpOoe WM3MEHEHME IIPOHMIIAEMOCTA MeMOpaHbl s
MOHOB HATpUsl TOCTUTaeTCs 3a c4eT (DYHKLIMOHMPOBAHUS B MEMO-
paHax BO30YIMMBIX TKaHel OeIKOBBIX CTPYKTYP C BBICOKOM HAT-
pUEBOI IIPOBOAVIMOCTBIO — Hampuesvix Kanasoe. HaTpueBblil Ka-
HaJl, 00ecreunBaloIIMii TeHEePaluI0 UMITYJIbCA, CeAeKmUBeH U €T0
MPOHMIIAEMOCTD JJI1 HAaTpus B 12 pa3 Bblllle, YeM IJIs Kajlusl, U B
2 pasza BbIllIe, YeM 1151 Kanbliusgd. Kpome Toro, oH nomenyuanzasu-
cuM: €ro IPOHMUIIaeMOCTb CKauyKOOOpa3HO BO3pacTaeT IpU OEIO-
JiIpu3auMyu MeMOpaHbl A0 ONpPENeJEHHOIO YPOBHS — KpUTHYE-
ckoro ypoBHs nenossipuzaunu (KY/I), win KpUTUYECKOIo MeMO-
panHoro moreHumana (KMII). Ymorpebienne obomx TepMHHOB
IPaBOMOYHO M BCTPEYAETCS y Pa3IUYHBIX aBTOPOB.

Cocrapisiiollie HaTPUEBOrO KaHajda MpeAcTaBleHbl Ha pUC.
2.23: a10 morpyxeHHas B (ochOJUIUIHBINA OucCIoi OeaKoBas
yacTb COOCTBEHHO TIOpPbl U3 [JBYX CYObEAVHMUIL; CEJIEKTUBHbIN
(GuabTp, MNPEACTaBISIONINI COOOM YCThE TMOPblI BJUIMIICOUTHOTO
ceueHus1 pasmepoM 0,5x0,3 HM ¢ OTpHULATEbHBIM 3apsyioM ee
IpaHUIIBI TI0 TIEPUMETPY, CO3JaHHBIM aTOMaMM KUCIOpoIa Kap-
OOKCWJIbHBIX TPYIII: BOPOTHBIA MEXaHU3M.

CeneKTUBHBIN (UIABTP O0ECIeYynBaeT ONTUMAIILHOE CTEepUdYe-
CKOE€ B3aMMOJIEMCTBME MEXIy CTEHKAaMM IMOpPbl U TMAPATHOM 000-
JIOYKOi KatvoHa (B HameM ciaydae Na'). Korma K ceneKTUBHOMY
(wibTpy MOIXOAUT TUAPATUPOBAHHBIA WMOH HATpUs, TUApaTHas
000J104Ka KOTOPOTO CTEPUYECKM TOYHO COBMAAaeT C pa3Mepamu
MOpPbI, OH B3aMMOJEIHCTBYET C OTPULIATEIbHBIMU 3apsiiaMU CTEHKU
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Puc. 2.23. CrpoeHue mOoTeHIMAI3aBUCMMOI0 MOHHOI'O KaHaja.

1 — MunuaHbBIA OUCTION; 2 — ceHcop HalpsLKeHus: 3 — Bopota; 4 — OefkoBas
MaKpOMOJIEKY/Ia: 5 — SKOPHBI 0eJ0K: 6 — yIIeBOIHbIC LIEMU: 7/ — CEJICKTUB-
HBI1 GuiabTp: 8 — BomHasa mopa; P — ydactok dochopunmpoBaHus KaHaua:
A — HapyxHbIii pactBop; b — nmroriasma.

CeJIEKTUBHOIO (PUIbTpa M C MOHA «COPACHIBAIOTCS» ITMIIONM BOMIBI.
HMon Na' npockakuBaeT B IOJOCTb KaHajda, TaM <OIEBAeTCs» B
HOBYIO THIpaTHYIO 00OJIOYKY M B TMAPODUILHON cpene KaHaja
MPOXOOWUT B LMTOIUIA3My IIO0 BJEKTPOXMMUYECKOMY TIPaguEHTY.
Bpems mepemelieHuss OJHOTO MOHA 4Yepe3 CEJIeKTUBHBIN (PUILTP
3aHMMaeT OOJM HAHOCEKYHAbl. EcCIM K CelIeKTUBHOMY (DUILTPY
HATPUEBOTO KaHaja ITOAXOOUT MOH C MEHbIIeH TuApaTHON 000-
JIOUKOM, KaK, HaIlpuMep, KajJauil, TO €ro «irydoa» He MOXET B3au-
MOJEMCTBOBATh CO CTeHKaMM (puiabTpa MO BCeMy MEpUMETPY (Tak
KaK TuapaTHas o00jlouKa Majla) M MOH He B COCTOSHHUU 3Pdek-
TUBHO «COPOCUTb» THAPATHYIO OOOJOYKY M IMPONTH BHYTPb KaHa-
na. BcaemcTtBue 3TOro HpOHMIIAEMOCTh HATPUEBOIO KaHaua I
WOHOB Kayiusl B 12 pa3 MeHbllle, YeM Il MOHOB HaTpus.
OOparum BHUMaHME, 4To XOTd K mmeer Gonbluuvii panuyc aro-
Ma, TUaMeTp ero rugpaTHoil odomouku (1,185 HM) MeHbIIe, yeM
Hatpus (1,250 HM). Menbmmii o pasmepam, yeM Na', noH Li'.
HaIIpOTUB, MMEET OOJIbIIYIO CONbBaTHyIO «iyoy» (1,34 HM), on-
HaKo, HECMOTpPSl Ha 3TO, OH CTEPUYECKM TOYHee MOIXOAMT K ce-
JIEKTUBHOMY (DWIBTPY HATPHMEBOIO KaHaja M o0JlamaeT OOJIbILEH,
yeM Na', NPOHUIAEMOCTHIO Yepe3 HaTpueBblii KaHal. Kpome
Toro, Li° obGnagaer Oojblieil cnelu(pUYHOCTbIO K aKTUBALMU
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Na-K-AT®a3sl 1 Jydille MOHOB HATpUsSl CTUMYJIMpPYET WHTEH-
CHMBHOCTb aKTHMBHOTIO TpaHcmopTa. Eciyu BO BHEKJIETOYHOI cpende
Na" 3amenutb Ha Li’, To nermonsgpusauus OyeT pa3BUBaTLCS ObI-
cTpee W IIOTeHLMal OEeHCTBUSI JOCTUTHET OOJblIei aMILIUTYIBL.
ITomoO6HOE M3MEHEHUE OMORJEKTPUIECKON aKTMBHOCTU HEWPOHOB
KOPBI GOJIBIIMX TIOJNYIIAPUIA TpyU yrnoTpedneHun coseii Li™ (a Tou-
Hee — ero KapOoHara) JIEXWUT B OCHOBE JIEYeOHOro NEMCTBUS JIM-
THUEBbIX IIpernapaToB IIPYM MaHMAKaJbHO-IEIPECCUBHOM IICHX03€.
[Ipy 3ToM uX MOJOXUTENbHBIN 3¢ heKT HabaonaeTcs Kak B Ma-
HUAKalIbHOM, TaK U B JENPEeCCUBHON (a3ax.

Onekrpodopes comneir auTua 3PEPEKTUBEH U AABHO MCIIOJIb3Y-
€TCs TIpU JeYeHUU pPYOLIOBBIX M3MeHeHMIi. JleueOHoe neiicTBUE
WOHOB JIMTHS TakXe OIOCPEAOBAHO BIUSHMEM Ha aKTUBHbBIU
TpaHCOOPT U TPAHCMEMOPAHHYIO Pa3HOCTb MOTEHIIMAIOB, TaK KakK
OHa HUXe y HU3KoAU(pGhepeHLIMPOBAHHBIX OJIACTHBIX KJIETOK COe-
IUHUTEIbHONM TKAHW M BBINIE Y CIHEUUATUM3UPOBAHHBIX KIETOK,
YTpaTUBIIMX WAV CHU3UBIIUX CIOCOOHOCTb K MUTO3y. I[lpu 3ame-
meHun Na' Ha Li° BO BHEKJIETOUHOIl cpele aKTUBUpYeETCs
Na—K-AT®a3a, moBbIlaeTcs TpaHCMeMOpaHHasi pPa3HOCTb I1O-
TEHLIMAJOB M ONTUMU3UPYIOTCS IIpoliecchl nudGepeHIMPOBKU U
npoandepauny KIeTOK HOPMAIbHOM 3MUTEINAILHON U COeTUHU-
TEJIbHOU TKaHEH.

DyHKIIMOHUPOBAHME BOPOTHOTO MeXaHW3Ma IIPEJCTaBIsET CO-
Ooii KoH(pOpMallMOHHbIE M3MEHEHUST YeTBEPTUYHON U TPETUUHOM
CTPYKTYpPbl MHTErpajbHOro 0OeJiKa, IT03BOJISIIOIINE KaHaly ObITh
CBOOOJHBIM WJIM TIEPEKPBITHIM AJIsI MOHHOTO Toka. KaHan mepe-
KpPBIT B IIOKOE IIpY IOJISIpM30BAaHHOI MeMOpaHe 1 BBICOKOM Kaju-
€BOI MTPOBOAMMOCTHU (OTPULATEIbHBIN MOTEHIIMAN HAa BHYTPEHHEN
CTOpOHE MeMOpaHbl), a BOpOTa OTKPBIBAIOTCSI IIpU MeIoJsIpu3a-
uuu MeMOpanbl 10 BeanuuHbl KMIT v KV, Ecnu penonsipu-
3alusl MemMopanbl He pocturaeT KV um moTeHUMana MHBEPCUM He
pa3BUBaeTCd, OHAa Ha3bIBAETCSl MOIMOPOrOBOI, a €CAU JeTOSIPU-
3alusg gocturaeT win TipeBocxoguT KVYII, To pasBuBaeTcsl MOTEH-
uman gaerctBust (cM. puc. 2.17). OTKpbITME M 3aKpPbITUE BOPOT
HaTPUEBOIO KaHajla e€CTh pe3y/ibTaT BHYTPUMOJIEKYJISIPHOIO B3au-
MOJEUCTBUS (MHAYKLIMOHHOTO, IUITOIb-IUIIOJEHOTO) C 02POMHOI
HANPANCEHHOCMbIO SAEKMPUUECKO20 NO/1A Ha M€M6paHe.

KiteTku BO30YIMMBIX TKaHEH MMEIOT Pa3jiuvHble MOTeHIIMaI3a-
BUCHMBbIE WOHHBIE KaHaJIbl, COOTHOIIEHME KOTOpPhIX Ha pa3idy-
HBIX BO30YIMMbIX MeMOpaHax HeoAMHaKoBo. B akconemme momu-
nupytoT Na' 1 K'-3aBucuMble KaHajbl, B CAPKOJIEMME CKEJIETHBIX
MBIIIL TIPUCYTCTBYET HeKoTopoe KoanyecTBo Ca’ -moTeHlMansa-
BUCHMbIX KaHAJIOB, a B CapKoJeMMe KapAMOMMOLIMTOB OHU IIpel-
CTaBJICHBl B PaBHBIX JOJIX, TOIA KaK B MIaIKMX MbIUILAX JOMHU-
Hupylor Ca’ -noTeHLMaN3aBUCUMble KaHalbl. Pa3inuHble COOT-
HOIIIEHWSI MOHHBIX KaHAJOB OMpenessioT pasHble 3HadeHus:t KY/I
IJIsT cooTBeTCTBYIOIIMX TKaHel. Ilpu mpeobiagaHuM mMoOTeHIMAN -
3aBUCUMbBIX HaTpueBbIX KaHajaoB 3HadyeHue KV OamM3ko K
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Puc. 2.24. Pabora BOpoT NMOTEHUMAI3aBUCUMBIX MOHHBIX KAHAJIOB.

a — 3aBUCUMOCTD JIOJIU OTKPBITHIX h- 1 M-BOPOT OT MEMOPAHHOTO MOTEHIIMAIA:
0 — momoxeHne m- 1 h-BopoT B mokoe (1), pa3surnm nuka [1/1 (2) u pedpax-
TepHOCTH (3).

-55 MB, a ning memOpaH, coaepxXallyxX MPeUMYILLIECTBEHHO IMOTEeH-
LIMaJI3aBUCYMbIE KaJIbIIMeBhie KaHajbl, BenmunHa KYJI O6mmska k
-35 MmB.

OTKpHITOE M 3aKPBITOE COCTOSIHMS MOHHOIO KaHaja peaiu3y-
IOTCA BBICOKO- M HM3KOMHEPHUOHHBIMU KOH(MOPMAIIMOHHBIMU
U3MEHEHUSIMU. MOXHO HAIISIAHO MpeACTaBUTh, YTO BOPOTHBIN
MEXaHU3M KaHaTa COCTOUT M3 JIETKUX M TIOABMXKHBIX <«3aCJIO-
HOK» — m-BOpPOT (OT aHIJI. mobile — MNOIBMXXHBIN) U TSKENbIX
h-Bopot (ot aHr1. heavy — Tskenblit). B cocrosiHum nmokost h-Bo-
poTa OTKPBITHI, M-BOPOTa 3aKPbIThl (puc. 2.24).

IIpy moporoBoii M HAAMNOPOTOBOIl AEMOJSIpU3aLMKA  BO30YIU-
moii Membpanbl 10 KVY]I nerkue m-BopoTa OTKpBIBAIOTCS, a Tsi-
Keable h-BopoTa HauMHAIOT MENJICHHO 3akpblBaThcs. B ciydae,
Korja KaHaJl OTKPBIT, Pa3BUBAECTCSl HOMeEHyuan Oelicmeus: WUM-
nyabc, WIM cnailk (oT aHri. spike — muk). Jlajee mocie 3aKpbl-
TSl h-BOpOT 3aKpbIBalOTCS M M-BOpoTa, a h-BOpoTa OTKPBIBAIOT-
csd 1 KaHajl IEpPexXOIUT B MCXOOHOE cocTosiHue. Takum oGpasoM,
oba Tuma «BopoT» paboraloT B mnpotvBodaze. Ilocie pazBuTus
MoTeHIMajla OCHCTBUs, KOIJAa 3aKpbiThl h-BOpOTa, CJAEAyIOLIUiA
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UMITYJIbC MOXKET OBITh BBI3BaH YK€ HX OTKPBITUEM MU TpeOyeT cy-
LLIECTBEHHO OoJblICi Aenosspu3zanvu, yeM ucxogHblii KY/I, mo-
CTAaTOYHBIA ST «CcpabaThiBaHUS» M-BOPOT.

CpabaTeIiBaHME BOPOTHOIO MeXaHu3Ma IIpU AeHOodAsSIpU3aLUuU
OCYILUECTBISICTCS Ojlarogapss MMEIIIEMYy COOCTBEHHBIM JIMITONb-
HbIii MOMEHT YYacTKy O€JIKOBOI MOJIEKYJIbl KaHajla — CeHCOopYy Ha-
npsaxcenus. Ilpy yMeHbIIEHUM HaNpsKEHHOCTU ITOJII Ha MeMOpa-
He B mpolecce ee aenonasipusauuu 1o KYI[ nmpoucxomut cmerlie-
HUE TIOJISIPHBIX CTPYKTYp KaHalla, 3aIlyCKarolInX KOH(pOpMaIOH-
Hble W3MEHEHHSI, 4YTO TIPUBOAUT B MTOre K cpadaThIBAaHUIO
BOPOTHOIO MEXaHM3Ma U OTKPBLITUIO KaHaja.

Kpome HaTtpueBblx, B MeMOpaHaX KJIETOK HMEIOTCS KallbLiue-
Bble, KaJueBbie, BOAOPOJHLIE U XJIOpHBbIE KaHaibl. Kaxnplii u3
MePEYMNCICHHBIX TUIIOB KaHAJIOB UMEET MHANBUIYAIbHBIE OCOOEH-
HOCTU MOJIEKYJISIPHOI CTPYKTYpbl, OAHAKO MX PAaCCMOTPEHHUE BbI-
XOIUT 32 paMKM JAHHOIO ITOCOOUSI.

2.5.4. 3aKkoHBI 3JIEKTPUYECKOIO PAa3AParKeHHs
BO30YIMMbBIX TKaHei

CBsI3b MapaMeTPOB BO3AEHCTBYIOIIETO 3JIEKTPUUECKOIO CTUMYJa U
peakuuii Bo30yauMoOil MeMOpaHbI OIpeaessieTcss 3aKOHAMU DJIEKT-
PUYECKOTO pa3ApakeHus] HEPBHBIX M MBIIIEYHbIX BOJOKOH.

MonekynsipHas mpupona OMO3JIEKTporeHe3a OObSICHSET DMITM-
puYecKu ycTaHOBJIeHHBIM B. IldmorepoM 3akoH: pasdpadsiceHue
8030y0UMbIX MKaHell 0becneuu8aemcs mobKo GHeULHUM MOKOM 8bl-
xo0saue2o Hanpaeaenus. ClieloBaTebHO, TTPU MPUJIOXKEHUU K HEP-
By WIM MBIIILE ABYX PA3HOMOJISIPHBIX 3JEKTPOIOB ACIOISIpU3a-
LIUs1 BO3HUKAET TOJbKO B 0OJaCTM KaToja, Tak KaK MMEHHO 3/1eCh
JIOKaJIbHbI€ MOHHBIE TOKM MMEIOT BBIXOIMAIIEE M3 KJIETKU HalpaB-
JIeHue.

Takum 00pa3oM, Mpu BO3ACHUCTBUU TOAMOPOTOBBIM 3JIEKTPU-
YECKMM CTHMYJIOM, BeJiMdMHa Kotoporo MeHbiie KVYII, mpoucxo-
JIWT TpamyajabHasi OEMoJisipu3alivss MeMOpaHbl oA KaTtomoM (kam-
9/1eKmMpomoH) U TUIIePIOJIIpU3alvsl IO aHOIOM (aHINEKMPOMOH,).
M3meHeHMs1 BO30OYIMMOCTA MeMOpaHbI IO JACMCTBUMEM IOAIIOPO-
TOBOIO 3JICKTPMYECKOTO TOKA HA3bIBAIOTCH 3/1eKMpPOMOHUYECKUMU
aenenusamu (puc. 2.25).

[lpy 3aMbIKaHWM 3JEKTPUYECKON LIEMM CWJIa COKpallleHUs
MBI 04 KaToaoM {kamoodzamwvikamenvHoe cokpaujerue, K3C)
Oosbllie, YeM MOA aHOJAOM (aHOO03aMblKAmenabHoe COKpaujeHue,
A3C). Ilpu pasMblKaHUM LIENM HaOMI0Oal0T oOpaTHbIE COOTHOIIE-
HUSL: CUJIa aHoOpazmbikamenvHoeo cokpaueruss Mpimiibl (APC) 60-
Jblie kamoodpazmuikamenvioeo (KPC). Takoil (peHOMEH CBsI3aH C
TEM, YTO TPU BBIKIIOYEHUM TUMEPHOISIPU3YIONIET0 TOKa MeMO-
PaHHBIM MOTEHLMAA IafaeT OO0 MCXOMHOTO YPOBHSI IIpU CMEILeH-
HoM K Hemy KV]I, B pe3yabTaTe 4ero HacTymaeT BO30YKIEHME
MBIILIEYHOI'O BOJIOKHA.
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Puc. 2.25. 3aBucumoctb
II1I or wHampaBieHus,
CWIbI I KPYTU3HBI TOKA.

A — oaddekTBHOE Ha-
TMpaB/IeHre 2JIEKTPUIECKO-
IO TOKa TIpM BHYTPUKIIE-
TOYHOM (a) U BHEKJIECTOY- =

HoM (0) pasmpaxeHUH. A 8 9

b — mopor Bo30yXaeHUsI.

KVII u ux nameHeHve npu \ [\
MEIJICHHOM  HapacTaHUU 0 \
CWIbI TOKA. \ l \ N

Sl St o  an S
Mopor
Mn
=

Takum oOpa3om, mojspHbil 3aKoH Ildmorepa mist cokpaiie-
HHWA MBI MOXKET OBITH BBIpaKE€H CJICAYIOIIMM HEPAaBCHCTBOM:

K3C > A3C > APC > KPC. [2.50]

CiiemyeT OTMETUTb, YTO C YBEJUYEHUEM AaMIUIATYObI 3J€KTpPU-
YeCKOro CTUMyJja BO30yXIaeTcs Bce OOJblliee YMCIO MBIIESYHBIX
BOJIOKOH, MOKa HE HACTYIUT COKpallleHHEe BCceX BOJIOKOH JaHHOM
MBIIE (JiectHuna boymmya).

AKKOMOJIaIIMOHHBIE CBOMCTBA BO30YyIMMBIX MEMOpaH JieXaT B
OCHOBE 3akxoHa pa3zdpadxcenus 3. Jlo0ya-PeiiMOHa, COIJITaCHO KO-
TOPOMY PEAKIIMM BO3OYIUMBIX TKAaHEW OMNPEACTSIOTCS HE TOJIBKO
CIJIONM HEHCTBYIOLIETO TOKA, HO M CKOPOCTBIO €ro M3MEHEHMUS
(XpyTusHoii nepeaHero ¢poHTta mmmnynabca). I[loznHee ObUTO ycTa-
HOBJIEHO, YTO ITOPOroBasl CUJa ACIOJSIPU3YIONIET0 MMITyJIbca TOKa
MPSIMOYTOJIbHOM (POpPMBI 3aBUCUT KakK OT aMIUIUTYAbl, TaK U OT
MPOIOJ/DKUTEIBHOCTH 3JIEKTPUYECKOro ummyibca (puc. 2.26).

OTOT 3aKOH TIpaduyecKyd M300pakaeTcsl Ha PUCYHKE KpPUBOM
«cwta — mmareasHocTk» (I1/T), KoTtopast siBisieTcs: COBOKYITHOCTBIO
TOYEK, OOpa3OBaHHBLIX IIPAaBbIMU BEPXHUMM YIJIAMUA IIOPOTrOBBIX
3JIEKTPUYECKUX MMITYJIbCOB, BBI3BIBAIOIIMX MUHUMAJIbHOE BO30YXK-
IIeHWEe, U KOTopasl MOXET ObITh aleKBaTHO 3alllCaHa YpaBHEHUEM:

[ =Q/T+R. [2.51]

rme Q — cyMMapHBIN 3apsii, TIEPEHOCUMBIM 3JIEKTPUUECKUM MM-
my’abcoM, R — peobGa3a — mmoporoBasi aMIuIMTya 3JIeKTPUIECKOTO
TOKa, BbI3bIBAIOLICTO PCAKIIUIO BO36y}K,HCHI/I$[ BHE 3aBHUCUMOCTHU OT
€ro IJIUTEIbHOCTH.

[pu geiicTBUM 3JIEKTPUYECKUX UMITYJILCOB BEJIMUMHON B 1 peo-
0a3y 3aBUCUMOCTb 3(ddeKkTa BO30YKIECHUSI OT MIUTEIBHOCTH HM-
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Puc. 2.26. 3aBucumocts I1/1 oT JIMTEIBHOCTH U CIJIBI TOKA.

a — PpOCT mmopora 1nmpm yKopoy€HUM IPOHAOIKHUTEIBHOCTU IIPAMOYIOJIbHOTO ICITO-
JIAPUIYIOIIEIro MMITyJabCa: 0 — KpuBasd «CUJIa—OJIUTCIbHOCTDb». I uT — ammin-
Tyga M JJIUTCJIBbHOCTL ITOPOTOBOIo JSJICKTPUUYCCKOIO MMITYJIbCa, BbI3bIBAIOIIC-
ro BO30yXIeHHE HEpPBOB M MBI, p — peoba3a. 1— TOK Majioii aMIUIATYABI U
0O0BIION NIUTETBHOCTH, 00ECTIEUMBAIONINI TeHepalui UMIyibca «l»; 2 — TOK
MaJioi aMIUIUTYdbl U Majou JJIUTCIbHOCTHU, HCI[OCTaTO‘IHLIﬁ JJ1d TeHepaluuu UM-
myiabca; 3 — TOK OOJNBIIONW aMIIMTYObl M MaJIOi IJIUTEIbHOCTH, OOeCIeYnBaro-
MU TFeHepaluio UMIyIbca <«3».

MyJibca MCYE3aeT, YTO COOTBETCTBYET aKKOMOAAIMM BO30YIMMON
TKaHU K DBJIEKTPUYECKOMY TOKY. MUHMMAJbHas IIPOIOLKUTEIIb-
HOCTb UMITYJIbCA Ha3bIBACTCS noae3HbiM épemenem () U pa3anuyHa y
MBIIIL ¥ HepBOB. Tak, CKeJIeTHbIe MBIIIBI 3I0POBOrO 4YeI0OBEKa
OTBEYAIOT COKPAILCHNEM HA MMITYIhChl  TIPOIOJDKMTEBHOCTBIO
10°—10 c, a npu NaTOJOrMYECKUX M3MEHEHMSX peaKuus HaOJII0-
JaeTcsl Ha MMIYJIbCH uTeabHocT 5*10°—107 ¢ u BbIe.

KpuBast «cuna — IIUTENIBHOCTE» MUMeET Haubosiee KpyToi yJac-
TOK B TOYKE, COOTBETCTBYIOLLEH TOKY B 2 peobasbl (cM. puc. 2.26).
MuHuManbHas AJIATEILHOCTb MNPSIMOYTOJBHOTO MMITYJIbCA aMILIM-
TyIoil B 2 peo0Oasbl, BbI3bIBAIOILETO €Ba 3aMETHOE BO30YXKIECHUE,
HasbiBaeTcsl xponakcueil (Ch). Cuna Bo30yXIeHMS HapacTaeT ¢
yBEJIMYCHNEM MUHMMAJIBHOTO TPaAUeHTa MMITYJIbca U MaKCUMaJlb-
Ha y 2J€KTPUYECKUX UMITYIbCOB MPSIMOYTOJbHOM (DOPMBI.

Takast 3aBUCUMOCTb OIMCHIBAE€T TOJIbKO MMITYJILChI TOKA IIpsi-
MOYTOJIbHO# (popMbI (TOKM Jlemioka), Tak KaK aKKOMOomallus BO3-
OyouMbIX MeMOpaH K MaKCHUMAaJbHO KpPyTOMy IiepeaHeMmy (PpoHTY
MUHUMaJbHA, OJHAKO BCJIEACTBUME PA3JIMYHONM WHEPLUMOHHOCTU
BOPOTHOTO MeEXaHu3Ma DOKCIIEpUMEHTalbHAsl KpuBas «CWia —
JIJIUTEIBHOCTh» HECKOJIBKO OTJIMYaeTCs OT IpOCToil oOpaTHOM
MNPONOPLUUOHATILHOCTU B CTOPOHY Oojblieii  «3¢h(PEKTUBHOCTU»
KOPOTKUX MMIyJIbcoB. Hampumep, npu yMEeHbIIIEHUM BABOE M-
TEJALHOCTU MMIYJIbCAa BEIWYMHA TOPOrOBOTO TOKA YBEJIUYUTCS HE
B IBa pa3a, a npuMepHo B 14. YuureBasg, uyro 14 mpuMepHO
paBHO KBaApaTHOMY KOPHIO U3 2, TO KpUBasi, ONMChIBacMasi ypaB-

104

HenueMm | = g/t + R, ayuwe coriacyercsi ¢ 9KCIEPUMEHTOM B
00J1aCT KOPOTKUX MMITYJIBCOB C JJIMTEIbHOCTHIO MEHEE XPOHAK-
cuu (IJUTEIHLHOCTb UMIIYJIbCA TOKA B 2 peo0a3bl, KOTOPBIA BbI3bI-
BaeT BO30yxaeHue). Tak. JIMTeIbHOCTh MMITY/IbCOB HECYILEH Ya-
CTOTbl CHHYCOMJAJIbHBIX MOIYJIMPOBaHHbIX TOKOB — CMT (amm-
ymnynberepanusi) — cocrtapisieT 0,2 Mc 1 B 50 pa3 MeHbIIIe, YeM
JJIATEIbHOCTh MMITYJIbCa IIpY AUAaAMHAMOTepanuu, HO Cujia TOKa
npu CMT-tepanuu OOJblIEe IO CPaBHEHUIO C  AManiHamorepa-
Hueit He B 50, a B 6—7 pas, T.e. npumepHo B (50)"°.

OTKJI0OHEHUEe KPUBOM «CUIa — IJIUTEIbHOCTh> OT BWJA, Xapak-
TEPHOro ISl TUIlepOOoJnYecKoil (OpMbl, CBOMCTBEHHOIO 300pPO-
BOM TKaHU, HaOmomaeTcs Npu AMCTPOPUYECKON M IereHepaTuB-
HOIl MaTOJOTUM HEPBHOII M MBIIEYHON TKAHU U MMEET AUArHoc-
TUYECKOe 3HaueHue. Tak. yBeluvyeHUEe XPOHAKCUU B HECKOJIBKO
pa3 (mo 10 pa3 u Oosee) MO CpaBHEHUIO CO 3HAUCHUEM, IIPUCY-
IIMM 3I0POBOI MBbIIIIIE, YKA3bIBA€T HA OTCYTCTBHME BO3MOXKHOCTHU
MpOBeJeHUsT BO30YXACHUS MO HEPBHLIM IIPOBOAHMKAM MObIIIIIIEL.
CokpallleHue B JaHHOM Cllyyae OOYCJIOBJIEHO BO30YXKICHUEM He
HEPBHBIX IIPOBOAHMKOB, a COOCTBEHHO MBIIICUYHBLIX BOJIOKOH.
Kpome Toro, BciencTBue Ol0Kambl MPOBEISHUS BO30YXKICHMS IO
HEPBHBIM MPOBOJHMKAM COKpAILCHME MBIIIILI MMEST HE I'eHepa-
JIN30BaHHbBIN XapakTep 3a CYET BCEX BOJIOKOH, a MPEACTaBIsIET CO-
00i1 MeljIeHHBIE YepBeoOpa3HbIE COKpallleHUsI 3a cueT HauboJee
BO30YIMMBIX BOJOKOH BOJIM3M 3JIEKTPOJA.

[lon BAMSAHMEM MMIIYJILCOB 3JIEKTPUYECKOIO TOKA, BbI3bIBAIO-
myx (popMUpoOBaHUE TTOTEHIIUMAIOB IEUCTBUS, TPOUCXOIST MOCIIe-
JOBaTeIbHbIE U3MEHEHUsI BO30YIMMOCTM HEPBOB M MbIl. [lemno-
JISIpU3anms MeM6paH TNPUBOIUT K OTKPBITHIO Na'-KaHaJloB ¢ uX
nocjenymouieii MHaKTUBalyeil (Ha MuKe MOTEeHIMaja IeiCTBUS),
YTO HAa3bIBAIOT abcoaiomuol pegppaxmepnoil pazoii (APD). Ona
CMEHsIeTCsl omHocumenvHol peghpakmeproii ghazoit (OPD), kotopast
OTpaXaeT Pernonspu3aliio BO36YI[I/IMBIX MeMOpaH M CBsS3aHa ¢ ya-
CTHYHOI HMHaKTUBALMEH Na'-KaHaloB U MOCTEINEHHOIl aKTHBa-
uneit K'-xananos (puc. 2.27). Bo3byimMocTb TKaHE#l mpu 3ToM
CHMXEHA M TeHepalus CMalikoB IPOUCXOAUT JUIIb NMPU JEHCTBUU
UMIYJIbCOB 3HauYuTeNbHOM aMmiauTyasl. Ilocie OP® ciepyior
dasel aksamemayuy (PO — mOBBILIEHUS BO3OYAMMOCTH) U Cyo-
nopmanviocmy (®C — CHUXEHUA BO3OYIMMOCTH), CBS3aHHbBIE C
UHEPUUOHHOCTHIO CEHCOPOB HANpPSIXEHUS MOHHHLIX KAaHAlOB, YTO
NpOSABISETCSA B MOCJEI0BATEIbHOM CJE€A0BOM MOBBINIEHUH U TIO-
HUXEHUHU BO3OYAMMOCTM TKaHEii.

[TpomomxutenbHocTh (a3 U3MEHEHHOW BO3OYAMMOCTH pas-
JIM4YHa. B cKemeTHHIX MblLIlaX IpoAojxuTeabHocTh AP® cocras-
aset 2,5 mc, OP® — 12 mc, a ®3 u ®C — 2 mc. Y nBurareinb-
HBIX HEpPBHBIX BOJOKOH BpeMsi AP® kopoue 1 Mc, a AnuTeNb-
HOCTb OCTaJbHBIX (a3 Takxke He mpeBbimaeT 1 Mc. MakcuManbHO
BO3MOXHAasl 4acTOTa MMIIYIbCHOI aKTUBHOCTH B HEPBHBIX U MbI-
IIEYHBIX BOJOKHAX JMMHUTUPYETCS TPOAOIKHUTEAbHOCTHIO abco-
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Puc. 2.27. VI3ameHeHUsT BO30yAMMOCTH TKaHE MpU ISHUCTBUM MMITYJIHCOB
3JIEKTPUYECKOIO TOKa.

ITo ocu abeuucc — Bpemst T, Mc; Mo ocu OpAMHAT — BO30YAMMOCTDb S, yci. ell.
AP® — abcomtotHo pedpaktepHas (aza; OPD — oTHocuTenbHO pedpakTepHas
¢daza; OO — daza sx3anpraunu; PC — dasa cyOHOPMAILHOCTH.

JIIOTHO pedpakTepHOil ¢a3bl U CIYXKUT IT0Ka3aTeaeM JaOWIbHOCTU
(/) — dyHKUMOHATBHON TOABMKHOCTY BO30YIUMbBIX TKAHEW MPU
VMIIYJIbCHON CTUMYJISIIIAN:

71 ~ APD" [2.52]

®a3pl UIBMEHEHHOI BO30YIMMOCTU OMPEACIISIIOT YacTOTy 2JIeK-
TPUYECKON CTUMYJISILMA HEPBOB M MBIIIII, KOTOpas He JOJDKHA
MpeBbIIIaTh JA0MILHOCTA HEPBHBIX M MBbIIICYHBIX BOJOKOH. Tax,
JIaOMJIPHOCTh HEIMOBPEXXACHHOM MBIIIIL He IpeBbimaer 200—
500 ¢', Torma Kak IpM MaToJOrMYeCKMX M3MEHEHMSX OHA COCTAB-
asiet 25 ¢”'. JIaGUIbHOCTb JBUTATEIbHBIX HEPBHBIX MPOBOIHUKOB
cocrasisier 300—600 ¢', a npu GYHKIMOHAIBHBIX WIM MaTOJOTH-
YeCKUX M3MEHEHUSIX OHa MOXeT YMeHblIaThes a0 15 ¢

IIpu pasmpaxkeHUN 3JIEKTPUYSCKAM TOKOM MBIIIIBI WM HEpBa
U3MEHSIETCd MX OMO3JIeKTprUYecKass aKTUBHOCTh U (DOPMUPYIOTCS
CIAKOBBIE OTBETHI. DJIEKTPOCTUMYJISIIIUS C YaCTOTOM, IpEBbIIIA-
omeil 10 uMI*c™', BBI3BIBAET MHTETPATLHBINA 3((MEKT AEMOIApU-
3alMMd U B UTOTe CWJIbHOE UIMTEJILHOE COKpPAIEHUE MBILIIbLI —
memanyc. Tlpu yactote anekrpocTumy/siiun 10—20 uMm*c’ mpo-
HWCXOAUT YaCTUYHOE pacciabieHue M IOCIeaylollee COKpalleHue
CKEJIETHOM MBIIIIbLI — 3youamotii memanyc. C yBeIUYEHUEM 4Yac-
TOTBI MBIIIIA HE pacciaadiiseTcsl U3-3a 4acTOro CJIeIOBaHMS DJICK-
TPUYECKUX UMITYJbCOB M HACTyHAaeT e1dodKuil memanyc, KOTOPBIU
NpU JaJbHENIIeM HapacTaHMU YacTOTbl CMEHSIETCS IIOJIHOM He-
BO30YAMMOCTBIO (TIECCUMYMOM BO30YXIEHMSI), UYTO CBSI3aHO C
MHAKTUBALIME XMMMOYYBCTBUTEIbHBIX KaHAJOB CyOCHMHAITH-
yeckoll MeMOpaHbl KOHIEBOH IutacTMHKU. I[lpumeuarenbHO, 4TO
YaCTOTHbBIC IMAIla30HbI Pa3IMYHBIX BUIOB COKpPAICHUI HEOAMHA-
KOBBI.
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Db deKkT Bo30yKIeHUsA INepudeprudecKuXx HepBOB 3aBUCUT U OT
TUIIa COCTaBJSIIONIMX WX HEPBHBIX BOJOKOH. B cooTBeTcTBUU C
knaccupukanueir I'.C. Taccepa u JIxx. DpnaHrepa BBIACISIOT He-
CKOJIbKO THUIIOB HEPBHBIX MPOBOAHUKOB (Tadm. 2.1).

Taonuma 2.1. Kiaccudukanus BoJOKOH B IeprdepruuecKiX HepBax

| Inamerp CkopocTb | YacTorHslit on- ..Li:th.ﬁ}.i Cipocusie
TITT - el ' o [ M q b= Th 11 : _
rp,\m.ml 100 M nposene- | THMYM Lmn_\...t_l HOCTE : 1 (YHKLMS
HHA, M-C"" | CAUMH. MMIT-C MC
Mueaunusuposatibie
Au 15—20 90—120 80—120 0,4—0,5 Msnueunsie 3¢
dhexropsl
AR 10—15 50—100 80—120 0,4—0,6 TakTunabHble ad-
(hepeHTH
Ay 5—10 10—30 50—80 0,5—0,7 ComaTuyeckue
apdepeHTH
Ac 1—10 5—30 | —60 0,6—1,0 Bbicokonoporossle

TaKTWAbHbIE W DoO-

nebie apdepeHThI
B 1—3 3—15 1—40 |—2 BucuepaibHbIe
addepentrl. Ilpe-
TaHTJIHOHAPBI

Hemueaunusupoeantsie

C 0,5—-1 0,6—20 1—20 1.8—2.5 boneBele M TOCT-
rAHIIMOHAPHbBIE
atdepeHTHI

Bo30OyxxneHue HepBOB IIPOMCXOAUT HauoOojiee 3(P(PeKTUBHO B
cllyyae COBIIaJEHUSI YaCTOTHOTO OMAra3oHa d3JAEKTPOCTUMYJISIIUU
C ONTHMYMOM CJIeAOBaHUsI CIIaliKOB B HEPBHBIX IIPOBOJHMKAX.
Tak, monm BAUSIHUEM BJIEKTPUYECKOTO DasIpaxeHNs HEPBOB MM-
IMyJIbcaMU C 4acToToil Bhile 50 MMIT*CT BO3HHUKAET BO30YXKICHUE
MPEeUMYIIECTBEHHO ABUTaTeJIbHbIX HEPBHBIX ITPOBOAHUKOB (AC- U
AvY-BOJIOKOH) U IIaCCUBHOE COKpallleHWe WHHEPBUPYEMBIX HMU
MbIIIM. B pesynbTare mMOCTENEHHO YCHMIMBAaeTCsl MX ociabjeHHast
COKpaTuTesibHass (YHKIMSI. AKTUBalLdS MeTaboju3Ma CIIOCOOCT-
ByeT BOCCTAHOBJICHUIO MPOBOAMMOCTH M BO30YIMMOCTU mepude-
pUYECKMX HEPBOB M YCKOPEHMIO UX pereHepanuu. Ilpu amekTpo-
CTUMYJISILIMMA HEPBHBIX CTBOJIOB, a TAKXKE B CBA3U C MPUCYTCTBUEM
B HUMX BEreTaTUMBHBIX IIPOBOJHMKOB YCUIMBAETCSl TpodprKa MHHEp-
BUpPYEMbIX TKaHeil M HapacTaeT MHTEHCHMBHOCTb ILIACTUYECKUX U
BHEPreTUYEeCKUX IIpoleccoB B opraHax. IIpu 3ToM BoccTaHaBIM-
BaeTCSl HEpBHAsl PETYISILMS MBIIIEYHBIX COKpallleHUl, YBEIU4Yu-
BaeTcs CWia U O0ObEM MBIIIIL, MUX afanTalus 1M IIOpOr YTOMJIEHUS.
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2.5.5. PacnpocTpaHeHne BO30YXKIEHUS 10 HEPBHBIM
M MbIIIIEYHbIM BOJIOKHAM

Ho cepenunbl XIX B. mojarajiy, 4TO 3JIEKTPUUYECKUE WMITYJIbChI
pPacIpOCTPaHSIIOTCS MOAO0OHO 3JEKTPUYECTBY MO MPOBOJAM, OJHA-
Ko nocjie Toro kak I'. I'enbMrosbil B cepeauHe XIX B. TogIydus
IUISI CKOPOCTU PACIpPOCTPAHEHUST UMITyJIbCa MO HEpBaM BEJTUUYUHY
50 M/c, a BIOCIEACTBUM OBUIO YCTAHOBJEHO, 4YTO HamOOJIb-
asi CKOpOCTb MMITYJIbCA 10 HEPBHOMY BOJIOKHY HE IMPEBOCXOAMT
140 M/c. ymOpolleHHbIe AaHAJOTUU MPUIILIOCH TEePECMOTPETD.
DIEeKTPUYECKUII MEXaHU3M TeHepallui HEPBHOIO HMITyJIbCa eIl
He O3HAyaeT, YTO €ro paclpoCTpaHEHMUE OCYILIECTBISIETCSI Moa00-
HO TIPOBENEHUIO 3JIEKTPUUYECKUX CUTHAIOB MO Kabeto.

MpbI yXe TPUBBIKJIA HE YIUBJISATBCS TOMY, YTO MPHUPOAA CKOH-
CTpyuUpoOBajla pSii YCTPOMCTB, KOTOpbIE MOCTUTIM (PU3UUECKOTO
npenesia coBeplleHCTBA. Tak, Harpumep, aganTUPOBAaHHBIN K
TEMHOTE IJIa3 4YeJoBeKa pasjiuyaeT eIMHUYHbIe KBAaHTbI, a Halll
MOPOT CJIBIIIMMOCTA COOTBETCTBYET MEXaHWUYECKUM CMEILIEHUSIM
OapabaHHOI TepernoHKM Bcero Ha 10 pagmycoB aTomMa BOIOpOIA.
bonee uyBcTBUTETBHBIN TTPUOOP (DU3MYECKU HEBO3MOXKEH — Mbl
Obl «CJIbIIIATM» MOJIEKYJISIpHbIe (IYKTyallud BO3IyXa BCJIEICTBUE
TETUIOBOTO IBIKEHMS MoJNeKyal Ipu Temriepatype *37 °C. OOGoHs-
HME HEKOTOPBIX >XMBOTHBIX TAKOBO, YTO OHU <«UYBCTBYIOT» OJIHY-
nBe MOJEKYJbl B 1 cM’ BO3dyxa, U TONOOHBIE MPUMEPHI MOXKHO
MPOAOIXKATh.

TeM He MeHee HEpBHbIE NMPOBOIAHUKM — HWCKIIOUUTEIbHO ILIO-
xve kKabenau. TexHuyeckKuil Kabejlb TeM JIydllle, YeM MEHbIIE Yy
HEro COIMPOTUBJIEHUE XWJbl U OOJbIIE COMPOTUBICHUE U3OJISIIUU.
B pacnopsikeHUM WHXEHEpPOB, HampuMeEp, IS KUJIbl MOTYT HC-
MOJIb30BaTbCSl METAIbl C YIEJIbHBIM COMPOTUBICHUEM IOpPsIAKA
107 OM M u muanextpuku 107 Om*M — m1d uzonsuuu. Y npu-
pombl BBIOOp OemHee: VIS XWIbl MOXHO MPUMEHUTh TOJbKO LIUTO-
asMmy, a it U3oasauuu — QochoaunuaHyo MeMopaHy, IpuyemM
TOT W JPYrOo TPUPOIHBbIE MAaTepuaibl HA HECKOJBKO TOPSAKOB
XyXe TeXHMYeCKuUX. BcrenctBue «wioxux» M30JSIIMOHHBIX
CBOMCTB HEPBHBIX MPOBOJHUKOB Yy HUX MPUCYTCTBYIOT OIPOMHBbIE
TOKM YTEYKH 4Yepe3 MeMOpaHHYIO TMOBEPXHOCTb.

PaccmoTpum mpoliecchl, KOTOpbIE MPOMCXOASAT MPU Pacmpo-
CTPaHEHUU DBJIEKTPUUYECKOTO HWMITyJIbca IO LWIMHAPUYECKOMY
HEPBHOMY (WJIM MBIIIEYHOMY) BOJIOKHY MOCTOSIHHOTO AuaMeTpa

(puc. 2.28).

O003HaYMM YIIEeJIBHOE COINPOTHUBRIICHNE MEeMOpPaHbl, MMEIOIIEH TOJI-
OvHy |, KaKk p_ a y[oeJabHOE CONpPOTUBIEHUE akcoruasMbl — p, (OM*m).
BaefieM eltie 0003HaYeHMsT: V — TpaHCMEMOpPAHHAS! Pa3HOCTh TIOTEHIINA-
J0B (B): I, — Tok BHyIpM akcoHa Bioimb ocu <o (A): C, — eMmKocTb
eIMHMLB MIowany MeMmopansl (P*M7): ], — NMJIOTHOCTb TOKA NMPOBOAU-
MOCTH BHYTpM akcoHa (A*M7); J — MJIOTHOCTb MONHOIO TOKA YTEYKU
yepes MeM6paHy (A*mM7); J, — NIOTHOCTbL TOKA IIPOBOAMMOCTH YEpE3
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Puc. 2.28. PacmpocTtpaHeHHe 3JIEKTPUUYECKOIO MMIIYJIbCa IO HEPBHOMY
BOJIOKHY paauyca r, TOJIMHBI | Ha ydyacTKe AJIMHOM dX.

MeMOpaHy (A*Mm7); J, — NJIOTHOCTb TOKA CMEUIEHUSI 4Yepe3 MeMOpaHy
(A*m™).

OueBUOHO, YTO IUIOTHOCTb MOJIHOTO TOKAa YT€YKM paBHa j = j, +j,
M TUIOHIaAb TIOBEPXHOCTHM ydyacTKa MeMOpaHbl [jiuWHONW dX paBHa
dS = 2nrdx. Tok mpoBOOZMMOCTH, IIpOTeKalOIIMiI Yepe3 MeMOpaHy Ha
yuactke dx, o6o3HauuM Kak [ , oH paseH I = j*dS = j *2ardx. YroOsl
BBIPA3UTh IJIOTHOCTH MEMOpaHHBIX TOKOB INPOBOAMMOCTM W CMEIICHUS
yepe3 TpaHCMeMOpaHHYIO Pa3HOCTh MOTEHILMAJOB, 3amuiieM 3akoH OMa
JJI ydacTKa MeMOpaHbl TonmuHoi | u gnmuHoit dx: V=1 - R , e R , =
= p,*(1/dS) — comporuBnreHue paccmaTrpubaemoro yyacrka. lIloacras-
nas BeipaxeHus niag I, u R, momyunm: V = j*dS*p *(1/dS) = iFe. L
TOrma TUIOTHOCTh TOKa IPOBOIAMMOCTHM Yepe3 MeMOpaHy OymeT paBHa
i, = V/(p,*), a Ttoka cmewenua -J, = dQ/dt = C _*dV/dt. Cnenosa-
TeJbHO, TUIOTHOCTb TOJHOTO TPAaHCMEMOPAHHOTO TOKa COCTaBIISIET:

Jo = V/(p,*D) + C_*dV/dt. [2.53]

PaccMoTpuM CBSI3b MEMOPAHHOI'O TOKAa YTEUKUM C TOKOM B aKCOILIa3-
M€ BIOJIb OCH «X». MeMOpaHHBIIi TOK €CTh CJIEACTBUE YTEUKHM OCEBOrO TOKA
AKCOIUIa3Mbl U OH paBeH YObUIM OCEBOro TOKa Ha ydactke dx: -dI, =
= j,*2nrdx. [ng MIOTHOCTM MEMOpPAHHOTO TOKa IMOJYYUM BbIpaKeHUE:

Jn = -(1/2ar)*dl /dx. [2.54]
B cBow ouepenb yObUIb TpaHCMEMOpaHHOW Pa3sHOCTH MOTEHIMATOB
BIOJb OCH «X» Ha ydyacTKe «dx», cormacHo 3akoHy Owma, coctaBut -dV =

IdR, tme dR, = pdx/ar’.
HOI[CTaBI/IB 3HaA4Y€HUue [[I/I(l)(bepeHL[I/IaJ'Ia COIMPOTUBJICHUA aKCOIlJIa3Mbl

IJI1 YOBUIM IIajieHWs HaIpsXeHus, moiayuum: -dV = Ia(padx/nrz). Ta-
KUM 00pa3oM, 3HaueHHWe TOKa aKCOTIa3Mbl MPUMET BMI:
I, = -nr’/p,(dV/dx).
IIponuddepeHnrpyemM MmocjienHee BBIPAXEHUE IO «X»:
dl/dx = -nur’/p (d’V/dx’). [2.55]
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a 6
Puc. 2.29. JlekpeMeHT 3JIeKTpUIECKOro IMOTEHIMANAa B IIPOCTPAHCTBE (a)

1 BO BpeMeHH (0).

T — IIOCTOSIHHAs1 BPEMEHU, \ — TOCTOSIHHASI THBL. L]0 — MCXOOHaA BCJIMYMHA
TIOTCHILIMAJIA.

[TonctaBuB ypaBHeHue [2.52] B [2.54], momyuyum ypaBHEHUE st
IUIOTHOCTH TIOJIHOTO TPaHCMEMOPAHHOIO TOKAa, BBIBEACHHOE yepe3 pac-
CMOTpEHME TOKOB YTEUKU:

jn = (t/2p,)(dV/dX'). [2.56]

[IpupaBHuBast 00a BBIpaXEHUS I IUIOTHOCTH ITOJTHOTO TPaHCMeEMO-
paHHOTrO ToKa [2.54] m [2.55], momy4amm:

(r/2p,)(d’V/dx’) = V/(p *1) + C_*dV/dt.
PaznenB o6e yactu ypaBHeHUS Ha (r/2p,), OKOHYATEJIbHO IOTYYHM:
d’V/dx’ = 2p,/r(V/(p,*1) +C_*dV/dt). [2.57]

VpaBHeHue [2.57] Ha3bIBaeTcsl meaeepaduviM ypasHeHuem W1
OIMCHIBAET TMHAMUKY BO BPEMEHM U IPOCTPAHCTBE PA3HOCTU I10-
TeHIIMAJIOB Ha MeMOpaHe B 3aBUCMMOCTH OT 3JIEKTPHUYECKUX
CBOIICTB M TE€OMETPHUYECKUX IapaMeTPOB BOJIOKHA.

INpoaHanu3upyeM ITaHHOE ypaBHEHME IPH Pa3IAYHBIX YCIIOBU-
gax. Ilpexnge Bcero pacCMOTpuUM, KaK OyIOeT pacIpencssiTbCs pas-
HOCTh MOTEHILIMAJIOB II0 BOJOKHY B IIPOCTPAaHCTBE IIPU CTaI[AO-
HapHbIX ycinoBusx (dV/dt = 0). B arom ciydae ypaBHeHme [2.57]
MpUMeET BUI:

PV/dx =20 V/rp. *1. [2.58]

PemieHneM ypaBHEHMS ABJISIETCS DKCIIOHEHLIMAIBHOE BbIpaXke-
Hue BUna: V(x) = Ve = -x/A, tie . — nocmosaHHas OAuHbl, PaBHast
(rp,*1/2p,)"?, — paccTosiHve, Ha KOTOPOM MOTEHIIMAT YMEHbIIIA-
eTcsl B «e» pa3. I'padmuecku IeKpeMEHT ITOTEHIIMaja IIpeaCTaB-
JIeH Ha puc. 2.29.

OueBUIHO, YTO 4YeM OoJbllle A TEeM Jaiblle MPOMCXOIUT pac-
npeesieHMe TOTeHLMajla B TPOCTPAHCTBE, OMHAKO BCJICACTBUE
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TOTO, YTO MeMOpaHa — TUIOXOM M30JISITOp, a akKcoruiadmMa — ILI0-
X0l IIPOBOJHMK, OTHOIIEHME WX YIEJIbHBIX CONPOTUBJIECHUI He
npesbiaer 10°. Torga npu AMaMeTpe BOJIOKHA Topsiika 1 MKM U
TOJIIMHE MeMOpaHbl mopsaka 10 HM IOCTOsIHHAsl JJIMHBI BOJIOK-
Ha OydeTr Bcero AecsiTKU MUKpoH! Takum o0pa3oM, HEpBHbIE U
MBIIIIEYHbIC BOJIOKHA 00/JagaloT OYeHb IUIOXMMM TOKOIPOBOMIS-
IMUMUA CBOMCTBAMM WM TeHEPUPYEMbIiI MMU IIOTCHIIAAT ACHCTBUS
MpPaKTUYECKM IIOJIHOCTBIO 3aTyxaeT Ha pPaCCTOSIHUM COTEH MUK-
POH.

IIpouecc pacrpocTpaHeHUs IEKTPUIECKOTO MMIIYJIbCa MO BO-
JIOKHY MOXKHO YCJIOBHO pa3lejvTh Ha JIBE YepenyloIuecs CTaauu:
reHepaluio MoTeHIUalla AeMCTBUSI M 3aTyxalollee pacripeaejieHue
NOTEHLMANA 10 KaGeJo CO CKOPOCTBIO B £/ pa3 MeHbIIE CKOPO-
CTU CBeTa, TIe € — AWAJIEKTprUUecKasl MPOHUIIAEMOCTb MEMOpPaHHbI.
B ¢dusuonornueckux Macimradbax uppamuaiys IoTeHIdana IIpo-
WCXOOUT IIOYTM MTIHOBEHHO, a 3alepXXKa BO3HUKAET IIPU pPa3BU-
TUU OYEPEIHOIo MOTeHIIMala JeHCTBUS.

MakcuManpHOE yIajJeHHe, OO0 KOTOPOro CIBMI IIOTCHLIMAaja
JONAeT MpakKTUYECKU MIHOBEHHO, OyleT paBHO PACCTOSIHUIO, HA
Komopom nadeHue NomeHyuaia 0ocmueno nopoea, m. e. paeHo pas-
nHocmu KYJI (KMII) u nomenuyuana nokos.. I1oCKOJIbKY pa3HOCTb
Mexny noreHnaaoM mokoss u KMIT pasaa nmpumepHo 30—35 MB
(«opor»), a pa3HOCTb MEXIy ITOTEHIIMajaMM ITOKOSI M MHBEPCUU
(motenuman neiicteus) mopsaka 100—120 MB, To paccrostHmMe
CBOOOIHOI Mppagdaliv MOTEeHIMaja paBHO TOM BeJWYMHE, Ha
KOTOpOI aMIUIMTyla WMITyJIbca 3aTyxaeT B 3,5—4 pasza (oTHOIIe-
HUE TIOTeHIIMaa JeWCTBUS K «ropory»). Ilpu rpyboii olleHKe 3TO
paccTosiHMEe OKa3bIBAaeTCsl paBHBIM MpUMEPHO 15A.

Ha xaxmpiii «mar» pacnpocTpaHeHUsl ITOTeHIMajia, PaBHBII
3/2A, HeoOXooMO BpeMsl 3aIep:KKU [JII T'eHepaluy O4YepeaHOTrO
nMmIynbca. OLeHUBasl ITOCTOSHHYIO IJIMHBI BEJIMYMHOW ITOpsIKa
100 MxM, a BpeMs TreHepanmum wuMmmyiabca 0,5 Mc, misT cKopocTn
pacmpocTpaHEeHUs] UMITyJbca TMOJAYYUM  BEJMYMHY TOpsaKa
0,3 M/c, KOTOpas COOTBETCTBYET 3KCIICPMMEHTAJIbHO OIIpeae-
JICHHOM CKOPOCTHU pacIpOCTPaHEHMSI UMITYJIbCOB IO TOHKUM 0e3-
MAKOMHbIM HepeHbiM eonokHam (B YacTHOCTH, C-BoJjioKHaMm). Tem
HE MeHee MO0 MMEJIMHOBBIM BOJIOKHAM MMITYJIbChl PACIIPOCTPAHSI-
IOTCSI B COTHU pa3 ObICTpee.

PaccMoTpuM MexaHU3MBbI, oOecrieyuBalolye OOJIbIIYI0 CKO-
pPOCTb IIPOBEACHMST MMITYJILCOB II0 HEPBHBIM BOJIOKHaM. IIpoiiecc
pacnpocTpaHeHUs UMITYJIbca, KaK yXe YIOMMHAJIOCh, obecredeH
IBYMSI MEXaHM3MaMU: TeHepalMell MOTeHIIMAI0B ISUCTBUS BO30Y-
IUMOI MeMOpaHOM M IMACCMBHBIM pacmlpeleieHdeM IoTeHLrala
M0 BOJIOKHY C 3KCIIOHeHIHUAIbHBIM 3aTyxaHueMm. CHoOBa 3aIuileM
BBIPAXEHME IS TIOCTOSIHHOM muHbL: A = (1p,1/2p,)". MbI 0Ny~
YWIM OLEHKY CKOPOCTH IPOBEACHMSI MMIIYJIbCa, M3 KOTOPOM Clie-
JIyeT, Y4TO 4YeM OOJIbIlle MOCTOSIHHAS JJIMHBI, TeM BBIIIE CKOPOCTh
pacIpoCTpaHeHHUsI MMIIyJIbca. Y MPUPOABLI, OTHAKO, HEMHOIO
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«CTeTleHel cBoOOABl» 1151 yBenudeHust A. Hampumep, HeBO3MOX-
HO CYILIECTBEHHO YMEHBILIUTH YACJAbHOE COIPOTUBICHUE AaKCO-
ILU1a3Mbl, TaK KaK OHO OOYCJIOBJEHO (DU3MOJOTMYECKU MpUeMJIe-
MBIMM KOHILICHTPAallUSIMM MOHOB M MX MOJBWXHOCTBHIO B LIUTO-
IJ1a3Me, TakXe HEBO3MOXHO M MHOTOKPAaTHO YBEJIUYUTh TOJILIMHY
MeMOpaHbl, IOCKOJbKY OHa 3aBHMCUT OT pa3MepoB MOJIEKYI (oc-
ponunuaoB. OcTaercs MyThb yBeJIMUYEHUs paauyca BOJOKHA U yBe-
JINYEHUSI CONPOTUBIICHUSI MEMOpPaHBI.

VY KpynHbBIX 0€CIIO3BOHOYHBIX KMBOTHBIX (KajbMaphbl, OChbMM-
HOTY, KapakKaTWUIbl) IpUpoAa M30pana IyTh YBEJIMYEHUS paauyca
BOJIOKHA, M TUTAaHTCKME aKCOHBI JBMTaTeJbHbIX HEHPOHOB y HUX
gocturaioT auamerpa 2 mm! TemM He MeHee AJI XXMBOTHBIX C pas-
BUTOII HEPBHOM CHCTEMOM M 4YeJloBeKa IMOJ00HOe pelleHue Hell-
pUeMIEMO; HallpuMep, 3pUTEIbHbIM HEPB YEI0BEKa, COAepKalluii
MWUIMOH BOJIOKOH, MMeJl Obl 1MaMeTp HECKOJIbKO METPOB.

VYBennueHue yaeabHOrO CONPOTUBICHMSI MEMOpaHbl Ha IMPOTS-
>KEHUM BCEr0 BOJIOKHA TaKKe HEBO3MOXKHO: Ha MeMOpaHe ¢ HM3-
KOl IPOBOAMMOCTBIO Maj0 MOHHBIX KaHAJIOB M Ha Heill He pa-
30BbETCSI TOTEHIMAN JeUCTBUSI. B CBA3M ¢ 3TUM 3BOJIOLMOHHO
ObU1 BbIpAa0OTaH MyTh CIELMATM3aLMU PA3IUYHBIX YUaCTKOB MEMO-
paHbl BOJIOKHA K JBYM COCTaBJISIOIIMM ITpoliecca paclpoCTpaHe-
HUSI BO30YXIEHMS: aKTUBHOM TeHepaluuM IOTeHLMajla U ero Iac-
CHBHOMY IpOBeAcHMIO. MUEeTUHU3MPOBAHHOE BOJIOKHO 00eCITeyH-
BaeT JIEKPEMEHTHOE (3aTyxawolliee) pacIpoCTpaHeHWEe HEPBHOTO
MMITYJIbCa T10 YYAaCTKy BOJIOKHA, IMOKPHITOMY MMEJIMHOM, W IeHepa-
LMIO TOTeHLMAaNa ACHCTBUS B «TOYKAX PETPAHCISILUU» — Hepexéa-
max Paneve. B utore pacrmpocTpaHeHHe BO30YXIEHUSI OCYILECTB-
JIIETCSI IBYXTAKTHBIMU «CKauyKaMU». MPAKTUYECKM MTHOBEHHO IO
MI/IC.TII/IHI/I3I/IpOBaHHbIM MEXIIEPEXBAaTHBIM IPOMEXYTKAM M CO CKO-
pocteio 0,1 —1 M*c™ B mepexBatax PanBpe. Takoe mpoBeneHuMe
HEPBHBIX MMIIYJIbCOB HA3BIBACTCS CAAbIMAMOPHbIM (.HaT saltus —
CKa4YoK) M MMEET MaKCUMaJIbHYI0 CKOpOCTh A0 140 m*c

MueanHU3UPOBAHHBIM YUaCTOK «OKYTaH» HECKOJIbKUMM CJIOSI-
MU AYIUTMKATyphl MeMOpaHbl KJIETOK OJUTOICHAPOIIMNM B IPOBO-
JSIIIAX MYTSX M IIBAHHOBCKOHM KJIETKM Ha nepudepuu, KOTOpPhIE
OoraTtbl MUEJIMHOM M MMEIOT BBICOKOE 3JIEKTPUUYECKOE COIMPOTUB-
neHue. IlepexBar PaHBbe CBOOOJEH OT MUEIMHOBBIX 000JIOUEK M
MPEeICTaBIsgeT CcOo00i OOBIYHYIO BO30OYyOMMYKHO MeMOpaHy (puc.
2.30).

Bricokast ckopocTh pacrpocTpaHeHUsI MMITyJbca — HE CIMH-
CTBEHHOE CYIIECTBEHHOE TpeOOBaHME K KauyeCTBY HEPBHBIX IIPO-
BonHuKOB. IlpoaHamm3upyeM ypaBHeHue [2.57] it HEKOTOpPOM
(puKCUpOBaHHON TOYKM MPOCTPAHCTBA U OTBETHM Ha BOIIPOC: KakK
M3MEHSIETCSI B Hell moTeHIMan Bo BpeMeHH? OTMETHM, YTO CKO-
POCTb JMHAMUKU IOTEHIIMAJa BO BPEMEHM OIpeAe/isieT AJIUTE]b-
HOCTb pepakTepHOTO Ieproaa: YeM MeAJeHHee M3MEHsSeTCs I0-
TeHUMaJ, TeM OOJblle ITPOJOJIKUTEIBHOCTh OJHOTO MMITyJIbCa U
TeM HUXe MaKCHMMajibHas 4acToTa CJIeIOBAaHUSI MMITYJIbCOB IO BO-
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Puc. 2.30. CrpoeHMe MHUEJIMHU3UPOBAHHOTO HEPBHOIO BOJIOKHA.

1 — IIBaHHOBCKAsI KJIETKA; 2 — IIajblie0Opa3HbIii OTPOCTOK IIBAHHOBCKOW KIIET-
K1; 3 — akcoH; 4 — MuUeNMH; 5 — IepexBar PaHBbe,

JokHy. Takum obpa3zoM, Ipu (PUKCUPOBAHHOM KOOpAWHATE IPO-
n3BoAHbIe (1-51 M 2-51) MO «x» paBHbI HYJIIO W TejaerpadHoe ypaB-
HEHUE MPUHUMAET BUJL:

V(p *1)+C_*dV/dt=0.
BoimenuB mpon3BOOHYIO0 10 BPEMEHU, MOIYyYUM:
dv/dt = -V/(p *1*C, ). [2.59]

Peumienuem ypaBHeHus [2.59] sBasieTcsl 3KCIIOHEHIMAIbHAs
pyHKUIMS:

V(O=Viexpl-t/(0,*1*C,)I,

e V,— HavyaJbHBIA CABUT TOTEHLMAJa B BBIODAHHOW TOUKe.
Boipaxenue p *1*C_~ uMeer pasMepHOCTb [c] M Ha3bBaeTCd no-
CMOSIHHOU 8peMeHU MeMOPaHbl — 3TO TO BPeMsl, B T€4EHHUE KOTOPO-
ro MOTEHLIMAJ YMEHBIIUTCH B «©» pa3 (cM. puc. 2.29, 0).

B MexmepexBaTHOM IIPOMEXYTKE, IIOKPHITOM MUEIMHOBOM
000JI04YKOI, YIEIbHOE COIPOTUBICHME MEMOpPaHbl B COTHU U Thi-
cg4M pa3 Oosbllie, yeM B 30HE IepexBara PaHBbe, IO3TOMY IIO-
CTOSIHHAsl BPEMEHM OOJDKHA OBITh OOJIBIION M COOTBETCTBEHHO
JIOJKHA OBITh 00/bIION pedpakTepHOCTh. TeM He MeHee Ojaropa-
ps1 TOMy, YTO MUEJIMHOBasi 00O0JIOYKA IPEICTaBIsSIeT CO0O0M MyIIM-
KaTypy MeMOpaHbl, MHOTOKPAaTHO «0OMAaTbIBAIOIIyI0» HEPBHOE BO-
JIOKHO, €MKOCTM KaXIOr0 BUTKAa MEMOpaHbl COCIUHSIIOTCS MOCJIe-
JIOBATeJIbHO, M 00IIasl eMKOCTh B «N» pa3 MEHbIIIEC eMKOCTU OJHO-
ro ciosa MeMmOpaHbl. Bonbliioe yaenbHOe CONPOTUBICHUE W Malast
€MKOCTb KOMITCHCUPYIOT ApPYT Apyra, U B UTOre IOCTOSTHHAsl Bpe-
MeHM O€3MSIKOTHBIX BOJIOKOH COCTaBjsieT 1 Mc.

BaxHo 3aMeTHUTb, YTO OrPOMHOE 3HAYEHUE MMEET HE TOJIbKO
MaTtepuaa 000JOYKM (BBICOKOE COMPOTUBICHME), HO U €ro Mpo-
CTpaHCTBEHHAs1 opraHuzauus. MMeHHO «IreoMeTpus» MIKOTHOM
000JIOUKM 00eCIIeYrBaeT MaKCHMMAaJIbHOE 3HAY€HHE ITOCTOSIHHOM
JUIMHBl TPY MUHUMAJbHOM IOCTOSSHHOW BpEeMEHM M3 BCEX BO3-
MOXHbBIX COOTHOIICHUI €MKOCTU U IMPOBOAMMOCTU. B pesynbrare
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Puc. 2.31. VizMeHeHre aMIUATyIbl TTOTEHIMAIA IEMCTBUSI BO BpEMEHU 1
TPOCTPAHCTBE TMpHY Tieperaye MO MMETMHOBBIM (CIUIOLIHASL JIMHUSI) U
OC3MHUETMHOBBIM (ILITPHXOBAsT JIMHKST) BOJIOKHAM.

M0 MUEJIVUHOBBIM BOJOKHAM OO€ECIeYMBaeTCd KaK BBICOKAsA CKO-
pPOCTh TIPOBEICHUST MMITYJIBCOB, TaK U BBICOKAsI IUIOTHOCTh Iepe-
JTadyn I/IH(i)OpMaIlI/II/I, TOorga Kak 110 HEMMEIMHU3MPOBAHHBLIM BO-
JIOKHAM TIOTEHIIMAJI PacIpOCTPaHSICTCS CO 3HAYMUTEIBHBIM 3aTyXa-
HHEM H C MaJioil cKopocThio (puc. 2.31).

2.5.6. Akkomonanusi BO30OYIMMbIX MEMOPaH K 3JIEKTPHYECKOMY TOKY

Bemunna KV (umu KMII) B obiieM ciiydae He MOCTOSIHHA JJIsT
OIHOI M TOM e MeMOpaHbI, a 3aBUCUT OT (PyHKIIMOHAJBHOTO CO-
CTOSIHUSI KJeTKU. [lpu mivTenbHO HapacTtarolleil MoAroporoBoi
genongpu3anuu Memopanbl KY][ yMeHbIlIaeTcs MO aMILUIATYAe U
VMITyJIbca HE BO3HUKAeT IMpH, Ka3ajJlochb Obl, MOPOrOBOM YpOBHE
nenonsipuzauuu. Takoi npouecc puznonoru u (pu3noTepareBThl
Ha3bIBAIOT UHAKMUBAUuUell NOMeHYUAN3A8UCUMbIX HAMPUEBLIX KAHA -
/108.

PaccmoTpeHne MexaHU3MOB 3JIEKTpOTepanuy MOCTOSIHHBIMU U
VIMIYJIbCHBIMU TOKaMM MOTpeOyeT O3HaKOMJIEHUSI ¢ OMOodU3uKOi
9JIEKTPOTOHMYECKUX SBJICHUM — M3MEHEHHWEM BO30YIUMOCTHU
HEPBHOM M MBIIIEYHON TKAaHU TIPU MPOTEKAHUU TOATIOPOTrOBOTO
BJIEKTpUYECKOTro ToKa. Panee (cM. paszmen 2.5.2) ynmoMuHAajCsSI Me-
XaHM3M U3MEHEHUs] TpaHCMEMOpPaHHON pa3HOCTU MOTEHIHUATOB
oA KaTomoM M aHOAOM: IIOJ KAaTroaoM — ACIOJsapu3alus, IOof
aHonoM — runepnojsipuzanus. COOTBETCTBEHHO IO KaTOJOM
pasHocth Mexay KVY]I v moTeHIMaaoM IOKOSI YMEHBIIWTCS, a
noa aHogoM — BospacteT (puc. 2.32). OmnucaHHBbIE MPOLECCHI
OOBSICHSIOT MOBBIIICHHYIO BO30YIMMOCTb IIOA KAaTOIOM M CHU-
>KEHHYIO TOJ aHOAOM Cpa3zy M B TeueHUe OMKaWIIMX MUHYT MO0-
cle BKIIOYEeHHUs Toka. TeM He MeHee yepe3 IoJITOpa-aBa JecsTKa
MMHYT Ttocjie BKiIrodeHUs Toka KVl Bo30ymuMbIx MeMOpaH cMe-
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Puc. 2.32. Nzmenenne memopanHoro roteHurana u KYJI npu npomon-
JKUTEJTBHOM JIEWCTBUM TTOCTOSTHHOTO TOKA.

a — genonspusauusi; 6 — runepnosisipusauus. ApP — aHomopasMbiKaTesbHOE
paznpaxenue; K — karonuueckas nerpeccusi (poct nopora); @A, — dusmo-
JIOTMYECKUI aH3JeKTPOTOH (mopor noBbilieH); PK, . — dusnonornueckuii kar-
9J1eKTpOTOH (mopor cHuxeH); MIIIT — mMeMOpaHHBIM MOTEHIMAT TTOKOSI.

1IaeTcsi B CTOPOHY 0OoJjiee OTpuLATENbHbIX 3HAYEHUI IO aHOIOM
M MEHee OTPUIIATEIbHBIX ITOH KATOAOM, YTO BITOCICICTBUU TIPH-
BOIUT K MHBEPCUM M3MEHEHUI BO30YyIMMOCTH, IIPOMCIICIOIICH B
MOMEHT BKJTIOUEHMS 3JICKTPUUYECKOTO TOKa.

Ha puc. 2.32 uzoOpaxkeHa AUHAMMKA IOTEHIMAajla IIOKOS U
KVY]l npu BKIIOYEHUU DSJIEKTPUYECKOTO TOKA ITOI KaToooM, W3
KOTOpPOI CJIeyeT, YTO IOocC/ie BKIIOYCHUS DJIEKTPUUYECKOTO TOKa
pa3HOCTb Mexmy IoTeHuuaaoM mokosd u KVl yMmeHbIaercs, a
6030ydumocms nod kamodom éo3pacmaem. OnHako KVY]I He ocra-
eTCsI TIOCTOSTHHBIM M Yepe3 HEKOTOPOe BpeMsl CMEIaeTcsl B CTOPO-
HY TIOJIOXKWUTEIbHBIX 3HAUYEHUI, BCJACACTBUE YEro Pa3HOCTb MEXIY
roteHIaaoM 1mokost 1 KY]I HapacTaer, 4To BEIpaXKaeTcsl 6 nocae-
OyrouemM CHUMceHUuu 6030ydumocmumemopansvi nod kamodom. O1i-
CaHHBbIE M3MEHEHUs BO30YIMMOCTH BCIICICTBUE GMOPUUHBIX INEK-
MPOMOHUHeCKUX A6AeHuUll OOBSICHSIIOT OTPaHUYEHUE BPEMEHU IIpO-
Leoypbl TIpYM TrajbBaHM3alMU. MIMEHHO yKa3aHHBIE TPUIMHBI
OrpaHUYMBAIOT MPOJOJLKUTEIbHOCTh rajibBaHu3auuu 1o Illepbaky
(16 mun).

BepHeMcst K 00BSICHEHMIO 0OpaTHO IMPOMOPLUMOHABHOM 3aBU-
CUMOCTM MEXIy aMIUIMTYIOW W JJIUTEeJbHOCTbIO ITOPOrOBOTO
BJICKTPUYECKOTO CTUMYyJia. PaHee MBI TOBOPMIM O BBI3BIBAIOIINX
BO30YKIIEHUE TOKaX M TOTEHIIMalax, OJHAKO MOCKOJbKY MeMOpa-
Ha WMEET 34eKMpPUYecKyro emMKocms, TO, TIOMOOHO KOHIEHCATOpY
JUIT U3MEHEHMSI pasHOCTM IMOTEHIIMAJIOB Ha OOKJIanKax, Mpu M3-
MEHEHUM pa3HOCTH TOTEHIIMAJIOB Ha MeMOpaHe Ha Hell 0oajceH
UBMEHUMbCA3APAO:

qa= Cxoe, — o).

Ecmu He paccMmaTpuBaThb MOJIEKYJISIPHBIE OCOOCHHOCTU BOPOT-
HOTO MEXaHMW3Ma, TO MOXKHO yTBEPXIATb, YTO MPUYMHON BO30YXK-
IeHMs CIy>KAT M3MEHUBIIMIACA Ha MeMOpaHe 3apsd. Torma 3aBu-
CUMOCTb BO30YKIEHHUSI OT BEJIWYMHBLI ITOPOTOBOTO TOKA M €ro JJIM-
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TEJILHOCTH Hocwia Obl XapakTep OOpaTHOIl IPONOPLUOHATLHON
3aBucuMoctr [*t = const: yeM MeHbllle TOK, TeM OoJbllel J0JI-
>KHa OBbITh IMPOAODKUTEIBHOCTh €r0 BO3IEWMCTBMS AJid obecreue-
HUsI TeHepaluM ToTeHLMala neicTBusi. TeM He MeHee Ha peaib-
HOM XMBOM MeMOpaHe MpPOMYyCKaHWE CJIMIIKOM MajbIX TOKOB HE
MPUBOIUT K HAKOIUIEHWIO Ha HeW 3apsiia, JOCTaTOYHOIo Jijisi
caBura pasHoctu noteHHuanaoB g0 3HadeHus1 KV OrcyrcrBue
3 DEKTUBHON IenoasIpu3alid MeMOpaHbl IIPOMCXOAUT OT TOTO,
YTO KajueBble, XJIOpPHbIE KaHadbl M MOHHBIE HACOCHI AKTMBHOTO
TpaHCHOpTa IIYHTUPYIOT CIAWILKOM MEIJIEHHbIE M3MEHEHUsl 3apsi-
Ja BCJICICTBME BXOMSILEIO HATPUEBOIO TOKA M KPUTUYECKUI ypo-
BEHb 3apsiia TaK W HE HaKaIlJIMBaeTCsl JaXe IPU CKOJb YrOIHO
JIJIUTEIbHOM 3KCIMO3ULIMK MaJioTO BXOMSILEro TOKa.

Ilon BAMSIHMEM WMMYJIBCHOTO 3JIEKTPUYECKOTO TOKa MPOUCXO-
IWT OenOoJsapu3alvs BO30YINMBIX MEMOpaH, ONOCPEeIOBaHHAas W3-
MEHEHUEM uX TMpoHulaeMoctu. [Ipu TpeBBILIEHUW aMIUIATYIbI
HaIpsDKEHUST 3MEKTPUYECKUX MMITYJILCOB 3HAUCHUS] KPUTUYECKO-
ro meMmOpaHHoro mnoreHuuana (KMII) mnpoucxomuT reHepawlus
MOTeHLMAN0B [eicTBUS (cmailkoB). B pamMkax coBpeMeHHBIX
MpeJCTaBIeHU 00 MHTErpaTUBHON AESITEJIbHOCTM MOHHBIX KaHa-
JIOB Ha BO30yauMoli MeMmOpaHe ee OeloJsapu3alusl BbI3bIBACT
KPaTKOBPEMEHHOE COYETAaHHOE OTKpbITHE (cpadaTbiBaHue) Na'-
KaHaJ0B, YTO IIPUBOIUT K YBEJIMYECHUIO HATPHUEBOM MPOHUIIAEMO-
CTU IUIa3MoJieMMbl. B mocienyoliemM MpoucXoauT KOMIIeHcaTop-
HOE HapacTaHue KaJMeBOil IMPOHUIIAEMOCTH MeMOpaHBI U BOCCTa-
HaBJIMBaeTcsl ee McXofHas mnoJisipusauusi. OCHOBHbIMUA MapameT-
paMM 3JIEKTPUYECKUX WMIYJIBCOB, ACHOJSIPUIYIONIMX BO30YINMYIO
MeMOpaHy, SIBJISIOTCS aMILUIMTYIa, JJIUTEJbHOCTh, (DopMa U 4acTo-
Ta MX CJEIOBAHMSI.

BepositHOCTh (hOopMUpOBaHUS MOTEHIMUATIOB IEUCTBUS 3aBUCUT
OT BO30YIMMOCTA MeMOpaHbl, a €¢ KOJMYECTBEHHOM Mepoi CIy-
XKUT eeqnuvuHa, 06pamHaﬂ UHMEHCUBHOCMU Nnopocoe02c0 paaapawcu—
mens, B OTBET Ha KOTOPBI TeHepupyeTcsl cmaiik. Bo30oymumocTb
3aBUCUT OT KpUTHUYeCKOro ypoBHs aemnojspusanuun (KYI) — Be-
JIMYMHBI KPUTUYECKOTO MEMOpPAaHHOTO MOTeHLMAaNa, IIpU KOTOPOM
MPOMCXOAIT JAaBUHOOOPA3HOE OTKPBHITUE TMOTEHIIMAI3aBUCHMbIX
Na'-MOHHBIX KaHAJIOB, AEIOJAPU3ALNS MEMOpPaHbl M WHBEPCUS
3HaKa MeMOpaHHOro noreHuuana (hopMupyeTcss MOTeHUMA JAeii-
CTBUS).

Bo3zbyoumocmov «8 HEpPBHOU U MBIIIEYHOU TKaHEW KOJMYECT-
BEHHO ONpENENAeTCA BeIMYMHOM, oOpaTHOM cuie Toka I ., BbI-
3bIBAIOILIETO IIOPOTrOBOE BO30OYXICHUWE HEpBa WIM COKpalleHUe
MBIIIILI;

S =I_, [2.60]

BO36YI[I/IMOCTB MCMGPaHI)I, OJHAaKO, 3aBUCHUT HC TOJIbKO OT aM-
IUIMTyAbl ITIOPOIOBOIO TOKa, OHa 06YCJ'IOBJ'ICHa TaKXE €€ CEMKO-
CTbIO, KOTOpad OomnpcacjacT AUMHAMHKY ITO3UTHUBHOI'O CMCIICHMA
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KV npu npomo/LKUTeIbHOM 3JSKTPUYECKOM pa3dpakeHUM —
denomeH akkomodayuu. CIIOCOOHOCTh K aKKOMOIALIMUA OOBSICHS -
0T 4YacTUYHON uWHakTuBanMeil Na'-KaHaloB UM  aKTUBaLUeEil
K'-KaHaJOB TpU [UIMTEJILHOW TOAIIOPOTOBOi  AEIOJISPU3ALINAN.
KonuyecTBeHHOII Mepoii BO30YIMMOCTM Hapsiiy C aMIUIMTYIOR
TOKA CIY>KUT €r0 MUHUMAAbHbIL epaduenm (KPUTUYECKUN Ha-
KJIOH) — HauMMEHbIlasl KpPyTM3Ha MepeaHero ()poHTa MOpPOTrOBOTO
BJIEKTPUYECKOTO CTHMYJA, BBI3BIBAIOIIETO TE€HEPAIlWIo ITOTEHIIMA-
na geiictBust (cM. puc. 2.26).

PaznuyHast cKOpocTh IPOBENECHUSI MMIIYJILCOB MO addepeHT-
HbIM MSIKOTHBIM AP-BOJIOKHAM U 00JeBbIM 0e3MSIKOTHbIM C-BO-
JIOKHaAM OOYCJIOBIMBAaeT aHAJIbIeTUIECKU 2(PdEeKT nruaguHaMuie-
CKMX TOKOB, IIpMYEM €CJIY MNpU TalbBaHU3ALUWUM aHAJIbIeTUYECKUI
3¢ deKT pa3BUBaeTCS MOJ aHOIOM, TO IIPM AMAAMHAMOTEpaIllii OH
(hopmupyeTcs mon KarogoM, HECMOTpPS Ha JJIUTEIbHOCTb MMITYJIb-
ca 10—20 mc. Tlog xaromoM B 3TOM ciydae pa3BMBaeTCsl AEMOJIsI-
pu3alus, AOCTUTAIIAs KPUTUYECKOTO YPOBHS, W YCUJIMBAETCS
HUMITyJIbCallusl KaK B OOJIEBBIX, TaK U B addepeHTHBIX BOJIOKHAX,
OIHAKO CKOPOCTh MPOBEICHMUSI BO3OYXKIEHUS I10 MUEIMHOBHIM
AB-BonokHaM BbIlIe, 4eM M0 C-BOJOKHAM. M MPOBOISIINE ITyTU
CIIMHHOTO MO3Ta OKa3bIBAIOTCS <«MOOWJIM30BaHbl» JIsI TIPOBEIC-
HUSI UMITYJIbCALIMY PUTMUYECKOIO pa3ipaxkKeHUsI paHbIIe, YeM IS
0oJieBOM 4YYBCTBUTEIbHOCTU. 11 MpoBeAeHUsT MMITYJIbCAllud U3
0osneBoro oyara B addepeHTHBIE ITPOBOISIINE TNYTH CITMHHOTO
MO3Ia YK€ HeT «BaKaHTHBIX» HEMPOHOB M CHMHAIICOB — BCE 3ajcii-
CTBOBaHbl MPOBEACHHEM PUTMMYECKOTO paszapaxkeHus. Kpome
OIKMCAHHBIX MEXaHM3MOB OJioKa OOJIEBOl YYBCTBUTEJIBbHOCTU Ha
YPOBHE IIPOBOIAIIMX ITyTEH, B LIEHTPAJIbHOM HEPBHON CUCTEME
(HHC) dopmupyercs mOMUHAHTa PUTMHMYECKOTO pa3IpakeHUs, a
OoJieBast JOMMHAHTA ITOAABJISIETCS.

Paznmuuus B cKkopocTy mepenadyd MHgopMaluu, o0yCcIoBIeHHbIE
KabeabHbIMU C80liCMEaMU HEPBHBIX BOJIOKOH — MOCTOSIHHBIMM JIJIU-
Hbl U BPEMEHHU, OMPEACIISIIOT U ONTUMAIBbHYIO YacTOTY 3JIEKTPOCTH-
MyJissuay. O4eBUAHO, YTO IPU YACTOTE CTUMYJIOB, MpPEBBHIIAIOIICH
MPOITYCKHYIO CIIOCOOHOCTh HEPBHOTO IIPOBOJHMKA, Iepedada M-
MyJbCOB OydeT OJlokMpoBaHa. Hampumep, omnrMmalbHasi dyacTora
umIyiabcauuyu mo acpgepeHTHbIM A[B-BOJIOKHAM COCTABJISIET OKOJIO
100 Tu 1 mosToMy auanuHamMudeckue Toku yactotoir 100 I'u obec-
MeYNBAIOT MaKCUMaJIbHBIN aHajbreTndeckuii 3¢ gexr. s cHmke-
HuA 3¢pdekTa aKKOMOJALMKU HEPBHBIX MPOBOAHUKOB K 2JIEKTpUYE-
CKOMY TOKY lIeJIeCOOOpa3HO MOMY/JIMPOBATh JBYXBOJIHOBOM PEXUM
KOpoTKuM nepuoaoM. Ilpu yacrore, mMeHbiueit yuem 100 T'u, He Oy-
JeT JTOCTUTAaTbCSd MAaKCHUMyM BO3MOXHOIO TEpareBTUYECKOIO BO3-
JIeficTBUS, TaK Kak OoseBble addepeHTh He OyayT OJIOKMPOBAHEI, a
MPOITyCKHasA CIOCOOHOCTh addepeHTHBIX AB-BOJOKOH ISl MPOBE-
JeHUs PUTMUYECKOTO pa3IpaxkeHus1 He JOCTUTHET HACHIIIECHUS.

B kadectBe apyroro IpuMepa pacCMOTPUM CTUMYJISILIUIO TpPO-
(prueckoii (pyHKIIMM HepBHOK cucTeMbl. [1OCKOIBKY HEHpOTpO-

117



¢uyeckoe AEUCTBUE peaanu3yeTcsi He TOJIbKO IO MUEJIMHU3UPO-
BaHHBIM, HO B TOM YWCJIE M II0 BEreTaTUBHBIM (OE3MSIKOTHBIM)
HEpPBHBIM MPOBOAHMKAM, TO ONTUMaJbHas 4yacToTa JJisi aHaOOIM-
yecKnX 3P GEKTOB 3JIEKTPOCTUMYJISILINU JISKUT B IIpeneax OT Of-
HOTO-JBYX OO JBYX JECSITKOB Tepll. B 3ToM ciydae, 0e3ycilOBHO,
MPOMCXOAUT BO30YKIEHNE IBUTATEIbHBIX HEMPOHOB, Ha KOTOPBIC
MBIIIIIA pearupyer memanycom. HecMOTpss Ha TO 4YTO TeTaHMYE-
CKOE€ COKpallleHUEe OITyCTOILIAeT MOOWJIbHBIA SHEPreTUYECKUI pe-
3epB MbIIIL (AT®, xkpeatnHdocdar, IIMKOTeH), MOCJE OTIbIXa
W BOCCTAaHOBJICHUSI CWJIA MBIIIEYHOTO COKpAIIEHUS BO3pacTacT
svlule Ucxo0Ho2o ypoeHs! DToT 3¢ dEKT, JaBHO ONKMCAaHHBIA QU3KUO-
JIoraMM KaK nocmmemaHnu4eckas nomenyuayus, B CBOeM MeXaHW3-
M€ pa3BUTHS OOYCIOBJIEH HEMPOTpoPUUECKMMU (HaKTOpaMU.

BozneiictBue Ha addepeHTHbIe IIyTM MOXET I10TpeOoBaTh
ajbHeNIero 6ojaee BHICOKOYACTOTHOIO BO3IEUCTBUSI M JOCTUTAET
MakCMMyMa TMpHM HECKOJbKMX COTHSIX Tepll (BbICOKOYACTOTHAs
TpaHCKpaHMaJIbHAsI 2JIeKTpoaHaure3uss — g0 2 kI'1). Bmecre c¢
TeM HeoO0XOJUMO IMOMHUTh, YTO ONTUMAaJIbHbIE YAaCTOThl BO3ICHCT-
BUS HeE SIBISIOTCS (PUKCUPOBAHHBIMU M 3aBUCSAT HE TOJBKO OT
KOHKPETHOTO OpraHu3Ma, HO M OT ero (pyHKIIMOHAJIBLHOTO COCTO-
auus. ITo Mepe BBI3TOPOBICHUST U3MEHSIOTCSI CBOMCTBA MeMOpaH:
€MKOCTb M CONPOTUBIIEHWE, MOCTOSIHHAsl BPEMEHU U ONTUMasb-
HbIE€ YacCTOThI 2JEKTPOCTUMYJIAUMU. TakuM o0pa3oM, OCOOEHHO
aKTyaJIbHbl BO3MOXHOCTM OHOperyaupyloueidi Tepanuu, Korma
BKJTIOYAeTCsl oOpaTHasl CBSI3b MEXAy ImapaMeTpaMHu BO3ICHCTBUS U
CBOIMICTBAMM TKaHEU.

ABTOMaTMyeckasi MOACTPOMKa aMIUIUTYJIHO-4aCTOTHBIX Mapa-
METPOB MMITYJILCOB K CBOMCTBAM HEPBHBIX M MBIIICYHBIX BOJIOKOH
MO3BOJIUT PACLIMPUTDL MOKa3aHUS U YCUIUTh 3(PPHEKTUBHOCTh UM-
IMyJIbCHOM 3JICKTPOTEPaIIN.

TECTDbI

1.JInt BO3HMKHOBEHMSI M CYIIECTBOBAHMS BJICKTPOIBILKYIIEH
CWibl HA MeMOpaHe HEeOOXOOAMMO U JOCTAaTOYHO:

A. Hammuust rpannieHTOB KOHIIGHTpAllMM Ha MeMOpaHe IS JIfo-
ObIX IBYX MW 00jJee HMOHOB U PA3IMYHON IPOHMLAEMOCTHU
MeMOpaHbI Uil 9TUX MOHOB.

b. Haauuust rpagueHTOB KOHILIEHTpallMM Ha MeMOpaHe Jist
JIByX MOHOB 1 0oJjiee 00513aTEIbHO Pa3Ho20 3HAKA N OJUHAKO-
BOI IIPOHMIIAEMOCTU MEMOpaHBbI IJi1 3TUX MOHOB.

B. Hajinuus pasnMuHoil MPOHULIAEMOCTHM MeMOpaHbI ISl IBYX
rap MOHOB Pa3HOIo 3HakKa.

2. Ilpu monyyenuun ypaBHeHus lonbaMaHa u3 ypaBHeHUst HepH-
cra—Ilnmanka HeoOXOOUMO HOMYCTUTh, YTO:
A. TloTeHlMan BHYTpUM MeMOpaHbl YyMEHbIIAETCsI OOpaTHO IIpO-
MOPLIMOHAJIBHO €€ TOJIIKWHE.
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b. IloteHuman ects JuHeHass (PYHKUMS TOIIIMHBI MeMOpaHbI
Y 2JICKTPUYECKOE I10JIe BHYTpU MeMOpaHbl OJHOPOIHO.

B. KoHuleHTpalsi MOHOB B TOJIIE MeMOpaHbl M3MEHSIETCSI 110
9KCIIOHEHIIUATBbHON (DYHKIMK B 3aBUCHUMOCTH OT TPaHULIbI
MeMOpaHHI.

3. Yuer pabotel Na—K-AT®a3pl NpUBOANT K CIICAYIOIIEMY BIIUS-
HMIO Ha TpaHCMEMOPaHHYIO Pa3HOCTb MOTEHIIMAJIOB:

A. TIpoucxoauT HOMOJHUTEbHAS TUIIEPHOJSIpU3aLUsl TT0 OTHO-
IIEHUIO K CTallMOHAPHOMY <«TOJIbAIMAHOBCKOMY» ITOTEHLIMA-
Jay.

b. TIpoucxoauT yacTuuHas AeNOASIpU3aliisl OTHOCUTEIbHO CTa-
LIMOHAPHOT'O <«T'0JILAMAHOBCKOTO» TMOTEHIIMANIA.

B. Na—K-AT®a3a co3naeT TOJbKO TpamvdeHThl KOHIIEHTPAIUU
MOHOB U TeM CaMbIM — HEOOXOIMMOE YCJIOBHE CYILECTBOBA-
HUSI <«TOJILAMAHOBCKOIO» IOTEHIMala Ha MeMOpaHe.

4. TloreHuman MHBEPCUU CMCEHACT IMOTECHU A ITOKOS BCJICACTBUC:

A. MlHBepcuM TpagueHTOB KOHILIEHTpallMMd HATpUS U Kajlusl Ha
MeMOpaHe npu ee BO30Y>KICHUU.

b. MHBepcumn rpaavieHTOB KOHLEHTPALMK HATpUs U Kajaus Ha
MeMOpaHe ¥ OIHOBPEMEHHOIl WHBEPCUM IPOHUIIAEMOCTHU
JUISL 9TUX UOHOB MPU €€ BO30YXIECHUMU.

B, MHBepcuu TONBKO MPOHULAEMOCTH IJIsI HATpUs U Kaaus
npyd BO30YKIEHUM 3JICKTPOTeHHON MeMOpaHHI.

5. IIpy mponyckKaHUM TIOANOPOrOBOrO IMOCTOSIHHOIO 3JIeKTpUYe-
CKOTO TOKa 4epe3 BO30yOMMbBIe TKAaHW BO30YIMMOCTBL ITO aHO-
JIOM cHaJaja:

A. CHuxaertcs.
b. He usmensercs.
B. IloBbimaercs.

6. Bo30yxxnmeHne HepBHOI M MBIIICUHON TKaHEH 3aBUCUT OT Tapa-
METPOB BJIEKTPUYECKOIO MMIIYJIbCA CIEAYIOIIMM 00pa3oM:

A. TIpsiMO TIpOMOPLMOHATIBLHO aMIUIATYAE MMITYJIbca U O0OpaTHO
MIPOIIOPLIMOHAJIBHO €T0 JJIMTEILHOCTH.

b. IlpssMo mponopuOHANIBHO aMIUIUTYAE Y JUIMTEILHOCTU UM-
IyJibca.

B. ObpaTtHO MOpPOMOPLIMOHABHO AaMIUIMTYA€ M IJIATEJIbHOCTU
VIMITYJIbCA.

7. Ilpu DOCTHMKEHUM Ha BO30YIMMOII MeMOpaHe 3HaueHUs ITOTeH-
11Majga, paBHOIO KPUTUYECKOMY MeMOpaHHOMY IIOTEHIIMANTY,
IIPOMCXOIUT:

A. JlaBuHOOOpa3HOE OTKpPBITHME ITOTCHLIMAI3aBUCUMBIX HaTpue-
BBIX KaHAaJOB.

b. JlaBuHOOOpa3HOe OTKPBITUE ITOTEHLUMAI3aBUCUMBIX Kajue-
BBIX KaHAaJIOB.
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B. O,I[HOBpCMCHHOC OTKPLITUE MOTCHIINAJI3aBUCUMBIX HaTpUC-
BbIX N KaJIMEBLIX KaHaJIOB.

8. BOpOTHBIfI MCXaHU3M ITOTCHUHHUAI3aBUCUMOI'0O HaTpUEBOI'O Ka-

Hana (GyHKIMOHUPYET TaK. 4TO:
A. m- 1 h-BopoTa KaHajga OTKpHIBAIOTCS M 3aKPbIBAIOTCSI B

npoTtuBodase.

b. m- u h-Bopora KaHaja OTKpPBIBAIOTCS M 3aKPHIBAIOTCSI CUH-
dasHo.

B. m-BopoTta kKaHana OTKpBIBAIOTCS BCJEICTBUME MaJIOi aMIUIU-
TyAbl BO30YXHAOIIUMX TOKOB. h-BopoTa — BCIEIACTBUE
OOJIbIINX 3HAYEHMI BO30YXIAMOIIETO TOKA.

9. CKOpoCTb MNpOBedecHUS WMITYJILCOB IO HEPBHBIM UM MBIIIEY-

HBIM BOJIOKHaM 3aBUCHUT OT MX pajuyca CIEIyIoIIMM 00pa3oMm:

A. OGpaTHO TpOIOpPLMOHAIbHA PaUyCy BOJOKHA.

b. IlpsiMo mponopuMoOHaabHA PAaUyCy BOJOKHA.

B. IlpsiMo mpomnoplLoHanbHa paauycy BOJOKHA B cTerneHu 1/2.

I'. O6patHO MponopLOHATbHA paauycy BOJIOKHA B cTerneHu 1/2*

10. MuenuHoBass 000Ji0YKa YBEJUYMBAET CKOPOCTb IPOBEACHUS

HMMITYJIbCOB MO MSIKOTHBIM BOPOTaM BCJIEICTBUE:

A. CHIXeHMSI YOEJIbLHOTO COMNPOTUBICHUS MHUEIMHU3UPO-
BaHHBIX YYaCTKOB MeMOpaHbl BOJIOKHA W TIOBBIIIEHUS WX
YIECJIBbHOA €MKOCTH.

b. IloBblllIeHNsT yAEIBLHONM E€MKOCTM MeMOpaHbl MUEIVMHU3U-
POBAaHHOTO BOJIOKHA M TIOBBIIIEHUS YAETBHOTO COIPOTHUB-
JICHUSL.

B. IloBbiiieHus yIeIbHOTO CONMPOTUBICHUSI M CHIDKEHUS YIEIb-
HOM €MKOCTM MMEJIMHU3UPOBAHHBIX YJYaCTKOB MEMOpaHbI
BOJIOKHA.

OrBeTh: 1 -A;2-b;3-A;4-B;5-A;6-Db;7-A;
8-A;9-B; 10 - B.

2.6. MexaHu3Mbl pery/ismmy (py3MOI0OrHIECKUX (PYHKIIMii

2.6.1. CucreMbl aBTOMATHYECKOIO Pery/MpoBaHus (pyHKIIIA

[lopaepxaHue MOCTOSHCTBA BHYTPEHHEH Cpelbl OpraHu3Ma — 20-
Meocma3zuc — BaxHeUas U3 QU3MOJIOrMYecKuX (GyHKUMN XKu3-
HeoOecIleueHUsT M HeoOXOOMMOE YCJIOBUE COXPAHEHUS XM3HU U
3M10poBbi. K MOCTOSIHCTBY pPasiuMYHbBIX IMapaMeTpoOB BHYTPEHHEN
cpelbl OpraHM3M HEOIMHAKOBO TpeboBateseH. Hampumep, comep-
>KaHME TJII0OKO3bl B KPOBM HATOLIAK CUYMTAeTCs HOPMajbHbIM B
npenenax or 3,6 10 5,5 MMoib/1 ', JIEHKOLUTOB B KpOBU — OT 4
1o 8 Teic. B 1 MM, B TO e Bpems eciiM TeMIiepaTrypa Tejia M3Me-
HsleTcsl Jaxe Ha oguH rpagyc — ot 37 go 38 °C (or 310 mo 311 °K
1Mo abCOIOTHON TeMIlepaTypHOM IlIKaje), — TO TPOMCXOIUT CY-
1LIECTBEHHOE M3MEHEHUE ero (PYHKIMOHAIBLHOTO COCTOSIHUS, a W3-
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MEHEeHHMEe aOCONIOTHOI TeMreparypbl «iapa» Bcero Ha 152 %
MPUBOAUT K JIETAIbHOMY HcXody. MOXHO BbIIEIUTh Psifl TMapa-
METPOB, KOTOpble TOIAEPXKMBAIOTCS B OpraHuM3Me Haubojee cTa-
OWIbHO: Temreparypa <«iiapa», OCMOJISIPHOCTb KPOBUM U BHEKJIE-
TOYHOM >KUAKOCTH, KOHLEHTpallMsl MOHOB BOAOPOAA B KPOBU U
WHTEePCTULMATBHON XUAKOCTU W KOHLIEHTpAlUsl BHEKJIETOYHOTO
Kaubliusl. OTKIOHEHUS OT HOPMbI KaXJIOro M3 IepeurCIeHHbIX
rmapaMeTpoB Bcero Ha 1—2 % He TOJBKO JMArHOCTUYECKM 3HAYM-
Mbl, HO U MPEACTABIISTIOT YTPO3Y JJIsI HOPMAJIbHOW KU3HEAESITe b~
HOCTU OpraHu3ma.

Kpome nopgepxkaHusi ¢ BBICOKOW CTEMEHbBIO MOCTOSIHCTBA Tie-
PEYMCIIEHHBIX MapaMeTpoB roMeoctasuca. it (yHKIIMOHAJIbHOTO
COCTOSIHMSI OpraHM3Ma CYIIECTBEHHO — TIPU KakKoM pasMaxe W3-
MEHEHMI MMapaMeTpOB BHEIIHEN CpeIbl 6HYmpeHHue TI0Ka3aTean
TMOCTOSTHCTBA Cpe/ibl OCTAalOTCSl CTaOUIbHBIMU. CIIOCOOHOCThL CO-
XPpaHSTh MOCTOSIHCTBO BHYTPEHHEN Cpeibl MPU U3MEHEHUHU YCJIO-
BUI BHEIIHEN Cpebl OMpeaessieTcsl ananTallMOHHbIMU BO3MOX-
HOCTSIMU OpraHumsma. YeM MeHblle M3MEHSIOTCS IMapameTphl To-
MeocTazuca, TeM OoJsiee amanTUPOBAHHBIM CUMTAETCSl OPraHMU3M.
l'omeocTasuc mnomnepXuBaeTcsl Ha Pa3IMYHBIX YPOBHSIX OpPraHU3-
Ma pa3HbIMU cucTeMaMu, (YHKIIMOHUPOBAHUE KOTOPBIX aleKBaT-
HO OIMCHIBAIOT pa3UYHbIE pa3lesibl COBPEMEHHOW OMOGbU3MKHU
(puc. 2.33).

CnocoOHOCTh MOAAEPXKUBATH TOMEOCTa3UC — OIMH U3 BaXHBIX
KpUTEpUEB 370pPOBbsI 4esioBeka. BoT mouemy /s BOCCTaHOBJIEHUS
310pOBbsSI 0OJIbIIIOE 3HAYEHUE TMPUOOPETAET MpeHuposKa ananTvB-
HbIX (YHKLUIA opraHu3Ma. HecMoTpsi Ha HaiMuve B apceHase
Bpaueil CreuualbHbIX CPENCTB, TMOBBIIIAIOIIMX PE3ePBbl ajarTa-
UMK (aganToreHoB). B OOJBIIMHCTBE CAydaeB IJIaBHBIM WHCTPY-
MEHTOM aJIalTallMOHHOW TPEHUPOBKU BBICTYMAIOT (DU3NUECKUE
METOJIbl: TMIo0apuyecKasl TMIIOKCHUSI U Turepdapryeckasi oKCure-
HalMs, TEIUIO U XOJOH, 3JeKTpocTuMyssiums. Kputepuem anar-
TAIlMOHHBIX BO3MOXHOCTE! (pe3epBOB) SIBIISICTCSI COXpaHEHUE TO-
MEOCTaTUYECKMX TMapaMeTpOB MOCTOSSHHBIMU MpPU 3HAYMTETbHBIX
BapMalsIX BHELIHMX YCJIOBUIA.

HeobxonumbiM  yc/TOBUEM YCTOWYMBOTO TOJIEPKAHUS TOMEO-
cTaszuca SIBJISIETCS BBICOKMI YpOBEHb METa0OIMYECKON aKTMBHO-
CTH, a JIOCTaTOYHbIM — BBICOKMIA YPOBEHb OpraHM3alMy IpoIlec-
COB peryasiiuu 1 ymnpabieHus. Hayka o0 oOlyx HmpuHIUNAx U
3aKOHOMEPHOCTSIX OpraHM3allMv TIPOLIECCOB YIPABJIEHUSI W pery-
JISIIMA B OpraHMW3Me 4YeJIOBEKAa Ha3bIBAETCSl (uU3U0A02UHECKOU KU-
bOepHemuKoli.

C ToOYKM 3peHMs] KMOEpPHETUKU MEXaHU3MOM MOIEPKaAHUS
MOCTOSTHCTBA MAapaMeTPOB B OUHAMUYECKOU CUCTEME SIBJISIETCS Om-
puyamenvHas o0pamuas c6513b, TUIIUYHBIA TMpUMEp KOTOpO —
(yHKIIMOHMpPOBaHKWE THUITOTAIAMO-TUITO(DU3apHO-HAATOYEUHUKO-
Boii cucteMbl. Ilpu HemocTaTke (MOBBIIEHHOM pacXoje) IJIIOKO-
U MUHEPAIOKOPTUKOMIOB TUIIOTAIAMYC CEKPETUPYET COOTBETCT-
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Puc. 2.33. Mepapxudeckast cucTeMa «JIEKTPUUYECKON CTPYKTYphD» XKBO-
IO OpraHM3Ma M COOTBETCTBYIOLIME (PM3MUYECKUE TMOMXOIbl K €€ OIrca-
HUIO.

BYIOIIME PUJIU3UHT-(DAKTOPhI, IOBBIIIAIOIIME B CBOIO O4Yepedb
CUHTE3 aJpEHOKOPTUKOTPOITHOIO TOPMOHA, CTUMY/IMPYIOLIETO
CHHTE3 IIIOKO- ¥ MUHEPAIOKOPTUKOUIOB HaArnoyeuHukKamu. [1pu
M30BITKE KOPTUKOCTEPOMIOB IIONABISETCS CHUHTE3 JIMOEPHHOB.
AKTUBUPYETCSI CUHTE3 CTATUHOB MU B KOHEYHOM MWTOTe ITONABIISIET-
¢ CUHTE3 KOPTUKOCTepounoB. MMeEHHO IomaBlieHHMEM CHHTE3a
COOCTBEHHBIX KOPTUKOCTEPOMIOB C MOCIEAYIOIIE WHBOIIOLUEH
KOpbl HAAIOYEYHUKOB OOYCIOBJIEH psi, HETaTUBHBIX IOOOYHBIX
3¢ deKToB NpU IIATEIBHOM IIpUeMe Jaxe HeOOJbIIUX O03 Top-
MOHAQJILHBIX TIpernapaToB.
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OTKJIOHEHHE COmepKaHMSI TOPMOHOB B KPOBU B Ty WIM HHYIO
CTOPOHY IIPMBOIWT K TEM peaKIUsIM M IpolieccaM, KOTOpHIE 803-
8pawarom KOHUEHMpPAyUro pe2yaupyemoll 8eAUUHbl K UCXOOHOMY
3Hauenuro. JIMHAMMYECKasl CHUCTEMa MOCJE BO3MYILECHUS CTPEMMT-
¢ K 3HAYEHHUIO, KOTOPOE HA3bIBAETCS 3TaJIOHHBIM CUTHAJIOM, WIX
ycraHoBko#l.  [lomoxwurenbHast oOpaTHast  CBSI3b, HAOOOpPOT, HE
YMEHBIIIAeT M HUBEIMPYET BO3HUKIIEE OTKIOHEHHE OT TEKYIIETO
3HAUYECHMSI PEryJvpyeMoil BeJIMUYMHbBI, a YCUIuBaeT ero. IIpumepom
NOA0NCUMENBHOU 00PAMHOI 653U B OPTAaHU3ME CIYXKUT YCUJICHUE
CeKpelMu XKeJIyIoYHOro COoKa B Mpollecce mpuema Iuiiu. be3 mo-
JIOKUTEJIbHOM OOpaTHOI CBSA3M ObIIa OBl HEBO3MOXKHA TeHEpaIvs
3JIEKTPUYECKUX MMITYJIbCOB BO30yOIMMONI MeMOpaHOW HEpPBHBIX U
MBIIIEYHEBIX BOJOKOH. Jlemonspu3aiiisa MeMOpaHbI OO KpUTHYE-
CKOI'O YpPOBHS IIPUBOOUT K OTKPBITUIO CaMbIX YYBCTBUTEIbHBIX
MMOTeHIIMAI3aBUCUMBIX HATPUEBBIX KaHAJIOB, 4YTO OOYCIIOBJIMBAET
ele OOJbIIYI0 OEMOJIpU3alMil0 MeMOpaHbl YW AajlbHEMNINee OT-
KpBITE MEHee JyBCTBUTEILHBIX KaHajloB. B mTore, commacHo 3a-
KOHY «BCE WJIM HWYEro», pa3BUBAETCS IEIoJisapu3alus MeMOpa-
HBI, OJHAKO TOpa3I0 dYallle BpadyaM HPHXOOUTCS CTAJIKMBATLCS C
HEraTUBHOM POJIbIO IOJOXUTEIbHOIH OOpaTHOI CBSI3M B OpraHU3-
M€ Ha IPUMEPE HOPOUHbIX KPyeoe TIPU Pa3BUTUN TUIIOBBIX I1aTOJIO-
TMYECKUX MPOLIECCOB — OO0JIEBOM CHUHIPOME, BOCIAJICHUM U IU-
ITOKCHM.

HepBHass 1 rymopaibHas peryjsiuuds KaXIoro KOHKPETHOTO
TOMEOCTAaTUYECKOIrO ITapaMeTpa OpraHu3Ma, HECMOTps Ha WHIM-
BUAyaJlbHbIE OCOOEHHOCTM, ITOAUMHSIETCS OOIIMM IIPUHLMIIAM
KMOEpHETHKY. BBegeM MWHMMYM ITOHSTHIA, HEOOXOOVMMBIX JUIS
OIMCaHUS CTPYKTYPHOI CXeMBbl CHUCTeMBbI yrpabieHus. s -
CTpallMd PacCMOTPUM MEXaHU3M IOMIEpXKaHWS IMOCTOSIHHOMN TeM-
rnmepatypbl B KoMHate. IlapaMeTp, KOTOpBIiI HEOOXOOMMO IIOAAEP-
>KMBaThb Ha MOCTOSSHHOM YpOBHE (B HallleM clydyae — KOMHAaTHas
TeMIlepaTypa), Ha3bIBa€TCsSl BBIXOMHOM XapaKTepPUCTUKOM, WIN
Ynpaensaemoil nepemMerHoll, 3HadeHre ee u3Mepsiercs damuuxom (B
HallleM CJIydyae TepMOMeTpoM). JlaTuuK IepenaeT cueHas oopamHoi
C6543Uu Ha WCIIOJHUTEIbHOE YCTPOMCTBO, CHOCOOHOE W3MEHUTH
3HAYEHUE YIIPABISIEMOMA TEPEMEHHOM — 3JIEMEHT CpaBHEHMUS,
W KoHmpoasep (B HallleM ClIyyae TepMOCTaT), KOTOPBIl CpaBHU-
BaeT 3HayeHUE CUTHajla OOpaTHOW CBSI3U C IMAAOHHBIM CUCHAAOM
(yvcmaekoii). Pa3HOCTb CUTHa/Ia OOpaTHOM CBSI3W M YCTaBKW Ha3bl-
BaeTcsl owuobkol peeyauposanus. Eciu ommbOKa peryJrpoBaHUS
MPUCYTCTBYET W 3a()MKCHpPOBaHA, KOHTPOJUIEP IOCBUIAET CUeHaA
Ynpaeaenus Ha PeryysaTop, a 3aTeM Ha YCTPONCTBO, CMOCOOHOE U3-
MEHUTh 3HAY€HUE YOPABISIEMOM IIEpeMEHHON — aggexmop —
OOBEKT peryaMpoBaHusI (B HallleM Cjaydae HarpeBaTeb C peryiu-
PYEMBIM TEIUIOBBIM ITOTOKOM).

B xauectBe mnpumepa (PpU3MOIOrMUYECKON OTpUIATEILHOM 00-
paTHOM CBSI3M PACCMOTPUM CXEMY TEPMOPETYISILIUM TEeIUIOKPOB-
HbIX opranu3moB. MHdopmaliust o TemriepaType Tejla MOCTYIaeT B
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LIEHTp TEPMOpPEry/sIliuK OT pelentopoB (maruukoB). IIpu oTkio-
HEHUM peajbHON TeMIlepaTypbl OT 3HAY€HUs 3TAJIOHHON yCTaHO-
BOYHOII TemIiepaTyphl (set point) oOpa3yeTcsl CUTHall owlubKu, Io-
CTyNalolMii B TEPMOPETYISATOPHBIN 1IeHTp. B 3aBucumoctu oOT
3HAaKa CHUTHaja OLIMOKM 3amycKaloTcsl OMOXMMUYECKHE peakluu
TepMoreHe3a (mpu 0Oojiee HM3KOM TeMmrmeparype OTHOCHUTEIbHO
3TAJIOHHO) 1100 (PU3UOJIOTMYEeCKrEe peaKlMU TepMoau3uca (Ipu
3HAYECHUSIX peaJIbHON TeMIIepaTypbl, KOTOPHIE IPEBBIIIAIOT 3HAYE-
HUSI yCTaBKM). B pesyibTare OTKJIOHEHUS TEMIEpaTypbl, OOYCIOB-
JICHHbIC BJIMSIHMEM BHEIIHEH Cpelbl, HUBEIUPYIOTCS OTpULATEIIb-
HOM 00paTHOI CBSI3bIO M, TaKUM 00pa3oM, IOAACPKUBAIOTCS M30-
TEpMUYECKME YCIOBUSI BHYTpeHHel cpeapl. Ha mnpuBemeHHOM
MO0 aHAJOTUYHBIX IIpUMEpax, KakK IIPaBUJIO, OrPaHUYMBAETCS
M3JI0KEHUE MEXaHU3MOB OTPHUIIATEIbHON OOpaTHOI CBSI3U B BbIC-
IIeH MEAMLMHCKON IIKOJIE.

OcHOBHasE OCOOEHHOCTH OTPMIATEILHON OOpaTHON CBSI3M —
MnoAJepXKaHUe YIpaBIsieMOM II€pEMEHHOIl Ha MOCTOSIHHOM YPOB-
He, paBHOM 3TaJJOHHOMY CHTHAJIy, HO pery/silys He Bcerma odec-
MeYrMBaeT MOHOTOHHOE CTpEeMJICHUE YIIPABIISIEMOM MEpPEeMEHHOM K
aTaJlOHHOMY curHamy. HampotuB, ynpasisieMasi repeMeHHasl MO-
KET C Pa3IMYHON CKOPOCTBIO CTPEMUTLCS K BTajJOHY, B TOM YUCIIC
U MO MeXaHM3My 3aryxaiolmx kojebanuii. [lpu nepepeeyauposa-
HUuu BO3MOXHBI Jaxe HesaTyxalolye (pacxomsiiuecs) KojebaHus,
T.. BO3HUKAET (paKTU4ecKash HEYCTOMYMBOCTb CHCTEMbI yMpaBiie-
Hug. IIpumepom obOpaTumMoro ¢pU3MOJIOTMYECKOIrO Iepeperyampo-
BaHUS B OpraHU3Me SIBJISIETCSl TeKTUYecKasl TeMrepaTypa Mpu He-
KOTOPBIX MH(MEKIIMOHHBIX OOJIE3HSIX.

Hns1 KayecTBEHHOTO OOBSICHEHMSI Pa3JUYHbIX THUIIOB IOBEIC-
HUSI CUCTeMbl YMpPAaBICHUS HEOOXOOUMO paCCMOTPETh IOHSATHE
ycuneHuss OOpPaTHOM CBSI3M, KOTOPOE SIBJISIETCS OTHOILIEHUEM Beu-
YMHBLI CUTHAJA YIPaBACHUS U Pa3HOCTU MEXIY 3TaJIOHHBIM CHI-
HaJlOM U TEKYyIIMM 3HAueHUEM YIpaBJISIEMON MepeMeHHou (T. e.
ommnodkoi): X, o= K*X oo YCWIECHHE OOpaTHOM CBA3M,
€CIM HaxXOOUTCd B «pa3yMHBIX» IIpelesiaX, MOXKET CYIIEeCTBEHHO
VAYYLIUTh Ka4eCTBO OOpaTHOM cBs3u. CIMIIKOM OOJIbIIOE 3HAaue-
HUe Koa(dduiumeHTa yCUJIeHNsST O00paTHOM CBSI3M MOXET IIPUBECTHU
K-oO0paTHOMY 3¢ ¢eKTy — (eHOMEHY IepeperyJIMpoBaHus U MOTe-
pe€ YCTOMYMBOCTU CUCTEMBI.

2.6.2. /luHaMMYEeCKHEe MOIEId CAMOPErYJIMPYIOIIUXCSA CHCTEM

B psine ciydaeB mpoliecchl ynpaBieHMSI B CUCTEME OpPraHM30BaHbI
TaK, 4TO €e IlapaMeTphbl IOAAEPKMUBAIOTCS ITOCTOSHHBIMM BCICACT-
BU€ BHYTPEHHMX CBOMCTB CAMOPETYJIMPYIOLICHUCS CUCTEMBI.
PaccmoTtpyM mpocTeiinnyio MaTeMaTHIecKylo (DOpMY PETYISILNT
MEeTa0OIMUECKO aKTUBHOCTU OopraHusma. JlomycTuMm, Kaxnaoe Io-
CIIEAYIOIIEE COCTOSTHUE METabOJIMYEeCKOW aKTMBHOCTU X ,, 3aBUCUT
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Puc. 2.34. luHamMmKa aKTMBHOCTA MeTa0OIM3Ma TIpH IT1apaMeTpe o0par-
HOI cBs13U A = 1.

OT IpeaplIyliero X, Kak x,, = A*x *(1 — x,). Ilpu manoii uHTeH-
CUMBHOCTM MeTalboiM3Ma IMOCAEAHUM COMHOXMTENb OJIM30K K eIu-
HULE (YCJIOBHO MakCMMyM METa0OJMYECKON aKTMBHOCTM) M I10-
CJIEAYIOLEE 3HAYEHME METa0O0JIMYECKOl AaKTMBHOCTM NPSMO IPO-
MOPLUMOHATIBHO TpPENbIIyIIEMy, T.€. (PyHKUMSA X ,, — BO3pacTaro-
niasg. HaoGopot, mpy BBICOKMX 3HAUEHMSIX X, OJIM3KO K EAUHULIE U
JVHAMMKA METabOIM3Ma OIPENENIsAeTCS MOCICIHUM COMHOXUTE-
JieM, KOTOPBII IOCTaTOYHO Majl. B UTOore (yHKLHUS X ., — YObIBaIO-
nag. OTcroma mocienyoomee 3Ha4eHue OyIeT He IPSIMO IIPOIop-
LIMOHAJIbHO U 0e3 TOoro OOJBLION BeJMYMHE X a OyleT KOpPeKTH-
poBaThCsl MaibIM 3HadeHneM 1 — x . BespasmepHbiii Koadduim-
€HT A — aHaJor YCWIECHUS OOpaTHOW CBA3M — ONPEAEIsIeT
XapakTep IWHAMUKU, <«CWIy» BIMSAHUSA TPEABUIYILETO 3HAYECHUS
aKTMBHOCTU METa00JIM3Ma Ha MOCIEYIOLLEE.

ITokaxkeM KayeCTBEHHBIN XapaKTep Pa3IMUHBIX BAPMAHTOB 3TOM
3aBucumoctu. [lyctb mapameTp A paBeH eAMHMLE, T.e. TEKYLLEEe
3Ha4eHNE METa0ONINYECKOW aKTUBHOCTU €1a00 BIVSIET HA MOCIEIY-
IOLLYI0O aKTUBHOCTb — TPUMEP MAJIOr0 YCWJIEHUS] OOpaTHOM CBSI3U.
KonnyecTBeHHO OLEHWUTH TMHAMMKY BEJIWYMHBI METa0OIMYECKON
aKTMBHOCTHA MOXHO IyTeM I10A0O0pa 3HAYeHWiIl peKyppEHTHOM 4YucC-
JIOBOV mocnenosarebHOCTU. [IpencraBum KadyecTBEHHBI BUI pe-
LIEHMs] MHTepecyolleil 3aBucuMoctd X, = X, *(1 - X ) ¢ nomo-
LIBbI0 HECJIOXKHOTO MAaTeMAaTUUYECKOro mpuemMa — gecmuuubt lamep-
pes. Tlo ocu opaMHAT OTJIOXMM TOCIEAYIOIIME 3HAYEHUS X ,,, IO
ocu abcuucc — TeKyllee 3HAUYeHUE X , a Takke MPOBEIEeM OMCCEKT-
pucy 1-To KOOpaMHATHOTO KBaJpaHTa, Ha KOTopod X, = X. [du-
HaMMKa M3MEHEHUS 3HAYEHUH X OyIET CTPOMTBCA ITyTeEM OTpaxe-
HUS TEKYLLETO 3HAYEHUs X, OT OMCCEKTPHUCHI, 1€ X = X ,,. B BbI-
OpaHHBIX KOOPIMHATHBIX OCSIX ITOCTPOMM TrpaduK (PYHKIMOHAIb-
HoW 3aBucumoctd X, = X (1 - x) (puc. 2.34).
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X1 X X3 Xg X5 Xgoor Xr

Puc. 2.35. lnnaMuka MeTa0OTMYECKON aKTHBHOCTM IIPW MapaMeTpe 00-
paTHOM CBSI3M 1 = 2.

W3 rpaduka cmemyer, 4To mMpu cnaboil 3aBUCUMOCTH MOCIENY-
I0IIET0 COCTOSHUS MeTa0ONMYEeCKON aKTMBHOCTM OT IIpeNbIaylie-
ro OpraHu3M yMHMpaeT BCIENCTBHME MOJHOTO yracaHusg oOMeHa Be-
mecTB. Ecnu BrusgHMe Tekyllero MeTaboau3Ma Ha €ro MOCIeAylo-
Iee 3HAYCHUE MEHEE HEKOTOPOTO KPUTHYECKOTO YPOBHSA, NI Op-
raHM3Ma 3TO CTAHOBUTCSA (aTanbHBIM. JlaJlee NMpeAImONOXUM, UYTO
napaMeTp X paBeH 2. DTo 03HayaeT, YTO BIMSHUE PEaNbHOTO Me-
TaboNM3Ma Ha €ro mocledyoIIMil ypoBeHb YCMIMIOCH. [JMHaMUKa
HEMOYKM COCTOSHUH MeTaboNMYeCKOU aKTUBHOCTH B TaKOM CIy-
yae mpeacraBieHa Ha puc. 2.35.

Kak BugHo u3 rpaduka, Ipu yBeluyeHUU mapamerpa X 00Jb-
e €IMHUIBI MOHOTOHHOTO YracaHus MHTEHCHBHOCTM MeTabo-
Jqu3Ma He MPOUCXOAMT, a Hao0OpPOT, ¢ Kakux OB HavaJbHBIX
YCJIOBMI OpPraHU3M HHU «CTapToOBald», €ro Merabomuuyeckas akKTHB-
HOCTb OYIeT CTPeMHUTHCA K HEKOTOPOMY CTAaLlMOHAPHOMY COCTOS-
HUIO. OTO ycmoiiuugoe CTALMOHAPHOE COCTOSHUE COOTBETCTBYET
NepeceyeHnio npaAMoit x,, = X, u mapabouxs x,,, =2 *x,*(l —x,).
Mbl TONYYMIU, XOTA M CIMOIKOM YIPOIIEHHYI MU OYEHb (Pop-
MajJbHY0, HO B 1I€JOM aAeKBaTHYI0 PeajlbHOCTH MaTeMaTUYECKYIO
Moneab MeTabonu3Ma, Tae Mpu c1a00¥ 3aBUCHUMOCTH aKTUBHOCTH
o0OMeHa BEIIEeCTB W 3HEPrUM OT IpPeHUIeCTBYIOIIET0 YPOBHSI MeTa-
0onM3Ma XM3HEHHBIe QYHKIMHU yracarT, a TEKYIIMA YpOBEHb Me-
Tabonu3Ma He B COCTOSHUM MoAjepxaTh nocieaywomuit. Ilpu
YCUJIEHUM 3TOH 3aBUCUMOCTH, Hao0OpOT, GOpPMHUpPYETCH YCTOHUM-
Bas IMHaMUKa oOMeHa BEIeCTB, BHIBOASIIAS OPraHM3M Ha OMNTH-
MaJbHBIA YpOBEHb AKTHMBHOCTU MPM JTIOOBIX CIYYaliHBIX OTKJIOHE-
HUSIX OT 3TAJOHHOTO 3HAYEHUS.

[TocMoTpuM manee, KaK M3MEHUTCS TMHAMMKa MeTabonu3Ma B
Halleit mpocTelimeir Momenu, e€CId YBEAMYUTb MapaMeTp o0Opart-
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Puc. 2.36. lunamuka MeTa0O0JIMYECKO} aKTUBHOCTH NP IapaMeTpe 00-
patHoit cBs13n A = 1 + (5)", ycToitunBble Kone6aHUs MexXIy 3HAUCHUAMU
X, U X
3 4

HOM cBs3M A, 10 BenuuuHbl | +(5)""— yABOGHHOTo 3HAYEHUS «30-
JOTOTO ceueHus» (puc. 2.36). D10 mpumep M3OBITOUHOTO YCHUIE-
HUS 0OpaTHON CBA3M, MIM HMEpPeperyIupoBaHMs, KOrga MeTabosu-
yeckasg aKTMBHOCTb IOOYEPEAHO CTPEMHUTCI K HEKOTOPBIM IBYM
KpalHUM BeJIMYMHAM B OKPECTHOCTH ONTHMAalbHOTO 3TAJOHHOIO
3HaueHUA. OuU3KMOTOTHYECKMM HPUMEPOM MepeperyiupoBaHusd
MOXET CIYXHUTh TEPMOpEryiaauuss oO0OOJOYKM Tela ueloBeKa MpH
HepeoxJaXIeHMM, KOrga KamMIIsApocmasM B MATKMX TKaHAX 000-
JTOYKM yepeayeTcs ¢ pacIiMpeHHEeM COCYI0B MUKPOLUPKYIATOP-
HOTO pyclla ¢ IepUOAOM B HECKOJbKO MUHYT. BenencTsue momo0-
HOTO KpOBOCHAOXEHMS TeMIlepaTypa TKaHell KojeOmeTcs MexXuay
IBYMSI 3HAYCHUSIMU.

[IpuBeaeHHBIE TNpPUMEPHl MaTeMaTHUYECKOT0 MOJEIMPOBAHUS
¢busvonoruyeckux GyHKIMH He B MOMHOM Mepe peajbHO M HUC-
YepHBBaOLIe OTPaXalT HMX MEXaHHU3MBI, OJHAKO TaKylo Yepry
CNOXHOM CHCTEMbl, KaK CKAauKoo0pa3sHOE KayecmeenHoe W3MEHE-
HUe TIOBEICHUS TIPU KoauuecmeeHHOM W3MEHEHWM HEKOEero mapa-
MeTpa, NMpHMBEAEHHBIE MPOCTHIE MOJENM OTPaxalT MO CYIIECTBY.

Ecnim ycnoXHuTh cUCTeMy M 3aBUCHUMOCTh MeTa0O0IMYeCKOi
aKTUBHOCTH NPEICTAaBUTh B BUAE X, = [A*x *(I — xn)]z, TO MOJY-
yyuM Opu A = 3,5 1OBa YCTOMYMBHIX IMKIA, OCHMUINMPYIOIIUX B
OKPECTHOCTAX pas3lM4YHBIX MeTaboJNMUYECKUX COCTOAHUN (pHuc.
2.37).

Ha puc. 237 npeacraBieHa MaTeMaTHyecKass MoOJeNb IBYX
BO3MOXHBIX YCTOMYMBBIX COCTOSHUH MeTabONMYeCKOH AaKTHBHO-
CTH C Pa3NNUYHOIl MHTEHCUBHOCTbIO X, U X,. Takasg Mojelb MOXeT
CNYXHUTh WIIIOCTpalueid MeTaboaM3Ma NpPU AIUTEIbHOM XPOHHU-
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Puc. 2.37. Tlpumep CylLeCTBOBaHMS [BYX YCTOMUMBBIX COCTOSIHMIA X, U
X, METabOJIMYECKON AKTUBHOCTH, B OKPECTHOCTM KOTOPBIX BO3MOXHBI
OCLIWJUTSILIVN.

YecKOM 3a00JieBaHUMU C HaNpsDKEHMEM alanTalluOHHO-KOMITeHca-
TOPHBIX PE3epPBOB U IPAKTUYECKU 3A0pPOBOro opraHusma. Otme-
THUM, YTO 00a COCTOSIHUSI CYIIECTBYIOT MPU OJHOM M TOM Xe Tapa-
merpe A. Ilepexonm M3 omgHOro («IMaToOJIOrMYECKOro») B IPYroe
(«3MOpOBOE») COCTOSIHME BO3MOXEH IPU BHEIIHEM, HCKYCCTBEH-
HOM M BPEMEHHOM IIOBBIIICHUM META00JIMYECKOM AKTUBHOCTHU.
CnenoBarebHO, psifi opraHoHecnenuduyeckux ¢puzndeckux ¢ax-
TOpPOB OOJIer4aeT IMepexol OpraHuM3Ma Ha IPYroidl ONTUMAaJIbHbIA
YPOBEHb CaMOpPEryJIUpyeMoil MeTabonndeckKoil akTuBHOCTU. Ilpu-
MeuaTeJbHO, YTO BO MHOTMX HAayYHO-HOMYJSPHBIX KHUTAX IO Me-
JULMHE YTBEpXKAaeTcs, 4YTo OOJbHOMY OpraHu3My HaAO TOJbKO
«UyTh-4yTh IIOMOYb, a Aajice OH CIIpaBUTCS cam». B Takoil ympo-
IIEHHOU WIEO0JOTUM COAEPXKUTCSI, TEM HE MEHee, palMOHaIbHOE
3€pHO.

[Ipomoikass aHanoOruio MexXay pealbHbIMM MEXaHM3MaMM pe-
TYJISIIMYA aKTUBHOCTH METaboIM3Ma M UX 2JIEMEHTApHBIMU MOJIe-
JISIMUA, MOXHO OOBSICHUTb U CyTh JIeYeOHOTO BO3NEMCTBUS HU3KO-
WHTEHCUBHBIMU (pu3rueckumMu ¢pakTopaMu, KOTOpble HE B COCTO-
SIHAM JaXe BPEMEHHO M3MEHUTb META0OJMYECKYI0 aKTUBHOCTh U
«IIEPEBECTU» OPTraHU3M B JPYroil peXUM aKTUBHOCTU, HO B CO-
CTOSIHUM W3MEHUThb IapameTp obpaTtHoil cBs3u A. Paccyxmast ta-
KM 00pa3oM, MpaBIOIOAOOHON SIBISIETCSI MBICIH O CJIaboOil 3aBU-
CHMOCTUA PeaKklM{ OpraHu3Ma OT SHEPTMU BO3IEUCTBUS ICHCTBY-
omiero ¢akropa. Peakiyst opraHu3ma IIpd 3TOM B 3HAYUTEJIbHOM
CTENeHW HEe 3aBUCUT HM OT BMIA DHEPTUM (2JIEKTpOMarHWTHasd,
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MeXxaHW4ecKasl, TeruioBasi), HU OT MHTEHCUBHOCTH JAEHCTBYIOIIETO
(hakTopa B AOCTATOYHO IIMPOKOM AMAIa30HE — 0 TPeX-YeThIPEX
MTOPSIIKOB.

B uHpopmalimoHHoM (crnienu@uueckoM) BO3IEWCTBUM Topas-
OO0 BaxkHee (DM3MYECKON IMPUPOIbl MHTEHCUBHOCTU HMPOCIMPAHCHI-
B8CHHASL CMPYKMypa W 8pPeMeHHAs OpeaHU3auus 6030elicmeyruie2o
¢axkmopa, HampuMep BpeMs CyTOK, MPOAO/KUTEIBHOCTh BO3IEi-
CTBUSI M €r0 JIOKaJIu3alMsl, MOIYJISLUS WIA JIpyrve CIeKTpaib-
Hble XapakTepucTuku. Tak, mo HammMm gaHHbIM. WM K-1azepHoe
n3aydyeHue, momyaupoBaHHoe dactoroir 1000 m 50 I'u, oka3biBa-
€T COOTBETCTBEHHO CTHUMYJIMPYIOILEE M YyrHeTalollee NelCTBUE Ha
KaNWISIPHBI KPOBOTOK B KOXe cpa3y Mocje BO3NEWCTBUS, TpU
TOM YTO MHTEHCUBHOCTb MH(PAKPACHOIO JIA3€PHOIO M3IyYEHMS
U €ro IpOJO/KMTEIbHOCTh (03a) Ha O0euxX 4YacToTax OJuHa-
KOBHI.

2.6.3. Camononodue M cuMMeTpHsi OMOJIOTMYECKHX O00BHEKTOB.
1€ CTPYKTYPbI

Bo3moxxHOCTM MaTeMaTWKu Ui MOAEIMPOBaHUS (pU3MOoIOTHYE-
CKHMX IIPOLIECCOB MHOTHUE IECSITWIETUS OCTaBalUCh CYLIECCTBEHHO
OTpaHUYEHHBIMHU, TJIABHBIM 00pa3oM Wu3-3a TPHUOIU3UTEIHHOTO,
HE CTpOro JeTEPMUHUPOBAHHOIO XapakTepa OMOJOTMYECKMX ITPO-
meccoB. Jlma TocTpoeHUST mouHoi MomeTu  (PU3MOIOTMUYECKHUX
MPOLIECCOB MaTeMaTUKU U (PU3UKU TpeOOBald OT OMOJIOrOB TOY-
HOTO 3aJaHWs MHOTHX YCJIOBHUIA, KOTOpbIE 3aBHCENIM OT psia
BHEIIHMX (DAKTOPOB U M3MEHSUIMCH CJIOXHBIM 00pa3oM. B pesyib-
Tare K KoHIty XX B. cpean O0MO(PU3MKOB CIOXWIOCh MHEHHUE, 4TO
HE IeTepMUHUPOBAHHLIN, a crmamucmu4eckull xapakmep OUOIOTU-
YeCKMX 3aKOHOMEPHOCTE OOYCJIOBJICH 3HAYMTEIIBHON CJIOXKHO-
CTbIO XMBBIX OOBEKTOB. AHAJOIMYHAsl KapTWHA OTMedanach U B
(uszuke B Hauvame XX B., Korma Kjaccuyeckas MOJICKYISIPHO-KH-
HeTM4YecKass TeopUsl Ta3oB IMpeaycMaTpuBaja IPUHLIUIIAAIBLHYIO
JeTePMUHUPOBAHHOCTh 3HAUYEHMI KOOpPAMHAT W MMITYJIBCOB KaXkK-
JOI MOJEKYJbl, a JUIsl YIPOILIEHUSI OMMCAHUS CHUCTEMbI ObUT M30-
paH craTucTuieckuii momxom. KMcxomsa M3 3TOro, MexaHUYECKOe
OIMCaHME BCEX MOJIEKYN ra3a TpeOOBaJlo aCTPOHOMMYECKOIO KO-
JINYEeCTBA YpaBHEHUM M MEXaHMYECKMI IIOIXOH, XOTS W ObLT 6
npuHyune BO3MOXKEH, HO IpakKTU4YecKu Obul HeocyllecTBUM. Co-
OTHOIIIEHUE MEXIy ICTePMUHU3MOM M CIYJ4alfHOCTBIO Kapau-
HaJIbHBIM 00pa3oM M3MEHWJIOCHh B (U3MKe MUKpoMmupa. B Hauane
20-x TomoB XX B. BEpPOSITHOCTHBIN TOAXOH K OINMCAHWUIO CHCTEM B
MMKPOMMpPE KBAHTOBAsl MEXaHMKa MCIOJIb30Baja yKe He U3 IIpak-
TUYECKOTO ymoOCTBa, a 1O MPUYMHE TPUHIIUITMAIBHOTO OTCYTCT-
BUSL JETEPMUHMPOBAHHBLIX KOOPAMHAT U MMIIYJIbCOB MUKPOYAC-
. MaTepuanbHasi MUKPOYACTHIIA, TIPU 3TOM 6 MpUHuune He
UMeJla TOYHO OIpPEdeJeHHBIX KOOPIMHAT, MMIIyJbca M TpaeK-
TOPHM.
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B nocnenneit yerBepty XX B. B MaTeMaTU4YeCcKol (pu3mke Oyp-
HO pa3BUBaJlach IMHaMU4yeckas Teopusl Xaoca. Teopusi KaTact-
pod, Teopusi KaHTOPOBBIX MHOXECTB U (DpaKkmanvHulX pazmepHo-
cmell paccMaTpuBajla XaoC Kak MpeaeabHbIA Ciaydail YCTOXXKHEHUS
CTPYKTYpbl. MartemaTuyeckass TeOpHusl Xaoca cpady Xe oKa3ajlach
nprMeHUMa K pa3IMYHbIM O00JacTsIM eCTeCTBO3HaHWS U jJalia
IUIOAOTBOPHBIE pPe3y/NbTaThl B TMAPOAMHAMUKE (TypOyJeHTHOE Te-
YeHMe), adpoJIMHAMUKeE, METEOPOJOTUM (OMUcaHue aTMOChepHbIX
Buxpeli). C Havama 80-X romoB TeopMsl xaoca Halllla CBOE IIpUMe-
HeHne u B Omosormu. CiyyalfHBIN XapakTep OMOJIOTMYECKMX 3a-
KOHOMEPHOCTE MpM OSTOM IOJYyYWI JPYIyl0 MHTEPIIPETALUIO.
Hanpumep, oTKJIIOHEHUST TIepUOINIECKIX (PU3NOJIOTHYECKUX TTPO-
LIECCOB OT CMpoeoil TIEPUOIUYHOCTA OOBSCHSIOTCS HE BIUSHUEM
KOMIUIEKCA TMPaKTUYECKM HE YYMTHIBAEMBIX <«Mellaiomux» (aKTo-
pOB, a4 BHYTPEHHHUM CBOMCTBOM CHUCTE€MbI, KOTOPOW IIPUHIIUIIN-
aJIbHO TIPUCYLIE KBa3MIIEpUOIMYECKOe MOBeJeHNWEe BHE 3aBHUCHMO-
CTU OT BHEIIHUX BO3MyIleHUI. KoauuecTBeHHBIN y4eT OTKJIOHE-
HUI OT UAeaJbHOMN IepUOAMYHOCTH, «KBa3MIIEpPUOOUIHOCTE», Ha-
IpuMep 2JIEKTPOKApIMOIPaMMbl, II03BOJISIET MOJYYUTh MHOIO
KJIMHAYECKN 3HAYMMOM IMarHocTuyeckoil mHpopmanuu. CTtporo
neproanyecKasl KapauorpaMmma adcoaromuo 0e3 IPU3HAKOB IbIXa-
TeJIbHOI apuUTMMU, HAMIpUMeEpP, CKOpee SBISETCS CUMIITOMOM Ila-
TOJIOTUM, YeM HIEaJTbHOTO 3I0POBBSI.

[IpomeMoHCTpUpPYeM Ha TIPOCTOM TIIpUMEpE IEPeXoibl MEXIY
CTPYKTYpOii M XaocoM. PaccMOTpuM 3HAKOMYIO PEKYPPEHTHYIO
MOCJIeNOBaTeIbHOCTh (B KOTOPOM TOC/IeAylollee 3HayeHWe 3aBu-
CUT OT mpenplaywero): x ,, = A*x *(1 - x). Ilpu 4 < 1 3nHaueHue
MOCJIeI0BaTeIbHOCTU CTPEMUTCS K HyJIIO, Tpu A = 2 TOCjieaoBa-
TEJIbHOCTh CTPEMUTCSI K HEKOTOpoMy Iipenmenay (cMm. puc. 2.35).
npu A = (1 +\/5) nmociaenoBaTebHOCTb CTPEMUTCSI K IByM 3Haue-
HUAM ToouepenHo (cM. puc. 2.36). Ilpu panbHeiIeM yBeaude-
HUM X CTPYKTypa TOC/IEI0BAaTEIbHOCTH CYIIECTBEHHO YCJIOXHSIET-
cs, TOSABISIOTCA 3HAYEHUsI, IIPU KOTOPBIX IIOCIEAOBATEIbHOCTD
JEMOHCTPUPYET XaoTHMYeCKOEe IIOBEACHME, KOTOpOe Jajiee CHOBa
CMEHSIETCSI YIIOPSIIOYECHHBIM pEIIeHHMEM Ha HEKOTOPBIX IIpOMe-
KyTKax (cMm. puc. 2.37).

IlonyyeHHbI pe3yabTaT HETPUMBUAJIEH M MHTEPECEH TeM, 4TO
Xa0TUYECKOE ITOBCACHME OKa3bIBACTCA INMPUCYLIEC OYE€HDL IIPOCTOMY
MareMaTu4eckoMy o0beKTy. To. 4To cioXHasi, CO MHOTMMU CBSI-
34MHM CUCTEMa MMEECT XaOTUYECKOC IMOBCACHUC, UHTYUTUBHO fACHO,
TaK KakK. Ha TNEPBbIA B3MJISAI, B CJIOXHON CUCTeMEe MMEHHO yIopsi-
JOYeHHOE MOBeACHME KaxeTcs McKaoueHueM. Ilpoctas dpusuue-
CKasl CUCTeMa, HaAIPOTUB, IOAYMHSIETCSI CTPOro AETePMUHUPOBAH-
HBbIM 3aKOHAM M KaxeTCsl, YTO XaoCcy B HEM HEe MeCTO. DJIeMEeH-
TapHas 4YMCIOBasl IOCIEA0BAaTEIbHOCTh B pa300paHHOM IpUMEPE
JEMOHCTPHUPYET SIBJIEHUE, KaK TOBOPST MaTeMaTUKU, MAA0MO0080-
20 xaoca. KpoMe meproanyeckoro M XaoTUYECKOro pelleHus, Ta-
Kasi MoAe/b IeMOHCTPUPYET pa3dBOCHUE pPEILICHUSI IIPpU OIpene-

130

JICHHOM 3Ha4eHUM «h\» — Ougypkauyuro noseoenuss OUHamMu4ecKolii
cucmemsi. B Toukax OugypkKauuyd cUCTeMa OCOOEHHO YyBCTBU-
TeJbHA JaXe K CBEPXC/Ia0bIM BHEIIHWM BO3IEHCTBHUSIM, OIIpeAc-
JIIIOLIMM ee MyThb pa3BUTUS. AHAJOroM TodeK Oudypkauuu B
OMOJIOTUYECKUX CHUCTEMaX MOIYT CIYKUTb Kpumuueckue nepuoob.
SMOpHOreHe3a, KOrja 3apofdbllll OCOOCHHO YYyBCTBUTEICH K Clla-
OBIM, B TOM YHCJIE TEPAaTOT€HHBIM, BO3ICHCTBUSIM.

HexoTopbie mapamoKchl YMCIOBBIX ITOC/IECAOBATEIBHOCTE HE McYep-
MBIBAIOTCSI CTPEMIIEHUEM K MOHOTOHHOMY, IEPHMOANYECKOMY M XaoTU4de-
ckoMy peieHUsIM. 1T 0ObSICHEHUSI Pe3y/IbTaTOB OTOOPAaKEHUIA 4MCIIO-
BBIX TIOCJICHOBATEIbHOCTEl TpeOyeTcsl BBeACHME NPOOHOM, WM @pak-
manavHoll, pa3MepHOCTA. Pa3MepHOCTh, Ka3aloch Obl, MOXET OBITb TOJIb-
KO IEJIOYMCICHHOM: JIMHKUS OJHOMEpHA, IUIOCKas ¢urypa IBYXMEpHa,
o0beMHast — TpexMmepHa. JmMHa TMHUK U3MepseTcsl IUIMHON eIMHUYHO-
IO OTpe3Ka, O0OBEMHYIO (PUTypy MOXKHO M3MEPUTh €MKOCTBIO €IMHMYHO-
ro Kyba, OTHAKO IIpM HEKOTOPBIX BHAAX OTOOPAKEHUS OTpPe3Ka YacTb
Pa3MEPHOCTH MOXKHO <«IIOTE€PSITH».

Bo3bMeM OTpe30K €OMHWYHOW JIMHBI, pa3de/iiM e€ro Ha 3 paBHBIC
yacTid 1 BbIOpocuM cepenuHy. C IByMs OCTABIIMMUCS TPETSIMU ITOCTY-
UM aHAJOTWYHBIM 00pa3oM, M Jajee OyneM ITOBTOPSTL TIPOLECIYPY
CKOJIb yromHo noiro. OdeBMAHO, TpYM OECKOHEUHOM JIEJICHUM OTpe3Ka
JJIMHA OCTaBLICHCSl YacTU OyleT CTPEMUTHCSI K HYJIIO:

Hamee IocMOTpUM Ha 3amady clemylonmm oOpa3oM. CHayana BblI-
6pocuM 1/3 mIMHBI OTpe3Ka, Ha cleaytoeM atarme — 1/6, motom — 1/12 u
1.1. CyMMa TeOMETpUUYECKOI TIPOrPecCUM — OOIIEH IJIMHBI «BBIOPOIICH-
HbIX» oTpe3koB — Oymer 13 /(1 -1/2)=2/3 Oka3zanoch, JJIMHA <«BbIOPO-
IIEHHOM» YaCTW COCTaBIIsIeT 2/3 a IJIMHA TOTO, YTO OCTAJIOCh, CTPEMUTCS
K Hymo. Kyma mpomana l/3 mmuae1? JInst oObSICHEHMST 3TOTO Iapagokca 1
MPUIILIOCh BBECTU TOHSTHE (DPAKTAILHON pPa3MEpHOCTH OTpe3Ka Ipu
pacCMOTPEHHOM BEIIIIEe IIpeoOpasoBaHuu. PpakraabHble IMpeoOpa3oBa-
HMSI 00JIafaloT CBOMCTBOM ITOMOOMSI pa3iIMYHBIX YPOBHEH MacITaba: Ha
KakoM OBl ITOpSIIKOBOM HOMEpE OYepEIHOIO <«BhIOPACHIBAHUST» CEPEeIH-
HBI OTpe3Ka Mbl HU OCTAHOBWINCh, KApMuHa ocmaemcsi N000OHOl U TIpA
YBEJIMYEHUM, W TIPM YMEHBIICHUM TOPSAKOBLEIX HOMEPOB IIpeoOpa3oBa-
HU.

CaMble TIpOCTBIE TIPMMEPHl YMCJIOBBIX ITOCIIEeHOBATEIHHOCTEIH
JIEMOHCTPUPYIOT YIAWBUTEJIbLHBIE SBJICHUS, UMEIOILINE OTHOILICHUE
He TOJIbKO K OMOJIOTUM M MEIMULIMHE, HO U (priIocoduu B LIETOM:
BHYTPEHHETO €AMHCTBA IIOpsiIKa M Xaoca, CaMOIOJOOUSI pa3jiuy-
HBIX MacIITaboOB CTPYKTYpbl TIpU HapylIEeHUWU pPa3MEPHOCTU.
B mpupome mmeercss MHOXECTBO NPHUMEPOB, INe MaTepUaIbHbIC
00BEKTHI 00/1a1alI0T TeM XK€ CBOMCTBOM CaMOMNOAOOHWSI, UTO M Ma-
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TeMaTUYEeCKHWE IIpeodpa3oBaHUsI C NOPOOHO-JIMHEWHOM pa3Mmep-
HOCThIO. Hampumep, m3pe3aHHOCTH OeperoBoil JUHUU GHOpIa
UMeeT noumu OJWHAKOBBIM PUCYHOK Ha KapTaxX pa3jM4yHOI0 Mac-
mTada. AKTUBHOCTb (PU3UOJOTMUYECKUX (PYHKIIMHA Halllero opra-
Hu3Ma cOpMHUpPOBaHA B PUTMBI C YaCTOTOM COKpAICHMST CEpa-
11a, ObIXaHWsS, MEeTa0OJMYECKOM aKTUBHOCTBIO C 15—17-MHHYT-
HbIMU KOJIEOAHUSIMU YPOBHS HMHCYJMHA (IJIIOKAaroHa M OPYTUX
TOPMOHOB U (PEpMEHTOB) B KPOBHM, CYTOYHBIMU KOJEOaHUSIMU
TOPMOHOB, MECSIYHBIMM OMOPUTMAMU («KPUTUIECKUMU THSIMU»)
" T.I.

OT MaTeMaTUYeCKOIo IOHSTUS (paKTaJbHBIX IIPeodpa3oBaHUIA
B COBPEMEHHOE €CTECTBO3HAHME IMPOYHO BOILIO IMOHSTHE (pak-
mam — caMOITIOIOOHOI, ¢ TIPM3HAKaMU MAacIITaOHON CUMMETPUN
CTPYKTYpbl B IMPOCTpPAaHCTBE U BpeMeHU. /sl (ppakTaabHBIX IIpe-
00pa3oBaHUI M BO3HUKAIOIIMX BCJICACTBUE 3TUX IPeoOpa3oBaHUA
OMOJIOTMYECKUX CTPYKTYP XapaKTEepHBI CIICAYIOIIUE CBOMCTBA:

* camonodobue (aemomooenbHOCcmb) — Ha JTI000M YPOBHE Opra-
HU3alMM Maciutada ¢pakTajabHas CTpyKTypa ITOJOOHAa, HO
He Bcerga MACHTUYHA cama ceOe; (ppakTajl aHaJIOTWYeH Kap-
tuHaM [1. PuyoHOBa MpU PACCMOTPEHUU MX HA PACCTOSIHUU
W BOJM3W B YBEJIWYUTEIBHOE CTEKIIO:

ycmoiuueocms — WU3MEHEHME HadyallbHBIX YCJIOBUI IIpU
(pakTasibHOM TIpeoOpa3oBaHUM BCErIa IMPUBEAET K OTHOMY
U TOMY K€ PE3y/IbTaTy uyepe3 JOCTATOYHO ITPOIOJIKUTEIbHBIN
MNpOMeXyTOK BpeMeHHU. IIpocTeillimii mpumep yCTORUMBO-
CTU — aBTOKOJIe0aHUSI B TEXHUYECKUX W OMOJOTMYECKUX CHU-
creMax. JIroOble BO3MYILEHMSI aBTOKOJIEOATEIBLHONM CHCTEMBI
(reHepaTopa He3aTyxalollUX KojJeOaHWid WId CepAedYHOro BO-
IUTENII pUTMa) YK€ 4Yepe3 MPOMEXYTOK, PaBHBIA HECKOJb-
KMM MepuoIaM, HUBEJIUPYIOTCSI U aBTOKOJeOaHUSI IIPOMCXO-
JISIT C TIPEXHEN 4acTOTOM M aMIUIMTYIOM;

uygcmeumenbHocms MpakTaaIbHON CTPYKTYpPhl K CBEpXCIaObIM
BO3MYIIIEHUSIM B OKPECTHOCTH 0CO0ObIX Mo4eK — B TOUKAX OM-
¢ypKaluu, KOTopble IToKa3aHbl Ha puc. 2.38.

B ocobbix moukax, toe pelieHue MoCieI0BaTeIbHOCTU pa3aBa-
MBaeTcs, caMble HE3HAYMTE/IbHble M3MEHEHUs HadallbHbIX YCIJIO-
BUII TIpUMBEAYT K KAaKOMY-JIMOO OJHOMY M3 JIByX BO3MOXHBIX pe-
mieHuit. B oKpecTHOCTU 0COObIX TOUeK (hppaKTallbHble CTPYKTYPbI
TEPSIIOT MNPUCYIIYI0 MM YCTOMYMBOCTb. Hampumep, BosmeiicTBue
Ha KpHUCTA/UI B LIEHTPE KPUCTAIM3AalUM CIOCOOHO €ro paspy-
IIMTh TIPYM 3HAYUTEJIbHO Oojiee C1aboM MEXaHMYECKOM BO3ICHCT-
BUU, YeM B JIOOON ApPYyroi TOUKe.

Paznnuue 1 cxoACTBO IMOpsiAKa M Xaoca MOXHO PacCMOTPETh U
C TOYKU 3PECHUS cuMMempuu: TIOPSI0K aCUMMETPUYEH (IOMyCKaeT
OrpaHUYECHHOE KOJIMYECTBO COXpaHSIOIIMX cebsl IIpeoOpa3oBa-
HUIi1), a Xaoc aOCOJIOTHO CMMMETPMYEH — JIoOble IpeoOpa3oBa-
HUS Xaoca IepeBoasiT ero B xaoc! Hamuuue cummeTpun B 0ObeKTe
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Puc. 2.38. budypkamym mnpocreliiiero (ppakTatsHOIO IIpeoOpa3oBaHysl.

BCErIa ITO3BOJISIET BOCCTAHOBUTH CBOMCTBO IIEJIOTO IO €r0 YacTH.
PemieHue cuMMeTpM4YHOM 3amaud Bcerga oO0aagaeT pPacCMOTPEH-
HBIM BBIIIIE CBOWCTBOM CaMOMNomo0usi — asmomodeavrnocmoio. Op-
TaHWYECKU IIPUCYIMe OMOJIOTMYECKOMY OOBEKTY IPU3HAKU Xao-
TUYECKOTO TIOBEICHUS, a CJIENOBATECIbHO, U CUMMETPUM, MO3BO-
JISIIOT BOCCTAaHOBUTH PsI CBOMCTB 1IEJIOTO IO €ro yacTu. Bemyimii
9JIEMEHT OpHaMEHTa HeceT BCI0 MHMOpMalLMIO O 1ol KapTUHE,
OTIEJIbHBIM KPUCTA/UIMK IIOI00EH LIeJIoM KPUCTA/UIMYECKON Apy3e.
CocTosiHME 1IJI0TO OpraHM3Ma TakKe HEeU30eXXHO OTpakaeTcsl Ha
YacTHO (DYyHKLMH, U HAO0OPOT, COCTOSIHME OTAEIbHBIX OpPraHOB
U cucteM HeceT MHMopmauuio 0 (YHKIMOHAIBHOM COCTOSIHUM
BCEro opraHusMa.

®pakTanbHble CTPYKTYphbI, OTYacTH Ojarofgapsi CBoeii M30BITOY-
HOCTU U HEPEryJIIpHOCTHU, SIBJISIIOTCSI YCTOMYMBBIMM CHUCTEMaMU U
XOpOIIIO ITPOTUBOCTOAT MOBpeXneHWsIM. Hampumep, cepaue, He-
CMOTpsI Ha 3HAUMTENIbHbIE ITOBPEXAEHUSI OJHOIO U3 KIHOUEBBIX
3JIEMEHTOB IPOBOMSIIECH CUCTEMbl — HOXeEK ITydka I'mca, crmoco6-
HO TMPOJOJLKATh pabOTy IpPU OTHOCUTEILHO HEOOJIBbIIONH MeXaHU-
4eCcKoi OUChYHKIIMH.

Ha puc. 2.39 mnpencrtaBieHO pacopeneieHue BO BpPeMEHU C
pPa3IMYHbIM MaciTaboM («pa3BepTKOi») (DIIOKTyalluil cepaeyHo-
o pUTMa 3I0POBOrO YeJ0BEKa, perucrpaluss KOTOPOro IPOBOIM-
Jlach B HECKOJIBKMX BPEMEHHBbIX MaciuTtabax ajisi uHrepBaioB 3.30
u 300 MuH.

Ecnu mpoaHanm3upoBaTh ITOBEAEHUE KPYBOW Ha WHTEPBAJIEC B
HECKOJIbKO 4acoB (BepxHUil rpaduk), TO Ha AuUarpaMme MOXKHO
HaiiTu IIOKTyallyd, AWAIia3oH U II0CIeAOBATEbHOCTh KOTOPBIX
MOXO0XM Ha COOTBETCTBYIOIIME XapaKTEPUCTUKM CpeaHero rpadu-
Ka, OXBaTBIBAIOILIETO OoJiee KOPOTKMI MHTEpBaJl BpeMEHHU. 3a ellie
OoJiee MeNKUiA BpeMEHHOI Ieprof (HECKOJIbKO MUHYT — HIKHUIA
rpadK) MOXHO OOHApYXWUThb ele Oojice OBICTpBIC (PIIIOKTYalInH,
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Puc. 2.39. PacnpeneneHue BO BpeMEHM CEPIECYHOIO PUTMa 300POBOIO
YyeJI0BeKa.

KOTOpBIE OISITh-TaKW HAIIOMUHAIOT (PIIOKTyallUM Ha BEpXHUX Ipa-
¢uxkax. TakuM 00pa3oM, MBI BHUAUM, YTO (PIIOKTyallMM PUTMa B
Pa3IMYHbBIX MacIlTabaX BpPEMEHU BBIIISAST CaMOIIOAOOHBIMM TOY-
HO TaK e, KaK BeTBM TeOMeTpUMYecKoro pakraja camoil cepieu-
HO-COCYOUCTOI CHUCTEMbl. ITO HaOMOOEHWE CBUICTEILCTBYET O
TOM, YTO MEXaHM3M, YIIPABIISIOMIMNNA CEpACYHBIM PUTMOM, IO CyTH
CBOEH MOJDKEH OBITh XaOoTMYECKUM. JIpyrMuMu cjaoBaMH, 4acToTa
CepIeYHBIX COKpAIlleHWi, BMECTO TOTO YTOOBI CTPEMHUTBLCSI K TO-
MEOCTaTMYECKO CTAaOWIbHOM BEIMYMHE, MOXET IIpeTepIieBaTh
3HAYMTE/bHbIE KOJeOaHUsl AaXe B OTCYTCTBUE (DIIOKTyallud BO
BHEIIHUX CTHMYJIaX.

CnenoBarebHO, B OpraHuM3Me 4YejloBeKa Hapsimy € XOpOIIOo
U3YYECHHON HEUPOSHIOKPUHHOM CUCTEMOM IOEHCTBYET €IIE OmHA
WHGOPMALIMOHHO-YITPABIISIONIAs CUCTEMA C IIEHTPAJIbHBIM BOAM-
TeJIEM PUTMA, Peav3yrolasd YaCTOTHBIM MPUHIIAII CUCTEMHOMN pe-
TYJISILUKA, OCHOBHOE Ha3HAYEHWE KOTOPOM COCTOMT B MOMAEpKa-
HUM U OaJlaHCUPOBKE OMOPUTMOJIOIMYECKON aKTUBHOCTU Hepap-
XMUYECKU CBSI3aHHBIX (PYHKIIMOHAJBbHBIX CHCTEM OpraHmsma (puc.
2.40).

Cywpocmuas (He MeXaHUWYecKasl)) CBsI3b CTPYKTYp (dpaKTajoB
pa3IMYHOrO MaciuTada ITO3BOJISIET BO3IEMCTBOBATh Ha BCIO CHCTE-
My, HEMOCPEACTBEHHO BJIMSS TOJbKO Ha OIVH YPOBEHbL OpraHmu3a-
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Puc. 2.40. Hepapxuyeckass cucreMa OCHOBHBIX PUTMOB OMO3JIEKTpUYE-
CKOI aKTUBHOCTH YeJIOBEKa.

uuu. Tak, mpyu IpPOAOIKUTEIBHOCTU BO3ACHCTBUS JICUEOHBIX (DU-
3U4YeCKMX (PaKTOPOB OT HECKOJBKUX JIO AECSITKOB MUHYT TepareB-
TU4YeCKUiA 3(¢eKT MposIBISeTCs] BO BAMSHUU Ha (DU3MOJIOIMYE-
CKM€ TIpOLIECCHl, OpPraHM30BaHHBIC B ILIMPKAIWMAHHBIE PUTMEI.
Kypc neyeHusi, mpoBOAMMBINA C CYTOYHOM JIMOO KpaTHOM CYTOY-
HOM MEpPUOAUYHOCTBIO IIPOLEIYP, MMEET 3HAYMTEIbHO OOJIBbIIIYIO
KJIMHUYECKYI0 3(h(GEeKTUBHOCT, U 0osiee UIMTEIBHO COXPaHSIO-
IIuics JiedeOHbI 3((MEKT MO0 CpaBHEHUIO C KypCOM, IIe BpeMs
KaXJ0i TMpOoLEIypbl BHIOPAHO CIy4yallHO M COBEPIICHHO HE IIpH-
BSI3aHO KO BPEMEHU CYTOK.
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OnHO M3 caMbIX MPUBIEKATEIbHBIX I KIMHUYECKON Meau-
LIMHBI CBOMCTB (DpaKTaJbHBIX CTPYKTYP B KMBOW IpPUPOIE — YYyB-
CTBUTENBHOCTh K HM3KOMHTEHCUBHBIM BO3IEWCTBUSIM B OCOOBIX
Toukax. CorjgacoBaHHO€ C BHYTPEHHMMU pUTMaMM OpraHu3Ma
ciaboe Bo3zAelicTBUE MOpoil ObiBaeT Oojice 3P GEKTUBHO, YEM BbI-
COKOMHTEHCHBHOE, HO He coriacoBaHHoe. KojuuecTBo 3Hepruu,
MOTJIOIIEHHON TKaHSIMM OpraHuM3Ma IMpU OTHOM Ipolledaype Jiaze-
poTepanuu, OObIYHO He IpeBbimaeT 0,5—2,5 JIXX, HO Jie4eOHBII
3¢ deKT 3HAYUTENBHO BHIIIE, YeM TPy OOJIydeHWU JaMIION-COJI-
JIIOKC, OOecIleurBaolleil IoroleHre TKaHsamMu nopsaka 10 xJx
SHEPIUU.

KpoMe BbICOKOM KIMHUYECKON 3(GHEKTUBHOCTM HU3KOMHTEH-
CMBHOTIO JIa3€pHOr0 M3MyYEHUS, Pa3IMYHbBIMM M JaXe IIPOTUBO-
MOJIOXKHBIMU peaKIUsIMU XapaKTepu3yeTcsl JIOKajJbHOe HU3KOWH-
TEHCHMBHOE KpacHOe€ M MH{PpaKpacHOe Ja3epHOe OOJydeHHE C
mummHaMu BosH 632, 650 m 890 HM, Tak Kak IpW OJMHAKOBOW WH-
TEHCHUBHOCTHA M3yYEHUs OTAEJIbHBIE €ro KBAaHThI HECYT pa3Iny-
HYIO0 9HEPTUIO.

CnenoBaTebHO, K onpedenenHoll 4acTOTe 3JIEKTPOMArHUTHOTO
M3JTyYEeHUsI OPraHM3M 0cCo0eHHO 4JyBCTBUTENICH Haxe IIpU MaJlbIX
SHEPIUSIX.

OO0beM KHUTH, a TaKXKe YpPOBEHb MaTeMaTHYECKOM ITOATOTOBKU
Bpayeil HE ITO3BOJISIET B IIOJHOM MEPE MPOAEMOHCTPUPOBATH BO3-
MOXHOCTH MaTeMaTHMKU B 00JIacTsIX, KOTOpHIE €Ile YEeTBEPTh BeKa
Haz3aJ Ka3aJiuch AajleKUMU OT hopManu3alMy U ObLIM MpeuMylle-
CTBEHHO omucaTeabHbIMU. Celiyac MaTreMaTvKa KOJMYECTBEHHO
OIKCHIBAET SIBJEHUS, UHTYUTUBHO M 00pa3HO Mpeacka3zaHHbIE TO-
atoM B.A. BprocoBbiM:

BbITh MOXET, 3TU 2JIEKTPOHBI —
Muipsl, e OS9Th MAaTEPUKOB.
HckyccTBa, 3HaHBS1, BOWMHBI, TPOHBI

M mamsTh copoka BeKOB!

E1re, ObITh MOXET, KaXKIbIii aToM —
BcenenHas, rae CTo IUIaHET;

Tam Bce, 4TO 31ECh, B OOBEME CIKATOM.
Ho takke To. 4ero 3mech Her.

HeBo3MOXHOCTh OXBaTUTh YEJIOBEYECKMM MBIILJICHUEM BCIO
CJIOXXHOCTb BceneHHO B 1IeJIoOM 3acTaBisula MCKaTh IyTU YIpPO-
meHusi. Hanvuue cumMmeTpuu B MpUpOAE TOPOIWIO Y IPEBHUX
KWTaWIIeB W TPEKOB YUYeHUE O eAuHCTBe MakpokocMma (BcesneH-
Holt) u muKpokocMma (YemoBeka). CBOWMCTBO caMOmoOmoOUsT OHO-
JIOTUYECKUX CTPYKTYp TIO3BOJISIET HaM HAaAesITbCsl, YTO, HECMOTPSI
Ha OrPOMHYIO CJIOXXHOCTb YeJIOBEYECKOTro OpraHu3Ma, WHTHUMHbIC
MEXaHU3Mbl Pa3BUTUSI (paTaIbHBIX Ha CETOAHSIIHUM JeHb 0oJie3-
Heli, CEeKpeThbl 3710POBbsl W JOJTOJETUSI OyayT MPUOTKPBITHI B OJU-
JKaWlIliMe Tonbl U JAeCATUIETUS.
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TECT bl

1. OTpulaTeIbHYI0 OOPaTHYIO CBSI3b B OpraHM3ME MOXHO TIPOMII-

JIIOCTPUPOBATh CJCOYIOIIUM IIPUMEPOM:

A. Peryisiuyeidi KOHLIEHTpalldM TOPMOHOB THMIIOTaJaMO-TUIIO-
(puzapHO-HAATIOUEUHUKOBOI CUCTEMBI.

b. Pa3ButrieM mopo4yHOro Kpyra Ipu BOCIAJCHUU U TUIIOKCUU.

B. ®opMupoBaHreM OTpPUIIATEILHOTO TOTEHIIMAa Ha MeMOpa-
HE HEPBHOI'O U MBIIIEYHOI'O BOJOKHA.

2. OmmbKa peryJMpoBaHUsI — 3TO:

A. Pa3HOCTb 3HAY€HUI BBIXOMHOTO W BXOAHOTO CHUTHAJIOB.

b. Pa3HoCTh 3HaueHMSI YCTaBKU M CUTHAJla OOpaTHOI CBSI3U.

B. OtHollleHMEe BBIXOAHOTO CUTHA/Ja K CUTHalIy OoOpaTHOU CBS-
3.

3. ns rpacpuyecKoro peiieHus pa3HOCTHBIX YPaBHEHMI C TTOMO-
1LIbIO JIECTHULILI JlaMeppess HEOOXOIUMO ITOCTPOUTD:

A. buccektpucy ymia mepBoro KOOpAMHATHOTO KBajJipaHTa MeEX-
Iy OCSIMU X, U X ...

b. MMapa6ony x ., (1 - x), tme x, — abcuucca, X,,, — OpAMHA-
Ta. " 2 2 2

B. IlpsamoyronbHblii TpeyroibHUK X, + X~ = 1" Ha ocax mnep-
BOTO KOOPJAMHATHOTO KBajpaHTa.

4. Pemienne ypaBHeHMA X,,, = A* X *(1 - X,) ABigercs:

A. Bo3spacraroieii pyHKuIMei.

b. YoniBaroeil (pyHKUIMEH.

B. Ocuummpyromeil pyHKIuen.

I'. Xapakrtep peuieHus 3aBUCUT OT 3Ha4YeHMs Mapamerpa A.

. PelleHeM IaHHOTO YpaBHEHMS SIBISIETCS Psi CIydalHBIX
qucel.

5. JInsa dpakTanbHOil MaTeMaTU4YeCcKoil Moaelu (PU3M0I0IMYecKo-
ro Tpoliecca XapaKTepHBI:

A. BeposITHOCTHBII XapakTep pelleHUs BCIEACTBUE CIIOXHOCTU
CHUCTEMbl U TIpPaKTHUYECKass HEBO3MOXKHOCTb TOYHOIO Y4eTa
BCEX ee IapaMeTpOB.

b. XKectkuit meTepMUHU3M M YeTKHE ITPUYMHHO-CJICACTBEHHbBIC
CBSI3M.

B. Camornonobue (aBTOMOJENBHOCTh) U HE3aBUCHMOCTh pellie-
HUS OT HAyaJIbHBIX YCJIOBUI.

OrBetni: 1 -A;2-b:3-A:4-1:5-B.
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BUODPU3NYECKUEOCHOBDbIJIEYHEBHOIO
AENCTBUA ®PUSUNHECKUX DAKTOPOB

JeiicTBue (usnmyeckux (pakTopoB HAa OPraHU3M OCYILECTBIISIETCS
MTOCPECTBOM TiepeAauyr dHEpruu B TOW WM mHOW dopme. B 3a-
BUCHMOCTH OT €€ KOJIMYECTBA, BUAA U IIPOCTPAHCTBEHHO-BPEMEH-
HOTO paclipelie/icHUs] B OpraHM3Me MOIYT pa3BMBAThCS 1Ba ITYyTU
ee BosaeicTBUs. IlepBhlii U3 HUX — HecneUUPUYECKUH — Ipo-
WCXOOUT TIpU BO3IACHCTBUM BBICOKOMHTEHCUBHBIX (DaKTOPOB,
yIEJIbHOE KOJWYECTBO DHEPTUM KOTOPBIX IIPEBOCXOAUT METa0OJIM-
YeCKyI0 TEIUIONPOIYKIINIO YeJIoBeKa, KOTopas IUIST Pa3IMIHBIX Op-
raHoB coctaBisieT 6,7—1,3 Br/kr. ®usnyeckuii ¢aktop B 3TOM
cjydae BBI3bIBA€T TPMBUAILHBIN HarpeB INMOBEPXHOCTHBIX WIM TJIy-
0OKMX TKaHEei, KOTOphIid IPUBOIMT K PaCIIMPEHUIO COCYIOB (I'M-
MepeMUN) U YBEIMYEHUIO CKOPOCTH (PepMEHTATHMBHBIX peaklnuii B
1,1 pasa mpu mnoBbllIeHUM Temmeparypbl Ha 1 °C (1o IpaBWILy
Baut-T'odda).

BTopoii myTh B3aMMONEUCTBUSI — HO2A0UeHUe SHepeUll — OIIpe-
JIensgeT creunduueckre peakuuy opraHmsma (3akoH I'porryca—
Hpeifinepa) u peaausyercs IpU BO3ASHCTBUM Ha pa3IMYHbIE Opra-
HBbl M TKaHM, MEMOpaHbI KJIIETOK KOTOPBIX O0JIamaloT criemmbude-
CKMMHU CTpYKTypaMu (pelenropaMu, OejlKaMM, MOHHBIMU KaHaja-
MU ¥ TIp.), TPeoOpasyolMMK 3HEPIruio (akTopa B pa3IMIHbIC
¢opMBI OMOJIOTUYECKONM aKTUBHOCTU. [Ipu 3TOM yrmesibHas 3Hep-
TMs peaklMM OpraHMW3Ma IIPeBHIIIACT HAayaJbHYIO SHEpruio (ax-
Topa (KOOIlepaTUBHBII OTBET).

KivHumcT wi ¢GU3MOJOr IIpU OOBSICHEHMM MEXaHW3MOB
JercTBUST (haKTOpPOB HU3KOM MHTEHCUBHOCTM YacTO OTpaHUYM-
BaeTCsl MPEICTABICHUSIMM, YTO UX OMOJIOTMYECKME U JieueOHbIe
3¢ deKThl pa3BUBAIOTCS M0 peghrekmopHomy mexanuzmy. Jlaxe pac-
LIIXPUB 3TO YACTHOE IOHSTUE O TOHSTUSL UHBOPMAUUOHHO- peey-
ASMOPHBbIX MEXaHU3MOB, Mbl HE IIPHUOAaBUM SICHOCTUM B MOHMMAaHUE
(pU3UKO-XMMUUECKUX OCHOB JAcicTBUS ¢(u3ndeckux (GakTopoB
HU3KON MHTEHCUBHOCTHU.

Bnusane ¢usnmiyecknx pakTopoB HU3KOM MHTEHCUBHOCTU €IBa
JIU CIIOCOOHO HenocpedcmeéeHHo W3MEHUTh (DYHKIMIO OpPraHOB U
TKaHEH, TeM Oojiee B 00JIaCTH, Kyga SHeprus (akrTopa IpakTUye-
CKM He IpOHMKaeT. BnmsiHue Ha HepBHBIE M T'yMOpajlbHBIC MeXa-
HU3MBI PETyIsauny (PYHKIWMI OpraHOB M CHUCTEM, IIPUBOISIIEE K
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MeTabOoMYEeCKOMY <«OTKJIMKY», DHEpPrusi KOTOPOTrO MPEBbIIIAET
9HEPruI0 (pakTopa. — CaMblii NPUEMJIEMbIA MEXaHWU3M BIIMSTHUS
(hakTOopoB HU3KON MHTeHcUBHOCTU. [lepexonast majiee K uUX Mose-
KYJSIpHBIM Me€XaHW3MaM, Mbl OydeM MMeTb B BUIYy, YTO Ha MakKpo-
YPOBHE OHUM DPEAIM3YIOTCS HA 3BEHBAX HEPBHOW U TYMOPAIbHOI
PETYJISILIMU BUCLEPATbHBIX (PYHKIIMIA.

B pamkax M3M0XEHHBIX BBIIIE 3JEMEHTOB TEPMOAUMHAMUKU
YTOUHUM TIOHSITUE BO3JACUCTBUS HU3KOU (Hemenn060il) NHTEHCUB-
HocTu. TeIioBoe BO3ACHCTBUE HA 0MOeAbHYI0 MOAeKyay AOJDKHO
ObITb COM3MEPUMO C BEJIWYMHOUN DHEPIUM TEIIOBOIO JBUXEHMUS,
paBHoil KT (k — mocrosHHasg bonbumana, T — aOcomoTHas
TeMmreparypa), Kotopas npu Temrepatype 37 °C cocrapisieT Bce-
ro 0,026 3B (oyieKTpOH-BOJILT — BHECHCTEMHAsS €IUHHUIIA SHEp-
rum, paHas 1,6¥10" JIx). Takum o6pa3oM, MOIIOLIEHUE MOJe-
Kynoii ¢oTroHa ¢ sHeprueir 2,6 3B (cuHMil CBeT) BBI3LIBAET €€
«Harpe» 10 30 000 °C! OmHako eciu MHTEHCHMBHOCTb OCBellle-
HUS Mana, TO (OTOHBI IOINIOIIAET OIHA MOJEKYlIa U3 MMJLIMO-
HOB U cpedHss npubaska sHepeuu Ha Kaxcoyr mMoneKyay nojayda-
eTcsl HamMHoro MeHblne KT. HecMOTpss Ha BBICOKYIO IO CpaBHE-
HUIO C TEIJIOBOM DHEpPrueidl 3HEepPruio OTAEIbHBIX KBAHTOB, 00-
IIee BO3ACHCTBUME OKa3bIBaeTCSd HETEIUIOBBIM. TeM He MeHee
rnocje MPUBEACHHOIO MpUMeEpa OYeBUIHA HEKOTOpasi YCIOBHOCTh
TepMUHA <«HETEIUIOBasl WMHTEHCHBHOCTb» IJI OTAEJIBHO B3STOM
MOJIEKYJIbI.

C npyroit CTOpPOHBI, TPU TEIJIOBOM WMHTeHCHMBHOCTU YBY-u3-
JIydeHMsI TEIUIOBasl SHEpPrusl BCeX MOJEKYJ B 00JacTU BO3Ieii-
CcTBUSA TOoBbIaeTcss mpuMepHo Ha 1 % ot XT (mo 3 °C), HO
DHEPIUsl omdenvbHo20 Kéanma paguousnydeHust dyactoroir 40 MIg
Hu4yTOXHa, Bcero 0,00000016 sB. Takum o6pa3oMm, Temio-
Boe BozaelicTBUe npu YBY-o0mayyeHuM pocturaercsl IOIJIOIIe-
HUEM Kaxcooil MOAEKYA0U MHO2UX MbICAY KBAHMOS8 paduousny-
YeHusl.

KonuyecTtBeHHOI Mepoii dHEpPruM BO3AECUCTBUSI (PU3UYECKOTO
(pakTOpa Ha OpraHM3M CIYXUT HO2A0UWleHHAs 003a. J1Jis 2JIeKTpo-
MarHUTHOTO W3Jy4YeHMsI 032 OMpeaessieTcss MPOU3BENCHUEM UH-
meHcueHoCmuU, WIA TUIOTHOCTH IIOTOKA SHEPIUH, Ha OOJIydaecMyro
IUIOIIAAbh M Bpems 3Kcmo3unuu dakropa: D = I*S*t, tme 1 —
MHTEHCUBHOCTD, M3MepseMas B Br/M’, S — miowann, usMepsie-
Masg B M, t - BpeMs B cekyHaax. /lo3a u3MepsieTcsl B eAuMHMLAX
CH — mxoynsax (Hx). Ilpu jgokaabHOM BO3AEHCTBUM YIOOHO
MOJIb30BaThCSI HE BEJIMYMHOM WHTEHCHMBHOCTU, a MPOCTO MOui-
Hocmoro n3mydeHus W = I*S, namepsiemoii B Barrax (Bt). Pacuer
JI03bl W3JY4Y€HUS! TPOBOAUTCSI B COOTBETCTBUM C 3aKoHOM byH3e-
Ha, c02AaCHO KOMOPOMY CIeNneHb N02A0UeHUS IHeP2UU NPONOPUUO-
HaAbHa NPOU3BEOeHUI0 MOWHOCMU U3AYYeHUs HA 8peMsl 8030eli-
CcMmeust:

D =W#t. [3.1]
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3.1. BozaeiicTBHE 3JIEKTPOMATHUTHBIX MOJI€ii
M M3JIyYeHMIA HA OpPraHM3M

Ilon meiictBuemM OMII pagroyacTOTHOIO AMAana3oHa B Pa3IAYHBIX
TKaHSIX M CpeJax opraHyM3Ma IPOMCXOAWT HAmNpaBICHHOE Mepeme-
LIEHWE 3apsDKEHHBIX YacTHI MOHOB, a TakKKe IepepaclpencsicHue
BJIEKTPUUYECKUX 3apsiIioB M (POPMHUPOBAHUE OOBEMHOTIO JUITOJIHHO-
TO MOMEHTa (noaspu3ayus mkawxei). YTOPSIOYEHHOE W Harpas-
JIEHHOE JIBMXXEHME MOHOB B TKAHSIX CO3IaeT B HUX MOK NpPo600U-
mocmu. VIHIuBUAyanbHbIE IPOLIECCHl YaCTOTHO3aBMCHUMOM IOJISI-
pu3alMy CyOKJIETOYHBIX CTPYKTYp M KJIETOK, a TakxkKe KoJjebaresib-
HOI'O CMEULIEHUS AMIIOJEH BOObI U OMOJOIMYECKUX MaKPOMOJIEKYJI
Bo BHemrHeM DMII dopMupyloT mok cmeujerusi, TIIIOTHOCTh KOTO-
poro paBHa:

Ju=¢¢g,dE/dt,
e € — OUAJIEKTPUYEcKasl MMPOHMUIIAEMOCTb BaKyyma, € — OTHO-
CUTEIbHAs [OUAJIEKTPUYECKas IPOHMLIAEMOCTb TkaHei, dE/dt —

CKOpPOCTb M3MEHEHMS IJIEKTPUUYECKOIo MOJIs.

Hns KoJIMYecTBEHHO oOLeHKU 3(E(EeKTOB B3aUMOICHCTBYIO-
IIETO C OpPraHU3MOM HU3KOYACTOTHOTO 3JICKTPUYECKOIro TOKa
MIPOBOAVMOCTU MCITIOJIb3YIOT BEJIMYMHY €r0 IUIOTHOCTH j, = — OT-
HOILLICHME CWIbl TOKAa K IUIOLIAAU ero Bo3ueicTBus (A/ MS, KOTO-
poe B COOTBETCTBMM C IIEPBbIM MaTepuajbHbIM ypaBHeHMeM Mak-
cBejuia cocrapiser j, =A*E, tie A — ynenbHas 3J€KTPONPOBOJ-
HOCTb TKaHell, a E — HamnpsokeHHOCTb 3JIEKTPUYECKOro MOJI.
JI1s1 OLIEHKM BO3AEHCTBUS BBICOKOYACTOTHBIX 3JIEKTPOMArHUTHBIX
KoJIe0aHWl Hapsily € WHTEHCUBHOCTBIO (IUIOTHOCTBIO IIOTOKA
sHepruu, III1D) wucnonab3yloT cneurduueckuii rMokaszaTesb I0-
mmomeHuss SAR (Specific Absorption Rate) — MOILIHOCTB 3J€KT-
POMAarHUTHBIX BOJIH, IIOIJIOIIEHHYIO €AuHHIIell Macchl (0Obema)
Tena 3a eauHuiy BpeMeHu (Bt/kr wm Bt /m’). Ilpu ouenke
ouonornyeckux 3(PPeKToB BhICOKOUACTOTHBIX DOMII ciemyer Tak-
K€ YYMTBIBATb Pa3sHOPOMHOCTb (I€TEPOTreHHOCTH) BJICKTPUUECKUX
XapaKTepUCTUK TKaHEW, COCTABJSIOIIMX KOHKPETHbIM opraH. s
pa3IMYHBIX TKaHEil IpaHMIAa TEIUIOBOro 3¢¢eKTa BbICOKOYACTOT-
HbIX DMII cocrasnsieT 0,28—1,5 BT/KT.

Tlocmosnubie anekmputeckue noas BbI3bIBAIOT OTHOHAIIPABJICH -
HBIe OBIDKEHMSI MOHOB K mojtocaM. [Ipy 3TOM MpOMCXOAMT TakkKe
CMEIIeHUE BJIeKTPOHHBIX 00JIAaKOB aTOMOB UM MOJIEKYJ (34eKMpPOH-
Has noaspusayus, puc. 3.1, a) WM OpUeHTALUs AUIOJbLHBIX MOJIe-
KYJ1 (opueHmauuorHoe cmeujerue, puc. 3.1, 0). B pesynbrate niepe-
pacripenelisieTcsl ComepKaHWe HMOHOB B KOMITAPTMEHTAaX pasidy-
HBIX TKaHel. 3a cueT ABMKECHUS CBSI3AHHBIX MOHOB BO3MOXHO U
BpalllaTeJIbHOe CMellleHue KieTok B DII.

[Monx neiicTBUEM MPWIIOKEHHOTO K TKAHSIM BHEIIHETO 3JIEKTPH-
YEeCKOTO MOJIsi B HUX BOZHUKAIOT MOKU NPOBOOUMOCIU U CMEUeHUs.
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Puc. 3.1. [loasgpusauusi OMOJOrMYECKUX MOJIEKYI B IMOCTOSHHOM 3JIEKT-
pUYecKoM ToJe.

a — OJIEKTPOHHAsT TIONSIPU3AIMS HETIONSIPHBIX OMOJIOTMYECKUX MOJIEKYll: 6 —
OpHMEHTAIIMOHHOE CMEIIIEHUE TOJIIPHBIX (IUMOJIBHBIX) OMOJIOTMYECKUX MOJIEKYIL.

lll

+

[Ipn 3TOM MONOXUTENBbHO 3apsSLKeHHbIE YaCTULbI (KATUOHBI) IBU-
KYTCSl TI0 HampaBIeHUIO K OTpULATEIBLHOMY IOJIocy (KaTomy), a
OTPULIATEJIbHO 3apsLKeHHbIE (aHMOHBI) — K IOJIOXUTEIbHOMY
(anomy) (puc. 3.2. a). Hapsnoy ¢ mepemellieHeM MOHOB 2JIEKTPU-
YEeCKMM TOK H3MEHSET IPOHMIIAeMOCTh MeMOpaH BO30YIMMBbIX
TKaHeil M yBEJIMYMBAeT IMACCUBHBIN TPAHCIOPT KPYMHBIX OEJIKO-
BbIX MOJIEKYJ (aM(OJMTOB) U APYTUX BEIIECTB (SBJICHUE 3JEKTPO-
nuddysun). Tlog neicTBUEM 3JEKTPUYECKOIO IO B TKaHSIX BO3-
HUKaeT TakXKe pa3HOHAIpPaBJICHHOE ABMKECHME MOJEKYJI CBOOOMI-
HOM 1 CBS3aHHOM B TMIpaTHBIX 000JI0YKAaX MOHOB (IJIaBHBIM 00-
pasom, Na’, K', Cl) Boabl. IToCKOJBKY KOJWYECTBO MOJIEKYJ
BOIbl B TUIIPATHBIX 000JOYKAX KAaTMOHOB OOJbIlE, YeM Y aHUOHOB
(puc. 3.2, 0), To rMaparalMs TKaHEil IOA KaTOIOM YBEIMYMBACT-
Csl, a TIOJl aHOIOM — YMEHBILACTCS (31eKmPOOCMOC).

Puc. 3.2. TlepemellieHe NOHOB B TKAHSIX B TMOCTOSTHHOM 3JIEKTPUYECKOM
nosne (a) u anekrpoocMoc (0).
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B opranusme 3aperucTpupoBaHBl TakKKe M3MEHEHUSI OpUeHTa-
MM KJIETOK M MX KOMIIAPTMEHTOB B 3JIEKTPOCTATUYECKUX TIOJISIX
HanpsikeHHocThlo 100—500 B/M — eanveanomarcuc. B otnuune
OT MAaCCUBHOIO TepeMeIleHNs 3apsDKEHHBIX YacTull (3y1eKTpodo-
pe3a) rajJbBaHOTAKCUC — aKTUBHBINM OMOJOrMYECKU Mpolecc co
3HAYUTEIBHBIM JIATEHTHBIM TIEPUOAOM, XapaKTepHBIN IJisl TpaHy-
JIOLUMTOB KpOBU, (pubdpobsIacTOB, OCTEO0OJACTOB U HEHPOHOB.

Hapsiny ¢ raabBaHOTaKCHMCOM KJIETKAM HEPBHOM TKaHU IIpU-
CYIll 2anb8aHOMpoOnu3M, KOTODBIN TIPOSIBJISIETCS B HaMpaBiIeHUU
poCTa IEHAPUTOB U IEPEMEILICHUU OpraHe/Ul HEMpPOHOB K KaTody
B 32JIGKTPOCTAaTMYECKOM moJjie HampstbkeHHocThio 0,1 —1 kB/M.
DT CBOWCTBA HUCIOJIL3YIOT B TPaBMATOJOTMHM M HEBPOJOTUM MIJIS
CTUMYJISILIMY pernapaTUBHON pereHepaiumu.

Ilepemennvie anekmpomacHumHble N0 BBI3BIBAIOT pa3HOHAII-
paBJieHHbIE MasgTHUKOOOpa3Hble JBMXXKEHUSI MOHOB M KoJjebaTesb-
HbIe CMEIICHUS OMIIOJBHBIX MOJIEKYJI, IOJSIpU3aLus KOTOPBIX
MPOMOPLUMOHAJIbHA 3JIEKTPUYECKOM HAIpPSLKEeHHOCTU TI0JIsI, a TakK-
K€ 3aBHUCHUT OT €ro 4YacTOThl U JIMHEMHBIX pa3MepoB OMOJIOTHYe-
CKUX MOJIEKYJL.

Buosnoruueckue 3ddextsr DMIT Huskoit yactorel (f < 107 Im)
00YCJIOBJIEHbI TOKOM ITPOBOIMMOCTH, OCHOBHBIMM HOCUTEISIMU KO-
TOPOTO SIBJISIIOTCS MOHBI, OJHAKO IUIOTHOCTh TOKA B TKaHSX MPU
HaBeleHUM B HUX BHelIHero OMII HMUYTOXHO Maja U He IPEeBhI-
mwaer 2,3*10° A/M’ B unTepcTvimu 1 10° A/M’ B IIa3MoneMMe.
IIpu momBeneHuu K moBepXHOCTU Tena OMII ¢ ITOMOIIBIO /IEKT-
POIOB-aHTeHH (METANIMYECKMX ITPOBOJHUKOB C BBICOKOM Y/IE/ib-
HOIl 3JIEKTPOIPOBOTHOCTLIO) B Tejie UYe/IoBeKa BO3HUKAIOT 3HAYM-
TeJIbHbIE TOKU TMPOBOAVMOCTH, CIOCOOHBIE BbI3BATh WM3MEHEHUE
(YHKIIMOHAJBHBIX CBOMCTB HEPBHOU M MBIIIEYHON TKaHE opra-
HHM3Ma, KJIETKM KOTOPBIX 001aaioT BO3OYIMMBIMU MeMOpaHaMM.

[ToporoBoe 3HaYeHME TOKA IMPOBOAMMOCTH, BBI3LIBAIOLLIEE BO3-
OyXIeHre HEpPBHOW M MBIIIEYHOM TKaHEU, OmpenessieTcss 4acTo-
Toit BozmeicTByoliero OMII. C ee yBeanyeHHEM MOPOroBasl Be-
JAMYMHA TOKA HapacTaeT, M, HayMHasg c vacTotl 3*10° T'm, mpu
MPWIOKEHUM TIEPEMEHHOIO TOKAa K KOXE 4YeJIOBeKa BO30YXKICHMS
€r0 HEPBOB U MBIIIII He 6o3Hukaem. He MpoucxoauT U 3aMeTHOTO
HarpeBa TKaHeil B CWIy MaJlOr0 IOLJIOIICHUS 3JeKTPOMArHUTHOM
SHEPIMM B HU3KOYACTOTHOM JAMana3oHe, TaK KakK BBbIIEISIeMOe
TEIUIO CYIIECTBEHHO MEHBIIE METa0OJMYECKOM TEeIIONPOAYKIINU
opranuszma (0,7—1,3 BT/Kr) u He mpeBbIIAET MOIIHOCTHA pacce-
SIHUSI TEIJIOBOM SHEPruU OMOJOTMYECKUMU TKAHSIMU.

DeKTpOMarHUTHbBIE UBTYYEHUSI 8bICOKOLU HACMOMbl BbI3bIBAIOT B
opraHusMe, IOMHMMO TOKOB IPOBOIUMOCTU, 3HAYUTE/IbHBIE TOKU
cMmeleHus. llocnenHue omnpeaenstoT Mpeodpa3oBaHUE 3JEKTPO-
MArHUTHOM SHEpPrMyd B TEIUIOBYIO, B OCHOBHOM 3a CUeT Kojeha-
TEJIbHO-BPAIIaTeILHOTO CMEIIEHUSI OPUECHTUPYIOIIMXCSI BO BHEIII-
HeM OMII Owuosiornyeckux MakKpoOMOJIEKYJ U JMIIOJNei BOIBI.
Dusnonornyeckie MeXaHM3MbI TEIUIOOTIAYM OpraHu3Ma (Teruio-
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MPOBOJHOCTb, KOHBEKIIMS, UCIIAPEHUE U M3Iy4eHUE) HE KOMIICH-
CUPYIOT BO3HHUKAIOIIYI0 B BBICOKOYACTOTHOM JAMAIla3oHe TeIuIo-
MPOOYKIINIO, B Pe3yJbTaTe 4Yero IPOMCXOAUT HarpeBaHue oOIydae-
MBIX TKaHeil opraHu3Mma. B wactotHoMm mmamazone 10°—2*10" In
KakK TOK ITPOBOAVMMOCTH, TaK M TOK CMEIIECHUSI CIIOCOOHBI BBI3bI-
BaTh TUIEPTEPMHUIO. B yacrorHoM auamazone OMII, npeBbliaio-
meM 2*10° I'u. HampoTWB, BEeOyIIyl0 pOJb B HarpeBaHUM TKaHeu
WrpaeT aKTMBHAs COCTaBJISIIONIAsl TOKA CMEILIECHUS.

B TKaHSX ¢ BBICOKMM cOIEp:KaHMEM BOIbI JUIMHA 3JIeKTpoMar-
HUTHBIX BOJIH YMEHbIIIaeTcs: B 6,5—8,5 pa3a 1o cpaBHEHUIO C BO3-
ayxoM. B TKaHSIX ¢ HM3KMM comepXXaHUeM BOAbl YKa3aHHBIE 3aKO-
HOMEPHOCTU BBIPAKEHBI CYIIECTBEHHO MEHBIIE M [JIMHA BOJIHBI
yMeHbIIaeTcss B 2—2,5 pasa. TakuM oOpa3om, Ha yactotax OMII
Boimte 3*10° T MIMHA BOJHBI 2JEKTPOMATHUTHOTO M3JTy4EHUSI
MEHbIIIE Pa3MEpPOB Tejla 4eioBeKa, YTO OOYCJOBIMBAET BO3MOX-
HOCTb TOJILKO /10KAAbHO20 BO3ICHCTBUS 3JEKTPOMATHUTHBIX WU3JIy-
YEHMUI CBEPXBBICOKOW YAaCTOTHI HAa OPraHu3M OOJIBLHOTO.

B cuy BbICOKOI AMBJIEKTPUYECKONM ITPOHUILIAEMOCTH TKaHEH ¢
OOJIbIIMM cofepKaHUeM BoIbl KO3(M(MUILIMEHT TOIJIOIIEHUsT IHEp-
TMA 3JIEKTPOMATHUTHBIX BOJH B HUX B 60 pa3 BbIlE, a MPOHUKA-
Io1asi CrrocooHocTh B 10 pa3 MeHbIlIe, YeM B TKaHSIX C MaJbIM CO-
Jep>XKaHMeM BOAbl B OOJNACTSAX O- U [-OUCIEPCUU AUBJICKTpUYE-
CKOM TIPOHULIAEMOCTH.

[Ipu noMeleHUU B HOCMOSAHHOE MACHUMHOEe Nole TKaHEeU opra-
HHU3Ma BXOISIIME B MX COCTaB HAaAMOJEKYJISIPHBIC XXUIKOKPUCTAII-
JINYECKUE CTPYKTYpbl OPUEHTUPYIOTCS OTHOCHUTEJILHO BeKTopa
MarHUTHOM WHAOYKIMHK. B pesyiabrare Takoro OpHEHTAIIMOHHOTO
cMeleHuss GopMUPYIOTCS COOCTBEHHBbIE MAarHUTHbBIC TOJISI HaaMO-
JIEKYJISIPHBIX KOMIUIEKCOB, HaIlpaBJI€HHBIE B COOTBETCTBUM C IIpa-
BwIOM JleHIIa MPOTUB BHEIIHETO0 MATHUTHOTO MOJISI W OCIa0JIsI0-
muye ero. Takoil auamMarHUTHBIN 3¢hdeKkT Haubosee BblpakeH
B (pocOMUNUAHBIX KOMIIOHEHTaX OWOJIOTUYECKMX MeMOpaH.
BcaenctBrue 3TOro B HMX BO3HMKAET COOCTBEHHBIM MEXaHWYECKMIA
BpallalolIuii MOMEHT, U OHM CIOCOOHBI IEepeMEelIaTbCs B MeMO-
paHax U 1LIMTO30Jie, HO B CUJIY BBIPAXXEHHOW BI3KOCTH ILIMTOILIA3-
MBI M KOMIIAPTMEHTAIM3ALMUM KJICTOK aMIUIMTyAa TaKWX IepemMe-
MIeHNI He MOXET OBbIThb 3HAYUTEIILHOM.

CerogHsi GOJBIIMHCTBO aBTOPOB MPY PACCMOTPEHUU MeEXaHM3-
MOB B3aMMOEICTBUSI TIEPEMEHHOIO0 MAarHUTHOTO IIOJII C OpraHu3-
MOM CYMTAIOT BEIyIIMM ACUCTBYIOIIMM (DaKTOPOM GUXpesoe d1eK-
mpuueckoe nojde, BO3HUKAIOIIEE BCICACTBUE 3JIEKTPOMArHUTHOM
WHAYKLIWA. BeKTophl HANPSDKEHHOCTH 3JICKTPUIECKUX ITOJIeH, MH-
OyLUMPYeMbIX B OMOJOIrMYECKMX TKAHSIX IEPEMEHHBIMU MarHUTHBI-
MM TIOJISIMU, BCErAa HampaBiIeHBI IEPIICHAUKYISIPHO BEKTOpPaM
MAarHAUTHOM MHAYKUWH, a UX CUJIOBBIC JIMHUM UMEIOT (popMy 3aMm-
KHYTBIX BUTKOB Buxpeil. HampsskeHHOCTh BHXPEBBIX 2JIEKTpHUYC-
CKUX MOJIel, MHAYLIMPOBAHHBIX MAarHUTHBIMU TIOJISIMM, WCIIONb3Y-
eMbIMi B dusnorepanuu, gocturact 50 B/M. Onexrpuueckue
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MOJII TaKOW HaMpsSDKEHHOCTUM CIIOCOOHBI BBI3BATh IEPEMEICHUE
3apsDKEHHBIX YacTUIl Yyepe3 MeMOpaHy, YTO CYIIECTBEHHO M3MEHS -
eT UX TOJSIpU3alMI0 U aKTUBUPYeT OMO(pU3NYECKUEe W OMOXUMU-
YecKMe IMPOLECChl B pa3IMYHBIX TKAHSX OpraHM3Ma. 3a cueT Iie-
pepacnpeneacHus] 3apsaoB BUXPEBBIE TOKA MOTYT BBI3bIBATh 2JIEK-
TpoxuMmdeckue 3Pp¢heKThl.

IInoTHOCTH pacmpeneieHrs] MHAYUHPOBAHHOIO 3JIEKTPUYECKO-
To ToJist, ompenensieMas Tonorpagueil ero CUIOBbIX JMHUI (Kaca-
TeJIbHbIE K KOTOPBIM OIPENE/ISIIOT HaIlpaBlieHue BekTopa E B Kaxk-
IO TOYKE OpraHM3Ma), MpOIOpIMOHAIbHA HANPSDKEHHOCTH Mar-
HUTHOIO MOJISI U 3aBUCUT OT HampaBjeHUS BEKTOpa MarHUTHOM
WHAYKIMK. Ha pe3yapTUpyIollyl0 KapTUHY WHIYLIMPYEMOIO 3JIeK-
TPUYECKOro IOJIsI B OpraHM3Me€ OKa3bIBalOT BIMSHHE U IOTECHLIU-
aJbHBIE BJIEKTPUYECKHE II0JISI, BO3HUKAIOIIME B Pe3yJbTaTe B3au-
MOJIEHCTBUS 3apsDKEHHBIX YaCTUIL C BUXPEBBIMU 2JIEKTPUYECKUMU
HOJISIMM Ha TpaHMIAX pasneia MPOBOMSIIMX M CJIa0OIPOBOMASIINX
TKaHEH.

Yka3zaHHbBIE OCOOEHHOCTH TPUBOIAT K U3MEHEHUIO KUIKOKPH-
CTaJUTMYECKOI0 COCTOSIHUS (hoCOIUNUIHBIX KOMIIOHEHTOB OHO-
JIOTUYECKUX MeMOpaH, CHIDKEHUIO BJIEKTPOKMHETHYecKoro (C-
JI3eTa-) MOTeHIMada M MHAYKUMU (Da30BbIX I'ejib-30JIb IIEPEXON0B B
nuToIIasMe. TakuMm o0pa3oM, MepeMEHHBIE MAarHUTHBIE OIS CIIO-
COOHBI MOIY/IMPOBaTh (PU3MKO-XMMHYECKHE CBOMCTBA, a TakKxXe
MeTaboIMUECKYI0 U (PepMEHTATUBHYIO aKTUBHOCTb KJIETOK M TKa-
Heil opraHu3Ma. C IOBBIIIEHUEM YacTOThl MarHUTHOIO IIOJISI BO3-
HUKAIOIIE BUXPEBbIE TOKU 3(PPEKTUBHO MOIIOLIAIOTCS MPOBOIS-
UMM TKaHSIMU, YTO MOXET BbI3BaThb MX 3HAUMTEJIbHBIN Harpes.
Bmecre ¢ TeM MarHutHble 1o ¢ rpagmeHToM 1 — L5 Ti/mm
crioco6Hbl Ha 70—80 % CcHMXATh BEPOSITHOCTh MHUILIMALIMKA TTOTEH-
LaJI0B JEUCTBUS HEWPOHA.

Bokpyr pacnpocCTpaHSIIOIIUXCSI B TKAHSIX TOKOB (DOPMMPYIOTCS
MacHumHble noas. MakcuMalibHasi BeJIMYMHA MarHWMTHOW WHIyK-
LIMM B TKAHSX C BBICOKOM 3JEKTPOIPOBOAHOCTBIO, HAXOMSIIMXCS
B nepeMeHHoM DMII, He npesbimaer 10" Ta B MHTEpCTMLMU U
10" Tn B ruiazmosneMMe. AHINU3 BEJIMYMH MArHUTHOW WHIYKLIAU
MO3BOJISIET 3aK/IIOYMTh, YTO TakKue Mo He MOryT 3(p@deKTUBHO
B3aMMOJAEICTBOBATh C OMOJOTMYECKUMHU MOJIEKYJIaMU Pa3InIHbIX
TKaHell opraHu3ma U MX BJIUSIHUEM MOXHO TpeHeOpeyb.

OMIMPUYECKU YCTAHOBJIEHO, YTO MSTKHMM IIPOTHBOBOCHAIM-
TeJbHBIM, ITPOTUBOOTEUHBIM U CENAaTMBHBIM 3(hdeKTOM o0agaeT
MOCTOSTHHOE, HM3KOYacTOTHOE M MMIIYJbCHOE MarHWTHOE IOJIe,
OIHAKO BCICACTBUE OUAMACHUMHOCMU DHEPIUsl B3aMMOICHCTBUS
OMOJIOTUYECKMX MOJIEKYJl ¢ MArHUTHBIMA TMOJSIMU C WHIYKILIUEH
nopsaka 10 MTn B gecsaATKy ThICSIY pa3 MEHBIIE, YeM DHEPrus
TeIUIOBOro ABYKeHUsT KT. MajoBeposTHO II03TOMY, UYTOOBI OpHU-
€HTAllMOHHBIE Y XUIKOKPUCTALIMYECKHAE MPOIIECCHl B TAKWUX Mar-
HUTHBIX IIOJISIX IPUBEIM K 3aMETHBIM OMOJOTMYECKUM ITOCTIEeICT-
BUSIM.
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[IpaBoonogoOHBIM UM MPUBICKATEIbHBIM MEXaHW3MOM ISt
OOBSICHEHUST BO3MOXKHBIX OMOJIOTMYECKUX M JieueOHBIX 3¢h(eKToB
MAarHUTHOTO TIOJMS SIBJSIETCSI MArHUTOYYBCTBUTENBHBIN IIPOLIECC
PEKOMOMHAILIMM CBOOOIHBIX PAaAUKaIOB B OMOJIOIMYECKUX TKaHSIX.
D10 MexaHu3m nepekaroueHus, OOYCIOBICHHBI HaTAYMEM CBEpPX-
TOHKOTO B3aUMOJEHCTBUSI COOCTBEHHBIX MArHWTHBIX MOMEHTOB
BJICKTPOHOB CO CIIMHAMM sfiep (HampuMmep, IMPOTOHOB) pearupylo-
mMx MoJsiekysl. TeopeTruecky JoKa3aHO, YTO CKOPOCTU peakiuu C
y4acTHEM paIuKaJbHOM Mapbl MOIYT CYLIECTBEHHO (Ha AECSITKU
MPOIICHTOB) M3MEHSTBCS B MArHUTHBIX TOJISIX C MHOYKIIMEH BCETO
150 mMTn. ITpoucxooguT 3TO M3-3a TOrO, YTO B OTCYTCTBUE BIIMSI-
HUs BHEIIIHETO IOJis, KOIa BCE CIMHOBBIE COCTOSIHUSI U303HEp-
TeTUYHBI, Oyaromapsi B3auMMOIEHCTBUIO MArHUTHBIX MOMEHTOB
MPOTOHOB M HECHApEeHHbIX DJEKTPOHHBIX PAAVKAIOB MOCTOSTHHO
MPOUCXOIAT CHUHIJICT-TPUIUIETHbIE W TPUIUICT-TPUILICTHHIC IIepe-
XObl MEXKITY S-COCTOSTHUEM U MpeMs 803MONCHbIMU T-cocmosnus-
mu: T.; T, T, VIHIEKCHl XapaKTepU3YIOT MPOEKLIUIO CyMMapHO-
rO 3JIEKTPOHHOrO CIMHA paJuKaabHOW Tapbl, PaBHYIO COOTBETCT-
BeHHO + 1; 0; -1.

Bo BHeliHeM MarHMTHOM TMOJie, TMPEBHIIAIONIEM JIOKAJIbHBIC
MarHUTHbIE TOJISL siAep, oHeprerudyeckue yposHu T, u T, pac-
werusores (3¢ ekt 3eemana) u nepexonsl S -> T, u S -> T,
CTAHOBATCS MEHEe BEPOSTHBIMM U3-3a CIOBUTA BHEPreTUYECKUX
ypoBHel. B mpemenbHOM cilydae B MarHMTHOM TMOJIe 4acToTa
CUHIJICT-TPUIUICTHBIX IIEPEXOHOB MOXET CHU3UTBCS B TPU pasa.
3aMeTHOe BIMSIHME€ MArHUTHOTO IIOJII Ha CHUCTeMy OymeT BO3-
MOXHO, OIHAKO, TOJbKO TOILJa, KOLJa CIMHOBAas IOACUCTEMA
paauKaabHOM Maphl 3a BpeMsl CBOel XXU3HU T HE ycIleBaeT Ipuii-
T K TEIUIOBOMY paBHOBecHIO. B cilyyae TeIsIoBOro paBHOBECHUS
BEPOSITHOCTh peaju3aliuyd CABUTA DPeaKiMy OIpeaessieTcss MHO-
xurenem exp (p, B/KT), tme p, — COOCTBEHHBI MarHUTHBIA
MOMEHT D3JIeKTPOHa, — WHAYKIUsS MarHuTtHoro moms, KT —
SHEPTUS TEIUIOBOTIO ABVXKEHMS. B Momsax ¢ MHAyKLUel B AeCSITKU
mwutecna (MT) BauMsSHME MarHUTHOTO TIOJIA Oymer IipeHeOpe-
KMMO MaJIbIM.

Curyalus KayeCTBEHHO M3MEHSIETCS, eCAM BpeMsl XKU3HU pa-
JUKaJIbHOM Mapbl T MEHbIIE BpPeMEHM TMpuXoda BO3MYIIECHHOMN
CIIMHOBOW MOJCUCTEMBI K TeruioBoMy pasBHoBecuto T, T.e. T < T,
Ha Bpems penakcaliuy CIIMHOBOI IOICUCTEMBbI K TEILUIOBOMY paB-
HOBECHUIO CYIIECTBEHHOE BJIMSHUE OKa3bIBaeT CTPYKTypa BOIBL
IMockonbKy mepeHOCYMKaMM HeCHapeHHBIX 3JEKTPOHOB 3a4acTyio
OBIBAIOT MOJIEKYJIBI, JIOKAJIM30BaHHBIE B MeMOpaHe, a CTPYKTypa
NpUMeMOpPaHHOM BOABI MOXET ObITh BBICOKOYMOPSAOYEHHAsI, TO
BJIMSIHAE€ MAarHUTHOIO IIOJISI Ha aKTMBHOCTH (pepMEHTOB-IIapamar-
HETMKOB B OIBbITAX in Vivo U in vitro MOXeT CYILIECTBEHHO pa3M-
yaTbcsi. Hampumep, oKpyXeHHe CTpYyKTYpMPOBAaHHOM BOJIbI YBe-
JIMYMBAET BpeMsl MPUXONM CIMHOBOW moacucteMbl T, K TEmoBo-
My paBHOBecuio. CIMH-pellIeTOYHasl pejlaKcaliusi C pOCTOM TeM-
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nepatypel B BOIE pacTeT, U B IpuMeMOpaHHOI Bome Bpems T,
TaKkKe YBEJIMYMBAETCS.

MarHuTHoe Tojie CHUXKAeT 4YacTOTy CHUHIJIET-TPMIUIETHBIX Iie-
PEXOJOB BCICACTBUE pACIICIUICHUS! BBIPOKICHHOIO TPUILIETHOTO
YPOBHSI Ha TpU TIOAYPOBHSI C pa3nvuHoOil sHeprueii. OCHOBHBbIE
aHTUOKCUIAHTHEIE (epMeHThl — cymnepokcuaaucmyTasa (COJ) u
KaTajiaza — 00Jiee aKTMBHbI B CUHIJIETHOM COCTOSIHUM, M CHIKE-
HUE YacTOThl CUHIVIET-TPUILICTHBIX IIEPEXOMOB ITOBHIIIACT AKTHUB-
HOCTb 3HJOTEHHBIX aHTMOKCUAAHTHBIX CUCTEM OpraHu3Ma, BCIed-
CTBHME Yero BO3MOXKHO OOBSCHEHUE MEXaHU3MOB ICHCTBHUS ITOCTO-
SIHHOro 100 HHU3KOYaCTOTHOIO I€PEMEHHOI0 U MMITYJIbCHOTO
MAarHUTHOTO II0JIS1 Yepe3 €ro BIMSHME Ha MepeXoabl 3JIEKTPOHOB U
CBOOOAHOpaIMKAIbHbBIE peakluu. JlazepHoe U3TyYeHUEe CTUMYJIM-
pyeT TKaHeBoe JbIXaHVe U B KayecTBe MoOOYHOro addekra U30bI-
TOYHBIA CHHTE3 aKTUBHBIX (DOpPM Kucaopoma. MarHuTHoe mMoJje
IpA 3TOM BHICTyHaeT (PakTOpoM aKTUBALUKU (PEPMEHTOB aHTHOK-
CUJAHTHOM 3allMTHI.

IIpn aHanu3e MexaHMU3MOB Je4eOHBIX 3((HEKTOB MarHUTOTEpa-
MAY CIENYET YYUTBIBATH, YTO YPOBEHb SHEPIUN MarHUTHOIO B3aM-
MOJIEHCTBUSI UOHOB U Guonormdeckux Mosekyn (107* Ix) Ha Tpu
TMOpSIKA HIDKE 9HEPIMM VX PasyNnopsnOuMBalOLIETo TETIOBOTO
neuxennst KT (107" JIx) («peHomeH KT») M SIBHO HeIOCTATOYEH
JJI1 U3BMEHEHUSI UX OpueHTauuu B mpocTtpaHcTBe. CyllecTBYIOLINE
JIMHEHHbIE MOJAEIM HE MOIYT OOBSICHUTb 3TOT «3HEPreTUYECKUIi»
nmapagokc. B cBsI3u ¢ 3TUM TpyOZHO IIPOTHO3UPOBATh CIleUMpUU-
HOCTb U 3HAYMMOCTb JIe4eOHbIX 3(P(HEeKTOB HM3KOYACTOTHOM Mar-
HUTOTEpANMM, YTO ITOATBEPXKIAIOT U IIPOTUMBOPEYMBBIC KIMHUYE-
CcKMe HaOJIIoIeHUS.

B mocnenHee necsatwiieTve MpemIOXeHbl MHbIC, HEJUHEHHBbIE
MOJEIM B3aUMOACICTBUSI CIa0bIX MArHUTHBHIX TIOJIe ¢ OMOJIOrM-
YEeCKUMHU CUCTEMaMU, B KOTOPBIX HEIMOCPEACTBEHHON «MUILIEHbIO»
M30UPATEILHOTO BO3ACHCTBUSI CIA0bIX MATrHUTHBIX MOJICH SIBJISI-
10TCS1 KaTUOHBI. Hampumep, Momesb «MKIOTPOHHOTO pe30HaHCa»
MpearonaraeT, 4ro ABMKEHME MOHOB IO CIIMPAIbHONM TPaeKTOPUU
YCKOpPSIETCS Ha LIMKJIOTPOHHBIX 4acTOTaX, OMPEAessieMbIX B3aUMO-
BIMSIHMEM MapalIeIbHOM COCTaBJISIONICH ITOCTOSIHHOTO U IIepe-
MEHHOTO MATrHMTHBIX IIOJIel, MpUYeM TMocjeaHee oOecIreyrnBaeT
U30MpaTebHOE IIOIJIOIICHUE 3JIEKTPOMATHUTHOM SHEPrud U IO-
BBIIIAET CKOPOCThb IE€pEMEIleHNS MOHOB IO KaHajaM B OMOJIOTH-
YECKMX MeMOpaHax.

[Mocnenyrommii aHanu3 MoKasaj, YTO YBEIMYEHUSI BEPOSITHO-
CTU TEepeMEIICHUSI KaTHOHOB 4Yepe3 OumomMeMOpaHy MOXHO H0-
CTUYb U 0e3 BHEILIHEH <«HAaKauKu» SHEPIUU B O-IIPOTEMHOBBII
KOMILJIEKC MOHHOTO KaHaja, a ITyTeM IIepUOAMYEecKOro M3MeHe-
HUS KUHETUYECKOM BHEPruy ABMXKYIIMXCS II0 HEMY KaTHOHOB.
Takast Moze/lb «MOHHOIO IapameTpuyeckoro pesoHaHca» (MIIP)
TPEAIOJIAraeT, YTO NEPBIUYHBIM 3BCHOM B LIENM KOONEPATUBHBIX
peaxiuii 6MOJOrMYecKUX cucTeM sBisiercs: MoH Ca’’, creuudu-
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yecku CBsA3aHHBIA ¢ Ca’'-CBA3BIBAIOLIMMM LIEHTPaMM IPOTEMHOB
W SIBJISIIOLIMICS MECCEHIXEPOM NEHCTBUSI Pas3JWYHBIX CTUMYJIOB
Ha METaboJM3M KJIETOK, a TakXke APYrHe KaTUOHBI, CIOCOOHBIE
MOIY/IMPOBaTh KUHETHUKY (PepMEHTATUBHBIX peaKiuii MeTabOoIM3-
Ma KJIETOK.

Mogens MIIP ocHoBaHa Ha BO3AEHCTBUMM MapaljieIbHO Ha-
NIPaBJICHHBIX NOCTOSIHHOM B, M mepemeHHOil B , kxoTopble SABs-
I0TCS KOMITOHEHTaMU Pe3yJIbTUPYIOIIEr0 BEKTOpa MHAYKLIMK Mar-
HuTtHoro nonsg B. UITP mMoxer HaOmonatbest Mpu aMIUIUTYZIE Tie-
PEMEHHOIO0 MAarHUMTHOTO TIOJIsI, COIMOCTaBUMOM ¢ WHIYKLMEH mMo-
crosgaHoro MarautHoro mnonsg 3emum (40..70 mxTa). Yacrora
MepeMEeHHOIo0 MarHUTHOTo mous, Bei3biBatomiero MIIP, onpenens-
ercst opmyioii bopHa:

roe f - pe3oHaHCHas 4acToTa MEPEMEHHOM KOMIIOHEHTHI IOJI,
I'; 9 — 3apsan nona, Kii; m — macca uoHa, xr; B, — BesmunHa
WHOYKIUKA mnoctostHHoro moig 3emmu, Tn (30—50 mxTn); n —
BaJICHTHOCTb MOHa (1iejioe Yucio, paBHoe 1, 2, 3 ...).

B 3aBucumocT OT mapamMeTpoOB MAarHMTHOTO MOJISI, OTBEYalo-
mux ycaoBusM MITP pasnmnuHbIX MOHOB, MPEICTaBISIETCS BO3-
MOKHBIM MOYJIMPOBaTh CBSI3aHHYIO C IOABMXKHOCTBIO (COIJIACHO
snekTpomuddy3smonHomy ypaBHeHmio Hepncra—Ilmanka) mior-
HOCTh MOTOKA KaTHOHOB uepe3 OMoMeMOpaHbl U BEPOSITHOCTh MX
pacrpeneaeHus MeXIy JUIIUAHOW 1M BOAHOM hazaMM, pacCUUThI-
Baemyio o ¢dopmyne bopHa.

[MapameTpruecknii pe30HAaHC MOHOB CIIOCOOEH MPUBECTU CHUC-
TEMY «AOHHBII KaHAJI — WOH» B HEYCTOMYMBOE COCTOSIHUE U YCU-
JUTh (QIIOKTyalUM MOHOB MajJoOl aMIUIMTYAbl, HEU30eXHbIe B Ta-
KOil KoJieOaTeJIbHOI CHUCTeMEe, KaKOW SIBJSIETCS KMBasl KJIETKA, B
KOTOPOI BCEria MMEIOTCS CTPYKTYPbl C COOTBETCTBYIOILICH BHEI-
HEMy MAarHMTHOMY IIOJIO YacTOTOM COOCTBEHHBIX KOJeOaHUIT U
CUHXPOHHBIE C ero (aszoit. TakMMU CTPyKTypaMu MOIYT OBITb Ka-
TUOHBI KaJIbLMsl, MPSIMO WJIM KOCBEHHO YYacTBYIOIIUE B peajiu3a-
LMY HAEXHO 3aperucTPUPOBAHHBIX Je4eOHbIX 3PdekToB. B atnx
YCJIOBUSIX HU3KOMHTEHCUBHOE MArHUTHOE IIOJie YCHJIMBAeT aMil-
JITYyAy KojieOaHWM M MepeMelleHUI TaKuX CTPYKTYp, 4YTO SIBJISET-
Cd OCHOBOM TE€HEPaJIM30BAaHHBLIX KOOMNEPATUBHLIX pEaklvil, CO-
CTaBJIIOIINX CyThb «MH(MOPMALIMOHHOTO» BO3IACHCTBUSL.

IIpencraBmeHnss 0 KBaHTaX TEIUIOBOTO IBWKeHUS, paBHBIX KT,
HMMEIOT CMbICI AJII CUCTEM, HAXOISAIIMXCSl HEJAJIeKO OT CTaTUCTU-
YecKoro paBHoBecus. MI3BeCTHO, UTO MeTa0O0JM3M KMBBIX TKaHEH
COCTaBJIIET COBOKYIHOCTb IIPEUMMYILIECTBEHHO HEPaBHOBECHBIX
npoueccoB. Eciu BpeMsi BO3nEMCTBUSI MAarHUTHOTO IO OOJIbIle
XapaKTepHOIO0 BpEMEHHM pejaKCaluy COCTABIISIONIMX €ro OMOMO-
JIEKYJ1, KBaHT MOJISI BBI3bIBAET OOJIBIIIOE OTHOCUTEJIBHOE M3MEHEe-
HME DHEPruyM HEKOTOPBIX CTEeIeHE CBOOOObI OMOMOJIEKYJ, KOTO-
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poe cyiectBeHHO mpeBbiaeT kT. B aTroM ciaydyae cpaBHEHME BbI-
nensolieiics cBoboaHoit 3Hepruu ¢ kT mpu morioiieHWM KBaH-
TOB MarHUTHOro Tojisi TepsieT cMbicha. Ilpu Takux ycaoBMSIX
JledyeOoHble 3pdekThl MarHuTHOro nojist (MII) Moryr ObITh 00y-
CJIOBJICHbl MHTep(epeHLMel YIJIOBBIX KBAHTOBBIX COCTOSIHUI
MOHOB M BpallaTe/JbHbIX COCTOSSHUI MOJIEKYJl B O€IKOBBIX CIIMpa-
JISIX MOHHBIX KaHaoB. YCTOMYMBOCTh MHTEPGHEPEHLUIMOHHON Kap-
TUHBI II0 OTHOILIEHUIO K TEIJIOBBIM KOJEOAaHUSIM Cpeldbl 00yCIOB-
JIeHa OCOOEHHOCTSIMU MX B3aMMOJECUCTBUS C YIJIOBBIMM M Bpallia-
TeAbHBIMU COCTOSTHUSIMM.

3.2. BozaeiicTBUEe ONTHUYECKOr0 U3JIyYeHUs] HA OPraHU3M

BzanmoneiicTBue 3A€KTPOMAarHUTHBIX BOJH ONTUYECKOro auvara-
30Ha ¢ OMOJOTMYECKMMM OOBEKTaMM IPOSIBISIETCS KaK B BOJHO-
BBIX, TaK U B KBAHTOBBLIX 3((PEeKTax, BepOSITHOCTb (POpMUPOBAHUS
KOTOPBIX M3MEHSIETCS B 3aBUCMMOCTM OT JUIMHBI BOJHBL. [Ipu
OLIEHKE OCOOEHHOCTel JieyeOHoro aeiicTBus OMII onruyeckoro
JUarna3oHa Hapsay ¢ TaKMMU 3aKOHOMEPHOCTSIMM €r0 BOJIHOBOTO
pacmpocTpaHeHUs], KaK OTpakeHue, paccesHue U IIOIJIOLICHMUE,
HEOOXOAMMO TaKXKe Y4YUThIBaTh KOPMYCKYJsipHbIe 3(GEKThl —
oroxumuaeckunii, GoTOINEKTPUIECKNIA, (POTOTUTUIECKUIN U IP.

B mexanmnsme ¢orobmonorndeckoro aeiicteus OMII onrnue-
CKOTrO IMana3oHa OIpeAe/IsSiolIuM SBJIsIeTCs MOMIOLIEHUE SHEePruu
CBETOBBIX KBAHTOB aTOMaMM M MOJIEKyJIaMM OMOJIOTMYECKUX TKa-
Hel (3axon Ipomeyca—/Jlpeiinepa), B pe3ybTaTe KOTOPOro 00pasy-
I0TCS1 2JIEKTPOHHO-BO30YKIEHHBIE COCTOSIHUSI MOJEKYJ C IepeHO-
COM HBHEpruy KBaHTa (BHYTPEHHUIT (OTOI((DEKT) U IIPOUCXOIUT
DJICKTPOJINTUYECKAST AMCCOLMALMS U MOHM3ALUs OMOJIOTMYeCKUX
MOJIEKYJl. XapakTep IepBUYHBIX (POTOOMOJOTMYECKMX peaKluid
OIIpelIe/IsIeTCSl SHEPrUeil KBAHTOB ONTUYECKOro M3aydeHusl. B mH-
dpakpacHoil obiactu 3Heprun ¢otoHos [(1,6—2,4)*10™" JIx] mo-
CTAaTOYHO TOJILKO JUISI YBEJIMUEHUSI DHEPTUU KOojeOaTeJIbHBIX IPO-
1IECCOB OMOJIOTMYECKUX MOJIEKY/I. Bumyumoe uznydyeHue, 3HEPrus
(boToHOB KoToporo cocTapisieT (3,2—6,4)*10™"° I, crocoGHO BbI-
3BaTh MX DJIEKTPOHHOE BO30YxXAeHHEe U (DOTOJUTUYECKYIO AUCCO-
nuauuvio. HakoHel, KBaHTBI YIbTPapUOJIETOBOTO M3JIYUYEHUS C
sHeprueit (6,4—9,6)* 10 JI BbI3BIBAIOT MOHU3ALUIO MOJEKYT U
paspylleHre BOAOPOAHBIX CBsA3eil (puc. 3.3).

Ha cnenyromeM »sTame 53Heprus ONTUYECKOTO M3IyYEHMS
TpaHC(OPMUPYETCS B TEIUIO WM 00pasyloTcs IepBUYHBbIE (HOTO-
MPOAYKTHI, BBICTYHAIOIIME ITYCKOBbIM MeXaHU3MOM (POTOOMOIIO-
TMYECKUX IpoueccoB. IlepBbIii TUII 3HEPreTMYECKUX IIpeBpalle-
HUIA TIpUCYLI B OOJbLICH CTeneHU MHGPaAKpaCHOMY M3JIyYeHMIO, a
BTOpOi — yAbTpaprOIETOBOMY. AHAIM3 MPUPOALI IIPOUCXOMISI-
IIMX MPOLIECCOB ITO3BOJISICT YTBEPXKOATh, YTO CIEUU(UYHOCTD JIe-
yeOHBIX 3(PPEKTOB Pa3IUYHBIX YYACTKOB ONTUYECKOTO H3IYyYCHUS
3aBUCUT OT JJIMHBI BOJIHBI.

148

YneTpacuonetceoe  Buaumoe UanyuveHue WudpakpacHoe

nany4yeHue nany4eHue

100 200 300 400 500 600 700 800 900 1000 i, HM

18,9 6.6 40 2.8 22 20

h E.10 M

C-H :=QG§<E§3{|C:1\ SR
~ x

178 10.1 7.0 40 34

INEeKTPOHHOE

Huomonexkyn Buome

B030y¥aeHue

Puc. 3.3. ®otoxumuyeckre peakiMy KBAHTOB ONTHYECKOTO M3TydeHMSI.

DoTo0MOIOTMYECKIE CBOMCTBA YABTPA(GUOJETOBOIO M3Iy4CHUS
CBSI3aHbI TJIABHBIM 00pa3oM ¢ (oToMoHu3aluei, GoToauccoima-
nyeil u goTonzoMepU3aLMeii HyKICOTUIOB U aMMHOKUCIIOT. bak-
TEPULIMAHOE JOEHCTBME KOPOTKOBOJIHOBOTO yibTpacdurosieTa B Hau-
OOJIbIIIEI CTENEHU CBSI3aHO C AUMMepU3alydeil TMMUHA, OJHAKO B
MPUCYTCTBMU (poToceHcnOmnm3aTopa (0eH3odeHoHa Win aneTode-
HOHA) IMMepHU3anus TUMUHA HACTyIaeT NpM OOJYYEHUM IJIMHHO-
BOJIHOBBIM YIbTpadroieTOM C JJIMHOM BOJHBI Bcero 360 HM.

Monekyna OeH30(eHOHa, IOoIIolasl KBaHT C IJWHON BOJHBI
360 HM, TIepeXOIUT B BO30OYXIEHHOE CHUHIJIETHOE COCTOSIHME, 3a-
TeM OJIEKTPOH O€3M3JIy4aTesIbHO TePeXOnuT C CHHIJIETHOTO Ha
TPUILIETHBIN ypoBeHb. Ecim paccTosiHue MexXmy MOJeKyjJaMu TH-
MMHa U OeH30(eHOHa JoCcTuraeT 1 HM, IMPOUCXOMUT IEePeXoHd JIeK-
TpoHa ¢ OcH30(eHOHA HA BO3OYKIEHHBI TPUILIETHHIA YPOBEHbL
TUMUHA, a 3JEKTPOH C OCHOBHOIO YPOBHSI TMMMHA IIEPEXOIUT Ha
OCHOBHOI1 ypoBeHb OeH30(heHOHA, 3aIl0NHSIsS 00pa30BaBIIYIOCS TaM
BakaHculo. TakuMm o0pa3oM, B MPUCYTCTBUM (HOTOCEHCHUOMIN3ATO-
pa BO30YXIEeHME MUPUMUAMHOBBIX OCHOBAaHUIA BO3MOXHO 03 He-
MTOCPEJCTBEHHOTO BO30OYXICHUSI WX CUHIVICTHBIX YPOBHEH, U IIO-
5TOMY [JOCTMKMMO KBaHTaMHU 0ojiee «MSITKOro» yiabTpaduroieTa.
B ponu (otoceHcuOUIM3aTOopa B KJIMHUKE MPUMEHSIOT TcCopajieH
(PUVA-teparmst). Takum oOpas3oM, B KieTKax TKaHel, comepxa-
nMx  (PoToCeHCUOMIN3aTOPhI, JIMHHOBOJIHOBOE YIbTPahHOIETO-
BOE U3JIyYeHUE BBI3bIBACT TaKMe XKe Ononorndeckue 3¢¢GeKThl, Ka-
KME B MHTAKTHBIX TKAHSIX BBI3BIBAECT TOJBKO JKECTKOE KOPOTKOBOJI-
HOBOE YJbTParOgeTOBOC U3IYyYEHUE C PSIOM MOOOYHBIX (POTO-
TOKCHYECKUX U (oToauiepruueckux 3(p@ekTos.

Kpome 00OMEHHO-pe30HAHCHOTO, BO3MOXEH WHIYKTUBHO-pe-
30HAHCHBI TIEPEeHOC SHEPruu BO3OYXKIEHUSI C JOHOPAa Ha aklier-
Top. Hampumep, ecnv crieKTp JIIOMUHECLIEHIIMM BeIlleCTBA-I0HOPA
MEePEeKPhIBAETCS CO CIEKTPOM mMomioieHus (abcopOiiuun) BelecT-
Ba-aKlIeNToOpa, MPOMCXOAUT Oe3M3ydaTeIbHbIN TMEePeHOC BO30YX-
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Puc. 3.4. OGpazoBanue MelaHMHA B OpPraHM3Me.

JIEHHOTO COCTOSIHMSI ¢ JOHOpa Ha akienTop. BeposTHOCTh mepeHo-
ca BO30YXXIEGHMSI TeM BBHIIIE, YeM TOYHEE COBMNANAIOT CIIEKTPhI
JIIOMUHECIIEHIIMUA JOHOpa M abcopOium akmenropa. B ornuume ot
00OMEHHO-PE30HAHCHOrO IlepeHoca, 3(PGEKTUBHOTO HAa MeEXMOJIe-
KYJSIPHBIX PAacCTOSTHUMSIX 10 | HM, MHIYKTUBHO-PE30HAHCHBIN TIe-
PEHOC SHEPruy BO3MOXEH IIpYM PACCTOSIHUSAX MEXIYy ITOHOPOM U
akuenTopoMm a0 10 HM.

Kpome numepusainyu, BaXKHbIM KOMIIOHEHTOM OaKTEepUIIUIHO-
ro U MyTareHHOro NeHCTBUSI yibTpaduosneTa siBisieTcss (hOTOTHI-
patauysl TUPUMUAMHOBBIX OCHOBaHMM. IlpoaykT Takoil peakuuu
pas3pyliaercsi TOJbKO TEPMUYECKU, T.€. peakiusl MPaKTUYECKU He-
obparuma.

BaxxHbIM acrieKToM MexaHu3Ma JeHCTBUST YIbTPadHrOJIeTOBOTO
WU3JIy4eHUs SIBJISIETCS B3aMMOJICHCTBUE C OeJKaMyu M aMUHOKUCIIO-
tamMu. BoszOyxknenue Y@P-uzinydyeHHeM aMUHOKUCIOTHI TUPO3WHA
JIEXUT B OCHOBE ITOCIEHOBATEJIbHOCTU peaKIWii, MPUBOMSIIIUX K
CHUHTE3y AUTUAPO(PEHWIATAHUHOBBIX MEJaHUHOB (3YMEJaHWHOB).
MaxkcuManbHasi CTUMYJISILIMSL MEJIaHWHOTeHe3a OOCTUTaeTcsl Ipu
00JIy4eHUM CPENHEBOJHOBBIM YJIbTpadHOIeTOM C JUIMHAMM BOJH
260—320 uM. Cpenu ¢U3MOTEpanieBTOB U KOCMETOJIOIOB IIMPOKO
pacrpocTpaHeHO HEBEpHOe MHEHME, YTO MaKCUMajbHasi aKTHB-
HOCTb MEJaHMHOTEHEe3a IPOUCXOAUT IpU OOIydeHUU AJIMHHOBOJI-
HOBBIM  yJIbTPaMOJIETOBBIM  M3JIYyYeHUEeM C JUIMHOW  BOJIHBI
360 HM. [lmst 5TOM LeIM TIPUMEHSIIOTCST COJISIPUM C JIaMITaMU, W3-
JIyJalolMUA  TIPEMMYILECTBEHHO JIJIMHHOBOJHOBOE Y ®d-001yue-
HUE, OJHAKO OHO CIIOCOOCTBYET HE CHMHTE3y HOBOIO MeJaHMHA B
MeJIaHOLIMTaX, a TPAHCIOPTY MEJIaHWHOBBIX I'PaHyJ IO IEHIPUTAM
13 TeJl MEJaHOLUTOB B KePAaTUHOLMTHI, YeM U JOCTUracTCsl BUIV-
MBIl KocMeTuuyeckuil apdext — 3arap. Uit cuHTe3a MeTaHUHA
HEoO0XOOMMO YJIbTpadUuoJIETOBOE M3IYyYeHUE C JJIMHON BOJHBI HE
oonee 320 uMm. Ha puc. 3.4 npencraBiieH CMHTE3 MeJlaHMHA, KOTO-
pbIil TTPOXOAUT Yepe3 pa3Hbie BTambl MPeBpallleHUsT TUPO3UHA.
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Puc. 3.5. 3aBUCMMOCTh MHTEHCUB- -
HocTu oOpa3zoBaHus 3puteMbl (1)
n ButammHa D, (2) or anuHBI
BOJIHBI yJAbTPa(hMOJETOBOTO U3y~
YyeHUs.

ITo ocu abcimcc — ITMHA BOJHBI OIT-
TUYECKOTO M3IIYyJ4eHUsI, A MKM; TIO
OCH OpAMHAT — MHTEHCHBHOCTH 00pa-
?S)Bai-lnﬂ spuremsl (1) u BuTammHa D,

, L.

CY® (cpenHEeBOJHOBOE YIBTPA(UOJIECTOBOE)-UBTYIeHUE C IJIU-
Ho#t BomHBI oT 300 HM M MeHee ITPMBOAMT, OJHAKO, K (DOTOMOHH-
3allMM  AMUHOKMCJIOT W SIBJISIETCSI KaHIIEPOT€HHBIM, TOBbBIIIAS
pUCK pa3BUTHST paka Koxku. Camasi 9yBCTBUTENIbHAS K (POTOMOHM-
3allMM aMUHOKMCJI0Ta — TpUINTOhaH — WOHU3UPYETCs TMpU IO-
[JIOIEHUY KBAaHTOB C AJUHON BojHBI 297 HM. BepositHee Bcero,
WMEHHO 3TUM (PakKTOM OOYCJIOBJIEH MHOTOKPAaTHO BO3pacTalOIIWiA
PUCK DPa3BUTHS paKa KOXHU TIPH OOIY9eHUU YIbTParOICTOBBIM
U3JTyYeHUEM C JUIMHOW BOJIHBI MeHee 297 HM. Takum oOpaszom,
JUI CTUMYJISILAA MEJIaHMHOTeHe3a 11eJ1eCO00pa3HO MCMOJIb30BaTh
yabTpaduroseToBoe u3lydyeHue ¢ AIMHOM BomHbl oT 300 1o
320 uM, x0T Y@D-m3nydeHne 0ojiee KOPOTKOBOJHOBOTO IMAIIa30-
Ha — 280—300 uM — Oonee 3(PpPeKTUBHO, HO OHO, K CcoxKaje-
HUIO, omacHo (puc. 3.5).

UpesBbluaiiHO BakHa POJIb CPEIHEBOJIHOBOIO YJbTpachroIeTO-
BOTO WM3JIydeHUsI TIpM CHUHTe3e BuTamuHa B. BcaemctBue doto-
noHM3auu npu obnydeHun Y@ ¢ mimHamu BoiaH 260 HM oOpa-
3yIOT CBOOOIHBIC paauKajdbl aMWUHOKHUCIOTH (eHUIaIaHnHa,
270 HM — TUpO3uHa, a 297 HM — TpulTodaHa:

Tpu + hv (297 um) -> Tpu* -> Tpu' + €,

rie Tpu* — BO30YXKIEHHOE COCTOSIHUE MOJIEKYJIbl TpuUmnTodaHa,
Tpu' — HOHM3MPOBAHHOE COCTOSHUE MOJIEKY/BI TPUNTO(AaHa.
€ — TUAPaTUPOBAHHBIN 3JIEKTPOH.

B xome peaxkumu 00pasyloTcss KaTMOH-paauKaal aMUHOKWCIOTHI
MU 4pe3BblUAaiHO aKTUBHBIM THUAPATHPOBAHHbIN 3JIeKTpoH. [wMmipa-
TUPOBAHHBIA 3JEKTPOH IIOIJIOLIACT (POTOH C [JIMHOI BOJHBI
650 HM, mocjie 4ero ocBOOOXKAAETCA M3 MOTEHLIMAIBHON AMBI TTU -
pPaTHOTO OKPYXXEHMSI M PEKOMOMHHUPYET C paauKajJoM aMMHOKUC-
Jotel. Takum obpazom, KY®- u CY®D-uznydeHrs: MHULUUPYIOT
0o0pa3zoBaHMe CBOOOTHBIX PaIMKAalIOB, a ONTUYECKOE MU3IY4YEHHE C
JUIMHOM BOJIHBI OKOJI0O 650 HM «TylmmdT> HapabOTKy CBOOOIHBIX
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panukanoB. Ilpu oOaydeHMM KpacHBIM CBETOM peaklusi oOpaiia-
eTcsl B CJEIYIONIYIO:

Tpu + ¢ + hv (650 um) -> Tpu* -> Tpu + hv (moMuHeCHEHMS).

[MoTeHLIMaNbHASA BSHEPIUSI 3JIEKTPOHA B TUAPATHOM OKpYXKe-
HUM, paBHas mpuMepHo 2 3B. gBaseTcss MpUYMHON aHTUpaaM-
KaJIbHOM aKTUBHOCTHM KpacHoro usnydyeHus. CreayeT ocobO MOMI-
YepKHYTh, YTO DHEPTUs CBA3M 3JICKTPOHA ¢ MOJIEKYJIaMHu BOABI 3a-
BHCHUT OT TEMIIEPAaTypbl ¥ KOHIICHTPAllMd MOHOB B pacTBOpPe U He
CTPOTO COOTBETCTBYET (POTOHY C JUIMHOM BOJIHBI 650 HM, a MOXeT
OTKJIOHSITBCSI OT JAaHHOTO 3HAYE€HMWsSI Ha HECKOJIbKO HAHOMETPOB B
Ty WIM WHYIO CTOpoHy. IloTeHLimanbHass SHEpPrusl TUApaTUPOBAH-
HOTO KAaTMOH-paJKKajla TaKXe COCTaBIIIeT BEJIMYMHY OKoJio 2 3B.
YTO COOTBETCTBYET IJIMHE BOJIHbI KpaCHOTO W3JIYYCHUSA. AHTI/Ipa-
JIVKaJbHAs aKTUBHOCTb KPACHOTO W3JIyYEHUSI, BEPOSITHO, SIBJISICT-
C4d BaXHbIM, €CJIM HE OCHOBHBIM KOMIIOHEHTOM J1e49e0HOoro HCVICT-
BUS KpacHoii (oro- u Jazeporepanuu. CylIecTBEHHO 00JerdaeT
HEMHBa3MBHOEC UCIIOJIb30BAHUE KpPAaCHOIO M3JIYYC€HUSA BbICOKaAA
MPO3pPavYHOCTh IS HEro OMOJOTMYECKUX TKaHeil OTHOCUTEIBHO
Apyrux AJIMH BOJIH ONTHMYECKOI'O JHalia3oHa.

OnTuyeckoe M3MydyeHHE HU3KOW (HETEIIOBOM) MHTEHCHUBHOCTU
BUIMMOTO UM MH(QPAKpaCHOro AWANna3oHOB MPEeUMYLIECTBEHHO
BJIMSIET HA BO30YXXIEHWE TeX WJIM WHBIX 3JEKTPOHHBIX IHEPreThye-
CKUX YpOBHEH, HO He abCOMIOTHO OOYCJIOBJIMBAET €ro. IOCKOJBKY
€CTECTBEHHBII XOI XUMHUYECKUX OKHCIUTEIbHO-BOCCTAHOBUTEb-
HbIX peaklUii y KMBOTHBIX COIMPOBOXAAETCS BO30YXIEHUEM MOJie-
KyJIbl M1 TIEPEHOCOM 3JIEKTPOHA OT JOHOpa K aKIEenTopy B TEMHOTE.
IIpyn nmepeHoce aieKTpoHa B BO30YXXIEHHOE COCTOSIHME IO JOHOP-
HO-aKIIENTOPHOMY MEXaHM3My B CJIyyae OTCYTCTBUSI XUMUYECKUX
VMCTOYHUKOB CBOOOJHOI 3HEPTrMU HEOOXOAMMAa WHAYKIIUSI TIEPeHO-
ca 2JIeKTpOHa KBAHTOM CBETA.

®oTOHBI MHOPAKPACHOTO W3JIYyYEHUS, HMMEIOIIME SHEPTHUIO,
pPaBHYIO WM OOJIbllle 3HEPTMU OKUCIUTETbHO-BOCCTAHOBUTEIb-
HbIX Map B LIEMM T[e€peHOca 3JEKTPOHOB B MMTOXOHIPUSX, B
MPUHIMIIE MOTYT MHIAYLMPOBaTh MEPEHOC 3JEKTPOHA OT IOHOpA K
akuenropy. TaknuMm oOpa3oM, MHGPaKpacHbBIM U3JIYYEHUEM MOXKET
ObITb aKTHBU3UPOBAHO TKaHEBOE (KJIETOYHOE) JbIXxaHWe. 3Haye-
HUEe B3Heprur (poTroHa MOXeT ObIThb OOJBIIMM, YeM pPa3HOCTh
SHEPIUM OKMCIUTETbHO-BOCCTAHOBUTEIBHON Mapbl — <«MMILEHW»
W3JIy4eHUs, TaK KaK MOJIEKYJbI-TIEPEHOCUMKU 3JIEKTPOHOB HaxXo-
JSATCS B MeMOpaHax M TUAPATHOM OKPYXXEHUM W UX DHepreTuye-
CKU€ YpOBHM HIXE€, 4eM ObUIM OBl Y MOJIEKYyJ B CBOOOZHOM CO-
cTosIHMU. YacTh dHEPruM MOMIOLIEHHOTO KBaHTa COOTBETCTBEHHO
TepesaeTcsl MOJeKyJIaM-COCeIsiIM M paccerBaeTcsl 0e3 U3JydyeHMUsI.
[IpumeuaTesbHO, YTO PA3HOCTU SHEPIMU OKUCIUTEIbHO-BOCCTA-
HOBUTEJIbHBIX TIap — KOMIIOHEHTOB NbIXaTeJIbHOW LIEMUM — CO-
CTaBJISIIOT JECSTHIE JOJU 3JIEKTPOH-BOJbTA W IHEPTUM COOTBETCT-
BYIOILIMX KBAHTOB MPUXOMATCS Ha OJMXXHUI MHOpaKpacHbI aua-

152

ma3oH. Hampumep, sHeprusi OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM
napsl HAJI'/HAJIH cocrasnser 0,32 3B, nUTOXpOoMOKCHUAA3bl —
0,55 2B, a 3Heprus eiie BUAMMBIX IJ1a30M «KPAaCcHbIX» (DOTOHOB —
okoio 1,5 »B.

K nHacrosieMmy BpeMeHM HaIEXHO YCTAHOBJIEHO BIMSHME HU3-
KOMHTEHCHBHOIO JIa3epHOr0 M3IyYeHUs] Ha peakKLuuu Hecrenupu-
yeckoro uMmyHMTeTa. HecMoTps Ha oOwine <«O€lbIXx IISITEH» B
MeXaHM3Max HMMMYHOCTUMYJIMPYIOIIETO WM WMMYHOMOIYJIUPYIOLIE-
IO JEWCTBUS JIa3€PHOr0 M3IYYCHUS, HEKOTOPhIE ACHEKThI JaHHBIX
MEXaHM3MOB MOXHO CUWTAThb YCTAHOBJIEHHLIMM. BaXHBIM 3BEHOM
peakuuii MMMyHUTeTa SBJSIETCS CHUHTE3 CMHIJIETHOTO KMCIIOPOAA,
OKHUCHAIIEro Goconunuasl Ia3MaTUIECKOl MeMOpaHbl Oak-
tepuii. [Ipumepom ¢epMeHTa, MOCTABISAIONIET0 CUHIJIETHBIN KHUC-
nopon, siBiasiercsi HAJI®OH-okcuaasza anbBeosspHbIX MaKpodaros.
Dra peakuusi B OOBIYHBIX (PM3UOJOTUYECKUX YCIOBUSAX IPOUCXO-
JIUT B TEMHOTE, HO MOXET IIPOMCXOAUTh M Ha cBeTy. Kuciaopon B
OCHOBHOM (HEBO30YXJICHHOM) COCTOSIHWM SIBJISIETCS TapaMarHe-
TUKOM, CJIEIOBATEIbHO, €0 OCHOBHOW 3HEPreTUYECKUN YpOBEHb
TpurieTHbii. CHHIJIETHOE COCTOSIHME Y KHCI0poda BO30YXIEH-
HO€ U JJIs1 ero Bo30yxXaeHUs TpeOyeTcsl dHeprus KBaHTa C IJIMHON
BoJHBI 1270 HM, HO makoil nepexo0 A6AAeMCs 3aNPEUleHHbIM.
CTpyKTypa DSHEpPreTMYeCKMX YypOBHEll Kucjaopoaa JOCTaTOYHO
CJIOXHA, WM ee M3YyYeHUE BBIXOAUT AAJEKO 3a PaMKM HAaIlero Kyp-
ca. Takum 00pa3oM, Mbl OTPAaHUYMMCS JIUIIb BEIBOIOM, YTO CHUHI-
JIETHBI KUCJIOpPOA B TMPUCYTCTBUM OPraHMYECKUX MOJEKYJI-CeH-
CHOMIN3aTOPOB oOpasyercss Mocjie psiga Oe3u3aydyaTebHBIX Iie-
pPEXOIOB TMpU BO3OYXICHUM TPUILIETHOTO YPOBHS (DOTOHOM C
JUIMHOM BOJIHBI 632 HM WM, CO 3HAYUTEJIbHO MEHbILEH BEpOST-
HOCTBbIO, (DOTOHOM ¢ JIMHOM BoiaHbI 760 HM. CremoBaTebHO,
KpacHOe M3JIy4eHHe C JUIMHOM BOJIHBI 632 HM OOYCIIOBIMBAET aK-
TUBALMIO CHHTE3a CHHIVIETHOTO KHUCIOpoAa M 00JaJaeT MSTKUM
MPOOKCUAAHTHEIM OMOJIOTUYECKUM 3(PdeKTOM.

KpacHoe m3nydeHre MoxeT 0OyCIOBIMBATh KaK aHTHMOKCHUIAHT-
HbIl 3¢ deKT — peKOMOMHALMIO TUAPATUPOBAHHBIX JIEKTPOHOB C
KaTHOH-paguKalaMy u3nydeHreM 650 HM, TaK M IMPOOKCUIAHTHBIN
addekT — obpazoBaHUE CUHIJIETHOTO KUCJIOpOAa MpU OOJIyYeHUU
dotoHamu ¢ pnuHOM BomHBI 632 HM. HeMoHoxpoMaTnueckoe (Iu-
POKOIIOJIOCHOE) KpacHOe M3JIydyeHHe MOXKeT 00yCIOBUThH Ipeobia-
JaHWe TOro WM MHOro 3¢g@ekra B 3aBUCMMOCTU OT OTHOLUCHMS
CIEKTPaJbHOM IJIOTHOCTU HEPreTMYECKOM CBETMMOCTH TPH UTU-
Hax BoJH 650 M 632 HM OT JIOKaJau3aluu OOJIy4eHUsT U OT (YHK-
LIMOHAJILHOTO COCTOSIHMSI O0JlydaeMbIX TKaHeil. OTMeTUM, 4YTO B
MocjieaHee BpeMsl B JIa3epoTepaludM CIOXWIACh IIpakTHKa IIpU-
MEHEHHUsI KPacHOTO W3JIy4eHWS] MMEHHO C UIMHAMU BOJMH 632 u
650 HM Kak OMOJOTrMYeCKM U KJIMHUYECKU Haubosee 3(PpdeKTus-
HbIX. YTIOMSIHYTbIE JJIMHBI BOJH ObLTM BbIOpaHBI SMIIUPUYECKU, U
MpakTUKa MX NPUMEHEHUs CIOoXWIach 0e3 IIyOOKoil IpenBapu-
TEJbHOM apryMEHTALUU.
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MexaHu3mbl AEUCTBUS OMVDKHEr0 MHGPAKPACHOIO M3IyYeHMSI
CBsI3aHbl C aKTHMBAlLMEW TlepeHoca 3JIEKTPOHOB IO JbIXaTeJIbHOMU
LM MUTOXOHAPHUI. AKTMBAlLMS TKAHEBOTO IbIXaHWs Hapsay C
TIOBBIIIIEHWEM WHTEHCUBHOCTA METa0OoJM3Ma TPUBOAUT TakXkKe K
M30BITOYHOMY HAKOIUIEHUIO aKTMBHBIX ¢GopM kuciaopoma: O,
OH’, H,0, u psana npyrux. I'eHepauus akTUBHBIX (JOPM KHUCIOPO-
Ja ecTb Heu30exHasl IlaTa 3a BBICOKYIO METaOOJIMUYECKYI0 aKTHB-
HOCTh a3pOOHOTO JbIXaHWS HaIllero OpraHu3Ma: KWCJIOPOJ, SIBJISI-
eTcsl DJIEMEHTOM HE TOJbKO JAOIIUM XKU3Hb, HO U IPUHOCSIINM
TpEeXIEBPEMEHHOE CTapEHWE W TUOEb KIIETOK.

CreneHp nposiBieHus ¢GoTodronorndecknx 3¢p¢GeKToB B opra-
HM3ME 3aBUCUT OT UHTEHCUBHOCTU ONTUYECKOTO M3IIyYeHUsI, KOTO-
past oOpaTHO TPOMOPLUMOHAIbHA KBAIpaTy PacCTOSHUS OT WCTOY-
HMKa 10 00ay4aeMoli IOoBepXHOCTU. Kcxomsi u3 3TOro, B KIMHU-
YeCKO TpaKTUKE OMNpEeAessiioT He WHTEHCUBHOCTh, a 03y OO0Jy-
YeHUs Ha OMNpEASICHHOM pPAcCTOSHMM OT MCTOYHUKA ITyTeM
U3MEpPEHMsT BpeMeHU o0ydeHus1. Hapsimy ¢ aKTUBMPYIOIIEH pOJbIO
WH(PaKpacCHOTO J1a3ePHOr0 M3JIyYeHUSI HU3KOM MHTEHCUBHOCTU Ha
TKQHEBbI META0O0JIM3M B KJIMHUYECKOU TMpaKTUKe HAIeXHO ycCTa-
HOBJICHO MOTEHUMPOBAHWE KIMHUYECKMX JIeYeOHBIX 3(PPeKTOB Ja-
3epoTepaniy B MOCTOSTHHOM UM HU3KOYaCTOTHOM MEPEMEHHOM Mar-
HUTHBIX TOJISIX.

IIpu ogHOBpeMEHHOM MPUMEHEHUU Ja3epHOI0 U3y4YeHMS U T0-
CTOSIHHOTO MAarHMTHOTO IIOJII SHEPrusi KBaHTOB HapyllaeT cjalbie
9JIEKTPOJIUTUYECKMUE CBSI3UM MEXIYy MOHAMM U MOJIEKYJIaMU BOIbI, a
MAarHUTHOE II0JIE CITOCOOCTBYET 3TOM AMCCOLMALM M OJHOBPEMEH-
HO MPEISITCTBYeT peKOMOWHALMU WOHOB {ghomomacHumoanekmpu-
yeckuit 3¢pgpexm Kuxouna— Hockosa). Kpome TOro, B mOCTOSSHHOM
MarHMTHOM IT0JIe MOJIEKYJISIPHbIC AUIIONAW CTPOrO OPUEHTHMPOBAHBI
MPEUMYILECTBEHHO BIOJIb €0 CWJIOBBIX IMHUI, a MOCKOJBKY BEKTOP
MarHUTHOM WHAYKIIMWA HaMpapieH TMepHeHANKY/ISIPHO CBETOBOMY
MOTOKY (MarHUT PacHoJIOXEH II0 IMepHUMETpy OO0Iy4aeMOro ydacT-
Ka), TO OCHOBHAsl Macca JMIIOJIeH pacriojaraeTcsl BOOJIb HEro. DTo
CYLIECTBEHHO YBEJIMYMBAECT MPOHMKAIOUIYIO CIIOCOOHOCTH JIa3epHO-
ro uanydeHust (1o 70 Mm), ymMeHbIIaeT Ko3GGUIMEHT OTpakeHsT Ha
rpaHulie pasaesia TKaHell U o0ecleynBaeT MaKCUMAIbHOE ITOLJIOIIE-
HYE JITa3epHOro U3JIyuyeHUsl. YKazaHHble OCOOEHHOCTU CYILECTBEHHO
MOBBIIIAIOT TePaNeBTUYECKYIO0 3(G(PEKTUBHOCTL MAarHUTOIA3EPHOIO
BO3ICHCTBUS Ha MATOJOTMYECKUIM TIPOLIECC.

Takum o0Opa3oM, 3J€KTPOMArHUTHBIE TOJII U U3TYyYEHUS] UMe-
I0T OINpPENEJIEHHOE MPOCTPAHCTBEHHO-BPEMEHHOE PpaCIpeleIeHUE
SHEpPruM, Kotopas mpu Bzaumojaeictsuu DMII ¢ Guosornyecku-
MU TKaHSIMU TpaHCOpPMUPYETCsl B Ipyrue BUibl (MEXaHUYECKYIO,
XMUMUYECKYIO, TETUIOBYIO W Ap.). BbI3BaHHbBIE BO30YXXIEHUEM WIU
HarpeBaHWeM TKaHeil opraHu3ma MpOoLEeCChl CIyXaT ITyCKOBBIM
3BEHOM (DUBMKO-XMMMUYECKUX M OMOJOTMYECKUX peakiuid, (pop-
MUPYIOILIMX KOHEUHBIN TepamneBTuueckuit addexr. Ilpu sTOM
KKl U3 TUIIOB PACCMOTPEHHBIX 3JIEKTPOMATHUTHBIX MOJEeH U
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M3JIyJeHUid BbI3bIBACT IIPUCYIIME TOJIBKO €My (PU3UKO-XMMUYE-
CKHE TIPOLIECChI, KOTOpbIE OMPENesSIioT CHeunu(PUIHOCTh UX Jie-
yeOHbIX 3(PPeKTOB.

3.3. BozzaeiicTBue MeXaHMYEeCKUX (PAKTOPOB HA OPraHU3M

PacnipocTpaneHne BBI3BaHHBIX MEXaHMYECKMMM (DaKTOpaMU BOJH
B TKaHSIX OpraHM3Ma IIOpOXIAcT 2 BUAA BHYTPEHHUX HaIpsDKe-
HUI: ynpyeue (oOpaTumble) U duccunamuenvie (HEOOpPaTUMBIC).
[NocnenHye BO3HUKAIOT B TOM CJIydae, KOrga ITPOAO/DKUTEILHOCTH
BOCCTAaHOBJICHMSI TIEPBUYHOM CTPYKTYphl TKAHU CYIIECTBEHHO
MEHbIIIE TepruoJa MeXaHWYeCKUX KoJyiebaHuii. JluccurarnuBHbIe
HampsDKeHUsT OOYCJIOBIMBAIOT HeoOpaTMMoOe IIpeBpalllcHue MeXa-
HUYECKOM SHEPIMM B TEIUIOTYy — IIOIVIOLIEHME 3BYKa, KOTOPOE
BBI3BIBACT YMEHBIIIEHNEe WHTEHCUBHOCTM MEXaHMUYECKHUX BOJIH II0
Mepe MX pacipocTpaHeHus. PaccTosiHme, Ha KOTOPOM MHTEHCUB-
HOCTb BOJIHBI YMEHBIIAETCSl B «€» (MPUONM3UTENBHO B 7,3 pasa),
Ha3bIBAIOT 21Y0UHOlU NpOHUKHOBeHUs 36yKa. IloriolleHue aKyCcTu-
YeCKHUX KOJIeOaHWI CBSI3aHO C YACTHOM KBaapaTUYECKOW 3aBHCH-
MOCTbIO M MAaKCHUMAJIBHO ISl YJIBTPa3ByKa, a IS Pa3IMYHbIX TKa-
Hell cocrtaBisteT 7—8 cM Ha 4dactote 44 xI'1, 4—5 cM Ha YacToTe
880 kI'm u 1—3 cM Ha yactote 2640 KI'1I.

BosHukaromye npy IOIJIOIIEHNY MeXaHW4eCKOW SHEpPIuu Je-
dopMaMy MMKPOCTPYKTYp TKaHEl TakKe paclpOCTPaHSIOTCS
C 3aTyXxaHueM. B CBSI3M ¢ 3TMM MHTEHCHBHOCTh MEXaHWUYECKUX KO-
JlebaHMi TP WX PacIpoOCTpaHEHUM B INIyOb Tejla 4YeJoBeKa DKCITO-
HEHIMAJIbHO yMeHbIIaeTcs. IlommomieHne MexaHMJecKUx KoJeba-
HUM HU3KOM YacTOThI B OOJIBIICH CTEIIEHU OIpPEIeIsieTCs HEOIHO-
POIHOCTBI0 MEXaHWYECKMX CBOICTB MBIIII M BHYTPEHHMX OPTraHOB
YeJIOBEeKa, YeM pasIvuuMeM JIMHEMHBIX Pa3MepOB COCTABJISTIOIIMX MX
MUKPOCTPYKTYP. AHU3OTPOIMS W HEJIMHEMHOCTb MEXaHWYECKHUX
CBOICTB MSTKMX TKaHel oIpenensieT HEOOWHAKOBYIO CTEIEeHb IT10-
IJIOIIEHMST SHEPIMM MEeXaHMUYeCKMX KojicOaHuil. Ha BBICOKMX Yac-
TOTax JIMHEWHBIC pa3Mepbl HEOTHOPOTHOCTEH OMOJIOTMYECKUX TKa-
Heil, cocTaBisiiolpe mopsmok 107 M, HaAIpOTHB, COIOCTABUMBI C
JIJIMHAMU BOJIH PacIpOCTPAHSIOIINXCS KOJIeOaHWIA, 4TO ITPUBOIUT
K CYLIECTBCHHOMY 3aTyXaHUIO YIIPYIMX KOJICOAHMIA BCJIEACTBHE WX
3HAYMTEJIBHOTO TOMJIOLICHMSI, pacCesTHUSI U OTPaXKEHUs YacTULaMU
cpenbl. Bxianm mormoiieHust cpear HUX HaWOOJBIINIA.

Ha nuskux wacmomax, tie JUIMHA BOJIHBI COIIOCTaBMMA C pa3Me-
pamMu Tejla, aKyCTUYeCKHe KOoJieOaHUsI PacIpOCTpaHsSIIOTCS B Opra-
HU3ME B BUIE nonepeurvix 604H. C y4eTOM aKTUBHBIX CBOMCTB HEKO-
TOPBIX OMOJIOTMYECKUX TKaHEeH MeXxaHu4ecKue (pakTopbl C aMILIUTY-
JOH KosebaTe/IbHOTo cMelleHus Bbie 10° M sBistoTcs: (hU3noso-
TMYECKMMU PA3ApaKUTEISIMU M MOTYT BOCIIPUHMMATLCSI CTPYKTypa-
MU, O0JIANAIOIIMMI BBICOKOM YyBCTBUTEJILHOCTBIO K JaHHOMY (pak-
TOpy — MexaHnopeuenmopamu. CEHCOPHOE BOCIIPUSITUEC BHUOpaIN
OCYIIECTBIISIIOT MHKAIICYIMPOBAHHbBIE HEPBHBIC OKOHYAHUST KOXU —

155



10 000

1000

10 - 1

<

1 I ] | I | |
1 20 40 60 80 100 120 140 f

Puc. 3.6. YacTOTHO-IOPOTOBBIE KPUBBIE UYBCTBUTECIBHOCTU OCSI3aTEIb-
HbiX (1) W miacTuHuaTeiX (2) Tesel.

Ilo ocu abcuucc — yactorta MEXaHUYECKMX CTUMYJIOB, I, I'u; mo ocu opauHar —
KosniebaTeibHOE cMmelleHue, €, 107 M.

ocsi3aTesibHbIe Tenblia (MeiiccHepa) W TiacTuHYaThle Tenblia (I1a-
yrHU). YacTOTHBIN OMana3oH BUOPALMOHHOW YyBCTBUTEIBHOCTH
MEPBbIX W3 HUX, PACIOJOXEHHBIX ToA Oa3zadbHONW MeMOpaHOW
KOXH, cocTapiisieT 2—40 I'u, a moporoBoe BubponepemelieHmue 35—
100 MxM. BHOpOUYYBCTBUTENLHOCTh HAXOASIIMXCS TITYOOKO B EpMe
MJIACTUHYATBIX TeJIEIl Ha TOPSIIOK BhINIE: MOPOrOBbIE BUOpOIEpeMe-
meHust 1 — 10 MKM, a 4aCTOTHBIU AUaIa30H BOCOPUSITUS BUOpaLlUU
cocraisger 40—250 I'x (puc. 3.6).

ABnssicb cBOEOOpPa3HBIMM YCWIMTEISIMM, MeXaHOPELENTOPbI
(hopMupyIOT KOoomepaTUBHBIE MPOLIECChl, 0OecneyrBalole peak-
LIMM, DHEPreTUYECKUI BBIXON KOTOPBIX MHOTOKPATHO IPEBOCXO-
JIIUT DHEPrul0 JCUCTBYIOLIErO Je4eOHOro MexaHW4Yeckoro (akro-
pa, SBJSIONIErOCs aIeKBaTHBIM pa3ApakKuTesieM Il pa3HOOoOpa3-
HBIX MeXaHopelLenTopoB. AddepeHTHbIe MOTOKKU ¢ HUX (PopMUpy-
IOT TeHepaJl30BaHHbIE peakluu yesioBeka. JledyeOHble 3 deKThI
Takux (haKTOpPOB Ha HU3KUX 4YacTOTax OMNPEAE/SIOTCS MapamMerpa-
MU MEXaHUYECKUX CBONCTB OMOJOTMYECKUX TKaHEW W YaCTOTHbI-
MM 3aBUCUMOCTSIMU YYBCTBUTEIBHOCTU MEXaHOPELIETITOPOB.

Ha gvicokux wacmomax, xorna nvHbI BOJIH 3HAYMTETHbHO MEHb-
e JUHEWHBIX pa3MepoB Tesla YyeaoBeKa, MPOSIBIISIETCS MpeuMylle-
CTBEHHO JIOKAJTbHOE KOMITPECCHMOHHOE NEeHCTBUE MEXaHWYEeCKUX
(akTOpoB B BUIE CcXKaTWs U pacTsSKEHUS] TKaHel, U B Tejie pacipo-
CTPaHSIIOTCSI TIPOIOJIbHBIE YIIPYTHE BOJIHBI.
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3.4. Bo3aeiicTBue n3MeHeHMii aTMOC(hepHOro JaBjieHHs
BO3IyXa HA OPraHU3M

[Ipy npeObIBaHUM YeJOBEKAa B YCIOBUSX MOBBIIIEHHOTO WM IO-
HIKEHHOTO aTMOC(EepHOTO JaBJICHMUSI Ha €r0 OpraHu3M, MOMMMO
TMIPOCTaTUYECKOrO JaBJIeHUsI, AEWCTBYIOT TPUCYTCTBYIOIIME B
CMECH Ta3bl, MMEIOIINE PA3INYHYI0 ILIOTHOCTb M MapluaibHOE
napieHue. B cBs3M ¢ Masioil pa3HOCTBIO NaBACHUI Ha pa3TUYHbIX
yJacTKax Tella Ta30BBIE CMECH BBI3BIBAIOT HE3HAYMTENIBHOE pa3-
JpaKeHUEe MeXaHOPELENTOPOB KOXMW W CBSI3aHHbIE C HUMU OTBe-
Thl. OCHOBHBIC pEaKIIMU OpraHn3Ma OOYCIOBICHBI 60bIXAHUEM
co3/aBaeMbIX Ta3oBbIX cMeceil. [locTossHCTBO cocTaBa Bo3myxa B
allMHycaxX OO0CCITeYMBaeTCs albBEOJSIPHON BEHTWISLIMCH, B pe-
3yJbTaTe KOTOPOW JIETOYHbIE albBEOJIbl OOMEHMBAIOTCS Ta3aMM C
atMocdepoii. B ambBeosax Jerkux IPOMCXOAUT OOMEH KHMCIIOPO-
JIOM, TMOKCHUIOM YIJepona M a30TOM MEXIy BHEIIHEeH cpenoil u
OpraHM3MOM. DTU Ta3bl MMEIOT HaMOOJbIIee 3HAUYCHUE IJIST XKU3-
HEeNesITeIbHOCTU OpraHu3Ma.

T'az000MeH MexXay aabBEOJSIPHBIM BO3OYXOM W KpPOBBIO Jie-
TOYHBIX KANWIISIPOB Ha allbBEOJOKANMIUIIPHON MeMOpaHe IIpo-
VICXOIUT TON AEHCTBMEM KOHLEHTPALlMOHHOTO TIpalueHTa Kax-
JIOTO M3 Ta30B IyTeM IipocToii muddys3nu. Kucmopon n amokcusn
yriaepona Au(pOYHAMPYIOT pacTBOpeHHBIMM B  docdoaunuaax
cypdakTaHTHOI cucTeMbl. Paznmumst B mapimaibHBIX JaBICHUSIX
O, u CO, B anbBEOJSIPHON ra3oBOW CMECU M HAIPSKEHUM 3TUX
ra3oB B BEHO3HOM KPOBHM JIETOYHBIX KanmuuisipoB (Tabm. 3.1) mpu
(puKCUpPOBaHHOI TOJIIMHE a3poreMaTH4ecKoro dapnrepa (5 MKM)
W TUIOIIATM TIOBepXHOCTH aibBeon (70—80 M’) 06yCIOBIMBAIOT
MacconepeHoc KUCIopoaa B KpOBb, a JMOKCHUAA yriepoga — B
anpBeonbl. [Ipy 3TOM, HeCMOTpsSI Ha HEOOWHAKOBBIN Iepeman
KOHUeHTpauuii kucnopona (ApO, = 9,3 klla) u nuokcuna ymie-
pona (ApCO, = 0,8 xIla), BbICOKass MPOHULIAEMOCTD IOCJIETHETO
00yCJIOBIMBAET OJMHAKOBBIM MaccomepeHoc oboux razos. M3me-
HSIOIIAsICST BMECTE C JaBJICHUEM ILIOTHOCTh Pa3IMYHBIX Ta30B IO
BO3IYXOHOCHBIM TYTSIM HMeEET peliaiollee 3HaueHue B KOHBEK-
MM ¥ W3MEHEHWHU XapaKTepa BHEIIHEro JbIXaHWS OpraHu3Ma.
[lpy yBenMyeHUM TUIOTHOCTHM Ta30BOM CMECH IbIXaHUE CTaHO-
BUTCS PEIKUM M TIYOOKHM.

Taonuma 3.1. Ta30Bblif COCTAB AbIXaTeILHONM Cpebl Y KPOBU JIErod-
HbIX KaIUISIpOB




IToBblieHUe aTMOC(EPHOTo AaBAeHUs (eunepdoapus) NPUBOIUT
K YBEJIMYEHUIO COMPOTUBJICHUS IbIXaHUSI M CHWXKEHUIO PE3EPBOB
BEHTWISILUM JIETKMX, YTO CBSI3aHO C TIEPEXOIOM JIAMMHAPHOTO
JBVDKEHUSI BO3IyXa B TPaxXeOOPOHXMAJTbHOM JIEpeBE B TypOYJIEHT-
Hoe. BcriencrBue yMeHbLIEHMSI ajibBEOJOKAMUJUISIPHOIO OOMeHa
KUCJIOpOJa YBEJIMYMBAIOTCSl MaplMaibHOE NaBJIeHWE AUOKCHUIA YI-
Jiepoia B ajlibBeojiaX M HAMpSKEHWE B KPOBU. YMEHBIIEHUE XU3-
HEHHON €MKOCTM W BEHTWISILUM JIETKHUX COMPOBOXIAETCS YBEJIU-
YeHMeM MX KPOBEHAMOJHEHMUSI M CHIKEHMEM YYBCTBUTEIbHOCTU
XEMOPEeLIeNTOPOB K ThlepKanHuu. Kpome Toro, a3oTr Mpu 3HA4YM-
TeJIbHOM MapuuaibHoM AasieHur (Boiie 3920 rlla) okasbiBaeT
HApKOTUYECKOE NEUCTBUE, YTO TaKXKe SIBJSIETCS HEOJaronpusr-
HbIM 3(¢eKTOM rurepoapuu.

IIpy moHMXeHuM OoOIIero arMoc(epHOro AaBieHUs (eunoda-
pus) colepxaHue Kucjaopona B atMocdepe M ero mnapuuaibHOe
JaBJieHWE B aJIbBEOJISIDHOM BO3IyXe yMeHbluaeTcs. B pesynbrate
3aMEUIEHUSI W YMEHBIIEHUSI MacCOINEpPeHoca Ta30B CHMXKAETCS
HanpspKeHUe KUCJIOpoJa B KPOBU M pa3BUBAETCS KUCIOPOAHAs
HEIOCTAaTOYHOCTh OpraHusmMa. Berieacteue pedeKTOpHOro ycuie-
HUSl al1bBEOJSIPHOM BEHTWISLIMM W BbIMbIBaHMS U3 anbeeosn CO,
BO3pACTAET aJIbBEOJISIPHO-KAMWUISAPHBIA OOMEH KKMCI0poaa U CKO-
POCTb €r0 TpaHCIOpTa K TKaHSIM.

Takum 00pa3oMm, BJIMSIHUE WM3MEHEHHOTO HaBJIEHUSI Ta30BOM
cpelbl Ha OpraHuM3M peaiu3yeTcsl MPEeUuMYILEeCTBEHHO 4Yepe3 CUuc-
TeMy BHeIlIHero abixaHus. CyMMapHblii 3(GbeKT ux AeidCcTBUS
omnpeaessieTcs: MHOTMMU (pakTopaMu: TapUyaibHBIMU TaBJICHMS-
MU Ta30B B CMECH, €€ TUIOTHOCTbIO (OMNpeAessitolleii COOTHOILIe-
HUe muddy3uu U KOHBEKLMM Ta30B B JIETKUX UM U3MEHEHUS MX
BEHTWISILIMK), pa3inyusiMu KoabbuinueHToB nuddy3un Babixae-
MbIX ra30B. I3MeHeHHas1 ra3oBasl cpela aKTMBUPYET amanTalliOH-
HO-TIPUCIIOCOOUTENIbHBIE PEeaKIIMM OpraHW3Ma, HalpaBjieHHbIE Ha
BOCCTAHOBJICHUME TKAHEBOTO JbIXaHUSI B YCJIOBUSX M3MEHEHHOM
Tra30BOM CpEMbI.

3.5. Bo3aeiicTBHe TepMHYECKUX (PAKTOPOB HA OPraHU3M

BoznericTBytoliue Ha OpraHu3M TepMuYecKue (akTopbl BIMSIOT
Ha XUAKOKPUCTAJUIMYECKYIO CTPYKTYpy KJIETOYHBIX MeMOpaH,
CKOPOCTb ¥ HampaBleHME MeTa0OJMYECKUX peaklUil KJIETOK U
TKaHE U CIIOCOOHBI CYILIECTBEHHO M3MEHSTh UX (PYHKIIUIO.

[Ipu peiicTBUM TepMMYECKMX CTUMYJIOB, TeMrlepaTypa KOTOPbIX
MEHbIIIE TeMIIepaTypbl KOXHW 4YeJI0BeKa, MOIYT BKIIIOYAThCSl BCE
CIIOCOOBbI TEIUIOOTHA4YM opraHusMa (cmaraemble Q,, Q. u Q. B
ypaBHeHMH [2.29] MMeEOT 3HAK «—»). B IIPOTMBHOM cilydae, Korjia
TeMIlepaTypa TepMUUYECKOro (akTopa BbIILIE TeMIepaTypbl KOXHU B
0071acT BO3AEMCTBUS, TEIJIONPOBOAHOCTh, KOHBEKILIUSI U U3JTyYe-
HUS COyKaT JOIOJTHUTE]bHBIMU MEXaHM3MaMM HarpeBaHMS 4esio-
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Beka. TeriooTnaya B JaHHOM CJIydae OCYILECTBIISIETCSI TOJBKO IIy-
TeM HMCIapeHus.

B cuny Toro uto moBepXHOCTh KOXM OTHAAET TEIIO B OKpyXa-
IOLIYIO Cpely, ee TeMmrepaTypa CYILECTBEHHO HWXe TeMIlepaTyphbl
BHYTPEHHHUX OpraHoB. B opraHusme BBIIE/ISIOT TOMOMOTEPMHOE
«1apo» (TeMriepatrypa Kortoporo coctasisier 36,7—37 °C) u moii-
KWJIOTEPMHYIO "000JIOUKY", B COCTaB KOTOPOH BXOIAT KoOXKa, ITOI
KOXHasl KjieTyaTka M TKaHM KOHEYHOCTEH, KOTOpbIe SIBJISIIOTCS
CBOCOOPA3HBIM TEIIONPOBOIAIINM «OydepoM» MeXIy BHYTpEH-
HMMU OpraHamMu W OKpyxarolei cpenoi. TemnepaTypa «00004-
KW» Ha pa3iMYHBbIX yJacTKax Tejla ueloBeKa HeoauHakoBa. Mak-
cuMmasibHasi Temneparypa (27—32 °C) 3adukcrupoBaHa Ha IMOBEPX-
HOCTU TpyAM M XUBOTa, a MUHMMaibHas (24—28 °C) — Ha Koxe
Kucteit u cror. B rmpoluiecce 3a0osieBaHUsI OHA TIOBBILIACTCS Ha
1-3 °C u 1ipu 3TOM M3MEHSIETCS JOJISI Pa3IMYHBIX CIIOCOOOB Terl-
JIOOTIAuM Ha Pa3IMYHBIX ydyacTKax Koxu. Mcxoms u3 3Toro, mpu
NPUMEHEHUU TePMUYECKUX (PakTopoB (0COOEHHO IIpU OOLIMX
Mpolieaypax) HeoOXOAMMO YYUThIBATh TOIOrpaduio 30HbI Jieueo-
HOTO BO3ACHCTBUSI, YTOOBI HE BbI3BaTh 3HAYMTEJILHOIO Iepernana
TeMIIeparyp.

B xomM®bOpTHBIX YCIOBMSIX TEIJIOBOM OajlaHC OpraHM3Ma Haxo-
OUATCS Ha ONTUMAJbHOM YPOBHE M HE HYXIOAeTCSI B KOPPEKLIVU
MyTeM TepepacrpeeseHrs] yaeJbHOro Beca pasMyHbIX MEXaHU3-
MOB Temuiootnauu. g pasiauyHbIX Cpea-TeIUIOHOCUTENIel KOM-
(opTHas TemriepaTypa opraHuM3Ma HEOIMHAKOBa: ISl YIJIEKUCJIO-
ro raza oHa coctapisieT 12—13 °C, mig Bosmyxa — 22—26 °C, a
Jutst Boabl — 35—36 °C.

TepMuueckre CTUMYIbI Ha HAvyajJbHOM 3Talleé M3MEHSIIOT CTe-
MeHb PACTSDKEHMSI KOJUIAr€HOBBIX M 3JIACTUHOBBIX BOJIOKOH JIEp-
MbI, MEXIy KOTOPBIMU PaCIIOJOXEHBI TECHO CBS3aHHBIE C HUMU
MHKAICyJMpOBaHHbIE (IJIaCTUHYAThle M OCsI3aTesIbHbIE TeJblia,
okoHuaHus Pypdunu, xkonoder Kpayse u Ip.) m cBOOOIHBIE HEPB-
Hble OKOHYaHUsl. Mi3MeHeHue HanpsokeHMsT KOJUTareHOBBIX M 3a-
CTUHOBBIX BOJIOKOH BBI3bIBaeT Ac(OPMALIMIO BCIIOMOTraTelbHbIX
arrmapaToB pPELENTOPOB KOXW, UYTO MPUBOIUT K MOIYJSLIMM MX
(byHKLIMOHAJILHBIX CBOMCTB, B pe3y/lbTare 4ero BO3HUKAIOT ped-
JIEKTOPHbIE peakiluu, GopMUpyeMble Ha pPa3IMYHBIX YPOBHSIX
LEHTPAIILHOM HEPBHOU CUCTEMBI.

MonynmpoBaHHbIe TepMUYeCKUMU (akTopamu addepeHTHbIE
MMITYJIbCHBIE TIOTOKM OT PELENITOPOB KOXU uyepe3 3aaHue KOopell-
KM CIIMHHOTO MO3ra ITOCTYIAl0T Ha BCTAaBOYHBIE HEWMPOHBI Iesic00-
pa3Horo BemiectBa. OTcioma OHM 1O aBTOHOMHBIM M COMaTuye-
cKuM 3¢ depeHTHBIM MPOBOIHUKAM CIIMHAJILHOTO YPOBHSI ITOCTY-
MAIOT K COOTBETCTBYIOILMM TIPYIIIaM CKEJICTHBIX MBbIIIL M BHYT-
peHHMM opraHaMm. Kpome TOro, IOTOKM HEPBHBIX HWMITYJILCOB
MPEUMYIIIECTBEHHO 10 HEOCITMHOTAIaMUYeCKOMY TpPaKTy JOCTHTa-
10T TaJlaMyca U ITI0CJIe MEepPEKIIIOYeHUSI — COMAaTOCEHCOPHOM 30HbI
KOpbI, B KOTOPOIl OCYILECTB/ISIETCSI KOHTpajaTepajibHasi COMaTo-
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TONMYECKasl JIOKaau3alusi OO0JacTM BO3MECUCTBUS TEPMUUYECKUX
¢daKkTOpOB.

Yacts adepeHTHOro moToka HEPBHBIX MMITYJILCOB IO Tajico-
CIIMHOTAJITAMUYECKUM U CITMHOPETUKYJISIPHBIM TpaKTaM MOCTyMaeT
yepe3 PeTUKYJSIpHYIO (opmalivio B MepeAHiol o0acTh TMIIOTa-
Jamyca (MeAVabHYIO MPEONTHYECKYIO 30HY), B KOTOPOW CpaBHU-
BAcTCS CO CIIOHTAHHOMW CIHAKOBOW AKTUBHOCTBIO LEHTPAIbHBIX
TEPMOCEHCOPOB, CMOCOOHBIX pa3iuyaTh Pa3HUILy B Temreparype
He MmeHee 0,011 °C. AHanu3 BeJMUMH TeMIiepaTyphbl Teja U 3aaaH-
HOW TeMIepaTypbl, MOMIeXallleld pPeryJupoBaHUIO («yCTaHOBOY-
HOW TOYKW» TEPMOPETYJISALIMU), 3aBeplliaeTcs BbIPaOOTKON ympaB-
JISTIOIIMX MMITYJIbCHBIX MOTOKOB, MOCTYMAIOIIMX IO XOJWHEpruye-
CKMM HelpoHaM B 3aiHuii rurnotajamyc. Yepe3 Hero addepeHT-
Hble aMMHEPruyeckKre HEUPOHbI OCYIIECTBISIIOT YIpaBjeHUe
TETJIOBbIM 0agaHCOM OpraHu3Ma, KOTOpOE€ OCYILIECTBISIETCS MpU
MOMOIIM AaBTOHOMHBIX HEPBHBIX BOJIOKOH, HEKOTOPBIX TOPMOHOB
(TUPOKCUH M TPUHOATUPOHWH), OWOJOTMYECKHM AaKTUBHBIX Be-
mecTB (IMpocTarlaHAWHBI, aAeHO3WH, CyOocTaHus P) u Memuaro-
poB (HOpagpeHaJIMH M ructaMuH). DakTophl JIOKAJBHON COCYIM-
CTOW PErysiivy BIMSIIOT MPEUMYIIECTBEHHO Ha TOHYC COCYIOB U
rnepepacripeiejieHue KpoBU, MPU TMOMOIIM KOTOPOW OCYIIECTBIISI-
eTcsl TIEPeHOC TEIIOBOM 3HEPrMM OT BHYTPEHHMX OPraHOB K TO-
BEPXHOCTM KOXHU M CJIM3UCTBIX O0OJIOYEK.

HavanbHast aktuBalusi CUMIATUYECKUMX BOJOKOH TEIUIOBBIM U
XosonoBbIM (hbaKTOpaMu OOYCJIOBIMBAET 00UHAKOBYH) HaIpaBJIeH-
HOCTb HaYaJbHBIX OTallOB COCYIMCTBIX PeakUWil MOpU MECTHOM
BO3ICHCTBUM TeIlia U xonoda. M TerioBoii, U X0J0d0BOI (aKkTo-
pPBl BBI3BIBAIOT CYXXEeHWE apTepwosl B TedeHme IepBbix 20—30 ¢
BO3IEHCTBUS. B mocienyioleM Ioa BJIMSIHUEM TEIUIOBBIX (DaKTO-
POB cHa3M COCYIOB OBICTPO CMEHSIETCSI MX pacIIMpeHueM, a IO
JneiictBreM XoJomoBbIX (PaKTOPOB OH IIPOJOJIKAETCS HECKOJBKO
MuHYT. KpoMe KpoBoOOpallleHus, aKTUBAIMsI CUCTEMbBI TepMOpe-
IYISIIMY TIPUBOJUT K BOBJICUCHUIO B IIPOLIECC IOMIEPXKAHUS TO-
MeocTazuca 3(PEHEKTOPOB OPYruxX PETyIATOPHBIX CUCTEM — [bIXa-
TEJIbHOW Y BbIICJIUTEILHON.

TermoBble (akTopsl IIpy OOIEM HarpeBaHUU aKTUBUPYIOT
0,,-aJPEHOPELIENITOPbl  IEMPECCOPHON 30HBI COCYJOIBUTATEILHOTO
LIEHTpa, KOTOPbIE OCHA0JISIIOT TOHYC CHMITATMYECKUX aJpeHepru-
YECKMX COCYIOCYKMBAIOLIMX BOJOKOH. TOpMOXeHHE Ba30KOHCT-
PUKTOPHOM aKTMBHOCTM CHUMMATMYECKUX BOJOKOH MPUBOAUT K
BazodWJIaTallui COCYIOB KOXW M PACKPBITUIO apTepUOJIOBEHYIISIP-
HBIX aHacToMo30B. Ilociemyroliee yBeJMdeHUE KPOBOTOKA B KOXeE
CBS3aHO C HarpeBaHUEM KOXU, CHUXeHueM ad@GUHHOCTU O al-
PEHOPELIETITOPOB JACPMAIbHBIX COCYIOB K HOPaApeHAIMHY U BbI-
JeJieHueM rucramuHa us jabpouuntos. Ilociennmii yepes H, ruc-
TaMUHOBBIC PELENTOPbl IMAAKMX MBIIIL BbI3BIBAET PACIIMPEHUE
apTepuoJl IIOICOCOYKOBOIrO cjios. Takas akTUBHAs HeHporeHHas
BazoAwiIaTalus IPUBOAUT K YBEJWYEHUI0 OOBEMHON CKOpPOCTHU
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o TennooTtaada NoBbileHa
ennooTaaya NoOHMKeHa

Puc. 3.7. MexaHuU3MBl TeNJOOTAAYM OpraHU3Ma NpU ACUCTBUU TEIJIO-
BbIX (a) u XosonoBbix (6) dhaKTOpOB.
1 — cocyapl BHYTPEHHMX OPraHOB: 2 — COCYIbI KOXMU.

KpoBOTOKa B Koxe B 8 pa3 (¢ 0,2—0,5 mo 2,53 n1/MuH) U 0o-
BBIIIEHUIO ee TeruionpoBogHocTu g0 15 Bt/mM*K. HaubGonee
3HAYMMOE TOBBIIIEHNE KPOBOTOKA IMPOUCXOAUT B KOXE IaJIbLIEB
PYK 1 HOr (OHO MoXeT ycuamBathes B 600 pa3).

IIpoucxonsinee npu obuiem HacpesarHuu OpraHU3Ma Iiepepac-
npeaeaeHrue o0beMa LUPKYJIUpyolIeil Kposu (puc. 3.7, a) mpuBO-
IAT K pedIeKTOPHOMY CYXEHHUIO COCYIOB OpPraHOB Keayao4-
HO-KMIIIEYHOro TpakTa (3akoH [dacrpa—Moppara). Kpome Toro,
codeTarolascsa ¢ akTUBalMel IENpecCOpPHO 30HbI COCYIOIBUIa-
TEJIbHOIO IIEHTpa aKTUBALMS aIpeHEPruyecKuX BOJIOKOH MOTOp-
HOTO simpa OMy:KIAIOLIEr0 HepBa BbI3bIBACT OpaauKapauio U YCU-
JIeHME COKPaTMMOCTM MMoOKapia, OpaJMITHO?, paclIUpeHue Mpo-
cBeTa OpPOHXOB, IOBBILIEHNE MOTOPHOM AKTUBHOCTU OPraHOB 3Ke-
JIyTOYHO-KHUIIIEYHOTO TpaKTa.

CocyaucTble  peakUdM  Peryasiiiui  KPOBOTOKA  SIBJISTIOTCS
OCHOBHBIMM B MEXaHM3MaxX TEIUIOOTAAYd IpY HarpeBaHUU «000-
Jouku» Ha 0,7—2,2 °C. Ilpu ee majbHeillieM MOBBILICHUU BeIy-
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IIyI0 pOJib B MEXaHU3Max TeIUIOOTIaYu Ha (POHE MOBBILLIEHHOTO
KPOBOTOKAa B MOBEPXHOCTHBIX TKAaHSIX HAayWHAeT WIpaTh HCIape-
HUE TIoTa C TIOBEPXHOCTM Teja. 3arpaThl TEIUIOBOW 3HEPruy B
sToM ciydae npesbiaioT 2400 x/x/Kr. YcuieHue morooTaene-
HUSI MPOVICXOMIUT 3a CYET TMOBBIIIEHUSI TOHYCA CUMMATUYECKUX XO-
JIMHEPTUYECKNX HEPBHBIX BOJIOKOH, YTO IIPMBOAMT K aKTUBa-
MM M-XOJMHOPEUENTOPOB U PaCIIMPEHWIO MPOCBeTa MOTOBBIX U
CaJIbHBIX XKese3.

[1py mecmuom BO3NEUCTBUM TEIJIOBBIX (PaKTOPOB IMPOMCXOIUT
paclllMpeHue IpOoCcBeTa KalWUISIpOB 0e3 pacKpbITUSI apTepHOJIO-
BEHYJSIDHBIX aHAacTOMO30B. Bemylyio pojib B pa3BUTUU JIOKAJb-
HOM TUIIEPEMMM WIPACT IIPSIMOE IEMCTBUE TeEIUIA Ha IVIAAKYIO
MYCKYJIaTypy apTepuoJi, MPUBOJsIIEe K CHUXEHMIO WX TOHYCa,
MHOBBILIEHUI0 O0BEMHOII CKOPOCTH KPOBOTOKA M IIOCIEOYIOILEMY
PACTSKEHUIO DHAOTEINS] KanuIsapoB 3a CYeT IMOBBIIIEHUS THMI-
POCTAaTUYECKOIro HaBieHUs KpoBU. IloBBIILIEHHME CKOPOCTH Ka-
MWIIIPHOTO KPOBOTOKA BBI3BIBAIOT TAaKXKE BBIICSIONIMECS TIPU
JIOKAJJbHOM HarpeBaHMM YYacTKOB KOXW OHOJOTMYECKM aKTUB-
Hble Bellectsa (nmpocrartanavHbel E, u H,, cydcranuma P, oxcup
azoTa), MeauaTophl (AOIAaMMH, aA€HO3WH, TMCTaMMH) U IPOIYK-
TBl aKTMBMPOBAHHOIO TEIJIOM MeTaboim3ma KiaeTok. Hakownerr,
32 CYET YMEHBIUEHUS 4YyBCTBUTEJIBHOCTU Q. -aJPEHOPELIENTOPOB
BEHYJl K HOpaapeHaJuHy MOXET IMPOMCXOAUThH JIOKaJabHash BEHO-
JyiaTalus.

IIpu obwem oxnaxncoenuu opraHu3Ma MPOUCXOAUT CHIDKCHUE
TEMIIepaTypbl KpOBU, pedieKTopHas aKTUBALMS 3a0HEN JOJIM TH-
rnoTajaMyca M IIPECCOPHOM 30HBI COCYTOIBUIATEIbHOIO IIEHTpA.
BoszHukaloliee MoBbIIEHUE TOHYCa CHUMIATUYECKUX alpeHepru-
YECKUX Ba30KOHCTPUKTOPHBIX BOJIOKOH IIPMBOAUT K CYKEHUIO
MpocBeTa apTepuoa W BeHyl Koxu (puc. 3.7, 0), a yrHereHue
CUMITATUYECKNX XOJMHEPIrMYECKUX BOJOKOH CIIOCOOCTBYET CyXe-
HUIO TIPOCBETA TMOTOBBIX XKEJe3 U PEe3KOMY CHUXEHUIO TMOTOOT/e-
JeHus. B pesynbraTe TEILIONPOBOMHOCTh KOXM MHpU CIaboM Kpo-
BoToKe cHmkaercs go 0,31 Bt/ m*K.

M3-3a MOBBIILIEHUSI TOHYCA COCYIOB U IOCJICAYIOIIETO CYKEHMUS
apTepuosl U KamuuIsIpOB B «000J04YKe» TMPOMCXOIST IepemMellie-
HUE KPOBM BO BHYTPEHHHE OpPraHbl <«silpa» W LIEHTpaIvd3alus
KpOBOOOpaIlEHUsI, YMEHbILIAETCS MOTEPsl BOAbl, YCWIMBACTCS NY-
pe3 1 IIPOMCXOIUT YBEIUYEHHE OCMOJISIPHOCTM IUIa3Mbl KpPOBHU.
PazBuBaroiascs TMMOBEHTUJISILIUS JIETKMX TPUBOAUT K MeTabOoIu-
YeCKOMY almmo3y 1M cHukeHuto pH kpoBu. JlanbHeliliee oxyiax-
JIEHWe TPUBOIUT K TIOBBILIIEHUIO TEPMOPETYJISIIMOHHOIO TOHYCa
MBI (HU3KOYAaCTOTHOMY 3yOUaTOMY TETaHYCY OTIE/IbHBIX IBUIA-
TeJbHBIX E€IWHMI]) M aKTUBALMW TEIJIONMPOAYKIIMM OpraHu3Ma,
HOTEHLUPYEMOU BBIASISIOIIUMUCS TUPEOMAHBIMUA TOPMOHAMM —
TUPOKCMHOM U TPUHOATUPOHUHOM.

IIpumecmruom 6030eiicmeuu x0100a Ba30KOHCTPUKIIMIO COCYIOB
BBI3BIBAIOT MPEUMMYILIECTBEHHO JIOKAJIbHbIE Ba30aKTHBHbIE Bellie-
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cTBa (Hampumep, npocramiaHavuH F, ) 1 oHa He OKa3bIBaeT Cylle-
CTBEHHOI'O BJIMSIHUSI Ha CUCTEMHYIO TEMOAMHAMMKY W CEPACYHYIO
nesiTenbHOCTh. KpoMe TOro, BbIACISIONIMICS B MECTe BO3AEMCT-
BUSI M3 OKOHYAHMI agpeHEepruuyecKUX CHUMIIATUYECKUX BOJIOKOH
HOpaJpeHalvH Yepe3 [3-aApeHOpelenTOpbl aKTUBHUPYET MPOLIECChI
Juroau3a B TKaHsx. [Ipy 3TOM B KpOBb BBIIEISIIOTCS CBOOOAHBIC
>KUPHBIE KMCJIOThI, OKHUCJIEHUE KOTOPBIX MPUBOAUT K 3HAYUTE/Ib-
HOMY BBIIEJICHUIO Teria. B (popMupoBaHUM MHTErpajbHBLIX peak-
LM TepMUUYecKUX (PAKTOPOB Ha OpraHu3M OOJLHOIO OJHOBpE-
MEHHO JCHCTBYIOT TaKXKe MEXaHWYECKU M XMMMUYECKUi (pakTo-
pbl, 00YCJIOBIEHHBIE MPUPOAON TEIJIOHOCUTENs (Boaa, Ira3, TBEp-
JIble Cpedbl U IIp.).



3AKJIIOYEHUE

[IpencraBieHHble B JAHHOM IMOCOOMM MaTepuasibl CBUICTEIbCTBY-
IOT O pa3jUYHOI MpHpoAe MeXaHW3MOB JieYeOHbIX 3(PPeKToB pu-
3UYecKMX (hakTOpoB pasHoil mpuponbl. DeHomeH M30MpaTesbHO-
ro TIOIJIOIIEHUS 3HEpPruu (pu3ndeckux (HakTopoB pa3IddYHBIMHU
TUMAMU BOCHPUHMUMAIOIIMX KJIETOK W OUOJIOIrMYECKHX CTPYKTYp
CBUIIETEILCTBYET O Pa3HbIX MEXaHMW3Max MX JIEYEOHOro BO3IEUCT-
BUSI 1 (DOPMUPYEMbBIX UMHU JiIeUeOHbIX 3(PPEKTOB.

CrelinuIHOCTh peaklMii opraHu3Ma MPOSIBISETCSl Haubosiee
OTYETIMBO IIpU IIPUMEHEHUM HU3KOMHTEHCUBHBIX (haKTOPOB,
SHEPTYsl KOTOPBIX 3HAYMTEIBHO MEHbIIE yAEIbHON MeTabonuye-
CKOI TeIUIONpPOAYKIIMKM OpraHu3Ma. BosHukarolipe mpu 3TOM Ie-
HepaJM30BaHHbIE peaklMu OOYCJIOBJIEHbI KOOMEPATMBHBIMU IPO-
leccaMu, pa3BUBAIOLIMMMCS B aKTHBHBIX OMOJIOTMYECKUX Cpelax,
K KOTOPBIM OTHOCSTCSI TIpEeXIe BCEro Bo30ymuMble TKaHu. OTBeT-
Hble peakuuu (GOPMUPYIOTCS B 3TOM CiIydae 3a CUeT CBOOOMHOM
SHEPruy MakpO3ProB, CyMMapHas BeJIMYMHA KOTOPOW CYIEeCTBEH-
HO OOJbIlIEe 3HEPruU BO3AECHCTBYIOIINX (u3ndecKux ¢akTOpPOB.
[IpuBHOCHMMAsT HUBKOMHTEHCUBHBIMHU (DU3NUeCKMMHU (HaKTOpaMU B
OMOJIOTMYECKUE CTPYKTYphl 3HEPrusl  CIYKWAT CBOECOOpPa3HBIM
YOPABJISIONIMM CUTHAJIOM (QHIJI. trigger) mepepacnpeneaeHusi CBO-
OOmHOM 3HEPrMM KJIETOK M TKaHEM, CYIIECTBEHHO W3MEHSIOLIUM
HUX MeTaboauM3M M (PYHKIIMOHAJIbHBIC CBOMCTBA, T.€. HeceT B cebe
YepThl «MH(POPMALMOHHOIO» BO3AeCTBUS. Takue peakuuy pa3Bu-
BalOTCSl TTPEUMMYILECTBEHHO MpU JIOKAJIbHOM ACHCTBUM Ha OMOJI0-
TMYECKUe «KaHaJIbl CBSI3W» (30HBI KOXHOW TIpoeKuuu addepeHT-
HbIX MPOBOJHUKOB, PACIOJIOXEHHBIX B MOMIEXAIIUX TKAHSIX U
BHYTPEHHMX OpraHax, JBUTaTeJIbHble TOUKM, BereTaTMBHbIE TIaHI-
JIMK U Ap.), UMEIoIIYEe JeTePMUHUPOBAHHBIE KOHTAaKThl C Pa3iny-
HBbIMU CUCTEMaMM OpraHuU3Ma.

IIpn BO3ACHCTBUM BBICOKOMHTEHCUBHBIX (PU3UUYECKUX (DAKTO-
POB BJIEKTPOMArHUTHOW U MEXaHUYeCKOW MNpUPOAbl M30BITOK X
SHEPruu TpaHcGOPMUPYETCs B TEIUIO, YTO HAILIO IIMPOKOE IpU-
MeHeHMe B (pU3MOTeparnvu B BUAE HecHelu@uueckoro 3eKTpo-
XMMMUYECKOIO Y TEIUIOBOIO BO3ACHCTBUSI 2JIEKTPOMATHUTHBIX I10-
geii YBY u CBY, ynbrpasByka BbICOKOW WMHTEHCUBHOCTM M TIp.
TernnoBbie 3D@EKThl SABASIOTCS ONPENEISIOIIUMU 1JIs1 OOJbIIUH-
CTBAa TEPMUYECKMX (PAaKTOPOB.

Hcxons u3 mpeacraBieHHbIX B JaHHOM T0coOuM (DakToB, He-
00x00umbim ycioBueM (OpMHUPOBAHUS CIeINPUUECKUX JIeueOHBIX
3¢ GEeKTOB B OpraHu3Me SIBJISIETCSI COOTBETCTBUE (POPMbI SHEPTUU
KCMOJIb3yeMOT0 HM3KOMHTEHCHUBHOTO (baKTOpa MPUPOAE BOCIIPU-
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HUMAIOIIKNX CTPYKTYpP TKaHE-«MUIIeHE». TIPU KOTOPOM BSHEPIUS
OTBETHBIX peakuuii opraHusma (W,) TNpeBbILLIAET SHEPIUIO JeicT-
Bytoiero ¢akropa (W) M yIEIbHYIO METabOJMYECKYIO TEILIONPO-
aykuuto opranmima (0,3—1,5 Bt/kr). Zlocmamounsim YCIOBUEM
cretuuieckux 3¢h@eKTOB CAYKUT UX BbICOKAs HampaBJIeHHOCTb
Ha COOTBETCTBYIOIIMIA opraH-«MuileHb» [R = f(L)], 3aBUCMMOCTH
OT TMPOCTPAHCTBEHHOTO pacrpenejeHuss sHepruu ¢dakropa [R=
= f(V)] u oTcyTcTBME MPOMAOKUTENBHOTO JIATEHTHOTO MEepUoaa UX
pasButug [R><f(1)].

I'panuia cnennduueckoro u HecreuuUIESCKOro BO3ISHCTBUSI
KaXaoro u3 (akTopoB MOXET ObITb YCTaHOBJIEHA Ha OCHOBE IpO-
CTPaHCTBEHHO-BPEMEHHBIX OCOOCHHOCTEHl pachpedcsieHusT UX
SHEPIUU.

Kpurepyu nedebHOIO JeiicTBusl (pr3rMdecKux (pakTopoB

Kpurepun

JHeprus Wi > W, Wr < W;
[MpocTpaHcTBO R = f(v) R = f(v)
Bpems R = f(1) R = f(1)
Joxkanausauns R = f(L) R = f(L)

JleyeOHbI 3dexT puznueckoro ¢axkropa OIpeaeseTcss Co-
YeTaHWEM Pa3BUBAIOLIMXCS TIOJ €ro JeHCTBMEM B3aMMOCBSI3aHHbBIX
npoleccoB. BeposTHOCTh uX (pOopMUpPOBAHUS M Pa3BUTHUS OIpeEIe-
JISeTcsl OCOOEHHOCTSIMU paclpeesieHus1 3Hepruv (hU3nyeckoro
(hakTOopa BO BpeMEHM M MPOCTPAHCTBE, (PU3MYECKUMU (DJIECKTPU-
YEeCKMMHU, MArHUTHBIMU, MEXaHUYECKUMM, TeIIOPU3NIEeCKIMM)
CBOMCTBAMU TKaHEN-«MUIIEHER». M30UpATEIbHOM YYyBCTBUTEb-
HOCTbIO K HeMy U (YHKIIMOHAJIbHBIMM pe3epBaMU afanTaluyu U
peakTUBHOCTU opraHusma. B dopmMupoBaHue nedyeOHbIX 3Pdek-
TOB (pU3NYeCKUX (HAKTOPOB CYIIECTBEHHbIN BKJIaj BHOCST IPO-
LlecChl pa3lU4YHbIX YpPOBHEW OpraHu3aluyd >XKMBOTO OpraHu3Ma,
HauMHas ¢ MEePBUYHBIX OMO(PU3NYECKUX U 3aKaHUMBAsI CJAOXKHBIMU
afjanTallMOHHBIMM. B HMX yYacTBYIOT MeCTHbIE, CErMEHTapHO-
pediekTopHble (CUCTEMHBIE) M oO0lIMe (reHepau30BaHHbIE) pe-
aKklIMM OpraHu3Ma.

MecmHble peakliMy TIPOSIBJISIIOTCSI Ha OTPaHUYEHHOM yJacTKe
TeJla M BO3HMKAIOT BCJCACTBUE aKTuBaLuU ad@epeHTOB COMATO-
CEHCOPHOU cUCTeMbl M (DAKTOPOB JIOKAJbHOW COCYIMCTON DPeryJisi-
uu. CylIecTBEeHHYIO POJIb 3[IeCh UIpaeT aneKBaTHOCTh (pu3nue-
cKoro ¢aktopa, KOoTopas 3aBUCUT OT MPHUCYTCTBUS B OpraHuU3Me
c(OPMUPOBABILIMXCS B XOAE 3BOJIOLMM PELENTOPOB U Haubojee
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YYBCTBUTEJILHBIX OMOJOTMYECKUX CTPYKTYyp. JleueOHble usnue-
ckure hakTopbl U3MEHSIIOT TOHYC apTepuol U B CBS3U C 3TUM JMa-
METp KanWUISIPOB U BEHYJ MUKPOLMPKYJISITOPHOTO pycia. Takue
a3 ¢eKTh peanu3yloTcsl KakK ITyTeM akcoH-pedJiekca, Tak M 3a
cYeT BBIACJICHMSI M3 DHAOTEIUS OMOJIOTUYECKY aKTUBHBIX BEIICCTB
(TuTa3sMakKMHUWHBI, TIPOCTANIAaHAWHEI, CyOcTaHLMS P, IIMTOKMHEL,
OKCHJI a30Ta) M MeAMATOPOB (HOpaApEHAIWUH, aleTWIXOIWH, TMC-
TaMMH, CEPOTOHMH W aJeHO3MH), a TakXke U3MEHEHWI WOHHOTO
6anaHca Tkaneit (H'- u K'-runepuonus).

CucmemHble peaklliM BO3HUKAIOT B pe3y/IbTaTe COMAaTUYECKMUX,
BUCLIEPAJIbHBIX W BEreTaTMBHBIX pedeKcoB, (OPMUPYIOLINIXCS
Onaromapsi UBMEHEHMIO COCTOSIHUSI TKaHEW moj ACWCTBUEM Jieueo-
HbIX (pU3NUecKUX (aKTOpPOB, MPUBOIAT K CIBUIraM HMOHHOIO 0a-
JJaHCa TKaHell M OKa3bIBalOT MOAYJIMPYIOIIEE BAWSHUE Ha MOTOKU
WMIYJIbCHOM aKTUBHOCTHU, BOCXOMAIIME K CyIpacHUHAIbHBIM
cTpykTypaM. Hapsimy ¢ HUMM 4yepe3 3aiHUE KOpEeIKU B CIIMHHOU
MO3T MOCTYHAIOT MMIYJIbCHBIE CUTHAJbI II0 BEreTATMBHBIM HEPB-
HBIM BOJIOKHAM, KOTOpbIE 3aMbIKAlOTCSl B Tepudepuueckux Bere-
TaTUBHBIX TAaHIIMSIX M OKa3bIBalOT BbIpAXXEHHOE TPOGUUECKOe
BJIWSIHME Ha TKaAHU MeTamepa, KOTOPbIi OTHOCUTCSI K JaHHOMY
CErMEHTY CIIMHHOTO Mo3ra. B mocienyiollieM Ha ypoBHE CIMHAIb-
HBIX, OyJbOApPHBIX M KOPKOBBIX CTPYKTYP IPOMCXOAST B3auUMOJEH-
CTBUE WMIYJBCHBIX ITOTOKOB M3 COMATMYECKMX M BUCLEPaIbHBIX
MPOBOAHUKOB M HUX TMEpeKIoueHue Ha pasjindHbie 3¢h¢HEKTOPHI.
HMppaguanust Bo30yXIEHWSI Ha COCEIHUE Y4YacTKM TOJIOBHOTO
MO3ra BbI3bIBa€T KaK YCWJIEHWE CYIIECTBYIOLIMX, TaK M CO3IaHue
HOBBIX CJIOKHOOPIaHW30BAaHHBIX pe(IEKTOPHBIX B3aUMOICICT-
BUii, (OpMUpPYIOLIUX HecleuuduIeckue peakiuu OpraHusma,
KOTOpbIE TPOSIBISIIOTCSL B aKTUBAUM HEUPOCEKPELMU PUIH-
3UMHI-(haKTOPOB TUMOTAJAMyCOM, BBIPAOOTKE TPOMHBIX TOPMOHOB
ruInou3oM ¢ MOCIeayIoNleil KoppeKlueil ypoBHSI TOPMOHOB B
KpPOBHU, a TakXKe B CTUMYJISILIMU CUHTE3a CTEPOMIHBIX TOPMOHOB U
MpocTarjaHaAuHOB. B pesynbraTe Takux HEMpOryMOpallbHBIX IIPO-
1IECCOB TMPOMCXOMSAT COTIaCOBaHHbIE M3MEHEHWS (PYHKIMOHAIb-
HOIl aKTMBHOCTM M MeETaboJM3Ma B Pa3IMYHBIX TKaHSIX oOpra-
HU3Ma.

TecHast B3aMMOCBSI3b cHEeUPUUISCKUX M HecIenPUIecKnx
KOMIIOHEHTOB MeXaHu3Mma (popMHUpoBaHUs JIe4eOHbIX 3(PEPEKTOB
4acTo MNPUBOOUT K TOMY, UYTO <«MH(pOPMALIMOHHOE» BO3IEHCTBUE
JIe4eOHBIX (Du3ndecknx (HakTOpPOB HM3KOM MHTEHCUBHOCTU IIPO-
SIBJIICTCSI HE BO BHEIIHUX BBIPAXXEHHBIX pPeakUMsIX pa3IMYHbIX
CHCTEM OpraHu3Ma, a B (YHKIIMOHAJIbHBIX HEUPOTYMOPAIbHBIX
capurax (OModu3nyecKux, OMOXMMHYECKMX, MMMYHHBIX WU Ip.).
KOTOpbI€ TIPUBOIAT K YCWJIEHUIO PEaKTUBHOCTA M YCTOMYMBOCTH
OpraHu3Ma, IIOBHIIIAIOT YPOBEHb MOOWIM3alUM €ro (PyHKIIMO-
HaJIbHBIX PEe3ePBOB M BOCCTAHABIMBAIOT CHUXKEHHBIE MpU 0OJIE3HU
pe3epBbl amanrauuu. Takue HecrmeunUUYecKUe peaklMM opra-
HU3Ma MPOSIBIISIIOTCS B MOBBIIIEHUM aKTMBHOCTHM TUIIOTAIaMO-TH-
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nodu3apHOH CHUCTEMBI C IIOCIEOYIOIIMM BBIICJICHMEM TPOITHBIX
TOPMOHOB U aKTUBAaLIMEN Kejie3 BHYTPeHHEN CeKpeluu, B Pe3yJib-
TaTe KOTOPBIX YTHETaeTCsl aKTMBHOCTh HAYabHBIX (a3 BoCIIajie-
HUSI, BOCCTAHABIMBAIOTCS TpoduUKa TKAHEH, peryisaius MeTado-
JIu3Ma KJIETOK M COCYIMCTOrO TOHYycCa, IPOHUIIAEMOCTb THCTOre-
MAaTUYECKUX OapbepoB M TPAHCKANWLIAPHBIA OOMEH MeTaboIM-
TOB.

Pa3zHOpPOOTHOCTE MeXaHM3MOB (DOPMUPOBAHMS pPeaKILIUil 1IEJI0-
CTHOTO OpraHuM3Ma Ha JiedeOHble (u3mueckue (akTopbl pa3anyd-
HOM TIPUPOABI TO3BOJIIET B KAXKIOM KOHKPETHOM Ciydae MX IIpU-
MEHEHUsI MPOrHO3UPOBATh Te WIM MHBIE CIleLuduUIecKue jeded-
Hble 3(GEKThl U BbIIEAUTh KOHKPETHBIN (r3ndyeckuii hakTtop u
METONI €ro MCIIOJb30BaHUS M3 MMEIOILErocsl MHOXECTBA, a TaKxkKe
oIpeAessieT IPUCYIIe TOJBKO MM JiedeOHbIe 3 deKThl. BMmecTe ¢
TEM YyHUBEpCaJbHBIE MEXaHM3Mbl OpraHU3aluy LIEHTPaIbHOI
HEPBHOI CUCTeMbl 00€CIeYnBalOT €IUHCTBO MPOLIECCOB Pa3BUTUS
MPUCIIOCOOUTEIbHBIX PeaKlUii OpraHM3Ma K JaHHOMY (aKTopy,
OCOOEHHO IIpM €ro MPOAOJDKUTEILHOM BO3deiicTBUM. Takas mua-
JIGKTUKA Pa3HOPOOHOCTU M €AMHOOOpa3vsl MEXaHM3MOB ACHCTBUS
JIe4eOHBIX (pu3nmyeckux (hbakKTOpOB Ha OPraHU3M COCTABJISIET BaX-
HbIi KOMIIOHEHT OOIlIei IMPUCIIOCOOMTEIBHON peaklMy OpTraHu3-
Ma OOJIbHOrO, HAaIIpaBJICHHOI Ha BOCCTaHOBJICHME HapYIICHHBIX
0oJie3HbI0 (DYHKLIMIM, B OCHOBE KOTOPOUl JICXKWUT eemepoceHHOCHb
JIe4eOHBIX 2(PPEKTOB PUNIECKIX (PAKTOPOB.

CoBpeMeHHas1 (pusuoTepanuss 0a3upyeTcsl Ha IIPencTaBISHUSIX
0 TECHOM B3aMMOCBSI3U IPOLIECCOB MaTO- W CAHOT€HE3a B TCUCHUE
0oJIe3HM KaK HeOoOXONMMOM YCJIOBUU UCIOJb30BaHUS BpadyaMU-
(hm3roTepaneBTaM1u Ha HaYaJbHBIX CTAAMSIX OOJIe3HU (PU3MIECKUX
¢akTopoB, 00JAZAIOIIMX MPEUMYIIECTBEHHO CcHeUu(pUIeCKUMU
JledueOHbIMU 3P dekTamu. Ha 3aKiIounTeNbHBIX CTAausIX, HAIpo-
TUB, NEPCHEKTUBHO BKIIOYEHHUE B CXEMHBI JIeUeHUsI OOJIbHOIO (hak-
TOPOB, CTUMYJIMPYIOIIMX HECMeHU(PUIECKYI0 PE3UCTEHTHOCTh U
afganTalOHHO-KOMIIEHCAaTOpHbIE peakilMy opraHus3Mma. Takas ak-
TUBALMSI B TIOJIHOM MeEpe MOXET OBbIThb OCYILECTBIEHA MPU ITOMO-
I BBICOKOMHTEHCUBHBIX JIEYEOHBIX (PU3NUECKUX (PaKTOpPOB, 00-
JIAIAOIIMX IPEMMYILIECTBEHHO HecnelupUuIecKUMu JieYeOHbIMU
addexTamu.

CI0XHOCTU 1IgJIeHAIIPaBJICHHOTO U CUCTEMAaTUYECKOIo ITOMCKa
cneundraecknx 3P@eKToB JIEYCOHBIX (U3NIECKNX (aKTOPOB
OOYCJIOBWIM TUIIEpOOJM3AlMI0 IIPUHIUIIOB YHUBEPCAIBHOCTU
(MHBApUAHTHOCTHM MCIIOJB30BaHUS JIIOOBIX (QU3NUYECKUX (haKTOPOB
OpU pa3IMYHbBIX 3a00JIeBaHUSIX), €IMHCTBA MEXaHU3MOB JIe4eOHO-
ro U MpoOUIAKTUIECKOTO NCUCTBUS MPUPOIHBIX M MCKYCCTBEH-
HBIX (pusnmyeckux ¢akToOpoB, TOCIIOACTBOBABIIMX B (U3MOTEpa-
mun XX B. [lpaktuueckum Bpadyam, MEXIy T€M, XOPOIIO M3BECT-
HO, 4yTO (u3nyeckue (akTopbl 00JaNal0T HEOOWMHAKOBOM Tepa-
MEeBTUYECKON 3(PDEKTUBHOCTHIO MPU PA3IUYHBIX 3a00JI€BaHUSIX.
HeonunakoBasi mnpupoma 3a0ojeBaHUIA IIpeArojaraeT BO3MOX-
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HOCTb COYETaHMS MPY Pa3BUTUU KaKIOro M3 HUX Pa3HBIX MaTore-
HETUYECKUX BapuaHTOB (cuHApoMoB). Mcxonst u3 aToro, peakuuu
opraHu3aMa Ha (Qusnueckuii (akTop crneuuduUHbl A OIpee-
JICHHOTO COCTOSTHWSI OpraHW3Ma, XOTS WHOIma JieyeOHble 3¢ dek-
Thl Pa3BMBAIOTCSI Ha OCHOBE OOIIMX (HecneUudUUYecKux) peakiuii
opraHuszma. Takas crerupUIHOCTb TPEOYeT IIeJIeHaNnpPaBIeHHOTO
BbIOOpa (hbakTOpa MU METOAMKM €ro NMPUMEHEHMS, COCTABJISIOLIETO
CYIITHOCTh TMaTOT€HETUYECKOTO ACUCTBUS JIEYEOHBIX (PU3NUYECKUX
(hakTopoB. B 3THX YyCIOBUSIX CllefoBaHME IPUHLMIIAM <«yHMBEP-
CATBHOCTA» U MHUMOTO <«EIWHCTBa» MEXaHW3MOB JIEUEOHOTO BO3-
JEeWCTBUSI TIPaKTUYECKW JIMIlAaeT Bpaya BO3MOXHOCTH OINTHUMAJIb-
HOro BBIOOpa JieueOHBIX (puznyeckux daktopoB. BrIOOp 3aTpyi-
HEH TakKXe TeM. YTO HEKOTophie (pu3myeckue (hpaKToOphl 00IamaroT
HECKOJIBKUMM JIEYEOHBIMU 3(PdeKkTaMu, OHAKO BBIPAXKEHHBIMU B
pa3HOI CTEIECHU.

LleneHanpaBieHHBI BBIOOP ONTUMAIBLHOTO (hU3MYECKOro dak-
Topa elle B OoJibllield CTENeHW 3aTpyaHsieT TOCHOJACTBYIOIIWNA W
CErofHs B CO3HAHUM Bpayeil-GpU3nOTepaneBTOB HO30JOTMUYECKUIA
NPUHLMIT. Mexay TeM pa3BUTHE COBPEMEHHOW KJIMHUYECKOW
MEIWIIMHBI TTPOUCXOIUT CETOMHS 10 WHTETPATUBHOMY MyTH U Oa-
3UpyeTCcsl Ha JIpyTOM — CHUHAPOMHOM — TipuHiune. Mcxomsa u3
BBICOKOV HAmpaBICHHOCTH W W30MPATETBbHOCTH JIEYeOHOTO BO3-
JNelcTBUST (pu3nueckux (akTopoB Ha KOHKPETHbIE MOpa’ke€HHBIE
0OJIE3HBIO CTPYKTYPBI W CHUCTEMBI OpPTaHW3Ma, WMEETCS HAaCTOSI-
TeJbHAsI TTOTPEOHOCTh BHEIpPeHUs] B (PU3UOTEPAIIMI0 CUHIPOMHO-
MaTOr€HETUYECKOr0 TMPUHIIMIIA BbIOOpa Je4eOHbIX (DU3MUECKUX
(bakTOpOB, YYUTHIBAIOLIETO CIeUUdUIECKe OCOOEHHOCTU UX
TPEUMYIIIECTBEHHOTO JCWCTBASI HAa OCHOBHBIE ITaTOJIOTUYECKUE
MPOLIECCHl U CUCTEMbl OpraHM3Ma — TEeTePOreHHOCTh MX Jieueo-
HbIX 3(dexToB. M3BeCTHO, YTO CUHAPOM — 3TO KIMHUYECKOE
MPOSIBJIEHWE ONpeNeIEHHOTO 3BeHa TaToreHe3a (ero KBUHTICCEH-
uueit). B cBA3M ¢ 3TUM CEroaHs MPENCcTaBseTCsl MEPCIEKTUBHOM
pa3paboTKa CHHIPOMHO-IIATOTEHETUYECKOrO0 BhIOOpa JIe4eOHBIX
(usnyecknx (GHakTOpoB B paMKax CaMOCTOSITEJIbHOIO —pasiesa
KJIMHUYECKOU (hUznoTepanuu.

CUHIPOMHO-NATOTEHETUYECKUI TIOAXOA TO3BOJISIET YCIEIIHO
pa3BuBaTh METOALI OMOyIIpaBisieMoli (uU3MoTepanuu, KoTopas
peanu3yeTr cBoe JeueOHOE BO3ACHCTBUE 32 CYET aBTOMATUYECKOTO
W3MEHEHUsI MapaMeTpoB JICUeOHOro BO3AEHCTBUSI B 3aBUCUMOCTU
OT IUHAMUKM (DUBUYECKUX XapaKTepUMCTUK TKaHei mamueHTa. Ha
9TOIl OCHOBE B IMPAKTUKY COBPEMEHHOU (pU3MOoTepanuu HaMU
BBEICHbI HOBBbIE METOAbl — OMOYyIpaBisieMasl 3JIeKTPOMarHUTOTE-
panusi, 6uoympapiisieMasi a3pOMOHOTEpanusl U Ip.

ITpoayKTUBHOCTh CHMHIPOMHO-IIATOT€HETUYECKOIo IToaxoda B
KJIMHUYECKON MEOUILIMHE HaISAHO ITOATBEPKIACT ILIOAOTBOPHOE
pa3ButHe apMakoTepanuu 1 obuel maronoruu. OTCyTcTBHE Ta-
KOro Imomxoda B oOpa3oBaHMM Bpayeii-(M3MOTEeparieBTOB C YMO-
pPOM Ha YacTHble METOAMKU IIPUBEJIO K TOMY, YTO CHELMaIbHOE
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oOpazoBaHue cerogHs IpeoOnagaeT Haa (yHIAMEHTAIbHBIM.
Mexny TeM. 1o crnpaBemiMBomy 3amedaHuio JI.M. Ilucapesa. <e.
clielManabHOe 00pa3oBaHNWE OOBIKHOBEHHO CTECHSIET YMCTBEHHBII
Kpyro3op oOy4Yarollerocsi, CBoJAsl €ro 10 YPOBHSI peMeCICHHMKa».
Ilo Hamemy MHEHMIO, TOJBKO TpeXCTyIleHYaTas cucTemMa o0paso-
BaHUs Bpaya-(pu3MoTeparneBTa, BKIIOYalolas oOIylo, KIMHUYE-
CKYI0O U YacTHYK (U3MOTeparnuio, MOXeT rapaHTHUpPOBaThb oOpeTe-
HME MM JOCTaTOYHOI'O YPOBHS MPOMeCcCMOHAIbHON MOATOTOBKM.

Takum obpazom, choOpMyIMpOBaHHBIH HAMU Ha OCHOBE KOH-
LIETIMN TeTepOreHHOCTH JIeueOHBIX 3(Pp(deKkToB Ppn3nmdecknx dak-
TOPOB CUHIPOMHO-TIATO€HETUYECKUI MOAX0[ K WX Ha3HAYeHMIO
MOXET CTaTb OJHUM U3 MPOAYKTUBHBIX HAaIlpaBICHUI pa3BUTUS
COBpEMEHHOI (pU3MOTEepanuy KaK HayKu, KIMHWUYECKOU CIIeLM-
albHOCTA Y Y4EOHOM MUCLIUTUIMHBI.

IlepcrnekTuBBl pa3BUTUSI U MPAKTUYECKOTO IPUMEHEHMSI OMO-
(u3nYecKUX OCHOB (hPU3MOTEpaAIU TTO3BOJSIOT PACIIMPUTH TTOUCK
HOBBIX 3P (HEKTUBHBLIX (PU3NYECKUX METOAOB JiedeHHUs], obecre-
YUTb BBICOKYIO M30MPaATEIbHOCTb («IPULEIBHOCTb») WX JAEUCTBUS,
CY3UTh MPOTUBOIIOKA3aHMS M1 PU3MOTEepany U BKIIOYUTh X b
arraparbl CUCTEMbI OMOJIOTMYECKON OOpaTHOM CBSI3M C TallMeH-
TOM. YKa3aHHble HaIlpaBjeHUs OyayT HNPUOPUTETHLIMU B Pa3BU-
TUM (PU3MOTEpanM HbIHEIIHETO BeKa.
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