Faasa 3
OCHOBHBIE ®YHKIIUN KJIETKH

W3 MHOKECTBa IpHCYIUX KIeTKaM (hYHKUHH Mbl PACCMOTPHM Te, KOTO-
pble CBOMCTBeIIHBI IPAKTHYECKH BCeM (I BO BCAKOM CJIydae MOAABJISAIO-
meMy GOJBIINHCTBY XODOLIO H3YYeHItbiX 6HO¢)H3HKOﬁ¥qTHIIaM KJIETOK.
ITo NPOHAIAEMOCTD ¥ TPAIICTIOPT HOHOB H BeleCTB, 6HO31eKTPOreHes, pe-
TeTMA ¥ TTOABHKHOCTD.

3.1. IPOHUIIAEMOCTDb 1 TPAHCHIOPT BEUIIECTB
B BHOJOINMYECKHX MEMBPAHAX

Onna u3 Baxkneiinmx ¢yHxupii GHONOTHYecKOi MeMGPAHbI 3aKII0YAET-
cs B ofecneveliy o6Merla HOHOB M MOJIEKYJT MEXIY KJIEeTKOH H OKPyKalo-
mtedt cpenoil. C mosuuuil TepMOAUHAMMKH KJIETKA — OTKDbITast CHCTEMa,
HeNpephIBHO 06MEHHBAIONIAsICA BEUIECTBOM U SHePruei ¢ okpyskalolllei cpe-
Jo#. Croco6HOCTb GHONOrHYeCKUX MeMGpaH IIPONycKaTh Yepes ce6s pas-
JIUYHbIE BEWECTBA HA3HIBAETCA IPOHUNAEMOCTBI0. [JaHHblit pasgen 6uopu-
3MKH NOCBAIIEH AUHAMUKE BXOJA BEIECTB B KJETKY U BbIXOJa U3 lee,
MeXaHu3MaM pacIpejeeHus BEIEeCTB MeXAY KIeTKod U cpeioii B cocTos-
HUM TOKOS ¥ IpH pyHKIMouupoBanuy (pa6oTa KaHaJoB, EPEHOCUHKOB H
HacocoB). VsyyeHue NPOIULAEMOCTH KJIETOK HMeeT 60osplIoe 3HAYelue,
MIOCKOJIbKY C JaHHOH ¢pyHKIHeH CBsI3aHBI NPaKTUYECKH BCe POLECCh KU 3-
HelesITeALHOCTH KJIETKH: MeTaGoMM3M, reHepalis U npoBejeiide GHONOTeN-
1[MAJIOB, CeKpells1, pelienmius ¥ T. A. Fi3y4eHue npoileccoB POHHUI[AEMOCTH
HMeeT TaKxe GOJBILIOe IPAKTHYECKOe 3HAUeHHe /51 GHOJIOTHH, CENBCKOTO
X035HCTBa, MEUIHHBI, (PapMAKOJOTHH U TOKCHKOJIOTHH.

3.1.1. METOJAHN HU3YYEHHUA NMPOHHIAEMOCTH

Iina uccnenoBaHus MPOHMI[AEMOCTH KJIETOYHBIX MEMODaH B HACTOsIee
BpeMs IPHMENSIOT P (PU3HKO-XUMHYECKAX METONOB: 06beMHble (0CMO-
THYeCKHe), HHANKATOPHbIE, METOAbI AHAIMTHIECKOMN U KOJIOMAHON XMMHH,
METOJ{ ONIpe/iesIeHNs1 3NeKTPOTIPOBOAIOCTH, METO MeYEHBIX aTOMOB, PETHCT-
paips (IyopecueHINH, PAXHOCIIEKTPOCKOINA U IP.
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HauGonee mpoctbie ocmomuueckue memodor HCCNEAOBAHHS IPOHUIlae-
MOCTH MeMOpaHbl OCHOBaHbl Ha PErHCTpAllMM U3MeHeHHIH o6beMa KIeToK
IIpH TIOMENEHHH HX B I'HIep- HJIM THNOTOHHYecKHe pacTBophl. Korza kier-
KH [IOMEINAIOT B THNEePTOHMYECKHIH pacTBOP, TO BCJIEACTBHE BHIX0AA U3 HUX
BO/bI O6BbEM UX YMeHbILAETCs, a TI0 Mepe TIOCTYTI/IEHUA BelllecTBa B KJIETKY
PAasHOCTb OCMOTHYECKOTO JABJEHHS CHH)KAETCA M OHA BOCCTAHABJIMBAET
CBO# nepBoHaYabiiblii 06beM. [1o ckopocTa BoccTaHOBNEHHs o6beMa KJle-
TOK CYAST O CKOPOCTH IPOHUKHOBEHUSA B HUX BellecTB. /{151 06beKTHBHOM
OIIEHKH 3THX NPOUECCOB CYIIECTBYIOT HEKOTOPHBIE JOTIOJHHUTEIbHbIE NTpoLie-
JAYPbl: B3BeCh KJIETOK 1leHTpUdYTUPYIOT U JIU60 OTIpeIeNaIOT CyMMapHbIi
06'beM B3BECH C TIOMOILBIO TEMATOK PUTA, THGO OLIEHUBAIOT THHAMHKY H3Me-
HeHUs1 CBETONPOIIYCKAHMS WM TIOKa3aTe s IpeoMJieHHs Kietok. K Heno-
CTaTKy JAHHOTO METOJa OTHOCHTCS BO3MOXKHOCTb IIPDUMEHATH ero A/ pa-
6OTbI C OrpaHAYeHHbIM KPYToM 06beKTOB (KpyIHbIe KJIETKH BOAOPOCJIeH,
SPHUTPOIMTHI H T. 1.). IIpH HCCAENOBAHMAX IPOHAIAEMOCTH TAKMX BEILECTB
(nampuMep, caxapa ¥ AMEHHOKHCJIOTbI) MOXHO HCIIOIb30BATD JIHIIb MX BbI-
cokue KOHLenTpauny (IIpy MajibiX KOHIEHTPALUAX BELWIECTB TPYAHO ONMpe-
JIeJIUTh H3MeHeHHe o6beMa).

Hnouxamopnvie memodst (¢ HCTIONb30BaHHEM (DIYOPECIEHTHBIX 30H-
I0OB) OCHOBAHBI Ha W3MEHEHHHM OKDACKH KJETOYHOrO COAEPKHMOTO NpH
HOCTYILIEHHWH ONpe/ieNleHHbIX BelilecTB. CyTh MeTO/Ia 3aK/TI0YAETCA B TOM,
YTO Cliavajia B KJIETKY BBOZAT XpoModop (MHAMKATOD), a 3aTeM NIOMEMAIOT
€e B pacTBOP C HCCIAeAYEMBIM BEHIECTBOM M HAGMIONAIOT H3MEHEHHE OKpa-
mmBanua. HemocTaTky JasHO# rpynnbl MeTo0B CBA3AHHI € TEM, YTO Majibie
KOHIIEHTpAlMH KpacuTeJiell TpyIHO 06Hapy KUTh, a 60JIbIIIe TOKCHYHBL; KPOMe
TOTrO, 60JIbIIIas YACTh KpacHuTesedl B KJIeTKe, Kak MPaBHJIO, BKJIOYAETCS B
MeTaGoMM3M, YTO HCKa)KaeT pe3ysabraThl UccaeJoBaHHSA. O4eBHIHO, YTO
OCMOTHYECKUIH M MHAHKATODHBIH MeTOMbl MO3BOJIAIOT IOJYYHTh TOJHKO
KavyeCTBEHHBIN OTBET, HO He UCIOJIb3YIOTCS AJISI KOIUYECTBEHHOH OLeHKU
U3MeHeHHs] TPOHUIIAEMOCTH MEMGDAHBI.

BecbMa HaJeXHb! B HCCIEOBAHHAX ITPOHUIIAEMOCTH XUMUUECKUE Me-
modvt, OCHOBAHIIbIE HA HETIOCPEICTBEHIIOM aHAJIH3€ COCTaBA BHYTPHKJETOY-
HOTO coAepxuMoro. OJHAKO 9TH METOMbI CJOXKHBI, ¥ YUCJIO 06BEKTOB, IJIs
KOTOPBIX OHH IIPHMEHUMbI, OTPAaHHYEHO.

B :eK0TOpbIX CiIyYasiX NPOHUIAEMOCTb ONPEAENSIOT MemoJoM KOH-
dyxmomempuu (31exmponpoeodnocmu). ViccnenoBatue 3/1eKTPHYECKHX Na-
paMeTpoB (OMH4YECKOE M eMKOCTHOE CONIPOTHBJIEHHE) KJIETOK M KOMIIOHEH-
TOB IJIa3Mbi KPOBH H [PYTHX TKalell NIPOBOAAT C TIOMONIBIO TAPOKONOJIO-
CTHOro CHH(a3HOTO MOCTa MepPEMEHHOTO TOKA, YTO O6ecneynBaeT MaKCH-
MAaJIbHYIO YYBCTBUTENLHOCTD ¥ HE3ABUCHMOCTH I1JIEYEBOTO Koaddulmelta
OT YacCTOThI IOJABAEMOT0 JIEKTPHYECKOI'0 ToKa. BeroMoraTenpHbie ieun
MOCTa 06pa3oBaHbl BTOPHYHBIMHE OOMOTKAMH M POKOTIOJIOCTHOTO BBICOKO-
4acTOTHOro TpaHcgopmaTopa. OTHOLIEHHe BCIIOMOTATEAbHbIX I1JIe4 COCTaB-
aster 1:20. AMNIUTYJa TECTHPYIOWETO CUTHA/Ia He AO/DKHA IIPeBbILaTh
100 MB, uacToTHbIH Auanason — ot 0,2 xo 1 000 kI,

OanuM u3 HauboJiee AIeKBATHIX CIIOCOGOB HCCIeJOBAHUS MPOHHIIAE-
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MOCTH KJIETKH SIBJISAETCA MEMOO MeUeHblX dmomOo8, KOTODbIH NIO3BOJISIET C
HOMOIIBIO PAJHOAKTHBHHIX U CTaGHJIBHBIX H30TONOB HCCIeNOBATh llepepac-
npejieieHye ¥ TPAHCIOPT HOHOB M Pa3XMYHBIX BelllecTB. Mccaenyemoe Be-
ILECTBO «METSAT», BKJIOYAsA B €0 MOJIEKYJIbl PaiHOAKTHBHbBIE aToMbl. Eciu
JaHHOE BEHIECTBO NIPEACTABIEHO ATOMAMH HJIM HOHAMH, TO HX MOXKHO 3aMe-
HHUTb PaHOAKTHBHBIMH HAH CTAGHIBHBIMH H30TONIAMH JAHHOIO 3JIEMENTA.
Iocne mocTynIeuss Me4eHOTO BEIECTBA B KJIETKY OHO PETHCTPHPYETCH C
HOMONUBIO CYETYHKOB PAJHOAKTHBHBIX YacTHl. [IOCKONBKY paguoaKkTHB-
HOCTb KJIETKH TIPONIOPIIMOHABHA KOJIMYECTBY IIOCTYNHBILETO B Hee Bewje-
CTBA, JAaHHBIN METOJ AaeT KoJMYeCTBellHble pe3ynnsTaTsl. [Ipy nabmoaenuu
BBIXOJa BelleCTBA M3 KJETOK B CpPely IpeABapUTeNbIO BBOIAT MedeHoe
BEHIECTBO MyTeM MHKPOMHDbEKIIMH WM BhIDALIMBAHUA O6bEKTa UCCIEN0Ba-
HMA B Cpelle, CoepKalleil Me4eHoe BEeNIeCTBO. 3aTeM ONpeeistioT BBIXOAs-
1Me H3 KJETKH NOTOKH AaHHOro BewlecTBa. /{aHHbIH MeToA TOYHbIA H
NOJIb3yeTcs GoJbILOMH ToNny AApHOCTHI0. OH NMO3BOJISIET BBOAUTD B KJIETKY
HCCJIeyEMOE BEIECTBO B HU3KHX KOHIIEHTPALIUSAX, He HAPYIIAJOIMX ee KU3-
HeesTeIbHOCTb, H3y4ATh IIPOHULIAEMOCTD HE TOJIbKO MOJIEKYJT Yy>KePOIHbIX
KJIETKe WJIN SIIOBHTHIX BEHIECTB, HO M COeMHeHUH, BXOJAIMNX B COCTAB
KJIETOK H MeXKJIeTOUHOMH >KHAKOCTH opraHuaMa. C nMOMoubio H30TOITHOTO
MeToza yaaercs AU pepeHIEpoBaTh IOTOKYU BellleCTBA U3 CPENbI B KJETKY
# o6paTHO. Oco6ast LeHHOCTD €T0 B TOM, YTO Ol yA06eH A/ HCCIeA0BAHUSA
BXOJa ¥ BbIXO/JA BENECTB B HATUBHLIX YCJIOBHUSX,

[ns pa6oTbl co CTaGHIbHBIMH H30TONIAMH B 6HO(H3NKe IIHPOKO HC-
TIOBb3YETCA METOJl MacC-ClIEKTPOMETPHH.

Boabliras 4acTb HMEIOUIMXCSA HA CETOMHA CBENEHUH O MEXaHU3MaxX JBH-
JKeHUS HOHOB Yepe3 GHOJIOTHYECKHEe MeMOPaHbl, TeHepaly GHO3IEKTpHYE-
CKMX IIOTEHIMAJIOB, PACIPOCTPAaHEHHH BO36Y K ieHHs 6blIa NIOJTydeHa UMeH-
HO C IOMOUIBIO METOJA MEUEHDbIX aTOMOB.

3.1.2. TIACCUBHBI/ U AKTUBHBH TPAHCIIOPT BENIECTB
YEPE3 MEMBPAHY

ITocTynnenne HedTpaNbHBIX MOJIEKYJ X HOHOB B KJIETKY OCYILECTBJISA-
€TCsI 3a cYeT ITaCCHBHOTO ¥ aKTHBHOTO TpancnopTa. [laccuBHbli Tpancnopt
He CBA3aH NPSMO ¢ 3aTpaToif XHMHUYeCKOH SHEPTHH; OH OCYILECTBIISAETCS B
pesyJbTate AU ¢y3un BelleCTB B CTOPOHY MEHBLIETO 3IEKTPOXUMHYECKO-
ro moTeHlMata. AKTHBHbIH TPAHCNIOPT NPOHCXOAUT IIPH 3aTpaTe XUMHYe-
cxoi aneprun ATO unu nepeHoce 3JIEKTPOHA 110 AbIXaTebHOI 1IN MUTO-
xoHApHi. Bosbllioe sHaueHHe 1151 )KU3HEAEATENBHOCTH KIETOK MMEET SAB-
JieHHe CONPSHKEHHOT0 TPAaHCTIOPTa BEUIECTB M HOHOB, KOTOPOE 3aKJI04aeTcs
B TOM, YTO NIEPEHOC OHOTO BemecTBa (HOHA) NIPOTHB 3J1EKTPOXUMHUYECKOTO
rpafivenTa 06YyC/NOB/eH OTHOBPDEMEHHLIM NMepPeHOCOM JAPYTOro BeliecTBa

MOHA) B HANDaBJIEHHH CHH)KEHHMS 3JEKTPOXHMHYECKOTO TIpaZHeHTa.
CXCM;ITH‘{CCKH COBOKYNHOCTb JaHHBIX IIPOLIECCOB TpeACTaBJeHa Ha
puc. 3.1 — 3.3.
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Pwuc. 3.1. ITaccuBHbI mepeHOC MOHOB yepes MeMOpaHbl: ¢ — BCe OGMOJOrMYCCKHE
MceMOpaHbl; 6 — BO30yXMMBIE HUTOMEMOPaHbl HEPBHBIX M MBILUEYHBIX BOJOKOH; 6 —
MofiesIbHble MeMGPaHbl B MIPACYTCTBUM MOHOGOPHBIX AHTHOWOTHKOB
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Puc. 3.2. AKTHBHbBIH mepeHOC WOHOB NMpPH pa6ore TpaHcnoprHuix AT®-a3: a —
MeMGpaHb! CapKOMJa3MaTHYECKOro PaTHKYAyMa; 6 — LMTONIa3MaTHYeCKAe MeMOpaHbI;
6 — 3HEproCOnpsiraomme MeMOpaHbl MUTOXOHADWIA, XJOpOMNAacTos M 6akrepmit
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Puc. 3.3. ConpsikeHHbili TPaHCIIOPT WOHOB W BEIIeCTB uepe3 MeMOpaHbl: @ —
anMKanbHass MeMOpaHa KJIETOK SMUTENAs; 6 — BHYTPCHHAN MeMOpaHa MHTOXOHAPHIA;

¢ — TMOTOK 3ACKTPOHOB IO IbIXaTeJAbHON Ienmn
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3.1.2.1. IlaccuBuniif Tpancnopr

Pa3anyaloT caefyioline BH/bI AaCCUBHOTO TPAHCTIOPTa BEIIECTB B KJET-
Kax ¥ TKauax: Auggysus, ocMoc, GpupTpauus.

Audppysus

Hduddysus — ocHOBHOI MeXaHH3M NTaCCHBIIOTO TPAHCIIOPTA BEUIECTB,
06yCJIOBJIEHHbIH HaJIWYKeM KOHIeHTPallHOHHOro rpaienTa.

Pa3/myaloT HeckoabKo BHAOB pddysun:

— rnipoctas auddyaus, koraa Auddylupyioilee BenecTBO ABHKETCA
TIO FPajiInenTy Yepe3 MeMGpaHy, He 00pa3ys KOMILJIeKCa WM NIPOHMKas ye-
pes KaHaJ;

— orpannyennas audgyaus, Koraa HOH, IPOXOAALMIL uepe3s MeMOpaHy,
TOABEPraeTCa BO3AeHCTBHUIO 3apsKEHHBIX IPYNN 6eKOB, HAXOAAUMXCA B
Kalla/ie ¥ OTPaHMYHBAIOINX CKOPOCTb NOCTYIAEIHA BelllecTBa B KJETKy;

— obneryennas A y3us, OCyUIeCTBsAEMast ¢ MOMOIIBIO TAK Ha3biBa-
eMbIX NIEPEHOCYMKOB — OEJIKOB WJIM MOJEKYJ/ISPHBIX KOMILIEKCOB, o6aaa-
I0IIMX Criel(HYECKUM CPOACTBOM K Olpe/ie TeHHbIM BElecTBaM.

Hpocmas ougpgpysus — aro camonpounssonbiblit Gpuanyeckuit npo-
Lecc IPOHMKHOBEHHUSA BellleCTBa U3 061acTy BBICOKO# B 06,1aCTh MeHblIeH
€ro KOHIEHTPalluy B pe3ybTaTe TENJAOBOro Xxaotuyeckoro (6poyHoBcko-
o) ABWXEHHUs MoJeKyJl. MarteMaTuyeckoe 060CHOBanHe npouecca aAuddy-
auu BnepBble fan A. @uk. Cornacho nepsoMy 3akony (Duka ook aud-
¢bysus NpAMO NpONopuHoHajeH rpaaneHTy kohuentpauun dC/dx:

J=-D (dC/dx),

rae J — KOJMYECTBO MOJeil BeleCcTBa, NIEPEHECEHHOro 3a eJUHHLY BpeMe-
1M, MOJb - cM2 - ¢!, D — koapduument auddysun, cm?/c”; C — Kon-
HeHTPAUHMs; X — KOOPAHHATA.

TakuM o6pa3oM, noTok BeuiecTBa npu AHQ¢y3nyu — 3TO KOXIHYECTBO
BeltecTBa (B MoJsx ), AN YHAUPYIOUIEro 32 eANHHUITY BpeMeHH Yepe3 JaH-
Hy10 IIomaAb. [pagenT KOHIEHTPalMH — W3MeHeHHe KONLEHTPaluH Be-
1IeCTBa Ha eJUIHIly AHHbI B HanpaBaenun Auddy3un. 3nak «MUHyC»> B
TNIpaBo# YacTH ypaBHEHHA O03HayaeT, yTo An¢y3Hs NPOUCXOANT U3 06aa-
cTH 60JblIEH KONIEHTPalNH BentecTBa B o6nacTb Menbieit. Koadgpuument
AuGy3UN 3aBUCHT OT NIPHPO/IbI BEL(ECTBaA, TEMIIEPATYPhl U XapaKTepuayeTt
€ro CNoco6HOCTb Kk AU dy3un. [asa HN3KOMONEKY NAPHBIX HEINEKTPOIH-
TOB KO3 dumment auddysun D = 1075 cM? /.

HMnddysusa ocyuecrsaserca B CIeyIONMX OCHOBHBIX CAYYasX;

— TIEPEHOC HOHOB UJIH BEl[eCTBa B HeNlepeMeIINBaeMbIX CIOAX BOIH3H
MeMOGpaHbI;

— TPaHCNOPT Hea1eKTPoAUTOB (ra3oB) yepes MeM6pany.

OG6Br4HO 1IpH UCCIIE0BAHMY TIPOHMIIAEMOCTH KJIETOYHO! MeMOpalib! KoH-
UEHTPALMOHHbIA I'PAIHEHT ONPe/IeMTb TPYAHO, TO3TOMY A/ OTHCAHUSA Aud-
¢bysuu BeulecTBa yepes Hee NOAb3YIOTCA 6oJee IPOCTBIM ypaBHEHHEM:

J=-D (Cnu - Cuap)/h =P (Cuap_ Cnu)'
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rae C,,, C,,, — KOJHYECTBO BElleCTBa COOTBETCTBEHHO 1O PasHbIe CTOPO-
Hbl MeMOpaHbl, MoNb; P — k03¢ UIMEHT MTPOHULAEMOCTH, aHAIOTHYHDIN
koaddummenty angpdyann, Ho 3aBUCALINIA He TOMBKO OT IPUPOABI Benie-
CTBa ¥ TEMIIEPATyPBl, HO ¥ OT CBO}CTB MEMODaHBI.

B o6memM ciyvae nectaunonapuoit Audgy3nu KoHIEHTPAlMSA BEILECTBa
B J1I060ii TOUKe MOXeET MeHATbCA co BpeMeHeM (BTopoii 3akoH Muka):

2
dc/dt=D l—f.

ITpochuab KoHIEHTpaLMH, JOCTUTaeMblil K MOMEHTY BpeMeHH ¢, XapaKTepHay-
€TCAl TTapaMeTpoM X:

22 =4Dt.

B ctauuonapiioM coctosiiinu, korga dC/dt = 0, pbinofHseTCS yCa0BUE
dC/dx = const, u B JaHHOM cy4ae NPO(UNb IMEHEHHsl KOHLEHTPalluH
BELeCTB2 JUHEEH.

IIpoHNKHOBeHVEe PaCTBOPEHHEBIX YacTHII, O6MaAI0NNX 3 eKTPHYECKUM
3apA/IOM, Yepe3 KJIeTOYHYIO MeMGPaHy 3aBHCHT OT e€ KOHLEHTPalMOHIIOro
¥ 9JIeKTPHUeCKOTo rpaguenToB. [loaToMy Npy 11pOTHBONOIOKHO Hanpas-
JIEHHOM 3/1eKTPHYECKOM IPAAHEHTE IIEPEHOC HOHOB MOXKET OCYLIECTBAATHCA
B HallpaBJ€HUH, NPOTHBONOIOXKHOM KOHLEHTPAllHOHHOMY rpaauenTy. Ilpu
HaJN4YU¥ 3THX ABYX ABMKYIHHUX CHJ TPAHCIOPT MOHOB OCYIIECTB/IAETCA IO
3/MEKTPOXUMHYECKOMY FpaHenTy.

O6aezuennasn oudpghyausn nveer 6oabluoe sHaueHne A GpyHKIMO-
HUPOBAHHA KAETKH. YCTAaHOBJIEHO, YTO CKOPOCTb IIPOHMKHOBEHMS B KJIETKY
TJIIOKO3bI, TTHIEPUHA, AMWHOKHCAOT ¥ HEKOTOPHIX APYTHX BELIECTB He HMe-
€T JMHe110M 3aBUCHMOCTH OT UX KoHleHTpauwH. [IpuueM npu onpeaenen-
IIbIX KOHIEHTPAIMAX CKOPOCTh MX POHUKHOBEHHS 3HaYHTe bHO BhIIIE, YeM
npH npocro# Aug¢ysun. Ita 0co6eHHOCTb OOBACIAETCA TEM, YTO B AaH-
HOM clty4ae Ha6Jiofaercs e npocras, a oberyeHHas Mg dy3ns, MeXaHuaM
KOTOpO}i 3akjioyaercs B clefyiomeM. BewecTBo camocToaTenbuo aud-
¢dbynaupyer uepe3 MeM6pany, HO ckopocTb M dysnn HaMHOro BO3pacTaeT,
€CJIH MOJEKYJBI 3TOTO BeulecTsa (Agoo6pa3ylo1' KOMILIEKC C MOJeKyJTaMu
nepenocyuka (X), koropslit xopolo pacTopsiercs B iunuaax. Ha nosepx-
HOCTH MeMOpaHBI MOJIEKY/IBI A COEAMHAIOTCA ¢ MofeKyJtaMu X M B BHJE
koMiiekca AX TPOHMKAIOT B KJeTKy. [asiee MoJsieky bl A 0CBOGOXKAAIOTCA,
a MOJIEKYJIbl Iepeliocunka JuGGyHMPYIOT K HapyKHO} NNOBEPXHOCTH MeM-
Gpalbl ¥ CBA3BIBAIOTCA C HOBBIMU MosekyMaMu A. [{nddysus c yyactneM
TNIepeHoCYMKa, KaK ¥ IPOCTas, IPOUCXOAHUT A0 TeX NOP, NOKa KOHIEHTpaLus
no o6e cTopolibl MeMOPaHBI He CTaHeT oAWHakoBol. Ecay xosmyecTBo Be-
HIECTB2 B CpeJie NOBBICHTD TaK, YTO IIPH 3TOM U3PAacXOAYIOTCA BCe MOJIEKY-
ABl BeltectBa X, To CKOPOCcTh AH(PGY3nu npy AaabHeHlleM NOBHUIEHUH
KOHIIEHTPallMH BelecTBa A yBesHYMBaThcA He OyfeT. B ofuem ciydae
KHHeTHKa obnerdeHHol AU ¢dysun noaYNHAETCA ypaBHeHHI0O Muxasiu-
ca — Menrana:
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j=-’max Sﬂap/Km+So'

rae J ., — MaKCHMaJIbHBIH [IOTOK; S,,, — HapyXXHad KOHIEHTPAIIMs nepe-
HOCHMOTO BellecTBa; K, — KoHCTaHTa Muxasmuca — Menrena.

Hannstit THI nnq)(byaml OCYUIECTBAAETCA C IIOMOLIBIO KAK MOJABHXK-
HBbIX, TaK ¥ (PUKCHPOBaHIBIX B MeMGpaHe nepeHocudkos. Ha puc. 3.4
TIpeACTaB/eHa cXeMa, HUTIOCTPUPYIoLIas nipollecc obneryenHol andysun,
a Ha puc. 3.5 nokasaHa 3aBUCHMOCTb CKOPOCTH NpocToi U obierdeHion
augysuy OT KOHIEHTPALUH TPAHCIOPTUPYEMBIX MoJieKy . B voHHOM Ka-
HaJle enb (PUMKCHPOBAHHBIX MIEPeHOCYUKOB MOXKeT BbICTUIATh H3HYTPH IOPY
KaHaJIa ¥ MOJIEKy./Ia TIPOHMKAIOLIETO BEIECTBa B 3TOM c/Iy4Yae IepefBUraer-
€Al OT OJHOTO y4acCTKa IIeNH K APYroMy. Y4acTHe NepeHOCYHKa B OCyle-
CTBJIEHUM AAHHOTO MeXaHu3Ma A1 Qys3ny NoATBEPKAAETCA KOHKYpeHiHeH
MeXX/y BeUeCTBaMH IIDH UX IIDOHHKHOBEHWH B KNeTKy. Tax, nocTymnienue
TJIIOKO3bl B MbillleyHble BOJIOKHA yMeHbIIAeTCs NPH BBEIEHUH B CDEAy
apaGHHO3b! WM MaHHO3bI. J[aHHas KOHKYPEeHIIHs 06ycJIoBeHa TeM, YTO IIpH
A06aBJIEHNH B CPefy 3TUX CaXapoB B PaBHOH Mepe HCIOJIb3YIOTCA MOJIEKY-
Jibl epeHOCYHMKa ¥ 3TO 3aTPYAHAET TPaNCNOpT IHoko3bl. Ecim nepenocu-
Mo€ BEUIECTBO 06pasyeT NPOYHbIH KOMILJIEKC C MEPEHOCYHKOM, TO COeHHe-
HHE NIOC/IEHETO ¢ APYTUMH BELIECTBAMH HCKJIIOYAETCA ¥ TiepeHoC OAHOro
M3 BelecTB 6yAeT OCYeCcTBAATHCA MaKkcHMasbHO 6bicTpo. Ilpeanonaraer-
Cs1, 4TO AAHHbIH MEXaHU3M JEXKUT B OCHOBE A€ CTBHA H3BECTHbIX UHTHGHTO-
POB TPaHCNOPTa NEHTO3 U rekco3 — cuiopua3uHa ¥ propernna.

TpancnopTupyemoe @
BeIIECTBO
JAvnuauerit @ @ @
6ucaoit «Ilour» © «Iluurs

BN -

TpancnopTHeri Gesok,
OCYIIECTBASIOTH i
obaerdennylo auddysnio

Puc. 3.4. Cxema omnoro w3 BapwaHtoB o6rerdenHoil awmddysun. Besok moxer
CYLIECTBOBATh B IBYX PasjNYHBIX KOHGODMALMOHHBIX COCTOSIHUSIX: <«MOHr» — Koraa
YYaCTKW [/ CBS3bIBAHWS NEPEHOCHMMOrO BeIeCTBA A OTKPBITBI C HapyXXHOH CTOPOHBI
6UC0s; «IMHr® — KOLAA T€ XK€ YYaCTKW OTKPBITHI C APYroH CTOPOHBL. 3TOT NMPOILECC
NOJHOCTBIO O6pPaTHM, HO NpM Gojiee BBICOKOW KOHIIEHTPALMM BeweCTBAa A ¢ HapyXcHO#
CTOPOHBI 6MCTOs1 C GeJIKOM-TIEPEHOCYAKOM GyZAeT CBs3bIBATBCH Gojblee KOJNUYECTBO
MOJIEKY/T B NIEPBOM COCTOSTHMH, YTO NPHBEZET K TPAHCNOPTY BeulecTsa A TO IPajHeHTy

€ro KOHUEHTpalluH
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Puc. 3.5. Knnernka auddysnu c
TOMONBI0 KaHanoo6pa3yiomero Ges-
Ka H NPH y4YacTum OelKa-TepeHOCHH-
Ka. B nepsom cayvae ckopocth Bce-
TAa NMPONOPHUOHAABHA KOHICHTPaIMy
TPaHCNOPTHPYEMOTO BCILCCTBA, BO BTO-
pOM oHa focturaet Makcamyma (V. )
NIPH HACBIIEHHH GeJKa-TIepeHOCYHKA.
KoHuenTpanwus, IpH KoTopoif CKOPOCTh
COCTaBJ/IACT MONOBHHY MaKCHMaJAbHO-
ro 3HaYeHWs, MPUHHMAETCA PaBHOM
KOHCTaHTe CBA3BIBAHHA K, MOJeKy.
TPaHCIOPTHPYCMOIO BEINECTBA [aH-
HBIM NEPEHOCUUKOM Ky Konneurpaumns

TPaHCTIOPTHPYEMBIX
MOJIEKYN

-
g
Ex

2
2 a
g g
2.©
£ 3
—1 =3

IOnddysns c noMompo
GeKa-IePEHOCYHKA

CkOpOCTh TPaHCMOPTa

B HacTosee BpeMs NpHpPoAa MOJIEKy.I-TIeDeHOCYHKOB, 06Jeryalouux
Inddysnio, HesICHA, XOTA PSI ABTOPOB NPEANOJIAraioT, YTO 3T0 KOMIIEKCDI,
pacTBOpHMbIe B JMINHAAX KaeToynoH MemOpanbl, OcoO6eHHOCTH KHHETHKH
IIPOHVKHOBEHHS BeUleCTB C NOMOUIBIO TNEPEHOCYNKOB yKa3biBAIOT Ha ee
CXOAICTBO C KATAJINTHYECKUM NPOLECCOM, RHAOTHYHBIM epMEHTATHBHOM
peakuuH. IlosroMy o6aerentyio anddyanio IpUHATO TakxkKe CIUTATh Ka-
TAJMTHYECKOH, TAe Posib hepMeHTa-KaTaM3aTopa UTPaeT BellecTBo, obJer-
yaioniee Aupdysno. Kak ¥ ¢epMeHTH, 3TH NepelioCUNKU He MOTYT BbI-
3BaTb IIPOLECCH], HEBO3MOXHDIE 110 TEPMOAMHAMHYECKUM YCIOBHSAM, T. €.
NiepeHOC BelllecTBa NPOTUB Ipa/JMieHTa, HO YCKOPAIOT NPORUKHOBEHHE Be-
IecTB Yepes MeMGpany 110 CpaBHeHMIO ¢ o6brdnoll auddysneit.

PaanoBuHoCTbIO 061eryeHHOM AMd¢y3uH sIBIAETCA TaK Ha3bIBaEMad
o6mennas ouchgbyaus, npu KOTOPOi NEPeHOCUHK 06pasyeT coeMHeHHe
¢ 1ndyHIMPYIOMM BEMIECTBOM H IepeMelaeTcs ¢ HUM OT OAHON mo-
BePXHOCTH MeMOPaHHI K APYTo#, Iae MoJIeKyJa IepeHOCYHKa 0CBOG0XK 1aeT-
csl, ee MecTO 3aHMMaeT Apyras MOJeKyJa TOFO JKe BEN[EeCTBA ¥ KOMILIEKC
nepexocurca o6patHo. IIpn paboTe NMepeHOCUMKOB B Clydae 06MeHHOM
Audy3un KOHLUEHTPAHA BenlecTra 1o o6e CTOPoHbl MeMOpaHbl He HaMe-
nsercad. CymecTsoBanie 06MeHHOI AU dy3Hn 6bla0 OKa3aHO METOIOM
MeyeHbIX aTOMOB Ha 3PUTPOIUTaX, MUTOXOHADUAX H IP.

PaccmarpuBas yHKIMH GeIKOB-TIepelloCYNKOB B nponecce fuddysuu,
KaK NPaBHJI0, 0TMeYaIoT 2 OCHOBHBIX CIloco0a IepeHoca BelecTB:

— YHUnopm — nepeHoc, B KOTOPOM GeJiky nepenocAT pacTBOpEHHoe
BEIeCTBO C OAHOH CTOPOHBI MEMGDAHBI Ha APYTYIO;

— Kxompancnopm — Tepenoc, KOrAa TPAHCHOPT OAHOTO BElllecTBa 3a-
BHCHT OT OJHOBpPeMeHHOro (/U Noc/ie10BaTe/IbHOrO) NepeHoca Apyroro
Bel[ecTBa B TOM JXe Hanpas/eHus (C ¥ M It O P T) WIH B IPOTHBONIOJIOKHOM
(anTunopr) (puc. 3.6). Tak, nocTynseHne caxapos B 6aKTepuaibHbie
KJIETKH OCYLIECTBJISIETCA IOCPECTBOM CHMIIOPTa IIPOTOHOB H MOJIEKY I Ca-
Xapa, a 1o NpHIIIUIY aHTHNOpTa paGoTaer Na, Ca-o6MeHHUK.
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TpaHcnopTHpyeMast MoJeKyJaa

N

KorpancrnopTHpyeMurit HOH

/
AT 828V Lt A
L

Korpancnopr

Puc. 3.6. Cxema pa6oTbl TPaHCTIOPTHBIX 6eskoOB, (yHKUHOHHPYIOUHX
N0 MPHHINNY YHHIIOPTA, CAMIIOPTA W aHTHIOPTa

B kavecTBe npuMepa CHMIOPTa MOXHO IIPUBECTH ePEHOCUNK IIIOKO3BI
U3 MeMOpaH 3pUTPOLIMTOB, a Takxe jakronepMeasy U3 E. Coli. ITepenoc-
YMK I'TI0KO3bl OXapaKTepH30BaH HauboJiee MOJHO U3 BCeX GENKOB, KaTaIu-
supyoumx Axcgdysuio D-raioko3nl Yepes MeM6pany. OuniiteHHbI# nepe-
HOCYHMK M3 3PHUTPOLIMUTOB NpPEACTaBAAET COO0H TAMKONPOTEHHDI C OTHOCH-
TEeJbHOM MoJeKyasspHO#i Maccoit, paBHo# 55 000. OH MOXKeT HaXOOUTbCS B
MeMGpaHe B BUAe AuMepa. Ecau cyauTh no AaHHBIM 06 aMUHOKUCIOTHOIM
HOCJIeA0BaTeJIbHOCTH, TO NIEPEHOCYHK JO/KeH UMeTh 12 TpancMeMOpaHHbIX
d-cnupanbHBIX yyacTkoB. [lepenocunk serko BcTpanBaetcs B Hocgon-
TIH/IHbIE BE3UKYJIBI,

W Hru6uropaMu nepeHOCYHMKOB IIOKO3bI ABAAIOTCA (QJIOpeTHH U HUTO-
XaJ1asuH, KOTOpbie CBA3BIBAIOTCA C UM B cTexuoMerpuu 1 : 1.

Mexay nepeHOCYHKOM IJIIOKO3bl H3 KJIETOK MJIEKONHTAIOLIHX 1 HEKO-
TOPBIMH TPAHCHIOPTHBIMHM CHCTeMaMH 6aKTepHii HaGioaeTCs] 3HauKTeIbHast
roMoJtorus. ['OMOJIOrus CyuieCTByeT TakxKe ¢ TIepeHOCUHKAaMH, OCYIIeCTBIIs-
foiMU cuMIopT H*-apa6unosst 1 H*-kcuno3bl. IlepeHoCUMK rI0KO3b1 U3
MeM6paHbl SpHTPOLMTOB He TpaHcnoptupyeT H* u 1e cnoco6eH k Tpanc-
IIOPTY NPOTHB IPaJJHeHTa ITI0KO3bI.

OnxHo# 13 OCHOBHBIX CTPYKTYD, OTBETCTBEHHbIX 3a IePeHOC JAKTO3bl
Yepe3 GMOJOTHYECKHE MeMGDaHbI, ABJAETCA JaKToNepMeasa. IlocaeaHion
MOXKHO H3y4YaTh B IUTONJIa3MaTHYeCKHX MeMOpaHIIbIX BE3UKyJax. JTOT
6esloK HMeeT OTHOCHTEJBITYIO MoJIeKyIApHYIo Maccy, pasuylo 46 500. Dyn-
KIIMOHANbHON eANHuUIel B MeMOpaHe ABAAETCA MOHOMeD. XOTA HMEIOTCA
JaHHble, yka3bIBalolifie Ha CylLecTBOBalve AumepHo# ¢opmsl. Ilonaraercs,
YTO JaKTOnepMeasa UMeeT 12 win 14 TpancMeM6paiibix d-crmpaneit. Brep-
Bbie MOJieJ1b CTPOEHHS JaKTollepMeasbl npeanoxena Ka6akom (puc. 3.7).

Oco6eHHOCTH TPAHCIIOPTa JIAKTO3bI C yYaCTHEM JaKToIlepMea3bl 10CTa-
TOYHO XOPOLIO H3y4YeHBI.
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Pwuc. 3.7. AMUHOKHC/IOTHast TMOCJCIOBATC/IBHOCTD P*-naxtonmepmeasnt #3 E. Coli. AMMHOKHMCJOTHBIE OCTATKH, 3aKJII0-
YEHHBIE B KPYKKH, ONpPeResior cy6cTpaTHyio cuenuduunoctd (CneuAAIHOCTL CBA3BIBAHUA caxapa), a OCTaTKH, 3aKJTIOUeH-
Hble B KBaJ(PATHKH, Y9acTBYIOT B CONDSXKEHWH MPOTOHMPOBAHUA ¥ TPAHCMOPTA JAKTO3BI



1. llepMeaaa UMeeT ogHO HJH GoJiee MeCT CBS3bIBaHHS /IS IPOTOHA H
OaNO0 AMA JAKTO3bl. DTH MecTa GBIBAIOT MOOYEPeAHO OOpalIeHbl K Iepe-
TIa3MaTHYeCKOH M IIUTONIa3MaTHYecKOM cTopoHaM MeMOpanbl. CooTseT-
CTBYIOIMH KOH(OPMaIHOHIIbIi NepeXoa AB/sieTCS MMMUTHDYIOLIEH cTaauei
npouecca. MakcuMasbplasi CKOpPOCTb TpaHcnopTa pasia 25 — 50 ¢!, IIpu
HaJIMYHY TPAaHCMEMOPaHHOTIO POTOHHOTO 3/1eKTPOXMMHYECKOr0 IIOTeHI[Ha-
na (A py+) K, Ans naktossl cocrabisier 80 MKMOJIb; MECTO CBSI3bIBalIUsI
NpoTolla XapaKTepuayeTca BbICOKUM PK,, 0aTOMy 60/b1IYyI0 YaCTh BpeMe-
nu npotouuposano. IIpu (A py+) = 0 sHavenne K, A/151 JaKTO3BI rOpa3fo
Bpiie — 15 — 20 MMosb.

2. TpalcnopT JKakTo3bl 0643aTeJbHO COIPOBOXKIAETCA TPAlCIOPTOM
H* co crexnomerpueii 1 : 1.

3. KoHe4yHbIM pe3ybTaTOM TPAaHCHODTa SIBJIsETCA IepeHoc Yepes GH-
cJI0# MosoXKTeNbHOTO 3apada. CienoBaTesbHO, BAKHYIO POJib B yCTAHOB-
JieHMH DABHOBECHS ¥ CKOPOCTH TPaHCIIOPTA HIPAIOT TPAHCMEMOPAIIHIbIN 3/1eK-
Tpryeckui notenman (A¥) 1 pasHOCTh MPOTOHHOTO XMMUYECKOrO NMOTEH-
uuana (ApH). B 6akrepnaibHbIX MeM6paliaX TPaHCIIOPT BelleCTB, B 4acT-
HOCTH MaJIbTO3bl, MOKET OCYIIECTB/IATLCS Yepe3 ClelaIN3HPOBaHHbIe CTPYK-
Typs! — noputbl. [lopuHb! 06pasyIoT opbi, KOTOPble GYHKIMOHUPYIOT Kak
MOJIEKY IipHbIe CHTA, onocpeaya Auddysnio HeGoAbIINX THAPOPUADHBIX
MOJIEKYJ 4epe3 Hapy>XKHyl0 MeMOGpaHY [IDPaMOTDHIIaTeNbHBIX GaKTepHil
(puc. 3.8). Otnocurenbiias MoJeKy Aipliast Macca OPHHOB BapbUDYET OT
28 000 ao 48 000. B MeM6paHe OHM NPUCYTCTBYIOT B BU/Je TPHUMEDOB.

. O/. Puc. 3.8. Moaeav nopn-
.,\'O Oi..zo o\O O/‘ Hosoro Tpamepa (BHA cBEPXY);

) . KaxJas CyObeaWHILa coaep-

O\f. O\O O". XHT MOPY, BHYTPEHHAS MOBEPX-

Iy i - Sl . HOCTD KOTOpOHW 0o6pasomana
ocrarkaMu ruaApoGHIBHBIX aMH-

g HokWcor. Kaxaass <raHresb-

o-®
s e ka» — 310 f-uemb W3 4epeny-
Y O/O IOIMXCs TRAPOGAIBHBIX (F;Bcr-
" O\. Jble KPYXKH) ¥ riuapodo6HbIX

(TeMHDBIC KPYXKH) OCTaTKOB.

CnnouHbie TMHUH — TPAHAIIbI

./O MEXIy OTAeNbHBIMA CyObek-
. J) O,O (& TaMu



Hau6oJee noaHo kK HacToALeMy BpeMeHH U3y4eHbl 4 BH/a TOPHIIOB U3
E. Coli. x xapakTepHas 4epta — o6pa3oBaHKe HaMOJIHEHHOTO BOIOH TpaHc-
Mem6panHoro KaHasa. [IopuHbI TPOYHO CBA3aHBI C JHIONOIHCAXAPUAAMHU H
¢ nentuaoriaukaioM. OIHAKO 3TH COeAMHEHHS He ABASIOTCS Heo6XO HMbI-
MH 1151 GYHKIMOHHPOBaHuA nopuHoB. O6pa3yeMble NOCAeTHUMH KaHaJbl
Pa3saM4aloTCA Kak 110 pa3MepaM, Tak ¥ N0 celeKTHBHOCTU. CesleKTHBHOCTh
onpejesfieTcs HAINYNeM BHYTPU HJIM OKOJIO BXOZa B KaHAJ 3apsiKeHHBIX
AMHUHOKHCJIOTHBIX OCTATKOB. JJEKTPOHHO-MUKPOCKONHYECKHE HCCIEA0Ba-
HUA NIOKA32JH, YTO NOPHHBI MOTYT 06Pa30BhIBATE OJUH GObILOM KaHAT UK
TpHU He3aBUCUMBIX. [1aBHOH (pyHKIMEH TOPHHOB, ¥ 0co6elnio nopuna Lamb,
SIBJISIETCSE CTUMYJLALIMA HAKOIJIEHHUS MATbTO3bI B KJIETKeE.

B 1960-x rr. 6p111 o6HapyXKeHbl uoHogops: — Hebosblne ruapodo6-
Hble MOJIEKYJIb, CTIOCOGHbIE PACTBOPATHCA B THINAHBIX GUCJIOAX M NOBbI-
IaTh HX NTPOHUIIAEMOCTD A7 HOHOB. MHorye Hono¢opbl CHHTE3HPYIOTCA
MHKDOOPraHM3MaMH H 0671a/[aI0T CBOWCTBAMH aHTHOHOTHKOB (TPaHCIOPT-
Hble aHTHOHWOTHKH). Pasmirya-

IOT ABa KJacca noﬂocbo- T'napodobHas Gokosas ILeENb

pPOB — MOABHXIbIE Iepe-
HOCYMKH MOHOB H KaHas1006-
pasyoliue HOHOOPBI.
Honodopsi nepsoro Kjiacca
MepeHOCST HOHBI Yepes yrie-
BOAOPOAHYIO 06J1acTb MeM6-
PaHBbl, ¥ X aKTUBHOCTH CBA-
3aHa ¢ co6cTBeHHOH aAnddy-
3velt yepe3 MeMOpany. K aroit
rpyIe NPYHAIJIEKAT BaaH-
HOMMITHH, HUTEDHULIMH, HOHAK-
THH, KaJblHeBble HOHOGoO-
Pbl — Aj3yg7 U HOHOMMLMH
(puc. 3.9). Ko Bropoi# rpyn-
Tle TPRHCNIOPTHBIX aHTHGHO-
THKOB OTHOCATCSA KaHaJ1006-
pa3oBaTes, (GOPMHPYIOLIHE
KaHaJ, KOTOPbi# IIPOHM3bIBa-

eT MeMOpaHy. B Hauase Tpasc- @ D-pasum
TIOpPTa HOH BXO/HUT B Hero Ha
OAHOM CTOpOHE MeM6paHbl, © L-samm

andyHaIupyer no HeMy H
BBIXOHT Ha Apyro#t. Ctumy-
JISIMA TPAHCNOPTa HOHOB 1O
3TOMY MEXaHH3MY He CBA3a- . L-monounas kucjora
Ha ¢ JBHXeHHeM (JaTepasib-

O D-ruapooKcHH30BaIepPHaHOBAS
KACJI0Ta

Puc. 3.9. Monekysna BaTWHOMHAIIHHA, CBSI-

Has ancdysus) camoro an- 3aHHasl C PACNONOXKEHHBIM B LCHTPE KOJbIie-
THGHOTHKA-KaHa006pa3oBa- BOf cTpyKTyphl woHodopa wuoHoM K ¢ mo-
TeJisI B MeMépaﬂe' K 3-1-01';'( MOUIBI0 aTOMOB KHCJIO0OpPOZa
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IpyIiI€e OTHOCATCS TPaMHILMAMII A, NoJHeHoBble anTHOHOTHKH (1MCTaTHIL,
aMdorepunuil B, anameruuuTHi ¥ 1p.).

Ouenpb UIMPOKOE NPUMelleline B 6MOJOTHY ¥ MEAULIMHE IIalllesT HOIIo-
¢op BaMHOMHIMII — NOJUMED, NOBBILIAIONIUI MPOHHIIREMOCTb MEMOPalbl
a7 uoHoB xaaus. On o61agaer Koablleo6pa3ioi CTPYKTYypo#t ¢ nocaeno-
BATEJIBHO TPHIXKb! NOBTOPSIOIMMHCS YeTbIPbMA ocTaTKaMu (cM. puc. 3.9).
Hapykiibie TPyl HMKIHYECKON MOJIEKY bl BAIHHOMHIIMHA KOUTAKTHPYIOT
¢ raApodo6H0H 061aCTHIO JUIIMIHOTO 6UCII0S, a 3a CYeT BUYTPEHHHX TPy
TIOJIIPIION YACTH MOJIEKYJIb! OJUH VOH KaJius CBA3BIBAETCA C IIECTHIO aTo-
MaMH KHcaopoJa. Baxno, 4To BaIHHOMHIIHH CBA3biBaeT HOHbI K npeanou-
TUTeAbHee, YeM MoHblI Na. ITo 0o6yc/ioBjieHO TeM, YTO AErMApaTauus
nonta K Tpe6yer Meilblileil 3aTpaThl 9HEPTHH, YeM JAerupaTanus HoHa Na
(112 67 xJIx /Mosib), TIpuMedaTeNblio, YTO MOJIEKY 1A BATHHOMHIHHA 061a-
JaeT TpaHCMeMOpaHHOK NOABHXKHOCTBIO M TPONECC TIPHCOeIHUNEHHS
nona K crynenyarteiii. B Xxoze cBA3bIBaHus HOlla MOJIEKY Jibl BOJBI FHApaT-
HOH 060JI0YKH MOCTEHEHHIO BbITECHAIOTCS KUCIOPOJHBIMH aTOMaMH aHTH-
6GUOTHKa, UTO CHH)KaeT aK THBAI[HOIIHBIN 6apbep CBsI3bIBaHUSA U BHICBOGOXK-
aetiusg noua. ITosToMy BaJHMHOMMIMI NPHCOEJUHSIET M BBICBOGOXKAET
non K* muorokpario (zo 1 000 uonos 3a 1 c).

Cpenu kananoo6pasyouux 6eaKoB 11an6oJiee XOpOLIO H3y4eH TPaHc-
HOPTIIbIA AHTHOMOTHK TPaMMUMAMH A — TOJUIENTH], COCTOAUIMH U3
15 amuHOKMCJIOTHBIX OcTaTKoB. OH o6pasyeT TpalicMeMOpaliHbli KallaJ
OpH  HaJHYHU [ABYX MOJIeKyJa. OITOT JuMep HMeeT CIUpPaJbHyIo
CTpYKTYpy M popMupyer kanan (auamerp 0,4 HM), OKPy>KeHHBbIH TOJSAD-
HBIMHU IPYTIIaMM ENTHAOB, a KapOOKCHIbHbBIE TPYIIBI 06Pa3yIoT KPaTKo-
BpeMellHble KOOPAUHALHOIIIbIE CBA3H C KATHOHOM B MOMEHT €ro POX 0XK-
IeHus o Kalany.

IpaMunuanioBsie Kallajibl KATHOHCEAEKTHBHBI TIPH OIIEHKE UX H3Gupa-
TeJIbHOI NPOBOAMMOCTH GbLIa O6GHapyXKeHa Takas NoCAeA0BaTebHOCTD 1IPo-
BOAMMOCTH JIJsi oJioBajeHTHhIX KaTHonoB: K*> Cs*> Rb*>NH, " >
> T1* >Li*. HpoBoaumocTb Miiockoit BJIM, coxepxkauieit HeGosibioe KOJIH-
YeCTBO rpaMHUMAUNA A, HeNOCTOsIHHA: A5 HoHOB Na OHa MeHseTCsA BO
BpEMEIH CTYNEHYATO, YTO OGBACHSIETCA CIIOHTAaHHBIM 06pa3oBaHHEM KaHa-
JIoB. B 3aBHCHMOCTH OT cOCTaBa JIMIHAOB M JPYrHX YCJAOBHIH BpeMs JKU3HH
rpaMHLIMAMHOBOrO Kalajia cocTasiser ot 30 Mc fio 60 c. B Teuenne 1 ¢ no
OIHOMY Kallasry MoXkeT npoiiTn 107 HOHOB, B TO BpeMs KaK CKOPOCTb TpaHC-
NOpTa ¢ NOABMKHBIM NepenocyukoM cocTasaser 1 000 nonoB 3a 1 c.

OcMmoc u purvmpayusn

[lns xnerouiibix MeMOpan XapaKkTepHa IOy POHUIAEMOCTD, T. €. CIO-
cO6HOCTb MPONYCKaTh OAIH BeltecTBa (B YacTHOCTH, BoAy) H He Mpoltyc-
Kath Jpyrue. Moseky/a BoAbl MPOXOAUT CKBO3b KJETOUYlble CTEHKH B
pesyJibTaTe pa3MuYuii THAPOCTAaTHYECKOTO JaBjeHHsa U ocMoca. OcMoc —
3TO IIPOILECC TIepeMelielIHs MOJIEKY bl BOJbI Yepe3 NOJIyNPOHUIIaeMyIo MeM-
6pany u3 ob6nacTu Meubllel KONLEHTPAUHH PacTBOPEHHOIO BellleCTBa B
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o6sactb 6oableit. Cuia, BbI3bIBAIOLIAs ABMXKEHME PACTBOPHTES, 11a3blBa-
eTcst ocMomuueckum oasnenuem. OCMOTHUECKOE JaBJieHHE PACTBOPA 3aBH-
CHT OT KOJIMYECTBA PACTBOPEHHbIX HOHOB H TeMITepaTypbl. B cooTBeTcTBMH
c ypasiienueM Bant-I'odda ocMoTHueckoe naBienue () pacTBopa npsaMo
nponopiuoHaibHo Konuentpauuu (C) pacTBOpeIIoro BelecTsa 1 abco-
moTHoii Temnepatype pactsopa (T):

n = iRTC,

rae i — U30TOHMYeCKU K03 PUIMEHT, 3aBUCSIIMIL OT CTeNeHH UCCOLMa-
L[MH 3JIEKTPOJIUTA H NIOKA3bIBAIOIIHIA, BO CKOJIbKO pa3 yBeJIHYHBAETCS KOIU-
YECTBO PAcTBOPEHHBIX YACTHIL TPU AMCCOMMALIMU MOJIEKYJT; JJISE HHEIIEKTPO-
JIUTOB i = 1, AA5 31IeKTPOJUTOB i > 1; R — rasoBasi NOCTOsIH1Ias.

I'uapaBiyeckas NPOBOAMMOCTb MeMOPaHbI B JAHHOM CJIyYae onpeje-
JIAETCS U3 COOTIIOLIEHUS

rae P — ruppocTaTHuecKoe JaBjenne B KieTKe; L, — ruapaBindeckas
APOBOAUMOCTb; J — IOTOX BO/IbI.

IIpeanonaraercs, 4To oCMOTHYECKOE AaBJeHHe 0GYCJIOBIENO BO3/EH-
CTBHEM Ha MeMOpaHy MoJIeKyJl pacTBOpHTe . Hucsio MoJeKyJ pacTBOpH-
TeJsisA, AOCTHralOMMX MEMOPAHIBI CO CTOPOHBI PAaCTBOPA, MEHSETCS, TaK KaK
YacTb NJIOL[AJH NONEpPEYIoro cedeHUs1 MeMOpalibi 3alAaTa YacTHUAMH
pacTBopenHoro BellecTBa. KMlcxo/s M3 3TOTO MOXHO CUHTATD, YTO OCMOC
npezacTassser coboit anddysuio Mosaexysn pactBopurest. CKOpOCTb 0CMO-
THYECKOTO NepeHoca BoJb! Yepe3 MeMGpany MOXHO IfailTH U3 ypaBlielus

dm/dt=-KS (P, - P

rie dm /dt — KomauecTBO BOABE, IPOXOAALEH Yepe3 MeMGPaHy TIOUTIAIbIO
S 3a equnuuy BpeMenn; K — xoadduient nponnuaemocty; Py, P, —
OCMOTHYECKOe AaBJielide COOTBETCTBEHIIO IO OAHY U PYTYIO CTOPOIY MeM-
6panbi.

OO6biuto BoJIa TPOHHKAET B KJETKY A0 TeX NOP, NOKA 1ie BbIpaBUsAeTCS
OCMOTHYECKOE JaBJIeHUe MexXAy KJeTkolt u cpenoi. Ilepenoc Boab! MoxeT
TaKJKe OCYLIECTBJSITHCA MyTeM (QHILTPAIMH, NPOHCXO/SIIEN TJIaBHBIM 06pa-
30M NMpHM HAJMYUM TPaZMEHTa THAPOCTATHYeCKoro AaBieHus. Duabrpa-
UMA — 3TO HPONECC NPOHUKHOBEHHS XUAKOCTH yepe3 NOpbl KaKoi-1160
NeperopoIKH NOA AeiicTBHEM rHIpocTaTHYecKoro Aassenusi. Ckopocts Guib-
TpalMU HaXOAAT U3 ypaBHeHus [lyaseiissr, ONMCHIBAIOLLETO TEYEIIHE KUA-
KOCTH N0 KaNMWJIJASPY HOA AaBJIeleM:

dv/dt=nr (P,, - P,..) / 81y,

rae dV — o6beM GHIBTPYeMOi )UAKOCTH; ¥ — palnyc Kaxao# nmopey; P,
P, ,, — AaBJienne COOTBETCTBEHHO I1a KOHIIE H B layaJie Nopbl; | — nmuna

Hap)’

Haj
HODbI; Y — BA3KOCTb JXUAKOCTH.

IIOCTynneuue BOAbI B KJIETKY CBA3aloO C ua6yxanueM nocjeaHei u
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pacTsikereM ee creHKU, [103TOMy npu HccJleIoBaHHU OCMOCA YYUTHIBAIOT
Moay/b o6beMHo# ynpyroctu Kiaetku (€), onmpefessieMbiil 10 3aKOHY

Tyxa:
dP=edV/V,

rae V — o6beM KJIeTKH. BeJlM4UIy € HAXOAAT C HOMOIIbIO MHKPOKAITHJI-
JIIPHOTO 30H/1a M AATYMKA TYPrOPHOTO JAaBJelids o CABUTY P npH HHbEK-
LM B KJIETKY MOPLMU XHIKOCTH H3BECTHOTO 06beMa. Beamunuy L, naxo-
JAT HO CKOPOCTH U3MEHEHHUs TYPTOPHOTO JaBJEHHs B THAPOCTATUYECKUX H
ocMoTHdeckux onbitaX. Koadduuuents: oTpaxenus A1 pasHbIX BEUECTB
ONpeAEAIOT N0 OTHOIWIEHHIO CIBUTa P TYPropHOTro AaBJjieHus K BBI3BaBLIe-
MY 3TOT CABUT M3MeHEHHIO OCMOTHYECKOTO JaBJIEHHS CPEbI:

c=(P-P_)/=

DunbTpanusa 4 0CMOC HrpaioT GOJBINYIO PoJb B Nponecce o6MeHa
BO/IbI MEXKIY KPOBbIO M TKaHbio. OCMOTHYECKOE AaBJIEHHE KPOBH YeJJOBEKA
paBiio 760 — 780 xIla.

Mexanuamwt mpaHcnopma uoHo8 u geuiecmse 6 xaemxKy

HecMoTps Ha pa3iauust MoJIeXyJIsspHOH CTPYKTYPBI U PUIMKO-XUMUYe-
CKHX CBOJCTB BelllecTB, HOCTYNAIONHX B KJETKY, CYLIECTBYIOT TOJIbKO ABA
OCHOBHBIX ITyTH UX NPOHUKHOBEIIHst Yepe3 KJIETOYHYI0 MEMOPaHY:

— 3a CYeT paCTBOPEHHS B JIUNHAAX MeMOpaHbI;

— depe3 Kallajbl KJIeTOYHON MeMOpaHbl, KOTOPble COEAMHAIOT IIHTO-
NTa3sMy KJIETKH C BHelrHel cpeoit.

Eme B 1895 r. E. Osepton (E. Overton) naokasan 3aBHCHMOCTb
ApOHHKalouel# CNOCOGHOCTH BEIIECTB OT UX PACTBOPUMOCTH B JIMITH/AX.
AHanoruynble fainHbie 6b1m moayyensi P. Konnanaepom (R. Collander),
KOTOPbI#l YCTAHOBHJI, YTO PACTBOPUMOCTD BEIIECTBA B OJIHBKOBOM MacJie
HPOHOPIMOHAIbHA MPOHULIAEMOCTH €T0 B KJIETKY. BaskubiM ¢akTopoM, BIH-
SHOLINM 1A TIPONHIIAEMOCTD BEIECTB yepe3 MeMOpaHy, SIBJISIETCA pa3Mep UX
MoJsexyJ. Tak, BelecTBa ¢ OAMHAKOBbIM KO3((PHIHEHTOM PACTBOPUMOCTH,
HO OT/IMYAloLIMecs pa3MepaMu 1 opMoii (ctepuyeckuit HaxTop) MpoHHKa-
I0T B KJIETKY ¢ Pa3sjM4HOR ckopocTbio. M3 ABYX OfHHAKOBBIX 1O pa3Mepy,
HO pa3HbIX HO PaCTBOPHMOCTH B JMNHAAX BELIECTB, HAIPUMED NPONMJIEH-
TJIMKOJIT U MOYeBUHbI, NepBblit B 20 pa3 ObicTpee NPOHUKAET B KJETKY,
HOCKOJIbKY JIy4lile PAaCTBOPSIETCA B IMNMAAX.

B cBs3u ¢ npoBeAeHHbIMH HecnepoBaHuaMH E. OBepTon cdopmyaupo-
BaJI CJIeYIOLINE SMIMPHYECKIE 3aKOHBI;

— NMPOHUIAEMOCTDb KJIETOYHBIX MeMOpall A1t OPTaHHYECKUX MOJIEKY
YMEHbIIAETCA MO0 MepPe MOBBILIEHUS B MOCHEAHHX KoAuuecTBa PyHKUMO-
HAJIBHBIX TPy (THAPOKCHILHBIX, KAPOGOKCHIHHBIX M AMHHHBIX );

— NPOHHIAEMOCTD KJIETOK AJisi OPraHHYeCKUX MOJIEKYJI BO3PACTaeT 1o
Mepe PocTa B ITOCJIeANNX YHC/IA METWIOBBIX, STHJIOBBIX U (PEHMJILHBIX IPYTIIL.

CyecTBy10T, OAHAKO, BELIECTBA, IOBeAEHUE KOTOPbIX He MOAYHHACTCS
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yKa3aHHbIM 3aKOHOMEPHOCTSM. Tak, Boda, 00Ja/ias pACTBOPHMOCTDBIO, aHa-
JIOTHYHOHN PacTBOPUMOCTH THOMOYEBHHBI, NPOHHKAET B KNeTKy B 200 pa3
6bicTpee. Takumu xe cBoiicTBaMu 06/1a1al0T MeTaHoa H PpopMamMua. ITH
daxTbi P. Koanangep oGBSCHUI TEM, 4TO IJa3MaTuyeckas MeMOpaHa
HPOHH2aHA IOPaMH, KOTOpbie MOT'YT NPONYCKATh TOJbKO MEJIKHE MOJIEKY-
Jpt. TakuM 06pasoM, B HacTosIlee BpeMsl pacCMaTPUBAIOT ABa MyTH AU-
¢ysuu Moaexya (Hanpumep, Boabl):

— IuApOoWIBbHBIH, KOTAA MOJIEKYJIa BOXbI IPOXOIUT CKBO3b IOPHI, chop-
MHpPOBaHHbIE UHTErPAIbHbIMH GexaMu MeMOpaHbl;

— CBSI3aHHBIN ¢ BOSHUKHOBEHHEM KHHKOB ~— JIAGMJIBHBIX CTPYKTYP B
YT JIEBOZOPOAHOI 001aCcTH MeMOPaHEI.

Kaxk y>ke ynoMuHaioch, HyHKIMIO HOHHBIX KaHAJIOB MOXHO CPaBHHUTbD C
dynximeii pepmenToB. Hanpumep, a5 nepeHoca uonos K us Boanoik cpe-
Jbl B JIMITHAHBIN MaTpHKC MeMOpaHbl He06XOAUMA SHEPTHA, COCTABAAIONas
250 kI /mMoab. OaHaxo sHepreruyeckHit 6apbep, KOTOPbL JOKEH Ipe-
oAoneTb uoH K npu TpaHcnopTe uepes nila3aMaTHyecKyio MeMOpaHy, peaib-
Ho cocTtasJser Toabko 20 /[ /MoJb. DTo 06bACHAETCS TEM, YTO HOIIHasA
IIPOHHUIIAEMOCTD KJIETOYHbIX MeMOpaH o6ecrieYnBaeTCsl MOHHbIMU KaHalaMH,
MPeACTaBASIONIMMU coO0 dHTEerpasbHbie 6enku. [as 60JbIINHCTBA HOH-
HbIX KaHaJIOB XapaKTEPHB! SBJIEHHS H3GHPATeNbHOCTH, Hacbiuienus (npu
yBeJMYEHHH KOHIIEHTPAIMH HOHOB) ¥ GiaokupoBanus. [lpu GyHKIHOHMPO-
BaHHH KOHGOpPMAIMOHHbIe U3MEHEHUSA MOJIEKY 1, GOPMUDYIONMX CTPYKTYPY
H OKDY’K€HHE KaHajla, NepeBOAAT UX U3 3aKPBITOTO COCTOSIHHS B OTKPbITOE
4 Hao6opoT. AKTUBaNUA KaHaja o0ycJoBieHa JHGO CABHIOM BeJIHYMHbI
MeMOPaHHOro HoTeHlala, MO0 B3auMoAeHCTBHEM yYaCTKa MOJIEKYJIbI Ka-
HaJa ¢ ONpeAeJIEHHbIMU XUMUYECKHMH BelecTBaMu, 60 crienugpmyecKuM
docopummpoanneM 6eJKO0B.

B nepBoM ciryuyae KaHaJOM yNpaBJsieT 3JeKTpHyYecKoe noje MeM6pa-
Hbl, CTPyKTypa, pearupyomas Ha U3MeHeHHe HaPs>KEHHOCTH HOoJIst, epe-
HOCHT 3JIeKTpHueckuit 3apsa (T. e. HMeeT 3apsAXeHiible TPYNIUPOBKH) H
Ha3bIBAETCS CEHCOPOM HaIps’KeHHA. Bo BTOpoM cilydyae ynpaBieHHe ocy-
HIECTBJISAIOT CBSI3aHHbIE ¢ KaHAJIOM PELIENTOPbI, B3aMMOAEHCTBYIOIIHE C
onpe/ieIeHHBIM XMMHYECKUAM BEIECTBOM, YTO CHOCOGCTBYET OTKPbIBRHUIO
KaHaja. B TpeTbeM ciIyyae B3auMopaeiCTBHE XMMHYECKOTO BELIECTBA C pe-
UENTOPOM MeMOpaHbl BbI3bIBAET NOSBJIEHHE B KJIETKe BTOPHUHOTO NOCpen-
HUKa — DAMO WM JMAIWATIHIIEPHH, aKTHBHPYIONIETO COOTBETCTBYIOLIME
NPOTEUHKHHA3B!, KoTopble HochopH/MPYIOT 6EJIKH HOHHBIX KaHasoB. Ilpu
3TOM NPOMCXOIHT IIEPEX0/ KaHAJIOB B OTKPbITOE cocTostHHe (faHHbiit THII
PETyJSIIUH AOCTATOYHO XOpoluo uayven aas Ca-xananos). Uepes pasimy-
Hble KaHaabt 3a 1 ¢ MoeT npoxoauTh oT 106 fo 10% HoHoB.

Opxoit U3 BaXKHbIX 0COOEHHOCTEM KAHAJIOB KJIETOUHbIX MeMOpaH sBJISA-
€TCS1 MX CNMOCOGHOCTb OT/IMYATh MOHBI PA3JHYHOIO 3HaKa M XMMUYECKOMN
npupoabt (ceJeKTHBHOCTb). BbisicHeniHe NPUPOAbI CENEKTHMBHOCTH —
OCHOBHOIt KJIIOY K MOHNMAHHIO MOJIEKYJISIPHbIX MEXaHU3MOB 3J€KTpHYe-
CKOI aKTHBHOCTH KJIeTOK. [[Jist O6bsICHEHHUS CENIEKTHBHOMN IPOHUIIAEMOCTH
HOHOB 6biJ10 BBIABUHYTO HECKOJBKO rHnoTe3. OxmHa H3 HUX, MPUHALIEXA-
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uras JI. Muxasmucy (L. Michaelis), cocTouT B ToM, 4TO KaHaJIbl, 3aMOJHEH-
Hble BOJAOM, 00JaJaloT CyMMapHbIM OTPUIATEJIbHBIM 3apsSAOM, KOTOPbIl
HpeNsTCTBYeT mepenocy B HUX amHonoB. C apyroii ctoponbl, B 1941 .
E. Ix. Kouseit (E. J. Conway) u II. [Ix. Boitns (P. J. Boyle) ua
OCHOBAIIMH AaHHbIX O HPONULAEMOCTU CKEIETHbIX MbIIIEYHbIX BOJOKOH Y
amubnii ana nonos K u Cl npHILIM X BBIBOAY, YTO MOPHI HE 3apsiKEHbI H
NPOHHI[AEMOCTh MEMOPAHBI 3aBUCUT TOJIBKO OT AHAMETPA HOHOB B THAPATH-
POBaHIIOM cocTosiMU. B HacToAlIee BpeMsl HX TEOPHS «CHTa» AJs TMApa-
THPOBAHIIBIX HOHOB NPEACTABJSIET B OCHOBHOM HCTOPUYECKHUIT HHTEPEC, TaK
KaK He COTJIacyeTcsl CO MHOTMMM 3KCHepUMeNTaIbHbIMU faHHbIMU. Tak, Ha-
HOpUMep, M3BECTHO, 4TO paauycet uoHOB K, Rb u Cs B rugpatupoBanHom
BHJIE OIMHAKOBbI, a MPOHMIIAEMOCTb 4151 HoHa K sHaunTebHO Goubine, yeM
ans uoHos Pb u Cs.

B cBs13u ¢ po61eMoil CeIeKTUBHOCTH KaHaJIoB ONpee/IeHHbI HHTepeC
npeacTapsier runotesa JI, . Mynnausa (L. J. Mullins) o Mexanusmax
HOHHOUN NPOHULIAEMOCTH GHOIOTHYECKUX MeMODaH, YYMTbIBAIOLIAs pasMep
nop MeMOpansl. B gaiHOM CIyyae CYMTAETCs, YTO HOH JHUIIb TOTAA CIOCO-
6enl npoiiTH uyepe3 Mopy, KOIJAa ero COGCTBEHHbIH paiuyc, CYMMHPOBaH-
1IBIH ¢ pasMepoM OIIOro €105 THAPATUPOBAHHON HOHOM BOJbI, OyJ€ET COOT-
BETCTBOBATb PaAuycy nopbi. CTElIKH 1OPbl, B3aUMOAEHCTBYS C IPOHHKAIO-
IMM HOHOM, Kak Obl AOMOJIIAIOT THAPATHYIO 060JI0YKY, YTO CNIOCOOCTBYET
nepexoAy HOHa H3 BOXHOTO pacTBopa B MeMOpany. B oTimuue ot npeani-
AYIMX 3Ta TOYKA 3pelist NpeArno/araeT HaJu4ue Nop Pa3JIMdHoN BeJIUyH-
HBbI.

Urtaxk, pasauuust MeXIy KaHaJaMH U TEPEllOCYMKAMU 3aKJIIOYAIOTCS B
TOM, YTO:

— Y Ha3BaHHbIX TPAHCHOPTIBIX CUCTEM pa3ias MPONYCKHas CHOCco6-
HOCTb: Kanaj mpomyckaer okojo 107 HoHOB B 1 ¢, a NepeHOCYHK —
oxoao 10* wuomnoB B 1 c;

— MPOBOJMMOCTD, 00YCJIOBJIENIIASA NEPEHOCUNKAMHU, CHIIbHEE 3ABHCHT OT
BSAI3KOCTH JIMITUAHOTO GUCJION M TEMIIEPATYPBI, YeM NPOBOAUMOCTD KaHAJIOB;

— pasHasi IPOBOAHMOCTD B 3aBUCUMOCTH OT KOHI[EHTPAIMK TPAHCIIOP-
THPYEMOTO HOHA,

B HacTos11ee BpeMs AJ1s1 O6bsCHENHS BbICOKOM TPOHHIIAEMOCTH MeEM-
6paH 4YacTO HCHOJb3YIOT MOJIOXKEHHS 3JEKTPOCTATHYECKOM TeopuH, sjieK-
TpoaHddy3uoHHOR TEOPHM U TeOpUH a6COJIOTHBIX CKOPOCTEH peakiuH.

OCTYJIUPYETCS BO3MOXXHOCTb ONHCAHMsi HepeHoca MOHA 4Yepe3 MeM-
6paHy ¢ NOMOIIBIO ONpPEeAE/IeHUs BeJMYUHbI TaK HA3bIBAEMOI'0 aKTUBAIIHOH-
1ioro 6apbepa (1. €. 31epruu, Heo6XOAUMOH AJIst obecrieyeH s TpaHCopTa
HOHa).

Cornacto 37eKTpoCcTaTHYECKO# TeOpHH 3HEeprus nepeHoca UoHa onpe-
Aesiercs no hopMye

E = Nz2¢2 /8regr (1/€,— 1/€,),

rae N =6 - 1023 Momp™'; z — 3apsag MoHa; e=1,6- 10719 Ku; ¢,= 8,8 x
x 10712 D /M; €, & — AUIIEKTPHYECKAsl MPOHUIIAEMOCTb COOTBETCTBEHHO
MeMOpaHbl H BOJIbI.
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Tak Kak B BOfie 3HepTHsi HOHa nolixeHa (3/1eKTpUYecKoe ToJie HOHa
3KpPaHKPYETCsI TUIIOJISAMH BOAbI), a B MeMOpaHe BbICOKast, TO CKOPOCTb repe-
HOCa HOHa 3aBHCHT OT ee BeJmyuHbI (alieprerudeckuii 6apbep). MoHodopsi
TIOHH>KAIOT BeIMUMHY Gapbepa 3a cdeT 06pa30BaHUsA KOMILJIEKCA C HOHOM H
yBesHueHus 3G QEKTHBHOTO pajiuyca 3TOro KoMiekca (BalMHOMHIMH —
K*) npu coxpalieHuu 3apsifa Holia, a TaKXKe 3a cyeT o6pa3oBalius Iop C
OTHOCHTEJIbHO BbICOKOH BEJHUYMIION AU3aeKTpHueckol mocTosHHo# (60.1b-
1Iei, yeM y MeMGpaHbi).

I. Jitzenman (G. Eisenman) npuMeHHJI ZaHHYIO TEOPHIO AJIs1 OTMCAHHS
TpaHCropTa HOHa B KaHaJle, YYUTbIBas KaK 3HEpreTHKY CaMOro repeHoCcH-
Ka, TaK M HaJM4yHe 3apsyKeHHbIX aHHOHHBIX IPYIINIMPOBOK B HOPE KaHaJja.
Ecisin 3Heprus sapskeHION rpynnupoBKH He3HAYHTENbHA, TO €€ XBaTaeT
JIMIID AJIs AETUAPATALIMH N POHUKAIOUIMX HOHOB C GOJIBUIMM MOHHBIM PaZIuy-
coM (nampumep, uesust). B ciyyae, korga aHHOHHasi IPYNIMPOBKA CO3AA€T
CHJIbHOE 3JIEKTPHYECKOe 10J1e, AeTHAPATallua U o6pa3oBaHHe KOMILJIEKCA
Ha6JIOAAIOTCA /11 HOHOB, HMEIOIHX MaJiblil KpucTasndeckuil paauyc (Li*,
Na*, K*).

Teopus aaextpoandPyaum nocTymMpyeT NoJIokKeHHe 0 TOM, YTO TPaHC-
MOPT HOHa Yyepe3 MeMGpaHy onpeAeaseTcs ero 3JeKTPOXUMUYECKUM NOTeH-
IHasoM:

U= Uy + RT InC + zFE,

TAE {4 ~— 37E€KTPOXUMHUYECKHH MOTEHIMAN; [y ~—~ CTAHAAPTHBIA 3JIEKTPOXH-
Muyeckuit notenuuan; T — TeMnepatypa; E — moTeHUHan.

ITaccuBubIit TPAHCIOPT B AAHHOM CJIyyae OCYIECTB/ISIETCSl B HampaBJie-
HMHY CHIDKEHMS: SJIEKTPOXMMHIYecKoro notenuuana. [Ipu pasHoBecuu, Koraa
4 = I, BBINOJIHAETCS] COOTHOIIEHHE

E<RT 1, Con

F o Cyp
B MemM6panax ¢ ToaumHoit MeHee 10 HM MOTEHIIHAT MeHsIETCS THHEHHO
B 3aBHCHMOCTH OT paccTosHus Ao Hee. B ciyyae, Koraa dE /dx = const,
TOTOK Yepe3 MeMGpaity (J) onuchiBaeTcst ypaBHEHHEM

J= zFEP(CHalp ~ C,, exp(zFE /RT)) /RT(1 — exp (zFE /RT)),

rae P — xo3d@uUiMeHT RPOHUI[AEMOCTH.

Toraa auddysus yepes memGpany Hotos K, Na, Cl (J = 0) npusoauT
K CO3AaHHMIO MeEMODAIIHOro HOoTeHIHAaa, BeHYMHA KOTOPOTO OIPEAe/IseTCA
TpajHeHTaMH U MPOIHIIAEMOCTbIO MEMGPAHbI 1A STUX HOHOB.

Ilnst onpepeneHuss HanpaBAEHHOCTH U BO3MOXKHOCTH OCYIIECTBJEHHUS
AacCUBHOTO TPAHCHOPTa €CTh HECKOJIBKO KpUTEPUEB, OAUH U3 HUX — COOT-
lOleHHe Y CCUHTa, WIH KpUTepHil MaCCUBHOTO TPAHCIOPTA: COTJIACHO 3JIEKT-
poauddy3uoHHON TEOPHHU, €CJTM HOHBE ABHXKYTCSA NACCUBHO U HE3ABHCHMO,
TO OJHOCTOPOHHHE NOTOKH B MEMGPaHe CBsi3aHbl ypaBHEHHEM
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J:/Jo=Cy/C,exp (2E).

Caenyer oTMETHTD, YTo NIpo6aeMa U36UpaTeblioli NPOHHIAeMOCTH A/
"MOHOB OCTaeTCsl OKa OAHON M3 MaJIOHCCIeJ0BaHHbIX B MeMOPaHOJIOTHH.

3.1.2.2. AKTHBHEIH TpaHCHOpT

IToa akTHBRHBIM TPaHCNOPTOM B OHOHU3UKE KAETKH MOHUMAIOT Iepe-
HOC He3JIeKTPOJIMTOB M HOHOB NPOTHB XHUMHYECKOTO MJIH 3JIEKTPOXHMUYE-
CKOTO rpafiieHTa. AKTUBHBIH TPAHCIIOPT HEMOCPEACTBEHHO CBA3AH C SHep-
TeTHYECKUMH 3aTPaTaMH H, KaK U MaCCUBHbIHN, MOYHHACTCS KHHETHKE Hacbl-
uteHus1. OT/nT4He aKTHBHOTO TPAHCHOPTA OT NACCUBIIOTO 3AKTIOYAETCst IMEHHO
B HaJIMYUU CTaJMH, CONpsDKeltiol ¢ TpaHcgopMalueit sHeprun. B Hactos-
11ee BpeMsi IPUHSTO TOBOPHTD O NEPBUYHO-aKTHBHOM U BTOPUYHO-aKTHB-
HOM TpaHCHopTe.

IlepBHYHO-aKTUBHBIM Ha3bIBAETCA TPAIICTIOPT, OCYLIECTBAsEMbIH) TpaH-
cnopTHbiMH ATM-azaMu 3a ‘cuer snepruu rugpoausa AT®. BropuuHo-
AKTUBHBIH TPAHCTIOPT — 3TO APOUECC, HCTOYITMKOM 3HEPTHH AJIst KOTOPOTO
CJIYKUT TPAUEHT HOHOB, BOHUKIIMIA, HallpUMep, B X0Je NePBUYHO-aKTHBHO-
ro TpaHCHOpTa. THNHUYHBIN NTpHMep MepBUYHO-aKTUBHOIO TPaHCIopTa —
aKTUBHBIN TPaHCHOPT HOHOB ¢ HoMourbio AT M-a3, DyUKIKA HACOCOB 3aK-
JIo4aeTcs B IiepeHoce HOHOB Yepe3 MeMOpally IPOTHB 3/1eKTPOXUMUYECKO-
IO rpafHeHTa 3a cyeT sHepruu ruppousa ATD. B cooTBeTcTBHM ¢ 3TUM
AT®D-a3avt — uvoHHbIE HACOCHI, o6nagalouye ageHosuntpudochardpocdo-
THApOJIa3HOM akTHBHOCTbIO. Bee Tpancnoptiible AT(M-a3b! mpokapHoTHYe-
CKHX ¥ 3YKapHOTHYECKHX KJETOK MOXHO Ppa3feJUTb Ha TpH THHA:
P,VuF.

O6umM cpolictBoM AT®D-a3 P-muna sasasetrcsa criocobinocTs o6pa3o-
BbIBaTb KOBaJIeHTHbIH ocopunnpopanbiit untepMeauar (P,) B akTHB-
HoM uenTpe. K num otnocstest Na, K-, Ca- 1 H-AT®-asb1 naasMaTHYeCKUX
memOpaH. Panee AT®-asb1 P-tuna nasvipanu depmentamu E, /E -tuna.
OpHako HOMEHKJATYpy M3MEHWJIHM, HOTOMY YTO CYUIECTBYIOT H ApYTrHe
¢depMeHTBI, He UMEIOIIHE OTHOLIEHHS K TPAHCHIOPTY HOHOB (HampuMmep, MHO-
auHoBas AT-a3a), KoTophle TakKe MOTYT HaXOAUTHCS B KoHpOpMaMax
E,nE,

Honorpaucnoptupyiouue AT®D-asbt V-muna otocsatcs x MeMGpaHHO-
CBA3aHHBIM cTPyKTypaM. OHH 06HapYKUBAIOTCS B BaKYOJIsAX APOXKeH U
TOHOILJIACTaX pacTeHMil, JM30COMaxX, CEKPETOpHBIX TIpaHyJax H T. A.
AT®-a3pt V-THNA MHUPOKO pacHpoCTPaHeHbi, HO U3y4eHbI HEJOCTATOYHO.
VIM npucymu 3 oCHOBHBIX CBOMCTBA: OHHU SIBJSIOTCS EPEHOCYUKAMU IIPO-
TOHA; B XOA€ KaTaAJUTUYECKOTO UK 00pa3yIoT KoBajaeHTHbIH pocdopu-
JHpOBaHHbIA HHTEpMeaHAT; MPEACTABJIAIOT COO0M BHICOKOMOJIEKYIAplible
MYJIbTHCYObe ITHHUYHEIE KOMILJIEKCHI.

AT®-a3mt F-muna, pbifieNieHHble U3 MeMOpaH 6axkTepuif, XJIOPONJ/IACTOB
H MUTOXOHAPHI{, COfEPKaT KaK BOJOPACTBOPHMYIO YacCTb F,, COCTOAILYIO H3
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HECKOJIbKHX cy6beAMHUIl H O0JAIAI0MX KAaTaJMTHYECKOH aKTUBHOCTDIO
(crioco61ibl KaTaIM3UPOBATh M CUHTES, U ruAposu3 ATD), Tak u ruapodob-
HyIo 4acTb F, y4acTByIOIIyIo B TpaHcaokaimu H*.

KuHeTHKY NOTOKA HOHOB IPH aKTHBHOM TpatictiopTe (J) MoXHo omu-
caTth ypaBHeHHEM

J=7J..UCl /K +[C], - [C],/K,+[C],

rae J . = C,P/2; P — xo3dpdHUUMEHT IPOHHIAEMOCTH KOMILIEKCA HOHO-
nepenocyuka; [C] — xouueHTpauusi HOHOB MO pa3iible CTOPOHbI MeMOpa-
Hbl; K — KOHCTaHTa AUCCOLMALMU KOMILIEKCA.

[Ipu J = 0 (MakcuMaabHast pa6oTa paBHa HyJIO) NOJIy4aeM COOTHOLLIe-
HHe

[C]1/[C]2 =K1/K2»

H3 KOTOPOTO CJAeAyeT, YTO NpeAeibliasg KOHIEHTPalHs HOHa, KOTOPYIO MO-
€T co3/aTh HAcoC, ONpeeIsieTcs OTHOUIEIIHEM KOHCTAHT JJUCCOLMALIMU KOM-
IIeKCa AAHHOTO HOHA C HEPEHOCYMKOM, a aKTUBHBbIl TPAaHCIIOPT HOHA OCY-
IECTBJISIETCS B HallpaB/eHUH 6osee HU3KOM KOIICTAHTbI ero CBSA3bIBAlMA
depMetiToM.

Na, K-AT®-aza

Na, K-AT®-aza — oxxa 3 Han6oJiee BasKHbIX U LIMPOKO PacHpocTpa-
HeHHbIX TPAHCIOPTHBHIX CUCTEM B KJeTKaX JKUBOTHBIX H pacTenuit, obecne-
YyHBalonas nepeHoc Yepes KaeTouHylo meM6paily HoHoB Na u K. AxTtus-
HbIH HX TPaHCIOPT UMeET orpoMHOe HPU3UOIOTHUECKOE 3HAUEHHE: B COCTO-
SIHHHU TTOKOS Ha Hero 3aTpaynBaeTcst 6osee 30 % 3HeprUH KJETKU; TPAHC-
nopt nonoB Na u K neo6xomuM AN mojepxaHHsA 3JIEeKTpHYECKoR
BO30YAMMOCTH HEpPBHbIX W MBIUIEYHBIX KJETOK, a TaKXe Pperyasiud
Na/ Ca-o6MeHa.

®epmenr, pacuenysiioupii AT®, snepsbie oTkpbr JIx. Croy (J. Skou)
B 1957 r. B MeMGpaHHoil (dpakuuy HepBoB kpaba. B nanpueiimeM 3TOT
depMenT, HasbiBaeMblif Takke TPAHCOOPTHOM WAH IJIa3MATHYECKOH
Na, K-AT®-a30#1, 611 o6HApyxeH BO BCEX XHUBOTHLIX H PAaCTUTEIbHBIX
TRauAx. Na, K-AT®-a3a — 3To JiMnonpoTeHHOBbIH KOMILIEKC, QYHKIHH
KOTOPOTO CBsI3aHbl C KOH(OPMAIMOHHbIMHU TepecTpoiikaMH 6EJIKOBbIX MO-
aexya. Ceznenus o6 oTHocUTeIbHOIM Mosekyisiplioii Macce Na, K-AT®-a3bl
BecbMa pasHopeuusbt (o1 100 000 g0 500 000), uTo cBS3aHO C Pa3HBIMH
MeTO/aMM BbleJieHHs:T M cTenelblo OYHCTKU (pepMeHTa. B CpeaneM
ofIasi OTHOCHTe Iblasi MOJIEKyJIsIpHast Macca ¢epMeHTa cocTassteT 270 000.
Taxum o6pasoM, Na, K-AT®-aza — MHOroxoMIioHeHTHasi CHCTeMA, TeTpaMep,
COCTaBJIeHHBII U3 ABYX Oi- U ABYX B-cy6peaunuts. Cy6beaununa 0. 60.1bie
cy6beaunun . KoMnonenta o ocymectsaser ruapoan3 AT u cBasbi-
Balde cTepouAoB (MX oTiOCHTeNbHass MojeKyuspias Macca 95000 —
100 000), a B-cy6beaunuua, oTHOCHTEbHAS MOJIEKY IIPHAsI Macca KOTOpOil
coctaBisieT 40 000, comepkut yraesogubie rpynnbl. O6e cy6beaAMITHIIbE
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CBSI3aHbl NTonepeuHbiMi MocTukaMu. [Ipeanosaraercs, 4To O-Cy6be AUITHIIbI
KOHTAKTUPYIOT MeX Ay coO0H, a B-cy6beMHuIIbI HPOCTPAHCTBEHIIO pasjeie-
ubl. Kaxxpas a-cy6penuiinna NpoHH3biBaeT MeMOpally HacKBO3b. YTule-
BOJIHbIE ienH B-cyObeMHHI PAClo/IOKeHbl Ha Hapy»HoOMH cTopoiie MeMOpa-
ubt (puc. 3.10, 3.11).

Y4acTOK CBSI3bIBAHHS Ocratkyn caxapa
CTePOMAHOTO MHTHOHTOpA

IloBepxHOCTD
MeMGpaHbl, 06palllcHHAA
K HUTO30JII0

YYyacTkH CBSI3bIBaHHS

Puc. 3.10. CxemaTtnueckoe usobpaxkenne cyGpeanunynoil crpyktypsl Na, K-Hacoca
(0~ u B-cy6beaunmusl)

Puc. 3.11. CxeMma pa6otet Na, K-ATd-a3bt
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Na, K-AT®-asa «oTkauuBaeT» HOHbI HATPUA U3 KJIETKH U «3aKauyMBaeT»
HONb! KaJUs B Hee 3a cYeT SHePTuu rugpoansa Moaekya ATD. Depment
nposiBJIsieT MaKCHMaJIblyI0 aKTHBHOCTb TIDH HaJIMYHM B cpesie HoHoB Na, K
u Mg. Ilpornecc onucbiBaetcs caeayouleif cyMMapHO# peakiuei:

Na*, K*, Mg?*
AT® + H,0 ——————>AJl® + @, + H*.

k. Cxoy npearnosoxui, 4to Na, K-ATd-a3a asisercs uiTerpabHbIM
6eakoM, a pacuienienne ATD obecreynBaeT sneprueit akTHBHbIM TpaHc-
mopT HorioB Na u K. I'umoTesa 6bl1a moATBepKAeHa CIeAy IOUMMU 3KCIie-
PHMEHTAIbHBIMY JAHIILIMU: YpOBelib dbepMelTaTHBIION aKTHBHOCTH KOppe-
JIXPOBAJI C YHCJIOM TpPallCIOPTUPYeMbiX HoHoB; Kak Na, K-AT®-a3a, Tak u
Na-11acoc mpo4Ho CBsi3albl ¥ OAUHAKOBO OPHEHTHPOBaHbI B IIa3MaTHYe-
ckoif MeMOpane; usMenenue cootHomerus uonos Na u K B kneTke oxa3abi-
BaeT OfMHaKoBoe AelicTBre Ha ATM-a3Hy10 aKTUBHOCTb H CKOPOCTDb TPalC-
HopTa 3THX HOHOB; CeP/IeYHbIE TUKO3U/(bl (IMrUTOKCUH M oyabaui) sBJIs-
1oTca cnenuduyeckumu unru6utopamMu Na, K-ATd-a3bi u Na-nacoca. B
1960 r. I1. Koaasamaom (P. Caldwell) 6110 goka3ano, 4T0 HCTOUHHKOM
SHEPrHM A PYHKIHOHMPOBAIIUA IATPUEBOTO HACOCa CJAYXKHT THAPOJIM3
AT®. A. Xomxxun (A. Hodgkin) B 3KcriepuMeHTaX 11a THTaHTCKOM aKCO-
He KaJbMapa noArsepau lanuune ATd-3aBUCHMOTO BbiBeACHHS HOHOB. B
TUTAHTCKHH aKcoll BBOAMJIM PaMOAaKTUBHBINA HM30TON Na M HcciefoBaJd
QUHAMMKY Bbixo/a HouoB. [locae 6noxupoBanus uHanuaoM cuutesa ATD
OTKAYKa HATPHSI IPEKPAIaJach, HO MOJJHOCTHIO BO30OHOBJISLIACH 1I0CE BBE-
nenusi B akcoit AT®D (puc. 3.12). Takoro xe addexta MOXHO TOGUTbCS
[IpU UHBEKIHU B aKcon 6eClio3BoliouHbIX aprunuHdocdaTa, a B sKcrnepu-
MEHTaX ¢ HepBaMH NMo3BoIIoYHbIX — KkpeatuHdocdaTa (puc. 3.13). B onbi-
Tax Ha TEeHsIX 3pH-
TPOUUTOB  ObIJIO
TaK:Ke /10Ka3aHo,
4TO JUIA aKTUBa-
unn ATD-asbt u
TpaHcnopTa Ho-
HoB Na u K ue-
pe3 MeMOGpaly Tpe-
6yeTcs1  ompepne-
JIEHHOE COOTHO-
LIeHHe KOHIEHT-
patuu 1otioB Na u

K BHyTpH KI€TKH ' t Bpeus, u
H TOJIBKO HaTMvHe AT®  AT®

;;‘f“ Q)ngzkggg- Puc. 3.12. Bauaune spesednss AT® na BbIXoa HatpHs

M3 aKCOHA, OTpaBJeHHOro uHaHnAoM. TlocJie TepBoro BBeAeHUS
HBIM Cy6CTpaTOM koHuentpaiusgs AT® B akcoHe moBsicuiach Ao 1,2 MMosb, a
A AKTHBAUUHu nocjie BToporo — no 6,2 MMojb

Na, K-AT®d-a3n1.
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Puc. 3.13. Bansanue noc/enoBaTe/IbHOTO BBCACHMS
kpearnHdocdaTta n apruHiudocdara Ha BBIXOJ HATpHA
M3 aKCOHa, OTpaBJeHHOro uMaHngoM. CpeaHss KOHLCHT-
pauus kpeatiH(ocgaTta cpasy ke mocjc BBeacHHA Oblia

Oyabannn u apyrue
CTepou/iibie MHTHOH-
TOpbI NOAABJAIOT aK-
TuBHOCTD ATM-a3nl
APH 3KCTPAKJIETOUIIOM
BO3JeUCTBHH 11a IPUT-
pouutbi. Kakum xe
o6pasoM ATD obec-
IeYUBAET aKTUBHbIHA
TpancnopT HouoB Na
u K? B npucyr-
ctBuu yotnioB Na u Mg
AT® dochopnnupy-
er Na, K-AT®-a3y.

YyactkoM ¢ocdopu-

JIUPOBAIIHA  CAYXHT

pasna 15,3 MMoJIb, a cpeaHAS KOHIICHTpaitMA apruHHu-

docata — 15,8 mMmomb

OCTaTOK acnapTaTa

tepmenra. B mpucyt-
cTBuH HoHa K npouc-

XOAUT ruApo/m3 dhochopuanpoBaHoro NPoMexyTOUHOTo Ipogykra E —
@y, Ana npouecca nepocopunupopaius 1e Tpedyercs 1 Hou Na, nu

uon Mg:
E + AT® - E,

~ @, + AlD;

E,-®,+H,0->E+ D,
B nponecce dyHkuunoHnpoBaHus HacoC MpUHMMaeT IIo Kpaileii Mepe
ABe pasnbie xondopmauuu — E,; u E,. Bcero xe B TpanicnopTe HoHos Na,
K u conpsixenHoM ¢ HuM rugposuse AT yyacTByIOT lie MeHee YeTbipex

E, Na*, Mg?* E, - @,

1 AT(D/ \A

pila]

oR_ Jmo ;

Ep E; - @y

Puc. 3.14. Cxema paGots! Na, K-AT®-a3bl BoO
BPCMS AKTHBHOTO TpPAHCNIOPTa
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KOH(OpPMAIMOHHBIX cbopM

(bepmema E; E, ~ O
E, — ®,; E, (puc. 3.14)."
HeCMOTpH Ha 60JIb-

1oe XOJHYECTBO AAHHBIX
o ctpykrype Na, K-naco-
ca, MeXaHH3M ero AeficT-
BUS M3yyell HeJOCTATOY-
Ho. OcoObiit ulTEpeC Bbi-
3bIBaeT MOAEJIb, B COOTBET-
CTBHM C KOTOPOH K CTPYK-
Type 6enka NpeabABASIOT-
¢ caepywoume TpeboBa-
HUYST:

— B Mojekyje Oeyka
JOJIXIIa OBITh IIOMIOCTDb Ta-
KoM BeJIM4YMHBI, YTOObI B 11l
TIOMEIAUCD HeGOIbIIIE MO-
JIEKYJIbl HJIH HOHBI;



— 6enoK /IOJDKEH CYILECTBOBATh B ABYX KOH(MOpMaUUAX, NpUYeM B
OIHOIi NIOJOCTb AOJDKHA GBITh OTKPBITA CO CTOPOHBI, O6PALIEHHOI BHYTDPD
KJIETKH, 2 B IPYTOi — CO CTOPOHDI, 0OPAIEHHOH Hapy>Ky. JTH KoH(OpMa-
I[HH JOJDKHBI UMETh PasHOe CPOACTBO K TPAHCHIOPTUPYEMbIM KOMIIOHEHTAM.

C noMOIIbIO CX€MBI, IPpEACTABAEIHOMN Ha PUC. 3.15, MOXKHO NPOCAEAUTD
BCIO NOCJIEA0OBATEIBIIOCTD KOH(OPMAIUOIIIBIX NpeBpallieHuil pepMeHTa, Tie-
peHoca UOHOB U ofeclieueline 3THX NpOLEeccOB 3a cuer sHepruu ATD.
CripaBeA/IMBOCTD TaKOH MOJE/M HOATBEPKAAETCS ABYMSI IKCHEPUMEHTaMH,
TIOKA3aBIIMMHU, YTO HOHBI HATPHS «3aIyCKAIOT» (PoCOPHIHPOBAHNE, 2 MOHbI
Kaausa — gaedocdopunupoBanue. O6a st npolecca CTaGUIM3HPYIOT nep-
BYIO 4 BTOpYIO KoH(opMalmoHHble ¢opMbt pepmenTa. Ilepemelnenue He-
CKOJIbKUX aTOMOB MOJieKy bl 6eska 11a 0,2 HM MOXXET H3MEHHTb OPHEHTA~
ILIMIO NIOJIOCTH U cPOACTBO kK uoHaM Na u K. OTMernM, 4T0 npu THApoaH3e
onuol Moaexynbl AT npoucxoauT nepenoc Tpex HOHOB HATPHA H ABYX
noHOB Kanusi. Cre0BaTelblO, pab0Ta Hacoca relepupyeT 3IeKTPHIECKUH
TOK yepes3 M?M6paﬂy. MakcumManbioe 4ucao 060potoB AT(M-a3nt cocTas-
Jster 100 c™1,

BHekneTouyHoe Ui

MPOCTPAHCTBO /6 » 3
per LEd4 ADP
i EYI are . {,’ / (o
HutonnasMa g ¥
1

\
L NS 1

\
® zzaz L
5

<)

Puc. 3.13. Monenp ¢yHkuuonnpoBanna Na, K-ATD-aant.
CassbiBanse Na (1) 1 nocaeaywomee (boc(ggpmmponanne (2) AT®D-a3wr co cropo-
HBI [IHTOTIa3MBl HHAYNHPYIOT B 6efke KOH(pOPMalMOHHbIe H3MCHEHHA, B pe3yabTate Ko-
TOpeIX Na* nepcHocHTCA 4Yepe3 MeM6?aHy H BBICBOGOXKAAeTCA B MEXKJETOYHOE Npo-
crpanctBo (3). 3arem cssbiBanne K* Ha BHemHeil moBepxHoctH (4) m mocacaymomec
nc(bocl?opn;mponaﬂnc (5) Bo3BpamaiT GENOK B MEPBOHAYAIBHYIO Kon(b%gmaumo; TpH
atoM K* npoxoaut uepe3 memGpaHy H BbicBOGOXKAaeTcsl B IuTonziasme (6). DTH naMme-
HEHHS AHAJIOTHYHBI MepexoflaM THIA <«MHHI» — <TIOHT»

Oco6enio BaxkHo To, uTo aeiictBue Na, K-ATd-a3nl o6paTumo, u B
MoenbHoil cucTeMe (pepMeHT MoxkeT cHHTe3upoBath AT®D us AID u D,
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TunoTeTHYECKU TaKOH CHITE3 MOXKET IPOUCXO/IUTD JIMIb B YCAOBHAX Pe3-
KOTO yBeJIHUEHUSE HOHHBIX FPAUEHTOB, YTO BO3MOXKHO JIHIUD FIpH UHKYOa-
LMY SPHTPOILUTOB B CpPe/ie ¢ BbICOKOH KOHIIEHTpalell HATPHS U HU3KOU
KOHIIEHTpalIVell Kams.

Ca-ATD-aza

CymecrByioT aBa tina Ca-AT®d-a3: ogna 13 9TUX PepMEHTATUBHbIX
cucteM o6ecrnednBaeT Bbi6poc CaZ* U3 KJETKH B MEXKJETOYHYIO CPexy
(Ca-Hacoc 1L1a3MaTH4ecKuX MeM6paH), pyrasi — akKyMyJimio uoiioB Ca
U3 I[MTOMJIa3Mbl BO BHY TpuKJIeToYHOe Aeno ( Ca-Hacoc BHYTPUKJIETOUHbBIX
MeMGpaH). IIpumMepoM riepBoro THma Moxer ciayxkutb Ca-Hacoc 3pUTpoOLH-
TOB, Broporo — Ca-Hacoc capKonia3MaTH4ecKoro peTuxkyayma. Onu o6a
crocoGHbl co3nasathb Gosee yeM 1 000-kpaTHbiil rpaauent Ca2* na cBoux
MeMO6paHaX, peryAHpYs B KjieTke ypoBelb HoHa Ca, KoTopblii 06yc/I0BIMBa-
€T MHOTHE CTOPOHE! KU3HeAestTeAbHOCTH KaeTkd. Ca-AT®d-asa akTusupy-
eTcst HU3KMMHM KoHueHTpauusamu Ca?t ¢ K, — 1077 MmMouib /1, a BbiCOKHI
ypoBenb Ca2* (1 — 5 MMosib /1) TOPMO3HT €€ AKTHBHOCTb.

OunienHblii pepMeHT He TepsieT cBOeit aKTHBHOCTH B cpefe ¢ dpocdo-
JUTTMAAMY WM feTepreyTamMu, 06AafalolMy CXOIHBIM THAPO(HIABHO-JTUTIO-
¢uabHbIM K03 YHUIMENTOM H XapaKTEPH3YIOIKMH PaclIpee/ieHue Belle-
CTBa MeX.Ay MOJIpHoil U nenoaspioil ¢asamu. CTPyKTypHOH equHuLeH
¢depMeHTa ABIAETCS MOHOMED C OTHOCHTEJBHOH MOJIEKYAsIpHOH Maccoit
100 000 — 150 000, cioco6HbIil 06bEAUHATHCA B OJIMTOMEPIIble KOMIIJIEK-
cbl B MeMGpane. Kaxkantii MonoMep comepxkur aBa Ca2*-cBsI3biBalomuX
1eHTpa ¥ oauH AT D-cBa3biBalomuii, cClOCOGHBI K o6patumMoMy docdopu-
suposanuio ot AT® B cpeze ¢ Ca2* u Mg?* u or @, — B cpene c Mg?*.
O6napy:xeHb! ABa BUza GepMeHTOB, ipeBpalieHHe KOTOPBIX CONPOBOXKAA-
ercs mepeniocoM Ca2* ¢ oHOM cTOpOIibl MEMGPaiib! Ha IIPOTUBOIIOIOXKHYIO, a
B 06paTHYIO CTOPOHY OCYIIECTBJAETCS NiePeHOC ABYX IPOToHOB. Huxke
TIpe/iCTaBJieHa CyMMapHas CXeMa Mpollecca:

E + MgAT® + 2Ca,, - E - @, Ca?* - E + @, + 2Cay,,.

U3 cxeMbl BUAHO, YTO CTEXHOMETpHs TpaHcnopTa Ca2t /AT® pasna 2,
npuyeM Ca-Hacoc MOXKeET HCIOJIb30BaTh SHEPTUI0 MHOTUX APYTHUX cy6eTpa-
TOB A5 TpaHcnopTa Ca2*, XoTs ¥ ¢ pastoil MOJEKyISIPHON aKTHBHOCTDIO.
Oya6aun 1 o/roMHuuH — cneuuduyeckue nuruéutopst Na, K-AT®-as3bi,
U AT ®-asp1 MuToxolapuii ie 610kupylor Ca-AT®-a3zy. Ona mirubupyer-
Csl PyTEHHEBBbIM KDACHBIM, BaHafaToM u psaoM SH-pearemros (Mepca-
JoM, N-3THIMAIEMMHIOM U Ap. ).

K, H-AT®d-a3a

K, H-AT®-a3a ciu3ucToit 0601049KH KeayAKa U KHIIEYHHKA HeYyB-
CTBHTeJIbHA K oyabauHy, HoHaM Na ¥ 61kap6oHaTy, HO MHrHOupYeTcs $To-

72



PHIOM, JULMKIOTEKCHIKApGOAHaMUIOM, N-sTHAMaIeUMUAOM, Zn?t u Ba2*, a
ontaMa/bHbii pH pasen 7,5. B npouecce rugpoMTHYecKOro uukia gep-
Ment o6pasyeT (ochOpHANPOBAHHbI HHTEPMEIHAT, KOTOPLIH GBICTPO
pacnazaercs noj BausHueM HoHa K n Gojee cTabusien npH €ro oTcyT-
CTBUH. B 3aMKHYyTbIX MEMODAaHHBIX NpeniapaTax Ha6JIIOJaeTCs aKTHBAIUs
K, H-AT®-a3s! BaIUHOMUIIHHOM, YTO CBHJAETEILCTBYET O HAJHUMH «3aMac-
KupoBanupiX> (1egocTynubix s Hoos K) uentpos. Konuyectso 3am-
KIIyThIX Be3UKYJ, OPHEHITHPOBAIHBIX K-LeHTpaMul BIyTDb, MOXET CO-
craBnate or 30 mo 100 %. Mdepment K, H-AT®d-a3a cneunduuen no
oTHouenu0 K cy6erpary. On ruapoausyer AT ¢ BBICOKOi CKOPOCTBIO:
OuMIleHHbIe IpenapaTbl 061aJaI0T aKTHBHOCTDIO 0 110 MkMoab AT Ha
1Mr GenkaB 1y anu 37 °C); ryanosunrpudocdat u uMTHARHTPUGOC-
¢aT rHAPOIH3YIOTCA CO CKOPOCTbIO, B 7 — 9 pa3 MeHblled, 2 MHO3UHTPH-
docar He runpomsyetca Boobute. K, H-AT®d-a3a — onuromepubiii 6e-
JIoK. B ounminexnbix npenaparax ¢gepMeHTa BbIAESIOTCS ABa NeENTHAA C
OTHOCHTEJIbHOU MoJieKy.IsIpHoil Maccoit 84 000 — 100 000, a Tax:xe MUHOD-
Hble 6eJIKOBble KOMIIOHEHTbI.. AKTUBHOCTb (pepMEHTa 3aBUCUT OT JIMITUIHO-
FO OKpYXKeHust 1 (PHU3UKO-XHMUYECKOro cocTOsIHUsA 6Ucnos. CrexuoMerpus
TpaHcnopta coctapiasteT 4H* /1AT®. C. U. Boutuur (S. 1. Bonting)
TIpeqInJaTan ydactie (epMeHTHOH CHCTEMbI B PeryJjisiiiH ypoOBHS HO-
BBIIIEHHOH KHCJOTHOCTH >KEJIyROYHOTO COKa. BeposATHO, aHaJOru4IiIbie
K, H-AT®-a3bl pyHKUMOHHPYIOT B MeMOpaliaX GaKkTepHii.

B 1965 r. 6bL1a 06Hapy>l<ena JIpyrasi anuonuyBcTBUTe Ablass ATd-a3za
B MHKPOCOMaxX CJIU3HCTOH xey/ika aaryniek. I'uapom3s ATO aroii cucre-
MOl aKTHBU3UPOBAJICS ABYMs alMoHaMu (6UKapOOHATOM H XJIOPHAOM) U
COTIPOBOXKAJICSA X TPAHCIIOPTOM Yepe3 MeMGpairy. THoLHaHAT, MHFUOHDY-
I0HMH TPAHCIIOPT aHUOHOB, noAasnan u ATMd-asHylo akTuBHOCTDb. [Ipeano-
JiaraeTcs, YTo o6Hapy KelHasi akTHBHOCTb OTpaKaeT NPOLEeCcC, KOTOPbIi Iipo-
TEKAeT B KJIETKaX, CEKPETHPYIOLUHX CONAHYIO KUCJIOTY.

B muronnasme

H,0 + CO, — kap6oanruapasa — H* + HCO;.

B MeM6paHe

+ HCO3BH + AT® — annonnas ATd-aza —

- d’l + HCO,,,, + ALD + O,

TaxuM 06pa30M B cexpempyxoumx KJIETKAX MOXKeT HAKAIIUBATHCS COMLA-
Hast KUCJIOTA, a BHe HX — GUKapGoHaT-HOoH, perympyiouui pH cpenpi.

AmmonuyscTBHTe bHbie AT(D-a3b1 06Hapy>KeHbl B BbIIEHHTEDbIION TKa-
14, TIOJKeJyJ0YHOM XKesie3e, KJAeTKaX MO3ra U acUHTHBIX KjeTkax. OHH
HaliieHbl KaK B MUTOXOHAPUAAbHOH (paKiMu, Tak U Bo ¢ppakiun [IM.
Anuonmbie ATd-a3bl aTHX ABYX (paxumil pa3JIHyaniuch N0 YyBCTBUTEIbIO-
CTH K OJIMFOMMITHHY , KBEDLIETHILY, aypoBepTHHY D.

B Ta6a. 3.1 npuBozsiTCca BaXkHelinme cBoiicTBa MeM6paHHbix ATM-a3,
TPAHCNIIOPTHPYIOIMX Pa3iUYHbIe KaTHOHBI. B TpallcnopTe opralyecKux
BelIeCTB YYacTBYIOT M [pyTHe MexaHu3Mbl. Co3aaBaeMblil akTHBHBIM TpalC-
HOPTOM 3J1eKTPOXUMUYECKHIi rpagneHT HOHOB Na ofecnieunBaer snepruei
TPAHCTIOPT AMHIIOKKCJIOT M CaXapoB B XKWBOTHEBIX KJ€TKaX. MHorue akTus-
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Hbl€ TPaHCHOPTHbIE IIPOLIECCH] HEMOCPEICTBEHHO i€ 3aBHCST OT THAPOAH3a
AT®, 110 conpspKetbl C TOTOKOM HOHOB TIO 3JIEKTPOXHMHYECKOMY TpajfiMeH-
Ty, T. €. SIBJISIOTCA BTOPUYHO-aKTUBHBIM TPaliciOPpTOM. Bo Milorux skuBoT-
HBIX KJIeTKaX HOHbI Na U TJI0K03a CBA3bIBAIOTCS CO ClielHPUIeCKHM TPaHC-
HOPTHBIM 6eJKOM M OAHOBPEMEHHO NPOHUKAIOT B KJIETKY.

Tabnauga 3.1
Tpaucnoprusie AT®-a3m

®dcpMeHT Tun knetok Jlokanu3arms DyHKIMA
Na, K-AT®-a3a | Bombmmacteo xku-  {[InasMaTudeckas Hoanepxusact BbICOKYIO
BOTHBIX H PacTH- MeM6paHa BHYTPHKJICTOYHY10 KOH-
TEAbHBIX KACTOK ueHTpaimio K
H-AT®-a3a OO6KIaz04HbIC NnazMaTuyeckas Cexpemnpyet H* B xeny-
KJICTKH CIM3ACTON  [MeMOpaHa JIOYHbIi COK
KeMyAKa
H-AT®-a3a JKuBotHbIc H pacTi- | BHyTpeHHas MeM6paHa | Y4acTByeT B OKHCIUTENb-
TE/IbHBIE KJICTKH, MHTOXOHApHI, HOM (hOTOCHHTETHYECKOM
GakTepun BHyTpenHsisi MeMGpaHa |docdopunnpobanun ALD
XJIOPOTLIaCTOB, no ATD
NAa3MaTHYecKas
McMOpaHa
Ca-ATd-aza  [Kuporusic kaetku  |IInmaamMaTiyeckaa «BrikamBaers Ca® u3
MeMGpaHa KJIETOK, CHOCOOCTBYS MX
HaKOMJICHHIO B [IUTO30]1e
CapkoniaaMaTH4e- Cnoco6ecTBYeT HAKONJICHHIO
CKHf pETHKY TYM Ca? B uycTepHax capKo-
TIa3MaTHYECKOTO PCTHKY-
JiyMa, BHI3bIBasA paccia6-
JieHNe MBI

MemMO6palisiii AUNUAHbIA 6HCHON HeNpOHUIAeM /il 3HAYUTENbHIO-
FO KOJIMYECTBA NOAPHbIX MOJIEKY, /IS TPAHCHOPTUPOBKU KOTOPbIX B ILIas-
MaTH4YecKHX MeMGpaHaX UMeeTcs GOJbIIoEe YUCAO cieliHIecKUX TpaHC-
NOPTHBIX 6eK0B, POPMUPYIOUIKX TPAHCIIOPTHBIE MYTH Yepe3 JIHIUAIbIA
6ucnoii. Onu HasbIBaloTCA GenKaMu-niepenocuukaMu. Ilocreqime o6erda-
10T auddysuio pacTBOPeHHOTO BelllecTBa Yepe3 6ucioun. [[pyrue Genku
UCHIBITBIBAIOT Psi KOH(POPMAIMOHHBIX U3MeHEHHM, BbI3bIBaeéMbIX THAPOJIH-
3oM AT®D wm cBsI3bIBaEM UOHOB, B Pe3yJIbTATe Yero clioco6HB! paboTaTh
Kak Hacocbl, TPAHCIOPTUPYA UOHBI NPOTUB JJEKTPOXHMHYECKOIO Ipa-
JIUEHTA,

Xemuocmomuuecxan meopus Mumueara

Ha B03aMoXHOCTb CO3aBaTh BbICOKHE KOHIIEHTPALME TIPOTOHOB B KJIETKaX
IPH NPOTEKAHHW pPeaKUMH OKHMCJIEHMS BIiepBble OOpDaTH/] BHUMaHuE B
50-x rr. XIX B. P. [spuc (R. Davies) npu o6cy>xaeHHM BOXpoca o
MeXaHH3Me CEKPELMH KHCJIOThI KJIETKaMH XKenyaka. JonycTuM, peakuuu, o
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KOTOPbIX 1iIJIa pedb, IPOTEKAIOT TaK, YTO 3ACKTPOHB! yAAJSIIOTCA U3 PaCTBO-
Pa, TOria OKHCJieHHe JII060ii OpraHuYecKo# MOJIEKYJIbl IPUBe/ET K NOosBJie-
HMIO B 3TOM pacTBope npotoHoB (pH pactBopa nouusurca). I1. Muryenn
(P. Mitchell) B 1961 r. npeAnoxus UAEI0 XEMHOCMOTHYECKOTO IHEPTeTH-
4eCKOTO COMPS’KEHMs B AbIXaTeJbHOM nenu. I/ nmolMMalus NpUILHia
XeMHOCMOTHYECKOFO CONIPsKelIMs HeO6X0ANMO 311aTh CIeAYIONIHe MOJIoXe-
HUS:

— BHYTPeHHs1s MeMOpalia MUTOXOH/IPMH, T/ie IPOHCXOAT OKHCAUTETb-
HO-BOCCTAHOBHTeJIblible PeaKly AbIXaHusA, HENPOHUIAaEMA 714 IPOTOHOB
(Tounee, npoton auddynaupyer yepe3 ABoiHON pocdorunnaIbIL CroM
OYeltb Me/JIENIIO TI0 CPABHEIMIO CO CKOPOCTDIO NOTPe6IeHNs KUCI0POaa).
B 10 xe BpeMsa MeMGpalla XOpPOIIO NpOHUIlaeMa /11 BoAbl U Gjaaromaps
3JIeKTPOJMTHYECKOH AMCCOIMAIIMY 3anac IPOTOHOB B BOAHBIX pacTBOpax
HeorpaHHYeH;

— BHYTpeHHsI1 MeMOpana MUTOXOHPUH aCHMMeTPUYHA: OHH KOMIIO-
HEHTbI IbIXaTebHOM LEeNU KOHTAKTUPYIOT C MaTpUKCOM (HampuUMep, aKTHB-
HbIi LEHTP KOMILJIEKCA), APYTHE PaciON0XKelbl BHYTPH MeMOpanbi (Harpy-
Mep, yGUXUHOH), TPETbU KOHTAKTHPYIOT C MEXXMeMOPAIHbIM IPOCTPAICTBOM
(HanpuUMep, UUTOXPOM C);

— paspyureHBe MeMOpaHbl He npensTcrByer okucaenuio HA J[-H kuc-
JIOPOZIOM M Ja’K€ YCKOPSIET AbIXaHue. JilepreTuyeckoe conpsixetne (CuH-
Te3 AT®) 1ipH 3TOM NOJHOCTbIO TIpeKpalliaeTcs: NPOUCXOAHT PasobileHue
HpoleccoB NiepeHoca 3EKTPOHOB U 3anaca suepryd. [ pa3o6uieHns He-
00s13aTeIbHO NOJIIOCTBIO Pa3pyluarb MeMGpaly, AOCTaTOYHO, COXPaHsA ee
CTPYKTYPY, 106aBUTD BEIleCTBA, PE3KO MOBBIUAIOIME POHULIAEMOCTD MEM-
6paHbl 711 IPOTOHOB.

JL7is1 TOFO 4TOGHI OHATH NIPHHIAN XEMHOCMOTHYECKOTO COMNPSIKEHH,
NIPeAIOKEHHOro MUTYeI/IOM, PACCMOTDHM B KadyecTBe NipUMepa XUMHUYe-
cKuii reHepaTop, NpUMeHsTIoNMIics B TexiKke. [IpeacTaBuM cebe cocyn, pas-
JeJieHHbIH NeperopoAKoi, mponuilaeMoii 171 BOAbI H LieNlPOHHIIaeMOi 1A
Kakux-1160 HOHOB. B meperopoaxy BMOHTHpPOBaH NPOBOIHUK 3JiEKTpHYe-
ctBa (MeTaun), TopLEBble NOBEPXIIOCTH KOTOPOTO, OOpaLleHHbIE K PACTBOPY,
TOKPBITHI KAKUM-HUOY b KaTamu3aTopoM. I1pu nogaye B omutl otcek H,, aB
apyroit O, Ha NOBEPXIIOCTH TiePeropoAKH 6yAeT POUCXOMUTD CAeAyIonuii
npouecc: B oxaiiom orceke H, — 2H* + 2e. IIpoTons! ocraiyTcs B pacTBo-
Pe, TaK KaK Neperopoika HeNpoHUIaeMa Al HOHOB. DJIEKTPOHb! TI0 IIpo-
BOAIMKY TiepeiIyT Ha IPOTHBONIONOXKIYIO TOBepXHOCTh, U Toraa O + 2e +
+2H*-> H,0 + OH".

CyMMapHblil pe3yJbTaT Apoliecca KOHTPOJUPYEMOrO OKHCAEHHS BOAO-
POZAa KHCAOPOAOM 3aKJI0HaeTCs B TOM, YTO NEPErOpoAKa OKasKeTcs 3aps-
3KEHHOM ¥ BO3HUKHET IPaJAMeHT KOHIEHTpaluyu IpoToHa. MiMenno 3a cyer
TOKa TIPOTOHOB pabOTaeT MOMEKYJIAPHLI MexaHu3M, cunresupylounit ATO.

Kaxzpiit H3 Tpex KOMIIEKCOB, COCTABIAIOUMX AbIXaTeJIbHYIO 11€llb, pa-
60TaeT Tak, YTO NEePEHOC JIEKTPOIIOB MO €ro NMPOCTETHYECKUM IpyIifiaM
gonpoaom)me'rca NepeHOCOM HPOTOHOB Yepe3 CONPAraloiyio MeM6paHy

puc. 3.16).
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MexmeM6paHHOC
MPOCTPAHCTBO

BryTtpennsas Martpukc
MeMOpaHa

H~ H*

H* H*

Puc. 3.16. Mcxanuam TpancdOpMaIiHi 3HCPTUM OKUCJCHHA YOUXHHOHA LIMTOXPO-
MOM C B 3HCpTHIO A U, TIpH pabote koMmyckca I1T aprxatensnoit nemn. Boccranosusien-
HBI  YGHXMHOH (QH) pearupycr c eJe3oM rcMa b, 1 BoccrawasmiBaer ero, ocBo6ox-
las TMPOTOH B BOAHY!O (a3y H MpeBpaniasch B MOJYBOCCTAaHOBJCHHYIO (OpMY. DJCKT-

poH ot rema b(I) mepeHocuTea yepe3 McMOpaHy K Kescay reMa b?llg
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