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TpH Monend cTPYKTYpHOR OpraHH3auMe GHOROrHYECKHX membpaH, oxalaslluxe

BIHNHHE HA Da3IBHTHe Bcell HayxH O memOpamax . A. Mogens [d3BconHa—
Hanuennu. B. Mopene yHuTapro# memOpansi Pobeprcoma. B. Monenb KHIKOCTHO-
Mo3anuHo# MeMOpansl Cunrepa  Huxoncosa.

Tort ¢akr, uTo mnazmaruyeckas MeMOpaHa, OKpysKarolas KJIeTKH, MPEACTaBIseT cO00ii BIIOIHE
OTIpe/ICNICHHY0 CTPYKTYPY, ObLT 0co3HaH B cepenune XIX cronerns. Ha ucxome 3Toro croneTus
OBepToH 00paTHiI BHUMaHKUE Ha KOPPEISLUI0 MEXY CKOPOCTBIO, C KOTOPOW HEOOJIbIINE MOJIEKYJIbI
NPOHHUKAIOT B PACTUTEIBHBIE KIETKU, U X KOOPPHUIMEHTOM pactpeaeseHUs MEXy MacliOM U
BOJION; 3TO MPUBEIIO €r0 K MBICIIK 0 TUNHAHOM nmpupoae memOpan. B 1925 r. 'optep u I'pennen
NPEITOIOKUIIH, YTO JIUIHIBI B MeMOpaHe SpUTPOLIUTOB 00pa3ytoT OMOMOJIEKYJIISIPHBIN CIIOH
(MunuaHbINA 6UCIOM). DTa Uaest BOSHUKIIA HA OCHOBE PE3yJIbTAaTOB JIETAHTHOIO U MPOCTOTO
JKCIepUMEHTA. JIMMKIbI SPUTPOLIUTOB IKCTPArupoOBaIM alleTOHOM U 3aTeM B KioBeTe JIsHrMIopa
IIOJIy4aId U3 HUX TOHKYIO IUIEHKY Ha IIOBEPXHOCTH BOJbI. C IMOMOIIBIO NOIIABKA CKUMAIIN CION
JUIHUIHBIX MOJIEKYJ Ha TPaHUIIE pa3jiena BoJa-BO31yX J0 TeX MOp, OKa 3TOT CJIOW HE HauMHAaI
OKa3bIBaTh COMPOTUBJICHHUE JAIbHEUIIIEMY CXKATHIO; 3TO SIBJICHUE OBLIIO 00BSCHEHO 00pa30BaHUEM
IJIOTHOYIIAKOBAaHHOM MOHOMOJIEKYJIIPHOM JIMITMHOM IUIEHKH. M3Mepenne miomaaym, 3aHIMaeMOn
JUNUJAMU, U CPAaBHEHUE €€ C IUIOMIA/IbI0 TOBEPXHOCTH SPUTPOLIUTOB, U3 KOTOPBIX 3T JIMIH/IbI
OBUIH DKCTparupoBaHbl, 1anu cooTHomeHue 2:1. Orcroaa Ol caenan BBIBOJ O TOM, YTO MeMOpaHa
3PUTPOLUTOB COCTOUT U3 JIMMIUIHBIX MOJIEKYJI, PACIIOJIOKEHHBIX B J1Ba ci10s. B uctopnueckom
Iu1aHe 3Ta paboTa numerna O60JbIIoe 3HaUeHHE, TOCKOJIBKY C Te€X MOp KOHUENIHS JUIUIHOTO OUCIIos
KaK CTPYKTYPHOU OCHOBbI OMOJIOTUYECKUX MEMOpPAaH cTajla JOMUHUPYIOIIEH U Ha CaMOM Jieje
0Ka3ajach BEPHOM.

KoHnuenmumst OMMoneKyIsIpHON TUMUAHOM MEeMOpaHbl MOTyYniia JaJIbHEHIIee pa3BUTHE B
npeaioxxeHHo B 1935 r. mogesn J3Bcona-/lanmnesnyin, win MOJEIN «CIHABAYAY, B KOTOPOU
MPENOoJIarajgoch, YTO OEIKU MOKPHIBAIOT MOBEPXHOCTD JUIHUIHOTO OUcIosA. DTo OblIa
HEOOBIKHOBEHHO yAayHast MOJIENb, M B T€UEHHUE MOCIeAYIOMUX 30-TH €T MHOTOYHCIICHHbIE
JKCIIEPUMEHTAJIbHbIE JJaHHbIE, 0OCOOEHHO MOJYYEHHBIE C TOMOIIBI0 TUPPAKIIUN PEHTTE€HOBCKUX
JTy4el U 3J1€KTPOHHONW MUKPOCKOIINH, TIOJTHOCTBIO MTOATBEPAMIIN €€ aIeKBaTHOCTh. OTHAKO TOI'/1a XKe
00HAPYKUIIOCh, YTO MEMOpPaHBI BHIITOTHIIOT OTPOMHOE MHOXKECTBO (DYHKITHH,  4TOOBI OOBSICHUTH
3TOT (peHOMEH, HCXO0JHast MoJieNb J[9BcoHa-/[aHueN I HEOJHOKPATHO MO/IBEPraiach
MOAU(DUKAITHSIM.

BricTphlit mporpecc B MEMOPAHOJIOTHH, B pe3yJIbTaTe KOTOPOTo c(hopMUPOBAIHUCH COBPEMEHHBIE
MpEeJICTaBICHUS, JOCTUTHYT, B 3HAUUTEIBHON Mepe, Oy1aroaps ycrexaM B U3y4eHHUU CBOMCTB
MeMOpaHHBIX O€IKOB. DJIEKTPOHHO-MUKPOCKOMMYECKUE UCCIIEOBAHUS C TPUMEHEHHEM METO/1a
3aMOpPaKMBaHUS-CKaJIbIBAHUS MTOKA3aJIHM, YTO B MEMOpPaHbI BCTPOCHBI TTI00YIIIpHbIEC YacTULIBL. Tem
BpeMeHeM OMOXMMHKaM C TIOMOIIBIO IETEPreHTOB yAaJI0Ch TUCCOMHPOBATH MEMOPAHBI 10



COCTOSIHUS (PYHKIIMOHATILHO aKTHBHBIX «YacTUID. JlaHHBIE CTIEKTPAIbHBIX HCCIIEJOBAHUI
yKa3bIBaJH, YTO AJI1 MEMOpPaHHBIX OEITKOB XapaKTEPHO BBICOKOE COJIEP>KaHUE O-CITUpaieit ¥ 4TO
OHM, BEPOATHO, 00pa3yIoT I1100yJIbl, a He pacnpeneJeHbl B BH/Ae MOHOCJIOSI HA TOBEPXHOCTH
JUNMIHOTo Oucaos. HenmonspHble cBoiicTBa MEMOpPaHHBIX OETKOB HABOJAMUIIU HA MBICIb O HATTUYUU
ruipo(OOHBIX KOHTAKTOB MEXY OeITKaMU M BHYTPEHHEH HETIOJIIPHOIN 00JaCThIO JIMITHAHOTO
6ucnos. Toraa sxe ObUTH pa3paboTaHbl METO/IbI, TO3BOJIMBIIUE BBISBUTh TEKY4ECTh JTUMHIHOTO
oucnos. Cunrep nu HUKOJICOH CBEM BOSIWHO BCE 3TH HJICH, CO3/1aB KUAKOCTHO-MO3ANYHY IO
Mojeab. B pamkax 3Toit Mogenu MeMOpaHa mpeaCcTaBisIeTcs Kak TeKyuuil pochomumuIHbIi
OucCI0H, B KOTOPBIH MOTPYKeHBI cBOOOAHO muddyHmupytomue o6enxu. [Ipexuss moxens [[3BcoHa-
Januennu Obljla CTATUYHON U YCIIEITHO OOBSICHSIIA UMEBIIUECS B TO BpeMsI CTPYKTYPHbIE JaHHEIE,
MOJTYYCHHBIE C IOBOJILHO HU3KUM pa3pemieHneM. B o e Bpems, HaunHas ¢ 1970 1. 6ombmioe
BHHUMAaHUE CTaJIO YAENATHCS U3yUYCHUIO TUHAMHUECKUX CBOMCTB U MX B3aMMOCBSI3U C MEMOPaHHBIMU
¢yHKIHAMU. B mocneHue roIbl KUIKOCTHO-MO3aNYHAs MOJIEITh TOKE TIOBEPraeTcs
MoaudUKaIKK, U 3TOT Mpoliecc OyIeT MPOA0IDKATECSA. B yacTHOCTH, Temeph CTallo SICHO, UTO HE BCe
MeMOpaHHbIe OeTTKr CBOOOTHO MU QYHANPYIOT B )KUAKOM JIMITUAHOM Oucioe. FIMeroTcst JaHHbIe O
CYILIECTBOBaHHH JIaTepaIbHBIX IOMEHOB B caMoil MeMOpane. TiaTenbHO U3ydaeTcsi TaKkKe pollb
utockenera. CTaHOBHUTCS BCE OUYEBUAHEE, UTO HEKOTOPHIC yYAaCTKH MEMOpaH OTIMYAOTCS 110 CBOCH
CTPYKTYpe OT KJIACCUYECKOT0 JUMHUIHOTO Ouciosa. Tem He MeHee, B 0003puMoM OyayIiem
KHUJIKOCTHO-MO3aU9Hasi MOZIEIb B €€ Pa3HbIX MOAU(PHUKANNAX OyIET CIYKHUTh B KAUeCTBE
KOHIIENTYaIbHOW OCHOBBI JIJIsl MHOTHX MEMOpPAHHBIX HCCIEAOBAHUN.

OCHOBHBIM (DYHKIIMOHAJILHBIM KOMITOHEHTOM MEMOpPAaHBI SBIISIOTCS, TO-BUIUMOMY, OCJIKH, TOT/1a
KaK pOJIb JIMITHUJIOB B COCTaBE MeMOpaH 3aKIo4yaeTcs B CTa0MIM3aluy OUCIONHON CTpyKTyphl. Ha
3ape pa3BUTHsI MEMOPAHOJIOTHUH TI0Jarajid, 9T0 MeMOpaHHbIe OEITIKHU 110 CBOEH CTPYKTYpeE TOBOJIBHO
TOMOT€HHBI U YJIOKEHbI (KaK MBI y>K€ TOBOPHIIN) TI0 TOBEPXHOCTHU Oucios B Buje B-crnoes. Ceituac
CKOpee CKIIOHHBI CYMTaTh, YTO, 110 KpaifHEel Mepe Yy TpaHCMEMOpPaHHBIX OCJIKOB T€ UX YUACTKH,
KOTOpBIE MOTPY>KEHBI B MEMOpaHy, coepkar a-crupainu. KoHeuHo, oueHb XOTeNoCh ObI clienaTh
KaKHe-TO OJJHO3HAYHBIE BBIBOJIBI TI0 ATOMY IIOBO/Y, HO OHH JIOJKHBI OCHOBBIBATHCS Ha
¢dakTuyeckux naHHbIX. [lepen AUIIOM OrpOMHOTO CTPYKTYPHOTO pa3HO00pa3usi paCTBOPUMBIX
0ETIKOB y4eHbIEe IPUXOIT K 3aKII0YECHHUIO, YTO MHTETPaIbHbIe MEMOpaHHbIE OCJIKM MOTYT OKa3aThCs
ropasJo cioxHee, yeM ceifuac npezcrasnsgercs. Kinaccuduxaiys pacTBOpUMBIX OEJIKOB MO TUIIAM
CTPYKTYp ObLIa POBE/IEHA TOJIBKO MOCIIE TOT0, KaK YCTAHOBWIIN C BHICOKUM pa3pelieHueM
cTpykTypy 60mee 100 paznuunbix 6enkoB. UTo KacaeTcs TpaHCMEMOpPAHHBIX OEJIKOB, TO 3TO
yAJI0Ch CIeNIaTh TOJIBKO B OHOM ciy4ae - JUIst Oenka (POTOCMHTETHYECKOT0 PEaKIIMOHHOTO LIEHTpa
OaxTepuil. BMecTe ¢ 371eKTpOHHO-MUKPOCKOTTMYECKUMHU JAHHBIMU HU3KOTO pa3pelieHus o
CTPYKType OaKTEpHOPOAOIICHHA 3TO €AUHCTBEHHBIN HCTOUHUK, HA KOTOPOM MO>KET OCHOBBIBATHCS
MOCTPOEHNE MOJCIICH JyIsl OOIBIIMHCTBA APYTHUX TPAHCMEMOPAHHBIX OCIIKOB.



ENIE OJHUM BAXXHBIM MOMEHTOM ABJISAETCA BOITPOC CITIOCOBOB
IMPUKPEIIVIEHUA BEJIKOB K MEMBPAHE.
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1. Cas3piBaHME ¢ OeIKaMHu, TOTPYKEHHBIMH B OHCITOi. B KauecTBe MpuMepoB MOKHO TTPUBECTH
Fi-gacte H+-AT®a3s1, koTOpas csa3biBaeTcs ¢ Fo-uacThio, morpykeHHOH B MEMOpaHy;
MO>KHO YIOMSIHYTh TaKXe HEKOTOpbIe O€JIKHU IIUTOCKENIETa.

2. Cas3bIBaHHE C IOBEPXHOCTHIO OUCIIOS. DTO B3aUMOACHCTBHE NMEET B TIEPBYIO OUepeib
3JIEKTPOCTATHUECKYIO IPUPOAY (HATpUMEDP, OCHOBHBIN O€JTOK MUETHHA) WIIA THAPOHOOHYO
(HampuMep, TOBEPXHOCTHO-aKTUBHBIE MENTH/IBI U, BO3MOXKHO, (hocdonumnazer). Ha
MMOBEPXHOCTH HEKOTOPHIX MEMOPAHHBIX OEITKOB UMEIOTCS THAPOGOOHBIC TOMEHBI,
oOpazyromiuecs: 6aronapst 0COOEHOCTSM BTOPHUHON WIIM TPETHYHON CTPYKTYPHI.
VYka3aHHbIE TOBEPXHOCTHBIE B3aUMOECHCTBHSI MOTYT UCTIOIb30BaTHCS KaK JOMOJIHEHUE K
JIPYTHM B3aUMOJICHCTBUSM, HAPUMED K TPAaHCMEMOPAHHOMY 3asSKOPUBAHHUIO.

3. Cps3bIiBaHUE € TOMOIIBIO THAPOGOOHOTO "SKOPs'"; 3Ta CTPYKTypa OOBIYHO BBISBIISICTCS KaK
MOCIIEI0BATEIHHOCTh HEMOISPHBIX aMUHOKUCIIOTHBIX OCTATKOB (HAIPUMED, Y IUTOXPOMa
b5). Hekotopbeie MeMOpaHHBIE OCITKHA UCTIONB3YIOT B KAYECTBE SIKOPST KOBAJICHTHO CBSI3aHHBIC
C HUMH KUPHBIE KUCIOTHI WIH (POCHOIUTHIBL.

4. TpancmemOpanubie Oenku. OHN U3 HUX TIEPEeCEeKal0T MEeMOPaHy TOJIBKO OMH pa3
(Hampumep, TIUKOGOPHUH), IPYTHE - HECKOIBKO pa3 (Halpumep, JIaKTO30IepMeasa,
OaxTepropoaorcul). Pasnnuusamu Mexxay HapyKHbIMU (WK epuepruiaecKuMu) u
BHYTPEHHUMHU (UJIU UHTETPATbHBIMU) MEMOpaHHBIMU OENTKaMH HE 3a7]aeTcs CIIOCO0 MX
NPUKPETUICHHUS K OMCIIO0; STH Pa3IMYHsl ONPEACIISIOT JIUIIb OTHOCUTEIBFHYIO CHITY
CBSI3BIBAHUS OCIIKOB.



