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oqeBHJlHo, 'iTO c.ne.nyeT pacc'llf?a~ :HMeHHo JIOKaJIDHl>le noJI5l • 

0cHOBHa5l UeJlb paOOTlil. HccJiellOBaJm:e JIOI<aJ!bHLIX SJieKTpDCTaTH'iec!OIX 

noJieit B MeMOpaHHlilX CHCTeMaX. ' OOycJIOBJieHHlilX npoHSBOJ!bHblM 'llfCJIOM 

IIpOHSBOJibHlilM o0pa30M paCIIOJIOJKeHHlilX TO'!e'iHblX sapMOB H JlH!IOJleA. 

OcoOoe Blfi.!MaJnte YJleJieHO IIOJIY'i~Hlm JlJIS! npaKTH'lecKHX ueJieA y.lloOIWX 

npHOJll1l!CeHHl>IX ltlOlX'!YJI· BalKHI>IM acneKTOM paOOT!il .smruleTCS! npMMeHeHHe 

n:o.nyqeHH!ilX IPOPMYJI .llJIS! pemeHHSI HeKoTop!ilX npoOJieM TpaHCIIopTa .IIHlIO-

- Jie:t!: (BOllLI) H HOHOB qepes MeMOpaH!il. a Taiate a.llCOpOUHH sapSDKeHH!ilX 

qacTHU Ha MeMOpaae. IlpH 3TOM conocTaBJiemte TeopeTWiec!OIX IPOPMYJI 

c 3KCIIep:HMeHTaJiblililMH l{aHHlilMH IIOSBO.ruleT IIOJIY'Uf?b ueHH)'JJ HHIPOpMa-

. l.UDJ 0 CBOACTBaX MeMOpaH!il. 

HaY'Ufa$1 HOBHSHa. ~eTaJ!bHoe H BCecTopoHHee paccMOTpeHHe lllHpOKoro 

cneKTpa 3ruta'! B ,Ita.HHOA paOOTe II03BOJ151eT rosop:HTb 0 C03JlaJ{HH HO­

Boro Hayqaoro HanpaBJieHHH - MHKpOCKOIIH'iecKoA TeOpHH MeMOpaHHblX 

SJieKTpocTaTH'iec!OIX 51BJ!eamt. HayqHa5! HOBHSHa IIOJIY'ieHHlilX B paOOTe 

pesyJ!bTaTOB 3aKJimaeTC5! B TQM, '!TO B paOOTe BIIepB!ile Blil'!HCJieHlil 

JIOI<aJ!bH!ile SJieKTpOCTaTH'iecKHe IIOJIS! npH npoHSBOJ!bHOM '!HCJ!e TO'!e'!­

HlilX sap51.llOB, paCIIOJ!OlKeHH!ilX npOH3BOJ!bHblM o0pa30M y rprumlJJ>I pasJie­

Jia lllH.llKHA .llW3JieKTpHK-paCTBOp 3JleKTpOJI:HTa. MeMOpaHa-paCTBOp SJieK­

Tpomrra, HOHH!ilA KaHaJI-MeMOpaHa. BnepB!ile pacc'i:HTaH!il SJieKTPOCTaTH­

'!ecKHe ~KT!il npH TpaHCIIOpTe BOllLI qepes OHCJIOAH!ile JIMIIHllHlile MeM­

OpaH!il H HOHH!ile KaHaJllil. BnepB!ile paCC'!:HTaH!il <lUJYKTyaU,HH IIOBepXHOCT­

Horo IIOTemum.na Ha MeMOpaHe. BOSHHKaJll!He B pe3YJ!bTaTe allCOpOUHH 

H llecOpOUHH MOHOB. IlOJiyqeHH!ile HOB!ile pe3yJ!bTaT!il 3JleKTPOCTaTH'lec ­

IOIX pac'!eTOB II03BOJIKllH npe.llCKaSaTb P51.ll HOB!ilX ~KTOB npH TpaHC­

nopTe JlHtIOJieA M HOHOB qepe3 MeMOpru11i1. 

Han:loJiee BalKHbl9 lrt3 pe3yJlbTaTOD. DblllOCMMLIX Hll 3auu.rry, CJie.nyDlllte: 

1 . Pac'ieT pacnpe.nc.ncmm n0To11r.um.na npK n:poMSBOJibHOM '!HCJie n:poHS­

BOJlbHLIM oOpa:JOM pacnOJIO-.OllllblX TO'IO'lllLIX sap51.llOB y rpaH111ll>l paSJieJia 

llCH.llKKA ll)f.)JIOKTpHK pt\CTOOp !)JICKTpomrra, MeMOpaHa-paCTBOp 3JieKTpo­

JIKTI'\. IWKllJ\l)K'IOC'KMR l«\llllJl MeMOpaHHM !lBSa. 

". "cc.no.noot\llHG IIODOJlOJOOI JDllIOJ!llHOI MOJleKYJilil y rpruDllJll paSJleJla 

*K.llJUft ~.l.llOKTpMK paCTBOp 3JieKTpoJIH'1'8 , MeMOpaaa-paCTBOp :3.lleKTIJO­

JIM'l'O H D IJ.KJDIJuq»AecltOM ~e. IIpOHJISlilll8111eM OecKOHe'lffYll ~­

JltlK'tPK'lOCKyr> Cpe.IXY. 

3. .PncqeT 3JleKTpocTaTJAecKOA UCTH MelllllSHol sttepnar nepeaoca· 

JlJl1IOJl!>HOR MOJleK}'JIW 113 BOJUIOI fl83Y B ....Opa1111yr>. lcCH.'IOBaHJle \ 

DJDDDDm BHeJlllerO 3.JleJt'fPJl'l9CKOl'O IICWI Jiil BXQll 90.Ul JS llellOpaHHyr> \·, 

CllllSY • 
'· PacqM pullllDHllX DpQllllel saepra .- ~ ~ JS llJlllllQPll-

, 
' 
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'iecKCfl! :KaHaJie. 

5. Bwimc.nemJe qmyic:ryamm saPJ!Jla ii noTeHIDmJia Ha ~pa.He. rLJyc­

JIONeHHYX a21cop0imea H Jlec~.u:trrea J!OBOB Ha 111eMOpru1e. Pacqer BOS­

mmamJJX ..B 3TJlX YCllOBWDC qmyKTyruuia 1'010. . 

.!IpaK:nAec:KM D.elmOCTb • IlOJiyqeHHRe B paOoTe pesyJibTll.TH l'.IpellCTaB­

Jl511)'.1' K8.K Hayimyl), Tait l't lipaKTJl'lecJcyJ:> lleHHOC['l>. Ha~ IleeHOCTb 

pa.Cioni srutJIJJ'meXCR B TC11J, 'iTO BIIepBtre no.nyqeBo no.upoOHoe J! JLe­

Tanaoe TeopeTJ!'lecKOe Oint:::tlHHe pacnpelleJiemm IIOTeartHaJia B MeM­

Opammx CMCTeMaX JIPH IIprumBOJlbHOM 'D1C.1Ie IIpOllC3BOJ!bHmft oOpasOlll 

paCJIOJIO.treHmlX TO'ietmhlX 'laCrxJ:l. .llOCTmreHml CTpYKTypHHX llP.::CJle.ltOBD.­

Hd JI03BOJlBJ1' lllCnom.sOBan. ~eHHlile rumJDmfllecKl!le IZlOPMYD JL1IJI 

JIOCTpC>eBJ.m Jip<$tU JIOreHilJlaJlhBoit 9Heprml Cl'JCTeMY sapnemmx lUl­

CTlm. BCi.JDISl! rpaBm1 paslleJUl !lBS, 'ITO iD1ee.r BUHY1J IIpaKTl'Nl!Clcyl) . 

W*!Hocn. JIPH f1111111mHOM ll!OlleJIHpOBamm JIOBellemm 11acTlm,. BrulmiM ac­

IIeKTOM npaKTJNecltOA namocm IIOJIY'leHHHX pesYJ!!>TaTo13 5!BJUle'1'CJl me 

npmJeBemte Jl,1151 pememm Jl5U[a npoO.neM I'l'IJW8.Ta.m1H OHOllomntepoB, 

TpaHCIIOpTa BOJ!l,l. H KOH013 <iepes ~paH!il. a TaKJCe aJlCOpOIIJ!H Heop­

raHH'iecKmC H OpraHH'lecKMX HOHOB Ha MeMOpaHe. Pemeime 37'.HX npoO­
JieM TecHO CBH3aHO c OKOTeXHOJiorH'iecKl!l\I H CiMOMelW!DIHCKOid HX npH~ 

JIOJKelil!:eM. OrMeTl!M, 'ITO IlOJIY'ieHH!ile B paOOTe pesyJibTaTlil MCIIOllbSy­

DTCS! Ha llpaKTMKe B OMO®fSH'llecKMX i!CCJ1e.1to:eaHJmX .naOopaTOpHI B 

EpeBaHCKOM ll>ml!qecKOM l!HCnrryTe, Ha JCaqlellpaX OH~ @iSJ'Aec­

KOro qmcyJ!bTeTa Epl'Y H CiHOJlOI'H'!ecKoro qwtyJ!bTeTa Mf'Y. B l/IHCTmj'­

Te 3JieKTpOXHMHH HM. A.H. ~a PA. a TaIOKe sa ~eJl.DM <Ylm­

Bepc:HTeT HM. A. I'yMOOJ!bllTa , BePJil'fH ) • 
AlipoOaium paOOTH H IIYO.mucruum. IloJiyqeHJme B paOoTe pesyJ!bTaTN 

JlOK.1lallLIBaJ!l1C:b Ha COBeTCKO-aMep1'11UlHCKOM CWdllOSHYMe no OHOJlOI'H'iec­

lOIM MeMCipaHaM CKMea. 1978 ) , Ha KOHillepeH!lMH MOJIOllLIX yqeHlilX MocKBlil 
"CoBpeMeHm.te npoOJ!eMLt «1;11:3JAecKOA xmum" (.MocKBa. 1978 l • Ha I H 

III CoBeTCKO-IllBeA!JapcKOM CHMIIOSHYMaX IIO OHOJ!OrH'iecJWM MeMOpaHaM 

tTOKJmCH, 1979 H T8111KeBT, 1983), Ha III pecnyO.!mKaBcKO'.a HaY'Uf01.t 

ceccKH IIO BOnpocaM OHOfll!SHKH (EpeBaH. 1982 ) • Ha I BcecomHOM OH­

Ofll!SH'iecKOM C'beSJle (.MocJCBa. 1982) .Ha BcecOI03HlilX paOOlDIX COBema­

HimX no OHos.neKTpOXHMHH MeMOpaH < CysnaJib , 1985. Kayaac , 1987 > , aa 

II pecnyOJ1MJCaHc100a KOHqiepeHIJ.'HH. nocBm11emtoa npOOJieMaM ~o­

XHMH'lecKo:t!: OHOJIOMfH (EpeBaH. 1986 ) • Ha Jlell;eyHapo.llHOM CMMIIOSHyMe 

no I'H.JlpaTatUm OHOJIO.JmMepoB (IlymHHO' 1987 ) • Ha 4 - 0M Mell01Yff8poJlHOM 

. ~CKOM CJ!M[IOSJl:yMe "BHoo.JleKTpOXHMWi cerOJlHj! M saBTpa .. 

<M::lcKBa-cys,naJlb, 1988). Ha BcecotJ3HOM CHMIIOSHYli'Je "0.nHHO'llil>le J10H­

Hlie KaHaJW B OHOJJOMAecKHX MeM:ipaHax" <Kapa-,llar, 1969), Ha CEM-
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rrosHYMe no Archael:iacteria CCCP-~Pr <T6HJIJIICJII. 1990 1, Ha ronwrHoM 
oriro$-13mec1<0M coBewamm <f aM6ypr1 Caap. repMaHH!i, 1991 >. Ha ceMH­
Hapax no KOJJJIOJIIJlHO:A: XJIIMTitTit XHMH'iecKoro ctnKYJlbTeTa MrY. Ha Orirocprir­
s:v.qecKOM ceMWiape \I'M.AH CCCP, Ha ceMYIHape B ymmepcmeTe KM. 
A.I'yMOOJib,l!Ta (BepJIHH, repMaHHH), Ha TeopeTH'ieCKOM ceMMHape Ep~~. 
ITO TeMe ,mrccepTarurn ony6JJHKOBaHO 44 pa60Thl . 
CTPYl<TyPa rir oObeM .mrccepTau;m . llrircceprruurn: cocTOJIIT H3 BBe.neHHH. 
.nByx qacTea. BblBO.IlOB H CIIHCKa JIHTepaTyphl. !filCTb 1 IlOCBffilleHa pac ­
qeTy JlOKaJ!bHhlX 3JJeKTpOCTaTWJ:eCKHX noJJea B MeM6paHHhlX CJIICTeMax JI[ 

conepl!CJIIT Tpll! rJiaBhl. !filCTb II COC TOll!T H3 rpex rJiaB H IIOCBEWeHa 
Tpattcnopry BO.Zlhl •r HOHOB qepes MeMOpaHbl. a TaKl!ce ancopOrurn qacnm 
Ha ~eM6paHe. B Kal!Oloa rJJaBe JIIMeeTCE nocTaHOBKa COOTBeTCTBYI<lUIJIIX 
sa.naq, HX peweHHe , a TalO!Ce aHaJJHS H o6cYlfOleHHe pesyJJnTaToB. 

B paoor e conepl!CJIITcsr 235 cr paHV!ll , 30 pll!CYHKOB H 1 Ta6JJV!lla. 

CX:::HOBHOE CO.n;EPJKAJ-ME PABOTli 
lfilcTn I . ~oKa.nnHNe jJieKTpocrar;r:i:ecKKe no.nsr B 

MeM6paHHhlX CJIICTeMax . 

Vl3BeCTHO. qTQ rpamm.a pa3,l!eJJa MeM'.:ipaHa-paCTBOp 3JleKTpOJJVITa 
He 5iBJJ5ieTC5i r Jla.Il,Ko:A: JIOBepXHOCTblO . Ha noBepXHOCTJII MeM6paHbl. . KaK 
npaBHnO. KMeeTCE rJIHKOilpOTeT!tHOBhl:A: CJioa. KMelOOI~ TOJIWHHY HecKOJlb­
KO .necsrTKOB aHrcTpeM. llaCTb l\!OJ1eKyJ15lpHblX rpyrrrr, BXO,l!ElllID< B !'JIJII­
KOIIpoTeHHOBLU!: CJIOK. JIIOHJII3:HpOBaHa, TaK qTo sap5lll pacnpe.ne.neH n;HC ­

KpeTHh!M 00pa30M B H8KOTOpOM CJ!Oe y noBepXHOCTJII MeM6paH:&l . Pacnpe­
.ne.neHHe I!OTeHUWl.Jla y JIOBepXHOC TJII MeMOpaHbl cywecTBeHHhlM 00pa30M 
BJ!W!eT Ha MOHHble npouecchl . :npoHCxo.rutmMe y rpaHWl.lil pas.ne.na MeM­
opaHa- pacTBop 3JJ8KTpo.nma la.RCOpOUHS! oap.rotceHHW< 'laCTMU, TpaHC­
rropT HOHOB. npoTeKaHJIIe PSl.llll 0JII03JIOKTPOXl1MW!ecKHX npoueccoB JI[ T. 
.n. >. Ilo :no:ft rrpwumo Dn>IQlblM .smJI.s:tOTC.H pacqeT pacnpe.neJieHH.H noreH­
rum.na. QObl'-1110 tllJH pnC•lOTO I!OT8HU.WlJ!a npmmMam, 'lTO rpaHJII!la pas­
.noJJa MOMOp{\Ha po.CTOOP OJIOKTpOJUt'ra 5IBJl.SleTC.SI rJial!KO:ft ITOBepXHOCTblO, 

KOTOpoft pannOMOpHO pa3Ma3aH sap5lll. Bo.l!ee peaJm::TH'UIWM .smrui:eT­
Y"lOT pncrrpe.ne.neHJII.SI sap~ B r.J1HKonporeJ11HOBbM c.noe. IlpM pa.c11e­

-ro npm1i9tll.DT. 'ITO, DOMJMO paBHOMepHo pa3Ma3ammro sapSl,lla .Ha .. ca­
MOA n ODopxHOCTH pa3lte.Da MeMOpaea-pacTBOP 3JleKrpo.mrra' MMeeTCJI 
TaKJI& IIJIOTHOCT'b 3aP51JlOB B HeKOTOpoM c.noe y noBepXHOCnl ~pami •. 
npM'leM 3Ta JlllOTHOCT.b Henpep!ilBHillt o0pa.30ll 38BJCJQ' OT paCCTOSHS! 
l10 noeepXHOCTH ~pa.ml · (Donath. Pastm.henko . 1980: Onsliima. Oh­
k1. 1985) •. PaOOTW, 8 ltOTopYX ~ ..-:KpMHOCTh sapua OT-
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nOCitTe,h:OHO MaJIO'lliCJleHHH. B OOJiblllHHcrBe JII3 HHX paccMaTpm38.eTc5l 
c.11yq.ut. twr.n:a @!KcHpOBaHHN:ft ,llMCKpeTHIDl: sap.sm HaXO,lU[TC51 WIH B 
MeMOpaHHOA: ctnse, WIH llCe Ha caMoA: rpamru.e pas.ne.na MeM6paHa­
pacrBop s.neKTpo.nHTa. llpaKTWiecKH Bes.ne pewaeTcR sa.naqa Ha rpaHM­
ue pasneJia .llJII'3J1eKrpHK-pacr sop s.neKTpOJ1ll!Ta, T.e. !:(nKTJII'lecKH MeM6-
paHa saMeftlleTC51 noJ1y6ecK0HeqHoA: Jllf3J1eKTpMtlecK01t cpe.no1t . QqeBHit­
Ho. qTo HaMOo.nee noJ1HhlM 51BJ15leTC5l pemeHMe sa.naqM :w.ieHHO .l!Jl51 MeM6-
paH!i, MMemea KOHe'lHYJO TOJllllMHY, npl'I npmt:iBOJlbHOM 'IMCJ!e IlpOJII3-
BOJlbHhlM OOpasOM pacnoJ1omeHHh!X sap.smoB. ITpl'I'leM @!Kc:JIIPOBaHHlie sa­
PSUlbl MoryT OUTb B oOweM CJIY"lae KaK B MeM6paHe. TaK H B OKpyma~­
WJIIX MeM6paHY pacrsopax sJieKTPOJlm'OB. B n:epso1t qacTH paOoTu oc­
HOBHOe BHJl!MaHlie yne.neHO Bhl'lMCJl8HHIO JIOTeHUMaJla OT TO'leqHoro 3ap51-
.n:a B pa3JJH'l:Hb!X BapmtHTax ero pacIIOJIOl!CeHMll KaK OTHOCVITeJlbHO MeMO­
paHb!, TaK JI[ OTHOCMTeJibHO !U1'.JIHH.RPJII'leCKOI'O KaHa.na . IlpOHJII3b!BalOlllero 
OecKOHeqHYJO .llJII'3JleKTPM'l8CKYJO cpe,ny. ~ TOJ!bKO B HeKOTOpb!X CJ!yqa51X . 
npe.ncTaBJiffiOIUJIIX MfiTepec .IIJJ51 MeMOpaHHblX TpaHcnopTHblX rrpoueccoB 
( TpaHcnopT BO.nhl, .lU1IIOJ!bHbll!: ce.neKTJIIBHLU!: ueHTP H T. n. ) Bbl'lJIICJleH 

ITOTeHUMaJI .lU1IIOJl.SI B 51BHOM BM,IJ;e . 

FJiaBa 1. Pacnpene.neHHe 3.neKrp;r:i:ecKoro rroTeHwm.na y 
rpaHJIIllbl pas.neJia ~ .llJII'3J18KTpHK-paCTBOp 3JleKTPOJIVITa. 

Bo MHorJIIX cJ1yqasrx ynOOHoa Mone.nn10 rpaHJIIllbl pas.ne.na MeMOpaHa­
pacTBop 3JleKrpo.nHTa .S1BJ15leTC5l rpaHHII.a pas.neJia .llByx noJiyOecKoHe'l­
HblX cpen, o.ztHa HS KOTOpblx pacrsop 3J1eKTPOJ1HTa, a .npyra.H -~ 
.llJII3Jiel<rpHK . B .n:aHHo:ft paOoTe npmieneHo HaMOo.nee nOJJHoe pememi:e 
oo.nee oowea sa,naqJII o pacnpe.ne.neHMM rroTeHxum.Jia y rpaHMUbl pas.ne ­
Jia JICIUlK.JII:ft .l1JII3JleKTpHK-pacTBOp 3JleKTpoJIHTa nprir npoM3BOJlbHOM 'lHCJle 
npO:liSBOJ!bHb!M 00pa30M pac n:OJIOJKeHHWC 3ap51,ZlOB KaK B lfGf.11.KOM .IlHSJleK­
TpHKe, TaK H B paCTBope 3Jl8KTpOJIHTa. IlpH pemeHHJII BHa'laJie onpene­
JI.SleTC5l ITOTeHUMaJI llJl51 CJiyqa51 , Kor.n:a JIIMe!OTC5l ,llBa <lMKCHpOBaHHblX TO­
'le'lHblX sapstna, O.ItHH JII3 KOTOpblX pa.cnOJIOJKeH B llCKJUtOM .IlHSJ!8KTPMKe , 
a BTopo1t - B pacTBope 3JleKrpoJ1HTa. PeweHHe sToa KJIJJ'lesoa sa.n:a'll'I 
aBTOMaTH'lecKH conepl!CHT B ce6e 111 CJIY"laa HaJJJII'lH!i tPTitKCHpOBaHHhlX sa­
p.st.nos Ha caMo1t rpaHV!lle pas.ne.na qE.s. Ilp111 Ma.JlblX noreHrum.Jiax , Kor.na: 

0

MOlKHO JmHeapM3Hp0BaTb ypaBHeHHe IlyaccoHa-BoJ!bui&ura ,l!Jl51 ~CTBOpa 
3JleKTPOJill!Ta , y.n:aeTC5l IlOJIY'lll!Tb peweHll!e KJIIO'l8BO:ft san.a'IM B aHaJlll!TH­
'lecKOM BM.Ile. CJIICTeMa ypaBHeHMa, JII3 .KOTOPLIX CJie.11YeT orrpe.neJIHTb 
ITOTeHI.UmJI B llGUlKOM .lll1!3JleKTpHKe <Z<O) Ill B _paCTBOpe 3Jl8KTpo.mrra 
(Z >0) , CJ!e.nymta.SI: 
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rn8 e,). e;M' es - .Il.1'13JJ8KTpwt8CKH8 rrpomm,a8MOCTH_ BaK~a, l!CH.ll.Koro 
.IJ.H3Jl8KTpHKa H paCTBOpa 3JJ8KTPOJJHTa COOTB8TCTB8HHO: '?k.-

1
- ll86a8BC­

KaSl .nJIHHa 3KpaHHPOBaHM B pacTBOp8: I'k H l'i - pa.nHYCb1-B8KTOpM, 

rn8 Haxo.rutTCSl ltJHKCHPQBaHHbl8 sap5illbl qk H q1 : e0 - sapSln rrpoToHa: T 
- T8MII8paTypa: k - nocTOSIHHaSl BoJ!bII.MaHa: cf -KOHU8HTpaUIDi 3JJ8K­
TpOJIHTa . B .IJ.HCCepTalU'IH npHB0.1U'lTCSl l10JIH08 p8W8HH8 CHCT8Mbl ypaBHe­
HHA ( 1 . 1 l H t 1 . 2 ) . PeweHH8 KJJmeBo:A: sa.nA •rn no3BOJJSl8T nocTpOHTb 

peW8HH8 llJJSi 60JJ88 o6w8ro cJJyqaSi, Korna HM88TCSi rrpOHSBOJJbH08 qHc­

JJO 3aplUlOB ' pa.::IIOJIOJ!CeHHlilX rrpoHSBOJlbHblM oopa30M KaK B rpaHwtalllIDC 
(la3ax. TaK H Ha caMo:A: rpaHllll1.8 pasn8JJa ·(las. IloJJyq8Hbl ynoOHble rrpH-

t 
6JIIDK8HHble ¢oPMYJ!bl, xopowo O!IHCb!BaIOlllHe l10T8HUHaJJ B llMpOKOM nHUITa-
30H8 H3M8H8H~ HOHHO:A: CRJlbl pacTBopa. Y'!CCJJ8llOBaH IIOT8HUHaJI B 
MOll8JIH Bblp83aHHClrO .IJ.HCKa. B KOHU8 rJJaBbl rronpo6HO paccMOTp8HO no­

B8ll8HHe .IDIJT!OJ!bHO:A: MOJJ8KYJ!bl Ha rpaHlllll.8 pa3ll8Jla lK11JIK~ .IJ.H3Jl8KTpHK­

paCTBOP 3JJ8KTpOJJHTa. iwr.na .llHilOJ!bHaSl MOJJeKyJJa HaX0.1U'lTCSl B ,ll,H-

3Jl8KTpW!8CKO:A: (1838. IlOKa3aHO. qTO CHJ!bl HSo6pam8HHR opH8HTHPY!OllU1M 
o6pa30M ll8:A:CTBYIOT Ha nHITOJlbHYIO MOJ18KYJIY. BbHl'lCJl8Ha 3aBHCWllOCTb 

opHeHTaUHOHHOrO rrapaMeTpa ITOPSlllKa OT paCCTOSlHHSi' HS KOTOporo 
CJ18.UY8T . qro B0JIH3H rpaHH!J,bl pa3ll8Jla (183 opH8HTHPY8TCSl MOHOCJ!Oilt 
MOJJ8KYJJ DO.nhl· ilOKa3aHO TaKJKe, qro rrpH orrp8ll8Jl8HHOM COOTHOW8HHH 

llH3JISKTpH'lOCKlllX rrpOHll!LW.9MOC T8:A: rpattmalllMX (183 MOIKHO rroJiyqHTb an­
copOUHOllllbl~ MHHWllYM B paMKaX 3JJ8KTpOCTaTWI8CKHX CHJI l'!SoOpal!CeHHill:. 
nna.norm11bl~ MWIW/IYMY nJISI HOHOB tKornyshev et al. . 1977). 

f JJasa 2. 3ap5l.n :11 nHITOJib y rpaHllll1.bl . pa3neJia 

M_eMOpaHa-paCTBOP 3Jl8KTpOJIHTa. 
EcTeCTB8HHblM rrponoJJJKeHHeM HCCJJenoBaHHi\l:, rrpoBe.neHHhlX B rJJaBe 

1' 5113JISl8TCSl Bbl'iMCJl8HHe JIOKaJ!bHhlX 3JI8KTPOCTa TH'ieGKHX IIOJ!e:A: y 
rpaHllll1.bl pa3neJia MeMOpaHa-paCTBOP 3JI8KTpOJIHTa. 3aMeTHM. qTo HM8-
JOOIHecSi pacqeTbl orpaHwtHBa!OTcSl rrpHCiJIIDKeHH8M, Korna rpaHlllll.Y pasne­

JJa MeMOpatta-paCTBOP 3Jl8KTpOJIHTa 'ttpe.UCTaBJISOOT B BMe nsyx noJiy­
OecKQHeqHblX cpe.n. T. e. (laKTH'tecKH HrHOPHPY9TC5l BTOpaSi rpaHmta 

Ja::JJte.'!Ja. B }l}tccepTau~ra nocJ1enosaTf',JJbHO p8meHbl 3JJ8KTpocTaTmec1U1e 
a.1111•m }lJIR CJiyqaeB npoH3BOJ!bHOro 'lHCJJa rrpOH3BOJ!bHblM o6pa30M pac­

tIOJ)( 1<ef!Hb!X TOq8qHblX sapSi,UOB y rpaHllll1.bl pa3neJia M8MOpaHa-paCTBOP 

3JI8KTpOJTHTa rrpW!eM 3apSUlbl MOI'yT Ob!Tb KaK B pacTBOpe 3JI8KTPOJir.tTa 
B6JIM3H rouepXHOCTe:A: MeMOpaHl>l. TaK H B MeMOpaHHO:A: qnse.a TalOKe H 

,,,. Ha llOBepXHOCT.fOI,; M8MOpaHbl . EcJIH 3Up.HJI lq i) HaXO.lU'ITCSl B paCTBOp8 
3Jl8KTPOJIHTa B OOJiaCTH z >,j; 2 (cl - TOJIWHHa MeM6paHbl). rn8 .neoaesc ­

KaSl .lIJ!HHa 3KpaHMpOBUHl'l5l "*-z-l TO pacrrp8neJI8HHe noTeHU,Wl.Jia onpe­

.neJISleTC5l H3 peweHHR CJienYfOlliea CHCTeMbl ypaBHeHHlil:: 

d 
'1<1>11= ;; <I>11• z~--

2 
12.1) 

(j d 
64>21= o. -- s:. z ~ -

2 2 
12.2). 

-+ -+ ) d 2 q1 B ( r - r 1 z ~ -.i\1131 = "*-2 ~31 - co cs 2 
\2.3) 

~1- 1 - .neoa8BCKaSl .!lJIHHa 3KpaHHp0BaHHSl B oOJIUCTH Z<-d/2 : cs - lLH3-

JieKTPW!eGKaSl npOHMII.U8MOCTb paCTBOpa: ~11' ~31' <1>21 - noTeHUHaJI~ 

B paCTBOpax H B MeMOpaHe COOTB8TCTBSHHO; l'i- pa.RHYC BeKTOp Toq­

KH, r.ne HUXO.nHTC5l !PHKCHpOBUHH~ sapSi,U qi. B CJiyqae me HaXOl!Ul8HHSl 
ToqeqHoro 3apSi,Ua B MeMOpaHHOa (lase BMeGTO (2 . 2) 

0

HymHO ITOCTaBHTb 

q1 B ( r - l'i J ·d cl 
1111121 = - -- ~ z ~ -

co t::M 2 2 

a BMSCTO (2.3) 

2 d 
'111)31 = "*-2 11131' z )!; -

2 

B JIHCcepTUIJ.HH npi!BOJUtTCSl nOJIHoe pemeHHe 3TIDC llByx KJll)q8BblX sa­

nat1, l103BOJim:tnee nocTpoHTb peweHHe llJ!Sl c.nyqM rrpOHSBOJI!:>HOI'O qHC­

Jia rrpOH3BOJlbHhlM oopa30M pacnOJIOlliSHHblX sapSlllOB y rpaHHU,b! pa3,ne.na 

MeMOpaHa-paCTBOP 3Jl8KTpOJIH'ra. PeweHH8 HMeeT rpoM03.l!.Kl1:lt BHJ1. 

3.necb rrpHEle.neM ,Jll1lllb rpaftMK saBHCHMOCTH noTeHll.HaJJa B IlJIOCKOCTH 
p- z .!lJISl CJJyqaSl pacnOJIOllieHHSl sapH.na B MeMOpaH8 lpHc.2.1) . B 3TO~ 
JKe r.nase no.nyqeHo peweHHe sanaq:11 o pacrrpe.ne.neHHH noreHUHU.na Mem­

.ny .ILB~ KJl8TKUMH npH npOH3BOJl!:>HOM 'IHCJie l1pOH3BOJlbHliM o6pa30M 

pacniollCSHHblX !lJHKCHpOBUHHWC sapSlllOB Mel!UIY KJieTKUMH, OKpyitteHHb!MM 
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pacTBOpOM 3JieKTpOJIHTa. OTMeTMM. 'ITO IlP* B&'IHCJiemm UOTeHrumJia 
Mel!Oly KJieTKaMH , K.aK npaBHJIO, HCXO.llHT H3 npoc'.1.'eAme:a MoneJIK paBHO­
MepHO pa3Ma3aHHOro sap51Jla. B KOHUe BTOpO~ r Jia B& Irp*BOJU1TC~ Bhl'l*C­
JieHHe sttepr11M ssaHMone~cTBIDt .rumoJib- H3o6pa.JKeHHe B HCU1150Jiee :sam­
HOM CJIY'lae pacnoJIOJKeHIDt nvrnoJIR. B MeM6paHHoa itase . ITpH!leM, pac­
CMaTpKBaeTcR Ta K.me cJiyqaa npHOJIKmeHHOro Bhl'IKCJieHIDi 3Hepr:iom: B3aH­
Mone~TBIDi , K.or.n.a pacTBOp& 3JleK.TpOJIHTOB 3aMeH500TC~ .llHSJieK.TpKK.a­
MH. ITOKa3aHO, 'ITO npK CM"' 2 . a cs = 78.5 npHOJlKmeHHOe Bhl'lKCJieHKe 
3Hepr:iom: npa.KTWieCK.K COBnanaeT c TO'lHhlM Blil'lKCJleHHeM. 

:. 
Ill 
co 

1 11B 

P11:c • 2 . 1 ::lK.BmIOTemumJI& sap5Ula. pa.CIIOJIOJKeHHOro B MeM6pa.He 
(HOHHrui c WJa pacTeopa 1 MM >. 

rJID.:ea 3 . IloTeHIUmJI To'le'llforo sap5Ula H llHIIOJUl B 
UWIMHnpmecKOM KaHa.ne. 

IlpH TpaHCIIOpTe HOHOB H .rumo.ne:A: {BOJIW) no KaHaJlaM BlilmillM MO­
MeHTOM .flBJl$1eTCa B&'IHC.neHHe noTeHIUmJIOB HOHa H

0

.IOO'IOJl5l B KaHa.ne, 

UOCKOJlbKY 3TO naeT B03MOlllHOCTb OJipe.lle.JIHTb 3JleKTpOCTaTH'lecKy.> 
3Hepnm HOHa H JOO'IOJISl B KaHaJie' a 3aTeM oueHHT!I B03MOllHOCTb HX 
nepexona HS eommro pacTeopa B KaHa.n. CJle.nyeT TaJOle OTMeTMT!> • 
'ITO B KaHaJie HJIH lllS :e6.JOOH KaHa.na • HO B .~prumo:A: fl83e , MOI'YT 
O&Tb ~HpOBaHHae 3aPJIJUil KllH JOO'IOJIH, KOTOpYe, nea:TBya HA npo­
xoJUllDM:A: qepes KaHaJJ HOH, BJIHll)'! KaK H8. CeJleKTHBHOC'l'b MHaa; fa!C 

H Ha CKOpocTb JipOXoQeHJUI HOH8 DO !Wla.IY· B OOmeM c.iyqae ¢1DccH-

,.; r 
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poBaHHhle s ap.ff.lllil K .lIH!IOJIH MoryT 6&Tb KaK BHYTPH KaHaJia. TaK H B 
MeMOpaHe B0JIH3H KaHaJia. TaKHM oopasoM. B03HHKaeT HeOOX0.1U1MOCTb 
pacqeTa pacrrpeneJieHIDt rroTeHUHaJia B KaHaJie H MeMOpaHe npvr npoH3-
BOJibHOM UOJ!OMeHH11: sapEJKeHHO~ 'laCT:lfIW OTHOCKTeJibHO KaHaJia. Cyme­

CTBY!OO!Me TeopeTH'!CKHe pacqeT& npoeenett& JlJIE npocTe~ero CJiyqaE. 
Korna TO'le'lH~ sap5Ul HaXonKTcE .Ha OCH 6ecKoHe'lHoro l.l.HJ!HHnpW!ec­
Kor o KaHaJia (Parseg1a11. 1975; J •Jrdan. 1981 J. EcJIH TO'lettH~ sa­

P5Ul <qk ! HaxonHTCE BHYTPH UHJIHHnpa B TO'lKe ( P~:, <!Ji.;.. zk 1 • To rro­
TemmaJJ BHYTPH UHJIHHnpa <Pc .!lOJilfceH O&Tb orrpeneJieH HS ypaBHemm 
ITyaccoHa: 

.li;!>. '!r; -
€0£,,p O!p - Pk!OC~ - ~k IO(Z - ~kl 

i 3 .1 ) 

rne c,-. -.lU13JieKpmecKaE rrpOHHIJ.aeMocTb K.'.l.HaJia. B M!:!MOpaHHo~ 4Jase 
sapEJlOB HeT H IlOTeHUMaJI !PM onpeneJIEeTCR H3 ypaBHeHHR: 

tl~l.I = 0 
i3.2 i 

B JlHccepTaumr rrpKBo.nKTcE peureHHR ypaetteHIDl: <3.1 l H <3. 2) . 3To 
peurettHe rrossoJIEeT Brrepe:hle samrcaTh B&palfceHHe .nJIE noTeHrumJJa OT 

• l!p0H3BOJibHoro 'IHCJia l!pOH3BOJibHblM 06pa30M pac_TIOJ!OlfceHH&X TO'le'!H&X 
sapEnoB BHYTPH IDfJJHHJlpW!ecKoro KaHaJia. Ba.~<HhlM 'laCTH!ilM CJJyqaeM 
SiBJIEeTcE CHCTeMa HS JlByx pacrroJJoJKeHH&X B0JUl3H npyr npyra pasHo­
llMeHHh!X sapE.noB - JlHITOJJb . B JlHccepTaumr no.npoOtto HCCJie.noBaHo rro­
se.neHHe .ll.lmOJibHO~ MOJieKyJI& B UHJlHHJlpW!eCKOM KaHaJie . Bbl'lHCJleHhl 
rt_oTeHUVID.JI H 3J!eKTpOCTa TmecKaE 3HeprIDt B3aHMone:acTBHR .ll.lmOJIE c 

II0AAPH3arutOHHhlMH sap.!lllaMH .llJIR CJ!yqaR npOI13BOJ!bHOro pacrroJio~reHIDI 
.lIH!IOJIR B KaHaJie . ilOKa3aHo, 'ITO 3Hepr e TmecKIDl: Ilpe>qn.r.Jrb .lU1IIOJ!bHOa 
MOJ!eKYJihl B KaHaJJe Hr.ieeT BOrHyTbl~ BH.zt H B0JIH3H OCH KaHaJJa npHOJIH­
~HHO OITKC&BaeTCR rrapaOoJioa. EcJIH .!Um:OJib HaXOJlHTCH Ha OCH KaHa­
Jia. TO 3Hepr:m:r B3al1Mo.neacTBH5l .lIH!IOJJE c TIOJIEPH3arui:oHHblM11 sapR}laMH 
paBHa: 

z 2 wd = w_,_ + lw11 - w_,_ JC:os ( 'O J 
(3.3) . 

2 
<jl I_,_ 

U) 

1 r ? I=- D t-dt 
-'- 2-x: 1 

w_,_ 
4-x:coccRr 

0 
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•) 

di 1 11 

~1 D0t 2ctt 
wu I 11 = 

4 X£o£:G F~t: 
0 

t ( ~ - 1 )Km ( t )Km (t) 
~=EM1 E\; · m=0.1 [> m= ---------

1 - t (~-1 )Km(t >I 111 (t > 

rlle -a - yr'OJI HaKJIOHa .z;vmoJI5l d1 K OCH KaHaJia; R( - pallHYC KaHaJia. 
W3 (3.3l CJJellyeT, qTo ycTOmHBOe IlOJIOJKeHHe IDfilOJl5l B KaHaJie 3aBH­

Cll1T OT OTHOll!eHIDI ISM/ £c. IlpH 0. 14<£M/ £c < 1 OCb IDfilOJl5l napaJIJieJibHa 
oc111 KaHaJia. BHe sToro HHTepBaJia ycTom111Bolil: fillJl5ieTC5l nepneHl1111-

KYJI5lpHa5l op111eHTall.H5! OCH ,ll,111l10Jl5l OTHOCHTeJ!bHO OCH KaHaJia. B KOHUe 
TpeTbelil: r JJaBbl . BblqHcJieH noTeHI.llIDJI l1Jl5l CJI':f'Ia5l. KOI' na CHCTeMa 
ToqeqHblX sap5l~B npOH3BOJ!bHblM o6pa30M pacnoJiolKeHa B MeM6paHHOJil: 
~3e B6JI11!3H I.l,lllJlHHllPH'l8CKOrO KaHaJia. B fillHOM Bl!1lle BblIJll1CaHO Bblpa­

;ueHHe l1Jl5l noTeHI.llIDJ!a llll1IIOJl5l B KaHaJie' KOrlla .II,JllIIOJ!b HaXO.ll.111TC5l B 

MeMOpaHHOJil: qnse. 

l!acTb II. MeM6paHHbllil: TpaHcnopT, 

MeM6paHHbl1il: TpaHcnopT saHHMaeT ueHTpaJibHOe MeCTO B MeM6paHO­

JIOrHH. 3TO CB5l3aHO c TeM, '!TO npaKTH'!eCKH Bee BaJKHeJil:nrn:e npouec­
Cbl , 06ecneq111BaK11UHe nMSHelle5lTeJibHOCTb KJieTKH, CB5l3aHbl C TpaHCTIOp­
TOM BernecTB qepe3 MeM6paHbl. HaHC>oJiee BaJKHblM acneKTOM TpaHcnopTa 

5lBJI5leTC5l TpaHcnopT BOllbl 111 HOHOB. c TpaHcnopTOM TeCHO CB5l3aH npo­
uecc al(COp6U111111 Ha MeM6paHe. TIOCKOJ!bKY qacTO nepB111'1Hb!M 3TarIOM 

TpaHcMeM6paHHoro nepeHoca BemecTB fillJI5leTC5l HX ancop6UH5! Ha MeM-
6paHe. BalKHOCTb npo6JieMbl TpaHcnopTa BO.llbl CB5l3aHa c TeM, '!TO, BO- . 

nepBblX, Bona 5lBJI5leTC5l TOJil: cpellOJil:, rne npOHCXO.ll.111T MHOl!ceCTBO :otMH­
qecKHX 111 !l;Jl131!1'leCKHX rrpoueccoB. ooecne'lHBalOlllID< HOpMaJibHYK> l!Cl-13He­

ne5lTeJibHOCTb KJieTKH, BO-BTOpLDC , pa3Bl!1THe pru:r:a naTOJ!OrH'!ecKHX 
npoueccoB' a B HeKOTOpblX CJIY'la.!IX H rHC>eJib KJieTKH. CB5l3aHbl c 
TpaHcnopTOM BOllbl qepe3 MeM6paHbl. 0TM6Tll1M, '!TO npo6JieMa TpaHcnop­
Ta BOllbl qepe3 MeMOpa.HH TecHO CBSI3aHO. c TpaHcnopTOM HOHOB H BO 

MHOI'HX CJiy'!a5lX 3TH l!Ba BHl!a TpO.HCilOPTO. ocymecTBJ!SilOTC5l qepe3 OllHH 

H Te me KaHaJii:i. Bo.na qepes MeM6pa11y MOltC0T npo~H TaIOKe no ·Jil!1Ill!1ll­

HOMY MaTPHKCY c noMOUlblO KHHKOB. npe.ncTaBJI.500ID1X co6o'A: lle<tleKTbl B 
yrJieBOllOPO.nHblX XBOCTax llX:lC<llOJimnf.IU!blX MOJieKyJI. Ol!HaKO, HecMOTp5l 

• 

• 
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Wl't'CHCHBHble HCCJ!ellOBaHH5i B 3TOil: o6Jiacn:. B HaCTOffillee BpeM5i 

-ieT T/OJIHOJil: 5lCHOCTH 0 MexaHl13MO TpaHcn~pTa BO.ll.bl qepes MeM6paHbl. 
BalilHO() MecTO B l!G13He.llesiTeJibHOCTH KJieTKH samll'l!aeT HOHHbllil: TpaHC 

!10P"' 'Tpe3Bbl'lail:Ha5l CJ!OlfCHOCTb 0HOMeM6paH cosnaeT 60J!blllll1e Tpy.ItHOC ­
TH np111 Bb1SiCH€H111111 MexaHHSMa TpaHCITOpTa HOH OB qepes MeMOpaKW. 

CJIOlKHOCTb o6'h8KTa sacTaBJI5leT HCCJie.llOBaTeJielil: HCK.aTb nyTH ynpome­
HH5l H MO.ll€JII1'POBaHH5i HOHHOro TpaHcnopTa Ha npoCTblX CHCTeMax. Teo­

peTHG.eCKHe pac'leTbl Ha MOll€JlbHblX CHCTeMax COrIOCTaBJISllOTC5l c 3KCrre­

pHMeHTaJibHblMH 1113M€P€HH5iMH H 3aTeM neJia!OTCSl rIOJ1€3Hble saKJ!lO'ieHHSI 0 
MexaHH3Me TpaHcnopTa HOHOB qepe3 MeM6paHbl. B qacTHOCTH. 3~0 OT ­

HOCHTCS! K npo6JieMe npS!Moro npOXO)l(!leHWI.HOHOB qepes JI:i!IlHll.Hl>llt OH­

CJ!Olil: H nepeHOCa HOHOB no KaHaJiaM. npOHH3b1BaUllHM MeM6paHy. C~.na 
llce OTHOC5lTCSl OblCTPO pass111Ba!<lllaSIC5l B nocJie.llHll18 I'O.llbl HCCJienoB<lHIDl 

MeM6paHHOrO lllYMa . 
ITpo6JieMa ancop6UID'l q~cTIB.I. Ha MeM6paHax 3aHHMaeT salilioe MeL'TL 

B MeM6paHOJIOr11111. ITpoTeKaHHe MHOrlitX npoueccoB Ha MeM6paHe M BHYT 
pH !Wl€TKH CBSl3aHO c nepBK'lHblM npoueccoM a.ncop6U111111 COOTBeTl'.'TB'il 
filHX qacTll!ll. TaK HanpHMep. ancop6UIDI 3apS!lK€HHblX qaCTll!ll Ha MeMC\p.i -

Hax npMBO.ll.111T K H3MeHemoo IlJIOTHOCTH sapSI.D.a Ha MeMOpi.1.HE. a 3T ·. r 

CBOIO oqepe.zu, npmio.nHT K HSMeHeHHIO pacnpe.ne.neHIDl rroTeHID!<:\JI~· 

rpaHll!llbl pasneJia MeM6paHa - pacTBOP 3JieKTpOJIHTa. qTO MOJl<ET C)'Wf'· .. . -

seHHO TIOBJIH51Tb Ha TpaHcnopT sapS!JlC€HHblX qacTll!ll qepe3 MEMO\.J<l H ,· 

3aMeTHM. '!TO npouecc npOHIDCHOBeHIDI B KJieTKY TOKCHHOB. BI1'PY<'•)b 

HeKOTOpb!X JieKapCTBeHHblX npenapaTOB BKJI!O'laeT B Ce6S! He96XOll.HMblll 
:3Tan HX a.ncopOU111111 Ha MeM6paHe. CJienyeT OTMETY!Tb. qTo. 'HECM0Tp5! riG.. 
60Jibil!Oe 'lHCJIO pa60T. IlOCB5lfil€HHblX ancopOU111111 qacTll!ll .Ha MeMl'.iPa Ha:· . 
1'IX HHTepnpeTaUHSl npe.ncTaBJI5leT co6o1il: .!lOBOJ!bHO CJ!Ol!CHYIO sanaqy . ·~T 
CB5l3aHO c TeM. '!TO MeMOpaHa npencTaBJieT co6olil: .llOBOJ!bHO CJ! Olt(J·jc;'l 

o6pasoBaHH€ H rrpS!Moe npHMeHeHHe cpopMyJI. f!OJiyqeHHblX Ha KJiaCCH'!8( 

Kll1X o6~eKTax, K MeM6paHaM .nonycTW'llO TOJ!bKO c yqeTOM cne~e~ 

KHX oco6eHHOCTe'A: MeM6paH. 

fJiaaa 4. TpaHcnopT BO.llbl qepe3 MeM6paHu. 

B 3TOJil: r.naBe no.npo6HO HCCJieJJ.oBaHa npo6JieMa TpaHcnopTa BOD.bi 

qepes MeMOpaHhl H IlOJiyqeH p5lll HOBblX pesyJibTaTOB. BHa'laJie nonpo6HO 

paccMOTpeH aonpoc Mell¢0.sHoro pepeHoca BOllbl Ha rpaHHUe lKll1.llKl!1Jil: JU11-
!3JieKTpm<- pacTBop 3JieKTpOJIHTa. 3.necb BnepBl:rle Bbl'lHCJieHa 3JteKTPO 

CTaTmecKaSl qacTb MeJl«t0,3HOJil: 3HeprHH nepeHOCa .II,JllIIOJ!bHOJil: MOJ!eKYJibl 
\BO.llbl) c yqeTOM 3HeprHH peaKTMBHOro B3aHMO.IJ.€Jil:cTBHll (8 e.llHHmI.a:'< 

kT) 
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r.ne c!r .nmroJibHblti MOMeHT MOJJeKyJJbl B BaKyyMe. r ,.1- 3itxlleKTHBHblti pa­

.nYIYC .!U1IIOJJS!. ITO.llCTaBHB COOTBeTCTByiaJIH8 3HaqeHruI rrapaMeTpOB BO.libl 

Ha rpamru.e pasneJia MGUU<HA: ,!J,w.3JieKTPHK (t~r 2) paCTBOp 3JI8TKpOJIHTa ,.., 
(£11 = 78.5) td7 = 1.85D; rel= 1.35 A- ), noJiyqMM Wmt" 5 KKaJI/MOJlb 

( 9. 2 kT) . EcJIH Mee yqeCTb IlOJIS!pK3yeMOCTb MOJieKyJibl BO.libl' TO <lDPMYJia 

H8CKOJ!bKO YCJIOJfflUI8TCS! (B llHCCepTaurot ltDPMYJia npKSe,lleHa) H w NM "' 

B. 3 KKaJ11 MOJih \13. 9 kT). 3Ta BeJI1'1qMHa xopo1110 corJiacyeTcS! c sKc­

nepMMeHTaJihHblMH naHH!ilMH t 9, 59 KKaJI/MOJih- EHrJIHH H np. 1965: 7, 94 
KKaJI/MOJlb - Schatzberg, 1963). 3TO 00CTOSIT8JlbCTBO CBHl18T8JlbCTBY­

eT 0 TOM, qTo BXO.ll MOJieKyJI BO.libl B MeM6prurnyio qa3y npaKTWI8CKH 

U8JIHKQM KOHTpOJIHpY8TCS! 3Jl8KTpOCTaTWI8CKMM :3¢XtleKTOM. IlocTpOeH 

3HepreTWI8CKHA: npoqMJ!b .lU1IIOJ!bHOa MOJI8KYJibl y rpaHl1Uhl pa3ll8Jla llGUl;­

KHA: .IU13Jl8KTpwt-pacTBOp 3JI8KTPOJIHT3. rne IlOKa3aHO. qTo npoqMJ!b 

pe3KO 1'13M8HSl8TCS! B o6JiaCTH ... 4 AC•. a 3aTeM Bb!XO.RHT Ha nJiaTO. 3TO 

YKa3b!BaeT Ha TO. qTo KOHU8HTpallru! BO.libl B MeM6paHHOa qa3e IlOBblllle­

Ha B cJioe, MMemieM TOJillll1HY ... 4 A') , qTo xopo1110 corJJacyeTCS! c naH­

HhlMH paOoTbl (3+5 A0
- B.l!a.JlMMHPoB. ~oopeuoB, 1980). BnepBhle pac­

cqmaHa MeMt>!l.3HaS! sHeprHSi nepeHoca llJISI ,nmroJISI, oKpymeHHoro cJioeM 

Jlm'aH.llOB (.IIHIIOJ!b B "ll!YOe"). I!OKa3aHO' t[TO HaJIWIHe CJIO.H .irnraHllOB 

npaKTWiecKH CHMMaeT 3JieKTPOCTaTmecKHA: Oapbep npK MeJll¢n3HOM ne­

peHoce TaKoro .nmIOJJS!.~aJiee KCCJie,llOBaHa B03MOmHOCTb CY1118CTBOBaHHS£ 

MID<pOCKOITWiecKKX Kail8Jlb BO.libl B llGUlKOM ,llK:3Jl8KTpKKe tr1'tllpQ<t00Hoa 

11ese). TaKaS! B03MOmHOCTb MOllCeT peaJIK30BblBaTbC.H, ecJIH IlOBepXHOCT-

. Hoe HaT.HJKeHKe Ha rpaHmi:e MMKpOCKOIIK'l8CKO~ BO.nHOa KailJIH c lKMllKKM 

yrJieBo.noponoM ropas.no HWKe , qeM Ha MaKpocKonmecKoa rpaHmi:e Bona 

- yrJJeBo.nopo.n. CorJiacHo (Marcelja. 1977), cBoacTBa BO.libl y r1'tllpo­

Cl>CJOHoa noBepXHOCTH OTJIWiamcS! OT CBOA°cTB OO'beMliOa BO,llbl, H llJIS! 

omteaHHSi IlOBe.nemm B0.11,bl B6JIJ13H rH.np0<100Hoa noBepXHOCTH BBO,llS!T 

rrapaMeTp n opS!,llKa Tjh' KOTOp~ paBeH HYJil'.l B rJiyOHHe BO.nHOti lte3bl 

(T)h=O) H HeKOTOpoMY 3Ha'l:8HHJ'.l Tio Ha rpaHHUe pa3,lleJia BO.na­

rH.npe$)0HaS! nosepXHOCTb.' l43M8H8HHe CBOOO.nHOa 3Heprmr B KailJle, 

ooycJioBJieHHoe Ha.JIWlHeM rpattHllbl pas.neJia icanJISI-rKJlPOCtlOOHa5'! noBepx­

HocTb sa.naeTCS! BblpalKeHH8M 

•s , fli + e~<•·''•"]"• (4.2) 

.. 

~ 
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r.ne ~h- xapaKTeptta;i: .n..mma HSMeHeHIDi rrapaMeTpa nop.H,llKa . ill3 ycJio­

BHS! MHIU1'.MyMa MHTerpa.na ( 4 . 2 ) MOJHHO IlOJ!yqHTb ypaBH8HHe llJl5!. Titi ( r ) • 

a sareM H cJJe.nyiauee Blipal!feHMe .nJnr cBOOolU!oa 3HeprHH citJepWiecKoft 

KaIIJlH ., 
N:-_; lRl = 4xH-cr<ft). 

0-(oo ) [1 ~h ] 
crtR) = 2 -sh (2FV~r) + -(i - t~h (2FV~hJ) 

sh (FV~h) 2 2R 

\4.3) 

r.ne <Hoo )- noaepXHOCTHoe HaT.S!JreHHe Ha mKpocKol"!WlecKoa rprumue 

pa3.neJia qa_3 • l!l:s ( 4. 3 J BMllHO , 'iTO. c YM8Hi>lllemrer.i pa.D.HYca Ka1LlIH ee 

nosepXHocTHoe HaTIDKeHHe Jlll1He:91Ho YM8HbmeT<:.l!.. B .D.HCcepTaimH noKa-

3aHO' '!:TO cpe,RHHft 00'.beM MHKpOKal'Llm CpaBHl1M c OO!>eMOM O.nHOA MOJ!e­

KYJra BO,llbl , T.e. B OCHOBHOM BO.Ra B MeliiOpaHHoa 1tese HaXOlll1TC5i B 

BHlle OTJleJ!l>HJ,IX MOJleKY,JI • .l(anee B t[8TBept'OA rJ!aBe BJiepBHe paCC'iH- · 

Talf 3HepreTWJ.ecKHa IIPO!PWID lIHllOJn:.HOA MOJJ8KYJW·B MeMOpaHe (B el[H­

mm.ax -kT ) • OKpyitceHHoa paCTBOpoM SJieKTpoJIHTa 

,111.f , ) .,, fd( 
"'d<Z1 "'"WM+ Wd Z1! ' <4.4) 

.., 

"" - 2 I dl t 2&tt 

12:1tc:
0

et.f13kT 62exp<zt>-t. <exp(t(t:al) + 

M 
wd <z1 l 

0 
+ expttO+il)))dt 

~ . f22 
a= 2z11d. 6 = (~a+ k)/(~a - k). a= Jk"'+ae"'. ~ = eslc:M 

rJi.e 'NWM 3a.JIAeTC51 BlilpaEHXeM (4.1 >. Teope1'1Necl0Dt IIPCXlltll!i <4.4~ 
< cn.nOlllHafi JIHHJm Ka pie • '. 1 > xopomo cOOTBeTCTBYeT 3KcnepHMefr,t'am.­
HOMy npc:lllll!rJ!l> JIOJmpHOCTK ~paml (JIYHKTHpHM JlilHHSl Ha PJt?-4.1) 
iS!mon. ~1ntosh. 1986). Hs pJ!C.4.1 BHJIHO, 'iTO c YBeJ!lNemreN JtH-

. 3.lettTpJAecKoA IlpOHJIUaeMOCTH ME!M'.ipami pesKO YMeH1:ima.eTCS1 B!ieom 

3HeprenAecKoro oap!>epa. B llHCCePTamm no.upoOao HCc.ne.noBaHo SJm- . 
snme lle6aeBCKOI: 3KpaHHpOB!tH a pacTBOpe 3JieKTpOJJHTa Ha 3Hepren-
11eclQ!A npo¢ltllb. B 'laCTHOCTH, noKasaHa BOSMOlKHOCTb JIOJiyqeHHX aJl­

COpOIUtOHHoro MHff11MYM!1 Ha 3HepreTH11ecKOA JtpHBOft. 3HepreTK'lec!Cd 
lipOCliLlib (4.4 > IIOSBO.JISleT JleJian HeKOropae no.nesfflie salCJOOlleHU o 
'rpaHCJIOp're BO.llbl 11epes MeMOprum. TaK HmIJ»!MeP. YBeJIJAeHHe €M Ha 
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l 0 ' rrp~!BO,Ill1T K TOMY. qTo ITOTOK BO)lhl qepe3 MeM6pirny YB8JIW-!l1Bae TC5! 
rroqTM B E.Ba pas a. 9HeprIDl aKTHBawrn TpaHCITOpTa BOl(Ll qepe3 M8M-

6paHy CKJia.llhIBae·rc5!. 113 3Heprl1H nepeHoca Mo.neKyJI B0.1lhl l13 BO.llHO:A: 
a;ns1i1 B Me M6pa HHYJO - 8 ' '.,3 KKaJl/MQJlb (COrJJa CHO HallfV!M pacqeTaM) 11 

3Hepr:vrn aKTHBarurn ~3HH MOJieKyJI BO.llhl qepe3 611c.no:A:. EbJJH rrp11-

H5!.Tb. qTo Bo.na rrpoxo.mrr trepes MeM6paHy rro KMHMM l'Iraubel. 
1971). TO 3HeprIDl aKTMBaUID'! TpaHcnopTa BO.llbl trepe3 611c.no:A: COCTa­

BHT <13.1 +15.3) KKa.Il/MOJlb, qTO xopomo Bill1C~aeTC5!. B 3KCnepHMeH­
TaJloHO onpe.ne.neHHIDl: mronasoH <8, 5+17 . 5) KHflJI/MOJio. (Fet.t !place. 

Haydon . 1980). 9TO 06CT05!.TeJlbCTBO YKa31>1BaeT Ha TO, '!'.TO Ha~oJiee 
BepOS!THl>l:A: MexaHMSM TpaHcnopTa BO)lhl trepe3 6HCJlOH - 3TO KWiKOBhl:A: 

MexaHl13M. 

~ 
10r kT a 6 

• 2 

e ~ 
' 
2· 

0 1 •• ·R" II ~ I ,, ' . ' ' . . ' ' ·~· ' ·~' . ' 

2.22.S :1, [1111] -2.2 -0.1 0 0.1 

PHc.4.1 3HepreT>Nec!Odl: rrpo$HJ!b ,llHIIOJ!bHO:A: MO.neKyJil>l (BO,ll,Ll) B 

MeM6paHe: a)~=O • . Es=78,5: 1-EM=2: 2-EM=3: 3-EM=5: 4-EM=2 COes 
0 ytleTa peaKTHBHoro ITO,Jlj{). 0) 1/~=10A ' EM=2, 1-Es=78,5: 2-Es=30: 

3-Es=10. 

Wcc.ne.noBaHO BJlHSIHHe BHenmero 3Jl8KTpW!ecKoro Il0Jl5!. Ha BXD.ll BO­

,ll,Ll B MeM6paHHYJO qn3y. IlOKa3aHO, qTo 3Jl8KTpW!eCKOe no.ne npaKTK'le­
CKH He BJJH5!.eT Ha KO~eHT pacnpe.neJJeHH5!. OT.lleJlbHl>lX MOJJeKyJI BO­

.I!hl MeJIUXY BO.llHO~ qnso:A: H MeMCipaHo:A:. IlpH HSMeHeHHH noTeHl.UIRJla Ha • 

MeMOpaHe OT 0 .no 100 MB KO~eHT pacnpene.neHH5!. MeH5!eTC5! BCQro 

aa 0,1%. O,llHaKO CHTyaUJ1$1 .npaMaTH'ieCKH M8H5!8TC5!, Kor.na Ha MeM6pa­
He HM8IOTC5! CKBOSHHe nopai. B 3TOM CJ1yt1ae HaJDAHe BHeumero 3~eK-

r 

• 

• 

,' 
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TP~Nec1wro ITOJl.5! !IpHBO.JUfl' K TOMY. 'ITO OoJJee I!OJI51.pHa5! C(ns a lBO,lla I 
B'l'fLI'HBaeTC.5! B nopy 11 npu orrpe.ne.nemrnx YCJIOBlitsiX pOCT rrop1>1 CTaHO­
BVl'XC.5! Heo6paTHM1>1M-HacTynaeT 3JJeKTpW!ec~ rrpooo:A: MeM6paH1>1. BBKJtY 
BallGIOCTH 3TO:A: rrpo6JieMbl B ,lll1CCepTaUID'I no.npOOHO HCCJie,llOBaHO 3TO 

51.BJieHMe Ha MO.ll8JlbHO:tl: CHCTeMe - 6HCJIO~O:A: JJHITH,llHO:A: MeMOpaHe 

l BJlM ). IlpH· ITO.llBJieHHH Ha He:A: Y3KO:A: CKB03HO:A: "Ul1Jll1H.llpmecKOR nop1>1 
pa,llHyca r l13MeHeHHe CBOOO,llHO:A: 3He prrot W(r ) l1MeeT BlVl 

2 Kl~o<l>2 ( 8S ) 2 ;!Ur) = 211:rr - xcrr - --Z- EM- 1 r .,.5) 

r.ne 0 - csOCio.lIHa.5! 3HeprIDI e.11J1H:11J.U,1 rrepHMeTpa rrop1i1: ~ - HaT~ 

MeM6paHb1: Co- eMKOCTb e.zoornr.m ITJ!Ollla,llH 6es.nei;tieKTHO:A: MeMOpaHW: 

<l) - IlOTeHI.UID.JI Ha MeM6paHe. IlOCKOJlbKY Es> ) EM . TO H3 ( 4. 5 ) BHJIHO. 
qTo BXO.ll BOJJ,bl B MeM6paHHYJO qnsy 3HepreT~ecirn: Bbl!'O.lleH. 3aBIC•­
MOCTb W (r ) MMeeT BH.ll Kp:HBO:A: C MaKCHMYMOM. fils ( 4. 5) BH.llHO , 'ITO 

ec.nH pa,llHyc .nei;tieKTa 60Jibllie HeKoToporo KPHT~ecKoro pas111epa 

(COOTBeTCTBYJOl!IH:A: MaKCHMJ'MY Ha Kp:HBo:A:, OITHCJmaeMo:A: saBHCHMOCThl> 
4.5) , TO ,UaJlbHelfil!HA: pocT .lle$eKTa CTaHOBHTCE 3HepreTmecKH B!il'O­

llHl>lM H 3TO 06CT05!TeJibCTBO npHBO,ll.HT K 3JleKTp~ecKOMY rrpooo~ MeM-
6paH1>1. BpeME lliMSHH MeM6paH1>1 onpe.neJI5!eTc51. speMeHeM nepaoro .nocTM­

meHIDI .nei;tieKTOM KpHTmecKoro pasMepa r •. ~JISI. KOJJ~eCTBeHHOro OITH­
caHH5!. 3Toro npouecca BBO.llHTC.5! ~YHKU1151. F(t.r) - Bepo5!.THOCTb Toro. 
qTo .lle$eKT' HMe!O!IlH:A: B HaqaJioHh!:i\1: MOMeHT pa,llHyC r' B MOMeHT apeMe­

Hl1 t B nepBh!:A: pas ,llOCTHrHeT KpIIITW-ieCKoro pa,llHyca r * . <l)yHKUID! 
F ( t . r l y.nosJieTBopS!eT ypaBHeHlino: 

a p a2p D a W a P 
:;-t = [I -;T - kT~ :;-;- l4.6) 

r.ne D - K03~eHT .lU!!WJYSID!: .1le$eKTa B rrpocTpaHCTBe pa,llMyCOB. 
Haqa.nbHOe H rpaHH'!Hl>le ycJIOBIDI HMeIOT BH,ll: 

PCO.rl = 0 . (O<r<r,.) 

FCt.r*) = 1 
(4. 7) 

a F I Fr r=O = 0 

YpaBHeH:vre (4 .6) OITHCb!BaeT !ill1p0KH:A: KJiacc sa.natr. CB5!.3aHHblX c Bpe­

,MeHeM rrepsoro rrpoxolK.lleHH.5! (IloHTpS!rHH H .np • • 1 933 ) . filcrroJiosoaas 
( 4. 6 ) , MOlKHO noJiytlHTo cpe.nHee speM.5! l!Wl3HH MeM6paHbl, co.nepllra.ruett n 

---
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14.8 : 

r.ne c0 - KoHueHT}.lawm 11ecpeKTos. ·,:,i - i!JJOl!W..ll.b MeMCipaHbl. ' = • 0 · 

. '<<:. €f.1 1-1 ) . il>opMyJla 1.J,.8 .1 TipeJJ.CTaBJJ5!eT cooo~ OCHOBHOJ)l pe3YJJb­

TUT TeOp:IB1 :3JJeKTpmecKoro npo6o5! MeMCipaH 11 MHOIOK!JUTHO TIOB:TBep­
ame'Ha 8Kcnepl1MeHTaJJbHO 1A6l1llOP YI .np., 1978 : KpyrJJ5!KOB. ByJJaB_'l:eH-· 

KO [ 981 : MeJJY!K5!H 11 llp . 1989; ) . OTMeTvtM. 'l:TO pe3yJJbTaT 14. 8) no­

JJy'l:eH .IlJJ5! CJJY'l:U5!. Kor.nu HU MeMOpaHe l1Me!OTC5! .netteKT!il Tl1l1a CKB03-
HhlX nop. B .llMCcepTaIJ.IBI! 11ccJJe.noBaH npo6o~ B OoJJee oCirneM cJJytiae c 
yqeTOM CT3.JJ,IDr pOl!UJ.eHV!5! netteKTU. TipmeM paCCMOTpeH CJJyt!a9i MHOro­

CTall.J1}1Horo p0l![Jl8Hl15! .neqleKTU YI llYICKpeTHO:a 8BOJJJO!.UU1 neC\leKTa B TipO­
CTpaHCTBe pa.!IHYCOB. Pe3yJJbTaT 14.81 TIOJJeseH npvt 3KCTiepMMeHTUJJb ­

HhlX !llCCJJellOBaHHflX caoJ)lcTB MeMCipaHbl. T_aK KaK TI03BOJJ5!8T orrpeneJJHTb 

TaKoJ)l Ba)f(Hbl}l: mipaMeTp YCTOmMBOCTH MeM6paHhl B 3Jl8KTpM'l:ecKOM TIO­
,,.,,. KaK a. Alin.JJM3 Ha'l:aJJbHO:a CTaJIIDt HeoOpaTMMOrO pOCTa 3JJ8KTpH­

'1€CKOrO TOKa TIPH 3JJeKTpmeCKOM Tipo6oe MeMOpaH TI03BOJJ5!8T TIOJJY'l:"fl!Tb 
!llHqKlpMaIDOO 0 B5!3KOCTH MeMCipaHb!. 3aBHCl1MOCTb TOKa qepe3 I.J,l1JJ:VlHllpH­

qecKyIO nopy OT apeMeHH ( t ) OhlJJO IlOJJy'l:eHO CJJ8.ll.Y5! . JJOrl'tKe pa60Thl 
13eJJb.ll.08J{'l, 1942) 

4\1\ 
I(t)"' ~r0exp12MDt/1k'!')) _, 

(4 . 9) 

r.ne P3 - y.neJJbHa5! npOB011MMOCTb TIOphl pa.Il¥tYCa r 0. il>opMYJJa I 4. 9) 
qacTo V!CTIOJJbsyeTCR .IlJJ5! OTipe.neJJeHl15! D, a qepes Hero H oueHKY B5!3-

KOC TH MeM6paH!il 11111=kT I 47CD. B .n11cceprau¥t¥t no.npo6HO V!CCJJeJJ.OBaH 
rpaHcnopT BO.llhl no JJH!rn.ll.HOMY MaTpMKcy H no KaHaJJ~M, a raKJKe oue­

HeHo COOTHOlli€HHe MelK.lly ~THMH noTOKaMH Ha MeMOpaHax. TaK HanpM­
Mep, npM HaJJWIV!V! Ha MeMOpaHe KaHaJJOB OCMOTWie?KM:a noTOK 80.llhl Oy­

.neT CKJia.IU>IBaTbC.51 H3 TIOTOKa no JJmm.nHOMY MaTpMKCY H noTOKa no 

KaHaJJaM 

' 2 
Ser c 6.x 

- L 6.7C + .. .rl J = 
0

M p sri.,rc v • 
(4.10) 

SM' Sc-o6illHe ITJIO!lla.llH JJHmI,!l.HOI'O MaTpHKCa H KaHaJJOB COOTBeTCTBeH­
HO: LP - KO~eHT llMJ!bTpaUHM JJHJIH.IlHOr'O MaTp¥tKca: ax - pa3-

,. 
~ 

• N 
I -

i-!OCTb OCMOTV!'1€CKOr'O .ll.11BJ!emm no o6e CTOpOHbl MeMOpaHbl; r ,.. - 3$­

qJeKTMBHhla pamryc KaHaJJa : ri~ - 3qr.tleKTHBHa.5l B5!3KOCTb BO.lli>! B KaHa­
JJe; cl,- - .nmrna KaHaJJa . !Ip5!Mb!e qvicJJeHHhle oueHKH TIO ltiOPMYJJe 14. 1 O) 

TlpMBOJJ..5IT K TOMY. 'l:TO. ecJJH ITJJO!ll<lllb KaHaJJOB COCTaBJI5!eT "' 0' 004·: 11 
60JJee OT rr.norna,llH JIH!rn.ll.HO~ qaCTH MeM6paHbl. TO Beeb OCMOTmec~ 

rroroK BO.ll.l>l qepes MeM6paHy npoxo.mrr no KaHaJJaM. 3ToT TeopeTmec ­
KM:a pe3yJJbTaT corJiacyeTC.51 c 3KCTiepHMe HTUJJbHb!MH .naHHhlMV! . 

fJlaBa 5 . TpaHcnopT HOHOB qepes MeM6paHbl. 

B 8TO~ rJJaBe paccMoTpeHhl 3JJeKTpoc TaTmecK11e npooJJeMbl. CB.51-
saHHble c TpaHCTIOpTOM HOHOB qepe3 MeM6paH!il . B HaqaJJe rJJaB!il pac­

C'UfTaH 3Hepre:TmecKM:a npO@!J!b MOHa B MeM6paHHoa itase a c Jiyqae, 
Kor.na HOHHble CV!JJbl TIO o6e CTOpOH!il MeMCipaHbl pa3JIH'l'.Hlil H HCCJJeJJ.OBa­
HO •. K .KaKl1M 3JJeKTpOCTaTWI€CKV!M ::iqx(JeKTaM MOMeT TipHBeCTH 3TO o6-
CT05!TeJJbCTBO. ITOKa3aHO. qro B 3TOM CJJytiae 3HeprermecKM:a TipOC!)HJ!b 

V!OHa B MeMOpaHe CTaHOB"fl!TC5! H~MMMeTpH'lHb!M. 0.IJ.HaKo B peaJJbHOM 
CJJyqae 6110JJormecKoa MeM6paH!il B pacT:aope 3JJeKTpoJJMTa 3Ta ac VIM­
MeTp115! HesHaqwreJJbHa. ~aJiee paccMoTpeH rpaHcnopT HOHOB q:epes ovi­

cJJo~ c noMOillblO cTieUHUJJbHoro KJJacca sap.5Il!CeHHh!X nepeHocqMKoB. Ko­
ropb!e B CB060JJ.HOM BH.Zle MMeIOT HeKOTOpIDt 3ap5!Jl, crrocoOcTBylOll!V!tl: 

TpaHCTIOPTY HOHa 'MMelOll!V!tl: npOTMBOITOJJOlKHbl~ sap5!,ll. KoMriJJeKC HOHa c 
sap.5IMC8HHb!M nepeH0_? '1MKOM npe.ncTaBJI.5leT c cioo:a CHCTeMY 113 JJ.Byx pa3-

HOV!MeHHb!X sap.5l.IIOB. OKpyiKeHHb!X CJJOeM JJH!"'aHJJ.OB. TaK qro 3JJeKTpo­

He:ATpaJJbHhl~ KOMlIJl8KC no.noOeH ,llIDIOJJIO B CilJepWiecKOM CJJOe. B 3TOM 
cJJyqae np11 pacqere 8Heprl'1¥1 noJJ5!pH3arum cpe.llh! CJJe.llyeT paccMaTpH­

BaTb CV!CTeMY 113 JJ.BYX sap5!llOB. pacnoJJOHC8HHb!X Ha HeKOTopoM pacCT0-
5!HV!V! .llPYT' OT .llpyra H noJJ5!pV!3aIDOO cpe.ll.l>l npe.ncraawrb KaK pesyJJbTaT 

.ne:acTBl15! .I!Byx sap5!lloB. ~JJ.51 pacqera 3HeprMM noJJ5!p113aU¥t¥t cpe.ll.l>l Ob!­
JJa pemeHa 3JJeKTpocraTmecKa5! sa.naqa o pacnpe.lleJJeHMM noreHUHaJJa B 
cpe.ne, - Kor.na TO'l:e'1Hbl~ 3ap.5l.Il OKpyiteeH cq>epmeCKV!M CJJOeM .lll'18JJeKTpH­

Ka H 3Ta CV!CTeMa TiorpyiteeHa B 6eCKOHe'1HYIO ,llH8JJeKTPH'l'.€CKYIO cpeny. 
T0'18'1Hbl~ 3ap5!ll Haxo.mrrc5! B npOH3BOJJbHO~ T0'1Ke BHYTPH cq>epmeCKO­
ro CJJ05!. PemeHHe 3TO~ sa.n.aq:11 npe.ncTaBJI5!eT TaKme H caMocro;iTeJJb~ 

HIDt MHTepec, IlOCKOJJbKY TI03BOJI5!eT onpe.neJJMTb IlOJJe OT TipOV!3BOJJbHO­
ro q11cJia TipOV!3BOJJbHb!M o6pa30M pacnOJJOJKeHHb!X . T0'1e'1Hb!X 3ap.5l.IIOB 

BHYTPVI cq>epmeCKOr'O CJJ0.51 . IloKa3aHO' '1TO JJ.Jl5! THIDNHhlX pasMepoB 
nepeHOC'1¥1Ka <1 ·;.1 '5) HM ( Mopqi' 1985) 8JJeKTpOCTaTmecKa5! '!aCTb 

.Melfatl3,3HO~ 3HeprMH nepeHoca ~aKTH'l:ecKH paBHa HyJJ10. !Ip11 paccMo­
rpeH¥t¥t TpaHcnopra JIDHOB no KaHa.naM B nepBYIO oqepe.llb cJJe.llYeT Bhl-
5!CHMTb B03MOJKHOCTh !Iepe~oca HOHa M3 BO.IIJi'Oa ila3lil BHYTPh KaHaJJa. 

• 
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VICTIOJlb30BaB pemeHHe COOTB€TCTBYlllllle.tl: 3Jl€KTPOCTaTmecKO~ 31J.ll.a'll1 B 

iJIBe TpH . BhlqHcJJeHa 3HeprIDI B3aHMO.ll.e*CTBID! HOHa. Haxo.nsuueroc~ B 

rrpOH3BOJJbHOH TOqKe BHYTPH KaHaJJa !P1'· co CT€HKaMJit KaHa.Jia 

wr~: 
Lj 

? 

'li 

? :;\, E; ., r.l~ _-,:-- 0 l, 

.,, 

J
r 1 2( tp1) ~ 2( tp1)j l 2 Doio ~:- + §;-1 Dm i m ti( clt (5.1) 

0 

Vis (5.1) CJJenyeT. qTo t:rpH rrpm'iJJllDK€HIDi HOHa K CT8HK8 KaHa.Jia ero 

3HeprM5! yBeJJWIHBaeTCSi. YcpenHeHHeM 3TO:tl: 3Heprmi ITO panHYCY rroJiy­
qeHo 60.JJee ToqHoe sHaqeHHe cpe.llHetl: 3HeprHH HOHa B KaHaJJe, qeM B 

paCCMOTpeHHOM paHee BapHaHTe. Korna HOH HaXO,Il,HTC.j! Ha OCH KaHaJJa. 
l'IOH He MOlKeT rrpH6JJHSMTbCSi K CTeHKe Ha paccTOS'IHHe ' M€Hbll!ee . qeM 
ero panJ1YC. H 3TO ITpl1BOnHT K TOMY, qTo cpenHSiS'I 3HeprM5! HOHa B 

KaHaJJe saBHCHT OT panJ1Yca HOHa - c yseJIWI8HHeM pasMepoB HOHa' 
ero cpe.llHS'ISi 3HeprM5! B KaHaJie YM€Ho!llaeTcSi. TaKl!IM o6pa3oM, B paM­
Kax MaKpOCKOIIWiecKoro rro.nxona y.naeTCSi IIOJJyqHTb H8KOTOPYK> ceJJeK­
Tl1BHOCTb KaHaJJOB. ~a.Jiee B r.JiaBe TISiTb paccqwraHhl \DJIYKTyall.HH. SapSi­
na H IToTeHII.tm.Jia Ha MeM6paHe , o6ycJ10BJJ€HHhle ancopOIJ,Hetl: H necop6-

IJ,He* HOHOB . Ko.JIWieCTBeHHhl* pacqeT \DJIYKTyall,HH q11cJia qaCTWI, Ha ITO­

BepXHOCTH ITpoBeneH .ll.JIR cJJyqaR ancop6mrn: qacTHU H3 pacTBopa Ha 
c(JHKCHpOBaHHhle ancop6UHOHHhle ueHTphl. pacIToJJo~:eHHhle Ha rroBepXHOCTH 
MeM6paHhl. CqHTaSi. qTo ancopOHpyeTCSi n pa3JJWlHhlX Tl1l10B qacTHU 113 

pacTBopa H ancop6IJ,HOHHhle ueHTphl He3aBHCHMhl npyr OT npyra , c ITO­

MOlllb~ 60.JJbUJOH CTaTHCTWlecKO* CYMMhl BhlqHCJl€HO cpenHee q]{CJJO an-
- --,,-

COp6HpOBaHHhlX qacT~ 1-copra Ni H HX nHCITepCM5! iiNi 

t.N2 
1 

ll Kho [ 1 • t
1
Kmcmo] . 

lll"'i . 

[ 
1 + f Krncrno] 2 

m=1 

(5.2) 

rne N - q11cJJO ancopOUHOHHhlX ueHTpoB: Ki- KOHCTaHTa CB.SlShlBaHM5! 

qaCTHlI. copTa.1 c ancopOIJ,HOHHb!M U€HTPOM: c10 - KOHU€HTpal.Uffi qac­
THlI. B6JU'I3H ancop6UHOHHOro 'ueHTpa '.. EcJIH ancopOHpOBaHHhle qaCTHUhl 

HMeKJT saplUl q 1' TO 6y.ll.eT \DJIYKTYHpOBaTb ITOBepxHOCTHaSi 11JIOTHOCTb 
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sap.Sina ('f_,. • a 3TO B CEO~ oqepe,ll,b IlpHBO,Il,HT K \DJIYKTYall.J.1liM TIOBepx-
·-' 

HOCTHOro ITOT8HUHaJJa ~s . IlpH ancop6HpUHH Ha H3HaqaJibHO Hetl:TpaJib -

HO:tl: MeM6patte .ll.JJSi cJJyqaR MaJJhlX noTeHUHaJJOB Ha ITOBepXHOCTH MeM-
6paHhl B rrpenrroJJolKeHHH' qTo KOHueHTpauMl'l CIJOHOBOro 3JI€KTPOJIHTa 
( 1.::f) MHOro 60.JJbllJe KOHll,€HTparurn IJ.,ll.COp6HpyKll!YIXCSi qacTHlI. 

!c· 0 ). rroJiyqeHo c.Jie.nyiauee Bhlpa~HHe cpe.llHeKBa.li.paTmttotl: C!l.JJYKTyauHH 

rrosepxHOCTHOro ITOT8HUHaJJa 

(~)112 HT 
I72 

r(2c0csHTcr) 

O'max tKc0 )1 / 2 

I72 (5.3) 
N .(1 + Kc0 ) 

£i13 15.3) BH,ll.HO, qTo·saBHCHMOCTb \DJIYKTyamrn: rroBepXHOCTHoro ITOTeH­

UHaJJa OT KOHU€HTparurn co HM88T BH.ll. Kp11BO* c MaKCJ1MYMOM. B TQqKe 
MaKCHMYMa Co=11K H, CJJe,ll.OBaTeJJbHO , ITO MaKCJ1MYMY 3KCrrepHMeHTaJJb- ·. 

HO* KPHBO:tl: (5.3) MOlKHO OITpene.JIMTb KOHCTIJ.HTY CBS'IShlBaHIDI (K). 
WsMepeHMl'l \DJIYKTyamrn: TOKa qepe3 MeM'.lpaHy .nam ueH~ HHCIJOp­

Mauroo 0 MexaHHSMe rrepeHoca HOHOB qepe3 MeM6paHy. Bal!CHhlM MOM8HTOM 
rrpH aHaJJHSe \DJIYKTYali,HH .SlBJJ.ReTC.Sl Bb!SiBJl€HHe HCToqmu<a. ll!YMOB. TaK 

KaK ITJIOTHOCTb 3apSi.ll.OB Ha noBepXHOCTH MeM6paHhl MOJKeT \DJIYKTYHpO­

BaTb , T0 .3TO 06CTOS'IT8JlbCTBO MOJKeT 6hlTb rrpH'lHHO:tl: C!l.JJYKTyarurn: TOKa 
qepe3 MeM6paHy. B .ll.HCC~pTaUHH ITOKaSaHO, qTo Ka.K B CJlyqae ITpSiMOro 

IlpOXOl!UleHM5! HOHOB qepes MeM6paHy , TaK H B CJJyqae rrpoxol!UleHH.Sl 

HOHOB qepes KaHaJJhl HaJIH'!He !PJIYKTYJ1Pynll8tl: nosepXH?CTHO~ 11JIOTHOCTH 
sap.Sina rrpmio.nHT K \DJIYKTYal.UffiM TOKa. XapaKTepHo:A: oco6eHHOCTbD 

\DJIYKTyall,HH TOKa SiBJJSieTC.Sl TO , qro c yse.nH'leHHeM KOHU€HTparurn an­

cop6Hpynuero HOHa BHaqa.Jie !PJIYKTyarurn: pacTyT. a 3aTeM , rrpoxo,ll..Sl 
qepes MaKCHMYM - YMeHbillD.IOTC.Sl. B TOqKe MaKCHM)'Ma \DJIYKTyall,HH TOKa 
o6paTHaSi B€JIH'lHHa KOHUeHTpauHH paBHa KOHCTaHTe CBS'IShlBaHMl'l 

HOHa c ancopOIJ,HOHHh!M ueHTPOM. 

f.JiaBa 6. A.IlCOp61.Uffi Ha MeMOpaHe. 

BBHJlY CJJOl!CHO:A: opraH:l!3alJ.ID'[ rpaHHll.lil pa.3.n.eJJa MeM6paHa -paCTBOp 

:3.lleKTPO.JIHTa a.ncop6UHS'I Ha He:A: m.reeT HeKOTOphle cneW1JlJH'lecKHe oco­
OeHHOCTH. OTJIM'{aKIUHe ee OT KJJaCCH'lecKoro BapHa.HTa ancop6ll,HH. B 
Haqa.ne r.JiaBhl. HCXO.D.H HS H3BecTHhlX CTPYKTYPHlilX oco6eHHocTea rpa­

HHULI pas.ne.Jia MeM5paHa-paCTBOp 3.JJeKTPOJJHTa. o6CYJK,Da€TC.5l B03MOlK­

HOCTb Bb16opa TO:A: HJIH l1HO~ HSOTepMb! a.ncopOI.J.HH. A.IlCOpOUH.Sl sapS!lKeH­

HhlX 'UlCTHU cos.naeT .n.onoJIHHTeJJbHHe TPY.llHOCTH rrpl1HII.Hl1lm.JibHOro xa­

paKTepa. CBSI3aHHble c TeM' 'ITO MO.ll.eJJb JJOKaJIH30BaHHO:A: a.n.cop6mm 
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npmiieJIBe Tc5l BMecTe c noTehiOO..nOM pa3Ma3attHoro sap51Jla . Trutoe np111-

0JmlKeHHoe oimCrume a.ncope;mm 3ap5llKeHHLIX -qacnm. Ha MeMOpa.He aHa­
.norH'llio :rrpMOJIID!CeHJdl) Bp3rra-BMJ!b5lMCa. ucnOJThsyeMOro B TepMo.mraa­

Ml!!Ke pacmBopoB. VrMeTl9/J TaKlfle. 'ITO a.ll.COpCillXll Ha MeMOpaH.aX OTJIH­
'l:aeTCSl. OT K.Jiaccmecxo~ a.ncopCiUMa erne H TeM. liTO IIJIOCKOCTb a.ncop-
61l.ID'! Ha MEMO-prumx tracTo He coBnauaeT c rprurnuetil pas.ne.na MeM6pa­

Ha-pacTBop 3.JI€KTpOJIMTa. 8TO OOCTosrreJibCTBO IlpO.f!BJI5l€TCSl !IpH HC­
CJie.noBalim1 a.ncope;mm tracTmI Ha ~(!K).JilfIDOIH1,JX MeM5prumx. co.neplHa­

WMe I'am'.!llf03J'Ulhl ('"m·''Dia·'"-rtb·"ris' · PacnpeJleJieHHe no.TeHID18.Jia 
Ha 3THX MeMOpaHaX OnpeJleJlSleTCSl sap.ll,llaMH Kall: Ha noBepXHOCTH MeMO­

pam.I, TaK M sap5U1,a.MM. BLHi€Ce:tnraMJII B paCTBop. 1JpH 0.llHOCTOpoHHe~ 
a.l.lCOpO!UIM HOHOB Ha MEM)~He JI05!BJ!Sl€TC5l pasHOCTb noBepXHOCTHblX 
IlOTeHIWaJJOB a~ no ooe CTOpolili MeMOpami. ktlMepHB 3a.BMCJ1MOCTb .6.4'1 

01' KOHUeHTpa!U!H MOHOB JI conocTamm COOTB€TCTBYJOO!Yll Kpl1Elyro c Teo­

peTJAecKoft, MOJllHO OnpeJleJMl'l> KaK KOHCTaHTY ' CB5l31\1BaHM5i HOHOB c 
anCOpOIJ,HOHH!ilMH UeHTpatOI. TaK H 'l:HCJIO a.ucopOwrommx l1€HTpOB Ha 

eJIJIHH!lY ItllOUJa..l.lK MeMOprum. B JDtCcepTauHH JIOKa38Ho. 'lTo oJIHOBa­
.neanme HOHW <K+. Na+J cnelJJ111H'iecK.H He CBS314!a1Y.l'CSI c raHI'JIHOSH­
JJaMH. Ilpx 8.ll:COpCill)DI JXBysa,PfillHLIX KaTHOHOB (Ca,++. Mg++ ) Ha B1JM Pl3 

CMeCH PC-r3HI'JIJ!03Jlllli JIYmiO Y'DfTW30.Tb JIX aJlCopCiIJJD) KaK Ha PC TaK 

m: Ha raHr.11H03Hlle. l1J3 conocTaBJlemm TeOpe1'lfllecKJrtX KpHBLIX c 3KCne­

pmEBTa.n.mlMJll OWIO OJipelleJleHO , 'iTO ltOHCTaH'ra CB5l3LmaHH5l ca++ H 

Mg++ - G - . "OC ..-! c raHI'JIJtOSHltlllGl UM1 • .T1b l'I (,D1a o.mm H Ta lie - "' ~ Pl H 

O'l'CY'fCTayeT callfg-CIIeilONHOCTD B CB5l3!ilBaHHH c raH!'JIHOSKJl,aMH. 

~ee B rJlaBe mecn. JCCJ!eJJ.OBaHa aJICopCimm Ha raarn03JD1-

coxepElllBX Nell!Opaimx cepoTOBHHa. mmOJIH5lllllero ~ H~­
aropa. IlpemlapBTeJlbBHllt 8HaJIJt3 31CCJiepwiieHTallhHWC iqmmix a.ucopO!DD! 
IIOICaSaJI, '!TO Cepo1'0BHB, 00-BlfJDDIOllY, KOODepaTHBHiiiM OOpasoM CBJl­

SlmaeTCSI c HeKOTOPfilNK raHI'llJf03HJJ.8MK tJq>HBHe EMem Kpyroa 
noneM 1. Y'IJfl'YBaJI M"o oOc1'05ITemicTBo n:px n~emm Teope1'lflleclOllX 

!tplllm1X llOJIYCK8.111!lC!i BOSMCISHOC'f'!I CBC!SffBl'mm BecltO.Jlb!QlX llOJieKYJI ce­

po1'0HJIB8 c OalloA ~oa raBrJIJIOSllllB • .ffaJmy'llEe cor2cosmme c 
3KCllepJIME!BT8 KJIMBN"'I' PiUOCD U~ JJpX CTeXHOllleTpJm 

cepoo•aBJIHiGg1 - 1:1; cepofOHBRIGn1a- 1:1; cepoTCIDIHIGD3-:- 2:1; 

ceportJiDdf/G.1'1.b- 3:1. llpH STOii KOHCTmml CB513YB8.BJIH W COOT­
Be'l'C'meHBO saaqemm 15o u-1 ; 700 ..-1 ; s-1c6 u-2 : 1 a8 .r3• ~aoa 
JJMeTf> BOSIEllHOC'f'!I cpemmeaT!I KOHCDHTH CBSISHBaJDBl cepoTOHHHa c 

pas.1IJl'IHlilM raHI".mmsKJlBMW Owra TeOpe1'B'lecKJ! OIIpe.leJleHa Ta 100HI1eH­

Tp81Dl51 cepoTOmma. npx KOTOpOit CB5DE'l'C5l no.11omma NOnety.11 rasrl!K­
OSJQta. ~~ BeJIJ1ID1B8, sroa KOHneHTpa1UD1 MOET c.nymm, MepoA 

- .::1 -

c po.ncTBa cepoTOHHHa K 1.>y-11 H i,ps · TaKa.5i oueHKa .zr.aeT .llJ!Si i,Tib 
K=4000 M- 1 . a JlJl.5i l.>[J3 K=7800 M-. TaK!llM o6pa30M. KOHCTaHTa CB.5i-

3blBaHIDI cepoToHHHa c raHr.lll1:03H.naMH y6blBaeT B PSUI.Y 
Gri3 >llr11/GD1d >';Mi. BOJibUJa.5i KOHCTaHTa CB.5i3blBaHIDI cepOTOH1'!Ha c bD3 
H Gr1b YKa3b!BaeT Ha HX peuerrTopHYJO pOJib B MeM6paHe. 

A.ncopOUHS! BMIJYCHhlX liaCTHll. Ha MeM6paHax Cll!JibHO OTJIJ11iaeTC.5i OT 
a.ncopCi!U1M HOHOB H MaJiblX MOJ!eKyJI B Cll!Jly Toro o6CT0.5iTeJibCTBa.·qTo 

BMIJYCHaS! liaCTHUa HMeeT ll.OBOJ!bHO 60JibJIMe pa3Mephl I '-1500 A·=· I H 
qacTO HaMHoro rrpeBOCXO.llHT TOJ!lli1'1HY .neoaeBCKOI"O CJIOR. 3TO 06CT0.5i­
-TeJ!bCTBO 6blJIO y<ITeHO !IpH no.Jiy1.!eHID1: Teope:rmecKojl: HSOTepMbl an­

cop6IU!l1. -~3 COilOCTaB.JI8HID1 TeopeTJ11ieCKHx H 3KCrrep!llMeHTaJ!bHblX KpH­

BhlX rro a.ncop6IJ.HH B>rpyca CeH.nail H B>rpyca rpmm:a. 6bl.JIH orrpe.l.leJieHbl 

IWHCTaHTbl CB.5i3LIBaHW! BHfiyca CeH.l.lail c (,M3. GD1 . Gn b - 1 ' 1 . 10 9 

M-i, 1,8·10g M-iH 1,8 · 109 M-i COOTB€TCTBeHHO H KOHCTaHThl CB513bl-

BaHID1 B>rpyca rpHIIlla c GD1a H (,T'ib - 2.3· 108 M-1 H 1.5· 109 M-1 . 

COOTB€TCTB€HHO. BhlcoKHe 3HaqeHIDI no.ny-qeHHhlX KOHCTaHT CB513blBaHIDI 

CBH.l.leTeJibCTByeT . o peuerrToptto11: pOJIH rattrJIH03H.l.lOB B MeM6paHax. 
r.naBa mecTb 3aBepUJaeTc5l rraparpal;tK:>M. r.ne paccMaTpHBaeTc5l B.JIR51HHe 

,llMCKpeTHOCTH 3apSIJla Ha a.ncop6UIDO HOHOB. B Haqa.ne no.npo6HO HCCJie­
.noBaH rroTeHUMaJI Ha rpaHHUe pas.nena MeM6paHa - pacTBop 3.lleKTpO.JIH­

Ta :rrpH JJ.HCKpeTHOM pacrro.JIOlKeHHH sapSIJlOB Ha rroBepXHOCTH MeM6pattbl 
(Toqeqttble 3apS1.1U1 B ys.nax rei<coraHaJibHoa pemeTKH). E.cJIH ocb z 

!IpOXO,llHT He qepe3 sapSUJ. ' TO HaHOOJibmee 3Ha'le~He .naeT ITOTeHI.UW.JI 
B rrpHOJIHJKeH:HH I'yH-~eIIMeHa. a Ha!llMeHbwee - CYMMHpOBaHHe ITOT8HI.UW.­
JIOB OT ToqeqHJilX 3apSIJlOB. B 3aBHCHMOCTH OT HOHHOil Cltlllil paCTBOpa 

MeTo.n B&pe3aHHoro .nMCKa .naeT pe3yJibTaT TO 6JIHS~ pe3y.JII:>TaTy rro 

I'yH-~eIIMeHy, TO 6JIH3K:ID!: K CYMM8 BKJiall.OB OT ToqeqHLIX 3apSUJ.OB. ~a­

.nee HCCJI8,llOBaHO KaK B.JIHSl8T .llHCKpeTHOCTb 3apSIJla Ha KOHCTaHTy CBSl­

Sb!BaHHSI HOHOB c MeM6pattoa. PacqeT rrpoBe.neH Ha MO.lleJ!bHOil CHCTeMe, 
r.l.le ITOKa3aHO, liTO y-qeT .llHCKpeTHOCTH sapSl,lla llpH a.ncop61.J,ID[ IIpHBO­

,llHT K TOMY , qTo HCTMHH!ile KOHCTaHThl CB5l3b!BaHW! HOHOB Ha H3Ha'laJib­
HO He:0:rpa.m:.Hoa MeM:5paHe. a Ta!U<e HCTHHHble KOHCTaHTbl CB513blBaHHSI 

HOHOB c rrpOTHBOITOJ!OlKHO 3ap5D!CeHHoa rroBepXHOCTb~ MeM6paHbl 0Ka3b1Ba­
k>TCS! M€Hbme, _qeM KOHCTaHThl CB.5i3W3aHH5l, onpe.neJieHHble B npHO~llD!Ce­

Hmt pa3Ma.3aHHoro sapSIJla. 
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BblBOl\bl 
1 . B pa6oTe TeopeTmecKl1'. Bhl'lHCJieHo pacnpe.neJiemre n0Tem.u1n.1m y 

rpaHlilllbl pas.neJia i!Cl1'..llKIDl: ]U1:3JieKTpHK-pacTBop sJieKTc1Q.l!HTa np11 npow 
BOJ!bHOM 'il'ICJie npoHSBOJJbHblM oopa30M pacnOJIO)f(eHHLDI. TO'le'lH!ilX 3ap.a 

.noB OTHOCI1TeJibHO rpamfil,hl pas.neJia tln3: 3ap~,nb1 B paCTBOpe 3JleKTPO 

JI11Ta. B »rn:JJ.KOM ,nH!3JleKTpHKe. Ha caMoa rpaH.HUe pas.neJia qns. IloJiy­
'!eHbl y.noOHble npHOJIIDKeHHble CllOPMYJlhl. ITpoaHaJIH311pOBaH TIOTeHIUID.JI B 

MO.neJIH Bhlpe3D.HHOI"O ,nHCKa. TIOJiyqeHli y.noOHhlC acHMJ'ITOTK'!ecKHe CIJOp­
MYJib!. Ilo.npo6HO HCCJie.noBaHO rrose.neHHe .ll.H!lOJ!bHOa MOJieKyJibl y rpa­
HlillJ,bl pasneJia l!GUl.KHa ,nl13JieKTpHK-paCTBOp 3JieKTpomrra. YCTO~W30e 

ITOJJOH~Hl1e paBHOBec:IDl 3aBl1Cl1T OT COOTHOllieHl1Sl ,nl13JJeKTpmecKHX: npo­

H.HUaeMOCTe~ rpattH'!all!l1X MeJJ(,lly co6oa $9.3. IloKasaHo . '!TO npH onpe­
neJJeHHOM COOTHOilleH1111 Mel!Uly D,l13JJeKTpvI'l:eCKHMl1 rrpOH11UD.eMOCTflMH »G1.Il 

Karo D.113JJeKTpHKa 11 paCTBOpa 3JleKTPOJIHTa MOJKHO TIOJJyqHTh ancop6UH­
OHHLM MIDIHMYM Ha . KpNtBoa ::meprMH B3aHMo.neacTBR51 ,lU1110Jlb ­

H306pa)f(eH11e B paMKaX 3JieKTpOCTD.TH'!eCKl1X Cl1JJ. 
2. Pacc'!HTaHo pacnpe.neJieHHe noTeHwmJia y rpaH.l1Uhl pas.neJia MeM6-
paHa-pacTBop 3JieKTpomrra npH npOHSBOJ!bHOM '!l1CJie TO'!e'lHblX sapfl­
D.OB, pacrroJIOl!CE!HHblX npOH3BOJ!bHblM o6pa30M KaK B paCTBope 3Jl8KTpO­

JIHTa. TaK H B MeM6paHe. PeweHHe aBTOMaTH'!ecKH BKJl~'laeT B Ce<5E 11 

cJiyqaa. Kor.na sap5Ulbl pacnoJio>KeHbl Ha rroBepXHOCT.llX MeM6paHbl. Pac­

CMOTpeH Hal10oJiee oowHa CJiyqaa , Kor.na HOHHble CHJibl no ooe CTOpOHbl 
MeMOpaHbl pa3JIH'!Hbl, a K caMoa MeM6paHe rrpl1Jlo)l(eHo TaKJKe H BHeWHee 

rroJie. Bhl'lHCJieHo pacnpeneJieH11e rroTemumJia Me)f(D.y D.BYMSi MeM6paHaMH 
B CJiyqae, Kor.na ITOMHMO paCTBOpa 3JieKTpOJIHTa Me)f(D.y MeM6paHaMH 

HMeeTCE TaKJKe npOHSBOJ!bHOe '!HCJIO npOJ.13BOJ!bHblM o6pa30M paCITOJIO­
)f(eHHblX C(MKCHpOBaHHhlX TO'!e'!HblX sapED.OB. IToJiyqeHbl yno6H!ile npHOJIH­

>KeHHble CllOPMY Jib! . 
3. IloJiyqeHbl Bblpa)f(eH:IDl D.JIE TIOTeHrumJia H 3Jl8KTpOCTD.TWiecKoa 3Hep­

r1111 B3D.HMOne:ttcTBHE .nHITOJIE c paCTBOpOM 3JieKTpOJIHTa B CJiyqae, KOI"­
na ,lU1110J!bHaE MOJieKyJJa HaXOD.HTCE B MeM6paHHOa ttase. IlOKa3aHO, '!TO 

YCTO~l1BOMY ITOJIO>Ke~ paBHOBecHE COOTBeTCTByeT rreprreHitm<yJIEpHaR 

op11eHTaUH5! OCH .Ul1IIOJJE OTHOCHTeJJbHO TIOBepXHOCTH MeM6paHbl. PesyJih­
TaTbl corrocTaBJJeHbl co CJJyqaeM. Karna paCTBOpbl 3JJeKTPOJJHTOB , OKpy­

JKaKllllHX MeM6paliy, saMeHeHbl .ll,H3JleKTPHKOM c .ll,H3JleKTpWiecKoa npOHH­
uaeMOCTb~ paBHoa ,nl13JieKTpl1'!ecKoa npOH.HUaeMOCTH paCTBOpa. 

4 . Bb!'!HcJJeHO pacnpeneJieHHe TIOTeHUHaJia y rpaHHl.I.hl pas.neJia 6eCKO­

He'!H~ I.UtJJHH.npH'lecKHa KaHaJI-MeM6paHHaE ttasa rrpH npOH3BOJ!bHOM 
q11cJJe npoHSBOJibHblM o6pasoM pac·rroJIOJKeHHblX Toqe•rnh!X sapRD.OB KaK 

BHYTPH UHJJHHnpa. TD.K 11 BHe ero. ITOKa38HO, '!TO 3JleKTpOCTaTmeciaR 
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3HeprHE B3aMMo.nettCTBHE 3apE,na c MeM6paHo:A: B 3TOM CJiyqae Mlllil1-

MaJlbHa. Karna sapED. HUXOD.HTCE Ha OCH Ul1Jll1Hnpa. B0JIH3H OCH KaHaJia 

3liepreTH'!ecKHa npotPHJib HMeeT BH.n rrapaOoJibl. 
s. TeopeTH'!~CKH paCC'!HTaHbl IlOTeHIUIDJI 11 3HeprME .Ul1TIOJlbHO:A: MOJieKy­

nbl B UHJIHHD.pH'lecKOM KaHaJie MeM6paH~. ITonpoOHO.HCCJie,noBaHO TIOBe­

neHHe ,nHTIOJ!bHO~ MOJieKyJibl B KaHaJie. Panvra.nbHb!'(;l: rrpO\tMJ!h D.l1IIOJ!hHOa 
MOJieKyJibl BHYTPl~ KaHaJia HMeeT BH.n napaOOJibl B0Jll1311 OCH KaHaJia. rro­
JiomeH11e ycTOatIHBoro paBHOBec:IDl ,nl1JIOJIR B KaHaJie 3aBHCHT OT COOT ­

HOWeHHE .Ul13JieKTpl1'!eCKl1X rrpOH.l1UD.8MOCTea KaHaJia -11 MeM6paHbl, 11 eCJIH 
l!X OTHOlli8Hl1e HD.XOD.HTCE B HHTepBane !0 .1 4+1.0) , TO OCb D.l1IIOJIE na­

paJIJJeJJbHa OCH KaHaJia, BHe 3TOro HHTepBaJia OCb .nHITOJIR rreprreH.nHKy­

JIRpHa OCH KaHaJia . 
6 . Bhl'!HCJieHa 3Heprl1Sl rrepeHoca D.l1IIOJlhHO:A: MOJieKyJJbl Me)!(Jly D.BYMR D.11-
sneKTpH'!eCKMMH qnsaMH. IloKasaHO , '!TO D.JIE CJiy'!aR rrepeHoca MOJieKyJI 

BOD.hi HS Bo.nttoa ct0.3hl B MeM6paHH~ rrpouecc nepeHoca ueJIHKOM KOH -
TpOJIHpyeTCE sJieKTpocTaTH'!eCKMM sc.t¢eKTOM. PacctIHTaHa MelfatnsHaR 

3Heprl1Sl rrepeHoca .ItJIR cJiyqaE .nmroJIR, oKpyJKeHHoro cJioeM Jilll!'aH.noB. 
l .nHTIOJib B "wyOe" ) . IlOKa3aHO. '!TO HD.JIH'!He CJIOR Jilll!'aH.l(OB pe3KO 

yMeHbIUaeT sJieKTpocTaTH'!ecKy~ qacTo MelfatnSHoa sHepr1111 rrepeHoca. 
7. Ha ocHoBe BBeneHl1Sl rrapaMeTpa rropR.nKa Ha rpaH.HUe pas.neJia Bona­

rH.npo(lD6HaR ttasa TeopeTH'!eCKl1 pacC'!HTaHO noBepXHOCTHOe HD.TEJKeHl1e 

Ha rpamru.e pasneJJa ctiJepH'!ecKo:A: Bo.nttoa KaTIJIH B ranpOCllOOHoa ctase. 
IToKasaHo, '!TO c YMeHollieH11eM pa3MepoB KaTIJJH rroBepXHOC THoe HaTIDKe­
H11e YM€HhUJaeTcR. WccJienoBaHa B03MOJllHOCTb cywecTBOBaHl1Sl B MeM-

6paHHO~ qnse BOD.bl B BH,Ue M11KpOCKOITH'!eCKl1X KaITeJib. 
8. Bb1'!11CJieH 3HepreTH'l€CKHa'ITPOtPl1Jlb MOJieKyJibl BO,nhl B MeM6paHe , Ha­

xonaweaca B. paCTBOpe 3JieKTPOJIHTa. TeopeTH'!eCKH TI0Ka38HO ' '!TO 
3HepreTH'!ecKHa rrp~h HMeeT TparreUHo.nanhHhla BH.n 11 xopowo corJia­

cyeTCE C 3KCTI8pHMeHTaJibHblM rrpo<tlllf.JleM. ITO~p06HO HCCJie,nOBaH TpaHC­
ITOpT MOJieKyJI BO,nbl qepes 6HCJIOattble JIHTIH,nHble MeM6paHbl. PaccqHTaH­
HOe 3Ha'!eHl1e 3HeprHH aKTHBaII.HH TpaHCITOpTa BO,nbl qepes OHCJIO:AHble 
J!l1lll1D.Hble MeM6paHbl xopowo corJiacyeTCR c KHHKOBblM MexaHl13MOM TpaH-· 

crropTa BO,nhl. . 
9. neTaJibHO HCCJie,nOBD.HO BJIHEHHe BHeWHero 3neKTpl1'!8CKOrO ITOJIR Ha 
BXOD. BOD.bl B MeM6pHH~ qnsy. IlOKa3aHO, '!TO S!tJt)eKT neacrBaHE BHeW-

' . 
Hero 3JleKTpOH'lecKoro ITOJIE Ha BXOD. OT~eJibHhlX MOJieKyJI BO,nbl B MeM-

OpaHH~ qnsy He 3Ha'!HTeJieH. OD.HD.KO, eCJIH Ha MeM6patte >!Me~CR ne­

~KTbl THIID. CKB03Hb!X ranpoctMJ!bHblX rrop' TO B 3TOM CJiyqae HaJIH'!l1e 
BHeWHero 3Jl€KTpWiecKoro TIOJIB rrpl1BO.nHT K TOMY, 'ITO B rropy BTErH­
BaeTCE OoJiee noJiapHaE qnsa (Bona). Ilp11 onpeneJieHHblX ycJIOBHEX sTo 
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OOCT05!TeJJbCTBO I!pHBO.lU1T K HeorpaHW<eHHOMY pocTy nophl - 3JleKTpH­
qecKOMY rrpoCiOIO MeM6paHh!. 

10. Mcc~e.no.aaH TpaHCITOpT BOllbl ITO HOHHhlM KaHaJJaM. IlOKa3aHO, qTo 
B3al1Mo.nei'l:cTBHe MO: JI BO.ll.J,I co CTeHKaMJI! KaHaJla npaKTWl:ecKH He 
BJ!l15!8T Ha BXOll BO.ZU,.. B KaHa.JJ. ConocTaBJ18Hbi JlJl!JIB.lUi.ble lit KaHaJibHhle 
rry't'YI rrpoxo~meHYIR BO.llbI qepes MeKipaHy . IlOKa3aHo . qTo ecJIH 06wa51 
ITJJOWa.no .. KaHaJIOB COCTaBJJ5!eT ... 0. 004:; lit OOJJee OT ITJIOWa.nH MeM6paHhl . 
TO B8Cb OCMOTll!'{eCKH:lil: ITOTOK BOllbl rrpOX0.!1.MT ITO KaHaJiaM. 
11. B pe3yJJbTaTe ycpe.nHeHYIR 3HeprY!l1 no pa.nHaJJbHOMY rrpO!iMJIIO ITOJJY­
qeHo 6oJJee ToqHoe 3HaqeHHe 3JJeKTpocTaTwi:ecKo:A: 8Hepr:m-r HOHa B l.l,Jl!­

~HH.Up>!'lecKoM KaHaJie. IlOKa3aHo. qTo cpe.nH5!51 3HeprHSI Jl!OHa B Ka.Hane 
3aBHCl1T OT pamryca UOHa H yMeHbllia8TC5! c YB8JJJl!qE:HJl!eM pa.nHYca 
l10Ha. 

12. Bh!qHcJJeHh! $.Tiy-KTyau:m-r sapR.na l1 ITJJTeH1..U1aJJa ITOBepXHOCTH MeM6pa­
Hbl. o6ycJJOBJl8Hhbl8 a.ncop6UHe:A: H .necop6UHe:A: Jl!OHOB. IlOKa3aHo. qTo 
rrpl1 JlcHrM!OpOBCKOJ.1 ancopOu:m-r ~YKTYaUJl!5! 1IaCTHU (3ap5!.na) CJJe.UYIOWMM 
o6p0.30M 3.'.l.BJl!Cl1'.i:' OT KOHUeHTpall.HJI! 'IaCTHU B paCTBOpe: I!pH MaJJb!X 
KOHUeHTpaID!Slx $.7lYKTYaUJl!l1 pacTyT c YBeJJmeHJl!eM KOHUeHTpallHJI!. a 
np!t! 60JJbilll1X KOHU8HTpaUID!X ~YKTYau.mr YMeHbll!ai:lTC5! c POCTOM KOH­
U8HTpaUHJI!. B ToqKe MUKC11MyMa ~YKTYau.Hi'I: KOHCTUHTa CB5!3blBaHH.Sl Jl!O­
HOB c ITOB8pXHOC Tb!O MeKipaHU paBHa oOpaTHO:'l: BeJJm:HHe KOHUeHTpa­
UHJI!. IlOKa3aHo TaK.JIC8. qTo ctiJJYKTYaUHH sap51,n;a (ITOTeHI.Um.JlaJ ITOBepx­
HOC TJI! MeM6paHbl npHBOll5!T K $JJYKTYall.H5!M TpaHCMeM6paHHoro HOHHoro 
TOKa. . IloJJyqeHo Bb!paJKemre 1lJl5I $JJYKTYall:m1 TOKa. 
13. TeopeTH'lecKH HccJJe.noBaHa a.ncopOUH5! HeopraHH'!ecKHX H opraHH­
qecKHX HOHOB Ha raHrJJH03HllCO.UepJKaWHX C!lOCC!JOTH.ZlJl!JIXOJIHHOBblX MeM6pa­
Hax. M3 COITOCTaBJJeH:mi TeopeTlfll.ecKHX JI! 3KCnepHMeHTaJJbH.blX 1130TepM 
a.ncopOUHH ITOJJyqeHbl KOHCTaHTh! CB5!3b!BaHJl!5! ll8JJOro p51,na OHOJJOrWiecKJI! 
BalKHh!X BeWeCTB c pa3JJW1Hb!MH raHrJIH03HllaMH. 3TH pesyJJbTaTh! IT03BO­
Jl5IIOT 6oJJee orrpe.neJieHHo cy.nwrb o peuerrTopttoa poJJH rattrJJH03JOIOB a 
6HoJ1orwi:ec1U1X MeMC>pattax. 

14. Ha MOneJJbHblX CHCTeMax HCCJJenoBaHO BJIH5!HHe .aHCKpeTHOCTH sap5I­
.na Ha _KOHCTaHTy CB5l3b!BaH>m HOHOB c noBepXHOCTb!O MeM6paH.bl. IloKa.-
3aHO, 'ITO yqeT .nHCKpeTHOCTH sap51.n;a I!pHBO.llMT K TOMy, qTo HCTHHHa~ 
KOHCTaHTa CB5!3b!BaHHli .UOJIJICHa 6L!Tb MeHbme, qeM KOHCTaHTa CB5!3h!Ba­
HJl!5!. orrpeneJ1eHHa5l B npHOJ!ID!CeHHH pasMasaHHoro sap51,na. 

- 25 -

OcHOBHL!e pesy.nbTaTLI .lIJl!CCepTal.l,Jl!H onyO.nHKoBaH.bl B paOoTax: 
1.AOH.nop H.r.' ApaKe.IDIH B.B .• IlacTymeHKO B.~.' Tapaceswi: M.P. 

qepHoMop.nHK R.B ., tilmMa.lllKElB D.A. 3JJeKTpwi:ecKH:'1: rrpoaoa OHc.no~­
HLIX JIHlillUlHhJX MervtipaH . - ",l(qKJia,llbl AH CCCP"' 1978' T. 240 ' N 3 ' 
733-736 . 

2 . qepHOMOp.nHK ] • B. ' AOJOIOP H. r . ' ApaKeJJ5!H B. B. ' BaCK.aKOB B. A. 
TapaceBWl: M.P . BJJH5!HHe CTpeccoBLIX B03neftCTBH:lil: Ha 3Jl8KTpWl:e­
CKHe CBO~CTBa B.JIM.- "13HO<tlJl!3HKa", 1978 , T.23, N 5, 806- 812 . 

3 . AOH.nOP H. r. , ApaKe.n5!H B. B. • nae TymeHKO B. ~. ' qepHOMOp.nHK 
].B., til!sMa.lllKElB D.A. MexaHM3M 3.neK~plfll.ecKoro npoCio~ B.JIM. ­
., ,l(oKJJallbl AH CCCP" , 1 979; T. 245', N 5 , 1239-1242. 

4 . .Abidor LG .• Arakelian V.B . • Pastushenko V.F .. Tarasevich 
M. R. • Chernomordik L. V. • Chizmadzhev Yu. A. Electric Breakdown 
of Lipid Membranes. I. The Main Experimental Fac ts and their 
Qualitative Discussion.- "Bioelectrochem.~ioenerg.". 1979. 

v.6. 37- 52. 
5.Pastushenko V.F .• Chizmadzhev Yu.A .• Arakelian V.B. Electric 

Breakdown of Bilayer Lipid Membranes. I I. Calculation of the 
Membrane Lifetime in the Steady-State Diffusion Approxima­
tion.- Ibid .• 1979. v.6. 53-62. 

6.Pastusherik.o V.F .• Chizmadzhev Yu.A •• Arakelian V.B. Electric 
Breakdown of Bilayer Lipid Membranes. IV. Consideration of 
the kinetic Stage in t he Case of the Single-Defect Membrane.­
Ibid .. 1979. v.6. 71-79. 

7.Arakelian V.B .• Chizmadzhev Yu.A .• Pastushenko V.F. Electric 
Breakdown of Bi layer Lipid Membranes. V. Consideration of the 
kinetic Stage in the Case of the Membrane Containing an Arbi­
trary Number of Defects.- Ibid .• 1979. v.6. 's1-87. 

8.Pastushenko V.F •• Arakel1an V.B.Chizmadzhev Yu.A. Electric 
Breakdown of Bilayer Lipid Membranes. VI. A Stochastic Theory 
Taking into Account the Processes of Defect Formation and 
Death: Membrane Lifetime Distribution Function.- Ibid .• 1979. 

v.6. 89-'95 • 
9.Pastushenko V.F., Arakelian V.B. Chizmadzhev Yu.A. Electric 

Breakdown of Bilayer Lipid Membranes. VII. A Stochastic Theo­
ry Taking 1nto Account the Processes of Defect Formation and 
Death: Stat:tstical Properties.- Ibid •• 1979. v.6. 97-104. 

10.Chizmadzhev Yu.A., Arakelian V.B. Pastushenko V.F. Electric 
Breakdown of Bilayer Lipid Membranes. III • .Analysis of Possi­
ble Mecbanisll of Defect Or1g1nat1on.:.. Ibid., 1979, v.ei. 63-70 



2G 

11 .ApaKeMIH B.B .. IlacTymeHKo 8.(1) .• 'CJM:3Mll.ll.lfleB IO.A. ~30Bh!e rrpe 

BpaweHID! H pa3pymeHHe MeMOpaH. - Te3.HCH .noK.Jr. I CoaeTcKo 

IllBeitIJ.apc1wro CMM!!OSeyMa. "SHoMeMLipaHbl. CTpJ'KTypa H ¢YHKIUfH ... 

T6HJIHCH. 1979. 62. 

12. ApaKeJISIH B. B. B.nw!HHe MHorocTa.!IIDtHOCTK poll<JleHIDI .n:$KTa Ha 

apeMSl l!Gi3HK 6KCJIO~hl.X Jill!Irn.UHhlX MeMOpaH. ·- ''3.neKTpOlOIMIDI ... 

1980 . T . 16. N 2, 218-220. 

13.ApaKeJISlH B.B. PacqeT cpe.nttero BpeMeHH lKHSHK OHCJIO~oa JIHIIKll­

HO:tt MeMLipaHbl c yqeTOM MHOrocTa.!IIDtHOCTK 3BOJllOU.l1K lle<tleKTa. 

"'3JI6KTpOXKMKSl", 1980, T .16, N 2, 221 - 223, 

14.ApaKeJISIH B.B., Xa'iaTpSIH r.P • • MaTKHSlH H.C. , ABaKSIH a.M. 3aBK­

CHMOCTb cpe.nttero BpeMeHH l!Gl3HH 6HCJIO:ttHOA JIHIIHllHOA-MeMC5paHbl OT 

nJioUia.nK 6HCJIOSI rrpH sJieKTpmecKoM npo6oe. - "SHOJI. m. ApMemm" 

1982. T . 35, N 9, 761-763. 

15.ApaKeJISIH B.B . • Xa'iaTpSIH r.P., MaTKHSlH H.C •• ABaKSIH U.M. 0 po­

JIK rpaHKUhl 6HCJIOtl:-MeHHCK !tpH 3JI€KTpH'I€CKOM rrpoooe 6HCJIO'.tttth!X 

JIHilH.nHhlX MeM6paH.- "SHoJI.lK.ApMeHHH" , 1982, T35, N 9, 711-71 7. 

16.ApaKeJISlH B.B . , XaqaTpSIH r.P., MaTKHSlH H.C. 3aBHCKMOCTb YCTO:tt­

'ili1BOCTK MeMLipaH B 3Jl€KTpH'!ecKOM JIOJie OT JIJIOwa.nH 6HCJI05! . -

"Studia Biophysica". 1983. v.93. N 1. 69-77 . 

17. Cyxapea C. Y1.. ApaKeJISIH B. B. , AOK.nop VI. f., IJ:epHOMOP.!U1K JI. B. , 
IlacTymeHKO B.<:l) . Pa3pymeffi'Ie BJIM a pe3yJ!bTaTe 3JI€KTp:mecKoro 

npo005l. - ''SHO®IBHKa", 1983, T. 28. N 5, 756-760. 

18.ApaKeJIHH B.B. , ApaKeJIHH C.B. 3HepreT:mec~ rrpOCJ;Mnb llHIIOJibHh!X 

MOJieKyJJ Ha rprurnue pa3.neJJa JtByx rta.3. - "SHOJI .JK. ApMeHHH", 

1983, T.36, N 7, 553-559. 

19.ApaKeJISIH B.B., ApaKeJISIH C.B. 3HepreT:mecKL'l:tt ItpO(llKJ!h llHIIOJibHOA 

MOJl€KYJJhl B TOHKOA MeMC5paHe.- "SHoJI. llC.ApMeHHH" , 1983 , T.36, N 

9, 755-779. 

20 .ApaKeJISIH B.B., ApaKeJISIH C.B. B3aHMo.neilcTBHe llHIIOJib-H3oOpa>Ke­

HHe Ha rpaHmi.e pa3.ne.na ~ llK3Jl€KTpHK-pacTBOp 3JI€KTPOJIH­

Ta . - "SHOJJ.m.ApMeHHH", 1984, T.37 , N 5, 419-421. 

21.ApaKeJISlH B.B.' ApaKeJJSIH C.B.' ABa.KSlH II.M.' AcJiaH.SIH B.M. 00 

3JJ€KTpocTaTH'!ecKHX ~KTax !tpH TpaHcnopTe BOllhl qepes OHCJIOA­

Hh!e JIH!IH.ItHhle MeMC5paHbl.- "SHO®IBHKa", 1985 , T .30 , N1, 170-1 71. 

22 . ApaKeJISlH B.B., ApaKemrn C.B. Pa.mfa.Ju,~ np~b sHeprHM HOHa 

B HOHHOM KaHaJie Mer«:iprura. - "V!SB • AH ApM. CCP. ~mm .. ' 1 985 • 

T • 20, BhlJI. I, 28-32 • 

23.xaqaTpSIH r.P •• ApaKeJI.!!H B.B .• AwK5!H C.A. BJIH5iHMe llOll€Il.KJICYJib ­

f!ll.Ta HaTpHH Ha 'iHCJIO CTa,JLHA: 3Jl€KTpm ecKoro !tp0005l BJIM .- "SH-

I 

I 

• 
SI 

t 1 

- 27 -

OJJ.m.ApMeHHH". 1985. T.38, N 1. 85-87. 

24.ApaKeJISIH B.B .. ApaKeJISlH C.B . , AcJiaHSlH B.M. Bhl'iHCJieHHe cpe.ntte:tt 

3HeprHH HOHa B HOHHOM KaHaJie MeMC5paHbl . - Te3HChl .ll.OKJla.ll,OB. II 

Pecny6JIW<aHCKa5! KOH!Pepemum. JIOCBSlllleHHa5! rrpOOJieMaM C(M3HKO­

X1"MH'i€CKO:tt 6KOJIOrHH. 8-1 1 anpeJISI 1986 r .• EpeBaH, c .1 6 . 

25.ApaKeJISIH B.B •• ApaKeJISIH C.B .• ABaKSIH u.M. Ac.naHSIH B.M. 3JieK­

TpOCTaTK'ieCKaSl 3HeprVIB llHIIOJ!bHOtl: MOJ!eKyJihl B HOHHOM KaHaJJe 

MeM6paHbl. - "BKOCflH3W<a" • 1986. T • 31 • N 2 . 356-357 • 

26 • Ma THHSIH H. c . ' MeJIHKSIH r. B. ' ApaKeJISIH B . B. ' ABaK5!H u. M. • Koqa -

poB C.R., MH.ll.lKOSlH 0.]. BsaKMo.ne~cTBHe HeopraHH'ieCKHX KaTHOHOB 

c 6HcJI05!MH, co.ll.epma111HMK raHrJIH0311.ll.bl. - "SHOJI. lie. ApMeHHH", 

1987. -T.40. N 3, 179-1 83. 

27. MaTHH5!H H. C. , ApaK8Jl5!H B. B. , MeJIHKSIH r. B. , KotmpoB C.]. , IIpo­

Ka30Ba H.B. , ABaKSlH U.M . • MH.lllKOSIH 0.]. BsaHMo.netl:CTBHe rrJIOCKHX 

6KCJIOeB. CO.ll,eplKalllHX raHrJIH03K.ll.hl , c cepOTOHHHOM H HeopraHvl'JeC­

KHMK KaTHOHaMK.- ''SHoJI.MeM6p .... 1988, T .5. N 4, 420-427. 

28 . MaTHHSIH H.C. , MeJJIDCSIH r. B. , ApaKeJI5!H B .B . , ABaKSlH U. M. , Koqa­

poB C.E •• MH.1LJKOSIH O.E. A.ll.cop6IULq opr aH:mecKHX H HeopraHvl'Jec­

KHX KOHOB Ha raHrJIK0311.ll.CO.ll.eplKalllHX 6HCJI05lX. - "BKoJI. lK .ApMeHHH" , 

1988, T.41, N 4, 269-276. 

29.ApaKeJISiH B.B . 0 COCTOSIHHH 80.ll.hl B MeM6paHe . -. "BKoJI. m. ApMeHll!H" , 

1989, T.4~. N 1, 54-55 . 

30.ApaKeJI5lH B.B. Pacnpe.ll,eJieHHe ITOT€HUKaJia y noaepXHOCTH MeM6paHbl 

rrpH HaJimll!H !PHKCHpOBaHHoro Bh!HeceHHoro sapSl.lJ.a.- "lilsB. AH ApM. 

CCP" , ~H3W<a '' , 1 989 , T • 24, Bb!II . 6, 280- 283. 

31 . ApaKeJI5!H B . B. Pacrrpe.neJieHHe ITTeHUKaJia Ha MeM6paHe c yqeTOM 

.nKCKpeTHOCTH sap5!.na rJIHKOKaJIHKca . - IIperrpKHT E~-1207(84)-89. 

32.ApaKeJIHH B.B. Pac rrpe.neJieHHe noTeH~Jia Mel!Oly KJieTKaMH c yqe­

TOM .ll.KCKpeTHOCTH 3apSI.na .- IIperrpHHT E~-1187 (64)-89. 

33.MeJJHKSIH r.B • • MaTHHSlH H.C ., ApaKeJISlH B.B. BJIHSlHHe raHrJIH03H­

.ll.OB Ha JIKHe:ttHoe HaTSllKeHHe KPOMKH rH.lJ.poqn.r.JibHOtl: rrop:bl H MOHO­

CJIO:ttHoe CJIRSiHHe JIJ11IH.llHblX MeMC5paH. - "SHOJI. MeMC5pruw." ' 1989' . 

T.6, N 12, 1330- 1336. 

34 .By,nKep B.r., MapKylllKH IO;H, ApaKeJISIH B.B •• PaTyurH5lK A.C. B3aH­

MO.ne:acTBHe aHHOHHh!X ITOJ!lircaxapH.ll.OB c J!HllHJUIO:tt MeMC5paHotl: >13 

fPX!tnTH.nHJIXOJIKHa B !tpHCYTCTBHH HOHOB Caz+. - "SHOJI. MeM6paHhl", 

1989, T.6, N 11, 1175-1184 . 

35. Mat inyan N. S. , Melikyan G. B. • Arake lyan V. B. • Kocllarov S. L •• 

' Prokasova N. V.. Avakian Ts .M . Interaction of Gangl1oz1de­

Conta1n1ng Plauar Bilay.:;rs witll Seroton1n and Inorganic Ca-

:.___~~~~~~~~~~~~~~~~~~ ~ I 



' - 28 -

tiuns.- "Biochim . Biophys.Ac: ta" , 1989. v. 984, 313-318. 

36 .MeJIVIKSlH f .B . . CJie:rrynIKIDI B.A . • MaTHHSlli H.C ., KopXMa3IDi M.M. , 
ApaKeJI.5lH B. B. WsyqeHHe CBSl3!ilBaHJffi BHpyca CeH.IUU\ H BHpyca 
rpmma tKJiaccmecKoil: qyM1i1. nTHU J c MeM6paHaMH '3pHTpOUHTOB It\ 

HCKYCCTBeHHhlMH 6HCJIOSIMH B cpene c Hl13KO* HOHHOa CHJIOit.- "BH­

QJI.MeM6p .". 1989. T.6, N 11. 11 85-1195. 
37.ApaKeJISlH B.B. PacqeT 3Jl8KTpocTaTWI8CKOil: 3HeprHH HOHa B MeM6 -

paHe. pasneJI5UOllle* HecHMMeTpWIHble pacTBOpbl . - "BHoJI . ~.ApMeHRM", 
1990, T. 43. , N 1, 11-14. 

38. Melikyan G. B • • Mat1nyan N.S . • Arakelyan V. B. The infiuence of 

gangliozides on t he hydrophilic pore edge line tension and 

monolayer fus Lon v f lipid membr anes - "Biochim. Bi ophys.Acta ", 

1990. v.1030 . 11 - 15. 
39.MeJI"1KSIH f.B . , MaTffif.5lH H. C., KoqapoB C. X. ApaKeJI.5lH B.B. , IlpaH­

rHlllBMJI~I lJ.. A. • Ha.n.apall!BMJIH K. r . 3JieKTpoMexaHmecKa.Sl CTa6MJ!b­

HOCTb TIJIOCKID< MeM6paH H3 6HTIOJISlpHb1X JIH!lHllOB TepMoaUHllOtPl1JlbHOil: 
apxe6aKTep>rn Sulfol obus ac i docaldarius. - . ''&toJior . MeMOpaHbl", 

1990, T . 7, N 5, 534-539. 
40.ApaKeJIRH B. B. PacqeT noTeHUHaJia ceJieKTHBHor o ueHTpa . pacnoJio­

JKeHHoro B6JIH3H UHJIHHnpmecKoro KaHaJia.- ITpenpHHT ~W-1312 ( 7 ) -

91. 
41.ApaKeJISlH B:B. PacqeT 3Hepr:i.rn peaKTHBHoro BSaHMoneitcTBWI c 

yqeToM He KneaJibHOC TH .IJ.HTIOJISl. - "WsB. AH ApMSIBcKo* CCP , ~M­
ita" , 1991, T . 26 . Bbln .3 , 111-115. 

42 . ApaKeJISiH B.B. 0 TpaHcnopTe nHTIOJlbHhlX MOJieKyJI qepes MeM6paHbl.­

"&to!tJHSHKa" , 1991 , T . 36 , Bblll. 3, 459-460. 

43 . Arakelian V. B .. Walther D •• Donath E. Elec tric Potential Dis­

tributions around Discrete Charges in Dielectric Membrane­

El ec trolyte Solut i on Sys t em .- "Colloid Polym . Sci.". 1993. 

v.270. 268- 276 . 
44 .Suleimanian M.A., Ayrapet yan S. N • • Arakelian V.B .• Ayrapetyan 

7 . Y. The Ef fec t of Osmotic Gr adient s on the Outward Potass i um 

Current in Di alyset1 Neurons of Helix Pomatia. - "Cell.Mol.Neu­

robiol. '. 1993 . v . 13. N 2 . 183- 190 . ... 

qUl~r~ P~BPR~~ UBU~l3Uu 

l04Ul tl~4SPUUSUS~4 'lU{S~r ~q tn;UPruuua~u SPUUU"lflPS 

~~uhpmwg~~u pw~4w9wb t hp4 nl uwurg • un~2 ~u UWUOLU hw2~wp4~wb 

bu 111wrpbp ·ubuprwuw_1ru urumb uu hrnLU L"4WL t Lh4utpwumwuifilt 'l•u2111br[!• 

UJ'l hw21lwrltubr(! (ilOLJL b'lJ mwlpu nrn2bl 4wuw_1w41u\J l"'l"'l qb111w_1ph 

L pg 11brr 4 WUWJ wLt WU 'lwuwqn r uw\t qblljl! n Lu iqnmb ugpwl ti p w2 "'"LU(! ti b ~n Lit 

'lPttb4mr~4 - l;Lh4uirnLputp LnLbnLJI"• tfbuµrwu - l;Lbl{'nrnLti111r L"L­

bn•JI"• qlwuw6b 4wuwl - tfbuppwbwJru •"LL pwdw\Juw'lJ uwhtfwu'lJhp~ tfn~ 

C!.\1ri nrn • u 4timw.1ru LP911bfl(! 4wrn~ b'lJ qm'lJqbt fl\•i_iqbu 4119 t(inl Lhrl19 

nrbt ub4nLu, w_1uiqbu tl t(inLLhrp pwdw\Juwu uwhtfwup q[ltu: 

~~ubrmwgrw.1r br4rnrri UWUOLU WJ'l nw2~wp4uhr r wrriJn Luphh[l(! oq­

mwqnrllqwll b'lJ ubtfprw'llti ufi2n~ 2rr b rnuubrti mrwuu1~nrmtl, tiui1~bu uwb 

ubuprw\1~ ~r·u pnU\1b11ti W'lunrp9fiw.1ti nrn2 iqr npt bu'llh r r LnLlluw'lJ hwuwr: 

&nLJ9 t Ul(Hlwb, nr tfbuprwup ub2 2rr \1briawt(iwugnL U(! tfl nqti'lJ ~b(lWnu4-

~nLU t tlblt111rwurnwmti4 ttb4mubrn~ Uwbrwuwu'lJ hbutwqnrnqwll t ubuprwbp 

ub2 2rti ubriawt(iwuguwu iqrn gb up itrw wr rnwppu l;t b4mrwumwmfi4 riw2mr wq­

'lhgnL(iljOL U(!' 3nLJ9 . I; Ulf't{Wll, np nrn2wlj~ ll(W.('fWUUbrnuf wputwp~U t­

lb4utrWUU1WU1P4 riw2111fi wn4w_1nLl"J"L U(! w11w2 t f!brn•U ubup11wur llwljnLu• 

~butwqnmqwll t bp42hrm L~"!fl'lwJr'll uh uprwu~ llwltn•u!!' 

~w2qwr4qwll t '1Pll("LP tfnLh4n•LP t'llbrqbmr4 nLrqwqfibl! ubuprw'llnLtf 

b pb'llWJ14~wb b'lJ ubuprwup uft2n~ 2P~ 'lJbrfi'wt(iw'lJguw'lJ mwrpbf1 Awuwuiwrh­

bbp[!' 4w\J1uLWJp'lJ ~w\iWll{Wflh(! ll UbUpf1WUWJflb uw111rrpur ufi2nq Olfl~wl{p 

~rl"w.pwbgnLU(!' 3nLJ9 I; ut[lqwll, nr U!Wflphr pn'lJw_1ru nLdp tlbqmJlnl~Ulfl 

tn1llnLjfi'Ubf1nq 2fl2Wll(WUtqwll ubuppwunLu rnup l;\Jbrqbmp4 "lf'"~Pll! ufiub­

U1f1fl4 ii;: llbuprwufi ~nt.wwjp\J 4wbwlnLu ~nufi l;ubrqrw.1r 2wnwq~wJp'll 

nLrl{wqll~ hw2~wr4uw\J 2bnrhflt{ 9"'J9 t uirt{wll, nr bnLJU LP91!!! 4rn~ 

UlW(lpbp fln\J\Jbrfl up2fl\J t\Jhrqflwjp wrdbp[! 111wrpbp I;, r\J.1.u l;l lllllW2 t 

pbrn•u Ltw'llwLr (!blllfln'lwltwbnLl"J"'"' 

1Jli.tprurb111u tfwuutt11bbrfl lb\JqtfJn•JIJ"'" "''lunrp9r111Jfl ribllfpnLu hw2-

tlwrltl{wll I; brwbg l"tlfl tL n •1t ... uug1'wu: llJ \Jn' hb ll1h hw2l{wrLt~wb I; ubup­

rwbfi itr111 wqunppgpwJn~ la 'lbunrpgfi111.1nit lljlllJUWbwt(nrt{wll LP9Pwalnri[wll 

ifwubfllt'llbf11' il'utbrhnqt111Jflu · jwwlL(ilJWb filnLljlllftll1'9flwb: 3nLJ9 t Ul(lt{wll,. 

np "'J'l hmuq..tmbp(! "'""'! I; pbpn•u finb\Jhrft 111f1Wb111tbd'p11wbwJl1b hnupr 

ttnLl1~1uwgfiiu: .:.blllllAln .... llMI I; op11 .. \n1itmb la wuopqwbdtwb pnbbbp~. p\Jl­

llfbu blllll qpltllflt t{ftrn•uft la Ubb'l"'J itfirn•up ""l""l'P9rwb q111bqlfln~fl'l "!"'"" 

r(•"llllf"'l ~h~pr•""hrfl t{r• UJ'l hbtnutn..,•P'Jn<ubbp[! i-n•JL bu "*'lfi" 

\a~ Ulbrthlfn• P'JBL b\abp u-lnlt Jb~pp111bfa hlllmltn• P'J"' bbbpjt la q111\11ttltn­
· ~fi'lbbpfi nbgh ..... p•Jfib 'lbp~ ~..Pb: 

' y 

--



- 30 -

7ALEP..I BEIBUOOVICH ARAKELIAN 
II-IE I.DCAL E:I.D;TROSTATIC .FIELDS AND THE MEJ!BRANE TRA}f)PORT 

Tbe thesis consists of tbe two ,.parts. In the !1rst part the 
l ocal electrostatic fields have been calculated 1n the d1!!erent 
membrane systems. Tl!ese calculations allow to define the potential 
dlstr:11:>ut1on on the .broad or liquid dielectric-electrolyte so­
lution. or the mellibrane~l£!ctrolyte solution. the cylindrical 
channel-the melllbrane phase when arbitrary number of discrete 
!:1.xed char~ have been located arbitrary positions. lt>reover the 

discrete charges 11ay be both in the any of Joint Jiiases. and on 
the boarderl1ne. In the second part the results of these calcula­
tions have been used to solve a few problems of water and ions 
transport through nembrane. as well as the ion adsorbt1on to the 
iDembrane. It was shown. that the water transport into membrane 

phase :ls controlled by tbe electrostatic effects on the whole . The 

influence of the outer electrostatic field on the water transport 
into membrane phase has been 1nvest1gated in detail. It is indi­
cated. that 1n the de1"1n1te conditions the presence of the outer 
electric field causes tbe membrane breakdown. The bilayer lipid 
membrane breakdown has been 1nves t ~ ted too. 

It has been accounted the energetic profile or dipole molecule 
1nto membrane and tbe various ways of the water penetration 
through the membrane have been doscussed: the channel way and the 
direct penetration through the lipid matrix. It has been calcula­
ted electrostatic eff~ts at ion transport through themembrane. It 
was 1ndicated. thl3t the ion energetic profile 1nto the membrane. 
surrounded by t~ solutions o! the various ion strength, 1s not 
symmetrical one. The calculation of ion radial profile 1nto ion 
membrane cpannel allows to rec1eve the. selectivity for the same 
named charges 1ons. W1tlµn the framework Iengmour adsorbtion has 
been calculated the particle number fluctuat1on to the membrane. 
Hence. the surtace potential fluctuation due to charge particles 
adsorbtion and desorbt1on to membrane has 'been calculated. It was 

shown. that this circl.lllEtance causes the ion transrnembrane current 
fluctuation. Tiie adsorbtion or org;mic and 1norg,anic 1oDS as well 

as 1nfluenza and Sendai v1ruses to gangl.1os1de containing lipid 
membranes has been mvest~ted. These 1nvest:l@t1ons allow to re­
ceive new 1ntorma'tion al:x:mt membrane quol1t1es as well as on tbe 
receptors role of g;ingJ josides. 
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