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OliIIJ;MI XAPAKTEPHCTHKA PAEOTbl 

AKTyaJihHOCTh. B 6aKTepiurx H KJieTKax )KHBOTHbIX H pacTemr:H: cymecTsyeT 

crre:q:m:)m11ecKa5I CHCTeMa perymI:U:HH MeTa6oJIH3Ma, B OCHOBe KOTopo:H: Jie)KHT 3cpcpeKT 

H3MeHeHH5I 06'.beMa :U:HTOIIJia3Mbl KJieTKH ( CHCTeMa 06'.beMHOH perymn:i:im). KrreTOLIHbIH 

06'.beM peryrrHpyeTC5I OCMOJI5IpHOCTblO cpe.IJ;bl H CHCTeMaMH HOHHoro rpaHcrropTa, 

rroKaJIH30BaHHbIMH B 6aKTepHarrbHbIX H KrreTOLIHbIX MeM6paHax. CrrcTeMa 06'.beMHOH 

peryJI5I:U:HH, ITO-BH.IJ;HMOMy, HCIIOJin3yeTC5I .IJ;JI5I Toro, 11T06bI yrrpaBJI5ITb MeTa6oJIH3MOM 

KJieTKH rrpH H3MeHeHHH BHeIIIHJiX ycrroBHH, B LiaCTHOCTH, rrpH H3MeHeHHH co.z:i:ep)KaHJrn 

corre:H B oKpy)KaIOme:H: cpe.z:i:e. B pa6oTax 3. XarrecTparra (Halestrap, I989) H Harne:H: 

rra6opaTopim (KpaCHHCKaH H .n:p., I989; Yaguzhinsky et al., 2006) 6bIJIO ITOKa3aHO, LITO 

CHCTeMa ofrbeMHOH peryrr5I:QHH rrpncyTCTByeT B MHTOXOH,ll;pH5IX. B LiaCTHOCTH 6nIJIO 

ITOKa3aHO, 1ITO rrpn yBerrnqeHHH ofrheMa MHTOXOH,Il;pHarrbHOro MaTpHKCa rrpoHCXO.IJ;HT 

CTHMYJI5I:U:H5I CHHTe3a AT<l>, ~-oKHcJieHH5I )KHpHbIX KHCJIOT, yBeJIH1leHHe cKopocTH 

,ll;bIXaHH5I H CTerreHH cpoccpopHJIHpOBaHH5I HeKOTOpbIX MHTOXOH.IJ;pHaJibHbIX 6errKOB. B 

ycrrOBH5IX Hanmx 3KCrrepHMeHTOB cpyHK:U:HOHHpOBaHHe CHCTeMbI o6'beMHOH peryJI5I:QHH 

MH.IJ;YIJ;HpOBaJIOCb rryTeM H3MeHeHH5I TOHH1IHOCTH cpe,IJ;bl HHKy6aIJ;HH. PaHee 6bIJIO 

o6Hapy)KeHo, 1ITO rrpH CHH)KeHJrn: TOHHLIHOCTH cpe,IJ;bl HHKy6aIJ;HH CHCTeMa 

OKHCJIHTeJibHoro cpoccpopHrrHpOBaHH5I MHTOXOH,Il;pHH pe3KO MeH5IeT CBOH KMHeTHLieCKHe 

rrapaMeTpbI (Krasinskaya et al., I 984; Yaguzhinsky et al., 2006): ee cpyHKIJ;HOHHpoBaHHe 

COOTBeTCTByeT MO.IJ;emr JIOKaJibHOfO corrp5I)KeHH5I, rrpe,IJ;JIO)KeHHOro BHJib5IMCOM. 

CorJiacHo 3TOH Mo.n:emr ,ll;bIXaTenbHbie rrpoTOHHbie rroMIIbI H AT<l>-cnHra3a pa6oTaIOT KaK 

e,ll;HHbIH MeM6paHHbIH cyrrepKoMnneKc (cM. PHc. IE). B ycrroBH5IX HOpMarrbHOH 

TOHH1IHOCTH peaJIH3yeTCH o6merrpHH5ITbIH B HaCT05Iru;ee BpeMH MexaHH3M MnTqeJIJia, B 

KOTopoM cpepMeHTbI ,ll;bIXaTeJII>Ho:H: :qerrH H AT<l>-cHHTeTa3a cpyHK:U:HOHHpyroT He3aBHCHMO 

.z:i:pyr oT .z:i:pyra (cM. PHc. IA). TaKHM o6pa3oM, OKa3arrocb, 11To cHcTeMa OKHCITHTeJII>Horo 

cpoccpopHJIHpoBaHH5I crroco6Ha cpyHKIJ;HOHHpoBaTb B .IJ;BYX KaLieCTBeHHO pa3JIH11HbIX 

COCT05IHHHX, nepexo.z:i: Me)K.IJ;y KOTOpbIMH KOHTporrnpyeTC5I CHCTeMOH 06'.beMHOH 

perymIIJ;HH. 

B HaCT05II.IJ;ee BpeM5I IIOHBJI5IeTC5I 3HaLIHTeJibHOe KOJIHLieCTBO pa6oT, ITOCB5Iru;eHHbIX 

BbI,IJ;erreHHIO H OITHCaHHIO CBOHCTB cyrrepKOMITJieKCOB ,IJ;bIXaTeJibHOH r:i:errH (Boekema and 

Braun, 2007) H orrnroMepn3al(HH KoMnrreKcoB AT<l>-cHHTeTa3 (Allen, I995; Buzhynskyy 
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et al., 2007). YBemrcnrnaeTC5I l.J:MCJIO pa6oT, IIOCB5IIIl;eHHbIX OIIMCaHMIO CBOHCTB 

crreu;MaJibHOH rpyrrrrbI 6eJIKOB, KOHTporrMpyIOrn;MX YJibTpacTpyKTYPY MMTOXOH,n:p:uli. 

0,n:HaKO CB5I3b Me:JK.n:y CMCTeMOH o6'beMHOM peryJI5ID;MM M M3MeHeHMeM CTPYKTypbI 

MeM6paH MMTOXOH):(pMM OCTaeTCH He MCCJie):(OBaHHOM. B :no:H: CB5I3M rrpe,n:cTaBJI5IJIOCb 

Ba:JKHbIM MccJie,n:osaTb cTpyKTYPHbie M3MeHeHM5I, KOTOpbie MoryT rrpoMcxo.n;MTb B 

MeM6paHaX MMTOXOH,D;pMH rro.n: .n;eiiCTBMeM CMCTeMbI o6neMHOH peryJI5ID;MM. ,[(mr perneHMH 

3TOH 3a.n;at.J:M 6bIJI MCIIOJJb30BaH MeTO,D; ManoyrJioBoro pacce5IHMH HeMTPOHOB, KOTOpbIH 

Il03BOJJMJJ HaM perMCTpMpOBaTb CTpyKrypHbie rrepeXO):(bI B MeM6paHax MMTOXOH):(pH:H 6e3 

rrpe.n;BapMTeJJbHOH ¢11Kcau;m1 MaTepMana, KOTOpa5I MO:JKeT rrpMBO,D;MTb K M3MeHeHMHM 

<j_JopMbI 11 pa3Mepos MccJie,n:yeMoro o6oeKTa. 

Marp111Kc AT<l> 

(+) 
® ® nosepXHOCTb 

® ® ® ® ® ® MeM6paHbl 

Me>KMeM6paHHoe 
npocrpaHCTBo 

A 

Marp11Kc 
Al::\<P AT<P 

Me)l{MeM6paHHoe 
npocrpaHCTBO 

E 

nosepXHOCTb 
MeM6paHbl 

Puc. l. l(ee MoOeJZu conpRJtCeHuR OblXaHUR u pocpopUJZupoeaHUR e MumoxoHopu.Rx. A -
MoOeJZb MumIJeJlJla (Mitchell, 1961), co21zacHo Komopou conpRJtCeHue npoucxooum 
l./,epe3 3JZeKmpoxUMut.tecKuu nomeHLfUaJZ; npu 3moM npomoHbl 6blX005lm e eoo1-1y10 pa3y. 
E - MOOeJZb JZOKaJZbH020 conp5l:JJCeHU5l (coepeMeHT-ta5l uHmepnpemm/UJl Mooellu BUllbJtMca 
(Williams, 1961)), co2!lacno Komopou pepMeHmbz ObzxamellbHou Lfenu u AT<P-cu1-1ma3a 
pyHKLfuo1-1upy10m KaK eouHblU cynepKoMnJZeKc; npomoHbl npu 3moM nepeoa10mc5l Ha 
AT</J-cu1-1ma3y e cocmaee 3mo20 .MeM6pmmo20 cynepKoMnneKca, He BblXOOJl e 600Hy10 
pa3y. 

lleJih pa6oThI. B HacToHrn;e:H: pa6oTe rrocTaBJieHbI ,n:Be u;enM. Bo-rrepBnIX, rroKa3aTn 

B03MO:JKHOCTb rrpMMeHeHM5I MeTO):(a ManoyrJIOBOro pacce5IHII5I HeH'TpOHOB ):(JI5I M3yIIemrn 

C'TpOemrn MeM6paH ¢YHKD;IIOHHpyIOrn;Mx (":JKIIBbIX") MMTOXOH,D;pHH. Bo-BTOpbIX, 

11crronn30BaTn MeTo,n: MaJJoyrnosoro pacceHHM5I HeiiTpoHoB .D;JI5I per11cTpau;MM rrepecTpoeK 

YJib'TpaCTIJYKTypnI MeM6paH MMTOXOH,D;pMii, MH,n;yu;MpoBaHHbIX CMCTeMOH o6'beMHOH 

peryJI5ID;MM (B03HMKaIOrn;Hx rrpM HM3KOaMIIJIMTY.D:HOM Ha6yxaHMM MIITOXOH):(pHii). 

KOHI\:peTHble 3ap;a"11H HCCJiep;oBaHHH: 

1) IIOKa3aTb B03MO:JKHOCTM rrp11MeHeHM5I MeTo,n;a ManoyrJIOBoro pacce5IHMH 

HeiiTpOHOB ):(JI5I M3yIIeHM5I ym,TpaCTPYKTYPbl <j_JyHKD;MOHMpyIOrn;Mx MMTOXOH,n:p11:H:; 
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2) IIOKa'.3aTb BJIJHIHHe CMCTeMbl o6'beMHOM peryJUI:U:llll Ha CTJ'OeHHe KpMCT 

MllTOXOH,n:pn:H:. Hccne,n:osan. cpa30Bble rrepeXO.IJ:bl BO BHyTpeHHeH MllTOXOH,n:pnaJibHOM 

MeM6paHe B ycJIOBll.SIX pa60Tbl :noll: CllCTeMbI; 

3) orrpe,n:eJIHTb reoMeT}JH"CJecKne rrapaMeTpbI KpncT MHTOXOH,n:pnll:. CpaBHHTb 

rronyqeHHbie pe3yJihTaTbl c ,I(aHHbIMll 3JieKTpOHHOH M aTOMHO-CllJIOBOH MHKpOCKOITHll; 

4) COITOCTaBMTb H3MeHeHM51 B YJibTpacTpyKType MHTOXOH,n:pMH rre"CJeHH ll cep.n::u:a; 

5) rroKa3aTb, "CJTO pe3yJibTaTbI ManoyrnoBoro pacce51HmI Hell:TpoHOB rrony-qeHhI Ha 

MllTOXOH.D:pll51X, coxpamuoru;Hx ):(bIXaTeJihHYIO cpyHK:U:Ml-0 ll cpyHK:U:llIO reHepau;nn 

ITOTeHL(llaJia. IIpoBeCTM rrposepKy cpyHK:U:llOHaJihHOH aKTllBHOCTll MHTOXOH,n:pnll: rrocrre 

3KCIIepHMeHTa IIO MarroyrJIOBOMY pacce51HHIO HeHTpOHOB; 

6) rrpoBeCTll ll3MepeHM51 TOJIIL(llHbl BHyTpeHHeH MeM6paHbl MMTOXOH,n:pnll: Ha MO,n;eJIH 

cy6MHTOXOH.lJ:PllaJihHbIX qacTH:U: c IIOMOID;hIO ManoyrnoBoro pacce51HH51 HeHTJ'OHOB. 

IIonyqHTh ocHOBHhre CTPYKTYPHbie xapaKTepMCTHKH 3TOH MeM6paHbI (ToJIIL(Irny, 

o6'heMHbie ,n:onn mmn.n:a M 6enKa, pacrrpe,n:erreHne JIMIIH,n:a n 6enKa rro TOJIIL(HHe 

MeM6paHbI). 

Harman HOBH3Ha. B pa6oTe IIOKa3aHO, qTo MHTOXOH.D:Pllll MOryT cyIL(eCTBOBaTb B 

,n:Byx CTPYKTYPHhIX cocT051HM51x, rrepexo.n; Me)l(.n:y KOTophIMH perynnpyeTc51 CHCTeMoli 

o6'heMHOH peryJI51:U:MH. B ycnoBH51X HaIImx 3KcrrepnMeHTOB OH perynMpyeTC51 

TOHJiqHOCThl-0 cpe,n;hI MHKy6aL(Hll. IloKa3aHo, qTo rrpH rrepexo.n;e K rHITOTOHHqecKHM 

cpe,n:aM HHKy6aL(MH B MMTOXOH,n:pM51X rreqeHH rrpOMCXO):(llT cpopMHpOBaHHe 

yrropH,n:oqeHHhIX ,n:ByMeM6paHHhIX CTJ'YKTYP ll3 CKJia,n:oK BHYTJ'eHHeH MeM6paHbl. 

BrrepBbie 6hIJIM rroKa3aHbI B03MOJKHOCTH rrpnMeHeHH51 MeTo,n:a ManoyrnoBoro 

pacce51HH51 HeHT}JOHOB ,n;AA H3yqeHH51 CTJ'YKTYPhI BHYTPeHHell: MeM6paHhI 

cpyHKIJ;:HOHHpyroru;nx MHTOXOH,n:p:rr:H:. Ha Mo.n;emr cy6MMTOXOH,n:pHaJibHhIX qaCTIIIJ; 6bIJia 

orrpe.n;eneHa TOJIID;l:IHa BHyTpeHHell: MHToxoH,n:pnaJibHOM MeM6paHhI. Ee3 

rrpe.n:BapHTeJibHOH qmKcau;MM IIJill 3aMop03Kll o6pa3L(OB Ha cpyHK:U:llOHHpyI-OIL(llX 

MHTOXOH.D:pl:l51X IIOKa3aHO cyru;ecTBOBaHHe 110KOH11 JIHIIH,n;Horo 6HCJI051 BO BHyTpeHHeM 

MllTOXOH.D:PHaJihHOH MeM6paHe. 

IIpaKTHqecKaR geHHOCTh pa60T1>1. B pa6oTe Ha rrpnMepe MHToxoH,n;pnll: IIOKa3aHhI 

B03MOJKHOCTll rrpHMeHeHH51 MeTo.n;a ManoyrJIOBoro pacce51Hll51 HeHT}JOHOB .D:JI51 

orrpe,n;eJieHH51 rrapaMeTpOB CTJ'YKTYPhI cpyHKll;llOHMpyroIL(HX MeM6paHHhlX 6nonorHqecKHX 

cncTeM. Cyru;ecTBOBami:e Hccne,n;oBaHHhIX B pa6oTe ,n;Byx CTJ'YKTypHbIX (n 

cpyHKL(IIOHaJihHhIX) COCT051HMH MllTOXOH,n;pnii OTKpbIBaeT HOBbie B03MOJKHOCTll IIOIICKa 

MllTOT:pOIIHbIX cpl:l3llOJIOfllqecKM aKTMBHhIX rrperrapaToB, 
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B3aHMO,L(eHCTByJOIJJ:H:X c ,L(ByMeM6paHHbIMH JiaMenmipHbIMH CTpyKrypaMH, KOTOpbie MoryT 

B03HHKaTb in vivo npH Ha6yxaHHH MHTOXOH,L(pHH, qacTO Ha6mo,n:aeMOM npH 

onpe.n;eneHHbIX 3a6oneBamu1x H npH cTpeccoBbIX B03,[(eHCTBm1:x. 

Arrpo6aum1 pa6oTLI. OcHOBHbie nono)Kemrn ,n:aHHOH pa6oTbI H ee ocHOBHbie 

pe3yJibTaTbI ,n:oKJia,L(bIBaJIHCI:. Ha XIII Haycrnoii KompepeHIJ;HH MOJIO.IJ;bIX yqeHbIX H 

crre:u;HaJIHCTOB "OMYC-2009" (,[(y6Ha, 16 - 21 cpeBpamI 2009), Me)K,L(yHapo,n:HOM 

coBem:amm "29-th meeting of Programme Advisory Committee for Condensed Matter 

Physics" (,[(y6Ha, 26-27 5IHBap5I 2009), PocHaHocpopyMe (MocKBa, 3-5 ,n:eKa6p5I 2008), 

XLII 3HMHeH mKone IUUI<l> (PenHHO, 25 cpeBpan5I-l MapTa 2008), IIepBoH 

BcepoccHHCKOH illKOJie-ceMHHape "CoBpeMeHHbie ,L(OCTmKeHH5I 6HoHaHOCKOIIHH 11 

(MocKBa, 11-1 7 moIDI 2007), VI Ha:u;MOHaJibHOH KOHcpepeHIJ;HH no rrpnMeHeHHIO 

peHTreHOBCKoro, CHHXp01'pOHHoro 113JIYtJeHHH, HeH1'pOHOB H 3JieKTpOHOB ,L(JI5I 

IlCCJie,L(oBaHil5I MarepllaJIOB (MocKBa, 12-17 H05I6p5I 2007), Me)K,L(yHapo,n:HOH illKOJie 

"Higher European research course for users of large experimental systems" (fpeHo6nb, 25 

cpeBpan5I - 31 Mapra 2007), Me)K,L(yHapo.n;Hoii IIIKone-ceM11Hape "2nd-Seminar-School 

Romania-JINR" (Ea5I-Mape, 11-15 ceHT5I6p5I 2007), Me)K.L(yHapo.n;HoM coBem:aHHil 

"International Small-Angle Scattering Workshop is devoted to Yu. M. Ostanevich" 

(,[(y6Ha, 5-8 October 2006), XIX coBen.:i:aHHil no np11MeHeHHIO HeiirpoHHoro pacce5IHH5I B 

Il3ytieHHil TBep.n;oro Tena (06HHHCK, 11-15 ceHT5I6p5I 2006), Me)K,L(yHapO,[(HOH 

KoHcpepeH:u;nn "14-th European Bioenergetic Conference", (MocKBa, 22-27 HIOJI5I 2006), 

Me)K.n;yHapo.n;HoM coBem:amrn "PAC for Condensed Matter Physics", (,[(y6Ha, 3-4 anpen5I 

2006), x HaytIHOH KOHcpepeH1(IlH MOJIO,L(bIX yqeHbIX H CIIe1(IlaJIIlCTOB (,[(y6Ha, 9 - 11 

cpeBpan5I 2006), pa6oIJeM coBeIJJ:aHHil "IV Workshop on investigations at the IBR-2 pulsed 

reactor" (,[(y6Ha, 15 -18HIOH5I 2005), Me)K.n;yHapo,n;Hoii KOHcpepeH1(HH "Russian 

bioenergetics: from molecules to the cell", (MocKBa, 21 - 23 cpespan5I 2005), 

eBporreiicKoii mKone "3rd Central European Training School on Neutron Scattering and 

COST Training School on Neutron Optics" (Ey,n;arremr, 18-23 arrpen5I 2005), VIII 

HaytIHOH KOHcpepeHIJJIH MOJIO,ll;bIX y"CJeHbIX II crreIJ;IlaJIHCTOB (,[(y6Ha, 2 - 6 cpeBpamI 2004), 

COBem:aHHil IIOJib30BaTeJieH peaKTOpa HEP-2 B paMKax rrporpaMMbI repMaHil5I-OIUIH 

(,[(y6Ha, 12 - 16 HIOHb 2004 ), Me)K,n:yHapo,n;HI:.IX rrpaKTHtiecKnx Kypcax "EMBO Practical 

Course on Solution Scattering from Biological Macromolecules" (faM6ypr, 29 OKT5I6p5I -

5 H05I6p5I 2004), 

Ily6JIHlrnUHH. IIo MaTepHanaM ,n;HccepTa1(Hil orry6nHKOBaHo 14 pa6or, BKJIIO"CJa5I 4 

w:ypHaJibHbIX ny6JIHKal(HH. 
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CTpyKTypa 11 oo'heM .u11ccepTay1111. Pa6oTa cocTOMT H3 BBe.n:eHmI, 4 rJ1aB, 

3aKmoqemuI, BbIB0)1,0B H CIIHCKa U:HTHpyeMOH J1HTepaTypoI. 06'beM )1,HCcepTaIJ;HH 

COCTaBmieT 131 crpamu:i:y MallIHHOIIHCHoro TeKCTa, BKJ11oqa5.1 51 pHCYHOK, 11 Ta6J1HU: M 

236 6H6J1HOrpaqmqecKHX CCbIJ10K. 

CO,I(EPJKAHHE P AI>OTbl 

Bo BBe)leHHH IIOKa3aHa aKTyaJ1bHOCTb MCCne.nyeMOH TeMbI, o6o3HaqeHbl OCHOBHbie 

rrpo6neMhI, pemaeMbie B ,naHHOH o6nacTH, ccpopMynHpoBaHbI u;enH H 3a,natIH, a TaK)Ke 

KpaTKO OIIMCaHa crpyKTypa ,IJ;HccepTan;mI. 

IlepBaH rJiaBa IIOCB51IIJ;eHa 063opy mnepaTypHbIX )1,aHHbIX. 063op co.z:i:ep)KHT 

OCHOBHbie CBe,neHJ.151 0 CTPYKTypHOM IIOJ1HMopqm3Me MHTOXOHJJ:PHM H CB5I3H crpyKTYPbI 

BHyTpeHHeH MHTOXOH.IJ;pHailbHOH MeM6paHbl c :mepreTMtieCKHM COCT05IHHeM 

MHTOXOH.ZJ;pHH H ,neHCTBHeM pa3J1HqHbIX BHemHHX cpaKTOpOB ( OKCH,IJ;aTHBHbIH CTpecc, 

rHITOTOHHqecKa.51 cpe,na, aIIOIIT03, XHMMqecKHH CTpecc ). IlpHBe,neHbl rrpHMepbI 

cpopMHpoBaHH.51 B MHTOXOH.Il;pH51X YITOp.51)1,0qeHHbIX MeM6paHHbIX CTlJYKTyp TaKHX, KaK 

CIIHpanbHbie KpHCTbI, reKcarOHaJ1bHa5I H Ky6HqecKa5I cpa3bl. Om1caHO BJ1H5IHHe CHCTeMbI 

o6'beMHOH perymIIJ;HH MHTOXOH)J,pHH Ha HX MeTa6onH3M, M OITHCaHbI OCHOBHble 

c1rrHaJibHbie rryTH B MHTOXOH.ZJ;pH51X, CB513aHHbie c o6'beMHOH peryAAu;He:H:. OrrHcaHbI 

oco6eHHOCTM MeTO.IJ;HKH ITpoBe)1,eHM51 3KCIIepHMeHTOB ITO MCCJ1e,noBaHH:EO CTlJYKTypbI 

MHTOXOH.IJ;pHH MeT0)1,aMH HeHrpOHHOro H peHTreHOBCKoro pacce5IHH5I, M ITpI:IBe)1,eHbI 

pe3ynbTaTbI HeMHOroqHCJ1eHHbIX pa6oT, CB5I3aHHbIX c H3yqeHHeM CTlJYKTYPbI 

MMTOXOH.ZJ;pHanbHOH MeM6paHbl MeT0)1,aMM peHTreHOBCKoro pacce51Hl15I. 

Bo BTopoii r JiaBe OITHCaHa MeT0)1,HKa BbI)1,erremrn MMTOXOH)J,pHH II ITpHrOTOBJ1eHM51 

o6pa3D;OB MMTOXOH)1,p11H H cy6MMTOXOH)1,pHaJibHblX qacTMU: )1,JI5I 3KCITepHMeHTOB ITO 

ManoyrJIOBOMY pacce51HHIO HeHTpOHOB, MHTOXOH,n;pHH ,Il;JI5I 3JieKrpOHHOH MHKpOCKOIUIM 11 

MHTOIIJiaCTOB )1,JI5I aTOMHO-CMJIOBOH MHKpOCKOIIHH. PaccMOTpeHbl TeopeTHtieCKMe H 

3KcrrepHMeHTanhHhie ocHOBbI MeTo.n:a Manoyrnosoro pacce51HH51. CxeMa ManoyrnoBoro 

3KcrrepHMeHTa rrpHBe.ZJ;eHa Ha PMc. 2. IIyqoK HeH:rpoHoB cpopMHpyeTC5I KOJIJIHMaQHOHHo:H: 

CHCTeMOH M rra.naeT Ha o6pa3eu;. Pacce5IHHbie Ha o6pa3IJ;e IT0)1, yrnoM 28 HeiiTpOHbl 

perHcTpHpy10Tc5I ,neTeKTopoM. Pe3yJihTaToM o6pa6oTKH cMrHana OT ,neTeKTopa 5IBJI51eTc51 

3aBMCHMOCTb .z:i:rrcpcpepeHU:HaJibHoro ceqeHH5I pacce5IHH5I o6pa3u;a (HHTeHCMBHOCTH I(q)) OT 

BeKTopa pacce5IHH5I q. 3HatieHHe BeKTopa pacce5IHH5I 3aBHCHT yrna pacce5IHH5I 2() H )1,J1HHbI 

BOJIHbI A pacceRHHoro HeliTpoHa cne.z:i:y10iu:rrM o6pa3oM: 

4;r . e 
q=~sm . (1) 
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ny40K HelliTpOHOB 

KOfl!ll4MaLIH OHHaR 

ClilCTeMa 

Puc. 2. CxeMa 3KcnepUMenma no MaJZoy2JL0BoMy pacceRHUJO neumponoe. 

Ecrrn B nccrre,n:yeMoM o6neKTe rrpncyTCTByeT yrrop.H,n:o11eHHOCTb, TO B KpHBbIX 

pacce.HHHJI IIOJIBJIHIOTCJI HHTepcpepeHI(HOHHble IIHKH. y CJIOBHe IIOJIBJieHHJI 3THX IIHKOB 

aHanor1111Ho ycrroBHIO ByrrI>cpa-Ep3rra, BI>rne,n:eHHoMy ,n:rr.H ,n:mppaK:U:HH BOJIH Ha 

KpHCTaJIJIHtieCKOH pemeTKe (Pac. 3): 

2d sine= nil, (2) 

r.n:e d - pacCTOJIHHe Me)l(,n:y IIJIOCKOCT51MH pemeTKH, 8 - yroJI CKOJIJ.>)l(emrn (Ha cxeMe 

MarroyrrroBoro 3KcrrepHMeHTa 28 - yrorr 

pacce.Hmrn), ,1 - ,n:nHHa BOJIHI>I HeHTPOHa, n -

rrop.H,n:oK oTpa)l(eHHJI. EcrrH rro,n:cTaBHTI> B 

ypaBHeHHe (2) Bbipa)l(eHHe (1) ):(JIJI 

HCIIOJib3yeMoro B Hamnx 3KCIIepHMeHTax 

BeKTopa pacceJIHHJI q, TO 

CJie,n:yIOll(ee ycJIOBHe IIOHBJieHH.51 

HHTepcpepeHI(HOHHbIX IIHKOB B KpHBbIX 

pacceJIHHJI: 

2nn 
qm=d, 

(3) 

r,n:e q m - 3Ha11emi:e BeKTopa pacceJIHHH, rrptt 

/ 

Puc. 3. I'eoMempul.[ecKaR UJLJLJOcmpaiJUR 
ou<jJpaKiJUU, OeMOHCmpupy10UfaR BblBOO 
ypaeHel-luR Byllb</Ja-Epe22a. Pa3Hocmb 
<jJa3 Jl.yl.[eu I u 3, ompa:JJCeH1-tblX 
n!lOCKocm5/,MU P, paena 2d sin B. 
Coenaoa10Ufue no </Ja3e Jl.Yl.[U 6yoym 
oaeamb MaKCUMYM UHmel-lCUBHOCmU noo 
Y2llOM e npu ycJLOBUU, Bblpa:JJCeHl-lOM 
ypaeHeHueM (1 ). 

KOTOpOM HHTeHCHBHOCTb HHTepcpepeHI(HOHHoro IIHKa HMeeT MaKCHMYM. 

TpeTLH rJiaBa IIOCBHID;eHa HCCJie,n:oBaHHIO c IIOMOll(bIO MaJioyrrroBoro pacceJIHHJI 

HeHTPOHOB CTPYKTYPHhIX H3MeHeHHH Bo BHYTPeHHeii MeM6paHe MHToxoH,n:pnH: rre11eHH H 

cep,n:I(a KpbICbI, rrpoHCXO.IJ:.HIIl;HX rrpH rrepexo,n:e OT H30TOHHtieCKHX cpe.n: HHKy6a:u;1111 K 

rHIIOTOHH'CJ:eCKHM. 

3KcnepHMeHTLI no MaJioyrJIOBOMY pacceHHHIO HeiiTpOHOB Ha MHTOXOH}];pHHX 

ne ... 1eHH KpLICLI. <l>opMHpoBaHHe ,IJ;ByMeM6paHHLIX ynopH}];OT.J:eHHLIX cTpyKTyp. PaHee 

pa6oTax 3. XanecTparra (Halestrap, 1989) a HarneH: rra6opaTop1111: (KpacHHCKaJI H ,n:p., 
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1989; Yaguzhinsky et al., 2006) 6:bIJia OIIIICaHa CHCTeMa 06'.beMHOH perymII(IIII, 

rrp11cyTcByIOIIt;a5I B MIITOXOH,n:p1rnx. <DyHKU:IIOHIIpoBaHIIe :noii CMCTeMI:.I OCHOBaHo Ha 

3<P<PeKTe II3MeHeHM51 ofr:oeMa MIITOXOH,n:pHaJII:.Horo MaT_pIIKCa. B Hanrnx OIII:.ITaX 3TO 

.IJ:OCTHranoc:o rryTeM BaphHpOBaHirn OCMOil.sipHOCTII cpe,n:I:.I IIHKy6al(HII MMTOXOH.IJ:PMH. 

PaHee 6:orno o6Hapy)KeHO, YITO rrpII CHIDKeHHII TOHIIYIHOCTII cpe,n:bI MHKy6au;IIII .n:o 120-

150 M0cM cpepMeHTI:.I .n::o1xaTerr:oHoli l(eIIH H AT<D-cIIHTeTa3a cpyHKI(HOHIIpyIOT KaK 

e,n:IIHa.sI <PepMeHTHa.sI CHcTeMa (Krasinskaya et al., 1984; Yaguzhinsky et al., 2006). B 3TIIX 

ycrrOBM5IX c IIOMOIIt;bIO 3JieKTpOHHOH MHKpOCKOIIHH B MMTOXOH.IJ:PM5IX rreYieHM 

Ha6rrIO,n:anoch o6pa30BaHHe CHJII:.HO C)KaTI:.IX KpHCT (KpaCHHCKa.sI II ,n:p., 1989). 

B HaCTO.sIIIt;eH pa6oTe 6:01m1 rrpoBe,n:eHI:.I MCCJie,n:oBaHII51 BJIH5IHM51 OIIHCaHHI:.IX Bblllie 

ycrrOBHH Ha YJibTpacrpyKTYPY MMTOXOH,n:pHH c IIOMOIIt;hIO MeTo,n:a ManoyrrroBoro 

pacce.sIHM5I HeHT_pOHOB. MHTOXOH,n:pm1 IIOMern;anMCb B H30TOHMYieCKYIO (300 M0CM) M 

rIIIIOTOHJIIIeCKYIO (120 M0cM) cpe,n:bl IIHKy6al(IIII. IIpH 3TOM HCIIOJih30BaJiaCh T.sI)KeJIM 

BO,n:a (D20) c l(eJibIO IIOBbIIIIeHirn KOHTpacTa Me)K.n:y cpe,n:oH II IICCJie,n:yeMbIM ofr:oeKTOM. 

KpIIBLie ManoyrnoBoro pacce5IHII5I HeiiTpoHOB rrpe,n:cTaBrreHbI Ha PIIc. 4. BII,n:Ho, YITO B 

cny-qae II30TOHaqecKOH cpe.n::o1 HHTeHCHBHOCTb pacce5IHH5I HeliTpOHOB Ha MIITOXOH,n:pII.sIX 

MOHOTOHHO y6LrnaeT c poCTOM 3Haqemrn BeKTOpa pacce.sIHII51 q (PHC. 4A). B crryqae 

rH:IIOTOHilqecKOH cpe.n;:o1 KpHBa.sI pacce5IHH:51 IIMeeT mHpOKIIH IIHTepcpepeHI(IIOHHhlH IIIIK. 

KaYiecTBeHHoe pa3JrnqIIe B KpIIBbIX pacce.sIHM5I roBopIIT 06 II3MeHeHM5IX B 

yn:orpacTpyKType MMTOXOH,n:pHH, KOTOpbie rrpolicxo,n:5IT rrpII IIOHH:)KeHIIII TOHHYIHOCTil 

' 10 
~ 
u 

~ 1 
0 
:c 
Cll 

0 0.1 
a5 
1-
:c 
:s: 0.01 

0.01 

A 

A1 q, 
0.1 

' ~ 10 
u 
.t:i 
g 1 
:c 
Cll 
:s: 
u 
ili 0.1 
!i: 
s 

0.01 

0.01 0.1 

E 

Puc. 4. Kpuebze Ma.noy2J1oeo20 pacce51J-1u51, Heumportoe dM Mumoxortdpuu nel../,ertu KpbZCbZ, 
noMelf1eliliblX 6 U30mOHUl../,eCK)J10 (300 M0cM) (A) u 2unomOHUl../,eCKy10 (120 M0CM) (E) 
D20 - cpedbz. Ha pucyrtKe E cnJtoumou JtUHueu npedcma6Jlelia rj:Jo1-1oea51, Mortomomto 
y6bzea10lf1Wl pyHKtJU.fl,; cmpeJLKou yKa3arto noJto:J/Certue u1-1meprj:Jepe1-14uo1-1Ho20 nuKa. 
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cpe,r:i:hI Ilo.srnrremie 

HHTep<PepeHI(llOHHOro IlllKa B KpllBOM 

pacce.srnm1 yKa3bIBaeT Ha qmpMnpoBaHne B 

MllTOXOH.IJ;pll.sIX rro.n: ,n:eMCTBlleM 

rllIIOTOHH1IeCKllX ycJIOBllH yrrop.sI.IJ;01IeHHbIX 

cTpyKTyp. AHamI3 3KcrrepnMeHTaJihHhIX KpHBhIX 

pacce.sIHll.sI IIOKa3aJI, tITO C)KaThie KpHCTbl, 

<PopMnpyroru;HeC.sI B rllIIOTOHlltieCKllX ycrroB~X, 

rrpe,r:i:cTaBJI.sIIOT co6oli yrrop.sI,r:i:otieHHbie 

,r:i:ByMeM6paHHhie cTpyKTYPhI c <P11KcnpoBaHHhIM 

paccTo.sim'IeM Me)K.n:y MeM6paHaMH. PaccTO.sIHHe 

0.02 0.04 0.06 0.08 0.10 
q,A1 

Puc. 5. Ilu7<., BblOeJleHHblU U3 7<.pueou 
pacce51-HW/, HeumpoHoe, 
npeocmaeJleHHou Ha Puc. 4 B. 

Me)K.n:y I(eHTpaMH MeM6paH B 3TOH CTPYKType 6brno orrpe,n:erreHo ll3 rroJIO)KeHH.sI 

MaKCHMJMa HHTep<PepeHI(llOHHoro rrnKa. Ifa 3KcrrepnMeHTaJI:OHOM KpllBOH pacce.sIHH.sI 

llHTep<PepeHI(llOHH:OIH IlllK BbI,ll;eJI.sIJIC.sI rryTeM Bbl1IllTaHmI MOHOTOHHO y6:ornaromeli 

cTerreHHoli: <PYHKI(llll H3 o6meli HHTeHCHBHocTH pacce.sIHH.sI. B:o1.n:erreHH:o1li: rrnK 

rrpe,r:i:cTaBrreH Ha Pnc. 5. Ifa ITOJIO)Kemrn: MaKCHMyMa IIHKa qm 6b1J10 noJiy'leno 31-la'lenue 

paccmo.nnun d Me:m:oy l{enmpaMu MeM6pan, <PopMnpyroru;Hx KpncTy, corrracHo 

cooTHOIIIeHHIO: d = 2Jr I qm. Cpe,r:i:Hee 3HatieHne II03llI(llll MaKCHMyMa q111 IIHKa, 

rrorrytieHHOe H3 p.sI,na 3KCIIepHMeHTOB, COCTaBmieT (0.034±0.002) 1-1. 3To COOTBeTCTByeT 

3HatieHHIO paccTo.sIHmr d Me)K.n:y I(eHTPaMH MeM6paH, paBHOMY (190±10) A (PHc. 7). 

c IIOMOI.ll;bIO MeTo,r:i:a BapnaI(HH KOHTPaCTa 6:orno IIOKa3aHO ytiaCTlle JillIIH.IJ;HOro 

6HCJI05.[ B <PopMHpOBamrn yrrop}l,ll;OtieHHOH ,r:i:ByMeM6paHHOH crpyKTypnI. 

MllTOXOH,D,pllaJI:OHhie MeM6paHbl c<PopMHpOBaH:OI H3 .IJ;Byx OCHOBHbIX COCTaBmIIOI.ll;HX -

6eJIKOB H JIHIIH.IJ;OB. MeTO.JJ;OM BapnaI(Hll KOHTpacTa HaMll 6hIJIH rrorrytieHbl KpHBbie 

pacce.simrn OT.IJ;eJI:OHO ,D,JI5.l Ka)K,JJ;OH H3 3TH:X KOMIIOHeHT. KoHTpacT 5IBJI5.leTC5I pa3HOCTbIO 

Me)K,D,y IIJIOTHOCT5IMll pacce5IHll5I 6y<Pepa H IIOMeIIJ;eHHoro B Hero o6beKTa, T.e. Me)K.r:i:y 

MHTOXOH,D,pHeH H cpe,n:oli, B KOTopyro OHa IIOMeIIJ;eHa. KoHrpacT peryrrHpOBaJIC.sI 

COOTHOIIIeHHeM rrerKOH H T5I)KeJIOH BO.D:bl B cpe.n:e. MllTOXOH,n:pmI IIOMeIIJ;aJIHCb B cpe,D,bl, 

co,n:ep)KaIIJ;He 42% D 20 (,r:i:rr5I "3aTeHeHH.sI" 6errKoB) n 100% H20 (,n:JI5I "3aTeHeHmr" 

JIHITH,D,OB). HeK0Topb1e ll3 rrorry-qeHHhIX KpHBhIX pacce.sIHll5I rrpHBe,neH:oI Ha Pnc. 6. 

B KpllBOH pacce5IHll5I .IJ;JI5.l JillIIH,D,HOH KOMIIOHeHTbl (PHc. 6A) rrpncyTCTByeT 

HHTep<PepeHI(HOHHbIH rrnK. TaK)Ke B o6rracTH MaJibIX 3HatieHniI BeKTopoB pacce5IHll.sI q 

Ha6rrro.n:aeTC5I pocT MHTeHCHBHOCTH, l!TO YKa3hIBaeT Ha <PopMHpOBaHne MOJieKyrraMH 

rrnrrn,n:oB 6ncrroeB. KpMBhie pacce.sIHH.sI ,r:i:rr.sI 6errKOBOH KOMIIOHeHThI HHTep<PepeHU:HOHHbIX 
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IIHKOB He HMeIOT (PHc. 6E) KaK B cnyqae H30TOHHqecKOH cpe,II;hl, TaK H B cnyqae 

rHIIOTOHHqecKOH cpe,II;hI. IloBe,II;eHHe 3THX KpHBbIX pacceJIHHH OIIHCbIBaeTCJI CTeIIeHHOH 

cpyHKU:Heli, tITO MO)l(eT yKa3bIBaTb Ha cppaKTaJihHYIO opraHH3aU:HIO 6errKoB. TaKHM 

o6pa3oM, B 3KcrrepHMeHTax no MarroyrrroBoro pacceJIHHIO HeHTPOHOB HaM y,n;arroch 

Ha6rrIO,n:aTh Harr11qHe JIHIIH.Il:HOro 6HCJI051 BO BHyTpeHHeH MHTOXOH.IJ:pHarrbHOH MeM6paHe. 

Harrwrne IIHKa B KpHBbIX pacceJIHHJI .IJ:JIJI JIHIIH.II;HOH KOMIIOHeHTbI YKa3bIBaeT na yllacmue 

JlUnUOllOW 6UCJIOR 6 <f>opMUp06UHUU ynopROOl/.ellllOU 06yMeM6pa1lHOU cmpy«mypbl: 

JIHIIH,l(Hbie 6HcrroH B 6rrH3KO pacrrorro)l(eHHbIX MeM6paHax 3TOH CTPYKTypbI Haxo,n:HTCJI Ha 

cpHKCHpoBaHHOM paccTOJIHHH .n:pyr OT .n:pyra. 

l:fa IIOJIO)l(eHHJI MaKCHMyMa IIHKa HaMH 6bIJIO orrpe,n:erreHO pacCT05IHHe Me)J(.n:y 

u;eHTPaMH 3THX JIHIIH.II;HbIX 6ncrroeB. 0Ho cocTaBHJIO (170±5) A. B crryqae pacceJIHHJI 

HeHTpOHOB Ha MHTOXOH,II;pH51X, IIOMerneHHbIX B D20-cpe,n:y, pacceJIHHe rrpoHCXO,II;HT Ha 

Bce:H: JIHIIH,II;H0-6errKOBOH MeM6paHe. KaK OIIHCaHO Bhime paccTOJIHHe Me)l(,n;y u;eHTpaMH 

JIHIIH,n:Ho-6errKOBhIX MeM6paH cocTaBJrneT (190±10) A. Pa3JIHtIHe B paccToJIHHJIX Me)J(,n:y 

u;eHTPaMH JIHIIH,l(HhIX 6HcrroeB H u;eHTPaMH JIHIIH,II;H0-6errKOBbIX MeM6paH roBopHT 06 • 

aCHMMeTPHtIHOCTH BHyTpeHHeH MeM6paHbI - 6errKH c O,l(HOH CTOpOHhI MeM6paHhI 

BbICTyrraIOT H3 6HCJIOH .n:arrbme, qeM 6errKH c .n:pyro:H: CTOpOHbI 3TOH )J(e MeM6paHbI. l'.fa 

aHarrH3a ,n:aHHhIX MarroyrrroBoro pacceHHHJI cMerneHHe l1 T u:eHTPOB TJI)J(eCTH rrHrrH,n:Ho-

6errKoBoli MeM6paHbl OTHOCHTeJI:bHO u:eHTpa TJI)l(eCTH JIHIIH,l(HOro 6HCJI051 COCTaBJIJieT 

::! 
u 
..tf 

t; 
0 

ffi 
:s: 

10 

~ 0.1 

~ 
:s: 

0.01 

0.01 
A-1 q, 

A 

q =0.037 A 1 
m 

0.1 0.01 A1 q, 
0.1 

Puc. 6. Kpueble MaJZoy2JZoeo20 paccem-tU5l HeumpoHoe Ha Mumox0Hopu;1x net.teHu KpblCbl. 
A - cpeoa ocl-toeaHa Ha 42% D20 (pacceJtHue Ha JZunuoax); cmpeJZKou yKa3aHo 
noJZo:J!CeHue u7-tmepifJepeHtfUOHH020 nuKa. E - cpeoa ocHoeaHa Ha H20 (pacceRHue Ha 
6eJZKax); nycmbie K]JY:JICKU - U3omoHu11ecKaR cpeoa, 3aKpauteHHble Kpy:J1CKU -
2unomOHU1leCKaJl cpeoa; KpU8ble CMe'll(,eHbl oml-tocumeJlbHO opy2 opy2a OJlJl Ha2JlJl0l-lOCmU. 
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(10±5) A. IlpH 3TOM ocHOBHa5.l Macca 6em<a cMem;eHa B cTopoHy MaTpHKca. 

ToJim;nna ,n:ByMeM6pauuoii yrropR.ll:O'llenuoii cTpy1nyph1. Ifa 3KcrrepHMeHTOB no 

MarroyrJIOBOMY pacce5.lHHIO HeiiTpOHOB Ha MHTOXOH,ll;pH5.lX rretieHH MbI o:o;eHmm 

paccTO.SIHHe d Me:>K,n;y :o;eHTpaMH MeM6paH, <)JopMHPYIOIIJ;HX rro.n; .n;eHCTBHeM 

rHIIOTOHHtieCKHX ycrroBHH KpHCTY B BH,n;e .n;ByMeM6paHHOH yrrop5.l,ll;01IeHHOH crpyKTYPhI. 

0Ho cocTaBmIO, KaK OTMe11arrocr,, (190±10) A. 3Ha5.l TOJIIIJ;HHY o,n;HH01IHOH BHyrpeHHeii 

MeM6paHbI TBM, MO:iKHO o:u;eHHTb TOJIIIJ;HHY TKP BCeH KpHCTbI MHTOXOH,ll;pHH. ,Il;mr o:u;eHKH 

TOJIIIJ;HHbI BHyTpeHHeH MHTOXOH,ll;pHaJibHOH MeM6paHbI HaMH 6r,nm rrpoBe,n;eHbI 

3KCIIepHMeHThI no MarroyrrroBOMY pacce.SIHHIO HeHrpOHOB Ha cy6MHTOXOH,ll;pHanhHblX 

tiacTm:i;ax (3TOH pa6oTe rrocB5.lIIJ;eHa rJiaBa 4). IIorry11eHHoe 3Ha1IeHHe TOJIIIJ;HHbI cocTamrno 

(53.4±0.7) A. Tor.n;a TOJIIIJ;HHa KpHCThI TKP cocTaBrr.si:eT d+TBM =(240±10) A, a 3a3op L 

Me:iK.n;y MeM6paHaMH, <)JopMHpyrom;HMH ee (d-TBM), paBeH (140±10) A. CxeMa crpoeHH.SI 

KpHCThI MHTOXOH,n;pHH B rHIIOTOHHIIecKHX ycrroBH.SIX rrpHBe,n;eHa Ha PHc. 7. Ifa 

JIHTepaTypHbIX .n;aHHhIX no 3JieKrpOHHOH MHKpOCKOIIHH cpe,n;Hee 3Ha1IeHHe TOJIIIJ;HHbI 

BHyrpeHHeil MHToxoH,n;pHaJibHOH MeM6paHbl cocTaBJI.SieT 50-75 A. B03hMeM BepxHee 

3HatieHHe 3TOH TOJIIIJ;HHhI. Tor.n;a TOJIIIJ;HHa KpHCTbI 6y.n;eT cocTaBJI5.lTb (265±10) A, a 3a3op 

Me:iK.r:i;y MeM6paHaMH (115±10) A. 
B npe.r:i;eJiax onm6oK 3TH 

3Ha1IeHIU[ 

rrorrytieHHbIMH 

3Ha1IeHirnMH. 

COBrra,n;aIOT c 

Bbillie 

B H30TOHHIIecKHX ycrroBH.SIX 

BHyrpeHH.SI.SI MeM6paHa He 

<)JopMHpyeT yrrop.si:,n:otieHHbIX 

crpyKTyp, nOCKOJibKY B KpHBOH 

pacce5lmrn HHTep<)JepeHIJ;HOHHbIH 

MaTp"1KC 

TBM=50 A 

MaTpL1KC 

mm OTCYTCTByeT. AHanH3 Puc. 7. CxeMa cmpoeHUR oeyMeM6paHHOU 

HaMTX ynopRool.JeH1-1ou cmpyKmypbz, cpopMupoea1-11-1ou U3 
rrorryLieHHbIX .... KpHBhIX 

Kpucmbz Mumoxo1-1opuu nel.JeHu, noMeUJeH1-lblX e 
MarroyrrroBoro pacce5.lHH.SI He .n;aeT 2unomoHuttecKy10 cpeoy. 

B03MO:iKHOCTH rrorrytIHTb HH<)JopMaIJ;HIO 0 crpyKType KpHCT MHTOXOH,ll;pHH B 

H30TOHH1IeCKHX ycJIOBH.SIX. IIpe,r:i;cTaBrreHHe o <)JopMe KpHcT B 3THX ycrroBH.SIX .n;aeT 

3JieKrpOHHa5l MHKpocKorr11.si: (P11c. SA). Ha <)J0Torpa<)J1rn Me:>KMeM6paHHoe 

(BHYTPHKpHCTHOe) rrpocrpaHCTBO rrpe.n;cTaBJI.SieT co6o:H: pacmHpeHHhie CBeTJibie yIIaCTKH. 

PaccT05lHHe Me)K,ll;y MeM6paHaMH, cpopMnpyrom;HMH KpHCThI, HeperyIT.SipHoe. 
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A E 

Puc. 8. BJZURHue moHUIJHocmu cpeobz UHKy6alf,UU Ha cmpyKmypy Kpucm MumoxoHopuu 

netteHu KpblCbl, uccJZeooemmoe c noMOUfblO 3JZeKmpom-tou MUKpocKonuu. A -
u3omoHuIJecKaR cpeoa (250 M0cM), ceemJZbZe yttacmKu - Me:J1CMeM6paHHoe 

npocmpm-tcmeo (eHympuKpucmHoe npocmpaHcmeo). E - 2unomoHuttecKaR cpeoa 

(120 M0cM), cmpellKU yKa3bZea10m Ha c:J1Cambze Kpucmbz. H1-1ry6upoeaHue npoeoowzocb 

npu 16 °C. 

I1onyqeHHa51 H3 3KCIIepHMeHTOB no ManoyrnoBOMY pacce51HHIO HeHrpOHOB 

HHcpopMal(H51 o TOJJID:HHe .r:i;ByMeM6paHHOH CTPYKTYPDI 6nma He3aBHCHMO rro.r:i;TBep)K,ll;eHa c 

IIOMOID:bIO 3JieKrpOHHOH MHKpOCKOIIHH MHTOXOH,ll;pHH rretieHH KpbICbI H aTOMHO-CHJlOBOH 

MHKpOCKOIIHH MHTOIIJlaCTOB rreqeHH KpbICbl. Ha cpoTorpacpmr 3JleKrpOHHOH MHKpOCKOIIHH 

B rHIIOTOHHqecKHX ycJIOBH5:IX KpHCTbl rrpe.r:i;cTaBJI5IIOTCH CHJlbHO C)KaTblMH 

,IJ;ByMeM6paHHbIMH ofo,eKTaMH (PHc. 8E). Hx TOJJID:HHa COCTaBmieT B cpe.r:i;HeM 

(220±20) A. MnI ou:eHHJIH Torrru:1rny C)KaTI>IX KpHcT MHToxoH.r:i;ptt:H:, rroMeru:eHHI>IX B cpe.r:i;y 

TOH )Ke TOHHqHOCTH (120 M0cM), no cpoTorpacpHH 3JieKrpOHHOH MHKpOCKOnHH, 

rrony11eHHOH paHee B pa6oTe KpacHHCKo:H: (KpacHHCKa.51 II .r:i;p., 1989). Cpe.r:i;Hee 3HaqeHIIe 

TOJJID:IIHbl cocTaBimo (250±30) A. 

c IIOMOID:bIO aTOMHO-CHJIOBOH MHKpOCKOIIHH Mbl HCCJle,IJ;oBaJJH IIOBepXHOCTb 

MHTOIIJlaCTOB, IIOJJyqeHHbIX H3 MIITOXOH,ll;pHH rreqeHH KpbICbI. ITpe.r:i;BapHTeJlbHO 

MHTOXOH,ll;pHH 6nIJJH IIOMeru:eHbI B ycJJOBH.51 cpopMIIpOBaHH.51 ,IJ;ByMeM6paHHblX 

yrropH.r:i;oqeHHbIX cTpyKTYP - B rHnOTOHHqecKyIO cpe,n:y (120 M0cM). Ilocne 3Toro 

BHeIIIHHH MeM6paHa 6nma y,n:aneHa c IIOMOID:bIO OCMOTH1IecKoro IIIOKa B cpe;::i:e 

TOHHIIHOCTbIO 20 M0CM. Ha ACM-H3o6pa)KeHH51X MHTorrnacTbI BbirJJ51;:J;51T KaK o6'beKTbI 

,IJ;HaMeTpOM 0,5-1 MKM H BbICOTOH 100-250 HM. Ha IlOBepXHOCTH p51;::i:a MHTOnJJaCTOB 

BH,IJ;HbI peryJI5IpHbie rraparrrrerrbHbie rpe6HeBH.Il:Hbie CTPYKTYPDI (PIIc. 9). lliHpHHa o;::i:Horo 

TaKoro "rpe6H51" cocTaBJI51eT 300-400 A, a Ha6rrIO.r:i;aeMM BI>Icora cKJia;::i:oK - 50-100 A. 
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,I.l;aHH:ble crpyKTypbl Mb! HHTepnpen1pyeM KaK C)KaTbie KpHCTbI. <I>opM:u:poBaH:u:e KpHCT B 

OTCYTCTB:U:e BHenrne.H: MeM6paHbI, Bep05ITHO, .IJ:OJI)KHQ no.n;.n;ep)KHBaTbC51 6errKaMH rpyrrnbI 

.IJ:HHaMHHOB H .z:i:pyrHMH MifTOXOH.IJ:pHaJibHhIMH 6errKaMH, KOTOpbie corrracHO 

rr:u:TepaTypHhIM .n:aHHbIM HrpaIOT porro cpaKTopoB, KoHrporr:u:pyIOIIJ;IiX cpopMy Kp:u:cT. TaKHM 

o6pa30M, c IIOMOIUbIO He3aBl1CHMbIX MeTO.IJ:OB - 3JieKrpOHHOM M11KpOCKOTIUl1 11 aTOMHO­

Cl1JIOBOM M11KpOCKOTil1H Mb! IIO.IJ:TBep.n:11rr:u: cpopMMpoBaH:u:e ynop51.IJ:01IeHHbIX 

.n:syMeM6paHHbIX CTPYKTYP cKJia.n;KaMH BHyTpeHHeil MHTOXOH.IJ:p11aJibHOM MeM6paHbI. 

3Ha1:IeHM51 TOJIIU11H 3THX C'fPYKTyp, TIOJIY1IeHHbIX rpeM51 He3aBl1CHMbIMl1 MeTO):(aMH, 

HaXO.IJ:5ITC5I B xopomeM corrracH11 MeJK.n;y co6oil. 3T:u: 3Ha1IeHl151 rrp:u:se.n:eHoI B Ta6. 1. 

A E 

Puc. 9. A CM-U306pa:J1CeHUR Mumon;zacma net.teHu KpblCbl c Ha.r1w-1ueM "2pe6Heu" 
(cJ1CamblX Kpucm). A - U306pa:J1CeHue, 3anucaHHbZe no KaHaJty "rjJrua", E - mpeXMepHoe 
npeocmaeJteHue. 

Ta6. 1. 3Hat.teHUR mO!lUJUHbl o6yMeM6paHHbZX ynop.Roottel-ll-lbZX cmpyKmyp, 
noJtyttaeMble mpeM5l pa3JZU1lHblMU MemooaMu. *- 31-latteHue noJZyl.[eHo c yl.[emoM 
JtumepamypHblX OaHHbZX no moJZUJUHe oouHottHou eHympeHT-teu Mumoxom]pua.nbHou 
MeM6paHbz; # - moJZUJUHa U3Mepe1-ta no rjJomo2parjJuu U3 pa6ombz H.KpacuHcKou 
(KpacuHcKaJl u Op., 1989). 

MeTO)J. Tom1.i;nHa )J.ByMeMopaHHoii cTpyKryp1>1, A 
240±10 

Manoyrrrosoe pacce5IHHe HeihpoHOB 
*265±10 

220±20 
3JieKTpOHHa51 MH:KpOCKOilM51 

#250±30 

ATOMHO-CMJIOBa51 M11KpOCKOIIM51 300-400 
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Oco6eHHOCTH yJILTpacTpyKTYPM MHTOXOH)J;pHii cep.ru~a KpLicLI. B 0Tmrci11e OT 

M11TOXOH.I!;p11H rreqeHH BHyrpeHH5151 MeM6paHa Ml1TOXOH.IJ;p11H cep,D;u;a IIJIOTHO 3aIIOJIH51eT 

orpam1qeHHbIH BHemHell: MeM6paHOH 06'.beM. 3KcrrepHMeHTbI IIO MarroyrrroBOMY 

pacce.srnmo 6bIJil1 rrpoBe,D;eHbI Ha MHTOXOH.I!;p1151X, IIOMe:rn:eHHbIX B 1130TOH11qecKy10 11 

r11IIOTOH11qecKy10 cpe.IJ;I>I, OCHOBaHH:bie Ha T51)KeJIOH BO,D;e. IIorryqeHHbie Kp11Bbie 

pacce51HH51 rrpe.n:cTaBrreHbI Ha P:11c. 10 (A 11 B). B o6oHx cnyqa51x (B 1130TOHHqecK11x 11 

r11IIOTOH11qecKl1X ycrrOBl151X) BHyTpeHH5151 MeM6paHa Ml1TOXOH.I!;pHH cep.n:u;a ~opM11pyeT 

yrrop51.n:oqeHHbie CTPYKTYPI>I. 3To rrp11BO.D;HT K II051BJieHHIO B Kp11BbIX pacce.51HH51 

';-

::!! 
(.) 

.0 
ti 
0 
:c 
co 
:s: 
(.) 
:c: 
Q.) 
I-
:r: 
s 

':s 
(.) 
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0.01 

1E-3 
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g- 0.6 
:s: 
c: 

~ 0.4 
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0 
:r: 
ID 
~ 0.2 

0.01 A1 0.1 
q, 

A 

:r: 

~ o.o-J¥:=L=--~--,_,_,--=-.::.:.:_~~~...,,_,_.:~~6-=-
0.02 0.04 0.06 0.08 0.10 

q,A-1 

E 

10 

';-

::!! 1 u 
..r:i 
ti 
0 0.1 :c 
IQ 

:s: 
(.) 

~0.01 
I-:c: s 

1E-3 

! 

0.01 

···~ .... 

B 

A1 q, 

••• ... 
•• 

0.1 

0.02 0.04 0.06 0.08 0.10 
q,A-1 

r 

Puc. 10. Pe3yllbmambz Ma.JZOy2lloeo20 pacceRHUR HeumpoHoe Ha MumoxoHOpURX cepOlJa 
KpblCbl. A u E - KpueaR pacceRHUR u ebzOeJZeHHble U3 Hee nuKu OJZR MumoxoHOpuu, 
noMeUJeHHblX e U30mOHUtteCKY10 cpeoy. B u r - KpueaR pacceJlHUJl u 6bl0eJZeHHble U3 Hee 
nuKu OJZR MumoxoHOpuu, noMeUfeHl-LblX e 2unomoHui-tecKy10 cpeiJy. Ha pucyHKax A u B 
cnJZoutHou JlUHueu noKa3aHa por-weafl MoHomoHHo y6b1ea10UJaR pyHKlJUR. Ha pucyHKax E 
U I' CnllOUlHblMU JlUHURMU noKa3aHa annpOKCUMalJUR 3KCnepUMeHmaJlbHblX nUK06, 
nyHKmUpHblMU - pa3llOJICeHUe 3mOU annpOKCUMalJUU Ha OmOe!lbHble nUKU. 
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I1HTep<jJepeHL(I10HHbIX ITHKOB. Ilp11 3TOM B 3aBI1CHMOCTI1 OT TOHI1IIHOCTI1 cpe,[(hl 

noJio)l(eH11e 11x MaKcHMYMOB OTJIH'CJ:aeTC51 (PHc. 10 E H f). KpHBhie pacce5.IHH51 ,[(JI51 

MHTOXOH,[(pHH, IlOMern;eHHbIX B H30TOHHIIeCKYIO cpe.n;y, co.n;ep)l(aT OT ,[(Byx ,[(O rpex ITHKOB. 

CooTHorneHHe IT03Hl(HH MaKcHMYMOB 3THX ITHKOB paBHo 1:2:3. 3To roBopHT o 

<jJopMHpOBaHHH BHyTpeHHeli MHTOXOH,[(pliaJibHOM MeM6paHOM ynopH,[(OIIeHHOH 

JiaMeJIJIHpHOH ynaKOBKH. Ilon~eHHOe l'.13 Il03li1(HM MaKCHMYMOB ITHKOB cpe,n;Hee 

paccTOHHHe Me)K,n;y u:eHTpaMH MeM6paH B 3TOH ynaKOBKe cocTaBJrneT (220±10) A. TaKHM 

o6pa30M, OKa3aJIOCh, qTo B MHTOXOH,ll;pHHX cep.z:i;u:a KpHCTbI o6pa3yioT JiaMeJIMpHbie 

ynopH,n:oIIeHHhie CTPYKTYPhI B M30TOHUCJ:eCKHX ycnOBH5.IX. 

Bo3MO)KHO ,[(Ba BapHaHTa HHTepnpeTau:1m ,n;aHHhIX no MaJioyrnoBoMy pacceHHHIO ,ll;JIH 

cnyqa51 rHITOTOHHIIeCKOH cpe,n:bI. B 3TOM CJiyqae COOTHOIIIeHHe Il03Hl(HH MaKCHMYMOB 

ITHKOB 6JIH3KO K 1:1.73. TaKoe COOTHOIIIeHHe ITHKOB MO)l(eT o6oHCHHTbCH <jJopMHpoBaHHeM 

BHyrpeHHeH MeM6paHOH HHBepTHpOBaHHOH reKcarOHaJibHOM <jJa3hI H11 ' KOTOpaH ,[(OJI)l(Ha 

,n;aBaTh ITHKH c COOTHOIIIeHHeM II03H1(HH MaKCHMYMOB 1 : -13 .... KpHCTbI B MHTOXOH,[(pHHX 

cep,n:u:a pacnOJIO)KeHbI Ha 6JIH3KOM paccTOHHHH .n;pyr OT .n;pyra, Il03TOMY MO)KHO TaK)Ke 

npe.n;noJiaraTh o6pa3oBaHMe MYJihTHcnoliHoli C'fPYKTYPhl c ,n;ByM51 xapaKTepHbIMH 

paccTOHHHHMH Me)K,[(y l(eHrpaMH MeM6paH d1 H d2 (PHc. 11 ). 

EcJIH npe.n;noJIO)l(JiTb HaJIMIIHe B MHTOXOH,[(pli5.IX reKcaroHaJibHOM <jJa3hI, TO aHaJIH3 

HHTep<jJepeHU:HOHHhIX ITHKOB ,n:aeT cTpyKTYPHhIH napaMeTp a 3TOH <jJa3hI, paBHbIM 

(270±10) A. <PopMHpoBaHHe reKcaroHaJihHoli <jJa3hI 6hrno o6napy*eHo B narneli 

na6opaTopHH B. CanpyHOBOM B ycJIOBHHX cJia6oro yBeJIHqeHHH o6oeMa MarpHKca B 

·~]~: 
2 l dz w·-------· 
2 

E 

Puc. 11. /{ea eapum1.ma u11.mepnpema71uu oamtblX MaJlOY2ll06020 pacceJlHUJl 11.eii.mpOHOB 
11.a Mumoxo11.opuax cepo71a, noMeUfemtbZX e 2unomo11.ul.f.ecKy10 cpeoy. A - cxeMamul.f.ecKoe 
npeocmaeJte11.ue 2eKca2011.aJZb11.oii. pa3bl H11 c napaMempoM a. E - MYJtbmUJtaMeflfl5lpHa.R. 
oeyxpa3Ha.R. cmpyKmypa: MeM6paHbl pa30efl.fl.10m OBe pa3Hble 60011.ble pa3bl - 1 U 2 
( MampuKc u Me:J1CMeM6pamwe npocmpa11.cmeo). 
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MHTOXOH):(plUIX cep,n:u:a KpblCbl npH arroIIT03e, BbI3BaHHOM aHOKCHeH (Carrpy1maa H ,n:p., 

2003). Ilo cpoTorpacpHH 3JieKrpOHHOH MHKpOCKOIIHH H3 3TOH pa60Tbl Mb! ou:eHHJIH 

rrapaMeTp a ccpopMHpoBaHHOH reKcaromllI:DHOH cpa3bI. OH cocTaBHJI (260±30) A. 3To 

3Ha'LJ:eHHe 6JIH3KO 3Ha'LJ:eHHIO, rroJiy'LJ:eHHOMY HaMH H3 3KCIIepHMeHTOB ITO ManoyrJIOBOMY 

pacce5IHHIO. CJie,n:y51 Mo,n:eJIH MYJI:DTHJiaMenMpHoii CTpyKrypb!, aHaJIH3 IIHKOB ,n:aeT 

3Ha'LJ:eHH51 paccT05IHHH Me)K,n:y u,eHTpaMH MeM6paH B 3TOH crpyKType, paBH:bIMH 

d1=(230±6) AH d2=(150±10) A (P11c. 11B). 

Pe3yJihTaTbl H3MepeHHH «}>yHI~~HOHaJILHOH aKTHBHOCTH MHTOXOH)J;pHii IIOCJie 

11poBe,LJ;eHHH 3KCIIepHMeHTOB 110 MaJioyrJIOBOMY pacceHHHIO neiiTpOHOB. IIocne 

3KcrrepHMeHTOB no ManoyrJioBOMY pacce5IHHIO HeH:rpoHoB 6:Drna rrpoae,n:eHa rrpoaepKa 

cpyHKU:HOHaJibHOH aKTHBHOCTH MHTOXOH,n:pHH IIe'LJ:eHl:I KpbICbI. MHTOXOH,n:pHH 

pa3,n:eJI5IJil:ICb Ha ,n:Be 'LJ:aCTH: o,n:Ha l:ICIIOJib30BaJiaC:b .D:JI51 3KcrrepHMeHTOB no ManoyrJIOBOMY 

pacce5IHHIO HeH:rpoHoB, a BTopa51 - coxpaH5Inac:D rrpH rroHJ:I)KeHHo:H: TeMrrepaType. IIocJie 

3KCIIep1:1MeHTa ITO HeiirpOHHOMY pacce5IHl:IIO rrpoaep5IJiaC:b aKTHBHOCTb 06011x o6pa3U:OB 

MHTOXOH):(pHH. Pe3yJI:DTaT IIOJI5IporpacpH'LJ:eCKHX H3MepeHHH rrpHBe,n:eH Ha PHC. 12. 

ll3MepeHH51 IIOKa3aJIH, 'LJ:TO MHTOXOH,ll;pl:IH rrocne o6JIYtJeHH51 He:H:rpoHaMH coxpaH5IIOT 

aKTl:IBHOCT:b. 

,IJ;o6aaneHHe pa3o6II(HTeJI51 TT<l>B 

CTl:IMYJIHpyeT ):(bIXaHHe. 

Crre,r:i:oaaTerrbHO, BHyrpeHH5I5I 

MeM6paHa MHTOXOH,n:pHH coxpaHJ:IJia 

CBOIO u:enOCTHOCT:b, H Ha Heil 

IIOTeHQHaJI, 

C03,n:aaaeMbIH pa60TOH rrpOTOHH:bIX 

no Mn. TaKHM o6pa3oM, rrytJoK 

HeHTpOHOB He rro,n:aarr5IeT 

cpyHKU:HOHaJI:bHYIO aKTHBHOCTb 

MHTOXOH,D;pHH, H II03TOMY MeTO,Il; 

pacce5IHH51 TeIIJIOBbIX HeiirpoHOB 

MO)KeT 6:DITb a,n:eKBaTHO HCIIOJib30BaH 

,D;JI5I CTPYKTYPH:DIX Hccne,n:oBaHHH 

tPYHKIJ,HOHHpYIOIIJ,HX MHTOXOH):(pHH. 

CYKl.\Hlllrr cyKUHHaT 

A 

'\··.·· ..... 

,· 

\ \.\ . 

1 

02L 100 
Hr.aT. 

apei\UJ ,MHH 

Puc. 12. IloJ1.Rpo2pacj;u1./ecKoe uccll.eOoemme 
dblXQHUR MUmOXOHOpuu, He 06J1.y1./eHHblX 
HeumpoHaMu (A), u nocll.e npoeeoeHUR 
3KcnepuMeHma no pacceRHu10 HeumpoHoe (E). 
Cmpell.KQMU YKa3aHO oo6aeJl.eHue pa306Uf,umeJl.R 
(TT<PE) e KOH'f1eHmpatfUU 1 o-6 M Cy6cmpam 
OblXaHuR - cyKtfUHam. 

IIo,n:o6H:Die 11ccrre,n:oBaHH5I, otJeBH,n:Ho, MoryT 6:DITb rrpoae,n:eHbI TaK>Ke Ha ,n:pyrHx 

opraHeJirrax, 6aKTepH5IX, a B03MO)KHO, l:I KJieTKaX. 
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qeTBepTa.H rJiaBa IIOCB.SIIII;eHa llCCJie,l];OBaH:UIO c IIOMOIIl;I>IO MeTOAR MaJioyrJIOBoro 

paccenHmI HeiiTpOHOB CTPYKTYPhl BHyTpeHHeii MHTOXOH,11;pHa.JihHOH MeM6paHhl Ha 

MO,lJ;eJin cy6MnToxoH,11;p:uaJI1>HhlX 'lacTn~ (CMq). Cy6MHTOXOH,n;pHaJibHhie IJaCTHIJ;bI 

(CMlI) rrpe.n;cTaBJI51IOT co6o:H O.D;HOCJIOllHbie Be3HKYJibI, cqJOpMHpoBaHHbie BHyrpeHHeli 

MHTOXOH.D;pHaJibHOll MeM6paHOH. IlpH 3TOM F1 -Q.JaKTOp (KaTaJIHTJPieCKHH KOMIIOHeHT 

ATcf>-CMHTeTa3bI) JIOKamnoBaH Ha BHenrne:H IIOBepXHOCTM CM!I. ,l(HaMerp cMq B 

cpe,D;HeM cocTaBJI51eT 400 HM. HaMH: rrpoBo,n;rrnrrcb H:3MepeHM51 MarroyrrroBoro pacce.SIHmr 

HelirpoHoB Ha CMq B ,n;Harra3oHe BeKTopoB pacce.SIHM51 q OT 0.008 .n;o 0.1 A-1. B 3Toli 

o6rraCTH B KpHBYIO pacce51HM.SI OCHOBHOH BKJia,n; .n;aeT Q.JopM-Q.JaKTOp TOJIIIJ;H:Hbl MeM6paHbI, 

H: KpHBbie pacce51Hl'.151 orrH:cbIBaIOTc.SI rrprr6rrmKemrnM KpaTKM-Ilopo.n;a: 

I(q) = I(O) exp~-Ri·q2 )' 
q (4) 

r.n;e Rr - pa,n;Hyc HHepU:HH TOJIIII;HHbI MeM6paHbI, 1(0) - HHTeHCMBHOCTb pacce51HH51 B 

HyneBOH yrorr, q - BeKTop pacce.SIHH51. CM!I rroMern;arrH:cb B cpe.D;bI co crre.n;yIOIIJ;HM 

co,D;ep)l(aHHeM D20: 0, 8, 12, 20, 35, 42, 55, 70, 80, 90 M 95%. 

Onpede!lenue o6'be.MflblX dOlleU Jlllnui)a u 6e!lKa 6 Me.M6pane cMq. KpHBbie 

pacce.SIHH.SI .D;JI51 Ka)l(,ll;Oro TH:IIa paCTBOpH:Temr 6bIJIH arrrrpOKCMMHpOBaHbI tPYHKU:HeH ( 4 ), H 

rrorryIJeHbI cooTBeTCTBYIOIIJ;He 3Ha"CJ:eHH51 Rr H 1(0). Ifa rrocTpoeHH51 Ji(05 OT P s ( P s -

rrrroTHOCTb pacce51HH.SI ,n;rr51 6ycpepa) 6bma orrpe.n;erreHa cpe.D;H.SI51 rrrroTHOCTb pacce51HH51 j5 

MeM6paHbI CMlI, paBHa51 (1.08 ± 0.13)-1010 cM-2. B o6nacn-I 3Ha"CJ:eHHH P.P 6rrH3KHX j5 B 

IIOCTpoeHHM Ha6mo.n;aeTC51 pa3pbIB. 3To 03HaIJaeT, "CJTO KOMIIOHeHTbI CMlI (rrHIIH,ll;bl H 

6eJIKH) He CMeIIIHBaIOTC51 O,D;Hopo.n;Ho .n;pyr c .n;pyroM, a o6pa3yIOT 6eJIKOBble H JIHIIM,ll;Hble 

o6JiaCTM. 3To CBH,ll;eTeJibCTByeT 0 Q.JopMHpoBaHHH 110KOH11 113 6HCJIOeB MOJieKynaMH 

JIMIIH,ll;OB. 3Ha51 cpe,ll;HIOIO IIJIOTHOCTb pacce51HH51 MeM6paHbI, Mbl MO)l(eM ou:eHHTb 

o6oeMHbie .n;orr11 rrmm.n;a Vrr M 6errKa V6 B Heii. 0HH cocrnBHJIH 0.5 ,ll;JI51 Ka)l(.n;o:H: 

KOMIIOHeHTbI. Ecmr paccMorpeTb MeM6paHy CMlI KaK o6beKT, cocT051IIJ;MH M3 

yrrreso.n;opo,n;Holl: o6rracTH (yrrreBo,n;opo.D;Hbie u:errH JIHIIM,ll;OB) H rrorr51pHoH o6rracTH ( 6errKH 

M rromrpHI>Ie Q.JparMeHTI>I JIMIIM,ll;OB ), o6beMHbie .n;orrH rrorr51pHoll: Vnon H yrrreBo,n;opo.n;Holi 

Vy26 o6rracTell: cooTBeTCTBeHHO paBHI>I 0.7 H 0.3. 

Hepa6flOMepnoe pacnpede!lenue !lunui)a u 6eJlKa 6 MeM6pane cMq no mOlllUrUfle. 

,l(JI51 HeO,ll;HOpO,ll;HOH MeM6paHbI 3HatieHH:e pa.n;Ryca MHepU:HH R/ 3aBHCHT OT KOHrpacTa !Jp. 

KoHrpacT ecTb pa3HOCTb Me)l(.n;y cpe,n;He:ii rrrroTHOCTbIO pacce51HH51 o6oeKTa P 11 
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IIJIOTHOCTbIO pacceJIHIUI pacTBOpHTeJIJI P s: !::i.p = j5 - Ps. 3aBHCHMOCTb R/ OT Lip MO)KHO 

rrpe,n:cTaBHTh cJie,n:yrorn;HM o6pa3oM: 

R1 = R1 +_!!_-(_1_)2 .p1 
T oo /J.p /J.p ' ( 5) 

r,n:e Roo - pa,n:Hyc l:IHep:u:n:H TOJiru;HHhI MeM6paHhl rrpH "6ecKOHetIHOM KOHTpacTe" 

(rrapaMeTp, CB513aHHhIH co cpe,n:Heif TOJIIIJ;HHOH MeM6paHbI); rrapaMeT:phI a H ~ 

xapaKTepH3YIOT Heo,n:Hopo,n:Hoe pacrrpe,n:eJieHHe IIJIOTHOCTH B MeM6paHe. 

Ifa arrrrpoKCHMa:u:n:n 3KcrrepHMeHTaJibHOH 3aBHCHMOCTH R/ OT Lip <i>YHKn:1:1eif (5) 6hIJIH 

IIOJiytieHbl cne.nyroru;He xapaKTepHCTHKl:I MeM6paHhI: pa.nn:yc 1rnepu:m:1 <l>opMhI MeM6paHhI 

~' paseH (15.4±0.2) A, CBJI3aHHa5I c HHM cpe,n:HJIJI TOJIID;Irna MeM6paHhI T (T=.f0.R00 ) 

cocTaBJI5IeT (53.4±0.7) A; reoMeTpn:1:1ecK1:1if n:eHrp MeM6paHhI n: n:eHrp T5I)l(eCTH 

pacnpe,n:eJieHH51 Heo,n:Hopo,n:HOCTeH B Heii He COBIIa,D;aIOT - MeM6paHa aCHMMeTpHtIHa. 

PaccT05IHHe L (L=[Jlp) Me)l(,n:y 3THMH n:eHTpaMH TJI)l(eCTH cocTasmreT (13.3±0.7) A. 

IloJIO)l(HTeJihHOe 3HatieHHe rrapaMeTpa a YKa3hIBaeT Ha TO, 1ITO KOMIIOHeHThI c 60JihIIIeif 

IIJIOTHOCThIO (6eJIK1:1) Haxo,n:5ITC51 Ha rrepmpepH1:1 MeM6paHhI. CxeMa MeM6paHhI, 

<!>opM1:1pyroru;eif cy6MMTOXOH,D;pHaJihHDie 1:1acTHU:hI, rrpe,n:cTaBJieHa Ha PHc. 13. 

- rpaHL<14a MeM6paHbl np111 "6ecKOH94HOM KOHTpacTe" 

- - • rpaH1114a 3cpcpeKTlllBHOM TOJ11.4L'1Hbl MeM6paHbl 
---- 4eHTP n:l}K9CTlll cj:>opMbl 

-·-·- 4eHTP Tl'!}KeCTL'1 MeM6paHbl c y4eTOM pacnpep,eneHL'1l'I 
pacce111saiou.ieiil nnorHocrn 

eo3MO)f(HOe pacnpeaeneHue pacceuea10w,eu 
nnomHocmu eHympu MeM6paHbt: 

~ 6eJ1KOBa$'1 (BblCOKaR) 

~ nL<1m1p,Ha$'1 (HL'13Ka$=1) 

Puc. 13. CxeMa e7-tympem-1eu MumoxoHopuMbHou MeM6pa7-tbZ e cocmaee CMLJ, 
nollyc-teHT-ta5l u3 aHa!lu3a oartHbzx Ma!loy2lloeo20 pacceRHUR rteumpoHoe. JK.uprtou JZurtueu 

o6o3HatteHa cjJopMa MeM6partbZ, 7-ta6J11ooaeMaR npu 116ecK07-tett7-tOM Kortmpacme" - orta 

3anoJZHeHa oortopooHou n!lomrtocmb10; aaHrtou cjJopMe coomeemcmeyem paouyc uHepZfuu 

R00 = 15.4 A. Ilpepbzeucmou JZurtueu noKa3aH KoHmyp 3mou </JopMbZ e npu6!lu:J1CeHuu 

nllOCKou MeM6paHbZ, KomopaR UMeem mollUJUHY T=53.4 A. L - cMeUJeHue Me:HCoy 

2eoMemputtecKUM Zf eHmpoM MeM6partbl u ZfeHmpoM mR:JK:ecmu pacnpeoe!leHUR 

rteoortopoaT-tocmeu nllomHocmu e 3mou cjJopMe. 
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BbIBO,IJ;bI 

1. c IIOMOmoIO ManoyrrroBoro pacce5IHIUI HeihpOHOB H,[(eHTHcp:m::i:upoBaHbl ,[(Ba 

cTpyKTYPHoIX cocT05IHM5I MeM6paH MHTOXOH,rt:pH:H: rre1:1eHH H cep,r:i;na, rrepexo.ri: Me)J(,r:i;y 

KOTOpbIMH peryrrupyeTC5I CHCTeMOH OCMoperyJI5IIJ:MH. 

2. bbIJIO 110Ka3aHo cpopMHpOBamre M3 CKJia,[(OK BHyrpeHHe:H: MeM6paHbI 

MHTOXOH,[(pHH rre1:1eHM H cep,r:i;na B:OICOKoyrrop5I,[(01:1eHHbIX crpyKTyp, ,n:aIOmHx 

HHTepcpepeHIJ:HOHHbie IlHKH B KpHBbIX MarroyrrroBoro pacce5IHH5I HeliTpOHOB. 

3. Orrpe,r:i;erreHoI reoMerpu1:1ecKHe rrapaMerpoI ,r:i;ByMeM6paHHoli yrrop51.zi:o1:1eHHoli 

CTPYKTypoI, o6pa3YJOIIJ:eHC5I B MHTOXOH,[(pIDIX rre1:1eHH, H IIOKa3aHO y1:1acnre JIMIIH,[(HOrO 

6HCJI05I B cpopMHpOBaHHH '.HOH crpyKTyp:oI. 

4. Ilorry1:1eHHore 3Ha1:1eHH5I TOJUIJ:MH:OI ,rt:ByMeM6paHHoIX CTPYKTYP He3aBHCHMO 

IIO,[(TBep)J(,ll;eHbI MeTO,[(aMM :meKTpOHHOH MHKpOCKOIIHH H aTOMHO-CHJIOBOH MHKpOCKOIIHH. 

5. 06Hapy)J(eHbI pa3JIH1:1H5I B ycJIOBH5IX cpopMHpoBaHmI yrrop5I,[(01:1eHHbIX 

CTPYKTYP B MHTOXOH,[(pH5IX rre1:1eHH li cep,r:i;na: B MHTOXOH,[(pH5IX rre1:1eHH 3Tli crpyKTypoI 

o6pa3yIOTC5I B rHIIOTOHH1:1eCKHX ycJIOBM5IX, a B MHTOXOH,[(pli5IX cep,r:i;na - B li30TOHM1:1eCKHX 

cpe,r:i;ax. 

6. Ilorry1:1eHM OCHOBHT:.Ie xapaKTepHCTHKH BHyTpeHHe:H: MeM6paHbI 

MHTOXOH.Ii:PHH Ha Mo,r:i;enn CM1I: TorrmuHa MeM6paHoI, o6oeMHT:.Ie ,[(OJIH rrunu,n:a H 6errKa, 

CTerreHb HeO,[(HOpO,[(HOCTM pacrrpe,n:eJieHH5I 6enKa M JIHIIH,n:a no TorrmHHe MeM6paHbI. 

7. Ilorry1:1eHH0Ie pe3yJI:oTaTbl IlOKa3aJJ:M B03MO)J(H0CTH MeTO,[(a ManoyrrroBoro 

pacce5IHH5I HeHrpOHOB ,[(JI5I HCCJie):(OBamrn crpyKTYPbI cpyHKIJ:HOHHpyromnx MHTOXOH,[(pHH. 
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