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OliI.IJ.MI XAPAKTEPIICTIIKA PAliOThl 

AKTyaJihHOCTh. Heo6xo.!IJIMOCTh my11emrn C'fPYKTYPhI qiocqiommIIJJ.Horo 

6IICJIOll o6ycnaBJIIIBaeTCll npe)KJ].e BCero TeM, 'ITO npl111IIHa CJIO)KHOCTII XIIM1I11eCKOro 

COCTaBa peanbHhlX 6IIOJIOrII11eCKHX MeM6paH JJ.O CHX ITOp OCTaeTCll He 

ycTaHOBJieHHOtt. Euonor1I11eCKUe MeM6paHbl BKnl011aIOT 11eTh1pe OCHOBHhIX TIIITa 

q>OCq>OJIHITIIAOB: qiocq>aTIIAIInXOJIHH, qiocqianmnn::naHonaMHH, KapJJ.IIOJIHITHH H 

qiocqiaTIIAIIJICepnH; Ka)KJ].hltt H3 KOTOpblX nMeeT 10-15 6nll3KHX C'fPYKTYPHhIX 

aHanoroB. CymecTBOBaHIIe 60JihIIIOro 11ucna 6mBKHX ITO XHM1I11eCKOMY CT{)OeHUIO 

ITPHPOJJ.Hh!X aHanoroB IlOKa3hIBaeT, 'ITO )],a)Ke He60JihIIIIIe ll31\teHeHirn C'fPYKTYPhI 

qiocqionttITIIAHhIX MoneKyn IIMeIOT cymecTBeHHOe 6uonor1I11ecKoe 3Ha11em1e. 

IT03TOMY, BOITpoc O TOM, KaKHM o6pa30M XHM1I11eCKall C'fPYKrypa JIHITIIAHhIX MOJieKyn 

CBll3aHa C q>ll31I11eCKIIMII c~oiicTBaMII MeM6paH llBJilleTCll KJIIO'leBbIM J].Jlll 

npaBIIJihHOro ITOHHMaHHll ponII JIHilIIAOB B q>YHKU,HOHIIpOBaHHH MeM6paHHhIX CHCTeM 

KneTKH. 

O6rn,HMH ITapaMeT{)aMH CT{)OeHHll ITpaKTl111eCKH acex q>OCq>OJIHillIAOB llBJllllOTCl! 

HaJI1I11IIe JJ.Byx OCTaTKOB )l(HpHbIX KIICJIOT, C Mi1HHhlMII yrneBOJJ.Op0JJ.HhlMH 

paJJ.IIKanaMII C12-C1s, coe)],IIHeHHhIX CJIO)KH03q>HpHoii CBll3hlO C OCTaTKaMII 

rJIIIu,epIIHa, II Hann11ue, ITO KpaiiHeii Mepe, OJJ.HOH JJ.BOHHOH CBll3II B yrneBOJJ.OPOJJ.HOtt 

u.enn, HaXOJ].llill,ettCll B ITOJIO)KeHJm sn-2, TOr)].a KaK B ITOJIO)KeHJm sn-1 HaXOJJ.IITCll 

HaCbIIll,eHHal! yrneBOJJ.OpOJJ.Hal! U,eITb. HMeHHO yKa3aHHbJe napaMeT{)hl, B cnny CBOeii 

YHIIBepcanhHOCTH, ITpeJJ.CTaBJilllOT HaII60JiblIIIIll. HHTepec C TO'IKII 3peHllll Bhll!CHeHllll 

HX BJillllHHll Ha CBOHCTBa 6ncJIOll. 

B HaCTOllill,ee BpeMll 

nnmm/cypq>aKTaHTHhIX CHCTeM 

MHOro BHHMaHllll 

B B0)].HOH. cpeJJ.e. 

yJJ.enlleTCll H3}'11eHUIO 

HelIOHHbie cypq>aKTaHThl 

HHTepeCHhl He TOJibKO IlOTOMY, 'ITO OHII IIIIIpOKO ITPIIMeHl!IOTCll B ITPOMhlIIIJieHHOCTII 

n 61IonorIIII - (JJ.nll con106Immau,IIn II BhIJJ.eneHllll 6enKoa), HO TaK)Ke II c 

TeopeT1I11eCKOtt TO'IKII 3peHllll. Hx IlOBe)],eHne BeCbMa CJIO)KHO; He60JihIIIIIe 

H3MeHeHllll B roJIOBHOtt nmpoq>IInbHOtt rpyITITe IIJIH yrneBOJJ.OPOJJ.HhIX U,eIIllx, 

II3MeHeHIIe TeMneparypbl, JJ.06aaneHIIe COJIII unn r11Apoqio6HhIX MOJieKyn ITplIBOJJ.llT K 

JJ.paMaT1I1IeCKIIM H3MeHeHllllM B q>a30BbIX J].HarpaMMax. KpoMe 3TOro, HeHOHHhle 

cypq>aKTaHThl II anKaHhl MOryT o6naJJ.aTh II 6nonor1I11eCKHMH CBOH.CTBaMII: 

aHTIIMIIKp06HOH., aHTHq>OTOCIIHTe3IIpyIOmeil., lil\lMYH0MOJJ.ynnpyIOmeii aKTHBHOCTllMII 

H aHeCTeTl111eCKIIMII CBOHCTBaMII, KOTOphle, KaK ITpeJJ.nonaraeTCll, ITOl!BJilllOTCll OT HX 

CITeU,Hq>l111eCKOro B3aHMOJ].eH.CTBllll C KOMilOHeHTaMH 61IOJIOr1I11eCKHX MeM6paH (B 

BIIAe yMeHhIIIemui/yaen1I11eHllll r11Apoqio6Hoii TOJIIll,HHhl 6IICJIOll, B3MeHeHllll 

rIIApaTaU,IIII ITOBepXHOCTII MeM6paH II CITel.l,llq>H1IeCKOro CBll3hIBamrn cypq>aKTaHTOB C 

qiparMeHTaMII l\teM6paHHhIX 6enKoB). 

ITplI peIIIeHIIH PllJJ.a KnI011eBblX ITpo6neM, TaKHX KaK JIOKaJIII3aU,llll BOJJ.hl B 

MeM6paHe, C'fPYKTYPHhie ITapaMeT{)hl MeM6paH, IICITOJib3yIOTCll MOJ].eJibHhie 

nIITIIIAHhle CHCTeMbl (MYJibTIICJIOHHhie JIHITOCOMhl II OJJ.HOCJIOHHhie Be3IIKYJibI). ITpII 
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3TOM ,!J)UI lfX lf3)"leHmI npIIMeIDUOTCJI MeTOJJ:hl pacceJIHIIH lf3JI)"leHIIH Ha Bemecrne If 

npe,KJJ:e Bcero pacceJIHlfe HeiiTpoHOB II peHTreHOBCKlfX nyqeu. 3TH MeTOJJ:hl 

n03BOJIJIIOT onpeJJ:eJIJITh crpyKrypHh!e napaMerpbl JIIInUJJ:HOrO 6IICJIOJI: ero TOJIIUIIHY, 

KOJIWieCTBO MOJieKyn BOJJ:hl, HaXOJJ:JIIUeHCJI Me,KJJ:y 6IICJIOJIMlf, IlJIOJUaJJ:h II JJ:P­

CneJJ:yeT nOJJ:11epKttyTh, OJJ:HaKo, 11TO cymeCTBYJOIUlfe MeTOJJ:hl onpeJJ:eJieHIIH 

napaMerpOB 6IICJIOJI HeJJ:OCTaT011HO COBepmeHHhl. 11 3TO npe,KJJ:e Bcero OTHOClfTCJI K 

MeM6paHaM B lf36hITKe BOJJ:hl, Half60Jiee qmJIIOJIOrWieCKlf aJJ:eKBaTHhlM ycnoBIIHM JJ:JIJI 

6IIOMeM6paH. O6ycJIOBJieHO 3TO TeM, 11TO, Bo-nepBhIX, B PJIJJ:e MOJJ:eJiett lfCnOJih3yeTCJI 

npeJJ:nOJIO,KeHIIe, 11TO BOJJ:a He npOHIIKaeT B nonJipHYJO (rUJJ:pOq>lfJihHYJO) o6JiaCTh 

6IICJIOJI If, B0-BTOphIX, He )"llfThIBaeTCJI TOT q>aKT, 11TO B MYJihTlfCJIOHHhIX JIIInUJJ:HhlX 

ClfCTeMaX He BCJI BOJJ:a HaXOJJ:lfTCJI Me)Key 6IICJIOJIMlf, a 11aCTh ee CKailJIIIBaeTCJI BO BHe 

JilfnOCOMHOro npocrpaHCTBa - B JJ:eq>eKTax (pIIc.l ). 8 pe3yJihTaTe JIIITeparypHbie 

JJ:aHHhie OKa3bIBaIOTCJI JJ:OCTaT011HO npOTlfBope1IIIBh!Mlf. HanpIIMep, 11lfCJIO MOJieKyn 

BOJJ:hl Ha OJJ:HY JilfnUJJ:HYJO MOJieKyJiy JJ:lfnaJihMlfTOlfJiq>Ocq>aTUJJ:lfJIXOJilfHa 0:J;II<l>X) B 

ll~(l(I 

,KUJJ:KOH q>a3e BapbIIpyeTCJI OT 23 JJ:O 38 [I] no JJ:aHHhIM, 

npIIBeJJ:eHHhlMlf pa3Hh!Mlf aBTOpaMlf. 

PucyuoK 1. /J,e<jJeKmbl B eoiJHoii My11bmuc11oiiHoii 11unuiJHoii 
iJucnepcuu [2]. 

Il03TOMy, KpaiiHe aKryaJihHhlM JIBJIJieTCJI pa3BlfTlfe 

HOBhIX nOJJ:XOJJ:OB, CBJI3aHHhIX KaK C npIIroTOBJieHIIeM 

o6pa3QOB, TaK If C ycoBepmeHCTBOBaHIIeM 

3KcnepIIMeHTaJihHhlX If TeopeTWieCKlfX MeTOJJ:OB 

lfCCJieJJ:OBaHIIH JilfnUJJ:HhIX 6IICJIOeB, KOTOpbie n03B0JllfJIIf 6hl HaJJ:e,KHO onpeJJ:eJIIITh 

crpyKrypHhie napaMerphl MeM6paH B lf36hITKe BOJJ:hl II ClfCTeMaTWieCKlf ycTaHOBlfTh 

lfX JaBIIClfMOCTh OT XlfMWieCKOH CTPYKTYPhl JilfnUJJ:HhIX MOJieKyJI. 

u;enh pa6oTbl. Pa6oTa HanpaBJieHa Ha lf3)"leHIIe BJIIIHHIIH XlfMlf11eCKOrO 

crpoeHIIH JIIInUJJ:OB Ha CTPYKTYPY II CBOiicrna 6IIcnoJI. Eonhmoe BHIIMaHIIe B pa6oTe 

yJJ:eJieHo CBJI3hIBaHlfIO BOJJ:hI c 6IIcnoeM II ee BJIIIHHlfIO Ha CTPYKTYPY MeM6paH. KpoMe 

lfCCJieJJ:OBaHIIH CTPYKTYP 6IICJIOJI, COCTOJIIUIIX lf3 XlfMlf11eCKlf pa3Jilf11Hh!X 

qJOCqJOJIIInUJJ:OB, lf3)"laJIIICh lf3MeHeHIIH CBOHCTB JilfnUJJ:HOro 6IICJIOJI, 

IIHJJ:YQIIpOBaHHhie JJ:06aBJieHIIeM K q>ocq>OJIIInUJJ:HOH ClfCTeMe HelfOHHh!X 

cypq>aKTaHTOB If yrneBOJJ:OPOJJ:OB (JJ:eKaHa). 

BhIIlOJIHeHIIe nocTaBJieHHhIX 3aJJ:a11 norpe60BaJIO pa3pa6oTKlf II 

ycoBepmeHCTBOBaHIIH MeTOJJ:OB IICCJieJJ:OBaHIIH. 8 11aCTHOCTII, npIIMeHeHIIH HOBhIX 

nOJJ:XOJJ:OB K o6pa60TKe 3KCnepIIMeHTaJihHhIX JJ:aHHhIX If HOBhie cnoco6bi 

npIIrOTOBJieHIIH JilfnIIJJ:HhlX o6pa3QOB: MYJihTlfCJIOHHhIX JIIInOCOM If OJJ:lfH011HhIX 

Be3IIKyn. 

HayquaH HOBH3Ha pa60Tbl, 

I) Pa3pa6oTaHhl HOBhie MeTOJJ:lfKlf npliroTOBJieHIIH Bh!COKO optteHTHpOBaHHhIX 

JIHnUJJ:HhlX MyJihTHCJIOHHhlX o6pa3QOB JJ:JIJI HCCJieJJ:oBaHHH C nOMOJUhlO JJ:Hq>paKQHH 
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HeiirpOHOB H peHTreHOBCKlfX nyqei1, a TaK,Ke OJJ:HH011Hh!X JIIInUJJ:HhIX 6HCJIOHHhIX 

Be3HKYJI JJ:JIJI HCCJieJJ:OBaHnii C noMOIUhIO MaJioyrnoBoro pacceJIHHJI HettrpOHOB. 

2) EhIJilf npnMeHeHhl HOBhie nOJJ:XOJJ:hl K onpeJJ:eJieHlfIO napaMerpoB nnnnJJ:HOro 

6ncJIOJI c )"leTOM npOHHKHOBeHIIH BOJJ:hl B rIIJJ:pOqJlfJihHYJO o6naCTh MeM6paH c 

nOMOIUhIO MaJioyrnoBoro pacceJIHIIH HettrpOHOB Ha OJJ:HH011Hh!X nn_nUJJ:HhlX 

Be3nKynax C ncnoJih30BaHHeM MeTOJJ:a BapnaQHH KOHrpacTa II JJ:eiiTepnii-Me11eHHhIX 

MeTOK B JIHnUJJ:HOM 6ncnoe: a) MeTOJJ: pac11eTa IlJIOTHOCTH pacceJIHlfH 6nCJIOJI C 

noMOIUhIO cq>epWieCKHX 060JI01IeK; 6) MeTOJJ: cryneH1IaThIX q>yHKQHH MJI onncaHHJI 

IlJIOTHOCTH pacceJIHIIH JJ:ByxKoMnoHeHTHOro mmn,n/cypq>aKTaHTHOro 6ncJIOJI. 

3) BnepBhie npnMeHeH MeTOJJ: aHaJIII3a HapymeHntt nepBoro n BTOporo poJJ:a B 

nnnUJJ:HhIX MYJihTHCJIOJIX C ncnOJih30BaHneM JJ:eiiTepnii-Me11eHHhIX q>parMeHTOB 

nnnUJJ:HOro 6ncJIOJI n JJ:aHHhIX aJJ:COp6Qnn BOJJ:hl nnnUJJ:HhIMH MYJihTHCJIOJIMH. 

4) IlpnMeHeH HOBhIH nOJJ:XOJJ: K nonyqeHlfIO aJJ:cop6QHOHHhIX H30TepM BOJJ:hl 

JilfnIIJJ:HhIMH MYJihTHCJIOJIMH B_3aBHClfMOCTH OT JaJJ:aHHoro OCMOTWieCKOro JJ:aBJieHIIH 

BOJJ:JIHhIX napoB, C ncnOJih30BaHneM B Ka11eCTBe o6pa3Qa CTOnKH CTeKOJI, C 

HaHeCeHHhIMH Ha HlfX opneHTIIpOBaHHh!Mlf MYJihTHCJIOJIMH. HOBhlll nOJJ:XOJJ: K 

npnroTOBJieHlfIO o6pa3QOB n03BOJIJieT cymecrneHHO CHH3HTh KOJIWieCTBO JJ:eq>eKTOB B 

CHCTeMe nnnn.n/BOJJ:a tt m6e,KaTh KOHJJ:eHcaQIIII napoB BOJJ:hl npII Bh!COKIIX 

BJia,KHOCTJIX. 

11cnoJih30BaHIIe 3TlfX MeTOJJ:0B B pa6oTe n03BOJilfJIO nonyqIITh PJIJJ: 

npIIHQIInHaJihHO HOBhIX pe3yJihTaTOB, KacaIOIUifXCJI CTPYKTYPhl JIIInUJJ:HOro 6IICJIOJI. 

5) EhIJIO noKa3aHO, 11TO HaJIH1IIIe HeHaChIIUeHHOH ,KHpHOH KIICJIOThl B noJIO,KeHlm 

sn-2 n naChIIUeHHOH KIICJIOThl B nOJIO)KeHIIII sn-1 q>ocq>aTIIJJ:lfJIXOJIIIHa yBeJIWIIIBaeT 

creneHh rIIJJ:paTaQIIH nOJIJipHoro q>parMeHTa nnnIIJJ:OB B COCTaBe 6IICJIOJI II yron 

HaKJIOHa nonJipHOH roJIOBhl K IlJIOCKOCTII 6IICJIOJI no cpaBHeHlfIO c 

q>ocq>aTIIJJ:lfJIXOJIHHaMII, y KOTOphIX B noJIO,KeHIIHX sn-1 II sn-2 naXOJJ:JITCJI o6e 

naChIJUeHHhie lfJilf HeHaChIJUeHHhle ,KHpHhie KIICJIOThl. Ilpn 3TOM rUJJ:poq>o6Hbie 

TOJIIUIIHhl BCex nepe11IICJieHHhIX JIIInIIJJ:OB B ,KIIJJ:KOH q>aJe COBnaJJ:aIOT. 

6) y cram'mneHO, 11TO Kap60HHJihHhie rpynnhI B crpyKrype qJOCqJOJIHnUJJ:OB BHOCJIT 

3Ha11IITeJihHhlH BKJiaJJ: B BeJIWIIIHY JJ:IInOJihHOrO noTeHQHaJia MeM6paHbI (34%). 
Ha1I60JihIIIIIH BKJiaJJ: BH0CIIT Kap60HlfJihHaJI rpynna aQlfJihHOrO OCTaTKa, 

HaXOJJ:lIIUerocJI B nOJIO,KeHHH sn-1. 
7) Ehmo npoJJ:eMOHCTPIIPOBaHo, 11TO JJ:o6aBneHIIe K JIIInUJJ:HOMY 6ucno10 

HeHOHHhlX . cypq>aKTaHTOB II yrneBOJJ:OpOJJ:OB (JJ:eKaHa) npHBOJJ:IIT K 3q>q>eKTaM 

H3MeHeHIIH rUJJ:paTaQHII noBepXHOCTH MeM6paH II TOJIJUIIHhl rIIJJ:pOq>o6Hoii o6naCTH 

JIHnIIJJ:HOro 6nCJIOlI B JaBIIClfMOCTH OT pa3MepoB nOJIJipHOH rOJIOBhl cypq>aKTaHTa. 

IlpoBeJJ:eHHaJI JJ:HCcepTaQHOHHall pa6oTa npoJJ:eMOHCTPHPOBaJia HOBhie 

B03MO)KHOCTH HanpaBJiennoro perynlipOBaHIIH TOJIJUHHhl 6ncJIOJI, CTenenn ero 

rIIJJ:paTaQIIH n BeJIWIIIHhl JJ:HnOJihHOro noTeHQHaJia MeM6pan. 

IIpa1cruqecKaH QeHHOCTb pa60Tbl, IlonyqeHhI JJ:aHHhie no JJ:HnOJihHhlM 

noTeHQHaJiaM If YT011HeHHhIM napaMerpaM JIHnUJJ:HOro 61ICJIOJI ( C )"leTOM 

npOHlfKHOBeHIIH BOJJ:hl B rUJJ:pOqJlfJihHYJO o6JiaCTh 6nCJIOlI), COCTOlIIUero H3 

5 



6HOJIOrWieCKH Ba:)KHblX qiocq>aTlI,11.lIJIXOJIHHOB C16, I-fayqeHo BJIIUIHHe pa3JIWIHblX 

HenoHHblX cypq>aKTaHTOB u yrneBO.II.OPO.II.OB (.II.eKaHa) Ha CTPYKTYPY 

q>OCq>OJIHnlI,11.HOro 6ncJIOH. IloJI)'1IeHHbie ,ll.aHHbJe MOryT npe,ll.CTaBJIHTb llHTepec npn 

MO,ll.eJinpoBaHllll CBOttCTB npHpO.II.HblX MeM6paH II MOryT 6b!Tb IICnOJib30BaHbl .II.ml 

aHaJill3a Me)l(MeM6paHHblX B3allMO,ll.ettCTBIItt. Pa3pa60TaHHbie MeTO,ll.IIKH 

npe,ll.CTaBJIIDOT llHTepec )lJIH IICCJie,ll.OBaHIIH npo6JieM, CBH3aHHblX C pOJibIO BO.II.bl B 

HCKyccTBeHHblX u 6IIOJIOrIIqecKlIX MeM6paHax. 

Anpo6a1urn pa60Tbl. OcHOBHbJe nOJIO)KeHIIH pa60Tbl H ee OT,ll.eJibHble 

pe3yJibTaTbl .II.OKJia,ll.b!BaJIIICb Ha Me)K,ll.yHapo,ll.HOM ceMimape no HCCJie,ll.OBaHIIIO 

6HOJIOfllqecKIIX II JillnlI,11.HblX MeM6paH (,D;y6Ha, Matt 1991, 1992); Me)K,ll.yHapo,ll.HOM 

CIIMnoJeyMe no MeM6paHaM (CaKJie, 23-26 anpeJIH 1993); 11 CIIMnoJeyMe 

"Surfactants in Solutions" (l1epycaJIHM, IIIOHb 1996); ceccIIH noJib30BareJiett 

peaKrnpa B HMI HHCTIIryTe (EepJIIIH, Matt 1994); ceMIIHap B yHIIBepcIITeTe r. 

Jlettnuura ( OKrn6pb 1994); ceMIIHap B HHCTlI'fYTe Jlay3 JlaH,KeBeHa (fpeH06Jib, 

OKrn6pb 1996); COBelllaHHe noJib30BaTeJiett peaKTOpa MEP-2 (IIIOHb 2002); 12 

Me)K,ll.yHapo,ll.HaH KOHq>epeHUIIH no m6paHHblM BOnpocaM COBpeMeHHOtt q>ll3HKH 

(,n;y6Ha, lIIOHb 2003). 

Ily6m1Kauu11. Ilo MaTepuanaM .II.IICCepTaUlill ony6JIHKOBaHO 7 pa6oT. 

CTpyKTypa II o6beM .II.HccepTaUHH. Pa6oTa cocT0IIT II3 BBe.II.eHIIH, 5 rnaB, 

3aKJiroqeHIIH H CnIICKa UHTIIpyeMOtt JIHTepaTYPbI, O6beM .II.HCcepTaUHII COCTaBJIHeT 

130 MaIIIHHOnHCHoro TeKCTa, BKJIIOqa11 46 pucyHKOB, 11 Ta6JIHU II 128 

6u6JIHOrpaqiuqecKlIX CCblJIOK. 

OCHOBHOE CO,D;EP)l(AHI1E PAEOTbl 

Bee rnaBbl .II.HCCepTaUHH o6be,ll.IIHeHbl 061I1ett ueJibIO IlOHHTb KaK XHMWieCKHe 

MO.II.Hq>HKaUHH JIHillI,11.HblX MOJieKyJI BJIIIHIOT Ha CTPYKTYPY II CBOttCTBa MeM6paH. 

Bo BBe,ll.eHirn IlOKa3aHa aKryaJibHOCTb IICCJie.II.yeMOtt TeMbl, nepequcJieHbl 

OCHOBHbie npo6JieMbl, CTOHIIIHe B ,ll.aHHOtt o6JiaCTH, cqiopMyJIIIpOBaHbl ueJIH u 

rnaBHbie lI,11.eH pa60Tbl, a TaK)Ke KpaTKO OilIICaHa CTPYKTYPa .II.IICCepTaUIIII. 

B nepsott rnase npIIBe.II.eH JIHTeparypHbitt ofoop, nocBHllleHHbitt CTPYKTYPe u 

OCHOBHblM CBOttCTBaM 6HOJIOrWieCKlIX u JIHillI,11.HblX MeM6paH. KpoMe TOro, 

npHBe,ll.eH aHaJIII3 JIIITepaTYPHblX ,ll.aHHbIX OTHOCHllllIXCH K 3a,ll.aqaM, HBJIHIOIIIHMIICH 

npe,ll.MeTOM .II.IICCepTaUHH: BJIIIHHHIO CJIO)KH03q>IIpHblX H ,ll.BOttHblX CBH3ett, 

HaXO.II.HllllIXCH B yrneBO.II.OPO.II.HbIX uenHX JIHnlI,11.a, Ha CTPYKTYPY n cBottcrna 6ncJI011; 

ll3MeHeHIIIO CBOttCTB MeM6paH npII .II.06aBJieHIIII HeHOHHblX cypq>aKTaHTOB H 

yrneBO.II.OpO,ll.OB (.II.eKaHa). 

BTopaH rJiaBa COCTOHT H3 onucaHIIH MaTepHaJIOB II MeTO,ll.OB, IICilOJib30BaHHbIX B 

HaCTOHlllett pa6oTe. PaccMOTPeHbl TeopeTWieCKHe OCHOBbl MeTO,ll.OB pacceHHIIH 
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HettTPOHOB H peHTreHOBCKlIX JI)'1Iett, BKJIIOqaIOllllIX ,ll,IIq>paKUHIO H MaJIOyrJIOBOe 

pacceHHHe. 

IlpHBe,ll.eHbl cnoco6bI npHroTOBJieHIIH o6pa3UOB (Bb!COKO opuemupoBaHHbie 

JIHnlI,11.HbJe MYJibTHCJIOH H 0,ll.HHOqm,Je 6HCJIOttHbJe JIIIIllI,11.HbJe Be3IIKYJibl B pacrnope). 

CneuIIaJibHOe BHIIMaHHe y.II.eJieHO pa3BHTIIIO MeTO,ll.HKe npIIrOTOBJieHIIH 

opHeHTIIpOBaHHblX o6pa3UOB MH .II.Hq>paKUHII HettTPOHOB H pemreHOBCKlIX Jiyqett, a 

TaK)Ke ,ll.JIH npoBe,ll.eHIIH )KCnepnMeHTOB no a)lcop6unu BO.II.bl B BO,ll.HHblX napax c 

KOHTPOJIHpyeMbIM OCMOTWieCKHM ,ll.aBJieHneM. l1cnOJib30BaHIIe opHeHTHpOBaHHblX 

o6pa3UOB Il03BOJIHeT cyllleCTBeHHO yMeHbIIIHTb K0JIWieCTBO MOJieKyJI BO.II.bl, 

HaXO,ll.HllllIXCH BHe JIIIIlOCOMHOro npOCTPaHCTBa, B ,ll.eq>eKTaX, H, CJie,ll.OBaTeJibH0, 

6oJiee rnqHo onpe.II.eJIHTb rlI,11.paTaUIIIO caMux MeM6paH. 

IlpuBe.II.eHbl HOBbie TeopeTWieCKue MO.II.eJIII MH onpe.II.eJieHIIH CTPYKTYPHbIX 

napaMeTPOB JIIIIllI,11.HOrO 6nCJIOH MeM6paH B ll36bITKe BO.II.bl c yqeTOM npOHIIKHOBeHIIH 

BO.II.bl B 6HCJI0tt c IlOMOlllbIO MeTO,ll.a MaJioyrnoBoro pacceHHIIH HettTPOHOB c 

IICilOJib30BaHHeM BapIIaUIIH KOHTPaCTa: a) TPexo6oJioqeqHaH cqiepWieCKaH MO,ll.eJib 

MH UJIOTHOCTH pacceHHIIH Be3HKyJI; 6) cryneffqaTaH q>yHKUIIH pacnpe,ll.eJieHIIH 

IlJIOTHOCTH pacceHHIIH 6IICJIOH ,ll.JIH aHaJill3a ,ll.aHHblX B npII6JIH)KeHHH KpaTKu-Ilopo,ll.a 

MH pacceHHIIH OT UJIOCKlIX qacTIIU. 

Ilpe,ll.CTaBJieHbl KpaTKHe xapaKTepHCTIIKH u cxeMbl ycTaHOBOK, Ha KOTOpblX 6bIJIII 

npoBe,ll.eHbl OCHOBHble )KCnepIIMeHTbl. 

TpeTbH rJiaBa nOCBHllleHa cpaBHHTeJibHOMY HCCJie,ll.OBaHIIIO CTPYK'fYpbl H CBOttCTB 

JIHnlI,11.HblX MeM6paH, COCTOHllllIX lI3 qiocqiaTlI,11.lIJIXOJIHHOB C16, KOTOpbie OTJIHqaroTCH 

Me)Key co6ott HaJIIIqHeM lIJIII OTCYTCTBHeM Kap60HlIJibHblX rpynn B yrJieBO.II.OPO.II.HblX. 

uemx (pnc.2.): (I) .II.IIIlaJibMHTOlIJI-q>ocqiaTlI,11.HJIXOJIIIH (J{II<PX .II.Be C=O rpynnb1), 

(II) l-naJibMHTOHJI-2-reKca.II.eUlIJI-q>Ocq>aTlI,IJ.lIJIXOJIIIH (IJI'<PX C=O rpynna B sn-1 
uenu), (Ill) l-reKca.II.eUlIJI-2-naJibMHTOHJI-qiocqiaTlI,IJ.lIJIXOJIIIH (I'II<PX C=O rpynna B 

sn-2 uenII) n (IV) .II.IIreKca,u:eulIJI-q>ocqiaTlI,11.lIJIXOJIHH (/{I'<PX OTCYTCTBYfOT o6e 

Kap60HlIJibHble rpynllhl), a TaK)Ke, HCCJie,ll.OBaHIIIO JIHillI,11.HblX 6IICJIOeB H3 

q>OCq>OJIHillI,11.0B C16, CO,ll.ep)KallllIX O.II.HY HeHaCbillleHttyro uenb B IlOJIO)KeHHH sn-2: 
(V) l-reKca,u:eulIJI-2-oJieHJI-q>ocqiaTlI,ll.lIJIXOJIHH (I'O<PX C=O rpynna B sn-2 uenII) II 

(VI) l-naJibMHTOlIJI-2-oJielIJI-q>ocqiarn.II.IIJIXOJIHH (IJO<PX .II.Be C=O rpynnb1). ~eJib -

sn2 

sn1 

onpe,ll.eJieHne OTHOCHTeJibHOro BKJia,ll.a Kap6oHHJibHblX rpynn B 

IlOJIHbltt )JieKTPWieCKIItt ,ll.IIIlOJibHbltt IlOTeHUHaJI JIHillI,11.HOro 

6HCJIOH, opneHTaUHIO .II.HilOJibHblX MOMeHTOB OTHOCHTeJibHO 

UJIOCKOCTII MeM6paHbl, OCHOBHblX napaMeTPOB CTPYK'fYpbl 

JJc •180 6HCJIOH II pacnpe,ll.eJieHIIH BO.II.bl B rlI,11.pOq>lIJibHOtt o6JiaCTH 

MeM6paHbI. 

PucyHoK 2. MoJ1eK}'J1a ounGJ1bMumowu/JOcrjJamuoUJ1XoJ1uHa, µ, -
ounOJlbHblU MOMeHm Kap6oHUJlbHOU 2pynnbl, µp - ounOJlbHblU MOMeHm 

nOllRpHOU 20Jl06bl JlUnuoa. 

6HCJIOeB BblIIIe 

,ll;JIH onpe,ll.eJieHIIH ,ll.HilOJibHblX IlOTeHUHaJIOB II CTPYKTYPbl 

nepeqncJieHHblX JIHillI,11.0B, npOBO,ll.lIJIHCb )KCnepIIMeHTbl Ha 
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MOHOCJIO.!IX C IICnOJlb30BaHIIeM JleHrMIOp-EJIO)],)KeTI BeCOB no II3MepeHIIIO ll30TepM 

)].aBJ1eHIIe-nnorna)].h (n-A) II :meKTPIItleCKIIii )].IInOJlhHhiii noTeHIIIIan - nnorna)].h (L1V­
A), II JKcnepIIMeHTbl C nOMOI.llhlO )].mppaKI.UIII HeiiTPOHOB II peHTreHOBCKIIX Jl)"Ieii, 

ManoyrnoBoro pacce.srHII.sI HeiiTPOHOB Ha MYJlbTIICJIOHHbIX JIIInOCOMaX II 0)1,IIHO'IHhlX 

Be3IIKyJlaX,COOTBeTCTBeHHO. 

113 JKcnepIIMeHTOB Ha JIIInMHbIX MOHOCJIO.!IX B reJlh qJa3e (pIIc.3.) 6bIJIO 

noJl)"IeHO, 'ITO HanII'IIIe C=O B sn-1 yrneBO)].OpO)].HOH 11enII cyrnecTBeHHO BJIII.sieT Ha 

JlaTepanbHbie B3aIIMO)],eiicTBII.sI B 6IICJIOe: no.srBmieTC.11 )].OnOJIHIITeJlbHOe 

OTianKIIBaHIIe Me)l(Ay JIIInMHbIMII MOJleKyJlaMII B nnocKOCTII MeM6paHhl, TaK npII 

ttanIItlIIII C=O B sn-1 (I II II) MIIHIIManhtta.sr nnorna)].h, npIIXO)]..sII.1Ia.src.sr Ha JIIInM 

paBHa A=43A2, npII ee OTCYTCTBIIII (III II IV) nnorna)].h cocTaBJIHeT A=38A2
• 

BKna)], o6eIIX Kap60HlIJibHblX rpynn COCTaBJl.sieT BeJIIItlIItty OKOJIO 34% OT nOJIHOfO 

)],IInOJlbHOro noTeHIIIIana JIIInMa, cpe)].Hee 3Ha'IeHIIe )],IInOJlbHOro noTeHIIIIana C=O 

10-,-------------

60 

so 

--,[III<!>X 
------- Ilf<!>X 

········ fIT<!>X 
--,[lf<!>X 

~ 40 

rpynnbI B noJIO)KeHIIII sn-1 )],aeT 135±15 
mV II )].JI.II no3IIIIIIII sn-2 - 65±15 mV. 
YrnhI HaKnoHa o6eIIX Kap60HlIJibHhlX 

rpynn K nnOCKOCTII 6IICJIO.!I COCTaBJl.sIIOT 

-14°-20°. 

E 
~- 30 PncyuoK 3. (n-A) u (L1V-A) u3omepMbl u 

O!lfl llUnuOHblX MOHOC!loe6 u3 Jf.Il<J>X (-), 
III'<l>X (----), I'Il<J>X (') u Jf.I'<J>X (-· -· ). 

> 

20 

10 

700-t--~-,-.1........:.:..-,--..-:."'--,=-.-~~--.J 

600 

....... ~----~---- .... 
500 

590mV 

540mV 

470 mV 

3KcnepJ1MeHThI, 

)].JlqJpaKIIJIII 

C nOMOI.llhlO 

Heii:TPottoB JI 

peHTreHOBCKIIX Jl)"Ieii, a TaK)Ke 

E 400 ~-----~;~_~::::··-~--~~ 

ManoyrnoBoro pacce.srttII.sr HeiiTPOHOB, 

noKa3anJI, 'ITO CTPYKTYPHhre napaMeTPhI 

6J1CJIOeB OTHOCHTeJlbHO Mano 
-;5 
<I 300 '·,.:·-.. _ pa3JIIItlaIOTC.!I npII HanIItlIIJI IIJIII 

200 

100 

,i 
20 

-.... ~ 

::::.:.-.: ~i:~ ~-·-~--,,,\~.\ 
··---·- ,[lf<!>X ·,<~'. 

40 60 80 100 120 

A,A
2 

"' 

OTCYTCTBJIJI C=O rpynn B 

yrneBO)].OpO)].HbIX 11en.srx 

qJOCqJOJIJlnMOB. bbinJI Hall,U,e
0

Hbl 

cJ1e)].ylOI.1IIIe pa3JIIItlII.sI B napaMeTPax 

JIJlnMHblX CJIOeB: rMp0qJ06Ha.sr 

TOJII.IIJIHa MOHOCJI0.11 IlpII OTCYTCTBJIJI 

Kap60HlIJibHOH rpynllhI B sn-1 11enII 

yBeJIIItlIIBaeTc.sr Ha l .5-2A; qJa30Bhiii nepexo.r1 ll3 reJ1h B )KMKYIO qJa3y YBeJIIItlIIBaeTC.sr 

Ha 3°C npJI OTCYTCTBJIII Kap6oHIInbHOH rpynllhl B sn-1 11enJ1. 

bbinO noKa3aHO, 'ITO pa3JIIItllI.!I napaMeTPOB 6IICJIOeB B reJlh qJa3e onpe)].eJl.sIIOTC.11 

3a c<IeT 60J1ee nnoTHOii: ynaKOBKII sn-1 anKIInhHhIX mmMOB (III JI IV) B nnocKocrn 

MeM6paHbl. B )KMKOH q1a3e JTJI pa3JIIItllI.!I )].n.11 HaCbII.lleHHblX JI HeHaCbII.lleHHbIX 
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JIIInMOB He o6Hapy)KeHhl. 3TJI )],aHHbie HaXO)].HTC.11 B xoporneM cornaCIIII c 

pe3yJlhTaTaMII ..HMP J1ccJ1e)],0BaHJ1ii [3]. 

OcHOBHblC pelyJihT3Tbl TpCTbCU rJiaBbI: 

1) TioKa3aHO 3Ha'IIITeJlbHOe yBeJIJl'IeHJle )].IInOJibHOro noreu11J1ana B aU,lIJihHbIX 

JIIInMaX no cpaBHeHIIIO C anKlIJihHbIMII. fipJI JTOM XJIMIItleCKIIe pa3JIIItllI.!I JIIInMOB 

OTHOCIITeJlhHO Mano BJllI.!IIOT Ha TaKJle CTPYKTYPHbie napaMeTPhl JIJlnMHOfO 6IICJIO.!I 

KaK nnorna)].h J1 rMparnu.IIIO JIIInMHbIX MOJleKyJI, TOJII.IIIIHY 6IICJIO.!I J1 BO)].HYIO 

npocnoiiKy Me)K)].y MeM6paHaMII. 

2) BKJla)], Kap60HIIJlhHOH rpynnhI B sn-1 u.enJI (135mV) 3aMeTHO npeBOCXO)],JIT 

BKna)], Kap6oHIInbHOH rpynnhI B nOJIO)KeHIIII sn-2 (65mV). 3TO 06ycJ10BJ1eHO TeM, 'ITO 

Kap60HlIJibHa.sr rpynna B COCTaBe yrJ1eBO)].OpO)].HOii u.enJI B noJIO)KeHJIJI sn-1 60J1ee 

rny6oKO norpy)KeHa B yrJleBO)].OpO)].HYIO 06J1aCTb 6IICJIO.!I ()].JIJJleKTPIItleCKa.11 

KOHCTaHTa E-2-3), ee OKpy)Keime Mettee noJ1.srpHO no cpaBHeHIIIO c OKpy)KeHJleM 

Kap6oHIIJibHOH rpynnoii B nOJIO)KeHJIJI sn-2 (E-8) 11enJ1 II 06J1aCTblO noJ1.srpHbIX fOJIOB 

(E-30). 113 JTOro MO)KHO 3aKnIO'IJITh, 'ITO OCTaTOK )KJlpHOH KJICJIOTbl B nOJIO)KeHIIJI 

sn-1 .!IBJl.sieTC.11 OCHOBHhIM JJleMeHTOM rMpoq106uoii CTPYKTYPhl qJOCqJOJIIlnMOB, 

KOTOpbIH KOHTPOJIIIpyeT BeJIIItliltty )].JlnOJlbHOro noTeHIIIlana MeM6paHbl. 

B qeTeepToii rJiaBe npoBe)].eHo ll3Y'JeHile napaMeTPOB J1J1nMHhIX 6I1cJ10eB 

CqJOpMI1pOBaHHhIX ll3 qJOCqJaTMHJIXOJIIIHOB C pa3HOH CTeneHhlO. HeHaChII.lleHHOCTH 

yrneBO)].opo)].HhIX 11enei1. H3Y'JeHhI 6I1cJ10II m cJ1e)].ylOI.1IIIX coe)].IIHeuIIii: (VII) l -
llaJlbMUmoUJ1-2-oJ1eUJ1-rjJocrpamuoUJ1xonuH ()].BOiiHa.sr CH=CH CBH3h B sn-2 
noJIO)KeHIIII), (VIII) ouoJ1eUJ1-rjJocrpamuoUJ1xoJ1uH ()].BOHHhre CB.sIJII B sn-1 II sn-2 
11en.srx), (I) ounaJlbMumoUJ1-rjJocrpamuoUJ1xoJ1uH ()].BORHhie CBH3II OTCYTCTBYIOT, 

nOJIHOCTblO HaCbII.lleHHhie yrJ1eBO)].OpO)].Hbie u.enII). bhinII JICnOJlb30BaHhl MeTO)],bl 

ManoyrnoBoro, pacce.srHII.sI ueii:TPOHOB, )].IlqJpaKIIIIJI peHTreHOBCKIIX Jl)"Ieii: II 

a)],cop6u,IIII BO)],bl JIIlnMHblMII MYJlhTIICJIO.!IMII e BO)],.!IHblX napax. 

(l)CH2-0-R1 

I 
Rz-<>- <2ic11 o 

I II 

(I) .Ll,Il<l>X: R1=CO(CH2)uCHJ, R2=CO(CH,luCH3 
(VII) IlO<l>X: R1=CO(CH2)14Cll3, R2= CO(CH,l-,CH=CH(CH2),Cll3 
(VIII) )].O<l>X: R1= CO(CH2),CH=CH(CH2),CH3, R2= CO(CH,l-,CH=CH(CH2),CHJ 

(JJcn,-O-P- OCH2CH2 N·C(HJh 

I 
O" 

A.rlcop6u.IIOHHbie moTepMbI BO)].hI AA.II TIO<l>X (VII) II ,ll;O<l>X (VIII) 
opIIeHTIIpOBaHHbIX MYJlbTIICJIOeB B 3aBIICIIMOCTII OT )],aBJleHII.sI BO)],.!IHhlX napoe 

noKa3anII, 'ITO MaKCIIManbtta.sr rMpaTaIIII.sI )].JI.II 6J1cJ10ee m TIO<l>X cocrneJ1.sreT 16 u 

)],JI.II ,ll;O<l>X - 11 MOJleKyJI CB.!13aHHOii BO)],bl (pIIc.4.). 
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1a~--------------------, Pncy110K. 4. AiJcop6ZJUOHHb1e u3omepMbl 
600bl OJIR llO<PX u J(O<PX 16 

14 ■-■-·"-. 1=:=~~1 opueHmupo6aHHblX MYllbmUCJIOe6 6 

12 ..,...\ 

10 C·-·-·"-····-···-fo •.•• \. . ·, 

Z 8 '"'"'•··~ '-.,. 

3a6UCUMOCmu om OCMOmU'leCK020 iJa6JleHUR 
600RHblX napo6, 3aiJa6aeMblX HaCblU,eHHblMU 

pacm6opGMu co11eii u no11u3mu11eH2J1UKOJ1R. 

..... ,';::: 

"-\. 

0 "~,--

HecMOlpH Ha TO, 'ITO IIOJIHpHI,Ie 

roJIOBhl YKa3aHHbIX JIHIIHJJ,0B HMeIOT 

OJJ.ttHaKOBYIO XHMH'leCKYIO CTPYKTYPY, a 

KaK pa3 OTJIH'laIOTCH TOJihKO ClpYKTyphl 

yrneBoJJ,opOJJ.Hhrx uerreii <!JopMHPYIOIIIHX 
14 15 16 17 18 19 20 21 22 

rttJJ,po<!Jo6HYIO o6JiaCTh 6HCJIOH 

( COCTOHIIIHe H3 yrneBOJJ.OPOJJ.HhIX 
ln(P 

0
,,J, dyne/cm2 

XBOCTOB C OJJ,HOH H JJ.BYMH 

HeHaChIIIIeHHhIMH CBH3HMH, COOTBeTCTBeHHO) B 3KcrrepnMeHTe Ha6JIIOJJ,aeTCH pa3HaH 

rHJJ,paTaUHH HMeHHO IIOJIHpHhIX 

20~------------------------, 
<!JparMeHTOB JIHIIHJJ,a. 

15 ~ RH=98.5% & 
~"'''-■ --- )].O<!JX ■J\'" 

10 

~ 5 /\, on~x/\ 
PncyHOK 5. 311eKmpOHHble nJZOmHocmu 
J(O<PX u llO<PX 6uc11oe6 npu 
6J1a:J1CHocmu RH=98.5%. MaKCUMYMbl 
Ha KpU6oii 3/leKmpoHHoii n11omHocmu 
coom6emcm6y10m <jJoc<jJamHoii 2pynne 

P04, MUHUMYM - ZJeHmpy 6UCJIOR. 

~ 
§ 

~ ~ ~ ~ ~ 
6 -5 r 

-~) l~ 
~- ,,S," 

" ~ -10 '(~~ 1r 
'\. _.f C JJ.pyroii CTOpOHhl, cpaBHeHne 

3JieKlpOHHhIX IIJIOTHOCTeii 

pacceHHHH JJ.JIH IIO<I>X n .D:O<I>X 

-15 '¥' 

opneHTttpoBaHHhIX 6ttCJIOeB 
-20 +~-.-.-,~-.-~-,-~-.-.-,~-.-~-,-~-r-.-,-r---r""T""i 

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 

Paccrojlttffe OT uetrrpa 6ncnm1, A (pnc.5), · rronyqeHHhIX rrpn 

BJia)l(HOCTHX 6JIH3KHX K 100% C 

IIOMOIIIhIO JJ.tt<!JpaKQHH peHTreHOBCKHX nyqeii, IIOKa3aJIO, 'ITO ClpYKTyPhl 

rHJJ,poqio6HhIX yrneBOJJ.OPOJJ.HblX o6nacTeii 3THX JIHIIH.l],0B 6JIH3KH, TOrJJ,a KaK 

)JieKlpOHHhie IIJIOTHOCTH pacceHHHH rHJJ,pOqJHJihHhIX o6nacTeii 6HCJIOH cyIIIeCTBeHHO 

OTJIH'laIOTCH 3a C'leT H3MeHeHHH KOHqJOpMaunn IIOJIHpHbIX roJIOB H HX pa31IH'IHOH 

rHJJ,parnunn. Ilpn 3TOM rrpeJJ,eJihHbie IIJIOIIIaJJ.n IIO<I>X n .D:O<I>X JIHIIHJJ.HhIX MOJieKyJI 

B 6ncnoe JJ.OCTttraIOT 61.6A
2 

n 60A
2 

Ha OJJ.HY Moneeyny nnnHJJ,a rrpn 100% 

BJia)l(HOCTH, COOTBeTCTBeHHO . 

.ll:JIH orrpeJJ,eJieHHH napaMelpOB 6ttCJIOeB B H36hITKe B0.l],hl TaKHX KaK rrpeJJ,eJihHOe 

3Ha'leHne IIJIOIIIaJJ,n, TOJIIIIHHbl 6HCJIOH, pa3MepoB rHJJ.pOqJHJihHOH H rHJJ,poqio6Hoii 

o6nacTeii H KOJIH'leCTBO B0.l],hl B rHJJ.pO<IJHJibHOH o6JiaCTH JIHIIHJJ,0B 6bmn rrpoBeJJ,eHhI 

3KCIIepnMeHThl Ha JIHIIH.l],HhIX Be3HKyJiaX C IIOMOIIIhIO MaJIOyrJIOBOro pacceHHHH 

HeitrpOHOB. MoJJ,eJih .l],JlH pacqeTa TeopeTH'leCKOH HHTeHCHBHOCTH pacceHHHH OT 

IO 

)I 

I 
f 

l 
., 

OJJ.HHO'IHhIX 6ttCJIOHHhIX Be3HKYJI 6a3ttpOBaJiaCh Ha cxeMe pacceHHHH OT lpeXCJIOHHOH 

cqiepnqecKoii o6oJIO'IKH. IlepBhIH cnoii B 3TOH MOJJ,enn BKJIIOqaeT B ce6H 

rHJJ.pOqJHJihHYIO o6naCTh BHeurnero JIHIIH.l],HOro MOHOCJIOH, BTopoii COCTOHT m 
rHJJ,poqio6HOH o6JiaCTH JJ.Byx MOHOCJIOeB, lpeTHH - m IIOJIHpHOH o6JiaCTH 

BHYTPeHHero MOHOCJIOH. IlpOHHKHOBeHne B0.l],hl B rHJJ,pOqJHJihHYIO o6JiaCTh 6ttCJIOH 

yqttThIBaJIOCh C IIOMOIIIhIO 

JittHeiiHoii qJYHKUHH. 
100-J "\. 

I ,l10<1>X mn•ynw II Pe3yJihTaThl MOJJ,ennpoBaHHH 
----• IOO%A,O: 0%ff,O ripnBeJJ,eHhI Ha pnc.6. 
-+-- e 70 % A,O: 30 % H,O 
_._e50%A,O: 50%H,O 

Kpu6ble 
10 -J >... '\. ......... ..... I ~e33%A,O: 67%H,O Pncy110K 6. 

-+-e 0¾A,O: 100%H,O 
MGJZOy2JI06020 pacceRHUR 

C 

1~~~~ 
HeiimpOH06 om 6e3UK)'JI U3 E 

u 
J(O<PX 6 nRmu KOHmpacmax g 
/(2OIH2D C ux MO0eJlbHblMU 

0,1 i r,~ ~!L.\. I 
npeiJcma611eHURMU. 

bhlJIO IIOJIY'leHO, 'ITO 

rHJJ,poqio6Hhle TOJIIIIHHhl .l],JIH 
0.01 I I 1111 ~p;, 11 1 - "':"IM 1~&ill I I I 

MeM6paH Bcex lpeX JIHIIHJJ,OB 
0,01 0,1 

Q, A O.l],HHaKOBhl H COCTaBJIHIOT 

rropHJJ.Ka 23A. TorJJ,a KaK 

TOJIIIIHHhl rHJJ.po<IJHJihHhlX 

o6nacTeii MOHocnoeB pa3JIH'IHhI n cocrnBJIHIOT: JJ,JIH .D:II<I>X n · .D:O<I>X I IA n JJ,JIH 

IIO<I>X-I3A. CoorneTcTBeHHO, KOJIH'leCTBO MOJieKyn BOJJ.hI, HaxoJJ,HIIIeiicH BHYTPH 

rronHpHoii o6nacTn nnrrHJJ,a, cocTaBJIHIOT: JJ.JIH .D:II<I>X-5, JJ,JIH .D:O<I>X-7 n JJ.JIH 

IIO<I>X-11. IlnoIIIaJJ.h, rrpHXOJJ.HIIIaHcH Ha OJJ.HY JIHIIHJJ.HYIO MOJieKyny B JIHIIHJJ.HOM 

6ncnoe, paBHa 62A2, 63A
2 

n 66A2 JJ,JIH .D:II<I>X, IIO<I>X n .D:O<I>X JIHIIHJJ.OB, 

COOTBeTCTBe~rno. Eonee IIOJJ.p06HO ClpyKTypHhie JJ,aHHhie rrpeJJ,CTaBJieHhl B Ta6JI. l. 

Ta6m11.1a 1. CmpyKmypHble napGMempbl oiJuHO'lHblX MeM6paH U3 J(O<PX, llO<PX (u3MepeHbl 
npu 25°C) u J(ll<PX (u3MepeHbl npu 50"C) 11unuiJ06. Th u Tc - moJZU,UHbl zuiJpo<jJUJZbHoii u 
zuiJpo<jJo6Hoii 0611acmeu 6uc110R, T - mo11zquHa 6uc110R,coom6emcm6eHHO. A u Nw -

iJ lb U 'lUCJIO M0JleK)IJI 600bl npuxooRU UXCR Ha O0HV JIUnU0HV/0 MOJleK)IJIV. 
JI11mtl( Th,A T,,A T,A A,A.2 Nw 't: 
)].O<l>X 11.1 + 0.2 23.6 + 0.4 45.8 + 0.5 66.0 + 2 7 + 0.5 3.5 
ITO<l>X 13.3 + 0.2 23.3 + 0.4 50.0 + 0.5 63.0 + 2 l l + 0.5 2.3 
)].IT<l>X 10.7 + 0.2 22.8 ± 0.4 44.2 + 0.5 62.0 + l 5 + 0.5 6 

TaKHM o6pa30M, BhIHBJieHa 3aBHCHMOCTh ClpYKTypHblX rrapaMelpOB 6ttCJIOH, 

cqiopMnpoBaHHhIX H3 JIHIIHJJ,OB, HMeIOIIIHX OJJ,tty H Ty )l(e IIOJIHPHYIO roJIOBY, HO 

OTJIH'laIOIIIHXCH B rHJJ,poqio6HOH o6nacTH no HaJIH'IHIO HJIH OTCYTCTBHIO .l],BOHHhIX 

cBH3eii (CH=CH) B yrneBoJJ,opoJJ.HhIX ueIIHx. IloKa3aHo, qrn KOH<IJopMaunn 

rronHpHhIX ronoB JJ,JIH .D:O<I>X n .D:II<l>X 6ncnoeB OJJ.HHaKOBhI, rnrJJ,a KaK JJ,JIH IIO<I>X 
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6IIcJIOR IIOJIRpHaR o6JiaCTb 6oJibIIIe Ha 2A, IIO-BII)J,IIMOMY, 3a cqeT II3MeHemrn 

KOH<pOpMaQIIII IIOJIHpHOH roJIOBbl, qTQ II BJIIIHeT Ha yBeJIIIqeHIIe KOJI~ecrna BO.Ubl B 

MeM6paHe. 3m coorneTcrnyeT yBeJI~emno yrna HaKJioHa IIOJIHpHoro <pparMeHTa K 

IIJIOCKOCTII 6IIcJioR. Pa3JI~IIe B co.nep)l<aHIIII BO.Ubl B 6IIcJioRx II3 ATI<I>X (5 MOJieKyJI) 

II AO<l>X (7 MOJieKyJI) IIpII o,nIIHaKoBoii KOH<popMaUIIH roJioB 06bRc1meTcR pa3Hoii 

IIJioma,nbIO, IIpIIXO,nRmeii Ha o.ney JIIIIIII)J,ttyIO MoJieKyJIY, MR ATI<I>X (62A2
) II 

AO<I>X (66A2). 
0CHOBHble pe3yJibT8Tbl qeTBepToii rJiaBbl, 

1) I1CIIOJib30BaHIIe opIIeHTIIpOBaHHblX JIIIIllI)J,HblX MYJibTIICJIOeB, 3a)l{aTblX Me)l{,ny 

CTeKJiaMII, B Ka11ecrne o6pa3QOB ,nJIH CHHTIIH a.ncop6UIIOHHblX Il30TepM B. BO,nHHblX 

IIapax, Il03BOJIIIJIO cymeCTBeHHO yMeHbIIIIITh KOJI~eCTBO BO.Ubl, Haxo,nRmeecR BHe 

JIIIIIOCOMHOro IIpOCTPaHCTBa (B .ne<peKTaX), m6e)l{aTb KOH,neHCaQIIII IIapoB BO.Ubl, II 

KaK CJie,nCTBIIe, ,nOCTOBepHO II3MepIITb KOJI~eCTBO MOJieKyJI BO.Ubl, cml3aHHOll. C 

IIoJIHpHoii roJioBoii JIIIIIII)J,Hoii MOJieeyJibI. 3m 16 MOJieKyJI BO.Ubl MR TIO<l>X u 11 
MOJieKyJI BO.Ubl ,nJIR AO<I>X JIIIIIII)J,OB. Ilo.nyqeHHble pe3yJibTaTbl Haxo,nRTCR B 

IIpeKpaCHOM COOTBeTCTBIIII C ,naHHbIMII 51MP UCCJie,noBaHIIll IIO II3MeHeHUIO 

KOH<popimQIIII roJIOBbl JIIIIJII)J,a B 3aBIICUMOCTII OT KOJI~ecrna BO.Ubl, .no6aBJIReMOll K 

JIIIIIII,nHblM MYJibTIICJIORM [4, 5]. 
2) I1CIIOJib30BaHIIe .nuqipaKQIIII peHTreHOBCKIIX .nyqeii Ha opIIeHTIIpOBaHHblX 

MYJibTIICJIORX B IIapax BO.Ubl II03BOJIIIJIO oIIpe,neJIIITb CTPYKTYPHbie IIapaMeTPbl 

TIO<l>X II AO<I>X 6IICJIOeB c BbICOKIIM pa3peIIIeHIIeM. IloKa3aHo, qrn rlI)J,poqio6Hble 

o6JiaCTII 6IICJIOeB 3TIIX. JIIIIIII)J,OB COBIIa,naIOT, TOr,na KaK KOH<pOpMaQIIII IIOJIRpHblX 

roJIOB cymecrneHHO pa3JI~aIOTCR. 

3) CTPYKTYPHble napaMeTPbI MeM6paH, cqiopMIIpoBaHHblX II3 JIHTIII)J,OB, IIMeIOIQIIX 

pa3ttyIO cTeneHb HeHaCblIQeHHOCTII yrneBo,nopo,nHbIX ueneii (ATI<I>X -0, TIO<l>X -1 II 

AO<I>X -2) B m6bITKe BO.Ubl 6b1m1 onpe,neJieHbl c IIOMOIQblO MaJioyrnoBoro 

pacceRHIIH HeHTPOHOB. IloKa3aHO, 'IT0 TOJIIQIIHbl rlI)J,poqio6HblX o6JiaCTeii 6IICJIOeB 

yKa3aHHblX JIIInlI)J,oB o,nirnaKOBbl II cocTaBJIHIOT 23A, Tor.na KaK rlI)J,pO<pIIJibHble 

o6JiacTII CIIJibHO orn~aIOTCR II cocTaBJIRIOT 1 lA .nJIH AO<I>X II ATI<I>X II 13A MR 

TIO<!> X 6ncJIOeB. y CTaHOBJieHO, qTQ IIpe,neJibHble 3HaqeHIIH IIJIOIQa,neii JIIInlI)J,OB B 

m6blTKe BO.Ubl (62A2
, 63A2 n 66A2

) II KOJI~ecrno MOJieKyJI BO.Ubl (5, 11 II 7), 
Haxo,nRmeil.cR B rlI)J,pO<pIIJibHOii o6JiacTII ATI<I>X, TIO<l>X II AO<l>X JIHnlI)J,oB, 

COOTBeTCTBeHHO. 

B pe3yJibTaTe IICCJie,noBaHIIH BJIIIHHIIH 3aBIICIIMOCTII napaMeTPOB JIIInlI)J,HblX 

6IICJIOeB, cqiopMIIpoBaHHblX H3 <pOC<pOJIIInlI)J,OB C pa3HOH CTeneHbIO 

HeHaCbIIQeHHOCTII yrneBo,nopo,nHblX ueneil., 6bIJIO TaK)l{e ycTaHOBJieHo, 'ITO 

cymecrnyeT HeMOHOTOHHaR 3aBIICIIMOCTh rlI)J,paTaQIIII OT qIICJia ,UBOHHblX CBR3eil.: 

MIIHIIMaJibHOU rlI)J,paTIIpOBaHHOCThIO o6Jia,naIOT MeM6paHbl, COCTORIQIIe m JIIInlI)J,OB 

c HaCblIQeHHblMII yrneBo,nopo,nHblMII OCTaTKaMII, 6oJiee rlI)J,paTIIpOBaHbl 6IICJIOH, 

cqiopMnpoBaHHble II3 JIIInlI)J,OB, o6Jia,naIOIQIIX no o,nHOll. ,UBOHHOll. CBR3H B Ka)l{,nOll. 
/ 

yrneBo,nopo,nHoil. uenn n, HaKoHeu, Han6oJibIIIeil. crerieHbIO rlI)J,paTaQIIII o6Jia,naIOT 

6IIcJion, cocToRmne II3 JIHnlI)J,OB, BKJII011a10mIIX B ce6R o.ney )l{IipttylO KHCJIOTY c 
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,UBOll.HOll. CBR3bIO B noJIO)KeHHII sn-2. I1MeHHO, JIHIIII)J,bl C TaKHM CTPOeHneM 

COCTaBJIRIOT OCHOBY npnpo,nHblX MeM6paH. TaKHM o6pa30M, MO)l{HO 3aKJIJOqIITb, 

CTPOeHne rlI)J,pO<p06Horo <pparMeHTa npnpo,nHblX <pOC<pOJIHnlI)J,OB TaKOBO, qTQ OHO 

o6ecneqnBaeT MaKCHMaJibttyIO rlI)J,paTaQUIO noBepxHOCTH 6nCJIOeB. 

IlnTaH rJiaBa BKJIIOqaeT B ce6R cpaBHIITeJibHOe myqeHIIe BJIIIRHIIH Ha CTPYKTYPY 

JIIIIIII)J,HOro 6IICJIOR HeIIOHHblX cyp<paKTaHTOB: (IX) .no,neQIIJIOBblX 3<pHpOB 

nOJIH3TIIJieHrJIIIKOJIR C12H2s(OCH2CH2)nOH (C12En n=2,4 II 6) II (X) N-.no.neunJI-N,N­

,nIIMeTIIJiaMIIHa C12H25N(CH3)i0 (AAAO), a TaK)l{e, HenOJIRpHoro coe,nnHeHIIH 

(yrneBo,nopo.na ) (XI) ,neKaHa Cuf122• B nepByIO oqepe,nb 6blJIO o6pameHo BHHMaHne 

Ha BJIIIHHIIe .no6aBOK Ha CTeneHb rn.npaTaQIIH 6IICJIOR II H3MeHeHne TOJIIQHHbl 6IICJIOJI. 

HaII6oJiee nOJIHO ( c nOMOIQbIO .nnqipaKQHII Hell.TPOHOB n peHTreHOBCKIIX .nyqeil:, 

MaJioyrnoBoro pacceRHIIH Hell.TPOHOB H a.ncop6unoHHblX II30TepM) 6bIJIH myqeHbl 

CMecn IIO<l>X/C12E 0 (n=2,4· II 6). 3KcnepI1MeHTbl no a,ncop6UI1I1 BO.Ubl 

MO,UII<pIIUilpOBaHHblMII CMecm.m noKa3aJIII, qTQ MR CMeIIIaHHbIX JIIlnn.n/cyp<paKTaHT 

CIICTeM IIpII MOJIRpHblX OTHOIIIeHIIHX 2: 1 o6maR rlI)J,paTaQIIR paBHa a.n,nIITIIBHOH 

CYMMe co6cTBeHHblX rlI)J,parnunil. JIIIIJII,na (16 MOJieKyJI BO.Ubl) II cypqiaKTaHTa (1 
MOJieKyJia BO.Ubl na OCH2CH2 rpynny), npII · cooTHOIIIeHIIII )Ke 1: 1 a.n,nIITHBHOCTb 

coxpaHHeTcR JIIIIIIb .no n=4 rlI)J,pO<pIIJibHblX 3BeHbeB cyp<paKTaHTa. IlpII n=6 II 8 
rn.npaTaQIIB CIICTeMbl yBeJII1qI1BaeTCR 11eJII1HeHHblM o6pa30M, TaK ,UJIR n=6 
rlI)J,paTaQIIH CTaHOBIITCR paBHOH 27 MOJieKyJI BO.Ubl BMeCTO a.n,nIITIIBHOll. cyMMbl 

paBHOll. 22 MOJieKyJI BO.Ubl II ,UJIH n=8 paBHa 33 MOJieKyJiaM H2O BMeCTO 24. 
AJIR nOHIIMaHIIH MexaHII3Ma rI1,npaTaQIIII MO,UII<pIIUIIpOBaHHbIX JIIIIllI)J,HblX 

MYJibTIICJIOeB, a TaK)l{e ,nJIR onpe,neJieHIIH CTPYKTYPHblX napaMeTPOB 6I1cJioR II 

pacnOJIO)KeHirn B HeM cyp<paKTaHTOB, 6b1JIII npoBe,neHbl 3KCnepI1MeHTbl C nOMOIQbIO 

,Uil<ppaKQIIII HeHTPOHOB II peHTreHOBCKIIX Jiyqeii, ,nJIH opI1eHTIIpOBaHHblX o6pa3QOB B 

napax BO.Ubl IIpII 85% II 97% BJia)KHOCTHX, II MaJIOyrJIOBOe pacceRHile Hell.TPOHOB Ha 

O,UIIHO'IHblX YHIIJiaMeJIJIRpHblX Be3HKyJiax B II36blTKe BO.Ubl. B c.nyqae pacceRHIIH 

Hell.TPOHOB IICnOJib30BaJIIICb .nonOJIHIITeJibHO cyp<paKTaHTbl C 11acT~HO 

,neil.TepIIpoBaHHblMII cerMeHTaMII (OCD2CD2)n II CD2 (rpyIIna, coe,nIIHHI0IQaR 

noJIRp11y10 roJioBy c yrJieB011,opo,nHblM xBocToM). hpn nocJie,nyIOmeil. o6pa6oTKe 

pe3yJibTaTOB II3MepeHIIll. pacceRHIIH OT .neil.TepIIpOBaHHOll MeTKII HaMII 6bIJIO 

npeMO)l{eHo_ IICnOJib30BaTb MO,neJibHbie crynettqaTbie <pyHKUIIII. AJTR MeTKII CD2 
IIcnoJib30BaJiaCb o,nHocrynettqaTaR <pyHKUIIR, rnr.na KaK MR (CD2CD20)n -
,nByxcryIJeHqaTaR. 3TO n03BOJIIIJIO yqeCTb Bee B03MO)l{Hbie KOH<pOpMaQIIII 

no,nBil)l{HOll. nOJIRpHOH roJIOBbl cyp<paKTaHTa. Hett.TPOHHble MO,neJibHble 

pacIIpe,neJieHIIH ,neiirepIIpOBaHHblX cerMeHTOB B BII)J,e crynettqaTbIX <pyHKQIIii 

IIpe,nCTaBJieHbl Ha pnc. 7. COBMeCTHO C 3JieKTPOHHbIMII IIJIOTHOCTRMII 

MO,UII<pIIUIIpoBaHHOro MOHOCJIOR, no.nyqeHHblMII C nOMOIQbIO peHTreHOBCKOll. 

.UII<ppaKQIIII. DblJIO nOKa3aHO, qTQ npII MaJIOll. BJia)KHOCTII (RH=85%) nOJIRpHaR 

o6JiaCTb cyp<paKTaHTa (.nemepIIpOBaHHblll cerMeHT) HaXO,UIITCR BttyTPII 6IICJIOR H 
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npH IlOBhlllieHHH rimpaTaQHH (RH=97%) 

BhIDffHBaeTC.H a rimpoqnUihH)'IO o6JiaCTh 

6HCJIO.H. 

PucyHoK 7. CmyneH'ldmbze PYHKl/UU 

HeiimpoHHOii nnomHocmu pacceRHUR OJIR 

oeiimepupoeaHHblX MemoK cyppaKmaHma CD2 

(---) u (CD2CD20)n (. .. .) u 3KcnepUMeHma/lbHO 

no11y'leHHaR 3/leKmpOHHaR nnomHOCmb 

JIUnUOHOZO 6uc/lOR, MOOUpUIJUpoeaHHOZO 

cyppaKmaHmOM ( _ ), JltaKCUMYMbl Ha Kpueoii 

coomeemcmey10m P04 zpynne 11unuoa, 

MUHUMYM -1JeHmpy 6uc110R . 

Ha pHC. 7. IlOKa3aHhl IlJIOTHOCTH 

pacce.HHH.H nirn ,nayx BJim1rnocreii (RH=85 

H 97%) H MOJI.HpHhIX OTHOIIIeHHH 

JIHnim/cyp<paKTaHT, paBHhIM: 2: 1 tt 1: 1. 
Ilrroma,nh no.n c-rynewrnrnii cpyHKUHeii 

PacCTO•HHe OT l.\CHTJ)a 6HCJIO• COOTBeTCTByeT HHTeHCHBHOCTH pacce.HHH.H 

OT .neiiTepttpoBaHHOH MeTKH, rpaHHUhl 

c-ryneH'laTOH <pyHKUIIH IlOKa3h!BaIOT 

npe,neJihl a KOTOph!X Haxo,nHTC.H ,neiirepIIpOBaHHhIH cerMeHT. B pa6oTe Mhl 

CTOJIKHYJIIICh C HeO)Klf.naHHhIM 3<p<peKTOM - IIC'le3HOBeHIIeM IIHTeHCIIBHOCTII 

,neiiTepIIpOBaHHOH MeTKII. TeopeTH'leCKH, IlJIOIQa,nh no.n c-ryneH'laTOii <pyHKQHeii 

,nOJI)KHa 6b!Th nponopUIIOHaJihHa KOJIII'leCTBY aTOMOB ,neiiTepH.H a ,neiiTepIIpOBa~HOM 

cerMeHTe, O,nHaKO, npoae,neHHhie 3KCnepiiMeHThl IlOKa3aJIII, 'ITO KaK npII IlOBhIIIIeHIIII 

rimpaTaUHH TaK II npII yaeJIII'leHHII 'IHCJia rimpo<pIIJihHhIX 3BeHheB cypcpaKTaHTa 

11aCTh HHTerpaJihHOH IIHTeHCIIBHOCTII OT ,neiiTepIIpOBaHHOH MeTKII rep.HeTC.H. Il0Tep10 

HHTeHCHBHOCTII y,naJIOCh o6h.HCHHTh a TepMIIHax HapyrneHIIH CTPYKTYPhI 

MYJihTIICJioea 1-ro (,naJihHHii nop.H,noK) II 2-ro po.na (6JIII)KHHH nop.H,noK). HapyrneHH.H 

nepaoro po,na 03Ha11a10T, 'ITO ,naJihHHH nopMOK Me)K,ny 6IICJIO.HMII coxpaH.HeTC.H, CJIOII 

MO)KHO yJIO)KHTh B imeaJihH)'IO 6ecKoHe'IH)'IO o,nHOMepH)'IO CTPYKTYPY, TOJIIUIIHhI 

BO,nHOH npOCJIOHKII Me)K_ny 6HCJIO.HMH II TOJIIUHHhl 6HCJIOeB <pJIYKT)'HPYIOT B03.ITe !IX 

cpe,nHIIX 3Ha11eHHii. Ilptt HapyrneHH.HX BToporo po.na cpe,nHIIe 3Ha11eHII.H nepIIo,na 

IlOBTOp.HeMOCTH JIIIIllf.nHhIX MYJihTIICJIOeB TaK)Ke coxpaH.HIOTC.H, o,nHaKO KOppeJI.HUIIII 

Me)K,ny 6IICJIO.HMII cymecTBeHHO na,naIOT C yaeJIII'leHIIeM <pnyK-ryauttii. Il03TOMY, 

TOJIIQIIHhl BO,nHOH npOCJIOHKII Me)K_ny 6HCJIO.HMH II TOJIIQIIHhl 6IICJIOeB MOryT 

cymecTBeHHO OTJIII'laThC.H OT CJIO.H K CJIOIO C yaeJIII'leHIIeM co,nep)KaHH.H BO,nhI. TaKOe 

HapyrneHIIe nop.H,nKa B ynaKOBKe MYJihTIICJIOeB npIIBO,nIIT K IlOTep.HM HHTeHCIIBHOCTH 

B 6p3rrOBCKIIX nIIKaX (11aCTh HHTeHCIIBHOCTII yxo,nHT B ,nII<p<py3H)'IO IlO,nJIO)KKy) II, 

KaK pe3yJihTaT, He Il03BOJI.HeT onpe,neJIIITh ,neTaJIH CTPYKTYPhI JIIIIllf.nHOro 6IICJIO.H. 
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IlpH o6hl'IHOM no,nxo,ne K aHaJIII3Y HeHTPOHHhIX ,naHHhIX 3TO npHBO,nIIT K IlOTep.HM 

HHTeHCHBHOCTII OT ,neiiTepttpOBaHHhIX MeTOK. 

A.rm mro, 11To6h1 m6e)KaTh TaKIIX He)KeJiaTeJihHhIX 3<p<peKTOB, B03HIIKa10mIIX npII 

HapyrneHH.HX B ynaKOBKe 6IIcJioeB B MYJihTIICJIOHH)'IO CTPYKTYPY, 6hIJIH II3Y1leHhI 

CTPYKT)'phl o,nIIHO'IHhIX JIHillf.nHhIX Be3IIKYJI C IlOMOIQhlO MaJIOyrnoaoro pacce.HHH.H 

HeHTPOHOB. QeJihlO MaJIOyrJIOBhIX 3KCnepttMeHTOB 6bIJIO onpe,neJieHIIe y,neJihHhIX 

o6beMOB CMeceii, IlOJIO)KeHHe cyp<paKTaH}'HhIX MOJieKyJI a JIHillf.nHOM 6IICJIOe II 

CTeneHh rimpo<pIIJihHOCTII MeM6paH a II36hITKe BO,nhI. ~ IlOJlY11eHH.H ,neTaJihHOH 

CTPYKT)'phI 60cJIO.H 6hrna npoae,neHa aapIIaUH.H KOHTPac-ra nyTeM II3MepeHH.H ae3HKYJI 

B pa3JIII'IHhIX pacTBopax H20ID20 II C IICilOJih30BaHHeM 'laCTH'IHO ,neiiTepttpOBaHHhIX 

cyp<paKTaHTOB C12H2s(OCD2CD2)n0H (n=2,4 II 6). AHaJIII3 KpHBhIX pacce.HHII.H 

npOBO,nIIJIC.H C HCilOJih30BaHHeM nptt6JIII)KeHH.H KpaTKH-Ilopo,na II MO,neJIIIpOBaHH.H 

HeHTPOHHOH IlJIOTHOCTH MeM6paH c IlOMOIUhlO c-ryneH'laThIX <pyHKUIIH. 

O6meii ,nJI.H Jittnima " cypcpaKTaHTa 6panach rpaHHUa rimpocpo6Hoii o6Jiacrn. 

IlpoHHKHOBeHIIe BO,nhI a 6IIcnoii Y'IIITh!BaJIOCh rayccOBCKHM pacnpe,neJieHHeM a 

rimpo<pIIJihHOii o6Jiacrn 6ttcJio.H (pIIc.8.). EhrnH noJlY11eHhI CTPYKT)'pHh1e napaMeTPhI 

TIO<l>X/C 12E 0 CIICTeM: TOJIIUIIHa 6ttcJio.H, pa3MephI rimpo<pIIJihHhIX H rimpocpo6HhIX 

Y'laCTKOB MeM6paH; nJioma,nh Ha o,ntty CTPYKTYPH)'IO e,nIIHIIQY, napUHaJihHhIH 

y,neJihHhIH o6heM II KOJIII'leCTBO BO,nhI a rimpo<pIIJihHOH o6JiaCTII MeM6paHhl. J,h pIIC. 
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8. MO)KHO yaimeTh, 'ITO TOJIIUHHa 

rimpocpo6Hoii o6Jiacrn 6IICJIO.H 

YMeHhrnaeTc.H no Mepe yaeJIII'leHH.H 

KOHQeHTPaUIIII cyp<paKTaHTa II MIIHhl 

ero rimpo<pIIJihHOii roJIOBhI. AJI.H 

TIO<l>X/C12E2 1:1 tt TIO<l>X/C12E4 2:1 

roJIOBhl cyp<paKTaHTa Haxo,n.HTC.H B 

nomipHOH o6JiaCTII JIIIIllf.na, npII 

yaeJIII'leHHH KOHUeHTPaUIIII 

cyp<paKTaHTa TIO<l>X/C12E 4 1:1 H 

yaeJIII'leHIIII MIIHhl rimpo<pIIJihHOH 

o6Jiacrn TIO<l>X/C12E 6 1:1 11acTh ero 

no,nBII)KHhlX rimpo<pIIJihHhIX rpynn (O-

CH2CH2) BhIXO,nHT H3 6IICJIO.H II 

Haxo,nIITC.H B BO,ne, npII 3TOM 

yaeJIII'IIIBaeTC.H npOHHKHOBeHIIe BO,nhI B 

MeM6patty, II YMeHhrnaeTC.H ee 

rimpocpo6Ha.H o6JiaCTh. 

PucyHoK 8. Mooe11u HeiimpoHHblX 

nnomHocmeii MOOupulJupoeaHHOZO 6uc110R 

IJO<t>XIC12En: IIO<t>X (-), C12En (----) u 
pacnpeoe11eHue eoObl e 6uc11oe (-). 



,n:pyrIIMII o6heKTaMII IICCJie,ll.OBaHIIil:, npoBe,ll.eHHhlX c noMOIIJhlO MaJioyrnoaoro 

pacceHHIDI Heil:rpOHOB Ha 0,ll.IIHOqHhJX 6IICJIOHHhIX Be3IIKynax, 6hIJIII JIIInH,ll.Hhie 

6IICJIOII II3 .ll:O<l>X, MO.D.II!pHl.(IIpOBaHHhie HeIIOHHhIM cypcpaKTaHTOM C 

rHJJ.pO!pHJihHhIM <pparMeHTOM He6onhrnoro pa3Mepa (X) C12H23N(CH3)iO (MAO) II 

noJIHOCThIO rH.D.pocpo6Hoil: MOJieKynoil: (XI) C10H22 (.D.eKaH). ,n:eiicTBIIe :noro KJiacca 

BeIIJeCTB no,ll.p06Ho II3yqaJIOCh Ha aKTIIBHOCTh Ca ++1 AT<l>a3hl, BCTJ)OeHoil: B 6IICJIOH. 

Ha6JIIO,!J.aeMbie II3MeHeHIDI aKTIIBHOCTII MO)KHO CBH3aTh C npHMhIM ,!J.eil:CTBIIeM ,n:,n:AO 

II ,ll.eKaHa Ha <pepMeHT HJIII KaK CJie,ll.CTBIIe H3MeHeHID! CTJ)YKTYPhI 6IICJIOH. Mhl 

myqHJIII BJIIDIHIIe 3THX ,!J.06aBOK Ha CTJ)YKTYPY 6IICJIOH II nOKa3aJIII, qTQ TOJIIIJIIHa 

6IICJIOH OCTaeTCH npaKTttqeCKII HeH3MeHHOH npII Tex KOHl.(eHrpaI.(IDIX cypcpaKTaHTOB 

( 1: 1 ), KOr,ll.a y)Ke H3MeHHeTCH aKTIIBHOCTh cpepMeHTa. 

AHaJIII3 KpIIBhIX pacceHHIDI 6hIJI npoBe)J,eH C noMOIIJhlO KpaTKII-Ilopo.D. 

npII6JIII)KeHIDI 6e3 yqern npOHHKHOBeHID! BO,ll.hl B rH,ll.pO!pIIJihttyIO o6naCTh MeM6paH. 

Hccne,ll.OBaJIOCh H3MeHeHIIe TOJIIIJIIHhl JIIInH,ll.HOro 6IICJIOH B 3aBIICIIMOCTII OT 

KOHl.(eHrpal.(IIII ,ll.eTepreHTOB a MeM6paHe. DhlJIO IlOKa3aHO (pIIc.9), 'ITO 6IICJIOil:HaJI 

CTJ)YKTYPa JJ.ByxKoMnoHeHTHoil: cMecII ,n:,n:AO/.ll:O<l>X coxpaHHeTcH JJ.O MOJihHhIX 

KOHl.(eHrpauIIil: paBHhIX 1.5:1. IlpII KOHl.(eHTJ)al.(IIHX OT 1.5:1 ,ll.O 2.5:1 Ha6JIIO,ll.aeTCH 

nepeXO,ll.HOe COCTOJIHIIe (cocyIIJeCTBOBaHIIe .D.Byx cpa3) II npII KOHl.(eHTJ)al.(HHX OT 2.5:1 

.D.O 3 .5: 1 aHaJIII3 KpIIBhIX pacceHHIDI yKa3hIBaeT Ha npIICYTCTBIIe B pacrnope 

l.(HJIIIH.D.pnqeCKHX HJIII rpy6qaThlX CTJ)YKTYP- ,n:n11 KomieHrpal.(Hil: BhIIIIe qeM 4: 1 
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MAO/,l\O<!>X. Monb!Monb 

Ha6n10,ll.aeTCH nepexo.D. B ccpepnqecKIIe 

MIIl.(eJIJihl (rno6ynhI). Pe3yJihTaThl 

Bhl'IIICJieHIIH TOJIIIJIIHhl 6IICJIOH H3 

Manoyrnoaoro npII6JIII)KeHID! KpaTKII-

Ilopo,ll.a npIIBe,ll.eHhl Ha pIIC. 9. 

P11cynoK 9. H3MeHeHUe mO!IUJUHbl 6UCJIOfl 

J{O<PX 6 3aeucUMocmu om KOHlJeHmpalJUU 

/!/.(AO. 

IlpII MaJihIX KOHl.(eHrpal.(IDIX ,n:,n:AO 

TOJIIIJIIHa 6IICJIOH He3Ha'IIITeJihHO 

yaennqHBaeTCH, npII ,ll.aJihHeil:rneM 

yaeJIII'IeHIIII KOHl.(eHrpal.(IIII TOJIIIJIIHa 6IICJIOJI Ha'IIIHaeT YMeHhIIIaThCH no 

cpaBHeHHIO C 'IIICThIM JillilH,ll.HhlM 6IICJIOeM. HaII60JihIIIIIe II3MeHeHID! TOJIIIJIIHhl 

6IICJIOH (YMeHhrneHIIe Ha 4A) Ha6JIIO.D.aIOTCH Ha rpaHIIl.(e nepexo.D.a B HenaMeJIJIHPHYIO 

cpa3y. '.:hII II3MeHeHID! TOJIIIJIIHhl 6IICJIOJI ,n:O<I>X no,ll. BJIIDIHIIeM ,n:,n:AO II nepeXO,ll. B 

CMeIIIaHHhie MIIl.(eJIJihl xoporno KOppeJIIIPYIOT C H3MeHeHID!MII aKTHBHOCTII 

Ca++/AT<l>a3hI B capKOilJia3MaTnqecKOM peTIIKyJIYMe [Karlovska, Devinsky, lAsco, 
Hammel, Balgavy, roTOBIITCH K ne'IaTII]. 

IlOBe.D.eHIIe .D.eKaHl.ll:O<l>X CMeceil: (pIIc.10) noKa3hIBaeT npHMO 

npOTIIBOnOJIO)KttylO TeH,ll.eHl.(HIO - yaennqeHIIe TOJIIIJIIHhl 6IICJIOH npII B03pacTaHIIII 

KOHl.(eHrpaUIIII .D.eKaHa. IloKa3aHo, 'ITO .D.O KOHl.(eHrpauIIil: .D.eKaHl,n:O<I>X 0.5: 1 
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(MOJihlMOJih) TOJIIIJIIHa 6IICJIOH He MeHHeTCH, npII ,ll.aJihHeil:IIIeM yaennqeHIIII 

KOHl.(eHrpal.(HII ,ll.eKaHa TOJIIIJIIHa Ha'IIIHaeT Me,ll.JleHHO paCTII, ,ll.OCTIIraH yaennqeHIIH 

TOJIIIJIIHhI 6IICJIOH 2.4±1.3A npII MompHOM OTHOIIIeHIIII .D.eKaHl.ll:O<l>X 1.2: 1 II 

9.6±1.3A npII MOJIHpHoM OTHOIIIeHIIII .D.eKaHl.ll:O<l>X 5: 1 no cpaBHeHHIO c qIIcThIM 

,n:O<I>X 6IICJIOeM. YaennqeHIIe TOJIIIJIIHhl 6IICJIOH MOryT fihnh 06hHCHeHhl 

cne.D.YIOIIJIIM o6pa30M. IlpII MaJihlX KOHl.(eHrpal.(IIHX ,ll.eKaH pacnOJIO)KeH B,ll.OJih 

al.(HJihHhIX ueneil: JIIInH,ll.a, no,!J.06HO ,ll.JIHHHOl.(enoqeqHhIM aJIKaHaM, npII 6onee 

Bh!COKIIX KOHl.(eHTJ)al.(ID!X ,ll.eKaH nepeXO,ll.IIT a l.(eHTJ) 6IICJIOH Me)l(,ll.y 
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.l\eKaHi,l\O<!>X, Mom,/Monb 

IlpOTIIBOnOJIO)KHhIMII MOHOCJIOHMII. 

P11cynoK 10. H3MeHeHue mO!IUJUHbl 6ucJ10R 

J{O<PX 6 3aeucUMocmu om KOHlJeHmpalJUU 

OeKaHa. 

IlpoBe,ll.eHHhie 3KcnepIIMeHThl n03BOJIHIOT 

C,ll.eJiaTh Bh!BO,ll. 0 TOM, qTo II3MeHeHIIe 

TOJIIIJIIHhl 6IICJIOH ,ll.O KOHl.(eHrpal.(IIli 

.D.eKaHl.ll:O<l> X 1.2: 1 OTHOCIITeJihHO Mano, 

qTo6h! HBJIHTbCH OCHOBHOH npttqIIHOH 

II3MeHeHIIH aKTIIBHOCTII Ca-Mg-AT<l>a3hI 

KaK 6bIJIO npe,ll.nOJIO)KeHO [6]. O.D.HaKO, 

3TO He 03HaqaeT, ' qTQ npIICYTCTBIIe ,ll.eKaHa B JIIInH,ll.HOM 6IICJIOe npII 3THX 

KOHl.(eHrpal.(IDIX He II3MeHHeT CBOHCTB MeM6paH, TaKHX KaK, HanpIIMep, narepaJihHaH 

,!J.II!plpy3IDI HJIII .D.pyrne ,ll.IIHaMnqeCKIIe napaMeTJ)hl 6IICJIOH. 

B 3aKJIIO'IeHIIe 6bIJIO npoBe,ll.eno cpaBHeHIIe II3MeHeHID! TOJIIIJIIHhl JIIIIlll,ll.HOro 

6IICJIOJI B 3aBIICIIMOCTII OT BII,ll.a .D.06aBOK: HeIIOHHhie cypcpaKTaHThl C 0,ll.IIHaKOBhIMII 

rH.D.pocpo6HhIMII cpparMeHTaMII C12En (6oJihIIIaH non11pHaH ronoaa) II DDAO (MaJihIH 

rII,ll.pocpHJihHhlll cpparMeHT) n noJIHOCThlO rH,ll.pocpo6HaH MOJieeyna ,ll.eKaHa . .ll:aHHhie 

no TOJIIIJIIHe . 6IICJIOH npII MOJIHpHOM COOTHOIIIeHIIH 1: 1 ,ll.JIJI pa3JIIIqIJhlX .D.06aBOK 

npnBe,ll.eHhl a Ta6JI.2. 

Ta6n111-1a 2. TomquHa 6ucJ10R U3 J{O<PX u, IIO<PX J1unuooe, MoiJuifJUlJUpoeHHblX 

oemepzeHmaMU C12En , IIIIAO u OeKaHoM npu coomHomeHUU I: I MOJIW.MO!lb). 

JI11n11iv TTO<l>X TTO<l>X/ ITO<l>X/ ITO<l>X/ ,[(O<l>X ,[(O<l>X/ ,[(O<l>X/ 
.lleTeorenT C12E2 C12E4 C12E6 DDAO lleKan 
Tom1u111a 42.7 37.1 31.2 31.6 39 38.3 41 
611CJIOH A 

113 cpaaHeHID! Ta6JIIIqffhJX ,ll.aHHhIX MO)KHO C,!J.eJiaTh BhIBO.D., qTo npII HaJIIIqnII 

O,ll.IIHaKOBhIX rH,ll.pocpo6HbIX cpparMeHTOB cypcpaKTaHT c 6oJihllIIIM nonHpHhIM 

cpparMeHTOM 3Ha'IIITeJihHO YMeHhIIIaeT TOJIIIJIIHY 6HCJIOH, C MaJIOli nonHpHOH roJIOBOH 

npaKTIIqeCKII He MeHHeT ee, TOr,ll.a KaK noJIHOCThlO rH,ll.pocpo6HhlH ,ll.eKaH ,ll.a)Ke 

yaenIIqIIaaeT TOJIIIJIIHY 6IICJIOH. 
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OCHOBHbie pe3yJibT3Tbl UHT0H rJiaBbl. 

I) IlpoBe,ll,eHo ,ll,enUibHoe IIccne,ll,OBaHne TIO<l>X/C12E0 (n=2,4 II 6) CMeceii B ll36htTKe 

II napax BO,ll,ht: 

a) ycTaHOBJieHO, qTQ rll,ll,paTaU,IUI MO,ll,II!pIIU,llpOBaHHOro 6IICJimI HeJIIIHeUHO 

nOBhIIIIaeTCH c yBennqeHneM qncna (OCH2CH2)n rll,ll,po<plIJibHhIX 3BeHbeB 

cyp<paKTaHTa, npnqnHOH :noro IlOBe,ll,eHIIH HBJIHeTCH IlOHBJieHne HapyIIIeHnii BTOporo 

po,ll,a B O,ll,HOMepHoii nepIIo,ll,nqecKoii CTPYKTYPe MYJihTIICJIOeB; 

6) onpe,ll,eJieHbl napaMeTPbI MO,ll,ll!pIIU,llpOBaHHOro 6nCJIOH B ll36bITKe BO,ll,bI. 

IloKa3aHo, qTO npII yBeJIIIqeHnII qIIcJia (OCH2CH2Jn rll,ll,pO<plIJibHhIX 3BeHheB 

cyp<paKTaHTa IlOBbIIIIaeTCH rll,ll,paTall,illl lI B03pacTaeT TOJIIll,IIHa ITOJIHpHOH o6naCTII 

6ncJIOH ITPll 0,ll,HOBpeMeHHOM yMeHbIIIeHIIll rll,ll,poq,o6Horo CJIOH. IlpII 3TOM He 

cymecrnyeT naTepanbHOro pa3,ll,eJieHnH KOMnoHeHTOB TIO<l>X n C 12E0 • Ilpn MaJIOM 

qncne ( OCH2CH2)0 3BeHbeB n=2 MeM6paHa HBJIHeTcH 6onee pbIXJioiI qeM qncThiii 

JlllITll,ll,HbIH 6ncnoii, ITpII yBeJinqeunn n yITaKOBKa MOJieKyJI B 6ncnoe CTaHOBIITCH 

IIJIOTHee II ITPII n=6 ,ll,OCT1IraeT IIJIOTHOCTII qIIcTOro JIIIITll,ll,HOro 61ICJIOH. 

2) IlpoaHaJIII3HpOBaHO II3MeHeHIIe TOJIIll,llHbI JIIIITll,ll,HOro 61ICJIOH B ITPIICYTCTBIUI 

,ll,eTepreHTOB C pa3HbIMII ITOJIHpHbIMII <pparMeHTaMII. IloKa3aHO, qTQ TOJIIll,IIHa 61ICJIOH 

yMeHbIIIaern B ITpIICYTCTBIIII 6onee rll,ll,pO!plIJibHbIX cyp<paKTaHTOB, TOr,ll,a KaK ,ll,JIH 

ITOJIHOCTblO rll,ll,poq,o6Horo ,l],eKaHa OHa yBeJinqIIBaeTCH 3a cqeT ero BCTPaIIBaHHH B 

o6JiaCTb Me)K,ll,y ITPOTIIBOITOJIO)l(HbIMII MOHOCJIOHMII 6IICJIOH. 

3) IloKmaHo, qTO ITpIICYTCTBIIe AeKaHa (C10H22) II N-,ll,O,ll,eu,1rn-N,N-

A1IMeTlIJiaMnHa (C12H25N(CH3h0) B JIIIITll,ll,HhIX MeM6pauax npII npII KOHu,eHTPaU,IUIX 

HII)Ke I: I MOJiblMOJib He3HaqIITeJibHO MeHHeT TOJIIll,IItty 6IICJIOH. B 3TOH CBH3II 

ITpe,ll,ITOJIO)KeHIIe O TOM, qTO ll3MeHeHIIe aKTHBHOCTII Ca++ A T<l>a3bl HBJIHeTCH 

pe3yJihTaTOM ll3MeHeHml TOJIIll,IIHbI 6IICJIOH [6] He IIMeeT 3KCITepIIMeHTaJibHOro 

OCHOBaHHH. 

OCHOBHhIE BhIBO.Ll:hl PA60Thl 

I) Pa3pa6ornHa HOBaH MeTO,ll,IIKa npIIroTOBJieHIUI op1IeHTIIpoBaHHbIX JIIIITll,ll,HbIX 

MYJibTIICJIOeB, Il03BOJIIIBIIIaH TQquo ll3Mep1ITb cneu,II<plI'leCKOe CBH3hIBaune B0,ll,bl C 

JIIIIlll,ll,aMII B COCTaBe 6IICJIOH. 

2) IlpeAJIO,KeHbI MeTOAhI pacqern (Mo,ll,enn cq,epnqecKIIX o6onoqeK • II 

cryITeuqaThIX <pyHKll,IIH), Il03BOJIHIOill,He onpe,ll,eJIHTb CTeneub rll,ll,paTaU,IIII 

IlOJIHpuoro, IlOBepXHOCTHOro CJIOH MeM6pau II CTPYKTYPHhIX napaMeTPOB 6IICJIOH II3 

,ll,aHHbIX ManoyrnoBoro pacceHHIUl ueiiTPOHOB, nonyqeHHbIX Ha 06pa1u,ax B ll36bITKe 

BO,ll,bl. 

3) l1CITOJib30BaHIIe HOBbIX MeTO,ll,OB Il03B0JllIJIO IICCJie,ll,OBaTh BJIIUIHIIe ,ll,BOHHbIX 

CBH3eii B aU,lIJibHbIX OCTaTKax JIIIITll,ll,OB ua ITapaMeTPbI JIIIITll,ll,HOro 6IICJIOH. DbIJIO 

ycTaHOBJieHO, qTQ ,ll,BOHHbie CBH3II rll,ll,poq,o6uhIX q,parMeHTOB JIIIIlll,ll,0B 

CITeu,nq,nqecKII BJIHHIOT ua CTeneHb rll,ll,paTall,IIII. MIIHIIMaJibHOH rll,ll,paTaU,IIeii 

o6Jia,ll,aIOT. MeM6paHbI, COCTOHill,IIe 113 JIIIITll,ll,0B C HaCbIIll,eHHbIMII yrneBO,ll,OpO,ll,HbIMII 

18 

OCTaTKaMII, 60JihIIIeii rll,ll,paTIIpoBaHHOCTbIO ornnqaIOTCH 61ICJIOII, cq,opMIIpOBaHHbie 

lI3 JIIIIlll,ll,OB, o6Jia,ll,aIOill,IIX ITO 0,ll,HOH ,ll,BOHHOH CBH3ll B Ka)K,l],OH yrneBO,ll,OpO,ll,HOH. 

u,enII II HaII60JihIIIeii CTeneHblO rll,ll,parnu,IIII o6Jia,ll,aIOT 6IICJIOII, COCTOHill,IIe II3 

npnpO,ll,HbIX JIIIIlII,ll,OB, BKJIIOqaIOill,IIX B ce6H )KIIPffYIO KlICJIOTY C 0,ll,HOH ,ll,BOHHOH 

CBH3bl0 B IlOJIO)KeHIIII sn-2, TOr,ll,a KaK )KttpHaH KIICJIOTa B ITOJIO)KeHIIII sn-1 HBJIHeTCH 

uacbIIll,eHuoii. TaKIIM o6pa3oM, MO,KHO 3aKJIIOqIITh, CTPYKTYPa rll,ll,poq,06HbIX 

3JieMeHTOB ITp1IpO,ll,HbIX MeM6pau TaKOBa, qTQ 06ecITeq1IBaeT MaKCIIMaJibuyIO 

r1I,ll,paTaU,IIIO ITOBepXHOCTII 61ICJIOH. 

4) IlOKa3auo 3HaqlITeJibHOe yBeJinqeuIIe ,ll,IIITOJibHOro ITOTeHU,IIaJia B aU,lIJibHbIX 

JIIIIlll,ll,aX ITO cpaBHeHIIIO C aJIKlIJibHbIMII. BKJia,l], Kap60HlIJibHOH rpyITnhI sn-1 
yrneBO,ll,OpO,ll,HOH u,enII (135mV) 3aMerno ITpeBOCXO,ll,IIT BKJia,ll, Kap60HlIJibHOH 

rpyITITbI B ITOJIO)KeHIIII sn-2 (65mV). C,ll,enauo 3aKJIIOqeHIIe, qTQ OCTaTOK )KIIpHOH 

KIICJIOTbI B ITOJIO)KeHIIll sn-1 HBJIHeTCH OCHOBHbIM 3JieMeHTOM rll,ll,poq,o6uoii 

CTPYKTYPhI q,ocq,on1IITll,ll,OB, · KOTOpbIH KOHTPOJIIIpyeT BeJinqliuy ,ll,IIIlOJihHoro 

IlOTeHU,IIaJia MeM6paHbI. ClIJibHOe II3MeHeHIIe ,ll,IIITOJibHbIX IlOTeHU,IIaJIOB MeM6paH 

(uannqIIe lIJIII OTCYTCTBIIe Kap60HlIJibHbIX rpyITIT) He OKa3bIBaeT cymecrneuuoro 

BJIIUIHHH Ha napaMeTPbI JIIIITll,ll,HOro 6nCJIOH II TOJIIll,IItty BO,ll,HOH ITpOCJIOHKII Me)K,ll,y 

MYJibTIICJIOHMII. 

5) IlpoaHaJIII3IIpOBaHO II3MeHeHIIe TOJIIll,IIHbI JIIIIlll,ll,HOro 6IICJIOH II rlI,ll,paTaU,IIII 

ITOBepXHOCTII MeM6pau B IlplICYTCTBIIII MaJibIX MOJieKyJI, o6Jia,ll,aIOill,IIX pa3HOH 

rll,ll,po<plIJihHoii cIToco6uocThIO: 

a) ITOKa3auo, qTQ rll,ll,parnu,1rn JIIIIlll,ll,HOro 6IICJIOH, MO,ll,II!pIIU,IIpOBaHHOro 

HelIOHHhIM cyp<paKTaHTOM C12H25(0CH2CH2JnOH, HeJIIIHeiiuo noBbIIIIaeTCH c 

yBeJI1Iqeu1IeM rll,ll,pO<plIJibHbIX 3BeHbeB cyp<paKTaHTa, ITPII '.HOM B03pacTaeT TOJIIll,IIHa 

IlOJIHpHOH o6nacTII 6IICJIOH npII 0,ll,HOBpeMeHHOM yMeHbIIIeHIIII rll,ll,poq,o6HOH 

o6naCTII MeM6paHbI II o6meii TOJIIll,IIHbI MO,ll,II!pIIU,IIpoBaHHOro 6IICJIOH; 

6) Apyrne Tllllbl ,ll,erepreHTOB, KaK HeIIOHHbIH Cyp<paKTaHT C ue60JibllIOH 

nonHpHoii ro.rroBoii C12H25N(C.H3)iO II ITOJIHOCThIO rll,ll,poq,06ub1ii ,ll,eKau C10H22 
cna6o BJIHHIOT Ha ll3MeHeHIIe TOJIIll,IIHbI 6IICJIOH ITPII Tex )Ke KOHU,effTPaU,HHX KaK II 

AJIH C12H2s(OCH2CH2JnOH. 
TaKIIM o6pa30M, ITOKa3aHo, qTQ HeIIOHHhie cyp<paKTaHTbI TIIITa 

C12H2s(OCH2CH2)nOH IT03BOJIHIOT u,eneHanpaBneuo ITOBhIIIIaTb CTeITeHb rll,ll,parnu,1III 

JllIITII,ll,HbIX 6ncnoeB ,ll,O ypOBHH rll,ll,paTaU,IIII ITpIIpO,ll,HbIX MeM6paH. 
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