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OlillJ;.MI XAP AKTEPHCTHKA PAliOTbl 

I1ccrre.r:i;oBaH1rn B o6rracTH JIIUIJI.D,OMHKH (HayKJI o JIHITH.D,H11x MeM6paHax) 5IBJI5IIOTC5I 

O.D,HHM H3 HanpaBJieHHH <PM3HKH KOH)J,eHCHpOBaHHOro COCT05IHH5I - soft matter. ,[(11cceprnn:irn 

ITOCB5IID:eHa MO)J,eJibH.bIM 6HOJIOfffCieCKHM MeM6paHaM )J,Byx TJIITOB. IlepB.bIH THIT -

<Poc<PorrHITH)J,.bI, nrnpOKO HCIIOJib3yeMble )J,JI5I H3)'1IeHlrn CBOHCTB IIJia3MaTHqecKHX 

MeM6paH. Ha pHC. 1 npeJJ,cTaBJieHa 

)J,HilaJI.bMHTOHJI<i>oc<PaTH)J,HJIXOJiliHa (,D;II<l>X). BTOpon THIT - MeM6paHbl Ha OCHOBe 

u:epaMH)J,OB, HCIIOJib3yeMbie ,ll;JI5I JICCJie)J,OBaHH5I crpyKryp11 JIHITH)J,HOH MarpH[(bI BepxHero 

CJI05I KO)KH MJieKOITHTaIOID:HX. 

0 

PHcyHoK 1. IlpocmpaucmeeHHaR u 
XUMUl-f,eCKaR cmpyKmypa MOJleK)lJlbl 
ounClJlbMumouJlrjJoc<jJamuouJlXOJlUHa 
(!(II<!> X). 

MoJieKyJI.bl ,[(II<l>X npH pacTBopeHHH B BO)J,e o6pa3yIOT MHOfOCJIOMHble Be3HKyJI.bI, crpyKTypa 

KOTOpbIX H3o6pa)KeHa Ha pHC. 2. 

JlMnM.QHblH 
611cnoi1 

·-···-- nomipHas:i 
ronosa 

so.Qa 

yrneBOAOPO.QHble 
/ XBOCTbl ;/ 

PHcyHOK 2. MH02ocJlouucm cmpyKmypa JlunuOHblX MeM6pau e eooHblX pacmeopax. 
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Ha pnc. 3 rrpe,n:cTaBJieHa crpyKTypa 3Im,n:epMHca, a Ha pHc. 4 crpyKTypa aepxHero CJI05I 

KO)l(M MJieKOITMTaIDII.J,MX stratum corneum (SC), a TaK)l(e rryTh .n:n<l><l>Y3MM JieKapcTB 1!epe3 

JIMITM.D:HYID Marpm:i.y SC (Me)l(KJieT01!H:E.1ii rryTh). 

Stratum comeum 

Stratum granulosum 

Stratum spinosum 

Stratum basale 

Pu:cyttoK 3. Cmpy1<.mypa 3nuoepMuca 

npo11ecc 1<.epamuHusm4uu KJiemoK 

BblOe!leHueM U3 HUX llUnUOHOU MampUZfbl. 

u PucyttoK 4. Hanpae!leHue Me;J1CKJZemo1mou 

c (nyHKmUpHM JlUHUR) u KJZemO?JHOU 

(cnHOUJHaR JlUHUR) ouppysuu B SC. B11u3y 

noKa3aHa cmpy1<.mypa Me;J1CKJZemottHou 

llUnUOHOU MampUtfbl u cmpyKmypa 

KOpHeOiJUmoe. 

Ha cero,n:H5I o6II.J,errpH3HaHo, 1:ITO JIMITM):J;HM Marpmi:a SC 5IBJI5IeTc5I ocHOBHhIM 

.D:M<i><l>Y3MOHHhIM 6apbepoM ,I(JI5I BO)J;hl M MaJihlX MOJieKyJI. IIpou:ecc rrepeHoca JieKapcTB M 

BO.IJ:hl qepe3 KO)l(Y '!eJIOBeKa orrpe,n:eJrneTC5I, rrpe)l()J;e Bcero, CTpyKrypoii JIMITM)J;HOH MaTpMU:hI M 

3aBMCMMOCThlO '.HOM CTpYKTYPhl OT <i>M3MKO-XMMM'!eCKOfO B03,n:eiiCTBM5I Ha KO)l(y. 

0.ri;HOCJIOHHbie <i>oc<i>OJIMITM,ll;Hhle Be3HKYJihl pa3MepoM OT 500A ,n:o 2000A (pHC. 5) 

MCI10Jlh3YIDTC5I ,I(JI5I rpaHCIIOpTHpOBKM JieKapcTB qepe3 KO)l(y. 

2 

PucyttoK 5. OoHoc!louHM HunuoHaR 

eesuryfla co ecmpoeHHblMU MO!leK)l!laMU 

JleK.apcme. Mo!leKyflbl eooopacmeopUMblX 

J1e1<.apcme Haxo0Rmc51, e11ympu ee3UKYllbl, a 
MOJleKyllbl eooo11epacmeopUMbzx HeKapcme 

ecmpoeHbl B JlUnUOHblU 6ucJlOU. 



AKTyaJI1>HOCT1> 

B11onomqecK11e MeM6paH11 11rpaIOT KJIIOqeByIO ponh KaK B CTPYKTYPHOH 

opraHM3aU:MM, TaK I1 B <PYHKU:MOHMpOBaHMM Bcex KJieTOK - rrpoKapMOTWieCKMX I1 

3yKap110T11qecK11x, pacnnen1H11x 11 )l(MBOTH11x. MeM6paH11 <i_)opMMpyIOT BHYTPMKJieToqHI>Ie 

KOMrrapTMeHT11 ( OTCeKM), a IIJia3Marn:qecKa51 MeM6paHa 06pa3yeT rpaHMU:Y KJieTKM. 

CTPYKTypa 611onor11qecKMX MeM6paH no rrp11q11He 11x MHoroo6pa3H51, CJIO)l(HOCTM 11 

MHOroKOMIIOHeHTHOCTM OCTaeTC51 .IJ:O KOHU:a Heorrpe,n:eJieHHOH. MeM6paHHbie JIMIIM.IJ:11 

rrpe,n:CTaBJ15IIOT orpOMHOe pa3H006pa3Me. I1p11q11Hbl 3TOro pa3Hoo6pa3I151 IIOKa He 5ICHhI, HO 

CTaHOBMTC5I Bee 6onee oqeBM,[(HbIM, qTQ 3TO CB513aHO c pa3HOo6pa3MeM <i_}yHKu;MH, KOTOphie 

JIMIIM,U:hl BblIIOJIH51T B MeM6paHax. <I>oc<jlaTM.IJ:MJIXOJIMH 51BJI5IeTC51 OCHOBHOH KOMIIOHeHTOH 

MeM6paH KJieTOK )l(MBOTHI>IX. Hccne,u:oBaHM5I CTPYKTYPhI 11 cBoH:crn <)loc<)lon11rr11,n:oB Ben11c1 B 

rrpoIIIJIOM I1 rrpo,n:OJI)l(aIOTC51 B HaCT05IIIJ;ee speM51 MeTO,n:OM ,n:M<jlpaKU:MH HeihpoHOB I1 

peHTreHOBCKMX nyqeH: Ha MHOrOCJIOHHhIX opMeHTMpOBaHHhIX MeM6paHax I1 MHOroCJIOHHhIX 

Be3MKynax (JIMIIOCOMax). 

AKryaJII>HOH 3a.z:i:aqeH: Kp11061mnonrn 51BJI5IeTC51 11011cK Kp11orrpoTeKTOpHI>IX pacrnopos, 

II03BOJI5IIOI1(MX OXJia)l(,[(aTh, xpaHMTb I1 3aTeM BOCCTaHaBJIMBaTb 611onor11qecKMM ofr1eKT c 

MHHMMaJII>HbIMM rroTep5IMH. 0,n;HMM 113 3cp<}leKTMBHhIX MeTo,n:oB 11ccne,n:OBaHM5I CTPYKTYPI>I 

MHOroCJIOHHbIX <)loc<jloJIMIIM.D;HhIX Be3MKYJI B I136hITKe BO.D;bl 51BJI5IeTCJI O.D;HOBpeMeHHOe 

rrpMMeHeHMe MaJIOYrJIOBOH I1 IIIMpOKOyrJIOBOM .n:11<)lpaK1(MI1 peHTreHOBCKMX nyqeii, 

II03BOJI5IIOI1(eH: orrpe,n:eJIJITb naMenm1pHyIO H naTepannHYIO CTPYKTYPY MeM6paHhI. H3MepeHM51 

Ha c11HxpoTPOHHI>IX MCToqHHKax MO)l(HO rrp0Bo,n;11T1> B pe)l(MMe peanI>Horo speMeHM, qTo 

II03BOJI51eT HCCJie,n:oBaTh rrpou:eccbI OXJia)l(,[(eHirn MeM6paH .n:o Hl13KMX (a30THbIX) TeMrrepaTyp. 

Hccne.n;osaHM51 Ba)l(HhI ,[(JI.H Kp1rn611onor1111, TaK KaK rro3BOJI5IIOT rrpocne,u:MTh M3MeHeHM51 

CTPYKTYPI>I MeM6paHhI B rrpou:ecce oxJia)l(,[(eHM51 11 rrocne.n;y10m;ero HarpeBa KaK B Bo.n;e, TaK 11 

B BO,[(H1IX pacrnopax KpMOIIpOTeKTOpOB. 

C03,n:aH11e TPaHc,n;epMaJihHhIX Be3MKYJIHpHI>IX rrepeHocq11KOB neKapcrn 5IBJ15IeTc51 

O,U:HMM 113 aM6MU:M03HhIX rrpoeKTOB 21 BeKa. rnaBHhIM TPe6oBaHMeM K TaKOMY rrepeHocq11Ky 

5IBJI51IOTC51 ero BhICOKMe .n:e<)lopMau;110HH1>1e cBoiicTBa. Orrpe.n:eneHMe M3MeHeHM5I <i_)opMnI 

Be3MKYJihl c pa3MepOM OT sooA ,[(O 1000 A 51BJI5IeTC51 HeTpMBMaJibHOM 3a,n:aqeii, TaK)l(e KaK I1 

BhI6op CMJibl, rrpHBO,U:51IIJ;eM K .n:e<)lopMa[(MM cj:>opMhI c<)lep11qecKOM Be3MKYJI1I. ManoyrnoBoe 

pacce5IHHe HeHTPOHOB c rrpHMeHeHMeM CHJihHhIX MarHHTHhIX rroneH: (BbIIIIe 2T) 51BJI5IeTC51 

rrepcrreKTHBHhIM MeTO,n:oM .n;11arHoCTMKM Be3MKYJI5IpHhIX TPaHcrropTHhIX c11cTeM. 
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IlpOHH!IaeMOCTh JIHITH,ZJ;HOro 6HCJI0.51 ,ZJ;JI.51 3TaHOJia .5IBJI5IeTC.51 BIDKHOH Me.JJ:H!IHHCKOH 

rrpo6neMOH, KOTOpo:H y,n;emmocb H y;:i:esrneTC.51 60JihIIIOe BHHMaHHe B cospeMeHHhIX 

HCCJie.JJ:OBaHH.5IX rrpo6neM aJIKOI'OJIM3Ma. 

Ilml3MaTHqecKa.5I MeM6paHa cy:w:ecrnyeT B O.JJ:HOCJIOHHOM COCT0.5IHHe. HaH60Jiee 

a;:i:eKBaTHhIM ofo,eKTOM .JJ:IlH HCCJie,ZJ;oBaHH51 crpyKrypbI IIJia3MaTHqecKOH MeM6paHhl 5IBJIHeTC51 

nHIIH.JJ:HbIH 6HcJioli o;:i:Hocno:i1:H1>1x se3HKyn. MaJioyrnosoe pacce.5IHHe He:iirpoHOB rro3BOJI.5IeT 

HCcne;:i:oBaTh crpyKrypy O,ZJ;HOCJIOHHhIX Be3HKyJI. Ilo5IBJieHHe HOBbIX BhICOKOIIOTOqHblX 

HeiiTpoHHbIX H CHHXpO'TpOHHbIX HCTOqHHKOB H pa3BHTHe ;:i:eTeKTOpOB ;:i:aeT B03MO)!(HOCTh 

H3Mep51Tb crreKrpbI MaJioyrnosoro pacce5IHH51 B IIIHpOKOM .JJ:HaIIa3oHe BeKTOpOB pacceHHH.51. 

IfasneqeHHe H3 TaKHX crreKTpOB HHcpopMa!IHH 0 BHyrpeHHeH crpyKrype 6HCJI0.5I 5IBJI.5IeTC.5I 

CJIO)!(HOH 3a;:i:aqe:if. Bec&Ma aKryaJI1>Ho:ii 5IBJI5IeTC.5I pa3pa6oTKa HOBbIX MeTO.JJ:OB H3BJieqeHH.5I 

crpyKrypHOH HHcpopMa!IHH M3 crreKTpOB MaJioyrnosoro pacce5IHH51 O,D;HOCJIOHHbIX Be3HKyJI, 

H3MepeHHbIX Ha JiyqIIIHX MHpOBbIX HCTOqHHKaX. 

Be3HKyn5IpHbie rrepeHocqHKH JieKapcTB see IIIHpe rrpHMeH.5IIOTC51 ,D;JI.51 a;:i:pecHo:ii 

,n;ocTaBKH neKapcTB B rropa)!(eHHbie opraHbI H ysenHqeHH51 TeparresTHqecKoro 3cpcpeKTa. 

OcHoso:H: rrosepxHOCTH rrepeHocqHKa .5IBJI.5IeTc51 JIHIIH.JJ:HhIH 611cno:H:. C03,n;aHHe MeTo,n;a 

aHaJIM3a crpyKTYPbI Be3HKYJI.5IpHbIX rrepeHocqHKOB JieKapcTB ,n;o ypoBH.51 CTpyKTYPbI HX 

6HCJI051 .5IBJI.5IeTC51 aKTYaJihHOH 3a,z:i;aqe:ii 6HOHaHOTeXHOJIOfHH. 

llHIIH.JJ:Ha51 Ma'TpH!Ia sepxHero CJI051 KO)!(H MJieKOIIHTaIO:W:HX stratum comeum 

.5IBJI5IeTC.51 rnaBHhIM 6ap1>epoM, rro,n;;:i:ep)!(HBaIO:W:HM BO.JJ:HbIH 6aJiaHC opraHH3Ma. 0Ha 

orrpe,n;en.5IeT rrpOHH!IaeMOCTb neKapcTB qepe3 KO)!(Y. B OTJIHqHe OT IIJia3MaTHqecKOH 

MeM6paH1>I, JIHIIH,D;Ha51 MarpH!Ia SC 5IBJI5IeTc51 MHorocJIOHHOH MeM6paHoi1. MHoroqHcneHHbie 

peHTreHOBCKHe ,Zl;HcppaK!IHOHHbie 3KcrrepHMeHThI IIO orrpe;:i:eneHHIO BHyrpeHHeH crpyKTYPl>I 

JIHIIH,n;Horo 6Hcno» SC orpaHHqHBaJIHCb orrpe,n;eneHHeM rrepHo,n;a rrosTopHeMOCTH KaK 

HaTHBHOH JIHIIH.JJ:HOM MarpH!IhI SC, TaK H Mo,n;eJI1>H1>1x MeM6paH SC. AKTYaJII>HhIMH 3a,n;aqaMH 

cospeMeHHhIX HCCJie,n;osaHH:if SC 5IBJI5IIOTC.5I: c03,n;aH11e Mo,n;eJI&HhIX MeM6paH c 

KOMIIOHeHTHI>IM cocTaBoM JIHIIH.JJ:OB TMrrHqHhIM ,z:i;n51 SC MJieKOIIHTaIO:rn:Hx, rroHcK HaH6onee 

a,n;eKBaTHbIX MeTO.JJ:OB HCCJie,n;oBaHH.51 HX crpyKryp&I, orrpe,n;eneHHe ponH KIDK.JJ:Oro !IepaMH.JJ:a B 

crpyKrypHo:ii opraHH3a!IHH MaTpH!IhI SC n ee .JJ:Hcpcpy3HOHH&Ix csolicTB. 
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IlocTaHOBK'.a 1aii:a...:u 

QeJibIO ,ll;IiiCCeprnu;m1 5IBJI5IeTC5I HCCJie,L(OBam1e MeTO,L(aMH pacce5IHH5I Hei1:TpoHOB H 

peHTreHOBCKHX JiyqeM: crpyKTYPbI ,z:t;Byx TIUIOB MO,L(eJibHbIX 6HOJiornqecKHX MeM6paH 

()J(H,L(KHX KpHCTaJIJIOB): cpoccpoJIHITH,L(OB H MO,L(eJibHbIX MeM6paH BepxHero CJI05I KO)J(H 

MJieKOITHTaIOrn;Hx. 

,Il;JI5I rpOMHOM CHCTeMbI cpoccpOJIHITH,L(/ KpHorrpoTeKTop I BO,L(a 6bma rrocTaBJieHa 3a,n;aqa -

HCCJie,n;oBaTb Ha npHMepe ,z:t;Byx KpHorrpoTeKTOpOB (.L(HMeTHJICYJibcpOKCH,L( H rnnu;epHH) 

rrpou;ecCbI OXJia)J(,L(eHH5I MHOI'OCJIOMHbIX Be3HKYJI MeTO,L(aMH ,L(HcppaKD;HH peHTreHOBCKOro 

CHHXPOTPOHHOro H3JiyqeHH5I B peaJibHOM BpeMeHH. 

,Il;JI5I 0,L(HOCJIOHHbIX H MHOrOCJIOMHbIX Be3HKYJI ,nM<l>X, a TaK)J(e ,L(JI5I CMeIIIaHHbIX CHCTeM 

,n;M<l>X/,n;eTepreHT c HOHHbIM H HeHOHHbIM ,L(eTepreHTOM 6nma IlOCTaBJieHa 3a,z:i;aqa -

rrpHMeHHTb CHJII:.Hbie MarHHTHble rromr ,L(J15I HCCJie,L(OBaHH5I HX ,n;ecpopMaD;HOHHbIX CBOMCTB Ha 

HeMrpOHHbIX HCToqHHKax. 

,Il;JI5I ,L(BOMHOM CHCTeMbI ,lJJ1<l>X/3TaHOJI 6r,ma ITOCTaBJieHa 3a,n;aqa - onpe.L(eJIJ:ITb BJIH5IHHe 

3TaHOJia Ha TOJirn;HHY JHITIH,L(HOro 6HCJ105I 0,L(HOCJIOMHbIX Be3HKyJI. 

,Il;JI5I 0,L(HOCJIOMHbIX cpoccpommH,L(HbIX Be3MKYJI 6bma IlOCTaBJieHa 3a,L(aqa - pa3pa60TaTb 

MeTO,L( aHaJIH3a MaJIOYrJIOBbIX cneKrpOB, IlOJIHOCTbIO H KoppeKTHO MCTIOJib3YIOrn:eif 

B03MO)J(HOCTH COBpeMeHHbIX MaJioyrJIOBbIX ycTaHOBOK H, Ha ero OCHOBe, nonyqMTb 

,L(OCTOBepHyIO H HenpoTMBOpeqHBYIO HHcpOpMaU:HIO 0 crpyKType O,L(HOCJIOMHbIX Be3HKYJI 

,IJ;M<l>X. 

B HCCJie,L(OBamrnx MO,L(eJibHbIX MeM6paH, nocrpoeHHbIX Ha OCHOBe u;epaMH,L(OB, 6r,ma 

TIOCTaBJieHa 3a,z:t;a"lfa - onpe.n;eJIHTb Han6onee 3cpcpeKTHBHbIM MeTO,L( HCCJie,L(OBaHH5I HX 

crpyKrypbI Ha HeiirpOHHbIX H CMHXporpOHHbIX HCToqHHKax H, Ha ero OCHOBe, nonyqnn 

,n;eTaJibHYIO HHcpOpMaD;HIO 0 crpyKrype JIHITH,ll;HOro 6HCJI05I. 

3KcnepHMeHTbI npOBO,L(HJIHCb B pa3JIHqHJ>IX HeMrpOHHbIX H CHHXporpOHHbIX u;eHrpax 

PocCHH, <l>paHD;HH, repMaHHH, BeHrpHH H lllBeifu;apirn. ,Il;JI5I perneHH5I TIOCTaBJieHHbIX 

HayqHbIX 3a,n;aq O,L(HOBpeMeHHO norpe6oBaJIOCb pa3BHTMe HOBbIX MeTO,L(OB HeMrpOHHbIX H 

CHHXpOrpOHHbIX MCCJie,L(OBaHMM. OnHCaHHe pa3pa6oTaHHbIX MeTO,L(OB B HeifrpoHHbIX M 

CHHxporpOHHbIX HCCJie,L(OBaHM5IX 5IBJI5IeTC5I BTOpOM u;eJibIO ,L(HCCeprnu;HM. 
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HayqHasr HOBH3Ha 

MHorocnoiiH1>1e Be3HKYJihI cpoccpomnrn,n:oB rrpe.n:crnBJI5IIOT .n:ocrnTOqHo xoporny10 Mo,n:enh 

):(JI5I HCCJie,n:oBaHH5I KpHorrpoTeKTOpOB, TaK KaK, HaXOMCh B II36bITKe CB060.I(HOH BO,I(hl, OHM 

co.n:ep:)l<aT BHYTPH cefoi: KaK CB06o,n:Hyl0, TaK M CB5I3aHHYIO BO.I(y. 

<l>a30Ba5I ,n:HarpaMMa ,I(BOHHOH CHCTeMbl ,ll;MCO /BO,I(a xoporno II3BeCTHa [IS]. 

Bnmrnne ,ll;MCO Ha CBOHCTBa cJ?occJ?onMIIH,IJ;HI:.IX MeM6paH HCCJie,IJ;OBaJIOCh MeTo,n:aMH 

.n:HcppaKJ:~HH peHTreHOBCKHX nyqe:H: H KarropHMeTPHH B HeCKOJihKHX pa60Tax [2S-5S]. B 3THX 

pa6ornx 6hIJIO ycTaHOBJieHO, qrn B o6rraCTH MaJihIX KOHQeHTPaQHH BJIH5IHHe ,ll;MCO Ha 

CTPYKTYPY MeM6paHhI B1>1pa)KaeTc5I B II3MeHeHHH TOJIIQHHhI pacTBopHTeJI5I B 

Me)l(MeM6paHHOM rrpocTpaHCTBe. B1>rno BhICKa3aHo rrpe.n:rroJio)KeHHe, qTO yMeHhIIIeHne 

TOJIII.J;HHhI paCTBOpHTem1 MO)KeT 6bITh CB513aHO c .n:erH.n:paTaQHeii Me)l(MeM6paHHOro 

rrpocTpaHcTBa. HecMOTP5I Ha 3Haq1-ITeJI1>H1>1e yc:ttJIH51 no Hccne,n:oBaHHIO TPOHHOH c:ttcTeM11 

cJ?occpoJIHIIMW ,ll;MCO/ BO,IJ;a OCTaBaJIHCh He51CH1IMM qeTbipe Ba)l(HbIX BOIIpoca: 

1. KaK MeH51eTC51 CTPYKTypa M CBOHCTBa MeM6paHhI rro.n: BJIH51HMeM ,n:MCO? Ha qeM 

OCHOBaH MexaHH3M rrpOHMKHOBeHM51 MOJieKyJI ,ll;MCO qepe3 MeM6paHy? 

2. B KaKoii qacTH MeM6paHhI JIOKaJIH30BaHhI MoneKyn1>1 ,ll;MCO? 

3. Cym;ecrnyeT JIH paBeHCTBO KOHQeHTPaQHH MOJieKYJI ,ll;MCO B Me)l(MeM6paHHOM 

rrpocTpaHCTBe H B o6neMHOM pacrnope? KaKoBa CTPYKzypa BO,[(Horo pacrnopa ,ll;MCO 

B Me)l(MeM6paHHOM rrpocTpaHCTBe? 

4. MorreKYJI5IpHhiii MexaHH3M KpHorrpOTeKTOpHhIX caoiicTB ,n:MCO? B qeM OTJIMqHe 

,ll;MCO OT .n:pyrHX KpHOIIpOTeKTOpoB? 

B pa6ornx ,n:HccepTaHTa BbmonHeHH1IX 3a rrepMo.n; c 1999 no 2007 ro.n:1>1 [l, 2, 4, 14, 16, 24] 

6bIJI ,IJ;aH OTBeT Ha 3TH BOilpOCbI 3a cqeT rrpMMeHeHH51 KOM6HHaQMM pa3JIHqHbIX MeTO,I(OB 

:ttccne,n:oBaHH5I. Bnmrn:tte ,ll;MCO Ha CTPYKTYPY 6HCJI05I MeM6paHhI ,n:II<l>X, a TaIOKe 

MOHOCJI051 ,ll;II<l>X Ha IlOBepXHOCTM BO,[(HbIX paCTBOpOB ,ll;MCO MCCJie,[(OBaJIOCh MeTO,IJ;aMH 

,II;HcppaKQMH peHTreHOBCKHX nyqeii H HeHTPOHOB [1, 4, 16], ManoyrrroBoro pacce5IHH51 

HeHTPOHOB [24]' ,II;HcpcpepeHQHaJibHOH CKaH:ttpy10m;eii KaJIOpHMeTPHM [ 1]' MHcppaKpaCHOH 

crreKTPOCKOIIHH [2] H peHTreHoBcKoii pecprreKTOMeTPHH [14]. B pe3yn1>TaTe rrpoBe.n:eHHhIX 

aBTOpOM pa6oT ycTaHOBJieHO 5IBJieHMe .n:erH.n:parnnirn Me)l(MeM6paHHOro rrpocrpaHCTBa 

cpoccpOJIHIIH):(HbIX MeM6paH MOJieKyJiaMH ,[(HMeTHJICYJibcpOKCH,[(a. DbIJIO ,I(OKa3aHO, qm 

):(MMeTMJICYJibcpOKCH,IJ; BhI3bIBaeT y.n:aneHHe CB06o,n:HOH BO,ll;bl M3 Me)l(MeM6paHHOfO 

rrpOCTPaHCTBa cpoccpon.HIIM.IJ:HbIX JIMIIOCOM. Ilp11 MOJibHOH cppaKQHH ,[(HMeTHJICYJih<pOKCH,IJ;a 

0.14, TOJibKO CB5I3aHHaSI BO,n:a cymecrnyeT B Me)l(MeM6paHHOM rrpOCTPaHCTBe, qTo rrpHBO):(HT 

K yMeHbIIIeHHIO TOJIII.J;MHbI Me)KMeM6paHHOfO rrpOCTPaHCTBa H yBeJIHqeHHIO TeMrrepazypbI 
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cpa3oaoro rrepexo;.:i:a MeM6paHbI. TaIOKe ccpopMym1poBaHbI rrpMHI..JJiIIbI yaeJrnqemu1 

rrpomu~aeMOCTM JIMIIHJJ:HhIX MeM6paH rro;.:i: ;.:i:elicTBMeM ;.:i:11MeTMJicyJir,cpoKc11;.:i:a. Ew10 

IIOKa3aHO, qTQ JJ:HMeTHJICYJibcpOKCl1.IJ: pa3BMBaIOT JJ:OMeHHYIO C'fPYKTYPY cpoccpOJIHII11JJ:HbIX 

MeM6paH, yaeJIMY.J:MBa5I ;.:i:ecpeKTbI B JiaTepaJibHOH crpyKzype MeM6paHbI. TeM caMbIM, 

C03JJ:aIOTC5I ycJIOBH5I JJ:IDI cpopMHpOBaHM51 JIMIIOcpHJihHOH JJ:Mcpcpy31111. 

MeM6paHbI ,l1;M<I>X op11eHTHpyIOTC5I B CHJibHbIX MarHMTHblX rroJI5IX (> 1 T) [6S, 7S]. B 

3KCIIepMMeHTaX MeTOJJ:OM 51;.:i:epHoro MarHl1THOfO pe30HaHca (JIMP) 6nmo IIOKa3aHO, qTo 

MHOfOCJIOHHbie Be3HKYJibl M3 q11cToro ,l1;M<I>X qacT11qHo ;.:i:eqlOpMMPYIOTC5I B CHJibHbIX 

Mam11THbIX rroJI5IX [7S]. Op11eHrnu11a cMemaHHhIX ,n:M<I>X/ CHAPSO arperaToB B c11JibHbIX 

MarHl1THbIX IIOJI5IX 11ccne;.:i:oBaJiaCb MeTOJJ:OM 5IMP [8S]. ,l1;JI5I 11CCJie;.:i:oBaHl15I op11eHTaUHl1 

Jil1IIl1JJ:HbIX MeM6paH B Cl1JibHbIX MarHHTHbIX IIOJI5IX MCIIOJih30BaJIC51 JIMP 11 pacce51Hl1e 

peHTreH0BcK11x nyqeH: [7S, 9S]. Pacce5IH11e HeliTpoHoB 11MeeT rrpeHMy~ecrno rrepe;.:i: 

pacce5IHMeM peHTreHOBCK11x Jiyqeii - MO)l(HO yaeJI11qMaaTb KOHrpacT rrp11 3aMeHe H20 Ha 

D20. AaTOpaM arrepar,1e 6omM rrpoBe;.:i:eHbI 3Kcrrep11MeHTbI MeTo;.:i:aMM pacce5IHI151 HelirpoHOB c 

rrpMMeHeH11eM Cl1JibHbIX MarHMTHbIX IIOJieii JJ:JI5I 11ccne;.:i:oaaHI15I CBOMCTB Jil1IIl1JJ:HbIX MeM6paH. 

3KcrrepHMeHTbI 6nm11 BhIIIOJIHeHbI B Jia6opaTOp1m JieoHa Ep11JIJII03Ha (CaKJie, <I>pam~1151) 11 

MHCTl1TyTe XaHa 11 MaiiTHep (EepJI11H, repMaHI151). 

CaMoc6opKa Jil1IIl1JJ:HOro 611CJI05I B CMeII..laHHblX nmrn;.:i:/ ;.:i:eTepreHTHbIX Cl1CTeMax II..111pOKO 

11CCJie;.:i:yeTC5I pa3JIMqHblMl1 MeTOJJ:aMH, B TOM q11cne, 11 MeTOJJ:aMl1 MaJioyrJIOBOfO pacce51HH51 

[10S-14S]. AaTOpoM 6I>ma yTOqHeHa rrocne;.:i:oaaTeJihHOCTh Mopcponor11qecKHx 

rrpeo6pa30BaH11ii B rrpouecce caMoc6opKH Jil1ITHJJ:HOro 611cJI05I B cMemaHHI>IX nmrn;.:i:/ 

.n;eTepreHTHhIX CllCTeMax. 06pa30BaH11e 6oJihII..IHX arperaTOB rrepe.z:i: caMoc6opKOM JIHITMJJ:HOfO 

611CJI05I B CMCTeMax ,n:M<l>X/xonaT HarpH5I 6bIJIO rrpo;.:i:eMOHcrp11poBaHO yMeHbII..leHHeM 

np03paqHOCTH pacTBopa 15S. Ham11 HccJie;.:i:oaaH115I MeTOJJ:OM MaJioyrJioaoro pacce5IHH51 

HeiirpoHOB ;.:i:aIOT 6onee ;.:i:eTaJihHYIO HHcpopMaumo - rrepe;.:i: caMoc6opKOM JI11Ill1JJ:HOfO 611CJI05I 

rrpo11cxo;.:i:11T o6pa30BaHHe 60JihII..IHX rayccoBhIX KJiy6KOB B Cl1CTeMax c llOHHhIM 11 He110HHhIM 

;.:i:eTepreHTOM [5, 28]. IlpHMeHeH11e CllJihHOro MarHl1THOro IIOJI51 Il03BOJillJIO JJ:OKa3aTh, qTo 

3TOT rayccoB KJiy6oK COCTOl1T I13 CTep)l(Heo6pa3HhIX MHUeJIJI [10]. B cirnxpOTpOHHhIX 

3KCIIep11MeHTax 6nIJIO IIOKa3aHo, qTQ 6n1crpbIH HarpeB (100°C/M11H) CMeII..laHHOH Cl1CTeMhl 

,n:M<I>X/ xonaT Harp1151 c COOTHOII..1em1eM KOMIIOHeHT 15MM/8MM rrpHBOJJ:l1T K C03JJ:aHHIO 

OJJ:HOCJIOMHhIX MOHOJJ:l1CIIepcHhIX Be311KYJI c pa;.:i:nycoM 225A [3]. TeM caMbIM, pa3pa6oTaH 

HOBhIM MeTOJJ: C03JJ:aHl151 OJJ:HOCJIOMHbIX MOHOJJ:MCIIepCHhIX Be311KYJI 3a cqeT TeMrrepazypHOfO 
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CKa'!Ka B CHCTeMe ,ZJ;M<I>X/ xorraT HarpmI (T-jump protocol), BOilie,IJJIIHM B 'IHCJIO .n:pyrnx 

MeTOJJ;OB BOCCTaHOBJiemrn: Be3mcyrr 113 CMeIIIaHHbIX JIHIIH.n:/ .n;eTepreHTHbIX MHI.J;eJIJI [16S]. 

Ba)l(HbIM rrapaMerpoM B TpOHHOM CHCTeMe cpoccpOJIHIIHJJ; /ao.n:a /:naHOJI 51BJUieTC5I 

KpHTH'leCKaH KOHIJ;eHrpau;1151 3TaHona Cr, rrp11 KOTopoli o6pa3yeTc5I Lp1 - cpa3a (cpa3a c 

B3aMMHbIM rrpoHMKHOBeHMeM yrneBo.n:opo.n;HhIX XBOCTOB). ,ll;JI51 cny'IM ,ZJ;II<I>X 3TO rrpHBOJJ;MT 

K yMeHbIIIeHHIO TOJIIIJ;MHhI MeM6paHbI B reJib cpa3e OT 3Ha'leHH5I 49 A .n:o 3Ha'leHH5I rrpHMepHo 

30 A. BeJIH'lMHhI Cr HMeeT cp11311011ornqecKoe 3Ha'leHHe, TaK KaK HH.n;yu;11poBaHHa5I 3TaHOJIOM 

B3aMMOIIpOHHKHOBem1e yrneBo.n;opo.n;HhIX u;erreli JIHIIHJJ;OB MO)l(eT HrpaTb 3TMOJIOfH'leCKYIO 

porn:, B pa3pyrnem1e CTeHOK )l(eny.n:Ka rro.n: BJIM51HHeM aJIKOfOJI5I [17S] 

lbMepeHHaH MeTo,n:oM .n;eHCHTOMerpHM, cpa3oBa5I .n:11arpaMMa CHCTeMhI ,ZJ;II<I>X I Bo.n:a I 

3TaHOJI .n:aeT 3Ha'leHMe Cr =0.93 M rrp11 T=25°C [18S]. Pe3yJihTaTbI, rronyqeHHhie MeTo.n;oM 

peHTreHOBCKOM ,I:t;HcppaKI.J;HH, ,n:aIOT JJ;JI5I reJieBOH cpa3hl MeM6paHbI ,ZJ;II<I>X 3Ha'leHHe 

Cr=0.4 M. B 0611acT11 KOHIJ;eHrpau;Hli 3TaHona 0.4 - 1.2 M MeM6paHa cocTOMT m .rt:BYX cpa3: 

inderdigitated M reJib. BI>IIIIe KOHIJ;eHrpau;11H 3TaHona 1.2 M 6ncnoii cocTOHT 113 'lHCTOM Lp1-

cpa3hI [19S]. Ilpe,n;cTaBJieHHbie BeJIH'lHHhI Cr Haxo,n:HTCH B rrpOT11aopeq1111 c Mcc11e.n:oaaH11eM 

rrpoHmi;aeMOCTH MeM6paHbI ,n;II<I>X MeTOJJ;OM cpn10opecu;eHI(HM. 3TH pe3yJihTaTbI 

.n:eMOHCTPMPYIDT yBeJIM'leHHe rrpoHHI(aeMOCTM MeM6paHhI rrpH KOHI(ettrpal(MH 3TaHoJia 1.2 M 

[17S]. HecMOTp51 Ha 6oJibIIIOe KOJIH'leCTBO rry61111Kal(HH no HCCJie):(OBaHHIO BJIH5IHH5I 3TaHOJia 

Ha MOJJ;eJibHbie 611011or11'!eCKHe MeM6paHbI, IIp51MbIX H3MepeHHH TOJIIIJ;HHbI MeM6paHhI JJ;JI5I 

c11cTeMhI cpoccpomurn.n: /Bo.n:a /:natton c.n:e11aHo He 6bmo [20S]. OcttoBHaH 1rncpopMaIJ;H5I o 

3aBHCHMOCTH TOJIIIJ;HHbI MeM6paH cpoccpOJIHIIMJJ;OB OT KOHI.J;eHTpal(MH 3TaHOJia 6hIJia IIOJiy'leHa 

B .n:11cppaKI.J;HOHHbIX 3KCrrepHMeHTax Ha MHOI'OCJIOHHbIX MeM6paHax. IlJia3MaTH'leCKa5I 

MeM6paHa KJieTKH .HBJI5IeTC5I o.n:Hoc110H:Hoif. Bo11ee 11orH'lHO 11ccne.n:oaaTb BJIH5IHHe :naHoJia Ha 

CTJ'YKTYPY 6HCJI05I OJJ;HOCJIOHHbIX Be3HKyJI. HoBH3Ha HaIIIero rro.n:xo.n:a 3aKJIIO'!aeTC}I B TOM, 

'ITO MbI rrpHMeHMJIH MeTO):( Marroyrnoaoro pacce5IHH5I HeM1'pOHOB ):(JI5I H3MepeHH5I BJIM5IHH5I 

3TaHOJia Ha CTpYKTYPY 6MCJI05I O,Il;HOCJIOHHbIX Be3H:KyJI. 

ABTOpOM pa3pa60TaH MeTO):( pa3,n:eneHHbIX cpopMcpaKTOpOB (P<I><I> ), KOTOpbIH JIHIIIeH 

He)J;OCTaTKOB MOJJ;eJIH BJIO)KeHHbIX ccpep, TaK KaK MO)l(eT OIIHCbIBaTb tj_)opMy Be3HKYJII>I 6onee 

CJIO)KHYIO qeM ccpepa M rrpHMeH5ITb ):(JI5I MOJJ;eJIHpoBaHH5I IIJIOTHOCTH )J;JIMHbl pacce5IHH5I 

HeifTpoHa p(x) JIID6y10 cpyHKUHIO [9]. P<I><I> Mern.n: 6bm pa3BHT B rrocne.n;yIDIIJ;HX pa6ornx [13, 

15, 17, 22, 21S). Ha OCHOBaHffH 3TOro MeTo.n:a y.n:arroch BrrepBbie paCC'lHTaTb cpyHKUHIO 

pacrrpe.n:erreHM5I BOJJ;bI B 611cnoe OJJ;HOCJIOHHbIX Be3FIKYJI [15]. P<I><I> MeTO.n: 6bIJI rrpHMeHeH JJ;JI5I 
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HCCJie,n:osamrn: CTpYKT)'pl>I O.lJ:HOCJIOMHbIX Be3HKYJI ,.nM<l>X B Tpex cpa30BbIX COCT05IHH5IX [22]. 

BnepBbie ycTaHOBJieHo, qTo cpopMa Be3HKYJibI He 5IBJI5IeTc5I H,n:eanbHO ccpepHqecKOH. 0Ha 

6JIH3Ka K ccpepH1:1eCKOH B La cproe ( OTHOIIIeHHe rronyoceii 3JIJIHITCOH,n:a BpallleHH5I & = 1.1) H 

5IBJI5IeTC5I 3JIJIHIITHqecKoi1: B L/J' H P/J' cpa3ax c &= 1.6. HoBbIM H qpe3Bb1qai1:Ho sa:>KHbIM 

cpaKTOM 5IBHJIOCb .lJ:OKa3aTeJibCTBO TOro, qTo CTpyKrypa H30rttyTOro 6HCJI05I c MaJibIM 

pa,n:HycoM KpHBH3HbI OTJIHqaeTC51 OT CTpYKT)'pbI IIJIOCKoro 6HCJI05I. )J;oKa3aTeJibCTBO 3TOI'O 

cpaKTa He 5IBJI51eTc5I TpHBHaJibHbIM. IIoTpe6oaanocb 20 neT, qT06b1 ,n:oKa3aTb Ha6mo,n:aeMyIO 

pa3HHI.zy B TeMrrepaTypax rrpe,n:rrepexo,n:a .ll:Jl51 O.lJ:HOCJIOHHbIX H MHOI'OCJIOMHbIX Be3HKYJI 

.lJ:HllaJibMHTOHJIJieI.:t;HTHHa [22S]. y CTaHOBJieHHa51 HaMH 3aBHCHMOCTb rrapaMeTpOB 6HCJI05I OT 

ero pa,n:Hyca KpHBH3HbI fo,rna IIO.lJ:TBep:>K,n:eHa O.lJ:HOBpeMeHHbIMH H He3aBHCHMbIMH 

HCCJie,n:oBaHH5IMH Be3HKYJI IIaJibMHTOHJIOJieOHJicpoccpaTH.lJ:HJIXOJIHHa [23S]. 0,n:HaKO, B 

OTJIHqHe OT pa60Tbl [23S], r,n:e orrpe,n:eJI5IJIHCb TOJibKO rrapaMeTpbI 6HCJI05I, P<l><l> MeTO,n: 

rro3BOJI5IeT orrpe,n;eJI51Tb H cpopMy Be3HKyn. Ha cero,n:H51 P<l><l> MeTO,n: 5IBJI5IeTc5I Ha:tt6onee 

MOlllHbIM MeTO,ll;OM aHaJIH3a CTpYKTYPbI JIHIIH.lJ:HbIX Be3HKYJI5IpHbIX CHCTeM B 

HeMTpOHOrpacpHH (22, 21S] H 5IBJI5IeTC5I rrepcrreKTHBHbIM .ll:JI51 rrpHMeHeHH51 B cpapMaKOJIOrMH 

.ll:Jl5I ,n:HarHOCTHKH Be3HKY115IpHbIX nepeHocqHKOB JieKapcTB. 

MHoroqHcneHHbie rrorrnITKH nonyqHTb ,n:eTanbHYIO HHcpopMaU:HIO o cTpyKrype 

HaTHBHOM MaTpHU:bI SC mm Mo,n:eJihHbIX MeM6paH SC, rrpe,n:npHH5ITbie MeTo,n:oM 

peHTreHOBCKOM ,n:HcppaKI(HH Ha JIHITOCOMax B H36bITKe BO.lJ:hI, He yaeHqaJIHCh ycnexoM [24S] H 

orpaHHqHBaJIHCb nonyqeHHeM HHcpopMal(HH 0 nepHo,n:e IlOBTOp5IeMOCTH MeM6paHbl HJIH 

cpypbe aHaJIH30M HH3Koro pa3pemeHH5I [25S]. AaTOpoM 6nrno Bnepar,ie rrpe.n;no:>KeHo 

npHMemITb ,n:HcppaKU:HIO HeMTpOHOB OT opHeHTHpOBaHHbIX H qacTHqHO rH,n;paTHpOBaHHblX 

Mo,n:eJibHbIX MeM6paH SC .n;mr pemeHH5I 3a,n:a1:1H 06 HX crpyKType [18]. B ornHqHe OT 

npe,ll;bI.lJ:YlllHX pa6oT, HOBblM rro.n;xo.n: .n:an B03MO)KHOCTb yBeJIHqHTb KOJIHqecTBO H3Mep51eMbIX 

IIOp51.lJ:KOB OTpa)KeHH5I OT 1-3 .n:o 5, peIIIHTb cpa30BYIO rrpo6JieMy 3a cqeT BapHa:u:m1 KOHTpaCTa 

H20-D20 H c,n:enaTb cpypr,e aHanH3 c pa3pemeHHeM 5.5 A. B pe3yJibTaTe, BnepBbie 6:E.rna 

onpe,n:eneHa cTpyKrypa Mo,n:eJibHoii MeM6paHbI SC, cocT05Illleli H3 cMecH qeT1>1pex JIHITH.lJ:OB 

u:epaMH.ll: 6/ xonecTepHHI IlaJibMHTHHOBa5I KHCJIOTal cyn1>cpaT XOJieCTepHHa - 6rooBa5I 

MeM6paHa SC [18]. Ba)KHbIM H Heo:>KH,n:aHHbIM pe3yn1>TaTOM 5IBHJiacb qpe3Bb1qai1:Ha5I MaJIOCTb 

Me:>KMeM6paHHoro npocTpaHCTBa (1 A) B MeM6paHax Ha ocHose u:epaMH,n;a 6, B03HHKaIOllla5I 

KaK cne,n:CTBHe CBepXCHJibHOro Me:>KMeM6paHHOro B3aHMO,n;eiicTBH5I. ,ll;JI5I o6'b5ICHeHH51 

CTPYKT)'p1>1 6rooBoii MeM6paHbI, 6r,ma rrpe,n;Jio)KeHa MO,n:enb apMaTypHoro yKperrneHH51 

JIHIIH,n:Hoii MaTpHU:bI SC MOJieKynaMH u:epaMH,n:a 6 (18, 25]. IIpaBHJihHOCTb Mo,n;enH 
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apMaTypHoro yKperrnemrn: 6bma ,n:oKa3aHa cepHeli HeMTPOHHhIX ,n:mppaKUJIOHHhIX 

3KCrrepHMeHTOB, BhIIIOJIHeHHhIX Ha MeM6paHax c ,n:JIHHHou;erroqeqHbIMM )KHpHhIMH 

KMCJIOTaMM M ,n:mrnHou;erroqeqHhIM u;epaMH,n:OM 1 [31-33, 35, 36, 39, 40]. MorreKyJihI 

u;epaMM,n:a 6 BhI3hIBaIOT CBepXCMJihHOe Me)KMeM6paHHOe B3aHMO,n:elicTBMe, KOTOpoe 

o6'b5ICIDieT rrpaKn1qecKM HyJieBoe pacCT05IHMe Me)K,rzy JIMITH,n:HhIMH 6HCJI05IMM B Mo,n:eJihHhIX 

MeM6paHax KO)KM. BBe,z:i:eHHe B CHCTeMy ,n:JIMHHOIJ;erroqeqHhIX u;epaMH)l;OB H )l(lfpHbIX KHCJIOT 

He MO)KeT pa3pynrnTh 3TOro B3aHMO,n:eM:cTBM5I. 

IIpe,n:cTaBJieHHbie Ha 3aIIIHTY pe3yrrhTaThI HBJI51IOTCH opHrHHaJihHhIMH H 6I:.IJIH 

orry6JIMKOBaHhI B pecpepHpyeMhIX HayqHhIX )KypHanax KaK opMrHHaJihHhie 

HCCJie,n:oBaTeJibCKHe pa60TbI. HayqHhie rry6JIMKaIJ;MH COHCKaTeJI5I 3a rrepMO)l; c 2004-2011 ro,n:a 

IJ;HTHpOBaJIHCb B 211 CTaTh5IX, a pa60ThI, r.n:e OH 5IBJI5IeTC5I rrepBhIM aBTOpOM, IJ;HTMpOBaJIHCb B 

108 CTaThHX, HH,n:eKc XHprna rry6rrHKau;MM: paBeH 15 (http://expertcorps.ru/science/whoiswho). 

I(HKJI pa6oT, COCT05IIIIMH H3 21 OH CTaTbH aBTOpa, «PerneHHe HayqHhIX rrpo6JieM, CB5I3aHHhIX c 

c03,n:aHMeM TPaHc,z:i:epMaJihHhIX Be3HKyrrHpHhIX rrepeHocqHKOB rreKapcrn, MeTO,n:aMH 

HeHTPOHOrpacpHM H peHTreHorpacpHH» 6orn OTMeqeH II rrpeMHeH 06ne,n:HHeHHOro HHCTHTyTa 

H,n:epHhIX HCCrre,n:oBaHHM 3a 2010 ro,n: no pa3,n:eny HayqHO-MCCJie,n:oBaTeJihCKHX 

3KCIIepHMeHTaJihHbIX pa6oT. 

HayquaB u npaKTHIJ:ec1rnH .._eHHOCTh pa6oThI 

nOJibIIIHHCTBO 6HOJIOmqecKHX 06'beKTOB Co,n:ep)KaT CB060,n:HyIO H CB5I3aHHJIO BO,n:y. 

,l(MCO MH,n:yu;HpOBaHHM ,n:ern,n:paTaIJ;H5I 5IBJI5IeTC5I OCHOBOH KpHOrrpoTeKTOpHhIX CBOMCTB 

,[{MCO H rrpe,n:CTaBJI5IeT HHTepec ,n:JI5I KpM06HOJIOrHI1 I1 KpHOMe,n:HIJ;HHbI. IIccJie,D;OBaHH5I 

rrpou;eccoB OXJia)K,ll;eHH5.! MeM6paH MeTO,n:OM ,z:i:McppaKIJ;HM B peaJihHOM BpeMeHH: MOryT 

rrpHMeH5ITbC5I LJ:JI5I BhI6opa HaH60Jiee IIOLJ:XO,n:5.!IIIMX KpHorrpoTeKTOpHhIX CMeceM:. 

IlpHMeHeHHe CMJibHhIX MarHHTHhIX rrorreii: B HeHTPOHHhIX 3KCIIepHMeHTaX B o6rracrn: soft

matter II03BOJI5IeT norryqaTb HHcpOpMaIJ;MIO 06 ynpyrnx CBOHCTBaX JIMIIM,I(HbIX arperaTOB. 

0,n:HHM M3 rrepcrreKTMBHhIX HarrpaBrremt:ii: MO)KeT 6bITb HCCJie,n:oBaHMe yrrpyrHx CBOMCTB 

TPaHc,n:epMaJibHhIX Be3HKymi:pHhIX rrepeHocqHKOB rreKapcrn. B ,n:Hcceprnu;HH IIOCTaBJieH 

Borrpoc 0 3aBHCMMOCTH rrpou;ecca o6pa3oBaHM5I Be3HKYJI5IPHOM rrorryJIHIJ;HH OT KHHeTHKH 

rrpou;ecca B CMeIIIaHHbIX CHCTeMax ,l(M<l>X/xorraT HaTpI15I. PeIIIeHHe 3TOM rrpo6neMhI 

5IBJI5IeTc5I 3a,n:aqeif 6y.n:yIIIero. 

MeTO,n: pa3,n:eJieHHhlX cpopMcpaKTOpOB ,I(JI5I HCCJie,n:oBaHI15I Be3HKYJI5IpHbIX CHCTeM 

IIpHMeHHeTc5.! 11ccJie,n:oaaTeJIHMH B ClllA, KaHa,n:e H fepMaHHH LJ:JIH 11ccne,n:oBaH11a 
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OLJ:HOCJIOMHbIX JIMilH:.ZJ:HbIX M rrmrn.z:v'nenTH:.ZJ:HblX Be3MKyrr, a TaIOKe MO)KeT rrpH:MeIDITbC51 .ZJ:JI51 

MCCJie,n:oaamrn Be3MKYJI51pHbIX nepeHocqMKOB JieKapcTB [21S, 23S]. 

l\1eTo,n: yBerr11qeHM5I KOHTPacTa peHTreHOBCKoro M3rryqeHM51 BO.ZJ:HhlMM pacTBopaMM 

,n:McaxapM,n:OB n03BOJI51eT Ha CHHXpOTpOHHbIX MCTOqHMKax BbIIIOJIH51Tb ,n:MarHOCTMKY 

MOp<l:>orrorHH HaHoqacrn:u;-rreKapcTB, pa3pa6aTbIBaeMbIX Ha OCHOBe <I:>oc<I:>orrMnM.ZJ:OB M 

BbIIIYCKaeMbIX B mro<I:>mrn:3HpoBaHHOM BM,n:e B MaJibT03HOM MaTPHD;e. 

Pa3pa6oTaHHbie MeTO,n:HKH H: noJiyqeHHaH irn<I:>opMaIJ;H:51 o CTPYKzype Mo,n:eJibHbIX 

MeM6paH aepxHero CJIOH KO)KH MJieKonHTaIOIIIMX stratum corneum npMMeH51IOTC51 ,n:pyrnMM 

HccJie,n:oBaTeJI51MH .[(JI51 pa6oT no onpe,n:eJieHMIO CTPYKTYPhI Mo,n:eJibHbIX MeM6paH SC c 6oJiee 

peanH:CTMqHbIM COCTaBOM [26S]. 

HM3Ka51 n1,n:para:u;u51 H Manoe Me)KMeM6paHHoe rrpocTPaHCTBO (1 A) MeM6paH Ha ocHoBe 

u;epaMM,n:a 6 ,n:eJiaeT rn.n:po<l:>HnhHYIO .n:H<l><l>Y3HIO neKapcTB qepe3 JIMnH.ZJ:HYIO MaTPHU:Y SC 

3aTPY.ZJ:HMTeJibHOM. Eonee rrpe,n:noqnueJibHbIM 51BJI51eTC51 JIHno<l:>MJihHOe HanpaBJieHMe 

.ZJ:H<l><l>Y3H:M. ,D;rr51 ycurreHM51 JIMno<l:>MJibHOM .ZJ:H<l>tPY3HH crre,n:yeT npH:MeH51Tb BeIIIeCTBa 

yaenuquBalOIIIHe .n:e<I:>eKTbl B MeM6paHHOM rrosepXHOCTM. 

C03,n:aHHbie Mo,n:enbHhie MeM6paHbI SC II03BOJI51IOT uccJie,n:oaaTb .n:u<l><l>Y3HOHHbie 

rrpou;eccbI B HHX Ha peaKTope HEP-2 MeTO.r:t;OM BpeMeHH rrpoJieTa. IIpe,n:cmBneHHhJe B 

,n:H:ccepmu;HM pe3yn1TaT11 51BJI51IOTC51 HayqHoii ocHoBoii .z:i:n51 HaqaThIX Ha peaKTope HEP-2 

JIH<I> 011.JIH MCCJie,n:oBaHMM KHHeTMqecKMX rrpou;eccoB B MO,n:eJibHbIX MeM6paHaX aepxHero 

CJI051 KO)KM Ha .ZJ:H<l:>paKTOMeTPe ,[l;H-2 MeTO.ZJ:OM .n:u<I:>paKD;HH B peanbHOM BpeMeHM [27S-29S]. 

Anpo6au;m1 pa60TbI. 

Pe3yJibTaThI, npe;i:cTaBJieuub1e B JJ:HCcepTau;m1, JJ:OKJiaJJ:bIBaJIHCh B BHJJ:e 36 ycTHhIX 

JJ:OKJI3)J;OB Ha Me~yuap0,11;HblX H pOCCHHCKHX Koml>epeuu:mu H COBem;aumIX: 

CoBeIIIaHH:e no HCnOJib30BaHH:IO pacce51HMH HeMTpOHOB B MCCJie,[(OBaHH51X 

KOH,n:eHCMpoBaHHOfO COCT051HM51 (3apeqHblM 1997, faTlJHHa 2002, 06HHHCK 1999, 2006, 

f aTlJMHa 2008, MocKBa 201 O); Ha:u;HoHanI>HaH KoH<l:>epeHIJ;H:51 «PeHTreHoBcKoe, 

CMHXPOTPOHHoe 1nnyqeHH5I, HeiiTPOHbI n 3neKTPOHhI ,z:i:n51 HCCJie,n:oaaHH51 HaHOCMCTeM H 

MaTepH:arroa.» (,[J;y6Ha 1997, l\1ocKBa 1999, MocKBa 2009); International Workshop 

"Instrumentation and methods of synchrotron radiation investigations in condensed matter" 

(Republic of Belarus, 1997); I, II, III German-Russian User l\1eeting on Condensed Matter 

Physics with Neutron at IBR-2 (Dubna 1998, 2001, 2004); Workshop on Deuteration of 

Biological l\1olecules for Structural and Dynamical Studies. Applications to Neutron 

Scattering and NMR (Dubna 1998); 4th and 5th International School and Symposium on 
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Synchrotron Radiation in Natural Science (Poland 1998, 2000); 1 and 2 International 

Workshop JINR synchrotron radiation source-prospects of research (Dubna 1999, 2001); II, 

III, IV C11caK5IHOBCKHe qTemrn «Ilpo6neMhI 611oxHMHH, pa.i:i:i1au;110HHOH H KOCMHqecKoiI 

611onor1111» (Z::(y6tta 2001, ,l:(y6Ha 2007, ArryllITa 2010); CoBern;attHe ITO 11ccne,n;oBaHH5IM Ha 

lffiP-2 (,l:(y6Ha 2002, ,l:(y6Ha 2005, ,l:(y6tta 2006); PocCHHCKa51 KOHcpepeHI~H51 ITO 

HCITOilh30BaHHIO CHHxpoTpOHHoro H3nyqemrn (HoBocH6npcK 2002, HoBocH6HpcK 2010); XII 

international conference on the selected problems of modern physics (Dubna 2003); 

Programm Advisory Committe for Condensed Matter Physics (Dubna 2005, 2008); IIepBoe 

pOCCHHCKOe pa6o-Y:ee COBern;aHHe «.5.(r(epHa51 HayKa KOH,n;eHCHpOBaHHbIX cpe,n;, HaHOCTPYKTYP 

H TexHonomiI» (,l:(y6Ha 2007); BENSC user meeting (Berlin 2007); Modern spectroscopy 

methods in studying structure and function of biopolymers in biology and medicine (Dubna 

2007); Gordon Research Conference «Barrier function of mammalian skin» (USA 2007); 

KoHcpepeHI(H51 ITO cpH3HKe KOH,n;eHCHpOBaHHOro COCT051HH51, CBepxITpOBO,lJ;HMOCTH H 

MaTepHanoBe,n;eHHIO (MocKBa PHii, «Kyp-Y:aTOBCKHH HHCTHTYT» 2007); Conference on 

Theoretical Physics (Dubna 2010); 4th Japan - Russia International workshop MSSMBS'lO 

"Molecular Simulation Studies in Material and Biological Sciences" (Dubna 2010). 

Pe3yJihTaTbI, npe~cTaBJieHHb1e s nttccepTa~1rn, ~OKJianhmaJIHCh Ha 22 ceMHnapax 

npose~eHHblX B ueiiTpOHHbIX, 611o<J>m11qecKHX H <t>apMa~eBTH"lleCKHX n;eHTpax: 

H30HHKC JIH<I> OIDilI (1998, 2001, 2005, 2006); Kacpe,n;pa HeiITpoHorpacpnH, cpH3HqecKHH 

cpaKynhTeT MrY (1998, 2008, 2009); IIHCTHTJ'T cpmHKO-XHMHqecKoiI Me,n;HU:HHbI PAMH, 

MocKBa (1998); Pharmaceutical Department, Martin Luther University, Halle, Germany 

(HIOHh 1999, HIOJih 1999, 2003); Experimental Physics Institute, Physical Department, 

Leipzig University, Germany (1999, 2002); BENSC, HMI, Berlin, Germany (1999); 

Pharmaceutical Faculty, Comenius University, Bratislava, SR (1999, 2000); Interdisciplinary 

Institute of Material Science, Martin Luther University, Halle, Germany (Part 1 - June 28, 

part 2 - July 6, 2000); Physical Department, Martin Luther University, Halle, Germany 

(2004); GKSS Research Center, Geesthacht, Germany (2004); Stranski Laboratory of 

Physical and Theoretical Chemistry, Technical University, Berlin, Germany (2005); IIlUI<l>, 

raTqnHa (2007). 

JiuqHbIU BKJian aBTOpa 3aKnIOqaeTC51 B ITOCTaHOBKe 3a.n:aq, cpopMynnpOBKe rrpennQ)I<eHHH 

3KCrrepHMeHTOB H HX ITpaKTI.fqecKOH no,z:i;rOTOBKe, ITplirOTOBileHHH o6pa3IJ;OB, rrpoBe,I:(eHHH 

3KCnepHMeHTOB, pacqeTe crreKTpOB, rrpoBe,z:i;emm pacqeTOB,. HaIIHCaHHH H rry6nMKaIJ;HH 

CTaTeif. 06pa31(bl ,n;n51 HCCnenoBaHHH CHCTeMbI ,l:(M<l>X/ xonaT HaTpmr 6hIJIH H3rQTOBileHbI B 

HHCTHTyTe 6HoopraHHqecKOH XHMHH T.H. CHMOHOBOH H KaH.n:. XHM. HayK JI.II. EapcyKOBbIM. 
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Mo,n;ennp0Bam1e pecpneKTOMeTpnqecKMx KpMBbIX 6bmo BbITIOJIHeHo B I1HCTMTyTe 

3KcrrepnMeHTaJibHOM cpH3MKM I ymrnepcMTeTa JleifrrIJFITa. IlporpaMMHoe o6ecrreqeHne .L(JI5I 

pacqernB no P<D<D Mo.n;enn Ha 6a3e rraKeTa DFUMIL 6omo pa3BMTO .n;oKT. cpn3.-MaT. HayK 

E.B. 3eMJI5IHOM. PacqeTbI rrpocTpaHCTBeHHoro pa3perneHM5I B o.n;HoMepHoM .n:n<J?paKIJllIOHHOM 

3KcrrepnMeHTe 6bmM BbITIOJIHeHbI coBMCCTHO c rrpocp. A.M. BanarypoBbIM. 06pa311bI 

M0,1J,eJibHbIX MeM6paH JillIIIM,D;HOH MaTpMllbl BepxHero CJI05I KO)KllI 6I:.IJillI C03,D;aHbI B JIH<D 

OI15II1 MB YHMBepcnTeTe MapTHHa JlIOTepa. ,l(eH:TepnpoBaHHbie JIMIIM,D;bI CllIHTe3HpoBanMcb 

B rpyrrrre rrpocp. B. ,l(o6He (YHMBepcnTeT MapTHHa J110Tepa, fepMaHM5I) 

Ily6JIUKa:u;1m. Ilo TeMe ,[(MCCepTallllillI orry6JillIKOBaHa 40 CTaTeH B OTeqecTBeHHbIX M 

3apy6e)KHbIX pecpep11IpyeM01x )KypHanax. 

CTpyKrypa H 06beM ,uuccepTa:u;uu. ,[(nccepTaIJM5I COCTOMT llI3 CIIMCKa MCIIOJib3YeMbIX 

o603HaqeHMH, BBe,[(CHM5I, IIIeCTM rJiaB, OCHOBHbIX pe3yJioTaTOB III BbIBO,D;OB, 3aKJIJOqeHM5I Iii 

CIIMCKa JIMTepazypoI. 06m:nH: ofr:oeM ,[(llICCepTallllIM 263 CTpaHllIIJbl. 06m:ee KOJilliqecTBO 

llMTMpyeMoli JI11ITeparypo1 229. KonMqecTBo rry6n11IKaIJMM no TeMe ,n;11IccepTaIJllIM 40. 

JiJiaro)J;apuocTn. ABTOp Bbipa)l(aeT 6naro,n;apHoCTb rrpocp. TI. J1e3M (YHMBepcnTeT HaHCM, 

cpapMaIJeBTMqecKMM cpaKyJI:oTeT, <DpaHU:H:5I), ,n;p. M. OJillIBO (cpapMa11eBn1qecKMM cpaeyn:oTeT, 

University Paris-Sud, France), ,n;p. ,[(. JloM6ap.n:o (yHMBepcnTeT MnccMHbI, I1TaJIH5I), ,n;p. )K. 

Ilerrn (LLB, Saclay, France), rrpocp. M. Jlerne (NIST, USA), ,n;p. Ill. Bop6enn (BSNC, 

Budapest), ,n;p. A. Xoenn, .n;p. T. Xayc, .n;p. C. ,l(aHTe (BENSC, HMI, Berlin) . .zi;p. B. AcBanb 

(SSPD, BARC, Trombay, India), ,n;p. T. fyT6epneT (PSI, Villigen, Switzerland), rrpocp. TI. 

Banramr, ,n;p. M. ,[(y6H11IqKa, ,n;p. M. KycepKa ( cpapMa11eBTMqecK11IM cpaKyJI:oTeT, yHMBepcMTeT 

KaMeHCKOro, BparncJiaBa), rrpocp. r. KJI03e, rrpocp. x. lliMM,lJ;eJiy, ,n;p. TI. KpIOrep 

(YHMBepcnTeT JieiiIIIJMra, fepMaHH:5I), ,n,p. M . .5.IHMX, rrpocp. P. Hoii:6epT, rrpoqi. 3. BOTeBMr, 

rrpo<l?. B. ,[(o6He, .zi;p. .5.I. C6MTOBCKa, ,n;p. A. PyTllIHrep, ,n;p. ,[(. KecHep, ,l(. MaTBeeBy 

(cpapMaIJeBTMqecKMM <l?aKyJioTeT YmrnepCllITeTa MapTHHa JlIOTepa, Xanne, fepMaHH5I), A.B. 

3a6eJIMHy, A.IO. fpy3MHOBY (PHIJ; KypqaTOBCKllIM llIHCTMTyT, MocKBa), KaH.zi;. XllIM. HayK Jl.M. 

BapcyKOBY (I1HCTMTYT fornopramrqecKOM XMMllIH), KaH.n;. cpm.-MaT. HayK B.II. fop,n;eJIMIO, 

KaH,n;. <l?M3.-MaT. HayK H.IO. P5I6oBoif, KaH,n;. TexH. HayK E.B. EpMaKoBoli, rrpocp. A.M. 

BanarypoBy, rrpo<l?. B.Jl. AKceHoBy (J1a6opaTop11I5I Heii:TpOHHoii <l?M3MKllI, OM.5.IH, ,[(y6Ha) 3a 

COBMeCTHYIO pa6ory Ha pa3JIMqH:OIX 3Tarrax MCCJie,n;oBaHMH. ABTOp rrpH3HaTeJieH KOJIJieraM M3 

JIH<D OM.5.IH 3a rroMOIIJb III coTpy,n;m1qecTBo. 
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OCHOBHOE CO,IJ,EP'.IKAHHE PANOTbl 

Bo BBe.n:eHHM ccpopMyJIMposaHa ITOCTaHOBKa 3a,ll;a"llM, aKzyaJibHOCTb, Hay-qHaH HOBM3Ha, a 

TaIOKe yKa3aHa Hay-qHaa M ITpaKTMqecKaH :u;eHHOCTb pa6oTbI. B ITepsoii: mase OITHcaHbI 

TeXHOJIOI'HH ITpMroTOBJieHMH JIMITM.Jl:HbIX MeM6paH ,ll;JIH HeHTPOHHbIX M CMHXpOTpOHHbIX 

MCCJie,ll;OBaHMH. 

rJiaBa 2. TpoiiHaH CHCTeMa <}>oc<}>OJIHDH.r./ KpuonpoTeKTOp/ BO.r.a 

rnasa 2 ITOCBHIIJ;eHa OITMcamno pe3yJibTaTOB MCCJie,ll;OBaHMH TPOHHOH CMCTeMbI 

cpoccporrMITM;::i:/ KpMoITpOTeKTop/ so.n:a. IIpe;::i;cTaBJieHbI pe3yJibTaTbI ITO BJIMHHMIO 

,ll;MMeTMJICyn:r,cpoKCM;::t;a Ha CBOHCTBa cj:>a30BbIX ITepexo.n:oB ITPM ITOJIO)KHTeJibHblX 

TeMrrepaTypax, pe3yn:r,TaTbI Bmrnmrn ,D;MCO Ha CTPYKTYPY 6ttcrroa ,D;II<DX B rerr:r, cpa3e, a 

TaIOKe pe3yJioTaTbI BJIHHHHH ,n;MCO M rnrr:u;ep1rna Ha ITpou:ecc:r,1 o6pa3oBaHMH rr:r,;::i;a ITPM 

oxna)K.Jl:eHMM TPOHHOH cMcTeMbI cpoccj:>oJIMITM;::t;/ KpMOITpOTeKTop/ Bo.n:a. OITn:caHbI HOBbie 

cpa30Bbie ITepeXO,l];bl, B03HMKaIOID;.Me B CMCTeMe cj:>ocqJOJIMITM;::t;/ ,n;MCO/ so.n:a ITPH 

TeMrrepaTypax H.M'.IKe TeMITeparypbI o6pa30BaHMH Jlb,ll;a. y CTaHOBJieHO HBJieHHe ,D;MCO 

MH.Jl:YU:MpoBaHHOH .n:ern.n:paTaU:MM Me)KMeM6paHHOro ITpOCTPaHCTBa cpoccpoJIMITM,ll;OB. 

CcpopMyrrttposaHbI ITpHHUHITbI ysentt"lleHHH ITpoHrr:u;aeMOCTH JIHITH.Jl:HbIX MeM6paH ITO.Jl: 

.n:eiiCTBHeM ,ll;HMeT.MJICYJibcj:>OKCH,ll;a. B § 2.1 OITHCaHO COCTOHHHe ITpo6JieMbI ITO MCCJie,ll;OBaHHIO 

BJIHHHHe ,D;MCO Ha MeM6paHbI cpoccpOJIHITH,ZJ;OB, B § 2.2 - ITpHroTOBJieHHe o6pa3IJ;OB H B § 2.3 

- 3KCIIepHMeHT. 

§ 2.4. B.rtuRHue ,4MCO Ha ceoucmea </Ja3oeb1x nepexoooe </Joc</Jo.rtunuooe (,l{ll<!JX, ,4M<!JX) 

npu no.rto;JfCumellbHblX meMnepamypax. 

BJIHHHHH ,D;MCO Ha CBOHCTBa cpa30BbIX rrepexo.n:oB ,D;II<DX ITPM ITOJIO)KHTeJibHbIX 

TeMITepazypax HCCJie.n;oBaJIOCb MeTO,ll;aMM peHTreHOBCKOH MarroyrJIOBOH M IIIHpOKoyrJIOBOH 

,ll;HcppaKD;HM B peaJibHOM BpeMeHH, .n:n:cj:>cj:>epeHU:MaJibHOH CKaHHpyroiu:eM: KaJIOpHMeTpHH H 

MarroyrJiosoro pacceHHMH HeHTPOHOB. Ha prrc. 6 ITpe.n:crnBJieHa 3aBHCMMOCTb cTpyKzypHbIX 

ITapaMeTPOB MeM6paHbI ,D;II<DX OT TeMnepazyp:r,1. lfaMeHemrn cpa30BbIX nepexo.n:oB np.M 

.n:o6aBJieHHM ,D;MCO .n:eMOHCTPMPYIOT KaJIOpHMeTPHqecKHe Kp.MBbie Ha pHC. 7. y CTaHOBJieHo, 

"llTO ITO,ll; BJI.MHHHeM ,n;MCO ITpO.MCXO,Il;HT cyi:u;ecTBeHHbie H3MeHeHH5I B CBOHCTBaX cpa30BbIX 

ITepexo.n:os: TeMITepazypHaH o6JiaCTb cyi:u;ecTBOBaHMH p /J' cpa3bl yMeHbIIIaeTCH .M OH.D:YJIHIJ;.M.M 

MeM6paHbI .Mcqe3aJOT ITPM XDMSO = 0.10. 0Tcro.n:a CJie.n:yeT, qTo ,D;MCO .n:eJiaeT MeM6paHy 

6oJiee )KeCTKOH, CTa6HJIM3MpyH ee IIOBepXHOCTb. KpoMe .M3MeHeHMH B CTPYKzype cpa30BbIX 
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nepexo.n;os npo.Hcxo.n;HT yBeJmqeH.He TeMneparypoI maBHoro cpa3oBoro nepexo.n;a npH 

yseJI:aqeH.Hll MOJibHOM cppaKI1.HH ,l(MCO [l, 2, 24, 40]. 
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PucyHOK 7. KanopuMemputtecKue Kpuebze 
mpouHou cucmeMe /(JI<PX IJ(MCO /eooa: a) 

2Jta6HblU pa306blU nepexoo U3 P fJ' e La 

</Ja3y (6oJtbUlOU pe3KUU nuK) OllR cucmeMbl 

c XDMSO = 0.0, 0.02, 0.04, 0.05, 0.08, 0.1; 

b) npeonepexoo u3 Lp' e Pp' </Ja3y 
(mupoKuu nuK e Jleeou ttacmu Kpueou ) oJtR 
cucmeMbl c XDMSO = 0.0, 0.02, 0.04, 0.05. 

Ilpeonepexoo uctte3aem npu XnMso = 0.08. 

Ha pMc. 8 npe,r:i;cTaBJieHbI pe3yJII>TaTbI KaJiopHMe'qmqecKHX H ,n;McppaK11HOHHbIX 

.HCCJie,n;oBaHHH cpa30BblX nepexo.n;os: 3aB.HCHMOCTb TeMnepazypoI rJiaBHOro cpa30BOro 

nepexo.n;a Tph OT KOHI1eHTpa11HM ,l(MCO H 3aBMCHMOCTb nep:ao.n;a IlOBTOp51eMOCT.H MeM6paHbl 

oT KOHI1eHTPa1IM:H ,l(MCO npM T= 20°C [1, 2, 24]. Pe3yJII>TaTbI c:aHxpoTPOHHbIX 

3KCnep.HMeHTOB roBOp5IT 0 TOM, qTo, Haq:HHa51 c XnMSO = 0.1, B3aHMO)J;eMCTBHe ,l(MCO H 

MeM6paHbl MeH.HeTC5I. IlpH XnMSO;;:::: 0.1 HacrynaeT o6JiaCTb KOHI1eHTPa1IHH, r.n;e MeM6paHa 

,l(II<I>X He MMeeT npe.n;nepexo.n;a H cy111ecTByer rrp51MOH cpa30BbIM rrepexo.ri; H3 reJib-cpa3oI B 

)K.H)J;KOKpHCTaJIJIHqecKyIO cpa3y 3a cqeT TIJiaBJieH.H51 ymeBo.n;opo,n;HblX XBOCTOB [1, 24, 2S]. 

Ilp.H 3TOM <lJa30BbIM nepexo.n; H3 reJib B )Kll)J;KOKpHCTaJIJIHqecKyIO <lJa3Y :HMeeT o6JiaCTb 

cocy111ecTBOBaHH5I .ri;Byx <!Ja3 H rncTepe3HC. Ha p:ac. 9 IIOKa3aHa 3aBHCHMOCTb rrepno.n;a 

noBTop.HeMoCTH MeM6paHbI OT TeMneparypoI )J;JI.H XnMSO = 0.2 np:H HarpeBaHHM M 

OXJia)K,n;eHHH. 
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P11cyHOK 8. 3aeucUMocmb meMnepamypbz 

2JlaeHozo rjJasoeo20 nepexooa Tph u nepuooa 

noemop51,eMocmu MeM6paHbl J{fl<PX om MO!lbHou 

rjJpaKlJUU J{MCO. • - Tph U3 ourjJpaKZfUU 6 

peanbHOM epeMeHU npu Hazpeee 0.2°C/MUH, • -
Tph us /{CK co cKopocmb10 Ha2peea 2°C/min, .A -

ne uoo noemo 'fleMocmu MeM6 aHbl n u T = 20°C. 
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P11cynoK 9. 3aeucuMocmb nepuooa 

noemop51,eMocmu MeM6paHbl J{fl<PX 

npu Ha2peeaHUU u OXJlGJICOeHUU 0Jl5/, 

XDMSO = 0.2. CKopocmb usMeHeHU5/, 
meMnepamypbl 1° CIMuH. BpeJvt51, 

Ha6opa cneKmpa 1 MUH. 

§ 2.5. Bnu51,Hue J{MCO Ha cmpyKmypy nunudH020 6ucno51, e 2enb rjJase u nonoJ1CeHue 

Mo!leKJl!lbl J{MCO e MeM6paHe. 

Ilep1m,n; IIOBTOp5IeMOCTH d MeM6paHbl ,[{Il<l>X CBSI3aH c TOJII.l(HHOM MeM6paHbl dL H c 

TOJII.l(HHOM rrpocJIOHKH pacrnopHTeJISI B Me)l(MeM6paHHOM rrpOCTPaHCTBe dw COOTHOIIIeHHeM 

d=dL + dw (1) 

YMeHhIIIeHHe rrep110,n;a rroBTOpSieMocTH d rrpH T = 20°C, rrpe,n;crnBneHHoe Ha pHc. 8, MO)l(eT 

rrpoHCXO,l.l;HTb KaK pe3yJibTaT H3MCHeHJHI cnaraeMhlX dL H (HJIH) dw. Ilo3TOMY HCCJie,n;oBaHJfe 

BJIH.SIHHSI ,[{MCO Ha TOJII.l(HHY MeM6paHbl ,[{Il<l>X 5IBJI5IeTC5I Heo6xo,n;HMbIM. Orrpe,n;eneHHbie B 

pa6oTe [58] IIJIOTHOCTH pacrrpe,n;eneHHSI 3JieKTPOHOB B MeM6paHe roBOpSIT 0 TOM, qTo 

TOJII.l(HHa MeM6paHbl He MCH5IeTC5I. IlJIOTHOCTH pacrrpe,n;eneHHSI 3JieKTpOHOB paccqHTaHHbie B 

[28], YKa3bIBaIOT Ha yBeJIHqeHHe TOJII.l(HH11 MeM6paHhI ,[{Il<l>X Ha 2.2 A npH XDMSO = 0.1. 

)l;JI5I ycTPaHeHH5I rrpoTHBopeqH5I B 3KcrrepHMeHTaJihHbIX pe3yn1TaTax H yToqHeHH5I 

1rncpopMa:QHH 6bIJIH rrpoBe,n;eHbl He3aBHC.11Mbie peHTreHOBCKHe mi:cppaKIJ;HOHHbie 

3KcrrepHMeHTbI Ha ycrnHOBKe D24 CHHXpOTPOHHoro 11cToqH11Ka DCI, LURE, France [24, 40]. 

Ha pHc. 10 H 11 rrpe,n;crnsneHbI rrpocpIInH pacrrpe,n;eneHII5I rrnoTHOCTH 3JieKTPOHOB s 

MeM6paHe ,[{Il<l>X (cpyp1e rrpocpHnH) ,n;Jrn XDMSO = O; 0.05; 0.08; 0.10. MaKCHMYMbI s palioHe 

20 A coorneTCTBYIOT rroJio)l(eHHIO cpoccpopa B rronHpHoli ronoBe Moneeyn11 ,[{Il<l>X. 
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PaccT05IHHe Me)K.n:y 3THMH MaKCHMyMaMH dpp xapaKTepn3yeT TOJIIQHHY MeM6paHhI c 

TOqHOCTblO ,n:o KOHCTaHTbI. M3MepeHHbie no cpypr,e rrpocpHJI5IM 3HaqeHH51 dpp npe,n:cTaBJieHbI B 

rn6JI. 1. Hanrn pe3yJioTaThI no Bb1qHcJiem110 cpypbe npocpHJieM: xoporno cosna,n:aIDT c 

pe3yJibTaTaMH, ony6JIHKOBaHHbIMH B [2S] 

0.8 0.8 

-0.8 -0.8 

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 
Distance from the bilayer center, A Distance from the bilayer center, A 

PucyuoK 10. PacnpeoeJZeHue lVlOmHocmu PucyuoK 11. PacnpeoeJZeHue 11J1omHocmu 
3JleKmpOH06 6 HanpaeJleHUU HOp.Manu K 
6ucJZ010 Oflf{, XDMSO = 0 (c11J1otuHaf{, Kpueaf{,) 
u XDMSO = 0. 05 (nyHKmupH051, Kpue051,) 

3JleKmpOH06 6 Hanpa6lleHUU HOp.MClllU K 
6ucflo10 OJlfl, XDMso = 0. 08 (cnJZotuHafl, 
Kpue051,) u XDMSO = 0.10 (nyHKmupHaf{, 
K U6Gfl, 

Ta6Jiuu:a 1. 3aeucwwocmb paccmOfl,HUfl, .Mexoy MaKcwwy.Ma.MU dpp nJZomHocmu 
pacnpeoeJZeHUfl, 3lleK.mponoe .Me.M6paHbZ /(ll<t>X npu T=20°C om .MOllbHou <f>paKlfUU /(MCO e 
oacmeope, Xi DMSO 

XDMSO 0.00 0.05 0.08 0.10 

dpp,A 41.2±0.4 44.0±0.4 44.8±0.4 43.6±0.4 

MaJioyrnosoe pacce5IH.He HeMTPOHOB Ha O.IJ:HOCJIOHHDIX Be3HKynax 5IBJI5IJIOCb BTOp1IM 

MeTO.IJ:OM, HCnOJio3yeMDIM HaMH npH HCCJie,n:osaHHH Bonpoca 0 BJIH5IHHH ~co Ha TOJIIQHHY 

MeM6paHbI B o6naCTH MaJibIX KOHD;eHTPaU:HM. 3THM Hanrn HCCJie.n:osaHH51 OTJI.HqaJIHCb OT 

pa6oT, OCHOBaHHbIX Ha ,n:ncppaKD;HH peHITeHOBCKHX JiyqeM: [2S-5S]. U:eJiblO HeiiTpOHHbIX 

MaJioyrJIOBbIX 3KCIIepHMeHTOB 5IBJI5IJIOCb rrpose,n:eHHe He3aBHCHMbIX H3MepeHHM 3aBHCHMOCTH 

TOJIIQHHbI 6HCJI051 OT KOHD;eHTPaU:HH .I(MCO. 3KcrrepHMeHT 6bIJI rrpose,n:eH Ha Be3HKyJiax 

npnroTOBJieHHbIX 3KCTPY3He:i1: qepe3 rropbI .n;naMeTPOM 500 A H 2000 A. AHaJIH3 

3KCITepHMeHTaJibHbIX .n:aHHbIX 6bIJI BbIITOJIHeH B np.H6JIH:>KeHHH fHHbe H no MO,n:eJIH ITOJIOM 

ccpepbI [30S] 
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(2) 

r.r:i;e A; = sin( qR; )- ( qR;) ·cos( qR;) . Pe3yJI&TaTbI B&1qHcrreHHH TOJIIIJ;MH&I MeM6paHbI 

rrpe,r:i;cTaBJieHbI B Ta6rr. 2. 06a MeTO,r:i;a BJ:,JqMcJJeHM5I TOJIIIJ;MHbI MeM6paHbl ,r:i;eMOHCTJ'HPYIOT 

yseJIMqeHMe ee TOJIIIJ;MHbI IIp11 yserrHqeHHM KOHU:eHTpaD;HM ,ll;MCO. Torrrn;11Ha MeM6paHhl He 

H3MeH5IeTCH rrpM yserrM"tfeHHM KOHD;eH1'pau:m1 ,L(MCO .r:i;o XDMso = 0.05. CooTBeTCTBYIOIIJ;a5I 

serrMq11Ha dpp yseJIMq11saeTC5I Ha 2.8±0.8 A (cM. Ta6JJ. 1). YBeJI11qeH11e dpp rrp0Mcxo,r:i;11T 3a 

cqeT JIOKaJIH3aD;l111 aTOMOB cepbI p5I.D;OM c ITOBepXHOCTblO MeM6paHbl 6e3 rrpOHMKHOBeHl15I 

MOJJeKyJI ,L(MCO BHYTPb MeM6paHbI. IlpH yseJIHqeHMH KOHD;eHTPaU:HH ,L(MCO .r:i;o 

XDMso = 0.1 TOJJIIJ;HHa MeM6paHbI yse1rnq11saeTCH Ha serr11q11Hy 2.3±1.9 A. IlpH 3TOM 

serrMq11Ha dpp yserr11qMsaeTc5I Ha 2.4±0.8 A. Crre,r:i;oBaTerrr:.Ho, rrp11 XDMso = 0.1 3cpcpeKT 

yserr11qeHMH TOJIIIJ;HHbl MeM6paHbl IIO)J;TBep)K.r:i;aeTC5I .D;BYM5I He3aBMCHMbIMH 3KCIIepHMeHTaMM. 

3.r:i;ecr:. rrpMqHHOH yserr11qeHH5I TOJIIIJ;MHbl MeM6paHbI 5IBJI5IeTC5I rrpOHMKHOBeHHe MOJieKyJI 

,ll;MCO B JIMIIM.D;HbIH 611CJIOM. 

Ta6mm:a 2. 3aeucUMocmb napCJMempoe OOHOCJlOUHOU ee3UKJl!lbl ,llll<PX om KOHtfeHmpaZJUU 
,l{MCO npu T=20°C. Rav - cpeoHuu paouyc ee3UKJl!lbl, P - no!luoucnepCHocmb, dL -mO!lUJUHa 
6 6 UCJlOR MeM lf)GHbl. 

XDMSO 0.0 0.05 0.10 0.15 
Rav, A 263±3 250±3 258±3 264±3 
P,% 32 33 32 30 

dL, A rro Mo,r:i;eJIH rroJioii ccpepr:.1 44.5±0.5 45.0±0.5 45.5±0.5 46.0±0.5 
dL, A B rHHbe rrpM6JJH)KeH1111 48.1±0.9 49.5±1.0 50.4±1.0 50.3±1.0 

B HaCTOHrn;ee BpeMH HaHJIY"tfIIIee rrpocTpaHCTBeHHOe pa3peIIIeHHe rrorrr1eHO B 

pecpJieKTOMerp11qecKHX 3Kcrrep11MeHTaX Ha JIMIIH)J;HbIX MOHOCJIOHX c rrp11MeHeHMeM 

CHHxporpOHHbIX MCTOqHHKOB [31 s]. HaMM 6I>IJIM rrpose,r:i;eHbl peHTreHOBCKMe 

pecpJ1eKTOMerp11qecKMe mMepeHM5I CTPYKTypr:.1 MOHOCJI05I ,ll;Il<DX Ha rrosepxHOCTH BO.D;HI>IX 

paCTBOpOB ,L(MCO )J;JIH KOHD;eHTPaU:MH XDMSO =0.0 - 0.1 H MCCJie)J;OBaHbl n-A M30TepMbI. 

Pe3yJII>TaTbl IIOKa3aJIM, qTo rrp11 XDMSO = 0.1 MOJieKyJibI ,L(MCO JIOKaJIH30BaHbI BbIIIIe 

IIOJIHpHbIX roJIOB, B o6JJaCTH IIOJI5IpHbIX roJIOB H HH)Ke [14]. IIpose,r:i;eHHbIM aHaJIH3 

H3MeHeHM5I tr-A 1130TepM MOHOCJ105I MOJieKyJI ,L(Il<l>X ITO)]; .r:i;eHCTBHeM ,L(MCO IIO.D;TBep)l<:)J;aeT 

c,r:i;eJiaHHbIM B § 2.4 BbIBO.D; 0 TOM, qm ,L(MCO yseJIHqH:BaeT HaJIH:qH:e .r:i;ecpeKTOB B 

MeM6paHHOM crpyKrype 3a cqeT o6pa30BaHM5I )J;OMeHOB (KJiaCTepoB). 
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§ 2. 6. J{MCO UHOy14upoeattcm oecuopama14u51, Me:JICMeM6paH1-t020 npocmpaHcmea. 

llccJie,n:oBaHHH BJIHHHHH ,aMCO Ha CTIJYKTYPY MeM6paHbl .n:eMOHCTIJHPYIOT 

yMeHblIIeHHe TOJirn;HHbl BO.IJ:HOro Me)l(MeM6paHHoro rrpOC'TpaHCTBa, KOTOpoe BMeCTe c 

Mcqe3HOBeHHeM npe,n:rrepexo.n:a HaTaJIKHBaeT Ha MblCJib 0 B03MO)l(HOM yMeHblIIeHMM 

KOJIIfqecTBa CB060)l;HOH BO.IJ:bl B Me)l(MeM6paHHOM rrpOC'TpaHCTBe. KanopHMe'TpHH rrpM HH3KHX 

TeMrreparypax HBJIHeTC51 MeTO.IJ:OM orrpe,n:eJieHH51 KOJil'.1qecTBa cao6o,n:HOM H CB513aHHOM BO.IJ:bl 

[32S]. llccJie,n:yeMbie o6pa3I(hl 6bmH rrpHroToBJieHbI TaKHM o6pa3oM, qTo o61I(ee KoJI11qecTBO 

BO.IJ:bl, KOJIMqecTBO BO.IJ:bl B Me)l(MeM6paHHOM rrpocTpaHCTBe If KOJIIfqecTBO CB06o,n:HOM BO)l;bl 

5.!BJI5.!JIHCb COH3MepHMbIMH BeJIM:qifHaMH. 

-10 

-40 

• 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 

DMSO mole fraction 

PHcyHOK 12. 3aeucuMocmb 

meMnepamypbl n!laenenuR llbOa om 

MOllbHou <jJpaKZJUU J{MCO onR mpou1tou 

cucmeMbl Jfll$X IJ(MCO leooa 

(Keaopamb1) u OllR oeouHou cucmeMbZ 

JfMCO /eooa (mpey20JtbHUKU). 
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PHcyHoK 13. 3aeucUMocmb nepuooa 

noemopReMocmu MeM6paHbl om 

meMnepamypbl npu ox1za:J1Coe1tuu onR 

060UHOU cucmeMbl JflJ(/JX/ 600a (KPY:JICKU), 

mpoi:mou cucmeMbl Jfll$X/ J{MCO/ eooa c 

XnMso = 0. 05 oc1toe1tcm <J>ma 

(Keaopambz), u mpou1tou cucmeMbl pII$XI 
J{MCO/ eooa c XnMSO = 0. 05 6e3 u36bzmKa 

600bl m e 20JlbHUKU . 

Ha pHc. 12 rrpe.n:crnBJieHbI 3aBHCHMOCTH TeMrrepazypbI rrnaBJieHH5.l Jib,n:a OT MOJibHOH 

cppaKQHH ,aMCO ,ZJ;JI51 .n:soii:Hoii (,aMCO I ao.n:a) H TpoiiHoii: cHcTeMbI (,l(II<l>X/ ~CO/ Bo,n:a). 

IlpH JII060M HeHyJieBOM 3HaqeHHH XnMSO TeMrrepazypa IIJiaBJieHH5.l Jib)l;a B CHCTeMe 

,l(II<I>X /,l(MCO IBO)l,a MeHblIIe TeMrreparypbI IIJiaBJieHirn Jlb)l,a B .IJ:BOMHOM CHCTeMe 

,l(MCO /Bo,n:a. 3Ta pa3HHI(a TeMrrepaTyp IIJiaBJieHH51 HBJIHeTC5.l .IJ:OKa3aTeJibCTBOM Toro, qTQ 

KOHI(eH'TpaI(H5.l ,l(MCO B ofrbeMHOM pacrnopHTeJie OTJIMqaeTC5.l OT KOHI(eH'TpaQHH ,[(MCO B 

pacrnopHTeJie, HCIIOJin3yeMOM rrpH rrpHrOTOBJiemm o6pa3I(OB. ll3MeHeHHe KOHI(eHrpaQHH 
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CB513aHO c TeM, qTQ qacTb MOJieKyJI BO,n:bI B 'TpOMHOM CIICTeMe ,IJ;II<PX I ,D;MCO /Bo,n:a CB513aHa 

Bo,n:opo,n:HbIMII CB513HMII c IlOJI51pHbIMII roJIOBKaMII MOJieKyJI H He CMeIIrnBaeTC51 c ,IJ:MCO. 

PeaJibHaH KOHIJ;eHrpaIJ;II51 ,z:J:MCQ B o6oeMHOM paCTBOpMTeJie X'nMSO TpOHHOH CMCTeMbI 

BbIIIIe KOHIJ;eH'TpaIJ;Hli ~co XDMSO B ,n:BOMHOM CMCTeMe 

, 
X DMSO = I.32XDMSO (3) 

KoJIMqecTBO MOJieKyJI «HeCMeIIIIIBaeMOM» BO,n:bI Ha O.IJ:HY MOJieKyJiy ,IJ;II<PX paBHO 10 ± 2.6. 

IIoJiyqeHHa51 BeJIHqlIHa COBna.n:aeT co 3Haqea.HeM KOJIMqecTBa MOJieKyJI BO,n:bI, CBH3aHHbIX c 

IIOJI51pHOM roJIOBOH o,n:HOM MOJieKyJibI ,II;II<PX [32S]. MoJieKyJibI CBH3aHHOM BO.IJ:bI He 

CMeIIIMBaIOTCH c MOJieKyJiaMM ~co. 06JiaCTb MaJibIX KOHIJ;eH'TpaIJ;HM ~co 

COOTBeTCTByeT yMeHbIIIeHMIO KOJIH:qecTBa CB06o,n:HOM BO,n:bI B Me)!(MeM6paHHOM 

rrpoc'TpaHcTBe c 6.4 rrp11 XDMSO = 0.0 .n:o 0 npH XDMSO = 0.14. YMeHbIIIeHMe cBo6o,n:Holi 

BO,n:bI B HCCJie,n:yeMOM CIICTeMe IIOJiyqHJIO Ha3BaHHe ,IJ:MCO MH,n:yu;1IpOBaHHa51 .n:ern.n:parnu;H51 

Me)!(MeM6paHHoro npocrpaHcTBa [ 1]. 

§ 2. 7. Hcc!leooeamm <f.Ja3oeb1x nepexoooe npu HU3Kux meMnepamypax. 

3aBHCHMOCTH nep.HO,ll;OB IlOBTOp51eMOCTH MeM6paH ,IJ;II<PX OT TeMnepaTypbI rrplI 

OXJia)!(,n:eHHH rrpe,n:CTaBJieHbI Ha pHc. 13 ,n:JI51 ,n:BOHHOM CHCTeMDI ,II;II<PX/ BO,n:a, ,ll;JI51 'TpOMHOM 

CMCTeMbI ,II;II<PX/ ,n;MCO/ Bo,n:a c XDMSO = 0.05 (ocHOBHa51 <}la3a) H ,n:JI51 3TOM )Ke 'TpOMHOM 

CMCTeMbI 6e3 M36bITKa pacTBop11TeJI5I. Pe3Koe yMeHbIIIeHHe BeJIMqHHbI d Ha iJd = - 5.9 ± 0.6 A 

rrp.11 T= -19.4°C ,n:JI51 .IJ:BOMHOM CIICTeMbI ,II;II<PX/ Bo,n:a HBJI51eTC51 pe3yJibTaTOM .n:er1I,n:parnu;HM 

Me)KMeM6paHHOro npocrpaHCTBa, Bbl3BaHHoro o6pa30BaH1IeM Jib,n:a B ofrI>eMHOM 

pacTBopHTeJie. YMeHbIIIeHMe BeJIHqMHhl d B MOMeHT o6pa3oBaHHH JII>,n:a .11cqe3aeT np.11 

yBeJIH:qeHHH KOHIJ;eHTpau;IIH ,n;MCO KaK IIOKa3aHO B Ta6JI. 3 II OTCYTCTByeT IIOJIHOCTblO B 

06pa3u;ax 6e3 m6I>ITKa BO.IJ;bI. Ha p.11c. 14 rrpe,n:cTaBJieHDI SAXS H W AXS ,n:.11tjlpaKu;MoHHI>Ie 

cneK'TpDI, 3aIIMCaHHbie B peaJibHOM BpeMeHH rrplI OXJia)l(,n:eHMH MHOrOCJIOMHbIX Be3MKYJI 

'TpOMHOM CHCTeM:bl ,II;II<I>X/ ,IJ;MCO/ BO,ll;a c XDMSO = 0.05. IlpH TeMrreparype -23.2°C 

npOHCXO,n:HT o6pa3oBaHHe Jib,n:a 6e3 H3MeHeHH51 BeJIHqHHbl nep1Io,n:a IIOBTOp51eMOCTM. IIpH 

TeMrrepaType -37.5°C B03HMKaeT HOBa51 MYJII>TMJiaMeJIJI51pHaH Lsr <}la3a, KOTopa51 

cocyllleCTByeT c OCHOBHOM Le <}la30M rrp.11 ,n:aJibHelirneM oxJia)!(,n:eHHH [16]. Lsr <}la3I>I 

o6pa3yeTCH B 'TpOMHbIX CHCTeMax c ,II;II<PX (16 aTOMOB yrnepo,n:a B u;errolJKe) II ,IJ;C<PX (18 

aTOMOB yrnepo.n:a B u;erroqKe), HO He 06pa3yeTC5I B 'TpOMHbIX CMCTeMaX Ha OCHOBe ~<PX (14 
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aTOMOB yrnepo,n;a B u;errO"CIKe ). TaIOKe Lsr cpa3a He 06pa3yeTc5I rrpn 3aMeHe ,2J;MCO 

nmu;epHHOM. 
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PucyHOK 14. llocneooeameJT.bHOCmb SAXS u w AXS ourjJpaKLfUOHHblX cneKmpoe 3anucaHHblX 

B peanbHOM epeMeHU npu OXJl.Q;JfCOeHUU MH020CJl.OUHblX ee3UKyJl. mpoUHOU cucmeMbl ,l!ll<PXI 

,l!MCO/ eooa c XnMso=O. 05. SAXS cneKmpbl coom6emcm6y10m ourjJpaK1jUU om 
MH020CJT.OUHou cmpyKmypbz ,l!II<PX W AXS cneKmpbz coomeemcm6y10m ourjJpaKZfUU om 
oeyxMepHou peuti!mKu y2lleeooopooHbZX xeocmoe (ManeHbKUU nuK npu T = 14.1°C) u 

ourjJpaKZfUU om 2eKCQ20HaJlbH020 Jl.bOa (mpu nuKa npu Tice= -23.2°C). CKopocmb 

OXJla;JfCOeHUR l.5°CIMuH. BpeMR Ha6opa 00Ho20 cneKmpa 1°MUH. 

Ta6Jimi:a 3. TpouHaR cucmeMa ,l!IlcJ>X/ ,l!MCO/ eooa. 3aeucUMocmb eenulJUHbZ 

oezuopamaZfUU MeM6paHbl Ad u meMnepamypbl o6pa30BaHUfl Jl.bOa Tice om MOJlbHOU 

ppaKtfUU ,l!MCO e pacmeope XnMSO 

XnMso 0.00 0.01 0.02 0.05 

Tice oc -19.4 -19.7 -22.l -23.2 
' 

Ad, A -5.9±0.6 -3.6±0.6 - 1.9±0.6 -0.5±0.6 
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AHa.JIM3 3KcnepHMeHTaJI:OH:OIX ,n:aHH:OIX noKa3a.rr, l:ITO o6pa3oBaHMe Lsr cpa3:0I B cHcTeMax 

cpoccponMITMW ,r:i:MCO/ Bo,n;a npH HH3KMX TeMnepaTypax OCHOBaHO, c O,Il;HOM CTOpOH:OI, Ha 

cpa30BOM paccnoeHMM CMCTeM:OI Ha cpa3y, o6oraru;eHHYIO BO.l(H:OIM paCTBOpOM ,n;MCO, H Ha 

cpa3y, c MaJibIM co,n;ep)l(aHMeM BO,Il;HOro pacTBopa ,l(MCO. c .n;pyroii CTOpOHbI - co 

cneu:ncpHKOM B3aMMO,n;eH:CTBHSI MOJieKyn ,n;MCO c yrneBo.n;opo,n;HbIMM u:enol:IKaMM. 

rJiaBa 3. flpnMeHeHHe OpHeHT3D;HH fl>ocfl>OJIHDH,ZJ:HbIX MeMfipaH B CHJibHblX MarHHTHbIX 

noJIBX ,n:JIB uccJie,n:osauun 11x csoilcTB 11 cTpyKryp1>1. 

Pa6oTa no rrpMMeHeHMIO CMJibHhIX MarHMTH:OIX noneif .n:mi: MCCJie,n;oBaHMH JIMIIM,Il;HhIX 

MeM6paH B HeHrpOHH:OIX 3KCIIepHMeHTaX Hal:Ja.rracb c 3KcrrepHMeHTOB 110 opHeHTaU:HM 

MHorocnoMH:OIX Be3MKyn ,l(M<l>X B Lp'H La cpa3e [10]. 3aBHCHMOCTh napaMerpa opneHTaU:HM 

Be3MKYJihl B Lp' cpa3e OT BeJIMl:IHHhI MarHMTHOrO IlOJIH npe,n;CTaBJieHa B Ta6JI. 4. 

Ta6JIHu;a 4. 3aeucuMocmb napaMempa opueHmalJUU fJ om eeJZUlJUHbl UHOYKlfUU Ma2HumH020 

noJZR B. KoHtfeHmpalJUR /(M<PX 90 MM, T = 10°C. CpeoHRR owu6Ka onpeoeJZeHuR eeJZUlJUHbl 

f3 cocmaeJZRem 0. 03. 
B, Tll 1 2 3 3.5 4 

fJ 0.42 0.46 0.47 0.47 0.49 

Cne,n;y10ru;MM rnaroM 6:omo nccne,n;oBaHMe crpyKTyp:oI arperaToB, rrpe.n;mecTBy10ru;nx 

o6pa30BaHMIO 6MCJI05I B CMeIIIaHHhIX nmm,n;/ ,n;eTepreHTHbIX CMCTeMax - rayccoBa Kny6Ka. 

lfro6:01 rronyqnT:o 6onI>IIIe HHcpopMaU:MM o CTPYKrype cTep)l(Heo6pa3HhIX Mm.i;enn, 

06pa3y10ru;nx rayccoa KJiy6oK, 6bIJIM npoae,n;eH:oI ManoyrnoBI>Ie M3MepeHMH B c11n:oHhIX 

MarHMTHhIX rroJISix Ha ManoyrnoBoM crreKTpoMeTPe V4 (HMI, Berlin), ocHaru;eHHOM 

CBepxnpoBo,n;Hru;MM MarHHTOM. 

IE+004 

IE+003 

"';' 

Si IE+002 
y 

d 
~ IE+OOI 
"O 

IE+OOO 

• H=4T 

. . 
IE-001 *-~~~~-~~~~~-··---.....-=~ 

O.oJ 
A-1 

q ' 

0.10 
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P11cyuoK 15. CneKmpbz Martoy2!loeozo 

pacceRHUJl om zayccoea Klly6Ka 

cmepJ1CHeo6pmHblX MUlfellJl 45 MM 

J(M<l>X 112 MM C12Es e Ma2HumHoM noJte 

4 TJt u 6e:J Hezo. TeMnepamypa o6pa3tfa 
10°C. 



CrreKTpbI MYPH, rrpe,n;crnsneHHbie Ha pnc. 15, .n:eMOHCTpnpyIOT opneHTaU:HIO rayccoBa 

KJiy6Ka B MarHMTHOM IIOJie. H3 3THX crreKTpOB 6bma orrpe.n:eJieHa ,[(JIHHa rrepcncTeHTHOCTH 

KJiy6Ka H IIOKa3aHO, 'ITO 3Ta ,umrna He 3aBHCHT OT BeJIH"LJ:HHbI MarHYITHOro ITOIDI. 

Ilpose,ueHHbie HeiiTpOHHbie YI peHTreHOBCKYle YICCJie,[(OBaHYl51 MeTO,[(OM ManoyrJIOBOfO 

pacce51HH51 rro3BOJIYIJIH yro'IHHTh rrocne,uosaTeJihHOCTh rrpou:ecca caMoc6opKY1 JIYIITHJJ:Horo 

6YICJI051 B ,usyx CMeIIIaHHbIX JIYIITYl.n:/ ,z:i:eTepreHTHbIX CYICTeMaX (,n;M<l>X/ XOJiaT HaTpY151 YI 

,[(M<l>X/ C12Eg) KaK rrOKa3aHo Ha pY1c. 16 [3, 10, 28, 40]. 

KBA3HCTATH1IECKHE IIPEOEPA30BAHIDI 

D caMoc6opKa 

MeM6paHbl !H 

JIUDHJ:t;HbIH 

6HCJIOH 

+ 

TEl\IlIEPATYPHhlli cKAqoK 
100°C/ MJiJ1I 

+?+?+ 

MHOrOCJIOMHbie 

i

O}:t;HOCJIOHHbie 

Be3HKYJibI 

PucynoK 16. Iloc.neiJoeameJZbHOCmb Moprj>oJZocu11eCKux npeo6pCl3oeanuu npu meMnepamypo
undyZfupoeannou cctMoc6opKe MeM6panb1 e CMezuaHHblX JtunuiJ/ iJemepzenmHblX cucmeMax. A 

crf>epu11ecKue MUZfe!lJtbl, B - 3J1J1unmu11ecKUe MUZfeJZJtbl, C - cmep;)ICneo6pa3Hb1e MUZfeJtJtbl, D 

- no!luMeponoiJo6Hble MUZfe.nJtbl. 0603na11enu5l MO!leK.)lll: 'f -neuoHHblU iJemepzenma C12E8 , 

~ - UOHHbltt oemepzenmNaC, g-f(M</JX 

IlepBbIH mar (A) 3TO MHU:eJIJibI c McUibIM rrpoueHTHbIM co;a;ep)l(aHY1eM ,n;M<l>X, CTPYKTypa 

KOTOpbIX 6nmKa K ccpepYl"l!eCKOH. MYIU:eJIJibl, co;a;ep)l(aHYle ,ZJ;eTepreHTa B KOTOpblX ,ZJ;OCTaTOqHO 

):(JUI caMoc6opKH MeM6paHbl, YIMeIOT 3JIJIHITTYlqecKyIO cpopMy (B). ,Il;aJibHelirnee yMeHbIIIeHHe 

co;a;ep)l(aHH51 ,uerepreHTa B CYICTeMe nnn ysenYlqemre TeMrrepaTypbI rrpnBo,n;nT K 

o6pa3oBaHmo CTep)l(Heo6pa3HbIX MYIU:eJIJI, TOpu;eBbie CTOpOHbI KOTOpbIX o6orarneHbI 

;a;eTepreHTOM (D). IlpM Me,[(JieHHOM KBa3YICTaTli11eCKOM HarpeBaHHYI o6pa3u:a 

CTep)Jrneo6pa3Hbie MHU:eJIJibI coe,ZJ;MH51IOTC51 Topu;aMM, o6pa3y51 rayccos Kny6oK. TaKyIO 

CTPYKTYPY MhI Ha3BaJIH rroJIY1Meporro.n;o6ttoii. He3HaqI:ITeJibHOe ttarpesaHHe CHCTeMhI 

rrpl:IBO,ZJ;l:IT K caMoc6opKe JIHITl:I,ZJ;HOro 6I:ICJI051, KOTOpbIH rrpH ,n;aJibHeiirneM HarpeBaHHl:I 

rrpeo6pa3yeTC51 B MHOfOCJIOHHbie Be3IIKYJibI. 
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bbICTJlbIH HarpeB CHCTeMbl Ha OCHOBe HOHHOro ,D;eTepreHTa Nae H3 COCTOHHIDI 

3JIJIHIITHqecKHX MHI(eJIJI (B) IIpHBO,ll;HT K o6pa30BaHHIO O,D;HOCJIOHHbIX Be3HKYJI HH3KOH 

rronn,r:i;nc11epcHocTH n Manoro pa,r:i;eyca (225 A). Ii.&ICTp.bIH HarpeB cncTeMhl Ha ocHoBe 

HeHOHHoro ,r:i;eTepreHTa C12Es H3 COCTOHHIDI (B) o6pa3yeT Be3HKYJibI c 60JibIIIOH 

rronn,r:i;Hc11epcHocT:&10 M 6on.&IIIHM pa,n;HycoM. B IIpon;ecce H3yqeHIDI caMoc6opKH MeM6paH:&I 

6:&IJI pa3pa6oTa.H HOBbIH MeTO,n; C03,D;aHIDl Be3HKj'JI HH3KOH IIOJIH,D;HCIIepcHOCTH B CMCTeMe 

,l(M<l>X/ XOJiaT HaTpmI [3]. TaIOKe BIIepB.bie ,D;JIH HCCJie,D;OBaHIDl IIpou;ecca caMoc6opKH 

MeM6paH:&I IIpHMeHSIJIHCb HCCJie,D;oBaHIDI B CMJibHbIX MarHHTH.bIX IIOJIHX [10]. 

rJiaBa 4. IlpOHHKHOBeHHe '.lTaHOJia qepe3 MeM6paHy. 

B Mccne,r:i;oaaHIDIX BJIIDIHIDI 3TaHOJia Ha CTPYKTYPY o,n;HocnoliHI.1x Be3HKYJI ,l(Il<I>X ,D;JIH 

orrpe,r:i;eneHIDl TOJIII(HH.bl MeM6paH.bl HCIIOJib30BaJIOCb IIpH6mrnceHHe fHH.be. CrreKTp 

MaJioyrnoaoro paccegHIDI HeH1'pOHOB (MYPH) OT Be3HKj'JI qmTHpOBaJICH ypaBHeHJ-IeM c 

,r:i;ByMH cao6o,r:i;HhlMH rrapaMeTJ)aMH a H R1 [5] 

d'i, ( q) = d'i, (0) · qa exp[-q · R2 ] 
dO. dO. t 

(4) 

3.n;ecb 3HaqeHHH rrapaMeTJ)a a orrpe,r:i;eJigeT Mopcponorn10 (THrr) qacTHI(. ):(Jlg 6on:&mnx 

O.ZJ:HOCJIOHHI>IX Be3MKYJI a = - 2. 0TKJIOHeHMe OT BeJIHqHH.bl a = - 2 ,n;aeT 1rncpopMaI(HlO 06 

H3MeHeHHH Mopcponoran qacTHI(. Tomn;:u:Ha MeM6paH:&I orrpe,r:i;eJigeTCH KaK d0 = R1 .Jl2. 
3aBHCHMOCTb TOJIII(HH:bl MeM6paH:bl ):(II<I>X OT KOHI(eHTpaI(HH 3TaHOJia rrpe,r:i;cTaBJleHa Ha pnc. 

17 [21]. Pe3Koe YMeH:&IIIeHne TOJIII(HH:&I MeM6paHI>I npn KOHI(eHTpaI(HH 3TaHona B:&1me 1.2 M 

cooTBeTcTByeT cpopM11poBaHn10 interdigitated Lp1 <l>a3.&I~ Hamn pe3yJII>TaThl Haxo.r:i;HTCH B 

xopomeM COOTBeTCTBHl:I c HCCJle,r:i;oBaHHeM rrpOHl:II(aeMOCTM Be3HKj'JI MeTO,D;OM 

cpn10opecI(eHI(HH, KOTOpoe IIOKa3:bIBaeT cym;ecTBeHHOe MOHOTOHHOe yaennqeHHe 

IIpOHHI(aeMoCTH B o6rracTH KOHI(eHTpan;nii 3TaHona OT 1.2 M .n;o 1.8 M [33JI]. 

Ha p:ac. 18 rrpe,n;cTaBJieH:&I cneKTp:&I MYPH OT 3KcTpy.n;npoBaHHbIX ae3neyn ,IUI<I>X c 

KOHI(eHTPau11eii naHona oT 0.0 ,n;o 6.2 M, T = 2soc. ):(JIH eyneBoii KOHI(eH1'paI(l:IH naHona 

a= -2, qTo cooTBeTCTByeT o,r:i;HocnoiiHhlM ae31:1eynaM c TOJIII(HHOii 6ncnoH da = 48.5 A. B 

o6naCTH KOHI(eHTpaI(HH 3TaHOJia OT 0 ,n;o 2. 7 M a = -2 H ycJIOBH}l rrpHMeHHMOCTH ypaBHeHHH 

(4) Bl>IITOJIHHIOTCH. Ilpn KOHI(eHTpaI(H}lX Bbillie 2.7 M 3TH ycJIOBHH HapymaIOTCH, TaK KaK 

a< -2. IIpe,r:i;cTaBJieHH:&Iii Ha p1:1cyHKe 10 crreKTp MYPH ,D;JIH Cet = 3.2 M HMeeT 

a = -2.3 5 ± 0 .1, lJTO ,n;enaeT B:&1qncneHHe TOJIII(HH:bl MeM6paHbI HeB03MO:>KH:bIM. IlpH 

Cet = 6.2 Ma= -3.69 ± 0.02, npn 3TOM noHBJIHeTCH ,r:i;1:1<i>paKI(HOHH:&Iii IIHK npn q = 0.128 A·1 
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OT MHorocnoiiHoii C'fPYKTyp11 Be3I:1Kyn11 c rrepHo,n;oM rroBTOp5IeMocTM d = 49 .1 ± 2 A. 

<DopMHpOBaHMe MHOfOCJIOMHbIX Be3I:IKYJI I:l3 O.IJ:HOCJIOMHblX rrpH KOHU:eH'TpaQI:I5IX 3TaHoJia 

60JI1llle IJeM 2.7 M rrpoMcxo,n;HT B pe3yJI1TaTe CJIM5IHM5I o,n;HocJioiiH11x Be3MKyJI, IITO roBopHT 

06 yBeJIMIJeHHM CMJI Me)!(MeM6paHHOro B3aMMO.IJ:eHCTBM5I ITO cpaBHeHHIO c qHCTOH BO.IJ:OH. 

I 2 
Ethanol cone., M 

PucyuoK 17. 3aeucuMocmb mo!lUJUllbl 

MeM6pa11bl /{ll<PX om Ko1114e11mpa14uu 
oeumepup06G1111020 (KpJ:JICKU) U 
npomo11upoea1111020 (Keaopambz) 3ma110J1a 
npu T=25°C. 

0.01 0.10 

q ,A-1 

PucyuoK 18. CneKmpbl MYPH om 

ee3UK)lll /{ll<PX npu T=25°C: 6 mR:JICeJtou 

eooe (KpJ:JICKU}, 6 CMecu D20IEtOD c 

Cet = 3.2 M (Keaopambz), u e D20IEtOD c 

Cet = 6.2 M (mpey20JtbllUKu). 

rJiaBa 5. MeTO,ll; pa3)J,eJieHHhIX «J>opMl)>aKTOpOB. CTpyKTypa O)lHOCJIOHHbIX Be3HKYJI 

,Ll;M «I> X. 

rnaBa 5 IIOCB5IIUeHa C03)laHMIO MeTO.IJ:a pa3.IJ:eJieHHbIX ~OpM ~aKTOpOB (P<l><D) .IJ:JI5I 

MCCJie,n;oBamrn OL(HOCJIOHHbIX Be3HKYJI (OCB) MeTO):(OM MaJIOYrJIOBOro pacce5IHM5I, a TaK)!(e 

rrpI:IMeHeHMIO P<I><I> MeTo,n:a ,IJ;JIH I:ICCJie):(OBaHM5I crpyKryp11 H CBOMCTB Be3MKYJI 

,IJ;HMMpI:IcToMmpocqmTM.l(MJIXOJII:IHa (,IJ;M<DX) pa3MepoM OT 500 A .n:o 1000 A. 
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PucyuoK 19. CtjJeputfecKaR 0011ocJ1ou11cm 
ee3uKyJta. C!leea noKa3a11 pa3pe3 

ee3UK)lllbl, oeM011cmpupy10UJUU 6ucJtOU 

06pa3y10UJUU noeepx11ocmb ee3UK)lllbl 
[378]. 



TaKMe Be3HKYJIDI B 6oJibIIIMHCTBe npe.n;i:.1.n;yru:Hx pa6oT [12, 13, 23S, 34S] paccMa!pMBaJIHCb 

KaK ctj:>epJiqecKMe (CM. pHC. 19). P<l><P MeTO,n; TI03BOJI5IeT OT,r:i:eJIMTb tj:>opMtj:>aKTOp tj:>opMbI 

Be3MKYJibI OT tj:>opMtj:>aKTOpa JIHIIH.IJ:HOro 6MCJI051, qTo yaeJIJiqMaaeT B03MO)l(HOCTH 6onee 

,r:i:eTaJibHoro 01rncaHM5I c!pyKrypi:.1 Be3MKYJI [8, 9, 12, 22, 23, 27]. MaKpocKorrMqecKoe 

KorepeHTHOe ceqeHHe pacce5IHM51 MOHO.D;HCnepCHOH rrorryJI5II.J;HH Be3MKYJI onpe.n;en51eTC5I 

Bbipa)KeHHeM [30S] 

df. (q)=n·A 2(q)·S(q) 
dO.mon 

(5) 

r,r:i:e n - Kon11qecTBO ae3HKYJI B e,n;MHMIJ;e ofri:.eMa, A(q) - aMIIJIMTY.IJ:a pacce51HH51 HeM!pOHa 

O.IJ:HOH ae3HKynoM:, S(q) - CTPYKTYPHbIH tj:>aKTop nonyJIHIJ;MM Be3HKYJI [13]. Ilpo6neMaM 

pacqern CTPYKTYpHoro tj:>aKTopa OCB rrocaHru:eH rraparpatj:> 5.3, r.n;e rroKa3aHo, qTo S(q)~l 

.D;JIH KOHIJ;eH!paIJ;HM JIMTIH,r:i:a B o6pa3IJ;e 1 % no aecy. B P<l><l> MeTO,n;e MaKpOCKorrMqecKoe 

ceqeHMe pacce5IHH51 .D;JI5I MOHO.D;MCIIepcHOH TIOIIYJI51IJ;HM Be3HKYJI 3aTIHCbIBaeTC51 B BH.IJ;e. 

df. 
- (q)=n·F',(q,R)·Fb(q,d)·S(q), 
dO.mon 

r,r:i:e Fs(q,R) - tj:>opMtj:>aKTop ctj:>ep.MqecKo.H rroaepxHoCTM c pa,r:i:HycoM R 

F,(q,R) ~ ( 4n-· :~ ·sin(qR) r 
(6) 

(7) 

(8) 

3,r:i:ecb pc(x) -KOH!paCT, pa3HMIJ;a Me:>K,n;y IIJIOTHOCTblO .D;JIHHbl pacce51HM5I JIHTIM.D;HOro 6HCJI051 

p(x) M rrnoTHOCTbIO .IJ:JIMHbI pacceHHMH BO.IJ:bI. Pa3,n;eneHMH tj:>opMtj:>aKTopa tj:>opMbI Be3MKYJibI M 

tj:>opMtj:>aKTopa 6.MCJI051 TI03BOJI5IeT HCIIOJib30BaTb JII06bie HHTerpMpyeMbie npH6JimKeHM5I .D;Jl5I 

OIIHCaHH51 Pc(x) H OTIHCbIBaTb ,r:i:etj:>opMaIJ;HIO tj:>opMbl Be3HKYJibl. ,ll;JI51 3JIJIHIITMqecKOH 

TIOBepXHOCTH c TIOJIYOC51MH (a, a, &a) tj:>opMtj:>aKTOp 3aIIHCbIBaeTC51 B BH.D;e 

FE(q,a)= J A~(q·a·~l+x2 ·(& 2 -1) Jtx, 
0 

2 sin(z) 
AE(z)=47r·&·a ·--. 

z 
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(9) 

(10) 



JI:mrn,I(HaJI Be3HKyIDipHrui: CHCTeMa (rrorrymII.:(115.1 Be3HKYJI) He 5.!BmreTC5.! MOHO,I(HCnepCHOll, a 

o6rra.naeT norr11.n11cnepcHocThIO, om:1chrnaeMoli pacnpe.nerreHHeM lIIyJibI.:(a [ 6]. B pacqernx 

yqHTbIBaJiaCb IlOJIH,I(I:ICnepCHOCTb CHCTeMhI, BBO,I(HJII:ICb nonpaBKI:I Ha cpyHKI.:(HIO pa3perneHH5.! 

cneKTpOMeTpa M yqHTbIBaJIC5.I BKJia,I( HeKorepeHTHOro pacce5.!HH5.! [22]. 

Ha OCHOBe ypaBHemrn ( 6) norryqeHO Bbipa).l{eHHe ,I(JI5.! pacqeTa TOJIII.:(I:IHbI Jil:IIll:I,I(HOro 

6I:ICJI05.! B rrpM6JIM).l{eHI:IM I'MHbe do M npoaHaJII:I3MpOBaHhI MeTO,I(I:IqecKI:Ie ycJIOBM5.! 

OilTHMaJibHbIX l:I3MepeHI:Ill. IlOKa3aHa 3cpcpeKTHBHOCTb npI:IMeHeHH5.I ,I(I:IcaxapH,I(OB ,I(JI5.! 

KOHTpaCTHpOBaHI:I5.! peHTreHOBCKOro pacce5.!HH5.I B MaJIOyrJIOBbIX 3KCnepI:IMeHTaX H 

yMeHhIIIeHI:I5.1 IlOJIH,I(l:ICnepCHOCTH Be3HKyJI. Ilo cpaBHeHI:IIO c BO,I(OH, l:IHTeHCl:IBHOCTb 

pacce5.!HM5.! peHTreHOBCKHX nyqeif npI:I 40% KOHI.:(eHTpaI.:(Hl:I caxap03bI yBeJII:IqI:IBaeTC5.I B 100 

pa3. llccJie,I(OBaHH5.I pa3JII:IqHbIMH MeTO,I(aMH (MarroyrnOBbIM pacce5.!HHeM HeHTpOHOB H 

peHTreHOBCKHX rryqeii, ,I(I:IcpcpepeHI.:(l:IaJibHOH CKaHI:IpyIOrneii KaJIOpI:IMeTpI:Ieii, paMaHOBCKOH 

cneKTpOCKOilI:Ieii l:I ,I(MHaMI:IqecKI:IM pacce5.IHI:IeM CBeTa) IlOKa3aJII:I, qTo BJII:I5.!Hl:Ie ,I(I:ICaxapI:I,I(OB 

Ha CTPYKTYPY MeM6paHhI He3HaqI:ITeJihHO, B TO BpeM5.! KaK BpeM5.1 ).l{l:I3HH Be3HKYJI 

yBeJIHqI:IBaeTC5.! [7, 8, 11, 12, 17, 40]. 

-D/2 0 D/2 

PucynoK 20. Ilpu6J1u:J1CeHue p(x) 
2ayccoeb1Mu efJYHKlfURMU. JlllomHocmb 
dJlUHbl pacceRHUR «cyxo20» 6UCJlOR-
wmpuxoeaR JlUHUR, D20 
wmpuxnyHKmUpHCIR JlUHUR, 
pe3yJlbmupy10U{ClR cyMMG C11JIOU1HGR 
JlUHUR. <!>JlyKmyaljUOHHOe npu6JlU:J/CeHue. 

103 

10' 

0,01 0,1 

PucynoK 21. 3KcnepuMeHmallbHOe 
MaKpocKonu11,ecKoe ce11,eHue pacceRHUR om 
ee3UKYll J(M<PX npu T = 30°C (mol.fKU) u 
efJumupy10U{cm Kpuecm (llUHuR) e 
fjJllyKmyaljUOHHOM npu6JlU:J/CeHUU. 

Mern.n pa3.nerreHHhrx cpopMcpaKTopoB rro3BOJII:IJI BnepBbre npoBeCTI:I aHaJII13 CTPYKTYPhI 

6I:ICJI05.! Be3MKYJI Ha OCHOBe rrpI:IMeHeHH5.I rayCCOBbIX cpyHKI.:(I:IH ,I(IDI OIII:ICaHAA IlOJIO).l{eHH5.I 

MorreeyAApHbIX rpynn I:I cpyHKI.:(HM pacrrpe.neneHM5.! BO,I(bI B 611crroe [ 15]. Pe3yJihTaThI 

pacqeroB IIJIOTHOCTI:I ,I(JIHHbI pacce5.!HI:I5.1 HeiiTpoHa p(x) rrpe,I(CTaBJieHbI Ha pI:IC. 20, a 

27 



3KcrrepMMeHTaJibHbIH crreKTP M OIIHCbIBaI-OlilaJI ero pacqeTHaJI KpMBaJI - Ha pHC. 21. 

IlonyqeHHbie pe3yJihTaTbI .n;eMOHCTpMpyroT, qyo BO):(a rrpOHHKaeT qepe3 JIMIIM):(HbIH 6MCJIOH. 

I 
I I I 

------L-------1-------L------I I 

-d /2 m -D/2 0 +D/2 

Pucyuol\: 22. I'uopopo6110-2uoporj;u!lb11oe 
(HH) npu6JluJ1Ce11ue llllom11ocmu O!lUHbl 
pacceRHUJl 11eumpo11a eoOJlb 11opMCl!lu K 
llllOCKOCmu 6UCJlOJl. 
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Pucyuol\: 23. 3KcnepuMe11maJ1b11oe 
MaKpOCKOnU1./,eCKOe Ce1./,e11ue pacceJlHUJl 
11eumpo11oe om nony!lR'lfUU OCB npu 
T = 30°C (mol.[KU) u pumupy10Uf,aR KpueaR e 
HH npu6JlUJ1Ce11uu. 

PMC. 20 .n;eMOHCTpMpyeT, qyo IIJIOTHOCTb pacrrpe.n;eJiemrn ):(JIMHbI pacce~mrn HeHTpOHa OT 

MOJieKYJI D20 ~BMeTC~ rnaBHOH KOMIIOHeHTOH pe3yJibTMPYI-OlileH <i>YHKI(MM p(x). 

IloJiyqeHHbIH BM,Z:I <i>YHKI(MM p(x) 5IBMeTC~ 6a30H ):(JI~ ¢opMyJIMpoBaHM~ m.n;po¢o6HO

mpo¢MJibHOrO (rr) rrpM6JimKeHM~ ):(JI~ OIIMCaHM5! <i>YHKI(MM p(x), rrpe.n;CTaBJieHHOro Ha 

pHC. 22. IlpMMeHeHMe P<P<P MeTO):(a B coqeTaHMM c rr rrpM6JimKeHHeM II03BOJIHJIO c BbICOKOH 

TOqHOCThIO orrMcaTh CTPYKTYPY Be3HKYJI ,L(M<PX B La ¢a3e [22]. Pe3yJihTaTbI rrpe.n;cTaBJieHhI 

B Ta6JI. 5, a 3KCrrepMMeHTaJibHblH crreKYp M pacqeTHaJI KpHBaJI rrpe):(CTaBJieHbl Ha pHc. 23. 

TOJiliIMHa JIHIIH):(Horo 6McJio~ dm 3aBMCIIT OT ero pa.n;Myca KpHBH3HhI M rrpeBbIIIIaeT 3HaqeHHe 

TOJiliIMHhI IIJIOCKoro 6HCJIO~ dm = 44.2 A [36S]. KoJIMqecTBO MOJieKyJI BO):(hI Nw M IIJIOlila.D:h 

IIOBepXHOCTH A Ha MOJieKyJiy ,l.(M<PX TaIOKe OTJIMqaroTC~ OT MX 3HaqeHMH ):(AA IIJIOCKOro 

6McJio~: Nw = 7.2 M A= 59.6 A2 [36S]. HaMn .n;oKa3aHO, qyo m.r:1paTaI(H~ M TOJiliIMHa 

M30rttyTOro JIHIIM,Z:IHOro 6MCJIO~ 60JibIIIe, qeM m):(paTaI(M5! ll TOJiliIHHa IIJIOCKOro 6MCJIO~ [22]. 

llccJie):(OBaHM~ Be3HKYJI B Lp' ll p /J' ¢a3aX IIOKa3aJIM, qyo ¢opMa Be3MKYJI M3MeH~eTC~ rrpM 

rroHH:>KeHMM TeMrrepaTypbI H3 rrpM6JIM3HTeJihHO c¢epnqecKoiI B La ¢a3e ( i::= 1.1) B 

cylileCTBeHHO 3JIJIMIITMqecKyro B Pp' ¢a3e (a=l.6). IlpM 3TOM, B Lp' ¢a3e 3HaqeHH~ 

dm = 49.6 ± 0.5A M A = 49.2 ± 0.9A2 ):(JI~ 1000 A 3KCYpY):(HpOBaHHbIX Be3MKYJI 60JibIIIe 

cooTBeTCTBYIDliIHX 3HaqeHMH dm = 48.2 AM A= 47 A2 .n;JI~ rrJIOCKHX MeM6paH. Ycpe.r:1HeHHb1e 
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.n;aHHbie )J;JIH p /J' cpa3bl cpaBHMTb He c qeM, TaK KaK ycpe.n;HeHHM CTpyKrypa 6MCJI051 ,[(M<l>X B 

3TOH cpa3e 6bIJia onpe,D:eJieHa BnepBbie .n;mr O)J;HOCJIOMHbIX Be3MKyJI. 

Ta6JIHIJ;a 5. Pe3yRbmambl pac?Jemoe OJlR Be3UK)JJI, /(M<t>X B La pa3e (T=30°C), coeRali1-tblX Ha 

ocHoee HH npu6RuJ1CeHuR p(x). DF - ouaMemp nap ucnOllb3yeMblX npu 3KcmpyoupoeaHuu, 
<a> - cpeoHee 3Ha?JeHue MCl.Jlou noJ1yocu BblmRHymozo 3RRuncouoa epaUfeHuR, & -

omHoUteHue noRyoceu, <R> - cpeoHuu paouyc ee3UKJlll ORR & = 1, O" - nORuoucnepcHocmb 
ee3UK)JR, dm - moRUfUHa MeM6paHbl (J1unuoH020 6ucRoR), D - moRUfUHa 2uopo<f?o6Hou 1-1,acmu 
J1unuoH020 6ucROR, Nw u A - coomeemcmeeHHO KORU1Jecmeo MOReK)JR BOObl u n.noUfaOb 
MeM6paHHOU noeepxHocmu Ha ooHy MOJleKyJly /(M<t>X 

Dp,A <R>, A MJIM & a;% dm,A D,A Nw A A2 , 

<a>,A 

500 266±2 1.11±0.02 26 48.9±0.2 19.9±0.4 12.8±0.3 60.7±0.5 

1000 450* 1 48 45.5±0.6 20.8±0.4 10.8±0.4 62.6±1.0 

*<R> = 450 A,&= 1 no .n;aHHbIM ,n:MHaMM'IecKoro pacceMBaHMH CBeTa [35S]. 

rJiaBa 6. CTpy1nypa H CBOHCTBa MO,LJ;eJibHbIX MeMopaH JIHIIH,lJ;HOH MaTpHU:bl stratum 

corneum (SC). 

f JiaBa 6 ITOCBHIIIeHa MCCJie,IJ:OBaHM51M CTpYKTYPbI M CBOMCTB MO)l;eJibHbIX MeM6paH 

JIMIIM.IJ:HOH MaTpMU:bI SC MeTo.n;aMM .n;McppaKU:MM HeMTpOHOB M peHTreHOBCKMX Jiyqeif. 

HaM6oJiee Ba)l(Hbie pe3yJibTaTbI 6bIJIII rrorryqeHbI B HeiiTpoHHbIX ,n:McppaKJ:.i;MoHHbIX 

3KcrrepMMeHTax Ha Mo,n:eJibHbIX MeM6paHax SC, opMeHTMpoBaHHbIX Ha KBapu;eBbIX 

IIO,IJ:JIO)l(Kax. § 6.1 TIOCBHII.J;eH OIIMCamno 3KcrrepMMeHTa, pacqeTaM pa3perneHM51 Q:>ypbe 

CMHTe3a IIJIOTHOCTM pacrrpe,D:eJieHMH )J;JIMHbI pacceHHMH HeHTpOHa, a TaK)l(e ToqHQCTM 

onpe.n;eJieHMH nepim,n:a IIOBTOpHeMocTM MO,IJ:eJibHbIX MeM6paH SC. 

B § 6.2 M3JIO)l(eHbI pe3yJibTaTbI Mccne,n:oBaHMif cTpyKTYPbI MO,IJ:eJibHbIX MeM6paH SC. Ha 

pMC. 24 npe,D:CTaBJieH ,n:MQ:>paKI.J;MOHHhlH cneKTp OT MeM6paHbI c COCTaBOM u:epaMM,II; 6/ 

XOJieCTepMH/ IIaJibMMTliHOBaH KliCJIOTa/ cyJibcpaT XOJieCTepHHa c COOTHOIIIeHMeM KOMTIOHeHT 

55/25/15/5 (6a3oBa51 MeM6paHa). IlepMo,n: rroBTOpHeMocTH MeM6paHbI paBeH 45.68±0.05 A 

rrpH RH= 60%, 8% D20 M T = 32°C. BapHaI.J;H51 cooTHorneHHH H 20/ D20 B m,D:panrpyIDII.J;MX 

rrapax BO)l;bl II03BOJI51eT B HeHTpOHOM ,n:HcppaKI.J;MOHHOM 3KCIIepHMeHTe orrpe,D:eJIMTb 3HaKli 

CTpYKTYPHbIX cpaKTOpOB Fk li BbIIIOJIHHTb CHHTe3 pacnpe,D:eJieHHH IIJIOTHOCTH ,Il;JlliHbI 

pacce51Hli51 HeifTpOHa (B OTHOCHTeJibHbIX e,IJ:MHMI.J;ax ) TIO liHTeHCMBHOCTHM HeCKOJibKHX 

,D:licppaKI.J;liOHHbIX IlliKOB B COOTBeTCTBliH c Bbipa)l(eHMeM [36S] 
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·. 

PucyHoK 24. Kpuebze KalJaHuR, 
U3Mepe1111b1e npu me emu 
pa3llUlJHblX J2ll06blX nOJlOJ/CeHURX 
iJemeKmopa (7, 11.2, 16.8, 22.4, 
28, 33.6 2paiJycoe), dllR MeM6pa11b1 
CER6 !Ch IPA !ChS c 
coom11owe11ueM KOMno11e11m 
5512511515. BllaJ1C11ocmb 60%, 8% 
D20, T= 32°C 

1 o' +--~-,.---r----.-~--r----.---r--~ 
0,0 0,2 0,4 0,6 0,8 

Q,A"' 

(11) 

,il;JUI 6a30BOM MeM6paHhI hmax=5, qTo COOTBeTCTByer rrpocrpaHCTBeHHOMY paspernemuo 

Llx=5.5 A. PaccqHTaHHhre 3Haqemrn cPYHKUJiH ps(x) (c}Jyphe rrpoc}Jnnn) H c}Jnnrpyrorn;ne 

Mo,n;enhHhie KpHBnie ,n;llil c}Jocc}Jommn,n;Hoif MeM6paHhI ,n:M<I>X rrpe,n;crasneHbI Ha pHc. 25, a 

,n;JUI 6asosoif Mo,n;eJihHOif MeM6patthI SC Ha pHc. 26 [18]. 

-30 

-2 

PucyHOK 25. PacnpeiJeJZe11ue 11.llom11ocmu 
iJJZUHbl pacceR11UR 11eiimpo11a ps(x) e 
M11020CJlOUHOii MeM6pa11e /(Mc[JX npu 
RH= 60%, T=32°C u 8% coiJepJ1ca11uu D 20 
(molJKU) u pact.Jem11b1e Kpuebze (cnJZOUlHG.fl 
JIUHUR). Cmpe!lKU n0Kmb1ea1om noJ10J1Ce11ue 
mpex MO!leKJ!lflpHblX 2pynn: CH3 2pynnb1, 
CH211enolJKU u 2pynnb1noRRpHblX20J1oe. 

30 
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PucyHOK 26. PacnpeiJeJ1e11ue 11.llom11ocmu 
dJZUHbl pacceRHUR 11eiimpo11a ps(x) e 
MH020CJlOUHOii MeM6pa11e 
CER6 /Ch IPA /ChS=55/25/l 515 npu 
RH= 60%, T=32°C u 8% D20 (molJKU) u 
paclJemHble KpU6ble (C11.llOUlHG.fl JIUHUR). 
CmpellKU n0Ka3b1ea10m noJZ0:>1Ce11ue 
l./emb1pex MO!leK)J!lRpHblX 2pynn. 



Btt,!J;HO, qTo cTpyKTypa 6a3oBoi1: MeM6paHbI SC cymecTBeHHO OTJrnqaeTc51 OT 

cpoccpOJilfIIlf)J;HbIX MeM6paH. rnaBHOe OTJIIfqlfe 3aKmoqaeTC51 B qpe3BbiqafiHO MaJIOM 

Me)l(MeM6paHHOM rrpocTpaHCTBe, TO eCTb Hlf3KOH m,!l;paTaD;lflf MeM6paHhl. IlpIIMeHeHIIe 

BapttaI.J;lflf KOHTpacTa (mMepeHlf51 c 8%, 20% II 50% D20 B rrapax BO,!l;bl) II03BOJIIIJ1lf 

BOCCTaHOBIITb H3 cpyphe rrpocpttneii cpyHKUIUO pacrrpe,!1;eJieHlf51 BO,!J;hl II orrpe,!l;eJIHTb 

rtt,!l;poqJ06HO-rII,!1;pOcpIIJibHYIO rpaHttey MeM6paHbl (CM. pIIC. 27). B OTJIIIqIIe OT m,!l;paTaUIIlf 

Me)l(MeM6paHHOro rrpocTpaHCTBa, BttyTpeHHAA m,!1;paTaUlf51 6HCJ1051 MO)J;eJihHOH MeM6paHbl 

SC aHanorttqHa cpoccponttrrII,!l;aM. IlonyqeHHhie Ha ocHoae cpyphe aHanma II 3KcrrepIIMeHTOB 

no u:ccne,!l;oBaHIIIO Ha6yxaHlf51 MeM6paHhI CTPYKTYPHhie ,!l;aHHbie rrpe,!l;CTaBJieHhI cxeMaTu:qHo 

Ha pu:c. 28 H B Ta6nu:ue 6. CTpyKTypa 6a30BOH MeM6paHhl cna6o 3aBHCHT OT Bapu:au;u:u: 

KOMIIOHeHT H OCTaeTC51 rrpaKTu:qeCKlf Helf3MeHHOH rrpu: 3aMeHe IIaJibMlfTOHOBOH KHCJIOTbl 

CMeChlO )l(HpHblX KHCJIOT, c COCTaBOM 6JIH3KlfM K COCTaBY HaTHBHOH MeM6paHhl SC [39]. 
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Pucyum\: 27. 
pacnpeiJeJ1eHUR 
Hanpa6lleHuu HOpMa!lU K 
noeepxHocmu 
CER6 /Ch IPA /ChS c 

MeM6paHbl 
eecoebzM 

coomHOUleHUeM KOMnOHeHm 
5512511515 npu RH= 60%, T=32°C. 
I'uiJpopo6Ho-2uiJporjJuJ1bHaR 
2paHUlfG o603HatteHa nyHKmUpHOZl 
llUHueii XHH 15. 6:±0. l A. 

TaoJinua 6. CmpyKmypHbze napaMempbl MeM6paHbl CER6 !Ch IP A /ChS c eecoeblM 
coomHOUleHUeM KOMnOHeHm 5512511515 (6a306a5l MeM6paHa) npu nOJlHOU 2uiJpamalfUU u 
T = 32°C. d - nepuoiJ noemopReMocmu, dm - mOllUfUHa MeM6paHbl, dw - mOllUfUHa 
Me:JICMeM6paHH020 npocmpaHcmea, dhydrophilic - mOllUfUHa 2uiJpopullbH020 CHOR, dhydrophobic -

mOJlUfUHa 2uiJporjJ06Hoii ttacmu 6UCJIOR, dpH - mOJlUfUHa 06J1acmu nOllRPHblX 20Jl06. 
d,A dm,A dw, A dhydrophilic, A 

46.45±0.03 45.63±0.04 0.82±0.07 7.22±0.24 
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dhydrophobic, A dpH, A 
31.2±0.2 3.46±0.01 

PucyuoK 28. 
CmpyKmypa MeM6paHbl 
CER6 !Ch IPA /ChS c 
coomH0111eHueM 
KOMnOHeHm 5512511515 
npu 
2uiJpamalfUU 
T = 32°C. 

nOllHOU 
u 



K1rneT11Ka Ha6yxamu1 6a30BOH MeM6paH.bI B 1136.bITKe BO.IJ:.bl ,n:ocTaToqHo Me.n:neHHa5I qTO 

II03BOJrneT rrpoBO.IJ:HT.b HCCJie,n:oBaHmI .n:mpcpy3MH BO.IJ:.bl B peaJI.bHOM apeMeHH [18, 39]. 

IIpo11cxo,n:5.1ru;ee rrpH 3TOM yaeJIMqeHHe rrep110.n:a IIOBTOp5IeMOCTM MeM6paH.bI MO)KeT 6.bIT.b 

OIIMCaHO B.bipa)KeHHeM 

(12) 

3,n:ec.b L1do - MaKCHMaJI.bHOe yae;rnqeHHe rrep110.n:a IIOBTOp5IeMOCTH, ycrnHaBJIHBaeMoe no 

3aBeprneHMIO Ha6yxaHH5I MeM6paH.bl Yaen11qem1e rrep110.n:a IIOBTOp5IeMOCTM MeM6paH.bl 

(Ha6yxaH.He) IIpOHCXO.IJ:HT 3a cqeT .n:11c):><J:>y31111 BO)J;.bl 113 ofo,eMHOro pacTBopa B 

Me)KMeM6paHHoe rrpocTpaHCTBO. OrrMcaH11e 3KCrrep11MeHTaJI.bH.bIX ,n:aHH.bIX cpyHKQHe:H (12) 

rro3BOJIHJIO orrpe,n:eJIHT.b xapaKTepHoe apeM5I rrpou;ecca -r=93±6MHH [12]. 3aMeHa 

IIaJI.bMMTMHOBOH KHCJIOT.bl Ha CMeC.b 113 6 )KMpH.bIX KHCJIOT (FF A) ycKOp5IeT rrpou;ecc 

.n:11<J:>cpy3MM. ,ll;n5I MeM6paH.bI c cocrnaoM 55% CER6 /20% Ch /15% FFA /10% ChS 

xapaKTepHoe apeM5I -r=61±2MMH [39]. 0TJifflil1e CTpYKTYP.bl 6a30BOM MeM6paH.bl OT 

MeM6paH.bl co CMeC.bIO 6 KHCJIOT 3aKJIJOqaeTC5I B HaJI11q1111 BTOpoii cpa3.bI. Oa30Ba5I MeM6paHa 

5IBJI5IeTC5I O.IJ:HOcpa3HOM CHCTeMOM. MeM6paH.bl, IIOCTpOeHHa5I Ha OCHOBe CMec11 rneCTH KHCJIOT, 

TaK:iKe KaK M MeM6paH.bl, IIOCTpOeHH.bie Ha OCHOBe CB06o,n:H.bIX )K11pH.bIX Kl1CJIOT c .D:Jil1HOH 

ymeao.n:opo,n:HI>IX u;erroqeK 6oJI.bIIIe 16, 5IBJI5IIOTCH .n:ayxcpa3H.bIMl1 c11cTeMaM11 [31]. Han11qMe 

.n;ecpeKTOB Ha rpaH11u;ax pa3.n;ena cpa3 rrpMao,n;HT K ycKopeHHIO ,n:Mcpcpy3HM BO.IJ:.bI. IIp11ae,n:eHH.bie 

pe3yJI.bTaT.bl ,n:eMOHCTPHPYIOT, qTo .n:a)Ke crra6oe rrpo5IBJieHHe BTOpoii cpa3.bl B MO,D;eJI.bHOM 

MeM6paHe SC rrprrao.n;HT K cyru;ecrneHHOMY ycKopeHHIO .n:11c):>cpy3H11 so,n:.£>1: xapaKTepHoe 

BpeM5I rH,n;paTaQHM 't yMeH.bIIIaeTC5I OT 93±6 MHH .n:o 61±2 Ml1H. 0TCIO,n:a cne.n:yeT B.blBO,ll; 0 

Ba)KHOCTH MHorocpa3HOCTH JIHIIH,D;Hoii MaTpHU:.bI SC )J;JI5I n11rrocpHJI.bHoii .n:11c):>cpy3HH neKapcrn 

qepe3 KO)l(y. 

HM3Ka5I rH,n:parn:u;115I Me)KMeM6paHHoro rrpocTpaHCTBa Mo,n:eJI.bHoii MeM6paH.bI 

rrMrrM,n:Hoii MaTpM:U.bI SC 5IBJI5IeTc5I cy11IeCTBeHH.bIM ornMqMeM 3TOM MeM6paH.bI OT 

c):>occ):>oJIMIIM.IJ:H.bIX MeM6paH, B KOTOp.bIX Me)KMeM6paHHOe rrpocTpaHCTBO COCTaBJI5IeT OT 8 .n:o 

20 A. Tom:.u;11Ha Me)KMeM6paHHOro rrpocTpaHCTBa MeM6paH.bI SC rrpaKT11qecK11 paaHa eynIO 

rrp11 60% BJia)KHOCTM. TaKa5I crpyKTypa MHOroCJIOMHOH MeM6paH.bl 5IBJI5IeTC5I pe3yJI.bTaTOM 

CBepxCMJI.bHOrO Me)KMeM6paHHOro B3aMMO)J;eMCTBlrn, C03,n:aaaeMoro MorreeynaMM :u;epaMM,n:a 6 

[25]. ,ll;JI5I rrpoBepKH pOJIH u;epaMM,n;a 6 B o6pa30BaHHH rrpoqHoif JIHIIM.IJ:HOM MaTpHIJ,.bl 6r,ma 

BoIIIOJIHeHa cep115I 3KcrrepHMeHTOB B KOTOp.bIX Bap.bHpoaanacr, .Jl:JIMHa yrneao,n;opo,n;HOM :u;err11 

)KMpHOM KHCJIOToI, BBO)J;HMOH B COCTaB MeM6paHoI BMeCTO IlaJioMHTHHOBOM [31]. 
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IIp11MeHem1e ,IJ;JIMHHOI.J,erroqetrnhIX )KHpHhIX KHCJIOT .IJ:OJI)KHO 6orno rrp11secT11 B ysem1qeHHIO 

rrep110.z:i:a IIOBTOpHeMOCTH MeM6paHhI. 0.z:i:HaKO pe3yJihTaThI 3KCrrep11MeHTOB, rrpe.z:i:cTaBJieHHhie 

Ha pHC. 29, IIOKa3aJIH, qTQ rrpH ysen11qeHMH )1.JlHHhI MOJieeyJihI KMCJIOThl rrpoHCXO.IJ:HT 

yMeHbIIIeHHe rrepim.z:i:a IIOBTOpHeMOCTH H TOJlII!HHhI MeM6paHhl. IlpH 3TOM, TaK)Ke KaK If B 

cnyqae IIaJihMHTHHOBOH KHCJ10Thl, cpypoe rrpocpHJIH IIJIOTHOCTH .IJ:JIHHhl pacce~IHHH HeHTPOHOB 

.z:i:eMOHCTPHPYIOT qpe3BhiqaHHO MaJIOe Me)KMeM6paHHOe rrpOCTPaHCTBO. 

Bse.z:i:eHHe B COCTaB MeM6paHhl MOJleKyJI )l<MpHhIX KHCJIOT, c .IJ:JIMHOM yrneBO)J.OpO.IJ:HOM 

u:errotIKH 6onee 16, He MO)KeT pa3pyIIIHTh CBepXCHJlhHOe Me)KMeM6paHHOe B3aHMO.IJ:eMCTBRe 

C03.IJ:aBaeMoe I.J,epaMH)J.OM 6 H II03TOMY .z:i:mrnHhie yrneso.z:i:opo.ri:Hhie I.J,erroqm )KHpHhIX KHCJIOT 

HatIHHaIOT rrpoHHKaTh B yrneso.z:i:opO)J.HOe rrpOCTPaHCTBO coce.z:i:Hero MOHOCJIOH KaK 

mo6pa)KeHO Ha pttc. 30 .IJ:JIH cnyqa51 I.J,epOTOBOH KHCJlOThI (C=26). ,ll;a)Ke )1.JlH caMOH )1.JlHHOH 

KHCJIOThI (C=26) ee )1.JIHHhI He XBaTaeT l!T06oI IIOJlHOCThlO 3aIIOJ1HHTh IIpOCTPaHCTBO 

coce)J,Hero MOHOCJIOH. MHHHMM3aI.J,H51 cso6o.z:i:Horo rrpocTpaHCTBa Bhipa)KaeTCH B yMeHhIIIemrn 

TOJlII.J,HHhl 6HCJ105I. 0KoHqaTeJlhHOe .IJ:OKa3aTeJihCTBO rrpOHlfKHOBeHHH )1.JllfHHhIX )KlfpHhIX 

KlfCJlOT B coce.ri:HHM MOHOCJIOH 6hIJIO BbIIIOJIHeHO c rrpRMeHeHH:eM )1.eii:TepH:poBaHHbIX 

)KlfpHbIX KHCJIOT (35, 36]. 
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chain length of fatty acid, C-atoms 

PucyHOK 29. 3aeucuMocmb nepuooa 

noemopReMocmu MooeJTbHoii MeM6paHbl SC 
om ollUHbl y2fleeoiJopoo1-1oii 11eno'IKU :J1Cup1-1oii 

KUCJlOmbl, 6blpa:J1CeHHOU KOJlUl/ecmeoM 

amoMoe y2llepooa e 1-1eii, C. /(JTR 

nClllbMumu1-1oeoii KUCJTombl C= 16 (6a306aR 

MeM6pa1-1a). 

• 
CER[AP] 

• 
Palm itic acid 

~CH3 
HO~ctb;, CH, 

CHOL/ChS 

• Cerotic acid 

P11cyHOK 30. CmpyKmypa MoaeJTbHoii 

MeM6paHbl SC c nClllbMUmu1-106oii u 

11epomoeoii KUcJTomaMu. Y2lleeooopoa1-1b1e 

11enol/KU Moneryn 11epomoeoii Kucnombl 

npOHUKGIOm 6 COCeOHUU MOHOCJlOU 

MeM6paHbl. CER6 o6o3HalfeH KaK 

CER[AP}. 

Cne)J.yIOII.J,HM rnaroM B 3KcrrepMMeHTaJibHOM )1.0Ka3aTeJibCTBe HBnemrn cBepxcHJihHoro 

Me)KMeM6paHHOro B3aHM0)1.eii:cTBH51, C03.IJ:aBaeMoro I.J,epaMH:)J.OM 6 B JlHIIH)J.HOH MaTPHI.J,e, 

6hIJIO 11ccne.z:i:oBaH11e CTPYKTYPhI MeM6paH, rrocTPoeHHhIX c BBe.ri:eHHeM B RX cocTaB 

.IJ:IlHHHOI.J,errotietIHOro I.J,epaMH)J.a 1. DbIJia M3rDTOBJieHa MHOroCJIOMHaH MeM6paHa c COCTaBOM 
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u:epaMH)J; 1/ u:epaMH,n: 6/ XOJieCTepn:H/ 6ereHOBM KHCJIOTa c BeCOBbIM COOTHOllieHHeM 

KOMIIOHeHT 23/ 10/ 33/ 33. HccJie)J;OBaHH51 ee CTPYKTYPbl MeTO,ll;OM .n:mppaKIJ;HH HeiiTpOHOB 

rroKa3aJIH, "lJTO Tonmn:Ha JIHIIH.n;Horo 6HcJio51 TaKoii MeM6paHhI 47.5 A 6JIH3Ka K TOJimHHe 

6a3oBoif MeM6paHhI - 45.6A [33, 35]. ~Ima )l{HpHOKHCJIOTHoro ocTaTKa MOJieKyJihI CERl 

rrpeBbIIIIaeT Ha 30 aTOMOB yrnepo.n:a ,n:JIHHY )l{HpHOKHCJIOTHOro ocTaTKa MOJieKyJihI CER6, "lJTO 

cooTBeTcTsyeT rrpn:MepHo 37 A. OcHOBHbIM BbIBO)J;OM rrpoBe.n;eHHbIX HCCJie,n:oBaHHH 51BJI51eTc51 

TO, "lJTO MOJieKyJibl ,ll;JIHHHOIJ;erroqeqHoro u:epaMH,n:a He MOryT Pa3PY1IIHTb CBepxCHJibHOe 

B3aHMO,n:eHCTBHe, C03,n:aBaeMoe MOJieKyJiaMH u:epaMn:,n:a 6, II C03,n:aTb ,ll;JIHHH011epHO.ll:HYIO 

<}Ja3y c rrepHO,ll;OM IIOBTOp51eMOCTH 130A. 

CosoKyrrHocTb pe3yJihTaTOB CTPYKTYPHbIX HccJie,n:oBaHHH Mo,n:eJibHbIX MeM6paH SC, 

rro3BOMeT c<}JopMYJIHpoBaTb Mo.n:eJib apMaTypttoro yKperrJieHH51 MeM6paHbI SC MOJieKyJiaMH 

u:epaMH.[(a 6, KOToprur 3aKJIIOqaeTC51 B cne,n:yIOmeM: 

• MoJieKyJihI u:epaMH,n:a 6 BbI3hIBaIOT cBepxcHJibHOe Me)l{MeM6paHHOe B3an:Mo,n:eiicTBHe, 

KOTOpoe o6b51CIDleT rrpaKTH"lJeCKH HyJieBoe paCCT051HHe Me)l{.n:y JIHIIH,ll;HbIMH 6HCJI051MH 

B MO,n:eJibHbIX MeM6paHaX KO)l{H. Bse,n:eHHe B CHCTeMy .[(JIHHHOIJ;erroqe"lJHbIX 

u:epaMH,ll;OB II )l{HpHblX KHCJIOT He MO)l{eT pa3py1IIHTb 3TOro B3aHMO,n:eHCTBH51. 

• MeM6paHbl Ha OCHOBe u:epaMH,n:a 6 B H36bITKe BO,[(bl rrpH HH3KHX 3Ha"lJeHH51X pH=6-7, 

HaX0.[(51TC51 B KpHCTaJIJIH"lJeCKOii Le cpa3e. 

, _ _,_ _______ ~==·::CX).:::=~= --~--- --·-···~---

-~-- ----.---·---·-- ·----~·-r----·-- -·-··-··-··'.,' -=== __ .._ ____ ::==:::• 

PHcyHoK 31. Bo3MO;JfCHb1e cmpyKmypb1 6a:Joeou MeM6paHbl CER6 /Ch IPA !ChS. 
06o3HatJeHuR: - L-CER6, e=:=:-::=:..:: - OC KOHrjJopMalfUR D-CER6, 
____ ,_. _________ - llB KOHpopMalfUR D-CER6. /.(HR npocmomb1 MOJzeKyllbl PA, Chol u ChS 
He u306 a;JfCeHbl. 

Ba)l{HbIM 51BMeTC51 Borrpoc 06 3Kcrrepn:MeHTaJibHOM .n:oKa3aTeJihCTBe pacrroJIO)l{eHH51 

MOJieKyJibl u:epaMH)J;a 6 B IIOJIHOCTblO BblT51HYTOH (IIB) KOH<}JopMaIJ;HH, KaK H306pa)l{eHO Ha 

pHC. 3 la. Ilpe.n:cTaBJieHHble HeHTpOHHbie .n:mppaKIJ;HOHHbie 3KCrrepHMeHTbI He MOrYT 

OTBeTHTb Ha BOIIpoc 0 KOH<}JopMaIJ;HH MOJieKyJI u;epaMH,[(a 6 B JIHITH)J;HOH MeM6paHe. 

MeM6paHa c OTKpbITbIM Me)l{MeM6paHHbIM rrpocTpaHCTBOM H MeM6paHa c rrepeKpbITbIM 

Me)KMeM6paHHbIM rrpOCTPaHCTBOM y,n:OBJieTBOp5HOT 3KCrrepHMeHTaJibHO H3MepeHHbIM 

rrpo<}JHJI51M pacrrpe,n:eJieHH51 IIJIOTHOCTH ,ll;JIHHbI pacce51HH51 HeHTPOHa. 3KcrrepHMeHTbl, 
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BbIIIOJIHeHHbie rpyrrnoii J.A. Bouwstra B 2011 ro,Lly c rrpwMeHem1eM ,Lleii:TepwpoBaHHoro 

u;epaMM,z:i:a 2 TaIOKe He CMOfJIM OTJIMqMTb .L(Be B03MO:IKHbie opraHmau;MH MO.L(eJibHOH 

MeM6paHbI SC, npe,LICTaBJieHHbie Ha pwc. 31 [38S]. TaKMM o6pa30M, Borrpoc 06 

3KcrrepMMeHTaJibHOM ,z:i:oKa3aTeJibCTBe poJIH IIB KOHcpOpMaD;MM MOJieKyJI u;epaMM.ll:OB B 

cpopMMpoBaHMe CBepXCHJibHOro Me)l(MeM6paHHoro B3aMMO,LleHCTBH5I OCTaeTC5I OTKpbITbIM. 

0CHOBHbie pe3yJihTaTbl H BbIBO,lJ;bl: 

1. Y CTanosneuo HBJiem1e ,lJ;er11,11;paTau,1u1 Me~MeM6pauuoro npocTpaucTsa 

t}>oct}>OJIHDU,Ll;HblX MeM6pau MOJieKyJiaMH )JJIMeTHJICYJibt}>OKCU)J;a. ,l(MMeTHJICYJibcpOKCM.ll: 

BbI3bIBaeT y,z:i:aJiemi:e CB060.L(HOH BO.ll:bl M3 Me:IKMeM6paHHOro rrpocYpaHCTBa cpoccpoJIMIIH.L(HbIX 

JIMIIOCOM. IlpH MOJibHOH cppaKD;HH .ll:HMeTHJICYJibcpOKCH,Lla 0.14, TOJibKO CB5!3aHHa5I Bo,z:i:a 

cyru;ecTByeT B Me:IKMeM6paHHOM rrpocYpaHCTBe, qTQ rrpMBO.ll:HT K yMeHbIIIeHMIO TOJIID;HHbl 

Me:IKMeM6paHHoro rrpocTpaHCTBa M yBeJiwqeHHIO TeMrrepaTypbI cpa3oBoro rrepexo.z:i:a 

MeM6paHbl. 

2. Ccl>opMyJiuposaub1 npuuu,u:nbl yseJI11qeuuH npouuu,aeMOCTH JIHDH.ZJ:HblX MeM6pau 

00.ZJ: ,ZJ;eiicTBUeM ,Ll;HMeTHJICYJihcl>OKCH,LJ;a. ,l(MMeTMJICYJibcpOKCH.ll: pa3BMBaIOT ,z:i:oMeHeyIO 

CTPYKTYPY Q:>occpoJIHilH.ll:HbIX MeM6paH, yaeJIHqHBa5I .n;ecpeKTbI B JiaTepaJibHoii cYpyKrype 

MeM6paHbI. Co3,z:i:a10Tc5I ycJIOBM5I .ll:JI5I Q:>opMwpoBaHH5I JIMIIOcpMJibHoii ,z:i:wcpcpy3HM. 

3. YToqueua nocJie,LJ;oBaTeJihHOCTb Mopt}>oJJoruqecKux npeo6pa3osauuli B npou,ecce 

CaMOCOOpKU JIUUH,Ll;HOro OUCJIOSI B CMeIIIaHHbIX JIHDH,LJ;/ ,LJ;eTepreHTHblX CUCTeMax: 

• C rrpHMeHemreM CMJibHbIX MarHHTHbIX norreii ,n;oKa3aHo, qyo nocJie.L(Heii cYpyKrypoii 

rrepe.z:i: caMoc6opKOH JIHIIH,LIHOro 6MCJI05I B CMeIIIaHHbIX CHCTeMax 

cpocQ:>oJIMIIHW,LleTepreHT 5IBJI5IeTC5I rayccoB KJiy6oK CTep)l(Heo6pa3HbIX MMD;eJIJI. 

• IloKa3aHO, qTQ 6bICYpbIM HarpeB (100°C/MHH) CMeIIIaHHOM CHCTeMbI ,l(M<l>X/xoJiaT 

HaYpH5I c COOTHOIIIeHHeM KOMIIOHeHT 15MM/8MM npHBO.ll:HT K C03.L(aHHIO 

O,z:i:HOCJIOHHblX MOHO,LIHCnepCHbIX Be3MKYJI c pa,LIMYCOM 225A. 

4. YcTauosJieuo OAH03eaquoe cooTBeTcTsu:e Mem,i::i;y 06pa1osauueM Lp1 cl>a3bI u: 

yseJI11qeu11eM nponuu,aeMOCTH MeM6paubl npu Kouu,enTpau,11u :nauoJia 1.2 M ,LJ;JISI 

0,LJ;HOCJIOHHbIX Be3HKYJI ,l(Il<l>X. 

5. Co3,ZJ;aH MeTO,LJ; pa1,LJ;eJieHHbIX cJ>opMt}>aKTopos ,LJ;JISI onpe,ZJ;eJieHHH CTPYKTYPhl 

O,LJ;HOCJIOHHbIX JIHDH,Ll;HblX Be3HKYJI - nepeuocquKOB JieKapCTB B MaJioyrJIOBbIX 

HeHTpOHHbIX H CHHXpOTpOHHblX 3KcnepHMeHTax. 
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6. MeTO,rt;OM pa3,rt;eJieHHhIX «I>opM<!>aKTopoB B MYPH 3KcnepHMenTax ea o,11;uocJioii:HhIX 

BC3HKyJiax .II:M<l>X BnepBbie onpe,rt;eJieHbI: 

• <l>ynKu;irn pacnpe,11;eJieum1 BO.ll;bI B H30rHyToM OHCJioe. <l>yHKUIDI 

pacrrpe.n:enemrn: BO,Il,I>I .n;eMOHCTpHpyeT npomi:uaeMOCTI> 611cnoH ,Il,JIH so.n;11 B La 

<J>a3e. 

• CTPYKTYpa JIHDH,rt;Horo 6ucJIOSI o,11;uocJioii:uoii: Be3HKYJihI B Tpex «I>uoBbIX 

COCTOSIHHSix: Lp1, Pp1, La • .D:nH Be3ttKyJI, npttroTOBJieHHI>IX 3KCTpY3MeH: qepe3 nopI>I 

,IJ,MaMe'I'pOM 500 A, orrpe.n;eneH11: cpopMa Be3MKYJII>I; cpe,Il,HMH pa3Mep M 

IIOJIH,Il,HCIIepcHOCTb pa3Mepa; TOJim;MHa 6H:CJIOH; TOJim;MHa rn.ri:po<J>o6HOH qacTH 

6MCJIOH; KOJIMqeCTBO MOJieKyJI BO,Il,I>I, rrpoHH:KaIOm;Mx B rH,Il,po<J>MJII>HYIO o6JiaCT:b H 

B o6JiaCTb IlOJIHpHbIX rpyrrn; rrnom;a,Il,b MeM6paHI>I, rrpMXO,Il,Hll(aHCH Ha 0,Il,HY 

MOJieKyJiy ,ll;M<l>X. 

• 3aBHCHMOCTb CTPYKTyphI JIHDH,rt;noro OHCJIOSI B La <1>a3e OT ero KpHBH3HhI. 

IloKa3aHo, qTO TOJim;H:Ha JIMIIM,Il,HOro 611cJIOH dm M ero r11.upaTaUHH Nw 

yMeHI>lllaIOTCH c yBeJIHqeHH:eM pa.ri:11yca Be3MKYJII>I R: dm=48.9±0.9 A H Nw = 

12.8±0.3 ,Il,AA R~250 A; dm=45.5±0.6 A 11 Nw = 10.8±0.4 ,Il,AA R~soo A; dm=44.2 A, 

Nw = 7 .2 ,Il,JIH R=oo. 

7. BnepBbie .ZJ;H«i>paKUJUI ueii:Tpouos c npocTpancTBeHHhIM pa3peweuueM 5.SA ObIJia 

npHMeneua ,n;JISI HCCJie,11;0BaHHSI CTPYKTYPhI u cBoii:cTB Mo,n;eJihHhIX JIHDH.ll:HhIX MeMopau 

sepxuero CJIOSI KO~H stratum corneum (SC). IIp11MeHem1e .n;11<J>paKu11.11 HeHTpOHOB 

II03BOJIHJIO penmTb cpa30BYIO npo6JieMy H ,l(OCTOBepHO paccqHTI>IBaTI> pacnpe.n;eneHMe 

TIJIOTHOCTM ,Il,JIHH:bl pacceHHMH HeHTpOHa B MO,Il,eJibHOH JIHTIM,[(HOH MeM6paHe. ,ll;JIH MO,[(eJII>HblX 

MeM6paH SC pa3JIHqHoro cocrnBa onpe,n:eneH11: TOJIII(MHa JIMIIM,n:Horo 611cnoH, TOJIII(HHa 

r11.upo<J>o6HOH qacTM 611.CJIOH, TOJIIUHHa o6JiaCTH IlOJIHpHbIX roJIOB, <PYHKUMH pacnpe.ueneHHH 

BO,Il,I>I, IIOJIO)KeHMe MOJieKyJI XOJieCTepMHa, IlOJIOJKeHH.e .n;eifTep11poBaHHbIX MeTOK B JIHTIM,[(HI>IX 

MOJieKynax. 

8. Pa3pa60Taua Mo,11;eJih apMaTypuoro yKperrJieHHSI murn,11;uoii: MaTpH:U:hI SC 

MOJieKyJiaMH n:epaMH)J;a 6. 

MoneKyJII>I uepaMM,Il,a 6 BI>I31IBaIOT caepxc11n1Hoe MeJKMeM6paHHoe B3aMMo.ri:eif cTBMe, 

KOTopoe o6oHCHHeT npaKTMqeCKH Hynesoe paCCTOHHHe Me)K,Il,y JIMTIM,Il,HI>IMM 6HCJIOHMH B 

MO,[(eJII>HbIX MeM6paHaX KO)KH. BBe,UeHMe B CHCTeMy ,[(JIMHHOIIenoqeqHI>IX uepaMM,Il,OB I1 

)KHpHI>IX KHCJIOT He MO)KeT Pa3PYlllMT:b 3TOro B3aHMO,Il,eHCTBMH. 
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9. rtt.ZJ;pO<l>HJibHaSI .ZJ:Hcl>cl>Y3HSI JieKapCTB qepe3 JIHilH.ZJ:HYIO MaTpnn:y SC 

HenepcneKTHBHa. Hau6oJiee nepcneKTHBHhIM yseJinqeHHeM npoHttn:aeMOCTH KO~H 

SIBJISieTCSI IlOHCK Be~eCTB, ycHJIHBalOIQHX mmocI>HJibHYIO .ZJ:Hcl>cl>Y3HH JieKapCTB. 

HH3KaJ.I rn:,I1,parnu,1ur H Mar.roe Me)I(MeM6paHHoe rrpocTpaHcrno (1 A) MeM6paH Ha ocHoBe 

u;epaMH,IJ,a 6 ,IJ,eJiaeT rn,IJ,pocjJHJibHYIO ,IJ,H<l><l>Y3HIO JieKapcrn 11epe3 murn,IJ,HYIO MaTpHu,y SC 

3aTpy,IJ,HHTeJibHOM. ,[(mi: ycHJieHH5I JIHIIO<i:>HJibHOH .z:i;11cp4:>y3HH CJie,IJ,yeT rrpHMeH5ITb Bern;ecrna 

yseJIH1IHBaIOrn;He .n:ecpeKTbI B MeM6paHHOll IIOBepXHOCTH. 0,IJ,HHM H3 rryTeli yBeJIH1IeHH5I 

,IJ,e<PeKTOB »BJI»eTCH o6pa3oBaHHe MeM6paH c pa3BHTOii ,IJ,OMeHHOH cTpyKrypoii. TaKHM 

CBOHCTBOM o6Jia,IJ,aeT )l;MCO - )I(H,IJ,KOCTb, HaHeCeHHe KOTOpOH Ha KO)I(Y yBeJIHq1rnaeT ee 

rrpOHHIJ,aeMOCTb. 
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