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Olill(AH XAPAKTEPHCTHKA P ABOThl 

AIOyaJibH0CTb TeMbl 

IiHOJlOrH'!ecKHe MeM6paHhl Hrpa!OT KJllO'leByw ponh KaK B CTpYKTYPHOH opraHH3aL{HH, 

TaK H B q>yttKL{HOHHpoBaHHH Bcex KJleTOK - npoKapHOTH'leCKHX H JyKapHOTH'leCKHX, 

paCTHTeJlhHblX H JKHBOTHhlX. MeM6paHhl q>OpMHPYIOT BHYfPHKJleTO'IHhle KOMnapTMeHThl 

(oTCeKH), a IlJ1a3MaTH'leCKa» MeM6patta o6pa3yeT rpaHHUY KJleTKH. CTpYKT)'pa 

6HOJ10rH'!eCKHX, MeM6paH no npH'IHHe HX MHOroo6pa3HH, CJ10,KHOCTH H 

MHOfOKOMilOHeHTH0CTH OCTaeTCH ,no KOHl.{a Heonpe,neneHHOH. MeM6paHHhJe JlHilH)lhl 

npe,nCTaBJlHIOT orpOMHOe pa3H006pa3He. IlpH'IHHhl 3TOro pa3H006pa3HH IlOKa He HCHhl, HO 

CTaH0BHTCH Bee 6onee O'leBH,nHhlM,' '!TO 3TO CBH3aHO C pa3Hoo6pa3HeM q>yttKL{HH; KOTOph!e 

JlHill,f)lhl, BhIIlOJlHHT B, MeM6paHax. <l>ocq>aTH,UHJlXOJlHH HBJlHeTCH OCHOBHOH KOMilOHeHTOH 

MeM6paH KJleTOK. )KHBOTHhlX. _)Ktt,nKOKpHCTaJlJlH'!eCKa» CTpyKrypa JlHilH,UHhlX MeM6paH 

Il03BOJ1HeT npHMeHHTh ,nJ1H HX HCcne,noBaHHH .nmt>paKL{HOHHhle MeTO)lhl. 11ccne,noBaHHH 

HaH0CTpYKT)'phl , J,j,: CBOHCTB q>OCq>OJlHilH,!IOB BeJlHCh B np0lllJlOM H npo.nonJKalOTCH B 

HaCTO»!llee 'BpeM»,:_.M,eTO.UOM .UHq>paKL{HH HeHTpOH0B H peHTreHOBCKHX nyqefi Ha 

MHOrOCJlOHHhlX opHeHTHpOBaHHhlX MeM6paHax ". MHOfOCJlOHHblX Be3HKynax (JlHilOCOMax) 

[IL,. 2L, 3L]. finaJMaTH'leCKa» MeM6paHa CY!lleCTByeT. B O.UHOCJlOHHOM COCTOHHHe [4L]. 

Eonee a,neKB~THhlM peanhHOCTH HBJlHeTCJI HCCJle)lOBaHHe HaHOCTpYKTYPhl 0,UHOCJlOHHblX 

MeM6paH (nHnH,nttoro 6ucnoJ1). B BH,ne o,nHocnoHHhIX Be3HKyn (OCB). Be3HKynllpHhJe 

nepeHOC'IHKH JleKapCTB Bee lllHpe npHMeHJIIOTCJI npH 6e3HHoeKL{HOHHOM BBe,neHHH JleKapcTB , . 

opanhHO HJlH TPaHC,nepMaJlhHO [IOL, 'I IL]. OCHOBOH OOBepXHOCTH nepeHOC'IHKa JIBJlJleTCJI 

JlHilH)lHh!H 6HCJ10H. Co3)laHHe MeTO,na aHaJ1H3a CTpYKT)'phl Be3HKYJ1llpHhlX nepeHOC'IHKOB 

JleKapCTB ,no ypOBHJI HaHOCTpYKTYPhl HX 6HCJ10JI JIBJlJleTCJI aKT)'aJlhHOH 3a,naqefi 

6HOHaHOTeXHOJ10rHH. 

Manoyrnosoe pacceJ1HHe HeiiTpOHOB (MYPH) HcnoJTh3YeTCJI )lJlJI HCcne,noBaHHJI 

CTpYK'fYPhI OCB [3, 5L-7L]. IlonyqaeMaJI HHq>OpMaUH» o HaHOCTpYK'fYPe 6ucnoJ1 

orpattH'IHBaeTCJI onpe,neneHHeM ero TOJlll{HHhl [8L, 9L] HJTH npH6J1H,KeHHeM CTYOeH'laTOH 

q>yttKL{HH. )lJlJI . IlJTOTHOCTH )lJlHHhl pacceJIHHJI HeHTpOHa p(x) B HanpaBJ1eHHH HOpManH K 

6Hcno10 [3, 5L-7L]. PaJMep H q>opMa OCB onpe,nenJ1eTCJ1 MeTO)lOM pacceJ1HHJ1 CBeTa H (HJTH) 

3JleKTpOHHOH CKaJlh!Ba!Oll{eH MHKpOCKOilHH, [3, 20L, 2IL]. CospeMeHHble ManoyrnoBble 

Y\:TI!HOBKH 'Ha HeiiTp9HHhlX; H CHHXpOTpOHHh!X HCTO'IHHKax Il03B0J1JIIOT H3Mepl1Th cneKTp B 



. . 
HHTepBane BeKTopoB pacce,rnm1, CO,ll.ep)icaineM HH<pOpMaI.\HIO KaK 0 pll3Mepe Be3HKynhl, TaK H 

o ee <popMe. B MeT0.D.e ManoyrnoBoro pacce,rnmI Hll3pena noTPe6H0CTh B nonyqeHHH 
. . 

aHaJIHTH'leCK0fO BblpIDKeHHJI MJI ce'l'eHHJI MaKp0CK0nHqecKoro pacceJIHHJI Be3HKYJillpHbIX 
~ 

CHCTeM, K0T0poe Y.ll.0BJieTB0pl!JI0 CJieAYfOJnHM TPe6oBaHHJIM: 

a) onHCblBaJI0 <popMy Be3HKYJI KaK c<pepwqeCKYfO, TaK H 6onee CJI0)KHylO, 

b) )"IHTblBaJI0 B3aHM0,ll.eHCTBHe Me)l{Ay Be3HKyJiaMH, 

c) 0nHCblBaJI0 BHYTPeHHIOIO CTJJYJ<TYPY 6HCJIOJI Ha yp0BHe JII06bIX npH6JIH)KeHHH <pyHKUHH 

p(x). 

JlHTIH.D.Hrui MaTPHUa BepxHero cnoJI KO)KH M.neico11HTa10ll\HX stratum comeum (SC) 

HrpaeT fJiaBHylO p0Jib B. peryJIHpo~aHHH B0,ll.H0f0 6anaHCa opraHH3Ma H ,ll.H<p<pY3HH M0JieKyJI 

qepe3 KO~. C .ll.PYfOH CT0p0Hbl, JIHTIH,ll.Ha.11 ·MaTPHUa onpe,ll.eJIJleT 11p0HHUaeM0CTb JieKapCTB 

qepe3· KO)!()' qeJIOBeica. B OTJIHl!He OT 11Jlll3MaTHqecK0H 0,ll.HOCJIOHHOH MeM6paHhl, JIHilH,ll.HaJI 

MaTPHUa SC J1BJIJ1eTCJ1. MHorocnoliHoli MeM6paHoli [12L]. MHoroqwcneHHhie peHTreH0BCKHe 

H HeliTP0HHhie .D.H<ppaicuwoHHhle 3Kc11epwMeHThI 110 onpe,ll.eneHHIO BHYTPeHHeli 

HaH0CTPYJ<TYPhl .. JJHTIH,ll.H0f0 6HCJJOJI SC orpaHHqHBaJIHCb 011pe,ll.eJieHHeM 11epH0,ll.a 

IJOBTOplleMOCTH KaK HaTHBH0H JJHnH,ll.H0H MaTPHUbl SC, TaK H M0,ll.eJJbHblX MeM6paH [13L; 

14L, 22L]. OTCYTCTBHe HH<popMaUHH o BHYTPeHHeli HaH0CTPYJ<TYPe JJHTIH.D.H0ro 6wcnoJ1 

,ll.eJJaeT HeB03MQ)KHblM 011pe,ll.eJJeHHe CTPYJ<TYPH0H P0JJH 0T,ll.eJJbHbIX uepaMH,ll.0B B 

<pOpMHpOBaHHH JJHTIH,ll.H0H MaTPHUbl, a TaK)Ke HX ponH npH .D.H<p<pY3HH B0,ll.bl H 

qiap~ai{eBTHqecKHX . 11pe11apaT0B qepe:3 SC. AKTYaJibHbIMH 3a,ll.aqaMH C0BpeMeHHblX 
. . . 

HCCJie,ll.OBaHHH SC JIBJIJIIOTCJI: C03,ll.aHHe M0,ll.eJibHbIX MeM6paH C K0Mil0HeHTHblM C0CTaB0M 

JIHnH.D.0B THnHqHblM Mll SC MJieK0TIHTalOll\HX, Il0HCK HaH6onee a,ll.eKBaTl{blX MeT0,ll.0B 

. ' 
HCCJie,ll.0BaHHJI HX ttaH0CTPYJ<TYPhl, 011pe,ll.eJieHHe p0JJH KIDK,I.\0fO uepaMH,ll.a B CTPYJ<TYPH0H 

opraHH3aUHH MaTpHUbl SC H ee .D.H<p<pY3HOHHblX CBOHCTB. 

JJ:11ccepTal\HH IlOCBHll.\eHa llBYM aioyaJJbHblM BonpocaM: 

OcHOBHa.11 Hll<pOpMa~HJI 0 CTPYJ<TYPe JIHilH,ll.H0f0 6HCJIOJI <pOC<pOJJHilH,ll.OB, B TOM q11·cne 

H ,ll.HMHpHCTOHll<poc<paTHllHJIXOJIHHa {JJ:M<l>X), 6?IJia nonyqeHa MeTO,ll.0M peHTreH0BCK0H 

.D.H<ppaKUHII ua.' MHorocnottHblX Be3HKynax (n1111oc0Max) B H36bITKe B0.ll.hI HJIH 11nocKHX 

opHeHTHP0BaHHblX MH0fOCJIOHHbIX MeM6paHax [IL, 2L]. EHCJIOH MHOfOCJIOHHOH Be3HKYJibl 

M0)KHQ paccMaTPHBaTh KaK TIJIOCKHH no npwqHHe 60JibUJ0f0 pa.D.Hyca KpHBH3Hbl 
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0TH0CHTCJlbH0 ero T0Jlll\HHbl. B011poc H,ll.eHTHqHQCTH CTpYK'fYPbl 6HCJIOJI 0,ll.H0CJI0HHbIX H 

MH0f0CJI0HHbIX Be3HKYJI, a TaK)Ke B011poc 0 3aBHCHM0CTH CTpYK'fypbl 6HCJIOJI OT ero 

KpHBH3Hbl JIBJilllOTCll HeTpHBHaJibHbIMH B JIHnH,ll.0JI0rHH [15L-17L]. PaJBHTHe 

6HoHaHOTCXHOJIOrHH no C03,ll.aHHIO Be3HKYJillpHbIX 11epeH0CqHK0B JieKapCTB Tpe6yeT 

a,ll.eKBaTHOH TCXHHKH H MeT0,ll.0B MJI onpe,ll.eJieHHll HX HaH0CTPYK'fYPbl H CB0HCTB. PaJBHTblH 

aBT0p0M MeT0,ll. pll3,ll.eJieHHbIX <pOpM<paKTopoB llBJIJleTCll 11pHHUHnHaJibHblM UJaroM B 

HCCJie,ll.0BaHHH CTPYK'fYPbl 0,ll.H0CJIOHHbIX Be3HKYJI [4, 6, 8, 9, 12]. 

BTOpblM HanpaBJieHHeM llBJIJleTCll HCCJie,ll.0BaHHe qeTblpexK0Mn0HeHTH0H JIHnH,ll.HOH 

MeM6paHbl, Il0CTP0eHHOH Ha 0CH0Be uepaMH,ll.a 6 H C0,ll.ep)Kainew rnaBHbJe K0MTI0HeHTbl 

JIHTIH,ll.H0H MaTPHUbl SC MJieK0TIHTalOJnHX (MO,ll.eJibHa.11 MeM6paHa SC). ABTOPOM BnepBbJe 

6bIJIO 11pe,ll.JI0)KeH0 HCI10Jlb30BaTb .D.H<ppaKUHIO HeHTPOHOB OT 0pHeHTHp0BaHHbIX H qacTHqHo 

rH,ll.paTHpOBaHHbIX o6pll3UOB Mll nonyqeHHll HH<pOpMaUHH 0 HaH0CTPYK'fYPC M0,ll.eJibHblX 

MeM6paH SC. J:l:nll aHaJIH3a HaH0CTPYK'fYPbl HCn0Jib30BaJICJI <pypbe-CHHTe3 IlJI0TH0CTH 

paCilpe,ll.eJieHHJI HCHTPOHOB B Ha11paBJieHHH H0pMaJIH K 6HCJIOIO [IO, 14]. 

0:eJJLIO pa60TLI JIBJIJleTCJI 011pe,ll.eJieHHe MeT0,ll.aMH pacceJIHHll HettTPOHOB H 

peHTreHOBCKHX nyqeii oco6eHHOCTeH HaH0CTPYK'fYPbl, CB0HCTB H rH,ll.paTaUHH .ll.Byx )KH,ll.KHX 

KpHCTaJIJIOB: <pOC<pOJIHTIH,ll.0B B BH,ll.e 0,ll.H0CJIOHHblX Be3HKYJI H M0,ll.eJibHblX MeM6paH 

JIHTIH,ll.HOH MaTPHUbl SC, C,ll.eJiaHHbIX Ha 0CH0Be uepaMH,ll.a 6. Cpe,ll.CTBOM ,ll.0CTH)KeHHll 

noCTaBJieHH0H uenH llBJIJIIOTCJI pll3BHTble MeT0,ll.bl H 11pHMeHeHHe H3BeCTJ-{blX MeT0,ll.0B K 

H0BbIM 061,eKTaM • 

fJiaBbl I - 3 Il0CBJlll\CHbl pll3BHTHIO MeT0,ll.a pll3,ll.eJieHHblX <popM<paKTOpOB w 

011pe,ll.eJieHHIO H_aH0CTPYJ<TYPhI 0.D.H0CJIOHHhIX Be3HKYJI .l{M<l>X B TPeX <paJax: LJl', PJl', La. 

fnaBa I Il0CBllll\CHa ,ll.eTaJlbH0MY 0llHCaHHIO MeT0,ll.a pll3,ll.eJieHHbIX <pOpM<paKTopoB, 

BbITeKalOJnHX H3 Hero CJie,ll.CTBHH, a TaK)Ke npHMeHeHHIO ,ll.HcaxapH,ll.0B ,ll.Jlll ynyqUJeHHJI 

K0HTPaCTa B peHTreH0BCK0M MaJI0yrJI0B0M 3KCI1epHMeHre. 

fnaBa 2 Il0CBJIJneHa BbJ6opy HaH6onee 110,ll.X0,ll.llll\ero npH6JIH)KeHHJI Mll 0llHCaHHll 

<pyttKUHH IlJIOTH0CTH pac11pe,ll.eJieHHJI HeHTPOHOB B,ll.0Jlb H0pMaJIH K 6HCJIOIO p(x), a TaK)Ke 

pll3BHTHIO 3KCI1epHMeHTaJibH0H H BbJqHCJIHTeJibH0H MeTO,ll.HKH. O11pe,ll.eJieHa <pyttKUHJI 

pacnpe,ll.eJICHHll . B0,ll.bl B 6Hcnoe. OCB. O11pe,ll.eJieHbl TeM11epaTYPbl <pll30Bb!X 11epexo,ll.0B 

.l{M<l>X B H2O H D2O. 
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B rnase 3 c¢opMyJIHpOBaHO fllAPO¢o6HO-mAp0¢1lJlbHOe nptt6JimKeHHe AJill OilllCaHllll 

¢YHKl..\llll p(x) ll npeACTasneHbl peJyJibTaTbl llCCJieAOBaHHH HaHOCTPYKTYPbl OAHOCJIOHHblX 

BeJttKyn )].M<l>X. 

B rnase 4 AOKaJaHa 3¢¢eKTllBHOCTb npHMeHeHllll AH¢paKl..\llll HeHTPOHOB OT 

optteHTllpOBaHHblX MeM6paH AJill llCCJieAOBaHllll HaHOCTPYKTYPbl MOAeJibHblX MeM6paH SC. 

BnepBbie onpeAeJieHa HaHOCTPYKTYPa ll mApaTal\llll MOAeJibHoll MeM6paHbI SC 

MJieKOilllTalOl.l\llX, nocTpOeHHOH Ha OCHOBe uepaMHAa 6. 

3KcnepttMeHTbl npOBOAllJillCb s HeilTPOHHbIX tt CllHXPOTPOHHbIX ueHTPaX PocCllll, 

<l>paHUllll, fepMaHllll, lllselluapttll, a TaIOKe Ha ¢apMaueBTIJqecKOM ¢aKyJibTeTe 

YHttsepcHTeTa MaprnHa J110Tepa B Xane (fepMaHHll). 

Hay'IHaH HOBllJHa 

AsTOpOM npeAJIO)KeH MeTOA paJAeJieHHbJX ¢opM¢aKTopoB (P<l><l>), KOTOpblH JlllllleH 

HeAOCTaTKOB MOAeJill BJIO)KeHHblX c¢ep [3], TaK KaK MO)KeT OilllCbIBaTb ¢opMy BeJHKYJib[ 

6onee CJIO)KHYIQ, 'leM c¢epa, ll npttMeHllTb Aflll MOAeJIHpoBaHllll nJIOTHOCTll AJillHbl 

paccellHllll HeilTPOHa p(x) n106Y10 ¢YHKI..\MIO [4, 6]. P<l><l> MeTOA 6bm paJBMT s nocneAY!Omttx 

pa6ornx [8, 9, 12, 7L]. Ha OCHOBe 3TOfO MeTOAa YAMOCb snepBble paCC'lllTaTb ¢YHKl..\lll0 

pacnpeAeJieHllll BOAbl B 6MCJIOe OAHOCJIOHHbIX BeJMKyn· [8], 'ITO llBllJIOCb o6oCHOBaHMeM 

fllAPO¢o6HO - fllAP0¢1lJibHOfO nptt6Jill)KeHllll AJill ¢YHKl..\llll p(x) [12]. P<l><l> MeTOA 6bIJJ 

npMMeHeH AJill MccneAOBaHMll CTPYKTYPbI OAHocnoiiHbIX seJttKyn )].M<l>X B TPex ¢aJOBbIX 

COCTOllHllllX [12]. BnepBble YCTaHOBJieHo, 'ITO ¢opMa BeJHKYJibl He llBJilleTCll c¢epH'leCKOH. 

OHa 6nttJKa K c¢epHtJecKoii B La ¢aJe (ornorneHlle nonyocell 3JIJIMncoMAa spameHMll 

& = l. l) ll llBJilleTCll 3JIJillilTllqecKOH B Lw ll Pw ¢aJax C & = 1.6. HOBblM ll '1pe3BbltJallHo 

Ba)l(HblM. ¢aKTOM llBllJIOCb AOKaJaTeJibCTBO Toro, 'ITO CTPYKTYPa ll30rHyTOro 6HCJl0ll 

OTJill'laeTCll OT CTPYKTYPbl IlJIOCKOro 6HCJIOll. )].oKaJaTeJibCTBO 3T0f0 ¢aKTa He llBJilleTCll 

TPllBllaflbHblM. IloTpe6osanocb 20 JleT, 'IT06bJ AOKaJaTb pa3Hlll\Y s TeMneparypax 

npeAnepeXOAa AJlll OAHOCJIOHHblX ll MHOfOCJIOHHblX Be3MKYJI [15L]. 11.D.eHTll'IHOCTb 

CTPYKTYPbl llJOrHyTOro ll IlJIOCKOfO 6MCJI0ll C'lllTMOCb AOKaJaHHOH [6L]ll llCilOJibJOBanacb 

npll aHanMJe AaHHblX no peHTfeHOBCKOMY paccel!Hll!O, 'ITO npttseno K Olllll60tJHblM 

pe3yJibTaTaM [16L]. YcTaHOBJieHHall HaMll JaBHCllMOCTb napaMCTPOB 6HCJIOll )].M<l>X OT ero 

paAttyca KpllBll3Hbl 6bma IlOATBep)K.L(eHa OAHOBpeMeHHblMll ll HeJaBllCllMblMll J 
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llCCJieAOBaHllllMll Be3MKYJI nanbMllTOllJIOJieOMJicl>oc¢aTMAllJIXOJlllHa [l 7L]. OAHaKo, B 

OTJJll'llle OT pa60Tbl [ l 7L ], fAe onpeAeJJl!JlllCb TOJJbKO napaMCTPbl 6HCJJOll, P<l><l> MeTOA 

IlOJBOJJlleT onpeAeJJl!Tb tt ¢opMy BeJHKyJJ. Ha CefOAHll P<l><l> MeTOA llBJJlleTCll HaM6onee 

MOl.l\HblM MeTOAOM aHanHJa HaHOCTPYKTYPbl JlllilllAHblX BeJMKyJJllpHblX CllCTeM B 

HeHTPOHOrpa¢1lll ll llBJJlleTCll nepcneKTMBHb[M Aflll npHMeHeHllll B ¢apMaKOJJOfllll AJJll 

llCCJJeAOBaHllll BeJMKYJJllpHblX nepeHOC'lllKOB JJeKapCTB. 

MHOfO'JllCJJeHHble IlOilblTKll IlOJJYtJllTb .AeTMbHY!O llH¢opMal\lllO O HaHOCTPYKrype 

HaTMBHOH MaTPMl..\bl SC llJJll MOAeJJbHblX MeM6paH SC, npeAnpHHllTbie MeTOAOM 

peHTfeHOBCKOH All¢paKl..\llll Ha JlllilOCOMax B. ll36bITKe BOAbl, He yseHtJMllCb ycnexoM ll 

orpaHll'lllBMllCb IIOJJYtJeHHeM llH¢opMal\llll O rrepHOAe IlOBTOplleMOCTll MeM6paHbl llJlll 

¢ypbe-aHanMJOM HHJKoro paJperneHMll [13L, 18L, 22L]. AsrnpoM 6bIJJO snepsb1e 

npeAJJO)KeHo rrpHMeHllTb AH¢paKl..\lllO HeHTPOHOB. OT OplleHTllpOBaHHblX ll tJaCTll'IHO 

fllApaTHpOBaHHbIX MOAeJJbHblX MeM6paH SC .L\flll onpeAeJJeHllll llX HaHOCTPYKTYPbl [10, 14]. 

B OTJJll'lllll OT npeAblAYl.l\llX pa6oT, HOBbIH IlOAXOA AM BOJMO)KHOCTb yseJJll'lllTb KOJJlltJecTBo 

llJMepl!eMbIX IIOPllAKOB OTPa)KeHllll OT 1-3 AO 5, pelllMTb cl>aJOBYIQ npo6JJeMy Ja C'leT 

sapHal\Mll KOffTPaCTa H 2O-D2O M CAeJJaTb ¢ypbe-aHanMJ c paJperneHMeM 5.5 A. BnepBbie 

6bma orrpeAeJJeHa HaHOCTpYKTYPa MOAeJJbHOH MeM6paHbl SC, COCTOl!l.l\eii ll3 CMeCll 'leTbipex 

JlllilllAOB: uepaMllA 6/ xonecTepHH/ IIMbMllTllHOBall KllCJIOTa/ cynb¢aT XOJJeCTepMHa [10, 14]. 

Ba)l(Hb!M ll HeO)KMAaHHbIM peJyJJbTaTOM llBllJJaCb 'IpeJBbltJaiiHall MMOCTb Me)KMeM6paHHoro 

npOCTPaHCTBa (1 A) B MeM6paHax Ha OCHOBe uepaMMAa 6, B03HllKalOl.l\all KaK CJJeACTBlle 

CllJJbHOfO Me)KMeM6paHHOfO BJallMOAeHCTBllll. B HaCTOlll.l\ee BpeMll pa3pa60TaHHblH MeTOA ll 

nonyqeHHbie peJyJJbTaTbl llBJJlllOTCll 6aJOH AMbHeillllllX llCCJJeAOBaHllll CTPYKTYPbl JlllilllAHOll 

MaTPMl..\bl SC tJeJJOBeKa, BeAYl.l\llXCll B repMaHllll ll PoCCllll. 

IlpeACTaBJJeHHbie Ha Jal.l\HTY peJyJJbTaTbl llBJllllOTCll OpllmHanbHb!Mll ll 6bIJJll 

ony6JJMKOBaHbl B pe¢epHpyeMbIX HaYtJHbIX ~Hanax KaK OpllfllHMbHble 

llCCJJeAOBaTeJJbCKlle pa6oTbI. HayqHb!e rry6JtllKal\llll COllCKaTeJJll Ja nepHOA c 1999-2006 fOAa 

l\llTllpOBMllCb B 201°A CTaTbe, a pa6oTbl, fAe OH llBJJlleTCll nepBblM aBTOpOM, l\llTllpOBanllcb B 

84x CTaTbllX (http://www.scientific.ru/). 
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HarmaH u npaKTuqecKaH ueuuoCTb pa60Tb1 

Me-ro.n pa:3,neJieHHhlX <!>opM<paKTopoB AJISI Hccne.noaamrn Be3HKynsipHbIX CHCTeM 

npnMettsie-rcsi uccne.noaaTeJISIMH B ClllA, KaHa,ne H repMamm .nnsi uccne,noBaHHSI 

OAHOcnottHhIX nHnH)];HhIX H nunu,iv'nenTHAHhl; Be3HKyn, a TaIOKe, MO)!(eT npHMeHS!TbCSI AJISI 

HCCne,noBaHHSI Be3HKynsipHbIX nepeHocqHKOB neKapcTB [7L, l 7L]. 

Me-ro.n yaenuqeHHSI KOHTpaCTa peHTreHOBCKOfO H3nyqeHHSI B0)];HblMH paCTB0paMH 

.nucaxapu,noB no3B0flS!eT uccne,noBaTb Ha CHHXpOTpOHHhIX HCTO'IHHKax Be3HKynsipHbie 

nepeHOC'IHKH neKapcrn H KHHemKy npouecca caMoc6opKH nunu,nttoro 6ucnosi [23L). 

ITepaoe npHMeHeHHe .nn<!>paKQHH HeHTpOHOB .nnsi uccne.noaaHHil CTPYKTYPhI H CB0HCTB 

MO,nenhHOil MeM6paHbl SC SIBHfl0Cb OCHOBOH AJIS! uccne,noBaHHSI 3IBM MeTO)];OM 6onee 

cnO)!(HblX H peanHCTH'leCKHX CTpYKTYP• TaKHe uccne,noBaHHSI Bep;yTCSI B Hacrnsimee iipeMSI Ha 

<!>apMaueamqecKOM <!>aKynhTeTe yttHBepCHTeTa MapmHa JlIOTepa B repMaHHH, B 

na6oparnpuu HettTpOHHOtt tfin3HKH O~ll H B HHCmryTe XaHa H Mafirnep B EepnnHe. 

Anpo6aQHH pa6oTbl. Pe3ynhTaTbl pa60Tbl .nono)!(eHf,I H o6c~eHbl Ha Ct:MHHapa:x B' JIH<I> 

O~ll, Ha Kott<!>epeHQHH no npm.'teHeHHIO peHTreHOBCKHX nyqefi, · cnHxpoTpoHHoro 

H3nyqeHHSI, HettTp0HOB H 3neKTPOHOB B uccne,noBaHHSIX MaTepuanoB (MOCKBa 2001); Son 

llHTepHaQHOHanhHOil IIIKOne H CHMn03HYMe no npHMeHeHHJO CHHXpOTpOHHOro H3nyqeHHSI B 

ecTeCTBeHHhlil HaYKax (YCTPOHb-51cKOBHK, ITonhllla 2000); HeMeUKO-pOCCHHCKOM 

cosemaHHH nonh30BaTenen peaKTopa llEP-2 no HeHTpOHHhlM HCCne.nosaHHSIM B <!>H3HKe 

KOH,neHCHpOBaHHOro COCTOSIHHSI (,[(y6Ha 2004); loM u 2oM Me)!(Ayttapo,nHOM cosemaHHH no 

nepcneKTHBaM uccne.nosaHHil Ha CHHXpOTpOHHOM HCTO'IHHKe O~ll (,[(y6Ha 1999, 2001); 

Me)!()];yHapo,nHOH KOH<!>epeHUHH no paccesiHHJO HefiTpOH0B (MIOHXeH, repMaHHSI 2001); XIII 

H XIV pOCCHHCKOil KOH<!>epeHUHH' no ucnonh30BaHHJO CHHXpOTp0HHOro H~yqeHHSI 

(HOBOCH6HpCK 2000, 2002); XII Me)!()];yttapo,nHOH KOH<!>epeHUHH no H36paHHhIM npo6neMaM 

cospeMeHHOil <!>H3HKH (,[(y6Ha 2003); XVII H XIX coaemaHHH no Hcnonb30BaHHJO pacceSIHHSI 

HettTpOHOB B Hccne.noaaHHSIX KOH,neHCHpOBaHHoro COCTOSIHHSI (raT'IHHa 2002, O6HHHCK 

2006); Cosemauusix nonh30BaTenei1 6epnnHcKoro ueHTpa HettTpOHHoro paccesiHHSI (EepnHH, 

repMaHHSI 2004, 2007); I, IV, V cosemaHHH no uccne.nosaHHSIM Ha peaKTope llEP-2 (,[(y6Ha 

2002, 2005, 2006); III Me)!()];yttapo,nH0M CHMn03HYMe «ITpo6neMbl 6HOXHMHH, pa.nuauuoHHOil 

u KOCMH'leCKOH 6uonomu» (MocKBa, .lzy6Ha 2007); ITepBOM poCCHHCKOM pa60'leM 
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cosemaHHH «51.nepHasi HayKa K0H)];eHCHposaHHhIX cpe.n, HaHOCTPYKTYP u TeXHOnomn» 

(,[(y6Ha 2007); Me)!()];yttapo,nHOH KOH<!>epeHUHH «CospeMeHHbie MeTO)];hl cneKTP0CKOnHH s 

uccne.nosaHHSIX CTPYKTYPhl u <i>YHKUHH 6uononHMepoB s 6uonomu u MeAHUHHe» (,[(y6Ha 

2007); Me)!(Ayttapo,nHOil KOH<!>epeHUHH «EapbepHbie <l>YHKUHH KO)!(H MneKOnHTaJOIQHX» 

(HhJOnopT, ClllA 2007). 

JIHqHblil BKJiaA aBT0pa. BKnap; aBTOpa 3aKnJO'laeTCSI B nOCTaH0BKe H q>opMynHpOBKe 3a,naq, 

TeXHH'leCKOH no.z.roTOBKe 3KcnepnMeHTOB, npHroTOBneHHH o6paJUOB, npose,neHHH 

H3MepeHHH, pacqe-re cneKTPOB, npose,neHHH Heo6xo,nHMblX paC'leTOB H HHTepnpeTaUHH 

pe3ynhTaTOB, HanucaHHH H ny6nHKaUHH CTaTett. O6paJUbl MOAenbHhIX MeM6paH stratum 

comeum npuroTasnusanttch Ha <!>apMaueamqecKoM q>aKynhTeTe yHnsepcnTeTa Mapmtta 

JlJOTepa (Xanne, repMaHHS!) COBMeCTHO c AOKT. 51. C6HTOBCKOH. ITporpaMMHOe o6ecne'leHHe 

.nnsi pac'leTOB no P<I><I> Me-ro.ny Ha 6aJe naKe-ra DFUMIL 6bmo paJBHTO cosMecrno c .noKT. 

q>H3.-MaT. HaYK E.B. 3eMnSIHOH. PaC'leTbl npocTpaHCTBeHHOro pa3pe111eHHSI B OAHOMepH0M 

AHq>paKUHOHHOM 3KCrrepnMeHTe 6binH BhIIIOnHeHbl COBMeCTHO C npoq>. A.M. EanarypOBhIM. 

IIy6nuKauuu. ITo TeMe .nucceprnuuu orry6nnKosaHo 14 CTaren a oTe'lecrneHHhIX u 

3apy6e)!(HblX pe<!>epupyeMblX ~Hanax. Pe3ynhTaTbl npe,nCTaBneHbl B 15 YCTHbIX H 7 

CTeH)];OBblX AOKnap;ax, rrpe,nCTaBneHHhIX Ha 20 OTe'leCTBeHHbIX H Me)!()];yttapo,nHblX 

KOH<!>epeHUHS!X, cosemaHUSIX H CHMII03HYMax, 

CTpyKTypa u 061,eM .z.uccepTauuu. ,[{uccepmuusi coCToHT H3 ase,neHnsi, 'leThIpex rnas, 

3aKnJO'leHusi H cnncKa nmepaTYPhI. O6mun 061,eM .nuccepmuuu 126 cTpaHHU. O6mee 

KonuqeCTBO uumpyeMofi nHTepaTYPhI l l l. 

OCHOBHOE CO)];EPiKAHIIE PAliOTI,I 

Bo BBeAeHHH rrpe.ncrnsneH o63op nHTepaTYPhl, c<!>opMynHpOBaHa II0CTaHOBKa 3a,na'IH, 

aKTyanbHOCTb, HayqHasi HOBH3Ha, HayqHasi H npaKTHqecKaSI ueHH0CTb pa6oTbl H 

Cq>OpMynupoBaHbl OCHOBHhie pe3yJihTaThl pa60Tbl. 
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rJiaBa l. MeTOA pa3}:leJieHHblX tlJopMclJairropoB B MaJioyrnoBOM pacceHHIIII neuTpOHOB H 

pe,nrenoBCKHX Jiy<Jeu 

·MaKpOCKOITH4eCKOe KorepeHTHOe ceqeuue pacceHHHH MOHOAHCnepCHOH nonynHUHH 

BeJHKyn onpeAenHeTCH BblpIDKenneM [ I 9L] 

a£ 
dn.,,,. (q) = n. F(q). S(q) (I) 

rAe q - MOAynb BeKTopa pacceHHHH, n - KOnH4eCTBO BeJnKyn B eAHHHUe 06beMa, F(q) -

clJopM<paKTop pacceHHHH uefiTpona OAHOH BeJnKynofi, S(q) - CTPYKT)'PHhIH <paKTOp 

nonynHUHH Be3nKyn. AsTopoM noKa3auo, 4TO S(q)zl AnH KonuenTPauuu nnnHAOB B 06pa3ue 

1% no Becy [6]. OCB B 6onhWHiiCTBe pa6oT [I, 6-9, 5L-7L, 16L, 17L] paccMaTPHBMHCh KaK 

ccjlep114eCKue (cM. p11c. I). 

PncyHoK 1. C</Jepu11ecKW1 

00Hoc11ouHW1 ee3UK)'Jla (OCB). C11eea 

noKmaH pmpe3 ee3UKJ'llbl, 
oeM0Hcmpupy10U{uu 6uc11ou, 

06pmy10U{UU noeepXHOCfflb 6e3UK)'Jlbl 

[4L}. BHympu u CHapyJ1Cu ee3UKJ'llbl 
HaxooumCR eooa. 

P<l><l> MeTOA ITO3BOnHe:r OTAeJJHTh <popM<paKTOp <pOpMbl Be3HKynhI OT <popM<paKTOpa 

nHITHAHOro 611cnoH, 4TO yseJJH4HBaeT BO3MO)KHOCTh 6onee AeTMhHOro on11caHHH ee <popMbl 

H HaHOCTPYKTYPhI 6HCJIOH [4, 6, 8, 12]. 8 [4, 6, 12] nOKa3aHO, 4TO AnH Be3HKYJJ, C paAHYCOM 

R 60JJhlllHM TOJl)UHHhl 6HCJIOH dm, ypas11e1111e (I) C BhlCOKOH TO4HOCThlO 3anHCbJBae:rcg B 

BHAe 

a£ 

d
n (q)=n·F,(q,R)·Fb(q,d)·S(q), 
~~mon 

(2) 

rAe Fs(q,R) - <popM<paKTop 6ecK011e4110 TOHKOH c<pepbI paAHyca R 

F,(q,R) =( 411"• :; •sin(qR) J, (3) 

a Fb(q,d) - <pOpM<paKTOp CHMMeTpH4HOro nHnHAHOro 611cnoH TOJIII.IHHhl dm 

(

J.12 )

2 

F• (q,d) = )~c(x) • cos( qx) · dx (4) 
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3AeCb X - paCCTOHHHe OT ueuTPa 6ucnm1, Pc(x)=p(x) - PD20 - KOHTPaCT: pa3HHUa B 

nnoTHOCTH MHHhl pacceHHml HeHTPOHa Me)K)).y nnnHAHhlM 6ncnoeM u Tj!)Kenofi BOAOH. 

Pa3Aeneuue tlJopM<paKTopa <popMbl Be3HKYJJhl H <popM<paKTopa 6HCJIOH ITO3BOJIHeT BBOAHTh 

mo6h1e npu6JJtt)KeHHH MH onucauug p(x) u onnchJBaTh nec<pepuqecKyio <popMy Be3HKYJJhl. 

J:lng BhlTHHYTOfO 3JIJIHITCOHAa BpaiuenHH (a, a, ea) C 6eCKOHe4HO TOHKOH CTeHKOH 

<popM<paKTop 3anHCb1Bae:rcg B BHAe 

rAe 

FE(q,a) = f Ai(q•a•.JI +x2 
• (e2 

- I) Jlx: 
0 . 

AE(z) = 411" • £ • a2. sin(z) 
z 

YpaBHeHHH (2)-(6) COCTaBJJHIOT OCHOBY P<l><l> MeTOAa. 

(5) 

(6) 

JlHnHAHM Be3HKYJJHpHM CHCTeMa (nonyJJHUHH Be3HKYJJ) ue HBJIHeTCH 

MOHOAHCnepCHOH, a o6JJaAaeT nOJJHAHCnepcuocTblO, OnHCbJBaeMOH pacnpeAeJJeHHeM 

IllyJJhUa [3, 20L]. B pacqe:rax Y4HTb1BanaCh noJJHAHCnepcuocTb CHCTeMbl, BBOAHJIHCh 

nonpaBKH ua <pynKUHJO pa3pellleHHH cneKTPOMe:rpa H onpeAeJJHJJCH BKJJaA ueKorepenrnoro 

pacceHHHH [8, 12]. 

Ha OCHOBe ypasueuug (4) nonyqeuo BblpIDKeHHe MH pacqe:ra TOJIII.IHHhl JIHITHAHOro 

6HCJIOH da s npH6JJH)KeHHH rttube. B HeKOTOpblX pa6ornx npH6JJH)KeHHe rnnhe 

HCITOJlh3OBMOCh B npeAITOJIO)KeHHH, 4TO OHO OnHCbJBae:r HeOAHOPOAHYJO <pynKUHH p(x) [6L, 

9L]. ABTOpOM AOKa3ano, 4TO npH6JJU)KellHe rttnhe cnpaBeMHBO TOJlhKO MH p(x)=const. 

ITOKa3aHa 3<p<peKTHBHOCTh npnMeHeHHH AHCaxapHAOB KaK MH yseJJH4eHHH KOHTPaCTa 

B peHTreHOBCKHX ManOyrJJOBhlX 3KcnepHMeHTax, TaK H MH YMeHhllleHHH noJJHAHCnepcnocTH 

Be3HKyJJ. l1HTeHCHBHOCTh pacceHHHH peHTreHOBCKHX nyqefi npu 40% KOHUeHTPaUHH 

caxapO3hl yseJJH4HBaeTCH B 100 pa3 no cpaBHeHHIO C BOAOH. 11ccJJeAOBaHHH Pa3JIH4Hh1MH 

MeTOAaMH (ManoyrJJOBhlM pacceHHHeM HeHTPOHOB H peHTreHOBCKHX JJY4ett, 

AH<p<pepeuunanhHOH CKanupyioiuefi KanopuMe:rpHefi, paMaHOBCKOH cneKTPOCKOnHett H 

AHHaMH4eCKHM pacceHHHeM cse:ra) nOKa3aJJH, 'ITO BJIHHHHe AHCaxapHAOB ua CTPYKTYPY 

MeM6paHbl He3Ha4HTeJlhHO, B TO BpeMH KaK BpeMH )Kll3HH Be3HKYJJ npH KOHUeHTPaUHHX 

caxapO3hl 5%-35% yseJJH4HBae:rcg [l, 2, 5, 7, 9]. IToJJHAHCnepc110CTb Be3HKYJJ HMeeT 
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MHHHM)'M nptt 20% caxap03bl. ITptt HCITOJib30BaHHH B0.l{HblX Ii TlDKeJIOBO.l{HbIX pacrnopoB 

,nttcaxaptt,nOB ITOJIHAHCnepCHOCTb Be3HKYJI no pa3MepaM MOlKeT 6hITb )'MeHhllleHa Ha 10%. 

20% KOH[leH-rpallHll ,nttcaxaptt,nOB llBJ!lleTCll Hatt6onee OITTHMaJibHOH .!{Jill HCCJie.l{OBaHHH 

Be3HKYJI MeTOAOM ManoyrnoBoro paccellHHll peHTreilOBCKHX nyqeil. 

rJiaBa 2. Cl>yHK[IHH pacnpe)).eJieHHH B0)).bl B H30rIIYTOM JIHITH)).IIOM 6HCJIOe 

BalKHhIM B onttcaHttH 3KcnepttMeHTaJibHOro cneK-rpa MYPH llBJilleTCll Bh16op 

ITO.l{XOAH!llero nptt6JittlKeHHll cpyttKUHH p(x) Ii KOJIH'lecrna CB06o,nHbIX napaMe-rpoB, 

onpe.nenl!eMbIX H3 ITO)).rQHKH pac'!eTHOH KpHBOH I( 3KCnepttMeHTaJibHOH. B rnaee 2 

paccMo-rpeHbl 'leTbipe nptt6JittlKeHHll cpyHK[IHH p(x). Hatt6onee BalKHblM H3 HHX llBJilleTCll 

cpnyKTyauttOHHOe nptt6JIHlKeHtte, H306palKeHHOe Ha pttc. 2. TaKOe nptt6JimKeHtte He MOfJIO 

6hITb BBe)).eHO B paCCMOTpeHtte Ha OCHOBe MeTO)).OB HCITOJ!h3yeMbIX B npe,nbIAYIUHX pa6orax 

(3, 5L-6L]. P<l><l> MeTOA IT03BOJIHJI BnepBbie BBecrn <pJIYKTYallHOHHOe nptt6Jitt)l(eHtte Ii 

npoeeCTH aHaJIH3 CTf)yKTYPbl 6HCJ!Oll OCB Ha OCHOBe npHMeHeHHll rayccOBblX cpyHK[IHH 

MYPH (8]. 

/ 

P.,, 

-D12 D/2 

,,. 
,,;, 

,d 

~5 
C ,o-
~ 

. " ,o·• 

... 

......... \ 

~L "' . 0 ... I.I .. 

0,01 0,1 

q,A'' 

PucyuoK 2. Ilpu6maJCeHue p(x) PucyuoK 3. 3KcnepUMeHmaJlbHoe 

zayccoeblMu </JYHKIJWTMU. IlnomHoCmb MGKpoc,wnutJeCKOe cetJeHue pacceRHUJl om 

i)nuHbl pacceRHUJl «cyxow» 6ucnoR ( -· - ee3U1<yll /(M<t>X npu T = 3(/'C (motJKU) u 

) JIUHUJl, D20 - ( - .. -) JIUHUJl, pactJemHlUl KpUBlUl (nuHUJl) 6 

pe3Yllbmupy10UJlUl cyMMa - CIZ!lOIUHlUl pllyKmyal/UOHHOM npu6mJ:JJCeHUU. Ha 

JIUHUJl. <l>llYKmYGlfUOHHOe ecmaei<e nOKQ3QHQ 'lQCmb cneKmpa 6 

nvu6nUJJCeHue. o6nacmu 60J1btuux q. 

Pe3yJihTaTbl paC'!eTOB ITJIOTHOCTH AJIHHb( paccel!HHll HeHT{)OHa p(x) AJ!ll Be3HKYJI, 

npttrOTOBJieHHbIX 3KCT{)Y3Hett qepe3 nopbl ,nHaMe-rpOM 500 A, npe.ncraBJieHbl Ha pHC. 2, a 

3KCnepHMeHTaJibHblH cneK-rp H paC'leTHal! KpHBal! - Ha puc. 3. Pttc. 2 .neMOHCTf)Hpye-r, '!TO 
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)J 

t 
1 

ITJIOTHOCTb pacnpe.neneHHll AJIHHbl paccellHHll HeilTpoHa.MoJieKyJiaMH D2O llBJilleTCll rnaBHOH 

KOMITOHeHTOH pe3yJibTHpyiornett, cpyHKllHH. p(x). Bu.n cpyHK'-IHH p(x) llBJllleTCll 6aJOH AJ!ll 

cpopMynttpoBaHHll rn.npocpo6Ho-rn.npocpHJibHOro (fr) .nptt6JIHlKeHHll cpyttK[IHH p(x). JlHHHll 

( -·· -) llBJilleTCll cpyHK[IHeH pacnpe.neneHHll BO.l{bl B H30rHYTOM JIHITHAHOM 6ttCJIOe OCB, 

KOTOpal! ,neMOHCTf)HpyeT npOHHt1aeMOCTb 6ttCJIOll AJ!ll B0.l{bl. 

Me-ro,nOM .nucpcpepeH[IHaJibHOH cKaHHPYIO!lleH KanopttMeTpHH ITOKaJaHo, '!TO .3aMeHa 

H2O Ha D2O He BJIHlleT CYIUecrneHHO Ha reMneparyphl <paJOBhlX nepexo.noe ,ll;M<l>X, '!TO 

IT03B0JllleT HCITOJib30BaTb MeTOA MYPH AJ!ll HCCJie,noeaHHll TepMOT{)OITHblX <paJOBbl_X 

nepexo,noB. 8 nptt6JIHlKeHHH fHHbe H3MepeHa 3aBHCHMOCTb_ TOJIII.IHHb( MeM6paHbl OT 

TeMneparypbl nptt <paJOBblX nepexo.nax. ,ll;OKaJaHO, '!TO npH6JIHlKeHtte fHHbe .nae-r 

3aHttlKeHHOe 3Ha'!eHtte TOJ!lllHHbl MeM6paHbl. 

rJiaBa 3. HaHOCTpyKTypa OAHOCJIOUHblX Be3HKJJI )).HMHpHCTOHJI<poc4>aTH)).HJIXOJ1Hlla 

8 maBe 3 BBe,neHo rn.npocpo6Ho-rn.npocpHJibHOe (ff) nptt6JIHlKeHHe AJ!ll cpyHKllHH p(x), 

npe,ncTaBJieHHOe Ha puc. 4. 

' . ' 
P020 ------~------~-------~------

Pett[- - -:- - - -

' ' 

-dm/2 

' ' ' ' ' ' 

-D12 +0/2 +dm/2 

1000 

,ooj·-. •.•.•••••.• ~ 
10~ I 

.,~ •·j 
d 1 I 
l, I\ . 1':-.. :. '-

0,01 

0,01 0,1 

q,A·' 

PucyuoK 4. I'ui)popo6Ho-2udpopunbHoe .PucyuoK 5. 3KcnepUMeHmaJlbHOe 

npu6nu:J1CeHue nnomHocmu i)nuHbl MaKpocKonutJecKoe cetJeHue pacceRHUJl 

pacceRHUJl HeitmpoHa p(x) edoJ1b HOpMaJlU ,c HeitmpoHoe om nonyMlfUU OCB npu 

IZflOCICOCmu 6UCJIOR. T = 3ff'C (mO'llCU} u pactJemHlUl KpUBlUl 6 

I'I' npU6JIU:J/CeHUU. 

ITpHMeHeHHe P<l><l> MeTO,na B CO'leTaHHH C ff npH6JIHlKeHHeM IT03B0JIHJIO BnepBbie 

KoppeKTHO onucaTb. oco6eHHOCTH uaHOC'fPYKTYPY Be3HKYJI ,ll;M<l>X B La <paJe (12]. 

Pe3yJibTaTbl npe,nCTaBJieHbl B ra6JI. i, a 3KCnepHMeHTaJibHblH cneK-rp Ii paC'leTHal! KpHBall 
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npe.QCTaBJJeHhl Ha pHC. 5. KaK BHAHO H3 Ta6n. l, TOJlllIHHa JJHITHAHOro 6HCJ!Oll dm 3aBHCHT OT 

ero KpHBH3Hht H npeBhtlllaeT 3Ha'leHHe TOJJllIHHht nnocKoro 6Hcnoll dm = 44.2 A [2L]. 

KoJJH'leCTBO MOJJeKyn BOAbl Nw TaIOKe OTJJH'laeTCll OT ero 3HatJeHHll Aflll ITJJOCKOro 6HCJ!Oll: 

Nw = 7.2 [2L] • .D:oKaJaHO, '!TO rn.QpaTal..\Hll H TOJlllIHHa H30rHyTOro JJHITHAHOro 6HCJJOll 

6oJJbllle rHApaTal..\HH H TOJlllIHHbl ITJJOCKOro 6HCJ!Oll [8, 12]. Hccne,QOBaHHll Be3HKYJJ B Lil' H 

PJl' <jlaJax ITOKa3anH, '!TO <jlopMa Be3HKYJJ H3MeHlleTCll npH ITOHH)KeHHH TeMneparypbt H3 

npH6JJH3HTeJJbHO c<jlepH'leCKOH B Lu <jlaJe (.s=l.l) B cyllleCTBeHHO 3JJJJHITTH'leCK)'IO (.s=l.6) B 

Lil' H PJl' <jlaJax. B Lil' <jlaJe 3Ha'leHHll dm = 49.6 ± 0.5A H A= 49.2 ± 0.9A
2
, Aflll Be3HKYJJ 

3KCTPYAHpoBaHHhIX npH Dr 1000 A, 6onhrne 3Ha'leHHH dm = 48.2 A H A= 47 A
2 

AJJll 

ITJJOCKHX MeM6paH. Ycpe.QHeHHbie AaHHbte Aflll PJl' <jlaJhl cpaBHHTb He c tJeM, TaK KaK 

ycpe.QHeHHal! CTpyKTYPa MeM6paHbl .D:McI>X B 3TOH <jla3e'6hma onpe.QeneHa BnepBbie. 

Ta6JJHl..\a 1. Pe3yJ1bmamb1 pactJemoe OJIJI ee3UK)lll l(M<PX e La ¢me (/'=3rfC), coeJ1a1111b1x 11a 
oc11oee I'I' npu6J1u:J1Ce11W1 p(x). DF - ouaMemp nop ucnoJ1b3yeMb1x npu '3Kcmpyi>upoea11uu, 

<a>. - cpeo11ee 311atJe11ue MWIOU noJ1yocu Bb1m1111ymo20 '3JIJIUncouoa epau,e11W1, & -

om11oiue11ue nollyoceu, <R> - cpeo11uu paouyc ee3UK)'Jl OJIJI & = 1, <7 - noJ1uoucnepc11ocmb 
6e3UK)'Jl, dm - moJ1iqu11a MeM6pallbl (J1unuo11020 6UCJIOR), D - mOJIU,Ulla zuopo<jJ0611ou tJacmu 
J1unuo11020 6ucJ10R, Nw u A - coomeemcmee11110 KOJIUtJecmeo MOJ1eK)'J1 eoobl u 11J1oiqaob 

MeM6pa1111ou noeepXHocmu 11a 0011y MOJ1eK)'J1Y l(M<PX 

DF,A <R>, A HJJH & o;% 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* l 48 45.5±0.6 20.8±0.4 10.8±0.4 62.6±1.0 

*<R> = 450 A, e= l no .QaHHhIM AHHaMH'lecKoro paccellHHll ceem [2 lL]. 

50 .. .. . .. . 
membrane P11cyuoK 6. 3aeUCUMOCmb mOJIU,Ullbl . . 

/ thickness dm . MeM6pa11b1 l(M<PX de u moJ1U,Ullbl . . . . MeM6pallbl dm -< 45 .. . om meMnepamypb1 . 
,Ii .. 
~ ... BeJ1utJu11a de onpeoeJ1e11a U3 . . 
~ . cneKmpa MYPH 6 npu6J1u:J1Ce11uu 
~ . I'Ullbe. BeJ1utJu11a dm 40- - . 

membrane . . 
thickness dG . . pacctJUmb16aemcR 11a OCII06e . 

nonpaeoK, COeJIGllllblX no 
JS I I I 

pe3yllbmamaM pactJemoe 11a oc11oee 
JO 20 30 40 so 60 P<P<P Memooa [JO}. 

Temperature, -C 

12 

TTpoBe,QeHHbie 3KCnepHMeHTanbHbie HCCJJe,QOBaHHll CTPYKTYPhI Be3HKYJJ B Tpex p33JJH'IHbIX 

<jlaJOBbIX COCTOllHHllX 6HCJ!Oll H aHanH3 npOHCXO)K,QeHHll CHCTeMaTH'leCKOH OllIH6KH B 

pac'leTax TOJlllIHHbl MeM6paHhl B npH6JJH)KeHHH rHHbe IT03BOJJHJJH paCC'IHTaTb 

3MITHpH'leCKHe nonpaBKH AJJll npH6JJH)KeHHll r11Hbe H ITOCTpOHTb rpa<jlHK 3aBHCHMOCTH 

TOJJllIHHbl MeM6paHbl .D:McI>X OT TeMneparypbI, npe.QCTaBJJeHHblH Ha pHC. 6. 

rnaea 4. HaHOCTPYKTYPa 'leTbipeXKOMDOHCHTHbIX JJUDHAHbIX MCM6pau ea OCHOBe 

L1epaMn.Qa 6 (Mo.QeJJbHbIX MeM6pau stratum corneum) 

rnaBa 4 ITOCBllllleHa HeHTpOHorpa<jlH'leCKHM HCCJJe.QoBaHHllM MO,QeJJbHOH MeM6paHbl 

JJHITHAHOii MaTpHl..\hI SC c KOMIT03Hl..\Heii L1epaMHA 6 (CER6) / xonecrepHH (Ch) / 

nanhMHTHHOBal! KHcnoTa (PA) / cynh<jlaT xonecTepHHa (ChS) • .D:nll cpaBHeHHll, 6hmH 

npoBe,QeHbl HCCJJe,QOBaHHll CTPYKTYPhl .D:McI>X B aHanOrH'IHbIX ycJJOBHllX [12, 14]. 

~ .. 

10' 

,?? 
I! 10' 

~ 
• I 

_,/ "'-=d°;,__ . . . 
__,; .__:...._,'--- . 

10'+----~--~~~-~---~-~ 
0,0 0,2 0,4 0,6 0,8 

Q,A·' 

PncyHOK 7. KpU6ble KG'IGIIWI, 
U3.Mepe1111b1e npu mecmu 
pmllU'lllblX Y21106blX noJIO:J/CellWIX 
oemeKmopa (7, 11.2, 16.8, 22.4, 
28, 33.6 i!paoycoe), OJIR 
MeM6pa11b1 CER6 /Ch IP A /ChS c 
coom11oiue11ueM 
55/25/15/5 

K0Mno11e11m 
(no eecy). 

Blla:JICIIOCmb 
T= 32°C. 

60%, 8% D10, 

B HatJane rnaBbl 4 C,QenaHhl paC'leTbl pa3perneHHll <jlypbe-CHHTe3a B OAHOMepHOM 

AH<jlpaKI..\HOHHOM 3KCnepHMeHTe. C<jlopMynHpOBaHo, '!TO Tpe6oBaHHe nepecetJeHHll AByx 

AH<jlpaKI..\HOHHbIX ITHKOB Ha ITOJJOBHHe BbICOTbl COOTBeTCTByeT npocTpaHCTBeHHOMy 

p33perneHHIO <pypbe-CHHTe3a 

d 
~ .. o.6-, 

hm 
(7) 

r,Qe d - nepHOA ITOBTOplleMOCTH MeM6paHbI, a hm - MaKCHManbHbIH H3Mepl!eMblH nopll.QOK 

OTpa)KeHHll. 
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Ha puc. 7 npe,ncTaBJieH .nuq>paKllHOHHbIH cneKTp .!IJlll Mo,neJibHOH MeM6paHbl SC. 

ITepuo.n noBTOplleMOCTH MeM6paHbl paaeH 45.68±0.05 A npu OTHOCHTeJibHOH BJIIDKHOCTH 

RH= 60%, 8% D 2O u T= 32°C. Pacnpe.neneHHll nnoTHocm ,nJIHHbI paccel!HHll HeiiTPOHa a 

:meMeHTapHOH Jl'leiiKe MHOfOCJIOHHOH MeM6paHl,1 B HanpaBJieHHH HOpMaJIH (q>ypbe

npoq>HJIH) u paC'leTHbie KpHBbie npe,nCTaBJieHbl Ha puc. 8 .!IJlll MeM6paHbl .l(M<I>X u Ha puc. 9 

.!IJlll MO,neJibHOH MeM6paHbI SC. HaHOCTPYJCTYPa MeM6paHbI SC CYJI-\ecrneHHO OTJIH'laeTCll OT 

4>ocq>onunu,nHblX MeM6paH. rnaBHOe OTJIH'IHe MeM6paH Ha OCHOBe CER6 OT MeM6paHbl 

,[{M<I>X 3aKJIIO'laeTCll B qpe3BbJ'laHHO MaJIOM Me>KMeM6paHHOM npOCTPaHCTBe. 

CHJ ehalns 

-2 

• • 
i 

···- ( 1rowp, ___ 

1 
~- ;1 

_, ._.,~l-
\ ~ 1: /..-~"H ·• . .._J 4"~-~/· 20

x,A 
- I/"--.... 

·• CH3 groups 

PucyuoK 8. Pacnpeoe11enue nJ1omnocmu PucyuoK 9. Pacnpeoe11enue wwmnocmu 

011UHbl pacceRHUR neumpona p,(x) e 011unb1 pacceRHUR neumpona p,(x) e 
oonoc11ounou MeM6pane /(M</JX npu oonoCJ1ounou MeM6pane 
RH= 60%, T=32°C u 8% cooepJJCanuu D20 CER6 /Ch IPA /ChS=55/25/l 515 npu 
(mo'IKU) u pac'lemnbIe KpuebIe (cnllOlllHGJl RH= 60%, T=32°C u 8% D20 (mo'IKU) u 
JIUHUR). CmpeRKU nOKQ3bl6GIOm no110J1Cenue pac'lemHble KpU6ble (CnllOlllHQJl JIUHUR). 
mpex M011eKJ111RpHb1X zpynn: CH3 2pynnbI, Cmpe11KU noKG3bI6a10m no110J1Cenue 

CH1 11.eno'IKU u z, 

ITpuMeHeHHe BapHallHH KOHTPaCTa (H3MepeHHll C 8%, 20% H SO% D2O B napax BO.lib!) 

no3BOJIHJIO onpe,neJIHTb <l>YHKL\HIO pacnpe.neneHHll B0.!\hl H ru.npo4>06Ho-ru.npoq>HJibHyID 

rpaHHllY JIHnH,nHoro 6HCJ10ll, KOTOpal! aHaJIOfH'IHa 4>ocq>OJIHnu,naM. 

Ta6Jm11a 2. CmpyKmypnble napw.iempbI MeM6panb1 CER6 /Ch IP A /ChS c KOMno3UlJueu 
55/25/15/5 npu no11nou zuopamalJUU u T= 32°C. d - nepuoo noemopReMocmu, dm 

momquna MeM6paHbl, dw - mom,quna MeJJCMeM6pannozo npocmpancmea, dhydrophilic 

mOlll!J:_UHG 2UOpOqJWlbH020 CJIOJl, dhydrophobic - mOllllf.UHG zui)por/Jo6nou 'IGCmu 6UCJIOJl. 

4_ A I _ dm, A I dw, A l~rophilic, A I dhydrophobi,, A 
46.45±0.03 I 45.63±0.04 I 0.82±0.07 I 7.22±0.24 I 31.2±0.2 
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ITonyqeHHbie Ha OCHOBe q>ypbe-CHHTe3a , pe3yJibTaTbl npe.ncraaileHbl B Ta6i1. 2. 

OKOH'laTeJibHO, C Y'JeTOM pe3yJibTaTOB 3KCnepuMeHTOB no Ha6yxaHHIO MeM6paHbl B H36bITKe 

BO.!\bI, HaHOCTPYKTypa MYJibTucnoiiHoii MeM6paHbI u306pa)KeHa Ha puc. IO. TomuuHa 

Me)l(MeM6paHHOro npOCTPaHcTBa npaKTH'leCKH paBHa HYJIIO npu 60% BJIIDKHOCTH. 

Kaca101QHeCJ1 .npyr .npyra nOJillpHbie fOJIOBbl np0THBOnOJIO)l(HbIX 6ucnoeB C03,na!OT 

ru,npoq>HJibHyID nosepXHOCTb pa3,nena Me)i(.lly .!\ByMll coce,nHHMH 6HCJIOJIMH. ITony'leHHbie 

pe3yJibTaTbl npo,neMOHCTPHPOBaJIH BblCOKyID .3q>q>eKTHBHOCTb npuMeHeHHll .nuq>paKllHH 

HeiiTpOHOB .!IJlll HCCJie,noBaHHll MO,neJibHbIX MeM6paH SC, opueHTHpOBaHHbIX Ha KBaplleBbIX 

no,nJI0)l(Kax. 

3.5 A nomqma,,: rpymra 45.6 A TOJlll\HHa MeM6p= 

~ -qJ?-- ~RY 
0-- --00-- --a~ 
Dr-;2 ~3?~ --a; Xoflec~pHH 

· rn.npocJ>o6m1>1 111,llpO(j)~mlll I A 
o6mtCTu o6naCTu MeJKMeM6pa1111oe 

npocraHCTBO 

OCHOBHble Pe3YJibTaTbl: 

PucyuoK 10. 
HanocmpyKmypa 
MeM6paHbl 
CER6 /Ch IP A /ChS c 
KOMn03UlJUeU 55/25/15/5 
npu no11nou 2uopama1Juu 
u T= 32°C. 

1. Co3,nau MeTO,n paJ,neJieHHblX 4>opM4>a1rropoB (P<I><I>) .!IJIH HCCJie,noaaHHH 

Be3HKYJIHpHbIX CHCTeM. ITonyqeHbI aHaJIHTH'leCKHe BbipIDKeHHll .!IJlll ce'leHHll paccel!HHll 

O.!\HOCJIOHHbIX Be3HKYJI, n03B0JllllOlQHe BBO.!\HTb JII06bie q>yttKllHH .!\Jill OITHCaHHll 

ITJIOTHOCTH .!IJIHHbl paccel!HHJI HeHTPOHa fi..x) a HanpaBJieHHH HOpMaJIH K 6HCJIOIO, a 

TaK)Ke onHCbIBaTb - KaK cq>epH'leCKyID, TaK H 3JIJIHnm'leCKyID q>opMy Be3HKYJibl. 

AJ-iaJIHTH'leCKH H 3KCnepuMeHTaJibHO o60CHOBaHbl paMKH npu6JIH)KeHHll fHHbe B 

MaJIOyrJIOBOM 3KCnepuMeHTe C Be3HKyJiaMH. Cq>opMynupoBaHbl MeTO,nH'leCKHe 

TPe6oBaHHll K MaJIOyrJIOBOMY 3KCnepHMeHry no HCCJie,noBaHHIO Be3HKYJI, 

2. PaJBHT MeT0.!I KOHTpaCTHpOBaHHH O.!\HOCJIOHHblX Be3HKYJI B peHTreH0BCK0M 

MaJioyrJI0B0M paccesrnim Ja C'ICT H3MCHCHHH K0HL1CHTpa11HH JJ:HCaxapHJJ:0B B 

B0JJ:H0M pacruope. MeTo,n OCHOBaH Ha , TOM, 'ITO JJ:UCaxapUJJ:bl npu BeCOBOU 

KOHL1eHTPa11uu 40% yaeJIH'IHBa!OT B 100 pa3 HHTeHCHBHOCTb MaJioyrnoaoro pacceJIHHll 

OT OJJ:HOCJIOHHbIX JIHnH,nHblX Be3HKYJI, He Bbl3b1Bal! CYJI-\eCTBeHHblX H3MeHeHHH B 

CTPYKType 6ucnoll. 

IS 



3. Ilpei:vmmeu MCTOA YMCllbllJCIIHH UOJIHAHCnepcHOCTH pa3Mepa OAHOCJIOHJlblX 

BCJHKyJl BOAHblMH pacruopaMH AHCaxapHAOB. TioKaJaHo, '!TO npn HCU0JlbJ0BaHHH 

B0AHblX II TJI)KeJI0B0,11,HbIX paCTB0p0B ,11,ncaxapn,D,0B nonn,11,ncnepCH0CTb BeJHKYJI no 

paJMepaM M0)KeT 6bITb YMeHbIIIeHa Ha 10%. Ilonn,11,ncnepCHOCTb BeJHKYJI MHHHMaJibHa 

npn K0HUeHTPaUHH caxap0lbl 20%. 

4. BnepBbre noJiy'leua <liYHKUHH pacnpe,11,eJieHHH BOAbI B HJOrHYTOM 6nCJioe J(M<l>X. 

MeTO.D.OM MYPH nony<1eHa q>yttKUHJI pacnpe,11,eneHHJI B0.D.hI B nnnn,11,H0M 6ncnoe ,[{M<l>X 

0,11,HOCJJOHHOH BeJHKYJibl, K0TOpaJI ,11,eM0HCTPHPYeT npoHnuaeM0CTb 6ncnoJI AJIJI B0,11,b[. 

5. BnepBbie onpei.eJieua uauocrpyKTYpa JIHDHAHOro 6HCJIOH OAH0CJIOHHbIX BeJHKyJI 

J(M<l>X B Tpex <tiaJOBbIX coCTOHHHHx: Lw, Pp·, La. MeT0,11,0M MYPH AJIJI seJnKyn, 

npnromsneHHhIX 3KCTPYJHeii '!epe1 nopbI ,11,naM~0M 500 A, onpe,11,eneHbI: qiopMa 

BeJHKYJihI; cpe,D,HHH paJMep 11 U0JIHAHCnepCH0CTb pa3Mepa; T0JIIUHHa 6HCJIOJI dm; 

T0JIIUHHa r11,11,poqio6Hoii '!aCTH 6HCJJOJI D; K0JIH'leCTB0 M0JieKyn B0,11,bl, np0HHKaIO[UHX B 

rH,11,pOqJHJibHYIO o6JJaCTb 11 B o6naCTb nonJipHblX rpynn;. nnoiua,11,i. MeM6paHbl, 

npnxo,D,JIIUaJICJI Ha 0,11,Hy MoneKyJJy ,[{M<l>X. 

6. Bnepubre ycrauosJieua JaBHCHMOCTb uanoCTPYKTYPbI JIHDHAHoro 6HCJIOH J(M<l>X B 

La <tiaJe OT ero KpHBHJHbl. TioKaJaHO, '!TO T0Jl[UHHa JlHUH,11,H0ro 6ncnoJI, dm " ero 

rn,11,paTaUHJI Nw yMeHbIIIaIOTCJI c yuenn'leHneM pai.11yca BeJHKYJihI R: dm=48.9±0.9 A H Nw 

= 12.8±0.3 ,11,JIJI R:,,250 A; dm=45.5±0.6 AH Nw = 10.8±0.4 MJI R:,,500 A; dm=44.2 A, Nw = 

7.2 ,11,nJI R=ro. 

7. lfJMepeua JaBHCHMOCTb. TOJimHHbl JlHDHAHOro 6HCJIOH J(M<l>X OT TeMneparypbl. 

TipnMeueune P<l><l> MeT0,D,a U0JB0JIHJI0 paCC'IHTaTb CHCTeMaTtt'leCKHe OIIIH6KH 

np116JJH)KeHHJI fHHbe " TI0Jly<IHTb JaBHCHM0CTb T0JJmHHbl MeM6paHbl ,[{M<l>X OT 

TeMneparypbl B ,D,HaUaJ0He OT 10°C ,11,0 60°C. 

8. BnepBble AH<!ipaKQHH ueiiTpOHOB C npocrpaHCTBCHHblM pa1pelUCHHCM 5.5 A. 6bIJia 

npHMeueua AJIH HCCJICAOBaHHH uanOCTPYKTYPbl MOAeJib~blX MeM6pau JIHUHAHOH 

MaTpHQbl Bepxuero CJIOH KOlKH MJICKOUHTaIOmHx. Onpe,11,eneHbl T0Jl[UHHa JlHUH,11,H0ro 

6HCJJOJI, T0JJ[UHHa r11,11,poqio6Hoii o6nacrn, T0JIIUHHa o6naCTH nonJipHbIX fOJJ0B, ql)'HKUHJI 

pacnpe,11,eneHHJI B0,11,hl, TI0JI0)KeHne M0JieKyJJ X0JJeCTepHHa. 
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9. YcraHOBJICHO, 'ITO rJiaBHOH oco6euuoCTblO 'leTblpCXKOMUOHCIITIIOH JIHDHAHOH 

MeM6paHbl Ha OCIIOBe QepaMHAa 6 HBJIHeTCH 'lpeJBbI'laii110 MaJioe MClKMeM6pa1111oe 

11pocrpaucrno (1 A). 

IIy6JIHKaQHH no TeMe i.nccepTaQHH: 

1. M.A. Kiselev, P. Lesieur, A.M. Kisselev, D. Lombardo, M. Killany, S. Lesieur. Sucrose 

solutions as prospective medium to study the vesicle structure: SAXS and SANS study. 

J. Alloys and Compounds 328 (2001) 71-76. 

2. M.A. Kiselev, P. Lesieur, A.M. Kisselev, D. Lombardo, M. Killany, S. Lesieur, M. 

3. 

Ollivon. A sucrose solutions application to the study of model biological membranes. 

Nuclr. Inst&MethodA 470 (2001) 409-416. 

H. Schmiedel, P. Joerchel, M. Kiselev, G. Klose. Determination of structural parameters 

and hydration of unilamellar POPC/C12E4-vesicles at high water excess from neutron 

scattering curves using a novel method of evaluation. J. Phys. Chem. B 105 (2001) 111-

117. 

4. M.A. Kiselev, P. Lesieur, A.M. Kisselev, D. Lombardo, V.L. Aksenov. Model of 

separated form factors for unilamellar vesicles. Applied Physics A 74 (2002) S1654-

S1656. 

5. M.A. K11cenes, TI. Jle111, A.M. K11ceneB, ,[{. JloM6ap,11,o, M. On11so. BnnJIHne caxapo1h1 

Ha CTPYKTYPY 11 CBOHCTBa MeM6paH ,D,HMHpHCTOHJlqJOCq>aTH,11,HJIXOJIHHa. IloeepXHOCmb. 

PeHm2eH06CKUe, CUHXpompoHHble u HeitmpOHHble UCCJleooeaHWl 7 (2002) 63-66. 

6. M.A. Kncenes, ,[{. JloM6ap,11,o, A.M. Kncenes, TI. Jle1n, B.JI. AKceHOB. Hccne,11,osaunJI 

CTPYKTYPH0fO qiaKTopa 0,11,HOCJIOHHblX BeJHKYJI ,11,HMHpHCTOHJlqlOCCjJaTH,D,HJJXOJIHHa 

MeT0,11,0M ManoyrnoBoro pacceJIHHll peHTreH0BCKHX ny<1eii. IloeepXHOCmb. 

PeHm2eH06CKUe, CUHXpompOHHble u HeitmpOHHble UCCJle006aHWl 11 (2003) 20-24. 

7. M.A. Kiselev, S. Wartewig, M. Janich, P. Lesieur, A.M. Kiselev, M. Ollivon, R. 

8. 

Neubert. Does sucrose influence the properties of DMPC vesicles? Chemistry and 

Physics of Lipids 123 (2003) 31-44. 

M.A. Kiselev, E.V. Zemlyanaya, V.K. Aswal. SANS study of unilamellar DMPC 

vesicles: Fluctuation model of a lipid bilayer. Crystallography Reports 49 Suppl. 

(2004) s136-s141. 
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9. M.A. Kiselev, J. Zbytovska, D. Matveev; S. Wartewig, I. V. Gapienko, J. Perez, P. 

Lesieur, A. Hoell, R. Neubert. Influence of trehalose on the structure of unilamellar 

DMPC vesicles. J. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 

256 (2005) 1-7. 

IO. M.A. Kiselev, N.Yu. Ryabova, A.M. Balagurov, S. Dante, T. Hauss, J. Zbytovska, S. 

Wartewig, R.H.H. Neubert. New insights into structure and hydration of stratum 

corneum lipid model membrane by neutron diffraction. European Biophys. J. 34 (2005) 

1030-1040. 

I I. J. Zbytovska, M.A. Kiselev, S. S. Funari, V. Garamus, S. Wartewig, R. Neubert. 

Influence of Ceramides [NP] and [AP] on the DMPC membrane structure. Chemistry 

and Physics of Lipids 138 (2005) 69-80. 

12. M.A. Kiselev, E.V. Zemlyanaya, V.K. Aswal, R.H.H. Neubert. What can we learn about 

the lipid vesicle structure from the small-angle neutron scattering experiment? 

European Biophys. J. 35 (2006) 477-493. 

13. E.V. Zemlyanaya, M.A. Kiselev, J. Zbytovska, L. Almasy, V.K. Aswal, P. Strunz, S. 

Wartewig, R.H.H. Neubert. Numerical analysis of the unilamellar vesicle structure 

based on the SANS data. Crystallography Reports 5 l Suppl. I (2006) s22-s26. 

14. M.A. KHceneB. KompopMal.lHSI MoneKyn 1.1epaMH.lla 6 H chain-flip nepeXO.llhI B 

nHilH.llHOil MaTJ)Hl.le BepxHero cnosi KO)KH - Stratum Corneum. KpucmGJ1J102pa<Jnm 52 

(2007) 572-576. 
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18 

5L. P. Balgavy, M. Dubnickova, N. Kucerka, M.A. Kiselev, S.P. Yaradaikin, D. Uhrikova. 

Bilayer thickness and lipid interface area in unilamellar extruded 

1,2-diacylphosphatidylcholine liposomes: A small-angle neutron scattering study. 

Biochim. Biopliys. Acta 1521 (2001) 40-52. 

6L. N. Kucerka, M. Kiselev, P. Balgavy. Determination of bilayer thickness and lipid 

surface area in unilamell~ dimyristoylphosphatidylcholine vesicles from small-angle 

neutron scattering curves: a comparison of evaluation methods. European Biophys. J. 33 

(2004) 328-334. 

7L. J. Pencer, S. Krueger; C: Adams, J. Katsaras. Method of separated form factors for 

polydisperse vesicles. J. Appl. Cryst. 39 (2006) 1-11. 

SL. W. Knoll, J. Haas, H.B. Stuhrmann, H.-H. Fuldner, H. Vogel, E. Sackmann. Small

angle neutron scattering of a_queous dispersions of lipids and lipid mixtures. A contrast 

variation study. J. Appl. Cryst. 14 (1981) 191-202. 

9L. V.I. Gordeliy, V. Cherezov, J.Teixeira. Strength of thermal undulations ofphospholipid 

membranes. Phys. Rev. E 72 (2005) 061913. 

I 0L. G. Cevc, A. Schatzlein, H. Richardsen. Ultrad1formable lipid' vesicles can penetrate the 

skin and other semi-permiable barriers unfragmented. Evidence from double label 

SLSM experiments and direct size measurements. Biochim. Biophys. Acta 1564 (2002) 

21-30. 

I IL. G. Cevc. Lipid vesicles and other cdlloids as drug carriers on the skin. Advanced Drug 

Delivery Reviews 56 (2004) 675-711. 

12L. S.F. Friberg, D.W. Osborne. Small angle X-ray diffraction patterns of stratum corneum 
' ' 

and a model structure for its lipids. J. Dispersion Science and Technology 6 (l 985) 485-

495. 

13L. J. Bouwstra, G. Pilgram, G. Gooris, H. Koerten, M. Ponec. New aspects of the skin 

barrier organization. Skin Pharmacol. Appl. Skin Physiol. l 4, suppl I (200 l) 52-62. 

14L. G.C. Ctiaralambopoulou, T.A. Steriotis, T. Hauss, K.L. Stefanopoulos, A.K. Stubos. A 

Neutron diffraction study of the effect of hydration on the stratum corneum structure. 

AppliedPhysicsA 74 (2002) Sl245-Sl247. 

19 



15L. B.A. TaepAHcnoa, A.H. THxoHoa; ·JI.B., JlKoaeHKO. . <l>HJw-1ecKHe MexaHHJMhI 

q>}'HKI.IHOHHpoaaHHJI 6HonomqecKHX MeM6paH. Moc1<ea, Moc1<oec1<uu ynueepcumem 

(1987). 

16L. N. Kucerka, Y. Liu, N. Chu, H.I. Petrache, S. Tristram-Nagle, J.P. Nagle. Structure of 

fully hydrated fluid phase DMPC and DLPC lipid bilayers using X-Ray scattering from 

oriented multilamellar arrays and from unilamellar vesicles. Biophys. J. 88 (2005) 

2626-2637. 

17L. H. Schmiedel, L. Almasy, G. Klose. Multilamellarity, structure and hydration of 

extruded POPC vesicles by SANS. European Biophys. J. 35 (2006) 181-189. 

18L. T. McIntosh. Organization of skin stratum corneum extracellular Jamellae: diffraction 

evidence for asymmetric distribution of cholesterol. Biophys. J. 85 (2003) I 675-168 l. 

19L. .[(.11. CaepryH, JI.A. <l>eiimH. Manoyrnoaoe pacceJIHHe Heihp0HOB H peHTreHOBCKHX 

nyqeii. Moc1<ea, Hay1<a (1986). 

20L. P.R. Hallet, J. Watton, P. Krygsman. Vesicle sizing. Number distributions by dynamic 

light scattering. Biophys. J. 59 (1991) 357-362. 

21L. A.J. Jin, D .. Huster, K. Gawrisch, R. Nossal. Light scattering characterization of 

extruded lipid vesicles. European Biophys. J. 28 ( 1999) 187-199. 

22L. N, Ohta, S. Ban, H. Tanaka S. Nakata, I. Hatta. Swelli!]g of intercellular lipid lamellar 

structure with short repeat distance in hairless mouse stratum corneum as studied by X

ray diffraction. Chemistry and Physics of Lipids 123 (2003) 1-8. 

23L. P. Lesieur, M.A. Kiselev, L.I. Barsukov, D. Lombardo. Temperature induced micelle to 

vesicle transition: kinetic effects in the DMPC / NaC system. J. Appl. Cryst. 33 (2000) 

623-627. 

TToJl)"leHo 21 ce1m16pll 2007 r. 

20, 


