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c .u11cceprnu11eH M0)1(110 0311aKOMl1TbCll B 6H6JJl10TCKC 0"151"1 

ABTOpe<t>epaT pa3ocnaH (J , f &. diJ-or1-roJJ.a 

Y4etthIH ceKpernph ,1111cceprnuHOHHoro ~ AT. noneKo 

OJ>IQAfl XAPAKTEPHCTHKA PAJ>OTbl 

AKTY3JlbHOCTb TCMbl 

DHOJIOrH'leCKHe MeM6paHhl HrpalOT KJllO'leBylO pOJJh KaK B CTpyKTypHOH opraHH3aUHH, 

TaK H B <l>YHKUHOHHpOBaHHH Bcex KJJeTOK - npoKapHOTHlJeCKHX H 3yKapHOTH4eCKHX, 

paCTHTeJJhHblX H )l(HBOTHblX. MeM6paHhl <t>opMHpyioT BHyTpHKJJeTOlJHhle KOMnapTMeHTbl 

(oTceKH), a nnaJMaTH'leCKal! MeM6paHa o6paJyeT rpaHHUY KJJeTKH. CTpyKTypa 

6HOJIOrH4eCKHX MeM6paH no npH4HHe HX MHOroo6pa3Hll, CJIO)l(HOCTH H 

MHOfOKOMnOHeHTHOCTH OCTaeTCll ,110 KOHua Heonpe,11eneHHOH. MeM6paHHhle JIHnH)lbl 

npet1CTaBJ1ll10T orpoMHoe pa3Hoo6pa3He. CTpH4HHhI 3Toro pa3Hoo6pa3Hll noKa He l!CHhl, HO 

CTaHOBHTCll Bee 6onee O'leBH)lHblM, lJTO 3TO CBll3aHo c pa3H006pa3HeM <l>YHKUHH, KOTOphte 

JJHnH)lbl BhlTIOJIHllT B MeM6paHax. <l>occjiaTH)lHJIXOJIHH llBJllleTCll OCHOBHOH KOMnOHeHTOH 

MeM6paH KJJeTOK )l(HBOTHblX. )l(H,!IKOKpHCTaJJJlH'leCKall CYpyKTypa JJHnH,!IHblX MeM6paH 

n03BOJllleT npHMeHl!Tb ,!IJ!ll HX HCCJle,!IOBaHHll ,!IHcjipaKUHOHHhie MeTO,llhl. l1ccne,11oaaHHll 

HaHOCYpyKTypbl H CBOHCTB <t>oc<t>onHnH)lOB BeJIHCb B npOWJIOM H npO)lOJllKalOTCll B 

HaCTOllll.(ee apeMll MeTO)lOM .llH<t>paKUHH HeHYpOHOB H peHTrettOBCKHX JJy'leH Ha 

MHOfOCJIOHHhIX opHeHTHpOBaHHhlX MeM6pattax H MHOfOCJIOHHhIX Be3HKynax (nHnOCOMax) 

[IL, 2L, 3L]. lliaJMaTHlJeCKal! MeM6paHa cymecTByeT B 0,!IHOCJIOHHOM COCTOllHHe [4L]. 

Eonee a,11eKBaTttbIM peanhHOCTH llBJJlleTCll Hccne,110BattHe ttattOCTPYKTyphI O.llHOCJJOHHbIX 

MeM6patt (nHnH,11ttoro 6Hcnoll) e BH,lle o,11HOCJJOHHhIX Be3HKYJJ (OCB). BeJHKYJJllptthie 

nepeHOClJHKH JJeKapCTB Bee urnpe npHMeHl!IOTCll npH 6e3HHbeKUHOHHOM BBe,lleHHH JJeKapcTB 

opanhtto HJJH Tpattc,11epMaJJhHO [IOL, ·1 JL]. OcHoeolf noaepxHocrn nepettoclJHKa l!BJJlleTCll 

J1HnH,11HhIH 6Hcnoi!. CoJ,11aHHe MeTo,11a attaJJHJa CTPYKTYPhI aeJHKYJJllpHhIX nepettoclJHKoe 

JJeKapCTB .LIO ypOBHll ttaHOCTPYKTyphl HX 6HCJ!Oll llBJllleTCll aKryaJJhHOH 3a,11a4ej;j 

6HOHaHOTeXHOJIOrHH • 

ManoyrnoBoe pacceHtt11e tteHYpOHOB (MYPH) 11cnOJ1hJyeTcll ,!IJlll 11ccne,110Batt11ll 

CTPYKTyphl OCB [3, 5L-7L]. nonY'laeMall 11HcjJOpMaUl1ll 0 HaHOCTPYKType 611CJ10ll 

orpatt11'l11BaeTCll onpe,11enett11eM ero TOJJLUHHhI [8L, 9L] 11n11 np116J111)1(ett11eM crynettlJaToH 

cjiyHKUl111 ,!IJ!ll DJ10THOCTl1 ,!IJl11Hbl paccel!Hl1ll HeHYpOHa p(x) B HanpaeneHl111 HOpMaJJl1 K 

611cno10 [3, 5L-7L]. PaJMep 11 cjiopMa OCB onpe.r1enlleTCll MeTO.llOM paccel!HHll caeTa 11 (11n11) 

3JJeKTpOHHOH CKaJJhIBaiomeii M11KpocKon11H [3, 20L, 21 L]. CoBpeMeHHbie ManoyrnoBhie 

ycTaHOBKH Ha Hei!TpOHHhIX 11 Cl1HXpOYpOHHhlX 11CT04H!1Kax D03BOJ1l!IOT 113Mepl!Tb cneKTp B 



HHTepsane BeKTOpOB paccellHHll, cop,ep)l(all.leM HHQ>opMaU,HIO KaK 0 pa:iMepe Be3HKYilbl, TaK H 

o ee Q>opMe. B MeTO,IJ,e Manoyrnosoro paccellHHll Ha3pena noTpe6HOCTb B non)"leHHH 

aHaJIHTH'leCKOfO Bblp~eHHll ,[\Jill Ce'leHHll MaKpOCKOnH'leCKOfO paccellHHll Be3HKYIIllpHblX 

CHCTeM, KOTOpoe y,IJ,OBJieTBOpllIIO CJie,IJ,y!Oll.lHM Tpe6oBaHHllM: 

a) OnHCblBaJlO Q>opMy Be3HKYII KaK cQ>epH'leCKylO, TaK H 6onee CJIO)l(Hy!O, 

b) )"lHTblBal!O B3aHMO,IJ,eikTBHe Me)l(,IJ,y Be3HKyJiaMH, 

c) on11cb1Bano BHYTPeHHIOIO CTPYKTYPY 611cnoll Ha yposHe n106b1x np116J111)1(eH11i1 Q>yHKU.HH 

p(x). 

JlHnH,IJ,Hall MaTp11u.a sepxHero cnoll KO)l(H MIIeKon11Ta10lllHX stratum corneum (SC) 

HrpaeT rnaBHYIO pOIIb B peryn11poBaHHH BO,IJ,HOfO 6anaHca opraHH3Ma H p,11Q>Q>Y3HH MOJieKyn 

'lepe3 KO)l(y. c p,pyroi1 CTOpOHbl, JIHnH,IJ,Hall MaTp11u.a onpep,eJilleT npOHHU.aeMOCTb JieKapcTB 

'lepe3 KO)l(Y 'leJIOBeKa. B OTJIH'lHe OT nna:iMaTH'leCKOH OP,HOCJIOHHOH MeM6paHbl, JIHnHP,Hall 

MaTp11u.a SC llBIIlleTCll MHorocnoi1Hoi1 MeM6paHoi1 [12L]. MHoro'lHCJieHHbie peHTreHOBCKHe 

11 HeHTpOHHbie ,IJ,HQ>paKU.HOHHbie 3Kcnep11MeHTbI no onpe,IJ,eneHHIO BHYTpeHHei1 

HaHOCTPYKTYPbI n11n11,IJ,Horo 611cnoll SC orpaHH'lHBaJIHCb onpe,IJ,eneHHeM nep110,IJ,a 

noBTOplleMOCTH KaK HaTHBHOH n11n11,IJ,HOH MaTpHU.bI SC, TaK 11 MO,IJ,eJibHbIX MeM6paH [13L, 

14L, 22L]. 0rCYTCTBHe HHQ>OpMaU,HH 0 BHYTpeHHeH HaHOCTPYKTYPe JIHnH,IJ,HOro 6HCJIOll 

,IJ,enaeT HeB03MO)l(HbIM onpe,IJ,eneH11e CTPYKTYPHOH pon11 OTP,eJibHbIX u.epaMH,IJ,OB B 

Q>opMHpOBaHHH JIHnH,IJ,HOH MaTpHU.bl, a TaK)l(e HX pOIIH npH ,IJ,HQ>cl>Y3HH 80,[\bl H 

Q>apMau,eBTH'leCKHX npenapaTOB 'lepe3 SC. AKryanbHbIMH 3a,IJ,a'laMH cospeMeHHbIX 

11ccne,IJ,0BaH11i1 SC llBIIlllOTCll: C03,IJ,aHHe MO,IJ,eJibHbIX MeM6paH c KOMnoHeHTHbIM cocTaBOM 

n11n11,IJ,OB THnH'lHbIM ,IJ,IIll SC MJ1eKon11Ta10lllHX, no11cK Ha116onee a,IJ,eKBaTHbIX MeTO,IJ,OB 

HCCJie,[\OBaHHll HX HaHOCTPYKTYPbl, onpe,IJ,eJieHHe pOIIH K~oro u.epaMH,IJ,a B CTpyKrypHOH 

opraH113au.1111 MaTpHU.bI SC 11 ee ,IJ,11Q>Q>y3HOHHbIX csoi1CTB. 

.LJ:nccepT31.1HH UOCBHll.{eua JJ.BYM 3K'f)'3JlbHblM BOnpocaM: 

0CHOBHall HHQ>OpMaU,Hll 0 CTpyKType JJHnHP,HOro 6HCJ!Oll Q>ocQ>o1111nH,IJ,OB, B TOM 'lHCJJe 

H ,[\HMHpHCTOHJJQ>ocQ>aTH,IJ,HJIXOJJHHa (.aM<l>X), 6brna nony'leHa MeTO,[\OM peHTreHOBCKOH 

,IJ,HQ>paKU,HH Ha MHOroCJJOHHbIX Be3HKyJJax (1111noc0Max) B H36bITKe BO,[\bl HJJH nJJOCKHX 

opHeHrnposaHHbIX MHOroCJJOHHbIX MeM6paHax [ 1 L, 2L). EHCJJOH MHorocnoi1Hoi1 Be3HKYJJbI 

MO)l(HQ paccMaTpHBaTb KaK nJJOCKHH no npH'lHHe 60JJbWOfO pa,IJ,Hyca KpHBH3Hbl 
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OTHOCHTeJibHO ero TOIIlllHHbI. Bonpoc 11,IJ,eHTH'lHOCTH CTPYKTYPbI 611cnoll O,IJ,Hocnoi1HbIX 11 

MHorocnoi1HbIX Be3HKyn, a TaK)l(e sonpoc o 3aBHCHMOCTH cTpyKTYPbI 611cnoll OT ero 

KpHBH3Hbl llBJllllOTCll HeTpHBHaJlbHblMH B IIHnHP,OJIOrHH [15L-17L]. Pa:iBHTHe 

6110HaHOTeXHOJIOrHH no C03,IJ,aHHIO Be3HKYIIllpHblX nepeHOC'lHKOB JieKapcTB Tpe6yeT 

a,IJ,eKBaTHOH TeXHHKH H MeTOP,OB ,[\Jill onpe,IJ,eJieHHll HX HaHOCTPYKTYPbl H CBOHCTB. Pa:iBHTblH 

aBTOpOM MeTO,[\ pa:i,IJ,eJieHHblX Q>opMQ>aKTOpOB llBJilleTCll npHHU,HnHaJlbHblM waroM B 

11ccne,IJ,0BaHHH CTPYKTYPbI O,IJ,Hocnoi1Hbix se3HKYII [ 4, 6, 8, 9, 12). 

BTOpblM HanpaBJieHHeM llBJilleTCll HCCJie,IJ,OBaHHe 'leTblpeXKOMnOHeHTHOH IIHnH,IJ,HOH 

MeM6paHbl, nOCTPOeHHOH Ha OCHOBe u.epaMH,IJ,a 6 H CO,IJ,ep)l(all.leH rnaBHble KOMnOHeHTbl 

n11n11,IJ,Hoi1 MaTPHIJ.bI SC MJieKOnHTalOlllHX (Mo,IJ,eJibHall MeM6paHa SC). ABTOpOM snepBbie 

6bIJIO npe,IJ,JIO)l(eHO HCnOJib30BaTb ,IJ,HQ>paKU,HIO HeHTpOHOB OT opHeHTHpOBaHHblX H 'laCTH'lHO 

rH,IJ,paTHpOBaHHblX o6pa:iu.os ,[\Jill nOJI)"leHHll HHQ>opMaU,HH 0 HaHOCTPYKTYPe MO,IJ,eJibHblX 

MeM6paH SC. ,[Vill aHan113a HaHOCTPYKTYPbI 11cnoIIb30BaJICll Q>ypbe-CHHTe3 nnoTHOCTH 

pacnpe,IJ,eJieHHll HeHTpOHOB B HanpasneHHH HOpManH K 6HCJIOIO [I 0, 14). 

l.J,eJJblO pa60Tbl llBJilleTCll onpe,IJ,eJieHHe MeTO,IJ,aMH paccellHHll Hei1Tp0HOB H 

peHTreHOBCKHX JI)"leH oco6eHHOCTeH HaHOCTPYKTypbl, CBOHCTB H rH,IJ,paTaU,HH ,IJ,Byx )l(H,IJ,KHX 

KpHCTal!JIOB: Q>ocQ>onHnH,IJ,OB B BH,[\e 0,[\HOCJIOHHblX Be3HKYII H MO,IJ,eJibHblX MeM6paH 

n11nH,IJ,Hoi1 MaTpHU.bI SC, cp,enaHHbIX Ha OCHOBe u.epaMH,IJ,a 6. Cpe,IJ,CTBOM ,IJ,OCTH)l(eHHll 

nocTaBJieHHOH u.enH llBJllllOTCll pa3BHTble MeTO,[\bl H npHMeHeHHe H3BeCTHblX MeT0,[\08 K 

HOBblM o6beKTaM. 

rnaBbl I - 3 nOCBllll.leHbl pa3BHTHIO MeTO,IJ,a pa:ip,eneHHblX Q>opMQ>aKTOpOB H 

onpe,IJ,eneHHIO HaHOCTPYKTYPbI O,IJ,HOCJJOHHbIX Be311Ky11 ,aM<I>X B Tpex Q>a:iax: Lw, Pp·, La. 

rnasa I nOCBllll.leHa ,[\eTal!bHOMY OnHCaHHIO MeTO,IJ,a pa:i,IJ,eJJeHHblX Q>opMQ>aKTOpOB, 

BbITeKalOlllHX H3 Hero cne,IJ,CTBHi1, a TaK)l(e npHMeHeHHIO ,IJ,11caxap11,IJ,OB ,IJ,JJll yny'lweHHll 

KOHTpacTa B peHTreHOBCKOM ManoyrnoBOM 3KCnepHMeHTe . 

rnasa 2 noCBllll.leHa Bb16opy Ha116011ee no,IJ,XO,ll,llll.lero np116JJH)l(eHHll ,[\Jill on11caHHll 

cl>YHKU.HH nJJOTHOCTH pacnpe,IJ,eJJeHHll HeHTPOHOB B,[\OJJb HOpMaIIH K 6HCJJOIO p(x), a TaK)l(e 

pa:iBHTHIO 3KcnepHMeHTaJibHOH 11 BbI'lHCJJHTeJJbHOH MeTO,IJ,HKH. Onpe,IJ,eJJeHa Q>yHKU.Hll 

pacnpe,IJ,eJJeHHll BOP.bl B 611c11oe OCB. Onpe,IJ,eJJeHbI TeMnepaTypb1 Q>a:ioBbIX nepexo,IJ,OB 

,aM<I>X B H20 H D20. 

3 



B rnase 3 ccjJopMyn11posatto rnApocjJ06Ho-rnApocjJ11nbHOe np116nmKeH11e Aflll on11catt11J1 

cjJyHKL\HH p(x) H npeACTasneHbl pe3ynbTaTbl HCCne,QOBaHHH HaHOCTPYKTYPbl OAHOCflOHHblX 

Be3HKyn ,[(M<l>X. 

B rnase 4 AOKa3aHa 3cjJcjJeKTHBHOCTb np11MeHeHHJ1 AHcjJpaK1.11111 HeilTpOHOB OT 

op11eHT11posaHHbIX MeM6paH Aflll 11ccneAOBaHHJ1 HaHOCTPYKTypbr MOAenbHbIX MeM6paH SC. 

Bnepsbre onpeAenetta HaHOCTPYKTypa H rnAparn1.111J1 MOAenbHOH MeM6pattbr SC 

MneKOnHTalOLL\HX, nocTpOeHHOH Ha OCHOBe 1.1epaMHAa 6. 

3Kcnep11MeHTbl npOBOAHflHCb B HeHTpOHHblX H CHHXpOTpOHHblX 1.1eHTpax Pocc1111, 

<I>patt1.11111, lepMatt1111, Wseil1.1ap1111 , a TaIOKe Ha cjJapMa1.1esT11YecKOM cjJaKynbTeTe 

Ytt11sepc11TeTa Maprntta JllOTepa s Xane (lepMaH11J1). 

Hay•rnaH uoe113ua 

AsrnpoM npeAflO)l(eH MeTOA pa3AeneHHblX <j>opMcjJaKTOpOB (P<l><l>), KOTOpblH flHWeH 

HeAOCTaTKOB MOAen H BflO)l(eHHblX c<j>ep [3], TaK KaK MO)l(eT OnHCb!BaTb <j>opMy Be3HKYflbl 

6onee CflO)l(HylO, YeM ccjJepa, H npHMeHllTb Aflll MOAen11posaHHJI nnOTHOCTH AflHHbl 

paccel!HHll Hei!Tpotta p(x) n106y10 <j>yHKL\HIO (4, 6]. P<I><l> MeTOA 6brn pa3BHT B nocneAYIOLL\HX 

pa6ornx (8, 9, 12, 7L ] . Ha octtose 3Toro MeToAa YAaJJOCb snepBbie paccYHTaTb <j>yHKL\HIO 

pacnpeAeneHHll BOAbl B 611cnoe OAHOCflOHHblX se3HKyn [8] , '!TO llBHflOCb o60CHOBaHHeM 

rnApo<j>o6Ho - rnApocjJ11nbHOro np116n11)1(eH11J1 Anll cjJyttKL\HH p(x) [12] . P<l><I> MeTOA 6brn 

np11MeHeH Anll 11ccne,Qosatt11J1 CTPYKTYPbI OAHOcnoi!Hbrx se3HKyn ,[(M<l>X B Tpex <j>a30Bbrx 

COCTOJIHHJIX [I 2] . BnepBble ycrnHOBneHO, YTO cjJopMa Be3HKYflbl He l!BfllleTCJI c<j>ep11YeCKOH . 

Otta 6nH3Ka K c<j>ep11YeCKOH s L a cjJa3e (ornowett11e nonyoceil 3nn11nco11Aa spall\eHHll 

s= I.I) 11 llBnlleTCll 3nn11nrnYeCKOH s L p- 11 Pp- <j>a3ax c s= 1.6. HosbrM 11 Ype3BbIYailHo 

Ba)l(Hb!M <j>aKTOM llBHflOCb AOKa3aTenbCTBO Toro, '!TO crpyKrypa H30fHYTOfO 611cnoll 

orn11YaeTCJ1 OT cTpyKTypbr nnocKoro 611cnoJ1 . ,[(oKa3aTenbCTBO 3TOro <j>aKrn He l!BnlleTCll 

TpHBHaJJbHbIM. I10Tpe60BaJJOCb 20 neT, 'IT06bl AOKa3aTb pa3HH'-lY B TeMneparypax 

npe,QnepeXOAa Aflll OAHOCflOHHblX H MHOfOCflOHHblX Be3HKyn [ISL]. I1AeHTH'IHOCTb 

crpyKrypbr H30rHYTOro 11 nnocKoro 611cnoJ1 CYHTaJJOCb AOKa3aHHOH [6L] 11 11cnonbJosanacb 

npH aHaJJH3e AaHHblX no peHTfeHOBCKOMY paccel!HHIO, YTO npHBeno K OWH60YHblM 

pe3ynbTaTaM [16L]. YcrnttosneHHall HaMH 3as11c11MOCTb napaMeTpos 611cnoJ1 ,[(M<I>X OT ero 

paAHyca KpHBH3Hbl 6brna TIOATBep)l(AeHa OAHOBpeMeHHblMH H He3aBHCHMblMH 
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HccneAOBaHHllMH Be3HKyn OaJJbMHTOHnoneo11ncjJoccjJarnAHnxon11Ha (17L]. 0AHaKo, B 

ornwrne OT pa6oTbI (17L], rAe onpeAenllnHCb TOflbKO napaMeTpbr 611cnoJ1, P<l><l> MeTOA 

no3sonJ1eT onpeAenl!Tb 11 cjJopMy se311Kyn. Ha ceroAHll P<l><l> MeTOA l!BfllleTCll tta116onee 

MOLL\Hb!M MeTOAOM aHaJJH3a HaHOCTPYKTYPbl nHnHAHblY.. Be3HKynllpHblX CHCTeM B 

HeilTpOHOrpacjJ1111 H l!BfllleTCll nepcneKTHBHblM Aflll npHMeHeHHll B cjJapMaKonornH Aflll 

Hccne,QOBaHHll Be3HKynllpHbIX nepeHOCYHKOB neKapCTB. 

MHOro'!HcneHHble nonb!TKH nonyYHTb AeTaJJbHY!Q HHcjJOpMal\HIO 0 HaHOCTPYKTYPe 

HaTHBHoil MaTpHL\bl SC 11n11 MOAenbHbrx MeM6paH SC, npeAnpHHl!Tbie MeTOAOM 

peHTreHOBCKOH AHcjJpaKL\HH Ha nHnOCOMax B H36bITKe BOAbl, He yseH'!aJJHCb ycnexoM H 

orpaHHYHBaJJHCb nonyYeHHeM HHcjJOpMa'-lHH 0 nepHOAe nOBTOplleMOCTH MeM6paHbl HflH 

cjJypbe-attan1130M HH3Koro pa3peweH11J1 [I 3L, I SL, 22L]. AsrnpoM 6brno snepsbre 

npeAflO)l(eHo npHMeHHTb AHcjJpaKL\HIO HeHTpOHOB OT OpHeHTHpOBaHHblX H YaCTHYHO 

rnAparnposaHHbrx MOAenbHbIX MeM6paH SC Aflll onpeAeneHHll 11x HaHocrpyKTypbr [10, 14]. 

B OTnH'IHH OT npeAblAYLL\HX pa6oT, HOBbIH OOAXOA AaJJ B03M0)1(H0CTb ysenHYHTb KOflH'leCTBO 

H3Mepl!eMblX nopllAKOB OTpa)l(eHHll OT 1-3 AO 5, peWHTb <j>a30BYIQ npo6neMy 3a C'leT 

sap11a1.11111 KottrpacTa H 20-D20 11 CAenaTb <j>ypbe-attan113 c pa3peweHHeM 5.5 A. Bnepsbre 

6blna onpeAenetta HaHOCTPYKTYPa MOAenbHoil MeM6pattbr SC, cocTOllll\eil 113 cMec11 YeTbrpex 

n11nHAOB: 1.1epaMHA 6/ xonecTep11tt/ nanbMHTHHOBM KHcnoTa/ cynhcjJaT xoneCTep11Ha (I 0, I 4] . 

Ba)l(HbIM 11 HeO)l(HAaHHbIM pe3ynbTaTOM llBHnacb Ype3BbIYailHM MaJJOCTb Me)l(MeM6paHHoro 

npocrpattcrna (I A) s MeM6pattax Ha octtose 1.1epaMHAa 6, B03HHKalOLL\M KaK cneACTBHe 

c11nbHOro Me)l(MeM6paHHoro s3a11MoAeilcTBHJ1. B HaCTOl!LL\ee speMll pa3pa6ornHHbIH MeTOA 11 

nonyYeHHbie peJynbTaTbI J1Bnll10TCJ1 6a3oil AaJJbHeilw11x 11ccneA0BaH11il CTPYKTYPbI n11nHAHOH 

MaTpHL\bI SC YenoseKa, seeyll\HXCll s lepMaHHH 11 Pocc1111 . 

IlpeACTaBneHHbre Ha 3all\HTY pe3ynbTaTb1 l!Bfll!IOTCJI OpHrHHaJJbHblMH H 6brnH 

ony6nHKOBaHbl B pe<j>ep11pyeMblX HayYHblX )l(ypHanax KaK OpHrnHaJJbHb!e 

HCCneAOBaTenbCKHe pa6oTbl. HayYHbre ny6n11Ka1.11111 COHCKaTenll 3a nepHOA c 1999-2006 roAa 

L\HTHpOBaJIHCb B 201 oA CTaTbe, a pa60Tbl, fAe OH llBfllleTCJI nepBb!M aBTOpOM, L\HTHpOBaJIHCb B 

84x CTaTbl!X (http://www.scientific.ru0. 

5 



Hay<rnaH u npaKTn'lectcaH l{enuocrb pa60Tbl 

MeT0.11 pa:3.11eneHHbIX <jlopMCpaKTopos .11nll 11ccne.11osatt11ll se311KynllpHbIX c11cTeM 

np11MeHS1eTcS1 11ccne.11osaTenS1M11 B CWA, KaHa.11e 11 fepMatt1111 .11nll 11ccne.11osaH11ll 

0.llHOCnOHHblX n11n11)1HbIX II mm11)J/nenTll)IHblX Be311Kyn, a TaIOKe MOlKeT np11MeHl!TbCll )J.nll 

11ccne.11osatt11S1 se311KynllpHbIX nepettOC'lllKOB neKapcTB [7L, I 7L]. 

MeT0.11 ysen11'!eH11ll KOHTPacrn peHTreHOBCKoro 113ny'lett11S1 BOJIHbIMll pacrnopaM11 

.1111caxap11.11os n03BOfllleT 11ccne.11osaTb Ha CllHXpOTpOHHblX llCTO'IHllKax Be311KynllpHbie 

nepeHOC'l11K11neKapcrn11 K11HeT11Ky npoL1ecca caMoc6opK11 n11n11)J.Horo 611cnoS1 [23L]. 

Oepsoe np11MeHeH11e )lll<jlpaKL.11111 HeHTpOHOB .llflll llCCne)J.OBaHllH CTpyKTypbl 11 CBOHCTB 

Mo.11enbHOH MeM6paHbI SC l!B11nocb ocHosoii JJ.nll 11ccne.11osaH11ll 3TllM MeTO.llOM 6onee 

cnmKHbIX 11 pean11cT11'1ecK11x CTPYKTYP. TaK11e 11ccne.11osaHllll se.11YTcll B HacTollmee speMll Ha 

<jlapMaL1eBTll'leCKOM <jlaKynbTeTe ytt11sepc11Tern MapT11Ha JI10Tepa s fepMaH1111, s 

na6oparnp1111 Hei1TPOHHOH <jl11311K11 OI15il111 B 11Hcrnwe Xaua 11 Mai1THep B Eepn11He. 

Anpo6al{HH pa6oTbI. PeJynhTaTbI pa60Tb1 .11onoJKeHbI 11 06cyJK.11eHbI Ha ceMHttapax s JIH<I> 

OI151l1, Ha KoH<jlepeHl.lllH no np11MeHeH1110 peHTreHOBCKllX ny'lei1, c11HxpoTpOHHoro 

11JnYlJeH11ll, HellTPOHOB 11 3neKTPOHOB B 11ccne.11osaH11S1x MaTep11anos (MocKsa 200 I); Sou 

YIHTepHal{llOHanbHOH WKone II CllMno311yMe no np11MeHeHlllO CllHXPOTPOHHOro 113flYlJeHllll B 

eCTeCTBeHHbIH HaYKaX (YcTp0Hb-5iCKOBllK, nonhwa 2000); HeMeL1KO-pocc11llcKOM 

cosemaH1111 nonb30BaTenell peaKTOpa YIEP-2 no Hei1TpOHHbIM 11ccne.11osaH11S1M s <jl11311Ke 

KOHJJ.eHcHposaHHOro cocTOl!Hllll ()zy6Ha 2004); I OM 11 2oM MeJK.11yuapo.11ttoM cosemaH1111 no 

nepcneKT11saM 11ccne.11osaH11ll Ha c11HxpoTpOHHOM 11CTO'IH11Ke OI151l1 ()zy6ua 1999, 2001); 

MeJK.11yHapo.11Holl KOH<jlepeHL.11111 no paccel!HlllO HellTpOHOB (M!oHxeH, fepMaHllll 2001); XIII 

11 XIV pocc11llcKoll KOH<jlepeHL.11111 no HcnonbJOBaH1110 CHHxpoTpOHHoro 113ny'leH11S1 

(Hosoc11611pcK 2000, 2002); XII MelK)lyttapo.11Holl KOH<jlepeHL.11111 no 1136paHHbIM npo6neMaM 

cospeMeHHOi1 <jl11J11K11 ()zy6Ha 2003); XVII 11 XIX cosemaH1111 no 11cnonb30BaH1110 paccel!Hllll 

HeHTPOHOB B 11ccne.11osaHllSIX KOH)leHCllpOBaHHOro COCTOS!Hllll (faT'lllHa 2002, 06HllHCK 

2006); CosemaH11llx nonb30BaTenell 6epn11HcKoro L1eHTPa HellTpouuoro paccel!Hllll (Eepn11H, 

fepMattllll 2004, 2007); I, IV, V cosemaH1111 no 11ccneAOBatt11S1M Ha peaKTOpe YIEP-2 ()zy6Ha 

2002, 2005, 2006); III MeJK.11yttapo.11HOM c11Mno311yMe «0po6neMbI 611ox11MH11, pa.1111aL1HOHHoll 

II KOCMll'leCKOH 611onorn11» (MOCKBa, Jfy6Ha 2007); IlepBOM pocc11llcKOM pa6o'leM 
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cosemaHllll «5!.11epHM HayKa KOH)leHCllpOBaHHblX cpe.11, HaHOCTPYKTYP II Texuonorni1» 

()zy6Ha 2007); MeJK)J.yttapO)J.HOH KOH<jlepeHI.{1111 «CospeMeHHbie MeTO)lbl cneKTpOCKOn1111 B 

11ccne.11osatt11S1x CTPYKTypbI 11 <jlyttKL.11111 611onon11Mepos B 611onorn11 11 MeiJ.lll.lllHe» ()zy6Ha 

2007); MeJK)J.yHapO.llHOH KOH<jlepeHL\1111 «EapbepHbie <jlyHKL\1111 KOlKll MneKon11Tatom11x» 

(Hb!OnOpT, CWA 2007). 

JIH'IHblH oicna.11 aoTopa. BKna.11 asrnpa 3aKn!O'!aeTcll B nocrnHOBKe 11 <jlopMyn11poBKe 3a.11a'I, 

TexH11'leCKOi1 no.11roTOBKe 3Kcnep11MeHTOB, np11roTosneH1111 o6pa3l\OB, npose.11eH1111 

113MepeH11i1, pac'!eTe cneKTPOB, npose.11eH1111 Heo6xo.1111Mb1x pac'!eTOB 11 llHTepnpernL.11111 

pe3ynhTaTos, Han11caH1111 11 ny6n11KaL11111 CTaTei1. 06pa3l\bI Mo.11enbHb1x MeM6paH stratum 

comeum np11rornsn11san11cb Ha <jlapMaL1eBT11'1eCKOM <jlaKynhTeTe yH11sepc11TeTa MapT11Ha 

JlioTepa (Xanne, fepMaH11S1) cosMeCTHO c .llOKT. 51. C611ToscKoi1. OporpaMMHoe 06ecne4eu11e 

JJ.nll pac'!eTOB no P<l><I> MeTO.llY Ha 6aJe naKeTa DFUMIL 6bino pa3BllTO cosMecTHo c .llOKT. 

<jJ113.-MaT. HayK E.B. 3eMnllHOi1. Pac'!eTbI npocTPaHCTBeHHOro pa3peweH11S1 s OJJ.HOMepHoM 

.1111<jlpaKL1llOHHOM 3Kcnep11MeHTe 6hrn11 BhmonHeHbI cosMeCTHO c npo<jl. A.M. EanaryposbIM. 

Ily6JIHKal{HH. Oo TeMe )IHCCepTal\1111 ony6nHKOBaHO 14 CTaTeH B OTe'leCTBeHHbIX 11 

3apy6eJKHbIX pe<jlep11pyeMbIX lKypHanax. Pe3ynhTaTb1 npe.11crnsneHb1 B 15 ycTHbIX 11 7 

CTeH)IOBbIX .llOKna)lax, npe.11cTasneHHblX Ha 20 OTe'leCTBeHHbIX II MeJK.11yHapo.11HblX 

KOH<jlepeHl{llllX, cosemaHllllX II CllMn03HYMax. 

CTpyKTypa H o6beM AHCCepTal{HH. ,IJ;11cceprnL1llll COCTOllT 113 BBe)leHHll, '!eTbipex mas, 

JaKn10'leH11S1 11 cn11cKa n11TepaTYPbI. 06m11ll o6beM .1111cceprnL11111 126 CTpaHllL\. 06mee 

Kon114ecrno LlllTl!pyeMoll n11TepaTYPbI 111 . 

OCHOBHOE CO.LJ;EP)KAHHE PAEOThl 

Bo sse.11eH1111 npe.11crnsneH o63op nHTepaTypbI, c<jlopMy1rnposaHa nocTattOBKa JaAa'IH, 

aKTyanbHOCTb, HaYlJHM HOBll3Ha, HaYlJHaSI II npaKTll'leCKal! l{eHHOCTb pa60Tbl II 

c<jlopMyn11poBaHbl OCHOBHbie pe3ynhTaTbl pa6oTbl. 
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rnaea 1. MeTO.!l pa1.ueneHHblX ct>opMcl>aKTopoB B ManoyrnoBOM pacceHHl11i Hei1Tp0HOB H 

peHTrenOBCKHX nyqeu 

l'v1aKpOCKon11'1eCKOe KOrepeHTHOe ce'!eH11e pacCeJIHl1JI MOHO.!ll1Cnepcnoi1 nonyJJJll.11111 

8e311Kyn onpe.uenJ1eTcJ1 8btpa)l(eH11eM [ l 9L] 

dL, 
dO"""' (q) = n. F(q). S(q) (1) 

r.ue q - MO.!lYJJb seKTOpa pacceJIHl1JI, n - KOJJl1'1eCT80 8e311KYJJ 8 e.UHHl1l.le 06beMa, F(q) -

<j>opM<j>aKTOp pacceJ1Hl1J1 HeihpoHa O.UHOH 8e311Kynoi1, S(q) - CTPYKTYPHbtH <j>aKTOp 

nonynJ11.11111 8eJ11Kyn. A8TopoM noKa:JaHo, '!TO S(q)"='1 .UJJJI KOHl.leHTpa1.11111 n11n11.no8 8 06pa:J1.1e 

I% no Becy [6] . OCB B 60ilbUJHHCTBe pa6oT [1, 6-9, 5L-7L, 16L, 17L] paccMaTp118an11cb KaK 

cq1epl1'1ecK11e (CM. p11c. I). 

PucynoK 1. C<fJepu'leCKGfl 

0011ocJ1oit11Gfl ae1uKyJ1a (OCB). CJ1eaa 

nOKGJGll pmpe3 eeJUKYllbl, 

oeM011cmpupy10U{UU 6uc!l0it, 

06pmy10U{uit noaepx11ocmb eeJUKYllbl 

[4L}. B11ympu u c11apy:J1Cu aeJUKYllbl 

11axooumCJ1 aooa. 

P<l><l> MeTO.U n0380J1JleT OT.UeJ111Tb <J>opM<j>aKTOp <J>opMbl 8e3HKYI1bl OT <j>opM<jlaKTOpa 

n11n11.uHoro 611cnoJ1, '!TO y8en11'!11eaeT 803MO)l(HOCTb 6onee .ueTanbHOro on11caHHJ1 ee <j>opMbl 

11 HaHOCTpyKTYPbl 611cnoJ1 [4, 6, 8, 12]. B [4, 6, 12] noKa:JaHo, '!TO .!lflll 8eJ11Kyn, c pa.u11ycoM 

R 60JJbllll1M TOJJ~l1Hbl 611cnoJ1 dm, ypaBHeH11e (I) c BblCOKOH TO'IHOCTblO JanHCblBaeTCJI B 

8H.!le 

dL, 

d
,.... (q) = n · F, (q, R)-Fb (q, d) · S(q), 
~l.mo11 

r.ue Fs(q,R) - <j>opM<j>aKTOp 6ecKoHe'IHO TOHKOH c<jlepbt pa.uHyca R 

F,(q,R) =( 411'· :; ·sin(qR)J 

a Fb(q,d) - <j>opM<j>aKTOp CHMMeTp11'1HOro JJHnH.UHOro 611cJJOJI TOJl~liHbl dm 

(

d.12 )-

F. (q,d) = _} ~cCx) ·cos( qx) · dx 
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(2) 

(3) 

(4) 

3.uecb x - paCCTOJIHl1e OT 1.1eHrpa 611CJJOJI, pc(x)=p(x) - PD20 - KOHrpacT: pa3H11l.la 8 

nJJOTHOCTl1 .UJll1Hbl pacceJIHl1JI HeihpoHa Me)l(.uy JJl1n11.UHblM 611cnoeM 11 Tll)J(eJJOH 80.!lOH. 

Pa:J.ueneH11e <jlopM<jlaKTopa <J>opMbI 8e311Kynbl Ii <j>opM<jlaKTopa 611cnoJ1 n0380JJJleT 880.!ll1Tb 

mo6b1e np116JJ11)1(eH11J1 .UJJJI on11caH11J1 p(x) 11 on11cb18aTb HeccjJepwiecKylO <jlopMy 8e311Kynbl. 

,[(JJJI 8blTllHYTOro 3JJJJl1nCOl1.!la 8pa~eHl1JI (a, a, ca) c 6ecKOHelJHO TOHKOH CTeHKOH 

<J>opM<jlaKTOp 3an11Cb1BaeTCJI 8 811.!le 

r.ue 

FE(q,a) = J Ai(q · a · ~l + x 2 
• (e 2 -1) }:tx, 

AE (z) = 4Jr. 6 . 0 2 . sin(z) 
z 

Ypa8HeHHJI (2)-(6) cocTa8JlJ110T OCH08Y P<l><l> Me-ro.ua. 

Jlim11.uHaJ1 8e311KynJ1pHall c11cTeMa (nonynJ11.111J1 

(5) 

(6) 

8e311Kyn) He Jl8JJJleTCJI 

MOHo.n11cnepcHoi1, a o6na.uae-r non11.u11cnepcHocTb10, on11cbrnaeMoi1 pacnpe.ueneH11eM 

WyJJbl.la [3, 20L]. B pac'!ernx Y1.Jl1Tbrnanacb non11.u11cnepcHocTb rncTeMbt, 880.!ll1JJ11cb 

nonpa8KH Ha <j>yHKl.11110 pa3perneHHJI cneKrpoMeTpa H onpe.uenJ1IlCJ1 8Kna.u HeKorepeHTHoro 

pacceJ1HHJ1 [8, 12]. 

Ha OCH08e ypa8HeHHJI (4) nOJlyYeHO 8blpa)l(eHHe .!lJIJI paC'!eTa TOJl~HHbl JJHn11.UHOro 

611cnoJ1 dG 8 npH6JJH)J(eHHH 1HHbe. B HeKOTOpblX pa6ornx npH6J111)1(eHHe 111Hbe 

HCnOJlb308MOCb 8 npe.unoJJO)J(eHHH, '!TO OHO Onl1CblBaeT HeO.UHOPO.!lHYIO <j>yHKl.llili p(x) [6L, 

9L]. A8rnpoM .UOKa:JaHo, '!TO np116JJH)J(eHHe 111Hbe cnpa8e.!lJ1H80 TOJlbKO .UJJJI p(x)=const. 

00Ka3aHa 3<jl<j>eKTH8HOCTb npHMeHeHHJI .!lHCaxapH.UOB KaK .!lJlJI y8eJJH'leHl1JI KOHTpacTa 

B peHTreH08CKHX Manoyrn08blX 3KCnepHMeHTaX, TaK Ii .!lJIJI yMeHbllleHl1JI non11.u11cnepCHOCTH 

8e3HKYI1. YIHTeHCH8HOCTb pacceJIHHJI peHTreH08CKHX JlyYeH npH 40% KOHL1eHTpa1.1HH 

caxapo3bl yseJJH'IH8aeTCJI 8 100 pa3 no cpa8HeHHIO c 80.!lOH. Ylccne.uo8aHHJI pa3JJH'IHblMH 

MeTO.UaMH (Manoyrn08blM pacceJIHHeM Hei1Tp0H08 11 peHTreH08CKHX JlyYeii, 

.UH<jJ<j>epeH1.111anbHOH CKaHHPYJO~eii KanOp!iMeTpHen, paMaH08CKOH cneKTpOCKOnHeii Ii 

.u11HaM11'!eCKHM pacceJIHHeM c8e-ra) noKa:JanH, '!TO 8JJHJIHHe .UHCaxapH.!l08 Ha CTPYKTYPY 

MeM6paHbl He3HalJl1TeJJbHO, 8 TO 8peMJI KaK 8peMJI )l(liJHH 8e311KYJJ npH KOHl.leHrpal.\HJIX 

caxap03bI 5%-35% ysen11'!118aeTCJ1 [l, 2, 5, 7, 9]. non11.u11cnepcHocTb 8e3HKYJJ 11MeeT 
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Ml1H11MYM np11 20% caxapo3hl. CTp11 11cnOJJh30BaH1111 BO.!\HhIX 11 nnKeJJOBO.!\HhIX pacrnopos 

JJ.Hcaxap11AOB noJJ11JJ.11cnepcHocTh Be3111<yn no pa3MepaM MOJKeT 6h1Tb yMeHbWeHa Ha I 0%. 

20% KOHL1eHTPaL1Hll ,!\11CaxapHAOB llBJJlleTCll Ha116onee onTl1MaJJbHOH ,!\Jill 11CCJJeJJ.OBaHl1H 

Be311KYJJ MeTO,!\OM MaJJOyrnoaora paccellHHll peHTreHOBCKHX JJY'leH . 

rnaea 2. Cl>yHKLIH!I pacnpeJJ.eJleHH!I BOP.bl B H30fHYTOM JlHnHJJ.HOM 6HCJ10e 

BalKHhIM B on11caH1111 J Kcnep11MeHTaJJhHoro cneKTPa MYPH llBJJlleTCll Bh16op 

no,!\XOJJ.llll.lero np116JJ11JKeHl1ll cj>yHKl.11111 p(x) 11 KOJJl14eCTBa CB060JJ.HblX napaMeTPOB, 

onpeJJ.eJJlleMhIX 113 noJJ.roHKl1 pac4eTHOH Kp11BOH K JKcnep11MeHTaJJhHOH. B rnase 2 

pacCMOTpeHhI 4eTb1pe np116JJ11JKeHHll cj>yHKL11111 p(x) . Ha116onee aaJKHhlM 113 HHX llBJJlleTCll 

cj>ny1<rya1.1110HHOe np116n11JKeH11e, 11306paJKeHHOe Ha p11c. 2. Ta1<oe np116JJ11JKeH11e He Morno 

6hITb BBeJJ.eHO B paCCMOTpeH11e Ha OCHOBe MeTO,!\OB 11cnOJJh3yeMblX B npe,!\blAYLLll1X pa6oTax 

[3, 5L-6L]. P<l><l> MeTOA no3BOJJl1JJ snepBbie asecrn cj>ny1<Tya1.1110HHOe np116JJ11JKeH11e 11 

npoaecrn aHaJJl13 CTPYKTYPhI 611cJJOll OCB Ha ocHoBe np11MeHeH11ll rayccOBhIX cj>yHKL111H 

MYPH [8). 

,,. ... 
... · .. 

... 

... 
!l ·~ d 10• 

~ ,,. \ 

I I 
... " 

... •. u u •.• u .. 

P., 0,01 '·' 
q, A·' 

-0/2 0/2 

PncyuoK 2. flpu6J1uJ1CeHue p(x) PncyuoK 3. 3KcnepUMeHmClllbHoe 

2aycc06blMU rjJyHKIJUflMU. flllOmHOCmb .MaKpOCKOnU'leCKOe Ce'leHue pacceflHUR om 

OllUHbl pacceflHUR «cyxow» 6uCJ1ofl (-· - 6e3UKYll JJ,MC/>X npu T = 3a°C (mo'IKU} u 

) !IUHUR, D20 - ( - ·· -) !IUHUR, pac'lemHaR KpueaR (llUHUR) 6 
pe3yJ1bmupy10UjaR cy.M.Ma - cn!IOWHaR </JllyKmya!JUOHHO.M npu6J1uJ1CeHuu. Ha 

JIUHUR. Cf>!lyKmya!JUOHHOe 6Cma6Ke nOKQ3aHa 'IGCmb cneKmpa 6 

nou6J1uJ1CeHue. 06J1acmu 60J1bWUX q. 

Pe3yJJhTaTbI pac4eTOB nnoTHOCTl1 AJJl1Hhl paccellHl1ll HeHTpoHa p(x) ,!\Jill se3111<yJJ, 

np11roTOBJJeHHhIX JKCTpyJ11eH 4epe3 nophI ,!\HaMeTpOM 500 A, npeACTaBJJeHhI Ha p11c. 2, a 

JKcnep11MeHTaJJhHhIH cneKTP 11 pac4eTHall Kp11Ball - Ha p11c. 3. P11c. 2 AeMOHCTp11pyeT, 4TO 
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J 

nnoTHOCTh pacnpeP.eJJeHHll AJJHHhl paccellHHll HeHTpotta MOJJe1<ynaM11 D20 llBJJlleTCll rnasHOH 

KOMnOHeHTOH pe3yJJhTHpy10weH cj>yHKLIHH p(x). BHP. cj>yHKLIHH p(x) llBJJlleTCll 6a30H ,!\Jill 

cj>opMyJJ11pOB3Hl1ll rH,!\pOcj>06HO-rH,!\pOcj>l1JJbHOrO err) np116JJ11JKeHHll cj>yHKL\1111 p(x). Jll1Hl1ll 

e _ .. -) llBJJlleTCll cj>yHKL111eH pacnpeP.eJJeHl1ll BOP.hi B H30rHYTOM n11n11AHOM 611cnoe OCB, 

KOTopall ,!\eMOHCTp11pyeT npOHl1L1aeMOCTb 6HCJJ0ll ,!\Jill BO,!\bl. 

MeTO,!\OM AHcj>cj>epeHL111aJJbHOH CKaH11py10LL1eH KaJJOp11MeTp1111 nOKa33HO, 4TO 3aMeHa 

H 20 Ha D20 He BJJHlleT cyLL1ecrneHHO Ha TeMnepaTyph1 cj>aJOBhIX nepexOAOB .IJ:M<l>X, 4TO 

no3BOJJlleT 11cnOJJh30BaTh MeTOA MYPH AJJll 11ccJJeP.0BaH11ll TepMOTponHhlX cj>aJOBhIX 

nepeXO,!\OB. B np116JJ11JKeHHl1 r11Hbe 113MepeHa 3aBHCl1MOCTb TOJIUll1Hbl MeM6paHbl OT 

TeMnepaTypbl np11 cj>a30BblX nepeXO,!\aX. .IJ:oKa33HO, 4TO np116JJHJKeH11e r11Hbe ,!\aeT 

3aHHJKeHHOe 3Ha4eH11e TOJIU111Hbl MeM6paHbl. 

rnaea 3. HaHOCTpyKrypa OJJ.HOCJlOHHblX BeJHKYJl JJ.HMHpHCTOHJ11l>ocljlaTHJl.HJ1XOJ1HHa 

B rnase 3 BBe,!\eHO rH,!\pocj>o6HO-rn,!\pOcj>l1JJbHOe err) np116JJ11JKeH11e ,!\Jill cj>yHKL11111 p(x), 

npeACTaBJJeHHOe Ha p11c. 4. 

' ' ' --- ---l -------'------- L- -- ---
o ' ' 
' ' ' . ' ' . ' ' . ' ' ' \ : : 

I I I I 

I I I I 
I l I I 
I I I I 

PCHt- ---:----- - - ~ 1 ~ 

-<Jm/2 - 0/2 +0 12 +dm/2 

PncyuoK 4. I'uoporjJ06Ho-2uoporjJW1bHoe 

npu6J1uJ1CeHue n!IOmHocmu OllUHbl 

pacceRHUR HeumpoHa p(x) BOO!lb HOp.MClllu K 
n!IOCKOCmu 6UCJIOfl. 

,,.. 
" 

-:~ 

~ .. ~~ ,. 
' I 

O.t 1 ,., j \.., 4< 

11 I) U I< ,:"" U \ 

.. 

0 ,01 '--
0.01 0, 1 

q, A' 

PncyuoK 5. 3 KcnepUMeHmClllbHOe 

.MaKpocKonu'lecKoe ce•1eHue pacceRHUll 

HeumpoH06 om nonyllfl!JUU OCB npu 

T = 3a°C (mo'IKu) u pac'lemnaR KpueaR 6 

I'I' nou6JIUJ/CeHUU. 

CTp11MeHeH11e P<l><l> MeTO,!\a B C04eT3Hl111 c rr np116JJ11JKeH11eM n03BOJJl1JJO snepBble 

1<oppe1<rno on11caTh oco6eHHOcrn HaHocTpyKTYPY se3111<yn .IJ:M<l>X B La cj>aJe [ 12). 

Pe3yJJhTaThI npe,!\CTaBJJeHhI B Ta6JJ. I, a JKcnep11MeHTaJJhHbIH cneKTp 11 pac4eTHall 1<p11Ball 
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npe.11crneneHbI Ha p11c. 5. KaK BH.11HO H3 rn6n. I, Ton11111Ha n11n11.11Horo 611cnol! dm 3aBHCHT OT 

ero KpHBH3HbI H npeBbIWaeT 3Ha'!eHHe TOnlllHHbI nnocKoro 611cnoll d,. = 44 .2 A [2L] . 

KonwiecTBO MoneKyn B0.11bI Nw TaIOKe oTnH'laeTcl! OT ero 3Ha'!eHHll .11nll nnocKoro 611cnoll : 

Nw = 7.2 [2L]. ,[(oKaJaHo, '!TO rn.11paTal\Hll H Ton11111Ha H3ornyTOro n11n11.11Horo 611cnol! 

6onbwe rn.11paTa1lHH H TOnlllHHbI nnocKoro 611cnoll [8, 12]. l1ccne.11osaHHll ee3HKyn B Lp- 11 

Pp- cj>aJax noKaJanH, '!TO cj>opMa Be3HKyn H3MeHlleTCll np11 noHHJKeHHH TeMnepaTypbI 113 

np116n113HTenhHO ccj>ep11'!eCKOH B Lex cj>aJe (t=I. I) B cy111ecTBeHHO :rnnHnTH'leCKYIO (t=l.6) B 

Lp- H Pp- cj>aJax. B Lp- cj>aJe 3Ha'leHHll dm = 49.6 ± 0.5A H A= 49.2 ± 0.9A2
, .11nll Be3HKyn 

JKCTpy.1111poeaHHbIX npH DF= I 000 A, 6onbwe 3Ha'!eHHH d,. = 48 .2 A 11 A = 4 7 A 
2 

Ml! 

nnocKHX MeM6paH. Ycpe.11HeHHb1e .11aHHbie Ml! Pp- cj>aJbI cpaBHHTb He c '!eM, TaK KaK 

ycpe.11HeHHall cTpyKrypa MeM6paHbI .[(M<l>X B JTOH cj>aJe 6brna onpe.11eneHa enepBbie. 

Ta6JJH1l3 1. Pe1y11bmQmb1 PQC'lemoe OJIJI eeJUK)'ll f(M<!>X 6 La </J03e (I'=3rfC), COeJIQH11blX HQ 
OCH06e rr npu611uJ1CeHWl p(x). DF - OUOMemp nop ucnOllbJYeMblX npu 3KCmpyoup06QHUU, 

<Q> - cpei>Hee JHQ'leHue MOJIOu no11yocu Bb1mJmymo20 3lllluncouoQ epQUJeHWl, & -

omHoweHue no11yoceu, < R> - cpei>Huu pQOuyc ee1ury11 OJIJI & = 1, a - no11uoucnepCHocmb 
eeJuKyll, dm - mOJIUfUHQ MeM6pQHbl (11unuOH020 6UCJIOll), D - mOllltjUHQ zuopo<J>o6HOU 'IQCmu 
11unui>Ho20 6uc110Jl, Nw u A - coomeemcmeeHHO KOllU'lecmeo MOJ1eKy11 600bl u nROUJQOb 
MeM6pQHHOU noeepxHocmu HQ OOHy MOJ1eKy11y f(M<!>X 

DF,A <R>, A HnH IJ o;% dm,A D,A Nw A,A' 

<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* I 48 45.5±0.6 20.8±0.4 10.8±0.4 62.6±1.0 

* < R> = 450 A,&= I no .11aHHbIM .1111HaMH'!ecKoro paccel!HHll ceern [21 L]. 

so- .. .. . .. . 
membrane PncyuoK 6. ]QeucUMocmb moRUJUHbl . . 

/ thickness dm . MeM6pQHbl f(M<J>X dG u mOJIUfUHbl 
-< 45-

. . . 
MeM6pQHbl dm .. . om meMnepQmypbz . 

~ 
.. . . ' Be11u'IUHQ dG onpeoe11eHQ U3 .g . 

~ 
. cneKmpQ MYPH 6 npu611uJ1CeHuu . 

I'UHbe. Be11U'IUHQ dm 40- - . 
membrane . . 

thickness dG . . pQCC'IUmbl6Qemcll HQ OCH06e . 
nonpQBOK, coe11QHHb1x no 

JS T pe1y11bmQmOM pQC'lemoe HQ ocHoee 
10 20 JO 40 so 60 P<J><J> MemoOQ [JO}. 

Tempenture. •c 

12 

npose.11eHHble 3KCnepHMeHTanbHbie 11ccne.110BaHHll CTPYKTYPbl Be3HKyn B Tpex pa3nH'lHblX 

cj>aJOBblX COCTOl!HHlIX 611cnOll H aHanH3 npOHCXOlK.11eHHll CHCTeMaTH'leCKOH ourn6KH B 

paC'leTaX TOnlllHHbl MeM6paHbl B npH6nHlKeHHH rHHbe n03BOnHnH paCC'lHTaTb 

3MnHpH'leCKHe nonpaBKH .11nll np116nHJKeHHll fHHbe H nocTpOHTb rpacj>HK 3aBHCHMOCTH 

TOnlllHHbl MeM6paHbl .[(M<l>X OT TeMneparypbl, npe.11crneneHHblH Ha pHC. 6. 

rnasa 4. HauocTpyKl)'pa 'leTblpCXKOMUOHCHTHhlX JlHUHLIHblX MCM6pau ua OCHOBC 

1lepaMn.11a 6 (MOLICJlbHbIX MeM6pau stratum corneum) 

rnaBa 4 nOCBl!llleHa HeihpOHOrpacj>H'leCKHM HCCne.110BaHHlIM M0.11enbHOH MeM6paHbl 

n11n11.11Hoi1 MaTpHL\bI SC c KOMn03Hl\Hei1 1lepaMH.11 6 (CER6) I xonecTepHH (Ch) I 

nanbMHTHHOBal! KHcnorn (PA) I cynbcj>aT xonecTepHHa (ChS). ,[(nll cpaeHeHHll, 6binH 

npose.11eHbI 11ccne.11osaHHll CTPYKTYPbI .[(M<l>X B aHanorn'lHbIX ycnOBHlIX [12, 14]. 

~ 
~ 

10' 

.i-
C! 10• 

~ 

_, "'-:{;..__ . . ' 

__,; .__....___,'--
10' -t-~~~~~~~~~~~~~~~~~ 

u 0 ,2 0 ,4 0 ,6 0,8 

Q, A·' 

PucyuoK 7. Kpuebze KQ'IQHUJI, 
UJMepem1b1e npu wecmu 
p03llU'IHblX Y2ll06blX no110J1CeHUJlX 
OemeKmOpQ (7, J J.2, 16.8, 22.4, 
28, 33.6 zpQOycoe), Ollll 
MeM6pQHbl CER6 /Ch IP A / ChS c 
coomHoweHueM 
5512511515 
B11QJ1CHocmb 
T = 32°C. 

(no 
60%, 

KOMnOHeHm 
eecy). 

8% D20. 

B Ha'lane rnaBbI 4 c.11enaHbI pac'leTbI pa3peweHHll cj>ypbe-cHHTe3a B 0.11HOMepHOM 

.1111cj>paK1lHOHHOM JKcnepHMeHTe. Ccj>opMyn11poBaHo, 'lTO Tpe60BaH11e nepece'leHHll .11syx 

.1111cj>paKL\HOHHblX nHKOB Ha nonoBHHe BbICOTbl COOTBeTCTBYeT npOCTpaHCTBeHHOMY 

pa3peweHHIO cj>ypbe-CHHTe3a 

6x"" 0.6!!_ 
hm' 

(7) 

r.11e d - nepH0.11 nOBTOpl!eMOCTH MeM6paHbl, a hm - MaKCHManbHblH H3Mepl!eMblH nopll.110K 

OTPaJKeHHll. 

• 
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Ha pHc. 7 npe,ncTaBJJeH ,nHcjlpaKl.\HOHHbiii cneKTp .nm1 Mo,neJJbHOii MeM6paHbI SC. 

I1epHo,n noBTOplleMocrn MeM6paHbI paBeH 45.68±0.05 A npH OTHOCHTeJJbHOii BJJmKHOCTH 

RH= 60%, 8% D 20 " T= 32°C. Pacnpe.neneHHll nnornocrn ,nJJHHbI paccellHHll HeiiTpoHa B 

JJJeMeHTapHoii ll'leiiKe MHOro;;noiiHOH MeM6paHbl B HanpaBJJeHHH HOpMaJJH ( cpypbe­

npocjJHJJH) H paC'leTHbie KpHBble npe,nCTaBJJeHbl Ha pHC. 8 ,nJJll MeM6paHbl ,[{M<I>X H Ha pHC. 9 

,nJJll Mo,neJJbHoii MeM6paHbI SC. HaHOCTPYKTypa MeM6paHbI SC cymecrneHHO OTJJH'laeTcll OT 

cpoccjloJJHnH,nHblX MeM6paH. rnaBHOe OTJJH'!He MeM6paH Ha OCHOBe CER6 OT MeM6paHbl 

.[{M<I>X 3aKJJIO'!aeTCll B '1pe3BbI'laHHO MaJJOM MelKMeM6paHHOM npOCTPaHCTBe. 

., 

PncyuoK 8. PacnpeoeJ1eHue ruwmHocmu 

OJIUHbZ pacceRHUfl HeumpoHa p,(x) e 

00HocJ1ouHou MeM6paHe J(M<PX npu 
RH= 60%, T=32°C u 8% cooep:JICaHUU DiO 
(mot/KU) u pact/emHbze Kpuebze (cruzoumClJl 

JIUHUR). CmpellKU nOKa3b16a10m noJ10:J1CeHue 

mpex MOJ1eKyJ1J1pHbzX zpynn: CH3 zpynnbz, 

CH2 11enot/KU u zovnnbz noJIJIOHblX 20J1oe. 

:Ji I 
polutt••ll If 

'i 
/le1tuol 

I \ -~ -_ ~o, 
·H . 2()" • IS~ 

,,,,,,~ / ·· .... 
CH2 •halns • •• ., 

group•--... ;. 

~~ ... ~ , . -~~ 
, .............. 

0 

- x, A 
Hi group• 

PncyuoK 9. PacnpeoeJ1eHue ruzomHocmu 

OJIUHbZ pacceRHUfl HeiimpoHa p,(x) e 

OOHOCJIOUHOU MeM6paHe 
CER6 /Ch IPA /ChS=55/25/ l 515 npu 

RH= 60%, T=32°C u 8% DiO (mot/KU) u 

pact/emHbze Kpuebze (cruzoumClJl JIUHUR). 

CmpellKU n0Ka3b1ea10m noJ1o:J1CeHue 

I1pHMeHeHHe BapHal.\HH KOHTpacrn (H3MepeHHll c 8%, 20% H 50% D20 B napax BO,nbl) 

no3BOJJHJJO onpe,neJJHTb cpyHKl.\HIO pacnpe.neneHHll BO,nbI H rn,npocpo6Ho-rn.npocjlHJJbHYfO 

rpaHHllY JJHnH,nHoro 6HCJ!Oll, KOTOpall aHaJJOrH'!Ha cpoccponHnH,naM . 

Ta6JJHL1a 2. CmpyKmypHbze napaMempbz MeM6paHbl CER6 /Ch IP A /ChS c KOMn03Utfueii 

5512511515 npu nollHOU zuopama11uu u T = 32°C. d - nepuoo noemopReMocmu, dm 

mOllUJUHa MeM6paHbz, dw - mollUJUHa Me:J1CMeM6paHH020 npocmpaHcmea, dhydrophilic 

mOllUJUHa zuo o WlbHOW CJIOJI, dh ro hobic - mOllUJUHa zuo o o6Hoii t/acmu 6ucJIOJI. 

d, A dm, A dw, A dhvdroohilic, A dhvdroohobic, 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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I10JJYlJeHHble Ha OCHOBe cpypbe-CHHTe3a pe3yJJbTaTbl npe)ICTaBJJeHbl B Ta6JJ. 2. 

0KOH'laTeJJbHO, c Y'leTOM pe3yJJbTaTOB JKcnepHMeHTOB no Ha6yxaHHIO MeM6paHbI B H36bITKe 

BOtlbI, HaHOCTPYKTypa MYJJbTHCJJOiiHoii MeM6paHbI H3o6palKeHa Ha p11c. I 0. To11m1rna 

MelKMeM6paHHoro npocTpaHcrna npaKT11'1eCKH paBHa HYJJIO npH 60% BJJalKHOCTH. 

KacaiomHeCl! t1pyr t1pyra nonllpHbie roJJOBbI npoTHBononolKHbIX 6HcnoeB co3t1a10T 

rnt1pOcjJHJJbHYfO noBepXHOCTb pa3t1eJJa MelK,ny JIBYMll coce)IHl1MH 6HCJ10l!MH . I1ony'leHHble 

pe3yJJbTaTbl npot1eMOHCTpHpOBaJJl1 BblCOKYfO ::icpcpeKTHBHOCTb np11MeHeHHll )IHcjlpaKllHH 

HeiiTpOHOB JIJJll HCc11et10BaHHll Mot1eJJbHb1x MeM6paH SC, opHeHT11poBaHHb1x Ha KBapueBbIX 

not1JJOlKKax. 

~a• rpynna 45.6 A 1omu11Ha MeM6paHbl 

o-~k===8g 
~2~:?r- 4A Xonec~pHH 

r1t11po<J>0611a.. rl1JlllO<jJl1JlbHAA 
6 ofiJJaClb o6naCTb Me>KMeM pam1oe 

npocraHcroo 

OcHOBHbie pe3yJJhTaTbI: 

PncyuoK 10. 
HaHocmpyKmypa 

MeM6paHbl 

CER6 /Ch IP A /ChS c 

KOMn03Ul,fUeii 5512511515 

npu noJIHOU 2uopama11uu 
u T= 32°C. 

I. Co3t1aH MCTOA palAeJJCHHbIX ct>opMcl>aKTopos (PcI>cI>) AJJH nccJJet1osaunsr 

BCJHKYJJHpHblX CHCTCM. I10JJYlJeHbl aHaJJHTH'leCKHe BbipalKeHHll )(Jill Ce'leHHll paccellHHll 

O)IHOCJJOHHblX Be3HKYJJ, n03BOJllllOll.lHe BBO)IHTb JJI06ble cpyHKJ..ll1H )(Jill onHCaHHll 

nJJOTHOCTH )IJlHHbl paccellHHll HeiiTpOHa {i._x) B HanpaBJJeHHH HOpMaJJH K 6HCJJOIO, a 

TaKlKe OnHCbIBaTb KaK ccpepH'leCKYIO, TaK H JJlJJHnTH'leCKYfO cpopMy Be3HKYJJbl. 

AHaJJHTH'leCKH H JKcnepHMeHTaJJbHO o6ocHoBaHbI paMKH npH6JJHlKeHHll fHHbe B 

ManoyrnoBoM JKcnepHMeHTe c Be3HKyJJaMH. CcpopMynHpoBaHbI MeTOJIH'leCKHe 

TPe6oBaHHll K MaJJoyrnoBoMy JKcnepHMeHry no 11cc11et10BaHHIO Be3HKyn . 

2. Pa3BHT MeTOA KOHTpaCTHpOBaHHH OAHOCJlOHHblX BC3HKYJJ B peHTreHOBCKOM 

MaJJoyrJJOBOM pacceRHHH Ja C'leT H3MCHCHHH KOHL1CHTpa11uu )IHCaxapHAOB B 

BO)IHOM paCTBOpe. MeTO)I OCHOBaH Ha TOM, '!TO t111caxapH)lbl npH BeCOBOH 

KOHlleHTpal.\HH 40% YBeJJH'IHBaIOT B I 00 pa3 HHTeHCHBHOCTb ManoyrnoBoro paccellHHll 

OT O)IHOCJJOHHblX JJHnH)IHblX Be3HKyJJ, He Bbl3bIBal! cymecTBeHHblX H3MeHeHHH B 

CTPYKType 6HCJJOll. 

• 
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3. IIpetvIOJKeH MCTOA YMCHbWCHHH DOJIHAHCnepcHOCTH pa3Mepa OAHOCJIOHHbIX 

BCJHK)'JI BOAHbIMH paCTBOpaMH AHCaxapHAOB. noK33aHO, '!TO npH HCnOJlb308aHHH 

80AHblX H TlllKeJl080AHblX paCTBOp08 AHCaxapHA08 nOJlHAHCnepCHOCTb 8e3HKYJl no 

p33MepaM MO)l(eT 6bITb yMeHbllleHa Ha 10%. noJlHAHCnepCHOCTb 8e3HKY11 MHHHM3JlbHa 

npH KOHL1eHTpa1.11111 caxap03bI 20%. 

4. BnepBble DOJiy'feHa lj>yHKUHH pacnpeAeJICHHH BOAbl B H30rHYTOM 6HCJIOe )J;M«I>X. 

MeTO)l.OM MYPH no11yYeHa cjJyHKUHll pacnpe)l.eJJeHHll 80)1.bI 8 llHnH)l.HOM 611c11oe ,[(MC!>X 

0)1.HOCJlOHHOH 8e3HKYllbl, KOTopall )l.eMOHCTpHpyeT npOHHuaeMOCTb 6HCJ10ll )l.Jlll 80)1.bl . 

5. BnepBbie onpeAeJieHa HaHOCTpyKrypa JIHDHAHOro 6HCJIOH OAHOCJIOHHblX BC3HKYJI 

.LJ:M«I>X B Tpex lj>aJOBbIX COCTOHHHHX: Lp-, Pp-, La. MeTOAOM MYPH Allll 8e3HKy11, 

np11roT08lleHHbIX 3KCTpYJHei1 Yepe3 nopb1 AHaMeTpoM 500 A, onpeAeJJeHbI: cjJopMa 

8e3HKYllbI; cpe)l.HHH p33Mep H nOJJHAHCnepCHOCTb p33Mepa; TOJlll.IHHa 6HCJ10ll dm; 

TOJlll.IHHa rHApocjJo6Hoi1 YaCTH 6HCJ10ll D; KOJlH'!eCTBO MOJleKyll 80)1.bl, npOHHKato11111x 8 

rHApOcjJHJlbHyto 0611aCTb H 8 0611aCTb nOllllpHbIX rpynn; n110111aAb MeM6paHbl, 

npHXOAlllllal!Cll Ha OJJ.HY MOJleKy11y ,[(MC!>X. 

6. BnepBbie ycTaHOBJieua JaBHCHMOCTb nauocTpyKrypbl JIHDHAHoro 6ucJIOH .LJ:M«I>X B 

La lj>aJe OT ero KpHBHJHbl. noKaJaHO, '!TO TOJlll.IHHa JlHnH)l.HOfO 6HCJ10ll dm H ero 

rHJJ.parn1.111» Nw yMeHblllatoTCll c y8e1111YeHHeM paJJ.Hyca 8e3HKYllbI R: dm=48 .9±0.9 AH Nw 

= 12.8±0.3 )l.Jlll R;::,250 A; dm=45 .5±0.6 AH Nw = 10.8±0.4 Allll R;::,500 A; dm=44.2 A, Nw = 

7.2Allll R=a:i. 

7. HJMepena JaBHCHMOCTb TOJlll.IHffbl JIHDHAHOro 6HCJIOH .LJ:M«I>X OT TeMneparypbl. 

npHMeHeHHe PC!>Cl> MeTOAa n03BOJlHJlO paCClJHTaTb CHCTeMaTH'leCKHe OUJH6KH 

npH6JlH)l(eHHll fHHbe H TIOllY'IHTb 3a8HCHMOCTb TOJlll.IHHbl MeM6paHbl ,[(MC!>X OT 

TeMneparypbl 8 AHanaJOHe OT I 0°C AO 60°C. 

8. BnepBble AHlj>paKUHH uenTpOHOB c npocrpaHCTBeHHblM paJpewenueM 5.5 A 6b1J1a 

npuMeHeHa AJIH HCCJICAOBaHHH HaHOCTpyKrypbl MOAeJibffblX MeM6pan JIHDHAHOH 

MaTpHUbl Bepxnero CJIOH KOJKH MJICKODHTalOILIHX. OnpeAeJleHbl TOJlll.IHHa JlHTIH)l.HOro 

6HCJ10ll, TOJlll.IHHa rH)l.pocjJo6Hoi1 0611aCTH, TOJlll.IHHa 0611aCTH no11l!pHblX f0Jl08, cjJyHKllHll 

pacnpeAeJJeHHll 80Abl, nOJlO)l(eHHe MOJleKyll XOJleCTepHHa. 
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9. YcTaHOBJieno, 'ITO rJiaBnou oco6ennocTblO 'feTbipexKOMnoueHTHOH JIHDHAHOH 

MeM6paHbl Ha OCHOBe uepaMHAa 6 HBJIHCTCH '1pe3Bbl'faHHO MaJioe MCJKMeM6paHHOe 

npocTpancrno (1 A). 
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