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OEll{AJI XAPAKTEPl1CTl1KA PAEOTbl 

AKTyaJH,HOCTh pa60Tbl. 11uTepec K H3yqemuo JIHilll,[(HbIX CHCTeM ua 0CH0Be 

uepaMH,[(0B npo,n:HKTOBaH, npe)K,ne BCero, TeM, qTo uepaMH,[(bl JIBJIJIIOTCJI OCHOBHblM 

KOMIIOHeHT0M Jlllllll,[(HOH MaTPHQI,I Bepxnero CJIOJI KO)Kll stratum corneum (SC), a 

TaK)Ke BXO,[(JIT B COCTaB JIIUIH,[(HbIX pa<fJT?B - yqacTKOB 6uonoruqeCKOH MeM6paHbl, c 

KOT0pbIMH corrpmKeu1,1 MHorne 4JYHKQHH: KJieroquoe .n:enenue, KJieToqnM 

.UllqJqJepenuupOBKa, arr0IIT03 (cMepTb KJieTKH), 6eJIKOBblll TPaHCIIOpT Ii .n:p. Oco6blii 

ttHTepec npe,n:cTaBJIJleT u3yqenue rrpou:eccoB ru.n:parnu:uu nurru.n:nofi cocTaBJIJIIOIQett 

SC, nocK0JibKY cero,n:nR 06merrp1Bnauo, qrn .n:u<P<fJYJHJI BO.Ubl qepe3 SC 

ocymecTBJIJleTCJI qepe3 ero JIHIIH.UHYIO MaTpuu:y, COCTaB H opranmaQHJI KOTOpOH 

orrpe,n:eJIJIIOT 6apbepu1,1e 4JYHKQHH K0)KH. 11ccne,n:oBaHHJI rrpou:ecC0B .UllqJqJY3llll BO.Ubl 

H rrpoHCXOMIQHX B 3THX rrpoueccax CTPYKTypHblX H3Meueuuii JIHIIH,[(H0fO 6HCJIO.ll 

JIBJIJIIOTCJI OCHOBOH ,[(JIJI H3yqenHJI MexaHH3Ma rrpOHHKHOBeHHJI BO.Ubl qepe3 KO)Ky 

qeJI0BeKa, HMeIOmero 60JibIIIOe Jnaqeuue B II0HCKe H0BbIX nepenocqHK0B JieKapCTB 

qepe3 K0)KY Ii pmpa6oTKe KOCMeTuqecKOH rrp0,n:yKU:HH. J13yqenue M0,[(eJibHbIX 

JIHIIH,[(HbIX CHCTeM C H3BeCTHbIM C0CTaBOM .n:enaeT B03M0)KHbIM oxapaKTepH30BaTb 

p0Jib 0T,n:eJibHbIX JIHTIH,[(0B B CTPYKTYPHOH oprauH3aU:HH Ii CBOHCTBaX JIHIIH,[(HblX 

6HCJIOeB SC. 11ccne,n:oBaHHji MO,[(eJibllblX CllCTeM SC na 0CH0Be HH,[(llBH.UYMbllblX 

THII0B u:epaMH,[(0B MeT0,[(0M ueiiTPOHHOH .UHqJpaKU:HH 6bIJill naqaTbI C llCCJie,n:oBaHH.ll 

CTPYKTYPbl qeTb1pexKOMIIOHeHTHOH MeM6paHbl uepaMH,n:-6/rraJibMllTHHOBM 

KllCJI0Ta/xonecTepuu/cyJibqJaT X0JieCTepuna B [I] Ii B nacT0JIIQee BpeMJI Be,n:yTCJI 

nayqnoii rpyrrrroii B JIH<l> 011Jil1 u B 11ucrnryTe Maprnna-JlIOTepa (fanne, 

fepMaHHJi). 

11u<fJopMaQHIO o rrpou:eccax .UH4J4JY3HH B Mo,n:eJibHbIX MeM6panax - tt3Menenue 

CTPYKTYPHbIX rrapaMeTp0B B xo.n:e KHHeTttqecKoro rrpouecca u xapaKTepnble speMena 

caMoro rrpouecca MO)KHO rronyqun, rrpu uccne.n:osanuu 3THX rrpoueccos B peanbHOM 

BpeMeHH. B nepBbIX .UHqJpaKQHOHHblX 3KCrrepHMeHTaX ITO uccne.n:osaHHIO 

ru.n:paTaQHll JlllTIH.[(HbIX MeM6pan, BbIIT0JIHJIBIIIHXCJI ua_ llMTIYJibCH0M HCToqnHKe 

neiiTPOHOB 116P-2 eme B I 980x rr., rrpocJie)KHBaJiaCb 3B0JIIOQHJI T0JibK0 o.n:noro, 

HaH60Jiee. HHTeHCHBH0fO ,[(HqJpaKQHOHHOro IlHKa [2, 3]. B TaK0M 3KCIIepHMeHTe 

y,n:aBaJI0Cb rronyqHTI, HHqJOpMaQHIO 0 BpeMeunoii 3aBHCHMOCTH T0JibK0 rrepn:o.n:a 

II0BT0pReM0CTH MHOfOCJIOHHOH MeM6paHbl. O.n:naKO y)Ke Tor.n:a 6bIJIO II0Ka3aH0, qro 

Ha ,[(llqJpaKTOMeTPe ITO BpeMeuu rrponera na BbIC0KOIIOT0quoM HMIIYJibCH0M 

llCT0qun:Ke neiiTPOHOB eCTb B03MO)KH0CTb 0,[(H0BpeMennoii perHCTpaQHH neCK0JibKHX 

rropR.UK0B 0TPa)KeHn:JI OT naMeJIJI.llpnoii CTPYKTYPhl opuenTupoBaunbIX 

qJOCqJOJIHilll,[(HbIX MeM6pau Ha . K0p0TK0e BpeMJI [ 4]. _ emrne 11 MHCTH 
Pa3BITTHe 3T0H B03M0)KH0CTH, a mJ:euuo, MHOroiaTuoe kl 6bICTPOe ll3Mepenue 

,~-· e HhIX nccrre oBamm rronuoro .n:n:<fJpaKun:ounoro err a uerros;pe.n:c enno B xo.n:e rrepexo.n:noro 

.'M~nHOTE,fC~_ 



ITpouecca, OTKpbIBaeT ITepcITeKTIIBY JI3yqeHml II3MeHeHml CTPYKTYPbI MeM6paHbl B 
peaJibHOM BpeMeHII B KIIHeTIIqeCKIIX ITpoueccax. 

OcHOBHble QeJIII u 33A3'1U pa60Tbl. l{eJiblO pa60Tbl .l!BJI.lleTC.ll 113yqem1e 
CTPYKTYPHbIX II3MeHeHIIH B MOAeJibHbIX JIIIITIIAHbIX MeM6paHax Ha OCHOBe uepaMIIna-
6 B ITpoueccax rnnpaTaUIIII MeTonoM nIIq>paKUIIII B peanbHOM BpeMeHII. 

,[(JI.ll nocTmKeHII.ll YK33aHHbIX uerreu 6bIJIII IlOCTaBJieHbl 3anaqII: 

1. Pa3BIITb II OTPa6oTaTb MeTon nIIq>paKL{IIII HeHTPOHOB B peaJibHOM BpeMeHII nrr» 
IIJyqeHII.ll CTPYKTYPHhlX II3MeHeHIIi1 JIIIITIInHoro 6IIcrro~ B xone KIIHeTJiqecKIIX 
npoueccoB Ha npIIMepe IIccrrenoBaHII.ll rIInpaTaUIIII II nerIInpaTaL{IIII MeM6paH, 
ITpIIroTOBJieHHbIX II3 nIIITaJlbMIIT(>HJiq>OCq>OTIInIIJIXOJIIIHa (,[(II<l>X) II CMeCII 
,[(II <l> X/xorrecTepIIH. 

2. ITpIIMeHIITb MeTon nIIq>paKL{IIII HeHTPOHOB B peaJibHOM BpeMeHII nrr» JI3yqeHII.ll 
ITpouecca rIInpaTaL{IIII B ITapax BOnhl MOneJibHbIX MeM6paH, npIIroTOBJieHHbIX II3 
CMecII ,[(IT<l>X c uepa1-1IInoM-6, II MOnerrbHbIX MeM6paH stratum corneum Ha 
OCHOBe uepaMIIna-6. 

3. OITpeneJIIITb BJIII.l!HIIe CMeCII rneCTII CBo6onHhlX )KIIpHbIX KIICJI0T, HaII6orree 
pacITpocTPaHeHHhIX B npIIponHou JIIIITttnHOH MaTPIIUe stratum corneum, Ha 

CTPYKTYPY II rIInpaTaL{IIIO MonerrbHbIX MeM6paH stratum corneum Ha ocHoBe 
uepaMIIna-6. 

HayqHan H0BH3Ha. B pa6oTe npocrre)KeHa 3BOJIIOL{II.ll CTPYKTYPHbIX ITapaMeTPOB 
MOneJibHbIX MeM6paH II3 ,[(II<l>X II MeM6paHbl nBOHHOH CIICTeMbl ,[(II<l>X/xorreCTep~rn 
B npoueccax rnnpaTaL{IIII II nernnpaTaL{IIII II MeM6paHbl nBOHHOH CIICTeMbl 
,[(IT<l>X/uepaMIIn-6 B ITpouecce rnnparnuIIII ITapaMII Bonhl. OITpeneneHbI BpeMeHHbie 
KOHCTaHTbI CTPYKTYPHhIX II3MeHeHIIH B 3TIIX ITpoueccax. 

BnepBbie MeTonoM nIIq>paKL{IIII HeHTPOHOB IICcrrenoBaHO BJIII.l!HIIe CMeCII rneCTII 
HaII6orree pacITpOCTPaHeHHbIX B ITpIIponHoi1 JIIIITIInHoi1 MaTPIIUe stratum corneum 
)KIIpHbIX KIICJIOT Ha CTPYKTYPY II rIInpaTaL{IIIO MonerrhHhIX MeM6paH stratum corneum 
Ha ocHoBe uepaMIIna-6. YcrnHoBrreHa, qTo CTPYKTYPa 3TIIX MeM6paH »BJI»eTc.ll 
CTa6IIJibHOH OTHOCIITeJibHO 3aMeHbl ITaJibMIITIIHOBOH KIICJIOTbI Ha KOMIT03IIL{IIIO 
)KIIpHbIX KIICJIOT. ITorryqeHbI xapaKTepHb1e BpeMeHa rIInparnumi MeM6paH stratum 
corneum co CMeCblO rnecTII )KIIpHbIX KIICJIOT. Y CTaHOBJieHO, qTo KOMil03IIL{II.ll 
)KIIpHbIX KIICJIOT COKpaIIIaeT xapaKTepHoe BpeM.ll rnnpaTaL{~II MeM6paHbl c 94 no 61 
MIIHYTbI. BnepBbie oxapaKTepII30BaHa rIInpaTaL{II.ll MoneJibHOH MeM6paHbl stratum 
corneum Ha ocHOBe uepaMIIna-6 napaMII Bonhl. 

Hay'IH3D u npaKTU'ICCKan 3HaqIIM0CTb pa60Tbl. Ha ITpIIMepe npoueccoB 

rIInpaTaL{IIII B napax BOnhl II nernnpaTaL{IIII MoneJibHbIX MeM6paH Ha OCHOBe 
q>OCq>OJIIIITIIna IlOKa3aHa B03MO)KHOCTb JI3yqeHII.ll MeTOnoM nIIq>paKL{IIII HeHTPOHOB 
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CTPYKTYPHbIX II3MeHeHIIH JIIIITIInHbIX MeM6paH B ITepexonHbIX ITpoueccax, 
xapaKTepHoe BpeM.ll KOTOpbIX COCTaBJIHeT HeCKOJibKO MIIHYT II 6oJibllie. P33BIITM 
MeTOnIIKa nIIq>paKL{IIII HeHTPOHOB B peaJibHOM BpeMeHII nrr» II3yqeHII.ll KIIHeTIIqecKIIX 
ITpoueccoB B JIIIITIInHbIX CIICTeMaX MO)KeT 6bITb 3q>q>eKTIIBHO ITpIIMeHeHa B 

IIccrrenoBaHII.l!X ITpoueccoB nIIq>q>Y3IIII Bonhl II pacTBopoB npyrnx BemecTB qepe3 
MonerrbHbie MeM6paHbI stratum corneum, xapaKTepHbie BpeMeHa KOTOpbIX 
COCTaBJI.l!IOT nec.l!TKII MIIHYT. ITono6Hbie IICCrrenoBaHII.ll HBJI.l!IOTC.ll Ba)KHbIMII nrrH 
JI3yqeHIIH q>II3IIqecKIIX ITPIIHL{IIITOB MexaHII3Ma ITpOHIIKHOBeHII.ll rreKapCTBeHHbIX II 

KOCMeTIIqecKIIX ITpeITapaTOB qepe3 KO)KY qeJIOBeKa. 

JIU'IHblll BKJI3A 3BT0pa. ABTOp yqaCTBOBaJI BO BCex pa6oTax, pe3yJibTaTbl 
KOTOpbIX BOllIJIH B nnccepTaL{HIO: ITpnroTOBJieHIIH o6p33L{OB, ITpOBeneHIIII 
3KCITepnMeHTOB, o6pa6oTKe _3KCITepnMeHTaJibHb!X naHHbIX II IIHTepITpeTaL{IIII 

pe3yJibTaTOB, IIX ITpencTaBJieHIIH II oITy6JIIIKOBaHnn. 

Anpo6auun pa6oTbI. OcHOBHbie pe3yJibTaTbI nncceprnunn 6bmn ITpencrnsrreHbI 
Ha crreny10IIIIIX poccIIHCKIIX II Me)KnyHaponHhIX l<oHq>epeHL{II»x: IV II V Pa6oqIIe 
coBeIIIaHII.ll ITO IIccrrenosaHnHM Ha peaKTope. lIEP-2 (,[(y6Ha, 2005, 2006), V 
HaunoHaJibHM KOHq>epeHL{II.ll ITO ITPIIMeHeHnIO peHTreHOBCKoro, CIIHXPOTPOHHOro 
II3JiyqeHHH, HeHTPOHOB II 3JieKTPOHOB nrr» IIccrrenosaHII.ll HaHOMaTepIIaJIOB II 
HaHOCIICTeM (MocKBa, 2005), CITeunanbHOe cosemaHne FEBS "New concepts in 
lipidology: from lipidomics to disease" (HopnsIIi1Kepxayr, HIIneprraHnhl, 2006), XIX 
CosemaHIIe ITO IICilOJib30BaHIIIO pacce.l!HII.ll HeHTPOHOB B nccrrenoBaHH.l!X 
KOHneHCIIpoBaHHOro COCTO.l!HII.ll (O6HHHCK, 2006), espoITeHCKa.ll llIKOJia "4th Central 
European Training School on Neutron Scattering" (EynaITerrIT, BeHrpn», 2007), 
BENSC user's meeting (EeprrIIH, repMaHII.ll, 2007), IIHTepHaUIIOHaJibHbIH cnMIT03HYM 
"International Symposium on Time-Resolved Processes in Condensed Matter'' 
(ferrnHreH, repMaHII», 2007), Me)KnyHaponHa» rnKorra-ceMIIHap "The 2nd Joint 
Seminar-School JINR-ROMANIA on Neutron Physics for Investigations of Nuclei, 
Condensed Matter and Life Sciences" (Eau»-Mape, PyMhIHirn, 2007), 6th Euro Fed 
Lipid Congress (Aq>IIHhI, f'peun», 2008), XX CosemaHIIe no ncITOJib30BaHnIO 
pacce.l!HHH HeHTPOHOB B IICCJienoBaHH.l!X KOHneHcnpoBaHHOro COCTOHHH.ll (faTqnHa, 
2008), Advanced Workshop on "Neutron probing for compositional and structural 
characterisation of materials and biological samples" (,[(errbq>T, HnneprraHnhl, 2009), a 
TaK)Ke Ha ceMIIHapax H3OHlIKC JIH<l> OlUllI (2007, 2008). 

Ily6JIUK3QUU. IIo MaTepIIaJiaM nIIccepTaL{IIII OITy6JIIIKOBaHO 5 pa6oT B 
peqiepIIpyeMhIX )KypHanax [Al-AS]. 

CTpyK'rypa AIICCepT3L{UII. ,[(IIccepTaL{IIH COCTOIIT II3 CilIICKa COKpameHHH II 
o603HaqeHIIH, BBeneHII.ll, IT.l!TII rrraB, 3aKJI10qeHII.ll, CITIICKa L{IITIIpyeMOH JIIITeparypbl 
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H npHJJO)KeHml. ,l1)1ccepTau:m1 conep)KHT 130 CTPaHHII MaillHHOnHCHOro TeKCTa, 

BKmoqa» 46 pHCYHKOB, 9 Ta6J1HII, 1 npHJJO)KeHHe H 125 6H6J1HorpaqmqecKHX CCblJ10K. 

CO.lJ:EP)KAHI1E P A60Thl 

Bo BBetJ;eHIIH JJ;aHO o6ocHoBaHHe aKTJMbHOCTH pa60TbI, cqiopMynHpOBaHbI u:enH 

H 3anaqH, pe3yJ1bTaTbl, BbJHOCHMble Ha 3a1IIHTY- .lJ:aeTC}l xapaKTepHCTHKa HayqHoii 

HOBH3Hbl H npaKTHqeCKOH u:eHHOCTH nonyqeHHbIX pe3yJ1bTaTOB. KpaTKO H3J10)KeHa 

CTPYKTYPa H conep)KaHHe t1:HccepTaIIHH. 

IlepBaH rJiaBa nocB»llleHa ofoopy JlHTeparypHbIX HCTOqHHKOB no TeMe 

nHccepTaU:HH. KpaTKO H3J10)KeHa BBOnHa» HHq>OpMaU:H» 0 J1HnHnHOM COCTaBe 

6HonornqeCKHX MeM6paH, BHnax J1HnHnHbIX CTPYKTYP H HX CBOHCTBaX, MeTonax 

HCCnenoBaHH» J1HnHnHbIX MeM6paH. OxapaKTepH30BaHbl MOJJ;eJlbHble 

q>OCq>OJ1HnHnHbie CHCTCMbl C xoneCTepHHOM H u:epaMHnaMH, »BJ1}1I01IIHec» 

OCHOBHbIMH KOMnOHeHTaMH MeM6paHHbIX J1HnHnHbIX paq>TOB. IlpencTaBJ1CHbl 

pe3yJ1bTaTbl MHOfOJieTHHX HccnenoBaHHH opraHH3aU:HH H CBOHCTB HarypanbHOro 

CJ10}1 stratum comeum H mmHnHbIX CHCTCM, MonenHpyIOIIIHX J1HnMnHyIO 

cocrnBn»IOIIIYIO SC, onn:caHbI 3KcnepHMCHTbI no rtt.z:1paTaIIHH HaTMBHoro SC, 

H3J10)KCHbI HMCIOIIIHCC}l Ha ceronH» TeopeTHqecKn:e MO,LICJ1H CTPOCHM» J1HnH,LIHOH 

MaTPHIIbI SC. 

Bo BTOpoii rJiaee onHCaHbI MaTepHanbI M MCTOnbl, HCnOJib3YCMbie B pa60Tbl. 

l13J10)KCHa MeTO,LIHKa npn:rOTOBJ1CHH» o6pa3U:OB - MO,LICJlbHbIX J1MnHnHbIX MeM6p~H, 

opHeHTMpoBaHHbIX Ha KBapu:eBOH nO,LIJ10)KKC. Ha pHC. 1 npe,LICTaBJ1CHI,I CTPYKTYPHbIC 

q>OPMYJlbI J1HnH,LIOB, HCnOJ1b3yeMbIX ,LIJ1}1 11pHroTOBJ1CHH» o6pa3U:0B. 

H3C 

cynbcpaT 

X0JICCTCprrna 

HJC 

' H3C~ 

H3C 

l.\epon:111osa11 KHCJI0Ta 

1) 

I o· CH3 
H3C~c'o~o-~.,o---VN;"°CH3 

C,..Q H ~ CH3 

I 
!) ,[(TI<l>X 

PHC. I. CxeMaTHqecKoe H306palKeHHe M0JieKyJI HCII0Jib3yeMbIX B pa6oTe JIHIIHnoB, 
C0CT0llllIHX H3 IIOJI11pHOH fOJI0Bbl (Bblnenena KpyroB0H JIHHHeii) H HeII0JillpHbIX 
yrneBonopo.z:1n1,1x nerreii. 
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PaccMOTPCHbI OCHOBbI MeTona HCHTPOHHOH .LIHq>paKU:HH Ha 

nnHHHOnepHO,LIHqecKHX O,LIHOMepHO ynop».z:1oqeHHbIX CTPYKTYPaX. 3a.z:1aqeii 

CTPYKTYPHoro aHanma JIHnHnHhIX MeM6paH »BJJ»eTc» onpeneneHHe napaMCTPOB 

JlHIIH,LIHOro 6HCJ10}1 npH aHaJJH3e pacceHBaIOIIICH nJIOTHOCTM HCHTPOHOB Pexp(x) 
(qiyp1,e-npoq>Hm1). IlocTPOCHHe pacnpe.z:1eneHH» Pexp(x) B.LIOJ1b nepneH,LIHKyn»pHoro 

nnoCKOCTH MeM6paHbI HanpaBJ1CHH» BbIIIOJ1H»CTC» C nOMOlllbIO o6paTHOfO qiypbe

npeo6pa30BaHH» 3KcnepHMCHTaJJbHbIX CTPYKTYPHbIX qiaKTopoB Fhoo: 

F(h00) = fffp(x,y,z)e 2mhxdxdydz = f e2mhxdx ff p(x,y,z)dydz = 

= I e2mhx < p(x) > dx, 

Pex/x) =< p(x) >~a+ b 2'.:Fh cos --+ rph h (27ll1X ) 
h=I d 

(I) 

3.z:1ec1, <p.._x)> - npoeKIIH» p.._x,y,z) Ha HanpaBneH~e x, h - nop}l.LIOK OTPa)KeHH}l, d -
nepHon noBTOp}leMOCTH MeM6paHbI, Fh = Fhoo - CTPYKTYPHhiii qiaKTop h-ro nHKa, <ph 

- 3HaK CTPYKTJpHoro qiaKTopa ( + HJ1H - ), K0HCTaHTbI a H b onpeneJJ}llOTC}l H3 

H0pMHpOBKH Pexp(X). 

~ 
~ 
~ 

, ' 
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da ~ 
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Pnc. 2 .. CxeMaTHqecKoe H306paJKeHHe C00TBCTCTBHll HeihpoHHOro cpyp1,e-npoq>HJill 
MeM6paHbl (cnJI0IIIHal! JIHHHll) BHYTPCHHeii CTPYKType JIHIIH.L{H0ro 6HCJIOll. ,[(Ba 
CHMMCTPHqffbJX MaKCHMyMa rrpoq>HJill C00TBCTCTBYIOT o6JiaCTH II0JillpHbIX fOJI0B, rrpoq>HJib B 
II0Jl0lKCHHllX ± d/2 - u:eHTpy MCJKMCM6paHHOfO rrpocTpaHCTBa (3.LlCCb ff.._± d/2)=0 rrpH 
co.nepJKaHHH B Bone 8% D20). TiyHKTHpHOH JlHHHeii H306paJKeHO rrp0.L{0JllKCHHe cpypbe
rrpocpHneii C0CC.L{HHX 6HCJIOCB. 

Ha pHC. 2 nOKaJaHO coorneTCTBHe HeHTPOHHOfO qiyp1,e-rrpoq>HJ1}l MeM6paHbI 

ee BHYTPCHHeii CTPYKType. OcHOBHbie CTPYKTYPHbie xapaKTepHCTHKH nHnH.L{HbIX 

MeM6paH: rrepH0.L{ IIOBTOp}leMOCTH naMenn}lpHoii CTPYKTYPbI, TOJIIIIHHa JJHnH.L{HOro 

6HCJlO», TOJlllIHHa o6naCTH IIOJ1»pHbIX f0J10B, TOJlllIHHa CJ10}1 B0.L{bl B 
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MelKMeM6paHHOM ITpOC'I'paHCTBe - pacC'-IIITbIBaIOTCjJ: ITPII CIIMyJim:-IIIII ITpOqJIIJijJ: 

pacceIIBaIOll.lett ITJIOTHOCTII MO)-leJibHOH 4JYHKUIIeii, jJ:BJijJ:lOll.lett:CjJ: cyMMOH 4JYHKUIIH 

raycca, COOTBeTCTBYlOll-lIIX OT)-leJibHbIM MOJieKyJI.HpHbIM rpyITITaM. 

A, 0TH. e,Q. 

Amix --------

Ao 

0 't BpeM51 

PIIc. 3. CxeMaTII'-leCKOe II306palKeHIIe 3KCIT0HeHUIIaJibH0ro II3MeHeHII.H BeJIII'-IIIHbl A BO 
BpeMeHII OT 3Ha'-!eHII.H Ao )-10 3Ha'-leHII.H Amax B ITepeX0,!lH0M ITP0I-1eCCe, a IIMeHH0 A = Ao + 
(Amax - Ao)(I - e-

th
). BpeM.H t = 't - xapaKTepHoe BpeM.H ITpouecca, T0'-IKH C00TBeTCTB)'IOT 

3aperIICTPIIP0BaHHbIM B pa3Hhle M0MeHTbl BpeMeHH C0CT0.HHII.HM CHCTeMbl. 

Ilpe.n:cTaBJieHbl cxeMbI II ITapaMe'I'pbl 3KCITepIIMeHTaJibHbIX ycTaHOBOK, Ha 

KOTOpbIX 6hIJIII BbIIIOJIHeHbl 3KCITepIIMeHTbl, II3JIOlKeHa MeTO,!lIIKa 3KCITepIIMeHTa Ha 

CTal.lIIOHapHOM II IIMITYJibCHOM IICTO'-IHIIKaX Heii'I'pOHOB. lhJiolKeH MeTO.!l .!lIIqJpaKQIIII 

HeH'I'pOHOB B peanbHOM BpeMeHII )-IJijl ll3yqeHIIjJ: ITepeXO)-IHbIX ITpouecCOB. MeTO.!l 

OCHOBaH Ha B03MOlKHOCTII 0,!lHOBpeMeHHOH perIIC'I'paUIIII HeCKOJibKIIX ITOpjJ:,!lKOB 

O'I'palKeHIIjJ: OT JiaMeJIJijJ:pHOH CTIJYKTYPhl- Y CJIOBIIeM peaJIII3aUIIII 3T0f0 MeTO,!la 

jJ:BJljJ:eTCjJ: )-IOCTaTO'-IHO 60JibIIIa.H CKOpOCTb HaKOITJieHIIjJ: 3KCITepIIMeHTaJibHblX .n:aHHbIX, 

ITPII KOTOpoii 3a BpeMjJ:, paBHOe xapaKTepHOMY BpeMeHII ITPOI-1eCca 't, MOlKHO 

3aperIIC'I'pIIpOBaTb HeCKOJibKO 3Ha'-!eHIIH MeHjJ:lOll.lefOCjJ: ITapaMe'I'pa (pIIC. 3). ,n.rrjl 

3T0f0 BhI6IIpaeMoe BpeMjJ: II3MepeHII.H .!lIIqJpaKUIIOHHOfO CITeK'I'pa )-IOJilKHO 6b!Tb 

)-IOCTaTO'-!HblM )-IJijl Ha6opa CITeK'I'pa C He06XO.!lIIMOH .!lll.H )-laJihHeiiIIIero aHaJIII3a 

CTaTIICTIIKOtt, HO 3aMeTHO MeHbIIIe 't. 

B TpeTheii rJJaBe ITpe)-ICTaBJieHbl pe3yJihTaTbl 3KCITepIIMeHTOB ITO rn.n:paTaUHII II 

.n:ern.n:parnuIIII MeM6paH ,n:II<I>X II .ll:Il<I>X/xoJieCTepIIH. lhMepeHIIe .!lIIqipaKUIIOHHhIX 

cITeK'I'pOB OT MeM6paHbl B peanhHOM BpeMeHII IT03BOJIIIJIO ITpOCJie)-IIITb ll3MeHeHIIe ee 

CTIJYKTYPhl, ITpOHCXO)-lj{ll.lIIe B xo.n:e ITepeXO.!lHblX ITpouecCOB. 

Ha pIIc. 4 ITpe.n:cTaBJieHa ITOCJie)-IOBaTeJibHOCTb Heii'I'pOHHbIX .n:nqipaKUIIOHHbIX 

CITeK'I'pOB OT MeM6paHbl ,n:rr<I>X, H3MepeHHM B ITPOI-leCCe ee rn.n:paTaUIIII ITpII 
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ITepexo.n:e II3 COCTO.HHII.H C Hll3KOH BJialKHOCTblO K COCTO.HHIIIO C BbICOKOH 

OTHOCIITeJibHOH BnalKHOCTII (RH) ITapoB B0.!lbl II ITpII ITOCJie.!lyIOll.leiI .n:ern.n:paTal.lIIII 

ITPII ITepexo.n:e K HII3KOH OTHOCIITeJibHOH BJialKHOCTII. OTHOCIITeJibHM BJialKHOCTb 

98% 3a)-laBanacb ITOMell.leHIIeM B ll3MepIITeJibHYIO KaMepy HaChlll.leHHOfO paCTBOpa 

COJIH K2SO4. HeH'I'pOHOrpaMMbl pernCTIJIIPOBaJIIICb B Te'-!eHIIe 457 MIIHYT C 

ITOCTeITeHHO yBeJIII'-IIIBaIOll.lIIMCjJ: OT 3 .!lO 60 .MIIH BpeMeHeM Ha6opa 0)-IHOfO CITeK'I'pa. 

Ilocne .!lOCTHlKeHIIjJ: o6pa3UOM paBHOBeCHOfO COCTOjJ:ffIIjJ:, OITpe.n:eJijJ:eMblM ITO BbIXO.!lY 

3Ha'-leHHjJ: ITepIIO.!la ITOBTOpjJ:eMOCTH Ha ITOCTO.HHHOe 3Ha'-!eHIIe, paCTBOp COJIII K2SO4 

JaMeHjJ:JIC.H Ha Hac1,1meHHb1tt pacTBop NaBr, Ja.n:aIOll.lIItt 58% RH, II ITpouecc 

.n:ern.n:paTaUIIII MeM6paHhl pernc'I'pIIpOBaJICjJ: B Te'-!eHIIe ITOCJie)-lyIOll.lIIX 420 MHH. 

870 

Puc. 4. IlocJie,!lOBaTeJibH0CTb HeHTPOHHbIX .n:mppaKUIIOHHbIX CITeKTp0B OT MeM6paHbl 
,ll;Il<l>X, II3MepeHHbIX B peaJibH0M BpeMeHII B rrpouecce ru.upaTal.lIIH II IIOCJie.uyioiueii 
.uerII.uparnuuu MeM6paHbl. CTPeJIKH II0Ka3bIBaJOT HarrpaBJieHHe rrpoueccoB. YKa3aHbl 
H0Mepa rrop.H,!lK0B 0TPaJKeHH.H II0Ka3bIBaIOT HarrpaBJieHIIe rrpoueccoB. 

AHaJIII3IIPYjJ: paCC'-IIITaHHbie ll3 .1-IIIqJpaKUIIOHHbIX CITeK'I'pOB pacITpe.n:eJieHII.H 

ITJIOTHOCTH paccej{Hlljl Hett'I'pOHOB MeM6paHOH, Y.!laJIOCb ITpOHa6n10.n:aTb 3B0JIIOI-IHIO 

OCHOBHbIX ITapaMe'I'pOB MeM6paHhl B KIIHeTII'-!eCKOM ITPOI-1eCCe B peanbHOM BpeMeHII 

(pIIC. 5). l13MeHeHIIe CTIJYKTYPHblX ITapaMe'I'pOB B ITpOI-1eCCe rn.n:paTaUIIII 

OITIICbIBaeTCjJ: 3KCITOHeHUIIaJibHbIM 3aKOHOM C xapaKTepHbIM BpeMeHeM '(Ta6JI. 1 ): 

d(t) = d,,, -11d · exp(-t I,), (2) 

r.n:e doo - paBHOBecHoe 3Ha'-!eHIIe ITapaMe'I'pa MeM6paHbI ITOCne 3aBepIIIeHIIjJ: 

KllHeTH'-!eCKOfO ITpouecca. Ha'-!aJibHbltt :naIT .n:ern.n:paTaUIIII MeM6paHbl ITpOIICXO.!lllT 

HaMHOro 6hIC'I'pee, a II3MeHeHHe ITapaMe'I'pOB MeM6paHbl BO BpeMeHII B xo.n:e Bcero 

7 



rrpouecca COCTOHT H3 6bICTpOH HaqaJibHOH II I10CJieL1yID111efl: oqeHb Me,LIJieHHOH 

CTa,LIHH II xoporno OITIICbIBaeTCJI LIBYMJI 3KCI10HeHQilaJibHbIMII 3aBIICIIMOCTJIMIF 

d(t) = d 00 - dd1 • exp(-t lz-1 )- dd2 • exp(-t I z"i) (3) 

C ITOCTOJIHHblMII BpeMeHII T1 H Tz. Harrnqne LIBYX CTa,LIHH B cy)KeHIIH B0,LIHOH 

rrpOCJIOHKII Me)KLIY JIHITHLIHblMII 611CJIOJIMII rrpH .r1ern.r1paTaI.11IH MO)KHO 06'bJICHIITh 

6bICTpbIM HaqaJihHbIM BbIXOLIOM "CB060L1HOH" B0.Llhl 113 Me)KMeM6paHHOro 

rrpOCTpaHCTBa II 6onee Me,LIJieHHhIM I10CJieL1yIDII.IIIM 3TarroM 06MeHa "cBJI3aHHOi1" 

rn.r1paTHOH B0,Llbl C rrapaMII B0.Llbl. TaK)Ke LIBYXCTa.LIIIHHOe H3MeHeHIIe TOJIII.IHHbl 

JIIIITIILIHOro 6IICJIOJI II TOJIII.IHHbl o6JiaCTII yrneBOLIOPOLIHhIX uerroqeK B rrpouecce 

.r1ern.r1parn111111 OTpa)KaeT OTKJIIIK BHyTpeHHefi CTpYKTYPhl MeM6paHhl Ha 113MeHeHIIe 

cTerrett11 ee rn.r1parn111111. 

d,A 
(a) 

6ol •••• • t . ' . 
59j .. . ~ . . . 

' : ,. 
58j . •\ 

; :--.. ....... 
0 180 360: 540 720 900 

dw,A 

12 

11 

10 

9 

8 

(s) 

• ; 
' 

+ •••• ~ .. j.~ 
+1 ~ ,. 

:· 
:'-.--.. ...... . 

7'----,--~-~~~~--
0 180 360 540 720 900 

dB.A 

50 
I 

(6) 

:•:~••+•+ '! i + l 
49j ~ •!• : + 

48 

·~ ,♦ 
i.w ~ 

• ! + • i 
0 180 360 : 540 720 900 

de,A 

341 I (r) : + 
1 . .,,.. •••••• . ,. 

331 • ~ ' ' . 32 .. ' •, , 
31 •·++'' • + •! 
30 

O 180 360 540 720 900 
speMR,MHH speMR,MHH 

Pttc. 5. l13MeHemrn: (a) rrepHO,Lla IIOBTOpJieMOCTH d MeM6paHbl )JJI<l>X, (6) TOJIIl(HHbl 

JillIIll.LIHOro 6HCJJOJI ds, (B) CJJOJI BO,llbl dw 11 (r) TOJJII(l!Hbl o6naCTH yrneBO,llOpO,llHblX 11erroqeK 

n11rrnnoB de BO BpeMeHH B rrpouecce rnnparn111111 H rrocnenYJOmeii nernnparn111111 

MeM6pattbJ. BepmKaJihHoii n11tt11eii OTMeqeHo Haqano rrpo11ecca ner11nparn111111. 

Attarror11qHo IICCJIC,LIOBaJiaCh KIIHCTIIKa BOLIHOro o6MeHa B MeM6paHe 

,[(fI<l>X/xonecTepIIH C MOJihHOH ,llOJiefl: XOJICCTepHHa Xxon = 0,2 I1p11 24°C rrpII 

HaqaJibHOH KOMHaTHOH BJia)KHOCTII 70% RH. Ha p11c. 6 rrpe,LICTaBJieHhl BpeMeHHbIC 

8 

3aB11c11MOCTII rrapaMeTpoB ,[(IT<l>X/xonecTep11H B rrpoueccax nmpaTa111111 11 

.r1ern.r1parn111111. 

d,A 
68 (a) 

64 

60 

0 

dw,A 

180 360 
' ' 

540 

I 
14 (B~ 

12 

10 

8 

6 0 180 360 540 
speMR, MHH 

720 

720 

dB.A 
54, (6) 

.·· 
521 + 

50 

de, A 
36 

35 

34 

0 180 

(r) 

. . 

•• . . 
''{ ' ' ' . 

360 540 720 

• • +· r' + . 
. 

. ' 

33 
180 360 540 720 0 

speMR,MHH 

P11c. 6. l13MeHeH11e (a) rrep11ona IIOBTOpJ!eMOCTH d MeM6paHbl ,[(IT<l>X/xonecTep11H C 

Xxon = 0,2, (6) TOJJII(l!Hbl JJllIIll,llHOro 611CJJOJI ds, (B) CJJOJI BO,llbl dw 11 (r) TOJJII(l!Hbl o6naCTll 

yrneBO,llOpO,llHblX uerroqeK JJIIIIII,llOB de BO BpeMeHH B rrpo11ecce fII,llpaTa111111 rrapaMII BO,llbl H 

rrocnenyIOil(eii nernnparn111m MeM6paHbl rrpII 24°C. Kp11BbJe COOTBCTCTBYJOT OITIICaHHIO 

BpeMCHHblX 3aBHCHMOCTeii rrapaMeTpOB cpyHKI.IHCH (2). BepTHKaJibHOll JJHHHeii OTMeqeHO 

BpeMJI Haqana rrpouecca nernnparnunn. 

l13MCHCHIIe rrep110.r1a ITOBTOpJieMOCTII MeM6paHhl ,[(IT<l>X/xonecTep11H B rrpouecce 

r11.r1parn111111 II .r1er11.r1paTa111111 OITIIChIBaeTCJI 3KCI10HCHI.1IlaJlhHhIM 3aKOHOM C 

xapaKTepHhIM BpeMeHeM, paBHhIM L1JIJ1 06011x rrpoueccoB r ::::: 34 MIIH. flpn rrepexo.r1e 

CIICTeMhl 113 KOMHaTHhIX ycJIOBIIH C OTHOCIITeJihHOH BJia)KHOCThlO 70% K BJia)KHOCTH 

98% TOJIII.IIIHa 6IICJIOJI dB II TOJIII.IIIHa yrneBOLIOPOLIHOH o6JiaCTII de 113MeHJIJOTCJI 

HeperynJipHbIM o6pa30M. l13MeHeH11e rrapaMeTpOB d8 11 de B rrpouecce .r1ern.r1parn111111 

II CJIOJI B0.Llhl dw B 06011x KIIHeTIIqecKIIX rrpoueccax OITIIChIBaJOTCJI ypaBHCHIICM (2). 

XapaKTepHbie BpeMeHa mMeHeHIIJI rrapaMCTpOB 611cnoeB ,[(IT<l>X 11 

,[(IT<l>X/xonecTep11H B KIIHeT11qecK11x rrpoueccax .r1aHhI B rn6n. 1. XonecTepIIH 

3aMeLIJIJ!eT 113MCHCHIIe BHyTpeHHeii: CTpyKTypbI 6IICJIOJI rrp11 .r1ern.r1parn111111: ITO 

cpaBHeHIIID c MeM6paHoii: ,[(TI<l>X, 113MeHeH11e CTpYKTYPHhIX rrapaMCTpOB KOTopoii: 
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rrpII .uern,uparnn:IIII rrpOIICXO,UIIT B ,UBe CTa,UIIII, rrepecrpoiiKa BHyrpeHHeii crpyKTyphl 
6IICJIQJI CIICTeMhl ,[{Il<I>X/xorrecTepIIH B xo.ue .uern.upaTaU:IIII OIIIIChIBaeTCH. 0,UHOH 
3KCIIOHeHU:IIaJihHOH 3aBIICIIMOCThlO C xapaKTepHhlM BpeMeHeM, paBHhlM HeCKOJihKIIM 
,ueCHTKaM MIIHyT. ,[{o6aBJieHIIe xorrecTepIIHa II3MeHHeT COCTOHHHe JIHIIH.UHOro 6HCJIOH 
!pOC!pOJIHIIH,Ua, rrpn,uaBaH eMy CBOHCTBa, rrpoMe)KyrO'IHhle Me)K.uy CBOHCTBaMH 
6HCJIOH B rerreBOH n )Kll,UKOKpHCTaJIJIH'IeCKOH <paJax [5]. 3TH H3MeHeHHH MoryT 
BJIHHTh H Ha CTerreHh CBH3aHHOCTH BO.Uhl C IIOJIHpHhlMH rorroBaMH JIHIIH,UOB, 'ITO H 
ofo,HCHHeT pa3HOe rroBe.UeHne rrapaMerpoB MeM6paHi1 ,[{IT<I>X H MeM6paHhl ,[{Il<I>X c 
xorrecTepIIHOM B rrpou:ecce rn.upaTaU:HH. 

Ta6mu-1a 1. XapaKTepHhle BpeMeHa (B MHHyrnx) rrpoueccoB rn.upaTauHn H ,uern,uparnuHH 
MeM6paH ,[{IT<I>X rrpH 20°C H ,[(IT<I>X/xorrecTepHH C Xxon = 0,2 rrpH 24°C 

rrpouecc d ds de dw 

,[(IT<I>X 

rn,upaTaum1 (0-72 MHH) 
r 81 ± 1 50±6 52±4 63 ±4 [46% RH--> 98% RH] 

.uern,uparnuHH 'I 9,6± 0,2 27±4 18 ± 1 15 ± 1 
[98% RH--> 58% RH] t2 109 ± 18 424 ± 234 238±113 127 ± 57 

,[(IT <I> X/xorrecTepHH 

rn,upaTaUHH 
r 34 ± 1 - - 35 ± 1 (70% RH --> 98% RH] . 

.uern.uparaunH 
r 34,5 ± 0,4 52 ± 5 35 ± 9 30± 3 [98% RH--> 58% RH] 

qeTBepTaH rJiaBa co,uep)KIIT H3JIO)KeHIIe pe3yJihTaTOB IICcrre,uoBaHIIH BJIIIHHHH 
u:epaMH,Ua-6 Ha crpyKrypy II rn.upaTaU:IIIO MeM6paHhl ,[{Il<I>X. rrraBHhlM BJIIIHHIIeM 
u:epaMH,Ua-6 Ha crpyKTypy II CBOHCTBa MeM6paHhl ,[{Il<I>X HBJIHeTCH yMeHhllleHHe 
CTerreHII rn.upaTaU:IIII !pOC!pOJIHIIII,UHOH MeM6paHhl, cy)KeHIIe BO,UHOH rrpOCJIOHKII H 
yMeHhllleHIIe rrpOHIIKHOBeHIIH BO.Uhl .B JIIIIIII,UHhlH 6IICJIOH, yBeJIH'IeHIIe TOJIIn:IIHhl 
rn,upocpo6ttoii qacrn 6IIcrroH (rn6n. 2). B rpoiiHoii CIICTeMe ,[{Il<I>X/u:epal\rn,u-
6/xoneCTepnH c MOJihHOH .uoneii xonecTepIIHa n u:epaMH,Ua-6 COOTBeTCTBeHHO 0,4 II 
0,3 rrocrre,UHIIH BhITeCHHeT xorrecTepHH B KpIICTaJIJIH'IeCKyIO <paJy. 

Ilpou:ecc rn.upaTaU:IIH MeM6paHhl ,[{I1<I>X/u:epaM11,u-6 c Xuep = 0,4 rrapaMII BO.Uhl 
11ccrre,uoBaH rrpII 18°C rrpII ee rrepexo.ue OT 3 7% RH K 98% RH. 3BOJIIOU:HIO 
BttyrpeHHeii crpyKTyphl 6IIcrroH B xo.ue rn,uparnn:HII y.uarroch rrpocne,umh qepe3 qac 
rrocrre HatJarra KIIHeTH'IecKoro rrpou:ecca, Kor,ua Ha HeiirpoHorpaMMe CTaHOBHTCH 

IO 

J 
I 

] 

J 

1 

BII,UHhl BhlCIIIHe rropH,UKH orpa)KeHHH, Heo6xo,UHMhle .UJIH pacqera <pyphe-rrpo<pIIJIH 
MeM6paHhl. J,fa pnc. 7 BH,UHO, 'ITO 3KCIIOHeHU:HaJihHOe yBeJIH'IeHIIe rrepIIO,Ua 
IIOBTOpHeMOCTH MeM6paHhl 3a 3 qaca rn,upaTaU:IIH rrpoIICXO,UIIT c 53,3 ± 0,5 A .uo 62,1 
± 0,5 A. YBeJIII'IeHIIe TOJIIn:IIHhl 6IIcrroH d8 II cy)KeHIIe yrrreao.uopo,uHoii o6rracTII de B 
xo.ue rII,upaTaU:IIH rrpoIIcxo,uHT B rrepBhlH qac rII,uparnn:HII. B TetJeHHe rrocrre.uy10mIIx 
.uayx qacoB rrpou:ecca d8 II de rrpaKTIItJeCKII He HJMeHHIOTCH, a pocT rrepIIo,ua 
IIOBTOpHeMOCTII MeM6paHhl rrpoIICXO,UIIT 3a C'IeT rrpo,UOJI)KaIOmero yBeJIII'IIIBaThCH 
CJIOH BO.Uhl. CKopoCTh H3MeHeHIIH BHyrpeHHeii crpyKTyphl 6IICJIOH B rrpou:ecce 
rII,upaTaU:IIII, ou:eHeHa ITO BpeMeHHOH 3aBIICHMOCTH H3MeHeHIIH rrepBoro 
crpyKTypHoro <paKTopa 11 COBIIa,uaeT co CKOpOCThlO Ha6yxaHmI MeM6paHhl (r - 28 
MIIH). 

d,A F1, OTH. e,u. d
8

, A· 
. (a) 62 

60 

58 

56 

54 

52 
._____,_ _______ -.----, 

0 

dw,A 

10 I 

9 

8 

7 

0 

(B) 

60 120 180 

• • 

60 120 180 
BpeMR,M11H 

53I. (5) 
84 

♦ ♦ • 

80 52 

76 51 

72 
50 

0 60 120 180 

de, A 
(r) 

37 

36 

35 

0 60 120 180 
speMR,Ml1H 

PHC. 7. ffaMeHeHHH (a) rrepHo,ua fIOBTOpHeMOCTH d (•) H rrepBoro crpyKTypHoro cjJaKTopa 
Fi (o, rrpaBaH IIIKarra) MeM6paHhl ,[(ITtt>X/uepaMH,11-6 c Xuep =0,4, (6) TOJIII.(HHhl JIHITH,uHOro 
6HCJIOH ds, (B) CJIOH BO.Uhl dw H (r) TOJIII.(HHhl o6JiaCTH yrneBO.UOPO.llHhlX uerroqeK JIHITH,UOB 
de BO BpeMeHH B rrpouecce rH,upaTauHH rrapaMH BO.Uhl rrpH l 8°C. KpHBhie COOTBeTCTBYfOT 
orrHCaHHJO BpeMeHHhIX 3aBHCHMOcreii d(t) H F 1(t) cjJyHKUHeii (2) c xapaKTepHhIMH 
BpeMeHaMH COOTBeTCTBeHHO 28 ± 0,2 H 27 ± 4 MHH. ITyttKTHpHhlMH JIHHHHMH o603HaqeHhl 
3HaqeHHH rrapaMerpoB MeM6paHhl rrpH 58% RH, 20°C. 
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Ta6mu1a 2. C-rpyKTypHbie napaMeTJlbl MeM6paH .[(TI<l>X/11epaMH,ll-6 c MOJ!bHOH ,!\OJieii 

11epaMH,lla-6 Xuep npn 20°C, 58% RH lI npH 98% RH ,l\llil Xuep = 0 lI 0,4, a TaJOKe 

napaMeTpbl MeM6paHbl TJ)OHHOH CHCTeMbl .[(TI<l>X/11epaMH,ll-6/xo11ecTepHH C Xuep = 0,3 lI 

X,on = 0,4 npn 20°C, 58% RH 

Xuep d,A ds,A dc,A dw,A 

,lJJl <1> X/11epaMHJ:l-6 

0 57,8 ± 0,1 49,2 ± 0,1 33,9 ± 0,1 8,6± 0,2 

O* 60,0 ± 0,1 48,1 ± 0,1 30,8 ± 0,1 11,9 ± 0,1 

0,2 58,6 ± 0,1 50,4 ± 0,1 35,3 ± 0,1 8,2 ± 0,1 

0,32 57,3 ± 0,1 50,3 ± 0,1 37,2 ± 0,1 7,0±0,2 

0,4 57,8 ± 0,1 50,6 ± 0,2 37,4 ± 0,2 7,2 ±0,2 

0,4* 62,l ± 0,1 52,7 ± 0,1 35,2 ± 0,2 9,4 ± 0,1 

XuelXxon .[(TI<l>X/11epaMHJ:l-6/xo11ecTepnH 

0,3/0,4 55,8 ± 0,5 47,7 ± 0,1 32,6 ± 0,1 8,1 ± 0,1 

* H3MepeHO npn 98% RH 

d,A Ha p11c.8 npe,ncTasneHhI 

■ 
■ 

681 
• • ■ • ■ ■ 

■ ■ 
■ 

64 

60 
■ An<1>X/4epaM1-1A-6, x..,, = 0,4 

BpeMeHHhie 3aBIICIIMOCTII Ha6yxaHml 

MeM6paH ,[(TI<l>X 11 ,[(TI<l>X/11epaM11,n-6 

(Xuep =0,4) npII m,npaTaIIIIII B II36bITKe 

so,nhI. B so,ne MeM6paHa ,[(TI<l>X 

Ha6yxacr Ha !),d= 7,0 ± 0,1 A ,no 64,0 

± 0, 1 A B IlOJIHOCThlO 
0 An<l>X 

56L 

0 30 60 90 120 150 
speMfl, Ml1H 

Pnc.8. l13MeHeHHH nepno.na 
IlOBTOJ)HeMOCTH MeM6patt .[(TI <1> X lI 
.[(TI <1> Xf11epaMH,ll-6 IlJ)H flI,llJ)aTaI(HlI B 
H36bITKe THlKeJIOH B0,l\hl IlJ)H 20°C. KpHBIDI 

COOTBeTCTBYeT OillICaHHIO 3aBHCHMOCTH d(t) 
4JJHKI(Heii (2). 

m,npaT11poBaHHOM COCTOHHIIII. 

U:epaMII,n-6 3HatIIITeJihHO yBeJIII'IIIBaeT 

Ha6yxaH11e MeM6paHhI: !),d = 11,8 ± 

0, 1 A, 3HatieH11e nep110,na 

IIOBTOpJieMOCTII B IIOJIHOCThlO 

m,npaT11poBaHHOM COCTOHHIIII 

COCTaBJIHeT 69,0 ± 0,1 A. 3TO 
yBeJIII'IeHIIe !),d MO)KeT 6b!Th 

pe3yJihTaTOM yBeJI11tieHIIJI, KaK 

Me)l(MeM6paHHOro npocTpaHCTBa, TaK n yBeJIIItieHHJI TOJIII(IIHhI 6IICJIOJI. 3aBIICIIMOCTh 

d(t) MH ,[(TI<l>X on11chmaeTCH cpyHKI(11eii (2) c -r = 2,4 ± 0,1 MIIH. CKatIOK nep110,na 

IIOBTOpHeMOCTII MeM6paHhl JJ:TI<l>X/11epaM11,n-6 Ha 9,3 A npo11cxo,n11T B TetieHIIe 

nepBhIX 10 MIIHYT, IIOCJie KOTOphIX MeM6paHa npo,nOJI)KaeT Me,nJieHHO Ha6yxaTh eme 
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Ha 2,5 A. T.o., 11epaM11,n-6 JaMe,nJIJieT npo11ecc Ha6yxaHIIJI cpoccponnnn,nHoii 

MeM6paHbI B II36hITKe B0,!(hI, Tor.na KaK np11 r11,nparn111111 MeM6paHhl napaMII B0,!(hl 

OTJIIItIIIe B CKOpOCTJIX 113MeHeHIIJI CTpYKTYPHhlX napaMeTpOB MeM6paH 113 'IIICTOro 

,[(TI<l>X 11 .nsoiiHoii c11cTeMbl ,[(TI<l>X/11epaM11,n-6 He Ha6JIJO,nacrcH. 

no cpaBHeHIIIO c opIIeHTIIpOBaHHOH MHOrDCJIOHHOH MeM6paHOH, MO,nenupyIOmeii 

JIIIIIII,l\Hy!O COCTaBJIJIIOII(YIO BepxHero CJIOH !<0)1(11 MJieKOIIIITalOIQIIX stratum comeum, 

TOJIIQIIHa Me)l(MeM6paHHOro npOCTpaHCTBa MeM6paHbl ,[(TI<l>X/uepaMII,n-6 c MOJihHOH 

,noneii uepaM11,na-6 0,4 np11 BhICOKoii BJia)KHOCTII 3HatIIITeJihHO 60JihIIIe (- 9 A no 

cpaBHeHIIIO C - 1 A), a m,npaTaIIIIH B II36hITKe B0,!(hl npo11cxo,n11T 6hICTpee 

m,npaTaIIIIII MeM6paHbl stratum comeum ('t - 60-90 MIIH). Ha OCHOBaHIIII 

IIOJiytieHHOH IIH!pOpMaIIIIII O CTpyKrype op11eHT11poBaHHOH MeM6paHhI 

,[(TI<l>X/uepaMII,n-6 II CKOpOCTH npouecca ee r11.nparnu1111 MO)KHQ 3aKJIJOtIIITh, 'ITO 

IIOJIHOCThlO BhITHHYTaH (npOrn)KeHHaH) KOHq>OpMaIIml MOJieKyJI uepaMII,na-6, 

JIOKaJIII30BaHHaH Me)K_ny coce,nHIIMII 6IICJIOJIMII, o6ycJiaBJIIIBaJOIQaH oco6eHHOCTII 

MHOrDKOMIIOHeHTHhlX MeM6paH stratum comeum, B CMeC11 C ,[(TI<l>X He BhlHBJieHa. 

TionytieHHhie pe3yJihTaThI ,nonycKaJOT cymecTBOBaH11e noJIHOCThJO BhirnHyToii 

KOH!pOpMaIIIIII MOJieKyJI uepaMII,na-6 B IIeHTpe 6IICJIOJI, cornaCHo MO,neJIH, 

npe,nJio)KeHHoii B ,n11cceprnu1111 [ 6] ,[(. KeccHep ,nJIH on11caH11JI CTpYiq)'PhI 6ncnoes 

CIICTeMhl ,[(TI<l>X/uepaMII,na-2. 

B UHTOH rJiaBe npe.ncTaBJieHhl pe3yJihTaThl IICCJie,noBaHIIH BJIIIHHHH CMeCH 

)KIIpHhIX KHCJIOT Ha CTpyKTypy II npouecc m.nparnu1111 opHeHTIIpoBaHHhIX 

MHOrDKOMIIOHeHTHhIX MeM6paH Ha OCHOBe uepaMH,na-6, MO,nen11py10IQIIX BepxHIIH 

CJIOH KO)KII MJieKOIIIITalOIQHX stratum comeum, B IIIHpOKOM ,n11anaJOHe TeMneparyp. 

Hccne.noBaJIIICh MeM6paHhl C COCTaBOM uepaMH,n-6/xoJieCTep11H/)1(11pHhie 

KIICJIOThI/cynhcpaT xonecTepHHa CER6/Chol/FF A_ 6/ChS H CER6/Chol/LFF A/ChS. 

)J;m1 CMeceii )l(HpHhlX KIICJIOT 6bIJIH IICIIOJih30BaHhl HaH6onee pacnpocTpaHeHHhie B 

n11n11,nHoii MaTpIIIIe SC MJieKoIIHTaJOIQIIX naJihMHTHHOBaH (Cl6:0, PA), cTeapHHOBaJI 

(CI8:0, SA), apaxHHOBaJI (C20:0, AA), 6ereHoBaJI (C22:0, BA), n11rnouep11HOBaJI 

(C24:0, LA) 11 uepoTIIHOBaJI (C26:0, CA) KIICJIOThI B MOJihHOM cooTHOIIIeHHII: 

FFA_6 =PA/SA/AA/BA/LA/CA= l,3/3,3/6,7/41,7/36/6,7 [7] 11 LFFA = BA/LA/CA 

= 8,8/7,7/1,4. 

CpaBHeH11e cpyphe-npocp11neii MeM6paH CER6/Chol/FF A_ 6/ChS (pHc. 9) 11 

MeM6paHhI Ha ocHOBe IIaJibMHTIIHOBOH KIICJIOThI CER6/Chol/PA/ChS (pHc. 10) 

IIOKa3hIBaeT 6JIH30CTh IIX BHYTpeHHeii CTpYKTYPhl, rnaBHOH oco6eHHOCThlO KOTopoii 

JIBJIHeTCJI qpe3BbI'IaHHO MaJioe Me)l(MeM6paHHOe npOCTpaHCTBO, Ha 'ITO YKa3hIBaeT 

xapaKTepHblH Bil,!( npO!pIIJIJI II KOTopoe o6bHCHHJIOCb CTJI)KKOH coce,nHIIM 6HCJIOeB .no 

CTepHtieCKOro KOHTaKTa .npyr C ,npyroM IIOJIHOCThlO nporn)KeHHOH KOHq>opMaQIIeii 

MOJieKyJI uepaM11,na 6 [8]. OcHOBHhie napaMeTphl JIIIIIIl,!(HOro 6HCJIOH MeM6paH 
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CER6/Chol/FFA_6/ChS npII 20 - 32°C ,naHbl B Ta6JI. 3. MeM6paHbl 
CER6/Chol/FF A_ 6/ChS c pa.3HbIM BeCOBbIM coornorneHIIeM KOMilOHeHTOB IIMeIOT 
6Jill3KIIe CTpYKTYPHbie napaMeTpbl. ToJIIIIIIHa rn,npocpo6Hoil: o6nacTII MeM6paH 
CER6/Ch/FF A_ 6/ChS HeCKOJibKO 6onbIIIe, qeM MeM6paHbI CER6/Chol/P A/ChS. 
Ilo,no6Hoe l!BJieHIIe ttai1,netto B cIICTeMax CER6/Chol/F A/ChS c OT,neJibHbIMII 
,KIIpHbIMII KlICJIOTaMII: ,KIIpHbie KIICJIOTbl, CTpeMl!Cb 3ailOJIHlITb HeKOTOpblil: 
CB06o,nHblll o6'beM B 6IICJIOe, C03,naHHblll MOJieKynaMII u.epaMII,na-6, HaXO,n»:TCll B 
COCTOl!HIIII C B3aIIMOilpOHIIKaIOIIIIIMII (interdigitated) yrneBo,nopo,nHblMII u.enO'IKaMII 
[9]. 3TO B3aIIMOilpOHIIKHOBeHIIe yrneBo,nopo,nHbIX u.eno'leK ,KIIpHbIX KIICJIOT 
IlpIIBO,l(lIT K cy)KeHIIIO o6naCTII yrneBo,nopo,nHbIX u.eno'leK MeM6paH 

CER6/Ch/FF A_ 6/ChS. 

3 

PIIc. 9. Pacnpe.nenemrn pacceIIBaIOIIIeil: 
Heil:lpOHHOll IIJIOTH0CTH Pexp(X )±/J.pexp(X) 
MeM6paHbI CER6/Chol/FF A_ 6/ChS c 
C00TH0IIIemieM K0MII0HeHT 55/20/15/10 
(qepHa»: JIIIHIIll) II 66/10/18/6 (cepa»: 
JIIIHIIll) rrpII 58% RH, 32°C, 8% D20. 

PIIC. 10. <I>ypbe-rrpoq>IIJib MeM6paHbl 
CER6/Chol/PA/ChS = 55/25/15/5 rrpII 
58% RH, 32°c, 8% D20 II 
qrnrnpyIOIIIaH KpIIBa»: (qepHa»: 
CIIJI0IIIHaH JIIIHIIll) [1]. 

Ta6rrm1a 3. ClpyKTYPHbie rrapaMelphI qacrn'IH0 rn.nparnpoBaHHbIX MeM6paH 
CER6/Chol/FFA_6/ChS c coornorneHIIeM K0MrroHeHT 55/20/15/10 rrpu 20°C u 66/10/18/6 
rrpu 32°C B cpaBHeHIIII c rrapaMelJlaMII MeM6paHbI CER6/Chol/PA/ChS = 55/25/15/5 
(SC_PA) rrpII 32°C 

T0JIIIIIIHa T0JIIIIIIHa 

MeM6paHa d,A rn.npoq>IIJibHOil: rn.npoqio6Hoil: 
o6rracrn; A o6rracTII, A 

55/20/15/10 45,67 ± 0,02 7,8 ± 0,2 30 ± 0,2 

66/10/18/6 45,6 ± 0,2 8,0 ± 0,2 29,4 ± 0,2 

SC PA [I] 45,63 ± 0,04 7,2 ± 0,2 31,2±0,1 
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d,A 
I 

46,0 

45,5 

45,0 
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44,5 

.. ' 

Q 
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0 240 480 720 960 1200 

epeMs:i,MHH 

Puc. 1 1. 113MeHeHIIe BO BpeMeHII 
rrepuo.na II0BT0pl!eM0CTII MeM6paH 
CER6/Chol/FFA_6/ChS = 55/20/15/10 (•) 
II 55/30/15/0 ( o) rrpu rn.nparn11uu B 
II36bITKe D20 rrpII 20°C. KpIIBbie 
C00TBeTCTByIOT 0IIIICaHIIIO 3aBIICIIMOCTeil: 
d(t) qJYHKIIIIeil: (2). 

fIInpaTaUIIll B m6bJTKe BO)lbl. 

XapaKTepHoe BpeMl! r npou.ecca 

rn,nparnu.IIII MeM6paHbI SC Ha octtoBe 

IlaJibMIITIIHOBOll KIICJIOTbl B II36bITKe 

BO.l(bl (pIIC. 11) COCTaBJil!JIO - 90 MIIH, 

' 'ITO HaMHOrO 60JihIIIe IlO cpaBHeHIIIO C 

cpoccpommII,nHhIMII MeM6paHaMII (

MIIHYTbI) [l]. OTBeTCTBeHHOtt 3a CTOJib 

HII3KYIO CKOpOCTb ,nIIcpcpy3IIII BO,l(bl B 

MeM6paHe l!BJillJiaCb IlOJIHOCTbIO 

BbITl!HYTall KOHq>IIrypaQIIll MOJieKyn 

u.epaMII,na-6. IlpII 0,l(IIHaKOBO HII3KOM 

ypOBHe Ha6yxaHIIll MeM6paH, 

co,nep)KaIIIIIX TOJibKO IlaJibMIITIIHOByIO 

KIIC.IIOTY II CMeCh ,KIIpHbIX KIICJIOT 

(t!:d-::::, 1,2 A), KOMil03IIU.llll ,KIIpHhIX 

KIICJIOT ycKoplleT npou.ecc rn.nparnu.IIII 
(r -::::, 64 MIIH). 3aMeHa B cocrnBe CIIcTeMbI CER6/Chol/FFA_6/ChS cynhcparn 
XOJieCTepIIHa Ha xonecTepIIH IlpIIBO.l(IIT K yMeHbIIIeHIIIO Ha6yxaHIIll MeM6paHbI B ,!(Ba 
pa:la npII HemMeHHOll CKOpOCTII rII,npaTaQIIII II paccnoeHIIIO IlOJIHOCThIO 
rn,npaTIIpoBaHHoro o6pa.3IJ.a Ha ,nBe q>a.3bI c nepIIO.l(II'IHOCTl!MII 45,8 II 44,1 A, 'ITO 
Hapl!.ny c pe3yJihTaTaMII ,npyrnx IIccne,noBaTeneil: [IO, 11] ,neMOHCTPIIPYeT Ba,KHYIO 
pOJib cynbcpaTa xonecTepIIHa B CTa6IIJibHOCTII JIIIIlII.l(HOil: MaTpIIIJ.bI stratum corneum. 

Ta6Jiu11a 4. ITapaMeTpbI rrpo11ecca rn.nparn11uu MeM6paH CER6/Chol/FF A_ 6/ChS 
(SC_FFA_6) B m6mKe B0.[{bI u MeM6paHbI CER6/Chol/LFFA/ChS (SC_LFFA) rrapaMII 
B0.[{bl. dfu - 3HalJeHIIe rrepuo.na II0BT0pl!eM0CTII MeM6paHbl B II0JIH0CTbIO ru.npaTIIp0BaHH0M 
C0CT0l!HIIII 

MeM6paHa T, °C !J.d,A dfh,A r, MIIH 'tFf, MIIH 
SC_FFA_6 

20 1,24 ± 0,02 45,99 ± 0,05 61 ± 2 
23 ± I 

(55/20/15/10) 245±6 
SC_FFA_6 

20 0,63 ± 0,02 45,79 ± 0,07 
64±4 (55/30/15/0) 44,11 ± 0,03 

25 1,04 ± 0,14 46,39 ± 0,10 
38±2 27±2 

SC_LFFA 879 ± 102 132 ± 12 
(55/20/15/10) 

57 1,60 ± 0,14 45,58 ± 0,10---+ 3,3 ± 0,3 -
231 ±4 45,1 ± 0,1, 54,2 ± 0,5 
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d,A d,A dh,A 
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Pnc. 12. l13MeHeHile BO BpeMeHil (a) rrepno.11a II0BT0p.HeM0CTil MeM6paHbl 
CER6/Chol/LFFA/ChS B rrpouecce rn,11parnunn rrpn 25°C Il (6) rrepno.11a rr0BTOp.HeM0CTil 
OCHOBHOll qla3hl d ( ■), BTOpoii qla3hl dph (□) B rrpoueccax rn.11paTaUilil Il .11ern.11paTaUilil rrpll 
57°C. KpHBhle coorneTCTBYIOT 0IIIlC8HillO 38BilCllMOCTeii d(t) Il dph(t) qJYHKUileii (3). 
BepTHKaJihHOii JIHHneil: 0TMe'l.eHo BpeM.H Ha'l.arra rrpouecca .11ern.11paTaun11. 

r11.uparnu1rn MeM6paHhI CER6/Chol/LFFA/ChS (55/20/15/10) rrapaMII BO.Uhl rrpII 

25°C TaJOKe xapaKTep113yeTC.H 0'l.eHb MaJiblM II3MeHeHl:!eM rrepII0.l(a MeM6paHbl 

t-,.d = 1,0 A (pIIc. 12), cpaBHIIMbIM c BeJIII'I.IIHOii Ha6yxamrn MeM6paH SC B 1136hITKe 

B0.l(bl. K11HeTIIKa II3MeHeHII.H rrepII0,lla II0BT0p.HeM0CTII II CTPYKTYPHb!X q>aKTopoB B 

rrpo11ecce rII.l(paTa[IIIII 0IIIICbIBaeTC.H .l(BYM.H 3KCII0HeH[IIIaJibHb!MII 3aBIICIIM0CT.HMII C 

xapaKTepHb!MII BpeMeHaMII, JielKa!llIIMII B .l(IIaIIa30He OT HeCK0JibKIIX ,!(eC.HTK0B MIIHYT 

.1(0 HeCK0JlbKIIX C0TeH MIIHyT (rn6n. 4). ~ml rII.l(parnt1IIII rrpII 57°C xapaKTepHa 

3Ha1-mTeJibH0 6onee 6bICTPa.H Ha'l.aJibHa.H CTa,[III.H rrpo11ecca C xapaKTepHbIM BpeMeHeM 

Ha ypoBHe HeCK0JibKIIX MIIH. lfa pIIC. 12 BII.l(H0, 'I.TO MeM6paHa Ha6yxaeT Ha 1,6 A .1(0 

3Ha'IeHII.H 45,6 A, rrocne 'l.ero rrpoIICX0.l(IIT paccnoeHIIe 06pa311a Ha .!(Be CTPYKTYPHbie 

q>a3bl. YMeHbIIIeHIIe rrepII0.l(a II0BTOp»eM0CTII OCHOBHOH qla3bl (B 11en0M Ha 0,4 A) c 

Ha'l.ana paccnoeHII» o6pa3ua Bepo»TH0 cB»3aHo c rrepepacrrpe.11enem1eM 3axBa1IeHHoil: 

rrpII rn.11paTa[IIIII B0.l(bl MelK.l(Y .l(BYMH q>a3aMII - "rrepeKa'I.KOll" B0.l(bl 113 

MelKMeM6paHHOro rrp0CTPaHCTBa ,[\0MeH0B OCHOBHOll q>a3bl B 6onee rn.11paTIIpyeMy10 

BTopy10 q>a3Y c rrepIIOL\0M rroBTop»eM0CTII 54,2 A, o6pa30BaHHy10 npe11Mymecrno 

.l(JIIIHH0[leII0'l.e'IHbIMII lKIIpHb!MII KIICJI0TaMII. ~erII.l(paTa[III.H o6pa3ua 

corrp0B0lK.l(aeTC.H yMeHbIIIeHIIeM rrepII0,[la II0BTOp»eM0CTII BTOpoil: qla3bl Ha /1dph = 8,3 

± 0,4 A, 'ITO HaMH0ro 6onbIIIe II3MeHeHIIH rrepII0.l(a II0BT0p»eM0CTII OCHOBHOll q>a3bl 

t-,.d = 1,9 ± 0, 1 A. l13MeHeHIIe o6eIIx 3aBIICIIMOCTeil: d(t) II dph(t) B xo.l(e .l(ern.l(parn11IIII 

0IIIICbIBaeTC.H ypaBHeHIIeM (2) c xapaKTepHbIM BpeMeHeM C00TBeTCTBeHH0 t = 52 ± 5 

MIIH II tph = 26 ± 3 MIIH. Ilocne 3aBeprneHIIH npo11ecca .l(ern.11parn11IIII MeM6paHa 

HaX0.l(IITCH B KBa3IIO.l(H0p0L\H0M C0CT0.HHIIII (rrpIICYTCTBYIOT CTPYKTYPHbie q>a3bl C 
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nepIIo,[laMII rrosrop»eM0CTII d = 43,3 ± 0,1 A II dph = 45,9 ± 0,2 A), OTJIII'I.H0M OT 

IICXOL\H0ro cocT0HHIIH (d = 43,94 A) .l(0 Ha1Iana rrpouecca BbICOKOTeMrreparypHoil: 

rII.l(paTa[IIIII. OxnalK.l(eHIIe 06pa311a rrpII HII3KOH OTHOCIITeJibHOH BJialKH0CTII 58% He 

B03Bpamaer CIICTeMy B IICX0.l(H0e C0CT0HHIIe. 

TeMrrepazypHa.H 3aBIICIIM0CTb CJPYKJYPhI MeM6paH SC. IlpII HarpeBaHIIII 

MeM6paHbI CER6/Chol/FF A_ 6/ChS rrepIIo.l( rroBTop»eMocm cIIcTeMbI c 

C00TH0IIIeHIIeM K0MII0HeHT 55/20/15/10 II0CTerreHH0 yMeHbIIIaeTC.H c 45,55 ± 0,25 A 

rrpII ;::, 20°C .1(0 42,39 ± 0,04 A rrpII 80°C II .l(JIH CIICTeMbl 66/10/18/6 C 45,9 ± 0,4 A 

rrpII ;::, 20°C .1(0 43,2 ± 0,2A rrpII 72°C. B TeMrreparypHb!X 3aBIICIIM0CT.HX 

CTPYKTYPHhIX q>aKTopoB Ha6n10.11aerc.H MIIHIIMYM npII 56°C II 67°C cooTBeTCTBeHH0 

.l(JIH CIICTeM 55/20/15/10 II 66/10/18/6 (pIIC. 13). IlpII 3TIIX TeMrreparypax MeM6paHa 

HaXO,[\IITCH B paccnoeHH0M coci:o.HHIIII c rrepII0.l(II'IH0CT.HMII CTPYKTYPHbIX q>a3 46, 7 ± 
0,1 II 42,7 ± 0,1 A (cIIcTeMa 55/20/15/10) II 46,4 ± 0,3 II 42,9 ± 0,3 A (CIIcTeMa 

66/10/18/6). PaccnoeHIIe 06pa311a rrpII II0BbIIIIeHIIII TeMrreparypbl M0lKeT 6bITb 

cne,[\CTBIIeM "rrnaBneHII.H" yrneB0.l(0p0.l(Hb!X [leII0'IJ!K JIIIIIIb 'IaCTII JIIIIIII.l(0B. Cne.l(yeT 

0TMeTIITb, 'ITO oxnalK,!(eHIIe, MeM6paHbl Haxo.11m~-1eil:c» B paccnoeHH0M C0CT0HHIIII, .1(0 

20°C rrpII HII3K0ll BJialKH0CTII He B03BpamaeT CIICTeMy B IICX0.l(H0e 0.l(HOqla3HOe 

C0CT0.HHIIe. B 0.l(HOq>a3HOe C0CTOHHIIe o6pa3e[I rrepeX0.l(IIT T0JibKO rrpII II0BbIIIIeHIIII 

OTHOCIITeJibHOll BJialKH0CTII ,[10 98%, K0r.l(a II0.l(BIIlKH0CTb M0JieKyn yBeJIII'IIIBaeTC.H II 

B03pacrner rrepeMeIIIIIBaeM0CTb nIIIIII.l(0B. IlpII 67°C CTPYKTYPHbie q>aKTopbI 

MeM6paHbI CER6/Chol/FFA_6/ChS = 55/20/15/10 pe3K0 B03pacrn10T, Tor.11a KaK .!(JI» 

CIICTeMbl 66/10/18/6 rrpII 72°C Ha6n10.11aeTCH JIIIIIIb He3Ha'IIITeJibH0e yBeJIII'IeHIIe IIX 

BeJIII'IIIH. Ilo.l(06Hoe noBe,!(eHIIe CTPYKTYPHbIX q>aKTOpOB CIICTeMbl C KOMII03II[IIIeil: 

55/20/15/10 Ha6n10.l(aeTC.H rrpII 63°C, B TO'IKe TeMrreparypHoro CKaHIIp0BaHII.H 

Herrocpe.l(CTBeHH0 rrepe.l( q>a30BbIM nepeX0,[\0M. OTJIII'III.H B q>ypbe-rrpoqrnn.Hx 

MeM6paH rrpII 3TIIX TeMrrepaTypax (pIIC. 14) II TeMneparypHbie 3aBIICIIM0CTII 

CTPYKTYPHhIX q>aKTopoB yKa3hIBaJOT Ha TO, 'ITO CIICTeMa 55/20/15/10 rrpII 67°C 

rrpereprrena CTPYKTYPHbiil: rrepexo.l(. B CIICTeMe c KOMII03II[IIIeil: 66/10/18/6 q>a30Bbiil: 

rrepeX0.I( He Ha6n10,!(aeTC.H BTIJI0Tb .1(0 TeMrreparypbl 72°C. 
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Pn:c. 13. TeMrreparypHbie 3aBn:Cn:Mocrn c-rpyKTYPHbIX qiaKTopoB F 1 (■), F2 (•), A (□) 
MeM6paHbl c C00TH0IIIeHHeM K0MII0HeHT (a) 55/20/15/10 n: (6) 66/10/18/6, rrpn: 50-58% RH. 
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Pn:c. 14. Pacrrpe.[(eJieHHH paccen:Bruoru:eil: IIJI0TH0CTH Pexp(x)±-"'Pexp(x) MeM6paHbI 
CER6/Ch/FFA_6/ChS (a) - C C00TH0IIIeHHeM K0MII0HeHT 55/20/15/10 rrpn: 21°C, 56°C, 
67°C ll (6) - C C00TH0IIIeHHeM K0MII0HeHT 66/10/18/6 IIpll 23°C, 67°C, 72°C. 

B JaKJIIO'leHUH cqiopMynnpoBaHhl OCHOBHhie pe1yJihTaThl pa60Thl. 

OcHOBHbJe peJyJibTaTbI: 

1. BrrepBhie MeTO,UOM ,nnqipaKU:HH Heil.Tp0HOB B peaJihHOM BpeMeHH 6brna 

npocJJe)KeHa 3BOJJIOU:IDI BHYTpeHHeil. CTpYKTYPhl opneHTnpoBaHHhIX MO.[(eJJhHhJX 

nnrrn,nHhIX MeM6paH B npou:eccax ru,nparnu:nn n ,nern.[(paTau:nn. 

2. Onpe,neneHo BJJIDIHHe u:epaMn,na-6 Ha cTpyKrypHhie napaMeTphl n rn,nparnu:nIO 

MeM6paHhl ,UHilaJihMHTOHJJqJOCqJaTH,UHJIXOJJHHa (,[(fl <I> X). Y CTaHOBJJeHO, '!TO 

u:epaMHk6 cy)KaeT BO,UffYIO rrpocnoil.Ky, yMeHhIIIaeT rrpOHHKHOBeHHe BO.[(hl B 
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JJHTIH.[(Hhlll 6ncnoil. n yBeJJH'IHBaeT TOJIII.\HHY rn,npoqio6Hoil. o6naCTH 6HCJJOR 

qaCTH1IHO rn,npaTnpoBaHHOH qJOCqJOJJHTIH.[(HOH MeM6paHhI; u:epaMH.[(-6 JaMe,UJJ5IeT 

npou:ecc Ha6yxaHHR qJOCqJOJJHTIH.[(HOH MeM6paHhl B H36hJTKe BO.[(hl. 

3. Onpe.[(eneHa HaHOCTpYKTYPa MO.[(eJJhHOil. MHOroKOMTIOHeHTHOil. nnnn,nHoil. 

MeM6paHhl Ha OCHOBe u:epaMH,Ua-6 co CMeC?IO IIIeCTH CB060.[(Hh!X )l(HpHhlX KHCJJOT. 

YcTaHOBJJeHO,'ITO: 

a) MHOrGCJJOHHhle MeM6paHhl Ha OCHOBe u:epaMn,na-6 co CMeChlO IIIeCTH 

cBo6o,nHhIX )l(HpHhIX KncnoT HMeIOT CTPYKTYPY, cxo)KyJO co CTpYKTYPOH 

'leTh!pexKOMTIOHeHTHOH MeM6paHhl Ha OCHOBe u:epaMH.[(a-6 c IlaJihMHTHHOBOH 

KHCJJOTOil.; 

6) Bapnau:uR npou:eHTHOro CO.[(ep)KaHHR rnaBHh!X KOMIIOHeHT MeM6paHhl B 

,nnanaJoHe TeMneparyp 20..:... 32°C cymecrneHH0 He HJMeHHeT ee CTpYKTYPHhie 

napaMeTphI; 

B) MeM6paHa c 55 Mace. % u:epaMn,na-6 ncnhIThIBaeT CTpYKTYPHhIH qJaJOBhIH 

nepexo,n B ,nnana10He TeMneparyp · 63 - 6.7°C. YBeJJH'!eHne co,nep)KaHIDI 

u:epaMH.[(a-6 B COCTaBe MeM6paHhl C,UBHraeT qiaJOBhIH nepexo.[( B CTOpOHY 

60JJhIIIHX 3Ha'leHHH TeMneparyph!. 

4. Onpe,neneHO BJJHRHHe CB060.[(Hh!X )l(HpHh!X KHCJJOT Ha npou:ecc r~.[(parnu:nn 

MO.[(eJJhHh!X MHOroKOMilOHeHTHh!X JJHilH,UHhIX MeM6paH Ha OCHOBe u:epaMH.[(a-6 B 

H36hITKe. BO.Uhl. CMeCh IIIeCTH )l(HpHhIX KHCJJOT, KOMil03HU:HR )l(HpHhlX KHCJJOT 

ycKopReT rn,nparnu:nIO MeM6paHhI, coKparu:aR xapaKTepHoe BpeMR. npou:ecca c 94 

MHHYT (.[(JJR MeM6paHhl C 0.[(HOH IlaJihMHTHHOBOH KHCJJOTOH) .no 61 MHHYThl. 

5. Onpe,neneHhI xapaKTepHhie BpeMeHa rn,nparnu:nn napaMn BO.Uhl MO,nenhHOil. 

MHOroKOMilOHeHTHOH JJHilH,UHOH MeM6paHhl Ha OCHOBe u:epaMn,na-6 c TpeMR 

)l(HpHh!MH KHCJJOTaMH. flpn 25°C npou:ecc rn,nparnu:nn COCTOHT HJ 6onee fihICTpOH 

Ha'!aJihHOH H nocne,nyIOmeil. Me,nneHHOH CTa,UHH C xapaKTepHh!MH BpeMeHaMH, 

JJe)KaJUHMH B ,nnanaJOHe OT HeCK0JJhKHX ,necRTKOB MHHYT ,no HeCKOJJhKHX COTeH 

MHHYT; rn,nparnu:nR MeM6paHhI npn 57°C xapaKTepnJyeTcR 6onee 6hICTpOil. 

Ha'!aJihHOH CTa,nneil. C xapaKTepHhlM BpeMeHeM Ha ypoBHe HeCKOJJhKHX MHHYT H 

Heo6paTHMh!M npn HH3KOH BJJa)KHOCTH paccnoeHHeM CHCTeMhl Ha HeCKOJJhKO 

CTpYKTYPHh!X qJaJ. 

6. flonyqeHHh!e pe3yJJhTaThl .neMOHCTpnpyIOT 3qJqJeKTHBHOCTh MeT0,UHKH 

Heil.TpOHHOH .nnqipaKU:HH B peaJihHOM BpeMeHH Ha HMilYJJhCHOM HCTO'IHHKe 

HeHTpOHOB ,zurn H3y'leHH51 CTpYKTYPHh!X HJMeHeHHH JJHilH,UHh!X CHCTeM B 

KHHeTH'leCKHX n nepexo,nHhIX npou:eccax. 
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