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1. BBe;neHue 
II 

• 

. I ~ 
MexrurnaM BJillHHHH 6Ho.norH1IecKJ.1 a.KTHBHblX Bem.ecTB Ha wYHKI-\HOHH-

! 
POBaHHe KJieTKJ.1 HB.IlHeTCH OTKpHTblM BonpocoM 6HO(pH3HKJ.1. \ 0,ItHa H3 06-

cyll'i,llaeMblX B03MOlKHOCTe0 - 3TO B03,I:(0MCTBHe JIOK8Jr:E,Hb!X JecTeTHKOB Ha 
I 

K.neTKY qepea H3MeHeHHe (pYHKlUfOHHpoBaHHH ee MeM6paHH. 3,IteCb eCTb 
- ~ I 

l{Be B03MO:IICHOCTH. IIepBaH - .IlOKa.nbHH0 aHeCTeTHK, HailPHMep, B8aHMO-
I 

,Ite0CTBY8T co cneQH(pHIJ8CKJ.1M peQeIJTOPOM, COCTOHIIO'IM H3 6eJJKOB [1), 
. . . . I . 

HJill aa CIJeT HecneQH(pH'lec·KOro CBH8HBaHHH C ero rH;npoqx,6HOll qacTblO 
I . -

[ 2]. BropaH - JIOKaJ!bHHe aHeCT8THKJ.1, B3aHMOl{e0CTBYH C iJrnrrH,l{HblM OH-
. I . 

CJI00M, H3MeHHIOT ero CB00CTBa H TaKHM o6paaoM B.IlHHIOT_ Ha CTPYKTYPY H 
I 

(pYHKIUiOHHPOBaHHe MeM6paH [3]. 
I 

liOB 

,llaHHaH pa6oTa IIOCBHm.eHa H3YIJ8HHIO B.IlHHHHH .IlOKa.1.IBHblX aHecTeTH-
i 

- renTaKaHH-rH,I:(pOXJIOpH,I:(a Hero npOH3BO,I:(HblX - Ha cTpyliTYPY M8MO- · 

paH H3 ~HIIa.IlbMHTOH.n.neQHTHHa ( DPPC). 
I ··•. 

,l{H(ppaKIUiH He0TPOHOB - HaH60- -· 

. .nee IIPHM0:11 Me TO.I{ H3YlleHHH CTPYKTYPH . .nHIIYJ,l{HblX MeM6paH ![ 4] . . I . 
J13yqeHO BJillHHHe rerrTaKaHHa Ha B3aHMO,I:(e:AcTBHe MeM6paH B 3aBH-

. I 
CYJMOCTYJ OT era MO.llbHO:A KOHQeHTPaQHH B MeM6paHe, KilK JB re.Ilb-, TaK ~ 

•. , i . 
B,JKH.ItK00 (paaax. Orrpe,Ite.neHH TeMnepaTypu (paaOBblX rrepexo,ItoB re.Ilh-JKH.It-

i . 
KJ-10 KPYJCTa.n.n ,l{.IlH rerrTaKaHHa Hero rrpoH3BO,l{HblX, a TaKll'ie H3yqeHa aa-

BYJCYJMOCTb rrepHO,Ita IIOBTOpHeMOCTH d OT TeMIIepaTypu np~ ,ItByx MO.IlbHblX 

KOHl.{eHTPauYJHX JillIIH,It/aHeCTeTHK: · 1/1 YI 5/1. 

H,HaKOHe4,c HCTIOJib30BaHHeM ,I:(0MTepHtt-MeqeHHoro aHe6TeTH!ia IV(pa~· 
I ,I:(H!iaJI R=OCD3) onpe,I:(eJieHa JI0KaJIH3aQHR pa,I:(HKaJia B OoJiaqTH oeH30JibHOro 
I 



2. MaTepHaJihl H MeTOAbl 

,lDIH npHrOTOBJieHHH o6paauoB HCil0Jlli30BaJICH 1,2 ~~HilaJibMHTOHJI-sn 

-r~epo-3-qx:>Cqx:>JIXORHH (DPPC) . IlPOH3BO~CTBa qmpMhl SERVA. renTaKaHH 

Hero npoH3BO~Hble 6blRH CHHTe3HPOBaHbl Ha q>apMa.KOJIOrHQeCKOM qia.KYJlli~ 

TeTe YHHBepCHTeTa HM. H. RoMeHCKOro, r. BpaTHCJiaBa HcnOJlli30BaRHCb 

-. cJie~YJ(JllIJ1e coe~HHeHHH: 

0 
cµ C\.I C\.l'l, c.1,-1, 

cu<Q)c'1-N -t o-rn,- cs, :.__r oc\1 · ,:,-
. Cl-I c....:.·R. . C\\1. C.1--\'l. 

r~e R~pa~HKaR, ~JIH KOTOporo ~aJiee HCilOJib3YJOTCH 0603HaQeHHH: 

HOMep p~HKaRal XHMHQecKaH clDPMYJia PMHKaRa 

0 

R 

H 

0( CH~ )z. • CH3-.' (11.•J) 

MoJieKYJia c R -=·4 COOTBeTCTByeT reilTaKaHHY, a c R = 1 - ero 

npoHaBOAHOR. B nocJie~HeM CJiyqae HCil0Jlli30BaJI8Cb TaK/Ke ~8MT8pHM-Me

qeHHaH MoJieKyJia c noJIHOCTbIO ~eRTep11poBaHHhlM PMHKaROM ( R=OCD3 ). 

~aJiee ,3TOT attecTeTHK o6oaHaQaJICH HH~eKCOM IV. 
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e 
a OptteHTHpOBaHHble o6paalthl "tta DPPC+ IV (,MOJlliHble 

COOTHOllieHHH 1:1) Ha KBapyeBHX IlOAJIO.JKKa.X 
J 

~~ 

3TH o6paalthl no~aRHCb nYTeM Me~JieHHoro ~cnapeHHH 0.2 MR 5% 
0 

paCTBOpa DPPC H VI B 3TaHOJie, Hcl!le~eHHoro Ha IlORHpoBaHHYJO KBap11e-. 

BYJ() IlO~JIOl!(Ky pa3MepoM 25x25 MM2. IlpH 3TOM TeMnepaTypa o6paaua 6bl

Jia 55°C - BblIIJe TaKOBoR ~JIH (fJaaoBoro nepexo~a reJlli-,!Gl~KHR KpHcT~ 

[@. 

OOpaaeu noMew,a.ncH B anIDMHHHeBhlM~ KOHTeRHep, npH T = 2210.5°C. 
•. 

OTHOCHTeJlliHaH BJiaJKHOCTb napoB BO~bl 3MaBaJiaCb H8Cb111J.eHHhlM pacTBOPOM 

coJIH Kiso11 H cocTaBJIHJia t' = 97%.i'.}BpeMH ycTaHoBReHHH paBHOBeCHH 6bl-

JIO He MeHbllie ~BYX qacoB. * 
i'.J 

HaMepeHHH npOBO~HJIHCb Ha HeRTpOHHOM ~H¢paKTOMeTpe no BpeMeHH 

npoJieTa [6] Ha HMilYJibCHOM peaKTope JffiP-2 OHID1 (.I{y6Ha) IlPH cpeAHeR 

MOlll,HOCTH''W = 2 MBr, qacTOTe HM!]YJlbCOB 5 ru H cpe'~HeM IlOTOKe HeRT-
• • I f •2 •f 

poHOB Hao6paaeu 1. 3 X 10 H· CM· CeK [6, 7). Cpe~HHR YI'OJI Bparra 6b1JI 

7:5° H BP8MH H3MepeHHH O~Horo cneKTpa - ·2 qaca; IlPH _3TOM CTaTHCTH

qecKaH TOQHOCTb HaH6oJiee CHJlliHbIX pe¢ReKco1 6b!Ra ::.1 - 37., a 6oJiee 

CJia6blX - HecKOJThKO rrpoQeHTOB. PerHCTPHPOBaJIHCb n"epm,1e qeT1,1pe ~H¢paK-

. UHOHHblX OTPaJKeHHH, OCTaJibHble, 6b!RH 3HaQHTeJibHO CJia6ee . .I{Jrn onpe~e-· 

JieHHH qJa3 'CTPYKTYPHblX qia.KTOPOB H pacnpe~eJieHHH BO~~ B MeM6paHe H3-

MepeHHH ITPOBOAHJIHCb B napax H;i_O, Hp: D20 = 1: 1 H D 2.D. llaabl 

CTPYKTYPHblX qJa.KTOPOB OIJpe~eJIHJIHCb, KaK. H3JIO/Ke
0

HO B pa6oTe [8]. 

Onpe~eJieHHe IlJIOTHOCTeR aMilJIHTYA pacceHHHH B HaTIPaB~8HHH HOp

MaJIH IlJIOCKOCTH MeM6paH onpeAeJIHJIOCb no clDPMYJie 

:l 



... 

d 
• • 

,. 

J> (-X.) ,._,. L 'F( h )· C.0~ (·~)' 
h , d 

(1) 

,0 .. 
rne F( h) - CTPYKTYJ>Hwl: (llaKTop h-ro )imfJPaKIUiOHHoro pe(pJleKca, d 

u 

- nepHOll IlOBTOpHeMOCTH. OnpeJleJieHHe, IlOJIOJKeHHH ne:ll:TepHpoBaHHblX Me

TOK H IlOJIOJKeHIDI BOJlhl npoH8BOJlHJIOCb C IlOMODl,bD paaHOCTHOrO 

qJypbe:...CHHTeaa: 

.Po(x).~ f {~Ch)~ ~(h)}c_o'5(2:h~, c2) 
,.. 

0 (> 

rne F -o< h) H F -i h) - CTPYKTYPHHe. (llaKTophl MeM6PaH c ne:ll:TepHpo

BaHHo:ll: H o6bll!HO:ll: KOMilOHeHTaMl1. KpoMe Toro, IlOJlb3YHCb TeM, qTo 

cT,PYKTYPHhle qaKTop1:,1 O6J1alla.JOT cBo:ll:cTBOM allllHTHBHOcT~: T. e. CTPYK:

TYPHl:IB (llaKTop Bce:ll: MeM6PaHhl ecTb cyMMa cTpyKTYPHb!X qJaKTopoB Bcex 
0 ' • . ' 

ee KOMilOHeT, aHaJJOrHqffO pa6OTe [8], MOJKHO BhlqHCJIHTb J/!8 aKcnepJl!MeH-
n . c 

Ta:ilbHblX CTPYKTYPHblX ~TopoB CTPYKTYPHhle (llaKTophl BOllhl · H 6HCJIOH. 

. IlOJIOJKeHJl!e ne:ll:T~PHPOBaHHO:ll: MeTKJI! onpeneJIHJIOCb llBYMH cnoco6aMH. 

B rrepBOM CJiyqae - rryTeM MHHJl!MH3ffi.\HJI! R -·qJaKTOpa: 

R :: L 
h 

.. 
.. 

II F"(h)I - FM(h)\ 

\F(h)\ 

(1 

• 
4 

' (3). 

' \ 

1-
1 
J ., 

·r 
i 

',:'I 

rne FN(h) -·CTPYKTYPHl:IB qaKTOP OT TeopeTHqecKOri pacnpeneJie

HHH MeTKll 

.PM ('X)::; t..,, t t2.xp l- <x~~o)il+ ~'.)C?l- (X~~o),.1] (4) ,1 

PaBHhl:ll: 'l J'., 

F l f. 11 2 \)l.h'2.J ( 2.'Irh'/.0) 
M ::: 2. N e Xp L- cP . c.c~ c::{ • (5) 

Bbm!e Mhl rrpennoJ1OJ!GfJ1J1I, KaK H B pa6oTe [9J, qToipacrrpeneJieHJl!e 
' 2 ! 

,' ,nei:l:TepJl!eBo:ll: MeTKH raycCOBO, · c ,[IJl!Cnepcvrefi, PaBHO:ll: \), /2, TIOJIOJKeHHeM 
I 

MeTKH ::X:o JI! aMTIJIHTYllOH pacnpeneJieHHH t"' . ' I : 

6.HeopJl!eHTJl!po~aHHhle M~M6RaHhl B BO)J.e 

MyJlbTHCJIOHHhle llHCrrepcHH IlOJiyqaJIHcb IlYTeM paCTBOpeHHH 30 Mr 
' .. 

CMeCH DPPC C COOTBeTCTBYDIIOiM aHecTeTJl!KOM B 3TaHOJie (10 %·paCTBOp) ' 
I 

B KBapueBOM KaTIHJIJIHpe c BHYTPeHHHM llHaMeTpoM ~- 5 MM ic nocJienyDUOfM 

HcnapeHJl!eM pacTBOPJl!TeJIH rrpH T = 50°C H llaJlbHei:l:mei:l: OTKaqKQi:\ B qop-
' BaKYYM8 B TeqeHHe 0)1.HOI'O qaca. TIOCJie qero llO6aBJIHJIOCb Heo6XOllHMOe 

' ' ' i . 
KOJIJl!l.WCTBO THlKeJIO11 BO)J.hl JI! ocym,eCTBJJHJlaCb · TIPOl\8)1.ypa : roMoreHH8a!.\HH 

B TeqeHHe,., 1-ro )J.HH. 

)lHqipaKQHOHHhle cneKTPhl Jll8MepHJIHCb IlPH cpe)J,HeJ yrJJe Bparra 
I 
l 

5 



8 ":' 5° ){JUI MeM6paH Ha DPPC •. a TaKll'e DPPC C renTaKaHHOM H era npoHa

BOJ{HHMH npH J{Byx MOJThHblX OTHOilleHIDIX JlHilHJ{/aHecTeTHK: 1:.1 CH 1: 5 B 

H86blTKe BOJ{H (BeCOBOe COOTHomeHHe JlHilHJ{/BOJ{a 1:1). · HaMepeHHH npo

BOJ{HJlHCb IlPH paaJIHlll!blX TeMnepaTypax B H~TepBa.ne OT 5 J{O 65°C. Rpo

Me Toro. H8ytleHa 3aBHCHMOCTb nepHOJ{a IlOBTOpHeMOCTH MYJThTHCBO!lliblX 

MeM6pa.HHblX CTPYKTYP DPPC OT MOJThHOa KOHUeHTP~H renTaKaHHa IlPH 

BeCOBOM COOTHOmeHHH ~HJ{/BOJ{a 1:1. IIepHOJ{ IlOBTOpHeMOCTH d BWIHC

JUIBCH Ha IlOBOJKeHHa Ma.KCJIMYMOB J{H~~OHHblX IlHKOB nepBoro nopH;z:tKa 

OTpaJKeHHH B COOTBeTCTBHH llnPMYBOa Bparra: 

2 d ~Ln 0 :: ).. , (6) 

rite A - RBHHa BOBHH HeaTpoHoB, cooTBeTCTBYJ()lll.aH MaKCHMYMY J{H$

PaKUHOHHoro IlHKa nepBoro nopHJ{Ka OTPaJKeHHH. BpeMH H8MepeHHH ,O;z:tHoro 

J{H~aKl\HOHHoro cneKTpa COCTaBJUl~O 5 - 10 MHHYT. 

3.Peay.JThTaTH H o6cy:IK,lleHHH 

Bbl1llic~eHHHe,H3 3KCnepHMeHT~HblX HHTerpa.nbHblX HHTeHCHBHOCTea, 

aHa.norHqHo pa6oTe [8], CTPYKTYPHHe ~TOPH J{~H pacnpeJ{eneHHH BOJ{H, 

IlBOTHOCT.H. aMilJIHTYJt J)acceHHHH ){JUI 6HcnoeB c . J{eaTepHeBm:~ MeTKOa 

(o6oaHaqaeTCH DPPC + IV (D)) H 6ea (o6oaHaqaeTcH DPPC + IV) ;n~H 

MeM6paH H3 DPPC c aHecTeTHKOM IV (R ":' 1) B MORbHOM COTHOilleHHH 1:1 

IlPHBeJ{eHH B Ta6RHUe 

6 

) 

) 
'J; , 

J 
I:'.· 

Ta6~Hua.CTPYKTYPHHe tpa.KTOpH ){JUI 6HCBOeB DPPC c aHecTeTHKOM IV 

c ;neaTepHeBoa MeTKOa H 6ea, a TaKJl'.e ){JUI MeTKH H BOJ{H 

npH T = 23°C H OTHOCHTe.JThHoa BBaJKHOCTH ~ = 97 %. Ile~ 
. 0 

PHO){ IlOBTOpHeMOCTH paBeH 52.5 ± 1.0 A 

F!. f2. _F .3 Fl/ 

DPPC+IV(D) -3. 28 -5.54 1.87 -2.72 

(6HCJIOa) 

DPPC+IV -2.36 -4.96 -1. 99 -3.25 

( 6Hc~oa) 

L;AB -0.92 -0.58 -0.12 0.52 

(MeTKa) 

BO;z:ta -18. 8 7.38 -1.77 1. 68 

Ha PHC.1 IlOKa3aHH Il~OTHOCTH aMilRHTYJt pacceHHHH J{RH 6HC~OeB c 

;neaTepHpOBaHHHM H He;neaTePHPOBaHHHM aHeCTeTHKOM IV, a TaKJKe paa

HOCTHaH KPHBaH, COOTBeTCTBYIDIIlfiH pacnpe;neReHHID MeTKH B MeM6paHe, 

BHqHcReHH~e no qx:JPMYRaM (1) H (2). Ha PHCYHKa MOlKHO BH;z:teTb, qTo 

¢ypbe-rrpo¢HJTh. J{JUI 6HCROH BMecTe c aHeCTeTHKOM cymecTBeHHO OTJIHqa

eTCH OT TaKOBOro ;n~H, MeM6paH H3 DPPC. 3'ro roBOPHT O TOM, qTo aHec

TeTHK (H~H ero qacTb) Haxo;nHTCH B 6Hcnoe. Eo~ee Toro, YllliTHBaH,qTo 

j' 

'~ 
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PHC.1 IlnOTHOCTb aMilJIHTYAbl pacceHHHH ·tteiTpOHOB B HanpaBJieHHH 

HOPMaJIH IlJIOCKOCTH MeM6paH ){JIH 6HCJIOeB DPPC+IV(D) (1:1) 

(mTpmcnyHKTl1P) l1 DPPC+IV (1:1) (CilJIOWHruJ JIHHHH). 

IJyHkTHpHoi JrnH11ei noKaaaHa paaHOCTb nByx pacnpene.neHHfi; 

ornocHTeJibHaH BJiall\HOCTb 't' = 97% l1 TeMnepaTYPbl T ~ 22°c. 
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PHC. 2. fypbe-npO(pl1J!l1 pacnpeneJieHHH BOAH B MeM6paHe ( nyHKTHP) H_. 

neHTepHpOBaHHOfi MeTKH (CilJIOmHaH JIHHHH). B nocJie){HeM 

c.nyqae - yaeJIHqeHHe B 5 pas. 
t) 
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IlJIOTHOCTb aMIIJIHTY.It pacceHHHH BeJIHKa ){JIH 06JiaCTl1 aH~CTeTHKa Boa.ne 
' . i' 

6eH80JlbHOro KOJibUa, BKJllOqaJOmero C06CTBeHHO. CaMO KOJibUO H NH-C-0 
I 8 

rpynny, MO}KHO npennoJIOlltHTb, qTo HMeHHO aTa qacTb HaJCO){HTCH B·6HC-· 
. . 1· 

.noe. Ha PHC. 2 IlOKaa_aHbl IlJIOTHOCTH aMIIJIHTY.It pacceHHHH ~JIH MeTKH, KO-
. . .. . I 

TOPaH npHMO IlO){TBepJll,l{aeT npHBe)teHHble _Bblllle coo6paJKeHl18. Onpene.neHlie 
I . . • • . ' ,· I . . 

c IlOMODU>IO MHHHMl18auHl1 R - q>aKTOpa naeT Il0Jl021(8Hl1e MeTKli X = 11.0! 
I • . • ' .' • "• I .. 

!O. 4 A H np11 aToM R = 29 %~ 3ToT peayJibTaT He M021(8T 6b1Tb Y.ItOBJieT-:-. ,. .. .. . . . . .. , I .. 
BOPHTeJibHblM Ha-aa 6oJibmoro aHaqeHHH R - qiaKTOpa, a Ta.Kllte H IlOTOMY, 

qTo_Mone:miHble CTPYKTYPHble ~Top1:,1 TpeTbero_11 qeTB~PJ~ro nopH)tKOB . . . i . . 
OTPall(8Hl1H CYmeCTBeHHO_ OTJiliqalOTCH OT COOTBeTCTB~X aKCnep11MeH-

TaJibHblX aHaqeHHa. Mhl npenno.no:IKHJIH, 

MeCTa JIOKaJIH8auHH nea~epHeBoi MeTKH, 

qTo ecTb ){Ba -PaBHOBepoHTHblX 
• I ' 

I 
qTo ){OCTaTOqffQ xopomo BH){HO 

H3 PHC. 2 .. 06pa60TKa SKcnep1-1Me.HTa.JibHblX CTP_YKTYPHblX _q,a.KTOPOB c no

MODU>IO npo;paMMbl FUMILI c HcnoJibaoBaHHeM IPOPtdYJibl (~), j ananTHpoBaH-
!' '"'/ .. . - ···r . -

Hoa K }lBYM MeTKatd B MeM6paHe, naJia c.ne)lYl()IIJ>fe aHaqeHHH:I·· nBa no.noll(8:-
,. 0 0 

HHH Me~o~, x = = 12. 8 \ H x ;= 2L 8. A , mHPHHa, pacnpelne.neHHH MeToK 

)) = .1. 2 A H npH ,8TOM. "f.. = 2. 2 Ha onHy TO~Y- . 

YqHTblBaH, qTo CHCL - rpynna JierKO ]lHCCOUI,1HpyeT, iMOJKHO npenno

JlOlltHTb, ,qTo yr.ne;onopo]lHOe KOJibUO HaxO){HTCH B CaMoaJnoJIHpHoa 06-

JiaCTH MeM6PaHbl, a 6eH80JlbHOe, KOJibQO norpyll(8H0 ){OCTaTqqHo r.ny6oKO B 

· MeM6paHy (-x,e 

0

12. 8 A). T. e. HaxonHTCH B 06.nacTH c - Jc 1) yr.nepona. 
. I 

B6JIH8l1_, COOTBeTCTBYfOmea Kcl.P60HHJibHOa rpynnbl. . Bropoe IlOJ1021(8HHe MeTKH 
0 

(x;:".'_21: 8 A) 
l 

03HaqaeT, qTo qacTb MOJieKyJibl npoCTO HaxO){HTCH B 06-
, . I 

}" .naCTH IlOJIHPHblX rOJIOB JIHilH){OB, CKOpee Bcero qacTb MOJI~KYJibl HaxO)tliT-

t' cH Ha no:SepxHocTH MeMCipaHbl. 
.. ,., "1' ' 

,i 

9 . 



6.HeopHeHTHpOBaHHHe MeM6paHH 

Ha PHC: 3 npe)lCTaB.neHa 8aBHCHMOCTb nepHO)la. IlOBTOpHeMOCTH · .. 06- . 

_pa8L(OB DPPC H.DPPC C renTa.KaHHOM B MO.nl>HOM OTHOIII9HHH 1:1 (HH11tHHH 

Kpirnas) H 5: 1 (BepXHHH KPHBaH) _IlPH COOTHOJlleHHH .nHilH.zt/BO)la(D2.0) 1: 1 

( W/W). ltJm MeM6paH MH BH)lHM THil~YJO. H8B9CTHYJO H8 .nHT.epaTypH [9] 

8aBHCHMOCTb d( T) C . xapaKTepHHM qaBOBHM IT8J:)3XQ[\OM H8 L~ 1 B P ~ qaay 
. ~ . 0 -

npH~36. C • a H8 Pi B' Lc1. IlPH 43. C. IlpHCYTCTBHe renTaKaHHa cyw,ecT-

B9HHO HBMeHHeT BaBHCHMOCT1> d( T). IlpH MO.nl>HOM cooTHomeHHH 1 ': 1 nepHo,n 
' 0 . . ., ·, . 

IlOBTOpHeMOCTH B re.n1>-qaae paBeH ~50 A,H Ha6JIJO,naeTCH TO.lll>KO O)lHH 
· O · ·, · •. 0 

qaBOBbM nepexo,n npH T = 27 C BO BCeM HHTepBa.ne TeMnepaTyp OT 5 C 

. ,no 65°C. ' . . 0 .. 
CTO.nb Ma.ni:m nepHO)l IlOBTOpHeMOCTH (Ha 14 A M9Hbme. 49M y 

DPPC}. no-BH)lHMOMY. oattaqaeT. 4TO MeM6pf8a Haxo,nHTCH B reJ11>-q>aae 

co B3aHMHHM "Ilp()HHKHOBeHHeM" L(ene8 ("int~rdigitated" ph~e).' IlpH 
i 

MO.nl>HOM cooTHomeHHH 5:1 noBe,neHHe d(T) ruia.norH4HO npe,nH,nym,eMY c.ny-

. 4aJO, q>a30BHH nepeXO)l ·Ha6.mo,naeTCH B paaoHe 30°0, HO IlPH 3TOM nepHO)l 
. . . 0 

IlOBTOPH_eMOCTH 3Ha4HT9Jll>HO 60.n1>me (B re.nn.:.qaae d = 73A). Bbr.na TaKJKe 

HayqeHa 8aBHCHMOCTb ·d(T) OT KOHI.(9HTPal.(H0 renTaKaHHa (pHc.4). B 

re.nn~if>aae 8aBHCHMOCTb d(T) Be)leT ce6H aHa.norH4HO TaKOBOMY )l.llH 

MeM6paH B ·IlPHCYTCTBHH · )lBYXBa.neHTHWC KaTHOHOB Ca2." · H Mg 2 .. · , )lJIH 

KOTOPW!: xapaKTepHa Cil91.(HWH49CKaH cop61.(HH Ha MeM6paHax. T.e. nepH

O)l IlOBTOpHeMOCTH 60Jil>IDOH. IlPH Ma.nW!: KOHtieHTPal.(HHX aH9CTeTHKa H 

YM8H1>maeTCH IlPH YB9JIH49HHH KOHL(eHTP~H aa cqeT ,ne6aeBCKoro· 3Kpa

HHPOBaHHH aaps,na Ha TIOBepxHOCTH MeM6paHH. IlPOTHBOHOHaMH Cl~. 3To 

03HaqaeT. 4TO MOJI9KYJIH renTaKaHHa CBH8aHH c'6Hc.noeM. neHCTBHTe.nb- •· 

. HO, ecJIH IlPHMepHo IlOJIOBHHa Mo.neKy.n IV "8aHKOpeHa" B 6HCJIOH, TO cy-

IO 
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T°C 

PHC.3.3aDHCHMOCTb nepno,na IlOBTOpHeMOCTH )lJIH MeM6paH H8 

DPPC (o), DPPC + renTaKaHH <•- MOJibHOe OTHOID9HHe JIHilH)l" 

/auecTeTnK pantto ti: 1 ·, 4 - 1: 1) OT TeMnepaTYPH IlPH 

ltOHl\8HTPcil.(liH BOJla /JIHilH)l 1: 1 ( w/w). 
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[GEPT] M 

PHc.4.3aBHCHMOCTb nepuo,na IlOBTOpHeMOCTH DPPC OT KOHl\8HTpal.(HH 

renTaitaHHa B re.n1>-cfia3e (o) H JrJ1,nKoH ct>aae (e) .. Bo,na/JIH-

IlH)l 1:' 1 ( W/W): 

I I 
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Pile. 5.· 3aBilCilMOCTb TeMnepaTypbl (pa30Boro nepexo.na MeM6paH il3 

DPPC .I(.IlH .I(BYX MO.IlbHbJX KOHUeHTpaUilM .IlilITil.I(/aHeCTeTilK - .5: 

1 (e) il 1:1 (0) OT Tilna pa,nilKa.na. Bo,na/.nttnil,n - 1:1 (w/w) 
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PilC.6.3aBilCilMOCTb rrepilO.I(a IlOBTOpHeMOCTil MeM6paH il3 DPPC B 

lKH.I(KOM ¢aae OT Tilila aHeCTeTilKa ITPil .I(Byx MO.IlbHbJX OTHOrne

HilHX .Ilililil.I(/aHeCTeTilK 5:1 (o) il 1:1 (A). ffiimHH KPilBaH -

paaHOCTb. Bo,na /.Ilililil.I( = 1:1 (w/w). 

12 

I 

rn.ecTBeHHO 60.nee ril,npoqn6Haa qacTb Mo.neKy~ renTaKru1Ha _TeM 60.nee 

6y,neT HaxO.I(ilTbCH B'6ilc.noe. To. qTo renTaKal1H il ero IIP0il8BO.I(Hble 

BCTPaHBaKlTCH B 6ilc.noa,rro,nTBep~aeT Cil~Hoe ilX BJillHHile Ha TeMTiepa-, . " .. 

TYPY ¢aaoBoro rrepexo.na re~-JK11,nK.Ha KpilcTan.n. Ha pilc.~ rroKaaaaa aa-

BilCilMOCTb TeMTiepaTypbl aToro ¢aaoBoro nepexo.na MeM6PaH ila DPPC B 
p ·, . 

IIPilCYTCTBilil reTITaKattHa il ero IIPOil8BO.I(HbJX B 8aB,ilCJ1MOCTil OT TilIIa 

aaecTeTilKa .I(.IlH .I(BYX MO~Hb!X OTHOmeHilfi Jillilil.I(/aHeCTeTil~ 1:1 il 5:1. 

3aBilCilMOCTb rrepilo,na IIOBTOpHeMOCTil 3TilX :IKe MeM6paH OT iTilIIa pa,nm~a t 

(aaecTeTilKa) B Jtili.I(KOa ¢aae IIPil Tex :11(8 MO~HbJX 

,neHHaH Ha pilC.6, IIO.I(TBepi,naeT Cil~Hoe ilX 
I 

MeM6paH. • 

OTHOID~HilHX, IIPilBe~ 
' ' B.Ilil_HHile Ha CTPYKTYPY ' 

TaK.HM o6pa30M, reIITaKailH il ero IIPOil3BO.I(Hble. 'BCTPaHBaHCb B 
• ! ' ' ' 

MeM6paHbl, Ilpil MaJ.lblX KOHUeHTPauHHX CYmeCTBeHHO il3MeHHIOT MeJKMeM6paH-
• , I 

Hble B3ailMO.I(efiCTBilH aa cqeT a.neKTPOCTaTilqecKoro OTTaJIK.HBaHilH, B03-

HilKaIOrn.ero B peay.nbTaTe .I(ilCCOUilaUHil cc . Ilpil 60.IlblliilX iJKe _KOHUeHTpa

UHHX aHeCTeTilKOB B MeM6PaHHax IIPilCXO.I(ilT ,ne6aeBCKOe ;aKpaHilPOBaHile 

IlOBePXHOCTHOI'O aapa,na IIpOTilBOilOHaMH c1-
a.neKTPOCTaTilqecKoe OTTaJ.IK.HBaHile yMeHbrnaeTCH. 

B peqy.IlbTaTe qero 
r 

O.I(HaKO;IIPil 3TilX KOH-

ueHTPauHHX Ha6.nro.naeTCH cyrn.ecTBeHHOe il3MeHeHile CTPYTYPhl il B3aHMO-
" ,. I ' 

,nefiCTBilfi B II.IlOCKOCTil MeM6paHbl. Ko.nilqecTBeHHbla xapaKTep B3aHMO-
i 

.nencTBilM 'aaBilCilT OT TilIIa aae_cTeTilKa. Ilpil paa.nilqHbJX KqHUeHTPaUHHX B 

MeM6paHax.DPPC renTaKailHa. Hatt6o.nee 6ilo.norilqecKil aKTilBHOI'O coe,nil-
1 . . 

I 

HeHilH il8 paccMOTpeHHOr pa.na [3],Ha6.nro,naeTCH ero CYmeCTBeHHOe B.nHH-
' ' 

'Hile Ha CTPYKTYPY il B3aHMO.I(encTBile.MeM6paH. 

0 
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