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OH~:··'M 
SMSJIHOTLJ(J.. 

1. BBEAEHIt1E 

CTPYKTYPHàR opraH~3a4~R C~CTeMW n~n~A - BOAa B HaCTOR~ee Bpe
MR xopowo ~3Y4eHa B W~POKO~ o6nacn"l TeMnepaTYP ~ 'KOH4eHTpa
4~~ /1-31. 1t13 BeCTHO, B 4aCTHOCT~, 4TO B 3TO~ C~ CTeMe np~ OnpeAe
neHHblX ycnoB~RX B03MO}f{HO 06pa30BaH~e op~eHT~pOBaHHbIX MynbT~na

MennRpHblX ynaKoBoK, COCTOR~~X ~3 nvm~AHblX 6~CnoeB ~ npocnoeK 
BOAbl Me}f{AY nOnRpHblM~ ronOBKaM~ n~n~Aa. KOHepOpMa4~R yrneBoAOpOA
HblX 4ene~ n~n~Aa B 6Y1cnoe 3aB~C~T OT TeMnepaTYPbl t 11I KOH4eHTpa
4~~ BOAW c ~ CBOA~TCR 60nbwe~ 4aCTb~ K ABYM T~naM: 

- }f{~AKOKp~CTann~4eCKOMY /La-tt>a3a/ - np~ BbICOK~X ~ c, 
- IITBepAoMY" /Ltrepa3a/ - np~ H~3K~X t ~ c. 

B TBepAOM COCTORH~~ yrnesoAopOAHble 4en~ ynaKoBaHbl B ABYMepHYIO 
reKca rOHan bHY~ peweT KY ~ nepneHA~ KynRpHbl naMennRpHO~ nnOCKOCT~ 

~n~ HaKI10HeHbl nOA onpeAeneHHblM yrnoM K HeLII / Lf3' -epa3a/. 
5~CnO~HaR CTpYKTypa n~n~AHWX MeM6paH onpeAenReTCR 6anaHCOM 

3neKTpOCTaT~4eCK~X ~ saH-Aep-BaanbC08WX B3~~MOAe~CTB~~ nOnRpHWX 
ronOBOK n~n~Aa ~ BOAW ~ r~APOepo6HWX B3a~MOAe~CTBH~ B 06naCT~ 

yrneBoAopOAHWX 4ene~. 3aMeHa BOAW Ha KaKo~-n~60 APyro~ nOnRpHW~ 

paCTBop~Tenb MO}f{eT paA~KanbHO HapY~~Tb 3TOT 6anaHC BnnOTb AO 
Hes03MomHOCT~ 06pa30BaH~R 6~cnOR. 

npRMoe AüKa3aTenbCTBO cy~ecTBoBaH~R 6~cnO~HO~ CTpyKTYPW ~ OA
H08peMeHHO ee napaMeTpw AalOT A~eppaK4~OHHwe 3Kcnep~MeHTW - peHT
reHOBck~e /1/ ~ He~TpOHHble /4.5/. B03MOmHOCT~ He~TpoHbrpat1>~~ 

'B ~3Y4eH~~ CTPYKTyp~ MeM6paH npe}f{Ae Bcero CBR3aHW c ~tnonb30Ba
H~eM ~30TonHoro 3aMe~eH~R /B OCHOBHOM H --> D/ AnR nOKan~3a4~~ 

BOAW ~ oTAenbHWX MoneKynRpHwx rpynn. Hanp~Mep, TaK~M cnoco60M 
6bln~ onpeAeneHbl nOnO}f{eH~e xoneCTep~Ha /6/ ~ reKcaHa /7/ , BHeApeH
HblX B 6~cno~. 

HaCKonbKO HaM ~3BeCTHO, AO C~X nop A~eppaK4~OHHWX ~ccneAOBa

H~L11 MynbT~cnoeBWX CTPYKTYP ~3 t1>oct1>on~n~AOBt HaXOAR~~XCR B HeBOA
~O~ cpeAe ~n~ B CMec~ BOAW c APyr~M~'nonRpHWM~ paCTBop~TenRM~,' 

He npOBOA~nOCb. YKa3aH~R Ha B03H~KHOBeH~~ 6~cnoeB np~ cycneHA~

pOBaH~~ t1>oct1>aT~A~nxon~Ha B rn~4ep~He, 3T~neHrn~Kone ~ A~MeT~n
/81

cynbepOKC~Ae nony4eHbl B 3Kcnep~MeHTax no .s:lMP • OnT~4eCK~M Me-
TOAOM Ha6nlOAanOCb 06pa30BaH~e 6~cnoeB ~3 A~naypo~nt1>oC$aT~A~n

xon~Ha l-1 R~4Horo ne4~T~Ha B 3T~neHrn~Kone /9/. B 3t~x ~ccneAOBa
H~RX, OAHaKO, He on~eAenRn~Cb H~ napaMeTpw 6~cnoeB, H~ ~X t1>a30
Boe COCToRH~e. 

B He~TpüHHWX A~t1>paK4~oHHWX 3Kcnep~MeHTax, pe3ynbTaTw KOTOpWX 
npeACTaBneHW B HaCTOR~e~ pa60Te, Bo-nepBWx, BWRCHRnOCb, o6pa
3YlOTCR n~ MynbT~tno~Hwe CTPYKTYpW ~3 R~4Horo ne4~T~Ha (EYL) 

B paCTBopax 3T~~eHr~, (DMBO),EGL ."._~"M"T"JIlb<t>,OKC"Aa, 

SJ1 . A. 
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~3MepRn~Cb ~X napaMeTp~, ~, BO-BTOp~X, onpegenRnocb pacnpege
JleH~e MOnel<yn DMSO B CTpYI<Type ·~3 R~4HOrO neuur aua ~ BOAbl. 31<c
nep~MeHT~ npoBegeH~ Ha He~TpOHHOM A~~paKTOMeTpe AH-2/ 10 / Ha B~
COKOnOT04HOM: ~MnynbcHoM peaKTOpe ~6P-2 O~~~ no paHee pa3pa60
taHHO~ cxexe /11/ . 

2. np~rOTOBnEHHE 06PA3UOB H YCnOB~R 3KCnEP~MEHTOB 

HccnegoBan~cb oõpasuu , np~ roroaneuaere cneAYIOI1\~M 06pa30M: 
N° 1 - O, 1 MIl 14% pac-r aop a R~ 4Horo neua r nua B s r axone HaHOC~nCR 

Ha. nOKpOBHoe CTeKJ10 pa3MepOM 25x25 MM, 3aTeM paCTaop~Tenb 

MeAneHHO ~cnapRnCR np~ t == 15°C; 
W2 - Ha 06pa3e4 ~ 1 /nocne npOBeAeH~R Ha HeM ~3MepeH~~/ HaKJ1a

AblBanOCb nOKpOBHoe CTeKJ10 Toro )f(e p aaxepa c paBHOMepHO 
pa3Ma3aHH~M~ no HeMY 3 Mr EO; 

W3 - np~rOTOBJ1RnCR aHanor~4HO W 1, HO B paCTBOp ,q06aBnRnocb 
3 Mr EG; 

W4 - np~rOToanRnCR aHanor~4HO W 1, HO B paCTBOp A06asnRnocb 
3 Mr DMSO; 

N° 5 - np~rOTOBnRnCR K8K N° 4, HO ~cnonb30BanCR nonuocr eo gei1Tep~
po BaHHbl~ DMSO; 

N° 6 - A~ cnepcaa R~ 4Horo ne4~T~Ha B ~36b1T xe BOgbl ~ DMSO, BOAa 
~ DMSO B COOTHoweH~~ 1: 1 . 

np~ ~3Mep~H~~ He~TpoHorpaMM napaMeTp~ A~~paKToMeTpa He OTn~
4an~Cb OT np~BeAeHHWX B pa60Te/ll~flaMennRpHaR A~~paK4~R Ha 06
pa34ax N° 1-5 ~3MepRnaCb B reOMeTp~~ 3epKanbHoro OTpa)f(eH~R np~ 

yrne pacceRH~R 29:::; 20°, A~$paK4~R Ha A~cnepc~~ /06pa3e4 W 6/ 
np~ 29 == 10°. PacceRH~e Ha yrneBoAopOAH~X 4enRX per~CTp~pOBa
nocs tia oôp aau ax W 3 ~ 4 B reoaerpaa C~MMeTp~4Horo npOXO)f(AeH~R 

np~ 29 = 90°. 
napaMeTp~ 6~cnOR onpeAenRn~Cb Ha 06pa34ax W 1-4, np~ 3TOM 

06pa34~ He ~30n~pOBan~Cb OT oKpymalOl1\e~ cpeA~. H3MepeH~R Ha H~X 

npoaeneuu ripa t == 18°C ~ OTHOC~TenbHoi1 Bna)f(HOCT~ 0/= 20%. CTPYK
TypHbli1 axcnepaaea r no noxanaaauaa DMSO eunonue« Ha oôp aau ax N° 1, 
4 ~ 5. B 3TOM cnyxae OH~ nOMel1\aJ1~Cb B repMeT~4Hbl~ 06beM, OTHOC~

r eneuas Bna)f(HOCTb t/J == 60% B KOTOpOM aanaaanac s c nOMOl1\blO HaCbl
l1\eHHOrO paCTBopa con~. TeMnepaTypa B 3T~X ~3MepeH~RX 6~na 21°C. 
AnR onpeneneuas oaa CTPYKTypHblX oaxropoe ~Cn0J1b30SanCR MeTOA 
~30TonHoro 3aMel1\eH~R 80Abl /4/, ~ Kamgbl~ 06pa3e4' nocneno aa'r eru.ao 
noraeuiancn B napu H2 O, H20/D2 O = 1/1 ~ D 2 O. 

np~ 06pa60TKe He~TpOHorpaMM aunonuanacs HOpM~poBKa Ha 3$$eK
T~BH~~ cneKTp He~TpOHOB, nocne 4ero Hei1TpoHorpaMMa nepeBOA~naCb 

B wKany Me)f(nnOCKOCTH~X pacceRH~~. nOnO)f(eH~e 1-ro nopRAKa OTpa
)f(eH~R~B 3TO~ WKane HenocpeACTBeHHO AaeT nep~OA 6~cnoR. np~ nepe
xOAe OT ~HTerpanbH~x ~HTeHC~BHOCTe~ n~I<OB K CTPYKTypH~M $aKTO
paM Y4~TWBanCR TonbKO MHO)f(~TeJ1b flopeH4a s B~Ae d4 . $aKTOp norno
l1\eH~R He Y4~T~BanCR, T.K. np~ 29 > 10° ~ Tonl1\~He 06pa34 a 
.... 5.10-8 CMOH npaKT~4eCK~ He OTn~4aeTCR OT eA~H~4bl. 
2 

3. PE3YnbTAT~ 3KcnEPHMEHTOB 

3.1. cDa30Boe COCTORH~e ~ napaMeTp~ 6~cnoR 

np~ KOMHaTHO~ r e-meparype ~ t/J ~ 10% R~4Hblt:1 ne,4~T~H HaXOA~TCR 
a' La -maae /3/ c nepuonoa 6~cnoR d == 50,8 A / t == 23°C, tf;:::; 66%/ /4/. 

COCTORH~e yrneBoAOpOAH~X ~ene~ np~ 3TOM RaJlReTCR m~AKOKp~CTann~
4eCK~M, ~ np~ A~cl>paK4~~ Ha H~X B 3KBaTop~anbHO~ nJ10CKOCT~ a03H~

KaeT cpaBH~TenbHO w~pOKaR nonoca C d ~ 4,6 K/l~ B HaweM cnY4ae 
06pa3 e4 N° 1 /4~CTbl~ EYL/ Aer:1cTB~TenbHo HaxoA~nCfl B La -oase C dO == 

== /51, D±O,3/ Â, HO Ha oõpaauax N° 3 ~ 4 np~ A~cl>paK4~~ Ha yr'ne aono
pOAHblX ueriax 6brn~ aape r~CTp~pOBaHbl Y3 K~e peonexcu C d==/4, 2±0 , 1/ Â. 
/p~c.1/, xapaKTepH~e AnR ynopRA04eHHor:1 L~-epa3~ /~nH L~'/. naMen
nRpHaR A~eppaK4~R Ha Btex 4 06pa34ax /~ 1-4/ Aana T~n~4H~e cneKT
pbl /p~c. 2/, B03H~KaIOI1\~e OT My.nbT~cnor:1Hblx CTPYKTYP C p aaopueur a
41r1er:1 6~CJ10eB He õoriee 5°. OAHaKo nepuon nOBTopFleM.OCn-1 npa Ao6aB
neHl-11-1 K RI-14HOMY ne41-1TI-1HY EG 1-1 DMSO CYl1\eCTBeHHO 1-13MeH~nCFl: 

do :::; /41 ,8±O,3/Ã. AnR EYL +EG /tr 3/. 
do = /44,0±0,3/K AnR EYL+DMSO /N° 4/. 

AI-1cDP a K41-10HHaR l<apT~Ha OT 06pa34a ~ 2,CTpYKTypa KOToporo epOpMI-1PO

BanaCb 3a C4eT Al-1cDcl>Y3~1-1 EG B yme CYl1\eCTBYlOl1\YIO naMennRpHYIO CTPYI<

PHC. 1. 06pa3e~ ~ 4, AH~paK~HHEYL + DMSO 
T = 18°C, 'iI=20%H ~ "aa vr-ne aonopornrsrx uenax , BHAHbl20

28 =90° HHTeHcHBHble, Y3KHe peqmeKcbI
 
rrpH d = 4,2 H 2,1 A.
 

d2 =2,1A
 
7500
 

6000 

1/10 5 1 n.' 
2.5 ~. EYL' DMSOlD 6l, '!'.60%H

10 

T .2'·C 

3 

PHc.2. 06pa3e~ ~ 5, naMennHpHaH 
1.5 

~H~paK~HH Ha 6HcnOHX. BH~HbI 

TonhKO nepnue "lleTblpe nopanxa OT
n.2 

n:3l 
p~eHHH OT naMennHpHoH rrnOCKO

.8CT~. rrono~eHHe l-ro rropHAKa co
OTBeTcTByeT rrepHoAY 6HcnoH. MIa .:LJ_4.8 

nOrH"llHWe ~H~paK~HoHHwe crreKTpw 
.8 ~_ 

rrorryaensr ,[\nH o õp aauoa N~ 1-4. ~ -'---'-----~--- --- 48 dfÂI'----,~ 16 24 

3 

2 



TYPY ~~4HOrO ne4~T~Ha, TaKa~ me, KaK ~ OT N° 3 Ic TeM me nep~oAoM 

no aropaesocr a/", HO A~<ppaK4~oHHble n~K~ ~MeIOT ue ctconexo MeH bWYIO, 
a A~<P<PY3H~~ <POH 6onbwyIO ~HTeHc~BHoCTb, T.e. CTpYKTypa o6pa34a W 2 
MeHee ynop~A04eHa. Ha o6pa34e W6 IA~cnepc~~1 TaKme Ha6nlOAanacb 
A~4>paK4~~ Ha 6~cno~x c do = 148,5±0,5/Â*. 

TaK~M o6pa30M, npu pacr aope-ura EYL KaK B EG, TaK ~ B DMSOBO
3H~KaeT 6~cnO~Ha~ CTPYKTypa, nep~OA KOTOpOH MeHbwe, 4eM Y EYL 
B OTCYTCTB~e paCTBop~Ten~, ~, no Kpa~He~ Mepe, 4aCTb yrneBoAopOA
H~X 4ene~ n~n~Aa HaXOA~TC~ B ynop~Ao4eHHOM COCTO~H~~.	 ··ln 

JI 
3.2. nonomeH~e DMSO B 6~cnoe 

.an~ onpenenexaa nonoxe una OMSO B 6~cnoe npoaonanca COBMeCTHbl~ 

aHan~3 A~<ppaK4~OHH~X AaHH~X, nony4eHH~x Ha o6pa34ax, COAepma~~x 

06~4H~~ IW 41 ~ nonHOCTblO A~~Tep~poBaHH~~ I~ 51 A~MeT~ncynb<pOKC~A 
QMSO(D~.KaK 06~4HO, An~ ~~4HQ~O ne4~T~Ha np~ ~ = 60% ILa-<pa3al 
nepB~e 4eT~pe nop~AKa OTpameH~~ cy~ecTBeHHO ~HTeHC~BHee oCTanbH~X 

Ip~c.2/, n03TOMY TonbKO OH~ ~ y4~T~Ban~Cb np~ onpeAeneH~~ CTPYK
TYP~ 6~cno~. <pa3~ CTpYKTYPH~X <paKTOpOB onpeAeneH~ ~3 cpaBHeH~~ 

AaHHblX np n H 20 -020 06MeHe. Ha pnc , 3 np~BeAeHbl 3aB~C~MOCT~ ~3Me

peHH~X CTpYKTypH~X <paKTopoB OT 
cOAepmaH~~ 020. KaK ~ AonmHoEYL+DMSO(D6), 'I' =60%·F 6blTb An~ 4eHTpOC~MMeTp~4HO~
 

50
 CTpYKTYP~, 3T~ 3aB~C~MOCT~ n~

He~H~e. 3HaK~ CTPyKTYPH~X <paK
T =21°C 

40 TOpOB B~6paH~ B COOTBeTCTB~~ 

c TeM, 4TO ecn~ Ha4ano KOOPA~30 
HaT nOMe~eHO B 4eHTp yrneBoAO


20
 pOAHO~ 06naCT~ 6~cno~, TO np~ 

YBen~4eH~~ cOAepmaH~~ 020 Ben~
10 

4~Ha F(h) np~ h 4eTHOM AonmHa 
o	 ;' J 'oc;:'I I YBen~4~BaTbC~, a np~ h He4eT


HOM - YMeHbwaTbc~. nocne onpe

-10 AeneH~~ 3HaKOB CTpYKTypH~X <paK~ 

TOpOB B~nonH~nc~ <PYPbe-c~HTe3, 
-~o 

T.e. cTpo~nacb npoeK4~~ pacnpe

-30
 AeneH~~ nnOTHOCT~ aMnn~TYA~ pac

ce~H~~ He~TpoHoB Ha HanpaBneH~e, 
-40 

nepneHA~Kyn~pHoe nnOCKoCT~ 6~

cnos I KOpOT KO - "pacnpeneneuae-50 
nnoruocrn" I: 

-60 

-70 JPHC. 3. 3 aBHCHMOC TH c TpYKTypHblX 
~aKTopoB OT COOTHorneHHH H2P/D 20

50 100 %D20 
B 6HCJIOe. 

*	 p 1121AJIH cpaBHeHHH: gHcrrepcHH EYL B norre HMeeT do = 62 1\ • 

p(x) :c: !. F(h) coe 277hx/do ' 111h 

rAe h - HOMep nop~AKa oTpameH~~, do - nep~oA 6~cno~. Pa3HocTH~e 

<PYPbe-c~HTe3~ n03Bon~IOT nOCTpO~Tb pacnpeAeneH~e nnOTHOCT~ BOA~ 

~ Ae~Tep~poBaHHo~ rpynn~poBK~: 

pw(x) :c: !. (F D O (h) - F H O(h» cos 21Thx Id o'	 121 . 
h 2 2 

P (x) ~ (FDMSCXDelh) - FDMSO (h» cos277hx Ido'D MSO	 131 

rne FD20 ~ FH20 - cr pyxrypasre <paKTOPbl An~ oõp asu a B napax 02 ° 
~ 820 cooTBeTcTBeHHo, FDMSO(D ) ~ - CTpYKTypH~e <paKTop~FDMSO 
An~ oõp aauoa c Ae~Tep~pOBaHHbl~ ~ HeAe~Tep~poBaHHbIM OMSO. Ilpa no
cTpoeH~~ PDMSO np~BeAeH~e CTPYKTypH~X <paKTopoB FDMSO(D6 ) ~ FDMSO 
B OAHY wKany B~nonH~nOCb c nOMo~blO HOpM~pOBK~ no pacnpeAeneH~1O 

BOA~, KOTopoe npeAnonaranocb oAHHaKoB~M B o6o~x o6pa34ax. Pas
HOCTHble nnOTHOCT~ Pw ~ PD.MSO C T04HOCTblO AO nOCTO~HHoro K03<P<P~

4~eHTa cooTBeTcTBYIOT pacnpenene-uuo BOAbl ~ DMSO B 6~cnoe. KpOMe 
Toro, SHa~ 111 ~ 121 ~n~ 11/, 121 ~ 131 An~ o6pas4oB c DMSO, 
MomHO nOCTpO~Tb PL(x) - pacnpeneneuae nnOTHOCT~ n~n~Aa. Ha pac . 4 
nnOTHOCT~ p(x) , PL(x) ~ pJx) no xaa aau An~ EYL lo6pase4 N° li, 
OH~ xopowo COOTBeTCTBYIOT aHanor~4H~M np~BeAeHH~MpacnpeAeneH~~M, 

B/4~. PacnpeAeneH~e BOA~ An~ o6pas4oB W4 ~ 5·noKasa~o Ha p~c.5. 
PaSHOCTb pacnpeAeneH~~ BOA~ 8 ABYX o6pas4ax IKp~Ba~ 3 Ha p~c.51 

xapaKTep~syeT YPOBeHb 3Kcnep~MeHTan~Ho~ OW~6K~, KOTopa~ nOM~MO 

CTaT~CT~4eCKO~ BKnlO4aeT 8 ce6~ OW~6KY HOPM~POBK~ ~ OW~6KY, CB~

200 J PHc.4. 06pa3e~ ~ 1, ~YPhe-rrpo~H
p .,. JIH I1JIOTHOÇ-TH p acceauaa: 1 - p(x) 

\ 
EYL, T·.21·C," ,60%\ 

- normas rrrrOTHOCTh, 2 - PL(x) 
I150 

pw(x) - rmo rnoc'rr. pacupenenenaa 
\ 
\
 I1JIOTHOCTh rrHrrHgHoro 6HcrroH, 3 
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50 
PHc.5. ~YPbe-rrpo~HrrH pacrrpege
JIeHHH BOgW B 6Hcrroe o6pa3~oB ~ 

~ 4 H 5. KpHBaH 3 - pa3HOCTb , 
-24AI-d/21· -12	 24A~21
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PHc.6. 06pa3e~ ~ 5, $YPbe-rrpo
$HnH rrnOTHOCTH pacceHHHH: 
1 - p W(x) - rrnOTHOCTb pacrrpegeJIe
HHH BOAbI, 2 - PL(x) - rrnOTHOCTb 

rrarramror-o 6HcnoJl, 3 - PDMSO(x) 
IlJIOTHOCTh p acrrpezterterrnn DMSO 
/YMHO)KeHO Ha 5/. 

3aHHY~ C HeHAeanbHo T04H~M H30
MOP<!>H3MOM CTPYKTYP VI O2 O.C H20 

12

T 1;.21°C. 'fi. 60"0 

[EYL' OMsOI o, Jl- [EYL' OMSO) 

-24AI-dI21 
24Ald121 HaKOHe4, Ha pHc.6 noxaaaau p ac

npenene-ura pw(x) ITo >Ke, 4TO KPH
aas 2 Ha PHc. 51, P L(X) H PDMSO(X) Anfl 06pa34a N° 5. Xopowo BHAH
MO~ oc06eHHOCTbID pacnpeAeneHHfl PDMSO flBnReTCfl 60nbwafl WHpHHa MaK
CHMYMa, HaXOAfll1\erOCfl B 06naCTH nónapuux ronOBOK nHnHAa IMaKcHMYM 
npH X = 0, TaK >Ke KaK Y Pw' flBnfleTCfl apTe<!>aKTOM/, ero WHpHHa n04
TH BABoe õonsuie , 4eM Anfl SOAbl, H, cnenoaarensuo , DMSO npOHHKaeT 
rny60Ko B 06naCTb nonflpH~X ronOBOK. HOPMHPYfl nonY4eHH~e.pacnpe
AeneHHfl Ha H3BeCTH~e cpeAHHe KorepeHTH~e aMnnHTYA~ pacceflHHfl 
He~TpOHOB BOAo~,nHnHAOM H DMSO, MO>KHO onpeAenHTb OTHOCHTenbH~e 
KonH4eCTBa MoneKyn SüAbl H DMSO B 6Hcnoe. 3TH H HeKOTopble APyrHe 
xapaKTepHcn1KH 6!11CnOeB /113 EYL H EYL + DMSO npHBeAeHbl B r aõnuue . 

Ta6nl1~a 
XapaKTepHCTHKH 6HcnoeB 113 EYL li EYL + OMSO 

QH20 QOMSO GOMSO VOMSO 
06pa3e~ dO,Â d f{ 

°L DLL, ~ v;;.
EYL S/,0±0,3 37,4:1-0,4 5,3:1:0,3 

EYL +OMSO 48, 9±0, 3 35,9±0,4 4,2±0,3 0,4 0,09±.0,2 0,37 

4. 06CYmAEH~E PE3ynbTATOB 

~3 cpaBHeHHfl npHBeAeHHblX B r aõru-ue BenH4HH do H d
L 

cnenye r , 
4TO YMeHbweHHe nepHOAa nOBTopfleMOCTH MeM6paHbl npH A06asneHHH 
DMSO I Ô.d = 2, 1 XI np0ll130WnO B OCHOBHOM aa C4eT YMeHbweHHfl TOnl1\lI1
Hbl nHnHAHoro 6l11CnOfl ,/6.d = 1,5 KI, B TO BpeMfl KaK paCCTOflHHe Me>K
AY nonflpHblMH ronOBKaMII1 cocenaax 6HcnoeB H3MeHHnOCb cna6ee I ~d = 
= 0,6 Â I. npH ManOM COAep>KaHHH BOAbl YMeHbweHHe nepaona euie 60
nee CYl1\eCTBeHHoe: Ô.d o = 7,0 Â Anfl BOAbl EYL + DMSO /oõpaaeu tr 41 
H ~do=,9,2K AnR EYL+EG 106pa3e4 tf 3/. H 
CTonb 60nbwHe 1I13MeHeHlI1fl nepHoAa HeB03MO>KHO 
TOnl1\HHbl cnoa BOAbl npH BBeAeHHH DMSOHnH EG, 
I1\,HHa BOAHOIII npocnoãxa He npeasuuaer 3 X./13~ 

AIlfl 3TlI1X 06pa3l\OB 
06bflCHHTb YMeHbweHHeM 
T. K. npH rfl = 20% ron

~3BeCTHO :114/, 4TO <!>oc<!>onHnIl1AHble MeM6paHbl HMelOT OTpHl\aTenbHbllll 
r ennoaoã K03<!><!>Hl\HeHT paCWHpeHHfl Anfl TOnl1\HHbl 6HcnOfl. 3TO CBR3bl
saeTCfl C YCHneHHeM pa30pHeHTal\HH H nOABH>KHOCTH KOHl\OB yrneBoAO
pOAH~X 4enelll npH nOB~weHHH TeMnepaTYP~. Ha060pOT, npH BCTpaHBa
HHH 'B 6HCho~ MoneKyn C )f(eCTKHM KapKaCOM, KaK, HanpHMep, xonecte
pHHa, npOHCXOAHT ynopflA04eHHe opHeHTal\HH yrneBoAopoAH~X l\enelll 
H, KaK cneACT8He, YBenll14eHHe TOnl1\lI1Hbl 6HcnOR /15/. 

1 Honexynu DMID IH EOI npOHHKaIDT S 06naCTb nonapxux ronOSOK 
lHO He B 06naCTb yrrteaonooonaux uenea , KaK xonec'recau/"; 4TO npH
BOAHT K ysenH4eHHID nnOl1\aAH ~, npHXOAfll1\elllCfl Ha OAHY MoneKyny 
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f 

r~
 
,,~. I 

i! 

nHnHAa. AHam'!3 <!>YPbe-npo<!>Hnelll C Y4eTOM nnOTHOCTH aMnnHTYAbl pac
ceflHHfl B 06naCTH nonflpHolII ronOSKH AaeT'04TO SCTpaHBaHHe DMSO 
npa n DMso/n L = 0,4 npH SOAHT K 6.S ~ 2,5 A 2. B npHHl\Hne aroro AO
CTaT04HO Anfl 06bflCHeHHfl yMeHbweHHfl TOr.~HHbl nHnHAHoro 6HcnO.'1 npH 
~ d 60%, T.K. npH TaKOM ysenH4eHHH nnOl1\aAH nOflsnfleTCfl B03MomHOCTb 
nononanrensuor-o OTKnOHeHHfl yrneaonoponnux ueneü OT nepneHAHKynfl 
pa K nOBepXHOCTH 6HcnOfl Ha yron cP, 
HH.A /13/ : 

cos q; = so/(So + ~ J '::0,96, 

rAe So '= 40 Ã2 - YABoeHHafl nnOl1\aJlb 
AnHHY uena f npHMepHO paBHolII 13Ã, 

onpenenaenuã H3 COOTHowe

yrneaonoponuoã uenn . npHHHMafl 
nonyuaex, 4TO YMeHbweHHe ron

I1\HHbl nHnHAHolII 4aCTH 6HcnOfl npH OTKJ10HeHHH ueneü e cr s 

~d = 2f (1 - CQS r/J ) :: 1,6 A, 
4TO XopOWO cornacyeTcfl C 3KcnepHMeHTanbH~M 3Ha4eHHeM. 

04eBHAH~M flBnReTCfl 3Ha4HTenbHoe YMeHbweHHe nepHOAa 6HcnoR npH 
Manolll oTHocHTenbHolII BnawHoCTH.Mo>KHO npeAnOnO>KHTb, 4TO B 3TOM 
cnY4ae npOHCXOAHT OTKnOHeHHe yrneBoAopOAH~X l\enelll OT HopManH Ha 
y rnu 1; z: 45 ° AnR EYL +DMSO H q;::: 49 ° AnR EYL + EG. C'rons õons
WHe OTKnOHeHHfl conpOBO>KAa~TCfI nepeXOAOM l\enelll B TpaHCKOH<!>opMa
~H~ 111 ynopflA04eHHeM. 

5. 3AKnlO4EHHE 

B HaCTORl1\elll pa60Te 
BHH HeBOAHblX nonapuax 

AOKa3aHo, 4TO 
nacr aopa reneã 

flH4H~1II nel\
DMSO H EG 

HTHH B np
oõpaayer 

HCYTCT
KnaCCH

4eCKHe 6HcnolllH~e MynbTHnaMeJ1nflpH~e CTPYKTYP~. 3aMeHa BOA~ Ha 
DMSO HnH EG npHsOAHT K 3Ha4HTenbHOMY YMeHbweHH~ TOnl1\HHbl 6Hcnoes. 
npH Manolll Bna>KHOCTH ~ = 20% H t = 18°C B CHCTeMax EYL + EG 
H EYL + OMSO Ha6n~Aa~TCfl npH3H AH<!>paKl\HH OT ynopflA04eHHblX

oaKH 
yrneaonoponaax ueneü I d = 4,2 A I Ha õonsunix y rnax p acceauaa • 

B03MomHo, 4TO npH 3THX ycnoBHflX 06pa34W HaxoARTCfl B L~~-<!>a3e 

C yrnoM OTKnOHeHHfl l\ene~ OT HopManH K naMennflpHolII nnOCKOCTH 
2: 45°· 

npH Bna>KHOCTH 60% H t = 21°C onpeAeneHO pacnpeAeneHHe B 6H
choe. B~flcHeHo, 4TODMSO pacnonaraeTcfl He TonbKO Me>KAY nonflpH~MK. 

'7 
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ronOBKaMH nHnHAOB, HO H npOHHKaeT rny6oKo B 06naCTb rOnOBOK. 
B 3TOM CnY4ae TaK~e Ha6n~AaeTC~ YMeHbWeHHe TOn~HH~ nHnHAHOrO 
6HcnO~, KOTOpOe MO~HO 06b~CHHTb YBenH4eHHeM nOABH~HOCTH yrneBo
AOPOAH~X ~ene~, CB~SaHH~M C YBenH4eHHeM nno~aAH nOnApHO~ rOnOBKH 
npH BCTpaHBaHHH DMSO. 

ABTOP~ B~pa~a~T npH3HaTenbHOCTb H.A.BacHneHKo sa npeAocTaBne
HHe npenapaTOB H nonesH~e o6cY~AeHH~. 

DHTEPATYPA 

1. 	 Luzzati V. In: Biological Membranes. (Ed.D.Chapman). Academic 
Press, New York, 1968, p.71. 

2. 	Shipley G.G. In: Biological Membranes. (Ed.D.Chapman, 

D.Wallach). Academic Press,london, 1973, v.2, p.l. 


3. 	 Tardieu A., Luzzati V., Reman F.C. J.Mol.Biol., 1973, 75. 
p.711. 

4. 	Worcester D.L. In: Biological Membranes. fEd.D.Chapman, 

D.Wallach}. Academic Press,London, 1976, p.l. 


5. 	Schoenborn B.P. Bioch.Bioph.Acta, 1976, 457, p.41. 
6. 	Worcester D.L., Franks N.P. J.Mol.Biol., 1976, 100, p.359. 
7. 	King G.I., Chao N-M., White S.H. In: Neutrons in Biology. 


(Ed.B.P.Schoenborn). Plenum Press, New York, 1984, p.159. 

8. 	 BaCHneHKO ~.A. H AP. ~AH CCCP. 1982, 267, c.402. 
9. 	 neTPOB A.r., 4YMaKoBa c.n., Ha~AeHoBa C.O. KpHcTannorpa~HA, 


1984, 29, c.1138. 

10. 	 6anarYPoB A.M. H AP. O~R~, 3-84-291, ~y6Ha, 1984. 
II. 	6anarYPoB A.M., rOPAenH~ B.H., Rry~HHcKH~ D.C. 6Ho~H3HKa, 

1986,31, c.31. 
12. 	Torbet J., Wilkins M.H.F. J.Theor.Biol., 1976,62, p.447. 
13. 	 ~BKOB B.r., 6epecToBcKH~ r.H. ~HHaMH4ecKaA CTpYKTypa nHnHA

Horo 6HcnoA, "HaYKa", M., 1981. 
14. 	 Luzzati V., Husson F. J.Cell.Biol., 1962, 12, p.207. 
15. 	 Rand R.P., Pangborn W.A. Bioch.et Bioph.Acta, 1973, 318, 

p.299. 

PYKonHcb nOCTynHna B H3AaTenbcKH~ OTAen 
29 ceHTA6p~ 1986 rOAa. 

8 

6anarYPOB A.It., rOPAeIIM~ B.M. .~ P14-86-644 
BnHRHHe 3THneHrnMKOnR H AHMeTMncynb¢QKCKAa Ha MynbTHnaMennRpHYO 
CTPYKTYPY M3 RM~Horo ne4MTHHa 

IteToAOM AM!IlpaK4HM He~TpoHoB YCTaHoaneHO, ~TO a CKCTeMax RH~HW~ ne4HTMH 
31'HneHrnMKonb (EYL+EO) H RHLfHWM ne4HTMH-AHMeTMncynb¢QKcHA (EY4 + DMSO) 803140*
HO 06pasoaaHHe MynbTHnaMennRpHWX CTpYKTYP. nepHOA noaTopReMOCTM 06pa3Y~HXCR 
CTPYKTYP CYJlleCT8AlHHO MeHbwe, ~eM a CMCTeMe RM'IHblft ne411TI1H - aOAa: 51,0! ,AnA 

EYL+ "110' 41,8A AnR EYL+EO M 44,0'& AIlR EYL+DYSO npM OTHOCl1TenbHO~ 
SnalKl-IOCTH t/J= 20% 11 TeMnepaType T", 18De. B03MOlIC!'IO, ~TO ClICaTMe 611cnOR npOl1c
XOAI1T 113-3a 3HaLfHTenbHoro /Ha yron - 45 0

/ OTKIIOHI1!HMR yrneBoAopOAHWX lIene~ OT 
HOpManl1 K nosepXHOcTH 6!1cnoR, conpOBOlICAa~erOcR nepeXOAOM CTpYKTYPW 113 La
s LI3'-lIla3Y. Ha cl1qeMe EYL+ DMSO .., BO,Aa npOaf/AeH CTPYKTYPHW~ aHasll13. 
M3 $YPbe-npO!Ill1nR npOeKIII1H CTPYKTYPW Ha HopManb K 611cnoo cneAYeT, 'ITO MOneKY
nw DMSOnpOHHKaOT rny6oKo B 06naCTb nonRpHWX ronOBoK nHnMAa. 

Pa60Ta sbinonHeHa s na60paTOpI1H l-Ie~TpOHHO~ !IlI13MKM OMHH. 

COO6WeHHe O&t.~HliellllOro HHCTIlT)'Ta lIlleplll>lX HCCJleaollaHHii.,!ly&Ia 1986 

nepeiloA T.$.Apo3AoaoH 

Balagurov A.M., Gordeliy V.I. PI4-86-644 

The Effect of Ethylenglycol and Dimethylsulphoxid 

on the HultilamellarStructure from Egg Lecithin 


There was shown with the help of neutron diffraction methods that the 
bi layer may be formed in the systems of egg leci thin - ethylenglycol (EYL+EG) 
and egg lecithin - dimethylsulphoxid (EYL+DMSO). The repeat distance for

·'1 these structures is s igni ficantly smaller than in the egg lecithin - water 
, system: 51.0 for EYL + "eO. 41.8 K for EYL+ EG. 44.0 K for EYL +DMSO at the 

relative humidity'" = 20%. The "compression" of the bilayer seems to be due 
to the phase transition from La to LI3' phase. The structure analysis was 
carried out for the system EYL+DMSO + water. From the Fourier-profi Ie of 
the structure projection on the normal to the bilayer it is seen that the 
DMSOmolecules are incorporated in the region of polar head groups and bet
ween them. 

The investigation has been performed at the Laboratory of Neutron 

Physics, JINR. 
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