
C00611UNMR 
0611BAMH8HHOro 

MHCTMTYT8 
RABPHWX 

MCCIBA018NMM 

AY6Ha 

PJ9 85 350 

A.M Banarypos, B .H .ropnenH~. Jl .C .Hry~HHCKH~* 

"1CCJlE/lOBAHHE K"1m:THKH COPBUHH 

H /l~:COPl >llHJ!t BO/lbl MY JlbTHJlAM!'.:JWHPHblMH 

JlJ,11 IH)lHblMH ( 'TPYKTYPAMM 

Cop6UHfl H /leCop6uHfl H2 0 CTpyKTypaMH 

W3 /lHllaJlbMHTOHJIJICUHTHHa H flH4HOf'O JleUHTHHa 

* MOCKOBCKHH rocyAapCTBeHH~H YHHBepCHTeT 

1985 



BBE,llEHHE 

PaHee HaM~ 6~n npeAnomeH ~ onpo6oBaH MeTOA ~eeneAOBaH~n K~He· 
T~K~ eop6~~~ BOA~ MYnbT~n,M,nnRpH~M~ n~n~AH~M~ eTpyKTypaM~ e no
MotllbiO A~<J>paK~~~ Hei:iTpOHOB 1 . npoBeAeHH~e 3Kenep~MeHTbl 3aKn104a
nHeb B ~3MepeHHH 3aB~e~MOeT~ OT BpeMeHH HHTeHe~BHOeTeH AH<J>paK
~HOHH~X n~KOB H nep~OAa eTpyKTyp~ noene pe3KOH eMeH~ yenoBHH 
Ha o6pa3~e. 6~no o6HapymeHo, 4TO see HeeneAOBaHHble npo~eee~ 

HMeiOT 6~eTPYIO <J>a3y e xapaKTepH~M BpeMeHeM T < 1 MHH ~ OAHY ~nH 
ABe MeAneHHble <J>a3bl e T , paBH~M HeeKOnbK~M MHHyTaM ~n~ HeeKOnb
K.HM AecRTKaM MHHYT, 

8 HaeTOR~eH pa6oTe H3y4anoeb BnHRH~e Ha KHHeTHKY eopfiUHH 
/Aeeop6U~H/ BOllbl MYJ1bTHnaMennRpHbiMH nHn~AHbiM~ eTpyKTypaM~ ~X 
<J>a30BOrO eoeTORHHR. TaKme ~o~eeneAoBanoeb BnHRHHe Ha K11HeTI1KY 
3T~X npo~eeeoe r11APO<J>o6HOH ~ r~APO<Il11nbHOH 4aeTeH 611enoR; AnR 
3TOrO ~enoJ1b30Banl1eb o6pa3~bl, e<J>opMI1POBaHHble 113 nl1n11AOB, yrne
BOAOPOAHble ~en11 KOTOPbiX npeAeTaBnRIOT eo6oi:1 OeTaTK11 HeHaebl~eHH~X 

m~pH~X K~enoT /RI14HbiH ne~I1T11H/ 11 oeTaTKH Hi!Cbl~eHHbiX m11pHbiX Kl1e-
·noT /A11na~bMI1Tol1nne~I1T11H/. KpoMe Toro, Ann 113M~HeHI1R eeoi:ieie 
nonRpH~x ronosoK n11n11AoB np11roToBnRn11eb o6pa3~bt 113 Al1nanbMI1-
•vrt.;I .. IC4v•lv•nu a IIIJVI'-Y 1 '- 1 t:H1VI l..UJIVI 4e3H.A \L.S CiJ. 

1 o 3KcnEP~t1EHT 

Cnoeo6 np11roToeneHHR o6pa3~os ~ exeMa npoBeAeHI1R 3Kenepi1MeH
TOB 6~n11 TaK11MI1 me, KaK 11 B~/. Q6pa3~~ npeAeTaBJ1RnH eo6oA Mynb
THJ1aMeJ1nRpHble nHnHAHble eTpyKTYP~ Ha CTeKnRHHOH noAnOmKe, Maeea 
n~-tnHAa eoeTaBnRna oT 5 AO 15 Mr, nno~aAb -6 eM 2

_ 4~-teno 611enoee 
6biJ10 nOPRAKa - 5 · 10 3_ 3KenepHMeHT~ eenHeb Ha HeHTpOHHOM AH<J>paK
TOMeTpe ,llH-2 e OAHOKOOPAHHaTH~M n03H~HOHHO-~YBeTBI1TenbH~M Ae
TeKTOpOM131B na6opaTOPHH HeATpOHHOH IDI13HKH OHRH- KHHeTHKa He-

- Ill eneAoBaJlacb MeTOAOM, npeAnomeHHbiM B . HeeneAoeanHeb eneAY~~e 
npo~eee~: 

.p (H 0) -. .p (H 0), 
1 2 2 2 

T,e. K~HeTHKa H3MeHeHHR eoeTORH11R o6pa3~a, HaXOAR~eroeR npH OTHO
eHTenbHOH BnamHOCTH oKpymaiO~ero B03Ayxa .p np11 nepexoAe K OTHo
eHTenbHOH enamHoeTH .p2 e napax H

2
0,H KHHef~-tKa o6paTHoro npo~eeea, 

CoeTORHHR npH I# (H 
2
0) onpeAenRJ111eb OTHOeHTenbHOH snamHoeTbiO 

e noMellleHH11, eobaBnRswei1 o6~4HO 15.;-40%. CoeToRH~e npH .P2 (H 2 0) 
AOeTHranoeb npH noMe~eHHH o6pa3~a B aniOMHHHeB~H KOHTei1Hep 06be-
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MOM ~ 1000 CM , BHyTp~ KOTOpor.o anamHOCTb 3aAaBanacb Hac~~eH-
H~M pacTeopoM con~ (K2S0 4 ) a BOAe. Bo ecex o6cym,QaeM~x H~me 
3KCnep~MeHTax anamHOCTb o/ 2 COCTaBnRna 97%. BpeMR AOCT~meHHR 
3aAaHHoi1 enamHoCT~ He npeBblwano 1 M~H. Cnoco6 per~cTpaLIHH A~<l>

paKLI~OHH~x cneKTpOB ~ o6pa60TK~ 3KCnepHMeHTanbH~X AaHH~X fi~n 

TaK~M me, KaK ~ a111
. K~HeT~Ka YKa3aHH~x e~we npolleccoe Ha6n~

Aanacb Ha o6pa31..1ax ~3 R~4Horo neli~T~Ha, A~nanbM~ToHnneli~THHa, 
a TaKme ~3 A~nanbM~To~nneli~T~Ha, np~roToeneHHoro a np~cyTCTB~~ 
conH Lle3~1R (Cs Cl) B KOHI..IeHTPa'-1~~ 1 MOflb Ha 1 MOflb. Ha~6onee 
ClilflbHbiMH ~ nerKO Hafin~AaeM~MH B XOAe BCeX npOI..IeCCOB fibln~ 1113-
MeHeH~R HHTeHC~BHOCT~ nepeoro nopRAKa OTpameH~R. MHH~ManbHOe 
apeMR per~CTPall~~ OAHOro A~<!>paKLI~OHHOro cneKTpa COCTaBnRno 80 C. 

2. PE3YilbTATbl 11 06CY~~AEH~1E 

,llnR Haw~x o6pa3LIOB cnpaeeAil~eo FT~ /I, rAe FT - nonH~~ 
CTPYKTYPH~H <t>aKTOP 6HciloR, a I - ~HTerpailbHaR ~HTeHc~eHocTb 

A~<t>paKLI~OHHoro n~Ka 14·5/. B nepeoM np~6n~meHH~ F T RBnReTcR n~
HeHHOM <l>YHKLI~eH KOI1~4eCTBa BOAbl B CTPYKType, Ill B TOM me npH6Il~

>KeH~~ MOmH.o c4~TaTb, 4To F T MeHReTcR a npo1..1ecce cop61..1~111 I ,Qe-
1 . ill 111 cop61..1Hiil TOilbKO 3a C4eT H3MeHeH~R ee KOI1~4eCTBa . B pa6oTe 

noKa3aHo, 4TO lii3MeHeHHe CTPYKTypHoro $aKTOpa BO BpeMeH~ AnR 
rnnfintAIA 1A n<>rnnnlltAIA nOOIIP.CCOB XOOOUJO on~CbiBa~TCR dJVHKU~eH 

. . .. ·-k~lt . . 

F T (t) = F oo + F 1 e 1 1 1 

11~60 <l>YHKLI~ea:i 

~k t 
F (t) = F + F e c 1 

T oo 1 + F 
2 

-k e c2 t 

' 121 

rAe F1, F 
2 

- HeKOTOPble KOHCTaHTbl, F 
00 

COOTBeTCTByeT 3Ha4eHH~ 
CTPYKTYPHoro <t>aKTopa A~<t>paKLI~OHHoro n~Ka nocne 3aeepweHHR KH
HeT~4ecKoro npo1..1ecca. 113 ypaeHeH~R 111 cneAyeT, 4To lniFT(t)- Fool 
RBI1R€TCR IlHHeHHOH <l>YHKLIHeH epeMeHH C HaKilOHOM, onpe,QenReM~M 

KOHCTaHTOH kc 1. Ecn~ me 3aBHC~MOCTb FI(t) on~cbleaeTCR ypaaHe,.. 
H~eM 121 ~ ecn~ kct » kc 2 , TO np~ t » !kc 1 <l>YHKLIHR lnjFT(t)- Fool 
6y,QeT Il~HeHHOH C HaKilOHOM, onpeAeilReMbiM Bei1~4~HOH kc 2• a np~ 

t"' 1/k c 1 Il~Hei7!Hol7! RBilReTCR <l>YHKLIIIIR ln IF (t)- F
00 

- F
2 

e -kc2t 1, 
HaKilOH KOTOPOH onpeAeilReTCR eenH4~HOH kct· ~pRMble, npoBeAeHHble 
Ha p~c.1 H 2 COOTBeTCTBy~T 3T~M ABYM BapHaHTaM on~CaHIIIR 3KCne
P~MeHTailbHbiX T04eK, 

3Ha4eHHR noily4eHHbiX B 3KCnep~MeHTaX noCTORHH~X epeMeHH 
r = like 1 111 r 2 = llkc2 npo1..1eccoe BOAHoro o6MeHa AnR ecex 
o~pa3l.IOB ~ ycnoa~R npo1..1eccoe lo/ , o/ ~ TeMnepaTypa Tl np~ee-
AeH~ a Ta6n~1..1e. 

1 2 
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PHc,l. 3aaHCHMOCTH !Fr(t)- Fool 
/TpeyrOJibHHKH/ H IFT(t)- Foo-

-k t I - F2 e C2 [ /TOll.KH OT BpeMeHH 

AJIH npouecca cop6UHH H
2
0 MYJibTH

CJIOHMH H3 HHll.HOrO J1€UHTHHa 
0 

npH T = 18 C, o/1 =18%, o/ 2= 97%. 
101 

+ I 

JliKa.Tia BpeMeHH H KOHCTaHTbl npo
~eCCOB B MHH, flo OCH op~HHaT JIO
rapH$MHll.eCKHH MaCWTa6, 

102
.-----.-----.----,,----,---, 

1,•4.7 

20 40 60 80 100 120 t 

PHc. 2. 3aBHCHMOCTH IFT(t)- F oo I 
/TpeyrOJibHHKH/ H IFT(t)-Foo -
-F2 e -kc2t /TOT.J.KH/ OT BpeM€HH 

AJIH rrpouecca cop6UHH H 20 MYJib

THCJIOHMH H3 ~HITaJibMHTOHJIJ1€UHTH

Ha c CsCl rrp T = I 8 ° C, 1/J 
1 

= I 8%, 
</J 2 = 9/f., WKaJia BpeMeHH H KOHC

T3HTbl rrpoueccoa B MHH, IlL 
flo OCH Op~HHaT JiorapH$MHT.J.eCKHH , 
M3CIIITa6, 

J 
I 

u. 

101 

h2=14 . t 

,I I 
,L L 4~ .~ .~ 20 

u /11 ~ 6 
n3 TOro, 4TO H3MepeHH~e B H B AaHHOH pa OTe 3aBHCHMOCTH 

KOilH4€CTBa cop6Hpoaa·HHOH IAeCop6HpoBaHHOHI BOAbl OT BpeMeHH xopo
WO OnHC~Ba~TCR ypaBHeHHRMiil 111 ~Il~ 121 CileAyeT, 4TO KHH€THKa 
H3Y4aeM~X npolleCCOB RBI1R€TCR KHHeTHKO.:i nepeoro nOPRAKa lat. 

113 Ta6IlHLI~ BHAHO, 4TO noCTORHH~e BpeMeH~ ,QilR COP61..1HH BOA~ 
6onbwe, 4eM AnR Aecop6LIHH npaKT~4eCKH AilR ecex o6pa3LIOB H npH 
ecex ycnoBHRX sKcnepHMeHToe. 3To, no-BHAHMOMY, 03Ha4a~T, 4TO 
3HeprHR aKTHBaLIHH npo1..1ecca cop61..1HH 6onbwe, 4eM Aecop6LI~Iil, 

nocTORHH~e epeMeHH (r ) AilR cop6LI~Iil BOA~ MYflbTHCilORMH 1113 
RH4Horo Il€'-IHTHHa npH T~ 18°C, .Pt = 18% ~ T= 24°C, 1/J = 38% 
cy~eCTBeHHO pa3JlH4a~TCR H paBH~ COOTBeTCTBeHH0 41 H 1d MliiH, 
B pa6oTax 17·81noKa3aHo, 4TO aACOP6LIHOHHble ~3oTepM~ AilR TaKHX 

"3T 191 ~ CTPYKTyp XOpOWO COOTBeTCTBy~T u -H30TepMe , OnHC~Ba~eH nonH-
CilOHHY~ aACop6LIH~, c Il3HrM~poecKHM MexaHH3MOM cop6LIH~. MomHo no
Ka3aTb, 4TO B TaKOM Cily4ae nOCTORHH~e BpeMeHH npOI..I€CCa COpfill~~ 

He 3aBHCRT OT Ha4ailbHOrO 3Ha4eHHR enamHOCT~. 0,QHaKO Ha4aflbHOe 
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Ta6nn~a 

TIOCTOHHHhle BpeMeHH npo~eCCOB cop6~H H AeCOp6~HH BOAhl 
JIHITH,J:tHhlMH MYJibTHCJIOHMH H ycnosHH npoqeccos (t/J , t/J H T). 

1 2 

JiHDHA (My.lbTH
.18M8JIJlaptall 
.IJIIUfAH8Jl 
CTpylt'l'yp&) 

flH1DIHI Jl8JVI-
'lHH 

HB1DfHA ,JieJVI-
'lHH 

~WIH'l08iJ .18qH'l'HH C 

( IIWJib: !MOJlb) 

,llHIJ8JlbiGI'l02:ll 
.18~THH C 

(IMom.:IIIO.Ib} 

,llHD8JlbiGI'lOU-
J19qif'l'HH 

llOC'lOIIIIHH8 spa- lloc'lOIIIIHH8 Bpe- - V., 
1181111 cop(SqHH MeHII Aecop(Squ 

11 - (B ,e) 

(B ~ax) "(B IJIIIHTI8X) 

'l:t • 4.?; 
't1.. 41 'l: .. 6.0 IS 

7: .. 10 'l' • 3.3 30 

T.; = 3.3; 
1L. I4 't. = 14 IS 

7', .. 2.?; 
t",~. = 14 't•S 38 

~ .. 9:0 '1'.. 6!? 38 

·'\f 
(B ~) 

9? 

9? 

9? 

9? 

9? 

T 
(B °C) 

IS 

24 

IS 

24 

24 

COCTO~H~e MeM6paH~, a ~MeHHO COCTO~H~e yrneBOAOPOAH~X ~enei1, 
pa3n~4HO B 3T~X ABYX cny4a~X ~ COOTBeTCTByeT 11TBepAOH 11 L~-<)la3e 
np~ T= 18°C ~ 11>K~AKoi1" La-<t>a3e np~ T= 24°C. TaK~M o6pa30M, pa3-
n~4~e B Ha6n~AaeM~X MOCTO~HH~X speMeH~ MO>KeT 6~Tb CB~3aHO 
c 6onbW~M 3Ha4eH~eM r An~ Lpr<t>a3~ ~ c nepecTpoHKOH ~3 Lprs La
<)la3y 3a speM~ MOP~AKa 41 M~H, MOCKOflbKy KOHe4HOe COCTO~H~e o6-
pa3~a OAHO ~-TO >Ke B o6o~X CJ1y4a~x. 

MoneKyn~ R~4Horo ne~HTHHa w A~nanbMHTo~nne4HT~Ha wMe~T OAH
HaKos~e non~pH~e ronosK~, HO oTn~4a~~ec~ yrnesoAOPOAH~e ~enw. 
Y ~H4HOrO ne~HT~Ha np~CyTCTByeT HeHaCbllqeHH~H >XHPHOK~CflOT~H 
OCTaTOK, a y A~nanbMHTO~nne~~T~Ha - Hac~~eHH~H. nocTO~HH~e 

speMeHw cop6~H~ BOA~ An~ 3THX o6pa3~os, s TOM cny4ae, ecn~ 
cop6~~~ Ha4HHaeTC~ H3 L~-$a3~, pa~H~ 41 ~ 9,0 MHH COOTBeTcT
BeHHO, 4TO,no-B~A~MOMy, CB~3aHO C pa3flH4HeM B COCTaBe yrneso
AOPOAH~X ~enei1. 

~3SeCTHO /l~/4TO HeopraH~4eCKHe KaT~OH~ MOAH$H~HPY~~ ~OCTO~
H~e non~pHoi1 ronoBKH n~n~Aa. Aei1cTB~TenbHO, An~ o6paa~os H3 
A~nanbMHTo~nhe~~THHa w AHnanbM~Townne~wT~Ha s npwcyTcTBHH CsC! 
Ha6n~Aa~Tc~ pa3nH4H~e nos;To~HH~e speMeH~ npo~eccos cop6~~~ H 
Aecop6~ww. BseAeHwe CsCl npHBOA~T K ysenw4eHH~ nocTo~HH~x ape-
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MeHH cop6~w~ 1Aecop6~~~/, T.e. noswwaeT aKTHBa~woHH~e 6apbep~ 
3THX npo~eCCOB. 3TH AaHHWe HaXOA~TC~ S Ka4eCTBeHHOM COOTSeTCT
BHH C YCTaHOBfleHH~M- MPH H3y4eH~H aACOP64~0HH~X H30TepM BflHRHHeM 
COCTORHH~ yrneBOAOPOAHWX 4enei1 ~ MOnRPHWX ronOBOK Ha cop6~H~ 

/11/ BOAW MYflbT~naMennRpHWMH flHMHAHWMH CTpyKTypaM~ . 
TaK me, KaK w a1 11 , riocToRHHwe speMeH~ cop6~ww 1Aecop64~H/ 

BOAW, nony4eHHWe B AaHHO~ pa6oTe, Henb3R 06DRCHHTb AH<Il<t>Y3HeH so
AW B MYflbTHCflO~X ~, no-B~AHMOMY, CKOPOCTH npo~eCCOB Cop64HH ~ 

Aecop6~H~ so~ onpeAenR~TCR nepeCTPOHKOH CTPYKTypw fiwcno~. 

3AK11104EH~E 

B AaHHoi1 pa6oTe ycTaHosneHo, 4To K~HeT~Ka cop6~ww 1Aecop6~w~/ 
BOAW MYflbTHflaMenn~pH~MH fl~MHAHWM~ CTPYKTypaM~ - nepsoro MOPRA
Ka, ~ MOATBep>KAeHbl B~BOAbl pa60Tbl/ 1lo TOM, 4TO MOCTO~HHWe BpeMe
HH 3THX npo~eCCOB He onpeAenR~TC~ AH<t><1>Y3HeH BOAbl, no-BHAHMOMY, 
~enb~ • AanbHei1wei1 pa6oT~ AOn>KeH 6b1Tb COBMeCTH~H aHaJ1~3 KJ.1HeTHKH' 
H H3BeCTHbiX AaHH~X/7,S/no aACOp6~HOHHbiM J.130TepMaM, 4TO MO>KeT 
AaTb AOMOflH~TeflbHWe CBeAeHH~ AflR B~RCHeHHR MeXaH~3Ma cop6~~J.1 

/Aecop6~J.1H/ BOAbl MYflbT~naMennRpHbiM~ flHMHAHbiMH CTPYKTypaM~. 
KpoMe Toro, nony4eHbl AaHHble o snw~HHH $a3osoro cocTo~HJ.1~ 

CTPYKTYPbl, nonRpHbiX ronOBOK H yrneBOAOPOAHbiX ~enei1 flHMHAOB Ha KH
HeTHKY cop6~~~ /Aecop64w~/ BOAW ~YflbT~CflOHHbiMH n~MHAHbiM~-cTpyK
TypaMH Ka4eCTBeHHO cornacy~~~ec~ C BbiBOAaM~, COAepma~~M~C~ B,/ ll/ 

Ae_Topw swpama~T CBOIO np~3HaTeflbHOCTb B. r .~BKOBY H IO.M.OcTa
HeB~4Y 3a none3Hble o6CY>KAeH~R, 
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BaJI!irYPOB' A.M.' rop,D;eJIHH B .H.' Hry)!(HHCKHH 11. c. 
lfccne,D;OBaHHe KHHeTHKH cop6QHH H p;ecop6QHH BO,IJ;bl 
MYnbTHnaMennRpHbiMH nHnH,D;HbiMH CTPYKTYPaMH 

Pl9-85-350 

~ HCCnep;oBaHHRX Ha HeHTPOHHOM ,D;H$paKTOMeTpe cop6QHH 
/,o;ecop6QHH/ BO,IJ;bl MYnbTHnaMeJinRpHbiMH nHnH,D;HbiMH CTPYKTypaMH 
H3 RHqHoro neQHTHHa H ,D;HnanbMHTOHnneQHTHHa YCTaHOBneHo, 
qTo KHHeTHKa 3THX npoQeCCOB nepBoro nopRp;Ka. lloKa3aH~, 

qTO noc TORHHble BpeMeHH H3yqaeMbiX npoQeCCOB 3aBHCRT OT $a-
30BOrO COCTORHiifl CTPYKTyp, a TaKl!<e OT COCTORHHR o6naCTH 
nonRpHbiX ronOBOK H yrneBO,D;OPO,D;HbiX QeneH nHnH,D;OB • 

Pa6oTa BbmonHeHa B J1a6opaTopHH HeH:TpoHHoH: $H3HKH OHHH. 

Coo6~eHHe 06~eAHHeHHOro HHCTHTyTa RAep~X HCcneAOBaHHA. ~y6Ha 1985 

llepeBo,o; T.~.apo3,o;oBoH: 

Balagurov A.M., Gordelij V.I., Yaquzhinskij L.S. P l9-35-350 
· study of the Kinetics of Sorption and Desorption 
of Water by Multilamellar Lipid Structures . 
Sorption and Desorption of H20 by Structures 
from Dipalmitoyllecithin and Egg Lecithin 

The kinetics of sorption (desorption) of water by multi
lamellar lipid structures from egg lecithin and dipalmitoy~ 
lecithin was investigated with the neutron diffractometer' and . 
established to be the first order kinetics. The time constantJ 
of the processes under investigation were shown to depend on 
the phase state of the structure as well as on the .state 
of the area of polar head-groups and hydr.ocarbon chains of 
-lipids . · 

The investigation has been performed at th~ Laboratory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1985 


