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1, BBeaeHHe 

rH~paTaqRH H Ha~aHHe aBnHIDTCfl ~~aNeHTaXbHHMH CEOACTBaMH 

CRCTe. nHn~ - BO~a /. HanpHMep, 3KCnepHMeHT8nbHO nOKa38HO, ~O 
rH~paTaqHH CHnbHO BXHHeT Ha ynaxOBKY H ~aMHKY XHnH~OB, Ha HX ~O

BNe COCTOSlHIUI H lfIaSOBNe nepexona, aa TOXIlWlHY USM6paH, aa B3aH"o.ne~

CTBHe MSM6pau C ~PyrHMH Be~eCTB8MH, B T.q. xeKapCTBaMH, Ha cnHfiHH8 

Meudpaa, Ma Mo~norHD CHCTeMH XHnR,lt - Bo~a H T.~. C ~pyroA CTOpOHH, 

aa6YXaHHe S&BHCHT OT CRn, AeAcTBym~x M~ weM6paHaNR, ynpyrHX 

CBoAcTB MSM6paH H HanpazeHHocTH MeM6paH B naNennHPH.oA ~e H E 
M;yJ.lbTRJIaMeJLJI.apHl:lX nHnOCOM8X (EeSHKYxax ). 

3a nocneAHHe ~Ba ~eCHTHneTKSI B STO~ 06naCTH BHDonHeH p~ Hccne
~OBaHH~ Ha ne~THHax SlHQHoro EeXTKa /2,3,4,5,6/ H Ha HeCRonbKHX CHH~ . 
T8THtleCRHX nUDH]t8.X /4,7,8,9,10;11/. B o6~ qepTax nOHSlTHO, tlTO rH~

paT~SI saEHCHT, E OCHOEHOM, OT CTPYKTYPH ronOBHO~ rpynnN nHnH~a H 

ee aneR'!pgqeCKOrO 3ap~a /57. O)UiaRO SHB.TleHHSI rH,l1paT~OHHOJ\ cnoccõ

HOCTH, HaR,rteHHI:re naa ~H~ nHnH,IlOB, paaõpoceau B OqeHb mHpOKOM ~a
D8.30He (CM., Hanp., / 2,13 ). 06I1(enpHHHTO CtrnTaTb, tlTO HeSapJDlteHHH8 

(H30~neRTpHqeCKHe) nHn~ xu60 He 06HapymHEaIDT Ha6YX8HHH, RH60 Ha6y

xam' B or~qeHHoR Mape, Tor~a KaR 3apmteHHHe m;UlH,IlH Ha6yx8JOT 6e3 
orpaHHqeHH~ /14/. TeM He Meaee, a STOM OTHomeHHH pe3ynbTaTN pa3nHq

HHX SKCnepHNeHTOB rrpOTHBOpeQHBN,R OCTaeTCSI Maoro OTKpHTHX BOnpOCOB. 
HanpHMep, B /15/ ~nSl xeqRTHHa SiHQHOrO xenTKa aa~eHo HeorpaHHQ8HHOe 

Ha6YX8HHe, tlTO npOTHBOpetmT ~8.HHlJ1M ~pyrHX asropoa, . 
B nUT6f.tTyp8 HMeeTCH OqeHh Mano ~aHHHX no UaRCHYanbHOWY Ha6yxa

HUIl /3,4,7, 4/, qTO CBHS8HO c HCnçJIb30BB.HHey cpaBHHTenbltO Y3Koro 

~HanasoHa Ro~eHT~R BO)Ul. KpOMe Toro, ae npOBO,IlHnOCb Hccne,nOBBHHA 

DonaoA XHnH~O~ ~H, KOTOpan 60nbme COOTBeTcTByeT peanbHNN 6Hono
rBQSCKHM MeM6~aM. fiepBoe HCCne~OB8HHe aToro o6DeKTB ony6nHKOBaHO 
COBceu He~aBHO /12/. 

HeCJIe~OD8HHH, nOCBH~HHNe BJIHRHHD BRnDqeHHHX B weu6paHy ~o6a

BOR Ha rH~paT~D H Ha6YX8HHe, HaxO~CR E HaqanhHOA CT~H. EMeCTe 
c TeM, Momo H8JleJtTbCH, tlTO HM6HHO c nOUOIqhIJ CHCTeMaTKtleCKOrO H 

ROHTponHpyeNoro HsweHeHHH CBO~CTB ueM6paH c nOMO~D CneqHaXbHHX ~o6á

BOR y~acTcR nOX~Tb 3KcnepeueHTanbHyD HH~OpMaqKD o pa3JIHQHHX cHnax, 

~e~cTBym~ Ye~ Mew6paHaMH. B qaCTHOCTH, B MeM6paHY MOMHO EKJI~qaTb 

NoneKynH, H3ueH~e nnOTHOCTb sne~TpKqeCKHX 3ap~OB (HJIH ~noneA) 

na nOBepxHocTH ueM6paHH, HJIH MoneKyxH, KOTOpH~ fiOURMO MO,IlH~RaqHH 

nonepxHOCTR ueu6paHN, n03BOnHDT KOHTponRpoEaTh CBoRcTBB BO~ B6nH3R 

nosBpxHocTH. A8HHaR padoTa SlBJIReTCH nO~KoA H3yqeHHR STHX B03MOZ
HOCTeft. AnR STO~ ~enH B uew6paHH BKJID~aJIHCh ~o6aBrot: ~sTHnoBHA 

' Ob'ielliri.eml~n 'íacnrryr \ 
U~dblI ftc:c,gel\oI3ud 

\ 6í1S lU·,: OTEKA 



s4>HP reKc~IJI(IlOc<Ix>HoBo~ KHCJIOTH ( PJt E, ) H HeHOllliml p -HOHHJI
4JeHOJI-(STilJIeHOKCH,n}g (E O -9). Paaee 3TH CHCTeMH H3ytm.JIHCh C nOMOllUlD 
flMP /12,16/. 

ManoyrJIOBOe pacceRHHe peHTreHOBCKHX nyqeA HnH HeATPQHoB RB1IHeT
CH HaH60JIee npRMYW ueTo.nON HCCJIe,nOBaHHH CTPYXTYPH JIHn~ CHC
TeM B rrpoqecce Ha6YX8HHH. llpH 3THX HCCJIeAOBSHHHX HeKOTOpue CBe,neHHH 
nonyQ8mTCH H o npoqeccax rH,npaTaqHH, npHBO~ K H3MeHeHHIl T01I~H 

nHnH~oro cnOH H ,npyrHX xapaKTepHCTHK. RpOMe Toro, npKYeHeHHe ,neATe
pHpOBaHHHX ,no6aaOK H HeRTpoHHoro H3JI~HHH n03BOJIHeT JIOR8nH30B&Tb 
nOJIO]leHHe 3THX .no6aBOK B MyJlóTWI8lVIeJIJI.apHOít CTpyKType, lt'l'0 ,I1enaeT 
BeCh nocJIeAYD~R SHanH3 c~eCTBeHHO 60JIee 060CHOBaHHHM. ~aHHaa pa6o
Ta HBJlHeTCH nepBHM marou B 3TOM HanpaBJIeHHH,H B HexoTopoR !cape ee 
cne,nyeT paccuaTpHB&Th KaK OTrrpaBHYD TOQRY ,nJIH ,I1anhHe~ Hccne,noBa
HH~. 

2. MaTepHaJm H MeTOAN 

llOIIHSJI JIH~SJI c}jpa.Kru!H JIHlUiorO JteJITRa (.nanee PL ) H3BlIeXa
lIaCh no ueTo,ny 7/, ee COCTaB npoBepHJICH c nOUO~D Jtj? flMP H 

TOHKOCJIoAHoR U,nKOCTHOA xpOM&Torpa4lRH (nlIaCTHHH J.i PTL e , M.er-c k ). 

MOJIRpHOe OTHomeHHe <Ix>c4JaTH~IIXOJIHH:~c~aTH,I1HJISTaMOnaYRH COCTaBJIHJIO 
3,2:1. Co,nepmaHHe ~HrONH3IIHHa, ~O~~T~JIHH03HTOJIa, JIH~O~C~TH

,nHIIXOIIHHa, JIH304JOC~TH~1I5T8HOJIaMHHa H HeRTpaJIhHHX JIHDH,nOB B CyMMe 
COCTaBJIHJIO OROJIO 5 Non.%. H!CeDmHAcR 3KCnepHMeHTanhH~ OnHT yxa3Haa
eT Ha npe.nno~HTeJIhHOCTh nOIIHoR JIH~oA ~KqHR no cpaBHeHHD c 
~~eA JIeqKTHHOS, TaK R&K nepBaa 061I~eT nyqmeR ,nOJIroBpeueHHoR 
cTa6uJIhHOCTbD H nOBTopHeMOCThD. 

p -HOHHJI4eHOJI (3THJIeHOKCH,n)n co cpe,I1HeA ,nJIHHOA nOJIH3THneHOR
CH,I1HoA ~8I1H 9 3BeHheB (naaee EO -9) 6HJI cHHTe3HpOBaM H3 Otm~HHoro 

npouHllIJIellliOrO P -HOHHJI!PeHOJIa (np, B.I'epxapn , WiOX, BePJIHH). 
p-HOHHII!PeHOJI HBnH6TCH CMeChl) CHnhHO p&3BeTBneHHHX H30NepoB. ~H3TH

1I0BHf.i 3qJHP reKCHJI<Ix>c4JOHoBOA KHCJIOTH ( PA f 6 ) 6bllI cHHTe3HpoBaM B 
TeXHHqeCKOM yHHBepcHT8Te (~pe3,neH, na6. npo4J. rpOCMaHHa). 2~20 

nOlrytleH OT 1130KoMMep~ (Bepnaa) H conepsan 99,8% 2J..l. 
PL. BDlCymHBanCH B excaxarope Ha..n ea. C.(~ IIpH ,naBJIeHHH 

I p~ H KOUHaTHO~ TeMnepaType B TeqeHHe 12 qaCOB. Tpe6yeuY8 KOJIHqe
CTBa PL H ,npyrHX KONnOHeHTOB OTMepHlIHCb B3BemHBaHHeW H nOUe~JIHCh 
B CTeKJIHHHHe aMnynH, KOTOPHe aaTeM aan01IHHJIHCh HHepTHO~ aTMoc~poA 
(aacr ) H OTna.HB~nHCh. Cpe,ItHHR MOJIelcynHpHbtA aec PL npHHHMBJICH paa
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HIJlY U. B. HHtmOrO JIeI.\HTHHa ( E~ L ) - 768 /3/. AUnyJIhI nocae sanoaae
HHR xp8HHnKCh B Te~eHHe 2-x He~eJIh rrpH 50C. Henocpe~cTBeHHo nepe,n 
H3MepeHHeM pacceHHHH HeRTpoHoB aunyns Bc~a~Hch}H fL nepeHOCHn
ca B KDB8TDI, COCTo~e K3 ,nBYX KBap~eBHX nnaCTHHOK H pa3AeJI~~ero HX 
KOJlh~ TOJlmMHO~ I MM. KDBeTa, co,nepE~ 10-20 Nr HCClIe.nyeNoro MaTe-. 
pHa1Ia, ynnoTHHJIaCh He~TpaJIhHo~ CMaaKO~ H na~JIhMOM. 

113uepeHHH pacceHHHH HeRTpOHOB BHn01IHHnHCh c nOMo~D BpeMH-npO
JIeTHOrO cneKTpOMeTpa MaJIoyrJIOBOrO paCCeRHHR c aKc.aJIhHO-CHUW8TPHQ
HoR reoueTpHeR Ha peaKTope HB?-2 (lia60paTopHH He«TpOHHoR ~3HKH, 

OIDili, ,D.y6Ha) /18/. IIytlOK He~TpoHoB aa oõpaeue KOlIlIHNHpoBancH no ,I1.Ka
MeTpa 15 MM. Cpe~R nOToR TennOBYX HenTpOHOB Ha 06pa3~e COCTaBJIHlr 
3,2.107 Cy-2. c- I . PaccTo~e 06pa3e~ - ,n8T8KTOp COCTaBJIHJIO 4,47 U, 

QTO n03BOJIHlIO Ha6JIDAaTh HHTepBa1I BeKTopoB pacceHHHH 
~::. ~ 1r/). •si.~ J'/2. ( -zJ- - yron paccesaaa, 1 - ,nJIHH& BonHH 

He~TpoHoB). OT 0,3 ,no 6,0 HM-I . HeKoTopse H3uepeHHH 6NnH ·BNTIOIIHeHY 
opa paCCTOHHHH ,no ~eTeRTOp& 12 22 M, qTO n03BOlIHJIO OnyCTHTh HHmHDDtrp8HHI.U1 ~ npHNepHo no O,I HM- • B KaQeCTB8 cT8Ji,ItapTHOro pacceasase
nH, Bcnonh3yeuoro ,nnH HOpwKpOBKH H3MepeHHoA HHT8HCHBHOCTH, Hcnonh30
BMCH U8TM1IHtleCKHR BaMa,nHR. 

3. AH8.JIHa 3KcnepHMeHTMhHHX .A8HHWC 

IIocne BHeceHHH He06xo,I1HWHX KoppeKqHR (norrpaBKa Ha uepTB~e Bpe
M.R, BHtDlTSHH8 lf>oHa, HOplRpOBKa aa CT8.Ii,I19.pTHIlA pacceaeareas) excnepa
UeHTaJlhHHe ,namme rrpenceasasnacs B sane 3aBHCRMOCTH I ('t- ). H 06w.eN 
cnyqa.e aTa 3aBHCHMOCTh COCTOHna H3 TpeX KONnOHeHTOB - nnaBHoro ,I1H~ 

~Y3Horo pacceHHHH, ,ItH~OHHOrO nHKa nepBoro nOpaARa H HeKorepeHT
Horo pacceHHHH (pHc.I). BHeKOTOpYX 06pa3~ax Ha6nD,nMCH H BTopoR 
nopano« ,tlHcflpa.KWfH. ~lfxW3flH'R ROMnOHeHT H ,I1H~OHHHA uaKCHUYV B 
nepBOM npH6nHaeHHH MOERO OnHCHB&Th c 'nOMO~D r~CCOBHX pacnpe,nene
HHR, qeHTpOB8.HHWC IIpK 'V= O /19,20/ H tV= lho /18/ COOTBeTCTBeHHO. 

HeKorepeHTHoe pacceRHHe He aBBHCHT OT ~ H anrrpoKCHMHpyeTcR KOHCTaH
ToR. B 3TOM I1pH6nUeHHH T ( ~ ) annpOKCIDurpyeí:rcH BHpa&eHHeM 

1Lt)=fd..tJ .~.xp(-'Y~,2) T T:1.o'-'!;<p(- {ry-~)Y2 8:)+rl~e, (1) 

~ 

ROTopoe 6HnO HcnOnh30BaHO B KaQeCTBe MOAenbHO~ ~H opH OnHCSHHH 
SRenepRMeHTaHhHUX ~aHHNX MeTOAOM HaKMeHbmHX KE~paTOB. llpH 3TOM 
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Puc.I. 3aBHCHMOCT~ HHTeaCHBHOCTH paC
CeRHHH HeRTpaHOB (npoHSBOnbH6S 
e,1UfHHI\lI) OT ,nnHHH BeRTOpa pac
CeRHHH ~ B CHCTeMe tn» 2H1 0) 
npa paSHLtX CO,nepJl8mUDC BO)1Y. 
CnnOmHHe nHHHH - pesynbTaT 
OnHCSHHH c DOYOmpm annpOKCHMH
pyD~ ~PMYn (CM. TeKCT). 
ByKBaYH otSosHatreHH: a) - nep
BID\ ,nHq,paRQHOHH~ nRR, 
tS) - BTOpoR )1HrPPa~OHHHR 

nHK, B) - HeKorepeHTHoe pacce
miHe, r) ,nHqxpYSHoe paccemme. 
Ilo OCR aõcnacc ~<W8MH 060SH8.
lIeHO conepsaaae BO,lUll 
(MoneR BO~/YOnb nHnH,na). 

BenHlIHHH I Jo , 110 ' r;, l";., R Ii.w.c. paCCMaTpHBaJIHCb~lÍ. 
KaK cBodo~e napaYeTps. 

IIlHpHHa nepsoro .ItH4>PaKqHOHHOrO nHKa f'i. OR8.38.JIaCb 3aBRCmIte:ti OT 
conepsaaaa ~o,ns B oõpaene, EcnH npe,nCT8.BHTb Hccne,nyeNy1l CRCTeMY B 
BR,ne CTonKH, COCTORm,eR H3 .IV nnocxax paanoynaneaaax nHI1H)1H'bDC 6HCJIOeB, 
'1'0 OKa3bIBaeTC.lI, 'tITO npz ae CJmIIIKOM M8JIblX N KOHe'tIHOe 'WCJIO CJIOeB CB.lI3aHO 
C HaÓJIID,IJ;aeMo:ti IIIHpmro:ti mma: 

0,31
---,:;;.::;:::=~"I , (2)]I:: tt~.. 1r;. 1. _ ~ 2. 

r,ne ~ - annapaTypHaH ~~/a nRRa. COOTHomeHHe (2) cne~eT U3 ~OpMY
ns IDeppepa (CM., Hanp., ). 

OTHOCHTenbHoe pacnpe,neneHHe HHTeHCHBHOCTe~ Me~ AH~YSHHM H 
,nH~paKqHOHHHM KOMnOHeHTaMH ,naeTCH COOTHOmeHHeM 

ID Ido. i: 
(B %) (3 ) 

r, + 1.1 
1

2 rio' fi + 1J(>. t: 

r,ne lo H I~ - HHTerpanhHHe HHTeHcHBHOCTH .ItH~Y3Horo R nepBoro ,1Uf~ 
paxuaoaaor-o IIHKOB. 

Ilspaon nOBTopeHRH d. nonYtiaeTCR HS nOnO:l!eHHSI nepsoro )lH<W~
oaaoro DHKa 1f-1 eoraacao COOTHOllleHHIO 01.::: .t'lJ""/~~ • B npennoaoze
HRH' ~O Bo,na R nuDH,n odpasYDT tiepeAYID~ecSI cnOR C nOCTOflHHoR nnOT

4

HOCTb~ H Ton~o~, HX Ton~ MOMBO HaRTR (CM. /3,6,7,22/) c nOMO
~bD cooTHomeHHA: 

rit. =~. d. d..tv =' 01. -J..L-) (4)L.L 

r,ne ~ - o6neMBa.R ,nona nHIIH,na B otSpasQe, KO'1'OP1D MS npe,ncTaBnHeM B 
BB,ne 

-i. 
<i> =[-i + h ( MIV. 31.J!{/14-.J&y) J, (5 ) 

rne l.1 =h",jlo1 L - O'1'HomeHRe tnlcna MoneR (ao.na-nHnH,n), f'1w lo{ 

MI- - MoneKynapmre Beca, Jw H J'L - MaCCOEHe nnO'1'HOCTH sons ( IV ) 

H JI'HDR,na ( I- ) COO'1'BeTC'1'BeHHO. 
Ilpa HanHlUfH B JI'HnH,IlHOM dHcnoe v.1+ NoneR MO,nH~yDInHX .nodaBOK 
(aarrp, fiA E" ) C MoneKynapHHM BeCOM MA- H rurOTHOCTbll JJ4 

1-1 ~ ( n.. M -.fl - :1J -i.
~clii-h'~'~ :1. ... ~. M:' i) . (6) 

HaKOHe~, MoneKyna HeHOHHoro cypPa.KTaHTa (Eo -9) O,IlHOapeMeHHo odna
,naeT rH,npo~tSHotl rpynnoR, KOTOpaH yTonneHa B dHcnoe, H rH,npo~nbHoR 

qacTbD, KOTOpaR S8HHMBeT HeKOTopun 06õeM B Bo.nRHoR npocnoRKe. EcnH 
ZX MoneKynHPHHe Beca H nnOTHOcTH COO'1'BeTc'1'BeHHO otSosHallH'1'b ~epe3 

MAL. , f'+L R Mio"'" -.e.w ' TO nonytiaeN 

p=- [do +(~. M~. iA. + J1,.. .~. ~).(i+ !!L.~ .JL )-J~;) 
fof.. '""§;; h t Mio J'AW' ".. M.. fu . 

B HaC'1'o~ee BpeMR ~e YCTaHOEneHO, QTO pacnpe.neneHKe BO~H Me~ 

6RCnOHMH 60nee HanOMHHaeT rjYcCHaH, a ~aCTb MoneKyn BO~l npOHHKaeT E 
nonHPHYD 06naCTb dRcnoR 123 • il03TOMY OnHCaHH~ a~e noAXO.n - He 
60nee Rax npH6n~eHHe, KOTopoe, O,IlHaKO, nOSBonSIe'1' B mKpüKoM ,nuanaso
He Ko~eHT~tl EO~H nonyqaTb OQeHKK ~ H ~~ , Hec~e OCHOEHyID 
HH~PMaqKll o 3aBHCWMoCTH Hccne~eNoR CTPYKTYPN 0'1' co.nepmaHHR EO,nR H, 

~COOTBeTc'1'BeHHO, o npo~eccax rH.npa'1'aqHH H Ha6YXaHUR. B aTOM ~e rrpH

6nRX8HHH (U B npe~nono~eHHH o~opo~oro pacnpe.neneHHSI ,n06aBOK B nH
DH,IlHOM dzcnoe) nnO~b, npHxo.nHmaHCH Ha MorreKyny nuna.na E 6Hcnoe, 
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HMeeT BH,n 

f( z: .<. ( 1{ + h tJw)/J (8) 

H, npa HBJIHtrnH noõasox, 

flLt<a. =2-( -4- 'H, {, + ~a ~)/JQ..) (9 )
L 

r-ne hajh L - trnCJIO MOneKYJI-,nodaBOK aa MOJIeKyny mmH,lta, 

~ - o6'DeM : -TOI'O copra MoneKyn, ~ =11~ .~/...Pc:, 
14, H r( - nepaon nOBTopeHHH B npHCYTCTBHH noõasox H ões HHX, COOT

BeTCTBeHHO. PasHOCTh nno~.ne~ (8) H (9), OTHeceHHafl K OTHomeHHD QHC

na Mone~ ,no6aBoK Ha Monh nHnH,Ita, 

jt~ z: CJla~ -.fl-L) · nina. (IO) 

eCTh HHKpeMeHT nOBepxHOCTH MeMdpaHbl, np"XO~~CR Ha 0AHY YO,nH~~

PYIDmy~ MoneKyny. 

4. PesynhTaTN 

Ha pHc.2 npHBe,neHN 8RcnepHMeHTanhHNe saBHcHMOCTH nepHo,na nOBTO

peHHH OT conepsaaaa BO,n1lI B MaTepHane ri (h~) ( n; - noaaoe tlHcno 

Mone~ BO,nbl Ha Monb nHnH,na B cHcTeMe). Ha HHX Ha6n~,naDTCH ,nBa xapaR

T epmri HSJIOMa, npH hL li h.s , ,nenflmHe naanaaoa accaenoaaasax n-l: 
Ha 3 odnacTH, .nanee OOOSHaqaeMble KaK I, n, li. B o6nacTH fi 
( h ~ < YJt < h~ ) ri aospac'rae'r 6h1CTpO, Tor,na KaK B o6nacTJJX I 

( O < 1-1 t- < JI1s ) H III ( Vl-l- > l-1~ ) CKOpOCTh pOCTa d c YBenHtleHH

eM né SaM8THO MeHhme. ~SOB~ COCTaB HCCne,nOBaHHhIX MaTepHanOB rrpO

sepaaca c nOMOlI\blD 31? H 2H HMP /12,16/. Bwo Hat!,neHO, 'tlTO B 60JI:D

l1IHHCTBe 06paSQOB 1UinH)1 HaxOWfTCH B LaI... ~e. kfCRmo~eHHe COCTaBHn 

PL!.PAE,6 npa HHSROM CO)1ePJ1taHHH BO,lUl (CM. pHc.2B). 

3a.BHCHMOCTh ri. ( h't ) nonycxaer nHHef:!Hyx> 3KCTpanOnSIL\H1l ti. 
K \IJ~ = °HS 06naCTeA I H II. ECnH IIpHHR'l'b, trI'0 B 061IaCTH I rrpeoõaa

,naDmHM npOQeCCOM HBnHeTCR I'H,npaTaQHfl nonRpHux I'OnOB JIHnH)10~, a B 

o6JIàcTH n - Ha6YXaHHe MY~bTanaM~HOn CHCTeMbl, TO 3KCTpanonHpoBSH

HWA K Yl't; = ° 3Ha~6HHSiM vi. MOmiO npH,l1ATh HarJI~ CWNcn, a r4MeHHO: 

SHatleHHe r:lJ. == ftl-t J.(~)/1'l Er 6CTh TOnIqilHa CYX0I'O 6H
J ~..,.o -t 

caca, H III - el~ (cL(1o ) I - - TOnlIlHHa 6HCJIOfl B noaaoceso
 
- h+"1"o to I'It~!!
 

PKc.2. SasHCKMOCTH nepHo~a nOBTOd'HMl i i I "----.--~ N 
: : 11 TI lI! 0.__.--.- peHHR d.. (O, zesaa mxaaa)

7.0 :~: I .__.--.--.--
I 

1-'1 • J H napaaerpa JI (., npa
~~ J 10 

6,0 ~ ::1:: I BM mKUa) OT co,nePJK8HHSI
i 1 I 

I- 11 I BO,lUJJ nt- ,nllfl: a} «I>oCcPo JIHnH
5,0 -i- 1 _ I •• 

na, 6) fLj é O -9 (YOJIRp: : T---- /lI 

10 

o) 

40 60 80 nl 

m

I
It-~...L._~ -.J5 

I 1)) 

!M 'l .--  Hoe OTHomeHHe 47:I),
 

B) PL/PAbó ,(MOIIRpHOe OT


HOmelU'le 2:1) npH 25°C. 

CTaTHCTHtleCKa.ff nOI'pemaocTb 

onpenezesaa cI. :ta,OOI H.Y, 

olIlH61ca onpeneaeaaa h 'f 
±1O%. 

I'HApaTHpOBaHHOM COCTO~!. TaKHM 06pa30M 6ulIa HaA,neHH 3HaqeHHH: 

,J,d = 5,3 :t 0,1 HM, J~ = 4,35 :t 0,05 HM B PL
 
JJ. = 5,2 :t 0,1 H!I, 4 = 4,42 ± 0,05 HAII B PL!EO - g
 

dei.. ... 4,S±0,5HM, J.. =3,3 ±O,1 HM B PL/PAE6 .
 

Iloreps TO'tlHOCTH )1JUI ri, B PL/PA.Ek BLt3BSHa TeM, tlTO 061laCTh 

LJ... ~bl B 5TO~ CHCTeMe orpaaaueaa CHHSY sHatreHHeM h-t- = lI. 
3aBRCIDofOCTb j/(YI'é) lCM.ql-JIY 2 R pRC.2) BO scex rpex CepR.FIX 06Ha

pYJtHaaeT xopomo BHRBnRDw,uAcH MaKCID4yM B6nHsH V/h • 
Ton~Ha nHlm,naoro 6Hcnon clt. aaxonaaacs MS (4) c DOMO~ID «PüP-

Myn (5), (7) iI (6) ,nnfl PL , PL/ED-9 li PL/PAE 6 COOT-

BeTcTBeHHO. ~JIH cooTBeTcTByD~ nnOTHOCTe" npHHHUaxaCh CJIe,nyD~e 

3HaQeHHn: jt= J4L(EO-g) =~•...,(Eq-~) = 1,0 I'/Cy 3 ; jJI4L(fCJItE,) 
6wro HaR,lleHO pa.8HLtM 0,962 I'/CM3 ; -.fLV (<'111.. 0 ) = 1,1 I'/CM3 /2A/. 
MoneRynnpHb18 Beca COOTBeTCTBeHHO npHHHMMHCb: ,JtJIn E() -9 M~J. =205 
( 11/ 

5 
C

9 
-C-.r.~ - ) J4 MA-14I = 429 (- (0- e~~- CH2 ) tj - 02. H ); 

~JIH P A-E, MAL = 22.2; ML, = 768 H 1'1k.- = 20. ~pyrHIlIH CnOBB.MH, 

npennoaaraeeca, 'tIT0 PA Eb nczaocesn norpyxa.aTcn B MeM6paHy, a B 

cnytme E 0-9 B ueM6paHy BICnJOqaeTCH TOJIhKO yq.aCTOR (- H,s C9 -G,H6 - ), 

TOI'Aa RaIe 5THJIeHOKC~ SBeHhJI OCTaDTCn B BO)1HoR npocnO~Ke. Ha 
pec.3 Dpe,ltCTa.BlIeHN saBMCRNOCT.H ric: ( 11~ ) H r;/w ( Y1~ ) • .BH,IlHO, tl'I'0 

ef.L ;y14eHbmaeTCJI c POCTOW ., t BO seeA o6nacTH I, BnnOTb)10 vr h , 

7 
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KOToporo Bo,na nePeCTae'1' BRn~~TbCR Me~ dHCnOHMH, 3aBHCHT 0'1' npH
CyTC'1'EHH MO~~pyD~X ,n06aBOR. 

Ton!l$!H8. caos BO)W dw , BXO,IUrJlleA B cocraa MYJIl,'1'MaMeJJJI.lIpH011: 
CTp~'1'YPH, '1'8JOle Ha~eHa c nouonen (4). r/w (VI't" ) mmeRHO pacrer 
c co,nepzaHHeM BO,nH, O~aKO OdHapYEHBaeT 3aMeTH~ H3nOM npH h~:n~. 

B odnacTH mpOCT J'oV' c YBenHQBHHeM #l)t 3aMeTHO saue,nmleTc8. 
Ha pHc.5 nOKaaaHH aaBHCRMOC'1'b nOBepxHocTH, npHXo~~eRcH aa MO

IIeKyny nHIlH,Ita ftL (q).8 ), H MHKpeNeHT nOBepXHOCTH A-t{ (iP. 10 ) 

PRc.5. TIoBepXHOCTb MewdpaHH, npHXO
,nfl~Cfl Ha 0AHY yonexyny11'00t~' __~t~~_ 

" . 
'"	 PL mum,na AL ,H HHKpeNeHT no~ . . "--« o a 

BepxHOCTH Ha yonexyny aM~0.50 -"'--:-~9~6-Õ 
_--- [I lflHnbHoA ,nodaBIW A-ct , B sa-' 

BHCHNOCTH 0'1' nonHoro co~ep10 30 n,20	 
JltBWHI BO,Itbl B oõpasne n ~ 

(Yone~ BO.nH/Nonb nHDH~a). 

H COxpaHReT nOCTORHHOe 3Ha~HHe B OdnaCTH TI. CneAYBT OTUeTHTb XOpo B SaBKCIfMOCTH OT 11-i; • OmH6m orrpenezeaaa A'\ cpaBHHTenbHO BeJIWW, 
mee coraacae cf", R c/h ,HaR,neHHl:lX: BYDe nHHeRHofi 3KCTpa.non~ef;t, 

'1'. K. 3'1'0 - paSYJI:&'1'aT BWIKTaHIDI JI.BYX 6JmSKIDC BaJlH"llliH. 
c o 3HatreHHilNH, cne.QYllDnlMR M3 pRC.3. fia pHc.6 nOKaaSHO OTHOCHTenbHoe pacnpe,neneHHe HHTeHCHBHocTeR 

B odnacTH !li npHNeH6HHe qr-nN (4), 0,lUi8.K0, npHBO)UfT K xeaeposeao 
Me~ ,ItH~SHNM H ~lfJpaX~OHHYM KownOHeHTaNH B 3aBHCHMOCTH OT cOAep

MMh1N 3Hal.leHilfDI dL (ae nOK8.38Hbt Ha pHc.3). 3'1'0 CBSl38,H0 c TeM, 1lT0,
 

HatIHHaR c aexoeoporo h t: ,lIDCTb sons, co,nePJtBllle~cSI B MaTepHane t ae ~::1~OO I.-~--.-_----r__.,....-_-.-----r_ PRc.6. ~onR ,ItH~SHOrO pacce8HHR
 
\00BCTpaHBaeTCH we~ dHCnOHNH. ~OnOnHHTenbHHM OdC'1'OH'1'enbCTBOW, yKa3H

BaIl~ 1-Ia. TaROe crpoeaae CRC'1'elAI>I nRnH.,Il - aona npa dQnbnna h t:- , 

SlBJISleTCSI HHT8HCHBHOC'1'b ,nH~Y3HOI'0 pacceHHHH (dy~eT odc~aTbCSI HH 50 

ae ), TI03TOMY UN npHHHMaeM, trrO B odnaCTH m ~ =c~ ....Ji.::: ~. . 

Tor~a c nOMompD·Tex ~e COOTHomeHH« (4-7) NU M01lteM Ha~TH QHcno Mone
KYll BO,nht h , BKnKllIDeMhtX Mell,Ity dHCnO.fIMH. Pe3ynb'1'aT 3Toro nonxona, 
npe,ncTaDneHH~ Ha pHc.4 B BH,ne 3aBHcHMOCTH h 0'1' nonHoro co,nepma

r 

HHR 

50 

40 

30 

20 

'0 

BO)lH B CHCTeMe h t ,noKa3HBaeT, QTO xapaKTepaoe h~ ,nOCJIe 

Pl/PAE. 
6 

PLlED-9 

PL 

20 40 60 80 n, 

( 0/0) B saBHcllNOCTH 0'1' nOJI

aoro CO)tBplI8HHlI BO,nH n t
(wonu BOANlwonb nHnH~a) 

B 06pa3I.\e. 

aaHHK BO~ B CHCTeMe. ~e HeKOToporo co~apmaHHlI BO,ItR, 6nH3xoro X 

h ~ , ,ttH<W>ysH"ID1 KOMnOH8HT OTCyTCTByeT.. IIpH h t > h ia OH CTSHOBJITCn 
S8J4eTmILI, a. DpK h1; > h..s. ero pon::& CTSHOBHTClI npeodn:a,aaillJ4eR. IlpH

Pl1c.4. KOJIHQeC'1'EO BO,ItH, BKJIWqeHHOR .\' 
IAa.KCKW8JIbHO~ ROHl.\eHTpa.QKH EO~ ( h"t = IDO) ~onJII ,IUItptlY3Horo ROImo

Me~ JIHnH~ CnOHNH n li MeH'I'a IIpHf51UUae'l'CR Et 100% ~IU[ PL/EO -9, MO OcTaeTCII: 3a.MeTHO MeJMb
(Mone~ BO,ItHVMOnb nHnH,na) B 3a meR ,ItJIH PL K PL/PAE",.

BHcgUOCTH 0'1' nonaoro co,nepEa-
 J B 3aKn~~eHKe cneAYeT OTlAeTHTb. ~o nOBTop~eMoCTb 3RcnepaweH'1'aJIb-
HHSI BO,n"1 VIr B odpa3~e l

'I HNX peSYlIbT'a'1'OB dYJIa xopoaeã IlpH VIi < Vf..s. 51 HeCKonbKO xyze B 0($
(Mone~ Bo,nN/Monb nHnH~a). rraCTII ill. 
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5, OCSCY'AeHHe pesynbTaToB 

5.1. ~2g~!!~_~~~-82~!~~ 

3aBHCHMOCTH d. ( n't- ), OtleHb nOXOMe aa nonyqeHHYIl HaNH ,nJUI PL 
(pHc.Za~" B eoaee ~SKOM )1HanasoHe KOHqeHTp~H BO,nu CSWIH nonyqeHLI B 
E YL / / H WPC / / C nOMOlJl,bil ,ltHlflpaKqHH peaereaoscaax nyqetl. B oCS

nacTH I npe06n~aD~M npo~eccoM ,RBnaeTCH rH~paT~a nongpHNX ronOB, 
CODPOBO~aD~CR YMeHbmeHHeM Ton~HH CSRcnoR (pRc.3) H BOSpaCTaHHeM 
DlIOlij9.,ItH aa MoneKyn~ nHIDI~a (pac.õ ), HsnOMbl npa f1h = n±z na KpH

ssx d ( "'i: ) H dL. C"'~ ) xopomo COrlIacyIlTCR C aHanOrHQHblMH HsnOMa
MH Ha saBHCHMOCTH 0'1' ~~ ~e~TepHeBoro KB~pynOlIbijOrO pac~enneHHR 

~nR T~eno~ ao~ /12/. ll03TOMY npe~cTaBnHeTcH OnpaB~ paccMaTpH
aaTb Y'lJ... KaK aemftZHHy, xapaltT8pHSyIDIIWIl rH~paT8.QiioHHYil 8MKOCTb mmu

~oa. ilpH rH~paTaqHH npOHCXO)1HT YM8HbmeHHe TOlI~ JIH~oro CSucnoR 
0'1' Jti. = 5,3 HM(eyxott) no 4,35 HM (rH~paTHpOB8.HHHA lIHnH~), conpoaoa
~aaM08 2BenHtl8HHeM Dno~ Ha MOlIeKyny lIH~ 0'1' 0,48 HMf AO 
O,61 ~ (~c.5). ôTH RalIeHHSI, HaCSnll~aBIlIH8CR H ,ILnH ~pyrHX nHJm):tOB 
(CM. 4,8, I), COOTaeTCTBeHHO KOppeJI~ C YBelIHtl8HH8M CTeneHH 
pasynopSl,I1otreHHH yrlIeao~opo)lHIiX ~enett / ,27/. lliITepecHo conOCTaBHTb 
MaKCHMYM aa saBHCID40CTH j./ (n~ ) (pHc.2a), Haxo,JUIJI\KRca B61IIISH 111, , 
C ~pyrHMH HaCSnll~8~RMH. COrlIaCHO HCClIe,ILOBaHHRM penlIHK co CKOlIOa sa
Mopo~eHHoro MaTepHalIa /12/, M~norHR' PL saBHCHT 0'1' co,nepmaHHSI 
sons, ).I,lIR EYL CSwro Ha~eHo /, 'lI'0 czasaoe HSMeHeHHe Mopf)olIOrHH 
npOHCXOAHT B61IHSH .h}] c 13, QTO CSlIHSKO R rH,ILpaT~OHHOA eMKOCTH ,ILlIR 

PL , nOlIyqeHHoR a 12/. B paCSOT8.X /28,29/ 6WIO YCTaHOaneHO, ltTO 

THn H KOHqeHT~R ,ILe~KTOB B MY~~T~8M~HO~ CTpyKType SaBHCRT 0'1' 
CO,ILe~HH BOAH B CHCTeMe. llO-BH,ILHMOMY, SaBHCHMOCTb Mo~norHH nHnH,IL
HHX CBCTeM 0'1' CO,ILepmaHHH aO~H RBnRBTCR ,ILoaOJIbHO 06~M RBlIeHHeM. Mo~

HO Taxa8 yTBe~aTb, QTO MopqonorHR saBHCHT He TOlIbRO 0'1' CH1I, ~eACT
BYBJ~ Me)l.,Ity CSHClIOmfH, HX ynpyrux caoACTB H BHelIJHHX ycnoBH~, HO H 0'1' 
nparoeosneaaa, B ocoCleHHOCTH npa KOHQeHT~HX BO,rw casme J.1 s . 
B aToR CBSlSH HHTepeCHh1M rrpencraananca 6u 3ttcnepHMeHT, B ROTOpOM Co
,ILepmSHHe BO,ILH B 06paa~e y~aBanocb 6s KOHTponHpoaaTb 6es ApyrHX He
nocpe,ILCTBeHH~ Bos~ettcTBRR Ha CTPYKTYPY. 

BTopoR HSlIOM aa saBHCHMOCTH cPl (ht" ) ~nR fL (pHc.2a) COOTB8T
cTByeT eMKOCTH Ha6YXaHHR hs = 23±2. aTO sHa~HHe T~e xopomo COOT
BeTcTayeT Ha6nD~8HHRM, oonyqeHHNM C nOMOIJl,bD HMP /12/. ITepHO,IL OOBTO

peHHH npa 1Ilt: = ."s ~JIR PL ~ = 6,5 MM. 

YKaS8HHíi aa Jt,HlfxPysHoe paccemme 06Hap~BamCfl·MeW J1.s H 111.;, 

H C pOCTOM r't aro HHTeHCHBHOCTb YBenHllKBaeTCH (pac, 6). ,l1,HtWJysHoe 

lO 

J'
li 

~,I
 
I! 

J ~ 
d 
11 
•
L
 

I 

11 

L 
~ ..
 
: I 

"

!
I

j 
{ . 
II 
~ 

I:
I." 

paCCeRHHe YKaSHBaeT Ha npHCYTCTBH8 CTaTH~8CKHX R (HnH) ,ILHHaMHqeCKHX 

KpynHoMacmTa6HNX Heo~opO.nHOCTe~ B HSYQ8eMOM oCl~eKTe. B paMKax Ha

me~ ynpo~HHo~ Mo~enH MOMHO npe,ILnonO~Tb ~Ba THna HeO~OpO,llHOCTe~. 

ITepBM~ H3 HHX CBRSaH C KOHeQHHMH paSMepaMH ynop~o~eHHUX 06naCTe~ 

B MYJThTMaMeJIJI.F.l:.PHOn CTPYKType R c TeM, 'qTO B ynopanoceaaoã OCl1IaCTR' 

cne~eT O~,ILaTb HeCKonbRO APyroro COOTHorneHHíi BO,ILa/nHOH,IL, qeM B 
cpenaeu no OClpaSQy • KOHetmbIA pasMep B)lOnb HOpMMH li narepansaoã 
nlIOCKOCTH npoRBnfleTcR He3aBHcSMO, D BR,ILe ymHpeHHH~~paKqKOHHOA JIH
HRH. KOHetIHOCTb pasMepoB opHeHTHpOBaHHRX o6naCTe~ B 1IaTepanbHoA 

.nlIOCKOCTH XopOWO H3BecTHa HS aneRTpoHHO-MHKpOCKOnHqeCRKX HaClnD~eHH~. 

MeHbmee co~epm8HHe BO,IW B ynop~OqeHHHX OClnaCTRX no cpaaHeHHil co 
cpe~~ no 06pasQY oc06eHHO npRO OpOHBlIReTCfl B 061IaCTH lli H yze 06
c~anOCb DRme (pas~e1I ill). 

~pyroA TUD HeO~OpO,llHOCTeR MOEHO CBRsaTb c npHcYTcTBHeM a 06
paene sapo,ILbIlDett BesHKylIçHbTX l}Jop1lof, peanHsYB:liixcH B CHCTeMe lIRnH,IL 
aona opu, ClOlIbmHX paa6aBneHHIDC (eM., Hanp., 15/ ). ITpH 3TOM, Cles
OTHOCHTenbHO K ~opMe BesHKy1I (~epHqeCKHe, ~HlIH~pHtleCKHe), ITpaBO

M~pHO o~~aTb, ~b ~eHTpanbHag 06nacTb Be3HKYlI~ co~e~T Clonbme BO
,ILu, qeM nlIOCKM MYJIóTWIaMeJIJIapHM CUCTeMa, a aapoman BesHKYJIS conep
~HT ClO1Ibme BO~H, qey OClpaS8~ B cpe~eM. HeoClxo~H ~anbHe~e HCClIe
~OEaHHR A1IR o~eHKH npaanononodaa 3THX Mo.n;8JIe:a.E JII060M CJIyqaa ,2:3 IDJIaro
~CH Ha6JIIO~eHHH MO~O C~aHaTb BUBO~ o TOM,qTO xapaRTepHHH pa3Mep 
aeonaoponaoceeã B HeCKOlIbKO pas npeasmaer nepaon noaropeaaa B ynopa
~OqeHHL1X OClJlaCTflX. Cne.nyeT Sa.MeTHTb, lfl'O Ha6JI1D,ILeHHe HeO,llHOpO)UiOCTeR, 

npHBO~~X K ,ILH~YSHOWY pacceHHU~, KoppenHpyeT Ta~e H c HanHQHeM 
"saxBaqeHHOR BO~Hn, npORBnRID~eAcR B HMP Hccne,ILOB8HHRX /12,30,31,32/. 

B 06nacTH BHCOKHX Ko~eHTpaqHtt BO~ (o6nacTb ill) ~nfl nHnH)lOB 
XapaKTepHO 06pa30BaHHe Clonee HnH MeHee ~e~opMHpOBaHHNX MY~bTnnaMan

nRpHNX BesHKY1I, ~,"Htt pasMep KOTOpRX yMeHbmaeTcR c YBeJIHqeHHeU 
co~epaaHHR BO~ 2. YweHbmeHHe aToro paSMepa corrp~eHO c yweHbme
HHeM cpe,ILHero qHcna ClHcnoeB B OAHott BeSHXYJIe H YBenH~HHeM oepHo~a 

noaropeaza ai. (pHc.2a). PesynbTaTbl Bf:lttHCneHH~, C,IlenaHHDOC ,uníl pefiTre
HOBCRHX HCCne,ILOBaHH~ /2/, noKaSNBaDT, qTO Ha6nID~aeMble HsueHeHHR 

He 06~RCHRDTCR Y~TOM KpHBHSHH MeM6paH HlIH paaMepoB BesHxyn. B PaM
K8X cnpaBe,ILlIHBOCTH npe~ono~eHHfl o nOCTOHHHO~ Ton~e nHnR,ILHOrO ClK
crrOfl B OCllIaCTH lli, Ma BnpaBe KOHCTaTHpOBaTb, ~O TOnmHHa BO~O~ rrpo
crrottKK YBenHqwBaeTCH c pOCTOM KOHqeHT~H BO~. ôTO Mo~eT 03HaqaTb. 
'tlTO cpenaee paccrossae Mei!,IlY 6HClIO.HMH OKa3bJBaeTCfI 60nblIle )lJIH LlMW:: 

'BesHKyn (C M&nHN tlHCnOM cnoeB), qeM ~H 60nbmux. He HCKlIDqeHO Ta~e. 

t1TO paCCTORHHe Me~ cnO~H.B6nHSH ~eHTpa Be3HKyn~ OKa3MBaeTCH ~OlIb

me, t1eM aa nepH!fepHH. B mo60M cny'tlB.e Ha6niJ,naeMaH SaBHCID4'ocTb d.", (h t ) 

II 



B li 06naCTK RB~HeTC~ yKasaHHeM aa TO, ~O CHlIN, ~e~CTByD~e MeMAY 
6HCnOnMH, KOppelIHpyIDT C KpHBH3HO~ ClIOeB. 

Cpaaaenae Hai\neHHbtX TOlID.\HH lIHnR,nHOI'O 6HCnOR ~lIH PL (23°C) 

( r.dJ = 5,3 HM, ~ = 6,5 HM) C SHaJIOI'H'tIHNMH P,a3Mepab1H ~lIH EYI.. 

( dJ.. = 5,2 HM QP.H 25°C /3/, d.eI.. = 5,5 HM /337 d4. = 5,1 HM /34/ 11 

6l~= 6,5 HN /27, d~ = 6,2 HM (h = 33,5) /3~/) H ~nR;l.PPC B L.L 
COCTORHHH ( 0I,{ = 5,5 HM (45°C) /f/) nosaeaseer , ~o 60nbIIIHX OTnH

'IH~ B HHX ne Ha.61IKJ.naeTcH, HecMoTpH na TO, trrO PL CO,n8pltRT CpaBHH

T8nbHO 60nbmoe ROlIK~eCTBO WOC~TK~1I3TaHOnaMRHa. 

5.2. ~!!!!!!!~_~QtP.!~yK~~!!!!2L.go6!!!!.Q~ 

Cororacao HMP-RCOlIe)lOD8HHm4 /16/, ,It06a.BJIeHHe EO-9, I'H,ItpOclJo6HM 

'tiaCTb KOTOpOI'O scrpoeaa B M8M6pa.HY, ae H3MeHHeT L~ COCTOmiHH 1UUIK

,nOB. O)1HaKO y71e npa Ko~eHTp~RX, Maoro MeHblIIHX Ko~eHT~H ases
m.eHM.R MeM6p8HH, f"0-9 BH3blBaeT Ha6nlO)la8Nbre H3MeH8lli'1H pn,na CBO~CTB 

CHCTeMH. Hanpaaep, d.$ aoepacraer OT 6,5 no 7,0 HlI rrpa O)lHOBpeMeH

HOM yaelIHQeHHH hs OT 23 ~o 30 H H8H3MeHHO~ TOlI~He lIHnH~OI'O 6HClIO.R 

(pHc.26, 36). 

ilpH acnoasaosaaaoã HH3KO~ Ko~eHTpaQHH Eo -9 (I :47) creneas 

nOKpHTH~ nOBe~iocTH lIHnH,na 3THlIeHOKCH~H rpynnaMH BeCbMa HeBenR

Ra. TeM He MeHee, XHMHqeCKH~ nOTe~an BO~ B6nH3R nOBepXHocTH MeM

6p8Hb1 ORa3HBaeTCSI YJ4eHbmeHHb1M, ttTO YB81IHtlHBa.eT conepsaaae sons B 

W8~eM6paHHoR rrpOClIO~Ke R, COOTBeTCTBeHHO, rH,Itp8.TaqHOHHyD eMxpCTb 

CHCTeWht. B 3TO~ CBSl3R HHTepeCHO OTMeTHTb, QTO ~o6aBneHHe nonH3THneH

r nHKOlISI C M> 400, KOTOPblA ae rrpoaaaaer HH B M8M6p8HLl, HH B MeJKMeM

6paHH~ qpocno~KY, npHBO~T R 06paTHOMY 3~KTY - ,Iteru)tpaTaQHH MeM

6paH 73 7 / . CTepRqeCKHe 3~KTH, B03HHKa~~e H3-3a npHCyTCTDHSI 

3THlIeHOKCH~ rpynn B weMMsu6paHHow npoMeayTKe, ~OnEHH npHBO~Tb K 

)lononHHTenbHHM CHnaM OTT8.1IKHB8HHSI. Ba&HOCTb 3THX 3~KTbB 6H~a nORa

3aHa B pasnH~ KOlIlIOH~ cHcTeMax 138/ . B cn~e NeM6p8H CHnbHO

MY H3W6HeHHD nO~BepraDTC.R rH~PjT~OHHN6 CHrrY, ~eAcTByD~e Ne~nY 

t4eWCSp8Hawc (CM., aanp, , 0630p 25 ). aTOT Kpyr HBlIeHHR )IH HaMepeHlll 

nOAPo6HÓ HCCne,ItOBaTb B AMbHe«rnew. 

HHKpeMeHT nOBepxHOCT", cOCTaBnRD~A 0,75-0;85 ~ AnH o)4HoA 

MoneXYJILl E O -9, npencraanserca HeOJIW~8HHO 60nbmw.f no cpaaaeaan c 

3~XTUBHHM CeQSHHeW oAHHo~oA yrneBo,nopo~oR QenH MoneKYnu aN1H~na, 

Aa3e ecnH AOnyCTHTb cunbHoe BeTBlIeHHe anKHnbHoro yqaCTRa. O~o H3 

B03MOl'!HNX o<YbIlcHeHHR aroro HeO!tH)tSHHOro Ha6nll,neHUSI WOlteT 6blTb CBSl3a

HO c· BaaHMo,ne~cTBHeM nHIIH,It- ( eo -9), npHBOAffiIltHM R He6onbmowy yoonu

'tieHHm nno~ Ha nHnH~ Monexyny. 

rrepe~eM e paCCNOTpeHHD BHHSlHHH cpaBHHTelIbHO 60JIbmOrO KOXHQeCT

sa PAE~ (MonbHoe OTHomeIDIe PL: PÁE, = 2: 1), ecrpoesaoro B MeNI1pa

HN. CornaCHO Hccne,nOB8HHHU o nOWO~Il HMP, ITpH He60nbmax KOnHQeOTBaX 

BO)UJ aTa CHCTeU8. oCSpa3yeT HHBSpCHyD reRoarOHMbHYD tfJa.3y ( HJ!). 
B HeKOTopOM ARan8.30He Ko~eHT~~ BOAH reKCaI'OHanbHaH H nawelIngp

HW:I tjJa3y COO~CTBym, (/-fi[ -f Loi...) , nocae 'tiero CHCTeua nOXHOCTbD 

nepexonar B LtJl... (CM. pHC.3B). IIpH ""'+= 3 nOCTOSIHH8.SI pemeTKH !-Ir 
<f>asht ~ = 5,9 MM, ,lUI8.MeTp BO)tJnlblX ~JIHH,IlpOB - 1,5 HM, a Ton~a 

XHnH)UiOrO CXOR B)lonb lI~H, coe)UlHRJ)IQeA OCR ~OB - 4,4 Hlf 

(COOTB. !IlOPUYJIIil CM. B /9 ). 
8RCTpallOJIHQHH nepHo.na nOBTop6HHH o( H3 06naCTH n K ~~ = O 

(pHc.2c) .na6T ,IVIH Ton~H I'HApaTHpOBSHHoro JIHIlHAa "h = 3,3 HM, tlTO 

3aM~THO MeHbme, 'IeM B cnyqae PL f4nH PL/eo -9 (4,35 HM). aTO 

YMeHbmeHHe TOJI~HHRaQ6CTBeHHO yKa3YBaeT Ha~nDH~3~1) NeN6paHK 

H/HnH aa aesoeopoe B3UMOnpOHHKHOBeHHe ~nbHbIX ueneã, B Lei. cflaa9 

PA E6 nOtl'l'H ae weHSleT nepllo,n nOBTopeHHSI, tis = 6,6 HM (opu N8.RCH

UBJIbHON Ha6yxa.mm 115 = 42), Q:TO 6nH3Ko K 3HB.treHHIl .nJUI fi . OCHOD

HO~ 3~K'l' COCTOKT B yueHbmeHHH TOn~HY nRnH~OrO dRcnoH. IIoBepxHo

CTHIlA HHRpeMeHT COCT&SlISleT OT O,38 ,no 0,48 }{M2 na MoxeKyny PIt E, 

(pr.lc.5), trro no nopH,ItRY BelIHtnlHIi COOTB6TcTByeT OJEH)tB.eMONY (cw./4 0/), 

H HeKOTopoe nepenneT6HZe nH~ qeneA B eTO~ CHTY~H ITpeACTasnH

eTeH eCTeCTSeHHHM. HaCXOJIbKO H8N' H3BeCTHO 3TO - rrepBoe Ha~eHae
l 

B38J1NOnpOHHKHOB8HKR nUllH,IUmX WOJIeRyn, H~pOB8HHOrO opI'amlqeC1UI1I 

COeAHHeHKeM c KOpOTROR Qenb~. Bs8HMOnpOHHRHOBeHHe nHnH~OB, 06XaAaD

~x ~enHW pa3HO~ ,It.ll:HHN, xopomo H3BecTHO (CM. /41/). 

rH)tpaT~OHHM eMKOcTb hh = 24±2 H. eMKOCTb Ha6yxaHHH 

'( n.s = 421:3) (pHO. 2B) }tJIR PLIPA e6 OK8.3h1Bam'OSl 3HatmTeJIbHO BlmIe, 

tleM .nml: PL 3 PL/EO -9. ~OcclJo.~lI-rJYnna PitE.. cnOC06HB. oõpaao
EaTb CH1IbHNe Bo~opo~e CBR3R / 2,43 • O~aKO ,ItJISI o6õSlcHeHHSI donb

moro 3HB.tleHHSI h lt de3 ~onYI1leHlui 06 113MeHeHHH rH)tpaT8.QHH JIHllH)tOB 

npRxO,IUSTCSI npRmlMaTb, ~o onna P03: -:I'pynna CBSl3bIBaeT DpHMepHO 24 

MOlIeKynR BOAR, ~o np8,ItCTaBXSleTcH HenpaB,ItOn~~o6H@M. McOn6~OBaHHSI 

pacTBopHMOCTH B0.Itf:,l B PAE, IIOK8.3lllBaM s \lTO TIpH KOMHa.THO~ rexnepa-

Type I Monb PAE, pacTBopReT He 60rree 5 Mone~ BO,nbI /44/. B CBR3R 

o 3TUM MH nonara.eM s qTO rrpe06JI~aDmKM 3~KTOM HBlIReTCR BoapacTaHMe 

.nOCTYnHOCTH nMnH~oB (B OC066HHOCTH rJI~epHHoBo« PpynITbl) .ItJISI Mona-

KYlI BO,nLl, BbJ3BaHHOe ~06aBJIeHHeM PA- E.l. • 

B cJI~e PL/ PAE~ Ha6nD,naeTcSI HeCROJIblCO M6HbnrBJI HHTeHCHB
. I HOCTb ~~yaHoro pacCeHHRR, QeM B f L (CM. pHc.6). 8 OOHOBHOM 3TOI 

H3MeHeHHe ÇB.ii38.HO c 6()nbme~ eNKOCTbIl Ha6r8JillJI, o,ItHaRO BMOOKM 

HecHMMeTpBQHOCTb .wO)IeI\Ymd PA e; /40,4 ,46/, YBeJIHlMBaJOlI\B..R TeH)teH

1312 



QHD MeM6p8HY K HCRpHBrreHHD H, BOSMO~O, np~BO~~ R rraTeparrbH~~ 

HeO~OpO~OCTRM (CM. 06C~eHHe B /47/), MOEeT nOB~HRTb H Ha npH~
HH, npHBo~~e K ~~YSHOMY paCCeRHHD. 

YMeHbmeHHe Ton~HN MeMdpaHH H nOB~eHHe Te~eHqKH K HCKpHBne
HHD, COnpOBO~aD~eCH 60nbme~ ~OCTYITHOCTbD ~~OB ~nR BO~N, ~O~ 

YBerrHQHTb BepORTHOCTb OdpasOBaHHR nop B MewdpaHe H CKOpOCtb "~rrHII

~rrorr" npOQeCCOB ArrR nHnHAOB. 06a MeXaHHSMa OdC~8DTCR B CBRSH C 
HcCneAOBaHHRMH HOHHO~ npo~aeMOCTH PL/PA~ BesHKyn /46/. 

B SalCnlOlIeHHe aBTOphT 6naro~ap.fIT npQ~. n-pa fpOCMaHH8o, TY, 
)J,pes~eH s80 CHHTes PA E,- ,~-pa I'epxapnra, I.U10X, BepJIHH S& CHHTes 

~o -9 H A-pa 8~H~enbA8o, BDY, POCTOK s80 KaMepeHHe nnOTHOCTH PAt~. 
KpOMe Toro, 60nbIDaa 6n8orO~8.PHOCTb B~éTCR .n-py faBpHIDY, KMY, 
JIeAnQHI' 38. QeHHHe H nOneSHLre odCYJK,IteIDur. 
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HET JIH nPOBEJIOB B BAliJEft BHBJll10TEKE? 

81>1 MolKeTe noJJy'll!Tb no no'!Te nepe'IHCJJeHHble HlllKe KHI!rll, 

eCJIH OHH He 6biJIH 3aKa3aHbl paHee. 
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Ji1,2-84-599 

A17-84-85o 

JIIO, 11-84-818 

A4-8S-851 

A11-85-791 

A13-85-793 

Tpy~w coae~aHHR no ~ccneAoBaHHR~ a o6nacTM 
penRT"e"cTCKOH RAePHOH ~H3HKH. JiyfiHa, 1982. 

TPYAW coae~aHHA no KonneKT~BHYM MeTo.QaM 
ycKopeHHR. AYfiHa, 1982. 

T~YAY IV 11e>K,Q,yHapo.QHoH WKOllbl no HeHTPOHHoH 
~"3"Ke. JiyfiHa, 1982. 

Tpy.Qw coa~aHHA no CHCTeMaH H Hero.QaM 
aHanHTH4eCKHX BW4HCneHHH Ha 38M H HX OpHMeHeHHQ 

B TeopeTH4eCKOH ~H3HKe. JlyfiHa, 1982. 

TPYAY Me*AyHapo.QHo" wKanw-ceHHHapa no ~H3HKe 
TR*en~x "OHOB. AnywTa, 1983. 

Tpy.Qw pa6o4ero coee~aHHA no npo6neMaM H311y4eHHR 
H ,QeTeKTHpOBaHHR rpaBHTa~HOHHWX BOllH •. ny5Ha, 1983. 

TpyA~ XI He*AYHapoAHoro CHMn03HyMa no 
R.QepHoH aneKTpOHHKe. 6parHcnasa, 

4exocnoeaKHR, 1983. 

TPYAbl 7 He>KR,yHapo.QHoro cosell.l,atiHR no npo6neMaH 
KBaHTOBOH TeOpHH nOnR. AnywTa, 1984. 

TPYA~ VII He*AYHapoAHoro ceMHHapa no npo6neMaM 
.;, .... ~ .... " ... tst:.I\..UKHA aHeprHL1. J,tyCHa, l'jts'l. 

Tpy.Qbl W Me~yHapO.QHoro CHHn03HyMa no H36paHHbiM 

npofineMaM CTaT"CTH4eCKOH MeXaH~KH. JiyfiHa,1984. 
/2 TOMa/ 

TPYA~ V He~AyHapOAHOro coae~aHHR no npo-
6neMaM MaTeMaTH4eCKOro HOACnHpOBaHHR, npo
rpaMMHpOaaHHO H MaTeMaTH4CCKHM MCTO~aH pewe
HHR ~H3H4eCKHX 3aAa4. AY6Ha, 1~83 

TPYA~ IX Bceco~3Horo coee~aHHR no ycKOpHrenRM 
3apA*etiHbiX 4aC THll. Jly6Ha, 1984 /2 TOMa/ 

TpyA~ He~AYHaPOAHO~ WKon~ no CTpyKrype 
AAPa, Anywra, 1985. 

TPYAW Me~AYHapoAHoro coae~aHHR no aHanHTH4CCKHM 

8~4HcneHHRM Ha 38M H HX npHMCHeHH~ B TeopeTH4e
CKO~ ¢H3HKe. Jiy6Ha,1985. 

TpyA~ xn Me~AYHdPOAHOro CHMn03HYMa no RAePHDH 
3neKTpOHHKe. Jiy6Ha 1985. 

I p. 75 K. 

3 p. 30 K. 
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2 p. 50 K. 

6 p. 55 K. 

2 p. 00 K. 

4 p. 50 K. 

4 p. 30 1( 

5 p. 50 K. 

7 p. 75 K. 

3 p. 50 K. 

13 p.50 K. 

3 p. 75 K. 
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3aKa3~ Ha ynoMHHyTWe KHHrH MoryT 6~Tb HanpaaneH~ no anpecy: 
101000 HocKaa, fnaano'!TaMT, n/H 79 

YI3J:taTenbCKHH OT):ten 06oenHHeljHOrO HHCTHTYTa RJ:tcPHblX HCCnenoaaHHi< 

6e33a6oTHOB B.~. H AP· 
rHAPaTa~HR H Ha6yxaHHe nHnHAHO~ ~paK~HH RH4HOrO *enTKa 
H BnHRHHe MOAH¢M~HPY~HX a~H¢MnbH~X Ao6aBOK 
/HccneAOBaHHR ~ no~bO Manoyrnoaoro pacceRHHR He~TPOHOB/ 

P14-86-395 

MeTOAOM Manoyrnoaoro pacceRHHR He~TpOHOB MCcneAOBaH~ nonHaR nMnHAHaR 
~paK~HR RH4HOro •enTKa (PL) H Te *e nHnHAW C Ao6a&KaMH p-HOHHn~HOn3THneHOKCH 
Aa (E0-9) (MOnRpHoe oTHoweHHe PL:E0-9 = 47:1) KnH AH3THnoaoro 3~pa reKcHn
¢oc¢oHoao~ KHCnOT~ (PAE6) (PL:PAE6 = 2:1). HccneAOBaHHR BYnonHeHW 8 WHPOKOM 
AHana30He KOH~eHTpa~H~ ~ OT 3 AO 100 MOne~ BOAW Ha MOnb nHnHAa• HaMAeHW 3Ha-
4eHHR rHAPaTa~HOHHO~ cnoco6HOCTH nh = 11 (PL), 12(PL/E0-9), 21(PL/PAE6) HO
ne~ BOA~ Ha MOnb nHnHAa H 3Ha4eHHR ns, xapaKTepH3Y~He MaKCHM&nbHOe Ha6y
XaHHe ns = 23(PL), 30(PL/E0-9) H 42(PL/PAE6) HOne~ BOAW HaMOn~ nMnMAa. 0AHa 
MOneKyna nllnHAa B PL MeM6paHe 3aHMMaeT 0, 48 HM2 B 11 CYXOM11 COCTORHMM H 
0,61 HM2 - a rHAPaTMpoaaHHOM. Y•e ManaR Ao6aaKa E0-9 CMnbHO yaenM4MB~T ns• 
4TO CBR3aHO C yMeHbWeHHeM XHMH4eCKOrO noTeH~Hana BOAW rpynnaMM 3THneHOKCMAa, 
TOrAa KaK PAE6 yaenH4HBaeT nh H ns, B OCHOBHOM, 3a C4eT o6ner4eHHR AOCTyna 
BOAW K nonRPH~M ronoaKaM nMnHAOB. KpoMe Taro, PAE6 a~3~aaeT 3aMeTHOe yMeHbwe
HHe TO~HH~ nHnHAHOrO 6HCnOR, 4TO yKa3~BaeT Ha B3aHMHOe nepenneTeHMe nHnHAOB. 
Ha~AeH~ yKa3aHHR Ha 3aBHCHMOCTb Me*MeM6paHH~X CHn OT KPHBHaH~ MeM6PaH. 

Pa6oTa anonHeHa a fla6opaTOPHM He~TpOHHOM ~3MKM OH~H. 

fipenpHHT OfueAHHeHHOTO HIICTIIT)'Ta IIJI.CpllbiX BCCDeii.OIIaJIIIi • .IlyfiHa 1986 

nepeaoA aaTopoa 

~
ezzabotnov V.Yu. et al. 
ydration and Swelling of the Total Lipid Fraction of Egg Yolk 
nd the Influence of Some Additives Studied by Small -Angle 
eutron Scattering · 

Pt 4-86_-:- 395 

The total 1 ipid fraction of egg yolk (PL) and thar containing p-nonylphe
ol (ethylene oxide) (E0-9) (molar ratio PL:E0-9 = 47:1) or hexane phosphonic 
cid diethyl ester (PAE6) (molar ratio PL:PAE6 = 2:1) were studied_as a func~ 

tion of water content in a wide concentration range from 3 to 100 moles of 
ater per mole of lipid by small-angle_neutron scatterJng. The hydration capa
itlesn found are: 11 (PL), 12 (PL/E0-9), 21 (PL/PAE6) moles of water per 
ole ofhtipid and the maximum swelling n~ is reached at: 23 (PL), 30(PL/E0-9), 
2 (PL/PAE6) mol~s of water per mole 1 lp1d, respectively. One lipid molecule 

in PL requires an area of 0.48 nm2 in the "dry" and 0.61 nm2 In the hydrated 
mbrane. Already a small amount of E0-9 added increases ~5 .conslderably be

ause of the decrease of the chemical potential of the water by the ethylene 
x4de groups whereas PAE6 Induces an Increase of nh and n$ mainly by increa
~ing the accesslbil lty of the lipids to water. Additionally, the PAE6 Induced 
~considerable decrease of the thickness of the lipid bilayer, which can be 
understood by an Interdigitation of the lipids. Finally, indications are found 
that the forces between the membranes are dependent on the curvature of the 
~embranes. 

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