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Floxaaana BOJMO)KHOCTb CI1HTeJa aMqll1qll1JlbHblX .LJ:116JlOK-COOOJlI1MepOB OOJlI1( N - Bl1 lHlJIn IIppOJllIll,OH 

2 ,2 , 3 ,3 - TeTpaqn o p npOn I1JTM eTa Kp I1JlaT) , tcoropue nony-rensr aa c-rer p eaKUl111 nepezrauu uerrn ua 6uc
(nearaqrropdieaanjrepvan rrpn rrOJlI1Mepl1JaUl111 N - BI1H I1JTDl1ppOJTI1)l,OHa 11 no cnenyrouteii DOCTrrOJUl Me

pl13aUl1ei1: sunenexxux cPYHKUl10HaJJbHblX rrOJlI1MepOB B cpene 2,2 ,3,3-TeTpacPToprrpOrrI1JlMeTaKp I1JlaTa. 

C B OHCT Ba B paaoaanennsrx pacrnopax J.1 c rr o c o6H OCTb K caMOOpfaHI13aUl111 cPYHKUl10HaJlbHblX JIOJTH MepOB 

Ha ocnone DOJTI1(N -BI1H HJl rr I1P POJl l11l,OHa ), conepx aumx ua KOHue u eJII1 6uc- rr eHTaqn OPcPe H IUI b H ble rpyrr
ObI , 11 aM cPl1cPl1Jl b H bl X 1I,116JlOK-COOOJlI1MepOB Ha I1X OCHOBe , 113y'leHbl M eTOll, aMH craru-recxoro 11 .LJ:I1HaMH

-recxoro CBeTo p aCCeH Hl15I 11 BI1CK03I1MeTpl1l1. Ilos epxa ocr nsre CBOMCTBa na rp anmre paaaena cPa J nnenox 
oueneusr MeTOLl.OM CM a l.J I1Ba H I15I. 

13 HaCT05Iwee npeM5I nOBblweHHbIM nrr repec 
nbI3bIBaIOT al'M j.HI cPUJlbHble finox-cortonmaepsr, 
H M elOIUl1e pa3nl1l.JHYIO npnpony 6nOKO B. 60JlbWOe 

xon u-recruo pa60T nOCB5I lI(CH O paspatior xe MeTO

no u Cl1HTC3a nonofin six B bl CO KoM o n e K y n 5Ip H b I X CO

e n l1 H e H l1 M , 113YlleHI110 l1X c n OMCTB B pacrnopax H B 

M a c c e , aHaJTI13Y npoueccos arperaunu [1- 4] . H e 

CMOTp5J na I1I1TCH Cl1BHble I1CCn en OBaH l1 5J <p113 11K O

XI1Ml1yeCKl1X CBOMCTB 3 M<pH <pI1Jl b H b I X 6noK-CO rrOnl1

M e poB, MHOr l1e nonpocst , CB5I3aHHble C BnH5IHl1eM 

paann-mo ro pona B3a Il M o n cHCTB.l1M na xourpopxra
UHOH H o e nonenenne srax pouone xyn H l1X cnoco6

HOCTb ofipaaonstaar t, a ansronexynapu u e CTpyKTYpbI , 

OCTaIOT C5J noxa OT K P b IT bI M I1 . H e cO BM e CT l1MOCT b MO

H OMepHbIX 6 JI OK OU (rnnporpansuoro 11 rnnpodiobuo 
ro) B YKa3aHIlhiX COl l OJI H MepaX sener K cerperaunn, 
KOTOpOH n p CI15ITC T ByeT CB5I3aHHOCTb 3 BeH b e B paa
Jlll'I H OH npnpo h I. 3TO 06yCJIOBnHBaeT, C oznroa CTO

ponsi , n05IBneHHe H OB b l X l1HTe p CCHblX CBOM:CTB, H O 

3aT p Y1IH He T npoueccsi Cl1 IITC3a 11 l1CCnenOBaHl15I Ta

Kl1X Cl1CT i\l , C zipyro ii . 

nOl1 CK MeTOnOB C l1 H Te3 a 6 JI OK - 11 rrpl1 B I1TbIX CO

nOJUI M c p O B na OCH O BC drropn pou au u si x coennue-

I Pa60Ta BbIfTOJ1HeHa rrpa epJ.1H aHCOBOI1n onnepxke POCCI1HCKO
ro cPo H,ll,a cP YH,ll,aMeHTaJlbHbIX ;fCCJ1e,ll,OBaHI1 H (xons: n poexros 
09-03-00662, 09-03-90744,08-03-90707,08-03-00421). 

E- ma il: zam .olga@mai l.ru (3aM bllllJ151eBa Onsra Ieoprnenxa). 

H l1 ti He B nocnernnoro o-ie pens Bbl 3BaH nosep» 
H OCT H b I M I1 CBOMCTBaMH 3 Tl1X MaT e p l1aJlOB , KOTO· 

psi e x a p a K T e p I.-f3y IOT C5I HH3KH M H 3HaYCHHHMli 

nOBepXHOCTHOM 3Hepnll1 [5, 6] . Kpo rae 'roro, !Ia· 

n WY H e <pTOpl1pOBaHHblx rpynrr C C l1n b H h lM Ko re311· 

OHHbIM nOTeHUJ-laJl OM B COCTa Be 6 n OK - CO n OJTlH IC· 

pou n p H BO,Ll, I1T K n O B hl w eH H OM CKJ10 H H OCT l1 K ca
Moo p r a H H 3 a U l1 11 MaKpOMOJIC K y JI B pacrnope 
)J,l1 cPl1Jl b H OCT b K O M rrOHCH T OB T a K l1 X CI1 CTeM 5l BJl~· 

eTC5I U pH' I I1H OM ca xroopranuaann a n a BHyTpH- \I 

HanMoncKyn5lpH oM ypOBHHX, xapaxrep xoropot 
orrpenenserca KOHKypHpylOW:H M I1 B 3 a Wl\Io.1leii· 

CTBl15IMI1 pa3nl1YHOrO Tl1rra . 

Llcrn, HaCT05IWCM: pa6 0 TbJ - CltHT e 3 a M (p l1cPJ.Llb· 

HbIX n116JIOK-COnOn l1MCp OB H3 OC H OBe N - BHHII,l

nnpporrnnona (BIT) 11 2,2, 3, 3-TeTpaq n o p npoJUlJJMC

TaKpI1JJaTa (<I>MA), orrpenencmre HX crpyx rypnux \I 

I>IOn e KYJ15I p H b IX xapaxrepncrnx, a Ta K.>Ke 1-13yl.Jelille 

npOl(eCCOB HX caMoopraHH3aUI1 11 B pacrBOP a x 11BMac· 
ceo Pesynsr ar sr TaKHX nccrrenoaau aa Mor yr nars no 
nesrryro I1H <po p M a U HlO, HCo6XOlll1 M y lO .[(Jl5I nonysenus 
H OBblX <PYH KIH 10 H aJl b H bI X n OJH1M e p OB, HaX01l,5JIUJIX 

np nuenenae B HaHOTeXHOn OrI1l1, c yIlp aMOJICKYJ15Jp

HoM: XHMHl1 , MoneKyn5lp llo t i 6Honon lJ1, O I1TO :)J] CKTPO

Hl1Ke H llPYrH X 06JJaCTHX. 
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M OJTCKym lpHo - MaCCOBble Ii nUlp0,llHHa:' IW-reCKl1e Xap aKTep HCTHKH <PYHKllHOHaJlbHbIX 110JTHMepOn FlBfl -Ilf, 
" qeHHble MeTO,llOM CTaTH'-leCKoro p aCCe5IHH51 cne'ra (paCTBOpI1TeJTb - MeTaHOn) 

Cl1 HTE3 l1 n POUECCbl CAMOOprAI-Il13AUI1l1 

05pa3eu, N~ [(C6Fsh G e H 2], MOJTb/JT u; X 10- 3 A 2 X 103 , CM3 MOJlb/r 2 [nJ,M / r R ip 11M 

I 

2 

3 

4 

0.008 

0.005 

0.010 

0.020 

57 ± 1 

43 ± I 

26 ± 1 

22±4 

0.8 ± 0.03 

0.9 ± 0.02 

2.2±0.1 

1.8 ± 0.4 

0 .36 

0.29 

0.28 

0.15 

8.3 

7.9 

7.4 

4.7 

axcnEPVlMEHTNlbHA5I l.lACTb 

CUltlne3rPYIIK1(Il OHG.IlbHblX nonuuepoe HG ocnoee BlT 
II (C6FsJ fle112, onpeoeneuue omuocumenenux 

KOHCf1JaHm nepeoauu uenu 

Bee I1ClJOJI b3yeMbIe B pafiore M OHOM epbI 11 pac

1JI.1pIITeJlH noneeprann O'IHCTK e . <1>MA npensapn
m HO CyWHJTI1 XJlOP fl .LJ:OM KaJIbUI15I, Bn - fVmpl1

1)\1 KM b UI1R H neper OH5IJTI1 npn aTMoc¢ep HOM 

~ M A) l1JTH npa n O lH-DKe IlHOM naanenn u (Bll ) . A JlSI 

fi!~ll O T B pa l.l( e H H 5I flOJlHMepH3aUIH I B XO,D,e ne peroir
,:i K ~ I O H O M e pa M ,D,0 6aBJl5IJl H HHrll6HTo p 2,2 ',6,6'
apaMentJlI1H n e p H,D,H H OKCI111  1. Hcrrom.syevsre 
':\cmopHTeJlY! Ol(HmaJIl1 B COO1'BCTC1'BHM C ofi ure
;pilHHTbIMl l MCTO,ll H Ka M H [7]. B xa-recrse I1H HUHa

ora panl1KaJlbHoti rronasrepasauaa I1CnOJlb30BaJIH 

l \K(5 x 10- 3 MOJlb/ JI). E r o o-murann ,D,BYKpanWH 

,qJeKpI1CTaJUI I13a U l1c t'1 113 ,ll1131'l1JIOBOro 3qmpa. 

BKaqeCTBe nepena'r-ta xoa uerm npn nonuvepa
OX IliIlM I1CnOJl b30BaJIl1 ( C 6r:S)2Gc H 2 (.II,f)· H 

ro- C~ F) h G el-l (et> r) , KOHueH1'paUI:IIO K01'OpbIX 113Me

MH i1 ~.l 1l IJiurrepaane 01' O,D,O 0.02 MOJlbjJl. O rH OCI1TeJl b 

13 H ~ e KOHCTaHTbl nepena-m U CIIH npn nOJlI1MCpH3a

IH
'Ilill <t> MA, Bf'I na (C6FshG e I-l 2 11 <1>M A na 

ie
I(l J3G e l-l o npenenarnr B xracce : IlOJl l1 Mep l13aUH IO 

BIl e (C6Fsh G e H npOBO,D,l1JIH B pacrnope T r<1> 
~3-

IBn l = 4.71 MOJl h j ll ) . nOJll1 M e p l13aU HIO npOBO,D,I1JlI1 
oc. B al lfl yJlaX- .D,HJla1'OMe Tp a x. Moa osrepnsre CMeClI 
[5] ,1Bap I1TeJlb HO O'lHWaJIM TpeXKpaTHhIM rrepexiopa

H ll lBall l1eM B saxyyv e. Flpn JJ.OC1'I1)1(eHHH K OHBepCHH 

OM 10%aunynsr I1JBJleKaJlI1 1:13 TepMOCTa1'a H OXJIa)i(JlaJI H 

1-1 l JlJKll M a30TOM ).J.Jl5I rrpexpaurenna peaKUHI1 . H nace 
npBIlCi1eHbl ortpe enenm.ie MeTO,D,OM Mario l8] 0 0 

~H rC ll C Y yrna HaKJIOHa rrp5IMOI1 B KOOp.D,I1H <lT a X J/ p 
Ib :SJlIMJ 3Ha'leH I15I O1'H OCI1TeJl b H o ti KOHC1'aH1'bI nepe
111 ~q ll ll C n H c, aa n r H <Dr: 

ie
(H MOHOMep Flepenar -mx uerm 3H3'-leHl1e < 
He Bn ar 1.80 
IC sn <Dr 0.02 
10 

lllMA af 0.26 
lU I 

<lJMA <t> r 3.87 
.H X 

Ip 
nOJIY4CHHbIC n o l l1Mepbl na OCHOBe BI1Hl1JID HP 

.0 IXUllllOHa (IlBIT), conepscaume tiuc-rreirradrropdie
~ l l.l b H b l e rpynnsr (n n IT-,il,r ) I1 mpuc-rreH1'acPTo p 

i BbI COKO MOllEKYJl51 PHbIE COELlVI I-lEH YUI Cepns A 

<j)e H HJl h H hI e rpynru.i ( ITBn-<I>f ) na KOH I IC IlCn H 

0'11:1 LUaJI I1 TpeXKpaTHbI M n e p e OCa)I(JICH l1e M .ulf3T11JI 0 

Bbl M 3¢I1POM 113 XJl Op O¢ Op Ma , a nona rep u I La OCHO

Be <1> M A (n <I>M A-.II,r , IT<1>MA-<I>f) - uer pone n
Hb l M 3 <pH pOM 113 a UC1'OHa H CYW HllH 13 uaxyyxre npu 
40° C ,D,0 rr OCT05IHHOro Ma CChI. 

CUHm e3 (Ju6JlolC- conOJIU.uep oe ua ocuoee Btl 
II 2,2) 3)3-m emparPmop np on unuem atcp un am a 

A M qm <j)l111b llb l e n H6Jl OK - COOOJH1Me p bl C p U3JI I1'I 

Ho ti ,D,J1 I1HOti rH,D,PO¢ Y1Jl b HOr O 6 JlO Ka n OJIYlJaJrl! 1l0CT

n OJl l1M e p H 3a U l1e H n Bfl -n r B CM eCH xrouosre pa 
<1>MA C aUCTOIlOM npn COOTHOUlCHHH 4 Mac . % nBO : 

: M O HOMCp (coor nouiemre <1>MA : auer ou = 1 : 2) l IO 

KOHBe pCHI1 12%. B bI .1leJle HlI"H~ I"11 6 pHJJ. H b l e 0 0 JH1

MepbI n(Bn-<1>M A) BbI c a IK H Ball H rexcanov 11 3 

anero aa . 

Me moo eopnueii s tccmpatcuuu 

B XO,D,e D OCT n OJl I1M e p l13aUHI1 (PYHKUHO HaJl b H bIX 

1l0 Jl I:IM e p OB If Bfl -Il f B <DM A Ha p 5I.LJ:Y C lO16J10K-CO

n OJI HM CpU M l1 BOJ MO)j( HO 0 6 p a30 13a HHe ['OMOnOJl H M e 

pa <»MA, KOTOp bl H OT,D,ell5IJI I1 3 KCT p a K I IHe t'r auer o
H OM B annapar c COKCJleTa . 

T UlOKe B npouecce D OCTIIOJll1 ICP l13UUH H <p y H K 

UHOHall bHbI X FfBfl -Ilf' B <1> M A He ace MaKp OM OJle

K y Jl hI C aKTI1UJ- Ioti 6UC-IICII1'acln o p ¢ e l B1Jl h H OH rpyn 
noa M OfJIM yqaC1'BOBa1'h B peUK ltH5IX nepena-rn ue n u 
( H 3- 3a roro, 'fTO nexoropan -racrs MaKpOMOJICKyJl , 

I1Me lO llI.a5I Hal16 0 Jlee BbICOKOMOJle KYJIHp ll b l H 6J IOK 

n B Il , cscpuyra B KJ!Y60K, Te M c a M bIM 3aTp YJU-I5I5I ,D,O

cry n K HeMY P;UlHKaJlOB p OCTa ). nOC>1'OMY nocne CI1H Te 

aa rH6pl1.1lHOrO nponyxra He0 6 x OA H MO 6bUIO T <1 K >KC 0 "1"

,D,eJlI11'b oCTaBW11tiC5I ¢YHKUI10HaJIbH bl lr rosronona v ep 
n Bfl . AmI aroro nocnenyrourea 3KCTp a KUl1e H nonoti 
Bbl)leJIe Hbl 6JIOK-COflOJIHM ep b l CCp MH n(BrJ-<» M A). 

P a C1'BOp l1TeJIb n O,D,0 6 p an H TaK H M 0 6 pa30 M , 'ITO 

6JIOK-COn OJlHMep B H e," 1 p aCT BOp 5IJICn , a r OM On OJI I1

Mep OC1'a BaJI CH B anrrapar e COKCJl eTa . 

C OC1'a B 6 JI OK - COnOJ1l1M e p OB na -i ansu srx KOH Be p 

CHIt o npenenan u no conepscau n ro a 30 1'a M01l,HqHlUH 

p OBa H H b IM M eTO,D,OM KbeJl b,D,aJIH 19 /.AaH Hbl e 1l0 3 KC

1'paKUI1H upa nenen s; B Ta 6J1. 1. 
H K-cne KT p bI CH I1M aJI l1 ua npafiope " Infralum 

FT-80 1". 

TOM 53 NQ 8 201 I 
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PH C. I. 3 a13 l1.CI1MOCTb OTHOCI1TeJlbHo t! I1HTeHCH BH OCTI1 pacces uao ro cnera II [max OT D lllpOllI1HaMI1 '1eCKOrO paavepa paccen

BalOWHX ' l aCTI1U R }, )lJlH p aCTBOpOB <PYHKU110HaJJbHor o nomorepa OB O -,Ur-I (I) npn KOHueHTp aUl1l1. 0.00 16 r / cM 3 
11 a ~ lItlll

<P}l J1 bHOrO ll I16 J1 0 K- COn OJl I1Me p a O(BO -<t> M A )-4 nocne 3KCTpaKUI1 l1 aueTOHOM 11 uonoii (2) . K OH u eHTpa UI1H B MeTaHO;l e 
30.0076 r /cM , yron 90°. 1- 'rexyuras I1HTe HCI1BHOCTb paCCe51 HHOrO CBeTa , 1max - MaKCHMaJJ bHa 51 HHTeH CHBHOCTb pacceaa s oro 

C13eTa npn yK a3 a HHot! KOHueHTpaU ~Il1 . 

Onpeoenenue MOJIeKy.flflprW-MOCC06bLX 

U cUOPOOUII OM Ulf.eCK UX xapaxmepu cmutc nOJlUJ,tep06 

n Bl'l -Il f" aHClJI 11311pOBaJIH M eTOlIOM rox B )(JIO 

porpo p ste (CKOp OCTb n OTOKa I MJI/MI1H) n a )I(HlIKOCT

I [OM xpovarorp arpe K n auer C RI 11 UV- lIeTeKTOp aM I1 11 

KOJIOIIKOt! Phcnornenex Linea r, 10 MKM ( 7 .8 x 300 M M) . 

Cr a unaprs r - nOJIH CT I1POJI Phenomenex C M = 

= 12 .6 x 10 3- 1.09 x 10 6 [101. 

,1l.JUI OIIp elIeJl eH I15I CTaTI1CTl1YCCKHX H r u n p o n u na

Ml!'leCKHX paave p oa MaK p OM OJIeK.)'JI H MM, n OlIY 

lJCH H blX n OJIHM e pOB, HCUOJl b 30 BaJI I1 MeTOlIbl CTaTH

srecxoro H /l,H Ha MH lJeCKo ro CBeTOpaCCe5IHl151. 3Kc n e 

pH MeHT bl n p o non ana u a yCTa HOBKC Photocor 
(Orxpsrr oro o6"hejI,H He H Ho ro 061UCCT Ba '~HTEK-97" , 

P OCCH 5I) , OIlTH'iCCKa 5I -racrt, KOTOp Ot! yKoMnJIeKTO

s aaa r Oll110MeTpOM " Photocor" , a B K alJ e CT Be \lCTOY 

H HKa CBeTa HCIlOJIh30BaJIH He-N e-rraaep " S p e c t r a 

Phy s i c s" C M H H OH BOJIH hl leo = 6 3 2 .8 HM H M OW,HO

CTb lO ~ 10 M B . K Op p eJISI U H o H HYIO cPYHKUHIO l1HTeH

CH BH OCTH p a CCe5lHHOrO CIl r a n OJIyYaJIH C nOMOIUhlO 

KOp p CJISlTo p a ,. Photoc or- FC" C Yl1C JIOM KaHaJIOB 

2 8 8 . 1--1 3 lepC H HSI n p OBOjI,HJIH npn yrnax paCCe HHl15I 

0 = 3 0 ° -135° . ARaJIIn aBTOKOppeJI5IUHOH HOii cPYHK

UHH Q)JIy KTy a U l-U1 H IITe llCHBHOCTl1 p a CCe 5IH H5I n p o 

BOJl llJI l1 MCTOjI,OM KyMy JI5IHTOB 11 peryJI5IpH3aUH II. 

3 IHl ' IeH H5I r unp o n una v HYCCKO r O pan n yc a R;, BhIYHC

mUlI1 n o ypa n a e rr mo C To Kc a-3H H w TeH H a R}, = 
= k 1'j61I11oDo, rne 110 - H5I3KO CT b p a CTBOp HTCJI5I, 1' 
a6COJIlOTHa51 Te~lI1epaTYp a , Do- K0 3 (p cPH U H e HT jI,J-HIJ

cPY3HH paCCeHUalOI..UHX Ya CT HU, k - nOCTOlHlH3. 

() OJl b U Ma Ha. 

B xa -recrne paCTUOp HTCJISf HCn OJl b30BaJB1 MeTa

1I0 JI (IlJIOTH OCTh p = 0.78 6 6 r /cM3, -UHHa M W leCKal 

B5I3KOCTb 110 = 0 .54 c l] H no = 1. 3 2 84) n p n 2 1.0°C. 

Bee accnenyeu s re pacr nop sr cPHJI1>T POBaJIH lrep:J 

M eM 6 p a H H hl e <pHJIbTP b l ( v M illipore" , CWA - et:>paH' 

UH5I) C -U l1aMeTpOM n o p 0.45 MKM . 

B em l YH HY Mw H pajI,HYC HHepU H H R o npc nc IHil1lg 

n o M eTOjI,y )1e 6 a 5I [ l l l u I CTO-UOM jI,BOH HOH 3 KCTpa

n OJ15lItHH 3HMa. 

MeTO)l.oM jI,HHaMH'leCKo r o p aCCC 51 H I I5I CBeT3 ;l! 

paCTBo p OB cPY l lKUHOHaJIhHhlX n OJI H Me p OB n Bn-.'H 
B MeTaHOJIC 3acPI1K CH pOBa H a O-UHa -uH<I><PY3JilOHH2t 

M OjI,a , M 5I -uH6JIO K -COn OJ1l1 re p o s n(l3n -¢M )-1, 
2 H 4 - zts e MOjI,hf (pHC. I ). KOIlI lcHTpaUllOH Hb[e 3J

BH CH M OCTH COOT uCTCTByIOI..UHX R}, n p n a ene u u II. 

pllc . 2 . 

I--1HKp cMeHT nOKa3aTeJI5I n p e I OMJIeHH}1 H3MepH;U 

na pedipaxro n er pe 1--1 P<D - 4 546 (Poccu x) . BCJJlI'II IH~ 

dn /dc o n p elICJI5IJIH n o 'raare u cy y rn a H a KJIOHa 331111 ' 

CH M OCTH n OK a.3aTeJIH n p en o eure u u s u ccnen yeu on 

pacrnopa OT xon uenrpa tun r n o ri u xre p a . 

Xapaxrcpncrus ec xyro B5I3 KOCTb 111 1 113MCPlLl l1 

MCTUIIOJIe n p n 25° C B Ka n HJUUlp HOM BIICK0 3HMCTjX 

O CTBaJIh-ua (BpeM5I ncre-rea u» paCT BOpHTeJIH 66.9c). 

Hsyueuue 1I0aep XltOC11l fl bLX c e o ii c m e nonumepoe 

none pxHo c Tllhl e CBOHCT B<l IIJ I CH OK nOJIHMepo: 

loyy aJIl1 M eTOjI,OJ\1 CMa' ll1lla H 115I. )1JIH s roro rOTOBJI.1I' 

1~1 6 nsua 2. 

Ofipaae u, 
2 

I 

2 

3 

4 

p ac nopst I 

T , 110 ia ) 11 1 

II bl e 1l0)J)IO 

CT H HCnOJI 

I\o) to ~i o rrp 
IIOCT H OC H; 

lI y JO COCTa 

112/ C ucn 
c a lf, re rrrai 
JI H p H bl M I1 I 

uepxu o T H 

PE3~ 

B 0 3 M O)f 

con JH1Mer 

II PI1 P 0 -UY ) I 

flBn-n C 

MCTOjI, 

a CT BopOB 

II M eTal-lOJ1 

CO OT Be T CT I 

ChI R" lie 3, 

Ba ll 110M H I 

)~ H(P<I)Y3 I1 H 

CO B bl e H 

l l ) y l l K UHOI 

T a 6 JI. I. K , 
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CJ1 HTE3 J1 n PO UECCbl CAMOOPfAH J13AU Yl J1 

:-lIHUa2. Conepx anHen1l6JIOK-COn OJIYIMepa Il (Bn - <I>M A) H r OMOn OJlHMepOI3 rrocne 3KCTpaKllJfH auer o u oxi H uonon 

neu, 
Xl 

C[(C6f'5h G eH 2) ], 
MOJI b/JI 

Conepx aua e (Mac. %) B nponyxre nOCTnOJIltMepl13aUHH Con epxa ua e a301'a 
B 6nOK-COIIOJUlMepaX 

n(lm -cDMA), %roMo- n cDM A roMo-n A n 
n H6JlOK-COnOJlHMep 

n(Bn-et>MA ) 

I 

2 

] 

4 

0.008 

0.005 

0.010 

0.020 

3 

7 

5 

1 

22 

22 

29 

33 

75 

71 

66 
66 

12 

10 

10 

J J 

:l BOPbl nonnvc p o u (0.035 r n o nn xrep a B 5 MJI Me

HO;l a) H MeTOn OM O"-Y' t IaH H5I H a llOCI1JI H i l a KBa p IlC 

nOil)lO)KKI1 , B xa -recrse CM a l.lHBaIOLUe M )l(HJ1 KO

1I 11CnOJIb30 BaJI H UOJI.Y. Y m b( CMal.l HHa H H5I nneu o x 

Joii onpenensn n M CT0 J10M HaTC K a H H H, a nonepx-

THOCu arnxeu u e , ero nons puyro 11 J1I1CnCp CllOH 

,10 COCTaBn HK>L1HI C H3 MCP 5IJ/H MeTOllOM OTIC Ka H I151 

Iii C ftCOOJTb30Ba ll He M p51J1a ymeBO,UOpo J.J.OU ( r e x 

~H , rCITTaH, oKTaH, r CK CUlJ,eKa H ) C H3BCCTH hlMH n o 

~P ll b I M H 11 .uI1CnepCHOH HbIMI1 COCTaBJI5I tO lIH1MH no

,pXHOCTHo r o H3TH)KCHl15I [13] . 

PE3Y fl bT A T b f H HX 06CY>KII.E H I1E 

BO.lMO)j(HOCTb CHHTe3a aMCtm<pHJI bHblX J1H6JIOK

,linO.nHMcp OB (6no KH KOTOp b IX HMeiOT pasnu-myio 
j1ilPOiW) 6blJ1a n o x a aa a a H a M H pan c e Ha npnnepe 

nan-fie [10]. H3 npC)(CTaBJIeHHbIX nsuue suave

F9~F 
F ,7 F FF 
~ge-o F 

nan H F F 

HI1M OTIlOCHT eJl b HOM KOHCTaHTbI n e p en a -nr u e rur c" 

I-Ia ( C 6F5)2Ge H 2 n ( C 6F5) 3GcH I1P ~t nonH M Cp H 3m Xl1H 

Bn H ¢MA BH jJ:HO, 'ITO B crry-r a e Bfl n srco x oe 3 l I a ' l e 

B He c" xapa x rcp u o TOJl hKO )l,J15I 6UC - ( IICHTa q>TOP cPc

u u n j r e p srana (1. 8); )l,JUI <I>MA u a utionee 51 p KO p c a x 

U H5I nepena-rn uenn n p m I BJI5ICT C5I C mpuc-t tien 
r aqrropdiena n j repxran ov (c, = 3.87). Flpu 
n OJl HMep H1aU H H Bfl n n p n c yrcr mr u (C6F 5h G eH2 

n epen a-r a uernr l1,neT sa C'I CT o n u o r o aTOM a sonopona 

[IO], a 06p m ytOLUHeC5I rra naxam.noii CT'lJJ.I1H n Bfl 
,ll, f H M e lOT aa xou n e uernr 6 u c -nCH Ta (!.no p (tJCH HJl h 

Hble a KT HBH bl e rpyrrrrsr Ge(C6F5h H, c IIo c 0 6 H hi C B 

IIp HCyTCTBI1H zipyroro M O HOMe p a K 0 6 p a30 1k'l1l1110 

,U116 JIOK-COn OflllMepo u . n p e,UlIOJWraC M Oe CT pOCIlHC 

<PYHKU110 IlaJI bH bIX n S n - II.f H ,UH 6 JI OK - COnOJIHMC

POB n (Bn-<I>MA ) npeJ1CTa BneHO CXCMOM 

narr.nr 

MCTO.uOM D:ll1 IaM l1' I e CK Or o cBeTOpaCCe51HI151 J1]I5I 

paCTBopo B cPYHKIIHOHaJIbl f b l X n OJIH M e p OB n Bn - ,ll, f 

! ueraaone 3a <pHKCHpOBaHa TO Jfb KO o mra M OJ1a, a 

roOTBCTcTBYlOunl c eM n u ( p O,HI1H a M W l e c K Hc Pa,D,I1Y

ChI Ril HC3a IHlC5IT OT KOH Ixe HTpaUI1H , T.C. B I1CCJIeJ10 

HHOM I1HTe pBaJJe KOH u e H Tp a UI1M K 0 3<P<PHUl1eHT 

!I1~<PY3 I1 Yl DoHe 3a BH CHT OT c. M OJleKYJ15l p H O- M a c 

COBblC [oj fHJ1 p o ,nHHaMHlJ:eCKHe x a p a K Te p l1CT I1 K H 

rll}HKllHOHaJI bH bIX n OJI H M Cp OB n p CJ1CT a BJIC H bl B 

laoJl. l. KaK BHaHO, J1]I51 p a CT BOp013 n a n -,lJ,f 13 Me-

BblCOKOMOJIE KYJUl PH bl E COE.nI1HEHJi151 Cepua A 

n<l>MA 

O (B n -<1>MA) 

TatIOJIe nonysensr rt o n oxorr ensu sr e ,nOCTClTO' I HO 

6 0 11b IllHe 3 H a l.le H I151 A2, '-fTO CBI1J1eTeJl bCTBYCT 0 xo

p ornesr Te pMOlll1H a l\ll1 '-fe CKOM xa-rec r ne p a CTIlOpH 

TeJI5I . Flpu 3 TOM He n p OCJIe)l(HUaeTCH 3a BHCH M OCTlt 

nropor o BHpHaJJbH o r o K03(f) <pI1UHeHTa OT M M n o 

JIHM epa . 

XapaKTepHCTHKH J1H6JIOK-COn OJIH M e p OB IlpCJ1

CTaBJICH bi B Ta6JI. 2. Fl pexcne s cer o OTM CTH M , 'ITO npu 

nepex one OT Q:>YHKI(H OHaJJbHh IX FlBfl -Il l" K jJ:H6JIOK

COnOJIHMepaM n (Bn-¢MA ) Ha 6 J11ojJ:a eTC5I YMeH h-

TOM 53 NQ 8 2011 6* 



• • 

l3 80	 3A M bl WJUI EHA Ii zip . 

R,p HM 

1 

• 

0.007 

6 

•. : 
.6. ... * 

40 

0.0 14 
c, r/cM3 

20 .6. 5 

•• 
0.005	 O.OlO 0.015 

c, r/cM 3 

PIlC. 2. 3aBI1CI1 MOCT\1 m npOn l1HaMI1 'l eCKI1 Xpaznrycon Rh 

OT KOHueHTPaUl111 pacru opos 3Mqm ¢ l1J1 bHbIX n I16JlOK
cononuu epon f1(BfI - <t>M A)-1 (1.2) , ll CBn -<t>MA)-2 
(3 , 4) , ll (6 n - <t> M )-3 (5) 11 nCBll - <l> MA)-4 (6, 7). 
KPI1 BblC2, 4, 7- " 6bICTpa5I " Mona 11 I , J, 6 - " Me.LJ:J1eH
Ha51 " MOJl,a. 

W CI IU C .11 2 ( npUKT HtICCKJf ua nopsnox ), T.C . r ep u omr 
H aMHtle CKOC KayeCTl30 p aCT UOp l1TeJU I 3aMeT H O y xyn

uraer cs . O n H OH 113 npl1YI1 H ororo MO)J(eT 6 bITb <pop

Ml1 pOBa ll l1e H aJJ.M OJl e K YJl Hp H bI X cr pyxryp B 

pacr nopax n I16 JIOK - COIIOJIH Mep O rl . 

)l,e H CTlHn eJl b HO, nn a pacruopou ncex I1H.ll HB Hn y 

aJI b H h lX n I16JlOK - COn o m I Mep OB n (Bn-<PM A ) , KPO

MC oopaaua 3, 3a <pI1KCl1p 0 l3a H O zme n l1<jl<pY3 H o H H b le 

:> IO.ll b l ( pHC. 1). K a K 6ync T nOKa J a H O H H )J(e, onn a 113 

HI1 X COOTB CTCT ByCT Jfllnl1 BHn YaJI b Hbl M MaKpOMOJ l e 

KyJlaM , a nropax - I1a n M OJle K YJl 51p" bIM crpyxrypasr-> 
MHU CJIJl aM. Bcm 1Y I1I-la rI1n p On l1f1 a M l1y e CK Or O PaJJ.JfY

c a Rh YUCT HIJ" OT LleTCT BCI IHhI X aa 6blCTPYIO H MenJlCfI

nyio M O/lbl, H:3Me H 51 eTC5I C YM eHbWCHI1CM K OH U CH 

TpaUl·U1 ( p u c . 2). )] ,JU I o n p en en eu a s r l1n p OjlH HaM I1

YCCKo rO paasrepa p a c c eusaiouiu x 06bCKTO B MbI 

n p OBOnl1JlI1 Jl I1H CHHYIO ::>KcTpa nOJl H I~H IO COOTBeT

CTBYIOWCI I xapaKTCpH CTI1KH K H YJl CBOIl: KOH lICH11J3

lllfl1. Jtlc nOJl bJOB3I111e npyro ro , BOJMO)J(HO 'reoper n
-r ec xn 6 0 Jl c C ofioc nos an uoro n onxon a [141. He npea
CTaBJlHeTC51 B n a H H OM crry-iae n OJl e 3HbI M . LlJI ~ 

6 b l CTp OH ron sr BCJlCnCT BHC MaJlbl X JHa' I C IHI~\ R, 
« 12 HM) TO' IHOCT b o n p CneJICHHH r11.llp On l1 l laM H'l e

cxoro pan nyca 11 COOTl3 eTCT Bell H O K03(j>(!mUl1eHTO 

n l1<p<PY3 IH 1 ue macoxa . Bu coxas n o rpCUl IIOCTb (i/O 

20%) nepexpsmacr pa3Jl H ' IH51, KOTOpbI C sroryr 803

HI1 K lIyTb npa l i CIIOJl b30 Ba fl iH I paansix TCOp CTH'le

CKI1X nonxonos K On l1Ca HI1 10 KOII IICHT p a I I H OHHbl\ 

3a BI1CH M OCTCH K03 <P<PH u u e flTa .ll H<!>qlY3 H I1 Do. 'Iro 
Kaca CTC 51 MC.llJICH H OH MOJ1,b l , TO CJlCn YCT y ' I I1T bIBaTb, 

'ITO II naHflO M crry-rae pU3MCpbl paccenaioumx 0 6 b eK' 

TO B MOryT 3aMeTIIO M e H 5IT bCH C KO I I U CIH p a U l1eM, II 

n 0 3TOMY npencxaaar t, 3a BHCH M OCTb Du OT c n paxrs 
yeCKI1 IICB0 3M O)J(H O. Onpezie l e llllhleTaKI1M 0 6pa30\1 

3H a ' l eH I151 panayca 6 bICTP O}i Rh- f 11 M eM e llHOH Rh_1 

xron np nnencusr B Ta6JI. 3. 

P aCCM OT p l1 M peaynsrarst 3KCTp a r l1p OBa HI1 S1 Il 

au er oue 11 BOn e nponyxros rtocr n om oaep uaauun 
Il Bl'l -Il f u <DMA, rrpo neneaaoro C UCJl b lO nunene
H I151 Y I1CT blX n 116JlOK- COIlOJIJ1M e p OB . K a K yzce OTMC

YeHO, B xone Cl1HTe3a B03MO)I(HO otipaao s au ne HeKO

r oporo KOJll1yeCT Ba r OM OnOJl I1MepOB n<t>MA II 

n B Il , fl.Jl 51 ornerreu 1151 K OTOpblX 6bIJll1 nc non b30 BaHbI 

CneUl1aJIbHO nonotipamure paCTBOpI1TeJlI1 . 113 Ta6:1. 

2 Bl1nH O, YTO KOJI H y e CT I30 n <1>MA, ofipaayio rueecs e 

xon e nOCT n OJl I1MepH3aUHH , H e BCJl I1KO ( 1- 7 Mac. %). 
B TO n p CM 5I KaK KOJll1yeCT I30 roxrorronuuepa n13TI. 
KOTOpbIH He yY a CTByeT B peaKUl1 11 0 6 p a 30 Ba ll l1 51 JU16

Jl O'IHbIX a M <pI1(!m Jl bH bI X MaKpOM OJleKyJl, 3 HUlJl1TeJlb' 

110 11 COCTaBJl5IeT 0 1' 22 no 33 M a c . % B 3a BI1CH MOCTII 

OT fl.Jl I1 H bI runpodiansno ro 6JlOKU. I1MCII I IO 3TO 06
CT0 5lTeJlbCTUO 11 MO)J(eT OKa3bIBaT b cyurecrnennoe 
BJI l15IH I1e na nOBen eHHC a M <pJ.-HpI1Jl bH bIX M a Kp OMOJle· 

K y JI B pacr nope , me npncyrcr uyror 11 M OJlCKY,l bl 

n Bfl -Ilf, lIM e IOWJf e xa KOH u e uerm 6uc - n eH' 

Ta (!nOp (pe H I IJI hH bl e rpynnsr, npupona KOTOp blX 

6 JU13K a K n <D M A. n 0 3TO M Y MeTOnOM nl1 HaMHYCCKO

r o 11 CTaT lIy e CK Or O p aCCC5Il II1 51 CBeTa 6 hUI H H3 YlfeH bi 

Ka K lf l1CTbI e n H 6 JlO K-COn OJIH M CpLI n (B n-<t>MA) 

( n OCJlC 3KCTp a K U l1l1 a l1,eTOJIO M 11sonon), Ta K H CMeCb 

::lTH X a M<lm q ll1JlhH bIX .llH 6JIOY JIbIX M aKpOMOJle KYJl C 

n Bfl -Il f" (nocne 3 K CTpaK UHll a u e TO IIOM, H O n o 3KC

rpaxn nn aonoa ). nOJl Y'lCH H bIC MOJ l e Ky Jl 5lpH O- Mac

COB bl C 11 runponanasuorec xue x a pa KTe p llCTI1KII 

npencr anneu u B Ta6Jl. 3. Y Y I1T hlOa 51 nau n sre Ta6 J1 . 3. 
p aC CY I1TaJI 11 nrn ut y r nnpodrofi ao ro 6 JIO Ka n <I> MA Il 

Bbln CJTeH HbIX nOJlI1MepaX (1'36Jl. 4) . fl pencr aanea
H b Ie B r atin uue CpenHI1C 3H a y ell H 51 Mw paCCYJfTaHbI 

I1CXOJl5I Vl3 ycpenaen uon MM MC TOJ1,OM cser opaccea
fu m fl.Jl 51 sce ro naoopa M a K p OM OJI c Ky Jl . 

B epJle M C5I K 06C~eH 11 10 nan H h l X }lJlH awl-HI 

q )llJl bHhIX nI16JlOK-COn OJl I1M ep O B, n OJIYYCllIlb l X ~I C

TO.lla MH CTaTHYCCKOr O VI n VlllaMHtI CCKO r o pacceaa us 

BblCO KO M O I EKYJI}I PHbIE COELl I1 I-1 EH YI51 Cepl151 A TOM 53 NQ8 20 11 

Ta6J1"ua 3. 
BH.llYaJ1bH bI 

nera (pacr 

0 6pa3CU, 

1 

2 

3 

4 

,UH 

I 

2 

3 
4 

Tafinuua 4. 
n(Bn -<1>tI 

nOJIlifMI 

nneuxa H2 

net>MA 

n (Bn-<1>tv 
n(B n-<1>rv 
n (Bn -<1>t-. 
n CBn-<1>t-. 

CIlCT a . n p 

'laCTI1 U , 0 

JlI1<!>(!>Y3H( 

1I0 CJIC 3KC 

Taxoe pa: 
TCJIbHOCT I 

T a. Bepos 
Jl.JlH n( Bl 
MO)J(HO n 
rnope npi 
nO-BHnVlI\ 

Jl.Jl H 3THX 

3KC n e p l1 1v 

RbI. 

n OJl YY 

KJl IO ' ClIT h , 

M o ny, HBJ 

Jl a M H 6 JlO 

ororo rrpc 
'IC H ll5I Ril 

K H K Be. 

M aKpOM 

(Ta6JI. 1 l1 

BblCOJ 
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Mhl Ta6!11l1la 3. M OJIeKYJI51pIIO-MaccoBble 11 r l11lp0,I:umaMWleCKl1exapaKTepl1CTI1KJ1 cvecen n (Bn -<t>M A ) + OHn 11 111-1) \11

ser - IILW3Jl bHbrx ,Ll.116nOK-COrrOJHIMepOB 0 (B n - <IlM A ) , nony-renuue MeTO,Ll.OM ,Ll.I1Ha ~lII'-[eCKoro 11 crar nuecxoro paCCem-IJHI 
[p a  (Bera (pacr sopar en s - MeTaHon) 

C I1 HT E3 \11 nrOUECCbl CA MOOprAJ-I Jt13AUl1J.1 

nOJlI1MepHa51 
IL'leHKa na OCHOBe 

M w X 10-4 

rl-1,Ll.pocPl-1JIbHoro 
6JIOKa nsn 

M w X 10-4 

rnnpodiotiaoro 
6JIOKa n <)) M A 

YroJI CMalJI1BaHH5I , 
rpaa (BO,Ll.a, 
uarexanue) 

Gp: M,Il,)I(/M2 
Gd, M,IJ,)I(/M2 G, 1\I ,IJ,)I(/M2 

flcD MA 0 90 139 31.8 29.0 60.8 

il(Bf1 · C1l M A ) - l 5.7 190 69 25.0 51.0 76 .0 

f](Bf1-<I>M A )-2 4.3 25 110 36.5 47.6 84.1 

I1 (Bf1  <l>M A ) - 3 2.6 50 87 2804 58.7 87.1 

fl(Bf1-<IlMA)-4 2.2 132 98 31.5 33. 1 64.7 

Ofipaseu. NQ 
:TH 

CA-
lJ.;U I 

Rh 
IYC  I 
' I-n a 2
( no 

30 3 
f l lC- 4 

C MeCb ,Ll. 116nOK-COrrOJIl-1 MepOB n (Bn-<IlMA ) C nBO
 
(rrpO,Ll.YKT rrOJII1MCpl13aUl111 nOCJIe OT,Ll.eJIeHl-15I O<))MA 3KCTpaKUI1eH aueTOI-IOM)
 

140 1.97 0.29 5.6 27 

50 lAO 0.35 5.3 32 

49 0.67 0.26 5.3 29 

22 1.20 0.3 8 2.2 16 
Hbl X ,I(H6JIOK-COnOJII1MepbI nOCJIe OT,Ll.eJIeHl-15I n Bfl 3KCTpaKUI1eH BO,Ll.OHI1 n<t>M A 3KCTpaKUI1eH aueTOHOM 
ITO 

I 
an., 

2sex
tf, H 3 
CT H 4 
'JOM 
n.; 

174 

27 

45 

120 

1049 

lAO 

1048 

1.66 

0049 

0.60 

0.55 

0.37 

12 

8 

-

8.0 

26 

30 

27 

36 

40 36 

23 27 

15 19 

34 22 

11l5:lIllla 4. n OJIHpHa51 11 ,Ll.HCrrepCI10HHa51 COCTaBJI51lOlIIl-1e no uepxaocruoro HaT5DKeHIUI rrJIeHOK ,Ll.I·16JIOK-COrrOJII1MepOB 
n(Bf1 - <IlM A ) II n<llMA 

R B 
UH H 

CJIC 

rsre 
~ KO -

H 

al-Ibl 

afin . 
:C51 B 

%), 
nn , 

:1, 116
errs

CBeTa. npe)l(J(c nce r o OTMCTI1M, '-ITO 3Ha'-leHIHI Rh M51)CTl1 
'lacn-m" OTBeTCTBCHHblX sa MCM CHHy lO 11 6hICTPYlO 06 

I HOC IllcP tPY3110lUl blC MO,Ll.hl B p acr nop ax O(OD-<1>M A) 

DJIC  IOCJJe 3KCTpaKUH11 BO.rrOH, pa3JlWIaIOTCH B 3-4 paaa. 

.yn si lasoe pa:mWIl1C JlC)I(HT B6Jll13H rrperrena '1YBCTBH
lC I I  re.!lbHOCTl1 ICTO,D,a ,D,I1HaMWICCKoro paCCeHHH51 CBe

'P bl X n Bep051THO, 31'0 l\IO)l(eT 06b5ICHHTb TOT rpaxr; ~1T0 

:KO  'llfl n ( On - <PM A) - 3 3acj)HKCHp OBaHa O,D,Ha Mo.rra. 
Cll bl \IOJK.HO npeJ],fl OJIO)l(I1Tb, ' IT O H B 3TOM cnysae B pac 
VI A) mope npl1CyTCTBy lOT zusa nafi o pa -racrnn. O ,D,HaKO, 
vteCh nO-IlH,1]JtMOMy, ).lJlH nannoro o op aan a paanns fi e R; 
yJl C 

1151 3T!1 X lJaCTHU euie MeH hme, H HaM He ynanocs
3KC

)KCnepI1MeHTaJlbHO pasnenars ,D,Hcj)cj)Y3110HHble MO
l1ac

1!>1. 
'H K H 

n. 3, Ilonyxeu n ste p eayn sr ar sr naior 1l03MO)l(HOCTb aa
lA n ( llOlJ HTh, 'lTO 'W CT H l1,bJ. OTueTCTBeHJl ble 3<1 6 blCTPY IO 
ne u  \IOilY, HilllSIJOTCH 1130JlHpOBaHHblMH MaKpOMOJIeKY 
'all bl mll1 6J10K- co n OJnI MepOB n(Bn -<PMA ) . B nOJlb3Y 
ce H JTOro npe,D,flOJIO)KCHUH CBHJ],eTeJlbCTByeT T O , 'iTO 31-13

'ICHIISl Rh 6blC'rpo ii MO.rrbI 6 JJ OK- COIlOJIH MepOll 6JlH3 

H1m ,JI K BeJIHlJ l1lIaM ruztponn lIaM WICCKHX pa.rrI1YCOB 
MC \:aKpOMOJleKYJl M5I cj)YHKlJ,HOllaJIbH bIX OBO -)J,r 

Il I H H tra6.1. 1 11 3). 

II BblCOKOMOJI EKYJl5I PHhI E CO EjlHHEH Itl51 CepH 51 A TO M 53 NQ8 20 11 

Paasrcpu "xrennemrsrx'' ' IaCTHU B pacrnopax 
n (B n - <PMA) pa3JJ WlaJOTCSI MeHee ' l eM B 2 p asa H 
COCTaBJI5JIOT 25-40 HM (Ta6Jl. 3). l1 MeHHo 3TH pacce 
I1BaJOlUH C06b eKThT).I,al0 T OCHOBI 10H BKJIa).l, npn ortpe 
,D,eJleHIUT M; H pan aycon HHCPUHH R MCTO.rrOM CTa g 

TWICCKo ro cneTOpaCCe51HI15J . Ta K, I1HTe llC HBHOCTb 
pacceaau oro CBeTa OlJCHb 6 bICTpO YBCJIH lJHBaeTC}[ C 
pOCTOM paaxrepoa -racrnu, 11 B 3TOM MeTO,D,e n po n c 
XO,D,I1T ycpenneuae no scesry aHCaM6JIJo p aCTBop CH 
HblX 06beKToB [11, 15]. 

Jl CHO, 'ITO OTHOCHTeJlbHaH ,D,OJIH xacru u , OTneT 
crseunsix aa Me,D,JIeHHy lo MO,D,y, B pacr no pe OlJC Hb IIC 
BeJI11Ka (I1X MHo r o MeHbUle, "eM CB060,D,lIb1X MaKpo
MOJleKyJI). )J,etIcTBHTeJlbHO, KaK BH,D,HO na p HC. 2, 
npu paCCe51HHH CBeTa pacrnopa 111 6JlOK-co n oJnI Me
POB n(On-<PM A ) l1HTeHCHBHOCTb n epnoro IlHKa H 
17J10 JU a.n,b HOJJ. HUM stn oro fiOJ1blJ1C .raxoru.rx 1 I>I IlTO
po r o n u xa . t.1T06 bl narisouen x y COOTHOlIJell 115J KOJlIl 
-recrna 60) lh1UHX lJaCTHU 11 MaKpOMOJlcKyJl, n eo fi xo 
,D,HM O 3HaTb paavepsr H cj)OPMY 060l1x THliOB pa cceu 
BalOUJ,HX oG"beKTOB H 3311HCJ1 MOCTb HX 01' M M. Mhl 
rax o a HH(pOpM aUHe:i1: He pa c rio araexr. Oocyxnae
MOC OTlIOIlieHHC MO)l(HO O'I CHb r pyGo Ou eH I1Tb, I1C
non says ,D,3HIfbIC 3311HCI1 MOCTefi Il lmax 01' Rh 1-1 3Ha~l e -

http:IILW3JlbHbrx,Ll.116nOK-COrrOJHIMepOB0(Bn-<IlMA),nony-renuueMeTO,Ll.OM
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HlUI Mw 11 R h)JJJ.H l1CCJle,nOBa H H bI X n OJII1M e p OB, a TaK TB Cp )l()J,a lOTCH 11 3HaQCII HH MH JlOJl5\P H OH (Jp H nne
)l(e rrpennonaraa , 'ITO n OJIH,nl1Cnep CB OCTb n o M M nCpCJilOH H OH (Jd cocr auna ronur x nouepx irocr aoro 
M UK p OMOJlCKyJl 11 aCCOlU 'IaTOB HCBbIC OK a 11 '-ITO cDo p  Han DKCH H5I rIJIC HOK . CaM Oc Bb l COKOC 3Ha 'leHHe ITO
Ma IlM MOJICKYJl5IP llhlX crpyxr yp 6 J1 H3KU K CcDCP H '-IC J15IP IIOH COCTaBJIm Olllc i1 n OBe p XHOCTl I OrO H UT5I)I(C
CKO H . TaKa 5I OUCIlKa 1I0 K<l3b lBa CT, '-ITO II pacrnopax ira HI1H n JICH K H JJ, ~ 1 6JI() K- COnOml Mcpa I1( Bn -<t>MA )-l 
ozury naaxronexynap nyto cr pyxr ypy npJl XO,LI,lITCH 60  (36.5 M)1)1(/ M 2) Jil Hl13 KOC 3H a'iC HUC ).lJilc n e p c Ho HHoli 
nee 115ITl1 ThIC5I ' 1 CB060)J,H bl X fa rpOMOJle KYJI . cocrannsno uteri (47 .6 MD, )I(/M2) cnuner enscruyer a 

KaK IHI,nHO W3 Ta6 J!. 3, 3Ha'-leH115I paanyca I-lHep  cn cu ndnrsecxnx B3a HM o .ue iicT BI1Hx 6 J10KOB paanoi 
ILI1H Jil fJil JWO,nJilH <lMI1'-1eCKOrO pazmyca Me,nJICHHOH n pupozu.i B IJOB Cp XH OCTHO I'v1 CJl OC llJl CH K Jil. L!,1l5l 1.\l1
1\I0 1J,b l 6 JIII3 KH Jil COOT BeTc TBy lOT TeOpeTl1 '-1 eCKJ1 n pen 

6 J1 0 K - COD OJll1M Cp OB , y rn st CMaY H BalHI H KOTOphlX 
CKa3bl Ba CM bl M BeJIH'-Il1Ha M ,UJI51 c <j )epWICCK HX 'I UCT H U 

MCllbilie 900 I n ( B n-<1> M A ) - I , n(Bn-(I>MA)-31.[16] . O ,llJ-IaK O ncnari. BbIBO,lJ, 0 cDOp MC a CCOUHaTOB , 
n OBcpXHOCTb rnnpodnuruaa pyer ca , H 0 Yl\I CH bWaCT

Ka K Ha M Ka )l(CTCH, HCJl b 3H, n OCKOJl b KY (KaK YKa3aH O 
CH n o c p aBH eHl1IO C '1JilCTbI M n<t>MA. Cavooprauu

Bb l IIIe ) 31,a'lCIHtC l?g 5IB HeTC5l: sen H'I JilHoi-i", y cpezi
3a UH 5I MaKp OM OJIeKyJl 13 IIJl e H K e npUBOLl:HT K PC3KO~ IY

HeB HoH no scevy a u c a v fim o pacrsopeau u x ' l a CTH!..L. 
n OH Jil)l( e H l1 1O 1l0 Jl HP H OH COCTUBJIH lOlllCH (25.0 II

Flpa con OCTaBJleHHH ,naH H bIX, nOJIY'l c H H b IX M e 
2.4 M,U)I(/ M 2 COOT Bc Tc TB e H Ho ) Jil 3 Ha Y HTCJl b H01\I Y YBer onasr u cuer opacces uua 11 CM aYJilBClHJilH , BH,nHO , 'ITO 
JlI1l.JCH H 10 ,nJilcnepCI10 H H o i1 COCTa BJl5II0 UJ;eH (J (51.0II,nllH '1l1CTbIX JJ,116 JIOK-COIlOJll1 M e p OB n (B n - <t>M A )
 

x a p a x r epu a caM OOp r UHl13a U HH H e TOJlhKO B 11 3Y'ICll  58.7) D O c p a e n eu m o C n<I>MA. no 3 H a '-leHI151M ar ll
 

HOM p aCTBOp JilTCJle , HO Jil n nne rrx ax n a rpamr u e pas  (Jd fIJlCHKa Ll:Jil6J10 K-COn OJIH Mepa n(Bn-<1>MA)-4
 

JJ,eJIa dias. LJ.n5I BCCX Bb lJ[eJ l e HH bl X JJ,116J10 K -COn OJl I1  npaxru-recxa l1)J:C HTH '-IIla IUIeHKe n<1>MA. 3 TO non

MCp OB ,nJII1Ha rnnpodiobu oro 6 JI OK a n<I>MA 3H a Y Jil rnep xna er BbICKa3aIlBOC n p c ,nn OJIO)KCH HC 0 6 oco

Te JIbHO 60Jl h W e .l1,JII1 H bl fJil JJ,P OcDHJlbHOr O diparuerrr a
 6 CHHOCTHX caMOOpraHl13UUl1H M a Kpo Mo Jle KyJl sroro
 
fl Bfl . T a K , nanpa sicp , JJ,JlH n(Bn-<t>MA) - 2 M.OIKHO
 Ll:116 JIOK-CODOJlJilMCp a na r p a u rr ue p a : JJ,eJIa dias, 
n p C,ll.1l0 JI OIK l1Tb, ' ITO M a KpoMoJleKyJl b l B nonepx u ocr

HOM cn o e nJlCIlK H CCl 1\fQOp raHH 3YJOTC5I TaK H M o fipa  n O,n0 6 H OC non cn enue MaKpOMOJleKYJI a v dm

30M, YTO runpodiotiuste 3 Be HMI n<t>MA 0 6 p a UJ;CH bI qmJlbHblx 6J10K-COOJlHMCP OB B pacrsopax B MCTaH m e 

n apyxcy, 06 ;)TOM CBJilLl:eTeJlbCT BY IOT na n nsre CMaYI1 H na rpanaue p aanena (l>a3 M O)KH O o fn.a cn Hl'b 0 6 pa30

BaH JilH IUI CH OK ( y r o n HaTeKa HI1H 1100
) . Mia nonara Ba H I1CM BOLl:0P0Ll:BbIX C13H3eH MC)I(,ll,y MOJICK y JIa M H pac

CM , 'ITO 3H alJ HTeJlbHbl ii BKJlM B nOBepXHOCTHble T BOP l1TCJlH 11 6 JIOK OM I' HLl:p o(I>0 6 H o r o cDTOpl1pOBaHHo 

CBOHCTBa BH OC5IT drropnpoeamu.re KOJl b !..La . D,Jl H 0 6  r o diparv enr a, lI aJI H '-IJilC KOTOp h l X CYIl.leCT B C HHhl~1 . 
paaua I JJ,Jil6J10 K - COn OJll1Me p a , y x o r o p oro MHHa 06p a 30 M 3a Bl1C IH OT COOT HOIUCH lUl rnn p o dio ti u oro II 

6 JIOKa n <t>MA Ta IOK e 3HaYHTeJl bHO 6 0 Jl b illC paaxie u l )J,pocDl1JlbH Or O rppara earos : 
POB 6J10Ka n BIl , CJleJJ,OBaJIO O)l(Jil J[UTb, ' ITO rnn p o 

<p0 6 H bl e 3BC ll hH 6YLl:YT n p eavy ure c r a enuo pac rtona
rarscs B n OBcpXH OCT HOM CJ1 0 C fIJICH KH 113-3a JilX 3H a .> OM e-nrrensuoro c one p xca uu» BJJ,H6 JI OK- COnOJlI1Mepe. 1-10 y CH3 \ 
rrony-iemn.re 3I1 a'ICH JilH yrna CM a lJI1 BaHI151 (8 = 690

) H 
I~CH2-CH~Ge1C 1-I )- t l 

CBJilJJ,eTCJl hCTBYIOT 06 o fip aru o v, r. e . nOBcpXHOCTb 
\ I T;;; 0'- - I~ Ic=o H F F}IBJI 5ICTCH rl1JJ,p O(pJilJl bHOH . n OCJlC,ll.UCC, B03 M O)l(1I0, _ .... -" N ......c l \ I I I o- c J- 2 F O- C-C- C-HCBH 3a HO C 6 0 Jl L illOH M M 6 JlOKa n <t>MA, Ta K Ka K Dp H 

I I "\. j I I I 
ucnapeu uu pacr noprrrens H cD0pMHp OUaHHJil nJleHKH CH 2-CH2 H f f 
M aKpOM OJl e KYJI bl He ycne n aror IIc p e CT p OHTbC51, H I , 

I , 

n p CHMyu LeC TBCl lHO na nO,nJIO)KKC OK a 3blBaJOTC}1 6 JIO	 H 1-1 
I \Kl1 n 1.up o q >06H OI'O 6J10 Ka, a -racr s ran podian sm.rx OM e OM e 

3BCH be B c c r p e rupyer B noaepxuocrm.m CJIOH n JICH 


Kl1 [17]. B crry-rae I1(Bn-<t>MA) - 4 , HeCMOT p 51 xa TO B 0 3 M O)I(J10, YTO B 06pa30 BaH H H BO.lLOpO,ll.HbI X C B~ 


' ITO JJ.JIJil Ha n 1.l1j1ocD06HOro 6 JIOK a npensnn aer MHBy 3e H 6 yJJ,YT y 'JaCTBOBaT h H arov sr drro p a neptpr opnpo

runpodnun.aoro B 60 paa ( n o JJ,aH H b I M MeTOJJ,a CMa BaH H bl X cDeHJilJIbllbIX x o n e u ITp B aTOM C repv anu»
 
'1HBaHI15I 0 = 98 0

) , M O)l(H O npCLl:nOJlOIKJilTb, 'I TO ua-sa 1-10 3TO M CHc e BepOHTHO BCJleLl:CT BI1C 3K paII H pOBa H I1 ~
 

CJUflIIKOM MaJI Oi1 M H H bl 6J10Ka Il Bfl B 3TOM 6 JIOK nOJlI1Mep HhlMJil KJly6KaMl1 rpynnsi (C6Fsh G c l iS].
 
COn OJI H M e p C UILl:POQ>HJl bH bI X 6 J1 0 KOB IIC x n ar a er MH
 

noxpsrrua 1'l1JJ,p ocD06H bl X 6 J1 0 K OU n <t>M A ; 3 T O pC3KO TaKH M 06pa30M , B pa6 0TC no xasaua 130 3MO)l(


MelIHeT CBOHcTBa n o ucp XH OCTI1 , ITO KOTOp bl M OHa, HOCTb CHHTe3a a M cDH cPJilJIb H bIX Ll:H6JIOK-COnOJHl ~le


c yJJ,5I 110 3H a 'lCH HHM nOBcp XH OCTHoro HaTH)I(eHI1H (J, POB n a OCHOBC N - BH H l1JIliJilP P OJl Il.uOH a 11 2),3 ,3


npJil6J1H IKaeTC5l K I1H .uH I3H)IYaJIbHOMY cDTOpl1pOBaH TeTpa<tnopnpOITI1J1MCTa K p HJlaTa , onpenenerru M OJIC


HOMy nOJIHMCPY (Ta6J1. 4) . xyn a p a u e x apaxrep n c r uxn, a Ta K)l(C H3y'leH bl npo


3TH n pcnnonoxcn a s 0 DO BeLl:e IlI1Jil a M cDI1Q>JilJIb  !..LeCCbI caxroopraunaauun MaK p o Mo JiCKyJl co nonu
HbIX MaKp OMOJleKyJl aa rpan nue pasnena cDa3 non- MepOB B pacrsope B M eTaH OJIC 11 B Mac cc. 
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