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C OBMeCTHOM aKT J.1BJ.1 pOBaHHo H nOJn1KOH,lleH CaUH ei-f mpuc- H 6uc-(neH Taqnop<j:>eHJ.1JI) r ep l\IaHa B c p en e 
TeTparJ.1,llp o cjJyp aHa B npnc YTCTflJ.1J.1 aKT J.1BaTOpa Tp J.13THJIaM J.1Ha rrOJIY'-!eHbI csep xpaaaer nnenu u e c o n on u 
Me p bI p a3JIl1qHOrO CTpOeHI15I. n M M OT 2 .0 x 104 ,ll0 4.4 x lOS. M eTO,llOM ren n o n posonnurea peak u a ouuo it 
KaJIOp l1MeTpnl1 H3y qeH a KJ1HeTI1Ka COrrOJII1KOH,lleHCaUI1I1. Il oxaaano, QTO mpuc - (rrCl lTacjJTopcjJe lH1JI)rep
Ma H 6 0JIee aKTJ.1BeH B peaKUMH COnOJIJ.1 KOH,lleHCaUJ.1I1 . M eTO,D,OM JlHHaMtrQeCKOrO MeXalll rQeCKOr O aHaJIl13a 
H ,ll l1cjJcjJepeHUJ.1aJIbHO-CKaHI1PYJOlU eM KaJI0pI1MeTpJ.1ei1 onpen enen sr MO,D,yJII1 cnanra, 3J1aQeHI1SI 'raa reuca 
yrna MeXaHJ1LleCKHX noreps 11 TeMnepaTypbl .cTeKJIOBaHI1 $l rrOJIY'-!eHH bLX COrrOJIHMep oB. C OrrOJU1MCp bl HM e
lOT TeMrr ep3Ty py CTeKJIOIl 3H H5:I n o 250°C, QTO c yuiecrsea u o asnue n o c pas n emuo C n epdrropaposanm.ta 
nOJIl1cjJeHl1JIeHrepMaHOM (162°C) . 

Csepxpaaaer une nnsre nOJB1MepbJ I1 ,llCH,lJ,p I1M ep bl 

HBJI>l.IOTC5l 0 6beKTaM i1 H3YQeHHH )')KC -rer aepr s BCKa , 

110 H n a c ero)J.HH w H H H n e u s H e rrorepann CBoeH ax

ryaJlbHOCT.I1 [1J. Kaxzt aa 113 3 T I1X ,lJ,BYX r pyn n ofinana 

L'T l1P J.1CYUU-IM H TOJlbKO I1M H e,llO CTaTKaMH H )J.OCTO

IlHCTBa MH. TaK , ,lleH.upI1 Me p bl I1M e lOT p eryJIHpHYJO 

ceepxpaaser nnen n yio CTPYKTy py, HO I1X Cl1HTe3 Tpy

~oe MO K 11 nmrrenen . Caepxpaanernrrennste n OJII1M e

pbI HM e IOT, KaK npasano, MeHee peryrrapnoe crpoe

l1 I1e MOJIe xym l p H o ro xapxaca, HO MOryr 06p a30 BbI 

BaTbCH C BblCOKO H CK Op OCTblO [2]. 60JIblUOH 

npaKTHq eCK H H: H Hay'IHblH 111-fTepeC npe,llCT aBJl5IIOT 

npo ueccu , B KOTOpb[X 06pa30BaH.I1e TaKJ1X nOJIJ1Me

pOB p e ryn apuoii HJIl1 6 J1H3KOH K H eH crpyxrypsi npo

f1 CXO,ll 11 0 6 bl co CKOp OCTb lO , x apa xrepnoji nnsr 

I Pa60 Ta BbIl10JlHeHa npu <pI1HaHCOBOH nonn epx xe POCCI1HCKO

ro <poMa <pYH.ll.aMe HTaJlbHbIX I1CCJle.ll.OBaHI1 H (KOL\bI rrpOeKTOB 
09-03- 00662, 09-03-90744, 08-03-90707) 11 AHaJlI1TI1'!eCKOH 

BeJIOMCTBeHHoH nenenou np orpaxursr " P a3BI1Tl1e nayxuoro 
fJOreHUl1aJ1a ssrcurea WKOJlbl " (2009-2010 r r .) ( P H IJ 
2.1.1 / 1473). 

E-mail: zam.olga@mail.ru ( 3 a Mb1WJl5IeBa Ons ra Ieopraenaa) . 

ofisi -m stx rr OJI l1MCpl1 3aU H OI-IHbl X n p ouccc o a . Ilep 
Cne KT H BH bl MI1 ,llJl H p ean aaaun a r a x o r o nonxona HB

115IIOTC5I peaKI ~H I1 06pa30 Ba H HH 1l0JlHCHJl aHOB [31 11 

n epdrrop u p o uanno r o n OJl H Cp CH I1Jle l-l r e p lalla (n<l>f) 
[4] . O OCJl e)J.I-Il1 H 6bIJl n o n yxen J13 MOHOMcpa <1>JIOpH 

r ima (AB3) - mpuc- ( neIlTaqnop¢ e w u l ) r c p M aHa , 

I-I Ge(C 6 Fs) 3 (<I>f), o ,UH o CTa ,lJ,I1HHbIM MeTO,lJ,OM B n p J.1 

CyrCTB I1H aKTJ1BaTO pa El3N B 1988 r. (P11c . l a ) [4]. 
3TOT n OJI11 Mep yn o~H1 HaeTC H 13 H3BCCTJ-I OM ofiaop e 

D. A. Tomal i a [5], me KOHCTaT l1p OB anO p a3B11T He HO

Bora HanpaBJIeH115I . K ,lJ,OCTOHH cTBa M 0(1)[ OT/-IOCHT 

C5I npOCTOT a C11HTe3a , BbI COK11e BbI XO)J. 11 CKOp OCTb 

n p n ysrepenuoa 're xme p a'ry p e , a Ta K)I( e TCpMOCToi1: 

KOCT b Bbl)J.eJleHHblX nOJI H Me p OB, npensuua io utas 
250°C. )lo nenan ner o BpeM CH I1 y)J.a BaJIOCb n ony -nrr s 

0(1)[ OTHOCI1TeJIbHO H c 6 0 Jl bW 0 l1 MOllCKYJlHPIlOii 

MaCCbl (M = 22 x 103) , ' ITO CBH3a llO c o crreua dnrxoa 
Mex aHH3Ma. [lOJIHKOHJrCH c aUHH 6uc-(ne u Taqn o p 

¢eHHJI)repMaHa HZG e ( C 6Fsh (.II.f) o n u c a a a n p a x 

TH QeCK H B TO )I(e BpeM5I [6], '[TO H 110JIHKOHJleIlC3U\15I 

<D r, O,lJ,HaKO OH a H e 6bIJla ,lJ,CTaJl b H O J1 3y'lcHa BCJIC1I 

1453 

• t, ,'.', I ...,,; -I '. ::. 1,11 _ • - - - 



1454 3AMbl WJHIEBA 11 n p, 

crn u e 0 6 p a 30UHH H5I CWHTOr O IICp a CT ROpHMOr O no

IlIMCp a . 

AKTH Ul1pOBa H Ha 5I 1I0 J1lf KOII,D,e HCa UH5I <1>1' I1CCJle

,D,OBa H a B psuie pa60T[7- 9 j . Bsrna no xaaaa a B03MO)l(

HOCTh xancynaponan as c n e p Xp a 3BeTBJlCHHOH Ma K 

poxionexyno ii p5I,D,a COe.u H H e H I1H , B T OM -nrcne 5IBJl5I

IOJlHl XCSl KaTaJlH 3aTOpaMH n OJl H KOH,lJ,eHCaUHH <1>1' 

[9]. B pafiorax (10, 1 I] 6blJlH npennoxeuu MeTO,lJ,bl 

n OJlY 4 e H H5I JlH lle ti HO-,lJ,eH,D,pHTI I hl X COnOJlH MCpOn na 
OCllOBe nor: 

M CX,lfHI3M axru mrpoua n non 1I0 JIHKO H,D,eHCa

UHH <Dr B n p HcyTcTBH H Et)N , n pnuonauresi K 06 

p a30Ba HHI0 n<Dr c o CTpyKTYPOH , 6JlH3KOti K p ery

Jl5l p H o i i , npennox eu B pafiorc [8]. H a nepnoa CTa,D,H H 

N Et) · HGe(C6r sh + NEt) · HGe(Cc,Fsh 

0 6pa 3y eTC5I nonopno-axuei rropusrri KOMnJle KC cD r 
C Et )N : 

Et) N + HGc(C6Fsh - Et)N' HGe(C6Fsh = 
I - (I) 

. [Et)NH ll G e(C6 Fsh J 

Jloasnemre 4 aCTII'I II0 orpuuar ensnoro 3Up511Ia IIJ 

aTOMe rep MaH.I151 npU BO,lJ,UT K a K K e r o aKTHuaUlIH, TIlK 1\ 

K a K IUBaUHH aTOM OU drropa u n apa- 110 JlOIKCIHHl de
H HJl bH h lX xoneu, BCJle,D, BHC c o nQl-,)'I1HOCTI1 Me30MCp

Iioro H II HJ1.Y KUHOHnoro 3 QxPeKTOB. H a eropoa crannu, 
aKT HBHpOBaHHa5I 11 000I1KOl l.D.eHCa UH5I <Dr B 11J6bITKC 

Et)N n p OHCXO,lJ,HT B OCH OBHOM C y 'JaCTUCM ,lJ,ByX aK I"II

BHpOBaHHhlX ueHT p OB: aTOMOB Ge H r p y n n bl p-C- F. 
06pa3013a H He CRe pxpa3BeTBJlCHIW W MaKpOMOJIC

KyJlhl n<l> r B 3TOM cny-rae MO)K H O npencr amrn- CXC

MOti (2) , rne Db D2 H D3 - nepnoe , IlTOPOC 11 TpCTbC 

nOKOJle H HC cnepxpaaner unen no ci I\laKpoMoJ1 eKyJIbl: 

- NEl l ' FH' N Et) · HGe [C6FcGe(C6 -sh J) 

( N Et) · HG cD 1) 

N Et) · HG e(C 6Fsh + NEt) · HG eD 1 _ ' Ell ' FH ' 

- N Et) . HGe ( [C6 FcGe [C6F4-Ge(C6 Fsh JJ ) (2) 

(NEt) · HGeD2) 

NEt) · HG e(C6Fsh + NEt) · HG eD2 _ EIJ FH' 

Et) · HGe {C6Fc G e [C6 F4-Ge [C6F4- G e(C6Fshl) J) }) 

( £ t) · HGeD) 

A HMI1.3 noxaasinaer, 'ITO epOp M HpOBaHHe -rersep 
roro n OKOJl e H H5I no ,lJ,aUHOMY M eXUHH3 M Y 3aTpy,D,HH

're I b HO H3- 3a nOHH)KeI H I5I zrocrynuocru rpynns r 

+ ./ 
Ge H" 

B (!l OKaJl h H Oti TOYKe 11 0 CTe p H4eCKH M npH Y H H a M . 

B P C3YJlhTaTe M OJl e K y m l pHa51 M a c c a n<!> r 0 6 b[ 'I H O 

H e n pe a u ur a er 22 x 10 3. BbI UOJJ, 0 crpyxrype n<1>r. 

6 JI 11 3 Koti K perynapuon (pHC. 16 ) , 6blJl CJJ,eJlaH , HCXO

.un H3 JJ,U H H bIX n o COOTHOllleHH IO rpyrrn (-C6Fs) : 
: (- C6F4) = 2, nonysen u srx MCTO,D,OM 5lMP- c n e K 

'rpocxorn iu [8], a THK)Ke no COOT Be TCT BH IO paasrepon 
M UKpoMoJleKyJl n<1>r, Ollp e.uCJlCH IIOM Y sxcrtep nsrea 

TaJl b H blM M eTo .rr.OM Jleu rxnopa [7J H paCCYHTaHHOMy 

TeOpCTlI'ICCKH lI.Jl 5I n<1>r T p T bCti renepauna (M = 

= 22 x 10 3) , HCXOM 11.3 npCJJ,nOJIO)f(eHHSl 0 perynap
HOC1'I1 crpyxr ypsi. 

1'aKIII\I 06p a 30 M . eJJ, HHCT BCH H OH B03M O)(( I IOCThI0 

PUJJ,HKaJlhHOrO ynenn -rcnna MOJle Ky Jl 5lpHOH M a CChI 

n<l> I' 51BJl5leTC5I Me)l(M OJleKyJlSlplla5I cru u nxa CBCp X

p a 3BeT BJlCH H o ti MaK p OM O exyn u rpe'rsero nOKOJlC

H I151 . 

B CB5I3H C 3THM OCIIOBH a 5I uen b HaCT05IIueH pafio 
Tbl - 1t3YYCH He COnUJ1HKOH,D,eHCaUHH nepqrropn po
BaHHbl X H fJJ,pH.uOB I'CPMUH HSl 11. pa3JlW[HhIX sapaa n 

TOll ee n p OBC,D,CH H 5I ,D,lT5I cyuiecr sennoro YBeJl HYCHH5I 

M M ceepxpaaaer nnen usrx MaKp OM OJl e KyJl . Kpove 
roro , B pafior e srrepnue np n BCJJ,CH bI PC3YJIbTaTbi 

ananusa TCpMOK H HeTH K H a KTI1.I3Hp OBaHH o i! COIlOJllI

KO HJJ,CHCa U I1I1 <I>r, ,nr U M H KpOCTp y KTy p bl COIlOJllI

M e p o u na I1.X ocnoue MCTO.ua M Il KaJlOp U.MeTpHI1 II 

5l Mp 19F. 

3KCnEPI1M EH1'NlbHA51 llACT b 

Atcmueupoeannasi cononutcouoencauust cpr U Ill' 

Tp UC- ( l1e HTa q)TOp Q:>e HlfJl)rcp MUII H 6uc- (nclI-
TaQ:>To p Q:>CH J1Jl) r ep M a H ClIHTC3 HP Oll aJl H no MeTOJHIKC 

[1 2 1. T <1> BbI.rr.ep)KHBaJl H 11. KHn5ITH H H aLL KOH, 
p a3r OH5UIH 11 KHn5ITHJlH H aJJ. MeTMJl~ l qCCKH M narpn
e M C 6eH30epeHOHOM JJ,O YC To~i YHBoti CHlle t} OKpaCKl1. 

1'p H3 THJla M IlH OYllIu aJl I1. no MeTO,D,J1K C 113 1. n p H CO

1I0JlHK OH,D,e HCaUH H <1>1' II ,nr B 1'f<D BbI XOJJ, ConOJII1

Mep OB COCTaBI1.Jl 70-80% (06 OKOH ' IaHH H p CaK Ul1l1 

CyJJ,HJlH n o M OIIJ.HOCT I1. TenJlOBh IJlCJlCH I151 B KaJ10PI1

MCTp H 'I CCKlfX onsrrax) . 

P Ca K I \ 1110 11 0 JIHKOH ,D,eIlCa U H I1. npn pa3Jl J1 4 Hb1Xco
OTH OWCHH51X <I>r H ,nr I1pOBO.uIUIH B n p I1C)'T CTBI1I1 

axrauaropa Et3N B ar xrocdiepe aprona B p a CT130 pC 

1'1'<1> , reu ne paryoa cm rreaa 25° C . COOTHOllIeHlt C 

lEt3N ] : [<1> r] = 2 : 1. 

I3 blCO KO MOJlE KYJUlP HblE C O EJH1 11 EIH UI Cepnsr 6 TO M 53 NQ 8 2011 

PHC . I. 
11 0 6 i131 

MeTO 
OTIIOIlICI 

)], 1' H3 Me 

<I)r) HO. 

T C'I CIIHe 

5 MJI TP 
1'011 0 . f.. ( 

C H H TC3a 

P blH 0 6 [: 

M Cpbl TP 
Om-IHOti I 

p aCTBOp . 

uanocaa 
JB1I\1 CPbl 

Tr<1> II C 

MaCChI. 

M ere 
How e H11 

TPH3TIIJI 

M epOB n 

MCTa HOJI 

BblCC 
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(a) (6) 

Puc. I. CXeMa peryJHIpHOH CBepXpa311eTBlleHHOH CTpyKTYpbTrIC1>r r persero nOKOneHJ1H (a) , ct>parMeHTMaKpoMoneKyJlbl ll <l> r 
B06naCTJ1 ueHTpaJIbHOrO aTOMa repMam Hl (ct>OKaJlbHaHT04Ka ,neH,np J1THOH crpyxrypsr) (6) . 

MCTO,ll A. C M e Cb , COCT05IIUYIO H3 ,ll r B Trcp (co

OTHOW e H He MOllOMep : p aCTI.l0pIITe JI b = 8 0 : 1; Macc y 

nr WIMCJI5IJ IH 01' 5 110 50 M a c . % IIO OTl IOW e ll H IO K 

lilf) H 0 .96 MJl ~ l3N BbI,Uep)I(HBaJlH 10 M HII H nanee B 

relfeHHe 3 0 MHH ,lloGa BJl 5IJlH K pacrnop y 0 .5 r cp r B 

5MJl Tr«> rt p u nenpepsnurosr 6 a p 6 0 TH p Ol.la HH H ap

fOHOM . Ofiuiee n peM5I CH I-lTC3a I 'I. no OK OW IaH H H 

CIIHTe3a ,lJJ15I y.naJI CH H5I n 0 6 0 YH OrO n pon y x r a , KOTO

pbl f1 0 6 p a 3y eTC5I II xone Cl1 l1Te Ja (Et 3N . PH) , nOJlH

Ilep bI TpH )f(JLbl npo su auana XOJlO,llHOH ,llHCTHJJJI lIP O

3<l HHOH BO,llOH, I.l p eay n sr ar e -re ro COJlb n e pex o nna B 

paCTBOp , 0 lfe M CBH ,lleTeJl bCTllOBaJIO OK p aUlHBa H He 

ijJ.llOCaLlo·IHoif )f( 1l11KOCT H n )f(C rT br~r u u e r; llaJlcc II O 

.IIIMepbI n c p COCa)J(JlaJIH M eT aHOJIOM H3 p a crnopa B 

Trq> H CyWWI H u naxyyu e n p n 40° C ,ll 0 n OCT051HHOH 

vaccsr. 

MCTO,lJ. 6. K p acr no p y <I>r H ,ll r B aanamrux COOT 

HOWeH H 5IX B T rcp B ar xrocdiepe aproua )J,06 aBJl5IJlH 

rpH3T HJlaMII II . B p e!\H I CIIIITe3a 1 II. Pacr sopsr I IOJIH

IICpOB rrepeocax uan u ,ll HCTWrJlHpOBa H H o i1 BO)J,Oi1 H 

IleTaHOJlOM H CYWlIJU l n o rr OCT0 5IH HOH M a CCbI. 

[enn-npouutcatotuan xpossamoepatpun 

Morrexynapuo-uaccouu e xapaKTcp Hc T II KII no

Jl IIM Cp OB, n OJl YlJCH HblX aKTII Ill1pOnaHHo H cononu 

KOH,lleHCa U l1e i1 , o n p en ermna MeTO,UOM r nx IIp H 

4 0 ° C n a )KH ,ll KOCT HO M xpo varorp arpe P romin e n c e 

L C - 2 0V P ( "Sh imad zu" ) C KOJlOH K aMII , Han OJIH e H 

HbIMII IIOJlH CTH POJl - )J,H BH H HJl 6 e H30JlOM C pU 3MepOM 

n op 1 x 10 6 H I x 10 5 A. B xaxecr ue ,ll CTCKTOp a HC

n OJl b30 llaJIH J.I.IHtl<pe p e H U H aJl b H bI H p dip a x r o srer p J.1 

c nCKT p O¢OTOM CTp. 3JlIOe HTO M CJI YIK HJI T rcp (C KO 

POCTb n OTOK a 5 MJl/MHH) . Kax yuiy iocn M M (M '), 
KOTopaH 5IBJl5IeTC51 KOCl.le H Hoi1 xapaxrep u c r u x o ii 

p aasr ep o u CBe p x p a3BeTBJIe H H bI X n OJl HMep OB, pac 

C'I1 IT blll.1JJ1f no c r u urtap'raxr nco 

Pea K lI,UOHHafl KGJlOp UMem pWI 

Kanopioaer pn-recxa e H3M Cp e m f5I rr p OBOJI,HJlH C 

HCIIOJlb10 Ba HH eM MHKp OKaJIOp H M cTp a ,llAK 1- 1A ru 

n a K aJIbBC, xor opsia aBT OM aTl1lJe CKH pcracrpupycr 
BCJI J.1 YHHY m rr e rpans n o r o TCO JIOBOr O nOTOKa , HJI,y

ute r o 0 1' p e a K UHo lIlIOH KaJIOp l1M CT p lf 1l e c Ko H 5It lCH K H 

-repea ,ll 11 <P¢epeH U H <IJl b HO BKJIIO'le Il H b le Te p M0 6 uTa 

BbICO K O M OJI EK YJ151PH b I E COE)l Itl HEH "' 51 Cepmr 13 TOM 53 NQ8 2011 



1456 3A M bl WJl51 EBA VI np. 

Tafinuua I. YCJIOBI15laKTI1BHpOJ3aHHOH COnOJIHKOH,UeHCaUI1V1 rHflPH,UOB repMaHI1 S1II Tr<p R Ilp l1CyrCTIHIH TpH JTHJlal lllHJ 
n pn 25°C, ,UaHHble KaJIOpHMeTpWleCKI1X IO MepeHl l ii nony-reu u no MeTO,Uy E 

O n srr, NQ .n r, Mac . % [<Pr + ,U f ), 
MOJIb/JI 

[ EL3N ] - D.rHo. KLl)l(/ MOJIb 
[<l>r + ,an M w X 10- 3 Tg • °C (,QCKi 

[ <t> r +n r ] 

1 17.5 0 .220 2.32 2 19. 1 40 175 

2 22.1 0.416 1.55 216.2 8 1 190 

3 24 .3 0.430 1.72 261.3 83 200 

4 27.6 0.457 l.66 267.7 92 225 

5 35. 7 0.522 1.30 246.1 Iern. 295 

6 39 .8 0 .327 1.47 233.5 Iem, 320. 

7 50.7 0 .721 1.07 261.8 fCJl b 310 

npl1MeQaHHe . Mw - Mo .n.eKYmlp Ha5l Macca C y<leTOM K03cPcPHUHeHTa n ep ecx era, n ony-rexaoro C HCn OJIb30B3HHeM I ICHl.'Ll 

CBeTOpaCCeS1HHSI. 

pCH K MaccHBHo My UCHTp aJl h HOM y 6 JIOKy repvocra
'ra kanopnwerpa. TCOPH H H MCTO,LlH K a J1 3Me p e H 11 H ua 
xarropn raerpe H 3JlO)/(eHbI B paoor ax [ 14 - 16 J. lJ y B

CTBHTeJlbHOCTb ero 11 3MepH"reJlI.>H blx r ep u ofiarapen 
COCTaBJUl eT H C xr euee 0.12 B /BT. :3 eKTpHyeCKaSI 

cxev a 0 6 ecnclH1Ba CT 11 3M Cp e H11H 3 H e p r H I1 rennouu
,UCJleH11 SI H e M e H e e 9 8 % . K 'U IH6 pOBKY KaflOp11MCTpa 

n p OBO,UH 111 ,Ll)I(0YJlCBbIM Ten JlOM . Mer porror uxecx ue 
xapaKTCpHCTI1KH «anopaxrerpa npOBepIDU1 H3 Mc p e 

HHeM CTaH,Llapn JOH snransrnra p aCTBo peHH5J XJlOp11

na KaflH5J MapK H "x .s." B 6H,Ll HCTHJlJl H pOBaHHOH BO

ne. Cpea nee 3 H a lJCH He on p C,LI,eJl5JeMOH BeJlH '-lHHbI 

npu 298.15 K COCTaBHJ1 0 17.6 ± 0 .3 K)],)I(/MOJ1b'nO ne
CSITH 11 3McpeHHSIM. C o o T neT cT BYJOlUe e JIHTepaTYP

1I0 C :l H a y e H I1C p anno 17.577 ± 0.034 K)],)I(/ M OJlb [1 5 ] . 

3arpY3KY 11CCJIC,UYCMbIX BCureCTB 11 npouecc HX 

CMeWCHHSI B «arropnsrerp e npOBO,LI,HJlH B arsrocrpepe 

aproua . O ,LlH O H3 J3CI.u.CCTB (Et3N ) noveuian» B sana

5I.HHYJO aaxyywa po aa unyro CTCKJISIHHYIO a wnyny C 

TOHKOCTeHHbl M ,UHOM. 3 Ty a xi rr yn y npn n Ol\IOlUH 

cneunansu o r o np11cn OC0 6 Jl e l ll1SI YCTaHaBJlHBafl11 B 

BcpXHeH yaCTH TCcPJlOHOBOi i peaKUHOHHOH SIlfCHKH 

( J3bICOTOt i 0.11 11 ,LlHaMCTp OM 0 .0 1 M) xanopu xrerpa

yeCKOrO 6 JlO Ka Tc p MOCTaTa K aJIOpl1MeTpa l14J. B 

W ICHKY n pC ,LI,Ba p HTeJl hH O B ar xro c rp e p e aprona BBO

,LlI1Jl I1 n pyro e Be lUeCTBO ( B cny-rae nOJIHKOH,LleHCaUHI1 

,ll. f - p acrno p Ilf B T r <D, B cnys a e COnOJlH KOH,Lle HCa

UHH ,ll.r H <D r - paCTBOp ,ll. [ 11 (1)[ B T n l» . n OCJIe 

YCTaHOBJl e HHSI TenJlOBOrO paBHOBeCI1.5J MC)l(,Uy KaJlO

pHMeTpl1' leCKHM 6JlOK OM Tep M OCTaTa K aJlOpHMCTpa 

H SIyeHKot! C HCCJle,Llye MbIM H BClueCT BaMH peareirr si 
CM CLUHBaJl l1, pa36HBa5J H J1)1(H IO IO -racn, CTCKJlSIHHOH 

assnyru.i 0 ,LlH O SlyeHKI1. np u c n o c o tin en n e ooecnexa

BaJlO nOJlHOe CM e W CHH C K OM nOHeHTOB 11 HHTeHC11B

Hoe l1 X nepcv e uiauaaae. B K OHC' lHh I H pesynsrar 

BBOll.l1Jl l1 nonpanxy, y-nrrsmaioutyro pa36HBaH He 

CTe KJlSIJI JlOH asrrrynu , rrCpeMCLUJ1BaHHe 06pa3YIO

lUCHCH: CM e CH l1 ncnapenae paCTBOpJ1TCJl.5J 13 neaa

nOJlHCHHbl H 06pmuOM 06beM aMnyJlbI. .ll.JT 51 onpezte

JleH11.5J J3eJl H Y 11H bI rron pasx u n pOBO,U~lJlH xonocu e 
OIlbITb!. Tev nepar ypa HJ M Cp Cl ll1 H 25° C. ,ll.a HHble xa
JIOp H MeTp l1y e CKll X 113Mep eH l1 t"1 rtpencrannen u A 

Ta6JI. I . 

JI,UHQ.M UKO-M exaHUtteCfw i i a HOJl U3 

113 Me p C1H1.5J n p OBO,LI,HJI J1 ua II p l160pe 

D M A / S DTA86 1 q)HP M bJ " Mettl e r Toled o " (Wsen
ua pua) . .ll.JT.5J 11CnhITaHHH HC n OJlb30BaJl H flJ l eHKI1 co
n OJIJ.1MCpOn <D r C L(r B pe)l(H M C C,LlB11r a , nuan aaos 
'resmeparvpsr 20-200°C, CKOpOCT b uarpenanns 
3 rpM/ M J1H, yaCTOTa H3 1>ICpeHH.5J 1 I u , narpyn a 
I OH /3MKM. 

JI,U(t)(/JepeHlI,UaJlbIiO-Cf(QHUPYfO ll~ a H KOJlOpUMempU51 

T e p M W ICCK 11e CBo H c T Ba H 3YLJaJll I a a ,Lll1Cp ¢ epeH

UHaJlbHO CKa lIl1pyJOw CM KaJlOp11M CTp e M ett ler 

D SC8 23e ( " M ettler T o l e d o") c o CKOpOCT bJO uarpesa

H115J. 2 0 r p azi / v n a 13 a r u o c rb e pe aprona (70 MJI / MI1H). 

Onpeoenenue uonetcynstpno-uaccoaux 
U 2UOPOOUHQMutteCKUX xapaxmepucmutc 1I0Jl ll.MepOIJ 

0 6 p a 311bl COrrOJIlI M ep On <D r - ,ll. r 6blJI lI nccneno
aansr MeTOJIaMH MOJleKYJlHpH OH fl J,LlpO,LlHHaM I1KI1 H 

onTHKH B pa36aBJleHHbIX pacrsopa x B XJlOp OCp OpMC 

(nJlOTHOCTb 1.48 6 r /cM3, ,LlHH a 1-.I J1YCCKa.5J BH3KOCTb 

110= 0 .53 cn , n OK a 3aTCJl b npeJlOMJlCIII-15J no= 1.446). 
Bee H3 M ep CH HSI rr p 0 I30,Ll11JlH n p a 21 ° C. 

Cpenneaeconyro MOJICK yJlSlp H y lO Maccy M; uaxo
,UI1JlJ1 MeTo,UaM I1 crar n u e c x o r o p a CCe SI Jl I1Sl c nera 113 

YCTlIHOBKC P h o t o c o r (Baxpsrr oc a K U HOHCp H OC 06

lUeCTBO " A H T E K - 9 7 " , Poc e HSI) , OIlTH '-le CKaH -racrs 
KOTOPOH YKOMnJleKTOBaH a r OH I10 M CTpOM Photocorn 

reJl11H-HCOHOBbI M Jla3Cp OM (,LI,JlHHa no IIhl = 632.8 mL 
MOlUHOCTb 10 1>1 B) . Kamr fiponxy IlpOBO,UHJlH OHIO

C11TCJlbHO 6eH30Jla . 3 Hay e ILW l M w H sr o p o r o BHpl1

BbTCOKOMOJl EKYlHl PH bl E CO E,UJ.1 HEH J.151 Cepl1S1 0 TOM 53 NQ8 2011 
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Pile. 3. \11 3M eHeHl1e TeTIJlOBbl)l.eJleHIHI re nnosoa MO Lll HOCTH W BO BpeM 5I n OmlKOH.ueHCaUI1 I1 .ll r npa ero KOHueHTpaUHl-1 B 

r re 0 .23 ( J) , 0.45 (2) , 0 .59 (J) 110 .87 MOJlb/ JI (4) . M OJl bH Oe COOTHoweHHe Et3N : nr = 1.84 ( J), 1.14 (2), 1.82 (J) H 1.42 (4)_ 

Hoe 3H a CICH liC ( CBCTJl a51TO' I Ka na Kp liBOH 1) npa KTI1

CI e CKH COBna,aaeT C TeOpeTIi CI e CKH p aCCCII1TaHHbIM , 

HCXO.u51 113 n pen nonoacen as 0 pe rYJl 5IpHOCTli CTpyK

rypsr n <1> r. 

PE3YJlbTATbl JtI ¥IX OECY)KnEHI1 E 

KaJlOp UAlem p U '1eCK Oe U3Y'1 eliUe 

cononuxonoencauu u (PI'«ur 
H a p HC. 3 H 4 npa aeaeu r-t xpnsste r ennoau nene

JIll}! npn f10 Jl HKOH,IJ,CHCa U Ii H n r H COnOJlH KOI-I.ueHca

U H H e ra C <1>r. n p H K OI-m e HTpa H HH m.upH,UOB 

[ <1> r-t ·n r l _0.43 MOJl b/ Jl ([ Et3NJ: l <1> f + n f j = 1.72) 
Ha6JJJo.uaIOTC5I nsa MaKcHMyMa TenJlOBbl,IleJleHI151: 

ne pnsui CI35l3aH C axr nnau nea M OH OM e p OB B pesyn s
rare 06p a 30BaHIHI )lOH Op JlO- a K u e n TOp Jl bIX KOM 

M e KCOB , BTO PO~l - C n OJIHKOH.ue JlCaUl1e i-i . B CJlYCIae 

11 11 IIBI1.uy aJl h llo i-i n OJJJ1KOH.nc H Ca UIiH <1> I' oopasona
HHe cee pxpaa aeraneuusrx M aKpOMOJleKYJI H,UeT B D.Be 

CTa,a H II H e3aBHCliMO 0 1' KOHueHTpaUHH MOHOMepa B 

peaKUHOII JlO H CM eC H [81. B CJlYCIae HH.nHBHD.y aJl bHofr 

n OJl I1KO HD.e H Ca UIiH n r ( pHC. 3, xpa nsre I H 2) D.Ba 

M a Kc HM yM a r enn ousrnenenun Ha6J1IO.uaIOTC5I npu 
KOHlle llTp a U 11 11 nf B MOHOM e p Jl o ti CM e CI1 MeH e e 

0.45 ~ I OJlb/Jl; asuue sroro 3H a CI e H l1H p eaKUl111 a KT H

Ba U l111 H n OJIHKOH.ue I ICaUI1I1 rtpor ex aror onnospe
M I-lH O, 0 ' Ie M cnnner enscrnyer O.nI1H MaKcl1MyM 

TCn JI 0 13h IJI.eJle H I15J na KaJlOpH MeTpl1'I eCKIiX KpH BblX 

(p IIC. 3, x pues re 3 H 4). 

Il pn COI I OCTa BH M OH KOl lIIeHTpaU1111 MO IIOM e p OB 

H a xruaaropa npesra axrn n aor o Te rur oflbl)),CJICH I151, a 

311a LH tT, BpCM5I peaKUl1 11 YM CHbwaeTC5I B P5I,LJ,y 

n r > (Il f + <1> f ) > (Dr 31'0 ,LJ,e M OH c T p u p y lOT cncayo 
lI.J,He npaxiepsr. 

)113 npa xro ro conOCTaBJl e HI1 51 3aBHCH M OCTCW Ten 

Jl OBblD.eJle H I151 0 1' BpeMe H II n pu n OJl I1KOH.ue Hc aUIlH 

<1>r H)I (pHC . 4, xpu nue I H 3) , BH,IJ,HO, 'ITO, 

J-1CCM OTp51 ua nn soe MeHbWYIO KO H ueHTpaUll 1O ct>r, 
rennon t.re 3 ¢ ¢ e KT bI a KTI1 BaUIIH II KOHD.CH Ca UI-m era 

3 H a':l HTeJl b HO fiorn.rue no cpa BH eHIfIO C )If, a BpeM51 

I1HTeHCHBHoro Ten Jl OBbI.ueJl e H H 5I M CHbllIe. 

C o n OCTa BJl e H l1e COnOJilIK OH,LJ,eHcaum -l. (I> f n Ilf c 
I1X paaaensuoit KOH .ueHcaUHeH (puc . 3 , KpHBa5I 3 II 
PIiC. 4, Kpl1Ba5I 4) IJOKaJb IllaeT, 'ITO npn 6 JIH 3KOH KOH

ueirrpauna MOHOMep o u ( l <1> f + n r ] = 0.457 MOJlb/ n H 

1D, r] = 0 .59 M OJl h / Jl ) J3p e M 5I H IITeHCHBHoro TeIIJIOBbl

,LJ,eJle H H5I COCTaBHJ1 0 B n e p BO I CJI~I ae 84 M I1H , IJO 

BTOp OM - 220 MI1H . 

Y CHJICIH Ia5I aKTH BIW CT b <1>[ B COn OJl I1KOH,LJ,e HCa

UI1H no cpa BHeHl110 C Ll f, Ha 6 J1IO,LJ,ae M a51 n o .ua HHbIM 

peaxuaon uoa KaJlOpIiMeTpI1 H , oo ycnonnena, IlO- BH

,lJ,I1M OMy, 60JlbilieH n OJl5lpH33 U He ti CBH3 H lI - Ge IJ 

<1> r. )IaHHoe 06CT05lTeJlbCT BO n p H fl O,LJ,HT K fionee 
CHJlbH OM Y D.OHOp H O-aK u e n TopH o M y B3aI1Mo.uew

CTBH IO C Et3N. 

C OnOJl I1KOH,LJ,e HCa u m o <l>f H )I f n p OBO,lJ,UJlH D.BY

M 5I c 110C0 6aM Ii. no M eTOD.Y A n pen napar cn suo pac
T BOp )If B Te'-l e H He ne xoroporo Bp e M e H H nsinepx u
BaJJH C a KTI1BaTOpOM Et3N, 3aTeM 3TY CMCCb Jl.0 6 aB

Jl51JlH K pacrsopy <1>f B Tf<1> . no MeTO y E 06a 

MOHOMepa OD.H OBp CM e H H O .u0 6 a BJI>fJl I1 K CM CCH pac
TBOp I1TeJl 51 11 axrnnaropa. 06H a p Y)f( CHO, '-ITO 3TH 

,LJ,efrcTB H5i npn uonrrr K CYlllCCT BCH H O pa~lJll ILI HbII\I p e

3YJlbTaTa M (Ta 6 J1. 1-3). Flpn n OCTcnCH llO 1 BBenCHHH 

axruna'ro pa MeTOD.aMH A II E y,ll,a eTC51 lJOJlY' I UT b pac

'm o p HJ\\blil 
5 %. Ec.~ I ' 

na t IHbie n< 
jlC H CaUHlI 

J1CIIHe aKI 

3TOI CJI)"1 

r on r.s o ae 
n r: Xapa 

Pac c ~. I Ol 

x a p a KTep 

1l 0J1 H KOH, 

3 K THBHO C 

LITO <pOPll 

p b l con o. 

panee )IJl 

CT Be cn) 

H 1>51 C ; 

(C6 F4hG 

LleCT BOn 

nv 
ll bl H 
Y'-!aCT 
M exa 

H III I 

)liMe 

pas 
plm 
K l 

ripe 
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PIIC. 4. H3MeHeHl1e TenJlOBblJl.eJleHI1H W B npouecce nOJl I1KOHlleHCaUI1.1 Hf (1) J1 <D r (J), a raxxe I1X conOJUIKOHlleH caUHH
 
n p n MOJlbHOM COOTHOlUe HJ1H [<Dr] : [Ilf'] = 1.85 2 (2, 4) . Koauearpauun B T r <I> MOHoMepoB (I1JlJ1I1X CMeCI1) 0.4 5 (1 ), 0.72 (2),
 
0.22 (J) 11 0.46 (4) . MOJlbHOe COOTHOWel ll1e E tJN : MOHOMep (I1JlI1 I1X CMeCb) = 1.14 (7), 1.07 (2) , 1.0 (3) l1 1.66 (4) 
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coone 
JH1 Me 

Hue f 
IL\r] = 

Xapaxmepucmuxa cmpytcmypu cononuuepoe 
)HemOOOM ceemopaccesnun U flM p 19F 

13 OTJIH'II1C OT (I>r )l)I5l. nr a KT I1BlIp OBa HHa H rrOJII1 

KO H,UCHCaUI1H B0 3MO)K}la He TOJlbKO C 06pa30BaH l1CM 

CBepxpa 3IlCTRJICH HOi1 crpyxrypsr, HO TalOKC 11 JI I1HeH 

HoH. 0 6 3TOM CBI1.LI,eTeJI bC'TBYIOT 11 na unsre paHHI1X pa 

2HN EtJ . GcH 2(C6Fsh - EI
3
N ' PH" 

60T no Cl1HT C3Y CWI1TOrO IlCPctrro p Hp OnH HI-IOr0 nona
Q:>c HHJICHrCp MaHa, nony-rc nno ro H 3 ,L~r [61, B KOl O

psrx n OCJIC Ha rpCBaH H H CWI1TOr O n OJII1 M Cp a 6blJ111 

BbI.LI,CJICHbl U I1KJIWICCKI1C crpyxrypr-t 6C3 CJ[c nOS pas
BCTBJICHI1H . C xesia Jl I1H CHH Oi i OJIl1rOM Cp H3a UHH Xl i 
npC.LI,CT a BJl e H a : 

H2(C6Fs)Ge-C6F4-GC(C6f' shH 

nH2(C6Fs)Gc-C6F4- GC(C6Fs)2H ~ (5) 

-- HiC6Fs)-Ge-IC6F4-Gc- (C6Fs)J-1] n_ 2-C6FcGe(C6FshH 

f1UJ.P H H b lC aTOM bJ r Cp MaHI1H Jl l1lICHH OH OJIH ro

M Cp HOii uerm cnocotim.i K aKTHBaUlfl1 , 'ITO .LI,CJIaCT 

1l0 3M O)f(Hh 1M n p H COC)lI1H CH H C MaKp OMOJICKyJI, ofi pa
3YK>lllI1XCH 11 0 CXCM C cBcpxpa 3BCTBJI CHHOH rrOJI I1KOH

.LI,C IICaUHl I et>r. T aKo H npouecc , B CBOK> O'lCpC,LI,b , npe
narcruyer Ul1 KJIl1 3aUHl1 JII1HCMHoro OJIl1 r OMCp a, 'ITO 

npnnoznrr K 0 6 p a 30 11a H H IO n OJI H MC pa n ma 

(6) 

B P C3YJl bTaT C n OHBJIS[CTCH n p Onl A<CH H a H CTpyKTy 

pa TlIrra :JJIJI l1n c a HJII1 "O)f( CpCJi bH" B 3a l3l1CH M OCTH OT 

M H llb l ona rovepa, B K OT Op O H na JIH H CH IIO H ueun 
nJl OT H O IIaH l13 a H b I ceepxpaascr uneu usre 3a M CCTI1Te

JIH 1)" paamouroti MM. ~CHO , ' IT O M M n OJl 0 6 HblX 

MaKpOMOJIeKYJl 6Y,Ll,CT cyuie crueuno npcssnnan, 
n penern.ayro M OJICKYJIHpH y K> sraccy net>r. PC 3YJT bTa

TbI I1CCJIC.LI,OBaHI1H n o n y -re u HbIX COn OJll I Mepon Me TO

I J.aM H CBCTopaCCCHHHH npC,D,CTa BJICll b l B T a 6 JI . 3. Jth 
BCCT H O, '-ITO n a paxrerp p = Rg/Rh x apa xrep u syer CTe

n e a s "aCI1 MMCTPH'IlIOCTH" M a K p o IOJ l e Ky JI ( KJIy6 Ka) 

B pac r u o p e . .LXJl51 TBe p,Ll,OH crpep u p = 0.77, N I H r aye

COBa KJIy6Ka (rI16KOUCIIHa 51 MaKpOM OJ[e K yJl a B 

8- p aCTBOpHTCJlC) 1.8 < P < 2; 3 H a ' I e H l1H p > 2.05 xa 

paxrepnu LJ.JIH 3J IJI l1 n C0 I1,L1,a, B 1J0CJIe .LI,HCM CJIy<IaC p 
~ 1.221n(L/ d), rne L H d xap aKT Cp l13Y JOT npononsnu e 
H nonepe-nrsre pasuepsr. .vb T a 6JI . 3 CJIeJl yeT, <[TO JLJHI 

CBc pxpa3BeT 13JICHHbIX COn OJl H M Cp OB, rrOJIY <IC ll l l bIX 

B b l C O K O M OJlE K YJUI P H b l E COEL(Vf I I EI! H 51 CepJ1H J) TOM 53 NQ 8 2011 
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PIIC. 5. Tewneparypusre 3aBI1CI1MOCTI1 norapadiva tUlHaMl1lJeCKOrO MOnYJlH D' (a) 11 JlOrapl1<j)Ma <j)aKTop a MeXamllJ eCKI1X no
r eps tgo (6»):lJ1H COnOJlI1MepOB <t>f. Hoxiep a x puasrx COOTBeTCTDYKlT HOMepaM OOblTOB B Ta6J1. 1. 

JIC fX O H :3M e H HC M bI H p a a siep MOJICKYJT5IPHbIX n -re e x, 2.	 Koponee r .B., Moeuneeu« M .M. Tpexxrepaas paau
eCTeCT BeHHO npe,llIlOJIO)KHTb, -rr o 3TH seurecraa	 K aJIhH a51non 11 Me p }I3a L\I1H. Cer -raruc 11 nm eppaanet a

nen uue nOJ1I1M epb l , C n 6. : X U M H3.uaT, 2006.npC,llCTa BJT5IIOT H l lTe p eC B xa-recrse MeM6paH ,LI)lH 

p a :.l,D,CJICHI15I ra30 0 6 p a3 H h l X II )KH,D,Kl1X c v e c e rt . 3. Mysatpapoe A.M., Petipoe E.A., Ilankoe B.C. II Ycnexl1 
XI1MI1 I1 . 1991. T 60. C. 1596. 

4.	 Bo-ucapee M.lI. , Cuiucun B.5., Mauopoea Jl.Il.,
C n l1COK JlI1T EPATYPbl Pasyeaee F A., CeW tllK06 10./1,., Illepcms nu x B.lf. II 

M CTaJIJ10 p r aH . XI1M I151 . 1988. T I. C. 196.1.	 Koponee r.B.• Iiyonoea M.ll. II B hl COK OM OJ1e K. coen, 
C. 2007. T 49. NQ 7. C. 1357.	 5. Toma lia D.A. II Ad v. M a t e r. 1994. T. 6. C. 529. 
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