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10­
YlJpeJICOefllle Poccuucicoii akaaeuuu 1I0yK 

Hncm umy m BbtCOKOAIOf/eKYJlflpHbLX coeouueuuii PAll 
KJI. 199004 Catucm-I lemeptiype, Eonuuou np., 31 

L.. MeTo; ,3M I1 MOJJeKYJI51PHOH T".I11lPOL\I1H3MI1KI1 11 OnTI1KH B P3 363BJIeHHblX paCTBop3X ln YYCHLI c sep x p aa­
4.	 BeTBJlCH Hbl e flOJlI1K3p6 oC I1JI3HbI. Ilp OaH3JI113I1p OB3H bl 33BI1CI1M OCTI1 I1X rl1L\pOL\I1H3MI1Y CCKllX 11 KOI HllOP ­

MaUllOHHblX CBOHCTB OT MOJleKYJIHp H OH MaCChI, WHlHbl Jl HHCH Hhl X u enea ~I C )f(fl,Y T04K3 MH IlCTBJle ll J1H 11 

XI1Ml1yeCKOrO crpoeansi xonueu sr x rpyu n . O C06CIlHOCTI1 fI1L\POL\I1H3MlI'leCKOr o nosen en un csep x paa­
! 4. 

BCTBJICHH hl X n OJI I1Kap60cYlJJ.3HOB 0 6 YCJIOBJleH bl TeM . 'iTO HX Ma KpO MOJIeKyJlbl xapaxrep a ayrorca KOM m I KT ­

HblM H p a3MCp aMI1 11 <popMo i i , 6 JJ1BKOH K crbepa-recx oti . C Bep HYTocTb u e n eti Me)f(fl,Y TO'lKaMH IlCTBJleHlHl 

B03pacT3eT n p n HX YWIHHeHl111 H n p n YMell hW CIlH I1 MOJl e KYJUl p n OH M 3CCbl non a xi epa. npH BBCL\eH I1I1 

KOHueBblX cprop a ponaaaux rpynrr B caepxpaasernneauun nOJlH Kap60cl1J13H B TepMOllHH al\lI1 'leCKI1 x o p o ­

WI1X H 8-P3CTBOpHTeJIHX H3MeHeHRe r l1L\pOL\HH 3 MI14 CCKHX xap3 KTe pI1CTHK, nO-B l1JJ, li MOM)', CD5I:1a HO C 113­

MeHe fl l1eM I1JTOTHOCTI1 ero M3KpOMOJIeKYJI B pacrsope. B n JlOXOM p aCTBOpHTeJTe n p OHCXOL\HT x oxmaxrnsa ­

LUi H <l lT OPI1POB3 Hll bIX M 3Kp OMOJleKYJI 11 YMeHbllleHl1e aCJ1 MM CTPI1I1I1X <pOPMbJ. Flpn <pI1KCI1POBaJHlOI1 CTC­

nCHH neTn ncm m n 1n p OLUI H3M I1'leCKU C CBOHCT B3 P3311CTBJlCHH bl X nOJlJ1Me pO B 331H1CHT 01' peryJl5Jp HOCT J1 

CT\)),K I),p hl \\X ,\aKpo~\OneK'in: c uenxp aa aer uneuuuti n OJll tK3p 6 0 CJ1J13H c o cren e n u o neruneu u a . palmO'" 
CL\I1H l1u e , t1 CJlY'ia tiHbIM pacnpenene u nev ueHTpOB BeTBJleHI151 n o 06'be MY MaKpOMOJl CKyJlbl 3aMeTI\O o r nn­

'laCTCH 1I0 rl1 L\P0ll.H H3 MI1'ieCKI1M CBOHCTBaM 01' aeHL\p H MCp a 1'011 )Ke XI1MI1'ieCKOH npn p onu 11 6JIJ130K K 110 ­
JI 11Kap Go Ct1J13113 M CO cre n eus io BCTIlJle H I1H.0.5. 

13BEnEHYlE 

COUPCMCHHbte M eToab l CH H TC 33 06CCIIccB1 BaJOT 

IIOJlyclCHHC W l1pOKOr o paano o fip a aax nOJUI M CpH b l X 

apXI1TCK1)'P - M HOroJty clCllbl X 3BC 3.n., .n.CH.n.PHMCp OB H 

cBepxpU3BeTBJICH H blX n OJlI1MCpOB, MOJICKYJUIp H b tX 

m CTOK 11 ·U J, . n e p CcJJ.1CJTCIIH bI C CI1CTCM bI 3a M CTH O 0 1' ­

JlH 4 a IOTCH n o K OM n JI CK c y <pl13 t1K O- XH M H Y CCK H X 

CBOHC T I3 OT KJI a CCH ' I CCK HX JI I1He H H bl x nOJTHMcpOB 

[1-41. A HaJll13 3 T11X P U3Jn1YHii 11 HX IJP I1'HlIf ripen­

CTa BJIHCTC5I. aKr y aJl b H O H 3a,n,a'/cH. B YaCTHOCTH, ease­

HO YCTaHOlll1T b BJI H 5J H H e a p x rr r e x r yp r.i rra nOBc.n.CHHe 

HH L\HBH.n.YaJIb HbIX MaKpOM OJICKyJI B pacrnope. 

3 a B I1CHMOCTl1 xapaKTCp l1CTU K M a KpOM OJICKy JI OT 

MM y.n.06HO ortucsraan, CKCHJIHHrol3bl M I1 COOTIIO ­

lUCIII1HMI1: )JJ151 paznr y c a HHCPUIHI MaKp OMOJICKYJI 

Rg ~ M', K03 CP<PHIU1CHTU n o c r y n a r en s a o r o TpeHH5I. 

f - Mb H xapa KTC pHCTH l.JCC KOH IHl3KOCHI [11] - lvP [5J.
ClcH1HI3Ha rt a p a xi e r p m, v , b H a )..1)151 Pa3JIHYHbIX 1\.t O ­

JICKYJI51PHb/X apxrrrexryp MoryT 3 3 M CT H O OTJTWraTh­

CH. L!.ctiCTBl1TCJIbllO, CCJ/l1 II cnyuae JIHHCHHblX nOJIH ­

MCpOB Rg onp c.n.eJI 5Ie TC51 B OCHOUH OM .IJ.JIHHOH l1 )\(eCT-

I
 
Pa60Ta sunonneaa npa qlH HaHcoBOH nonaepxxe POCCIf HCKO­
r o dioana <PYHJlaMeHTaJ1bHbIX I1CCJleliOBaHI1H (xon npoexra 08­

03-004 21) 11 IIporpasor sr <P Y H.D.a ~le HTa..rrbHbIX I1CCJlelIOlJaHI1H
 
OTlI eJleHI1>I XI1MI1I1 11 n ayx 0 MaTepl1a.JJax PAJ-( "C031IaHl1e 11
 
113Y'l eHl1e MaKpOMOJleKYJI 11 MaKpOMOJIeKyJl>IpHbIX CTPYKTyp
 
HOIlblX f10KOJIeHl1ii " .
 

E-mail : afi[@m ail.macro.ru (<Dl1Jll1nnOIl Anex caanp Il anno­
BHY) . 

18 BbI C O K O M OJI EKYJI5I PH b I E C O ELH1H EH VI 51 C ep l151 C 

KOC 1,/0 u enen, T O .IJ.J I} I CllepXpa31lCTIlJlCHHbi X CHCTCM 

Cn eU'YCT TaK)\(C 'Y'HnbmaTb CTCneHb nCTili\eHl1n H 

cPYIIK U HOHaJI bHOCTb UCHTpOB UCTBJICIHUI. 

K HaCT 0 5l. IIJ,CMY Bp CM CH H CllI ITC3H P 013UtlO MHO)\(C­

CT130 p a 3JIHY H b/X CBCp Xp a 3 I1CT 13JICH H bIX nOJlHMcpOB. 

Il pn 3 TO M a a p s upyio r ca XH1\UI YCCK a 51 n p u p o zra xro ­

HOMCpHOI 0 a u e u a , CTc n CH h n eT BJICH l1H , )JJ111 u a JI 11 ­

H CH Hh/X H c n CH , n p OB OJJ,H TC51 q l YHKUI.10 IIaJI H 3at(Hfl 

KOHUC IlI,I X rpyrm [4, 6-16J. Onnaxo H ll cPo p MaU H H 0 

CB OH CT Bax H HJI l1 11 H)(YaJIbHbIX CBcp x p a3 BCTBJICIII / hIX 

MaKp OM o Jlc KyJI OCTUCTC5I o r p au n s c n noa, a H M CIO ­

llJ,HCC5l B rnrrep a rype 3KCnCp H1\'ICHTaJIbll hIC .n.a H HbIC 

yaCTO npor uaope-rar npy r .npyry 11 ue COrJIa c y loT C51 C 

npc.n.CKa 3aHI15lM H TCO p H H . Hanpn xrep, n pn H CC-,"I Cn o­

Ba H H H cPpaKU Hi -i. cncpXpa3 BCTIlJICH H Oro n o nns rp a p a 

/17 1nOJIY4cHbi 3HaCl e l lJ.151 lpa KT Op a <pOPM bI Rg/R
h 

, JIe­

»caume B I1J-1TCPllaJIC 0 1' 1. 1.n.o 2,1, T.e. MC)J()J,y reope ­

TH CICCK l1M H BCJIWIHUaM I1 .IJ.JI H )\(CCTKH X cdiep l1 r H 6 ­

xo rt e rnr o r o JIl1HCHHOro n OJI H M e p a ( Rh - r nnponnna ­

MwrCCKHH pazinyc MaKpOMOJrc K YJI) [ 181. )ln51 
cnepxpaaneruneunoro IlOJIII3(p l1pOaMH,lIa n OKU3U­

TCJIb CTenCH H B ypaune n un MapKa-KYHu-XaYBH u ­

xa a .n.OCTHraCT 1.5 [19J. Taxoe 6 0J lhU IOe 3 1Ja CICH HC 

npc.n.CKa3hlBaCTC51 T c o peT H ' ICCK l1 Ii J-1a6JI 101.I,aCTCH 

3KCnCpl1MCHTaJl bHO NIH JII1Heih-lbi X /I0JII1MCPOB C 

O~ICHb IIblCOKOH )\(CCT K OCT b IO , M UKpOMo.rleKYJI bl K O­

TOpbIX l1MC/OT KOII<po p M aUH IO CJIu 6 0 n ao r ayror o 

TOHKoro crepxcns. Han pa xrep, llJIH TH nH'IH bIX )\(CCT­

xouenusrx nOJIH(n-6e l l3aMl1.n.a) (nn n u a c e r xrc t rra 
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KYH Cl A = 65 11M) 11 1l01l116ynuIH 30Ul1allaTa (A = 
= 100 11 M) a = 1.4 11 1.36 COOTBeTCTBeliHO [ 20]. 

B lIaCT05l"w.eH pafior e 06061u a10TC5I peaynsrar si 
I1CCJIC ouau uri m .np O)l.I1Ha M lf lJcCKHX .11 KOHcPopMa­
WIOHHblX cuoiicru cscpxpaaacr aneu uu x II01l1ol Kap­

60CI111alIOll (n KC), a HaJll13 11 p yCTCH IolX 3aBlf CHMOCTb 

OT MM IlOJlJ1Mepa , )J)l l1l l hl JlJI Hd i ll h lX nen en MelK.1l.Y 
uenrpau u BcTBJICHIIH, XI1MHlJeCKOr O CTp O JUHI KOH -

UCllbI X rpyn n 11 'rcpxron mtaxur-recxoro Ka' ICCTua pac­
TBOp HTC I5I" . 

CTPYKTy p Ha5l" diopxryna cncpxpaauernnenuux 
cPparM eH To B J\mKpO~ 1 01le K Y1l irccncnonaunux nKCc 
.neH.np lfTHbTMII (rparreu n u), mlHCHHbl HI (ouanu) II 

KOH u eBhlMI1 (rpeyrom.nu xu) MOII OMCPH b l ~I H ·lB~ ­

lIMI MIf npa neneua HlDKe. 

B I1CC1IeJl.OUaHHbTX nonuucpax napsnpyrorcu )J)llol­

Ha uerrea MCIK.1l.Y TO' IKaMK BCTBJICHH5I H crpoemre 
KOHueUblX r p ynn R. B MaKp OMOlleKYllaX nornoae­
n1J1( aJlJIH1I)Kap6 0cl111alla (n KC-A) JJlIHeHHble ue­
nOlJKH conepx ar 'rpn Men UleHOBble rpynn si - C H 2­

(n = 3) H R = - C H r C I-I = C H 2; B n OJ1lfMenlJT(YHJl.e­

ueHHJI ) Kap6 o cl111aHe (n KC-Y) 0 " " ropasno )J.JIHH ­

a ee: n = 11 I I R = -(CH 2h-CH=CH2. <l>YHKUK O­

HaJIbHblC nKC C cPTOpl1pOUa H HbIM n H 6ynIJlbHblMH 

KOH UCUbIMH rpynnaxm n on ys euu ny rexi MO)lHcPlfKa ­

UHH aJIJIHll bHbI X paLUI KaJIOB n KC- A. <!>To p l1p OBaH­

H bl e npOH3BOJl.Hble n KC-A p a311 l1'l a IOTC5I conepxa­
HH CM drropa: Ii CJIYLlae nonnv epa C mpuc-y-Tp l1cPTOp­

n p omUl bH bl MIf KOHueBbII\H I r pyrm axra (n KC- <1>9) 
R = - ( C H 2h- S i ( C H3h- O-S i ( C H 2-CH2-C F,h. a 

)J)lH norru v epa C MaCCHllHbl MI1 paaucr nneuuuuu 
n ep cPTo pr e KCH1IbHbIMI1 rpY IlII3MI1 (nKC-<llIJ ) 

R = - (CH2)j-Si(CI-I 3h - O -Si(CH,h - ( H1)J­

C(CFj ) 2- (CF2h -CF3. nKC - A TaK)K MOlll1<PHIIH­

POllaJIl1 6 ynlJIbHblMl-1 r pyrmaa n (fIKC-E): R :. 
= - (C I-(2)3-Si(C Hj)(C l-l c C I-(2- C H c C H 3h- no­
CK01lbKY nKC-<I>9 , nKC -et)1 3 11 nKC-D 1I0Jly'lCIII, 

MO.lHlcPHKa UHe i-i n KC- A , )J.J1 H HI1X n = 3. 

axcnEPItt M EHTAJ1bI-lMJ 4ACTb 

l-l ccnenoaairn sre CBCp Xpa3ll eTBJICHll bIC nKC CIIII­

Te311pOBaJIH B naooparopua nprxpeccopa A.M. Myla­

<papona no xreron a w , n OJl.p 0 6HO on uca u u su I II pabo­
Tax [ 11, 2 1-23]. H CXOJl.HbIC nonusrcpu nKC-A II 

Tafinuna l. 3 Ha 

noml Mep 

11 KC- A 

11 KC - Y 

11 KC -<t)9 

K -$1 3 

n ' C - 6 

" H Cl p p a KUJoI OHHPC 

n KC-Y II 1CJ1I 

DB = 0 .5 , KOTOI 
11 x o rrrpon apou 
3H Cl ' Ic m l c DB p 
1Ia F rcchet [24 

DB= ( 

11 F r ey / 25J 

rnc NJl' N" H NK 

I1 b l X H xouneau 
11 ccnenouam 

( n K C -<D1 3 H fi 
po n ( n KC- A , r 
1.3) . 3J-1aLICJ-I I1H 
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rna pac -

ute1111b IX 

\: n KC c 
BaJ1 b I) 11 

\ !l 1 3 13C­

le l lH bl M H 

KC-<1> 13) 
:': H2h­
D,Hqm UI1­

Ii) : R = 

t3h no­
IOJIY'-!CH h r 

f b 

IKC CM H ­

M. M Y:l a ­

.M B patio­
ll KC-A H 

Il on un ep Oo paaeu , NQ P a c TBO p HTeJl b u; x 10- 3 M.w x 10~3 

IlKC-A 1* Iekcau 13.9 13.8 

2 » 76 66 

3 » 41 3I 

4 » 18.6 15.3 

5 » 10.1 -

6 » - 3.0 

7 » - 0.98 

8* » 14.2 10.0 

n KC-Y 1 Iexcan - 175 

2 » 65 53 

3 » 25 23 

4* » 38 23 

5 » [6 9.7 

6 » - 7.0 

n KC-cD 9 1 Iexcadrr opoeuson 440 -

2 » - 96 

X flO P Oc}:>OP M 128 -

3* Ie xcarpro poea son 67 47 

X fl OP Oc}:> OPM - 51 

4 Iexcadrropoenaon 58 46 

5 » 38 -

XflO PO¢OP M 35 30 

6 Iexcadrr opcen aon 19 -

T OflYOfl - 26 

7 Ie xcadrropoe1130 fl 

T OJ1YOfl 

-

5.3 

4.8 
-

11 KC-<J) [3 1* Iexcadrr optien aon 11 6 118 

11 KC-E 1* Ic xcau 49 44 

XflOP Oc}:>OP M 44 46 

* H e<PP3KU I10H I1P OB3HH bl e 06p33UbL 

n KC-Y J.-IMeJI J.-I o n n n a x o n y ro crenens IlCT llJICH J.-I51 

DB = 0.5, K OTOpylO o npe)J,eJI5IJIJ.-I YCJIOBI151M I1 CMJlTe3a 

11 KOI-ITP0 Jn1POBaJI H M CT Oll,OM 51 M P - c n e KTp OCK On l1 l1 . 

3Hat re t-lJ1e DB pacc-urn.nsan a n o J.-I 3IleCTt-IbI M <jJOP M Y­

JIaM F r e c h e t [241 

DB = (Nil + NJ/( ~l + Nil + N K ) (I) 

H F r e y [25J 

(2) 

rue N ,,, NiJ, a N K - KOJI W l e CTIlO JI l1H e H H b l x , )J,e l-l)J,p I-1T­

HbIX a xo rurensrx anen sen COOT ueTCTBeH H O. 

Vl CCJIell, OllaJIH t-1Cc!>paKU I10 H H p OBa H H bl e 06p a 3UbI 

(Tl KC-cf) [ 3 H n KC- 6) \·1 Y3 Kl1e cPp a KUHH norm Me­

P OB (nKC-A. nKC-Y \I n KC- <1>9) (Mw/Mn = 1.1­
! .3). 3 f1<l'Ie ll J.-l H Mw/ M" o npeneneu sr MeTO)J,OM r nx 

Il Tr<1>2. D,JI 51 ucdi paxuaoaupo uamu- rx otipaauos 
M w/ Mil = 2-3. Hc0 6xoll, I1M O uon -rep x uyrr., 'IT O CTe ­

rten s ner nnem or ncex HCCJIeJI:OBi.lH HbIX n KC npu 
cPp aKUJ.-I Ot-l J.-l p O Ba Il I1H ue H3Me ll5lJl a Cb. 3t-1aq eH115I 

M M HCCJl ell,OB3H t-IbIX cPpa K l rHH J.-I 0 6 p a3 U OB nKC 
n P J.-l Be)J,e H b I B T a 6 JI. 1. 

B pafi ore I1CIIOJIb 3 0 BaJI l1 MCTOll,bl cr arusecxoro 11 

)U1HaM l1 q e CK Or O paccesnurn C13eTa , CCll,H M Cl-r r a U I101l ­

2 Cnenyer OTM eTl1Tb , '-ITO n p u 113YQeHI111 n OJl l1 M ep OB CJlO)KH OH 

3p X~fTeKTYpbI npnvoe npaveuenne Xp OM 3 Torp 3 <pW -IeCKHX Me­

TOnOB C I1CnOJlb30B3H H e M CT3 HJ(3 pTOB JlI1HeHHbIX rrOJl I1MepOB­

3H3JlOrOB n p l1B OA l1T K 'J3HH)KeHHbl ~{ 3H 3 '-1eH HHM M M , T3 K K3 K 

CKOpOCTb n p ouec c a onpenen ncrcs rl1.upo.rU IHaMl1'leCK I1M 06b­

eMOM /If" 3 He MM [18]. O JI H a KO [] CJlY'-l :1C rOMOJIOrl1'leCKI1X 

p HAOB XpoM3TOrpa¢V15I n aer Ba)K H YIO 11 OTHOCl1TeJJbHO T04HYlO 

l1H<P0PM3Ul1lO 0 M MP, oc06eHHO II 'r e x CJly'-l351X, xorna 113[JeCT­

H3 3am1Cl1 MOCTb /If, OT M M . 

20 11 B b l C O K O M O JI E K YJU1 Pl i b I E C O E )] J 1 H E H I1 5! Cepn s C TO M 53 NQ 7 2011 ]8* 
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PIl C. I. 3aBl1CHMOCTb [11] OTMM .QJT5I Tl K C -A B rCKcaHC (1), nKC- Y B rCKcaHC (2) H n K C - <t>9 B rCKca<j)Top6eH30JIC (3), xap 
60CHJ1aHOBOro neunpuxrepa B TOJIyOJIe [33] (4), J1\1HctlHbIX rrOJIH3THJ1eHa B .ueKaJIHHe [31] (5) H rrOJIHKap6oCHJIaHa B 

r re [32] (6). 

HO-J(I1CPcPy3HoHHo r o an annaa, BH CK03H M CTPI1H H 

npyrue. l1x npl1 M e H CIIHe n 0 3 BOJI5Ie T lIOJIy ' l l1Tb npax­
TYlyeCKYI n OJIHYIO ~1H cPopMaUl1IO 0 xapaKTCp l1CTHKaX 

H H)J.J1 IH IJlYaJI b H bI X M a K p OM OJIe K y JI . O T M CTHM , lJTO 

cBcTo paCCe5lHI1C H CCJJ. I I M c H T a U H OH IIO - JJ.H cPcPY3 H OH ­

H bl H aHaJIH'3 51BJI5l IOTC5I a6COJIJOT H hl l-.m M CTo JJ.a M H 

onpeJJ.eJI CHI151 MM, ' IT O Ha)l(H O rtpu H CCJICJJ.OBaHHJl 

CJIO)l(HblX JIOJI HM CpH bI X CH CTCM [18]. )J,CTaJIH axcne­
pl1MeHTa npHBCJJ.eHbl B paoorax [26-29]. 

PE3 YJ1 bTATLI H HX O[)CY'A<)J,EHH E 

0 6 11( lle 3aKOHOMepftOCmu 2110POOUlWMUlf.eCK020 

U «otupopseauuonuoeo noeeoeuus 
caepxpaseemeneuuux nonutcaptiocunanoe 

no f l1JJ.p 0 JJ.H H a M 1I lJe CK I1M CBOHCTBaM csepxpaa­
nCTBJIe llH b l C n KC OTJIH y aJOT C5l K a K 01' JIHHCH Jl hlX 

n OJIH M e p OB, TaK H 0 1' n CHJJ.pHMCp OB . 3T0 XOp O W O 

Bl1)JJI O H3 p HC . I , rne n p CJJ.CT a BJIe H bI 3a BJ1C1I M OCT H 

xap a KTCp HCT HlJCCK OH B5I3 K OCT H ITI I 01' M M n no ra­
p Yl<pMHlJe CK I1X K OOPLl Hl rarax LlJI 5I n KC- A , n KC- Y H 

n K C -<P9. )J,JI5I BCCX K Jy ' I CHHbIX n K C nonvseu u 
HH3KHe 3HalJCHYl5l 111 1; npWICM OH H 3a M CT H O M CH b ­

WC, q CM ,llJI5I JIHHeHHblx n OJ1 Y1 MCp OB 6 JUl3KOH XHMH­

lJeCKOH JIp H pOJJ.b l [30-32] . H anpu wcp, BHLlHO, ' IT O 

BCJIHYHHa x a paK fCpHCTH YCCKotr llH3K OCT H n K C - Y 
OTJIWl a eTC5I 0 1' [11 1LlJI5I n3 BJJ.eK aJ n ue ( :3a J3H CH M OCT b 

nOCTp OCIl3 n o JlaJ HI blM p a 60T bI [3 11 rryr esr ycpemre­
HYl5I 3aBYlCl1 M OCTCH Mapxa-eKyna-Xayna n xa, nony­

lJCHHbIX p a 3H bTM J1 al3TOpaM I1) . OrMCT H M , 'ITO n 

n K C - Y M C)J(JJ.Y T OtIK a M J1 BCTBJICH H51 HaXOLlHTC51 

11 rpy n n C H 2, qTO 3a M CTIl0 Y M eHblUaCT RKJIM xpe si ­

H J1CBOH -iacr n M aKpOM OJICK y Jl b I 11 no XHMWICCKOH 

n p n p one n p H6JI IDKa CT CC K 0 3 . Il pn 3TOM, OJJ.HaKO, 

HMO ytIHTbIBaTh, ' ITO BC JIeJJ.CT UHC nnoxon pacrsopu­
M OCTI1 3KcncpHMCHTbl C n 3 n p OBOJJ.HJIJ1Cb npu Bbl­

COKH X rexmeparypax (> lOOG C ) . DOJICC H HT c peCHO 

COIIOCTa BHTb D,aHHbIC LlJI H n K C -A H JIIIHc ilH Oro no­

JIHaJIJ1HJIKap60cHJIaHa ( IJOBTOP5l JOUtCCC5I aueno 
- C H 2-C H 2-CH cSi(C H 3)2- ) , KOTOp blH n o XHMlI ­

yeCKOH rrpn pone cOBnMaCT C nK C - A [32]. 3a I1C­

KJTlO lJCH H CM 06JIaCTH M < 2000 3 H a CI CH I1H [11] LlJI SIJlYI­

H c H.H o r o nOJIHMCpa 60JIbWC, lJCM LlJI H c 13Cp Xpa3BeTB­

JICHHOro, H :)1'0 pa3JI HlJHe y BCJI I1 ' IHB a c TC51 C M I\'l. 
C OBn McHHe 3HaQCHYl H xapaKTCpI1CT H lJCCK OH B5I3 KO­

CTH LlJIH cpaBH HRaeMbIX nOJTI1MCpOB npn M ~ 10 00 

rrpCJJ.CTaIlJI5IeTC5I CCTCCTBCHHbl M . )J,CH c TBH T eJILIlo . 

np u TaK OH M M CTenCHb IJ OJTH M e p H 3aI..I,H H n K C -A P 
COCTa BJI5lCT 8. CJIc JJ.oBaTCJl b H O, y<U lTblJ3aH, -rro CTC­

rreru, BeTBJICHH5I DB = 0.5 , 13 cpeJJ.IICM B K a )l()J,o t[ M a K­

pOM011 CK y JIC p CaJI H3YCTC5I nce ro JJ.Ba BCTBJICH H 5I, r .e. B 

ne psov n p l16 JIIDKCH H H ee M O)[(HO paccsiar pn uars 
KaK rpeoa eotipaauyio. 

B H J1 3 K OMOJICKYJI5IPHOH 06JIaCT H (M < 5000) 3Ha­

cTCH I1H ITJ 1 LlJI5I CBepxpa3BCT13JICHHbIX n K C C n = 3 
6JIH 3KH K [TI ] Kap60CHJIaHOBOro D,CHJJ.pH M cpa C 6y­

T HJl b H b l M H KOHUCBbIMH rpynna xrn [33 ] . C p OCTOM 

M M xapaKTepHCTHQCCKaH B5I3KOCTb n K C y BCJIHlJH­

BaCTC5I, B TO BpeM5I Ka K [TI] HX JJ.CHJJ.pHMCpHO r O 3Ha­

11 0 ra He 3aBHCHT 01' MM. O P J1 M = 105 3HaQe m 15l [11] 
LlJI5I CBepxpa3BeTUJICHHOr O nOJIH M Cp a H nenn pa srepa 
pa3JIJ1lJaIOTC5I nOlJTI1 B 3 pasa. 

Oc0 6 e H H o c T H fHJJ.p0JJ.HH a M H'I CCK I1X CBOl I CTB 

CJ3CpXpa3UCTBJIeHHblX nOJIHMCpOB, neposrrno, 06y ­

CJIOI3JICHbI KOHcPopMaUHeH HX MaK p Ol\WJICKyJI. HHJ­

KHe 3Ha'ICHI151 [TI] CBJ1JJ.CTeJIbCTBYIOT 0 cpaBHHTCJl h HO 

60JIbIlJOH nJIOTHOCTI1 nOJIHMepH OfO BCmCCTBa B 0 61, ­

CM C, 3al! l1 ~ aCl 

'r nope , T.e. 06 I 

4 YI3C rIlmeJ 

I\IOJICKYJI 5IBJl51 

B ypa RlleHJiJ5IX 

CTH lJe CKO i i B51: 

H LlJI5I runpom: 
Rh 

u, BbllJYlCJUIJII 

cTynaTeJIbHOI1 

OTH OlUeHI151 C 

s.. 
J1 110 3HalJeHIl 

R1 

3JJ.ecb Rh - ~D 

HhI H f Yil/,POl IY 

HO, 110 - B513~ 

'resrneparypa, 
t l ~I CJ10 Asoran 

3 HalJeHIl51 

TaJl bHblX nan: 
On·lcTHM , '-IT( 

B513KOCTHblX 

31'0 CB5l3aHO ( 

TCJIbHOH D.Y1cP 
BOJJ.HJIH He BO 

<ppaKUHH see: 
H3 LlaHHblX n 
JJ. 11 <PcPY3H H R 
cnl. 

3Hacl e HYl5l 

n o Y'ICHHbIX 

b = 0 .3 3- 0 .4 5 

M e p Oll Y1HOf)l, 

M a K CH MY MOM 

U Hf:! 1371.en 
nKC cyweCT 

t l e/ 111 j.j )lJ !51 JII 

XOpOW H X p ac 

0 .6 5) [ 3 0 , 311 
I-lbIX MOJlCKyJ 

Jl a HOB OTJIW!<­

uerren, TaK 11 

lIT0 6 bl ou 

rrOJIb3yeMC51 r 
meHI15l. ,lJ,JI 51 

H bI X MM ITO 

nocrynarensr 

j= 
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(3), xa p­
:11J1a Ha B 

pacr nop a ­
b npH B bl ­

1HTCPCCI IO 

vlHor o 110 ­

S! aneuo 
rro X H M H ­

2]. 3 a HC ­

11] )l)1» JI H ­

ixpaauer n­
:5I C MM . 
:OH B5I3 K O ­

M ~ 1000 
BHTeJl b H O , 

n KC-i\ P 
, lJTO CTC ­

!<.LI,OH M ClK­

HHH , T.C. B 

,faTP ~I BaTb 

;000) 3 11a­

:::: C n = 3 
:c p a C 6y­

e P OCT OM 

yuCJl H ' IH­

HOro aHa­

lJCH II5I 111 1 
H.np HMc pa 

cnoiicrn 
r HO, 06y­

kyn . H H3 ­

H HTCJl b H O 

TI3a B 06b­

cMC, 3aH H r-.l a CM OM MaKpOMOJIe K y JIClMH nKC B pac­
reope , T.C . 0 6 HX K OM rraKTHOH CTpyKTypC. 

l IYllCT/lH CJl b HhlM H lIllH K aT o p OM <pOPM hl M ClKPO­

~ I OJIC KYJI HllJl51IOTC5I 31l a 'iCHWI n OKa3aT CJl CH CTenCHII 

B ypa ua e n ns x T H n a Mapxa-e-Kyua J1JI5I xapaxrcpu ­
CTH'ICCK OH B5I3KOCTH 

(3) 

~I J])l5I f1m P OllHiIaM l1'ICCK Oro pan nyca MaKpOMOJICKyJl 

R" 
(4) 

R" Ub l'HlCJHIJIH 110 LlCJIH ' fYI H a M K03(1)<PH Ult CIlTa rto­

cr ynar ensuon )lHq)q ) Y3 H H DoC HCnOJlb3 0 BaHHCM co­

OTIIO W CU H 5I Croxca 

R" _ D = f/6rrTlo = k[,T/ 6rrTloDo (5) 

VI n o 3 H a lJCIIH5IM [11 ] n o (POPMYJl C 3 ilI-IUlTCH H a 

R" - fI = (3M[ll l/ lOrrNA) I/ 3 (6) 

3 J1CC b Rh _ D H R" _ fI - ,UHcP <PY3H OIIHbl i i H B5I3 KOCT ­

HblH nt,Up OjIJH I a MH lJCCJQt C paanycsr COOT UCT CT BCH­

HO, Tlo - BWI KOCT h p aC TBOpIiTCJl 5I, T - a 6 COJI IOT H a 5I 

r esmepary pa , kG- rr OCT0 5IH H lliI D OJl bUM a H a H NA ­

lJH CJl O A so ranpo. 

3 H a ' I c H H SI a H b, paCC' H1T a HHb IC H3 3 KCIlCP II M / 1­

TaJl b H bl X na u u six nrra nKC, npencr aanem.r B Ta 6 Jl . 2. 
OrMCTltM , ' IT O napav r p b uu-nrcnen n o II JI It 'U1HUM 

B5I3 K OCT H b lX runpon u uaa It'ICCK H X pan nycoa Rh - fI" 

3TO CBSl3a HO C TeM, ' ITO ax cn epaererrr sr 11 0 nocr yna­
TeJI b l lOH ,U1i1!>(PY3Ii H (11N I <ppaKUHH nK C -(1)9 ) npo­
BO)lHJIH He BO acex paCT Bo p ItTeJl5I X ; K p OMe 'roro, )l)l5I 

(l >paKUHH BCCX non a xs epo n 3 H a 'lCH H}f b, nony-ren n u e 
11 3 11a H H bI X n o U}13K OCT U R" _fI H n OCTy n a TCJI b H OH 

m H !>cPY3 1t11 R; -1), counaaan a C y ' l CTOM no rpeum o­
CT H . 

3 H a lJe llH SI napaxter pa 0 3aMCTH O nunu e BCJIlIl.{ H H , 

nony-reuusrx 15I Jl CIln,p I1Mep OB (0 = 0-0.2 11 

b = 0.33-0.45) /34-361. OrMCT H M , 'ITO roI5I zrenzipa ­
M CpOB H H Of Jl a rrony -raio r 3aBI1CI1M OCT b I'llI OT M M C 

M a K c H M y M OM B 0 6 JIa CT Ii lJCT BCpTO H -nsITOH renepa­
lllt H 1371. C npyro ti CTOp O H bI , 3 K CIIOHCHTbi 0 H b an« 
nKC CYIl~CCTneHHO MC H b llle COOT BeTC T llY IOIllItX 311a ­

'l e H IiH nnn JI H HC i iH bIX r ufixouenusrx n OJl H MCpOB B 

XOpO W It X p a CT BOp IIT CJI 5IX (a = 0.6- 0.8 H b = 0.55­
0.65) [30, 31]. C JIc,Uon a TeJIb HO, q >opM a 1t30JI ltp OBa H ­

I1b l X M Ollc KyJI CBcp x pa3 n CT BJ1 e H HbIX non nxapfioca­
nauo s OTll lI l.{a CTCH K11K OT KOH(pOp M a lll1 li JIlll lCH H bI X 

uenen, TaK It OT C¢CP II'lCCK OH (0 = 0) . 

lIT06bI OIlCH I1T b crenens sroro OTJI 11 ' IHH , BOC­

I10 Jl b 3y e MC5I MOJl eJl b lO )f( CCTKOro 3 JIJI l1n C0 I1,Ua npa­
U leH HSl . ,UJ!5I ¢ paK W t H nKC- A B 06llaCTlI y M CpCH ­

HhlX M M 110 COOTHOIJJCH Ii5IM ,Ull5I K03<P<p HUHcHT a 

no cr vnareru.uoro Tp CH IIH 

(/ _ 1) 1/ 2 
(7)f = 6rrTloL--J 2 1/ 2 

p + (P -I)
pin 2 1/ 2 

P - (p - I) 

TaOJIHua 2. 3Hal.{eH H51 nOKaJaTeJIei1 CTene H H B ypamreun­
51X (I) II (2) 

[lon nxre p Pacruop u rens a b 

nKC-A 

nKC-Y 

nKC-<I>9 

reKc311 

Ic xcan 

Iex cadrr opf H:IOJI 

MeTlul -mpem-6y n fJIO BbJrt 
31!Hfp 

Xnoporpopv 

Tr<I> 

TOJIyoJI 

0 .27 

0 .39 

0 .26 

0 .26 

0.25 

0.25 

0.10 

0.4 1 

0.44 

0.42 

0.42 

0.42 

0.4 2 

0 .37 

11 xapaxrcpact w i e CK o H llH3 K OCT I1 

[11 ] = NAV[2.5 + 0.4075( p - I ) J508] (8) 
M 

non Y'IeH bI I1CBbl COK IIe 3H a ' ICH 11 }1 ocenoro OTIIOllJe ­

H I15I p ~ 1.5 ( V H L"':) - 061,CM J1 zin uua 6 0 Jl b lI1ci i OC H 

M OlleJl H p YfOlH Cro 3 iI JI HH 011113 n paIllCH IH I ) . C JfCllO ­

Ba TCJI h HO , MO)KHO 3 a KJII0 'lHTh , ' lTO q >o p M a MaKpOMO­

JIe Ky JI csepxpaauer unenuu x nKC HC O' IC Hb CHJIhHO 

OTJIH'Ia CTCH 0 '1' CI !>CP W IC CKOH . 

Ba)f( HOH xapaxrepn cru xo ii noneneunx MaKpOMO­

JIe KyJI B pacr nopax 5IBJI SlCT C}1 T aK Jl a 3 bIBa CM h l H r H,U­

p 0,Ult ll a M H 'IeCK I1H 11I-I Ba p l1a H T [20, 38,391 

A = 
o ­

(Do)2/3[ 1111SoR JI 

/ 

3 

11 0 T ] 00(1 - v po) 
(9) 

3 ,UCCb So - KOHCTaHTa c e.IUIM CIITa UHII, R - YIl ItBCP ­

CaJI b Ha5I [(130 B<1.51 n OCTOH H Hllil , v - y,UCJl b H h i H napuu ­
aJl h H b d i 061>CM nonnv epa. Po- n llOTHOCTb pacrucpn ­
r enn. ,UJ! 51 m f HCH l l b lX MaKpOMOllCKyll Ao n OCT OSlH e ll B 

IllHpoKOH 0 6 Jl acTiI M M: Cp C)lI'111 a xcnepuucr rmr n.ns re 
l3Ha'leH H5I COCTIlHJUI IOT 3.2 x 10- 17 'u)KjK M OJIb / 3 LlfI5I 

m 6 Kouc mlbIX nonn uepo a, 3.8 x 10- 17 J1 )f(/K MO Jl b l / 3 

,Ull5I )f(CCTKO ue11 II bfX 120, 39] II XOpO LUO CO fJIaCYIOTC5I 

C TCOp eTHl.{eC KH HI n eJIJtllH H a M It Ao' n OJIy' fc H HbI M H 

n pn p a :UH I'I H bIX c rrocofiax Y'I CTa rH'upO,UH HaMH lJe­

cxoro B3a It Mo,Uc tk TBH H H npn H Cn OJl b 3 0 naH II I1 paa­
HblX CTaT I1CT I1'l e CK H X M OJl cllcfi J1I11-IeH HbIX M a K p OM O­

JICKyJr [20, 391. 

H a p u c. 2 3Ha' l e mI5I Ao,Ull51 I1CCJIC)lOBa H HbIX nKC 

rr p C,UCT aBJICH bf B 3aBI1 CH M OCT H OT MM . Paafi poc ::> KC­

n Cp H MC H TLUl hHhl X T O' ICK 1l0 CT aTO'H1 0 fion suro n , OA ­

H a K O CHCTe M aTH'leCK Or o 113 M e i l e fll HI Ao C M M lie 

n pOCJIC)f(lfBa CTC SI. Cpenmre 3 H a'ICHHSI Ao = (1.8 ± 
± 0.3) x 1O- 17 ,Ull5I nKC- A , (2.0 ± 0.4) x 10--17 )lJI H 

nKC-Y It (2.6 ± 0.5) x to- 17 )J,)K/K MOJII, ' / 3 )])I H 

nKC- <1>9 MCH b w e Tcopent'ICcKOii BCJIlt ' lI1H bl )l)IH 
3n e npon u uaesu.rx crpep (2.88 x 10- 17 J1)f(/K MOllb l/ ) . 

Flomoxemu.re Aoaadinxcnpoaa n u TaIOKC ,UllH cnepx­

BblCOKOMOJI . KYJI5I Pll blE COE1..I,l-tH EHI1S"1 Cepl1 S1 C TOM 53 NQ7 2011 2011 
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PIlC. 2. 3aBI1CI1 MOCTb f l1.o.po.o.HHaMll ' lecKofo l1HBapl1aHTa AOOT M M JiJUl 11 K C-A ( Z), n KC-Y (2), nKC-<1>9 (3) , n KC ­
<1> 13 (4) l1 n KC- 6 (5) . 

pa3BCTlVlCHHblX nOJIll JI I1311110 B r401 H .l.lCHn.p H M Cp O B 

[4 1,42] . 

Il pn-nra a Y MC ll hIIIeHHH Ao ,UJHI pa3BCTl3JlCHHblX 

M3KpOMOJT Ky JT OCTaCTC5I H nOH 5ITH OH H Tpc6 y CT no­
nOJTIIl1TCJI b H bIX H CCJT cn.oBa H H ~i. n p05ICH J1T b cirrya­
U I1JO Mor 6 b l a H.IJI H3 3H a YCHH H K03q>q>H IJ;HCH Ta C1>JTO ­

P li <1>0 

(10) 

VI na pasterpa rH.u.p o.n:I1HaMHYCCK Or O B3a H M o n.c H­

CTUIHI PoB 51 BJICHVlH nocrynar en snoro TPCHlUI 

J> 6 1/ 2" P R (II)'\ 0 0 g' 

KOTOp bl C CBH 3aH bl npocr sru COOTIIOWCHI1CM C HHBa­

p Ha HToM Ao: 

Ao = kI;PO- ' ( <l>0/ 100) 1/ 3 (12) 

KaK DHJlHO 11 3 COOTH OW CH liii (1 0) Ii ( I I) , D.JI5I 

o n p c.n:CJTCH H H <) 0 H Po Hco6 x o n.I1 M O 3 H 3 T b 3 H a YCH J151 

pannyca HHCp W iH R • O n.H a K O BCJIC.u.CT IH1C Hc6 0 JI b ­g

lIIHX paaxrepo u M a K p OMOJICKy JI CBcpxpa3BCTBJICH HbiX 

n OJII1MCp OB 3 K c n c p H M CH TaJIbHOC 113 Cp CH HC R 5IB­g 

JHI eTC5I CJIO)J(H OH 3a.n:a QCH , 11 I3 H a CT0 5llUC C BpCM5I B 

mrrepa'rype I1MCIOTC5I JT VlW b e.u.J1H lI'I H bIC p a60TbI, B 

KOTOpblX npH Bo n.51T C5I n CJII1'IHHbl Rg• 

Flapaxrerp <1)0 MO)J(H O OUCH I1T b, Bbl'IHCJI I1B pannyc 
I1H CP U IHI Rg 110 3 H a YC H HIO r Hn. p OJl H IIaM H'ICCKoro pa­

znryca Ri, HC n OJl b3Y51 TCOpCTI1 'ICCKOC COOT H OWCHJ1C 

Rg/Rh = 1.225 N IH c u c p x pa3BCTBJTCHH bl X MOJlCKyJT 

118 ] . TaKo H nonxon npason rrr K CJTC.n:YIO IlIJ1M pesyns­
T3T3M . 

,l],;H1 n K C I10 JIYYCHbl HC Bb l CO K HC 3 I1a ' I CH I HI <1>0 < 
< 2 X 10 23 fl,lOJlb- l , YTO HCC K OJl b KO MCHbllIC BeJllI'IJ1H, 

Ha6JT1on.aCM bI X 3KCn Cpl1MCHTaJl b H O l1 npencxaasmae­

Mbl X TCO P CTl1YCCK I1 D.JI5I Bb ICOKOMOJTCKYJI 5IP H b lX JlI1­

HC H HblX 1l0 JHi M CP OB [20]. 0 H aKO CCJHi D.JUJ n KC-Y 

l1 n K C -C1>9 napasrerp C1>JlOP I1 HC 3a B I1CI1T 0 1' MM 
( CPCn.HI-I C 3Ha' ICH H5I <1>0 = ( 1.2 ± 0 .5) x 1023D.JI5I n KC-Y 

11 (1.5 ±0.4) x 1023 MOJlb- 1D.JI5I n K C -C1>9 ), TO BCJl)"-Iae 

n K C -A OH YBCJII1'II1BaCTC51 01' 0 .7 X 1023 no 2 x 
x 1023 MOJT b - 1 C pOCTOM MM 01' 103 n.o 7.6 x 104• 

3T11 PC 3YJTbTaTbl MO)J(HO COIlOCTa BIIT b C .u.a HHbl MH 

D.JI5I upyra x CBcpxpa3BCTBJTCIIH bIX nOJIlI Mep OB - n o ­

Jl l13q>Hp a 117 1 11 nOJTI1 3T11J1MCTaKpI1JlaTa rI41 ,D.JI5I KO­

'roperx p a.n:I1YC I1HCPUllli R MaKp OM OJI CKy JI onpene­g 

JTCH MeTo.n:aMJ1 cseropaccesut na H M aJI o y rJ l o Bo r o 

pCHTrCHOBCKoro paCCC5IHlHI COOT BCTCT BCHHO . He­
1l0Jl b 3Y$1npauenenuue 13 UI1TI1PYCMblX patior ax s enu­
' 111 II bl Rf( 11 Ill], Haxo.n:I1M, 'ITO napaver p C1>JlOPU 

cnepxpaaueranennoro nonn adn tpa H C 3aBHCHT OT 

MM, a e ra CpC.n:HCC 3 Ha ' ICII I1C (1.0 ± 0.4) x 1023 MOJTb- 1 

6 JI l1:3K O K nOJlYYCHHOMY H aMI1. B cny-iae nOJIlI 3TIlJl­

MCTa Kp l1Jl aT a Ha6J1IO.n:aCTCH PO CT napaver pa ¢ Jl 0 p l1 

0 1' 3.8 x 1023 D.JIH ofipasua C M = 4 .4 x 104 no (8.6­
9 .8) x 1023 MOJll>- 1D.JI5I 06pa3 U 013 e M = ( 1. 5 7-1.7 5 ) x 
x 105. n OCJl C.n:H l1C 3Ha'lCHI1H npaKT l1'lCCKI1 co nnana­
101' C Te Op CT I1' ICCK OH RCJlII'lI1Hoti D.JI5I )J(CCTKOll He ­

npOTCKa CMOH C¢CPbl «( (>0 = 9.23x 1023 M OJl b- I ) . OTMe­

T11M, ' ITO D.JI5I nOJJI13 T J1JTM CTa K pI1JTaTa 3KCn CpH I\ICH­

TaJI b H OC OTHOWCHHC Rg/Rh = 0 .79 T a K)J(C 6 Jl l13KO K 

'reopernvecxovy (3/5)1 / 2 D.JI5I C<!>CPIl ' I CCK Ot i ' IaCTIl ­

UbI. 

n pn aeneunsre PC3YJIbTaTbl noxaau na ror , YTO 3Ha­

'1CH I151 <1>0 ,UJl 5I CBcpxpa3BCTI3J1CHHbIX nOJI II M CP 0 13 JIC­

)J(aT B IJll1p O K H X npenenax J1 naxce 13 BbICOK OM OJIeKy­

JlHpHOH 0 6 Jl a CT I1 MoryT CI1JTbH O 3aBI1CCT b 0 1' MM. Ha 
ceronuuunnot .u.CHb Bbl5l1311Tb xaxyio-n afio KOppCJT5I­

PIIC. 3. 3aB } 

NBeTB· 

UI1 10 MeJKD.Y 

Mil na pavert 
T Cp MOL\IlHaM 

O.n:HOH CTOP( 

npezicraanse 

BJLU51l1Ue aA ~ 

NO ceoucmea 

/..I,JIHy CTaI 

rypsr MaKpm 

p OLO'lHaMl1' l e 

nonnMep OB ( 

n KC-A If I 

D.JIVlHa ueneii 
CH B - 3 pasa 
113MCHeHIllO 

cu epxpaasen 
Ta 6 }1. 2 noxa 
a6COJIlOTHbl e 

M CTpOB, TaK 

Kyna, ,netiCl 
uerreii scopa. 
KyJT H yaemrs 

IlOCJlenne 
3 Ha' leHIl51 fI1i 

Jle KyJI nK C ­

WCH I151 Rh _ 1 

'1 I1CJla BeT13e 

CTPYKTYpHble 

uerrn, T.e . JI ll 

IlCTBJICHIlH lJ,( 

uu e ysacrx 
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Puc. 3. 3aBHcH MoC T H rrrnpon a nasra -recx e x paa aycos R" _ 3 ( I) , R" _ J J (2) If 'IX oraoureann R" _ 11/ R" _ 3 (3) OT YH Clla sersea 

Nu~ru ' 

Ul1 10 M C)K)ly XHM WleCKHM CTpOCH l1 e M , CT P Y'-'TYP llbl­

MI1 napaxter pa u n cnepxpaanerunemu.ix f10 m 1M Cp o B, 

TCP~fO)], l1 IIaM I1 '-l CCK I1 M K a ' ICCT BOM pacr aoptrrena , C 

OJJ.IIOH CTOp OIl b l , l1 BeJI WLHHOI-f <1>o, C npyro ti , He 

rrpCnCT a DJHI CT CH B0 3 M O)K H b I M . 

BIl U5lfLUe OIlUltbl ueneii jl--le;)IC0Y uenmpauu eem en enus 
Ita ceoucmea ceepxpaseemeneuuux nOllww p60 CU/l0l106 

6 pacmeopax 

JJ.;I H yCTa H OBJICHI1H BJIl151H HH auy rpeaue a CT p y K ­

ryps t M 3 K p OM OJIC K y JI ua K OH <po p Mau.I1 OIlHbI C 11 run ­
p OnHH a Ml1'leCK I1C cnoii craa CBc p x p a 3 BCT BJIC HH bl X 

n OJI YlM Cp OB c onOCTa Bl1JI I1 n a H H bI C, nOJIy'-lCH llhIC )JJI51 

n KC-A H n KC- Y, 13 MaK p OM OJIeKy JIaX KOTOpbIX 

nrnura ne n eji MC)KJJ:y T O'IKa M H BeT BJIeHH H pa3JIWI3CT­

C5I B ~3 pa aa, Yw n UICJI HC Ta KHX uenea IIpH BOlIHT K 

11 3 1'\'I CH CH 11 10 r nnponn Ha l\II1'-leCK H X xapaxrepncrux 
cnepxpaasernne m roro 1l 0 JIH M c p a . ,ll,a HHbl e P YlC. I JI 

Ta6J1. 2 nOKa3blUa IO'I~ lITO IIP H :nOM B0 3 p a CTa IOT Ka K 

36COJlIOTfl b IC 3I Ia' l e H H 51 r JllIPOn I1HaMW I Cc KHX n a p a ­

M e T p O B, Ta K H H a KJI O II 3 a B l1CI1 M Oc Teti 'rn na M a pKa­

K YH a . LJ,eti c T B HTeJ1b H O , npu y )J) Il1 H e H H H JiM HCHHb I X 

uerr eji 1303pacTacT aC I1 M l\'le TpHH cPOPMbI M a K p OMOJl e ­

K y JII1 yBCJII1'-l I1B a CTCH I1X p a3M e p . 

Flocneznree l1J1JJIOCTpllpyCT P I1C. 3, ua K OTOp OM 

3 H a ' ICIH U I r l1n p o )],l1HaM I-1l.Je CK llX p a/l Il YCOB M3KpOM O­

n CK y J1 n KC- Y (R"_ II ) H n KC- A (R" _J) I1 I1X OTH O­

m e H H }1 R"_ I II R" _ 3 OTJIO)KeHhI B 3 a OllCl1M OCT ll OT 

'-lI1CJIa BCT DCM non n CTDblO n O Hl1MaIOTCHN6eTU • 

crpy xr yprrsre 3~ eMCHT lJl nsyx TIm o n: B HyTp e H H l1e 

uernr, T.C. Jl I1H c ihl lJlC cPp a r M CHTbl OT onnoro UCH T p a 

BCTBJ1eHI151 LJ,O n p y r oro : K OH UCObIC UCII l1 , T.C . J1I1H e ti ­

H blC yxacrxn 01' U CH Tp a BCTBJICHl1H n o rpyrrn si 

BbICOK OMOJlEKYJI5IPll bI E COED} 1HEI-II151 CepUH C 

= CH 2• Torna CBc p x p a3BCT BJl e l-IHy IO M 3 KpOMOJI CKyJ1y 

M O)((H O n p CJlCTaIlIIT b K3 K CT p y KTYP Y, nocr pocu nyio 
ll 3 JIH H c i r H blX c c r M CHTOD, 11 )1H BCT OeiL OrMCT I1M, -rr o 
I1pl1 c o n OCTaBJ1CH H I-1 cao iicrn caepxpasucr une u u u x 
MaK p OM OJ1CK y JI , paan u-ra JOIIJ.HX CH LJ)IH Hoil J1I1I1CM­

HbI X ueneii, i.1Han H 3 33 B l1C ll M OCT Cti epI13 WICCKl1X x a ­

paJcrCp l1CT HK 0 1' ' Il1CJ1a neTBCH NBCTB I1afJ1 5UlHC C, '-lCM 

0 6 Cy)KJJ:Cl llle 3a BH Cl1MOCTC ii OT MM, n OCKOJl b KY npn 
3TO [ Y'-l I1T blBaCT C51 p a 3JI ll '-l I1C B MM n OnTOp 5ll 0 1IJ.llX­

C}I 3BeHbCB. TaKOC nocrpoemre 60Jl c e YlI0 6 H O H 11 0 

cpaBHeH I1IO C 3 a B HCl1 MOCTH l\H I OT CTc n CH H n OJlI1MC­

p H3a U l1H P, nOCKOJI bKY M bl H M c e M LlCJIO C 6 0JICC npo­
CTb l M no cPOp M C <pp a r M CH T OM M a KpOM OJl CKYJI bl. 

B ' l a CT HOCT It, y-recri, ~ I CKP l1 IlJl C tl I1 e JIH H c ft H Oll UC ­

IIOlJ KH JICr '-lC, ' l e M 113MeHeH l1C qJOP M bl V-oopasuo ro 
n OBT OpHIOw,er OCH aseua. 

Ilpa <pl1 K CH p o n a H H OM NlI trrB I'l1np O).1I1Ha MH 'ICCK HC 

paav ep sr M a K p o M o Jl CKy JI n KC- Y n p CBOCXOLJ,HT CO­

OT BCTCTnYJOw,I1 C xap a KT c p H CT HKH n KC-A ( p H C. 3). 
E CJI H npennOJI O)KHT b , l ITO uerm l\IC)I(n y \.lCH T p a MI1 

B CTBJ1e H I1 51 H l\I CIOT rlOJIHOCT b lO asrrnnyr y io f1J1 0 C­

xyro mpOllC- K O H cPo p M aUl1 IO , TO M O)K H O no xasar u, 
lITO paaxicpsr MaK p O M OJI CK yJI nKC-Y 11 n KC - A 

JJ.OJI)KH bI p a 3JIWraTbCH 13 -3 paaa , r .e. R,,_ llI R"-3 - 3. 
Y 'l l1ThlBa H , l IT O 3Kc n e p H M CH T aJ l b H bI e 3 n a'ICHHH 

R" _ III R" _ J < 2.5, MO)KllO II pc.un0 J10)KI1T b . '-lT O KOII ­

<popMa U I1H ner sea B M 3 K p OM 0 J1e K YJl a x Cpa 13H I-1Uae­

M bIX 1I0 JI H M CpO O p a 3JI W IaCTCH . B epOHTHO , B n KC- Y 

B UCJJ5IX M C)K)J,y TO'IKaMH BCnlJ1e Il I1SI p C<lHl13y CT CH 

3Ha'-lI1TeJ1hHOe K OJ1H'-lCCT BO 20/ll - H 30MCP0 13 . 11 II n H 
HMeIOT KOHcPo pMal U110 I13 0 r H yTorO CTCp)J(H 5I, B T O 

BpeMH: Ka K B M3K p OM OJIe K j'JIaX Il KC- A M C)K)ly TO' I ­

KaMH Be TBJ1CH H 5I n p CBi.IJU1PYIOT mpa nc- isetiu. 

TOM 53 NQ 7 20 11 
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PIIC. 4. 3aBH cHM oCTb [T] ] OT N ,UJl5I 1"1 KC -<l>9 B rexcadrro pben aon e (1 ) , MenUl-mpem -6ynlJlOBOM 3cPHpe (2), XJlO PO ­BeT B 

¢opMe (3) , T rcD (4) , TOJlYOJle (5) J-I ,UJJ51 nKC-A Brcxcaue (6) . 

Kaxecraen noe nozrruepcsnen a e nocnen nero 3a ­

K TJIOyeHI1H nonys e n o n p a I1CCJle.uo u a H H I1 otipaaua 
nK C - o. BTe ~mepaTYPHOM I1H TepBaJle 15 - 6 0 ° C ero 

xapaxr epncr uxecxaa BH 3 K OCTb [111 n p a KTl1y e CK I1 He 

113MeHHeTCH, rrpn 3 TO M 3 H a ' ICH l1e sroporo anpaans­
noro K03 cPcPI1Ul1eHTa A2 nos pacraer OT 0.8 x 1O- 3 .u0 

1.6 x 10- 3 CM .1 M OJl b/ r2. CJle.uOB <lTCJl b IJO , n pn 3aMeT­

HOM ynysureuaa TCp M o .uH H a M I1'1e CK Or O xasecrsa 
pacr sopa paavep M aJ<pOMOJI CK yJI OCTaeTCH n OCT OH H ­

H1IM. O D,H I1M 11:3 0 61lH CH CH H H .ua l-I J-I Or O cPaKTa MO)l(eT 

6 1[T1 TO, ' ITO n p a KT l1'-1e CK I1 nee nernt B cnepxpaaners­
JIeHl--IOi1 Ma Kpo IOJl e K YJl e Hax o .uHTCH B nOJlHOCTb lO 

131mll ryroii mpanc- KO HcPopMaUI1 I1. 

A HaJI H3 3aBHCH M OCTH p a 3 1\I Cp On MaKpOM OJleKYJl 

n K C - Y 11 f1KC- A OT lIX MM II0 3 BOJlH CT cnenari, 
eute PHJl II llTe p eC H bl X 3a KJIIO'-le H H t L Ha p H C. 3 BH.uHO, 

'-ITO Rh - I IIRh - .1 3aDHCHT OT NB~I"B" n O- BI1.uH l\I OM Y, 

rrpu y BeJl11'-1eH1111 M M I1CCJl eJl OBaHHbIX nK C npo­
I-ICXO)1 l1T 113MeHeH He K O H cPo pMa UH I1 DeTBeH, n o 

KpaHHc i i ~I .pe B cny-rae O K C - Y. B 11 113 K OM OJl e K y ­

JUlp H OH 06JlaCTH BeTBH aroro 11 0 JlHM e p a .uOCT a T Oq ­

HO CI-IJlbHO 1130fH YTbI, 11 OT H OWeHl1e Rh _ I II R; - 3 

11 ~le eT MHHHMaJlbHOe sua-renue. C PO CTOM MM 3Ha­

'-IeHl1e R"_ I IIRh _ 3 YBeJlI1QHBaeTC5I . Bep OHTH O, ncrrezi­

CTBHe CTepH'-IeCKJ1X B3aI1Mo.ueHCTBHH nemr BblllpHM­

JIHIOTC5I . Ocnafinenne 3a m 1CHMOCTH Rh _ I II Rh _ 3 OT 

NI,eTB B BbICOKOMOJleKYJl51p H OH 06JlaCTI1 n03BOJl5leT 

rrp eD,rrOJIO)I( I1Tb, -rro BH yTp e H H 5I5I crpyxrypa MaKp o ­

MOJleKYJI OCTa eTC5I " 3a M OpO)l(CIU IOH " , T.e. K OH qJOp ­

MaUI1 H suyrpeu uux De T l3e H no-rm He H 3MeHHeTC51 , 

TaK KaK CTCp l1 l leCKHe npemITCTBH5I n OCT l1r a IOT 1vW K ­

cl1 My Ma . 

Bnus nue tpmopcooepocataux KOIf/(e6bL",(epyn n 
na ZUOP OOUHQJlW lf eCK Ue U KOH¢OP AW Il,UOHHble 

xapatcmepucmutcu ceepxpaseemenennux 
nOAUKap6ocllAaHOe 

3cP<l>eKTHBHbIM cnocooo sr ynpannerrnn CBOH­

CTBaMH cnepxpaaeeranemr u x n OJIH MC p OB HDJ1 HCTCH 

aaeneune B M a KpOM OJl e K y Jl b l q>Y JIKUH OJl aJl bH bIX 

rp yn n 17, 8, 431 . O C0 6 1>J11 HHTCp CC npencr annncr 110 ­

.nyueune drr oprrponaa m.rx n p 0 I13B o ,nH b IX [23, 44, 45]. 
Mo,nl1 cPI1Ka U l151 cPTO p OM n 0 3 BOJlHeT n OBblCHTb , B 

'l a CT H OCT I1, 1136HpaT CJlb H OCTb n OJIl1MCpa K p a CTBO­

P HTCJlH M . nOCK OJl bK Y n l ,np 0 .ll.H H a M l1'ICCK He xapaxre­
P I1CT I1K I1 o n p e,neJUlIOTC51 p a 3M Cp a M I1, diop IO H 11 

nJl OTHOCTblO MaKp OMOJl CK y Jl , Mo,nH<~ I1 KaW1 H CTpyK­

'rypst MO)l(eT I3bl 3BaTb 3a M CT H bl e 11 3I\H~ HC liWI D nose­
ne n u u cnepxpaaaer nneua hl X nOJllI M e p OB B paCTBO­

p a•. 1l03T OM Y M bI H3Y'lI1Jl I1 n K C - A , (I>TOpHpOBaH­

H hll1 n o K OlIu e BhlM rpyn naM ( Fl KC-Q>9) . 

\!1c CJI CnOBaIl H H n p ODO.ll.I1JlI1 B nafiope pacrnoparenea 
(rexcadrropfieuaon , MeTI1JI - mpem - 6yTI1JlOBb l i i 3qmp, 
XJlOpOcPOpM , T f ¢, TO Jl YOJl ) , YT06bI npocneznrn -, Ka K 

H3MeH5JIOTC5I rH.ll.p o ,nHHaMl1'leCKJ1e xap a KT Cp l1CTI1KH 

CBepxpa3BeTBJleHHbIX rr OJ1HMepOB B 3aBHC I1M OCTH OT 

TepMO.ll.RHaM WleCKoro Ka ' I eCT Ba p aC T BOpHTCJI5I. 

Ha P I1C. 4 rrpn nenen sr na nuue .ll.JI5I <p1'Op l1p OBaH­

uoro H I1CXO.ll.H OrO n KC. BI1.ll.H O , 'ITO xapaxrepircrn­
'1CCK a H B5J3KOCTb 11 KC-¢9 I13 M e H 5IeT CH npn llCPCXO­

ne OT paCTBOpHTeJl51 K p a CT BOp I1TCJIIO . Ha1l60Jl hW I1e 

3Ha' l eHYlH [11 ] 1I0JlY'ICH bI B r CK c acPT o p 6 e H 30 JlC H Me­

TI1Jl-mp em-6 yTI1JlOBOM 3cPHp C. B xi roporpopve It 

Tf<l> lIa 6 Jl IO,na eT C5I netionsuroe YMCH b W CIHlC BeJ1l1­

'IHHbI r11 ], a caMble HH3KHe 3Ha'lCI-n-Hl 3a<pU KCl1p OBa­

Hbl n TOJlYOJle . O r M eT I1M , 'ITO xapa xrep ucr uxecxaa 

IJLICOKOMOJ1 EKYJUIP H bl E CO EIU1H EH i;151 CepJ-I51 C TOM 53 NQ7 2011 

PHC. 5. 3aUHCIIJ 
cPOPMC(J), rre 

BH3K OC1'b nKC­

r nopax B rexcam 

Cyiuecr sem« 
npn ¢I-I KCl1pOBa 

11 KC-<D9 :laMCT] 

meane neJll1 '-1 11 HI 

H l1e M pasv epon, 
K y JI. l IT0 6 11n OHJ 

fiorn.iuee 3Ha'[1 

nOK a3aTCJI l1 CTeI 

(r afin. 2). O HI1 H 

P OIIlI1X pacrnopn 
<pI1IlIlCHT A2 ~ 0), 
lOT C BeJl H '-IH HO ~ 

CT UCliHO MO)l( 

MaKpOMOJleKYJ1 r 
Jl HX 6 Jl ll3Ka K <POI 

Ka3aTC J11 CTClICH 

B '-IaCTHOCTJ-I , C 

aC I1MMerpllH cl>c 
3 1'OM pacrsoptrre 

C OnOC TaBJ1eHI 

¢9 II nK C - A MI 

HaMI1QeCKOrO pa 

ny-nulIX 113 I1cno 

cadrropfieusorre, 
xno pooopue 11 T 
¢9 connanaer. I 
(IJTOP Hposaunoro 
O.uI1 I-JaK Oll bIM (pu 
M a KpOMOJleKYJ1 hl 

COn p OBO)l(.lJ.aeTC51 

pon uHaM U '-IeCKUX 

p a 3 BCTBJIeHHOro I 

BblCOKOMOJlE 
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Pu c. 5. 3a IH1CI1MOCTb Rh OT NBe T B )J)U1 n KC-<t>9 B re kca rpropbe uaone (1 ) , MeTJ-:IJl-mp em- 6 y n u lOBoM 3 cPJ1pe (2), XJIOPO­

cPopMe (3) , T r <IJ (4), r onyone (5) 11 JJ)lSI n KC -A B rexcau e (6) . 

B5I3 KOCTb n K C -A n p a KT HYCCKI1 O,ll,I1H a KOBa B pac­

'ruopax B rexcau e, nexane H xno podiopste [ 2 6] . 

CymCCTBCH HO, YTO n XOp O W I1X pacr no pnrennx 
npu <\H-IK Cl1pOBaHHoM '\HCJle BeTBc i1 aua-reu un [11 1 
nKC -cD9 3a lo.1CT I-IO HH)l(C, y e M M5I nKC- A. Y M CH b ­

LUe HHC Il CJI l1'llHI bl [11 1M O)l(eT 6 blT b Bh l3B<U I O 113M CHC­

H l l CM paasiepou, cPOP M hl 11 rr n OT II OCTI1 M a Kp OMO JIe­

KyJI. l IT06 bl nOH HTb , KaK OH 11 3 cPa KTo p OB H Me eT 11 3 H ­

6 0 JIblliCC 3HaYCHlr C, npcxne BCCro cpa BH H M 

noxaaar enn CTCnCH I1 a B y p a BHC Hl111 M apKa-KYH a 

(Ta6 J1. 2) . Ol-\H H C 11 3M e H5IIOTC51 B paay lIal160JIcc xo ­
PO W I1X p a CT BOpl1TCJlCH ( UTOpOtl BI1P HaJl b ll hIii K03 cP­

<P I1U\1CI-IT A 2 ~ 0) ,11, rmlBH OC, n paKTl1'l CCK I1 connana­
l OT C BCJI I1' IHH Oi! a = 0.27 N IH U KC- A. C OOT BCT ­

CT BCH I-IO M O)l(HO 3a KJIIOcI HT b , YTO cPo p Ma 

M a Kp OMOJICKyJI n K C -cD9 B yx asauuux p aCTBopHTC­

JI5IX 6 JIH3 K<I K q )OP MC nKC-A. B TOJl y OJIC (A2 < 0 ) n o ­

xaaaren ], CTClICH I1 3a M CTI-IO Me H b UlC (a = 0 .1 0 ) , ' ITO, 

13 'IaCT HOCT H , CBI1.nCTeJ1bcTBy eT 06 YM CHbWCIl HI1 

aCH MMCTp l111 q )OP Mbl MaKp O MOJIeKyJI n K C -cD9 B 

31'OM P3CTF~Op I1TCJle. 

C o n OCTaBJlCHI1C paasrepon M3KpOM OJICKyJI nKC­

q)9 Y1 n KC- A M bI npoaomm B TepMI1H a X rH,ll,PO!~ I1 ­

HaMl1'leCKOro pa.uI1YCU Rh . B TepMO,ll,I1Ha M I1y.e CK H 

JIy ' IlUI1X H3 I1CnOJI b30B3HHbiX pacr noptrreneri ( r ex­

c a ¢ To p 6cH30JIe , MCTl1n-mpem-6YTI1JIOBOM 3<j:ll1p e , 

XJlOpOq)OP MC 11 Trc]» p33M Cp MaKp OMOJICKyJI n KC­

c]>9 counanacr, Ilpu 3TOM Pa3MCP M 3 KpOMOJIe l-.yrJl 

cPTOp l1p Ol3a H HOr O H HCXOllH Oro rJOJIH MCp OB OKa 3aJ1C5I 

O,ll,l1 l-la KOBbI M (puc. 5). CJIC,ll,OBaTeJI b HO, BBC.n,CHI1C B 

MaK p OM OJl CKyJIbl M aCCl f BJlblX xo u uenu x rpynn HC 

COll p OBO)K)laCTC5I cymCCT BCHH bl M H 3M CHCH l1CM run­
P 0 1I.HHHl\I I1'ICCK H X p a av epo n M<IKpOMOJl e Ky JI CBCpX­

p a 3 BCT BJI CH H Oro 1l0 JI 11 Mc p a . 

BblCOK OMOJl EKYJI51 Pll bIE COElJ. ~I H EH11 51 CepIHI C 

3"1'0 oauaxaer; ' ITO YM CH blllCH H C xapa KTe p HCT I1­

YCCK OM B}I3 KOCT H 06yCJIOl3JICIIO m aBHbl.M 06p a'30M 

113M CllCH HCM n n OTiIOCTH M aKpOMOJlcKy Jl, r.e, y BeJIH ­

YCJl I1CM .n,o m 1 nOJ1l1MepHO r o I3C IlJ,CCTn a B ofiue jae, :13­

H H Mae '10M Mon c K y JIO H B pacrnope. Ka-recruen uo B 

n OJl b3Y 2{aI-lH Or O 3a KJI IOl l e ll l1H CBH CTCJl bcTByeT 

Y MCHbIIlCH I1C ynem.uoro napuaam.no ro 0 6 b CMa 'If 0 1' 

1. 0 9	 rolfl nKC -A ,LI.o 0 .87 c M .l/r N Ul n K C - cD9. 

113 M e He H I1e nmpOlll1H a M H y eCK OrO rr OIlC,ll,CH H5I 

n KC-cD9 B TOJI YOJIC MO)KHO 0 6 1)HCllltTb K OM naKTH ­

3aUHe i1 M UKpo M o ncKyJI, y llCJIH ' l eHHCM IIX n n 0 1'JlOCT I1 

II YM e HbllJe lll1eM aC H M MeT p l1 11 I1X q10PM bl. mo MO ­

)KCT 6 blTb CI351 3aHO C p a3JH 1' lII bl M TCPMOl jJ1HaMIlQe ­

CK I1M Ka'ICCT BOM TOJIyOJIa no OTlIOmCH l lIO K Ka p 60 ­

CI1JlaHo Bo i1 I1JI I1 drropn ponan 1I0 ti COCTaBJ UlIO I.l..l. IIM 

MaKp o MoncKyJIhl : OH XOPOUII1 H 2UHI ncpsoit 11 IlJlOXOH 

,I.lJ151 nr opon . Ha6 J11o Jl.aCMOe 113 MCnCH l1e tPOPMb l MO ­

ncxyna pnoro KJly 6 K a , 1l0- HHW1MOMY, HCI3CJIH KO, n o ­

CK OJIbKY II B XOP OW I1X p aCTllOp l1TCJHI X OHa H C311a cIH­

TCJIbllO OTJIl1y aCTCH 0 1' crbepu -recxoii. 
BnHSIIm e TCp M O,ll,H I IaMI1YCCKOrO Ka QCCTBa pac ­

TBOpH TCJHJ na rH.IJ:p Ow m UM l1'l e CK I1C 11 KOllcPo p Ma U I1­

OHHblC xapaK TCpl1CTI1K I1 CBCp Xp a 31lCT BJl el l H b lX 0 0 ­

JIH M e p OB npoaH a.JUI3Hp OB a H O T3 K )l(e na IIpH MCpC 

n KC C M aCCI1BHblM H cP1'o pHpon a HHbl M I1 K OII UCBbl ­

M H rpy n n a va - n K C -cD 13. Y I3CJI I1'ICHI1C c o n e p xca ­

H H51drrop a npunoznrr K 113 MCnCHI1 10 paC fBopHMOCT I1. 

K a K 11 nKC-cD9 , p accMaTp H lla e M bl ii n OJ1l1M Cp n o ­

CTaTOYH O XOpOLUO paCTBo pH M B re xcadrr opfieusone I I 

MeTHJI - m p em - 6 y mJIOBOM 3<PHPC, onuaxo TrcD CTa­

HOBllTCH )1)151 n K C - cD 13 n JIO XI1M p a CT BOp I1TCJI CM , 3 B 

XflOPO¢ OP M C (e-pa Cl'BOp HTeJl b JL]J5I n KC-c])9 n pa 

21 DC ) H TOJly OJIC OH HC p a CTBo p Sl CTC5I. 

Ha fin K).n,aCTC5I 11 H3MCHCH HC r H,LI,pOllH Ha M 11 ' ICCK O­

ro n OBe.n,e H I151 n KC- C]) 13 n o cpa uncmno C M CH CC 
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1290 <Pl1JHmnOB H zrp. 

drro p n p oaau nsia n K C. BO- IICP BblX, XapaKTCp l1CTl1­

'-IeC K3H B5n KOCTb n K C -<D 13 :l a BH CHT 0'1' Tep M O,Ul1Ha­

M W l eCK o ro x a sec 'raa p a CTuo p HTCJUI , YMCH b w a 5lCb 

n p n n ep exon e 0 '1' r e x c a rp r o p o c m o n a ([11] 
= 6.1 0 13/ r ) H M eT11Jl - m p em - 6 YTlfJIo Bo r o :)(jm p a 

(5.8 cM 3/r) K Tr(i) (4.4 Cfo,I 3/ r) . BO- BTOphI X, 11 3 '1'0 6 0 ­

nee cyuiecrae u u o , B O,UHOM H TOM )I( C pac r uopn r en e 

Xapa KTepHCTH' leCKaH B5I3KOCTb n K C - ¢ 13 IfH :>Ke , 

':IeM n KC-<i)9 . $ 51 n ocnen u e r o B COOTBCTCT BHH C 

,UaHHbIMH Pl1C . 4 n pu TOM )I(e l BI CJl e BCT Be i'! NneTu CJlC­

,UyeT O:>KH,UaTb [11] = 7.9 c M3/r B rexcadrro poeaaone 11 

MCTlIJl - m p em - 6 yn IJIOB OM 3qmpe 11 6.6 CM 3/r B T f ¢ . 

Lh o x a c a er c a r H,Up O,UH HaMl1 ':1e CKl1 X pa3MCp OB, TO 

B TCPM OllHW1MH ':Ie CK I1 XOp OlU 11 X p aCT BOp HTCJIHX R" 
M a Kp OMOJlCKyJI Cp aBH H BaeMbl X rrOJlH Mep OB IIp a KTH ­

':IeCKU COBn a.umOT: ~4 . 8 HM J])l51 11KC-<D 13 11 ~4. 9 J])l51 

nKC-¢9. HCKOTO p Oe YMeHbW CJ-lHe p a 3 MCp OB M a K­

p OMOJICKyll fl KC- ¢ 13 H a6 J11oJl.aeTC5I B TepMO,UH Ha ­

MH':IeCK H ITJIOXOM p a CT BOpl1TCJI C Tf¢, B KOTOp OM Rh 
~4 .3 HM . 

C JlCJlOBaTellb H O, npa senea usre ,UaH H blC nozrr acp­

)I(Jla lOT BbIBO.n, 'ITO H3MeHe H HC rII.D.p0,Ul1HaM UlJCCKlI X 

XapaKTCp l1CT I1K n p n Ba p l1a U H H XHM H'l e CKOr O CTp Oe ­

HH5I KOH ueUbl X r pyrm 0 6 y CllOBJl e HO fJlaBH bI M o o p a ­

30 1\1 113Me H eH HeM JIJIOTHOCTI1 M a Kp OMOlle KyJI B pac­

TBOp e. Fl pn 3TOM , Ka K y x a auuano c i, nsnu e, 11MeeT 

MeCTO Ka'ICCTBCHH OC COOTUCTCTBH C C H3M CH CH HeM 

31la l1CH I151 YJ~C Jl bHOr O n ap unansno r o 06bCM a : '1CM 

HH:>KC V , Te M MeH b We [11 ] p acrnopa 11 K C (V = 

= 0.80 cM 3/ r J])l 51 n K C - <l>13 ) . 

BJ1U5lHUe pe eynnpnocmu eemenenus
 
HO ceoucmoa paseemenennux uascpomonetcyn
 

Ofipaseu n KC- E 1l0 JlYlJeH n yrcst "npacoezmne­

HH5I " KO ncev aJIll HJl bHblM r p y rm a sr IlKC- A r p yrrrr ­

Si(C H 3) ( C H 2- C H 2- C H 2- C I-{ Jh B pe3YJlbTaTC n o 

cocra n y M OHOM Cp H bl X 3 BCH be B OH p a.n.HKaJIbH O OTJIH ­

'1aCTC5I OT n KC- A. Em M a Kp OM OJICKy ll bI conepxar 
TOllbKO ,UeH,Up HTHble 

/ CH2- CH 2- CH 2­

6-ISi

" CH2- C1'12- CH 2­
3 

H xonuenste 

/ CH2 - CH2- CH2- CH3 
- Si 

d H3'cH2- CH2- CH2- CH3 

3Be H b SI , a llHHeHHblC 3 ne H bSI OTCyrCTllyIOT. COOT BCT ­

CTBeHHO , cornacn o <po P MYJl a M (1) H (2) , non y -ra e xr, 

-rro CTCIICHb ll eT BllCH HH o tip a s u a n KC- E pasn a C,UH­

nnue , T.e . TaKaSI :>KC , Ka K y,UCH.llpH MCp OB. 

110 naoo p y MOHOM ep H b l x ane u s en n KC- E n p a x ­

Tl1'ICCKH n Oll HOCTblO H,UeHT H ' l e H K a p 6 0 CHlla IlOllOMY 

.ll.CH.ll.pm .l c p y C 6 YTIU l b H blM H KOHUCl3b lMH rpynnasor 

(Il- B), HCcll c ,UoIlaHHOMY 13 pafio rc [33 ]. O CHo BH o e 

OTllH'IHe B J1X CTP Yl\ryp C 3a Kll I0'laCTCSI B TO M , <ITO 

TOlJKH BCTBlleHJ151 II nc nnpnuepe pac npencneuu 110 

06bCMY M a Kp OM O)ICKyJI B c rpo ro OIIPCJlC ICIIHOM no­

P5l,UKC, II TO BpeM SI Ka K ,UJI5I c n c p x p a a ee r un e n u o ro 1I0 ­

JIH M Cp a x ap a x r ep n o cn y-raii uoe pac n p C/J,CJICH I1C. 13 
CBH3 11 co cxa aa u u hIM n p encr a unn er c a H HTc p eCH bl M 

c o n OCTaBHT b ca otrcraa n KC- [; C I10Bc,Uell l1eM He 

TOJl bK O HCX OJJ. Ho r o CBc p xpa3BCT nJIC H Ho r o n KC- A , 

HO 11 ,UeH,Up H Mepa )1- E. 
Il pexne uc ero OTMeTHI\I , 'ITO xap a xrepn cr a s e­

CKa H B5I3KOCT b 11 K C - J) n paKTH 'ICCK H IIC MCU5IeTC51 

npu H3M CH e H I1H Ka' lCCT Ba p a CT BOp HTCn 5l. Flpnsiesa­
TCJl b HO, -rro 3H a<l e H H5I [11 ] c o u n aaa ror II xopo ure v It 

8 - p a CT BOp HTeJISIX - r CKca HC II XJlOpo<I)OPMC. 3TO OT­

JIHlJaeT ,UaHHbIH 0 6 p a 3CU 0'1' 06c y )KJLaBIlHlXCH n snue 

n KC C drr opapo eaun sru u xouueu srxnr r p YlI lIa :\1I1 . C 
Jl.p y roH CTOp OH hl , ,UJ15I ncx o n u o r o 11 KC- A 1261 BCJIll ­

<!HU b l xapaxrepncr nvecxoa 115l 3KOCTH B paa u u x pac­

TB OP I1TCJI5IX Ta lOKe COBna.ua IOT B n p en enax oxc n ep a ­

MeHTaJI b HOH OWH6KJ1 . 

H aJ160JIe e Ba:>KHO TO, 'ITO IIp H O,UH HaKouoi1 cr c ne ­

lUI n OJ1HMCp H3aUHI1 3Ha ':lCH H5I [11 ] ,UJ151 06pa 3UOB 

n KC- E H n K C - A 6JfJ13K H (8.5 cM 3/ r B r e x c a a e) 11 

M Ho r o 6 0 Jl bWC, '1e M ,UJIH. nennpu u e p a . 

Ilo,U06Ha H 3aKOH OMCPIIOCTb H a 6 m o Jl a CTCH H )JJl51 

r HJLP0,UHH aM I1'1e CKH X p aa sr c p o a MaK p OMOJlCKyJI 

cpanun aaesu,rx rr OJI H M Cp OU. Flp n q>HK CH pOBaH HoM 

':IHCJIC MOHOMepHblX 3B eH bCB 3 11 a lle H I1H Rh )JJl51 

cnepxpaauernnennsix nOJIH M ep OB Il KC- £ H n KC-A 
pa3JIH'Ia IOTC51 M eHee ll eM n a 8% ( 3 .9 ± 0 . 1 11 4.2 HM 

c o o rnercrnenao) . 8 TO :>KC BpeM H n w:p0Jl.HH a M l1lf e­

CK H i1 panjryc M OJl e KYll nennpn v epa )J,- E M eHbllle B 

1.3 pasa. 
T a KI1M 0 6 pa30M , lJpC,UCTaBJICH Hbl e PC3YJIbTaTbI 

n 0 3B 0 1l5ll0 T saxmo-nrn., 'ITO no r11,Up O,UH H a M H' l eCKO­

M y H KOH <po p M a U 110 HHOM Y nOBe.D.eHHIO c ne p xpas­

BeTBlle HHbIH n K C c o cre n e m.io BCTBJIeIIHH, p a an o fi 

e.ll.HHH u e , r Op a 3JW 6m l)l(e K CBc p x p a 3UCTBJfCHHbIM 

11011HMCpaM c o CTCIlCH blO BeTBJICH HH 0.5, lJCM K 

,UCH,Up 11 Mep y. C lle,Uo BaTeJIbHO , n p u n po-nrx pas n u x 

YCJIOBH5IX (xII MI1 '1eC KOC CTp OCH IlC xronor-r ep tu-tx eJJ.H­

H HU, M M , c r e n e u s BCTBJIeHH5I) n IJl p o .uH H a M Ut IC­

CKI1C CBOHCTBa p a3 13CTBlle H HhIX n OJIHMep OB B 3Ha'l l1­

ren s u o a M e p e o n p cnen m o rcs perynsrpaocrt.ro BeTB­

JIe lll151 . CTaTHCTH'ICCKOC pacnpenen en a e UCHTp OB 

BeTBJICH I151 n o 0 6'bCMy M aK p o MollCKy JIbI nax e npu 

DB = 1 npHBO,UHT K TOMY, lJTO rH.upO,U ~lHaMH 'I eCKl1e 

CBOl1CTBa 'ra x oro nonuuepa CYIueCT lleHHO orrnrx a­

roTCH OT TaKOnbI X,UJIH ,UeH,UpH Mcpa - p a 3BeTBllCH HO­

r o 1l0 11I1M ep a C p e ryn s p n o a CTPYKTYJ)O ~i. 

)J,a H H o e pa3JIH'IHC 06ycllOBJIeHO 113MCB eHHeM 

KOHcPoPMaUI1H rr p n nepexone OT n en n p a srep a K 

cnepxpaaaerunennoxry rronnuepy C DB = 1. Y ' Il1 TbI­

Ba51 BblCOKHC n o c p a BH e H l110 C .ue H.llpH Me p OM an ase­

H HH [11 ] H Rh, MO:>KHO rronarari., 'ITO MaKpOMOJIe Ky Jlbl 

11 KC- D, KaK H HCXO,UH o r o nKC-A, Ii ICIOT fion ee 

" P bI XJIYro " CTpyKTyPy, T.e. M e ll b llIYIO n JIOTHOCTb n o ­

11 I1MepHOro s e urecraa B 0 6 b eM e , 3a H H MaeM OM lIMH B 

pac·rE o pe. I 

60JIbllle ti I 

Jl eK YJl bI n e 

crporne BE 

lIC0 6 XOLLH!> 

npuxrep YC' 
Kyna .!l}I51 r 

A Ha.JIM3 

BaHHM BJII' 

3BeH a H XI1I 

nouenea ne 
n o n 13 pa36 

cJI eJJ.YIQlUHI 

Maxpox 
POB HMClO1 

BblCO KYIQ 

otn.ev e, KC 

3TO ry nox 

nonnaepa« 
<POPM" ! HH: 
usn u e , lfeM 

qlopMaUMM 

JJ.C II He cnep: 

llHCTC5I B 113" 

.ll.eullPHMep 

qellHH fIl,ap 

pax repa HX 

Conocra 
J])lH1lO if ueI 

JIO, ' ITO KOH 

H M M cnet 
MaUH5I xop: 

HOJI, a 1l}IHH 

'l HTeJIbHOe l 

H30 r HYTbI. 1 
paCTaH H5I Cl 

HYTOCTb ser 

rypa ssrco, 
M a KpOMOJIel 

)I( CH I IOti" , T. 

Hble nepexoi 
I3 TepM OlJ 

IIhI X Ha Mil P 
poaan noro l' 
My II n pakn 

H I1C fIl,UP O 

BBellCHHH C 

rJIaIlHbl M 06 

KyJ1SI p Ho r o I< 

CBl1.D.CTellbCT 

a nsnoro 06b 

H 11 51 rnapon 

Ba HH bl X cPTO 

M OJICKyJI H y l 

pesynsr ar e \ 
<pTOp Hp oBaH 
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CBOi1CTBA CB EPXPA3BETBflEHHbl X nOflHMEPOB B PACTBOPAX 129 1 

pacr nopc. QHH r axx e , B CPO~THO , Xa paKTCp H3 YIOTC5J 

6 0 Jl bWCH r e OM CTIH1 l.J CcKo H a CI1M Me Tp Heii , <JC M MO­

ncxyn st 11 eHJ~pH MCpa . OWfaKO, <JT0 6 bl Jl C rar i, 6 0 11 CC 

CTp OnrC BbTDO) lbI 0 q)OPMC M aKpOMOJlCKy ll n KC- B, 
3 neooxo H M bI 1l0nOJIIIIHCJlb lfhlC H CCJleJ.l.OBa JHI 5J , ua ­

npu rep YCT a HOBJICIHIC 3<lBHClIMOCT Cii n llla M a p K a ­

C Kyna )JJIH r HJIP 0 J.l.H H a M H'l CCKlt X rrapaxrer pon, 

3 A IUl I0 4 E H H E 

NlaJl H 3 PC 3yJl hTa T 0 l3, n OJIy<ICH HbIX npn H CCJl C)l,O­:51 
RallH H BJl H HH m ] MM, pas uepa 110IlTOpm o m c roC5J1­
ssena H XHMl1'i CCK Or o CTp OCH H 5J K OH U CB hl X rpyn n ua 

r ­
H 

110BC.llC H H C CBe p x p a.JBCT BJle H H bl X n OJIHKap6 o CHJla­

H OB B p a 36 aBJICH H b l X pac r nopax n 0 3 BOJUfCT C.llCJIaT h UC 
CJlCJ.l.YJO lllI1C BblllO.ll b I . C 

H­ M a Kp OMOJleKYJl b l CBepx p a 3 BeTBJleHH bl X n OJJI1I\I C­


lC ­ pou HMCIOT OTJIOCHTCJ l b H O KOMn a KT JJble paaa epsr,
 
H- B bl COK YJO nllOT H OCT b nornrwep tro t'o B CIllCCT B a B
 

06bC M C, K OT Opbl H OIlH 3 a lH I M a JOT B pacrsopc. flo
 

3TOM y 110 K,l3aTCJIIO OH H CT 05JT M C)f(Jly JIHHCH H blMlI
I C­

I10 11l1 l\ lep a MH II .ll CI IJ.l.p H MCpaM H . ACH MMCT p H 5J I1X
 (Oil 
q) OP M b i HIDKC , ' I CM nrrs JJHHCt i H bi X I10 Jll IMe p OB, H O 

) 11
 
nsn ue, lJe M JlJ15I .llCH .ll PHM Cp OB . O C06CH H OCTH KO H ­


q )OP l aUHH o n p C.ll CJI5110 T 1'I1.ll p 0 .ll H HaM HlJe CKOC n OBC­
51 

.llCH H C cu epxpaauerune un srx non av epon, l ITO n poa a ­
Kyll 

JJ5J CTCH B H3MCH CIIHH n o c paBHCHI1 /0 C JJHH e HHblMH H 
WM 

.llCIIJlP I1M CP ll bI M H CI1CTC MaMH KaK a6COJIIOT H b lX 3 H a ­
J.I.Jl H lJe H H H r I1Jl p 0 .ll H H a M J1<Je CK H X napaxrerpou, TaK H xa ­
:-/\ paxrepa I1X 3a BH CH M OCT l1 01' M M . 

HM Cono craunen ue CBOHCTB n K C, pa3JJJ1lIaIOm I1XC5I 
1lJC­

.IJ.J111 11 0 H ueneit MC)f()ly T OlJK a M I1 UCT BlleH H5J, noxaaa ­
lIC B 

JJO , lJT O xonrpa rypaunn IlCT Bd i :3a BI1CI1T 01' HX .IJ.JlHfl bJ 

11 M M cuepxpa: BCTBJICIH lOro I10JlHMcp a. KOll¢ OP ­
'aTb l M a U l1 5J K Op OTKJi X uerteii 6m13K a K nano-ucoofipaa­
:KO­ a oii , a .llJI I1H fTbI C uer un , B KO TO pbT X pcan uayercs 3 1·ra ­
pas ­ -nrr ern.noe 'IHCJIO ?OlU - H 30M Cp OB , 6 011CC I1JIH M CH ee 

'Ho il 1130r H YT bI. Flpn Y BeJIHlJCHHH M M BCJIC,llCT BH C I1a ­
Hbl M paCT aHI1H CT ep l1 ' ICCKH X rr pCJl 51TCTBHW CPC.llH 51H CBCp ­
:M K H y TOCTb aer nen y~t CH bUl aeTC}1, a uuyrperuraa CTpyK ­
IH b l X rypa BbI CO KOM Olle KYm /p H hIX csepxpaaeernnen nsrx 
c tll1­ MaKpo ione xyn OKa 3 bJBa eTC5I, Bep 05JT IJ O, "aav opo ­
I1lIC­

)J(CII H Oti " , T.C. B H Ct'! sar pyna ens: KO H q >o p M aUH oH­
a'II1­ H h l e ne pexonsr. 
3eT B­ B TCPMO.ll H IIUM I1l.JCCKlI ll YlJWH X H 3 ncn on sao uau ­
'Tp OB IIb l X HaM H pacr uopnr enax M a Kp o lO11eKYllbI drrop n ­

npl1 posanuoro 11 I1CXO.ll H Oro n K C HMelOT 6JJH3KYIO rpop ­
CKI1C My I1 n p a KTH lJeCKI1 O.ll l1HaKOBbI I1 paaxrep. H3MCH e ­
Il1'Ia­

HI1C n IJ.l.p 0 .llI1HaMl1'ICCKlIX xapaKTC pHCT I1K T1pH 
:HHO­

BB CJ.l.CHHI1 cPTOpl1p OBa HH bl X rpynn 0 6 y CJJOMCH O 

rnaB H bJM 0 6 p a 30M YB CJIH' l CH I1CM n llOT HOCT H MOJI C­

HI1CM Ky1l 5JpHOr O KJl y 6 Ka B pacr nope, 0 'le M , B </aCT H OCT H , 

~pa K CBHtlCTCll b CT BYCT YM CH b w e HHC YJ.l.CJl b J-JOr o napu n ­
II1Tbl­ ans uoro 0 6 b e M a . B rr JIOXH X pacr nop arennx H3M c H e ­
HalJC­ HHH rH.llp 0 .llHHaM H 'ICCKHX CBOI1CTB M O.ll l1 q m W t p o­

: KyJl bl uaunsrx (!>T0POM n KC B bl 3 Ba H b i KO M n a KTI 13aUHCH 

60Jlce Monc Kyll 11 YMCHbWCJ-I H eM a CH M M CTp H I1 }IX (!lOp M bI B 

rb no­ peayrn.r are y x o n a unyrps MOJJe Ky 1l51pHo r o xny fix a 

I1MY! B ¢ TOp l1p On a IJ H hTX r p yn u . 

WII BbICOKOMOJIEKYJI5IPH LIE COE,ll.HHEI-IH5I CepH51 C 

nOMHMO CTc rr CH H BeTl3JIe H H H na KOJ-l<popMaUHIO 

H I'I1.uP0 J.l. I1 H aMWI CCKI1C cno iicr ua pa3 BCT BJ1CJ-I HblX 

n OJIHMCp OB cyuiecr uen noe flJIHH J-I H C OKa3bIBaCT p e ­

ry1l5Jp H OCT b crpy xrypsr H X M aKpoMoJl eKyll. B ncun ­
pH M Cp C pean usyercs CTpOra 5J 3 a KO H OM Cp H OCT b B 

paCrr OJ10 )f(CIH I H TOl lCK Be T BllCHIHI B npOCTpa J-l CTB C, 

lJT O 06ccn e I H BaCT KOMlJa KTJ-lhl C paasrepsr MaKpO!\IO ­' 
llCKY JI H M a.JlY IO aCH M M eT p H IO H X q)OPM bJ. ,LDl Si CBCpX­

pa3 BCT BllCfTJ-l h IX normv epon zrazcc C MaKCHl\laJlbllOi i 

CTc n CH b lO Be T BJl eJ-l I1H H M CCT M e CT O cny-raa noe pac ­
n p CJ.l.eJICI-I I1C no 06b CM y MaKpOMOJICKyJl bl Jl CHJIPH T ­

H b l X H KO H u e BbiX M OIIOMCPH hlX 3BCH b CB. Coomer­
CTBCH H O 113 M CW I CTC5I K OH (pOpM aUH 51 : yBCJIH'HtBUCT ­

C}I a CI1MMCTpHH <pOPl'vlbl H YM Cl l bu ra CTC H n llOTHOCT b 

MaK p o M o llCK yll. 3 1'0 06ycllO BJl H UaCT aaster noe OTllH ­

"'!HC r H.Up0J.l.HlIaMl1'IeCKHX CBOH CT B cucpxpasner u­
.nemu.rx IlOJlH M epOB C DB = 1 no cpa nn cu n ro C CHJ.I. ­

pH McpaMH . Ilpa (!H1KCUpOBaI-lHoti CTCn e H I1 rrOJI HMC ­

p H3alUU I cyutecrneu no B03p a CTaJOT 3 11a' I CHlUl 

x a p a KT Cp l1CT l1'l CCK OH I3SJ 3KOCTH H K 0 3 (p (!>HJmCllTa 

nocry nar cn snoro TP CIIH 5J M a K p OM OJIC KyJl . flo run ­
p O.llHHaM l1'JCCKOMy nOBCJ.l.CJU110 JlOJlHMCP C DB = 1 
O K a 3 bIBaCTC5J ropaano 611H )J(C K CBe p Xpa 31lCT BJl CHllhl M 

nonuaepaa C DB = 0.5, lleM K llCIIJ.l.pHM cpaM . 
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I.06u1I 

" BbICOK 
POCCHMCKC 
ruu: I bHble 

HM HaYJOl 
pa3JI \1lIH srx 
XO!lIlT B rp e 
lUlTC51 na , 
( " Polym er 

1t3l1,aH l1eM 1 

Cepnx J 
3I1KO- Xll MH 
cnoiicr n no 
IIp06JIeMa. 
'lCCKI1X npc 
KYJUlp HbIX I 

MaTjJI1IJ,ei1, 
pOB. 

)I(YPHaJI 
CMMO aT Me 
paer llJlH ny 
HbJe pa60T 
KOHIJ,CIlIJ,1111 
HblX ))aHHbJ 

synsrar u CD 
-rarouuieca 
JlJl ll umpox 
PYKOT1l1CH, 
.lJ,l3yM HC3aI 
npeanaran, 
IIX <1>110. M 

OKOHlJaTem 
Ina s n blM pe 

Ha	 OCHe 
6 bITh n pHH5 
Me CTaTbH ~ 

A ItT HaYlJH( 

TCM, lJTo6bI 
HItH, npurx 
JlJl H socnpc 
npa BHJI 11 HI 
H llH H3MeHC 

" HCb CTaTbH 
TCJIhHO 11 ua 
nenrp PAH 
anropaxr KOI 

CKOM 513blKa 
nOlJTC H n OI 
n penocranni 
CKOl1 nepcm 
nOJIb30 BaHI1. 
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