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.CrYS1. 
MerOJlOM orrrnsecxon nOJI51plf3aUI10Hllot1 MI1Kp OCKOnl111 113yqeHa K HHen f Ka <j:>a30Bo r o p a3)lCJICH If51 IlP i1 

OX;lalKAeHI1I1 pac nnana cvecea HeMaTM'IeCKOrO Hi1 3KOMOJleKYJI51pHOrO )I(l1)lKOr O Kpl1C TaJIJIa 11 )l(11)lKOKpH ­
OC!1. J\. 

CTa~J1HqeC Koro 1l0JI l1MCpa C uern.ro OOJIYqeHI151 x ancynnposauasrx nOJB1Mep a MJ.f )I(H)lKJIX KpHCTaJUIOU. 

Crarnctuuecxoe p acnpeztenen ue paasrepa xartens HI13Ko MoJleKYJUlpHo r o )f(J.f)lKoro KPIfCTaJlJla Oll l1Ca HO D 
. HM., paMKax p aRI IOOeCHOH TCp MO)l l lHaMIfKJI aeotipara w u x npoueccos . B cnyxae HeMaTH'lec Ko ro n OJU1McpIiO ­
'O(!CHII­ ro KOMflOHeUTa CMeCI1 aH aJI l13 upcsre a u ux 3aBI1CIfMo cTei1: cpenaero )lJ.faMeTpa KanCJIb 11 11 3KOMOJIeKyJUl p ­

K. co- 1I0ro )f(11,11,KOro xpn cr ann a n0300JlMJI 06HapY>K i fTb nse CT3)lI1H KMH eTH KI1 l1X pOCTa M KOJUI'JeCTUellHO OIlH­

cars YHl-lBep CaJlbH bl M 3a KOHOM p OCTa KJraCTep OB. B cnyxae CMeKTl1qeCKOrO nOJIlI MCp HOr o KOMOOHCIITa 

lOCJ1 . f> . .Ln Sl KOJIWleCTBe HHo r o OIlHCaH H5£ KJlHeTI1KM pOCTa x anern, HH 3KOMOJIeKyJI5IpHOrO )I(l1)lKOro KpHCTaJIJIa HC­
nO.%30I3aHO ypasnenae Aapav «. 

B >1<11)[ ­

BBE)J,E H VI E P. J '7. 
Kallcym1p o B3HII bTC nOJl I1MCpaM I1 )l(l1nK HC KpH­

~l1bl (KfiJKK) 5lBJI51 IOTC5I n c p c n CKTH BH bI M H K.OM­

.!J1T3MH J(JUT llIl1 p OKOrO cnexrpa OIIT0 3JICKTp OH ­

' ycr po HCTB: OTOKOH C MC lIHlO I.UCHC5I n p 0 3p aY HO­

,\) J\O nt6 KHX J(H Cn JICCB H COr p a H H YCH H Or O 

l\iCpa [I]. O ; U-IaKO Ili Hp OK OMy Im Cn pC HHIO 

n;KK B I1p a KTHKy npensrrcrnyer p an n e p e ure n n s rx 

6J1C\I, TaK HX Ka K lIen OCTaTO'lHa 51 c Ta6HJIb llOCT b 

SpeMCHI1, HeJl OCT3T04 Ha51 KOHTP3 CTH OCTb I1 'ICT­

'Tb11306p a)l{ ClI HH npu yrn ax ape n a n , OTJlI1YHblXOT 

OHranbllor o , H T•n . B Y3CT HOC H , nOCJIe,UHHH ne­

,13r OK 06yCJT OBJICH p a 3JIl1'II1CM n OK3 3aTCJICH npe­

IUeHH5In OJII1M Cp HOH M aTp l1 lIbl H x a ncy n u p o caa ­

:0 H113KOM OJICKYJl5IpHOrO )f(11,UKoro Kpl1CTaJIJla 

fj;KK) [2]. rna n p 0 6 JIeM3 MO)l{CT 6blT b PCIliCH3 npn 

IleJlC usorp on n o r o nOJIH M Cp a na >KK - M aTp H U Y 

.J!. 
¢330BOC P33,UCJICIII1C, o6yCJIOBJIHBalOl.UCc C0 3JJ.a ­

}~ KO)/(K , MO)l{CT Bbl.1blB3TbCH n OJII1MepI13aUJ1CH 

:i{Q\ICpa R CHC TCM e MOHoMep - H )I(K, nsmapnsa­

::\1pacr eop a rcns B CH CTeMe nOJIHMep- H )I(K, H3 ­

:!ICIIHC,\>1r ewneparypsr B CHCTeMe n OJII1 M ep - H )I(K 

,OOCJICJ(H I1H n p ouecc C TeXH I1YCCK OH TOtIKH ap e ­

I HaH60JIc c y )10 6 e H 11 JICI' KO KO HTp OJI l1p yC M . 

UeJib HaCTOHl.Ue i1 p ao ors: - 11 3Y'lCHI1C KI1HeTH KI1 

n a HCMaTH'leC KJ1X xanern, H>KK 13 npouecce <pa ­

30mrrepexona J130 Tp Oll Ha H )f( HJJ.KOCT b- H e M aT I1K B 

rpHUC >KK- nomrM c p a p a 3JI I1'fHOrr )KCCTKOCT H ( c 

-mil: zuev@hq.macro.ru ( 3yeB BWl eCJlaB BHKTOpOBI1<I). 

M C30 r CH H bl M H rpyn naw n JI H6 0 II OCHOBHOt'T, JTH6 0 Il 

6 0 KO BOH u e n n) H C p a3Jll1Y H bi M T11110M >KK-<pa3 ( H C­

M aTH K MJIJ1 cMeKTH K ) npn OXJIa)K)J,CH I1H. 

B K a 'fCCTBC H)KK HCnOJlb30BaJIl I )l(H)lK H I,j KpH ­

CTa JIJI 1-1 -6 (nm p o x H H o ' I - 6 u c -rCn T I1JIOK CH6 cln o aT) H 

)f( HJJ.K I1H K p l1CT aJIJI H - 13 ( n -rCK CHJIOKC l l 6 c H 3o t'n l CUJ 

K I1CJIOTa ) ( P E AX H M ) . )KK-nOJIl1Mep3MI1 CJIY)l{HJII1 

n OJII1 Me Ta Kp l1JIOHJI n CHTl1Jl o Kc l1- 1-<.t>e Hl-1JT - 4-11-npo ­

11 0 Kc H6 c H :m aT (PI) f 4 ] H rronu-co - rcxca/ztexa (I : 1) 
M eT I1JlCH <pYM a pmlJ l - 6 u c - 4 -0KCu6cII30aT (P2) [51. 
C TpYKTypa H CBOHCTBa 3 T HX COC,UH HC H H l i n p C,IlCTa B ­

JlCB b l 13 Ta6JIl1ue. 

)],J151. n p H r OTOBJI CIIH H Kn>K K pacc-nrrau uoe KO ­

nl1'TeCTBO H)I(K H llOJIJ.fMCpa paCTBOpHJI I1 B XJ10PO ­

<.t>o p Me , 3aTCI\\ pac ruoptrreru. y napHBUJIH . Ofipase u 
Kn)l(K nOMCIlJ,aJI l1 B H3MepMTeJTb HYlO W le I1KY C TTJlO­

cxonapannern.ru.n ra r p a H HMH (3a 30 p - 10MKM) , u a ­

rpe nan a c o cxop o crsro 10rpaJJ./ M H H JJ.O H30 Tp o lm o r o 

p a Cn JIaBJIe H HOr O COCT051 HI15I., Bhl,Il CP)f(J1B aJI H 10 MHH , 

a 3aTCM OXJla )f()J,aJI H co CK Op OCTblO I rpa.u/ M H H . 

Il po uecc rpaaonoro p a3JJ.eJle H H5i n p n OXJI3)f()J,ClIH I1 

11 30 Tp onB o ro p acnnaua K n>KK 113Y'-1aJIl1 C IICnOJIb­

30Ba H I1CM I I.H<PP0 130 r o dior oanuapara, nOJJ.cocJJ.l1 ­

a eun o r o K OK y JI51p y nOJI51p H3aUH o H Ho ro onTWl CCKO ­

ro M H KpOCKona "Boetius" C u a r p e a aren s m.nr CTOJI H ­

KOM (r)J, p) . C T3T J.fCTH 'le CKH I1 auanua paasiep o n 

HC MaT W l e CK l1 X xanens H>KK BbInOJIH51JIH C 1I0MO­

W,b lO K OM n bIOTe pHo H n p o r p a M M bl l rnage'Tool 3.0 
(Health Science Cente r, University of Texas , CWA). 
AHaJI HT H 'fCCK OC o nHC3 H HC nOJI YlJCHHblX rUCTO ­
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CTpYKTY pa 11 'resmeparypi.t cj)a30BbIX nepeXOJIOB K OM nOHeHTOB Kn)l( K 

Coe,UHHeHHe 

H6 

Crpyxr ypa 

Cr 120 N 195/ 

• 

H13 Cr 104 N 151! 

PI G 45 SA 116 N 120/ 

P2 

[ 
- H ]co f " OOC ~ --0­ -)-c o 0 -o-COO(CH2)1O/ (CH2)6­

H 1'1. n 

npI1Me'-laHl1e . Cr - KpHCTaJIfl, G - CTeKJ10, N - HeMaTH K , SA - CM eKTI1K A, 1 - 1130TP0l1HblH pacnrran. 

rpaM M ITpOBO,IH UlI1 C I1CnOJl b3013aHl1eM MO,UCJHI o 6 p a ­

T H MOK arperaujtn. 

B OCH OBe Mo ,UeJI I1 JIe)KaT npH HUI1ITbl pasaosec­
H OK H c o 6paTH M o ti TepMo,UI1H a M H KlI , n03 130 JUI IOIUHC 

n OJIY' 1I1Tb CTaTHCT HtJeC KOe pacnpenenemre h(s) arpe­

raTOB no paasrepy S B Cne,lJ.YIOUrCM sazre [6, 7]: 

2 ( SL'l u01 (1)h(s ) = as exp - k T )' 

Ole a - H OP M I1POBOq HLI M rrapaM eTp, s - xapa KTepl1­

CTWICCK I1H pa3Mep arperaros , L'luo- o n ep r n a arpera ­

UI1 H , k - KOIlCTa llTa 60Jl b UM aH a , T - a6COJl lOTHaH 

Te MIICpaTYp a. Ypa uuen a e (1) XOpOW O 3apeK OMeH,U0­

1331l O c e6 51, B qaCTHOCT H , n p u 113yqeHl1l1 KH lleTH K H 

rpa ao n o r o pa3,UCJICH HH B p a u c e 113YQCH H bi X )f(K - CH ­

cresrax [8- 121 . 

Bstfi pae B xa-recrne s nn oui ans xanem, HeMaTl1Qe­

CKOlt cPa3bl na dio r o r p adia a x , MO)KHO o n p en emrr s I1X 

cpennee 3H a 1l CHe 

f Sh(s)ds 

o 3KT (s) =-"-- (2)rn -­
L'luo ' 

f h( s)ds 
o 

a 3aTeM CPC,lJ.HHH ,lJ.HaMCTp 

(d) = 2f!l (3) 

PE3YJlbTATbi 11 I1X OECY)J(,UEHI1E 

0 6 p a30 BaH H c Kn)KK o6yCJIOBneHo npoueccsv 
cPa 30Bo ro pa3,UeJIeHI1}1 11 cPa30 Bb 1X nepexonon Il Ci:' 
CTeMe nOJ1lIMep -H)f(K H , KaK CJIe,lJ.CTBI1C, KOHll'} 

n n pyerca Te p M O,lJ.I1H a MH KOH 3 T l1X npoueccou 
Ir aCTHOCTH BCJl l1'I H HOI1 na p u u x B3a11Mo.ueii CTBII, 

H)KK-Mo H o M e p Hoc 3BCH O lUl H napa xrc rpon ps 

TnOp l1MOCT I1 [131. n OIHITH O, 'lTO Ma KCI1MaJlbll, 

paCTBo p HMOCTb H)f{K B n OJ1l1MCpe nafirnonaercn » 
r na, x orn a nap a ver p sr p aCTBOpI1M OCTH rrOJII1Mep,! 

H )f(K cos nanaror HJlI1 M a KCI1M 3J1bH O 6JIV!3KII, '(]I) 

B0 3MO)KH O B CJIY'ra e 6 J1l130 CT l1 MOJIeKymlpHoro CTfIJ 

eH I151 H)KK 11 MOHoMepHo ro 3 13e H a . n p H o6paJOJIl' 

H HI1 K n)f{K CY1.l",ecTBy eT usa K OHueHTp aUI10HHUI 

n p ezrena nna H)f( K . ECJII1 KO H u e HTpaU H5I I-DKKII.· 
rta, IIpl1 ITOHl1 )1(e H HH TeM nep ar y p u Ka rrJII1 )I(K -~ 
3bl B KD)J(K H e o fip a ayiorc u , TaK KaK H)I(K no" 
H OCT b lO paCTBopHM B n o .nu MepHoi i MaTpItUC, 

q,a 30BOC p a an en e n n e He rrpOHCXO,UHT. B 06.~aC l 

o rrnoaaru.u s rx ,UnH 06p a 30 Ba HIUI K n >KK KOHllCH 

Tp a UI1H C YBCJIWleHl1 e M ,IT,OJII1 H)f{K p acr er n.~ o 

HOCTb H llCJlH QI1H a )KK- ,UOM eHOB . O JlHaKOcyllJ( 
c r ny er Be p XHHH KOHUCH Tpall,H OHH bIH npenei. : 

,UOCT I1)f(eHI1H xoro p oro o fipaay er ca nertpepusa 
)KK - rbasa BM e CTO HC o 6 XO,ll 11 MOM ,UJIH CTpYKly 

Kn)f( , a HMe H HO )KK- KaIlJI I1 , pasnenennue no.1I' 

Me p HO H cTeH Ko H [1]. 
Ilpu HClIOJl b30BaHI1l1 H 6 13 KaQeCTBe H)I(K6,1;: 

30CT b e r o CTP YK1YPbT 11 CTPYKTYP bl Me30rel!I!1J 

dipa r w e a r o e 0 60l1.x n OJl I1M e p On npnnon nr K 1\)\' 

'ITO n pn BCCX KOH ueHTp a U I1HX n a fimo n aer cs n0.11 

CMe UIl1BaeMOCTb, H dia soeoro p a3,UeJl eHl111 He I 

6 J110 ,lJ.aCTCH (p u c . 1). Cn enouar ensno , ,lJ.JT5I cjJOP\ l iI ~ 

Ba HlBI Kn>KK B WHpOKOM x o n u en r pannoar 

,UH a n a30He He06xo,lJ.HMO, lJTo 6 bl nap an er pu pact 

P IIC. I 
Be P2 
no ro l= 
I< n)l( 

pl1MOCn 

nOJJl,1M e l 

onpezien 
H 13, K O 

(a) 

BbICOKOM QjI EKYJI5IPHbl E CO E)J, J1HEH 11 51 Cep HSI A TOM 53 NQ 4 2011 

( r ) 

PIfC. 2. 
H:lOTpO 

I3blCO 
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if 

PHC, I. <DparMeHT MHKpo4>oTo r pa4>11l1 KOIKK a a OCHO­
I( P2 1f H6 (50 Mac . %. ) , nOJlY'-!eHHbTX B n pouecce 4>a30­
~TO paaneneu us H30Tpo n Hor o p acnnasa KOMn OHeHTOB 
Kn IKK-iepea 1300 c MOMeHTa Ha4 aJIa oxmUK.neHI151. 

'~OCT I! (a, cnenosaren sno , H cr pyxrypa) H)KK 11 

-Jl\ \lep a 3Ha' II1TCJl b H O pa3J1WlaJI H Cb . 3-ro H n pen­
pclleJlI1JIO Il hl60 p B KaYCCTBC I-DKK COC,UH HClII1H 

MH 13, xoropoe, K p OM C BCCro npos ro, crrocofino K 

o-
Il 

11M 
ac­
Ia}! 

ro ­
i H 
IT O 

io ­
ia ­
:>1X 

a ­
a­
n-

H 

fH 

OJ -­

r ­

10 

H 

LI 

1­

<popMHponaHH IO 1l0 ,U0P0,UHbIX CBSI3Cti' , ' IT O BHOCI1T 

,Uo nOJ IH HTCJl b llbI H BKJl3)l D p a 3H OCT b MC)f(MOJlCKY ­

JlH PH bl X B3a I1M o ,UeAcT BH H . 

J-1a P I1C. 2 n p CJlCTaBJlCHh l diororpacpu» TCKCTY P , 

natimonaesu.re npn <l>a30 BoM nepexoae H30Tpon HaH 

)K H,UKOCTh-lIcM aTH K ,lIJIHCMCCCH P l /H 1 311 P 2 /J-11 31l 

n p oue c ce I1X OXII 3)K,UCHHH, a J-1a P I1C. 3 B DI1J1,C r HCTO­

r p aM M n p I1BC,UCli bI P C3YJlhTaTb i CTaTI1CT I1YCCKOH 06­
pa6 0 T K I1 M llKp o ¢OTorp a q)\1 H ofipaauon K l1 :>KK 11 I1X 

OI1H CaH I1C B pav xax MO,UCJl I1 0 6 p aTHMo I I arperau u u. 
K a K B I1,UHO , HC MaTWl e CKI1C K a fIJIl1 ofipaaytor CJI,l1l1blH 

CTaT I1CTl1 YCCK H H a1lCa M6JIb. A H<UU1TH ' I CCK OC OnI1Ca ­

H I1C CTaTYI CT I1' I CCK I1X pacn penenen uii n03BOnl1J10 

on pcneiurr s c p c,UH l1 ii paa ucp xanern. , a Ta K )KC JIOJIIO 

HeMaTlIYCCK o ti ¢ a 3bl B K a)K.LJ. h I H MOMClIT npeucun . 
3 a BH c HMo CTb cpenu e ro .LJ. lla M CTp a IH~MaTI1'ICCK I1X 

xa nens 0 '1' npCM e H I1 OXJl a )i(,UCIHUI B ofipaa uax 
Kl1:>KK c pa3n H Y llb iM COn e p)KUH I I CM J-DK K ITOKa3a ­

ua ua pHC. 4. OTM e T H M , ' ITO n po uecc <l>UJOBOro p U3 ­

,UeJl e H H H B ' IlICTOM H)K K (r,e. B OTCyTCTBHC non u ­
M Cp HOH xrar pn usi ) IJP OI1CXOjll1T ropas 0 6 blCTp e c ­

aa 2- 5 C [8]. 

Co rnacno 0 6 11J,c n p 11 HHT b1M npCj1CTaIlJlCIUHIM 11 

H a il/H M npezu.rnyuui 1 H CCJl e.uOBalHlHM [8 - 12 , 14 ], 
KI1HCT I1Ka pocr a xanem, :>KK- <l>a3 bl n p OTCK a CT B ,UIlC 

Puc. 2. (Dpar MeHTbl MI1Kpo<jJoTOrpa4>HH Kll lKK P I- 67 (a-B) 11 KIIIKK P2- 50 (r-e), n OJlY'-!eHHbIX B rrp ouecce OXJla)l(lJ.eHI1H 
IIJOTpOn Hor o pacrrnaa a x epes 89 (a) , 277 (6). 8 10 (B), 300 ( r ) , 750 (a) 11 1300 c (e ) c MOMeHTa n a-ran a OXJla)l(lJ.eHI1H. 

UbICOKOMOJ1EKYJHIPJ-I bIE COEll Yl HEII Yl 51 Cepns A TOM 53 NQ 4 2011 
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NINo NINo NINo (d) , M K M 

(a) (B)0.15 (6) 0. 15 
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1II 1\0.10 
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PHC. 3. CTaTI1CTWleCKoe pacnpeneneaue paavepa HeMaTWle CKHX xanem., npencraaneuasrx Ha PI1C. 2, 11 I1X aHaJIHTllye CKOe 
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PHc.4. 
OT sp ex 
P I-75 ( 
1'2-83 I 

onncaa ne ypanneuue« (1) . 

cr aa a n: 1) JapO)K,LI.CH l1e 11 6 bI CT P bl H POC T xartens; 

2) I1X KO aJl e c u e H IJ, 11 51. ,D,IIH I1ccnc .uO B<H1HbIX CI1CT e M 

Ta K )lCC xapa xr epau o6e CTMll M , ozmaxo n o aa n e p ure ­

I1 11 11 BTOPOH CTa,Ul1I1 p e :3KO YBen l1Y MBaJI CH p a axiep 

)KK- ¢ a J bl C ofipaao uan a esr "Myap o Bo H crpyxrypsr" 
scnencr nne BJaI1Ml)fl p OH 11 x uone rIIHI n OJII1MCp H Or o 

11 IU1.J KOMon e Ky n 5Ip H OrO C0 13Me CT I1M bIX KOM IlOH e H ­

TO B. Ilonofim.re crpyxrypu uafirno n arr u K a K s x cne ­

pl1M e HT aJl b HO ,[1)151CM eCI1 H)KK-)KK- non I1Mep C I\l e ­

J Or e H H bI MI1 r p y n n a v u B 6 0 KOllOH uerm [3], TaK 11 

npn K OM fl b IOTe p H OM M O,Ll,eJl l1pOBa H H I1 n p n I1CnOJI b ­

:30 Ba H l1 l1 COBM CCT HM blX )KK - Ko M n o H c HT o B KIT)KK, 

TOY HCC, B crry-rae, x o rna BMeCTO )K K - llonHMc pa pac­

c v ar p u n arra c s a H I1J OT p OrlHaH c p cna 115 1. Il p a KO M ­

fl b lOTCp H OM Mo.uen l1pOBa H I1I1 KOH e'lH bI H paawep 
3Jl e MCH T o n HC MaT W I CCKOH lpa3hI npa KTW IC CK I1 He 

J a13I1CCJI OT COOT H OIllCHlU I KO m OH e HTO B. OnH a KO B 

p e aJI b llOCT I1 K I1H CT I1Ka CPOpMl1p OB aHI1H ynopxao-reu­
H OH cPa3bI J a BI1CI1T OT COOTH OW CHI1 51 KO M n OH e HTOB: 

npu nousnnexnn non u n OJIMMepa IlHJKOCTb CI1CTCMbI 

YBCJI WII1Ba CTC 51 , H n OJIH MepHa51 MaTpH u a lIa KJ1 a,LJ,bI ­

s a er 60JlblIIl1e KH H CTl1 ' l CCK H C O r p a ll l1' I CH IU I ua PO CT 

ofipaayroure a c s )f(K-cPa3bl. B PC 3YJlhTaTC n p o u e c c 

rpaaonoro p a3,L1,CJle l -II1H 3aIl-I C,UJ1 HeTCH , ' I TO o c06 e HIIO 

rrpOHBI IH CTC5I B cny-ia e ")Ke CTKOH" IIOJIHM ep HOH MaT­

pH U hl [16 1. Cnenyer o c060 1l0 n YCp KlI y T b , 'ITO ace 3TH 

p a u e e npo s en e u n u e I1CCJIC,LI,OnaIH 1.5I KaCaJY H Cb H CM a­

T I1l.JCCK H X ( JlI1.6 0 XOJI CCTCpl1'ICCK I1X) CI1CT CM . B TO )ICC 

BpCM5I Haw anann a n OKa 3 h lBaCT, 'ITO nODClleH I, ~ 

Kn)KK C p a3 H b l MH M aTp Hua M l1 (P I 11 P2) pa3JlH4110. 

n 0 3TOM Y npCnCTaBJlCH H bl C n a pHC . 4 nauuue 6YIl\1 
0 6 Cy)K,LI.aT bC5I OT.uen h I I O. 

,D,Jl5I I1CCnCn OBalI HbLX K n )KK 6y.uCM I1CnO,%IO' 

nar t. CJlC.llYlOlUl1C 0603Ha'leHI15I : PI-X, r n e nepBbl ~ 

CI1MBOJl 0603Ha'lacT 11CIlOJlh3yeMbIH lIOJl I1Me p , a X­
13CCOBylO n omo H )f(K KO M IlOHCHTa B Kn)KK. 

KaK Blf.llllO na p11C. 4a, ,UJ1 51 Kn)KK n a OCHOBePI 
n a KHH CT WI e CKMX KpH Ilb I X , KaK H ,UJ1H 06bl t ll1 hll

H)K K , MO)KIIO 06Hapy)K HT b n ne CTM I1H p OCTa pa311C' 

p a H CM aTI1'le CKM X xanem. 16- 10 I. T.C. "m6Ka5l" MaT' 

p n u a HCMaTH'ICCKOrO )f(K-nOJHI Me p a PI c MeJOreJl­

HblMI1 rpynnavn n60KoBOJ1 U CnIl He n p I1BOn mK BO­

H BJlCH I1IO KaKI1X-JlI160 OC0 6 ClltfOCTe H B npouecr 
TCp M I1l.Je CK I1 111l1l1l11l1pOBaHHoro <!>a 30Ilor o pa3Ile.'IC­

Hl15I B K n)f(K no cpaBHCHHIO C cPa30BblM paanenes» 
CM I1PH n epexone I1JOTpOIl H U5I )KH )'l KOCTh-HC~l aTJlX 

Il H )f(K. T e M lIC MCHce .um I KO M n 0 3 11 U I1H PJ-7511 
P 1- 83 110 OKO H y a H l1 11 sropori CTMI1I1 MO)KeT 6blTh 

usrn enen n ono n a a r em . ma a p C)K I1M, CB5I3aHHbll' i 

B0 3 M O)K H bI M n ep CXO,LlOM H e M aTI1K-CMCKTI1K 110,11:' 

M Cp H Oti M aTp l1Ubl. 

.D.JY 5I a H aJHITl1l.JCCK O r O OnlfCaH I151 K I1HCTH KI1 pocn 
HM )f( B K n)KK a a OCHOBe P I HCn OJl bJOBaJIlf yJlIi­

BCPCaJY h Hh l H 3aKOH pOCTa KJ1a CTCpOB B Bl1jlC [1 51 

(d) = ct", 
P ItC . 

11 1'2­

Bbl ' B(,IC OKO MOJTEK YJT5IPH bIE COEIHlI-lEH 1151 Ce pna A TO M 53 NQ4 2011 



557 KHHETl1KA cI>OPMHPOBAHH5I KAn CYJH1POBAHHblX nOJH1MEPOM 

,\IK\ l 

(a) 

-A-- ­ 2 

1 

o 200 400 600 800
 

(6) 

J 2 3 4 
I 

I ,. I , ,,. 
I 

oe 

CH H e 1000 1500 2000 
-' 1110 . 

'Y.l.l,y r 

PIIC. 4. 3 a BHc MMo CTb cpenaero 11l1a MeTp a xanens H)I(K 
.b 3 0 ­ or apeueaa OXJI3)KJleHI15I,D)U1 Kfi)l( K PI-50 ( l), PI-67 (2), 

PI-75 (3) , P2-83 (4) (a) H P2-33 ( 1), P2-50 (2) , P2-75 (3) , 
!U b i i1 

500
 

K OT Opbl H ycn e umo n p H M CH HJlC5I JUTH acex H CCJlC ,UO­

BaH H bl X pauee CI1CTCM [8- 12]. C arori u ern,to sxcnc­
P H M CH T aJI h ll hI e peaym .rar u , n p H BC,UCIIH h l e ua 
puc. vla, 6 b IJI H nocrpocu st B Jl o r a p l1<p M H '-ICCK l1X 

K O Op JH I U aTa x ( puc. 5) . )lcHcT BH TeJl bIW, B K O Op H ­

x arax In d- In t nn s BCCX Kn>KK u a OC H O BC P I u a ­

6JlIO.l.l,a IOT CH JlJ-1 HCH H bIC y ' l aCT KI1 .lJ. By X CT3,U ~I i1 K H ­

HenlKI1 pOCTa H>K K: H e n p 0 ,UOJDK H T CJl b H o i-i CT a ­

.lJ.~HI aapoxneu ua 11 p OCT a xanern, 11 CT a ,UH H 

KOaJIe cu,CHIUHI , MC)((,Uy K OTOP blM I1 Cy W CC T By CT 

nepexon nax 06JlaCT b , npH '-Ie M na ncp no ti CT a JlH I1 

n ::::: 1, a ua BT O p O H 11 ::::: 1/ 2. COfJlaCIIO T CO PCTI1 '-1C ­

CK H M upe,UCT a BJl C H H H M , 11 ::::: 1 CO OT lleTc Tl3 y e T p e ­

)10 '1M y rn yfi o xo ro O XJl 3iK,UCl lH H, 3 11 ::::: 1/ 2 - JUHl)(I) Y­
3 11 0 HHO M y Mex a lH I 3 M Y KO aJ l e CllcHIUHI [14]. 

N l aJI H :! P I1C. 46 )J)HI CHCTe M b l P2-X TaKIKe 1l0 3BO­

Jl HeT B bl,UCJll1Tb ,UBC CTa,UI1 H TC p M l1 '-1CCK H 11 H If U,I1 I1P O­

133HH Oro q,a 30 130 r O paaa enen a s . Il pn 3 T OM CYUIC­

CTB CHHO M CH HIOTCH xn neru-tecxne 33 1H1CH M OCTlI. B 
p e3YJl bTaTC OK a3bIBaCTCH Jl CB03MOiKH biM onucart, HX 

yuu uepcani.m.nt 3aKOH O I p OCT a KJlaCTepOB . 3ry 
IIp 0 6 J1e MY y,UaJIOCb p eIII I1T b , npl1MCH1113 CTaHJlapTiIOC 

ypaBHCH He A Bp a M H 117] 

(5) 

rne Y - .lJ.OJl 51 ynopaao-r en uo a q,a3bl , t - BpeMH , K 11 

n - 3Mmlpn l e CK H C KOIICTa llTbl. B KOOp,UUU3T a x ' 
In(- In( I - y(t))) - ln t 3KCnCp l1MCH TaJIbHaH 3a IlH CH ­

M OCT b Y(t) "Ubm p H MJl HeT C51" (puc. 6), '-ITO n03BOJIHe T 

t, e onpenen urs ana-renae n O Ka 3a T CJI 5I CT e n e H H /I . 

To, '-ITO M bl n p l1 M CH l1Jl H ypa BH cJl I1C Anpaxnr K t l C­

CJle.lJ.OBaH H O l-t H a MI1 ClfCTCM C, lIC YJl I-1 Bl1TCJl bHO. OHO 

ncn o h3yCTCH M 5I On l1CallH 5I npo uecca pOCT a KpH ­

CT aJlJl H '-Ie CKO H <1>a 3 1>1 11 :3 pac nrrana HJ1H pacr nopa n o ­

P2-83 (4) (6) . Jll1M e p a , T.e. M H npouecca B b l.lJ.CJl e H H H ynop sno-ren ­x -

e PI In(d) [MKM J 
Jlbl X 4 
I M C­

'Y'Y 

• 
3 

»re ­
H H­

T H K 

D H 2 
bl T b 

f1 c 
mr­

era 4 5 6 7 
H l - Int [c] 

PHC. 5. 3aBI-ICHM OCTb cpen rrero ,Ul1a MeTpa xanens H)I(K OT Ope MeH I-I OXJ1a)K)le HlHl,UJlfl KrI)I( K P I-50 (I) , Pl-67 (2), PI- 75 (3)
(4) II P2-83 (4) B Jl Orapl-lcP MH' leCKI1X x o o pn auarax . 
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In(- l n[ J - rum	 4 
] 2 3o 

-0.5 

- LO 

• 
-1.5 

6 7 8 
In! [c] 

PHC. 6. 3am l Cl1MOCTb In{-In[ I - Y(t)J) OT n o rapndixra Bp e MeH I1 OXJIa )K)leHI151.LJ)151 P2- 33 (I) , P 2-50 (2), P2- 75 (J) 11 P2-83 (4). 
Y -	 KOJll14eCTIJO H;K K, n epeureznuer o B HeMaTI1K . 

H OH llla3bI C paav epnocr t.ro 6 0 Jl b lUC rr s yx H3 p a c r n o ­

pa (HJIH pacnna sa) 1l0JIH M c p a . npHH l(H f IHaJI b HO 

aH3Jl Or W I H bIH IIp OU CCC n p o u c x o mrr H 13 H 3yr'-ICH H Ot! 

H a M I1 cucre v c , Ta K K3K y n Op 51.ll 04CH H aH cPa 3a a s in c ­

JUJCTCH 11 3 11 0 Jl l1MCp HOr o p ac n nan a (pacrnopa ). 130 ­

0 6 1UC ycneunr o c H CnOJl b30 B3 H H C y p a BJl cH H 5I A apa­
M H .llJl51 on HCa H I1H MHo n 1X KHHeT I14 CCKH X n p OU CCCOB 

Cm l3aIIO C TCM , 'ITO, KaK n OKa3aJI npOI3C.llCHHbIH a H a ­

) [ 11 3, napaxi er p sr K 11 n 11 Bp CM H n a x ana cPa30Boro 

n p enpauie u aa Il H YT p e lH IC cornacosaasr [17]. ];13 
pHC. 5 CJIC.LJ.yCT, lITO ynCJlI1 ' ICH HC J~Om1 H H3 KOM O exy­

Jl HP " Oro KOM rI OIlCHTa 13 Kn)l(K npa n o n ur K no­

BbI lllClIl1 IO CK Op OCT H p OCTa )l(K- cPa 3 bl 13 CHCTCMC. 

3H a 4 CH I1C n .llJl 51 CI1C TC MbI P 2 -X COCTaBI1JI O 2.2-2.5 

B 3a Bl1CH I OCT H 01' ).l.OJlH H)I(K. Com a CH O JI HTCp a ­

TYpH bl M JLCI IlHblM r181, TaKHC 3 H a ' ICHHH n apa sser p a n 
COOT BCTCT By IOT .11lH !) cPY3HOMY M CXaTI I13 MY pOCTa yno­

P51,D,O<JCHHOH ¢ a1 bl I1pH TCpMH'I CCKl1 KOHT pOJIH p y e ­

MOM 3apO.ll bIUIC0 6 p a30 Ba HlfH. 

B )l(K- c H c TCM ax <pa30BOC pa3).l.CJlCHI1C 0 6 y CJI0 I3­

JlCHO COOT H OW CH H CM 3HCP fl1H MC)f(qla3Ho ro n o ne p x­

1I0CTII o ro 133311MO.llCt!CTBHH H f11.LJ,p O):(HHaMH<JCCK Oro 

C)f(aTHH 06pa3YJOllJ.l1XCH KanCJI b, -rr o II onpC.LJ.CJIHCT 

31l0JllOUH IO MHKpOCTpyKTY p bl [1 81. n 03TOM Y .llJlSl KO ­

JlH<JCCTB CH Ho r o o rurca x u n p OCTa 3 H H30 TP OIlHbi X 0 6 ­

p a 30 11a 11l1H B 3<lIHICH M OCT H 01' H X BHyTpCHIICi1 CTPYK­

'rypsr H OK p y)f(CH l1H Hc 0 6 x o).l.H M bl pa3Jl W I H bIC y p a n­

HCII H SI. lJ,c tIcTBHTCJl bHO, W IH x3p a KTCp l1CTl1KI1 

K11HCTl1 Kl1 p OCTa xan en s )l(K- nOJllIM Cp a C M C30rCH­

H bl M I1 rpy n u a xor n tio xoso n uen u n p n nepe x one 1130 ­

r p o rura s )f{H.ll KO CTb- CM e KTHK Hans 11 Z ugenrn a ier 
npH M CH HJl H ypa n n c i nre A Bp a M 11 [ 191, <[TO 6 blJlO M O­

TI1 BHp OBa H O 6 JU130CT bi0 nnyrpe n rre si CTPYKTy pbI 

CMeKT WICCKI1X .llOMCHOB 11 Kpl1CTaJlJl IITOH n n OJHlM C­

p e . 31'0 He MO )f(eT 6bITb 0 6 YCJlOBJIeHO B bICOKOt! U5I3­

KOCTh lO n OJIH M ep HOro p a CI lJI3Ba , Ta K K a K K l111CTHKa 

pO CTa Kan CJIh )K K - lIOJIHMCpa C M C30 r e H H bl M If rpyn­

n a M lI B OCIIOIlIIOH uenn npn n e p e x o n e H30Tp OOHa» 

)f(11).l.KOCTb-XOJICCTe p MK y c n e rnuo o n 11CblBaeTCSl YHlI' 

BCPC aJI b H bl M 3aKOHOM p OCTa KJIaCTCp OB [91, a Bm· 

KOCT b pacnnana W In JI I1HCHIIOro )I( K - n OJIH M ep a see­
rna MI-lOrO ssnne TaK o Bo j·1 .llJlH )l(K- nOJIHMCp a C ne­
30r e H H bI M H rpynrra v n B 60K OBOH uerm HC3a B:HCm IO 

OT r a n a MC 30<pa 3 hT. LJjIH CHCTeM bl H 13 / P 2 n OJUlMCp, 

HaH M aTpHua npOSIBJl HeT CMCKT H l I CCKH H MC30 MOp­

cPH3 M [5]. TaK H M 0 6 p a 301\1, OTKJI OH e H llC OT YHI1BCP­

CaJIbHOrO aaxo u a p OCTa KJl aCTCp OB u atimonaercs II 

.llJl H CJlY4 a5I, KOI1l.a POCT lICM aT W TCCK HX x a n en s orpa­
II I1<Je H CM e KTIp I CCK H M OKpy)f(CH lICM. CJl C.LJ.Omn CJl b­

HO, K H HCTI1 KY n p o u ecc a onpenenxer B1IC IllHee oxpy­
)f( CI-IHC , a He n n yrp e u u e e c r p o eu n c p aCTYlIU IX arpe­

r aTOB. 
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