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' 
06cy)KJ];aeTCSI KHHeTHKa rH6eJIH 6poyHOBCKHX qacr~ Ha JIOBYIIIKaX, crpynnHpoBaHHhIX B KJiaCTephI. IloKa-

3aHO, qTo rpynnHpOBKa JIOByIIIeK MO)l(eT cymecrseHHo ycHJIHTh 3<t><PeKT q)JlyKTyalUfOHHoro JaMe,n;neHIDI 

KHHeTHKH npou;ecca, o6ycJIOBJieHHhlH Bhl)l(HBaHHeM qacTHIJ; B 60JihllIHX cf>JIYKTyau;:uoHHbIX IIOJIOCTSIX, CB0-

60AHhIX OT JIOByIIIeK. 

lfayqeHHe KHHeTHKH p.Sl,D;a cpH3H'leCKHX, XHMH

qecKHX H 6HOJIOrH'leCKHX :p:pou;eccoB npHBO,O:HT K 3a

,n:aqe 0 BhDKHBaHHH 6poyHOBCKOH qacTHI.J;bl B cpe,n:e 

co cnyqa:HHO paCIIOJIO)J(eHHhIMH JIOBYIIIKaMH [1]. 
3Ta 3a,n:aqa xopowo H3BeCTHa s TeopHH cnyqafulhIX 

cpep; H IIO CBOeH MaTeMaTHqecKOH IIOCTaHOBKe 6.rrH3-

Ka K p.sr,n:y ,o;pyrnx npo6neM TeopaH, HMeIO~ <f>yH
,n:aMeHTanhHOe 3HaqeHHe µ;JI.SI onncaHH.SI npou;eccos 

nepeHoca B Heynop.Sl,O:O'leHHhIX CHCTeMax [2]. 0,n:HH 

H3 HaH6onee HHTepeCHblX pe3yJihTaTOB, nonyqeH

HhIX B IIOCJie]l;HHe rO,O:hl, CB.Sl3aH C. OC03HaHHeM Toro, 

qTo rn6eJih qacTHI.J; Ha 3aKJIIO'IHTeJibHOH CTa,O:HH 

npou;ecca npOHCXO,O:HT 3Ha'IHTeJihHO Me,D;JieHHee, qeM 

Bero Ha'lane [3-6]. 3To TaK Ha3hIBaeMoe q:>JiyKTya

I.J;HOHHoe 3aMe,O:JieHHe HMeeT MeCTO, IIOCKOJihKY Ha 

6oJihIIIHX speMeHax KHHeTHKa npou;ecca onpep;en.sr

eTc.SI BhDKHBaHHeM 'laCTHI.J;, H3Ha'lanhHO OKa3aBIIIHX

CSI H npoBO,O:.SII.I.J;HX Bee BpeM.SI BO <f>nyKTyan;HOHHhIX 

nonocr.srx, He co,n:ep)J(aru;Hx nosyrneK. B npocre:Hrne:H 

MO,O:eJIH HeKoppeAUp08afll-lbtX JIOByrneK, corJiaCHO 

on;eHKaM [5], ,O:OJI.SI 'laCTHI.J;, rH6HyI.I.J;HX BO qmyKTya

I.J;HOHHOM pe)J(HMe, CTOJih Mana, 'ITO B03MO)J(HOCTb 

ero Ha6JIIO,O:eHH.SI B peaJihHOM HJIH KOMilbIOTepHOM 

3KCIIepHMeHTe npe,n:CTaBJI.SleTCSI npo6neMaTH'IHOH. 

KaK 6yp;eT npo,n:eMoHcTpuposaHo HH)J(e, cosep

rneHHO HHa.SI CHTyan;H.SI B03HHKaeT, eCJIH IIOJIO)J(eHH.SI 

JIOByrneK CKOppeAupoBallbl . .IJ:n.sr 3Toro Mhl paCCMOT

pHM KaK npO.SIBJI.SleTC.SI QMYKTyan;HOHHOe 3aMe,n:ne

HHe B cnyqae, . Kor,n:a JIOBYllIKH crpynnHpOBaHbl B 

KAacmepbl. IlpoBe,n:eHHhIH aHaJIH3 IIOKa3bIBaeT, 'ITO 

KoppeJI.SII.J;HH B pacnOJIO)J(eHHH JIOByIIIeK MoryT npH

BeCTH K 3HaqHTeJihHOMY yseJIHqeHHIO ,O:OJIH qacTHI.J;, 

rn6Hyru;Hx so q)JlyKTyan;HOHHOM pe)J(HMe. Eonee To

ro, Mbl yKa)J(eM ycJIOBHSI, npH KOTOpbIX 3Ta ;a;OJISI CTa

HOBHTCSI nop.Sl,O:Ka e,a;HHHD;hl. 

1. BHaqane HanoMHHM H3BeCTHhie pe3yJihTaThI 

,O:JI.SI Tpa,n:HI.J;HOHHOH MO,O:eJIH H BBe,n:eM IlOJie3Hhie ,O:JISI 

,n:anhHe:Hwero o6o3Ha'leHHSI. Ilpe,n:nonaraeTcSI, l.ITO 

nosyrnKH pacnpe,n:eneHhI B npocrpaHCTBe cornacHo 

3aKOHY IlyaccoHa H npe,n:cTaBJISllOT co6o:H O,O:HHaKO-
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Bhie, H,n:eanhHO nornoru;aiorn;ne c<f>ephI, o6oeMHa.SI 

,O:OJI.SI <I> KOTOpblX Mana, <I> - cb3 ~ 1, r,n:e c H b - KOH

n;eHTpan;HSI H pa,n:Hyc nosyweK, COOTBeTCTBeHHO. 

CornacHo CMonyxoBCKOMY [7], Bepo.srTHOCTh BbI)J(H

BaHH.SI 6poyHOBCKOH l.laCTHI.J;hI p nc cpe,n:H TaKHX He

KOppenHpOBaHHbIX JIOByIIIeK 3aTyxaeT co BpeMeHeM 

no 3KCilOHeHI.J;HaJibHOMY 3aKoHy 

Pnc(t) = exp(-ckvt) = exp(-t/T), (1) 

r,n:e kv = 4rcbD - KOHCTaHTa CKOpocTH CMonyxoscKo

ro, D H T = ( 41tbcD)-1 - Ko3¢qm~HeHT ,n:H<t><l>YJHH H 

xapaKTepHoe BpeMSI )J(H3HH -CiaCTHI.J;hI, COOTBeTCTBeH

HO. Iloww,n: CMOJIYXOBCKOro OCHOBaH Ha HCIIOJib-

30Ba.HHH npH6JIH)J(eHH.SI cpe,n:Hero IIOJI.SI, KOTOpoe Hr

HOpHpyeT B3aHMHOe BJIHSIHHe JIOByllieK Ha rH6eJih 

qacrHI.J;hI. Ha 6onhmHx speMeHax TaKo:H no,n:xo,n: He

npHro,a;eH. AcHMilTOTHKa t - oo To-crnoro peweHIDI 

3a,n:a-crn 

2/3 3/5 
-lnPnc(t) oc (c Dt) (2) 

6blna nonyqeHa B pa6oTax [3-6] MeTop;oM, aHano

rHl.IHhIM TOMY, KOTOpbIH 6bIJI npe,n:JIO)J(eH JlH<f>

llIHI.J;eM [8] ,O:JISI Bhll.IHCJieHH.SI XBOCTa IIJIOTHOCTH 

COCTOSIHHH KBaHTOBOH 'laCTHI.J;hI B none cnyqa:ffHO 

pacnOJIO)J(eHHbIX pacceHBaTeJieH. <l>nyKTyan;HOHHOe 

3aMe,o;JieHHe, OIIHCbIBaeMoe 3aBHCHMOCTblO (2), HMe

eT MeCTO JIHllih Ha oqeHh 60JihllIHX BpeMeHax, t ~ 

~ t:c, r,n:e t:c ,..., <1>-112T - ycnosHaSI rpaHHI.J;a Me~y 
06b1qHhlMH H acHMilTOTHqecKH 60JihllIHMH BpeMeHa

MH, onpe,a;eJISleMaSI KaK MOMeHT BpeMeHH, Kor,n:a Be

po.SITHOCTH (1) H (2) paBHhI ,n:pyr ,n:pyry. TaKHM o6pa-

30M, B cnyqae HeKoppenHpOBaHHbIX JIOByweK ,n:om1 

l.laCTHI.J; Enc = PncCt:c ), rH6HyI.I.J;Hx no He3KCilOHeHI.J;H

aJihHOMY 3aKOHY (2), HH'ITO)J(HO Mana, 

I 
-112 

- n£nc - <I> ' (3) 

H rH6eJib no,n:aBJISllOI.I.J;ero 6oJihllIHHCTBa l.laCTHI.J; OIIH

ChIBaeTCSI <f>opMyno:H CMonyxoscKoro (1). 
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2. MoAeJib crpyrnmpoBaHHhIX noByIIIeK, 11peAJIO

.>K:eHHa5I B pa6oTe [9], 11peACTaBJI5leT llHTepec AJI51 

o6'b51CHeHll51 KllHeTllKll peaKIJ;llM B 110JI11MepHbIX CllC

TeMax 11 paA11au;1mHHO 06nr1eHHbIX MaTep11anax. 

Ee oco6eHHOCTh B TOM, qTo Ka.>K:Aa51 JIOBYIIIKa 11p11-

1111caHa K OAHOMY (11 TOJihKO K OAHOMy) ccpep11qecKo

MY KJiacTepy paA11yca R. CaM11 KJiacTepbI pac11ono

.>K:eHbI B 11pocTpaHCTBe HeKoppen11poBaHHO 11 ycT

poeHbl OAllHaKOBbIM o6pa30M, Ka.>K:AbIM 113 HllX 

COCTOllT 113 n JIOByIIIeK, paBHOMepHO pac11peAeJieH

HbIX 110 ero o6neMy. KoHu;eHTpau;1151 KnacTepoB cc1 
CB513aHa c KOHIJ;eHTpau;11eli JIOByIIIeK COOTHOIIIeHlleM 

c = ncc1. B qacTHhIX cnyqa51x, KOrAa n = l 11n11 Rib -
- oo, AaHHa51 MOAeJib CBOA11TC51 K MOAeJill HeKoppe

mipoBaHHbIX JIOByIIIeK, 11 KllHeTllKa 01111CbIBaeTC51 

ll3BeCTHhIMll cpopMynaM11(1)11 (2). B o6~eM cnyqae 

Bepo51THOCTh BhI.>K:11BaH115I qacTllIJ;hI P(t) 3aB11c11T OT 

6e3pa3MepHbIX 11apaMeTpoB Rib 11 n. 

Ha 60JihIII11x BpeMeHax 110BeAeH11e P(t) ll3BeCTHO 

[9-11]: 

2/3 315 
-lnP(t) oc (eel Dt) . (4) 

KaK 11 aHanor11qHa.S1 3aB11c11MOCTh (2), 3aB11c11MOCTh 

( 4) OTpa.>K:aeT aHOMaJibHOe Bbl.>K:llBaHlle qacTlllJ; B 110-

JIOCT51X cpnyKTyau;110HHoro 11po11CXO.>K:AeHl15I, CB060A

HbIX OT KJiaCTepoB, a CJieAOBaTeJibHO, 11 OT JIOByIIIeK. 

Ilp11 3TOM KllHeTllKa KOHTpon11pyeTC5I KOHIJ;eHTpa

u;11eli KnacTepoB, a He noByIIIeK, 11 110T0My 11pou;ecc 

11poTeKaeT ropa3AO MeAJieHHee, qeM 3TO 11peACKa-

3bIBaeT cpopMyna (2), B cooTBeTCTB1111 c 06~11M yT

Bep.>K:AeH11eM 0 TOM, qTo rpy111111poBKa JIOByIIIeK BCe

rAa 11p11BOA11T K 3aMeAJieHlllO peaKIJ;llll, P(t) > p nit) 
[9, 10]. 

Hae llHTepecyeT AOJI51 qacT11u; £, r116enh KOTOpbIX 

01111cbrnaeTC5I cpopMynoli ( 4 ). ,I1.n51 ou;eHKll £ Tpe6yeT

C51 HaMTll 110BeAeH11e P(t) B HaqaJihHOM cTaAllll 11po

u;ecca. 3To yAaeTC51 CAeJiaTb 6naroAap51 110AXOAY, 

11peAJIO.>K:eHHOMY B HeAaBHeM pa6oTe [12]. 3TOT 110A

XOA ocHoBaH Ha ABYX 11p116n11.>K:eHH5IX. Cq11TaeTc5I, 

qTo 11orno~eH11e qaCTllIJ; JIOBYIIIKaMll, OTHOC51~11Mll

C51 K pa3JillqHbIM KJiaCTepaM, 11p011CXOA11T He3aBllCH

MO, T.e. 11c110Jih3yeTC5111p116n11.>K:eH11e cpeAHero 11omc, 

110A06Hoe TOMY, KOTopoe 11p11MeH11JI CMonyxoBCKllM 

B cnyqae HeKoppen11poBaHHbIX JIOByIIIeK. 3TO CBO

AllT 3aAaqy K Bb1q11cneHmO Bep051THOCTll r116en11 qa

CTllIJ;bl 11p11 HaJI1Iq1111 Bcero OAHOro KnacTepa, yc

peAHeHHOM no KOHcp11rypau;115IM noByIIIeK BHYTPll 

KJiaCTepa. ,I1.JI51 HaXO.>K:AeHll51 110CJieAHeM KJiacTep 3a

MeH51eTC51 ccpep11qecKoli o6nacTbIO paA11yca R, Ka.>K:

Aa51 ToqKa KOTopoli 11orno~aeT qacT11u;y c OAHOH 11 

TOM .>K:e cKopocThIO r-1 (11p116n11.>K:eH11e 3cpcpeKTllB

HOH cpeAbI). Ilp11ou;eHKe't11c110Jih3yeTC51 ll3BeCTHhIM 

pe3yJibTaT [7], corJiaCHO KOTOpOMY B HeorpaH11qeH

HOH cpeAe, COAep.>K:a~eli HeKoppen11poBaHHb1e no

BYIIIKll, xapaKTepHoe BpeM51 .>K:ll3Hll qacTllIJ;hI paBHO 

T = (ckv)-1. Ilp11MeH5151 ero K cnyqaro HeKoppen11po

BaHHhIX JIOByIIIeK B KJiaCTepe, KOHIJ;eHTpau;1151 KOTO

pbIX paBHa cin = 3nl4nR3, BeJmq11He 't 11p11cBa11BaeM 

Xl1MlfqECKA51 <I> l1311KA TOM 19 NQ 4 2000 

3HaqeH11e 't = R313nbD. 3Ta llHTYllTllBHO 11paBA0110-

A06Ha5I ou;eHKa 110ATBep.>K:AaeTC51 pe3yJihTaTaMll CTa

TllCT11qecKoro MOAeJI11poBaHl15I [ 13]. 
01111caHHhIM BhIIIIe 110AXOA 1103BOJI51eT aHaJI11T11-

qecK1111poaHaJil1311poBaTb KllHeTllKY HaqaJibHOM CTa

Allll 11pou;ecca 11p1111poll3BOJihHh1xRlb 11 n [12]. 3AeCb 

Mbl orpaH11q11MC5I paCCMOTpeHlleM He11epeKpb1BaIO

~llXC5I KJiacTepoB, 11peA11onara51 11x o6neMHYIO AO

JIIO <I> MaJIOM, 

(5) 

KOrAa KJiaCTep113au;1151 JIOByIIIeK 11 cpnyKTyau;110HHbie 

3cpcpeKThI Bb1pa.>K:eHhI Ha116onee 51pKo. 

B 3TOM cnyqae, KaK 11 B cnyqae HeKoppen~poBaH
HhIX JIOByIIIeK, 3aBllC51~a51 OT BpeMeHll KOHCTaHTa 

CKOpOCTll k(t) AOCTllraeT CBOero 11peAeJihHOro 3Haqe

Hll51 k(00) 3a BpeM51 (11op5IAKa 'tv = R2ID), Manoe 110 

cpaBHeHIIIO c xapaKTepHblM BpeMeHeM ll3MeHeHll51 

KOHIJ;eHTpau;1111 qaCTllIJ;, 11 Bep051THOCTb Bbl)KllBaHll51 

3KCl10HeHIJ;llaJibHO 3aTyxaeT co BpeMeHeM: 

P(t) = exp(-ckat). (6) 

KoHCTaHTa CKOpOCTll ka = k(oo) MO.>K:eT 6hITb 11peA

CTaBJieHa B BllAe 

k = k ~(l -tanhJa) 
a D C. • a l\/<X 

(7) 

rAe a = 3nblR - OTHOIIIeH11e ABYX xapaKTepHbIX Bpe

MeHH hIX MaCIIITa6oB 3aAaq11: BpeMeHll A11cpcpy3llOH

HOro 11pOXO.>K:AeHll5I qacTlllJ;bl CKB03b KJiaCTep, 'tv, 11 

BpeMeH11 .>K:ll3Hll l:JaCTllIJ;hI B KnacTepe, 't. Ben11q11Ha a 
xapaKTep113yeT c11oco6HocTb KJiacTepa 11ornoT11Th 

11011aBIIIYIO B Hero qacT11u;y. Ecn11 a ~ 1, TO 11poxo.>K:

AeH11e KJiacTepa Manoo11acHo AJI51 qacn1u;h1. B cny

qae TaKllX npo3palfHbtX KJiacTepoB ka :::::: kv 11 P(t) :::::: 
:::::: Pnc(t), T.e. KJiacTep113au;1151 noByIIIeK rrpo51BJI51eT ce-

651 B KHHeTllKe Jllllllb Ha 3aKJIIOq11TeJihHOM CTaAllll 

11pou;ecca. Ecn11 .>K:e 3HaqeH11e a Ben11Ko, a ~ 1, To 

qacT11u;a, BOIIIep;IIIa51 B KJiaCTep, 11oqT11 HaBepH51Ka B 

HeM 11or116HeT. EyAeM Ha3hIBaTh TaKHe KnacTephI 

no2.flOU{a10U{UMU. B cnyqae 11orno~aI0~11x KJiacTe

poB KOppeJI51IJ;llll Me.>K:,o;y JIOBYIIIKaMll MOA11cp11u;11py

IOT K11HeT11Ky c caMoro Haqana 11pou;ecca. 

3. CpeAHe11oneBoe 01111caH11e K11HeT11K11 011paB,o;a

HO B HaqaJibHOH cTa,o;1111 11pou;ecca, Kor,o;a 3HaqeH115I 

P(t), paccq11TaHHh1e 110 cpopMyne (6), 3Haq11TeJihHO 

11peBhIII1aIOT Te, KOTOpbie cne,o;yIOT 113 Bbipa.>K:eH1151 

(4), ou;eHllBaIO~ero Bep051THOCTb BbI.>K:HBaHll51 CH113Y 

Ha KOHeqHhIX BpeMeHax. AHanor11qHo TOMY, KaK 3TO 

c,o;enaHo B cnyqae HeKoppen11poBaHHhIX noByIIIeK, 

011pep;eJil1M MOMeHT BpeMeHll t* ,..., t:c (kvlka)512n-1, 

Kor,o;a Bepo51THOCTb Bbl)KllBaHll51 ( 4) 11 ( 6) paBHbl 

Me.>K:,o;y co6oli. IlpH t ~ t* Bep051THOCTb Bbl.>K:HBaHll51 

3aTyxaeT 110 3KCI10HeHIJ;llaJibHOMY 3aKOHY (6), a 11pH 

t ~ t* - 110 6onee Me,o;neHHOMY 3aKOHY ( 4 ), OTpa)Ka-
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10rn;eMy 3cpcpeKT cpnyKTyaQHOHHOro 3aMe:a;neHH.sJ:. 
0TMeTHM, qTO :a;n.si: HerrepeKpbIBaIOrn;Hxc.si: KJiaCTe
poB t* ~ 'tv. OQeHHBa.si: :a;on10 qaCTHQ £ = P(t*), rn-

6enh KOTOpbIX OIIHCbIBaeTC.sJ: He3KCIIOHeHQHaJibHOH 
KHHeTHKOH ( 4 ), rronyqHM 

b ( tanhJa)-312 

ln£ - RJa 1- JU ln£nc· (8) 

BocrroJih30BaBIIIHCh 3THM Bh1pa)K:eHHeM, o6cy)l;HM 
BJIHSIHHe rpyrrrrHpOBKH JIOByIIIeK Ha cpnyKTyaQHOH
HOe 3aMe)l;neHHe r116en11 qacTHQ. 3To YA06Ho c)l;e
naTh, rrpocne)l;HB, KaK H3MeH.si:eTc.si: Ben11q11Ha £ c poc
TOM n rrpH cpHKCHpoBaHHOM 3HaqeHHH Rib. Herrepe
Kphrna10rn;11ec.si: KnacTepbI 6onhIIIoro pa3Mepa, 

Rib> cf112
, (9) 

MoryT 6hITh TOJihKO rrornorn;a10rn;HMH. ,ll.eHCTBH
TeJibHO, B CHJIY ycJIOBHSI (5) q11cno JIOByIIIeK B TaKHX 
KJiacTepax )];OJI)K:HO 6hITh )l;OCTaToqHo BeJIHKO, n > 
> (p(Rlb )3' TaK qTo IIpH 3TOM Bcer)l;a a ~ 1. IloCKOJih
KY rrornorn;a10rn;11e KJiacTephI caMH 11rpa10T ponh co
BepIIIeHHhIX JIOByIIIeK (paCIIOJIO)K:eHHhIX HeKoppe
JIHpOBaHHO ), OQeHKa £, KOTOpaSI rronyqaeTC.sJ: H3 (8), 
rrp.si:MO CJie)l;yeT H3 aHanornqHoH OQeHKH (3) B pe-
3YJibTaTe 3aMeHhl o6neMHOH )l;OJIH JIOByIIIeK (p Ha 
o6neMHYIO )l;OJIIO KJiacTepoB <t> 

In£ - (-<l>- 112
) - (nb 3IR3

)
112

ln£nc- (10) 

EcnH o6neMHaSI )l;OJI.si: noByIIIeK B KJiacTepe BeJIHKa, 
n(blR)3 > 1, TO (p > <t> H, CJie)l;OBaTeJihHO, KJiaCTepH3a
QHSI JIOByIIIeK corrpoBO)K:)l;aeTCSI yMeHhIIIeHHeM )];OJIH 
qacTHQ, r116eJih KOTOpbIX OIIHChIBaeTCSI 3aBHCHMOC
ThlO ( 4 ), £ < Enc· Eonee HHTepeceH cnyqaft, Kor:a;a 
n(blR)3 < 1, KOTOpbIH HMeeT MeCTO, HarrpHMep, eCJIH 
rpyrrrrHpOBKa JIOByIIIeK o6ycJIOBJieHa HX rrpHKperrne
HHeM K 3BeHh.sJ:M IIOJIHMepHblX QerreH: [ 14]. 0TMeTHM, 
qTo KJiaCTephI SIBJI.sJ:lOTCSI rrorJIOlQC;llOlQHMH, XOT.sJ: 
66nhIIIa.si: qacTh HX o6neMa cBo6o:a;Ha OT noByIIIeK. B 
3TOM cnyqae o6neMHa.si: )];OJISI KJiaCTepoB <t> OKa3hIBa
eTCSI 60.JibIIIe, qeM HCXO)l;HaSI o6neMHaSI :a;on.si: JIOBy
IIIeK (p, H KJiaCTepH3aQHSI JIOByIIIeK rrpHBO)];HT K yBe
JIHqeHHIO )];OJIH qacTHQ, r116uyrn;11x BO cpnyKTyaQHOH
HOM pe)l(HMe, £ > Enc• qTo H Ha6JIIO)l;aJIOCh B [ 14]. 
Ha1160JihIIIHH 3cpcpeKT )l;OCTHraeTCSI, Kor:a;a rrapaMe
Tphl KJiacTepo_B HaXO)];SITCSI B6JIH3H KpHBOH <t> = 1 B 
rrnocKOCTH (Rib, n). B cnyqae TaKHX rroqTH rrepeKpb1-
Ba10rn;11xcS1 rrornorn;a10rn;11x KnacTepoa Ben11q11Ha £ 
CTaHOBHTCSI rropSl)l;Ka e:a;HHHQhl. 

EcnH pa3Mep KJiacTepoB Rib yMepeuuo BeJIHK, 

ep-112 >Rib ~ 1, (11) 

To rrpH cpaBHHTeJihHO MaJihIX n, n < Rib, KnacTepbI 
rrpo3paqnh1, H, KaK cne:a;yeT H3 (8), 

ln£1ln£nc - n -I. (12) 

Mhl BH)l;HM, qTo :a;onSI qacTHQ £, r116Hyrn;nx Ha 3aKJIIO
qnTeJihHOH cTa)l;RH rrpoQecca, 6onhllie, qeM B cnyqae 

HeKoppennpoBaHHhIX JIOBYIIIeK, H pacTeT c yBeJinqe
HlleM n. 3To 06nS1CHS1eTcS1 TeM, qTo B cnyqae rrpo-
3paqHhIX KJiacrepoB Koppen.si:QRR a pacnpe:a;eneHRR 
JIOByIIIeK rrpo.si:BJISIIOTCSI B KHHeTRKe Jllllllh Ha 60.Jih
IIIHX BpeMeHaX, IIOCKOJihKY qaCTHQhl "orn;yrn;a10T" HX 
TOJihKO 6naro:a;ap.si: IIOBhIIIIeHHIO BepOSITHOCTH o6pa-
30BaHHSI 60.JihlllHX IIOJIOCTeH, CB060)l;HhIX OT JIOBY
IIIeK. B pe3yJihTaTe c pocToM n H3MeHeHne rroBe
:a;enn.si: BepOSITHOCTH Bhl)K:HBaHH.sJ: uacTyrraeT paHhIIIe, 
a Ben11q11Ha £ cTaHOBHTCSI 6oJihIIIe. EcnH )K:e n Be.JIR
KO, n > Rib, TO Mhl HMeeM :a;eno c rrornorn;a10rn;RMH 
KJiacTepa~m H, KaK BH)];HO H3 (10), £ MOHOTOHHO rra
)l;aeT c pocToM n, rrocKOJihKY ero yBen11qeune corrpo
BO)K)];aeTcSI yMeHhIIIeHReM o6neMHOH )l;OJIH KJiaCTe
poB <l>. 

TaKHM o6pa3oM, B cnyqae yMepeHHO 6onhIIIRX 
KJiacTepoB, Kor)l;a Rib YAOBJieTBop.si:eT ycnoamo ( 11 ), 
3aBHCHMOCTh E(n) HMeeT HeMOHOTOHHhlH xapaKTep 
(B OTJIHqne OT Toro, qTo Mhl BH)];eJIH B cnyqae 6oJib
IIIHX KJiaCTepoB): c pOCTOM n BeJI11q11Ha £ BHaqaJie 
pacTeT, a 3aTeM rra)l;aeT. ITerKo rroKa3aTh, qTo MaK
CMMYM E(n) pacrrono)K:eH B o6nacTR rrepexo)l;a OT 
rrpo3paqHhIX KnacTepoB K rrornorn;a10rn;nM, n - Rib 
(a - 1 ). Bennq11Ha 3Toro MaKCRMyMa Em orrpe)l;eJIS1eT
cS1 COOTHOIIIeHReM lnEmllnEnc - blR. c yBeJinqeHHeM 
pa3Mepa KnacTepoa BennqnHa Em pacTeT R rrpn Rib, 
6JIH3KHX K ep-112 (qTo OTBeqaeT B )l;aHHOH CHTyaQHH 
rropory rrepeKphIBaHHSI KJiaCTepoB), CTaHOBHTCSI rro
pSl)l;Ka e:a;RHHQhl. 

B pe3ynhTaTe, o6cy)l;HB KRHeTHKY r116en11 6po
YHOBCKRX qacTHQ Ha JIOBYIIIKax, crpyrrrrHpOBaHHhIX B 
KJiacTephI, MhI noKa3ann, qTo 6naro)l;ap.si: KoppenSI
QHSIM B pacrroJIO)K:eHHH JIOByIIIeK )l;OJISI qacTHQ, r116-
uyrn;11x BO cpnyKTyaQHOHHOM pe)K:RMe, MO)K:eT 6hITh 
3HaqHTe.JihHO yBeJI11qeHa. 3cpcpeKT Bbipa)K:eH Ha1160-
nee .si:pKo B)l;OJih rpaHRQhI, pa3)l;eJISIIOrn;eH: rrepeKph1-
Ba10rn;11ec.si: n HerrepeKphrna10rn;11ec.si: rronmrn;a10rn;11e 
KJiaCTephI, Kor:a;a 3Ta )l;OJI.sJ: CTaHOBHTCSI rrop.si::a;Ka e)l;H
HHQhl. 

ABTOphI rrpH3HaTeJihHhl B.IO. 3HQepMauy 3a rro
ne3Hoe o6cy)K:)l;eHHe R PocCHHCKOMY cpoHAY cpyH)l;a
MeHTaJihHhIX HCCJie)l;OBaHHH 3a cpHHaHCOBYIO IIO)l;
:a;ep)K:KY (rpaHT NQ 97-03-33683a). Pa6orn rrepBoro 
H3 aBTOpOB (IO.A.M.) 6hIJia TaK)K:e IIO)l;)l;ep)K:aHa 
rpaHTOM P<t><l> 11 NQ 99-0 l -00298a. 
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