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IIEPEXO,U CllHPAJib-KJJYEOK B Il0.IOOIEII'll1,1WC. 

MVIKPOCKOIIlflllDKffit rro.mco.u 

IIpe'AJ!oaeHa CIIKHOBaJI pemeTQ'llliaF.! MO,IJ;eJU, nepexo~ CIIliipaJu.­

-KJJy 6ox B IlOJlll:Ilen~. IlOJJy'19HO ee TO'IHOe pemeime H HCCJl8,IJ;O­

BaHH ee TepMo~eCKHe X8paKTepHCTHltH. IlOCTpoeHHaJJ B pa6o­

Te TeOpWI Il03BOJIHeT C,IJ;9JlaT:r. npe~OJlO&eHHe 0 6HOJIOr ll'leC.KOM CMll­

CJle 'IHCJJB. nap Bpan{elid, qmxcl4pyeMHX 0,JtHOI BO,D;Opo,JtHol CBR:S:r.1>. 

Iloxaaaao, 'ITO IIapaMeTpH Teopim: 3.l'IMMa H Eperra [I] MOryT 6HT:r. 

Bli'mCJieHii B paMI<ax npe'AJIO•eHHoft MO,IJ;eJIH KaK HeKOTOpHe e~ ycpe~­
HeHHHe xapaxTepHCTHKK. 

EpeBaHcKd qmaH11ecKd HHCTHTyT 

EpeBaH I987 

• EpeBaBcR11! rocy,D;apcTEeHmdl YJIIBepcBTeT 

o HacTBTY'f u1ntpo6•0.11oru AH ApNCCP 

BBe,IJ;eHKe 

,U.7IJI qJyHlO::UIOHKpo:eaHIDI 6HOIIOJIHMepoB BaJKHo·e 3Ha'leHHe HMellT 

npoHCXO,IVmlHe B mu pa3JIH'lmre KOH@oPMa.UHOHHble nepexo,nll. B CBR:3H 

c 3THM H npe,D;CTaBJI.R:eT HHTepec H3y'leHKe nepexo,na CIIHpa.n:r.-KJJy60K 

B nOJIHIIenTH,na.X. IlpH no,IJ;o6HHX nepexo,IJ;aX Ma.KpOMOJiexyJIH Be.D;YT ce-

6H KaK O~OMepHHe xoonepaTHBHble CHCTeMH. 3Ta xoonepaTHBHOCTb 

onpe,IJ;eJllieTCH Kalt B3aHM03aBHCHMOCTbD KOH!f>o_pM8.IU{lt noc~e,IJ;OBa.TeJI])­

HHX llOBTOPHDitlOCCH e~. TaK H reoMeTpHett BHyTpHMOJI9KYJIJIP~ 

BO,IJ;opo~ cBR:aeft. 

B HaCTOHil(ett pa6oTe npo,D;OJiaeHo MHKpocxoIIH'lecxoe paccMoTpe­

HHe nepexo,IJ;a cllHpaJID-KJiy6ox B no~enTH,na.X,OCHOBaHHOe Ha MHoro­

KOMnOHeHTHott CIIHHOBott MO,IJ;~ no~rrenTH,IJ;HOtt ~eIIH. Mo,IJ;e~ 6H~ 

C!f>oPMY~OBaHa B nepBWC pa6oTax [2,3] , IIOCBHil(eHHb!X ,IJ;aHHOMY BOil­

pocy. 

MO,IJ;eJI])Hlift raMWU>TOHHaH 

B 3TOM paa,IJ;e~e 6y,IJ;eT JlIDlll> KpaTKO IIOBTOpeHa ilX>PMY~poBKa MO­

,IJ;~. 

3 



IlOCTa.BJ/lM ~oft nape yrJIOB BpanteHWI {Y', ~d (pK6.I) B COOT­

BeTCTBHe cmmo:eyo nepeMeHHY1> 6~ , npmmMaoey1> 8Ha.11eHW1 6~ = I, 

2, ••• Q. • IIpe,JOIOJJ.araeTCJI, 'ITO BCe cmmom1e COOTOJUmJI paBHOBe­

poxTHH, JI[ TOJll>KO 0,IViO 11[8 HKX COOTBeTCT:eyeT oC.-Cmq>aJll>HOit KOH­

qio:pMaUmll. 0608.Ha'l{ll[M STO COCTomme HOMepoM I. Blly'l:pKMOJleKyJIHp -

HWI BO,JtOpo,ll;HM CBH8:D o6pa8yeTCH Jmllll> TOr~. Ko.I'~ TPH no~ 

cmma HaXO,ItllTCJI B COCTOSIHlm I. 
TaMZJ.ll>TOHKaH TaKOI CKCTeMH 8aIDICJraae'l'.CJI RB.K 

M 

H"---ut.,06,_2. 11b6,_11 106t,1 ' (I) 

r.1te u -aHepru, BH.D:eJUimiaHCJI npH o6pa8o:eamra o,JVioit BO,n:opo,JVicl! 

CM8ll[; N -'llICJIO llOBTOpminKXM e,ItH~ ll nenK; Om n -CllMBOJl 
'· 

KpoHexepa; CYMMHPO:eam!:e L. npoH8BO.JtHTCH no BCeM noBTOll$!DltllMCH 
L 

e,ItKHmr,aM. 

:&icxaaaHHoe BL."llle npe,JOIOJioaeHJl[e o paBHOBepoHTHOOTJI[ cmmoBHX 

COCTOHl!Kit He:aepHO. 0,n:HaKO Jiel'KO IlOKa8aT:D. 'ITO "ho.1teJI& 0 p8.3Jll111r ,., 
HHMH OTaTJl[CTJl['l{eCKJi!Mli! BeOaMH IlOJiy11aeTCH 11[8 ~oft MO,D;eJill[ JlyTeM 

- Q w. 
aaMeHH nap8.MeTpa Q Ha BeJIK'lll!HY Q. = 'L. ~ , r.n:e Wo1. - CTa.-

. ol•1 

THCTK'lecm Bee ommo:aoro COCTOHHWI o(. ... 

CTaT.i!cTH11ecKaSI oyt.!Ma 

B pa6oTe[3]6HJio no.ny11eHo :BJlP8.l!teim:e .ItJ11t pac11cTa cTaTKc'l'K'leo. 

KOit cyMMH MO,IteJm:. OHO .JtOCTaTO'IHO rpoM08.D;KO .JI[ He COBC0M Y.D:06HO 

.D;7JR pac11eTOB npz 60Jll>lllHX N • IIoaTOMY 60Jiee neJieocoo6paaHo 

HCilOJI&30Ba.T:D B ~HelrneM npe,ItCTaBJieHJl[e CTaTKCTK'leCKOI cyMMH 

4 

B MS.TpK'IHOM BK.Jte. ,lJ,Jm nOJiy'leIDlff 3Toro npe,D;CTa.BJieHHH HCnOJll>ay­

eTCJI xopowo xa:aecTHa.SI npone,nypa [4) • HMeeM Tpohy noBTOpst>­

lllKXCJI 0.JtHim:n {i.- 2, i-1, t } • ( i.-1) -it llOBTOPJ1Kl!l0itCJI e.JtHim:ne np:mra­

ciraaeTCH B03MOlltHOCT:D HaXO.D;KT:DCH B .D:BYX CllKHOBl:lX COCTOJllIIDDC CJa-

ay 6(-, H 6~-1 .IIoCJie 'l'.ero COOTBeTCTBy~e CTaTKCTK'ieCKHe Beca B 

MaTPHne nprumMallTCH paBHHMK FzyJil>.TaKKM o6pa80M,HMeeM CJie,D;yDeylu 

MaTPHDY CTaTKCTJ1[110CKIDC BeCOB! 
e U/r 1 .. . 10 ... o ... o .. . o 

G= 

0 0 ... 01 ... 1. .. 0 ... 0 

0 0 ... 00 ... 0 ... 1 ... 1 
................... 
1 f .•• 10 ... o ... o ... 0 
0 0 ... 01 ... 1 ... 0 ... 0 
....................... 
0 0 ... oo ... o ... f ... 1 

\, 

(2) 

IlpH qHKJil!'leCKIDC rpamt11HHX yCJIOBWDC CTaTJl[CTJ1[110CRB.R: cyMMa onpe,IJ;e.,. 

JUl0TCJI BHpallteHJl[eM 
l = Sp(GN). 

U/T 
C.1teJiae_M 0608Ha.11eHHe v = e - 1 

(3) 

CTPYKTYp8. MB.TPHnll G noa:aOJUieT npe,JOioJioimn, 'ITO cpe.JtH 

MHOEeCTBa e~ co6cTBe.HHHX 'IKCeJI MHOro TPRBKaJI&H!lX. C:aepHY:B ceKJT 

JlHPHOe ypaBHeHHe Ma.'i"PHn!i G , MOaHO y6e,ItHT:DCH B TOM, 'ITO HeTpH• 

BHaJI:DHHe co6cTBeHHHe aHa.11eHHH MaTPHnH G onpe.JteJUil>TCH ypaBHe­

HHeM 

)./'- .\2.{V+G) + AV{Q-1)+ V(Cl-f)•O (4) 

Ha BHpalltelOOI ( 3) no TeopeMe <l>po6eHeyca ( 5] CJie,nyeT, ti:To npz N _.1 
N 

Z"' .7\1, (5) 

r.1te .A 1 -cTapmd KopeH:D ypaBHeHM ~4) • 
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MOlKHO IIOKB.3aT1> (3) , 'iTO 

8=~~ Nz av 
(6) 

CJie.n;o:sa.TeJil>Ho, rrpH N - oo 

9=(V+1) ~:1 (7) 

ITo.nyqeHHJ:le BHpa.lKeHHH II03BOJISIDT rrpoH3BO.JJ:liT1> ~cJieHHlie pac'ieTH. 

KoppeJJJm1.mHHaJ> .n:JiliHa 

Ka.K y~e yrrownraJioci, Bll!Ile, rrpH rrepexo.n:ax CIIlipaJI1>-KJiy6oR 

MaRpoMOJI6RYJIH B6,DYT ce6.R: RaR O,nHOMepHHe ROOIIepaTHBHlie CHCTeMH. 

B CBR:3H c 3THM rrpe.n;CTaBJmeT liHTepac orrpe,n:eJIHTl> KOppeJIRD;KOHHyD 

.n;.mm:y paccMaTpz:sa.eMO~ CRCTeMH R HCCJie.n;o:sa.Tl> e~ IIOBe,n:eHHe. 

Koppe.JIRUliOHHaJ'I WYHRnW'I Mo.n;eJIH orrpe.n;eJIReTCH KaR 

G,j "< 5°5i-P1 6s,,1 56,.
11

1 · 05j-1>1 .05j,1 0sj+ 1 ,1 > - (05._11105,,1 ~ 

l( 05i+p1 > < &6j-1,1 05J,1 05j+111 > 

Ey.n;eM rrp13.n;no.naraTI>, RaR o6H'ilio , 'iTO GLj 

3aTYxaeT c pocToM I j - L I : 
G - .A -IJ-ll/~ 

•j - e ' 
r .n:e S -RoppeJl.llUHOHHaH .n;JIHHa. 

MoJKHo IIOKB.3aT1> , 'iTO B _rrpe,neJie N - 00 

cth(1/2~) - (v+f) (cH~/a v) 

ne.naeTCH 3TO CJI6,DYIO!llRM o6pa30M : 

6 

(8) 

3RCIIOHe~HO 

(9) 

(IO) 

1 t1 0. V+ 1 a Z 
6=Nt;<08,_1,10sL,10s,,1>•< 6'1-1110s1,1°6J+111>• t:,iZ 'av. 

C.n;eJiaeM 06os1m:11em1e K = U/T : Tor~: 

v+ 1 al 1 al 
NZ°"-av= NZ aK • 

PacCMOTPHM ope~ee OT Jip0118Be.v;eBBSI f5s1.-11106i,1061.•1•1 " 

1 aiz L.5s , o .. , osJ, oe-, ,1-z -8 2 = < Yo5lo L.o&,o > = J ~-1' "JI ' • K t J • 

N-1 1-e-"f ] 
N6+N(N-1)9•+2.A[evt-1 - 10VL4\1. • 

(II) 

BMeCTe 0 ~~IJ .fl - Gtj (L•J) • C.lle.v;o:aa.Te.ia.HO, A•0(1-8) 

MOJUio no:RasaT~, ~To HMeeT MeoTo T0-.iteoTBo 
I I 2. 

N6K •{l.f<.tt./l)- (N6). 

c y~eTOM 8TOro T03,11;80T:B8. KS (II) CJ18,DY8T, ~TO 

e;- 8(1-e)cth(f/2,t)t- ~~~~~~~ (e-"
1
)-f ) . (I2) 

C KOppeJ1llIVIOHHOI AIIBHOI T8CHO OBR:saHa TSR&R Mal<pOOKOIIl[q8C­

Kall BeJIH1UIHa .- e, XApa:KT8PJl8YDlllUI nepexo,v; OIIJlll8Jll> JCJJY60K,:Kalt 

cpe~ee 'IHCJlO IIOBTO~ e,11;1[1mn, IIPIIXOltfflltl[XCJI H8. O.n;JIH OIIH­

pe.in.HHI Y1UlCTOK, a T&De cpe~ee UCJIO CIIJlll8Jll>HHX yucTKoB ne­

Im. ()'qeBB',11;H°O , ~TO cpe~ee llJIC.llO IIOB'l'Op.smo;IXCJI e,JtH}l}m H8. CllJl­

pe.in.:a:ul y11acT01t onpe.v;e.ueTCSI ~eHlleM 

e • N6/j , 
r .n:e j -cpe~ee 11J1o.10 omipam.HHX J"BCTKOB neIIH. 'l8R m . 
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j=< ~5o5L(1-Et+ 1 )> J 
L 

-1/t 
TO j = N8(H~)(1-e ) • A 3Ha'DIT H 

e - f 
- (1-9)(1-e-Yt) • 

lhl:cJieHHHe pac'leTH, npoBe,Itemme Ha OCHOBe STIDC ~OOTHOWemrll, no-

KB.8lilBallT, 'ITO xoppeJ1in~oHHBJ1 .zµnma m.ieeT M!U<eHMyM B o6Jia.cm V= g 

IloBe,IteHHe MO,IteJIH c paaJIH'_lllliMH TOllOJlOI'WIMH 

38MliK8.HH1:I BO,ItOpO,ltHHX CBHSel 

B llP6'A!lm'll1HX paa,IteJiaX Ow.ta paCCMOTpeHa MO,IteJil>, B ROTOpott . 
00pa3QBaHHe O,ItHOit BO.JtO.PO.ltHOI C:l!R:3H npoHCXO,ItHT npH ~oauIDI: 

T.P6X llOCJle,ItOBa.TeJil>Hl:DC 6,ItHHKI:t _B 0,ItHOM CllHHOBOM COOTOJ!HHK. :&lsu­

:eaeT eoTeCTBeHHHit HHTepec TO, I<aK 6y113T BeCTK ceclR MO,IteJIH c 

.Iij)YrHMH KOJIH'leCTBaMH nap Bpa!Il6HWI, ~czpyeM!iMH O,ItHOit BO,ItOpO,It­

HOit CBH3:&B>. Ooosaa'IHM 'UIOJlO nap Bpa!IleHWI, qimco&eMHX O,ItHOft BO~ ,, 
po,ItHOft CBHS:Oll I<aK /),. . 

0'16BH,ItHO • 'ITO npH t:.. = I BMeCTO OTapmero RO.PHH ypa.BHeHWI 

( 4) , I<aK STO HMeJIO M60TO ,ll;JJJ'{- A = 3, MO&HO '2:0llOJll>80BaT:& 'IK0.110 

:A. = v + a . PacCMOTpHM Tenep:& ~'IS.I /::,. = 2. Tor;ita Ma.T.P~ 

cTamoTH'leoKHX BeooB Gi m11eeT BH.It [4) : ' 

V+1 1 ..• 

r 1 ... (I3) 
62 = 

... 1 

8 

HeTp:e:BH8Jll>HH~co6cTBemme 'IHCJia. &Toi MaTPHD:ll Y.ItOBJieTBOpstllT cJie­

m'Dll9MY ypa.BHeHHll: 

).
1 -J.(V+Q)+V(G.-1)=0. (I4) 

He B,naBMC:& B llO,ItpoOHOCTK, OTM6TKM, 'ITO ,ll;JJJ'{ CJlY"IBJI .6 M8.T-

p~ CTaTHOTH'leCltHX B8COB JiIMeeT BH,It 

G = 4 

V+I 1 ... 10 ... 0 ........ 0 ... 0 
0 0 ... 01 ... 1 ...... 0 ... 0 
....................... 

0 0 ... 00 ... 0 ....... 1 ... 1 

1 1 10 ... 0 ....... 0 .•. o 
0 0 .. · 01 ... I ...... 0 ... O .................... 
0 0 ... 0 ... 0 ...... 1 ... 1 . "' .................... . 

(I5) 

A H6TPHBH8.lll>Hli6 COOCTB8HHHe 'IHcJra 8TOI Ma.T.PHD:ll onpe,IteJVIIJTWI 
I 

ypa.BHeHHeM 

~ft.-.A3 (V-t-G)+A1(Q-1)V + AV(G-1) +v(a-1_) =0. (I6) 

TaimM oopasoM, .JtOKB.saHo, 'ITO no xpalHel Mepe ,ll;JJJ'{ A = I, 2, 3, 4 

HeTpHBHSJU.ijHe COOCTBeHHHe 'IHCJIB. MaTPHD;H CTaTHCTH'l6CltHX BeCOB 

onpe,IteJ!JlllTCH ypaBHeHHeM BIJ,ll,R 

4-2 . 

)..
4 -A4-'(V+Q.)+V(G.-i)~X =O, 

•=0 
(I7) 

MolKHO npe,ItllOJia.raT:&, 'ITO 9TO HMeeT M9CTO )I,JIH J11>6HX A • 

. 

BosHmtaeT peaoHHlift Bonpoc. Kalt saBHCHT TO'IRB. nepexo;ita OT 

BeJlH'IHHH A ? .IT.nsI onpe,IteJieHM TO'IRH nepexo;ita nOCTYimM C.11e;ey1>­

~ oe'::;>a30M. Ilpeo6paayeM ypaBHeHWI (4), (I3) H (I5) R CJ161f31l­

IlleMY BH,Izy 
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). .. (V+G.)-V(G.-1)1/,,_ 

A ... (V+G)-V(<l-1)[ i/J..2 + YJ\] 

A= (V+G)-V(<l-f)('/J\3 +1/A?.+ 11~) 

A= 2, 

A= 3 7 

Ll = 4. 

(IS) 

8m B!ip8a9HH.fl y,11;06HH .lWI BHOORO- H Hl'l3KOT9Mil9paTYf>Horo paSJIOJ!e. 

Hd. Hs ypaBHeHd BH,ll;HO, 'llTO B HYJieBOM np:e:6JnuteHHH (,ll;JJJI HTepa­

n:HOHHOro IlOHCRa.) 

ABT= Q. . ' }\HT: V · 

ClllHBEUI BHCORO- H Hl'l3ROTeMIIepaTYpHoe pa3JlOl!eHHR,IlOJJY"iB.9M B HYJ19-

BOM Ilpl'l6JID9HHH TO'qity ClllliBKH KaK V = a . A B pa6oTe ( 2) 6HJIO 

IlORa3aHO, 'ITO B6Jm3H TO'IKH V=Q. ' 9 ::- I/2 • K ' 'llTO V= a. MO!tHO 

paccMaT:pHBaTl> xax TO'!Ity nepe:ieo.JtB.. To'!Ity ClllHBRH HT H BT paSJiol!e1 

Hd MOlKHO paccMa.TpHBa.Tl> RaK TO'qity nepexo,11;at nerxo noxasaTD,'lTO 

v:. G. ec Tl> 'i'O'llta ClllDKH B JloOOM npH6JllllleHHH H .lWI JlOOHX tl 

Ta.Rl'l'.M o6pasoM, TO'llRa nepexo,Ita He '!YBCTBHT0Jll>Ha K Be.1D11'Ume fl B 

onpe,11;eM9TC.ll COOTHomeHHeM 

u 
Tm = en ( 1 + Q.) 

(I9) 

IlOJntIIenTH.ItHaH ·neill> c pacTBop:a\eJieM 

EHonOJmMepH CWHRnHO~pym 'Ji pa3JIH'llHHX PQ.CTBopHTeJIHX. IlosTo­

MY paccMoTpeHHa.11 Blime Mo,11;en HY~eTC.ll· B ;yl'leTe BJIHIDmJl .pacTBo­

PHTeJI.11. 

PaCOMOTpl'IM nommenTl'l,ll;HYD nen:;, .B ORpygeHHK paoTBop:a:TeJJJI, MO­
' . Jleiey JlI:l KOToporo o6pa3yllT BO,ll;OpO,ll;Hlie CBfl3l'I Q / N - H H ) c = 0 

,rpyrmaMH. Onpe,11;eJll'IM MO.JlBJll> Ta&oro pacTBOPHTeJI.11 CJie.ItYDJIHM o6pa-

SOM. 

IO 

IlyCT:E.i:' I) ecJllI COOTBeTCTBYDJIH6 /N-H H )C=O rpymm 

nommenTH.ItHOii nen:e: He CBR:Sa.HH BHYTPHMOJleityMpHHMH BO,ll;Opo,ItHHMJII 

CBflSJ!MH' TO MOJleity JlI:l paCTBOPHTeM o6pasym c STHMH > N - H H 

> c "'0 rpyIIIIaMH Mem.iOJ!eityMpHHe BO,ll;Opo,ll;Hlie CBflSH; 

2) o6paso:saHHe MeJ!tMOJleityJJJipHott BO,ll;Opo,ll;Hott CBflSH npoHOXO,ll;l'IT np:e:I 

BilOJIHe onpe,11;eJieHHott opHeHTaznm MOJieRyJll:l paCTBOPHTeJJJI OTHOCKl­

Te.lll>HO ,11;a.HHott rpyIIII!i ( op:e:eHTau;mi: npe,ll;IlOJJaral>TC.11 ;a;e:cxpeTHllMH, 

B ROJllfCl9CTBe q ) ; 3) Rall!,ll;Ott opHeHTau;mi: IlPHill'ICHBaeTOJI CIIHHOBBJI 

nepeMeHHBJI 5~ H Clll'IHOBBJI fi'epeMeffi¥ J'i (,IWI )N-H H )C=O 

rpynn, COOTBeTOTBeHHO); St' Jlt = I,2, ••• q, ; IlPH STOM SHa'lle­

Hl'll> ~ OilHHOBHX nepeMeHHHX St H Jli. OOOTBeTOTByeT o6pasoBaime, 

COO_TB9TC'i'BYDiti!X BO,ll;Opo,ll;HliX CBR:sea, c BH,11;9Jl9Hl'l9M sHepI'l'll'I E. 

raMltlll>TOHl'laH TaKOit CKCT9M!l samJCHBaeTC.11 KaK 

N 

H=Ho-E ~(1-00L5)(0st 1 t +5Jli. 11 ), 
~-1 

(20) 

r,11;e Ho -ra.MHJII.TOHHaH, onpeieJieHH!itt BHpal!eHHeM (I). BBe,11;eM 
E/T 

0603HB.'leHHR w = e -1 H 56. 10.'.! ,o.6 1 = OOtO • Tor,Ita CTa-
·-P Ut . ' lti7 . ' 

THCTH'leCRa.11 .cyMMa STOI MO,ll;eJIH onp~,11;eM9TC.ll CJ19.ztYDJIHM o6pasoM 

z ... L. L. L. Cl (1+voo,0)[1+w(1-ootoJ«S·5_ 1][1+w(1-oot0Jo .. 1 1 ] = 
{5;} {~1 {J'-.1 ~ LI . r I 

= L. ~ L. 8 [ 1 +vooJ> + wc1-55,5 )(os.,1 + op,,1) + w2(1-6oto)os;,1 of,,,]~ 
{ 6'.} {Sl }{p,) ~ 

= L. 8 [a2(1+ v56Lo)+ 2iw(1-66t6)+W2(t-66,o)] .. (~+w)2N,., 
{6L} 1 r 

" L. n (1 + voolo>. 
{6,} t 

II 



3TO B TO'llHOCTH COOTB0TCTJIY0T CT8TllICTH110CROI cyMMe MO,IteJIH c ra-
,., 1+v 

MHJll,TOHBaHOM (I) • ec.m 3aM0HHTI> Bemrcnmy (1+V) Ha f+V• (1+W/q.>2 . 

MOJQIO IIOI<a.3aT:&, 'ITO q,y-~ V(T) 06Jla,1l,8.0T CJ10.ltYDJti!MH CBOi!CTBa- I 

,.., ,., 
Vmax = V (Tmax) "' q,-1 ) ' Tma• tn\~ 

E 
MH 

l (1+V)=1, 
T-oo 

{ o, 
2E > U 

e c1+v)= oo, U >2E 
T+O 

a,2., U "'2E 

PaSJm"IHHe BlWl 3aBHCHMOCTel V(T) npee,1teHH Ha pHc.2. 

0'10BH,ItHO, 'ITO SaBHCHMOCTllI BC0X TepMO.ItHH8MH'10CRHX xapaxTe­

PHCTHR CHCT0MH OT BeJnt10IHI:i V 110,ItOCIHH COOTB0TCTBYD!n™ SaBHCR­

MOCTm.! OT v WlR MO,IteJIH c raMHJIJ,TOHBaHOM (I). CJie,ItOB8.TeJJJ.HO,Sa-. 

BRCRMOCTH .xapaKTepHCTHR CHCTeMH OT TeMIIepaTYPH T 6y.ItYT onpe­

~eJl.R:T:&CJI BR,ItOM 3aBRCHMOCTllI V (T) • 

Cpal!Hemte c Teopzel 3RMMa H ,Iij>erra. 

IIepexo,It CIIRpaJI:&-ta.JJ;YCIOK B IIOJlRileIIT~ pa11ee OIIHCHBaJIC.R: B 

MHoaeoTBe pa6oT. 0,ItH.aKo · Bee omt oBo~TCR x TeopllillI 3:HMMa R 

Bperra [IJ. B cBOeM ynpollleHHOM BR,Ite &Ta Teopu BHrJlJ'l.ItlIT 0J1e.ItY1>­

lltRM o6paaoM. MaTp:WW. CTaTllICTH110CKHX B0COB HM30T BH,It 

[ 

G(O,O) 

G = G(1,0) 

G(?,t) ·] 
G(1, 1) • 

I2 

(2I) 

3.n.eMeHT Ma.TPHD.H G («,p) =exp (-:ti«"~)/T) , r.1te 1; («,!) aTo cB060.1t­

HEU! SHepI'RSI i.. -ii IIOBTOpmJllelC.R: 0,Itmllfiiji. Ha.XO~Illelca B coc­

TO.R:Hml ~ • eCJIK ( L - 1) -SI; : IIOBTO~C.R: e~ Ha.XO,Itl{TC.R: B 

COCTO.R:Hlm "' • IIpH STOM "' • f' = 0, I. 3,Itec:& 0 COOTBeTCTBY-

eT HaOCOlK,Itemtl> IIOBTO~elca e~ B CB060,ItHOM COCTOJllUm, a 

I - B CimJ:>Wll>HOM. Ma.TP:mw. (2I). HCXO~ H3 onpe,IteJieHHLIX qiHS:JriqeC ... 

KHX C006pw!emrlt, 88.IDICHB8.0TC.R: R8.R 

- [ 1 65 l G- ~ 
1 s (22) 

Ha qM3:J!Iq0CROM C.MliCJle 6 H s MH 3,It0C:& OCTaHaBJmBB.T:&CJI He 6y­

,IteM. MolKHO IIORa3aT:&, 'ITO CTaTllICT:Jriq0CK8JI CYMMa CHCTeMH) i. -SJ 

H { i-1) -JI IIOBTOPJlllllK0CJI e,ItHHHD,H KOTOpoi! HaXO~TCJI JI COCTORHR-

JDC~ R «. • COOTBeTCTB0HHO. MOJteT 6HT:& 88.IllicaHa. I<aR 

z ( o, o) = z ( 1- e) [ 1-e ( 1 - e-
1
/!J)] , 

·11~ 
c(0,1) = zc1,o)=zec1-e)(1-e ), 

z(1,1) ""ce[e +(;-e)~-r~]. 

CJie,It Ma.TPRIJJl · (2I) MOEeT 6HT:& 8aIIRCal{ R8.R 

N • ' [ e(0 1 0).~l(0,1)]H 
SpG = Sp 

11:.... Z(f,O) l(1,1) · 
v-teBR,ItHo, 'ITO 

1 

-SpG"' = Sp((J:f 1
G.A)H), 

r.1te .A -11poHSBOJI:&HM Ma.TPllI~. BH6epeM B ICB..11ecTBe .A 

[

e-a 
.A = 

0 :.J, 
I3 

(23) 

Ma.Tp.Hey 



npH11eM za _ l(O,O) • C.11e.n:o:ea.TeJll>HO, 

2 e - l(1,1) 1 (l.<1,0,/l(o,o>) l 
.A·'s.A • ~ (o,o) [ I (•1•,tl/zco,ol)' 

:e: B K8.'16CT11e NaTP:rmH CTaTHCTH1ieCIODC B9COB MO.SO paoCM8.Tp:e:BaT:& 

G• [ : 

(l.(1,0)/l(0,0))
2 

] 

(l.Ct,1)/lco,0))1 
• 

IlapaMeTp s onpe.n:eJIJ1eTCJ1 cooTHomeHJll:eM 

zc1,n ( e ~ .0+(1-e)e-11~ 
s = l(o,o) = """"1="9J · 1-a ( 1- e-h) · 

i 
060SHa'ql'!M s = x • Tor.n:a npH x « 1 

5 ""(1~e)[1+(2.9-1):ic. ec1-2e)x2
] 

(24) 

C.11e.n:o:ea.TeJI:&Ho, np:e: x « 1 B Tl31Dte IIOJiyIIepexo.n:a S = f • C.11e,llJ'eT 

OTMeTHT:&, 'ITO B TeOpHH 3KMMa-Eperra TO'IK8. IIOJJyIIepexo.ixa onpe.n:e-

( 
i!(1,0) )2 

JIJ1eTc.11 aHaJIOrH'IHHM o6paaoM. TaK RaK 65 = l.(O,o) , TO 

z2 (1,0) 
6 = Z(O,O)i!.(1

1
1) • 

C.11ep;o:ea.TeJI:&Ho npK x « 1 
6 ~ 6(1-9)X!!. 

B Teopl'!H 3HMMS.-Eperra ,n:JIJI COBII8,IteHHJi c 8RCnepHMeHTOM BH6H­

paeTCJI 6« 1 ( 6" !:::: 10
1

- 104) • A B Halllel .Mo.n:e~ x « 1 IIPJI Q ~1 • 

I4 

Ta.rorM o6pa30M. MOlltHO yTlleplK,Itat:&. 'ITO npl'! Q » 1 Halllfl. Mo,n:eJI:& ,n:aeT 

TeopHD 3l'!MMa.-Eperra c nape.MeTpaMl'! 

5""( 1~e )[H·(2e-1)~-e(1-2e)xi1, 

6 "" e ( 1- e) x2 
• 

,------------, 
I I 

H 0 H 0 H 
I I C!t 11- ~ I I I 

/C~ .7N' "/c ~N~Ccl"c·~N, •/C'-:,: /Cd.' ;YN' 
N ~ C I 11 • C ~ ~ 
1. Q H O H o 
H I I 

L ___ ·---~r----~-.l 

Pirc.I 

I 5 



1 + v 

5 6 

-t 
Ta [ tn (1+V)) 

PBc.2' 

110,II,[IBCH K PHCYHKAM 

T 

?He.I CTpyKTYpa. llOJllUI0llTH'AHOtt uerm H TOllOJIOrrut 3aMNRSHHH BO­

~Opo,n;Hl:IX c:rui:sett B d. -crmpum. 

P.Kc.2 TeMnepa.TYPHM 3aBHCHMOCTl> napa.MeT~ V : ~ = IO, 

(I)- d. = 0,6; (2)- d = 0,55; . (3)- d = 0,5I; 

(4)- c:I.. = 0, 5; (5)- d = 0,4; (6)- c:I.. = o. 

I6 
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