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I. BB91!9HR9 

B CTporo~ TeopHH ~SOBHX"nepeXO~OB H"RPHT~9CRHX KBn9HHfi cymecT

ByeT no~O~, OCHOBaHHHR Ha ~~pe~anbHHX H9paB9HCT~ax B_~CTHHX, 
npOHSBO~ ,JJ,llii napaMeTPa no~, CM., HanpHMep/l-3/. 8TOT noJixo~ 
Be~eT c~oe aaqano oT zsBec

1
±HHX aepaseHCTB rpz~Tca - XepcTa - lliep~ 

MaHa I 4, . H HX o6o6l!le~ /5. C E!ro noMOJIU>IO MOlltHO npoBeCTH cTPord a.Ha

~s·r~o6anbHO~ ~OBO~ CTPyKTYPH KOHRP9THHX MO~enbHHX CHCT9M, BHB9C

TH aepaseHCTBa ,JJ,llii RPHTR~ecRHX noKaSaT~e~ z T.~,i~aze npz" OTCyT-
CTBHH TO~ pemem. KaK yKaSHBaeT M. AitseHMaH , sf1xl>eKTHBHOCT:& M9-

~0~0B H3Ytr9HHII CHCT9M C 6eCKOH9'IHHM l!H~OM CTeneHeit CB060~H C no- . 
MOJIU>IO ~pe~HHX aepaseacTB B ~acTHHx npoHSBO~ no aeMHorHM 

CYJ!l9CTB9HHHM nepeMeHHHM,nO:..~oMY7 CBl'ISaHa C/Y!Y,CTBOBaHH9M peHOpM-

rpynnoBHX npeo6paso:B~~~ Ka,ItaaoBa - BM:&coaa 6 • 7 • · " · 
B aame~ pa6oTa·tS/ Bll9PBH9 6uno no~a.HO, ~0 ~ ·aeKOTOPHX . 

npocTettmnx MO~e~etl, THna MO~e~ XycHMH -_TeMil9~- HsHHra, MOlltHO 

no~T:& TO't!HH9" ~~pe~anbHHS ypaBH9HHII B 't!B.CTHHX IJPOHSBO~ Wl!i 
napaMeTpa no~ KOHe~otl CHCT9Mbl. S~ec:& Mbl o6o61!lHM STO paCCMOTP9HH9 

Ha B9C:& Ma.CC MO~~eit, OnHCHBaeMIDC raMHJII>TOHHa.HOM B~a 
.. '] N N , 

J{ ({od) =-- L ~a: - H L (J. 
.. N z# t,j--i r . t.=-1 " , " <r> 

r~e {atE: R4, i =~,~--, N J ·· - ,IPIHaMH119CKHe nepeMeHHHe, 3 ~ 0 -KoH-
cTaHTa BsaHMo~eitcTBM l. H E R 4 - BHemaee Mai'HHTHOe no~e. P. C. 3JI-
~c H l!.M. II:&JOMaH /':J/ paCCMOTP~ KJiaCC MO~~el, ~ ~ KOTOpHX COB-

M9CTH09 B9pOSiTHOCTH09 pacnpe~~9HH9 CllHHOB f <Ji \ onpe~eJI.ileTCH 
~e~o~ : r f Ha IR N ' BHA'! ' 

r;(d.X-1 , ... ,d.XNIK,h) = 
' . (2) 

; t"Zt'lK,hlr4exp{ ~(t,xS + h ?,;,xtJr.cax, : ... ,.txNIJ') . 
S~ec:o K -= 9/k

5
T ,. h-= H/ksT - 6espasMepHHe orepMO~ec:... 

KH9 napaM9TPHi . M
0 

. - CB060~M xepa, HM9Dlla!I i{laKTOpHSOBa.HlUdl mrJt · 
I N . 

f)d.~1 •... ,d.~Nlf)= ~J'(d.xO,, (3) 
. L-:i . 

r.ne p · - npoHBBMI>HaJI 6op~eBcKaJI :Bepo.aTHOCTHaJI Mapa aa R 
1
1 

KOTOpa!I ~o~eTBOpK9T y~OBBD 
- S 

4 

ex£fcdx}-~ ~. · (4) 

R ~~------------C~Jt.tr:t:~·,··, :•" •• 1,~ . . ' • t.i ~" t w.. J ~ 

<I''P"'"' •·· ; ·1 " .....,, .;.d: ,.,.:. ;;,:Jl;Hllllll~ 

- 6~~iSJi/l(fi'r£HA 
~ ~'IPI:K'Ub 



Koa~eHT HOpMHpOBRH zr)(l< • h) B ( 2) npe,ItCTaBJI.II9T co6oj!: CTa

TE:CTHll:SCKylD CYMNfY MO,IteJlH (I) • 
MH He 6~eM orpaHKqRBaTnCH s.ztecn illaKTopnsoBaHHHMH cBo6o'H~ 

MepaMH :sz:lia (3), a BKJII)'l!HM B paCCMOTpeHHe. c~pllll9CKy10 MO,IteJlD IQ ' 

Wm KOTopo! 
N tl . 

f':lCdx1 ••..• cLxN) ""S'C?.x~-N)_nd.x£, <5> 
· t..~f L=i 

r.zte .dx - Mapa Jie6era Ha R 4 
H ee o6o6meHmi B .u;yxe pa-

6o./II,I~. .J 

BBe,t~;eM qJc>pMaJIDHHe nepeMeHHHe "Bpem" t H "npocTpaHCTBeHHa.a: 

ROOp,ItHHaTa" X COl'JiaCHO COOTHOmeHmiM . . 

.t=K-:-K X=-h C:' , (6) 

r.zte Kc ">' 0 - HeKoTopa.a: KOHCTaHTa, KOTopa.a: 6~eT onpe.zteJieHa HIDKe, H · 

paccMOTJ>HM ~em.HYD HaMal'HHll:eHHocTn KoHeqao! CHCTeMH 

. IJ ,. 
(f) . 

mN ( t ~ x) := ~~~ ( ~ f;/d F:r(d.xf, ~~· .,clxN I Kc +t, -x). <
7
> 

,UHqxpepeHIUIPYJI ( 7) no nepeMeHHHM t H x 
(2) M9pH ftp, noJiy~IHM, liTO ttl~({ ,X} 

li9HHOMf SBOJ!IDUHOHHOMf ypaBH9HHD Emprepca, 

,· C YlJ9TOM HBHOI'O BH,Ita 

~OBJI9TBOpH9T X~3'0 H3Y-
CM., Ha.I]PHM9p, : 

0 . 0 ~ '02 

-1'Yl +1l1-ln =--'WI. 
~t ax 2N -axz. (8) 

3aMeTDM, liTO ,ItH@JysHOHHHit KOScl$mH9HT B •ypaBHSHHH (8) o6paTHO npo

nopi:U~OHaJI9H l!HCJ!Y liaCTHU B cncTeMe N • PasJll!!qaue MO.IteJlH paccMaT

pHBaeMoro o6o6meHHoro &naccaXycHMH- TeMnepJIH oT~CH TOJIDKO 

HaliaJI.DHHM yCJioBHeM 

h'i~){ t ~ -Kc, X) :: ip~)(X) = 
. N . . • II ·. . · . · (9) · 

= ~-. (N-f L Xt) exp(~x?. xi) fUo(dxH···~dx"lpJ/z!:1 co ,-x), 
JRN t=1 L=1 ' · N 

KOTOpoe. 3aBHCHT OT BH60pa CB060,ItHOii M9PH, j4 
0 

• ·. ' ' :: 

~ Ha OCHOBe ypaBH9Hml Eloprepca ( 8) . C Hali~HID4 Y:CJIOBH9M 

<I>~ (X) =:' ~ th X B MOM9HT BpeMeHH t =-J . , :qTO COOTB9TC~BY9T 
MO.It9JIH XycHMH - TeMnePJ!H - HsHHra, B Hameii pa6oTe /B/ 6H.U.a npoBe.zteHa 

aHaJI.orl!H M~ nOHBJieHHeM ~oBoro nepexo~a nepBoro po.zta no nomD 

2 

B TepMo.zilmaMHtiec&oM npe.zt9Jle npn K ~ K, = 1 H pasBHTE:eM Y.ztSPHO! 

BOJ!HH B MOM9HT BpeMeHH. t = 0 , KOI',Ita B npa.Boii l!aCTK ypa.BH9Imf1 

( 8) B3JIT npe.ztM N - oo • ,UeiicTBHT9JIDHO, aHaJIH3 · no&asHBaeT, liTO 

KpYTHaHa qipoHTa pemeHmi m =tnN(t-, X} ypa.BHeHmi (8) c .ztaffimM Ha-

llaJIDHHM yCJIOBHSM MaKCHMa.JI.DHa B TO'lKe X= 0 , I',Ite 'oHa nponopD;Ho

HaJI.DHa HallaJIDHOii Mal'HHTHOii BOCflPIDIMtiHBOCTH CHCTSMH. Ha KHT9pBaJI9 . 

BpSMSH -f < t < 0 SBO~ HallaJIDHOI'O YCJIOBKII TaKOBa, liTO Kpy-

TH3Ha qipOHTa OCTaeTCH KOHSqHOH H npH nepeXO,It9 K T9pMO,ItKHaMHll9CKOMf 

npe.zteJiy N _. oo • B · MOM9HT t = 0 , · O.ItHaKO, KpYTHSHa qipOHTa 

B TO'lK9 X = 0 (HallaJIDHa.fl Mal'HHTHM BOCflPlmMtmBOCTb) H90rpaHH

liSHHO BOapacTaeT, KOI',Ita . N - co_ ' T.e. c o6pameHHeM B HYJ!D KO-

S\IXPHI:UISHTa M@JYsHH B (8}. ,UaJiee, npn BpeMeHax t > o .H B npe,t~;e-
Jie N - oo H9JIKHSHHHH poeT KpyTRSHH npRBOMT K onpoRH,IUma.mno 

BOJIHH, T.e. K 06pasOBa.HIDO y,ItapHOii BOJIHH, COOTB9TCTBYIOIIl9ii CKatiKy ~~-

HOii HaMarHHll:eHHOCTH npH npOXOJimSHHH Mal'HHTHOI'O nOJIII h = -X li9p9a 

HYJ!Do 
B pa60T9/B/ BOflPOC 0 CYIIlSCTBOBaHHH aBTOM~,It9JIDHHX pemeHHii ypaBH9-

HHH Eroprepca H RX cBHaR c Teopne~ KOHetiHopaaMepHoro no,t~;o6HH npR ~o
BHX nepeXO,Itax He paCCMaTpRBaJICH. 3TO J!BJIII9TCH OCHOBHO~ 88,ll;ali9ii HaCTO.II

l!l9if pa60TH. B CJl9.z:tYIOllt9M paa,IteJie 2 MH no)rytmM . SaKOH T9pMO,ItHHaMHll9CKO

l'O llO,It06HH ,IVm Hi3.Ma.rHRti9HHOCTR, HCXO,wl RS. a.BTOMO,ll;eJlDHHX pemeHHii aa,n;a

l!H Komn (8), (9) B npe.zteJie N- oo. . • B pas,It9Jl9 3 BHBOMTCH O,ItHo:...· 

napaM9TpH119CK09 C9M9HCTBO SaKOHOB KOHeqaopasMepHOl'O no,It06HH B 0Kp9CT

HOCTH KpRTRliSCKOH TOl!RH, KOTOpHe COBM9CTKMH C ypaBH9HH9M Eroprepca. 

llo&aaaHo, liTO cpeHenoJieBoii aa&oH KOHetiHopaaMepHoro no.zto6HH onpe.zteJIIIeT

C.II O,ItHOSHatiHO HallaJIDHHM yCJIOBRSM B TepMO,ItKHaMHliSCKOM npe,IteJie. B 
paa.zteJie 4 .ztaHo RpaT&oe o6cYE,IteHHe peayJIDTaTOB. 

2. @TOMo.IIem.HHe pemeHmi R TepMommaw~qec:rme aa&oHH nono6WI 

IHnoTeaa TepMO,ItKHaMHtiec&oro no~o6HH (c&einRHra), eM., HanpRMep, 

/I4/, npe,ItCKasHBaeT. 'liTO B 0Kp9CTHOCTR KpRTHll:ElCKOit TOl!RH t= 0 , 

X = 0 , CM. (6), ~9JIDHM HaMal'HHll:SHHOCTb 6ecKOHeqaoit CRCTeMH 

ln = 11100 (t,xJ J!BJIII9TCH o6o6meHHo-o,ItHopo,ItHoii ~eii nepeMemmx 

t R X BH,IJ;a 

f3 -A 
'h1

00
(t, X) ~It I lit ( xttf ) , (IO) 

l',It9 BSTBH l.T± ( •) ~ nO.zt06M, COOTB9TCTBYDI!H9 t S 0, 
MOI'YT 6HTb P~· 7¥ecn ~ _.ztaJI.ee fo . K A = J3 + y -cTa.H,ItapTHHe 
KpHTH119CRH9 no&asaTeJlH . 4/. 3aM9THM, liTO nepeMeHHM t , CM. · (6), 
OTJ!Hlla9TCH SHaKOM OT 06l!l9npRH.IITOl'O 060SHalieHmi, noSTOMy BHCOKOTeMIIe·-

3 



paocypHaa: o6.nacT:& 1;_ <. T ~ oo cooTBElTCTByeT OTPJmaTeJII:,HHM 

sHalleHWIM - K c ~ t .G 0 , a HHSKQTeMIIepaocypHaa: o6.nacT:& 0 ~ T <. ~ 
- fiOJIODT~HHM SH8ll9mmM 0 <. t ~ 00 

Tax RaR m -='»100{t,x} ~oBJieTBoPffeT ypaBHeHIDO (8) B npe,ne.ne 

N- oo 

3 . 0 
-m.+m-rn =0 ot · ax , (II) . 

TO Oli9B~O, liTO 9CJIH rHnoTesa CKB~a B9pHa, TO (IO).,no~o 6HT:& 

cpe_nn aBTOMO,n9JI:&HHX, HnH XOTH 6H JldKaJI:&HO aBTOMO,ne.n:&HHX ( B 0Kp9CT-

HOCTH . t = 0 , h = 0 ) , pememtii ypaBHBHHH (II) • PaCCMOTPHM 

STOT BOfiPOC 60Jiee fi0~06HO. 

I. BHCOKOTeMIIepaTYPHa.R: o6.nacT:& - Kc ~ t < 0 • B STOM CJJyllae 

miiSM aBTOMO,n9JI:&HHe ·pemeH.Im: ypaBHeHHH (II) Bmta 

ln = (-t)
13 ~ (~) I 

~ =X ( -t)-.A 
1 (12) 

C fiPOHSBOJII:,HHMH fiOJIO:XW:T9JI:&HHMH fi0Ka38T9JI.IIMI! f3 H. A • IIo,ncTaB-
.Jlff.fi (12) B (II), . .lw.t H9H3B9CTHOii \PYH.Rinm 1J4. (~) no~eM o6HKHo-
B9HH09 ,nnqxpep9HUI!aJII:,H09 ypaBH9HH9 

· {3+1-A , 
[ (-t) . u.; ·+A ~J v-+ -p ~ = o. (13) 

0li9BH,I{HO, ;w.t TOrO, , liT06H . STO ypaBH9HH9 onpe,n9JIHJIO . ~ O,nHOif 

nepeMBHHOH ~ , ,no~o BHfiOJIHKT:&CH yCJIOBHe aBTOMO,na~HOCTH 

/).=-f->+1 (14) 

Tax RaR no onpe,ne.JIBHIDO ,t1 -= j3 + r . , TO OTCIOM CJie.nyeT, liTO aB

TOMO,n9JI:&HH9 pemeHHH ypaBHeHHH (II) cymecTBYJ>'l' TOJI:&Ko npH cpe,nHeno-

·JieBoM. 3H8li9HHH "'f = 1 KpH'l'~9CKOrO fi0Ka38'l'9.JJJ1 ;w.t Mai'HHTHOH 

BOCfiPJ:mMtnmOC'l'H. J1HTBl'p.HpyH yPaBHBHHB (13) npH yCJIOBIDI (14), fiOJiy-

'll:aBM, 'liTO V+ = 1Ji. ( ~} onpe,ne.ruieTCH K8.K HBHBHa.R: qiymtimii ~ .113 
Y.PaBHBH.Ha: 

j3/(f3+1) 

I~. I = A I v; + s I , < I5> 

B KOTopoM · A > 0 . - npoHSBOJI:&Haa: nocTommaa: HHTerp.HpoBa.wm:. IIo-

KaSaTeJI!, fo > 0 fiOKa fiPOHSBOJIBH. 
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Y'IT9M Tenep:&, liTO HaMai'HHli9HHOCT:& ')n. , CM. (12), ,no~a ~OB
JIBTBOpliT:& Ha'll:aJI:&HOMy yCJioBmo (9) B npe,neJie N- oc •· OTCJD.Ita noJiy- · 

'!aeM CJie,1tyXl!I!ee yCJIOBHe Ha ~ "-'+ ( . ) 
( Kc )fo 'lr.+ (X K -p-i) = cp~> (x) • (16) 

c oc 

Y~eM, Hanp.HMep, liTo B CJIYll:ae MO,neJIH Xyc.KMH - TeMIIepJIH - HaHHra 
.HMeeM 8 . 

{I) 
;h (X) =- fh X 
'i'N . ' (17) 

a B CJiy'll:ae cwep.H'Il:ecKofi Mo,neJIH Xyc.HMH - TeMITepJIH noJiy-qaeM /15/ 
N N N 

¢cs'cx>= ~ (~J_xi)b(Z.xf"7N)exp(-xL_xi)ti.x1 ···dxN = 
N R" L-=-1 £=1 . i.=-1 

( / 
2X _ 

=- 1 N Nx) IN_2 (NX) =--
11 

+ f!J(N 1
) 

Z 2 (!1+4Xz.) 2 +'1 • 
(18) 

A;(I) ,;n(S) 
0li9B~O, liTO HH 'f' (X) , HH ':t' (X) He ~OBJ19TBOpsllOT, 

DO DO 

B00611!9 rol!Op!I, YCJIOBIDO, KOTOpoe Hrut1la,IUl889T Ha HHX ypaBHBHHe (15) 
npH t = .:. K~ : .. · 

f3/(f3+1) 
.\<P:~(xJl =AlkcP~J(x)+X\ . (19) 

~(f) 

EoJie e TOrO, H3 ( 19) CJie.nyeT, 'liTO \liJHKUWI cp 
00 

(X) ,no~a paCXO,li;RT:&-

CH fiPH X ~ 00 , TOr,na RaR B ,neiiCTBHT9JI:&HOC'l'H <P!1(x)- :;: m..,(oo) 
npH X ~ :!: co , r.ne m 0 ( oo} - HaMai'HH'Il:BHHOCT:& . HacHIItemm: Ha 

O,n.KH Cn.HH. CJie,nOB8T9JII:,HO, MO,neJIH H3 paCCMaTp.HBaeMoro Knacca Xyc.KMH -

TeMIIepJIH He HMBIDT rJI06aJI:&HO aBTOM0~9JII:,HHX pemeHHn BH,lta (12). facCMOT

pHM nosToMy JIOKaJI:&HHe CBOHC'l'Ba pemeHHii aa,zr;a'll:H Kom.~~ npH x - o. 
OrpaHH'Il:HBa.R:C:& My'll:a9M CHMMBTPH'Il:HOH M9pH _rt.,(dx,, ... , otxNJ.f) , Kor,na 

cp!f>(-X) = -cpff'}(X) , H npe,nnoJiaraa: a.HaJIHTH'Il:HOCT:& p(J')(X) B 
N N cc 

TO'Il:Ke X = 0 , pacCMOTPHM paaJIO.llt9HH9 

. .+.~J >.:r..CPJ 
rf..(f)( 'P'f'..., (o} .{ 0 "±'90 {o) X3+ . 
'i' X) = X+- ... 

oo rox 3! 'OX3 (x~ o) 
(20) 

Tor.na yCJioBmo ( 19) MOJKHo y]J;OBJieTBopm:&, eCJIH noJio.:mT:& 

{3. = t ~ K;1:::-~ q>~J(o) > o ' A 3 = K;~t \_~~~;3 q,~JcoJ ~-t (21) 

5 



~ KOS~9HTOB llpH.BHCmHX CT9II9HffX X IIO~yqHM CHCT9My peKYP

peHTHHX COOTHOmeHHfi. . . 

TaKID.t o6pasoM, H3 yMomm, ·'IT06u aBTOMO.I{eJlbHOe pemeHHe (12) 
y,n:oMeTBopruro ~OKaJIDHo Ha'C!a.JII,HOMY yCJIOBmo (20) B oKpecTHOCTH TO'l-

KH X = 0, Me,eyeT cpe.I{Heno~eBoe sHa'!eHH~ · f3 = ~ .wm 
KpHTH'leCKOI'O IIOKasaTeJI!I HaMai'HH'leHHOCTH. KpOMe TOI'O, IWl BHpa3IDm na

pa.MeTpU k H A 'lepes BeJ!HlmHH, 3aBHCRrrine oT KOHKpeTHOii Mo-
e. 

,I{Ml!. 

n. HH3KOTeMIIepaTypHaJ1 o6JraCT:O..,.I 0 .:: t ~ 00 • B STOM My'lae 

l!llleM aBTOMO.I{e.1lbHHe pemeHmi ypaBHeHmi (II) BH.I{a 

h't = tp v:. (~) 
~ 

~ = xt-.A 
• 

C llpOli3BOJlbHHMII IIO~OEHTeJlbHHMH IIOKa3aTeJI!IMli j3 
( 22) B (II) , .IT)lf.[ Hel!3B9CTHOH qJyHKIUUI V:. ( ~) _ 
Hoe .mr@)epe~Hoe ypaBHeHIIe, cpaBHII c ( 13) , 

[t/~+1-A v_ -l:l ~] v:' + f31F__ = o. 

(22) 

II A • ilO.I{CTaB.lliDI 

II~aeM 06HKHOBeH-

(23) 

YCJioBneM aBTOMO.I{eJlbHOCTH no-np~eMy HBHHeTCR paBeHCTBo· (14), OT~a 
Me,eyeT '( = 1 -~ !DyHimiDI v: -= V:. C5) . onpe.I{eJI!IeTCR KaK He.ffB-

HaH ~ ~ H3 YIJaBHeHmi, cpaBHII. C (15), 

j3/{(H1) 
IV: I =A lv:.-~ l , (24) 

I'.I{e A > 0 - npoH3BOJlbHaH nocTO.liHHaH HHTerpHpOBaHII.ll. TaK KaK t = 0 
.liBJI!I8TC.li TO'IKOH ~eaH~THqaQCTH, Tenep:o 8CT8CTB8HHHM o6pasOM Bos• 

HHKae-r: HOB.a.ll saztaqa Komn ·c "Hatia.n.nHm'll" (npn odpameHllli xo.I{a TetieHmi 

BpeMeHH) YCJIOBII8M, COOTBeTCTByiO!Itlli<l npe,nMy 6eCKOHeqao C~HOI'O B3aHM0-

.!{8HCTBHII t - =. (~ ey~eBoll Ter.m:epaTypu K- o ) . .l:l aToM npe.:... 

,ne~e Hal.ml'HH'l8HHOCT:O .I{OJUiUia CTper.W.T:OC.li K CTYfl9H'laTOH lNH.IO:~~m: 

~ mOD (t_,x) =-~ (XJ m.,(DO) ~ 
t~oo 

..._, 

-· (25) 

. I',I{e h1 0 ( 00 ) - Ha.Mai'HH'l9HHOCT:O HaCH!IleHmi Ha O,I{HH CnHF.!." M3 (22) H (25) 
Me,eyeT, 'ITO npH ~ -+ 0 ± WYHimiDI v: ( ~ ) .I{O.Tl.lKHa HMST:& He-

aH~THtiecKoe noBe.I{eHHe B~a 

. V:(5) ~ -~ C5Jm.,(oo)j~J~/(f3+1) (26) 

6 

:.) 
( 

] 

~KIUUI c·TaKHM acHMIITOTH'leciWM noBe~eHHeM,O.I{HaKO,He MOirr y,n:oBJieT.:.. 

BOpHT:O YIJaBHeHmo (24) npn (~} ~ 0 . , _T.e. CHOBa IIO~eM, 'ITO 

r~o6M:&Hoe aBTOMO.I{eJlbHOe pemeH.IIe sa.rta'll! Komn (II) , (25) He C:YllteCT

ByeT. O'IeB~o. 'ITO c~eH.IIe.paccMoTpeHmi .I{O oKpeCTHOCTH ~ 

{ 0 ~ t ~ oo ' h_ = 0 J ~e .He .liBJI!I9TC.li ,I{OCTaTOtUnm. }J;I.li y,ItOBJieTBOpe- . 

Hmi Tpe60BaHm! aBTOMO,I{eJlbHOCT.li He06XOJUU~O IIOCTaB.liT:O HatiM:&HOe yq

~OBHe 6JIIDKe K KpHTH'IeCKOH TO'!Ke (t=O\ h=O) , 'ITO llp.l!BO.I{HT K H906-

XO.I{HMOCTH npHSnetieHHH WSHOMeH~OrH'!ecKHX coo6p~eH.liH·.ItnH onpe,Ite~eHHII 

ero Bil,I{a. C yqeTOM CY!!{eCTBOBaH.II.ll CIIOHTaHHOH. HaMarH.IItieHHOCT.li 

»t (t o±i=+tn;,(t).n Ha'IaJlbHOH BOCllpiD!MtllmOCT.li .X,..(t,o±)=]
0
(t) llpll 

M. J + . . 
t > o H H - 0 -: npHMeM, 'ITO npH .I{OCTaTO't!HO MaJLOM (f)mtcHpo-

BaHHOM t., > o H H - o± HMeeT MecTo HatiM:&Hoe yCJioBHe . B~a 

H . 
Wto.o(to'keT.,)~~(H)»'lo(to)+X0 (Co)li +~(H

3

). 

3aM9THM, 'ITO np.n t - 0 
" . [3 

m" (to) ""'to - 0' 
-Y X) to) "-" t

0 
- co (to-o+) 

(27) 

, (28) 

.B cooTBeTCTBrut c onpe.I{e~eHl!eM KpRTH'!ei::KHX noKasaTe~eil: J3 >0 H Y>o. 
~~ee, (24) y.I{06HO 3~CaT:& B 3KBRB~9HTHOM B~e ypaBH6HHII 90CTO.liHHII 

,I{JI.li Ha.Mai'HH'l9HHOCTil (22) : 
(j3+1)/j3 

\tm-xl = \ ~ \ (29) 

ilO,ItCTa.BJJ.ll.li Ha~Hoe yMOBHe (2?) B ypaBH8H.li9 (29) npll t = f 0 R 

X ~ 0 H cpaBH.IIBaH 'VISHH o.I{Horo nop.ll,I{Ka no noJIIO H , no~-
qaeM 

Wl.o(to) ~ A(3+1 t/3 
0 , (k&To )X

0
(to} ~ (!>.t:•. (30) 

GJre.I{OBaTS.ii&HO, aBTOMO,I{eJlbHOe pemeH.IIe (22) y,ItOBJI9TBOp.li9T .iro~HOMY 
Ha~HOMY yCn.oBmo (2?) npH J.U06oM aHalieH.IIH p > 0 Kp.liTH'!ecKoro no-

KasaT9Jl!I ,I{JI.li HaMai'lili'l9HHOCT.li Il cpe.I{Heii0~6BOM 8HalJ9HHR ..,. = :1 Kp.l!TR-

- '!8CKOI'O IIOKasaT9Jl!I ,I{nH BOcnpHRM'!KBOCTH.'Ho ,I{nH TOI'O, '!T06U 06BffSaT:& 

HatmJ:ri.H09 yCJIOB.lle (2?) C T9pMO,I{HHa.MK'l9CKID.m ~ ,I{nH paCCMa.'rpn:

BaSMOI'O KJlaCCa MO,I{MSH Xyemm - TeMIIep.mr, CJ!9,Ity9T IIO~ODT:O 

,f 

t=z [ 
0 , . 2 { 1 113 . 

., A= ~ tmo t) 
t-o 
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Tor.rta BHpaJKeHWI (30) ,wiJI cnoHTaHHOH HaMarffi!1IeHHOCTH H HatroJU,HOH 
BOCnpm!MtmBOCTH npHo6peTa.roT aCHMIITOTHl!eCrorli Bnzt, npe,ItCKa.3ImaeMI:rlt 
TeopHeii cpe,IJ;Hero no~. 

2. BHBon xoaega:opasMepaoro nono6IDI H3 YPaBHeHIDI Eroprepca 

PaCCMOTJ>.HM Bonpoc 0 TOM, ~ HH\IJO!>Ma.UIDI 0 3aKOHax KOHe'!Hopas
MepHDrO no,IJ;06IDI B OKpeCTHOCTH KpHTHlleCKOH TO~ CO,It9pmHTCH B CaMOM 
Bli!,Il9 ~peHUHam,Horo ypaBHeHIDI ,Ir).ISI napaMeTpa nO:pff,I{Ka KOH9'!HOH CHC-
TeMH, CM. ( 8) 1 H Ka.Kafi - B Ha'l!aJ!bHOM fCJIOBHH ( 9) • . 
· B COOTBeTCTBHH c rnnoTeaoii B. ll~HBMaHa /IS/, CM. T~e /I?/, 
6y.neM HCKaTl> pemeHIDI ypaBH9HWI Emprepca ( 8) B Bmte 0606!I{9HHO- O,I{H~ 

po,ItHHX ~ 

n-t = N-p w(Nttt:~ N,.. X) 

C npOH3BOJIDimMH nOJIOJKHTeJI:6BHMH noKa.3aT9JIJIMH f _, .i} H r. 
~ COOTBeTCTByromHe nepeMeHHHe 

' 'kT= NP"""' X - N$t X = Nr X ''L ' 1 - , 2. J 

ypaBHeH.He Eroprepca (8) MoJmo npeo6pasoBaTr, K Bli.ItY 
. ~ 

7J -f'-ty+r 2._ '0'" _ i. N -1-cy+2r ]__ 4T 
9xw+N w?Jx - 2 . 'IX 2 

i 2 • 2. 

(32) 

BBO-

(33) 

(34)' 

Tax KaK ~ w ( xh X2.) , eM. t32) , ,ae aaBHcHT JIBao oT N , 
yCJioBHeM Cy!I{eCTBOBaHWI Taxoro aBTOMO.rt9JIDHoro pemeHWI ~TCH pa-

~=1-2p ,'f"=1-p, (35) 

0 <. p <. -1 I Z - noxa npoHaBOJIDHUit napaMeTp. CJze.rtoBaT9Jil)HO , 
J!BJIOo.nee o6!I{mt 3aKOH KOHe'!HopasMepaoro no.no6IDI, .nonycxaeMoro ypaBHe

Broprepca, HMeeT Bmt 

· m.N { t 3 x) = N -p w ( N A- zp t :1 N"-P x) ;f o<:.p<z, 
(36) 

\.V {X 1) X 2. ) ~eTCH pemeH.HeM He ammcsmtero OT N 
baBHeHIDI Eroprepca . 

0 'd ~ i 
- W+ w- 1N =--tv 

'i>X" 'OX2. 2 ~x; 
(37) 

8 

PacCMOTpHM Tenepr, HatroJU,H09 yCJIOBH9 {9), KOTOpOe B HOBHX nepe
MeHHHX (33) npHHHMaeT BH,It 

1-2p 1' ~ (fJ p-t 
W()(1 =-Kc.N ,x2 )=NP (N x2..)-

N {38) 
.I(J:ui HcCJie.rtOBaHIDI (38) npn N - oo HaM Heo6xo,IJ;HMo aHaTr, acHMIITO
Tmty <iJYHRmm 'IN( X".,, x2 ) npH x1 - - oo • c aToii !l9JIDro aaMeTHM, tiTo 
npH .nro6oM qimtcHpoBaHHOM t -:/: 0 . npe.ne.n · N - oo B BHpB.llteHHH • 
(3G) ,wm: HW~HHl!eHHOCTH ,Ito.nEeH npHBo.nHTl>.K TepMO,IJ;HHaMKqeCKOMy pesy.nr,-
TaTy (IO), a STO B03MOUO TO.nl>KO TOr,n;a, KOr.rta ' 

. J . . /3 ~-1 
t.V( x -2 , X-z.) ~ I x" I v-=F ( X2 I X1 1 ) , 

x,- :too 
(39) 

H, KpOMe Toro, npH YCJIOBHH, liTO p . H f3 
CTBaM 

y,IJ;OBJI9TBO:piDOT paB9H-

1-p ={1:-Zp)(f3+1) , (1-Zp}j3-=p 
(40) 

0TC~a O,IJ;H03Ha3HO. onpe,It~eM 

p=j3/(1+2j3}, 
(4I) 

.wm, c y-qeTOM j3 = -1/2. , noJIY'IB.eM . p = '1/ 4 - Tenepr, .nerxo npo;.. 
BepHTl>, tiTO Haqam,Hoe (38) npn qJHKCHpOBaHHOM x2 H N- oo cBo-
.IUITCH K paBeHCTBY 

' (f) 
\kcJPv-+ (O) = 4'«> (o) ~ (42) 

KOTOpoe BHIIfJJIH.Il9TCH B CR:"J.Y yCJIOBIDI ( I6) npH X = 0 . ·~: 

4. 06cntJieHRe 

MH Bim9JU'l o6!llmi Bmt O,IJ;HOnapaM8TpHll9CKOro C9M9itCTBa (36) 3aKOHOB 
KOHe'!HopaaMepHOJX> no.no6IDI, .nonycxaeMHX ypaBHeHHeM Bxlprepca. llpm.~e
l!aTeJI:6HO, liTO SHaqeHHe KpHTHll8CKOro noRasaT~ )WI HaMarmN8HHOCTH 

f3 = -1/2. , a oTc~a, eM. ( 4I) , H aaaqeH.He p-= 1/ Lt , onpe.rteJIJlaT
CH~ CTaneHDIO BTOporo ~eHa B TeRHOpOBCKOM paa.nozeHHH·(20) Ha-
1!8JII,HOrO yCJIOBIDI H He 3WmCHT. OT ,IteTa.nei MO,I{eJIH, T.e. OT KOHK.P9TH~ 
ro BI:l6opa CB06o,IJ;HOH M9.PI:l flo • EcJm BM8CTO (20) HMeeT MeCTO paa.no
JK9HHe BH,Ita 

'ZJ.:-tf . . 

m cpJ · lo CfJ } 1 ~l) (fJ 1 2kH '±' (X)=-~ (o) X + ki(O). X +··· . ., .. (43) 
DO ~X 00 (Zk+f)! XZJ<-tf ~ ' . 
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· TO .wm: noKaSaTeJieii J3 H p no.rrytmM cooTBeTcTBeHHo 

1 
.f-'-==- 2K 

i 
1 f' = 2K (1<+1) (44) 

B TepMO.IUmaMKlleCKOM npe.zteJie ypaBHeime (II) onHmmaeT TOlffiYIO 

3BOJIIDIJ;RI) npoqmm HaMa.I'HH'I9HHOCTH {moo ( t > X) • X €; JR" l np.R H3-

M9H9HHH ROHCTaHTH BaaHMo.zteiicTBmi k -::. K c + t . EcTeCTBemruM o6paaoM 

BOSHHKaBJT· .ItBe 3~1IH Kol!IH. B BHCOROTeMIIepaTypHOH o'6Jia.CTH 0~ K < K, 
Haqam;HOMy MOM9HTY Bp9M9Im • t -::; - K-t COOTB9TCTBY9T CHCT9Ma H9B3a-

HMO.It9HCTBYRJ!I!HX CnHHOB, npo@rJII, HaMa.I'H.Rq9HHOCTH ROTOpoii:. ~ Wl00 ( -K, X)=. 

= q>CO>(X) , x e R' J saru.uoqaeT B ce6a HHclJop~ o npe.zt~'oii CBo6o.zt

Hoii: ~pe f'<o Ha JR«>. B c.n:yqa.e, ROr.zta f'o i{Ja.KTOpH3Y9TCJI 9 , CM. (3}, 
~epMOJtHHBMHqSCRHii: npe.zteJI ,wiJI CHCT9MH H9B3aHMOJt9HCTBymmHX qaCT~ HB
Jiii9TCJI TpHBHam;HHM, Haqam;HOe JCJIOBH9 (9} He 3aBHCHT OT 1IHCJia. qacT~ 

H H9C9T B ce6e HHqop~ TonbRO 0 CBOHCTBax O.ztHOqaCT.RqHOH M9pH )'· 

Tor.zta ypaBH9Im9 (II} CBff3HBae.T aBTOMOJt9Jll)HOe ll0B9.It9Im9 CHCT9MH B3aH

MOJt9HCTByromKX qaCT~ B 0~9CTHOCTH-RpHT.Rq9CKOH TOqKH C TpHBHam;HHM 

llOB9.lt9Im9M CHCT9MH CB060.ztHHX qacT~. B 3TOM CMuMe SBOJliOIUIOHH09 ypaB

H9Im9 (II) COOTB9TCTBY9T peHOpMI'pyTinOBOMy llOTOKy OT 0Rp9C~HOCTH RpH

T.Rq9CROH TOqRH R TpHBHanbHOH H9llOJtBHEHOH TOqKe, xapaKT9pH3yeMOH HY

Jl9BHM 3HaqeimeM KOHCTaHTH B3aHMOJt9HCTBWI. AHaJiorn:qaHM 06paaOM, B 

Im3ROTeMIIepaTypHOH o6JlaCTH Kc < K ~ oo aBOJIIOIWOHHoe ypaBHeHHe (I!) 
COOTB9TCTByeT peHOpMrpyTinOBOMy llOTORy OT 0Rp9CTHOCTH RpHTxqecROH 

TOqRH R ~yroii: TpHBHaJIJ)HOH H9llO.ztBHXHOH TOqKe, xapaKTepHayeMOH 6ec~ 

KOHeqao 60JIJ)mHM 3HaqeHHeM KOHCTaHTH B3aHMO.lt9HCTBHH. 

B o6oHX CJiyqaJIX aBTOMOJt9Jll)HOCT:& HBJJJieTCJI JIOKam;HHM CBOHCTBOM 

pemeHWI Sa,I{a1IH KomH. PoJIJ) Hatram;HHX yCJioB.Rii: cocTOHT B pe.ztYlQ.UIH OJtHO

napaMeTpnqecKoro ceMeii:cTBa aBTOMOJt9Jll)HHX pemeH.Rii: aBOJliOIUIOHHoro ypaB

HeHHff .ItO ·e.IUIHCTB9HHOrO npe.ztCTaBHTeJiii. KJlB.CCH KpHT.Rq9CKOH yHnsepcam;

HOCTH onpe.ztanffiDTCJI Kati9CTB9HHHM llOB9.lt9HH9M Hatram;HOrO YCJIOBHH B OK

peCTHOCTH HYJieBoro MarHHTHoro noM, a B Im3.KOTeMIIepaTypHOii o6JlacTH 

- H acHMIITOT.RtiecKHM noBe.zteHHeM napaMeTpa nopli,ItKa no TeMIIepaType, npH 

llpH~eHHH K xPHT.RtieCKOH TOqKe. 

~ JID6oii KOH9tiHOH CHCT9MH KJiaCCa XYCHMH - TeMIIe~ O.ItHOnapaMeT

PHti9CKOe ceMSHCTBO pemeHHi1 { 36) ypaBH9HHff E10prepca 3aBHCHT aHaJI.HTnqec

KHM o6paaoM oT · TeMIIepaTypH - kc. ~ t ·< 00 H MarHHTHoro nOJiii x e IR", 
sa HCKJliOti9HH9M 6ecxOHetiHO y;I{aJ19HHOH TOqRH ( t = 00 ~X= 0) • Pe.n;yKUHil na

pa.Mel'pa p €: ( 0, ~ ) COOTB9TCTBy:IDII1ero C9M9HCTBa 3aKOHOB KOH9tiHOpaaMep

Hciro no.zto6mr .zto sHaqeHHff P"=-f3/(1+2fo) .ItHKTYSTCJI cymecTBoBaHHeM 

T9pMO.IUlliaMHti9CKOro npe.zt~ .ItJiii~ Ha.Ma.J:'HHli9HHOCTH. flBHHH Bart ~ RO-

HeqaopaaMepHoro llO.zt06HH W'"(X1 , Xz.). MOJKHO JI9rKO Ollp9JteJIHT:&, HCXO,w! 
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Hs H3B9CTHoro HHTerpam;Horo rrpe.ztcT~/eHWI pemeHWI sa.ztatiH Koma .wm: 
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