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O~HOA M3 OCHOBHWX 3anaq HepaBHOBeCHOR CTaTMCTHqeCKOA MeXaHHKH RB

RReTCR nORyqeHHe MaKpOCKOnMqeCKHX KHHeTMqeCKMX ypaBHeHHA ~RR MO~eRbHWX 

CHCTeM MCXOAR H3 MHKpOCKOnHqeCKOA raMMRbTOHOBOA ~MHaMHKH COCTaBAg~~MX 

3TM CHCTeMW qaCTMU. IlpH H3yqeHHH BOnpOCOB o npOMCXO~eHMM He06paTHM0

CTH B MaKpOCKOnHqeCKOij 3BORDUHM, CTpeMReHMM CMCTeM K pBBHOBeCHOMY CO

CTORHH~, B03HHKHOBeHHD xaoca B ~eTepMMHMpOBaHHWX C~CTeMaX H T.n., 60Rb

mym pORb Hrpa~T OTKpWTWe CHCTeMW, B3aHMO~eAcTBY~~H~ C TepMOCTaTOM. B 

lr 06~eM cRyqae ~RR npOH3BORbHOA ~MHaMHqeCKOA c7clTeMw S' B3aHMo~eAcTBY~
! . ~eA c TepMOCTaTOM ~ , raM~j~~bTOHHaH lotMeeT BlU I : 

H(t, S1 L: ):: r(s ) i- f.l (r:.) + H;...i ( t > SJ L; ) , (I) 

OTRHqHTeRbHOA qepTOA TOqHorO 3BOR~UHOHHoro ypaBHeHHR ~RR npHBe~eH

Horo CT&THCTHqeCKOrO onepaTopa CHCTeMY S , onpe~eRfleMoro KBK 

ft (S)= SPr. ÍJ#; (S, 2;), (2) 

RBRReTCR ero H~MapKoBcKHR BH~. 3TH;ypaBHeHHR, nORyqaeMWe '06WqHO MeTO~OM 

npoeKUHoHHoro onepaTopa llBaH/Hr~/2 , RH60 MeTO~OM EoroR~60Ba HCK~~qeHHR 
603e-onepaTopoB TepMocTaTa/J , HMe~T OqeHb cRoMHym HHTerpo-~H~~epeHUH
aRbHY~ CTPYKTYPY H He no~amTCR pemeHHID B REHOM B~e ~RR 60RbmHHCTBa 

~H3HqeCKH HeTpHBMaRbHWX Mo~eReR. 1l03TOMY BeCbMa HacymHOA RBRReTCR npo

6ReMa nOCTpoeHHR MapKOBCKHX npH6RHMeHHWX KHHeTHqeCKHX ypaBHeHHR, onpaB

AaHHeM qeMY CRY~HT TOT ~KT, qTO 60RbWHHCTBO KHHeTHqeCKHX ypaBHeHHA 

CTaTHCTHqeCKOR MexaHHKH, nORy,qeHHWX nORYqJeHOMeHOROrHqeCKHM nYTeM, RBRR

DTCR MapKOBCKMMH ypaBHeHMRMH/4/ . 
M3BeCTHO, qTO aAeKBaTHoR M8TeMaTMqeCKOR npoue~ypoR nORyqeHHR Map

KOBCKMX ypaBHeHHR B TeopHM OTKPWTWX CHCTeM RBRReTCR npe~e~ BaH XOBa 

cRa60A CBR3H c TepMOCTaTOM/5/ . JOKa3aTeRbCTBO KoppeKTHOCTH T6Koro npe

~eRa npeACTaBRReT C060R CROMHYD 'MaTeMaTHqeCKY~ np06ReMY. BnepBwe T6Koe 

AOK636TeRbCTBO 6WRO ~aHO !3BHCOM/6/ B paMKax TeXHHKH npoeKTopOB llBaHUH

r-a. OAHHM M.S cy~ecTBeHHWX nYHKTOB, aa KOTOpOM 6a3HpyeTcn ~OKa3aTeRbCT

BO, RB~ReTCR orpaHHqeHHOCTb no HopMe onepaTopa B3aHMOAeRcTBHR H~t~,~~ 
3TO YCROBHe, cnpaBe~~HBoe B c~yqae ~epMHOHHoro TepMOCTaTa, KaK npaBHR~ 

HapymaeTcR, eCRH TepMOCTaT onHCWBaeTCR 603e-noReM. A BeAb ~~R ue~oro 

KAacca Mo~eBbHWX CHCTeM, onHCWBaeMWX raMHRbTOHHaHOM (I), TaKHX,KaK no
~RpOH, 3~eKTpoH~oHoHHaR CHCTeMa, Mo~eRH Ba3epa H c~epxH3AyqeHHn, Te~ 
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MOCTaTOM flB~ReTCfl ~OHOHHafl H~H ~OTOHHafl nO~CHCTeMW, onHCWBaeMwe Heo-


rpaHHqeHH~MH no HopMe 603e-onepaTopaMH.
 

TaK, eC~H MW B~6epeM raMH~bTOHHaH (I) B B~e
 

AI iX ~ 11I ~ ~ 
rU~)~-2.n.2'.,S.--~ J"$-$ .. (3. I) 

. J '2.. ~J (.. J 
J=i LJ=-1 

(3.2)H(L)-= E &J K t: i" 
K 

1 N t ~ 

H· i ( ~, r,) :: -~ .2: ~ a l< SJ' (~I< +i._k: ) ) ( 3. 3) 
t.tl 1J AI J z i lo( (j 

TO no~yqHM Mo~e~b Ko6aflmH/ 7I cerHeT03~eKTpHKa rane K'D Pj r (S) 
npe~CTaB~fleT co6o~ raMH~bTOHHaH npOTOHHOH nO~CHCTeMW; Ka~WH npOTOH Ha 

CBR3H HaXO~HTCfl B nOTeHQHa~e c '~BYMfl MHHHMYMaMH H onHCWBaeTCfl cnHHOM 

1/2; .11 - qaCTOTa TYHHe~HpoBaHHfl Me1K,1J,;}' MHH~!MYMaMH, J ij - KOHCTaHTa ~H
nO~b-~HnOJlbHOrO B3a;'jMO~e~CTBHR. T~MocTaToM CJIYlKHT ~oHoHHafl nO~CHCTeMa, 

onacsseexaa oneparopaxa pO~eHI1JI l5; H ymiqTOllteHHfl41{; H;... t ( S, 2: ) 
OTBeqaeT B3aHMo~e~CTBHD npOTOHHOR nO~CHCTeMW c ~JIHHHOBOJIHOBWMH OnTHqeC

KHMI1 ~OHOHaMH, npa 3TOM wK=.o-Fo. 
B pa6oTe181 paCCMaTpHBaJICfl BapKaHT MO~eJIH Ko~aflmH, B KOTOpOM yqH

TWBaJIaCb TOJIbKO ~aJIbHO~eHcTBymmafl qaCTb ~KnOJIb-~KnOJIbHOrO BsaHMo~eAcT

BHfl npOTOHOB aa caasax, T.e. J .. .: I/N· . I'or-ne , nepexons K KOJIJIeKTHB
lJ 

HWMi\1~qaCTHqHWM onepaTopaM KBaSKcnHHa 

. o<. 1 !!' "I)/.

SÃ,,' =IV ~ Sj ) ot::{XI~') 2]t (4) 
J: i 

MoxeM nepenacers raMHJIbTOHHàH (3) B B~e: 

X I (i)2P(S):-2.D.NSA/-i N S /V ; (S.I) 

71 + 
H;.d(S/~)=-PSN ~d,,(gK+~-K)' (5.2) I 

B lei NeTO~ON annpOKCHMHpYDmero raMHJIbTOHHaHa'EoroJl~6oBa IMJI.1191 6W~H 
HaRAeHW TOqHWe B TepMO~HHaMHqeCKOM npe~e~e BwpallteHHR ~JIR paBHoBecHwx 

cpe~HHx, a TaREe no~yqeHO ypaBHeHKe ~JIfl KpHTHqeCKOA TeNtiepaTYpw ~30BO

1'0 nepexo~a B cerHeTOGJleKTpKqeCKOe COCTORHHe, xapaKTepH3ymmeecR HeHYJle

BWM3HaqeHHeN napeaerpa nopaaxa 1. =<S:.) npK..A!..., 00. 

AaHHaR pa60Ta nOCBR~eHa BWBO~Y aCKMnTOTHqeCKH npKjtr~ 00 TOqHWX B 

np~eJIe BaH XOBa KHHeTHqeCKHX ypaBHeHHA ~Jlfl nO~CHCTeNW npoTOHOB B ABYX

2 

;,. 

flMHOM nOTeHUHa~e, B3aHMo~eHcTBYDmHX c OnTHqeCKHMH ~oHoHaMH, HaXO~RmHMH

CR B Haqa~bH~A MOMeHT BpeMeHH B paBHOBeCHOM COCTORHHH. l~fl CJIyqafl 60S0H

Horo TepMocTaTa npe~e~ cJIa60R CBR3H c TepMOCTaTOM 6~JI nOJIyqeH B 110/ H 

C~OPMYJIHpOBaH B B~e CJIe~YDmero YTBep1K,1J,eHHR: 

TeopeMa. ITYCTb ~HHaMHqeCKaR CHCTeMa S B3aHMo~eH~TByeT c TepMOCTa

TOM!. J npHqeM BsaHMo~eAc'rBHe ~HHeAHO no õo se-oneparopax: 

t !J ~ 11t
H(t , S, 1: ) :: r (S) + ~ ~ (.Uk gK iK +).. ~ {c'"' (t, S)~ k+ C-c (t , S)~ K J 

H B~nO~HeH~ c~e~YDmHe YCJIOBHR:
 

ai oneparop r (S) HMeeT TOJIbKO ~HCKpeTH~~ cnexr p;
 

61 oneparopa C k (t") s) H c: (f, S) orpeaaseaa no sopxe ;
 
BI B3aHMo~eAcTBHe 8,lJ,Ha6aTHqeCKH IBblKJIllqaeTCfl" npx t ~ - tXJ :
 

ft' e CK;(S) t s o ; 
C"k ( i: 7 S) ':: { 

C K (sJ ~ 
J

t > o , (f>O).; 
ri CTaTHCTHqeCKHA oneparop 1J+. ripa t = t o y~OBJIeTBOpfleT Haqa~bHblM YC

JIOBHflM B~a: 

'1!t -= f(S) &J::Deq. (l;), Sps p(Sh 1,
o 

~eq,,(~')'=:' Z~! e)(pf-fH(~)J "} Z2: :: Spz e)(pr-J~H(l.')}. 

Tor~a TOqHOe 3BO~IlUHOHHoe ypaBHeHHe ~JIfl npHBe~eHHoro CTaTHCTHqeCKOrO 

oneparopa ft.(S)B npe~eJIe).~O, ,À2t =7:=ww:;.t nepexonar B ypaa

HeHHe MapKOBCKoro THna. 

Ú603Ha'!HB (Q" JHa60p npoexropos na co6CTBeHH~e COCTOHHHfl oneparc

pa r(s) c co6CTBeHH~MH 3HeprHflMH { E~} H BBO~R qaCTOTY .!L.{fl=f(f[ ~3)' 
~JIR ~eA3eH6eprOBCKoA 3Bo~mUHH onepaTopa A(S.) no CBo6o~HOMY raMH~bTO
HHaHY r (s) MOll(eM sanacars : 

i a: tA(St ).;: L: Q A(S ) Q ,e rJol'
 

«J' J. "
 
Q603HaqHB aaaee C -qHC~OB~e ~YHKQHH t exrtepaeypa TepMOCTaTa
 

- !
N :: (e)1. p(r~ Wl< ) - 1. ) )

K 

~~R npcasaoasnor'o OrpaHH'IeHHOrO' onepar o pa I (S) CHCTeMbl 5 HMeeM 3BO

JIIlQHOHHoe ypaBHeHHe MapKOBCKoro THna: 
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Sps f(s) ô f~ (S) '= ar 

=_.!- r. L: ~ . sps{Nl<al1c;(s)Q~[I(s);c,,-(s)]+ 
t,2 IC: ri.g W -.1l - 1-c }r I( ~f 

+(i-t-,v',J[C k (Si; f(sl] Gf c; (slGJ 1rJS)~ 

+ i ~ L. i . Sps fú+N'te)Qc{C K (S)0y3 [I(s); c:(s)]+
t2 I(:.lf wl(-n.lp t" lf
 

+,v",[C~(s);f (sl]Q.c,,(slQ;i lft:(s). (6)
 
nOCKO~bKY .n~H Mo~e~H (5) YC~OEHH ai - ri EHnO~HeHH, HaM Heo6xo~H


MO TO~bKO onpe~e~HTb cneKTp H EHqHaHHTb 3Eo~mQHD HHTeHCHEHHX onepaTO

pOE THna (4) no raMH~bTOHHaHY r(s) (5. I) • 

YpaEHeHHH ~BHMeHHH feAseHóepra ~~H raMH~bTOHHaHa (S.I) HMeDT EaA: 

S:(t)= ; (S~(t)S: (ih S:lt)S: (t)) ; 

S~ (t) -= 2.fl S~ (l) - f (~; (t}s:rl)t- s: (l)S~(t)); 
oi!SI\I(t)-=-2..aSt./'!()t . 

(7) 

PemHTb onepaTopHHe ypaBHeHHH (7) TOqHO He y.naeTcH. 06YQHO pa60TaDT E 

paMK8X onpe.ne~eHHYX npH6~H~eHHA, HaH6o~ee ynoTpe6HTe~bHYM HS KOTOpHX 

HE~seTCH npH6~HKeHHe XaOTHqeCKHX ~s/II/. Cor~aCHO 3TOMY npH6~KKeHH~} 
BeKTOp KEaSHcnHHa npeQeccHpyeT EOKpyr EeKTopa Mo~eKY~HpHoro nO~H, onpe":' 

~eBHeMoro HS TepMO~HHaMHqeCKHX coo6~eHHA, a qaCTOTa npeQeCCHH onpe.ne

~HeTCH HCXO.nH HS YC~OEHH COEMeCTHQCTH ypaBHeHHA THna (7). 
B ~aHHoA pa60Te Hcc~e~OEaHa 3Eo~mQHH, SaAaEaeMaH CHCTeMoA ypaBHe

HHA (7), E npe.neJIe/l!~ 00. llpa 3TOM HaM Heo6xo,ltHMO HMeTb E EaAY, qTO 

TOBbKO B ~~yqae .nHCKpeTHoro cneKTpa MH MOEeM nOJIb30EaTbCH 3EO~DQHOHHHM 

ypaEHeHHeM (6), qTO, KaK 6y~eT EaAHO HH.e, He HMeeT MeCTa E nepeXOAHOA 

06BaarH QT napa-.K cerHeT03JIeKTpHqeCKOMY COCTOHHHD. 

BocnoBbsyeMcH TeM ~KTOM, qTO Bce KOMMYTaTopH HHTeHCHEHYX onepaTO 6 
pOB [S ~ ~ $t]IV o(~J.o( Onpe~eBHM/I21 nOC~~OB8.TeJlbHOCTb f IV ~aKpocJtonH
qeclP,Ix OTHOCHTeBbHO SIV COCTOHHHR COrJIaCHO CJleAy~meMY YCJIOEHm: 

(1Il' 

4 

:t.~ sP.ii :"It/ PII/.=ns ol 

)
1:4 ) . 1::.1/l/-4OC> 

r~e N ~ 

$"';: t: i ~ Gj 
II/..,.,n /1/ j::'l 

a Cij 
~ 

- HeKOTopHe c -qHC~OEHe <PYHKI.{HH Y3~a penerxa J
\ 

O~HH HS cnoco60E pea~HSal.{HH TaKoR noc~e~OEaTe~bHOCTH 

qeCKHX COCTOHHHA npasenea E p:6oTe/ I2/ , rne npHHHTO f IV ~ 
I fJ - MaTpHQa n~OTHOCTH E { I. :ror~a MOJKHO 

t1.,(j -I N . j{ 

Sf)7Stv'fN=~ ~ SpSj 
I:''' AI ' • i 

Ji.... J"=~ 

A/ -<l.l.... 1 11/ 

... i. ~\ Sf S' ... S ' !,v + -;. ~ 
- .... ,G J -i J" N ';I 

N '1- J..:4 !1.';' J..~ 

serracaru: 

... Sj
J.., 

.. ftv' 
. ./.1. 

SP SJ'i. ..• SJVI fr... > 

f 

(e) 

MaKpOCKonH

.~ fj 
j:.-l 

= 

ol.~ 

(Vio(1ie) (3J~::jd 
r~e EO ETOpoR cYMMe cOEnanaeT XOTH 6Y napa H~eKCOE. B CH~Y OrpaHHqeHst: ~ .,(... ".I "-~)HOCTH cpenaax 5p 1-1 ... ~ JI .... fN HMeeM OQeHKY ~~H ETOpoR CYMM!i vvV , 

c~e~OEaTeJIbHO, 

ti of' h J. IVO<j ') h a(' (1)
Sf;~ S;f" =,~b !:.SfSj !ij.O(; =i~ s ·+0 AI • 

YCTpeMHB N-t 00, no~yqHM YCJIOEHe (e). 
A~H MO~eJIH c raMH~bTOHHaHOM (S.I) cnpaEe~~HEO c~e~y~mee 

npe!JIO~eHHe. EC~H J'N - noc~e~OEaTe~bHOcTb MaKpOCKOnHqeCKHX OTHO

CHTe~bHO S;; COCTOHHHR, roraa f."",{t) , 3EO~~I.{HOHHpy~maH E COOTEeTCTEHH 

c raMH~bTOHHaHOM r(S). (5.1) - TaKEe noc~e~OBaTe~bHOCTb MaKpOCKOnHqeC

KHX COCTOHHHA. Eo~ee Toro,· E npe~CTaEJIeHHH feAs6H6epra, 

h "', n .(,'
Sp;a S,vl (ti)f"" -= ;~( S C(t;), (9) 

0(' 
r~e S '(I:) y~oE~eTEopHIlT CHCTeMe ypaEHeHHA (7) c saxeaoã oneparopoa 

na C -qHCBoBI:i.e <PYHltQHH H HaqaJlbHHM YCJIOEHHM, OTEeqaDIIIHM (8). 
AOKaSaTe~bCTEO. BocnO~bS~MCH EcnOMoraTeBbHYM YTEe~eHHeM, ~OKa

E 7127: SaHHYM .nYCTb F'(SN)::: ~ c ; li s:' -<PYHKQHH S~, onpeaeaaeaaa 

paEHOMepHO no AI CXO~H~}'IMCH P'H.ztOM. '%r~a limo Sf P(S#J)Pit/ :: F'(sJ . 
}leRcTEHTeJlbHO, 1'/'" ~ ) 

M ~ oC' ., 0(. 

Sf r(Sw)f~ - p(s) =-n~o c, fSf!:.~S"/ft/ - ;~~ S 'J + 
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;>Q '" o{. 00 \1\ 0/.' 

+ SPh~~iC., i~ S/I'/"" - "~+1 c , !!f S. I 

ARR nOcReAHHx C~araeMHX CnpaBeAnHBa OQeHKa: 
~ ~ ~ ~ 

ISP.~.::. f!. s:j., J ~ /I ~"HC. ~. s~1/ ~~+11 c.1 

H, Bhl6HpM M AOCTaTOI.JHO 60RbmHM, MhI MOMeM CAenaTb HX CKOJIb yroAHo Ma

RhlMH paBHOMepHO no AI. Ilepsoe Me caareeaoe » npenexe /11- óO CTpeMHTCR 
K HYJlII COrJlacHO (8). 

PasRoMHM pemeHHR ypaBHeHHA feAseH6epra (7) B pRA TeAnopa no t 
S ~ (t) -= ~ .i-

k 

So( (h) I 
'" ...'"o ... ~ N t::.o 

CXOAR~HAcR paBHOMepHO no AI B cHny~~erpephlBHOCTH H orpaHHl.JeHHOCTH paB


HOMepHO no N acex npOHSBOAHhlX S", ,.. (l) . Ms ypaBHeHHA (7) naaee cne
oi(k) a{'

JJ.yeT, I.JTO t'l -R npoHSBOAH8R S IV (t) npe,nCT8BJlReT c060A nOJIHHOM Sw YiJ 
CTeneHH n+ i J T. e. MhI MOMeM sanacars : 

ri. ( ) \\H 1(.,(.

SAI ~ (t) '= [: a.K.n S~' (t). 
K:'{ I:{ 

flOJJ.CT8BJlRR BhlpaMeHHe ARR npoHsBoAHOA B pRA TeARopa, nonYI.JHN p8BHoMepHo 
no AI CXOAR~HAcR pRA 

ri.. 00 11 0(. 

S~{t)= ~ c.,(t)n SAI" 
"':'0 i:4 

I.JTO AnR nll6h1x KOHel.JHhlX ! B cHny BcnOMOraTeJIbHOrO YTBep-.zteHHR BeAeT K 

i)O '" 0(,' 00 h rJ.' C/' 
;:."Sf s:rtJjw -=!.: E. c.rf:)Sf'/~, S"'f-/ =~oc. (t);~ S -, S 'fi), 

AHaJIO:rHI.JHO AOKa3h1BaeTCR YTBepJfAeHHe AJIR MHorOBpeMeHHhlX cpeAHHX (9). 
P8CCNOTpHM reneps 3BOnllI.tHOHHOe ypasaenae (6) npa 't':: O H norpeoy

ea, I.JTo6h1 pi'J (8) B H8I.JaJlbHhlA NOMeHT BpeMeHH npJlH6A~eJmJI nOCJIeAOBaTeJIb

HOCTH M8KpOCKOnHI.JeCKHX COCTORHHA. TorAa BpeMeHHYII 3BOJIIIQHII onepaTopOB 

nOA 3HaltON cpeAHHX B npeaeze 11.... eo NOmiO 9aMeHHTb 3BO~IlQHeA, HaAzteHHOA 

H3 COOTBeTCTBYII~HX KBaSHKJlaCCHl.JeCKHX ypaBHeHHA ABHMeHHR. B H8meM CJIYl.Jae 
He06xOAJlMO pe.HTb CHOTeNY ypaBHeHHA 

~, 

~ x (i):: I S ~(-t) S~(t) ; 

S~ (t) :: 2 .a S~(t )-I sl(t) S;t'(t) ; 

S~ (t) ::- - 2 ~~ S ~( t ). (Ia) 

} YI.JHThlB8R H8J1HI.JHe ABYX HeS8BHCHMhlX HHTerpaJIOB ABHMeHHR: 3HeprHH 

-2 .(L s x(t)- ; [ s c{t)] 2 := E (n)I 

... 
H nonHoro cnHHa 

[S X(t)) 2 
.,. [ S ~(t:)12 + [S fi )I2 :: ~ 2 , (12) 

MO]I(HO cHcTeMY ypaBHeHHA CBeCTH K. eAHHcTBeHHoMY HeRHHeAHoMY AH~~epeHQH
aJIbHOMY yp8BHeHHIJ A~R S 2(i:.) : 

[$t{t)f -/- trSYt)]\ (4.1'1.2 
+IE)[$(t)f+f2- 4d12" O. (D) 

COOTBeTCTBYlJmee CT8UHOH8pHoe ypaBHeHHe 

I 2 
~ 2 2rr ~ +(4.n. +IE)~ +E2-4.v/ 52

= O 

HMeeT KOpHH 

g (2 (  1 

~~=- I~ -Lft-IE-2.a 4.f)}+I(2E+T~/)); 

2
~; :: ;7 (-4.11. - IE" za i~.>1.2 +1(21; + I ~ 2)'J, 

OnHc8HHe AHH8MHKH, s6Aa»aeMo~ yp8BHeHHHMH (Ia) MOMHO cymecTBeHHo, 
ynpocTHTb, ecnH BBeCTH c~eAym~KA HHTerpaJI ABH~eHHR: 

tl :: ;2 (4.n.2 + I(2E t i-.2» =- (SX(I:)_ 2[)1 +(S)(I:)l (14)r
2 2 2

TorAa acnoxs sya BMeCTO E H & HHTerp8RhI ABHMeHHR Â H ~ , nOJlYI.JHM 

TpaeKTopHIl ABHMeHHR BeKTOpa cnHHa KaK nepeCeI.JeHHe c~ephl (12) c QHRHHA

pOM (14). JlnR ~i H ~2 HMeeM r eneps BhlpaMeHHR: 

2 2 (2.n. )2
~ ~i :: ~ - T + 6. ;. (15)(\ 

\~, 
2 2 (2..a 2

~>2 :: ~ - T - A) (16) 
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\ 
I'I' qTO npH Â-+ O nepeXO,ltHT ~ <I>OPMYJIY, nOJlyqeHHym B npH6JIHIeHHH XaOTHqeCB 3aBRCliMOCTR OT HatraJIbHHX ,IJ;aHHl:lX B03MO!tHH 2 BapHaHTa rr8peceli8HWl i;

I.IHJIHH,ZJ.pOM: 2~2. q KHX !Pas.c<pepbl
ai eCJIH ~ >r t Li, TO r paeeropas pecnenaercn na nae aecaaaase 

qaCTH: ~i. <S~(i ) < ~ 2 ' JIH60 -~.2 < S ~(t) <- ~ I. IB saBHcHMOCTH OT 
HaqaBbHblX YCJIOBHH/. 3TY 06JIaCTb napaMeTpOB eCTecTBeHHO CBfl3b1BaTb c ce

rHeT03JIeKTpHqeCKHM COCTOflHHeM. B AaHHoA 06JIaCTH HMe~TCfl 2 HenOABH*Hble ,J 
TOtlKH: X') 2.tL ( ) 2 t )S (t =. I t 6 1..- 2 seca r 

~ f2M ~] S-' f2J.L 7Si::1T , o> S u. 2 = T +~ > () > o J. (17) t t
s'â(t)~±2At~~ sec.hi

Ilpa Â j o IT.e. $(1:.)1 ff-i I peneaae ypasaeaas (13) aspeaaerca xepea d 
J 

(21)I 
3JIJIHnTHqeCKHe <PYHKI.IHH HK06H: I -~ r ~ 

2 ' d. (I .) lS (l):: ! ~ 2 n 2" ~:z t , S (o):=. ± ~ 2 (18. I) 

c MO,ltYJIeM 

&:: i V _ l' ":: ~ ,;.2 .a~\i 2 
~2 (J2 di d2. Y I 

AJIfl OCTaJIbHblX KOMnOHeHT H3 (Ia) nOJIyqHM 

x 20. x 2 .[l. f2 2( I t) 1S (l) ~ T +1\ S Y1 '2 ~ 2- i J S (o):I-~;(I8.2) 

S~(t):: ! 2 t.'sn(f ~2t) cn fi ~2 t) ) S~(o):: 0, (18.3) 

ECJIH OTKJIOHeHHe lJ. OT creuaoaapaoro COCTOflHvHI Si. Mano, TO ~ « 1. t 

H 3JIJIHnTHqeCKHe <PYHKI.IHH nepeXOAflT B TpHrOHOMeTpHqeCKHe, OTBeqammHe npe

ueCCHH BeKTopa KBasHcnHHa BOKpyr MOJIeKYJIflpgOrO nOJIfl, paBHoro S:i ' O,ltHa

KO ABHEeHHe npH 3TOM npOHcx08HT He no KpyroBblM op6HTaM, a no 3JIJIHnTH

qeCKHM. Oco saases S ~i. =. ! V~ 2 - (2.l2./I)2 , ,ltJIfl aoroporo B ,ltaJIbHeAmeM 

MOMHO 6paTb ero TepMO,ltHHaMHqeCKOe SHaqeHHe, BblqHCJIeHHOe B pa60Te/ 8/, 

nOJIyqHM B nepBOM nopRAKe no ~ : 

r i 2...Q.A "" tS (i):: Sst + ---;-l Cos.Q ;,
I ~s.i 

et x ( ) Z..n.. -x i.
i:> -t -:: - - A LOS. J2 1: .I «..) ) 

ApyroR npe,neJIbHblA cJIyqaA k-= i peaaaayercs npa. ~ i -= o , Tor.zta 

~ : IT S:t H KMeeM 3KcnOHeHQHaJlbHO peaaxcapycnee K S%, penesae: 
dJ. ~ ~ tí ~ (f.): i2 Sst. sech-? 

r.zte r ': fi - S
~t 

2.{L 261 :!> <r- +11· Ilpa 3TOM ~ i <o,H r paexropaa CTaHOBHTCR O,nHOCBRS-

HoH: - ~ 2 <Sl{t.)<~2' .ztB~JteHHe - CHMNeTpHqHblM OTHOCHT~HO .HHBepCHH 

l- -! . l1MeeTCfl TOJIbKO O.ztHO CTaQHOHapHoe COCTOflHHe S2' 3TY 06JIaCTb 

eCTeCTBeHHO CqHTaTb napa3JIeKTpHqeCKOR. !JIH Hee TaK2Ke HMeeM TOqHOe pe

meHHe: 

s~(t)-:~2cn-{2IfJ..Âit Sl!(O):::~2;7 

X E I ~; 2 ~ t X) eo.iS (t):: - - - cn 21rv /j" S (o ~ - ~ c1 •2a ~.Q Llú;, I 1 

S)(t)::: ~21/~ ,SrlV2Í.n.t,'t Jtq/zI.fl.ó:t, S~(O)=O(22) 
c Mo,nYJIeM 3~~KnTHqeCKHX ~YHKQHR .~ 

R_ ~2 _ ~2 VI 
- .y~~- ~r - 21/ZSl.À 

npe.zteJIbHHH CJIyqaH ~: i COOTBeTcTByeT no-npexaexy ~ ~ : o H HMeeT 

TOT Ie BHA, qTO H (21). OH paaAe~geT 06JIaCTH ai H 6/, HBJIflHCb, TaKHM 

06paSOM, KpKTHqeCKOR 06JIaCTbm. Cnearp raMHJIbTOHHaHa r (8) B 3TOA o6JIa

CTH napaaer pon npH;1/- ClooC> nepexoaar B aenpepsaaua, HapYWaR YCJIOBHe ai 
TeopeMbl. 3TO ,neBaeT HeBOSNOKHHM onHcaHHe 06JIaCTH ~aSOBoro nepexo,na Map

KOBCK~M KHHeTHqeCKHM,YP~HeHHeNTKna (6), qTO BnOJIHe corJIacyeTcR c no

JIo.eRReM o KpHTHqeCKOM saMe~~eHKH peJIaKcaQHH B oKpecTHocTH TOqKK <PaSO

S ~(/;):: ±6 s.i~ Jít (19) 
.i 

Boro lJep,XO,Aa li cymecTBOBaHKeM Jl,JlKHHOBpeMeHHblX peJIaKCaQHOHHHX"XBOCTOB",

(~ HeYQTeHHHX B NapKOBCKOM npKÓ~KaeHKH. ~ 
c saBHCHMOCTbD qaCTÔTbI npe1.leCCHH OT aMnJIHTy,ltbl OTKJIOHeHHfl 

B oxpeCTHOCTH CTaQKOHapHoro COCTOflH~.Il $2 Mb.ztYJIb ~ cc 1. CHOM, H 

~ -('S í! ... 2.a li ) (20) u BHOBb ~osNO.Ha annpOKCKNaQKR B BH,ne npeQeccHpymlIlero no 3JIJIKncy BeKTOp~ 

~::1 Sé IS~ 
si I


~~ : 
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xaaaacnana: 
~. ""tS (t) = W1 (~S ~t1.. ~ 

11 

SX(f) =. 2i'1 -fl + D(W1 2) ; 

,,~, 

1 rIS'j (t) :: mV ~ S i ~ li t ,	 (23) 

1/ 

Z J.~ II 
r~e ~~R ~aCTOT~ BpameHHfl nORy~aeM o6~~Hoe B~p~eHHe 

.- 2	 (X) r 2 
2.a: ~ 2 1.(2.6 ::: 2 .a. 24- r<s > + I; m	 , (24) 11 

)( 2.a 
oraexenaee nOflBJIeHHJ) "MflrKOtl MO~~" ripa <S >.... T . 

nepe~ nO~CTaHOBKOtl Ha~eHH~x pemeHHA B 3BO~J)UHOHHoe ypaBHeHHe (6) 
HeoOxo~HMO pa3~o~Tb pemeHHR B p~ ~pbe: • I 

S~(t): ~': .. fi c. cos..â. t ,	 (25) 

r~e B c~y~ae a/: 
.-t 

_ + JI~z. .7 =-t,2jíh._(~_ . "" _ [~2-l. -- " 1L~	 ) ,..[2 - J(n (26)K' 
c K	 i+q",_h ... 2K 

a B c~y~ae 0/: 
)1- ~/ 

. 47i~ 2 _~Ze ;: O ; l :: - ,2.n D. 1- . ]i ':- VT.n. 6. X(2n -i) 
k K r 1+Cf..2M-i' ~ Klj2' ' , , 

rne k ~ k (~) - nOJIH~A 3JIJIHnTHtleCKHR HHTerpan I-ro poae Ht :: e'<p(-li~), 
k'~k{~/):: K(f1=1T). 

ypaBHeHHe (6) ~JIR MO,lle~H (5) nepenHmeTcR B C~e,llYXlll\eM BH,lle: 

Sps, t: (std 
< fr

IV 

(5)=
il 

:: - ~ \<I,<l ~ - i ,SpJIV'K GjlS~ Q)f,.,(S);,vS~J I
 
K d <-<f W.c: - Jl"'f - I ~ •
 

+ (i+tJ..)[NS~; f"'(s)]&.p s: Q~ Jr;:' (S J+ j 

+ LI~IJ L; ;. sf'Sf({tN'K)QJS~~[f)S);,vs~]. 
"I K oIp W,< - .D,J.p + (E.	 I: 

~ 
I 
I 

·1f. 
10	 : I 

!i 
I ~ 

+ IV'", [AIS:; f" (s)j Q~ S~ ar }j;' (S). 
Bsenex nanee CJIe,llYXlll\He 0003HatleHHR: 

[ f/\/' (S ); AI S:] ::. i p~ ~ 

[PJV; $:.1= ~ ~.. 
Tor,lla, ytlHTHBaR (25), HMeeM 

i: 1v'Sp[G.~S~(J.B7PI'o!]PN=6~ ~2':; Sf[S~;PiV']PN':: 
A/..... CJ'> )) 1/... .0 ~	 ) . 

i lh F'	 . rv 
:: - 2 S ~ N c..f2.oi j3 z :! ..Q.. u 

H OKOH~aTe~bHO, nocae npeneasaoro nepexona Iv'~ e-o H 3aMeH~ 

. 'V (' /3
 
~ ,.. ~ (2:1) ~ J~" (i4. k H f'~ o , HMeeM xapxoacxoe TOtlHOe B npeneae
 

BaH XOBa KHHeTH~eCKoe ypaBHeHHe ~JIR Mo~e~H	 cerHeTo3~eKTpHKa THna ~lDP: 

~ wL< +"() fCr)I =-VP 3 (J lk lu "l L z... â~ _J2. 2
'\;~o C2]f) J d ~~o '"L( 

JiF' S 00 l:
+(2-)3 JJk \~i<.\2 N" L s; g(w'o(:'-.a ) (27). 

fi k~o 
l1 

YpaBHeHHe (27) onHCHBaeT pe~aKcaUHm HHTeHCHBHoR nepeMeHHoR npoToH
HoR nO~CHCTeMH B ~OHOHHOM TepMocTaTe B npe,llCTaBJIeHHH BSaHMO,lleRCTBHR. 
EC~H [fAI (S) ; r (s)J 1- o , TO K HeMY HeOOXO,llHMO ~OOaBHTb eue ~JleH, OT
Beqam~HR HeBo3My~eHHOMY ~~H.eHHm. llepBoe CJIaraeMOe (27) cooTBeTcTByeT 
npoueccaM KoonepaTHBHoR pe~aKcaUHH;oHO HMeeT MeCTO H BO MHorHX ~PyrHx 

Mo~e~RX, onHCHBaeMHX MHorOtlaCTHqHHMH KBa3HcnHHOBHMH raMH~bTOHHaHaMH, 

HanpHMep, B MO,lle~H CBepXH3JlYQeHHR lHKKe/I3/ . npe~CTaB~ReT ~o~bmoR HHTe
pec ~aJIbHeRmee HCCJIe,llOBaHHe 3Toro ypaBHeHHR, HanpHMep nO~ytleHHe H3· Hero 
B c~ytlae OTCyTCTBHR KorepeHTHoR pe~aKcaUHH H CJIaOOR HepaBHOBeCHOCTH KH
HeTHQeCKHX YPaBHeHHR THna,ypaBHeHKÜ EHoxa~BaHrcHecca!I4/ B TeopHH cer~ 
HeT08JIeKTpUOB. 
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Kypõ A.M.,	 B. H. P5-87-528a'ro s Hecxoponaaã 

KHHeTHQeCKHe ypaBHeHHR B TeopHH TOqHO 
pernaeMoA MogenH cerHeT03neKTpHKa THna KDP 

PaccMaTpHBaeTcR BapHaHT MOAenH Ko6aRillH cerHeT03neKTpH
Ka THna KDP c AanbHoAeHcTBHeM. HccneAoBaH Bonpoc o npHMe
HHMOCTH npeAena BaR XOBa cna60H CBR3H npoToHHOH nOAcHcTe
MbI c <POHOHHhIM TepMocTaToM. B TepMOAHHaMHqeCKOM rrperrerre 
N ~ 00 Ha OCHOBe cBo6oAHOH AHHaMHKH MaKpOCKOnHqeCKHX COCTO
RHHH npoToHHOH nOA-cHCTeMbl rrorryneusr TOqHhle B npenerre BaH 
XOBa KHHeTHqeCKHe ypaBHeHHR MapKoBcKoro THna AnR npoH3
BonbHoH HHTeHcHBHoH Ha6nroAaeMoH npOTOHHOH lloACHCTeMbI. 

Pa60Ta BblllonHeHa B na6opaTopHH TeOpeTHqeCKOH <PH3HKH 
OH5IH. 

Ilpenpanr 06õe,nHHeHHOrO HHCTHTyra anepasrx accnenoaaaaã, ,lJ.y6Ha 1987 

llepeBOA O.C.BHHorpaAoBoH 

Kurbatov A.M., Neskoromnyi N.N. P5-87-528 
Kinetic Equations in the Theory of Exactly . 
Solvable Model for KDP-Type Ferroelectrics 

The long-range Kobayashi-type Hamiltonian for the KDP
type ferroelectrics is considéred. The application of the 
Van Hove weak coupling of pro tons to phonon heat bath li 
mit is studied. On the basis of obtained in thermodynami
cal limit N ~ free dynamics of microscopic states of00 

proton subsystem the exact in Van Hove limit Markovian ki
netic equations for an arbitrary intensive variable of 
proton subsystem are derived. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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