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IV B pa6oTe H.H.5oron~6os, paccMaTpHBaR npo6neMy o6ocHoBaHHR 
OCHOBH~X npMH4MnOB CTaTMCTH4eCKOA MeXaHHKM, nDAP06HO H3Y4HI1 so
npOCW TeOpHM yCTaHOBJleHMA TepMOAMHaMH4eCKOrO paBHOBBCHR B CHC
TeMe, cna6o CBR3aHHOA C TepMOCTaTOM, HMe~~MM HeKOTOpy~ TeMnepa
Typy T. npH 3TOM OH HCXOAHfl H3 cneAY~~eA ynpo~eHHOA MOAeflH, B 
KOTOpoA ypasHeHHR ABHmeHHR 4aCTM4 CHCTeMW H TepMOCTaTa MOryT 
6WTb npOMHTerpHpOBaHW T04HO. 

B Ka4eCTBe CHCTeMw S H.H.5oron~6os aaRn o6w4HWA rapMOHH4e
CKHA OC4HnnRTOp c raMHnbTOHHaHOM 

1 2 2 2._ H ~ --- (p + w q J. 
s 2 

TepMOCTaT OH npeACTaBHfl COBOKynHOCTb~ 6onbWOrO 4HCna HeB3aHMO
AeACTBY~~HX OC4MflflRTOpOB 

1 N 2 2 2 
HT=TL lPn +wnQnl' 

n=l 

a B3aHMOABACTBHe Memgy CHCTeMOA 8 H TepMOCT8TOM 38A8fl B BHge 

N 
Haa':'f q 'L anQn• 

n~l 

rge an- HeKoTopwe 4Hcna, a • - ManwA napaMeTp. 
Aanee H. H. 5oron~6os npeAnonomHn, 4TO B Ha4anbHbiA MOMeHT spe

MeHH t.Q nepeMeHHWe Qn , pn TepMOCTaTa pacnpegeneHW CTaTHCTH-
4eCKH no 3aKOHY fH66ca, OTBe4a~~eMy TeMnepayype T, a KOOPAHHaTa 
q H HMnynbc p 4aCH14bl S HMe~T HeKOTOpble snonHe onpeAeneHHble 
3Ha4eHHR. TOrAa npH t>O nepeMeHHWe q H P CHCTeMW 6YAYT TaK me, 
KaK H nepeMeHHWe TepMocTaTa, cny4aAHo pacnpegeneHHWMH senM4HHa
MH, KOTOpWe MOmHO xapaKTepH30BaTb HeKOTOpoA nnOTHOCTb~ BepORTHO
CTH PN(t,q,p). 

HHTepecyRcb cny4aeM 6ecKoHe4HO 6onbworo TepMocTaTa M npeAno
naraR, 4TO AflR senH4MH an, wn, soo6~e rosopR, aaBHCR~l-1X OT N, 
swnonHReTcR ycnOBHe nepexoga K HenpepwBHOMY cneKTpy 

2 
'L ~ 

O<w <i' ul 2 
n n 

v 
r J ( v) dv npH N -+"" 

0 

/rAe J(v) - HeKOTOpaR HeOTPHl.laTeflbHaR ¢YHK4HR CBOero apryMeH,a, 
xapaKTepl-13Y~~aR TepMOCTaT/, H.H.5oron~6os paapa6oTan s KHHre 111 

MeTOAHKY HaxomAeHHR npegenbHOA npM N -+oo nnoTHOCTH sepORTHOCTH 
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~ (i\~. 

l ~ .... .,.. .. ~ 
~ 4'-~lr'!'f, .. .._ 

~. :; '!l' 

• ' ·' ?' !;it ·~ -. -~.;' 

l 



p(t,q,p) .. limp (t,q,p ). B 4aCTHOCT~, s npeAnonomeH~~. 4TO 
N-+oo N ' 

e npeAene 6onbw~x speMeH t..... ycTaHaBn~saeTC.fl HeKoTopoe npeAenb
HOe pacnpeAeneH~e p (oo. ,q,p) K09PA~HaTbl q ~ ~Mnynbca P c~cTeMbl S, 
OH nony4~n, 4TO B cny4ae cna6oro B3a~MOAe~CTB~.fl f-+0 C~CTeMW B 
C TepMOCTaTOM C Heo6XOA~MOCTbiO AOnmHO 6b1Tb 

_p2+w2q2 

P ( ~· • q rl?) ... C e 
2kT 

I C- HOpM~poB04Ha.fl nocTO.fiHHaR/, T.e. Heaas~c~Mo OT B~Aa ~YHK-

4~~ J(v) B C~CTeMe 8 npO~CXOA~T ycTaHOB~eH~e TepMOA~HaM~4e
CKOrO paBHOBeC~.fl, OTBe4aiO~ero TeMnepaType T TepMOCTaTa. 

B HaCTO.fl~e~ pa6oTe Teop~R, paapa6oTaHHa.fl H.H.6oron106oswM s 
KH~re 111, np~MeH.fleTc.fl K cny4al0., KOrAa c~cTeMa S npeACTaBnReT 
C060~ He OAHY, a HeCKpnbKO rapMOH~4eCK~ CB.fl3aHHbiX 4aCT~4 ~ B3a~

MOAe~CTByeT He c OAH~M, a, cKameM, c ABYM.fl TepMOCTaTaM~, ~MeiO

~~M~ pa3HWe TeMhepaTypw. np~ TaKO~ nocTaHOBKe 3aAa4~ B C~CTe-
Me S s npeAene 6onbw~x speMeH ycTaHpBn~saeTC.fl He cocTO.fiH~e 

TepMOA~HaM~4eCKoro paBHOBeC~.fl, KaK 6wno 6w B cny4ae OAHOrO Tep
MOCTaTa, a HeKOTOpOe HepaBHOBeCHOe CTa4~0HapHOe COCTO.fiH~e, CBO~
CTBa KOToporo MW nOAp06HO ~.~3Y4~M. B 4aCTHOCT~, MW noKameM, 4TO 
3T~ CBO~CTBa onpeAen.fiiOTC.fl He TOnbi(O TeMnepaTypaM!-1, HO 1-1 cneKT
panbHWM~ xapaKTep~CT!-1KaM~ TepMOCTaTOB. 

§1 

PaCCMOTpHM COCTO.fi~YIO ~3 ·s 4aCT~4 rbpMOH~4eCKyiO C~CTeMy 8, 
KOTOpa.fl xapaKTep~3yeTC.fl raMI-lnbTOHI-laHOM 

s 2 1 s 
H8 .. ...!. L p + - L k ii qi qi , 

2 r= 1 r 2 i ,j~ 1 

rAe q 1, ... , q 
8 

1-1 P 1'"""•P 5 o6oaHa4aiOT KOOPA~HaTbl 1-1 1-lMnynbCbl 4ac
T~4 C~CT8Mbl, a 4~Cna kij ( .. kji) TaKOBbl, 4TO KBaApaT~4Ha.fl ~OpMa 

s 
-l.L k .. q. q. 

2i,jx11J I J 
nonomHTenbHO onpeAeneHa. 

npeAnonomi-IM, 4TO CI-ICTeMa S CBH3aHa C ABYMH TepMOCTaTaM~, 
HMeiO~I-IM~ cooTseTCTBeHHO TeMnepaTypw T1 ~ T2 .raMHnbTOH~aHw 3T~x 
TepMOCTaTos, cneAY.fl H.H.6oron106osy111 • aan~weM s BHAe 

1 N 2 2 2 
HT ,. - L I Pn + w nQn l. 

1 2 n=1 

1 M 2 2 
HT =- L lPm+w~Qmj 

2 2 m-1 

2 

t 

(. 

I 

I 

( 

3A8Cb ~HAeKC D HyMepyeT KOOPAI-IHaTW, 1-lMnynbCW 1-1 4aCTOTW OC4~n
nHTOpOB TepMOCTaTa T1 ,a ~HAeKC m OTHOCI-ITCH K COOTBeTCTBYIO~HM 

8enH4!-1HaM TepMOCTaTa 11' 2 • 
Baa~MOAe~CTBHe CHCTeMbl S _c TepMOCTaTaMH B03bMeM 8 8HA8 

N M 
f! anQnql + J.L! amQmqs' 

n•l m-1 

rAe am , a
0 

~ p - HeKOTOpble 4HCna, a f ~ J.L • f P - Manble napa

,MeTpbl. 
nepeXOAH OT KOOPA~HaT q k 4aCT~4 CI-ICTeMbl S K COOTBeTCTByiO-

~HM HOpManbHbiM KOOPA~HaTaM E> a no Q>opMynaM 

B 

qk"' L ~ka E) a 
aw 1 

rAe ~ka - 3neMeHTW HeKOTOpO~ OpToroHanbHOA MaTpH4W, aan1-1WeM 
nonHbiA raM~nbTOH~~taH H 83a~MOAeAcTBYIO~HX c~cTeMbl S ~ TepMocTa

TOB 8 8~Ae 

s 2 2 2 
H .. ..l.!!A+wE>l+ 

2 a• 1 a a a 
' 

1N 2 221M2 22 
+ - L l P

0 
+ w 

0 
Q 

0 
l + - L I P m + w mQ m l + 

2 n•l 2 m-1 
/1/ 

N s M s 
+ c L a

0
Q

0 
I l ~t E> l + f p l a Q I L ~ E> l. 

n-1 a•l a a m•l m m a•l !Ill a 

3Aecb Aa o6oaHa4aeT KaHOHH4eCK!-1-conpRmeHHWA HOpManbHOA KOOPAI-IHa
Te E) a HMnynbC, a Wa- 4aCTOTa HOpManbHOrO KOne6aH~.fl a · 

H3 ypa8HeHHA AB~meHHH, OTBe4aiO~HX raMI-lnbTOHHaHy H /1/, Mbl 
MomeM Tenepb onpeAenHTb 3a8HCHMOCTb oT 8peMeHH 8enH4HH Ba • 
Aa ; np~-1 3TOM 3TH 8en~4HHW oKamyTC.fl aa8~CR~~MH oT Ha4anbHWX 
3Ha4eHHH 8Cex nepeMeHHbiX E>a , /\a ; Q 0 , P 0 ; Q m , P m • B c~ny 
TOro, 4TO npH t.Q KOOpAHHaTW H HMnynbCW TepMOCTaT08 npeAnona
raiOTC.fl pacnpeAeneHHWM~ CTaTHCTH48CKH, MW nony4~M, 4TO HOpManb
HWe KOOPAI-IHaTbl 8a H COOT8eTCT8YIO~~e HM 1-lMnynbCbl !Ia CI-ICTeMbl 8, 
!-1Me8WHe nepsoHa4anbHO onpeAeneHHwe aHa4eHI-1.fl, np~-1 t>O 6YAYT 
yme cny4aAHbiMH 8enH4!-1HaMI-1, KOTOpble MOryT 6WTb oxapaKTep!-130BaHW 
HeKoTopo~ nnoTHOCTbiO pacnpeAeneHH.fl 8epo.fiTHOCTH PNM(t .' E> 1 , ... ,A 8 ). 

B 4aCTHOCTH, 8 HHTepecyiO~eM Hac cny4ae TepMOCTaTo8, coAepma~HX 

6ecKoHe4HO 6onbwoe (N ... "" , M ... oo) 4HCno 4aCTH4, pacnpeAenet-tHe se
nH4HH E)a , 1\a AOnmHp onHCW8aTbC.fl Q>yHK4HeA nnOTHOCTH 8epOHTHOCTH 

p(t,81, ... ,11s)'" lim PNM (t,Bl•""'lls)· 
N,M->"" 
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npeAnonara.R, l.lTO np~ N ... 00, M-+ 00 cnpaBeAil~Bbl COOTHOWeH~.R 

2 II 
an 

I --
2 

-+ f J 1(v) dv np~ N -+ .. 

O«un.<v wn 0 
~ 

!. a~ v 
O.<wlli<v : ~ -+ ! J2(v) dv 

npVJ M ... "" ' 

B nOJlHOi:i aHailOr~~ C BblKJlaAKaM~ pa60Tb/ 
11 

MO)f(HO noKa3aTb, 4TO 

nJlOTHOCTb p (t, 81 , ... , /\ s) CO~MeCTHOrO pacnpeAeileH~.R BeJ1~4~H 
@ 

1 
, ••• , /\ 

8 
~MeeT B~A 

1 2s -1 
_-·- ~ cA ) e ef3 

2 a,f:3•1 a{3 a 
p(t,@ 1 , ••• ,/\

8
).Ce ' , /2/ 

rAe C - HOpM~pOB04Hblei K03<)><)>~Lj~eHT, a ~MnyJlbCbl fla B npa130Ci 4ac

T~ <)>opMyilbl /2/ Mbl o6o3Ha4~Il~ Ailfl iA06CTBa, KaK ea+s • noA A - 1 

s /2/ noH~MaeTC.R, Aanee, MaTp~Lja, o6P.aTHa.R K MaTp~Lje A KBaApa

T~4HOCi <)>OpMbl 

2s 2 oo 9 2 · 2 
!. AarA.a.\{3•E f!. !~ 1 kT1J1(v)+ P ~ 2 

kT 2 J 2 (v)lx a,f3--1 p·, 0 a•1 a sa 
' t . 

x !J! ,\ ·v (z) '+ ,\ s+ v'(z) le-w zdz !2dv 
0 

a a a a 

no nepeMeHHbiM ,\ 1 , ••• ,.\ 28 , <)>yHKI.j~~ Va B KOTOpOCi YAOBileTBOpfliOT Cne

AYIOl!leei c~cTeMe ·s ~HTerpoA~<t><t>epeHI.j~ailbHbJX ypaBHeH~Ci: 

V"+w2v. a a a 
2 • 8 2 2 s 

E ~la I 1 !. ~ 1{3v{3 + E p ~.!121 2 I ~s{3v{3 
{3•1 {3~1 

/3/ 
2 t s 22 t s 

- E ~la J P 1 (t- r) I ~ 1{3 v' (r) dr- f p ~sa J P2(t-r) I ~s{311'(r) dr 
0 {3•1 0 {3•1 

C Ha4ailbH~MVJ YCilOB~fiM~ 

va(O) .. O, v~ (0) .. 1 

!I 

/3AeCb npVJHfiTbl o6o3Ha4eHVJ.R: 1 1-J J 1(v)dv 
0 

I 2xJ J 2(v)dv, 
0 

0() 

P
1 
(t),. J J 1(v) cos v tdv, 

0 

00 

P 
2

(t) ,. f J 
2

(v) cosv tdv ). 
0 

TaK~M o6pa3oM, Mbl nony4aeM, 4To Ailfl onpeAeneH~fl <l>YHK1.1H~ 

p (t ,e 1•·'"• A ~ Heo6xoA~Mo pewVJT b c~cTeMy VJHTerpoA~<t><t>epeHI.j~anb-
HblX ypaBHeH~Ci /3/, 4TO B 06l!leM Cily4ae HeB03MO)f(H0 CAe!laTb. no3TO-

4 

! 
i 
;..l\ 

My orpaHH4~MCfl cny4aeM, KOrAa c~cTeMa S cna6o B3a~MOAei1cTsyeT 
~ o. , I ' 

c TepMocTaTaM~ T 1 HT2 ,T.e. KorAa E-+0. B 3TOf71 npeAnonomeH~~ 

OKa3~BaeTC.R B03MO)f(H~M'He TOilbKO .Hai1T~ np~6Jl~)f(eHHOe B~p~meH~e 
Ail f.! <)>yHKI.j~Ci V a, HO VI Bbi4~Cil~T b npe'AeilbHbJe np~ t-+ oo BbJpa>KeH~.R Ail.R 

K03<)><jl~Lj~8HTOB ~Aa{3 • TeM caMbiM Mbl HaeiAeM TaKme Vl npeAeilbf!Oe np~ 
t ... oo BbJpa>KeH~e Ail .A <!>YHKI.jl'i~ p ( t, e 1 , .•• ,/\ 8) ,KoTopoe 6yAeT onHCbJ

eaTb ycTaHaBili'IBaJOl!leeC.R B CVlCTeMe S H8KOTOpOe HepaBHOBeCHOe 

CTaljVlOHapHOe COCTOfiHI-18. 3TO HepaBHOBeCHOe CTaljl'iOHapHOe 'COCTOR

H~e xapaKTepVl3yeTC.R 6eCKOHe4HO Mail~M nOTOKOM Tenna ~epe3 C~CTe
My, nocKOilbKY CBfl3b ee c TepMocTaTaMVl T 1 1-1 T 2 npeAnonaraeTC.R 

cna6oei. 
0TMeTVlM, 4TO nepB~M waroM Ha nyT~ peWeH~.R C~CTeM~ /3/, CO

Aepmal!lei:i ·s ypaeHeH~Ci BToporo nop.RAKa, fiBil.ReTc.R nepexoA K c~c

TeMe 2s ypas'HeH~i:i nepsoro nop.RAKa nyTeM BBeAeH~.R ·s HOBbJX <l>YHK-

4~Ci: 

u - v' ..... a a 

3!TeM CileAyeT nepeeiT~ OT <)>yHKI.j~i:i V a , Ua K HOBbiM <)>yHK4~fiM ~a· , 

(a no <)>opMynaM ' 

+ iw t - -iwa t 9 + iw t 2 s _ -iw{3t 
va ,. ~ e a + f.' e + E

2 I A {3({3e {3 + E I B {3 ({3 e 
a a {3,. 1 a {3• 1 a 

+ iw t 
u ,. iw ( e a 

-iw t 2 8 + + icu{3t 2 s _ - -iw[J 
-iw (ae a + c I 6 {3({3e +c I ~ rE{3e , a a a a {3• 1 a {3• 1 a(Y, 

+ 
rAe Aa{3 '• Ba{3 , ~a{3, ~a{3- HeKOTOpbJe 4~cna, 3Ha4eH~.R KOTOpbiX 

B~6~paJOTC.R B XOAe AailbHe~W~X B~KilaAOK. 
nocKOilbKY 3T~ B~KilaAK~, XOT.R ~ 04eHb rpOM03AK~e, aHanor~4Hbl 

B~KilaAKaM pa6oT~/ 1/ B KOTOpOH H.H.6oronJ060B paccMaTp~Bail cny-
4ai1 cna6oro B3alo1MOAei:fCTBVJ.R OAHOCi 4aCTVII.jbl C TepMOCTaTOM, npVJBe

AeM JlVJWb oKOH4aTeilbH~Ci pe3yilbTaT: a cny4ae cna6oro e3aVJMOAeeicT-

BVJ.R c -+ 0 B npeAeile 60ilbW~X BpeMeH <)>yHK4VJ.R p ( t,@ 1•••••/\g) npVJHVJ-

MaeT BI1A 
2 2 2 

/\a+ waea 
B - 2kTa c n e /4/ 

a•1 

I C- HOPMVJpOB04Ha.R nocTO.RHHa.R/, rAe K11HeTVJ4ecKa.R TeMnepaTypa Ta, 

OTBe4aiOll\a.R HOpMailbHOMy KOJle6aHVJIO a, eCTb 

~~ T1J1(wa)+P2~2saTl2Cwa) 
2 2 

~1a J1(wa) + ~ !r!J 2(wa) 
T "' T (w ) ,. 

a a /5/ 

TaK 4TO eCil11 TeMnepaTypbr o60VJX TepMOCTaTOB OA11HaKOBbl, T1 ,.T2:~T, 
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TO TeMnepaTypbl Ta ec~ oKa>HyTcR TaK)I{e paBHbiMI-1 T 1-1 <t>opMyna /4/ 
6YA6T 03HS4aTb pacnp8A8Il8HI-1e HOpMailbHWX KOOPAI-1HaT 1-1 I-1MnyilbCOB 

no 3aiCOHY r1-166ca. 

npi-1HI-1MS.A Ail.A onpeAeileHHOCTI-1' 4TO TeMnepaTypbl T 1 1-1 T 2 TepMo

CTaTOB CD.A3aHbl COOTHOW8HI-18t4 T1 ~ T 2 , Mbl M0)1{8M Ha OCHOBaHI-11-1 $op

MYilbl /5/ Hani-1CaTb: 

2 2 
P /).sa (T2-T1)J2(wa) 

------ ~-T· 
2 2 1 

/).1a J 1 (wa) + AsaJ 2 (wa ) 
Ta "' T 1 + 

1-1 

Ta .. T2+ 
p2 t,.~ta.(T 1--T2 )J 1 (wa)- ~ T2 • 

~2Jcw ) + /',.~ J 2 (wa) ta. 1 a 

T8K 4TO KI-1H8TI-148CKM8 TeMnepaTypw Ta HOpMailbHWX KOne6aHMR M3y-

4aeMOR CMCT8Mbl Ol<a3biBaiOTCfl nOA4MH8HHbiMM ecTeCTBeHHOMY HepaaeHCT

ay T
1

.:; Ta ~ T 
2 

• OTMeTM~, 4TO sa c4eT nOAXOA.All!ero Bbr6opa TepMo

cTaToa, T, e. 3aABBBfl pB3Ili-14HbiM o6pa30M <i>YHKL\MM J l (v) M J 2 (v) 
/MeH.Afl MX 3HB48HM.A, B 4aCTHOCTI-1, Ha 4BCTOT8X Wa /, MW MOmeM A0-

6V1TbCfl TOro, 4TO T8MnepaTypbl rra HOpMBilbHbiX I<Oile6aHI-1R npi-1MYT 

npoi-13BOilbHbte HanepeA saAaHHble sHaLJeHMA B MHTepaar1e Me)I{AY T 1 V1 T 2 • 

An.A onpeAeneHI-1.fl npeAeilbHoR np1-1 t-> "" nnoTHOCTM aepORTHocnt 

p {oo ,q
1

, ... ,p
8

) pacnpeA8Il8HI-1fl KOOPAMHaT V1 MMnyilbCOB q 1, ... ,p 8 4ac-

TML~ CV1CT8Mbl S paCCMOTpMM COOTB8TCTBYIOLIIYIO xapat<TepV1CTI-148,CI<YIO 

<l>YHKL\1110 

s s 

iL trqr+ iLTTpPe 
J e r zt P.-1 f(t1•"'•ts• "t•""•"s)"' X 

X p ("" , q , ... ,p ) dq l ... dp , 
1 s s 

Y4TeM, 4TO,I<Oilb cKopo t,.ka cyTb 3IleMeHTW HeKOTopoR opoToroHanb

HoR MBTPHL\W, npeo6pa30BaHI-18 nepeMeHHWX MHTerpl-1pOBBHV1.fl no ¢opMy

naM 

s 
q = 2, /',. 8 
ka, 1 kaa 

s 
p "' 2 t,. A 

k a•l ka a 

coxpaHR8T ¢a308biR o61>eM dq 1 ... dp s • no3TOMY MO)I{HO HBnHCBT b 

6 

(1' 
II 

\ 

l 
ll 

i 

l 
~ 
~ 
I! 

l 
';I] 

I 

t ' • j 

8 s s s 

f(t1''"•"s) .. J 
i 2. ®a 2. trt,.ea + i 2 Aa 2 "r t,. o 
U"'l Px1 ast P•1 <a e 

x Ce 

s A2 2. 2 
-S~wa8a 
a- 1 2kT_a __ _ 

d81"'dAs• 

X 

OTKYAa CileAyeT, 4TO 
s s 2 

--!.k L T (2 1Tn/).Pa 

1 B T s 2 
- - k :£ _a_ c 2 tr t,.r 

2 a-1 a p -1 t 
f(t 1, ... ,TT

8
)xe -

2 a"'1 w 2 P.-t a • e a 

OrpaHM4HMCR paccMoTpeHMeM pacnpeAeneHM.A 

HOR 4aCTHL\W. TorAa n-R 4BCTML\e CMCTeMw S 
TepHCTM48CKB.A <i>YHKL\M.A 

TOJibKO HMnyilbCa OA-

6yAeT OTB84BTb xapaK-

s 2 
- ..l.krr I T /',. 

2 n a ... 1 a na 
f( ... ,O,rr

0
,0, ... )• e !6'1 

HaxoA.fl Tenepb H3 /6/ nnoTHOCTb aepoRTHOCTM pacnpeAeneHM.fl MMnynb

ca n-A 4BCTI-1l.\W, MW nOilY4HM, 4TO ee KMH8TM48CKa.A TeMnepaTypa 

T(~ oKameTCfl paaHoR 

s 2 
.T(n)= 2 TaAna 

a= 1 
171 

0TCIOAB Cil8AY8T, 4TO TeMnepaTypbl T(n) 4aCTML\ CMCT8Mbl S nOA4MH.fl

IOTC.fl TOMY me ecTecTaeHHOMY orpaHM4eHMIO T 1 ~ T(n).:; T 2 • 4TO 11 TeMne-

paTypbl Ta ; AeRcTBMTenbHO, B CMilY ycnoaMR opToroHailbHOCTM 

s 2 
S /j.na"' 1 

a .. 1 · 
Ail.fl aenH4MH Ana ~omHo HanMcaTb, HanpMMep, 

s 2 J 2 
T (n) ,.. 2 T An .~ T2 ~ /',. na .. T 2 a=1 a a a=l 2 

!lpeAnonaraR Aanee, 4TO MaTpr.1l.\a, cocTasneHHaR M3 4Mcen Ana • .fla

n.fleTC.fl HeswpO)I{A8HHOR, TaK 4TO ¢opMyJlW /7/, CB.fl3WBBIOli!Me TeMnepa

TYPbl T (n) c T,eMnepaTypaMr.1 Ta , MoryT 6biT b o6pall!eHbl, Mbl BMAHM, 

LITO COOTBeTCTBYIOli!MM 3aAaHr.18M TepMOCTaTOB KMH8TM4eCKr.1e TeMnepa

TYPbl T(n) 4aCTML\ CMCTeMbl S MoryT 6b1Tb CAenaHbl npOr.13BOJlbHbiMr.1 

4McnaMM, saKill04eHHbiMM s r.1HTepsane TeMnepaTyp Me>KAY T1 1.1 T2 • 

KOilb CKOpO npM M3MeHeHMr.1 ¢yHKL\M~ J 1 (v) M J 2 (v) BeJlr.14MHbl Ta 

MoryT npr.1HMMaTb npOM3BOilbHble 3Ha4eHYIA Me>KAY T 1 M T 2 • 

TaKMM o6pa30M, MW M0)1{8M CAeilaTb BWBOA, 4TO CBOHCTBa HepaBH0-

88CH0[0 CTa4Y~OHapHOro COCTORHMfl rapMOHr.14eCKOR CMCTeMbl, cna6o 

CB.fl3aHHoA c ABYMR TepMocTaTaMM T 1 1.1 T 2)T 1 ~T2 ),onpeAeilHIOTCR 
He TOilbKO TeMnepaTypaMM T 1 M T 2 TepMOCTaTos, HO M cyll!eCTBeHHO 

3aBr.1C.AT OT MX 11 BHyTpeHHero'' CTpOeHMR. 
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" 

§2 

B t<al.leCTBe npHMepa npHMeHHM noilyl.leHHbte Bbtwe peayilbTaTbl K Cily-

4810, KOrAa CHCTeMa S, 3aKill04eHHa~ Me)I(AY ABYM~ TepMOC,TaTaMH 'T 1 
~ T2 ,npeAcTaBil~eT co6o~ rapMOHHI.IecKyiO 4eno1.1Ky, T.e. xapaKTepH

ayeTc~ raMHilbTOHHaHOM BHAa 

1
8 

2 22 1 2 
Hs-2 ;1<Pr +wrqr) + 2k1.2(q1-q2) + 

""1 • 2 
''' + 2 k s-1, ./ q s-1 - q s) ' 

I 
rAe BeilHI.IHHbl k i,i+ 1 ,onpeAeil~IOT CHilY CB~3H COCeAHHX l.laCTI-14 B 4e-

n04Ke. 0TMeTHM, 4Tcf eCilH k i, i +l "' k,.._const , w i "'w ., COITSt, TO Mbl 
~MeeM OAHOPOAHYIO 4en01.1Ky, Ail~ KOTOpO~, TaKHM o6pa30M, MO)I(HQ 
HanHCaTb: 

1 s 2 2 2 .1.. 2 2 Hs .. - ~ I p + (w + 2k) qr I - k (q 1 + q 9 ) 
2 r-1 r 2 

-k(qlq2+ ... + qs-1qs), 

PaccMOTpHM rapMOHHI.IecKyiO 4eno1.1Ky c raMHil~TOHHaHoM 

1 B 2 22 ' ) 
H.,_,~ 1-p +w q l-k(qlq2+ ... +qs-1qs' 

S 2 r-1 r r 

Ail~· KoTopo~ xopowo H3BecTeH cneKTp l.lacToT wa 
KOile6aHH~ E) 121 

a 

2 
w -a 

w 2 + 2k cos~ 
'S+ 1 

H ~OPMYilbl nepeXOAa, 

q -r 

s 

~ ~raE>a'• 
a•1 

~ .. ..;:£ ·sin L!..!L • 
ra ·s ·s + 1 

(a • 1, .... s), 

r, n • 1 , ... , s, 

ee HOpMailbHblX 

!8! 

/9/ 

K 3THM HOpMBilbHbiM KOile6aHH~M. ~H3H4eCKH TBKaR 4eno1.1t<'a MO)I(eT 6blTb 

npeACTaB.AeHa KaK OAHOPOAHB~ 4en01.1Ka 1-13 ·s + 2 l.laCTI-14, KOH4bl KOTQ-

pOH aaKpenileHbl. -

Jl A 2 . 11 ra , , 
erKo BHAeTb, '-ITO Wl~ K03~~H411eHTOB o rcz ••,,/- SliT -- cnpa-

·s ·s+ 1 
BeAil11Bbl COOTHOWeHH~ 

8 

\ 

L 

r I 

., 
I 

2 2 
~. • ~ s+1-i,a 1,a 

BblnOilHR101J1HeC~ npH Ill06btX a H i · 
no3TOMY Ha OCHOBaHHH <!>OPMYilbl /7 I Ail~ KHHeTHI.IeCKO~ TeMnepa

TYPbl n -~ 4aCTH4bl 4en01.1KH Mbl Ha~AeM, '-ITO OKa)l(yTC~ OAHHaKOBblMH 

COOTBeTCTBeHHO KHHeTHI.IeCKHe TeMnepaTypbl nepBO~ H ·s-~, BTOpO~ 

11 ·s-1-~ H T.A. l.laCTI-14. B OCTailbHOM )l(e pacnpeAe~eHHe TeMnepa

Typbl B 4en01.1Ke HHI.IeM He orpaHHI.IeHO H, ~ l.laCTHOCTI-1, nyTeM COQT

BeTCTBYIOIJ1ero nOA60pa TepMOC)aTOB MO)I(eT 6b1Tb ~AeilaHO npOH3BOilb

HblM C TeM IlHWb YCilOBHeM, 4T06bl TeMnepaTypw~aCTI-14 Ile)l(ailH B HH

TepBaile Me)I(AY T 1 H T 2 • 

HMeR B BHAY Tenepb paCCMOTpeTb Cilyl.laH Ol.leHb Ail11HHO~ 4enOI.IKH, 

nepenHWeM Bwpa)l(eHHe /7/ Ail~ KHHeTHI.IeCKO~ TeMnepaTypbl 4aCTH4bl i 
4en04KH B BJ.1Ae 

T(l) • 
s 2 
~ 61a T(wa) • 

a•1 

s . 
g_ ~ ·sin

2 ~ T(w ) 
·s a• 1 ·s + 1 · a 

2 
8 

• 2 11ia ( ) A - ~ ·sm -- T wa ua , 
·s a~1 'B+l 

rAe ~a"' 1 03Hal.laeT H3MeHeHJ.1e BeilHI.IHHbl HHAei<Ca CYMMHPOBaHHR a 
npH nepexoAe K CileAY101J1eMy 4IleHy B cyMMe. BcnoMHHM, '-ITO cornac

HO <!JOpMyile /9/ 3Ha4eHHR HHAeKCa a CBR3aHbl C l.laCTOTaMI-1 Wa HOp

MailbHblX KOile6aHHH 4enOI.IKH /8/ COOTHOWeHHeM 

2 2 
'S+ 1 Wa - W 

a .. -- arccos ----
77 2k 

11, CileAOBaTeilbHO, 

s 2 w2 -w2 . w2-4J2 
T (i) .. !. ~ ·sin I i arccos a I T (w ) ...:§.±.1. ~ (arccos a ) • 

11 a• 1 2 k a ·s 2k 

nepeXOA~ K npeAeily 'S -+ oo. H Y411TbiBaR, '-ITO npH 3TOM cr\eKTf l.laCTOT 

w~ 6yAeT see nilOTHee aanonHRTb npoMe)l(yToK (w 2 - 2k , w + 2 k), Mbl 

MO)I(eM 3aMeHHTb HanHCaHHYIO BblWe HHTerpailbHYIO cyMMy COOTBeTCTByiO

IJ1HM HHTerpailOM. B HTOre nOilY411M 

T(i) .. ~ F ·sin
2
1 ix IT ( ,fw 2 + 2k cos x) dx, 

17 0 
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' T (i) ,. 
1" ·-----
- J T (Jw 2 + 2kcos x) dx 
" 0, 

" _.!. J cos {2ix I T ( v'w 2+ 2kcosx) dx. 
" 0 

/10/ 

T04HO TaK me MOmHO 6bi110 6bl noKa3aTb, 4TO KHH'eTH4eCKaH TeMne
paTypa i-~ 4aCTH~bl, OTC4HT~BaeMO~ OT Apyroro KOH~a ~en04KH, 
npa.-1 ·s _,"" xapaKTepHayeTCH TeM me BbtpameHHeM I 1 0/. 

3aMeTHM Tenepb, 4TO no OCHOBHO~ 118MM8 TeOpl-111 HHTerpa110B ~ypbe 
BTOpO~ 1-13 HHTerpa110B B ~OpMy11e /10/ CTpeMHTCH K HY11~ C pOCTOM 
HOMepa i. 3TO 3Ha4HT, 4TO BAa11H OT KOH~OB ~en04KH KHHeTH4eCKaH 
TeMnepaTypa T(i) 4aCTH~ 6yAeT OAi-1HaKoso~ A11R scex 4acTHLI 1-1 pas
Ho~ 

" T(i) " j_ J TU w 2 +1 2k cos x) dx. 
" 0 

3TOT B~BOA 0 nOCTOHHCTBe K11HeTH4eCKO~ TeMnepaTyp~ 4aCT114 
B r11y611He A11i-1HHO~ rapMOHi-14eCKO~ ~e~04KV. /8/, 3aK11~4eHHO~ MemAY 
ABYMH TepMocTaTaMH T1 1-1 T2 1-1 HaXOAH~e~cH B Hepas~~BfJHOM cTa
~1-lOHapHOM COCTORHI1H, 6~11 nony4eH TaKme B pa6oTaX ' , B KOTOp~X 
B03Ae~CTBHe KamAOro TepMOCTaTa Ha L!en04Ky Oni-1C~Ba110Cb CJ1y4a~HO~ 

Cl-1110~ co cneKTpOM THna 6e11oro wyMa 1-1 He npeAnonaranocb, soo6~e 
·rosopR, cna6~M. 
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1. 3KcnepHMeHTan~Ha~ ~3HKa BWCOKHX 3HeprHH 

2. TeopeTM~eCKa~ ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTan~Ha~ HeHTpQHHa~ ~3HKa 

4. TeopeTH~ecKa~ ~3HKa . HH3KHX 3Hep~H 

5. MaTeMaTHKa 

6. RAepHa~ cneKTPOCKOnM~ H paAHOXMMH~ 

7. ~3HKa T~*enYX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AeTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTan~HWX 
AaHHWX 

11. Bw~cnHTen~Ha~ MaTeMaTHKa H TexHMKa 

12. XHMH~ 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHM~ TBePAWX Ten H *HAKOCTeH 
~AePHWMH MeTOAaMH 

15. 3KcnepHMeHTan~Ha~ ~3HKa ~AePHWX peaK~HH 
npH HH3KHX 3HeprH~X 

16. ~03HMeTPH~ H ¢M3HKa 3a~TW 

17. TeopH~ KOHAeHCHPOBaHHOrO COCTO~HHA 

18. Hcnon~soeaHHe pesyn~TaToe H MeTOAOB 
~YHAaMeHTan~HWX ~3H~eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTAX H8YKH H TeXHHKH 

19. 6H~H3HKa 

raapHneHKO r.M., ropwKOB C.H., ~eARHHH B.K. P17-82-700 
YcTaHOBneHHe paBHOBeCHR B OAHOMepHOH rapMOHM4eCKOH ~en04Ke, 
CBR3aHHOH C TepMOCTaTaMH 

HccneAYeTCR ycTaHoaneHMe paaHoBeCHR a nHHeHHOH ~eno4Ke rapMOHM4eCKMX 
OC~H~RTOpoa, cna6o CBR3aHHOH Ha KOH~ax C TepMOCTaTaMH C TeMnepaTypOH T1 , 
T 2 • TepMpCTaT~ paccMaTpHBaOTCR KaK 60nbWaR COBOKynHOCTb rapMOHM4eCKMX oc
~HnnRTOpOB, HMe~MX pacnpeAeneHMe rH66ca. noKa3aHO, 4TO BAanH OT KOH~OB 
TaKOH ~en04KM TeMnepaTypa nOCTORHHa. 

Pa6oTa a~nonHeHa a fla6opaTopHH TeopeTH4ecKoH ~H3MKM OH~H. 

C~eHMe 06~eAMHeHHOro MHCTHTyTa RAePH~x HccneAOBaHMH. AY6Ha 1982 

Gavrilenko G.M., Gorshkov S.N., Fedyanin V.K. 
The Evolution of Linear .Chain of Harmonic Oscillators 
to the Equilibrium State 

P17-82-700 

The evolution of linear chain of harmonic osci"llators to the equil ib
rium state is studied. The chain is weakly coupled with two heat · bathes at 
T1 and T2 temperatures. The heat ·bathes are considered as large sets of 
harmonic oscillators obeying the Gibbs distribution. It is shown that far 
from the ends of this chain the temperature is constant. 

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