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88EAEHHE 

8 nocneAHHe S-6 neT HHTeHCHBHO pasaHaa~Tc~ pasH~e TeopeTH-
4eCKHe cnoco6~ OnHCaHH~ TAlKenOHOHH~X peaK~H~. 0AHOBpeMeHHO 
6wna BHOBb npoaHanH3HpoeaHa H ycoaepweHcTaoaaHa KanenbHaR MO
Aenb AAPa a npHMeHeHHH K onHcaHH~ AeneHH~ H rHraHTCKHX pe3o
HaHcoe. HaH6onee o6~aA H xapaKTepHaA 4epTa ynoM~HyTo~ awwe 
rpynn~ ~AePHWX ~aneHH~ - 3TO npHCYTCTBHe CHn TpeHH~ HnH BR3-
KOCTH ~AepHO~ lKHAKOCTH. 6e3 3TOrO Henb3~ 06D~CHHTb HH 60nbWHe 
WHPHHW rHraHTCKHX pe30HaHCOB, HH pacnpeAeneHHR M8CC H 3HeprH~ 
B AenA~e~CR CHCTeMe. Heo6paTHMOCTb rny6oKOHeynpyrHX COyAape
HHH T~lKen~X HOHOB 04eBHAH8, T8K KaK 60nbWa~ AOn~ KHHeTH4eCKO~ 
3HeprHH HaneTa~e~ 48CTH~~ YXOAHT Ha BHyTpeHHHe B036YlKAeHHR 
CHCTeMW . TpeHHe HnH B~3KOCTb CBR38HW C Heo6paTHMOH nepeAa4e~ 
3HeprHH, HMnynbca H MOMeHTa KOnH4eCTBa ABHlKeHHR MelKAY 11M8KpO
CKOnH4eCKHMH11, KOnneKTH8HWMH CTeneHRMH CBOOOAbf H 11 MH KPOCKOnH-
4eCKHMiit11 8HyTpeHHHMH CTeneHAMH CB060 AW ~Apa. 8 o6naCTH RBne
HH~, 0 KOTOPWX HAeT pe4b, HaH6onee nonyn~pHW cneAY~He nOAXO
AW•. 

I. KnaccH4eCKHe ypaeHeHHA AaHlKeHH~ c HeKOHcepsaTHBH~MH, 
AHCCHnaTHBHWMH CHnaMH l t ,el . 3TOT OOAXOA C4HT810T XOPOWHM nPH-
6nHlKeHHeM, T.K. OTHOCHTenbHoe AaHlKeHHe nPH rny60KOHeynpyrOM 
B3aHMOAeHCT8HH HOHOB MOlKeM paccMaTpHBaTb K8K KB83HKnaCCH4eC
KOe /op6HTHPOBaHHe, nepeAa4a MOMeHTa KOnH4eCTBa ABHIKeHHA H 
T.n./. KpoMe Toro, a paccMaTpMaaeMoH o6nacTH 3HeprHH ao36Y*
AeHMII /noPAAKa 10 M38 Ha HyKnOH/ nnoTHOCTb ypoeHet:i Ha caMOM 
Aene o~Hb 6onbwa~. 3TOT nOAXOA nPHMeHAeTcA npH npeAnonolKeHHH 
0 HeClKHMaeMOCTH AAepHOH M8TepHH. 

ll . nonWTKH HenocpeACT&eHHOrO K88HT088HHA CHCTeM KnaCCH-
4eCKHX ypa&HeHHH C TpeHHeM 1 8 1 • AnA AHCCHnaTHBH~X CHCTeM npo
~eAypa KBaHTOBaHH~ HeOAH03H84Ha. npHXOAHTCA pa6oTaTb C ra
MHnbTOHH8H8MH /narpaHlKH8HaMH/ , ABHO 3aBHCR~HMH OT apeMeHH. 8 
npo~ecce K8aHTOB8HHR OOABnR~TCA Cy~eCTBeHHWe HenHHeHHOCTH 
/raMHnbTOHH8H AOnlKeH 3aBHCeTb OT HCKOMoH BOnHOBOH ~YHK~HH H 
T.n./, MOlKHO CK838Tb, 4TO HeCMOTpA Ha HeKOTOpWe ycnexH, no
cneAO&aTenbHOrO KBaHTOBOrO nOAXOAa K CHnBM TpeHHA noKa HeT. 

•so 8BeAeHHH CCI>InKH H8 nHTepaTypy He npeTeHAYIOT Ha nonHOTy. 
YKa3aHW nHWb HaH6onee npeAcTaBHTenbHWe HnH caMwe nocneAHHe 
pa6oTw. B HHX MOlKHO H8HTH nonHWH cnHCOK nHTepaTypw. 
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IU. Ha paccMaTpHaaeMy~ rpynny AaneHHH MO*HO nocMOTpeTb c 
T04KH SpeHHA CTaTHCTH4eCKOH TeOpHH ,Hanp.,paccMaTpHBaA ee KaK 
ras KHYACeHa

141
.HyKnoHw coyAapA~TCA c noaepxHOCTb~,H npH 3TOM 

npOHCXOAHT AHCCHna~HA 3HeprHH/noaepXHOCTHaA BASKOCTb/. HnH C4H
TaTb, 4TO nocne COYABpeHHR ABYX Tfl*enwx HOHOB o6pasyeTCR 
ABOHHaR CHCTeMa, YCTaHOBneHHe paBHOBeCHR KOTOpOH paccMaTpHaa
eTCR KaK c.ny4aHHWH npo~ecc. PasHwe yrnw pacceRHHR noHHMa~TCR 
KaK peaynbTBTbl pacnaAa ABOHHOH CHCTeMbl Ha pa3Hb1X CTBAHRX pe 
naKCB~HH / 6 / . 

IV. MHKPOCKOnH4eCKHe nOAXOAW, T.e. npf!Moe peweHHe ypa&He
HHR WpeAHHrepa. HaH6onee npoABHHYTWM RBnfleTCR MeTOA sa&HCR~e
ro oT apeMeHH caMOcornacoaaHHOro nonA XapTpH-~Ka 161. 4HCTO 
MHKPOCKOnH4eCKHe OOAXOAW, HCXOAR~He HS nepBWX npHH~HnOB, 
npaKTH4eCKH ace 6a3HPY~TCR Ha TeopHH aosMy~eHHi1 171 . TaKHM *e 
o6pasoM paccMaTpHaanocb HSMeHeHHe cnapHBaHHR npH AeneHHH fiA
pa 17a/ . 8 nocneAHee apeMR WHPOKO 06CY*AB~TCR, KaK OAHH H3 
B03MO*HWX nOAXOAOB, K8aHTOBWe KHHeTH4eCKHe ypaBHeHHR 6oron~-
6oea-rypoea 181 • 

191 v. nHHaMHKa *HAKOH KannH. ABTOPbl pa6oTw ' orpaHH4HBBACb 
paCCMOTpeHHeM CTBTH4eCKHX COOTHOWeHHH, o6DRCHA~T MHOrHe CBOH
CTBB npo~ecca AeneHHR. 04eBHAHO, 4TO CTBTH4eCKHH nOAXOA He 
MOr OnpeAenHTb pacnpeAeneHHR MBCC H 3HeprHH B Aenfl~eHCA CHc
T~Me. BRSKOCTb B KanenbHOH MOAenH 6wna Y4TeHa B pa6oTe 1101 . 
06CY*ABA KanenbHY~ MOAenb, ~ AOn*HW OTKa3aTbCR OT TepMHHa 
11 ri-1 APOAHHBMHKa11

, TaK KaK RAePHWe KOHCTaHTW OTnH4B~TCR OT co
OTBeTCTBY~HX BenH4HH AnA BOAW Ha 10-15 OOPflAKOB. HTaK, AnA 
BOAbl nnOTHOCTb 

pa 0,003(3.10- 14 )1'1 2 / MsB•ci>M 6, 

K034>4>H~HeHT CABHrOBOH BA3KOCTH 

-10 
11 = 0,7(4.10 )-t / ci>Ms, 

K03~H4HeHT noaepXHOCTHOrO HBTA*eHHA 

-16 2 u- 1. (5 .10 ) MsB/ «<>M . 

KpoMe TOro, MW npHBbiKnH K cneAY~HM OCHOBHWM CBoHCTBaM *HA
KOCTH: 

a/ KOPOTKOAeHCTBy~e CHnW, 
6/ He6onbwaA C*HMaeMOCT b, 
a / AnHHa c ao6oAHOro npo6era f HaMHoro MeHbwe paaMepoB 

CHCTeMW Ro . nocneAHee CBoHCTBO AnA AAep He BWnOnHAeTCA, TaK 

2 

KaK o6ono4e4HaA MOAenb H MeTOA onTH4ecKoro noTeH~Hana Aa~T 
o~eHKy f -(1.6 -2)R o • HMeHHO Hs-sa 3Toro paccMaTpHaanacb MO
Aenb rasa KHYACeHa. TeM He MeHee, TeopHA BASKOH *HJlKoH KannH 
KaK MOAenb AApa npoAon*aeT pasaHaaTbCA. B pa6oTax 11 6wnH 
npoaeAeHw nepBWe AHHaMH4eCKHe KanenbHWe Bb14HcneHHA AnA Aene
HHA. WHpHHbl rHraHTCKHX pe30HBHCOB nony4eHbl H3 MOAenH BA3KOH 
KannH a pa6oTax 1 121 . 3aTeM 6onee AeTanbHble 4HcneHHWe peaynb
TaTw AnA AeneHHA AaHw aBTOpaMH pa6oTw1 131 . npHMeHeHHe 3Toro 
OOAXOAa K TA*enOHOHHbiM peaK~HAM HaXOAHTCA B HB4anbHOH CTa
AHH 1 141 • 

1. nOCTAHOBKA BOnPOCA 

(HCTeMa KnaCCH4eCKHX ypaBHeHHH BASKOH *HAKOCTH COCTOHT H3 
ypaBHeHHA HenpepWBHOCTH 

d ~ .. 
2..f!_+p V·V=O 
dt /1/ 

H ypaaHeHHH ABH*eHHA 

dv ~ .... 
p-a V·T 

dt ' 121 

!]Je p (x ,t ~ - nnOTHOCTb, V (i , t ) - none CKOPOCTei1. TeH30P 
.T C npaBOH CTOpOHbl MO*eM pa3AenHTb: 

...... ... .,_. 4;:t 

T=P+M + l. , /3/ 

rAe_. 
~ - TeH30p H30TponHOrO AaBneHHA, 
M - TeH30p MaKCBennOBbiX HanpA*eHHH, 

:t - TeH30P BA3KOCTH. BA3KOCTb 06W4HO e~e pa3AenR~T Ha 
CABHrOBy~ BA3KOCTb H H30TponHy~ C*HMaeMOCTb. KoMnOHeHTbl TeH
sopa CABHrOBOH BA3KOCTH paBHW: 

avl avj 2 ;t. .. 
rr .. • -- - -- - - S IJ v • v 
IJ a J: j c:Jx j 3 • /4/ 

(Sp;; = 0) • nocne npoCTWX BbiKnaAOK HS ypaBHeHHH ABI1>KeHHfl aw
TeKa~T ypaaHeHHA Haabe-CTOKca: 
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dV .. ... ~ ~ ..... 
P""dt •-Vp +pEE +17V2 v +(?+ ; () V(V •V ). 151 

K HHM H8AO A06aBHTb H84a/1bHble ycnOBHA: 

v<f.t-0)-vo<l>. 161 

T . e. none CKOpOCTeH BO BCeM npOCTp8HCT8e AJ1A Ha4anbHOrO MOMeH
Ta BpeMeHH, a T8KM<e Kpaeawe YC110BHA, KOTOpble C~eCTBeHHWM o6-
pa30M 388HCAT OT TOrO, KaK onpeAeneHa noaepXHOCTb, orpaHH4HBa
~aA M<HAKY~ Kann~. A HMeHHO: Kpaeawe ycnoBHA HMe~T csoeo6pas
Hy~ CBA3 b C AHHaMH4eCKHMH nepeMeHHbiMH rno6aJ1bHOrO ABHM<eHHR 
KannH B npOCTp8HCTBe, eCnH OHa B T8KOM ABHM<eHHH H8XOAHTCA. 

K03~HUHeHTbl BR3KOCTH B ypa&HeHH~X 151 paCCMaTpHB811HCb K8K 
noArOH04Hble napaMeTpw npH onHcaHHH AAePHWX npoueccoa c noMO~b~ 
KanenbHOH MOAenH. C APYrOH CTOpOHbl, Mbl 3HaeM, 4TO MHKPOCKOnH-
4eCKaA TeOpHA K88HTOBbiX li<HAKOCTeH 1 151 AaeT CnOC06 8bi4HC/1eHHR 
BCeX KHHeTH4eCKHX K03¢¢HUHeHTOB 8 COCTORHHH paBHOBeCHR npH 3a
A8HHbiX CHnax B3aHMOAeHCTBHA MeM<AY 48CTHU8MH CHCTeMbl. 

B cneAyiOU(eM naparpa~e 3TOH pa6on1 AaeTCR cnoco6 BW4HCileHHA 
K03~HUHeHTOB BA3KOCTH B Hepa&HOBeCHOM COCTOAHHH H8 rHAPOAHHa
MH4eCKoH CT8AHH. ~A 3TOH ue11H npHMeHAeTCA MeTOA HepaBHOBeCHO
ro CT8THCTH4e CKOrO onepaTOpa / 16/ . 4HCJ1eHHble pe3ynbT8Tbl MO*HO 
nony4HTb, eCTeCTBeHHO, T0/1bKO 38A8B8ACb KOHKpeTHbiM BHAOM 
B3aHMOAeHCTBHR HYKnOHOB B AApe. 

2. B~BO~ YPABHEHH~ HABbE-CTOKCA . 
OnPE~EnEHHE KHHETH4ECKHX K03~HUHEHTOB 

KsaHTOBaA CHCTeMa 8 COCTOAHHH p88HOB8CHA OOHCWBaeTCA onepa
TOpOM nnOTHOCTH: 

rAe 

4 

-1 .... ..... 
p a Q exp (-,S H -,S~t N ), 

p. -
A -
N -

XHMH4eCKHH OOTeHUHan, 
OnepaTOp raMHnbTOHa, 
onepaTop 4Hcna 4aCTHU, 

Q .. Sp ( exp (- ,g (li - p. N ))) . 

171 

181 

TeOpHA HepaBHOBeCHOrO CTaTHCTH4eCKOrO onepaTOpa OCHOBaHa Ha 
CJ1eA)IlOIIIHX paCCYM<AeHHAX / t?/ : eC/1H Ha4a/1 bHOe COCTOAHHe CHCTeMbl 
CH/1bHO OT/1H4aeTCA OT paSHOBeCHOrO, TO Ha Ha4a/1bHOH CTaAHH He
o6XOAHMO 3HaTb OonbWOe 4HC/10 ~YHKUHH pacnpeAeneHHA; OHH 6biCTpO 
MeHA~TCA CO BpeMeHeM, cornaCHO ypaBHeHH~ nHyBHnna . 3aTeM AnA 
raSOB 6biCTpO yCTaHaB/1HBaeTCA KHHeTH4eCK8A CTaAHA - BCe ~YHKUHH 
pacnpeAeneHHA nOnHOCTb~ onpeAe11A~TCA OAH048CTH4HOH ~YHKUHeH. 
B o6~eM cny4ae, AnA no6oH cHcTeMbl cy~ecTayeT apeMA '1 I r 1 e~e 
HaMHoro MeHbwe apeMeHH nonHOH penaKcauHH cHcTeMbl r I, sa KO
TOpoe CHCTeMa AOCTHraeT rHAPOAHHaMH4eCKOH CTBAHH . 0Ha xapaKTe
pH3yeTCA TeM, 4TO AnA n0/1HOrO OnHCaHHA CHCTeMbl A0CTaT04HO He
CK0/1bKHX MOMeHTOB ~YHKUHH pacnpeAeneHH~. ~HHaMHKY TaKoH CHCTe
~ XOPOWO OnpeAenA~T ypaBHeHHA rHAPOAHHaMHKH H ypaBHeHHe Ten
nonpOBOAHOCTH. Ha rHAPOAHHaMH4eCKoH cTaAHH ace ~yHKUHH pacnpe
AeneHHA 3aBHCAT OT apeMeHH T0/1bKO 4epe3 TaKHe BenH4HHbl, KaK 
cpeAHee 4HCno 4aCTHU, cpeAHAA nnOTHOCTb 3HeprHH, cpeAHAA CKO
pOCTb H T . n. 
~A AanbHeHWHX paccyM<AeHHH HaM e~e Heo6xoAHMO onpeAe11HTb 

nOK811bHO paBHOBeCHOe pacnpeAeneHHe. 8 cny4ae HeOAHOPOAHOrO 
pacnpeAeneHHA 3HeprHH H ( i') H HeOAHOPOAHOro pacnpeAeneHHA 
4HCna 48CTHU n(X) CT8THCTH4eCKHH onepaTOp, nony4eHHbiH H3 yc
nOBHA MaKCHMyMa HH¢QpMaUHOHHOH 3HTpOnHH, HMeeT BHA! 

Pf "' Qf 1 
exp(- f ,S(x)(H(x) -It (x)n (x))), 191 

rAe 

Qf ~ Spexp(- J,S{X)(H(x) -~t (i)n(x))). 1101 

floKanbHO paaHoaecHoe pacnpeAeneHHe nosaonAeT onpeAenHTb TepMO
AHHaMH4eCKHe ~YHKUHH HepaBHOBeCHOrO COCTOAHHA H nony4HTb Tep
MOAHH8MH4eCKHe COOTHOWeHHA AnA HeOAHOPOAHbiX CHCTeM, HO He A8eT 
BOSMOM<HOCTH OnHC8Tb npoueCCbl nepeHOCa. 

HccneAYeMy~ CHCTeMy N ~PMHOHoa onHweM MaKpocKonH4eCKH, 
3aAaBaA none TeMnepaTypbl, none XHMH4eCKoro noTeHuHana, none 
CKOPOCTeH H T.n. CHCTeMa H8XOAHTCA B KOHT8KTe C COBOKynHOCTb~ 
TepMOCT8TOB H pesepayapOB. MHKpOOOHC8HHe T8KOH CHCTeMbl OCHOBbl
aaeTCA Ha nOKanbHbiX 38KOH8X COXpaHeHHA 

aPm 
-- + at 

.. .. 
V • j (x.t)- 0, m m .0.1.2 ... , 1111 

rAe 
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... ... 
p 0 (x) "'H( x ); 

Jo<i>- fii ); 

pl (;).p(;); 

J 1<i"> .. .:rex>: 

p2 (;). n(;); 

J 2 ci"> - 1 c; > . 

B cny4ae CHCTeMW ~epMHOHOB c ABYX4aCTH4HWM e3aHMOAeHCTBHeM 

H = f H(i)dx. 

rAe 

.... h2 .,. ... .... ~ 
H ( X) = 2;- V 1/J +(X) • V 1/J (X J + 

· + ! J v(;-~').p+(x .. )Y,+(x .. ')I/J(x .. ')I/J(x), 

n(X) . 1/J+( l ).p (l). 

... .. h + :'1 ... ... ... :t+ ~ j(x)=-(1/J (x, .v i/J( x) - Vop (x, . I/J(X}). 
2mi 

anA OAHOKOMOOHeHTHOH CHCTeMW nllOTHOCTb llHHeHHOrO HMnynbCa 

p(x) .. mj(i}. 

/12/ 

/13/ 

/14/ 

/15/ 

Ypae HeHHA ABH*eHH~, 3KBHeaneHTHwe 
HHA HMOYilbca, HMeDT BHA 

llOKallbHOMy 3aKOHy COXpaHe-

ap cx> a 
/ 16/ I _a_ T 

f3 ax/3 af3- 0, + at 

rAe 

T "'~< a.p+ciJ a.p(X) 
a{J 2 m a X f3 a X a 

1 a%(i) ) 
- 2 J x13axa 

~(X} a.p {X) 

+ ax:- --ax:8 

-! f(x{Tx~)(xa-x~)f ~~(r) .p+(X).p+(x~ )I/J(x')I/J(i}dx'. 
/17/ 

6 

B ~BHOM BHAe e~pa*eHHe An~ noTOKa 3HeprHH: 

-+ .... h 2 2 + -+ -+ r"t + -+ 2 .... 
j ( X) = - -- ( V 1/J ( X) • V 1/J ( X)- V 1/J ( X) V 1/J ( X)) + 

H 4 m2i 

+ ~ J vcx .. - i , )1/J +ex~ )J( x) I/J ( x ' )dx' - !18/ 

- .!..c; -i ') v v cx ... -x'H.P+<x') j (x)e/1 (x ')+I/J+ cX>1 <x .. , )1/J Ci )) di'. 
4 

3aBHCHMOCTb OnepaTOPOB OT epeMeHH CB~3aHa C nepeXOAOM K re~ -
3eH6eprOBCKOMy npeACTa eneHHIO. KaK CblllO cKa3aHo, Ha rHAPOAHHa
MH4eCK~ CTaAHH onepaTOP p /OH AOil*eH 6~Tb HHTerpallOM ypaBHe
HHA nHy BHnna/ 3aBHCHT OT epeMeHH nocpeACTBOM HeCKOilbKHX napa 
MeTpOB F m • Bocnonb3yeMc~ coeoKynHocTbiO onepaTopoe B mCx • t ) , . 
3a8HC~~HX OT epe~eHH 4ep~3 napaMeTpw Fm(x,t) • npeAnonaraA, 
4TO B m (x. t) YAOBileTBOp~eT ypaBHeHHIO nHyliiHillla H 4TO p AB
n~eTCA <I>YHK~HOHanoM ecex B m(l. t) : 

p ( t ) =P l Bm(x.t) 1. /19/ 

raocTpoHM onepaTOPbl B Jx. t ) a BHAe 

... 0 ctl ... 
Bm(x,t)=t J e Fm(x,t+t 1 )Pm(t,t 1 )dt 1 , /20/ 

rAe 

-oo 

F0 - f3 ( i . t ) • 

F =-f3<;.t)v (x.t >. 
1 

F - - f3 ( x,t )(p. ( x , t ) - ~ v 2 ( x .... t)) . 
2 2 

3To - TepMOAHHaMH4eCKHe napaMeTp~. / Mw ew6panH 3ana3AWBa~He 
peweHHA ypa eHeHHA nHyBHillla/. 0apaM6TP f ycTpeMilAeTCR K HYiliO 
nocne TepMOAHHaMH4eCKOrO rpaHH4HO rO nepeXOAa. 

: 7 



~HTerp~py~ no 4acT~M, nony4aeM 

!3m (x,t) .. Fm(i,t)Pm(i)-

/21/ 
0 

n .. · ar Ci t+t 1) ·l -Je 1(Fm(x,t+t 1 )P(t 1 )+ m' P(x,t
1

))dt
1

. ! 
- m at m l 

3T~ B.Jx,t) YAOeneTeop~~T ypaeHeH~~M: 

a B m( x ... t) _ + _1_ [ B ( x , t) , H ) "' 
ah ih m 

/22/ 

o n 1 .. • ... a Fm (x.t+ t1) 
-c J e (F (X,t+t 1) P (x,t )+ Pm(i,t

1
))dt

1 - m m 1 at 

npeAnonara~ Hepa8HOB8CH~H CTaT~CT~48CK~H onepaTOp 8 B~Ae 

-1 
p ( t) ,. Q exp ( - ! f B ( x , t) di), 

m m /23/ 

rAe 

Q .. Sp exp (- ! J B (x, t) eli) , 
m m /24/ 

~HTerp~py~ no 4acT~M ~ ~cnonb3y~ np~ 3TOM noKanbH~e 3aKoHw co
xpaHeHHR, np~XOA~M K BWPa*eH~~ 

-1 ... 
p(t) .. Q exp(-! f( F (x,t)P (x}-

m m m 

0 
ctt • • -t .. ar (x.t+t ) .. 1251 -fe (VFm(X,t+t 1 ) JJx,t )+ m 1 Pm(:i,t

1
))dt

1
)dx ). 

-oo at 1 

• 

) 
) 
t 

3TOT onepaTop He YAOBneTBOp~eT /npH ( .. 0 I ypa8HeHH~ n~y8~n
na, TaK KaK ~ npeHe6pernH noToKaMH 4epea no8epxHOCTb c~cTeM~. 
CoAep•a~Hec~ 8 3KCnoHeHTe /25/ 8peMeHHWe npo~380AHWe TepMOAH
HaMH4eCKHX C~n MOI!HO 3aMeH~Tb HX rpaA~eHTaM~, ~cnanb3y~ ypae
HeH~~ 3Hnepa, 0KOH4aTellbHO nOily4~M 

( ) Q-1 .. .. 
p t "' exp (-! f ( F (X ,t) P (X, t ) -

m m m 

/26/ 
0 c t 1 m ... ... ... 

- J e j ( x, t 1 ) X m ( x, t + t 1 ) dt 
1 

) dx ). 

3To npH6nKIIeHHa~ ¢opMyna . B 3KcnoHeHTe npoaeAeHo pa3nolleH~e 8 
PRA c T04HOCTb~ AO rpaA~eHTOB TePMOAHHaMH4ecKHx napaMeTpoe. 
X k - TepMOAHHaMH4ec KHe c~nw: 

x0 cx.t),. vf3<x.t). 

Xt<x ... t)=- fHx.t) v~(x ... t). 

-t -t ... ... 
X ( x, t)= - V{l(x,t)l-'(x,t), 2 

3an~cwaa~ CTaTKCTK4eCK~H onepaTOp B BKAe 

Q -1 -A-B P= e • 
/27/ 

rfilte 

A - I I F ci.t)Pm(i)dx ... m m 

0 
ct1 m .. .. .. 

B ,._I If e j (x ,t 1 ) X (X,t+t
1 

)dxdt
1 m - m 

H paanaraA a PlfA OTHOCKTent.HO Manoro B , nony'*!M a nKHeHHOM 
npH611HIIeHHK 
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1 - Ar A r - Ar A r 
p;;(l- f( e Be - < e Be > ) dr )p 

0 f f !281 

rAe 
-A -A 

p f • e I Sp e . < ... > e • Sp(p f ... ). 

CpeAHHe noTOKH a HepaaHOBeCHOM cocTO~HHH 1281 swpa.a~TC~ ~op
MynaMH: 

< j m (i) > - < j m ( i ) >e + 

1291 

+If/ et(t:...t)(jm(X}.j 0 (x' ,t'-t))X (x',t')dt'di'. 
m n ......., 

rA.e 

(j m( i ), jn(x',t)) .. fJ-1 of < jm(X}(jn (i',t,ir)-< jn (i',t)>f )>ed7f30I 

- KBaHTOBWe KOppen~UHOHHWe ~yHK4HH, 3aBHC~~He OT apeMeHH, 11 

j 0 (x',t,ir)~e...p-~rj 0 (l',t)e{3-lAr. 011 

KaK BHAHO, nHHe~Hwe cooTHOWeHH~ Me*AY cpeAHHMH noToKaMH H !ep
MOAHHaMHI.IeCKHMH CHnaMH HMe~T HerlOKaJlbHW~, . 3ana3AWBaiOUIHH xapaK
Tep. Hx MO*HO ~anHCaTb KOPOTKO, npeHe6pera~ 3ana3AWBaHHeM 

.m(-+) m -+ -+ -+ (i -+ < J x > = < j (x)~ + I f Lmn (x,x')X
0 

x ' ,t ) dx', , 
n 

1321 

rAe 

-+-+ 0 !t m -+ n -+ 
( x . x ' ) = f e ( j ( x). j (x ' • t )) dt. --L mn 1331 

10 

AanbHei1wee ynp0111eH11e - 3TO noKanbHOe nl)lo16nH*eHHe 

< j m(i)> = < j m(x )> + I L mn (x)X n (x), 
f n 1341 

rAe 

L ( i )- f L ( ... ... ')dx .. ' mn - mn x,x · 

An~ HHTepecy10111ero Hac cny1.1a~ OAHOKOMnOHeHTHOH *HAKOCTH 

< J >e=nv. n .. <n(x) >e, 

u -< HCx) >e. 

-+ y2 ... 
<i >e = (u+p+n -) v. 

H 2 

< Ta/3 >r = plia/3 + nva v {3. 

< Ta/3 > -<Ta/3 >e = < ~ af3 > +<rr >li afJ' 

o iJva iJVA 2 -+ 
<tt a > =-7] ( -- + -..t::...- -li t:J div v ), a,_, ax a X 3 a,_, 

{3 a 

<tr>=<p>-<p>f =-( div v 

YcpeAHI'I~ 3aKoHw coxpaHeHH~ I 11 I c HepaBHOBecHWM CTaTHCTH'-Iec
KHM onepaTopoM 1281, nony'-IHM 

~ + divnv .. o. at iJ<H(f)> +div< jH > .. O, at 

ik pa > ikTa{! > 
-+I = 0=> 
at {3 ax/3 

1351 
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=-> 
Clnv a 

at 
a ap 

+ I --nv v 13 + --= 
{3 a x{3 a axa 

a ava avR 2 a -> 
=I - '7 (- + ~-- 8 {3 div V) +- ( div v 

{3 ax{3 a x{3 axa 3 a axa 

Ko3~HUHeHT~ B~3KOCTH, no onpeAeneHH~, paeH~ 

0 
'7 =; f _£. ect (T ~y (x ), T ~y ( 'i ',t ))dx' dt, 

0 
(= ...l JJ eq 

T-oo 
( p ( x)p ( i'. t ) - ~ H<i'.t)au 

- ~n(i ',t)) dx', dt. an 

/35/ 

/36/ 

CneAY~HH 3Tan pa3BHTH~ H3nO*eHHOrO ~We nOAXOAa COC TOHT B 
B~4HCneHHH KHHeTH4eCKHX K03~HUHeHTOB An~ npocTeHWHX ~AePH~X 
ABYX4aCTH4H~X nOTeHUHanoe. npoBOA~TC~ B~4HCneHHfl An~ noTeHUH 
ana ~Kae~, THOHa 1 181 H Anfl MOAenH ~epMHOHOB e cpeAHeM none, 
B3aHMOAeHCTBy~~HX C KOnneKTHBHWMH KOne6aHHflMH. 

3AKJl04EHHE 

npeACTaBneHHWH BWWe MeTOA Ka*eTC~ npH&neKaTenbH~M TeM , 4TO 
OH AaeT B03MO*HOCT b MHKpOCKOnH4eCKOrO onpeAeneHH~ ~eHOMeHono

rH4eCKHX KOHCTaHT H TaKHM o6pa30M nOSBOn~eT CB~3aTb KanenbHy~ 
MOAenb c KBaHTOBOH npH 3aAaHH~x ABYX4aCTH4HWX CHnax. 

AsTop npH3HaTeneH P.B.A*onocy, H.H.nRToey, B.6.6en~esy 3a 
ueHHWe AHCKyCCHH, 
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