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IIpencraBaenns po3s’sa3kiB 3aaa4i Kowi nus iepapxii BBI'KI necumerpuynoi
CHCTEMH YACTHUHKH B TEPMOCTATI y BUIJISI/Ii PO3KJIay 32 KyMYJSIHTAMM
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[ToOynoBaHo KyMyJISIHTHE NPEACTaBIEHHS po3B’si3KiB 3anaui Kol janipoxxka piasiHb boromotosa (iepapxii BBI'KI)
HECUMETPUYHOI CUCTEMM YacTHHKH B TepMoctari. JlocimimkeHo 301KHICTh MOOYIOBaHMX PO3KIANIB y BiIMOBIIHUX
(YHKIIOHAJIBHUX TPOCTOPAX.
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KyMYJISTHT (CEeMHiHBapiaHT).

Antonwok b. II. IIpencraBaenne pemennii 3agaun Komm aias mepapxuu BBI'KM HecMMMeTpHYHOM CHCTEMBbI
YACTUIbI B TepMOCTAaTe B BH/Ie PACIHCAHNS 32 KYMYJIAHTAMHU. [I0CTpOEHO KyMyJIIHTHOE IIpECTABICHNE PELICHUN 3a1a4u
Ko st nenouku ypaBHeHuit borosooosa (nepapxum BBI'’KI) HecummeTprdeckoll CHCTEMBI YacTHUIIBI B TEPMOCTATE.
HccnenoBaHo cX0IMMOCTb TIOCTPOCHHBIX Pa3IoKEeHUH B COOTBETCTBYIOMIMX (DYHKIIMOHAIBHBIX IPOCTPAaHCTBAX.

Knrouesnie cioBa: uepapxus bBI'KI, HecuMMeTpUYHbIE CHCTEMBI YacTHUII, HEPABHOBECHOE KJIACTEPHOE Pa3JIOKEHUE,
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Antonuk B.P. Representation of solutions of the Cauchy Problem for the BBGKY Hierarchy of Nonsym-
Metrical System of Particle in Thermostat as a Form of Expansion for Cumulants. We construct the cumulant
representation of the Cauchy problem for the Bogolyubov chain of equations (BBGKY hierarchy) of nonsymmetrical
system of particles in thermostat. A convergence of the constructed expansions is invertigated in the corresponding
functional spaces.
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invariant).

ITocTanoBKka HaykoBoI mpodJeMu Ta ii 3HadyeHHA. OHUM 3 OCHOBHMX 3aBJIaHb Cy4acHOi mMaTreMa-
TUYHOI (PI3UKH € BUBYEHHS BIIACTUBOCTEH 1 TOBEMIHKA MAaKpOCKOIYHUX TiJI, TOOTO CHCTEM, fKi CKJa-
JIAFOTHCSl 3 HECKIHYEHHOI KUTBKOCTI OJJHAKOBMX MiKpOYaCTHHOK (€JIIEKTPOHIB, aTOMiB, MOJIEKYJ TOIIO), Ha
OCHOBI BJIACTHBOCTEH Ta 3aKOHIB PyXy IIMX MIKPOYaCTHHOK. PyX OKpeMHX MiKpOYaCTHHOK MOXE ITiIOPSII-
KOBYBATHCsI 3aKOHaM KJIaCHYHOI a00 KBaHTOBOI MexaHiku [1]. Y kiacuuHiil MexaHilli CTaH MaKPOCKOIIYHOT
CHCTEMH BH3HAYa€ThCsI HAOOPOM KOOpIUHAT ( ¥ iMImynbCiB p, ycix ii wactuHok. CtaH cucteMH BijfoOpa-
KA€EThCSI TOYKOI Yy (ha30BOMY MPOCTOpi, a 3MiHA CTaHy — PYXOM Ili€i TOYKH B370BXK (Pa3oBOi TPAEKTO-
pii(=q(t), p=p (). Ha Biaminy Bix MexaHiuHMX, CTATHCTUYHI 3aKOHOMIPHOCTI HE 3ale€XaTh BiJ I10-

YaTKOBUX YMOB, Y SIKUX IlepeOyBalia CUCTEMa; BOHH BTPavyaroTh OyAb-SKUN 3MICT IPH IEPEXOl 10 CUCTEMHU
31 CKIHUCHHMM YHCJIOM CTYICHIB BUILHOCTI 1 HE 3BOJIATHCS JI0 MEXaHIYHHMX 3aKOHOMIPHOCTEH. Y 3B’A3KY i3
UM TIOBEJ[IHKA CICTEMH OITUCYETHCS METOIaMHU TeOopPil iMOBIPHOCTEHA.

Marepiaau i meroam. [lyisi cTBOpeHHS Mojeneld NOBEAIHKM MAaKPOCKOIYHHUX Til LIMPOKO BHKO-
PHUCTOBYIOTh MaTeMaTHYHI METOJIH, Cepe]] IKUX BaXKIJIMBE 3HAUCHHS Ma€ JIAHIIOKOK PiBHSAHB boromoboBa —
HECKIHUEHHA CHCTeMa iHTerpo-audepennianbaux piBHsIHb (iepapxis BBI'KI). Bimomo, mo Bci MOXITHUBI
CTaHU CHUCTEM YACTHHOK ITOBHICTIO MOJENIOIOTHCS HECKIHYEHHOIO MOCIiOBHICTIO YAaCTHHKOBHX (DYHKIIIH
po3Moiy, 110 33/I0BOJBHSIOTEH piBHAHHS boroirobosa [5; 6]. lepapxist BBI'KI € pynmamenTansHo0 Takox
1 B TOMY CEHCI, 1[0, BHACIIJIOK TPaHUYHUX MEPEXOJIiB, 13 HEI MOXKHA BUBECTH (DEHOMEHOJIOTIUHI PiBHSHHS
PYXY CTaTHCTHYHHUX CHCTEM, HAIIPHUKJIA/A, KIHETUYHI PIBHSHHS, PIBHSAHHS TiAPOAMHAMIKH, PIBHAHHS TUQY3ii.

[ToOynyemo kymynsHTHE TpeicTaBleHHs po3B’s3KiB 3amadi Kormi JaHIoxkka piBHSHB boromoOoBa
(iepapxii BBI'KI) omHOMIpHOI CHCTEeMH BHIUICHOT YaCTUHKH B TEPMOCTaTi. 3ayBa)KMMO, IO B Iili pOOOTI
JOCHI/DKY€ETBCSI HECUMETpUYHa 0araTo4acTMHKOBAa CHUCTeMa, TOOTO cucTeMa 3 HECUMETPHUYHHMM TaMilIbTo-
HiaHOM BiZJHOCHO IEpECTaHOBOK apryMEHTIB, IO XapaKTePH3YIOTh KOKHY 13 4acTHHOK. P0o3B’s30K 3amaui
Komri jy1st b0oro piBHSHHS BU3HAYAETHCS PO3KIIAIOM 32 TpynaMu (KiacTepamu) 3pOCTarouoro Yrcia YacTh-
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HOK y ¢opMi psiay iTepalliii ab0 MeBHOTO (YHKITIOHATBHOTO DSy, METOAOM HEPiBHOBAKHUX KIIACTEPHUX
poskianiB [7]. CTpykTypa IHX PO3KIJIaIiB 3aJISKUTh BiJl TUITY CUCTEMH YaCTHHOK [2].

Bukian ocHOBHOTo MaTepiany i o0IpyHTYBaHHS OTPMMAHHUX Pe3yJbTATIB J0CHiIzKeHHs. Po3rs-
HEMO OJIHOBHMIPHY CHCTEMY BHJJICHOI YacTHHKU B TepMocraTi. [loTeHmian @ B3aeMojil HaOIMKIUX
CYCIJTHIX YaCTHUHOK IIi€i CHCTEeMHU Ma€ BIACTHBOCTI:

®(g) - +o  |g/<o;

®EC2[0,R].
0 |g>R>0;

Hosuaunmo Wy, 1, — MHOXHHY 3a00pOHEHHX KOHGIrypariii. I'aminbToHian [4] Takoi cucremu Mae

BUTJTISI:
n p2 n-1
Hy= 2 —-+ 2®(0 —0i,), me n=ng +1+n,.

i=—n, 2 i=—n,
VBeneMo mociigoBHICTh IOYATKOBUX JAHUX.
F(O) ={Fs(0.X g%

IO € TIOJBIIHOO MOCIITOBHICTIO S-HACTUHKOBHX (DYHKIIIH PO3MOIiTy:

}s=sl+1+sz >0’

Fo(0.X g, oo X 1, X0, X000 Xs ) % = (G, ) €RT xR,

st 3HAXO/KEHHS PO3B’S3KY F(t)={|:S (t,X_Sz,...,XSl) 3amaui Komrl naHIto)Kka piBHSHB

}s=sz +1+s,20
Borosro6oBa Bupazumo ii uepes pynkitito Jliysimis:
-1

Fo iars (06X s, oo Xs ) = 1+ 20 D fdxfnz---dxnanﬁlm(t’anza---:an) X

n,=0 n,=0

0 o0
x Z Z fdx—(n2+sz)"'dX—(Sz+1)dX81+1"'dXSl+n1 Dn2+sz+1+n1+s1 (t’ X—(n2+sz) ’-'-’Xn1+sl )’
n1=o n2=0 (RZ)n2+1+n1

ac Sl’SZ ZO

B aGcTpakTHOMY BHIUISIII, BAKOPUCTOBYIOUHM €BOIIOLMHMI onepatop U po3B’s130k 3amaui Kori

(n,ny)?

MaTUMe BUTJIIA!
Fsz+1+sl (t, X, ’---val) =

o0
= Z Z J.dX—(n2+SZ)---dx—(sz+1)dxsl+1"-dxslm1 X (1)
n=0 n=n,+n,(R'xR!)"*"
XU(nz,nl) (t, X_(n2+52) . .,Xsl+nl )X FS-H'I (O, X_(n2+52) yoo "X51+ni ) .
[lpuyomy OTpuMaHMH TaKMM YHMHOM PO3B’SI30K € KOPEKTHHUM, TOOTO pSAM B MIPOCTOPI CYMOBHHX
¢byHKLIN 301KHI.
3ayBa)xMMo, 110 ONEpaTop U(nZ,nl)(t) BUPAXA€ETHCS Yepe3 eBOIIOLIHHUNA onepaTop piBHAHHS JliyBisis

JJI1 CUCTEMHU CKIHYEHOT'O YHCJIa YACTUHOK S(—t, X7n2 ,...,an) TaKHMM YUHOM:

U (nl'nZ) (t' X_(n2+52) e ,X_(SZ+1) ! X_SZ ,“ .,Xsl ! X51+1’ “.,Xsl+n1 ):
min(L,n;)min(,n,)
k,+k,
= Z Z (D" Ss+n—k1—k2 (_t' X_(ny+s,—k,) 1+ X +s,—k, )

, )

ae N=mn+Nn,, S=S +1+s,.
EBotroniiHui onepaTop Hpu [bOMY Ma€ BUIJISII:

Sn(—t,x_nz,...,xnl)f(x_nz,...,xnl =

fn(anz (—t,xfnz erns Xy ) X, (—t,xfnz erns Xy )) xeR"x(R"\W,);
0, (qfnz,...,qnl)ewn,
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ze Xi (— t, X_nz yoes ,an ) — PO3B’SI30K OYATKOBOI 3a7ayi Ui piBHSIHb ['aMinbToHa cucteMu N=n +1+n,
YACTUHOK 13 IOYaTKOBUMH JaHUMU X; (0, X, e Xn, ): Xi, 1=—N,,..n;, S,(0) — oquHMYHUII onepaTop.
Jns Beix n >0, n, >0 cnpaBeAnnBOIO € TaKa PiBHICTD!

Ss+n (_t’ X—(n2+sz) ""'Xsl+n1 ):
nl n2

= Z z U(k1vk2)(t’X*(szrSz)""’X*(Sz*l)’stz""’Xsl'X51+1""’X31+k1)’ (3)
k=0 k,=0

ae N=n+n, >0, s=s;+1+s,.

OTxe, PO3B’SI30K TOYATKOBOI 3ajadi JUIs JIAHIFOKKa piBHAHB BoronroOoBa Bu3HaueHWi psgoM (2),
SKIIO eBOMIOLIHHMI omepartop Sg,,(—t), IO BH3HAYae €BOMIOLIIO CHCTEMH 3 S+N=S +1+S,+n +n,
JaCTUHOK, 3a0a€ThCsI po3kiIagoMm (3).

CriBBiaHOmEHHS (3) HITKOM XapaKkTepusyoTh oneparopu U, nz)(t) 1 € YaCTUHHAM BHITQJKOM KJIac-
TEPHOTO PO3KJIAAY 3a KyMYJISHTAMHU.

VYBeneMo KyMyJISIHTH €BOJIIOLIHHOTO oneparopa S(t) cucremu 3 S+N=n, +S, +1+S; + 1N YaCTUHOK.
Jnsg  1pOro MO3HAYMMO (X_Sz ,...,Xsl)EY : (X_(n2 5,) 1 Xs n, )E X. Muoxuan X,Y € 4YacTKoBO
BriopsakoBaHi. IlinMHOXMHY Y MHOXMHH X OyaeMo TpakTyBaTH SK OJWH €INeMeHT, MOMIOHWHA 0

X (nyrsy) 170 X (s, 41y » Koot reees Xg iy ), TONI JUII Takoi YacTKOBO BIOPSJAKOBAHOT MHOXHHH OyaeMo

BUKOPUCTOBYBaTH Io3HaueHHs Xy . IlozHauaTumemo |Y|=5=51+1+52 — YHCIIO €JIEMEHTIB MHOXUHUY ,
TOMY |XY|:n1+n2 +1.
Kymymsiat A, ) (t) eBomrowiiinoro oneparopa Sg,,(—t) BU3HA4AIOTbCS 5K PO3B’SI3KH PEKYPEHTHUX

CIIBBIJHOIIEHB 1 MalOTh BUTJISL Apny©Xy )= X (_1)‘p‘_1H(—t, Xi):
P:X, =U, X, X

ne np+n,=n>0, Z p — CyMa IO BCiX MOXJIMBHX BIOPSJKOBAaHHX PO3OUTTAX YaCTKOBO BIOPSIKOBAHOL
MHOXHMHU Xy Ha |P| HEMOPOXKHIX 4YacTKOBO BIIOPSIKOBAHMX MIAMHOXKHMH X; Xy, IO B3a€EMHO He

neperuHaoThest X; (1 Xy =&, a MHOKHHA Y [IUIKOM HAJICKHUTH OJHIH i3 MAMHOKUH X; .

Po3p’s30k 3amaui Komni uist nmaHIroxka piBHSHb boromo6oBa y dopMi po3kiafy 3a KyMYJISHTaMHU
BHU3HAYAETHCS (HOPMYJIIOHO:

ﬁv(t,Y)=§0 2 IO'(X\Y)PXZU(;l)F"1 TT S (-t X)) xRy (0,X), (4)
n=0 n=n+n, (R'xR!)"*" Xy=U; X; X,cP

ae d(X\Y)=dX ¢ . ). OX (s 12)dXs 41X o - TIproMy nane 300pakeHHs € eKBIBATICHTHUM 300paeHHIO (1).

o0
IToznaunmo Lla => > ®a"™ L}H +n, OaHaxiB  MpPOCTIp  MOABIHHMX  MOCIIIOBHOCTCH
n=0 n=n+n,
n;,n,>0

f={f0 (X g, e Xy,)

R"x (R"\W,) 3 HOpMOIO

=5 5 @™ty =5 ¥ e fax, .,

n=0 n=n,+n, T2 n=0 n=n+n, (Rlle)n1+n2
n;,n,>0 n;,n,>0

}n_n1+n 0 IHTErpOBaHUX (QYHKIIH fn(x,n2 ,...,an) , BU3HaYeHUX Ha (a3oBoMy mpocTopi
=1+, >

foin, (X, e X))

ne a>1lL,9c L%Z — mignpoctip (QiHITHAX TOCHIJOBHOCTEH HemepepBHO NU(eEpeHIIHoBHUX (QyHKIIN i3

KoMIakTHuMY Hocismu. s f e Lz 03HAYUMO OIepaToOpHu:
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(a+ fn (anz ’---’an) = Idxnl+1 fn+1(xfn2 ree X s Xn1+1) J
(R*xRY)

(3-7 f )n (anz '---'an) = J.dxf(anrl) fn+1(X7(n2+1) ’ X—nz .---.an) :
(R*xR?)

Toni popmyna (4) Habepe BUTIIATY:

FO)=(-a*) -a) tAQF©) = @-a*)ta-a") -+ s1) L F ().

CrpaBeniuBOIO € TeopeMa:

Sxmo F(0) e Lla — TIO/IBiiHA TIOCIIZOBHICTH HEBI €MHMX (DYHKIIH, TOJi 32 YMOBH, 0 & > 2, i t R
icHye enWHWN Po3B’A30K 3amadi Komri ams jaHmrokka piBHAHBD boroaro00Ba HECHMETPUYHHX CHCTEM —

nociigoBHicTh F(t) € Lla HeBin’emuux Qynkuiit Fg ¢ (t), siki BU3Ha4al0THCS pO3KIafaMu:

FytYy)=2 2 [aexvy) S0Pt Sx, (-t Xi)x Ry (0, X)),
n=0 n=nl+82 (R*xRY)"*2 P:Xy=U; X; XicP
N>

a00 B OIEPaTOPHOMY BHUTJISII:
FO=0-a*)t1-a) tAQF©O) =-a") *1-a") -1+t ).
[Mpugomy mis F(0) e L%z,o — IIe CHJIbHHI PO3B 30K, a JUIS TOBUTBHUX MOYATKOBHX TaHHX — CITaOKHUiA.

BucHOBKHY i nepcneKTUBH MOAAJBIINX A0CTiNxKeHb. OT)KEe, B OCHOBI CTATUCTHYHOI MEXaHIKH JIE)KATh
abcTpakTHi eBOJIOMiMHI piBHsHHSA bBoromoOoBa sk Mopgeni pPIBHOBOXHHX Ta HEPIBHOBAKHUX CTaHIB
cucremu. 11[00 BU3HAYMTH E€BOJIOIIIO CUCTEMH, TOTPIOHO MOOYIYBAaTH JUIsi HUX CBOJIOIIMHUI oreparop.
[Ipy pbOMY BHHWKArOTH CKJIaIHI MaTeMaTHYHI TPOOJEeMH, TOB’S3aHi 3 THUM, IO OMNEpaTop PIBHAHHS
BoromoboBa HeoOMexeHwi, a (HyHKITIOHATIBHUIA TIPOCTIP MICTHTH (DYHKIIii pO3MOALTY HECKIHUCHHHUX crcTeM. Jliis
BUPIIIEHHS i€l MPOOJIEMH iICHY€e METO/ TEPMOJTUHAMIYHOTO TPAHUYHOTO MIEPEXOLy, CYTh SKOTO B TOMY, 11O
criepury OyIyroTh pO3B’S3KH JJIsl CKIHUEHHHUX CHUCTEM y CKIHYEHHOMY IIPOCTOPI, @ 3r0JJOM YUCIIO YaCTHHOK i
00’€M TpaHWYHO CIPSAMOBYIOTH JI0 HECKIHYEHHOCTI, JUIIMBIIN CTAIMMHU TYCTHUHY Ta JesKi iHIII XapakTte-
PUCTHKHU cucTeMU. PO3B’s13kK, OTpUMaHi TEPMOAMHAMIYHIM TIEPEXOJIOM, OITMCYIOTh HECKIHUEHHI CHCTEMH.
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