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PosrianyTo pos3p’s3kn manmioxka pisuaah BBIKI nias wepiBnoBaxHWX ByHKIi po3momiTy
3 MOnu(IKOBAHNMI TPAHNIHIMHI yMOBAMH, IKi BPAXOBYIOTh K HEPIBHOBAXKHICTH OJHOYACTHHKO-
BOl (PyHKIII PO3MOMALITY, Tak 1 JIOKAJIbHI 3aKOHU 36epexkeHHs. 3amponoHoBani MoaudikoBaHi Ipy-
moBi poskJsaan. B monspusanitinomy HabImkeHHI OTpUMAHO y3arajibHeHe KIHeTHIHE PIBHSIHHS JISI
TBepaux cdep Ta ysarajbHeHe Kinerudne piBHsHHsS Borostiobosa—J/lenapma-Basecky miist rycroro

€JIEKTPOHHOT'O rasy.
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I. BCTVYII

M. M. Boromo6os [1] po3pobuB HOCITIIOBHMIE MeTOX
MO0y MOBY KiHETUYHUX PiBHSHD, O I'PYHTYETHCS HA, JIAH-
LIOXKKY PIBHSAHD [IJIsI S-4aCTUHKOBUX (PYHKIIIH po3momity
i rpaHnYHIi yMOBI mOC/IA0IeHHST KOpessmiii. Xod Haga Tl
3’ ABUJIOCH YNMAJIO 30BHINIHBO BIIMIHHMX Mix cOOOIO mil-
xomiB [2-14] mo BuBeNeHHs KIHETUYIHUX PIBHSHB, yCi BOHN
BUKOPUCTOBYBaJIu y Till um inmiit ¢popmi ymoBy mocia-
OJTeHHs Kopesisriii i Tak camo, sik merom M. M. Borostro-
00Ba, BOHU HAHOLIHIT eEeKTUBHI, KOJIN B 33044 € MAJIHI
napamerp (B3aeMolisl, TyCTUHA TOLIO).

VY ximeruuniii Teopii KJIACHIHHX Ta3iB MOXKHA BUIi-
Jutu OBi mpuHIUMOBI mpobsemu. Ilepria mos’sasana 3
HEAHAJIITUYHOIO 3aJIE3KHICTIO iHTerpasia 3iTKHEHD Bif Ty-
cruau. Tomy HaBITH y BUMAAKY Ta3y MaJiOl 'yCTHHU
IIJIsl PO3PaxyHKY IIOHPABOK [0 KOeMIUieHTIB mepeHocy
MoTpiGHe YacTKOBe mepecyMyBanHsa janmioxka BBIKI
[15,16]. Opyra npobsema — e Mo0ymoBa KiHETWIHUX
PIBHSIHB [1JTs1 ra3iB BEJIUKOI IyCTUHU. Y [IbOMY BHUIIAIKY B
inTerpaJi 3iTKHEHb HE MOXHA OOMEXKUTHCH HEKiTbKOMA,
YIEHAMU PO3KJIAIY 33 MAJINM MapaMeTpoOM i aHAJI3 JIaH-
moxka BBIKI crae IyKe CKJIQTHUM (B3araJji KaxKyun,
TYT PYCTHHA BXKe He € MajuM napamerpom). I romy Ba-
JKJIMBOTO 3HAYEHHSI yV HOCJIIKYBaHi mpobsieMi HAOY-
Ba€ MOOY/IOBa KIHETUYHUX DIBHAHB IJIs TYCTUX Ta3iB Ta
PLOVH 3 MOOEJIbHUMHU MiXKYACTUHKOBUMH TTOTEHILIATAMI
B3a€MOIII.

[Tepmroro TeOpi€0 y HbOMY HAMPSIMKY € HamiB(eHOMe-
HOJIOTiuHA Teopisa rycrux razis Enckora SET (standard
Enskog theory) [17,18]. B ii ocroBi € nonoxenns1, noni6ui
[I0 TUX, sIKi BUKOPUCTOBYIOTH IIJISI BUBENEHHS KiHETHY-
Horo piBHsHHA bBoabnvana. HesBaxkarounm Ha IOCUTH
rpybi TPUMYIIEHHsT M0N0 iHTerpaJja 3iTKHeHb Yy KiHe-
TUYHOMY PIBHSIHHI AJII OOHOYACTHMHKOBOI (PYHKIII PO3-
noniy TBepaux cdep, reopist Enckora nyxe nobpe omnu-
Cy€ HU3KY BJIACTMBOCTEl peasbHuX rycTux rasis [19,20].

Hesic ta inmi [21] 3anpornonyBaJ/iu KiHETUYHY TE€OPiio
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DRS (Davis, Rice, Sengers) mas cucreMu KJIaCHIHUX
YACTUHOK 3 MiXKYACTUHKOBUM TOTEHINSAIOM Y opMi
npaAMOKYTHOI siMu. B kimerwanomy piBasguani DRS npu-
TATYBAJIbHA YACTUHA PEAJIbHOIO MOTEHINsTy B3aEMOJIii
aNPOKCUMYEThCS TMTPUTATYBAJIHLHOIO CTIHKOIO CKiHIEHHOI
BUCOTH.

3 morsIsiay CTATUCTUYHOI Teopii HEPIBHOBAKHUX TTPO-
neciB Teopii SET ta DRS mamoTh nBa choijibHi cyTTEBi
menostiku. Ilo-niepime, KineTudHi piBHAHHA UX TEOPiit He
BUBOOATHLCS ¥ PAMKAX SAKOI-HEOYIh MOCJIiIOBHOI CXEMU,
nomiowoi mo cxemm M. M. BorosioboBa st pospimxe-
Hux rasis [1]; no-apyre, He nmosemeno H-teopemu, xo4a
y mpaui [22] 6ys0 HazBaHo crnocib nobynosu GyHKIIO-
HaJa eHTporii Teopii Eruckora. Hamararounch momosiaTn
ui wenosiku, B [23] Gysna 3anponoHoBana Monudikalisa
Teopii Exckora i Ha migcrasi gisirpaMHOIO METOHY OTPH-
MAaHO KiHEeTUYHE PIBHSIHHS [JIsI OJHOYACTUHKOBOI (OYyHK-
uii posnominy — RET (revized Enskog theory). CyTs miei
monudikanii mosiArae B 3aMini CTagI0ro MHOXKHUKA (3HA-
yeHHsT OiHApPHOI piBHOBaXKHOI (DYHKIIII pO3IOALITY HA KOH-
TakTi ABOX TBepaux cdep) B inTerpasi sirkuenus SET
GiHAPHOIO KBA3ipiBHOBAXKHOK (DYHKINEK PO3MOILIY, IO
€ (QpYHKIIOHAIOM Bl HEPIBHOBAa:KHOI KOHIEHTPAIl da-
crunok n(r;t). Hus kineruunoro piBusuua RET II. Pe-
subya mosis H-teopemy [24,25].

Ha mimcraBi pesizoBamnoi Teopii Exnckora RET 0Oyma
3amponoHoBaHa Takox Kinernmwna teopis KMFT (ki-
netic mean field theory) [26,27] mis cucremn Kiacwd-
HAX YaCTUHOK, B3AEMOMII0 SIKUX OIUCY€E CyMa TOTEH-
misiTiB TBepaux cdep 1 Oesikoro JajIeKOCSIKHOTO ITO-
TEHIIisITY, IO BPAXOBYETHCS B HAOIMIKEHHI CEPenHbhOTro
mons. OcuoBuuit BucuoBOK Teopii KMFT mossirae B
TOMY, IO IJIAAKA YACTUHA TOTEHISTy MiXKIaCTUHKO-
BOI B3a€MOZil HE pOOUTH SBHOTO BHECKY B KOeillieHTH
nepenocy [26,28]. Leii pesysibrar, 3BudaitHo, 3yMOBIIe-
Hull npuitHaTIME B Teopii HabmmkenHamu. € smiie ono-
CEepeIKOBAHMII BHECOK tepe3 MapHy KBa3ipiBHOBAXKHY
GYHKIIIO PO3MOILITY, 3aJIEXKHICTH KOl Bil TeMIeparypu
BU3HAYAETHCS TJIAAKOI0 YACTUHOW MOTeHIistTy. Heob-
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xinHo momaru, mwo B [29] 3ampononoBana mMomudikamia
MOTEHINISITy MPSAMOKYTHOI sIMHU, sIKQ, TIOJISATAE B TOMY,
IO TIOTEHIII ST MiXK TBEPIOCKHEPHOIO TA MPUTTYBAJIHLHOO
CTIHKAMU BBAXKAETHCSI HE CTAJINM, & TAKUM, IO JIOPIBHIOE
neskomy “xBocty”. IIjis TAKOTO MOTEHINsIIy OTPUMAHO
KiHETUYHE DIBHSHHS, B AKOMY TJIQIKa YACTUHA BPAXO-
BYETHCSI B HAOJIMIKEHHI CEPEIHBOrO TMOJIS.

VY 1985 p. sanpomnonoBana pesizoBana teopis DRS —
RDRS [30], kinetn4ne piBHAHHA AKOI 3a00BOJIbHAE H-
Teopemy.

Ha mpomy erami mocimimkeHb y KiHEeTHIHI Teopii
CYCTHX Tra3iB Ta piavH (QyHIAMEHTAJIHLHOK BUSBUIACH
nparg 1. M. By6apesa ta B. I'. Moposona [31], y sxiit
HaBeOEeHO (OPMYJTIOBAHHS HOBOI TPAHWYHOI YMOBHU IO
nammioxka pisaars BBI'KI, mo BpaxoBye Kopestsii,
MOB’s13aHi 3 JIOKAJIbHUMHU 3aKOHAMU 30epeKeHHs. Y Ha-
OmmkeHHi “mapHuX’ 3iTKHEHb s MOOUdIKAIlis yMOBU
nocsiabsierHst kopessmniii M. M. Borosmo6osa mjst cn-
cremMu TBepaux cdep OpuBesa OO0 KiHETUYHOIO PiB-
HSHHS, [0 338 CTPYKTYPOIO HATA/IY€ KIHETUYHE PIBHAHHS
Enckora. Iomi6ni imel HesasexHo Bucynysm apropn [30],
OTPUMYIOUN KiHETWYHE DIBHAHHS, KOJIM B3AEMOII0 MiK
YACTUHKAMEU MOJEJIOE MOTEHIisiT MPIMOKYTHOI sIMHU.
Heobxinno s3asmaumtn, mo y npamax B. . Pynska
[32-34] Gyna sanpornonoBaHa iHma momudikamis -
xomy M. M. Boroso6oBa [1], sika nae 3Mory orpumaru
KiHeTH4IHe piBHAHHsS Ty EHCKOra, i 3pobsiena crupoba
MOMIWPUTH HOr0 Ha cUcTeMu 3 “M’SIKUM” TOTEHIIISIIOM
B3aEMO/IIl MixK JaCTUHKAMMN.

Monudikanisi rpaHUYHAX yMOB HOCJIa0JIEHHST KOpe-
Janiii go Jstammiokka piBasab M. M. Borosobosa,
zanporonoBana B npari . H. 3ybapesa i B. I'. Mopo-
30Ba [31], mabysa mambiioro possuTky B [35-44]. Ba-
JKJIUBUM [TOCATHEHHSIM PO3BUHYTOTO B IUX MPAIAX i~
X011y € Te, mo copmyaboBaHa MOAU(pIKOBAHA IPAHUIHA
YMOBA, 1K BPAXOBYE JIOKAJIHHI 3aKOHU 30€DEKEHHS 10
narmioxka BBI'KI, mama smory smepme B [38,39] mo-
CJIIJIOBHO BUBECTU KiHETHUYHE DIBHAHHS PEBi30BAHOI Te-
opii Enckora [23-25] nms cucremu tBepmux cdep. Ha
miacTaBl MhOTO pe3ysbTaTy OyJ0 OTPUMAaHO KiHeTHdHe
PIBHSIHHS [IJIsI CHCTEME 3 MOIEJTbHUM OAraTOCXOIMHKO-
BUM MIKYACTMHKOBUM IOTEHIiAI0M B3aemomii [36,37,40]
(30Kpema, s IHOTrO piBHSHHS AOBeneHo H-teopemy B
[37]), a Takox kimermune piBusHHs Enckora—/lanmay
[38,39,41] muist cucremu 3apsypkenux rBepaux chep. s
orpuMaHux merogom Uenmena—EmHckora 3a Ttakum Imim-
XOIOM HOBWUX KiHETUYHUX PIBHSIHBL [IJI MOOEJIHLHUX CHU-
crem OyJii BimmyKaHi HOpMaJIbHI PO3B’SI3KH, 38, JOTIOMO-
rol0 sIKUX BUKOHAHI YMCJIOBI po3paxyHKu KoedilnieHTiB
mepeHocy 06’eMHOi, 3CyBHOI B’sI3KOCTei i TemTompoBii-
HOCTH JJIsSI CHCTeM, SIKi MOmestooTh aprou [36,40], om-
HOpa30Bo ifonizoBanmii apron [42,44]. BaxsmBo 3asna-
9UTH, MO KiHeTWYHe PIBHAHHS peBisoBaHoi Teopii En-
ckora [23-25], kineruuHe PIBHSHHS [IJI MOAEJIbHOI CH-
cTeMu 3 0AraTOCXOOWHKOBUM TMOTEHISIJIOM B3aEMOIl
[36,37,40] ra xineruune pisuanusa Exnckora—/lannay mis
cucremu 3apspkenux Teepaux cdep [38,39,41] orpu-
MaHi 3 JIAHIIOXKA, PIBHAHD BBTKI 3 MOInQIKOBAHOIO
FPAHUYHOIO0 YMOBOIO B HAOJIMKEHHI “MapHUX’ 3iTKHEHD.
OueBuIHO, MO I PIBHSHHS MAalOTh CBOK 00JIaCTh 3a-

CTOCYBAHHA i, 30KpeMa, iX He MOXKHA BUKOPUCTOBYBATHU
T 9ac OMNCY CUCTEeM, IJIS SKUX XapaKTepHi KOJIeK-
TUBHI edeKTH, MO 3yMOBJIEHI KYJIOHIBCHKOIO, IHUITOJIb-
HOIO YM IHIMUMU JAJIEKOCSKHIMU CUJIaAMU B3aEMOIIl MixK
qacTuHKamMu. [1JIst ONuCy KOJIeKTUBHUX e(DEKTIB y cucre-
MaX YACTWHOK 3 JAJEKOCSKHUM XapPaKTEPOM B3AEMOJIil
HeOOXimHI KiHeTWYHI PiBHSAHHS Y BUIUX HADJIMKEHHSIX,
Hixk “mapui”’ 3iTkHeHHs. [IpmK/IagOM TAKOTrO PiBHSIHHS
e kimeruwgre piBHaAHHA Borosobosa—Jlenapma—banecky
[14,45,46] nyist KyJIOHIBCHKOI MIa3MM.

s amasisy poss’s3kis mammoxka pisasaas BBIKI
3 MOAMDIKOBAHO MPAHUIHOI YMOBOI Y BUIIUX HAOJIN-
JKEHHSIX 33 MiXKYACTUHKOBUMU KOPEJIAIISIMEA 3PYIHO 3a-
CTOCYBaTH KOHIENIIID IPYNoBUX poskJanis [2-4,9,47].
[ pymoBi pO3K/Iaq7 BUKOPUCTOBYBAJIH 10 JIAHIIIOKKA PiB-
uaas BBI'KI B 6araTbox mpaiisx [2-4,8,9,11,13-16],
30KpeMa, 3 TPAHWYHOIO YMOBOIO, IO BiAMOBiITa€ yMOBi
nociabsientst Kopensamiii 3a M. M. Borosobtosum, y
npauzx 1. M. By6apesa i M. 0. Hosixosa [9,47,48],
B fKWX PO3BUHYTUI misrpaMHUil MeTom mo0ymoBu
po3B’s13kiB sanmoxka piBusaas BBLKI.

Y napyroMy posmisi OTpUMAaHO JIAHITIOKOK PIBHAHB
BBI'KI niis HepiBHOBaskHUX (PYHKIIH PO3IOIITY 3 MO-
nuiKOBAHUMU TPAHWYHUMHU YMOBAMH, $IKi BPAaXOBY-
IOTh SIK HEPIBHOBAXKHICTH OTHOYACTUHKOBOI (DYHKIII1 pO3-
MOy, TaK i JIOKAJIbHI 3aKoHUM 30epexkenusi. Habsu-
KeHHs “mapHnx’ BiTKHEHb [I/IsT JIQHIIOXKKA PiBHIHD
BBI'KI, sike mpuBOMTH OO PIBHAHHA peBi3oBaHOI Te-
opii Enckora RET [38,39], kiHeTnuHOro piBHAHHS HJIs
YACTUHOK 3 MOMEJIbHUM 0ararOCXOOUHKOBUM TOTEH-
uisiom B3aemomii [37,40,55] Ta KiHETMYHOro PIBHAHHS
Enckora—Jlannay misi cucremMu 3apsmKeHHX TBEPINX
cdep [38,39,44], posriisHyTO ¥ TpEThOMY PO3mii. Y [e-
TBEPTOMY 3aIpPOMOHOBAHI MOMMMIKOBAHI T'PYMOBI pO3-
KJIAON 110 JIAHITIOXKKA PIBHSIHD BBI'KI. B IO TSI PU3AITI -
HOMY HAOIMKEHHI OTPHMAaHI y3arajbHEeHe KiHeTUdIHe
PIBHSIHHS /I TBepAuX cdep Ta y3arajbHEeHe KiHeTUIHe
piBusaHs Borosmobosa—Jlenapma—bBanecky mis rycroro
€JIEKTPOHHOTO Ta3y.

II. PIBHAHHA JITYBIJIA TA JIAHITIO2KOK
PIBHAHBb BBI'KI 3 MOOUPIKOBAHOIO
TPAHNYHOIO YMOBOIO

Posriauemo cucremy 3 N OOHAKOBAX KJIACHIHUX Y-
CTUHOK, IO MICTATHCA B 00’eéMi V', raMiJIbTOHISIH SIKOI
MAa€ BULJIAL

AR
H=3 5n+3 2 ®rl), (2.1)
I=1 I#£j=1
ne ®(|r;;|) — emepris BzaeMomnil TBOX YACTHHOK; P; —
immysbe - wactumkn; m — i Maca; |r;| = |1 —rj| —

BiCcTaHb MiXK MMApPOI0 B3AEMOMIIOUNX dacTUHOK. Hepis-

HOBAXKHUII CTAH TaKOl CUCTeMHU Omucy€ N-9acTUHKOBA
: ; 1) — N.

dbyukuis posnominy o(z1,...,TN;t) = 0 (:E ,t), o 3a-

JIOBOJIbHSIE PiBHAHHA JIiyBinia
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<% + iLN> o (zN;t) =0, (2.2)

ne z; = {r,p} — cykyunicrs dasoBux 3mMiHHEX j-i da-
cTuHKY; i — yaBHA omuuus; Ly — omeparop Jliysina:

N 1 N
Ly =) LU +5 > L(lj), (2.3)
=1 I#j=1
_ P9
L) = “m or,

. .0 0 0
L(l,j) = 18—”¢(|rla|) {a—pl - 8—1)]} .

®ynknis o (zV;t) € CHMETPUYHOIO CTOCOBHO MEPECTAHO-
BOK T <+ 2; $a30BuUX 3MIHHUX OyIb-AKOI IAPU YACTUHOK
i 3210BOJIbHSE YMOBY HOPMYBAHHSI

(2.4)

/dFNg(acN;t) =1,

d:EN {diEl d:UN}
AN =7 = N1 :

diL”l = drldpl.

Ina poss’szysanus piBusuus JIiysiisa (2.2) neobxinuo
3aJaTH TPAHWYHY yMOBY. BOHA TMOBMHHA OyTH TaKoIo,
mob po3B’st30k piBHgHHA JliyBijs Bigmosimas dizumu-
HOMY 3MICTy CTaHy CHCTeMHU, IKUI pOo3ryismaeMo. Bu-
KOPUCTOBYIOUM METOI HEPIBHOBAXKHOTO CTATUCTUIHOTO
oneparopa 1. M. 3ybapesa [49,50], 6ynemo mrykatn Taxi
po3B’si3ku piBHauHa Jliysina (2.2), ski 3aexarb Bin
qacy JIMile depe3 3HAaYeHHs JIesiKoro Habopy cmocrepe-
JKYBAHUX 3MIHHUX, TOCTATHLOTO IJIsT OMNACY HEPIBHOBAK-
HOTO CTaHy CUCTEMH, i He 3aJI€KATh BiJ TOYATKOBOTO MO-
MeHTy 4acy to. Po3s’a30k piBuauusa Jliysiss, mo 3amo-
BOJIbHSIE MTOYATKOBY YMOBY

o (z;t) = 04 (z";t0),

t=to

Ma€ BUILJIAL

o (ast) = e VU =Ho) g (aNste) . (25)

Bynemo posrmanmaru wacu t > tg, KOJAW OeTaJIi MOYaT-
KOBOI'O CTaHy CHCTEMHU CTAOTh HECYTTEBUMH. Tomi, mob
0030y TUCS 3aJIEXKHOCTH Bif tg, ycepentuumo (2.5) 3a mo-
YaTKOBUMU MOMEHTaMM dYacy Bim to 1o t i BUKOHAEMO
TpaHUYHMI Tepexin t—ty — 00, y pe3yabTaTi OTPUMAEMO
[49,50]

0
o(&Vit) = ¢ / at’ eat'eiLNt'Qq (@it +t),  (26)

— 00
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ne € = +0 micas TepMOAMHAMIYHOTO TPAHUIHOTO Mepe-
xomy. Posp’s130k (2.6), ik MOXHa mokasaTn Gesmnocepen-
HiM OudepeHIioBaHHIM Horo 3a ¢, 33I0BOJILHSIE PiB-
uanasa JIyBifsg 3 HECKIHYEHHO MAJIUM [KEPEIOM Yy
mpasiit yacTuHi:

o .
<E +1LN> 0 (:EN;t)

=—E(g(mN;t) — 0q (a:N;t)).

(2.7)

Ilxxepeno mopymiye cumerpiio piBaanasa Jliysina cro-
COBHO iHBepcii 4dacy 1 Bimbmpae B3arasiii po3B’sI3KWH,
MO BiAMOBIMAIOTH CKOPOYEHOMY OTMCOBI HEPIBHOBAXK-
HOro craHy cucremu. [omomixua GyHKINA 0q (xN ;t)
€ KBa3ipiBHOBaxKHOIO (PYHKINEID PO3MOILIY, 10 BU3HA-
YaEThCA 3 YMOBH €KCTpeMyMy iHdOpMaIiiinoi eHTporii
cucTemMu 3i 30epeKeHHsIM YMOBI HOPDMYBAHHS Ta 33 II0-
JATKOBUX YMOB, IO CepefHi 3HAYEeHHsI 3MiHHHX CKOPO-
wenoro onucy € dikcoBanumu. Bubip dyukuii oy (xN ; t)
3HAYHOIO MipOI0 3aJIEKUThH Bill HEPIBHOBAXKHOTO CTAHY
CHUCTeMMU, AKNI PO3TJIANAEMO. Y BHUIAIKY Ta3iB MaJIoi ry-
CTUHHU HA iHTepBaJIaxX 9acy, 3HAYHO OLIBIINX Big 9acy 3i-
TKHEHb, BAMI (PYHKIl PO3NOMALITY YACTUHOK MOYMHAIOTH
3aJI€KATH Bill 9aCy JIWIIE Yepe3 OJHOYACTUHKOBI (hyHK-
uii posnonimy [1,9]. Le osHauae, mo MOXKJINBHIT CKOPO-
YeHuil OnMC HEPIBHOBAXKHOTO CTAHY, IPU SKOMY HOBHA
HepiBHOBaxKHA (PYHKIIisT PO3MOILITY 3aJ€KHUTL Bill 4acy
smime depes fi(z;t), i B MbOMy BUNAIKYy KBa3ipiBHO-
BaKHa (DYHKIIA PO3MOMIITY 0q (:EN; t) mae Buruts, [1,9]

N .
o a31) =TT 222, (2.8

Toni piBusiaus Jliysing 3 mxepesiom (2.7) 3 ypaxysan-
HaM (2.8) BiANOBiLAE CKOPOYEHOMY ONUCY €BOJIIOLI Cu-
cTeMn Ha KiHeTHYHI# cTamii, KOJIn BBAXKAETHCS, IO €01~
HOIO TOBILJIBHOIO 3MIiHHOIO 3 YacOM € OTHOYACTUHKOBA
dbyukuia posnomity. OmHax y cucTeMmi 3aBXKIN € I0-
JATKOBI BEJIMYWHU, AKi MOBLIBHO 3MIHIOIOTHCA 3 YaCOM:
[Ie BEJIMYUHU, MO JIOKAJJIBHO 30epiratloThCsa. Y BUMAIKY
OIHOKOMIIOHEHTHOI CUCTEMU [I0 HUX HAJIEXKATH I'yCTUHU
macu p(r;t), immyabcy j(r;t) ra mosuoi eneprii £(r;t).
Bonn ma Besmmkmx 9acax 3a/I0BOJIBHAIOTH y3araJibHEHi
PIBHSIHHSI TiIpOAWHAMIKM, 3 SAKWUMHU, B3araji Kaxydn,
NOTPIOHO y3TOOUTH KiHeTWdYHe piBHAHHS M fi(x;t).
Ilnst ra3iB MaJiol TYCTUHM TaKe Y3TOMKEHHS MOXKHA, B
MPWHIAIN, BUKOHATH 3 HEOOXITHOI TOYHICTIO y KOXK-
HOMY TOPSOKY 3a TrycTmHOIO. [I/1s ras3iB BesmKkoi Ty-
CTUHU Ta PIIWH, KOJIM MAaJIOro MapaMeTpa HeMa, [ac
BU3HAYEHHA KOPEJIsIliil cTae CHiBMipHUM 3 9acoMm, 3a
AKNHA 3MIHIOETHCS CaMa OQHOYACTUHKOBA (DYHKIsS pO3-
monisty. Ile osnagae, mo y mporeci “siTkHeHHsi” 4aCTH-
HOK HE MOXKHA HEXTYBaTH DAraTrovacTUHKOBUMU KOpe-
JISIIIISIME, TIOB’sI3aHNMHE 3 JIOKAJIBHIMEI 3aKOHAMU 30epe-
JKEHHSI MaCH, IMITYJIbCY Ta €HEpTii, MO € OCHOBOIO TiIpo-
IuHAMiTHOrO onucy esostoni cucremu [49,50]. JIokasbmi
3aKOHM 30eperKeHHs HAK/IAJAI0Th HA KiHETUIHI IPOIecH
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nestKi OOMeXKeHHsI, MPUIOMY iXHsS POJib OCODJIMBO Ba-
JKJIMBA, Y BUMAIKY BEJIMKUX CYCTUH, KOJIU HE MOXKHA, HEX-
TYBATH B3AEMOIEIO0 BUIIJIEHOI I'PYMN YaCTUHOK 3 yCiMa
inmmvu vactwHKamMu cucremu. Ile cBimumTh mpo Tic-
HI B3aEMO3B’SI30K KiHETHKW 1 TiOpOOMHAMIKK IS Ty-
cTux raziB Ta pinua. Tomy, OTpUMyOUN KiHETUYHI PiB-
HSIHHST OJISI TAKUX CHUCTEM, MPUPOIHO BUOPATU CKOPO-
YeHWil ONMMC HEePIBHOBAXKHUX CTAHIB TAKUM THHOM, MO0
NpaBWIbHA IWHAMIKA BEJIMYHH, IO 30epiraioThcs, Bpa-
XOBYBAaJIACh aBTOMATHYHO. [[/1g 1IHOTO MOXKHA 3 CAMOTO
MOYATKY BKJIIOYUTH TYCTUHU TiIPOANHAMIUHUX 3MiHHUX
Pa3oM 3 OIHOYACTUHKOBOIO PyHKII€0 posnonity fi(z;t)
B Habip nmapamerpiB ckopouenoro omucy [31,35,39,43].
Dycrunam rigpomunamiunux Benuaud p(r;t), j(r;t) ta
&(r; t) Bimmosimaiors Taki dhazosi yHKIii:

(2.9)

1
+3 / dr’ dp dp’ &(|r — r'|)na(z, 2'),

ne

N N

(@) = Y0 — @) = > o = r)dp — pr), (210.2)

=1 =1

N
ne(z,2') = Z 8(x —21)d(2" — x5)

1#£j=1

(2.10.b)

— OHHO- Ta IBOYACTUHKOBI MIKpOCKOMiYHI (ha3oBi ry-
cruru. 3 dopmyn (2.9) BumHO 0CO6JIMBY PpOJIb TIO-
TEHIisIbHOI eHeprii B3aeMoii, ogKianI/I, Ha BigMiHY
sin p(r;t) = (p(x))', j(r) = GG(r))’, nepisropascie
cepenne suavenns eweprii €(r;t) = (E(r))! ne Bupa-
JKAETHCS TUIBKN Yepe3 OMHOYACTUHKOBY (DYHKIIIO PO3-
noxiny fi(x;t) = (R (z))!, Tomy mo morenmiATbHY Ha-

cruny eneprii Eint(r;t) = (Eint(r))t moxmua pospaxy-

0q (25 t) =exp{—‘l>(t)—/dr B(r;t)

e

o(t) = ln/dFN exp{—/dr B(r;t)

A

BAaTH 34 JOIIOMOIOI0 ABOYACTUHKOBOL (PYHKIIII PO3IOILITY
folz, 2'st) = (Ao (x, 2'))t. Tyr

Eint(r) = %/dr’ dp dp’ &(|r — r'|)is(z,2')  (2.11)

— TyCTWHA TOTEHIiAJLHOI eHeprii Bzaemomii, a (...)¢
o3Hadae ycepenHenns 3 dynkuieo o (zV;t):

(...)tz/dFN...g(a:N;t).

3Bigcu BummBae take: axkwo fi(z;t) — omHOYACTHUH-
KOBa (DYHKIIisT pO3MOMmiTy, BHOpaHa sk ONWH 3 Tapa-
METPIB CKOPOYEHOTO OMUCY, TO MOJATKOBUM HE3AJIEK-
HUM TapaMeTpoM MOxKe OyTH I'yCTHHA eHeprii B3aeMoIii
(2.11). Tomi 3 ymoBu ekcrpemymy GyHKIIOHAIA iH-
dopwmariiitnoi enTpomii

Sing = —/dFN g(a:N;t) lng(mN;t)

mpu (iKCOBAHUX CEPEIHIX 3HAUECHHSIX

(n (2)") = fi(x;1),

(Eint (0))! = Eint(r;1)

(2.12)

i sbepexkenni ymoBu HOpMyBaHHs (2.4) BU3HAYMMO
KBasipiBHOBaxKHY (DYHKIIIO PO3IOILITY 0 (:rN ; t) [31,35].
e exBiBasieHTHe BiMMIYKAHHIO 0E3YMOBHOTO €KCTpE-
MyMy BYHKIIOHATA

L(p) = —/dFN g(acN;t) {lng(mN;t) +®(t) -1

b [ ar e + [ aw atasnin),

me ®(t), B(r;t), a(x;t) — smarpanxkesl MHOKHUKH.
Bepyun Bapisamiro 6_L(Q)’ micIs HEeCKJIATHUX IIepe-
Q

TBOPEHbh BU3HAYNMO KBA3IPIBHOBAXKHY (DYHKINO pO3-
MOILTTY Y TAKOMY BUTJISIIII:

() — / dz a(a:;t)ﬁl(a:)}, (2.13)

int (T) — /dx a(x; t)ny (x)} (2.14)

— dyuknionan Macse—Ilnanka, kil BUSHAYAIOTH 3 YMOBU HOPMYBAHHS
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/dFN 0q (zV5t) = 1. (2.15)

KsasipiBHoBaxkHa (DYHKINA PO3MOTLIY 0q (:EN;t) y surani (2.13) orpumana B [31]. Ona 3’sacyBanusa dbiswaroro
smicty mapamerpis 3(r;t), a(z;t) kBasipiBHoBaxHY GyHKII00 po3nomiay (2.13) nepenuimemMo B IHIIOMY BHULJISALI:

0q (zV;1) = exp{—@(t) - /dr B(r;1)E' (r) — /da: a'(ac;t)ﬁl(ac)}, (2.16)

ne &' (r) — rycruna noBHOI eneprii y cucremi Binjiky,
O PYXAETHCA PA30OM 3 €JIEeMEHTOM CHCTEMH 3 MACOBOIO
msuakictio V(r;t) [35,43,49,50]:
[ ] <>f1: dly ...0q (zN5t).
£'(r) = £(r) = Vs 0§ + TV (mDal),  (217)
[Mix wac Takux meperBopenb mnapamerp a'(z;t) mo-

R R . . B’s3anuii 3 a(x;t) coiBBiIHOMWEHHSIM
n(r) = [dp ni(z) — rycTnHa KiIbKOCTI 9acTHHOK.

Mapamerpu [(r;t), a/(z;t) y (2.16) BusHauaThCA 3
YMOB CAMOY3TO[DKEHHsI: DIBHOCTH KBa3iCepemHix Besu-
ann (A (x))E, (€' (r))t ixuiv icTnaEMM cepenniv 3HaTEH- ' P’ m. o
@\ A a a'(z;t) = a(z;t)—B(r;t) s — — V(r;t)p + = V=(r;t) ¢ .
mam (0 (@), (€'(r))": 2m 2

(7 (2))g = (n(2)) = fu(z;1), (2.18.a)  dxmo ymosu camoysromkenns (2.18.a), (2.18.b) Buko-
. . HYIOTBCsI, TO, Oepy4n Bapidmiiini moximui Binm ¢yHKIIO-
(E1(r)) = (€1 (), (2.18.b)  mana Macpe-Ilnanka

B(t) = ln/dFN exp{—/dr B )€ (r) — /d:n a'(:v;t)ﬁl(:v)}

3a mapamerpamu 3(r;t), a'(z;t), OTpUMAEMO CHIBBIIHOMEHHS 3 YPAXYBAHHAM YMOB CAMOY3TOIKECHHS:

5(I)(t) _ ol t _ ol t

5ﬂ(r;t) - —<€ (I‘)>q - —<€ (I‘)> ) (219&)
éet) . t_ t_ )

Sotng =~ @) = (@) = ~fi(z) (2.19.)

Ile osnauae, mo [(r;t) copsixene cepennifi eneprii B CynpoBOIKYBaJsIbHil cucremi Koopaunar, a a'(z;t) cups-
xene fi(x;t) — nepiBuOBaxHii dyuKIi posnoniny. s 3’acyBanus (HisUIHOrO 3MICTY WX MTAPAMETPIB BUBHAYNUMO
E€HTPOTTII0 CUCTEMU

S(t) = —(Inoq («™;1))q = ®(t) +/dr Blr; t)(E' (r)h + /dm a'(z;8) (i (2))g,
abo, BpaxoByioun yMoBu camoysromxkenns (2.18.a), (2.18.b), maemo
S(t) = ®(t) -|-/dr B(r; t)(E' (r))t + /dac a'(z;t)(hy ()", (2.20)

BBimcw, 6epyun Bapisamiitai moxinwi Bim entponii (2.20) 3a cepennivm snavennavm (E'(r))t Ta (i1 (x))t mpn bikcopammx
BIZIMMOBITHUX 3HAYEHHAX CEPENHIX, BU3HAYNMO TEPMOJIMHAMIYHI CITiBBiTHOIIEHHS:
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IO _ ey, IS0
5@y T Sy - @D (2.21)

sBinku ((r;t) € aHa0roM OGEpHEHOl JIOKAJIBHOI TEMIIEPATYPH.
3i crpykTypu Bupasy misa enrpornii (2.20) BunsuBaioTh nBa rpanudni Bunagxu. Ipu o' (z;t) = —B(r;t)u(r;t)
(2.20) nepexonuTh y BUpa3 [Jisd €HTPOII], MO BIANOBLIAE TIAPOAMHAMIYHOMY OMKMCY HEPIBHOBA:KHOIO CTAHY CUCTEMU

[43,50]:

S0 =v(0)+ [ dr o) (€0 - nest)(a(e)’) (2.22)

i sskoMy Binnosimae kBasipiBroBaxkua dyHKIiA posnoniny [43,50]
0a (zV31) = exp {—@(t) - [ar swn (€ - u(r;t)ﬁ(r))} ,

B(t) = In / Ty exp { / ar Be;1)(€1(r) - ,u(r;t)ﬁ(r))}

3 BIAMOBITHUME YMOBAMHU CAMOY3TOIZKEHHS [JIf BU3HAUEHHs TepMomuHaMianux napamerpis 3(r;t), u(r;t) (Jokaas-
HOIO 3HAYEHHS XeMIYHOIO MOTEHIISITY ):

(i(r)g = (), (€'(x)g = (€'()".

Y Bunaaxy, KO/l BHECKOM €Heprii B3agMOIil MizK YaCTUHKAMU MOXKHA, 3HEXTYBATH (DPO3PIIKeHuii ra3), KBasipis-
HOBaxkHa QyHKIisA posnominy (2.16) mae Bursisig

00 (2;1) = exp {—«b(t) - [ ar Besn)Ete) - [ aa a'(x;tml(x)},

abo, spaxoBytoun (2.17) i 38’a30k Mixk a'(z;t) Ta a(z;t), orpuMaemo

filzt)
=2,

0q (zV;t) = exp {—<I>(t) - /dx a(x;t)ng (ac)} , (2.23) Sp(t) = — /dx fi(z;t)In (2.25)

o(t) = ln/dFN exp {— /dx a(ac;t)ﬁl(x)} ,
Y sarajbHOMY BUNAAKY, KOJIM KIHETWYHI Ta TiIpOIn-
HAMIYHI MPOIIECH PO3TJISIATh OTHOYACHO, KBA3ipiBHO-
e BaxHy dyHKII0 posnoninty (2.16) abo (2.13) moxHa 3a-
MICATH B iHIIOMY BUDJISIIL, OL/TBIN 3PYYHOMY TSI TOPiB-

b1 _ s _ e Moo s HSHHA 3 0 (:EN;t) (2.8) y sBuuaiiniii cxemi oTpUMaHHS
Epin(1) = Epin(r) = V(5 1)j(r) + 2 Vi(rst)a(r), (2.24) Kinernunux piBHgaHb [1,9], KO/ mapamMeTrpoM CKOpoue-
Horo onucy Bubupaorsb Tisibku fi1(x;t). Hacammnepen 3a-

3Ha9UMO, mo y (2.13) mapamerp ®(t) MoxHA BKIIIOUATH

Epin(r) = [dp %ﬁl(x) — rycTuHa KiHerwdHoi emeprii. B TapaMerp a(z;t) AK momaHoOK, IO HEe 3aJIeKUTH Bl
Tenep, pusnagaoan y (2.23) mapamerp a(z;t) 3a mo- - Loai, Bukopucrosyoun (2.11) i osmagennz (2.10.a),
momoroio ymoBn camoysromkenns (i(x)); = (n(z))’, (2.10.b), nepemumeno (2.13) rak:

MOXHa nokaszaru [35,43], mo (2.23) nma o4 (xN; t) nepe-

XomuTh y posnomis (2.8), kosn BBAKAETHCA, TMIO. €I N N N _
HUM TapaMeTpPOM CKOPOYEHOTO OIUCY HEePiBHOBAXKHOTO Oq (95 7t) = exp {—UN(I' 1t)} H exp {—a(zi;t)},
CTaHy CHUCTEMH € OOHOYACTHMHKOBA (DYHKIIisT PO3IIOHLITY. =1
Ksasipisnosaxuiit dpyukuii posnomity (2.23), sik Bimomo

[50], BinmoBimae GOSILIIMAHOBA €HTPOIIA MJIsT PO3PiIKe-

HOTO rasy: e
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UN(rN;t) =Un(ry,...,rN;t)

N
Z (|rr —;)B(xj;t).

l\DI»—l

Y oq (xN ; t) napamerp a(z;t) MOXKHA BUJIyYUTHU 33 I0-
nomoroio ymosu camoysromkenus (i(z))f = (a(z))" =
fi(z;t), y pesyabTari oTpuMaemo

St fu(zst)
N.4) = _ N. JINELEY)
0q (x ,t) = exp{ Un(r ,t)}ll;[l W t) (2.26)
ne dyukuii u(ry;t) 3200BOJIBHSIOTH PIBHIAHHS
dI‘N71
u(ryt) = /m
N
x exp {—Un(r,r 8 e (2.27)

tyT Takox n(r;t) = (i(r))' = [dp fi(z;t) — wepisuo-
BaXkKHA CepelHsl IYCTHHA KiTbKOCTH YacTHHOK. Y (2.26)
Un(r;t) sBHO, a wu(r;;t) HesABHO 3ajexaTh Bim mapa-
metpis n(r;t), A(r;t) (abo (£'(r))t). s mepexomy o
sBuvaiinoi cxemun M. M. Boromo6osa [1,9] meobximHo
npuitaarn Uy (r;t) = 0y (2.26) i (2.27). Toni i3 (2.27)
BU3HAYKMMO, WO % = e i Bupa3 (2.26), ax i moBunHO OyTH,
NepexonuTh y KBasipiBHOBaxKHU posmomii (2.8). Y 3za-
rajbHOMY BUNaAky u(r;t) € byHKIIOHAIOM Bil HEPIBHO-
BAKHOI rycTHHN KimbKocTn gactunok (A(r))t ta B(r;t),
IO € aHaJIoroM ODEpHEHOI JIOKAJTBHOI TeMIIepaTypu.
Io miei amasiorii HeOOXiAHO CTABUTHCS 3 0DEPEKHICTIO,
OCKITTEKM 03HaveHHs (2.26) MoXke OMMCyBaTH CTaHMU, Ia-
JIeKi Bin JIOKaJIbHOI piBHOBaru. 30kpema, fi(z;t) mMoxe
CUJIBHO BiAPI3HATHUCS Bill JIOKAJIbHO—-MAKCBEJIOBOI (PYHK-
11ii PO3MOIiTTY.

Bupas muis enrponii (2.20) BianosimHO 10 CTPYKTYpH
KBasipiBHOBaxKHOI yHKUil posnomity (2.26) MmoxHa
MEepeTBOPUTH TaK:

(2.28)

(IR (IR}

[ie BUILJIEHO “TIOTEHIiAIbHMIA’ Ta “KiHeTuIHUil” BHECKU.
[Ipudomy y BUMaAKy pO3PIIKEHUX rasiB, KON BHECKOM
MOTEHINSITFHOI eHeprii B3aeMomii MOXKHa 3HEXTyBaTH it
u(r;t) = e, (2.28) nepexonurhb y GOIBIMAHOBY EHTPOIILIO
(2.25).

Orxe, BU3HAYUBIIM KBa3ipiBHOBaXKHY (DYHKILIO PO3-
nominy oq (zV;t) (2.26) Ta entpomio S(t) (2.28) cm-
CTeMU, KOJIM MapaMeTpaMyu CKOPOYEHOTO OMUCY HEepPiB-
HOBAYKHOTO CTAHY € K HEPIBHOBAXKHA, OIHOYACTUHKOBA
dyHKIiA po3momiay, Tak i cepenHi 3HAYEHHs IyCTUH
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KiJTbKOCTH YaCTUHOK, IMITYJIbCY Ta €Heprii, 10 JIOKAJIbHO
30epiraloThes, piBuanaa Jliysinsa 3 mkepesom (2.7) 3a-
TIAIIEMO Y BUTJIAIL

<§t+1LN> (zN;t)

N .
= —e|o(2V;t) —exp {-Un(x";t)} H hiz;it)

oy ulrg;t)

(2.29)

Hami ma miacraBi MbOro pIiBHSHHS OTPUMAEMO JIAH-
miozkok piBuanb BBI'KI maa HepiBHOBaxHHX (yHK-
[miif  PO3MOmiIy KJIACHYHUX YACTUHOK 3 MOOudiKO-
BAHUMM TPAHUYHUMHU YMOBAMH, IO BPAXOBYIOTb SIK
HEPIBHOBAXKHICTh OJHOYACTUHKOBOI (PYHKIIII PO3IOALITY,
TaK i JIOKaJIbHI 3aKOHU 30epexkeHHsi. [[JIs OTpUMaHHS
TIEPIIOTO PIBHAHHS JIAHITIOKKA TTPOIHTEIPYEMO 3a 3MiH-

N1 = {z,,..., 2N} 0Ounsi wacrumu (2.29). Bpa-

HUMH T
xoBytoun (2.10.a) i (2.18.a), orpumaemo

(5 +iLW) £t

Inrerpyioan temep (2.29) 3a swmimmmvm 2?2 =
{1‘3,...,1‘]\[ , THCJIs HEeCKJIATHUX [TEePEeTBOPEeHb Onep-
KUMO piBHsHHS 10718 fo(21,22;t) — IBOYACTUHKOBOIL
HEPIBHOBAXKHOI (PYHKIII PO3MOMIJTY, sIKe BiIpi3HAETHCS
Bim BimmoBimHoro piBHsinHa y JsaHmioxky M. M. Boro-
snobosa [31,35,39] Tinbku mxepesioMm y npasiit gacruni:

(gt +1L2> fg(l‘l,l'g;t) (231)

—|—/d:l§3 (iL(1,3)+iL(2,3))f3(a:1,a:2,a:3;t)
= —€(f2(351a952;t) —gz(r1,r2;t)f1(m1;t)f1(:v2;t))-

Y upomy piBusiani it wamgam Ly = L(1) + L(1,2) — nBo-
JaCTUHKOBUiT oneparop JIiyBing, a ga(ry, ra;t) — mapua
KoopauHaTHa (PYHKIIA PO3IOMLIY IJis KBa3ipiBHOBaZK-
Horo crany (2.26); fo(x1,x2;t) — HepiBHOBaxKHA ABOYA-
CTUHKOBA (DYHKIIiST PO3TOMILIY:

fo(m1, 323 t) = (Ra(w1, 223 8))"

Z/dFNﬁ o(w1, 20,2 7%1).

[Moni6uum guboMm iHTerpyrouu piBasuus (2.29) 3a da-
30BHME 3MinHEMHT ¥ 5 = {:Es+1, - ,:UN}, OTPUMAEMO
Taki pIBHAHHS JIAHIIOXKKA 3 BIOMOBIOHWUMN IXKepe-

JIaMU, SIKi BU3HAYAIOTh TPAHUYHI YMOBH JIJIs1 HABEIEHUX
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dyuKLiit posnoniny. Iy s-4acTUHKOBOI HEPIBHOBAXKHOI
dyHKIi po3momiy

fs(@®st) = (As(2%))"

= /dFN_s o(xy,...,xs,xN 7% 1)
Ma€MO TaKe PiBHAHHS:
o .
(E + 1Ls> fs(x®;t)

s
+/dxs+1 D L3, s+ 1) fopa (z°F51)

j=1

(2.32)

= —g(fs(a:s;t) —gs(rs;t) ﬁ fl(xj;t))a

i=1
e

S S

Ly = ZL(]) +% Z L(l,]),

=1 #l=1

g5(r*;1) = fs(rs;t)/ H n(r;;t), (2.33)

fs(r®it) = (ﬁs(rs»é,

Aa(r®) =D > o(re —r)).

Jj1=1 Jjs=1k=1
J1FjeF-Js

(2.34)

fx sBuuaiiHo, OymemMo MpUIyCKATH, IO [IJIs KBa3ipiB-
HOBAsKHOTO CTAHY CIIPABEIINBUN IPUHIUI TOCTA0ICHHS
npocTopoBux Kopessriid. Tomi y TepMonnuamidniii Tpa-
auli KoopauHatHi GyHKil posnominy fs(r;t), gs(r®;t)
3aI0BOJILHSAIOTH TPAHWYHI CITiBBiIHOTITEHHS

(min|r;—r;|)—oco

lim fs(re,...,rst) = Hn(rj;t), (2.35)
j=1

lim gs(rl,...,rs;t):]..

) (2.36)
(min|r; —r;|)—oo
Taxum 9mHOM, ypaxyBaHHSA “MOBLILHUX’ TiIpOXIHAMIYT-
HUX 3MiHHMX (Y HAIIOMY BUIANKY IYCTUHU €HEpTil
B3aeMoil, sika € HesasexkHow Bin fi(z;t)) mae 3mory
Momu(iKyBaTH IPAHUYHI YMOBU [I0 JIAHITIOXKKA, DiBHSIHB
(2.30)—(2.32) nsis HepiBHOBaXKHUX (DYHKIIH PO3IOMLITY.
Ilns mepexomy 10 3BUYARHUX TPAHUYIHUX YMOB IIO-

cnabsenns kopesaniii M. M. Borosnwo6osa [1] Heo6-
xigHo saminnTn BCi gs(r;t) ixHiMM rpaHWYHWMW 3HA-
yennamu (2.36). Taka 3aMina CIpaBeIIUBA y BUMIAIKY
MaJIol TYCTHHU, OIHAK IJIsI TYCTHX T'a3iB HOBI I'paHUYHI
YMOBH MOXKYTb CTATU 3PYyYHUMU, OCKLIIBKY BOHH aBTO-
MATUYIHO BPAXOBYIOTH MTPOCTOPOBI KOPEJIAIii, OB’ g3aHi
3 B3AEMOIIEI0 MiXK BHUIIJIEHOIO I'PYTOI0 JTaCTUHOK Ta, iH-
muMu 9acTuHKamMu cucreMu. O9eBUIHO, MO BILTAB TAKOI
B3AEMO/Iii 30i/TbIIYEThCsT 31 301/ThIIEHHSIM T'YCTUH.
BasHaunmo, mo 10 JaHIKKa piBHAHB (2.30)—(2.32)
MOTPIOHO TONATH PIBHSHHS /I KOOPAWHATHUX KBa3ip-
iBHOBaxkHUX QyHKUiH posmoniny gs(r;t), ski € PyHK-
IIOHAJIAMU HEPIBHOBAXKHOI TI'YCTUHU KiJTBKOCTU YaCTH-
Hok n(r;t) Ta B(r;t) — obepHeHOI “JOKAIBHOI TEM-
neparypn”. 3okpema, B [38] Oyso mnokasaHo, IO
napHa KBasipiBHOBazKHA (DYHKIIis po3noniny gs(ry, ra;t)
OB ’sI3aHa 3 MAPHOI0 KBa3ipiBHOBAXKHOIO KOPEJISIIHHOIO
dyukuieo posnominy ha(ry,ra;t) = gao(r1,r2;t) — 1, 5IKa
3a/10BOJIbHsE piBHaHHA OpHmreiina—Ileprike:

ha(ry,r25t) = ca(ry,T25t)

+/d1’3 Cz(l’l,rg;t)h2(l'2,l'3;t)n(rg;t), (237)

ne ca(ry,ra;t) — KBA3IpIBHOBAXKHA MPAMA, KOPEJIAIHHA,
dyHKIIA.

Orxe, saHmioXok piBaaAHb (2.30)—(2.32) Bigpis-
HSIETHCST BiI 3BMUaitnoro mammoxkka BBTKI nassricTio
IKepeJ y TPABUX YaCTUHAX PIBHSIHB, TOYUHAIOYN 3 APY-
roro, i BpaxoBY€ sIK OJIHOYACTUHKOBI, TaK i KOJIEKTUBHI
“rinponunamivuni” edexTu.

Hmxve nmpoanastizoBaHo JaHIiokoK pisaans BBLIKI
(2.30)—(2.32) 3 MomudikoBAHUMU TPAHUIHUMA YMOBAME
B HaOJIMKeHHI “mapHuXx”’ 31TKHEHb.

III. HABJIN2KEHHA “ITAPHUX” 3ITKHEHB.
MOOEJIBHI KIHETWUYHI PIBHAHHSA

PosriisnemMo posB’asku JIAHIIOKKA piBHAHL (2.30)—
(2.32) y nabnmxenni “napunx” sitkHenb. CyTh IBOTO
HaOJIMKEHHs Taka. JHeXTyeMo B piBHaHHI (2.31) mia
HEpIBHOBAaXKHOI apHOi PYHKIII PO3MIOALIY IOJAHKOM 3
TPUIACTUHKOBOO (DYHKIEI PO3TIOMIITY, TOOTO BPAXyEMO
BIUIMB “cepemoBnIna’ Ha eBOJIIOINI0 BUIIJICHOI Mapyh da-
CTUHOK TLJTbKM Yepe3 KOPEeJIsIiiiHi MompaBKu B IPAHUY-
Hiit ymosi. Toni omepumMo piBHSIHHsI

o .
(E +ily +€> fa(w1, 223 1)

= ega(r1,ro;t) f1(z1st) fi(m2st), (3.1)

dopMasibHIil pO3B’sI30K AKOro
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0

fg(l‘l,l'g;t):&f/dTe(E+iL2)T92(I'1,I'2;t+T)f1(1‘1;t+7')f1($2;t+7’).

— 00

(3.2)

3a Teopemoro Abess [50-52] ueil po3B’sI30K MOXKHA 3AMMCATU Y BUTJISLIL:

fo(z1,22;t) = lim elL?ng(rl,rg;t—|—7')f1(a:1;t—|—7')f1(a:2;t+7').

T——00

(3.3)

Mincrasasioun Bupas (3.3) y piBuauna (2.30), onepxkyeMo KiHeTUYHE PIBHSIHHS B HAOIMKEHHI “TapHuX’ 3ITKHEHD:

ot

e

[coll(wl;t) = /dCEQ 1L(1,2)

T——00

— inTerpaJr 3iTKHEHb.

Heobximmo 3asHauwTn, MmO MO0 KIHETUYHOTO PiB-
usanug (3.4) Tpeba momaru piBHAHHSA, 30Kpema, (2.37)
I mapHOl KBas3ipiBHOBaXKHOI (PYHKIHI  pO3OOILITY
g2(r1,r2;t), WO BPAXOBYE 3HAUHY YACTUHY Oararoda-
CTUHKOBUX Kopesdmiit. [urerpas 3iTkHeHbL y HAIMNX
nparsx OyB 3ampPONOHOBAHMIA 17151 TPHOX MOMEJIbHUX CH-
cTeM.

A. Mognens tBepaux cdep. Kineruune piBHIHHS
peBi3zoBaHoi Teopii Enckora RET [23,38,39]

Hacammnepen moTpibHO 3a3HaYNTH, MO TPAHUIST T —
—oo B iHTerpasi siTkHeHnr (3.5) € MaremMaTwIHO
dopmasbaoo. Ha ¢disnunomy piBai onucy BoHa mepe-
6auae, wob |7| > 19, Oe 7o — HeAKuil XapakTepHuit
MacmTab dacy. 3aJieXHO Bim BuUOOPY Tp OTPUMYEMO
pisHi cramii eBostonii cucremu (Kimetuuny abo Timpomu-
wamiuny). B reopii Bonsumana [18] |7| > T.on — wacy
B3aemonii (3iTkHenHs ), ase 3 inmoro 60Ky, |7| Bce K Ha-
6araTo MeHMIe Bil Thyqr — XapaKTEPHOTO 9YaCy 3MiHN
rimponmHamivnux 3MinaX. HaBemena TyT cutyaliis Mo-
KJIMBA, OCKITBKU IJI1s PO3PIMKEHUX rasiB KiHeTHYHA 1
ripoaruHaMigHa CTAdil €BOJIIONIl CUJIBHO PO3CYHYTI Ha
oci gacy, To0TO Teoyy K Tf K Thydr, J€ T — TaC BiJIb-
HOTO TPOBITy.

Y ryctux razax Ta piIuHax 3 peaJIbHUM IMTOTEHIIis-
JIOM MiXKYaCTUHKOBOI B3aEMOJIii KapTUHA SAKICHO IHIIA.
Kpim Toro, Taki moHsTTS AK IOBXKUHA BLILHOTO IPOOITy
i wac BiJIBHOrO MPOBITY BTPAYAIOTH CBiif 3MICT, OCKLILKM
Ha JIBOYACTUHKOBY IWHAMIKY B3a€MOJil BUILTEHOI Mapu
YaCTUHOK CYTTEBO BILJIMBAIOTH 1 BCi iHII YACTHUHKUA CH-
cremu. B pesynprari kinetTuwna it rinpognnamMivna cTamii
€ ricao nom’szami. OOHAK OJIsT CHEHiSJIBHUX TUIB TO-
TeHuisiB (HaNpuKIIam, TBepAUX cdep) HABEIeHA Kila-
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(2 +1L(1)> fi(za;t) = Leou(w1;t),

lim eiL2ng(I‘1,I‘2;t +7)fi(zr;t + 1) fi(ze;t + 1)

(3.4)

cudikallisi 9aciB He BTpAYa€ CBOTO 3HAYEHHS i TIPU Be-
JINKUX T'yCTHHAX.

Ilms cucreMm 9YACTMHOK, B3AEMOIII0 SKHX MOIEIOE
OTEeHIIistT TBepaux cdep

B(r)) = 8" (eyg]) = lim & (|rys)),

ae (3.6)
€, |ri;l <o,

45€(|1'lj|) = { 0, |1‘lj| >0,

(o0 — mismerp TBepmoi cepu) obracTs B3aemomii Arg —
+0 (pamiyc B3aemonii rog — 0’+) i wac B3aemomii 79 — +0,
10 3YMOBJIEHO CHHTYJISIPHOIO MIPUPOIOIO nmoTenmisary. Ha
KiHeTu4Hill cramii eBostionii cucremMu, sIKy MU PO3LJIsA-
IAEMO, BUKOHYIOTHCS HEPIBHOCTI T.op = Tog K At K
Tt K Thydr, Oe At — “bisuaHO HECKIHYEHHO MAasIHii
intepBan gacy”. Tomi, ockimbku 79 — 40, rpanums
T/T9 — —oo B iHTerpani sitkHeHb (3.5) 36epirae cBOIO
dopmy HaBiTh y Bunanky 7 — —0, AKMO TITBKM To —
BEJTMYNHA, BUIIOTO MOPSAIKY MaJIOCTi, HiXK T:

. . T
lim lim — ) = —oc0.
7—=—0 | T0—+0 T0

Y upomy Bumanky inrerpas sirksenb (3.5) s
MIKYaCTHHKOBOIO IIOTEHIsiJly TBepauxX cdep TpaHc-
bOPMYETHCsT 10 BUTJISIIY

1"(z1;t) = — lim [ das iL(1,2) lim e'l2T

€—00 T—=—0

(3.7)

Xgo(r1, 25t + 7) fi(wist + 1) fi (w25t + 7),
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e
LS =L(1)+ L(2) + L°(1,2),
0 0 0
Lf(1,2) = i—9&° — -
( ) ) 181‘1 (|I'12|) <ap1 81)2) )
g5(r1,r2;t) — xBasipiBHOBazkHa mapHa (DYHKIis PO3-

MOy YaCTHHOK 3 TOTeHIisyioM B3aemomii P°(|ri2]).
Y [38,39], Bpaxomywoun crenndiky CUCTEMH TBEPINX
chep (Arg — +0, 7o — +0), 3aiiicuero neperBopeHHs
I3 (z1;t) (3.7) mo Burnamy

I"(213t) = /dﬂfz T(1,2)g5% (r1, 05 8) f1 (z15) f1 (225 1)

(3.8)
— iHTerpasia 3iTKHEeHL peBizoBaHOi Teopii Enckora
[23-25], me

T(1,2) = O'2 /df’lg @(f'lz . g)(f’lg . g) (39)

X{(S(I’lg + U+f'12)B(r12) — 5(1'12 — U+f'12)}

— omeparop 3iTkHenHa Enckora maa Teepoux cdep;
T2 = |I'12|711'12; rip =TI —Ig; § = Vy — V3 — BEKTOD
BIIHOCHOI MBUOKOCTH; V; — BEKTOP IMBUIKOCTH (-1 da-
crunky; O(z) — onmauuna yuxiis esicaiina,; B(I‘lg)
— omeparop 3CyBy IIBHIKOCTEIL: é(rlg)W(vl,vQ) =
T (v}, vh), npiony

vi = Vi +T2(fi2 - 1),
V'g =Vy — f'12(f'12 '1');

g% (ry,19;t) — KBazipiBHOBaKHA MapHa (YHKIIA PO3-
momisty TBepauX cdep, MO BU3HATAETHCS Yepe3 TMOB-
Hy KBa3ipiBHOBaxKHY (DYHKIIO PO3MOMITY IS TBEPINX
cdep 0q (xN; t) (BpaxoBytouu (3.6) i crpykTypy (2.26))

QZS (acN; ) = lim gq it

€—00

me uh®(r;;t) srimmo 3 (2.27) BusmavaeTnca depes
PO3B’SI30K iHTErpaJIbHOrO PIBHSIHHS

d N—-1
Uhs(rl;t):/ r

= u"*(r1|n(r; 1)),

N

H G)Jk H uhsri.’l t

! i<k

siKe (pYHKIIOHAJIBLHO 3a/I€KUTH JIUIIE Bill JIOKAJIBHOI I'y-
crunu n(r;t),

]-a Tk Z g,

Ok = O(rjr —0) = { 0, 17 <o

Toumi 3rigHo 3 (2.33) oTpuMy€EMO IAPHY KBa3ipiBHOBAXKHY
bYHKIIO PO3MOMiTy TBepauX chep:

g5 (r1,125t) = gh* (r1,12n(xs )

-1
= Q1o [ (15 ) (x25 )]

a2 XN (r;t)
X/(N_2) ]<1;[3 ]kl:[uhs (r;t)’

mo BxomuTh y (3.8). ¥V pesysbrari inTerpas s3iTKHeHb
(3.8) pasom 3 (3.4) yTBOPIOIOTH KIHETUYHE PIBHSIHHS Te-
opii RET [23], nyia axoro I1. Pesubya nosis H-teopemy
[24,25].

Orxe, mogudikoBani rpaHudHi yMoBU, CHOPMYIIHO-
BaHi [0 JIAHIIOXKA, PIiBHAHD BBI'KI B uabauxenti
“mapHuX” 3iTKHEHDb, 0€3 ypaxyBaHHs 3alli3HEHHS B Iaci
JAI0Th 3MOTY MOCJIiIOBHO OTPUMATH KiHETHYHE DIBHIHHS
pesiszoBamoi Teopii Exckora mis TBepaux cdep 6e3 Oyab-
SIKUX (PEHOMEHOJIOTIUHIX MPUITYIIEHD.

B. KineruuHe piBHSHHS OJIS CUCTEMH YaCTUHOK 3
MoOIeJIbHUM 6araToCXOoOUHKOBUM MMOTEHIIISIJIOM
B3a€MOJIil

PesizoBana Teopisi Exckora, mo rpyHTy€eThCs Ha KiHe-
tnaHoMy piBHaHHI (3.4) 3 (3.8), Ak i 3BuuaiiHa Te-
opis Enckora (SET) [18] mns momeni tBepamx cdep,
K BiIOMO, I00Ope TOSICHIOE 3aJIEKHICTh KiHETHIHIX
koediuienris nepenocy Bin rycrunu [19] mis rasis
i mpoctux pinma. O@HAK TeMIeparypHa 3aJIeKHICTh
KOeMiIieHTIB TepeHoCy B IMX TEOpisiXx IOraHo y3-
TOILKYEThCS 3 TAHUMN ekcriepuMenTis [19,20].

3 meroro 3acrocyBanus pesysbraris Teopil SET mo pe-
anmpHUX cucTeM EHCKOr 3ampornoHyBaB 3aMiHUTH Timpo-
CTaTUYHUN TUCK CUCTEMU TBEPAUX Cep TepMOTUHAMIU-
HUM TUCKOM PeaJIbHOI cucTemu. Bepydnm 3a OCHOBY Iie
npunyiiernsi, Lensii Ta inmi [19] pospobusin xKineTudry
reopito MET (Modified Enskog Theory), v sikiit gissmerp
TBepauX chep BU3HAYAETHCS Yepe3 OpYruil BipisabHMI
KOeMIIieHT PIBHSIHHS CTaHy PeaJIbHOI CUCTEMU i, OTKe,
CTa€ 3aJIEKHUM Bif Temmeparypu i ryctuan. Bukopwu-
croBytoun pisui pisuauus crany: BH [53], WCA [54] ra
inmmi, orpuMmyemMo BinmosigHi BapissinTn Teopii MET.

VY kinernuniit Teopii cepemmboro momss KMFT [26]
MOpsT 3 MOTEHIHsIOM TBepauX cdep pO3IIIaIaloTh
naBHAil TpUTATYBasbHUE moTeHIiAn. Y [27] 3a3Ha-
YEHO MPO HEOOXIMHICTh 3aMiHM B IILOMY BUMAIKY KBasi-
piBHOBazKHOI mapHoi GpyHKII po3moaiay TBepaux cdep
DYHKIIEI PO3IOAiy 3 MOBHAM IIOTEHIISIOM B3a€MO/I]i.
Byuo mokaszano [26,28], 1o nyiaBHa 9acTHHA MOTEHIIISLITY
B3AEMOJIii, AKa BU3HAYAE TEMIEPATYPHY 3aJIEKHICTD,
HE POOUTH FABHOIO BHECKY B KOedill€HTU [IEepEeHOCy, a
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TLTBKY OMOCEPEIKOBAHUI Yepe3 TapHy KBa3ipiBHOBAXKHY
dbyukuio posnoniny gs(ri,re;t), i orxe, KMFT ue nae
3MOTH 33JI0BLJTHHO ONMMCATH TEMIIEPATYPHY 3aJIeKHICTh
koedilieHTiB mepeHocy. ¥ MbOMY HAOPAMKY HEOOXiITHO
Buaintu kineruany reopito DRS (Davis, Rice, Sengers)
IIJIsl CUCTEMY KJIACUYHUX YACTUHOK 3 MiKYaCTUHKOBUM
MOTEHIIISIIOM v (POPMi TPSMOKYTHOIL sSIMI Ta 1l HOBY Bep-
cito, 3ampononosany B [30], KiHeTuuHe PiBHAHHSI AKOI 3a-
noBoJibHsIE H-Teopemy.

V npangax [36,37,55] i3 nammoxka pisasaas BBIKI 3
MOIM(IKOBAHNMY TPAHUIHIMHI YMOBAMU B HAOJIMKEHH]
“mapunx” sitkHenb (3.4), (3.5) orpuMaHo KiHeTnvHe piB-
HAHHS OJISI CACTEMH YaCTUHOK 3 NOTEHIIISAJIOM B3aEMOJIil
y BULJIAL 0AraTroCXOOUHKOBOIL (DYHKIIII, IO CKJIANAETHCS
3 TBepIOCGepHOl YACTUHU, CUCTEMHU BiIIMITOBXYBAaJILHUX
Ta TPUTATYBAJILHUX CTiHOK. BararocxonmakoBa MOOEsH
MOTEHIIISITY € y3arajJbHEeHHSIM MOJIeJseil OTeHIiaTy Te-

opiit SET (RET), a rakox KMFT, DRS (RDRS).

“H

Jo Oy 2}] O3 O

Puc. 1. Tlpuksam MomesTioBaHHS KOHKPETHOTO PEaJIiCTHY-
HOTO TOTEHINSTYy MiXKXKYACTHHKOBOI B3a€MOIIil 33 HOMOMOTOIO
MOTEHIIATY Y BULJIAAL 6AraToCXOMMHKOBOI (DYHKIIII.

3 meror0 BuOOpY OiJIbIT PEAJTICTUYHOI CHUCTEMU PO3-
NJISHEMO MiXKYaCTUHKOBUIT TOTEHIIisSII B3AEMOI1, IO MO-
NIeJTIOE€ MesIKWi peasTbHUI MOTEHIIsT ¥ BULIALL bararo-
cxomuuKoBol pyHKil (puc. 1)

B(\risl) = 8™ (ryjl) = lm &0 (ryl),  (3.10)

a notenmiam ¢ (|r;;|) e Takum:

€0, 15| < o,
€k, Op—1 < |rj| <op, k=1,...,N* |
0, on- <|ryl,

P (|ry5]) =

ne N* — 3arajibHa KiIbKICTb CTIHOK, KpiM TBepmocdep-
Hoi. IIJ1st 3PYYHOCTH BHIOLIAMO OKPEMO CHCTEMHU IIPH-
TATYBAJIBHIX 1 BimmroBxyBasbHUX cTiHOK. Hexait € n*
BiZIMITOBXYBAJIbHUX CTiHOK, IO PO3MIIlIeH] HA BiICTaHAX

o1, # mators Bucotu Ae,, i = 1,...,n"%; 1 m* npurary-
BAJILHUX CTIiHOK 3 MapaMeTpamu o,., A€, BiImosigno,
j=1,...,m"; 09 — MOJIOXKEHHS] TBEPIOCHEPHOI CTIHKY.

OueBunno, mo n* + m* = N*,

Ael, =€, — €

; ; it Aep; =€,y — €rj

J

500

Orxe, mapamerpu oo, n*, oy, Ae,, m*, 0., A€,
MOBHICTIO BU3HAYAIOTH OAraTOCXONWHKOBUII MOTEHIIisI,

06J1acTh B3aEMOSIil {2 SIKOTO CKJIATAETHCS 3 CYKYTTHOCTH
mimobsiacreit

]

= lim

. (k)
L {W (o ar)

= o — Ar P oy + Ar(’“)]} )

k=0,1,...,N*.

Y reomerpuuHiit iHTepmperariii o1 06.1aCTH B3A€MOII1
MaEMO CYKYIHICTh KOHIEHTPUYHUX cdep 3 pajiycamu

ok, k =0,1,..., N*. Boun xapaxTepu3yThCs TAaKUMU
po3mipamu:
Ar; = max {Ar®} 5 40, k=0,...,N*,
Ac = min {6y —0p-1}>0, k=1,...,N*,
Omae = max {op} =0} , kE=0,...,N*,

SIKUM BiIMOBimaioTh Xapakrepui wacu: 7o = Arg/|go| —

+0 — wac Bzaemornii Ha crinmi; AT = Ao/|go| — wac
MMPOJIITAHHSA YACTUHKHU MiXK CYCIIHIMH CTiHKaMu; T =
Omaz [ |80| — 9ac mpostitanus Beiel cucremu cTiHok Gara-

TOCXOOWHKOBOTO TIOTEHIIIATY A/ BUOLIEHOI Tapu JTacTh-
HOK. OCKIJIbKM B TMOTEHIIISA I € TOPU3OHTAJIBHI iJISTHKH,
e CHAJIa MIXKYACTUHKOBOI B3a€MO/Iil JOPIBHIOE HYJTIO, TO
BBEIEMO TAKOXK TaC Tf fAK CepeIHiit vac BiIbHOTO Mpobiry
vJacTuHky B cuctemi. [leit wac 3Mino0 reomeTpii mMOTEH-
i1y 1 3017TbIeHHsIM TYCTHHE MOXKHA 3POOUTH IKOMOTa,
JIOCTATHBO MAaJINM, 00 BUKOHYBAJIOCH CIIiBBiIHOMIEHHSA

5 L Tp L AT < T — Thydr.

BpaxoBymoun CcTpykTypy 06araroCXOOUHKOBOTO TOTEH-
mistry, 00JIaCTh B3AEMOMIl 1 XapakTepHi dYacw, Cre-
nudiKy B3aEMOIIl YACTUHOK HA, IPUTArYBaJIbHUX Ta Bi-
ITOBXYBaJbHUX CTiHKaX, y [36,37,55] 3 imrerpasa 3i-
TKkHeHb (3.5) kinmeTrwuHoro piBHsHHA (3.4) MocaimoOBHO
OTPUMAHO iHTErpaJsl 3iTKHEHb HJIsi CUCTEMH YACTUHOK,
B3AEMO/III0 SIKUX OMKUCY€E DAraTOCXOIMHKOBUN TTOTEHITISLIT.
Bignosinne kineTndHe piBHsAHHS MOXKHA 3aINCATHA Y BU-
ISl

(% +iL(1)> filz;t) (3.11)

_ / doy T™ (1,2)g0 (v1, v: £) i (213 £) o (023 ),

ne

T (L) =Te +Y . > To+> Y 17

i=1 p=b,c,d j=1 p=b,c,d
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— omnepaTop 3iTKHEHb, IO OMKUCYE B3aEMOMII0 IBOX Ya-
CTWHOK, IKIIO HASBHUN 6AraTOCXOMMHKOBUIA TOTEHIIiST;

o — ag/d& 5206 - &) (3.12)
x{8(r12 + 607 B*(6) - 8(r1> — 607) |
— omeparop 3iTKHeHHs EHCKora Ha op;
T” =o? /da |0 -g|Or (6 -8) (3.13)

— yMOBU, HEOOXimHI /I BUHUKHEHHSI IIHOTO THUITY
B32aEMO[Iii, Ie § = T'1y — ONWHUYHWI BEKTOP y HAIPAMi
B3aEMOJIii JIBOX YACTHHOK; g — BiIIHOCHA MIBUIKICTH
IBOX YACTHHOK; p = a,b,c,d — iHOeKcH, mo Mo3HaYa-
I0OTh TUIN MOXKJIMBUX B3aeMmomiit: a — “reflection” — 3i-
TKHEHHSI Ha KOHTAKTI 09 — IisMeTpa TBepmoi cdepu;
I7A IPUTATYBAIBHIX CTiHOK aj: b, — “leaving”, ¢, —
“entering”, d, — “reflection”; i BimmoBimHO /151 BiAITITOB-

XyBaJIBHIX CTiHOK ri: b, — “leaving” — “entering”,
d, — “reflection”, a = 4Ae€,, /m, a2 = 4Aea /m,
b _ 4+ 2b _ 1,b _ 2,b _ _+
o'm, - Uri’ Ur£ - Uri’ Ua; - oaj’ Ua; - oaj’
l,e _ _— 2,c _ _+ l,e _ _+ 2,c _ _—
o'ri’ - o'ria Unz - o'ria Ua; - Uaja Ua;- - Uaja
d_ + 2d_ _+ _1,d_ 2,d _
0-7“; - O-n- ) O-nz - O-n- ) O-a;- Ua]- ) O-a;- Ua]- )

— OmepaTop! 3CYBY MIBUIKOCTE 3TiTHO 3 B3aEMOMIEIO
MIEBHOTO TUITY HA KOXKHiil 31 CTIHOK:

Bfi(aj)l‘p(vl ’ v2) = gp(vll)mi(aj)’ Vg,m(aj))’

x {6(1’12 +G5obP)VBE(6) — d(r1s — &a,%;p)}

— omepatop 3iTkHeHHs EHcKora Ha r; BiIMITOBXYBaJTh-
Hifl cTiHI;

Tp =02 /da lo-g|OF, (0 - 8) (3.14)

x{&(rlg + o0 ’p)B” (6) — 6(r12 — &Ug;p)}

— oTepaTop 3iTKHeHHs EHCKOra Ha a; NPUTATYBaJIbHil
crinmi. B mmx omeparopax 3iTKHEHHS apamMeTpu O3Ha-
9eHi BiOMOBiMHO 10 THy B3aemoii. Bupasu

=0(-0-g—ay,),
0f = 0(~6 - £)0(0, + 5 -g)

V11)(2)m = V1(2) + -6 [6 -g+4/(6-g)2%+ O‘%i

e = Vi £ 0[0 g—/(6-g)?2—a2|,

Vi = Vip) £6(6-g),

Vi, = Vip 56 [& g—/(6-8)?°+a2,

(e = Vi) * "[" g+4/(6-8)" —ag, |,

Vid(2)aj = V1(2) + 6'(6' . g)

Y npargx [37,55] nia xkinernasoro piBasaHA (3.11) Oysa
nosenena H-teopema, a B [36,40] BusHaveHi HOpMaJIbHI
posB’saskum merogom Uenmvena-Emckora it orpmmami
aHAJITUYHI BUpa3y OJIA KiHeTUIHUX KoeilieHTiB mepe-
HOCY O0’€éMHOI i 3CyBHOI B’SI3KOCTH Ta TEIJIOIPOBiIHO-
cti. Ha ocHOBI X BUpasiB BUKOHAHWIT YMCI0BIiT po3pa-
XYHOK KOe(MIIi€HTIiB MepeHocy /i aproHy B MIUPOKIiii
obstacti ryctuna Ta temneparyp. Orpumani pesyabTaTi
nopiBHAHO 3 pesdysbraramu inmux reopiii (RET, MET,
RDRS), ekcnepumentom [18] i maHuUME MOJIEKYJISIPHOL
muHaMikn. B pesysbrari orpmMmano, MmO KiHeTHYHI KO-
ediuienTu Ha O0CHOBI Kineruunoro piBusuHg (3.11) mia
6araToCXOIUHKOBOTO MOTEHINAY JAMTH OiJIbIT OJIN3bKI
3HAYEHHsT IO EeKCMEePUMEHTAJIbHUX ITaHWX, HiK Teopil

RET, MET, RDRS.
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Kinernyne piBuanna (3.11) sanexHo Bim 3HadYeHb
mapaMeTpiB 0AraTOCXOAMHKOBOTO MOTEHINSIITY IOMYCKAE
TPAHNYHI BUTIAIKMI.

1. n*=m*=0.

Y upomy Bunagky mopesibHuii norenuiss (3.10) mepe-
TBOPIOETHCST B TIOTeHIistT TBepaux cdep (3.6), Tomi
Tms = T8, = T(1,2) (3.9) i kineruawe pisuamna (3.11)
MePeTBOPIOETHCS B KIHETUYHE PIBHAHHS PEBi30BAHOI Te-
opii Enckora [23] (3.4), (3.8).

2. n*=0,m*" =1, Ae,, #0.

Tyr Buxinuuii GararocxomuukoBuit norenuisn (3.10)
MEePETBOPIOETLCA B MOTEHIIAT TMPAMOKYTHOL sIMH, TOJIi
T =Tg, + TP i xinerwane pipnannsa (3.11) meperno-
proeThest B KiHeTnwHe piBHsAHHS Teopil RDRS [30] mia
MMOTEHIIISATYy TPAMOKYTHOI SIMH.

C. Kineruune piBusuus Enckora—Jlanmay ngs
cCUCTeMU 3apsKeHUuX TBepaux cdep

BaxxkmuBuM 3aBOaHHAM € OOCJLIKEHHA KIHETUYIHUX
piBusanb (3.4), (3.5) y mabmmxenHi “mapunx” 3iTKHEHb
IIJIA CUCTEM KJIACMYHUX YACTUHOK 3 OIJIBIT peasticTud-
HUM TIOTEHIIIsJIOM B3a€MOJIili HacamIepesn s CHCTEM,
B32aEMOJII0 YACTUHOK SKUX HA MAJIMX BIICTAHIX MOIE-
moe motentia Teepaux chep ¢4 (|ry;|), a ma BeMKIX
— nesxuil aBHuit natexocaxkuuit norenmian & (|ry;|):

B(|rij]) = " (Jrs; ) + B ([ri5 ),
e
0 |I‘l'| < ag
[ X _ ) il >0,
P (Irl) = { & (rl), Irl > o,

o — miamerp TBepmoi cdepu. Haounmm mpukiamom
TaKOl MOMEJ € CHCTeMa 3apsiKEHNX TBepamx cdep,
y dAKilf HAJIEKOCSKHOIO YACTUHOIO TOTEHIATY € KY-
JIOHIBCBKMI MOTEHNIIA B3aeMomii. HeobxinHo 3a3Ha-
YNTH, MO PO3MAiTeHHs TMOTeHnisty B3aemomii P(|ry;l)

3HAYHE, TOMY BHWHHMKA€ MOPOOJIEMa ONTUMAJIBHOTO iX
pO3misieHHsT i O3HAYEeHHs BiAMOBIIHWX MapaMeTpiB iH-
TeHCUBHOCTU. Taki MUTaHHS B PiBHOBAXKHIN CTATUCTUI-
Hilt MmexaHiui obrosoproBasu HeonHopa3oBo [56]. [Toni6ui
imel mpo po3MijIeHHs MOTEHIIIATY B3a€MO/Iil HA KOPOTKO-
CSKHY Ta, TAJEKOCSKHY YaCTUHU OIS OTPUMAHHS KiHe-
TUYHWUX DIBHSHb BUKOPWCTOBYBasM B [34,57,58].

Puc. 2. Ilpuksian posmijieHHA MiXKYaCTHHKOBOTO IIOTEH-
iy B3a€MOMIil HA KOPOTKOCSXKHY Ta MNAJTEKOCIXKHY da-
CTHHH.

IMpumyctumo, mo morennian P(|r;;|) mMoxza posmi-
JINTH TAKUM CIIOCOOOM:

oo, |rlj| S g,
b(|ri;]) = ¢ =9 o< vy <o, (3.15)
@ (|ry;), L
e mapaMeTpu O3HaueHi Ha puc. 2, o¢* — edexkTus-

uuit gismerp cepu. 3 ypaxysanuam (3.15) inrerpadt 3i-
TKHEHD (3.5) 3anuIIeMo y BUIIAL]L

Lou(z1;t) = Ii(z1;5t) + Ix(2158),

Ha KOPOTKOCSKHY Ta HAJEKOCSKHY JACTWHU HEOOHO- 1
.
iTE
Ii(z1;t) = — lim /drm 2, /d&/va iL(1,2) lim elL?ng(rl,rg;t—|—7')f1(a:1;t+7')f1(:v2;t—|—7'), (3.16)
€—+00 T—-0
0
oo

70, -7l
L(z1:t) = —/dr12 r%/dé/dw i7/(1,2) lim o(il2 +iL'(1,2))

T——00
o*

Tga(ry,rost + 1) fu(wast + 1) fu(wast + 1), (3.17)

LY = L(1) + L(2) — oneparop Jliysijis BiIbHOI eBOTIONIT IBOX YACTUHOK.

Y npoMy BUMAAKY BUKOPHUCTAHA ilest MPOCTOPOBOrO Ta YaCOBOrO PO3MIiJIEHHS B3a€MOIIii, OB’ sA3aHA 31 crerndikoro
monesi TBepaux cdep: obmacts B3aemonii Ar§ — 0 1 gac B3aemomnii 9 — 0, a Takox 3i ckiHYeHHHM YacoM 7; na-

JIEKOCSKHOI B3aeMorii, ompak  lim  7/7 — —oo; L!(1,2) — manekocszKHa 9acTHHA IBOYACTHHKOBOTO OMEPaTOpa
T——00

Jliysing. ¥ npansx [38,39] i ninposnini 3.A uiei crarrti nokazano, mwo I (z1;t) mis momesni TBepaux cdep 36ira€Tbes
3 iHTerpaJioM 3iTKHeHb peBizoBaHoi Teopii Enckora
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I?s(xl;t):=n/hdxzffhs(1,2)gz(r1,r2;t)fl(xl;t)fl(x2;t) (3.18)

3 Ti€I0 JIMIe Pi3HUIEI0, MO TYT ga(ri,r2;t) — MapHa KBa3ipiBHOBaxKHA (YHKIST YACTUHOK Y CUCTEMi 3 MOBHUM
MIXKYaCTHHKOBAM IIOTEHITISIIOM B3aEMOMil. Y BHUIAIKY, KON JAJIEKOCSKHOI JACTUHN MOTEHINSTY B3AEMOIIl Hema
(®(|ri;|) = 0), mepma wactuna I (z;;t) nosmicTio crismamae 3 inTerpamom sitkrens (3.8) kimermanoi teopii RET,
Tomi Ak apyra yactuua I(x1;t) TOTOXKHO HOPIBHIOE HY 0. B IHIIOMY TpaHUYHOMY BUTMAIKY, KOJIU TyCTUHA, CUCTEMU
mauia (pospimxkeni rasu, n = N/V — 0, g2(r1,r2;t) = 1) io — +0, [ (z1;t) = 0, apyra yacTuna inrerpasa 3iTkHeHb
I>(z1;t) 36iraeTbes 3 iHTErPAsIOM 3iTKHEHb KIHETHYHOTO piBHaAHHA Bospumana [18].

Posrnaremo wacTkoBMit BUTIAAOK, KOJIU JAJIEKOCIKHA, YACTUHA, TOTEHIISTY MaJia, i PO3KJIAIEMO B Pl Omepa-
TOpHUI BUpa3 exp { (iLg + iLl(l, 2))7’}, obMesKyIounch JiniiamvM Habmmkenaav 3a gomankom iL!(1,2). Toxi Ir(z1;t)
OyIe MaTh BUTJISL,

I(wiit) = 17 (@13 ) + I3 (2;1),
[2(0)(351;t) = Lns(z15t) =—/dr12 r%2/d&/va iL'(1,2)

.70
X hm elL2T92(I'1,I'2;t-|-T)f1(.’£1;t+7')f1(1‘2;t+7’),

iy (3.19)
T o [ . (0) . (0)
[2(1)(351;75) = _/d7"12 T%g/d&/dVQ iLl(l,Q) Em elLQT/dT’ e_le T iLl(l,Q) elL2 7!
T — 00
o* 0
Xga(r1, w25t + 7) fi(@i;t + 1) fr(wa; t + 7). (3.20)

Iepmmii nonanox I2(0) (z1;t) € ysarasnbHenHaM cepenaboro noss Biuiacosa B Teopii KMFT [26-28], a npyruit monanok

1 . . . . .
IQ( )(213t) € ysarasmHeHIM iHTErPaoM 3ITKHEHh 3 ypaXyBanHAM 3aMisHeHns B 9aci B HAGTIKER ] Ipyroro MOpAIKy
3a paaemorieio @' (|r;|). Hexryroun npocroposoto neonnopinmictio fi(7;t) i yacosum sanisuennam y (3.20) B npansax

[38,39] mokazaro, 1mo 12(1)(:31;75) MepeTBOPIOETHCA B iHTErpaJI 3iTKHEHD Ty JIangay:

1 0 0

1 oy _ . )

Leop(z151) = 9or . /dg Jas(8) {81’176 31}275} fi(zist) fi(rr + 112, Va3 t), (3.21)
e
[e%¢] t
1 . 0P 0P + gt

Jop(g) = E/d’l"lg er/dJ g2(r1, 11 + 1193 1) [#} /dT [%‘;—26g|)] (3.22)

12, 12,

— aBTokopenaniitna GyHKIia cnn. Y BUMANKY, KON
dbopmanbuo mpuitaaru g (ri,re;t) = 1, o* — 0,
a ®'(|ry2]) — xymomiBCHKmit MOTeHNiAM B3aeMomii, TO
(3.21), (3.22) meperBOpIOETHCA B iHTErpas 3iTKHEHb
Jlanmay [59] muis KyJioHIBCHKOI Ttasmu. Y HAIIOMY BH-
MaJKy MOBHMII iHTerpaJ 3iTKHeHb

Lou(zi;t) = I (w15 t) + I (z058) + I (z13t) (3.23)

coll

mu HasBasn [38,39,44] inrerpasiom sitkHeHb EHCKOra—
Jlanmay s cucTemMm 3apsiiKeHnX TBepauX cdep, Ko-

m @ (|ra]) = @ KYJIOHIBCHKWIA TMOTEHIIisIJT
B3aeMomii. A BinmosinHe KiHeTWuHe pIBHAHHA Ha3W-
BAETHCsA KIHETUIHNM piBHAHHAM Enckora—Jlammay mis
cucreMu 3apsikKeHnx TBepaux cdep. Ha Binminy Bin
3BMYaiiHoro inTerpasa sitkuenn Jlanmay [59], inrerpasn
sitkrens (3.21), (3.22) He poO3XOOWTHCS HA MAJINX Bii-

503



M. B. TOKAPYVYK, I. II. OMEJI{H, O. €. KOBPIH

cranax. Ogaak Ha BenmKuX Bincranax (|r| — o0), fAK
i 3BUUaitno, Oyme posbixuicTs y (3.22). g mocsimos-
HOTO YCYHEHHsI I[i€l pO30iKHOCTH HEOOXimHO BpPAXOBY-
Baru eeKkTu AMHAMIYHOrO ekpanyBants [60].

Baxsiuso 3asumauumru, wo B [39,44] Oysm BusHa-
YeHi HOpPMAaJIbHI PO3B’'SI3KM KIHETUYHOTO PIiBHSIHHSI
Enckora—Jlangay mjsi cUCTeMU 3apsiIKEeHUX TBEPINX
cdep meronom Henmena—Enckora. B pesyabrari orpu-
MaHO aHAJITUYHI BUpa3u i Koedili€HTIiB mepeHocy:
00’¢MHOI 1 3CYBHOI B’SI3KOCTH Ta TEMJIOMPOBIIHOCTH 3
BHECKAMU $IK TBEPIOCKEPHOI YaCTUHU, TAK 1 KYJIOHIBCh-
koi B3aemonii. B [42,44] na ocHOBI 1ux BUpa3iB BUKOHAHO
YHUCJIOBI PO3PAXYHKHU I MOPIBHAHHA 3 €KCIEePUMEHTAITh-
HUMU JAHUMU [IJIsT OTHOPA30BO HOHI30BAHOTO aproHy.

[TincymoBy0Un pe3yabTaTh IMLOTO PO3MiJTy, HEOOXITHO
3a3HAYUTH, IO JIAHIIOKOK PIBHSIHD BBI'KI 3 Moauiko-
BAHOIO MPAHUYIHOI0 YMOBOIO, KA BPAXOBYE K HEPiBHO-
BAXKHICTh OIHOYACTUHKOBOI (DYHKIII PO3MOmiIY, Tak i
JIOKAJIhHI 3aKOHU 30epeskeHHsi B Hab/ImKenHi “mapHux”
3ITKHEHb, JJIsi CUCTEM YaCTUHOK 3 MOIEJTbHUMU TTOTEH-
mistmamu (3.6), (3.10), (3.15) mae 3Mory HOCJLZOBHO
OTpUMATH BiIMOBimHI KiHeTnuHi piBHAHHs: Teopii RET
[38,39] (3.4), (3.8), xiHeTnuHe PiBHAHHSA IJIA HATATOCXO-
IUHKOBOro noreniisity [36,37,40,55] Ta kineruune pis-
usauaa Enckora—Jlanmay [39,44] (3.4), (3.23) mna cu-
CTeMU 3aPSIKEHNX TBEpAnX cep.

OueBumHo, WO Taki pesyabTard B HaOJIMKeHH]
“mapHuX” BiTKHEHDb IJIs JIAHIIOXKKA PIBHSIHD BBI'KI
(2.30)—(2.32) e m06POIO OCHOBOIO [IJIsT fI0TO aHAJII3Y Y BU-
X HAOJIMAKEHHSAX 33 MiXKIACTUHKOBUMY KODEJISIITi M.

Y HacTymHOMY PO3Hii MPOAHAJIIZ30BAHO JIAHITIOKOK
piBuanb (2.30)—(2.32) y BumNX HAOIIDKEHHAX 33 MiXK-
YACTUHKOBUMU KOPEJISIIisIMU i3 32CTOCYBAHHAM METOILY
rpyMoBUX poskanis [9,47].

fi(zist) = Gi(zst),

IV. MOOU®IKOBAHI I'PYIIOBI PO3KJ/IAIN

Kinetnune piBuannsa pesizoBanoi meopii Emckora
[23,38,39] (3.4), (3.8) mna cucremu tBepaux cdep
Ta KiHetnmdHe piBHAHHA Enckora-Jlamnmay (3.4), (3.23)
IIJIsT CUCTEMU 3apSKEHnX TBepaux cdep OTpuMaHO
3 Janmiokka piBHaARb (2.30)—(2.32) B HabmmKeHH]
“mapHuX” 3iTKHEHb, X0Ya 3HAYHA YACTHHA ITPOCTOPO-
BUX IWHAMIYHUX KOPEJsliii y:xxe BpaxoBaHa B MapHiit
KBa3ipiBHOBaXKHiil (BbyHKIIT posnomisy g». g anasisy
posp’askiB manmiokka pisaars BBIKI (2.30)-(2.32)
y BUIMX HAOJMKEHHAX 33 MIKYACTUHKOBUMU KOpe-
JIAMISIMA 3PYYHO BUKOPUCTOBYBATH KOHIIEIIHIO T'PYyTO-
BUX poskiamis [2,9,61]. T'pymosi poskmamm 3acToco-
BYBaJIM O JIAHITIOXKKA PiBHSIHD BBI'KI B Gararsox
npausx [2-7,11-16,61], 30kpemMa, 3 TPAHUYHOIO yMO-
BOIO, IO BiAMOBIZA€ YMOBi MoOCJIabJIEHHsT KOPesAriil 3a
M. M. Borosotosnwm [1], y mpausax . M. 3ybapesa Ta
M. IO. Hosikosa [4,7,9,10,48], ne posBunyruii nisrpam-
HUIi MeTon moOymOBU PO3B’sI3KiB JIAHITIOXKKA PIBHIHD
BBIKI.

Y npoMy po3misii KOHIEMINo IPYIOBAX PO3KJIIAIIB 33~
CTOCYEMO [I0 JIAHITIOXKKA PIBHSIHHS BBI'KI 3 Moaugiko-
BAHUMU TPAHUYHUMH YMOBAMU, sIKi BPaXOBYIOTH K
HEPIBHOBAXKHICTH OIHOYACTUHKOBOI (DYHKIII PO3MOMIIIY,
TaK i JIOKAJIbHI 3aK0HT 30epexkenns. [ po3B’ a3y BaHHs
JTaHImoXKKa piBHAHB (2.30)—(2.32), moxnibHo sk 1 B mpaii
O. M. 3ybapesa ta M. IO. Hosikoa [9,47,48], a
me panime B mpamnax M. Green [61], E. G. D. Co-
hen [2,3,61], nepeiinemo Bim HepiBHOBaxKHUX (QYHKIIN
posnoniny fs(z°;t) mo uesBimuux QyHKuUill posmomity
Gs(z*;t), sixi BBOmATHLCA piBHOCTsIMN [9,61], OnHAK y Ha-
IOMY BUTMTAOKY 3 TIEBHOK MOMMMDIKAIIEIO:

(4.1)

fo(x1,z25t) = Go(®1, 223 t) + g2(r1,12;8) G (215 1) G (225 1),

fa(@1, 2, w35t) = G3(x1, 2, 33 ) + ZG2($1,$2;t)G1(353;t) + g3(r1, 12,13, t)G1 (21;8)G1(22; 1) G (235 8),
P

B AKUX KOODIWHATHI KBa3ipiBHOBaXKHI GyHKII posnomiiy ga(r1,Ta;t), g3(r1,re,r3;t), gs(r’;t) BU3HAUAIOTHCS CITIB-
Bimpomenusavu (2.33) ta (2.34). Momndikarnis rpynoBux posksianis (4.1) mossrae B TOMy, MO 3HAYHY YaCTHHY
OPOCTOPOBUX KOPeJisiliil y daci BpaxoByoTh kBasipiBuoBaxkHi pyukuil gs(r®;t). lpu g.(r®;t) =1 i s = 2,3, ... ui
IPyIOBL po3kJiaau 36iralThes 3 rpynoBumu poskiaanamu [9]. Ockinbku Koxen psamok pisaocreit (4.1) BBoguTh oy
HoBY dyHKI0 Gg(ré;t), s =1,2,3,..., To 1l PIBHAHHSI MOXKHA PO3B’A34TU CTOCOBHO HE3BIMHUX (DYHKIIIH PO3TOMLILY
i sanmcarn:

Gi(z15t) = fi(z1;1),

Gao(z1,25t) = fo(m1,225t) — g2(r1,va3t) fi(w15t) fi (223 ),

(4.2)
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Gs(w1, w2, w35t) = fo(w1,72,w35t) — Y fa(@r, ;1) fr(ws; 1) —hs(v1, 72,735 8) fi (w15 8) i (w25 £) f1 (w35 1),
P

Tyris (4.1) E MMO3HAYAE CYMY 3a BCEMOXKJIMBAMHE MTEPECTAHOBKAMN KOOPIWMHAT TPHOX i OiIbIe JaCTUHOK,

P

hs(r1,r2,r3;t) =g3(r1,r2,r3;t) — go(T1,T2;t) — g2(r1,r3;t) — g2(r2,T3; 1)

(4.3)

— TPUYACTMHKOBA KBa3ipiBHOBasKHA Kopesamiitna dymkmia. Temep samimremo janmioxok pisaans BBIKI (2.30)-
(2.32), 30kpema nBa nepuil piBHAHHSA, N1 He3BiaHux GyHkuiil posmoniny Gg(z®;t). Ilepiue piBHAHHS JIAHIIOKKA

Ma€ BUILJIAL

ot

Hudepennioroun 3a gacom Bupas mis Go(zq,Ta;t)
B (4.2) i BHUKOPHUCTOBYIOUM Ipyre DIBHSHHS JIaH-
mioxka BBIKI (2.31) mna dymkmii fo(z1,20;t), mia
G2 (z1,z2;t) — HessigHol mapuoi dyHKHil posnomiay —
OTPUMAEMO PiBHSIHHS

<2 +1iLsy + 8) Ga(71,72;1) (4.5)

ot

o .
= - (E + 1L2> g2(r1,12;8)G1(21; 1) G (225 8)

—/dxg {iL(1,3)+iL(2,3)} {Gg(xl,xg,xg;t)

+ Y Ga(w1,m2;1)Gr (w33 1)
P
+g3(r1,r2,1r3;1)G1 (215 1) G (225 1) G (235 t)}

[MomibrrM cmocobOM MOXKHA OTPUMATH PIBHSHHS IJIsT
TpUYACTUHKOBOI He3Bimuol byukuii Gs(z1,zs,zs;t) i
Bumux yukuii Gg(z®;t) posnonpiny gactunok. [Tpu-
ramaiiMo, Mo MOsBa KBa3ipiBHOBAXKHUX (DYHKINH po3-
nomisty ga(r1,ra;t), g3(r1, ra, r3;t), gs(rs;t) B MaHIIOKKY
piBuanp (2.30)—(2.32) mos’s3aHa 3 THM, MO TPAHAYHA
yMOBa 110 po3B’sa3Ky piBuauus Jliysina (2.29) Bpa-
XOBY€E sIK HEPIBHOBAXKHICTH OIJHOYACTUHKOBOI (DYHKIIIi
pO3MOmiJIy, TaK i JIOKAJIbHI 3aKOHU 30€pekeHHs, IO
BIiZITOBIIA€ y3rOMKEHOMY ONMUCY KIHETHUKU Ta TiIpOIu-
Hamikn cucremu [31,39]. Ockinbku My aHasi3yBaTn-
MeMo Jmnmie meprni nBa pisaaaHa (4.4), (4.5), To Ha-
CTyTIHI PIBHAHHS JIAHIFOKKA BUMACYBATH HE Oymemo. He-
0OXIoHO 3ayBaskKUTH TaKe: sIKIO NPUAHATH (POPMATTHHO
gs(r;t) = 1, s = 2,3,... B (4.4), (4.5), T0O oTpUMaEMo
nBa mepin piBHSAHHA JaHmoxKa piBmsaas BBIKI mis
HesBiguux dyukuii posmoniny Gi(z1;t), Ga(zy,z2;t),

(2 + iL(1)> G1 (931;t)+/d$2 iL(1,2)g2(r1,r2;t)G 1 (21; )G (w25t) + /dx2 iL(1,2)Ga(21, w25t) = 0.

(4.4)

onepxannx y npami M. 1. 3ybapesa i M. 0. HosikoBa
[9]. XapakTepHOtO 0cOOIUBICTIO cucTeMu piBHAHD (4.4),
(4.5) e nepuwmii HONAHOK y NpaBiii YacTuHi PIBHAHHS
(4.5), T06TO MOMAHOK 3 TOXIIHOIO 38 YacOM Bil MAPHOIL
KBasipiBHOBaxKHOI byHKUil posnompiny ¢a(ri,ra;t). Ak
MM BXKe 3a3Ha4miH, 3rinHo 3 (2.16) abo (2.26) mapHa
KBa3ipiBHOBaXKHA (DYHKIIA PO3MOOLIY € (DYHKIIOHAIOM
JIOKAJIbHUX 3Ha4YeHb temmeparypu B(r;t) 1 cepemuboi
rycrunu 4ucya gactuok n(r;t). Tomy noximmi 3a ua-
COM Big, ¢o (rl,r2|ﬂ(t),n(t)) OyIoyTh CTOCYBATHCS MOXim-
HUIX %ﬂ(r;t) Ta %n(r;t), AKl BIOIOBIIHO OO yMOB ca-
moysromkenns (2.18.a), (2.18.b) Gyayrb Bupaxarucs
9epe3 Cepesiii 3HAYCHHA eHeprii B CyNpOBOMKYBaHill cu-
cremi Bigmiky (£'(r))t i (A(r))?, mo e ocroBoIO Timpomm-
HAMIYHOIO OITUCY HEPiBHOBAXKHOI'O CTAHY CUCTEMH.

ko y npasiit yactuni pisuanua (4.5) 3HexTyBaTu
JOJIAHKOM, KW BPaxoBY€ MOTPiitHI Kopessii Mixk Ya-
cruHKamu, 10 i3 (4.5) oTpuMaeMo piBHAHHA y HaOIU-
KeHHI “mapHux” 3iTKHEeHb:

(4.6)

o .
(a +1iLs +6> Ga(x1,72;1)

0 .
=- <§ + 1L2> 92(r1, 125 )G (215 1) G (223 8).

QopMaTLHII PO3B’SI30K I[HOTO PiBHSIHHS € TAKNM:

t
Ga(z1,20;t) = — / dt’ e(E +ils)(t — ') [% + iLz]

><g2(r1,r2;t')Gl(xl;t')Gl(xg;t'). (47)

[Migcrasasioun et po3s’s30K y nepine piBaanaa (4.4),
OTPUMAEMO KiHETHMYHE PIBHAHHS OJIsI OJJHOYACTUHKOBOL
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dbyukuii posnoniny fi(z1;t) = Gi(z1;t): Jie IepInuit JOJAHOK y Mpasiil yacTuHi € y3araibHEHHIM

cepenuboro nosist Bracosa i Binnmosimae KMFT [26,27].

o Kinetnane pisasiaus (4.8) MOBHICTIO €KBIBAJIEHTHE KiHe-

(a + IL(1)> fi(zy;t) (4.8)  rwumomy piBmanmo (3.4), (3.5), AKe OTPEMYIOTH y Ha-
ommkenHi “mapHnx” 3iTKHEHD.

Tenep posrsisiHemo cucremy piBusanb (4.4), (4.5) y

= _/d@ iL(1,2)g2(r1, 25 t) fi (w15 8) f1 (w25 1) HAOJIMKEHH], KoJu y apyromy pisasaui (4.5) He Bpa-

XOBYIOThCsl TPUYACTUHKOBI He3BimHl PyHKI posmonity

t G3(z1, %2, x3;t), hs(r1,ra,r3;t), O € AHATIOIOM MOJISIPU-

_ /dﬁv2 iL(1,2) / At eE+ila)(t — 1) [3 +iL2] samiiinoro. HAO/MIDKEHHs Y BUMQOKY OTPUMAHHS KiHe-

ot' THIHOTO piBHsAHHA Borosmobosa—/lenapna—baecky [14]

- IJIS KYJIOHIBCHKOI TJIA3MU B OJHOPITHOMY BHIAIKY .

% ! Ly - Bpaxosytouu (4.3), a rakox te, mo G3(x1, T2, x3;t) =01
g2(re, ri ) fu(wa; ) ulwas t), hs(ry,ra,r3;t) =0, piBHanua (4.5) sanumemMo y TakoMmy
BUTJISAII:

0 0
<& +iLs + 8) Ga(z1,225t) = — <& + iL2> g2(r1,r2;8)G1(21; 1) G (225 1)
— /d:l?g iL(1,3){G2(ZE1,ZEQ;t)G1 (:Ug; t) + Gg(mg,mg;t)Gl (:El;t)}
— /d:l?g iL(2,3){G2(ZE1,ZEQ;t)G1 (:Ug; t) + Gg(ml,mg;t)Gl (:UQ; t)}

- /dxs{iL(lal)’) + iL(2>3)}{92(I’1,I’2;t) + g2(r1, 135 1) ‘|‘92(1'2,I'3;t)}G1 (21;t)G1 (z2;t)G1 (235 t). (4.9)

Iasti BBemeMO omeparop, sIKWil MOXKHA OTPUMATH BapisIlieo iHTerpaJa 3iTkHeHb BiracoBa 06ij1s1 HepiBHOBaXKHOTO
posnoniny Gi(z1;t),

Toni piBusauua (4.9) 3a monomoroto oneparopa L(z1;t) sanumemo y surmisii

0 0
<& + 1L2 + L(l‘l,l'g;t) + 8) G2(1‘1,1‘2;t) = — (a + 1L2 + L($1,5E2;t)> g2(r1,r2;t)G1(.’E1;t)G1($2;t), (411)

3BIIKKM BU3HAYUMO (POPMAJIbHUI PO3B 30K II/1s1 HE3BIAHOI ABOYACTUHKOBOI (DYHKINI PO3IOMLITY:

t
Gg(l'l,l'2;t) = — / dtl es(trit)U(t,tl) <% + 1L2 + L(l‘l,l'g;tl)> gz(rl,r2,tl)G1 (l'l;t,)Gl (l'g;t,). (412)
Tyr U(t,t') — oneparop eBosonil:
t
Ut ) = exp, 4 — / dt" (L + Lz, ;") b, (4.13)

t

L(l‘l,l'g;t) = L(l‘l,t) + L(l‘g,t)
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VY pesyJsibTari Mu oTpuUMaJIM BUPA3 1JIs HE3BIAHOI KBa3ipiBHOBAXKHOI NBOYACTUHKOBOL GyHKIII posnoniny Ga(z1, T2;t)
B y3araJbHEHOMY Mo Istpusaliinomy nabamkenni. [ligcraBumo Bupas (4.12) y mepmie piBuannsa jganmoxka (4.4), Tomi
OTPUMAEMO

(% + iL(1)> Gi(z1;t) + /dx2 iL(1,2)g2(r1, 125 t)G1 (213 8) G (223 1) (4.14)

t
= /de / dt, es(tlit)iL(1,2)U(t,tl) (% + 1L2 + L(.’El,$2;tl)> gg(rl,rg;t')Gl (fl;tl)Gl ($2;tl)

— ysaraJbHEeHe KiHEeTWYHE DIBHSHHS [IJIs HEPIBHOBAXKHOI OMHOYACTUHKOBOI (PYHKIII PO3MOMLIY 3 HEMAPKIBCHKUM
inrerpaJsiom 3iTKHEHHs B y3araJbHEHOMY Tossipusariiiromy nabsmxkenni. HeoOXinno 3asHavnTh, Mo HASBHICTH B
inrerpasi sitkuens (4.14) oneparopa sitkuens Biiacoa L(z1, 22;t) cBimuuTh 0po BpaxyBaHHs y HbOMY KOJIEKTHBHUX
edekTiB. Y 3araJbHOMY BUIVIAI] aHaJIi3 iHTEerpaia 3itkHeHb B (4.14) € 10CTaTHHO CKJIAIHOI MATEMATUYHOIO 33,1a49€I0.
OueBuIHO, IO 15T KOXKHOI (i3WIHOI MOMEJI CHCTEMU YACTUHOK UM HEPIBHOBAXKHOTO CTAHY iHTErpaJsi 3iTKHEHb Yy
(4.14), au Bupas mia Ga(xi,x2;t) (4.12) mMoxua cyTTeBO cnpocTuTr. Mu pOSI/ISHEMO NBA KOHKPETHI BUIAIKH:
MOJIEJTb TBepauX cdep Ta KyJIOHIBCbKY MIa3My.

A. Mognesns TBepaux cdep y HoJsgpU3alliliHOMy HabGJ/IMXKeHHi

IMocnimKeHHs KiHeTMYHUX MOPOIECIB AJIA MOAe i TBepauX cdep y HAOIKEHHsIX BUIIMX, Hi2K “napHi” 31TKHEHHs,
BpaxoBy0Un crierndiky mapaMeTpis Momesi i pesysbTaTi TpeThoro posity Ta npaip [13,14,62], spyuHo BUKOHYBaTH
HA OCHOBI JIaHIIOXKKA piBHAHL (4.4), (4.5) mpu dopmasbuiii 3amini noreHniaapHOl YacTunu omneparopa JIiysiisa
iL(1,2) oneparopowm sirkuenns Enckora T'(1,2) (3.9). Y ubomy sunanky pisusmms (4.4), (4.5) MaoTh Takuii BUrs;

<% + iL(1)> Gi(z15t) + /dCUQ T(1,2)go(r1, 15 8) Gy (w13 8) G (w23 8) + +/d$2 T(1,2)Ga(x1,22;8) =0, (4.15)

0 o o .
<§ +iL3 + T(1,2) + 5) Ga(z1,m05t) = — <§ +iL9 +T(1, 2)) g2(r1,12;8)G1 (21;1)G1 (225 1) (4.16)

_/dxg {7(1,3) + T(2,3)} {Gs(ar,02,2550) + 3 Golrr, 2250)Ga (51
P

351, 12,195 )G (@13 )G (223 )G (331) .

Hani 6ynemo posriisigaru crocoBHO piBHsaHHA (4.16) Ti x Habmmkenns, npu akux Gs(zy,Te,rs;t) 1a hs(ry,re,rs;t)
npuiiMaoTs piBaumu Hy 0. Tomi, akimo, moniouo m0 (4.10) BBecTH GOIBIMAH-EHCKOTIBCHKUI OmepaTop 3iTKHEHb
C(x1;t), 10 piBHsHH: (4.16) MOXKHA 3AITUCATH Y TAKOMY BUTJIAI:

6/dm3 T(1,3)Gh (21: )G (w51 1) = C(ar: )G (131), (4.17)

0 N
(& +iL + T(1,2) + C(xy, z235t) + 5> Gy(x1,20;t) (4.18)

o . -
== <§ +ily +T(1,2) + C(ﬂflaﬂfz;t)> 92(r1, 125 )G (215 1) G1 (223 1),

3BiIKYM BU3HAYUMO GOpMaJIbHUA PO3B’ 30K M1 Ga(x1,Ta;t):
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0
G2 (1‘1,1‘2;)5) = - / dtl es(trit)Uhs(tat,)

ot!

X {3 +iL9+T(1,2) + C(ml,mg;t')} g2(r1, o3 )Gy (z1;) G (223 1).

Tyt Ups(t,t') — oneparop eBostionil nj1s cucTeMu TBepaux chep:

t

Uhs(t,t') = exp, —/dt” {iLg +T(1,2) + C(zy,z25t")| 7,

t

C(x1,x2;t) = C(x1;t) + C(22;1).

Tenep nincraBumo (4.19) y nepuie pisuauus (4.15). Y
pe3yJIbTaTi OTPUMAEMO

(57 +iLW) Gatarit (4.21)

_ / dry T(1,2)ga(r1, 12 )G (215 )G (225 1)
1]
- / dz, T(1,2) / A’ e DU, (8, 1)

«{ g HILE+ T2 + Clar, it}

Xgo(r1,r2;t)G1 (215t )G (2251")

— y3araJjibHeHe KiHeTHUYHe PiBHSIHHSA IJIsI HePiBHOBaXK-
HOI OTHOYACTUHKOBOI (DYHKIII pO3NOIiTy TBEpIUX chep
3 HEMapKiBCLKUM IHTEIPAJIOM 3iTKHEHb B y3araJibHe-
HOMY moJisipu3ariiitnomy Habmkendi. [lepmmit momanok
y TIpaBiit YacTUHI ILOTO PIBHAHHS € iIHTEr' PAJIOM 3iTKHEHb
pesizosamnol Teopii Enckora RET (3.8). Ipyruii moma-
HOK, HEXTYIOUN edeKTaMun 3ami3HeHHs B 9aci i mpurmyc-
katoun, wo oneparop C(z1,To;t) He 3aJI€KUTH Bl Yacy,
KOJIU:

3/2 2
Gi(z1;t) = fo(p) = (Q;ZT) P {_QTZkT}

— piBHOBaXKHa MAKCBEJIOBA (DYHKIIisT PO3MOILITY, MOKHA
3aMKUCaATA B CIPOIIEHOMY BUTJISIIL

t
In(anit) = — / At &= Ry (a1t )G (21:1') (4.22)

508

(4.19)
(4.20)
[
¢
B / dt’ & DRy (w151,1) Gy (213 '),
e
Ro(z1;t,t") = /dm T(1’2)
Xe{(t/_t)(1L3+T(172)+C(x1,$2))} (423)
X (iLg + 0(931,932)) g2 (r1,12;t") Gy (w23 1"),
Ri(z1;t,t) = /dm? T(1’2)
o ;70 [
xe{(t ) (1L2 +7(1,2) +C($1’$2))} (4.24)

x T(1,2)gs(r1,1a;t") G (223 1)

— ysaraJbHeHuil KibleBnii omeparop. Kinernyane pis-
uanaa (4.21) 3 ypaxysanuam (4.23), (4.24) ¢ ysaraib-
HEHHAM KiHETHIHOrO PIBHSHHS [IJIs CUCTEMU TBEPINX
cdep, orpumanoro M. M. Boroso6osum [14,62] i cnisna-
Iae 3 HOM, KOJiu (bOPMAJIBHO KBA3iPiBHOBAXKHY MAPHY
bYHKIIO pO3MOHily TBepauX chep TpUiHATA TaKO,
mo mopiBHoe onumuauIi. s Takoro Bunanky M. Epmcr
i Ix. Hopdman [63] mocsinuiu KOJMEKTUBHI MOmM B
HEOMHOPigHOMY Tasi #i mokasaJjun, MO PO3B’SI30K IUC-
TepCiiftHOTO PIBHSIHHS IS TiAPOAMHAMIYHUX MO, ITPUBO-
OUTH 0 HEAHAJIITUYHOI 3aJIeKHOCTH YaCTOTU Bil XBU-
JboBOro BekTopa. lle moB’sizame 3 TuM, IO KiTbIeBHit
orneparop IJjIsT HeOOHOPIIHWX CHCTEM TP MAaJINX XBH-
JIbOBUX YUCJIaX MICTUTh BHECOK, TPOMOPIiifiHuil 10 \/E
IToni6Hi mocaimKenHs KOJIEKTUBHUX MOIL Ta YaCOBUX KO-
pensiitanx GyHKIH v rigpoauHaMivHiil 001aCTi BUKO-
HaB M. M. Borosmo6os [14,62,64]. Baxinso aHasoriduo
JOCJTIAUTHU T1APOAWHAMIYHI KOJIEKTUBHI MOIM Ta YaCOBi
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KopeJisitiiini (pyHKil Ha OCHOBI KiHETMYHOrO PIBHSIHHS
(4.21) 3 ypaxyBauusam (4.22)—(4.24), B stkoMy 4YacTHHA
MTPOCTOPOBUX KOPEJIAIiil BpaxoBaHa B MapHiil kBasipis-
HOBaxkHilt GyHruii go(ry,re;t). OueBunno, wo raxi pe-
3yJIbTATH MOXKYTb BUABUTUCH HOOPUMU [JIs IyXKE Ty-
CTUX TaziB, MO OMUCYIOTHCS MOIEJIITIO TBEPInX cep.

B. KysoHiBcbhbKa 1riasma B MoJisspusaliiHomy
HabJJIMXeHH1

Bynemo pocmiimkyBaTtu ejIeKTpOHHWIA Ta3, MO Mi-
CTUTHCS B KOMIEHCAIITHOMY TOJIi MPOCTOPOBO OfI-
HOPIAHOrO JOAATHBO 3apsagkKeHoro ¢oHy, MO CTBO-
PIOETHCsT BaxkKUMK Hepyxomumn HoHamm. Tomi esek-
TPOHU B3AEMOIIOTH 33 3akoHoM Kysona:

e? e?
P(|r12]) = ——— = —
(| 12|) |I‘1 —I‘2| |I‘12|’
st sikoro icuye @yp’e—sobpaxenus $(|k|) — nificna
dyHukIIis:
2 2 2
e dk 4me’ 4me
L / S I s g(g) = o (4.25)
12 (27T) k k
ne k — XxBuiboBHiT BEKTOP; € — 3apsl eJIeKTPOHA.

Posrnanemo nanmoxox piBasaeb (4.4), (4.9) y npocto-
POBO OTHOPITHOMY BUMAIAKY, TOOTO kom G(x1;t) =
Gi(p1;t), a mapui dysxmii posnomity Ga(z1,z2;t) =
Ga(r1,r2,p1,P2;t) = Ga(ri2,P1,P2;t), g2(r1,T23t) =
g2(r12;t) 3asexars Bin |r1a|. 3a meromom M. M. Bo-
rostobosa [1,14] Bymemo BBazKaTH, MO OTHOYACTUHKOBI
dbyukuii posmoniny Gi(p1;t) € “Hyab0BOr0” MOPAIKY
3a KOHCTAHTOI B3a€MOMil ¢, HapHi PYHKIIL pO3mOmiLy
Go(r12,P1,P2;t) 1 g2(ri2;t) — nepuioro mopsiaky ¢, a
2
G3(z1,29,23;5t), g3(r1,12,13;t) ~ ¢°, e ¢ = &6, 1q =
\/©/4me*n — paniyc Hebas;n = N/V, 0 = kgT, kg —
crayqa boabnvana; T — Temneparypa. Tomy njs Toro,
wo6 orpumaru piBusHHA A Ga(ria,P1,P2;t) B mep-
IOMY HAOJIMKEHH] 33 KOHCTAHTOI B3AaEMOIil ¢ Oe3 ypa-
XyBaHHs edeKTiB 3amisHeHHs y daci, B piBHanai (4.9)
HEOOXITHO 3aJIMIMATU BCi iHTErpasibHI JOMAHKH, a iHII
HEe BpPaxoByBaTW. Y IHOMY BUMAAKY, BUKOPWCTOBYIOYN
Dyp’e-TIepeTBOPEHHS, 33 TPOCTOPOBUMI KOOPIMHATAMM
Yy TPOCTOPOBO—OIHOPITHOMY BHIAIKY IJisI KYJIOHIBCh-
KOIO eJIEKTPOHHOTO rady cucrema piBHaHb (4.4), (4.9)
HaOYBA€ TAKOTO BUTJISAMLY:

0
EGI (p1:t)
0 .
= ~op: dkdps iP(|k|) g2 (k;t)G1(p1;t)G1(P2;t)

0 .
—a—/dkdpg i?(|k|)Ga(k, p1,P2;t),
P1

abo
0
§G1(P1,t)
0
= 5o-Ci(pii) /dk KB(k)Sgs(kst)  (4.26)
1
+i/dk K (|k|)SGs (k, pr: )
8p1 2 , P13
i pisuanua mia Go(k, p1, p2;t)
9 FikP2 4 Ga(k,p1,p2;t)
ot m R
. 0
(k) { 52 Gapr:0) [ apa Galle pa,pait)
P1
0
- B—Gl(Pz;t)/dpg Gz(kaP17P3;t)} (4.27)
P2

+ik®(|k|) {aiplGl (P13t)g2(—k; t)G1(p2;t)

0
. . k: .
ap2 Gl (pQ,t)QQ( 7t)G1 (p17t)} )

e — +0,

e
G2(kap1;t) = /dp2 G2(kap17p2;t)a

Sga(k;t) 1 SGa(x1, w25 t) — yaABHI YACTUHU BIAMOBITHUX
napaux (ysKuiil posnonity. HeobxigHo 3a3HaunTu Taxi
BJIACTHBOCTI:

GZ(_k7p17p2;t) = G;(kaplap%t)a
92(=k;t) = g5 (k; 1).

Posp’szok piBusanusa (4.27) 6e3 ypaxysauusa edexriB
3ali3HEeHHs Y Yaci Mae TakKuil BUTJIALL:

L ke(k) [0 |
G2(k,p1,p2;t) = TR a—plGl(plyt)GQ(_k,I)QJf)
m
- g Ga(p )Gl pri )} (028
ap2 1\{P2; 2(K, P1; .
ko(|k|) { 0
+———"——0C it -k;t)G it
K. P12 0 apl 1(p1 )92( ) 1(p2 )
m

0
- O—szl (p2;t)g2(k; )Gy (plat)} .
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BayBaxumo, mo y [.)iBHS»IHHSI -(4.26) BXOIIATD yABHA a- _ iGl (po; £)ga (k; )G (p1; t)} ’
CTHHA TApHOI HEe3BiAHOI HEPIBHOBaXKHOI (GYHKINI pPoO3- Op2

TOJILTY, TPOIHTEI POBAHOI 33 3HAYEHHAMHN iMIYJILCY IPY-

roi wacturku. [IpoirTerpyemo Tenep pisusammsa (4.28) 32 je ppemeno Taxi mosHAveHHS:
3HAYEHHAMU Po 1 BusHauumo dyukuio Ga(k,pi;t):

k 0
X(kpit) = [ dps —pi—— o Gulpuit),  (431)
o, KB 0 N T
+ P2 kplizoapz 1(p2;t) | Ga(k, p1;t) m
m p1 -k p2 -k
9 b1 = E p2:Ta k:|k|a
kd(|k
= a—mGl(pl,t)/dpz %Gg(—k,pg;t) (429)
k=, o Gi(p1;t) :/dle_Gl(p1§t)a
_ko(k)) [0
/d E o {6—G1(p1;t)gz(—k;t)Gl(m;t) Go(k,p1;t) = /dp1L Go(k, p1;t).
0 i 2 .
B a—Gl (P2 £)ga (k; )G (p1; t)} _ Tenep piBusnus (4.29) IOMHOXKYEMO HA Bpr G1(p1;t), a
b2 (4.30) — Ha 6%16’1 (p1;t) i BimHiMaeMo omHe Bif OmHOTO.
Orpumaemo

Hani iz (4.29) HeoOXimgHO BUJIyYHTH OOHAHOK 13
Go(—k,p2;t). Mu BunHuMO Tak, gk ue 3pobus Jlenapn (1 + ¢(|k|)X(k,p1;t)) X (4.32)
[45,64]: npoinTerpyemo piBusuusa (4.29) 3a KOMIOHEH-

TOIO IMIYJILCY P11, TEPTEHIUKYIIPHOI OO0 XBUIHOBOTO 9 9
BekTopa k. B pesysibrari oTpuMaeMo piBHSHHS {G2 (k, P15t)a—plG1 (p15t) — Ga(k, p1; t)a—plGl (P1; t)]
[1+ (k)X (k,p1;1)] G2(k, pi;) = o([k)X (k, 15 t)g2 (ks t) x
ko(k|) 0 0
dps ———G>(—k,po;t) (4.30 G i) —G it) — G H—G )] .
1(p13t / p2 o P2 10 2(=k, p2st) ( ) { 1(p1 )(9p1 1(p13t) 1(p1 )6p1 1(p13t)
kd(|k|) P dAxmo B3ATHM yABHY YACTWHY Bill IBOTO PIBHSHHS, TO
/d P2 TO {a—Gl (p1;t)g2(—k; t)G1(p2; t) sHalimemo mykany semmanny SGo (k, p1;t) 3a yMoBH, mo
—i

b1 IGa(k,pr;t) = 0 [45]:

iGl(pl;t)%Gz(k,pl;t) _ (kDS X (K, pi;1)ga(k; £)]

{Gl(pl;na%& (b13) = G (prst) -G (pl;w] L (4.33)

o |1+ B([k))X (k, pr; )
Ockinbru X (k,p1;t) = —71'8%1(;1 (p1;t) [45,46], To, nincraBusiuu 3uadenna SGo(k, p1;t) B piBuauna (4.26), orpu-
MAEMO
2G( 't)—iG( 't)/dkk@(|k|)° (k't)+i/d Q( ;1) 92 _ 9 Gi(p1;t)G1(p2;t) (4.34)
ot 1\P1;1) = 9p, 1{P1; S g2(K;5 op1 P2 &(P1, P2; 9p, Opa 1{P1; 1(P2; -

— y3araJbHene Kinernune piBaanaa Borosobosa—Jlenapna-basecky mis e1eKTPOHHOTO Ta3y B KOMIEHCAIITHOMY
nouti, ge Q(p1,P2;t) — TEH30pP APYIrOro PaHry

UKD’k k
11+ (k)X (k, 13 1)

O(pr,pait) = — / dk Sga(k; )3 (k - (p1 — pa)). (4.35)
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akuil criBnamae 3 Q(p1,p2) [64] mpu S¢o(k;t) = 1.
Y mpomy Bunaaxky kinetwude piBuanHa (4.34) mepe-
TBOPIOETHCA y 3BUYaitne piBuanusa Jlemapma—basecky
[45,64]. OueBumnO, y3arajibHeHe KiHETUYHE PIBHIHHS
Boromobosa—Jlenapna—Basiecky (4.34) nperennye Ha
OTNC TYCTOTO €JIEKTPOHHOTO Ta3y, OCKIIbKM fAK i B y3a-
raJbHEHOMY CepegHbhOMY TIOJT, TaK i B y3arajibHEHOMY
inrerpast 3itkaens Boromobosa—Jlenapna-basecky ba-
raTOYacTUHKOBI KOPEeJAIlil BPaxOBY€ ysBHA YaCTUHA
g2(k; t). Ommax mpobsiema po3GiKHOCTH B IHTErpasti 3i-
TKHeHb piBHAHH:A (4.34) Ha masnx Bimcranax (K — o0)
€ HepO3B’A3aHOI0. Ii MOYKHA BUPIIIATH B paMKax MOIe/Ii
3apAMKeHuX TBepaux cdep, 00’€IHaBIIN Pe3yIbTATH Ia-
parpadis 4.A ta 4.B, xoua 1€ CTAHOBUTH CKJIAAHY Ma-
TeMaTUIHY 33029y i MOTpedye OKPEMOTO PO3TJISALY.
JTaumioxok pisaaas BBIKI (4.4), (4.5) 3 monudixo-

BaHUMU I'PAHUYHUMU YMOBAMHE Ta MOAU(DIKOBAHUMHE I'DY-

MOBUMU DPO3KJIALAMU € MEePCIeKTUBHUMHA 3 MOTJISILY [10-
CJIKEHb TYCTUX CHCTEM, € BPaxXyBaHHS MPOCTOPOBUX
MiXKYaCTUHKOBUX KOpesdArniit BaxknBe. Kinernyane pis-
usanasa (4.21)—(4.24) e ysarajibHeHHAM KiHETUYIHOTO PiB-
uanusa Borosmo6osa [14,62] miist cucremu TBepaux cdep.
BaxuBum dakTtopom € Te, MO B KIHETUYHOMY PiB-
Hanni (4.21)—(4.24) ta B y3araJgbHEHOMY KIHETHIHOMY
piBusuni Boromobosa—J/lenapna—Bamnecky (4.34) kosiek-
TUBHI edeKTH BPAXOBYIOTHCS K Yepe3 CEepemHE MoJIe
Bracosa, Tak i wepes mapHy KBa3ipiBHOBaXKHY KOpe-
Aty GyHKI0, Mo € GYHKIIOHAJIOM HEPIBHOBAKHUX
3HAYEHb TEMIIePATYPU Ta XeMidHOro morerisny. Ode-
BUIHO, BAXKJIUBUMHU € IOCJIPKEHHSA OTPUMAHUX KiHETHI-
HUX PiBHSAHB 3 TOJISIAY iXHIX PO3B’SA3KiB Ta BUBYEHHS
Ha iXHIll OCHOBI KOEDIIi€HTIB MEepPEeHOCy, YaCOBUX KOpPe-
Asniitanx GyHKOiH 118 MOIEIbHUX CHCTEM.
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ON THE KINETIC THEORY OF CLASSICAL INTERACTING PARTICLES BY MEANS
OF NONEQUILIBRIUM STATISTICAL OPERATOR METHOD

M. V. Tokarchuk, I. P. Omelyan, A. E. Kobryn
Institute for Condensed Matter Physics of the Ukrainian Acad. Sci.
1 Svientsitskii Str., Lviv, UA-290011, Ukraine

The solution to the BBGKY hierarhy for the nonequilibrium distribution function with modified boundary
conditions with the allowance for both of nonequilibriumness of a one-particle distribution function and local
conservation laws is considered. Modified group expansions are proposed. A generalized kinetic equation for hard

spheres and a generalized Bogolubov—Lenard—Balescu kinetic equation for a dense electron gas are obtained in

polarization approximation.

512



