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006 ogHOM KJacce MPUOJINKeHHBIX pellleHuil ypaBHeHTsI
boabnmMana ¢ BHHTOBBIMHA MOJaMHT

(IIpedemasacro axademuros HAH Yipaunw JI. A. Hacmypom)

HocmpoeHo HOG0E AGHOE npufifm:)fceHHoe PelicHUE HEAUHEUHOZ0 YPASHEHUA Bo.%umaua daa
Modens msep@mm cgﬁep. Ono umeem sud KOHmtu&ﬂ’bHOﬁ CYREPROIUUUY AOREADHWE MOAKCEEA-
AUTHOEG, ORUCHWESATOULUT sunmoo6pa3woae CMAUUOHADHWE PUSHOGECHYE COCTMOAHUA 2034, HObe-
MEHB HEROTODHE n'pe@eﬂbnme CAYHOAN, & KOIMONWE Mo pacn'pe@a@enue MUHUMUIUDYETTE UWHITE-
ePaALHYIO HEGAIKY Mem&y MOCITLAMUY YDRGHEH UA.

Jlna onncaHnsa BEanMoJelicTENA MeXK Ty TIOTOKAME Ta3a, W3 TBEPIHRX cdep NUCTONb3yeTcd WHTET-
po-mndhchepennmaTbEOe ypaBHeHHe BonbiMana [1-3], KoTopoe MMeeT BAT

D) = @f 1), (1)

o =2 4.9, (2)
2

QU f) = %/dvl/da(v—vl,amf(t, o, ) F (o @) — Pt v, @), )], (3)
R2 i

v =v—alv—u,aq), v = v+ alv — v, a), (4)

rne f(¢,v,z) — nckoMag GYHKOUS pacnpeleseHusd MoleKysd, df/0x — ee HpoCTpaHCTBeHHLIN
rpagment, t € R — ppemsa, z = (z1,2%,2%) € R¥ u v = (v1,v%,+%) € R® — xoopaumaTa
1 CKOPOCTh MOMEKYAHl, d > 0 — ee AmHaMeTp, v, vy, v W v] — CKOPOCTH MOJEKYT [0 U Hoc/e
CTONMKHOBeHHSA, o € X, X — eIuHAYHAA cdepa B 3.

MzpecTHLIME TOYHBIMHE pellleHraME ypasHeHus (1)—(3) apndores r1ofaibHbe 0 JI0KAIbHLIe
MakcBesuannl [1-3]. B cesazu ¢ 9TUM BOSHHKAET BOLIPOC O HOUCKE SBHLIX IPUOIMMKEHHEBIX PeLle-
HI YpaBHEHNA BonbIMaHa, VIOBISTEOPAOIIIX MY ITHIE ¢ TPOM3BOJBHON CTETEHBI0 TOTHOCTH.
B pafoTax |4-8] momydeHB pasnuvHbIE TaKHe pelreHns.

© B. M, Topaescxutt, E. C. Caszonosa, 2014

ISSN 1025-6415  lonosidi Houionaannoi awxadesii noyr Vepaiiu, 2014, M2 7



Hanee, B padote [9] ObIT HPEIOKEH HOBBIM HOIXOJ K [HOUCKY SBHBIX HPUOIMMKCHHLIX De-
[eHnH YpapHeHnsd BoabliMaHa, & IMeHHO KOHTHHYAIBHBIR BAO (DYHKINE pachpefenennd. Ilpn
9TOM HPEANoJIaraeTcs, ITO MaccoBad CKOPOCTh MIoGAJIbHOI0 MAaKCBE/LIMaHS IPHHAMAET He (hHK-
CHpOBaHHBIE JHCKPETHRIE SHAYMEHN, 8 CTAHOBHTCS IPOMSEONBHBIM OapaMeTPOM, IPHHAMARCIITAM
nrobble BHAYeHAd N3 RS

Hensi ganHoil pafoThl dBASeTCd H3yYeHHe HOBeJeHHH KOHTHHYAJBHOIO PACclpele/eHHs,
B KOTOPOE BXOIAT JIOKAJbHBEE MAKCBe/IMAHBI YAcTHOIO BHIA, OLHCHIBAKIIAE BHHTOOOPA3HBIE
CTAIMOHAPHEIE PABHOBECHBIE COCTOAHMA Tasa (KpaTko BHHTH) [4, 5, 10]. Kaxasiit Takoit Maxc-
BEJLTHAH WMeeT BHJ

2.2 B e 2
M(U,u,m) — ,0066(’“’ r <;> e~ Blo—u—[wxa])? (5)

C ToUKH 3peHns PUMTecKOro CMBICTa pacTipefenenie (5) omHCHBAST CHTYAITH, KOT/a Tas
HMeeT oOpaTHYIo TeMmepaTypy 4 = 1/27 u BpamaeTtcsd Kak Ieoe ¢ YIIOBOH CKOPOCTRE) w £ R
BOKDYT OCH, IPOXOIAIIEH depes TOUKY @ € R (@ = [w x 7]/w?), 2 = [w x (& — xo)]? fw? —
KBaJpaT PACCTOSHHS [0 OCH BPAIICHHH, a IVIOTHOCTB Ia3a p = poe” ' (po — IUIOTHOCTH Ha
OCH Bpallernd, T.e. r — 0), u € R — mpomsponeEBI MapaMeTp (TMHEHHAA MACCOBAA CKOPOCTH
B TOUKaX ¥, JJIA KOTOPHIX x||w), & u + [w X z] — MaccoBad CKOpOCTh B MPOH3BOIBHON TOYKE .
Takke pacnpesenerne (5) TOMAMO BPaIlATENBHOTO 33]a6T W MOCTYIATENBHOE TBUKEHHE B0
OCH BPAIeHAA ¢ JHHEHHOH cKopoeThio ((w, U) /w?)w, T.e. JefCcTRATEIbHO ONACHIBAST BHHTO0ADA-
3HOE ABHIKCHHE raza B [eI0M, HpUYeM 5T0 paclpele/eHne cTaluoHapHo (He 3aBHCHT OT t), HO
HEOHOPOIHO.

ByzeMm paccMaTpHBaTh KOHTHHYAJBHOE paclpeeeHne CIeIyIoIero Bua.

f:/cp(t, x, w) M (v, u, z) du. (6)
e

[Ipeznonaraercs:, 9ro Koaddunuentuas dbyokuus (¢, z,w) ABILeTCS HEOTPHULATENLHON 1
npuHaiteKamel O (RT). Tpebyercst nafitu Takue GyHKIuE (¢, z,u) I TAKOe [OBEICHEE BCEX
HMERCIIAXCA TTAapaMeTpoB, IToOR HHTETpaJbHasA Herdzka [11]

Bi= [t [do [ D(r)- Qs o ()
J

Rt R®

CTPEMIWIACH LIPH STOM K HYJIO.

Crauasa HecKOIbKO IpeodpasyeM HpaByio dactb (10). Ilpexze Bcero BBIMHC/IEM M OLEHHM
HHTErpas Mo MepeMeHHON v, momcTaBaad B (1)-(3) pacmpenenenme (5), (6) W y9InTEIBafAg, 9UTO
D(M) = Q(M, M) = 0, BBefieM 0603HATEHHE

™

T 8 32  Bfay AT
— iy = ( ) ’B(U L 3
M= Mvsap) =p e ®)
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Torga, noxcrapus (6) B BoIpazkenue (7) B HPOU3BeId, KaK OOBIYHO, pazdueHne HHTerpasa ¢ TOMK-
HOBeHMt () Ha “mpmOBITOMHYI” W “3aTpaTHy” 9acTi G u L [1], TOAyuInM cleqyony oleHKy
CBEPXY:

/ID(f) —Q(f, ) dv < /% o B | R
R® RS

ot Ox
+ / it @, u1)ip(t, @, up) f (M L(Ms) + Mo L(My)] dusdusdv. )
R® I#

W= (8) BiyiHO, 9TO A1 KOPPEKTHOM OTpeleNneHHOCTN HeBA3KY (7) Ha KoshdHIHeHTHBIe (hyHK-
AN ¢ cAeyeT HAJIGKHATE HOBBIe YCIOBHA OBICTPOTO YORIBAHHA 10 MpOcTpaHCTBeHHOH mepeMer-
ol x. IlosTomy BEemeM HoBoe 0003HAYEHHE

Pl mm) = plbyn; u)e_BWZTQ, (10)

rie yHKOME riagKue 0 neoTpuuaTensisle. Torma onenka (9) ¢ ygerom (10) u (7) npuobperaer
BHZ

R[LDU)Q( ‘ ( — 269w x (& — o)) Xw)‘Mdudv+

/¢ PN T uz)/[MlL(Mg) + MoL(Mh)] dusdugdy. (11)
RS

Teopema. lycmn svnoanense yeaosua (5), (8) w (10), a maxorce

ede 5 > 0 — wobfaa nOocMOAHHAA SEAUMUNA, Wn — NPOUSE0ALHLET (huKcuposarnbll seXmop
(OCTAALHYIE NAPAMETAPYL TRAKHCE NPOUSOALHYL U Purcuposans). Tozda ecau caedporyue dyrn-
YUY NPUHATAEHCAN NPOCTPANHCINGY LI(RT)

7, 7, 7, 7,
bl G e g lkoxal, (loxalgr), (13)

mo onpedesennan & coomsememeu ¢ (7) seaununa Ay UMEET CMBICA U CYUECTREYEM TRAKOE
; ) 2
A7, wmo Ay < AY. Hpuvem ecau 1/2 < k < 1, mo cyweemsyem xonewnnd npedea

L= lim Aj
B0
/dt/dw [ /‘ + u— du + 2ﬂ3d2p2/¢(t, x, w1 (£, 2, ug) |jug —ug| d?,bld'ug] « (14}
R RSB RS
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HokazarenncrBo. CylecTBoBaHle HHTEIPAJIBHON HeBaAzKH Aq BoITeKaer u2 (7), (11) u (13),
MPUYIEM MMEeT MecTO CIeJYEolee HEPABeHCTRO:

<A, = /dt/ U‘ ( o Xw)‘Mdvdu+

f e s / (ML) + Vo L(WE,)] dvduldug] (15)
RS

B (15) 6buia TakKe BBILOJHEHA [EPeCcTAHOBKA HOPSKA HHTErPUPOBAHMAN, 3aKOHHOCTDL KOTO-
poif JIETKO OOOCHOBHIBAETCHA ¢ YHeTOM YCIIOBHIT TEOPEMEL.
Brenem saMeHy TepeMeHHEIX:

VB — ) = w; UZﬁJrﬁ:ﬁirqu[wxw].

A’lfdt}%[dm{pw3/2l&[‘%_@?+ (%_HH-[@xz}) X

R1

Torna

% (g—?’i — 28¢|[w % (z — zg)] x w}) e dwdu

+

/ it f dg{ / Wit 3w Wt @, u2) f (L) + ML(ME)] dwdmduQ]. (16)

R! RH R3

HpOI/IBBB,ZLH 3JeCh elle OOHY 3aMeHy HNepeMeHHBIX:

\/E(vl—b@):z; vlzﬁ—l-uQ:ﬁ{—uQ—l-[wxz],
LIOJTY 9HM
ML(M)M(£+U u)dz—p/dze_ﬁi{—u —i—u
1 T \/E 1,%1 ﬁRB \/E 1 \/E 2|
Ananormano
w dzp/ Lz w w
MoL(M{)=M| —+us,us | —= | dee”? | —= 4+ ug — — —uq|.
ol (My) (\/E+ a 2>ﬁR3 \/E+ 2 7B 1

s yupouennd Beipaskenus (16) BEeneM HEKOTOPEIE HOBBIE 0OOO3HAYEHMUS:

’Y:ﬁ:

d?
Ay to) = p = [ dze oy + (s —ug) = 29, (18)
3
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Bllow,ney6, ) *8—¢(w'y+ u+ 25 fwo % 2])+ 2hys{(w, [wo % u))— sy [wo % w]wo x x]}. (19)

 Ox
C yuerom (18) u (19) mepenmiem BeIpazkeHHe (16) B clefyIONEM BHJE:

o
Il/dt/dm p:fr?’/g/‘%—l- B(w, u, t,x) e dwdu +
R! R3 RS
+ 2p7r_3/2 /@b(t, x, up )Y(t, T, ug) /A(w, uy, tg, b, ﬂﬁ)e_wszUdU]_dug : (20)
6 i€

74
[TonpmTerpanbabie QYHKIHN ABYX CAAraeMblX BRIpazKkennd A] HellpephIBHBL [0 HepeMeHHbIM
t, z, w u 3 biarogaps ycnopusaM TeopeMbl. CienoBaTenbio, uaterpal (20) cXonuTest pABHOMEPHO

OTHOCHTEJIBHO HepeMeHHO]Z ¥ Ha JTI0H0M KOMIIAKTE 6ﬂaro,zgapﬂ YCJIOBHE) (13) 1 HAJIHMYHUE MHOXKI-

2 /
Y. BEaunT, Bedad BemmumMHA Aj HETPEPBIBHA 1O ¥ W MBI MOMKEM MepelTH K Mpeseny mpH

v —+ 0 {8 — +00). Ilocae uaTerpupoBanus 1o HepeMeHHbIM z 1 w npuxonuM K (14). Teopema
JIOKAZAHA,

Hasiee, onupasdch Ha OOJIy9eHHOe BRIpazKeHne JIJId Opejiena Ipu 3 — +00, HalieM J0CTaTo9-
HOE VCJIOBHE CTPeMJIeHHS HeBA3KH Ay K HyJIo.

Tend &

CrnenctBue. [Tycmy sunoanens sce npednosonceHus meopemut. 1020a coomHowerHue
Al — 0 (21)

enpasedauso, ecav Pyrwruua ¥, onpedeaennan 6 ewpastcenuu (10), maxosa:

IAE 2
w(tr €T, , ,0) = g(tv :’U) () eip(uin) ’ (22)

713

20e hynnyua g(t, x) umeem sud dunumnozo naamo [8f, up € R = NPOUIEOABHBL PUKCUPOBAH-
woll sexmop, a P — +oo.

HoxkazarenncrBo. Bocnonesyemes npee/bHbIM BuipaskenueM (14) u noxctapum B mero (22).
[MoppaTerpaibHoe BRIPAsKCHHE HEPBOTO CJIATAEMOI0 CTPeMUTcd K Hy/Io (Kak HoKasaHo B [8]).
Braronapst yc/aoBHAM clieICTBHSI HHTETPaJsl BTOPOrO CAATAEMOT0O CXOAUTCSA H CTPEMUTCS K HYJIO.
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um. B. H. Kapeauna
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B. . T'opaeschkuii, O. C. Cazonoba

[Ipo oguH Kaac HAG/M>KeHHX PoO3B’sa3KiB piBHSHHS boabiiMana
3 TBUHTOBUMHW MOJAMH

Hotydosano nosuii asmul nobausicenuli posze’nazor neatnitinozo pisnanns Boavumana dan smodeni
maepduxr Kyav. Bin mae sud xowmunyoaviol cynepnozuuil AcKoABHUT MOKCGEAIOHIS, WO ONi-
cywms 2suHMonedibni cmouionapri piskosancnl cmann zazy. Ompusano deart spaHUMHE sunad-
K, 6 AKUT uell poanodia MmInimizye thmezpaavHull s10TwA MIC MOCTRUHOAMY DIGHANHA.

V.D. Gordevskyy, E. S. Sazonova

About one class of approximate solutions of the Boltzmann equation
with screw modes

A new evident approximate solution of the nonlinear Boltzmann equation for the model of hard
spheres is built. It has form of a continual superposition of local Maxwellinns, describing the screw-
shaped stationary equilibrium states of o gas. Some sufficient cases, in which this distribution
minimizes the integral remainder between the sides of the equation, are obtained.
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