International Journal of Open Information Technologies ISSN: 2307-8162 vol. 7, no.8, 2019

HccnenoBanue ypaBHeHUsI PUKKaTH 11
oHOMEpHOU cucTteMbl I oqyHoBa-CyliTanra3una

C. A. lyxHOBCKHH

Annomayus—HWcciienoBanne KHHETHYECKHMX HeJIHHEHHBIX
runepooIM4ecKuX ypaBHeHHil B 4YACTHBIX NPOM3BOIHBIX HAa
001b1IMX BpeMeHAX OTHOCHTCS K AKTHBHO Pa3BHBAIOLIEMYCsl B
NocJie/iHee BpeMsi HANPaBJIeHUI0 MaTeMaTH4YecKoil pu3uKH.

Kunernueckast Teopust paccMaTpuBaeT ras KaK
COBOKYIHOCTb TPOMAJHOr0 YHCJIA JBHKYIIMXCH YACTHIL,
B3aHMOJECTBYIOLIUX MexIy co0oii. B pesyabTaTe Takux
B3aHMOJEHCTBMI 4YacTHUbI OOMEHHMBAIOTC HMILYJbCOM U
3Heprueii. B3aumopeiicTBHe MOXKeT OCYLIECTBJSATHCS IyTeM
NMPSIMOI0 CTOJIKHOBEHHsI MJIM NyTeM MHBIX cuil. Jljas onucanus
NPHUBEIEHHBIX BbIIIE TNPEANOJIOKEHUIH TNpeNIoKeH  Psij
Mojesleii — Tak Ha3pIBaeMble JUCKPeTHble KHHETHYeCKHe
cuctembl ypapHeHuii Kapiemana, I'onyHoBa-CynrTanrasuHa,
Bpoaysiiia, rae HeM3BeCTHLIMH (YHKIUSMHM  SIBJSIIOTCS
IUIOTHOCTH YACTHL, 3aBHUCSIINE OT KOOPAUHAT MPOCTPAHCTBA-
BpeMeHHU.

B nanHoii craTtbe ucciaeayercsi ypaBHenue Puxkkaru st
HYJIEBO MOABI, MOJIyYaeMoe M3 CHCTeMbl KHHETHYEeCKHX
ypaBHenuii TogyHoBa-CyjaTaHrazuHa ¢ mNepHOIHYECKHMMHU
HAYaJIbHBIMU JAaHHBIMH. CHcTeMa ONMCBHIBAeT TPH TIPYNINbI
YacTUIl, ABMKYIIUXCS ¢ Tpemsi ckopoctsimu. [lepBasi rpynna
ABHIKETCSI € €IMHUYHOH CKOPOCTBI0O B  IOJIOKUTEIHLHOM
HANPaBJIeHUH, a TPeTbsi B IMPOTHBOMOJIOKHOM. YacTHlbI
BTOPOil Ipynmnsl ABH:KYTCSI € HyJIeBOii cKopocThio. Perenue
CHCTEeMbI HMIIeTCs BOJM3H COCTOSIHMSI PABHOBeCHSI ¢ MAJbIMU
NepuoANYeCKUMHU BO3MYIIEHHsIMH. JlaHHbIE BO3MYLUEHHUS
packiaaabiBaloT B psiji Dypbe. Pemenue ypaBHeHusi Pukkaru
HINYT METOJOM IMOC/JIeI0BATEILHBIX NpubdmKenuii (MeTox
npocroii urepauuu). /loka3piBaloTcss TeopeMbl I100aJLHOIO
CyLIeCTBOBAHUSI M €JIMHCTBEHHOCTH pelIeHUs YpaBHEHHUS
Pukkarn.

Knrouesvie  cnosa—cucrema  I'ogyHoBa-CyJiTaHrasmHa,
BO3MYIIIeHHe, ypaBHeHHe Pukkaru, npocrpancrso CodoJieBa.
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lNomynoBa-CynranrasuHa. 3amaya Ha BCEW TpsSMON st
cucrembl Kaprnemana uccrenoBana B crathe [5]. B padorax
[6, 9] mokaszano crabunm3anus perieHus 3amaun Komm s
cuctembl Kapnemana wu TonmyHoBa-CynTanrazuHa c
MIEPUOTUYECKUMH HAYaJIbHBIMH JaHHBIMH K COCTOSIHHIO
paBHOBECHSL.

Il. TIOCTAHOBKA 3AJJAUM
PaCCManI/IBaeTCH OAHOMEpHAas MOJACJIb CUCTEMBI
ypaeuenuii I'ogynosa-Cynranrasuna [2, 4, 6-8, 12].
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I1l. YPABHEHHME PUKKATU

Janee Oyzmer wmccienoBatbes ypaBHeHHe Pukkatu. OHO
nojydaercss u3 cuctembl [oaynoBa-Cynranrasuna. U3
JIOKA3aTeIbCTBA TJIOOATBHOW Pa3pCeIIUMOCTH YPaBHEHHS
Pukkatu OymeT cieqoBaTh CTAOWIM3ALUS HYJIEBOW MOJBI K
Hymo. Ypasaenue Puxkaru [6] umeer Bug
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V. 3AKJIIOYEHUE

INomy4yeHHOE HOKA3aTENBCTBO CYILIECTBOBAHUS PELICHUS
ypaBHEHHsI PHKKaTH MO3BOJISIET T0Ka3aTh CTAOMIM3aLIUIO
peleHus Uil CUCTeMBI ypaBHeHUH ['oryHOBa-
CynraHrasusa.

UucneHHbI SKCIIEPUMEHT, IpoBeAeHHbIH Bacunbsesoit O.
A., cornacyercsi ¢ TEOPETUUECKUMH Pe3yIbTaTaMU.
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Research of the Riccati equation for the one-
dimensional Godunov-Sultangazin system

Sergey Dukhnovskii

Abstract—The study of kinetic nonlinear hyperbolic partial
differential equations at large times belongs to the field of
mathematical physics that has been actively developing
recently.

The kinetic theory considers gas as a combination of a huge
number of moving particles interacting with each other. As a
result of such interactions, the particles exchange momentum
and energy. The interaction can be carried out by direct
collision or by other forces. To describe the above assumptions,
a number of models are proposed — the so-called discrete
kinetic equations of Carleman, Godunov-Sultangazin,
Broadwell where the unknown functions are particles densities
depending on the space-time coordinates.

In this article the Riccati equation for the zero mode is
researched obtained from the system of kinetic equations of
Godunov-Sultangazin with periodic initial data. The system
describes three groups of particles moving at three speeds. The
first group moves at unit speed in a positive direction, and the
third in the opposite direction. Particles of the second group
move at zero speed. The solution of the system is found near the
equilibrium state with small periodic perturbations. The
solution of the Riccati equation is sought by the method of
successive approximations. These perturbations are Fourier
series. Theorems of global existence and uniqueness of the
solution of the Riccati equation are proved.

Keywords—Godunov-Sultangazin ~ system,  perturbation,
Riccati equation, Sobolev space.
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