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This paper is concerned with obtaining a system of Burgers-type equations in one limit case from
the system of equations of a two-fluid medium. The system in question differs from the system of
equations of a two-fluid medium by the absence of pressure and the incompressibility conditions. For
this reason, the problems associated with the Burgers-type system are called a system without pressure
for a two-fluid medium. In the case when the dissipative function does not depend on the viscosity
coefficients of the medium, we will call the Burgers-type non-viscous system or the Hopf-type system.
In the one-dimensional case, we call it also the Riemann-type system of equations, which is a simple
quasilinear system of equations. The system of equations of a two-fluid medium and the system of
equations of the Burgers type have much in common. For example, the quadratic nonlinear terms -
due to the phase velocities - respond to advective terms, corresponding to the dependence of sound on
the amplitude of sound waves and linear terms caused by viscosities and the friction coefficient, which
are responsible for the attenuation of the sound waves, whereinproperties of solutions are completely
different. With a Burgers-type equation system with disappearing viscosity coefficients and the friction
coefficient, both strong (shock waves) and weak discontinuities are formed, whilethe solutions of a
two-fluid system, do not possess such features. However, the scope of applicability of the system
proposed is not limited to the examples given, such systems arise in many problems, which is what
determines its importance. A study of the system of the Burgers-type equations arising in the nonlinear
acoustics is presented. The proposed mathematical model is due to the combination of a conservative
nonlinear system with a dissipative term; here, the dissipation is due to both the viscosity of subsystems
and the inter-component friction coefficient (analogous to the Darcy coefficient), for which equivalent
diffusion representations can be effectively used. The Cauchy problem for a one-dimensional system
of the Burgers-type equations arising in a two-fluid medium is considered. The system under study
is quasilinear, and analytical research methods do not allow one to obtain solutions to the Cauchy
problem. One of the main methods for carrying out theoretical studies of the mathematical models
of a two-fluid medium and applying them to solving important practical problems is numerical
methods. Consequently, when studying efficient numerical algorithms, one of the main methods for their
construction, is the method of weak approximation of differential equations. The weak approximation
method, steering a middle course between the differential problem and the corresponding difference
model can be used in two versions: as one of the methods for studying the correctness of the problem; as
a method for constructing and rigorous mathematical analysis of the corresponding difference splitting
schemes. The latter from this point of view are simple difference approximations of differential problems
in fractional steps. In this paper, using the weak approximation method, we prove the existence and
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uniqueness of the solution to the Cauchy problem for a one-dimensional Burgers-type system in the
dissipative approximation.

Key words: two-velocity hydrodynamics, Burgers type system, weak approximation method.
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[Tosryuena cucrema ypasraenuit tuna bioprepca. Pacemorpena 3amada Komm s ogaoMepHoO#t cu-
crembl ypaBHenwit Tuna Bioprepca Bo3HWKAOMAs B JIBYXCKOPOCTHOW ruapogumHamuke. Mertomom
c1a00i ANMIPOKCHMAIINE JOKA3aHO CYIECTBOBAHNME W €INHCTBEHHOCTH pelreHns 3agadn Ko mis
OJIHOMEPHOIi cucrembl Thila Broprepca.

KimroueBbie cji0Ba: JABYXCKOPOCTHAsT THAPOANHAMEKA, cucTeMa Tunia bioprepca, mero ciaboit
AIMIPOKCUMAIIUH,

BBenenune. B nocsieinue jgecaruiieTus MareMaTUKKA CTAHOBATCS Bee DoJiee 3aMHTEePeCOBAHDI
B Ipo0JieMax, CBA3aHHBIX C MTOBEICHUEM PEIIeHUil CUCTeM YPaBHEHHI B YACTHBIX TTPOU3BOIHBIX,
C MAJIBIM MaPaMeTPOM TIPU CTAPIIUX MTPOU3BOIHBIX U C YI€TOM KHHETUYECKUX MTAPAMETPOB. DTU
po0JieMbl BOBHUKJIM U3 (PU3MUECKHX IPUJIOKEHHII, B OCHOBHOM M3 COBPEMEHHOHN T'MIpOjIuHa-
MUKH (C2KHMAEMBIX MHOTOMA3HBIX KUJIKOCTEH ¢ MAIBIMA BSI3KOCTSMHE). AHAJIOTHsST YPABHEHUIO
Broprepca Bo3nukaer, Haupumep, IIPU UCCJIE/I0BAHUN CJIaDOHEeInHETHON 0/JHOMEPHONH aKyCcTHuYe-
CKOM BOJIHBI, JBUKYIIIEHCd ¢ JIUHEHHO CKOPOCTBIO 3ByKa. B 3TOM cjiydae He/IMHEHHbIE 110 CKO-
pPOCTSAM YJIEHBI B CHUCTeMe ypaBHeHUil Tuma bBioprepca mpoucxoadaT U3 3aBUCUMOCTH CKOPOCTei
3BYKa OT aMILINTY/bl 3BYKOBOUA BOJIHBL, & YJIEHBI CO BTOPOU NPOU3BOIHON U PA3HOCTU CKOPOCTeHl
MpeJICTABIAIOT 3aTyXaHue 3BYKOBBIX BOJIH, CBA3aHHOE ¢ AUccHNamueir sueprun. Ipyrumu cio-
BaMHM, 3TH JIEHBI, 00ECIEUNBAIOT HENPEPBIBHOCTH PEIIeHN U MPeJCTABIAIOT JUCCUIATHBHBIE
[POIIECCHI, CBI3aHHBIE ¢ TPOU3BOACTBOM SHTPONHH. JTH UIEHBI, B CBOIO 09€DEe/Ib, 00ECIeTnBAIOT
HeonpokuAbiBanue BosiH [1]. PacemarpuBaemast cucrema siB/isieTcsi YaCTHBIM CJIy9aeM CHCTeMBbI
YyDPABHEHUH JIBYXCKOPOCTHON THPOIMHAMUKY B OJHOMEDHOM CJydae [2-5].

OpHoMepHBIM anajiorom ypapHenuit Hapbe-CTokca I C2KUMaeMbIX KHIKOCTEH MOYKHO
CYNTATh CHUCTEMY ypaBHeHHH Tuma Bioprepca, KoTopas mpeiacTaBaseT coOOi CHCTeMY HeH-
HeHHbIX ypaBHEHUN KOHBEKIUU-Iuddy3un

U+ UUy = VUge — b (u — 0), (1)

Pabora Boinosinena npu dbunancoBoil nozyuepxke POOU (rpaut 18-51-41002).
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Gy + Uiy = D ligg + b (u — @), (2)

IJle BeJIMYIHMHBI U U U MOYKHO PACCMATPUBATE, KAK CKOPOCTH TMOJCHCTEM ¢ pasMepHOCTbIo [z]/[t],
COCTABJISIONIUX ABYXCKOPOCTHON KOHTHHYYM € COOTBETCTBYIONIMMHU HAPIUAATLHBIME ILJIOTHOCTSI-
MU p U P, p= p+ p — 00IIasg MJIOTHOCTHL KOHTUHYYMA, b= %b, b — koaddunmenT Tpenusd c
pa3mepHOCTBIO 1/[t], KoTOpHIil siBAsSIeTCs anaToroM Koaddurmenta Jlapcen 1ist MOPUCTHIX CPEI.
[TonoxkuTe/IbHBIE KOHCTAHTHI IV U U UTPAIOT POJIh KWHEMATHIECKUX BSI3KOCTEl MOICUCTEM C Pa3-
MepHocTbio [7]2/[t].

Y cucTeMBbl YpaBHEHHUH JIBYXCKOPOCTHON THAPOJAMHAMUKY U CUCTEMBbI ypaBHeHH Tuia Biop-
repca Muoro obmiero. Hanpumep, kBaaparuydnasi HeJTMHEHHOCTh O U U U YJIEHBI C JIBEKTUB-
HBIM CJTATAEMBIM, OTBEYAIOIIMM 3aBUCHMOCTH 3BYKa OT aMILTHTY/bI 3BYKOBBIX BOJIH W JIMHEH-
HBIX BS3KOCTel v, U, Koaddunnenta Tperns b [1] B npaBbix 9acTsx, oTBevaoIine 3a 3aTyXaHne
3BYKOBBIX BOJIH. UTO KacaeTcs CBOHCTB peIIeHHl, TO OHU COBEPIIEHHO pa3Hble. Y CHCTEMBI
ypaBHenud Broprepca mpu ucdesaoimux Koxpdunuenrax v, 7, b GopMHPYIOTCS KaK CHIbLHBIE
(yaapHbie BOJIHBI), TaK U CIa0ble PA3PHIBBI, B TO BPEMsl KAK PENIeHNsI CHCTEMbI IBYXCKOPOCTHOI
MUPOAMHAMHUKH TAKAMH OCOOEHHOCTSAMEU He 00samaior. OgHaKo 001aCTh TPUMEHHMOCTH 3TOM
CHCTeMBbI OTHIOb HEe OTPAHMIHBAIOTCS TTPUBEIEHHBIMI MPUMEPAMU, TAKNE CUCTEMBI BOSHUKAIOT
BO MHOTHX 33/1a4aX, 9eM U OIPeJIessieTcs ee 3HAUYCHHE.

B nannoii pabore g J0Ka3aTeIbCTBA CYIIECTBOBAHUS H €IUHCTBEHHOCTH PEIIeHHS 33/ Ia9l
Ko 17151 omHOMepHOI cucTteMbl TUIIA Broprepca ncnorb3yeTcess MeTo I CIadoil allpoOKCUMAIIHH.
B naunboJiee mosiHoM Bujie MeTO/L CJ1a0O0M alIIPOKCUMAIUNN JIJIs JIMHEHHBIX YPpaBHEHUH HCCIe/10BaH
I.B. Jemunosbiv u B. A. HoBukoseim [6].

3.1 ereukopu m3ydaj pacliellJieHue MHOTOMEPHBIX SJIHITUYECKUX OIePATOPOB CO CMe-
MIAHHBIMU TPOU3BOJHBIMI HA OJHOMEDPHBIE (MO PA3IHIHBIM HANPABICHHSIM) U CXOJUMOCTH Ta-
KHX METOIOB JIjIsI MapaboIndecKux 3a1ad.

[TepBbie pe3y/ibTaThl O CXOAUMOCTH METO/A CJ1a00I AlPOKCUMAIUH [IJsi HeJIMHEHHBIX ypaB-
nennii npunajgexar [ V. Mapuyky u ['. B. /lemu10By, 10Ka3aBIIHM CXOIUMOCTH METOJIA pac-
MIETJIEHUsT [T OJTHON M3 33/1a9 KPATKOCPOYHOTO TPOTHO3a MOTob! [8].

10. 4. Benoseim u . B. emunosbiM uccaenoBana cxomumocTb MCA 111 pa3/IM4IHbIX Bapu-
AHTOB PACIIEIIEHNsT KBA3UJINHEHHOl cucrembl ypaBHenuii Tuna Broprepca B [9).

I'. B. Jlemuyosbim, B. @. Pairyroit meros ¢jiaboit aliipoKCuManuu u3ydaJics Jijis abcrpakt-
HBIX HEJIMHEHHBIX OMEePATOPHBIX YPABHEHU, YACTHBIMH CJIY9asMU KOTOPBIX SIBJIAIOTCS CUCTEMBI
tuna Komu-Kosasesckoit [10, 11].

1O. 41. Benos Ha ocHoBe MCA mcc/e10Ba BOIPOCH PA3pPEIIHEMOCTH U YCTORINBOCTH CTAIlH-
OHAPHBIX PeIleHHUH pacaIalonnXcd KBa3UJINHEHHBIX apabOInIeCKUX CHCTEM ypaBHEHU 1mep-
Boro nopsyika. FO. E. BogpumnessimM 1oKa3aHbl 10CTaTOYHO 001THe TeopeMbl cxoaumoctn MCA
JiUtst OOBIKHOBEHHBIX Mu(dhepeHnnaabHbIX yPaBHEHW , NCCIeI0BAHA BO3MOKHOCTD TPUMEHEHHST
MeTO/Ia K 33/[a9aM ONTHMAJbHOTO yipasenus [12].

1. 3agaua Komm ajisg cucrembl ypaBHeHuit tTuna Broprepca. Paccmorpum s cu-
cremer (1), (2) B monoce I'p 7y = {(t,) : 0 <t < T,x € R} 3amaay Komm co ciexyonmmu
HAYAJIbHBIMU JAHHBIMA

uli—o = uo(x), U|i=o = Uo(v), z € R. (3)

Hac 6ynyT unTepecoBath perenns 3agaqu Kon [1js cucrembl ypasHenuil Tunia Broprepea (1),
(2) B ormune, a umento u(t,x), u(t,x) € C*(Lp, 7)) — Kirace GyHKIHHA OIUH pa3 HEIPEPBIBHO
jucpdepennupyemMbix 0 ¢ U JiBa pa3a HelNpepbIBHO JuddepeHIupyemMbx 1o .
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2. Meton caaboii anmmpokcumanuu. TeopeMa cXOIMMOCTH METOAa CJIadoi ammpok-
cuManuu. /[ TOJHOTBHI W3/I0KeHUs IPUBEIeM KpaTKoe OIUCAHKE METOJIa CJ1ab0i allpoKCcH-
Malldd U OJHY TEOpeMy CXOJUMOCTH MeToja. Bbosee moapobHo sTa mHMOpMaIus H3J10:KEHA B
[13, 14].

B 6anaxoBom npocrpancrse H pacemorpum 3asiauy Kotu

Cfl—?: + L(t)yu= f(t), te€[0,T], ul—o = uo, (1.5)
rae L(t) — nenuueiubiit, BOOOIE TOBOPsI, HEOTPAHUICHHBIN OMEPATOP ¢ MePEMEHHOH 0OJACTHIO
onpenenenns D(L(t)), mpudem npn kaxaoMm dbukcuposanuom t € 2[0, 7| omeparop L(t) oTo6-
paxkaer D(L(t)) s H.

Mycrs L =Y " Ly, f =0 fi u (o, D(Li(t)) € D(L(t)). Cunraem, 4ro omneparopsl
L;(t) orobpaxator D(L;(t)) B H u dyaxmuu f;(t) € H,i=1,...,m.

Hapsiny ¢ 3agadeii (1.5), paccMOTpEM ceMeRCTBO 33144, 3aBUCSIIUX OT MapaMeTpa T:

du™
dt

+ Lr(t)uT = fT(t)a te [07 TL uT|t=0 = Uo, (16>

rie

L) = S aulrt) L), £(0) = 3 6ilri) (o)

a dbyskun o;(7,t), B;(7,t) caabo anmpoKCUMUPYIOT eIUHUILY, T. €. s JIObIX t1,ty € [0, T] mpu
T—0
to t2
/ (ai(1,t) — 1)dt — 0, / (Bi(1,t) — 1)dt — 0.
t1 1

Meroj pemenus 3ajaun (1.5), mpu KOTOPOM B KadecTBe NPHOJIMKEHHBIX pertenuit u™, 7 > 0,
Gepyres perenns 3agaun (1.6) n pemenune u 3amaqdu (1.5) Haxomures Kak npeqesa npu 7 — 0
pemernit 7 (u = lim, o "), Ha3bIBaeTCs MeTOOM caaboit anmpokcumanuu ([13], [15], [14]).

Ecau dbyuknun o;(7,t), B;(7,t) BeiOpars B Buje

- _fm, n+E)r<t<(n+ i)
O‘Z(T>t) - Bz(T,t) - { ()’ B IIPOTHUBHOM CJIy4ae,

n = 0,1,...,N — 1, To B 3T0M cjy4ae HaxoxkjaeHue pertenus u” 3anaun (1.6) cBogmrTes K
PeIIeHunIo mocjieI0BaTe IbHOCTH 3a0a4 Korru:
du” . T . .
pTaRs m Li(t)u” =m fi(t), te€ (0,—] — mepssrii 1pobHbIii mmIar,
m

UT\t:O = Uo,

du” 2
ch +m Ly(t)u”™ =m fo(t), te€ (1 —T] — BTOPOIl IPOOHBIiI TIar.

m’ m
B kadecTBe HaUa bHBIX JAHHBIX Ha 3TOM Imare Oepercd 3HadeHHe pPelleHns, HOJydeHHOro Ha
IIepBOM APOOHOM IIare B MOMeHT ¢ = —. IIpomoizkasi aHAJIOTHYHBIM 00pPA30M, OIPEIesaioT

m
27 31 (m—1)T
pemerne Ha MHOMXKecTBax ((25, 2] ... ( ,7]. TeM caMbIM HaxXoJsT pEIeHHE HA OTPE3Ke
m m m
[0, 7] — HyneBoM menom mrare. [locste 9TOro aHATOrHIHO HAXOIAT pellleHne Ha OTpe3Ke [T, 27| —

IEPBOM II€JIOM IIare, 3aTeM — Ha oTpeske [27,37] u Tak gasee. Hepes KOHEYHOe YUCJIO TTATOB
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(amcsio aro pasro N) perenne u” Haxoaar Ha orpeske [0, T]. Bagaay (1.6) HassiBalOT paciien-
aerueM 3ajadn (1.5).

PacemorpuM B nogtoce f[O,T] ={(t,x)|0 < t < T,x € R"} cucremy HequnelHbIX quddepen-
IUATBHBIX YPABHEHUH B YACTHBIX TTPOU3BOIHBIX

0

a—ltl = p(t,x, 1), (1.7)
rae u = u(t,x) = (ui(t,x),...,w(t,x)), ¢ = (¥1,...,%1) — BeKTOP-DYHKIUE Pa3ZMePHOCTH [
(1>0). 0= ululg%g%g%%;;%;

Iyers = >0 0 @ = >, g0§-, j=1,...,1, e ¢ — BekTOp-PYHKIUH Pa3MepPHOCTH [
¢', ¢ — Jj-€ KOMIIOHEHTBI BEKTOPOB ¢ H (' COOTBETCTBeHHO. CucTema

o’ & .
ot = ’L,Zlai’T(t)spi<t7X7u )7 (18>
rae
i—1 i
a”(t):{m’ (n+7)7<t<(n+5)7,
’ 0, B IPOTHBHOM CJIy4ae,
n=0,1,....N —1; 7N = T caabo amnpokcumupyer cucremy (4). ¢; ,(t,x,0") — HEKOTOPBIE

anmpokcuManuu BeKTop-byHKuuii ¢;(t,x, "), 3aBucsIime or 7.
Hakomnern, paccMoTpuM cuctemy

ou”

at Zaiﬂ'(t)(pi,"r(th? ﬁT)a (19)
i=1

rae BekTOp-byHKIHH ;- (f,X,07) ecTb HEKOTOPble ANIPOKCHMAIUMNA BeKTOP-QYHKIHU
©i(t,x,0"), 3aBucsiue or T.

Huzke Gymem pacemarpuBaTh Kiaaccumdeckue perrenusi ypasrenuii (1.7), (1.8), (1.9). Tlox
KJIaccudecknMu pererusivu ypasuennit (1.8) ((1.9)) mbl nonnvaenm GyHKINIO 17, HEIPEPBIBHYIO
BMECT€ CO BCEMHU CBOMMHU ITPOU3BOJHBIME ITO MPOCTPAHCTBEHHBIM IT€PEMEHHBIM, KOTOPBIE BXOISIT
B ypasuenune (1.8), B moJoce f[oj], 00TaJIAI0NIYI0 KYCOYHO-HEIPEePBIBHOM MPOW3BOIHON u] B
f[Q 7] (u] MOXKeT UMeTh Pa3PhIBbI JIUIH HA THIEPILIOCKOCTSX ¢ = (n + %) T,n=01,... N—1,
TN=T,i=0,1,...,m — 1) u yrosaersopsioryio ypasuenuio (1.8) ((1.9)).

[Tpei10/102K MM, Y4TO BBIIOJHSAIOTCH CJIEAYIONIUE YCJIOBUSI.

Ycaosue 1. Bekrop-dyukimm ¢; onpeaeseHbl U HEIIPEPLIBHBI IPH JIIOOBIX 3HAYEHUIX CBOUX
aprymentoB. Bekrop-dyukiun ¢; -(t,X,0") Ha KIACCHYIECKUX PEIICHUSIX U’ CHCTEMBI yDaBHE-
muit (1.9) HempepwIBHBL T TepemenHbM (t,X) € Lo 71

Iyers {m:}32, (0 < 7 < 7p) — HEKOTOpas MOCJIEIOBATENHLHOCTD, CXOIAMASCT K HYJIIO:
limg oo 7 = 0. Bamernm, 9TO TOCTETOBATENLHOCTH {7452, COOTBETCTBYET MOCTIEIOBATE b
Hocthb { Ny }o2, k=1 mesnix unces, takux, 910 73 N = 1. Hepes u™ (¢, x) obo3nadnM pemnrenne
cucrembl (1.9) nmpu dbukcupoBanaom 7 > 0.

Yeaosue 2. Ilycrs npu Beex 7, > 0 Kiraccmaeckoe pernenne uf, cucremsl (1.9) cymectByer
u npu 7, — 0 PaBHOMEDHO B ff&ﬂ = {(t,x)|0 < t < T,|x| < N} mocienoBareJbHOCTD U],
CXOJIUTCSI K HEKOTOPOi BEKTOP-(DYHKIIMK U BMECTE CO BCEMH MPOU3BOAHBIME TIO X, BXOJSATIHM B
(1.7), npugem
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max =| pi(t,x,0™) — i, (t,x,0™) |- 0, 7 —0, i=1...,m.
[0, 7)

Teopewma. Ilycts Beimosasiiores yeaosus 1, 2. Torna Bektop-dyukius u(t, X) ects penienue

cucremsr (1.7)
BN
B F[(]’T].
JokazaresbeTBO Teopembl 1.3 mpuBejieHo B [13].
3. Mertoa caaboii amnpokcumalinu Ajsd 3aaa4un Koru aJjigd CUCTEMbI ypaBHEHUI
tuna Broprepca. Paccmorpum ornocuresnbho nanubix Ko wg, o 3agaun (1)—(3), npeamno-

JIOZKUM, 9TO Ug, Uy € C*(R) m

d"ug(x)

dz™

d”ﬂo(a:)

dz™

TJIe Cp, Cp — HEKOTOPBIE 3a/IaHHBIE HEOTPUIATEIbHBIE TTOCTOSTHHBIE.
B nauasie pacemorpuM ciyuaii 6eckonedno auddepennupyembix ganubix Konmu. IIpeso-
JIOZKHUM, 9TO Ug, Uy € C°(R) n

’< En; S R; n = 071727 (20>

< Cn, |

d"ug(z)
dzm

<e d"&o (l’)
dx™

|\ ns ’

I<é,, z€R, n=01,..., (21)

Caenys |9, 16], crabo annpokcumupyem 3anady Kommn (1)—(3) 3amaqeit

1
u; =3vu,,, u =3vu.,,., nr<t< (n—f—g)ﬂ (22)
T T T ~T ~T ~T 1 2

uf +3u"u, =0, u +3u" u, =0, n—l-g T<t< n+§ T, (23)

- ~ ~ . 2
uf =—=3b(u" —4"), a =3b(u —a"), (n+ §) T<t< (n+1)r, (24)
UT(OJL‘) = UO(CE), fLT(()?:E) = ﬂo(l‘)7 (25)
rie N7=t*, N >1—mnenoe,n=0,1,...,N—1, u nocrogunas t* yJjoBJIeTBOpPIET HEPABECHCTBY

(30) (cMm. muxe).
Bameuanue. [Tpu mocrpoenun perenust 3aga4u (22)—(25) #Ha mepBeIX IPOOHBIX TIATaX perra-
ercs 3agada Komm J1a ypaBHeHUs TEILIONPOBOJHOCTH, a Ha BTOPHIX JPOOHBIX IMIarax — 3ajada

Ko g9 ypaBHenus nepenoca
v+ 3vv, =0, (26)

a Ha TPeThUX JPOOHBIX IIarax — 3aja4a Ko 11 cucreMbl OOBIKHOBEHHBIX JU(MDepeHITnATb-
HBIX YPaBHEHUH, pelieHne KOTOPOi uMeeT BUJ,

u] = up(z) + % (tg(x) — up(x)) <1 - e_Bt) ,

u" = () e bt 4 %b tio () (1 - e_l_’t) + %b uo () <1 — e_5t> ,

rae b=3(b+b).

UsBectHo, 4T0 B cayvae 3agaan Komn ajist ypapaerusi (26) ¢ HA9aIbHBIMH JTAHHBIMA
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v(0,x) = vo(x), (27)

OrpaHWYEeHHBIMH BMECTe CO CBOMMH ITPOM3BOIHBIME, MOYKET WMETh MECTO TDAJMeHTHAs KaTa-
crpoda, TO eCTh MOKET CyIecTBOBATh t1 > 0, TaKOe, 9TO KJIACCHIECKOe PEIeHne U 9TO 3a/1a-
9H CyIIecTByeT B 1osoce ' ¢,), caMo ocTaeTcs B 3To# M0I0Ce OrPAHMYEHHBIM, HO MTPOM3BOIHAL
Uy B OKPECTHOCTH HEeKOTOpoil Touku (t1,x°) cranosurca Heorpanuuennoit: v, (t,x) — 0o 1pu
t—ty, r— 2% |1, 11, 13].

Herpyano nokasarn, 94T0 ecju

dvg(x
| c(l)i_) 1< e, (28)

TO KJIaccudeckoe pernrenne 3aaa4n (26), (27) cymecrsyer B mogoce [ 4+, orpannaeno u
(t,x) € Lo, e, (29)

rje t yIOBJAETBOPSET HePaBEHCTBY
1 -3¢ t">0.

[TycTh BBIOIHEHBI COOTHOIIEHUs (21) U IOCTOSIHABIE C1, ¢1 U t* YIOBIETBOPSIIOT yCJIOBAAM
1—Clt*>0, 1—51t*>0 (30)

Torjga penrenme u” U @’ B moaoce [’ 4+ CymecTByeT m orpaHMmYeHO BMECTE CO BCEMH CBOHMHE
MPOW3BO/IHBIMU 110 TIEPEMEHHBIM T, T.

OueBnaHO, 4TO TIpH JTI060M BUKCHPOBAHHOM T perenne v’ u 4 3amaqdu (22)—(25) orpanu-
YeHbl HE3aBUCUMO OT BEJIUYIWHBI T

| u™(t,z) |< co, | U (t,2)|< . (31)

[ToBTopsist paccyxkaenue u3 9], MOKHO MOKA3aTh OMPAHHYEHHOCTH YACTHBIX MPOU3BOIHBIX Pe-
mreHuit ©” u 4" mo x 10000 MOpsaaKa PABHOMEPHO II0 T:

OFuT(t, x)

| ok (t, x)
oxk

1< Ch, (t,2) €T, k=01,..., (32)

rae C, C), — HEKOTOpBIe TOJIOXKUTEIhHBIE TOCTOsiHAEBIE, Takue 910 Cy = ¢, Cy = ¢p.
U3 nepasencts (31), (32) u ypasuenuii (22)—(24) ciaeayor paBHOMEpHbIE O T ONEHKH:
ak+1uT (t, %)
otox*

8k+1ﬂ7—<t, Z’)

| otoxk

|< sk, | <3k, (tx)elpwe, k=01,..., (33)
I3 »Tux ONEHOK cJeayer, 9ro u”, &’ W WX MPOM3BOJHBIE 10 T JIOGOr0 MOPSIKA PABHOMEPHO
OIpaHMYIeHBl I PABHOCTENEHHO HelpepbiBHE B I'| 1+). Ha ocHoBammm Teopemsr Aprena quaro-
HAJIbHBIM CLOCODOM MOXKHO BbIOpaTh nosmocjieosareibuoctb {u™}, {U™} nocsiepoBaresibHo-
creit {u”}, {47}, cxomsmytocs B ' ;+) K GYyHKIHMAM % U U COOTBETCTBEHHO BMECTE CO BCEMH
MPOU3BOIHBIMI 110 &, PABHOMEPHO B KA KJI0# OrpaHudeHHoil o01acTu mo/10¢k! ['g 4+, BCIeACTRIE
4ero GYHKIUK ¢ U U UMEIOT MPOU3BOIHBIE JIIOOOTO MOPS/IKA [0 T M BBIMOTHSIIOTCSA COOTHOIIEHUS

u(0,z) = up(x), (0, ) = up(x), (34)
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OFu(t, x)

| oFu(t, x)
oxk

1< ék, (t,x) € Lo, k=01,.... (35)

EauacTBeHHOCTD pelennst JOKa3bIBATCS CTAHIAPTHBIM c1ocoboM. Ciie10BaTeIbHO, U CAMU I10-
crrenosaresbrocT Gyuxmuit {u”}, {47} npn 7 — 0 cxoxgarcs pasHomepno B 'y K u 1 U co-
OTBETCTBEHHO, BMecTe co BeeMu npousBojnbiMu. Cirydail, Koria ug, iy € C?(R), 1oKasbiBaeTcs
C TIOMOITIBIO cpegHux byukuuit [17].

Sakmarouenme. [lonyuena cucrema ypabHenuit tuma Bioprepca. D1a cucrema sBseTcs
YIPOIEHUEM CHCTEMa yPABHEHUIT MOJEIN JBYXKUIKOCTHON CPEJIbl U OTJIMIAETCS OT CHCTEMBI
yPaBHEHWI MOJETN JABYXZKHUJIKOCTHONW CPeIbl OTCYTCTBUEM JABIEHUS M YCJIOBUSIMU HECKUMae-
moctu. 1o 3Toit mpuunne cemeiicTBO 3324 JJIsl CHCTEMBI THIA Boprepca MHOTIA HA3BIBAETCS
JIBYyXCKOPOCTHOM TI'MApOAUHAMUKON 0e3 jnaBienus. PaccMorpena 3amada Komum s ognomep-
HOIl cucTeMBbl YpaBHeHUI Tnma bioprepca, BO3HMKAOIEH B IBYXCKOPOCTHOW THIPOJIMHAMUKE.
Merogom cj1aboit anmmpokcuManuu JOKA3aHO CYHIECTBOBAHUE ¥ €IMHCTBEHHOCTb DPEIIeHUst
zajaun Komm y1g ognomepnoit cucremsbl Tuna bioprepcea.
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