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AnHoTanus. [Tonyuena cucrema ypaBHeHuil Tuna Xomda, KOTopast OTIIMYaeTCss OT CUCTEMBI JBYX-
CKOPOCTHOM THAPOJIMHAMUKU B AUCCUIIATUBHOM CiIy4ae, 00yCIOBIEHHON KO3(PPUIIMEHTOM TPEeHHUS,
OTCYTCTBHEM JaBJICHUS U YCIOBUEM HEC)KMMaeMOCTH. [loka3zaHo, 4TO 1osry4eHHass CUCTEMBI [P UC-
YE3HOBEHHH KOX(P(UIIMEHTA TPEHHUS MEePEXOIUT K CKaIsipHOMY ypaBHeHHUIo Xormda. PaccmaTrpuBa-
eTcs 3agada Ko 1y oTHOMEpHOM 0IHOPOTHON CHCTEMBbI ypaBHEHUH Trma Xormda, BO3HUKAIOIIAs
B ABYXKHUIKOCTHOM cpene. s nanHoii 3anaun Ko He cripaBeyinBa TeopemMa 0 HeSIBHOW (DyHKITUH
B OTJIM4MeE OT 3a1a4n Kou 115t ckansipHoro ypaBHeHus: Xomda. Cuutaercsi, 9To IUCCIalus SHEPrun
MMPOUCXOAUT TOJBKO 3a cueT Kodddumumenta tperus (ananora lapcu) u nannele Komu 3agaHbl B
BUJIe KOHEYHOTO TPUrOHOMETpuUeckoro psaa dypre. [loyueHsl peKyppeHTHbIE CUCTEMBI OOBIKHO-
BEHHBIX U depeHnanbHbIX YpaBHeHUH A1 aMimuTy. [lomydeno oOriee pemieHre CUCTEMBI IS
BTOPOTO MPUOIINKECHHUS.
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Abstract. A system of Hopf-type equations is obtained, which differs from the system of two-speed
hydrodynamics in the dissipative case due to the coefficient of friction, the absence of pressure and
the incompressibility condition. It is shown that the resulting system, when the coefficient of friction
disappears, passes to the scalar Hopf equation. The Cauchy problem for a one-dimensional homoge-
neous system of Hopf-type equations arising in a two-fluid medium is considered. The implicit func-
tion theorem is not valid for this Cauchy problem, unlike the Cauchy problem for the scalar Hopf
equation. It is believed that energy dissipation occurs only due to the coefficient of friction (the D'arcy
analogue) and Cauchy data are given in the form of a finite trigonometric Fourier series. Recurrent
systems of ordinary differential equations for amplitudes are obtained. A general solution of the sys-
tem for the second approximation is obtained.
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Beeoenue

['mapoauHaMuyeckass Mojieinb MHOTO(a3HOM JKUAKOCTH XOpPOILIO W3BECTHA M IO-
IpoOHO omHcaHa B y4eOHMKAaX M MOHOTpadusaxX MO MEXaHWKE CIUIOMIHBIX cper [1-7].
VYpaBaenne Xomda U3 MPOCTEHINTUX TUNIEPOOTMUECKUX MOJENEH, B KOTOPBIX 3ajada
Komm nyis ypasuenust Xorda sKBUBaJICHTHA TEOpEMa O HESIBHOHM (DyHKIMU. ITO ypaBHe-
HHE YUUTHIBAET TOJBKO a/IBEKTUBHBIE MPOIECCHl B Mojienu. Ecnu yuuTsiBath 3pQeKThl
Mek(azHOTO TPEHHs, TO, KaK MOKa3aHO B ABYXKHIKOCTHOH cpene [8-23] BOZHUKAET CH-
cTema runepooaudeckoro Tuna Xomnda. ¥ cucteMbl ypaBHEHHUM ABYXCKOPOCTHOM THJIPO-
JUHAMUKH U CUCTEMbI YpaBHEHUH Tuma Xonda MHOro oouiero. J[anHas cuctemMa y4uThbl-
BaeT cienyromuye 3PQPEeKThl: HATMYHE KBAIPATUYHON HETMHEUMHOCTH IO CKOPOCTSAM TO/I-
CUCTEM, CBSI3aHOM C aJIBEKTUBHBIMU IIPOLIECCAMU U OTBEYAIOIIEH 3aBUCHMOCTH CKOPOCTH
pacnpoCTpaHeHus 3ByKa OT aMIUIUTY/ bl 3BYKOBBIX BOJIH, U HAJIUYKE JIMHEHHOTO IO OT-
HOCHUTEJILHOMY UMITYJIbCY AU (PYy3MOHHOTO CllaraeéMoro B MPaBbIX YaCTSIX, CBSI3aHHOTO C
npolieccaMu Me(a3HOro TPEHHs M OTBEYAIOIIETro 3a 3aTyXaHHE 3BYKOBBIX BOJH. YTO
KACaeTCsl CBOMCTB PELICHUN, TO OHU COBEPLIEHHO Pa3HbIE. Y CUCTEMBl YPABHEHUN THUIIA
Xomda npu ucyeszaromeM kodpduimente, ananore kodpduimenta lapeu, hopmupy-
FOTCSl KaK CHJIbHBIE (yJIapHbIE BOJIHBI), TAK U CIa0ble Pa3pbIBbl, B TO BPEMs KaK pEIICHUE
CHCTEMBI IBYXCKOPOCTHOM TMAPOJMHAMHUKHN TAKMMU OCOOCHHOCTSIMH He obnanaet. Of-
HAKO 00JIaCTh MPUMEHUMOCTH 3TOW CHCTEMbI OTHIOAb HE OTPAaHHMYUBACTCS MPUBEICH-
HBIMH IIPUMEPAMU, TAKHE CUCTEMBI BO3HUKAIOT BO MHOTHX 33]1a4aX, YEM U ONPEAEIIAETCS
ee 3HaueHue [24]. [Toaromy 0co00il IIEHHOCTHIO 00JIaJal0T HETMHEHHBIE MOJIEIIH, ITYCTh
Y CUJIBHO YIIPOLICHHBIE B CPABHEHUHU C UCXOAHOW CUCTEMOU JIBYXCKOPOCTHOW I'MAPOIU-
HAMUKH, OJJTHAKO COXPAHSIOLINE €€ BAKHBIE YEPTHI.

Ilocmanoeka 3a0auu

PaccmoTtpum mnpoiiecc pacinpocTpaHeHUs] HETUHEHHBIX BOJIH B JBYX>KUJIKOCTHOM
cpelie, OMUChIBaEMblid OJJHOMEPHOM OJTHOPOJHOM CUCTEMOM ypaBHeHuH [8, 9, 14, 15,
16, 22-24]:

ou u ~

6_at~+ u%~— —b(u — u), (1)
u ~ o0 o~

S TUg,= eb(u — i), (2)

rac u u u -- CKOPOCTH IMOACUCTEM C COOTBCTCTBYIOIIMMMU IapHIHUaJIbHBIMH IIJIOTHO-
CTsIMU p U ﬁ, b -- MOJIOKUTEJIbHAS TOCTOSHHAS OTBCHaromasa 3a TpCHHUC B CUCTCMC

(ananor korddunuenta apcu), € = % -- Oe3pa3MepHas MoJI0KUTENIbHAs TTOCTOSIHHAS.

PaccmoTpum 3anauy Ko muist cucremsl ypaBHeHui tumna Xomnda ¢ nepuoanye-
CKMMU HayaJbHbIMU JAHHBIMU B BUJIE€ TPUTOHOMETPUUYECKOTO MHOTOUJIeHa [25]:

Ule=o = Z?’:—N a; eV, (3)
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_ CoN o~ i
=g = Zj:—N a;e* (4)

OtMetuM, 4TO TIpu 000N moctosiHHON C pemenue u(t,x) u U(t,x) 3amauu
Kommu miist cucremsr (1), (2) MoxHO 3ameHuTh Apyrum pernerrem U(t, x) u U(t, x) co
CABUHYTHIMH Ha C HauaJ bHBIMU JAHHBIMU:

U(t,x) = C + u(t,x + Ct), U(t,x) = C +1ii(t, x + Ct).

Otn QyHKIMU yaoBieTBopsrOT cucteme (1), (2). [Jamnas omHomapamerpuyeckas
rpynmna CUMMETpH MO3BOJIsIeT BbhIOpaTh @y = 0 1 &y = 0 B HaYaIbHBIX JaHHBIX 3a-
nauu (3), (4) u mepeiTu OT CUCTeMBbI ypaBHEHUH THa Xom(a K MPOUHTETPUPOBAHHON
CUCTEME YpaBHEHHI

ov  10v? __ov

E-FE?: —b(v—v), u—a, (5)
oy 107 ~ - _ﬁ
§+Eg—eb(v—v), i=_. (6)

[TpubnmxeHHoe pereHue mociaeaHel CucTeMbl CTpOUTCs MeToioM ["anépkuna [25]:

ov 1 (ov? -
54—51{5} = .—b(‘U—‘U),l |
v(T,x) = Xn=1 - an(D)e™ + Xny — by (1)e ™™, (7
ov 1 (0v? ~
E-I'El{g} —.eb(v—v),l i |
B(1,%) = it 7 @n(D)e™ + Ty 2By (1)e ™ ®)

durypHbie CKOOKH 0003HAYAIOT 371€Ch OTOPACHIBAHUE BBHICIIINX TAPMOHUK C HOME-
pamu, Gomsumvu N [25]. TlpupasruBanue xo3bdummentos npu e!™*, [m| < N, B ypas-
HeHusix it v(t,x) u U(T,X) NPUBOAUT K 3aMKHYTOH cucrteMe auddepeHIMaTIbHbIX
ypaBHEHHI1 oTHOCHTENIbHO 4N HemsBecTHbIX BYHKUHIL a4, (T), dy, (T) U by (T), by (T):

a'n(v) = fu(a,b) — b(a, — @),
b',.(t) = g,(a,b) —b(b, —b,), n=1,..,N, 9)

_ dln(T) = f;gir E) + gb(an~_ dn),
b'n(T) = g,(a,b) + eb(b,, — by,), n=1,..,N, (10)

rje mTpux — 310 AuddepeHInpoBaHUE 110 BPEeMEHH, KOTOPOE MBI 0003Ha4YaeM 4epes
T.

HauansHble fanublie a1 quHamMudeckoi cucrtemsl (9), (10) B cuity COOTHOIIEHUS
ov - ov

U =—HUU = — 3aJa10TCA B BHUJIC
dx dx
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a,(0) = —iay,,
a,(0) = —ia,,

JIyisi BELIECTBEHHBIX PEIEHH JOKHO BBIIOIHATLCSA YCIOBHS 4, = b, U @, =

b,.

B munammueckoii cucreme (9), (10) byuxumu f,(a,b), f,,(@ b) u g,(a,b),
§n (@, b) SABIAIOTCS OJHOPOIHBIMU KBAAPATHIHBIMA MHOTOWICHAMH CBOMX apryMeH-
TOB. B KauecTBe miumOCTpanuy npuBeaeM Bua GyHkimn f,, (&, b) B 3aBucHMOCTH OT
YETHOCTH uncia N:

f _ {_N(dldN—l + dZ&N_Z + -+ ﬁm&m+1), N=2m+ 1,
N7l =N(@ydy_q + Gply_y + -+ Gpyqlpmseq) — maz, N =2m.

B vactroctH, npu N = 5 nunamudeckas cuctema (9), (10) umeeT cienyrommil BU/I;

a’y = bya, + byas + bya, + byas — b(a, — d,), (11)
b’y = a;b, + aybs + asb, + a,bs — b(by — by), (12)
a’y = 2(b1asz + byay, + bsas) — a? — b(a, — @), (13)
b’y = 2(aybs + ayby + azbs) — bi — b(b, — by), (14)
a's = 3(biay + byas) — 3a,a, — b(az — @), (15)
b’y = 3(a;by + aybs) — 3b,b, — b(b; — by), (16)
a', = 4bjas — 4a,a3 — 2a3 — b(a, — d,), (17)
b', = 4a,bs — 4b,bs — 2b2 — b(b, — b,), (18)
a:5 = —5(a;a4 + aya3) — b(as _ﬁs)r (19)
b's = =5(b1by + bybs) — b(bs — bs), (20)

a 1= blaz + b2a3 + b3a4 + b4a5 + ¢eb(a, — a,), (21)

b L = @by + d,bs + dsb, + a4b5 + eb(by — by), (22)
d', = 2(byds + byd, + b3ds) — @2 + eb(a, — d,), (23)
b’y = 2(@,bs + d,b, + d3bs) — b? + eb(b, — by), (24)
a3 = 3(b,d, + byds) — 3d,d, + eb(as — d3), (25)
~'3 = 3(8y by + Azbs) — 3b1b, + eb(bz — bs), (26)
a 4= 4b1a5 — 4d,a5 — 2a% + eb(a, — ay), (27)
b 4= = 4d,bs — 4b,b; — 2b3% + eb(b, — b,), (28)
d's = —5(d,8, + d,a3) + eb(as — ds), (29)
b's = —5(byby + byb3) + eb(bs — bs), (30)

Jlerko BuAeTh, yTO AUHaAMHuueckas cucrema (9), (10) gomyckaer peaykuutob, =
a,, b, = a,, KOTOPYIO B JajbHENIIeM caeays [25] Mbl Ha3bIBaeM 21agHou. ITa PEAyK-
1S COOTBETCTBYET HEUETHBIM MO IMEPEMEHHOMN X PEIICHUSIM CUCTEMbI ypaBHEeHU (1),
(2) 1 HayaTBHBIM JaHHBIM BHUJIA
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=la_, = —lay,, n=1,..,N, 31

an(0) = —iay,, )
0) =id_, = —id,, n=1,..,N. (32)

a,(0) = —iay,,

Kak 3ameueno B [25], raBHas peayKIus MO3BOJSET, MPUOIMKCHHBIC PEIICHHUS
CUCTEMBI YpaBHEHUH TUTa XO01(}a, yA0BICTBOPATE JOMOTHUTEIBHBIM HYJIEBBIM Kpae-
BbIM yCJIOBUSIM [{upuxiie:

%+ug_zz_b(u—a), 0<x<2m, (33)
u(t,0) =u(t,2m) =0, Vt,
ou . ou ~
St =eb(u—1), 0<x<2m (34)

(t,0) = 4(t,2m) = 0, Vt.

PaccmoTpuMm Temeps BOIpOC 00 WHTETPUPOBAHWHM CUCTEMBbl YpaBHEHHWH THIIA
Xomda. AHAIOTOM YacTHOTO PEIICHUsI CUCTEMBbI ypaBHEHHUH Thma Xorda sBisieTcs
cienymoiee pemenue ypapaenus (7), (8) mpu N = 2:

a:1 = bya; — b(a; — 6:11),
b'1 = ai;b; — b(by — by),

a,= —a% — b(a, — dy),
b,z = _b12 — b(b; — Bz),
d'y = b,d, + eb(a; — d,), (35)
b’y = @b, + eb(b; — by),
d,=—a?+¢eh(a, — a,),

BIZ = _B% + gb(bz - Bz)

[TonyueHnHas cucrema siBisieTcst 6ojee OOIIHil YeM MOJTy4YeHHOM CUCTEMBI B [25].
Taxxe kak B [25] cuctema (11)-(30) sBisietrcss HenuHelHHOW. B nanHo#t padote mo-
CTPOCHO YaCTHOE PEIIeHNEe TUHAMUYECKON CUCTeMBI (35):

a1=a1=b1=b1=0,
C2+C1e—(1+e)br Cz_gcle—(1+s)b‘c

a, = a, =
2 1+¢ ’ 2 1+¢ ’
_ C4+C3e—(1+£)br =~ C4—€C3e_(1+£)bT
b2 - ’ b2 -
1+¢ 1+¢
3aknwouenue

Takum 00pa3zom, mojiyueHa cucteMa ypaBHeHu# tTuna Xornda, oTInyaromascs oT
CUCTEMBI JIBYXCKOPOCTHOM T'MAPOAMHAMUKH B JUCCUIIATUBHOM Cily4ae, 00yCIOBJIECH-
HbIM KO3(()ULIMEHTOM TPEHUsI, OTCYTCTBUEM JIaBJICHUS U YCIIOBUEM HEC)KMMAEMOCTH.
IToxazaHo, 4TO MOTy4YEHHAs] CUCTEMA IIPU MCUE3HOBEHUH KOA(PPUIUEHTA TPEHUS Iie-
PEXOAUT K CKaJsipHOMY ypaBHeHHUIO Xomnda. PaccmarpuBaercs 3anaya Komn mist of-
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HOMEPHOM OJTHOPOJTHOM CUCTEMBbI YpaBHEHMI TUTa Xorda BO3HUKAIOIIAS B IBYXKHU/I-
KOCTHOM cpene. [{ns nannoit 3anaun Komm He cripaBeyinBa TeopeMa o0 HesiBHOM (DyHK-
UM B oTJIrure ot 3ana4yn Ko amst ckansipaoro ypaBHenust Xomda. Cuntaercs, 4To
JHCCTIallAsA YHEPTUH MPOUCXOIUT TOJIBKO 3a c4eT KoddduimeHTa TpeHus (aHaiora
Hapcu) u nanneie Komm 3agaHbl B BUAE KOHEYHOIO TPUTOHOMETPHUYECKOTO psiaa
@ypbe. [lomyyeHbl peKyppeHTHBIE CHCTEMbl OOBIKHOBEHHBIX JU(D(epeHIInanbHbIX
ypaBHeHU# i amruuty[. I[loiydeHo oblee pemeHue CucTeMbl JJisi BTOPOTO MpH-
OJIMKEHUS.
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