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AHHOTALUSA

Jnst cucteMbl ypaBHEHHMHM Ta30BOM TMHAMUKKM PaCCMaTPUBAETCS CIyyaid H303HTPOIUYECKHUX
TEYCHNI, KOTIa ypaBHEHHUE SHEPTUH, 3AIMCAHHOE TS SHTPOINH, BBITOIHAETCS TOKIECTBEHHO
¥ TIOTTyYaeTcsl CHCTeMA M3 YeTHIPEX HeTIMHEWHBIX YPABHEHHI C YACTHBIMH [IPOU3BOTHBIMH JILS
YeTHIPEX NCKOMBIX (DYHKIHIL. B KagecTBe HCKOMBIX (DYHKITHH 31€Ch BBICTYIIAIOT KBA/IPaT CKOPO-
CTH 3BYKa ra3a ¥ IeKapTOBbIC KOMIIOHEHTBI BEKTOpa CKOPOCTH ra3a. Kpome crcTeMbl ypaBHEHHI
ra30BOM AMHAMHUKHU TAKKe PacCMaTPHBACTCS MONHAS crcTeMa ypaBHeHmi HaBpe — Crokca,
peIIeHus KOTOPOi ONMCHIBAIOT TEUESHHMS CKUMAEMOTO BA3KOTO TETUIONPOBOIHOTO Ta3a M TAKKE
YIOBJIETBOPSIOT 3aKOHAM COXPAHEHHS MACChI, NIMITYIbCA, SHEPTUH M TEPMOINHAMIIECKUM
3aKoHaM. J[aHHas cucTeMa sBISIETCS] CHCTEMOM U3 TISITU HEJIMHENHBIX YPABHEHUH C YACTHBIMU
TPOU3BOIHBIMH TS TIATH NCKOMBIX (DYHKIMIA, B KOTOPOH ypaBHEHNE SHEPIUH 3aMHCAHO JUL
TeMITepaTypsl. B cydae momHoi cicteMs! ypaBHeHM HaBbe — CTOKCa KpoMe TeMIIepaTyphl
B Ka4eCTBE MCKOMBIX (DYHKITH BHICTYTIAET MIIOTHOCTH Ta3a M TAKKE IEKAPTOBbIE KOMIIOHEHTHI
BEKTOpa CKOpOCTH Ta3a. KpoMe ykazaHHBIX (pu3mdecKux 3P(EeKToB 00€ CHCTEMBI — CHCTEMA
YpaBHEHHH ra30BO TMHAMUKH ¥ TIOJTHAS cHcTeMa ypaBHeHHI HaBbe — CTOKCa — YUHUTHIBAIOT
BIMSIHHAE CHUTBI TSDKECTH U 3AITMCAHBI B IPSMOYTONBHOM CHCTEME KOOPIMHAT, BpalIafomeics
BMecTe ¢ 3eMIIeid. DTO IPHBOJUT K MOSBICHUIO B MPABBIX YACTAX 00EHX CHCTEM ClaracMblX,
YUIUTHIBAIONIHX ycKopeHne Kopronmca i yckopenue ciiibl TshkecTd. B pabote mis kaxoit n3
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PacCMOTPEHHBIX CHCTEM MPUBECHO CBOE TOYHOE pelieHue. B ciyyasx obenx cucteM ypasHe-
HUH C YaCTHBIMU NPOM3BOHBIMH B K&K/IOM TOYHOM PEIICHHH JICKapTOBbIE KOMIIOHEHTBI BEKTOpa
CKOPOCTH I'a3a OCTOSHHBI, IPUYEM TPEThsi KOMITOHEHTA BIOJIb BEPTUKAIBHON OCH paBHA HYJTIO.
B ciyuae cucrembl ypaBHEHHH ra30BOH JMHAMUKN HCKOMask (DYHKLMSA — KBaJpaT CKOPOCTH
3BYyKa, @ B CIlyyae IOJHOM crucTeMbl ypaBHeHni HaBbe — CToKCca nckomast yHKIUS — TeM-
Teparypa, KOTOpbIE SBISIOTCS TMHEHHBIMU (YHKLIMSAMH OT HPOCTPAHCTBEHHBIX IEPEMEHHBIX.
B 31ux nuHeHHBIX QyHKIMAX KO3((HUIUEHTHI epe]] He3aBUCHMBIMH TIEPEMEHHBIMH 3aBUCST
OT MOJIYJIS BEKTOPa YIVIOBOH CKOPOCTH BpalleHHst 3eMIlH, OT IIUPOTHI TOUYKH, B KOTOPOH pac-
CMAaTpPHBAETCS OTOK, a TAKXKE U OT IIOCTOSHHBIX HEHYJIEBBIX KOMIIOHEHTOB BEKTOPa CKOPOCTH
rasa B TOPM3OHTAIBHOM HampasieHnH. CienoBaTebHO, TIOCTPOCHHbIE TOUHBIC PELICHUS B
SIBHOM BUJIC YUUTHIBAIOT BpallleHUE 3eMIIH BOKPYT CBOEH OCH.

Knrouesbie ciioBa

Cucrema ypaBHEHHI Ta30BON JHHAMUKH, YCKOpEHHE CBOOOHOTO MajCHUs, YCKOPEHHE
Kopuomnuca, Tounoe permeHue.

DOI: 10.21684/2411-7978-2018-4-3-84-89

B ciydae n33HTponMyYecKuX NOTEHINAIbHBIX TEUCHNH MOIUTPOIHOTO UACAILHOTO ra3a
XOPOIIO U3BECTHO CTALIMOHAPHOE TOYHOE PELLICHUE YPaBHEHUs A7l IIOTEHLIMANIA, OTIH-
CBIBAIOILICE TOKOSIIMIACS B TOJIE TsKeCTH Ta3 [4]. B aToMm cimydae kBagpaTr cKopocTu
3ByKa €CTb JIMHEHHast (PYHKIMS OT POCTPAHCTBEHHOM IIEPEMEHHOM z, yObIBAIOIIAs C
poctom 3T0# nepemenHou. [1okazano [1, 2], uTo B 001IeM CiTydae IPOCTPAHCTBEHHBIX
TEYEHHUH TAKKE UIMEETCsI CTALMOHAPHOE TOYHOE PEILIEHUE CUCTEMbI YPaBHEHHH ra30BOH
JUHAMHKH, Y KOTOPOTO BCE KOMIIOHEHTBI BEKTOpa CKOPOCTHU T'a3a HyJeBble, TEMIIEpa-
Typa ecThb JIMHEHHas! QYHKIMS OT BBICOTBI. DTO PEILICHUE XOPOILIO COINIACYETCsl C JaH-
HBIMH (PM3UIECKUX SKCIIEPUMEHTOB 1 HAOMIOICHUH 32 aTMOC(epoii 10 BHICOTHI B 10 KM.
A MIMEHHO, pa3/Inuue 3HAYCHUH JaBJICHHS Y 3TOTO TOUHOI'O PEIICHHS U y JaHHBIX Ha-
TYPHBIX HaOJIIOACHUH 3a JaBICHUEM Ha BBICOTaX B ISITh U B IECSTh KWIOMETPOB CO-
CTaBJIAIOT COOTBETCTBEHHO MEHEE OJJHOTO MPOLIEHTA U TPH IIPOLICHTA.

B nannoii padote uccneayroTcs TeUeHUs HACANbHOTO Ta3a ¢ IOJIMTPOIIHBIM ypaB-
HEHHEM COCTOSIHUS IPU MOCTOSHHOM 3HAYCHHUU SHTPONHMH. TakkKe yUUThIBAeTCS
YCKOpeHHE CBOOOIHOTO naaeHus u yckopenue Kopuonuca. Takue Teuenus mopenu-
PYIOTCSI COOTBETCTBYIOIIMMH PELICHUSIMHA CUCTEMbl YPABHEHHH I'a30BOM IMHAMUKH,
B KOTOPOI BBeJICHBI Oe3pa3MepHEIe IepeMeHHsbIe [1-3]:

(9 + udy + v, + wi, + (¥ — DI (uy + v, +w,) =0,
1
Us + uuy + vuy, +wu, + mﬁx = 20;v — 20,w,
1 €]
Ve +uvy +vvy, +wu, + mﬁy = =203y,
1
kwt +uwy, +vw, + ww, + mﬁz =20,u—g.
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86 Baymun C. II.

B cucteme (1), kak u B pabore [1], He3aBUCUMBIE TIEpEMEHHBIC: { — BpPEMS; X,
¥, Z — NPOCTPAHCTBEHHBIEC 1EKAPTOBBI KOOPIUHATHI.

VckoMbIME (QYHKIMSMHE SBISIOTCS: 3 = ¢? — KBaJpaT CKOPOCTH 3BYKa, KOTOPBIN
CBSI3aH C p IUIOTHOCTBIO ra3a CooTHomeHueM 3 = p~; u, v, w — npoexuu BeKTopa
CKOPOCTH T'a3a Ha JICKapTOBBIC OCH.

KoHncrantsl, Bxomsmue B cucremy (1), kak u B pabore [1], cneqyromme: y > 1 —
TIOKa3aTelb NOJUTPOIIbI ra3a; g > () — ycKopeHue CBOOOAHOrOo nagenus; 0, = Q cosy;
Q, = Qsiny, re  — MOy/Ib BEKTOPA YIIIOBOH CKOPOCTH BPAILEHHUS 3EMIIH; Y — ILIH-
poTa TOYKH, B KOTOPOW HAXOAMTCS HAyaJlo JEKapTOBOM cHCTeMBbl KoopAauHaT Oxyz,
Bpamaroneiica Bmecre ¢ 3emielt. s Ceseproro nomymapust 0 <y < z/2, nis FOx-
Horo: —/2 < y <0, Ha 3kBarope y = 0.

Caenyroumii Habop QyHKUN:

U = 2(y — DQ3vox — 2(y — DQ3upy +
+()/ - 1)(2921{0 - g)Z + 1900,

u = u, = const, 2
v = vy = const,
w=0

SBIIAETCS TOYHBIM CTAIMOHAPHBIM penennem cuctemsl (1), tne 3, =9 ___ = const >0,
a TIOCTOSIHHEIC KOMITOHEHTBI BEKTOPA CKOPOCTH 1, V, MOTYT OBITh HCHYJICBEIMHL.

OTOT (paKT ycTaHABIMBAETCA MPAMOI MOACTAaHOBKOM (yHKIMH (2) B cuctemy (1)
C YYETOM CJICIYIONIMX 3HAYCHUH YaCTHBIX TIPOU3BOIHBIX UCKOMBIX (DYHKITHIA:

ﬂt:ut:UtZWtZO;
O, =2(y = DW3vg; Uy =V =Wy =0;
9y =—2(y - DQsup; uy, =v,=wy,=0;
9, =0¢-DC2XWuy—-9); u,=v,=w,=0.
Cuctema ypaBHEHHUH ra30BOM TUHAMUKH [IEPEXOAUT B TIOJIHYIO CHCTEMY ypaBHE-

Huit HaBee — Croxca [1, 2, 4] B citydae, eciiu ra3 o0J1aaeT CBOWCTBAMHE BSI3KOCTH U
TEIJIONPOBOJHOCTH:

(p,+V:-Vp+pdivV =0,
T 1
Vet (V-VIV +2Vp + VT =g = 20 %V +
1
+@[—V(divv)+§m/],
i * 3)
) Tt+V~VT+(y—1)TdivV=%AT+

-1
+uoy(y )
2p

\+;[(uy + vx)z + (uy + w2 + (v, + wy)z]},

{[(ux - v)’)z + (uy — w,)? + (Uy - Wz)z] +
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rae V= (u, v, W) — BEKTOp CKOPOCTH rasa, I — TEMIIEPATypa; L, K, — IOCTOSHHbIE
MOJIOKUTENIbHBIE KOA(PPHUIHUEHTHI BA3KOCTH U TEIUIONPOBOIHOCTH.
Ota cucTeMa TakKe HMEeT OIHO TOYHOE CTallMOHAPHOE PELICHHUE:
p = po = const;
u = uy = const;
{ vV = vy = const; (4)

w = 0;
lT = 2yQ3v0x — 2yQ3upy + y(2Qouy — g)z + Ty,

rne T, =T],_ _,> 0, a HOCTOSHHBIE KOMIIOHEHTBI BEKTOPA CKOPOCTH 1, V; MOTYT
OBITH HEHYJIEBBIMH.

OTOT (haKT Tarke MpoBepseTcs MPSMOH MOACTAHOBKOM QyHKIHI (4) B cuctemy (3).

3aMeTHM, 4TO €CIIM B CUCTEME (3) TIOJIOXKUTH 1, = K, = 0, TO TIOTYIUTCS CHCTEMA
YpaBHEHHWH ra30BO¥ TMHAMUKH B CIIy4ae, KOT/a 32 He3aBUCHMBbIE TEPMOIMHAMITYECKIES
rapaMeTphl B3STH TNIOTHOCTh U TEMIIEpaTypa, a He TUIOTHOCTh M PHTPOIHNS, KaK B
Clly4yae SKBMBAJIEHTHOH el cuctembl (1). Ecrectenno, uro B ciaywae u, = x, = 0
pemenus (2) u (4) SKBUBAJICHTHEL.
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Abstract

This article considers the isentropic flow case for a system of gas equations, when the energy
equation written for entropy is satisfied identically and a system of four nonlinear partial
differential equations is obtained for the four unknown functions. The square of the sound
velocity of the gas and the Cartesian components of the gas velocity vector are used as
the unknown functions. In addition to the system of equations of gas dynamics, the author
considers the complete system of Navier — Stokes equations, the solutions of which describe
the flows of a compressible viscous heat conducting gas and satisfy the laws of conservation of
mass, momentum, energy, and thermodynamic laws. This system is a system of five nonlinear
partial differential equations for five unknown functions, in which the energy equation is
written for temperature.

This work presents exact solutions for each of the considered systems. In the cases of both
systems of partial differential equations in each exact solution, the Cartesian components of
the gas velocity vector are constant, and the third component along the vertical axis is zero.
In the case of a system of equations of gas dynamics, the desired function is the square of
the speed of sound, and in the case of a complete system of Navier — Stokes equations, the
unknown function-temperature is a linear function of the spatial variables. In these linear
functions, the coefficients in front of independent variables depend on the modulus of the
angular velocity vector of the Earth’s rotation, on the latitude of the point at which the flow
is considered, and on the constant non-zero components of the gas velocity vector in the
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horizontal direction. Consequently, the constructed exact solutions explicitly accounts for
the rotation of the Earth around its axis.
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