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AHHOTaNA

AHanIuTHYECKOE MOCTPOCHUE TOUHBIX M NPHUONKEHHBIX TCYCHUH CKUMAEMOTO BSI3KOTO
TEIIONPOBOIHOTO Ta3a BbI3bIBACT OoMbIIMe TpYAHOCTH. PaHee Oblia mpeaokeHa METOIMKa
MOJICTIMPOBAHHUS OAHOMEPHBIX TEUEHHH CXKMMAEeMOTO BSI3KOTO TEIUIONPOBOJHOTO Tasa,
B KOTOPOH ra3ofilMHaMUYECKHE TapaMeTpsl NPEACTaBICHbl B BUAE OCCKOHEUHBIX CyMM
TapMOHUK OT NMPOCTPAHCTBEHHOW MEPEMEHHON C HEM3BECTHBIMM KO3(pdUUHEHTAMH,
3aBUCALIUMH OT BpeMeHH. [l MCKOMBIX KO3()(HULUEHTOB MONyYeHBl O€CKOHECUHBIC
cucTeMbl 0OBIKHOBEHHBIX AU depeHunansHeX ypaBHeHuil. [Ipu yuere koHeuHOro
YyCcNia CIAraéMbIX B TPMTOHOMETPHUECKUX PSAZIaX COOTBETCTBYIOLIME KOHEUHBIE CHCTEMbI
MHTETPUPYIOTCS YMCICHHO. B naHHOM paboTe 3T0i METOAMKOMN HCCIIe0BAHbI YACTHBIE CITyYan
TPEXMEPHBIX HECTALMOHAPHBIX MEPUOAMUECKUX TeUeHUH. [l MCKOMBIX KOA()HULIMEHTOB
OECKOHEUHBIX TPUTOHOMETPUUYECKHUX PAIOB MOTy4eHa OECKOHEUHas CHcTeMa OOBIKHOBEHHBIX
ouddepeHunanbHbIX YpaBHEHUH. YCTAaHOBICHO KOHKPETHOE CBOMCTBO PELICHUH 3TOH
CHCTEMbl — TEOPEMa O KPaTHBIX YaCTOTaX, OIMCHIBAIOIIAs MHOKECTBO YaCTOT, BOSHUKAIOIINX
B PELLICHHMN.
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112 C. II. Baymun

BBenenne

AHaIUTHYECKOE TIOCTPOCHUE TOUYHBIX M MTPHOJIMKEHHBIX TEUCHUI CYKMMAEMOTO BSI3-
KOTO TEIJIONPOBOIHOTO Ta3a BBI3BIBAET OoJbIne TpynHOCTH [1; 6-8] m sBuseTcs
aKTyaJbHBIM B HACTOSIIEE BPeMsi, 0COOCHHO TIPH MCIIOIB30BAHNY I MaTeMaTH4e-
CKOT'O MOJICJIMPOBAHUS a/ICKBATHBIX MOJIEIIEH, SIBIIAIOIIUXCS HEIMHEHHBIMU CUCTEMA-
MU ypaBHEHHUH ¢ YaCTHBIMHU ITPOU3BOAHBIMU. B pabotax [2; 4; 5; 9; 10] npemnoxkena
HOBasi METO/IMKA MOZIETTMPOBAHUS OTHOMEPHBIX TEUEHUH CKMMAEMOT0 BSI3KOTO TETIJIO-
MIPOBOTHOTO Ta3a MPH IMOCTPOSHUH PEIICHUH ITOTHOW CHCTEMBI ypaBHeHHH HaBbe—
Crokca. [Ipu aTOM razogrHaMu9ecKue mapaMeTpsl IPeJICTaBICHBI B BU/IE OECKOHEed-
HBIX CYyMM FapMOHHK OT MPOCTPAHCTBEHHOH NIepeMEHHOH ¢ HEN3BECTHBIME KO3 hu-
[UCHTaMH, 3aBUCSIIUMHU OT BpeMeHH. J{Js1 MCKOMBIX KO3()(UIIMEHTOB TOITYy4EHBI
OceCKOHEYHBIE CHCTEMBbl OOBIKHOBEHHBIX nuddepeHunanbHpix ypaBHeHui. [Ipu
y4eTe KOHEUHOTO YHCIIA CJIaraéMbIX B TPUTOHOMETPUUECKUX PsIIaX COOTBETCTBYIOIINE
KOHEYHBIE CHCTEMbI HHTETPUPYIOTCS YHCIeHHO. Llens qanHoi paboThl — HCCIiieoBaTh
YacTHBIE CITydad TPEXMEPHBIX HECTAITMOHAPHBIX TIEPHOINICCKUX TEUCHUH YKa3aHHOH
METOJUKOW; T HCKOMBIX KOA(P(PUIINEHTOB OECKOHEYHBIX TPUTOHOMETPHUUECKUX
PSIOB TIOJTYYUTh OECKOHEUHYIO CHCTEMY OOBIKHOBEHHBIX AU (epeHIINATbHBIX YPaB-
HEHHI{; yCTaHOBUTH KOHKPETHbIE CBOWCTBA CUCTEMBI, O3BOJISAIOIINE ONUCATh MHO-
’KECTBO YaCTOT, BOZHUKAIONIUX B PEIICHUU. B TOM umciie BriepBbie J1sl TPEXMEPHBIX
HECTaIOHAPHBIX TEYSHHH JOKa3aTh TEOPEMY O KPaTHBIX YaCTOTax.

OcHOBHAA YaCTh

TedeHns: CXKMMaeMOTO BSI3KOTO TETLIONPOBOIHOTO r'a3a ONUCHIBAIOTCS PEIICHUSIMHU
TTOJTHOM cucTeMbl ypaBHeHHH HaBbe-CTOKCa, KOTOpas B 0€3pa3MepHBIX TEPEMEHHBIX
UMeeT Ciemyronuii Bua [2; 7]:

0y = —uby —vd, —wé, + 5(ux + vy, + WZ),

U = —UUy — VU, — WU, — = 6Py +
14

L 3
+o6 [Z (Vy + Wiz) + Uy + 4 (tyy + uZZ)]' (1

1
Vg = —UVx — VD) — WV, — ;6py +

1 3
+1od [Z (tny +wy,) + vyy + 2 (Vyx + vzz)],

1
Wi = —UWy — VW), — WW, — ;6192 +
1 3
+ugd [Z (uxz + vyz) +w,, + Z(Wxx + wyy)],

Dt = —UPy — VDy — WPz — yp(ux + Uy, + Wz) +
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+160D (8xx + Byy + 852) + 2k (pxOx + PySy + 0,6,) +
+K06(pxx + pyy + pzz) + ﬂoY(V - 1) X

X {%[(ux - vy)2 + (uy —w,)? + (vy — WZ)Z] +

+Z[(uy + vx)z + (uy + w)? + (v, + wy)z]},
rJe {— BPEMS, X =X, ) = X,, Z = X, — HE3aBUCHMBIE IIPOCTPAHCTBEHHBIE IEPEMEHHBIE,
JUTST KOTOPBIX UCITONIB3YIOTCS 00a Habopa o0o3HaueHui. [lanee, o = 1/p — ymenpHBIH
00BeM Ta3a, p — IJIOTHOCTH Ta3a, p — AaBiieHne, V = (u, v, w) — BEKTOpP CKOPOCTH
rasa C €ro MpOEeKIMAMH Ha JeKapToBbl 0cH KoopauHar Ox , Ox,, Ox,. IlocTosHubIe
KO3 MOUIMEHTBI B YDABHEHUSAX L4, K, — KOI(PHUIMEHTHI BA3KOCTH M TETIONPOBOHOCTH,

y > 1 — moka3aTenb MOIUTPOIB HIEaTFHOTO Ta3a C yPaBHEHHUSAMH COCTOSHHUS,
3aMMCcaHHBIMU B 0€3pa3sMepHBIX MEPEeMEHHBIX:
p=pl,e=T.

3nech T — Temrieparypa, e — BHYTPEHHSIS SHEPTHSL.
Pemenwne cucremsr (1) mpeacTaBiseTcs B BUAe 06CKOHEYHBIX CYMM TapMOHUK [3]:
3

8(t,x1,%2,x3) = 1+ 6,(t) + Z {Z [5i,k,1 () cos(kx;) + 6 g 2(t) sin(kxi)]} ,
i=1 \k=1
3

u(t, xq,x5,%3) = Z

©
i=1 \k=1
)

[ ge,1 (®) cos(kex;) + g g0 () Siﬂ(kxi)]},
3

v(t; xlr x2r~x3) = Z

i=1 \k=1
3

Wt %1, 22,%3) = D 1" [Wiger (6) cosCkxg) +wiea (0 sin(kxi)]},
k=1

i=1

[V 1,1 (8) cos(kx;) + vy 2 (£) Sin(kxi)]} , 2

3 oo
p(t, x4, %5, x3) =1+ po(t) + Z {Z [pi,k,l(t) cos(kx;) + pix2(t) Sin(kxi)]‘,
i=1 k=1

e (1), J, Doty (0, v, (D), w, (1), py(2), p,, () — HCKOMBIE DYHKIHN.

3HayeHUs] MHACKCOB y KO3(PPUIUEHTOB fl;k,q(t) OTIPENEIISIIOTCS CIeAyIOUUM
o6pazom. [epsriii nuaaekc i = 1, 2, 3 3agaeT HOMep NPOCTPAHCTBEHHOM TEPEMEHHOI,
OT KOTOPOH 3aBUCHT TAPMOHHUKA M NIEPE]] KOTOPOH CTOMT STOT KOIDHULHEHT f; k,q(t)'
3HaueHue BTOPOro uHaekca k = 1, 2, ... onpeaessieTcsi 4acTOTOH rapMOHUKH, ITEpe
KOTOpOW CTOMT NaHHBIH kKod(duunent. TpeTnii MHAEKC ¢ paBeH €AMHHULE, €CIH
KOO PUIMEHT CTOUT Nepe]l KOCUHYCOM, U paBEeH ABOHKE — €CITH MePe CHHYCOM.

Jia cuctemsl (1) HauanbHbIE JaHHBIE 33aHbI B aHAJOTMYHOM BUJIE:

3

Blizg = 8°() = 1+ 68+ ). {Z (621 (8) cos(kxy) + 82 2(6) sin(kxi)]},

i=1 \k=1

3)

3

Ulemp =10 () = ) {Z (14612 (6) cosClxp) + gy (6) sin(kxi)]},
k=1

i=1
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114 C. I. Baymun

3 [es)
V]|i=o = v°(x) = Z Z[ v} 1(t) cos(kx;) + v, (t) sin(kx; )¢,

=1 \k=1

W|t=0 = Wo(x) = Z[W Vik, 1(t) COS(ka) + WlkZ(t) Sln(kxl)] (3)

k

~

1l
iy

+
Mw

Plizo = p°(0) = 14§ Z [P0 (8) cosCiexs) + po(0) sinClexp)]

i=1
Hepes 67, 87k.q» Uik,q> Vik,q» Wik,q> PO Pik,q ©003HAUCHBI KOHCTAHTBI, IPH KOTOPBIX
OecKoHeuHbIe TpUroHOMeTprueckue psinbl u3 (3) cxomsarest; i=1,2,3;g=1,2; k=
=1,2,3,

Pemenne 3amaun Ko (1), (3) omuckiBaeT mporecc cTabuIn3aiuu mpH ¢ — +oo
TPEXMEPHOT0, MEPUOIMUYECKOTO MO MPOCTPAHCTBEHHBIM MEPEMEHHBIM TEUCHHS OT
Ha4YaJIbHOTO HEOAHOPOIHOTO COCTOSHUS (3) K COCTOSIHUIO OIHOPOAHOTO TOKOSI.

B paborax [12; 13] ¢ ucnoip30BaHrEM CIIEUATBHBIX MTPECTABICHUI TPUTOHO-
METPHUYECKUX PSIOB B BHJE CTCHEHHBIX PAJOB OT HKCHOHEHT C KOMIUIEKCHBIMH
MOKAa3aTeISIMU JJIS1 CITy4ast OOLIMX TPEXMEPHBIX ITPOCTPAHCTBEHHBIX IEPHOINIECKUX
TEUEHHH JT0Ka3aHO, YTO IIPH ONPEACICHHBIX YCIOBUIX MATOCTH HaYaIbHBIX JaHHBIX
pemrenue 3amaun Ko (1), (3) cymecTByeT B MajioM IO BPEMEHH.

B nannoit paboTe cX0AMMOCTb PSA0B U3 MPEACTABICHUH (2) HE UCClenyeTcs U
npeo0pa3oBaHus STHX PSIOB AeiatoTcsl HOpMaIbHO. 3aMETHM, YTO B OJHOMEPHOM
cityyae MoA0OHbIE PAbI TOKA3aJIN «MAITHHHYIO» CXOIUMOCTS [2].

s Toro 4TOOBI MOTYYNTh OECKOHEYHYIO CHUCTEMY OOBIKHOBEHHBIX AU Qe-
PEHLMAIBHBIX YPAaBHEHUH JUIS 3aBUCSIIUX TOJBKO OT BPEMEHH MCKOMBIX K03(du-
ueHToB 6o(t), Po (L), fikq(®) (f =6, u,v,w,p);i=1,2,3;k=1,2,3,..;9=1,2,
npenacTaBieHus (2) moacTaBisioTes B cucteMy (1) m 3areM Kak[goe ypaBHEHHE
poenupyercs Ha cuctemMy OaszucHbIX ¢yHKmud [3]. To ecTh mocie mojcTaHOBKU
KaXJ10€ YPaBHEHHE IMOCIEN0BATENBHO YMHOXKAETCA Ha (QyHKIMIO cos(lx) niu Ha
sin(lx), /=1, 2, ...;i= 1,2, 3 n uHTErpUpyeTCA MO IEPEMEHHBIM X , X,, X, B KyOe:

Q) : {[-m, n] X [-m, 7] X [-m, m]}.
Kpome sToro nepBoe u nocneanee ypaBHeHUs1 cucTeMsl (1) mocie moacTaHOBKU B
HUX TPeNICTaBIeHnH (2) MHTerpupyroTcs B Kyoe (Q), To €CTh 5TH ypaBHEHHS MTPOCTIU-
PYIOTCSI €Ilie U Ha €AMHULLY. YpaBHEHHUS CO BTOPOTO I10 YeTBepToe U3 cuctemsl (1) Ha
CIIMHMILY HE MTPOCLHUPYIOTCS. DTO CBA3aHO C TE€M, YTO B MPEACTaBICHUAX (2) U1 UC-
KOMBIX #, V, W OTCYTCTBYIOT ClIaraeMble, He COJep Kale TapMOHUKH.

[Ipexxae ueM paccMaTpuBaTh PE3y/IbTaT YKa3aHHOTO IPOCLMPOBAHUS, TPUBOASTCS
3HAUCHHS HEKOTOPBIX TPOMHBIX HHTETPAJIOB.

Ecnu nmon TpoiHBIM HHTETPAIOM HET TAPMOHHMK, TO:

— a3
ff dx;dxjdx, = 8m".
. @
Ecnu nox TpOMHBIM MHTETPAIOM CTOUT OJIHA TAPMOHUKA, TO €CTh COS(AX,) MK

sin(kx ), TO 3HaUEHKE UHTETpana paBHO Hyr0. Hampumep:
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3 mw 1

fff cos(kx;)dx;dx;dxg = fcos(kxi) dx; - f fdxjdxq =0-4n?=0.
(@

-1 =T —TT

Ecnu mon TpoliHBIM MHTETpajioM CTOMT MPOM3BEICHUE JBYX TaPMOHHUK, TO OH
PaBeH HYJIIO 33 MCKIIOYCHHUEM CITyYaeB: apryMEHThI M YaCTOTHl y 00EHX TapMOHHK
OJIMHAKOBBIC, a TAK)Ke M CaMi TapMOHUKH OJMHAKOBBIC, TO €CTh MO/ WHTETPATIOM
CTOUT 4eTHast (PYHKIHS:

fff cos(kx;) cos(kx;) dx;dx;dx, = fff sin(kx;)sin cos(kx;) dx;dx;jdxq = 473
(@ (@

Ecmu mon TpoiHBIM MHTETpajioM CTOWT MPOM3BEACHHE TPEX TapMOHUK, TO OH
paBeH HYJIIO BCET/A, 32 UCKIIOYCHUEM JIBYX CITyJaeB:

J:U- cos(kx;) cos(mx;) cos(lx;)dx;dx;dxg = 213 Ay,
(@

fff sin(kx;) sin(mx;) cos(lx;)dx;dx;dxgq = 213 by 1,

@

e Juist Koucranr @, u b, (k, m, [ > 0) IMEIOT MECTO paBEHCTBA:

kom,l
Lecmml=k+mwml=|k—m|
km,l = { 0, B OCTaJIbHBIX CIyYasix; )
l,ecnl = |k —m|;
bymi =1 —lecml=k+m; (5)
0, B OCTaJIbHBIX CIyYasiX.
Takum 06pa3zoM, KOHCTAHTBI @, M b, He PaBHBI HYJIIO TOIBKO TOT/A, KO/ OJIMH
U3 MHJIEKCOB PaBEH CyMME HJIM Pa3HOCTH JBYX IPYTHX HHICKCOB.

JInst KpaTKOCTH Jlajiee MpUBEIeHa TOJBKO YacTh OCCKOHEYHOM CHCTEMBbI OOBIK-
HOBCHHBIX TH((EPEHIINATBHBIX YPABHEHHM ISl HCKOMBIX KO3()(GHIIMEHTOB TIPe/-
crapneHuit (2) [3]:

[ee]

1
83(8) =5 ) k=111 (8112 (6) + 12 (81102 (O) = V20 (D8312(0) +
=1
FV2 k2 () 0211 (t) — W3 1 (€03 42 (8) + W3 2 (£) 0311 () + (6)
+01 1,1 (O U2 () = 01 k2 (O Ug g1 (£) + Oz 41 (D) V2 (E) —
=812 V241 (8) + 0341 (OIW3 g 2(t) — O3 42 (D)W3 1(’5)};

8111 = [1+ 8o(t)luq, 2(t) + ZZ z m[ Qg U g1 () 81 m 2 (8) +

by m, iUk, 2 (6) 81 m1 (E) + g m, 151 k, 1(t)u1 m2(8) = biem 16112 (OUym 1 (©)];

(7)

1
8112() = —=[1 4+ 8o (t)]luyg 1 (t) + EZ Z M[bmpseths g1 ()81 ma (8) —
k=1m=1

=Dy 1 mU1 k2 (E)81,m,2 () =D 1 k01 k1 (E)Ug 1 (E) + Dy 101 k2 () Ug m 2 (t)]i

®)
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Ba(® = 14 8OO+ 3 9. D -2 s Oma® + o
+Dyem,1V2,k,2 (8)82,m,1 () + ak,m,l(SZ,k,f (_tl 71’]12—;2 (t) = bim, 182,12 (ODV2m 1 (BD)];
81200 = ~[1+ 8 (O3 1(0 +3 9 . Mbyn 0211 (gma (6) — (10
=Dy 1 mV2 k1 (t)02m 1 () — bm,l,k52,k,1(’;)_;21,nn: () + b ymO2 k2 (V2 m2 (t)];
20 = [1+ 8o(ws120) 45 ). ) Ml=Cumuss@sma® + (|,
Bl W12 (83,1 (0) + B3 OWs 2 (O = B B3 12 (W O]
2@ = (14 GOl 2O +3 ). D mlbmaasa©sma®@ = 1

k=1m=1

—bie1mW3,ke2 (£)83,m,2 (£) = i 11831 (OOW3m,1 (£) + Die 13,2 (OOW3 2 (O]
I=1,2,...

AHanoruunbie 0€CKOHEYHBIE CUCTEMBbI OOBIKHOBEHHBIX NUDdepeHIrnanbHbIX
YPaBHEHUH NONYHEHbI WIS: Po (L), i q(t), 1 =1,2,3;1=1,2,..; g = 1,2; cumBon
g IpUHUMAET 3HaYeHUs u, v, w, p [3].

B npaBoii uactu ypaBHeHUst (6) cTOST QYHKIUH, Y KOTOPBIX B KAUECTBE IEPBOTO
MHJIEKCA IPUCYTCTBYIOT U €IMHULA, U JBOIKa, U Tpolika. To ecTh B MpaBoii yacTu
ypaBHEHUs (6) TPUCYTCTBYIOT HCKOMBIE KOO (HUITESHTBI, CTOSIIIUE B TPEACTABICHUIX
(2) mepen rapMOHHUKAaMH, apryMEHTaMH KOTOPBIX ABJIAKOTCA U X, U X,, U X,. AHAJIO-
TUYHBIM CBOHCTBOM O0JIa/Ia€T U ypaBHEHHUE JUIA p(f), KOTOPOE 3/1€Ch HE TIPUBOIUTCS
BBH/JIy TPOMO3/IKOCTH.

Taxoxe IMEIOT MECTO creayrolue cBoicTBa [3]:

1. B mpaBbIx yacTsax kaxjaoro u3 ypaBHeHuil (7)—(12) npucyTcTBYIOT HCKOMBIE
KOS(I)(l)I/IHI/IeHTBI (Si,k,qa Uik,q> Vik,q> Wik,q> Pikgq> AMCIOIINE B Ka4€CTBE IEPBOTO
WHJEKCa TOJBKO TO 3HaYeHHE, KOTOPOE CTOUT MEPBBHIM MHIEKCOM Y MPOU3BOTHBIX
8;1,4(t) U3 neBbIx yacteit ypasrenuii (7)—(12). CrenoarenbHo, cHCTEMa 0OBIKHO-
BeHHBIX AnpdepennnanbubX ypasuenuit aua 6;,,(t) (i =1,2,3, 9 =1, 2)
pacIIeIuIsieTcs 1o IePBOMY HHJIEKCY: B CUCTEMY OOBIKHOBEHHBIX AU PepeHIaTbHBIX
ypaBHeHuit 1uist 8;; ,(t) He BXOAAT HCKOMbIE (DYHKIIMH, y KOTOPBIX HEPBBIii HHIEKC
HE PaBeH NEPBOMY MHJEKCY y kodbduuuenta §;;,(t), crosmero B neBoii yacTi
ypaBuenus (7)—(12).

2. [lpucyrcTByromuii B MpaBbIxX yacTsx ypaBHeHui (7)—(12) uckombiii Koadu-
IUEHT O(f) BXOAUT TOJLKO COMHOKHMTEJIEM MEPE] JIMHEHHBIMH CIIAra€MBbIMHU C
U,q (t), V2,1q (t): W3,1q (t)

3. Bce nuHeliHbIe craraeMble U3 MPaBbIX YacTel B KaueCTBE BTOPOTO MHAEKCA
HUMEIOT TaKO€ KE 3HAYEHUE, YTO U BTOPOM UHJIEKC Y MPOU3BOIHOM U3 JIEBOM YaCTH.

4. Bce HenuHeHHBIE cllaraeMble M3 MpaBbIX yacTed ypaBHeHuil (7)—(12)
00s13aTeJIbHO B KAY€CTBE COMHOKUTEIISI UMEIOT JIMOO0 KOHCTAHTY (4), THOO0 KOHCTAHTY
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(5) ¢ COOTBETCTBYIONIUME MHIEKCAMH, OJIUH M3 KOTOPBIX 00s3aTeIbHO €CTh /, SIBIIs-
FOIUICS YaCTOTON TapMOHHKH, HA KOTOPYIO TIPOU3BOUTCS TPOCIIUPOBAHUE.

CgoticTBa 1—4 UMEIOT MECTO | 7S OCTAITBHBIX OSCKOHEYHBIX CUCTEM OOBIKHOBESHHBIX
mibdepeHIManbHbIX YPaBHEHHH 1St KOO(QPUIMEHTOB g 4 ® (g -u,v,w,p)[3]

Teopema 0 KpaTHBIX YACTOTAX. / [ycmb 3a0anbl mpu HAOOPA YETIbIX NOTONHCUMETLHBIX
uucen nly, n2j, N34, 20e 1 <i < N1,1<j < N2, 1<q < N3, u ux naubonsuue
oenumenu:

dy = HOA(n1y,nl,, -, nlyq); dy = HOA(N2{, 125, ,n2x2);
d; = HOZI(n34,n3,,+,n3y3).

Ilycms npu t = 0 HayarbHble danuvie (3) codepocam KOHeuHOe HYUCTO 2APMOHUK,
npuvem 2apMOHUKU, 3asuciuue om X, umeiom vacmomsl nly,nly, -, nlyy;
3asucswue om X, — 4acmonvl N2q, N2y, , N2y, 3a6UCAWUE OM X, — YACMOMbL
n3,,n3,,--,n3y3. Toeda 6 pewenuu 6eckOHeUHOU cucmemsbl 0ObIKHOBEHHbIX
oughpepenyuanvuvix ypaenenuil ece kodspguyuenmor 8i1,q, Uilg Vitg Wilg Pilg,
¥ Komopblx 6mopoti unoexc | ne kpamen wucy d, 6yoym moscoecmeeHHbIMU HYIAMU.

Teopema rOBOPUT O TOM, YTO B PEIICHUHU, NPEACTABICHHOM B BUie (2) U
COJICpKAIllUM B Ha4YaJIbHbII MOMEHT BPEMEHHU TOJBKO KOHEUHOE YHUCIIO TapPMOHUK,
pu ¢ > 0 MOTYT IIPUCYTCTBOBATh FAPMOHMKH OT X, TOJILKO € 4aCTOTaMH, KPAaTHBIMH
d,i=1,2,3.

CrnenoBarenbHO, JAJIs pacCCMaTPUBAEMbIX TSUSHHI UMEET MECTO Pa3/IelICHHE YaCTOT
TI0 HAMPABJICHUSM: TP Pa3/ICICHUH POCTPAHCTBECHHBIX ICPEMEHHBIX B HAYAIbHBIX
YCJIOBUSX TOJIy4aeTCs, YTO B PEIICHUU YaCTOThI TAPMOHUK OKa3bIBAOTCS TAKIKE
pa3aesieHHBIMU 110 TIPOCTPAHCTBEHHBIM TIEPEMCHHBIM.

TeopeMa qoka3bIBaeTCsi METOAUKOM, mpennoxeHuoil B [2; 10] mns ciyuas
OJTHOMEPHBIX TeueHuH. OCHOBHOM MOMEHT JI0Ka3aTelIbCTBA CIIETYIOIIHA.

Hampumep, mycTs /, He kpateH d,. B rpynne ypasnenuii (7), (8) monaraercs:

fl,l*,q =0,9=12;f: 6,u.

Torma 3Ta rpyrmna ypaBHeHUI 00paTUTCS B TOXKICCTBA: CIIEBa HYJIb, CIIPaBa JIMHEHHbBIC
cllaraeMble TOXE HYJIM, & HEJIMHEWHBIC ClIaraeMble 3aHYJISITCS M3-3a MPUCYTCTBUS
HYJIeBBIX COMHOXUTeNeH (4), (5). PaBeHCTBO 3THX K03(DPHUIIMEHTOB HYIIO B paccMa-
TPHUBAEMOM CiIydae 00ecreynBatoT JeMMbl u3 [2; 10].

Jlemma 1. Kosghpuyuenmor Qg m 1, by 1 He pasnuvl mynio, xoeoa moboii ux undexc
Pasen cymme Wit pasHoCmiL 08yxX Opyeux UHOEKCO8, U Pa6HbL HYIIO, €CTIU IO He BbINOTHACNCSL.

Jlemma 2. Ilycmo Cy | — Maccug uucen, CoCmosiuutl u3 KOHCmanm Qi m1, by m.1.
Takorce nycmo umeromesi 08a ir00bIX HECKOHEYHbIX HAbOpa Yucen
(91,92, ), (he, ha, ),
8 KOMOPbIX OMAUUHBL 0T HYJISL MOIBKO YUCA C UHOEKCaMU, KpamHuviMu d, mo ecmo ¢
unoexcamu d, 2d, 3d, ..., a ocmanvHole uucna pagust Hymo. Tozoa, eciu [ ne denumcs

Ha d, mo 06ouHas cymma:
=) Cemliim (13)

k=1m=1
pasua Hyiuio.
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3ameuanne 1. TeopeMa O KpaTHBIX YacTOTaX CIIPABEJIMBA U JUIsI CUCTEMBI
ypaBHEHUI ra3oBoi AMHAMUKH, KOTOpas moiyyaeTcs u3 cuctemsl (1), eciau B Hel
nos0KuTh w1, = 0, k, = 0.

3ameuanue 2. V3 Teopembl cienyeT, uTo perieHus Bujia (2) He o0nanarT
CBOMCTBOM «YJIBOCHHE 4aCTOT», KOTOPOE MHOTIIA TPEANOJIATa0T B TSUCHUIX BA3KOM
CIuIoITHOM cpeanl [11].

3ameuanmne 3. ABTOpY NIPUBEIACHHON TEOPEMBI O KPATHBIX YaCTOTaX HEHM3BECTHEI
paboThI, B KOTOPBIX XOTs ObI 1151 (DOPMAIIbHBIX PEUICHUI KOHKPETHBIX HEJTMHEHHBIX
yYpaBHEHUI C YaCTHBIMH IPOU3BOAHBIMH ObLT ObI JI0Ka3aH (haKT, COOTBETCTBYOIIUIH
JJAHHOW TeOpeME.

3ameuanue 4. Teopema TOBOPUT O TOM, KAKUX YaCTOT HE OYIET B PEIICHUU MPH
¢t > 0. YucneHHoe mOCTPOCHUE PA3HOCTHBIMU METOAAMHU pelieHut 3anaun Ko amst
cuctemsl (1) ¢ mepuoAMYECKUMU HauyaIbHBIMHU JaHHBIMH, COJCPKAIIUMU KOHEYHOE
YKCJIO TAPMOHHMK, TIOKA3bIBACT, UTO HPH ¢ > () B PEIIICHUH MOSBIISTIOTCS HOBBIC TAPMOHUKH
C 4acToTamu, KpaTHbIMU d,. B oHoMepHOM citydae 31oT (akT nokasan B [10].

B kauecTBe WILTIOCTPUPYIOIIECTO MPUMEPA B IBYMEPHOM CIIydae PEIICHUE 3a1a49u
Komru st cucremsl (1) ¢ HauanbHBIMU JJAHHBIMU:

Sle=0 = 1, Ule=g = Vl|t=0 = 0, plt=0 = 1 + 0.05 cos(2x) + 0.05cos(3y)
OBLIO TIPOBEJICHO PA3HOCTHBIMH METOIAMU.

Ha puc. 1-5 npuBeieHbI pe3yJibTaThl PACUCTOB JABJICHUS B MOMEHTBI BPEMEHHU
t =0;5,2;11,3;15,2; 20 — MOBEPXHOCTH B JIEBBIX YACTSIX PUCYHKOB. Pe3ynbTaTs
YUCJICHHOTO MPOCIIUPOBAHUS ITHX MOBEPXHOCTEH Ha KOHEYHOE YHCIIO 0A3UCHBIX
¢yuxumit: 1; cos(kx); sin(ky); k =1,2,...,20 — npuBeieHBI B IPaBbIX 9aCTSX
PUCYHKOB KaK 3HauCHUsI MOJYJeH k03()(OUIIMEHTOB, CTOSIUX Tepel TAPMOHUKAMHU
C COOTBETCTBYIOLUMHU YaCTOTAMH.

Pacuersl pa3HOCTHBIME METOZAMHU MTOKA3aJIH, YTO C POCTOM BPEMEHU B TCUCHUU
THOSABJIAIOTCSA HOBBIC FADMOHMKM: OT X, C 4acToTaMu 2k, OT X, ¢ 4actotamu 3k. Am-
TUTUTY/BI 3THX FAPMOHHUK, KaK U B OJIHOMEpHOM ciydae [2; 4; 5; 9; 10], BenyT ceOst
HEMOHOTOHHO.

t_ O 0.06 ‘

004 |—

002 T
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004

002

k
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TacToTH IO mepeMeHHOI y

Puc. 1. NaBnenue nipu ¢ = 0 Fig. 1. Pressure at 1 =0
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Puc. 5. JlaBnenue npu ¢ =20 Fig. 5. Pressure at t = 20

Asrop 6marogaput B. E. 3ambicioBa 3a monesusie oocysxmenus u 1. I1. CkaukoBa
3a IPOBE/ICHUE YUCIICHHBIX PACYCTOB.

3akJjrouenne

B nannoii paboTre BHepBBIe Ta30JMHAMUYECKUE ITAPAMETPHI CKMMAEMBIX BA3KHX
TETIONPOBOAHBIX TEUCHHH MPECTABICHBI B BH/IE OECKOHEYHBIX CYMM rapMOHHK OT
NPOCTPAHCTBEHHOW MEPEMEHHOI ¢ HEM3BECTHBIMU KO3()(DUIIMCHTAMHU, 3aBUCSIIUMH
ot BpeMeHH. J1jis1 3TuX kK03 OUIIMEHTOB MOTy4YeHbI 0ECKOHEYHBIE CUCTEMbI OOBIKHO-
BEHHBIX IU((PepeHINANBHBIX YPaBHEHHH, aHAIN3 KOTOPBIX IIO3BOJIMI 10Ka3aTh TEO-
peMy O KpaTHBIX 4YacTOTaxX. B 4acTHOCTH, TeM caMbIM YCTaHOBIIEH (aKT pa3/esICHUs
HE3aBUCHMBIX IPOCTPAHCTBEHHBIX IEPEMEHHBIX B ITOJYYCHHBIX PELICHUSIX. AHAIHU-
THYECKHE PE3YJbTaThl, YCTAHOBICHHBIE TEOPEMOIl O KPAaTHBIX 4aCcTOTax, MPOUILITIO-
CTPUPOBAHBI PA3HOCTHBIMHU PACUETaMHU.

[TpencraBisercs, 9To MOCTPOCHHBIC PEIIEHNS] MOYKHO MCIIONIB30BaTh ISl MIPHOIHU-
YKEHHOTO IIOCTPOCHUSI PA3TMIHBIX TEHEHHH CXKUMAEMOT0 BS3KOTO TETIONPOBOIHOIO rasa.

PaspabarbiBaemast METOAMKA TIPEACTABICHHS PEILICHHH ITOTHOM CHCTEMbI ypaBHEHHI
Hasbe-Crokca noka3zaina cBoro 3hGeKTUBHOCTb IPH aHATUTHIECKUX HCCIICIOBAHUSX.
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Abstract

The analytical construction of the exact and approximate flows of the compressible viscous heat
conducting gas causes great difficulties. We propose a technique for simulating one-dimensional
flows of a compressible viscous heat-conducting gas in which gas-dynamic parameters are
presented as infinite sums of harmonics from a spatial variable with unknown coefficients
depending on time. For the unknown coefficients, infinite systems of ordinary differential
equations are obtained. When the finite number of terms in the trigonometric series is taken
into account, the corresponding finite systems are numerically integrate. In this paper, this
method investigates the special cases of three-dimensional non-stationary periodic flows. For the
unknown coefficients of infinite trigonometric series, an infinite system of ordinary differential
equations is obtained. A concrete property of the solutions of this system is established: the
multiplicity theorem describing the set of frequencies arising in the solution.
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