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BBIYHNCJIEHASA COBCTBEHHBIX YUCEJI CHEKTPAJIbHOM
3ATAYA OPPA —30MMEP®EJIBJIA

Kanuenko C.U., Topumua O.A., Psizanosa JI.C.
@I'BOY BO «Maenumoeopckuii 2ocyoapcmeenHblil mexHudeckuti yHusepcumem um. 1" M. Hocosay,
Maenumoeopck, e-mail: olganica@mail.ru

OueBHIHO, YTO TPYIHOCTH BO3HHKAIOIINE B MPUMEHCHHN TCOPHH BUXPEBBIX TCUCHMUI, BO MHOIOM 00YCIIOB-
JICHBI CAaMOH BBIYHMCIIHTEILHOM MPOLIEIypOol HaXoXKIeH s COOCTBEHHBIX uncen oneparopa Oppa — 3ommepdenbaa,
KOTOPBII OTHOCUTCS K HECAMOCOIIPSKEHHBIM oIlepaTopaM. B paboTax aBTOpoB cTaThH pa3padoTaH YHCICHHEINH Me-
TOJI BBIYMCIICHHUS NMEPBBIX COOCTBEHHBIX YHMCEN JUCKPETHBIX IOITYOrPaHMYCHHBIX ONEPATOPOB, KOTOPBIH MOIYUHII
HaMMEHOBaHHE METOX peryisipu3oBaHHbIX ciiefoB (PC). B crarbe omicana MeToHKa HCIIOIb30BaHMS 9TOTO METOA
PC st onpeneneHnst COOCTBEHHBIX YHCEN COOTBETCTBYIONICH KpaeBoi 3agadn. Hamnpsimyro npumensts meroxg PC
K peleHno npsamoii 3agaun Oppa — 3ommepdernbaa Hesb3s. [103ToMy ¢ BcrioMorarenbHoil 1esblo HaMu ObLa mo-
CTaBJIeHa CIICKTpaJIbHAS 3a/[a4a, B KOTOPOH IpocMaTpuBaeTcs aHaluorus ¢ 3agadeil Oppa — 3oMmepdensaa B 4acTi
COBITAJICHHs COOCTBEHHBIX 4ncel. I1omydeHbl HOBBIC OLCHKH PEryISIPU30BAaHHBIX CIIEJ0B AUCKPETHOTO ONEepaTopa.
Haiinens! GpopMyIIbl, O KOTOPEIM MOXKHO BBIYUCIIUTE MOIPABKH TEOPHU BO3MYILIEHHIT He0OX0quMoro nopsiaka. (s
MPOBE/ICHUS BHIYNUCIIUTEIBHBIX IKCIIEPUMEHTOB B CPE/Ie MaTeMaTHYECKOro rmakera Maple HammcaHbl POrpamMMBbl,
MO3BOJISIIOIINE HAXOANTh NPHOIMKCHHBIC 3HAUCHHsS MEPBBIX COOCTBEHHBIX YHCEN HCCIeIyeMoil 3agaun. Beibop
MaTeMaTHIecKoil cpensl Maple 00ycIoBiIeH TeM, YTO IIPH YHCICHHON peanu3ayu pa3paboTaHHOTO alTrOpHTMa He-
00XOANMO MPOU3BOUTH OIEPALHH C ACHCTBUTEIBHBIMH YUCIAMH C OONIBIION MAHTHCCOM.

KuoueBble ciioBa: CHEeKTpPaJIbHAAA TeOpUs, YMC/JICHHbIC METOAbI, CcoOCTBEHHbIE qucjia, peryjispusoBaHHble CJI€Abl,
KpaeBble 3a1a491

EIGENVALUES CALCULATION OF ORR-SOMMERFELD SPECTRAL PROBLEM

Kadchenko S.I., Torshina O.A., Ryazanova L.S.
Nosov Magnitogorsk State Technical University, Magnitogorsk, e-mail: olganica@mail.ru

It is known that difficulties appearing in the linear theory of viscous fluid flow stability are much interconnected
with computational problems of finding eigenvalues of non-self-adjoint operators including Orr-Sommerfeld
operator. The numerical calculation method of the first eigenvalues of discrete semibounded operators has been
developed in the works of the article authors. This method has been called regularized tracks method (RT). The
technique of this method usage for findingapproximate values of the first eigenvalues of Orr-Sommerfeld boundary-
value problem is described in the article. This method (RT) cannot be used directly to solve Orr-Sommerfeld direct
task. Consequently the auxiliary spectral task has been built where the array of eigenvalues coincide with the array
of eigenvalues of Orr-Sommerfeld task. New regularized tracks estimations of discrete operator have been obtained.
Formulae to calculate amendments to the theory of necessary order perturbation have been found. For conducting
calculation experiments in mathematical package medium Maple the programs that allow to find approximate values
of the first eigenvalues of Orr-Sommerfeld spectral task have been written. The choice of mathematical medium
Maple has been made due to the necessity to make operations with real numbers with large mantissa.

Keywords: spectral theory, numerical methods, eigenvalues, regularized traces, boundary value problems
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Lens nccnenoBanus: pa3paboTars aITOPUTM HaXOXKJIEHUSI METOZIOM PeryisipU30BaHHBIX Clie-
JIOB COOCTBEHHBIX YHCEJ MPSAMOH CHEKTpaibHOH 3agaun. CpaBHHUTH MOJYYCHHBIC PE3YNbTAThI
BBIYMCIICHUSI COOCTBEHHBIX ynced MeTogoM PC ¢ onmyOiaMKOBaHHBIMHM MPUMEpPaMH BBIYMCICHUI
COOCTBEHHBIX YHCEJI B HAYYHOM JIUTEpaType.

MarepuaJjibl 4 METOAbI UCCJIETOBAHUS

HpHMeHI/IM OIMCaHHLIN METOH B IMIPUJIOKEHUHU K MOCTABIICHHOM 3aj1aue
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HeluHelHbIX ypaBHeHuil (18), He coxepikar [7] uucna PeliHonbaca R, ciieoBaTeIbHO, Ul pa3InuyHbIX R MOXKHO HC-
TM0JIb30BaTh UX 3HAYEHUS JUIs BHIYMCIIEHNS COOCTBEHHBIX ynceln. HyXKHO NpHHUMATh BO BHUMAHHE, YTOOBI IPH HAX0XK-
JIEHUH COOCTBEHHBIX YHCEI 3aBHCSIIAs OT R abComoTHast ommOKa NMema MPEeayCMOTPEHHBIE PE/IETHI.
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KonuuecTBo cOOCTBEHHBIX YHCEN 71, MOICKALIMX
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[IpumeHeHne npeanaraeMoro MeToja Juist
M3y4YeHUs TEYeHUH c OonpmiumMu oR TIpen-
ycMarpuBaeT HaxoxiaeHue ¢ (n,) BBICOKO-
ro mopsiaka o ¢popmynam (3) U onpeaereHue
KOpHeW MHorouwieHa Oonpmoit creneru (20),
YTO MOKHO OCYILIECTBHUTh YUCIIeHHO. [Ipu dmc-
JICHHOW pealu3aliiyd OMHCAHHOTO alropUTMa
HEOOXOMMO MPOHM3BOAUTH ONEpaLUH C AeH-
CTBHUTEJBHBIMU YUCIIAMH C OOJIBIION MaHTHC-
COH, YTO TTO3BOJISIET C/ETaTh Cpea MaTeMaTH-
geckoro makera Maple.

HAMCECT BUJL Pe3ynbraThl HEKOTOPBIX UUCIIEHHBIX pacye-
TOB BBIYUCJICHUS TIEPBBIX COOCTBEHHBIX YHCEI
R< q:D-H —‘Ii cniekTpansHoi 3a1a4 (7), (8) { B, } puBe-
2a|P JIeHbI B Ta0m. 1, 2.
Tabamuuna 1
ITepBrie coOcTBeHHBIE yncna R =45, R = 65
n a=0,L; U =1LU=1
R=45 R=65
B, 5, B, 5,
1 0,3555-18,7723 1 0,00016 0,3554 - 6,0741 i 0,00012
2 0,4884 — 17,9481 i 0,000043 0,4884 — 12,4256 1 0,000030
3 0,5264 — 35,0894 i 0,000023 0,5264 — 24,2924 i 0,000019
4 0,5512 — 53,0490 1 0,0000084 0,5512 —-36,7261 1 0,0000058
5 0,5580 — 78,9545 1 0,00000088 0,5580 — 54,6607 1 0,00000064
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Taonauna 2
[lepBbie cobcTBeHHbIe yncna R = 500, R = 1000
n a=0,; U=1U=0
R =500 R=1000
B, 8, B, 9,
1 0,4977 -0,8322 i 0,000029 0,4471 -0,4799 i 0,000022
0,5048 — 1,6019 1 0,0000066 0,5935-0,7748 i 0,0000035
3 0,4959 — 3,1523 i 0,0000043 0,4322 -1,5743 1 0,0000023
BriBoabI 3. Beruncienne mepBeIX COOCTBEHHBIX YHCEIl JIUCKPETHO-

[IpoBeneHHBIE MHOTOYHMCIICHHBIE BBEIYHC-
JICHUSI TTOKA3bIBAIOT BBICOKYIO BBIYHCIIHTEIIb-
HYI0O J(QQEKTUBHOCTh HAXOXKJCHUsS 3Haue-
HUI MepBBIX COOCTBEHHBIX YHMCEI Oleparopa
Oppa — 3ommepdenbaa.
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