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CIEKTPAJIbHI MAIIUHHI METO/IU PO3B'SI3YBAHHS
HEOJIHOPIJTHOT 3AJTAUI JIPIXJIE

Anomauia. Y cmammi po3skpumo, wo CheKmpaibii NOAHOMIAIbHI anpoKcumayii
Maromy eiuKe 3HAUEHHS 8 THHCEHEPHIU, 2iOPOOUHAMIYHIT 0OIACMSIX 3ACMOCY8AHH.
3anpononosano wiiaxu po3eUmMKy CHEKMpaibHUX Memooie O pO36'si3aHHs
Kpaiogux 3a0ay O elinmMUYHUX PIGHsIHb. 3 6UKOPUCMAHHAM (DYHOAMEHMAILHUX
i0etl, cmeopeHo MeXHIKY 3a Memooamu OUCKPemu3ayii PIGHAHHI MAa ePAHUYHUX
VMO8, KA 3aKIHYYEMbCS NOBHUM AN2OPUMMOM OJisl BUPIUEHHS KIACUYHOT 3a0ayi
Uipixne. Memoo keazi-cnekmpaibHux NOJIHOMIS 3ACMOCO8aHO 00 NOOYOO8U
WEUOKUX HADIUdICeHb PO36 3Ky Kpailogol sadaui /lipixie.

Knrouosi cnoea: mooenosanns, 3adaua Jipixie, K8azi-cnekmpaivhi NOIHOMU

Annomayun. B cmamve packpbimo, umo CneKmpanbHbie ROTUHOMUAIbHBIE
ANNPOKCUMAYUU UMEIOM BANCHOE SHAUEHUE 8 UHIHCEHEPHOU, SUOPOOUHAMUUECKOU
obnacmsax npumenenus. Ilpeonodcenvl nymu pasgumus CHeKmpaibHbix Memooo8
01 peuieHus Kpaeguvix 3a0ay 07 danunmudeckux ypasvernuti. C ucnonv3osanuem
@ynoamenmanvHoix uoetl, NPednIoNCeHO MEXHUKY NO Memooam OUCKPemu3ayuu
VPAaHeHUs U SPAHUYHBIX YCIIOBULL, KOMOPAA 3AKAHYUSAEMCS NOTHLIM ANCOPUNMOM
ona peuteHus Kiaccuyeckou 3adaudu [lupuxie. Memoo keasu-cneKmpanbHbix
NOTUHOMOB NPUMEHEH K NOCHMPOCHUIO NOTUHOMUATLHOU anNpOKCUMAYUl pettenus
Kpaesoti 3adauu [upuxie.

Kniouesvie cnosa: moodenuposanue, 3adaya [Hupuxie, Keazu-cneKmpaibHbie
MHO2OUIEHDL.

Annotation. The article deals with spectral polynomial approximants which are
impotent in engineering, and fluid dynamics. The aim of this work is to create
spectral methods for solving boundary value problems for elliptic equations.
Starting from the fundamental ideas, we go further on building techniques, as the
treating of boundary conditions, finishing with a complete algorithm to solve a
classical Dirichlet problem. The method of quasi-spectral polynomial is applied
to the constructing a polynomial approximation of solution of the Dirichlet
boundary value problem.

Keywords: modelling, Dirichlet problem, quasi-spectral polynomials.

CTBOpeHHs1 MIBHIKHMX alITOPUTMIB PO3B’s3yBaHHS 3amadi Jlipixyie macth
3MOT'Y TIOKpPAIUTH €(EeKTUBHICTh, BKITIOYAI0OUHN BH/KICTh MATMHHAX O0YUCIICHbD
Ta EKOHOMIIO OIEpaTHBHOI MaM SiTi, MAIIMHHOTO MOETIOBAHHS IPONECIB



riponuHaMiky. 3amadi TyT HaJ3BUYaiHO aKTyallbHI 1 pa30oM 3 TUM CKJIAJHI 1 HE
BUpIIIEH] 3aJO0BUIBHO 10 TENEpilIHHOro dYacy SK y IUIaHI MOJETIOBAHHS
TIAPOAMHAMIYHAX TIPOIECiB, CTBOPEHHS (DI3UYHUX I MATEMATHYHHX MOJIEIICH,
Tax i B IUIaHI CTBOPEHHS HAAIHHOTO MPOrpaMHOT0 3a0e3IeUeHHSI.

[epmumii noBruii erar B icTOpii BUBUEHHS 3aKOHIB TEOPETUYHOI TiJPOMEXaHIKH
OyB moB’s3aHuii 3 imMeHamu Elinepa, JlamambOepa Ta IHIIMX MOCHITHUKIB 1
MIPUCBSIYEHUI TOTECHIIAMIBHAM TedisM 1JealbHOI Ta HECTUCKYBaHOI piIUHH.
3uamenunTnii napanokc Eiinepa-/lazambepa rmpo piBHICTh HYIJIO CyMapHOI CHIIH,
siKa Jli€ Ha TUT0, OOTIYHE MOTOKOM, BHSIBHB HEIOCKOHAIICTh TEOPil iJeanbHOL
pimvHu. JleTanbHuUii aHasi3 BOTO Ta 1HIIMX MapaJloKCiB MOJaHO B KHU31 BBIIOMOrO
Matematuka bipkroda «Hydrodynamics, A study in logic, fact and Similitude».
MarematuuHa MOJieNb B’s13K01 piguHU 3 piBHAHHIMHU Hap’e-CTokca mokimnkaHa
Oyna yCyHYTH YMCIICHHI MapaJoKcu i 3HaYHE PO3XOIDKEHHS 3 NMPaKTUYHUMHU
criocTepexeHHAMU. AJie, JUisi HelmiHIHHKUX piBHsHb Hap’e-CTokca MpakTHYHO HE
Ma€ SIBHUX aHaIITHYHUX PO3B’S3KIB JUIsS BCTAHOBJICHHS BiJNIOBIJTHOCTI PeajbHIM
seuiam. [lonpu Manuii 3amac To4HMX po3B’si3KiB piBHsAHBb Hap’e-Crokca i TyT
Oyno 3HalIeHo psa mapaZokciB. Bee 1e Bkasye Ha Te, HIO HE3Ba)XalO4YM Ha
JIOBT'Y 1CTOPiIO PO3BHUTKY B TiJIPOJJMHAMIII OUiKYyeThCs 0arato BiaKpuTTiB. I Tomi
KOMIT'IOTEpHHUM €KCIIEpUMEHTaM OyJie OiJiblle TOBipH, a 3HAUYUTh OTPiOHO Oy/ie
MEHIIIe BUTPAT JIJIsl BUIPOOYBaHb B I'iIPOJMHAMIYHKIX TPpyOax.

ABTOpPOM pO3p00JICHO METO/ KBa3i-CIEKTPAIbHUX TIOJIIHOMIB, KW HaJIeKUTh
70 KJIacy CNIEKTpaJIbHUX METOAIB 1 IPU3HAUCHUH JJI1 MAIIMHHOTO PO3B’A3yBaHHA
3anau 3 piBHsHHAMU Hap’e-Crokca, sik JiHIHHMMH Tak 1 HenmiHiiiHuMmu. KBasi-
CHEKTpajbHI TMOJIHOMHU BiIKpUB aBTOp B cepenuHi 80-x. Bonu BusiBIIHCH
KOPHUCHUMH U1l MAIIMHHOT'O PO3B’A3yBaHHS PAAY 3a7ad MaTeMaTH4HOI (i3UKH,
SIK eNNTUYHOrO Tak 1 mapabomiyHoro TumiB. CBOEIO 4eprow a0 IMX 3aaad
aBTOpa npuBenH 3anaui MoxaemoBanus CAIIP, B mepury uepry ontumizamii 3a
o0csiraMu OMepaTHBHOI MaM’sITi Ta MBHIAKOAIT. Y Wil poOOTi MU 30CepeIrMOCh
Ha TIOpIBHIHO HECKJIAJHIN 3a/1adi, sIKy MOTPIOHO PO3B’SI3yBaTH HAa KOMII FOTEpI
JECATKA 1 COTHI THUCSY pa3iB B CEKYHIY, TOMY aKTyaJbHUMH € aHAi3 3 TOYKH
30pY MIBUAKOCTI OOYHCICHB.

AmapaT KBa3i-CIIeKTpaJbHUX MOJIHOMIB MOXE IIMPOKO BUKOPUCTOBYBATHUCS
JUTA pO3B’sI3YBaHHA KpaHOBHX 3a7ad Uil TUQepeHLiianX piBHIHb, 3ama4di Korri
JUIA CHCTEM 3BHUYAMHMX HEJTIHIMHMX piBHSAHB Ta iHmUX 3amad [1—4]. Omgniero 3
TIEPIITNX POOIT 3 KBa3i-CIIEKTPATLHIX MOMHOMIB Oyina pobora [1]. Y mpormoHoBaHii
poOOTi 3aCTOCOBAHO paHillle BUBYCHI BIACTHBOCTI KBa3i-CIIEKTPATBHIX TIOMIHOMIB
Ta BiAMOBIHHUX psafiB Pyp’e 10 po3B’sI3yBaHHS KpaHOBUX 3a7ad IS eTiITUIHIX
PIBHSIHB 13 HETIEpEepBHUMHU KOeillieHTaMH.

Merton BiZHOCHTBCS /O KJacy BHCOKOTOYHHMX Ta HEHACHYCHHX METOIIB
PO3B’s3yBaHHS 3a/lad MaTeMAaTHYHOI (i3UKH, SIKi PO3TIISAIAIOTECS B KIACHYHUX
MoHorpadisx. Po3risiHeMo 3acTOCYBaHHS METO/Y KBa3i-CIIEKTPAITBHHUX TOJIIHOMIB Ha
TIPUKJIAIi MOACIBHOI 3a/1a4i UTS eIITUIHOTO PIBHSHHS 13 3MIHHIMH Koe(illieHTaMu
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3 ymoBamu /[lipixie.
3amaua monArae B ampokcuManii HeBimomoi ¢yHKmi U=U (X, y) 3a
JIOIIOMOT' 010 po3BUHEHHS B psian Dyp’e-Jlexxanpa ta ananoriuni psau Oyp’e 3a
KBa3i-ClieKTpaabHUMK nosliHoMamu. [Ipumyctumo, mo U eW, ([—1,1]2) .
VY crarTi po3risaaThes GYHKIIT ABOX 3MIHHUX, IHTETPOBHHX 3 KBaJIPATOM:
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BiZIOBITHO.
Jiist BiIpi3KiB LUX Ps/IiB 3aIPOBAANMO TTO3HAYCHHS:

n,s
n,s

= 20 u R ()P (),

i=m,j=r

IPH IIbOMY OYEBHIHMM HMHOM BH3HAYHMO ONEPaTOPH IIPOCKTYBAHHS 77,
n,s
00pa3u 3Ha4YeHb SIKUX OyZeMo MOo3HaYaTH yepe3 M.

Oynkuii ABOX 3MiHHUX U = u(x, y) MOCTaBUMO Yy BIMOBIJHICTH CKIHYEHHM

psnam ®Oyp’e 3a KBa3i-CrEKTPaIbHUMH OJIIHOMAMH:
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Mix koedinientamu ®yp’e dyHKUiH U Ta iX MOXigHMX U, U, ICHYIOTh
TIPOCTI 3B’SI3KH JJIS1 KOXKHOI 13 CUCTEM KBa3i-CHEKTPAIbHIX ITOJIHOMIB.

Hasenemo onny 3 Hux [4—6]: dopmynu s BupaxeHHs koedimieHTiB Oyp’e
JPYTHUX MOXIHUX BIJJHOCHO OPTOTOHAJIBLHO 0a3WCYy i3 TONIHOMIB IIEPIIIOTO POIY:

u;x,i = _Aiouio + doiAiu + roi [ux];n+2—i” I = 1’ Rt 2n' (2)

IMapamerpu qudepeHuiroBanss 4 ,d., 1 1 iH. He 3amexars Bix wi€i QyHKIi
ueWw, [—ZLl], a 3aJIeXaTh JIMIIE BiJ JaHOrO HATYpaJIbHOrO mapamerpa n i
MONIUPIOIOTHCS HA PYHKINT BOX 1 Oisblie 3MiHHUX [4-6].

BuyTpinmHi koedinieHTH OyeMO 3HAXOIUTH 13 €TINTHYHOTO PiBHSIHHS.
[epexonstun 10 xoediuieHTiB Oyp’e B €AINTHYHOMY PIBHAHHI, OTPUMAEMO

Lo ], ] o 1T ®

Bukonyroun nudepeHiitoBanHs B koeginientax Oyp’e 3a hopmynamu tury (2),
TOYHIILIE 34 IX aHAJIOraMH JUIA JBOX 3MIHHMX:
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PosBuHEMO QYHKINO U, B KBa3i-CIEKTPANbHUH PSJI BUTIIALY

Tyr 1 mani 3amumok psay Pyp’e-Jlexanapa ans KOMIAKTHOCTI Oymemo
omyckatu. [IoMHOXMMO 0OWIBI YACTHHU PIBHOCTI HA a 1 3HalAeMO Koe]imieHT

®yp’e onepxanoro Bupasy | |
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[TincraBIMO CrOM KOSQIi€HTH ITOXiTHOI Yepe3 KoedimieHTH caMoi (PYHKIIIi:
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I3 oepxaHuX piBHOCTEH, AiCTAHEMO CUCTEMY JITHIMHUX anreOpaiuyHux
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Bemuuunu @, . 004uCIIOIOThCA 3@ BIIOMHUMH KOe(illieHTaMU €IiITHYHOIO

PIBHSHHS Ta BIJOMMMH KpalOBUMH 3HAaYeHHSAMHM QYHKLIi U, TpoTe s

O0YHCIIEHHS BEIMYMH &, HEOOXiTHO 3HATH HEBIIOMHMH  pO3B’A30K

PO3TIISITYBaHOT HAMU KpaloBOl 3a/1a4i.

OHyIJ_leHHH BCJIUYHUH &, y NPAaKTHIHHX O00YHCIEHHAX ICTOTHO HE BILIHMHE

Ha TOXWOKY B 3HAXO/PKCHHI HAOIMKCHOTO PO3B’SI3KY B METPHI TPOCTOPY
2
L ([-211).

3HalIoBIIM KpaloBi KoedimieHTH U

0,0

2n+2-i',j?

0,0

i,2n+2—j' >

u a i3 onepkaHol

CHUCTEeMM JIHIHHMX anreOpaiuHux piBHSAHb (4) BHYTpimHI KoedilieHTH
U; J, 1<i, j£2n, moOyayeMo TOTiHOM:

oo = Uy K (OKS (y)-

i=1 j=1

SKUI anpOKCUMY€E TOYHUI PO3B’sI30K TocTaBieHol 3anaqi ipixue.

BucHoBkHn. 3acTOCOBAaHO METOJ| KBa3i-CIEKTPaJbHUX IOMIHOMIB JUIs
HaOMMKEHOTO PpO3B’sI3yBaHHS MOJIEIBbHOI KpaiioBoi 3amaui [ipixae (1).
BigzHaunMo HaiiBa)JIHBIlIl BIACTHBOCTI METOIY:

— ToNiHOMIaNbHI po3B’s3ku 3anau Jipixsie Burisiny (1), cremiHb sIKMX He

BHILIE 2n+1 no xoxwiii i3 3MIHHHX, BiJJHOBJIIOIOTHCS TOYHO;

— METOJ KBa3i-CIIEKTPAJIbHUX TMOJIHOMIB 3BOAWTH 3amady Jlipixme 1o
PO3B’sI3yBaHHsI CUCTEM JIHIHHHUX areOpaidHuX PiBHSHD 13 CUMETPUYHOIO, JOJATHO
BU3HAYEHOI0 MATPHIIEIO, 10 3yMOBIIIOE OOUUCIIOBANIBHY CTIHKICTh METOLY;

— MeTox He moTpedye 3BEleHHs A0 OXHOPITHUX YMOB, a 3aCTOCOBYETHCSI
JIeTKO 1 Biipasy o 3amadi Jlipixiie 3 HEOMHOPIJHUME KPaliOBUMHU YMOBaMHU.
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