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NPUMEHEHHWE METOJA KOHEYHbIX 3JIEMEHTOB K .
PEHTEHMIO MAPABOJIMYECKHNX 3AJAY MATEMATHYECKOU
PU3NKN

IIpencraBnena MeToONUKA IPUMEHEHHS METOJa KOHEYHEIX YIEMEHTOB K PElICHHIO YpaBHEHHs TeILIo-
npoBoaHoCTH. TIpemmoxena npoctas Mpoueaypa yiIeTa TpaHUIHBIX ycIoBHit 3anaun. IIpoBeaeHo cpas-
HEHHE 3aTPaT MAIIMHHOIO BPEMEHU U HOIPELIHOCTH PACcYeTOB NPU KCIONb30BAHUU PA3IUYHbIX BUAOB
3JICMCHTOB, a TaKkXkKC pa3nuuHbIx GyHxiuid Gopmsl. [IpoBeacH aHamu3 pe3yabTaToB IPHMCHCHHSA MCTOAA
KOHEUHBIX 3IeMEHTOB B CPaBHEHHM C KOHEUHO-Pa3HOCTHBIMHU cXeMaMH. [IpoieMOHCTpHpoBaHO yIyd-
IIeHHe TOYHOCTH PACHUEeTOB TNMPH W3MENBUCHHH PACUETHON CeTKH. ODKCTIEpUMEHTAIBHO TOATBEPKACH
TEOPETHUUECKHl MOPAA0K ANMPOKCUMALMN NPH UCNOIb30BAHNH PA3THYHbIX PYHKLMI HOPMBI.

KitroueBbIe €10Ba: METOA KOHEUHbIX 3JIEMEHTOB, METOA I'anépknna, ypaBHEHNE TEMIONPOBOA-
HOCTH.

Bregenue. K nubdepeHnaabibiM  ypaBHEHUSIM MapabOIHUeCKOT0 TUIa
MIPUBOIAT MHOTHE 33134l MaTeMaTHIeCKOM (DM3UKH (HAIIpUMEp, 3a1a4a O pacipo-
CTpaHeHWH TeruTa, 3aaa4n o quddysnn, 3agaqa o pasosom nepexoxue, u ap.). Kpo-
M€ aHATMTUUECKUX METOJI0B PEIIEHHs YKA3AHHBIX 33jad, IUPOKOE PAclpocTpa-
HCHUE TIONYUYWIH YUCIEHHbIE MemOoObl NPUOIUNCEHHO20 peutenusl, Memoo koneu-
HbIX 2AEeMEHMOS SBIICTCS OTHUM U3 HamOoslee THOKUX W SKOHOMHYHBIX METOI0B
HpI/I6J'II/I7KeHHOT‘0 peureHrs yKasanHbIX 3a1ad4.
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HocTranoBKa 3agaum W MeTOAbI ee pemreHusi. PaccmoTpuM mpocteiimee
ypaBHeHue apaboyiMueckoro THUMa, OMMCHIBAIOIIEE [MPOLECC PaCIpPOCTPaHEHHs
TeIlJIa B JIBYMEPHOM OJJHOPO/HOM [IPOCTPAHCTBE (yPaBHEHHUE TEIIONPOBOIHOCTH)

ou 5 o*u

du
P ¥+¥)+f» (M

rne u =u(x, y,t) — TeMIepaTypa; x, y — IPOCTPAHCTBCHHBIC KOOPMUHATEI, [ —

Bpemsi; a° — xodp(uLMeHT TemneparyponpoBoaHocT; f = f(x, y,1) — (yHk-
M8, ONPEIeIsIoNIas TeIIOBblE HCTOYHMKNU. [{J1st 3TOr0 ypaBHeHHus QopMyaupyer-
Cs1 TIepBasi, BTOpas MU TPEThs KpaeBbie 3amagn npu 0 <¢ < T .

Byjaem paccmarpuBath pacnpocTpaHeHHE Tersa Ha IJIOCKOCTH B IPSIMO-
yrompHUKE 0<x < b, 0< y<b,. IIIMOTHOCTH TEIUIOBBIX NCTOYHHUKOB OyJEeM CUH-

TaTb HyJ'IeBOﬁ. HpI/I TIOMOIIM 3aMCHBI IICPEMCHHBIX, X, ¥ W ! IPUBOJIATCI K 0e3-

pa3MepHBIM BEIHYUHAM, a KO3(QQHUINCHT TeMIIepaTypoIpOBOAHOCTH a’ —x enn-
HUIE, IO3TOMY O€3 OrpaHMYeHMS OOLIHOCTH MOXKHO cuMTaTh a =1, b =b, =1.
Tornma mepByro KpacByro 3a7ady i ypaBHeHUS (1) MOKHO 3amucaTh B BUAC:

2 2
8_u:8_u+ﬂ’ O<x<l, O0<y<l], 0<¢<T,
at 6x2 a))z

u(x,y,0)=uy(x, ), 0<x<1, 0<y<l,
w0, y, ) =u (¥, 1), u(l, y,t) =uy(y,1), 0<y<1, 0<r<T,
u(x,0,0) =us(x, 1), u(x,Lt)=uy(x, 1), 0<x<1, 0<¢<T. 2)

B murepatype omucaHbl pazHOOOpa3HBIE METOBI PEIICHNS TAKKX 3a1ad. Tax,
B [2] onucaH MeToa pa3AeieHUs MEPEMEHHbBIX, MO3BOJISIOLIMN MOJIyUYUTh TOUYHOE
pemnIeHue 3a7a4y B BUIe OECKOHEYHOTO Psizia, UCIOIIB3Ys COOCTBEHHBIC 3HAYCHUS 1
COOCTBEeHHBIC (PYHKIIUH 3a1a9H.

Takke cymecTByeT OONBNIOE KOIMMYECTBO KOHEUHO-PA3HOCTHBIX CXEM JUIA
NpUOIMIKEHHOIO pelleHus Takux 3a1a4. B [1] npuBeaeHbl npumepsl sIBHbIX W He-
SIBHBIX CXEM, a TaK)KE PA3NNIYHBIX SKOHOMUYHBIX CXEM (B WaCTHOCTH, cxema nepe-
MEHHBIX HANPAGAEHUIL, VT NPOO0IbHO-NONEPEUHA).

B [3] nanHbIe 3a1a4d pemaroTcd METOJOM KOHEUHBIX 3JIEMEHTOB C UCHONb-
30BaHUeM Memooa 1 anépxuna, npu 3ToM (Gopma NOSYUEHHBIX YPAaBHEHUH aHAIO-
TUYHA yPAaBHCHWAM, TTOJIyUYCHHBIM B paboTax [4, 5, 6] ¢ MOMOIIBI0 BapHaIMOHHON
(hopMyJIUPOBKY yKa3aHHOM 3adadH.

I[IpumeHeHne MeToa KOHEUHBIX 3JIeMEHTOB. PaccMOTprM MeTo)T KOHEH-
HBIX 3JICMCHTOB C UCIIONIb30BaHMEeM MeToaa ['anépkuHa, W3I10KEHHBIN B [3].

J1st mpuMeHeHUs METO/1a KOHCUHBIX 3JICMCHTOB TIPOCTPAHCTBEHHAS 00J1acTh,
B KOTOPOH HILETCS pellieHne, pa30MBaeTCs HA OT/ACAbHBIC YYACTKH — JJCMEHTHIL.
dopma IIIEMEHTOB — pasiindHa, HanboJee MOMyJIAPHBIMHA SIBIISIFOTCS TPEYToJIbHbIC
W 9eTBIPEXYTOJBbHBIC AIIEMEHTH. Ilpu 3TOM AomyckaeTcsl pa3OueHne oONacTH Ha
AIEMEHTHl Pa3NUYHOM BENUYUHBI, a4 TAKXKE MPUMEHEHHWE KPUBOJIMHEHHBIX Tpe-
YTOJIbHBIX UJIN YE€ThIPEXYTOJILHBIX DJICMCHTOB.
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Buibepem st Halieil npsiMOyroJibHOM 00J1aCTH YeThIPEXYT0JIbHBIC DJIIEMEHThI
— KBaJIpaThl, KaK IOKa3aHo Ha puc. 1.

Byksamu A, B, C, D o0o3HaucHHI AIeMeHTH. TOUKH, B KOTOPBIX IIepece-
KaloTcst peOpa 3JIEMEHTOB, HA3bIBAIOTCS y3JIAaMH CETKH, MX HOMepa 0003HAaYCHBI
sxupHbiMu dpamu. Kpome riiobaibHOi Hymepaluu y3i10B B 00J1acTu, B npejie-
Jax KaXIOrOo JIEMEHTa IPHMHMUMAETCS JIOKAJIbHAS HyMepauus y37I0B (JTOKaIbHBIA
HOMeEp y37a B JIeMeHTe 0003HadaeTcs MUdpoii B CKOOKaXx).

Oyuxunn GopMbI ISt TPSIMOYTOJILHOIO dIEMEHTa yI00HO 3aNKChIBaTh B J10-

KaJIbHBIX KOOpIWHATAX, KaKIas U3 KOTOPEIX H3MEHSETCs B Ipenenax [—1, 1] . dns
SIEMEHTa C HETHIPHMS Y3lIaMH B BepIIMHAX, 3aJaHHBIX KoopIWHATaMH (X,))),
(x2,31), (x3,¥35), (%,¥5), MOXKHO BBIIIUCATD OunuHelinble QyHKyun opmo:

N =0,251-&)1-n),

N =0,25(1+£)(1L-n).

N® =0,25(1+&)1+n),

NW =0,251-&)1+7n), (3)
rae &, 17 — JIOKAIbHBIE KOOPIUHATHI B IIpeAeNiaX JaHHOTO 3JIEMEHTa, KOTOPbIE CBS-
3aHBI ¢ UICXOAHBIMU KOOPIUHATAMH B SJIIEMEHTE CIEAYIONTHM 00pa3oM:

§:2x_0’5(x2+x1), 7]:2}’—0>5(}’2+}'1). )
Xy =X Y2=n
vyt 8 9
) Al @ 3)
C
M @ | M (2)
4 5 6
4) (€) e OO (3)
A
(1) @ M (2)
1 2 3 X -

Puc. 1 — Ipumep pa3bueHus 001aCTH HA YETBIPEXYTONbHBIC DICMEHTHI.
[TockousibKy y3en 4 NPUHAIUICKUT INEMEHTY A M MUMEET JIOKAIbHBIA HOMEp
(4), a Taxke snementy C W UMeeT JOKaNbHBIH HOMeED (1), pyHKIMA GOPMBI I
JOaHHOTO y37a (0603HaumM ee N, ) B oementre 4 OyzpeT paBHa N @ a B onemen-
1e C — Oyner paBHa ND

W3naraemplii BAPUAHT METO/JIA KOHCUHBIX DJIEMEHTOB COCTOMT B MOKCKE NpH-
OJiKeHHOro peuieHus (3HaueHui QPyHkiuu) B y3nax. [locae 31oro npulinmxeH-

ISSN 2222-0631. Bicnux HTY «XI1I». 2014. Ne39 (1082) 21



HOE pEenIeHHE BHYTPH KAXKIOTO 3JIEMEHTA MOKHO BBIMHCIUTH C UCIIOJIB30BAHHEM
HA/ICHHBIX 3HAYCHUN WCKOMOH (PYHKINHM B YETHIpEX y3/Iax SJIEMEHTa, a TaKke
¢ynaxunii popmel. Tak, BHyTpU TOKa3aHHOTO Ha puc. 1 smemeHTa A mpuOIKeH-
HOE peIlIeHNE NIPECTABISACTCS B BUIC

u, = NOuD + Ny 4 NOyO 4 NO &, 5)

rae u(l), u(z), u(3), u(4) — HpI/I6.]'II/I>K€HHO€ pemicHUuC B COOTBCTCTBYIOMIUX JIOKAJIb-

HBIX y37aX 3JeMeHTa A .
Herpy/iHO 3aMETHTb, UTO B KOXK/bIii MOMEHT BPEMEHH ¢ MPUOIMIKEHHOE pe-
IIEeHUE BHYTPH BCeil 001aCTH MOKHO IIPEICTaBUTh B BUIE

N _
U, = zuj (I)Nj’ (6)
=

rae u(f), N; — COOTBETCTBCHHO NMPUOIMKCHHOC 3HAYCHHE (YHKIHME B MOMCHT

BpeMeHn ¢ M QyHkuust Gopmbl, CBA3AHHBIE C 1100aNbHBIM y3JIOM j; N — Koau-

4eCTBO BCceX r100asbHBIX Y3108 (B ciyuae, npuBeaeHHoM Ha puc. 1, N =9).
ITpumensist meton I'anépknna n o0o3Hauas CKaJsIPHOE MPOM3BEJEHUE JBYX

byHKUMA f W g Kak (f , g), 3aIHIIEM HCXOIHOE YPAaBHEHHE TEeILIONPOBOTHO-

ctu (2) B cmaboit popme:

= v =@ Ny =0, k=TN ™
o’ ax? T g T T
TO €cTh B Buge N 1u(pdepeHIMATBHBIX YPABHEHHIA, IIOMy9aeMbIX IIyTEM CKAISIp-
HOT'O IPOM3BeCHHs ypaBHEHHs (2) Ha QyHKUHIO GopMbl N, , CBA3aHHYIO C KakK-

IIBIM TII00TTBHBIM Y3JIOM OOJacTH.

[MockoNBKY MCMONTB3yEMEIC B TAHHOM METOJIC KOHCUHBIC HIIEMEHTHI TapaHTH-
PYIOT MEX1ydJEMEHTHYIO HEIIPEPHIBHOCTL TOJBKO UCKOMOI (DYHKIIMK 1 HE rapaH-
TUPYIOT HEIIPEPLIBHOCTU €€ IIPOM3BOAHBIX, BAXKHBIM ITAIIOM PACYCTOB SIBIISCTCS
MTOHIKEHKE CTEIIEHH POU3BOIHON B CKAISIPHBIX [IPOU3BEICHUSMX BUIA

2 2
EE N, Ewy, ®)

Ox oy
JUIS 4ero UCnoJn3yercs meopema Ocmpoepadckozo-laycca ¢ y4eroM TOro, 4to
MTOTOK TEIUIA Yepe3 TPAaHUIly 00J1acT OTCYTCTBYET, T.K. PEIIACTCS IIEpBast KpacBas
3aga4a. [Tociie 2Toro B moiy4eHHyto cucremy (7) HOACTABISIETCS IIPECTABICHHE
TeMIIeparypsl u, B Buje (6), U Tocle HECIOXHBIX IpeoOpa3oBaHU HoIydaeTcst

crenyromnias cucremMa JudGepeHINaTbHbIX YPaBHEHNH TIEPBOTO MTOPSIKa OTHOCH-
TEl1bHO HEU3BECTHbIX 3HAYEHNI NCKOMOW (DYHKIMU B y3J1aX CETKU:

il du; & ON, &N, 0N, oN, - —
N,,N)—L+ Ly (—L =5 =0, k=LLN. (9
LN T UG D+ T, )
Cuctemy (9) ymoOHO 3alTUCHIBATh B MATPUIHOM (hopme:
M(du/dt)+ Hu=0, (10)
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rae M — matpuna macc; [ — MaTpHIla )KECTKOCTH; # — BEKTOP-CTONOeI] 3Haue-
HUH (YHKUMH B y3JlaX CeTKH. 3aMeTHM, uTo Marpuipl M u H SBISIOTCS CUM-
METPUYHBIMY B CUITy CBOICTB OIIEPALIUNU CKAJLIPHOT'O IIPOU3BEICHHS.

Jlnst puOIIKEHHOTO PEIIeHUs TaHHOM CHCTEMBI MOKHO BOCITOJIB30BATHCS
cxemou Kpsuxa-Huxonvcona, 3aMEHUB TPOU3BOIHYIO MO BPEMEHM Pa3HOCTHBIM
OTHOILEHUEM

du, —(ntl)  —(n)

= _( o —uy ), (11)
dt At
a 3HaYC€HUA U ; —Ha

(n+1) (n)
”/ =0,5(u; uj ), 12)

—(n) —(n+1)
rac At — BeJIMYHHA IIara 1o BpEMCHH,; U; U Uj — 3Ha4YCHUs TCMIICPATYpPhI B

y3iae ¢ rno0aIbLHLIM HOMepOMj Ha TCKYIICM U CICAYIOMICM CJIOC MO BPCMCHU.
OxoHYATEIbHO HOJYHYUM JIST HAXOKIACHUSA 3HAUCHUH 4 Ha CJICAYIOMICEM CJIOC
o BpCMCHU CUCTCMY HHHeﬁHBIX aJ'Il"€6paI/IquKI/IX ypaBHCHI/Iﬁ BUIa

(—M+0 sy —(—M 0,5H)u" . (13)

O003Ha4YKB MATPUILLY (EM +0,5H) uepe3 B, a marpuily (AitM_O’ SH) -

gyepe3 C, 3anuiuem cucremy (13) B Buje

—(n+1 —(n
B =™ (14)

Takum 06pa30M, 3aaBasiCh HAYAJIbHLIMU YCJIOBUSAMHN U PCIIAd HA KaAXKIAOM
cioe 1o Bpemenu cucremy (14), MOXKHO BBIMHMCIUTH MPHUOIMKCHHBIC 3HAUCHMS
GYHKIMH B y37max obnacTd B MCKOMBIH MoMeHT Bpemenu T . IIpubmmkeHHOE pe-
IEHUE B TI000H TOUKE O0IACTH MOMYYAETCs Aalee ¢ UCMONB30BaHUEM (HOPMYIIBI

(6).

Oco0eHHOCTH KOMNBIOTEPHON peann3annu anroputma. [Ipn raxoxaeHm
CKaJSPHBIX MMPOU3BEACHUIN IS TOCTpOeHU Matpuy M u H HeobdxoawMmo ydu-
THIBATh, B KAKOM KOJIMYECTBE AJICMEHTOB 3TH J[BA y3J1a «COCEJCTBYIOTY.

Tak, aBa y3na ¢ rio0anbHbIMU HOMepaMu 2 1 5 Ha puc. 1 ABiIOTCS JUIs die-

MeHTa A y3/laMHU C JIOKAIbHbIMU HOMepamu (2) u (3) ¢ dyukuusmu popmbl N @
u N® coorBercTBeHHO, a /IS MeMeHTa B — y3/IaMH ¢ NTOKATBHEIME HOMEPaMHU

(1) u (4) ¢ pyrkuusamu popmer N Oy N [MosToMy miIst TIOTy4eHHUS IEMEHTa
m, s marpuibl Macc M cxansphoe npoussenenne (N,, Ns) Oyper paccuuthl-

BaThCA TAK:

(M3, N5)=(NP NP ) (MO, N, (15)

6 asemenme A 6 demenme B
ARanorndro, ckamsiproe TpomsBesnicHwe Bupa (N5, N5) Oyner paccemTs-

BaThCS YK€ B IIpefieNax YeThIpex 3neMeHToB 4, B, C, D.
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Takue xe cooOpaXkeHUs! JO/DKHBI MPUMEHSTLCS M MPU pacyere dJIeMEHTOB
marpuusl H .

B ciryuae npuMeHeHN YeThIPEXYTONbHBIX 3JIEMEHTOB ¢ OMIMHEHHBIME (QYHK-
musiMA (HOPMBI, a TaKKe JTHHEWHBIX TPEYTONBHBIX 3JEMEHTOB HECIOKHO IIOIyIHTh
AHATUTUUCCKUEC BBIPAKCHUS 1A DJIEMEHTOB MATPUI] M u H ; YKa3aHHbIC MaTpu-
bl IPUBEACHHI B SBHOM BHJE, Hampumep, B [4]. OgHako yxe B ciaydae IpsMo-
YTOJIBHBIX SJIEMEHTOB C KBAJAPATHIHBIMH (QYHKIMAMH (GOPMBI (TO €CTh, KaXKIBIA
HIIEMEHT OMPEEISIETCS BOCEMBIO y3IIaMH) IS TIOydeHNs] HEOOXOAUMBIX 3JIEMEH-
ToB Matput M u H mnorpeOyercs Haiith 3Hadennsi okosio 200 uHTErpasnos, 4ro
3aTpyIHAUTEIBPHO clenaTth 0e3 HCIIONb30BAHMS BBIUMCIUTENbHOW TexHuKU. [lpn
KOMITBIOTEPHOH peaNm3aliii yKa3aHHBIX aJTOPUTMOB MOXHO BBIYHCILITH 3JIEMEH-
TBI MaTpull M W H ¢ IpUMEHEHNEM YHCICHHOTO HHTETPUPOBAHUS. DT METO/IBI
NOAPOGHO PACcCMOTPEHDI B JINTEPATYPE.

B paccmarpuBaeMoM cilydae IIOMCKa PELICHUS I IEPBOH KPAaeBOW 3a1adu
HEOOXOIMMO OTAEIBHO OCTAHOBUTHCS Ha ydeTe TPaHMUIHBIX ycsoBHH. ITockompKy
3HAUCHUS (QYHKIMU B y3NaX, HAXOMAMIMXCS Ha TpaHuIle obiaacTh (0003HAYMM KO-
JIMYECTBO TaKuX y3510B uepe3 K ), 3aa0Tcsi B KaXK/ibli MOMEHT BPEMEHU rpaHuy-
HBIMH YCJIOBHSMH, TO CHCTEMa JIMHEHHBIX anreOpandeckux ypaBHeHuid (14) co-
JepkuT N —K HEW3BECTHBIX. A 3HAYUT, YTOOBI 3Ta cucTeMa OblIa OIpeieieH-
HOM, HOCTaTouHO MMeTh N —K ypaBHeHWH. J[aHHBIE ypaBHEHUS MOXKHO IMOTY-
YUTh, €CJIM B BbIPAKEHUSX ulst cjiaboii (opmbl ypaBHEeHUs TerionposoaHocTy (7)
ocraBuTb N —K ypaBHEHMH, OTBEHAOIIUX CKALIPHOMY IIPOU3BEIECHUIO YpaBHE-
HUSI TEIUIONPOBOIHOCTH TOJIBKO HAa (YHKIMH (POPMBI, COOTBETCTBYIOLIHNE BHYT-
PCHHUM y3JIaM CETKH, B KOTOPHIX PENICHHE HEHM3BECTHO. Torma HeoOXOMMEbIe
N — K ypasuenuii cucremst (14) Moryt ObITh Npe/CTaBieHbl B BUjIE

B'rronmy + B = C'u”, (16)
rae B’ — kBampaTHas MaTpHIa — YacTh MaTpUIBl B , MOIyYeHHAs! BHIYCPKUBAHH-
€M W3 Hee BCEX CTPOK M CTOJNOLOB, COOTBETCTBYIOLUINX BHCIIHMM y3iam; B” —
9acTh MaTPHUILI B , MOITyYeHHAs BHIUCPKUBAHUEM M3 HEE BCEX CTPOK, COOTBETCT-
BYIOIUX BHCIIHUM Yy3JlaM, U BCEX CTO.]'IGLIOB, COOTBETCTBYIONIMX BHYTPCHHUM Y3~
mam; C' — wacth MaTpunsl C , TONyYCHHas BBIYCPKHBAHUEM U3 HEE BCEX CTPOK,

—(n+1) —(n+1) —(n+1)
COOTBETCTBYIOIIMX BHCIIHUM Y3JIaM; Uenymp W Ugneww — UACTH BEKTOpPA U , CO-
OTBETCTBYIONIUEC BHYTPEHHUM U BHCHIHUM Y3J1aM.

TMocie obparnenus matpuisl B’ pemnterne cuctemsi (16) 3anuuiercs B Bujie

—(n+1) N— n—(n+]) ()
uslnl'\fmp =(B") l(_B u()”liéul +C'u ! ). (17)

VYuuteBas cootHomeHus (17), MOTydeHNWEe pEeImeHus] CTAHOBUTCS OCOOCHHO
mpocteiM. [lockonbky Matpunbl B 1 C HEe MEHSIOTCS BO BPEMEHH, JTOCTATOUHO
HAWTH MaTPUIIEI (B')_1 , B" u C' oxun pas, B caMOM Hauajie pacueToB, a Jajblie

o —(n+1) —(n)
B KQXIBIA MOMEHT BPEMEHW, 3HASl 3HAYCHUSI BEKTOPOB Ugnews U U , TIONyHATH

MCKOMOG pelIeHre ITyTeM ITpUMeHeHnst cooTHomreHuni (17).
OO0paTHYI0 MaTPUIy MOXHO HAXOIUTH Memodom JKopoarno-Iaycca, onHAKO
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yxe 115 10° y3m0B BpeMst pabOTEI MPOrpaMMbl (Ha MEPCOHATLHOM KOMITBIOTEPE)
COCTAaBJISIET HECKOJIbKO MUHYT. Tak KaKk B peasibHbIX 33/1a1ax UCHONb3YIOTCS CETKN
¢ KomuecTBoM y3noB nopsiaka 10°, HeoGXOAMMO MOBBICHTL CKOPOCTH PACUETOB,
YTO MOXKHO CHNATH ITyTeM IIPUMEHEHUS IPHOIIDKEHHBIX METOJIOB PEIIeHUs CHC-
TeM anreOpandeckux ypaBHeHHi. Takue MeTomsl OyayT ocoOeHHO 3()eKTHBHBI-
MH, YYUTBIBasg TOT (akT, YTO MaTpPHIbI SIBISIOTCSA OIOYHO-AHATOHANBGHBIMH 1
CHITBHO Pa3pEeXCHHBIMHU (Tak, Ams oGmacti ¢ 10° y3moB ofIee KOTHICCTBO dc-

MEHTOB MAaTpHILEI OyAeT 10°, u3 KOTOPBIX TOJBKO IOPsAIKA 10* smementos OymyT
HEHYJIEBBIMH).

AHAIW3 TMOJYYeHHBIX Pe3yJbTaToB. [IpyMMeHEHHEe METO/1a KOHEUHBIX dJie-
MCHTOB OBLITO TPOBEPEHO Ha 3aaa4e (2), B KOTOPOI HAUaITbHOE ¥ TPAHUIHBIC YCIIO-
BUS 33J[AHBI CIICAYIOIIUM 00pa3oM:

u(x,y,O)zO, 0<x<1, 0Ly<],
u(O,y,t)zu(l,y,l)zO, 0<y<1, 0<¢<T,
u(x, 1, l) =0, u(x, 0, l) =tsinzx, 0<x<1, 0<¢t<T, (18)

Tounoe peleHre TaHHON 33Ja4Yy HOIYYCHO METOJOM Pa3AeiCHUs epeMeH-
HBIX B BUJE OECKOHEYHOTO Psiia

u(x, y,t)=(—y)tsinzx—

[e's]

2
S == ), (19)

j=1 J7; by

rae V);(x,y) =2sin(zx)sin(jzy) — cobcrBeHHble (yHKUMH; 4, = T+ ( j7r)2 -

COOCTBEHHBIC 3HAYCHUS 33 1aqH.

[TpnbmkeHHOE penIeHre OTHICKUBATIOCH ISl MOMEHTa BpeMeHH / =1 MeTto-
JIOM KOHEYHBIX SJIEMEHTOB. BBUIM BBIOPAHBI TPEYTONBHBIE KOHEYHBIE SJIIEMEHTHI
TIEPBOTO TOPsiJIKa (JIEMEHT ITOCTPOCH Ha TPEX y3Jax), MPSIMOYTOJIbHBIE DJIIEMEHTBI
¢ OunuHeinbiMu (yHKUMAMU (OPMbI (IJIEMEHT [IOCTPOEH HA YEThIpEX y3iax), a
TaKKe TPSMOYTOJBHBIC HIEMEHTH ¢ KBaOpaTHYHBIMH (QYHKIHAME (GopMbI (37e-
MEHT MOCTPOCH Ha BochMU y3iax). Ilar mo BpeMeHH BBIOMpANICS TOCTATOYHO Ma-
JIBIM, YTOOBI YMEHBIINTH TOTPEHIHOCTE anmpokcuMarmn. OOpalieHne MaTpuil
npousBoauaoch MeroaoMm JKopaano-I"aycca. Ilpu 3ToM cpaBHUBAIOCH MAIIMHHOE
BpEMsl, 3aTPAuMBAEMOC HA BHIUMCICHUS IIPU PA3IUIHON CTENEHH W3MEIbUCHMSA
aHAIM3UPYEMOii 0051aCTH, U CPEJHEKBAIPATUYHAS [TOTPEINHOCTh BBIUUCICHUN o ,
BBIYUCIIIEMAs 110 POpMyJIe:

(20)

e uj, U — COOTBECTCTBCHHO TOYHOC U HpI/I6J'H/DKeHHOC pemenune 3aaa4u B y3Ji€ C

J
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r100ajIbHLIM HOMEPOM j ; N — KOJIMYECTBO Y3/10B, /ISl KOTOPLIX PACCUUTHIBAIOCH

npubIMIKEHHOE peliieHne (YUHUThIBAOTCS TOJILKO BHYTPEHHUE y3Jibl).

JIns cpaBHEHUS Takue sKe pacueThl MPOBOJIMIINCE METOIOM KOHETHBIX pa3Ho-
cTeil (UCT0IB30BANACH TIPOIOIIBHO-TIONIEPEYHAs CXeMa).

PesypraTel npeacTaBieHs Ha rpadukax (puc. 2 u puc. 3).

0,014

0,012
5 | —e— lpamoyr. an-T 1-ro
£ , 0,010 - nopsiaka
£ 5 —a— Tpeyr. an-T 1-ro
g & 0,008 4 nopsiaka
g g;_ 0,006 —a— [MNpsimoyr. an-t1 2-ro
g 5 nopsiaka
g = 0,004 H Cxema nepem.
& HanpaeneHuit

0 500 1000 1500 2000
KonuuyecTtBo pacuyeTHbIX y3508

Puc. 2 — CpenHexBanpaTuiHas HOIPEILIHOCTD PACYETOB.

o 200,0
:s:' 180,0
g 160,0 —e— [lpAmMoyr. an-T 1-ro
g_ 140.0 / nopaaka
o 120.0 —a— Tpeyr. an-T 1-ro
° 100'0 nopaaka
2 |
z ’ —a— Mpsamoyr. an-T 2-ro
3 80,04 nopsigka
©
= 60,0 Cxema nepem.
g 40,0 HanpaBneHui
& 200 /
@ 0,0 : . e |

0 500 1000 1500 2000

Konnuyectso pacyeTHbIX y350B

Puc. 3 — 3aTparsl MalIUHHOTO BpeMEHH.

BunHO, 9TO NOTPENIHOCTE BBIYUCICHUH O4EHb OBICTPO YOBIBAaET IIPU YBEIH-
YeHWN YWCIIa y3JI0B, MPUYEM TOTHOCTh BEIYMCICHUN C MMPUMEHEHNEM KBapaTHy-
HBIX (GYHKIMHA (OpMBI 3HAUUTETHHO ITIPEBHINIAET TOYHOCTH C ITPHMEHEHHEM Dlle-
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MEHTOB ¢ OMiIMHEHHbIMU (PyHKLMSAMK (DOPMbI, PH COMOCTABUMBIX 3aTpaTax Ma-
IMUHHOTO BpeMeHH. Kak ¥ 0XKHIaIoch MCXOJS W3 JIaHHBIX, MPUBEACHHBIX B [3],
MOTPEUIHOCTH ANIPOKCUMAIINY TIPH pacdeTax ¢ HCIIOIb30BaHUEM JIEMEHTOB ¢ OH-

nuneitnbiMu GyHKLUmaME GOPMBI SBIsETCH Bennunuoil nopsiaka O(h?), rae h —
XaPAKTEPHBIN pa3Mep JEMEHTa, 4 NPU UCMOIb30BAHMU 3JIEMEHTOB ¢ KBAapaTH-
HbIMHA QYHKIMAMHA POPMEI — O(h3) .

Pe3ynbTarsl PUMEHEHHMS TPEYTOIbHBIX JJIEMEHTOB [IEPBOTO IOPSAKA U IIPS-
MOYT'OJIbHBIX DJIEMEHTOB € OMJIMHEHHbIMI GYHKUUSIMH (OPMbI OAMHAKOBBI KaK IO
TOYHOCTH BBIYHCIICHHM, TaK W TIO 3aTPpaTaM MAITMHHOTO BpeMeHH. B peanbHEIX pa-
CUETHBIX 3aJadax crocod BeiOopa (HOpMBI >JIE€MEHTa CBS3aH, NPEKAE BCETO, C
yno0cTBOM pa3bueHus: 00nacTu.

HeOGXOZ{I/lMO OTMETUTDL, YTO MCTO/J KOHCYHLIX JJIEMCHTOB C MPUMCHCHHUEM
KBaIpaTHYHBIX (pyHKIHHA (HOPMBI J]aeT B CPaBHCHUH C MPOJONBHO-MONIEPSYHON
CXEMO# TIPUMEPHO OJMHAKOBYIO TOYHOCTH BBIYHCICHHIN HPH OJHHAKOBOM BpeMe-
HMU, OXHAKO JJIS1 DTOT0 B IPOJOJIBHO-TIONICPEUHOM CXEME IPUXOJUTCS 3HAYHTEIIHHO
CHJIbHEE M3MEJIbYATh PACUETHYIO 00JIACTb, YTO HE BCEraa sIBISIETCS LEeaecoodpas-
HBIM, @ HHOTJa ¥ HEeBO3MOXKHO. [103TOMY MeTO/ KOHCUHBIX 3JICMEHTOB C MpUMe-
HCHHMEM KBaJpPATHIHEIX (YHKIWME HOPMEI SBISICTCS 00Iee YHUBEPCAIBHBIM U TPH-
MCEHHMBIM ULl ITUPOKOTO KPyTa 3a/1ad.

BoiBoabl. PaccMoTpeHHas cxema pelleHus mapadoIMIecKuX 3a1ad ¢ mpume-
HEHHEM MeTOJa KOHEYHBIX ICMEHTOB MOKa3ajia BBICOKYIO TOYHOCTH PAcyeToB,
CPaBHUMYIO C IKOHOMUYHBIMU PA3HOCTHBIMU CXEMaMH, [IPH COIMOCTABUMbIX 3aTpa-
TaxX MamIMHHOTO BpeMeHH. [loka3aHo, YTO TOYHOCTH PAacUueTOB 3HAUYUTEIHHO YIIyd-
LIaeTCs C M3MENBUCHHEM CETKH, a Takke ¢ IIPAMEHCHHEM SICMEHTOB ¢ KBajapa-
TUIHBIMU QYHKIUSIMA (POPMBI.
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