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Lempro paboThl SBISIETCS HMCCICIOBAHHE CKOPOCTH CXOIUMOCTH The work objective is to study the four-layer scheme convergence

YETBIPEXCIIOMHON HUTEPALMOHHOW  CXEMBI. PaccmatpuBaercs

rate. The problem of finding an approximate solution to the linear

3ajla4ya HaXOXICHUA HpHGJII/I)I(eHHOFO pelIcHus JIMHEWHOTO

_ . operator equation Au = f'is considered. Two-layer and three-layer
OIIepaTOPHOTO ypaBHeHUs Au = f. J[nsd pelueHus TakoW 3ajauyu

HCIIONIB3YIOTCS  [IBYXCIIOMHBIE M TPEXCIONHBIE HTEPALOHHbIE iterative methods are used to solve this problem. At that, the three-
Mmetonsl. Ilpu COTIPSKEHHBIX

HAaIpaBJICHUH CXOIATCS 3HAYUTETBHO ObICTpEE, UeM JBYXCIIOHHBIE

9TOM TpeXCJ’IOﬁHLIe MCTOBI

layer conjugate directions methods converge faster than the two-

layer gradient methods. The research problem is to establish
IpaJMEeHTHBIE METOIbL. 3ajada HCCICNOBaHHS — YCTaHOBHTD,

HUMEEeT JIM 4YeTBHIPEXCIOHHas cXeMa INPEUMYIIECTBO B CKOPOCTH
CXOIMMOCTH IO CPAaBHEHHUIO C TpexcionHoM cxemoil. Iyt 3Toro
MPUBOJUTCST UYETBIPEXCIIONHAS WTEpallMOHHAs CXeMa pelleHUs
CETOUHBIX YPABHEHHMH, U PACCUUTHIBAIOTCS €€ IapaMeTpPHL.

JlokazaHo, 4TO cxema

BapHAIlMOHHOTO THUMA JUIi PEIIEHUS CeTOYHBIX YpaBHEHMI

'IeTBIpCXCIIOﬁHaﬂ UTCpalfuOHHAas

BBIPAXKACTCs K TPEXCIOMHOHU cxeMe.

Knwu4eBble cjioBa: ceTOYHbBIE YpaBHEHUA, TpeXCIIOﬁHaS{ cxXema,
‘leTpreXCHOIZHaﬂ CXeéMa, METOAbl BApUAITMOHHOTO THUIIA.

whether the four-layer scheme has a speed advantage as compared
to the three-layer scheme. The four-layer scheme is constructed,
and its parameters are calculated for this purpose. It is proved that
the four-layer iterative scheme of a variational type for solving

finite-difference equations downs to the three-layer scheme.

Keywords: finite-difference equations, three-layer scheme, four-
layer scheme, variational methods.

BBenenne. BonbIIMHCTBO MPUKIAAHBIX 3a7a4 TAaKUX, KakK 3ajaya TpaHcmopra BewmwecTB [1-3], ruapoanHaMuKu
MEJIKOBOJIHBIX BOJOEeMOB [4—-5], aspoauHaMuku [6—7], AMHAMUKHU NOMYJSAUUN [8] U OPYTHX, CBOASTCA K PEIICHUIO CUCTEMBI
TuHEeWHBIX anreOpawmdecknx ypaBHeHuid (CJIAY). Mg pemieHdss Takux CHUCTEM YPaBHEHHH WCIONB3YIOTCS ABYX- H
TPEXCIOWHBIC UTEPAIIHOHHBIC CXEMBI.

PaccMoTpuM 3amady HaxXoKIeHUS TPUOIIKEHHOTO PEIICHUS JJMHEWHOTO OIepaToOpHOro ypaBHeHus [9].

Au=f, (1)
rne A — CHUMMETPUYHBIA TOJOXHUTEIBHO OIpPEICICHHBI OnepaTop, NCHCTBYIOMIMN B BEIICCTBCHHOM THIBOCPTOBOM
npoctpancTse H.

Jnsa yBemmaeHsl CKOPOCTH CXOANMOCTH BMECTO ABYXCIOWHBIX HTEPAIMOHHBIX METOJOB HCIIOIB3YIOTCS TPEXCIIOITHEIE
WUTEpallMOHHBIE METOABl. DTH MeTonbl uccienoBaHbsl B pabdote [10]. Hmwke mpuBemneHO HCCienOBaHHE YETHIPEXCIOHHON
WUTEPAMOHHON CXEeMBI. Y CJIOBHSI YCTOMYUBOCTH TAKOH CXEMBI IMOJy4eHbI B padore [11].

YeTpipexciioiHas UTEpAlIMOHHAS CXeMa PELIEHUs CETOYHBIX YPaBHEHUN UMEET BUJL

By =Brn (B - Tk+1A) et (1 — Oy )BJ’/H + (ak+1 —Bra )B)’kfz B Thar S (2)
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misk=23,..., By =B(B-1,4) yo+ 1./, By, =By (B—1,4) y +(1-0y) By +By15f » yo € H .

HeobxoaumMo HalWTH mapaMeTpsl {1: k} , {oc k} u {Bk} , TIPH KOTOPBIX HOPMAa JKBUBAJIEHTHOW IMOTPEUIHOCTH
X, =Y, —u Oblia Obl MUHUMANbBHOH 1715 M060r0 £.

Pacuer mapamerpoB cxembl. [Iepenumem (2) B Buze
Virr (e = 1) vy + (Brst = 0s1 ) Via )/Bk+1 — Yk

T+

A

=f—Ay.
Jle#ficTBUTENBHO, ISl YpaBHEHHS TOTPELTHOCTH CXEMBI (2)
Xt (Ot = 1) %y + (Bt = 0t )Xo
Bk+1
W x = PBry (E - Tk+1c)xk + (1 — Oy )xk—l + (ak+1 —Brst )xk—z N E))

Jlnst MUHMMU3aLUK HOPMBL X;, B H (1 >1) HE00XOAMMO M 1I0CTaTOYHO, YTOOBI

_.xk = —’[.'k+1ka 5 C = BilA .

(ka,ij):O, j=0k, (4)

WIH (ka,ij) =B Tha (ka,ij) =0.
Ipu k =/ nonyunm (x;,;,Cx; ) =By T (Cxy,Cxy ) =0
Uz (3), (4) cnenyer
(kafz > X1 ) =Brn (kafz 5 (E - Tk+1c)xk ) + (1 Oy )(kafz > X1 ) +
(01 = Brat ) (Cxp2, %2
(Coxgp X4 ) =Brn (ka—l ) (E - Tk+1c)xk ) + (1 — Oy )(kaq S Xy )+
(01 =Brat ) (O 1232 ) »
(kasxlm ) =B (ka,(E - Tk+1c)xk ) + (1 — Oy )(ka’xk—l )+ (ak+l —PBrs )(kasxk—z ) :
Banuuiem cucremy s pacuera {t; |, {a,} u {B;}

“TeatBrat (Co25 O )+ (s = Brat ) (Cxis x4 2 ) = 0,

~TetBreat (O, O )+ (1= 0y ) (O 3y ) =0,

(ka,xk)—rkH (ka,ka) =0.

[Ipeobpa3yem cucteMy ypaBHEHUI

(ka—z,xk—z)
Cxp_ps X5 ) T T (ka—z ,Cx )

Brat = 0y (
(ka_2 s Xpn )(ka_l ,Cx;, )
Cx 05X ) R (ka—z ,Cx;

. :(ka,xk)
ol (ka,ka).

Tr10% 41 ( ) + 0y (ka—laxk—l) = (ka—laxk—l )

Baenem o603HaueHue
(kafz s X2 )
(Cxpas X2 )+ T (Cxa, Oy )

3 (ka,xk) 3 (ka_l,xk_l)
YVl T Ay Y T >
(ka NG ) (ka—1 > X1 ) + T Qpt (ka—l ,Cxy )

¢k+1 =

, TOT1a

Brst = OpsiPpar -
[Tpeobpa3syem Beipaskenue (3)

Cxpn = (_xk—l P Xpn + (1 S| )xk—3 +(0gy —Broy )xk—4 )/(%1[31“1 ) :

3anuieM BeIpaKeHHe (ka_z,ka) C YYETOM ITOJIYICHHOTO BBIPAKCHHUS

(Cxyp,Cxy ) = ((_xk—l +Be1ea (1= 0ty ) 5+ (o =By ) e )/(Tk—IBk—l ).Cx; ) =0.
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Takum o6paszom, nomyuum ¢, =1. CnenosaTensHo, B, =0, -
B urore Beipakenue (3) npeoOpazyercst K BULY
a1 = Oy (E =Ty C) x4+ (1= 0y )5 -

BeiBoabl. B nTOre mojyuuiM, 4to X;,;3aBHCHT TOJIBKO OT X;, X,_; M He 3aBUCUT OT X,, n=0,k—2. IpyrumMu

CIIOBaMHM, [IOKa3aHO, YTO YETHIPEXCIIOMHAS WTEepaliOHHAas CXeMa pEeHIeHHS CeTOYHBIX YpaBHEHHH mpeoOpasyeTcs K
TPEXCIOWHOM CXeMe, O3TOMY MCIIOJIb30BaHUE TIEPBOM HE AaeT YBEINUYEHU CKOPOCTH CXOUMOCTH 10 CPAaBHEHHUIO CO BTOPOM.
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