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Lempro paboThl SBISICTCS HMCCICIOBAHHE CKOPOCTH CXOIUMOCTH
YETBIPEXCIOMHON HUTEPALMOHHOW  CXEMBI. PaccmatpuBaercs
3aa4ya  HAXOXICHUS MPHOIMKEHHOTO pEIICHUS JIMHEWHOTO
ornepatopHoro ypasaenust Au = f. Jis perueHuss TakoW 3a1aud
HCIIOJIB3YIOTCSl IBYXCJIOMHBIE U TPEXCIOWHBIE HTEpalMOHHbIE
meronbl. [Ipm 3TOM TpexciioiiHble METOABl  COIPSIKEHHBIX
HalpaBJIeHUH CXOIATCS 3HAUUTENBHO ObICTpEe, YeM IBYXCIIOHHbBIE
TrpaJMeHTHbIE METOJAbl. 3ajaya HUCCIEJAOBAaHUS — YCTAHOBUTb,
HUMEEeT JIM YETHIPEXCIOHHAs cXeMa INPEUMYIIECTBO B CKOPOCTH
CXOIMMOCTH IO CPAaBHEHHUIO C TpexcionHoM cxemoil. st 3Toro
MPUBOJUTCST UYETBIPEXCIIONHAS WTEpallMOHHAs CXeMa pelIeHUs
CETOUHBIX YPABHEHHMH, U PACCUUTHIBAIOTCS €€ IapaMeTpPHL.
JlokazaHo, 4TO  4YeThIpexcjoWHAas  UTepalloHHas  cXeMma
BapUAllMOHHOTO THUIA JUIi PELICHUS CEeTOYHBIX YpaBHEHUH
BBIPAXKACTCS K TPEXCIIONHOM cxeMe.

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

The work objective is to study the four-layer scheme convergence
rate. The problem of finding an approximate solution to the linear
operator equation Au = f is considered. Two-layer and three-layer
iterative methods are used to solve this problem. At that, the three-
layer conjugate directions methods converge faster than the two-
layer gradient methods. The research problem is to establish
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.

BBeueHne. BonbmmuHCcTBO OpUKIAAHBIX 3ada4 TaKUX, KaK 3aJlada TpaHCIIOPTa BCILICCTB [1—3], TUAPOANHAMUKU

MEIKOBOAHBIX BOAOEMOB [4-5], aspoauHamuku [6—7], auHaMuky momyisuuid [8] u APyrux, CBOAATCSA K PEILCHHIO CHCTEMBI

JMHEWHBIX anreOpamyeckux ypaBHeHud (CJIAY). Jlis pelmeHdss TakuX CHCTEM YPAaBHEHHH HCIONB3YIOTCS IBYX- H

TPEXCIOWHBIC UTEPAIIHOHHBIC CXEMBI.

PaccMOTpHM 3a1a4y HaXOXKACHUS NPUOIMKEHHOTO PEICHUS JIMHERHOTO ONIEPATOPHOTO ypaBHEHu [9].
Au=f, 1)

rac A — CI/IMMeTpI/I‘-IHHﬁ TIOJIOKUTCIIBHO OHpe,HGHCHHLIﬁ oreparop, HeﬁCTByIOHIHﬁ B BCHICCTBCHHOM FI/IHL6epTOBOM

mpocTtpancTse H.

JIis yBENTMUCHNSI CKOPOCTH CXOAUMOCTH BMECTO JIBYXCIIOMHBIX HTEPAIMOHHBIX METOJIOB HCIIOIB3YIOTCSA TPEXCIOWHBIE
UTCPALMOHHBIC METOAB. DTH MeToAbl HcciexoBansl B pabore [10]. Hmke mpuBeneHO HCCIEOBAHHE YCTHIPEXCIOHHON
UTEPAIHOHHON CXEMBI. Y CIIOBUS yCTOMYMBOCTH TAKOH CXEMBbI MONTy4eHbI B pabote [11].

UYeTtbIpexcioiiHas UTEpAaMOHHAs CXEMa PEIICHUSI CETOUHBIX YPaBHEHUI UMEET BU

BYs1 = Bri1 (B— 11 A) Vi + (1= atyey1 ) BYi 1 + (s —Brsa ) BYi2 +BroaTian f 2
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benoea I0. B. u op. O uemvipexcioiunoi umepayuoHHoll cxeme

mak=23,..., By =B(B-1A) Yo+, f, By, =B, (B—1,A)y; +(1-0, ) Byy +Byt,f , Yo eH .
HeoGxomumo Haiitu napamerpsl {1}, {oy} # {By,}, mpu KOTOpEIX HOpPMA OKBHBAICHTHON INOrPEIIHOCTH
X¢ = Yy —U Oblia Obl MUHUMAIBHON 1151 J1060r0 K.
Pacyer mapamerpoB cxembl. [Iepenuiem (2) B Buze
B (Yk+1 +(0tr1 = 1) Viees + (Bras = ®ian ) Vica )/Bk+1 — Yk

Tk+1

= f - Ay,

Jle#icTBUTENBHO, 7Sl ypaBHEHHS TOTPELTHOCTH CXEMHI (2)
Xert +(0an =1) Xy + (Bros = yan ) X2
Prs1
Vot X1 =By (B = 1aC) Xy + (1= o ) Xier + (s —Bisa ) Xz - ()
Jinst MUHAME3anun HOpMBE X, B H (N >1) Heo6X0oauMO U I0CTATOYHO, YTOObI

(%a:Cx;) =0, j=0k, (4)

i (X1, CX; ) = =Bt (Cxe, Cx; ) = 0.
pu k = j nomyunm (X,1,CX ) = —By1Tii1 (Cxy,Cxy ) =0
Uz (3), (4) cnenyer
(CX2+%k41) = Braa (kafz (B =11C) % )+ (1= 051 ) (Cxe_p X1 ) +
(041 = Brar ) (CXe2. % 2)
(CX1s Xka1) = Braa (ka—l’ (E—t,1C) % )+ (1= otys1) (CXiegs Xiea ) +
(041 = Bras ) (CXe1: X2 ) »
(Cxer Xi11) =By (ka (B =€) % )+ (1= 0t ) (Cxis X1 )+ (0tiyz = Brean ) (Cxi s X2 ) -
3anuuem cucremy s pacuera {ty b, {ay ) 1 {By}
~ThaaBran (CXe2. Cxi ) (01 —Bran ) (i X2 ) =0,

~Tys1Bican (CXe, CX¢ )“‘ (1— ak+l)(cxk—l1 X1)=0,
(ka ’ Xk )_Tk+l (ka,ka ) = 0

— X = —T7,,1Cx,, C=BA.

[Ipeobpa3yem cucteMy ypaBHCHUI
(ka—z ' Xk —2 )
CXy_2 Xy_2 ) + Tk (ka—z , CXy )

(Cxy_2 X2 ) (Cx,_1,CX, )
CxXy2+ X2 )+ T (CXic_25 Cxi

(Cxyr %)

T (Cx,Cx )

Biar = 0ya (

T|<+10‘k+1( )+0‘k+1 (1 X-1) = (Cxeca X )

Baenem o603Hauenue

Oyog = (CXk’z’Xk’Z) Torma
* (ka—zvXk—2)+Tk+l(CXk—2’CXk)
~ (Cxax) _ (Cx1 X1)
Tkl = 7Aooy Ok = )
(Cx,Cx) (g X1 ) + T Oraa (CXi 1, Cx¢ )

Prs1 = Otsaran -
[Tpeobpa3syem Beipaskenue (3)

Cxy_p = (_Xk—l + B X2 + (1= o) Xieg +(0tg —Brer) Xica )/(Tk—ll?’k—l) :

3anuieM BeIpaXKeHHe (ka_2 , ka) C YYETOM ITOJIYICHHOTO BBIPAKCHHUS

(CX2.Cx ) = ((_Xk—l +BreaXe2 + (1= o) X s+ (g —Broa) X a )/(Tk—lﬁk—l) G ) =0.
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Taxum obpaszom, noayuuM ¢ ., =1. CaenoBatenbHo, By =0 -

B urore Beipakenue (3) npeoOpazyercst K BULY
X1 = 0eir (B = 1aC) X +(1- oy ) Xeq -
BeiBoabl. B uTOre MOMY4MIIH, YTO X, ,q3aBHCHT TOJIBKO OT X, , X, M He 3aBucHT OT X,, N=0,k—-2. JIpyrumu

CIIOBaMHM, [OKa3aHO, YTO YETHIPEXCIIOMHAs WTEepaliOHHAas CXeMa pEHIeHHS CeTOYHBIX YpaBHEHHH mpeolpasyeTcs K
TPEXCIOUHOM CXeMe, MO3TOMY MCIIOJIb30BaHUE TIEPBOI HE €T YBEIWYEHU CKOPOCTH CXOUMOCTH IO CPAaBHEHHUIO CO BTOPOM.
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