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The paper considers the application of the Green-Rvachev quasi-functions
method to the construction of the various methods of successive approximations
for the numerical analysis of the first boundary value problem for the semilinear
elliptic equation with the elliptic operator.

[Ipn mMaremMaTHYHOMY MOJENIOBAHHI CTalllOHAPHHUX MPOLECIB, IO MPOTi-
KAalOTh Y HENIHIMHUX CEepelOBMILNAX, YAaCTO MPUXOAATh 10 HACTYHHOI MEpIIOi
KpailoBOi 3a/1a4l JIsl HAIMIBJIIHIHHOTO E€JIINTUYHOTO PIBHIHHS:

Lu=f(x,u),x e, (1)
u(x)>0,x eQ, (2)
Ul =0, 3)

e Lu=—-Au a6o Lu=—Au+x’u, x>0, A — onepatop Jlamaca, (2 — o61acTh
y R?uny R® 3 kyckoBo-rmakoro Mexero 0, X = (x,,X,) u X = (X,,X,,X;) Bijl-
ToBiHO, f(X,1) € HEeepepBHOIO i JOAATHOIO I Beix X €Q, u > 0 dyHKIi€er0.

OnHuM 3 METOMIB uKceNbHOTO aHamizy 3anavi (1) — (3) € mepexia Bix au-
(depeHIiaTbHOr0 PIBHSIHHA J0 HEJIHIMHOTO IHTETPAJIbHOTO PIBHSHHS 3 MOJAJIh-
1010 MOOYI0OBOIO JJIsl IOTO pO3B’sI3aHHS JESAKOTO iTepalliinoro npouecy. Kia-
CUYHUM BaplaHTOM MOOYJOBHU €KBIBaJIeHTHOTO 3aaadi (1) — (3) iHTerpajibHOrO
PIBHSIHHSL € BUKOPHUCTaHHS MeTroAy (yHKUiM I'piHa 3 mopalibliUM 3aCTOCYBaH-
HSIM ISl PO3B’S3aHHS OTPUMAHOI0 PIBHSHHSA METOJly ABOOIYHMX HAaOJIM»xkeHb [1].
OOMexeHICTh MPAKTUYHOI pealtizallii Takoro MiJXoy MOB’s3aHa 3 TUM, 10, He-
3Ba)kKaro4u Ha icHyBaHHA (yHKII ['piHa 119 JOBOJII HIMPOKOTro Kiiacy obJacTel,
il (pakTUYHE 3HAXOIKEHHS MOK€ OITH 3[1MCHEHO JIMILIE Yy MOOJUHOKHX BUIAJ-
kax. OTxe, akTyaJdbHOIO € 3ajaya po3pOOKH HOBUX METOJ/IB MOOY/IOBH €KBIBa-
nenTHuX 3anadi (1) — (3) iHTerpadbHUX PIBHAHBb Ta YMCEIBHUX METOJIIB iX aHa-
713y, SIK1 O MaJIM [IKPIIT KOHCTPYKTUBHI MOKJIUBOCTI.

Ile MoxHa 3pOoOMTH HAa OCHOBI MEPEXOJy /A0 EKBIBAJEHTHOrO 3ajadvi
(1) — (3) iaTerpanbHOTO PiBHSHHSA YPHUCOHA, BUKOPHUCTOBYIOUH KBa3i()yHKIIiIO
I'pina-PBauoBa 3amicte ¢pyHkuii ['pina [2].

[Tpunyctumo, o obsacts {2 0OMeKeHa CKIHYEHHOIO KUIBKICTIO KYCKIB JIi-
Hilt 6,(x) =0, ne o,(x) — enemenrapna Qynkuis, i =1,2,...,n. Toxi 3a gonomo-
rOl0 KOHCTPYKTHUBHOTO amnapaty Teopii R-pyHkuii [3] MmoxxHa noOy1yBaTu y BU-
TS €IMHOTO aHATITUYHOTO BUPA3y eeMeHTapHy QyHKIII0 m(X) TaKy, m0:
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a)w(x)>0yQ; 0)w(x)=0na0Q; B) ‘V(o(x)| # (0 Ha 0QL.

Kgazipynkmis I'pina-PragoBa Q(X,s) mepiroi kpaiioBoi 3a1adi Mae TaKwid
BUTJISL

— nns onepatopa Lu =—Au y R

1
0,(x,s) = Eln\/l

fe X = (3,,,), § = (5,,8,), 7 =[x =8| = (o, = 5, + (x, = 5,)";
— s oneparopa Lu=—-Au y R’
1 r* +4o(xX)o(s) —r
0.(xs) =LY 4oxos) =1
At r? +do(x)o(s)

N 4OJ(X)2(D(S)

b

ne X=(X,,%,,%;), $=(5,,5,,5;), I’=|X—S|=\/(X1 _S1)2 +(x, _S2)2 +(x; _S3)2 )

— s onepatopa Lu=—Au+x’u y R
1
\9(x,s) = 2—(KO(Kr) -K, (K\/Fz +4m(xX)w(s) )) ,
T

e X = (xzaxz)a S= (S29S2)9 r= |X - S| = \/(xl - S1)2 + (xz - S2)2 ) Ko(z) - MOI[I/I(i)i'
koBaHa (pyHkiis beccens npyroro pony;

— n1s onepatopa Lu=-Au+x'u y R’
Q(K) (X S) _ 1 ‘\/rz + 4@(X)(D(S)6_Kr — re_K\/m
3 ’ 41 7’\/}”2 +4a(x)o(s)

2 2 2
ne X =(x,,X,,X;), 8§ =(5,,5,,8;), r =[x —s|= \/(xl —5) +(x, = 5,)" +(x;—5,)° .
3acTocoByroun onucanuii y [2] miaxim, orpumaemo, mo 3amada (1) — (3)
€KB1BaJIEHTHA IHTETPaJIbHOMY PIBHSHHIO

u(x) = [ K(x,8)u(s)ds + [ Q(x, 5) f (s, u(s))ds, 4)

1(0°g ’g -
e K(x,8)=—— a—‘?—(X, s)+ 4 §(X, s) |, a pyHKIis Z(X,S) BU3HAYAETHCS BiJI-
27\ Os, 0s,

noBiaHO KBa3ipyHkuii I'pina-PBavosa 3a popmynamu

1

2 + 4o (x)o(s)

gz(xa S)zln s gs(xa S):
J J

P> + 4o(x)o(s)

g¥(x,8)=K, (K\/rz +4a(xX)o(s) ) g (x,8) = —= : g R ete()
Jr? +4o(x)a(s)
PosrnsineMo nesiki iTepaniifHi cxemu, ikl MOKHa 3alpoONOHYBaTH Ha OCHOBI
piBHSIHHS (4).
1. Memoo npocmoi imepayii. Hexait u”(x) — moyaTkoBe HaOIMKEHHS
(moBibHA HemepepBHa 1 HojnaTtHa y () QyHKIs, 110 3aJ0BOJIbHSAE KPAOBY YMO-
BY (3)). Itepaniiina cxema Ma€e BUTJIAN:
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u”(x)= JK(x,s)u(”‘l)(s)ds + JQ(X, $)f(s,u""(s)ds, n=1,2,.... (5

YMoBHU 301kHOCTI iTepaiiil (5) OTpUMYIOThCS, HAIPUKJIIAJ, Ha MiACTaBl 3a-
CTOCYBaHHS NpUHLUIY baHaxa mpo HEPyXoMy TOYKY CTHUCKYIOUOIO OIepaTopa,
a mouaTkoBe HabmmkeHHs B3sTH y Burism u'” (X) = o(X) .

2. Memoo imepayiti 3a ueniniunicmio. Hexail moyarkoBe HaOJWKEHHS
u'”(x) obpaHo #k i y momepemHboMy BHHaaky. Toni iTepamiiiHa cxema Mae

BUTJIA:

u™ (x) - j K(x,8)u" (s)ds = j O(x,8) f(s,u" (s)ds, n=1,2,....  (6)

ITepauii (6) € MOCIIIOBHICTIO JIHIMHUX IHTETpalbHUX PiBHAHb Dpenroib-
Mma. Ko)kHe Take piBHSHHS MOKHA HAOJIM)KEHO PO3B’S3aTH, HAPUKIIAL, METOIOM
[anpopkina, 0OpaBIIM 3a KOOPAMHATHY cUCTeMy ¢, (X)=o(X)t,(X), k=1,2, ...,
ne {t,(x)} — noBinbHa moBHA B L,(Q) cucrema ¢yskiiil. [Iutanus 301KHOCTI
1TepaliitHoro npoiecy (6) BUPIIIYIOTHCS aHATOTIYHO 1. 1.

3. Memoo 0606iunux nabauscens. PiBHsAHHS (4) po3risgatumeMo y O6aHa-
xoBoMy Tpoctopi C(Q) HenepepsrUX y Q dyHKIil sk piBHaHAS 1 =T (1) 3 Te-
TepoTonHUM omnepatopom 7. ITpu mpomy mpoctip C(Q)) BBa)KaTHMEMO HaIIiBY-
MOPSIIKOBAHUM 3a JOIOMOIOK KOHycCa HeBiA eMHMX (PyHKUINA. Ko nei rere-
POTOHHMI ONEPATOP MAa€ CHJIBHO 1HBAPIaHTHUM KOHYCHHH BIIPI30K <V, W, >,

TO, B3SIBIIIU 32 MOYATKOBI HAOJIMKEHHS KIHII 1IbOTO BiJIpi3Ka, MOXKHA MOOYyayBa-

TU IBOOIYHUN ITEpaliiHUNA TpolLec 3HAXOHKEHHSI HAOJIMKEHOro PO3B’sA3KYy 3a-
nadi (1) — (3), murarHs 301KHOCTI IKOTO PO3TIISAHYTI y [2].

3

1 3

OOumCIIIOBAILHUEN EKCIIEPUMEHT OyJio mpoBeaeHo s f(X,u) = §+ —ut,

4
AKa BHHHUKA€, 30KpeMa, MpPU BUBYEHHI CEJEKLIMHOI MirpamiiiHoi Mojeni y
nonyJyisAniiiHiA rederuni. OTpuMaHi HaOMMKEH! PO3B’SI3KM OyJIO MOPIBHSIHO
M1k c00010.
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