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a HanbinbLue 3 BacHUX Ymcen MaTpuLi (E+B,»T((p))(E+B,-((p)) — HEepIBHICTb

sup max Ai2 (9)<B>.
VA
Axkwo
o+ plnf <0, (25)
TO MaTpULLGHT CUCTEMM PiBHSAHB (6) gonyckae ouiHky (11).
HoBeaeHHA. Npy BUKOHaHHI HepiBHOCTI (25) Byab-Akuii po3B'A30kK piBHSHbL (6) BiANOBIAHO A0 NonepeaHbOoi TeopemMm 3a-
AOBOSbHAE OLHKY BUrMAAy

Hx(t,xO)H < Ke V0D HxOH, 12T,

[ie 5K Y MOXHa B3siTU By/b-sike [ofjaTHe YMCIIO, AMSt SIKOTO BUKOHYETbCS HEPIBHICTL 0<y<|oi+ plnp|. OTxe, i MaTpULaHT

Qg(t,(p) PiBHsIHb (6) MOXHa OLIHUTK Tak camo, TOOTO HepiBHicTio (11).

AHanNornyHo MoxHa BMNEeBHUTUCH, LLIO CIpPaBeAIMBa HacTyrnHa Teopema.
Teopema 5. Hexan matpuui P(t,¢) Ta B;(¢) Taki, IO

sup max max < P(t,¢)x,x >< d,
1R ¢e3" =1

sup max max < (E+ B;(9))x, (E+ B, (@) x >< 2,
icz ge 3™ =1
i yMcno p BU3HaAYeHO, 3rigHO PIBHOCTI

. i(tt+T
im XA+ T) _
T—o0 T
AKWwo o+ plnB <0, TO MaTPULAHT CMCTEMM PiBHSAHL (6) 3aa0BONBHAEHEPIBHICTL (11).

BUCHOBKMW. insa cuctem amdepeHLianbHUX piBHAHb 3 iMMyNbCHUM BNAMBOM NOOYA0BaHO iHTErparnbsHy iHBapiaHTHY MHO-
XWHY 3 BUKOPUCTaHHAM dpyHKUii [piHa-CamorineHka. [ocnigxeHo NUTaHHA aCUMATOTUYHOIT CTIMKOCTI LIUX MHOXUHW.
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BCTY. Kpariosi 3agavi ons andepeHLuianbHO-yHKLiOHANbHMX PiBHSAHb e He4OCTaTHbLO BMBYEHI. Y CyvacHin nitepa-
Typi Big4yBaeTbCa HEODOXIQHICTb Yy AOCMIAKEHHSIX METOAIB pO3B'A3aHHA Takux 3agad. [obyayBaTu TOYHI po3B'A3KM OaHMX
3aa4y MOXKHa nuLue B okpeMux Bunagkax [1,3]. Tomy akTyanbHUM € NUTaHHA JOCNISKEHHS HAONMXEeHNX METOIB pO3B'sA3aHHS
umMx 3agad. Y ui ctatTti 4O ogHOro Tuny 3agadi 4na andepeHuianbHO-yHKLIOHANbHOIO PiBHSAHHA 3aCTOCOBYIOTLCS METOA
NocniAoBHMX HABNMMKEHb, KONMOKaLiMHWIA Ta KONMoKaLinHO-iTepaTUBHUI MeTOAM Ta PO3rMsiHYTO YMOBW iX 36iKHOCTI.

Hexai noTpibHO 3HaNTV OyHKL0 y(x), LLO 3aA0BOMbHSAE PIBHAHHSA

(Ly)(x) =" (x) +c(x)y' (x) + d (x)y(x) + p(x)y" (h(x) + ()Y (h(x)) + s(x) y(h(x)) = f(x), x € [a,b], (1)

Ta Kpanosi yMOBU
Ui [y]= (@) +By(a) =0,U, [y] =1/ (b) + 8y(b) =0, 2)

y(x)=0,xe (h(a),a). (3)
o kpawnoBoi 3agaui (1)—(3) 3amiHowo
F)m {g(x) = PO (h(x)),x€ (a0),c = (@),
g(x),xe (c,b),
3BOAMTLCA KpalioBa 3agava
(Ly)(x) = g(x).x€ (a,b),
Ui[y]=0,[y]=0,
y(x)=¢(x),x€ (h(a),a).
Hapgani BBaxkaemo, LLO:
KoedilieHTn ¢(x),d(x), p(x),r(x),s(x) — BU3HaueHi i OBMexeHi Ha Bimpiaky [a.b],g(x)e Ly(a,b), o>+ #0,y2+5% 0, h(x) -
AndepeHLinoBHa Ha (a,b) PyHKUIA | /' (x)2/x—h(x)20>0, Ta p(x)#0 Npu xe (a,0),c=h"(a);
KparioBy 3agauy (1)-(3) 3a AoNOMOror 3amiHu
Y(x) +a(x)y'(x) + b(x)y(x) =u(x) , Uj[y]=U,[»]=0, )

MOXHa 3BeCTU A0 IHTEerpo-yHKUIOHaNbHOro PiBHAHHS TAaKUM YMHOM.
KoediuieHTn a(x) i b(x) nigbuparTbcs Tak, wWob kpavoBa 3ajadva (4) mana €OVHWA PO3B'A30K MPU KOXHIN OYHKLT
u(x)€ Ly(a,b) . loro MoxHa 3HalTH B ABHOMY BUMMIAAI NOPIBHAHO NETKO, MPU LibMy BUKOHYKOTLCS PIBHOCTI

p(x)a(h(x)) —r(x) =0, p(x)b(h(x)) - s(x) = 0,x € (a,0). (5)
Togai 3anvwwemo piBHAHHS (1) y BUrnsAai
V() +a(x)y'(x) + b(x) p(x) + p(){ " (h(x)) + a(h(x)) ¥ (h(x)) + b(h(x)) y(h(x))} = 6)

= f(x) + g(x)y'(x) + k() y(x) +1(x) Y (h(x)) + m(x) y(h(x)),
ae
a(x) = g(x) = c(x),b(x) — k(x) = d(x),
1(x) = p(x)a(h(x)) = r(x),m(x) = p(x)b(h(x)) - s(x).
Mpu BkasaHoMy BuLLe BMOOPI koedilieHTiB a(x) i b(x), No-nepLue, icHye dyHKUiIA G(x,t) Taka,Lo eQnHNIA PO3B'A30K 3a-
Aaui (4) 3aanucyeTbcs (opMyro
b
()= [GxDu(t)dexe (a,b), 7

a
i, no-gpyre, BpaxoByoun ymoBu (5), Maemo

(By)(x) = g(x)y(x) + k(x)y(x) +1(x) (h(x)) + m(x) y(h(x)) =

0,x€ (a,c), (8)
1(x)y'(h(x)) + m(x) y(h(x)), x € (c,b).
Ha ocHogi doopmyn (4), (7), (8) piBHSIHHSA (6) MOXHa 3anucaTh y HacTynHOMY BUMsAi

=g(x0)y' () +k(x)y(x) + {

b
u(x)+ p(X)u(h(x)) = f(x)+ J.K(x,t)u(t)dt, x€ (a,b),

a
e, o4eBMaHO

K(x,0)=(BG)(x,t) = g(x)Gr(x,0) + k(x)G(x,1) +
N 0,xe (a,¢),c=h"'(a), (9)
1(x)Gr(h(x),8) + m(x)G(h(x),t),x € (c,b),t € (a,b),

Mpudomy, 3a ymoB (3) i (5) npu xe (A(x),a)
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-1 -1

00 i SO0
p(h(x)) p(h(x))
Takum ynHOM, My nokasanu, Lo Kpanosa 3agada (1)-(3) piBHoCKnbHA iHTErPO-OYHKLOHaNBEHOMY PIBHAHHIO

u(x)=y"(x)+ y(x)=0. (10)

b
u(x)+ p(u(h(x)) = f(x)+ IK(x,t)u(t)dt, x€ (a,b), (11)

u(x)=0,xe (h(a),a).
PiBHOCUMBHICTb  PO3YMIETBCA Yy HACTYNHOMY CeHCi: fAKWo y(x) — poss'asok 3agadvi (1)-(3), TO dyHKUiA
u(x) = y"(x) + a(x)y’(x) + b(x)y(x) — pO3B'A30K PiBHAHHA (11), i HaBNakK, AKWO u(x) — PO3B'A30K PiBHAHHA (11), TO YHKLIA
y(x) , 3HangeHa 3 3agadvi (4) €, po3s'a3ok kpanosoi 3agadi (1)-(3).

Cnig 3a3HaunTy, WO npu 3pobneHnx npunyLieHHsx 1, 2 Ta BnactmBocTAX yHKuii MpiHa 3 bopmynum (9) Bunnmeae cnpa-
BE€AJIMBICTb CMNiBBiAHOLUEHHSA

bb
[[ &2 (e tydxdt =k <,
aa

a oTxe iHTerpanbHun onepatop K

b
(Kv)(x) = f K(x,)\(t)dtVv(x) € Ly(a,b),
a
Bifobparkae npocTip L,(a,b) B cebe i € LiNnKoM HenepepBHUM.

Takum 4YnmHoM, Kkparnosa 3agada (1)-(3) ekBiBaneHTHa iHTErpo-yHKLiOHaNbLHOMY PiBHAHHIO (11), PO3B'A30K AKOro MOXHa
3HanTn [4]. 3i cka3aHOro BULLE BUNVBAE TBEPIKEHHS.
Teopema 1. Kparosa 3agayva (1)-(3) Mae eanHMiA po3B'a30K TOAI i TiNbKW ToAi, KONW PiBHAHHA (11) Mae eanHMIA Po3B'A30K

AN [OBINbHOT PYHKUIT Y/ (x) € L, (a,b) .
PiBHAHHA (11) 3amiHOO v(x) = (G’ISu)(x) , Ae onepaTopu G,S BiANOBIAHO MalOTb BUMMSAA [5]
y(x),x€ (a,c),c= h_l(a), v(x),x€ (a,c),c= h_l(a),
V(%) —q(x)y(h(x)),x€ (c,b), v(x) = g(x)v(h(x)),x € (c,b),

3BOANTLCS A0 IHTErpanbHOro PiBHSIHHSA dpearonbMa 4pyroro poay 3 LinkoM HenepepBHUM onepatopoM T =G 'KS™'G | ne

(Gy)(x) = { (Sv)(x) = {

b
(Tv)(x) = j T(x,0)v(t)dt,

TOAj, SIKLLO OOUHULA — perynsipHe 3Ha4yeHHs LibOro iHTerpanbHOro oneparopa, To kparnosa 3agadya (1)-(3) mae eanHuin po3ss's3ok

Y'(@eLyab).

MeToa nocnigoBHMUX HAGNUXeHb
CyTb MeTOAy cTOCOBHO 3agadi (1)-(3) nonsirae B TOMy, IO Matouu gesike NoYaTkoBe HabnWXKeHHs, HacTyNHi HaBNXXeHHS
LLYKaeEMO 3 KpanoBOi 3agadi

(Aye) () = £ () +( Ay ) () = (Lygy ) (x), x € (a,b), (12)
Ui ] =Us [ 4] = 0,31 (x) =0,x€ (h(a),a), (13)

ae
(Ay)(x) = " (x) + a(x)y'(x) + b(x) y(x) + p(){ ¥ (h(x)) + a(h(x))y' (h(x)) + b(h(x)) y(h(x))} (14)

npuyomMy koedilieHTn a(x) i b(x), SK BXe 3a3Ha4yanoch BuLie, NiabupaTeCa TakuM YMHOM, LWob 3agaya (4) mana eanHui
PO3B'A30K AN KOXHOT DYHKLIT u(x)e Ly(a,b) .

Hexan
Yr(0)+a(x) 37 () +b(x) y (%) = e (0),U; [y ] = U [ 3] =0, . (15)
Togai 3 yMOB/ O4HO3HAYHOro BU3HAYEHHS1 PO3B'A3KYy 3agadvi Maemo
b
W@ =[G, u(t)dt, xela,bl, (16)
b
Vi (h(x)) :IG(h(x),t)uk(t)dt, x€[c,b]. 17)

Ockinbku cniBeigHoLWeHHs (16), (17) BUKOHYyeTbCA Npu Oyab-AkOMy k , TO nigcTaBnsoum iX y (12), (13) i BpaxoBytoun
dopmynu (15), (14), (9), oTpumaemo

b
e (x) + p()ug (h(x)) = 1 (%) + f K(x,0uy_()dt, - xe (a,b), (18)

u (x)=0,x€ (h(a),a).
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3Biacu BMNNuBae, WO MeTod NocnigoBHMX HabnwkeHb (12), (13) po3B'a3aHHA KpaloBoi 3agadi 3BOAUTLCA OO MeTody
nocnigoBHMX HabnmxkeHb(18) po3B'a3yBaHHsI iHTerpo-yHKLUioHaneHoro piBHsHHS (11) [3].
Teopema 2. MeTop nocnigoBHUx HabnwmxkeHb (12), (13) 36iraeTbcsa, TOAI i TiNbKM TOAI, KONMW BNACHi 3HAYEHHS iHTerpanb-

Horo onepatopa (7v)(x) nexartb B cepeauHi OUHUYHOTO Kpyra 3 LIEHTPOM B NOYaTKy KOOpAUHAT.
bb
3ayBaxu1MOo, LLO Lisi TEOPEMa Mae Miclie, SKIO p <1, ae p’ = “Tz(x,t)dxdt <oo.

aa

KonokauinHun meton
3rigHo KonokauiHoro metony, HabnwxeHun po3e'asok 3agadvi (1)-(3) Gyaemo wykaTy 3 JONOMIKHOI 3agadvi

(Ly,)(x)= £ ().U [y,] =Us[y,] = 0.x€ (a.b), (19)
Vu(x)=0,x€ (h(a),a), (20)

ae
Ya(X) = am;(x). (21)

j=1
Hesigomi koedilieHTn a;= aj(n) 3HaxoguMO 3 yMOBM
[0 = Iy)x)=0,i=1n, (22)
fe onepatop L aHaxoautbes 3 dopmynm (1), a x; € [a,b] — Byanu konokauii.

B onncaHomy anroputMi cuctema dyHKLIN {ﬂi(X)} 3a0BOSIbHAE PIBHAHHS

{ (An)(x) =& (x), xe(ab), i=1Ln, 23)
Uini]=U,[n:]=0, m;(x)=0, xe(h(a),a),

o ¢;(x),xe(a,c), i=Ln, 4
) {cpi(x>+q(x)cp,-(h<x>), xe (c.b), (24)

e onepatop 4 Mae surnsag (14), q(x)\ Sc_]<°°, — 3afjaHa cucTema niHiNHO He3anexXHUX YHKUIN i ¢ = h‘l(a).

MigcTaBnaioum Bupas (21) B hopmyny (22) i BUKOHaBLUM HECKNaAHi NepeTBOPEHHS, AN BU3HAYEHHsT koedilieHTiB a;
OTpMMaEMO cuctemy anrebpaiyHnx piBHAHb

n _
2 Bya;=b. i=ln,
Jj=1

B SKi

Bj=Un;)(x), i,j=Ln, b= f(x), i=1n, (25)
Anroputm (19)-(22) MoXHa 3BECTM [0 KOMOKaLiiHOro MeToZy po3B'A3yBaHHSI UHTErpO-PyHKLIOHANBHOro pPiBHSAHHA (11)
[2]. OivicHo, BBEOAEMO HOBY cucTemy (PyHKL {ii(x)} , IKi MOXXHa 3HaNTW 3 HacTynHMX popmyn

() +a(om; () +b(on; () =& (.U [n,]=0, i=Ln, 1=12. (26)
Ha ocHoBi AaHoi 3amiHK 3 ypaxyBaHHsIM popmynu (21) HeBaXXKo NepekoHaTUCHA B BUKOHAHHI CNiBBiAHOLLEHHS
() +a(0)y(x) +b(x)y, () =, (.U [9,]= 0, 1=12, (27)
ae
U, (x) = Zajéj (x). (28)
Jj=1
Bepyuu oo yBaru ui 3amiHu, 3a gonomoroto copmyn (21), (14) otpumaTn piHOCTI
(Ay)(x) =, (x) + p(x)u, (h(x)), x€(a,b), (29)
b
V() = [ G, 0w, (. (30)
a

Ockinbkn, 3 popmyn (1), (14), (8) BunnuBae HacTyMnHa pPiBHICTb
(Ayn )(x) - (Lyn)(x) = (Byn)(x)a X€ (a’b)’ (31 )

To nigctaBuBLm (30), (27) y cniBeigHoweHHs (19), (22) i BpaxoBykoumn npu ubomy dopmynu (14), (31), (10), (29) i (28),
OTPMMaEmMo

b
u, (x)+ p()u,(h(x)) = f(x) +£K(x,t)u”(t)dt, xe (a,b), (32)

u,(x)=0, xe(h(a),a),
r(x)=0,i=1,n, (33)



ISSN 1684-1565 MATEMATUKA. MEXAHIKA. (1)39/2018 ~13 ~

b
(¥ = £ )+ [ K ety (0t = 0, (x) = ()1t (). (34)

Tenep BMAOHO, WO cniBBigHOLWEHHS (32)-(34) xapakTepusyoTb KONOKaLUiiHUA MeToA, pOo3B'A3aHHs iHTErpo-dyHKLioHanb-
HOro piBHsIHHSA (11).

KonokauinHo-iTepaTuBHMIA meToa
CyTb MeTOay CcTOCOBHO 3agaui (1)-(3) nonsirae B TOMy, LLO BUXOASAYM 3 NOYATKOBOrO HAGNMXEHHS, HAaCTYMNHi HAOMVKEHHS
LIYKaKTbCSA 3 AOMOMDKHOI 3aaavi

(Ay)x) = £ () + (A )(xX) = (Lzp)(x), x€ (a,b), (35)
Ul ]=Ua[06]=0, y(0)=0, xe(h(a),a), (36)
B SKiN
24(%) = Y () + wy (), (¥) = Y dlm (), (37)
Jj=1

a HeBiAOMI NapameTpu a; =a;(n) BU3HAYAIOTHCS 3 YMOBM

J
[ =Lz)() =0, i=Ln. (38)
B onucaHomy anroputmi onepatop 4 mae surnsag (14), a cuctema yHkuUin {ni(x)} 3HaxoauTbca 3 hopmynu (23), ae K

q(x)\ < g <oo, — 334aHa cucTeMa MiHIMHO He3aneXHUX PyHKUiIn i ¢ = hil(a).

i paHiwe,

Ha ocHosi cbopmyn (37) Ta (38) ona BM3HAYEHHSI HEBIAOMUX MapameTpiB OTPUMAEMO CUCTEMY MiHiHMX anrebpaiyHmnx
PiBHSIHb

> Bjay =bf. i=Ln, (39)

Ae B; MatoTb BUIMSA (25),

b = ()~ (Ly)(x) =0, i=1n. (40)
Anroputm (35)-(38) MoxHa 3BeCTU A0 KONOKAaLUNHO-ITepaTUBHOrO MeTOAY PO3B'A3YBaHHS iHTErpo-gyHKUiOHansHOro pis-
HSAHHSA (11). OicHO, AKLWO 3A4INCHUTY 3aMiHy

Vi) +a(x)yp () +b(x)y () =u (), U] =Us [y ] =0, (41)
i BBECTW HOBY CUCTEMY (DYHKLi {é,-(x)} , BU3Ha4eHy 3a gonomoroto opMynu (26), HeBaXKO NEePEKOHATUCS Y BUKOHAHHI Ha-
CTYNHOrO CMiBBiAHOLLEHHSA

Wi (%) + a()wi (x) + b(x)wy (x) =0y (x), U [Wk] =U, [Wk] =0, (42)
ae
o (x) = > kg, (). (43)
Jj=1
BpaxyBasLuu Ui 3amiHK, 3a gonomoroto gopmyn (37), (14) 4OBECTM iICTEHHICTb HACTYNHKX CNiBBIAHOLLEHb
(Az))(%) = gy () + p(ug_y (h(x)) + 0 (x) + p(x) 0t (%), (44)
b b
o) = [ GOn (), i (x) = [ GOx, )y (1), (45)

3Bigcu BunnuBae, Lo YHKLIO z; (x) , Ika BU3HA4aeTLCA opMmyrnoto (37), MOXHa 3anucaTu y Burnagi

b
2k () = [ GO0 fugy (1) +ay (D},

MosHauumo
Vi (%) = g (x) + 0y (x), - (46)
Toai
b
Z(x) = j G(x, 1), (t)dt. (47)
Ockinbku, 3 popmyn (1), (14), (8) Bunnumeae, wWo
(Azp)(x) = (Lzz M(x) = (Bz )(x), x€ (a,b), (48)
i BignoBigHO
1 (x) = f(x) = (Lz; )(x) = [ (%) + (Bz; )(x) = (Az;)(x), (49)

TO NiacTaBnsoyy 3amiin (41), (45), (47) y cniBeigHowweHHs (35), (38) i Bpaxosytouu npu LiboMy popmynu (14), (48), (10), (45),
(49) Ta (46), oTpMMyeEMO

b
uy (x) + p(uy (h(x)) = f(x)+JK(x,t)vk(t)dt, xe (a,b), (50)

a
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n()=0, i=Ln, (51)
b
R ()= £ () + [ Kt (0t = v (x) = po)vi ((0). (52)

AKwo BpaxyBaTh No4YaTkoBY YMOBY u, (x) =0, x€ (h(a),a), TO MoxHa nobauntu, wo anroputm (50)—(52), (46) Ta (43)
XapaKkTepuaye KOnokaLinHO-iTepaTUBHUA METOZ, PO3B'A3yBaHHS iHTErpo-yHKLiOHanbLHOro piBHAHHA (11).

OuucnioBanbHa cxema
BesnocepeaHbo o64umcnoBaTH 3a gonomoroto popmyn (35)-(38) aeLo He3py4HO, TOMY NPOMOHYETLCA OAHA i3 MOXITMBUX
obuncnoBanbHMX CXeM, PIBHOCWUIIbHA MOYaTKOBOMY anroputmy. [epea Tmm, Sk onucatn cxemy, 3ayBaXmmo, Lo B NPOLIECI
obuncneHb 3a opmynamu (25) i (40) cnig KOpPUCTyBaTUCS O4EBUAHMMMU CNIBBIAHOWEHHAMYN

(Ln;)(x) = (4n;)(x) = (Bn;)(x), (53)

S () = (Lyg_)(x) = f(x) + By )(x) = (Ayg_ (%), (54)

a cucTemy piBHsHbL (39) AOUINBHO 3anncaT y BEKTOPHOMY BUMNAAI Aa; = b, . OBUUCNIEHHS, SIK 3aBXAM, MOXHa PO3ainuTu Ha
[OMOMIXHi A OCHOBHI.

JonomixxHi obYMCneHHs: 3agaemMo CUCTEMY NiHIMHO He3anexHuUX yHKLin {(pi(x)},i=l,_n, pO3B'A3yeMO OOMOMiXKHI piB-

HsiHHS (24), (23), y pesynbTaTi OTpUMyeMo cuctemn dykkuin {n;(x)}.{¢,(x)}, Gyayemo Hosy cuctemy dyHkui
K ;(x)=(Bn,)(x),j =1n, (55)
Aani 3HaxoaMMmo enemMeHTu matpuui A 3 dpopmynum
By =&,(x)—K,;(x)i, j=Ln (56)
3Haxoanmo obepHeHy MaTpuLo A~!, a noyaTkoBe HaBrIKEHHSA BU3HAYAEMO 3 PIBHSAHbL
g (x) + p(x)ug(h(x)) = s¢(x), xe (a,b),

57
uO(x)zos xXe (h((l),[l), ( )
100 +a(x)y (x) +b(x)yy (x) =up(x), xe(a,b), (58)
Ui[]=Us[x0]=0.
ne s, — Aeska 3agaHa yHKUIA 3 L, (a,b).
OCHOBHI 06UNCINEHHS: BUXOAAUM 3 BIAOMUX (PYHKLIN y,_;(x) Ta s;_;(x) 3HAXOAMMO PyHKL0
Ve (x) = f(x) + (Byp_)(x), (59)
Ta HeB'sA3Ky
& (x) = v (x) = 55 (%), (60)
064MCIIIOEMO BEKTOP by ={b{‘,b§‘,...,b,’,‘}, ne
b =ep()i=1Ln, (61)
CKMNajJaemo PiBHAHHA Aa; = by | 3HAXOAMMO Oro Po3B'A30K
ap =A"b, Z{alk,aé{,...,aﬁ}, (62)
YTBOPIOEMO (DYHKLi0
s ()=ve () + Zaf»Kj (x) . (63)
Jj=1
HabnmkeHHs y, (x) 3HaxXoaMMO 3 PiBHAHHS
u () + p(u (h(x)) = 54.(x),  x€(a,b), (64)
u(x)=0, xe(h(a),a),
{y; () +a(x)y (0 + )y () =u (x), x€ (a,b), (65)
U] =Us [y =0.

Bepyuun go yearu copmynu (14), (48), (53) i (54) MoxkHa BCTAaHOBWUTU PiBHOCUMBHICTL 0BuncntoBanbHoi cxemu (56)—(65)
n anropuTmy (35)—(38).

BUCHOBKW. [o ogHoro Tuny KparoBoi 3agdadvi Ans avdepeHLianbHo-yHKUIOHaNbHOro PiBHAHHSA 3aCTOCOBaHO MeToam
no®yaoBu HabnxeHNX po3B'A3KiB, Taki Ik MeToA NOCIAOBHUX HAOMKEHb, KONOKALLIMHUIA Ta KOMNOKaLiMHO-iITepaTUBHUIN METOAM.

CMUCOK BUKOPUCTAHUX OXKEPEN

1. BaiiHukko .M. O cxoanMocTu 1 ycTo4MBOCTM MeToda konsnokauum / .M. BaitHukko // QudepeHu,. ypaBHeHus. — 1965. —1, Ne 2. — C. 244-254.

2.Tecenesa K.I'. KonokauiiHni Ta KonokauinHO-iTepaTUBHUI METOAN PO3B'A3yBaHHS iIHTErpo-pyHKLiOHaNbHMX PIBHSHL 3 Marnoto He NiHinHicTio // Matema-
TUYHE Ta Komn'toTepHe MoaentoBaHHs. Cepis: isnko-maTteMaTnyHi Hayku. — KmaHeub-Moainbcbkuii: KamsiHeub-INoginbCbkuil HaLioHanbHWiA YHIBEPCUTET iMEHi
IBaHa OrieHka, 2015. — Bun. 12. — C. 19-26. — ISSN 2308-5878.



ISSN 1684-1565 MATEMATUKA. MEXAHIKA. (1)39/2018 ~15~

3. Nyuka A.1O. MNpoeKUNOoHHO-UTEpPATVBHbIE METOAB! PELLEHUS NIMHENHBIX AnddepeHUmarnbHbiX U MHTerpanbHblx ypasHeHui / A.KO. Nyyka. — Kues: Hayk.
aymka, 1980. — 264 c.
4. Jlyuka A.1O. KpaiioBa 3apgaya anst audepeHLuianbHUX piBHSHb 3 iMNYNbCHOO Aieto | nobyaosa ii po3B'asky npoekuitHnm metogom / AKO. Tlyuka // Oon.
AH Ykpainn. — 1993. — Ne 8. — C. 11-16.
5.MocentoxxHa B.B., KonokauiliHo-iTepaTuBHUIA MeTO po3B’s3yBaHHS AndepeHLUianbHUX Ta iHTerpanbHux piBHsHb / B.B. MocentoxHa, J1.M. CemunuimnH
— TepHonine: THEY, 2013. — 203 c.
Hapivwna po peakonerii 30.10.17

K. FeceneBa, acnupaHT
KameHeu-Moaonbcbkuin HaumoHanbHbIW YHUBepcuTeT MeHn MBaHa OrueHka, KamaHeub-TNMoainbcbkuit

KONNOKALMOHHbIA U KONNOKALUMOHH-UTEPATUBHbLIN METOAbI PELUEHUA KPAEBbIX 3A0AY
OnA AN OEPEHUMATNBbHO-OYHKUMOHATbHBIX YPABHEHUM

B cmambe paccmompeHbl npubnuxeHHble Memodbl peweHusl Kpaeebix 3aday 0ns dughghepeHyuanbHO-PYHKYUOHANNbHbLIX ypagHeHul, Memod
nocnedoeameribHbIX MPU6auUXeHul, KOMTOKaUUOHHbIU U KOJLIOKayUOHHO-umepamueHbili Memodu. MccnedoeaHs! ycnoeusi cxoGumocmu 3mux
memodoe. [IpednioxeHo eblYUCIUMENbHbIE CXeMbl MEMOJo8.

K. Geseleva, PhD graduate
Kamyanets-Podilskyi Ivan Ogienko National University, Kamyanets-Podilsky

COLLOCATION AND COLOCATION-ITERATIVE METHODS FOR SOLVING BOUNDARY VALUE PROBLEMS
FOR DIFFERENTIAL-FUNCTIONAL EQUATIONS

Approximate methods for solving boundary value problems for differential-functional equations are considered in this paper, method of succes-
sive approximations, collocation and collocation-iterative methods. The conditions of convergence of these methods are investigated. The computa-
tional schemes of methods are proposed.
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ACUMMNTOTUKA PO3B'AA3KY IEPAPXII KBAHTOBUX PIBHAHb BEIKI
B rPAHMLLI CAMOY3ro>XeHoro nons

Po3ansiHymo npo6nemy no6ydoeu acuMnmomu4Hoi 2paHuyi camoy3200XkeH020 roJisi HernepmypbamueHo20 po3e ‘sa3Ky 3adayi
Kowi dns iepapxii keaHmoeux pieHsiHb BBITKI ma ecmaHoeneHo enacmueicmb NowupeHHs Kopensauili cmaHie KeaHMoe8ux cuc-
mem 6a2zambox YacCMUHOK 8 makill 2paHuyi.

BCTYI. B ocTaHHilh Yac cnocTepiraeTbCa 3Ha4YHWUIA Nporpec y AoCnigXeHHi npobnemn cTpororo o6rpyHTyBaHHSA KBaHTOBUX
KIHETUYHUX piBHAHB. 30KpeMa Lie CTOCYeThCs HeniHiiiHoro piBHaHHA LpeniHrepa Ta piBHaHHSA [pocca — MiTaeBCHKOro, AKMMM
OMMCYETLCH KONEKTUBHA NoBeAiHKa KBaHTOBMX cucTeM Baratbox YacTuHok [2]-[4], [12], [13], [16], Hanpuknaa, Bose rasy Ta roro
koHaeHcaTy. OCHOBHUI Migxia A0 BUBEAEHHS TaKMX KIHETUYHUX PIBHSHb MPYHTYETBCS Ha OOCNIOXKEHHI CKENNIHIOBOI rpaHuLi ce-
pefHLOro (camoyaromkeHoro) nonst [12] pose'asky iepapxii keaHToBUX pisHaHL BBIKI (Boronto6os — BopH — 'piH — Kipkeya
— IBOH) ANs NOCnigOBHOCTI MapriHanbHUX onepaTopiB rycTUHW NobynoBaHoro MeTofgamu Teopii 30ypeHs [15].

MeTa uiei ctaTTi nonsirae y nobyaoBi aCMMNTOTUYHOI rpaHuULLi Camoy3rog)XeHoro nons Ans HenepTyp6aTMBHOIO po3B's3ky
3apaui Kowui ans iepapxii keaHToBmx pisHaHL BBITKI [8], [10] Ta AOCHimXeHHS BNACTUBOCTI NOLIMPEHHS! MOYaTKOBMX KOpens-
L cTaHy Ans KBaHTOBUX cucTem BaraTbOx YacTUMHOK.

HEMNEPTYPBEATMBHUIA PO3B'A30K IEPAPXII KBAHTOBUX PIBHAHb BBIKI. Hexaii npocrip L‘l(fH) =®:,°=0£1(H®")
— NPOCTIp NOCMIAOBHOCTEN [ = (fy, fis---» f»--.) SAEPHUX ONEPATOPIB, f, « C BM3HAYEHUX Ha NpocTopi Poka 7, 3 TaKol Hop-

- 1
, [e CMMBONOM Ty, MO3HAYEHO YaCTWHHI crign onepatopa f, = f,(L,....n)e £(H,)

Ju(lseoosn)

MOto: Hngl(]:H) = :_OTTI,A.A,n
BM3HAYEHOro Ha n -4aCTMHKOBOMY rinbbepToBOoMy npocTtopi H, =H®". MignpocTip MiHITHMX NOCNIAOBHOCTEN BUPOMKEHUX
ornepaTopiB i3 HECKIHYEHHO AudepeHLiNoBaHNMU SapamMu 3 KOMNAKTHUMW HOCISIMM MO3Ha4YMMO 210(]-'H) [14].
Ha npoctopi 5(7-1,,) BM3Ha4YeHO ogHonapameTpuyHe BifoOpaKeHHs
R!5¢s Q:(t)f,, - e—itanneitH,,’ (1)
[e caMocnpsbkeHun onepatop H,, = ijlK(j) + 5Zj1<j2:1<b(jl,j2) — raMinbTOHIaH CUCTEMU n YACTUHOK, SKi 320BOSbHSAOTb

cTaTucTuky Makceenna — bBonbumaHa [2], To6To onepaTtop K () —onepaTop KIHETUYHOT eHeprii j YacTuUHKW, ® — onepaTop
napHoOro noteHuiany B3aemogii, ¢ >0 — CKenniHroBun napameTep i BUKOPUCTAHO CUCTEMY OAUHULL Ae h=2mh =1 — NOCTinHa

* +\~1 *
MnaHka, m=1 — maca YacTuHok. ObepHeHy rpyny oneparopis Ao rpynu G, (1) ByaeMo nosHayaTm (gn) (1)=6,(-t)=G,@®.
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