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HaunionaneHuii yHiBepcuteT «JIbBiBChbKa MOJITEXHIKa», M. JIbBIB

METOAU PO3B’A3YBAHHA MOYATKOBOI 3A0AUI
AnA HENHIMHUX IHTErPO-AU®EPEHLIAJIBHUX PIBHAHb
3 OUIHKOIO NTOKAJIbHOI NOXUBKU

OHUM 13 CyYaCHMX HAYKOBHX METOJIB JIOCII/DKEHHS SIBHII Ta
MPOLIECIB € MaTeMAaTHYHE MOJICIIIOBAHHS, SIKC B 0araTbOoX BHITaKaX
JIO3BOJISIE 3aMIHUTH PEaIbHHUN MPOILIEC 1 Ja€ MOMJIMBICTh OTPUMYBAaTH
SIK SIKICHy TaK 1 KUIbKICHY KapTuHy mpouecy. OCKUIBKH TOYHI
PO3B’SI3KM TAKHX MOJICIICH MOYKHA 3HAWTH B Ay>KE OKPEMHX BUIIAIKAX,
TO HEOOXIJHO BHKOPHCTOBYBaTH HaOMKeHI MeTonu. B mpukiammii
MaTeMaTHIIl IIHPOKOr0 3aCTOCYBAHHS HAOYIHM JpOOOBO-palliOHaTbHI
HAOJIMKEHHS, SIKi [IPU BiIIOBIIHUX YMOBAaX Jal0Th BHCOKY IIBHKICTh
301>KHOCTI aJITOPUTMIB, JBOCTOPOHHI Ta MOHOTOHHI HAOIMKEHHS.

V po06oTi, BUKOPUCTOBYIOUH METOJIMKY MOOYIOBH OJHOKPOKOBHX
METO/IB I PO3B’sI3aHHS TI0YaTKOBOI 3aa4i Il 3BUUAlHUX audepe-
HINIATGHUX PIBHSHB T4 PO3BHHEHHS LIYKAHOIO PO3B’SI3KY B CKIHUCHMIA
JIQHITFOTOBUI Jpi0, 3arpoIIOHOBAHO YKCIIOBUN METOJ| PO3B’s3yBaHHS
3amaui Kot myist HemiHiHHKX iHTErpo-aud)epeHIiaTbHAX PIBHSIHb TH-
my Bombrepn. 3HalineHo 3Ha4YeHHS MapameTpiB, MPU SKAX OTPUMAHO
HEJIHIHHAI METO/] IEPILIOTO Ta IPYroro MOpsAKY TOYHOCTI.

3anponoHoBaHO OOYMCIIOBAIBHI (HOPMYJIH, SKi Ha KOXKHOMY
KpOIIl IHTErPYBaHHS J03BOJIAIOTh OTPUMATH BEPXHE Ta HW)KHE Ha-
OJIMKEHHS 10 TOYHOTO PO3B 3Ky 0€3 J0JaTKOBHX OOYHCIIEHD Ipa-
BOI YaCTHHHU iHTEro-aAu(epeHIiaJbHOro piBHAHHSA. P0O3paxyHKOBI
(bopMynn, B SKMX TOJIOBHI WIEHHU JOKAIbHOI MOXHOKHM BiAPi3HS-
FOTBCS TIJIBKK 3HAKOM, YTBOPIOIOTH JIBOCTOPOHHI# MeToa. [TliBcymy
JIBOCTOPOHHIX HaOJIMKEHb 10 TOYHOIO PO3B’SI3Ky NPUHMAacMO 3a
HaOIMKEHHMH pO3B 130K B JIaHIi TOYIll IHTErpyBaHHs, a aDCOIIOTHA
BEJIMYMHA MIBPI3HUILI BU3HAYAE IOXUOKY OTPUMAHOIO PE3YJILTATY.

MoaynbHHIM XapakTep 3aIPONOHOBAHUX aJrOPUTMIB J1a€ MOXK-
JINBICTh B KOJKHIM TOYINl IHTETpyBaHHS OTPUMATH KiIbKa HaOJIH-
JKE€Hb 10 TOYHOTO PO3B’S3KYy MOYATKOBOI 3aJadvi JJIs HETIHIHHOTO
iHTerpo-audepeHianbHoro piBHsHHA. CHiBCTaBIEHHS IUX Ha-
OJKeHb Ja€ KOPUCHY 1H(MOPMaLilo Y MUTaHHI BUOOPY KPOKY iHTe-
TpyBaHHS a00 TPH OILIHII TOYHOCTI PE3yIIbTATY.

KiawuoBi cioBa: inmespo-ougepenyianvhe pisHaHHs, nouam-
K06a 3adaua, memoou Pynee-Kymmu, noxkanoha noxudxa, dsocmo-
POHHI HAONUIICEHHS!.

Beryn. Ilpu po3paxyHKy 3a7a4 emifemiosorii, JMHAMIKH POCTY Hace-
JICHHS, B’S3KO-TIPY’KHOCTI 1 T.J. BUHUKA€E MPOOJeMa 3HAXOIUTH HE TUIBKU
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MatematuyHe Ta KOMI'I,I'OTepHe Mo entoBaHHA

HaOIMKEHI PO3B’SI3KU AOCIIIKYBAaHUX MaTeMAaTHUYHUX MOJIETICH, aje i OTpH-
MyBaTH OIIHKY IOXHOKH pe3ynbTaTy. B poGoti [1] po3poOieHO OCHOBHI
NPUHIMIN TOOYIOBH JIBOCTOPOHHIX METOJIB, SIKI BIZTHOCSITHCS JIO TPYITH aHa-
JITHYHUX METOIB 1 JO3BOJISAIOTh Ha KOXXHOMY BIZPI3Ky IHTETpyBaHHS MOOY-
JTyBaTH JIBi MOCJIJIOBHOCTI KPUBHX, SIKi allPOKCUMYIOTh IIyKaHy 1HTErpajbHy
KPUBY LIbOTO PIBHSHHS 3BepXy 1 3HM3Y. OIHAK TaKWil MiJIXi]] HAKIIAIa€e JOCUTh
CHJIbHI OOMEXKEHHS Ha IIpaBy YaCTUHY AW(EPEHIIabHOTO PIBHAHHSA 1, KpiM
TOrO, ¥oro Baxxko peanizyBaru Ha [IK. ¥ pobGorax [2-4] po3risiatoThest Me-
TOJM JICIIO iHIIIOTO THITY, SIKi HE € CTPOTO JBOCTOPOHHIMH, a 3a0e3MeUyIOTh
HaOVDKEHHS TOYHOTO PO3B’SI3KY 3 HEOCTAueIO 1 HATMIIKOM (BEpXHE Ta HHU-
JKHe HAaOMIDKEHHS) y PO3YMiHHI TOJIOBHOTO WICHA JIOKATBEHOI moxuOku. Taki
METOIM HaJleXaTh O TPYIU YHCIOBUX METOJIB, JIETKO MPOTPaMYyIOTHCA 1 €
Oinpm yHiBepcambHUMH. Li mBOcTOpOHHI (opMyn OyIyroThCS Tak, MI00
JIOKaJIbHa MOXUOKA CXEMH B KOXKHIl BY3JIOBIH TOYI[ MaJia BUIJIS:

u (Xn+1)_un+l = wh? KCI)n (F)+0O(h P+1),

Je U(X,,1) 1 U,,; — BIJMOBITHO TOYHHMI{ i HAONMKEHUH PO3B’A30K JOCHI-

JUKyBaHOI 3afadi, h — kpok interpysanust, @ (F) — nestkuii qudepen-
mianbHAN omneparop, K — KoHcTaHTa, p — TMOPSAOK TOYHOCTI, @ - mapa-
METpP JBOCTOPOHHOCTI.

Bubopom h i p (h— kpoxk iHTerpyBanHs, p — NOPSAIAOK TOYHOCTI YH-
CJIOBOTO METO/Y) MOKHA KepyBaTH, IOPiBHIOIOUH, HAIPUKIIA, 3HAUYCHHS
OCHOBHOTO (TOJIOBHOTO) YJICHA JIOKAJILHOT MOXMOKM METOJY 31 3HAUCHHSAM
MOXUOKM OTPUMAHOTO HAOJKEHHS JI0 TOYHOTO PO3B’SI3KY 1 HACTyIIHE
Y3TODKEHHS IUX MOXMOOK 3 BUMOT'aMH JI0 TOYHOCTI pe3yibrary. J{BocTo-
POHHICTH i HE0OXi/THA TOYHICTh Ha BCHOMY IHTEpBANi iHTETPYBaHHS JOCS-
ra€eThCs 3a JOMOMOTOI0 mapaMeTpiB @ i h.

VY npukiasHii MaTeMaTHIll Habyiy MIMPOKOTO 3aCTOCYBaHHS JpOOOBO-
parlioHaJbHI anpoKCHMallii, OCKUIBKM BOHM JIalOTh BUCOKY IIBHIKICTH 301K-
HOCTI aJITOPHTMIB, & TAKO’K MOHOTOHHI Ta JBOCTOPOHHI arnpokcumartii [5-7].

1. Mocranoeka 3axadi. PosrusiHemo Ha Bimpisky | [ Xy, X%+ L]

3agady Komi it HenmiHiHHOTO 1HTerpo-audepeHIianbHOTO PiBHAHHS

X
u'(x)=F x,u(x),jg[x,s,u(s)]ds , ()]
XD
U(Xo)=Ug, Xe[Xg Xy +L]. )
[punycrumo, mo po3s’s3ok (1), (2) icHye i enunuii, a pyHkuii F i
g BOJIOJiFOTH HEOOX1THOIO TIIAKICTIO.

3arpornoHoBaHi y JIaHii poOOTi 0OYMCIIIOBAIBHI AITOPUTMHU JIAIOTh
MOXJIMBICTh Ha KOXKHOMY KpOIll 1HTETrpyBaHHsS OTPHUMYBAaTH HaOJKEHHS
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HEepLIOro Ta APYroro MOPsiAKY TOYHOCTI, a TAaKOX IBOCTOPOHHI HaOJM-
JKEHHS 10 TOYHOT'O PO3B’S3KY.
2. Heniniiinmii meron Pynre-Kyrru. Ha Binpisky |, BBenemo cir-

Ky O ={Xp<X <. <Xyy<Xy=X+L} 3 KpokoMm h=x,—X,

i =0,N —1. BukopucroByroun amapart JaHIIOroBUX JpobiB [6, 7] Ta Teo-

pito nobynoBu MeroniB Pynre-Kyrra [8, 9], Habmmxenuii po3B’s130Kk 3a/1a-
4i (1)-(2) B TOULi X = X, +h IIykaemo y BUIJIA/I HEMEPEPBHOIO Apo0y:

P
[k, 1] [k.1] Co
u = = : 3)
! Q[k,l] k1 ) dk,O
dk,l

Opn k+1=2 (k=1,2;1=0,1)

- 5 8% —c,o 5% —cyS
Co uondl,o:__l’dl,lz 1 Ozxdz,(): 1 202,
Co 61Cy Co
-—hZaU ;0 1=12, k = F[x +ayhy,up,0], 4)

k, = F[x0 +a,h, g +,821hk1,y21K1],
Ky = hg[ X, +ah, xo + Bh,ug + rhk, ],
He &yp, Ay, 8y, 8y @y @y Ay By Boy s ¥ — HEBILOMI apaMeTpH.

Po3BuHeHHs1 po3B’s3ky 3anadi (1)-(2) B psn Teitnopa B okoii TOUKH
Xp Mae€ BUTIA:

u(xo+h>:u(xo>+h<F>o+§h2{<a>o+<a>o<F>o+<Fz>o(g>o}+

+(Fzz)o(92) 2(F, )(9)0+2(Fuz)( )o (9)y*
+2(F; )y (9x)g +(Fo)g (gu)o(':)o+( F2)o (9s), +
+(Fu2)O(F)O+(F (9 0}+O h4) (5)
Posrsiemo hopmysa (3) i (4) mpn k=1, 1 =1:
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Wl Yo : (6)
o (ks +aiky )
Up

1-
h(ay1k; + gk, )2 —Ug (a2lkl +ayk, )

U (ayky + a5k, )
ky = F[Xo +a;h,ug,0], ky = F[ Xy +a,h,Uq + Byrhky, 71Ky |,
Ky = hg[ X, +ah, xo + Bh,ug + yhk, .
Hesinomi mapamerpu a;;, a; (i=12j=12), By v @, B, ¥

BHOEpEMO 3 YMOBH, 106 Rl[l’l] =lu(xp+h)- uF’l] =0 (h3) .
J1s 1Ib0T0 CTI0YaTKy mepeTBOpuMoO Gopmyity (6) I0 BUTILY:
h(a,k, +a,k
u{l,l] —up + ( 111 T 912 2) , @
1- (ap1ks +apks)
a3k +ay,k;
abo
h(ayk, +a,k, )’ P
u{l’l] —uy + 11% T dioRo —uy + 11 ' ®)
(au _aZl)kl +(a12 _azz)kz Quy

[pencrasnenas popmynu (6) y Buriiai (8) mae MOXKIUBICTh TIPOBO-
JMTH PO3PaxXyHKHU NpH Uy = 0, a TAKOXK, AK MOKa3yIOTh PO3PAaXyHKH, SKILO

=o(h’).

Po3BruHeHHs P[l,l] 1 Q[l,l] B paau Telnopa B OKOJII TOUKH X, MaroTh

ay Ky +ay,k, =0, 10 [U(Xg +h)—u£l’l]

BUIJIAT:
Py =N (aky + a5k, )2 =h(ay, +a; )2 (F2 )0 +
+2h? (ay; +ay, )(F), { (ayy0n +ay,, ) (Fy), +
+31 851 (R ) (F)y +ara (F)(9), 1+
+h® {(alla1 rapa,) (F? )o +(a ) (L), (F)j + a7 (F7)
+2(a+25) (F)y x| @5 12(Fy )y + @211 2(Fu )y (F ), +

2
+Bo1 (Fy )O(Fu )0 +%(Fzz )0 + a7 (Fy )o(g)o +@(FUU)(F2)O +

+1821721(Fuz)0(':)0(g)o+721a(|:z)0(gx)0+7217(FZ)0(9U)0(F)0+
76
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+721ﬂ(FZ)O(gS)0]+a12ﬁ21(Fu)0+a12712(Fu)0(g)0}+o(h4). 9)
Q[1,1] = (apy —ay )k + (A, —a5, ) ky = (8 — 8, +ay, —azz)(F)O +
+h{[(a11al —ay @) )I(Fy), + (812 —825) Bor (R ), (F), +

+(a12—azz)yZl(FZ)O(g)O}+h2{[(an—an)al+(a12—azz)az}(Fxx)OJr

351 (Fu), (Fz)o N

2
+(ap, — 8y ) faen (Fy )O(Fu )o T (812 — a5, ) = (F, )0(92)0 +
+(au2 — 8 ) @721 (Fe )o(g)o +(212 —8y) Borvar (R )O(F)O(g)o +
+(812 — 82 ) 721 (F; ) (9x )y + (82 =52 ) 7207 (F; ) (90 )y (F ), +
+(ap —ax, ) 7B (F, ), (95), }+O(h3). (10)

+(a —ay) (qu)o(F)OJr(alz*azz)

X AS)
N|El\) N||’EN

Toni
1
u(Xo +h)—u1[1‘1] = —[h(FZ)O [all —a,; +ay, — a8y — (a5 +a22)2}+
(2]
1
+h? [(au —ay)on+(ap —ay)a, + E(au — 8y +ap — 8 )
—2(ay + azz)(allal +a5,a, )](F)o (F )o +

1
+h? {E(an — 8, + Ay — 8y )+ (8 — 8y )y + (8, —8y) Bor —
1
—2(ay +a12)a12,821}(Fu ) (Fz)o +h? {E(all —ay +ay, —ay )+

+(5‘12 *a22)721_2(a11 + alz)a1272l:|(':)o (Fz )0 (9)0 +O<h3) . (11)

Bupasu s koedinieHTiB yncenbHuKa npu crenensx h i h? marwots
BUTIIAL;

2

h(F)o DAy~ 8y tap —ay — (& ta,)

hZ(F)O (FX)0 S(ay —ay oy +(a, —ay )a, +
1
+E(a11 —a8 tap, —azz)— 2(311 + alZ)(allal +a,a,),
2 1
h (F)O(Fu )0 . E(ail_a21+a12 _a22)+(a12 _azz)ﬁm_2(a11+a12)312ﬁ21'
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2 .
h*(F)o (F2) (9), :
1
E(an — 8y +ap ~ 8 )+ (8 ~8x) 721 - 2(311 +tay ) 82721+
pupiBasBum koedimientn mpu h i h? 10 HymIs, TO OfepKEMO Ha-
CTYITHY CHCTeMy anreOpaiyHuX piBHSIHE:

2
Ay — 8y +ay; — 8y, — (8 + alz) =0,

1
(ail —a21)a1 +(a12 —azz)az +E(a11—321+312 —azz)—

-2(ay; +ay, ) (a4 +a,a,) =0,

1
5(311 — 8y + 8y, — 8y )+ (8, ~ay ) B —2(ay +alz)312:321 =0,

1
E(an —8p 8, _a22)+(a12 —322)721 —2(311 + a12)312721 =0. (12)

[Ipn upoMy NOKaIbHA TOXNOKA MaTUME BUTIISI:
11 11
Rl[ ] =u(x, +h)—u£ I O(h3) :
Ockinbku &, B, y He BXomuTh B cucteMy (12), To X MoxHa BUOpatu

JIOBUTEHUMH, HAIIPHUKIIAM, IOKIacTl o = =y =0.

Cucrema piBHsHb (12) 3HAYHO CHPOCTUTHCS, SIKIIO TOKJIACTH
&, +a, =1, 1 Haby/ae HACTYIIHOIO BUIIIAAY:

agt+a, =1 ay+ay, =0

1
(311 - a21)a1 +(a12 — 8y )a2 + 57 2(‘51110‘1 +a,0, )1 =0,
1
E*(alz — 8y )ﬂ21 — 28,5, =0,

1
E+(alz_a22)721_2a12721 =0. (13)

Po3B’a30K maHOT CHCTEMHM Ma€ BUTIIS:

1
ay =l-a,, ay =, ————, p=——-
2[5 2[5
oy =P +(1-2Bn) e, a1 = Pors (14)
ne a8y, Boy ( Sy # 0) — mapamerpu.
3ayBaxkuMo, sKIIO Y ¢hopmyii (6) B3t 1Ba i Tpu abo y dhopmyii (7)
onuH abo JiBa MOBEPXH CKIHYEHOTO JIAHIFOTOBOT'O APOOY, TO OTPUMAEMO
BIZIMOBITHO METOJI MEPIIOro Ta APYroro HopsaxKy TouHocTi. IToknasmm y
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bopmynax (14) a,, =a,, =0, TO micas HECKNATHUX CNPOLIEHb, OJEPKH-
Mo merozn 3 [10].

3. Meroa 3 ABOCTOPOHHLOIO OLHKOIO JIOKAJIBHOI MOXMOKH. Y
3B’S13KYy 3 BIICYTHICTIO €()E€KTHBHOTO CIOCOOY OLIIHKHM MOXUOKH HaOIIKe-
HOTO PO3B’SI3Ky BHHHUKJIa HEOOXIJAHICTh PO3POOKH ABOCTOPOHHIX METOIIIB.
[TobynyemMo po3paxyHKOBi (OpMYIIH, SIKi JAIOTh IBOCTOPOHHI HAOJIMKEH-
HS 70 TOYHOTO po3B’si3Ky 3anmadi (1)-(2), a came, mo0 nmoxmuOka B TOUII
X =X, Mana BUTI;

R = {ain® (F), (), + @ (F )5 (Fy ), +

+03 (F ), (Fo)y (9), +0(1°)] /e

Ipu pisHux 3HadeHHsX ; (i =1,2,3)0TpuMyeMO BiIMOBiAHO pi3Hi
JIBOCTOPOHHI PO3PaxyHKOBI ()OPMYJIH.
IMoxnaBmy a;; + &, =1, cucrema pisHaHb (13) Habylae HACTYIHOIO
BUIILAZLY:
Ay +ay, =1 8y +ay, =0,

1
(l—a21)0.’1 —8y,0y -9—5—2011 =aw,

1 1
E‘azzﬂzl =0y, 5_322721 = ;. (15)

O3IVITHEMO KOHKPETHI BHUIIAJIKH PO3B SI3KIB CUCTEMU .
P ’ 15

1. V Bumagky, sSKmo @, =w, a @ =w; =0, TO OTPUMAEMO TaKi

PO3B’s3KH
la) oy =0,
a =1-a,, a; =a, o, Qp =,
7
1
0‘1:0’2251 ﬂzlz(l_zw)Vzln (16)

Ae ;. 721(721 # 0) — mapameTpH.
16) oy =, :

a, = 721+(27/21—1)a1, B = (1—260)7/21,

8y =1-ay,, ay =—ay, @3 = 17)

2y
e oy, 79 (721 * O) — mapameTtpu. Tomi
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R (0, = @) =u(x, +h)-uiY = {h? (F) (R, ), +0(n°) / Quy -
2. IloxnaBum @, = w; =@ i @ =0, OTPUMAEMO HACTYIIHI PO3B’A3KU:

1
2a) 0‘1:0‘2251

20-1 1-2w

a =1+a, + 25 , Ay, = 25 —ay,,
21 21
1-2w
A1 =8~ 2 v 8y = —8y, V21 = Pors (18)
B
e @y, By (Boy # 0) — mapamerpu.
20) oy £, -
1-2ay) 20 -1
Ay =0 +—— , a =1+a +—,
2T ) P TR Ty
1-2w
2 = 8, 8y =8y, Vo1 =For (19)

21
ze Ay, ay, Por ( Boy # O) napameTpu. [Ipy ux 3HAaYEHHSIX mapamMeTpiB

Rl[m](a)z =Wy = 60): {a)hz[(F)o(Fu )o +(F)o(FZ)(g)O]+O(h3)}/Q[1’l] '

3. SIKIIO MOKIACTH @ = @, = @3 = @, TO

1-2w 1-2w
a; =1-a;, a21:a12—7%, as :721_312’
= = 2P 20
Yor=Paur & =P+ 1‘@ , (0#1/2), (20)

Ie a5, By (By #0) — mapamerpu. Toni

R (@)= fon? [(F), (F.), +(F ) (), (F)y (R (0), [0 (1)} 10y

3ayBakuMo, 10 Y Gopmyinax (18) mapameTpu o, ,, S,1, 7, HE Mic-
TATH HapaMeTp JBOCTOPOHHOCTI @ . lle o3Hauae, Mo He MOTPiOHO JoAaT-
KOBUX OOYHMCIIEHb NPaBOI YaCTHHH 1HTErpO-IH(EPEeHIIaTbHOTO PiBHSIHHS
(1) mns 3HAXOIKEHHS MABOCTOPOHHBOTO HAONMIMKEHHS IO TOYHOTO
po3B’si3ky. opmynun (20) npu ¢ = 0 TakoXk HE MICTATh MapaMeTp @ .

TakuM 4YMHOM, 3aIPOIIOHOBAHO YHUCJIOBUM METOJ, SIKMH J103BOJISIE
3HAXOJUTH HAOJIVKEHHS 10 TOYHOTO po3B’s3Ky 3anadi (1)-(2) mepmroro ta
JIPYyroro MOpSAKY TOYHOCTI, a TaKo)X OTPHMYBaTH JBOCTOPOHHI HaOIH-
JKeHHsI 0e3 JI0JJaTKOBUX 00YMCIICHb IPaBoi YacTUHHU piBHSHHSA (1).
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Jlnsi 3HaXO[KEHHs HAaOIIDKEHb Y HACTYIHHX TOYKax X, (N >2) Ko-

PHCTYyEMOCS CIIOCO0OM pyXOoMOro modatky. IIpenacraBusmmm piBHSHHS (1)
Y BUIJISII

u'(x)=F [x,u (%), w, (x)+W (x)} ,
Ie

g(xs,u(s))ds,

— <

W, (x) = XI g(xs.u(s))ds, W(x)=

0 n

<

OTPUMAEMO 33/1a4y 3 HOBHM II0YaTKOM iHTETPYBaHHS , UL PO3B’A3yBaHHS
SIKOT BUKOPUCTOBYIOTECS (hopmynu Buy (6)-(8), mpudomMy HaOIM>KEHHS 10
3HaXOAMMO 32 IONIOMOTOI0 KBaJpaTypHUX GOpMYIL.

BucHoBok. Buseneno po3paxyHkoBi (hopMys po3B’sI3yBaHHS 3aj1a-
ui Komri ay1st iHTerpo-nudepeHiaabHuX piBHAHB, 0 0a3yIOThCSl Ha Hele-
pepBHEX npobax. [Ipw BiAMOBINHMX 3HAYCHHSAX MapaMeTpiB OTPUMaHO
HaOJNMKEHHS IO TOYHOTO po3B’si3Ky 3aia4i Ko (1)-(2) nepmoro Ta apy-
TOTO MOPSIAKY TOYHOCTI.

3HalileHO MHOXHHY MapaMeTpiB, IPH SIKUX OTPUMYEMO JIBOCTOPOHHI
po3paxyHukoBi Gopmymu. [Tapa ¢opmy, mo BiIMOBIIAIOTH TBOM 3HAYCH-
HSIM, SIK1 BIZPI3HSIOTHCS JIMIIE 3HAKOM, CKJIaJaI0Th PO3PaxyHKOBI opMy-
JIM TBOCTOPOHHBOTO MeToy. OnHa 3 HUX Oy/ie AaBaTH BEPXHE HAOIIKCH-
HsI IO TOYHOTO PO3B’SI3KY, @ 1HIIIA — HIDKHE HAOMIKEHHS. 32 HaOJIKeHUH
PO3B’s30K MPUHMAEMO IIBCYMY IBOCTOPOHHIX HaOuvkeHb. Moayib miB-
PI3HUII TBOCTOPOHHIX HAOIIKEHD TA€ MOXUOKY METOY.

3arporoHOBaHO YMCIIOBUH METOJM, SKWH JO3BOJISIE 3HAXOJWTH Ha-
OJIMKEHHS 10 TOYHOTO po3B’si3ky 3amadi (1)-(2) mepiroro ta Apyroro mo-
PSAAKY TOYHOCTI, @ TAKOXX OTPUMYBATH JIBOCTOPOHHI HaOIMXEHHs 0e3 10-
JIATKOBHMX OOYMCIIEHb NPaBOi YaCTUHH PiBHSHHSA (1)

3arpornoHoBaHy METOJIUKY 3HAXO/PKEHHS HAOIIKEHOTO PO3B’SI3KY
3anaui Komri anst iHTerpo-nudepeHiaabHuX piBHSIHbD MOXHA 3aCTOCYBATH
Jutsl TTOOYTOBU YMCIIOBUX METOAIB OLIBII BUCOKOTO MOPSKY TOYHOCTI.
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METHODS OF SOLVING THE INITIAL VALUE PROBLEM
FOR NONLINEAR INTEGRO-DIFFERENTIAL EQUATIONS
WITH LOCAL ERROR ESTIMATION

One of the modern scientific methods of researching phenomena and pro-
cesses is mathematical modeling, which in many cases allows replacing the real
process and makes it possible to obtain both a qualitative and a quantitative pic-
ture of the process. Since the exact solutions of such models can be found in
very individual cases, it is necessary to use approximate methods. In applied
mathematics, fractional-rational approximations, which under appropriate con-
ditions give a high rate of convergence of algorithms, bilateral and monotonic
approximations have become widely used.

In this work, using the technique of constructing one-step methods for solv-
ing the initial problem for ordinary differential equations and developing the
sought solution into a finite continued fraction, a numerical method for solving
the Cauchy problem for nonlinear integro-differential equations of the Volterra
type is proposed. The values of the parameters at which the nonlinear method
of the first and second order of accuracy is obtained are found.

Computational formulas are proposed, which at each integration step
allow obtaining an upper and lower approximation to the exact solution
without additional references to the right-hand side of the integro-
differential equation. Calculation formulas, in which the main terms of the
local error differ only in sign, form a two-sided method. We take the half-
sum of bilateral approximations to the exact solution as the approximate
solution at the given integration point, and the absolute value of the half-
difference determines the error of the obtained result.

The modular nature of the proposed algorithms makes it possible to ob-
tain several approximations to the exact solution of the initial problem for
the nonlinear integro-differential equation at each point of integration. The
comparison of these approximations gives useful information in the matter
of choosing the integration step or in assessing the accuracy of the result.

Key words: integro-differential equation, initial value problem,
Runge-Kutta methods, local error, bilateral approximations.
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