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B. B. Mapureup, K. B. Mapuseup, O. 0. ITutsoBka (Yxkropoacokuit nall.
YH-T, Y2KropoZCbKuil Hall. yH-T, MyKa4iBcbKuil 1€pXK. YH-T)

PO OHY KPAVMIOBY 3AZJAYY TEOPII P4l
TIMEPBOJIITYHOTI'O THUIIY B OBJIACTI I3 CKJIAJHOIO
CTPYKTVYPOIO KPAIO

We investigate one constructive modification of the two—sided method of approximate integration
of the boundary—-value problem for system of non-linear second-order differential equations of the
hyperbolic type on the plain when the bound of the domain of change of the independent variables
conciistes of the pair of "free"curves and the characteristics of the given system.

HocnKyeTnea oia KOHCTPYKTHBHA MoANGIKaliis LBOCTOPOHHLOrO0 METOAy HAGIMXEHOro isre-
rpyBaHHsI KpaoBol 3afaui a1l CHCTeM HeNiHIHMX AudeperlianbHUX PiBHAHbL APYLOro MOPAAKY
rirepbOJIIYHOrG THUITY HA IUIOLIMHI, KOJIM Kpa# o6JsacTi 3MiHM HE3AJIEKHUX 3MIHHUX CKJIAAETbCH 13
napy "BiIbHUX"KpUBHUX TA XapaKTEPUCTUK 33JIaHOI CHCTEMH.

Jana poboTa € MPOJOBKEHIIAM JOCI[PKEHb, TTpuBegeHux B [1,2].
B R? posrnsinemo obracts D = D; U D,, ne

Dy = {(z,y)lz € (zo,21], ¥ € (%0,9:(z)))},

D, = {(m’y)kc € [-'Ela-'E?]ay = (92(55)’?/1]}’

A T AT Y e Tl T e e o e T T S sl e A e s
"pinpHi"kpusi [3], npudomy g.(z) > 0, 91(Tr-1) = Yr, go(Tr) = Yr-1.

* Hocuimmmo sanauy [4]: 8 mpocropi Bekrop~bynkuin C*(D) := C¢V(D)NC(D)
3HalTH PO3B’sA30K cucremu audepeHIiaabHUX PiBHAHDb '

L2U($’y) = f(:c,y, U(‘Ea y)) = f[U(:z:,y)], (1)

LoU(z,y) = Ugy(z,y) + Ai(z,y)Uz(z,9y) + A2(z,y)Uy(7,9),

Vo) = g, UGV = (VD). = 17— sexop-tm
Ar(z,y) == (dijo; (z,)), r = 1,2, j = 1,n — 3anani marpuni, §;; — cumson Kpo-
HEKepa,aKui 33,J0BOJIbHAE KpalloBl yMOBH

U(zo,y) = Y(y). Y(y) € C'lyn, ],

Uz, yo) = ®(z),®(z) € Cllxg, 71, . (2)
¥ (yo) = ®(z0),
Uz, gr(z)) = Q(z),z € [Tr-1,2+), U (z) € Clzpt, /)7 = 1,2, (3)

Q1(z0) = Y(y1), Qa(z1) = ®(z1),

ze U(y) :== (¥i(y)), B(z) := (#:(2)), () := (wir(z)), i = 1I,n, r = 1,2 — 3aani
BeKTOp—yHKIII.
Posi6’emo obaacte D; na nsi mimobnacti Dy ., ge

Nl 7R

D= {(-'3-,?/) z € {@g, 1],y € ( Y Y15, L2

)

II
=\
27
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111
Oqeswmo pose 's130K Kpa#osol 3azaui (1)-(3) Uz, y) = Uian). s 32,3,
ae Ui(z,y) — pose’ssok sazat Lypea (1), (2) np (z,y) € Dy, a Uz, y) si=
2,3 — poss’sisku 3agad Hapby (1), (3) simmosigro mpu (z,y) € Dia, (r = 1) i
(z,y) € Dy, (r=2), mpmiomy Us(z,u1) = Uy(z,11),
Us(z,y) = (usi(z,y)) — BekTOp—DyHKII.

Hamaui BBasKaTHMEMO, mo  Ai(z,y) € C(D)nCE(D;, U D,)

(z,9) € C(D) NGO DN AP (@ yjle C(B), f: B - R, B cR?

BuxopucroByioun nosxadenss poboru [1] mogamo samaqi I'ypea (1), (2) Ta dapby
(1), (3) B exsiBaseHTHI# iHTErpanbHii opmi

Ua(%m Ul(Tl,y),

Us(z,y) = Ls(7,y) + €. T1FUL(E,m)] + ToF[U(€,m)] (@
(x,y) € Dy, npu s = 1,21 (x,y) € D, mpu 5 = 3, ne

G a2 T O TN )
it FlU(z,y)] = { Jrex U(T,y)],(:c y) € Dy,

z,y)|U(z,y),
($7y)] + [Alz(xvy) g A2y(w, 'l/)] (aﬁ U),

TLF[UA(E, )] = / / Ko & P E mlinde, s,0) € Dis,

zo Yo

TF[Ua(¢,m)] = / / K(z,y;&,m)F[Ua(€,m)ldndE, (z,y) € Dyg,

k1(y) n

T, FlU3 (€, / /K (¢, m 2, 5) FIUs(€, m)]dédn, (@, y) € Dy,

gz2(z) 21

K(z,y,€,m) = (6:,5ki5)(z, y; €, m), K71 & 2, y) = (6,57 ) (€ m; 2, y) — maxpmi,

4 n
big(o,3:8,7) = eop ( / o2 (1,y)dr + / a&’(sn)d»r\ ,

]
\. @ Y o/
Ts(z,9) = (154(2,9)), s = 1,2,3 — pexTop—dynKuii,

o
"4 = i(y)ezp /a,(',zi)(f,y)dﬁ) +

/ i s(2, 33 €, 50) [4(6) + a2 (€, wo)(E)]dE, (z,9) € Du,
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k1(y)
Yo = wi(k1(y))exp ( /'/ (2)(57 )d’c) +

z
T

/ kii (2, y; €, 90)[61(€) + a2 (€, %) i(€)]dE, (z,y) € Dy,

ki(y)

g2()
V3, = wip(T)ewp ( J[ 2 (@,mdn | +
Y
Y
+ [ o, m o)) + o2 oo bl (5,) € D

92()

T Y1
T1,2F[(/'11(€, 77)] Gy J/ K(I y,E,T}) [Ul(fy"?)]dﬂdf, ('an) € D1,27

k1(y) vo

Ty s FIUL(E, )] = / / K&, 2,) FI €, m)ldédn, (o,1) € D,

ga(w) To

BayBaxkenust 1. SJrxwo A(2y) = Aglz,y), (o) e B mo
F*U(z,y)] = F*[U(z,y)] i K(z,5;€,m) = K7, 752, 9).

3rigao nocranoku 3aga4i Uy (2, y1) = Uz(2,41) 1 Ury(z1,y) = Usy(z1,y) npu
z € [0, 71] T2 Y € [yo, 1], @

. N
ul,iy(m7yl) — Ug iy (T, Y1) = p1i€TP (f ag?(&ﬂlﬂf) & € [0, 1],
w N

—~
[S4
il

ul,im(wl,y) e ué,iz(ml,y) P2ieTp (f ( )(581, )dﬂ> Y € [yo,yﬂ,
Yy

e

pri =Y (1) — K (yl){wé,l(xo) + Gﬁ‘) (w0, y1)wi1 (To) — [@(%) + az(i') (o, yo)¢i(x0)] X

Yo Y
X €xp (/ G‘E,l't) (‘,BOa 77)d71> 7 / [fz(x0y77,¢1(77)? et 1¢n(n))+

+ ( @) (%o, )+a,(1>(:c ,1)a 12) 53(330,7,)) Xd’z‘(n)] e (/'()(xo,r)df) }
\u1 /

Hayk. Bicauk Yaxkropog yu-ty, 2014, sun. 25, 'Nﬂ 2



IIPO OIHY KPAMOBY 3AAYY 13 CKJIAJHOIO CTPYKTVYPOIO KPAIO 113

i =@ (x1) —wiq(x1) — 92($1){azz (1, Yo)wi2(T1) — [¢ (30) + a ($0790)¢z(yo)]

X exp (/ al (€, 'UO)dE\ / [fil&, 10, 81(E) - - ., n(E))+

0

/€, \
+a{ (&, 10) + a2 (€, 10)al (&, 10) (6] exp( ‘Qf(f,yo)dT) }

A&

Takum YUHOM, CIIDaBEIJIMBa HACTYIIHA

Jlema 1. Hexatt  flU(z,y)] € C(B), A.(z,y) € C(D), r = 1,2,
Ay(z,y) € CUO(Dy U D3), As(z,y) € COY(Dy U Dy) i xpatiosa sadava (1)-(3)
MAE PO36 AZ0K.

Todi 0Oasn pezyaspnocmi poss’aswky xpatiosoi sadaw (1)- (3} (mobmo, w06
U(z,y) € C*(D)) neobziono i documv euxonanns ymos pr; = 0 dan ecizr = 1,2
ma i = 1,n. Y cynpomusnomy eunadxy maromv micye pienocmi (5) i poss’azox
aadavi (1)-(3) 6yde ippeeyraprum.

Osnauennsa 1. Bydemo zosopumu, wo F[U(x ,z/)] € Cy(B), axwo eexmop-
5.

I‘B lﬂJ’K"ll’lﬂ p"rfx 'Il\] 20 an'wuat" 'lJﬂI"YTIQI’n’Ll’I ’HAII) ’!
WY Iviviguy & ]l 3008 WL TTWl v Yivive Yuve O w

1) FlU(z,y)] € C(B),

%) y npocmopi eexmop~gynyit C(By), B C R* ™D, [Ip o By = D, icnye maxa
sexmop-gpynryia H(z,y,U(z,y);V(z,y)) = H[U(z,y); V(z, )], wo

o H[U(z,y);U(z,y)] = F[U(z,y)],
® Jaa  dosuavhoi 8 mpocmopy C(D) napu  sexmop-dynryit
U(z,y), V(x,y) € By, axi sadosoavnatome ymosy Uz, y) =%z, y),

(z,y) € D, 6 obagcmi By sukonyemvca nepienicms
H[U(z,y); V(z,y)] - HV(z,y); Ulz, )] < 0, (6)

9) eenmop-gynnuin H{U(z,y);V(x,y)] 6 cbaacmi By aadososmvnac ymosy Jhi-
nwiya, mobmo, 0as  ecaxur 3 npocmopy C(D)  eexmop-gynmyid
Ur(z,y), Vo(z,y) € By, T = 1,2, suxonyemvca ymoea

|H[U1(2,y); Ua(z, )] = H[Vi(z,y); Va(z, ]| < L(Wi(z, y)| + [Walz,y)l),

Wi(z,y) = Up(z,y) ~Va(z,y), 7 = 1,2, de L = (5;3li5) — mampuya Jinwiug,
li,j 2 0) 2).7 T —1-77:

Ouesnno, sixmo Bekrop-obyrxuia f[U(z,y)] € C(B) i mae obMexeni acTurHi
HOXIQHI NEePIoro MOpPSAKy MO BCIM CBOIM apryMeHTaM, PO3NOYUMHAIOYH 3 TPETHOrO,
To F[U(z,y)] 3aexnu HANEXKATD HpOCTOpOBl C¥(B). Obeprene TBepazKeHHs Hecrpa-
BE/IJINBE.

BeranoBuMO JOCTATHI yMOBU ICHYBaHHS Ta €QWHOCTI perysspHoro abo ippery-
NSIPHOTO PO3B'si3Ky 3aa4i (1)-(3) upw (z,y) € D. i

Hexait BeKTop—cbyHKml z ,p(w Y) = (2sp(%,9)), Vap(2: y) = (vsp(2, %)) € C(D)

vre rosTramy. A e nemt o N
HaJISXKaTh 00J/1alTl Ul, s = l 4 VJ, P N,
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Beenemo no3HaYeHHS:
Wsp(2,y) = Z,p(z,y) ~ Ver(Z,9),
¢
N = Ulsab“l,é’
(x7yICU8,D SFE {D2,8—3
fsp(x y) Sy % H P(’L‘ y é‘y\xiy)]a
Fool®,9) = H{Vapul®, 4t); Z, sz, 3],
as,p(xvy) == Zs,p(wvy) == Fs(x,y) £ fsTl,sf{J(&U) s Tsff(é" 7)), (7)
/3817(-7" y) o V,p(l' y) _HER y) gl sfl,p(f 77) - Tk 15(5 7).
[Mobymyemo mocigoBHOCTI BeKrop~<byHKu,1ﬂ {Zsp(z,y)} 1a {Vsp(z,y)} srimmo

C:p()nuyjr [ 6]

Z.s,p—i—l( ,1;’ B s( ?/) L sfl (f 77) L Tfp(s,.”ih
Vipri(@:9) = Ts(z, ) + Ty fip(€, m) + Tofo(€m) (8)
(z,y) € Ds,

JIe 33 HyNLOBe 16 MHKCHAS Z50(2,y), Vep(z,y) € B, subupaemo moBinbui BeKTOp—
dyuxyii 3 mpocropy C( s ), fIK1 33JI0BOJILIAIOTL BIANOBLAHO ymoBu (2), (3) Ta me-
piBHOCTI

Wso(z,y) 2 0,as0(z,y) 2 0, B,0(z,y) >0, (9)
Ghed, iSrey

)8

Hazani Bexrop—-bynxuil Zs o(z,y), Vao(z,y) € C(B;), sKi 3310BONBHAI0OTH Bifi-
noBigHo ymoBu (2), (3), mepiBHoCT (10) | manexaTs o6maAcTi B, 6ynemo HazuBaTu
dyrryiamu nopisHanna Kpahosoi 3amaui (1)- (3).

CnpaseninBa HACTYIIHA

Jlema 2. Hexat FlU(z,y)] € (**(B) i inmezpanvni pienamnna (4) e npocmopi
dimmyit C(D,),r = 1,2, maroms pose saxu, axi npu (z,y) € (D,) sadosonvraome
YMOBY

VS,O($>y) S Us(ma y) S Zs,O(x:y)v (.’II, y) € Ds, S = 17 2’ 3. (10)
Todi 6 obaacmi By cnpasedausi nepisrocmi (9). '

Jlema 3. Sxwo F[U(z,y)] € C}(B), mo muoscuna Gynryiti nopienanma xpa-
tioeoi 3adavi (1)- (3) nenopoorcna.

Llosederns. Hexal

u*(z,y) = Ls(@, ) + T, Flui (€, m)] + TF[R(E, m)],

e h(z,y) € C(D) — nosinbha B obnacri B dyukuis. Beaxaioun, mo u,(z,y) € By,
TO3HAYAMO

ag(z,y) = uy(z,y) — Lalz,y) — fsTls "t (€ m] — TeFlug(€,n)]-
~ Toni BekTop—byHKII{i

Zs,O(w’y) = u:(x7y) u |oz;(a:,y)|,
\ V4 .

Vs,O\w,y) S u:(.x,,y) i Eu;(¢,y)§
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npu yMoBi, o Zso(z,y), Vso(z,y) € B) ¢ bynxnismu nopiBHsHHES Kpa#osoi 3a1a4i

(1)-3).

Hiiicao W o(z,y) > 0, a mockineka K(z,y;€,m) > 0, T0 npnﬁmamum JIO0 yRaru

yMmoBy (6), Maemo:

as0(z,y) = log(z, y)| + &5(2,9) + €T, {F[UT(E 0)] — f2(6,m)}+
FIPUHE ) S HE 9= 0,

ﬁs,o(x, y) —lae(wv y)i 55 CE: x’y) > 53T1,3{F[U1*(§,77)] =0 .f{)(f,ﬁ)}+
+T {F[U:(§7 )] T f8,0(£7_"_7)} < 0)
Gk 2 8 L e D

Iz (7) Ta (8) omepxxumo

Qsp(T,Y) + A pr1(z,9) = gk, )= "Zapra(z, 1),

/ (12)
Bop(T,Y) + Bop+1(z,y) = Vop(2,y) — Vipia(z, v), iy
574 sy e PR £ L Vet T (AP ) PR 7N
Wapti\h ) = €sd1,sU116 1) = J 1pl&s 1)) + Ts(S3(& 1) — fepl&m))s (19)
up12(6,9) = L6 = fon(6m) + TURED) - ZHED), 14
Bsp+1(3,y) = &T1,s(f15(&, M) — frps1(§, M) + To(£er (&) — fopra(§m)),
(x,y) € Dy, s =1,2,3,p=0,1,2,....
Bpaxosytoun (6), (9), iz (11) Ta (13) opu p = 0 ogepxnaMo
ZS,O(Z’ y) Z Z\Sal(x’ y)’%’o(x’ y) S ngl(w’ y)7
Ws,l(mvy) < 07 <T7y) & 11:737 Sr=3 1727 3.
- Hexait npu (x,y) € D, cipaseymusi HepiBHOCTI
V‘},O(w’y) S Zs,1($,y) S Vs,l(may) S Zs,O(:E,y), (I)y) & DS,S = 112)37 (15)
,_‘Ac,_,- TNt - S S W o N A GRS SRS B & Y SCUWIRN, R, R S Te IR o M, < e Ry S
T00TO, AKIIO Zs0\T,Y), Vs,0\T,Y) € D1, TO 1 £s1(Z,Y), Vs1\Z,Y) € D1,8=1,2,3.

I (14) npu p = 0 onepxumo 0;51(z,y) < 0, Bs1(z,y) = 0 s V(z,y) € e

3
=1,2,3, a orxe, i3 (11) Ta (13) mpu p = 2 i (x,y) € D, sumuBae
Zo(5,9) € Zaa(@,9), Vaa(2,) 2 Vaa(w,9), Waal(z,9) 2 0.

ockinmbku B cumy ymos (6), (15) npu (z,y) € D,

Olso(-’ll y) +as 1(.’L‘ y) ==

= sO(x y) sl(z y) 'f'Tl s(fl 0\6777) f11(£,77)) +Ts(fs,0(£7 77) X - Js(€7 )) = a
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70 i3 (12) npu p =01 (z,y) € D, maemo
ZS,O(Z" y) Z Zs72($, y)v V;,O(x,y) S V;g(ﬂ?, y)’s = 13273'
Ause

Zsp+1(2,Y) = Vapra(z,y) =
= eT1,,(fT (¢, ) Srpn1(§, ))+T(f”(€, M) = fop+1(£,m)),
Vapi1(2,Y) = Zspya(z,y) = (16)

= €T1,s(f1p(€,m) = ST (€,) + Te(fan(&,m) — F2F1(E, m)),
(x?y) = DS,S = 1’273

s Vp € N, a oT2ke, BpaxoByI04H II0NEpe/IHi HEPiBHOCTI, i3 (16) mpm » = 0 onepxxumo
Zs1(,y) < Vio(2,9), Verl@,y) > Zsa(z,y),8 = 1,2,3,
TOOTO MaIOTh MicCle HEpiBHOCTI
Vao(@,9) < Zoa(2,9) < Va(®,9) € Zoa(®,1) < Var(2,9) < Zuolz,9),

() €Dy, 5="1,2/3s
Is (14) npnp— lmaeMo mg(?: y) 210, 6,,.2(56 y\ <0, (z,y) € D,. Takum umsoMm,

v P

ncnlﬁy—\y_yru\u,u u32\.b,y), V32\.L7J) (5] D1 i€ (p.yHKLl‘l)iMld llupllﬁiHHHH KdeOBOl
sagayi (1)—(3). IlosTopiooun Bume Haseseni MipKyBaHHS METONOM MATEMATHIHOL
IHAYKII] IEPEeKOHYEMOCh y CIIPABEIJINBOCT]I HEepiBHOCTEH

Veon(%,Y) £ Zs,2pt1(2,9) £ Vagpra(Z,y) < Zogprs(z,y) <
£ ‘/;,2p+3(37)y) < Zs,2p+2(x;y) b Vs,2p+1(m7y) e ZS,2p(x7 y)7 (17)
as,2p(xv y) 2 0, Ofs,2p+1(ma y)_ S Oaﬂs,2p($,y) S O, ﬁs,2p+1($7y) 2 07
(z,y) € D;,s=1,2,3,pe N.

Takum 9UHOM, CIIpaBEAJINBa HACTYIIHA

Teopema 1. Hexatli eexmop-dynxuyisa
F[U(CI), y)] € Cf(B)7Al(x’y) = C(D) N C’(1.0)(131,1 U D2)7
Ax(z,y) € C(D) N COY(Dy),

a 8 obaacmi R1 BUKOHYEMBCA Ymosa (15)

RF R

Todi drn eexmop—gynryit Zs,p(m,y), Vsp(®,y), ani nobydosani 32idno gopmya
(8), de 3a nyavose nabauocenns Zgo(z,y), Vso(z,y) € B subuparomuves dymryii
nopisnanna xpatiosoi sadawi (1)-(3), 6 obaacmi By cnpasedausi nepisnocmi (17).

fx i B po6ori [2] merko mepekonaTHCh ¥ cpaBeTUROCTI OMiHOK
[Wap(z, )l < = (lK’m(y Yo + T — 40))°d, (18)
a OTXKe,

lim Z,,(z, y) ="lim V,,(5,9) =U,(z, ), (z,y) € D,,s =1,2,3.
pP—00 p—00 :

rparnyHi BeKTOp—yHKUii Us(Z,y) € posB’siI3KaMu BiANOBIAHUX CHCTEM iHTEerpasib-

YJYXV T‘HDUGTIL (A.\ TTNTT (’7’ ')l) e D 1 2) 3.

Hepetimosmun y ¢opmysax (8) go rpaHumi, Koum p — 00 NMEPEKOHYEMOCh, IO
€
AAAA FLULLILLL J./ thlll \W 'y =

Q
{: Rl
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Teopema 2. Hexal suxkonyiomovcs ymoey Teopemu 1. :

Todi nocaidosnocmi sexmop—pynxuiti { Z, ,(x, v)}, {Vsp(z,y)}, nobydosani szio-
no opmya (8), de 3a nyavose HabAURCENHA Zs0(Z, ), Vso(z,y) € By subuparomvca
dynryii nopienanna xpatiosoi 3adawi (1)-(3):

e 3002a10MbCA PIBHOMIPHO 00 €0uH020 PO38°A3KY 6I0N06IoHoi cucmemuy inme-
epasvnuz pienans (4) npu (z,y) € Dy, s = 1,2, 3,

o marmv micue oyinky (18),
o 6 obaacmi By euxonyiomoca nepienocmi

Veon(2, 1) £ Z5 20 11(2,y) S Ve gpi2{2,¥) € Z,p13(7, y) <
SUs(z,9) < Vazpt3(7,9) < Zogpra(®,y) < Vezpr1(2,9) < Zsop(,9),  (19)
(z,y) € Ds,s=1,2,3,peN.

Aosedenns. €auicts PO3B’A3KY CHCTEM iHTerpajbHux piBHsHL (4) mpm
(x,y) € Dy, s = 1,2,3, HOBOIUTHCS METOAOM Bifl CYIPOTHBHOTO. :
Jna posenents cnpapeauBocTi HepipuocTet (19) mprIycTHMo, WO A/ JesKo-
ro Homepa p B geski#t Touni (z,y) € D, Zsap(z,y) < Us(z,y). Tomi na mimcrasi
nepiBaocre# (17) must Bcix m € N Us(x U] > Zeol B Y 2 Z 2(p+m) (2, ¥) B po3-
rasaysanil Touni (z,y) € Dy, T06T0 B ganil Tounl MOCHAOBHICTS {Z; 2(p1m) (2, Y)}
npu m — 00 He 36iraeThea 10 po3B’sEsky Ug(z,y), mo nporupidurs goBeseHoMy.
AnBayoriyHo JOBOAMTHCS CIPAaBEIIMBICTD BCIX iHIUMX HepisHOCTed B (19).

Hacaigok 1. Hezat 6 obaacmi B euxonyromoca ymosu Teopem 1 i das eciz
r=12mai=1,n p,;=0. Todi xkpaiiosa sadaua (1)-(3) 6 obaacmi D mae edunu
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