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Buaiinena inrerpasibHa OIiHKa /id DYHKIIT ABOX 3MIHHUX, 10 33/I0BOJIbHSE PIBHAHHS Iirepbo-
JIIMHOTO THILy Ta OTPUMYE IMITYJIbCHI 30ypEHHS K INCKPETHOTO, TaK i HEIIEPEPBHOTO XapaKTepy

Ha 33/TAHUX KPUBUX.
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I. TIlocranoska 3amaui

Iurerpasbhi HEPIBHOCTI YaCTO BUKOPUCTOBYIOTH TIiJT
9aC BUBYEHHHA IHPOKOTO KOJIA MUTAHBb, MOB’A3aHUX 13
JOC/TiIXKEHHSM TOBEIIHKH PO3B’a3KiB andepeHiriaib-
HUX, IHTErpo- T epeHIlaIbHUX,, IHTErpaJbHUX PIBHIHb,
a TaKoXK PIBHSHb B YACTHHHUX moxiguux [1-3]. V crarri
HaBEeJEeH] pe3yJbTaTw, IO y3araJbHIOITh OIIHKY, OTPU-
many B pobori [4] ana dysKIil ABOX 3MiHHHX, AKa 3a-
JIOBOJTBHSAE DIBHAHHS B YACTUHHUX MOXITHUX JIPYTOro
MOPSIIKY TiMepOOIIYHOrO TUIY HA BUMALOK PO3PUBHUX
GbyHII, a TAKOK MTPONOBXKYIOThH JTOCTIIKEHHS, PO3ITO-
gari B poborax [5, 6].

Posrsinemo  dynkuio v (x,y), mo 3a10BOJIbHIAE
piBuguHg rinepGoniunoro tuny [7] B geaxiii obmacri
D*CR?, B upumymueHHi, o BOHA HA 33IaHUX KPUBHUX

Lj :{(l',y)Z wj (x7y)=0},j=1,n,

OTPUMYE IMIyILCHI 30ypeHHs, SKi MOXKYTHb Bil0OyBaTH-
ca K B (DIKCOBAHMX TOYKAX HA KPWBIH, Tak 1 MUTTE-

BO Ha BCi#i JMOBXKUHI KPWBOI, TOOTO MOXYTh MATH SIK
JUCKpeTHUi, Tak i HemepepBHuii xapakrep. Ob6sactb
D*=DUL, ne

L=\JL;, LinL;=0,i#j. D=|]JD;,
J=1 Jj=1

Dy ={(z,y): ©>0,y >0, ¥y (z,y) <0},

Av(z,y)

_ /w;(M)u(M)duwj, 2)

Lj NG,

(z,y)€EL;

ne inrerpan JleGera-Crinrbeca (2) onmcye yMOBy cTput-
ka dyrkmii v (z,y) wa xpuswx L;, dymknii wj (z,y),
j=1,n, H*(z,y,v(x,y)) nenepeppui B obsacti D*,
obiactb

Gj = {(Svt) : (x,y) € Djv

(x(),yo) €Dy, z0<s<x, Y Stﬁy},j:l)n7

dbynxuii g7 (z), g5 (y) e nudepenmifioBauMu Ta 33710~
BOJLHSIIOTH YMOBY Y3TOIKEHOCTI

g1 (xo) = g5 (o), (3)
npuomy v (%o, Yo) # 0.
II. Omuinka yHkKIil, 0 33J0BOJBHAE

piBHAHHS TinepboJiYHOrO TUIY
3 iMOyJIbCHUM 30ypEHHIAM

Teopema 1. Hexaii 6 o6aacmi D*CR2, D*=D U L
BUKOHYIOMbEA YMOBU:

Dj={(z,y): >0,y > 07ﬁ—1 (@,y) >0, 95 (2,9) <O}, 1 Hegio’emma pynruin u(z,y) € menepepenor e

J=2m;
Hexait eposronist TOro MPOIECY ONMUCYETHCA PIBHAHHIM
rinepbOIiYHOrO THILY 3 IMIIYJILCHUM 30ypPEHHSIM

0%v
= H*(x
S~ H (a0 (r0).

v (z, yO) =91 (l’) )
v (any) = g; (y) )

Vi(z,y) &L, (1)

MATEMATUKA

obaacmi D;

2. L= .Ole’ de Lj = {(:C,y) : 1/}3' (:L“,y) = 0} - cy-
j=

KYNHICM® KPUSUT, Ha Axut dynxyis u(x,y) mae
ckinuennutl empubok, L N L; =0, i # j;

3. Kpuei ¢; (z,y) e nenepepeno dudepenyitiosnumu
ma MOHOMOHHO cnaduumu, grad ; (x,y) > 0;
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4. Wy, — mipa Jlebeza-Cmismoeca [8], awa 3ocepe-
dotcena na kpueil Lj;

5. Qynruis H (x,y,u(z,y)) — nenepepena ma ne-

610’emma 6idnocno ceoix sminnuz, H (x,y,u (z,y)) <

< [z, y) b (u);

6. Qynruii wj (z,y), j =1,n, f(x,y) - nenepepeni
ma ne6id’emmi 6 obaacmi D*;

7. Qynxuyis h(u) — nenepepsna, dodamna ma He-
CNadHa BI0HOCHO B3MIHHOT U, 3G0080ABHAE YMOBY

h(vw) < h(v)h(w);

8. Dynwuit g1 (), g2 (y) € dodamnumu, dudepenyi-
f06HUMYU Ma 300060ADHAOMD YMOBY Y3200HCEHO-

emi g1 (zo) = g2 (Yo) ;
dgi (x) dg2(y) .

10. Qynruyia u(xz,y) 3adososvhac 6 obaacmi D* in-
meapasvHy HEPIBHICTb

u(z,y) < g1 (2)+g2 (v / H (s,t,u(s,t))dsdt+

) dirasy (4)

+7§ / wj (M)u(M

jz;leﬁGn

de M (&,m) — aminna mowra xpueoi L;.
Todi dan (z,y) € D;, i = 2,n, cnpasdicyromuca
OUIHKW!

) d,uwj X

i—1
<IIft+ /wj(M
j=1

E = {(amy) eD;:

Vo

—I—//f(s,t)h ﬁ 1+/
g, j=1

L]‘ﬂGi

abo

91(z0)+92(y)
- dt
Di:{(:my)EDi- / h(t)+/h(g1(s)+92(90))+

Vo

1+ f

LjﬁGi

+/G f(s,t)h

g1(x)+92(yo)

(#)+92(yo) Yy
1 dS g/2 (t) dt
o { /‘ M@*/Mm@w+m@ﬁ

Vo Yo

i—1

+/ f(s,t)h Zr[
Gi

=1

<.

abo

[

17—

—

<.

g1(z0)+92(y)
. dt gl (s)ds
o { [ ot/ imoram

Vo xo

e

de U1

wj (M) dpiy, dsdt},
— Pynryia, obeprena do dynryii
y ds
7}):/%70<U0§U, (7)

a obaacms D;, 1 = 2,n, 6usnauacmvea 6i0nosiono 3
MAKUL CNIBEIOHOWEHD:

s glo (t) dt
h@)+/h@Mwﬂ+W@D+

Yo

wj (M) dpiy, dsdt € Dom (¥~ 1) }

xT

9/1 (S) ds

0

wj (M) dpiy, dsdt € Dom (¥~ 1) }

O Jlosenenns. Jljua moBefeHHS BUKOPUCTAEMO METOM MareMaTuyHol inaykiii. Hexaii (x,y) € D;. Bpaxosywoun

YMOBY O TeopeMu 1, MOKHa 3amucaTu

u(z,y) <g1(x) +92(y

/Hstust)dsdt§91 x)+ g2 (y

(s,t)) dsdt. (8)

o frome
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IMosnaurmo npaBy dacTuny HepiBHOCTI (8) Ockimekn bywkmia v (x,y) B obmacri Dy He 3a3mHa€ M-
LyJIbCHOIO BILUIUBY, TO 3a Teopemoto 1.5.2; c. 55 [1] ays

Yyx
B, (z,y) =g1 () 492 (y) Jr/ F(s,t) b (u(s, b)) dsdt. (9) HepisHOCTI (8) 6y/Ie MPABUILHOIO OIIHKA,

91(2)+92(yo)
/
w(z,y) < ¥ ! / / 9r2 ( // t) dsdt 10
(@:9) < { h91$0+92 fls (10)
abo
91(z0)+92(y) i x
/
u(z,y) < Ut / +/ 91 ( / s, t) dsdt 11
() = { h(t) =~ J h(g(s) +92 Y0)) 7t (D
vo )
3a yMOBH, IO 3 mepisrocreit (12) Ta (13) Bummsae
g1(2)+92(yo) p y (1) dt
S g/2
+ n by < (14 [ w0 dus, | 2 (aw).
h(s) /h (91 (z0) + g2 (1)) o
Yo L1iNG2
+//f (s, 1) dsdt € Dom (\Il_l) Touni mwepisuicTs (12) Habyme BurismLy
u (a:,y) < Y1 (.I‘, Z/) (I)u (Jf, Z/) )
abo
JIe TTO3HAYEHO
g1(z0)+g2(y) i@t z (5)d
g1 (s)ds /
+ + r,y) =1+ w1 (M) d .
A roErm) ) 1 (M) i
xo LiNGso
—1 TO,ELi
+ [ [ f(s,t)dsdt € Dom (¥~').
G (2,y)

Posrnaremo obaacts Do. Hng (x,y) € Dy MaeMo

wep <ot [ wOnu0ndu, a2 ST TR /f” R

L1NG> ( )
u(z,y
TMo3HauuMo mpaBy YacThHy HepisHOCTI (12) Y1 (z,y) <91(@)+g2(y) +
u(s,t)
Dy, (%y) =9, (l‘,y) + w1 (M)U(M) d:uwr + f(S,t)h ~y (S t)’h (S7t) dsdt.
L1NG2 Go ! ’
Bpaxobyoun HepiBHicTb (8) Ta e, mo dyHkia ®,, (z,y) CKOpHCTaBIINCH YMOBOIO 8 TeopeMu 1, OTPUMAEMO
€ HECIIAIHOI0 33, KOKHOK 3MIHHOI0, TOOTO w(z,y) s,0)
YL < g1 (@)t (y /flst ( )ddt
0P, (z,v) >0 0D, (z,y) >0 Y1 (,9) 71 (8,1)
83;‘ =7 8y -7 (14)

ae f1(s,t) = f(s,t)h (7 (s,t)). 3a Teopemoro 1.5.2,
c. 55 [1] ana mepisrocti (14) V(x,y) € Do Gyme mpa-
u(M) <o, (M) <o, (x,y). (13)  BUIBHOIO OLHKA

M (&,m) € Ly MoXKeMO 3amucaTn

R A ()dt
5 9’2

Vo Yo
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abo
( ) g1(z0)+92(y) " x (s)
u(x,y —1 / / gh (s /
<y + f1(s,t)dsdt 16
71 (@) { ToRd T sEs ) (16)
Vo o
Ipunycrumo, mo Hepisuicts (5)((6)) Buxkonyerbea mas 3 mHepisrocteit (17) ta (18) BunimBae
(z,y) € Dy. Hosememo, Mo BOHa Oyzne IPABUIBHOIO i
mns (z,y) € Dgy1. Cupasmi, Ppu (2, y) < Pr—1u (2, 9) Wi (2,9) <
k k—1 k
u(x,y)ﬁ@u(a:,y)—kz wj (M)u (M) dpy,; < <Oy (2,y) e (2,9) H’Y; T, y) H
j:1L]'ﬂGk+1 Jj=1 j=1
JIe TIO3HAUEHO
SOt [ o () u (M) dpy, = B (23) =1+ [ w0nde,. o
LkﬂGk+1 LjﬂGk+1
(17) Toni uwepisuicrs (18) nabyme Burismy
3Bigcu, BpaxoByoun BaacTUBOCTI byHKIH Pk _14, (X, Y) ,
Y M (&,1) € L, MoxkeMO 3amucaru k
u(z,y) < Oy (2,y
u(M) < Op_1y (M) < P14 (2,9) - (18) 1;[
L
abo
k
u(z, H (,9) | 91 (x) + g2 (y / f(s,t)h(u(s,t))dsdt |,
j=l1 Grt1
_ulmy) (z) + fr (s, t) R [T s.0) | dsdt
& > |01 g2 ( k k %
[I Vi (z,y) Grt1 ’YJ (s,1)
j=1 j=1
u(s,t)
g (@) +g@)+ [ fulst)h dsdt |, (20)
[T (s:t)

Jie TIO3HAYEHO

e (s, t)=f(s,t)h (21)

k
H)\j (S, t)

55 [1] ans wmepiBrocTi (20)
YV (x,y) € Dy11 Oyne IpaBAIBHOIO OIIHKA

k
< @y e
j:1 vo

T g (bt
+/h(gl @) + o / fr (st dsdt}

Yo Gri1

3a reopemorn 1.5.2, c.

g1(2)+92(yo)
{ e

abo

g1(x0)+92(y)

h(t)

k
< H%‘ (ﬂ?,y)‘l’_l{

vo

+/ h (glg(/l

Zo

t) dsdt
+92y0 //fks § }

ne dbyukuii v; (z,y) ta fi (s,t) BusHATAIOTHCS 3a GOp-
mynamu (19), (21), a dynxuis U1 ¢ obepuenow 1o
dyukuii (7). O6nacrb 5k+1 BU3HAYAETHCA BiIIIOBIIHO
3 TaKWUX CIIBBiIHOIIEHD:

91(2)+92(yo)

h(s)

Diy1 = {(%Z/) € Dgya:

Vo

x

+/ h(glg(/1)+g2 (o)) / fils

To Gry1

t)dsdt € Dom (¥~") }
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abo
g1(z0)+92(y)
~ dt
Dyy1 =< (z,y) € Dy m#—
vo
+/ g1 (s) ds +/ fi (s, t)dsdt € Dom (\I/_l) )
h (g1 (s) +92 (v0))

) Gri1

Orixe, orpumano Hepisaicrs (5)((6)) ma n =k + 1.
3rifHO 3 METOMOM MATEeMATHYHOI 1HAYKINI HEPiBHICTH
BuKOHYeThCs Vn € N. Teopemy 10oBeIeHO.

st 3HAXOMXKEHHA OIHKH PO3B’SI3KiB MOCTABJICHOI
sagaui (1), (2) 3 iMoynbcHuM 30ypeHHSM, 3POOHMO
nmesxi mpunmymenns. Hexait B obmacri D* € R?
JUIs HenepepBHUX YHKIIA wj (x,y), j = 1,n,
H* (z,y,u(x,y)) BAKOHYIOTHCSI TaKl CiBBI THOIIIEHHST:

(@, y) < f (@ y) h(v(z,y)]),

|w;'< (x>y)} < Wi (:c,y),

|H* (x,y,v (22)

(23)

ne dbysknii w; (z,y), j = L,n, f(z,y) - 3an0B0npH:-
10T ymMoBH Teopemu 1. Ipuiiveno u (z,y) = |v (z,y)| Ta
L

i—1
w(a,y) <g@y |1
=1

xqfl{ //fst

MIPUILYCTUMO
|97 (z)

qe dbyskmil g1 (x), g2 (Y) 3380BONBHAIOTH YMOBH TEOPE-
vu 1. B

—g1 (@) < g1(x), lgs W) <g2(y), (24)

Hacuaimok. Hexaii 6 obaacmi D* esukonyromovces
enissidnowenna (22)—(24) ma dynryis b (Jv (x,y)]) sa-
dosoavrae ymosy 7 meopemu 1. Todi das poze’asxie 3a-
daui (1), (2) euxonyromvea ouinxu (5)((6)).

Teopema 2. Hexati 6 obaacmi D* suxonyromovca
ymosu 1-7 meopemu 1 ma dynryisn u (x,y) sadososvuie
1HME2PAAbHY HEPIBHICTD

u(z,y) Sg(azy)+/ H (s, t,u(s,t)) dsdt+

o (25)

u (M) d:udlj )

de g (x,y) dodammna, necnadua Gyrryis.
Todi daa (z,y) € D}, i = 2,n, cnpasdcyemvpea ouinka

+ /wj(M)dud,]. X

LJﬂGj,
H 1+ / Wi (M) duwj
J=1 LjﬂGi

dsdt},

de Pynwyia V1 susnavaemoca dopmyaoro (7), a obracmo D} eusnavaemvea 6i0no6iono 3i cniesionowenmsa

D;‘:{( y) € D;: U ( /fst

O Jlosegenns. Posrnsmemo nepisaicrs (25). Bpa-
XOBYIOUHM BJIACTMBOCTI (DYHKIiH, SIKi BXOIATH B IO He-
PiBHICTB, MOYXKEMO 3aIUCATH

TR

), ((ulst)
) h (g 5.0) g (s, t)) dsdt+

X [ 0 g <

=rna,

§1+//f(st "
Gp

n—1

% [ e,

I=rna,

3acToCoBYI0UH JI0 II€] HEPIBHOCTI CXEMY JOBEIEHHS TEO-
pemu 1 ta Teopemy 1.5.1 ¢. 51 [1], orpuMaemo moTpiOHmt
pesyasrar. W

H

/ w; (M) dpy, | | dsdt € Dom (¥1) }

.70(;71

BucuroBknu

XapaxTepHOIO 0COOJIUBICTIO OTPUMAHUX PE3y/IbTATIB
€ Te, IO T YaC 3HAXOYKEHHS OIIIHOK JJIS PO3PUBHUX
dyHKIH 1BOX 3MiHHUX OyJid 3aCTOCOBAaHI TeOpiss Mipu
ra inrerpan Jlebera-Crinrheca. Leit miaxiax mas 3mory
06’eIHATH B OAHOMY PE3y/IbTaTi [Ba BUIIAIKH:

1. Mipa Jlebera-CrinTheca fiy,, AKa 30cepeIzKena Ha
KpuBiit L;, TucKpeTHa;

2. Mipa JleGera-CrinTbeca fiy; , aKa 30CepezKeHa Ha
KpuBiil L;, abcomoTHO HelepepBHa.

Otpumani pe3yabTaTH MOMXKYTb OYTH BUKOPHUCTAHI IJIst
JIOCJTIPKEeHHsT BJIACTUBOCTEH DO3B’S3KiB PiBHSHBL Timep-
OOJIITHOTO TUIY 3 IMIYIBCHAM 30yPEHHIM.
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NHTETPAJIbHBIE HEPABEHCTBA B TEOPUU YPABHEHUI
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Integral estimation for function of two variables which satisfies the equation of hyperbolic
type and receives impulse perturbations both discrete and continuous character on given curves
is founded.

Key words: integral inequalities, hyperbolic equation, impulse perturbation.
2000 MSC: 34A37, 35L70, 58J45
VIIK: 517.9

MATHEMATICS 39



