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JIbBiBCHKMII HaIlOHATBHUI YHIBepcuTeT iMeHi IBana Ppanka

YKOPOYEHHS 3JITYEHHOI

T'IIIEPBOJITYHOI CUICTEMU

KBASLIIHINHUX AN®EPEHIIAJIbLHIX PIBHIHDb

3a IOMOMOTOI METOY XapAaKTEPUCTUK BCTAHOBJIEHO JOCTATHI YMOBH, 33 SIKHX MOXKH3 BKODPO-
TUTH 3YUCIAEHHY TimepOoJidHy cucTeMy KBa3LmiHIHHUX audepeHialbHuX PIBHAHb. 3a WX YMOB,
PO3B’S3KM BUXITHOI CHCTEMH T3, BKOPOYEHOI CKIHYE€HHO! CUCUTEMH OYIyTh BiApi3HATHCS He OLIbIIe,

HiZK Ha, JAesKYy (DIKCOBAHY MaJy BEIUIHHY.

Using the method of characteristics we establish sufficient conditions under which one can
shorten a countable hyperbolic system of quasilinear differential equations. Under these conditions,
the solutions of the initial and shortened system differ by, at most, some fixed small value.

1. Beryn. Teopis 3iivennux jgudepeniti-
QJIbHUX PIBHAHB € YaCTUHOIO TEOPil 3BUUaltHIX
jnudepenniaJIbHUX PIBHAHD 1 Oarato nmuranb 3
IXHBOI PO3B’A3HOCTI MOBTOPIOE JIESTKI 3ara/ibHO-
Bijiomi bakTH po3B’sa3HOCTI JuepeHniaIbHIX
PiBHSHb B pi3HUX (PYHKIIOHAIBHUX IPOCTO-
pax. OcHOBHI pOOJIEMHU JTOCII2KeHHS 3/Ti9eH-
HHUX CHCTeM, TOOTO audepeHniaTbHuX PiBHSIH-
Hs B IpocTopi I 0OMeKeHUX IUCTOBUX MOCTi-
nosHocreit, HaBegeni B poborax |1-6]. Po3s’s-
3HICTH TOYATKOBO-KPAMOBUX 3ajad JjIst 3J1i-
YeHHUX CHCTEM PIBHAHb 3 YaCTUHHUMHU TOXi-
JHUMY [2,3] TaKOK 3BOANTHCS 70 PO3B’A3HOCTI
BIIIIOBITHHX 33,124 JIJIs 3/114eHHUX CHUCTEM 3BHU-
JaiiHux qudepeHiiaibHuX piBHAHD [4,5].

Y miit mparmi Jgedkuii aHaJoT MeTOHy BKO-
pOUeHHS 3Mi4eHHNX Au(EePeHIaTLHIX CHCTEM
|2-4] 3acrocoBano s10 rinepGoiuHOT 3/1i4eHHOT
CUCTEMH KBa3lIHIHHUX PIBHSHB HEPIIOTO IO-
PSIKY 3 JBOMa He3ajiekKHuMu 3MiHHuMu. [lo-
MOHUHM miaXin A1 HADIBIIHIRHUX CHCTEM BH-
KOPHCTAHO B [7].

2. @PopmysaooBaHHA 3agadi. Y cmysi
7 = {(x,t) : —00 < 2 < 00,0 <t < T}
posriagHeMo 3aady Komri ama 31i9ennoi KBa-
3LTHIAHOL rimepOOIidHOl cHCTeMH PIBHIHD

ot ox

—i—)\i(x,t,ul,ug,

);
(1)

= fl(xa ta Uy, Uz, ...
1€N
3 HOYaTKOBUMH yMOBaMHu

ui(z,0) = g;(x), 1 €N. (2)
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[Ipu BUKOHAHHI IIEBHUX yMOB, BiJIIIYyKAHHS
po3B’a3Ky 3aza4i (1)-(2) 3Bogurbes 10 106y 10-
BH PO3B’s13Ky 3aja4i Ko st 3/iiveHHuxX cu-
creM JudepeHIiaJIbHuX PiBHIHb MEPIIOTO MO-
psizky [6-8].

[Tosuaunmo vepes @;[ul(7;x,t) (mas cupo-
IEHHsT 3aIUCyBaTHMEMO @;[u](T)) Xapakrepn-
cruku cucremu (1), T06TO pO3B’sI3KM 33144l

g

dr )‘i(§77—7u1(€,7—),U2(€,7’),...

), 1 €N, (3)

(4)

KopekTHy po3B’sS3HICTH TakKol 3ajaadi /s
JIOBLIBHOIO  (pIKCOBAHOTO HAOOPY DyHKILi
u(z,t) = (ur(z,t), us(x,t),...) nasegeno B [4].

Hajrasi Oy/jieM0O BUKOPUCTOBYBATHU 1103HAYE-
HHAd U = (Ul,UQ, ), A= ()\1,)\2, ), f
(f1, fo,), 9 = (91,92, ...). Tlo3maummo Takox
(w,u™) = (g, Uy oy Uy, Uy g g, U o, o).

Hexaii renep @' [u"](7;x,t) po3s’s30k cu-
cremn

d§

dr

5‘7‘:15 =T

XNi(&mut (&, T), . un(€,7),0,0,...),i €N

(5)
3 MOYATKOBUME yMOBaMu (4).
[Tops 3 cucremoro (1) po3ryisiHeMo cucTemy
PIBHSIHB

By + iz, t,ul, uy, ) e =fi(z, t,ul,ul,...),
ie{l,..,n} (6)
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3 MIOYaTKOBUMHU YMOBaMHU

uf (x,0) = gi(x), i€{1,...,n},

(7)
e

Ut (T, 1) = gnyj (P [u")(05 2, 1)), 7 € N

Cucremy (6) Ha3BeMO BKOPOUYEHOK CHCTe-
moro st cucremu (1) [2].

Posrustrenmo cucremy (1) B obmacti D x G,
ne D — dbyngamentanbua obracts 8], a G —
migMHOKMHA yHKIH v € C°°; obMe:keHnX
crasioo U. Enementamu npocropy C™ € 3unm-
CTeHHA CYKYIHICTH HelMepepBHUX (DYHKIH. VY
npocropi C*° BU3HAYUMO HOPMY

ful| = sup {|u;(x,t)[}.
€N

(x,t)ell”

Jlnga cupomennsa BupasiB OyjgeMo BHUKO-
pucroByBatu Tmo3nadenusa flu(z,t)|(s,7) =:
f(s, 1 up(x, t), ug(x, t), ...).

[aTerpyBamHsaM KOXKHOTO 3 PIBHIHB CUCTe-
mu (1) B3JOBXK BIJNOBIIHUX XapaKTePUCTHUK,
0JIEPZKUMO CUCTEMY 1HTEerpo-(pyHKIIIOHAJIbHUX
piBHSIHB

(8)

ui(w,t) = gi(pi[u](0; 2, 1))+

+ [ Blulofalr). Dledul(r), Py, i €N

Anasioriuno Jyisi BKopouenoi cucremu (6)
Oy/1leMO MaTu

i (2,1) = gi(@i' [u")(0; 2, 1))+

+ / Silu" (@} [u"](m), TI(i [u"](7), )T, (9)

ie{l,..,n},
ul(x,t) = gi(er[u)(0;2,t)), i€ {n+1,..}.

[lig y3aranbHeHUMH PO3B’I3KaMU 33734
(1)—(2) Ta (6)—(7) 6yaemo po3ymiTH Hemepeps-
Hi po3s’a3ku cucrem (8) i (9), Bigmosimno [8].

Jlocaigumo Temep 3a IKAX YMOB PO3B’SI3KHI
3ama4 (1) - (2) Ta (6) - (7) 6yayTh AK 3aBrOJIHO
OJIM3BKUMU.
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3. OcHoBHuit pesyaprtar. /ln1g omepxa-
HH$l OCHOBHOI'O PE€3yJIbTaTy IIPOBEJIEMO HU3KY
OIIHOK, $IKi HaJIaMO y BULJIsi/II JieMu, chopmy-
JIIOBABIIIHN TIePeJ TUM JIedKi JIOTOMIXKHI TBep-
JIZKeHHS.

Ozmauenna. QPynwyis f : R2 x M — R
3adosonvmac nocuseny ymosy Kowi-JTinwuuys
30 BMINHUMU UL, U, ...y Up, ... 3 0CAKOIO HENE-
pepshoto dynxuicro o 1 R? — Ry, axwo euko-
HYEMBCA HEPIBHICTIID

N (2, T, w1, Uny oy Uy Upy gy o) —

—Ni(T, b, g, U, o Uy, Uy, -0) | S

<e(n)a(x,t) - Au,

de Au = sqp|u§1+i —up i, 1t €N, e(n) =0,
npu n — 0.

Bynemo Beaxkaru, mo dyukmis f : R? x
M — I 3amoBosbHSE ymoBy Jlimmums 3a
sminnowo x B 117, axmo f; € Lip,(IT) ana mo-
BiIbHOrO HAOOPY U1, Us, ... TA g BCix ¢ € N.

Hapani crami  Jlinmumog  jaiis yHKIii
u, A, f, g nozaauarumemo uepe3 L, A\, F, G, Bia-
noBiiHo. [Himi crasi, a came 6yksu E 3 injiekca-
MW, OYIeMO BUKOPUCTOBYBATH JIJIsT IO3HAYEHHS
KOMOIHAIT BiIOMUX CTAJIUX 3 METOIO0 YHUKHEH-
HA I'POMI3JIKHX BHPA3iB.

Yepes U(t) moznadnmo byHKIO

U(t) = sup {|ui(z,7) —ul(z,7)|}.
1<i<n,
x, 7<t

Jlema. IIpunycmumo, wo:

1) A: D x9M — M 3adosoavrae nocuae-
ny ymosy Kowi-Jlinwuus 3 pynruicro a(x,t) i
A € C(D)NLip, (D) npu gixcosarnuz uy, us, ...;

2) g : R — M sadososvnae ymosy Jlinwu-
UA.

Todi cnpasdotcyromuves cnigeLoHOWEHHA:

Sl;p{lsoi[u}(f; , 1) — 7 [u"] (T2, 8|} <

t
< Eie(n) + Es / U(T)dr,
0

Slz;p{lgi(%[U] (T52,1)) — g} [u"] (52, 1)) [} <
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t
< Ese(n) + Ey / U(s)ds,
0

de E, = ATUeNHADT B, — AeMALT
E3 == GEl, E4 == GEQ

Josenenns. Hexaii A-joBinbHuUil Biapi-
30K psMol ¢t = 0 gKuit MiICTUTH TOUYKY T, TOUKH
©i(0;x,t), ra roukn ¢(0; x,t). [TosHauumo ue-
pe3s Q=Ax[0,T]NDiA= (?1?§Q|a(§,7)|.

[Iepiira HEpiBHICTH JIeMH BUILIMBAE 3 OIIHOK

|pilu](T) — i fu"](T)] <

ilu(pilul(s), s)l(@ilul(s), s)—

t

= A[(u", 0) (g7’ [u"](s), ))(@i' [u"](s), 8)|ds| <

T

ilu(pilul(s), s)l(@ilul(s), s)—

t

—Ai[(u”, 0) (i [u"](s), )](@i' [u")(s), 8)%
EAiful@ilul(s), $)l(¢] [u"](s), s)%

wilul(s), )1(} [u"](s), s)|ds| <

T

<| [ Aol - erlur)(s)lds|

t

T

/A sup {|u;(@ilul(s),s)—

1<i<n

_|_

t

—ui! (@' [u"](s), 8)[ }ds|+

T

/Ae( )SUP{!UnJri(@nH[ J(s),

A

~

s)|}ds| <

s)|ds|+

+A

/ﬁ?fn{!ui(%[ [(5), )=

< (A+AL)

+u; (pu”](s), )| tds| + ATUe(n) <

(s)|ds|+

+AL

“I(s)I}ds|+

/@wﬂﬁuu—%[

1<i<n
t

/T sup {|u; (7 [u”

1<i<n
t

+A 1(s),8)—

—ui' (@' [u")(s), s)[}ds| + ATUe(n) <

T

[ suplliodul(9)= a5 s |+

t

T

/U(s)ds

t

+A + ATUe(n).

Orxke, MaeMoO

sup{|pi[ul(7; 2, 1) — @'[u"](7; 2, )|} <

(2

T

/gmmwwmw—

t

< (A + AL)

—7[u"](s;2,t)|}ds|+

—i—A/U(s)ds + ATUeg(n).

3a snemoio ['ponyosta-Bennvana ogepxkye-

MO

sgp{!soi[U](T;x,t) — @ [u" (2, )]} <

(A / U(s)ds + ATUe(n))eMHADT =
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t

= Fie(n) + Es / Ul(s)ds.

BukopucToByioun mepiry HepiBHICTB, JIETKO
OTPUMAEMO JIPYTy OIIHKY JIEMU

sgp{lgi(%[U] (T52,1)) — gi(@i [u"](T52, 1)) [} <

< ngp{l%[U](T;x,t) — i [u"] (T2, )|} <

< Ese(n) + Ey / U(s)ds.

Jlema dosedena.

Terep cchopmyiiroemo Teopemy.

Teopema. [Ipunycmumo, uo:

1) A, f: D x M — M 3adososvnaroms no-
cuneny ymoey Kowi-Jlinwuus 3 dynruiamu
a(x,t) ma B(x,t), eidnosiono, i A, f € C(D)N
Lip,(D) npu dosinvro dircosanus uy,us, ...;

2) |fi(z, t,uy, ug, ...)| < a; a; — deaxa cma-
Aa, npuvomy a; — 0, npu i — o0;

3) g : R = 9M sadososvrac ymosy Jlinwu-
U,

Todi ysazanrvheni poss’asku 3zaday (1)-(2)
i (6)-(7) 6ydymo ax 3a6200H0 bAUSLKUMU NPU
dOCMAMHBLO BEAUKOMY, AAE CKIHYEHHOMY 3HA-

YeHt M.

Hosenenns. Hexait B = (mf)ixﬂ{]ﬁ(f, 7)|}.
S

Ouinnmo pizanmio |u;(z,t) — ul(z,t)| s
i€{n+1,..}, To6TO

< |gi(wilu] (052, 1))

t

o

0

= (@ [u")(05 2, 1)) [+

Fleiel(s). ][] (), )| dr <

t
< Ese(n) +E4/U(T)dT+Tai.
0
Hns i € {1, ...,

n} OTPUMAEMO OIIHKY

|ui(,t) — ui (@, t)] <
< gi(wilu] (052, ) — gi(@7 [w"] (05 2, 1)) |+

+F/|soz — ) ()| drt

LB / sup {Jus(lul (7). 7)-

0

—u (o [u"] (1), 7) £ ui (@} [u"](7), T)| T+

t

—i—Bé(n)/sgp{\unﬂ'(%[u](ﬂﬁ)_

0

—tp i (07 [u"](7), T)[}dT <

t

< Ese(n) + Ey / U(r)dr + TFEe(n)+

0
t t

+TFE, / U(r)dr + B / U(r)dr+

0 0
t

+BL [ sup {Jedul(r) - ¢ la")(r) Jar+

1<isn
0
+2TBUE(n) < (B3 +TFE;)e(n)+

t

+(Ey+ TFE, + B) / U(7)dr + 2T BUE(n)+

0
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¢
+BLTEe(n)+ BLTE, / U(r)dr =
0

= Ese(n) + Esé(n) + E / U(r)dr.

Hns dyuxuii U(t) maemo
U(t) < Ese(n) + Esé(n) + E7 / U(r)dr
0

3a Jiemoio ['poryosna-bennvana ogepkumo
U(t) < (Ese(n) + Egé(n))e <
< (Ese(n) + Egé(n))e" T < 6§

MPU JIOCTATHBO BEJIMKOMY 3HAYEHHI 7M.

Orxe, |u;(z,t) —ul(z,t)] < 0 maga Beix 3Ha-
wens ¢ € {1,...,n}.

Hnga ¢ €n+1,... orpuMaeMo

’ui(xa t) o
¢
+E, / U(r)dr < Ese(n) 4+ Ta; + TEW < ¢

0

ul(z,t)| < Ese(n) + Ta;+

IpH JIOCTATHBO BEJIUKOMY 3HAdYeHHI n, TOOTO
lui(x,t) —ul(z,t)| < e ana Beix ¢ € 1,2....
Teopema dosedena.
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