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KJIACCUYECKOE PEIIIEHUE TPETBEI CMEIIIAHHOI 3AJAYN
OJId TEJETPA®HOTO YPABHEHUS C HEJIMHEVHBIM
IIOTEHIINAJIOM

© 2024r. B. . KOP3IOK, 4. B. PYABKO

THocsawaemces axademury E. U. Mouceesy

AHHOTAIMA. s TesterpadHOro ypaBHeHUs ¢ HEJIMHEHHBIM [TOTEHIINAIOM, 33/[AHHOTO B IIEPBOM KBa/JI-
paHTe, PaCCMATPUBAETCSI CMeIIaHHAas 33Jada, B KOTOPOI Ha IIPOCTPAHCTBEHHOH ITOJIyOCH 33/1al0TCs
yeaosusa Komm, a Ha BpeMeHHOH mosiyocm — ycioBue tperhero poga (ycnosme Pobuna). Pemenne
CTPOWTCSI METOJIOM XapaKTEPUCTUK B HESIBHOM AHAJUTHYECKOM BHJI€ KaK PEIIeHNe HEKOTOPBIX HHTE-
IrpaJIbHBIX ypaBHeHmil. [IpoBonnTes mccieoBaHre pa3pelrMOCTH 9TUX YPABHEHU, a TakKe 3aBUCH-
MOCTH OT Ha4aJbHBIX JIAHHBIX U IVIAJKOCTH UX penreHuii. s paccmarprBaeMoil 3a/1a41 I0Ka3bIBACTCs
€IMHCTBEHHOCTh DEIIeHNs] U yCTAHABJINBAIOTCS YCJIOBHS, IIPU BBIIOJIHEHUN KOTOPBIX CYIECTBYeT eé
KJIaccudueckoe perenre. IIpy HeBLINONHEHUN YCIOBUII COIVIACOBAHUSI CTPOUTCS 3aJada C YCIOBUSIMHU
COIIPSIPKEHNs], & [IPY HEeJOCTATOYHO IVIAJIKUX JIAHHBIX — cjiaboe pelreHue.

Karouesnle caosa: KiacCudeckoe perienue, CMellaHHasl 3a/lavda, YCJIOBUA TPEThEro po/a, YCJI0BUA
CorjiaCcoBaHU#A, HeJIMHEITHOEe BOJIHOBOE YpaBHEHUE.

CLASSICAL SOLUTION OF THE THIRD MIXED PROBLEM
FOR THE TELEGRAPH EQUATION WITH NONLINEAR POTENTIAL

© 2024 V. I KORZYUK, J. V. RUDZKO

Dedicated to Academician E. I. Moiseev

ABSTRACT. For a telegraph equation with a nonlinear potential specified in the first quadrant, we
consider a mixed problem with Cauchy conditions on the spatial semi-axis and a condition of the third
kind (Robin’s condition) on the temporal semi-axis. The solution is constructed by the method of
characteristics in an implicit analytical form as a solution of some integral equations. The solvability of
these equations and the dependence of their solutions on the initial data are examined. For the problem
considered, the uniqueness of the solution is proved and existence conditions for classical solutions
are obtained. If the matching conditions are not fulfilled, the problem with matching conditions is
constructed, and if the data is not sufficiently smooth, a weak solution is constructed.

Keywords and phrases: classical solution, mixed problem, conditions of the third kind, matching
conditions, nonlinear wave equation.

AMS Subject Classification: 35A01, 35A02, 35A09, 35C15, 35D99, 351.20, 35L71

1. Bsenenme. Ctporo roBopsi, BCE CILIOIIHBIE CPEIbl OMUCHIBAIOTCS HEJTUHEHHBIMU YPABHEHUSIMU.
Bruibop jutst onmcanust cpebl JUHEHHBIX UM HEJIUHEWHBIX YPaBHEHHUI 3aBUCHAT OT POJIH, KOTOPYIO HI-
pafoT HesimHENHHbIE 3(DMEKTHI, U ONpPEeIeTcsi KOHKPEeTHO! dusnveckoit curyanueit. Hanpumep, npu
OIUCAHWH PACHPOCTPAHEHUS JIA3EPHBIX UMITYJIbCOB HEOOXOINMO YUIUTLIBATH 3aBUCHMOCTDL OKA3aTe I
IIPEJIOMJIEHUS CPE/Ibl OT MHTEHCUBHOCTH 3JIEKTPOMArHUTHOIO IOJIS.
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Jluneapusaiust HeJIMHEHHBIX yPABHEHNI MaTeMaTUIECKON (DU3UKU He BCErja BeJET K COMEePIKATEIb-
HOMY pe3yabTary. MoxKeT oKa3aThCsl, YTO JIMTHEAPU3AIUsT UMEET CMBICJI, HO JIMHEHHbIE ypaBHEHUS CO-
XPaHSAIOT MPUMEHIMOCTD JINIL KOHEYHOe BpeMs. Jlarke ecyu JimHeapu3aiusi HeJTUHEHHDBIX YPaBHEHUIT
MaTeMaTUIeCKOl (PU3UKU BO3MOXKHA, C TOYKHU 3PEHMS (PU3UKU MCKIIOYNTEILHO BaXKHBI «CYIIECTBEH-
HO HeJIMHEeHWHbIE» PEIleHusI, KAYeCTBEHHO OT/IMIAIONINECs OT PEeIeHul JIMHeHHBIX ypaBHeHuit. TakuMu
MOI'YT OBITH CTAIlMOHAPHBIE PEIIeHUsI COJIUTOHHOIO THIIA, JIOKAJIM30BAHHLIE B OJHOM WJIM HECKOJBKIX
U3MEPEHUsX, WIN PEHICHUs TUIlA BOJIHOBBIX KOJIJIAIICOB, OUUCHIBAIOIINE CAMOIIPOU3BOJBbHYIO KOHIICH-
TPAIMIO SHEPIUH B HEOOJIBIIHNX 00sacTsx mpocrpancTsa (eM. [12]).

VpaBHeHUsI TUIIEPOOJIMIECKOTO TUIA 3aHIMAIOT 0C000e MECTO CPE/IM HEeJIMHEHHBIX YpaBHEHHIA ¢ 4acT-
HBIMI TTPOMU3BOMIEBIMI BTOPOTO TOpsiaka. «lloTepst omHO#M mMpom3BOgHOIT» TIpu oOpaIeHun TUnepooIn-
YEeCKOI'0 OllepaTopa BTOPOI'O HOPAJIKa IPUBOJUT K IPUHIUINAAIBHBIM TPYIHOCTAM IIPUA UCCJIEJOBAHUU
HeJIMHEHHBIX rurnepboindeckux ypapHeruil. /laxke /yist co3qanns JOKAJILHON TeOpUru HEJTUHEHHDBIX -
1epOOJIMIECKUX yPABHEHUI U CUCTEM OTPEOOBAIOCH PA3BUTHE CIIENINAILHON TEOPUHU O HESIBHBIX (DyHK-
MAX B HEJIMHEHHOM (DyHKIIMOHAJILHOM aHAJIM3€e, TaK KaK KJaCcCHYecKasl TeopeMa O HesIBHON (byHKIMI
3 PYHKIIMOHAJHHOIO aHAIN3a 0KA3a/IaCh 3/1eCh HEIIPUMEHUMOI.

st (cyIiecTBeHHO) KBA3UIMHEHHBIX TUIIEPOOINIECKUX yPABHEHUI BTOPOTO TIOPSIJIKA € YUCJIOM He3a-
BUCHUMBIX [IEPEMEHHBIX OOJIBIIE JIBYX BOIIPOC O PA3PEITUMOCTH B II€JIOM HE UCCICIOBAH JTAXKe JJIsT 381891
Kormm.

PaspemmmocTs B HEKOTOPBIX Kjtaccax (DyHKIINI B 11e/10M 3a1a49u Ko, a TakkKe HEKOTOPBIX KPAEBbIX
3a/a9 yCTAHOBJIEHA JJIsl IITUKOPOTO KJIacca C1ab0 HEeJIMHEHHBIX TUIepOoInIecKuX ypaBHEHN BUIA

(07 — Au(t,z) = f(t,z, u(t,x), u(t,z), Vu(t,z)), t>0, x€QCR"

(cm. [10]). Ho B omyimame oT mepBoii 1 BTOpoil CMeNIaHHbIX 33J1a4, TPETheil CMEIaHHO 3a/1aue MoCBsIIIe-
HO HE TaK MHOI'O paboT, JaxkKe B CJIydae JOCTATOYHO XOPOIIO M3yYEHHOrO JTUHEHHOTO BOJHOBOIO yPaB-
Henus (cM. [2,18,19,24|), He roBopsi y:ke 1po HeuHeliHble ypasHenus. OJHAKO B psijie paboT, MOCBsI-
IIEHHBIX TPEThell CMEeNaHHON 3ajadue JJIs HeJIMHEHHOro ypaBHeHus (cM., nanpumep [16,20,21,23,25]),
crpositest ciabble pernenust, a He Kiaaccnaeckne. Orvernm paborst [21] u [25], B mepBoii u3 KOTOPBIX
U3yvaeTcs 3a/1ada YIIPABJIEHUs JIJIsT KJIACCHIECKOTO PEIIeHNs, & BO BTOPOIl — TPeThs CMeIlTaHHasT 3a/1a9a
B Kjacce 6eckoHedHO D PepeHITupyeMbIX HAYAJTbHBIX JTAHHBIX.

OTrmeTnM TakkKe, UTO HEJUHEHHBbIE YPABHEHUS TPY/IHO U3YJaTh: MOYTU HE CYIIECTBYET OOIIUX METO-
JIOB, paboTAOMMX JJIsi BCEX TAKUX YPaBHEHUil, 1 OOBITHO KaXKJ0€ OTJ/IC/IbHOE yPABHEHUE IMPUXOIUTCS
U3yvaTh KaK OTAETbHYIO 3aaTy.

B manHoii craTbe, ucnosb3ys crnocod, npeyiokeHHblii panee B |5, 6], u npeacrapisionumit coboii co-
qeTaHne MEeTOa XapPAKTEPUCTUK C METOIOM IIOC/IeI0BATEIbHBIX TPUOINKEHNNE, Mbl CTPOUM PEIeHne
TPeTheil CMENaHHON 3aa4u Il HEOTHOPOIHOTO TUIIEPOOIMIECKOTO HEJIMHEHHOTO YPABHEHHUS BTOPOI'O
MOPSI/IKA, JTOKA3BIBAEM €IMHCTBEHHOCTh W HEIIPEPBIBHYIO 3aBUCHMOCTH PEIIEHUs] OT HAYAJIbHBIX JIaH-
HBIX, & TaK>Ke BBIBOJIUM YCJIOBUsI TUIAJKOCTHU JIAHHBIX 339U U HEOOXO/IMMBIE U JOCTATOYHBIE YCJIOBUS
COTJIACOBAHUsI, IIPU KOTOPBIX PEIeHre CMEIaHHON 3aj1a4qu Oy/ieT KJjaccuiecKuM. 1Ipu HeBbITOTHEHNN
OJTHOPOJTHBIX YCJIOBUI COTJIACOBAHUS CTPOUTCH 3aJ1a4a C YCJIOBUSIMU CONPSYKEHUS HA XapaKTEPUCTHUKE,
npuYeM OJJHO M3 KOTOPBIX, B OTJINYME OT [EPBOil cMelanHoil 3agaun (cM. [5,6]), comep:kuT HEKOTOPYIO
TPOM3BOJIBHYIO MTOCTOSTHHYO, 00ECIIeUNBAIOIIYI0 HAllepe 3aIaHHbIi Pas3pblB PelIeHns. DTO O3HAYAET,
YTO OJHOI TpeTheil CMENaHHON 3a/a4e B 00bIYHOM (hOpMYTHPOBKE Oy/IeT COOTBETCTBOBATH OECKOHETHOE
MHO>KECTBO TPETbUX CMEIIAHHBIX 3a/1a49 C YCIOBUSIME COIPsI?KeHUs Ha xapakTepuctuke. Ho B KaxKmom
KOHKDETHOM CJjiydae OyJieT CyIIecTBOBATH €JIMHCTBEHHOE KJIACCHUIECKOoe pernieHue. Kcim ke B 3ajate
MIPUCYTCTBYIOT HEIOCTATOYHO IyiaJKue (PyHKINHA, TO CTPOUTCS 000OIIeHHOe cjaaboe perenue. B ciy-
qae HEeJUIIIUIEBON HEJTMHENHOCTH OTHICKUBAETCS JIOKAJBHOE PeIlleHre U JIOKA3bIBAETCS €ro eJIMHCTBEH-
HOCTb.

2. TITocranoBka 3amaun. B obuactu QQ = (0,00) x (0,00) JByX HE3aBUCHUMBIX [IeDEMEHHbIX (t, ) €
Q) C R? paccMOTpHM 0JTHOMEPHOE HEeJMHeHHOe ypaBHeHue

Ou(t,x) — f(t,z,u(t,z)) = F(t,z), (1)
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e O = 97 —a20? — oneparop /I’ Anambepa (a > 0 nyist onpesenénnoctn), F — dbyHKIms, 3a1a0Has Ha
MHOKecTBe @, a f — yHKIus, 3aanHass Ha MaOKecTBe [0, 00) X [0, 00) X R 1 yjioBIeTBopsiomas yco-
Buio Turta Jlunmuina—KapaTeomopu 1o Tperbeit mepeMeHHoil, T.e. CyecTByeT u3MepuMast QyHKIums k,
3aJjaHHAs Ha MHOMKECTBE (Q, UTO

!f(t,x, z1) — f(t,x, 22)| < k(t,x)|z1 — 29| (2)

U TaKasl, 9TO ee BTOPasi CTelleHb JIoKalbHO cymmupyeMa. K ypasaennio (1) npucoemHsiores: HauaJabHble
YCJIOBUSA

u(0,2) = ¢(x), Ou(0,x) =1(x), =z €]0,00), (3)
U TPAHUYIHOE YCJIOBUE
Ou(t,0) + B(t)u(t,0) = u(t), te|0,00), (4)
rie ¢, ¥, pu f— byskuun, 3ajanibe Ha noiayocu [0, 00).

3. MNurerpansHoe ypaBHeHue. O6iactb () xapakrepucTukoit @ — at = 0 pas/jesnm Ha JiBe 107100~
nacrn QY) = {(t,z)|(—=1) (at — ) > 0}, j = 1,2.

A

L 4

Puc. 1. Pasnenerne obaacru Q xapakrepucrukoii  — at = 0 na ase nogobaactn Q) u Q2.

B sambikannn QU) kaxkoii u3 nomobaacreit Q) paceMoTpuM HHTErpasbHbIE ypPABHEHHS

w9 (t, ) = g") (2 — at) + ¢ (x + at)—

r—at x+at

1 2oy zty 2oy 2ty G (22 2ty
4a2/dy / [F<2a’2>+f(2a’2’“ 2 2 az,

B (=1)7(at—z)

(t,z) € QUW),j=1,2, (5)

re gD, ¢ u g2 — mexoropsie dyHKIMI, TEPBLIE IBE W3 KOTOPBIX 3ajaHbl Ha MHOXKeCTBE [0, 00),
a rocJie Hsist — Ha (—00, 0].
OnpenennM Ha 3aMbIKaany () obmacTu (Q YyHKIMIO 1 KaK COBHAJAIONLYIO0 Ha 3aMblKanmu Q) o6-
nactn QU) ¢ pemennem u() unrerpanbhoro ypasmenus (5):
u(t,z) =uV(t,x), (t,z)eQl), j=1,2 (6)

Jemma 3.1. ITycmo ewnoansomea yeaosus f € CHQ x R), F € CYHQ). Pynwyua u™) npunao-

aestcum kaaccy C2(QW) u ydosaemeopaem ypasnernuro (1) 6 Q) moada u moavxo moeda, xo2da ona

asasemca nenpepuenoim pewenuem ypashenus (5) npu j = 1, dymwyuu gV u g 6 xomopom us
xaacca C%([0,00)).

Jlemma 3.2. ITyemo evnoanaomes yeaosua f € CHQ x R), F € CHQ). Pynryua u® npunao-

aestcum xaaccy C*(QP) u ydosaemsopsaem ypasnernuro (1) 6 Q2 mozda u moavko moeda, xozda
ona aeasemca nenpepuienvim pewenuem ypasnenus (5), j = 2, dymryuu g2 u g? 6 xomopom us
xaaccos C?((—o0,0]) u C%([0,00)) coomsememsenio.
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Teopema 3.1. ITycmo svnoansomea yeaosua f € CHQ x R), F € CY(Q). @ynxyua u npunadae-
arcum xaaccy C%(Q) u ydosaemesopam ypaeneruro (1) moeda u moavko moada, xo2da ona das xastcdoeo
§ = 1,2 asasemca nenpepvieivim pewenuem ypasnenua (5), dynwyuu gV g2 4 ¢?) 6 xomopom
uz xaaccos C2([0,00)), C?((—00,0]) u C?([0,00)) coomeememeen o u 6bNOAHAIOMCA YCAOBUA CORAA-
COBaNUA

g 0) — g2 0) =0, D¢V (0) — Dg™?(0) = 0,

D (0) — D2 12)(0) + 2 (F(0,0) + £(0,0,640(0) + 9 (0))) =0. "

Hokazarenbcrso semm 3.1, 3.2 u Teopembr 3.1 npescrasieHo B [6].

Teopema 3.2. Ilycmv F € LY(Q), f € C(Q x R), ¢ynryua f ydosaemeopsaem ycaosuro muna
Junwuya—Kapameodopu no mpemveds nepemennot, m.e. cywecmeyem maxaa gynxyus k € L12°C (Q),
wmo evinoanaemca nepaencmeo (2), u zadamv. nenpepvenvie dynryuu g, g(h2 4 g3 Tozda pe-
wenus ypasrenud (5) cywecmeyrom, eOUHCMEEHHL U HENPEPHIBHO 3ABUCAM, OM UCTOOHBIL OGHHBIL.

Bameuanue 3.1. B teopeme 3.1 Bmecto yenosusa f € C(Q x R) MoyKHO TOTPe6OBATE BBITIOTHEHTE
TPEX YCJIOBUIA:
(i) dbynxuus fi: Q > (t,x) — f(t,z,2) € R usmepuma npu obom bukcuposannoM z € R;
(ii) dyukuus fo: R 3 z — f(t,x,2) € R HenpepbiBHa Ha MHOXKecTBe R Jijist Ipu MOYTH JIHOOO0M
dbukcuposannoit Touku (t, ) € Q,
(iii) Bepmo mepamenctso |f(t,,2)| < a(t,z) + Bz, rre a € L*°(Q), B € R.

Hokazarenbcra TeopeMbl 3.2 u 3amedanust 3.1 npejcraBieHsl B [5].
4. Tlocrpoenne pemenns: cmemannoii 3agaun. Oyukiun ¢ u ¢ oupenensiem u3 yenosuit

Kommw (3). Iloacrasmsisi coornomtenne (5) npu j = 1 B ycioBust (3) moaydum cucreMy ypaBHEHH

orrocurensro dynxrit gl u g(2):

uM(0,2) = p(z) = ¢V (@) + ¢P(2), >0,
0 M(0,2) = (x) = —aDg () + aDg? ()~
1 [f <x—y,x+y’u(1) <x—y’x+y>> +F<x—y’x+y>}dy’ .
2a 2a 2 2a 2 2a 2
0

[IpounTerpuposas BTOpoe ypaBHenue oT 0 JI0 T, TOJIYIUM

g (@) + ¢ (z) = p(x), x>0,

— g (z) + gP(x /1/1 dz+— dz/[ ( : —|2—y>+

2=y 24y (2-y 2ty
+f< VY, <2a, ! >>]dy+2C’, .

WV
o

WV
o

Orcrona
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¢ (z) = @ + 2i /¢(z)dz + C+

1 -y z+y 2oy 2ty (Y 2ty
>
4.(12 dZ/|: < ) 2 >+f< 2 ; 2 , U %2, ) 2 dya 'I/Oa (8)
0

rie C' — NPOM3BO/IbHAS KOHCTAHTA U3 MHOKECTBa jeficTurenbupx uncer. Oyukmmo g(b?) ompemers-
eM u3 rpanndHoro yciosus (4). Ilogcrasisis coornommenne (5) mpu j = 2 B ycuoBus (4) mosrydanm
yDaBHEHHe

—at
1 at—y at+y () (at—y at+vy at—y at+vy
- — F d
2a2/[f(2a’2’“ 2 7 2 * 2 ' 2 yt
0

+8(t) (942 (=at) + ¢*(at)) + Dg) (~at) + Dg™ (at) = (1), >0,

OTHOCHUTEJILHO (DyHKIIUN g(l’z). Crenas 3ameny t = —z/a, nosryanmM oObIKHOBeHHOE i dbepeHnnaibHoe
ypaBHEHHE JIJIsi OThICKAHUS PYHKIUN g(1’2)

1 / —y—2 Yy—=z —y—2 Yy—=z —y—2 y—=z
_ﬁ/[f< 2 ' 2 ’“(2)( 2 ' 2 >>+F< 2 2 )]dw
0
z

+8(=2) (8"2() +9?(=2)) + Dg*D () + DgP(=2) = (== ), =<0 (9)

a

Ypasuenust (9) OTHOCUTEILHO g2 BMmecTe ¢ IEPBBIM YCIOBHEM (7) paccmarpuBaeM Kak 3aja4dy Kormu

st qudpdepeHnnaabHOro ypaBHeHUsI IePBOro mopsiaKa. Permas 9Ty 3a1ady, TOJIyduM:

o0 o (- Fo(-£)ee) (2o fou (o)) o ()-

¢
1 -y y—& o (=E-yy-¢§ -y y-¢§ _
4a2/[f< 2 2 " < 2 2 >>+F< % 2 ﬂdy
0
—¢ >
_g(_t 1 FYy Ytz oy (F-Y Ytz 2=y y+z
5( a><c+4a2/dz/[f( 2 ' 2 " <2a’ 2 >>+F( 20 2 )]d“
0 0

w(—ﬁ)) (=8 J(=9)

5% 2 T

¢
1 £ -y y—& o(E-yy-¢§ -y Y-
T [f< 2% 2 " < 2 2 >>+F( % 2 )}dy}%)'
0

?)al\leTI/IM, 9TO, IIOCKOJIbKY,
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TO PYHKITUS g(l’Z) MOKeT OBITH MIPeJICTABIEHA B BHUIIE

to /¢(z) dz + w(-ﬁ)) - ¢(2;£)+
0
Al (55 ()

[Moxcrasus dopmyss (8) u (10) B ucxoaHbIe UHTErPAJbHBIE YpaBHEHUs (5), MOSYIUM

— 1
u(t0) = KOO 0) = LD AD o [y
r—at
1 z+at z
B z—Yy z+vy 2oy 2ty ) (*r-Y 2ty 50
v f o ] (525 e (gt e (5255 e
r—at r—at

§y 1 -y y=-& o(=€-yy- -y y=¢&\|,
X{”(a> 4a2/[f< 5 2 " (2a ! 2>>+F< % 2>_dy
0
_g z
(S ( L FoYy ytz oy (F-Y Ytz z—y y+z)\]|
B( a) <4a2/dz/[f< 2% ' 2 " (2@’ 2 >>+F< 2% 2 )_dy—}—
0 0
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o+ 5 [0e) dz) See),

2a 2a
0
1 £ £ £ £ £ £
L S~y y-—- @ (S~ Y Yy~ —S—Y y—-
+2a2/[f< 2a 2 " < 2 2 >>+F< % 2 >]dy}d§>+
0
1 T+at
+cp(a;+at)+g0(at—a;)+_/w(z)dz_i_
2 2a
0
1 T+at z
1 z—Yy z+y 2oy 2ty (Y 2ty B
+4a2/dz/[F<2a’ 2 >+f(2a’ g (2a’ 2 )”dy
0 0
1 r—at x+at
b 2—y z+ty Z-Yy 2ty @ (*-Y 2ty 5@
102 /dy/ [F( 2% 2 >+f< 2% ' 2 " <2a’ 2 >>}dz’ (t,) € Q.
0 at—x

(11)

Jlemma 4.1. ITyemv ewnoansomen yeaosua f € CLQ x R), F € CYHQ), ¢ € C*([0,00)),
P € CH[0,)), p € CH[0,0)), B € CH[0,0)) u pynxyua f ydosaemsopsaem ycaosuro muna Jlun-
wuya—Kapameodopu no mpemveti nepemennoti, m.e. cywecmeyem maxas dynryua k € LY(Q), wmo
evinoanaemca nepasencmeo (2). Toeda pewenus u9) (j = 1,2) ypasnenuii (11) cywecmeyom, edun-

emeenno, 6 xaacce C?(QUW) u nenpeprvisro sasucam om dyrryuts o, 1 u .

JlemMma 4.1 noxa3pIBaeTCsA aHAJIOTUYHO TeopeMe 3.2.
Takum 06pa3oM, MOCTPOEHO KYCOIHO IVIajiKoe pemienue 3ajaqn (1) — (4), koropoe onpegensres: pop-
mysamu (11) u (6).

5. AmHajmu3 pemnieHusl CMeIMaHHON 3amadu. UTobbl QYHKIUsS U IPUHAIJIEXKAIA MHOXKECTBY
C2(@), KpoMme TpeboBaHWil TIaJKoCTH st (byHKIui f, F, HEOOXOAMMO W JIOCTATOYHO BBIMOJTHEHHE
pasencTs (7), corsiacHo TeopeMe 3.1. Borumciisisi BeJIMYMHBI, KOTOPbIE BXOJST B BbIpaykenust (7), moJry-
qaeM CJIeIYIONINe YCJIOBUS COTJIACOBAHMSI

B(0)¢(0) — u(0)
£(0,0,9(0)) + F(0,0) + a (¢(0)5'(0)
Pesynprar copmymupyem B BUlie TEOPEMBL.

Teopema 5.1. ITycmnv evmnoanaomea yeaosua f € CHQ x R), F € CYQ), ¢ € C*([0,00)),
Y € CH[0,0)), p € CH[0,)), B € CH[0,0)) u pynxyua f ydosaemsopsaem ycaosuro muna Jlun-
wuya—Kapameodopu no mpemveti nepemennot, m.e. cywecmeyem maxas dynryua k € LY(Q), wmo
swunoanaemesa nepasencmeo (2). Tpemovsa cmewannan 3adava (1)—(4) umeem eduncmeennoe pewenue
u, onpedenermoe dopmyaamu (6) u (11), us xaacca C%(Q) moeda u moavko mozda, ko2da 6vimOANA-
romes yeaosua (12) u (13).

'(0) = 0, (12)
)

+y
+ B(0)9(0) — 4/ (0) +¢'(0)) = 0. (13)

HokazareabcTBO TeopeMbl 5.1 BbITEKaeT U3 TeopeMbl 3.1, ieMMbI 4.1 U ITPOBEJIEHHBIX BHIIIIE PACCY K-
JICHUIA.

6. HeoanmopoaHble ycJIOBuUsl coTJiacOBaHUsi. Ternepb, mOM00HO TOMY KakK 3TO ObLIO CIIe/TaHO
B [3-6,8,9,11], paccmorpum 3amaay (1)-(4) BEciydae, korma yeaosus cormacosammnst (12) u (13) ua-
CTUYHO MJIN IIOJIHOCTBIO HE€ BBIIIOJIHAKOTCH. HO B OoTyiIn4uue OT HepBOfI cMeITaHHON 3a/a91 B TpeTbeﬁ
CMEITaHHOW 3a/1aue YCJIOBUS COTJIACOBAHUS MOXKHO 3aJ]aTh TAKUM 00Pa30M, 9TO pelreHue OyJIeT UMETh
ITPOM3BOJILHBIN HaIepel 3aJJaHHbII paspbiB Ha XapakTepuctuke r — at = 0.

Corytacao Teopeme 3.1 NPUCYTCTBHE HEOIHOPOIHBIX YCJIOBHIL COTJIACOBAHWS HApPYIAeT HEIpPEpPbIB-
HOCTb YaCTHBIX MPOU3BOAHBIX (byHKImu u. JaHHoe 3akiouenne MOXKHO ¢OPMYIUPOBATDL B BUJIE CJIe-
JIVIOIIETO YTBEPKICHUS.
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YrBepxkaeHue 6.1. Ecau das 3a0annvir Gyrkuut [, @, 1 He SbNOAHAIOMCA 0OHOPOJHBIE YCAOBUS
cozaacosanus (12) u (13), mo kaxumu 6w 2sadkumu vy 6vau gynkyuu f, F, B, p, ¢ w1, 3adaua (1)-
(4) ne umeem Kaaccuneckozo pewenus, onpedeaenrozo wa Q.

JloKasaTebCTBO yTBEPIKICHNS BBITEKAET U3 TeopeMsbl 3.1.

ITycrs 3amannbie dyuknun ypasuenns (1), rpaHn<anbix ycaosuii (3), (4) sBIAIOTCS JOCTATOYHO ITIa/1-
KIMI W TakuMu, Kak B Teopeme 5.1: f € C1(Q x R), F € CY(Q), ¢ € C%([0,0)), ¥ € CL([0,00)),
p e CH[0,00)) m B € C([0,00)). Tak kax yciosus cormacosamus (12) u (13), Boobrte ToBOps, He BbI-
HOJIHEHBI, TO MOJIy UM PA3PBIBHBIMU IIPOU3BOHBIE (DYHKIMUH U COIVIACHO CJICLYIONINM BbIPAZKCHUSIM:

[(w)* = ()7 )tz = at) = CW,

[((9tu)+ — ((9tu)_] (t,z = at) =
—a[(8yu)" = (9:u)7](t,z = at) = a(1(0) — B(0)p(0) — ¢'(0))+

2at
[((93u)+ — (afu)—} (t,x =at) =

2at
e [ {00 (5 5) o0 (52 2) s 0= 0" (5:5)) -
S0 (53 sas (550 (23)]-
(@0 (5:5) a0 (5:3))0 (3000 (5:3) -
cs (550 (5 3)) o (5500 (5:3) o=
= a®[(02u)t — (3u)"](t, @ = at) + (f(t,at, (u)" (t,at)) = f(t,at, (u)" (t,at))) =
—a[(@t@mu)‘F — ((9t(9mu)_] (t,z = at) + %(f(t,at, (u)t(t,at)) — f(t,at, (u)_(t,at))), (14)

rie O = 0. B nanbHeiiieM npu paccMOTPEHIN 348491 ¢ YCJIOBHSAME COIPSIZKEHNs GyIeM IOJIAraTh,
aro C'(1) — HekoTopast IpOU3BONIbHAS HAIIEPE 3aJaHHAS KOHCTAHTA U3 MHOMKECTBA JCHCTBUTELHBIX
qrcesI, BOODIIE TOBOPsI, He 00s13aTEIbHO PaBHAasI HYJIIO. 371eCh OBLIO HCIOJIb30BAHO 00O3HAUEHUE ()jE —
[peJie/IbHbIE 3HAYeHNs (DYHKINKM % M €€ 9aCTHBIX IIPOU3BOMHBIX C PA3HBIX CTOPOH Ha XapaKTEPUCTHUKE
r—at =0, Te.

(Pu)E(t,z = at) = lim dPu(t,at + 6).

0—0+

Beesem obosnauenne Q = Q \ {(t,z) | 2 — at = 0}. CupaseymBa e 1ylomas Teopema.

Teopema 6.1. ITycmuv ewnoanaomea ycaosua f € CHQ x R), F € CYQ), ¢ € C*([0,00)),
Y € CH[0,)), p € CH[0,0)), B € CH[0,0)) u pynryua f ydosaemeopsaem ycaosuro muna Jlun-
wuya—Kapameodopu no mpemuveti nepemennoti, m.e. cyuecmsyem maxas Gynxuus k € LIQOC(@), Ymo
soinoansemes nepasencmeo (2). Tpemwva emewannasn 3adaua (1)—(4) umeem eduncmesennoe pewenue
U U3 KAACCa C’2(C§), Komopoe nmpedcmasasemcs 6 cude

a@@_{Mme=K®MWwa (t.2) € QU U{(0.2) | = € (0.00)},

i (t,2) = KO, u@|(t,2) — €O, (t,2) € QD U{(1,0) [te 0,00},
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20e ynryuu v u u® zadarw opmyaot (11), mozda u moavko mozda, K020a 6LINONHAIOMCA YCAO-
sus (14).

st mokazaTesbcTBa TeopeMbl 6.1 cieayeT MOBTOPUTH PACcCyKIEHUs, KOTOPbIe paHee MPUBEIN HAC
K TeopeMe 5.1.

Teopema 6.2. ITycmuv evnoanaomea yeaosua f € CHQ x R), F € CYQ), ¢ € C*([0,00)),
Y € CH[0,)), p € CH[0,0)), B € CH[0,0)) u pynryua f ydosaemsopsaem ycaosuro muna Jlun-
wuya—Kapameodopu no mpemveti nepemennot, m.e. cywecmeyem maxas dynryua k € LY(Q), wmo
svinoansemes nepasencmeo (2). Tpemovs cumewannasn 3adava (1)—(4) umeem eduncmeennoe pewerue

u, onpedeaermoe dopmyaoti (15), us xaacca C*(Q) N C(Q) moada u moavko mozda, ko2da 6vMONHA-
romes yeaosua (14) u CH = 0.

Joxasameavcmeo. Teopema 6.2 cienyer dbaxrudeckn u3 TeopeMsr 6.1 u dpopmya (14). deitcrBurensHo,
ecim C1) = 0, o pemrenme 4 na mMuoxkectse {(t,2) | z — at = 0} aBiseTca HenpepbBEbIM B city (14).

CresoBaTesibuo, Kpome Toro, uro pemenne 4 € C?((Q)), OHO ABIAETCS HENPEpLIBHON (ByHKIUEH Ha
sambikanmn @, u € C(Q). O

Teopema 6.3. Ilycmuv ewnoanaomea ycaosua f € CHQ x R), F € CYQ), ¢ € C*([0,00)),
P € CY[0,00)), p € C([0,00)), B € CH([0,00)) u Pynryus f ydosaemsopaem ycaoeuro muna Jun-
wuya—Kapameodopu no mpemuveti nepemennoti, m.e. cyuecmsyem maxas Gynxuyus k € LIZOC(@), Ymo
soinoansemes nepasencmeo (2). Tpemwva emewannas 3adaua (1)—(4) umeem eduncmesennoe pewenue
u, onpedenennoe opmyaot (15), us xaacca Cz(@) N CYQ) mozda u moavko mozda, ko2da 6vINOANA-
romes yenosua (14), C1 =0 v (12).

Jlokasamenvcmeo. Teopema 6.3 serko cuemyer u3 teopem 6.1, 6.2 u dopmyn (14), Tak Kak B 9TOM
cJlydae U sIBJISIETCsI HEIPEPbIBHBIM Ha MHOXKeCTBe (), HO B cuity (14) umeer HepepbIBHBIE IPOU3BOJIHbIE
IIEPBOTO TIOPSIIKA. O

Bameuyanue 6.1. Ecsn 3amannbie Gynkinun 3aga4au (1)—(4) He yi10BIeTBOPSIIOT OJHOPOHBIM yCJIO-
BusiM cortacoBanust (12) u (13), To pemenue 3aga4au (1)—(4) cBOAUTCA K PEIICHUIO COOTBETCTBYIOIIEH
381441 CONPSIYKEHNs, [Jle YCJIOBUs COPSIZKEeHUs 33/Iaf0TCs Ha Xapakrepucruke x — at = 0.

B kadectBe ycsioBuit conpsizkenust MoryT 6biTh ycsosusi (14). Teneps 3amaqy (1)—(4) moxuO cop-
MYJIIPOBATh, UCIIOJIb3Ysl YCJIOBHsI conpsizkenusi (14) cieyronmm obpasom.

Banmaua (1)—(4) ¢ ycimoBusimu conpsi>KeHusl HA XapakTepuctukax. Haiitu kiaccudeckoe perie-
nue ypasrenus (1), yuosiersopsitoriee ycsiousim Komm (3), rpasndsabiM ycsoBusiM (4), yCaoBHsiM
conpsizkenust (14).

Bamernm, uro Takas GOPMYIMPOBKA PACCMOTPEHHOI 3a/[aui ¢ YCJIOBUSIME COLPSIZKEHUsT HoJjiee TpH-
emJIeMa JIUIs €€ YINCJICHHON peasn3alin.

7. Cuaaboe pemienmne. Paccmorpum reneps 3ajaqy (1)—(4) B ciyvae, korma dyukuuu 3, f, F, p, ¢
u 1) He 00JIaJIAI0T JOCTATOYHON CTEIeHBIO IIaJIKOCTH.

Ounpenenenne 1. Oyuknuio u, npeacrapumyio B Buge (6), (11) HasoBeM crabbiM pelleHne 3a1a-
qu (1)—(4).

Bameuanne 7.1. Jlioboe kiaccudeckoe pemrenne 3a1a4du (1)—(4) siBisieTcst TakKe C1abbIM PEIIeHN-
€M 3TOU 3aJ1a4u.

CrupaBe iyiiBa, CJIeIyONIAst TeopeMa.

Teopema 7.1. Iycmv evinoanaomea yeaosusa f € C(Q x R), F € LY(Q), ¢ € C([0,00)),
P € L¢([0,00)), p € L¢([0,00)), B € LI%°([0,00)) u dynwyua f ydosaemsopaem ycaosuro muna
Junwuya—Kapameodopu no mpemvets nepemertot, m.e. cywecmeyem maxas gynrxyus k € LIQOC(Q),
umo evinoanaemes nepasencmeo (2). Tpemovs cmewarnasn 3adaqa (1)—(4) umeem eduncmeennoe caa-

6oe pewenue u uz xaacca C(Q).
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Jlokasameavcmeo. PaspenmuMoctb nHTErpasbHbix ypasHenuil (11) u npuHa IeXKHOCTH WX pellleHuii
KJIACCY HEIpPepBIBHBIX (dyHKIumil dhakrudecku ciaegyer u3 reopeMbl 3.2. KoppekTHocTh mpejcrasie-
must (6) crenyer w3 toro dakta, ato ulM (t, x = at) = u® (¢, 2 = at) nexons w3 bopmy (11). O

3ameyanue 7.2. AHAJIOIMIHO MPEIbIIYIIEMY IIYHKTY, MOXKHO CTPOUTH CJIa00e peIlleHre 3aJia9u C
YCJIOBUSIMUA COTPSIKEHUSI.

8. JlokajbHOe pelnieHue. B npeabyiyux pasjenax HacTosIneil paboThl TPeThsl CMeIIaHHAs 3a-
nada (1) — (4) paccmaTpuBaIach B IPEJIIIOIOKEHUH, 9TO HEJTMHEHHOCTD YJIOBJIETBOPSIET YCJIOBHIO THUIIA
JIummuna—Kapareoaopu. C oiHO# ¢TOPOHBI, BO MHOI'UX pa3/iesiaX TeOPETUIECKO (PU3MKHU HeJInHeHHbIe
yPABHEHHUsI 4acTO UMEIOT CTelleHHble WJIM SKCIIOHeHInabHble HesmHeiinoctu (eMm. [13,22,26]). ITosro-
My BeCbMa BayKeH BOIPOC O CyIIECTBOBAHUY U €JUHCTBEHHOCTH pernenuii Takux ypasuenuii. C npyroit
CTOPOHBI, U3BECTHO, YTO ycjaosue Tuna Jlunmmia—Kapareomopu

‘f(t,x, z1) — f(t,a:,ZQ)\ < k(t, z)|z1 — 2o

HeJIb3sI 0C/IabuTh /10 yeaoBus tuma [enbaepa
|f(t,$,21) - f(t,l’, 22)| < k(t,l’)|21 - 22|aa

rie « € (0,1), coxpaHUB IPU TOM OJIHO3HAYHYTO pa3penmMocTh 3aa4n (eMm. [17]). Oxnako ycaosue Tu-
na Jlunmmna—KapaTeonopn He ABISETCS eIMHCTBEHHBIM JOIYCTHMbBIM yCIOBUEM JJIS CyIIECTBOBAHUST
U eJMHCTBEHHOCTU KJIACCUYECKUX PEINeHUH CMENaHHbIX 3aJa4 JJIs HeJMHEHHbIX ypasuennil. Hamnpu-
Mep, B [14] ¢ momompio anpuophbix orneHok u npusimina Jlepe—Illayiepa OCTPOEHO KIIACCHUECKOE
pemenue 3anaun Kormu jyist 06001eHHoro ypasaerust JInyBuiuis (HeIMHEHHOCTh 9KCIOHEHIIUATBLHOTO
pocra).

B srom pasgese s j1i060ii HenpepbiBHO AuddepeHInpyeMoii HeJIMHERHOCTH TIOKAayKeM, 9TO TPEeThs
cMernanHast 3aada (1)—(4) monyckaer eJMHCTBEHHOE JIOKATBHOE KJIACCHUECKOE PEeIlleHNe. BBB

Bgenem obosnadennst

oY) = Conv {(0,0), (T,a"'T), (0,2a'T)}, Q) = Conv {(0,0),(T,a"'T), (2T,0)},
Qpp =00 ual).

Jlemma 8.1. ITyemw evnoanaomea ycaosusa f € CH(Q x R), F € LY¢(Q), ¢ € C([0,00)), ¥ €
LPe([0,00)), p € L2([0,00)) u B € L°([0,00)). Tozda pewenus v (j = 1,2) ypasnenud (11)
cywecmeyrom, eOUHCMEEHHDL 6 KAACCAT C’(Q(Tl)) u C(Q(Q,)), 2de 0 < T' < T < 00, coomsememsenHo u
HENPEPLIBHO 3a6UCAM OM GYHKYUT @, 1 U L.

Jlokasamenvcmeo. lanHyio TeopeMy JOKaXkeM, CJiejlysi cxeMe, U3J0xeHHoil B [7,15]. s onpenesnén-
HoOCTH paccMorpuM ypasrenne (11) mst orsickanus dynxmun u'l) . Beegem MuokecTBO

1
X = {u | ue COP) A lull gy < m}-

YTBepXKIaeTcs, 9TO €CJIM M, JOCTATOYHO BEJIUKO, a 1 JIocTaToOYHO MaJjio, To K OF X1 = X1
B camom nieste, mockosibKy f HenpepbIBHas (DYHKITMSI, TO OHA OI'PAHUYIEHa U PABHOMEDHO HEIIpEpPbIBHA

Ha KOMIIAKTE Q&?T = ngl) X [=m,m]. ITycte ® = ”fHC(Q(l) ) Jlerko Buyiers, 9ro Jjyist mo6bix 17 < T
) m,T
u m’ < m BepHO HEPaBEHCTBO
||f||C(ny1L2’T,) < Q.
Bsezem o6o3nauenue
1 r+at 1 rtat  z
Gr= sup [PEZWteleta) 1 / w(z)dz+—2/dz/F<Z y,z+y> dy|. (16)
(t,0)en) 2 2a 4a 2a 2
’ T r—at r—at x—at

[Ipu ymenbiiennn T’ 6e3 u3Mmenenus: Beuaudbl G B IPEbLIyIeil (hopMysie 3HAK = 3aMEHSIeTCS Ha >,
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Tenepn s w € X, 7 PACCMOTPUM OIEHKY

oT?
W1, hakall
IO Mg < Gr + =
Hawm H606XO,HI/IMO BBITIOJIHEHE HEPpaBEHCTBa
T
(1)1, (D) 2L
|| K\ [u ]”C(Qg})) <Gr+ 5 <m, (17)

qa1o0b1 K (1)[u(1)] € Xy, 7. HHapamerper T' 1 m, TakOBBI, 9TO HepaBeHCTBO (17) GymeT BepHBIM, MOTYT
OBITH HAJIEHBI COMVIACHO CJIEJIYIONIEMY AJITOPUTMY:

(i) Ipucours T' paBHBIM JIIOOOMY JIEHICTBATEIHLHOMY TIOJIOKUTEJILHOMY JIHCILY.
(ii) Beraucaurs G o dopmyse (16).
i

)
(iii) Ipucsonts m = 2G7 n BerMUCTUTH P = HfHC(Q(U )
m,T
)

(iv) Ymenbmurs T, Taxk 4TobbI 6bLT0 BepHO HepasencTso < G + ®T2/2 < m = 2G7. Bamernn,
9TO yMeHbIeHue 1’ OCTaBJsieT B CUJIe MPEIbLIYIINe HEPABEHCTBA.
TockombKy uncia T u m BHIGpaHbI TAKIMHE, 9T HepasencTso (17) somommsercs, To KD [u] € Xm,T,
ecyi, Harpumep, u € X, 7.
Tax xkak f — HenpepbiBHO jnddepeHmpyemMast PyHKIUs, TO €€ YACTHbIE ITPOU3BOIHBIE OI'PAHUICHBI
Ha KOMIIAKTE Qni,Tv a Toryia f yAOBJIETBOPSIET Ha 3TOM KOMIIAKTE YCJIOBHIO JIMMIIHUIA ¢ HEKOTOPOi
ITOCTOSTHHON L, U B TAKOM CJIy4dae BEPHO HEPABEHCTBO

LT?
[E O] = KOsl gy < = llun = usll gy, w € CQF), uz e COQp).

1
CnoBa ymenbmmaem 1’ Tak, 9TOOBI Jyid JIIOOBIX Up, U2 € Xy C C (Q%)) BBITIOJIHSJIOCh HEPABEHCTBO

1
HK(l)[ul] - K(l)[uz]HC(Q(Tn) < 5”“1 - u2|’C(Q§3))' (18)

[Tpu srom HepasencrBo (17) ocranercs: B cuje.
Bribepem mmoboe ug € X, 7. Ecm Mbl pekyppenTHO onpejiennm

1 .
u]:K()[ujfl]a J ENa
TO COIVIACHO JIOKA3aTeJIbCTBY TeopeMbl Banaxa o HemoaBIzKHOI Touke (cM. [15]) uj — u B mpocTpaHcTBe

C’(Q(Tl)) uu = KM[u]. Bosee Toro, mockombky HUjHC( < m, nonyvaeM u € X, 7. EnuncrseHHOCTD

)
caeqyer n3 Hepasencrsa (18).
HenpepbiBHASI 3aBUCUMOCTD DEIEHNs] OT HAYAJbHBIX JIAHHBIX UCCJIEJLyeTCsl aHAJIOIUIHO padore [6].
Cy1iecTBOBaHHE ¢MHCTBEHHOIO HEIPEPHIBHOIO U HEIPEPBIBHO 3aBHUCSIIErO OT HAYAJBHBIX JAHHBIX
periennst ypaBaenus (11) oraocuresnbHo dbyHKIUI u@ JIOKA3bIBAETCSI aHAJIOTHYIHO.

Hepasencrso T' < T', ykazannoe B (pOpMy/IMPOBKE JAHHOI TEOPEMBbI, CJICIyeT U3 CTPYKTYPHI Ollepa-
2
topa K| mak xak mst onpenenenus dpyukunn u?) na MuokecTse Q%,) HEOOXOMUMO 3a1aTh (PYHKIIIIO

u) Ha MHOXKECTBE Q(l), re T >T. O

Teopema 8.1. Ilycmo evnoansiomesn yeaosus f € CHQ x R), F € CYQ), ¢ € C?([0,0)), ¥ €
CL([0,00)), p € CL([0,00)) u B € C([0,0)). Tozda cyuwecmeyrom maxue wucaa 0 < T" < T < oo,
wmo mpemuvs cmewannas 3adava (1)—(4) umeem eduncmeennoe pewenue u, 3a0aHHOE Ha MHONCECTNEE
Qr1 u onpedeaenroe gopmysamu (6) u (11), us xaacca C*(Qrqv) moeda u moavko mozda, xozda
svinoanaomen yeaosua (12) u (13).

JokazareabcTBO TeopeMbl 8.1 ciaemnyer u3 Teopembl 3.1 u jtleMMbr 8.1.

Teopema 8.2. ITycmv cwmnosnsomes yeaosua f € CHQ x R), F € L°(Q), p € C([0,00)), ¥ €
L¢([0,00)), p € L2([0,00)), B € L2°([0,00)). Toeda cywecmesyrom marue wucaa 0 < T' < T <
00, 4mo mpemovsa cmewarnas 3adava (1)—(4) umeem eduncmeennoe caaboe pewerue u, 3adanroe na
mmooicecmee Qp 1 u onpedenenroe dopmyaamu (6) u (11), usz xaacca C(Qr 7).
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JlokazaTesbcTBO TeopeMbl 8.2 caeayer u3 Teopembl 7.1 u jtieMMbr 8.1.

OTMeTHM, YTO yCAOBUsI IVIaJIKOCTH, YKa3aHHbIe B TeopeMe 8.2 O CYIIeCTBOBAHUU U €IUHCTBEHHO-
CTH JIOKAQJILHOTO C1ab0ro perenusi, CuabHee, 4eM B Teopeme 7.1 0 CylmecTBOBAHUM U €JMHCTBEHHOCTH
1100 IbHOTO C1aboro pemnienust. Bo-IepBbIX, 9TO MPOUCXOJAUT U3-3a TOrO, 4TO Teopema 8.2 He Tpedyer
BBINIOJIHeHUs yeaoBust Tuna Jlummuna—Kapareogopu (cM. (2)), KoTopoe obecrieqnBaeT eJuHCTBEHHOCTh
pemenus. Bmecto 3Toro Mbl nosb3yemcs pakTom, 9To HenpepbiBHO auddepentmupyemas pyHKIus Ha
KOMITAKTHOM IOJMHOYKECTBE €BKJIMJIOBA MIPOCTPAHCTBA yI0BJIeTBOpsieT yejaopuio Jlummuna. [Tostomy
MBI BBIHYZIeHBl oarath f € C1(Q x R). Ho ¢ gpyroii CTOPOHBI, /JIsl CyTIECTBOBaHus (HO He eHH-
CTBEHHOCTH) JIOKAJILHOI'O CJIA0Or0 pelieHusi He 00si3aTe/bHO cunTaTh (GyHKIMO f HEIpepbiBHO aud-
dbepentupyemoii. Jljist IOCTPOEHUs JIOKAJIBHOTO €1a00T0 MOYKHO BOCIIOJIB30BaThcst Teopemoii [Tlayepa,
Kak 9T0 ¢zeano B [1], u B TakoMm ciaydae GyHKIMIO f MOYXKHO MOJIAraTh HEMPEPBIBHOI, HO OCTAJILHBIE
YCIIOBUSA TJIJIKOCTH, YKa3aHHbIe B TeopeMme 8.2, MOKHLI 6biTh yemtens:: F € C(Q), ¢ € C([0,00)),
Y € C([0,00)), p € C([0,00)), B € C([0,00)). Dro cBsizano ¢ rem, uro Teopema Illaynepa rpebyer,
9TOOBI OIepaTop OBLI BIIOJHE HEIPEPBIBHBIM, 9€r0 MOXKHO JIOOUTHCSI, HAIPUMED, TOTpedOBaB, UITOOBI
oneparopst K u K2 nepesoumn venpepbisuble byHKINN B Henpepbisio auddepenmupyembie. Kpo-
Me Toro, B [17] nokazamno, 4ro, Boobme rosops, B ciaydae f € C(Q x R) A f ¢ CH(Q x R) cmemannas
saziaua Buja (1)—(4) He MMeeT eJMHCTBEHHOTO JIOKAJIBLHOTO PEIleHH s,

Sameuanue 8.1. AHayOrnvyHO 1. 6, MOYXKHO CTPOUTH JIOKAJTBLHOE KJIACCHYECKOE PEIleHHe 3a/1a9i C
YCHOBUAMU CONPAKCHUA.

9. 3akJiroyenme. B crarbe 6bun cHOPMYIUPOBAHBI JOCTATOYHBIE YCJIOBUS, IPUA BBIIOJHEHUU KOTO-
PBIX CYIIECTBYET €IMHCTBEHHOE KJIACCUYECKOe PENeHre TPEThell CMENTaHHO 3a/1a9i B YeTBEPTHU ILIOC-
KOCTH I TejerpadHOro ypaBHeHHUsI ¢ HeJWHEHHBIM moTeHnnaaoM. [lokazano, 9To HapyIieHue ycJjio-
BUII COIVIACOBaHMS IIPUBOJUT K HEBO3MOXKHOCTHU IIOCTPOEHUS KJIACCUYECKOT'O PENIEHUS BO BCell YeTBEPTHU
IUIOCKOCTH. B cilyvae HEBBINOHEHNS JAHHBIX YCJIOBUII PACCMOTPEHA 3a/1a9a C YCJIOBUSME COIPSI?KEHUS
Ha XapaKTEePUCTUKaX. B cilydae HEIOCTATOUHON IVIaJIKOCTH MCXOJIHBIX JIAHHBIX [TOCTPOEHO cjiaboe perre-
HUe HAYaJIbHOW 3a/a9i U JIOKA3aHa ero eINHCTBEHHOCTD. KC/IN HeJIMHEHHOCTh YPABHEHUSI He sIBJISIeTCS
JIMIIIITUIEBOH, TO MOCTPOEHO JIOKAJIBHOE KJIACCHIECKOE U cjiaboe pereHue.

CIINCOK JINTEPATYPbI

1. Zoiwcoxadze O. M. Cmemrannast 3a/1a49a ¢ HeJIMHEHHBIM TDAHUYIHBIM YCJIOBUEM JIJIsI TIOJTYJIMHEHOTO YPABHEHUS
kosieGanusi crpyHbl// Tuddep. ypasa. — 2022. — 58, Ne 5. — C. 591-606.

2. Kopsiwox B. U., Kosaosckas U. C. Knaccuaeckue pernenus 3a/1ad [Jisi THIEPOOJIMIECKAX YPABHEHUN: KypC
geknuit. — Munck: BI'Y, 2017.

3. Kopswx B. U., Kosaosckas H. C. Haymosey C. H. Kiaccuyeckoe pelieHue IepBOii CMEIIAHHON 3a/1a4u
OJITHOMEPHOI'O BOJIHOBOro ypashenus ¢ ycuaosusmu tuna Komwu// Uszs. HAH Benapycu. Cep. dbus.-mar.
mayk. — 2015. — Ne 1. — C. 7-21.

4. Kopswx B. U., Haymosey C. H., Cepuxos B. II. Cmemannas 3aja9a Jjis OJJHOMEPHOI'O BOJIHOBOTO ypPaB-
HEHUS C YCJOBUAMU COIPSI?KEHUS U IIPOU3BOIHBIME BTOPOrO HOPsiJIKa B rpaHnvHbIX yciaosusx// U3s. HAH
Benapycu. Cep. ¢pus.-mar. Hayk. — 2020. — 56, Ne 3. — C. 287-297.

5. Kopstox B. HU., Pydvxo 4. B. Knaccudeckoe m ciraboe pelreHue mepBOil CMEIAHHON 3a/a9u JJIsd TeJjie-
rpadHOro ypaBHeHus ¢ HejmHelHbM norenimanoM// 1zs. Upkyr. roc. yu-ta. Cep. Mar. — 2023. — 43. —
C. 48-63.

6. Kopstox B. U., Pydvko 4. B. Kitaccudeckoe pelrenne mepBoit CMEIIanHOM 3a1a9u /115 TeJIerpadHOro ypas-
HeHUsl ¢ HeJimHelHbIM norernuaioM// JTuddep. ypasa. — 2022. — 58, Ne 2. — C. 174-184.

7. Kopsiox B. H., Pydvxo 4. B. JlokagbHoe Kitaccmaeckoe perreHne 3aadu Komm s oIy InHeTHOrO T~
1epboJIMUeCcKOr0 ypaBHeH!sl B CJydae JBYX He3aBucuMbIX nepeMennbix// Mar. Mexiynap. Hayd. koud.
«Ydunmckas oceHHsisT MaTeMaTHuecKast mKodar. 1. 2 (Vda, 28 cenrsiops—1 okrsabps 2022). — Yda: PUIT
BamlIy, 2022. — C. 48-50.

8. Kopsrox B. H., Cmoaspuyx U. U. Knaccuaeckoe perreHne epBOil CMEITAHHON 3aJ@add st TUIepOOoIu-
YEeCKOT0 ypaBHEHUsS] BTOPOT'O TIOPsIIKA B KPUBOJIMHENHON MOJIyTIONOCce ¢ TIepeMeHHbIME Koddbdunnentavu,/ /

Huddep. ypasua. — 2017. — 53, Ne 1. — C. 77-88.



10.
11.

12.
13.

14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

KJIACCUYECKOE PEIIIEHME TEJIET'PA®HOI'O YPABHEHUA 49

Kopsiox B. U., Cmoaapuwyx U. U. Knaccuyeckoe pellieHre epBoii CMeIIaHHOM 3aa4u JJIsl ypaBHEHUs THUIIA
Kueiina—Topaona—®oka ¢ HeoguopoaubiMu yeaosusmu coryiacoanus// Jokin. HAH Benapycu. — 2019.
— 63, Ne 1. — C. 7-13.

Maremaruyeckas sunukioneaus. — M.: CoBerckas sHmukoneus, 1982.

Moucees E. U., Kopsiox B. U., Kosaosckan U. C. Knaccuaeckoe perienne 3a/1a9u ¢ HHTETPAJIbHBIM yCJIO-
BHUEM JIJIsl OHOMEPHOTO BOJIHOBOTO ypasHenusi// Huddep. ypasa. — 2014. — 50, Ne 10. — C. 1373-1385.
Ipoxopos A. M. ®usnyeckast surmukiaoneaus. T. 3. — M., 1992.

Pywuy B. H. Cummerpus B 3ajadax MareMaTuyeckoil ¢usuku// B ku.: Teoperuko-ajrebpandeckue wc-
cienoBanus B MaTeMarudeckoit dusuke (Oymuma B. U., pen.). — Kues: Un-r mar. AH YCCP, 1981. —
C. 6-28.

Xapubezawsuau C. C., Jowcoxadse O. M. 2011// Duddep. ypasn.. — 47, Ne 12. — C. 1741-1753.

Evans L. C. Partial Differential Equations. — Providence: Am. Math. Soc., 2010.

Giai Giang Vo. A semilinear wave equation with a boundary condition of many-point type: Global existence
and stability of weak solutions// Abstr. Appl. Anal. — 2015. — 2015. — 531872.

Korzyuk V. I., Rudzko J. V. On the absence and non-uniqueness of classical solutions of mixed problems
for the telegraph equation with a nonlinear potential/ arXiv: 2303.17483 [math.AP].

Nesterenko Yu. R. Mixed problem for the wave equation with Robin boundary conditions// Dokl. Math.
— 2009. — 79, Ne 3. — P. 322-324.

Nikitin A. A. On the mixed problem for the wave equation with the third and first boundary conditions//
Differ. Equations. — 2007. — 43, Ne 12. — P. 1733-1741.

Le Thi Phuong Ngoc, Le Huu Ky Son, Nguyen Thanh Long Existence, blow-up and exponential decay
estimates for the nonlinear Kirchhoff-Carrier wave equation in an annular with Robin-Dirichlet conditions//
Kyungpook Math. J. — 2021. — 61. — P. 859-888.

Li T. Exact boundary controllability for quasilinear wave equations// J. Comput. Appl. Math. — 2006. —
190. — P. 127-135.

Nakayama Y. Liouville field theory: A decade after the revolution// Int. J. Mod. Phys. A. — 2004. — 19,
Ne 17-18. — P. 2771-2930.

Nguyen Huu Nhan, Le Thi Phuong Ngoc, Tran Minh Thuyet, Nguyen Thanh Long A Robin—Dirichlet
problem for a nonlinear wave equation with the source term containing a nonlinear integral// Lithuan.
Math. J. — 2017. — 57, Ne 1. — P. 80-108.

Van Horssen W. T., Wang Y., Cao G. On solving wave equations on fixed bounded intervals involving Robin
boundary conditions with time-dependent coefficients// J. Sound Vibr. — 2018. — 424. — P. 263-271.
Wu X., Mei L., Liu C. An analytical expression of solutions to nonlinear wave equations in higher dimensions
with Robin boundary conditions// J. Math. Anal. Appl. — 2015. — 426, Ne 2. — P. 1164-1173.

Xie Y., Tang J. A unified method for solving sinh-Gordon-type equations// Nuovo Cim. — 2006. — 121,
Ne 2. — P. 1373-1385.

JEKJIAPAITIISI ABTOPOB

KoudaukT nHTEpECcOB. ABTOPHI 3asBJAIOT 00 OTCYTCTBUH KOH(DJIUKTA HWHTEPECOB.
DduHaHcupoBaHUE. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUU (PMHAHCOBON MOJIEPXKKH OT KAKUX-JTUO0 Op-

FaHI/I3aHI/Iﬁ NJIN 9aCTHDBIX JIMII.

DduHaHCOBbIe MHTEPECHI. ABTODHI 3asIBJISIIOT 006 OTCYTCTBUM MTOJJIEXKAIIUX PACKPBITUHIO (DIHAHCO-

BBIX WJIN He(i)I/IHaHCOBbIX MHTEPECOB, CBA3aHHbLIX C HY6JII/IKyeMI)IM MaTepuaJiOM.

Kopsiok BukTop MBanoBu4

Benopycckuit rocymapcrsennbiit yauBepcuteT, Munck, Pecriybinka Bemapycs;

Nucruryr matemaruku Hammonasibaoit akajemun Hayk Besapycu, Munck, Peciybuka Benapycs
E-mail: korzyuk@bsu.by

Pynpko An BsaueciaBoBu4
NucruryT matemaruku Hamuonasibaoit akajemun Hayk Besapycu, Munck, Peciybimka Benapycs
E-mail: janycz@yahoo.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


