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HEXAPAKTEPUCTHYECKAS CMEIIAHHAS 3AJTAYA
JJIs1 OJTHOMEPHOI'O BOJIHOBOI'O YPABHEHU A
B IIEPBOM YETBEPTH IIJIOCKOCTH ITPU HECTAITMOHAPHBIX
I'PAHUYHBIX BTOPBIX ITPOU3BOJHBIX

®.E. JlomoBues, B.B. JIbiceHKko0
benopyccxuti eocyoapcmeennwiii ynusepcumem

Moaudukanueii MeToa XapakTepHCTHK BbIBeJeHA siBHAs (popMyiia €IWHCTBEHHOTO W YCTOMYMBOTO
KJIACCUYECKOr0 PEIIeHMs JIMHEWHOW CMELIaHHOW 3ajadu Uil OOLIero HEOJHOPOAHOTO ypaBHEHUS
KoJICOaHUI MOyOTpaHWYEHHOW CTPYHBI C HEXapaKTePUCTHUECKHMMH W HECTAllMOHAPHBIMH BTOPHIMH
YaCTHBIMHM TPOU3BOAHBIMU B I'PAaHUYHOM pexuMe. BBEIEHO MOHATHE XapaKTEPUCTHUYECKUX BTOPBIX
MIPOM3BOAHBIX Ha TIpaHune. HexapakTepHCTUYHOCTh BTOPBIX IPOM3BOAHBIX O3HA4YaeT, 4YTO OHHU
HaIpaBICHBl HE BAONb KPUTHYECKOM XapaKTEpUCTHKH ypaBHEHHA. VX HECTalMOHAPHOCTh O3HAYaeT,
4T0 MX KOI(Q(OUIMEHTH 3aBUCAT OT BpeMeHH. [IpeanoeH HOBBIH METO]| MOTPYKEHHS B PEIICHHS C
(UKCHUPOBaHHBIMH 3HAYCHUSIMH, YIPOLIAIOIINH pemeHne cucteM auddepeHunanbHpIX ypaBHEHUH.

Llenp paboTHI — SIBHOE PELICHHUE U UCCIIENOBAaHNE KOPPEKTHOCTH CMEIIaHHOM 3a1a4d 1o Axamapy BO
MHO>KECTBE KJIACCUYECKHUX PEIICHUH.

Marepuas W MeTOAbl. MarepuanoM CIYXHUT JIMHEWHas CcMellaHHas 3ajadya jajsi  olmiero
HEOJHOPOIHOI'0 YpaBHEHHSI KOJIEOaHUH MOTyOrpaHUYEHHON CTPYHBI IPH HEXAPAKTEPUCTHUECKUX BTOPBIX
NPOM3BOJAHBIX M  3aBHCAIIMX OT BpeMEHH Kod((duIHeHTax B TrpaHUYHOM pexxuMme. Haxoxnaenue
KJIACCUUECKOT0 peIIeHHs W UCCIIEJJOBaHHME KOPPEKTHOCTH 1O Ajamapy (cymecTBoBaHUS,
€AMHCTBEHHOCTH M YCTOWYMBOCTH) BO MHOXXECTBE KJIACCHUECKUX PEIICHUH CMEIIAaHHON 3amayu
OpOBOAMTCS MOAM(DUKAIMEH HM3BECTHOIO METOAA XapaKTEPUCTHK (PAacHpOCTPaHSIOMIMXCA BOJH) U
NPEJIOKEHHBIM B HAcTosmed paboTe METOAOM TMOTPYKEHHS B pEHIeHUS ¢ (UKCHPOBAHHBIMH
3HaYeHHUSAMHU.

PesyabTaTtel U uX oOcyxaeHue. BriBereHa siBHas (opMmysia €JUHCTBEHHOTO M YCTOMYMBOIO
KJIACCHYECKOTO PEUICHUs] CMENIAHHOW 3a/a4yd JJisi OOIEero HEOJHOPOIHOIO YpaBHEHHS KoJeOaHWi
MOJTyOrPaHUYEHHOW CTPYHBI ITPH HECTALIMOHAPHBIX U HEXapaKTEPUCTUYECKNX BTOPBIX IPOU3BOJIHBIX B
TPaHUYHOM  pexuMme. EIUHCTBEHHOCTh  pelIeHHs O00ecneyrBaeTCsl  alIrOPUTMOM €ro IOHCKA.
YcroitunBocTh (HepephIBHAS 3aBUCHMOCTB) KJIACCHYECKOTO PEIICHHs OT MCXOMHBIX JaHHBIX (HpaBoi
YacTH ypaBHEHHs, HAdaJbHBIX JaHHBIX W TPAHUYHOTO JAHHOTO) cjexyeT u3 Teopembl banaxa o
3aMKHYTOM TrpaduKe. YCTaHOBJICH KPUTEPHH KOPPEKTHOCTH BO MHOXKECTBE KIACCHYECKUX PELICHUH
MCKOMOM CMELIaHHOW 3a/1a4i. DTOT KPUTEPUH COCTOMUT U3 HEOOXOOUMBIX W JOCTATOYHBIX TpeOOBaHUM
TJIAJIKOCTH Ha TMpaByl0 YacTh YPaBHEHHWS, HadalbHbIE JJAHHBIE W TPAaHUYHOE JAHHOE U YCJIOBHSA
COTJIACOBAaHUS MEXIY HUMH ISl OJHO3HAYHOW M YCTOMYMBOW BE3/le Pa3peuImMOCTH BO MHOYKECTBE
KJIACCYECKUX pEIIeHU. J[aHO TNOHATHE XapaKTepUCTUYECKMX BTOPBIX IPOU3BOJHBIX B TI'DPaHUYHOM
pexxume. IpeanoxkeHn MeTOA MOTPYKEHHsI B pellieHHs ¢ (UKCHPOBaHHBIMEU 3HadeHusiMH. [IpuBeneH
MpUMep  3a/a4M, MOATBEPKIAIOIINNA yTBEP)KIEHUE TOKa3aHHOW Teopembl. llomydeHHBIE pe3ynbTaThl
JIAIOT TIOJTHOE ¥ OKOHYATENBHOE PEIIEHUE U UCCIIEA0BAaHUE CMEIIAHHOM 3a1a4H.

3axioyenue. JlokazaHa teopema C SBHOW (OPMYJIOH KIIACCHYECKOTO PEIICHUS U KpPUTEpPUEM
KOPPEKTHOCTH TI0 AJaMapy CMEIIaHHOW 3aJadd IpU HEXapaKTePUCTHUECKHUX BTOPHIX MPOW3BOAHBIX U
3aBUCAIIMX OT BpPEMEHH KO3(PQUIMEHTaxX B TPAaHUYHOM peXHMe. OTa TeopeMa HMEET XapakTep
r1100aJIbHON TeOpeMBl, TOTOMY YTO B HEH MCXOJAHBIEC IaHHBIE 33/1a4M HE MPOJOJDKAIOTCS BHE MHOMKECTB
WX 3aJlaHUs, U €€ Pe3yNIbTaThl SBISIFOTCS IMOJHBIMA W OKOHYATEIHHBIMHU.

KalodeBble cioBa: cMemanHas 3aa4a, HECTAIMOHAPHBINA TPAHUYHBIA PEKUM, XapaKTePUCTUIECKUE
BTOPBIC MPOW3BOJHBIE, METOJ NOTPYKEHHS B PEIICHHS C (DUKCUPOBAHHBIMU 3HAYCHUSMH, KPUTEpUI
KOPPEKTHOCTH.



NON-CHARACTERISTIC MIXED PROBLEM
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A modification of the characteristic method yields an explicit formula for a unique and stable classical
solution of a linear mixed problem for a general inhomogeneous oscillation equation of a semi-
bounded string with non-characteristic and non-stationary second partial derivatives in the boundary
mode. The concept of characteristic second derivatives on the boundary is introduced. The non-
characteristic nature of the second derivatives means that they are not directed along the critical
characteristic of the equation. Their non-stationary nature means that their coefficients depend on time.
An immersion method in solutions with fixed values, simplifying the solution of systems of differential
equations is proposed.

The goal of the work is an explicit solution and the study of its Hadamard correctness according to the
set of classical solutions.

Material and methods. The material of the work is a linear mixed problem for a general
inhomogeneous oscillation equation of a semi-bounded string with non-characteristic second derivatives
and time-dependent coefficients in the boundary mode. Finding a classical solution and studying
Hadamard correctness (existence, uniqueness and stability) in the set of classical solutions of mixed
problem is carried out by modifying the well-known characteristic method (propagating waves) and
the method of immersion in solutions with fixed values proposed in this paper.

Findings and their discussion. An explicit formula for a unique and stable classical solution of a
mixed problem for a general inhomogeneous oscillation equation of a semi-bounded string with non-
stationary and non-characteristic second derivatives in the boundary mode is derived. The uniqueness
of the solution is provided by the algorithm of its search. The stability (continuous dependence)
of the classical solution on the original data (the right-hand side of the equation, the initial data and
the boundary data) follows the Banach theorem on a closed graph. The correctness criterion is
established in the set of classical solutions of the desired mixed problem. This correctness criterion
consists of the necessary and sufficient smoothness requirements for the righthand side of the
equation, the initial data and the boundary data, and the matching condition between them for the
unique and stable everywhere solvability in the set of classical solutions. The concept of characteristic
second derivatives in the boundary mode is given. An immersion method in solutions with fixed
values is proposed. An example of a problem confirming the statement of the proved theorem is
given. The obtained findings give a complete and final resolution and investigation of the mixed problem.

Conclusion. A theorem is proved with an explicit formula for a classical solution and a Hadamard
correctness criterion for a mixed problem with non-characteristic second derivatives and time-dependent
coefficients in the boundary mode. This theorem has the character of a global theorem, because in it the
original data of the problem does not continue outside the sets of their tasks and its results are complete
and final.

Key words: mixed problem, non-stationary boundary regime, characteristic second derivatives,
immersion method in solutions with fixed values, correctness criterion.



