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XAPAKTEPUCTUYECKASI 3AJAYA [JIsI YPABHEHUSI YETBEPTOIO
IOPAIKA C JOMUHUPYIOIIEN ITPOU3BOJIHON

AHHOTAIINA

B cratbe paccmorpena 3amada ['ypca s ypaBHEHHS € JOMUHHPYIONMIEH CMENIAHHON MTPOM3BOISHOMN
YeTBEPTOr0 INOpAJKa U JI0Ka3aHA ee OJHO3HAYHAs pa3pelnInMOCTh. PaccMmarpuBaeMoe ypaBHEHHUE MOXKHO
MHTEPIPETUPOBATL KakK 0000mennoe ypasuenne bByccunecka — JlsgBa, KOTOpoe BO3HUKAET IIPU ONUCAHUU
MPOJIOJIHBIX BOJIH B CTEpYKHE C yYeTOM IMOlepedHbix medopmaruit. st 000CHOBaHUST Pa3pErMMOCTH
IpeIoZKEeH MeTOI, KOTOPBIN OCHOBAH Ha BO3MOXKHOCTH CBEJIEHUs ITOCTABJIEHHON 3aJ1a4U K JIBYM 3amadaMm l'ypca
JUIsi ypaBHeHmt BTOporo nopsyika. OJHa U3 3ajad saBJIseTcsl KJIacCuiecKoi 3ajadeit ['ypca Jyis mpocreiiiiero
runepOOIMYecKOro ypaBHEHUs, JIPyroe JKe ypaBHEHHE OKA3bIBAETCHA HAIPYKEHHBIM, U HCCJIEJIOBAaHUE 3aadu
I'ypca juiss Hero mpescraBiisieT coDOW OCHOBHOI DPe3yJIbTaT PabOTHI.
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1. IIpenBapuresibHbIE CBe/IeHUS

B cratpe paccmarpuBaeTcs xapaKTepuUCTHYeCKasi 3ajada JJjis yPABHEHHs YeTBEPTOrO IOPSIKa C JOMUHU-
pyooleil CMenIaHHON ITPOU3BOIHOM

umyy(xa y) + (A(mvy)ux(xvy))at + (B(JJ, Z/)uy(x7y))y + O(JZ, y)u(xv Zl) = f(xvy)a

KOTOpOe MOXKHO PacCMATpHWBATh KAaK YACTHBIA ciydail ypasrenust JI. Buamku [1|, HO MBI orpanwdmMcst WH-
TepupeTanueil ero kak o6obieHust ypaBHeHus Byccunecka — Jlsisa [2]

utt(xat) - Urr(xvt) - uzmtt(x7t) = f(xat)v

KOTOPO€e BCTPEeYaeTCs IIPU U3YYEHUH IIPOJIOJIBHBIX KOJIeOaHWI CTEPXKHS ¢ y4ueToM 3hdEKTOB ITONEPEYHON NHED-
nuu. B ymreparype ypapaenue Byccubnecka — JIsiBa dacTo BCTpedyaercsi MoJ Ha3BaHMEM IICEBIOIUIIEPOOJIIUe-
CKOrO ypaBHeHHUs, a TakxKe ypaBHeHus CoboJieBckoro twuia. KpaeBble, HadajbHBIE, a TaKXKe HEJIOKAJbHbBIE
3a/a9u JJIsd 9TONO YpPaBHEHWsI AKTUBHO HM3Yy4YalOTCs, MMEETCHd MHOIO ITyOJIMKAIWi, COMEpPKAIUX HHTEPECHBIE
pe3yJIbTaThl O Pa3PENInMOCTH KPAEBBIX, HEJOKAJIbHBIX M OOPATHBIX 3aJad [l ypaBHenus byccunecka — JIs-
Ba U ero o6o0mennii. OTMeTnM JUIIb HEKOTOpBIE U3 Hux [3—10| u ofpaTyM BHUMAaHWE HA CIMCKU JINTEPATYDHI
B HUX.

Ob6paTuB BHEUMaHUE Ha TO, YTO ypaBHeHme DByccunecka — JIsiBa MOXKHO HWHTEPIPETHPOBATH U KaK ypaB-
HEHUE C JIOMUHUDPYIOIIE CMEIaHHON ITPOU3BOJIHON, eCTECTBEHHO PaCcCMOTPETH [IJIsi HErO 3aJadd ¢ YCJIOBUSIMU
Ha XapaKTepucTukax. Takue 3aJaqu JJjisd ypaBHEHUI C JOMUHUPYIOIIEH MPOM3BOIHON MOPsIKA BBIIIE BTOPOrO
usydennl B paborax [11-16]. B GonbmmucTBe 9THX PABOT J0KA3ATENLCTBA PA3PEIIUMOCTU 0A3UPYIOTCS HAa I10-
crpoennn dyuknun Pumana. Mbr npemiaraem Jpyroit MeTo, KOTOPBI OCHOBaH Ha CBEJIEHWH ITOCTABJICHHOM
XapaKTEPUCTUIECKON 3a/aun JJIsI YPABHEHUsI YEeTBEPTOro MOpsJKa K JABYM 3ajadaM ['ypca Ui ypaBHEHU
Broporo mopsiaka. OfHa U3 HUX OKAa3bIBAETCS KJIACCHYECKON 3ajiadeil Juisi MPOCTEHINero rurepboImIecKoro
ypaBHEHUsI, TOrJa KakK BTOpast — 3ajadeil ['ypca jjis Harpy»KeHHOrO TUIIepOOJUIECKOrO yPABHEHUSs. XOPOIIO
uzBecTHa crarba A.M. Haxymmesa, mocBsienHasi MCCI€IOBAHUIO 3ajadu ['ypca Jijisi HAMPYXKEHHOTO ypAaBHe-
nus [17], onHako oTyIMYMs B IIOCTAHOBKE HAIlEH 3aJa9u OT PACCMOTPEHHON B YHOMSAHYTON CTaThe He MO3BOJIAIOT
cleaTh NPsIMYIO0 CCBUIKY Ha Hee. YUHThIBasg TaKKe HeKejlaHue cTpouTh GyHKIuo Pumana, Mbl mpejara-
eM JIpyroii crocob moKa3aTebCcTBa paspemuMoctd 3aa4du. OTMeTuM, 9TO XapaKTepUCTHIeCKUue 3aJadu JIst
HATPY?KEHHOIO YDaBHEHUsI TECHO CBsI3aHBI C HEJIOKAJBHBIMU aHajoramu 3ajgadn ['ypca [18; 19].

2. IlocraHoBKa 3aja4n

Pacemorpum B obaactu Q2 = (0,a) x (0,b) ypasuenue

Ugayy(T,Y) + (A2, Y)ue (2, y))e + (B, y)uy (2, y))y + Clz,y)u(z, y) = F(z,9) (2.1)

" II0CTaBUM CJIe,HyIOHlyIO 3a;[aqy: HaﬁTH B O6.HaCTI/I Q pemeHI/Ie ypaBHeHI/IH (21), yrILOB.HeTBOpHIOH_[ee yCJIOBI/IHN[
u(z,0) = p(x), uy(z,0) =1p(x), (2.2)

u(0,y) = p(y), uz(0,y) = v(y). (2.3)

Iloy pemrenmem 3ajaun Oyjem ToruMath dynknmo u € C?(Q) N CH()) u umeromyto HenpepbBHYIO B () CMe-
IIAHHYIO IIPOUBBOJHYIO Ugyyyy. B CIIEYIOMEM pasjiese Mbl JOKAXKeM, UTO LU BBIIOJHEHHH Dsla yCIOBHil Ha
BXOJIHBIE JIAHHBIE CYINECTBYET €JIWHCTBEHHOE DPEIeHWe TIOCTABJICHHON 3aJIaqn.

3. PazpemmmocTs 3agaun

Teopema. Ecmu - -
A,BeCYQ), C,FeC()

807’@[] € 01[07 a]aua Ve Cl[oabL

" BBIIIOJJIHAIOTCA YCJIO0BHUA COIJIaCOBaHUA

©(0) = u(0), ¥(0) = v(0),¢'(0) = v(0), u'(0) = ¥(0),

TO CyIIEeCTBYeT eIJUHCTBEHHOe pereHue 3ajzaqu (2.1) — (2.3).

JoKa3aTeIbeTBO TEOPEMbl OIUPAETCA HA CJIEIYIONIee yTBEDPIKICHHE.

JIemma 1. 3ajgaua (2.1) — (2.3) sKBHBaJEHTHa CHCTEME JBYX 3aJad, KOTOpble OyaeMm HaspBath G1 u G2,
JUIsl YPABHEHUH BTOPOIO IIOPSJIKA.
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3amaya G1. Haiitu B () pernenne ypaBHeHUs!

Ugy = F(x,1), (3.1)
YJOBJIETBOPSIOIIEE YCIIOBUSIM
v(x,0) = p(x), ©v(0,y) = h(y), (3.2)
riue
x Yy
o) = v @)+ [ BEONOdE hw) =@+ [ A0 (33)
0 0
3amavya G2. Haiitu B () pernenune ypaBHeHUst
Yy x Yy T
umy+/ AumdnJr/ Buyder/ / Cud€dn = v(z,y), (3.4)
0 0 o Jo
YIOBJIETBOPAIOIIEE yCIOBUSIM
w(®,0) = ¢(z), u(0,y) = pu(y). (3.5)
HokazaresnbcrBo jgemmsr 1. Ilycte u(z,y) — perrenne 3agaqun (2.1) — (2.3). Pasencrso (2.1) moxknO
3aIMcaThb B BUJE
82 Yy x y x
m(ugﬁy—i-/o Aumdn—f—/o Buydf—i-/o /0 C’udfdn) = F(x,y). (3.6)
Bsenem dyukmuro
Yy T Yy x
v(x,y) zumy—i—/ Aug;dn—l—/ Buyd§+/ / Cud€dn. (3.7)
0 0 o Jo

Torma u3 (3.6) vey = F(z,y). U3 (3.7) u ycaosuit uy(x,0) = ¥(x), uz(0,y) = v(y), KOTOpEIE BBIIOIHSIIOTCS B
CUJIy HAIETO TPEJIIOJIOXKeH s, JIErkKo TojydaeM yciosust (3.2). Paccmarpubasi (3.7) Kak ypaBHEHHE BTOPOTO
[OPSIJIKA OTHOCHTENBHO 4(Z,y) ¢ UpaBoil 4acTeio v(x,y), JIErko ybexIaeMcsi B TOM, YTO DellleHne yDaBHEeHUs!
(3.4), xoropoe cosmagaer ¢ (3.7), yaosierBopsieT yciaoBusM (3.5), T. e. siBisiercs peleHueM 3ajgadan G2.

IMycrs Tenepy u(x,y),v(z,y) asusiorca pemenusmu 3anad G2 u G1 coorsercrsenno. Torma u(x,t) —
perrenne (2.1). ITokakem, 4T0 BbImOIHSIIOTCH ¥ ycioBus (2.2) —(2.3). OueBnzamno, uro u(z,0) = p(x), u(0,y) =
= u(y), Tak kax u(z,t) —pemenne 3amaun G2. Ionoxkum B (3.7) © = 0. YunuTeiBasi BBeJleHHbIE 0003HATEHHUS,
HOJTY IUM

0(0,9) = h(y) = sy (0.5) + /0 " A(0,7)us (0, ).
U3z (2.3) caemyer , ,
oy (0,9) + / A(0, n)us (0, m)dn = v/ () + / A0, m)v(n)dn.

DTO PABEHCTBO MPOMHTETPUPYEM IO Y W IOCJE HECJOYXKHBIX MPEOOPA3OBAHUN MOy IUM

u,(0,y) — u.(0,0) + /Oy(y —n)A(0,n)ux(0,m)dn = v(y) — v(0) + /Oy(y — ) A0, n)v(n)dn.

Tax kak u.(0,0) = v(0), To
y

ua(0,y) + / (g = m) A, m)us (0, m)dn = v(y) + / (4 — M)A, ) (n)dn.

IMocenpee paBEHCTBO MOXKHO PaCCMATPHBATh KAK HHTEIPAIbHOE ypaBHEHHe BoJbreppa ¢ OrpaHUYeHHBIM f1-
POM, KOTOpOe, KaK M3BECTHO, MMeeT ejuHCTBeHHoe penienne. Ho kak merpyiHo BuieThb, u,(0,y) = v(y) yiaosie-
TBOpSAET 3TOMY ypasHeHuio. CTajio ObITh, 3TO U €CTh EJIUHCTBEHHOE PEIICHUE UHTEIPAJLHOTO YPABHEHUS, & 9TO
03HAYAET, YTO BBIIOJHIETCH BTOpOoe u3 ycjaosuit (2.3). Beinosnenue Broporo us ycjaosuit (2.2) I0Ka3biBaeTCst
COBEpPIIEHHO AHAJIOTUIHO.

JlemMa mgoxazama.

Tenepb MOXKHO IPUCTYIIATDH K JOKA3ATEILCTBY TEOPEMbl. B cuity jleMMbl 1 1y 000CHOBaHUS Pa3pelIMMOCTH
samauan (2.1) — (2.3) nocraTouHo mokasaTh paspemmuMocTb 3agad G1 u G2.

Paspemumocrs G1. O6ochosanue paspemmumMoctu 3ana4dn (Gl He BbI3bIBaeT 3aTPY/AHEHUil, TaK KaK 3TO
KJIaccudeckas 3afada ['ypca Jjisi mpocreiimero rumnepbondecKoro ypaBHeHUs, MO9TOMY Cpa3y BBINUIIEM ee
€JMHCTBEHHOE PEIICHUE

v(z,y) = p(x) + h(y) - h(0) + / ’ / " P(e,m)dedn.

B repmunax zamaun (2.1) — (2.3) dopmysa npunuMaer Bui

v(a.y) = ' (2) + V' (y) - (0) + / " A, v (n)dn+
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+ /O B(€,0)(€)de + /0 /O F(€,n)dédn. (3.8)

Paspemnmocts G2. Ypasrenue (3.4) Harpy:kKeHHOe, U Mbl HE MOXKEM CZeJaTh IPSMYIO CChLIKY, HAIIPU-
Mmep [20], Ha pesymbTaT O paspemmMmocTH 3anadn l'ypca s Hero. He MOMKeM TakiKe HCIOJb30BATH De3yJlb-
TaTel crarbu [17], TAaK Kak B ITOH CTaThbe PaCCMATPUBAETCS HAIDYXKEHHOE yDABHEHHE JPYroil CTPYKTYDHI.
He Bocmosp3yeMcss MBI W METONIOM, M3JOKEHHBIM B Heil. Ham ynmanoch peasm3oBaTh HAEI0 TOKA3aTEIbCTBA
Pa3peImMMOoCcTi Kjaaccuieckoi 3amauu ['ypeca [20] mig ciayuyas HArpy:KeHHOIO YPaBHEHHsI, HOJIyYHUB HYKHBIE
OIIEHK.

IIycts u(z,y) — pemmenue 3anaun G2. Beemem HoBble dyHKIMH, HOJOXKUB B paseHcTBe (3.4) uy, =V, uy =
= W. Torpa V, = gy, W, = uyy, clenoBaTesbHO, CIpaBeIJIUBLI DaBEHCTBa

Y x Yy x
Vy(z,y) =v(z,y) — / AVdn — / BWd¢ — / / Cudg&dn,
0 0 o Jo

Yy x Y x
Wale) = o) - [ AV~ [ wig- [ | cudan,
0 0 0 0

I/IHTEI‘pI/IpyH KazK/10€ U3 3TUX PaBEHCTB II0 COOTBGTCTByIOHJ;GfI HepeMeHHOﬁ " yIUTbIBad, 9YTO U3 (35) ciaeayer

W(0,y) = p'(y), V(z,0)= w’(w% 1OJLy M

V(x, t) +f0 v— [, AVdy — [ BWd¢ — [ fo Cud&dn')dn,
W (z,y) )+ Jo o =i AV = [ B = [ Cudsdn')ds, (3.9)
u(m,y) + fo Wdn.

Taxkum obpaszom, eciam u(z, y) — pemtenue 3ajga4du G2, To Tpoiika dyskumit u, V, W — pemenne cucrems (3.9).
ITycrs reneps uzBectHo, uro u, V, W — pemenne cucremst (3.9). 13 nocienuero pasencrsa (3.9), yaurbiBas
YCJIOBUsI COTJIACOBAHUS, IOJIYIaeM

u(z,0) = p(x),  u(0,y) = o(0) + / "W (0,m)dn = 0(0) + / " m)dn = uly).

u ycuaosus (3.5) Bommonmensl. Jduddepennupys mocmenuee pasemctso (3.9) mo y, momyuum u, = W(z,y),
a auddepeHIupys Tenepb Mo T, TPUXOAUM K PaBEHCTBY

y @ y [
Upy = Wy =0 — / AVdn — / Buydé — / / Cud€dn.
0 0 o Jo

Juddepenmupyem nocenaee pasenctso (3.9) 1mo x, a 3areM, yIuTbiBag pe3yabrar audepeniupoBanus BTo-
poro u3 paseHcTB (3.9) 0 T U LEPBOrO 1O Y, IIOJYYUM

+ [T Wateaan =@+ [ Vi = (@) + Vi) - Vo)

Tak kax V(z,0) = ¢'(x), aro Buguo u3 mepsoro pasencrsa (3.9), to u, = V. Ho rorma

Ugy = V(z, ) /AVdn /Buyd§ //C’udfdr],

a 3TO O3HAYaeT, 9To u(T,y) YIOBJIETBOpAET W ypasHEHHIO (3.4), CJIEJIOBATE/ILHO, SBJIAECTCS DENICHUEM 3373~
an G2.

PesynbraTel MpOBEIEHHBIX paccyKaeHuil copMynmupyeM B BUJE JIEMMBI.

Jlemma 2. Ecium BBIMOJHEHBI yCJIOBHSL TeOpeMbl, TO 3amada (G2 ISKBUBAJIEHTHA CHCTEME HWHTETDATHHBIX
ypasuennit (3.9).

TaxumM 06pa3oM, JIs JOKA3aTeILCTEA PA3PENMMOCTH 3a0a9u (G2 TOCTATOIHO yOEIUTLCS B CYIIECTBOBAHUA
€IMHCTBEHHOTO pEIeHnst CUCTeMbl (3.9), K WeMy MBI U TEPEXOIIUM.

Cunrast Vo = ¢'(z), Wy = //(y) ug = ¢(x), OymeMm uckarh npubsuKeHHoe perneHue cucreMbl (3.9) B Buie

Vo (x, t) —l—fo v—fo AV, _1dn’ —fo BW,,_1d€ — fo fo Cup—1dEdn'|dn,
W (z, y +f0 fo AV, _1dn’ —fo BW, _1d§ — fo fo Cuy,_1dédn’)dE, (3.10)
un(z y +fo n— 1d77

VcsioBusi TEOpEMBI rapaHTHUPYIOT cyliecTBoBaHue uuciaa L > 0 Takoro, 4ro

Yy T Yy x
o+ [lAlelan+ [ 1B+ [ [ iClldean <2
0 0 0 0
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Torma |Vi —Vo| < bL, |[Wy —Wy| < al, |ug —ug| < bL. O6oznaunm ¢ = max{a,b}. lycrs |A|+|B|+¢|C| < K,
rae K >0, u Takoe 9MCJIO HANJETCS B CHJIy yCJIOBHH TeopeMbl. IIOKayKeM, 9TO CIpaBEIMBbLI OIEHKH

Vi = Vo | < LK1 00

(n—1)! >

Wy, = Wyi| < LK"*%,
|un — un_1| § Lanl%

(3.11)

OueBuiHO, OleHKU BepHBI i 1 = 1. HemocpencTBeHHBIMU BBIYUCIEHUSIME HETPYIHO yOEIUThCs, YTO ONEHKH
BepHBI u i N + 1. TlosiydenHbie OIEHKN TapaHTUPYIOT aOCOJIOTHYIO W PABHOMEPHYIO CXOJMMOCTDH PSIJIOB

oo (oo} oo
up + Z(Un —Up—1), Vo+ Z(Vn = Va-1), Wo+ Z(Wn - Wn1), (3.12)
n=1

n=1 n=1

TaK OHM MarKOPHPYIOTCSI PABHOMEDHO I abCOMIOTHO cxomsmmmcs K by L + Le(#+Y) panom

o0 -1
z+y)"
Loy g B
(n—1)!

n=1
Cite1oBaTEIBbHO, TIOCAEJIOBATENBHOCTH Uy, Vi, Wiy, SIBIASACH ITI0CIEI0BATEIBHOCTAME YACTUIHBIX CyMM DsIJIOB
(3.12), paBHOMepHO cTpemsTcst K mpenenam u, V, W. Tlepexonst k mnpeneny B (3.10), ybexkmaemcst B TOM, 4UTO
(u,V,WW) — pemenne cucrembl (3.9), npudem eIMHCTBEHHOE, YTO cJeiayer u3 oneHok (3.11), a 310 u o3Ha-
qaer, uro u(x,t) — pemenue 3amaun G2, 9ro rapantupyer jemma 2. Tenepn Gmaromapsa jemme 1 MozkeMm
YTBEPKJIATh, 9T0 u(xr,t) SABJISETCsS pelleHneM IocTaBjeHHOM 3amaun (2.1) — (2.3).
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CHARACTERISTIC PROBLEM FOR A FOURTH-ORDER EQUATION
WITH A DOMINANT DERIVATIVE

ABSTRACT

In this article we consider the Goursat problem for an equation with a dominating fourth-order mixed
derivative and prove its unique solvability. The equation under consideration can be interpreted as a
generalized Boussinesq — Love equation, which arises when describing longitudinal waves in a rod, taking
into account transverse deformations. To justify the solvability, we proposed a method that is based on the
possibility of reducing the problem posed to two Goursat problems for second-order equations. One of the
problems is the classical Goursat problem for the simplest hyperbolic equation, while the other equation is
loaded, and the study of the Goursat problem for it is the main result of the work.

Key words: Boussinesq — Love equation; system of two problems; Goursat problem; equation with
dominant derivative; loaded equation; method of successive approximations; existence of a solution; uniqueness
of a solution.

Citation. Gilev A.V., Kechina O.M., Pulkina L.S. Characteristic problem for a fourth-order
equation with a dominant derivative. Vestnik Samarskogo wuniversiteta. FEstestvennonauchnaia seriia
= Vestnik of Samara University. Natural Science Series, 2021, vol. 27, no. 3, pp. 14-21. DOL
http://doi.org/10.18287/2541-7525-2021-27-3-14-21. (In Russ.)

Information about the conflict of interests: authors and reviewers declare no conflict of interests.



Tunes A.B., Kewuna O.M., Iyavkuwna JI.C. Xapaxmepucmuueckas 3adauwa 0af YPABHEHUSA HEMBEPMO20 MOPAIKQ...
20 Gilev A.V., Kechina O.M., Pulkina L.S. Characteristic problem for a fourth-order equation with a dominant derivative

© Gilev A.V., 2021
Anton V. Gilev — postgraduate student of the Department of Differential Equations and Control Theory,
Samara National Research University, 34, Moskovskoye shosse, Samara, 443086, Russian Federation.

© Kechina O.M., 2021
Olga M. Kechina — Candidate of Physical and Mathematical Sciences, assistant professor of the Department
of Physics, Mathematics and Teaching Methods, Samara State University of Social Sciences and Education,
65/67, M. Gorky, Samara, 443090, Russian Federation.

(© Pulkina L.S., 2021
Ludmila S. Pulkina — Doctor of Physical and Mathematical Sciences, professor of the Department of

Differential Equations and Control Theory, Samara National Research University, 34, Moskovskoye shosse,
Samara, 443086, Russian Federation.

References

[1] Bianchi L. Sulla estensione del metodo di Riemann alle equazioni lineari alle derivate parziali d’ordine superiore.
Atti R. Accad. Lincei. Rend. Cl.Sc. fis.,mat. e natur., 1895, vol. 4, pp. 89-99, pp. 133-142.

[2] Uizem G. Linear and non-linear  waves.  Moscow:  Mir, 1977, 622 p. Available at:
https://www.nehudlit.ru/books/detail5807.html. (In Russ.)

[3] Korpusov M.O. Destruction in nonclassical wave equations. Moscow: URSS, 2010, 237 p. Available at:
https://www.elibrary.ru/item.asp?id=19461607. EDN: https://www.elibrary.ru/qjwvpl. (In Russ.)

[4] Kozhanov A.I. An initial-boundary value problem for equations of the generalized Boussinesq equation type with a
nonlinear source. Mathematical Notes, 1999, vol. 65, no. 1, pp. 59-63. DOI: https://doi.org/10.10072/BF02675010.
(In Russ.)

[5] Pulkina L.S., Beylin A.B. Nonlocal approach to problems on longitudinal vibration in a short
bar. FElectronic Journal of Differential FEquations, 2019, vol. 2019, no. 29, pp. 1-9. Available at:
https://ejde.math.txstate.edu/Volumes/2019/29/pulkina.pdf.

[6] Yuldashev T.K. On a boundary value problem for a three dimensional analog of the Boussinesq type differential
equation. Uchenye Zapiski Kazanskogo Universiteta. Seriya Fiziko-Matematicheskie Nauki, 2016, vol. 158, no. 3,
pp. 424-433. Available at: https://kpfu.ru/portal/docs/F749645498/158 3 phys mat_8.pdf. (In Russ.)

[7] Namsaraeva G.V. Linear inverse problems for some analogues of the Boussinesq
equation.  Mathematical mnotes of NEFU, 2014, wvol. 21, mno. 2, pp. 47-59. Available at:
https://www.s-vfu.ru/universitet /rukovodstvo-i-struktura/instituty /niim /mzsvfu /issues/2014-2 /47-59.pdf.

(In Russ.)

[8] Mehraliyev Y.T. On Solvability of an Inverse Boundary Value Problem for the Boussinesq-Love Equation.
Journal of Siberian Federal University. Mathematics and Physics, 2013, vol. 6(4), pp. 485-494. Available at:
http://elib.sfu-kras.ru/bitstream /handle/2311,/10080/

[9] Pulkina L.S. A problem with dynamic nonlocal condition for pseudohyperbolic equation. Russian Mathematics,
2016, vol. 60, no. 9, pp. 38-45. DOI: http://doi.org/10.3103/S1066369X16090048.

[10] Beylin A.B., Pulkina L.S. A problem on longitudinal vibration in a short bar with dynamical boundary
conditions. Vestnik Samarskogo universiteta. Estestvennonauchnaia seriia = Vestnik of Samara University. Natural
Science Series, 2017, vol. 23, no. 4, pp. 7-18. DOL: http://doi.org/10.18287/2541-7525-2017-23-4-7-18. (In Russ.)

[11] Zhegalov V.I. On a problem for generalized Boussinesq—Love equation. Vestnik Samarskogo gosudarstvennogo
tekhnicheskogo wuniversiteta. Seriya: Fiziko-matematicheskie nauki [Journal of Samara State Technical
University, Ser. Physical and Mathematical Sciences], 2019, vol. 23, no. 4, pp. 771-776. DOL:
https://doi.org/10.14498 /vsgtul720. EDN: https://www.elibrary.ru/xieeia. (In Russ.)

[12] Attaev A.H. The characteristic problem for the second-order hyperbolic equation loaded along one of its
characteristics. Vestnik KRAUNC. Fiziko-Matematicheskie Nauki [Bulletin KRASEC. Physical and Mathematical
Sciences|, 2018, no. 3(23), pp. 14-18. DOI: http://doi.org/10.18454/2079-6641-2018-23-3-14-18. (In Russ.)

[13] Andreev A.A., Yakovleva J.O. The Goursat-type problem for a hyperbolic equation and system of
third order hyperbolic equations. Vestnik Samarskogo gosudarstvennogo tekhnicheskogo wuniversiteta. Seriya:
Fiziko-matematicheskie nauki [Journal of Samara State Technical University, Ser. Physical and Mathematical
Sciences|, 2019, vol. 23, no. 1, pp. 186-194. DOI: http://doi.org/10.14498 /vsgtul666. (In Russ.)

[14] Mironov A.N., Mironova L.B., Yakovleva Yu.O. The Riemann method for equations with a dominant
partial derivative (A Review). Vestnik Samarskogo gosudarstvennogo tekhnicheskogo universiteta. Seriya:
Fiziko-matematicheskie nauki [Journal of Samara State Technical University, Ser. Physical and Mathematical
Sciences|, 2021, vol. 25, no. 2, pp. 207-240. DOI: http://doi.org/10.14498 /vsgtul853. (In Russ.)

[15] Midodashvili B. A nonlocal problem for fourth order hyperbolic equations with multiple characteristics.
Electronic  Journal of Differential Equations, 2002, wvol. 2002, no. 85, pp. 1-7. Available at:
https://emis.univie.ac.at//journals/EJDE /Volumes/2002/85/midodashvili.pdf.



Becmnux Camapcrozo ynusepcumema. Ecmecmsennonayunasn cepus. 2021. Tom 27, M 3. C. 14-21
Vestnik of Samara University. Natural Science Series. 2021, wvol. 27, no. 8, pp. 14-21 21

[16]

[17]

[18]

[19]

[20]

Zhegalov V.I., Utkina E.A., Shakirova I.M. On conditions of solvability of the Goursat problem for generalized
Aller equation. Izvestiya VUZ. Matematika [Russian Mathematics (Izvestiya VUZ. Matematika)], 2018, vol. 62,
no. 8, pp. 17-21. DOI: https://doi.org/10.3103/51066369X18080030. (In Russ.)

Nakhushev A.M. Problems with displacement for partial differential equations. Moscow: Nauka, 2006, 287 p.
Available at: https://www.elibrary.ru/item.asp?id=17962288. EDN: https://www.elibrary.ru/pdbuih. (In Russ.)

Ketchina O.M. On solvability of nonlocal problem for third-order equation. Vestnik Samarskogo universiteta.
Estestvennonauchnaia seriia = Vestnik of Samara University. Natural Science Series, 2017, vol. 23, no. 1,
pp. 15-20. Available at: https://journals.ssau.ru/est/article/view/5142. (In Russ.)

Gilev A.V. A nonlocal problem for a hyperbolic equation with a dominant mixed derivative. Vestnik Samarskogo
universiteta. Estestvennonauchnaia seriia = Vestnik of Samara University. Natural Science Series, 2020, vol. 26,
no. 4, pp. 25-35. DOI: http://doi.org/10.18287/2541-7525-2020-26-4-25-35. (In Russ.)

Sobolev S.I.  Equations of mathematical physics. Moscow: Nauka, 1966, 444 p. Available at:
https://bookree.org/reader?file=446293. (In Russ.)





