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Typykmyy koagpuyuenmmepu 6ap mepmynyy mapmun-
meau 2unepooaNbIK HCAHA NAPAOONANLIK MeHOemenep YuyH ou-
PUKMUPYY MACENeCUHUH Yeuunyyyyayey usunoenzen. Tenoeme-
HUH mapmubu mepm 00Xy JHCAHA OUPUKMUDYY WApmMmapsl
MYHO306/120H CI3bIKMA Depuice, AHOA MACENEHUH MYYpa KOKY-
AYYCY YUYH HCENUMOOO UWAPMMAPLIHBIH MOPMOOCY AMKAPbl-
YYCY Kepekmuu aHbIKMAN2AH. QYHKYUSHBIH O3 JHCAHA AHbIH Y
b010HYa anvinean bupoen yuxe uetiunku myyunoycy. byn macene-
HUH 032040J1yey KAmapbl IKUHYU mapmunme2u apaiaul napado-
Ja-2unepoonanbik onepamopoyH, mecuzoukmun y=0 cvl3vievin-
da apanaus onepamopoyH mudu 0320p26H06, ¥ OOIOHYA IKUHUU
mapmunmezu Ough@epenyuandbix opepamopiop YuyH KOi0OHY-
ayycyn aumyyea 6onom. Macenenun ne2uzeu Makcammapul us-
Oenun HcamKkaH (QYHKYUAHbIH U30EPUH AHBIKIMOO, JHCAHA MeHOe-
MEHUH MUOUHUH 6320DYY YeSUHOe AHbIH OUPUHYU, IKUHUU IHCAHA
YUyHUy mapmunmezu myyHOycyH maobyy, ouloHOOU de apanaul
aumaxkma vewumur mabyy 6onyn scenmenem. Tenoemenun mu-
OUHUH 6320DYY CbI3bI2bIHOA UHMEZPANObIK meHoemenep blkma-
Cbl MEHEH YeUUNyycy yoaanaul H#aklHOAUMbIpYy bIKMAcsl Me-
HeH AHbIKMAN2aH UHMe2panoblk dKuHuu mapmunmeu Dpeo-
201bMOYH menoemecut anadwvls. OYHKYUAHBIH U3UH HCAHA YYYH-
uy mapmunke YeuuHKU myyHOYCYH AHbIKMAN aleaHOaH KUtiuH,
KOWYNI2AH MACEIeHUH YeuuMu 2unepOonamblK auMax yuyH
Pumanovin gpynxyusicel, napabonranvix avimax yuyn I punoun
@YHKYUACHL BIKMANAP MEHEH mabbliam.

Hezuzzu co300p: uek apanvik maceie, napabonansik me-
Oeme, 2unepbonanbik meyoeme, Heanaumuipyy wapmol, uHme-
epanovix menoeme, I punoun gynxyuscel, beccenoun gynrxyus-
cul.

B pabome uccrneoosana paspewumocmsv 3adauu conps-
JHCeHUs 0Nl 2UNepOOIULECKO20 U NAPABOIUYECKO20 YPAGHEHULI
uemeepmozo nopsioka ¢ NOCMOSHHbIMU KOIPDuyuenmami.
Yemanosneno, umo xozda nopsaook ypagnenus pagen yemovipem
U YCIO8UA CONPANCEHUs 3a0AI0MCA HA XAPAKMEPUCIUIECKOU
JUHUU, MO 0N KOPPEeKMHOCmU 3a0auu mpedyemcs 3a0aHue
uemvipex YCiosuil CKNeUsanus: cama QyHKyus u eé npoussoo-
Hble MO Y OM Nepeozo 00 mpemve2o NOpsAOKA 6KAIOUUMENbHO.
Ocobennocmoio 0aHHOU 3a0a4u AGAAEMCS MO, YO CMEUAHHbL
napabono-2unepooIULecKull Onepamop 6Mopo2o NopsoKa npu-
MeHsemcs K Ou@pepeHyuanbHoMy onepamopy 6mopoco nopsio-
Kd no y, K020a Mun CMEeUWaHH020 ONepamopa MeHsemcst Ha -
Huu y=0 naockocmu. OCHoBHbIe Yeau 3a0a4u 3aKI0UAMCa 8
onpeoenenuu cieda UCKOMOU QYHKYUU U ee npou3eo0HbIX nep-
6020, BMOPO20 U MPembe2o NOPAOKO8 HA IUHUU USMEHEHUS M-
na ypasmenuil, a maxce nocmpoeHue peuleHull 8 CMeuaHHoll
obaacmu. Memodom uHmMe2panrbHulX YPAGHEHUL HA TUHUU U3Me-
HeHUsi Muna ypagHeHuil noiyyaemM UHMeZPAalbHOe YPAGHEHUe
Dpedzonvma 6mopoco pood, paspeumocms KOmopo2o ycma-
HABIUBAECMCS  MEMOOOM NOCIe008AMENbHbl  NPUOTUICCHUIL.
Iocne onpedenenus cneoa ynkyuu u eé npou3soOHbIX 00 mpe-
Mmbe2o NOPAOKA BKAIOUUMENbHO, peuleHie NOCMAIeH Ol 3a0a-
uu Haxooumcst memooom ynxkyuu Pumana 6 cunepbonuuecroi
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obnacmu, a 8 napaboauyeckoll obracmu — MemoooM QyHKyuu
Tpuna.

Knrouesvie cnoea: kpaesas 3adaua, napabonuueckoe
ypaeHeHue, 2unepooauyeckoe ypasHenue, YCiogus CKieusanus,
unmezpanvhoe ypagnenue, gynxyus I'puna, gpynkyua beccens.

The solvability of the conjugation problem for hyperbolic
and parabolic equations of the fourth order with constant coeffi-
cients is investigated. It was found that when the order of the
equation is four and the conjugation conditions are set on the
characteristic line, then for the correctness of the problem it is
necessary to set four gluing conditions: the function itself and
its derivatives with respect to y from the first to the third order
inclusive. A feature of this problem is that a second-order mixed
parabolic-hyperbolic operator is applied to a second-order dif-
ferential operator in y when the type of the mixed operator

1. ITocTanoBKa 3axaun. PaccMoTpuM ypaBHEHHE

changes on the line y = 0 of the plane. The main objectives of the
problem are to determine the trace of the desired function and
its derivatives of the first, second and third orders on the line of
changing the type of equations, as well as to construct solutions
in a mixed area. Using the method of integral equations on the
line of changing the type of equations, we obtain a Fredholm
integral equation of the second kind, the solvability of which is
established by the method of successive approximations. After
determining the trace of the function and its derivatives up to the
third order inclusive, the solution of the problem posed is found
by the method of the Riemann function in the hyperbolic area,
and in the parabolic area by the method of the Green's function.

Key words: boundary value problem, parabolic equation,
hyperbolic equation, gluing conditions, integral equation,
Green's function, Bessel's function.
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3agaua 1. TpeOyercs onpenenuts GyHKIHIO #(X,)) CO CICIYIOIUMHU CBOHCTBAMHU:
1) u(x,y) sBnsercs pemenneM ypasaenus (1) B oonactu DN (y#0);

2) u(x,y)eC (D), u(x,y)eC*(D);
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a—z ZWS(X),OSXSE, (7)
e

rne g(WMi=12),y,(j= 1,_5) - 3aJJaHHBIC TTaaKue QYHKIMUA, /1 - BHYTPEHHSSI HOPMAJTh, IPUYCM

0(7)eC[0h)(i=12), y (x)eC’ [o,ﬂ(jzz,s),

®)
1A 5| £
vs(x)eC 0,5 , W, (x)eC 5,0 (k=2,4)
?(0)=y,(0),0,(0) =y, (1), )
2. CBenieHne 3aJa494 K CHCTeMe YpPaBHEHMIA.
U3 nocTaHOBKY 3a/1au | BBITEKAET CIIEIYIONIUE YCIOBUS CKIICUBAHUS
u(x,—0)=u(x,+0)=7(x),0<x < /¢, (10)
u,(x,—0)=u (x,+0)=v(x),0<x</, (11)
u,, (x,—0) =u,,(x,40) = u(x),0<x < 7, (12)
u,, (x,-0)=u,, (x,+0)=0(x),0<x <71, (13)
N3 ycnoswii (3) - (7) umeem
l
u,(x,—x) = g(x),0<x < >
uy(x,x—f)zgz(x),géxéf, (14)

u,, (x,—x) = g;(x),0<x < g,
riae

b

|~

g (x)= —%w{(x) +%w3(x),0 <x<

L 1 l
gz(x) =5W2(x)+ﬁl//4(X),ESXS 14 ,
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1, 1, 1 L
g;(x) :Z‘/ﬁ(x)_ﬁ‘//z(x)"‘zyfs(x)ao Sxs—.

[\

2
3amaua 1, korma ¢, =c, =0, a BMecTo ycioBus (4) 6epercs ycnoBue % =y, (x),g <x </, u3yuyecHa
n

BC

B pabore [1].

VYpasuenue (1) npeacraBuM B BUIE

o’u
— =w(x,»),(x,y) €D, (15)
Oy
Wlxx_le‘f‘ClWl:O,(X,y)EDl, (16)
u
2 :W2(xay)7(xay)€D2: (17)
oy
W =Wy, + e, =0,(x,y) € D,, (18)

3. Pemenne 3agaun B o6;1actu D, . U3 (12), (13) ¢ yuerom (17) mis w,(x,y) nmMeeM HadyaJIbHbIE
yCIIOBUS

W, (x,0) = p(x), w,, (x,0) =0(x),0<x < 1, (19)

Pemenne ypasuenus (18), ynosnerBopsromee ycinosusaM (19) umeer Bup [2]

() O LLIOEN) L e J(x =87 =37 )oré s+

(20)

I = "I (JeN(x=E) =y
ToNGY
2( I NCE s

rae yukuus J, npezacrasnser coboit dyukuuu beccens HyneBoro nopsaka, a J; - mnepBoro nopsjka.
Homaras y = —x u3 (20) uMeeM cooTHOICHHE MKy LU( X ) 1 O(x):

J (Ve Ne(E—x)
#(x)+\/g§_([ (\/\/i(g_x)X)

e[, (Ve EE =) oreae

4. Ilony4yenue cooTHOLIeHUs U3 obsacTu D, . YceTpemisaa y K Hyqo U3 ypasHeHus (16) ¢ yaerom (19)
MOJIYYUM COOTHOIIEHUE [3]

H(s)ds,

H(5)As=2g,(x)=g;(0)+
21

H'(x)—O0(x)+cu(x)=0,0<x< 0,
(22)
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U3 xpaeBbIx yciioBwuii (2) nMeeM CleAyIOIUe YCIOBUS

1(0) = g/(0), u(0) = 9 (0). (23)
Ecnu BBeieM 0003HaueHne
H#(x) =@y (x) + f(x), (24)

rae @ (x) = {(0) +§[¢;’<0) —l(0)).

Toraa nmomyuyaeM KpaeBylo 3afaqy

{ﬂ"(x):6?(x)—c,,u(x),0£x3/

~ ~ , (25)
#(0)=0,4(7)=0
Pemenwne 3anauun (25) npeacTaBumM B BUIE
¢
ﬁ(X)=JG(x,§)[9(§)—C,ﬂ(§)]d§» (26)
0
Ecim yaects o603nadeHue (24), TOo 13 (26) MOTyYUM COOTHOIIICHHE
I I
p() = 5,(0) - ¢, [ GO UEE +[ G, HOEEN<E L, @7)
0 0

PaccmarpuBast eByto 9acth ypaBHeHHs (21) Kak HHTETpadbHOE ypaBHEHHE BoibTeppa BTOpOro pona u
nocsie oGpalenus ero OTHocuTeNnbHO £4(X) uepes Pe30sbBEHTY s/pa TAHHOTO ypaBHEHHs, Gy1eM UMETh

1) = 0~ [ 1, [ Jer (- )] (&) e8)

rie
89=28,00 - £.0)~ 1280~ £ O] (Ve 0= D))

5. Tlo/ry4eHHe HHTErPaILHOTO yPaBHeHUs oTHOCHTeabHO O(X) . PaccMOTpUM cHcTeMy ypaBHEHHil:

(27), (28). HetpynHo yOemuThCSI, 9TO MOCIIE UCKITFOUCHIS ,u(x) , I3 paccMaTpruBaeMoOi CHCTEMBI, IPHIEM K

WHTETPATbHOMY YPaBHEHHUIO

0(x) = e, [ J,[ e, (1= &) |0(£)dé + @, () + [ K, (x.€) (£)d<. 29)

TIe

K, (5.8)= G, (580 [ G, (e, [ Jer 1= .
4
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®,(x) = 3/(¥) - &/(x) -, [ G, (x, H)F()dE .

Uro0bl MONyYUTh HMHTErPANbHOE ypaBHeHHE DpenarosibMa BTOPOrO poJa, MOCTYIHM  CIETYHOIIUM
obpaszoM: cHadasa Haiimem oOpamienne ypaBHeHuUs (29), 3aTeM mociie HeKOTOpOTo Mpeodpa3oBaHusl, MPUIEM
K CJIEJYIOIIEeMY HHTETPATLHOMY YPaBHEHHUIO

O(x) = D(x) + j K(x,&)0(E)dE (30)
rac "
K(x,&)=K,(x, §)+IR (x,)K,(t,&)dt, D(x)=D (x)+IR (x,0)@,(t)dt , R (x,1) -

pE30IbBEHTA A1pa \/7 J [\/7 (x— l‘)]

ITyctb HKH = max._

co) = M, sae Q={(x,£):0<x<L0<E< 1

HOTpe6y€M BBITNIOJTHCHUEC CIICAYIOLICTO YCIIOBUA:

|Keg, <1 GD

Torma, mpu BeITToTHeHNA yeiaoBus (31), narerpansHoe ypasHeHue (30) pa3pennmMo 1 ero pemenne Oyaer
SIMHCTBECHHBIM [4].
Taxum o6pazom u3 (30) omHO3HAUHO onpeAearM uckomyto Gyakmuio &(x) . Toraa u3 (28) MoKHO HailTH

¢dyakuuo 4(x) . CnenoBarenbHo, o Gopmyie (20), onpenenum u GyHKIHI0O W,(x,)). duddeperuupys
JBaKIbl 110 ) paBeHcTBO (17) B obnactu D, 0onHO3HAYHO HaliZieM pelIeHue 3a1a4n | 1 3TO peleHre MOXHO
MPEICTAaBUTh B BUJIC

u(x,y) = 7(x)+ yv(x)+ [y =y (x,m)dn
0

6. Pemenne 3agauu B od1actu D, . [ pemieHns nocTaBIeHHOHN 3ajaul paccMOTpuM ypasHeHue (16).

Tak kak g GyHKIMU W (X, y) BBIIONHSIOTCS CIEAYIONINE YCIOBUSAM B obmactu D, :

wi(0,y)=@[(»),w (£, 3)=5(»),0< y<h,
W (x,0) = p(x),0<x < /.

MCTO,Z[OM (bYHKLII/II/I FpI/IHa OQHO3HAYHO NPCACTAaBHUM PCIICHUC JTOH 3aga4u B BUJC:

r v
W (%) =[G, (x.3:0,m) @l(m)e" " "dn = [ G, (x,y56,m) @()e" " +
0 0

+G(x.:£.0) € u()de,

TIe
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N 1 & Ce=gs2nef | (xrE+2n0) ||
G(x,y,f,n)——zmnzw{exp{ —4()/—77) :l exp{ —4()}_’7) dyuxmws ['puna.

WnTterpupys nsaxxap! no y u3 (15) Haiinem pemenue 3aga4uu 1 B napadonudeckoi yactu odnactu D, :

u(x,)=1(x)+ w(x)+ [(y=nw(xn)dn, (xy)eD,

Takum 006pa3om mokazaHa.

Teopema 1. Ilycts Boimonsstorcst ycaosus (8), (9) u (31). Torma pemenue 3agaun 1 cymiecTByer u
eIMHCTBEHHO.
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