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KPAEBAS 3ATAYA IS CMELHAHHOTI'O YPABHEHU S
B O'PAHUYEHHOMU OBJIACTHU

Keapamena A.O., Jlece B.H.
Kabapouno-Bankapckuii 2ocyoapcmeennuiii ynugepcumem um. X.M. bepbexosa,
Hanvuux, e-mail: diff@kbsu.ru

B pabote cdopmyiipoBaHa 1 HCCIIe0BaHa KpaeBas 3aja4a JUlsl CMELIAHHOTO YPAaBHEHHs BTOPOTO MOPSIKa
B OFPaHUYCHHOIT 00JIACTH C JIOKAIBHBIMY KPACBBIMH YCIOBHAMU. Ha TMHNM N3MEHEHNMs THIIA YPaBHEHUS IPHMEHE-
HbI Pa3pbIBHbIC YCIIOBHS CONPSDKEHHs JUIsl ciiefia (PyHKIMU M cliefia MPOM3BOHOI. B kauecTBe 0CHOBHOro Merona
JIOKa3aTeIbCTBA Pa3peIINMOCTH OCTABICHHOI 3a1a4i GBI HCIIOIB30BaH METOJ] KOHEYHBIX HHTETPAIbHBIX IPe0d-
pasoBauuii. [Ipn 5TOM BOIPOC Pa3pelnMOCTH 3aa41 ObIT SKBUBAJICHTHO PEAYyLHPOBAH K BOIPOCY Pa3peIIMMOCTH
OOBIKHOBEHHBIX IU(depeHInaIbHbIX yPABHEHUIT B COOTBETCTBYIOIIMX YACTIX CMELIaHHON obiact. B yactHocTH,
B o0nacTu MapabOoIMYHOCTH HCXOJHOTO YPaBHEHHsI ObLIO IMOIyd4eHO OOBIKHOBEHHOE An(epeHunnanbHoe ypas-
HEHHE MEPBOTO MOPSIKA, PEIICHHE KOTOPOTO MPEACTABICHO B BU/IC KOMOMHALMK OOIIETO PEIHICHHS OJHOPOIHOTO
YPaBHEHHS U YaCTHOTO PEIICHHS HEOAHOPOaHOTro. OnpeeniB Ko3GGUIMCHTHI B IIONYYCHHBIX OOIIMX MHTErpaaax
1 depeHInaTbHBIX yPAaBHEHH), PELICHIE HCCIIEyeMOH 3a/1adi MOXKHO HalTH [OCIIe IIPUMEHEHHS 00paTHOTO HH-
TErpajgbHOrO NPeodpa3oBaHMsI.

KuroueBrble ciioBa: YpaBHeHHE B YaCTHBIX NPOU3BO/JIHBIX, KpaeBas 3a/la4a, paspbiBHbIC YCJIOBUA CONPHAKECHUSA,

BOUNDARY VALUE PROBLEMS FOR MIXED EQUATIONS IN LIMITED AREA

HHTerpajibHoe npeodpazopanue Oypoe

Zheldasheva A.O., Lesev V.N.
Kabardino-Balkarian State University, Nalchik, e-mail: diff@kbsu.ru

The paper was formulated and studied a mixed boundary value problem for second-order equations in a bounded
domain with local boundary conditions. In the Line of changing the type of equation used explosive coupling
conditions for the following functions and the following derivatives. As the main method of proof of the solvability
of the problem, we used the method of integral transformations. At the same time, the question was equivalent
to the solvability of the problem is reduced to the question of the solvability of ordinary differential equations in
the relevant parts of the mixed area. In particular in the field of parabolic initial equation was obtained ordinary
differential equation of the first order, the solution of which is represented by a combination of the general solution
of the homogeneous equation and a particular solution of inhomogeneous. Determine the coefficient obtained in
the general integrals of differential equations, the solution of the problem can be found after the application of the
inverse integral transform.
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Uccnenosanue
BbIX 3ada4 IOJId ypaBHeHI/Iﬁ B YaCTHBIX HpO-

integral

paspenmMocTH  Kpae-

HCOAHOPOAHOI'O

cuveckass KpaeBasd 3ajada sl JIMHEWHOTO
CMEIIAaHHOTO ypPaBHEHUS

HU3BOAHBIX SABJJIACTCA OJHHUM H3 OCHOBHBIX
pasaenoB obmupHOW Teopuu auddepeHun-
a’bpHBIX ypaBHeHUH. Ocoboe MecTo B mogo0-
HBIX MCCIICOBAHMIX 3aHUMAIOT 3aJa4ydl IS
CMEIIAHHBIX ¥ CMEIIAHHO-COCTaBHBIX ypaB-
HeHUH. DT0 0O0YCIOBIEHO HEMOCPEICTBEH-
HBIMH CBs3AMHU ypaBHeHI/Iﬁ CMCIIAHHOT'O
TUTIA ¢ TEOpHel MHTErpalibHbIX YpaBHEHUH,
TEOpHUel HHTErpalibHBIX MpeoOpa3oBaHUil
U cHenuanbHbIX (pyHKLIUH, a TaKXKe UX MpH-
KJIaJHOM 3HAYMMOCTBIO B MaTeMaTH4Y€CKOH
(usuke u OnoiOTNNU.

B Hactosmeir pabore B OrpaHUYEHHOMN
OJHOCBSI3HOW oOnacTH uccienoBaHa Kiac-

¢ nepeMeHHbIMH Kod(pdunuentamu. [lomu-
MO KJIACCHYECKHX KpaeBBIX yCIOBUU B IO-
CTAHOBKE HCIIOJIb30BAHBI Pa3pbIBHBIE YCIIO-
BUS CONPSDKEHUS Ha JINHUM U3MECHEHUS TUIA
ypaBHEHUS M YCIOBHA cornacoBaHus. /loka-
3aTeNbCTBO Pa3pelIMMOCTH 3aJjaul poBee-
HO METOZOM KOHEUYHBIX MHTErpalibHBIX Ipe-
o0Opa3oBaHUH.

IlocTanoBKa 3agaun

B obmactu Q= {z: 0<x<{, —1,<t<¢}
eBKJIMJIOBOM TIOCKOCTH TOYEK z = (X, f) pac-
CMOTPHUM YPaBHECHHE

O0=u, +a,(t)u,+b(t)u +c (t)u—d(xt), upu t>0;

u, +a,(t)-u, +b,(t)u, +c,(t)u—-d,(x,t), npu t <0,

(M
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e l, ¢, t,—const>0,a, b ¢, d,— 10CTaTouHO
IagKue (i)YHKIII/II/I (i= 1
Baenem 0603Haqum

J={z:0<x<{t=0},
Q=QnN((t>0);, Q=QnN(<0);
T, (x)= lil(l)lu(x,t); v, (x)= lirgl u, (x,t),
t—0t t—0%

npuaeMm i = 1 ecmu t — 0+; i =2 ecmu t — 0—.
st ypaBuenus (1) B obmactu Q uccieno-
BaHa ClleyIoIas
3agaya A. Haiitu perymspaoe B Q U Q)
peurenue u(x, t) ypaHenus (1) u3 Knacca

(@ )ne(@, )nc (2 us)Nc (2,U7).

YAOBJIETBOPAIOIIEEC KPAEBBIM YCJIIOBUAM

u(0, 1) =0,@); u(l, )=y ,(0),1=20; (2)
u(0, 1) = @,(); u(l, ) =y,(,1<0;  (3)
u(x, 1) =f,(x); u(x, ) =£,(x), 0<x <, (4)
YCIIOBHSAM COTIPSKEHHS
T (x)=0, +0a, 1T, (x);
A4 (x):B1+Bz'V2 (x) ®)]
1 YCIIOBHSIM COIVIACOBAHMS
L0)=0,@); (D) =wv(2);

0,(0) = a, + 0, ¢,(0);
H0)=09,(-);  f,(0) =y, (1),

9, V, f — 3anaunble Qynkuuu u3 C',
, [31 — 3a/IaHHBIE TTOCTOSIHHBIC, TaKUe, YTO
#0.

v,(0) = o, + a,y,(0);
e

a o,
0Lz'Bz

)
%_([uxx (x,1)- sin(#} dx

21n

JlokazaTenbCTBO pa3pemmMOCTH  3aja-
qu A MMpoBE€ACM MCTOJAOM KOHCYHBIX HHTC-
rpajbHBIX TpeoOpa3oBaHui, MO aHaJIOTHU
¢ paboramu [3, 8, 7].

3aMeTuM, 4TO KpaeBbIe 3a/ladud B Xapak-
TEPUCTUYECKUX M MPSIMOYTOJILHBIX 00JacTIX
JUISL YpaBHEHWH, MPEACTaBIAIONIMX YaCTHBIN
ciayuait ypaBHeHus (1), ucciemoBaimuch B pa-
oorax [1, 2,4, 5, 6].

Jis chopmynupoBaHHOM 3a7a4M HE0OXO-
JTUMO PACCMOTPETH CIENYIOIINE CITyJau:

1) at) #0;

2) a(t)=0;

3) a,(H)a,(t) = 0, Ho a; (t)+a; (¢)#O0.

Jlerko BuneTh, uto B ciayyasx (2) u (3) oba
WJIU OJTHO U3 YCIIOBUA (4) SIBISIOTCS Iepeotnpe-
JICJISTFOIIIUMHY 3a]1a4y.

B HacTosmiet pabote pacemoTpum Oozee
MOJIPOOHO MOCHEeTHUH CITydaii.

ITycts, nanpumep, a(f) =0, a a,(?) #0.
Torma ypaBuenue (1) B o%ﬁﬂaCTH Q, sABnsgeTCS

ypaBHEHUEM MapabOINIeCcKOro THTA B MIPUHHU-
MaeT BH/I;

u, +b () u +c (t)u=d(xt)
[anee mnposexeM psin mnpeoOpa3oBaHHI
npeHeOperast MepBbIM U3 yCIOBHiA (4).

[IpuMeHsist K MOCIEIHEMY PaBEHCTBY KO-
HEYHOE cuHyc-mpeodpazoBanue Oypne [9]:

sn[u]=7j u (0. s1n( l )dx

n=1,2, .. (6)

o nepemMeHHou x Ha otpeske [0, £] k ypaBHe-
auto (1) mpu ¢ > 0, Oymem UMeTh

%u (x t) sm(m;x)

!

0

(m)’
—Jb(t) (). sm( J —b(t)dul

Tae u

2(w) iu(x ). sm( ")dx;

%j.cl (0)-u(x.t). sm( )dx ¢ (1),

0

= u, () — pe3yabrar npeodpasoBanus GyHKIMH u(x, ) B .
HO,Z[CTaBJ'IS{H TIOJTyYeHHBIE BBIpaKEHHsI B ypaBHeHue (06), HpI/IXO,I[I/IM K TapaMeTpu4ecKoMy

00BIKHOBEHHOMY U (hepeHIInaIbHOMY ypaBHEHUIO

’
by -u; + p,-u; =g,

2
n R
2 (t):cl—(—én] , n=1,00;

31ech

%(t) 5, +

(7

|: ( l)n v, (t) 0, (t):| — pesynsTar npeodpasopanus GpyHkuuu d,(x, ).
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AmnanorngHo 1ipu ¢ < () moIy4um

1
i oy sin T = oy s

2(mn )2 ‘

21n

/

0

7

0

0

%jaz (1), sm( :

ik

(x,1)- sm(7t x)dx;
0 /

)dx a, (t) du

dz’

Jb (1)-u (Xf)sm( )dx b(t)d%

I}

%ch (6)-u(x.t) sin

0

e u, = u,(f) — pe3ynsTar npeoOpasoBaHus
cbyHKuI/m u(x HBQ,

Iloncrasnss nonyquHHe COOTHOLICHUS
B ypaBHenwue (1) mpu ¢ < 0, mpuXoauM K CIey-

0IIIEMY YPABHEHUIO:
az'”;+b2'”;+p2'”22%- )

3nech
2
T -
Pz(f)=cz—(7)9 n=1,0;

0. (=8, + T [ (1 v ()-0. ()]

n=1,e0.

9, = 0,(f) — pe3ynbTar npeodpa3oBaHus (PyHK-
LII/II/I d L(x, 1).

TOuHO TaK e 3 (5) 6ynem nmeTh
U (O)_ o, +0, U, (0)’

w (0)=B+ B, 3 (0). ©)

( de ¢, (¢) u,,

Hanee, npounterpupyeM ypasuenus (7),
(8). Ecim b (7) = 0, T0 u () cpasy onpenenser-
cs u3 (7), B IPOTUBHOM clTydae, KaKk H3BECTHO
(manpumep [10]), obiree perieHue ypaBHEHHS
(7) nmeer Bug

u (t)=v,-F(t)+F(1), (10)
rje Yy, — NpOU3BOJIbHAs IOCTOSHHAs; F\ (1) —
o0miee pemeHrue COOTBETCTBYIOIIETO O,Z[HO—
POJIHOTO YpaBHEHHMS; [ () — 4aCTHOE pENICHHE
HEOJHOPOIHOTO YPaBHEHHUSI.

O6mee pemenne ypaBHeHUs (7) MOXKET
OBITH MIpeICTaBICHO B BUE [2, c. 115]:

u, (1)=D,()+7, @, (t)+7,- @, (¢), (11)
IJIE Y,, Y, — IPOU3BOJILHBIC NOCTOSIHHBIE; D (7) —
YacTHOE PelLIeHrEe HEOITHOPOAHOTO yPaBHEHUS;
(1), @,(f) — TMHEHHO HE3ABUCUMBIE PEIICHUS
COOTBETCTBYIOLIETO OAHOPOIHOTO YPaBHEHHUSI.

M3 (10) u (11), c yuetom (9), a Taxxe mpu-
HUMas BO BHUMaHHe (4), TMOJIy4HUM CHCTEMY
JMHEHHBIX anreOpandecKux ypaBHEHUH OTHO-
CUTEIBHO TIOCTOSHHBIX Y, V,, Vs

Y- F (0)_72 o, D, (O)_Y3 -0, - D, (0):(11 +0o, - D, (0)_Fz (0);

Y1 ’E’(O)_'Yz 'Bz -(I); (O)_Y3 'Bz .(I); (0)=B1 +I32 -(I)I (O)_Fz,(o);

(12)

Yy @, (1) + ;- @y (_tz):fz -@,(-t,),

rae fz = const — pe3ynbTar npeoOpasoBanus QyHKIUH f(X).

Takum 00pa3oM, BOIPOC OJHO3HAYHOHN paszpermmmMocTH 3aaaun (1)—~(5) peaynupoBaH K BO-
pocy paszpemnMocTu cuctemsl (12). Ilpumensis ooparnoe npeodpazoBanue [9]:

1e)=35, [](Tj

K QyHKUMAM U,
mux pajgos Oypee.

u,, nojy4uMm pemenue 3afnadu (1)—(5) B obnactsax Q , Q, B Buie COOTBETCTBYIO-
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B 3axmmouenne ormeTnM, 4To cirydau (1)
U (2) nccrnemayrorcs aHaJIOTHYHO.
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