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EDINSTVENNOSTI DECISION DEGENERATING DIFFERENTIAL EQUATION IN
QUOTIENT OF THE DERIVED SECOND ORDER WITH THREE
INDEPENDENT VARIABLE

In this paper we consider a boundary value problem for a degenerate second-order
equation with three independent variables. For this problem, the uniqueness theorem proves
the solution of a degenerate second-order partial differential equation with three independent
variables by the method of non-negative quadratic forms.
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Paccmotpum crienyronme ypaBHEeHUs

a, (t, X, )u, +a, (t, X, y)u, +a5(t, x, y)u,, +b, (t, X, y)u, +b, (t, X, y)u, +
+hy (6, X, Y)u, +c(t, x, y)u=f(t,x,y) , (1) ¢ xpaeBbIMH YCIOBHAMH u(0,x,y)=0,
(x,y)e[0,X]x[0,Y], u(t,0,y)=0, (t,y)e[0,T]x[0,Y], (2) u(tx,0=0, (tx)€[0,T]x[0,X], rme
a,(t, %, y), a,(t, X y), a,(t, X y), bt x y), b, (t, X, y), b (t, X, ), ct,x,y) u f(t,x,y) —
3amannbie PyHKIUM, a U(t, X, y) — Heu3BecTHast QyHKIHsI B 00JIaCTH
G={(t,x,y):0<t<T,0<x<X,0<t<Y}.

O6oznaunm uepe3 Z2(G) — mnpocrpancTtBo ¢yHkuui u(t,X,y) , TaKdX 4YTO
u(t, X, y), ug (t, %, y), u, (6 X, y), Uy (8 X, ), Uy (8 X, Y), U, (X, ), U (8 X, Y), Uy (8 X, Y) € L (G)
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Paznmuunbie  BOmpOCHl I BBIPOKIAIONMXCS CKAJISPHBIX W CHCTEM OOBIKHOBEHHBIX
middepeHIaNIbHBIX  YpaBHEHH  uccienoBanmuch B [2,  4-6].  Beipoxmaroumecs
middepeHInalbHbIE YPaBHCHUST B YAaCTHBIX TPOU3BOJHBIX C JBYMS HE3aBHCHUMBIMHU
nepeMeHHbIMH U3ydeHo B [1]. KpaeBas 3amgaua (1)-(2) sBasercst HekoppekTHbIM [3]. B nanHo#
paboTe  METOAOM  HEOTPUIIATENBHBIX  KBAJAPAaTHYHBIX  (OpM  JOKAa3aHO  Teopema
SIMHCTBEHHOCTH pEIIcHUE BBIPOXHaromerocs v (depeHIInaTbHBIX YPAaBHCHUS B YaCTHBIX
MIPOU3BOJIHBIX BTOPOTO TOPSI/IKA C TPEMS He3aBUCUMBIMH ITEPEMEHHBIMH.

[IpennonaraemM BBHIMOIHEHUE YCIOBHIA:

a)(byHKunn a (tx,y), a; (t.x, y), ai (t X, y), &, (t, X, y), by (t, X, y), bi (8%, y), by (8, %, y),
b, (t, X, ¥), C(t, X, ), Cy, (t, X, ¥) —nenpepriHbie dynkuun B odnactu G, (i=1,2,3);
a’ll alZ a13
6) TIaBHBIE MUHOPBI MATPUYHON (DyHKIIHH AZE a, A, Aay
a13 a‘23 a‘33
HEOTPHUIATeNbHBI IPU BCEX
(t,xy,s,z,w)eG, ={(t,X,y,s,Z,w):0<s<t<T,0<z2<x< X, 0wy <Y},
e 8y, = (t—s)(x—2z)[a,(s,z,w) - (y -w)ay, (s, z,W)],
8y, = (t=8)(y —W)[a,(s,z,w) - (x - 2)ay, (s, Z,W)],
= (X—2)(y —W)[3y (5, 2,W) — (t—$)aL, (5,2, W)], &, = &y, =—(t—S)(X—2)(y —Wby (s, 2,W)
a3 =ay =—(t—=s)(X—2)(y —W)b,(s,2,W) , a3, =a,, =—(t—s)(Xx—2)(y —W)b,(s,z,w);
1 bll blZ b13
8) TTIaBHbIE MUHOPBI MAaTPUYHON (PyHKIIUU E b, b, b,
bl3 b23 b33
HEOTpHUIaTebHBI TpH Beex (t,X,Y,S,Z,W) eG1 , rae
by, =t —9)[by(s, 2, W) —(x—2)bf (5,2, W) —(y —W)by, (S, Z, W) + (X = 2)(y —W)by, (S, 2, W)]
b,, = (X—2)[b, (s, z,W) — (t — )b, (s, 2, W) — (Y —W)b;,, (S, Z, W) + (Y —W)(t —s)b3,, (S, Z, W)]
by, = (y —W)[bs (s, z,w) — (t —s)by (s, 2, W) — (X — 2)bs, (S, 2, W) + (X — Z)(t —s)by;, (S, 2, W)]

By =By = (=X~ 2)[e(5,2,9) ~ (y ~W)c, (5,2.w)] |
By =B, == (E=S)(y ~WIE(6,2,) - (X 2)c; (5.2,

b, = ——%(X z)(y —w)lc(s, z,w) - (t—s)c; (s, z, W)l ;

2) c(s,z,w)—(t—s)c.(s,z,w) —(x—2z)c,(s,z,w) — (y —w)c,, (S, z,W) + (t —S)(y —w) x
xcg, (S, z,W) + (t —s)(x—z)c, (s, z,w) + (x — z)(y —w)cy, (S, Z, W) —
—({t—-s)(x—z)(y—w)cZ,(S,z,w) > K >0, rae 0< K — HeKoTOpast IOCTOSIHHASI.

Teopema. Ilycts BweImONHSIOTCSA ycioBust a) — 2). Torma pemenue u(t,x,y) KpaeBou

3agaun (1)-(2) emmncrBenHo B kiacce Z2(G). JlokaszarenbcTBo. ClrenaeM  CIEIYIOIYEO

MOJICTAHOBKY
txy

u(t, x,y) = j j j 9(s,z,w)dwdzds. (tx,y)eG (3)

000
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[Moxcrasisist (3) B (1), umeem

a,(t,x, y)f&(t, X, w)dw+ a, (t, X, y)i&(t, z,y)dz+a,(t, x, y)jg(s, X, y)ds+

Xy ty
+b, (t, X, y)”&(t, z,w)dwdz+h, (t, X, y)”S(s, X, w)dwds+
00 00

+b,(t, X, y)ﬁ&(s, z,y)dzds+c(t, X, y)f[ﬁS(s, z,w)dwdzds= f (t,X,y). (4)

OGe yacTu ypaBHeHUs (4) YMHOXHUB Ha 9(t, X, Y) , ABAXKJIbI MHTEIPUPYS 110 YacTSIM B 00JacTH
Gy, ={(s,2,W): 0<s<t, 0<z<X, 0<W< Yy} u npumenss, popmyny Jlupuxie, moaydum

% [ j{(t—s)(x—z)[ai(s,z,w)—(y—w)aiw(s,z,w)][j S(S,Z,n)dnJ +(t=8)(y - W)

X[az(S,Z,W)—(X—Z)aéz(&Z,W)](jg(s,f,w)dﬁ] + (x=2)(y —W)[ay(s,2,w) -

—(t—s)a;s(s,z,w)]ﬁ&(r,z,w)dr} —2(t—s)(x—z)(y—w)[bl(s,z,w)(f&(s,z,n)dan

x(j&(s,f,w)d§]+b2(s,z,W)US(s,z,n)dnJUS(r,z,w)drj+b3(s,z,w)[j&(s,f,w)df]x
s 1 txy

x( j S(r,z,w)dr]]}dwdzds+5 j j j{(t—s)[bl(s,z,w)—(x—z)bl’z (s,2,W) —

—(y—w)bl'w(s,z,w)+(x—z)(y—w)bl';w<s,z,w)][j | S(S,i,n)dﬂde +

+(x=2)[b,(s,2,W) - (t—8)3 (5,2, W) — (y —W)h,, (5, 2, W) +(t —s)(y — )by, (S, 2, W)]

ER

{[ S(az,mdndrf+(y—w)[b3<s,z,w)—(t—s)b;s<s,z,w)—(x—z)b;z<s,z,w)+
+(t-s)(x— 2L (s, z,w)][i z a(r,f,w)dferz (- s)(x~2)[o(s,2,) -
—(Y—W)C'W(S,Z,W)]@IS(S,é,ﬂ)dédn][EIS(%Z,n)dnde—(t—S)(y—W)x

<[e(s, W) - (x—2)c, 5. Z,W)]GIS(S,M)d ndfms(r,f,w)dfdrj—(x— 2)x

(Y ~WIe(s,2.) (- 5)c (S,Z,W)]UTS(T,Z,n)dndrj(ﬁl%,§,W)d§de]dwdzdS+

|

N |~

[c(s, z,w) - (y —w)c,, (s, z,w) — (X—z)c, (S, Z,w) — (t —S)c. (S, z,w) +

O Ty <
O ey <
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+(t—s)(y—w)cg, (s,z,w) + (x—z)(y —w)cy, (S, Z,W) + (t —S)(X — z)cL, (S, Z,W) —

S ZWwW

—(y—w)(x—z)(t—s)c;';w(s,z,w)]( I1] S(T,é,n)dndédfj Ydwdzds=

B jﬁ{iﬁ f(z.¢,m3(z.¢m)d Udg‘dr}dwdzds. (5)

B cuny ycnoBuii a) — 2) neBas 4acThb COOTHOIICHHS (5) HEOTpHIlATEIbHA, TTOITOMY
OTCIOJIa BBITEKAET CIEAYIOIee HEPABEHCTBO

_jﬁ(jﬁl% g, ﬂ)dndcfdrj dwdzds <

000\NO0O0O

.ﬁ.if f (7’5177)19(7,f,ﬂ)dﬂdfdfdwdzds{.

IMycte  f(t,x,y)=0, A moObIx (t,X,Y)
SZWwW

CunbBecTtpa, MOJIy4uM, ”JQ(r,f,n)d ndédz =0 T.e. 9(t,x,y) =0 npu (t,X,y) € G. Teopema
000
nokaszana. [Ipumep. Paccmorpum ypaBHeHue

L=y, +@=X)u, +L-tu,, +u, +u, +u, +u=f(t,xy)
¢ kpaeBbiMu yceaoBusimu  U(0,X,y)=0, (X,y)€[0;1]x[0;1], u(t,0,y)=0, (t,y)e [0;1]x][0;1],
u(t,x,0)=0, (tx)e [0;1]x[0;1]. Beimonusercs Bce ycnoBus a)-2) rae c(s,z,w) =1, 0<K=1.
Tak kak B ycioBus 0) U B) 3JIEMEHTHI MaTPULIbI
1 a‘ll a12 a'13 bll blZ bl3
A:E 8, Ayp Ay |

G . B cuny ycnoBuii a) - 2) U TEOpEeMsI

r\)ll—\

b12 b22 b23

a13 a‘23 a33 blS b

OTIPEJICIISIOTCS 110 CIEIyoEeMy (GopMyTy

a,; =({t-s)(x=2)A+y—-2w), a,, = (t=s)(y—wW)(1+x-22), a,, =(x—z)(y—w)[L+t—2s),
&, =8y = —(t-s)(x-z)(y-w), A3 =85 = —(t—s)(x=2)(y-w),

A3 =8, =—(t—S)(X—=2)(y—W). b, =(t=s), b,, =(x-2), by =(y—w),

By =By == ((=5)(x~2), By =by =2 =)y —W), by by = (x-2)(y-W).

23 33

Bnccn det A= (t-9)" (x-2)"(y—W){T (L+ Y ~2W(L+x-22)(L+t-25)
~2(t-9x- 2y - W]+ @+ y~2w(L+ X220+ -9)
-9y - WL+ X 22)] 4T (o y - 2+ -29)— (x— 2y ~ WA+ -29)] +
H (L Y- 200+ -29)— (- SHX- D)1+ y 2w} 2.

detB = t-9)" (x-2)* (y— W) {5 - -9}y -w)(x-2)]+

+[%—%(t—s)(y—w)]+[%—%(t—s)(x—z)]+[%—%(x—z)(y—w)]}zo.
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