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Annotation: For nonlinear equations, the Kattabrig problem has been used in some boundary value
problems for third-order equations. Such equations are called multiple equations. For equations of the third
order multiple characteristics in a finite field, the problem of a nonlinear equation in a boundary value
problem is posed and the Green function is constructed for this problem, and the existence and uniqueness
of the solution of the problem is indicated. It is also important to show the existence and uniqueness of the
solution of boundary value problems in infinite fields for the equation of the third order multiple
characteristics.

Keywords: differential equation, special product, Kattabrig problem, Green's formula, boundary value
problem.

In this chapter, the limited area has the following appearance

03u ( )au_F ou 0%u
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some boundary value problems are considered for third-order equations.
Such equations are called multiple equations
8§ 2.1. Problem Setting and the Green's Function.
D0 <x<1,0<y<1}
__93%u odu
L(u) = 3 oy F(x,y,u,uy) (1.1)
for the equation we consider the following boundary value problem.
K issue _
For equation (1.1) in the closed area D continuous with the product U, and satisfying the following boundary
conditions

u(0,y) = ¢1(y),  u(0,y) = 02(y),
u(L,y) =¢3(y), 0<y<1 , (1.2)
u(x,0) = @o(x), 0<x<1

find a regular solution.
In this ¢4, @4, @3 given continuous functions; ¢, (x) continuous
with its product and ¢;(0) = ¢0(0), ¢3(0) = @o(1), ¢2(0) = @o(0) (1.1)- (1.2)
the problem is studied in Kattabri for a linear equation.
Green function for K issue.
L =2t g 1.3
W= 553 dy (13)
check the equation.
The following is true

d 0
eLp) —YM () = % (pYes — @ee + @ecp) — an (o),
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. a a3 . . . o
Inthis M = 3 o L operator with operator and i - smooth functions. We integrate the given identity in

field D and obtain the following result

f f [pL() — YM(p)]dédn = f (s — pewbe + pec)dn + (P)dE, (1.4)
D r

where the integral D on the right is taken along the entire boundary of the field. It is known that the
fundamental solution of [(1.3) has the following form

1 f( x—¢& ) S
UGyi&m=1G-m's \G-n') 77"
0, y=n,

1 < x_f ) .
V(x»y;f»n)Z (y_r])l/3(p (y_n)1/3 Y n,

0, Yy,
i _me 2 43/ 2 3]
Inthis f() = e [1§ (3\/§t 2) + I_; (3\/§t 2)]
_ mt 2 3hL) = 2 3]
o(t) = 3 [I§ (3\/§t 2) I—§ (3\/§t 2)]’ (1.5)
I,(z) — Bessel function f(t) vag(t) functions They are called curved functions [80]
t
z"(t) + gz(t) =0 (1.6)
satisfies the equation
U(x,y;§,mand V(x,y;§,1)
The following estimates are valid for functions
In this
0™ UCx,y;¢,m) 2i+6j-1 )
daxtay’ c |x — &~ 4
oxioyJ
herein Li_, +o00, i+j=1, C—const>0
G-m' - A
0IU (x, y; f,n)‘ .G ( o= fl3/2>
—— 3 eXp | —Co————~
Ox*dy’ |y—n|l+ 3J+ ly —nl /2
herei x—=¢ .
erein —1/ - -0, [+j=>1, C;,C, —const >0
(y—m/s J

Now in formula ¢ (1.4) and ¥ we get the functions U(x,y) and U(x,y, &,n) and instead of the functions ph
and ps, respectively. U(x,y) (1.3) is an arbitrary regular solution of equation . Let D? be defined by the
inequalities { 0<¢ < 1, 0 << n <y — e} where & > 0 — isasmall number. In this case (1.4) the identity is
written as follows.
y y—é&
0= j(Uggu - Ugug + quf)lle dn - .[ (U&cu - Ufuf + quf)lle d?] +
0 0

A Bi-Monthly, Peer Reviewed International Journal [239]
Volume 5


https://zienjournals.com/

Texas Journal of Multidisciplinary Studies ISSN NO: 2770-0003
https://zienjournals.com Date of Publication: 22-02-2022

1
fUuIn e df fUu|n o dé.
We mtegrate etoOand con3|der equatlon [87]

lgl_rgf Ulx,y; ¢,y —u(é,y —e)dé = u(x,y),
0

hence
y y

T[U(X,y) = f(Uggu - UgUg + U’u€€)|€=0 dT] - f(Ufgu - Ung + quf)|f=1 dT] +
0 0

1

+f U(x,y; & 0)u(é, 0)dé. (1.8)

0

now

W(x,y;¢,m) ,
M) Ea—v—a—v= 0 (1.9)
an  9&3

Let U(x,y) be a regular solution of equation and be an arbitrary regular solution of equation (1.3). In this

case (L4)wesayp =W, v =U
y y

0= f(u;;W - quf + uW€€)|€=1 dT] - j-(uffW - qug + quf)|f=0 d?] +

1 1
+fWu|,,=y df—fWu|,,=0 dé. (1.10)
0 0

We find from (1.8) and (1.10)
y

mu(x,y) = f[(uff(W —U)+us(—W+U)s +uW — U)ff)] le=odn +
0

y
+ j[(ug(—W + U) + u§(W - U)f + u(—W + U)ff)] |§=odT] +
0

1

+J(—W + U)t]y=o dE + J Wul,-, d. (1.11)
0

0

If W(x,y; &, n)is aregular solution of (1.9) and satisfies the following conditions
W&,y & mMle=1 = Uy EmMe=1, Wemo = Ulz=o, Wele=1 = Ugle=1, Wy, =0, (1.12)

from (1.11)

y y
mu(x,y) = j Gee(x,y; 0,mMu(0,n)dn — J G:(x,y; 0,mMus(0,m)dn —
0 0
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y 1
- [ Geroys Lt man + [ GGy, 0yuce, 0)de, (1.13)
0 0
arises in this

Gle,y; &) =Ux,y;6,m) —W(x,y;€,m)

(1.13) formula K. gives the solution of the problem. However, the existence of the function W (x, y; &, n) must
be proved, and this function must satisfy the conditions (1.9) and (1.12). We will later prove the existence of
the function W(x y; &€,1) and now we will show some properties of the function G(x, y; &, 1)

ﬂu(€ 77) = f(Uxxu Uy, + qux)lx 1dy — f(Uxxu Uy, + qux)lx ody +

1

+f U(x, 1; & n)u(x, 1)dx, (1.14)

0

This is similar to formula (1.8) and follows
1

0= ](ﬂxxw - ﬂxVT/x + ﬁVT/xx)Ix=1dy - f(ﬁxxw - axWx + ﬁWxx)|x=0dy + j Wﬁ |y=1dx -
0

1
f wal, (1.15)
0

the formula is similar to (1.10). Using formulas (1.14) and (1.15) and the properties of the function

W (x,y; &,1n) we obtain the following result
1 1

i (¢, n) :féxx (Ly; E,n)ﬂ(l,y)dy—féxx 0,y;¢,mu(0,y)dy —
n n
1

j (L y € (1,y)dy + f G (o 1€ m)a(, x)dx, (1.16)
n

0

herein
GO,y Em) =UCx,y;6E,n) —W(x,y;6,m) .

Obviously, that’s it
Glx=0 = Gxlx=0 = Glx=1 = G|y=17 = 0. (1.17)

conditions are met.
n<O<yletithe. {0<x<l, 6 <y <1} inthe field(1.13) ) and as a regular solution G(x, y; &,n) If we
take the function, we get the following result
1

nG(x,y; &) = f G(x,y;x',0)G (x',0;&,1n)dx’, (1.18)

0
because the remaining integrals (1.17) become zero according to the condition.
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Now we apply (1.16) to the field {0 <& <1, 0<n <@} taking G(x,y;&n) asaregular solution
1

nG(x,y;&1n) = f G (x',0;E,1n)G(x,y;x",0)dx’ (1.19)

0
we come to. The remaining integrals are as follows
G|f=1 = Gflf:l = Gf:O = Gln:y = 0 (120)
becomes zero according to the condition.
If we compare (1.18) and (1.19)

Glx,y;6,m) =G(x,y;€m)

will be clear. From this G (x, y; &, n) according to the condition of our function (1.17) (x, y) satisfies on, (1.20)
satisfies on condition according to the condition. We call this function the Green function for the K. problem.
Not homosexual L(u) = f(x,y) (1.21)

Let the equation be given. In this case to the right of (1.13)

_.J]'G(x,y;f,n>f(f,n)d5dn

limit This means that the heterogeneous solution of problem K (1.21) has the following form

1
uGoy) = -+ || 6y & mfcE mdsan.
D

G(x, y; &, 1) satisfying the conditions (1.12) to prove that the function exists W (x, y; &, 1) it is sufficient to
prove the existence of a function. We look for the solution of the problem (1.9), (1.12) in the following form

y y

W(x' y' E' T]) = J- Ux(l' T; E' 77) al(xi 3’: T)dT + j Uxx(on T, fl 77) aZ(xr y' T)dT +

n n
y
+ j Ve(L,5;¢,m) as(x, y, 1)dr, (1.22)
n
Herein U(x, y; &,n)and V (x, y; &, n) — the above functionse;(x,y,7) (i = 1,2,3)
currently unknown features. (1.12) according to boundary conditions
y y

U(x'y; 0:77) = f Ux(]-;T; 0’77) al(xiy"[)d‘[ + f Uxx(oi T; f' 7))|€=0 az(x,y' T)dT +

y ! 7
+fo(1.T; 0,m) az(x,y,7)dz, (1.23)
n ; )
Ulx,y;1,n) = j U,(1,7;1,n) a;(x,y, T)dt + J U (0,7;1,1m) ay(x, y, T)dT +
y ! 7
+fo(1,T: 1,m) az(x,y,1)dr, (1.24)
n
y y
Ug(x, y; 1,1m) =fo;(1,r: $mle=1 al(x,y,f)dﬁfoxg(O,r; L) ay(x,y, 1)dt +
n n
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y
+f Ve (L, 15 6,m) 621 a3(x, y, T)dT. (1.25)
n

This system «; is a system of integral equations of the type Voltaire with respect to unknown functions.
We show that the system of equations (1.23), (1.24), (1.25) has solutions with the following properties
(2%) € Lz(o,}’)» aq, a3 € C(O,y)

(1.23) and
y
U(x,y;O,TI)=f ! > f'< ! )al(x y, T)dt +
s @@= \@-m's
r ‘ 1 1
+;!— Ux (0,73 &, 1) |e=0 2 (x, y, T)dT + nf - n)2/3 @' <(T - n)1/3> X az(x,y,1)dT.

Let's look at the second participant
y

I = f Uxx(O;T; 5;77) az(x,y,’l')d’[ ==
n

W] =

y
—$
T,!(T_ )/ <(T_n)1/3>xa2(x.y,r)dr.

Here we used the function f (t) to satisfy equation (1.6).
In this regard

lim I = Say(x,y,m,d  the following

U(x,y;O,TI)=jy ! > f'< ! T )al(x,y,r)dr+
2 @=m)7 \e-m7s

L ( )+.f 1 ,< 1
S ax\X, Y,
3T e -

>a3 (x,y,t)dt. (1.26)

we create.
Now consider equation (1.24)

y y
a,(x,y,t)dt 1 1

Ulx,y;1,n) =f'(0 _ 4=

(x,y:1,m) f()nf s + f(r—n)%

-1
f <(T ~ 77)1/3) XX ay(x,y,7)dT +

, as(x,y, T)d‘r
7 j (t—n)7s

We multiply both sides of this equation by(z — n) 3dn (z —
(z-parameter) and integrate from y to z. Differentiate by z again

(UpCeyilm) 2w
fmdn— f(O)\/ga1(x;y,Z)+

y
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Z

Fo1 a1 ~1 2
+3.[a2(x,y’r)dr:.y[(Z—77)1/3%[(‘[—77)4/3f<(‘[—17)1/3>l d77_(P (O)EC%(?C:}”Z)-

(1.27)

we form a relationship.
Consider Equation (1.25):

1-¢
Ue(x,y;1,m) = sj o )/3f<(T_n)1/3> |e=1a1(x.y,f)df+

+fy ! 7 f”’( 1 >a2(xy,r)dr+
s @-m \@-m's

y
1 1-¢ |
by = » d =
31[ )/3 <(T—77)1/3> e=103(x, y,7)dt

2 1 -1
= §TL’(Z1(X, y,n) + J- mf’” <ﬁ> (ZZ(X vy, T)dT (128)

In doing so, we took into account the following relationships, which are easily found from (1.5)
0o 0

o)

f(ﬂ(t)dt=0, .I-f(t)dt=§r[, ff(t)dt:%
0 oo

0

We enter the following definitions:

U,(x,y; 1,
w,(x,y,m) =U(x,y;0,n), w,(x,y,n) = fﬁ )
Cym) = UsCeyi L), Kug(m) = —— ( ! )
w3(x,y,m) = Ue(x,y;1,m),  Kia(z,n —(T_n)%f -

1 , 1
K31(T:7)) = 2/ @ < 1 ):

(t—n)73 CEYRE
U . 1
Ko, (T, 1) :f(n_z)1/3& (T—Z)4/3f((T—Z)1/3>] 4

1 nr 1
K32(T)77) = (T—T])4/3f ((T_T])l/?’).

In this case, the system (1.26) - (1.28) has the following form
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y
T
wi(x,y,m) =dr + gaz(x, v,n) + f K3, (t,m) az(x,y,1)dr, (1.29)
n
y
) = —£1(0) 2 ay( )+ [ K @y, 02 (22 ay(x,y,m)
w,(x,y,n) = — —a4.(x,y, ,n) a,(x,y,t)dt — —as(x,y,mn),
20, Y, 1M \Elynnzgnzy (P\/§3y77
y
2T
w306 ,m) = S Gy + [ Ko(mm) ey Gy, v,
n

Herein w; € L,(0,y), w,, w3 € C(0,y)and K;;(t,y) integrable(1.29)

from the system a; and as if we lose
y

hGey,m) = a(x,y,) + f K*(&,m) (6, v, ), (1.30)

n
Inthis h(x,y,n) = %wl(x, y,n) —

y
9 1
_mj lK11(T,77)0)3(X; y,T) — WKM(T,}])O)Z(X' y,T)
n

f’io% K31 (T, Mws(x,y, T)l dr; (1.31)
y
"0 3\/5
G = [ [ S o o) = o s .)
f
- 2_K11(T MKz, (S, n)l dr. (1.32)

(1.31) and (1.32) are shown h(x,y,n) € L,(0,y), and K*(&,n)
the function has a weakness class. It follows that Equation (1.30) has a solution for class L_2. Substituting
this solution into (1.29) gives a4, a3 € C(0,y).
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