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Abstract

Describes the canonical representation of some second-order partial differential equations in a
type-preserving domain.

Definition: E *let there be u w — U, some function with second-order eigenderivatives in the
space ( u(x, y)). In that case
F(x,y,u,ux,uy,um,uxy,u ):O (1)

the equation is called a differential equation with a given particular derivative in general.

Here F'is some function.

A similar polynomial variable second-order partial differential equation is expressed in the
following form:

F(xl,xz,...,xn,u,uxl,ux2,.. u u )=0, )

U e U e
Definition: A second-order partial differential equation is said to be linear with respect to higher-
order derivatives if it has the following form with respect to higher-order derivatives:

a“(x,y)- u_ + 2a12(x,y)-uxy + azz(x,y)- u, + F(x,y,u,ux,uy)z 0. (3

Description:

a,dy’ —2a,dxdy + a,,dx* = 0(4)

equation (3) is called the characteristic equation of equation.

Definition: Equation (3) is of the hyperbolic type if it is in Dsome Dsphere , if it is
a’, —a,, -a,, > 0in the sphere a’, —a,, -a,, <0, the given equation (3) is of the elliptic type, and
ifitis Din the sphere alzz —a,, -a,, =0, itis said to be of the parabolic type. Thus , a’, —a,, - a,,
depending on the sign of the expression, equation (3) can be reduced to the following canonical
forms.

aj, —a,, -a,, > 0(in hyperbolic form), u  —u , =@or u = .

aj, —ay, - a,, <0(in elliptical form), u  +u  =@.
al, —a,, - a,, =0(parabolic type) u_ = @.

Here F is the function resulting from the simplification.

1- Example. Let's convert the following equation into canonical form:
U xx-2U xy-3U yy +u , =0.
a, =—1,a,, =1, a,, =—3are the coefficients of the equation. A =a/, —a,, - a,,we calculate the
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value of the expression. A =4 > 0, so the equation belongs to the hyperbolic type. ( 4 ) we solve
the characteristic equation.

T A S S SUNG MY
a1 Y T Y

one of the general integrals &and the other 77by , applying the results of calculations using the

formulas to the given equation, after simplifications we create the following canonical
representation of the equation:

N

1
én _E(ué —u,)=0.

2- Example. Given the following equation:

u, +2u, +2u, +4u,_ +5u_=0.

The characteristic fit to this equation Q = A7 +2A4,4, +2A4; + 44,4, + 52 has a quadratic form.
Let's make this quadratic form canonical using, for example, the Lagrange method:
Q=4 +4) +(A, +24,) + 4. We enter the following definitions:

= A+ Ay =4+ 2055 1y = Ay (5)

and as a result we bring the form O into the canonical form: Q= + 1 + ;.
1 -1 2

(5) Awecan find . Thus, M =|{0 1 -2 |the following characteristic affine permutations
0 0 1

with matrices: A, =y, —u, +2u,, A, =p, =2, A, =y, O makes the form canonical:

2 2 2
Q=+ + 415
The matrix of the characteristic affine substitution, which brings the given differential equation

I 0 0
into the canonical form, is a matrix symmetric to the matrix M =| -1 1 0 |[M : , this
2 -2 1

substitution has the following form:

E=x;n=—x+y; {=2x-2y+z.
these and u(x, y,z) = v(£,n7)notation, we find:
Uy =V tV, +4v, —2v, +4v, —4v

XX

ng )

U, =v,, +4v¢§ —4v,7§; U, =V

U, =-v,, —4v¢¢ +v,, —2v§§ +4v,7¢; u,

o . =2V Y,

After putting the found expressions into the equation and performing simplifications, we get the
canonical representation of the given equation:

Vee t v, +v, =0.
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