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THE GENERAL PROPERTIES OF NONLINEAR FORMS OF LINEAR PARTIAL
DIFFERENTIAL EQUATIONS
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H.M. Abdullayev Institute of Physics of NASA,
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The general properties of nonlinear partial differential equations of polynomial type have been revealed. The obtaining method of new
solutions of nonlinear equations with the help of operator integrals of motion is shown.

In work [1] the nonlinear partial differential equations 1. GENERAL EQUATION PROPERTIES
containing the derivatives of third order, derivatives of
second and first orders have considered. Especially, the
equations of following three types have considered:

Let’s discuss the some general properties of above
mentioned equations. For definition we will consider the
equation of the following type:
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where F is nonlinear operator, such that IA:[gg] is the some
function on x, t, ¢ and different derivatives. We show the

and symmetrically to X <> . operator AI as operator integral of motion of equation (1.1) if
The exchanges of dependent variables with the help, of

which each type of these equations is led to linear one for some equation solution ?(X,t) I[(ﬂ] function is also
correspondingly, are shown. In this work we will reveal the the solution of this equation [2]. It is proved that the operator

eneral properties of these nonlinear equations. ~ . .
£ properhies Se nonn quation | T should satisfy the equation:

[AL% - ﬁ}[co] =i[¢t]—§(l[¢]—i[ﬁ o]+ Flile] = o) (1.2)
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([AI,IA:] is commutator of [ and F operators) on space of ( P n
then 8_ operators are motion integrals for n=0,1,2...).

X

However, if equation (1.3) contains N of independent space
derivatives (in the case of Schrédinger equation this means
~ that we consider the dynamic quantum system with N degrees

\Pt =HY (1.3)  of freedom) when 2N of independent motion integrals exactly
exists, rest motion integrals are some functions of these 2N.

f_I is linear operator. This means that such nonlinear Indeed, if operator U (t) is evolution operator of equation

operator X exists that Q= ,}[\11] is equation solution (1.1) at ~ (1.3), i.e. lp(t) = O\}'(o) , then operators:
the condition that ' satisfies to equation (1.3). The motion

(1.2) equation solution.
Let’s suppose that equation (1.1) is the linear form of
linear equation [3]:
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integrals /A\ of equation (1.3) satisfy to equation:

(1.4)
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ot are motion integrals. We consider the systems for which there

is evolution operator on some interval 0 <t < T; in the case

It is obvious that there is infinite number of operators . .. . ~_
P of Schrédinger equation it is obvious that T=co . Then U %

~ 82 operator also exists, if we consider it on space of equation
satisfying to equation (1.2a). (For example, if H= —  solution (1.3). Besides, Stone-fon Neumann theory confirms
OX that all other motion integrals are functions of operators (1.4):
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A= F(Xgp X Py e Py )= UF | X, X =

Consequently, all operator motion integrals of equation
(1) have the form:

T=&f (Xoy 0 Xon s Pogre- Py ) (1.5)

where f is arbitrary function 2N of derivatives. It is obvious
that operator (1.2) not for arbitrary function q)(X,t) but

only for solution equation (1.1). Consequently, if (D(X,t) is
equation solution (1.1), then all functions of following type

(5 = ’A([f (X01""XON » Por s+~ Pox )’}_1[(0] ] (1.6)

are also the solutions of this equation.
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Let’s write the equation (2.2) for concrete function f:

f (i X+ 2,40 8XJ exp(— @/ 2u)=
OX 2.3)

0 0
=—|X -l 2 2ut—expl—p/ 2
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Then the new solutions of equation (2.2) will be written
by following form:

0 0

e
OX,  OXy

| 2. THE NEW EQUATION SOLUTIONS

Let’s consider for example, the equation being the first
integral of Burgers-Hopf equation:

1,
2 +§¢x = HPyy (2.1)

The exchange Y = exp(— ol 2,u) transforms the

equation (2.1) into thermal conduction equation

W, = u¥,, . The motion integrals of thermal conduction

equation are:

P, =0/ oxand X, = X + 2448/ Ox

Consequently, we obtain the following class of

transformations:

2.2)

F=p-2uln1- g, t —i(ﬂf + Py
24 24
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The transformations of equation (2.2) haven’t been
known yet, though the equation (2.1) and Burgers-Hopf
equation have been studied by many authors during several
years.
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E.A. Axundova

XUSUSi TOROMOLORDO XOTTi TONLIKLORIN QEYRI-XOTTi FORMALARININ UMUMI XASSOLORI

Polinomial n6vlii xiisusi toramolords geyri-xatti diferensial tonliklarin iimumi xassalori aydinlasdirilmigdir. Operator horakat inteqralla-
rinin kdmayils geyri-xatti tonliklorin yeni hollorinin alinma metodu gostorilmisdir.

J.A. AXyHa0Ba

OBIIUE CBOMCTBA HEJIMHEMHBIX ®OPM JIMHENHBIX YPABHEHHU B YACTHBIX
MPOU3BOJIHBIX

BrisiBiieHBI 00IMe CBOMCTBA HEIMHEHHBIX IH(p(GEepeHIMATBHBIX YPAaBHEHUI B YaCTHBIX IIPOM3BOJIHBIX IOJIMHOMHUAIBHOTO BUa. [loka-
3aH METO/| MOTyUESHUs HOBBIX PEIICHUH HEMMHEHHBIX yPABHEHUH C TOMOILBIO ONIEPATOPHBIX MHTETPANIOB IBHXKEHUS.
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