
Math-Net.Ru
Общероссийский математический портал

О. Джохадзе, Б. Мидодашвили, Пространственные гиперболические уравнения
высокого порядка с доминированными младшими членами, Изв. вузов. Матем.,
2006, номер 6, 25–34

Использование Общероссийского математического портала Math-Net.Ru подразумевает, что вы прочитали и

согласны с пользовательским соглашением

http://www.mathnet.ru/rus/agreement

Параметры загрузки:

IP: 188.129.162.82

26 марта 2022 г., 22:37:32



� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2006 ���������� ò 6 (529)

��� 517.929

�.��������, �.�����������

���������������� ��������������� ���������
�������� ������� � ��������������� ��������

�������

1. �¢¥¤¥­¨¥

� ¤ ­­®© à ¡®â¥ ¨§ãç ¥âáï ®¡é¨© ª« áá ¯à®áâà ­áâ¢¥­­ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥­¨© ¢
ç áâ­ëå ¯à®¨§¢®¤­ëå ¢ëá®ª®£® ¯®àï¤ª  á ¤®¬¨­¨à®¢ ­­ë¬¨ ¬« ¤è¨¬¨ ç«¥­ ¬¨ [1] ¢¨¤ 

@mu(x)

@xk11 � � � @x
kn
n

+
X

j�j�m�1
�i�ki; i=1;:::;n

a�(x)
@j�ju(x)

@x�11 � � � @x�nn
= f(x); x 2 D; (1.1)

£¤¥ m =
nP
i=1

ki, � = (�1; : : : ; �n), j�j =
nP
i=1

�i, m 2 N ¨ ki, �i, i = 1; : : : ; n, | ­¥®âà¨æ â¥«ì­ë¥
æ¥«ë¥ ç¨á« .

�à ¢­¥­¨¥ (1.1) ï¢«ï¥âáï £¨¯¥à¡®«¨ç¥áª¨¬, ¤«ï ª®â®à®£® ¯«®áª®áâ¨ xi = const, i = 1; 2; 3,
ï¢«ïîâáï å à ªâ¥à¨áâ¨ç¥áª¨¬¨,   ­ ¯à ¢«¥­¨ï ª®®à¤¨­ â­ëå ®á¥© | ¡¨å à ªâ¥à¨áâ¨ç¥áª¨¬¨.

�¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢ëá®ª®£® ¯®àï¤ª  á ¤®¬¨­¨à®¢ ­­ë-
¬¨ ¬« ¤è¨¬¨ ç«¥­ ¬¨ ¢áâà¥ç îâáï ¯à¨ ¨§ãç¥­¨¨ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© ­¥ª®â®àëå ¯à¨à®¤-
­ëå ¨ ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ [2]{[8].

� áâ­ë¥ á«ãç ¨ íâ¨å ãà ¢­¥­¨© ¤«ï m = 3 ¨ n = 3 ¨§ãç¥­ë ¢ à ¡®â å [8]{[11], ¤«ï m = 4
¨ n = 3 | ¢ [8], [12], ¤«ï ¯à®¨§¢®«ì­®£® ¯®«®¦¨â¥«ì­®£® m ¨ n = 2 | ¢ [7],   ¤«ï ki = 1,
i = 1; : : : ; n, ¨ n ¯à®¨§¢®«ì­®£® ¢ [8], [13], [14]. �¨¦¥ ¨§ãç ¥âáï á«ãç © ¤«ï ¯à®¨§¢®«ì­®£® m ¨
n = 3.

�¢¥¤¥­® ®¯à¥¤¥«¥­¨¥ äã­ªæ¨¨ �¨¬ ­ , ¤®ª § ­  ¥¥ ª®àà¥ªâ­®áâì ¤«ï ¢ëè¥ã¯®¬ï­ãâëå
ãà ¢­¥­¨© ¨ ¤ ­® ¨­â¥£à «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ à¥è¥­¨ï å à ªâ¥à¨áâ¨ç¥áª®© § ¤ ç¨ �ãàá .

2. � ¤ ç  �ãàá  ¤«ï ãà ¢­¥­¨ï (1.1) ¢ á«ãç ¥ ­¥¯à¥àë¢­ëå ª®íää¨æ¨¥­â®¢

� ¯à®áâà ­áâ¢¥ ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå x := (x1; x2; x3) 2 R3 ¤«ï j = 1; 2; 3 ¢¢¥¤¥¬ ®¡®§­ -
ç¥­¨¥

Di
xj
=

8>>>><
>>>>:

�
@

@xj

�i
; i = 1; 2; : : : ;

1; i = 0;� xjR
x0
j

��i
; i = �1;�2; : : : ;

£¤¥ x0 := (x0
1
; x0

2
; x0

3
) 2 R3 | ¯à®¨§¢®«ì­ ï ä¨ªá¨à®¢ ­­ ï â®çª . �ãáâì â ª¦¥ Dl;m;n :=

Dl
x1
Dm

x2
Dn

x3
, l;m; n = 0; 1; : : : , ¨ á¨¬¢®« C l;m;n ®§­ ç ¥â ª« áá äã­ªæ¨©, ª®â®àë¥ ­¥¯à¥àë¢­ë

¢¬¥áâ¥ á® á¢®¨¬¨ ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨ Di
x1
, Dj

x2
, Dk

x3
, 0 � i � l, 0 � j � m, 0 � k � n.
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�à¥¤¯®«®¦¨¬, çâ® l;m; n 2 N ¨ ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï á®£« á®¢ ­­®áâ¨:

D0 j k'i
011

��
x2=x

0

2
; x3=x

0

3

= Di 0 k'
j
101

��
x1=x

0

1
; x3=x

0

3

= Di j 0'k
110

��
x1=x

0

1
; x2=x

0

2

;

D0 j k'i
011

��
x2=x

0

2

= Di 0 k'j
101

��
x1=x

0

1

; Di 0 k'j
101

��
x3=x

0

3

= Di j 0'k
110

��
x2=x

0

2

;

D0 j k'i
011

��
x3=x

0

3

= Di j 0'k
110

��
x1=x

0

1

;

i = 0; 1; : : : ; l � 1; j = 0; 1; : : : ;m� 1; k = 0; 1; : : : ; n� 1:

�«ï ãà ¢­¥­¨ï

Lu := Dlmnu+
X

i+j+k<s

ai j kDi j ku = f; (2.1)

i = 0; 1; : : : ; l; j = 0; 1; : : : ;m; k = 0; 1; : : : ; n; s := l +m+ n;

à áá¬®âà¨¬ § ¤ çã �ãàá 

Di 0 0u
��
x1=x

0

1

= 'i
011; D0 j 0u

��
x2=x

0

2

= '
j
101; D0 0 ku

��
x3=x

0

3

= 'k
110;

i = 0; 1; : : : ; l � 1; j = 0; 1; : : : ;m� 1; k = 0; 1; : : : ; n� 1:
(2.2)

�¥ ®£à ­¨ç¨¢ ï ®¡é­®áâì à ááã¦¤¥­¨ï (­ ¯à., [7]), ¬®¦¥¬ à áá¬®âà¥âì (2.1) á ®¤­®à®¤­ë-
¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨, â. ¥. ¯à¥¤¯®«®¦¨âì, çâ® 'i

011
= 'j

101 = 'k
110

= 0, i = 0; 1; : : : ; l � 1,
j = 0; 1; : : : ;m� 1, k = 0; 1; : : : ; n� 1, ¢¬¥áâ® (2.2). �®á«¥ ¯®¤áâ ­®¢ª¨ u = D�l �m �nw, w 2 C, ¢
(2.1) ¯à¨¢¥¤¥¬ § ¤ çã �ãàá  (2.1), (2.2) ª ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î �®«ìâ¥àà 

w +
X
i;j;k

ai j kDi�l j�mk�nw = f: (2.3)

�â® ãà ¢­¥­¨¥ ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥ w + Kw = f , £¤¥ K | áã¬¬  ¨§¢¥áâ­ëå ®¯¥à â®à®¢
�®«ìâ¥àà .

�¯¥ªâà «ì­ë© à ¤¨ãá ®¯¥à â®à  �®«ìâ¥àà  K à ¢¥­ ­ã«î, ¯®íâ®¬ã ãà ¢­¥­¨¥ (2.3) ®¤­®-
§­ ç­® à §à¥è¨¬®, ¥£® à¥è¥­¨¥ § ¤ ¥âáï ä®à¬ã«®© w =

P
n�0

(�1)nKnf ¨, á«¥¤®¢ â¥«ì­®, ®¤­®-

§­ ç­ ï à §à¥è¨¬®áâì § ¤ ç¨ �ãàá  (2.1), (2.2) ¤®ª § ­ .

� ¬¥ç ­¨¥ 2.1. �á«¨ äã­ªæ¨¨ 'i
011
, 'j

101, '
k
110
, i = 0; 1; : : : ; l � 1, j = 0; 1; : : : ;m � 1,

k = 0; 1; : : : ; n � 1, ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ë ¯® ¯ à ¬¥âàã � ¤® ¯®àï¤ª  p, â® à¥è¥­¨¥
§ ¤ ç¨ �ãàá  (2.1), (2.2) â ª¦¥ p à § ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬® ®â­®á¨â¥«ì­® â®£® ¦¥ ¯ -
à ¬¥âà .

3. �ã­ªæ¨ï �¨¬ ­  ¨ ¨­â¥£à «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ à¥è¥­¨ï § ¤ ç¨ �ãàá 

� áá¬®âà¨¬ ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à

L� := (�1)l+m+nDlmn +
X

i+j+k<s

(�1)i+j+kDi j k(ai j k � );

ª®â®àë© ï¢«ï¥âáï á®¯àï¦¥­­ë¬ ª ®¯¥à â®àã L (á¬. ãà ¢­¥­¨¥ (2.1)) ¢ á¬ëá«¥ � £à ­¦ .

�¥¬¬  3.1. �«ï ®¯¥à â®à®¢ L ¨ L� ¢ë¯®«­¥­® â®¦¤¥áâ¢®

vLu� uL�v =
3X

i=1

DxiPi;
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£¤¥

P1 := Q1 +
X

i+j+k<s

X
p<i

(�1)p+j+kDi�p�1 0 0uDp j k(ai j kv);

P2 := Q2 +
X

i+j+k<s

X
p<j

(�1)p+kDi j�p�1 0uD0 p k(ai j kv);

P3 := Q3 +
X

i+j+k<s

X
p<k

(�1)pDi j k�p�1uD0 0 p(ai j kv);

¨

Q1 :=
l�1X
i=0

(�1)i+m+nDl�i�1 0 0uDimnv; Q2 :=
m�1X
i=0

(�1)i+nDl m�i�1 0uD0 i nv;

Q3 :=
n�1X
i=0

(�1)iDl m n�i�1uD0 0 iv:

�®ª § â¥«ìáâ¢®. �­ ç «  ¯®ª ¦¥¬, çâ® ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

vDl m nu� (�1)l+m+nuDlmnv =
3X

i=1

DxiQi: (3.1)

� áá¬®âà¨¬ ¡¨«¨­¥©­ãî ä®à¬ã

�(u; v) :=
X

j�j=j�j

D�1 �2 �3uD�1 �2 �3v;

£¤¥ áã¬¬  ª®­¥ç­ . �§ ¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥

D�1 �2 �3uD�1 �2 �3v  ! ��1
1
��2
2
��3
3
�
�1
1 �

�2
2 �

�3
3 (3.2)

ãáâ ­ ¢«¨¢ ¥â â ª¦¥ ¢§ ¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ä®à¬®© �(u; v) ¨ ¬­®£®ç«¥­®¬

F (�; �) :=
X

j�j=j�j

��11 �
�2
2 ��33 �

�1
1 �

�2
2 �

�3
3 :

�¥¯¥àì, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® (3.2) ¯¥à¥¢®¤¨â

Dx1(D
�1 �2 �3uD�1 �2 �3v) = D�1+1�2 �3uD�1 �2 �3v +D�1 �2 �3uD�1+1�2 �3v

¢

��1+1
1

��2
2
��3
3
�
�1
1 �

�2
2 �

�3
3 + ��1

1
��2
2
��3
3
�
�1+1
1 �

�2
2 �

�3
3 = (�1 + �1)��11 ��2

2
��3
3
�
�1
1 �

�2
2 �

�3
3 ;

§ ª«îç ¥¬, çâ® �(u; v) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ä®à¬¥ ¤¨¢¥à£¥­æ¨¨, ¥á«¨ â®«ìª® ¬­®£®ç«¥­ F (�; �)
¤®¯ãáª ¥â ¯à¥¤áâ ¢«¥­¨¥

F (�; �) =
3X

k=1

(�k + �k)Fk(�; �):

� íâ®¬ á«ãç ¥

�(u; v) =
3X

k=1

Dxk [�k(u; v)];

£¤¥ á¢ï§ì ¡¨«¨­¥©­®© ä®à¬ë �k(u; v) ¨ ¬­®£®ç«¥­  Fk(�; �) ãç¨âë¢ ¥â ¢ëè¥ã¯®¬ï­ãâ®¥ á®®â-
¢¥âáâ¢¨¥.
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� «¥¥, ¯à®áâë¬ ¢ëç¨á«¥­¨¥¬ ¨¬¥¥¬

�l1�
m
2 �

n
3 � (�1)

l+m+n�l1�
m
2 �

n
3 = (�1 + �1)

l�1X
i=0

(�1)i+m+n�l�i�11 �i1�
m
2 �

n
3 +

+ (�2 + �2)
m�1X
i=0

(�1)i+n�l
1
�m�i�1
2

�i
2
�n
3
+ (�3 + �3)

n�1X
i=0

(�1)i�l
1
�m
2
�n�i�1
3

�i
3
;

®âªã¤  ¨áâ¨­­®áâì (3.1) ®ç¥¢¨¤­ .
�à¨¬¥­ïï (3.1) ¤«ï ¬« ¤è¨å ç«¥­®¢ ai j kvDi j ku � (�1)i+j+kuDi j k(ai j kv) ¨ áã¬¬¨àãï ¨å ¯®

i, j, k, ¢¨¤¨¬, çâ® «¥¬¬  2.1 ¤®ª § ­ .

�á¯®«ì§ãï íâã «¥¬¬ã, ¤«ï x01 � y1 � x1; x
0
2 � y2 � x2; x

0
3 � y3 � x3 ¯®«ãç¨¬ à ¢¥­áâ¢®

Z x

x0
(vLu� uL�v)dy =

Z x2

x0
2

Z x3

x0
3

P1

���y1=x1
y1=x

0

1

dy2dy3 +

+
Z x1

x0
1

Z x3

x0
3

P2

���y2=x2
y2=x

0

2

dy1dy3 +
Z x1

x0
1

Z x2

x0
2

P3

���y3=x3
y3=x

0

3

dy1dy2: (3.3)

�ãáâì

L100 := Dl 0 0 +
X
i<l

aimnDi 0 0; L010 := D0m 0 +
X
j<m

al j nD0 j 0;

L001 := D0 0n +
X
k<n

almkD0 0 k

¨ L�100, L
�
010, L

�
001 | á®®â¢¥âáâ¢ãîé¨¥ á®¯àï¦¥­­ë¥ ®¯¥à â®àë. �à¥¤¯®«®¦¨¬, çâ® äã­ªæ¨¨

!100 := !100(x1; y), !010 := !010(x2; y), !001 := !001(x3; y) ï¢«ïîâáï á®®â¢¥âáâ¢ãîé¨¬¨ à¥è¥­¨ï¬¨
á«¥¤ãîé¨å § ¤ ç �®è¨:

L�
100

��
x2=y2; x3=y3

!100 = 0;
�
d

dx1

�i

!100
��
x1=y1

= �l�1 i; i = 0; 1; : : : ; l � 1;

L�010
��
x1=y1; x3=y3

!010 = 0;
�
d

dx2

�j

!010
��
x2=y2

= �m�1 j ; j = 0; 1; : : : ;m� 1; (3.4)

L�001
��
x1=y1; x2=y2

!001 = 0;
�
d

dx3

�k

!001
��
x3=y3

= �n�1 k; k = 0; 1; : : : ; n� 1;

£¤¥

�i j =

(
1; i = j;

0; i 6= j;

| á¨¬¢®« �à®­¥ª¥à .
�ãáâì â ª¦¥

L011 := D0mn +
X

j+k<m+n

al j kD0 j k; L101 := Dl 0n +
X

i+k<l+n

aim kDi 0 k;

L110 := Dlm 0 +
X

i+j<l+m

ai j nDi j 0
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¨ L�011, L
�
101, L

�
110 | á®®â¢¥âáâ¢ãîé¨¥ á®¯àï¦¥­­ë¥ ®¯¥à â®àë,   äã­ªæ¨¨ �011 := �011(x2; x3; y),

�101 := �101(x1; x3; y), �110 := �110(x1; x2; y) | à¥è¥­¨ï á«¥¤ãîé¨å § ¤ ç �ãàá :

L�
011

��
x1=y1

�011 = 0; Dj
x2
�011

��
x2=y2

= �m�1 j !001; Dk
x3
�011

��
x3=y3

= �n�1 k !010;

L�
101

��
x2=y2

�101 = 0; Di
x1
�101

��
x1=y1

= �l�1 i !001; Dk
x3
�101

��
x3=y3

= �n�1 k !100;

L�
110

��
x3=y3

�110 = 0; Di
x1
�110

��
x1=y1

= �l�1 i !010; Dj
x2
�110

��
x2=y2

= �m�1 j !100;

i = 0; 1; : : : ; l � 1; j = 0; 1; : : : ;m� 1; k = 0; 1; : : : ; n� 1:

(3.5)

�®¯à®á à §à¥è¨¬®áâ¨ ¤¢ã¬¥à­®© § ¤ ç¨ �ãàá  ¢ëá®ª®£® ¯®àï¤ª  «¥£ª® á¢®¤¨âáï ª à §à¥è¨¬®-
áâ¨ § ¤ ç¨ (2.1), (2.2).

�¯à¥¤¥«¥­¨¥. �¯à¥¤¥«¨¬ äã­ªæ¨î �¨¬ ­  v := v(x; y) ¤«ï ãà ¢­¥­¨ï (2.1) ª ª à¥è¥­¨¥
á«¥¤ãîé¥© § ¤ ç¨ �ãàá :

L�v = 0; (3.6)

Di
x1
v
��
x1=y1

= �l�1 i �011; Dj
x2
v
��
x2=y2

= �m�1 j �101; Dk
x3
v
��
x3=y3

= �n�1 k �110; (3.7)

i = 0; 1; : : : ; l � 1; j = 0; 1; : : : ;m� 1; k = 0; 1; : : : ; n� 1:

�ãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì íâ®© äã­ªæ¨¨ �¨¬ ­  á«¥¤ãîâ ¨§ íª¢¨¢ «¥­â­®áâ¨ § ¤ ç (2.1),
(2.2) ¨ (3.6), (3.7).

� ¬¥ç ­¨¥ 3.1. � ª ª ª à¥è¥­¨ï �ijk, i; j; k = 0; 1, i + j + k = 2, § ¤ ç �ãàá  ï¢«ïîâáï
£« ¤ª¨¬¨ äã­ªæ¨ï¬¨, â. ¥. �110 2 C lm; lmn, �011 2 Cmn; lmn, �101 2 C l n; lmn,   â ª¦¥ ¯à¨­¨¬ ï ¢®
¢­¨¬ ­¨¥ § ¬¥ç ­¨¥ 2.1, ¤«ï äã­ªæ¨¨ �¨¬ ­  ¨¬¥¥¬ v 2 C lmn; lmn.

�¥à¥¯¨è¥¬ ¯®¤¨­â¥£à «ì­ë¥ ¢ëà ¦¥­¨ï ¯à ¢®© ç áâ¨ (3.3). �¥£ª® ¢¨¤¥âì, çâ® á®£« á­® (2.2)

P1
��
y1=x

0

1

=
l�1X
i=0

(�1)i+m+n'l�i�1
011 Dimnv

��
y1=x

0

1

+
X

i+j+k<s

X
p<i

(�1)p+j+k'i�p�1
011 Dp j k(ai j kv)

��
y1=x

0

1

;

P2
��
y2=x

0

2

=
m�1X
i=0

(�1)i+nDl 0 0'm�i�1
101

D0 i nv
��
y2=x

0

2

+
X

i+j+k<s

X
p<j

(�1)p+kDi 0 0'j�p�1
101 D0 p k(ai j kv)

��
y2=x

0

2

;

P3
��
y3=x

0

3

=
n�1X
i=0

(�1)iDlm 0'n�i�1
110 D0 0 iv

��
y3=x

0

3

+
X

i+j+k<s

X
p<k

(�1)pDi j 0'
k�p�1
110 D0 0 p(ai j kv)

��
y3=x

0

3

:

�à®¬¥ â®£®, ¯à¥¤¯®« £ ï, çâ® v(x; y) ï¢«ï¥âáï äã­ªæ¨¥© �¨¬ ­ , á®£« á­® (3.7) ¨¬¥¥¬

P1
��
y1=x1

= (�1)l+m+n�1u
��
y1=x1

D0mn�011 +
X

j+k<m+n

(�1)l�1+j+ku
��
y1=x1

D0 j k
�
al j k

��
y1=x1

�011
�
=

= (�1)l�1u
��
y1=x1

L�
011

��
y1=x1

�011 = 0:

�­ «®£¨ç­® ¯®«ãç¨¬

P2
��
y2=x2

= (�1)m�1
�
(�1)nDl 0 0u

��
y2=x2

D0 0n�101 +

+
X

i+k<l+n

(�1)kDi 0 0u
��
y2=x2

D0 0 k
�
aimk

��
y2=x2

�101
��
;

P3
��
y3=x3

= (�1)n�1
�
Dlm 0u

��
y3=x3

�110 +
X

i+j<l+m

Di j 0u
��
y3=x3

ai j n
��
y3=x3

�110

�
:
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�¥¬¬  3.2. �«ï «î¡ëå äã­ªæ¨© u; v 2 Cm, m 2 N, ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

vDmu = (�1)muDmv +D

�m�1X
i=0

(�1)iDm�i�1uDiv

�
:

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬, çâ® «¥¬¬  3.2 á¯à ¢¥¤«¨¢  ¤«ïm 2 N, ¨ ¯®ª ¦¥¬ ¥¥ á¯à -
¢¥¤«¨¢®áâì ¤«ï m+ 1. �¥©áâ¢¨â¥«ì­®, â. ª.

vDm+1u = (�1)mDuDmv +D

�m�1X
i=0

(�1)iDm�iuDiv

�
= (�1)mDuDmv +

+D

� mX
i=0

(�1)iDm�iuDiv � (�1)muDmv

�
= (�1)mDuDmv +D

� mX
i=0

(�1)iDm�iuDiv

�
�

� (�1)mDuDmv � (�1)muDm+1v = (�1)m+1uDm+1v +D

� mX
i=0

(�1)iDm�iuDiv

�

¨ vDu = �uDv +D(uv) ¤«ï m = 1, â® á¯à ¢¥¤«¨¢®áâì «¥¬¬ë 3.2 ®ç¥¢¨¤­ .

� ¨á¯®«ì§®¢ ­¨¥¬ íâ®© «¥¬¬ë ¨ ä®à¬ã«ë �ìîâ®­ {�¥©¡­¨æ  ­ å®¤¨¬

I101(x) :=
Z x1

x0
1

Z x3

x0
3

P2
��
y2=x2

dy1dy3 = (�1)m�1
Z x1

x0
1

Z x3

x0
3

�
(�1)n+lu

��
y2=x2

Dl 0n�101 +

+D1 0 0

� l�1X
p=0

(�1)n+pDl�p�1 0 0u
��
y2=x2

Dp 0n�101

�
+

X
i+k<l+n

(�1)k+iu
��
y2=x2

Di 0 k
�
aim k

��
y2=x2

�101
�
+

+D1 0 0

� i�1X
p=0

(�1)k+pDi�p�1 0 0u
��
y2=x2

Dp 0 k
�
aim k

��
y2=x2

�101
���

dy1dy3 =

= (�1)m�1
Z x3

x0
3

� l�1X
p=0

(�1)n+pDl�p�1 0 0u
��
y2=x2

Dp 0n�101 +

+
X

i+k<l+n

X
p<i

(�1)n+p+kDi�p�1 0 0u
��
y2=x2

Dp 0 k
�
aim k

��
y2=x2

�101
�����x1

x0
1

dy3 +

+ (�1)m�1
Z x1

x0
1

Z x3

x0
3

u
��
y2=x2

L�101
��
y2=x2

�101dy1dy3:

�®íâ®¬ã ¢ á¨«ã (2.2), (3.4) ¨ (3.5) ¨¬¥¥¬

I101(x) = (�1)m�1
Z x3

x0
3

�
(�1)l�1u

��
y1=x1; y2=x2

L�
001

��
y1=x1; y2=x2

!001 �

�
l�1X
p=0

(�1)n+p'l�p�1
011

��
y2=x2

Dp 0n�101
��
y1=x

0

1

�

�
X

i+k<l+n

X
p<i

(�1)k+p'i�p�1
011

��
y2=x2

Dp 0 k
�
aimk

��
y2=x2

�101
���
y1=x

0

1

�
dy3 =

= (�1)m
Z x3

x0
3

� l�1X
p=0

(�1)n+p'l�p�1
011

��
y2=x2

Dp 0n�101
��
y1=x

0

1

+

+
X

i+k<l+n

X
p<i

(�1)k+p'i�p�1
011

��
y2=x2

Dp 0 k
�
aimk

��
y2=x2

�101
���
y1=x

0

1

�
dy3:
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�®£« á­® «¥¬¬¥ 3.2 ¨ ¨á¯®«ì§®¢ ­­ë¬ ¢ëè¥ ¯à®æ¥¤ãà ¬ ¯®«ãç¨¬

I110(x) :=
Z x1

x0
1

Z x2

x0
2

P3
��
y3=x3

dy1dy2 = I1(x) + I2(x) + I3(x);

£¤¥ I1(x) := I0(x)� I0(x1; x02; x3)� I0(x
0
1; x2; x3) + I0(x01; x

0
2; x3),

I0(y1; y2; x3) := (�1)n�1
� l�1X

p=0

m�1X
q=0

(�1)p+qDl�p�1m�q�1 0u
��
y3=x3

Dp q 0�110 +

+
X

i+j<l+m

X
p<i

X
q<j

(�1)p+qDi�p�1 j�q�1 0u
��
y3=x3

Dp q 0
�
ai j n

��
y3=x3

�110
��

¨

I2(x) := (�1)n�1
Z x2

x0
2

� l�1X
p=0

(�1)p+mDl�p�1 0 0u
��
y3=x3

Dpm 0�110 +

+
X

i+j<l+m

X
p<i

(�1)p+jDi�p�1 0 0u
��
y3=x3

Dp j 0
�
ai j n

��
y3=x3

�110
�����x1

x0
1

dy2;

I3(x) := (�1)n�1
Z x1

x0
1

Z x2

x0
2

�
(�1)lD0m 0u

��
y3=x3

Dl 0 0�110 +

+
X

i+j<l+m

(�1)iD0 j 0u
��
y3=x3

Di 0 0
�
ai j n

��
y3=x3

�110
��
dy1dy2:

�¥¯¥àì, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (3.5) ¨ ¯¥à¢®¥ ¨§ ãá«®¢¨© (3.4), ­ å®¤¨¬

I0(x) = (�1)n+m
� l�1X

p=0

(�1)pDl�p�1 0 0u
��
y2=x2; y3=x3

Dp 0 0!100 +

+
X
i<l

X
p<i

(�1)pDi�p�1 0 0u
��
y2=x2; y3=x3

Dp 0 0
�
aimn

��
y2=x2; y3=x3

!100
������

y1=x1

= (�1)s�1u
��
y=x

:

�­ «®£¨ç­®

I0(x1; x
0

2; x3) = (�1)l+n
�m�1X

q=0

(�1)q'm�q�1
101 (x1; x3)D

0 q 0!010
��
y2=x

0

2

+

+
X
j<m

X
q<j

(�1)q'j�q�1
101 (x1; x3)D

0 q 0
�
al j n

��
y1=x1; y3=x3

!010
���
y2=x

0

2

�
;

I0(x
0

1; x2; x3) = (�1)m+n

� l�1X
p=0

(�1)p'l�p�1
011 (x2; x3)D

p 0 0!100
��
y1=x

0

1

+

+
X
i<l

X
p<i

(�1)p'i�p�1
011 (x2; x3)D

p 0 0
�
aimn

��
y2=x2; y3=x3

!100
���
y1=x

0

1

�

¨

I0(x
0

1; x
0

2; x3) = (�1)n�1
� l�1X

p=0

�m�1X
q=0

(�1)p+qD0m�q�1 0'
l�p�1
011 (x2; x3)D

p q 0�110

�
+

+
X

i+j<l+m

X
p<i

X
q<j

(�1)p+qD0 j�q�1 0'
i�p�1
011 (x2; x3)D

p q 0
�
ai j n

��
y3=x3

�100
�����

y1=x
0

1
; y2=x

0

2

:
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�¥¬ ¦¥ á ¬ë¬ ¬¥â®¤®¬ ¢ëç¨á«¥­¨© ¡ã¤¥¬ ¨¬¥âì

I2(x) = (�1)n
Z x2

x0
2

� l�1X
p=0

(�1)m+p'
l�p�1
011 (y2; x3)D

pm 0�110 +

+
X

i+j<l+m

X
p<i

(�1)j+p'i�p�1
011 (y2; x3)D

p j 0
�
ai j n

��
y3=x3

�110
�����

y1=x
0

1

dy2

¨

I3(x) = (�1)n�1
Z x1

x0
1

Z x2

x0
2

�
(�1)l+mu

��
y3=x3

Dlm 0�110 +

+D0 1 0

�m�1X
p=0

(�1)l+pD0m�p�1 0u
��
y3=x3

Dl p 0�110

�
+

+
X

i+j<l+m

(�1)i+ju
��
y3=x3

Di j 0
�
ai j n

��
y3=x3

�110
�
+

+D0 1 0

�X
p<j

(�1)i+pD0 j�p�1 0u
��
y3=x3

Di p 0
�
ai j n

��
y3=x3

�110
���

dy1dy2 =

= (�1)n�1
Z x1

x0
1

Z x2

x0
2

u
��
y3=x3

L�110
��
y3=x3

�110dy1dy2 +

+ (�1)n�1
Z x1

x0
1

�m�1X
p=0

(�1)l+pD0m�p�1 0u
��
y3=x3

Dl p 0�110 +

+
X

i+j<l+m

X
p<j

(�1)i+pD0 j�p�1 0u
��
y3=x3

Di p 0
�
ai j n

��
y3=x3

�110
�����x2

x0
2

dy1 =

= (�1)n+m
Z x1

x0
1

u
��
y2=x2;y3=x3

L�100
��
y2=x2;y3=x3

!100dy1dy3 +

+ (�1)n
Z x1

x0
1

�m�1X
p=0

(�1)l+p'm�p�1
101 (y1; x3)D

l p 0�110 +

+
X

i+j<l+m

X
p<j

(�1)i+p'j�p�1
101 (y1; x3)D

i p 0
�
ai j n

��
y3=x3

�110
�����

y2=x
0

2

dy1 =

= (�1)n
Z x1

x0
1

�m�1X
p=0

(�1)l+p'm�p�1
101 (y1; x3)Dl p 0�110 +

+
X

i+j<l+m

X
p<j

(�1)i+p'j�p�1
101 (y1; x3)Di p 0

�
ai j n

��
y3=x3

�110
�����

y2=x
0

2

dy1:

� ª®­¥æ, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ¢ëà ¦¥­¨ï ¤«ï I101 ¨ I110; ¨§ (3.3) ¯®«ãç¨¬ ¨­â¥£à «ì­®¥
¯à¥¤áâ ¢«¥­¨¥ à¥è¥­¨ï § ¤ ç¨ �ãàá  (2.1), (2.2) ¢ ¢¨¤¥

(�1)su(x) = I101(x)� I0(x1; x02; x3)� I0(x
0

1
; x2; x3) + I0(x01; x

0

2
; x3) +

+ I2(x) + I3(x)�
Z x2

x0
2

Z x3

x0
3

P1
��
y1=x

0

1

dy2dy3 �

�

Z x1

x0
1

Z x3

x0
3

P2
��
y2=x

0

2

dy1dy3 �

Z x1

x0
1

Z x2

x0
2

P3
��
y3=x

0

3

dy1dy2 �

Z x

x0
v(y;x)f(y)dy: (3.8)

� ¢¥­áâ¢® (3.8) ãá¯¥è­® ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­® ¢ ¨§ãç¥­¨¨ è¨à®ª®£® ª« áá  «®ª «ì­ëå
¨ ­¥«®ª «ì­ëå £à ­¨ç­ëå § ¤ ç ¤«ï ãà ¢­¥­¨ï (2.1). � ¯à¨¬¥à, ¤«ï ãà ¢­¥­¨ï (2.1) ¯à¨ l � 2
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à áá¬®âà¨¬ ­ ç «ì­®-ªà ¥¢ãî § ¤ çã

Di 0 0u
��
x1=0

= 'i
011
; u

��
x1=x

0

1

=  ; D0 j 0u
��
x2=0

= 'j
101; D0 0 ku

��
x3=0

= 'k
110
; (3.9)

i = 0; 1; : : : ; l � 2; j = 0; 1; : : : ;m� 1; k = 0; 1; : : : ; n� 1:

�ãâ¥¬ ¢¢¥¤¥­¨ï ­¥¨§¢¥áâ­®© äã­ªæ¨¨ � := Dl�1 0 0u
��
x1=0

¨ ¨á¯®«ì§®¢ ­¨ï ¨­â¥£à «ì­®£® ¯à¥¤áâ -
¢«¥­¨ï (3.8), § ¤ ç  (2.1), (3.9) íª¢¨¢ «¥­â­® á¢®¤¨âáï ª á«¥¤ãîé¥¬ã ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î
�®«ìâ¥àà  âà¥âì¥£® à®¤ :

!100(0;x01; x2; x3)�(x2; x3) +
Z x2

0

K2(0; y2; x3;x01; x2; x3)�(y2; x3)dy2 +

+
Z x3

0

K3(0; x2; y3;x01; x2; x3)�(x2; y3)dy3 +

+
Z x2

0

Z x3

0

K23(0; y2; y3;x
0

1; x2; x3)�(y2; y3)dy2dy3 = �(x2; x3); (3.10)

£¤¥ K2, K3, K23 ¨ � | ¨§¢¥áâ­ë¥ äã­ªæ¨¨,   !100 | à¥è¥­¨¥ ¯¥à¢®© § ¤ ç¨ �®è¨ ¢ (3.4). � ª
¨§¢¥áâ­®, ¥á«¨

!100(0;x
0

1; x2; x3) 6= 0 (3.11)

¢áî¤ã, â® (3.10) á¢®¤¨âáï ª ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î �®«ìâ¥àà  ¢â®à®£® à®¤ , ¢ á¨«ã ª®â®à®£®
¨§ãç ¥¬ ï § ¤ ç  ¡¥§ãá«®¢­® à §à¥è¨¬ . �¥ª®â®àë¥ ¤®áâ â®ç­ë¥ ãá«®¢¨ï ¢ë¯®«­¨¬®áâ¨ (3.11)
¯®«ãç¥­ë ¢ à ¡®â å [7], [15], [12].

�¨â¥à âãà 

1. H�ormander L. Linear partial di�erential operators. { Berlin{G�ottingen{Heidelberg: Springer-
Verlag, 1963. { 285 S.

2. Bailey N.T.J. The mathematical approach to biology and medicine. { New York: Wiley, 1967. {
296 p.

3. Bullough R.K., Caudrey P.J. (Eds.) Solitons (Springer Topics in Current Physics, V. 17). { Berlin{
Heidelberg{New York: Springer-Verlag, 1980. { 389 p.

4. Showalter R.E. Hilbert space methods for partial di�erential equations // Electron. J. Di�. Eqns.,
Monograph 01, 1994.

5. Coleman B.D., Du�n R.J., Mizel V.J. Instability, uniqueness, and nonexistence theorems for the

equation ut = uxx � uxtx on a strip // Arch. Rat. Mech. Anal. { 1965. { V. 19. { P. 100{116.
6. � åãè¥¢ A.M. �à ¢­¥­¨ï ¬ â¥¬ â¨ç¥áª®© ¡¨®«®£¨¨. { �.: �ëáè. èª®« , 1995. { 301 á.
7. �®«¤ â®¢ A.�., �å ­ãª®¢ M.�. �à ¥¢ë¥ § ¤ ç¨ á ®¡é¨¬ ­¥«®ª «ì­ë¬ ãá«®¢¨¥¬ �.�.� -

¬ àáª®£® ¤«ï ¯á¥¢¤®¯ à ¡®«¨ç¥áª¨å ãà ¢­¥­¨© ¢ëá®ª®£® ¯®àï¤ª  // ��� ����. { 1987. {
�. 297. { ò3. { �. 547{552.

8. �¥£ «®¢ �.�., �¨à®­®¢ �.�. �¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï á ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨. {
� § ­ì: � § ­áª. ¬ â¥¬. ®-¢®, 2001. { 226 á.

9. Di Vincenzo R., Villani A. Sopra un problema ai limiti per un'equazione lineare del terzo ordine di

tipo iperbolico. Esistenza, unicit�a e rappresentazione della soluzione // Le Matematiche. { 1977.
{ V.XXXII. { P. 211{238.

10. �¦®å ¤§¥ �. �ã­ªæ¨ï �¨¬ ­  ¤«ï £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥­¨© ¨ á¨áâ¥¬ ¢ëá®ª®£® ¯®àï¤ª  á

¤®¬¨­¨à®¢ ­­ë¬¨ ¬« ¤è¨¬¨ ç«¥­ ¬¨ // �¨ää¥à¥­æ. ãà ¢­¥­¨ï. { 2003. { �. 39. { ò 10. {
�. 1366{1378.

11. �¦®å ¤§¥ �. �¡ ¨­¢ à¨ ­â å � ¯« á  ¤«ï ­¥ª®â®àëå ª« áá®¢ «¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëå

ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå // �¨ää¥à¥­æ. ãà ¢­¥­¨ï. { 2004. { �. 40. { ò1. { �. 58{
68.

12. Midodashvili B. A nonlocal problem for fourth order hyperbolic equations with multiple character-

istics // Electron. J. Di�. Eqns. { 2002. { ò85. { P. 1{7.

33



13. David A. The estimation for approximate solution of the initial value problem for the partial

di�erential equation // Acta F. R.N. Univ. Comen. { Mathematica. { 1970. { V.XXIV. { P. 1{18.
14. Durikovic V. Some remarks on the existence of solutions of hyperbolic partial di�erential equations

// Acta F. R.N. Univ. Comen. { Mathematica. { 1970. { V.XXIV. { P. 19{35.
15. Jokhadze O. The �rst mixed problem for pseudoparabolic equations on a plane // Bulletin of the

Academy of sciences of Georgia. { 1996. { V. 154. { ò 2. { P. 177{180.

�­áâ¨âãâ ¬ â¥¬ â¨ª¨ ¨¬. �.�.� §¬ ¤§¥ �®áâã¯¨« 

 ª ¤¥¬¨¨ ­ ãª �àã§¨¨ 12.07.2004

�àã§¨­áª¨© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â

34


