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� ¤ ç¨ � à¡ã ­  ¯«®áª®áâ¨ ¤«ï «¨­¥©­ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥­¨© å®à®è® ¨§ãç¥­ë [1],
[2]. �­®£®¬¥à­ë¥  ­ «®£¨ íâ¨å § ¤ ç ¤«ï ¢®«­®¢®£® ãà ¢­¥­¨ï ¯à¥¤«®¦¥­ë ¢ [3]. �§-§  ®âáãâ-
áâ¢¨ï íää¥ªâ¨¢­ëå ¬¥â®¤®¢ ¨áá«¥¤®¢ ­¨ï § ¤ ç � à¡ã{�à®ââ¥à  ¤«ï ¬­®£®¬¥à­ëå £¨¯¥à¡®«¨-
ç¥áª¨å ãà ¢­¥­¨© âà¥¡ã¥âáï ¨å ¤®¯®«­¨â¥«ì­®¥ ¨§ãç¥­¨¥. � íâ®¬ ­ ¯à ¢«¥­¨¨ ¬ «® à ¡®â (á¬.
[4]). � ¨á¯®«ì§®¢ ­¨¥¬ ¨§«®¦¥­­®£® ¢ [4] ¬¥â®¤  ¢ ¤ ­­®© à ¡®â¥ ¨áá«¥¤®¢ ­ë ¢§ ¨¬­® á®¯àï-
¦¥­­ë¥ § ¤ ç¨ � à¡ã{�à®ââ¥à  ¤«ï ¢ëà®¦¤ îé¨åáï ¬­®£®¬¥à­ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢­¥-
­¨©.

1. �®áâ ­®¢ª¨ § ¤ ç ¨ ®á­®¢­ë¥ à¥§ã«ìâ âë. �ãáâì D" | ª®­¥ç­ ï ®¡« áâì ¥¢ª«¨¤®¢ 

¯à®áâà ­áâ¢  Em+1 â®ç¥ª (x1; : : : ; xm; t), ®£à ­¨ç¥­­ ï ¯®¢¥àå­®áâï¬¨ jxj =
tR
0

p
g(�)d� + ", jxj =

1 �
tR
0

p
g(�)d� ¨ ¯«®áª®áâìî t = 0, 0 � t � t0; t0 : 1�"

2
=

tR
0

p
g(�)d�, £¤¥ jxj | ¤«¨­  ¢¥ªâ®à 

x = (x1; : : : ; xm),   0 � " < 1.
� áâ¨ íâ¨å ¯®¢¥àå­®áâ¥©, ®¡à §ãîé¨å £à ­¨æã @D" ®¡« áâ¨ D", ®¡®§­ ç¨¬ ç¥à¥§ S", S1 ¨ S

á®®â¢¥âáâ¢¥­­®.
� ®¡« áâ¨ D" à áá¬®âà¨¬ ¢§ ¨¬­® á®¯àï¦¥­­ë¥ ¢ëà®¦¤ îé¨¥áï ¬­®£®¬¥à­ë¥ £¨¯¥à¡®«¨-

ç¥áª¨¥ ãà ¢­¥­¨ï

g(t)�xu� utt +
mX
i=1

ai(x; t)uxi + b(x; t)ut + c(x; t)u = 0; (1)

g(t)�xv � vtt �
mX
i=1

aivxi � bvt + dv = 0; (1�)

£¤¥ g(t) > 0 ¯à¨ t > 0 ¨ g(0) = 0, g(t) 2 C([0; t0]) \ C2((0; t0)), d(x; t) = c �
mP
i=1

aixi � bt, �x |

®¯¥à â®à � ¯« á  ¯® ¯¥à¥¬¥­­ë¬ x1; : : : ; xm, m � 2.
�à ¢­¥­¨ï (1) ¢áâà¥ç îâáï ¯à¨ ¬ â¥¬ â¨ç¥áª®¬ ¬®¤¥«¨à®¢ ­¨¨ ¯à®æ¥áá®¢ ¢§àë¢  £®à­ëå

¯®à®¤ [5], [6].
�áá«¥¤ãîâáï

� ¤ ç  1. � ©â¨ ¢ ®¡« áâ¨ D" à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¨§ ª« áá  C1(D") \C2(D"), ã¤®¢«¥â¢®-
àïîé¥¥ ªà ¥¢ë¬ ãá«®¢¨ï¬

ujS = �(x); ujS" = �"(x) (2)

¨«¨

utjS = �(x); ujS" = �"(x): (3)
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� ¤ ç  2. � ©â¨ ¢ ®¡« áâ¨ D" à¥è¥­¨¥ ãà ¢­¥­¨ï (1�) ¨§ ª« áá  C1(D")\C2(D"), ã¤®¢«¥â¢®-
àïîé¥¥ ªà ¥¢ë¬ ãá«®¢¨ï¬

vjS = �(x); vjS1 = �1(x) (4)

¨«¨

vtjS = �(x); vjS1 = �1(x): (5)

� ¤ «ì­¥©è¥¬ ¯¥à¥©¤¥¬ ®â ¤¥ª àâ®¢ëå ª®®à¤¨­ â x1; : : : ; xm, t ª áä¥à¨ç¥áª¨¬ r, �1; : : : ; �m�1,
t, á®åà ­¨¢ ®¡®§­ ç¥­¨ï ¨§ [4], [7].

�ãáâì 
" | ¯à®¥ªæ¨ï ®¡« áâ¨ D" ­  ¯«®áª®áâ¨ (r; t) á £à ­¨æ ¬¨ �" : r =
tR
0

p
g(�)d� + ",

�1 : r = 1�
tR
0

p
g(�)d� ¨ � : t = 0, " � r � 1.

�ãáâì ¤ «¥¥ fY k
n;m(�)g | á¨áâ¥¬  «¨­¥©­® ­¥§ ¢¨á¨¬ëå áä¥à¨ç¥áª¨å äã­ªæ¨© ¯®àï¤ª  n,

1 � k � kn, (m � 2)!n!kn = (n +m � 3)!(2n +m � 2), � = (�1; : : : ; �m�1), W l
2(D"), l = 0; 1; : : : , |

¯à®áâà ­áâ¢  �®¡®«¥¢ ,   eS = f(r; �) 2 S, " < r < (1 + ")=2g. �¢¥¤¥¬ ¬­®¦¥áâ¢® äã­ªæ¨©

Bl
1(S) =

�
f(r; 0) : f 2W l

2(S);

1X
n=0

knX
k=1

(kfkn(r)k2C3((";1)) + kfkn(r)k2C1([";1])) exp 2(n
2 + n(m� 2)) <1; l � m� 1

�
:

�á«¨ ai(x; t); b(x; t); c(x; t) 2W l
2(D"), i = 1; : : : ;m, l � m+ 1, â® ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  1. 1) �ãáâì " = 0 ¨ �(r; �) = r3��(r; �), �(r; �) = r3��(r; �),

�0(r; �) = r2��0(r; �); ��(r; �); ��(r; �) 2 Bl
1(S); ��0(r; �) 2 Bl

1( eS):
�®£¤  § ¤ ç  1 ¨¬¥¥â ¡¥áç¨á«¥­­®¥ ¬­®¦¥áâ¢® à¥è¥­¨©.

2) �á«¨ " > 0 ¨ �(r; �); �(r; �) 2 Bl
1(S), �"(r; �) 2 Bl

1( eS), â® § ¤ ç  1 ®¤­®§­ ç­® à §à¥è¨¬ .
�¥®à¥¬  2. 1) �ãáâì " = 0 ¨ �(r; �) = r4��(r; �), �(r; �) = r4��(r; �), �1(r; �) =�

r � 1
2

�(m+5)=2
��1(r; �), �

�(r; �); ��(r; �) 2W l
2(S), �

�

1(r; �) 2W l
1(S n eS), l > (6 + 3m)=2.

2) �ãáâì " > 0 ¨ �(r; �); �(r; �) 2 Bl
1(S), �1(r; �) 2 Bl

1(S n eS). �®£¤  § ¤ ç  2 ¨¬¥¥â ¥¤¨­áâ¢¥­-

­®¥ à¥è¥­¨¥.

�à¨ g(t) = tp, p = const � 0, íâ¨ â¥®à¥¬ë ãáâ ­®¢«¥­ë ¢ [4], [7], [8].
�¥à¥§ eakin(r; t), bakin(r; t), ebkn(r; t), eckn(r; t), edkn(r; t), �kn, �kn(r), vkn(r), �k"n(r), �k1n(r) ®¡®§­ ç¨¬ ª®-

íää¨æ¨¥­âë à §«®¦¥­¨ï àï¤®¢ ¯® áä¥à¨ç¥áª¨¬ äã­ªæ¨ï¬ Y k
n;m(�) á®®â¢¥âáâ¢¥­­® äã­ªæ¨©

ai(r; �; t)�(�), ai xir �, b(r; �; t)�, c(r; �; t)�, d(r; �; t)�, �(�), �(r; �), v(r; �), �"(r; �), �1(r; �), i = 1; : : : ;m.

2. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1. �ãáâì " � 0. �«ï § ¤ ç¨ 1 ¢ [9], [10] ¯®«ãç¥­ á«¥¤ãîé¨©
ªà¨â¥à¨© ¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï: à¥è¥­¨¥ ®¤­®à®¤­®© § ¤ ç¨ 1 u(x; t) � 0, " > 0.

�¥¯¥àì ¯®ª ¦¥¬ à §à¥è¨¬®áâì § ¤ ç¨ 1. �¥ à¥è¥­¨¥ ¢ áä¥à¨ç¥áª¨å ª®®à¤¨­ â å ¡ã¤¥¬ ¨á-
ª âì ¢ ¢¨¤¥ àï¤ 

u(r; �; t) =
1X
n=0

knX
k=1

ukn(r; t)Y
k
n;m(�); (6)
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£¤¥ ukn(r; t) | äã­ªæ¨¨, ª®â®àë¥ ¡ã¤ãâ ®¯à¥¤¥«¥­ë ­¨¦¥. �®£¤ , ª ª ¨ ¢ [4], [7], ¤«ï ukn ¯®«ãç¨¬
àï¤

g(t)�10u
1
0rr � �10u

1
0tt +

�
m� 1
r

g(t)�10 +
mX
i=1

ba1i0
�
u10r + eb10u10t + ec10u10 +

+
1X
n=1

knX
k=1

�
�kng(t)u

k
nrr � �knu

k
ntt +

�
m� 1
r

�kng(t) +
mX
i=1

ba1in
�
uknr + ebknuknt +

+
�eckn � �n

�kn
r2
g(t) +

mX
i=1

(eakin � nbakin)
�
ukn

�
= 0; �n = n(n+m� 2): (7)

�¥¯¥àì à áá¬®âà¨¬ ¡¥áª®­¥ç­ãî á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

g(t)�10u
1
0rr � �10u

1
0tt +

m� 1
r

g(t)�10u
1
0r = 0; (8)

�k1g(t)u
k
1rr � �k1u

k
1tt +

m� 1
r

�k1g(t)u
k
1r �

�1
r2
�k1g(t)u

k
1 =

= � 1
k1

� mX
i=1

ba1i0u10r + eb10u10t + ec10u10
�
; n = 1; k = 1; k1; (9)

�kng(t)u
k
nrr � �knu

k
ntt +

m� 1
r

�kng(t)u
k
nr �

�1
r2
�kng(t)u

k
n =

= � 1
kn

kn�1X
k=1

� mX
i=1

ba1in�1u1n�1r + eb1n�1u1n�1t +
�ec1n�1 + mX

i=1

(ba1in�2 � (n� 1)ea1in�1)
�
u1in�1

�
; (10)

k = 1; k1, n = 2; 3; : : :
�¥âàã¤­® ¯®ª § âì, çâ® ¥á«¨ fukng, k = 1; kn, n = 0; 1; : : : , | à¥è¥­¨¥ á¨áâ¥¬ë (8){(10), â®

®­® ï¢«ï¥âáï ¨ à¥è¥­¨¥¬ ãà ¢­¥­¨ï (7).
� «¥¥, ãç¨âë¢ ï ®àâ®£®­ «ì­®áâì áä¥à¨ç¥áª¨å äã­ªæ¨© fY k

n;m(�)g ([11], á. 81), ¨§ ªà ¥¢®£®
ãá«®¢¨ï (2) ¢ á¨«ã (6) ¡ã¤¥¬ ¨¬¥âì

ukn(r; t)j� = �kn(r); ukn(r; t)j�" = �k"n(r); k = 1; kn; n = 1; 2; : : : (11)

� ª¨¬ ®¡à §®¬, § ¤ ç  (1), (2) á¢¥¤¥­  ª á¨áâ¥¬¥ § ¤ ç � à¡ã ¢ ®¡« áâ¨ 
" ¤«ï ãà ¢­¥­¨©
(8){(10).

� ©¤¥¬ à¥è¥­¨ï íâ¨å § ¤ ç. � ¦¤®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (8){(10) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

g(t)uknrr � ukntt +
(m� 1)g(t)

r2
uknr �

�ng(t)
r2

ukn = fkn(r; t); (12)

£¤¥ fkn(r; t) ®¯à¥¤¥«ïîâáï ¨§ ¯à¥¤ë¤ãé¨å ãà ¢­¥­¨© íâ®© á¨áâ¥¬ë, ¯à¨ íâ®¬ f
1
0 (r; t) � 0. �à®¨§¢¥-

¤ï ¢ (12) § ¬¥­ã ¯¥à¥¬¥­­ëå ukn(r; t) = r(1�m)=2vkn(r; t) ¨ ¯®«®¦¨¢ § â¥¬ r = r, y = 3
2

� tR
0

p
g(�)d�

� 2

3

,

¯®«ãç¨¬

yvknrr � vknyy +
�ny

r2
vkn � b(y)vkny = fkn(r; y); (13)

�n =
[(m� 1)(3 �m)� 4�n]

4
; b(y) =

1
2g

�
dg

dy
� g

y

�
; fkn(r; y) = r(m�1)=2

fkn(r; t)
y2

:
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�®« £ ï vkn = wk
n exp

h
� 1

2

yR
0

b(�)d�
i
, ãà ¢­¥­¨¥ (13) ¯à¨¢®¤¨¬ ª ¢¨¤ã

ywk
nrr � wk

nyy +
�ny

r2
wk
n = c(y)wk

n + fkn(r; y); (14)

c(y) = �1
4
(b2 + 2b0y) 2 C (y > 0); efkn(r; y) = fkn(r; y) exp

�
1
2

Z y

0

b(�)d�
�
:

�à ¢­¥­¨¥ (14), ¢ á¢®î ®ç¥à¥¤ì, á ¯®¬®éìî § ¬¥­ë ¯¥à¥¬¥­­ëå r = r, x0 = 2
3
y3=2 ¯à¥®¡à §ã¥¬ ¢

ãà ¢­¥­¨¥

wk
nrr � wk

nx0x0
� 1
3x0

wk
nx0

+
�n
r2
wk
n = gkn(r; x0); (15)

gkn(r; x0) =
�
3x0
2

�� 2

3
� efkn

�
r;

�
3x0
2

� 2

3
�
+ c

��
3
2
x0

� 2

3
�
wk
n

�
r;

�
3x0
2

� 2

3
��
:

�à¨ íâ®¬ ªà ¥¢®¥ ãá«®¢¨¥ (11) § ¯¨è¥âáï ¢ ¢¨¤¥

wk
n(r; 0) = �kn(r); wk

n(r; r � ") = �k"n(r); k = 1; kn; n = 0; 1; : : : ; (16)

�kn(r) = r(m�1)=2�kn(r); �k"n(r) = r(m�1)=2�k"n(r); " � r � 1:

� àï¤ã á ãà ¢­¥­¨¥¬ (15) à áá¬®âà¨¬

L�w
k
�;n � wk

�;nrr � wk
�;nx0x0

� �

x0
wk
�;nx0

+
�n
r2
wk
�;n = gk�;n(r; x0); (17)

L0w
k
0;n � wk

0;nrr � wk
0;nx0x0

+
�n
r2
wk
0;n = gk0;n(r; x0); (18)

gk�;n(r; x0) =
�

x0
1� �

��2�� efkn
�
r;

�
x0

1� �

�1���
+ c

��
x0

1� �

�1���
wk
�;n

�
r;

�
x0

1� �

�1����
;

gk0;n(r; x0) = efkn(r; x0) + c(x0)wk
0;n(r; x0), 0 < � = const < 1.

�à ¢­¥­¨¥ (15) á®¢¯ ¤ ¥â á (17) ¯à¨ � = 1
3
.

� ª ¤®ª § ­® ¢ ([12], á. 17; á¬. â ª¦¥ [4]), áãé¥áâ¢ã¥â á«¥¤ãîé ï äã­ªæ¨®­ «ì­ ï á¢ï§ì
¬¥¦¤ã à¥è¥­¨ï¬¨ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨© (17) ¨ (18).

1. �á«¨ wk;1
0;n(r; x0) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (18), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î

wk;1
0;n(r; 0) = �kn(r);

@

@x0
wk;1
0;n(r; 0) = 0; (19)

â® äã­ªæ¨ï

wk;1
�;n(r; x0) = 
�

Z 1

0

wk;1
0;n(r; �x0)(1� �2)

�

2
�1d� � 2�1�

�
�

2

�
x1��0 D��=2

0x2
0

�
wk;1
0;n(r; x0)
x20

�
(20)

¯à¨ � > 0 ¥áâì à¥è¥­¨¥ ãà ¢­¥­¨ï (17) á ¤ ­­ë¬¨ (19).
2. �á«¨ wk;1

0;n(r; x0) ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï (18), ã¤®¢«¥â¢®àïîé¨¬
ãá«®¢¨ï¬

wk;1
0;n(r; 0) =

vkn(r)
(1� �)(3 � �) � � � (2q + 1� �)

;
@

@x0
wk;1
0;n(r; 0) = 0;
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â® ¯à¨ 0 < � < 1 äã­ªæ¨ï

wk;2
�;n(r; x0) = 
2��+2q

�
1
x0

@

@x0

�q�
x1��+2q

Z 1

0
wk;1
0;n(r; �x0)(1 � �2)q��d�

�
�

� 
2��+2q2
q�1�

�
q � �

2
+ 1

�
D

�

2
�1

0x2
0

�
wk;1
0;n(r; x0)
x0

�
(21)

ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï (17) á ¤ ­­ë¬¨

wk;2
�;n(r; 0) = 0; lim

x0!0
x�0

@

@x0
wk;2
�;n = vkn(r);

£¤¥
p
� �

�
�
2

�

� = 2�

�
�+1
2

�
, �(z) | £ ¬¬ -äã­ªæ¨ï,D�

0t | ®¯¥à â®à �¨¬ ­ {�¨ã¢¨««ï [2],   q � 0
| ­ ¨¬¥­ìè¥¥ æ¥«®¥ ç¨á«®, ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã 2� �+ 2q � m+ 1.

�à¨ íâ®¬ äã­ªæ¨¨ gk�;n(r; x0), g
k
0;n(r; x0) á¢ï§ ­ë ä®à¬ã« ¬¨ (20) ¢ á«ãç ¥ á¢ï§¨ 1 ¨ (21) ¢

á«ãç ¥ á¢ï§¨ 2.
�¥¯¥àì ¡ã¤¥¬ à¥è âì § ¤ çã (17), (16). �¥ à¥è¥­¨¥ ¨é¥¬ ¢ ¢¨¤¥

wk
�;n(r; x0) = wk;1

�;n(r; x0) + wk;2
�;n(r; x0);

£¤¥ wk;1
�;n(r; x0) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ (17), (19),   wk;2

�;n(r; x0) | à¥è¥­¨¥ § ¤ ç¨ � à¡ã ¤«ï
ãà ¢­¥­¨ï

L�w
k;2
�;n =

�
x0

1� �

��2�
c

��
x0

1� �

�1���
!k;2
�;n (22)

á ãá«®¢¨¥¬

wk;2
�;n(r; 0) = 0; wk;2

�;n(r; r � ") = �k"n(r)� wk;1
�;n(r; r � "); " � r � 1: (23)

�ç¨âë¢ ï ä®à¬ã«ë (20), (21),   â ª¦¥ ®¡à â¨¬®áâì ®¯¥à â®à  D�
0t ([2]), § ¤ ç¨ (17), (19) ¨

(22), (23) á®®â¢¥âáâ¢¥­­® á¢®¤¨¬ ª § ¤ ç¥ (18), (19) ¨ ª § ¤ ç¥ � à¡ã ¤«ï ãà ¢­¥­¨ï

L0w
k;1
0;n = c(x0)!

k;1
0;n (24)

á ¤ ­­ë¬¨

@

@x0
wk;1
0;n(r; 0) = 0; wk;1

0;n(r; r � ") = 'k
"n(r); (25)

£¤¥ 'k
"n(r) | äã­ªæ¨ï, ¢ëà ¦ îé ïáï ç¥à¥§ �kn(r), �

k
"n(r).

� ¤ ç  �®è¨ (18), (19) ¯à¨ " = 0  ­ «®£¨ç­® [13], ¨ ¯à¨ " > 0  ­ «®£¨ç­® [14], á¢®¤¨âáï ª
¨­â¥£à «ì­ë¬ ãà ¢­¥­¨ï¬ �®«ìâ¥àà  ¢â®à®£® à®¤ . �«¥¤®¢ â¥«ì­®, ¨ § ¤ ç  �®è¨ (17), (19),
â ª¦¥ ®¤­®§­ ç­® à §à¥è¨¬ .

�á«¨ " = 0, â® § ¤ ç  � à¡ã (24), (25) ¨¬¥¥â ¡¥áç¨á«¥­­®¥ ¬­®¦¥áâ¢® à¥è¥­¨© [4], [7],   ¯à¨
" > 0 | ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ [4].

� ª¨¬ ®¡à §®¬, á­ ç «  à¥è¨¢ § ¤ çã (8), (11) (n = 0),   § â¥¬ (9), (11) (n = 1) ¨ â. ¤.,
­ ©¤¥¬ ¯®á«¥¤®¢ â¥«ì­® ¢á¥ ukn(r; t), k = 1; kn, n = 0; 1; : : :

� «¥¥, ª ª ¨ ¢ [7], [10], ¤®ª §ë¢ ¥âáï, çâ® äã­ªæ¨ï (6) ¯à¨­ ¤«¥¦¨â ª« ááã C1(D")\C2(D"),
ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1), (2), £¤¥ ukn(r; t) ®¯à¥¤¥«ïîâáï ¨§ ¤¢ã¬¥à­ëå § ¤ ç � à¡ã.

�¥®à¥¬  1 ¤«ï § ¤ ç¨ (1), (2) ¤®ª § ­ .
�¯à ¢¥¤«¨¢®áâì íâ®© â¥®à¥¬ë ¤«ï § ¤ ç¨ (1), (3) á ¨á¯®«ì§®¢ ­¨¥¬ à¥§ã«ìâ â®¢ [4], [7] ãáâ -

­ ¢«¨¢ ¥âáï  ­ «®£¨ç­®.

3. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 2. �¤¨­áâ¢¥­­®áâì à¥è¥­¨ï § ¤ ç¨ 2 ¤®ª § ­  ¢ [9], [10]. �¥-
¯¥àì ¯®ª ¦¥¬ ¥¥ à §à¥è¨¬®áâì. �­ ç «  à áá¬®âà¨¬ § ¤ çã (1�), (4). �¥ à¥è¥­¨¥ ¡ã¤¥¬ ¨áª âì
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¢ ¢¨¤¥ àï¤  (6). �®£¤ , ª ª ¢ á«ãç ¥ § ¤ ç¨ (1), (2), äã­ªæ¨¨ vkn(r; t) ¡ã¤ãâ ã¤®¢«¥â¢®àïâì á¨-
áâ¥¬¥ ãà ¢­¥­¨© (8){(10), £¤¥ bakin, eakin, ebkn § ¬¥­¥­ë á®®â¢¥âáâ¢¥­­® ­  �bakin, �eakin, �ebkn,   eckn ­  dkn,
k = 1; kn, n = 0; 1; : : :

�§ ªà ¥¢®£® ãá«®¢¨ï (4) ¨¬¥¥¬

vkn(r; t)j� = �kn(t); vkn(r; t)j�1 = �k1n(r); k = 1; kn; n = 0; 1; : : : (26)

� «¥¥ à áá¬®âà¨¬ ãà ¢­¥­¨¥ (15), ª ª®â®à®¬ã á¢®¤¨âáï (8){(10), ¯à¨ íâ®¬ ãá«®¢¨ï (26) § -
¯¨èãâáï ¢ ¢¨¤¥

wk
n(r; 0) = �kn(r); wk

n(r; 1 � r) = �k1n(r); k = 1; kn; n = 0; 1; : : : ; (27)

�k1n(r) = r(m�1)=2�k1n(r):

�¥¯¥àì à áá¬®âà¨¬ § ¤ çã (17), (27). �¥ à¥è¥­¨¥ ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥wk
�;n(r; x0) = wk;1

�;n(r; x0)+
wk;2
�;n(r; x0), £¤¥ w

k;1
�;n(r; x0) | à¥è¥­¨¥ § ¤ ç¨ �®è¨ (17), (19),   wk;2

�;n(r; x0) | à¥è¥­¨¥ § ¤ ç¨ � à-
¡ã ¤«ï ãà ¢­¥­¨ï (22) á ¤ ­­ë¬¨

wk;2
�;n(r; 0) = 0; wk;2

�;n(r; 1 � r) = �k1n(r)� wk;1
�;n(r; 1 � r); " � r � 1: (28)

�¥âàã¤­® § ¬¥â¨âì, çâ®, ¨á¯®«ì§ãï ä®à¬ã«ë (20), (21), § ¤ ç¨ (17), (19) ¨ (22), (28) ¬®¦­®
á¢¥áâ¨ á®®â¢¥âáâ¢¥­­® ª § ¤ ç¥ �®è¨ (18), (19) ¨ ª § ¤ ç¥ � à¡ã ¤«ï (24) á ãá«®¢¨¥¬

@

@x0
wk;1
0;n(r; 0) = 0; wk;1

0;n(r; 1� r) =  k
"n(r); (29)

£¤¥  k
"n(r) | äã­ªæ¨ï, ¢ëà ¦ îé ïáï ç¥à¥§ �kn(r), �

k
1n(r).

� x 2 ®¤­®§­ ç­ ï à §à¥è¨¬®áâì § ¤ ç¨ �®è¨ (18), (19) ¤®ª § ­ .
� [4] ¯®ª § ­®, çâ® ¯à¨ " � 0 § ¤ ç  (24), (29) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥.
�«¥¤®¢ â¥«ì­®, ãç¨âë¢ ï (19){(21), ­ ©¤¥¬ ¯®á«¥¤®¢ â¥«ì­® à¥è¥­¨ï § ¤ ç (8), (26) (n = 0),

(9), (26) (n = 1) ¨ (10), (26) (n = 2; 3; : : : ).
� ª¨¬ ®¡à §®¬, äã­ªæ¨ï ¢¨¤  (6) ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1�), (4), ¨ ª ª ¢ [7], [10], ¯à¨-

­ ¤«¥¦¨â ¨áª®¬®¬ã ª« ááã.
�¥®à¥¬  2 ¤«ï § ¤ ç¨ (1�), (4) ¤®ª § ­ . �¥ á¯à ¢¥¤«¨¢®áâì ¤«ï § ¤ ç¨ (1�), (5) ãáâ ­ ¢«¨-

¢ ¥âáï  ­ «®£¨ç­®.
�â¬¥â¨¬, çâ® â¥®à¥¬  1 ¯à¨ ¢ë¯®«­¥­¨¨ ¬­®£®¬¥à­ëå ãá«®¢¨© �à®ââ¥à  ¨ �¥««¥àáâ¥¤â 

¤®ª § ­  ¢ [15], [16],   ¯à¨ ¡®«¥¥ \¦¥áâª¨å" ãá«®¢¨ïå ­  ª®íää¨æ¨¥­â ãà ¢­¥­¨ï | ¢ [17].

� ¬¥ç ­¨¥. � â¥®à¥¬ å ¯à¨­ ¤«¥¦­®áâì § ¤ ­­ëåäã­ªæ¨© �(r; �); v(r; �) 2 Bl
1(S), �"(r; �) 2

Bl
1( eS), �1(r; �) 2 Bl

1(S n eS) áãé¥áâ¢¥­­ . � ª ¯®ª §ë¢ îâ ¯à¨¬¥àë, ¯®áâà®¥­­ë¥ ¢ [4], ¯à¨ ­ -
àãè¥­¨¨ íâ®£® ãá«®¢¨ï, à¥è¥­¨ï ¨áª®¬ëå § ¤ ç ¤ ¦¥ ¤«ï ¬­®£®¬¥à­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï
¬®£ãâ ­¥ áãé¥áâ¢®¢ âì.
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