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�à¨ª« ¤­ë¥ ¯à®¡«¥¬ë ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨,   ¨¬¥­­®, ¨áá«¥¤®¢ ­¨¥ ­¥áâ æ¨®­ à­ëå
â¥¬¯¥à âãà­ëå ¯®«¥©, ¤¨­ ¬¨ç¥áª¨å â¥¬¯¥à âãà­ëå ­ ¯àï¦¥­¨© ¢ áâàãªâãà­®-­¥®¤­®à®¤­ëå
â¥« å á ­¥£« ¤ª¨¬¨ £à ­¨æ ¬¨ à §¤¥«  ¯à¨¢®¤ïâ ª ­¥®¡å®¤¨¬®áâ¨ à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¨å
§ ¤ ç á®¯àï¦¥­¨ï [1].

�®áâ ­®¢ª  § ¤ ç¨. �ãáâì ¢ âà¥å¬¥à­®¬ ¯à®áâà ­áâ¢¥ R3 á®¤¥à¦¨âáï ª®­¥ç­ ï ®¤­®á¢ï§­ ï
®¡« áâì V1, ®£à ­¨ç¥­­ ï ­¥£« ¤ª®© ¯®¢¥àå­®áâìî S, á®¤¥à¦ é¥© ­¥¯¥à¥á¥ª îé¨¥áï £« ¤ª¨¥
®á®¡ë¥ «¨­¨¨ (¬­®¦¥áâ¢  ã£«®¢ëå â®ç¥ª) ¨ ª®­¨ç¥áª¨¥ â®çª¨.

�®áâà®¨¬ à¥è¥­¨ï Tj = Tj(x; y; z; t) ­¥áâ æ¨®­ à­®£® ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ [1]

�Tj � a2j
@Tj
@t

= fj(x; y; z; t) (1)

¯à¨ ­ ç «ì­®¬ ãá«®¢¨¨

Tj(x; y; z; t)jt=0 = 0 (2)

¨ ãá«®¢¨ïå á®¯àï¦¥­¨ï ­  ¯®¢¥àå­®áâ¨ S ([1], á. 98):
¢ â®çª å £« ¤ª®áâ¨

T�0 (x; y; z; t)� T+
1 (x; y; z; t) = 0;

�0
@T�0 (x; y; z; t)

@n
� �1

@T+
1 (x; y; z; t)

@n
= 0; (3)

¢ ®á®¡ëå â®çª å M0(x0; y0; z0)

lim
M!M0

[T�0 (x; y; z; t)� T+
1 (x; y; z; t)] = 0;

lim
M!M0

�
�0
@T�0 (x; y; z; t)

@n
� �1

@T+
1 (x; y; z; t)

@n

�
= 0; (4)

£¤¥ §­ ç¥­¨¥ ¨­¤¥ªá  j = 0 ®â­®á¨â ¢¥«¨ç¨­ë ª ®¡« áâ¨ V0 = R3 n V1,   §­ ç¥­¨¥ ¨­¤¥ªá 
j = 1 | ª ®¡« áâ¨ V1; n | ­®à¬ «ì ª ¯®¢¥àå­®áâ¨ S, ¢­¥è­ïï ¯® ®â­®è¥­¨î ª ®¡« áâ¨ V1,
¢¥àå­¨¥ ¨­¤¥ªáë \�" ®§­ ç îâ £à ­¨ç­ë¥ §­ ç¥­¨ï ¢¥«¨ç¨­ ¯à¨ ¯®¤å®¤¥ â®çª¨ M(x; y; z) ª
â®çª¥ ¯®¢¥àå­®áâ¨ S á® áâ®à®­ë ®¡« áâ¨ V1 (§­ ª \+") ¨«¨ ®¡« áâ¨ V0 (§­ ª \�"), �j 2 R.

� ®á®¡ëå â®çª å M0 ¢ë¯®«­¥­¨¥ ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ ¯®­¨¬ ¥âáï ¢ á¬ëá«¥ à¥ «¨-
§ æ¨¨ à ¢¥­áâ¢  ([2], á. 187)

lim
�V!M0

ZZZ
�V

�
�Tj � a2j

@Tj
@t

� fj(x; y; z; t)
�
dv = 0; (5)

â. ¥. ¯à¨ áâï£¨¢ ­¨¨ í«¥¬¥­â à­®© ®¡« áâ¨ �V ¢ ®á®¡ãî â®çªã M0.
�áâ ­®¢¨¬ ¯®¢¥¤¥­¨¥ à¥è¥­¨© ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ ¢¡«¨§¨ ®á®¡ëå â®ç¥ª ¯®¢¥àå­®-

áâ¨ á®¯àï¦¥­¨ï S.
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�¥¬¬ . �á¨¬¯â®â¨ª  à¥è¥­¨© ­¥áâ æ¨®­ à­®£® ®¤­®à®¤­®£® ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®-

áâ¨, á®®â¢¥âáâ¢ãîé¥£® (1) ¨ ãá«®¢¨ï¬¨ á®¯àï¦¥­¨ï (3), (4), ¢¡«¨§¨ ®á®¡ëå â®ç¥ª ¯®¢¥àå-
­®áâ¨ á®¯àï¦¥­¨ï á®¢¯ ¤ ¥â á  á¨¬¯â®â¨ª®© £ à¬®­¨ç¥áª¨å äã­ªæ¨© ¢ R3 á â ª¨¬¨ ¦¥

ãá«®¢¨ï¬¨ á®¯àï¦¥­¨ï [3].

�®ª § â¥«ìáâ¢®. �¤­®à®¤­®¥ ãà ¢­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ (1), ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­®
¯à¥®¡à §®¢ ­¨ï

x = Bx1; y = By1; z = Bz1; t = B2t1 (B 2 R):

�ç¨âë¢ ï «¨­¥©­®áâì ãá«®¢¨© á®¯àï¦¥­¨ï (3), (4) ¨ ®¤­®à®¤­®áâì ­ ç «ì­®£® ãá«®¢¨ï (2), ãáâ -
­ ¢«¨¢ ¥¬, çâ® à¥è¥­¨¥ § ¤ ç¨ á®¯àï¦¥­¨ï ®¯à¥¤¥«ï¥âáï äã­ªæ¨®­ «ì­ë¬ ãà ¢­¥­¨¥¬

Tj(x; y; z; t) = A(B)Tj(Bx;By;Bz;B2t): (6)

�¨ää¥à¥­æ¨àãï á®®â­®è¥­¨¥ (6) ¯® B, ¯®«ãç¨¬ ãà ¢­¥­¨¥

(gradTj ; r) + 2t
@Tj
@t

= KTj (K 2 R);

à¥è¥­¨¥ ª®â®à®£® ®¯à¥¤¥«ï¥â ª« áá à¥è¥­¨© ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨

Tj = xm'j

�
x

y
;
x

z
;
xp
t

�
: (7)

�ãáâì ¯®¢¥àå­®áâì S à §¤¥«  ®¡« áâ¥© á®¤¥à¦¨â £« ¤ªãî ®á®¡ãî «¨­¨î, § ¯¨è¥¬ ¯à¥¤-
áâ ¢«¥­¨¥ (7) ¢ «®ª «ì­ëå ª®®à¤¨­ â å �; �; s, á¢ï§ ­­ëå á ®á®¡®© «¨­¨¥© [3]. �¤®¢«¥â¢®àïï
á®®â­®è¥­¨î (5) á ¯®¬®éìî ¯®«ãç¥­­®£® ¯à¥¤áâ ¢«¥­¨ï Tj , ¯®«ãç¨¬ ®¯à¥¤¥«ïîé¥¥ ¤¨ää¥à¥­-
æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¤«ï Tj , á®¢¯ ¤ îé¥¥ á á®®â¢¥âáâ¢ãîé¨¬ ãà ¢­¥­¨¥¬ ¤«ï £ à¬®­¨ç¥áª®©
äã­ªæ¨¨, ¨ ¨§¢¥áâ­ãî  á¨¬¯â®â¨ªã [3].

� á«ãç ¥ ª®­¨ç¥áª®© â®çª¨, ¢ë¯®«­ïï ¢ á®®â­®è¥­¨¨ (7) ¯¥à¥å®¤ ª ªà¨¢®«¨­¥©­ë¬ ®àâ®£®-
­ «ì­ë¬ ª®®à¤¨­ â ¬ �1; �1; s1, á¢ï§ ­­ë¬¨ á ª®­¨ç¥áª®© â®çª®© [3],  ­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã
ã¡¥¦¤ ¥¬áï ¢ á®¢¯ ¤¥­¨¨  á¨¬¯â®â¨ª¨ à¥è¥­¨ï ®¤­®à®¤­®£® ­¥áâ æ¨®­ à­®£® ãà ¢­¥­¨ï â¥¯«®-
¯à®¢®¤­®áâ¨ ¨  á¨¬¯â®â¨ª¨ á®®â¢¥âáâ¢ãîé¥© £ à¬®­¨ç¥áª®© äã­ªæ¨¨.

�â¬¥â¨¬, çâ®  ­ «®£¨ç­®¥ ®¡áâ®ïâ¥«ìáâ¢® ¨¬¥¥â ¬¥áâ® ¨ ¤«ï ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥ [4].
�¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¯à¥¤áâ ¢«ï¥âáï áã¬¬®© â¥¯«®¢ëå ¯®â¥­æ¨ «®¢ ¯à®áâ®£® ¨ ¤¢®©­®£®

á«®ï ([5], á. 224) ¨ ®¡ì¥¬  ([6], á. 258). �§ãç¨¬ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï ¨ á¢®©áâ¢  ¯®â¥­æ¨ «®¢ ¢
á«ãç ¥ ­¥£« ¤ª¨å ¯®¢¥àå­®áâ¥©.

�¥®à¥¬  1. �á«¨ ¯«®â­®áâì �2(M; t) â¥¯«®¢®£® ¯®â¥­æ¨ «  ¤¢®©­®£® á«®ï W (M; t) ï¢«ï-
¥âáï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¢ â®çª å £« ¤ª®áâ¨ M(x; y; z) ¯®¢¥àå­®áâ¨ S,   ¢ ®á®¡ëå â®çª å

¯®¢¥àå­®áâ¨ M0(x0; y0; z0) à ¢­  ­ã«î ¨ ¢ ®ªà¥áâ­®áâ¨ ¨å ¨¬¥¥â  á¨¬¯â®â¨ªã

�2(M; t) = O(jMM0j�); � 2 (0; 1); t 2 (0;1); (8)

â® â¥¯«®¢®© ¯®â¥­æ¨ « ¤¢®©­®£® á«®ï áãé¥áâ¢ã¥â, ã¤®¢«¥â¢®àï¥â ®¤­®à®¤­®¬ã ­¥áâ æ¨®­ à-

­®¬ã ãà ¢­¥­¨î â¥¯«®¯à®¢®¤­®áâ¨ ¨ ¢ â®çª å £« ¤ª®áâ¨ M1 ¯®¢¥àå­®áâ¨ ¨¬¥¥â ¬¥áâ® ¨§-

¢¥áâ­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¥£® £à ­¨ç­ëå §­ ç¥­¨©

W�(M1; t) = �2��2(M1; t) +W (M1; t); (9)

£¤¥ W (M1; t) | ¯àï¬®¥ §­ ç¥­¨¥ ¯®â¥­æ¨ « , W�(M1; t) | £à ­¨ç­ë¥ §­ ç¥­¨ï ¯®â¥­æ¨ « 

¯à¨ ¯®¤å®¤¥ ª â®çª¥ £« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ ¢¤®«ì ¢­¥è­¥© ­®à¬ «¨ n á® áâ®à®­ë ®¡« áâ¨ V1
(§­ ª \+") ¨«¨ V0 (§­ ª \�\).
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�®ª § â¥«ìáâ¢®. �ãáâì ¯®¢¥àå­®áâì S á®¤¥à¦¨â ®¤­ã £« ¤ªãî ®á®¡ãî «¨­¨î. �ªàã¦¨¬
®á®¡ãî «¨­¨î âàã¡ç â®© ¯®¢¥àå­®áâìî SR à ¤¨ãá  R. � à¥§ã«ìâ â¥ ¯®¢¥àå­®áâì S à §®¡ì¥âáï
­  ¯®¢¥àå­®áâì S(1), «¥¦ éãî ¢­ãâà¨ âàã¡ç â®© ¯®¢¥àå­®áâ¨, ¨ ¯®¢¥àå­®áâì S(2), ­ å®¤ïéãîáï
¢­¥ âàã¡ç â®© ¯®¢¥àå­®áâ¨.

�à¥¤áâ ¢¨¬ â¥¯«®¢®© ¯®â¥­æ¨ « ¤¢®©­®£® á«®ï áã¬¬®©

W (M; t) =

tZ
0

d�

ZZ
S(1)

�2(N; � )K2(M;N; t; � )dsN +

tZ
0

d�

ZZ
S(2)

�2(N; �)K2(M;N; t; � )dsN ; (10)

£¤¥ K2(M;N; t; � ) = @
@n
K1(M;N; t; � ),

K1(M;N; t; � ) =
a

2
p
�(t� �)3=2

exp
�
� r2a2

4(t� �)

�
; r = jMN j:

�â®à®¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ à ¢¥­áâ¢  (10) áãé¥áâ¢ã¥â ª ª â¥¯«®¢®© ¯®â¥­æ¨ « ¤¢®©­®£®
á«®ï ­  à §®¬ª­ãâ®© ¯®¢¥àå­®áâ¨ �ï¯ã­®¢  ¨ £à ­¨ç­ë¥ §­ ç¥­¨ï ¨­â¥£à «  ¢ â®çª å £« ¤ª®-
áâ¨ M1 2 S(2) â ª®¢ë [5]:

� tZ
0

d�

ZZ
S(2)

�2(N; � )K2(M;N; t; � )dsN

��
M1

= �2��2(M1; t) +

tZ
0

d�

ZZ
S(2)

�2(N; � )K2(M;N; t; � )dsN :
(11)

�¥à¢®¥ á« £ ¥¬®¥ ¯à¨ M1 2 S(2) ¢ëç¨á«ï¥âáï ª ª ­¥á®¡áâ¢¥­­ë© ¨­â¥£à « ¯à¨ ¯¥à¥å®¤¥ ¢
¨­â¥£à «¥ ª «®ª «ì­ë¬ ª®®à¤¨­ â ¬ �; s, á¢ï§ ­­ë¬ á ®á®¡®© «¨­¨¥© [3], ¨ ãç¥â¥ (8), ¨ ï¢«ï¥âáï
­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨ ¯¥à¥å®¤¥ â®çª¨ M ¯®¢¥àå­®áâ¨ S(2). �âáî¤  á®£« á­® (10) ¨ (11)
á«¥¤ã¥â ¨áâ¨­­®áâì ¯à¥¤áâ ¢«¥­¨ï (9).

� á«ãç ¥ ª®­¨ç¥áª®© ®á®¡®© â®çª¨ ¤®ª § â¥«ìáâ¢® áâà®¨âáï á®£« á­® ¢ëè¥¨§«®¦¥­­®© áå¥¬¥
¯à¨ ¯à¨¢«¥ç¥­¨¨ «®ª «ì­ëå ª®®à¤¨­ â, á¢ï§ ­­ëå á ª®­¨ç¥áª®© â®çª®© [3]. �­ «®£¨ç­®¥ ¤®ª -
§ â¥«ìáâ¢® ¤«ï ª®­¥ç­®£® ç¨á«  ­¥¯¥à¥á¥ª îé¨åáï £« ¤ª¨å ®á®¡ëå «¨­¨© ¨ ­¥ ¯à¨­ ¤«¥¦ é¨å
¨¬ ª®­¨ç¥áª¨å â®ç¥ª.

�¥¯®áà¥¤áâ¢¥­­ ï ¯®¤áâ ­®¢ª  ¢ëà ¦¥­¨ï ¤«ï ¯®â¥­æ¨ «  ¤¢®©­®£® á«®ï ¢ ®¤­®à®¤­®¥ ãà ¢-
­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ (1), ¯®ª §ë¢ ¥â, çâ® ®­® ã¤®¢«¥â¢®àï¥âáï ¢­¥ ¯®¢¥àå­®áâ¨ S.

�¥®à¥¬  2. �á«¨ ¯«®â­®áâì �1(M; t) â¥¯«®¢®£® ¯®â¥­æ¨ «  ¯à®áâ®£® á«®ï V (M; t) ï¢«ï¥â-
áï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¢ â®çª å £« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ S,   ¢ ®á®¡ëå â®çª åM0 áâà¥¬¨âáï

ª ¡¥áª®­¥ç­®áâ¨ á  á¨¬¯â®â¨ª®©

�1(M; t) = O

�
1

jMM0j�
�
; � 2 (0; 1); t 2 (0;1); (12)

â® â¥¯«®¢®© ¯®â¥­æ¨ « ¯à®áâ®£® á«®ï áãé¥áâ¢ã¥â, ã¤®¢«¥â¢®àï¥â ®¤­®à®¤­®¬ã ãà ¢­¥­¨î

â¥¯«®¯à®¢®¤­®áâ¨, ¢ â®çª å £« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ S ï¢«ï¥âáï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¨ ¨¬¥-

¥â ¬¥áâ® ¨§¢¥áâ­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï £à ­¨ç­ëå §­ ç¥­¨© ­®à¬ «ì­®© ¯à®¨§¢®¤­®© ¯®â¥­-

æ¨ « 

�
@

@n
V (M1; t)

��
= �2��1(M1; t) +

@

@n
V (M1; t); (13)

£¤¥ @
@n
V (M1; t) | ¯àï¬®¥ §­ ç¥­¨¥ ­®à¬ «ì­®© ¯à®¨§¢®¤­®© â¥¯«®¢®£® ¯®â¥­æ¨ «  ¯à®áâ®£®

á«®ï.

�®ª § â¥«ìáâ¢®. �ãáâì ¯®¢¥àå­®áâì á®¤¥à¦¨â ®á®¡ãî «¨­¨î. �­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã
¤®ª § â¥«ìáâ¢ã ¤«ï ¯®¢¥àå­®áâ¨ S = S(1)

S
S(2) ¨¬¥¥¬

V (M; t) =

tZ
0

d�

ZZ
S(1)

�1(N; � )K1(M;N; t; � )dsN +

tZ
0

d�

ZZ
S(2)

�1(N; � )K1(M;N; t; � )dsN : (14)
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�¥à¢ë© ¨­â¥£à « ¯à ¢®© ç áâ¨ ¯à¥¤áâ ¢«¥­¨ï (14) áãé¥áâ¢ã¥â ª ª â¥¯«®¢®© ¯®â¥­æ¨ « ¯à®-
áâ®£® á«®ï ¯® à §®¬ª­ãâ®© ¯®¢¥àå­®áâ¨ �ï¯ã­®¢  [5],   ¢â®à®© ¨­â¥£à « ¯à¨ ¯¥à¥å®¤¥ ª ¯¥à¥-
¬¥­­ë¬ �; s, ®¯à¥¤¥«ï¥¬ë© ®á®¡®© «¨­¨¥© [3], ¨ ãá«®¢¨¥¬ (12), ¢ëç¨á«ï¥âáï ª ª ­¥á®¡áâ¢¥­­ë©.

�à¨ ¯¥à¥å®¤¥ â®çª¨ £« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ S(2) ¢â®à®¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ (14) ­¥¯à¥-
àë¢­® ª ª ¯®â¥­æ¨ « ¯à®áâ®£® á«®ï ­  à §®¬ª­ãâ®© ¯®¢¥àå­®áâ¨ �ï¯ã­®¢  [5],   ¯¥à¢®¥ á« -
£ ¥¬®¥ ¯à¨ M =2 S(1) ï¢«ï¥âáï ­¥¯à¥àë¢­®© äã­ªæ¨¥©. �®íâ®¬ã ¯®â¥­æ¨ « V (M; t) ï¢«ï¥âáï
­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨ ¯¥à¥å®¤¥ â®çª¨ £« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ S.

�®à¬ «ì­ ï ¯à®¨§¢®¤­ ï ®â à ¢¥­áâ¢  (14) ¯à¨ ãç¥â¥ ¨§¢¥áâ­ëå £à ­¨ç­ëå §­ ç¥­¨© ­®à-
¬ «ì­®© ¯à®¨§¢®¤­®© â¥¯«®¢®£® ¯®â¥­æ¨ «  ¯à®áâ®£® á«®ï ­  à §®¬ª­ãâ®© ¯®¢¥àå­®áâ¨ �ï¯ã-
­®¢  [5] ¨ ­¥¯à¥àë¢­®áâ¨ ­®à¬ «ì­®© ¯à®¨§¢®¤­®© ¯¥à¢®£® á« £ ¥¬®£® ¯à ¢®© ç áâ¨ (14) ¯à¨
M =2 S(1) ¨¬¥¥â £à ­¨ç­ë¥ §­ ç¥­¨ï, ®¯à¥¤¥«ï¥¬ë¥ ä®à¬ã«®© (13).

�­ «®£¨ç­® ¤®ª § â¥«ìáâ¢® ¢ á«ãç ¥ ª®­¨ç¥áª®© â®çª¨,   â ª¦¥ ª®­¥ç­®£® ç¨á«  £« ¤ª¨å
­¥¯¥à¥á¥ª îé¨åáï ®á®¡ëå «¨­¨© ¨ ­¥ ¯à¨­ ¤«¥¦ é¨å ¨¬ ª®­¨ç¥áª¨å â®ç¥ª. �®¤áâ ­®¢ª  ¢ë-
à ¦¥­¨ï ¤«ï â¥¯«®¢®£® ¯®â¥­æ¨ «  ¯à®áâ®£® á«®ï ¢ ®¤­®à®¤­®¥ ­¥áâ æ¨®­ à­®¥ ãà ¢­¥­¨¥ â¥-
¯«®¯à®¢®¤­®áâ¨ ¯®ª §ë¢ ¥â, çâ® ®­® ã¤®¢«¥â¢®àï¥âáï.

�¥®à¥¬  3 (�ï¯ã­®¢ {� ã¡¥à ). �á«¨ ¯«®â­®áâì â¥¯«®¢®£® ¯®â¥­æ¨ «  ¤¢®©­®£® á«®ï
ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë 1 ¨ áãé¥áâ¢ã¥â ¯à¥¤¥«ì­®¥ §­ ç¥­¨¥ ­®à¬ «ì­®© ¯à®¨§¢®¤-

­®© â¥¯«®¢®£® ¯®â¥­æ¨ «  ¢ â®çª¥ £« ¤ª®áâ¨ á ®¤­®© áâ®à®­ë ¯®¢¥àå­®áâ¨ á®¯àï¦¥­¨ï S, â®
®­® áãé¥áâ¢ã¥â ¨ á ¤àã£®© áâ®à®­ë ¨ ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

�
@

@n
W (M; t)

�+
=
�
@

@n
W (M; t)

��
:

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ á«ãç © ­ «¨ç¨ï ®á®¡®© «¨­¨¨ ­  ¯®¢¥àå­®áâ¨ á®¯àï¦¥­¨ï S.
�ë¤¥«ïï, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1, ¯®¢¥àå­®áâ¨ S(1) ¨ S(2), ¯®«ãç¨¬ ­  ®á­®¢¥ à -
¢¥­áâ¢  (10)

@

@n
W (M; t) =

@

@n

� tZ
0

d�

ZZ
S(1)

�1(N; �)K1(M;N; t; � )dsN

�
+

+
@

@n

� tZ
0

d�

ZZ
S(2)

�1(N; � )K1(M;N; t; � )dsN

�
: (15)

�â®à®¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ á®®â­®è¥­¨ï (15) ¨¬¥¥â å à ªâ¥à ­®à¬ «ì­®© ¯à®¨§¢®¤­®©
â¥¯«®¢®£® ¯®â¥­æ¨ «  ¤¢®©­®£® á«®ï ­  à §®¬ª­ãâ®© ¯®¢¥àå­®áâ¨ �ï¯ã­®¢  ([7], á. 91), â. ¥. ¥á«¨
áãé¥áâ¢ã¥â ¯à¥¤¥«ì­®¥ §­ ç¥­¨¥ á« £ ¥¬®£® ­  ®¤­®© áâ®à®­¥ ¯®¢¥àå­®áâ¨ S(2), â® áãé¥áâ¢ã¥â
à ¢­®¥ ¥¬ã ¯à¥¤¥«ì­®¥ §­ ç¥­¨¥ ­  ¤àã£®© áâ®à®­¥ ¯®¢¥àå­®áâ¨.

�¥à¢ë© ¨­â¥£à « ¯à ¢®© ç áâ¨ (15) ¢ëç¨á«ï¥âáï ¯à¨ ¯¥à¥å®¤¥ ª ¯¥à¥¬¥­­ë¬ �; s [3] ª ª
á¨­£ã«ïà­ë© ¨­â¥£à «, ï¢«ïîé¥©áï ­¥¯à¥àë¢­®© äã­ªæ¨¥© ¯à¨ ¯¥à¥å®¤¥ â®çª¨ £« ¤ª®áâ¨ ¯®-
¢¥àå­®áâ¨ S(2). � à¥§ã«ìâ â¥ á«¥¤ã¥â ¨áâ¨­­®áâì ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë. �­ «®£¨ç­® ¤®ª § â¥«ì-
áâ¢® ¢ á«ãç ¥ ª®­¨ç¥áª®© â®çª¨,   â ª¦¥ ª®­¥ç­®£® ç¨á«  ­¥¯¥à¥á¥ª îé¨åáï ®á®¡ëå «¨­¨© ¨
­¥ ¯à¨­ ¤«¥¦ é¨å ¨¬ ª®­¨ç¥áª¨å â®ç¥ª.

�¥®à¥¬  4. �á«¨ ãª § ­­ë¥ ¢ «¥¬¬¥ á¨­£ã«ïà­ë¥ å à ªâ¥à¨áâ¨ç¥áª¨¥ ãà ¢­¥­¨ï, ®¯à¥¤¥-
«ï¥¬ë¥ ª®­¨ç¥áª¨¬¨ â®çª ¬¨ [3], ¨¬¥îâ ¢ ª®­¨ç¥áª¨å â®çª å ¯®«®¦¨â¥«ì­ë¥ ª®à­¨, ¬¥­ì-

è¨¥ ¥¤¨­¨æë, ¢¥«¨ç¨­  � = �
2��!

< 1, 0 � ! < � (! | ¢¥«¨ç¨­  ã£«  à áâ¢®à  ¯®¢¥àå­®áâ¨

á®¯àï¦¥­¨ï ¢ ¯«®áª®áâ¨, ­®à¬ «ì­®© ª ®á®¡®© «¨­¨¨ á® áâ®à®­ë ¢­¥è­¥© ­®à¬ «¨), ¨ ¯à -

¢ë¥ ç áâ¨ ãà ¢­¥­¨© (1) fj(x; y; z; t) (j = 0; 1) ®£à ­¨ç¥­ë ¢ á®®â¢¥âáâ¢ãîé¨å ®¡« áâïå Vj,
â® § ¤ ç  á®¯àï¦¥­¨ï (1){ (5) ¡¥§ãá«®¢­® à §à¥è¨¬ .
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�®ª § â¥«ìáâ¢®. �à¥¤áâ ¢¨¬ à¥è¥­¨¥ § ¤ ç¨ á®¯àï¦¥­¨ï áã¬¬®© á¨­£ã«ïà­®© ¨ à¥£ã«ïà-
­®© á®áâ ¢«ïîé¨å

Tj(M; t) = Tj1(M; t) + Tj2(M; t) (j = 0; 1): (16)

�¨­£ã«ïà­ë¥ á®áâ ¢«ïîé¨¥ ¯à¥¤áâ ¢«ï¥¬ áã¬¬®© â¥¯«®¢ëå ¯®â¥­æ¨ «®¢ ¯à®áâ®£® ¨ ¤¢®©-
­®£® á«®ï

Tj1(M; t) = Vj1(M; t) +Wj1(M; t) (17)

á ¯«®â­®áâï¬¨ �j1(N), N(�; �; �) ¨ �2(N) á®®â¢¥âáâ¢¥­­®. �¢¨¤ã ­ «¨ç¨ï ¯®«®¦¨â¥«ì­ëå ª®à­¥©
á¨­£ã«ïà­ëå å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢­¥­¨©, ¬¥­ìè¨å ¥¤¨­¨æë, ¨ ­  ®á­®¢¥ â¥®à¥¬ 1 ¨ 2 ®­¨
áâà®ïâáï â ª ¦¥, ª ª ¨ ¢ à ¡®â¥ [3].

� à¥§ã«ìâ â¥ ¯®«ãç ¥¬

Vj1(M; t) =
1
aj

ZZ
S

1
r
erfc

�
raj

2
p
t

�
�j1(N)dsN ; (18)

Wj1(M; t) = � 16p
�

ZZ
S

�
1
r2

@r

@nN

�
raj

2
p
t
exp

�
�r

2a2j
4t

�
+
p
�

2
erf

�
raj

2
p
t

���
�j2(N)dsN ; (19)

£¤¥ erf(: : :), erfc(: : :) | á®®â¢¥âáâ¢¥­­® ¨­â¥£à « ¨ ¤®¯®«­¨â¥«ì­ë© ¨­â¥£à « ¢¥à®ïâ­®áâ¥© ([8],
á. 792).

�¥£ã«ïà­ë¥ á« £ ¥¬ë¥ à¥è¥­¨© ¯à¥¤áâ ¢«ï¥¬ áã¬¬®© â¥¯«®¢ëå ¯®â¥­æ¨ «®¢ ¯à®áâ®£®, ¤¢®©-
­®£® á«®ï ¨ ®¡ì¥¬ 

Tj2(M; t) = aj(M; t) + Vj2(M; t) +Wj2(M; t) + Uj(M; t); (20)

£¤¥ aj(M; t) | ¨§¢¥áâ­ë¥ äã­ªæ¨¨, ®¯à¥¤¥«ï¥¬ë¥ ¢¨¤®¬ ¢­¥è­¨å â¥¯«®¢ëå ¢®§¤¥©áâ¢¨©, ã¤®-
¢«¥â¢®àïîé¨¥ ®¤­®à®¤­®¬ã ãà ¢­¥­¨î â¥¯«®¯à®¢®¤­®áâ¨, ¯à¨ç¥¬ a0(M; t) áâà¥¬¨âáï ª ­ã«î
¯à¨ M !1,

Vj2(M; t) =

tZ
0

d�

ZZ
S

�
(2)
j1 (N; t)Kj1(M;N; t; � )dsN ;

Wj2(M; t) =

tZ
0

d�

ZZ
S

�
(2)
j2 (N; � )Kj2(M;N; t; � )dsN ;

Uj2(M; t) = �
tZ

0

fj(N; � )Kj1(M;N; t; � )dsN ;

N(�; �; �), M(x; y; z), �(2)j1 (N; � ); �
(2)
j2 (N; �) | ­¥¨§¢¥áâ­ë¥ ¯«®â­®áâ¨.

� ¯à¥¤áâ ¢«¥­¨¨ (20) ãçâ¥­®, çâ® â¥¯«®¢®© ¯®â¥­æ¨ « ®¡ì¥¬  á ¯«®â­®áâìî �f(N; �) ã¤®¢«¥-
â¢®àï¥â ­¥®¤­®à®¤­®¬ã ãà ¢­¥­¨î â¥¯«®¯à®¢®¤­®áâ¨ (1) ([6], á. 260).

�¤®¢«¥â¢®àïï ãá«®¢¨ï¬ á®¯àï¦¥­¨ï ¢ â®çª å £« ¤ª®áâ¨ (3) á ¯®¬®éìî ¯à¥¤áâ ¢«¥­¨© (16){
(20) ¨ ¨á¯®«ì§ãï ¯à¨ íâ®¬ â¥®à¥¬ë 1{3, ¯®«ãç¨¬ á¨áâ¥¬ã ¨­â¥£à «ì­ëå ãà ¢­¥­¨©, ¢ ª®â®à®©
¯®« £ ¥¬ ¢¢¨¤ã ¯à®¨§¢®«ì­®áâ¨ ¯«®â­®áâ¥©

�(2)01 (N; � ) = �(2)11 (N; �); �(2)02 (N; �) = �(2)12 (N; � ):
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� à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á¨áâ¥¬ã ¨­â¥£à «ì­ëå ãà ¢­¥­¨©

�4��(2)02 (M; t) +

tZ
0

d�

ZZ
S

�
(2)
01 (N; �)[K01(M;N; t; � )�K11(M;N; t; � )]dsN +

+

tZ
0

d�

ZZ
S

�
(2)
02 (N; � )[K02(M;N; t; � )�K12(M;N; t; � )]dsN = g(M; t);

�2�(�0 + �1)�
(2)
01 (M; t) +

tZ
0

d�

ZZ
S

�
(2)
01 (N; �)

�
�0
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@n
K01(M;N; t; � )�

��1 @

@n
K11(M;N; t; �)

�
dsN +

tZ
0

d�

ZZ
S

�(2)02 (N; �)
�
�0

@

@n
K02(M;N; t; �) �

� �1
@

@n
K12(M;N; t; �)

�
dsN = h(M; t); (21)

£¤¥

g(M; t) = �T�01(M; t)� a�02(M; t)� U0(M; t) + T+
11(M; t) + a+12(M; t) + U1(M; t);

h(M; t) = ��0 @
@n

[T�01(M; t) + a�02(M; t) + U0(M; t)] + �1
@

@n
[T+

11(M; t) + a+12(M; t) + U1(M; t)]:

�à ¢ë¥ ç áâ¨ ãà ¢­¥­¨© ¢á«¥¤áâ¢¨¨ à¥ «¨§ æ¨¨ ãá«®¢¨© á®¯àï¦¥­¨ï ¢ ®á®¡ëå â®çª å (4) ï¢«ï-
îâáï ­¥¯à¥àë¢­ë¬¨ äã­ªæ¨ï¬¨ ­  S . �¤à  ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (21) ­¥¯à¥àë¢­ë ¢ â®çª å
£« ¤ª®áâ¨ ¯®¢¥àå­®áâ¨ á®¯àï¦¥­¨ï S. �®íâ®¬ã á¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (21) ¨¬¥¥â å -
à ªâ¥à ¨­â¥£à «ì­ëå ãà ¢­¥­¨© �®«ìâ¥àà  ¯® ¯¥à¥¬¥­­®© t ¨ å à ªâ¥à ãà ¢­¥­¨© �à¥¤£®«ì¬ 
¯® ¤¥ª àâ®¢ë¬ ¯¥à¥¬¥­­ë¬ [9], [10]. � ª ï á¨áâ¥¬  ¡¥§ãá«®¢­® à §à¥è¨¬  ¨ ¨¬¥¥â  ­ «¨â¨ç¥-
áª®¥ à¥è¥­¨¥, ¯®«ãç ¥¬®¥, ­ ¯à¨¬¥à, ¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ([10], c. 485).
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