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� ¤ ®© à ¡®â¥ ¨§ãç îâáï à §«¨çë¥ á«ãç ¨ ¨â¥£à¨àã¥¬®áâ¨ «¨¥©®£® ¤¨ää¥à¥æ¨ «ì-
®£® ãà ¢¥¨ï ¢ ç áâëå ¯à®¨§¢®¤ëå, ®¯¨áë¢ îé¥£® à á¯à®áâà ¥¨¥ ®á¥á¨¬¬¥âà¨çëå ¢®«
¢ ¥®¤®à®¤®©  ¨§®âà®¯®© áà¥¤¥ ¨§ æ¨«¨¤à¨ç¥áª®© ¨«¨ áä¥à¨ç¥áª®© ¯®«®áâ¨. �«ï íâ®©
æ¥«¨ ¨á¯®«ì§ã¥âáï ¯à¥®¡à §®¢ ¨¥ �ãàì¥ ¢ á®ç¥â ¨¨ á® á¯¥æ¨ «ìë¬ ¯à¥¤áâ ¢«¥¨¥¬ âà á-
ä®à¬ âë ¢ ¯à®áâà áâ¢¥ ¨§®¡à ¦¥¨©. � ¯®¬®éìî ¢¢¥¤¥ëå ¯à¨ íâ®¬ ¯à®¨§¢®«ìëå äãª-
æ¨© áâà®ïâáï à §«¨çë¥ ¢ à¨ âë § ¬ªãâëå à¥è¥¨© ¨ ®¯à¥¤¥«ïîâáï á®®â¢¥âáâ¢ãîé¨¥ ¨¬
§ ª®ë ¥®¤®à®¤®© áà¥¤ë. �à¨¢®¤ïâáï â ª¦¥  «ìâ¥à â¨¢ë¥ á«ãç ¨ ¨â¥£à¨àã¥¬®áâ¨ ¨á-
á«¥¤ã¥¬®£® ãà ¢¥¨ï, ¥ á®¤¥à¦ é¥£® ¢®«®¢ë¥ äãªæ¨¨. �®áâà®¥ë¥ à¥è¥¨ï ®âáãâáâ¢ãîâ
¢ ¨§¢¥áâëå á¯à ¢®çëå àãª®¢®¤áâ¢ å ¯® ¤¨ää¥à¥æ¨ «ìë¬ ãà ¢¥¨ï¬ [1], [2]. �¥§ã«ìâ âë,
¯®«ãç¥ë¥ ¤«ï ¥¯à¥àë¢®-¥®¤®à®¤ëå  ¨§®âà®¯ëå áà¥¤ á æ¨«¨¤à¨ç¥áª®© ¨«¨ áä¥à¨-
ç¥áª®© á¨¬¬¥âà¨¥© ¯à¨ ®¯à¥¤¥«¥ëå á®®â®è¥¨ïå ã¯àã£¨å ª®áâ â ¬ â¥à¨ « , ¤®¯®«ïîâ
¨§¢¥áâë¥ ¨áá«¥¤®¢ ¨ï ¢®«®¢ëå ¯à®æ¥áá®¢ ¢   «®£¨çëå áà¥¤ å [3]{[8]. �â¬¥â¨¬, çâ® ¡®-
«¥¥ ®¡é¨¬¨ á¯®á®¡ ¬¨ ¯à¥®¡à §®¢ ¨ï ãà ¢¥¨© ï¢«ïîâáï £àã¯¯®¢®©   «¨§ [2], [9] ¨ ¬¥â®¤
ä ªâ®à¨§ æ¨¨ [10], [11].

1. �®áâ ®¢ª  § ¤ ç¨

�¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ ¤¢¨¦¥¨ï ¥¯à¥àë¢®-¥®¤®à®¤®©  ¨§®âà®¯®© ã¯àã£®©
áà¥¤ë ¢ á«ãç ¥ ¥¥ ®á¥á¨¬¬¥âà¨ç®© ¤¥ä®à¬ æ¨¨,   â ª¦¥ ãà ¢¥¨ï á®áâ®ï¨ï, á¢ï§ë¢ îé¨¥
ª®¬¯®¥âë â¥§®à   ¯àï¦¥¨© ¨ ¢¥ªâ®à  ¯¥à¥¬¥é¥¨©, § ¯¨áë¢ îâáï á«¥¤ãîé¨¬ ®¡à §®¬
[12]
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ãà ¢¥¨¥ (1.1) ¨ á®®â®è¥¨ï (1.2) ¢ 
 = ft > 0; 1 < r < ag ®¯à¥¤¥«ïîâáï á¨áâ¥¬®© à ¢¥áâ¢
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a| à ¤¨ãá æ¨«¨¤à¨ç¥áª®© (áä¥à¨ç¥áª®©) ¯®«®áâ¨, �0 | ¯«®â®áâì ®¤®à®¤®£®  ¨§®âà®¯®£®
â¥« .

�á«¨ ¯à¨ t = 0 ã¯àã£ ï áà¥¤   å®¤¨« áì ¢ á®áâ®ï¨¨ ¯®ª®ï, â®

u(r; 0) =
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= 0; 1 � r <1: (1.6)

�  £à ¨æ¥ ¯®«®áâ¨ ¬®£ãâ ¤¥©áâ¢®¢ âì à ¤¨ «ìë¥  ¯àï¦¥¨ï P �(t�) ¨«¨ ¯¥à¥¬¥é¥¨ï
V �(t�), â. ¥. ¯à¨ r� = a § ¤ îâáï £à ¨çë¥ ãá«®¢¨ï

�rr(1; t) = P (t) ¨«¨ u(1; t) = V (t): (1.7)
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a
. �®®â®è¥¨ï (1.3), (1.6), (1.7) á®¢¬¥áâ® á ãá«®¢¨¥¬   ¡¥áª®¥ç®áâ¨

¯à¥¤áâ ¢«ïîâ ¬ â¥¬ â¨ç¥áªãî ä®à¬ã«¨à®¢ªã ¨áá«¥¤ã¥¬®©  ç «ì®-ªà ¥¢®© § ¤ ç¨.

� ¬¥ç ¨¥ 1. �§ ä¨§¨ç¥áª¨å á®®¡à ¦¥¨© á«¥¤ã¥â � > 0; C11 > 0 =) C(r) > 0, â. ¥. ¤¨ä-
ä¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ (1.3) £¨¯¥à¡®«¨ç¥áª®£® â¨¯  ¬®¤¥«¨àã¥â ¢®«®¢ë¥ ¯à®æ¥ááë, à á¯à®-
áâà ïîé¨¥áï ª ª®¥çë¬¨ áª®à®áâï¬¨.

2. �®áâà®¥¨¥ ®¡é¥£® à¥è¥¨ï

�ç¨â ï, çâ® äãªæ¨ï U(r; t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ �¨à¨å«¥, ¯à¨¬¥¨¬ ¯à¥®¡à §®¢ ¨¥
�ãàì¥
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� ãç¥â®¬  ç «ìëå ãá«®¢¨© (1.6) ¯®«ãç¨¬ ¢ ¯à®áâà áâ¢¥ ¨§®¡à ¦¥¨© ãà ¢¥¨¥
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�¥è¥¨¥ ãà ¢¥¨ï (2.2) ¯à¥¤áâ ¢«ï¥âáï ¢ ä®à¬¥eU(r; p) = '(r)G(S); S = p (r); (2.3)

£¤¥ '(r),  (r) ¨ G(S) | ¤¢ ¦¤ë ¥¯à¥àë¢®-¤¨ää¥à¥æ¨àã¥¬ë¥ äãªæ¨¨ á¢®¨å  à£ã¬¥â®¢. �
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ª®â®à®¥ ¬®¦¥â ¡ëâì ã¤®¢«¥â¢®à¥® à §«¨çë¬¨ á¯®á®¡ ¬¨.

�«ãç © 1. �ãáâì

d2G

dS2
+

C(r)
[ 0(r)]2

G(S) = 0; (2.5)

'(r) 00(r) + 2'0(r) 0(r) +A(r)'(r) 0(r) = 0; (2.6)

'00(r) +A(r)'0(r) +B(r)'(r) = 0: (2.7)

�®¯ãáª ï, çâ®

C(r) = [ 0(r)]2; (2.8)

§ ¯¨è¥¬ ®¡é¥¥ à¥è¥¨¥ ãà ¢¥¨ï (2.5) ¢ ¢¨¤¥

G(S) = C1(p)e
is + C2(p)e

�is: (2.9)

�®á«¥ ¯®¤áâ ®¢ª¨ (2.9) ¢ (2.3) ¨ ¥£® ®¡à é¥¨ï ¯® ä®à¬ã«¥ (2.1), ¯®«ãç ¥¬ ¯à¥¤áâ ¢«¥¨¥
¤«ï ®à¨£¨ «  [13]

u(r; t) =
'(r)p
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[C1(p)eip + C2(p)e�ipt]eiptdp = '(r)[f1(t+  ) + f2(t�  )]: (2.10)

�ëà ¦¥¨¥ ¢ ª¢ ¤à âëå áª®¡ª å ¯à¥¤áâ ¢«ï¥â «¨¥©ãî ª®¬¡¨ æ¨î ®¡à â®© ¨ ¯àï¬®© ¢®«-
ë.

� á¯®àï¦ ïáì äãªæ¨¥© C(r), ¨§ (2.8) ¨ (2.6) ®¯à¥¤¥«¨¬  (r) ¨ '(r),   à ¢¥áâ¢® (2.7) ¯à¨-
¢®¤¨â ª äãªæ¨® «ì®¬ã á®®â®è¥¨î, á¢ï§ë¢ îé¥¬ã B(r) ¨ A(r). �®âà¥¡ã¥¬, çâ®¡ë

C(r) =
�(r)
C11(r)

= K2 = const : (2.11)

�â® á®®â¢¥âáâ¢ã¥â ¯®áâ®ï®© áª®à®áâ¨ à á¯à®áâà ¥¨ï ã¯àã£¨å ¢®« ¢  ¨§®âà®¯®© ¥®¤®-
à®¤®© áà¥¤¥. �§ (2.8) á«¥¤ã¥â  (r) = Kr, ¨ (2.6) ¯¥à¥å®¤¨â ¢ à ¢¥áâ¢® '0(r) + 1

2
A(r)'(r) = 0.

�§ ¥£®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (1.5),  å®¤¨¬

'(r) = [C11(r)r
n]�1=2: (2.12)

� à¥§ã«ìâ â¥ ¯®¤áâ ®¢ª¨ (2.12) ¢ (2.7) ¯®«ãç ¥¬

4B(r) = 2A0(r) +A2(r): (2.13)

�¥®à¥¬  1. �«ï â®£® çâ®¡ë § ¬ªãâ®¥ à¥è¥¨¥ (2:10) ®¯¨áë¢ «® ¯à®æ¥áá à á¯à®áâà ¥¨ï
ã¯àã£¨å ¢®« ¢  ¨§®âà®¯®© ¥®¤®à®¤®© áà¥¤¥ á ¯®áâ®ïë¬¨ áª®à®áâï¬¨ (2:11), ¤®áâ -
â®ç® ã¤®¢«¥â¢®à¥¨ï à ¢¥áâ¢ , á¢ï§ë¢ îé¥£® ã¯àã£¨¥ å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨ «  Cik(r)
(i; k = 1; 2; 3),

2
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=
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dr

�
: (2.14)

�®ª § â¥«ìáâ¢® íâ®£® ãâ¢¥à¦¤¥¨ï ®á®¢ ®   á®¯®áâ ¢«¥¨¨ à ¢¥áâ¢ (1.5) ¨ (2.13).

� ¬¥ç ¨¥ 2. �á«¨B(r) = 0, â® ¨§ (2.13) á«¥¤ã¥âA(r) = 2
r
, ¨ (1.3) ¯à¥®¡à §ã¥âáï ¢ ¨§¢¥áâ®¥

ãà ¢¥¨¥ � à¡ã. �®®â®è¥¨¥ (2.14) § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥

C11(r) = r2�n; (n� 1)[C12(r)� C23(r)]� C22(r) + r
dC12(r)
dr

= 0: (2.15)
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�á«®¢¨ï (2.14) ¨ (2.15) ¯à¥¤áâ ¢«ïîâ ®¯à¥¤¥«¥ë¥ ®£à ¨ç¥¨ï,  ª« ¤ë¢ ¥¬ë¥   ã¯àã-
£¨¥ å à ªâ¥à¨áâ¨ª¨ Cik(r) ¥®¤®à®¤®©  ¨§®âà®¯®© áà¥¤ë. � ª ç¥áâ¢¥ ¯à¨¬¥à®¢ à áá¬®âà¨¬
¨¦¥ § ª®ë ¥®¤®à®¤®áâ¨, ¤«ï ª®â®àëå ¢ë¯®«ïîâáï ãá«®¢¨ï â¥®à¥¬ë 1.

a) �â¥¯¥ ï § ¢¨á¨¬®áâì Cik(r), â. ¥.

C11(r) = a11r
m; C12(r) = a12r

m; C23(r) = a23r
m; C22(r) = a22r

m: (2.16)

�¤¥áì m | ¯®ª § â¥«ì ¥®¤®à®¤®áâ¨  ¨§®âà®¯®© áà¥¤ë; aij , i; j = 1; 2; 3, | ¡¥§à §¬¥àë¥
ª®áâ âë  ¨§®âà®¯®£® ¬ â¥à¨ « . �®á«¥ ¯®¤áâ ®¢ª¨ (2.16) ¢ (2.14) ¯®«ãç¨âáï ªà¨â¥à¨ «ì-
®¥ á®®â®è¥¨¥ ¤«ï ã¯àã£¨å ª®áâ â

n[(n� 1)(a12 � a23)� a22 +ma12] = (m+ n)(m+ n� 2)
a11
4
; n = 1; 2: (2.17)

¡) �ªá¯®¥æ¨ «ì ï § ¢¨á¨¬®áâì

C11(r) = a11e
imr; C12(r) = a12e

imr; C23(r) = a23e
imr; C22(r) = a22r

2eimr: (2.18)

�®®â®è¥¨ï (2.18) ®¯¨áë¢ îâ ã¯àã£¨¥ á¢®©áâ¢   ¨§®âà®¯®© ¥®¤®à®¤®© áà¥¤ë á ¤¨áá¨¯ -
æ¨¥© (¢ãâà¥¨¬ âà¥¨¥¬) ¢ ¬ â¥à¨ «¥, â. ª. ¬®¤ã«¨ ã¯àã£®áâ¨ ¢ íâ®¬ á«ãç ¥ ï¢«ïîâáï ª®¬-
¯«¥ªáë¬¨ [14].

� ¢¥áâ¢® (2.14), á¢ï§ë¢ îé¥¥ ã¯àã£¨¥ ¯®áâ®ïë¥ ¬ â¥à¨ « , § ¯¨áë¢ ¥âáï â¥¯¥àì ¢ ¢¨¤¥

1
4

�
n(n� 2)

r2
�m2

�
a11 +

nm

2r
a11i = n

�
(n� 1)(a12 � a23)

r2
� a22 +

m

r
a12i

�
;

®âªã¤  á«¥¤ã¥â a12 = a11
2
, a22 = m2

4n
a11, a23 = n

4(n�1)
a11. �à¨ íâ®¬ ã¯àã£ ï ª®áâ â  ¬ â¥à¨ « 

a11 ¬®¦¥â ¢ë¡¨à âìáï ¯à®¨§¢®«ì®. �®áª®«ìªã ¯à¨ n ! 1 a23 ! 1, â®, ®ç¥¢¨¤®, à¥è¥¨¥
(2.10) ®¯¨áë¢ ¥â ¢®«®¢®© ¯à®æ¥áá ¢ ¥®¤®à®¤®© áà¥¤¥ (2.18) â®«ìª® ¢ á«ãç ¥ à á¯à®áâà ¥¨ï
¢®§¬ãé¥¨© ¨§ áä¥à¨ç¥áª®© ¯®«®áâ¨.

�«ãç © 2. �ãáâì ¢ à ¬ª å ¯à¥¤áâ ¢«¥¨© (2.5){(2.7) ¢¬¥áâ® (2.8) á¯à ¢¥¤«¨¢® à ¢¥áâ¢®
C(r)

[ 0(r)]2
= 1

 2(r)
. �®£¤  (2.5) ï¢«ï¥âáï ãà ¢¥¨¥¬ �©«¥à , ¨ ¥£® ®¡é¥¥ à¥è¥¨¥ § ¯¨áë¢ ¥âáï ¢

í«¥¬¥â àëå äãªæ¨ïå, ¨¬¥®,

G(S) = C1(p)M1( ) + C2(p)M2( ): (2.19)

�à¨ç¥¬

M 2
1;2 = [ (r)]1�(1�4p2); jpj < 1

2
; M 2

1;2( ) = [ (r)]1�(4p2�1)i; jpj > 1
2
;

M 2
1 ( ) =  (r); jpj = 1

2
; M 2

2 ( ) =  (r) ln2  (r); jpj = 1
2
:

(2.20)

�«¥¤®¢ â¥«ì®,

U(r; t) =
'(r)p
2�

Z +1

�1

[C1(p)M1( ) + C2(p)M2( )]eiptdp: (2.21)

�ãáâì, ª ª ¨ ¢ á«ãç ¥ 1, ¢ë¯®«ï¥âáï à ¢¥áâ¢® (2.11). �®£¤  á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

 (r) = ekr; '2(r) = e�kre�
R
A(r)dr; 4B(r) = 2A0(r) +A2(r)�K2: (2.22)

�¥®à¥¬  2. �«ï â®£® çâ®¡ë ¨¬¥«® ¬¥áâ® à¥è¥¨¥ (2:21) ¯à¨ ãá«®¢¨¨ (2:11), ¤®áâ â®ç®
ã¤®¢«¥â¢®à¥¨ï à ¢¥áâ¢ , á¢ï§ë¢ îé¥£® ã¯àã£¨¥ å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨ «   ¨§®âà®¯®©

¥®¤®à®¤®© áà¥¤ë,

2
d2

dr2
[ln(C11r

n)] +
�
d

dr
[ln(C11r

n)]
�2

�K2 =
4n
C11r2

�
(n� 1)(C12 � C23)� C22 + r

dC12

dr

�
: (2.23)
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�®ª § â¥«ìáâ¢® íâ®£® ä ªâ  ®á®¢ ®   á®¯®áâ ¢«¥¨¨ (1.5) ¨ ¯®á«¥¤¥£® à ¢¥áâ¢  ¨§
(2.22).

�à¨â¥à¨ «ì®¥ á®®â®è¥¨¥ (2.23) ¯®§¢®«ï¥â à áè¨à¨âì § ª®ë ¥®¤®à®¤®áâ¨  ¨§®âà®¯-
®£® ¬ â¥à¨ « , ¤«ï ª®â®àëå ¬®£ãâ ¡ëâì ¯®áâà®¥ë § ¬ªãâë¥ à¥è¥¨ï. � ¯à¨¬¥à, ¥á«¨ Cik(r)
¨ �(r) ¨§¬¥ïîâáï ¯® íªá¯®¥æ¨ «ì®-áâ¥¯¥®¬ã § ª®ã,

C11(r) = a11r
�nemr; C12(r) = a12r

2�nemr; C23(r) = a23r
2�nemr; C22(r) = a22r

3�nemr; (2.24)

â® ¯à¨ ã¤®¢«¥â¢®à¥¨¨ à ¢¥áâ¢ ¬¨ (2.24) á®®â®è¥¨ï (2.23) ¯®«ãç ¥¬ á¢ï§¨ ¬¥¦¤ã ª®áâ -
â ¬¨

a22 = ma12; (m2 � k2)a11 = 4n[a12 � (n� 1)a23]: (2.25)

� ª ã¦¥ ®â¬¥ç «®áì, ¤®áâ®¨áâ¢®¬ ¯à¥¤áâ ¢«¥¨ï (2.3) ï¢«ï¥âáï â®, çâ® ¯®«ãç¥®¥   ¥£®
®á®¢¥ ãà ¢¥¨¥ (2.4) ¬®¦¥â ¡ëâì ã¤®¢«¥â¢®à¥® à §«¨çë¬¨ á¯®á®¡ ¬¨. � áá¬®âà¨¬ â¥¯¥àì
 «ìâ¥à â¨¢ë© (2.5){(2.7) ¢ à¨ â ¥£® à¥è¥¨ï.

�«ãç © 3. �ãáâì ¨¬¥¥â ¬¥áâ® (2.8),   â ª¦¥ à ¢¥áâ¢ 

 00(r)'(r)
[ 0(r)]2

+ 2
'0(r) (r)
'(r) 0(r)

+
A(r) (r)
 0(r)

= 0; (2.26)

 2(r)
'(r)[ 0(r)]2

[A(r)'0(r) +B(r)'(r) + '00(r)] = �6: (2.27)

� íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (2.4) ¯à¨¨¬ ¥â ¢¨¤ S2 d
2G(S)

dS2
+ (S2 � 6)G(s) = 0. �£® ®¡é¥¥ à¥è¥¨¥

¯à¥¤áâ ¢«¥® â ª¨¬ ®¡à §®¬ [1]:

G(s) = C1(p)
�
3
S
cos[S + C2(p)] +

�
1� 3

S2

�
sin[S + C2(p)]

�
: (2.28)

�ë¯®«ïï ®¡à é¥¨¥ à ¢¥áâ¢ (2.3), (2.28),  å®¤¨¬

U(r; t) =
'(r)p
2�

Z +1

�1

C1(p)
�
3
S
cos[S + C2(p)] +

�
1� 3

S2

�
sin[S + C2(p)]

�
eiptdp: (2.29)

� à ¬ª å ¯à¥¤áâ ¢«¥¨ï (2.11) ¨§ á®®â®è¥¨© (2.8), (2.26) ¯®á«¥¤®¢ â¥«ì® ®¯à¥¤¥«ï¥¬
 (r) = kr, '(r) = exp

�� 1
2

R
A(r)dr

�
. � ª®¥æ, ¨§ ãà ¢¥¨ï (2.27) ¯®«ãç ¥¬

B(r) =
1
4

�
2A0(r) +A2(r)� 24

r2

�
: (2.30)

�§ á®¯®áâ ¢«¥¨ï á®®â¢¥âáâ¢ãîé¨å à ¢¥áâ¢ (1.5) ¨ (2.30) á«¥¤ã¥â

�¥®à¥¬  3. �ëà ¦¥¨¥ (2:29) ®¯à¥¤¥«ï¥â ¤¨ ¬¨ç¥áª¨¥ ¯¥à¥¬¥é¥¨ï,   ¯® ä®à¬ã« ¬ (1:4)
| ¨  ¯àï¦¥¨ï ¥®¤®à®¤®©  ¨§®âà®¯®© áà¥¤ë, ¥á«¨ ¥¥ ã¯àã£¨¥ å à ªâ¥à¨áâ¨ª¨ Cik(r)
ã¤®¢«¥â¢®àïîâ äãªæ¨® «ì®¬ã ãà ¢¥¨î

2
d2

dr2
[ln(C11r

n)] +
�
d

dr
[ln(C11r

n)]
�2

� 24
r2

=
4n
C11r2

�
(n� 1)(C12 � C23)� C22 + r

dC12

dr

�
: (2.31)

� áá¬®âà¨¬ ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  ¥®¤®à®¤ãî  ¨§®âà®¯ãî áà¥¤ã, ã¯àã£¨¥ å à ªâ¥à¨áâ¨ª¨
ª®â®à®© ï¢«ïîâáï ¯¥à¨®¤¨ç¥áª¨¬¨ äãªæ¨ï¬¨ à ¤¨ «ì®© ª®®à¤¨ âë, â. ¥.

C11(r) = a11 sinmr; C12(r) = a12 sinmr;

C23(r) = a23 sinmr; C22(r) = a22r
2(sinmr + 1

sinmr
):

(2.32)
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�®á«¥ ¯®¤áâ ®¢ª¨ à ¢¥áâ¢ (2.32) ¢ ªà¨â¥à¨ «ì®¥ á®®â®è¥¨¥ (2.31) ¨ ¥á«®¦ëå  «£¥¡à ¨-
ç¥áª¨å ¯à¥®¡à §®¢ ¨© ¯®«ãç ¥¬ á®®â®è¥¨ï, á¢ï§ë¢ îé¨¥ ã¯àã£¨¥ ª®áâ âë ¬ â¥à¨ « 

a12 =
a11
2
; a22 =

m2

4n
a11; a23 =

n2 + 24
4n(n� 1)

a11: (2.33)

� ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ á¨ãá®¨¤ «ì®£® § ª®  ¥®¤®à®¤®áâ¨ ã¯àã£¨å ¨ ¨¥àæ¨®ëå
å à ªâ¥à¨áâ¨ª  ¨§®âà®¯®£® ¬ â¥à¨ «  (2.32), (2.11) à¥è¥¨¥ (2.29) á¯à ¢¥¤«¨¢® «¨èì ¤«ï
áä¥à¨ç¥áª®© ¯®«®áâ¨ (n = 2). �à¨ íâ®¬ ã¯àã£ ï ¯®áâ®ï ï a11 ¢ (2.33) ¢ë¡¨à ¥âáï ¯à®¨§¢®«ì®.

�«ãç © 4. �ãáâì ¢ë¯®«ï¥âáï à ¢¥áâ¢® (2.8) ¨ á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

 00(r) (r)
[ 0(r)]2

+A(r)
 (r)
 0(r)

+ 2
'0(r) (r)
'(r) 0(r)

= 1; (2.34)

 2(r)
[ 0(r)]2'(r)

['00(r) +A(r)'0(r) +B(r)'(r)] = ��2; � 2 R: (2.35)

�®£¤  (2.4) ¯à¨¢®¤¨âáï ª ãà ¢¥¨î �¥áá¥«ï

S2d
2G(s)
dS2

+ S
dG(s)
dS

+ (S2 � �2)G(s) = 0:

�£® à¥è¥¨¥ § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥

G(s) = C1(p)J�(s) + C2(p)I�(s): (2.36)

�¤¥áì J�(s), I�(s) | äãªæ¨¨ �¥áá¥«ï �-£® ¯®àï¤ª  I-£® ¨ II-£® à®¤ .
�ë¯®«ïï ®¡à é¥¨¥ ¢ëà ¦¥¨ï (2.3), á ãç¥â®¬ (2.36) ®¯à¥¤¥«ï¥¬ ¤¨ ¬¨ç¥áª¨¥ ¯¥à¥¬¥é¥-

¨ï

u(r; t) =
'(r)p
2�

Z +1

�1

[C1(p)J�(s) + C2(p)I�(s)]eiptdp: (2.37)

� á«ãç ¥ (2.11) ¨§ (2.8) ¨¬¥¥¬  (r) = kr. �à¨¨¬ ï íâ® ¢® ¢¨¬ ¨¥, ¨§ (2.34)  å®¤¨¬ '(r) =

r1=2e�
1

2

R
A(r)dr,   ¨§ (2.35) á«¥¤ã¥â B(r) = 1

4

h
2A0(r) +A2(r) + 1�4�2

r2

i
.

�¥®à¥¬  4. �«ï â®£® çâ®¡ë ¢ëà ¦¥¨¥ (2:37) ¯à¥¤áâ ¢«ï«® § ¬ªãâ®¥ à¥è¥¨¥ à áá¬ -

âà¨¢ ¥¬®© ¤¨ ¬¨ç¥áª®© § ¤ ç¨ ¤«ï  ¨§®âà®¯®© ¥®¤®à®¤®© áà¥¤ë, ¤®áâ â®ç® ã¤®¢«¥-

â¢®à¥¨ï äãªæ¨® «ì®£® á®®â®è¥¨ï, á¢ï§ë¢ îé¥£® å à ªâ¥à¨áâ¨ª¨ Cik(r),

2
d2

dr2
[ln(C11r

n)] +
�
d

dr
[ln(C11r

n)]
�2

+
1� 4�2

r2
=

=
4n
c11r2

�
(n� 1)(C12 � C23)� C22 + r

dC12

dr

�
: (2.38)

� á«ãç ¥, ª®£¤  å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨ «  Cik(r) ¨§¬¥ïîâáï ¯® áâ¥¯¥®¬ã § ª®ã (2.6),
ªà¨â¥à¨ «ì®¥ á®®â®è¥¨¥ (2.38) ¯à¨¬¥â ¢¨¤

�2a11 = n[(n� 1)a23 + a22]� [n(n� 1) +m]a12: (2.39)

�§ (2.39) á«¥¤ã¥â, çâ® âà¨ ¯ à ¬¥âà  aik ¨§ ç¥âëà¥å ¬®£ãâ ¢ë¡¨à âìáï ¯à®¨§¢®«ì®. �á«¨ ã¯àã-
£¨¥ å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨ «  ¨§¬¥ïîâáï ¯® ª®á¨ãá®¨¤ «ì®¬ã § ª®ã

C11(r) = a11 cosmr; C12(r) = a12 cosmr;

C23(r) = a23 cosmr; C22(r) = a22r
2
�
cosmr + 1

cosmr

�
;

(2.40)

â® ã¯àã£¨¥ ª®áâ âë aik ¬ â¥à¨ «  ã¤®¢«¥â¢®àïîâ á®®â®è¥¨ï¬

a12 =
a11
2
; a22 =

m2

4n
a11; a23 =

1
4

�
1� 1� 4�2

n(n� 1)

�
a11:
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� ª¨¬ ®¡à §®¬, ¢ íâ®¬ á«ãç ¥ ®áâ ¥âáï ¯à®¨§¢®«ì®© «¨èì ®¤  ã¯àã£ ï ª®áâ â   ¨§®-
âà®¯®£® ¬ â¥à¨ « .

3. �à ¥¢ ï § ¤ ç  ® à á¯à®áâà ¥¨¨ ¢®«

� áá¬®âà¨¬ ¤¢  ¢ ¦ëå ¤«ï ¯à ªâ¨ª¨ á«ãç ï à á¯à®áâà ¥¨ï ¢®«  ¯àï¦¥¨© ¢  ¨-
§®âà®¯®© ¥®¤®à®¤®© áà¥¤¥ (2.16), á®®â¢¥âáâ¢ãîé¥© ¤¥©áâ¢¨î   £à ¨æ¥ æ¨«¨¤à¨ç¥áª®©
(áä¥à¨ç¥áª®©) ¯®«®áâ¨ à ¤¨ «ìëå ¯¥à¥¬¥é¥¨© ¨«¨ áª çª  ¤ ¢«¥¨©. �à¨ íâ®¬ ¢®á¯®«ì§ã¥¬-
áï à¥è¥¨¥¬ (2.10) ¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨ (1.7).

�ãáâì   £à ¨æ¥ ¯®«®áâ¨ (r = 1) ¢¥§ ¯® ¢ ¬®¬¥â ¢à¥¬¥¨ t = 0 ¯à¨«®¦¥ë à á¯à¥¤¥«¥-
ë¥ ¯® ¥¥ ¯®¢¥àå®áâ¨ à ¤¨ «ì®-á¨¬¬¥âà¨çë¥ ¯¥à¥¬¥é¥¨ï V0 = const. �®£¤  ¢ á®®â¢¥âáâ¢¨¨
á (1.7) ¬®¦® § ¯¨á âì

U(1; t) = V0H(t); (3.1)

£¤¥ H(t) =

(
1 ¯à¨ t � 0;

0 ¯à¨ t < 0:
�®áª®«ìªã à áá¬ âà¨¢ ¥âáï ¡¥áª®¥ç ï áà¥¤ , â® ä¨§¨ç¥áª¨© á¬ëá«

¨¬¥¥â «¨èì ¯àï¬ ï ¢®« , â. ¥. ¢ (2.10) á«¥¤ã¥â ¯à¨ïâì

f1(t+  ) = 0; (3.2)

çâ® ¯à¥¤áâ ¢«ï¥â ¥¤®áâ îé¥¥ ¢â®à®¥ ãá«®¢¨¥. �á«¨ â¥¯¥àì ãç¥áâì (3.1), (3.2) ¨ ¢ëà ¦¥¨ï
(2.12), (2.16), â® ä®à¬ã«ë ¤«ï ¯¥à¥¬¥é¥¨© (2.10) ¨ ª®«ìæ¥¢ëå  ¯àï¦¥¨© (1.4) ¬®¦® ¯à¥¤-
áâ ¢¨âì á«¥¤ãîé¨¬ ®¡à §®¬:

U(r; t) = V0r
�(n+m)=2H(�); (3.3)

���(r; t) = V0r
�(n�m+2)=2

�
a22 + (n� 1)a23 � m+ n

2
a12

�
H(�); (3.4)

£¤¥ � = t�k(r�1). �à¨ � = 0 ¢ëà ¦¥¨ï (3.3), (3.4) å à ªâ¥à¨§ãîâ à ¤¨ «ìë¥ ¯¥à¥¬¥é¥¨ï ¨
ª®«ìæ¥¢ë¥  ¯àï¦¥¨ï   äà®â¥ à á¯à®áâà ïîé¥©áï á® áª®à®áâìî c = 1=k á®®â¢¥âáâ¢ãîé¥©
¢®«ë, ¯à¨ç¥¬ U(r; t) ¨ ���(r; t) ¯à®¯®àæ¨® «ìë ¨â¥á¨¢®áâ¨ ¯¥à¥¬¥é¥¨© V0, ¯à¨«®¦¥ëå
  £à ¨æ¥ ¯®«®áâ¨.

�ãáâì â¥¯¥àì   £à ¨æ¥ ¯®«®áâ¨ (r = 1) ¢ ¬®¬¥â ¢à¥¬¥¨ t = 0 ¢¥§ ¯® ¯à¨«®¦¥ë
à ¤¨ «ì®-á¨¬¬¥âà¨çë¥  ¯àï¦¥¨ï ¯®áâ®ï®© ¨â¥á¨¢®áâ¨ P = const. �®£¤  ¢ á®®â¢¥â-
áâ¢¨¨ á £à ¨çë¬ ãá«®¢¨¥¬ (1.7) â ª®¥ ¢®§¤¥©áâ¢¨¥ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

�rr(1; t) = �PH(t): (3.5)

� á¨«ã (3.2) ¢ëà ¦¥¨¥ ¤«ï à ¤¨ «ìëå ¯¥à¥¬¥é¥¨© U(r; t) ®¯à¥¤¥«¨âáï à ¢¥áâ¢®¬ U(r; t) =
r�(m+n)=2f2(t� kr). � «¥¥ ¨§ ãá«®¢¨ï (3.5) ¢ëç¨á«ï¥¬ äãªæ¨î

f2(t� kr) = � P

a11k
exp[�
(t� kr)]H(t� kr); 
 =

1
a11k

�
n+m

2
a11 � na12

�
: (3.6)

� á¯®« £ ï ¢ëà ¦¥¨¥¬ (3.6),  å®¤¨¬ ª®«ìæ¥¢ë¥  ¯àï¦¥¨ï

���(r; t) =
P

a11k

(t� kr)�(n+m+2)=2

���
n+m

2
+ k(t� kr)

�
a12 � a22 � (n� 1)a23

�
�

� exp[�
(t� kr)]H(t� kr) +
�
a22 + (n� 1)a23 � n+m

2
a12

��
: (3.7)

�§ à ¢¥áâ¢  (3.7) á«¥¤ã¥â á®®â®è¥¨¥   äà®â¥ ¢®«ë  ¯àï¦¥¨© ���(r; 0) = P a12
a11
r�(n+m+2)=2

¯à¨ t = k(r � 1).
�â¥à¥á® ®â¬¥â¨âì, çâ® ¯à¨ m < n+2 ª®«ìæ¥¢ë¥  ¯àï¦¥¨ï   äà®â¥ ¢®«ë ã¡ë¢ îâ ¯®

¬¥à¥ ã¤ «¥¨ï ®â £à ¨æë ¯®«®áâ¨ (á à®áâ®¬ r). �®áª®«ìªã ¤«ï æ¨«¨¤à¨ç¥áª®© ¨ áä¥à¨ç¥áª®©
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¯®«®áâ¥© á®®â¢¥âáâ¢¥® n = 1 ¨ 2, â® ¯®ª § â¥«ìm ¥®¤®à®¤®áâ¨  ¨§®âà®¯®© áà¥¤ë ¤®«¦¥
¡ëâì ¬¥ìè¥ 3 ¨ 4. � § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® ¯®áâà®¥ë¥ ¢ à ¡®â¥ § ¬ªãâë¥ à¥è¥¨ï (2.10),
(2.16), (2.18) ¨ (2.19){(2.21), (2.24),   â ª¦¥ (2.28), (2.29), (2.32) ¨ (2.36), (2.37), (2.40) áãé¥áâ¢¥®
à áè¨àïîâ à¥§ã«ìâ âë [6], [8], [15].
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