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� ¤ ç¨ á®¯àï¦¥¨ï   «¨â¨ç¥áª¨å äãªæ¨© ¢ ¤¢ã¬¥àëå ®¡« áâïå á ªãá®ç®-£« ¤ª¨¬¨ £à -
¨æ ¬¨ ¨§ãç «¨áì ¢ à ¡®â å [1], [2]. � ¤ ®© áâ âì¥ à áá¬ âà¨¢ ¥âáï § ¤ ç  ¯®áâà®¥¨ï £ à-
¬®¨ç¥áª¨å äãªæ¨© ¢ ®¡« áâïå ¯à®áâà áâ¢  R3 ¯à¨ ãá«®¢¨¨ á®¯àï¦¥¨ï ¨å   ¯®¢¥àå®áâïå,
á®¤¥à¦ é¨å ¥£« ¤ª®áâ¨ â¨¯  ®á®¡ëå «¨¨© (¬®¦¥áâ¢ ã£«®¢ëå â®ç¥ª) ¨ ª®¨ç¥áª¨å â®ç¥ª.

1. �®áâ ®¢ª  § ¤ ç¨. �ãáâì ¢ R3 á®¤¥à¦ âáï ®¤®á¢ï§ë¥ ª®¥çë¥ ®¡« áâ¨ Vi, i = 1; k0,
Vi \ Vl = ;, ®£à ¨ç¥ë¥ § ¬ªãâë¬¨ ¯®¢¥àå®áâï¬¨ Si, á®¤¥à¦ é¨¬¨ £« ¤ª¨¥ § ¬ªãâë¥
¥¯¥à¥á¥ª îé¨¥áï ®á®¡ë¥ «¨¨¨ (¬®¦¥áâ¢  ã£«®¢ëå â®ç¥ª) Lij , j = 1; pi, ¨ ª®¨ç¥áª¨¥ â®çª¨
Oik =2 Lij , k = 1; qi.

�®áâà®¨¬ äãªæ¨¨ Fi(x; y; z), £ à¬®¨ç¥áª¨¥ ¢ á®®â¢¥âáâ¢ãîé¨å ®¡« áâïå Vi, ¨ äãªæ¨î

F0(x; y; z), £ à¬®¨ç¥áªãî ¢ V0 = R3 n
k0S
i=1

Vi, ¯à¨ â ª¨å ãá«®¢¨ïå á®¯àï¦¥¨ï   ¯®¢¥àå®áâïå Si:

¢ â®çª å £« ¤ª®áâ¨ N0 2 Si, N0 =2 Lij , N0 6= Oik,

F+
i (N0)� F�

0 (N0) = 0; (1)

�i@F
+
i (N0)=@n� �0@F

�

0 (N0)=@n = 0; (2)

¢ â®çª å ®á®¡ëå «¨¨© Lij ¨«¨ ¢ ª®¨ç¥áª¨å â®çª å Oik

lim[F+
i (N0)� F�

0 (N0)] = 0; lim[�i@F+
i (N0)=@n� �0@F

�

0 (N0)=@n] = 0; (3)

£¤¥ ¯à¥¤¥«ë ¡¥àãâáï ¯à¨ N0 ! M0 2 Lij ¢ ¯«®áª®áâ¨, ®à¬ «ì®© ª ®á®¡®© «¨¨¨, ¨«¨ ¯à¨
N0 ! Oik, ¯®áâ®ïë¥ �0; �i 2 R, n | ¢¥èïï ®à¬ «ì ª Si. �¥àå¨© ¨¤¥ªá � ®§ ç ¥â
£à ¨ç®¥ § ç¥¨¥ £ à¬®¨ç¥áª®© äãªæ¨¨ ¯à¨ ¯®¤å®¤¥ ª ¯®¢¥àå®áâ¨ Si á® áâ®à®ë ®¡« áâ¨
Vi (§ ª +) ¨«¨ V0 (§ ª �). �ç¨â ¥¬, çâ® ¢¡«¨§¨ á¢®¥© ¢¥àè¨ë ª®¨ç¥áª ï ¯®¢¥àå®áâì ¨¬¥¥â
¯àï¬®«¨¥©ãî ®¡à §ãîéãî ¨ ªà¨¢®«¨¥©ãî £« ¤ªãî § ¬ªãâãî  ¯à ¢«ïîéãî.

� â ª®© § ¤ ç¥ ¯à¨¢®¤ïâáï ¥ª®â®àë¥ ¯à®¡«¥¬ë ¬¥å ¨ª¨ á¯«®è®© ¥®¤®à®¤®© áà¥¤ë
[3], [4]. � à¬®¨ç®áâì äãªæ¨© Fi(M) ¢ â®çª å ®á®¡ëå «¨¨© Lij ¨«¨ ¢ ª®¨ç¥áª¨å â®çª å Oik

¯®¨¬ ¥âáï ª ª ¢ë¯®«¥¨¥ à ¢¥áâ¢ 

lim
ZZZ
V �

r2F (M)dv = 0; M�

0 2 V �; (4)

£¤¥ ¯à¥¤¥«ë ¡¥àãâáï ¯à¨ V � !M�

0 , â. ¥. ¯à¨ áâï£¨¢ ¨¨ ®¡« áâ¨ V
� ¢ â®çªã M�

0 , çâ® ä¨§¨ç¥áª¨
®¡ãá«®¢«¥® ¥®¡å®¤¨¬®áâìî ¢ë¯®«¥¨ï § ª®®¢ á®åà ¥¨ï í¥à£¨¨ ¢ ®á®¡ëå â®çª å áà¥¤ë
[3]{[5], ¯à¨ íâ®¬ M =M(x; y; z), M�

0 2 Lij ¨«¨ M�

0 = Oik.

2. �á¨¬¯â®â¨ª  £ à¬®¨ç¥áª¨å äãªæ¨©. �«ï ãáâ ®¢«¥¨ï å à ªâ¥à  £ à¬®¨ç¥áª¨å
äãªæ¨© ¨§ãç¨¬ ¨å ¯®¢¥¤¥¨¥ ¢ «®ª «ìëå ®¡« áâïå ®á®¡ëå â®ç¥ª.

�¥¬¬  1. �á«¨ ¢ â®çª å ®á®¡®© «¨¨¨ L ¢¥«¨ç¨ 

m = �=(2� �$); (5)
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£¤¥ $ | ã£®« à áâ¢®à  ¯®¢¥àå®áâ¥© ¢ â®çª å ®á®¡®© «¨¨¨ ¢ ¯«®áª®áâ¨, ®à¬ «ì®© ª ¥©,

¯à¨ ¤«¥¦¨â ¨â¥à¢ «ã (0; 1), â® £ à¬®¨ç¥áª ï äãªæ¨ï ¨ ¥¥ ®à¬ «ì ï ¯à®¨§¢®¤ ï ¨¬¥îâ
 á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥

Fi(x; y; z) = �m(Ci1 cosm� + Ci2 sinm�) +O(�m+1);

@Fi(x; y; z)=@n = �m�1(Ci2m cosm� � Ci1m sinm�) +O(�m); i = 0; 1;
(6)

£¤¥ �, �, s | «®ª «ìë¥ ª®®à¤¨ âë, Ciq = Ciq(s), q = 1; 2, | ¢¥«¨ç¨ë, § ¢¨áïé¨¥ ®â s.

�®ª § â¥«ìáâ¢®. �ãáâì ®á®¡ ï «¨¨ï L ï¢«ï¥âáï ¯¥à¥á¥ç¥¨¥¬ £« ¤ª¨å ¯®¢¥àå®áâ¥© S1 ¨
S2, L = S1 \ S2. � âï¥¬   L £« ¤ªãî ¯®¢¥àå®áâì S0,   ª®â®à®© ¢¢¥¤¥¬ ®àâ®£® «ìë¥ ª®®à-
¤¨ âë u, v â ª, çâ® ¯à¨ v = const ®¯¨áë¢ ¥âáï ®á®¡ ï «¨¨ï L, ¨ ¢ à¥§ã«ìâ â¥ ¯ à ¬¥âà¨§ æ¨¨
¯®« £ ¥¬ u = s, £¤¥ s| ¤«¨  ¤ã£¨ L, ®âáç¨âë¢ ¥¬ ï ®â ¥ª®â®à®©  ç «ì®© â®çª¨ ([6], á. 58).
�ãáâì nn1n2 | á®¯à®¢®¦¤ îé¨© âà¥å£à ¨ª ¯®¢¥àå®áâ¨ S0 ¢ â®çª¥ M0 ªà¨¢®©, £¤¥ n1, n2 |
®àâë, «¥¦ é¨¥ ¢ ¯«®áª®áâ¨, ª á â¥«ì®© ª S0 ¢ â®çª¥ M0, n1 | ª á â¥«ìë© ¢¥ªâ®à ª ªà¨¢®©
L, n?n1, n?n2. �®çª¨ M ¯«®áª®áâ¨ ¢¥ªâ®à®¢ n, n2 ®¯à¥¤¥«ï¥¬ ¯®«ïàë¬¨ ª®®à¤¨ â ¬¨ (�; �),
� | ã£®« ¬¥¦¤ã ¢¥ªâ®à ¬¨ M0M ¨ n2.

�à¥¤áâ ¢«¥¨¥

r = r0 + �(cos �n2(s) + sin �n(s)); (7)

£¤¥ r0, r | à ¤¨ãá-¢¥ªâ®àë â®ç¥ª M0, M , á®¤¥à¦¨â ªà¨¢®«¨¥©ë¥ ®àâ®£® «ìë¥ ª®®à¤¨ âë
�, �, s â®çª¨M «®ª «ì®© ®¡« áâ¨ ¯à®áâà áâ¢¥®© ªà¨¢®© L á ª®íää¨æ¨¥â ¬¨ � ¬¥ h1 = 1,
h2 = �, h3 = 1 + �H0, H0 = �(p cos � + r1 sin �), p = �jrsjv=jrvj, r1 = (n; rss)=jrsj.

�à ¢¥¨¥ � ¯« á  �F (x; y; z) = 0 ¤®¯ãáª ¥â ¯à¥®¡à §®¢ ¨¥ ¯®¤®¡¨ï

F = A1F (B1x;B1y;B1z); (8)

£¤¥ A1 = A1(B1), A1; B1 2 R. �¨ää¥à¥æ¨àãï á®®â®è¥¨¥ (8) ¯® B1, ¯®«ãç ¥¬ ãà ¢¥¨¥

F (x; y; z)dA1=dB1 +A1(gradF (x; y; z); r) = 0;

¢ à¥è¥¨¥ ª®â®à®£®

F (x; y; z) = F �

0 (x; y; z) (9)

¢å®¤¨â ®¤®à®¤ ï äãªæ¨ï F �

0 (x; y; z) m-£® ¯®àï¤ª  ¯¥à¥¬¥ëå x, y, z. �¥à¥å®¤ï ¢ (9) ª ªà¨-
¢®«¨¥©ë¬ ª®®à¤¨ â ¬ (7), ãáâ  ¢«¨¢ ¥¬, çâ® £ à¬®¨ç¥áª ï äãªæ¨ï ¯à¨ ¤«¥¦¨â áâ¥-
¯¥®¬ã ª« ááã ®â®á¨â¥«ì® ¯¥à¥¬¥®© �

Fi = �mAi(�; s); i = 0; 1: (10)

�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥¨¥ (10) ¢ ãà ¢¥¨¥ (4), § ¯¨á ®¥ ¢ ª®®à¤¨ â å �, �, s,  å®¤¨¬ ®¯à¥-
¤¥«ïîé¥¥ ãà ¢¥¨¥ ¤«ï äãªæ¨¨ Ai(�; s)

@2Ai=@�
2 +m2Ai = 0; m > 0;

à¥è¥¨¥ ª®â®à®£® ¨ ¤ ¥â  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥ (6). �¤®¢«¥â¢®àïï £à ¨çë¬ ãá«®-
¢¨ï¬ (3) á ¯®¬®éìî (10), ¯®«ãç ¥¬ ®¤®à®¤ãî á¨áâ¥¬ã «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©
®â®á¨â¥«ì® ¢¥«¨ç¨ Ciq. �  à §à¥è¨¬ , ¥á«¨ ¥¥ ®¯à¥¤¥«¨â¥«ì à ¢¥ ã«î, çâ® ¨ ¤ ¥â á®®â-
®è¥¨¥ (5).

�ãáâì â®çª  O ï¢«ï¥âáï ¢¥àè¨®© ª®¨ç¥áª®© ¯®¢¥àå®áâ¨ á ¯àï¬®«¨¥©ë¬¨ ®¡à §ãîé¨¬¨
¨ £« ¤ª®© § ¬ªãâ®©  ¯à ¢«ïîé¥© L0, ®ç¥àç¥®© ®àâ®¬ r0(s1) ®¡à §ãîé¥© á  ç «®¬ ¢ â®çª¥
O. �¤¥áì s1 | ¤«¨  ¤ã£¨  ¯à ¢«ïîé¥©, ®âáç¨âë¢ ¥¬ ï ®â ¥ª®â®à®©  ç «ì®© â®çª¨. �¢¥¤¥¬
«®ª «ìë¥ ªà¨¢®«¨¥©ë¥ ª®®à¤¨ âë �1, �1, s1 á®£« á® à ¢¥áâ¢ã

r1 = �1(r0(s1) sin �1 + n3(s1) cos �1); (11)
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£¤¥ r1 | à ¤¨ãá-¢¥ªâ®à â®çª¨ M(x; y; z), n3(s1) = [r0(s1); dr0(s1)=ds1] | ®à¬ «ì ª ®¡à §ãîé¥©
r0(s1) ª®¨ç¥áª®© ¯®¢¥àå®áâ¨ ¢ â®çª¥ O, � = jr1j, �1 | ã£®«, ®¡à §®¢ ë© ¢¥ªâ®à®¬ r1 á ®à-
¬ «ìî n3(s1). � ª¨¥ ªà¨¢®«¨¥©ë¥ ª®®à¤¨ âë ®àâ®£® «ìë á ª®íää¨æ¨¥â ¬¨ � ¬¥ h1 = 1,
h2 = �1, h3 = �1H01, H01 = sin �1 + d1 cos �1, d1 = j[r0(s1); d2r0(s1)=ds21]j,   ¯à¨ �1 = �=2 ãà ¢¥¨¥
(11) ®¯¨áë¢ ¥â ª®¨ç¥áªãî ¯®¢¥àå®áâì. � «®£¨ç® ¤®ª § â¥«ìáâ¢ã «¥¬¬ë 1 ãáâ  ¢«¨¢ ¥¬,
çâ® £ à¬®¨ç¥áª ï äãªæ¨ï ¢ ®ªà¥áâ®áâ¨ ª®¨ç¥áª®© â®çª¨ ¯à¨ ¤«¥¦¨â áâ¥¯¥®¬ã ª« ááã

F (x; y; z) = �m0

1 D(�1; s1): (12)

�¤®¢«¥â¢®àïï ãà ¢¥¨î (4), § ¯¨á ®¬ã ¢ ª®®à¤¨ â å �1, �1, s1, á ¯®¬®éìî (12)  å®¤¨¬
ãà ¢¥¨¥

Qm0
[D(�1; s1)] = 0; (13)

£¤¥ ®¯¥à â®à ¨¬¥¥â ¢¨¤

Qm0
[�] = H�1

01 (@(H01@=@�1)=@�1 + @(H�1
01 @=@s1)=@s1) +m0(m0 + 1):

�¥«¨ç¨ë H01, H
�1
01 ï¢«ïîâáï ¤¨ää¥à¥æ¨àã¥¬ë¬¨, ¯¥à¨®¤¨ç¥áª¨¬¨ ¯® s01 äãªæ¨ï¬¨ (s01 |

¤«¨   ¯à ¢«ïîé¥© L0) ¨ ¢ â ª®¬ ª« áá¥ áâà®¨¬ äãªæ¨î ([7], á. 507)

D(�1; s1) =
KX
n=0

(Dn1(�1) cos nls1 +Dn2(�1) sinnls1) +O(1=K); (14)

£¤¥ l = 2�=s01.
�®¤áâ ¢«ïï ®âà¥§ª¨ àï¤®¢ �ãàì¥ ¤«ï H0, H

�1
0 , D(�1; s1) â¨¯  (14) ¢ ãà ¢¥¨¥ (13), £àã¯-

¯¨àãï ¨ ¯à¨à ¢¨¢ ï ¢ëà ¦¥¨ï ¯à¨ £ à¬®¨ª å n = 0;K ã«î, ¯®«ãç¨¬ á¨áâ¥¬ã 2K + 1
®¡ëª®¢¥ëå ãà ¢¥¨© ¢â®à®£® ¯®àï¤ª  ®â®á¨â¥«ì® ¥¨§¢¥áâëå äãªæ¨© Dnq(�1), q = 1; 2.
� ª ï á¨áâ¥¬  á®¢¬¥áâ¨¬  ([8], áá. 12, 135) ¨ ¨¬¥¥â à¥è¥¨¥

Dnq(�1) =
2(2K+1)X
k=1

Cnqk�k(�1); (15)

£¤¥ �k(�1) | ®£à ¨ç¥ë¥ ¨ ®¯à¥¤¥«¥ë¥ ¯à¨ �1 2 [��; �) äãªæ¨¨ äã¤ ¬¥â «ì®£® ¬®-
¦¥áâ¢  à¥è¥¨© á¨áâ¥¬ë, Cnqk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥.

�§ (12), (15) á«¥¤ã¥â ¯à¥¤áâ ¢«¥¨¥ £ à¬®¨ç¥áª®© äãªæ¨¨ ¢ «®ª «ì®© ®¡« áâ¨

F (�1; �1; s1) = �m0

1

� KX
n=0

(Dn1(�1) cosnls1 +Dn2(�1) sinnls1) +O(1=K)
�
+O(�m0+1

1 ): (16)

�á«¨ m0 2 (0; 1), â® ®à¬ «ì ï ¯à®¨§¢®¤ ï ¯à¨¨¬ ¥â á¨£ã«ïà®áâ¨ áâ¥¯¥®£® å à ªâ¥à  ¢
ª®¨ç¥áª®© â®çª¥

@F=@n = �m0�1
1

� KX
n=0

(dDn1(�1)=d�1 cosnls1 + dDn2(�1)=d�1 sinnls1) +O(1=K)
�
+O(�m0

1 ): (17)

�ãáâì H01 ¢ ª®íää¨æ¨¥â å � ¬¥ á®®â®è¥¨ï (11) ¥ § ¢¨á¨â ®â ¯¥à¥¬¥®© s1, çâ® ®â¢¥-
ç ¥â,  ¯à¨¬¥à, ªàã£®¢®¬ã ª®ãáã, â®£¤  H01 = (1+ d2)1=2 sin �11, �11 = �1+ �, tg � = d. �à¨ íâ®¬
äãªæ¨ï D(�1) ¢ ¯à¥¤áâ ¢«¥¨¨ (12) ï¢«ï¥âáï äãªæ¨¥© ®¤®© ¯¥à¥¬¥®© �1,   ãà ¢¥¨¥ (13)
¯¥à¥å®¤¨â ¢ ãà ¢¥¨¥ �¥¦ ¤à  ([9], á. 125) ¨ £ à¬®¨ç¥áª ï äãªæ¨ï ¯à¥¤áâ ¢«ï¥âáï â ª

F (�1) = C0�
m0

1 Pm0
(cos �1) +O(�m0+1

1 ); (18)

  ¥¥ ®à¬ «ì ï ¯à®¨§¢®¤ ï ¯à¨ m0 2 (0; 1) ¯à¨¨¬ ¥â á¨£ã«ïà®áâì ¢ ª®¨ç¥áª®© â®çª¥

@F=@n = �m0�1
1 C0dPm0

(cos �1)=d�1 +O(�m0

1 ); (19)

£¤¥ Pm0
(cos �1) | äãªæ¨¨ �¥¦ ¤à , C0 | ¯®áâ®ï ï.
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�â¬¥â¨¬, çâ® ¢ ¯à¥¤áâ ¢«¥¨ï (18), (19) ¢®è«¨ â®«ìª® äãªæ¨¨ �¥¦ ¤à  ¯¥à¢®£® à®¤  ª ª
®£à ¨ç¥ë¥ ¯à¨ �1 2 [��; �).

�®¤áâ ¢«ïï ¢ëà ¦¥¨ï ¤«ï £ à¬®¨ç¥áª¨å äãªæ¨© ¨ ¨å ¯à®¨§¢®¤ëå â¨¯  (16), (17) ¢ ãá«®-
¢¨ï (3), § ¯¨á ë¥ ¢ «®ª «ìëå ª®®à¤¨ â å �1, �1, s1, ¯®« £ ï �1 = �=2 ¨ ¯à¨à ¢¨¢ ï ¢ëà -
¦¥¨ï ¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå �1 ¨ £ à¬®¨ª å ã«î, ¯®«ãç¨¬ ®¤®à®¤ãî á¨áâ¥¬ã «¨¥©ëå
 «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® ¯à®¨§¢®«ìëå ¯®áâ®ïëå. �à¨à ¢¨¢ ï ®¯à¥¤¥«¨â¥«ì
â ª®© á¨áâ¥¬ë ã«î, ¯®«ãç ¥¬ å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï ¢¥«¨ç¨ë m0

�0(m0) = 0: (20)

� «®£¨ç® ¯®áâã¯ ï á ¯à¥¤áâ ¢«¥¨ï¬¨ (18), (19),  å®¤¨¬ å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢¥¨¥

Pm0
(cos �1) = 0: (21)

� ª¨¬ ®¡à §®¬, ¤®ª §  

�¥¬¬  2. �á«¨ å à ªâ¥à¨áâ¨ç¥áª¨¥ ãà ¢¥¨ï (20), (21) ¨¬¥îâ ª®à¨ m0 2 (0; 1), â® £ à-
¬®¨ç¥áª¨¥ äãªæ¨¨ ¨ ¨å ®à¬ «ìë¥ ¯à®¨§¢®¤ë¥ ¨¬¥îâ  á¨¬¯â®â¨ªã (16){(19).

�â¬¥â¨¬, çâ® ¬®¦¥áâ¢® ª®à¥© m0 2 (0; 1) å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢¥¨© (20), (21) ¥¯ã-
áâ®¥ ([10], á. 320).

3. � §à¥è¨¬®áâì § ¤ ç¨. �¥à¥©¤¥¬ ª ®¡é¥¬ã á«ãç î § ¤ ç¨ á®¯àï¦¥¨ï (1){(3).

�¥®à¥¬ . �á«¨ ¢ ª ¦¤®© â®çª¥ ®á®¡®© «¨¨¨ ¢ë¯®«ï¥âáï ãá«®¢¨¥ m = �=(2� � $) < 1,
  ¢ ª ¦¤®© ª®¨ç¥áª®© â®çª¥ áãé¥áâ¢ãîâ ª®à¨ m0 2 (0; 1) å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢¥¨©

(20), (21), â® § ¤ ç  á®¯àï¦¥¨ï (1){(3) ¡¥§ãá«®¢® à §à¥è¨¬ .

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ á ç «  á«ãç © ®¤®© ª®¥ç®© ®¡« áâ¨ V1 á £à ¨ç®© ¯®-

¢¥àå®áâìî S =
n1S
j=1

Sj , á®¤¥à¦ é¥© ª®¨ç¥áª¨¥ â®çª¨ Ok, k = 1;m1, ¨ £« ¤ª¨¥ § ¬ªãâë¥ ¥¯¥-

à¥á¥ª îé¨¥áï ®á®¡ë¥ «¨¨¨ Lj = Sj \Sj+1, j = 1; n1 � 1, Ok =2 Lj. �®¢¥àå®áâ¨ Sj ®¯à¥¤¥«ïîâáï
ãà ¢¥¨ï¬¨ fj(x; y; z) = 0,   ¯®¢¥àå®áâ¨,  âïãâë¥   ª®âãàë Lj , ®¯¨áë¢ îâáï ãà ¢¥¨ï¬¨
f0j(x; y; z) = 0.

�à¥¤áâ ¢¨¬ £ à¬®¨ç¥áª¨¥ äãªæ¨¨ ¢ ¢¨¤¥

F0(M) = F01(M) + F02(M); M 2 V0; (22)

F1(M) = F11(M) + F12(M); M 2 V1; (23)

£¤¥ ¯¥à¢ë¥ á« £ ¥¬ë¥ à¥ «¨§ãîâ  á¨¬¯â®â¨ªã (6), (16){(19) ¢ § ¢¨á¨¬®áâ¨ ®â â¨¯  ¥£« ¤ª®áâ¨,
  ¢â®àë¥ ï¢«ïîâáï ®£à ¨ç¥ë¬¨ ¥¯à¥àë¢ë¬¨ äãªæ¨ï¬¨ ¢ á¢®¨å ®¡« áâïå ®¯à¥¤¥«¥¨ï.

�®¦¥áâ¢® â®ç¥ª £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ S ï¢«ï¥âáï ªãá®ç®-£« ¤ª®© ¯®¢¥àå®áâìî. �à¥¤-
áâ ¢¨¬ ¯¥à¢ë¥ á« £ ¥¬ë¥ ¯®áà¥¤áâ¢®¬ ¯®â¥æ¨ «®¢ ¯à®áâ®£® ¨ ¤¢®©®£® á«®ï, ª®â®àë¥ ï¢«ïîâáï
£ à¬®¨ç¥áª¨¬¨ ¨áç¥§ îé¨¬¨   ¡¥áª®¥ç®áâ¨ äãªæ¨ï¬¨ ([11], á. 398),

Fi1(M) =
Z
S

� n1�1Y
j=1

�
(1)
ij1(N)

�� p1Y
k=1

�
(2)
ik1(N)

�
R�1ds+

+
ZZ
S

� n1�1Y
j=1

�
(3)
ij1(N)

�� p1Y
k=1

�
(4)
ik1(N)

�
@R�1=@n ds; (24)

£¤¥ N = N(�; �; �) 2 S, R = ((x � �)2 + (y � �)2 + (z � �)2)1=2, i = 0; 1, ¯à®¨§¢®¤ë¥ ¡¥àãâáï ¯®
 ¯à ¢«¥¨î ¢¥è¥© ®à¬ «¨ ª S.

�«ï ®á®¡ëå «¨¨© ¡¥à¥¬ ¯«®â®áâ¨ ¢ ¢¨¤¥

�
(3)
ij1(N) = (�1)i+1=(2�)Rmj

j (N)(Ci1j cos(mjTj(N)) + Ci2j sin(mjTj(N))); (25)

�
(1)
ij1(N) = (�1)i+1mj=(2�)R

mj�1
j (N)(Ci2j cos(mjTj(N))� Ci1j sin(mjTj(N))); (26)
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£¤¥

Rj(N) = ((f0j(N)=j grad f0j(N)j)2 +Q2
j(N))1=2;

Tj(N) = arcsin(f0j(N)=(j grad f0j(N)jRj(N)));

Qj(N) = fj(N)=j grad fj(N)j+ (1� (G2j(N);G0j(N))2f0j(N)=j grad f0j(N)j)(G0j(N);G2j(N));

Gj(N) = grad fj(N)=j grad fj(N)j;

G0j(N) = grad f0i(N)=j grad f0j(N)j;

G2j(N) =
�
[Gj(N);Gj+1(N)]=j[Gj(N);Gj+1(N)]j;G0j(N)

�
:

�«ï ª®¨ç¥áª¨å â®ç¥ª ¨¬¥¥¬

�
(4)
ik1(N) = (�1)i+1=(2�)Rmk

k (N)
KX
n=0

(Dikn1(Tk(N)) cos(n�Sk(N)=sk0) +

+Dikn2(Tk(N)) sin(n�Sk(N)=sk0)); (27)

�
(2)
ik1(N) = (�1)i+1=(2�)Rmk�1

k (N)
KX
n=0

(dDikn1(Tk(N))=dTk(N) cos(n�Sk(N)=sk0) +

+ dDikn2(Tk(N))=dTk(N) sin(n�Sk(N)=sk0)); (28)

£¤¥

Rk(N) = ((� � xk)2 + (� � yk)2 + (�� zk)2)1=2;

Tk(N) = arcsin(l0k(N)(� � xk) +m0k(N)(� � yk) + n0k(N)(�� zk));

Sk(N) =
Z 'k

0

((dl0k(N)=d'k)2 + (dm0k(N)=d'k)2 + (dn0k(N)=d'k)2)1=2d'k;

'k = 'k(�; �), Ok = Ok(xk; yk; xk), l0k(N),m0k(N), n0k(N) | ª®®à¤¨ âë ®àâ  ®¡à §ãîé¥© r0k(N),
Diknq | ¨§¢¥áâë¥ äãªæ¨¨ ¢ ¯à¥¤áâ ¢«¥¨¨ (15).

� «®£¨çë¥ ä®à¬ã«ë ¢ ç áâ®¬ á«ãç ¥  á¨¬¯â®â¨ª¨ (18),(19)

�
(4)
ik1(N) = (�1)i+1=(2�)Rmk

k (N)C0kPmk
(cos T1k(N));

�
(2)
ik1(N) = (�1)i+1=(2�)Rmk�1

k (N)C0kdPmk
(cos T1k(N))=dT1k(N);

£¤¥ T1k(N) = Tk(N) + �, Pmk
| äãªæ¨¨ �¥¦ ¤à .

�®¤áâ ¢«ïï £ à¬®¨ç¥áª¨¥ äãªæ¨¨ (22), (23) á ãç¥â®¬ (24){(28) ¢ £à ¨çë¥ ãá«®¢¨ï (3),
ã¡¥¦¤ ¥¬áï, çâ® ®¨ ã¤®¢«¥â¢®àïîâáï,   äãªæ¨¨ ¨ ¨å ¯à®¨§¢®¤ë¥ ¨¬¥îâ  á¨¬¯â®â¨ªã (6),
(16){(19). �à¨ íâ®¬ ãç¨âë¢ ¥¬, çâ® á®£« á® «¥¬¬ ¬ 1, 2 mj ;mk 2 (0; 1) ¨ £à ¨çë¥ § ç¥¨ï
¯®â¥æ¨ «®¢ ¯à®áâ®£® ¨ ¤¢®©®£® á«®ï ¢ â®çª å £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ á®¯àï¦¥¨ï ®¯à¥¤¥«ï-
îâáï ¨§¢¥áâë¬¨ § ç¥¨ï¬¨ [11], ¨ ¯¥à¥å®¤¨¬ ¢ ¨å ª «®ª «ìë¬ ª®®à¤¨ â ¬ á®£« á® (7),
(11).

�â®àë¥ á« £ ¥¬ë¥ £ à¬®¨ç¥áª¨å äãªæ¨© (22), (23) § ¯¨áë¢ ¥¬ ¯®â¥æ¨ « ¬¨ ¯à®áâ®£® ¨
¤¢®©®£® á«®ï á ¥¨§¢¥áâë¬¨ ¯«®â®áâï¬¨ �i2q(N), q = 1; 2,

F02(M) = F00(M) +
ZZ
S

�021(N)R�1ds+
ZZ
S

�022(N)@R�1=@n ds; (29)

F12(M) = F �

11(M) +
ZZ
S

�121(N)R�1ds+
ZZ
S

�122(N)@R�1=@n ds; (30)

£¤¥ F00(M), F �

11(M) | § ¤ ë¥ £ à¬®¨ç¥áª¨¥ á« £ ¥¬ë¥, ®¡ãá«®¢«¥ë¥ ä¨§¨ç¥áª®© áãé®-
áâìî § ¤ ç¨ [3].
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�«ï  å®¦¤¥¨ï ¯«®â®áâ¥© ¯®¤áâ ¢«ï¥¬ (22), (23), (29), (30) ¢ £à ¨çë¥ ãá«®¢¨ï (1), (2)
¨ ¯®« £ ¥¬ ¢¢¨¤ã ¯à®¨§¢®«ì®áâ¨ ¯«®â®áâ¥©

�121(N) = �021(N); �122(N) = �022(N):

� à¥§ã«ìâ â¥  å®¤¨¬

�022(N) = h0(N);

  ¤«ï ¯«®â®áâ¨ �021(N) ¯®«ãç ¥¬ ¨â¥£à «ì®¥ ãà ¢¥¨¥

�021(N0)� (�=(2�))@
� ZZ

S

�021(N)R�1ds

�
=@n = g0(N0); (31)

£¤¥ N0 2 S,

h0(N) = (F�

01(N) + F+
00(N)� (F+

11(N) + F �+
11 (N)))=(4�);

g0(N0) = ((@F�

01=@n+ @F�

00=@n)� (@F+
11=@n+ @F �+

11 =@n))=(2�(1 + ))�

�(�=(2�))@
� ZZ

S

h0(N)@R�1=@n ds

�
=@n;

Fi1 = Fi1(N0); F00 = F00(N0); F �

11 = F �

11(N0); � = (1� )=(1 + );  = �0=�1:

�à ¢ ï ç áâì ãà ¢¥¨ï (31) ¢¢¨¤ã ¢ë¯®«¥¨ï ãá«®¢¨© (3) ï¢«ï¥âáï ¥¯à¥àë¢®© ®£à ¨ç¥-
®© äãªæ¨¥©   S, ¯®íâ®¬ã íâ® ãà ¢¥¨¥ á ¯®«ïàë¬ ï¤à®¬ ([11], á. 279).

�¤®à®¤®¥ á®î§®¥ ãà ¢¥¨¥

��021(N0)� (�=(2�))
ZZ
S

��021(N)@R�1=@n ds = 0

¬®¦® âà ªâ®¢ âì ª ª ¢ë¯®«¥¨¥ ãá«®¢¨ï (1) ¤«ï äãªæ¨¨

F �(M) = �
ZZ
S

��021(N)@R�1=@n ds;

¯à¨ç¥¬ � = , ¥á«¨ M 2 V0, ¨ � = 1, ¥á«¨ M 2 V1. �  ï¢«ï¥âáï ¢¢¨¤ã (1) ¥¯à¥àë¢®©
£ à¬®¨ç¥áª®© äãªæ¨¥© ¢® ¢á¥¬ ¯à®áâà áâ¢¥, ¯à¨¨¬ îé¥© ¯®áâ®ï®¥ § ç¥¨¥ ¢¢¨¤ã (2)
  S ¨ ®¡à é îé¥©áï ¢ ã«ì   ¡¥áª®¥ç®áâ¨. �«¥¤®¢ â¥«ì®, íâ  äãªæ¨ï â®¦¤¥áâ¢¥®
à ¢  ã«î ([11], á. 374).

� á«ãç ¥ ¥áª®«ìª¨å ¥¯¥à¥á¥ª îé¨åáï ª®¥çëå ®¤®á¢ï§ëå ®¡« áâ¥© Vi, i = 1; k0, £ à¬®-
¨ç¥áª¨¥ äãªæ¨¨ Fi(M), M 2 Vi, áâà®¨¬   «®£¨ç® (23), (24) ¤«ï ª ¦¤®© ®¡« áâ¨. � à¬®¨-
ç¥áªãî äãªæ¨î F0(M), M 2 V0, ¡¥à¥¬ ¢ ¢¨¤¥ (24), £¤¥

F01(M) =
k0X
i=1

F0i1(M); F02(M) =
k0X
i=1

F0i2(M);

§¤¥áì á« £ ¥¬ë¥ F0i1(M) áâà®ïâáï á ãç¥â®¬ ¥£« ¤ª®áâ¥© á®®â¢¥âáâ¢ãîé¨å ¯®¢¥àå®áâ¥© Si   -
«®£¨ç® (24){(28),   á« £ ¥¬ë¥ F0i2(M) ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ (29).

�«ï ª®ªà¥âëå ä¨§¨ç¥áª¨å § ¤ ç à áá¬®âà¥ ï § ¤ ç  ¤®¯®«ï¥âáï ãá«®¢¨ï¬¨   «®£¨ç-
® ¤¢ã¬¥à®¬ã á«ãç î [12], [13].
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