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

2004 ���������� ò 2 (501)

��� 517.544

�.�.�������

������ ���������� ������� ��������� ����
� �������� � �������-�������� ���������

�¥è¥¨¥ ¤¢ã¬¥àëå § ¤ ç á®¯àï¦¥¨ï   «¨â¨ç¥áª¨å äãªæ¨© ¢ § ¤ ëå ¨  ää¨®-¯à¥-
®¡à §®¢ ëå ®¡« áâïå á ªãá®ç®-£« ¤ª¨¬¨ £à ¨æ ¬¨ [1], [2] ¯®§¢®«¨«¨ ¯®«ãç¨âì à¥è¥¨¥ àï¤ 
¯à¨ª« ¤ëå § ¤ ç ¬¥å ¨ª¨ á¯«®è®© áà¥¤ë [3]{[9]. � ¤ ®© áâ âì¥ ¨§ãç ¥âáï § ¤ ç  á®¯àï-
¦¥¨ï à¥è¥¨© ãà ¢¥¨© � ¬¥ [10] ¢ âà¥å¬¥àëå ®¡« áâïå á ªãá®ç®-£« ¤ª¨¬¨ £à ¨æ ¬¨.

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

�®áâà®¨¬ ¢¥ªâ®àë¥ äãªæ¨¨ ui(M) = fu1i(M); u2i(M); u3i(M)g (i = 0; 1, M =M(x1; x2; x3)),
®¯à¥¤¥«¥ë¥ ¢ á®®â¢¥âáâ¢ãîé¨å ®¡« áâïå Vi, £¤¥ V0 = R3 n V1, ã¤®¢«¥â¢®àïîé¨¥ ãà ¢¥¨î
� ¬¥ [10]

(�i + 2�i) grad divui(M)� �i rot ui(M) = 0; (1)

£¤¥ �i =
2�i�i
1�2�i

, 0 < �i < 0:5; �i 2 (0;1), �i 6=1,
¨ ãá«®¢¨ï¬ á®¯àï¦¥¨ï   ¯®¢¥àå®áâ¨ S à §¤¥«  ®¡« áâ¥© V0 ¨ V1:
¢ â®çª å £« ¤ª®áâ¨

v�0 (M)� u+1 (M) = 0; N�
n0[u0(M)]�N+

n1[u1(M)] = 0; (2)

¢ ®á®¡ëå â®çª å M 0

lim
M!M0

(u�0 (M)� u+1 (M)) = 0; lim
M!M0

(N�
n0[u0(M)] �N+

n1[u1(M)]) = 0; (3)

£¤¥ ®¯¥à â®à Nni[ ] ¤¥©áâ¢ã¥â á®£« á® ¯à ¢¨«ã

Nni[ui(M)] = 2�i
@ui(M)
@n

+ �indivui(M) + �i[n; rot ui(M)];

n | ®à¬ «ì ª ¯®¢¥àå®áâ¨ S, ¢¥èïï ª ®¡« áâ¨ V1; u
�
i (M), N�

ni[ui(M)], i = 0; 1, | £à ¨çë¥
§ ç¥¨ï ¢¥ªâ®àëå äãªæ¨© ui(M), Nni[ui(M)] ¯à¨ ¯®¤å®¤¥ ª ¯®¢¥àå®áâ¨ S á® áâ®à®ë ®¡« áâ¨
V1 (§ ª \+") ¨«¨ V0 (§ ª \�"), [: : : ; : : : ] | á¨¬¢®« ¢¥ªâ®à®£® ¯à®¨§¢¥¤¥¨ï.

� â®çª å ®á®¡ëå «¨¨© ¨«¨ ª®¨ç¥áª¨å â®çª å à¥ «¨§ æ¨ï ãà ¢¥¨© � ¬¥ ¯®¨¬ ¥âáï ¢
á¬ëá«¥ ¢ë¯®«¥¨ï à ¢¥áâ¢ 

lim
�V!M0

ZZZ
�V

((�i + 2�i) grad divui(x1; x2; x3)� �i rot rotui(x1; x2; x3))dv = 0; (4)

çâ® ä¨§¨ç¥áª¨ ®§ ç ¥â ¢ë¯®«¥¨¥ ãá«®¢¨© à ¢®¢¥á¨ï áà¥¤ë ¢ ®á®¡ëå â®çª å, â. ¥. ¯à¨ áâï-
£¨¢ ¨¨ ®¡« áâ¨ �V ¢ ®á®¡ãî â®çªã M 0.

�ãªæ¨ï u0(M), ®¯à¥¤¥«¥ ï ¢ ®¡« áâ¨ V0, ¯à¨ M ! 1 ¯à¨¨¬ ¥â § ¤ ®¥ § ç¥¨¥
u
(0)
0 (M), ã¤®¢«¥â¢®àïîé¥¥ ãà ¢¥¨î � ¬¥.
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� â ª®© § ¤ ç¥ ¯à¨¢®¤¨âáï àï¤ § ¤ ç ¬¥å ¨ª¨ á¯«®è®© áà¥¤ë (â¥®à¨¨ ã¯àã£®áâ¨, â¥à¬®-
ã¯àã£®áâ¨) [11], [13].

�á¨¬¯â®â¨ª  à¥è¥¨© ãà ¢¥¨© � ¬¥. �§ãç¨¬ ¯®¢¥¤¥¨¥ à¥è¥¨© ãà ¢¥¨ï � ¬¥
(1) ¢¡«¨§¨ ®á®¡¥®áâ¥© ¯®¢¥àå®áâ¥© à §¤¥«  ®¡« áâ¥©. �ãáâì £« ¤ª ï § ¬ªãâ ï ®á®¡ ï «¨¨ï
L = S1 \ S2, £¤¥ Sg, g = 1; 2, ®¯à¥¤¥«ï¥âáï ãà ¢¥¨¥¬ fg(x1; x2; x3) = 0. � âï¥¬   L £« ¤ªãî
¯®¢¥àå®áâì S0, ®¯¨áë¢ ¥¬ãî ãà ¢¥¨¥¬ f0(x1; x2; x3) = 0,   ª®â®à®© ¢¢¥¤¥¬ ªà¨¢®«¨¥©ë¥
®àâ®£® «ìë¥ ª®®à¤¨ âë u, v â ª, çâ® ¯à¨ v = v0 = const ®¯à¥¤¥«ï¥âáï ®á®¡ ï «¨¨ï L.
� à ¬¥âà¨§ã¥¬ ªà¨¢ãî L ¨ ¯®«®¦¨¬ u = s, £¤¥ s | ¤«¨  ¤ã£¨, ®âáç¨âë¢ ¥¬ ï ®â ¥ª®â®à®©
 ç «ì®© â®çª¨ [14]. �¥«¨ç¨ë ã£«®¢, ®¡à §®¢ ëå ¯®¢¥àå®áâï¬¨ ¢ â®çª å ®á®¡®© «¨¨¨,
â ª®¢ë:

�1(s) = arccos((grad f1; grad f0)=(j grad f1j j grad f0j));
�2(s) = arccos((grad f2; grad f0)=(j grad f2j j grad f0j));

§¤¥áì (: : : ; : : : ) | á¨¬¢®« áª «ïà®£® ¯à®¨§¢¥¤¥¨ï.
�ãáâì nn1n2 | á®¯à®¢®¦¤ îé¨© âà¥å£à ¨ª ¯®¢¥àå®áâ¨ S0 ¢ â®çª¥ M0 2 L, £¤¥ 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¥âáï ¯®«ïàë¬¨ ª®®à¤¨ â ¬¨
� = jMM0j, � = \(M0M;n2). �®®â®è¥¨¥

r = r0 + �(cos �n2(s) + sin �n(s)); (5)

£¤¥ r0, r | à ¤¨ãá-¢¥ªâ®àë â®ç¥ª M0, M , ®¯à¥¤¥«ï¥â ¯¥à¥¬¥ë¥ �, �, s ª ª ªà¨¢®«¨¥©ë¥
®àâ®£® «ìë¥ ª®®à¤¨ âë â®çª¨ M ¢ «®ª «ì®© ®¡« áâ¨ ®á®¡®© «¨¨¨ á ª®íää¨æ¨¥â ¬¨
� ¬¥ h1 = 1, h2 = �, h3 = 1 + �H0, H0 = �(p0 cos � + r11 sin �), p0 = �jrsjv=jrvj, r11 = (r; rss)=jrsj.

�¥¬¬  1. �á«¨ å à ªâ¥à¨áâ¨ç¥áª¨¥ ãà ¢¥¨ï

sinmq! = �mq sin!; �� sinmq! = �mq sin!; (6)

£¤¥ �� = {1�{0
1�

, {i = 3 � 4�i, i = 0; 1, !(s) = �1(s) � �2(s),  = �0=�1, ¢ â®çª å ®á®¡®© «¨¨¨ L

¯®¢¥àå®áâ¨ à §¤¥«  S ¨¬¥îâ ª®à¨ mq 2 (0; 1) ¨ ¢¥«¨ç¨  m5 = �=(2��!(s)) < 1, â® à¥è¥¨¥
ãà ¢¥¨ï � ¬¥ ¢ ®ªà¥áâ®áâ¨ ®á®¡®© «¨¨¨ ¨¬¥¥â  á¨¬¯â®â¨ªã

u = fu�; u�; us); u� = �mqAq + o(�mq ); u� = �mqBq + o(�mq); us = �m5V + o(�m5);

Nn[u] = f���; ��; ��sg; ��� = ��mq�1

�
(mq � 1)Bq +

@Aq

@�

�
+O(1);

�� = 2��mq�1

�
[�(1 +mq) + 1]Aq + (� + 1)

@Bq

@�

�
+O(1); ��s = ��m5�1

@C

@�
+O(1); (7)

£¤¥

Aq = (mq � {)a1q(s) sin(mq � 1)� + ({ �mq)b1q(s) cos(mq � 1)� +

+c1q(s) sin(mq + 1)� � d1q(s) cos(mq + 1)�;

Bq = (mq + {)a1q(s) cos(mq � 1)� + (mq + {)b1q(s) sin(mq � 1)� +

+c1q(s) cos(mq + 1)� + d1q(s) sin(mq + 1)�;

C = g1(s) cosm5� + h1(s) sinm5�; � =
�

1� 2�
�; (8)

�, �, s | «®ª «ìë¥ ªà¨¢®«¨¥©ë¥ ª®®à¤¨ âë (5).

�¤¥áì ¨ ¤ «¥¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 1,   â ª¦¥ «¥¬¬ë 2 ¨¤¥â¨ä¨æ¨àãîé¨© ¨¤¥ªá i,
á®®â®áïé¨© ¢¥«¨ç¨ë á á®®â¢¥âáâ¢ãîé¨¬¨ ®¡« áâï¬¨, á æ¥«ìî ã¯à®é¥¨ï § ¯¨á¨ ®¯ãé¥,
ªà®¬¥ ¢¥«¨ç¨, ®¯à¥¤¥«ïîé¨å �� ¨ .
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�®ª § â¥«ìáâ¢®. �à ¢¥¨¥ � ¬¥ (1) ¯à¨ «¨¥©ëå £à ¨çëå ãá«®¢¨ïå (3), (4) ¤®¯ãáª ¥â
¯à¥®¡à §®¢ ¨¥ ¯®¤®¡¨ï

u = Au(Bx1; Bx2; Bx3); (9)

£¤¥ u = fu1; u2; u3g, A = A(B), A;B 2 R. �¨ää¥à¥æ¨àãï á®®â®è¥¨¥ (9) ¯® B, ¯®«ãç¨¬ á¨áâ¥¬ã
ãà ¢¥¨©

u�
@A

@B
+A(grad u�; r) = 0; � = 1; 3: (10)

�¥è¥¨¥¬ ãà ¢¥¨© (10) ï¢«ïîâáï ®¤®à®¤ë¥ äãªæ¨¨ ¯¥à¥¬¥ëå x1, x2, x3 m-£® ¯®àï¤-
ª 

u� = F�(x1; x2; x3): (11)

�®¤áâ ¢«ïï (5) ¢ (11), ¯®«ãç ¥¬ ¯à¥¤áâ ¢«¥¨¥ ª®¬¯®¥â ¢¥ªâ®à  u:

u� = �m�qAq(�; s); u� = �m�qBq(�; s); us = �m5C(�; s); (12)

£¤¥ m�q = m�q(s), m�q = m�q(s), m5 = m5(s). �¤®¢«¥â¢®àïï á ¯®¬®éìî ¯à¥¤áâ ¢«¥¨© (12)
ãà ¢¥¨î (4), ¯®«ãç¨¬ á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ª®â®à ï á®¢¬¥áâ¨¬  ¯à¨m�q =
m�q = mq ¨ à áé¥¯«ï¥âáï   á¨áâ¥¬ã

(mq � {)@Bq

@�
+ (1� 2�)

@2Aq

@�2
+ 2(1� �)(m2

q � 1)Aq = 0;

(mq + {)
@Aq

@�
+ 2(1 � �)

@2Bq

@�2
+ (1� 2�)(m2

q � 1)Bq = 0
(13)

¨ ãà ¢¥¨¥

m2
3C +

@2C

@�2
= 0: (14)

�¥è¥¨¥ á¨áâ¥¬ë (13) ¨ ãà ¢¥¨ï (14) ¤ ¥âáï ä®à¬ã« ¬¨ (8), ®âªã¤  á«¥¤ã¥â ¯à¥¤áâ ¢«¥¨¥
¢¥ªâ®à  Nn[u] ¢ ¢¨¤¥ (7). �¤®¢«¥â¢®àïï á ¯®¬®éìî ¯à¥¤áâ ¢«¥¨© (8), (12) £à ¨çë¬ ãá«®¢¨ï¬
(3) ¨ ¯®« £ ï � = �1(s) ¨ � = �2(s), ¯®«ãç ¥¬ ®¤®à®¤ãî á¨áâ¥¬ã «¨¥©ëå  «£¥¡à ¨ç¥áª¨å
ãà ¢¥¨© ®â®á¨â¥«ì® ¢¥«¨ç¨ a1q(s), b1q(s), c1q(s), d1q(s),   â ª¦¥ ®¤®à®¤ãî á¨áâ¥¬ã «¨-
¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® ¢¥«¨ç¨ g1(s), h1(s). �¥âà¨¢¨ «ìë¥ à¥è¥¨ï
â ª¨å á¨áâ¥¬ áãé¥áâ¢ãîâ ¯à¨ à ¢¥áâ¢¥ ¨å £« ¢ëå ®¯à¥¤¥«¨â¥«¥© ã«î, çâ® ¨ ¤ ¥â å à ªâ¥à¨-
áâ¨ç¥áª¨¥ ãà ¢¥¨ï (6) ¨ ¢¥«¨ç¨ã m5 = �=(2��!). �¨á«® ¯®«®¦¨â¥«ìëå ª®à¥© mq 2 (0; 1)
ãà ¢¥¨© (6), ¬¥ìè¨å ¥¤¨¨æë, ¥ ¯à¥¢ëè ¥â ç¥âëà¥å [15].

� á«ãç ¥ ¯«®áª®© ®á®¡®© «¨¨¨ ãâ¢¥à¦¤¥¨¥ «¥¬¬ë á®¢¯ ¤ ¥â á à¥§ã«ìâ â ¬¨ à ¡®âë
[16].

�ãáâì â®çª  O ï¢«ï¥âáï ¢¥àè¨®© ª®¨ç¥áª®© ¯®¢¥àå®áâ¨ á ¯àï¬®«¨¥©ë¬¨ ®¡à §ãîé¨¬¨
¨ £« ¤ª®© ªà¨¢®«¨¥©®©  ¯à ¢«ïîé¥© L0, ®ç¥àç¥®© ®àâ®¬ r0(s) ®¡à §ãîé¥© á  ç «®¬ ¢
â®çª¥ O. �«¥¤ãï à ¡®â¥ [17], ¢¢¥¤¥¬ «®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); (15)

£¤¥ r1 | à ¤¨ãá-¢¥ªâ®à â®çª¨ M(x1; x2; x3), n3(s1) =
�
r0(s1);

dr0(s1)

ds1

�
| ®à¬ «ì ª ®¡à §ãîé¥©

r0(s1) ª®¨ç¥áª®© ¯®¢¥àå®áâ¨ ¢ â®çª¥ O, �1 = jr1j, �1 | ã£®«, ®¡à §®¢ ë© ¢¥ªâ®à®¬ r1 á
®à¬ «ìî n3(s1). � ª¨¥ ª®®à¤¨ âë ®àâ®£® «ìë á ª®íää¨æ¨¥â ¬¨ � ¬¥ h1 = 1, h2 = �1,
h3 = �1H0k, H0k = sin �1 + d cos �1, d =

���r0; d2r0ds2
1

��� ¨ ¯à¨ �1 = �=2 á®®â®è¥¨ï (15) ®¯¨áë¢ îâ
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ª®¨ç¥áªãî ¯®¢¥àå®áâì. �¥à¥å®¤ï ¢ á®®â®è¥¨ïå (11) ª ª®®à¤¨ â ¬ �1, �1, s1 á®£« á® (15),
¯®«ãç¨¬

u�1 = �mk1

1 A0k(�1; s1); u�1 = �mk2B0k(�1; s1); us1 = �mk3

1 Ck(�1; s1); mkq = mkq(�1; s1); q = 1; 3:
(16)

�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥¨ï (16) ¢ ãà ¢¥¨¥ (4), § ¯¨á ®¥ ¢ ª®®à¤¨ â å �1, �1, s1, ¯®«ãç¨¬ á¨-
áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ¥¨§¢¥áâëåA0k(�1; s1), B0k(�1; s1), Ck(�1; s1),
mkq(�1; s1), ª®â®à ï ¨§-§  £à®¬®§¤ª®áâ¨ ¥ ¢ë¯¨á  . �«ï ¥¥ á®¢¬¥áâ¨¬®áâ¨ ¥®¡å®¤¨¬®, çâ®¡ë
mkq(�1; s1) = const. � áá¬®âà¨¬ á ç «  á«ãç ©, ª®£¤  ¢¥«¨ç¨ H0k ¢ ¢ëà ¦¥¨¨ ª®íää¨æ¨¥â 
� ¬¥ h3 ¥ § ¢¨á¨â ®â ¯¥à¥¬¥®© s1, çâ® ®â¢¥ç ¥â,  ¯à¨¬¥à, ªàã£®¢ë¬ ª®¨ç¥áª¨¬ ¯®¢¥àå-
®áâï¬. �áå®¤ ï á¨áâ¥¬  ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á®¢¬¥áâ¨¬ , ¥á«¨ mk1 = mk2 = mk, ¨
à á¯ ¤ ¥âáï   ¤¢¥ á¨áâ¥¬ë:

aA0k +
1
H0k

@

@�1

�
H0k

@A0k

@�1

�
+

1
H0k

@

@s1

�
@A0k

@s1

�
+ b

1
H0k

@

@�1
(H0kB0k) = 0;

c
@A0k

@�1
+ �0

@

@�1

�
1
H0k

@

@�1
(H0kB0k)

�
+mk(mk + 1)B0k +

1
H0k

@

@s1

�
H0k

@B0k

@s1

�
= 0;

c
1

H0k

@A0k

@s1
+

�0
H0k

@

@s1

�
1
H0k

@

@�1
(H0kB0k)

�
� @

@�1

�
1
H0k

@B0k

@s1

�
= 0;

@Ck

@s1
= 0; �0

@

@�1

�
1
H0k

@Ck

@s1

�
� 1
H0k

@

@s1

�
1
H0k

@

@�1
(H0kck)

�
= 0;

�0
H0k

@

@s1

�
1
H0k

@Ck

@s1

�
+

@

@�1

�
1
H0k

@

@�1
(H0kCk)

�
+mk3(mk3 + 1)Ck = 0;

a = �0(mk + 2)(mk � 1); b = �0(mk � 1)� (1 +mk); c = �0(2 +mk)�mk;

�0 = 2(1� �)=(1 � 2�); A0k = A0k(�1; s1); B0k = B0k(�1; s1); Ck = Ck(�1; s1):

�¥è¥¨ï â ª¨å á¨áâ¥¬ ¯®«ãç¥ë ¢ [17], ¨   ®á®¢¥ ¨å á ãç¥â®¬ á®®â®è¥¨© (16)  å®¤¨¬
á«¥¤ãîé¨¥ ¯à¥¤áâ ¢«¥¨ï:

u�1 = �mk

1 (N1Pmk�1(cos �11) +N2Pmk+1(cos �11));

u�1 = �mk

1 d(d1N1Pmk�1(cos �11) + d2N2Pmk+1(cos �11))=d�11; (17)

us1 = �m3k

1 N3P
1
mk3

(cos �11);

£¤¥ Pmk�1(cos �11), P
1
mk3

(cos �11) | äãªæ¨¨�¥¦ ¤à , �11 = �1+�, tg� = d,H0k =
p
1 + d2 sin �11,

Nr, r = 1; 3, | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥. �ãáâì H0k ï¢«ïeâáï äãªæ¨¥© ¯¥à¥¬¥ëå �1 ¨ s1,
â®£¤  ¨áå®¤ ï á¨áâ¥¬  ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á®¢¬¥áâ¨¬  ¯à¨ mk1 = mk2 = mk3 = mk

¨ ¯à¨¨¬ ¥â ¢¨¤

aA0k +
1
H0k

@

@�1

�
H0k

@A0k

@�1

�
+

1
H0k

@

@s1

�
1
H0k

@A0k

@s1

�
+ bK = 0;

c
@A0k

@�1
+mk

@K

@�1
+mk(mk + 1)B0k +

1
H0k

@

@s1

�
1
H0k

Q

�
= 0;

c
1
H0k

@A0k

@s1
+

mk

H0k

@K

@s1
� @

@�1

�
1
H0k

Q

�
+mk(mk + 1)Ck = 0; (18)

K =
1
Hk0

�
@

@�1
(Hk0) +

@Ck

@s1

�
; Q =

@B0k

@s1
� @

@�1
(H0kCk):
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�¨áâ¥¬  (18) ¨¬¥¥â à¥è¥¨¥, ¯à¨¢¥¤¥®¥ ¢ [17], ¨ â®£¤  á®®â®è¥¨ï (16) á ãç¥â®¬ íâ®£®
à¥è¥¨ï ¯à¨¨¬ îâ ¢¨¤

u�1 = �mk

1

NX
n=0

(An1k(�1) cosnls1 +An2k(�1) sinnls1) +O(N�1);

u�1 = �mk

1

NX
n=0

(Bn1k(�1) cosnls1 +Bn2k(�1) sinnls1) +O(N�1);

us1 = �mk

1

NX
n=0

(Cn1k(�1) cos nls1 + Cn2k(�1) sinnls1) +O(N�1); (19)

Angk(�1) =
2(2N+1)X

j=1

Nngk�
(k)
j;k1

(�1); Bngk(�1) =
3(2N+1)X

j=1

NngkEjgk(�1);

Cngk(�1)
3(2N+1)X

j=1

NngkFjgk(�1); g = 1; 2;

£¤¥ �fkgj;k1
(�1), k1 = mk+1;mk�1, | äãªæ¨¨ äã¤ ¬¥â «ì®© á¨áâ¥¬ë à¥è¥¨©, ®£à ¨ç¥ë¥

¯à¨ �1 2 [��; �]; Ejgk(�1), Fjgk(�1) | ¨§¢¥áâë¥ äãªæ¨¨; Nngk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;
l = 2�=s0; s0 | ¤«¨   ¯à ¢«ïîé¥©.

�®¤áâ ¢¨¢ ¯à¥¤áâ ¢«¥¨ï (17) ¨«¨ (19) ¢ ãá«®¢¨ï (4) ¨ ¯®«®¦¨¢ �1 = �=2, á£àã¯¯¨à®¢ ¢ ¨
¯à¨à ¢ï¢ ¢ëà ¦¥¨ï ¯à¨ áâ¥¯¥ïå �1,   ¤«ï á®®â®è¥¨© (19) ¨ ¯à¨ £ à¬®¨ª å n = 0; 2N + 1,
ã«î, ¯®«ãç¨¬ ®¤®à®¤ë¥ á¨áâ¥¬ë «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® ¯à®¨§-
¢®«ìëå ¯®áâ®ïëå.

�á«®¢¨ï¬¨ ¨å à §à¥è¨¬®áâ¨ ï¢«ïîâáï à ¢¥áâ¢  ¨å £« ¢ëå ®¯à¥¤¥«¨â¥«¥© ã«î, çâ® ¤ ¥â
å à ªâ¥à¨áâ¨ç¥áª¨¥ ãà ¢¥¨ï ¤«ï ¯®ª § â¥«¥© mk ¢ ¯à¥¤áâ ¢«¥¨ïå (17) ¨«¨ (19)

�(mk) = 0: (20)

�¢ë© ¢¨¤ â ª¨å ãà ¢¥¨© ¨§-§  £à®¬®§¤ª®áâ¨ ¥ ¢ë¯¨á ,   ¨å ç¨á«¥ë©   «¨§ ¯à¨¢¥¤¥
¢ [17], [18], £¤¥ ãáâ ®¢«¥®, çâ® ¬®¦¥áâ¢® ª®à¥© mk 2 (0; 1) ãà ¢¥¨© ¢¨¤  (20) ¥¯ãáâ®¥.
�«ï â ª¨å § ç¥¨©mk  å®¤¨¬ ¥âà¨¢¨ «ìë¥ à¥è¥¨ï á¨áâ¥¬  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©. � 
®á®¢¥ íâ®£® ãáâ  ¢«¨¢ ¥¬, çâ® ª®¬¯®¥âë ¢¥ªâ®à  Nn[u] ¡ã¤ãâ ¨¬¥âì ®á®¡¥®áâ¨ ¯®àï¤ª 
1�mk ¢ ª®¨ç¥áª®© â®çª¥, ¨  å®¤¨¬ ¨å ï¢ë© ¢¨¤. � ª¨¬ ®¡à §®¬, ¤®ª §  

�¥¬¬  2. �á«¨ å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢¥¨¥ â¨¯  (20) ¨¬¥¥â ª®à¨ mk 2 (0; 1), â® à¥-
è¥¨¥ ãà ¢¥¨ï � ¬¥ ¨¬¥¥â  á¨¬¯â®â¨ªã (17) ¨«¨ (19) u = fu�1 ; u�1 ; us1g ¨

Nn[u] = f��1�1 ; ��1 ; ��1s1g; ��1�1 = �mk�1
1 �

�
(mk � 1)B0k +

@A0k

@�1

�
+O(1);

��1 = 2��mk�1
1

�
[�(mk + 2) + 1]A0k + (� + 1)

@B0k

@�1
+

+�H�1
0k

@Ck

@s1
+ �B0kH

�1
0k

@H0k

@�1

�
+O(1); � = �=(1� 2�);

��1s1 = ��mk�1
1

�
�H�1

0k

@H0k

@�1
Ck +

@Ck

@�1
+H�1

0k

@B0k

@s1

�
+O(1): (21)

�â¬¥â¨¬, çâ® §¤¥áì, ª ª ¨ ¢ «¥¬¬¥ 1, ¨¤¥â¨ä¨æ¨àãîé¨© ¨¤¥ªá i, á®®â®áïé¨© ¢¥«¨ç¨ë
á á®®â¢¥âáâ¢ãîé¥© ®¡« áâìî, ¤«ï ã¯à®é¥¨ï § ¯¨á¨ ®¯ãé¥. �®¬¯®¥âë ¢¥ªâ®à®¢ u, Nn[u]
§ ¢¨áïâ ®â �0, �1,   ¢¥«¨ç¨ mk § ¢¨á¨â ®â ®â®è¥¨ï  = �0=�1 ¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢ãîé¥£®
å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï, çâ® ¤¥â «ì® ¯®ª § ® ¢ à ¡®â¥ [17].
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� §à¥è¨¬®áâì § ¤ ç¨. �¥è¥¨¥ ãà ¢¥¨ï � ¬¥ (1) ¯à¥¤áâ ¢«ï¥âáï ®¡®¡é¥ë¬¨ ã¯àã-
£¨¬¨ ¯®â¥æ¨ « ¬¨ ¯à®áâ®£® ¨ ¤¢®©®£® á«®ï [10].

�¥¬¬  3. �á«¨ ¢ â®çª å £« ¤ª®áâ¨ § ¬ªãâ®© ªãá®ç®-£« ¤ª®© ¯®¢¥àå®áâ¨ S ¯«®â-

®áâì '2(M) ®¡®¡é¥®£® ã¯àã£®£® ¯®â¥æ¨ «  ¤¢®©®£® á«®ï W (M) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

�¨¯è¨æ {��¥«ì¤¥à ,   ¢ ®á®¡ëå â®çª å M 0 ¨¬¥¥â ¬¥áâ® ¯à¥¤áâ ¢«¥¨¥

'2(M) = O(jMM 0j�); � 2 (0; 1); '2(M
0) = 0; (22)

â® ®¡®¡é¥ë© ã¯àã£¨© ¯®â¥æ¨ « ¤¢®©®£® á«®ï áãé¥áâ¢ã¥â ¨ ¢ â®çª å £« ¤ª®áâ¨ ¯®¢¥àå-

®áâ¨ ¨¬¥¥â ¬¥áâ® ®¡ëç®¥ ¯à¥¤áâ ¢«¥¨¥

W�(M0) = �'2(M0) +W (M0); (23)

£¤¥ W�(M0) | £à ¨ç®¥ § ç¥¨¥ ¯®â¥æ¨ «  ¯à¨ áâà¥¬«¥¨¨ â®çª¨ M 2 V0 (§ ª \�") ¨«¨
â®çª¨ M 2 V1 (§ ª \+") ª â®çª¥ M0 2 S; W (M0) | ¯àï¬®¥ § ç¥¨¥ ¯®â¥æ¨ «  ¢ M0.

�®ª § â¥«ìáâ¢®. �ãáâì ¯®¢¥àå®áâì S á®¤¥à¦¨â ®¤ã ®á®¡ãî â®çªã O1, ï¢«ïîéãîáï,  -
¯à¨¬¥à, ª®¨ç¥áª®© â®çª®©,   â®çª  M0 2 S ï¢«ï¥âáï â®çª®© £« ¤ª®áâ¨. �®ª § â¥«ìáâ¢® ¢
á«ãç ¥ ¬®¦¥áâ¢  ®á®¡ëå â®ç¥ª   «®£¨ç®. �®áâà®¨¬ áä¥àã á æ¥âà®¬ ¢ ®á®¡®© â®çª¥ O1 à -
¤¨ãá  R0 < jM0O1j. �®£¤  S = S1 [ S2, £¤¥ S1 | ç áâì ¯®¢¥àå®áâ¨ S, «¥¦ é¥© ¢¥ áä¥àë ¨
ï¢«ïîé¥©áï £« ¤ª®© à §®¬ªãâ®© ¯®¢¥àå®áâìî,   S2 | ç áâì ¯®¢¥àå®áâ¨ S, á®¤¥à¦ é ïáï
¢ãâà¨ â ª®© áä¥àë. �®â¥æ¨ « ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ë

W (M) =
ZZ
S

�2(M;N)'2(N)dsN =
ZZ
S1

�2(M;N)'2(N)dsN +
ZZ
S2

�2(M;N)'2(N)dsN ; (24)

£¤¥

�2(M;N) = k�2mp(M;N)k; m; p = 1; 3;

�2mp(M;N) =
�
m01�mp +

n01(ym � xm)(yp � xp)
r2

� 3X
i=1

(xl � yl)nl(N)
r3

+

+m01

�
nm(N)

xp � yp
r3

� np(N)
xm � ym

r3

�
; m = 1; 3; p = 1; 3;

m01 =
1
2�

�

�+ 2�
; n01 =

3
2�

�+ �

�+ 2�
; � =

E�

(1 + �)(1� 2�)
; � =

E

2(1 + �)
; N = N(y1; y2; y3);

r = ((x1 � y1)2 + (x2 � y2)2 + (x3 � y3)2)1=2 | ¬ âà¨æ  ¯®â¥æ¨ «  ¤¢®©®£® á«®ï, �mp | á¨¬¢®«
�à®¥ª¥à .

�¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ (24) áãé¥áâ¢ã¥â ª ª ®¡®¡é¥ë© ã¯àã£¨© ¯®â¥æ¨ « ¤¢®©-
®£® á«®ï   à §®¬ªãâ®© ¯®¢¥àå®áâ¨ �ï¯ã®¢  [10]. �â®à®¥ á« £ ¥¬®¥ á®¤¥à¦¨â ¨â¥£à «ë,
ª®â®àë¥ ¯à¨ ¯¥à¥å®¤¥ ª ¯¥à¥¬¥ë¬ �1, s1 (15) ¢ëç¨á«ïîâáï ª ª ¥á®¡áâ¢¥ë¥ ¨â¥£à «ë â¨¯ 

Z R0

0

d�1

Z s1

0

As1(s1)
�1��1

ds1 =
R�
0

�

Z s1

0

As1(s1)ds1 <1:

�ãáâì â®çª  M áâà¥¬¨âáï ª â®çª¥ M0 2 S1, â®£¤ , ãç¨âë¢ ï ¤«ï ¯¥à¢®£® á« £ ¥¬®£® ¢
¯à¥¤áâ ¢«¥¨¨ (24) ¨§¢¥áâë¥ £à ¨çë¥ § ç¥¨ï ®¡®¡é¥®£® ã¯àã£®£® ¯®â¥æ¨ «  ¤¢®©®£®
á«®ï   à §®¬ªãâëå ¯®¢¥àå®áâïå �ï¯ã®¢  ([13], á. 218) ¨ ¥¯à¥àë¢®áâì ¢â®à®£® á« £ ¥¬®£®
¯à¨ M0 2 S1, ¯®«ãç ¥¬ ä®à¬ã«ã (23).
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�¥¬¬  4. �á«¨ ¢ â®çª å £« ¤ª®áâ¨ ªãá®ç®-£« ¤ª®© ¯®¢¥àå®áâ¨ S ¯«®â®áâì '1(M)
®¡®¡é¥®£® ã¯àã£®£® ¯®â¥æ¨ «  ¯à®áâ®£® á«®ï V (M) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �¨¯è¨æ {

��¥«ì¤¥à ,   ¢ ®á®¡ëå â®çª å M 0 áâà¥¬¨âáï ª ¡¥áª®¥ç®áâ¨ ¨ ¨¬¥¥â ¬¥áâ®  á¨¬¯â®â¨ç¥áª®¥

¯à¥¤áâ ¢«¥¨¥

'1(M) = O

�
1

jMM 0j�
�
; � 2 (0; 1); (25)

â® ®¡®¡é¥ë© ã¯àã£¨© ¯®â¥æ¨ « ¯à®áâ®£® á«®ï áãé¥áâ¢ã¥â ¨ ï¢«ï¥âáï ¥¯à¥àë¢®© äãª-

æ¨¥© ¯à¨ ¯¥à¥å®¤¥ ¯®¢¥àå®áâ¨ S ¢ ¥¥ â®çª å £« ¤ª®áâ¨ ¨ ¢ íâ¨å â®çª å ¨¬¥¥â ¬¥áâ® ®¡ëç®¥

¯à¥¤áâ ¢«¥¨¥

N�
n [V (M0)] = �'1(M0) +Nn[V (M0)]; (26)

£¤¥ N�
n [V (M0)]| £à ¨çë¥ § ç¥¨ï ¢¥ªâ®à  Nn[V (M0)] ¯à¨ ¯®¤å®¤¥ â®çª¨ M ª â®çª¥ M0 2 S

á® áâ®à®ë ®¡« áâ¨ V0 (§ ª \�") ¨«¨ V1 (§ ª \+"); Nn[V (M0)] | ¯àï¬®¥ § ç¥¨¥ ®¯¥à â®à 

®â ¯®â¥æ¨ «    ¯®¢¥àå®áâ¨ S.

�®ª § â¥«ìáâ¢®. � «®£¨ç® ¯à¥¤ë¤ãé¥¬ã ¯à®¨««îáâà¨àã¥¬ ¤®ª § â¥«ìáâ¢®   ¯à¨¬¥à¥
 «¨ç¨ï   ¯®¢¥àå®áâ¨ ®¤®© ®á®¡®© â®çª¨, â ª¦¥ ª®¨ç¥áª®©. �à¥¤áâ ¢«ïï, ª ª ¨ ¢ ¯à¥¤ë-
¤ãé¥¬ ¤®ª § â¥«ìáâ¢¥, ¯®¢¥àå®áâì S = S1 [ S2, ¯®«ãç ¥¬

V (M) =
ZZ
S

�(M;N)'1(N)dsN =
ZZ
S1

�(M;N)'1(N)dsN +
ZZ
S2

�(M;N)'1(N)dsN ; (27)

£¤¥ �(M;N) = k�mp(M;N)k,

�mp(M;N) =
1

4��(�+ 2�)

�
(�+ �)

@r

@xm

@r

@xp
+ (�+ 3�)�mp

�
1
r

| ¬ âà¨æ  ¯®â¥æ¨ «  ¯à®áâ®£® á«®ï. �¥à¢ë© ¨â¥£à « ¯à ¢®© ç áâ¨ á®®â®è¥¨ï (27) áã-
é¥áâ¢ã¥â ª ª ¨â¥£à « ¯® ¯®¢¥àå®áâ¨ �ï¯ã®¢ . �¥à¥å®¤ï ¢ ¨â¥£à «¥ ¢â®à®£® á« £ ¥¬®£® á
ãç¥â®¬ (25) ª ¯¥à¥¬¥ë¬ �1, s1 á ¯®¬®éìî (15), ã¡¥¦¤ ¥¬áï, çâ® ® áãé¥áâ¢ã¥â ª ª ¥á®¡áâ¢¥-
ë©. �áâà¥¬«ïï ¢ ¯à¥¤áâ ¢«¥¨¨ (27) M ªM0 ¨ ãç¨âë¢ ï ¥¯à¥àë¢®áâì ®¡®¡é¥®£® ã¯àã£®£®
¯®â¥æ¨ «  ¯à®áâ®£® á«®ï ¯à¨ ¯¥à¥å®¤¥ à §®¬ªãâëå ¯®¢¥àå®áâ¥© �ï¯ã®¢  ([10], á. 547),   â ª-
¦¥ ¥¯à¥àë¢®áâì ¢â®à®£® á« £ ¥¬®£®, ã¡¥¦¤ ¥¬áï, çâ® V (M) ï¢«ï¥âáï ¥¯à¥àë¢®© äãªæ¨¥©
¯à¨ ¯¥à¥å®¤¥ ¯®¢¥àå®áâ¨ S ¢ ¥¥ â®çª å £« ¤ª®áâ¨.

�®¤¥©áâ¢ã¥¬ ®¯¥à â®à®¬ Nn[ ]   à ¢¥áâ¢® (27), ¯¥à¥©¤¥¬ ¢ ¯®«ãç¥®¬ à ¢¥áâ¢¥ ª ¯à¥¤¥«ã
¯à¨ M ! M0. �à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¨§¢¥áâë¥ £à ¨çë¥ § ç¥¨ï ¤«ï Nn[V (M)]   à §®-
¬ªãâ®© ¯®¢¥àå®áâ¨ �ï¯ã®¢  ([13], á. 231) ¨ ¥¯à¥àë¢®áâì ¢â®à®£® á« £ ¥¬®£® ¯à ¢®© ç áâ¨,
¯®«ãç ¥¬ ãâ¢¥à¦¤¥¨¥ «¥¬¬ë. �à¨ íâ®¬ ¨â¥£à « Nn[V (M0)] ¯®¨¬ ¥¬ ª ª á¨£ã«ïàë©.
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�¥à¥©¤¥¬ ª ®¡é¥¬ã á«ãç î à §à¥è¨¬®áâ¨ § ¤ ç¨. �ãáâì

�1(M;N) = k�1mp(M;N)k;

�1mp(M;N) = �0; 5
�
m01�pm + n01

(xm � ym)(xp � yp)
r2

�
1
r3

3X
l=1

(xl � yl)nl(M) +

+m01

�
nm(M)

xp � yp
r3

� np(M)
xm � ym

r3

�
; �3(M;N) = k�3mp(M;N)k;

�3mp(M;N) =
3X

s=1

(�(p)msns);

�(p)ms = 2�"(p)ms + ��ms�
(p); "(p)ms = 0; 5

�
@u(p)s

@xm
+
@u(p)m

@xs

�
;

u(h)g = �2gh; g; h = 1; 3; p = 1; 3; �(p) = "
(p)
11 + "

(p)
22 + "

(p)
33 ;

¬ âà¨æë �(i)(M;N), �(i)t (M;N), t = 1; 3; i = 0; 1, á«¥¤ãîâ á®®â¢¥âáâ¢¥® ¨§ ¬ âà¨æ �(M;N),
�t(M;N), t = 1; 3, ¥á«¨ ¢ í«¥¬¥â å ¯®á«¥¤¨å § ¬¥¨âì ¯®áâ®ïë¥ �, � á®®â¢¥âáâ¢¥®   �i,
�i, â. ¥. ¯à¨ § ç¥¨¨ ¨¤¥ªá  i = 0 ¢¥«¨ç¨ë ®â¢¥ç îâ ®¡« áâ¨ V0,   ¯à¨ i = 1 | ®¡« áâ¨ V1,
M0 | â®çª¨ £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ S.

�¥®à¥¬ . �á«¨ ¢ ®á®¡ëå â®çª å ªãá®ç®-£« ¤ª®© ¯®¢¥àå®áâ¨ ª®à¨ å à ªâ¥à¨áâ¨ç¥áª¨å

ãà ¢¥¨© (6), (20) ¯à¨ ¤«¥¦ â ¨â¥à¢ «ã (0; 1) ¨ ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï :

0; 5
3X

p=1

ZZ
S

fj�(1)mp(M;N)� �(0)mp(M;N)j + j�(1)2mp(M;N) � �(0)2mp(M;N)jgdsn = Am < 1; (28)

0; 5
3X

p=1

ZZ
S

fj�(1)1mp(M;N)� �(0)1mp(M;N)j+ j�(1)3mp(M;N) � �(0)3mp(M;N)jgdsn = Bm < 1; m = 1; 3;

â® § ¤ ç  á®¯àï¦¥¨ï à §à¥è¨¬ .

�®ª § â¥«ìáâ¢®. �ãáâì ª®¥ç ï ®¤®á¢ï§ ï ®¡« áâì ®£à ¨ç¥  ¯®¢¥àå®áâìî S =
n1[
j=1

Sj , ª®â®à ï á®¤¥à¦¨â ª®¨ç¥áª¨¥ â®çª¨ Ol, l = 1;m1, ¨ £« ¤ª¨¥ § ¬ªãâë¥ ¥¯¥à¥á¥ª îé¨-

¥áï ®á®¡ë¥ «¨¨¨ Lj = Sj \ Sj+1, j = 1; n1 � 1, Ol =2 Lj . �®¢¥àå®áâ¨ Sj § ¤ îâáï ãà ¢¥¨ï¬¨
fj(x1; x2; x3) = 0,    âïãâë¥   ª®âãàë Lj , ®¯à¥¤¥«ïîâáï ãà ¢¥¨ï¬¨ f0j(x1; x2; x3) = 0.

�ç¨âë¢ ï å à ªâ¥à à¥è¥¨©, ãáâ ®¢«¥ë© ¢ «¥¬¬ å 1, 2, ¯à¥¤áâ ¢«ï¥¬ à¥è¥¨ï ãà ¢¥-
¨© � ¬¥ ¢ ¢¨¤¥

u0(M) = u01(M) + u02(M); u1(M) = u11(M) + u12(M); (29)

£¤¥ ui1(M), i = 0; 1, à¥ «¨§ãîâ  á¨¬¯â®â¨ªã, ¯à¨¢¥¤¥ãî ¢ «¥¬¬ å 1 ¨ 2,   ui2(M) ï¢«ïîâáï
®£à ¨ç¥ë¬¨ ¥¯à¥àë¢ë¬¨ äãªæ¨ï¬¨ ¢ á¢®¨å ®¡« áâïå ®¯à¥¤¥«¥¨ï.

�®£« á® «¥¬¬ ¬ 3 ¨ 4 å à ªâ¥à ®¡®¡é¥®£® ã¯àã£®£® ¯®â¥æ¨ «  ¤¢®©®£® á«®ï ¨ ®¯¥à â®-
à  Nn[ ] ®â ®¡®¡é¥®£® ã¯àã£®£® ¯®â¥æ¨ «  ¯à®áâ®£® á«®ï ¢¡«¨§¨ â®ç¥ª £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨
S ®¯à¥¤¥«ï¥âáï ¯«®â®áâï¬¨ ¯®â¥æ¨ «®¢ á â®ç®áâìî ¤® ¢¥«¨ç¨ ¯àï¬ëå § ç¥¨© ¨å   ¯®-
¢¥àå®áâ¨.

�à¥¤áâ ¢¨¬ á¨£ã«ïàë¥ á®áâ ¢«ïîé¨¥ ¯®áà¥¤áâ¢®¬ ®¡®¡é¥ëå ã¯àã£¨å ¯®â¥æ¨ «®¢ ¯à®-
áâ®£® ¨ ¤¢®©®£® á«®ï

ui1(M) =
ZZ
S

�(i)(M;N)'i11(N)dsN +
ZZ
S

�(i)2 (M;N)'i12(N)dsN ; (30)
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£¤¥ § ç¥¨¥ ¨¤¥ªá  i = 0 ®â®á¨âáï ª ¢¥«¨ç¨ ¬ ®¡« áâ¨ V0 = R3 n V1,   i = 1 | ®¡« áâ¨ V1.
�¥ªâ®àë ¯«®â®áâ¥© ¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥

'i11(N) = f'i111(N); 'i112(N); 'i113(N)g; 'i12(N) = f'i121(N); 'i122(N); 'i123(N)g; (31)

'i111(N) =
� n1�1Y

j=1

'
(1)
i11j(N)

�� m1Y
k=1

'
(2)
i11k(N)

�
; 'i121(N)

� n1�1Y
j=1

'
(3)
i21j(N)

�� m1Y
k=1

'
(4)
i21k(N)

�
;

M =M(x1; x2; x3); N = N(y1; y2; y3):

� ä®à¬ã« å (31) äãªæ¨¨ '(1)i11j(N), '(3)i21j(N) ®¯à¥¤¥«ïîâáï £¥®¬¥âà¨¥© ¯®¢¥àå®áâ¥© ¢¡«¨§¨
®á®¡ëå «¨¨© ¨ á®£« á® «¥¬¬ ¬ 1, 3 ,4 ¨¬¥îâ ¢¨¤

'
(1)
i11j(N) = 2�i(�1)i+1

p2X
q=1

D
R
mqj�1
j (N)

�
(mqj + 1)Bijq [Tj(N)] +

@Aijq [Tj(N)]
@Tj(N)

�E
;

'
(1)
i12j(N) = 2�i(�1)i+1

p2X
q=1

D
R
mq1j�1
j (N)

�
[�i(1 + ni) + 1]Aijq [Tj(N)] + (�i + 1)

@Bijq [Tj(N)]
@Tj(N)

�E
;

'
(1)
i13j(N) = (�1)i�iRm5j�1

j (N)
@Cij [Tj(N)]
@Tj(N)

; '
(3)
i12j(N) = (�1)i

p2X
q=1

R
mqj

j (N)Aijq [Tj(N)];

'
(3)
i22j(N) = (�1)i

p2X
q=1

R
mqj

j (N)Bijq [Tj(N)]; '
(3)
i23j(N) = (�1)iRm3j

j (N)Cij [Tj(N)]; (32)

Aijq(Tj(N)) = (mqj � {i)a1ijq sin((mqj � 1)Tj(N)) + ({i �mqj)b1ijq cos((mqj � 1)Tj(N)) +

+c1ijq sin((mqj + 1)Tj(N)) � d1ijq cos((mqj + 1)Tj(N));

Bijq(Tj(N)) = (mqj + {i)a1ijq cos((mqj � 1)Tj(N)) + (mqj + {i)b1ijq sin((mqj � 1)Tj(N)) +

+c1ijq cos((mqj + 1)Tj(N)) + d1ijq sin((mqj + 1)Tj(N));

Cij(Tj(N)) = g1ij cos(m5jTj(N)) + h1ij sin(m5jTj(N));

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 f0j(N)=j grad f0j(N)j;
G2j(N) = [[Gj(N); Gj+1(N)]=j[Gj(N); Gj+1(N)]j; G0j(N)];

p2 | ç¨á«® ª®à¥© mqj 2 (0; 1) å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢¥¨© (6).
�ãªæ¨¨ '(2)i11k(N), '(4)i21k(N) ®¯à¥¤¥«ïîâáï £¥®¬¥âà¨¥© ¯®¢¥àå®áâ¥© ¢¡«¨§¨ ª®¨ç¥áª¨å â®ç¥ª

¨ á®£« á® «¥¬¬ ¬ 2{4 ¨¬¥îâ ¢¨¤ (17) ¨ (21) ¨«¨ (19) ¨ (21), ¢ ª®â®àëå ¥®¡å®¤¨¬® § ¬¥¨âì
�1, �1, s1 á®®â¢¥âáâ¢¥®  

Rl(N) = ((y1 � x1l)
2 + (y2 � x2l)

2 + (y3 � x3l)
2)1=2;

Tln(N) = arcsin(R�1l (N)(l0l(y1 � x1l) +m0l(y2 � x2l) + n0l(y3 � x3l)));

Sl(N) =
Z 'l

0

((dl0l(N)=d'l)2 + (dm0l(N)=d'l)2 + (dn0l(N)=d'l)2)d'l;

£¤¥ 'l = 'l(y2; y3), Ol(x1l; x2l; x3l), l0k(N),m0k(N), n0k(N) | ª®®à¤¨ âë ®àâ  ®¡à §ãîé¥© r0k(N),
¨ ¯à®áã¬¬¨à®¢ âì ¢ § ¢¨á¨¬®áâ¨ ®â ç¨á«  ª®à¥© mk 2 (0; 1) ãà ¢¥¨ï (20).

�à¥¤áâ ¢«¥¨¥ á¨£ã«ïàëå á®áâ ¢«ïîé¨å ®¡®¡é¥ë¬¨ ã¯àã£¨¬¨ ¯®â¥æ¨ « ¬¨ ¤¢®©®£®
¨ ¯à®áâ®£® á«®ï á ¯«®â®áâï¬¨ (31), (32) ®â¢¥ç ¥â ãá«®¢¨ï¬ «¥¬¬ 3 ¨ 4. �¤®¢«¥â¢®àïï á ¯®¬®éìî
(29), (30) £à ¨çë¬ ãá«®¢¨ï¬ (4) ¢ ®á®¡ëå â®çª å ¯à¨ ¯¥à¥å®¤¥ ª á®®â¢¥âáâ¢ãîé¨¬ «®ª «ìë¬
ª®®à¤¨ â ¬, ã¡¥¦¤ ¥¬áï, çâ® ®¨ à¥ «¨§ãîâáï.
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�¥£ã«ïàë¥ á®áâ ¢«ïîé¨¥ à¥è¥¨© ãà ¢¥¨© � ¬¥ ¢ ä®à¬ã« å (29) ¯à¥¤áâ ¢«ï¥¬ â ª¦¥
®¡®¡é¥ë¬¨ ã¯àã£¨¬¨ ¯®â¥æ¨ « ¬¨ ¯à®áâ®£® ¨ ¤¢®©®£® á«®ï á ¥¨§¢¥áâë¬¨ ¯«®â®áâï¬¨
'i21(N), 'i22(N), i = 0; 1,

u02(M) = u
(0)
0 (M) +

ZZ
S

�(M;N)'021(N)dsN +
ZZ
S

�2(M;N)'022(N)dsN ; (33)

u12(M) = u
(0)
1 (M) +

ZZ
S

�(M;N)'121(N)dsN +
ZZ
S

�2(M;N)'122(N)dsN ; (34)

£¤¥ u(0)i (M) | ¨§¢¥áâë¥ ¢¥ªâ®àë, ã¤®¢«¥â¢®àïîé¨¥ ãà ¢¥¨î � ¬¥ (1) ¨ ®¡ãá«®¢«¥ë¥ ä¨-
§¨ç¥áª®© áãé®áâìî § ¤ ç¨,   â ª¦¥ ãá«®¢¨ï¬   ¡¥áª®¥ç®áâ¨.

�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥¨ï (29){(34) ¢ £à ¨çë¥ ãá«®¢¨ï (3) ¢ â®çª å £« ¤ª®áâ¨ ¨ ãç¨âë-
¢ ï ä®à¬ã«ë (23), (26), ¯®«ãç¨¬ á¨áâ¥¬ã ¨â¥£à «ìëå ãà ¢¥¨©, ¢ ª®â®à®© ¯®« £ ¥¬ ¢¢¨¤ã
¯à®¨§¢®«ì®áâ¨ ¯«®â®áâ¥©

'021(N) = '121(N); '022(N) = '122(N):

� à¥§ã«ìâ â¥ ¯à¨¤¥¬ ª á¨áâ¥¬¥ ¨â¥£à «ìëå ãà ¢¥¨©

'022(M0)� 0; 5
ZZ
S

[�(1)(M0; N)� �(0)(M0; N)]'021(N)dsN �

� 0; 5
ZZ
S

[�(1)2 (M0; N)� �(0)2 (M0; N)]'022(N)dsN = �0; 5g1(M0);

'021(M0) + 0; 5
ZZ
S

[�(1)1 (M0; N)� �(0)1 (M0; N)]'021(N)dsN +

+ 0; 5
ZZ
S

[�(1)3 (M0; N)� �(0)3 (M0; N)]'022(N)dsN = 0; 5h1(M0); (35)

£¤¥

g1(M0) = u�01(M0) + u
(0)�
0 (M0)� (u+11(M0) + u

(0)+
1 (M0));

h1(M0) = N�
n0[u01(M0) + u

(0)
0 (M0)]�N+

n1[u11(M0) + u
(0)
1 (M0)];

¬ âà¨æë �(i)(M;N), �(i)t (M;N), t = 1; 3, ¨ ®¯¥à â®à Nni[ ] ¯à¨ § ç¥¨¨ ¨¤¥ªá  i = 0 ®â¢¥ç îâ
®¡« áâ¨ V0,   ¯à¨ i = 1 | ®¡« áâ¨ V1, M0 | â®çª¨ £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ S. �¢¨¤ã ¢ë¯®«¥¨ï
ãá«®¢¨© (3) ¢ ®á®¡ëå â®çª å ¯à ¢ë¥ ç áâ¨ ãà ¢¥¨© (35) ï¢«ïîâáï ¥¯à¥àë¢ë¬¨ ®£à ¨ç¥-
ë¬¨ äãªæ¨ï¬¨   ¯®¢¥àå®áâ¨ S,   ¬ âà¨æë �(i)1 (M0; N), �(i)3 (M0; N) ¯®à®¦¤ îâ á¨£ã«ïàë¥
¨â¥£à «ë, ¯®íâ®¬ã (35) ï¢«ï¥âáï á¨áâ¥¬®© á¨£ã«ïàëå ¨â¥£à «ìëå ãà ¢¥¨© [19].
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�¥è¥¨¥ á¨áâ¥¬ë (35)   «®£¨ç® [13] ¯à¥¤áâ ¢«ï¥¬ ¢ ¨â¥à æ¨®®© ä®à¬¥

'
(0)
022(M) = �0; 5g1(M); '

(0)
021 = 0; 5h1(M);

'
(n)
022(M) = 0; 5

ZZ
S

[�(1)(M;N) � �(0)(M;N)]'(n�1)
021 (N)dsN +

+ 0; 5
ZZ
S

[�(1)2 (M;N)� �(0)2 (M;N)]'(n�1)
022 (N)dsN � 0; 5g1(M);

'
(n)
021(M) = �0; 5

ZZ
S

[�(1)1 (M;N)� �(0)1 (M;N)]'(n�1)
021 (N)dsN �

� 0; 5
ZZ
S

[�(1)3 (M;N)� �(0)3 (M;N)]'(n�1)
022 (N)dsN + 0; 5h1(M); (36)

'022(M) = lim
n!1

'(n)
022(M); '021(M) = lim

n!1
'(n)021(M): (37)

�¤¥áì â®çª  M ¯à¨ ¤«¥¦¨â ¬®¦¥áâ¢ã â®ç¥ª £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ S. �å®¤¨¬®áâì ¯à¥¤¥«®¢
(37) à ¢®á¨«ì  áå®¤¨¬®áâ¨ àï¤®¢

'
(0)
021(M) +

1X
n=1

['(n)
021(M)� '

(n�1)
021 (M)]; '

(0)
022(M) +

1X
n=1

['(n)
022(M)� '

(n�1)
022 (M)]: (38)

�¥à¥å®¤ï ª áª «ïàë¬ ª®¬¯®¥â ¬ (38) ¨ ãç¨âë¢ ï ãá«®¢¨ï (28),  å®¤¨¬, çâ® ®¨ ¬ ¦®à¨-

àãîâáï áå®¤ïé¨¬¨áï ç¨á«®¢ë¬¨ àï¤ ¬¨
1P
n=1

An
mM1m,

1P
n=1

Bn
mM1m, £¤¥ M1m = maxfj0; 5h1m(M)j,

j0; 5g1m(M)jg, h1(M) = fh11(M); h12(M); h13(M)g, g1(M) = fg11(M); g12(M); g13(M)g, ¨ â ª¨¬
®¡à §®¬, àï¤ë (38) áå®¤ïâáï  ¡á®«îâ® ¨ à ¢®¬¥à® ¢ â®çª å £« ¤ª®áâ¨ ¯®¢¥àå®áâ¨ S. �ë-
¯®«ïï ¯à¥¤¥«ìë© ¯¥à¥å®¤ ¢ (36) á ãç¥â®¬ à ¢®¬¥à®© áå®¤¨¬®áâ¨ (38) ¢ â®çª å £« ¤ª®áâ¨
M;N 2 S, ¯®«ãç ¥¬, çâ® (36), (37) ï¢«ï¥âáï à¥è¥¨¥¬ á¨áâ¥¬ë (35).

�ãáâì á¨áâ¥¬  ¨¬¥¥â ¤¢  à¥è¥¨ï '
(a)
021(M), '(a)022(M) ¨ '

(b)
021(M), '(b)022(M), â®£¤ , ¯®¤áâ ¢«ïï

¨å ¢ (35) ¨ ¢ëç¨â ï ãà ¢¥¨ï, ¯®«ãç¨¬

� ub(M0) + 0; 5
ZZ
S

[�(1)(M0; N)� �(0)(M0; N)]ua(N)dsN +

+ 0; 5
ZZ
S

[�(1)2 (M0; N)� �(0)2 (M0; N)]ub(N)dsN = 0;

� ua(M0) + 0; 5
ZZ
S

[�(1)1 (M0; N)� �(0)1 (M0; N)]ua(N)dsN +

+ 0; 5
ZZ
S

[�(1)3 (M0; N)� �(0)3 (M0; N)]ub(N)dsN = 0;

(39)

£¤¥

ua(M) = fua1(M); ua2(M); ua3(M)g = '(a)
021(M)� '(b)021(M);

ub(M) = fub1(M); ub2(M); ub3(M)g = '
(a)
022(M)� '

(b)
022(M):

�¥è¥¨ï á¨áâ¥¬ë (35) ®£à ¨ç¥ë   S ¨ ¯®íâ®¬ã juql(M)j < L, q = 1; 2, l = 1; 3. �®£¤  ¨§ (39) á
ãç¥â®¬ (28) ¨¬¥¥¬ L � jAmjL, L � jBmjL, ®âªã¤  á«¥¤ã¥â jAmj � 1, jBmj � 1, çâ® ¯à®â¨¢®à¥ç¨â
ãá«®¢¨î â¥®à¥¬ë, â. ¥. à¥è¥¨¥ § ¤ ç¨ ¥¤¨áâ¢¥®.
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�«ï ¯à¨¢¥¤¥¨ï § ¤ ç¨ á®¯àï¦¥¨ï ª á¨áâ¥¬¥ á¨£ã«ïàëå ¨â¥£à «ìëå ãà ¢¥¨© ¢ á«ã-
ç ¥ N ¯®¯ à® ¥¯¥à¥á¥ª îé¨åáï ª®¥çëå ®¤®á¢ï§ëå ®¡« áâ¥© Vi á¨£ã«ïàë¥ á®áâ ¢«ïî-
é¨¥ à¥è¥¨© ãà ¢¥¨© � ¬¥ áâà®¨¬   «®£¨ç® (30){(32) ¤«ï ª ¦¤®© ®¡« áâ¨. �¥£ã«ïàë¥

á« £ ¥¬ë¥ ¡¥à¥¬, á«¥¤ãï (34) ¤«ï ª ¦¤®© ®¡« áâ¨ Vi, i = 1; N ,   ¤«ï ®¡« áâ¨ V0 = R3 n
N[
i=1

Vi

¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ u01(M) =
NP
j=1

u0j1(M), u02(M) =
NP
j=1

u0j2(M), £¤¥ u0j1(M) áâà®¨âáï á ãç¥-

â®¬ ¥£« ¤ª®áâ¥© ¯®¢¥àå®áâ¥© à §¤¥«  Si ®¡« áâ¥© Vi ¨ V0   «®£¨ç® ¨§«®¦¥®¬ã ¢ëè¥,  
á« £ ¥¬ë¥ u0j2(M) ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ (33), (34).
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