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�¥®à¨ï ¨­â¥£à «ì­ëå ¯à¥¤áâ ¢«¥­¨©  ­ «¨â¨ç¥áª¨å äã­ªæ¨© ¬­®£¨å ª®¬¯«¥ªá­ëå ¯¥à¥-
¬¥­­ëå ï¢«ï¥âáï ¢ ¦­®© ¢¥â¢ìî ¬­®£®¬¥à­®£® ª®¬¯«¥ªá­®£®  ­ «¨§ . �­ ç¨â¥«ì­ë¬ ¢ª« ¤®¬
¢ íâã â¥®à¨î ¡ë«¨ ãáâ ­®¢«¥­­ë¥ �.�. �¥¬«ïª®¢ë¬ [1], [2] ¨­â¥£à «ì­ë¥ ¯à¥¤áâ ¢«¥­¨ï äã­ª-
æ¨© ¤¢ãå ª®¬¯«¥ªá­ëå ¯¥à¥¬¥­­ëå,  ­ «¨â¨ç¥áª¨å ¢ ª« áá¥ ¯ à ¬¥âà¨ç¥áª¨ § ¤ ¢ ¥¬ëå ®£à -
­¨ç¥­­ëå ¢ë¯ãª«ëå ¯®«­ëå ¤¢®ïª®ªàã£®¢ëå ®¡« áâ¥©.

�.�.�©§¥­¡¥à£ [3], à áá¬®âà¥¢ ¢ ª ç¥áâ¢¥ ¯«®â­®áâ¨ ¢ ¨­â¥£à « å �¥¬«ïª®¢  ¯à®¨§¢®«ì­ãî
äã­ªæ¨î, áã¬¬¨àã¥¬ãî ¯® �¥¡¥£ã ­  £à ­¨æ¥ ®¯à¥¤¥«ïîé¥© ®¡« áâ¨, ­  ®á­®¢¥ ¨­â¥£à «ì­ëå
¯à¥¤áâ ¢«¥­¨© �¥¬«ïª®¢  ¢¢¥« ¯®­ïâ¨¥ ¨­â¥£à «®¢ â¨¯  �¥¬«ïª®¢ .

� ­­ ï à ¡®â  ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨î á¢®©áâ¢ ®¡®¡é¥­­®£® ¨­â¥£à «  â¨¯  �¥¬«ïª®¢ 

f(w; z) =
1

(2�)3i

b1Z
a1

dx1

b2Z
a2

dx2

b3Z
a3

dx3

Z
j�j=1

F (x1; x2; x3; �)
� � u

d�; (1)

¢ ª®â®à®¬ ª®¬¯®­¥­â  u, ¢å®¤ïé ï ¢ ï¤à® ¢­ãâà¥­­¥£® ¨­â¥£à « , ¨¬¥¥â ¡®«¥¥ á«®¦­ãî áâàãª-
âãàã, ç¥¬ ¢ ª« áá¨ç¥áª®¬ ¨­â¥£à «¥ â¨¯  �¥¬«ïª®¢ , ¨áá«¥¤®¢ ­­®¬ à ­¥¥ (­ ¯à., [4], [5]).

� ¨­â¥£à «¥ (1) äã­ªæ¨ï F (x1; x2; x3; �) § ¤ ­  ­  â®¯®«®£¨ç¥áª®¬ ¯à®¨§¢¥¤¥­¨¨

X = fx1; x2; x3 2 R; � 2 C : a1 � x1 � b1; a2 � x2 � b2; a3 � x3 � b3; j�j = 1g;

F (x1; x2; x3 + h3; �) = F (x1; x2; x3; �); h3 = b3 � a3;

u = t1(x1)w exp it2(x2) + (1� t1(x1))z exp it3(x3);

t1(x1) | «¨­¥©­ ï äã­ªæ¨ï, ®¯à¥¤¥«ï¥¬ ï ãá«®¢¨ï¬¨ t1(a1) = 0, t1(b1) = 1, äã­ªæ¨ï t2(x2) = p

¯®áâ®ï­­  ­  ®âà¥§ª¥ [a2; b2],   äã­ªæ¨ï t3(x3) áâà®£® ¢®§à áâ îé ï, ­¥¯à¥àë¢­ ï, ¯¥à¨®¤¨ç¥-
áª ï á® á¬¥é¥­¨¥¬

t3(x3 + h3) = t3(x3) + 2�;

¯à¨ç¥¬
t3(a3) = p; t3(b3) = p+ 2�:

�¥®à¥¬  1. � â®çª å ¯à®áâà ­áâ¢  C2 äã­ªæ¨¨, ®¯à¥¤¥«ï¥¬ë¥ ¨­â¥£à «®¬ (1), ¯à¥¤áâ -
¢¨¬ë ¯® ä®à¬ã«¥

f(w; z) =
1
4�2

� ZZZ
R1[R3

�+(x1; x2; x3; u)dx1dx2dx3 +

+
ZZZ
R2[R4

��(x1; x2; x3; u)dx1dx2dx3 +
ZZZ
R5

�
1
2�i

Z
j�j=1

F (x1; x2; x3; �)
� � u

d�

�
dx1dx2dx3

�
;

£¤¥

�+(x1; x2; x3; u) =
1
2�i

Z
j�j=1

F (x1; x2; x3; �)
� � u

d�; ¥á«¨ juj < 1;
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��(x1; x2; x3; u) =
1
2�i

Z
j�j=1

F (x1; x2; x3; �)
� � u

d�; ¥á«¨ juj > 1;

R1 = f(x1; x2; x3) : x1 2 X1; x2 2 [a2; b2]; x3 2 [a3; b3]g;

R2 = f(x1; x2; x3) : x1 2 X2; x2 2 [a2; b2]; x3 2 [a3; b3]g;

R3 = f(x1; x2; x3) : x1 2 X3; (x2; x3) 2 P1g;

R4 = f(x1; x2; x3) : x1 2 X3; (x2; x3) 2 P2g;

R5 = f(x1; x2; x3) : x1 2 X3; t2(x2)� t3(x3) =  � ' _ t2(x2)� t3(x3) =  + 'g;

P1 = f(x2; x3) 2 [a2; b2]� [a3; b3] :  + '� 2� < t2(x2)� t3(x3) <  � 'g;

P2 = f(x2; x3) 2 [a2; b2]� [a3; b3] :  � ' < t2(x2)� t3(x3) <  + 'g;

' = arccos
(b1 � a1)2 � (x1 � a1)2jwj2 � (b1 � x1)2jzj2

2(x1 � a1)(b1 � x1)jwj jzj
:

�­®¦¥áâ¢  Xk, k = 1; 2; 3, ®¯à¥¤¥«ïîâáï á ¯®¬®éìî «¨­¥©­ëå äã­ªæ¨©

g1(x1) =
x1 � a1

b1 � a1
jwj �

b1 � x1

b1 � a1
jzj � 1; g2(x1) = g1(x1) + 2; g3(x1) =

x1 � a1

b1 � a1
jwj+

b1 � x1

b1 � a1
jzj � 1

á«¥¤ãîé¨¬ ®¡à §®¬:

X1 = fx1 2 [a1; b1] : g3(x1) < 0g; X2 = fx1 2 [a1; b1] : jg1(x1) + 1j > 1g;

X3 = fx1 2 [a1; b1] : 0 � g2(x1) � 2; g3(x1) � 0g:

�á¯®«ì§ã¥¬ ­¥¯¥à¥á¥ª îé¨¥áï ¬­®¦¥áâ¢ 

M = fjwj � 1; jzj � 1; jwj+ jzj < 2g; M0 = fjwj � 1; jzj � 1; jwj + jzj > 2g;

M1 = fjwj > 1; jzj < 1g; M2 = fjwj < 1; jzj > 1g;

L = fjwj = jzj = 1g

¨ ®¡®§­ ç¨¬ ç¥à¥§ �k ¥¤¨­áâ¢¥­­ë© ­ã«ì äã­ªæ¨¨ gk(x1), k = 1; 2; 3.

�¥®à¥¬  2. �ãáâì äã­ªæ¨ï t3(x3) áâà®£® ¢®§à áâ ¥â. �®£¤  ¢ â®çª å ¯à®áâà ­áâ¢  C2

¤«ï äã­ªæ¨©, ¯à¥¤áâ ¢¨¬ëå ¨­â¥£à «®¬ (1), ¢ ®¡« áâïå M , M0, M1 ¨ M2 á¯à ¢¥¤«¨¢ë á«¥¤ã-

îé¨¥ ä®à¬ã«ë:
¥á«¨ (w; z) 2M , â® f(w; z) = I+(a1; b1),
¥á«¨ (w; z) 2M0, â® f(w; z) = I�(a1; �2) + I1(�2; �1) + I�(�1; b1),
¥á«¨ (w; z) 2M1, â® f(w; z) = I+(a1; �3) + I1(�3; �1) + I�(�1; b1),
¥á«¨ (w; z) 2M2, â® f(w; z) = I�(a1; �2) + I1(�2; �3) + I+(�3; b1),

£¤¥

I�(q1; q2) =
1
4�2

q2Z
q1

dx1

b2Z
a2

dx2

b3Z
a3

��(x1; x2; x3; u)dx3;

I1(q1; q2) =
1
4�2

q2Z
q1

�(x1; u)dx1;

�(x1; u) =

b2Z
a2

dx2

t
�1

3
(p+ �')Z

t�1
3

(p+ +'�2�)

�+(x1; x2; x3; u)dx3 +

b2Z
a2

dx2

t
�1

3
(p+ +')Z

t�1
3

(p+ �')

��(x1; x2; x3; u)dx3:

�á«¨ (w; z) 2 L, â® f(w; z) = I+(a1; b1).

�®ª § â¥«ìáâ¢  â¥®à¥¬ 1 ¨ 2  ­ «®£¨ç­ë ¤®ª § â¥«ìáâ¢ ¬ á®®â¢¥âáâ¢ãîé¨å â¥®à¥¬, ­ ¯à¨-
¬¥à, ¨§ [4], [5].
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�¥®à¥¬  3. �ã­ªæ¨¨, ¯à¥¤áâ ¢¨¬ë¥ ¨­â¥£à «®¬ (1), ï¢«ïîâáï  ­ «¨â¨ç¥áª¨¬¨ ¢ ®¡« -

áâ¨ M ¨, ¢®®¡é¥ £®¢®àï, ­¥ ­ «¨â¨ç¥áª¨¬¨ ¢ § ¬ëª ­¨¨ ®¡ê¥¤¨­¥­¨ï ®¡« áâ¥© M0, M1 ¨ M2.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë á«¥¤ã¥â ¨§ áâà®¥­¨ï ä®à¬ã« ¤«ï ¨­â¥£à «  (1), ¯®«ãç¥­­ëå ¢ â¥®-
à¥¬¥ 2.

�¥®à¥¬  4. �ãáâì �1 ¨ �2 | ¨­â¥£à «ì­ë¥ ®¯¥à â®àë ¢¨¤ 

�1 =

c1Z
a1

dx1

b2Z
a2

dx2

b3Z
a3

dx3 +

b1Z
c2

dx1

b2Z
a2

dx2

b3Z
a3

dx3 +

c6Z
c5

dx1

b2Z
a2

dx2

p+ �'Z
p+ +'�2�

dx3;

�2 =

c3Z
a1

dx1

b2Z
a2

dx2

b3Z
a3

dx3 +

b1Z
c4

dx1

b2Z
a2

dx2

b3Z
a3

dx3 +

c6Z
c5

dx1

b2Z
a2

dx2

p+ +'Z
p+ �'

dx3;

£¤¥

c1 =

(
�3; (w; z) 2M1;

a1; (w; z) 2M0 [M2;
c2 =

(
�3; (w; z) 2M2;

b1; (w; z) 2M0 [M1;
c3 =

(
�2; (w; z) 2M0 [M2;

a1; (w; z) 2M1;

c4 =

(
�1; (w; z) 2M0 [M1;

b1; (w; z) 2M2;
c5 =

(
�2; (w; z) 2M0 [M2;

�3; (w; z) 2M1;
c6 =

(
�1; (w; z) 2M0 [M1;

�3; (w; z) 2M2:

�®£¤  ¤«ï äã­ªæ¨¨ f(w; z) ¢ ®¡« áâïå M0, M1 ¨ M2 á¯à ¢¥¤«¨¢  ä®à¬ã« 

f(w; z) =
1
4�2

(�1[�+] + �2[��]): (2)

�®ª § â¥«ìáâ¢®. �¥©áâ¢¨â¥«ì­®, ­¥¯®áà¥¤áâ¢¥­­®© ¯à®¢¥àª®© ¨§ ä®à¬ã«ë (2) á«¥¤ãîâ
ä®à¬ã«ë ¯à¥¤áâ ¢«¥­¨ï äã­ªæ¨¨ f(w; z) ¢ ®¡« áâïå M0, M1 ¨ M2, ¯®«ãç¥­­ë¥ ¢ â¥®à¥¬¥ 2.

�ãáâì, ­ ¯à¨¬¥à, (w; z) 2 M0. �®£¤  c1 = a1, c2 = b1, c3 = c5 = �2, c4 = c6 = �1, ¯à¨ç¥¬
a1 � �2 < �1 � b1 ¢ ®¡« áâ¨ M0, ¯®íâ®¬ã ¨§ à ¢¥­áâ¢  (2) ¯®«ãç ¥¬ ¯à¥¤áâ ¢«¥­¨¥ ¨­â¥£à «  (1)
¢ ãª § ­­®© ®¡« áâ¨.

�­ «®£¨ç­® ¯à®¢¥àï¥âáï á¯à ¢¥¤«¨¢®áâì ä®à¬ã«ë (2) ¤«ï ®¡« áâ¥© M1 ¨ M2.

�¥¯¥àì ¯¥à¥©¤¥¬ ª ¨áá«¥¤®¢ ­¨î ¯®¤¢¨¦­ëå ®¡« áâ¥©  ­ «¨â¨ç­®áâ¨ ¨­â¥£à «  (1).
� ä¨ªá¨àã¥¬ â®çªã (w; z) 2 C2 ¨ ®â¬¥â¨¬, çâ® ¯à¨ íâ®¬ äã­ªæ¨¨ g1(x1) ¨ g2(x1) áâà®£®

¢®§à áâ îâ ­  ®âà¥§ª¥ [a1; b1],   äã­ªæ¨ï g3(x1) áâà®£® ¢®§à áâ ¥â ¯à¨ jwj > jzj ¨ áâà®£® ã¡ë¢ ¥â
¯à¨ jwj < jzj.

�ãáâì a 2 (a1; b1). � áá¬®âà¨¬ ®¡« áâ¨

G1 = f(w; z) 2 C2 : g3(b1) > 0; g3(a) < 0g; G2 = f(w; z) 2 C2 : g3(a1) > 0; g3(a) < 0g;

G3 = f(w; z) 2 C2 : g2(a) < 0g; G4 = f(w; z) 2 C2 : g1(a) > 0g:

�¥®à¥¬  5. �á«¨ ¯«®â­®áâì F (x1; x2; x3; �) ¨­â¥£à «  (1) â®¦¤¥áâ¢¥­­® à ¢­  ­ã«î ¯à¨

¢á¥å x1 2 (a; b1], â® äã­ªæ¨ï f(w; z), ¯à¥¤áâ ¢¨¬ ï íâ¨¬ ¨­â¥£à «®¬,  ­ «¨â¨ç­  ¢ ®¡« áâïå

G1 ¨ G3, ¯à¨ç¥¬

¥á«¨ (w; z) 2 G1, â® f(w; z) = I+(a1; a),
¥á«¨ (w; z) 2 G3, â® f(w; z) = I�(a1; a).
�á«¨ ¯«®â­®áâì F (x1; x2; x3; �) ¨­â¥£à «  (1) â®¦¤¥áâ¢¥­­® à ¢­  ­ã«î ¯à¨ ¢á¥å x1 2

[a1; a), â® äã­ªæ¨ï f(w; z), ¯à¥¤áâ ¢¨¬ ï íâ¨¬ ¨­â¥£à «®¬,  ­ «¨â¨ç­  ¢ ®¡« áâïå G2 ¨ G4,

¯à¨ç¥¬

¥á«¨ (w; z) 2 G2, â® f(w; z) = I+(a; b1),
¥á«¨ (w; z) 2 G4, â® f(w; z) = I�(a; b1).
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�®ª § â¥«ìáâ¢®. �á«¨ (w; z) 2 G1 � M1, â® äã­ªæ¨ï g3(x1) áâà®£® ¢®§à áâ ¥â ­  ®âà¥§ª¥
[a1; b1],  , á«¥¤®¢ â¥«ì­®, ¨§ ãá«®¢¨ï g3(a) < 0(= g3(�3)) ¤«ï ¬­®¦¥áâ¢  G1 ¨¬¥¥¬

a1 < a < �3 < �1 < b1:

� ª ª ª c1 = c5 = �3, c2 = b1, c3 = a1, c4 = c6 = �1 ¢ ®¡« áâ¨ M1, â® ä®à¬ã«ã (2) ¬®¦­®
§ ¯¨á âì ¢ ¢¨¤¥

f(w; z) = I+(a1; a) + I+(a; �3) +
1
4�2

�1Z
�3

dx1

b2Z
a2

dx2

p+ �'Z
p+ +'�2�

�+(x1; x2; x3; u)dx3 +

+
1
4�2

�1Z
�3

dx1

b2Z
a2

dx2

p+ +'Z
p+ �'

��(x1; x2; x3; u)dx3 + I�(�1; b1): (3)

�® ãá«®¢¨î ¤«ï «î¡®£® x1 2 (a; b1] F (x1; x2; x3; �) = 0, á«¥¤®¢ â¥«ì­®, ¢á¥ á« £ ¥¬ë¥, ªà®¬¥
¯¥à¢®£® ¯à ¢®© ç áâ¨ à ¢¥­áâ¢  (3), ®¡à é îâáï ¢ ­ã«ì. � ª¨¬ ®¡à §®¬, ¯®«ãç¥­  ä®à¬ã«  ¤«ï
äã­ªæ¨¨ f(w; z) ¢ ®¡« áâ¨ G1, çâ® ¨ ¤®ª §ë¢ ¥â  ­ «¨â¨ç­®áâì ¤ ­­®© äã­ªæ¨¨ ¢ ãª § ­­®©
®¡« áâ¨.

�áâ «ì­ë¥ ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë ¤®ª §ë¢ îâáï  ­ «®£¨ç­®.

�¥¯¥àì § ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ë¥ a; b 2 (a1; b1), a < b, ¨ à áá¬®âà¨¬ ®¡« áâ¨

G5 = f(w; z) 2 C2 : g3(a) < 0; g1(b) > 0g; G6 = f(w; z) 2 C2 : g2(a) < 0; g3(b) < 0g;

G7 = f(w; z) 2 C2 : g2(a) < 0; g1(b) > 0g:

�¥®à¥¬  6. �á«¨ ¯«®â­®áâì F (x1; x2; x3; �) ¨­â¥£à «  (1) â®¦¤¥áâ¢¥­­® à ¢­  ­ã«î ¯à¨

¢á¥å x1 2 (a; b), â® äã­ªæ¨ï f(w; z), ¯à¥¤áâ ¢¨¬ ï íâ¨¬ ¨­â¥£à «®¬,  ­ «¨â¨ç­  ¢ ®¡« áâïå

G5, G6 ¨ G7, ¯à¨ç¥¬

¥á«¨ (w; z) 2 G5, â® f(w; z) = I+(a1; a) + I�(b; b1),
¥á«¨ (w; z) 2 G6, â® f(w; z) = I�(a1; a) + I+(b; b1),
¥á«¨ (w; z) 2 G7, â® f(w; z) = I�(a1; a) + I�(b; b1).

�®ª § â¥«ìáâ¢® ¯à®¢®¤¨âáï  ­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 5.
� «¥¥ ¨áá«¥¤ã¥¬ ¯®¢¥¤¥­¨¥ ¨­â¥£à «  (1) ¢ ®¡« áâïå ­¥ ­ «¨â¨ç­®áâ¨.

�¥®à¥¬  7. �á«¨ ¯à¨ «î¡ëå x1 2 [a1; b1], x2 2 [a2; b2] ¨ x3 2 [a3; b3] ¯«®â­®áâì F (x1; x2; x3; �)
¨­â¥£à «  (1) ï¢«ï¥âáï  ­ «¨â¨ç¥áª®© ¢ § ¬ª­ãâ®¬ ¥¤¨­¨ç­®¬ ªàã£¥ j�j � 1 äã­ªæ¨¥©, â® ¢
®¡« áâïå M0, M1 ¨ M2 äã­ªæ¨ï f(w; z) ¯à¥¤áâ ¢¨¬  à ¢­®¬¥à­® ¨  ¡á®«îâ­® áå®¤ïé¨¬áï

äã­ªæ¨®­ «ì­ë¬ àï¤®¬

f(w; z) =
+1X
n=0

nX
m=0

amnw
mzn�m; (4)

amn =
�1[(x1 � a1)m(b1 � x1)n�mei[nt3(x3)�m(t3(x3)�t2(x2))]F

(n)
� (x1; x2; x3; 0)]

2�(b1 � a1)nm!(n�m)!
:

�®ª § â¥«ìáâ¢®. � ª ª ª ¯«®â­®áâì F (x1; x2; x3; �) ¨­â¥£à «  (1) ï¢«ï¥âáï  ­ «¨â¨ç¥áª®©
äã­ªæ¨¥© ¢ § ¬ª­ãâ®¬ ¥¤¨­¨ç­®¬ ªàã£¥ j�j � 1, â® ¢ ­¥ª®â®à®¬ § ¬ª­ãâ®¬ ªàã£¥ K" = fj�j �
1 + ", " > 0g ®­  à §« £ ¥âáï ¢ àï¤ � ª«®à¥­ 

F (x1; x2; x3; �) =
+1X
n=0

F
(n)
�

n!
�n: (5)

�ã­ªæ¨ï jF (x1; x2; x3; �)j ­¥¯à¥àë¢­  ­  ª®¬¯ ªâ¥

S = f(x1; x2; x3; �) 2 [a1; b1]� [a2; b2]� [a3; b3]�K"g;

11



á«¥¤®¢ â¥«ì­®, ®£à ­¨ç¥­  ­  ­¥¬. �ãáâì M� = sup
S

jF (x1; x2; x3; �)j. �®£¤  ¢ á¨«ã ­¥à ¢¥­áâ¢ 

�®è¨ ����F
(n)
�

n!

���� � M�

(1 + ")n
= An;

¯®íâ®¬ã ¢ § ¬ª­ãâ®¬ ªàã£¥ j�j � 1 àï¤ (5) ¬ ¦®à¨àã¥âáï áå®¤ïé¨¬áï ç¨á«®¢ë¬ ¯®«®¦¨â¥«ì-

­ë¬ àï¤®¬
+1P
n=0

An, ¨, á«¥¤®¢ â¥«ì­®, áå®¤¨âáï ¢ íâ®¬ ªàã£¥ à ¢­®¬¥à­® ¨  ¡á®«îâ­®. � ª ª ª

¢­ãâà¥­­¨© ¨­â¥£à « ¯à ¢®© ç áâ¨ ä®à¬ã«ë (1) ï¢«ï¥âáï ¨­â¥£à «®¬ �®è¨ ¯® ª®¬¯«¥ªá­®©
¯¥à¥¬¥­­®© u, â® �+ = F (x1; x2; x3; u),   �� � 0, ¯®íâ®¬ã ¨§ ä®à¬ã«ë (2) ¯®«ãç¨¬

f(w; z) =
1
4�2

�1[F (x1; x2; x3; u)];

®âªã¤  ¢ á¨«ã à ¢­®¬¥à­®© áå®¤¨¬®áâ¨ àï¤  (5) ¨¬¥¥¬

f(w; z) =
1
2�

1X
n=0

1
n!
�1[F

(n)
� un] =

1
2�

1X
n=0

(I1 + I2 + I3);

£¤¥

I1 =
1
n!

c6Z
c5

dx1

b2Z
a2

dx2

p+ �'Z
p+ +'�2�

F
(n)
� undx3; I2 =

1
n!

c1Z
a1

dx1

b2Z
a2

dx2

b3Z
a3

F
(n)
� undx3;

I3 =
1
n!

b1Z
c2

dx1

b2Z
a2

dx2

b3Z
a3

F
(n)
� undx3:

�¡®§­ ç¨¬ ¤«¨­ã ®âà¥§ª  ¨­â¥£à¨à®¢ ­¨ï ¯® xk ç¥à¥§ �k = bk � ak, k = 1; 2; 3, ¨ ¯à®¨§¢¥¤¥¬
®æ¥­ª¨ âà¥å ¯®á«¥¤­¨å ¨­â¥£à «®¢:

jI1j � �1�2�3An;

â. ª. juj < 1, 2(� � ') < �3,   0 � c6 � c5 � �1. � ãç¥â®¬ â®£®, çâ® juj < 1,   0 � c1 � a1 � �1,
¯®«ãç ¥¬

jI2j � �1�2�3An:

�­ «®£¨ç­® ¯à¨å®¤¨¬ ª ®æ¥­ª¥ jI3j � �1�2�3An.

� ª¨¬ ®¡à §®¬, àï¤
+1P
n=0

1
n!
�1[F

(n)
� un] ¢ ®¡« áâïå M0, M1 ¨ M2 ¬ ¦®à¨àã¥âáï áå®¤ïé¨¬áï ç¨-

á«®¢ë¬ ¯®«®¦¨â¥«ì­ë¬ àï¤®¬ 3�1�2�3

+1P
n=0

An ¨ ¯®â®¬ã áå®¤¨âáï â ¬ à ¢­®¬¥à­® ¨  ¡á®«îâ­®.

�§ â®£®, çâ®

un =
�
x1 � a1

b1 � a1
w exp it2(x2) +

b1 � x1

b1 � a1
z exp it3(x3)

�n
=

=
nX

m=0

n!(x1 � a1)m(b1 � x1)n�m expfit(x2; x3)g
m!(n�m)!(b1 � a1)n

wmzn�m;

£¤¥ t(x2; x3) = nt3(x3)�m(t3(x3)� t2(x2)), á«¥¤ã¥â ä®à¬ã«  (4).

� â¥®à¥¬¥ 7 ãáâ ­®¢«¥­®, çâ® äã­ªæ¨¨, ¯à¥¤áâ ¢¨¬ë¥ ®¡®¡é¥­­ë¬ ¨­â¥£à «®¬ â¨¯  �¥¬«ï-
ª®¢ , ¢ ®¡« áâïå ­¥ ­ «¨â¨ç­®áâ¨ ®¡« ¤ îâ á¢®©áâ¢®¬, ¡«¨§ª¨¬ á¢®©áâ¢ã  ­ «¨â¨ç¥áª¨å äã­ª-
æ¨©. � ª¨¬ ®¡à §®¬, à §«®¦¥­¨¥ äã­ªæ¨©, ¯à¥¤áâ ¢¨¬ëå ¨­â¥£à «®¬ (1), ¢ ¤¢®©­®© áâ¥¯¥­­®©
àï¤ ¬®¦­® ®â­¥áâ¨ ª â ª ­ §ë¢ ¥¬ë¬ (­ ¯à., [6]) ª¢ §¨ ­ «¨â¨ç¥áª¨¬ á¢®©áâ¢ ¬ ®¡®¡é¥­­®£®
¨­â¥£à «  â¨¯  �¥¬«ïª®¢ .
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