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�­ «®£¨ ¡¥áá¥«¥¢ëå äã­ªæ¨© á  à£ã¬¥­â®¬ ¨§ ª®­¥ç­®£® ¯®«ï ¢®§­¨ª îâ ª ª ¢ â¥®à¨¨ á¯¥-
æ¨ «ì­ëå äã­ªæ¨© [1], [2], â ª ¨ ¢ â¥®à¨¨ ¯à¥¤áâ ¢«¥­¨© £àã¯¯ [3]{[6]. � ¤ ­­®© à ¡®â¥ ¨§ãç ¥âáï
 ­ «®£ äã­ªæ¨¨ �¥áá¥«ï, ç¥à¥§ ª®â®àë© ¢ëà ¦ îâáï ¬ âà¨ç­ë¥ í«¥¬¥­âë ­¥¯à¨¢®¤¨¬ëå ¯à¥¤-
áâ ¢«¥­¨© £àã¯¯ë ¤¢¨¦¥­¨© ¯«®áª®áâ¨ ­ ¤ ª®­¥ç­ë¬ ¯®«¥¬. �¥â®¤, à §¢¨âë© ¢ [7], ¯®§¢®«ï¥â
¯®«ãç¨âì ä®à¬ã«ã � ­á¥­ , â¥®à¥¬ë á«®¦¥­¨ï ¨ ã¬­®¦¥­¨ï.

1. �¯à¥¤¥«¥­¨¥ äã­ªæ¨¨ �¥áá¥«ï

�ãáâì F | ª®­¥ç­®¥ ¯®«¥ ¨§ q = pn í«¥¬¥­â®¢ (p | å à ªâ¥à¨áâ¨ª  ¯®«ï), F� | ¬ã«ìâ¨-
¯«¨ª â¨¢­ ï £àã¯¯  ¯®«ï, F(�) = fzg | ª¢ ¤à â¨ç­®¥ à áè¨à¥­¨¥ á á®¯àï¦¥­¨¥¬ z ¨ ­®à¬®©
N(z) = zz. �¥à¥§ � ®¡®§­ ç¨¬ ®¡à §ãîéãî æ¨ª«¨ç¥áª®© £àã¯¯ë F�(�). �«ï ª ¦¤®£® u 2 F�

®ªàã¦­®áâì Cu = fz 2 F(�) j N(z) = ug á®áâ®¨â ¨§ q + 1 â®ç¥ª. �«¥¬¥­â � = �q�1 ¯®à®¦¤ ¥â
æ¨ª«¨ç¥áªãî £àã¯¯ã C � C1 ¥¤¨­¨æ ¯®«ï F(�) [8]. �ãáâì k(t) | ¯®ª § â¥«ì áâ¥¯¥­¨ ¢ à ¢¥­áâ¢¥
t = �k(t), t 2 C. � ª ¨§¢¥áâ­® (­ ¯à., [8]), å à ªâ¥àë £àã¯¯ë C ¨¬¥îâ ¢¨¤

�s(t) = exp
�
2�i
q + 1

sk(t)
�
; s = 0; 1; : : : ; q;

£¤¥ s | ­®¬¥à å à ªâ¥à . �¢¥¤¥¬ ¡¨«¨­¥©­ãî ä®à¬ã hz1; z2i = z1z2 + z1z2 ¨ § ä¨ªá¨àã¥¬ ­¥-
âà¨¢¨ «ì­ë©  ¤¤¨â¨¢­ë© å à ªâ¥à � ¯®«ï F. �¥áá¥«¥¢ã äã­ªæ¨î Js(z)  à£ã¬¥­â  z 2 F(�) ¨
¨­¤¥ªá  s = 0; 1; : : : ; q á® §­ ç¥­¨ï¬¨ ¢ ¯®«¥ C ª®¬¯«¥ªá­ëå ç¨á¥« ®¯à¥¤¥«¨¬ à ¢¥­áâ¢®¬

Js(z) :=
1

q + 1

X
t;N(t)=1

�(hz; ti)�s(t):

�«¨§ª ï ª Js(z) äã­ªæ¨ï à áá¬ âà¨¢ « áì ¢ [4]

jr(u) =
1
q

X
t;N(t)=u

�(t+ t)'r(t); (1)

£¤¥ r = 0; 1; : : : ; q2�2, 'r(t) | ¬ã«ìâ¨¯«¨ª â¨¢­ë© å à ªâ¥à ¯®«ï F�(�). �ãáâì [r] � r(mod(q + 1))
¨ 0 � [r] � q, â®£¤  á¢ï§ì ¬¥¦¤ã ãª § ­­ë¬¨ äã­ªæ¨ï¬¨ â ª®¢ :

jr(zz) =
q + 1
q

'r(z)J[r](z): (2)

2. �¢®©áâ¢  äã­ªæ¨¨ Js(z)

�¥¯®áà¥¤áâ¢¥­­® ¨§ ®¯à¥¤¥«¥­¨ï á«¥¤ã¥â, çâ® ¤«ï z 2 F(�) ¨ s = 0; 1; : : : ; qX
z2F(�)

Js(z) = 0; Js(�z) = (�1)sJs(z); p 6= 2;

Js(z) = Js(�z); J[�s](z) = Js(z):
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�¢ï§ì (2) ¨ â®¦¤¥áâ¢  ¤«ï äã­ªæ¨¨ (1) ¨§ [4] ¯®à®¦¤ îâ á«¥¤ãîé¨¥ â®¦¤¥áâ¢  ¤«ï äã­ªæ¨¨
Js(z).

�à¥¤«®¦¥­¨¥ 2.1. �«ï [r] = 1; 2; : : : ; q

1:
X

z2F�(�)

'r(zz�1)J2
[r](z) =

q2

q + 1

(
(�1)[r]; p 6= 2;

1; p = 2;

2:
X

z2F�(�)

'r(zz
�1)J[r](tz)J[r](z) = 0; N(t) 6= 1;

3:
X

z2F�(�)

'r(zz
�1)�(zz)J[r](xz)J[r](yz) = �q�(�xx� yy)J[r](xy)

(
(�1)[r]; p 6= 2;

1; p = 2:

�®¯®«­¨â¥«ì­ë¥ á¢®©áâ¢  äã­ªæ¨¨ Js(z) ¡ã¤ãâ ¯®«ãç¥­ë ¬¥â®¤®¬ â¥®à¨¨ ¯à¥¤áâ ¢«¥­¨©
£àã¯¯ [7].

3. � âà¨ç­ë¥ í«¥¬¥­âë

�¢¨¦¥­¨¥¬ ¯«®áª®áâ¨ F(� ) ¡ã¤¥¬ ­ §ë¢ âì ¡¨¥ªæ¨¨ â¨¯  w = hz + a, £¤¥ a 2 F(�) § ¤ ¥â
¯¥à¥­®á,   h = �+ �� ¯à¨ N(h) = 1 § ¤ ¥â ¢à é¥­¨¥.

�à¨¢¥¤¥¬ ­¥®¡å®¤¨¬ë¥ á¢¥¤¥­¨ï ® £àã¯¯¥ G ¢á¥å â ª¨å ¤¢¨¦¥­¨© ¯«®áª®áâ¨. �àã¯¯  G ï¢«ï-
¥âáï ¯®«ã¯àï¬ë¬ ¯à®¨§¢¥¤¥­¨¥¬ F(�)oC ª®¬¬ãâ â¨¢­®£® ­®à¬ «ì­®£® ¤¥«¨â¥«ï F(�) ¯¥à¥­®á®¢
¨ æ¨ª«¨ç¥áª®© £àã¯¯ë C ¢à é¥­¨©. �­  ®â®¦¤¥áâ¢«ï¥âáï á £àã¯¯®© ¬ âà¨æ

g(h; a) =
�
h a

0 1

�
; h 2 C; a 2 F(�):

� ª¨¬ ®¡à §®¬, ¯®àï¤®ª £àã¯¯ë G à ¢¥­ jGj = q2(q + 1).
�®¤£àã¯¯  C £àã¯¯ë G ¤¥©áâ¢ã¥â ­  ®ªàã¦­®áâ¨ Cu, u 2 F� ; âà ­§¨â¨¢­® ¨ ­  F(�) á ¬®-

á®¯àï¦¥­­® ®â­®á¨â¥«ì­® áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï h�; �i: �¥¯à¨¢®¤¨¬ë¥ ¯à¥¤áâ ¢«¥­¨ï £àã¯¯ë
G áâà®ïâáï ¢ á®®â¢¥âáâ¢¨¨ á ®¡é¥© â¥®à¨¥© � ªª¨ (­ ¯à., [9], á. 63).

�¡®§­ ç¨¬ ç¥à¥§ � = ff j f : C ! C g ¯à®áâà ­áâ¢® ª®¬¯«¥ªá­®§­ ç­ëå äã­ªæ¨© ­  ®ªàã¦-
­®áâ¨ C. �¥¯à¨¢®¤¨¬®¥ ¯à¥¤áâ ¢«¥­¨¥ T (g) : �! � ¤¥©áâ¢ã¥â ¯® ä®à¬ã«¥

T (g(h; a))f(z) = �(hz; ai)f(hz):

�ª § ­­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¨­â¥à¥á­®, ¯®áª®«ìªã ¥£® ¬ âà¨ç­ë¥ í«¥¬¥­âë ¢ ¡ §¨á¥ ¨§ å à ª-
â¥à®¢ ­  C ¨¬¥îâ ¢¨¤

tnm(g) = �m(h)J[m�n](a); (3)

£¤¥ 0 � n;m � q, h 2 C; � | ¬ã«ìâ¨¯«¨ª â¨¢­ë© å à ªâ¥à ­  C.
� ¢¥­áâ¢® (3) ï¢«ï¥âáï ®á­®¢­ë¬ ¤«ï ¢ë¢®¤  á¢®©áâ¢ ¡¥áá¥«¥¢®© äã­ªæ¨¨ Js(z).

4. �®¯®«­¨â¥«ì­ë¥ á¢®©áâ¢ 

� íâ®¬ ¯ã­ªâ¥ ¯à¨¢¥¤¥¬ ¤®¯®«­¨â¥«ì­ë¥ á¢®©áâ¢  äã­ªæ¨¨ Js(z) (â¥®à¥¬ë á«®¦¥­¨ï, ã¬­®-
¦¥­¨ï, ä®à¬ã«ã � ­á¥­  ¨ ¤à.), ¢ëâ¥ª îé¨¥ ¨§ â¥®à¨¨ ¯à¥¤áâ ¢«¥­¨©. �¡®§­ ç¨¬ ¤¥«ìâ -
äã­ªæ¨î ç¥à¥§ �.

�à¥¤«®¦¥­¨¥ 4.1. Js(0) = �(s).

�à¥¤«®¦¥­¨¥ 4.2.
X

z2F(�)

J2
0 (z) =

q2

q + 1
:
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�à¥¤«®¦¥­¨¥ 4.3 (â¥®à¥¬  á«®¦¥­¨ï).

Js(z1 + hz2) =
qX

j=0

�[j�s](h)Jj(z1)J[s�j](z2);

£¤¥ z1; z2 2 F(�) ¨ h 2 C.

�«¥¤áâ¢¨¥ 4.1.

Js(z1 + z2) =
qX

j=0

Jj(z1)J[s�j](z2); Js(hz) = �s(h)Js(z);

J0(z1 + hz2) =
qX

j=0

�j(h)Jj(z1)Jj(z2); J0(z1 + z2) =
qX

j=0

Jj(z1)Jj(z2);

£¤¥ z1; z2 2 F(�) ¨ h 2 C.

�à¥¤«®¦¥­¨¥ 4.4 (ä®à¬ã«  � ­á¥­ ).

qX
j=0

(�1)jJj(z)J[s�j](z) = �(s); p 6= 2;

qX
j=0

Jj(z)J[s�j](z) = �(s); p = 2:

�à¥¤«®¦¥­¨¥ 4.5 (â¥®à¥¬  ã¬­®¦¥­¨ï).

1
q + 1

X
h;N(h)=1

Js(z1 + hz2) = Js(z1)J0(z2):

�«¥¤áâ¢¨¥ 4.2.

1
q + 1

X
h;N(h)=1

Js(hz) = J0(z)�(s):

� ¬¥ç ­¨¥. � ¢¥­áâ¢  ¯. 2,   â ª¦¥ ¯à¥¤«®¦¥­¨ï 4.1{4.5 ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¤«ï
­ å®¦¤¥­¨ï á¢®©áâ¢ äã­ªæ¨¨ jr(u), ­ ¯à¨¬¥à,  ­ «®£®¬ ¯à¥¤«®¦¥­¨ï 4.3 ï¢«ï¥âáï à ¢¥­áâ¢®

'r(z)jr(zz) =
q

q + 1

qX
n=0

'n�r(hz2)'n(z1)jn(z1z1)jr�n(z2z2);

£¤¥ z = z1 + hz2 ¨ ' | ¬ã«ìâ¨¯«¨ª â¨¢­ë© å à ªâ¥à ­  F� (�).

5. �£à ­¨ç¥­¨¥ äã­ªæ¨¨ �¥áá¥«ï ­  ¯®«¥ F

�  ®á­®¢¥ á¢®©áâ¢ äã­ªæ¨¨ Js(z), ®¯à¥¤¥«¥­­®© ­  à áè¨à¥­¨¨ F(�) (á¬. ¯¯. 2, 4), ¤ ¤¨¬
á¯¨á®ª á®®â¢¥âáâ¢ãîé¨å à ¢¥­áâ¢ ¤«ï äã­ªæ¨¨ �¥áá¥«ï Js(x), ®¯à¥¤¥«¥­­®© ­  ¨áå®¤­®¬ ¯®«¥ F:
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�à¥¤«®¦¥­¨¥ 5.1. X
x2F

Js(x) = 0; Js(�x) = (�1)sJs(x); p 6= 2;

Js(x) = Js(�x); J[�s](x) = Js(x); Js(0) = �(s):

Js(x1 + x2) =
qX

j=0

Jj(x1)J[s�j](x2);

qX
j=0

(�1)jJj(x)J[s�j](x) = �(s); p 6= 2;

qX
j=0

Jj(x)J[s�j](x) = �(s); p = 2:

�à¥¤«®¦¥­¨¥ 5.2.

X
x2F

J2
0 (x) =

(
2q2(q + 1)�2; p 6= 2;

q(2q + 1)(q + 1)�2; p = 2:

�¢â®à ¡« £®¤ à¥­ �.�.�¥âà®¢ã ¨ �.�.�¥ªá¨­ã §  ¯®«¥§­ë¥ á®¢¥âë ¨ ªà¨â¨ç¥áª¨¥ § ¬¥ç ­¨ï.
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