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]gí2î�ï�ð�ñ	ò�`bï�ó#ô�í	í7ï�õ7ô�öø÷2ù�í7ï�ú
K û ô�ü�ü�ù�ý	þ	þ	ñ2ù�ó#ô�õ	õ	ò�ÿ ü�ü�þ2ü � ï�ú,ù�����ù�ñ	õ2ï��

Φ û�� ô�ñ7ô	� � ï�ñ	þ�
� ò�ÿ � ð�ô � þ2ü�ù�úè`bï�ó#ô�í	í7ï û ü�ù�ü � ù�
��!þ2ú þ ��� í7ï�ú,ï�õ � ù�ó er (r ∈ Φ)
þpð�ô ��� ÷2ù�ö�ô�í2î�ï�ð�ñ ��� ô�ñ � ô�õ7ô��� û������ ����� YIù�ö�ô�í2î�ï�ð�ñ	ò NΦ(K)

ü�ð�ô � ù�� {er : r ∈ Φ+} õ7ô ��� ó#ô�ï�ú �2���� �¥V�B ��#¢����� ��2��� � \Mí�
� þ	÷7ô An−1
ï�ï�ù � ù�!¦ö7ï�ü � ó�í�
'ÿ � ü�ô�ü�ü�ù�ý	þ	þ	ñ2ù�ó#ô�õ	õ2ù���ô�í2î�ï�ð�ñ2ù��!JIþ�ô�í2î�ï�ð�ñ � NT (n,K)

õ	þ'í�" � ñ2ï#
ò�î�ù�í�"�õ � � (n×n) 
´úQô � ñ	þ	ý õ7ô�ö K û � � ï � üVð�ô � ù��kþ � úQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý {eij : 1 6 j < i 6 n} �eKù�ñ2ù�&¦ùfþ � ó�ï�ü � õ2ù û $ � ùIù � ù�ð�ñ7ô	!!ï�õ	þ2ï α→ e+α ' e ( ï�ö2þ	õ	þ%$	õ7ô	
>úQô � ñ	þ	ý7ô*)�ö�ô�ï � þ � ù�ú,ù�ñ�+Iþ � ú÷	ñ	þ2ü�ù�ï�ö2þ	õ2ï�õ	õ2ù��Xî�ñ	ò�÷	÷ � (NT (n,K), ◦) û α ◦ β = α + β + αβ û õ7ô�ò�õ	þ � ñ2ï�ò�î�ù�í�"�õ	ò�ÿ î�ñ	ò�÷	÷	ò
UT (n,K) �c � , � ó � 
'ó�þ'í2þ2ü�" � ï�ü�õ � ï�ü�ó-
 � þøô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó û ô � ô	�%!!ï�õ2ù�ñ2úQô�í�"�õ � � ÷2ù�ö2î�ñ	ò�÷	÷�î�ñ	ò�÷�
÷ � UT (n,K)

þ þ'ö7ï�ô�í7ù�ó.��ù�í�"�ý7ôXJIþ
NT (n,K)

õ7ô�öZí2ÿKð � ú ô�ü�ü�ù�ý	þ7ô � þ	ó�õ � ú/��ù�í�"�ý2ù�ú
Kü�ï�ö2þ	õ	þ	ý2ï�� � c � 0 � ù�õ	þøþ � ò1$7ô�í2þ2ü�"�ö	í�
�ð�ù�í7ï�ï�ù�ð��¦ï��Xô�í2î�ï�ð�ñ � R = NT (Γ,K)

+Iþ	õ	þ � ô�ñ	õ � �õ	þ'í�" � ñ2ï�ò�î�ù�í�"�õ � � Γ

´úQô � ñ	þ	ý ‖aij‖i,j∈Γ

õ7ô�ö
K
ük÷	ñ2ù�þ � ó�ù�í�"�õ2ù��èý2ï�÷%"�ÿ ' í2þ	õ2ï��	õ2ù�ò�÷2ù�ñ2
�ö7ù	
$2ï�õ	õ � úëúmõ2ù�!!ï�ü � ó�ù�ú�) Γ þ	õ'ö7ï���ü�ù�ó>þ�ù � õ2ù�&¦ï�õ	þ2ï�ú ÷2ù�ñ2
�ö��'ô < � ^1ô � ò � ö7ï�ü�"¦ö�ô�ÿ � Γ


´úQô � ñ	þ	ý �
eij (i, j ∈ Γ û j < i)

üMù�ð � $	õ � úmþp÷	ñ7ô�ó�þ'í�ô�úmþ�ü�í7ù�!!ï�õ	þ%
xþxò'úmõ2ù�!!ï�õ	þ%
púQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý û ó$7ô�ü � õ2ù�ü � þ û euveij = euj
÷	ñ	þ

v = i û ô�ù�ü � ô�í�"�õ � ï¦÷	ñ2ù�þ � ó�ï�ö7ï�õ	þ%
�ñ7ô�ó�õ � õ	ò�í2ÿ � YIù�ü � ñ2ù�ï�õ	õ7ô	
ô�ü�ü�ù�ý	þ7ô � þ	ó�õ7ô	
�ô�í2î�ï�ð�ñ7ô[í7ù��'ô�í�"�õ2ù>õ	þ'í�"�÷2ù � ï�õ � õ7ô	
xþ ÷2ù � � ù�úmò ñ7ô�ö2þ%�'ô�í�"�õ7ô	
 û � � ï � ÷	ñ	þ2ü�ù�ï�ö2þ�
õ2ï�õ	õ7ô	
�÷2ù�í2ò�î�ñ	ò�÷	÷7ô
(R, ◦) ï�ü � " î�ñ	ò�÷	÷7ô�3B÷2ù�ü�í7ï�ö2õ%
�
�þ � ù�ú,ù�ñ�+Iõ7ô4+Iþ	õ	þ � ô�ñ	õ2ù���ò�õ	þ � ñ2ï�ò�î�ù�í�"�
õ2ù��xî�ñ	ò�÷	÷2ï

UT (Γ,K) � YIù�ö7ù�ð�õ � ï!ù�ð��!þ2ï5��ù�õ2ü � ñ	ò1�	ý	þ	þ�ñ7ô�ü�ü�úQô � ñ	þ	ó#ô�í�] � H ��6 ô�í�"�ý2ï�ó � �����c � , � þ � 0 � ò�ü � ô�õ2ù�ó�í7ï�õ2ù�ü�í7ï�ö2ò�ÿ7�¦ï�ïMü � ñ	ò1� � ò�ñ	õ2ù�ïMü�ù�ù � ó�ï � ü � ó�þ2ï �
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Λ(R)
* ����� - �	�	�#" - 
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R = NT (Γ,K)
*

��� - ����� ->- $	���������>$ - "B��������$	/K�f0 - �
��"2 	0	0	/ 0#"��B� - �¸���	$B��$	$ - ����"2 	0	0	/
G(R) = (R, ◦) 4S�ñ	ò�÷	÷ � ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó AutR = AutΛ(R)∩AutG(R) û AutΛ(R) þ AutG(R)

ù�÷	þ2ü�ô�õ �ó � , � ÷	ñ	þ 3 < |Γ| < ∞ þ ó � 0 � ' ó � ô�þ2ú,ù�ü�ó-
 � ô�õ2ù�ü�úQô	��ü�þ2úQô�í�"�õ � úmþaô�ð�ï�í7ï�ó � úmþ þ'ö7ï�ô�í�ô�úmþ�) û��ù�î�ö�ô
K ( ��ù�í�"�ý2ù ð�ï � ö7ï�í2þ � ï�í7ï��aõ	ò�í�
 � c $7ô�ü � õ2ù�ü � þ��������	�è
��B��0	� Γ

$B���p0B�¸"�
 - � - �	�	�
0 - ���B�¸��$B��� - � �B������$B��� * � - ��"2 	0	0	/ ��
'� - � - ""!V�2
�� - 


AutΛ(R)
�
AutG(R)

� - 
�0������#	[�[�
AutR�x
'���K��
'� - � - ""!V�2
��m/b������$#����"t��$	/ �YKñ2ù�þ � ó�ù�í�ó�ó � ð�ù�ñ2ïIý2ï�÷	þ Γ

÷2ù � ó�ù�í�
	ï � í7ï�î���ù>÷2ù�í2ò1$7ô � ">÷	ñ	þ2ú,ï�ñ � ô�í2î�ï�ð�ñxþ�î�ñ	ò�÷	÷püMô�õ2ù	

úQô�í�"�õ � úmþ ü�ó�ù��2ü � ó#ô�úmþ ÷2ù ü�ñ7ô�ó�õ2ï�õ	þ	ÿ ü�ù ü�í2ò1$7ô�ï�ú ��ù�õ2ï�$	õ2ù�� ý2ï�÷	þ

Γ � c5ü>
��'ô	
 î�ñ	ò�÷	÷7ô
G(NT (Γ,K))


'ó�í�
	ï � ü>
 í7ù��'ô�í�"�õ2ù�õ	þ'í�"�÷2ù � ï�õ � õ2ù��ëî�ñ	ò�÷	÷2ù�� û ôx÷	ñ	þ K = GF (p) � ô	�%!!ï�í7ù	
�'ô�í�"�õ2ù���ù�õ2ï�$	õ2ù��
p

Óî�ñ	ò�÷	÷2ù�� � c � ù !!ï1ó�ñ2ï�ú 
 û ù�õ7ôKþ2ú,ï�ï ��� ñ	þ	ó�þ7ô�í�"�õ � ��ý2ï�õ � ñ û ï�ü�í2þ�óMý2ï�÷	þ Γõ2ï � ÷2ï�ñ	ó�ù�î�ùIþ'í2þ>÷2ù�ü�í7ï�ö2õ2ï�î�ù � í7ï�ú,ï�õ � ô û þ>ü�ù�ó�÷7ô�ö�ô�ï � ü ��ù�ú,úmò � ô�õ � ù�úøö	í�
!í2ÿKð�ù��>÷'í7ù � õ2ù��>ý2ï#
÷	þ

Γ
3�ö	í�
!ý2ï�÷	þ¦ñ7ô�ý	þ2ù�õ7ô�í�"�õ � � $	þ2ü�ï�í�ù � ñ2ï � �'ô [0, 1] þ K = GF (p) � � ùKù � ú,ï�$7ô�ï � H � \ � ]gö7ù � $ �þ û ô�õ7ô�í7ù�î�þ%$	õ2ù û \ ��6 ô	�'í � �	õ � % � ü � ñ2ù�þ � ÷	ñ	þ2ú,ï�ñ � ô�ñ7ô	� � ï�ñ	þ2ü � þ%$2ï�ü��	þ>÷	ñ2ù�ü � ù��¦í7ù��'ô�í�"�õ2ùKõ	þ'í�"�
÷2ù � ï�õ � õ2ù��pî�ñ	ò�÷	÷ � � \[ñ	ò�î�þ2ïI÷	ñ	þ2ú,ï�ñ � ò1�'ô � ô�ípó ��&�& � î �(' � H ��6 ï�ñ � í�
���ù�ó � ) ���Rfõ	þ	÷2ù � ï�õ � õ � � ñ7ô�ö2þ%�'ô�í

U = UΦ(K)
÷2ù�ö2î�ñ	ò�÷	÷ � ^5ù�ñ2ï�í�
 î�ñ	ò�÷	÷ � `bï�ó#ô�í	í7ï � þ	÷7ô Φõ7ô�ö

K
üV÷2ù�ú,ù�� "�ÿ �'ô�õ2ù�õ	þ%$2ï�ü���ù�� +Mù�ñ2ú � � í7ï�ú,ï�õ � ù�ó�ó � � � ÷	ñ2ï�ö7ü � ô�ó�í7ï�õxó NΦ(K)

÷	ñ	þ2ü�ù�ï�ö2þ�

õ2ï�õ	õ2ù���î�ñ	ò�÷	÷2ù�� � Omô � ó�þ � þ2ï!ú,ï � ù�ö7ù�ó � , � ÷2ù � ó�ù�í2þ'í7ùkù�÷	þ2ü�ô � "�ô�ó � ù�ú,ù�ñ�+Iþ � ú � ò�õ	þ	÷2ù � ï�õ � õ � �÷2ù�ö2î�ñ	ò�÷	÷

U
î�ñ	ò�÷	÷�í2þ2ï�ó#ô � þ	÷7ô ' ó-�'í2ÿ7$7ô	
>ü��	ñ	ò1$2ï�õ	õ � ï � þ	÷ � )Uõ7ô�ö�÷2ù�í7ï�ú û � ô�ó�ï�ñ%&!þ	óMñ2ï�&¦ï�õ	þ2ï÷	ñ2ù�ð�í7ï�ú � ù�÷	þ2ü�ô�õ	þ%


AutU
3�ö	í�
 ��ù�õ2ï�$	õ2ù�î�ù>÷2ù�í�


K � � ù ( ÷	ñ2ù�ð�í7ï�úQô � � $ þ � ù�ð � ù�ñ7ô � & ���* ò1�¦ï�ü � ó�ï�õ	õ2ù�ü � "�ù�÷	þ2ü�ô�õ	þ%��ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó[ö	í�
>ñ2ï�&¦ï�õ	þ%
 � ï�ù�ñ2ï � þ%��ù	
´ú,ù�ö7ï�í�"�õ � � ó�ù�÷	ñ2ù	
ü�ù�óëù � ú,ï�$7ô�í�ô�ü�"ëó ����+ � þ ���-� ��� YKñ	þ2ú,ï�õ	þ2ú,ù�ü � " ú,ï � ù�ö7ù�ó � � � ó ù�÷	þ2ü�ô�õ	þ%
 � ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó��ù�í7ï�ýøJIþ
NΦ(K)

÷2ù��'ô � ô�õ7ô � ô�ú !!ï!ö	í�
 � þ	÷7ô D4
3Bö2ñ	ò�î�þ2ï¦ü�í2ò1$7ô�þ�þ � ò1$7ô�í2þ2ü�"�ó ����, � þ ����0 ���caý2ï�í7ù�ú û ó�ù�÷	ñ2ù�üMù�÷	þ2ü�ô�õ	þ%
 AutNΦ(K)

ù�ü � ô�ï � ü>
xõ2ï�ñ2ï�&¦ï�õ	õ � ú ' ü�ú � ö�ô�í7ï�ï � , ) �]gí2î�ï�ð�ñ � JIþ
NΦ(K)

�'í�ô�ü�ü�þ%$2ï�ü��	þ � � þ	÷2ù�ó Bn û Dn
þ
Cn

÷	ñ2ï�ö7ü � ô�ó�í7ï�õ � ó � � � ü�÷2ï�ý	þ7ô�í�"�
õ � úmþpúQô � ñ	þ	ý7ô�úmþ�üMð�ô � þ2ü�ù�úëþ � úQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý eiv û ü�ù�ù � ó�ï � ü � ó�ï�õ	õ2ù û
−i < v < i 6 n, 1 6 |v| < i 6 n, −i 6 v < i 6 n, v 6= 0. ' � )

, � ùxï�ü � ï�ü � ó�ï�õ	õ2ùp÷	ñ	þ	ó�ù�ö2þ � ��� �-� � +Iþ	õ	þ � ô�ñ	õ � ú ù�ð�ù�ð��¦ï�õ	þ%
	ú ô�í2î�ï�ð�ñ
NΦ(K) � þ	÷7ô BΓ û CΓþ

DΓ
î�ñ	ò�÷	÷

U
�'í�ô�ü�ü�þ%$2ï�ü��	þ � � þ	÷2ù�ó û ó�ù�÷	ñ2ù�ü�ô�ú ÷2ï�ñ2ï�õ2ï�ü�ï�õ	þ%
 � ï�ù�ñ2ï�ú � � þXù�÷	þ2ü�ô�õ	þ%
ëô�ó � ù	
ú,ù�ñ�+Iþ � ú,ù�ó � ]Vó � ù�ú,ù�ñ�+Iþ � ú � +Iþ	õ	þ � ô�ñ	õ � � î�ñ	ò�÷	÷ U ' ó-�'í2ÿ7$7ô	
Zü��	ñ	ò1$2ï�õ	õ � ï )�õ7ô�ö ÷2ù�í7ï�úþ � ò1$2ï�õ � ����$ ���c � 0 ÷2ù��'ô ��� ó#ô�ï � ü>
 û $ � ù�ó�ü�ïMõ	þ'í�" � ñ2ï�ò�î�ù�í�"�õ � ï Γ 
´úQô � ñ	þ	ý � õ7ô�ö

K
ù�ð�ñ7ô � ò�ÿ � ñ7ô�ö2þ%�'ô�í�"�
õ2ù�ï ��ù�í�"�ý2ù

GNT (Γ, (K) û ��ù�î�ö�ô Γ = Z(+) ( ý2ï�÷%"Ký2ï�í � � $	þ2ü�ï�í > 0 � ' ]Võ7ô�í7ù�î�þ%$	õ2ù û ÷2ù�í2ò1$7ô�ï�ú��ù�í�"�ý2ù � ñ2ï�ò�î�ù�í�"�õ � � Γ

´úQô � ñ	þ	ý � )�GIï�+Iþ	õ	þ � ô�ñ	õ � ïMù�ð�ù�ð��¦ï�õ	þ%
 ò�õ	þ � ñ2ï�ò�î�ù�í�"�õ � � þ � ñ2ï�ò�î�ù�í�"�
õ � � î�ñ	ò�÷	÷pþ � ò1$7ô�ï � O � * í7ù�ó�þ%� ' ����% � þ�ö2ñ � ) � YKñ	þ2ü�ù�ï�ö2þ	õ2ï�õ	õ7ô	
�î�ñ	ò�÷	÷7ô ��ù�í�"�ý7ô GNT (Γ, (K))þ � ù�ú,ù�ñ�+Iõ7ô¦î�ñ	ò�÷	÷2ï UT∞(K)

þ � ����% � þ �pï�ïKþ2ü�ü�í7ï�ö7ù�ó#ô�õ	þ	ÿ � ô	�%!!ïM÷	ñ	þ2ú,ï�õ	þ2ú � ú,ï � ù�ö � � 0 ���c ��� ò�ü � ô�õ7ô�ó�í2þ	ó#ô�ï � ü>
 �'ô�õ2ù�õ	þ%$2ï�ü��	þ%�åð�ô � þ2ü ÷	ñ2ù�þ � ó�ù�í�"�õ2ù�î�ùbí2þ2ï�ó#ô þ'ö7ï�ô�í�ôbô�í2î�ï�ð�ñ �
NT (n,K)

õ7ô�ök÷2ù�í7ï�ú
K
þ�þ2ü�ü�í7ï�ö2ò�ï � ü>
kö	í�
>í2þ2ï�ó#ô � þ	÷7ô An

� ô�÷	þ2ü�ô�õ	õ7ô	
kó ���#) � � ô�ö�ô�$7ô!ù���ù�ú 
ð�þ	õ7ô � ù�ñ	õ2ù�ú ó � ñ7ô	!!ï�õ	þ	þ $	þ2ü�í�ô¦ó�ü�ï � þ'ö7ï�ô�í7ù�ókô�í2î�ï�ð�ñ � NΦ(GF (q))
�'í�ô�ü�ü�þ%$2ï�ü���ù�î�ù � þ	÷7ô �

CBD[w�q7z'�
�f�7|Uêxy"-��f� }Uy�á,â'z'|Uo�s����	á,â7}U�¦é {�á,��o#ä7|èu�á,{�./.�yUrUo0.�u��7��� z'yUãU{
H � ó�ï�ü � õ2ù ��� �´û $ � ù>í2ÿKð�ù�� � í7ï�ú,ï�õ � γ ∈ U = UΦ(K)

ù�ö2õ2ù � õ7ô�$	õ2ù � ô�÷	þ2ü � ó#ô�ï � ü>
�÷	ñ2ù�þ � ó�ï#
ö7ï�õ	þ2ï�ú ��ù�ñ	õ2ï�ó � � � í7ï�ú,ï�õ � ù�ó xr(γr) (r ∈ Φ+),
ñ7ô�ü�÷2ù�í7ù�!!ï�õ	õ � � ü�ù�î�í�ô�ü�õ2ù +Iþ%��ü�þ	ñ2ù�ó#ô�õ	õ2ù�úmò

' ÷	ñ2ù�þ � ó�ù�í�"�õ2ù2)mò�÷2ù�ñ2
�ö7ù�$2ï�õ	þ	ÿ ��ù�ñ	õ2ï�� �21 ���2¤��� ����2�7 ��2�2��¨ ¢ ���/3�32� 〈NΦ(K), ◦〉 þ¦þ � ù�ú,ù�ñ�+Iþ � ú




K�	������"t�¬ �� - ����$	/K�K0 - ������������"�/b����������"�� ��
����	�B�f����� - � - ������$	��� 0�&

π
î�ñ	ò�÷	÷ � UΦ(K)

õ7ô¦õ2ï�ïK÷2ù�í2ò1$7ô�ï�ú û �'ô	�xþxó � � �´û ÷2ù�í�ô�î�ô	


π(γ) =
∑

r∈Φ+

γrer (γ ∈ UΦ(K)),

α ◦ β = π(π−1(α)π−1(β)) (α, β ∈ NΦ(K)).

c � � ù�úå÷7ô�ñ7ô�î�ñ7ô�+Mï ú,ï � ù�ö � � � � ÷2ï�ñ2ï�õ2ù�ü>
 � ü>
 � ù�÷	þ2ü�ô�õ	þ	ÿçô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó ��ù�í7ï�ýdJIþ
NΦ(K) �� ù�ü�õ2ù�ó�õ � ú ô�ó � ù�ú,ù�ñ�+Iþ � úQô�ú ' þ � ÷	ñ2ù�þ � ó�ï�ö7ï�õ	þ%
�õ7ô ��� ó#ô�ï�ú ¤�¥¦���2������¥¦�	�t�I������¥¦���I����

� ��
��I���I��) ��ù�í�"�ý7ô�JIþ

NΦ(K)
þëò�õ	þ	÷2ù � ï�õ � õ � � î�ñ	ò�÷	÷ U ù � õ2ù�ü�þ2úbý2ï�õ � ñ7ô�í�"�õ � ï ' � ù�!¦ö7ï#
ü � ó�ï�õ	õ � ï5÷2ùKú,ù�ö2ò�í2ÿaý2ï�õ � ñ7ô*)mô�ó � ù�ú,ù�ñ�+Iþ � ú � û ó�õ	ò � ñ2ï�õ	õ	þ2ï5þ!ö2þ7ô�î�ù�õ7ô�í�"�õ � ïfô�ó � ù�ú,ù�ñ�+Iþ � ú ���� û�� ) � � � þ�ô�ó � ù�ú,ù�ñ�+Iþ � ú � û þ	õ'ö2ò�ý	þ	ñ2ù�ó#ô�õ	õ � ï!ô�ó � ù�ú,ù�ñ�+Iþ � úQô�úmþ�ù�ü�õ2ù�ó�õ2ù�î�ù ��ù�í�"�ý7ô K �S�ñ7ô�+ � ù���ü � ï�ñ7ôëü�þ2ü � ï�ú ��ù�ñ	õ2ï�� � þ	÷7ô An

þ
Dn

ö7ù�÷	ò�ü��'ô�ï � ü�þ2ú,ú,ï � ñ	þ	ÿ , 
Óî�ùX÷2ù�ñ2
�ö��'ô �cøü�í2ò1$7ô�ï���ù�í�"�ý7ô
K
ü5ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ú�÷2ù�ñ2
�ö��'ô , ï��¦ü�ù�÷2ù�ü � ô�ó�í�
'ÿ � î�ñ7ô�+Mù�ó � ��ô�ó � ù�ú,ù�ñ�+Iþ � ú

τ
÷2ù�ñ2
�ö��'ô , ��ù�í�"�ý7ô�JIþ

NΦ(K)
þx÷	ñ	þ2ü�ù�ï�ö2þ	õ2ï�õ	õ2ù���î�ñ	ò�÷	÷ � � HIü�÷2ù�í�" � ò�ï�ú � ô	�%!!ï

�����	���������	�����������! ��#"%$&� ]Vó � ù�ú,ù�ñ�+Iþ � úZî�ñ	ò�÷	÷ � þ'í2þ ��ù�í�"�ý7ô�JIþ�õ7ô ��� ó#ô�ÿ � ¢���37 ´��'7 ��	
¥V������ ��	�t� ó � ü�ù � � m û ï�ü�í2þXù�õ 
'ó�í�
	ï � ü>
øó�õ2ï�&!õ	þ2ú ÷2ùpú,ù�ö2ò�í2ÿ (m − 1)

Óî�ùpî�þ	÷2ï�ñ	ý2ï�õ � ñ7ôxþ

� ù�!¦ö7ï�ü � ó�ï�õ	õ � úè÷2ù>ú,ù�ö2ò�í2ÿ m

Óî�ù¦î�þ	÷2ï�ñ	ý2ï�õ � ñ7ô �

( ô�ú,ï � þ2ú û $ � ù�ó�ô�í2î�ï�ð�ñ7ô � JIþ NΦ(K)
�'í�ô�ü�ü�þ%$2ï�ü��	þ � � þ	÷2ù�ó Bn û Dn

þ
Cn

ð�ô � ô þ � úQô � 
ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý eiv
üxþ	õ'ö7ï���ü�ô�úmþ ' � ) û ü�ù�ù � ó�ï � ü � ó�ï�õ	õ2ù û ÷2ù�í2ò1$2ï�õ7ôøó � � � ÷2ï�ñ2ï�ù�ð�ù � õ7ô�$2ï�õ	þ2ï�úþ	õ'ö7ï���ü�ù�óxþ � � í7ï�ú,ï�õ � ù�ópð�ô ��� `bï�ó#ô�í	í7ï � YIù�í�" � ò-
	ü�" � ï�ù�ñ2ï�ú,ù�� `bï�ó#ô�í	í7ï>ù ð�ô � þ2ü�ï û ÷2ù�í2ò1$7ô 
ï�ú � � û í7ï�ú,úQô , ���npo�� �f{ëCBDECBD*)	$����	� ����"2 	�B�� #"�$	/+�x� - $B������$B�,����
��B���-� ��
����	�B�I� - ��$ - 
�/.��"������������ * ��� -

eij ∗ ejv = eiv
� * �#" - ���M� - � -�* 
�/10 - �	$���	[��� �����B�¸�2 �	/�!�B��"���
'��$B����
�� 4

Φ = Bn, Dn : ejv ∗ ei,−v = ei,−j (i > j >| v |> 0);

Φ = Cn : ejm ∗ ei,−m = eim ∗ ej,−m = ei,−j (i > j > m > 1);

Φ = Bn : ei0 ∗ ej0 = 2ei,−j , Φ = Cn : eij ∗ ei,−j = 2ei,−i (i > j > 1).

� ô	!¦ö � � � í7ï�ú,ï�õ � ô�í2î�ï�ð�ñ � JIþ NΦ(K) � ô�÷	þ2ü � ó#ô�ï � ü>
 ó!ó�þ'ö7ï ∑ aiveiv
þk÷	ñ2ï�ö7ü � ô�ó�í�
	ï � ü>


Φ+ 
´úQô � ñ	þ	ý2ï�� ‖aiv‖
ü�ù�ù � ó�ï � ü � ó�ò�ÿ7�¦ï�î�ù � þ	÷7ô � NUô	� û B+

n


´úQô � ñ	þ	ý7ô¦þ2ú,ï�ï � ó�þ'ö

a10
a2,−1 a20 a21
. . . . . . . . .

an,−n+1 . . . an,−1 an0 an1 . . . an,n−1 �
HIü��'í2ÿ7$7ô	
�õ	ò�í7ï�ó�ù��pü � ù�í7ð�ï�ý û ÷2ù�í2ò1$	þ2ú D+

n


´úQô � ñ	þ	ý	ò � C+
n


´úQô � ñ	þ	ý7ô�þ2ú,ï�ï � ó�þ'ö

a1,−1

a2,−2 a2,−1 a21
. . . . . . . . .

an,−n . . . an,−2 an,−1 an1 . . . ann−1 �
YKò�ü � " Tiv ö	í�
 �'ô	!¦ö7ù��ëúQô � ñ	þ%$	õ2ù��ë÷2ù � þ	ý	þ	þ (iv)

ï�ü � "�þ'ö7ï�ô�íëó NΦ(K) û ü�ù�ü � ù�
��!þ%� þ �ó�ü�ï � úQô � ñ	þ	ýèü õ	ò�í7ï�ó � úmþèü � ñ2ù��'ô�úmþ ü õ2ù�ú,ï�ñ7ô�úmþ < i
þ ü � ù�í7ð�ý7ô�úmþaü õ2ù�ú,ï�ñ7ô�úmþ > v � YIùù�÷	ñ2ï�ö7ï�í7ï�õ	þ	ÿ û T1v ( ü�ù�ó�ù��	ò�÷	õ2ù�ü � "kúQô � ñ	þ	ý�üKõ	ò�í7ï�ó � úmþpü � ù�í7ð�ý7ô�úmþ�üKõ2ù�ú,ï�ñ7ô�úmþ > v �
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YIù�í�" � ò-
	ü�"�÷	ñ2ï�ö � ö2ò1�¦ï��kí7ï�ú,ú,ù�� û þ	õ'ö2ò1�	ý	þ2ï�� ÷2ù i õ7ô � ù�ö2þ2ú $'í7ï�õ � Zi

î�þ	÷2ï�ñ	ý2ï�õ � ñ7ô�í�"�õ2ù	
î�ùxþ'í2þøó�ï�ñ � õ2ï�î�ù û ô � ô	�%!!ï�õ	þ%!�õ2ï�î�ùpý2ï�õ � ñ7ô�í�"�õ � � ñ2
�ö7ù�ó ��ù�í�"�ý7ôxJIþ NΦ(K) û ÷	ñ	þ%$2ï�úZö	í�
í2ÿKð�ù�î�ù[ô�ü�ü�ù�ý	þ7ô � þ	ó�õ2ù���ù�ú,úmò � ô � þ	ó�õ2ù�î�ù���ù�í�"�ý7ô K ü1ï�ö2þ	õ	þ	ý2ï�� � c5ü�ï1ù�õ	þ û ô � ô	�%!!ïgþ � ý2ï�õ � ñ7ô 
í2þ � ô � ù�ñ � 
'ó�í�
'ÿ � ü>
 � ô�ñ7ô	� � ï�ñ	þ2ü � þ%$2ï�ü��	þ2úmþkþ'ö7ï�ô�í�ô�úmþ � H � ó�ï�ü � õ2ù û $ � ùf÷	ñ	þ 2K = K
ó�ï�ñ � õ	þ%�þ[õ	þ%!�õ	þ%�!ý2ï�õ � ñ7ô�í�"�õ � ï�ñ2
�ö � ��ù�í�"�ý7ôgJIþ

NΦ(K)
ü�ù�ó�÷7ô�ö�ô�ÿ � ü�ùVü � ô�õ'ö�ô�ñ � õ � ú�ý2ï�õ � ñ7ô�í�"�õ � úñ2
�ö7ù�ú

L1 = NΦ(K) ⊃ L2 ⊃ . . . û î�ö7ï Li ( ü�ò'ú,úQô¦ó�ü�ï � Ker ö	í�
 ��ù�ñ	õ2ï��xó � ü�ù � � > i �YIù�ö2ñ2ù�ð�õ2ï�ï[ñ7ô�ü�ü�ú,ù � ñ	þ2ú � þ	÷ Cn � ]Võ	õ	ò�í�
 � ù�ñxó K � í7ï�ú,ï�õ � ô t ù�ð�ù � õ7ô�$	þ2ú $2ï�ñ2ï � Ann(t) �npo�� �f{ CBD���D�<���� � - ������� � �
NCn(K) (n > 3)


'�¸"�$	/ "���
'��$B����
����

C(Tij) = T1,−j−1 (−i 6 j < i < n),

C(Tnj) = T1,−j−1 +Ann(2) · Tnn−1 (−n 6 j < n);

Zi = L2n−i +Ann(2) · L2n−i−1 (1 6 i < 2n− 1), Z2n−1 = L1.=g" - ���M� - � -�* 
'���V�#�t�����	/
Tij
* −n < j < i < n

* �'
�����	[��� �,�'��"����B���¸"��B�������������	�2�m� 4
\¦ô�í7ï�ï � ô�ú,ï�$7ô�ï�ú û $ � ù +[ô	� � ù�ñ�
 ��ù�í�"�ý2ù NCn(K)/T2,−2

þ � ù�ú,ù�ñ�+Iõ2ù4��ù�í�"�ý	ò�JIþ NAn(K) û� ô	� $ � ù�ï�î�ùkô�ó � ù�ú,ù�ñ�+Iþ � ú � ù�÷	þ2ü�ô�õ � ó � , ��� Ntï�úèü�ô�ú � ú û ù�÷	þ2ü�ô�õ	þ2ï AutNCn(K)
ñ2ï�ö2ò�ý	þ	ñ	ò2


ï � ü>
 �xî�þ	÷2ï�ñ	ý2ï�õ � ñ7ô�í�"�õ � ú ô�ó � ù�ú,ù�ñ�+Iþ � úQô�ú û ��ù � ù�ñ � ï � ô	�%!!ï!ù�÷	þ2ü�ô�õ � 
'ó�õ2ù ���o#�7|Uo��f{ CBD F ����0 � D��V 2����� K �
����� - �	�������	
�$ - � - �,�t B�������	
�$ - �f� - ����� - �f�¸���	$	���B��� 4 �V� ���

�	�	����
'� - � - ""!V�2
��ë� - ������� � �
NΦ(K)

���2�m0	�B���B����������� - � - ���	0��
Cn (n > 4)

��������0#" - �2
�
'�¸�t�	�
$	�B�M������$#����"t��$ - � - � ���	0B�¸"
�B��$B��"�������$ - � - 
�/K� - ��/
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GIï�ò�í2ò1$%&�ô�ï�ú,ù�ü � "xù�ý2ï�õ%�	þ�ó � ï�ù�ñ2ï�ú,ï!ö�ô�ï � ÷	ñ	þ�í2ÿKð�ù�ú t ∈ Ann(2)
ü�í7ï�ö2ò�ÿ7�!þ%��ô�ó � ù�ú,ù�ñ�
+Iþ � ú ô�í2î�ï�ð�ñ � NCn(K) û � ù�!¦ö7ï�ü � ó�ï�õ	õ � ��õ7ô!ó�ü�ï � úQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý7ô ��û �	ñ2ù�ú,ï

enn−1 → enn−1 + ten−2,−n+3, enn−2 → enn−2 + ten−1,−n+3,

enn−3 → enn−3 + ten−1,−n+2.
' , )

]Vó � ù�ú,ù�ñ�+Iþ � ú � ô�í2î�ï�ð�ñ � JIþ
NCn(K)

ð � í2þ�ù�÷	þ2ü�ô�õ � ñ7ô�õ2ï�ï ����, � ÷	ñ	þ�ò�ü�í7ù�ó�þ	þ 2K = Kþ
Ann(3) = 0

3	ó � ü�ù � ô�î�þ	÷2ï�ñ	ý2ï�õ � ñ7ô�í�"�õ � � ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó�ó � � þ � ü�í2ò1$7ô	
 � 6 3 �Tfü � ô�ÿ � ü>
>õ2ï�þ � ò1$2ï�õ	õ � úmþkô�ó � ù�ú,ù�ñ�+Iþ � ú � ó�ó�ï�ö7ï�õ	õ � � ó ��� �-� +Iþ	õ	þ � ô�ñ	õ � � ù�ð�ù�ð��¦ï�õ	þ%� ��ù	
í7ï�ý[JIþ
NΦ(K) � þ	÷2ù�ó BΓ û CΓ

þ
DΓ

ü,÷	ñ2ù�þ � ó�ù�í�"�õ2ù��¦ý2ï�÷%"�ÿ Γ � \Mí�
Mþ � ù�÷	þ2ü�ô�õ	þ%
 � +�+Mï�� � þ	ó�õ2ùþ2ü�÷2ù�í�" � ù�ó#ô � " ú,ï � ù�ö � � 0 � þ ����$ �´û ü�ú � � ô	�%!!ï ����� �´û ��� �7û � ï�ù�ñ2ï�úQô ��+ �´û ����& � þ � ,�+ ���
��D[~�o#êxyU}UyUz�{	|U}U��op�7ä7�7ä7ì�o#}Uy��

PQü�í2þZó ô�ü�ü�ù�ý	þ7ô � þ	ó�õ2ù�ú/��ù�í�"�ý2ï
R = (R; +, ·) � ô�ú,ï�õ	þ � " ò'úmõ2ù�!!ï�õ	þ2ï�í2þ2ï�ó � ú α ∗ β =

αβ − βα û � ù�÷2ù�í2ò1$7ô�ÿ � ô�ü�ü�ù�ý	þ	þ	ñ2ù�ó#ô�õ	õ2ù�ï ��ù�í�"�ý2ù�JIþ Λ(R) = (R; +, ∗) �]fü�ü�ù�ý	þ7ô � þ	ó�õ2ù�ï ��ù�í�"�ý2ù R ó�ü�ï�î�ö�ô 
'ó�í�
	ï � ü>
è÷2ù�í2ò�î�ñ	ò�÷	÷2ù��Zü�ï�ö2þ	õ	þ	ý2ï�� 0
ù � õ2ù�ü�þ � ï�í�"�õ2ù÷	ñ	þ2ü�ù�ï�ö2þ	õ2ï�õ	õ2ù�î�ù�ò'úmõ2ù�!!ï�õ	þ%


α ◦ β = α + β + αβ � � ù�í�"�ý2ù R õ7ô ��� ó#ô�ï � ü>
ø������� ¡ ���� ��	�t� ûï�ü�í2þ
(R, ◦) ( î�ñ	ò�÷	÷7ô û � � ï � ÷	ñ	þ�í2ÿKð�ù�ú α ∈ R

þ2ú,ï�ï�ú

α+ α′ + αα′ = α′ + α+ α′α = 0

ö	í�
�õ2ï���ù � ù�ñ2ù�î�ù � í7ï�ú,ï�õ � ô α′ ∈ R û õ7ô ��� ó#ô�ï�ú,ù�î�ù ¡ ��� 
��2��������¥¦�	�t� �
α �YKò�ü � " K ( ô�ü�ü�ù�ý	þ7ô � þ	ó�õ2ù�ï ��ù�í�"�ý2ùZüXï�ö2þ	õ	þ	ý2ï�� þ

Γ ( ÷	ñ2ù�þ � ó�ù�í�"�õ2ù�ïXí2þ	õ2ï��	õ2ùaò�÷2ù	
ñ2
�ö7ù�$2ï�õ	õ2ù�ïøúmõ2ù�!!ï�ü � ó�ù þ'í2þ ý2ï�÷%" � iKü�õ2ù û $ � ù ü�ù�ó�ù��	ò�÷	õ2ù�ü � " GNT (Γ,K)
ó�ü�ï � Γ


´úQô � ñ	þ	ý
α = ‖aij‖i,j∈Γ

ü�ò�ü�í7ù�ó�þ2ï�úbõ	þ'í�" � ñ2ï�ò�î�ù�í�"�õ2ù�ü � þ ' � � ï � aij = 0
÷	ñ	þ

i 6 j
)¦ï�ü � " ô�ö	ö2þ � þ	ó�
õ7ô	
pî�ñ	ò�÷	÷7ô�ù � õ2ù�ü�þ � ï�í�"�õ2ù ù�ð � $	õ2ù�î�ù ü�í7ù�!!ï�õ	þ%
�úQô � ñ	þ	ý � YKñ2ù�þ � ó�ï�ö7ï�õ	þ2ï Γ 
´úQô � ñ	þ	ý�ókù�ð��¦ï�ú
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ü�í2ò1$7ô�ï�õ2ïxù�÷	ñ2ï�ö7ï�í7ï�õ2ù û � ô	�.�'ô	�èó ��ù�í�"�ý2ïxõ2ïxù�÷	ñ2ï�ö7ï�í7ï�õ � ü�ò'ú,ú � üxð�ï�ü���ù�õ2ï�$	õ � ú $	þ2ü�í7ù�ú
õ2ï�õ	ò�í7ï�ó � � ü�í�ô�î�ô�ï�ú � � �Tgö2õ7ô	��ù û ó�ü�í2ò1$7ô�ïfý2ï�÷	þ Γ = Z{+} := {1, 2, 3, . . . } õ7ô � ò�ñ7ô�í�"�õ � � $	þ2ü�ï�íxù�ð � $	õ2ù�ïfò'úmõ2ù�!!ï#
õ	þ2ïfúQô � ñ	þ	ý ��ù�ñ	ñ2ï�� � õ2ù¦þk÷2ù�í2ò1$7ô�ï�ú ��ù�í�"�ý2ù

GNT (Γ,K) ⊃ NT (Γ,K) � ^5ù�í7ï�ï � ù�î�ù û ü�÷	ñ7ô�ó�ï�ö%
í2þ	ó#ô
npo�� �f{ ��D A7DB= - ����� -

R = GNT (Z{+},K) �
"������	�	������$ - �5��$B�2�'
���������� �>$	�	��� � � - ����� - � 4

C
c ��ù�í�"�ý2ï

GNT (Z{+},K)
úQô � ñ	þ	ý � ‖aij‖

üIò�ü�í7ù�ó�þ2ï�ú
aij = 0

÷	ñ	þ
i− j < k

ù�ð�ñ7ô � ò�ÿ �þ'ö7ï�ô�í
Lk � YIù�í2ò1$7ô�ï�úëò'ð � ó#ô�ÿ7�!þ%�xý2ï�õ � ñ7ô�í�"�õ � �pñ2
�ö

L1 = GNT (Z{+},K) ⊃ L2 ⊃ · · · ⊃ Lk ⊃ . . . , ∩∞
k=1Lk = 0, Lk ∗ Lm ⊆ Lk+m.

c5ü�ï +[ô	� � ù�ñ�
¸ô�í2î�ï�ð�ñ � L1/Lk (k = 1, 2, 3, . . . )

'ó�í�
'ÿ � ü>
ëõ	þ'í�"�÷2ù � ï�õ � õ � úmþ þ û ü�í7ï�ö7ù�ó#ô 
� ï�í�"�õ2ù û ñ7ô�ö2þ%�'ô�í�"�õ � úmþ � c � ð�ï�ñ2ï�ú α = ‖aij‖ ∈ L1 � � � ù�ð � ÷2ù�ü � ñ2ù�þ � "púQô � ñ	þ	ý	ò γ = ‖cij‖ û�	ó#ô � þ2ù�ð�ñ7ô � õ	ò�ÿ��

α û ö7ù�ü � ô � ù�$	õ2ù�ù�÷	ñ2ï�ö7ï�í2þ � "�ï�ï k 
Óò�ÿ ö2þ7ô�î�ù�õ7ô�í�" {cij : i− j = k} ö	í�
 �'ô	! 
ö7ù�î�ù>õ2ù�ú,ï�ñ7ô
k = 1, 2, . . .

YKò�ü � " cij = −aij
÷	ñ	þ

i− j = 1
þx÷	ñ	þxí2ÿKð�ù�ú

k > 1
÷2ï�ñ	ó � ï k − 1ö2þ7ô�î�ù�õ7ô�í7ï���úQô � ñ	þ	ý � γ

ó � ð�ñ7ô�õ � � ô	� û $ � ù

γ =

k−1∑

m=1

(−α)m = −α+ α2 − α3 + · · ·+ (−α)k mod Lk+1, k = 1, 2, . . .

NUô	�.�'ô	� ó � ð�ù�ñëö2þ7ô�î�ù�õ7ô�í7ï��è÷	ñ	þëó�ù � ñ7ô�ü � ô�õ	þ	þ k
õ2ï þ � ú,ï�õ%
	ï � ö2þ7ô�î�ù�õ7ô�í2þaü�ú,ï�õ%"-&!þ2úmþõ2ù�ú,ï�ñ7ô�úmþ û � ù�ò1�'ô � ô�õ	õ � � ô�í2î�ù�ñ	þ � ú ÷2ù�ü � ñ2ù�ï�õ	þ%
�ö�ô�ï � úQô � ñ	þ	ý	ò γ = ‖cij‖ ∈ L1 � ' � ù�ñ	ñ2ï�� � 
õ2ù�ü � " � ô�÷	þ2ü�þ ∑k−1

m=1(−α)m
úQô � ñ	þ	ý � ü�í7ï�ö2ò�ï � � ô	�%!!ïKþ � � ù�î�ù û í2ÿKð�ù�� ï�ï � í7ï�ú,ï�õ � ï�ü � "�ü�ò'ú,úQôü5��ù�õ2ï�$	õ � ú $	þ2ü�í7ù�úëõ2ï�õ	ò�í7ï�ó � � ü�í�ô�î�ô�ï�ú � � � )* ö2ñ	ò�î�ù��pü � ù�ñ2ù�õ � û ÷	ñ	þ�í2ÿKð�ù�ú k = 1, 2, . . .

+[ô	� � ù�ñ�
¸ô�í2î�ï�ð�ñ � L1/Lk+1
õ	þ'í�"�÷2ù � ï�õ � õ � þ

α ◦ γ = γ ◦ α = 0 mod Lk+1.
NUô	�	þ2ú ù�ð�ñ7ô � ù�ú û γ ( �	ó#ô � þ2ù�ð�ñ7ô � õ � � � í7ï�ú,ï�õ � � α û ��ù�í�"�ý2ù

L1 ( ñ7ô�ö2þ%�'ô�í�"�õ2ù�ï[þ û õ7ô�÷	ñ	þ2ú,ï�ñ û ï�î�ù � í7ï�ú,ï�õ � ∑∞
k=1 ek+1k

õ2ï5
'ó�í�
	ï � ü>
xõ	þ'í�"�÷2ù � ï�õ � õ � ú � B
TV÷	ñ2ï�ö7ï�í7ï�õ	þ2ïaþ'ö7ï�ô�í7ù�ó

Tiv (i, v ∈ Z{+} û i > v)
þ � � , ��ù�ñ	ñ2ï�� � õ2ù þbö	í�
 ô�í2î�ï�ð�ñ �

NT (Z{+},K) � ]Võ7ô�í7ù�î�þ%$	õ2ù�ù�÷	ñ2ï�ö7ï�í�
	ï�ú þ'ö7ï�ô�í � GNij
ô�í2î�ï�ð�ñ � GNT (Z{+},K) �YKò�ü � " H úQô	��ü�þ2úQô�í�"�õ � �øô�ð�ï�í7ï�ó�þ'ö7ï�ô�í ��ù�í�"�ý7ô>JIþ GNT (Z{+},K)

þ
m ( õ7ô�þ2ú,ï�õ%"-&!þ%�

õ2ù�ú,ï�ñ õ2ï�õ	ò�í7ï�ó�ù��ëü � ñ2ù��	þXö	í�
 ó�ü�ï � úQô � ñ	þ	ý þ � H û ü��'ô	!!ï�ú û ükõ2ï�õ	ò�í7ï�ó�ù�� (m, j)

Ó÷	ñ2ù�ï��	ý	þ2ï��

Hmj � YIù�í�" � ò-
	ü�">ó-�'í2ÿ7$2ï�õ	þ%
	úmþ

(Kesm ∗H) ∗Kejv = (KHmjK)esv ⊂ H ⊆ C((KHmjK)esv), 1 6 v < j < m < s,

ö	í�
4��ù�í�"�ý7ô
K
ð�ï � ö7ï�í2þ � ï�í7ï��xõ	ò�í�
kõ7ô � ù�ö2þ2ú H ⊆ GN1m−1 ∩GNT (Z{+},KHmjK)

þ û ð�ù�í7ï�ï� ù�î�ù û H ⊆ GNmm−1 � YIù�ô�õ7ô�í7ù�î�þ	þpü � 0 �´û ÷2ù�í2ò1$7ô�ï�ú
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GNi+1,i
*
i = 1, 2, 3, . . . ,�B�����¸"�0	/1
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R = GNT (Z{+},K)
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YIù��'ô ��� ó#ô�ï � ü>
 û $ � ù¦ó!ò�ü�í7ù�ó�þ%
 � � ï�ù�ñ2ï�ú � î�ñ	ò�÷	÷ � ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�ó AutΛ(R)
þ
AutG(R)ü�ù�ó�÷7ô�ö�ô�ÿ � ü AutR
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��	þ%� ô�ó � ù�ú,ù�ñ�+Iþ � ú 
'ó�í�
	ï � ü>
 ÷	ñ2ù�þ � ó�ï�ö7ï�õ	þ2ï�ú ü�ù�÷	ñ2
�!!ï�õ	þ%
aù�ð�ñ7ô 

� þ2ú,ù�� � ñ2ï�ò�î�ù�í�"�õ2ù�� Z{+} 
´úQô � ñ	þ	ý2ï�� õ7ô�ô�ó � ù�ú,ù�ñ�+Iþ � ú û þ	õ'ö2ò�ý	þ	ñ2ù�ó#ô�õ	õ � � ô�ó � ù�ú,ù�ñ�+Iþ � ú,ù�úù�ü�õ2ù�ó�õ2ù�î�ù ��ù�í�"�ý7ô

K � O � * í7ù�ó�þ%� ����% � þ2ü�ü�í7ï�ö7ù�ó#ô�í�ô AutG(R)
ó>ü�í2ò1$7ô�ïI÷2ù�í�
 |K| > 2 �



� , � ��
2�� 	�p� 4�� 4 * � �B����
�"��	$�� 4 � 4 *��[- �
	f$���
 4 < 4 *�� /�����$	� - 
 � 4 � 4
F�D���{	}U�7}UyUrUo0.�uUy��èä7{�-#y�. á,yUo#q7{�y��Qo#{�á,{�{�á,��o#ä7|U�

NT (n,K)

c � � ù�ú�÷7ô�ñ7ô�î�ñ7ô�+Mï�ò�ü � ô�õ7ô�ó�í2þ	ó#ô�ï � ü>
 ' ÷2ï�ñ	ó � ú�þ � ñ2ï � "�þ2ú�ô�ó � ù�ñ7ô�úmþ�) �'ô�õ2ù�õ	þ%$2ï�ü��	þ%��ð�ô � þ2ü÷	ñ2ù�þ � ó�ù�í�"�õ2ù�î�ùIí2þ2ï�ó#ôKþ'ö7ï�ô�í�ôIô�í2î�ï�ð�ñ � NT (n,K)
õ7ô�ö>÷2ù�í7ï�ú

K
þ¦þ2ü�ü�í7ï�ö2ò�ï � ü>
�ö	í�
!í2þ2ï�ó#ô � þ�
÷7ô

An
� ô�÷	þ2ü�ô�õ	õ7ô	
>ó ���#) � � ô�ö�ô�$7ô[ù ��ù�ú,ð�þ	õ7ô � ù�ñ	õ2ù�úXó � ñ7ô	!!ï�õ	þ	þ4$	þ2ü�í�ôIó�ü�ï � í2þ2ï�ó � � þ'ö7ï�ô�í7ù�ó �

�Mô�ü � þ%$	õ2ù�ïVò�÷2ù�ñ2
�ö7ù�$2ï�õ	þ2ïfõ7ôIúQô � ñ	þ%$	õ � � ÷2ù � þ	ý	þ%
 � ó�ó�ù�ö2þ2ú û ÷2ù�í�ô�î�ô	
 (u, v) > (i, j) û ï�ü�í2þ
1 6 v 6 j < i 6 u 6 n � c � ö7ï�í2þ2úëþ'ö7ï�ô�í �

Tij = T (i, j) :=
∑

(u,v)>(i,j)

Keuv, Q(i, j) :=
∑

(u,v)>(i,j)

Keuv.
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n
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���ù�ïVúmõ2ù�!!ï�ü � ó�ù!úQô � 
ñ	þ%$	õ � � ÷2ù � þ	ý	þ%�pó�þ'ö�ô

L = {(i1, j1), (i2, j2), . . . , (im, jm)},

j1 < j2 < . . . < jm, i1 < i2 < . . . < im 6 n, jt < it (1 6 t 6 m).
� �2���  �¤�¥������ �#¢¬�2���Xõ2ï�÷	ò�ü � ù�î�ù õ2ï�õ	ò�í7ï�ó�ù�î�ù ÷2ù�ö7úmõ2ù�!!ï�ü � ó#ô H ⊆ NT (n,K)

õ7ô ��� ó#ô�ï�úúmõ2ù�!!ï�ü � ó�ù
L = L (H)

úQô � ñ	þ%$	õ � � ÷2ù � þ	ý	þ%� � ô	��ù�ï û $ � ù

H ⊆ T (L ) :=
∑

(i,j)∈L

T (i, j),

õ2ù�÷	ñ	þ�í2ÿKð�ù�� � ô�ú,ï�õ2ï T (i, j) õ7ô Q(i, j)
ó�ü�ò'ú,ú,ïKó-�'í2ÿ7$2ï�õ	þ2ïMõ7ô�ñ	ò1&�ô�ï � ü>
 �JIþ2ï�ó � þ'ö7ï�ô�í � ��ù�í�"�ý7ô
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÷2ù�í7ï�úëþ'í2þ � ï�í7ù�ú K ù�÷	þ2ü � ó#ô�ï � ü�í7ï�ö2ò�ÿ7��ô	
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∑
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´úQô � ñ	þ	ý2ï û �'ô	��ó �	ó#ô�ö2ñ7ô � ïKü n2 � ù�$%�'ô�úmþ û ü�í7ï�ö2ò�ÿ7�!þ2úù�ð�ñ7ô � ù�ú��,÷2ù i1 
´ü � ñ2ù���ïMù � � 
Óî�ù�ü � ù�í7ð�ý7ô!ö7ù¦÷2ù � þ	ý	þ	þ (i1, j1) û ù � õ2ï�ïK÷2ù j1 
´úmòkü � ù�í7ð�ý	ò�ö7ù i2 
 �ü � ñ2ù��	þ�þ ÷2ù¦õ2ï��kö7ù (i2, j2) þ � � ö � û ÷2ù im 
 ��ü � ñ2ù���ïMù � jm−1


Óî�ù¦ü � ù�í7ð�ý7ô[ö7ù¦÷2ù � þ	ý	þ	þ (im, jm) ûù � õ2ï�ïI÷2ù jm 
´úmò ü � ù�í7ð�ý	òkö7ù n 
´ù��xü � ñ2ù��	þ �



0
0

(i1,j1)
� � � �

(i2,j2)
� � �

� � �
L

� � �
� � � � � �

� � � (im,jm) 0
0




\Mí�
�ù�÷	þ2ü�ô�õ	þ%
�þ'ö7ï�ô�í�ô
H 6= 0

��ù�í�"�ý7ô
NT (n,K)

ö7ù�ü � ô � ù�$	õ2ù�ò1�'ô � ô � "�ó � ô�þ2ú,ù�ü�ó-
 � " � í7ï#
ú,ï�õ � ù�ó�úQô � ñ	þ	ýpþ � H ó>ò�î�í�ô � í7ï�ü � õ	þ	ý � L � \Mí�
 í2þ2ï�ó � � þ'ö7ï�ô�í7ù�ó � � ù�î�ù�õ2ï�ö7ù�ü � ô � ù�$	õ2ù �R7�'ô	!!ï�ú ü�ï��%$7ô�ü ô�í2î�ù�ñ	þ � ú ÷2ù�ü � ñ2ù�ï�õ	þ%
 ð�ô � þ2ü�ôxópí2þ2ï�ó�ù�ú þ'ö7ï�ô�í7ï
H
ô�í2î�ï�ð�ñ � NT (n,K)ü +Iþ%��ü�þ	ñ2ù�ó#ô�õ	õ � ú@úmõ2ù�!!ï�ü � ó�ù�úbò�î�í7ù�ó

L = L (H)
ü � ï�÷2ï�õ	þ n � Rfî�ù�í (k, v)

ó
H
õ7ô � ù�ó�ï�ú¤���§�
����2�	�t� û ï�ü�í2þ Q(k, v) 6⊆ H

þ�í2þ2ð�ùpó
H
ü�ò1�¦ï�ü � ó�ò�ï � ò�î�ù�í (s, k + 1)

þ
Q(s, k + 1) 6⊆ H

' ü�í2ò1$7ô	� (k+1, k)

´¤���§�
����2�2����32�����ø�#¢¬�2����) û í2þ2ð�ùIü�ò1�¦ï�ü � ó�ò�ï � ò�î�ù�í (v−1, j)

þ
Q(v−1, j) 6⊆ H �T � ú,ï � þ2ú û $ � ùVü�í2ò1$7ô	�!ô�ü�ü�ù�ý	þ7ô � þ	ó�õ2ù�î�ùfþ'ö7ï�ô�í�ô H ô�í2î�ï�ð�ñ � NT (n,K) û � � ï � ��ù�î�ö�ô Q(L ) ⊆

H û þ � ò1$2ï�õ�ó ��� , � YIù � � ù�úmò�ö�ô�í7ï�ï Q(L ) 6⊆ H û � ô	� $ � ùM÷2ù � ï�ù�ñ2ï�ú,ï ��� , û úmõ2ù�!!ï�ü � ó�ù n(H)
ó�ü�ï �õ2ù�ú,ï�ñ2ù�ó

k
ü
(k + 1, k)


´ü�ó-
 � ô�õ	õ2ù�� ÷7ô�ñ2ù��Zò�î�í7ù�ó
(k, v(k))

þ
(s(k), k + 1)

ó
H

õ2ï�÷	ò�ü � ù�ï�þ
n(H) ⊆ {2, 3, . . . , n − 2} (n > 4) � Tfð�ù � õ7ô�$	þ2ú $2ï�ñ2ï � Q∗(L )

÷2ù�ö�ô�í2î�ï�ð�ñ	ò û ð�ô � þ2ü ��ù � ù�ñ2ù��ü�ù�ü � ô�ó�í�
'ÿ � úQô � ñ	þ%$	õ � ïxï�ö2þ	õ	þ	ý � euv ∈ H � ô	�	þ2ï û $ � ù (u, v) > (i, j) � ù � 
ëð � ÷	ñ	þ ù�ö2õ2ù�ú
(i, j) ∈ L � H � � ï�ù�ñ2ï�ú � ��� , í7ï�î���ù>ó � � ï��'ô�ï �npo�� �f{ F�D���D �V 2�����

H �
�	�B��
ø�#�t����� ����������"�/

NT (n,K)
�
Q(L ) 6⊆ H

4 +�- �¬���!����
��
0 - ������������"�/

Q∗(L )
� - 0 - �	$�������� �¦� - ����
�/ 


Q(L )∩H - ��$ - 
�$�����$ -¦- 0#"t�¸�t���B��$	$	/g�m� � �B������$ �
�����m�

βk = ek+1,v(k) − bkes(k),k ∈ Q∗(L ) + ek+1,k ∗H (k ∈ n(H)). ' � )
�g" - �2
�
 - ����$	/1� � �B������$B�

α ∈ H
0#"t�¸�t������
���������� � - ��$ - 
�$�����$ - 0 - � - �2 ���	

Q(L ) ∩H 
>
��#�t�

α =
∑

k∈n(H)

akes(k),k +
∑

(u,v)∈L

auveuv. ' $ )

c � ð�ï�ñ2ï�ú ò�î�ù�í (i1, j1)
ó
H
üIõ7ô�þ2ú,ï�õ%"-&!þ2ú õ2ù�ú,ï�ñ2ù�ú

j1 > 1
3%$2ï�ñ2ï � H1

ù�ð�ù � õ7ô�$	þ2úè÷2ù�ö�ô�í%
î�ï�ð�ñ	ò úQô � ñ	þ	ýëó H ükõ	ò�í7ï�ó�ù��
(i1, j1)


´ù�� ��ù�ù�ñ�ö2þ	õ7ô � ù�� � c � ð�ï�ñ2ï�úd÷2ù�í7ï�ú,ú,ï ��� % ð�ô � þ2ü�õ � �� í7ï�ú,ï�õ � α1 = ei1j1 + α′
1 ∈ H

ó�þ'ö�ô ' $ ) � ô	� û $ � ù α′
1 ∈ H1 � PQü�í2þp÷2ï�ñ2ï�ü�ï�$2ï�õ	þ2ï L ∩ L (H1)

õ2ï
÷	ò�ü � ù�ï û � ù ò�î�ù�í (i2, j2)

þ � õ2ï�î�ù ó � ð�ï�ñ2ï�ú ü¦õ7ô�þ2ú,ï�õ%"-&!þ2ú õ2ù�ú,ï�ñ2ù�ú j2 > j1 � �Iï�ñ2ï � H2
ù�ð�ù	


� õ7ô�$	þ2ú ÷2ù�ö�ô�í2î�ï�ð�ñ	òøúQô � ñ	þ	ýXó H1
ü�õ	ò�í7ï�ó�ù��

(i2, j2)

 ��ù�ù�ñ�ö2þ	õ7ô � ù�� � c � ð�ï�ñ2ï�ú ÷2ù�í7ï�ú,ú,ï ��� %ð�ô � þ2ü�õ � � � í7ï�ú,ï�õ � α2 = ei2j2 + α′

2 ∈ H1
ó�þ'ö�ô ' $ ) � ô	� û $ � ù α′

2 ∈ H2 û þ � � ö �GMô �'ô	��ù�ú 
 � ù t 
´ù�ú &�ô�î�ïV÷2ù�í2ò1$	þ2úXúQô � ñ	þ	ý	ò αt = eitjt + . . .
þ � Ht−1

ügò�î�í7ù�ú
(it, jt) ∈ L ∩

L (Ht−1)
� ô	�	ò�ÿ û $ � ùk÷2ù�ö2÷	ñ2ù�ü � ñ7ô�õ2ü � ó�ù Ht

úQô � ñ	þ	ý�þ � Ht−1
ü[õ	ò�í7ï�ó�ù��

(it, jt)

 ��ù�ù�ñ�ö2þ	õ7ô � ù��



�-� � ��
2�� 	�p� 4�� 4 * � �B����
�"��	$�� 4 � 4 *��[- �
	f$���
 4 < 4 *�� /�����$	� - 
 � 4 � 4
í7ï�!�þ � ó Q(L ) ∩ H � GIï � ï�ñ2
�
 ù�ð��!õ2ù�ü � þ û ü�$	þ � ô�ï�ú û $ � ù j2 
¸ô	
 ��ù�ù�ñ�ö2þ	õ7ô � ôèó�ï�� � ù�ñ7ô α1õ	ò�í7ï�ó#ô	
 û . . . û jt 
 � ï ��ù�ù�ñ�ö2þ	õ7ô � � ó�ï�� � ù�ñ2ù�ó α1, . . . , αt−1

õ	ò�í7ï�ó � ï � YIù�í7ï�ú,ú,ï ��� % ÷2ù�í2ò1$7ô�ï�ú ó
H � í7ï�ú,ï�õ � �

αi =
∑

k∈n(H)

ãikes(k),k +
∑

(u,v)∈L

aiuveuv, 1 6 i 6 t. ' % )

iKü�õ2ù û $ � ù H + Q(L ) ( þ'ö7ï�ô�íëô�í2î�ï�ð�ñ � NT (n,K) � YIù � ï�ù�ñ2ï�ú,ï ��� , û ù�õ � ô�÷	þ2ü � ó#ô�ï � ü>
ó!ó�þ'ö7ï
H(L , S)

þ � ' 0 ) û î�ö7ï S ( ü�ù�ð�ü � ó�ï�õ	õ2ù�ïf÷2ù�ö2÷	ñ2ù�ü � ñ7ô�õ2ü � ó�ù Vm û m = |L | þ dimK S = t û
1 6 t 6 m � � ô	!¦ö7ù�úmò>þ � ó�ï�� � ù�ñ2ù�ó α1 û α2 û . . . û αt

ó!ð�ô � ïgþ � úQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ý euv ((u, v) ∈
L )

üD+Iþ%��ü�þ	ñ2ù�ó#ô�õ	õ � úXò�÷2ù�ñ2
�ö7ù�$2ï�õ	þ2ï�ú û ù�÷	ñ2ï�ö7ï�í7ï�õ	õ � úXõ7ô	&!þ2úø÷2ù�ü � ñ2ù�ï�õ	þ2ï�ú û ü�ù�ù � ó�ï � ü � ó�ò�ï ���ù�ù�ñ�ö2þ	õ7ô � õ7ô	
�ü � ñ2ù��'ô¦þ � Vm ' ü�ú � � ,�� û�� , � ) �
[α1] = (1, a12, . . . , a

1
j2−1, 0, a

1
j2+1, . . . , a

1
jt−1, 0, a

1
jt+1, . . . , a

1
m),

[α2] = (0, . . . , 0, 1, a2j2+1, . . . , a
2
j3−1, 0, a

2
j3+1, . . . , a

2
jt−1, 0, a

2
jt+1, . . . , a

2
m),

. . . . . . . . . . . .

[αt] = (0, . . . , 0, 1, atjt+1, . . . , a
t
m−1, a

t
m).NUô	�'ô	
dð�ô � ôaó S

ï�ö2þ	õ2ü � ó�ï�õ	õ7ôaþ ó � ,�� û � , � ù�õ7ôèõ7ô � ó#ô�õ7ô �'ô�õ2ù�õ	þ%$2ï�ü���ù�� ð�ô � ù��dü�ù�ð�ü � ó�ï�õ�
õ2ù�î�ù
t

´ú,ï�ñ	õ2ù�î�ù ÷2ù�ö2÷	ñ2ù�ü � ñ7ô�õ2ü � ó#ô S � * ù�î�í�ô�ü�õ2ù � ,�� �´û �'ô	!¦ö � � þ � j2 − 2

��ù � +�+Iþ	ý	þ2ï�õ � ù�ó
a12, a

1
3, . . . , a

1
j2−1

õ2ï � ô�ó�þ2ü�þ2ú,ù�÷	ñ2ù�ð�ï�î�ô�ï � K \ {0} � � ô	!¦ö�ô	
Xþ � j3 − j2 − 1
÷7ô�ñ

(a1i , a
2
i )
÷	ñ	þ

j2 < i < j3
õ2ï � ô�ó�þ2ü�þ2ú,ù¦÷	ñ2ù�ð�ï�î�ô�ï � � õ7ô�$2ï�õ	þ%
 ó[ö7ï��'ô�ñ � ù�ó�ù�ú �	ó#ô�ö2ñ7ô � ï (K,K) û �	ñ2ù�ú,ïKõ	ò�í7ï�ó�ù	
î�ù

(0, 0) ' þ	õ7ô�$2ïM÷2ù�ö2÷	ñ2ù�ü � ñ7ô�õ2ü � ó�ù S õ2ïMð�ò�ö7ï � ü�ù�ð�ü � ó�ï�õ	õ � ú�) û þ � � ö �]Võ7ô�í7ù�î�þ%$	õ2ùXò�ü � ô�õ7ô�ó�í2þ	ó#ô�ï�ú ó�ù � ú,ù�!�õ � ï � õ7ô�$2ï�õ	þ%
èó�ü�ï � ��ù�ù�ñ�ö2þ	õ7ô � üxõ2ù�ú,ï�ñ7ô�úmþ
6 jt �GMô	��ù�õ2ï�ý û ÷	ñ	þ �'ô	!¦ö7ù�ú i û jt < i 6 m, � õ7ô�$2ï�õ	þ2ï¦õ7ô�ð�ù�ñ7ô (a1i , a

2
i , . . . , a

t
i)
ú,ù�!!ï � ð � � "kí2ÿKð � úþ � t 
 � ö7ï��'ô�ñ � ù�ó�ù���ü � ï�÷2ï�õ	þ (K,K, . . . ,K) û þ2ü��'í2ÿ7$7ô	
�õ	ò�í7ï�ó�ù�ï ��M���2���2�2�' �¤ ¡ ��¨ ��� 
����2�7 ������2�� ¬���2� �

H û ò1$	þ � � ó#ô	
 í7ï�ú,úmò ��� % û ö�ô�ÿ � � í7ï�ú,ï�õ � � ai
þ � ' % ) ûúQô � ñ	þ%$	õ � ï�ï�ö2þ	õ	þ	ý � euv ∈ H � ô	�	þ2ï û $ � ù (u, v) > (i, j) � ù � 
að � ÷	ñ	þaù�ö2õ2ù�ú

(i, j) ∈ Lþ |n(H)| � í7ï�ú,ï�õ � ù�ó βk þ � ' � ) � cbü�þ'í2ò�í7ï�ú,ú � ��� % û ò1�'ô � ô�õ	õ � ï � í7ï�ú,ï�õ � � euv
þ
βk

÷2ù�í2õ2ù	

ü � "�ÿ ù�÷	ñ2ï�ö7ï�í�
'ÿ � ü>
�ó � ð�ù�ñ2ù�ú � í7ï�ú,ï�õ � ù�ó αi û þ û ü�í7ï�ö7ù�ó#ô � ï�í�"�õ2ù û õ2ïgó�í2þ%
'ÿ � õ7ôK÷2ï�ñ2ï�$	þ2ü�í7ï�õ	þ2ïí2þ2ï�ó � � þ'ö7ï�ô�í7ù�ó �( ô�ú,ï � þ2ú û $ � ùKí2ÿKð � ú�ö2ó�ò'ú (k+1, k)


´ü�ó-
 � ô�õ	õ � úXò�î�í�ô�ú�ó H ü�ù�ù � ó�ï � ü � ó�ò�ÿ � ö2ó#ôK÷	ñ2ù�÷2ù�ñ�
ý	þ2ù�õ7ô�í�"�õ � � ü � ù�í7ð�ý7ôIó (t×m)

´úQô � ñ	þ	ý2ï û ü�ù�ü � ô�ó�í7ï�õ	õ2ù��kþ � ü � ñ2ù�� [α1], . . . , [αt] � c $7ô�ü � õ2ù�ü � þ ûï�ü�í2þ

j2
ü � ù�í7ð�ï�ýa÷	ñ2ù�÷2ù�ñ	ý	þ2ù�õ7ô�í7ï�õ �'ô	��ù�úmò2
 í2þ2ð�ù

l

´ù�úmò ü � ù�í7ð�ý	ò û � ù l > j2

þ
ail = 0 û � � ï �÷	ñ	þ � ù�ö2þ2ú ��ò'ú,ï�õ%"-&¦ï�õ	þ	ÿ õ7ô¦ï�ö2þ	õ	þ	ý	ò $	þ2ü�í�ô�÷7ô�ñ7ô�ú,ï � ñ2ù�ó � í7ï�ú,ï�õ � ô αi û 1 6 i 6 t û i 6= 2 �\Mí�
 �'ô	!¦ö7ù�î�ù � í7ï�ú,ï�õ � ô αi

þ � ' % )�í2ÿKð�ù���þ � |n(H)| ��ù � +�+Iþ	ý	þ2ï�õ � ù�ó ãik ÷	ñ	þ	õ	þ2úQô�ï � ñ7ô � 
í2þ%$	õ � ï � õ7ô�$2ï�õ	þ%
xó K ö	í�
 ñ7ô � í2þ%$	õ � � í2þ2ï�ó � � þ'ö7ï�ô�í7ù�ó �NUô	�	þ2ú ù�ð�ñ7ô � ù�ú û ú � ÷2ù�í2ò1$7ô�ï�ú ù�ö2õ2ù � õ7ô�$	õ2ùaù�÷	ñ2ï�ö7ï�í7ï�õ	õ � � ÷	ñ2ï�ö � ö2ò1�!þ2úmþ ò�ü�í7ù�ó�þ%
	úmþð�ô � þ2ükí2þ2ï�ó#ôpþ'ö7ï�ô�í�ô H û ü�ù�ü � ù�
��!þ%�ëþ � ó�ü�ï � � í7ï�ú,ï�õ � ù�ó αi, βk
þXó�ü�ï � úQô � ñ	þ%$	õ � � ï�ö2þ	õ	þ	ýþ'ö7ï�ô�í�ô

Q∗(L ) � P,î�ù�õ7ô ��� ó#ô�ï�ú ¡ ���2���2�2�' �¤ ¡ ���b��� 
��2¤����d�2�7 ������2�� ¬���2�
H �YKñ	þ

K = GF (q)
ó � ,�� � õ7ô	�'ö7ï�õ2ù $	þ2ü�í7ùkü�ù�ð�ü � ó�ï�õ	õ � � t 
´ú,ï�ñ	õ � � ÷2ù�ö2÷	ñ2ù�ü � ñ7ô�õ2ü � ó�þxö7ù��'ô 
� ô�õ7ô

��o#�7|Uo��f{ F�D���D �Kþ2ü�í7ù
Λ(n, q)

õ2ï�õ	ò�í7ï�ó � � þ'ö7ï�ô�í7ù�ó ô�í2î�ï�ð�ñ � NT (n, q)
ñ7ô�ó�õ2ù

1

n

n−1∑

m=1

(
n

m

)(
n

m+ 1

) m∑

t=1

∑

1=j1<j2<...<jt6m

(qt − 1)m−jt

(q − 1)t−jt
·
t−1∏

k=2

(
qk − 1

q − 1

)jk+1−jk−1

.

� ô�õ2ù�õ	þ%$2ï�ü��	þ2ï1ð�ô � þ2ü � í2þ2ï�ó � � þ'ö7ï�ô�í7ù�óK÷2ù � ó�ù�í�
'ÿ � � ô�÷	þ2ü�ô � " 
'ó�õ2ù ��ù�ú,ð�þ	õ7ô � ù�ñ	õ2ù�ï1ó � ñ7ô 
!!ï�õ	þ2ï7$	þ2ü�í�ô
Ω(n, q)

ó�ü�ï � í2þ2ï�ó � � þ'ö7ï�ô�í7ù�ó ��ù�í�"�ý7ô NT (n,K) � ( õ7ô�$2ï�õ	þ%
 Ω(n, q)
ö	í�
�úQô�í � �

n 6 6
ò1�'ô ��� ó#ô�ï � ü�í7ï�ö2ò�ÿ7��ô	
 � ô�ð�í2þ	ý7ô �
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	fÙ�
�Ù�Ø��	Ü�Ö	Ù
���'ÙKÖ��'Ù�Ú�Û������2Ù�Þ�Ö	Ý�Ú
NT (n, q)

n Ω(n, q)

2 1

3 q + 3

4 3q2 + 4q + 7

5 q4 + 7q3 + 14q2 + 9q + 10

6 2q6 + 5q5 + 20q4 + 46q3 + 27q2 + 16q + 15

c ù�ð��¦ï�ú ü�í2ò1$7ô�ï 
'ó�õ	ò�ÿ�+Mù�ñ2úmò�í2ò $	þ2ü�í�ô
Ω(n, q)

ö�ô�ï �
��o#�7|Uo��f{ F�D���D��m�B��� - �#�t����� - 
!����������$	$ - �x�B������$	���	/

L
"���
�$ -

n(L )∑

s=0

(q − 1)s
m−s∑

t=1

qst
∑
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