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1 PQ
� Fq ��� q ���, �� q ������ p ���, z � F

∗
q ���������.

� S � Fq ��� n× n �������, Fq ���� n× n �� T ���R TST t = S, ��

� S �����. ��, S � n× n ���������, ��� �����������!,

�� Fq � S � n ���!,  Æ On(Fq, S). "���#��!� n×n ������� S1 "

S2  �!���! On(Fq, S1) " On(Fq, S2) ��#�. "$, %#$%Æ

S2ν+δ,Δ =

⎛⎜⎜⎜⎜⎜⎝
0 I(m)

I(m) 0
0 I(ν−m)

I(ν−m) 0
Δ

⎞⎟⎟⎟⎟⎟⎠ ,

�� δ = 0, 1 & 2,

Δ =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
φ, �� δ = 0,
1, �� δ = 1,(

1
−z

)
, �� δ = 2

���! O2ν+δ(Fq). ��'$(, ) S2ν+δ,Δ * � S.

��! O2ν+δ(Fq) � F
(2ν+δ)
q ����S��Æ&

F
(2ν+δ)
q × O2ν+δ,Δ(Fq) −→ F

(2ν+δ)
q

((x1, x2, . . . , x2ν+δ), T ) �−→ (x1, x2, . . . , x2ν+δ)T.

%� O2ν+δ(Fq) ��&'�Æ&�('(+ F
(2ν+δ)
q �� Fq � S � 2ν + δ )��(+. � P

� F
(2ν+δ)
q ���� m )T(+. ���� m× (2ν + δ) ���*('#�T(+ P ��U,,

+�-��� P �����.), * �� P . �� m )T(+ P �R PSP t = 0, +� P �

m )+,(T(+. ) � m )+,(T(+�+, � M (m, 0, 0; 2ν + δ,Δ). �#�-Æ-
.�/0&/.(# [10].

2008 0, 1/2"012%Æ134������5 [5]. 34������5 O(2ν + δ, q)

6 F
(2ν+δ)
q ��+,�)+,(T(+�345 V (O(2ν + δ, q)), #�34 α " β 7236�

46 αSβt �= 0. Æ���5���87, 9 �:���5;5.

VW 1.1 Fq � S �7:��5, � ΓGO2ν+δ(q,m, S) (&* � Γ),6 ��m)+,

(T(+Æ�345, �#�34 X " Y 723 ( � X ∼ Y ) 6�46 dim(X ∩Y ) = m− 1

� rank(XSY t) = 1.

<�: 1.1, ��, 6 m = 1 6, 7:��5����5; 6 m = ν 6, 7:��58��7

95 [2], "$%#$896 1 < m < ν 6�:�.

�# [3, 4, 9] �, Godsil, Royle, =>;"012:2;�?5<*1%Æ. 3<=, # [9]

Æ@=�1?5�S�#. �# [12, 13] �, 012"A>%Æ134� 2 ���5"B5. �

# [5] �, 1/2"012=�134������5�S�#. 5C=, �# [12, 13] �7!5

�S�#DEF>-?. %#XGH@17:��5 Γ �S�# Aut(Γ), ?@�A�XG�B.
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VY 1.2 � 1 < m < ν, Γ �34������� Fq � S2ν+δ,Δ �7:��5. + Γ �

G�S�# τ %����H

τ(X) = XσT, ∀X ∈ V (Γ), (1.1)

�� σ ∈ Aut(Fq), T �R ⎧⎪⎨⎪⎩
TST t = kS, k ∈ F

∗
q , �� δ = 0,

TST t = kS, k ∈ F
∗2
q , �� δ = 1,

TST t = kSσ , k ∈ F
∗
q , �� δ = 2.

�B 1.2 ��;PGQE!R. F 2, 3 IGH1�STUJ@" Γ �I:VW. F 4 IH

@1��J Γ1 " Γ2 �KLVW. F 5 IGH1 Γ �#5KMJ#. �F 2–5 I�,N�, F 6

IGH�B 1.2 ��;.

F 3–5 I�J@%LF�OM�N�.

2 Z[\]
X�IOH;AG&@��STUJ@"/0.

^Y 2.1 [10] � P1 " P2 � F
(2ν+δ)
q ��#� m )T(+. +P� T ∈ O2ν+δ(Fq), P?

P1 = AP2T (�� A ��� m×m �����) 6�46 P1 " P2 QY S ��ZT(+. RQ

S[, O2ν+δ(Fq) RS=Æ&��ZT(+�.

^Y 2.2 [1] 34RS5��+5.

<Y O2ν+δ(Fq) RS=Æ&��ZT(+ #��5T Ω �, O2ν+δ(Fq) 6�AX\S�
��HÆ&�5T Ω × Ω �

(X,Y )g = (Xg, Y g), ∀X,Y ∈ Ω, ∀ g ∈ O2ν+δ(Fq).

UV (O2ν+δ(Fq),Ω × Ω), * � (O2ν+δ(Fq),Ω × Ω), R6>J�W��XY [14].

^Y 2.3 [14] � ν ≥ 1, m < ν, P,Q,X, Y ∈ M (m, 0, 0; 2ν + δ,Δ), +

(1) (P,Q)" (X,Y )TY���XY6�46 dim(P ∩Q) = dim(X∩Y ),� rank(PSQt) =

rank(XSY t).

(2) U��XY (O2ν+δ(Fq), M (m, 0, 0; 2ν + δ,Δ)) Z����.

^Y 2.4 [14] � P,Q ∈ M (m, 0, 0; 2ν + δ,Δ). V dim(P ∩ Q) = t � rank(PSQt) = r, +

r, t �R 0 ≤ t ≤ m − 1, max{0, 2m − ν − t} ≤ r ≤ m − t.

^Y 2.5 [3] �� x " y �5 G �#�34, � σ ∈ Aut(G), + ∂(x, y) = ∂(xσ, yσ).

^Y 2.6 [6] 6 ν = n
2 6, 6�XS�Z� On(Fq, S) W��, �� S =

(
0 I(ν)

I(ν) 0

)
,

(1)
(

A
(At)−1

)
, �� A ��� ν × ν �����;

(2)
(
I Q

I

)
[
(

I
Q I

)
, �� Q �]����, 8 Qt = −Q;

(3)
(

J I−J
I−J J

)
, �� J2 = J ����X��.

V�, On(Fq, S) WU���ZR6.��A��_:

(4)
(

I
X I

)(
A

(At)−1

)(
I Y

I

)(
J I−J

I−J J

)
, �� Xt = −X, Y t = −Y , A �����, � J2 = J �

�X��.
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^Y 2.7 [6] 6 0 < 2ν < n 6, 6�XS�Z� On(Fq, S) W��:

(1)

⎛⎝A B

C D

I

⎞⎠, ��
(

A B

C D

)
∈ O2ν(Fq, S1), S1 =

(
0 I(ν)

I(ν) 0

)
;

(2)

⎛⎝I

I

U

⎞⎠, �� U ∈ On−2ν(Fq,Δ);

(3)

⎛⎝ J I − J

I − J J

I

⎞⎠, �� J2 = J ��X��;

(4)

⎛⎝I(ν) −1
2PΔP t −P

I(ν)

ΔP t I(n−2ν)

⎞⎠ "
⎛⎝ I

−1
2PΔP t I −P

ΔP t I

⎞⎠, �� P �G^� ν × (n − 2ν)

��. \<�!, On(Fq, S) WU���ZR6.��A��_:

(5)

⎛⎝ I

−1
2XΔXt I −X

ΔXt I

⎞⎠⎛⎝A B

C D

U

⎞⎠⎛⎝I −1
2Y ΔY t −Y

I

ΔY t I

⎞⎠⎛⎝ J I − J

I − J J

I

⎞⎠.

%#Y]&�O/0:

M =
( m m ν − m ν − m δ

I(m) 0 0 0 0
)
� Γ ���G�34;

V (Γ) .) Γ �34;

∂(X,Y ) .) Γ �#4 X _ Y `+�Z[;

Γk(M) = {X ∈ V (Γ) | ∂(M,X) = k};
S(r, t) = {X ∈ V (Γ) | rank(MSXt) = r, dim(M ∩ X) = t};
X

.= Y .)#�34 X " Y ���.)\����T(+;

a, b, c, . . . J<.) Fq ���; α, β, γ, η, . . . .)*('.

3 Γ`abcd
<aB 2.3 (1) RU, 7:��5 Γ ���^RS5. $b, Γ _���VW.

eC 3.1 Γ ���%� ∏ν
i=ν−m+1(q

i − 1)(qi+δ−1 + 1)∏m
i=1(qi − 1)

�34��+5.

fg Γ�34�R<# [10, 8@ 6.23] c3?@. $b<aB 2.1, 2.2, Γ����+5.

^Y 3.2 � T ∈ O2ν+δ(Fq). �:��d]

τT : V (Γ) → V (Γ),

τT (X) = XT, X ∈ V (Γ),

+ τT ∈ Aut(Γ).
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fg <Y T �����, �� τT ���^]. <aB 2.3, �G^ X,Y ∈ V (Γ), (X,Y )

" (XT, Y T ) ����XY, Y� X ∼ Y 6�46 τT (X) ∼ τT (Y ). "$ τT ∈ Aut(Γ). �`.

^Y 3.3 � Ni ∈ S(ri, ti) (i = 1, 2). �� N1 ∼ N2, + t1, t2, r1, r2 �R�OÆa`�:

(i) t1 − t2 = 1, r2 − r1 = 1;

(ii) t2 − t1 = 1, r1 − r2 = 1;

(iii) t1 − t2 = 0, r1 − r2 = 1;

(iv) t1 − t2 = 0, r1 − r2 = −1;

(v) t1 − t2 = 0, r1 − r2 = 0.

fg �� N1 ∼ N2, +< Γ ��:� dim(N1 ∩ N2) = m − 1 � rank(N1SN t
2) = 1. "

$, Wbc� N1 =
(
W
α

)
, N2 =

(
W
β

)
, �� W = N1 ∩ N2, α /∈ N2, β /∈ N1. W_�dV, R�

dim(M ∩ W ) = t, + N1 R.)�

N1 =

⎛⎜⎝
m m ν − m ν − m δ

A 0 0 0 0

B1 B2 B3 B4 B5

α1 α2 α3 α4 α5

⎞⎟⎠ t

m − t − 1,
1

�� rank(A) = t. �UP� T1 ∈ GLm(Fq), P? AT1 = (I(t), 0), <V<aB 2.6, 2.7, P�

T = diag(T1, (T−1
1 )

t
, I(ν−m), I(ν−m), I(δ)) ∈ O2ν+δ(Fq),

P?

N1T =

⎛⎝ AT1 0 0 0 0
B1T1 B2(T−1

1 )t B3 B4 B5

α1T1 α2(T−1
1 )t α3 α4 α5

⎞⎠

.=

⎛⎜⎜⎜⎝
t m − t t m − t ν − m ν − m δ

I(t) 0 0 0 0 0 0

0 B12 0 B22 B3 B4 B5

0 α12 0 α22 α3 α4 α5

⎞⎟⎟⎟⎠
= N ′

1.

<aB 2.3, (M,N1) " (M,N ′
1) ����XY, Y�

dim(M ∩ N1) = dim(M ∩ N ′
1) = t1, rank(MSN t

1) = rank(MS(N ′
1)

t) = r1.

5C=, �

N2T
.= N ′

2 =

⎛⎜⎝
t m − t t m − t ν − m ν − m δ

I(t) 0 0 0 0 0 0

0 B12 0 B22 B3 B4 B5

0 β12 0 β22 β3 β4 β5

⎞⎟⎠,

6[

dim(M ∩ N2) = dim(M ∩ N ′
2) = t2, rank(MSN t

2) = rank(MS(N ′
2)

t) = r2.
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W`aH

r1 = rank
(

B22

α22

)
, r2 = rank

(
B22

β22

)
.

� rank(B22) = r. <Y rank(N ′
1S(N ′

2)
t) = rank(N1SN t

2) = 1,  6 N ′
1 _ N ′

2 �R6�Æa
α12β

t
22 + α22β

t
12 + α3β

t
4 + α4β

t
3 + α5Δβt

5 �= 0. (3.1)

9 H@�AK\Rb:�:

(a) t1 = t + 1. �X\:c�, Rd6ee N ′
1 ������.), P? α12 �= 0 � (α22, α3,

α4, α5) = 0, $6 r1 = rank(B22) = r. �� t2 = t + 1, �BRd6ef N ′
2 ���.), P?

(β22, β3, β4, β5) = 0. �VX6W�RÆa (3.1). "$e� t2 = t, X^gh (β22, β3, β4, β5) �= 0.

<Æa (3.1) ? α12β
t
22 �= 0, � β22 Wb< B22 �*('hV.H, f� r2 = r + 1. "$

t1, t2, r1, r2 �RÆa (i), 86 t1 − t2 = 1 6, r2 − r1 = 1.

(b) t1 = t. �X\:c�, (α22, α3, α4, α5) �= 0, r1 = r & r + 1. V t2 = t + 1, 5CY�A

�H@� r1 − r2 = 1, <V�Æa (ii). V t2 = t, + (β22, β3, β4, β5) �= 0. �� α22, β22 ���

��R< B22 �*('hV.H, +� |r1 − r2| = 1, g+ r2 − r1 = 0, 8?Æa (iii), (iv), (v).

f��A, hgaB Oi\Æa��GL��, hP� N1 ∈ S(r1, t1), N2 ∈ S(r2, t2), P

? N1 ∼ N2, 8Xi\J�Wbjii. �`.

VY 3.4 Γi(M) =
⋃

2m−2t−r=i S(r, t).

fg � i &�kjj�<*�;. 6 i = 1 6, < Γ ��:��� Γ1(M) = S(1,m − 1).

�� X ∈ Γk(M), +P���34 Q ∈ Γk−1(M), P? X ∼ Q. W_�dV, c� Q ∈ S(r1, t1).

<aB 3.3U, X TY6�345`� : S(r1, t1), S(r1 +1, t1), S(r1 +1, t1 −1), S(r1−1, t1 +1),

S(r1 − 1, t1). <jjc�, 2m − 2t1 − r1 = k − 1, UV S(r1, t1), S(r1 + 1, t1), S(r1 − 1, t1 + 1)

��4_ M �Z[hlY k − 1. "$ X ∈ S(r1 + 1, t1 − 1) &@ X ∈ S(r1 − 1, t1). W`aH

2m − 2(t1 − 1) − (r1 + 1) = 2m − 2t1 − (r1 − 1) = k,  6 X ∈ S(r, t), �� 2m − 2t − r = k.

k`, �� X ∈ S(r, t), �� 2m − 2t − r = k, +<jjc�, ∂(M,X) ≥ k. $b<aB 3.3, P

� S(r + 1, t) ��4 Y _ X 72. j<jjc�, ∂(M,Y ) = k − 1, Y� ∂(M,X) ≤ k. "$

∂(M,X) = k, X ∈ Γk(M). �`.

ij 3.5 �� X ∈ S(r, t), + ∂(M,X) = 2m − 2t − r.

ij 3.6 � d �5 Γ �ck, + d = min{2m, ν}.
fg <8@ 3.5, ��� d ≤ 2m. <aB 2.4, 2m − ν − t ≤ r, UV d = 2m − 2t − r ≤

ν − t ≤ ν. "$ d ≤ min{2m, ν}. �A[;:0�M. �� 2m ≤ ν, +<8@ 3.5 Rm@�4

P =
2m m 2ν−3m+δ

( 0 I 0 )∈ S(0, 0),

P? ∂(M,P ) = 2m. �� m < ν < 2m, 9 �nR6m@�4

Q =

(m 2m − ν ν − m ν − m ν − m + δ

0 I 0 0 0

0 0 0 I 0

)
∈ S(2m − ν, 0)

�R ∂(M,Q) = ν,  6 d = min{2m, ν}. �`.
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4 Γ1 k Γ2 `lmno
<�B 3.4,

Γ1(M) = S(1,m − 1), Γ2(M) = S(0,m − 1) ∪ S(2,m − 2).

& Γi .)< Γi(M) olH�T5. %I%Æ Γ1 _ Γ2 �KLVW, 6[ Γ1 " Γ2 `+�Qp.

VY 4.1 Γ1(M) %� qm−1
q−1 �lqJr, U�lqJr�� q2(ν−m)+δ �4, ���4�

�H�

Γ(i, η;α, β, γ) =

⎛⎜⎝
i − 1 1 m − i i − 1 1 m − i ν − m ν − m δ

0 a 0 0 1 η α β γ

I 0 0 0 0 0 0 0 0

0 −ηt I 0 0 0 0 0 0

⎞⎟⎠, (4.1)

�� 1 ≤ i ≤ m � 2a + 2αβt + γΔγt = 0.

p 1 9 )< i, η  =��%��H (4.1) � �4�5T � Γ(i, η).

fg m2, GH Γ1(M) �4�q*�H. �G^ X ∈ Γ1(M), <Y Γ1(M) = S(1,m − 1),

X R6s�

X =

(m m ν − m ν − m δ

ξ ρ α β γ

A 0 0 0 0

)
1
m − 1

,

�� rank(A) = m−1, (ρ, α, β, γ) �= 0, Aρt = 0,� 2ξρt+2αβt+γΔγt = 0. <Y rank(A) = m−1,

+P� T1 ∈ GLm−1(Fq), P?

T1A =
(

I(i−1) 0 0
0 −ηt I(m−i)

)
.

Y�P� T ∈ GLm(Fq), P? TX %��H (4.1). hg i, η RY Γ1(M) J�

qm−1 + qm−2 + · · · + 1 =
qm − 1
q − 1

�5, �U�5 Γ(i, η) �� q2(ν−m)+δ �4.

��, �;�G^ X ∈ Γ(i, η), Y ∈ Γ(i′, η′), � X �= Y , �� X ∼ Y , + (i, η) = (i′, η′). �

X = Γ(i, η;α, β, γ) %� (4.1) ��H, 6[

Y =

⎛⎜⎝
i′ − 1 1 m − i′ i′ − 1 1 m − i′ ν − m ν − m δ

0 a′ 0 0 1 η′ α′ β′ γ′

I 0 0 0 0 0 0 0 0

0 −(η′)t I 0 0 0 0 0 0

⎞⎟⎠.

��'$(, � X = (ξt
1, . . . , ξ

t
m)t, Y = (ρt

1, . . . , ρ
t
m)t, �� {ξ1, . . . , ξm} " {ρ1, . . . , ρm} J<�

X " Y �*('. <Y X ∼ Y , +� dim(X ∩ Y ) = m − 1. c� i �= i′, Wb� i > i′. "�a

H ξ1, ξi′+1, ρ1, . . . , ρm �hVtQ�, "$ dim(X + Y ) ≥ m + 2, UV

dim(X ∩ Y ) = dimX + dimY − dim(X + Y ) ≤ m − 2.
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nm. fe� i = i′. �� ξ1 R< ρ1, . . . , ρm hV.H, + ξ1 = ρ1, "V X = Y , nm. Y�

ξ2, . . . , ξm R.)� ρ2, . . . , ρm �hVUT, 8⎛⎜⎝ ξ2

...
ξm

⎞⎟⎠ = P

⎛⎜⎝ ρ2

...
ρm

⎞⎟⎠ , �� P ∈ GLm−1(Fq).

�? P = I(m−1) � η = η′. f��A, qnou rank(XSY t), ?@ X ∼ Y 6�46 (i, η) =

(i, η′), �

a + a′ + α(β′)t + β(α′)t + γΔ(γ′)t �= 0.

q;, �;U��< Γ(i, η) ol�T5� Γ1 ���lqJr. op�, <�A�J@UU

��45 Γ(i, η) �� q2(ν−m)+δ �4, �"�ou�G^ X ∈ Γ(i, η), � Γ(i, η) �_ X 23�

4� q2(ν−m)+δ − qν−m+δ �. �V

2(q2(ν−m)+δ − qν−m+δ) − (q2(ν−m)+δ − 2) = qν−m+δ(qν−m − 2) + 2 > 0,

X[; Γ(i, η) �G^#4`+e�q. �`.

ij 4.2 Γ �U��34�p� q2(ν−m)+δ(qm−1)
q−1 .

�Y< S(0,m − 1) ol�T5�J#, 9 ��A_�B 4.1 75C�J@.

VY 4.3 < S(0,m − 1) ol�T5� qm−1
q−1 �lqJr, �U�lqJr��4���

�H

Γ(i, η;α, β, γ) =

⎛⎜⎝
i − 1 1 m − i i − 1 1 m − i ν − m ν − m δ

0 a 0 0 0 0 α β γ

I 0 0 0 0 0 0 0 0

0 −ηt I 0 0 0 0 0 0

⎞⎟⎠, (4.2)

�� 1 ≤ i ≤ m, (α, β, γ) �= 0 � 2αβt + γΔγt = 0.

p 2 9 )< i, η  =��%��H (4.2) � �4�5T � Γ(i, η).

VY 4.4 5T S(2,m − 2) �<%��O�H�4U�

⎛⎜⎜⎜⎜⎜⎜⎝

i−1 1 j−i−1 1 m−j i−1 1 j−i−1 1 m−j ν−m ν−m δ

0 a1 0 b1 0 0 1 η11 0 η12 α1 β1 γ1

0 a2 0 b2 0 0 0 0 1 η2 α2 β2 γ2

I 0 0 0 0 0 0 0 0 0 0 0 0

0 −ηt
11 I 0 0 0 0 0 0 0 0 0 0

0 −ηt
12 0 −ηt

2 I 0 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎠, (4.3)

��

1 ≤ i < j ≤ m, 2a1 + 2β1α
t
1 + γ1Δγt

1 = 0, 2b2 + 2β2α
t
2 + γ2Δγt

2 = 0,

�

a2 + b1 + β1α
t
2 + α1β

t
2 + γ1Δγt

2 = 0.

p 3 9 )< i, j, η11, η12, η2  =��%��H (4.3) �4�5T � Γ(i, j; η11, η12, η2).
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fg � X ∈ S(2,m − 2), + X R.�

X =

⎛⎜⎝
m m ν − m ν − m δ

ρ1 ρ2 α1 β1 γ1

ρ3 ρ4 α2 β2 γ2

A 0 0 0 0

⎞⎟⎠ 1
1
m − 2,

�� rank(A) = m − 2, � rank(ρt
2, ρ

t
4) = 2. �UP� T1 ∈ GLm−2(Fq), P?

T1A =

⎛⎝I(i−1) 0 0 0 0
0 −ηt

11 I(j−i−1) 0 0
0 −ηt

12 0 −ηt
2 I(m−j)

⎞⎠ .

UVP� T ∈ GLm(Fq), P?

TX=

⎛⎜⎜⎜⎜⎜⎜⎝

i−1 1 j−i−1 1 m−j i−1 1 j−i−1 1 m−j ν−m ν−m δ

0 c11 0 c21 0 t1 d11 ξ1 d21 δ1 α1 β1 γ1

0 c12 0 c22 0 t2 d12 ξ2 d22 δ2 α2 β2 γ2

I 0 0 0 0 0 0 0 0 0 0 0 0

0 −ηt
11 I 0 0 0 0 0 0 0 0 0 0

0 −ηt
12 0 −ηt

2 I 0 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎠.

<Y X ���+,(T(+, �? t1 = t2 = 0, �⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
ξi = d1iη11 (i = 1, 2),

δi = d1iη12 + d2iη2 (i = 1, 2),

2d1ic1i + 2d2ic2i + 2βiα
T
i + γiΔγT

i = 0 (i = 1, 2),

d11c12 + d21c22 + c11d12 + c21d22 + β1α
T
2 + α1β

T
2 + γ1ΔγT

2 = 0.

(4.4)

9 qv d11 " d12 Wb�6� 0. op�, �� d11 = d12 = 0, + rank(MSXt) �= 2, nm. W

_�dV, � d11 = 1, +<Æa (4.4), X R<�!r� (4.3) ��H. �`.

<�B 4.3 " 4.4, "�aH� Γ2 � S(0,m − 1) " S(2,m − 2) `+r�72�4.

VY 4.5 � X ∈ Γ(i, η), Y ∈ Γ(i′, η′). �� X ∼ Y , + (i, η) = (i′, η′).

fg 5CY�B 4.1 �;��FsMJ.

VY 4.6 �G^ X ∈ S(2,m − 2), � Γ1 �� q + 1 �4_ X 72, ��X q + 1 �4J

<TY q + 1 �W��lqJr.

fg <Y X ∈ S(2,m − 2), � X %� (4.3) ��H. c�P� Y ∈ Γ1(M), P? Y ∼ X,

+<�B 4.1, Y R.�

Y =

⎛⎜⎝
i′ − 1 1 m − i′ i′ − 1 1 m − i′ ν − m ν − m δ

0 a 0 0 1 η α β γ

I 0 0 0 0 0 0 0 0

0 −ηt I 0 0 0 0 0 0

⎞⎟⎠.

��'$(,  X = (ξt
1, . . . , ξ

t
m)t, Y = (ρt

1, . . . , ρ
t
m)t, �� {ξ1, . . . , ξm} " {ρ1, . . . , ρm} J<�

X " Y �*('. J6�s\:c<*H@.
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(1) i′ �= i, � i′ �= j. <Y ξ1, ξ2, ρ1, . . . , ρm �hVtQ�, 9 � dim(X + Y ) ≥ m + 2, Y

� dim(X ∩ Y ) = dimX + dimY − dim(X + Y ) ≤ m − 2. UV X � Y , Y�X\:�W�M.

(2) i′ = j. �X\:c�, ξ1 Wb< ρ1, . . . , ρm hV.H. < X ∼ Y, + ξ2, . . . , ξm R<

ρ1, . . . , ρm hV.H. Y� ξ2 = ρ1 + a2ρi+1 � η2 = η. f��A, "�ou rank(XSY t) = 1.

X.;�� X ∼ Y , + Y ∈ Γ(j, η2).

(3) i′ = i. �X\:c�, ξ2 WR< ρ1, . . . , ρm hV.H. < X ∼ Y , ξ1 + c1ξ2, ξ3, . . . , ξm

R6< ρ1, . . . , ρm hV.H, �� c1 ∈ Fq. Y�� ξ1 + c1ξ2 = ρ1 + c2ρj, ��, c2 = b1 + c1b2.

<V η = (η11, 0, η12) + c1(0, 1, η2). f��A, <*touR? rank(Y SXt) = 1. "$, � i′ = i

�:c�, �� X ∼ Y , + Y ∈ Γ(i, (η11, 0, η12) + c1(0, 1, η2)).

r�, < (2) " (3), � Γ1(M) �� q + 1 �4_ X 72, ��X q + 1 �4J<TY q + 1

�W��lqJr. �`.

5 Γ`stuvno
%IGH Γ�#5KMJ#, 89u5_twA,, � ��B 1.2��;�$hxGÆ&.

VW 5.1 � V (Γ) �T5 E ���9u5, �� E �R�OÆa:

(1) �Y E �G^W�#4 P " Q, � dim(P ∩ Q) = m − 1;

(2) �YG^�4 X ∈ V (Γ) \ E, P� Y ∈ E, P? dim(X ∩ Y ) �= m − 1.
VY 5.2 � C � Γ � �9u5�5T, + O2ν+δ(Fq) RS=Æ&�5T C �, �U�

9u5 ol�T5Z�u�+�, ��#Y S′ ���5 O(2(ν − m + 1) + δ, q), XW

S′ =

⎛⎜⎜⎜⎜⎜⎝
1

1

I(ν−m)

I(ν−m)

Δ

⎞⎟⎟⎟⎟⎟⎠ . (5.1)

fg � E = {M} ∪ Γ(1, 0) ∪ Γ(1, 0), +�� E ���9u5. 9 ���:��< E @

F
2(ν−m+1)+δ
q �d]

ϕ : E → F
2(ν−m+1)+δ
q ,

X �→ (a, b, α, β, γ),

��

X =

( 1 m − 1 1 m − 1 ν − m ν − m δ

a 0 b 0 α β γ

0 I 0 0 0 0 0

)
∈ E,

b = 1 & 0, � 2ab + 2αβt + γΔγt = 0. �G^ P,Q ∈ E, �U P ∼ Q 6�46 ϕ(P ) ∼ ϕ(Q). "

$ ϕ ���U E @ O(2(ν −m + 1) + δ, q) ��#d]. <Y O(2(ν −m + 1) + δ, q) ���u�

+5 [5],  6< E ol�T5F�u�+�.

y��;9u5`+�RSV,�$$P�;U��9u5hR>��! O2ν+δ(Fq)��

�S@ E 8R. � E′ �W�Y E �G^��9u5. Ge P,Q ∈ E′, P? P ∼ Q, +< Γ �^
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RSV, P� T ∈ O2ν+δ(Fq), P?

(PT,QT ) = (M,N),

�� N ∈ Γ(1, 0). <�: 5.1 RU E′\{P} ��4R6>J��OW��5T
E′

1 = {X |X ∼ P} " E′
2 = {X |dim(X ∩ P ) = m − 1, rank(PSXt) = 0}.

�G^ X ∈ E′
1, <Y X ∼ P , <aB 2.3, 9 � XT ∼ PT , 8 XT ∼ M .

"�� E′
1 �P��4 Q, P? QT = N ∈ Γ(1, 0), � Γ(1, 0) � Γ1 ���lqJr,  6

XT ∈ Γ(1, 0). �G^ X ∈ E′
2, "�aH

dim(M ∩ XT ) = m − 1, rank(MS(XT )t) = 0.

"$, XT ∈ Γ(1, 0). w`, �G^ X ∈ E′, h� XT ∈ E.

<9u5`+�RSVRUU�9u5 ol�T5Z�u�+5. �`.

VW 5.3 � V (Γ) ���w45 {P,Q1, Q2, Q3} ���twA,, ���R�OÆa:

(1) P ∼ Qi (i = 1, 2, 3);

(2) dim(Qi ∩ Qj) = m − 2, � rank(QiSQt
j) = 2 (1 ≤ i, j ≤ 3, i �= j).

9 )#z�G&@��S34���.)Ov��

Ni =

⎛⎜⎜⎜⎝
i − 1 1 m − i i − 1 1 m − i ν − m ν − m δ

0 0 0 0 1 η 0 0 0

I 0 0 0 0 0 0 0 0

0 −ηt I 0 0 0 0 0 0

⎞⎟⎟⎟⎠ ∈ Γ(i, 0), (5.2)

L =

⎛⎝
1 m − 1 1 m − 1 ν − m ν − m δ

0 0 1 e2 0 0 0

−et
2 I 0 0 0 0 0

⎞⎠ ∈ Γ(1, e2), e2 = (1,

m−2︷ ︸︸ ︷
0, . . . , 0), (5.3)

R =

⎛⎜⎜⎜⎝
1 1 m − 2 1 1 m − 2 ν − m ν − m δ

0 0 0 1 0 0 0 0 0

0 0 0 0 1 0 0 0 0

0 0 I 0 0 0 0 0 0

⎞⎟⎟⎟⎠ ∈ Γ(1, 2; 0). (5.4)

^Y 5.4 �G^ X ∈ Γ(i, 0), P� T ∈ O2ν+δ(Fq), P? XT = Ni, MT
.= M , � NjT

.=

Nj , � j �= i.

fg c� δ �= 0, <�B 4.1, � X = Γ(i, 0;α, β, γ), +<aB 2.6, 2.7 "���P�

O2ν+δ(Fq) ���O�

T1 =

⎛⎜⎜⎜⎜⎜⎝
I(m)

I(m) −A

I(ν−m)

At I(ν−m)

I(δ)

⎞⎟⎟⎟⎟⎟⎠ , A =

⎛⎜⎜⎜⎝
0

α

0

⎞⎟⎟⎟⎠
i − 1
1
m − i,
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T2 =

⎛⎜⎜⎜⎜⎜⎝
I(m)

I(m) −B

Bt I(ν−m)

I(ν−m)

I(δ)

⎞⎟⎟⎟⎟⎟⎠ , B =

⎛⎜⎜⎜⎝
0

β

0

⎞⎟⎟⎟⎠
i − 1
1
m − i,

6[

T3 =

⎛⎜⎜⎜⎜⎜⎝
I(m)

−1
2PΔP t I(m) −P

I(ν−m)

I(ν−m)

ΔP t I(δ)

⎞⎟⎟⎟⎟⎟⎠ , P =

⎛⎜⎝ 0

γ

0

⎞⎟⎠ i − 1
1
m − i,

P? XT1T2T3 = Ni, MT
.= M [ NjT

.= Nj , j �= i, ��, T = T1T2T3 8� w. 6 δ = 0 6,

T = T1T2 8� w. �`.

VY 5.5 � H � Γ �+,twA,�5T, +

(i)6 m ≥ 36, O2ν+δ(Fq)� H ��Æ&��#�XY, 8 H = H1∪H2, H1∩H2 = ∅,
��Hi ��twA,�R: � Γ�_U�� Qj h23�4���� i (i = 1, 2), XW Qj (j =

1, 2, 3) ��R�: 5.3 �Æa (2) �34.

(ii) 6 m = 2 6, O2ν+δ(Fq) RS=Æ&� H �.

fg m2, � Ni, L " R J<�< (5.2)–(5.4)  O34.

(i) 6 m ≥ 3 6, � H1 = {M,N1, N2, N3}, H2 = {M,N1, N2, L}, �� H1 " H2 h�tw

A,. "�ou, � Γ �_ Ni (i = 1, 2, 3) h23�34$� M, V_ N1, N2 [ L h23�3

4�#�: M " R, Y� H1 ∈ H1, H2 ∈ H2. ��; H = H1 ∪H2, $P[;�G^ H ∈ H ,

9 ZR6& O2ν+δ(Fq) ���Y�S@ H1 & H2 8R. Ge�W�Y H1 " H2 �wA,

H = {P,Q1, Q2, Q3}, <Y Γ �^RS�, P� T1 ∈ O2ν+δ(Fq), P? (PT1, Q1T1) = (M,N1) 6

[ Q′
2 = Q2T1 ∈ Γ(i, η). �AJ#!x�; H R6S@ H1 & H2.

(1) m2Gm T2 ∈ O2ν+δ(Fq), P? Q′
2T2 = N2, MT2

.= M � N1T2
.= N1.

<�B 4.1,Wb�Q′
2 = Γ(i, η;α, β, γ). c� i ≥ 2,�K1 = diag((A−1)t, A, I(ν−m), I(ν−m),

I(δ)), ��

A =

⎛⎝I(i−1)

1 −η

I(m−i)

⎞⎠ ,

+ K1 ∈ O2ν+δ(Fq), � Q′
2K1 ∈ Γ(i, 0). <aB 5.4, P� K2 ∈ O2ν+δ(Fq), P? Q′

2K1K2 = Ni.

�� i = 2, + (1) ���M. c� i > 2, � K3 = diag((B−1)t, B, I(ν−m), I(ν−m), I(δ)), ��

B =

⎛⎜⎜⎜⎜⎜⎜⎝

1 1 i − 3 1 m − i

1

1

I(i−3)

1

I(m−i)

⎞⎟⎟⎟⎟⎟⎟⎠,
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+ T2 = K1K2K3 ∈ O2ν+δ(Fq) 8�9 Gm��.

yc� i = 1, � η = (r2, r3, . . . , rm). <Y dim(N1 ∩ Q2T1) = m − 2, + η �yvP

�{����zJ', Wb� rj �= 0 (2 ≤ j ≤ m). � P = diag(r−1
j , I(m−1)) 6[ K4 =

diag((C−1)t, C, I(ν−m), I(ν−m), I(δ)), ��

C =

⎛⎜⎜⎜⎜⎜⎜⎜⎝

1 j m

1
...

. . .

−r−1
j · · · 1

. . .

1

⎞⎟⎟⎟⎟⎟⎟⎟⎠
.

�� K4 ∈ O2ν+δ(Fq), ��R PQ′
2K4 ∈ Γ(j, 0). 5C=, P� T2 ∈ O2ν+δ(Fq), P? Q′

2T2 = N2,

MT2
.= M , 6[ N1T2

.= N1.

(2) ���;P� O2ν+δ(Fq) ��� T3, P? Q3 RS@ N3 &@ L.

c� Q′
3 = Q3T1T2 %��H (4.1). �� i ≥ 25CY (1)��;,R6m@ T3 ∈ O2ν+δ(Fq),

P?Q′
3T3 = N3, MT3

.= M, N1T3
.= N1[N2T3

.= N2.X6H{n��!���S@1 H1.

�� i = 1, � η = (r2, r3, . . . , rm). <Y dim(N1 ∩ Q′
3) = m − 2, +� η �y�{�

���zJ', Wb� rj �= 0. �� j ≥ 3, ����9 R? H R>��!���S@

H1. �� r2 �= 0, +P� O2ν+δ(Fq) ��� K5 = diag((D−1)t,D, I(ν−m), I(ν−m), I(δ)), ��

D = diag(1, r−1
2 , I(m−2)), P?

Q′
3K5 =

(
a 0 1 e2 α β γ

−e2
t I(m−1) 0 0(m−1) 0 0 0

)
.

|&_aB 5.4 �n��;��, Rm@ K6 ∈ O2ν+δ(Fq), P? Q′
3K5K6 = L. � T3 = K5K6,

"��� MT3
.= M, N1T3

.= N1, � N2T3
.= N2. "$ H > O2ν+δ(Fq) ���S@ H2.

(ii) 6 m = 2 6, Γ �$��� H2 �5Z�twA,, �;5CY (i). �`.

6 xy 1.2 `z{
fg � G∗ �<�B (1.1) H )�+,wR #��!, �� G∗ ≤ Aut(Γ). "$$P

�;�G^ τ ∈ Aut(Γ), P� τ′ ∈ G∗, P? τ′τ �� V (Γ) ��U��4. W_�dV, 9 U

M 4|}H@. �G^ τ ∈ Aut(Γ), �� τ(M) = X, X ∈ V (Γ), +<aB 3.2 6[ O2ν+δ(Fq)

� V (Γ) ��RSV, P� T ∈ O2ν+δ(Fq), P? τ
T
(X) = M . "$Wb� τ ��R τ(M) = M

� Γ �G^S�#. qn6�!R<*�;.

(1) P� τ1 ∈ G∗, P? τ1τ ��U��lqJr Γ(i, η), � τ1τ(M) = M .

<aB 2.5 U5�S�#xy34�Z[Ww, "$ τ(Γk(M)) = Γk(M). j<�B 4.1 U,

Γ(i, η) ���lqJr, UV τ(Γ(i, η)) = Γ(i′, η′). <�B 4.3 " 4.5, τ(Γ(i, η)) = Γ(i′, η′), Y�

τ(S(0,m − 2)) = S(0,m − 2). �

α =
i−1 1 m−i

( 0 1 η ),
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+ α R6aÆ�]}(+ PG(m − 1, Fq) ��4�. ��< τ olH���wR τ̃ Æ&�
PG(m−1, Fq)�:zY τ Æ&�5T Γ(i, η)�. <�B 4.6, �Y S(2,m−2) ��G^�4, �

Γ1 �� q + 1 �lqJr_`23, VX q + 1 �lqJr �!� α yv#� PG(m− 1, Fq)

���Æh. <Y τ(S(0,m− 2)) = S(0,m− 2), τ̃ Y PG(m− 1, Fq) ��hd@h. hg]}K

L,%�B ((# [11] �B 2.23), P� σ0 ∈ Aut(Fq) " T ∈ GLm(Fq), P?

(τ̃(α))σ0T = α, ∀α ∈ PG(m − 1, Fq).

�G^ X ∈ V (Γ), � τ1(X) = Xσ0T , ��

T =

{
diag((T

−1
)t, T , I(ν−m), I(ν−m), I(δ)), �� δ = 0 & 1,

diag((T
−1

)t, T , I(ν−m), I(ν−m), C(2)), �� δ = 2,

XW C �R CΔCt = Δσ0 . +�aH τ1τ, P?U��5T Γ(i, η) 6[ M 4W{.

(2) P� T ∈ O2ν+δ(Fq), P? τ
T
π1(Ni) = Ni (1 ≤ i ≤ m), �6 τ

T
π1 ��4 M 6[U�

�lqJr Γ(i, η), �� π1 = τ1τ.

< (1) RU π1(Γ(i, 0)) = Γ(i, 0), "$ (2) R<aB 5.4 c3?@.

(3) � E = {M} ∪ Γ(1, 0) ∪ Γ(1, 0), +P� τ2 ∈ G∗, P? τ2π2 �� E ��U��4, ��

~� σ ∈ Aut(Fq), � τ2π2(Γ(i, η)) = Γ(i, ησ), �� π2 = τT π1.

<�B 5.2, E �#Y��5 O(2(ν − m + 1) + δ, q). hg# [5, �B 3.3, 3.4 " 3.5], P�

σ ∈ Aut(Fq) " T0 ∈ GL2(ν−m+1)+δ(Fq), P?

ϕ(π2(X))σ
T0 = ϕ(X), ∀X ∈ E,

�� T0 �R T0S
′T0

t = (S′)σ, XW S′ � (5.1)  ), ϕ ��B 5.2 �;� �:�d]. <Y

π2, P? M " N1 hW{, �U τ � ϕ(E) ���~, P? ϕ(M) " ϕ(N1) FW{. "$ T0 %

��H diag(I(2), B(2(ν−m)+δ)). � T = diag(I(m), I(m), B), 6[ τ2(X) = XσT, ∀X ∈ V (Γ), +

"��� (3) �M.

(4) � π3 = τ2π2, + π3 P?5T Γ(i, 0) ∪ Γ(i, 0) ∪ Γ(1, ei) ∪ Γ(1, ei) ��U��4hW{,

��

ei =
i−2 1 m−i

( 0 1 0 ), 2 ≤ i ≤ m.

W`aH� S(2,m − 2) �_ Γ(1, 0) " Γ(i, 0) h�234�5T4� Γ(1, i; 0). <Y5T

Γ(1, 0) " Γ(i, 0) hW{, π3(Γ(1, i; 0)) = Γ(1, i; 0). Ge Γ(1, 0) ��#4 P1, P2 ��

Pj =

( 1 m − 1 1 m − 1 ν − m ν − m δ

aj 0 1 0 αj βj γj

0 I 0 0 0 0 0

)
, j = 1, 2.

� S1 = {X ∈ Γ(1, i; 0) |X ∼ P1,X ∼ Ni}, +qnouR?

S1 =

⎧⎪⎪⎨⎪⎪⎩
⎛⎜⎜⎝

a1 0 y 0 1 0 0 0 α1 β1 γ1

−y 0 0 0 0 0 1 0 0 0 0
0 I(i−2) 0 0 0 0(i−2) 0 0 0 0 0
0 0 0 I(m−i) 0 0 0 0(m−i) 0 0 0

⎞⎟⎟⎠
⎫⎪⎪⎬⎪⎪⎭ ,

�� y ∈ Fq. "�aH S1 �� q �4. <Y P1 " Ni hW{, π3(S1) = S1. < (3) U
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π3(Γ(1, ei)) = Γ(1, ei). W`�;� Γ(1, ei) �_ S1 �U��4h23�4$���, �

Pei =
(

a1 0 1 ei α1 β1 γ1

−ei
t I(m−1) 0 0(m−1) 0 0 0

)
.

"� Γ(1, 0) ��U��46[ Ni W{,  6 Γ(1, ei)��U��4F>���x. ��, {M}∪
Γ(1, ei)∪Γ(1, ei)���9u5,�� Γ(1, ei)��U��4 X0,� Γ(1, ei)�� q2(ν−m)−1+δ(q−
1) 4_`72, XS4> X0 {�=�. "$ π3 P? Γ(1, ei) ��U��4hW{. � S2 =

{X ∈ Γ(1, i; 0) |X ∼ P2 � X ∼ Pei}, +

S2 =

⎧⎪⎪⎨⎪⎪⎩
⎛⎜⎜⎝

a2 0 c1 0 1 0 0 0 α2 β2 γ2

t 0 c2 0 0 0 1 0 α1 − α2 β1 − β2 γ1 − γ2

0 I(i−2) 0 0 0 0(i−2) 0 0 0 0 0
0 0 0 I(m−i) 0 0 0 0(m−i) 0 0 0

⎞⎟⎟⎠
⎫⎪⎪⎬⎪⎪⎭ ,

�� t = a1 − a2 − c1 − c2, c1, c2 ∈ Fq, 2c2 + 2(α1 − α2)(β1 − β2)T + (γ1 − γ2)Δ(γ1 − γ2)T = 0.

"$� S2 �� q �4, � π3(S2) = S2. <�!R6�;� Γ(i, 0) �_ S2 �U��4h23�

44���, �

P(i,0) =

⎛⎝ 0 c2 0 0 1 0 α1 − α2 β1 − β2 γ1 − γ2

I(i−1) 0 0 0(i−1) 0 0 0 0 0
0 0 I(m−i) 0 0 0(m−i) 0 0 0

⎞⎠ .

"� P1 " P2 � Γ(1, 0) ��G^#4, Γ(i, 0) ��U��4>���x. _�� Γ(1, ei) �U

��45C, Γ(i, 0) ��U��4�6F>���x.

(5) π3(X) = X, ∀X ∈ Γ(1, i; 0).

�G^

X =

⎛⎜⎜⎜⎜⎝

1 i − 2 1 m − i 1 i − 2 1 m − i ν − m ν − m δ

b1 0 c1 0 1 0 0 0 α1 β1 γ1

b2 0 c2 0 0 0 1 0 α2 β2 γ2

0 I 0 0 0 0 0 0 0 0 0

0 0 0 I 0 0 0 0 0 0 0

⎞⎟⎟⎟⎟⎠ ∈ Γ(1, i; 0),

9 R6m@6�s�34

Q1 =
(

b1 0 1 0 α1 β1 γ1

0 I(m−1) 0 0(m−1) 0 0 0

)
∈ Γ(1, 0),

Q2 =

⎛⎝ 0 c2 0 0 1 0 α2 β2 γ2

I(i−1) 0 0 0(i−1) 0 0 0 0 0
0 0 I(m−i) 0 0 0(m−i) 0 0 0

⎞⎠ ∈ Γ(i, 0),

Q3 =
(

s 0 1 ei α3 β3 γ3

−et
i I(m−1) 0 0(m−1) 0 0 0

)
∈ Γ(1, ei),

��, s = b1 + b2 + c1 + c2, (α3, β3, γ3) = (α1 + α2, β1 + β2, γ1 + γ2), P? {X,Q1, Q2, Q3} �
H2 ����twA,. <YU��34 Qi (i = 1, 2, 3) ����, 9 � π3(X) = X, �G^

X ∈ Γ(1, i; 0).

(6) � (3) �� σ � Aut(Fq) �|:S�#.
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�

S3 =

⎧⎪⎪⎨⎪⎪⎩
⎛⎜⎜⎝

0 0 c 0 1 0 0 0 0 0 0
−c 0 0 0 0 0 1 0 α1 β1 γ1

0 I(i−2) 0 0 0 0(i−2) 0 0 0 0 0
0 0 0 I(m−i) 0 0 0 0(m−i) 0 0 0

⎞⎟⎟⎠
⎫⎪⎪⎬⎪⎪⎭ ⊆ Γ(1, i; 0),

S4 =

⎧⎪⎪⎨⎪⎪⎩
⎛⎜⎜⎝

0 0 c 0 1 0 0 0 bα1 bβ1 bγ1

−c 0 0 0 0 0 1 0 0 0 0
0 I(i−2) 0 0 0 0(i−2) 0 0 0 0 0
0 0 0 I(m−i) 0 0 0 0(m−i) 0 0 0

⎞⎟⎟⎠
⎫⎪⎪⎬⎪⎪⎭ ⊆ Γ(1, i; 0),

Sk = {X ∈ Γ(1, bei) | P� P ∈ Sk−2, P? X ∼ P}, k = 5, 6,

S′
k = {X ∈ Γ(1, bσei) | P� P ∈ Sk−2, P? X ∼ P}, k = 5, 6.

ouR?

S5 = S6 =
{(

0 0 1 bei bα1 bβ1 bγ1

−bei
t I(m−1) 0 0(m−1) 0 0 0

)}
,

S′
5 =

{(
0 0 1 bσei bσα1 bσβ1 bσγ1

−bσei
t I(m−1) 0 0(m−1) 0 0 0

)}
,

S′
6 =

{(
0 0 1 bσei bα1 bβ1 bγ1

−bσei
t I(m−1) 0 0(m−1) 0 0 0

)}
.

J<< (3) " (5) RU π3(Γ(1, bei)) = Γ(1, bσei), 6[ Γ(1, i; 0) ��U��4>��, "$�

π3(S5) = S′
5, π3(S6) = S′

6. V< S5 = S6 R? S′
5 = S′

6, UV bσ = b, � �� b ∈ Fq. X��;

1 σ � Aut(Fq) �|:S�#.

(7) π3(X) = X, ∀X ∈ Γ(i, η) ∪ Γ(i, η).

� η ��zJ'��� t &�kjj�<*�;. 6 t = 0 6, 9 � (4) �T{�;1�

G^ X ∈ Γ(i, 0) ∪ Γ(i, 0), � π3(X) = X. c���G^ X ∈ Γ(i, η′) ∪ Γ(i, η′) �M, �� η′ �

�zJ'���� t − 1 (1 ≤ t ≤ m − i). & Γ(i, η′), Γ(i, j; η11, η12, 0) " Nj J<}� (4) ��

Γ(1, 0), Γ(1, i; 0) " Ni, ��

P =
j−i−1 1 m−j

( η11 0 η12 )= η′,

x~ (4) ��� Γ(1, ei) �U��4�n�, R6�; π3(X) = X, �G^ X ∈ Γ(i, η), �� η

��zJ'���� t. UV, Γ(i, η) ��U��4F>��1�x.

(8) π3(X) = X, ∀X ∈ S(r, t), �� r + t = m.

�&twA,�VW, 9 � X ∈ S(r, t) _ M �Z[Æ�kjj. <8@ 3.6, �G^ X ∈
S(r, t), ∂(X,M) = r. 6 r = 16,<6�!RRU-qv�M. c�-qv� r = k−1 (k ≤ m)

�M. �Y S(k,m − k) ��4

P =

( k m − k k m − k ν − m ν − m δ

0 0 I 0 0 0 0

0 I 0 0 0 0 0

)
,
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P�

T1 = diag
((

A B

B A

)
, I(ν−m), I(ν−m), I(δ)

)
∈ O2ν+δ(Fq),

��
A = diag(1, 1, 0(k−2), I(m−k)),

B = diag(0, 0, I(k−2), 0(m−k)),

P? RT1 = P, MT1 ∈ S(k − 2,m − k + 2), � N1T1, N2T1 " LT1 hTY S(k − 1,m − k + 1).

<Y {M,N1, N2, L} � H2 ����twA,, <jjc�R? π3(P ) = P . �YG^ X ∈
S(k,m − k), <�B 5.5 P� T2 ∈ O2ν+δ(Fq), P? PT2 = X, MT1T2 ∈ S(k − 2,m − k + 2)

6[ N1T1T2, N2T1T2, LT1T2 Z� S(k − 1,m − k + 1) �. "$, �G^ X ∈ S(k,m − k), �

π3(X) = X.

(9) π3(X) = X, ∀X ∈ S(r, t), �� r + t < m.

�&9u5�VW, � X ∈ S(r, t) _ M �Z[Æ�kjj. 6 2m − 2t − r = 2 6, 9

 � (2)–(7) T{�;1-qv� X ∈ S(0,m − 1) �M. c�6 2m − 2t − r = k − 1 6�

M, �� 3 < k ≤ d, d � Γ �ck. y��;6 2m − 2t − r = k 6J@�M. �Y9u5

E = {M} ∪ Γ(1, 0) ∪ Γ(1, 0) ���4

Q =

( 1 m − 1 m 1 ν − m − 1 ν − m δ

0 0 0 1 0 0 0

0 I(m−1) 0 0 0 0 0

)
∈ Γ(1, 0),

P�

T1 =

⎛⎜⎜⎜⎜⎜⎝
A B C 0 0
B A 0 C 0
D 0 E 0 0
0 D 0 E 0
0 0 0 0 I(δ)

⎞⎟⎟⎟⎟⎟⎠ ∈ O2ν+δ(Fq),

��

A = diag(1, 0(r), I(t), 0(m−r−t−1)),

B = diag(0, I(r), 0(t), 0(m−r−t−1)),

C = diag(0(r+t+1)×(ν−k−t+1), I(m−r−t−1)),

D = diag(0(ν−k−t+1)×(r+t+1), I(m−r−t−1)),

E = diag(I(ν−k−t+1), 0(m−r−t−1)),

P? QT1 ∈ S(r, t), MT1 ∈ S(r, t + 1). $b, "����G^ Y ∈ Γ(1, 0), � Y T1 ∈ S(r + 1, t),

X�8H

π3(QT1) = QT1.

<�B 5.2 [jjc�, 9 R���G^ X ∈ S(r, t), �

π3(X) = X.
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qn6�!R, �;1 π3 �� V (Γ) ��U��4. "$�G^ τ ∈ Aut(Γ), � τ ∈ G∗. �

B�`.
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