
1 5 Ï

2013 c 9 �

uÀ���ÆÆ�(g,�Æ�)
Journal of East China Normal University (Natural Science)

No. 5

Sep. 2013

©©©ÙÙÙ???ÒÒÒ: 1000-5641(2013)05-0130-06

���fff���æææÌÌÌ���555���ÿÿÿÀÀÀ������üüüIII

4 �, ù�ù

(ñÜ���Æ êÆ�&E�ÆÆ�, ÜS 710062)

Á�: |^�f�ÿÀ��üI, �Ñ
�f A ∈ HC(H) ��½�{, Ù¥ HC(H) L«Ã

���©�E Hilbert �m H þ¤kæÌ��f8Ü��ê4�.

'�c: æÌ��f; ÿÀ��üI; �f�ü�òÿ5�

¥ã©aÒ: O177.2 ©zI£è: A DOI: 10.3969/j.issn.1000-5641.2013.05.016

Hypercyclicity and topological uniform descent of

bounded linear operators

LIU Yang, CAO Xiao-hong

(Department of Mathematics and Information Science, Shaanxi Normal University,

Xi’an 710062, China)

Abstract: By using the property of topological uniform descent, this paper gave the

judgement for an operator A ∈ HC(H), where HC(H) denoting the norm-closure of the

class of all the hypercyclic operators on an infinite dimensional separable complex Hilbert

space H .

Key words: hypercyclic operator; topological uniform descent; single valued

extension property

0 Ú ó

3�©¥, H L«��Ã���©�E Hilbert�m, B(H) � H þ�k.�5�f�

�N, K(H) L« B(H) ¥;�f��N. A ∈ B(H) ¡�æÌ��f, e�3�þ y ∈ H ¦

� {y, Ay, A2y, · · · }3 H ¥È�. HC(H) L« H þ¤kæÌ��f8Ü��ê4�. �©|

^�f�ÿÀ��üI, �Ñ
�f A ∈ HC(H) ��½�{.

1 ý��£9Ún

é � f A ∈ B(H), ^ n(A) 5 L « " � m N(A)� � ê, d(A) L « � � R(A)� {

� ê. ¡ A ∈ B(H) � � � þ � Fredholm � f, e n(A) < ∞ � R(A) 4; A O ´, �

n(A) = 0 � R(A) 4�, ¡�f A �ek.�f. e d(A) < ∞� R(A) 4, K¡ A ��
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� e � Fredholm� f; A O � d(A) = 0 �, ¡ � f A � ÷ � f. � f A ∈ B(H) ¡ �

´ Fredholm �f, e R(A) 4� n(A) Ú d(A) Ñk�. e A �� Fredholm �f(þ�½öe

� Fredholm �f), A ��I ind(A) ½Â� ind(A) = n(A) − d(A). �f A �,I asc(A)�

÷v N(An) = N(An+1) �����K�ê, eù���êØ�3, KP asc(A) = +∞; 


�f A �üI des(A) �÷v R(An) = R(An+1) �����K�ê, Ó��ù���êØ�

3�, P des(A) = +∞. �f A ¡�´ Weyl �, e A ��I�"� Fredholm�f; � A �

kk�,IÚk�üI� Fredholm �f�, ¡ A � Browder�f. ^ σ(A), σSF (A), σe(A),

σs(A), σa(A), σea(A), σw(T ), σb(A), σp(A) ©OL«�f A �Ì8, � Fredholm Ì, ��Ì,

÷Ì, %C:Ì, ��%C:Ì, Weyl Ì, Browder Ì±9:Ì. - ρ(A) = C\σ(A), ρSF (A) =

C\σSF (A), ρe(A) = C\σe(A), ρs(A) = C\σs(A), ρea(A) = C\σea(A), σ0(A) = σ(A)\σb(A).

� A ∈ B(H). e�3 d ∈ N ¦�� n > d �, N(An) + R(A) = N(Ad) + R(A) ¿

� R(An) 3 R(Ad) ��f��ÿÀ (R(Ad), ‖ · ‖) ¥4, ¡ A � n > d �kÿÀ��üI, {P

� A ∈(TUD). -

ρτ (A) = {λ ∈ C : �3 d ∈ N ¦�� n > d � A − λI kÿÀ��üI},

�- στ(A) = C\ρτ (A). �â©z[1]¥½n 3.2Ú½n 4.7, ·�� ρτ(A) � C ¥m8, ¿

� ρSF (A) ⊆ ρτ (A), l
 στ (A) � C ¥48.

�f A ¡�kü�òÿ5�({�� SVEP, P� A ∈(SVEP)), eé?¿��m8 U ⊆

C, ÷v�§ (A − λI)f(λ) = 0(∀λ ∈ U) ����)Û¼ê�"¼ê.

w,, � intσp(A) = ∅�, A ∈(SVEP). Nõa�fÑk SVEP, 'Xæ�5�fÚ�©

)�f�. 'uü�òÿ5���õ�&E, �ë�©z([2-4]�).

ÚÚÚnnn 1.1 �f A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) σ0(A) = ∅;

(3) �3 K ∈ K(H) ¦� ρτ (A∗ + K∗) ⊆ ρea(A∗)∪iso σea(A∗).

yyy ²²² � A ∈ HC(H). d©z [5]¥½n 2.1 � (1), (2) ¤á� ∀λ ∈ ρSF (A) k ind(A−

λI) > 0. u´, ∀λ ∈ ρSF (A∗), ind(A∗ − λI) 6 0, = ρ+
SF (A∗) = {λ ∈ C : A∗ − λI �

� Fredholm � f ¿ � ind(A∗ − λI) > 0} = ∅. d © z [6] í Ø 2.9, � 3 K ∈ K(H) ¦

� σp(A
∗ + K∗) = ρ+

SF (A∗) = ∅. w ,, (A∗ + K∗) ∈(SVEP). u ´, ρτ (A∗ + K∗) ⊆

ρa(A∗ + K∗)∪iso σa(A∗ + K∗)(©z [7], ½n 3.2). du σp(A
∗ + K∗) = ∅, K ρa(A∗ + K∗) =

ρea(A∗ + K∗). d � Fredholm � f � � Ä ½ n k, ρea(A∗) = ρea(A∗ + K∗). Ï d,

ρa(A∗ + K∗) = ρea(A∗ + K∗) = ρea(A∗). u´, ρτ (A∗ + K∗) ⊆ ρea(A∗)∪iso σea(A∗).

��, �I�y²: ∀λ ∈ ρSF (A), ind(A − λI) > 0. eØ,, � λ1 ∈ ρSF (A) ¦� ind(A−

λ1I) < 0, K λ1 ∈ ρSF (A∗) � ind(A∗ − λ1I) > 0. d� Fredholm �f��Ä½n�, λ1 ∈

ρSF (A∗ + K∗). u´ λ1 ∈ ρτ (A∗ + K∗) ⊆ ρea(A∗)∪iso σea(A∗). ù��� ind(A∗ − λ1I) 6 0,

gñ. d©z[5]½n 2.1, A ∈ HC(H). y..

2 ½n9íØ

3Ún 1.1 ¥, ρa(A∗ + K∗) = ρea(A∗ + K∗) = ρea(A∗) ⊇ ρa(A∗). XJ� ρea(A∗) =

ρa(A∗), Kk
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íííØØØ 2.1 ρea(A∗) = ρa(A∗) � A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦� ρτ(A∗ + K∗) ⊆ ρa(A∗)∪iso σea(A∗).

yyy ²²² d Ú n1.1, 7 � 5 w , ¤ á. � �, d σ0(A) ⊆ ρτ (A∗ + K∗) ⊆

ρa(A∗)∪iso σea(A∗) � σ0(A) ∩ ρa(A∗)∪iso σea(A∗) = ∅� σ0(A) = ∅. qdu ρτ (A∗ + K∗) ⊆

ρa(A∗)∪iso σea(A∗) ⊆ ρea(A∗)∪iso σea(A∗), u ´ A ∈ HC(H). Ï � ρea(A∗) ⊆ ρτ (A∗ +

K∗) ⊆ ρa(A∗)∪iso σea(A∗) Ú ρea(A∗)∩isoσea(A∗) = ∅, K ρea(A∗) ⊆ ρa(A∗), (Ü ρa(A∗) ⊆

ρea(A∗) �� ρea(A
∗) = ρa(A∗). y..

� A ∈ HC(H). d Ú n 1.1 � �, � 3 K ∈ K(H) ¦ � ρτ (A∗ + K∗) ⊆

ρea(A∗)∪isoσea(A∗). é ρea(A∗) ?1©aXe.

ρea(A∗) = [ρea(A∗) ∩ ρ(A∗)] ∪ [ρea(A∗) ∩ σ(A∗)] = ρ−(A∗) ∪ [ρ0(A∗) ∩ σ(A∗)] ∪ ρ(A∗).

Ï� σ0(A
∗) = ∅, K [ρ0(A∗)∩σ(A∗)] = [ρ0(A∗)∩σb(A

∗)], = ρτ (A∗ +K∗) ⊆ ρ−(A∗)∪ [ρ0(A∗)∩

σb(A
∗)]∪iso σea(A∗) ∪ ρ(A∗).

��, e�3 K ∈ K(H) ¦� ρτ(A∗ + K∗) ⊆ ρ−(A∗) ∪ [ρ0(A∗) ∩ σb(A
∗)]∪iso σea(A∗) ∪

ρ(A∗), Ù¥ ρ−(A∗) = {λ ∈ C : A∗ − λI ´þ� Fredholm�f� ind(A∗ − λI)< 0}, ρ0(A∗) =

{λ ∈ C : A∗ − λI ´ Weyl �f}, Kd σ0(A) ⊆ ρτ (A∗ + K∗) ¿� σ0(A) ∩ ρ−(A∗) ∪ [ρ0(A∗) ∩

σb(A
∗)]∪iso σea(A∗) ∪ ρ(A∗) = ∅, u´ σ0(A) = ∅, Ï
 σ0(A) = ∅. qdu ρ−(A∗) ∪ [ρ0(A∗) ∩

σb(A
∗)] ∪ ρ(A∗) ⊆ ρea(A∗), u´ ρτ(A∗ + K∗) ⊆ ρea(A∗)∪iso σea(A∗). u´dÚn 1.1�

� A ∈ HC(H). ù�, Òy²
e�¯¢.

½½½nnn 2.1 A ∈ HC(H) ��=�e�¯¢¤á:

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦� ρτ(A∗ + K∗) ⊆ ρ−(A∗) ∪ [ρ0(A∗) ∩ σb(A
∗)]∪iso σea(A∗) ∪ ρ(A∗).

é�f A ∈ B(H), � σω(A∗) = σ(A∗) �, N´y²e�¯¢.

íííØØØ 2.2 A ∈ HC(H) � σω(A∗) = σ(A∗) ��=�e�¤á:

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦� ρτ(A∗ + K∗) ⊆ ρ−(A∗)∪iso σea(A∗) ∪ ρ(A∗).

c¡�Ñ�(Ø¥, Ñ´^�f A ��Ý�f A∗ 5£ã HC(H) ¥���A�, ·�F

"|^�f Ag��ÿÀ��üI�A�5�x HC(H), u´k

½½½nnn 2.2 A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦� ρτ (A + K) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A), Ù

¥ ρ+(A) = {λ ∈ C : A − λI ´e� Fredholm�f� ind(A − λI) > 0}.

yyy ²²² � A ∈ HC(H). d©z[5],½n 2.1 Ú©z [6], íØ 2.9���3 K ∈ K(H) ¦

� σp(A
∗ + K∗) = ∅.

� λ0 ∈ ρτ (A + K), d © z[1]í Ø 4.7 �, � 3 λ0 � � % � � U0(λ0) ¦ � � λ ∈

U0(λ0) Ñ k R(A + K − λI) ´ 4 �. u ´, � λ ∈ U0(λ0) �, A + K − λI ´ ÷ �. d

� Fredholm �f��Ä½n�, A − λI ´e� Fredholm�f� ind(A − λI) =ind(A + K −

λI) > 0, = λ0 ∈ ρea(A∗)∪iso σea(A∗).
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e λ0 ∈ ρea(A∗), K λ0 ∈ ρ−(A∗) ∪ [ρ0(A∗) ∩ σb(A
∗)] ∪ ρ(A∗). u´, λ0 ∈ ρ+(A) ∪

[ρ0(A) ∩ σb(A)] ∪ ρ(A), l
 λ0 ∈ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A). ù�Òy²


 ρτ(A + K) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A).

� �, d σ0(A) ⊆ ρτ (A + K) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A) ¿ �

σ0(A) ∩ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A) = ∅� σ0(A) = ∅. Ï � ρSF (A) ⊆

ρτ (A + K) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A) ¿��â� Fredholm �f��Ä½

n��, ρSF (A)∩iso σea(A∗) = ∅. u´, ρSF (A) ⊆ ρτ (A+K) ⊆ ρ+(A)∪ [ρ0(A)∩σb(A)]∪ρ(A),

=?� λ ∈ ρSF (A), Ñk ind(A − λI) > 0. Ïd A ∈ HC(H)(©z[5], ½n 2.1). y..

·���, isoσea(A∗) � C ¥��á8, Ï� ρ+(A)∪ [ρ0(A)∩σb(A)]∪ρ(A) ⊆ ρτ (A+K).

@o, ·�/ � isoσea(A∗), ���e¡�íØ.

íííØØØ 2.3 A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) � 3 K ∈ K(H) ¦ � ρτ (A + K) = ρ+(A) ∪ [ρ0(A) ∩ σb(A)] ∪ ρ(A) ∪ E, Ù

¥ E ⊆isoσea(A∗) ´���õ�ê8.

±þ�Ñ��d'X¥�3�;�f K ´Ä� 0 ? e¡�ü�~féT¯K?1


`².

~~~fff � A, B ∈ B(ℓ2) ½Â�: A(x1, x2, x3, · · · ) = (0, x1, x2, x3, · · · ), B(x1, x2, x3, · · · ) =

(x2, x3, x4, · · · ). K

(1) �f B ∈ HC(H)(©z[5], ½n 2.1). d½n 2.2 ���3 K ∈ K(H) ¦�

ρτ (B + K) ⊆ ρ+(B) ∪ [ρ0(B) ∩ σb(B)]∪iso σea(B∗) ∪ ρ(B).

du σea(B∗) = T = {λ ∈ C : |λ| = 1}� ρ0(B) ∩ σb(B) = ∅, ¤± isoσea(B∗) = ∅, K

ρτ (B + K) ⊆ ρ+(B) ∪ ρ(B).

qÏ� ρτ(B) ∩ T = ∅, u´ ρτ(B) = ρ+(B) ∪ ρ(B). ù��±wÑ, éu�f B 5`, �À

� K = 0.

(2) � T =

(

A 0

0 B

)

, K T ∗ =

(

A∗ 0

0 B∗

)

. d � f A Ú � f B � ½ Â, K A∗ =

B � B∗ = A, K T ∗ =

(

B 0

0 A

)

.

d σ(T ) �(����3 K ∈ K(H) ¦� σp(T
∗ +K∗) = ∅. l
, ë�½n 2.1 �y²�

íÑ ρτ(T ∗ + K∗) ⊆ ρ−(T ∗) ∪ [ρ0(T ∗) ∩ σb(T
∗)]∪isoσea(T ∗) ∪ ρ(T ∗). �du σp(T

∗) = {∀λ ∈

C : |λ|<1}. ¤±éu�f T , �3�;�f K �½Ø´ 0.

±þ~f`²
�d^�¥�3�;�f K Ø�½� 0, ¿�d�f A �:Ì5û½.

r½n 2.2¥��d^�(2)^ ρτ(A + K) Ú στ (A + K) £ã, kXeíØ.

íííØØØ 2.4 A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦�ρτ (A + K) ∩ ∂σ(A) = ∅� int[ρτ (A + K) ∩ σea(A∗)] = ∅.

yyy ²²² � A ∈ HC(H). d½n 2.2 �y²��, �3 K ∈ K(H) ¦� σp(A
∗ + K∗) =

∅� ρτ (A + K) ⊆ ρ+(A)∪ [ρ0(A)∩ σb(A)]∪iso σea(A∗)∪ ρ(A). du ∂σ(A)∩ {ρ+(A)∪ [ρ0(A)∩

σb(A)] ∪ ρ(A)} = ∅, u´ ρτ (A + K) ∩ ∂σ(A) ⊆isoσea(A∗) ∩ ∂σ(A). � λ0 ∈ ρτ (A + K) ∩
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∂σ(A) ⊆isoσea(A∗) ∩ ∂σ(A), d©z[1]½n 4.7 �, �3 λ0 ��%�� U0(λ0) ¦� ∀λ ∈

U0(λ0) Ñk R(A + K − λI) ´4�. u´, � λ ∈ U0(λ0) �, A + K − λI ´÷�f. Ï


 A−λI ´e� Fredholm�f� ind(A−λI) > 0. qÏ� λ0 ∈ ∂σ(A), K�3 λ1 ∈ U0(λ0) ¦

� A − λ1I ´�_�, = A + K − λ1I ´ Weyl �. u´, A + K − λ1I ´�_�. ù�Òy²


 λ0 ∈ ρ(A+K)∪∂σ(A+K). Ø�� λ0 ∈ ∂σ(A+K), d©z[1]íØ 4.9 ��, λ0 ´ A+K �

4:. u´, λ0 ´ A∗ + K∗ �4:, (Ü σp(A
∗ + K∗) = ∅, K A∗ + K∗ − λ0I ´�_�. u´,

A + K − λ0I ´�_�. l
 A∗ − λ0I � Weyl �f. d�, �â Fredholm �f��Ä½n�,

λ0 6∈iso σea(A∗), = λ0 6∈iso σea(A∗). � λ0 ∈ ρτ (A + K) ∩ ∂σ(A) ⊆isoσea(A∗) ∩ ∂σ(A) �gñ.

ùÒy²
 ρτ(A + K) ∩ ∂σ(A) = ∅.

d u ρτ (A + K) ∩ σea(A∗) ⊆ {ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A) ∩

σea(A∗)} =isoσea(A∗)∩ σea(A∗), K int[ρτ (A + K)∩ σea(A∗)] ⊆ int[isoσea(A∗)∩ σea(A∗)] = ∅,

= int[ρτ (A + K) ∩ σea(A∗)] = ∅.

��, d ρτ (A + K) ∩ ∂σ(A) = ∅� ρτ (A + K) ⊆ ρ(A)∪int σ(A). qd ρτ(A + K) �

m8¿� ρ−SF (A) ⊆ int[σea(A∗)] �, int[ρτ (A + K) ∩ σea(A∗)] = ρτ (A + K)∩ int[σea(A∗)] =

∅� ρτ(A + K) ∩ ρ−SF (A) =int[ρτ (A + K) ∩ ρ−SF (A)] ⊆int[ρτ (A + K) ∩ σea(A∗)] = ∅. u´,

ρτ (A + K) ∩ σea(A∗) = ρτ (A + K)∩isoσea(A∗). Ïd

ρτ (A + K) ⊆ ρ(A) ∪ intσ(A) ⊆ ρ(A) ∪ [ρSF (A) ∩ σ(A)] ∪ σSF (A)

⊆ρ(A) ∪ ρ+
SF (A) ∪ [ρτ (A + K) ∩ ρ−SF (A)] ∪ [ρ0(A) ∩ σ(A)] ∪ [σea(A∗) ∩ ρτ (A + K)]

⊆ρ(A) ∪ ρ+
SF (A) ∪ [ρ0(A) ∩ σb(A)] ∪ [ρ0(A) ∩ σ0(A)] ∪ [ρτ (A + K) ∩ isoσea(A∗)]

⊆ρ(A) ∪ ρ+
SF (A) ∪ [ρ0(A) ∩ σb(A)] ∪ isoσea(A∗)

(Ï�ρ0(A) ∩ σ0(A) ⊆ ρτ (A + K) ∩ ∂σ(A) = ∅). d½n 2.2 �, A ∈ HC(H). y..

d ρτ (A + K) ∩ ∂σ(A) = ∅�±wÑ, ρτ (A + K) ∩ σ(A) ´m8. KdíØ 2.3 ½íØ 2.4

��e¡�íØ.

íííØØØ 2.5 A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) �3 K ∈ K(H) ¦� ρτ(A + K) ∩ σ(A) ´m8� int[ρτ(A + K) ∩ σea(A∗)] = ∅.

-íØ 2.4 ÚíØ 2.5 ��d^�¥� K = 0, aquíØ 2.4 ÚíØ 2.5 �y², ��:

íííØØØ 2.6 A ∈ HC(H) ��=�e���¤á:

(1) σw(A) ∪ ∂D ´ëÏ�, ρτ (A) ∩ ∂σ(A) ∩ {λ ∈ C : 0 < n(A − λI) < +∞} = ∅ ¿

�int[ρτ (A) ∩ σea(A∗)] ∩ {λ ∈ C : ∀µ ∈ U0(λ), n(A − µI)<+∞} = ∅.

(2) σw(A) ∪ ∂D ´ëÏ�, ρτ (A) ∩ σ(A) ∩ {λ ∈ C : 0 < n(A − λI) < +∞}´m8¿

� int[ρτ (A) ∩ σea(A∗)] ∩{λ ∈ C : ∀µ ∈ U0(λ), n(A − µI)<+∞} = ∅.

�e5&?½n 2.2 ¥�;�f K 3�o�¹e�±�u 0. ·�ke¡�(Ø.

½½½ nnn 2.3 X J � 3 k � � � f F ¦ � FA = AF , � σp(A
∗ + F ∗)k �. K A ∈

HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) ρτ (A) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A).

yyy ²²² 7�5. � λ0 ∈ ρτ (A), K λ0 ∈ ρea(A∗) ∪ σea(A∗). e λ0 ∈ ρea(A∗), Kë�½

n 2.1 �y²�� λ0 ∈ ρ−(A∗) ∪ [ρ0(A∗) ∩ σb(A
∗)] ∪ ρ(A∗).
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e λ0 ∈ σea(A∗), d λ0 ∈ ρτ (A) ��©z[1], ½n 4.7, �3 λ0 ��%�� U0
1 (λ0), ¦�é

u ∀λ ∈ U0
1 (λ0) k R(A− λI) ´4�. d σp(A

∗ + F ∗) k���, �3 λ0 ��%�� U0
2 (λ0) ¦

� U0
2 (λ0)∩ σp(A

∗ +F ∗) = ∅. - U0(λ0) = U0
1 (λ0)∩U0

2 (λ0), K?¿� λ ∈ U0(λ0) Ñk n(A∗ +

F ∗ − λI) = 0. d F ´k���� AF = FA ��, F ∗ ´k���� F ∗A∗ = A∗F ∗, Ï

d ∀λ ∈ U0(λ0) Ñk n(A∗ − λI) < +∞. u´ ∀λ ∈ U0(λ0), k A − λI ´e� Fredholm�f

� ind(A − λI) > 0, Ïd λ0 ∈iso σea(A∗).

nÜ±þü«�¹, � ρτ (A) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A).

¿©5y²aq½n 2.2 �y². y..

²y²�, ½n 2.3 ¥, σp(A
∗+F ∗) k��±^ intσp(A

∗+F ∗) = ∅½ intσp(A+F ) = ∅O

�, K��e¡ü�íØ.

íííØØØ 2.7 XJ�3k���f F ¦� FA = AF , �e�ü�^���¤á, Ñk A ∈

HC(H) ��=� σw(A)∪∂D ´ëÏ�� ρτ(A) ⊆ ρ+(A)∪ [ρ0(A)∩σb(A)]∪iso σea(A∗)∪ρ(A).

(1) intσp(A
∗ + F ∗) = ∅;

(2) intσp(A + F ) = ∅.

éu�3�k���f F , díØ 2.7¥� intσp(A + F ) = ∅�íÑ (A + F ) ∈(SVEP).


é ∀F ∈ K(H), (A + F ) ∈(SVEP)⇔ ρSF (A) ´ëÏ�� intσSF (A) = ∅(©z[6], ½n 1.3).

¯¢þd©z[6], íØ 2.5 ��, ρSF (A) ´ëÏ��l intσSF (A) = ∅�±íÑ ∀F ∈ K(H),

intσp(A + F ) = ∅. ¤±ke¡�íØ.

íííØØØ 2.8 � intσSF (A) = ∅, K A ∈ HC(H) ��=�

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) ρτ (A) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A).

yyy ²²² 7�5. � λ0 ∈ ρτ (A), K λ0 ∈ ρea(A∗) ∪ σea(A∗). λ0 ∈ ρea(A∗) ��¹aq½

n 2.3, �I�Ä λ0 ∈ σea(A∗) ��¹. Ï� intσSF (A) = ∅, Kéu λ0 �?¿�� Bδ(λ0), Ñ

�3 λ1 ∈ Bδ(λ0) ¦� A − λ1I ´� Fredholm �f, u´ ind(A − λ1I) > 0.

d©z[1]íØ 4.8, �±é����� Bδ1
(λ0) ⊆ Bδ(λ0), ¦� ∀λ ∈ Bδ1

(λ0) Ñk A −

λI ´� Fredholm �f� ind(A − λI) > 0, K λ0 ∈isoσea(A∗).

¿©5aq½n 2.3 �y².

íííØØØ 2.9 intσSF (A) = ∅� A ∈ HC(H) ��=�e�¤á

(1) σw(A) ∪ ∂D ´ëÏ�;

(2) ρτ (A) ⊆ ρ+(A) ∪ [ρ0(A) ∩ σb(A)]∪iso σea(A∗) ∪ ρ(A);

(3) intστ (A) = ∅.

yyy ²²² 7�5. �Iy intστ (A) = ∅, d�ªd σSF (A) ⊇ στ (A) ��.

¿©5. �Iy intσSF (A) = ∅. eØ,, � λ0 ∈intσSF (A), K�3 λ0 ��� Bδ(λ0) ⊆

σSF (A). qÏ� intστ (A) = ∅, K�3 λ1 ∈ Bδ(λ0) ¦� A − λ1I kÿÀ��üI. u´d½

n 2.3, �3 Bδ′(λ1) ⊆ Bδ(λ0) ��3 λ2 ∈ Bδ′(λ1) ∩ ρSF (A), ùÒ� Bδ(λ0) ⊆ σSF (A) gñ.

u´b�Ø¤á, = intσSF (A) = ∅.
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Thus for each i ∈ {1, 2, · · · , p} and each odd number q(> 5), we have that S(ui, vj) 6=

S(ui, vl), 1 6 j < l 6 q.

In conclusion, the above coloring is a pq-VDPEC coloring of Kp[Sq].
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