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Abstract 
With the policy reform in the stock market of Taiwan over the last few decades, the 

reform has attracted new private brokers to the industry with a peak of 381 individual private 

brokers in the 90s. 

With the ups and downs of the stock market, share investments have become one of the 

major investment strategies adopted by the general public. However, due to the excessive 

number of brokers and overlapping of business operations, these have contributed to the 

increase of vicious competition. 

After successful implementation of the Financial Investment Corporations reform in 

2000, market structure reform was also introduced to the investment industry to reduce 

vicious competition. As a result, the number of private brokers has decreased and this has 

encouraged vertical integration of remaining brokers in the market. 

The purpose of this research is to analyze service qualities received by the investors with 

data collected from random sampling through surveys. A number of methods will be used to 

analyze these data including creating 3 service categories using factor analysis approach from 

21 service quality questions. Further variance analysis or t-testing will be used to identify 

differences between the 3 service categories. Lastly, a logical regression analysis will be used 

to examine the relationship between the investor-broker satisfactions. 

Performance evaluation of the upper and lower control line matrix will be used to 

further explain the difference between service quality recognition investors and brokers. 

Understanding these differences is expected to be able to assist brokers to analyze their 

current service qualities and improve their current service strategy. 
 
Keywords: Stock, Service quality, Factor analysis, Performance evaluation matrix, Control 

limit 
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$”E � + � ´ ð 3< � “ ® = � î F � q É ÷ b ø ù ”%“£-º » F � q � > ”%
“ � � º » F ¯ ¤ q � å ”E“ � _ - Û $” ´ ð ð � ï 3¿ � ] Zê � ï ó E / s

+ � ì M I 
� O Å [ Ú Þ2008ã< ÷ PZB · � Ý ¥ 2   Þß² Ú j%� � j%© < j%

Û $j%l É þ jãó E � � B · � Ý ¥ # C 3� � ÷ IPA O ó E � � B · � Ý

¥Ô Õ Ö × 3ö ù ï � Ú F � � } � 8 � ì f º � å � ìë w � q û µ 3¿ ¸ ï

+ � I 
ÞRã% Ô Õ Ö × � � ÞPEMã 

Lambert and SharmaÞ1990ã¸ ï Ô Õ Ö × � � ÞPEMã å �ñ � � � � U

£ * Ã ë w µ ( 3¿ æ � ê � ê � �  H 3� å �-Martilla and JamesÞ1977ã
¸ ï r s j⁄ù ¾ÞIPAãå �Þ4 ê � 	 ã	 
 3< ¸ ï Ô Õ Ö × � � ÞPEMã

�����

�����

� � 	 
 � �

������ � ��

� � � � �

������ � ��

� � � ��

������ � ��
�� � �

������ � ��
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��

b ñO + � [ú3< � Ô Õ Ö × � � æ � ÏEë ìá âq f à ¾ � ¾á â3

ÏEë ìá âr s � ¾á â3¿ è m � ê � ê ÞQi, i = 1, 2,…, 9ã3I� 3I 
� 33¨ ë ìá â]û = Q1%Q5%Q9 � ê EÍM â� ê ÐÞßç� 	 ã3�

� 	  H Ô Õ f à � ¾-r s � ¾vÇ I¨ ë ìá â]û = Q4%Q7%Q8 � ê

EÍ b � g ß �ÐÞß I � 	 ã3�� 	 Er s ¾G = Ô Õ f à � ¾3 H < + �

� ìq ë w39 : f à � ¾ßEÍ 9 : b � ÐI¨ ë ìá â] Q2%Q3%Q6 � ê

EÍ b � { ��ÐÞßè� 	 ã3�� 	  H f à � ¾G = r s � ¾3 H b � {

�3� æ� K b � ßEÍÑ � b � Ð3¨ ë ìá â]û = “ J M â� 	 ”  Þß I%
è� 	 ã3 Q ( b � ² ' q _ l 2 3 � ~ E | + � ë ì39 : õ Ñ � b � æ � ß

å � � M â� ê ä ! 3ßæ � i r s ¾á â3� G u 9 : õ� K b � æ p f à ¾

á â · L = r s ¾á âßE “ M â� ê ”3I� 3I 

 
� 3 Ô Õ Ö × � �  

IPA%PEM ² 	 
 � å 3\ | � 	 � � � ² µ ¶ 3I IPA � E+ � � 	 Þç

�ã%b � { �(é�)- Û q ù l ÞI%è�ã� � A Û E 25 � %25 � %50 � 3x
PEM + � � 	 ÞI �ã%b � { �(è�)- Û q ù l Þç�ã� · 	 [Þ 2 E 1/3ã3
xÑ ] � E PEM è mZê � 	 ð ¯ J 	 [ q å � � Eº K 3� �Ñ ] Æ ÷ PEM
�I 
ÞZã%PEM : � � & '  
Ó = PEM ( ë � wì � ¡ � + � ² ë b � ]3I� 3A]l B]3A PEM

å � A]( “ b � g ß � ê ” � + � 3\ A]u Þx%yãæ âu x%y· L 
 	 [3

��

��
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� A] � � E“ p q ù c ” � Æ 3B]A PEME( M â� ê “ Û q ù c ”3\ B]
Þx%yã æ âu x�y3� B ] � � E“ b � g ß � ê ” � + � IÓ = A%B } ]
æ PEM å �u � ë ù a 3æ IPA å �� o ² Õ � ë _ l I² Õ 	 © ¸ ï � � '

(control limits)I�4 H 3< � � K[ú� ÷ (3.1)v3 E 8 è � á â� � �

- � � 4 è Ê  I%ç%è� 	 3< � xÏf à ¾( PA ) á â%yÏEr � ¾á

â(PI ) á âI¨ PI -PA �d �3 Q ](PA �PI ) � E I � 	 G r s ¾ � f à ¾ �

E“ b � g ß �”E° í + � �I¨-d�PI -PA�d�3Q ](PA �PI ) � Eç� 	 

“ M â� 	 ” Û q ù c I¨ PA -PI �d �3 Q ](PA �PI ) � Eè� 	 E � r s ¾G

f à ¾ � E“ b � { ��”Eö Ù �3ß¨ b � ² ' �è� 	 � < � E+ � �II

� 4 � ¨wì æ âû =  Iõè� 	 (I P�Q]) Q + � å � � M â� ê � ß ä ! I

x� 4 � � � & ' u � ¾- d· ² É 3Ñ ] ³ � d· � O î ì = � ï @ ú ( Iõ
è� 	 q ê 6 E 7 ¸ Iæ2 | PEM u � � & ' (d·) 	 É ] � » � I 

 

� 4  9 : � � & ' q Ô Õ Ö ×  
Ñ �  # $ � ]  [ Ú u �  3Ò Ó Ô Õ Ö × � � Ö × � � � � 2 ! %��

º K ë b q _ Ú 3̧ ï Ô Õ � � � q � i 3p � · � s ìq ¿ ú � : Ù h 3Ä �

× Ø � " ï � s + � q · � s ìI� á â·æ â] p q ( @ ¾Ô Õ 3µ æ { | #

¤ Ô Õ � � � � � 3· e � { æ â]-ð ¯ K � 3æ l è � E � 2 Ô Õ �

� � 3( � 2 � � � u @ q $ % Q ¶ u EÍ Ô Õ � � � 	 Ð3< M q � E � & w

Ô Õ ¶ K æ â]��º K ë b ï < � ¡ � � ^ + � 3x Ø m ' b q Ù � Q ! I 
Ñ ( ) * 	 É ] � µ � ï Ô Õ � � � q � � å �I 2 » 

(v)1/3 � � � ÞHung et al., 2003ã 



� � � � � � � � � � � � � � �� �

� �

(R) ð ¯ 	 [ � � � ÞHsia et al., 2009ã 
(Z)v k â � µ � � � ÞLin et al., 2006ã 

Ñ �  ( � � ² ' b � 2 � EÄ ² @ È l � � & ' � ¾3Ä e � " ÷

¸ ï � v � å � ì i d· � O 3ê E=|PI -PA|3� ÷ ë � µ ² wìq E· å < ß
� ·æ µm H 3î d=µmI 

 

�������� � ! " � ! " � ! " � ! "  

Ñ ë � Q / �@ E 100> 1 , 1 (%ç ¥ L N �@ E 1 , 30 (3? @ Ç C

30 ( + , 3�  Ó a � � 	 ` jæ � � � - � � a b Ú E / 3 Æ ù ' Q / . /

å v3B C Q / . / ¿ ç ¥ � 6 Ç 300�3U è é� 3< � ² Õ ë � E 225�3
0 C �Õ ë � E 75�3² Õ ç ë � ¥ U E 75%I 

 

��' ( ) * +  

ý  2 " ï ( > 1 b ñ å ð 3 252æ2 22 Ú 3 9.8%E � � F K 3x 26~55
2 u @ Ç 171 Ú 3 76%E � � F | 3y � Ý � � a b P k & ' æ 4 5 >E / 3>

� � � b �g ß o m n G c G × T 4 Ý Im n 6 õi ? i Ó ¦ �3> � � © o m

n � 7 � a b 4 Ý I� % õa b   Û Ð W ( 8 9 b ñ å ð 3 Õ 8 E 64 Ú 3
28.4%3 o 8 E 161 Ú 3 71.6%3 ý � � � 3o 8 © � ² 5 : U = ; d � ¯ ý a

b � 
 W( 2 Ð å v b ñ å ð 3� < 2 Ð E 100 Ú 3 44.4%EF | 3ù ' 2 Ð 43
Ú 3 19.1%EF K 3·� ÷ à = > ? @ 2 Ð 82 Ú 3 36.4%3- y G � < 2 Ð �

� 	 µ g A 3< å æ j-�@ � À j B : ; 
 Î a b Ú 4 C 3$% 4 < � : r ~

�vº Â 3: « = > � ß " ³ ´ I 

 

��% & ! "  

Ñ �  æa b Ú Ó $% 4 · � f à ¾EØ Ù r ]3Ò Ó ë � ø H b ñ3" ÷

SPSS G C D ¤ � ^ � ç è é3¿ = G C è é 7 í ^ æ KMO(Kaiser-Meyer-Olkin)
ö i � ¡ @ - � ç è éIÑ �  KMO·E 0.926E0.53 Bartlett F   ö i (I
3) µ H 3y KMO·õ Bartlett F   ö i } © å vë b � � $ 21 ê · � f à ¾ô
ì� ç è éu @ È jI 

< Û 3Ñ �  Æ ÷ � ç è éu / mè è é�í îï 3 ê ´ ð 3� í î´ ð 6

u B ¯ � Î ô ¶ új � ' � � � = 60%( G Ù H ,2009)3� ç ¯ Ö ú� � = 0.43
ë � 6 Q � � = 200 �( � Ä Å ,2005)3Ñ �  B ¯ � Î ô ¶ úE 61.877%E
60%3´ ð � wìq � ç ¯ Ö ¥ J = 0.4æ � I} ² Õ ë � 6 E 225�3 � d

- � è é�u ¦ Ñ � � s å IÑ �  í îï 3 ê ´ ð è � A < ò mµ ¶ è � é �
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EI V � j· � J %I � � j· � J %I É þ j· � J I 
 

���  # $  ! "  

V ¾è é� è E Æ ( -z( V ¾3� ÷ = ö ± ë � q � � jl � ç z � vÇ

j3Ñ �  � ¤ V ¾ Cronbach α· 0.9173 ý  2 � " ï 2 ´ ð u V ¾· è � E

0.89530.87930.674 A * Devellis(1991) � E Cronbach α· 0.67~0.7EF O · 


6 ·30.7~0.8 @ E K ^ 30.8æ � E J K ^ Lv Â x Ã α· ( 0.7æ � ¯ G V  
¾30.3æ2 < î ú û 3ø H Ñ �  ë � V ¾² 	 ¨ q vÇ jI 

( Õ ¾è é� è Ezg Õ ¾%Õ âÕ ¾%³ ´ Õ ¾Z å ð 3Ñ ë � q zg �

æ M F 	 É º » · � f à ] � E¦ § 3# $ $% 4 ? � � j3¿ = ú N O { �

� ¤  	 É P 	 q 	 © l� % 4 G Q / � Ù � � R ë � zg3� � ^  ! ë � 3

� �Ñ �  u ë � ( zg Õ ¾% S 5 Õ ¾l ³ ´ Õ ¾3 J ¯ ² K ^ q ¬ jI 

 

��> / ! "  

Ñ �  � v º æ Ð � ï ô ¶ 6 è éõ t ö i ( ø e � � α J i E 0.05)3Ò Ó º »
Â Ó $% 4 2 ì· � ` jq Û Ü · � f à ¾u � � µ ¶ è é3Ò Ó ¦ Ñ b ñ 
T A ô ì(j � %> 1 % 8 9 c l %P � % 	 h % ê Ú > ¥ � % � � K ÷ 2 Ð å

v% P k a b U � �@ % Ñ $% � � 2 Ð ´ ® �@ )[ 9 ë ì ´ U Ó V 3< � T

A ô ì 2 ë ìÞ� ï ãu W � Þ � � ã J æ 1, 2, … H 3Ij � Þ� ï ãu X

Y è � E 1, 2 H I � è é � � ² ø e µ ¶ �3Ñ ] � ÷ � Tukey HSD u � �

� � ö i 3æè Ê ï v Õ Â 6 3 � { t ö i �� ï � � ø e · α=0.05 u º » Ó
$% 4 · � Ý ¥�Z´ ð u � � µ ¶ è � ¸ Ù I 4 l 5I 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



� � � � � � � � � � � � � � �� �

� �

 
 2 ê Ú ¦ Ñ b ñè é( n=225) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

¦ Ñ  
b ñ 

è W  
^ Ñ  
6 M  

8 è �  
¦ Ñ  
b ñ 

è W  
^ Ñ  
6 M  

8 è �  

X 113 50.2% 50\ R æ2  86 38.2% 
j �  

Y 112 49.8% 50~100\ R  104 46.2% 
252æ2  22 9.8% 100~150\ R  20 8.9% 
26~402 75 33.3% 

ê Ú  
> ¥ �  

150\ R æ �  15 6.7% 
41~552 96 42.7% ù ' 2 Ð  43 19.1% 

> 1  

562æ �  32 14.2% � < 2 Ð  100 44.4% 
Õ 8  64 28.4% 

2 Ð  
å v 

= > ? @ 2 Ð  82 36.4% 
8 9  

o 8  161 71.6% 3>æ2  68 30.2% 
	 !  19 8.4% 3~10> 62 27.6% 
5 �  23 10.2% 

P k a

b U �  
10>æ �  95 42.2% 

Z � �  33 14.7% 2>æ2  57 25.3% 
¤ Ø �  18 8.0% 2~5> 56 24.9% 

· � �  91 40.4% 5>~10> 70 31.1% 

P �  

< ¦  41 18.2% 

Ñ $ %

� � 2

Ð ´ ®

�@  10>æ �  42 18.7% 

� � æ2  19 8.4% 

G � /P 66 29.3% 
S � õ� 	  125 55.6% 

	 h  

�  µ æ �  15 6.7% 
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 3 � ç è é 

� ç � ¶  
w

ì 
w ì z g 

� ç  
¯ Ö ú 

� ¤

· 

B ¯ �

Î ô ¶

ú% 

V ¾ 

3 
$% � � F � Ó º » � å · � ¯ ý ¾

(I»[ î 	 É b ñ%\ v ù l 
 �3…) 
0.792 

5 
$% � � F � Ó º » ¸ ï ë w q ] � 6

¾-mÕ I 
0.768 

4 
$% � � F � -º » É ! c l ( ´ ® ç

×%´ Ê ñ ì� � 3…)I 
0.732 

1 
$% � � F � ¾ ^ K ^ (I» _ ª P k %

` Ó a Ð 3…)I 
0.723 

2 
$% � � F � ¯ ³ S � ç ¥( 0 1 è
é% a b âq ! h º K Ö × 3…)I 

0.713 

7 
$% � � F � Ó º » b ñ%´ ® _ Ú l

b c g o d e I 
0.688 

Û $j· �  

8 $% � � F � ¸ � º » a b âq � Ô Õ  0.634 

9.518 45.791 0.895 

21 $% � � = > � G d - º » q � å � Ä  0.760 
20 $% � � ¸ � º » " \ b 
 vÇ j(� 0.757 
15 $% � � £ � ' µ � f % g h % ® @ I 0.734 
16 $% � � i j Ó º » k � � _ Õ U I 0.697 
19 $% � � U £ ² l ¾%� � ¾G I 0.658 

� � j· �  

14 
$% � � V ÷ ´ ® b % � Ó Ä f ß º »

 b ´ ® I 
0.637 

1.866 55.122 0.879 

12 Î $% � � k � � � m n æ � jI 0.683 

10 
$% � � F � ¸ � º » 2 ìb 
 l · �

( Ö ¦ %â Ý % á P o o � � Ý 3…)I 
0.680 

9 
$% � � F � ¸ � & ' � �( � b %C 6

�% 
 ×3…)I 
0.649 

18 
$% � � � K Ó º »  k ° p Å ! (q
�% r ×% r Ý 3…)I 

0.601 

11 $% � � Ó º » ¸ � Ó Æ b � I 0.578 

13 
$% � � £ � * ]| 3º » ¬ k � � å

æ jI 
0.530 

É þ j· �  

17 $% � � ¸ � ´ Ê ? ^ 5 6 I 0.329 

1.351 61.877 0.674 

KMO�=0.926	Bartlett � � �  ! " # $ % & ' 3021.682	( ) * 210	+ , -<0.001	. / 0 * 0.917 
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 4 ê Ú ¦ Ñ b ñô ìÓ 3 ê ´ ð u Ð � ï ô 6 è é 

 
�������� 

1.X 
2.Y 
. 
s  

� �� �� �� �  
1.252æ2  
2.26� 402 
3.41� 552 

�������� 
1. o 8  
2 Õ 8  

� �� �� �� �  
1. 	 !  
2. 5 �  
3. Z � �  
4. ¤ Ø �  
5. · � �  

� �� �� �� �  
1. � � æ2 . 
2. G � P 
3. � 	 õ S �  
4. �  µ æ �  

 
 

F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � �   
� �� �� �� �  

F 	 
	 
	 
	 
  
(P ����) 

� � � �   
� �� �� �� �  

1 � -

� �  
-0.574 
(0.567) _ 2.103 

(0.101) _ 
-0.513 
(0.609) _ 2.323* 

(0.044) _ 0.037 
(0.991) 

_ 

2 3 -

� �  
-0.406 
(0.685) _ 2.155 

(0.094) _ 0.540 
(0.590) _ 1.044 

(0.393) 

 (1.2.4.5.) 
< 

(2.4.5.3) 

0.279 
(0.841) 

_ 

4 5 -

� �  
-1.352 
(0.178) _ 1.480 

(0.221) _  -0.254 
(0.799)  _ 1.131 

(0.345) 
_ 0.605 

(0.613) 
_  

  � �� �� �� �  
1.50\æ2  
2.50� 100\ 
3.100� 150\ 
4.150\æ �  
  

� � 	 
 � �  �� � 	 
 � �  �� � 	 
 � �  �� � 	 
 � �  �  
1. ù ' 2 Ð  
2. � < 2 Ð  
3. = > ? @ 2 Ð  

� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �  
1.3>æ2  
2.3>� 10> 
3.10>æ �  

� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �

� � �� � �� � �� � �  
1.2>æ2  
2.2>� 5> 
3.5>� 10> 
4.10>æ �  

 
 

F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � � 

� �� �� �� �  
F 	 
	 
	 
	 
  
(P ����) 

� � � �   
� �� �� �� �  

1 � -

� �  
0.158 

(0.924) 
_ 

1.165 
(0.314) _ 2.270 

(0.106) _ 
2.610 

(0.052) _ 

2 3 -

� �  
3.779 
(0.011) 

(4) 
< 

(1.3.2) 

2.653 
(0.073) _ 1.571 

(0.210) _ 0.421 
(0.738) _ 

4 5 -

� �  
0.167 
(0.918) 

_ 1.234 
(0.293) _ 0.916 

(0.402) 
_ 
 

0.922 
(0.431)  _ 

 

��� � � � α=0.05 �� 	1 
 � *� � � � � � 	2 
 � -� � � � � � � � 	3 
 � � �� � � � � � � 
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3�Logic ?@!" 

æíîZê·�´ð(Û$j ·�%� � j ·� l É þ j ·�) E + ô 6 � :

� 4ê t R ô 6 ( j � %> 1 %	 h %P k a b U � �@ )[ 7êô 6 � � 3� ÷

Press Q O ë i �ý þ 2   E � � ² ² Õ ( ø e � � α=0.05�3p ·�0.0001)3�
2   � � ¤ ·�f à ¾Ó ÍÛ$j ·�Ð � ø e % ² � � j q(I 5)3E Û$

j ·�� ^ 3º » 	 Ó o ¸ G Ó $% 4 � ¤ ·�f à ¾3< ï 6 ì ô 6 Ó � ¤ ·
�f à ¾ � � ø e � � Ä ¶ I� v 2   » � u v . » Ó ÍÛ$j ·�Ð� � ^ �

ø e ² � � j (I 6)3� � � t ( Û$j ·�ó q� ^ 3g = ñ º » � ¤ ·�

f à ¾¸ G } � � � � � x » � u v . » I( a b O m � � l � Ü ¡ a b � t }

2   2 7 ì ô 6 � � ø e � � Ä ¶ (I 7% 8)I 
 5 � ¤ ·�f à ¾ Logic ý þ è é  

  ����: ���� α=0.05 � � *�� 	 
 �� 
 6 » � u v . » Logic ý þ è é  

���� β� � � � 	p �
 

� � -0.433 0.524 
� �  1.553 0.161 
 �  -0.290 0.663 
� � � � � � � �  1.138 0.298 
� � � � �  0.754 0.016* 
� � � � �  0.148 0.646 
� � � � �  0.214 0.509 

����: ���� α=0.05 � � *�� 	 
 �� 

���� β� � � � 	p �
 

� � 0.980 0.241 
� �  18.569 0.996 
 �  0.782 0.365 
� � � � � � � �  -0.651 0.501 
� � � � �  0.982 0.013* 
� � � � �  0.852 0.055 

� � � � �  0.547 0.182 
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���� β� � � � 	p �
 

� � -0.049 0.944 
� �  0.306 0.706 
 �  0.083 0.909 
� � � � � � � �  0.809 0.391 
� � � � �  1.151 0.001* 
� � � � �  0.641 0.092 

� � � � �  0.764 0.032 

����: ���� α=0.05 � � *�� 	 
 �� 
 8 � Ü ¡ a b � t Logic ý þ è é  

���� β� � � � 	p �
 

� � 0.013 0.981 
� �  0.455 0.463 
 �  -0.522 0.336 
� � � � � � � �  -0.471 0.406 
� � � � �  0.424 0.095 
� � � � �  0.320 0.233 

� � � � �  0.008 0.976 

����: ���� α=0.05 � � *�� 	 
 �� 

8�9 $ : ; < =  
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� � ï � + � ] æD Î + � M q3dî � O Q ï ù { | � + � s ç Ø m � � w �

{ | b � : æ+ � 3} � � b � ² ' 3g � Ä � ' ú a � b � + � 3� d ·q ì

i æî � @ ú q � + � s ç E D Q IÑ ] � ÷ Ô Õ Ö × � � x � � & ' å � �

3u 21ê(PA , PI) æ â ·å � � 4 �3< � Ó = d ·q m î3æ d= 
1
3 3 ö ù �

+ � w ì � Wd=1-
3
23= ² 1 + � w ì ( { K ) W�Æ ÷ d ·=σWσ=0.0053Q µ

² w ì � � + � ( { | )I( ² ' b � 2 3 Æ ÷ d=µm3� 9u 21ê| PI -PA| å �

< ß � · µm=0.06 � ï � + � w ì 6 E 9ê( @ ú )3�Ñ ] Æ ÷ d=µm=0.06I 
y � 	 E ° í + � � 3E r s ¾� = f à ¾ < ¸ G f à ¾3æ9 : b � O ¸

¹ ·�Ý ¥ Wç � 	 E  “ M â � 	 ” Q < E p q ù l Wè � 	  “ b � � � ” E f à
¾� = r s ¾3̈ b � e ß �� Û q ù c õ Ñ � � � m Ñ3� b � g ß � < r ö

~ è � � | ï b � ä � ö y � 	 ° í + � � 	 3e � è � b � æ¸ ¹ � ¤ qf à
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¾I 
� 4 � y  9q 21êë ì (PI  ����PA)·å � � 2 Ô Õ � � � (d=µm=0.06) Ç ² 9

êë ì û = ö y � 	  “ ° í + � � ” è � ë ì E 1($% � � F � ¾ ^ )%2($% F

� ¯ ³ S � ç z ) %3($% F � Ó º » � å ·� ¯ ý ¾)%5($% � � F � Ó º »

¸ ï ë w ] � 6 ¾)%6($% � � F � Ó º » © ª { Ð ² Ù � ] � 6 ¾ ¯ ý ¾)%
7($% � � F � Ó º » b ñ %´ ® _ Ú l ² c g o d e )9($% F � ¸ � & ' �

�)%12 ( Î $% � � k � � � m n æ � j )% 16($% � � i | Ó º » k � � _ Õ

U)W < ¦ ë ì (12ê) e � û ( IÛ q ù c � JI 

 
� 4 Ô Õ Ö × � � x � � & '  
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���� 9 � �  ! " # $ % & '� �  ! " # $ % & '� �  ! " # $ % & '� �  ! " # $ % & ' µι(((( µΑ ) * +  , - �) * +  , - �) * +  , - �) * +  , - �  

����                     ���� � � �� � �� � �� � � µI � � �� � �� � �� � � µA 
� � � �� � � �� � � �� � � �

	 
	 
	 
	 
 PI 

� � � �� � � �� � � �� � � �

	 
	 
	 
	 
 PA 
PI����PA 

� �� �� �� �  

 � � � �  

1. ��������	
(�� � � ��� � �

��… )� 
4.65 4.27 91.25% 81.75% 9.50% 5 

2. ������� � � � � � ( � �  ! �" # $% &

' ( ) * + �… )� 
4.30  3.90  83.48% 58.48% 10.00% 4 

3.������� ( , - . / 0 1 2 3(��4 5  

6 7 # 8 �9 : ; < = > �… ) � 
4.25 3.94 61.25% 73.50% 7.75% 6 

4.������? ( , @ A B < ( C D E F�C G H I

J K �… )� 
4.08  3.96  77.00% 74.00% 3.00%  

5.������� ( , L M N O % P Q R 3? S T � 4.24  4.95  81.00% 99.50% -17.75% 2 

6.������� ( , U � V �W X Y P Q R 31 2

3� 
4.34  4.18  83.50% 79.50% 4.00%  

7.������� ( , # 8 �C D Z [ \ ] ^ _ ` a

b� 
4.62  4.20  90.50% 80.00% 10.50% 3 

8.������L c ( , " # $% d e T � 3.85  3.67  71.25% 66.75% 4.50%  

9.������L c f g h > ( i # � j k > �l

F�… )� 
3.93  3.66  73.25% 66.50% 6.75% 7 

10.������L c ( , m I # = \ / 0 ( n o �$

p�q � r ` s t u�… )� 
3.65  3.60  66.25% 65.00% 1.25%  

11.����� ( , L c v w # x � 3.67  3.62  66.75% 65.50% 1.25%  

12.y ����z Q � 0 { | } ~ � � 4.05  3.26 76.25% 56.50% 19.75% 1 

13.����� � � � � �( , � z � 0 � } � � 3.79  3.76  69.75% 69.00% 0.75%  

14.����� � C D # �� v � � � ( , � # C D � 3.84  3.60  71.00% 65.00% 6.00%  

15.����� � g � � � �� � �� � � 3.80  3.81  70.00% 70.25% -0.25%  

16.����� � � ( , z Q � Z T � � 4.13  3.86  78.25% 71.50% 6.75% 7 

17.����L c C G � � � � � 3.73  3.89  68.25% 72.25% -4.00%  

18.����� � � ( , � z �   ¡ A (¢ £ �¤F�¤

u�… )� 
3.49  3.32  62.25% 58.00% 4.25%  

19.����¥ � ¦ § 3�K ¨ 3© � 4.09  3.92  77.25% 73.00% 4.25%  

20.����L c ( , ª 9 # = « ¬ � (  S C ® � ¯

° ± )� 
3.89  3.80  72.25% 70.00% 2.25%  

21.����² ³ ´ µ ¶ · ( , % - . ¸ �  3.93  3.81  73.25% 70.25% 3.00%  
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