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ABSTRACT 

This research established multi-attribute utility models with stated 
preference data to evaluate transportation projects. We discussed the attribute 
thresholds of acceptance and indifference. The results showed that the multi- 
attribute utility function of linear logit model had relatively good explanatory 
ability and most attributes were significant. This means that multi- attribute 
utility model established with stated preference data can indeed find the tradeoff 
between attributes. Assuming that an individual should behave consistently and 
different individuals may behave heterogeneously, we found that the threshold 
models could greatly increase explanatory power. Due to the fact that most 
attributes had threshold of acceptance and/or indifference, the tradeoff between 
attributes were greatly affected. Of the two threshold models, the threshold of 
indifference model had better explanatory power. The integrated model with 
both thresholds had best explanatory power. Its coefficients of all attributes were 
significant and had the correct signs. The tradeoffs between attributes were 
reasonable. 

Key Words: Project evaluation; Multi-attribute utility; Stated preference; 
Threshold of acceptance; Threshold of indifference 
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������ !�"#�
$%&�������'()*+,-�.�/0�1�.

2�34*&�$ 

()*+,-�56'�()2*+789:;$*&9:;<=>?@ABCDE

FGH=>��IJK=>�!L
MN (equivalent variation).OPMN (compensating 

variation) �IJKQR
��ST [1,2]
$UVWXYZ[\]&K*+^��_`abc

de^f4gh$GHiKj\�klm2�m���noNpk^f4qr�stu(

)�.vw()�.x[y�.z{|}�.lm�|�.2~��|�

 [3]
$�%�&

A^f4�����9�1|���~��|� (contingent valuation) [4,5]
$6�~��|

����2�W����4gh�!g����������?��N�f,��g��

K6����m�OP<|}��!�\E��������9� ¡2�|$~��|

�¢£�¤��4���¥¦§�¨��Kj�<��|}�g��K���K£©ª)

«¬+­®¯�°±\²³< ¡��K¢�´¯µ¶�³·¸¹$ 

()*+,-�¤UVWX�1�º<�&L»�$s Odeck [6]
�Souza
� [7,8] 


$

Hayashi ¼ Morisugi [9] ½¾¿À.�À.Á).ÂÀ2ÃÀ
ÄEÀÅUVWX�1<L
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��ÆÇ�ÈÉÊÀ¤WË()*+Ì6Í&<Ì�|Î.xÏ�Ð|Î.��qr�Ñ

ÒGH<9:;|Î'ÓÔ<ÕÖ$b×()*+,-Ì�9:;|ÎØ¶�Ù4�ÚÛ

4<ÜÝÞßà/$ 

�/0�1�­áâ()*+,-�¶�ã=�9:;¢ä<åæ$ç�1èéêë

�ìíîï£ðñèégh��1���­®qr�ò\èéK� ¡2óô�2âõ�

��1��
 [10,11,12]

$�/0�1�]&��¯ö���âõ�1$ç�÷øÎù
�
 [13]

¤âõ�1Ì�úû�ü/0óô�ý5Ê���/0<þ(êÝ�ü
�$5Ê��¤

Ê/0<
�Î�!�/0<óôÎ���Çý�����<�É�y�×­T�Ê��

��1,	$
����
�����qrêÝ2óôÎ�¨èéKìÛ�	$
��ó

�
 [10] 
¬&�/;�Ê/0Î2çL�ó	��<¼n�±Ê����<,	$
�/;

	Î­!��\��qrêÝ<à/��L�óô�¨èéKìÛ�	$ 

8�þ(���
 [14] 
5���qr*�!ë,���É�b×»���34<qr*

��É¦£�Ì�! +1�±�¶ÕÖÌ£ 0��É¦£Õ£ −1$
�5��34<qr

*�¤ö
�î<qrêÝ�£Lö�ã=���A
;��ë,ã=���AìÛ$�

µ�.��,-���_;���
��
 [15,16] 
!�� ��£oN����<! $�

µ���èéK�"�E/0��	��#/Î�Ø�£����<! $���<34

Î$%�A��#/�&­ù'��$
��<��#/Î¨èéKìÛ(	$��,-

���_;����0��èéK�"�E/0c�	���¯��#/Î�£��oN

à/�!(�����WË��2¯��,	��£����<! $
��#/Îb¨

èéKìÛè	$ 

�/0�1��¤WË)*�,Ì�óôÎ+�/0�8�<�óôíêÝ$S,ó

ô%&���'lm�,.�ó�-.��.,/��.01êë,-� (analytic hierarchy 

process) 
�� [17,18]
$óôÎ<2T�YZ01êë,-�¬&èé ¡�!(����

�S,^�ç3���¨èéKìÛ�	Ç�!4W5=�	iWË��ST$01êë

,-�
 [19,20] 
¬&8�1�6ð���578gh¨91:;<1:=>,?�¨@Å�

'�èé�Aâõ�1$�U&01êë,-�Ì�¤B	8�.��./02oN�/

<�ê��'k/0­®CDE�'kL�49�/0­®cô7ùF$¨A AHP �¤

�1�ê�Ø¶4W ��4WG	­��/0�<L�4�»HIK�W¯»Ì�­®

c[x�£¢ä<JK`¯@L$ 

�34*&=>�¨øM*&ÛNÈO`n����5*&P	!*&<øMÎn�

±
 [21]
$»èéK� ¡6ð�µ ¡QR42*&QR4Ì��34*&P	­�±£

�©34*&<P	S*$
P	S*�_��£��T���T�»��¾F*&23

4� ¡*&U��4Ì���T���T
�'*
 [21,22]
$ 

ñR�34*&P	�
�����lmg��
 [21,23]
�
�!g�lm�g��K�

A�� ¡<ìÛ�|2óô(	$Morisugi [24] 
¬&g���oNVW]&K<*+�!

�1ÊX���<��$Pearman
� [25] 
0!�æ��ðñ��34*&P	�Ø!Y
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4­�(��ñR�34*&P	��&¤ZWX�WX�1$�
�62T<�|2ó

ô[¨èéKìÛ(	$ 

Keeney ¼ Raiffa [26] 
¤�1\]^���<��Ñ_Ì�¬&�y`ÝaRS?�S

,�34*&P	$
�ûè	�34��<2�9#/Î�5�9#/ÎÌ<*&B£

1��<#/ÎÌ<*&B£ 0$bÇò\*&Î£ 1/2<ìÛ�æ34#/Î�ý!ëS

T 1/4�3/4
Î<34#/Î�ý¬&cYde�ðñ\�34< ¡P	$¤WËÊ3

4<óôÌ��¬&(�������¯"áMÊ34¯öS*<#/Î�Ø�g��K

¤*&f�ÝLö§�Ê34*&#/<�yÎ$S?�34*&P	<aR�ê��×

­2TÊ34<óôÎ$gh?.iÀj
 [23] 
��34*&P	<ðñ��#�34*&

,?<~�2��'k'�l>$
�lm����K�34<�|2 ¡f� (×*

&)���K�m¸¹��34�Ì'����nm [27]
$ 

op ¡���&¤qr�s'�t�uv�wø6]&��Lx��'a*,-

(conjoint analysis).P	oN (functional measurement).yzv+,- (trade-off analysis).

2{Þ|}� (the transfer price method) 
$wø�op ¡�<�&�|A}~�U�

�Í&�,��ë���n��	 �ç�öåæ£	 ��·Ý����
 [28,29]
$�p�

34*&P	�L�}~b3op ¡�<}~�Ò�pk}~�ìínmö��èéK

� ¡ (*&Î) ��nm��	Î (óô) S,¯�$ 

���y�
������&�dø¬&op ¡��L�}~¤��èé ¡Ì�

[�íSèéK¤¯ö����,ç� ¡����̄ ��¹ç�Ê34���<ìÛ�

|��Ê34<óôf����K�£ï�¸¹$p���?èZ�p}~¶�ÚÛè	

*&�gh$f,iK
 [30,31] 
¬&�7����

 [32] 
2op ¡	 âõUV�����$

!�7����£à�ñR�34*&P	�U'��<=>à��­!¬&�Ô�e�

�1�	������%
�$���
 [22] 
¬&�7����6ðñ<�1��A*&P

	34��'Z��Î�ÛN��ç���<��Î£èé(L34�� û�	�Ø�

¨��îx�1$ 

34���ÛN¤qr�'L»��l>
 [33-40]
$��­,£¡¢$�¢�­m��

��×èéK¤����Ìc'�E­m�#/Î�»����34#/Î�A�#/Î

Ì����×¯cC�,$£�¢�34¶Ö���×èéK¤�1��Ì�»¡���

�34#/Î<Õ¤A�¥¦îÌ�èéKc(£�34¤¡���Ø¶ÕÖ�ç�èé

K<*&Lö$�L�qr�Ø¶Aö����öÌã=¡���K$¤UVWX�16

]&�8�.��./0.�/���/<	§£/0��<­m�#/�
#/Î×£

­m���$�¤�pUV�1qr���'¨	
 [15,16] 
5­m������#/Îù'

©ª��
Î�¨ìÛè	$¤UV�1�6]&���34b­®«'¶Ö��$¬s�

34<#/Î�¨��÷``T�¢
Ø�	Î�`����,­<.�Î$
^�®'

÷`¯·	�gh$¤©ª¯°Ñ�2÷`¯·	4<qrÇ�»¡���34Î<Õ¤

'��¥¦Ì�èéK­®±"¡K�Ø¶ÕÖ�
Ì×�±�34<ÕÎ¤'¶Ö��
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î$»�kèéK²5�34�£èé34Ì��34¤¯ö�����#/Î<ÕÖ�

èéK<èéØ¯Èx�&�
Ìb­�£6'���<ÕÎ�¤'¶Ö���$�pq

r�<8�þ(���5��qr*�¤ö
�î<qrêÝ�£Lö� ��×��3

4�«¤'¶Ö��$�
�<34¶Ö��Î<�	�AìÛ2
;�Ø¯=³$ 

CDèé=>
 [21,26] 
�¡*&���<��'¡�¥´�×èéK�¡��¶ÕÖ�

�����£���'µ�< ¡$` Roy¼ Vincke [41] 
0(£*&�<����'¶Õ

Ö.µ� ¡.¶ ¡.¶���
·�$(������Ä� ¡S*¸¦£¶ ¡ (¶

ÕÖ2¶���). ¡ (µ� ¡2¶ ¡).¹` ¡ (¶ ¡2¶ÕÖ).k  ¡ (µ

� ¡2¶���).�º ¡ (µ� ¡.¶ ¡2¶ÕÖ) 
Ä�$�7����<�

��
�!»� ¡�< ¡��6ÈO`(�à)��Í, ¡�ÛN��µ� ¡2

¶ ¡Ø¯�!Ñ¼$`¶Ö���ÛN0�Í,¡*&¤�¥¦î¶ ¡����×�

¶ÕÖ2¶���Ø¯�!Ñ,$
���­½¨���5¶ ¡2 ¡â�>Ñ,�n

m$¹` ¡.k ¡.2�º ¡¤��ã=�'çnm�)}~Ø¯Í&$ 

)}~¬&�34*&P	âõ��<��$ñR*&P	ÌöÌ©ª­m���2

¶Ö��$p¤����2UV}~��3B�¾¿�¢
$%@õ�W¨��îx�1

¡����ê�$�_��1�� (s PROMETHEE � [42]) ¤©ªÊ34U'¯ö� 

¡Ì�sY4 ¡.01 ¡
�Às5 ¡2¶ÕÖ�¥´Á'��"�34Â®Ã&

�� ¡¸¦$
���Ø²©ªèéK�ö�34�ÖÄ4�×çèéH0²$Lö�

gh$ã=èéK�èéH0U'ÖÄ4��/���!��ÑÅã=�%&����!

ÆGz4�^xã=$)}~0!îx��ÑÅ����"�34�5­®�èéK,£

Ã&­m���K.Ã&¶Ö��K.¡���[Ã&K.2¡���[¯Ã&K·¢$

p���Ø¶¢e}~­��©�Ç%@õ�WÈË�nã=$ 

¨A������É�cL»¨�Ç¯�,T�Ê��1	 $)}~¬&op ¡

	 âõ$�W�E­!öÌã=­m���2¶Ö���op ¡	 �)}~�ôæ

��<�$)}~¬&Ë
�����âõÌÍÎcÑÏUÐ4��<����$ 

)q�ìíîïs§Ñ»ËÒ!	i�ÓÔ)}~6Í&�­m���2¶Ö���

�N�m�ÓÔ�1Ê¢������ÈË�$»ÕÒ�g��W�îï2���Ö×�

ÓÔ�ôæØ¤#/Î#����S*��W�ØÓÔ����2���Ù$»·Ò��

���16�âõ��,-�Y?Ú®Û2�	°�#/���^��34��yzv+

��'k'�l>$�Ç�j\)}~�6>!#­â�>}~�Üh$ 

�����	
��
 

¬& Keeney ¼ Raiffa [26] 
6j\<�y`ÝaRS?�£à�nS,�34*&P	

Ì�»èéK� ¡6ð�µ ¡QR42*&QR4Ì��34*&P	­�±£�©
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34*&<P	S*�
P	S*Ô���£��T���T$» ¡QR4¯«¤Ì�

¬&�y`ÝaRS?�Ì�¢34�� ¡f�zLqr�]T��T<�	Î�¼¯

c
A 1�¢
¶�¬&�	Î�<aR�ê�S?$Mollaghasemi ¼ Pet [11] 
 \¤�Ê

�&Ì�¨A��T<*&P	6ð�£78�'Ý�ÜÝ%	«¤����£nm$¢


»��¾F*&234� ¡*&U��4Ì���T���TÞ£
�'*$)}~

!Ë
���£à�ñR����<*&P	$¬&�����1*&P	Ì�Ø¶�y

`ÝaR�6ßà�gh�L�qr��*&P	à)�Î�¨34!Y4­�(���

S(�á¶Í&��Tã=K$)}~�*&P	b¨34!Y4­�(���S(��

P	��'¶Ö��2­m�����N$!§ÓÔ)}~6Í&�����#çÈË

�$ 

2.1 ������� [33] 

­m������¨èéK������Ê34!:âõ�1�»�����<Ê3

4<#/Î�þ�èéK�	<âãïäÎÌ�ù'��<©ª�å0×æµ����

�$¢
)}~�­m����ÛN×£æµ��$­m���­&L�Î (×L�A�

34����<#/Î) 2µ�Î (×lmS\��Î�2Ê����<34#/ÎØ¶

lm��) ¡����±$)}~¬&op ¡	 ñR���"�èéK�º���¯

ö�34#/S*�Ç!µ�#/Î (×	Î) ����±$ 

»34 i [x³*&��èéK��34«¤­m�#/Î )( Ath
iχ Ì�������

�34<#/ÎÔA�
A­m�#/ÎÌ�ç34*&¨Y4*&P	�±$»���

���34<#/Î-A­m�#/ÎÌ�ç34*&£ç¶èÔ$	i�£Ñ 

� )( Ath
iim χχ ≥ �0 =imV imi χβ é (1) 

ç3¥´Ì� −∞=imV $ (2) 

�� imV = �� m<» iE34<*&é 

 
imχ = ���� m�» iE34<#/Îé 

 iβ = 34 i<�	 (ê�1)é 

 )( Ath
iχ = èéK�34 i�­m��� (ê�1)$ 

ö=�»34[xç*&��èéK��34«¤­m�#/ÎÌ��������

34<#/Î-A�
A­m�#/ÎÌ�ç34*&¨Y4*&P	�±$»����

��34<#/ÎÔA­m�#/ÎÌ�34*&£ç¶èÔ$»����'ë�34<

*&£ç¶èÔÌ�ç�
�y£ì$ 

2.2 ������ [34] 

¶Ö������»¡�����34<ÕÎ¤��¥¦îÌ�èéKc(£
34
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¤¡�����Ø¶ÕÖ$¶Ö��Îb­,£L�Î2µ�Î¡��±��$)}~¬

&op ¡	 ñR���Ç!µ�#/Î����±$
Ì¶Ö��£�	Î�¯�3

4*&Ô-`áM$	i�£: 

�  iinim δχχ ≤− �0 inim VV = é (3) 

ç3¥´Ì� imiimV χβ= � iniinV χβ= $ (4) 

��í í =iδ èéK�34 i�¶Ö���£³Î$çRM	<	§ö�$ 

(3)���§£»¡�����34#/Î<Õ-A¶Ö��Ì��34<*&¤¡�

����Ø¶ÕÖ$£WË�î�5�34<*&!.�Î�±$¶Ö���34#/Î

�Õ������£'¬�¢­ï�çC�
��y$ 

2.3 ��������	
 

)}~�����'¡E��$»�E���ö�èéK�èéU'�Ù4$¨A)

}~Í&op ¡	 �ö�èéKcº�ö�34��¯ö#/Î�S*��Ù4 �

���èéK���34'­m� (�¶Ö) ���0
��Î$%Ã&A�èéK6'

­õ�����S*$»ËE���¯öèéK�èéU'ÖÄ4$ÖÄ4 �����

34`a�'kèéKc'34�� (­m�2ð�¶Ö)�£�kèéK0ñ'34�

�$£S
�;�)}~��'­m� (¶Ö) ���èéK�34­m� (¶Ö) ��

�#/ÎLö$p���­5èéK,£ñ'��K.�Ã&­m���K.�Ã&¶Ö

��K.2öÌÃ&¡¢��K
·���ÑÅ$ 

¨A34­m���2¶Ö��¤*&P	���!òP	�´�«¤�Ç¶�lm

¨8�P	�ST$)}~û¬&¿ó��	Ê34<��Î�ý�1Y4*&P	<�

	Î$£ôõ34�,<öëqr�16��$%¬&;÷���S?$!§ÓÔÊ¢�

����1�ÈË�$ 

2.3.1 ��������	
��
 

­m�������1>øs§Ñ 

1. ù\6'342#/Î$ 

2. ���,��34�!�34Lù#/Î<��Î�£­m���Î<�	! $ 

3. ¨-úÔ!ë�,�34<­m���#/Î$ 

4. !:G�"�èéK<6'Ë
�����S*�åÃ&A���#/Î$»����

��S*��������34<#/Î�A��#/Î�`£������34<#

/Î�A��#/Î�0
����S*­®Ã&���#/Î$�ö�èéK¤ç6

'­®Ã&
­m���#/Î<����S*��
�34�#/Î������
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��0�èéK¤
��#/ÎÌÃ&����$¤ç3¥´§��èéK�Ã&Y4

����$,¼ûü<$ 

5. s 	­m���Î<34!�p��ã=�®² 	��Î<34!Y4����ã

=$¬&�Ô�e�âõ��<�1�Ë\��<�	�eP	Î�Øûü<$ 

6. ô7» 3.4.5>ø�»�34�6'��­m���Î�sC�,Ì�â'>ø 7$ 

7. ���34¤¯ö­m���ÎÌ��	�eP	Î�P	Î�Ô���#/Î×£�

34�­m���Î$ 

8. ��>ø 2�»6'34�sC�,Ì�â'>ø 9$ 

9. ûüÊ34<­m���Î28�P	Î$ô7» 2ú» 7>ø�!ë�¾Ê34<­

m���#/Î�WËØûü��<�	�eP	Î�lú�	�eP	Îýþ£�$ 

2.3.2 �������	
��
 

¶Ö������1>øs§Ñ 

1. ù\6'342#/Î$ 

2. ���,��34�!�34Ê#/Î�<ÕÎ�£�34¶Ö��Î<�	! $ 

3. ¨-úÔ!ë�,�34<¶Ö��#/Î$ 

4. !:WË"�èéK<6'Ë
�����S*��34#/Î<ÕÎ$�ö�èéK

¤6'�34#/Î<ÕÎ-A¶Ö��Î�����S*����
#/Î�Õ��

����0�èéK¤pk����S*�Ã&¶Ö����$¤ç3¥´§��èé

K�Ã&Y4����$,¼ûü<$ 

5. s 	¶Ö��Î<34!�p��ã=�®² 	��Î<34!Y4����ã

=$¬&�Ô�e�âõ��<�1�Ë\��<�	�eP	Î�Øûü<$ 

6. ô7» 3.4.5>ø�»�34�6'��¶Ö��Î�sC�,Ì�â'>ø 7$ 

7. ���34¤¯ö¶Ö��ÎÌ��	�eP	Î�P	Î�Ô���#/Î×£�3

4�¶Ö��Î$ 

8. ��>ø 2�»6'34�sC�,Ì�â'>ø 9$ 

9. ûüÊ34<¶Ö��Î2�	�eP	Î$ô7» 2ú» 7>ø�!ë�¾Ê34<

¶Ö��#/Î��1��Øûü��<�	�eP	Î�lú�	�eP	Îýþ£

�$ 

2.3.3 ���������������	
��
 


����1�ÈË�­,£·�Ñ 

1. ûS\6'34�­m���Î�ýS\6'34�¶Ö��Î�¯";÷lúýþ£

�$ 
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2. ûS\6'34�¶Ö��Î�ýS\6'34�­m���Î�¯";÷lúýþ£

�$ 

3. ûS\��34�­m���Î�ýS\�34�¶Ö��Î�s
!ëS\6'34

�­m���2¶Ö��Î�¯";÷lúýþ£�$ 

4. ûS\��34�¶Ö��Î�ýS\�34�­m���Î�s
!ëS\6'34

�¶Ö��2­m���Î�¯";÷lúýþ£�$ 

�p·�ÈË��­¬&­m�����2¶Ö����6T\<��Î�£��

Î�!Ò��1<Ì�$�·�ÈË�6T\<ýþÎ¯ö�0!��?£��<�16

�$�·�ÈË�6T\�6�Lö�0�±�ýþ?£��	���?$ 

��������	 

3.1 ���
��� 

)}~©Ny�ñ���<�&|Î�!ÌÍÎcÑÏUÐ4����£¬âõ�É

}~$!HIK�R��¤W���}�Ì��1Ê�­õW���<���Ø�\��

W����	
èéK<�©$)}~6ã	��1èé0�£ÏUW�}�2­õ��

<�10�$5HI�_
 [43] 
�¬&,-01êë�ã=��B\·7��8�2 137�

134$)}~�©ç8�2�134�ôB¾=Ø�'�õ­õ4<©NÇ�!��G

H.UV*®.��qr.2WX�õ
·E1º�	Z 11 E�134�Ê34#ç	

§s� 16±$£]¯ötø<9:|Î®'�Ù4<��à/�29:Î'�<34Î

�!ÉÎ�±$Keeney ¼ Raiffa [26] 
 \�34*&<34�,50'��4 

(completely).­��4 (operationally).­,?4 (decomposablely).¶ô74 (nonredun-

dantly).�-H�4 (minimal size) 
Ä750$�p�134<�,! 4E �1�

6ðùF 11 7qr34�
��­5èégh<ôíz4
���*��450$6�

	<34�'�§�®Ô·�õ��*­��450$578qr¢ä,?�]�1�ê

T!
;�U'­,?4$�	<34�A ¡*&'¯ö<qr*��ñ'ô74$�

	<34�U'+�4�ñ'������*�-H�<50$ 

)}~�	<�13425HI��6ù<34'¨�ÕÖ�ÓÔs§Ñ 

1. ��GH �¨ñe().�U().!#�õÌ�2�õ()Ò��*+
34S

($�� ��²��9:|Îf���X�K2G�K6�lmº��X�2G�g

h�¢
!ñe()2�U()+�$5HI6]&<�Uý'34�����Ù<Þ

{��2�Ú	9ÝL��Ç²ù'$�õÌ�2�õ()�Ò�03GH*+�+�

5HI6ù<Ò��õÌ�$ 
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� 1  �������	
��
 

�� ���� �� ��	
 
��


��

����

���
 
��
��

�����

���� �� �� !" #$ �%�&'

()*�� 
10 2100, 

1700 
400, 5 

+,�� ��-. /.01�23�� 6 35, 25 10, 1 
45

67

�� 89:;�8
9��<=>

?@ 

��-. /.89:;�89��<=A
BC>?@ (:;D
E/�:
150�FGHI�) 

6 85, 115 30, 2 

JK8L� MNO-

P 
Q,/PJK8L� 6 40, 55 15, 1 

RS#TUV � Q,S#8L�-Q,W8L� 5 60, 30 30, 2 
,X

?Y

�� 

Z5N[� MN 

 

Q,\]^_#` 500abcd
ef_#` 800abcdgZ5
TWN[� 
(h�.ijkl_N[mF 258
MN) 

6 50, 70 20, 2 

nopq ar 

 

stuTQ,v#wxno (y
z 84{|}~������) �
��� ��_T\����(Q
,����mF 60ar) 

5 45, 20 25, 2 

����pq � 

 

\�6��� �� ����

lpq�����������

 �T¡¢���¡¢£uF¤

��¥��~¦T¢§ (�� 3 
�� 2 �� 1)�(¨©_gT�
���ª 7� ��ª 7� �
�ª 40�) 

5 30, 3 27, 2 
«¬

pq

�� 

­®¯�°± ² 
³#` (´§�µ¯�) ­®
�h(Q,#`W�mF 45�) 

5 35, 5 30, 2 

%¶·¸� � Q,%¶·\���¹Q,�º

\�T»{U�%¶#`�¹Q

,�º#`�»{UT¡¢¼½

8 25, 70 45, 1 
G¾

¿9

�� 
ÀÁÂÃN� N ÀÁÄÅÂÃ>N� 4 1000, 0 1000, 100

 

2. UV*® �¨���Ú	.�Þ�<�y.����	
34S($5HI6ù<�

���UU2��ôÔñ��Ñ¡34�¢'	§��2	ÎL�¡gh�Ç !¯

&$)}~�	<UV*® ��!®ïâUV��<î¬42�õ4�oN �£

ì$ 

3. ��qr �¨"#qr.C$%Ûqr.&�y��'
34S($ÏU�()*+
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<½¨'³º�§�¢ç­½¨,���Ø<*+N��5HI��Ø²ù'�1 

��¢ç��ÏUWY����A()*+á-qrñ'.ÔÕÖ�Ç¯ù'�13

4$5HI��5��qr �<34Î��!Ä;/0�æ��
���£ìÛ�¶

��4<(	�/$)}~Gl/³Ç!®ÚÛN;<	În�±"#qr.C$%Û

qr.2&�y��'
34$ 

4. WX�õ �¨�ê�§;êÝ201��êÝ¡34S($�ê�§;êÝ£�ê�

�º<©N�çÎ9<lmqrÏU<e|()�öÌ��²nÎ�ÈO.2�¬&.

2��34'�$015¥���	£�õº<©N�!5¥�	<�6�±01��

<êÝ�
34­!��\WX�õ<m�êÝ$ 

)q534,(��GH.UV*®.��qr.WX�õ
·E1º�ìí8�¤

AÓÔ�î$ÊE34<7¢­'¯ö���$¬s��1 ���Wb­¨]&K*+ 

(GH).�UK*+ (��).�]&K*+ (��).	
�õK (WX�õ) �·E1º

n8©$�)}~�*&P	ìí�!34£à�6ñR�34s97¢Ø¯qr�34

*&P	�ñR$¤ 3.3Ò����<S*�W�5ÓÔs9ã=L�4�934<ã=

��$ 

3.2 �������� 

)}~!¾*­m���2¶Ö����34*&P	âõUV������¤�W

�134<#/ÎÌ�%�µ§ù~�Ñ 

1. "�34÷�#/Î<¥¦�:;�Êê������<�ÔÎ2�-Î�!·<��

�16�_A­õÑ�î$ 

2. "�34÷�<#/Î<	8%¯-A�Êê������<	8�!ï�*&P	Ñ

ÅÊ����<®Û$ 

3. �W34#/ÎÌ�Ê#/Î�<ÕÎ��W£¯ö�	Î (�%©ª�34A�Êê

����<ÕÎ)�!j�Þ��34�yzv+��234���Î�èéoN$s


�®��èéK�A����Ì¯ö ¡êÝ<ÕÖf��Ø­ï����1�	<

°�êÝ$ 

!�p�¡E~�<�W50�¤�Ô2�<�#/Î�­=¯öÜÝqr�&�#

/Î 2E�]T"E34ú¨' 4E#/Î$¨A�k34<�Ô2�-#/Î<Õ>.

Ô���Í& 4E#/Î5]Ê#/Î��>¥¦�Ô�`�Ù¶�T\�34<¶Ö�

�$£Z?l¶Ö���èé<qr�$%ïùf,34<#/Î$!ñe()£¬�¨

Añe()�*&P	�@634�2ç334�<S*¥´����ñe()2ç33

4��yzv+��¥¦L»��$%�W���#/Î$¬s�ñe()2��34S

*Ì<#/Î<Õ>�2ñe()2UV*®34S*Ì<#/Î<Õ>'6¯ö$Ç5

ñe()ý×,Øïù#/Î�!2,�³·�34�óo��$!
50�¾Ç�ñe
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()<#/ÎE	ï£ 10 E�
�êöÌè	Zñe()Ê#/Î���-Õ>$ç3

Ê34#/Î<E	2#/Î�-Õ>�!�p50öÌè	�ç6�ùA� 1$ 

3.3 	
��
���� 

)}~Í&Z 11 E�134âõÔ1ÏUW�������»èéKöÌº�s


1��34Ì�5m!'*�³·���\�����Ç$%
;ghØ!Ð4;�êë

nã=$op ¡�<�A�W­,£Ë¢ä�2¾FBC�¡Ô¢
 [44]
$Ë¢ä�":

Â�¡E34<¯ö#/Îâõ�1�)}~5º�����S*���gh�Ç)}~

!�6'34�¯ö#/Îâõ�1�¾FBC�âõ$)}~¢�134##/Î1

��Ç�A�W��¶�Í&�¾�¾FBC�âõ�A�W�á!
��f,í¢�W

âõ
 [45]
$Í&op ¡��L�qr� \��K�_�®öÌ��ËúÕE34<Õ

Ö�Ç£Z�*èéK¤����Ì±"®Û<|D������E	234M	�¯E

.�
 [46]
$)}~¿�6�b°±ÕE34���S*�Ã*��K¸¹$Ç)}~!¡E

�����"E����ÕE34<¯ö����S*�èéK��$ 

¨A)}~�341��Ç$%�f,í¢�W�â�>�ã=$ç���534,

Sâõ����<S*��Ê34S*��$%:F��ö�34�
�ö34­�£¯

ö34S*�Ê34<@6�s
î­T\*&P	�6'34�<yzv+��
 [45]
$

!)}~<�Éz4�
@634!ñe()�£ÃE�¢ç2ç334��yzv+�

��®£èéK6Z?$Ç)}~!ñe()�£@634�¤"E����S*��ù

'$ 

¤�W��S*Ì�£îAèéKT\�Ê����<(L�!�����¾F*&

<ÕÖ�Ç5�'�a4�z'qr<34S*¤��$¬s���GH �î<�U(

)2�õÌ�*+342UV*® �<���	.Þ�y.����34<�a4�

9�34	Î�z'qr�cqrèéK�A��*&<¾F ¡±"$`
GSî�3

4z42��qr2WX�õ �<�a4� $̈WX�õ �<�§;êÝ201��

�	<34c2��qr34s"#.C$%Û.&�y��'�34�'�a$�§;

�êÝlmcqr��<34êÝ���<qr201��'�$��§;201���

	<342�U().X�*+.���	.Þ�y.����
34<�a4�¶$Ç

)}~!çz4534,£·¢�ý!��S*z4,(¡¢�!S*�!534L�4

<ghîf;ã=�'*,H34Î�<*&Ir�ïâ��<?Ú®Û$ 

!�p505����S*,(¡¢�»�¢¨ñe()2��GH ���U()

¼�õÌ�2�õ()Ò��*+¡34�!#UV*® �����Ú	.�Þ���

y.����	Õ34S($"�����S*�¨ñe()2£ÄE34!ë�,�¡

E34S($!ë�,Ì�5��GH ��¡34ù£�S�UV*® ��Õ34ù

£�S�":¨¡S�Ê�,�E34�![xJE¯ö34S*$»Ë¢0¨ñe()

2��qr ��"#.C$%Û.&�y��'Õ34�!#WX�õ ���§;ê
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Ý201���	Ë34S($����S(���2»�¢Lö�b[xJE¯ö34

S*$p���­]L�4­®�9�34\É¤ö�����S*��­¬&���1

lm?è34L��gh$)}~�"_��K�j� 12 E����S*�ç���Ç

Yñe()^<Ê34�ú¨\ÉAË����S*�$ 

34#/Î<\É!����ã=�û!34<#/E	.�,­Ê#/Î_AK	

�<¥¦�ý¨LM��[xK	�!
�,#/Î$
�ê¨LMê�ã=$��S*

�ê%G�����S*�Ê34#/Î<*=4�!]��K¸¹Ì®NOÔP���

�S*<�§234�<yzv+��$����S*�34#/Î<�W%©ª34�

yzv+���­®¥¦$¬s�ñe()2��qr �<34S*Ì�ñe()<3

4ÕÎ��-��ñe()2UV*® �<34S*Ì�ñe()<34ÕÎ0­�

Ô$»34#/Î'�a4Ì��©N��S*Ì#/ÎÔ-<�Ù4$¬s��§;ê

Ý34#/Î�9<�����çñe()<34#/Î���9$
^�S*����

Ì�ôõµ��º�µ��º<ÉÙ�×ö�S*������Õ34<#/Î��A�

�A£������
Ì5¶�2TÊ34��yzv+��$)}~¤B	H0Çû¨

LMê��,34#/Î2S*�����ØQY¯*=2¶�±¼34yzv+���

����S*$bÇý!����âõGR$ 

3.4 ���� 

)}~<�É�Ù�ÌÍÎcÑÏUW�������¢
��K%U'y��º<

@ST®!#����èé<®Û�Ø�ÌÍÎcÑ�y�2Î�ñ�'L»�Z?$£

Z?@S�U2õ	f���V����Ù:FZ�W2���õ	f�!#y�2Î�

ÈO'�<@S�Ò�U$ 

���Ù£ÌÍ�	
 (2y�#Î�ÈO'�<�
XYú�.Zú�.[\.Ü

�.Ñ�.Ñ�[\).�W�_ (2y�f�'�<èé�_�sy�fW	].UV}

~6.9^_WXÏUS.õ	`Gñc.}©c).ÌÍ�Ñ2Î�ÈO#y�'��

i�aF ((bÔiy�c=diÐ.Î�WIÐ.�eÔifUc=Ð.ghd�Ôi

¯i[GHÐ).2i¤ÌÍÑÒj y�HIS��kgZ] (�l.mn.o�.pE)


$)}~<g���!»º,q¸¹�!rs��ã=$��2�ý¥´,¼£ÌÍ�

	
È\ 30t��ý 29t��W�_È\ 30t��ý 22t�iKÈ\ 20t��ý 16

t�@ÅÈ\ 20t��ý 14t��W�� 100t��ý'*g� 81t�u 81�$¸¹

�)	�W 972v$ 

��K!wU�� (w 68t�x 13t)�ìí£�t� (25y!§ 1t�26ú 35y

25t�36ú 45y 28t�46ú 55y 21t�56y!� 6t)��!9iuz� (}~6!

� 52t�Ôi 24t�Ô@!§ 5t)$ 
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)}~úûñR�£��à��Y4�����ý,¼ñR­m�����.¶Ö�

���.­m���2¶Ö���¾*���Ø��Ê��<{*$Ê���¬& GAUSS

|}~Fê��!�Ô�e�âõ�1$ 

4.1 ������ 

Y4����<�16�s� 26±$���Ê34<�	���³·$Y�õÌ�

2�õ()Ò��*+34<�	�¯°�^�çR34�L»°�$
6��±¬&o

p ¡	 ñR�34*&P	·�­ò\Ê34��yzv+��$���<�e� 

� ρ 2
Î�£ 0.1197��±����Ø²©N��ôí�?ÚM	$)}~�����Ø

��	�Ç¶�T\L�A��u'y��e� �$ 

� 2  �������	
�� 

�� � � �� ��� (t�)  

	
�� 
� −0.0051 (−4.9) 

���� 
��� −0.0603 (−2.0) 

�������������� 
��� 0.0179 (1.3) 

�����  !"�# 0.1048 (4.8) 

$%&'() � −0.0276 (−2.5) 

*+!,�  ! 0.0667 (3.9) 

-./0 12 −0.0349 (−2.6) 

3456/0 7 −0.0570 (−4.7) 

89:;<= > −0.0390 (−3.7) 

?@ABC � 0.0409 (3.4) 

DEFG!� ! −0.0007 (−2.4) 

H�� 
LL(0) 
LL(ß) 

ρ 2 

972 
−673.7418 
−593.1970 

0.1197 

4.2 ��	
��� 

­m�����<�16�s� 36±$¨AÊ34�#/Î�£H�Î�Ç�1­
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m���ÎÌ�®!LùË#/Î�<��Î�£±"��/$��<­m���Î£L

ùË#/Î<�ãÎ$ÔA (-A) ����±»�����34�#/ÎÔA (-A) �
�ÎÌ�èéK5¯c�,�����$��Ê34��	Î (tÎ) �Ã&Y4����
����S*<�16�$¨��­�\¤©ª­m���Ç����?Ú®Û'Ô��

áâ��e� � ρ 2
¨ 0.1197 ï�� 0.2572$Y4����Ê34��	Î�'L»Ô

�áM�Ôf,34��	ÎM-���'f,34��	ÎMÔ$Ê34�°�êÝ    

(t Î) �'¢e�áM$p�±©ª­m���Ç�f,34��yzv+��'ZL»
Ô�áM$ 

¤­m�����1�ê�­®\É§ùÕ�¥¦Ñ�����S*�<6'34�

���K�¶­m���é�����S*��'�34����K'­m���é2�

����S*�'¡E!�34����K'­m���$»�2»Ë¡�¥¦�¯%£

õã=$»Õ�¥¦Ì�$b�����S*�C���Ã&­m���34<#/Î�

�A£��� (s
�®�µ­m���<±	/0)$
Ì34�1�ûÇ:ëØ¯q

r��<�16���­®qr��K�åÃ&��34£­m���<±"$£?è


gh�)}~¤�1\����Ç�ý5Ê34<­m���Î��+'Ê��K���

��S*��!ò\�å«¤»Õ�¥¦$�'
¥¦�05L�34�ù£���K�

­m���$ 

¤ 11E34��Y�U().�õÌ�2�õ()Ò��*+."#qrÕ34^�

çRÊ34�­T\­m���$5��Î+'Ê��K<op ¡	 Ç�­T\Ã&

Ê34­m������K$Ê34Ã&­m������K¤ 4�ú 17�<�$iK.

@Å.�
.�W�_·GF�.�"�'­m����34	�yL»md��£�9

A 1$'­m����Ê34��ñe()2�Þ�<�y!�W�_�y�9����

Ú	.&�y��'.�§;êÝ!�
�y�9�����	!iK�y�<�C$%

Ûqr!iK�y�9�01���	0Ã&�	�¨$ 

�Ã&­m���34<��Îk'Û�Ç­ÈÉ��Þ�<�y.C$%Ûqr.

&�y��'.01���	
·34<��Î�£­®��Î�<�-Î�
6��±

Ã&pk34�����K­®�!pk34�£è	4��
34$3�¯®ïä�9

�Þ��y.�C$%Û�qr.&��y���'.!#ë9�01��$ 

4.3 �

��� 

¶Ö����<�16�s� 46±$¨��­�\¤©ª¶Ö��Ç����?Ú

®Û'Ô��áâ��e� � ρ 2
¨ 0.1197 ï�� 0.2967$¶Ö����<?Ú®Û°

b�A­m�����$��Ê34��	Î'L»Ô�áM�6'34��	Î�M

Ô��ï���yØ¯Lö$6'34�°�êÝ (tÎ) �Îï�$p�±©ª¶Ö��
Ç�f,34��yzv+��'ZL»Ô�áM$ 
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¤¶Ö������1�ê�������S*�Ã&¶Ö��34<	8�Ã&3

4<±"Ø¶qr�­¨���1�êã=$5��Î+'Ê��K<op ¡	 Ç�

­T\Ã&Ê34¶Ö�����K$Ê34Ã&¶Ö�����K¤ 8�ú 27�<�$

iK.@Å.�
.�W�_·GF�.�"�'¶Ö���34	�y'L»ÕÖ��

¡GF�£ 1.5�`Ç¡GF0�£ 2$'¶Ö���Ê34���U().�Þ�<�

y.C$%Ûqr.�§;êÝ
34!�
�y�9�����	.01���	!�

W�_�y�9�çRÊ34¤¯öGF�0¶.ÔÕÖ$ 

�ôí�34ñe()<¶Ö��Î£ 30����±����ñe()<ÕÖ¤ 30

��îÌ��k��Kc(£Ø¶ÕÖ$��E9þ 2,000��WX`a�pE	��3

*=$01���	<¶Ö��Î£ 900���±Ã&���K���34#/ÎÕÖ�

Ô������'6Ñ¼$çRÊ34<¶Ö��Î�£)}~6�W��Ô­®¶Ö�

�Î�
6��±pk34¤E¼Ã&���K<����èé�Ø²Cù'©ª$�_

��1}~ÔÎ��èéK¤�1Ìc56'��134�ù'©ª��pÈÉ0 \­

®'f,èéKØ²5�k34ù'�1<©N�$ 

4.4 ��	
���

����� 

¾*��¬&¯öÈË�6T\<�16��ÐLö�ç6�s� 56±$¨��­

�\Ê34�	<���³·���L»°�$��Y4����2Õ����Ê34<

t ÎÇ�­ÈÉ©ª­m���À­ï���<?Ú®Û��Ã&
��<����S*

¤�1Y4*&P	Ì�ß�Y�¤�)	½¨�¥´§�34<°�#/­®�<$`

¶Ö��­ï���<?Ú®Û���)	Ø²áM�Ç34<°�#/¢`ï�$¾*

����e� � ρ  
2
Î£ 0.3784���pÕ���9\Ó���±���?Ú®Û�%

¡$ 

��� 3.4.5<��ÎÇ�­ÈÉ¾*��Ê34�­m� (¶Ö) ��Î2­m

� (¶Ö) ����Ø¶¯ö�`�Ã&Ê34��Î���Kb¶¯ö$p6��±­

m���2¶Ö����1z£QR�Ø¯c�
qr$!§�
�!ÓÔ$ 

���34`a���K�èéH0­,(¯Ã&��.�Ã&­m���.�Ã&

¶Ö��.öÌÃ&­m���#¶Ö��·�¢T$�Õ�¢T���K�­m���

Î2¶Ö��Î<�1z¯qr$»��KöÌÍ&¡����èéÌ�0%¨��èé

H0�!ÓÔ$¨»ËÒÊ�����ÓÔ­L�������S*<�34Ã&­m�

���0��K$%��
�34#/Î��<����$�<�������S*<�

34Ã&¶Ö���0��K$%��
�34#/Î��<����$���Ó��ö

���K`a�çÃ&­m���<��S*2Ã&¶Ö��<��S*�z��Ç�1

Ì�
QRz¯qr$
6��±¾*����15L»'*y$ 
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� 3  �������	
��
 

�� � � �� � ��� (t�) 	
�
�
�

���

��
���

���
����
���� (����
���������)

� !" #$ −0.0040 (−3.5) > 1900 12 (1, 3, 3, 5) 

%&!" #$'( −0.0478 (−1.5) − − − 

)*+,-)*!" 
./012 #$'( 0.0323 (2.0) − − − 

34)5� 6�7'8 0.0483 (2.0) < 52 17 (5, 2, 8, 2) 

9:;�<= �� −0.0227 (−1.9) > 30 8 (1, 1, 2, 4) 

>?�@� 6� 0.0311 (1.7) < 65 11 (1, 3, 4, 3) 

ABCD EF −0.0268 (−1.9) − − − 

GHIJCD � −0.0308 (−2.3) > 3 12 (5, 3, 2, 2) 

KLMNOP Q −0.0269 (−2.4) > 5 14 (2, 2, 7, 3) 

RSTUV �� 0.0247 (1.8) < 59 16 (3, 3, 7, 3) 

WXYZ�� � −0.0007 (−2.6) > 0 4 (2, 0, 1, 1) 

["� 
LL(0) 
LL(ß) 

ρ  2 

972 
−673.7418 
−500.4478 

0.2572 

\]����� 81�^_��� 16�`
�� 14�`�� 29�`�� 22�^

� 4  ������	
��
 

�� � � �� � ��� (t�) ab�

�cd�

���

��
���

���
����
����(����
���������)

� !" #$ −0.0106 (−8.5) 30 27 (5, 5, 10, 7) 

%&!" #$'( −0.1451 (−4.4) 10 17 (2, 2, 10, 3) 

)*+,-)*!".
/012 #$'( 0.1165 (5.9) 30 27 (5, 4, 8, 10) 

34)5� 6�7'8 0.1770 (7.2) 15 8 (3, 0, 1, 4) 

9:;�<= �� −0.0645 (−4.4) 30 13 (2, 2, 6, 3) 

>?�@� 6� 0.1165 (6.0) 20 9 (2, 1, 1, 5) 

ABCD EF −0.0752 (−4.0) 25 9 (1, 2, 2, 4) 

GHIJCD � −0.0861 (−5.2) 27 8 (1, 0, 6, 1) 

KLMNOP Q −0.0607 (−4.2) 30 10 (1, 2, 3, 4) 

RSTUV �� 0.0964 (6.6) 45 11 (1, 1, 6, 3) 

WXYZ�� � −0.0010 (−2.8) 900 13 (1, 2, 4, 6) 

["� 
LL(0) 
LL(ß) 

ρ  
2 

972 
−673.7418 
−473.8228 

0.2967 

\]����� 81�^_��� 16�`
�� 14�`�� 29�`�� 22�^
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��efghi������ 
(�����������) 

��j �� ��� 
(t�) 

	
�
�
�

ab
�
� k��	


��

k�� 
ab�
 

l+��
	
�-
ab�


� !" #$ −0.0088 
(−6.7) 

> 1900 30 7 
(1, 2, 2, 2)

22 
(5, 4, 9, 4) 

5 
(0, 1, 1, 3)

%&!" #$'
( 

−0.1396 
(−4.0) 

m 10 0 17 
(2, 2, 10, 3) 

0 

)*+,-)*!
"./012 

#$'
( 

0.1031 
(5.0) 

m 30 0 27 
(5, 4, 8, 10) 

0 

34)5� 6�7
'8 

0.1294 
(4.9) 

<52 15 17 
(5, 2, 8, 2)

8 
(3, 0, 1, 4) 

0 

9:;�<= �� −0.0554 
(−3.7) 

> 30 30 8 
(1, 1, 2, 4)

13 
(2, 2, 6, 3) 

0 

>?�@� 6� 0.0811 
(4.0) 

< 65 20 11 
(1, 3, 4, 3)

9 
(2, 1, 1, 5) 

0 

ABCD EF −0.0684 
(−3.5) 

m 25 0 9 
(1, 2, 2, 4) 

0 

GHIJCD � −0.0624 
(−3.6) 

> 3 27 12 
(5, 3, 2, 2)

8 
(1, 0, 6, 1) 

0 

KLMNOP Q −0.0467 
(−3.2) 

> 5 30 14 
(2, 2, 7, 3)

10 
(1, 2, 3, 4) 

0 

RSTUV �� 0.0815 
(4.9) 

< 59 45 16 
(3, 3, 7, 3)

11 
(1, 1, 6, 3) 

0 

WXYZ�� � −0.0010 
(−2.9) 

> 0 900 4 
(2, 0, 1, 1)

13 
(1, 2, 4, 6) 

0 

["� 
LL(0) 
LL(ß) 

ρ  
2 

972 
−673.7418
−418.7872

0.3784 

\]����� 81�^_��� 16�`�� 14�`�
� 29�`�� 22�^ 

 

�� 5 ������	
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��������������� 

!"��#$%&�	
��'()*+,-.�/012�34� !�5 12 /�6

�7�
89�':;</�=�>5?@�A�BCD� !E5���F&"GH�

 !EI��JK���
LM� 1EN" 

� 6 &��O.PQ (R
S�T0UV) WR
XYPQJ�
Z[\]^_`

a��b[cdefghQ
 [47] 
i�j 

�kYl0 µW mn[lo0&j 

))*/(),cov(2/)var(/)(var(*/)/var( 2222 λµλµλλµµλµλµ −+=  (5) 
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� 6  �������	��
��
������
��� 

	
��
-ab�
nohi p�qrhi 
��,�<� 

st� (udv) 95� 
wxy, st� (udv) 95� 

wxy,

)*+,-)*!"./
012'%&!" 0.7 (0.5) 0~1.7 0.3 (0.4) 0~1.1 

34)5�'%&!" 0.9 (0.9) 0~2.7 1.7 (1.9) 0~5.5 

%&!"'� !" 15.9 (5.9) 4.1~27.7 11.8 (6.7) 0~25.2 

9:;�<='� !" 6.3 (3.1) 0.1~12.5 5.4 (3.0) 0~11.4 

>?�@�'� !" 9.2 (8.5) 0~26.2 13.1 (11.5) 0~36.1 

>?�@�'34)5� 0.63 (0.6) 0~1.83 0.64 (0.8) 0~2.24 

ABCD'� !" 7.8 (3.2) 1.4~14.2 6.8 (3.5) 0~13.8 

GHIJCD'� !" 7.1 (2.5) 2.1~12.1 11.2 (3.3) 4.6~17.8 

KLMNOP'� !" 5.3 (2.2) 0.9~9.7 7.6 (3.4) 0.8~14.4 

RSTUV'� !" 9.3 (9.8) 0~28.9 8.0 (8.7) 0~25.4 

WXYZUV'� !" 0.11 (0.05) 0.01~0.21 0.13 (0.07) 0~0.27 

 

�� 6�p�qh1rs��
Z[\]^_`a[m1j 

1. O.PQWR
XYPQtuvwd& 95� 
���>xyzF�ZWzF
�{|�

S_W}~
���
Za0[mn&���"�N����bS_���nW���

�[}~
����n����o����W����"��a0mn[��nWuv

�Z���O.PQ[����1�" 

2. O.PQ��z�0W}~
���
a0[mn& 0.9��N��!��3��  0.9

¡¢�}~
��B3£2¤� 1¥¦�z�"��N§�¨& 25¢�}~©�ª«

�¬"R
XYPQE­®[§�¨& 47¢"�cde���O.PQmn[¯°±

1R
XYPQ²�³2" 

3. }~
�W�	
���
a0[mn& 15.9"g�	
�W}~
�['´µ¶`

a��q­·�!a0mn[¸0&�����¹'ºW¹»º[¼
 [48]
"�½¾}~


�W�	
��q'n�N�¿À¹'ºÁÂÃÄ�=�nÅ&��¹»º[���

�"��
mn�¸0& 0.06 (cde& 0.02�uv�Z& 0.02~0.10)"��}~�&

30 ��gÆR>+QEi[¹»º& 0.03�ÇÂÈÉ[uv�ZÊ��NO.PQ[

���Ë.Ì"R
XYPQ[��8Í² (¹»º��n& 0.09)�Î¯°±1� (u

v�Z& 0~0.19)" 

4. ÏÐÑ[mºW�	
�Z��
a0[mn& 6.3��N��!���  6.3 ¡¢�

�	
��BÒÓ 1� �z�ÐÑmº"�0ÔWË3£5 65¥¦z�¶�1� z��
ÐÑ�Z��& 7.5VÕ��30���Z�n�Ö"R
XYPQ[��W��Ö" 
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5. ¤�¦×0W�	
���
a0[mn& 9.2��N��!���  9.2 ¡¢��	


��B�  1¥¦�¤�¦×"�n1R
XYPQ&Ø�Î¯°±1²" 

6. ¤�¦×0W��z�0[mn& 0.63�WÅÙ( 1[����"�nWR
XYPQ

[���Ö��¯°±1�" 

7. ÚÛÜcb�ÝÞßàW�	
���
a0[mn& 7.8 (cde& 3.2�uv�Z&

1.4~14.2)"áâãäW�	
�[a0mn& 7.1 (cde& 2.5�uv�Z& 2.1~12.1)"

åæ\çèéW�	
�[a0mn& 5.3 (cde& 2.2�uv�Z& 0.9~9.7)"<�

ÚÛÜc[�n��êëìÍ²��#í�îïð��	ñò
�ßà���!óÚÛ

�n�ô��ó��2"�õ6ö�R
XYPQ[��Í²÷±1ð" 

8. øhù÷±W�	
���
a0[mn& 9.3 (cde& 9.8�uv�Z& 0~28.9)��

N��!���  9.3¡¢[�	
��B� øhù÷± 1�"q 60úûüP[ý~

þ�6ö��N3�  1 úû[øhùæ÷Ï�  15.5 ¡¢"g���ì«�ð�ý

~þ�ü���
 [43] 
Ê	EÁ�3úû
R��	�øh
�1²

�¨2� 11 ¡

¢�1GøhÑ�[	�
�1²
Ñ�¨2 5.5¡¢ (1.2; 1.5úû¨5 1GÑ�)"

ÈÉ�����nW��[	�
��Ö"R
XYPQ[3úûøhùæ÷
�[­

®n¨& 13.3¡¢" 

9. ��Có¦0W�	
���
a0[mn& 0.11 (cde& 0.05�uv�Z&

0.01~0.21)"�mnCD%��Có6�æ÷�eEÏ� �Y«
������"0.11

�N5 1000¦�rCó��Ï�  110¡¢[
�"�
��Ö(��º& 6���	

ñò& 1800; 2000¡¢����[���Y«
�"R
XYPQ[��1²" 

�qÈV����O.PQ��®���Ë���J�
Z�\]^_`a��Ë.

Ì��N Â���W�o���O.PQ�ð���R
XYPQ���# �Î�


a0n�1&.Ì" 

��������	 

�!:{EÉ���½¾E��[��!ó! iG
"+,�R
S�T0#$��

N&j 

ij

n

j
jiU χβ∑

=
=

1

 (6) 

�b n&�
[0%��½¾&�� 11G�
g'&�	
�(}~
�(zF�ZW

zF
�{|�S_(��z�0(ÏÐÑ[mº(¤�¦×0(ÝÞßà(áâãäß

à(åæ\çèé(øhù÷±(��Có¦0" jβ &! j G�
)�®[*0��a

0nL� 5EN" ijχ &! iG+,! jG�
[wdn" 
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Ë��!óE5+®�
���������o����(6)Q,&�ó! iG
"+

,[S�"�Ë��!ó-.�
5���,/óS�T0 q01"qhg�����

W�o��VH23"4567������89"Ë��!ó-.�
5������

6-�
"+,:.�
�wdnb5;<�G=(>�
������n����
W

>+,ó��!�S��&?�@ð�����!*A>+,�Yº&B"C-
"+,

�E5�
�D(>��!��������>+,ó��![S�L(6)QEN" 

Ë��!ó-.�
5�o���ÎEó�í2+,�*A8Û��FÌ�+>81

&GH"qhVHIJ�8923"!��89íË��!ó-.�
5�o����J

+,Z�
wdn[��ð(�o��n�����o��JKLMN��J+,J�


[S�n�L(6)QEN�K/�;<01"!:�89íË��!ó-.�
5�o�

��6E5J+,Z�
wdn[��Ù(�o��n����/ÀE5+,5�o��

�
�wdng(3)Q01&�����:.�
t+®�ÀKLMN�"!<�8í��

89���/Eó�#�OP'Q"RL��#�'ST�+,Z-�
[wdnJ��

o (wdn[�Ù(�o��)�TU�+,Z-�
[wdnV��o��SU�+,Z

-�
[wdn85�o[OP'Q"�½¾����![%�t(+*�W��
"+

,�=��hÉ+>FÌ"45t2G
"+,b;�*X�+,�g(3)QW(4)Qp�

��+,b5�o��[�
[wdn�J·Y��+,tÃÄJ�
�o��h�GH

*AYº"Z���+,b*X*AYº1²�+,W[\*X�]�
"+,�F+

*�L�K^�F;+*�W�+,&_"�`ZqW�+,&ad�g/p���
"

+,5�o��[�
[wdn�Zg�01`[�
wdnbÂ2cXYPQ�p�J


"+,�d*Yº"C��!óJ�
���o����e5�o����J+,Z�


wdn[��ð(�o��n��>+,J�
[S�nL(6)QEN" 

�½¾��ÈÉ+>E�f�2�
S�+,+*PQ��F��ì«�ý~
"+

,[+*"$ü�g4
 [43] 
ü�ý~
"��Ã¶z/Vhi9(
R¤�jk(�	+

Q(ÚÛßàèél%m½n� 4 G�F
"+,"�b A +,[ý~
R5 4 o�p

RqqrQ
Rs���t��¼²uv
����wRx�tyz¼��{���Jh

���R|�}~\µ���R8qÚiRk���{b����Rq��Rx���{

b�¼t��"�� 61úû��b²
� 25.5úû�øh� 35.5úû"Ñ�5 46��

�b²
Ñ�& 17 �"B +,í�<o
R-.6
�
"�pR¤���{t��;

²uv
����wRx��ù�¼��{����R8x�tyz;��{t��"�

� 60.4úû��b²
� 38úû�øh� 22.4úû"Ñ�5 45���b²
Ñ�& 24

��%Ð~Ïs�]�� 4�ÐÑ�"C+,Va�<o
R-.6
�
"�pR(w

R(�R��`aW+, B����+,W A(B+,[K��t(
R�qr+QW�

ÚRx�+Q��o"�� 62.6 úû��b²
� 45 úû�øh� 17.6 úû"Ñ�5

44���b²
Ñ�& 29�"D+,Va�<o
R-.6
�
"�pR(wR(�

R[ü���`aW+, BW C����
R�FW��+Q5.�o"�� 64.6úû�
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�b²
� 38.9úû�øh� 25.7úû"Ñ�5 45���b²
Ñ�& 24�"g��

G+,�
�ü���Á���	
�(}~
�(��¦0(¤�¦×(ÚÛßàl2

G�
���+®*Ã" 

4G
"+,[�
�
]5D=�K��yW�[+,"L A+,�øhù÷±W

²(ÝÞ�ßàWÙ(��	
�W2"B+,�5}~
�WÓ(¤�¦×W2l�
"

C+,�5�	
�WÓ(��z�0W2(øhù÷±WÓl�
"D+,8�5ÐÑ

mºW²l�
"=/��+,+*+>�FW�+,�+*" 

�½¾��� 5[��W�É[S�T001$8�gü�g4[ü�0��g/·

Y3�4� !ó 4G
"+,�*AYº"À3G��!óJ
"+,[*AYº �

���,�p�J
"+,�·���*AYº"Yº ��+Q5�����íYº¼�

,À��!J
"+,[*AYºnÆ� �"]��íg4 ��,ÀJ� !óJ


"+,[*AYºnWð![Yºy& 1��7
"+,[Yºy&B"J
"+,[*

AYºW*A¦0L� 7EN"��b���K7ígYº¼�g4 �+Q�J���

�[*A�5������g'&+, C(+, B(+, A(+, D"�b+, CV&$

ü�g4�� AHP>+*�[W�+," 

� 7  ��������	
��
� 

  �� � � �� � � 

  A�� B�� C�� D�� A�� B�� C�� D��

�	 (16�) 0.063 0.313 0.625 0 1 5 10 0 


� (14�) 0.071 0.214 0.714 0 1 3 10 0 

�
 (29�) 0.103 0.138 0.759 0 3 4 22 0 

�� (22�) 0.045 0.318 0.636 0 1 7 14 0 

� 

� 

� 

� 
�� (81�) 0.074 0.235 0.691 0 6 19 56 0 

�	 (16�) 0.072 0.339 0.573 0.016 1.2 5.4 9.2 0.2 


� (14�) 0.074 0.367 0.551 0.008 1.0 5.1 7.7 0.1 

�
 (29�) 0.110 0.309 0.573 0.008 3.2 9.0 16.6 0.2 

�� (22�) 0.056 0.396 0.538 0.010 1.2 8.7 11.8 0.2 

� 

� 

� 

�� (81�) 0.082 0.349 0.559 0.010 6.6 28.2 45.3 0.8 
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