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Abstract The parallel system with parallel structure is a typical complex system whose inside structure

is combined with many parallel production units instead of the traditional “black box”. Integrating the

time dimension with DEA efficiency evaluation method for DMU with parallel structure, the dynamic DEA

efficiency evaluation index is demonstrated. This method has more practical foundation, because it avoids

the defects of traditional DEA efficiency evaluation ignoring system inside structure and overestimating

efficiency index and considerate the frequency change of parallel structure and unit in one period. By using

this method to our country four broad categories manufacturing in the eight economic regions, the result

shows: there is not a industry or region’s dynamic efficiency index is zero in the “11th five-year plan” period,

this shows that our manufacturing sector productivity doesn’t achieve optimal, the low extroverted degree

industries’ efficiency grows faster than high extroverted degree industries, low labor intensity industries

efficiency improves faster than high labor intensity of industry, high extroverted degree of low labor-

intensive industries is still the “short board” of Chinese manufacturing; Labor-intensive industries are

transferred to the Midwest caused the lag of south coastal region manufacturing efficiency improvement

and the development of the Midwest region labor-intensive industry.

Keywords data envelopment analysis (DEA); parallel structure; dynamic efficiency evaluation; manufac-

turing; regional differentiation
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�����������, ��������� [1]. ���� DEA �������, ����� DEA��
�������
�����������������. � � Fare� Grosskopf��� FG �� DEA
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"
������. !����
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�����#��Æ� [9];  ,�
������� !�����!$� [10], �����������
�"��	�(��	. � ������� DEA �������)Æ! 
!"��)�, $$�#-

*",���%"�
,$��Æ$.�.#/+�.��*������0&�$1.%#Æ
&2,
 �+,%&*',$��Æ$.�����3"�%��4�-��'��-��5�$().#�6
$. �'/�	
� ���!$���	������$%�
��� DEA �����*�Æ$., �
$(�#7��������������.

89�:��, %#Æ 20 )' 90 ����, &2�*�%	
�&+6$,  2'%��,*�%�
 (. .1)��/�)**02(�6$)�, *�%���������
2(%&�6$, $��-
+%&�6$#Æ*.
�. 89�:�� , &21�!;�-�2+*�%/�,+, 3,�+#;�
+*."	��%, �$4*�-+%&��,6$, �-�5�
-+�Æ%�*�%�%�".. *�
%��%".
�&�/�/�02��%/, �<����, Æ%)�,+. 0$�%".
�&�.=
	��01>2"3�?1��'�@2-4�-A%/, �$(	�%�����'0, �Æ3�Æ%6
-�%�.1.�4(� [11]. &267�-�*�%'%)�� 30 ���,6$, �, �Æ+�
�+
�,+�%/,+���%."�4��)�,+2
/5, $ 0��-�+*�%/2, #0/1�5
�/16�72��%6$87392
4�. '(%Æ', 1B:�*����2��%&-+��5;
	*�%�����, ��
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��9 1 �:�����, ��� DEA ��������?��	 “G@”, ��A	����� m

(A*� g (��, �!� Charnes, et al.(1978) �A j 	����� CCR ��/�:�:

Ek = max
g∑

r=1

uryrk

s.t.
m∑

i=1

vixij

g∑
i=1

uryrj −
m∑

i=1

vixij

ur, vi ≥ ε, r = 1, 2, · · · , g, i = 1, 2, · · · , m (1)

ur, vi '#��A*���#�.
� �� DEA ������	������	���
��	�, ��	
����������

������, ��������� [1]. B�%" A	����/-�5'����A�� (&3) ��
�� (���<). ��A�	���<�"
5� m (A*� g (��. A	���<�A* (��) D�
$%��	�����DA* (��). �3�%�/���B ��������������, 19 1 �
:. �	������������� j , ;4 q 	HB����<$%. x1

ij , x
2
ij , · · · , xq

ij '#�:A	H

B���<�A i (A*�A*#, y1
rj, y

2
rj , · · · , yq

rj '#�:A	HB���<�A r (��#. A	��
�<�A i (A*�D� ∑q

p=1 xp
ij ��A r (���D� ∑q

p=1 yp
rj �%������A i (A*�A r

(��. n 	� �����$%��	
��+��. C Ek ����������, ����<�C�
� 1 − Ek � 1 − ∑g

i=1 uryrj, �ÆA j 	���������DE/�:�:

min sj

s.t. sj ≥ 0
m∑

i=1

vixij = 1

g∑
r=1

uryrj −
m∑

i=1

vixij + sj = 0

g∑
r=1

uryrj −
m∑

i=1

vixij ≤ 0, j = 1, 2, · · · , n

ur, vi ≥ ε, r = 1, 2, · · · , g, i = 1, 2, · · · , m (2)

2CD# sj �:C��	'. 9 1 ������������	'/�1'�	 (3) B�

g∑
r=1

uryrj −
m∑

i=1

vixij + sj =
g∑

r=1

ur(y1
rj + y2

rj + · · · + yq
rj) −

m∑
i=1

vi(x1
ij + x2

ij + · · · + xq
ij) + sj

=
q∑

p=1

( g∑
r=1

ury
p
rj −

m∑
i=1

vix
p
ij

)
+ sj = 0 (3)

xp
ij � yp

rj '#�: DMUj �A p 	���<�A*���. C sp
j �A p 	���<�2CD#, IC�

�	'. �Æ�	 (3) �!=�	��/�:�

q∑
p=1

( g∑
r=1

ury
p
rj −

m∑
i=1

vix
p
ij + sp

j

)
= 0 (4)

-�5�/	�/139:
g∑

r=1

ury
p
rj −

m∑
i=1

vix
p
ij + sp

j = 0, p = 1, 2, · · · , q (5)
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4'/	
(J p 	���<�A j 	������C��� DEA EF�	�:

min
q∑

p=1

sp
j

s.t.
m∑

i=1

vixij ≥ 1

g∑
r=1

ury
p
rj −

m∑
i=1

vix
p
ij + sp

j = 0, p = 1, 2, · · · , q

g∑
r=1

ury
p
rj −

m∑
i=1

vix
p
ij ≤ 0, j = 1, 2, · · · , n (6)

E	�>�ÆA w 	���<���	'���� 1− sw
k , ?@Æ

∑m
i=1 vix

w
ij �= 1, �DFA j 	��

���A w 	���<�����	', FA� sw
j G�

∑m
i=1 vix

w
ij , @'A j 	�����A w 	���

<�����	'/� �: 1 − sw
j /

∑m
i=1 vix

p
ij . ����� DEA �	���� DEA �	�!+-#


�, �� DEA �	�/139)Æ�A	�����/1, $����� DEA �	�/1�Æ�A	�
��� ���HB���<�/1'�.@'�	 (6)�������EFE.�C��	 (2), ���	
'�+��	 (2).
2.2 FIJ;<K=GS DEA TU

�G��������*" DEA Æ
������� DEA �� �*�Æ.#, �/HÆ�	"$
���DE. 1��	
���(J n 	19 1 �������, A	����B(J q 	HB���

�<, A	���<(�5�� m(m = 1, 2, · · · , a, · · · , m) (A*H, �� g(g = 1, 2, · · · , b, · · · , g) (�
�, �A j 	�����A w 	���<
�- t �A*� x

(t)
wj = (x(t)

1wj · · ·x(t)
iwj · · ·x(t)

mwj)
T
1×m, A j 	

�����DA*� X
(t)
j =

∑q
w=1 x

(t)
wj . A j 	�����A w 	���<
�- t ���� y

(t)
wj =

(y(t)
1wj · · · y(t)

rwj · · ·x(t)
gwj)

T
1×g, A j 	�����D��� Y

(t)
j =

∑q
w=1 Y

(t)
wj . @'�� n 	�����
��

�
A t(t = 1, 2, · · · , T ) �+�A*.# X(t) ���.# Y (t) /'#�:�:

X(t) = (Xt1 , Xt2, · · · , XT) =

⎛
⎜⎜⎜⎜⎝

X
(t)
11 X

(t)
12 · · · X

(t)
1n

X
(t)
21 X

(t)
22 · · · X

(t)
2n

...
...

. . .
...

X
(t)
q1 X

(t)
q2 · · · X

(t)
qn

⎞
⎟⎟⎟⎟⎠,

Y (t) = (Y t1 , Y t2 , · · · , Y T) =

⎛
⎜⎜⎜⎜⎝

Y
(t)
11 Y

(t)
12 · · · Y

(t)
1n

Y
(t)
21 Y

(t)
22 · · · Y

(t)
2n

...
...

. . .
...

Y
(t)
q1 Y

(t)
q2 · · · Y

(t)
qn

⎞
⎟⎟⎟⎟⎠.

2.2.1 J;<K=GS DEA

&��- t ���/�"*�:

P t =
{

X(t), Y (t)|Y (t) ≤
n∑

j=1

u
(t)
j Y

(t)
j , X(t) ≤

n∑
j=1

v
(t)
j X

(t)
j , u

(t)
j ≥ 0, V

(t)
j ≥ 0

}
,

�	����
�	�-������� E
(t)
r /��' �	B�, I:

min E(t)
r

s.t.
m∑

i=1

vt
jX

(t)
j ≤ E(t)

r X(t)
r

g∑
j=1

ut
jY

(t)
j ≥ Y (t)

r , j = 1, 2, · · · , n

ut
j ≥ 0, vt

j ≥ 0, j = 1, 2, · · · , n (7)
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A	����
�	�-����%��	 T $.#, /��(.#
�)����)����, �0,�
���
A	�/��8��, �
�	�/���C
��D+, �'�
�. 4', 4�	����$%
�)���������Æ1'�DH�I)CDE.

max (Y1, Y2, · · · , Yg)

s.t. Y ∈ Θ

Θ ���/�"* Θ = {Y ≤ ∑n
j=1 Yjvj |

∑n
j=1 vj = 1}, � Y (Y = (Y1, Y2, · · · , Yg) �:�� g (���

��.#) ��DHI)C!,��I�39ÆE�' �I)C:

max ΓT · Sj = η0

s.t.
n∑

i=1

E
(t)
j vj − Sj = E

(t)
0

n∑
j=1

vj = 1, j = 1, 2, · · · , n

vj ≥ 0, Sj ≥ 0 (8)

�	 (8)  , �	������� E
(t)
j ≤ 1, (t = 1, 2, · · · , T, j = 1, 2, · · · , n), Γ = (1 1 · · · 1)T1×g, Sj �2C

D#, ���	����������!,�� !�'Æ�F4, @'K� Sj �+J/�-3*"I*
���FD. η0 �E���. Sj E'�, /J'�*"I*������, η0 = 0 �:(����
*"
�� !��. η0 EE+����
�	�+�*"I*��E2, �'�
�.
2.2.2 J;<K=GS DEA

&��- t �A w 	���<���/�"*�:

P t
w =

{
X(t)

w , Y (t)
w |Y (t)

w ≤
n∑

j=1

τ
(t)
wj y

(t)
wj, X

(t)
w ≤

n∑
j=1

δ
(t)
wjx

(t)
wj , τ

(t)
wj ≥ 0, τ

(t)
wj ≥ 0

}
,

�A w 	���<
�	�-������� e
(t)
r /��' �	B�, I:

min e(t)
r

s.t.
n∑

j=1

δt
jx

(t)
wj ≤ e(t)

r X(t)
wr

n∑
j=1

τ
(t)
wj y

(t)
wj ≥ Y (t)

r , j = 1, 2, · · · , n

δt
wj ≥ 0, τ t

wj ≥ 0, j = 1, 2, · · · , n (9)

��A j 	���� A w 	���<���� e
(t)
wj(t = 1, 2, · · · , T ; j = 1, 2, · · · , n), e

(t)
wj ≤ 1. A	���

�A w 	���<���
�	�-����%�	 T $.#, /��(.#
�)����)����
<. �Æ, 4 e

(t)
wj $%�)���<�����Æ1'��DHI)CDE:

max (Yw1, Yw2, · · · , Ywg)

s.t. Yw ∈ Φ

��/�"* Φ = {Yw ≤ ∑n
j=1 Ywjτwj |

∑n
j=1 τwj = 1}, � Yw = (Yw1, Yw2, · · · , Ywg) ��DHI)C

!,��I�39ÆE�' �I)C:

max ΓT · Sw
j = µ0

s.t.
n∑

i=1

e
(t)
wjτwj − Sw

j = e
(t)
w0

n∑
j=1

τwj = 1, j = 1, 2, · · · , n

τwj ≥ 0, Sw
j ≥ 0 (10)
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�	 (10)  , Sw
j �2CD#, ;���	���<������!,�� !�'Æ�F4, @'K� Sw

j

�+J/�-3*"I*���FD. µ0�E���. Sw
j E'�,/J'�*"I*������, µ0 = 0

�:(���<
*"�� !��. µ0 EE+���<
�	�+�*"I*��E2, �'�
�.

3 VJ6WXYZK[\: L]^_6`a

3.1 bM<c�J;<KNde�MO=PQ
/�KR2(�D�3%';HS, �*�%'� 30 	�3%. 5���K�&2��)**02(

�*�%6$�%-, ��5G*�%�����������<�	�(&H���#�:"$B�B
 , &HL�L"Æ�GI5 [11] ������*�%KR�.�.���M�� (I�3%�+*A*.
".%") '��2�..2+*.".���..2+*.".�2�..�+*.".���..�+
*.".�6;�3%. �$F, �*�%��..�L#0��: Mi = mi/si

m/s , � , mi � i3%�HI

ME, si � i 3%NO�E, m ��3%�HIME, s ��3%NO�E, (��E+�:(3%��..

��3%�&JP&E�. �*�%�+*A*..�+*..���L#, DF0��: Ii = li/vi

l/v , �

 li � i 3%�%J�, vi � i 3%8�E, l ��3%�%J�, v ��3%8�E, (��E+�:(3
%�+*.".
��3%�&JP&E�. 	�..���+*.".����� 1 ��'�-, /�	
*�%'�6(;	, ';��1� 1 �:.

T 1 fghUhViWjXYZ
;:�� �:KM

NQ�NONK@LON

(Mi < 1, Ii < 1)

GLC9OHPCMORIM�OP�JLOKLC9:O
P�STC9:OQN�UMNRNOM�OPN�UMNRNOM�O
O�QVOQO[ROQC9:OSP�STSPRLUWM�

�Q�NONK@LON

(Mi > 1, Ii < 1)
SQVTO�URS\OQOVRVTO�ROQC9:

NQ�NO�K@LON

(Mi < 1, Ii > 1)

SWXMM�:OXMC9OX]:O9^:O
WY:OY�UQZCMOTRM�

�Q�NO�K@LON

(Mi > 1, Ii > 1)

X]Z_XUC9:OV[WVORSC9:O�T[YO
\UCM:O]LCM:O�UCM:O�ZM

5�/�KR2( “7�8” �-+%&)C�U, �&2C'�V+%&-+, �W<#�5-+�
�53%���5�, -+C'����1': 1X�- (VX�\W�GYX); X�!;�- (Z1�]
X�XY�̂ Z); 0X�- (^_�[;�X`�0Y�)[); _] [�- (\0�]]�Z0��^`); 0
]�- (-0�\]�a`�6Z��_); .X [�- (b]�bX�X0�[c); 1�!;�- (�;*�
Xa`�aX`); ]�!;�- (-1�d\�;]). 
]^3%�A*����H�, /���G\] [12]

�b���.�%8�E�:3%�D��. �e&?�]E�&J1f�:,�?/A*, ��%J_�
JJ��:,�+*A*#. 
�`��� , &H� �	�E-3��?&5. �� 2003 ��!/
��%3�^�?����%8�E-3��?&5, �� 2003 ��!/�e&?�A?�?���e&
?�]E�&J1f-3��?&5. /��<_��+�&��	 “7�8”�/, I 2006–2010�, � 
2010 � 11 a� 12 a�	a��D��&H���'��#E. bc, &H'#DF� 2010 � 10 	a
� 2009 � 10 	a
`� "	�H��.@`8.� g1. 0=, DF� 2009 �� 11 ag�d�H�
10 ag�d�H
`�@`8.� g2, �� 12 ag�d�H� 11 ag�d�H
`�@`8.� g3. !
=, &H'#� g1 × g2 � g1 × g3 �� 2010 � 11 ag� 2010 � 12 ag��d�H�a.@`8.�,

 2010 � 10 ag���!$�#F�� 2010 � 11 a� 2010 � 12 a��d�HE. L�5����,
&HbE� 2010� 11 a� 2010� 12 ag�A*#. 
�������� , &HbcKRD�'3
%�'-+�&2*�%��%�"	�������������
���, ��Æ*�%�����
��, �53%�����<�
���; �ÆÆ�5;	�3%������, �5-+�����<�

���; �"Æ�5-+������, �5�%�����<�
���. 0=, &H'#�� "	

���-3�Ee, �B
��a “7�8” /Æ&2�5;	*�%�����D �5�h�-+
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'Æ�a#��%-.
3.2 kcdeNfl

/������7�b 2�D�^c�2(��`�D��c�a.��6d. ���<���.�
A*��D#f* lingo�D,bc,DF	
��2*�%D��';3%��.2CD# S1, S2, S3, S4

� s1, s2, s3, s4,*�%D�';�%�*"DEA ��E η0� µ0,����.DEA��E E1, E2, E3, E4

� e1, e2, e3, e4, ���_� 2.

T 2 fghgVimhhn@NOABPio DEA pqjrkYZ

�� i�gef` @> DEA P;l i�? DEA P;l
C9:m[ 0.511 0.300 0.355 0.423 0.325 1.914 0.489 0.700 0.645 0.577 0.675

Industry1 0.148 0.104 0.097 0.112 0.095 1.396 0.852 0.896 0.903 0.888 0.905

Industry2 0.139 0.064 0.091 0.097 0.089 2.286 0.861 0.936 0.909 0.903 0.911

Industry3 0.127 0.076 0.095 0.109 0.087 1.882 0.873 0.924 0.905 0.891 0.913

Industry4 0.097 0.056 0.072 0.105 0.054 1.971 0.903 0.944 0.928 0.895 0.946

K�*" DEA ��, ���	 DMU $F, *" DEA ��EEJ���E�, �'�E2. *" DEA
��E� 0 � DMU g��� !��. � 2 �:, 2006–2008 �Æ&2*�%D��';3%�*"
DEA ��EJ�� 0, �h�&2*�%������$�7
!,. �������*" DEA ����
��/����3%��. DEA ��E�bj;H
�//Æ����8-4". �2�..2+*."
.3%�a, 2006–2010�Æ��. DEA��E'#�: 0.852�0.896�0.903�0.888� 0.905,K� DEA��
�Ad��, 1�����g��� !��, ��.
��hi�D�%"', /�'#5GA* 14.8%,
10.4%�9.7%�11.2%� 9.50%,-�5/c�(3%�.&J��8-�: [(14.8%−10.4%)/14.8%+(10.4%−
9.7%)/10.4% + (9.7% − 11.2%)/9.7% + (11.2% − 9.5%)/11.2%]/4 = 12.06%, �>i"
 2006–2010 6	�
.b&22�..2+*.".�*�3%F4�� !��F4&J`���c� 12.06%, 5�&Hk
/�<#�5-+��53%���8-%". !�� 2 �EF���:, &2*�%
 “7�8” /Æ�
�����&J.�� !�c� 8.9%. '3%�
, 2�..2+*.".3%���d!d, �&J.
�� !�c� 12.06%; �jÆ2�..�+*.".3%�&J.�� !�c� 6.8%; ejÆ��.
.�+*.".3%�&J.�� !�c� 5.48%,F
!=�Æ��..2+*.".3%�&J.�
� !�c� 4.47%. �������, &2*�%
 “7�8” /ÆD���8-��Æ>���. 2�
..3%�����d,�d����2�*0fB�&,n+, $��..�%���8-F�e=, h
�
89�: 30�bok&2%&�8.��ef�+*�6$f���..�%'%�B��6$�g
g; $���2�%6$P&�2�hp����..2+*."	3%���8-F�!=, h��j0
&2
 “7�8” /Æ+�lm�d*�%#/:)���:�J#, �D������, nhlg��h
�n��o����o�3%�0Æ&2*�%6$� “mp”.

��5;	�3%������, �5%&-+�����<�����EF��_� 3. ��5;	
�3%������, �5%&-+�����<�����EF��_� 3. � 3 �:, “7�8” /Æ$
��	3%�	-+�*" DEA ��E� 0, ���I(
k'3%�!$�-3-+�k', &2*�
%C$�7
����!,. 4��3%��.2CD# S ���3%�-+�.2CD# s '�, �Æ&
H4'/�1_��.�3%��K-+C'�*"��, � 3 ����:1�!;�-�]�!;�-�
�X�!;�-�67�-�6	3%;	�i�����!/�Jg�jc�<. � 0��-
';
3%�i�����$��q�)i, �C���&2 0�*�%�6$l#0?7�rn�*6+, -
+����3%������C��!/��7�#0rn�o��sp. ��5;	�3%�����
�, �5-+�����<-3�EF����*�%�������, �53%�����<�EF�
�
5, J�:�3%��8-F�4�
2�: 2�..2+*.".3%, 2�..�+*.".3%,
��..�+*.".3%, ��..2+*.".3%.
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T 3 fghgVimhhn@NOABPio DEA pqjrkYZ
�� i�gef` @> DEA P;l i�? DEA P;l

Industry1 0.468 0.35 0.239 0.325 0.267 1.649 0.532 0.650 0.761 0.675 0.733

�qj 0.043 0.021 0.017 0.031 0.014 0.993 0.957 0.979 0.983 0.969 0.986

�riqqj 0.096 0.065 0.038 0.054 0.042 0.864 0.904 0.935 0.962 0.946 0.958

m�qj 0.023 0.020 0.013 0.019 0.016 1.765 0.977 0.98 0.987 0.981 0.984

r��jqj 0.092 0.086 0.067 0.092 0.076 1.798 0.908 0.914 0.933 0.908 0.924

mkqj 0.049 0.023 0.012 0.008 0.017 1.696 0.951 0.977 0.988 0.992 0.983

sk�jqj 0.039 0.035 0.017 0.028 0.021 1.610 0.961 0.965 0.983 0.972 0.979

riqqj 0.049 0.042 0.026 0.033 0.029 1.038 0.951 0.958 0.974 0.967 0.971

kriqqj 0.077 0.058 0.049 0.060 0.052 1.115 0.923 0.942 0.951 0.940 0.948

Industry2 0.415 0.59 0.441 0.597 0.198 2.241 0.585 0.410 0.559 0.403 0.802

�qj 0.040 0.079 0.060 0.065 0.009 1.827 0.960 0.921 0.940 0.935 0.991

�riqqj 0.049 0.073 0.074 0.087 0.011 1.716 0.951 0.927 0.926 0.913 0.989

m�qj 0.054 0.094 0.075 0.088 0.022 2.195 0.946 0.906 0.925 0.912 0.978

r��jqj 0.058 0.087 0.052 0.091 0.043 2.455 0.942 0.913 0.948 0.909 0.957

mkqj 0.058 0.062 0.062 0.083 0.046 2.039 0.942 0.938 0.938 0.917 0.954

sk�jqj 0.046 0.068 0.048 0.069 0.024 2.392 0.954 0.932 0.952 0.931 0.976

riqqj 0.042 0.043 0.031 0.049 0.019 1.267 0.958 0.957 0.969 0.951 0.981

kriqqj 0.068 0.084 0.039 0.065 0.024 1.589 0.932 0.916 0.961 0.935 0.976

Industry3 0.483 0.429 0.263 0.399 0.285 1.859 0.517 0.571 0.737 0.601 0.715

�qj 0.049 0.047 0.035 0.060 0.029 1.912 0.951 0.953 0.965 0.940 0.971

�riqqj 0.038 0.032 0.017 0.035 0.014 1.728 0.962 0.968 0.983 0.965 0.986

m�qj 0.074 0.063 0.033 0.057 0.049 1.964 0.926 0.937 0.967 0.943 0.951

r��jqj 0.035 0.027 0.013 0.024 0.011 1.190 0.965 0.973 0.987 0.976 0.989

mkqj 0.046 0.037 0.029 0.034 0.029 1.308 0.954 0.963 0.971 0.966 0.971

sk�jqj 0.054 0.064 0.033 0.048 0.029 1.532 0.946 0.936 0.967 0.952 0.971

riqqj 0.077 0.043 0.029 0.038 0.042 1.383 0.923 0.957 0.971 0.962 0.958

kriqqj 0.11 0.116 0.074 0.103 0.082 1.668 0.89 0.884 0.926 0.897 0.918

Industry4 0.365 0.47 0.398 0.574 0.138 1.945 0.635 0.53 0.602 0.426 0.862

�qj 0.068 0.068 0.039 0.087 0.012 1.905 0.932 0.932 0.961 0.913 0.988

�riqqj 0.029 0.046 0.038 0.046 0.014 1.716 0.971 0.954 0.962 0.954 0.986

m�qj 0.044 0.059 0.075 0.068 0.029 1.968 0.956 0.941 0.925 0.932 0.971

r��jqj 0.039 0.057 0.064 0.073 0.009 1.569 0.961 0.943 0.936 0.927 0.991

mkqj 0.042 0.038 0.031 0.047 0.023 0.769 0.958 0.962 0.969 0.953 0.977

sk�jqj 0.062 0.064 0.052 0.074 0.035 0.809 0.938 0.936 0.948 0.926 0.965

riqqj 0.041 0.062 0.06 0.107 0.007 2.363 0.959 0.938 0.94 0.893 0.993

kriqqj 0.040 0.076 0.039 0.072 0.009 2.142 0.960 0.924 0.961 0.928 0.991

T 4 gmhtstuVjiopquv
;: lK

1 2 3 4 5 6 7 8

Industry 1 �riq �qj riq kriq sk�j mkqj m�qj r��j
Industry 2 riq kriq �riq �qj mkqj m�qj sk�j r��j
Industry 3 r��j mkqj riq sk�j �riq kriq �qj m�qj

Industry 4 mkqj sk�j r��j �riq �qj m�iq riq kriq

'�, 15��� , ���-+�53%��.2CD# S �D /�bj;H
�//Æ����

8-4". � 4h���53%�-+��8-F�,���� /�
�: ��,2�..2+*.".
���..2+*.".�	;	3%���8-!/vk"4!;�- –  0��-, 467�- – j
67�-�jt5�"+.�C����2�67�-
:�J#�B6��2+*."	3%�6�;�
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-l�,+. $
�+*."	3%b0]�-�.X [�-�����8-6�;�-#���, �h
�����e�1�!;�-�.X [�-��e�]�!;��-�0]�-�n#m�+*�%/
,+&3�3,��#1]!;�-��+*."	�%�1.. ��.�.�?l�
, !;67�-�
:�J#6��2+*."	��..3%���8-,.d��;�-,$:�J#62��+*."	
��..3%�m�0]�-�.X [�-�j67�-.

15��<;�53%��5-+�����8-%",&Hk/�<#�5-+��53%����
�8-4", ('(%Æ, I�'��-���	����, -+��53%���	���<. 4�ns�
*, � $��A�EF��,��, �*o�D-/.u-op. ) K��5-+���5-+��5
3%��. DEA ��E, &H��5-+�-+��;3%���8-,.-3�F�, ��_� 5.

T 5 gstXwxwtmhuVjpqyxyzuv
jn lK

jnlK jnqri�:�NtvospNlK

�qj 4 Industry 1 Industry 4 Industry 2 Industry 3

�riqqj 2 Industry 2 Industry 1 Industry 4 Industry 3

m�qj 7 Industry 1 Industry 4 Industry 3 Industry 2

r��jqj 8 Industry 3 Industry 4 Industry 1 Industry 2

mkqj 3 Industry 4 Industry 3 Industry 1 Industry 2

sk�jqj 6 Industry 4 Industry 3 Industry 1 Industry 2

riqqj 1 Industry 1 Industry 2 Industry 4 Industry 3

kriqqj 5 Industry 3 Industry 2 Industry 4 Industry 1

�� 5 ��� &H/�

: 2�..2+*.".3%
1X�-�0X�-�1]!;�-�
�X�!;�-��F�< , $��..2+*.".3%�
0X�-�0]�-�6	�-�F�!
=, �pC-�5�q&������I2�..2+*.".3%Æ “7�8” /Æ��8-!d�3%,
$��..2+*.".3%�Æ��8-!r�3%. '�� 5 ���C����0]�-�.X [
�-��_] [�-���..�+*.".3%
 “7�8” /Æ�����d,8.. �-+�F
� &H/�

, 1�!;�-�X�!;�-F�e , $0X�-�_] [�-F�`6e=. E
	�>�Æ]�!;�-�F�mAA8<, ��..�%�����Æ]�!;�-�*�%oz, ��
��4�+*�%/�8����,nsql�dr(	�p3%�6$6�ur,�p+*."	3%'
. 0��-1., $]�!;�-�#0rn,+
`�;�-B���, ���%�(�-�*�%

“7�8” /Æ�����8.F�6�e=, ]�!;�-�w�o";�*0�hpr�, �wB�o"
2� 0��-�hpr�, @'(-+*�%�6$�o"�2. '�, 0]�-
-+�F� -*
 ", ��
�n�+*�%/�,+0]�-+*."	3%�����8.6d, $�#0rn��
p���%!$(	�2+*.".�%
 “7�8” /Æ�����C	
����d.

4 {{

/�����������������
������*" DEA ������, ��&2*�%�
a, ��2:�'(����. ���� DEA �����	
`�������*" DEA �	���
'v���,+: ��, Kt��� DEA �	C?������$Æ����*, �� DEA �	�/13
9)Æ�A	�����/1, $����� DEA �	�/1�Æ�A	���� ��HB���<�
/1'�. �Æ, �*�Æ$.��	, /�
�	6.�/�<#�������������<���
D*, �$�"#�B����!$. D�
, !�������*" DEA �����������E
FE.�u���� DEA ��, $��	'�J���� DEA ������. !��5%&-+*�%
�����: “7�8” /Æ$��	3%E�-�*"����� 0, �h�&2*�%������$�
7
!,; 2�..�%�����8.d���..�%, 2+*.".3%�����8-d��+*
.".�3%; ��..2+*.".3%�0Æ&2*�%��8-� “mp”; +*."	�%. 0�
1.�%�]�!;�-*�%����8-�|=�0]�-+*."	3%�6$.
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�������������
������*" DEA ������, Kt��� DEA �	C?�
�����$Æ����*, ��/�
�	6.�/�<#�������������<���D*,
�$�"#�B����!$. /�j0#m�'(���h����Fa, 0$�$��������
���<'Æ��� (ÆhpkÆ*�EÆ�-w�) -3-�5�2s. '�, B�%" ������
���<'Æ����>�Æ���, C/�Æ��EÆ�����w��, �p#�
�%Æ��
(	
/�����
"��, ���pDE���Cf��-H�qt��.
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