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Abstract In a surrounding expected by the high safety, the critical operation errors could lead to a disaster,

therefore, to assess human reliability for critical operator not only provides support for the estimate of

the disaster of systems but also is useful to improve the level of training and the condition of the critical

operators. In this paper, human reliability is researched by studying the decomposition and composition

of factors, compensatory and irreplaceable factors are defined, and the method of composition of states of

compensatory and irreplaceable factors (CSICF) is then established. For the characteristic of the basic flow

of spacecraft launch engineering, the factors of space and the features of the human reliability of a spacecraft

launch are analyzed and the overall human reliability model of spacecraft launch is constructed. Finally, a

case analysis demonstrates the application of the human reliability assessment model of a spacecraft launch

engineering, which validates the feasibility of the human reliability analysis method of CSICF.

Keywords human reliability; crew reliability; the composition for states of compensatory and irreplaceable

factors (CSICF); factors space; spacecraft launch
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�$ - ��� [4], ��%���� (��) �������*&
$. '�, %�������������
�*%, +�������&&�(%�'', ,�����-+�(.����*%, ��, )��(��
*+�������*,-. 1994 ., Kirwan[5] %� HRA ����,�)!��������
)�&

-����''��/, ��Æ���������*+��������, �* �����.0���
1�!�
���/02
'3���. �����,��-�, 4''/�5�0-, 6��( “��7�
�)!�” ��.�1(+�,����4/�, '819�2):1���,/��.-, ������
�,��/*.;���&0��/+2,�0-�
��/
��1���, ���0.�/��''�
����� (human performance) ���2�*-��3�/� [6].  ., � �����4<�0���
21�*30, �������.;��34�5�, 1&+����
��
���/�''; 4��$
�0���+Æ&������.;���$�.

2572 20 =3 90 .6**��� HRA �.�7�8�6 HRA �., 9��� 30 �( [7], 4
	 THERP (technique for human error rate prediction)�HEART (human error assessment and reduction
technique)[8]�HCR (human cognitive reliability)[9] 
 OAT (operator action trees)[10] ��.�1>�6:.
8�6 HRA �.�;64�/785?
Æ3'4��/!� “6!” ���/�, 5�9*+�@, �6
7 [11] %�2<��/5�%� HRA �., 'A+�=
*�B8: ��9���*$49��>7�-
C�, ��D�6 Æ90/�����E+7; 4��;6)�4?:F:�������, Æ 0-�
��(���.�D��;�; 3�;8G��<�
��68��/Æ������''; <�B=Æ�
84
Æ��/��!9.

	�����,�*>�846HRA�.�:�ATHEANA (a technique for human event analysis)[12−13]�

CREAM (cognitive reliability and error analysis method)[7,14] 
 Mermos � [15], ,H Mermos �6�59
�;�9<?=,��>�����7�846�.. 846�.�3$�=�69���+@�
�?
7A���������/, �59)9<?=, 
9<?=�*B7�� HRA. :<846 HRA 
8�
6 HRA �*B7�+��, 'A=
>�@?: ��84 HRA �Æ���; 4���''�"A;8G�
�<��/�''; 3�B<�!!9; <�;�>+�����
��?A+2��.

836 HRA �
8�6
846 HRA �.@C�A
�@� �	
D
I�, 1��.* @B
�?A� HRA[16−17],��6:���90
�@BCES (cognitive environment simulation)[18],BC���

��'&?= IDA (information decision and action)[19], <�J���BC���
��'&?= IDAC
(information decision and action crew context)[20] �. 836 HRA 5DE;A8�6
846 HRA �.
�<@�, ED59* ?K�?A HRA �., 'A=
*�FG [21]: ����@�+���; 4�B<
���/��''������*B; 3�B<Æ��90?A�
�/+2?A��B��B; <@B'
4
Æ�������=
<@.

�= HRA �.�*��, �>� HRA �.�&C�C������ PRA (probabilistic risk assess-
ment) ���%���, ��2�H�.D4Æ�DE+�	�
>F, 2+�=
*�FG: ��Æ�=

0G,Æ��		�
��?E6�F�(4�,���I���������0�,� 1999. NASA�
I��IG4�
F7HJIG	LJ [2],@A-�H��?E����0�,��,�� HRA���Æ�
-�DE+�		�
��	, ,H�-�59.K���Æ�; 4���<�
��68��/
���
HRA �.	?E6�I8G, ,�0��/
���K����
���M��685
��	�
��
>F, Æ������''L9L�; 3��		�
��)�M�<�, H C�C���I<�� HRA
�.-�DE+�		�
��	. ��, ��
BJ
CD�� HRA �.�*B7, /M�		�
��
>F�����������(N� HRA �.
?=.

Æ ��-0-��/, ������, !�4JAOO-E�. '�, K��0-�/�F�NN�G
���/, 4��H�G��/�JA�M�0-�/�JA��?H��K���PI [22]. $L, 2��
����F�����G���L 8M4JA��/, DO, � 8MÆ�G��/�JA�M����
���JA�����. ��, &6ED	8M�		�
������JAJ���, ���		�
�
���� CSICF �., 59�		�
�������?=.
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2 X#YZ$%&'

PH8MÆU�*I���6��V6
UV0.�/7��, �8M��MKOPW.X�Q-, �
�V6�/WN.X���X�QY, UV�/WN.XWJ�OPW�MK��. � ��+���V6
�/
��UV�/�JA�, DOZRP(�SM��HJA�, @�*�*I8MÆUJA�MK�.
2.1 ()[*\+,]-.^

.^ 1 �/J� [22]. ���F (8MÆU) M , F = {f |f : U → X (f)} � M 7����
, 7	M
/ {X (f)} � M 7����/J�, ������:

a) F 7�6Æ/7, �* F = F (∧,∨, c, 1, 0) 7����;�$16Æ;

b) X (0) = {θ}, 0 �O�/, :���JJA θ;

c) Æ�� L ⊂ F , N�// L �F9�, S ∨(f∈L)f =
∏

f∈L f , �P
∏

f∈L f ��/�TS

F Q0�/	, f ∈ F Q0�/, X (f) Q0 f �JAJ�, 1 Q0��/, X (1) Q0�J�.

.^ 2 ,12MTÆ. X �8MÆU M 7����/J�, H47+��/�JA�Y [0, 1], �
��*�W/: Mm : [0, 1]m → [0, 1], (x1, x2, · · · , xm) → Mm (x1, x2, · · · , xm), 74�,12MTÆ.

.^ 3 ��V6�/. X �8MÆU M 7����/J�, H47+��/�JA�Y [0, 1], xi

��/ Xi �JA�, [ xi = 0 �, ,12MTÆ Mm U�: Mm

(
x1, x2, · · · , x(i−1), 0, x(i+1), · · · , xm

)
= 0.


 {Xi}� X 	��7��0��/�	, [
∏

i xi = 1�, ,12MTÆ Mm U� Mm (1, 1, · · · , 1) =
1, S7�/ Xi 
8MÆU M 7���V6�/.

.^ 4 UV�/. X �8MÆU M 7����/J�, H47+��/�JA�Y [0, 1], xi ��

/ Xi �JA�, [,12MTÆ Mm ��Æ�� m Z� (x1, x2, · · · , xm) ∈ [0, 1]m, U�

a) Mm (1, · · · , 1, ∀xi, 1, · · · , 1) = 1;

b) Mm (0, · · · , 0, ∀xi, 0, · · · , 0) = 0;

c) a < b ⇒ Mm (x1, x2, · · · , xi−1, a, xi+1, · · · , xm) ≤ Mm (x1, x2, · · · , xi−1, b, xi+1, · · · , xm).
7�/ Xi 
8MÆU M 7�UV�/.
2.2 ()[*]-_345

67 1 
 X �8MÆU R 7����/J�, X 	3� n ��/, 4	 m ����V6�/, Xi


 Xj �\� X 7���V6�/
UV�/, JA��\� xi ∈ [0, 1] 
 xj ∈ [0, 1], H�
∑

xj = 0, S,
[Æ Xi ��JAM�**+8MÆU R �JA� Rn �, �*�V/�9:

a) Rn : [0, 1]n → [0, 1];

b)
∑m

i=1 xi = 0 ⇒ Rn = 0;

c)
∏m

i=1 xi = 1 ⇒ Rn = 1;

d) a < b ⇒ Rn (x1, x2, · · · , xi−1, a, xi+1, · · · , xn|
∑

xj = 0) ≤ Rn(x1, x2, · · · , xi−1, b, xi+1, · · · , xn|
∑

xj =
0).

7/ a) >+��V6�/JAM�/� Rn ≤ 1; / b) >+[����V6�/�JA�O�, M�
/� Rn = 0; / c) >+[+���V6�/�JA6���� 1 �, M�/� Rn = 1; / d) >+2 xi -

49��V6�/�JA34�5�, M�/� Rn , xi �UR,UR. W��0 b) 
 c), �*2��V
6�/�S

∏m
i=1 xi ����5-, S f =

∏m
i=1 xi, S f � Rn .�=
P(Æ&.S, X.S+���V

6�/�M��S.

1!Y[\>, ������4''�/�=
MKVÆ��, �(���*]W�M/KM, ��]
WVÆ=TÆR^KM. 6 ���M/KM��!��]Æ�SVÆ=TÆR^KM���]Æ��, ,
H�	�
����������Æ�����, KM]Æ�ÆJT��*�X�YU1!��, ��, 

8M������, ]WVÆ=TÆR^KM��V6�/M��S�Z ]W�M/KM.

.^ 5 ��V6�/M��S. 
 X �8MÆU R 7����/J�, {Xi|1 ≤ i ≤ m} � R 7�

�V6�/��	, Xj � R 7�UV�/, xi ∈ [0, 1] 
 xj ∈ [0, 1] �\��/ Xi 
 Xj �JA�, H∑
xj = 0, S�

Rn

(
x1, x2, · · · , xi, · · · , xn|

∑
xj = 0

)
≈ 1 − e−β(∏m

i=1 xi)γ

(1)
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β 
 γ �_$�", Rn � R ��	 (x1, · · · , xi, · · · , xn|
∑

xj = 0) 
Æ&�JA�. ��9+/ (1) �
��� 1 	 a)�b)�c) 
 d) ���.
2.3 +,]-_345

67 2 
 X �8MÆU R 7����/J�, Xi 
 Xj �\� X 7���V6�/
UV�/,J
A��\� xi ∈ [0, 1] 
 xj ∈ [0, 1], ret � Xj Æ Rn �UV�, S f =

∏m
i=1 xi, S[Æ Xj ��JAM�

**+UV- ret ���, �*�V/�9

a) 0 ≤ ret (f, xj) ≤ e(−βfγ);

b) f = 0 � f = 1 ⇒ ret = 0;

c) a < b ⇒ ret(a,xj)

e−βaγ ≤ ret(b,xj)

e−βbγ ;

d) a < b, f 
= 0 � 1 ⇒ ret (f, a) ≤ ret (f, b).

7/ a) 39 Xj Æ Rn �UV�Z� Rn > 1; / b) 39[ f = 0 � f = 1 �, Xj �S��; / c) 3
9, f �UR, 
34 Xj JA�5�JT�, ����V<��� rat �ZU�; / d) 39
 f �� 

0, 1 �, UV� ret , Xj �UR,UR.

.^ 6 UV�/M��S. 
 X �8MÆU R 7����/J�, Xi 
 Xj �\� X 7���V

6�/
UV�/, JA��\� xi ∈ [0, 1] 
 xj ∈ [0, 1], ret � Xj Æ Rn �UV�, S f =
∏m

i=1 xi, S�

ret ≈ xjfe−βfγ

(2)

��9+/ (2) ���� 2 	 a)�b)�c) 
 d) ���.

.7 1 
 X �8MÆU R 7����/J�, Xi 
 Xj �\� X 7���V6�/
UV�/,
JA��\� xi ∈ [0, 1] 
 xj ∈ [0, 1], S f =

∏m
i=1 xi, S�

Rn ≈ 1 − (1 − xjf) e−βfγ

(3)

β 
 γ �_$�", Rn � R �� (xi, xj) 
Æ&�JA�.

`8 6�� 5 
�� 6 <

Rn = Rn (x1, x2, · · · , xi, · · · , xn|
∑

xj = 0) + ret ≈ 1 − e−β(∏m
i=1 xi)γ

+ xj

∏m
i=1 xie(−β(∏m

i=1 xi)γ

= 1 − e−βfγ

+ xjfe−βfγ

= 1 − (1 − xjf) e−βfγ

.

3 9ab:;<

�		�
����� �:��
�������, 
2`W,KV=
ÆF9�[?	M. 	M	
�ÆM�*[?6�[a!�������1�, X���7����. ����������_$��A
�^�[?�*&��, ,H\�
2TU90
X�����_ÆU�Y)�
, ��, 8M������
�������6����, ��*�������\����������. ''�		�
�����
����/�-�, �$YU� �$���	�$Z��M��Z*��$/�. &6	��V6�
U
V��/�����, CD[*� ����,� HEPF (human error producing factor) �������,
75������/J�.
3.1 >cd)?e]-@A

	[*�����������, 819�������� ��ÆU�
�?7�H���

JA

��<� (WN��68) D1>.��
2��. �H�/.�
2''
?], ���/:��41�
/�S8G�A�V94JA�]^,�
�?7�JA:��H���W&��
���A�*+��-
8, ��, �F8M��ÆU�
�?7�H���

JA
��<��JA�Æ1>�JA��-8�6
����, K1>[��������/J����8M��������MW�. E�8M�		�
�
���������D4W� �O@Z��, 	8M��ÆU�
�?7�H���

JA
��<�
������75�		�
���������/J�Z_WM���[. E 1 ��������/J
����. 6 &6*�����I8M�		�
�������, +*, 
&6	�������$�
�X.
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X 5

X 2X 1

X 3 X 4

f 1 BgCDEFGFVhHIijJKL
���Æ��
��W&�� X1. ?E+����������.69���
��''�����

b�����/.�, Z^���
����������b�, �����?7ZUR��������.
'�, Z^����
Æ�, ���\_���Y`Æ�$��''���D��$�. Z�7, ��
�Æ
�����b��''��
 ���Æ��
��W&�� X1. W��� 3, X1 &Y �������
/J�	���V6�/.

�������Æ�]����� X2. THERP 
 HEART 69�������6��ÆU���,
�&
��/�'', ,H, 1>6`Æ��ÆU��)*&������ NHEP (Nominal Human Error
Probability). HCR 
 OAT 9���������� ������, ���)��6��&�a�
�
&����.. '�, ���0-��
�bJT*D�������6�
Æ�, �1!V9�c	a�
JA,Æ 1!bc��
-<�
�1(��40-
�b���*DÆ������D�$. Z�7,�
M�+!����� (WN������) Æ�������''���� �����X����], �
a>
 ���������]�X��Æ����]����[\��,7��������Æ�]��
��� X2. W��� 3, X2 Y �������/J�	���V6�/.

����������� X3. �D, ��������Æ���d������'', ����J`�
�
[\���, ���V<���d�����, ,H�
��	D����
=d, L ���W�)
�[e
Y)02, ��/]�
�I��
O��^�. �D, ��Æ���d����''��
 �
���������� X3, �������^�, ^4 �������%�. X��� 3, 4
����
���/J�	Y ��V6�/�fa.

�����&g@��]����� X4. �Æ�		�
��6b�cN�, ���2	�L)9J
T�*/]. Æ �*[�+�^
FG, �>Z`Æ4.\
''��, Z*?�&g@e�d ([d), [
4�I�, ����ZR&g[d�]��A�?. Æ �>6�[�+�^
FG, [4�I�, 2ZR]
����fS��@e-, \�����Æ)
�I�J%��_c�V9��A�?. �D, L)9J%
�I���*DL)9J%�I�����@e�]�''����������/.�, ��, ����
�&g@��]����� X4 I����������/J�	�8 4 ��/. X��� 3, 4Y ��
V6�/�fa.

��`h�W[�� X5. Reason 9��
�/���f�, �
�
I�647g�/ —— ��

�
���/5S� [23]. Shappell 
 Wiegmann 
��)Æ*_'���F7a�ZieY�*B7, %
a����/����.�� (the human factors analysis and classification system, HFACS) [24] bc. 6 

�������?7O, ���/	�������TW
�����`h, �D, M�������`h
�V<���d�����,��7d,`h^d7�̂ �K,���d�����^�. '�,`h&���
?], $�, `hZ''����e�
I�,  ��`h�����, ,H�����^+[����. +
*��*��`h�6d
�K���8M��`h����, 6.��8M��`h�W[�� X5. �
��[	, X5 �AW41�/ X1�X2�X3 
 X4 �`b, W��� 4, X5 &Y ������	�UV�
/.
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2�/ X1�X2�X3�X4 
 X5 -, ���6a
I�JA�/*.;��/+2,����
'j��
��*D&g[d��;��+�''�������/6�b��		�
������/J�,f��
���6a
I�JA��� X1 �8M	, /*.;��� X2 
 X4 �8M	, �/+2,���� X1


 X3 �8M	, ��
'j������� X5 �8M	, �L0��G8)�������/J�, ,H
�*2�/JA�8M����		�
������	�h*
D!
/M, /]�]�f]
��7�
ek.

E 1 	�� - ���R^��)����������Af�������. 
Y����� �	,
&
����i]
I�
c��/�'', ������,��4fUYg�& d, � ���(''
/��!�������R^, Æ !�M������*V<������L9����.
3.2 >cd)?MNk


�/ X1, X2, X3, X4, X5 �JA�he� [0, 1] 7�Af�, ������� R, X��		�
��
��, R �*���0>���, �>�������)9������ Rn, f�>�����@e^
F
G���� Ra. 
^
FG�I����� p, S�������:�� R = (1 − p)Rn + pRa.
3.2.1 lOPQm>cd)?MRn

)9JT�V�I8M���
��V����)9, ��Z[�������2. )9JT�, �/
X1, X2, X3 � Rn 7���V6�/, 
4JA��\� xn

1 , xn
2 , xn

3 , X5 � Rn 7�UV�/, 
4JA��
xn

5 , [ xn
5 = 0 �, 6/ (1) *

Rn (xn
1 , xn

2 , xn
3 , xn

5 |xn
5 = 0) ≈ 1 − e−β(xn

1 xn
2 xn

3 )γ

(4)

E 2 h�)��V6�/ X1, X2 
 X3 �JAM� �D4
2''���, :�
: a) �/ X1, X2


 X3 ���/�JA�� 0, S Rn � 0, ��)�/ X1, X2 
 X3 ���V6�; b) �/ X1, X2 
 X3

g^+��� 1 �, Rn L9WM��� 1, ��)�/ X1, X2 
 X3 ����V6�/J���;�; c)
�/ X1, X2 
 X3 �M�/�� X1, X2 
 X3 �JA��gVÆ��, ���� 3aJA��S.
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f 2 SHoTjJpqUVrWf

S f = xn
1xn

2 xn
3 , _$�" β 
 γ Æ Rn �''hE 3. 	E 3 �*��, [ β ∈ [6, 10], γ ∈ [2, 6] �, Rn

Æ f �����fl.
6/ (2) *

ret ≈ xn
1 xn

2xn
3 xn

5 e−β(xn
1 xn

2 xn
3 )γ

= xn
5fe−βfγ

(5)

rat ≈ ret

e−βfγ ≈ xn
5 fe−βfγ

e−βfγ = xn
5f (6)

6/ (3) *

Rn ≈ 1 − (1 − xn
1 xn

2xn
3 xn

5 ) e−β(xn
1 xn

2 xn
3 )γ

= 1 − (1 − xn
5 f) e−βfγ

(7)
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f 4 ]^jJVurWf (β = 10, γ = 2.2)

3.2.2 vOPQm>cd)?MRn
j9JT�V�I8M���
�����Ij9, ����Z[�������2. j9JT���

/JAM��.�)9JT��/JAM��.
.K, �$�����/ X4 �JAV6 X2 �JA. S
xi

1, x
i
3, x

i
4, x

i
5 �\:�[8 i (j9JT�I�, �/ X1, X3, X4, X5 �JA�, S

Ri

(
xi

1x
i
3x

i
4x

i
5

) ≈ 1 − (1 − xi
1x

i
3x

i
4x

i
5

)
e−βi(xi

1xi
3xi

4)
γi

(8)

/	 βi 
 γi �
8 i (j9JT��_$�".
3.2.3 >cd)?MRn


8 i (j9JT�I���� pi, 2M/ (7) 
 (8) 2������?= R = (1 − p)Rn + pRa h�

�

R ≈ 1 −
(

1 −
m∑

i=1

pi

)
(1 − xn

1xn
2 xn

3 xn
5 ) e−βn(xn

1 xn
2 xn

3 )γn −
m∑

i=1

pi

(
1 − xi

1x
i
3x

i
4x

i
5

)
e−βi(xi

1xi
3xi

4)
γi

(9)

Æ i�5
�cN��g��		�
��, 6 6�j���mCD�1!
�d, OOZÆUP
H,�j9Z7� “?7”,F7
�������	Æ

∑m
i=1 pi ��'�- �[�. �)�������

?=_WM�[, ��Uj�(j9JT, 74�ÆU�j9JT O (omit), 
4�I���� po. 8GÆ
U�j9JTO, S xo

1, x
o
3, x

o
4, x

o
5 �ÆUJT��/ X1, X3, X4, X5 �JA�, / (9) hn�:

R ≈ 1 −
(

1 −
m∑

i=1

pi − po

)
(1 − xn

1 xn
2 xn

3xn
5 ) e−βn(xn

1 xn
2 xn

3 )γn

−
m∑

i=1

pi

(
1 − xi

1x
i
3x

i
4x

i
5

)
e−βi(xi

1xi
3xi

4)
γi − po (1 − xo

1x
o
3x

o
4x

o
5) e−βo(xo

1xo
3xo

4)γo
(10)
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�D, �� po *D
ÆUJT� X1, X3, X4, X5 �JA xo
1, x

o
3, x

o
4, x

o
5 6�(.�-�,:�W�^
F

G�kU��, [?hD���X��j���/i1!��V9.
3.2.4 )?MNk_`

�		�
���������Ck�N�: !���j�, ]�?=]Æ, +!��,1, k	
�B
C, ���/JA, 	/YU�h, M��/JA, !9��/�, %+��eY. �*��hE 5.

4 abcw

6 NNf�, &�i�(%
Æ�61 )X�@�. X-51 �		�
���a��?VS�l�
�ML9�	���, ��
Wl����l)!��?VS, �l�/�
�VS&k�
�U���l
mn�
6��
�����O�. �M��� 5 �������_$��, WN 1 l��Vo� (pmk
	J%BC, V9����lmnVS), 2 l
�YU (o	�V9�c	
�		�a�JA, �Vo��
�%mX�84), 1 lVSb�H�� (pm�*VS�b�H�), 1 lVSb�`h� (pmC���l
VS). �c	Rn*, �
(3��) 2 �a�

ÆW
 5 �a�VSh*, 7 �[?����:�Æ�
�'h: 1. �c	Rn*, 10 lYUX�a�VSÆW
h*jo, ]8a�VS�l���/*8�J
T

��p,1, `Æa�VS�l����������p�h
�p�h�B���joh: 2.

f 5 FVhHIdexFVfG

g 1 X-51 BgCDEFGhijkYlXymnW[ozp
okpq okll qqrq skrm okrs sttu

pv/mn pv/mn pv/mn pv/mn pv/mn pv/mn tw

F1 31/32 31/32 0/0 42/42 32/32 2/2 (1) F1 �Toku

F2 28/28 28/28 0/0 36/36 28/28 1/1 ollnqrsT

F3 32/32 32/32 16/16 45/45 32/32 2/2 ovnqpokl

F4 42/42 42/42 16/17 55/56 42/42 1/1 l.

F5 42/42 42/42 17/17 56/56 42/42 1/1 (2) F4 �okrx

F6 42/42 42/42 17/17 56/56 42/42 1/1 soutskyn

F7 42/42 42/42 17/17 56/56 42/42 1/1 qrsTovnq

Qn 259/260 259/260 83/84 346/347 260/260 9/9 pskrmov.

	: 2 �
Kqu�*��, YU�h.���7�L9g, ��, �*���B���z�, Æ
x1, x2, x3, x4, x5 
 p �JA��Rz;g, *: x1 = 0.933, x2 = 0.951, x3 = 0.986, x4 = 0.798, x5 = 0.805,

p = 0.049.

8G+X����j=��, ÆU�j9JT�� po = 0, H xn
1 = xi

1, x
n
3 = xi

3, x
n
5 = xi

5 W�YU�h

����/JA�����������Æ�, )�v>����.�* βn = 10, γn = 2.2, βi = 5, γi = 2.2
(+�j9JT��_$�"�
$), 6/ (7)�/ (8) 
/ (9) *

)9JT�a�VS�l�������: 0.9944. XÆ����w��)9JT�����I���
U�VS����� 0.0056.

j9JT�a�VS�l�������: 0.9451. XÆ����w��j9JT�����I���



� 9� #��, N: "MOPPQKQRNRQSTONKLS�T&R 2095

U�VS����� 0.0549.

a�VS�l�������: 0.9918. XÆ����w��������U�VS����� 0.082.

5 rs

&6%� CSICF �., `Æ�		�
����������, 59�������/J�
��?
=. �41 HRA �.
�, �� CSICF �.�����?A�, 1�/M�		�
��h*
?KD!
[?, `Æ�*���*��

�)	Æ�, ���������, /])8�6
846 HRA �.*r
A��������5?�qx; 4� CSICF �.`Æ�		�
���	H�����0�, 2�(Æ
��YU<0
/M, F�)%��
Æ��*��NJT�FG; 3� CSICF �.8G)���/Æ�
�����'', ��41 HRA �.+yM�. '�, CSICF �.	� _$�" β 
 γ ��'FG\�

r��C��.
g 2 X-51 BgCDEFGhi{tDuvjHIdwx|y}zzpg

v� 1 v� 2 v� 3 v� 4 v� 5 v� 6 v� 7 v� 8 v� 9 v� 10 sw �{s
x1 0.90 0.85 0.95 0.90 0.80 0.85 0.95 0.90 0.80 0.90 0.880 0.0510

x2 0.85 0.80 0.90 0.90 0.90 0.80 0.85 0.80 0.85 0.95 0.860 0.0490

x3 0.95 0.90 0.90 0.95 1.00 0.85 0.90 0.90 0.95 0.80 0.910 0.0539

x4 0.80 0.75 0.75 0.75 0.80 0.85 0.85 0.80 0.75 0.75 0.785 0.0391

x5 0.80 0.80 0.75 0.70 0.75 0.65 0.70 0.80 0.75 0.75 0.745 0.0472

xtz{ p 0.05 0.04 0.03 0.04 0.06 0.08 0.08 0.07 0.05 0.03 0.053 0.0179

v� 1 1 0.9997 0.9983 0.9981 0.9976 0.9965 0.9975 0.9995 0.9989 0.9953 0.9982 0.0014

v� 2 0.9997 1 0.9975 0.9968 0.9968 0.9947 0.9959 0.9994 0.9985 0.9946 0.9974 0.0019

v� 3 0.9983 0.9975 1 0.9990 0.9951 0.9952 0.9976 0.9974 0.9967 0.9982 0.9975 0.0015

v� 4 0.9981 0.9968 0.9990 1 0.9976 0.9959 0.9974 0.9964 0.9982 0.9962 0.9976 0.0013

w v� 5 0.9976 0.9968 0.9951 0.9976 1 0.9949 0.9945 0.9956 0.9996 0.9925 0.9964 0.0022

x v� 6 0.9965 0.9947 0.9952 0.9959 0.9949 1 0.9993 0.9966 0.9949 0.9932 0.9961 0.0020

t v� 7 0.9975 0.9959 0.9976 0.9974 0.9945 0.9993 1 0.9977 0.9952 0.9950 0.9970 0.0017

y v� 8 0.9995 0.9994 0.9974 0.9964 0.9956 0.9966 0.9977 1 0.9973 0.9945 0.9974 0.0017

v� 9 0.9989 0.9985 0.9967 0.9982 0.9996 0.9949 0.9952 0.9973 1 0.9938 0.9973 0.0020

v� 10 0.9953 0.9946 0.9982 0.9962 0.9925 0.9932 0.9950 0.9945 0.9938 1 0.9953 0.0022

sw 0.9982 0.9974 0.9975 0.9976 0.9964 0.9961 0.9970 0.9974 0.9973 0.9953 1 -

�{s 0.0014 0.0019 0.0015 0.0013 0.0022 0.0020 0.0017 0.0017 0.0020 0.0022 - 0.0020

zu{ Sup 9.9816 9.9741 9.9751 9.9755 9.9642 9.9612 9.9702 9.9744 9.9732 9.9533 9.9703 0.0079

Ky{ Crd 0.1001 0.1000 0.1000 0.1001 0.0999 0.0999 0.1000 0.1000 0.1000 0.0999 0.1000 7.9e-05
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