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Abstract To compute the sensitivity of the hybrid uncertain system in which both aleatory and epistemic

uncertainties are present, a global sensitivity analysis method is proposed on the basis of evidence theory

and conditional probability theory. The aleatory uncertain variables are represented by using the evidence

theory. For epistemic uncertain variable, two stochastic sampling approaches based on the evidence theory

are put forward, which are named one-step and two-step random sampling approach, respectively. With

the conditional probability theory and the Sobol’ method used, the global sensitivity indexes of the hybrid

uncertain system are proposed in the presence of epistemic uncertainties, and the formulas of the first-order

and total sensitivity indexes are derived. A single-loop quasi-Monte Carlo simulation is developed and it is

used to approximately calculate the sensitivity indexes proposed. The sensitivity analysis program based

on Matlab is designed. A typical example is presented and its results show that the proposed method is

correct and its computational cost is acceptable.

Keywords sensitivity analysis; quasi-Monte Carlo method; evidence theory; uncertain system; aleatory

uncertainty; epistemic uncertainty
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� “	


���”. $!, x �	�%�"��# Y , ������
� Y �	�.  ! !& (SA) '

�$	��" Y �	�����	 x �	��%"&!'�#� [1]. (( SA, ���)���	#	�

�"

���
���� , 
�$�
	�
�	���* ), �*%���"�++�*,&,�

--. .!�	


��� ! !&&'("!"/$�:

1) )*% ! !&&'

./�


��	� U �
0��&',+�)*%!&&'0# ! !&,$�&'�1,'-

%�&2�)*% ! '.. &('/ [2] �(%	����10, *"�0#)3�23 ! !&�

(%&'. )45�*)*/ [3] 1+23)*%�+�'.��, *"1+(%	��23)*%�+�

 ! !&&'. 1+�


�	� Ui �,/����, Guo � Du[4,5] *",-.1+ dKS 6-� 

! '.. /+ dKS �.4$ Ui ��1��
, 52/ [6] *",/6-.1+,/����+  ! 

'.. 
(, 
�'(%!&&'7',/��&', 3	�7	8(Æ, $�&'"".(% (9:0) 1


4289, 01273!;<�'=&'.

2) 1+:>*%� ! !&&'

?��


��	�5�4.3@
�*%!6, 1+*%�	:>5;�:>&7��, +���

� ! !&&'0#!&, 8�<=" [7] � [8]. <= [9] #",6'A!�


����� ! '

.�>94B7189&', :;'�
5�<'C?@%=. �,:5>94B7189&'�;,, <

= [7, 8] *",-.>94B7189&', !@*%,C?@%. 
(, ��&'?�


��	�3@

@��
5�4.
�*%!6 [7,8], 
.<@@��
�


��1�, 
=A>ABCD.

6#.!&'�
5, 7,/���10E, *"�


��	��$.
�+Æ&', FB"1+

Sobol’ &'�	


���� ! '., 0�*"-.2�?D ! !&&', @C,1+ Matlab

� ! !&�8. 9E, #"-F8��A, G�,BG*&'�!@�.

2 !RS"#$%&T'()U:V*+W,-X./

,/�� [10,11] ;D���, �)�<��


��AB�!@�A. /+7,/��	<��H=

	/E*%�	<��H=	/HC>IF, ?JE Dempster 
D'@��A

0BK9	/C�
I

9	/, $JF,/��F$,D>DLG���.

2.1 Y01234
� Θ �ÆIDM. "N�O	 m : 2Θ → [0, 1] (2Θ � Θ �E�, ∅ �KÆ�) F5⎧⎨

⎩
m(∅) = 0,∑
A⊂Θ

m(A) = 1, (1)

@� m �ÆIDM Θ E�1H�A !G; # ∀A ⊂ Θ, m(A) �� A �1H*%'H (BPA).

L m : 2Θ → [0, 1] �ÆIDM Θ E�1H�A !G. # ∀A ⊂ Θ, �/

Bel =
∑
B⊂A

m(B), (2)

Pl =
∑

B∩A �=∅

m(B) (3)

G�&�O	!I�� Θ E A �A O	�ME O	.

� Bel1, Bel2, · · · , Beln 'ÆIDM Θ E� n FA O	, m1, m2, · · · , mn !I'
#��1H�A

 !G. "N Bel1 ⊕ Bel2 ⊕ · · · ⊕ Beln �701H�A !G� m, @⎧⎪⎨
⎪⎩

∀A ⊂ Θ,

m(A) = K ·
∑

A1,··· ,An⊂Θ
A1∩···∩An=A

m1(A1) · m2(A2) · · ·mn(An) (4)
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� n F,/
D� Dempster '@, m(A) �K,JF,/
DE A ��A (N. 
	:

K =
[
1 −

∑
A1,··· ,An⊂Θ
A1∩···∩An=∅

m1(A1) · m2(A2) · · ·mn(An)
]−1

.

2.2 56789:;Z<=>[
12, ,/���	�'O3�! 4 .: E/*%	�'O [10], L&) Bayes ��'O, 
����'

O����A 	� [12] 'O. Smets / [12] *"�,/������A 	� (TBM) '-.$9��0

	�.

Credal 9: P+K9, 7;9	IIA 
#
0#�), LF�H2<�.

Pignistic 9: P+E9, QP Credal 9E�A GQD Pignistic *% (9�MN*%), 
/�H"=

O. 
	, Pignistic *%!6J O	�RR�:

d(x) = Bet(x) =
∑

x∈A⊆Θ

m(A)
‖A‖ , (5)

R	, ‖A‖ � A �S, S A GT0)�F	.

$K, R (5) IT�+IIDM Θ '-U�LV,  �$ÆP.C?" ‖A‖. "N ∀Ai ⊂ Θ, Ai 
'

-U��'-�MQ(% [Amin
i , Amax

i ], @<#R (5) 0#NJ. � |Ai| �KQ(% [Amin
i , Amax

i ] �O 

(Amax
i − Amin

i ). L Θ T! KΘ F:0 Ai, @IIDM Θ EP9 x � Pignistic *%!6J O	K	�:

d(x) = Bet(x) =
KΘ∑
i=1

ϕAi(x) · m(Ai)
|Ai| , (6)

R	, ϕ(x) �.IO	, 
�RR�:

ϕAi(x) =

{
1, if x ∈ Ai,

0, if x /∈ Ai.

2.3 ?\L@A]MBCY012N^
U+,/���1,, Q�,/���K�


��	� U , 
��VR�:

Ui =

⎡
⎢⎢⎣

Amin
i1 Amax

i1 mi(Ai1)
...

...
...

Amin
iKΘi

Amax
iKΘi

mi(AiKΘi)

⎤
⎥⎥⎦

KΘi×3

, (7)

R	, Ui �K U 	�S i F�


��	�, QA! KΘi F:0, RF:0 Aij �-FQ(% [Amin
ij ,

Amax
ij ](j = 1, 2, · · · , KΘi), ;:0�1H*%'H (BPA) � mi(Aij).

2.4 ?\L@A]MBC_DE`FG
1) -T
�+Æ'

;&''1+,/������A 	�'O�
�+Æ&'. /R (6) � Pignistic *%!6J O

	, 6"�


��	� U � Pignistic SC*%!6O	 CDFp(U) W
UO	 CDF−1
p (U). VW-F

7 [0, 1] TXO!6�
�	 r, @�


��	� U �-FÆH Urad �:

Urad = CDF−1
P (r).

2) WT
�+Æ'

��


��	� U �IIDM� Θ, 0 Θ T! KΘ F:0 Ai, (i = 1, 2, · · · , KΘ), RF:0�-

Q(% Ai = [Amin
i , Amax

i ], :0 Ai #�� BPA � m(Ai). /+�


����7, XU# m(Ai) 7(

% Ai E�!6

VX. U �SC!6W3! 2 : [10], !I�ESC*%!6W3 CDF (U) �/SC

!6*%W3 CDF (U), "Y 1 GK. L m(Ai) 7(% Ai E�!6;Y
�, @�


��;YZY,

�Æ, �


��	� U P[)�
�	�, 0
 CDF (U) � CDF (U) W3P�
�-:W3. $K,

CDF (U) � CDF (U) �6-D(, @ U ZT��


��D(. CDF (U) � CDF (U) �./,/��

&' [10] 6", S CDF (U) = Pl(U), CDF (U) = Bel(U).
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r

)(UCDF

)(UCDF

1

0
U

min
rA

max
rA

CDF

a 1 HbIJKLMNOc
�


��	� U �WT+Æ''-.1+,/���E/*%	�'O [10] �
�+Æ&', /

�/$T
�+ÆZM�..

S 1 T+Æ: VW-F7 [0, 1] TXO!6�
�	 r, !I/ CDF (U) � CDF (U) �UO	F$ 2

F
�ÆH (�!Y 1), S:

Amin
r = CDF

−1
(r), Amax

r = CDF−1(r).

S 2 T+Æ: /+�


����7, 

��	� U 7Q(% [Amin
r , Amax

r ] T�!6[X




[. ��, /VW-F [0, 1] T�
�	 r′, @

��	� U �-F
�ÆH�:

Urad = Amin
r + r′(Amax

r − Amin
r ).

S 2 T+ÆÆ, <�
�
�	 r′ �WD&'. �\E, /+�


����7, r′ �!6[X'%

'
��. ./9(PQ�, XO!6�P9(, /�WD�
�	 r′ 9
AY!. Æ]R
�	 r′ \5�

XO!6<�.

FF'"�', -T+Æ'�HS'^Z, U �]!�


��, U [)D,5� Pignistic *%!

6J O	�
�	�. \E�/, WT+Æ'E8E�@UT,�


��	��1,.

3 W,'()de% Sobol’ PQRSTUf./VW

3.1 Sobol’ FGCXYZgU
Sobol’ ' [13,14] '-.1+&7!'�?D ! !&&', �+6'_A!
�	���� ! !

&89. �G�$���	��:

f = f(x), x = (x1, x2, · · · , xn), (8)

R	, x ∈ In, I �>P(% [0, 1], In � n 7>P^[&]. Sobol’ &'�_1^_'? f(x) !'� 2n `

��, S:

f(x) = f0 +
∑

i

fi(xi) +
∑
i<j

fij(xi, xj) + · · · + f12···n(x1, x2, · · · , xn), (9)


	, 1 ≤ i1 ≤ · · · ≤ is ≤ n. Sobol’ V5*"�!'&''J7 Fourier Haar Series !', 7
E�<=

[13] 	, Sobol’ *",-.HA`���J�`!', 
 f(x) �W&7�:

D =
∫

f2(x)dx − f2
0 =

n∑
s=1

n∑
i1<···<is

Di1i2···is =
n∑

s=1

Di +
∑

1≤i<j≤n

Dij + · · · + D12···n, (10)

R	, G!`!X7 In T`!. f(x) �Y&7�:

Di1i2···iS =
∫

f2
i1···iS

(xi1 , · · · , xiS )dxi1 · · ·dxiS , (11)

R	, 1 ≤ i1 ≤ · · · ≤ iS ≤ n.

Sobol’ '�?D ! '.�&�:

Si1i2···iS =
Di1i2···iS

D
. (12)
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G!ab ! '.)a, 0:
n∑

s=1

n∑
i1≤···≤iS

Si1i2···iS =
n∑

s=1

Si +
∑

1≤i≤j≤n

Sij + · · · + S1,2···n = 1. (13)

R	, Si = Di

D �-b ! , Sij = Dij

D �Wb ! , //.

3.2 hMBi[CXYZgU
#R (8) 	� x, � x = (y, z), y � x � m 7X�, 1 ≤ m ≤ n − 1, z � y � (n − m) 7b�. c

y = (xk1 , xk2 , · · · , xkm), 1 ≤ k1 ≤ · · · ≤ km ≤ n.

� K = (k1, k2, · · · , km). X� y �&7�&�:

Dy =
m∑

s=1

∑
(i1≤···≤iS)∈K

Di1i2···iS . (14)

0���&X� z �&7 Dz. �X� y #��W&7�:

Dtot
y = D − Dz. (15)

Sobol’ '	X� y �-bWW ! '.!I�&�:

Sy =
Dy

D
, Stot

y =
Dtot

y

D
= 1 − Dz

D
. (16)

3.3 Sobol’ XYZgU\jC_D]^FG
/Ea�
, ��. Sobol’  ! '.�C?, <C? f0, D, Di, Dtot

i /�C�. ./ Sobol’ �&7

!'Q�, �3YC?$b�C��7189' [14]. Saltelli / [15,16] *",-.\d$b�C��718

9&', ;&'A!8%�C?@%. � A � B ' 2 F_[0!6� n × N 7ÆHeZ, N �+ÆT	;

A
(i)
B ' n×N 7eZ, 
S i M� B �S i Mc`, 
[M� A �
Q (n− 1) M\0. @ f0, D, Di, Dtot

i

�7189dC [15] !I�:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

f̂0 =
1

2N

N∑
j=1

(f(A)j + f(B)j),

D̂i =
1
N

N∑
j=1

f(B)j(f(A(i)
B )j − f(A)j),

D̂ =
1

2N

N∑
j=1

{
(f2(A)j − f2

0 ) + [f2(B)j − ( ˆf0)
2
]
}
,

ˆDtot
i =

1
2N

N∑
j=1

(f(A)j − f(A(i)
B )j)2.

(17)

4 _`'()de%PQRSTk\*+almb

4.1 cdL@AnoCZp]q
�	


����	�	��:

Y = h(x) = h(V , U) = h(x1, · · · , xKV , xKV +1, · · · , xKV +KU ). (18)

R	, x = (V , U); V = (V1, V2, · · · , VKV ) = (x1, · · · , xKV ); U = (U1, U2, · · · , UKU ) = (xKV +1, · · · , xKV +KU );

n = KV + KU . �G!	�f\_[. #+R (18) G���	


���, ����.'.�5;F

E(Y ) ��, ���	� (S

��) � Y �&7 V ar(Y ) ��. #R (18) GK�	�	�, 	��&7,

	�5; (Z]:>5;) �W	�_[���&���*%�	��&\0.

4.2 cdL@AnoC Sobol’ XYZgU
7A!�


�� U �:>/, Sobol’  ! '.
.]g��. ��, +�:>5;�:>&7�

^^ [7,8], # Sobol’  ! '.0#FL.

./ Sobol’  ! '.�&, 7A!�


��	��:>/ (�c�: |U), Ui �-b ! ��

K�:

SUi |U =
Di|U
D|U =

V ar{E[E(Y |U)|Ui]}
V ar[E(Y |U)]

. (19)
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_�:>5;RR [7,8] {
E[E(Y |U)] = E(Y ),

E{E(Y |U)|Ui} = E(Y |Ui).

#R (19) 0#	�	Q, F:

SUi |U =
V ar[E(Y |Ui)]

V ar(Y )
· V ar(Y )
V ar[E(Y |U)]

=
SUi

ξ
. (20)

R	,

SUi =
V ar[E(Y |Ui)]

V ar(Y )
, ξ =

V ar[E(Y |U)]
V ar(Y )

. (21)

SUi ��`D'aY U ��


��, _?Qd�
�	�Æ Ui �-b ! . ξ 'C� U ��




��E# SUi �^_`, �� ! ^_�	.

0�, Ui �W ! ��K�:

Stot
Ui

|U =
Dtot

Ui
|U

D|U .

./&7!'Q�, Dtot
Ui

|U = Dtot − D∼Ui |U . 
	 ∼ Ui �K (V , U) 	ea Ui EGf[�X�.  

�W&7 Dtot = D, Æ!:

Stot
Ui

|U =
Dtot

Ui
|U

D|U =
D − D∼Ui |U

D|U . (22)

bc$

Stot
Ui

=
Dtot

Ui

D
,

D∼Ui

D
=

V ar[E(Y | ∼ Ui)]
V ar[Y ]

= 1 − Stot
Ui

,

/R (22) 0-cFB, F:

Stot
Ui

|U =
V ar(Y ) − V ar(E[E(Y |U)]| ∼ Ui)

V ar[E(Y |U)]
=

V ar(Y )
V ar[E(Y |U)]

− V ar[E(Y | ∼ Ui)]
V ar(Y )

· V ar(Y )
E(Y |U)

=
V ar(Y )

V ar(E(Y |U))
− (1 − Stot

Ui
) · V ar(Y )

V ar[E(Y |U)]
=

Stot
Ui

ξ
.

(23)

R	, Stot
Ui
��`D'aY U ��


��, _?Qd�
�	�Æ Ui �W ! .

4.3 XYZgUC\jre
A
 4.2 h�!&, �*"-.	


���� ! '.�C?^^, A]"/. #��	� Y =

h(V , U), bc U ��


��E, �� ! '.� SUi |U , Stot
Ui

|U , SVi |U , Stot
Vi

|U `C?Ea ! 
'., HaÆ
bc U ��


��, d
[)�
�	�, +�
�	��� ! '.C?� Sobol’

&', C? ! '. SUi , Stot
Ui

, SVi , Stot
Vi

. KE,bc U ��


��,C? ! ^_�	 ξ,\R (20)

�R (23) C?Y(^_E U � ! '.. #+
�	� V , /+
�+ÆÆ3!d	


����S

�!6[X, 7G!	�_[Æ^Z U � V �ifb�, @
 ! 
-0#^_, S:

SVi |U = SVi , S
tot
Vi

|U = Stot
Vi

. (24)

5 _`'()deRSTUf%W,fg./*l/hs

5.1 XYZ9tCjG
+�<= [15] �7189&'C? Sobol’  ! '. SUi , Stot

Ui
, SVi , Stot

Vi
. �,e,
�	Q(��

ge�, ./ Sobol’ &'��6, +�Q7189&'WDÆH, e,ÆH7 [0, 1] (%!6�XO�. #+

�&c
' [0, 1] �	�, Y(	�cQd	
�&c, J�F5 Sobol’ &'��6. +�Q7189&'

C? ! '.�^_�	 ξ, A]?'�.P7/hh�.

5.2 XYZ9tCjGiu
1)  ! '. SUi , Stot

Ui
, SVi , Stot

Vi
�C?

7	�	�R (18)	, �


��	�� U �,/����, �
�	�� V a!��*%!6J

 O	;
. # U b[)<�, a? U �a!�<�D5� Pignistic *%!6J O	�
�	�. +�



1894 � � � � � � � #  � 38�

Sobol’ &'6" ! '. SUi , Stot
Ui

, SVi , Stot
Vi

. L+ÆT	� N ,  x �G!!�\f_[, @
>4B

7189&'�C"/:

S 1 c: +� 2.4 h	�-T
�+Æ', ./ Pignistic *%!6J O	, WD U �-FÆH ui.

S 2 c: \
�	��;
!6[X+Æ, WD V �-FÆH vi.

/Ea$c, F$ x = (V , U) �-FÆH (vi, ui). �fS 1 c�S 2 c N T, F$-FÆHeZ A.

��M&', F$/-FÆHeZ B.

�<= [15]�&',�R (17)#Ea$FÆHeZ AW B 0#�C<�,6" Sobol’ ! '. SUi ,

Stot
Ui

, SVi , Stot
Vi

.  

��	��W7	 n = KV + KU , @�RR (17) 6 ! '. SUi , Stot
Ui

, SVi , Stot
Vi

Æ, 	� Y = h(V , U) �W\dT	� N(n + 2).

2)  ! '.^_�	�ZMC?

^_�	 ξ �./:>5;�:>&7��0#ZMC? [7]. �! 2 F

����	�	� Y =

f(V , U) � Y ′ = f(V ′, U). � V � V ′ 7 U /'0!6�, @ E[E(Y |U)2] = E(Y · Y ′)[7]. Æ:

ξ =
V ar(E(Y |U))

V ar(Y )
=

E{[E(Y |U)]2} − [E(E(Y |U))]2√
V ar(Y ) · V ar(Y ′)

=
E[Y · Y ′] − E(Y ) · E(Y ′)√

V ar(Y ) · V ar(Y ′)
=

cov(Y, Y ′)√
V ar(Y ) · V ar(Y ′)

,

(25)

R	, cov(·) �K6i&7.

L+ÆT	� N ,  x �G!!�\f_[, @C? ξ �>4B7189&'�C"/:

S 1c: bc U ��


��,+� 2.4 h	1+,/���WT
�gÆ'WD U �-FÆH ui.

S 2 c: 7 U = ui �:>/, \
�	��!6[X
�WD V �-FÆH vi, C? Yi = f(vi, ui).

S 3 c: 7 U = ui �:>/, \
�	��!6[X
�WD V ′ �-FÆH v′
i, C? Y ′

i = f(v′
i, ui).

�fS 1 cdS 3 c N T, F$-F 2 M N #�eZ, c�:

(Yi, Y
′
i )N×2, (i = 1, 2, · · · , N).

c E(Y ) = Y , E(Y ′) = Y ′. /R (25), ξ �dCF [7] �//RC?:

ξ =
∑N

i=1(Yi − Y ) · (Y ′
i − Y ′)√∑N

i=1(Yi − Y )2 · ∑N
i=1(Y

′
i − Y ′)2

.

�ERC? ξ Æ, 	� Y = h(V , U) �W\dT	� 2N . Ea?'	, +� 2.4 h�WT
�gÆ'

WD ui, /+;gÆ&''-.ZM&', ÆEaC?GF� ξ 'ZMF.

3) C? ! '.Æ�+Æjj

�� Sobol’&'0# ! !&Æ,�e,ÆH7 IK T!6�XO�,+�Q7189&'. gÆXO

�8<�Q7189gÆ'!fh^[&!9gÆ' [17] � Sobol’ k
�	8M' [18] /, H<+�Ee.

6 vwhj

"Y 2 GK�YfWikg�3 [4,5], Wij � a(mm), hkj � b(mm), 6i� F (KN). hkl

j�Ælg, lm"Y 2 GK. hknk�l5mm� s(Mpa), 0 s �5�_n!6�
�	�. �Yf6

-� e(mm), kg��M%�mo�	� μ. hkljlmI d2 = 50 mm, d1 = 25 mm.

N

d2

d1

A

B

C

M

M

e

N

M-M

a b

F

a 2 kxOhlmno



� 7� �
�, �: "��������������������� 1895

.�$hk�n 89. /<= [4], 76in F �b�/, hk
VWl5oo�:>�:

G1 = h(V , U) = s − 4F (b − a)
π(

√
(b − a)2 − e2 − μe)(d2

2 − d2
1)

> 0.

R	, a	��!6[X [4] "� 1 W� 2 GK.

j 1 ynkpqMNrs
pp o�p ql q�q �rpr

x(1) a 100/mm 0.01/mm mp�r
x(2) b 300/mm 0.01/mm mp�r
x(3) F 250/KN 25/KN mp�r
x(4) s 390/Mpa 39Mpa mp�r

j 2 tznuÆ{kpqMNrs

pp o�p
�rpr (oqrs)

st (up) BPA

x(5) e/mm

[100, 120] 0.2

[120, 140] 0.4

[140, 150] 0.4

x(6) µ

[0.15, 0.18] 0.3

[0.18, 0.23] 0.3

[0.23, 0.25] 0.4

./G*"� ! C?2&'�^^�?', 7 Matlab 'qE@C,(��	


��� ! 

!&�8 [19]. �G@C��86'aq	�# G1 � ! , 
�	QT	 N I 5000. #HAsvt�8

WD�G! ! '.7
�	QC?(�	�un	)Y, �tvY( 5000 T	Qs;
�	Q(�;

Ygew ! !&2N"� 3 GK.
j 3 vwqxyzM|{|

pp
rw���s� S t���s� Stot

�r x�

"�����
x(4) 0.429 620 0.435 374

x(3) 0.222 369 0.232 934

x(2) 0.000 000 0.000 000

������
x(1) 0.000 000 0.000 000

x(5) 0.463 235 0.469 800

x(6) 0.043 689 0.052 337

1+�


���,/����, <= [4] +�1+ dKS 6-� ! !&&', #"��


�

�	��-b ! (main effect) '. ME !I�:

ME(x5) = 0.2979, ME(x6) = 0.0761. (26)

�!, H<6'��


�	�-b ! '. S, sK ! '.�	F�<= [4] 	
-Æ, : 

! �u8'\0�. <= [4] 3!#"�


��	��W ! �Wa
�	�� ! , \E�/,

$u7-�� EtB,H<&'�v,.

7 }}

�,/��#�


��	�0#��, 1+:>*%��� Sobol’ ?D ! !&&', *"-.

	


��� ! !&C?�
�	Q?'. �.!&'\E, G*"�2&'A!"/1,.

1) +�,/��b��


��	�����A, �� p-box 	�, 	x	�, (%	�/����




��	�X��G)�,/23��.  �,G*�&'#�


�� )���W<�.i8n,

��yuO.

2) G*&'�?'�.	, 
�	�\
!6[X0#
�+Æ, 
-G)�,/��VR; �




��	�+�1+,/���
�+Æ', �,/���	�'Ov
.  �, ;?'8<@].,
�	

���


��	�aq�1,, +Æ(�	�ABCDw.

3) +� Sobol’ &'� ! '.,  ! '.
-�2�&. +�,>4B�Q7189&' [7,8] 0

# ! �	FC?. 3��	��W7	� n, 
�	QT	� N Æ, ��	�	� Y = h(V , U) �W

\dT	� N(n + 4).  �, 2&'sK+�,,/��<��


��	�, :
"".:01
	4
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2�.x, W�C?�b��v, C?DH��g4.

4) @C,1+ Matlab �(� ! !&�8. Y(�Aby, G*" ! !&&'�C?2N�+,

G@C��8w#+�, (��<.
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