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ABSTRACT

ABSTRACT

With the rapid development of modern industrial technologies such as aerospace,
deep-sea exploration and rail transit, mechanical products are becoming more and more
huge, precise and complicated day by day. Many engineering machinery and weapons are
subjected to extremely severe service environment, in addition to the effects of various
uncertainties, which results in frequent breakdowns and has caused a lot of catastrophic
accidents. High reliability is the basis for ensuring that the product can performs its proper
function. In order to save costs or meet other performance requirements, lightweight
designs for vehicles, high-speed trains, aeroplanes and satellites are also needed. To meet
the design requirements of high reliability, long life and lightweight, reliability
optimization design has increasingly applied to complex mechanical products. Several
key problems need to be solved in the reliability optimization design of complex
mechanical products, including 1) multisource mixed uncertainty quantification; 2) high
precision reliability evaluation under complex loading; 3) reliability evaluation for multi-
state systems; 4) efficient reliability optimization design. Reliability models established
on the traditional stress-strength interference theory do not consider the effect of loading
on mechanical products in the service, in addition, mechanical products are affected by
many uncertainties during the whole life cycle, the existing methods of reliability analysis
are no longer applicable, research on new dynamic reliability analysis method is urgent.
Thus, in view of these key issues, this dissertation studies the dynamic reliability model
under complex loading, the reliability analysis methods under mixed uncertainties, the
fuzzy reliability analysis method for multi-state systems considering the correlation, and
the reliability optimization design method under the mixed variables, respectively, to
extend and improve the existing dynamic reliability models and analysis methods, and
provide theoretical foundation and information support for the safety and reliability of
mechanical system or mechanical products during the service, preventing accidents and
reducing cost.

The main research contents and innovations of this dissertation are listed as follows:

(1) Development of a system reliability analysis method under the effects of complex
load and strength degradation. This dissertation takes the comprehensive effects of shock
load and strength degradation into consideration, studies the system dynamic reliability



ABSTRACT

model and analysis method under complex load and strength degradation, and sets up a
dynamic reliability model considering complex load and strength degradation. Gauss-
Legendre integral formula is used for the calculation of dynamic reliability, the validity
and accuracy are verified with Monte Carlo simulation.

(2) Development of a system reliability analysis method based on entropy invariance.
In the design process of mechanical products or systems, affected by incomplete
information, insufficient data, and other uncertainties, it is often difficult to even cannot
obtain the distribution types and distribution parameters of certain variables, but set them
as fuzzy variables or interval variables. For reliability issues that only contain fuzzy
variables, well-developed methods such as level cut sets, stochastic finite element can be
used. In practical engineering, there are few cases where only fuzzy variable is present,
and the opposite is often a mixture of variables. Thus, it is necessary to study the
reliability analysis methods under mixed variables. This dissertation proposes an
equivalent conversion method based on the theory of entropy, which can convert the fuzzy
random variables to the normal random variables, and studies the system reliability
analysis method under mixed uncertainties combined with saddlepoint approximation.

(3) Development of a fuzzy reliability analysis method for multi-state systems
considering the correlation. With the large dimension, complication and multi-function of
mechanical products, the fault of a certain part or subsystem usually does not lead to the
failure of the whole mechanical products, but results in a decline in the performance of
the products gradually, and presents polymorphism. On the other hand, in practical
engineering, due to the limitations of conditions, insufficient data, or incomplete
information, etc., people sometimes can only give rough ranges for the performance levels
of the system and the corresponding probabilities. In addition, there is usually a
connection between the components or subsystems that make up the system. This
dissertation adds the correlation to fuzzy universal generating function, and proposes a
new fuzzy reliability analysis method for multi-state systems considering the correlation.

(4) Development of a reliability optimization design method under the mixture of
fuzzy and interval variables. At present, scholars have done some research works on
optimization design under the mixed uncertainties, and obtained some effective methods,
but there is little research on reliability optimization design method under the mixture of
fuzzy variables and interval variables, and lack effective treatment methods. In this
dissertation, reliability optimization design under fuzzy variables and interval variables
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Is converted to reliability optimization design under random variables and interval
variables based on entropy invariability, and a new reliability optimization design method

is proposed under the mixture of fuzzy variables and interval variables.

Keywords: dynamic reliability, multi-state system (MSS), fuzzy entropy, strength

degradation, reliability optimization design
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RAE SR A, A
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’ (2-8)

= jexp {j;&(f)x[fiw) f_(c, g)dC—l}dé’} fo(@)de

H10(2-8) rl A1, FEALSE EEIRAL | SELERENL AR S AME AR BEA LR o 28 1 R
(R AR GEn] SE AN R T AR B Ak, AT xfE LA B TR 1RG5 30 i sRIE R S
ENATTEERE, MBSO AT SEE Al R R AERE . B0 e AL, AR FREAE TR — /N5 o
PR 2% a8V N 25 B R BRI RGeS & AT SEFETH 5 T i

2.3 ETSH-#ERs AT RZETERE
b S I R A < P B9 E R - C R AT W RS Y (7 O | S LEAIE S N Sl
OO Ding &M I3 G BB AR 73 7 VAL T RE S op (K AT T 0TS, AEARZ 3L
ERD IR T, @b EEER 0 RS s, A3 2n+ 1B AE I, HARIMHS
FER R e oA, R, AR B 4 1 T e - LA AR A A SR AT SR B UHB T R A 2.2
NIRRT SEVERE R, DASKIL AR S AT S5 R AL N () AR GE AT FEE AT
AfEAE, i

H(tp)= l(t)x[ [ (C,t)dC—lJ (2-9)
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M (t,¢) =epr; H (§,q))d§} (2-10)
JUESE
R(t) :! M (t,@) fy (@)de (2-11)
QL

M (t+At,¢) :exp“:m H (é,(p)df}

t t+At (2-12)
=eproH(§,<p)d§+jt H(§,(p)d§}

QPSRN T A 2NN, WRIEFRIEAR D A3, AT

exp Ut”“ H (§,<p)d§] ~ exp{ H(te)~ 2 (t+At o) At} (2-13)
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2
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REFIAR S B8 BB U 7 AR 5 R AN 2-1 TR

R 2-1 - BB AR R (m=11) [63

X, #0.978229 0.887063 #0.730152 #0.519096 =0.269543 0

A 0.055669  0.125580  0.186290  0.233194  0.262805  0.272925

22



O SR M RN B R ST S A S 0 W 5 vk

Yo AYERENAE, Ho=(p,0)N, A8 REH-E1EER S AR
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0,=C | —8_K,KK_ 2-21
. p\/b30|93| ° (2-21)

b, o, RSN T, C M BHKSE R 8L R KRR 3 2BV /),

b, M1 d o 700 9 Kk HE 3 MUK e A1 FE IR B4R, K, KO MTK, 0 R 7 3
WARB M ZERE, 1 AJUREER, ATRARIRA:

|=—d93

2(d93+dp3)

Kb, a ARSI, dAd 2050 K e 3 A1/ iki%e 3 1970 FE R Bl AR
R 2-2 RTHHU V R IR A5 8 7 25

sina Cos a (2-22)

ey CiRe] HME bk 2 oA AL
IXzh 146 T, 2160 21.6 IR kN m
o BE IR & a 20 0 / degress
AR K, 2.0 0 / none
A AR K, 1.0 0 / none
M R EL K, 1.6 0 / none
K% 3 14 5 b, 300 3.0 IEA mm
ATt C, 6.0 0.06 IEZ (MPa)Y2
Kikfe 1 HAR dy 500 5.0 IEZ mm
Kihife 2 B dg, 660 6.6 & mm
Kihife 3 HfZ dy 850 85 & mm
Mhife 1 AR dy 300 3.0 A mm
Nh%e 2 HiE d,, 220 2.2 A mm
MRS 3 HAZ d 300 3.0 A mm

W TR XA A AR v (R AR K, DRI, Kk%e 3 Pz BRI YN R Ayl LR
2SR

-~ d_d
F - %X d_gldgz (2-23)
p3 p1Y p2
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b, R ONRYERE 3 BT blia 1, T, NHIAE ISR A, d A d ), 730 e K ki e
1 AVNAEE 1B R EAE, d g, And ) 70 9 Kk de 2 AV &e 2 80 5 R BLAE
637 3 (2-21)-(2-23) A 15

41,d,d,,(d,,+d
o, =C, oo 92(2 o ) KKK, (2-24)
b,dd,,d d;;sinacosa

X 2 (2-24) K FH SR8 017 BT 45 31352 7 (1) 10000 MFEAE, SR EHEATIE
AAG, VAL ) E FIRRAEZE 7)) 526.8MPa Al 42.5MPa . T [HIEH A =
PSR LA R SRS AT SEEREAT 20 6T, JF 5 S8R5 R 0 BLAE R BEAT X L, DASSAIE P
$R TR P A HE R

(1) 58 MR R AN S A i F ity

ZoR 1) A, WA FE R Ak T 1) 56 P 2 B T 5 T S B KK o %o T M s R
fh, fRBSRE AT AR IR N S (®,1) = ¢, (1-0.00025t), HIEATESE o, (I{E N 800MPa,
WAE—BFZ st , BRI S (®,t,) =@, (1-0.00025t, )=800—0.2t, A—Hi % K% % i
B o R A VR FH SRR IR A () = 1.0 hr ™ (55 YR FA S A2 L v ol 38016 A s
{8 L, IR MIME A 100MPa. #RifEZE A 20MPa [FIEZS /0. N & TAEREE A
P, A L (Ct)=C(1+0.0001t) F o~ 2 TAEH AT, Hr, CHRMIMER
Le =526.EMPa. tHEZ N o, = 42.5MPa [IEZS 73 o ARAE IE2S 70 A 1) v] P AT
B, Ly (Ct) MR IEZS 5340, HIMEM T 2 i Rom A

p (t)=626.8+0.05268t MPa (2-25)
pil

o, (t)= /4257 x(1+0.0001t)’ +400 MPa (2-26)

AR MR SRR X RAIES A N (1,0%), B4 X B

X [ 1 =30, u+3c | MR A S T2 =, EHIXIA[g—-60,u+60] I

FEAR RIS L5 2 — RO, Oy T RO BARIERGS RS L, R “ 607 N
WHHERE7), T

[+

800-0.2¢ 1
I626.8+0.05268§—6\/42.52><(1+0.0001§)2+400 \/ﬂx \/ 42 52 % (1 +0 00015)2 +400

exp{_ (C —626.8-0.05268¢) } i _1] df}

2x| 42,57 (1+0.0001¢)’ +400 |

R(t)=exp

(2-27)
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X R (2-27) 34T ELHEAR Sy, W1 E] 2-5 Fos ] ST 4L .

T AN [F) BT A6 9 R LA (] ) R A B 2 o SRy B G B AR B A 5 VR )
AR, R REE N 720MPa. 800MPa. 850MPa i AH 18 1 ] 45 JiF jh 2%,
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] 2-6 S WA [RI 474 o P 58 L T 26

P FVAR R A(t), R(t) Rt Z A5 R & 2-7 Bk,
1 G

—o— A(t)=1.0hr?
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SRR BRI AN TR T A A AR A o DRI 0T 5 A1 i R SR A AN 55 TR Y AR o v o a8 £ P
TIIATSEREIIZL, o, A A () PTHL AL T BiAT /R 7345 (Weibull distribution) (1
RS HRI R S 4

(2) BEHLYESE R A AT YR o F b o

ST REAL M SR AR AL, R TR N S (®,1) = ¢, (1-0.00025t ), o g iR
MIEFIFHEZ 535308 1, =800 MPa #l o, =20 MPa INIEZR 43 i % TAE— %
Mt S(®,t,)=0¢,(1-0.00025t, ) H—BENIAL &, HRSHMEN (1D MHE.

WG “60 7 HEN, FALE o 1 LIRS 5N

#,, +60, =920 MPa (2-28)

F
#, —60, =680 MPa (2-29)

e 70(2-8) (2-28)F1(2-29)FJ 15
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FEm (2) AHIE.

R (2-30) T 25 4
920 t (170.00025§)¢; 1
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T X

(2-31)

BELKAt=01h0r", JFHA(Q-20) IR ARG S, WAl AR Finfaid i
19 32 pR 5 B LA R A [F)VA R 3 B R R RTSERE 2R, nl&] 2-9 Pl

1
09l TN
N
0.8- u..'~.\.
Y

And \.
= 06t \
= \
f 05+ '\‘
— \
= 04f \

03} \\

—  R(t):A(t)=1.0hr? N
021 |- R(t): A(t)=e" hr? <
e _ A—0.002t -1 N
0.1f A(t)=e™™ hr ‘o
\ .
0 | | | | | | e~
0 50 100 150 200 250 300 350 400
t/hr

1 2-9 A (t) AR R FIASRIE T AT 48R 2%

HIE 2-9 ATk, FEEVARASRIEMIE K, RGUATEEE LGl TR, 54 E /G
BT EELE, DU AE AR G T 52 R DR A 1 i (1 SR M JRE AR 5 — I 21 b SR L
B PELEE 1A,  DAOREFF R GUH) % 4 m] 5E
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O SR M RN B R ST S A S 0 W 5 vk

2.5 KRE/IN

RTINS TWENS, AL TP B R B A5 R A B)
SRR, SR VR T AR A B AT R T TR A E
SL B A R R A ANGE Ty B B A TR i ke I R )R] SE R A, o EL
& T b el B AR AR R A TR VE A RS R R B AL AT AN BE
PSRRI RGN &, R B TR BOE T R G SE . BRI, AR
BT - LR 0 2 SR sh A A TR, B2 E 5 60 THENIARSS &
IS 1) 2 AR e Ak Oy — R AN Z TR, A ] KRR /b T 5 AL I fRAIE SR
ERE P o SRR AR B P SRR AN VA (R IE B ME AT ARSIV, K PR AR A AN 7 2
T2 FHFZ IR AL B2 T W UL DR 8 ol 5% E = b AN [F) 000 T R ool 55wl SE Ak e
IS SR RIS INERN T RS RIAT X L, A EERR M X T i e e R A, 4]
o P AR ok 5 B m A T 5 i R R RS EOM R S 4. T 5 VR
PUVEIR A I 2 B B v i 38 (1) 23K AR M GF IR BAR T IR I RE I R e, 4540 7€ P
AT SERE, U RTARYE v SRR M2, 7E RGN SRR AS 2 T HEAT TR PR 4EAE DR
UERGN 48T AEART T, MEMN AR SO IS RN R, Hapdy
BT IR BN LS 730 o £ 5 SRR T, K75 18 9 B AT N 77 2 TR R AH S B i
fE AR R RIS IE -
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EZE BEHTEMN p-box TERS THREARMESITAE

fE£ b, @07 R B AR R AL T RIShaS ] SR AR, (B
AR T DA g R AR A A S S B BE RS R IR 20 A R S B AL
RRERAIR . FESCPR TR, TR = . AT EYN R B A 2 BN SR AR
HTFHIHRR, W AAAEZRAENE, A DL S AN REHERR 15 0 5L Le AR B () 70 A7
KA I3 AT ZHL, A TE 22 & 1) R SORE Y F Bk R A &, Rk,
KBRS “FHIAAZ b, BEORE AR EE TR RS RS

31 5|5

TARESEBR ARG AN M I R, AT A AN 8 P T SR B R ]
FEME LA R T RE LA 2E AR SR T B A o ANHf e MR AT 2 NP K2R, RTBEALAS
i 7 P RN RIS S P o o T BEATLAN B 2 14 1) R ] FHARE 3R 12 n DA AR B, T DA R0 A
SEVER R, B X . K& (Probability Box, p-box) LK Rk 854553047l
W B4, O 2R A B AT FH A OIASER E E , G XJR) AR R
A R R 4108 IE 4 R DO R AR I s R IIBL201 p) T L7 7 v A4
HARMIR RGBT AR IRBOIRE T, 52 2 PO 1 R o, ] FEPE 1 o
RYVR A B 8 I 1) B S8R, T p-box A8 B FIARCR AR B0t BE ML AT R AS T 8
BEATHER, L, 24 RS FAEAERENLA RIS 2 PRI, o] 38 5 A e AR A &
FT p-box AF 5 X HLAR R Se s i 1 AT S8 AT A RO HER VP4, = K . Hofer
SGMAR T AR RIS B, B2t — R L AN & M M 7 VR T SR A AN
PE T WK R BHE R BIAS TSV, AN E— B R LI/ B TAE & . X R 52
KERV& 5 & CInterval Monte Carlo Simulation, IMCS) A] B DA b 7 [6] B 2% F& 5 HLFIA
KA E PR T B AT SEREDPAL, (AN TR AR AR = 4 R 4, O T RERE .
Yang S50 Xiao Z51R FH AL A8 51 p-box A8 5% 22 4t Hh X BE AL KD AN 2
PEREAT 5, A& K Kriging AR BB R RD L T 0 4 19 X TR) ZR 4 RIS 0 B

(Optimization-Based Interval Monte Carlo Simulation, OIMCS) 454, $2H —FhiE
GRS JEEET SR RIEIH (Monte Carlo Simulation, MCS) %
A AL (Saddlepoint Approximation, SPA), Xt % 4t H AN 5 70 AT S 8047 d A,
B = S ANIE T S A A5 B () 175 1 » Gudder™ AT KraschmerM Y52 F RO i R
W50 R Ge P (A BE AL RAS B o 1 ) 8, (HBCN R A, THH IR K.

gx b, BAREATR G A E N R EE ST OO R T RE AL, R T
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= BRI p-box WEIRE T ARG A SEVE T ik

—EHIR, (HEHIAZEAT p-box AR ER G TR G AT FEME AT AR R — KPR
FHE TSR IE T I ARG AT SE L, i o A R 1K) — A S B () gl A2 an iy Ak BB
AR AFRGEE TR A AR SR B 2 A D, 4 R AR BN p-box A2 R R
& NRARG AT EEE TR

3.2 p-box T E K #E =i lE
3.2.1 p-box T=

W2 & (Probability box, p-box) T % {F: /2 B HLAS B 2 41 AU S AN Bl 22 41 [ Ff A7

EF, e — PR AR, fEiZ e, (UANIE p-box A% & 1) B4 A R AL

(Cumulative Distribution Function, CDF) ;T —# T SR X A . Fk, %F
T p-box & X, H RS RELF, (X) 2 -

Fe (X) < Fy (%) < R (X) (3-1)

X, B ()RR, (4) 20 o AU A s A ) AR 5t
B G AR v RRVR T & FhE BIA &, ARG INERZ, AFEX
4454« Kolmogorov-Smirnov B A5 [X 8] B J¢ B /R ] RAZEREE . Az, (NHE
AT S HON XA p-box 25 & . 5 ¥ p-box 285 X ARMIEZ 43 #i, H A EAE X |A]
[4,10] N, ARk R E R 2, A4 X (1 RF A By — MR &, Wl 3-1 FioR.
1 :

091

08

0.7

06

05

04

CDFs ( R4k %0

031

0.2

0.1

0
-10 -5 20

3-1 p-box 55 X [ RAR 4 A B 5

33



HL P RO A1 218

3.2.2 ik

H—Byal &gt 77 (First Order Reliability Method, FORM) AHLL, ##% i felis
(Saddlepoint Approximation, SPA) B A THEAGEE, Rk SPA & 454 n] FE 4
ST B ITVERSEE] 5 X = (X, Xy, X, ) A ndEBERLIN R, Z, =g, (X)
RGO . A Z AR % (Probability Density Function, PDF)  f, (z)
S, W)z fAERERR %L (Moment Generating Function, MGF) M (&) 1 A RE b 41
(Cumulative Generating Function, CGF) K (&) ] 43 71l F 20(3-2) F1(3-3) 1 5.

M (&)= E[e‘fzS] = J.j:e*fzs f, (z,)dz (3-2)
K (£)=log[M (£)] 33
L AR, f, () 5K(&)MRRATRIKUIT
_ L e k] ]
f, (z,)= > Lwe d& (3-4)

REZRz oA c e, 0(3-3)+ 1) CGF A KA ML, # CGF A7
FERENTIE S, T A HGE AU o« SCHR[A71]45 il o1 5 50(3-5) 1 i U Fr 28
&, FECNHERIERS CGF MLl .

Sl

k =%
YN

— NSz_Slz

2N(N-1)

25’ —3Ns;s, + N’s,

 ON(N-1)(N-2)

_ —6s/ +12Ns/s, —3N (N —1)s; —4N (N +1)s;s, + N’ (N +1)s,
- N(N-1)(N-2)(N-3)

(3-5)

I(4

N r .
A, s, =2 (2) (r=12.34), 2} REIOIEORIFOLHGHH, N 0 8.
j=1
e, BB ERRET AT DY RIS
1 1 1, .
K(f)zk1§+5k2§2+§k3§3+mk4§ (3-6)

4 BRI K (E) T &0 SHET 2, B
K'(§)=1, (3-7)
M 5 & RRRGE-T) IR
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=T SRR p-box REIRE TR AT SEVE DB 7k

Danielst 2l 2 (3-4) BEAT R GBUR TT IR BT R Gr, 193 Z, IIMESE5 12 e 2K
N

1 1/2 L
f — [K ()62 3_8
Zg (Zs) |:27Z'K”(§S*):| e ( )

L, K(2) v RFARER AU — ) 540
T AR R 9025 22 1 A I At o] T B AL AR 5 Z, 1) R 0 A R U B
Lugannani A1 Ricel ¢ H i\ m B i HLT iz 3 i RAR AR s Bt S

F(2)=Priz, <2} =0+ o) -1 9

SR, () A () 4 B RRIE IE A5 451 10 SR 4305 B SR BE A 55 B B, W v ]
BT

w=sgn(&){2[ &7, -K(E) ] (3-10)

=& [k (3-11)

b, sON(E) =1, 0 Bi-1 fUCHBLT & IR 0 s, K'() MK () Bk
SHE K" ()20, 5T SPA [ £ A 41T % WL SCHR[174-175].

3.3 ETIHETTNFREIRG A
Shannon Al Weaver ¥ BEHIAE & X FIHEZRR E A7,
H, = —_[ « (X)In £, (x)dx (3-12)

Kot H, MR, f, (X)X HOREE 3 R
2 X RMIEAAM G, FEIM 0 AR o B, RE-12) LR

H, =—j x)In f,
(=)’ ()’
+00 1 — 2 1 — >
- e 29 |n e 2 |dx 3-13
L" 2ro [\/2770' J ( )
:1+In(\/27r0')

FHEGHMIALE X TN [ (x)/%(xeU =[UPU™]), Herb, g () K9
EIREEL U HIU® BRI b TS RS S, AR
&SP
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G, = —L 15 (X)In 225, (x)dx (3-14)
Sty Gy SO X OB, 1, (%)= s ()1 ([, (i) s (x) it
SR
SRR A B B 3 R 7 LA R 2 . L SR
[178-179], S0 A HEHLAR T 12 SCM 5 BORIAE e LA AR IR BB A,
Hy =Gy (3-15)

s X WM IESBENER, H, S ESREHLIA R AR
44 (3-13)F1(3-15), Al 15

oy =——=e"" (3-16)

R, o S AN R AR

B S, I R (3-16) L REA S IEAS NS R ABRIE 2, S A3 US40 I
A BEHLAS B R (B YRR — B AR S 0 1B — FCR 00 R 5 o - T2 2
WILE, T S8 B B R AR PO L S IE AS LA R . BLI, S50 1A b
LA Bk P A 2 35 5 0 T 0 A

1 _(zxt;;)z
fy. ()= @me g T (3-17)

Ref (X)) X IR RER AL % R BRSO

TE ST R A B PR RO e R, T S B MO v R e XA
B, B S TSRS R, S0 IE AN LA B I R T R 52

1 30(3-14) AT A, pag (X) A2 AR %

Uub
i (X)= a1 () [ (x) 0 (3-18)
I (= o | (01 [ (1)
= LlJJ|b IuX (X)dX/.[:Jln IU)Z (X)dx (3_19)
=1

IRAE A (B-18) FI(3-19),  pf (X) 106 S MEZR 3 s M PE L, TR, AT g (X) 58
SUNESLRENAS & X MR B A 4 X, N X 18 PR R, e 13 )

yUb

£ (X)= 1 ()1 [t (x) ¢ (3-20)
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A, £ (X)X, R B L Xe[u"’,uub .
gt 30(3-12)F1(3-20), A1 X AR A
——j x)In f, (x)dx

:_[: 1y (X)/ j L g (X dxln[yx x)/ j L g (x dx}dx o2

HE0(3-14)FI(3-2L) AT A1, X FIMESRG T X (BRI . N D PR ANER I B AL
A X SRUARE X Z S

BB AL 7S AR B BE R, LA R R R BUR R B o B oA
fo(s),s e (—om40) 5 [ g1 (r)/1,reU =[U" U™ |, AFURBIBI %A, AR
JB BRI 11, () 7E SN

(1) s<U™, MIZEMATFLUxt L A0RE, u;(s)=1;

(2) s>U"™, MZEHTERERK, 1 (s)=0;

(3HUP <5 <U™ M XU, U %5 A, 1 [U®,s |41 s,u .
fE R b, KI[U,s TR R, R, <1950 ] T A
B, 4 AU B 1, (5) 5 UM R e B0 44 TR 5 A 38 16 460 28 T AR
A, B

s)=LUUbyR )ds’ /I . U (s)ds, se[U",U" ] (3-22)

Gi b A O A BT S EOT R B A
1, —o<s<U"
LUUb ‘UR dS /I b :uR dS Ulb <S <UUb (3'23)

0, U" <s<+w

ZadehM®0Z5 t 7 3 4 MR S 2 0 5K

P(A)= [ ps (x)dP (3-24)
R M 2 4 SR e R AR 3, 3R (3-24) T Ay
P(A)=]" 15 (s)fs (s)ds (3-25)

BRI, A AT SERE A -
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— P(A):J'j:u/&(s)f (s)ds

::[iflfs(s)ds—kﬁjj[j:m;% s's ) (s ds} f,(s)ds
+L+::O- f (s)ds (3-26)
. Lﬂb j”b;% (s')ds’ |- f (s)ds

=le fs(s)ds+ [ = }

u' Hg (S)dS

RV BENL /7 S RO 32 B R A LS, ELME 2835 18 b BOR 53¢ 8 B %520 )
fs (S)FH pg (1) Fomo ARAE R F7-50BE TS FR I, SR IRASORI ml 4 5 ml 5 SO
R 2Pr{Rss} (3-27)

A, RO AT HERE
k4 30(3-20)f1(3-27), K (3-27) MBS E R FH R A0F, nI 5.

R, =Pr{R,>S}
:.[j:yR /.[ o e ( )drj s)dsdr
Uub
=[ 0 4 r/LmyR Mir [ (s)dsdr (3-28)
u r
o (1)t (5)ar
:Jlb /ufe(r)dr

R, ROVEFNHARGHISEE, R VERIGRE R 4 RN &
LA, (3 28)72%3‘?%7’3

ur M I fs (s)dsdr
‘ U ﬂR( )dr
LT s el (e (329
Ljjl:b/u@(l’)dr
EEE, B <UPH, pu(r)=0, WA:
U He (T } [ o e (T ’)dr’} (3-30)

g4 20(3-29) F1(3-30) 1T 15 :
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I fts)es ol [ ae ()
_ 0 s (ryar
T ) Ja [ (e
_ [0 s (ryar

S

(3-31)

IR ds}U et dr}“m 1) e[ 1 (o]

" "t (r)ar

[y (=0, A, d[ [ o (s)ds |- 1, (r)ar

fewe] rwd')df'Tw
fo 5

nl uR< HJ ((5)as |

S

[t B0 'Uumﬂw')df'}dr

2(3-32) A 45— UL AT B

ﬁjjfs(r)[ﬁiwuﬁ(ﬂ)dﬂ}dr
Jon ()

Uub Uub Uub
Jow 160 [ s ()= g ()

IUUb e (r)dr

drdr

:_Jﬁ:f ()dr+j j a1
u jﬂR

R, FRAE 2 (3-32) F1(3-33) AT 15
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R, = UUbfssd— 5
Lﬂ ) U e (r)dr
=1 (s)as [l (r)er e o’ (“) d T e
b ,UR r
U .[U"’ .[Ub”R (s")ds’ | fs(s)ds
=LO fs(s)ds+ [ — }
U s (s)ds

WAk, 3\(3-34)5(3-26)5E M F], BIIEIE N -5 TR AT S A S S
A PR AR ST S TSR AR SE, TRLME, ORI AR B 17 4% SCREALAR B A e (1
AR TR,

Xog B X BRI A& X (M550 BEHLAR A4 SURENLE &, #5108 —H IM3ME
H&E, B

Hxa = E I xfy
v v (3-35)
= -[U|b X,U)Z (X)/[ Ut Hyg (X)de|dX
2, Hy,, N Xeq IE

#(3-35), ﬁj\ﬁjm ps (X)OX FOME R K, A

utb ub
E(Xeq):_[ulb Xlu)Z (X)/|: Lljjlb lu)Z (X)dX:|dX
. Lo (3-36)
= U -[U'b X:”X (X)dX
u' /”)Z (X)dX

F, SR IR BEHLAS R A A R 0T AR RO

(X_”Xeq )2
1 - 202

£, (x)= i
Xe (X) \/Zaxeq e (3-37)
FETREAARNE, W B S BENL AR BN A4 LA R A S, AT SO
A RO IR BN R, X RO AR & BT i 88 R0 07 il iz 07k, TR %G
[ I =5 FE AR A p-box A% H (Y RTFEPE 73 A 1) A, e AH BE A BEATLAS B A0 p-box A2 H
[F ST AL T R SEPE 70 M 18] o SXRE, AT SR 70 A B T8 W P O 8 ) B Ry R 8 R 2%
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55— BSOS A p-box RIS N RS ST 71

M b SRR, T KR TSk, RS A AR, R R AR
A p-box B EIRA N RS A FEME AT T

3.4 ETHFYEMAENAEME A A

NTHE BRI AR B p-box AL & [N AAAE T R RBZN) B RS, TR
W ITERI A SR AT AR N CL R AN B (D S8R B (O 1T BB B
(3) SMTRIERT BL . 72038 (1) w1, BT RIS B3 o8 IESRE R &, X
¥, RENRNL R NESHILAZEEA p-box L. fE2H (2) F1, 75J%
TEASBENLAS B p-box A8 B HEAT R T ST 7 HRE, B8 5 ik e 4k 77 v 3R B I R R 4
i KA B/ IME . EPER (3D 1, BT I s O I % s, B S 1
SRR by N TSR AN RS T PR 3-2 R,
B SRR RSB BOHAT VR IR o

e

TSR MR A2 B RS LA SRR 40 X
BEHLAR B 3E

.f \,
| |

| |

: | RGP
| I i<}:] ;

| !

RIERANE AL S BN AL & fIPDF

| A B A5 8 lp-boxels B E
I |
| ] |
| w7 N N N M 88 g 2 1 :
i mmmwﬁigagfgw@ﬁm Ktj {7 FCAIRERT B
| |
| . |
|| SR RN F AT AR | )
/ SR AP 7 8 1 \

| |

| |

' ' S T A
| i i<ﬁj UM B

73 BTSRRI L FANT 7

S S ——

K 3-2 SRR IR R G ] FEVE AR I
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3.4.1 1RHAREH T = [ EASKEH I 255 #

BB RGNS n MR E A k /> p-box &, Hi N TR ARG MERE
BT AR BT X = (Xy, Xy oy X Xy Xy, oo, X )HIZ, = 9 (X) Fmo #I 3.3 /N
PIThe th BSR4 75, IR PR ORI AR e o IESFENL AR &, i Ja
MIRGHERERECA Z = g(X), F X =( X, X, X, X, Xy, o0y X, ) o BEE,
JRAEBENLAZ E AT p-box A2 FE I & () AT EE 1 20 By 1n] /e Ak Dy IE S B AL A2 B A0 p-box A2
BIRG TR AT SENE e A

3.4.2 BEHZZEF p-box ZTERI T B2 H M

FEMERS FE R, Bz T #8AL J7 iAE (Latin Hypercube Sampling, LHS) 43:4%: Et MCS
P A 2D, HRE R — AR AR BN VO I N AT A, DRI, ATk H
P T ST HIRE R A R A
AT AL REN 4, . ( qu)EI’JEj‘l‘LHLEi XM(i=12,--,n), XV
j AR x0T iy 2K (3-38) 3 I AR e A K
X =0k, (ul), j=12--m (3-38)

R, O, (VRO () IIBERLL ©, () AN X 1 R0 L,
U RN I [0.1] RIS, mOgREA K.

SR HIA J7 7%, TR A prbox A RE(IREAS . Hh T p-box A5 1y U6 11 B 4
BT KT, TR (090, BRI, S Iy R e R A AT Sy — X
7], I 3-3 .

A
Fe, (%)

\J

|

|

|

|

|

|

|

|

|

|

|

|

|

|

1
__ilb __ib
X! X!

|

3-3 p-box A& X, (58 j IMREA
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)EH Zi”b jF[] Xijlb (| :1'2,,k)ﬁj\%|J%ﬂ—< )Z,j‘?ﬁ J /l\*iztgﬁ/gjiﬁﬂj—l:ﬁ, )I_\“Jﬁ
KJ“b :E)il(vj)' j:l’z’...,m (3'39)
Zj'b _ 'Ex_il(vj)’ j=12,---,m (3-40)

S, Egt () B () 4B prbox A X, BB B 1SR IR S, v
BIKI[01] EHEISI M, m AR

B T RS TR X M AR X X x
FORX M | AR, BX :{quv,i, e, Xﬁqv’j,[iljlb,iljw] ""|:ij ,ij“" } . REA
X (L< J<m) [ %07 %0 ], (=12, k) KT, ARLHL, VLA S Z] =g (X))
EAHEALT—ANXE N Z! B oRAE A e/ IME AT AT

“ub j j I %I xi X
z; :maxg(quv",XSqV'J,"',XﬁqV'J’le’XZJ""’X"J)
Zéjlb =min g (quV,j’X;qV,j,“.’ quvvj ! Ylj ! 72]’ .1_kj)
s.t.
i i ju (3-41)
Xl < Xl < X]_
_jlb < _J-ub
Xk < Xk < Xk

Kb, 2" RGBS | VAR T IR, 20 A /M.
K mAFEARERNNX(G4L), HERRGMERREZ, = g (X') I m AN KAEA
B/ MES AT RN

(2,2 e 2 (3-42)
A
(2,27 ) (3-43)

TR 3.2.2 /NPT AR AR, BRI ARG LS B RAREE R E AT 73731
TR
s k;)est 52 . kg)est (:3 . k‘llaest {:54

best __ |, best
K= (e)=h"¢ 21 3l 41 (3-44)
kworst§2 kworsté?: kworst§4
worst 1, worst 2 3 4
K" (&)= k"™ ¢+ o + 3 + i (3-45)

A
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best

klbest — 31? (3-46)

best __ m(sgeSt)_(SlbeSt)z -
"= m(m-1) (3-47)

ot z(slbest) 3m( best )(Sbest)+ mzsbest -
" - m(m-1)(m-2) (3-48)

_6(51b95t) +12m (Sbest) ( best) (m 1)( best)

best __ —4m(m+1 ( best)(sbest) 2 m+1)( best) -
o m(m—1)(m—2)(m—3) (3-49)
best i(z I ) =123 4) (3-50)

=
worst
k1worst — SlT (3-51)
worst __ m (S\zNorSt ) - (Slworst )2
= m(m-1) (3-52)
worst z(si/vorst) 3m( gorst )(s;vorst)_'_ m?2 (S;NOI’St)
e m(m-1)(m-2) (3-53)
_6(31""°rst) +12m( gworst )2 (S\Z/vorst) 3m (m l)( grors )2
worst __ - 4m m+1 ( gworst )(sworst ) )(Szvorst )
e m(m-1)(m—-2)(m-3) (3-54)
s = (2] (i-12.3,4) 555)
=1

343 AIZEHE
PR (B-7)ATH, B U AN IR 0 T o8 1529 ) A 3X(3-56) A1 (3-57) IR ik

deest best £2 best £3
(é:) — klbest +k§esté;+ k3 5 + k4 ‘f =7 (3_56)

dé 2 6 :
d K worst worst g2 worst £3
(‘}:) _ kiNorSt + k;NorSté:-l- k3 96 + k4 5 = ZS'
dé& 2 6

AR, (3-56)MI(3-57) IAFE =M. X TRERIEH, Yuen SINHEAT 1 1140

(3-57)
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WFoe, W12 3-1 A 32 i, — ELERAE T8 £ A &, 22 38(3-9)-(3-11), Y
TR SRR I b TR H

e =pr(z <z =o(w o) k) (3-56)
Pflb _ Pr{zsrub < Zé} _ q)(Wbest)+¢(Wbest)[Wg'est _Vb_:tstj (3-59)

Ko,
Wt =sgn(& ) {2 £z — K (&) | (3-60)

V= é;s*worst I:K n(é;:worst)]l/z (3_61)
whest — sgn(és*be“) {2 [égs*best Z; —-K (é:s*best )]}1/2 (3-62)
V= g:best I:Ku(é;:best):lllz (3_63)

F 3-1 AFEIEOL N B gs*worst

(EUIRIES 7N 3

k;vorst _ \/(k;\/orst )2 _ 2(k;vorst )(kxvorst )

& =

_kzvorst
kr’orst <0 . k;vorst n \/( k;vom )2 _ Z(k;lom )(k‘\{vorst )
55 - _kr/orst
grte(eg”)
k‘\{vorst >0, .
Az(k;vorst)2 _Z(k;/orst)(kzvorst)so fsts eR
20, 16750, It G G [
worst \2 worsf wors s  worst
A:(k3 t) _2(k2 t)(k“ t)>0 f:worste(gslb,+00) 4
krlorst > 01 k;vom <0 , §Ub _ _k;NOI'St _ \/( k;’lvorst )2 _ 2(k;vorst )(kz‘lNorSt)
s kaorst

worst \2 wors wors
A=(k3 t) _2(k2 t)(k4 t)>0 §:W0r5te(_wy§:b)
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%32 RIS 0T b £

s RFAE

o k??ESt _ \/( k?l’Jest )2 _ z(kgest )(kgest )

gs _kbest
4
kfest <0 é{ub B k?l’)est + \/( kgest )2 _ z(kgest )(k‘ll)est)
s T —k best
4
g e(graf)
kfest >0 '
ég*best cR
A:(kgeSl)z_2(k§eSt)(k§eSt)SO s
G20, 50 o T 2
s best
Az(k;est)z_2(k§est)(k§est)>o k4

gs*best E(é:slba +OO)

o _ké/vorst _\/(k;’/vorst )2 _ 2(k¥vorst)(kz\/0rst)
55 - k;/vorst

g:worst E(—OO, é;;Jb)

k‘\{vorst > 01 k;/vorst <0 ’

A= (k;vorst )2 _ 2(k;vorst )(kxvorst ) >0

3.5 EHlsrHh

LA R BN KAL) ", D9 WHLEIBE 0. B oA 42 m Al
BHE AWt NI R ShHLIPERESR PR an B M . AR, Tho. AR, mIge
VESFHRGE T 1 S EOR, AN, W HEE LG AT I, 1S A ShLIY S 4
Bk o imFe R NI KB OB 80, Bt i E RO R BIR SR R AE
e I S FL A (R S R AT AT S o R AR A AE AR, e vy HL 32 vl s IR AU
TR, SRR, &R R P R BN AT R, W iefe i AT v 52
VeI B ORBE AT 2 R SN 2 4 is AT Y BB Al . AN 0K 23 R AR ORI U7 ik
ANZ R EIFER) IMCS J7i%, THE K 3-4 ol 5252, IR MR OIS
ZERBEATII L, LSS P $72 5 925 (R v B 1 A R 3 A
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S E B R A p-box AR EIEE TR RS SEVE T ik

K 3-4 fia R EhbLImEe s = A

X TR 3-4 B B He AL, LRI 1 g ok T 2o e,

2
Z,=G6,S— Co”_ 2p0°] (3-64)
2r

K, 6,8, 0, p M 73 AINIRBENRIR . BRI AR B, 2 AL S 1

W IN L APRHERE AL B 21 2 ANH 2 R 12, SR A —A1RHK
AN TR A P 53k BE AR BRI AE— AN [ e A, A2 Seo — e fE B ish, Ik,
A BN A S R R FE AR SR AN e M. AEARI, SRERIR &, AR &, H
KB R BN (3-65), bR ESHIE 3-3.

-850 o) MPa <o <1100 MPa
250
#, (0)=11 o =1100 MPa (3-65)
153%8 9 1100 MPa < o <1500 MPa

MR 3(3-16) M3 (3-36) , LK 5 A IR &, MT 4% 20 i 0y I 25 B AL 53 S A PR

o, HbRHEZEFBE AT 4350 5N
1 o051 [osmilos
O o =——€ "  =——=—=¢ =129.6562 3-66
% NV N2 ( )
1 o
Hogr = 25w ju"’ O Hs, (G)do-
Lo Hs, (o)do

_ i y J~1100 0'(0 —850) do+ J~1soo 0(1500 - O')
325 | 780 250 1100 400
=1150

do (3-67)
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R o B 1 SRR o5 (% 5 .
AL, R IR oS O 5 B

.1 e
fo ()= Tomizo 62 (3-68)
R, 1, (o) 290" HORERH L AL
* 3-3 iRk hiZH e
ZHE 1A B2 AR
S 6.2048x103m? 1.2161X10° Normal
C [5.6682,6.1682] 0.2222 Normal
) 1293.2890rad/s 50.6969 Normal
P 8240kg/m? 484.5120 Normal
J 1.2147x10*m* 7.1422 X106 Normal

AR SCHR[183], IMCS & T p-box 28 & (1) R G0 ] Sk 0, HURS B e s
EXF T RBMEARARH R S8, KM IMCS BEAT AT SR, J7 2R KT . (£
A, 3R B $E 7R IMCS o S50 B A3 AR AN [F) R ROBE T R B %
PriZ, <z} {1 EF 5, FRCFEERTTVER B BOR I RH, X g R L 3-4 AT 3-
56

K 3-4 AFRRBRE T RBMHR LRSS T

SRRz EFRH -1.5x108 0 1.5x106 FEARE RBOHA R

P 0.0001  0.0125  0.2487
IMCS 100000 300000
P’ 0.00007  0.0082 0.2066

P 00001  0.0108  0.2517
P id: 1000 3000
P’ 0.00006  0.0087 0.2089
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= WA R A p-box R EIR G T RS A FEVE M 5

l T T T T T
09 |----- MCS: RBUR AR T 5 G .
MCS: ZRURM A F I SF
08 |+ FHjik RBURMBMETR | 1
O Pk RBURFME L5

EY PS¢

K 3-5 KA FI AT 2 e 2 R R A

H % 3-4 F1E] 3-5 051, fEAF—4 @ IRMBME T, SRt S H P AL p-
box AR}, 4R R BIER Y N — AN IX ] [FI, RAAZRTI AR IMCS 115
T A5 AR R O 2 OB, BT T 75 (R AR RN IMCS A 78—, HHR
R BRI P R B TE /D o XL SRR B SR AR B BT 7 iR AT v SV AT
A3 35 IMCS fHIERTHE SR, HIFREARED, HESES.

3.6 KENLE

A T AR AR AL AR B2 R 5 55 T RO AR R ORI AR, R SR A R R I 2SR AL
AR AT R, FRGE AR T B T AR R ST AL, B T R T A R RG]
FEVES T T, DASREL R GRS R p-box AR [FIN AR TE T T SEME B . SR A
BRSNS RGHAT AT FEVE o My, R EAH R RO K AR 5 e T
ORI R, RIS, AE TR R R A RS IMCS A, (H 5 IR A &
B, WEACRE . FHERLEE, RAAREIRRET Rt SEtinth, 5
PR R AR BN TR O OME, mARRSTE . R, FEASEBOR, TR
FH SRR R, T EEAEAR AN SR 1) i AR
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BT ZEHEXENSTRERMATESESHTEE

RO =B R TIRAAHE M RGN, (HEZERIAR
GANH TELF AN TE A R AP POIRAS o BEAE HLI ™ i 45 14 B B AL I D Re R 22 Ttk
NEIM T RA W MEEAEA SRR M B2 R Rtk MR KT
RAE—EBREN TR, MNMEENREZRZEME. ENZERS (Multi-State
System, MSS) AT I FEMEM TS, &0 TIGEARI AR AL,
m bR TR EE, EXELIRES RGd T, H4, 2R REF RO ET
RGN HAAEM N, Hit, 28 KRG AT EFER IR ke
i) A R, AN EE TR0 B AR ReR 3 (Fuzzy Universal Generating Function,
FUGP), SI NZ BT RGEH I F KRR, P H —FP5 AR 1) 2 38 RG]
CIETSER 2 TRy

5

SEEEAR BT AT AR DR 2R B2, AU R G () M RE KT AS AT e A b R AR AR AL
PEBEE RARIZ 440 KEARML e 2 DhReAl, RGEHITH e B W) B ) ek ES A N
BE T BEIR AL 2 RS o G HERf . A RO PG AR E 1 T 2 S RGBT SN
LA TRE S B v iR A A R O A R, Hirsch 28BS iR I 2 8 R 40X — &, Bl o
Barlow F1 Wul®l, Neweihi 25870k 2 25 116 b B 2 B SCBR R GE . & JLHERIAT
o, HRMZERGDIANMERE T Z2PERMITE, OFh: fMf/REMY R, B
MUEFEE . SR Ris i 0 @R (UGF) %8 T UGF (UGF-based)
(77 v 35838 . UshakovIOWis A= i i 209 JE S UGF. [ )5, Levitin 251021031
Lisnianski A1 Ding!*%1 53716 UGF 771 51 N B ] S Hr 4 rf . Levitin 2510208
ik UGF 7t 24 B R ST T IUR AL . BiJS, Levitint® SR UGF 7
P AR BUE ) 2 RGN AT SEPEEIT PR . [RIRF, Lisnianski A1 Dingt04]
A BN AR 78 5 8 AR BRR BT 1R R T 2 S RGP SE A . DingMOR) A A
B138 2B R BOR TG 2 S R G5, Zuo AT TianlMO8lRE H —Ffish U9 5 1k PPk
TS KIn KRG EEME . Li A1 Zuol O R R 2 SR kin R48, = H N
BABIEVEAG AT SEME . Sharma SEUOSER X 2 25 B8 HEIE R 40 Hp 1) S A4 U AR 43 B vl A
PR TS 58 T FE I 2 S5 R A AR BB SR T B AT S B A TV . Levitin Al
Xing MOt —Fi - B 3 R R 20T B AR R R 2 A R G PERE 0 AR I B2

gi b, BN 2R ARG EMVHE O R TR TE, IS TERRNFEE

4.1

Ju
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SV E B SCIER) 2 45 RGO AT S M T i

FRIBCAR o B Tl AR A 2 308 FH A2 3 e B AR 368 P A ol o B0 R 1k 23 B 5 9 rh 5
JETLMFE T RGEZ M LK R B, AR TENRRGIAZNZERSG, 4iah
A R, B B R A DT (R 22 28 R e T S ME 0 AR 7 0

42 ZISERGEN

EIEME. . Dk SR R 28U, 14 Hothas A
ZMYEREKT (B ERHE), FHHaEAZERG. @F, Z2ERGHTA
BEUPEREEIL . RoE 48 % (Imperfect Coverage, IPC) DL 4E15 5 4S50 () £
GRS RGAE MRS EIPRESME AR RORE, Bk, =

BSRFTMAZERAFHEERNEIL. Z28R885 _SRGMXMNWE 4-1 Fr
TNo
A
Pr{GZX} - :?@%%é}f
_____ L - IRESERS
|
|
P 7
_______ 1
|
|
I
|
|
—
9,=0 g, 05 g, g* 95 X
4-1 ZBRBMZE RGN R R

B 41, gt N B RAREATIRATERAT, o - 0, A NEERGR
FRRA R HIHERE AT

A LR 0 RGN 2 45 R 408,

(1) REEEFRNETEN RGE AL E RBUILMIN — &0t BIUHKY
Kin RS HLR TR

(2) BT TR, ST, Uk, BN S 5
LHERGNER (SR B

BB 245 Rt n AN TLIEALR TP §(L< § <n) B K FORRIOIRES, FAHR
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HIPERE KT R H DA R R & s
gj:{gjl’ng’“"gjkj} (4-1)

Ko, g, AT KA i e 12,00,k L FROME AT
WAL 2120, JefF j HEAEKCT G, (1) AR R, HEMEas T

0,: G,(t)cq - BREERAMTAFMAT, BAERALR[,T]HN, HAAT
G, (t) & ABEFLITE. A FAERI AL, TE0F | b FAFPEREACT IR B AT A
P, (1)={ P (£). P (1), i, (1)) (4-2)

A py(H)=Pr{G;(t)=g;}.ie{l2, Kk} -
TUARIRAHIR 1 5e % IR, e & R I R I, R

Zj: P; (t)=1,0<t<T (4-3)
BEEZERGH K RE, HHEMERKF g, (1=12,- K) B iEE K50t
BT RS TFHTHE . 2B RG] seA MR IRESEON:
K:Hh (4-4)
j=1

BV ={0, 0 RT={um Gy x| G, O | BT, AR
%nlﬁ#%ﬁT%m&%m¥%%é,W@V%%%ﬁ /N ol T =

f(G,(t).G, G, (1)) R" — V 7o Pk fil /K P 243 1) 5 58 G ek il 7K P 2 1 o
G %EEXﬁ%%ﬁ BRI 4L
G, (t)=f(G,(t).G,(t),--.G,(t)) (4-5)

B T AT R K A G TR AL — M RS RE KT, PR & &R
GEREKCPETRE N T oo AL G K. A A XA G DL, WA 13 2 R ST %t
AETHIRES | HER 9

Q:fjpm@)ﬁsznngshng (4-6)

Ao, py () WA R LI P TR 2, p (1) ARGLRE i ot
j 40T HRE M KT MR
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4.3 EZEHEXMENZTSRGEEMATEMSTAE
4.3.1 FEHAIB S R

L8 n AN ML BE LA B X, Xy, e, X B X, Xy, XA R AT R A
f (X X, X, ), BNBENRE X, BIHEEE5 A o] =R

X :{Xil’XiZ"”’Xiki}; oF :{pil’ Pizs piki}’ (i :1’2""’n) (4-7)

R,k BELAS R X, TR AU N5
S X, AT 2 A5 AT

z)=ipijizx”i,(i=1,2,---,n) (4-8)

NFBNRREL T (X, Xy, X)) 2 -, EXEEHT O N:
U (2) =9, (u(2).u,(2). -, (2))

ke k, K,
— ®f (z pljlleh’ Z pszZXZiz e z pnjnzxnjn ] (4_9)
L=l Jo=1 =l
S| PRI
=1 jp=1 “1 e

X, Uy (2) R T (X, X, X, ) Bz -84,

BT AN E A B B JERR Oy 8@ F AR R B0 (Universal Generating
Function, UGF). fEil AR REGES, HHAT 2 -8 515 210 BB EVR N u -k % u-
R ERA — 2 e, AL 2 0 IRisE 5 R, w4
HAEE A& H A E o

N T ETEM, DM ARENRE X R X, BRI SR G e, A
R BT LT IR . DRI RGMEREAKT G = f (X, X,) =X, X, HF B & X,
FUX, HesE, X F X, FINEZE 53 A 73 73 N -

X, = (X %, =14,9);p, = { Py, Py} = {0.2,0.8}. (4-10)
A
Xp = {Xo11 X1 o5} ={0,1,2}; D, ={ Py, Prar Pz} =1{0.2,0.2,0.6}. (4-11)
RHE(4-8), AT X A X, R u-pR%L:
U (z) = Pz + p,y2* =0.22* +0.82° (4-12)
Uy (2) = Puz™® + Pp2™® + Ppyz™® =0.22° +0.22" +0.67° (4-13)
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XTE(4-12)M(4-13)H Hju - Bz HE & H 1, "R RFEHEREK P u-RECRN:
U, (2) =8, (u(2).1,(2))

=®,(0.22° +0.82°,0.22° +0.27' +0.62°)

=0.04z"° +0.04z** +0.12z** +0.162*° +0.162>* +0.482"*
=0.22°+0.04z" +0.12z° +0.162° +0.482"°

WRIE(4-4), RATTRERIR KRS NK =2x3=6. £ (4-14)+F, HTAAE
AN TCH R KT LA X B [ — A R GRS K T RIS, Rk, IREEH 6wl
#) 5.

BRI 308 FH AE il R 28005 A AE 3 FH A B ek B0 R Al B 25 JR DRI () — Fh Tk, 2
AR R R A R . T DXOIANAE T A3 R G i 1 B 7K ST R R A 2R
(1977 AN, 88 AR R B LS A E, T 7EBORTE AR ok Bk, %
oA BRI TR RGO PEREACERT (B0 HH R AL AR A -

SR FH RSO 8 AR R B TR R G u - R ECR R O

(4-14)

U, (2)=5 (0,(2).0, (2), a”(z)):iMZl b2 (+-15)

R, U, (2) WM Z S RGHMERKCT I -85, O ABHIESH T, M
NEEN RGNS EL g AT p, 70 AL RE AT AT RIS AL A o

432 ZEEXMENZEREEWAIZEEES T

RS2 RGN R G o 2 A BT, XM R A R &
THRESERR, FUNRGH— DI si 7 R R AAT e FEBOLE u sl 7 R AR, &
AN A TOAF I REIKF R e 52 T3 AR To A BRPIRAS 5 o BLAh, B R 2 RGiEA
¥ A ToAt B BE KT B PR A RE AL, (H SR b T B PR B 7K ST A B
WEZRH N TR E ARIE, #lhn, RJ728 500MPa 7245, R 71351H % 500MPa
IMEZE 0 0.8 i PRI, ¥ mitbi AL ks BE AN TR IE FHYE, ok PR Re /KT =
A R 20 87 A0 A ARORAAEL , A SO % - R50R a8 FH 2B 1l bR 2 (Fuzzy Universal Generating
Function, FUGF), #&HH25 fEufF MR RN Z & KRG T SE1E 54T 1%

B&AE —Hn N AR R 2 SR/ %, H, JofFr PRS2
n—1ANFH E O B e IR RE AKSE o FEXFMETE T, Al SOt r RETof, H
n—1N TR RO . F TR R KT IR Z A AT R R 9

0, ={0r. 0707}, ={Br. B7 o B - (4-16)

Refr, G~ G FoR BT r B AMEBKE, P~ PR R

(=
(=
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8 n=1 A SR I Jo A M g 7K ~F 1) 2% 11 % #2 4> A ( Conditional Probability
Distribution, CPD) A:

0, =0} 503

(4-17)
ﬁj‘i:{phi,ﬁii, - By }( =1,2,--,n,;j=12,--,nHj=r)
Rty My ORTERE | R P HORAAL
WRAEN(4-17), Ksooft j RBIPERE KT BB E M-
Ug,‘. {0},07,-.07] (4-18)

e, 0 TR0 | HOBOBACTAL FLn <3 m, o AISZAO A% P 17 3075 S
h=1

pj‘l {ﬁi‘l ﬁ]z‘l ,pj‘l} (J_lz nﬂjir,lzllzlynr) (4_19)
A
~ O’g:]egh
P =1 qrog (N=R20n)) (4-20)
P 95 €95

45 10(4-18)-(4-20), Joft j PEBEACT ISR AF R 20 A1 AT AR N :

9,=1{0}.0. G},

~1 ~
J 1\1 K 1\1
=1

=2

j2? pj‘gi Ty pj‘z} (4'21)

J\l {
1\2 {
o ={rﬁ\m. B P |

ReTeft § PR IE DUR ISR EAT HE Y
h<k<:>ghmax>g:<max (4_22)
R, g™ :max{gﬂg? eGh} g =max{gjk‘g§ eij}, G MG AN RES .
R (4-8), Tuf j PEREAKTH u-eR O

nj

0,(z)=p"2" (4-23)

h=1

Aot Bl (h=12,,n, ) WAkt LI
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B} = (B B0+ B, ) (4-24)

X T AR 2 & 240 (Fuzzy Multi-State System, FMSS), HAEAEKFHu-
EECIR N WF

II
=
I EES
= —_~
N
\_/
N
o =)
N
o
I > N
N
N
’M?
N
o
N

z,-z

h=1

(4-25)

=1

A, U, (2) NEMZ E RGO T u-EL O WEHIEAHT, M
TR RGICIRAE, G b4 B Ak R AT AT R

KN E RGBT, HRGEMRKT g METER, WK RGHERE
TEIRAS | PSRRI T4 ARG AT g R TR d i, K RGi5R0.
TEXTIMIETL T, RGEE P BRI T EL RS I o AT, o TR0 2 45 R Gohnl,
1 AR I, R A | ST 6 T RN A= A (2t av,a” ),
RGVERE TSRO . WA 42, Mat>d i RGMTF s ERIRA, Y
a¥ <d B RGN T 58 A X0RA . SR, 2Mat <d <a’ B, R W A—AMHoH
WRAS, BEI RGETREIEH TIE, HATRER L.

Hq (9;) A

aL

Kl 4-2 BOBIVERE/KF S5 1R RE 5 oK

SRR SR N R A R, I RS SR RO M d FoR, K R G TR
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SR W2 5 ARG RS R RAL, AT

& ={d 1, (#)l6=9,-d,9,€G,d D} (4-26)

K (4)=5Up, g o Min{a, a5} g g 5351 g A d TSRS, G, FID

R RIEA, BATLRA B o Md 3. MRS, #g >0, MRGHEAKT
R, RGTELF: % g <OB, WIAARGMAAKTARLE, RERM.
Dharl SSHe R4 < @, — [0,1] 38 & SUM B M IR B2, B,

4= u (4) (4-27)
#ed;
e, |G BN 4 A EE sigma-tH L @, RS, HES TR 4 FR.
O o, I— T4, Hilik:
O ={4 20|g e D} (4-28)
A
A= (0 o (0) =, (). 8 €] (4-29)
Mg (4-27), OIS &7 I AT B
&= . (4) (4-30)
¢ ]
T SUBEHIAE & AR 359
&1 =412 (4-31)
e |d| axd, R
(1) R FHIPEROCT R, W] =0
(2) AR T FIOMEREACE A, W[4 =1

SESUBBIE B T O, MIATE R 30(4-32) T BUBEHI 22 245 R G0 AR ml St
R=0Q,(U,(z).d)
= £~)Sys (i ﬁizgi ' dj

=0, Pl s (PP R )
Y ep.}

={R,ﬂﬁ(R)‘R =i‘, P

i (4-32)
¢I+

¢~I+
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;—th:l’ ﬂﬁ(R):SUpRi ‘y}*‘ min{;uplnupza"'uum}’ ’uﬁl’.””uﬁm éj\%uy‘j r)l,"‘,r)M E{/‘Ji
= pi'lr

JREHL RANZE RGBT,

Li b, AU A RYE, KBTI R KT B AR R A R 2 A R
HBITE. [, BRI NI SRS, KBRS LU, IR
B8 A0 5 S G P 2 1R 56 R ARG T A A PR A0, DA et 2 1)
RS B NS RTSERE T e SRR, 6 I A B T SR B 2 5 R
PEREKT IR A, JFBRRIRE | FIOBRIMERE R R, FIHIR(@4-27). (4-30)F0
(4-31)5 B SERERIAE G F1 6" 995 |4 |4 | DABARRIS 47| WS, EALE U A
BT AT 8 RGO BTAIRA AR 20 (4-32) T A3 B VB 2 A R TR
IV A A B T 4% 108 RS D M 1 22 25 AR GEMOMI AT S e i 5, B St e PR
Kl 4-3 i

[%%iﬁ#\%m%ﬁﬁ#ﬁ%m¥%%#wﬁﬁﬁ
v

TS RS BT

v

(EwﬁiF,weﬁiﬁMﬁﬁﬁx,ﬁ%ﬁﬁ

RN
v

SRR 2 A R AST R RO TR

r

v
[%ﬁ%%%%ﬁﬁﬁ,ﬁﬁ§§%%%ﬁmﬂﬁﬁ

K 4-3 5 RE M MER) 22 25 R GUBM AT SE I B it RE

MR ] 4-3 FrosiiRe &, 25 &Il A e L, e XE &5 7 e ] &k
T RE X A R GHIERIPE AN R Gt 2 (B AR OGHE, R, wT SEdE 7 ) S
RWAEEEHE XS Bl BT RSP R ESR AR AR, PR
gHEE R, EERAARRENT RS, MARRMPRGEESHE 75 A
[Al, ARFRAET /N AFE RGN E & F T 1€ N AT R
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433 EWERETF
4331 RHEMESET

KT H B RS, ARG ITERE AT B T GE KT B AR 1 70 o AR AR %4
LHIRATER, REMERE § 7T o KPR THEIA .

(848 Gy G )

O
U g (4-33)
-Ue

a8 ]

ﬁ¢,Qﬁ$ﬁﬁmﬁﬁﬁ%,%(plzn)ﬁﬁﬂﬁ%ﬁ%ﬁ%m¥,wﬁ
OIS 6,10 o KT, HLG7 = {0 (9)2 ).

PR R G AR R e, LR m$ﬁﬁ%%@w%@gﬂ@%@w%)
oo BRI g, 11 o P RSE AT —ANX ) (a7, o ) o, anlE 4-4 foR, g AT BL
5] 4-4 PSR R

#g-‘
1 __________________________
a ____________________
!
g
£ 4-4 RIS 6, () o -k P
AR(4-33) AN E N :
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g; :Q (G1i1’GZi2)
:Ualiaia,cia] (4-34)

= Ua[min (afi‘l,a;’iz ) min (cl‘fl,CZz )]

3 TR A R, S(4-34)F 8 R ARAOZ:
ﬁ%ﬁﬁ 1: a:]_il < azi2 ’ b1i1 = b2iz Hclil < C2i2 ° Izﬁl%ﬁrﬁ‘l:, G1i1 UZ‘@VJ\ﬂ:%ﬂ: GZi2 ,
(s, 0z, ) TR — A= AR (3, by, 1, )
I 2: a; <ay bli1 < bzi2 Hey 2¢, - RXAEIE T, Q (glil, 0, ) A] = (4-35)
Fon, WK 4-5 Fios.

g- a1i1
blil o aiil 1
_ C1i1 -9 C2i2 b1i1 _C1i1b2i2
F2(on0) (9)- Cy —by, - =0 by, —¢;, =By, +¢;,

Czi2 -9 Czi2 iy _Cli1b2i2

8, <g<b,

(4-35)

b ’ b < - C2i2
Czi2 — M2, bli1 _C1i1 — Mai, +C2i2
A
Hy
. gi
|
|
|
:
| |
;o
/1 |
S |
S |
S |
S |
| |
Lo I AN
| | \
| | \
. N
Lo N o
| | T
ApF———————————f—— - ———— Pt ———— -
| | AN
| |
| | \\
| | \
| | N
o \
0 1 1 »
& &, blil b2|2 Ca, Gy, 9

1 45 159 2 T Q(y,, G, ) MR R4
W 3: a, <a, , by >b, Ac, <c, . ME 44505, (0,0, ) HHRESK
AOSE
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g—a; ay; b2i2 —ay, b1i1

v 9 =gs
bli1 - aiil bzi2 - bli1 - a2i2 + a1i1
—a, b, —a, b.
g 2i) ’ all1 2iy 2|2b1|1 < g SbZi
b2i2 - a;zi2 bzi2 _bli1 - azi2 + a'li1 ’
o (g, g-)(g)_
iz Cy, — 0 Cyi, blil _Clilbziz

< 5 by, <g<
2i, 2i, bli1 - Clil - bZi2 + Czi2
Clil -9 CZi2 blil - C1i1b2i2

Cli1 - bli1 blil - C1i1 - bzi2 + Czi2

<g<c,

(4-36)

&I 4: ay; < 8y, » blil e b2i2 E-Cnl S Cyj, e 4-6 o, Q (Glil’ 02, ) B

O

g-ay
bli1 o a1i1

alil bzi2 - a2i2b1i1
bzi2 o blil - a2i2 + a1i1

g-ay, alilb iz—aizbli
ﬂQ(Glilvgziz) (g) - : ! : 2 < g < b2i2

. 8, <g<

bzi2 - azi2 bzi2 _blil - azi2 + a1i1
G, — 9
2
C—’ b2i2 =g=s Czi2
2i, 2i,
/'lgA
e o _
f \
| \
|
/
j
|
i
\
|
| \
| \
| \
| N
| \\ Cla
Y | B W N N
| \
| \
| N
| \
| \
0 | \
CC by by Gy G, 9

46 159 4 F Q (.0, ) SRR RA

(4-37)

‘ﬁ%ﬁz 53 alil 2 a2iz ’ blil 2 b2i2 E‘Clil 2 CZiZ o JJ:I:%EP‘I‘%E}%T’ g‘li1 M\%/J\:‘F%:‘F gziz ’

0 (8y,, G, ) TFFA I FHHIEL (2, b, .y, ) -
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W 6: @, 28, , by 2b, Ho, <¢, . WE 4T iR, Q4,0 ) KRS
HON:

—a..
¥1 ay; < g < b2i
bzi2 _a2i2 ’ ’
Cy,— 0 Cy b2i —Cy bli
o — 2—, b i < < h_ <k 2 1 4'38
#Q<g“1'92i2) g) Cyi, _bziz 2 =9 bzi2 —Cy, _b1i1 +Cy, ( :
Czi2 -9 ’ Cli1b2i2 _Czizbn1 <g< Clil
Czi2 _bZi2 b2i2 _CZi2 _blil +C1i1

F 4-7 H57% 6 F (0, G, ) 10T R 8L

W T: 8y 20y, b, <b, e, 2C, . W 48R, O (0,0, )HHRIER
HON:

-a, a,b. —a.b,
g 2iy , az_ < g < 2|2bl|l a’.l.l1 2i,
bzi2 - azi2 ” bli1 _bzi2 - aiil + a2i2
—a, a, b —a.b,
g all1 ’ lebll1 alll 2i, < g Sbli1
bli1 - a1i1 bli1 - bzi2 - a1i1 + a2i2
oo o (9)= (4-39)
(6454821, ) Cy — 9 Cy; Do, —Co 0y,

Cli1 - bli1 " b2i2 - CZi2 - b1i1 + Cli1

Czi2 -9 Cli1b2i2 _Czi2 i

bZi2 - CZi2 - b1i1 + Cli1

<g<c,

Czi2 - bzi2
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po A

4-8 W57 F Q (0,0, ) 13
7% 8: ay a, , by <b, He; <c, o WHE 49 iR, Q (g, 0y, ) WHRIEE
Hh:

—a,; a. b —a.b,.
g 2i, , a2i2 < g < 2|2bl|l a‘ll1 2i,
bzi2 _azi2 blil _bzi2 _alil +a2i2
—a. a.b. —a.b.
ao g)= g a’ll1 ’ 2|2b1|1 ail1 2i, < g Sb1I (4_40)
(0 020) by —a, by —by —a; +a, '
Ci, —9
— bll1 <g= Cll1
C1i1 o bli1
pg A
Qb 9 _
\\\ C;z
(o4 ey A R T G N
0 ! A >
a'2i2 a:l.i1 bli1 b2i2 C1i1 C2i2 g

4-9 15 8 T O (0y, 0o, ) I 0L
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4332 HEEMESETF
XTI R G, RAMMEREKFET A SO ERE K 2 . AR HE = MO £
PHEARBEIN, -

0; :Qp (glil’ oy gjij o gni")
(gt
j=1 i=t 1=

Kok, O BB AT, =AM (a, by c;, ) JiRaET Foetk | mtkat
Ko
S BIMER p, TR A9

(4-41)

ﬁi = [ﬁ aJPij ’ﬁ bjl;j ’ﬁcjpij j (4-42)
=1 =1 =1

Aok, S (a) b) cf ) FrkAs T TRk | AT AN REACT IR,
P RGAH IR G R, WBH KA RGP AARFN T REG. MERT
RGMBIWT RS NROCT 205, W5t LR =ASBIRAAT L
S 1 LA BB T RGU R AT FUGF.
SR 2 K B IR LR BT ANTEERLN BT IR B P T
W3 I BIR 2 B, B EORRT R IOLHE SR T 2,
SR 1, UL B E B RAIIRE R G R e — it
3 A b S AP IR, AR R G L TR R (U T IO ARAR
LHRG, B BRI REOR . AR SRE, 7E# RS TR I A
i
g = f)s (G1i11 GZiz)
=Ua{a ]
= Uoz~[min(aff1,a§’i2 ) min(cf‘il,c;‘i2 )}

:(min (aﬁl,a2i2 ), min (b1i1,b2iz )’ min (Clil’CZiz ))

Zk, BERG. HBARG UL HE RS RGN E A H 75 e L,
gty 4.3.1 VR AR AR (4-27) (4-30)-(4-32), W] (B2 R G n] a1
fiti 1 A8 SO DR M DK oo 5 B Je AR RIAR G, A2 B RE RN
CEA VAN B AL B S A T 1) LS AN T 1)

(4-43)
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4.4 B4

NEAEA T i Jrik, BI25 AR SRR 2 345 R gl ] SE 1 ot U7 ik i A2
WM, AN RS PSS, B il ae R G AN 2L LA 1
ARG, oA RGUATFEE VAL o BRSO E , AR SERR TG DL &R g 3o LUk
TEIFAMEE TR I OR &, I N AS 58 5 7 VR BEAT RO R S P AT 04, R0
T IRAE SR RN AT AT PR AR

4.4.1 A EE RGARMIRT M AT

% HL S ) AR SR B R AR AR S RIME” 1598 N R AR AR 72 A K E i, LA
EE A N IACK A EE T, FREZVR R AERR W ROKAE N Z8TR, TSR AL
i R LR ERE, A R . OO NEAZ FLE G 45 E it RE . A 4-
10 Fiw, A% ERERADN T 24, 7RG AR T REG, . iz
RRAEBNI Mo ZREHATHRETFRGERE, B30 AT REHLHA,
HAzZ st DLt e o 3 . Hodb, Bt 7 R G H IR R 75 SR 0] 20 = FOR R AR
A WHAIEAT B FATIBAT LA AT A o« BESRZAZ B e Th 3 A AT
26MW ZE A5 (AT HEREN 0.75. BT i DLk 3, ik, v Rgmtk
REKPZ AL F RA M VERE AR H], XFE, 7RG G R A B RGHM E
Jutk, WAL RS G, WA s T

N L

LT RS T RGE

4-10 FoNURZ AL R R
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CLIE H T R G B K R 4 A
6, =1{01.67.0; | ={50,20,0};
B, ={pL B, B} (4-44)
={(0.695,0.7,0.705),(0.09,0.1,0.105),(0.195,0.2,0.21)}.
ef, O~ 0B T RGO RRE FIOMEREACTE, P~ BY9x R
DR 1ORES 20k 3 F, AT ZRGEME B T 10 46 R R 40 A 4 519

gz\l - {G;\l’ gél’ gg\l} = {20’15’ 5} ;

~ 51 x2 3 (4-45)
B,y = { Bl P2, P} ={0.6,(0.18,0.2,0.205),0.2}.
0y, = {03,003, | = {15,106}
A =1 ~2 ~3 (4-46)
Py = { P2 Paa pz‘z} = {0.7,0.2,0.1}.
gz\s = gé‘g =0;
L (4-47)
p2‘3 - pz‘g —l.

K, Gy~ 0o WRES 1R, BT RGEHIMEREACT, B, ~ By SR RIS
Onp ~ oo IR 2°F, AT REMPERACT, By, ~ By, WXTRIEEER: Gy iR
3T, HATREMMERACT, By X R

R X (4-21)-70(4-22), "SR T RGP RE K11 SR AR 2R 50 A1

6, ={6;.9.6:.67.05. 05| ={20.15,10,6,5,0};
By, = { Bl B2y, B, Py, P B, ) ={0.6,(0.18,0.2,0.205),0,0,0.2,0};
IS,Z‘Z - { r)j;-\Z’ I522\2’ r)g\Z' ﬁgp’ pg‘z’ ﬁg‘z} = {0,07,02,01,0,0},

f)’z\s = { p2\31 pz\s’ r)z‘gv p2‘3’ p2‘31 f)f‘?,} = {0,0,0,0,0,1}.

(4-48)

R, G ~ G5 AU T REFTA TREMIAOTEREACT . Py ~ PYy s Py ~ Pl -
By~ B, M BURE 1. 4RE 20 R 3 F, BT RIS AT MR,
Y (4-21). (4-24)F1(4-48) ] 15
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IR FIEAHICTER 2 & RGBT SEVE AT ik

B} ={ B3y, B3, i} =10.6,0,0};

b2 ={ P, B2, P2, | ={(0.18,0.2,0.205),0.7,0} o
B3 ={ 3y, B3, Pla} = {0,02,00: = | B, P, B3} = {0,0.0,0};

BS ={B5,. D5, B3, =10.2,0,0}; p% = { By, S, B, | ={0.0,1)

X, ﬁg‘l, f)'z"z, f)zh‘g(h =1,2,---,6) 7l AT REARS 1. K& 2. W& 3 Tk
feK P HL G, HIMES .
RHE0(4-23), BT RGEMEAT RGH u-R B0
i(z)= 579 + 527% 4 §3z%
0,(z)=pz% + piz% + pz (4-50)
—(0.695,0.7,0.705) 2% +(0.09,0.1,0.105) 2% +(0.195,0.2,0.21) 2°

={0.6,0,0} 2% +{(0.18,0.2,0.205),0.7,0} 2*° +{0,0.2,0} 7*° (4-51)
+{0,0.1,0} z° +{0.2,0,0} z° +{0,0,1} z°

BT ER A RE KT Tha, W RS R AT RS RE/KF 2 A,
RGP NI R G .
RIE(4-41)F1(4-42), RGEVEREK P B u-BR BT IR
Up (Z) = Qp (Gl (Z)’GZ (Z))
=(0.417,0.42,0.423) z°°*** +(0.1251,0.14,0.144525) 2°** + 02*°*°
+0z*"° +(0.139,0.14,0.141) 2°"° + 02%° + 0%
+(0.063,0.07,0.0735) 2°"** +(0.018,0.02,0.021) 2°*°
+(0.009,0.01,0.0105) 2% +02%°** +02°*° +0z2°*%° +0z°*°
+0z°%° +0z"° +02"° +(0.195,0.2,0.21) **°
=(0.417,0.42,0.423) 2" +(0.1251,0.14,0.144525) z*
+(0.139,0.14,0.141) z** +(0.063,0.07,0.0735) z*
+(0.018,0.02,0.021) z*° +(0.009,0.01,0.0105) z**
+(0.195,0.2,0.21) 2°

(4-52)

N (4-52) T A1, M EBALHEA 7 FtEReK . R RGE R D Zn]
F = f Bm i d =(20, 26, 28) KT, 1‘3@*@1%@ (i :1,2,...,7) () o BT SR LR
A BRHAT U

(1) W THRE=1,234,5, HEKTFRE, §>d,
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) MTREI=7, HEEEAKERLE, § <d, N 47 =0:

(3) % TR =6, ¢=26-(20,26,28)=(-2,0,6), |¢|=1/2x[6-(-2)]=4;
=1/2x(6-0)=3, |4'| =3/4=075.
iRl 7 (4-32) M W] 15 UM 2 25 RGBT AT 2L

R=Q, (US (2), d) :il: p,z%
= (0.417,0.42,0.423)x1+(0.1251,0.14,0.144525) x 1
+(0.139,0.14,0.141) x 1+ (0.063,0.07,0.0735) x1 (4-53)
+(0.018,0.02,0.021) x1+(0.009,0.01, 0.0105) x 0.75
+(0.195,0.2,0.21)x0
= (0.76885, 0.7975, 0.8109)

¢I+

H T SRR H Sl A HE T RO ARG T 26MW 2245 [ AT EE 2y 0.75, AR5 0(4-53)
AL, A% L AL RE 7K T RE 8 1A B BT B KR (1) A FEFE

4.4.2 T RZENHEENADRE T REEW AT EE D

IR R RO E 2D T R, DT RS0 AR B B[R]
BRI FEARHLAE SE RRATE I $2TF . [ A ERLX — AR e T, BT R4
R 3 1 A GEM i IR s AP, %% AR SO B 22 2 AR I AN R 1 0
XoF L AR AT BT A R P A il AN A I RN o B A2 S AL B A AR R
22 IRIEA ALK, Hssh ARG a3, fl3h . B EURLAE, B Bk,
i AREIE, T H s TR AMEY, MR B AR AR, B, 2R
HIBUE RGERCOE R T VI 2B R G . Sy 2L HE R s 1F 1 58 Bz
= geft (R ARE T R gefEm], K 4-11 fron. Wi 3 e %2,
FERHZIRALANR B EESR, X R A R TARIRES: 2t a CIRE D s
IR CIRZS 20, TR 1 A0 i 2 Dy SR 24 iR,  FoAk RE7K-F BoAH M= e Il 1)
3 HPIRESHRE, HESRHESHUMBUE T R 408 % 4 R il B AT 45MPa 24
FIPTEEREON 0.9, BIBL, %0 FFZALHE AU B 7 R G L onttvif i 3, 1
] 1 1 01 (8] 2 9 D& oA
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TiF] 11 1
1] 1 3
(FEH

IiF] A2

K 4-11 Fo RFZ I LHE NS T R G B -

LR 1] 3 1 BE 7K P MR 2R 0 A A«

g, ={8:,05} = {60,0};
(4-54)
b, ={p, 2} ={(0.65,0.70,0.90),(0.20,0.30,0.55)}.

=l =2

K, G5, G2 WA FPRAS T IR 3 BIVEREAKT, By, P2 At BERIER
EUMITIIG 3 52 4 1T CRA& 1 S22 CR& 2) B, I 1 PEASK T
AR AT 7390 N -
6, =1{0%. 05,63} ={20,(1015,16),0};

P ={Pi rm} (55
={(0.50,0.60,0.65),(0.15,0.20,0.25),(0.18,0.20,0.24)}.
A
0,, = {03, 05, 05, = {20,(10,12,13),0};
Pro ={ Pl P P (4-56)

= {(0.60,0.70,0.75),(0.15,0.20,0.30),(0.05,0.10,0.25)}..

Kolr, @y, ~ G 1 Gy, ~ Gy, AP BAPFR PR TR 1 HPEREKT, B, ~ B, A

By, ~ Py, I R .
CLANAI 3 5e 44T CIRA 1) BE KM CIRA 2) B, 718 2 HEAE K F I

SRR A 7335 A
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0, = {g;‘l, 6z, gg‘l} = {40,(26,30,32),0};
ﬁzp - { ﬁ;\l’ pzz\l' pg\l} (4-57)
={(0.60,0.70,0.85),(0.08,0.10,0.15),(0.16,0.20,0.35)}..
il
0y, = {g;‘z, 62, gj‘z} = {40,(26,30,32),0};
B =1{ By Boos 3, (4-58)
={(0.50,0.70,0.80),(0.05,0.10,0.12),(0.10,0.20,0.25)}..
Rt @l ~ 6 5, ~ 63, D BT R RIRE R iR 2 BobERE AP, pl, ~ 3,
B, ~ P, IR B
H 3 (4-21)-(4-22) 1 70(4-55)-(4-56), 1718 1 26 HAER 0 A N -
g, ={d;. 67,67, 6y } ={20,(10,15,16),(10,12,13),0};
ﬁ]’.\l - { r):ljl’ rjf\l’ pf\l’ r)lz\tl}
={(0.50,0.60,0.65),(0.15,0.20,0.25),0,(0.18,0.20,0.24)}; (4-59)
By, ={ B, Ly, P, B |
={(0.60,0.70,0.75),0,(0.15,0.20,0.30),(0.05,0.10,0.25)}.
Ko, 6~ G JlliE LA AT RE IR, Bl ~ BY P, ~ PO AP AR
1. W& 2T, T 16N & PEREKF =R .
WRIER(4-21). (4-24)F1(4-59) 7] 15

B ={ Py, Bl | = {(0.50,0.60,0.65),(0.60,0.70,0.75)};
p? = { Py, bf,| ={(0.15,020,0.25),0};
p; = { By, b, | = {0,(0.15,0.20,0.30)};
p; = { By p;“z} ={(0.18,0.20,0.24),(0.05,0.10,0.25)}.

(4-60)

KA, Py By, (W=12,3,4) M55 1 R L. ORE 2 FHERRKTHL Q) %
17X (4-21)-(4-22) 15 (4-57)-(4-58), 7118 2 [FI 56 AF R0 A A -
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( 60,0.70,0.85),(0.08,0.10,0.15),(0.16,0.20,0.35)} ; (4-61)

pz\z pz\z}
={(0.50,0.70,0.80),(0.05,0.10,0.12),(0.10,0.20,0.25)}.
A, §; ~ G5 NIF IR 2 Bird Al AE H BL T e KT o ~ Pou~ By ~ B, 209K
A1 RE2TF, Wi 2 5N & MR HIME.
W (4-21). (4-24)F1(4-61), w15.

p; ={|sz‘1 pz‘z} {(0.60,0.70,0.85),(0.50,0.70,0.80)}
p; = { Poo pz‘z} ={(0.08,0.10,0.15),(0.05,0.10,0.12) ; (4-62)
p; ={p2‘1 pz‘z} {(0.16,0.20,0.35),(0.10,0.20,0.25)}.
K, By, By, (N=1,2,3) 09I 2 fE4R A 1IR3 2 FHEREACTIR G WIEGR
HRHE 0 (4-23), % 18 1 L RE KT 1 u - BR 53 T3

0, (2)= pl2® + pi 2

(4-63)
=(0.65,0.70,0.90) z* +(0.20,0.30,0.55) z°
3 ~h
Zpl 91
h=1
={(0.50,0.60,0.65),(0.60,0.70,0.75)} 2*°
+{(0.15,0.20,0.25), 0} 27 (4-64)

+{0,(0.15,0.20,0.30)} 2+
+{(0.18,0.20,0.24),(0.05,0.10,0.25)} z°

h

={(0.60,0.70,0.85),(0.50,0.70,0.80)} z* (4-65)
+{(0.08,0.10,0.15),(0.05,0.10,0.12)} 21***
+{(0.16,0.20,0.35),(0.10,0.20,0.25)} z°

IR 4-11, BT RGO I 1 A i 2 R 5 S TR 3 R I
MRS, K, WRGIVEHEIFRG RG. JFT RN NUL T KRG RITEREKT
R u - R AT RO
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U, (2)=9,(0,(2).0,(2))
={(0.30,0.42,0.5525),
+{(0.04,0.06,0.0975
0.08,0.12,0.2275
(0.09,0.14,0.2125
+{(0.012,0.02,0.0375),0} £+
+{(0.024,0.04,0.0875), 0} 2°°*°

{(
{(
{(
{(
+{0,(0.075,0.14,0.24)} 2%
10.(
10.(
{
{

0.30,0.49,0.60)} 2%
,(0.03,0.07,0.09)} 2%

,(0.06,0.14,0.1875)} 2
0} Z(50,55,56)

+

N— N N N

+

+{0,(0.0075,0.02,0.036)} 2*2)
+{0,(0.015,0.04,0.075)} 204219
+{(0.108,0.14,0.204),(0.025,0.07,0.2)} 2
(0.0144,0.02,0.036),(0.0025,0.01,0.03)} 2%
(

+{(0.0288,0.04,0.084),(0.005,0.02,0.0625)} 2°

U.(2)=2 (8 (6(2) 8,(2)) 0,(2)

=(0.195,0.294,0.49725) 2" 1 (0.026,0.042,0.08775) 2" 4%}
0.052,0.084,0.20475) 2""*** 1(0.0585,0.098,0.19125) 2" %)
0.0078,0.014,0.03375) 2" ****)} | (0,0156,0.028,0.07875) 7" ****°)
0.0702,0.098,0.1836) 2™*“” 1(0.00936,0.014,0.0324) 7""(** (%%
0.01872,0.028,0.0756) ™" +(0.06,0.147,0.33) 2™"*%
0.006,0.021,0.0495) ™% +.(0.012,0.042,0.103125) z""*"
0.015,0.042,0.132) z™"*% +(0.0015,0.006,0.0198) 2"
0.003,0.012,0.04125) z™"*% +(0.005,0.021,0.11) """
0.0005,0.003,0.0165) z™" % +(0.001,0.006,0.034375) 2™
(0.195,0.294,0.49725) 2% +(0.0585,0.098,0.19125) 2>
+(0.026,0.042,0.08775) 2“°****) +(0.0078,0.014,0.03375) 2******
+(0.0702,0.098,0.1836) z** +(0.00936,0.014,0.0324) 2 *****?
(
(

+
(4-66)

+ + + + + + +

P e U U U Y

+

+(0.052,0.084,0.20475) z%° +(0.0156,0.028,0.07875) 2°***)

+ 0.12272,0.328,0.91215)2
(4-67)

HIZ(4-67) IR, S RGEEAT 9 DAFKPRGS . BRBERGEER AT = At
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SV E B SCIER) 2 45 RGO AT S M T i

WX RN d =(43,45,46), MBI 47,1 =12, 9 (ARG 4 T sd DR 5 R AT
PP

a) M TIRAi=123, MEEAKTFLRG >d, N ¢3,*r=1;
b) #t TR%&i=56789, MAKFLIAG <d, Mg =0;

o % T R & i=4 ., ¢ =(36,4548)—(434546)=(-10,0,5)
|4 =1/2x[5-(-10)]=75: |§|=1/2x[5-0]=25, |§’| =25/7.5=0.3333.

R 3 (4-32) I AT A5 22 25 2R SE RSN R 52 0 -

~ ~ ~ 9 ~
R= gzsys (Us (2)7 d) = Z pizgi
i=1
—(0.195,0.294,0.49725) +(0.0585,0.098, 0.19125)
+(0.026,0.042,0.08775) +(0.0078,0.014,0.03375)x0.3333  (4-68)

+0+0+0+0+0
=(0.2821,0.4387,0.7875)

HI T HE S WU 1 28 GE i) RO 5 22 4 1 it il s MG 45MPa Ze A5 [ AT
FESEDN 0.9, RAELL BB ArE, %4 A2 HLHE S LS 5 R GRS 2 P
RAITERE Ko

45 KBNS

AN EE S xt 2 35 AR GBI AL B ek O AT TR B4, B e B T A0 JE
AR, B A R SCE ) 23S RGN AT SR MR T . 0T VR RE T IR
TR BT AR GEE IR, A2 X 5 TR 3 FH A= o o ) m] 5 1 DAl 7 3k B e
5P . RN, AREG W 7R AT S TR A . BAh, O TSR 2
SRGHIERINERE AT, X BEAT AT SEVEVP AL, A F38 73 i 0t R IBCAT B &2
EETHAT 1€ Lo W7, RSN Bk e R GE A2 IR LR THHLR U
TRGHAT T RGBT FENE B A A ST 32 75 BT AT P 75 EAR H 2,
A Eeft S EARE TR EIKR R, SRR, RIFETJoik Rk ek
PR T ETOAF I TEREK T o R, AR E PR AR SEPE RE AT RIS R AR AL A
AL, A Ja s BRI FUPERE KT A R OB BEN LIS A, BARAS R e a1 &
G 1a) 56 2 N R IR IN 1 22 25 AR GO T SE PR PPAG U5 i
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ELE EHTEMXEEERS TR EEMMLIRIT

FESEPRai ) R g il FEVE B, R A M ERREGNFL, ROE
- RAEHLAR B TS R o FEAR G Al FEVE BT AP, R BB LA R AEAHA
ENE, HIXSEREHLAS & ] B i€ R A AT ilE . 2R, TRESEhrr, 28
[t M LAZ B (R 3 AT SO 22 TR, B TR UK =R 20 An o] REANHERf, TTT X
e PR B DX TR BEAT RIS 804 » Dt A FRTHE BRI AR B AN X A2 B iR 5 R 1Y)
ARG AT SEVE B T B e LI A R AN X (A1 A R IR & T 4 A 1 ] SE PR
WA, LRI TR AN A TE A 3 S A O3 ik 34T T SEVE 0 A AN LAk
R e Jm ARSI Ba i pl 32 U7 iR I VE R

51 5|5

M H, L SCHE R G0 IR AT RE T BRI SR, TR LR S
B, A% FL Sl R A I 5 o DAL, R S m XU RS Pl BETH B B e B 25 RE ) 1) 2
—o FEFREEME RO IR MR B S, SRR IR AR TR LT
R LA B i iR S5 Ul mT SE M AL Vit ) 22 H R AE BETHPIY B B T SE 124
WEGR, PLORIEPT v 17 dlak B S ) S22 R PR RE fe DL« BRI 2 1Y
BEAZ R ity (0T SEPE AL 55T a3 Y 1 S R R, Iz a5 ROk
HISEIN, G R mT STt A O LUE R iR WM Rl . el g 2R 4k,
X RGN A SR BB MO A SR 2 AR SRR AR
AN Z AN E A5 S Bl S S5 1) o AL, P SEPE VT2 TR B A A A T s T K A
e Ho—, TRERKERHE. L7, RGP RS SHETH R B BRI
EIRTEIRC S

TRESEPRLTE, BOMIA R AN X () A A S KR AL, P, AEREL
T3 g v X ) A B ARSOR AL R A N AT SEVEDL AL Vit 1), i F Uk X[
AR B fpe AN DL B AT SRR AT T IR AN T SE O AR B B A BT TR . B ek T
(AR, R RO A 5 7 I 2522 8] N A BE L AS B EAT AL, TR i ok BE AL A F AN
X [ A2 R A R AL HEms, JFR AT X R A S S A DL T SE P A 5 i . 1207
IRASAE A FEE AT AR T E BRI O X R AR R AL, AT itk it Pk,
TR AT SRR, THERBOR. Syt R, s iR
XA, — RFIELL N R TR KRB RO L R
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IR RO R ANX (A ARG N A SO Bt

5.2 AIEM o thS it
FIEEME SO T S AERIE 2% #FT?FIJ%}LEHTIEW\] SERUIE VIR RE ST . A5 IR
KM EIX—BE RN, WIFRAPEERE, 8 R KRR BTSSR RAEAE
BENLAE B X, WA HERE A] ARIR A
R=Pr{g(X)=0} (5-1)

H

A, Pri} FoRitZe, g(X) AR RE. W R BENLAR & 7 & X R REYLAL &
HARMSL, HEREGMEZRE R BT RN £ (X)), MIATEEEE TR 0N
R=Pr{g(X)20}:I f, (x)dx (5-2)
9(X)20

FESEBRILA A, AR BRRES s 8 g (X) 38 AR 2 itk s 4, HAR 7 KO AR,
I BN B AERE %, DR DUl IS 2 A R T TR . S (5-2) I
FISERE, GEE R AT VE I CATH B, B WA — BRI SEE 5% (First Order
Reliability Method, FORM) P87R1 i if £ 7572 (Second Order Reliability Method,
SORM) 881901 i (B A JELAEL 35 S T AU MR 20 25 P52 bR B £y (X)), RIS, RERRBRUIR

iﬁlg( VHEATIEAL, MR 3845 5 T 3R il e =38 AOARAR DX BIAE T X AR BRAR

PR ECHEAT R IT BB AN [F], FORM K5 B FRAR S R #5 7E B 48 55 50 (Most Probable
Point, MPP) AbiEAT — B2 A FGEUETT, 1 SORM AU IR ZS B8 #rE MPP
WeAT Z R A RIEBURTF. Kk, SORM Lt FORM it Sk &M, HEATHH
RCR EAHRT L

fEAE F FORM B SORM RAf AT FE LR, 38 % 40 A=A IR:

R RN R AL

AL BEATLAR B ) B X=(Xq, Xy, X, ) B RIFR N X -3, anl 5-1 Fos (IR
WX N T 4EBENLAR B &), ilid Rosenblatt 284, R4k X -45 (8] AT LLEE4L N K] 5-2
Fos RIBRHEIEAS 2 00], PR U-2 00 4 )a B RENLA B3 AR MR IR A,
P I 7R n R RO,

u = CI)’l[F><i (%, )] (5-3)

R, () FRbREES BRI RREIL R, Fy (x )RR X, 1 251
AT, FE SR R B TR A A

R=Pr{g(X)=0}= [ f,(u)du= U j]‘[{ ;ﬂ (u—zizﬂdulduzmdun (5-4)

g(U)=0 U)o i=l

A, fy(u) AU BIIBCA WA 5 R
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B RN 2R S

9(x,%)>0

X

1

K] 5-1 Jgidh X -2 [H]

g(u,u,)=0

g(u,u,)>0

Ul
5-2 FRdEIERS U -7 ]
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FhHE A EANX AR ERE T EEI ST

ﬁ’b’%%:- 3 U-FEH MPP

NI ENGE, Pk R R TT 5JA\4D‘TXT1‘EJEK$ 1 B SR ok, iIX— I BN
MPP 5. ﬁulézl 5-3 Fﬁm, MPP fi2 U - A P ARBRARAS 72 g (U) = 04 7 B3
JE BRI 0 A RABL ) R %TmﬁHTaEF;T‘éﬁUz (Reliabiliy Index Method, RIA) F
M REMIEYE (Performance Measure Method, PMA) 192194150 47 5K i

(1) AIEEFEFREUE . MRYE MPP ASHIE L, MPP AT 2 -

L | u?
w H{Eexp(_?ﬂ (5-5)
st.g(U)=0
RN
n 1 u2
H{EGXD(——H=[—”J exp(——Zu j (5-6)
#(5-5) 1T LA S
{min lul
! (5-7)
st.g(U)=0

e, Jull=Ju? + U2+ U2 AT UK

i = (5-7) " %1, MPP 5u*?yﬁ‘{&ﬁi<u-*|‘aﬂﬂh WBRRETTHE g(U) =018
PR R B A ) A B, KRR RS B = T RR A ] SRR AR BT SE PR R A
RESE S e P

R=Pr{g(U)=0}=(p) (5-8)

A, o) NhRHEIES AT 2R EL
(2) PEREMIEVE . YRR B R A B v S R AR BRIR S T R R, &
T ] S i) RETA7, 194, 1961971 HOBIRAN R .
B, THEX R E AT EEE R () MPP AU, Unep AT BLIEIE KA DL T Bt /ME
i) F 15 ) [198-199],
min g (u)
o9 (5-9)
st.|ull=®*(R)
SRIG, T US L, APERE R g (u) KB ZR .

ZR=g(ulep) (5-10)
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K, Upe WG9 IR AR AR -

5-3 U -%%[a]d MPP Ar= K

IR = SRR S R EGEAT T
(D —MATEEE AL (FORM) . AT E AT SEEE AR 70, R BRAR S R 2L
g(U) £ MPP fikbit4T —mr A=V, WA
g(W~ LW =g(u)+vgu)(U-u) (5-11)

Kb, u NRIFAL L) AR US Bk S R %L, Vo(u') Nk g (V)
FEREIT RUBOBEE, H A2 -

va(u')=[9W) gV)  agV)
S= ou, " au, " au,

(5-12)

BT L(U) Ak 8, R RS A & k. L(U) RIS EATT 27358

| 513)
o = \/an:[—a%é?) ] (5-14)

BRI, AIEERE TN
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R=Pr{g(X)20}:<D(ﬁ):<D(ﬂj (5-15)

oL
(2) ZBrAfEE T (SORMD. IR FRARA B g (U) f£ MPP fi4bi AT —
At WA
9(U)=LW)=g (1) +Vg () U-u) +2(U-u)H(w)U-u) (s16)

X, H (u*)?'\j%'%%ﬁ[&iﬁ (Hessian Matrix) £ MPP AL rHUE, Hif 2 X (5-17).
(°g(V) °g(V)  *g(V) |
ou? 'oU,U,’ oU0U,
o’g(V) o’g(V)  d'g(V)
H(u)=|au,0u,” auZ ' 'au,eu, (5-17)

o°g(V) o°g(u) @°g(Y)
| 0U,0U, 0UoU,” " au? |

SR SEEE AR B HME AR UG KIS, SR SORM KA A] 5 fZ AL LU A -

R zl_q)(_ﬂ)H(l_ﬂKi)

i=1

1
2

(5-18)

KA, o WRPRARES T FELE MPP SRS T AN F 2.
FORM 5 SORM X #z BRR 25 B8 B i el v] FH I 5-4 SRR R .

U,

5-4 FORM 5 SORM 1Ll
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K FORM R f#E AT FEMEACAL Bt fa) f, e — AN 7R O R v R N
{mdin h(d,p,)

(5-19)
st.Pr{g,(d,U)>0}=®(8)2R,i=12-m

A, h(dp ) WEFRERE, p AR ERE X BBME, R NEIAERATE

J¥ o SRR B AT EEE BTN, SR REI S VAR, S (5-19) BT R R A AL ARy

{mdin h(d,p,)

(5-20)
st.Zf =g(d,ulpp)>0,i=12,--,m

IR REN & 7 VERS , R AT D BK-F B AT SELE o 47, 100 /5 v B Sk b 1 AT 58
B, PRk, SR (5-20) A2 Lb SR fig =X (5-19) AR AL B8 i vy R4

5.3 fEHZEMX BT ERE THAI ML
R RGN L& RENL AR B X AR &, 84 RS0 AN E P B IR RS 1
WA 54 (I BE AL AR B X RIESE— X[y, y* | WERME X IR AR Y Vs, AT 2R 5t
WL Z = g (d, X, ) AT LA RESE 20 A LR X TIEA7 i . 36eb, o it s,
Z|V KA Y BT T AL, T Z|Y T AR B LA R X R
HEERAZGafiflid . 25 Z | X BN SR X SRS R R, W Z | XA F
B P Z = g (d, X, ) Ay y* | B B 3 X
FIEEPERAL BT H B £E R8I T EEPELQ R AT IR R, il i seit A2
&, il H AR B IME . T EEVEZ R P AAE BN AR EAT X AR B R A, R
A AHINE SRR L, 4 e 0RIERT SEME LA BT RO IE R . BRI, ARy
K Se il T ROR R BB LT X (R3S 20, PR3 T i NG DL R AT T SR A0 AL
Wit
5.3.1 WIFE
BRI, A B B X X (W8 R Y T3 e B T LA
minh(d,p,,Y)
s. L. Pr{gi (d’ uWorst ' yworst) > 0} = cI)(lgworst,i ) (5_21)

=] )2R,i=12m

KA Buors,i AT FEVELIRAE I OL T TSR L A80R, Y Ay My 1P2
5, WA

MPP
worst, i

u
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Yy
2
5 MPP ORI/ IMA IR CHEARTRGED, BT = A SEPE 3R (A 3A)

RET RIS GE3R) 2, R (G-2D)RAMERN,  BRFEAT — IRAMAE

AT ZE 2 R A AT FEVE 0, IR — ORI YA R] SE PR ) #8 7 2 kAT KRN

ZUR BB, UL, 2RI R ROR, TR BUR . WAL I R AR SE R

FEEI N &l 5-5 B
A (G-2L) iR B, rTUAUHIEREIN R (PMA) U7 St AT eldt, 122k

Ja BIREAL

y (5-22)

min h(d, ,, ¥)

st 2%, =g, (d ules - (5-23)
T worst, i~ gi ) uworst,i 1yworst’i ) 2 O, | —1, 2,---’m
e .
4155 O wmm )
v &

I
<

Kk k
K =0, XMppyi =M Yoorst,i

/

| |
| |
| |
| |
| |
| |
| |
| |
| s

| AR AL A |
| > min h(duY) |
| MPP l
| S.t. (D(| uworst,i ) > Ri I
| |
| Xllt/IPP, i y\l:vorst,i ¢ |
| |
: K=K+1 :
| |
| |
| |- === === |
| AR \ ' |
! A A | !
: | FH X FUEIRA Vo | :
! min 5, =[uyee. (v,)] | |
: | Yo st. g, (d,u;, yf)=0 I :
' : y' <y, <y’ : '
|

| ! ' :

| |

| |

Kl 5-5 XML St i i I
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oIk JE B ELARSR A AR B B 5-7 BT
MPP 55350 ] S 4 ) @0 B8 fi] oR., RGO 8 2R ] SR P00 ) Y MIPP SR o R
AIEEFE PR REI &, LB R BRI SEE R MPP S EINE S, Wik, ost)an

PR AN T (5-21) ik AR R AR bE, T SE R ) BT H B, REI 2D

Aok, I

5-6 FI AL, EARAFEVEOLAL B I AR T TS R A PR, (EREAS AR B

EPSRYEZSuR R

K= 01 Xi/IPP,i =Ry, y\l:vorst,i = v

v

| 4

A I
min h(d,u, Y)

S't' gi (d’ uvhct:";’t?l ' yworst,i ) 2 O

k
MPP, i !

X

K=K+1

k |
yworst, i v

v
A EEPEPEAY
T Xy FIRALE Yo,
Ty'y':] B :"uMPP,i (yi )"
st. g,(d,u;, yf)=0
y' <y, <y’

K 5-6 cridt i AR St A P

5.3.2 FHIBRIFE
Fr 51 BRI ) i A S8 A

DAL BT AR AT SR AT A, I LA e PR DL A e vh AR AT S 4k

e e e e e e — e — — —— —— — — —— — — —

FERE S AT SE AR AL BT XA T 8 1 — 2R B E 1

éj\

BT A 52 LA i

(1, W E VEDLAC T A S AT SR A, AAEARAL S iR EAT RIS VE o A2
AEREF, PRI ES AT EE R A R N RO 5, IR, T S KD

82



FhHE A EANX AR ERE T EEI ST

R T XA 3 1 i 1152 2002020 e B BR L ) Vi AR AL AT AZ B
Ak 5-7 F15-8 fis .

< %ﬂﬁai&zﬁ} o g A 8 H < %%uﬁr)

RGBT IENE | ATEEE
ATt HZRMPP

K 5-7 A RIE T EAE

r—-—-————"—"—""—~"—————— |F—————————— — — == |

Frail > AEMESL

| |
| |
| |
| > 2 ||
| B e A AL — |
| |
l |
| |
l |
| |

WAL e

[ — S

— e — o — — — — — — — — —— —

Kl 5-8 Fr A IMERBAT I RE &

FEBEAT 35— AN FRROHE TR, RIS L IX )AL B2 AR MPP s 15 B 28
ARE, T I5AE, FTUAG BB X 1) P (E AN RE AL AR R4, AT i it il
HAW AT IE . B, EEFEA 1 MR B B o, SRS AT T
SEME T, BRI T MPP 5 Uy o X (B A B Viors i « UL, TTRE
TV LR AR, 20 =0y (dulin S ys )20, Tk uneh YA
Yoworst,i SEVERTHITAG 25, T HIEF 51 2 MR e MR B, R

min h(d,n,.Y)

(5-24)
S-t- ZRi ':gi(d uv’\c;;?llyworstl) O’i:1’2"“’m

worst, i

B 1 P AT SR TR, MR TS 2 e M A R vt
B0 e A B OB AR s T S . S A 2 O E MRS B IR AL
2 (73N e FE T SE MR L Tt T TTSR PSS 5 4 2 W7 S P AT A5 81 £ de
FE0L MPP Ul 8 2 R X (A A B A Y oo s KIEEHT IR 51 3 AR ALY

min h(d,n,,Y)

R; MPP,R.,2 ,2 . (5'25)
St Zyorti = -(d’u 0 ’yworst,i)zo’lzlfz,"',m

worst, i — gl worst, i
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HE L LA, HERCHAREERLR, HERRE0E T1EE . B
HAEFIERE ok o], BARERIERAEWE 5-9 frs.

S N, SR B L
. __ | I . _ |
|
|
o wmes ) o wma
dk
dk + It/IéP i’ yworst,i dk II/IPP yworst
4 y
SRARDLAL 7] R CIE e

L - n}!n f (d’px’v) %?ﬁ XII/IPP,i ! y\l:/orst,i

ming, (dyuy;)

A

I
I
I
I
I
I
I
I
I
I
I
I
I
I
| EHd
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

- - I

gi (d!X:/IFIP,i’y:/oIst,i)ZO |
st Jui] =8,
: y' <y <y’
A | ¢ X Vi
~ I
_— ~—_ >

2 e
| \\\ //

AR A d* : I%
: Xi/IPP 1 yWOI‘St
I

_______________ ] L - |

K 5-9 2 K A B E VE AL AT AT SE L B

5.4 BHTEHNRETERA AR LRI

FESERR TR R G SEE oAb b, W WA AE 2 AR IR & IR, Iz 2
B R b, BT JCR A SN e e e A Y M 2R B R RR I, T RE 4 H ORI B DU
X 18], ERLG, AFFUROR AR B AN X [A) AR SV & N B AT SE RO BTt B 3 iy
EASEFRE o 5.3 /NI BENLAR S IX (AR BB A T T SR AT AT T
(R P NANS R S R T 8 iR = S P T e == oAl NI A i R A e
o,

RIH =R TREAAL, S 1RO A2 B AR Oy 1A BE LA & 10 55 B0Fe
BJ71% o ARG R TSRO 4070, BT SEVEAL AL Bt Hh SR AR B R Ay
L IEASBEAAS R, IXREAROR AR BN X [H] A2 FE VR A N B AT SRR AR A BT R R AR
TR SN X AR SRR & T BTSRRI AC BT R R, 1 45 S 0O B B LA

84



IR RO R ANX (A ARG N A SO Bt

FEITEM FURA L T BRI SR AT, B8 B 2 T B PR O B SR A A X (]
BEIRA N EEMER AL T T
S BEHLAS B X (A AS B A T I AT SR A AL B 288l 3T RS i 4L A 10
PR AR B AN X (A AR SR & R I AT SE RS AL T F A Y v AR IR M
Qp“@xﬂ
- (5-26)
st Pr{g;(d, X o Yoo ) 20} 2R, i =1,2,--,m
A, X RN ERE, Y AXKAZERE, v, SEFEL X A2 E
HE,
DL BB AL B B AR B, vk ELRER AR 1 X (] A2 S A FEHLAS 2R & T Y
A REPEAR A VT 7 R AR, T T O AR BT S A e . Lei A Chenl?%IZ5 T
SRR E) R R BRI, R

1. =fMEsf
S REON:
X8 g <x<a
(%)= a4 (5-27)
%X a<x<a
a,-a’ s
TR 155776 A -
G(x)=o5|nafal (5-28)
2
2. BRIE A A
ST EAGAF
LFTX78 4 a <x<a-
a-a 2 &
u(x)=<1, a-a <x<a+a, (5-29)
XT3 e <x<ata,
a-q
TR 155776 A2 -
' a-a 1
G'(x)= | i
Y 2 ra) "ara, &30
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e® a—a <x<a
uxy=1°, o 0T (5-31)
e ¥ a<x<a+a
TSR RS9 A2
k k
G'(x)= In -1 5-32
) 2(ekal+ek"“12){ 2( 1) ] &2

RO AR B 1 S R BON AR, AT SRR e B O AR RO BUN S IE SR E
(RIS o B0 5 1 S5 I pR R DA b =R S R o () —Foh H S i@ o BN XS BRI
TR BT BRI, e & X (3-16) 153 B IEASBENLAZ B bR dE % FIA K
(3-36) Fx) ) s J& pR BT B SE O IE S BEATL AR 3 . B AR 2 1) SR & s e
PR AN 2 LA AR — A OUT, R S8 ek g, 20(3-14) A1 0(3-16) T+ A 1k
SN R IPRAEZE; SR8 R ERN =0 (3-36) T 5L M IESBEN LR R ME . Wi
A B B X = (X, Ky oo, X, ) PR — AN G B 0L S B, 73 B0 %%
i IEZSHENLAS BB X = (X, X2, X)), BRI, 2K(5-26) 1 i AR y LU
VS

min h(d,X*,Y)
(5-33)
s.t. Pr{g (d X ywom)>o}2Ri,i:1,21...,m
Arh, X2 SEHIBENLA & R =SSO R RS E R .
I e, BRI AN X (A AR EVR A R B AT SR AR A R T AR R T BE L AR B AN
X A IR A N EEME LA, A I T, W AT PR b R 15 58 T 1] 5
PEG T B A A -

5.5 HHI5H
5.5.1 +HFHTZREG A MU

U B A B T O R A, AN 2 i (R AT SR A MR AT T SR A
Tt CAnanE 5-10 Fros T FFHT 220, FF PR B E = 68948MPa, % E p =
2768kg/m3, K F 7 [N B 5 IR K L #5924 9.144m, FiZsha#i P P,. P,
BRI, LRI P AN P, i = 4 5t J8 50§ (400, 444.8,490) , 47 P,
) = ff S R 4k (1600,1779.2,1950) , 47354 KN, 37 45 2 Su iR B BT RS

d, . N 12.7cm, FRAEREERA S/ ME Y 0.64516em?, AT 1~10 [HI5EE A X
W A &, HOHC{E Y8 E 4 9 N o, €[18.0975,21.0975](i=1,2,---,8,10) ,
o, €[39.1125,64.3125], #ifiily kN/cm?, %H#Bﬁé‘iﬁ‘%ﬁﬁ 0.999. 7E i /& 3
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BT S GRS T ) BERUEH B AT AR S, (i =1,2,-+-,10) , BEHEAMHR
oy B B

Kl 5-10 FHFHIZEEEH)

TATHT ST 52 B B A1 R Ay AR A R, DAL, B SRR AR R AT SR e L
RN P IERSBENIAL & B, P P, SR IR P AN 1y AR 1), R P2
B AN, (1=1,2,--,10) \T AR R A

N1 = Pzeq _Q Ns! Nz :_ﬂ N10
2 2
N, = —F’leq — 2P2eq + F’3eq —% N,
N4 = _Pzeq + Pseq _ﬂ NlO
5B 72 &30
e 2
N —Pq——N > Nlo,NG:—7N10
N, =\/§(Pieq +P2eq)+ N,, N, = ay,h —a,b,
18y, — 3,8y
N, = /2P + Ny, Ny _ b, —ah
18y, — 8,8y
/\EF[:
a, - 1.1 1 22 22 L (5-35)
S, S S S, Sy )2E
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EP— (5-36)
a12 21 ZSSE
a,, = i+i+i_|._2\/§_|__2\/E L (5_37)
S, s, s, s, | s, )2E
o_| P RUa2Reopr P 22(RUCRT)IVOL o
s, s, s, s, 2F
V2(PP-P) Jape 4P | L
b, = L B N (5-39)
s, s. s, |2E
TR 2 MR AT LR A :
6 0 10 0
d, <[> NN s NN E (5-40)
2SS JE

A, N (1=12,2,-,10) R =P =0, P =1, HA(5-34)IH AR N, . &
Wb, AT 2R A (0 RT SR B A AR Y AT AR IR
msinw(s)zipsiLi :pL(ZslSi +J§1§0:si]

st. Pr{g;(S,P*)=0, —0;20}=0999, i=12,10 (5-41)
Pr{g,(S,P*) = dypp — 0, =0} =0.999, i=12,--,10

2y —

0.64516<S,, i=1,2,---,10

Kb, WATHHRINEER, o NEMIEREIN A, dy) N1 R 2 B E T
EmfRz .

KR ELE =TI TTE, 735G 2 Fr 5 IR RBAE T i AL
IS5 e e m e PEOCAC A R BEATXTLE, Wik 5-1 PR .

R 5-1 EM UG TR R AL SIA R 25

A B AL JF 51 B AL
s, /Imm? 33.4231 44,4546 44.4546
s, /Imm? 0.6452 0.6452 0.6452
s, /mm? 47.9590 65.2346 65.2346
s, /mm? 100.6682 132.4582 132.4582
S, /mm? 27.8058 37.9862 37.9862
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HR 5-1 MR AT ZRA R RIR 45 R

A T € AL Fr 3 BRI RYEZ TS
s, /mm? 0.6452 0.6452 0.6452
s, /Imm? 93.8489 123.4854 123.4854
S, /mm? 0.6452 0.6452 0.6452
s, /mm? 22.7690 31.1146 31.1146
s,,/mm? 0.6934 0.9124 0.9124
W /kg 956.6447 1271.2604 1271.2604
EIEI QAR RV € i 56 998 2891

WF 5-1 TN, B EEER AN A ORI B R AL 45 SR B B AR L
VST AR, I EARBR S EAR R (LR AR B R th T
WU SR A TR (KRS T MRS, 4 SRR I KU T SR B A A T —
FURAE P RAL R RIFT SRR AT, TR T B SR, (S o
SR

5.5.2 PURAHLEIRE R LT S M AR

Nt B YA B P AT SRR AL BT AR A () TR E P, AN LUK 5-
11 Fros B 2RE A ARIL B AREAT LR 99, T FURSORY) A8 S AN [X W) A2 B VR & N B 7T 524,
FR AT P S BTt

P 5-11 B AAHL A AT ALY
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Rl 5-11 X IANL s AGEAT I EAT T4, 521K 5-12 BrosHLiiE s
Kl

A-ABLH

S

5-12 PIABLEHA IEAT HLA 2 Bl ]

H - HAR A AT R i 2 EC I FE P AE IR 22, TR mTKs i 0,0, LA S AT
0,0, MK FEBABENAL S, AT, . WRANIEMTIE RS, fFAE/R3h. Ik, a
HIBNEEANE LU, AEANE THLR, AL SR E ZE B ) KM AN ], RIS AE R
—LBLR, BRI TR AN s MR S S B AR AR, fEARNYTR, AR
WAL IR AR B o PR R 2 SONIR AR R /N AR IS B, 7 55 RIS EU AR, 11 5K
b TR o AR AN S B AR AL R, BN bl T 200 R vh B AN S 1t DA &
MR SRR E MRS, I, FROEAT AR E PUABOHIE . JEIRSERE N
HHUE B AT R ), JE RS EEAEN i fe TRz . MlE w2 K
N RRFRENE, T U MRS — B E T8, AN, %&ME
B 6, K. FENRE A, (ERABIA A 730 H x, F1x, o) oA 288 J
Bk 5-2 FioR.

# 5-2 FENLBE MM NS H

FRiRAF B & AR PIE/mm FrifEZE/mm
X, I, =N aii] 100 1
X, l, Nyl 300 3

TEEERTZES F FIFBREBURN =M o A, HRE % ok B B4 5 5l o =R
(5-42)F1 & 5-13.
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X=200 " 500 <x <250

“ (=1 300_x | (542

250 < x<300

50

0 200 250 300 x (kN)
K] 5-13 YEIESTZAME ) F SRR B

EFF PR R E 1SR R UM = A A, HFRIE K s B EUR 4 5 o =X
(5-43) A1 5-14 iR

X_légo . 190< x <200
#e(X)=1 510« (5-43)
. 200<x<210
10
A
He (X)
1

>
0 190 200 210 x (GPa)

5-14 EFHERE E )RR R
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HEATJE IR ST &, 0S5 8 o BUR BRI 43 A, Rk 20 A ek i B 4540 ) tn =X
(5-44)F1 P 5-15 Ffw

X_5275 . 275<x<280
Hs. (x)=+1, 280 < x < 300 (5-44)
302‘ X 300<x<305
A
Hs, (X)
1 ,,,,,,,,

|

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
— ‘ -
0 ' 275280 290 300305 X(MPa)

5-15 FEAJEIRGREE &, 1SR JE iRk

ST TR M i e e P 22 J% S A 2 TR BB, 3 9 5 U
B2 [ BB 2R B g, ORI 5 18 43 5 BRBOR 1, (LRI RSO A v P
385 SR 7 0 2 B S R R TR 7, R AT O (R RS I h AT LR AR A Ak, (H %)
AR AL, AU TG . B, h R g BRLNIX (A (FE QR AR e 43
iy, Fly, #10), JLHUE R % 5-3 fir.

% 5-3 X [A1AZ A HfE v

PRIRSF X [ 3% & T EA
A h 100mm 150mm
Y, Hy 0.15 0.25

ARG B R 5 B B FEFF IO P 442 d, (1< d, <80) Fnd, (10 < d, <100), ff
A5 I L B RS I T S B A 0.9999 I R, AT EEAT () T A . ik
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[ RESEA 3R dl, A dl, (SR T AR B /), HL AT RSk T AR P] 3R 0R y:
S(d)= %(dj ~d?) (5-45)

TERT B i 240 SRS i 8 12000 o R AR A -
4F (1,-1,)

0,(d, X,Y)=6, - >0 (5-46)
72'( (|2—|1)2—h2—ykh)(d§—df)
Zill
] (dXY):nSE(df—df)_ Fll-l) < 54
S 64|22 (Iz_ll)z_hz_ﬂkh_
A, X:(Xl’XZ):(Il’IZ)’ Y=(y1,y2):(h,yk)o
& 48 IR s PEDLA A B AT R
mdinS(d):%(d,f—df)
st. 6,(d,X,Y)=6, - 4P (L) 50;
”( (I,=L) -h* —ﬂkh)(dzz‘df) (5-48)
g,(d,X,Y)= Gl oS S U N I
2 e 64'22 \/(|2—|l)2—h2 _/th ,

1<d, <80,10<d, <100, d, <d,

1 T AT 5 R LA AN S i AT SEE Sy 0.9999, H43X(5-46) M (5-47) LI R 2% A
ARNTTEEPEL A, AT 45 203 1] SEPE R ACAL BT AR Y

min S (d) :%(df ~d?)

4F (1,-1,)

st. Prig,(d,X,Y)=6, - 5043 0.9999;
ﬂ( (|z—|1)2—h2—ukh)(d§—df) (5-49)
PE(A-dY)  E(L-h) .|
Prig,(d, X, Y)= - - >0+ >0.9999;
r gz( ) 64|22 ,(lz—ll)z_hz_,ukh

1<d, £80,10<d, <100, d, <d,

TEX(5-49) BB, FHFEFTZHMES F AT MR E | B IRGRE 6, ¥ R
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WA EL, (R, 1A SR RO AR N X (AR F VR A N B TSR AR AL T A Y o AR A
I =BT, AR R N IE SR B, IXRE, BT R
FNDX [A) AR B VR A 0P SE PR O Ab B TR 2R ) 5 A SR AR A0 B R X [R] AR B VR A R I
A FEVERA TS Y o G54 SO A 7 1 SRRV, TR 5o i A i ST LAL AT 7T 58
HARL BT

B, KGR F L AR E LR IRGR RS 6, = MBI AR & 43 il
ITEM e, PRGNS FO . SMoptEiiE B SN EREE o0, HA
F* ~ N (250,19.95), E* ~ N(200,3.99°) , o ~ N(290,6.69° ) - S/ 54 #t SE i
RROR A B R0 X 1] AR B VR AT 0 ] S PR A A8 A8 A AR ol AR A5 1 1 (X (1] A% VR
A R R AT SEVECAC BT, A S 5 e R R AT R N

minS(d) = dz—d
d

eq _
st. Prig,(d,X,Y)= 42F (1. -1) >0 >0.9999;
( (1, =) =h* - (e ~?) (5-50)
*E®(d, —d, (] -
Prig,(d,X,Y)= il > ) i gzlﬁ >0 >0.9999;
64| (IZ_Il) —h? _ﬂkh

1<d, <80,10<d, <100, d, <d,

AHA B F =TI, 73RS a7 81 AR AU T 1Y)
RIEIR, IS Fe R B E VELAL S R BEAT R LE, 11 5-4 Fos.

*® 5-4 FHr R AR SR AR

FETEAE PRI XA

A& d=(d,,d,) (20.30,40.61) (27.58,55.99) (27.58,55.99)
H b5 ek 2018 S (d) 971.60 1864.71 1864.71
BINEOLT g, 18 - 0 0
RIAMEOLT g, 18 - 4.15 4.15
B R (Y, Y,) - (150,0.25) (150,0.25)

BR B SR 19 408 1032
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F14 5-4 1, B P00 A B0 B0 FLERBR L LA R SR FELU R,
T S Lk N U S S e R DN R A0 L
Pt B WU ER R I LR AT AR, KR T BB ELRHL AT
g

56 KE/T

AREEH ST RINE O TR A X AR R & N Al SE AR A, O
EEXTREALAR BEAN X R A B R & N LA BR GERbAT Rl S AR et o JLUG, KRBt
AR B [X 8] AR B VR 5 IR DL e BRI A B AN X (W) A2 iR A (018 B0, IF 21 {E
ANAR, RIASOR) A2 B RSO 05 55 T BEALAZ B BRSO, RSO A2 B 1) IR S BE B LA &t
AT, DT A RORA A A0 X ] A2 Bk & 1 0 AT SEPE B vt D0 AL 1n) @ e A2 N BE AL AR
AN X A2 R IR A N R AT EEVEBCTH AL R, 70 G5 R P SO AT 7 51 392, 3
BEHLAZ B AX (8] A2 RR A N B n] S PR AR AT ) SR ARt it . AR E PrRB A
NEE ZRRIAE AR R A SR BT IR B 1 —FloBT SR i L . AEASE
B, BT EA G DU TSR B B S RARNS T BN AT 5 I 45 R O~y (HAZ,
XA AR A5 A IR AN RE PEDR RN R T S Ve e o A, SR iR U ik e g
DR GG R IR 2 4 o
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DESRE

ot

xS
7N

6.1 AXEZMRER

I A AR T AN )3 AR ) RO A R, MR Gt H & KB AL . AR £ TRk
o BRI AT EEN R IRIE RGURIE L IhRERI LA, R, Wl fRIE KBS P R
GrE Al I AR b ) 22 VRN RT SEE, RO T AR R BT R # ) . H i,
TRESEFRF N RGERZ T RE A, (N T WL RA S 2 e e ER, B/
O T REME, WRE. HI. @B WL NFEIR R TR, K
i A SR B BT SRR, EXT U R o AT v SE M A B Bl b, 3B R kAT
ALV o SR1MT, B TA% G0 R SEPE 3BT 7 VE R 25 SR U R Gu e IR0 A% R 38 7
JIREIIRZE , B0 b 2 AN 8 R s, SO ISR 7k CIRIE 2 TR K,
AR AR B AS TSV AT i, DAREE T AT SR b A BT i, DR
WUBR R G FH 22 Ak TRy SR AR DA B k> 8 B 4 2k

AR SCAERT A SRS ] FEPE I AL 5 v AT IR B R B 2R B, 3 i 7t
T 2R N EhA P EEE TR VRSB T AT SEME T ik B R O
23 RGBT FEVE BT 772 LSR8 8 T TSR AT v, BT
FOBCRUTT

(1) $&H 75 FE IR AT il 28 VF F B A8 AT SE A2 . LIk R e i
bR AR A, 28 2 B BT SR, I A RN A, A5 LA S5 1) [
P57 PRSI EE N . A T REXTHUIR 25 44 B R 48 (1) 3 245 AT 58 B R A7 T v 11
VA, AR SO R e 1 FH DA 5 FE AR IR 2 0], S%of 53 i i 2 D BESRAL T 1 3R
Gu Al SRR AN AT SE M o M O VEREAT T, SR T S R R IR A AN ok e A
RIS PSR, B X RGEAE BENL 2 A0 BE N8R LR AL T T AR (1 1]
R, PR T S - AR S A B TR O i SRR RIS A R
T EE, RIS FH Bl v SEMEAR R AT 45 31 5 SR RV TR AR K 0 B 285 51, T v
BN A RAETHE NS WS BT T B B RS B, NIRRT AR SCAT i
BIAS AT SE AR Y 1) TE R M A

() 1 TR T REABM RG] FEE T EV RGBSR,
5 B A B A R BURZKF A IR, SO m S i T0E i e A &
R BRIAR BB X (R AR A . T R A S BRI AR & 0 e SV AT, W B
AKCPEERIESE . (AP TSR, 2 ERIBASMEERZ . Bk, A3 THE
AASE, ISR, O B AR N RS IR &, FE L T RO AS = A p-

96



HANE a5 RE

box A2 IR A HIL TR SR 2t %, $2 1 —Fh e R g St s .
SR RIS INERXS O, BRI iE B A B I TNRS B, mT R BEHLATIA R0
ANH e PR RN A AE R R8s S R vEAl o

(3) $RH 1B EEARSCIE N 2 35 R G rl Stk 0 7 ik . BEENUR SR K
R BRI, RERIRERBOKZ . R GHR DI AR
I, A FEEE MR GRS 2R, T DAASRE T B Se o AR ROR iR &2
ANAGNThAE. 1 HATRES, BT EEALE B A LBl BIRES, R4
RIPERE I ZE N R IRE . AEIXFPIE LT, RAHUBCR SE m] S 1 )i al ML %
SARGRIB T SEE M. HEAh, AR GRS DT BT KRG 02 H B A,
ARG Te T R L A ) e e PR RE KT o BRI, AR SCHE TSR 3 Y 2R R
PS8 Eoofh S e P I E R AR, 1R T 5B IE I 2 25 R TR v]
SEME T

(4) fRH 7RISR A X (A AR iR 5 N N ARGl FEVE AL et k. BEE AL
TR St il NATHI b S R BOREGE, XU R Gt th 1 58 m ot
BEOR; Ui, NSEMR S e ERE R I, EHRNIMAR G TR E
s A TN BT o HUAT SEPE DU BETH AR A2 AT EE LRI ATIR T, XML H)
RGBT B AL BT, BRI e AT SV EOR AN A A R R . H AT B AT SR
BRI i, XS EIARETEE  IAR B Fe R o ARSCAE S = R
fitl b, PROR AR AT S e, SEROR AR B AN X R AL R & R T S AR B
AR R BEALAZ AN X R A R A T BT SRR OLAL e, SR 7 RO AL & A X W] AL
RE TR EEVEILAL BT

6.2 RETIERE

N TR R, IAWIU AR GUBORM S %, Bl wmid . EaE05 FARE, il
AR S A A BB ORI 55 . N OREE RS 2 e E AR D 2 Tk, W R gt
AT e S B P SE R TN B RT SR RV R SR, IR AU A Sh A T FE PR p A
BTG S BRIk . [FI, ST BN R G, AU ] 58 A 4 e 22
R, EXTEE. rASEIT R 1O R . R AR, AR
U R e s A& T SE L A A AT T SEVE DAL Bt AT I 7T, AaR b EILAT 7T 52
P AR BT IR RIAN A, WA GER 24 PPl ATEEAE B] . 4Bk, 1k
REE AL S P2 BE R ARAE AN 5 54 . A IR RN U A 4 26 25 IR AR FE
AW BE R, AR G2 S A AT SEVE 2 AT AT SEE DA vt ol 6 1) AR 2 AN
93 o R B IRIE RGN % AT SE I BEARN IR ZE I RRAS, SNt IR AT g
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BN TSR M 07 R K AT SRR AL BT AR T A . BT H AT 2 SR
R TAE, eS0T AR LA 2t 4 -

(1) SREEN AJAHRMIBI A AT SRR AL I . J8H, LSS M B R GEAE AN R 3
W T 2RI AR RO VERE XA IR DA BT 77 R R/ 2 X AL 4 ) ) 56 i
JRFEN o A% GE Ak N -0 B T8 B S ST )R] SRR 0 AR A KA ABE 9 S
N RAEASLN . Pk, 1 SEHER AT RGNS AT FEVE S S AT, U
A e I FT A 25 RE R N A3 2 T8 AR DR P, 3 ST RS 9 5 I 7 AR G ) B 25 ml
PEREA

(2) RGUIEREKT RN B 5 AR I 2 ) 22 25 2R GUBom m] SE 1R 20 A iRt
TC o MU GE 3 SR Ay LA RSO 552 S5 ANt 1 DR R s, L RE KT B Ak
TR R BEKF IR I AF R BOR it . BEXSHUR G20 2 T oU R PR AN IR A A
B2, SUCR PR I R X 2 48 A E BE 7K R AL AR L BE KT RO B3 2 AT 3
7, B T2 S R G R EEVE 0t i

(3) BEHAZ AN p-box AZEIR G N AT FEMERAL BT I iEAT 7T i T4l
WA GRS AR RERE . I T L2585 AR, ARSI H E
e A SEPEIF ORIE A REIE RS /KT, SR /KT AR T B 1M A2 B 25 4%
BOEXS B A AT A B, A& P AIILAL, MRS B AT p-box AL FIR & R
CIESERY N A QR IRr
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BrEvRR CAKRS OB, RO R R XA IE R 1AL Z AR
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deen, th AL A HE R LR RS R KRGS s A e SO IR I #sh 5Tk, Ak
BB e AT S8R A SRR AT I S, FREIRE SE e ok s 2 B, i
FEE TR T SR O AN B I R A ZR A AL I DA K R 24380 e B2 A I 4 !

B, WERURN BN Bl Bd%, GO RIM, JRgamAl, LRS! i
ok Fets NI FEVE AR, ESRIRAE R T AW HTAT ;B JAB S5 AE 4R
T R AT AR BB S0 A 18 SO 2845 DL R4 L SR U,
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