W5 % 6 -

2007 4E 12 A

# R
CHINESE JOURNAL OF ENERGETIC MATERIALS

Vol. 15, No.6
December, 2007

XEHS: 1006-9941 (2007 ) 06-0604-04

AT HARERE"

Ranif, ek, 267
(BRI AR ES HATREALRE, L7 100081)

FE: LRI AR A BEALYE AR B0 E P I % 32 0 1 IR 5 B T RS 9T N R VEESR fF B A B A A
iz A A B TR A 5 T LGB T A R R AR A B A S T T R A R R A £ R A B R
o RrBI P T AT FE P WL ™ KB A5 RO R I R RS B R R R 2 2 B BB Tl (S B R TE
SRR 7 T AP TS b B R O G0 G R A 4 R I E T T O £ T PR Uk i S T

KR : FFAA SR BHEFER; 80 R8N

HESES: TI450

1 3]

7 i JRCRE 5 AT SRR SE TP R R 9 AN B E (] A
JE AT R R A RS AT SRR AT, TR
B SR IR A A 36, 8 2 R AT ST o M i E .
L, TAR S — BAE TR W] S A 2ot is AR 2521
APEEPEMT ST DA 2 ] SR e 1 H AR B
1 R FE AR AR S, X7 e T 5 P 1) A5 o R A R AT PR A
FIGAE" o A% 3C H R 56 45 2R 1 B P4 RS o
PR S T B £ SR i B S ]
SEMEAE BT B S T

W 2 BRI AR B AN S T 1) A, B 0 AN B T Y
Bt B

TEIA5 U, IR R TH B S A 1 AR B8 (a,)
SN BENLAS S SO B H(X) =E[1(a,) ]
A R AR BT B A Tk B R A T
PUIEOLT WA 2 DA st i 1) 54> THLEL PP A 2 1R - 2
AR A T DR A BT B R AP (E B, X
£ S A s P P e e A 5 B B 1Y

A G R R T P R At
a5 TSR . T A A R R T AR R
A BRI B N R AT 72 3R A 52 i, A 6 &4 2R ot
AN E R BEALET o A SRAT IR AT Y 7 5 A B IR, AN
[ 6 45 R o T R I P W B A9 £ L, AN ik
B 45 RN B I AR o, AR A B0 ME B 2R L0 £ B
oAU BL, P R T 90 7 S a8 4 4 W 2 9 45
ST EMER B WA IR IS 45 R 3R A5 19-F 39 5 8

i

YR B HA: 2007-02-02; f£[E HH: 2007-04-16
EE B AR (1937 - ), L, L at B RS 4 AR S 0, ek T
PRI = ] FEVERESE o e-mail: cairuijiao@ sina. com

XERARIREG: A

A R A RS TR R R A AR SOR R
WIS B, TH(X) Fon. AR F H B, A 30t
H(X) Bk 345 £ B0 o

i A S E T S R L R R e
3CEEN T AR 1 A B2 42 B 5 BT S
P 3 7 a0 15 50 P P TR B xR A ) 3 ok S
I H B EZOR 5 B AL 1 B R s B8 T HRAE 7
T HG T £ S R £ A O e e [ 4 T A
56 £ B A A R SR i Bee R K AG A 4 T IR
ISR R e LT 8 R e RO I G A W
F A LA U A Tz T

2 KABEERHAMEGEFERENXR

2.1 EERE B
D A5 10 R 00 B A (5 e TR
£ 22— M R 1 e L £ % e 0 1
F S5 % 2 17 S R R R B
@ MEAEER o HORF b SEBUN B (6
B (U1 B TR T IM (58 (338 (5
@ 5 {3 B OB LYE , Y5tz T PR 3 T Bt
BLi PR A T AL A R S 2 L (K,
YO X A M IV, A5 s ] D 9
sy [T S p, R
P:mpiapyseipy
B o MMEZE o, 0 E 15 B0 1, = — log,p,.
LR A K FE 0 (V) PR 03
KA @, R np, VK L B R
I; = - nplog,p, (1)
39 2 % 91 9 9 R L



B TR E R 605

%6
N N
I, = Zli == nzpilogapi (2)
izl izi
15 VR 0 — S S S X (5 B A R B
I, N
WX)=;*=ZPM&M (3)
% ai yg%*%?ﬁ;@\,ﬂﬂ Pi :P ETJ‘, E’fg %‘;E\dﬁﬁj‘jl
H(X) =-log,p (4)

BEIS 15 BRI A 1 B
2.2 ABRERS

@ 7 kB 5 B A J2 3 TF 30T AL 7 5
AT R B AT S P bR, DL R X
] A A R

@ R B B ER : a AR A 1F R AT BE AR LA &
P, b R B 107 AL FH B Ok T A B A B A3
b B A

@ IR I f5 B AL 6 1 T ALY L 7= 5 iR 06— K 0
HHRGE R

@ R B 15 B Y B Rk

e i e T SR S AT S Y R

a JIE AR R A LT BT AR R K
B, R BSOS A A o RO 7 R R 2
R 2RI AR

b KR = A G e LA ik RE A AR O AR L A
AL B AR IR R

2 257 AT T PR L s T U P R O B R 0 4
RAPIREECH NON =2 8053980 , RIFEAEAE— D251
A S VR RO RE 28 1), B n AN ST RE AR HEAT IR 86
AREA IR 5 B4 B 15 A AP 2 1 5 O R
EPcY B DNRE SR EYSY
2.3 RBREEHNEREEEBNXER

WAS(E B H(X) 2518 & A A 3 8 BT $2 4t 1
W E A AR O S A E R R . R
B TH(X) 5 2 47 b v il B — 200 A 1k 30 45 R 42 it
- 45 £ S ik 2 R P AR R 1 1 R
SRR E R RR . PIERER N

@ Y4 TR I HUS A BRAS A A 145 a,, HA
TE BRI R g p, AR 6 A 0 RS0 15 1 0 1 e 3k
AR L BY TH(X) = H(X) [ R3R(3) 52 o, N 54
R, R (4)

@) Y R 7 TR R 6 0 4 SR A R
P RIIR A IR, 28015 5 b A9 0 B (0, 1) R 3 BY
ol W E 4 R AR B KN 2, K REE N

U O] st p e R 9 L1 - p
P:p]—p

AL 1 Iy g

R o HAEAH R A9 25 T 58 n IRIXER A
TBE SRR ny RIBCN ny U no=ny +n, o B,
T 5 R £ £ AR 0 s R K U A ], 2

THOX) = H(X) = ==-(n/log,p + nalog, (1-p)) (5)

2.4 WEHREEEH
AL S SR X = 6 AR AR Y T S M 8
R E R, — BT EBUNIR o B e DIRWEY ™ iy
B, 2455 BT AR o AT SRR R R MR T - R
B, H n ASFEAR IS 5 R4S 19 ] SRR A B R
TH(X) = - %[nllnR fnn(l =R)]  (6)

e ng IR ny D9 R IR

e — 86 3 A FE PR IR AR ™ i 1) AT SRR T, 2
HBL BRI I B, I, n A FEAR IR S 5 ARG A i
01 AR 1 DR I 1) e 3K 50

TH(X) = %(—nlnR) — — InR (7)
3 R GEERERMRTMRES TEEITEM
ok ) Kz 7 5 1

I 5 B S O B e T K AR S
F R PEAL 7 i B T RE S B T RE AR AR o T RURR
F 7 A S P DEAS AR B0 £ BB M s R
BRI 1 0 B A 6 SR 4 R
3.1 KREEHEERMAE
3.1.1 & i

MR AE B AT 1o % RO A (IR AT 58 3 ) A, EE A
RSB (o T 5 8 ) il i BN FEAS  REAR IS S 2
LSRR B A SRS R R — T A
it R AT, D R AR A SR IR T R A B A
T GIB376" " HLAE AR AS L4531 (IR 3645 K00, B

n,(-logR,) = n,(-1logR,) (8)

Hov,ng, (R, eI AT 5E B A0 R R AR AR R
FIHERE . ny, Ry, ARYE T SEPESR AR SR 1 IR GIB376 ML
S8 [ PPA 7 1R 5 AT B AR A B M HOR AR AR L e
AR AR AT R o T AN IR R A IR
SR A E, U7 i ] R R R AUy, AU, AT LA
FHAEAR AT 52 32 R s A ny, AR AN .
3.1.2 A

R FEN TS ERM 08, i s, Hal
FEFLARAR N 1y =0.95,R =0.999; % K HLYi 700 mA,
ok M GIB376 K IF Al , /2 40 2996 %, H L — %k
R, B Je S0 R0 22 9 R TC VR AR 52 o BRI T A



606

03
o>
or

B W15 %

P 6 13 L0 45 (1 7 9 R AT AT A, B3 GIB/Z3TTA -
94 J5ik 1031 HEAT T S MR B, AL 50 &
AR 4 Hh, K SRR A A R R T 5 R e R
AT R A A o SR AR AR AR A I R B 4 )
Al TE s =23 00 B i IR o S8 (e, vy ) L i =1,
2,3, 9K 5 MR U BRI 0 A ol i R T o = 4 %)
JE S50 00 S HEAT A, T 0 = 4 A S 8 S 2
Jgp =346,y =18, 1, He LAl S5 MR bR & Ko 4R
b S 5 (8), AT sk 45 H s 55 A5 80 55 (X 5 2 ok
S12mA, SRIGTEZ AR T 29 %K, &0 & &, £WH
AIRE B KE R 0,95 0L FikE] 1 0.999, X
RESLAH T 179 % 7=, B0 UE T 1% 5 8 1 o S M A
R i AR T A &

ST B AEAR 7 A 10 TE M L B X2 AT
T 1800 % A5 M v 1) JRRE AR T S 4 T4 1 06, 75 0 A B
T AV A5 B DX IR A 3 BB A B R A g g0y =424 mA,
N SEBR I % K E R 700mA , W ] ) 1T & K BR AT
FEIRE] T R =0.999 Wy2R, 4550 54K —3

A B TR 2 R 56 15 208 S5 (8 7 16 % 20 Fp
ARIRZER KT G AT T A SRR IR 36, R B 5 K
REAS 7 15 (0 A8 225 SR AT 3000, X B 405 SR 39 M4
3.2 BRAMIKEE

B HRRAL Rk = P /Py WA SN REAR T R B M
=P,/P, K7 E(L<k<M) XN T3R5
W, P, O R SRR B RE ), BR ORI A TS, Py FR
HEAHE TS P AR T P, 5 Py ZIER% T 005
YR Py kB P, B k=M ORI BRI Rk
L IR T o R AR /DN o 7 2 B AR 8 v AT K
i Fh A IS X7 T 1 T S M ST A i B, SR PR AL
B 152, BIVHBTAT b oA 2 985 20 (9 3 0 4% 1 8647 S U T
R T4 ¢ =0.60,R, =0.9993 f3FAE 455 L i &
=1, BI7E BT B9 R 253K 30 46 18 R, BE AT 1309 Uik B
AT 07 B e T I UK i T R R AR K, 2
5, K B Lt LT T £ 725 08 s G 1 0

4 & ®

(1) ARS8 A5 09 7 i £ 8 W] LU S5 3815 £ 8
WAL 0 1 6 £ SR

(2) 56 15 B 2 1 AR A I R A ™ 5 R
Y FAEBEIC TP . i g A5 R A 150 15
S5 8 A5 5 SR A R AL B Rk o

(3) 72 T A 100 G, B0 o O i) — Fh il e 2 4
RO 9 2 BN B0, 0 SO AT R R . AR X

B X AE RS N R s THX)
=~ LLnlnR + ny (1 = R) ) (X 5 0 e B

UG P22 B R B OO, R e SR A
PREIEA, N TH(X) = - logR,

(4) 2853 R AL AT S PR 08 56 0iE , 1 58 £ 2 I 7
5 TR = i T SEPE DA n] AR R R A IR
£ % 30k
(1] fhdeipr, e, mAErE TARIM]. B 7 ok i it 1988.
XU Wei-xin, QIN Ying-xiao. Reliability Engineering[ M ]. Electronic
Industry Press,1988.
SKBCHS , Jr A, TRRR . - B e B AL AR S B R — RO
[J]. RETREHRTHOR, 1997(11): 1 -4
ZHANG Dian-hu, FANG Shao-hui, DING Xiao-jun. Entropy—a

—
5]
[

measure of uncertainty of random variable[ J]. System Engineer and

Electronic Technology, 1997(11) . 1 —4.

[3] Robert M Gray. Entropy and Information Theory[ M ]. New York:
Springer-Verlag,1990.

[4] BUUERE. 5 QBRI M. M5 /RUE . IR Tolk ikt , 2001,
JIA Shi-lou. The Foundation of Information Theory[ M ]. Haerbin: Ha-
erbin Industry Press, 2001.

[5] Basu P C, Templeman A B. An efficient algorithm to generate maxi-

mum entropy distributions [ J ]. [International Journal for Numerical
Methods in Engineering, 1984,20(6) : 1039 - 1055.

(6] E4#. MMBRE ARSI ERN HAL[T]. RELRS
PR, 1989,11(8): 66 —-71.
WANG Zhen-bang. H entropy method for pass/fail system reliability
assessment[ J |. System engineering and electric technology, 1989 ,11
(8):66-71.

[7

[

V P Savchuk, H F Martz. Bayes reliability estimation using multiple
sotrces of prior information ; binomial sampling[ J]. Reliability, IEEE
Transactions, 1994 ,43 (1) ; 138 — 144.

X B i R K T AT A O A K 38 vk — e R i g
[J]. Sk THA, 2001 (1) 23 -38.

LIU Bing-zhang. The maximum entropy test method -the optimized test

—
o]
[}

method for reliability of initiating devices of spaceflight[ J]. Technolo-
gy of missile and pyrotechnics, 2001 (1) ; 23 - 38.

W, BCEAE, AL, 5. KSR O R g0 T S AE B
BAPE L], R LR %4, 2001,4(2) : 113 - 116.

FENG Hu-tian, YIN Ai-hua, SHI Zu-kang, et al. Information Shan-

[9

[

non Reliability Assessment on Rocket and Missile Launching System

[J]. Journal of Nanjing University of Science and Technology, 2001 ,4

(2): 113 -116.

BT AR SR (M. dbnt: BAEEUE AL, 2006.

LI Xian-ping. The foundation of Probability Theory [ M ].

High Education Press,2006.

(1] BRmHr, #haisi. fprE Bm0T]. AE¥pEEMaRRYE),
2002,12(6) : 13 - 14.

[10

—

Beijing

CHEN Xiang-xin, SUN Wei-wei. Analysizing information entropy[ J].
Journal of Yichun College( Natural Science) , 2002,12(6) : 13 - 14.
[12] ZEanif, &WV, RES, 5. (5 B W7EBUBCR ™ &b & ml 520 E



55 6 1

BRI A . XTI 5 S

607

[13

[14

[15

[

[

[

PRI C] /7 B 2 2 2 T b TR M 2 S e R
SR SCEE. dbat: E BT Ll A ,2006,7. 254 - 258.

CAI Rui-jiao, DONG Hai-ping, WEN Yu-quan, et al. Application of

information entropy on assessment of high reliability of pass/fail prod-

ucts. Paper collections of the 10th annual seminar of reliability com-

mittee of aviation association of China. Press of industry for national

defense, 2006,7. 254 - 258.

[16]

GJB376 — 87. Assessment method of reliability of initiating devices
[S]. Beijing: Military Standard Press of Commission of Science Tech-
nology and Industry for National Defense, 1988.

GIB/Z377TA -94. &5 MRS F ik [ S, E PRl 2= R
Tk b4, 1995.

GJB/Z377A - 94. Sensitivity tests, statistical methods for[ S]. Bei-

jing: Military Standard Press of Commission of Science Technology and

SRR, AR, BT, A TR ] S IEAR I AR S A Industry for National Defense, 1995.

T[T, EHEMOEL, 2007(1) ;79 -82. [17] %05, MER, ZEaE. JREEAS R A e M [ T]. KL, 1998
CAI Rui-jiao, ZHAI Zhi-giang, DONG Hai-ping, et al. An assess- (3):1-6.

ment method of reliability of initiating explosive devices based on test ZHONG Hai-fang, TIAN Yu-bin, CAI Rui-jiao. Simulation of the sen-
information entropy equivalency[ J]. Chinese Journal of Energetic Ma- sitivity response curve [ J]. INITIATORS & PYROTECHNICS, 1998
terials ( Hanneng Cailiao) , 2007(1) ; 79 - 82. (3):1-6.

XU, TRIA . /NFRR 50 UE = 7T 5 M % mT 56 o 0 A O vk B HL g [18] #E¥F, IR E 4, ZEhndr. ThFE kil 50 r ok 22 06 1 1 fm 22 BF 5%

FALT]. B 5T, 2004(1) : 19 -22.

LIU Bing-zhang, DING Tong-cai. Assessment method of high reliabili-
ty with small samples and its application[ J]. Quality and Reliability ,
2004(1): 19 -22.

GIB376 - 87. K Tl SEMEIEAG Tk [S]. E PR AR T %

B4, 1988.

[C/ s 2 Al v TR L & U288 T B ARE RIS
4. dbat: [EB Tolk b ik, 2006. 259 -263.

DONG Hai-ping, WEN Yu-quan, CAI Rui-jiao. Study on error of esti-
mator of standard deviation in Up-Down method test[ C] // Paper collec-
tions of the 10th annual seminar of reliability committee of aviation associ-

ation of China. Press of industry for national defense, 2006. 259 —-263.

Study on “Test Information Entropy”

CAI Rui-jiao, LIU Wei-qi, DONG Hai-ping
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Betjing 100081, China)
Abstract: To describe the randomicity and uncertainty of engineering tests’ result, Test Information Entropy was presented. The simi-
larities and differences between Test Information Entropy and usual information entropy were discussed on the aspects of purpose, re-
quirement, basic model and mathematical tool, etc. Furthermore, the Test Information Entropy of high reliability product with zero-failure
was given. Two application examples of Test Information Entropy show that it is feasible for application of Test Information Entropy.
Key words: military chemistry and technique of pyrotechnics; Test Information Entropy; communication information entropy; relia-

bility test information entropy
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