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Use of Experimental Data in Calculating the Reliability of
Radioelectronic‘Equixnnnt.Besed on the Polsson Distribution,

. L by A
o ' GeBoLinkovsidy

oy

A discussion is héld on the use of experimamtal data on the average time of
faultless operation in calculating the reliability of 't_;he nunber of fajlures during
Foisson distribution,

t the IV American national symposium on reliability the reliability administra-
tor of the lm;wwn RCA cgmpany C.M.Ryersén presented an extensive report entitled
* Theory of Reliability Testing,Based on Polsson Distribution '[1}. Analysis of this

report is contained in the review by B.R.Ievin[Z] . According to the law of Foisson
distribution 't_he pwcha’ailit-y.tha% oxsctly k failures will take place during the time

ts equals
kY

PO=g(zfes T @
where m - average time of faultless operations
If in expression (1) is written k = Ogthen we will obtain
| Polf) =5 @
This means that probability of faultless op&ation follows the exponential law, Fer
mula (2) serves as basis for empirical determination of 'ﬁ._The fact 1s,pa.'obabii:lty
of opposite breakdown to the moment of time ¢, which we will designate by K(t),vill

bave the form of o ¢ ..
- Kit)=1—Pgj=1-—e"=. )

f ‘'If we consider the moment of time, when the first failure of the apparatus doces
b take place (connected at t = 0) as an acckdental value .xi, then K(t) aprears to be

a distribution probability xis

| Pe<ey=iK, i @ "
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at té 0. A
i Density of probzbility of random value xi is equal

dk(l)

'

p(="80 — L5 w30, ) )

The average time @m to the ﬂ.r:at stoppage, as is known, appears to be a mtbc:x_atical_
expectation (average) raniam value xi, '
M&=Z°—‘.:é'7l_dt‘=“n‘z. : e ®
Watching the performance of the appératua. individual magnitudes of
random values xi are measured: tj, tosesestys 1eee its selective ﬁlues. For optimum

statistical evaluation of value mM, which appears to be an unknown distribution ,it

is necessary to.employ the method of maximm pm‘obability@j e This method is effective

only at greater nE;J The probability function here has the form of
2 4

Litnt,... m)_-‘— exp | == M
m
Compiling by ordinary laws the prota bility equation. we fmd the . selective value
= metza ®

. =1
Next is necessary to formulate a confidential interval for the random value E‘,

considering, that all ti appear to be independent uniformly distributad randcn_values
according to (5)s But Mty = @ and Dty =.Dxi =i, Then .

B =7, DA=Z. . O
For simplicity of caleulation we will consider, that we bhave a discrete selec-

tion of greater wvolume n, In view of thig the average value of selection of me is
T

- asymptotically normal with the mathematical expectationﬁ and dispersion D@®* = n

L‘J; PPe J79"‘382‘\ Because of greater 1 we have approxumtely

. Dt “m? M" (10
— .... —— O s & .
Mm‘——m m‘ Dm == -.-—-n = (10)

Next, in view of the above mentioned normaley of the randorm value m* we can form-
late a po:obability interval fur the average Mo® = ir o After making esasy transforms under
the sign of probability P analogous to the report (53. we will obtain

P=P m‘—uVDln‘<m<m'+uVDm‘)={-——__—_S "'dz. an
mm63-3a/;,¢e ) 2 .




In the right side of this equation figures a tabulated function[6] olt can easily

be seen , that regardless of how close the given reliadility P would be to unity

g

(on account of selecting greater M ) at sﬁ_fficiently great n, it is always possible
to realize a coﬁvenient]y greater accur.acy in e'mlu.ating me - _
Now we will analyse the function of probability distr(ibution showing that the num-
ber of failures # for the fixed time t is smaller than the fixed value ¢ = 1, Here
we will use the results obtainea by G.Kramarp] Dle 387—1;02] in mathematical statis—‘
“tics, developed by V.I.Siforw[_?] when investigating one problem of the theary of
. transmission of announcements, Since the ohserved values Zive us only ang empir ically ‘
average m*, then we can determine only the empirical probability p‘i B lg - 1}
according to forrmla -1 e e
P0<e~y=1-P*(83q=F 5 () €7 | (g
. _ x=0 o
In this way, P‘{x:l Lec = 1} - randan valus, which appears to be a function of the
selected average i# 3 P{ O/ L ¢ - 1} = H(@* ). ¥e will its distribution., On the basis
of G,Kramer[?.pp.Bé’(—hO%] results at very general assumptions about the functions
H(m®* )s toking place in the given problem, we conclude, that the random value P‘S&

l
& [ - 1} is an asymptotic normal oIts methemtical expectation and dispersia are

argriine

‘situated in the followi.ng formlass

~

MP* {e<c— 1}~ p{a<c—1 } H(m)~ H(m')_ - (13)

ol DP*<le—1ymp(mHi, ~ - (19
rae= . o

we H e 8H) dH(x) - '

T L:; T - ;v_l‘ _H‘ - (%)

Here ilp = Second. central mament

o  mim*)=D", )
: ' . We obtain i o -
m— 3 : .
. L fd ot - o
B - : M= 'E[(k—l)!—ﬁ*“ (ﬁ.‘ l)] O )

Finally we obtain the following foruulass
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- Mpo{a<c_1}zexp (— ) Z ] (___) (18)

e

AT LN -

- ] .
DP‘{6<¢:—-—1} Dm‘ .exp (—-— —.) {21[;;—:‘)%#: (;i,f_l)]l (19)

.

! Because of the normalcy of the random value P+ { xi L c-l}the confidental inter-

L val for :lts average MP‘{xiL c-l} {xiL. c~11| is formuLted ordinars.ly:
. P= P[H u) Dm'H4<P{c<c—-1)<H+ u]/Dm H,
)
=t ~= ' 20)
= ‘2“Yexp( 2)dz. (20)

In this plan it is necessarf‘to use experimental data when calculating the relia-
bility of an apparatus,
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