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Independent devices whose uptime (operating time to failure) is are random

variables are being tested X1, X2, . . . , XN . Rearrange the values of earnings per
failure in ascending order X1,N ≤ X2,N , . . . , XN,N . Let's construct a sequence
of random variables

Y1,N = N ×X1,N , Y2,N = (N − 1)× (X2,N −X1,N ), . . . ,

Ym,N = (N −m+ 1)× (Xm,N −Xm,N−1), . . . ,

YN,N = 1× (XN,N −XN,N−1).

As a �rst assessment parameter T = MX1, consider statistics Tn,N = n−1×
(Y1,N + Y2,N + . . .+ Yn,N ), n ≤ N .

Let's divide N = m × n the devices into n groups of m devices each. Let
be the time of the �rst failure in the i-th group. Along with the statistics Tn,N ,
consider the second statistic as an estimate of parameter T

T (m)
n = m× n−1 × (Z

(m)
1 + . . .+ Z(m)

n ).

Theorem. Let the uptime of N independent devices have an exponential
distribution with a parameter T . Then, for any integers m,n ≤ N , the statis-

tics Tn,N and T
(m)
n are unbiased and consistent with estimates of the parameter

T , their mathematical expectation and variance are T and T 2/n, respectively.

Random variables n×Tn,N and n×T
(m)
n have a gamma distribution with param-

eters (n, T−1). For mathematical expectation of the test time for constructing

statistics Tn,N and T
(m)
n the relations are valid

τn,N = T × (1/(N − n+ 1) + 1/(N − n+ 2) + . . .+ 1/(N))

τ (m)
n = m−1 × T × (1 + 1/2 + . . .+ 1/n),

τn,n = τ (1)n , τn,n×m ≤ τ (m)
n , (n/N) ≤ T−1 × τn,N ≤ (n/(N − n+ 1)), N ≥ n.

Remark. The inequalities are proved in [1]

m−1 × T ≤ τn,n×m ≤ (m− 1)−1 × T.
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