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Ounenka mapamMeTpoB 0000IEHHOT0 3KCIOHEHIIHAJBHOIO pacrpeee-
HUS U KO3 PunueHTa yCKOPpeHHs B YCJAOBHAX YACTHYHO YCKOPEHHOIO
PEeCYPCHOT0 HCIBITAHUS ¢ MOCTOSSHHBIM HANPSiZKEeHHEM NMPHU LEH3YPHPO-
BaHuu tuna Il

A. A. Ucmana

Yuusepcuretr uMm. kopoiisi Cayna, Op-Pusin, CaynoBckas ApaBust

Yckopennvie u wacmuuno yckopennvie pecypchuvle UCHbIMAHUA YACHO NPOBOOAMCA 015l 0becneyeHus
HAOEHCHOCU COBPEMEHHOU mexXHUKU. Llenb makux ucnlmanuil — 3a KOpOMKUtl CPOK U ¢ MEHbUUMU
3ampamamu nOAYYUMs UHOpMayuio o pecypce uzleiuti u mamepuanos. Hcnvblmanus MO#CHO
npoeooUms Npu NOCMOAHHBIX, CHIYREHUAMbIX, NPOSPECCUPYIOWUX U YUKIUYECKUX HA2pPY3KaX, a
maxoce npu HaepysKe CAYHAUHLIM HanpadlceHuem. Paccmampueaemes 3a0aua oyeHKu napamempos
0600WeHHO20 IKCNOHEHYUATIBHO20 paACnpedeiieHus U KOIPHUYUeHma yCcKopeHus 6 YCio8uax 4acmuy-
HO YCKOPEHHO020 PecyPCHO20 UCHBIMAHUS ¢ NOCMOAHHbIM Hanpadxcenuem. C ucnonvsosanuem cpeone-
K8AOpamuyeckol noZpeuHoCmu npoge0eHo YUCIeHHOe UCCIe008aHUue IDPEeKMUsHOCmU OYeHKU Me-
MOOOM MAKCUMATBHO20 NPABOON0000Us Ol PA3HBIX PA3MEpPOo8 00pa3yo8 U 3HAYeHUll napamvempa.
Hna napamempog modenu nocmpoenvl npubausumensvhvle dosepumenbtule spanuysl. 4moobvl noay-
uume 006epumenvHble epanuybl 05 NApaMempos Mooelu 6 ciyyae oopasya MAanieHbKo2o pasmepa,
UCNONB308ANU MEMOO OMHOWEHUs NPABOoNnododus. B kauecmee npumepa nposedeHo ucciedo8anue ¢
nomowbio mooenuposanus. Iloxkazano, ymo pe3ynomamol MOOEIUPOSAHUA CONACYIOMCS € OUHHBIMU
pacuemos.

Knwouesvie cnosa: TexHuka oOecriedeHUs] HaJEKHOCTH, YaCTUYHO YCKOPEHHBIE
peCypCHBIE UCTIBITAHHS, MMOCTOSHHOE HampsDKeHHe, 0000IIeHHOe 3KCTIOHEHITHAIb-
HOE pacIpe/ieieHre, OIeHKa 10 METOIy MaKCHMAaIbHOTO IMPaBIOMNOA00MS, TPaHH-
(bl OTHOLICHHMS MPABIONON00MS, eH3yprpoBanue tumna II.

Notation

ALT — accelerated life testing

PALT - npartially accelerated life testing

CSPALT — constant-stress partially accelerated life testing
GE — generalized exponential

MTTF  — mean time to failure

ML — maximum likelihood
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MLEs — maximum likelihood estimates/estimators

LR — likelihood ratio

LRB — likelihood ratio bounds

MSE — mean square error

CI — confidence interval

-y — confidence level

1Wys — CI width at 95% level of confidence

Wy — CI width at 99% level of confidence

n — total number of test items in a PALT (sample size)
Y — the time of the rth failure at which the test is terminated
X — lifetime of an item at normal (use) condition

Y — lifetime of an item at accelerated condition

*) — denotes maximum likelihood estimate

B — acceleration factor (8> 1)

a — GE shape parameter (o> 0)

A — GE scale parameter (4 > 0)
X — observed lifetime of item i tested at use condition

Vj — observed lifetime of item ; tested at accelerated condition

0yi» Oy — indicator functions: 6,; = I(X; <y, ), 04 =1(Y; < y,))
i=1..,n

4 — proportion of sample units allocated to accelerated condition

n,, n, — numbers of items failed at use and accelerated conditions,
respectively

r — total number of failed units (r=n, +n,)

L,;(x;,0,) — the likelihood for (x;,90,;), i=1,..., n,

Laj(yj,éaj) — the likelihood for (yj,éaj ), j=1,..., n,

X1y S ... =X, ) =Yy — ordered failure times at use condition

Yy S - = Yu,) =Yy — ordered failure times at accelerated condition

Introduction. Accelerated life testing (ALT) is frequently used in modern
reliability engineering. By performing life tests at accelerated (i.e., harsher-than-
use) conditions, failures are quickly obtained, and products’ reliability at normal
(use) conditions can then be estimated via a stress—life relationship (data-
extrapolation). In some cases such relationship is not known or can’t be assumed
and then the ALT methods can’t be applied. Alternatively, another test method
namely partially accelerated life testing (PALT) can be used to estimate and
analyze products’ reliability.

Such PALT results in shorter lives than would be observed under use
condition. In PALT some of test units can be run under use condition and the others
under accelerated condition. (In ALT, test units are run only at accelerated
condition. Interested readers can refer to Nelson [1] and Meeker and Escobar [2]
which are two comprehensible sources for ALT).

As Nelson [1] indicates, the stress can be applied in various ways, commonly
used methods are step-stress and constant-stress. Under step-stress PALT, a test
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item is first run at use condition and, if it does not fail for a specified time, then it
is run at accelerated condition until failure occurs or the observation is censored.
But the constant-stress PALT runs each item at either use condition or accelerated
condition only, i.e., each unit is run at a constant-stress level until the test is
terminated. Accelerated test stresses involve higher than usual temperature, voltage,
pressure, load, humidity, etc., or some combination of them. The objective of a
PALT is then to collect more failure data in a limited time without necessarily
using high stresses to all test units.

Compared with the step-stress accelerated life test (step-test), the constant-
stress accelerated life test (constant-test) has some merits as follows: simple test
method, ripe theory, and precise test data. The constant-stress accelerated-life-test
is commonly used to test the reliability of electric appliances. For an overview of
constant-stress PALT (CSPALT), there are few studies in the literature in this
respect: Bai and Chung [3] used the maximum likelihood method to estimate the
scale parameter and the acceleration factor for exponentially distributed lifetimes
under type-I censoring. Abdel-Ghani [4] considered the estimation problem for the
Weibull distribution parameters. Ismail [5] used the maximum likelihood approach
for estimating the acceleration factor and the parameters of Pareto distribution of
the second kind. Ismail [6] extended the work of Abdel-Ghani [4] to study the
problem of optimal design of the life test with type-II censored data. Recently,
Ismail et al. [7] developed optimum constant-stress life test plans for Pareto
distribution under type-I censoring.

The objective of this paper is to consider the CSPALT with type-II censoring
for estimating the acceleration factor and the generalized exponential distribution
parameters. A new distribution named as generalized exponential (GE) distribution
or exponentiated exponential distribution was introduced by Gupta and Kundu [§]
and since then it received a considerable attention in the literature. Several
properties of the GE distribution were studied quite extensively; see for example,
Gupta and Kundu [8-11]. The readers may be referred to some of the related
literature on GE distribution by Raqab [12], Ragab and Ahsanullah [13] and Zheng
[14]. The simple mathematical structure of the GE distribution enables it to be used
effectively for modeling various lifetime data types with possible censoring or
grouping Baklizi [15].

The two-parameter GE family has the distribution function

F(x;a, M)=(1—e )%,  y>0. (1)
The corresponding density function is
fx(x a, A)=al(1- e_llx)a_le_lx, x>0, a>0, 1>0, )

where a and A are the shape and scale parameters, respectively. When a=1 it
coincides with the exponential distribution with mean 1/A. When a <1 the density
function is strictly decreasing and for a¢>1 it has a unimodal shape. These
densities are illustrated in Gupta and Kundu [9]. It is clear that the GE density
functions are always right skewed and it is observed that GE distributions can be
used quite effectively to analyze skewed data sets.
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The hazard rate function of the GE distribution is

aﬂ'e—/lX(l_ e—}LX)CZ—l
1— (1=’ @)

hx; a, A)=

and the MTTF is
( 1)l+1
MTTF = z o 4)

The GE distribution can have increasing and decreasing hazard rates depending
on the shape parameter «. The hazard rate increases from 0 to A if a>1 and if
a <1 it decreases from o to A.This property leads to a good ability of using this
distribution in reliability and life testing, Abuammoh and Sarhan [16].

The reminder of the paper is organized as follows: in Section 1 the test
procedure and its assumptions used throughout this paper are presented. In Section 2
two different methods are used to obtain the estimations of the unknown parameters.
The first method is the maximum likelihood (ML) method when the sample size is
large and the second one is the likelihood ratio bounds (LRB) method when the
sample size is small. In Section 3 simulation studies are carried out to illustrate the
theoretical results.

1. Test Procedure and Its Assumption. The test procedure of the CSPALT
and its assumptions are described as follows:

Test Procedure. In a CSPALT, the total sample size n of test units is divided
into two parts such that:

1. nz units randomly chosen among # test units sampled are allocated to
accelerated condition and the remaining are allocated to use condition.

2. Each test unit is run until it fails or the test is terminated.

Assumptions.

1. The lifetimes X, i=1, ..., n(1— ) of units allocated to use condition, are
iid. r.v.’s.

2. The lifetimes Y i J= 1, ..., not of units allocated to accelerated condition,
are i.i.d r.v.’s.

3. The lifetimes X; and Y; are mutually statistically-independent.

4. The lifetimes of the test units follow the GE distribution.

2. Parameter Estimation.

2.1. ML Estimation. In a simple constant-stress PALT, the test item is run
either at use condition or at accelerated condition only. Since the lifetimes of the
test items follow the GE distribution, the probability density function (pdf) of an
item tested at use condition is given as in (2). While for an item tested at
accelerated condition, the pdf is given by

fr(v: B a, A)= Par(l— e PR ye L=y
)
y>0, B>1, a>0, 1>0,

where ¥ =7'x.
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Since the test in type-II censoring is terminated at a predetermined r» of
failures, the observed lifetimes x() < ... <x(, Sy and y < .. <y, Sy,
are ordered failure times at use and accelerated conditions respectively, where #n,
and n, are the numbers of items failed at use and accelerated conditions,
respectively.

Let the indicator functions: 6,; = /(X; <) and 0, =I(Y; <y ). Then
the total likelihood for (x1; 0,1, s X (1275 Oun(i=)> Y15 Oats > V> Oanz) 18
given by

nw niw
L(le, a: A‘)Ocl_‘[lmi(xia 61,41' | a’ A’)HLa](yjaéa]|187 a) j‘)=

i=1 j=1

niw _
=[Ttara— e H)e ey = (1= e 770 %)% x

i=1

ni _
—BA, . —pA,. O, B, 0, .
x]_[{ﬂa/l(l—e P Y le Pl VU -(1-e P ), (6)
j=1
where B _
6ui=1_6uia 6aj=1_5aj7 and T=1-u.

We can write the total likelihood function by another possibility, in terms of
the order statistics indicated earlier, as

Lx, yIB, @ e [{ar(1= e Hiyee ™y [Ja--e ™0 )%y x
i=l

i=n,+1
o ~pi i, T .
[ [1par—e " yete ™y TTa—a- e oyey,
J=1 j=n,+1

The log-likelihood function, InZ, is

nit nit
InZ=n, Ina+n, ni+(@—1) D In(l—e )= 2> x; +
i=1 =

+n, In[l—(1— ¢ M Y1+ n,Inf+n,Ina+n, In(1)+

+(@=1) > In(1- e i y=BAD yj +ng Infl— (1= e PPN ] g
=1 =1
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The normal equations become

-pi,

alnL n, yie
=2+ (a—1DA 7—/1 y
BB ;1-6 E -

aﬂy(r)nae_my(’) (1—- e—ﬂ/ly(r) )a—l

- =0, ®)
1_ (1_ e ﬁj'y(r) )O!

oInL n,+n
. ="“ +21n(1—e xl)+zln(1—e ey

Ja .

n, (1= ¢ PO (1= 70 ) (1= e PO ) I = o0

- - =0, (9)
1= (1= ¢ M0 ye 1= (1= ¢ PP ye
dlnL n,+n, G oxe
- Ha=y -
oA A ;(1_6 Ay
2y ya—1 =AY =B, .
g, meeme e | e
= 1= (1= M) Sy
n, naaﬁy(r)(l— e—ﬁ/lJ’(r) )a—le—ﬂ/U(r)
By, - =0. (10)

1_ (1 _ e_ﬂ}“y(r) )a

Now, we have a system of three nonlinear equations in three unknowns S, «,
and A.1It is clear that a closed form solution is very difficult to obtain. Therefore,
iterative procedure can be used to find a numerical solution of the above system.

Concerning the asymptotic confidence intervals of the model parameters, it is
not possible to derive the exact distributions of the MLE of the parameters because
the likelihood equations have no closed form solutions in the unknown parameters
B, a, and A. Thus, approximate confidence intervals of the parameters are derived
based on the asymptotic distributions of the MLE of the elements of the vector of
unknown parameters 6 = ([, a, A). It is known that the asymptotic distribution of
the MLE of 6 is given by (see Miller [17])

(B=B). (@—a), (A= A)) > N0, 17" (B, a, ),

where [ _1( B, a, A) is the variance-covariance matrix of the unknown parameters

0= (B, a, 4). The elements of the 3 X3 matrix /, /,,(8, a, A), i, j=1,2, 3; can be
approximated by /; (ﬂ a, /1) where
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. 0% InL(6)

1,,(0)=— ..
(%) 30,00 ; 10=0

From Eq. (7), we get the following:

2B,
Vj + Jj
LT 1)122” ”’312 vie 7V
o p Y3,
a?yye O ndla=1yse M0 - y§1+ aps“e 0y
- p . (1)
Ys
w__nl_ nuwg(lnwz)z{(l_wg)‘ng}_ni_
dot o (1-v5)’ =
1 +(1—
na(Inyg)? {1/’;@06 (1=%s)° } 1)
5
(92 1IlL n +n ( I)EM x,(w +e lxi)
(- B
6/12 /1 i=1 1/)12,
a2 (= Dy 20— psle ™0 (1 gt 1+ 2@V
¥3
n 2 _ﬁj’y/- _ﬁl),.
a y “e . (l/)3 L —e J )
+(a—1Dp* >~ 2 _
=1 Y3,
n,af? y(r){wse —BAy [(a— s — 1+ 1/}2(0: n, 2/3/1y(,)}
1/)2 , (13)
5
n _ﬂi .
PinL_ Syse
P oa oYy
—Blv, . . B o
_ 4y e ﬂy(”{[wé‘ 2+ apT Iy s + ape Viny (14)
E ’
62 lnL 4 y e y (¢3 +e IBA)’J‘) g,
(0 J je j B -
R TR S s B
Jj=1 3 =l

88 ISSN 0556-171X. Ilpobremvt npounocmu, 2013, Ne 6



Estimating the Generalized Exponential Distribution Parameters ...

—ﬂly(r)
naay e - Py, a=
_—1/’2 {1= 2By ¥ 1+(a—1)/lﬂy(r)e ﬂy“‘/’g s +
5

+ ade PPy 2Dy (15)
) —pBA, .
621nL_§‘:xie i +ﬂ§:yje Y
aaa}’ i=1 1/)11' j=1 ¢3j

n -1 =My, -1 =4y,
—w%{[ay(r)wé‘ e 0 —Iny, 14y ps e PO Ty +
4

2a-1 Wy, n -1 =Py,
+ayyp3" T Iny,e y“}—w%{[ay(r>ﬁw2‘ e " Inyg +
5

-1 —BAy,, — —pA
+ v PYs 'e ﬁy(”]#’s +0‘)’(r)ﬁ1/’%a "nyge ﬂy(,)}’ (16)

where

_ - _ Ay, _ —PAy.
1/}11‘—1_‘3 Xl: 1/)2_1_6 ()9 1/)3]‘_1_6 'Ia

Pa=1-(1- e—/ly(r) ), ws=1—-(1- e—ﬂly(r) ), Ye=1- e—ﬁﬁ.y(,,).

Thus, the approximate 100(1— )% two sided confidence intervals for S, «,
and A are, respectively, given by

BxZ, o \NIN'(B),  axZp\I5'(@), At Z,15 (D),

where Z,,, is the upper 100(y /2)th percentile of a standard normal distribution.

2.2. LRB Estimation. The ML estimates are based on large sample normal
theory. However, when there are only few failures, the large sample normal theory
is not very accurate. Thus, the ML estimates could be very different from the true
values. The LRB method is based on the y-squared distribution assumption. For
example, Vander Wiel and Meeker [18] investigated the accuracy of the likelihood
ratio (LR)-based confidence bounds and asymptotic s-normal-based confidence
bounds using censored Wiebull regression data from constant-stress ALT. It is
noted that the LR bounds perform better than the ML-based bounds when the
sample size is small. In this subsection we will use the LRB method to obtain the
confidence bounds of the model parameters when the sample size is small.

Here, we will apply the LRB method to derive the confidence bounds for a
vector of unknown parameters 6(f, a, A) when the sample size is small. We treat
the LR as a function on 6 defined by

LR(o)= AP D)

LB, a, L)
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Wherg L(B, a, A) is the likelihood function with three parameters f, a, and 4,

~

and 8, &, and A are their estimated values.
Because the log likelihood ratio statistic is X 2 distributed, that is,

—2logLR(0)= X 5 > With k degrees of freedom (the number of quantities jointly

2
estimated), then, the confidence bounds over which LR(0)> eX” 12 1s the

100(1—=v)% LRB for 6.

There is no closed-form solution available. Therefore, it is very difficult (there
are more than two parameters) to discuss LR bounds except for simulation study
which has been done by others (e.g., McSorley et al. [19]). The simulation results
of the LR bounds of our model parameters are presented in Tables 1 and 2. For the
LR bounds of the model parameters when the sample size is small, the simulation
results are calculated based on the y-squared distribution and are reported in these
tables. These results support the theoretical findings.

Table 1
Simulation Results of the LR Bounds of the Model Parameters Using Small Samples
B=13, a=0.5,and 1=0.7)

n Parameter Lower bound | Upper bound | Lower bound | Upper bound
95% 95% 99% 99%
10 B 0.88330 2.363765 0.794970 2.659236
a 0.33932 0.673620 0.305388 0.757823
A 0.36953 0.948625 0.332577 1.067203
15 B 0.81750 2.199545 0.735750 2.474488
a 0.37065 0.650370 0.333585 0.731666
y) 0.24325 0.743185 0.218925 0.836083
20 B 0.93918 1.870935 0.845262 2.104802
a 0.42480 0.632850 0.382320 0.711956
A 0.42942 0.813705 0.386478 0.915418
25 B 0.99072 1.641350 0.891648 1.846519
a 0.45559 0.623440 0.410031 0.701370
A 0.48816 0.802060 0.439344 0.902318

3. Simulation Studies. In this section, a simulation study is conducted to
illustrate the theoretical results given in this paper and to investigate the performance
of the MLEs of the model parameters via their mean square error (MSE). Moreover,
the performance of the various approximate intervals presented in this paper is
studied. The simulation algorithm or procedure can be described as follows.

Step 1. 10,000 random samples of sizes 30, 50, 75, and 100 are generated
from the GE distribution. Two sets of the true parameter values 3, «,and 4 are
considered to be 1.3, 0.5, 0.7 and 2.2, 1.4, 1.1, respectively.

Step 2. Considering the allocation parameter 7 to be 7 =0.5.

Step 3. For the two sets of parameters and for each sample size, the two
parameters of the GE distribution and the acceleration factor are estimated under
CSPALT with type-II censored data using the maximum likelihood approach.
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Table 2
Simulation Results of the LR Bounds of the Model Parameters Using Small Samples
B=22,, a=14,and 1=1.1)

n Parameter Lower bound | Upper bound | Lower bound | Upper bound
95% 95% 99% 99%
10 B 1.44683 5.771750 1.229806 6.060338
a 0.70889 2.826875 0.602557 2.968219
A 0.16919 1.813125 0.143812 1.903781
15 o} 1.51844 4.416750 1.290674 4.637588
a 0.75075 2.357875 0.638138 2.475769
y) 0.35182 1.674500 0.299047 1.758225
20 B 1.67937 3.528875 1.127465 3.705319
a 0.92281 1.810375 0.784389 1.900894
y) 0.71729 1.558125 0.609697 1.636031
25 o} 1.72627 3.322625 1.267330 3.488756
a 0.86569 1.615125 0.735837 1.695881
y) 0.84035 1.549625 0.714298 1.627106
Table 3

Average Values of the MLEs, MSE, Variance, IWys, and IWyy
B =13, a=05,and 1=0.7)

n Parameter MLE MSE Variance IWys Wy
30 B 1.193727 0.326016 0.132593 1.427402 1.878927
a 0.757161 0.231624 0.004154 0.252650 0.332570
A 0.528947 0.104616 0.010251 0.396889 0.522436
50 B 1.233921 0.175032 0.132593 1.266506 1.667135
a 0.664767 0.141264 0.004154 0.210406 0.276963
A 0.590717 0.070704 0.010251 0.276019 0.363331
75 B 1.272472 0.114624 0.008442 0.360171 0.474103
a 0.568719 0.081504 0.001742 0.163610 0.215364
A 0.664158 0.035064 0.002948 0.212838 0.280165
100 B 1.318393 0.053496 0.001005 0.124271 0.163581
a 0.501048 0.030888 0.000670 0.101467 0.133563
A 0.682955 0.062024 0.000871 0.115690 0.152286

Step 4. The Newton—Raphson method is used to solve the nonlinear likelihood
equations for 8, @, and A numerically.

Step 5. The MSE of the MLEs of model parameters is computed for different
sized samples and different sets of parameter values.

Step 6. The asymptotic variances of the estimators of model parameters are
estimated for different sized samples and different sets of parameter values.

Step 7. The approximate confidence bounds with confidence level y = 0.95
and 0.99 are obtained for the three parameters of the model.

By conducting the above steps using a computer program written in the Pascal
language, the simulation results are reported in Tables 3 and 4. As shown from the
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Table 4
Average Values of the MLEs, MSE, Variance, IWys, and IWy,
B=22, a=14,and 1=1.1)

n Parameter MLE MSE Variance IWys Wy
30 B 3.412658 0.304116 0.106191 1.277409 1.681487
a 0.919338 0.103726 0.089262 1.171168 1.541640
A 0.797132 0.171306 0.033372 0.716106 0.942629
50 B 2.905014 0.178002 0.061803 0.974520 1.282787
a 1.083096 0.044950 0.048843 0.866338 1.140383
A 0.985296 0.082088 0.009639 0.384859 0.506601
75 B 2.303450 0.113274 0.021789 0.578635 0.761673
a 1.321138 0.015686 0.026487 0.637973 0.839781
A 1.035468 0.037882 0.002835 0.208719 0.274743
100 B 2.225172 0.067518 0.001134 0.132006 0.173763
a 1.394834 0.001744 0.000972 0.122214 0.160873
A 1.067906 0.009688 0.001458 0.149680 0.197028

numerical results, the maximum likelihood estimators have good statistical
properties. The estimates of the parameters approach the true values as the sample
size increases. Also, the estimated asymptotic variances of the estimators decrease
as the sample size increases. Moreover, the estimated approximate confidence
intervals for the three parameters are to be narrower when the sample size is
getting to be larger.

Conclusions. In this paper the problem of estimating the generalized
exponential distribution parameters and the acceleration factor in the case of
constant-stress partially accelerated life tests was considered under type-II censoring.
The maximum likelihood method was used to estimate the model parameters using
the Newton—Raphson method. The performance of the estimators was investigated
numerically for different parameter values and different sample sizes. Moreover,
the approximate confidence bounds of the model parameters were obtained at 95
and 99% levels of confidence.

It is concluded that the numerical results support the theoretical findings. That
is, the maximum likelihood estimators are consistent and their asymptotic variances
decrecase as the sample size increases. Moreover, the estimated approximate
confidence intervals for the three parameters are to be smaller when the sample
size is getting to be larger. In addition, the confidence intervals obtained at
confidence level y =0.95 are narrower than those at y = 0.99. Another method,
namely, the LRB method was used to obtain the confidence bounds of the model
parameters when the sample size is small. The simulation results of this method
support the theoretical findings. That is, good estimations were obtained using this
method when the sample size is small. As a future work, this study can be extended
to deal with the problem of estimation using progressively type-II censored data
assuming the same distribution under CSPALT.
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Pe3ome

[IpuckopeHi Ta 9acTKOBO MPUCKOPEHI peCypCHi BUTIPOOYBAHHS TaCTO TTPOBOISATHCS
JUTst 3a0e3TeueHHsI HaliIHHOCTI cydacHOi TeXHIKA. MeTOK TakuX BHIIPOOYBAHb € 3a
KOPOTKHI MPOMDKOK 4acy Ta 3 HaWMEHIIMMH 3aTpaTaMH OTpUMAaTh iH(OpMaIlito
po pecypc BUpoOiB i MaTepiamiB. BumpoOyBaHHS MOYKHA MPOBOAWTH 3a ITOCTIH-
HUX, CXIA4acTUX, NPOTrPEeCyroUnX i UUKITIYHUX HABAHTAKEHb, a TAKOXK MPHU HABaH-
Ta@XCHHI BUITAIKOBUM HAINPYKCHHAM. PO3TIsmaeThcs 3amava OIIHKH TapaMeTpiB
3arajbHOTO E€KCIOHEHIIAIbHOTO PO3MOJily Ta Koe(illieHTa MPUCKOPEHHS B YMO-
BaxX YacTKOBO MPUCKOPEHOTO PECYPCHOr0 BUIPOOYBaHHS 3 MOCTIHHOIO HATPYTOIO.
I3 BUKOpHCTAHHSM CEpeHbOKBAIPATHYHOI MOXUOKH TPOBEJICHO YUCETbHE JOCIIJI-
YKEHHsI €()EKTHUBHOCTI OIIIHKK METOJ0M MaKCHMAJIbHOI MPaBIOMOAIOHOCTI JUIsl Pi3-
HUX PO3MIpiB 3pa3zka Ta 3HA4eHb mapamerpa. [ mapameTpiB Mojesni modya0BaHO
npubnuzHi poBipui rpanuni. o0 orpumaTtu 10Bipui rpaHumi Ui Hapamerpa
MOJIeNIi Yy BHIIQJIKy 3pa3Ka MaJeHBKOTO PO3Mipy, BHUKOPHCTOBYBAJIU METOJ Bij-
HOIIICHHSI MPaBIONOII0HOCTI. SIK IpUKIaa MPOBEACHO JOCIIHKEHHS 3a JJOITOMOTOI0
MozemoBaHHs. [lokazaHo, Mo pe3yiabTaTH MOAETIOBAHHS 30iraloThCsl 3 AaHUMH
PO3paxyHKiB.
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