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Normalization of reproducibility and suitability indexes
for assessment of products or production services quality

A technique is proposed for estimating the probability of the possible appearance of defective products (or the
inconsistency of the production service) on the basis of the suitability and reproducibility indexes of the pro-
duction process. The index of reproduction is recommended to be calculated on the basis of the standard de-
viation, which can be established by the average span of the control map and the limits of the tolerance field.
At the same time, the production process must necessarily be in a state of statistical controllability. The suita-
bility index can not be calculated on the basis of the control card characteristics; but is calculated solely on
the basis of the total of the standard deviation, which is calculated on the basis of the Bessel formula and tol-
erance limits. The production process does not need to be statistically controllable. Conclusions on the suita-
bility or insufficiency of the products (production services) are based on the value of the indexes of reproduc-
tion and suitability, which can take values less than or greater than one. On the basis of the obtained values of
these indexes, the probability of production appearance or characteristics of the production process, that does
not match the established requirements, is established.

Keywords: normalization, quality assessment, product quality, quality of manufacturing services, suitability
index, reproducibility index, probability of defective product, production process.

Introduction

In order to ensure the competitiveness of enterprises products, manufacturers should apply a strategy of
continuous improvement. For the implementation of a such strategy, product manufacturers or service pro-
viders need to constantly evaluate their'products [1]. It is advisable to apply the methods recommended by
the international standards of the ISO/TR 18532, ISO 13528 and ISO/TR 22514 [2-5]. For the successful
implementation of actions to continually improve the quality of products or services, it is necessary to moni-
tor the sources of the production process deviations and their stability.

In the conditions of competition for producers, not only the price of products or services should be im-
portant, but also the costs, that consumers will spend when using products (or services). Therefore, the pur-
pose of any manufacturer should be to continuously reduce the deviations of the production process parame-
ters (ensuring the stability of the production process), and not only compliance with established require-
ments. The strategy of continuous improvement will reduce the costs associated with failures, and will in-
crease the sustainability of enterprise development in a competitive environment. In addition, reducing de-
viations.will reduce control costs or reduce the frequency of selective control. Quantitative evaluation of de-
viations allows us-to make conclusions about the suitability and conformity of the production process to the
established requirements. For identification of deviations, the different methods, such as drawing up a
flowchart and identifying inputs and outputs of a production process, using a causal diagram, etc. can be
used.

Formulation of the problem

A number of international standards [1-5] recommend a variety of statistical methods that can be used
to manage, control and improve the production process in order to analyze data and evaluate product quality
indicators. Therefore, there is the actual problem of the development of mathematical models of the point
evaluation of the reproducibility indexes and the suitability of the production process to confirm its statistical
stability, as well as the establishment of the defective products probability appearance (or the proportion of
units that do not match the requirements), which is the purpose of this article. The description of the mathe-
matical models that can be used to evaluate the quality indexes on the basis of reproduction and suitability
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indexes is an actual scientific task, since many manufacturers of products do not understand their differences
and consequently incorrectly interpret the obtained results.

In order to achieve the set purpose of the article, it is necessary to develop methods for evaluating the
quality indexes of products (services) on the basis of the indexes of reproducibility and suitability of the pro-
duction process, as well as to formulate the criteria for normalization of reproduction and suitability indexes
for decision-making on conformity (sufficient, satisfactory, good) or non-compliance of product quality indi-
cators or production services to the established requirements.

Research results

Indicator of the reproducibility of a production process is a measure of its own change of the output
characteristics of the production process, which is in a state of statistical control, and which enables to assess
the ability of the process to maintain the output characteristics of the production process at theulevel of re-
quirements set for it. This measure characterizes the variability that remains after eliminating all known
causes. If the control of the production process is carried out using a control card, then the control card
shows that the production process is in a controlled state [4, 6]. Reproducibility of the production process is
often estimated by the number of products, the characteristics of which are within the tolerance field. Since
the production process in a statistically controlled state can be described by the predicted distribution law,
then the quantity of products which characteristics is beyond the tolerance. field can be estimated. While the
production process remains in a state of statistical control, the manufactured products have, on average, the
same proportion of the defective products (products that do not match the established requirements).

The actions of the production process management, which are aimed to reducing the deviations caused
by accidental causes, will make it possible to improve the conformity of the production process with the re-
quirements of the quality management system. To do this, it is necessary: to determine the characteristics of
the production process and the conditions of operation (if the conditions are changed, then new studies of the
characteristics of the production process are necessary); to ‘evaluate the parameters of short-term and long-
term deviations in the form of percentages from full changes and to minimize them; maintain the stability of
the production process and ensure its statistical control; to evaluate the own variability of the reproduction
process; select the required parameter of the reproducibility of the production process.

Also, it is necessary to check the control card, the data of which had been used for statistical control,
and the histogram data with all the established limits applied to it. In addition, it is necessary to check the
normality of the distribution law by a valid criteria, for example, such as the Anderson-Darling criteria [7] or
the y2-criteria [4]. These criteria are effective in detecting the deviation of the law of distribution from nor-
mality on the distribution tails, since this area is important in the evaluation of the indexes of reproduction
and suitability of the production process. Also, an abnormal data explanation must be found and appropriate
actions taken with the data to calculate the investigated parameter. Exclusion of data allocated to others is
unacceptable. Such deviations can be very informative about the properties of the production process and
should be investigated.

Reproducibility parameter of the production process may be a value that characterizes one or more
properties of the distribution of the input characteristic in the conditions of the production process reproduci-
bility. The general parameter of the distribution position is the mean (mathematical expectation) p, but some-
times selective median X5+, is used. For a normal distribution law, the best position parameter is the median.

The best parameter characterizing the own variability of the production process is the standard devia-
tion'c — index of reproducibility of the production process. It is recommended to evaluate it according to the

average magnitude R obtained by the control card, when the production process is stable and is in a state of
statistical control

R
d2
where d, is a constant corresponding to the sample size in the subgroup, its value is chosen from Table 1

[8].
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Table 1

Coefficients of the control card to estimate the standard deviation

Sample size (1) d, Cy
2 1.128 0.7979
3 1.693 0.8862
4 2.059 0.9213
5 2.326 0.9400
6 2.534 0.9515
7 2.704 0.9594
8 2.847 0.9650
9 2.970 0.9693
10 3.078 0.9727

If we use the average standard deviation for controlling deviations within a subgroup, which is deter-
mined by the data of the control card, then the own standard deviation of the production process/can be esti-
mated by the formula

5= @
Cy
where S — average sampled standard deviation; ¢, — the constant corresponding to the sample size in the
subgroup (n), its value is chosen from Table 1.

If for each subgroup it is possible to calculate the standard deviation of a subgroup, then a formula for
assessing the standard deviation of the production process is recommended, which gives a more accurate es-
timate than formulas (1) and (2), which is described by formula

3)

were S, — sampled standard deviation of j-th subgroup; m — is the number of subgroups with n observa-

tions in each subgroup.

It is also necessary to distinguish between the standard deviation, that characterizes only short-term
changes in the production process, and the standard deviation that characterizes the long-term changes in the
production process. And the data received over a long period of time have bigger value of standard deviation
due to a more significant change’in the production process. In this case, it is recommended to use the symbol
o, to denote the standard deviation— the total (full) standard deviation.

If the data are obtained from.the observation of a production process that is not in a state of statistical
control or if control cards have not been used, then formula (1)—(3) should not be used to calculate the stand-
ard deviation, but it is necessary to apply the following formula

(4)

where N — total'sample size; x; — the i-th value in the sample; x — average arithmetic mean.

Equation (4) should be used when the production process has a change in the average value due to the
presence of a systematic error [9], which can not be excluded, and this variability must be taken into account
with along the random variability. This variation parameter is also suitable for use in the calculation of the
suitability indexes of the production process.

With the normal distribution of the production process as an estimate of the reproducibility of the pro-
duction process, an expression can be used

=ll

tz,-6,, (%)

where X = ZJ_C ; / m — the arithmetic average of several sample meanings; x;, — selective average of j-th
j=l

subgroup; z_ is a quantile of a normalized normal distribution law.

o
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The choice of the value of z, depends on the used value of the reproducibility index of the production
process in units of production of one million. Typically, z, is assigned a value of 3, 4 or 5. If the reproduci-
bility index of the production process matches the requirements, z, = 3 means an average of 2700 units of
products per million beyond the requirements. Similarly, z, = 4 means an average of 64 units of products per
million that do not match the established requirements, and z, = 5 means an average of 0.6 such items per
million.

Reproducibility indexes of the production process are the point of estimation of their reference values.
Using the reproducibility index of the production process allows us to characterize the state of the production
process. The index of reproducibility of the production process is the ratio between the differences of the
tolerance field to the length of reference interval

c=—It (©)
X994865 % X0.135 %
where L — lower limit of the tolerance field; U — the upper limit of the tolerance field; Xy435+ — the lower
limit of the reference interval defined as the quantile of distribution at the level of 0.135 %; Xo9 865 o the
upper limit of the reference interval, which is defined as quantile of distribution at 99,865 %.

To estimate the index of reproducibility of the production process the reference interval 7= Y2 — Y1 is
used [4, 5], which includes 99.73 % of the production process characteristics values, which are in the state of
statistical control. At the same time 0.135 % of each side of the distribution law is.cut off [4, 5]. This interval
is recommended to apply even in the case of a non-normal distribution law of the production process charac-
teristics values [4, 10, 11]. For a normal distribution law, the length of the reference interval is six standard
deviations (Fig. 1).

Control maps are usually used to evaluate reproducibility. If‘the control card shows weakened control
lines or modified control lines, the actual standard deviation of'the process will be greater than the standard
deviation obtained from the control card with standard control lines. These features affect the reference in-
terval, so it is important that the standard control lines were fixed in the evaluation of the reproducibility in-
dex of the production process.

A reproducible process is a production process with a reference interval 7 smaller than the tolerance
field (L, U) for a certain value, as shown in Figure 1.

Reference
interval

I 30N 0,135%

Figure 1. The length of the reference interval 7" and the lower L and the upper U limits of the tolerance field

It is also recommended by international standards [1, 3, 4] to use other indexes that characterize both
the state and the variability of the production process, for example, the reproducibility index C,. If this index
is smaller than a given value, then it can be assumed that in the manufacturing process there is a high proba-
bility of occurrence of defective products, that is, the characteristic of the production process goes beyond
the tolerance field (L, U).
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The reproducibility indexes C,; can be defined as the ratio of difference between the tolerance field and
the production process value to the difference between the corresponding limits of the production process
value and the parameter of the production process:

Uu-X.,,
Chy = = 5 @)
X99.865% _Xso%
X, —L
Cpo =, ®)

i Xso% _X0A135%

where X5+, — the quantile of the distribution law of the production process at the level of 50 %.

These reproducibility indexes (C,,, , C,,, ) provide information about how tightly the characteristics
are routed around the centerline and whether product specification requirements may be violated. Even if the
value of the index C, is high, then the low values of the C,, indexes indicate that the production process is
poorly concentrated around the central line, and the probability of the appearance of quality characteristics
values beyond the established limits of the set requirements is high.

If the observed values are distributed according to the normal distribution law, the length-of the refer-
ence interval is equal to 6G, and the reproducibility index can be estimated by/expression
~ U-L

C . 9
P66 ©)

If the distribution of individual values is subject to the normal distribution law, then quantile X5, is
equal to the mathematical expectation p, and the upper and lower-indexes of the reproducibility C,, can be
estimated from the expressions:

N U-u
C,, = s 10
PkU 36 ( )
. -L
Cou :“3—A. (11)
(6}

Based on the evaluation of the lower C 'y, and upper C "y reproducibility indexes, for the final evalua-
tion of the reproducibility index C,, , it is necessary to assume a lower reproducibility index

éPk :min(éPkL,éPkU). (12)

In calculating the reproducibility index of the production process, it must be taken into account that the
variability of the production process should correspond to the situation when the data has been obtained in a
state of statistical control of the production process.

If the index of the reproducibility Cp< 1 (or Cp; < 1), then the upper U and the lower L limits of the tol-
erance field are inside thereference.nterval 7" of the production process — this means that the production is
not possible without a defect, and the production process is unsatisfactory (the probability of defective pro-
duction is very high.and may be higher than 0.27 %).

If the value C, =1 (or C,, = 1), then the upper U and the lower L limits of the tolerance field coincide

with the reference interval 7 of the production process. In this case, if the process is centered and the distri-
bution of quality indicators obeys the normal law, then the possible lack of products is 0.27 % (2700 defec-
tive’products per_l‘million manufactured goods). In this case, the production process is considered to be the
minimum acceptable (satisfactory, it is recognized as reproducible).

If the value of the reproducibility index C, > 1 (or C,, > 1), then the upper U and the lower L limits of
the tolerance field are outside the reference interval T of the manufacturing process — this means that pro-
duction is possible without defects, and the production process is considered to be satisfactory. If the value
C,, (or C,) lies within 1 < C,, <1.33, then the probability of occurrence of defective products will be in
the range from 0.006 % to 0.27 %. If the value of the index of reproducibility is greater than 1.33
(Cp, >1,33), then the probability of occurrence of defective products is less than 0,006 %, and the production
process is considered good.

The appropriateness of the production process regarding the quality of products is the achieved distribu-
tion of results. The only important difference between the suitability and reproducibility of the production
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process is that for assessing the suitability of the production process there is no requirement for the presence
in the production process of the state of statistical control and control cards.

In the analysis of the suitability of the production process:

a) all technical conditions, including requirements for the production environment, such as temperature
and humidity requirements et al., must be established [12—15];

b) requirements for uncertainty of measurements must be established [9, 16-20];

¢) an opportunity should be provided for the analysis of multi-factor and multi-level aspects of the pro-
duction process;

d) data must be obtained and registered within a specified time period;

e) the frequency of sampling and the start and end of time of the data obtaining must match the re-
quirements set by the quality management system [1];

f) the process may not be monitored by a control card;

g) the process may be statistically uncontrolled, in particular, previously obtained data, which sequence
is unknown, can be used to assess the suitability of the production process.

The index of the suitability of the production process is a statistical indicator, which is determined by
the output characteristic of the production process, which used to evaluate the production process, the loca-
tion of which in the state of statistical control is not confirmed. The parameter of the suitability of the pro-
duction process may be the quantities describing one or more properties of the ‘quality characteristic distribu-
tion in terms of suitability. To estimate the suitability parameter, in contrast to.the reproducibility parameter,
under the normal distribution of the quality characteristic, we can only by expression (4). The index of the
suitability of a production process is an index that reflects the stability of the production process to the speci-
fied field of tolerance.

If the values of the parameters under study are distributed according to the normal distribution law, then
the length of the reference interval is equal to 66 [10, 11]. Therefore, the value of the index of fitness P,

can be calculated by expression
U-L

P =ofk—.
66,

P

(13)

The upper P, and lower P,,, indexes of the suitability of the production process can be estimated by
the expressions:
U —

=l

PpkU: 36, > (14)
x-L
P = 35, . (15)

The indexes of the suitability of the production process P,, is assumed to be equal to the lower of the
two values of P, and P, , 1€ P, =min(P,,,Fp, ). The lower the value of the index of suitability, the

greater the probability of occurrence of defective products, and the production process will not match the
established requirements.

As follows from expressions (13)—(15), the assessment of the indexes of suitability is similar to the
evaluation of reproducibility indexes (6)—(12). The difference in the evaluation of suitability indexes from
the reproducibility indices is that the production process does not necessarily have to be statistically con-
trolled, and the standard deviation that characterizes the best indicator of the suitability of the production
process can not be calculated based on the parameters of the control card.

The P,, suitability index characterizes the confirmed quality. If the production process is centered, that

Py, = P,, but when the process is shifted, the suitability index is shifted from its nominal value, and P,, be-
comes less than P,. The high P, index will only be the case when the goal is achieved with a minimum

deviation from the average arithmetic value.
In case of noncentration of the production process, the P, index can be adjusted by introducing a
noncentral correction

P =(1-k)P,, (16)
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where k — a corrective coefficient that corresponds to the value of noncentration and is defined as the differ-
ence between the given reference value of the product characteristic and the average value of the production
process parameter.

If the process is centered, then k = 0 and P, = P, . If the process is shifted relative to a given reference
value, then k increases and the index P,, becomes smaller than the P, index.

If the suitability indexes are equal ( P,, = P, ), the production process is within the tolerance. If the in-
dex P, <1, then this means that the production process has low accuracy and the production process is un-
satisfactory. The using of statistical methods [3—5] during the regulation will not give the necessary effect. In
this case, it is necessary to improve the accuracy of the production process by replacing (or/and repairing)
technical equipment and ensuring the quality of measurements (unity of measurements and accuracy of
measurements) [21].

If the P,, suitability index is in the range from 1 to 1.33 (1< P,, <1.33), the production process has suf-
ficient accuracy — this means that the procedure for setting it up is correct. At the same time it is advisable
to apply the acceptance control cards and to combine the procedure of manufacturing process regulation and
the acceptance of products in one common procedure of the SPC (Statistical Process Control) [22].

If the index P,>1.33, then the production process is considered to be good (with-high potential accura-
cy). If P,>1 and P,, <1, then the production process is considered to have sufficient potential precision, but
there are factors that shift the manufacturing process and remain unnoticed. In this case, it is recommended
to use Shuhart's control cards to identify factors that may result in displacement of the manufacturing process
center. If the index P,>1.66, then the production process is ideally configured [23, 24].

The main properties of the normal distribution law, on which the caleulation of the defect fraction is
based, are shown in Figure 2.

0.003% 95,99 48 0.003%

99.73%
95.44%

pe— 63 .26% —

Figure2. Properties of the normal distribution law, on which the calculation of the defect fraction is based

As it follows from Figure 2, in order to avoid a noticeable fraction of defective products or characteris-
tics of the production process that deviates from the established requirements, the width of the tolerance field
must be not less than 66 .

Estimation of the values of p, production process characteristic or the quality parameter of products
that do not match the requirements under the normal distribution law can be found on the basis of the upper
and lower parts of units that do not match the requirements:

s L-% x-U
ptzpl-‘er:(D[ ~ J""D[ A J; (17)
Gl Gt
P, =1-0(3C,, ); (18)
py =1-®(3C, ) (19)
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where p, — assessment of the lower part of the units that do not match the requirements — the part of units

of the process or product characteristics distribution, which does not exceed the lower limit of the field of
tolerance L; p, — assessment of the upper part of the units that do not match the requirements — the part of

units of the process or product characteristics distribution, that exceeds the upper limit of the tolerance field
U; ® — the function of a normalized normal distribution law.

In order to estimate the proportion of product units that do not match the requirements of the suitability
of the production process, it is necessary to replace the reproducibility indexes and indexes of suitability in
formulas (18) and (19), and thus common part of the values of the characteristics distribution of the produc-
tion services (production process) that may go beyond the tolerance field.

Conclusions

The quality of products or services is largely determined by the effectiveness of the quality management
system at the enterprise and the proper organization of the production process. The quality management sys-
tem, built in accordance with the principles of overall quality management, involves-continuous improve-
ment of the marketing activities of the enterprise, improving the quality of products and ensuring of the
needs of all interested parties, both customers and producers, through the establishment of appropriate man-
agement in the enterprise [25-30].

The application of indexes of reproducibility and suitability of the production process in the system of
quality control allows us to visually estimate the possibility of reducing the percentage of defective products
by reducing and eliminating the effects of non-random causes of the production process parameters deviation
(ensuring the stability of the production process), as well as reducing the impact of the random reasons lead-
ing to deviations of the production process parameters. This will'allow timely warning and corrective actions
that will enable them to find reserves for improving product quality, reduce financial costs for defective re-
pair, and increase the competitiveness of the enterprise.

The reproducibility index and suitability index are not related to the mean of the process. That is, when
the entire distribution is shifted, the reproducibility index and the fitness index will not change, it will only
respond to the variation of the spread or sweep..The reproducibility index and the suitability index will be
equal to one when the variation of 60 is equal to the tolerance. If the indices are greater than one, then the
range is less than the tolerance, if the indices are less'than one, then the variation is greater than the toler-
ance. It should be taken into account that since the indices are not related to the position of the mean, then
when the mean is far beyond the tolerance, the value of the indices may be much greater than one.

The accuracy of the proposed estimation methodology of the reproducibility and suitability index,
which includes the proposed mathematical apparatus, was estimated on the basis of the correctness index, the
method of assessment of which is carried out in accordance with the international standard ISO 5725-2:2002
[6]. The measure of correctness of the proposed method is the combined uncertainty of type B, the relative
value of which does not exceed 0.05 %, and the efficiency of the model is determined by the level of the
methodological component of probability, which was estimated by the method given in, the value of which is
not less than 95 %;
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Normalization of reproducibility and suitability indexes ...

N. Cryrnuk, U.I1. Kypeithuk, O.M. Bacunesckuii, B.1O. Kyuepyk,
IL.U. Kynakos, C.C. KaceimoB, A.K. Xacenos, /I.K. Kapabekosa

OHiMHIiH HeMece KepceTiIeTiH KbI3MeTTepiH canacbiH 0araJjay
YIIiH KaiiTa OHAIpY KoHe ’KapPaMAbLIBIK HHAEKCTEePiH KAJIBINKA KeJaTipy

Axaybl ©Oap eHIMHIH (Hemece OHJIpICTIK KbI3SMETTIH COHMKeC KeJIMEyiHIH) OHMIpPICTIK MpOIEeCTiH
JKapaM/IBUTBIFBI MEH IIBIFAapblLy HHAEKC] HeTi3iH/e nainaa 60y MyMKIHAITiH Oaranay oficTeMeci YChIHBUIFaH.
PenponyKTHBTITIK HHAEKCIH CTaHIapPTTHI aybITKY HETi31HIE eCeNTey YChIHBUIAIBI, OHEI 0aKblIay KapTAaCHIHBIH
opTama ayKsIMbI MEH Te3IMJIUIIK epiciHiH mmeri 6oibHIIa opHaTyFra Ooxansl. byn perre eHzipicTik mporece
MIHJIETTI TYpJAE CTATHCTHKAIBIK OacKapbuUTy »KarmaiibiHma Oonybl Twic. KapamIpUIBIK WHICKCI Oakpuiay
KapTachlHbIH CHNATTaMalapbl HETi3iHAE ecenTeiaMelli, TEeK JKallbl CTaHJApPTThl AaybITKY HEri3iHie
ecenreneni, o1 beccenb GpopMynachHBIH KOMETIMEH JKOHE TO3IMALTIK OPICiHIH LIeri Heri3iHAe aHbIKTala bl:
CoHBIMEH KaTap, ©HMAIPICTIK MPOIECC MIHACTTI TYp/Ae CTATHCTHKAIBIK TYPFbIIaH 0acKapbUuIMaybl Kepek.
OHiMHIH (OHIIPICTIK KOPCETUIETIH KBI3METTEP/iH) JKapaMAbUIGIFBl HEMeCce >KapaMCBHI3JbIFbL TYPasbl
TYXKBIppIMIAp OipiiKTeH a3 HeMece OJaH Oa KOm MOHJIepAl KaObUimaybl MYMKIH KailTa eHHIpy KoHe
JKapaMJIbUIBIK HHACKCTEPIHIH MOHI HETi3iHAEe Ky3ere achipbuianbl. OChl HHACKCTEPIIH allbIHEAaH MOHACPiHIH
HeTi3iHAe OCNTUICHreH TajlanTapra COMKec KeIMCEHTIH OHIMHIH HeMece . OHJIPICTIK. Mpolecc
CHIIaTTaMaJIapbIHbIH Iaia OOTyBIHBIH BIKTHMAI Yileci OenrineHeni.

Kinm ce30ep: KambllKa KeNTipy, camaHbl Oarajnay, ©HIMHIH carlachl, ©HJIPICTIK KbI3METTEPHIH Calachl,
JKapaM/IbUTBIK HMHACKCI, PENPOAYKTUBTIIIK HHICKC], OHIMHIH aKayJlaHy bIKTHMAJIIBIFBL, OHAIPICTIK IPOIECC.

N. Cryrauk, WU.II. KypsitHuk, O.M. Bacunesckniiy B.1O. Kyuepyk,
I1.U. Kynakos, C.C. Kaceimos, A.K. Xacenos, /I.K. KapabekoBa

Hopmanu3anus uHIeKCOB BOCIPOU3BOIMMOCTH ¥ MPUTOHOCTH
JJI51 OLEHKH Ka4ecTBA MPOTYKIMH WIH yCJIYyT

IIpennoxeHa METOINKA OLIEHKH BEPOATHOCTH BO3MOKHOTO MOSIBIIEHNST OpakOBaHHON MPOIYKIMHU (M HECO-
OTBETCTBUS MPOU3BOJICTBEHHOH yCIyru) Ha 6a3¢ MHAEKCOB MPUTOJHOCTH M BOCIIPOM3BOAUMOCTH TPOU3BOA-
CTBEHHOTO Tpolecca. MHIekCc BOCIPON3BOANMOCTH PEKOMEHAYETCSl PACCUMTHIBATH HA OCHOBE CTaHAPTHOIO
OTKJIOHEHHSI, KOTOpO€ MOXKET OBITH YCTaHOBJIEHO IO CpeIHEeMY pa3Maxy KOHTPOJBHOH KapThl W IIpeAesiaM
oy gorycka. [Ipy 5ToM npon3BOACTBEHHBIH IPOIECC 00s3aTENBHO JIOKEH OBITh B COCTOSIHIN CTaTUCTHUE-
CKOH ympaBisieMocTH. VHAEKC TOIHOCTH HE MOXKET OBITh ONpezeieH Ha OCHOBE XapaKTePHCTHK KOHTPOJb-
HOU KapThl, a PACCUUTHIBACTCS UCKIIOYUTENHHO U3 OOIIEro CTaHJapPTHOTO OTKIOHEHHUS, KOTOPOE OIpesers-
eTcst ¢ moMoIsio Gpopmynsl beccens u npexenos moins gomycka. IIpu 3TOM IpON3BOACTBEHHEIN Iponece He
00s13aTENbHO JOJKEH OBbITh-CTATHCTHYECKH YNpPaBIseMbIM. BBIBOJBI O NMPUTOJHOCTH MM HEMPUTOTHOCTH
MPOJYKIMH (MPOU3BOJCTBEHHBIX YCIYT) OCYIIECTBISIOTCS HA OCHOBE 3HaYEHMsI MHJEKCOB BOCIPOU3BOIUMO-
CTU M IPUTOJHOCTH, KOTOPBIE MOTYT IPHHUMATh 3HAYEHHUsI MEHbIIE Wi Gonblne equnuisl. Ha ocHoBe momy-
YEHHBIX 3HAYCHUH 3THX WHICKCOB YCTAHABIUBACTCS BO3MOXKHAS JIONS MOSBIECHUS MPOLYKIIMU MM XapakKTe-
PHCTHK IIPOM3BOACTBEHHOTQ IIpOIIecca, He COOTBETCTBYIOIINX YCTAHOBICHHBIM TPEOOBAHHSIM.

Kniouesvie ciosa: HOpMaIIM3a1ysi, OI[CHKA KAYeCTBA, KAY€CTBO MPOIYKIMH, KAY€CTBO MPOU3BOJICTBEHHBIX YC-
JIyT, MHAEKC IPUTOAHOCTH, MHIEKC BOCIIPOM3BOIUMOCTH, BEPOSITHOCTh OpaKa MpOIyKTa, IPOU3BOICTBEHHbIN
nporecc.
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