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The article presents a comparative analysis of mathematical models of metrological reliability
of measuring instruments when solving the task of optimizing the functioning and organization of me-
trological control of measuring instruments (MC MI) in production.
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Y cmammi npusedenuii ananiz mamemamuiuHux mooenel Mempono2iuHoi HadiliHocmi 3aco-
016 UMIPIOBAHD NPU PO36 3Ky 3a0aui onmumizayii PyHKYIOHY8AHHS | OpeaHizayii MempoiocsiuH020
KOHmpoio 3acobie sumiprosanv(MK 3B) na eupobHuymei.
Knrouosi cnosa: memponoziuna HaOiHICMb, MEemMpOLOSiYHUL KOHMPOIb 3aAc00i8 GUMIPIO-
8AHb, AHANIMUYHI MOOENT OYIHKU MEMPOA0SIUHOI HAOTUHOCMI 3Ac00i68 BUMIDIOBAHD.

Problem’s formulation

The organization of metrological control of measuring instruments is related to the organiza-
tion of the production system. The existing methods of solving the problems of assessing the metro-
logical reliability of measuring instruments based on analytical models of operation and metrological
control are limited by the hypothesis of exponential models of sudden and metrological failures. Along
with this, metrological evaluation methods based on probabilistic and physical models of metrological
failures have recently become widely used. Therefore, the task of comparative analysis and evaluation
of the effectiveness of the application of mathematical models of metrological reliability of measuring
instruments is relevant [1].

Analysis of recent research and publications

The model of the operation process and the metrological control (MC) MI, which are consi-
dered in the work [2], operate with the probability of finding the MI in each of the possible states,
while only the stationary case is considered. When analyzing metrological reliability with the help of a
state model, a Markov model is used for the analytical solution, which describes a random process
with continuous time (differential equation of the process of the transition of the MI from one state to
another). All flows of events that transfer the process from one state to another are poisson — the
probability of the time spent by the MI in each of the states obeys the exponential law. In [3—4], a
discrete-continuous model of operation of the control system is presented, which, unlike the markov
model, takes into account the difference between random events of failures and deterministic events of
periodic control of the control system. The conducted studies showed that the calculations made using
the Marcov model, in comparison with the discrete-continuous model, underestimate the indicators of
metrological reliability, but the general nature of their dependence on the periodicity of verifications is
shown correctly.

Formulation of the study purpose

The development of methods for evaluating the reliability of the vehicle under the influence of
various factors is a task, the solution of which allows the consumer to more accurately determine the
reliability indicators at any moment of the operation of the vehicle in real conditions, to correctly de-
termine the terms of inspections and preventive works.

Presenting main material

Metrological reliability as a property of a measuring instrument affects almost all its characte-

ristics. The quality of metrological control is characterized by the following parameters:
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o, — probability of false diagnosis of metrological failure during inspection; /5, — the probability

of not finding (not revealing) a metrological failure during inspection; /. — the probability of return-

ing a repair order with a metrological failure (it is assumed that a repair order is not returned with a
sudden failure).
As a rule, during the operation of the control system, it is necessary to determine the depen-

dence of the control time for repair 7 ., on the control time for an undisguised (obvious) failure 7,

the control time for a metrological failure 7, , and the inter-check interval at the given values 7, of

the metrological control indicators.
In general, the formula for 7, . has the form [3]

Tmi = J tPr (t)dt9
0

where Pr (1) = di(Pr (t)), P.(t) — distribution of probabilities of sending MI for repair.
t

Let's introduce dimensionless relations
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Then all time parameters will be expressed in relation to 7, which is a significant conveni-

t
ence for analysis, because @, =1,0 = F ,dt=dO- T

0, = T@Pr(G))d@.

Taking into account the exponential laws of probability distribution of the time of occurrence
of manifest and metrological failures, we have:

0, = n{k0, +1-0,)~ k0, + e ® |+ 340, (e —n, )
k=1 k=1

n, — the probability that after the completion of the k& — inspection, the work permit will remain in
. C
operation, where k = N +1.

An alternative to the considered model of metrological reliability analysis is the discrete-
continuous model studied in works [2, 4]. The formalization of the process of metrological mainten-
ance of the MI based on this approach is as follows: p,, and p,, — the probability of detecting the

MI immediately after the k -th verification, respectively, in states 1 (MI work without failures) or 2
(MI' work with a metrological failure) [4—6]. Probability p_,  (¢) that in the time interval

T, +kT, <t<rt, + (k + I)TV the MI will work without failures, and the probability p, ,(#) that in

the same time interval the MI will have a metrological failure, where 7,7 — is the time and period
of verification of the MI, p, (...) and p, (...) are the probabilities of occurrence of metrological and
obvious failures in the MI according to the moment of time given in parentheses.

The mathematical expectation of the time of the MI "/ being in a certain state j is expressed [3]

ngdp (&) ) J‘Sgdpl(gg)
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whereis p (&) — the probability of the MI remaining in the j-th state until the moment of time E.

In fig. 1 shows the solution for obtained using the developed model of analysis of complex re-
liability indicators. The obtained dependence sufficiently accurately approximates the dependence of
the inter-repair interval in the case of a discrete-continuous model and Markov models of states.
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Fig. 1. Dependencies T, onthe T, period for the case of ideal inspection and repair: 1 — dis-
crete-continuous model; 2 — Markov model; 3 — the model of the analysis of the reliability of the MI

Recently, a number of works [1, 4—6] have been published, which are devoted to the study of
properties and applications for solving the problems of assessing and predicting the reliability of tech-
nical systems of probabilistic-physical failure models. This approach is based on the analysis of physi-
cal processes of degradation that lead to failures. Let's consider the main schemes of formalization of
mathematical and physical failure models and the possibility of their use for reliability analysis.

For the analysis of the metrological reliability of the MI, the input distributions of failures
were used: for clear failure — an exponential model, for metrological — diffusion — monotonic
(DM) and diffusion — nonmonotonic (DN) distribution (depending on the idealization of the random

process of metrological failure occurrence). The failure model and maintenance interval 7. in this
case is expressed in [1, 4]

TV

7Y
7, 7,
Tm[:Tu l_e + l_e ZPDM,k s
k=0

where p,, , — is the mathematical expectation of the total time of stay of Ml in state 1 and 2 during
the life cycle T, .

The inter-repair interval 7/ — oo at for diffusion and exponential models goes towards the
average working time for metrological failure. Studies show that diffusion models at values
T < 100,000 hours have a non-stationary section (function failure) (Fig. 2 curves 1, 2), but at values
T >>T they go to the case of an exponential model. It should be noted that DM — a model unlike

DN and exponential overestimates the mathematical expectation of the time between repairs. When
the value 7, (T, >>T,) increases, the discrepancy between these dependencies decreases.
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Fig. 2. The family of curves of dependence of the mathematical expectation of the mainten-
ance interval 7 . on the period 7, (logarithmic scale) for a number of values 7/ : 1 — 464 hours,
2 — 10000 hours, 3 —46416 hours.

Conclusions

The development of methods for assessing the metrological reliability of measuring equipment
under the influence of various factors is a task, the solution of which will allow the consumer to more
accurately determine the MH at any moment of the operation of the VT in real conditions, to correctly
determine the terms of inspections and preventive works.

The use of DM and DN — metrological models and the exponential model of apparent fail-
ure to solve the problems of diagnosing and monitoring the metrological reliability of the equipment
allows to increase the accuracy of the assessment of the parametric component of reliability due to the
approximation of failure statistics by diffusion functions and a priori analysis of the physics of failure
occurrence.
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AHAJII3 EGEKTUBHOCTI MATEMATUYHUX MOJEJIE METPOJIOTTYHOI
HAJIMHOCTI 3ACOBIB BUMIPIOBAHb B BUPOBHUYI CUCTEMI
JlutBuHenko B.A., C’snoB O.M., Mapuenko C.B., Heckopomua 10.0.

Pedepar

VY crarTi po3riIAHYTI MaTeMaTW4Hi METOAW Teopii MerponoriuHoi HaxiiiHocTi(MH) 3aco6iB
BUMipIoBaHb. [IpoBeneHo NOPIBHAJIBHHN aHaMi3 1 OLiHKa eeKTUBHOCTI 3aCTOCYBaHHS MaTEMaTHUYHUX
MoJierniell MeTpoJIoriyHoi HaaiiHOCTi 3ac00iB BUMiptoBaHb (3B) Ha OCHOBI cTaTHCTHYHUX 1 KIMOBipHOC-
THO-(I3MYHUX MOAENEH METPOJIOTiYHUX BiIMOB B 3a/a4ax OOUYMCIICHHS 1 MPOTHO3YBaHHS MOKA3HUKIB
HaziliHocTi 3B B Oyap-sikuii MOMEHT yacy ekciuryaTamnii 3B.

Po3poOka MeToniB OLIHKK METPOJIOriuyHOi HaIiifHOCTI 3ac00iB BHMIPIOBAJIBHOI TEXHIKH MiA
BIJIMBOM DPi3HHUX (aKTOPiB SBISETHCSI 3aJaueio, PO3B 30K SIKOI JO3BOJIUTH CIIOXKHBAUy OUIBII TOYHO
Br3Hauatd MH B Oynp-akuil MOMEHT uacy ekciuryaTauii 3BT B peanbHuX ymoBax, BipHO BU3HAUNTH
TEpMiHH MEPEBIPOK 1 MPOPLIAKTUIHHUX POOIT.

Buxopucranus DM i DN — mopeneit METpoIOriYyHMX Ta €KCIIOHEHIIaabHOI MO/IETi SIBHOT Bi-
JIMOBH JUTS PO3B’SI3KY 3a/1a4 JiarHOCTHKH 1 MOHITOPHHTY METPOJIOTi4HO1 HadiiHocTi 3B no3Bomnse min-
BUIINTH TOYHICTH OLIHKM MapaMeTPUYHOI CKJIaJ0BOi HaAIHHOCTI 3a paxyHOK ampoOKCHMAIil cTaTHC-
TUKU BiIMOB Anu(y3ifHMMH QYHKLIISIMU 1 anpiopHOro aHamnizy (isMku BUHUKHEHHS BigmoB. [lanwmii
miaxia 6a3yeTbcsa Ha aHaMi31 (i3MYHUX MpOLECiB Aerpaaarii, sSIKi MIPU3BOAATH 10 BUHUKHEHHS BiZIMOB.
Posrasiayti mokazaukd MH 3B 103BONAIOTE OLIHWUTH CTYMiHB BIUTUBY MapaMerpiB METPOJIOTiYHOTO
obcnmyroByBanHs 3B Ha SKicTh KOHTPOJIBHO-BUMIPIOBAJIbHUX OMepamiii B BUPOOHHUUiH cucTemi.
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