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Abstract

Modern and prospective communication means are among the most knowledge-driven, high-tech types of industrial
products, which are subject to enhanced requirements for quality and efficiency of application. The effective functioning of
modern communication means is provided by built-in software, including metrological support. In this paper, we consider the
specifics of metrological maintenance of large-scale communication facilities (tens and hundreds of thousands of elements)
consisting of separate subunits, the serviceability, maintenance, and recovery of which can be performed autonomously.
It is proposed to enhance the efficiency of the by-state-maintenance (also called maintenance by the technical state) by
accounting for the specifics of metrological support, establishing an optimal sequence of operations, selecting the measu-
ring instruments in accordance with relevant requirements. To do this, one has to use a combined indicator composed of
individual parameters of the tests and the probability of their preferred choice. This allows to assess the technical condi-
tion of the communication means with a given probability during a minimal time. In addition, one can estimate the time
of maintenance, taking into account the metrological reliability and the probability of correct evaluation of the result of
checking the parameters by the measuring instruments. The order of implementation of the obtained results is formalized

in the form of an algorithm and an example of their realization is presented.
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1. Introduction

Current development trends require the intro-
duction of the method of maintenance by the techni-
cal state (further called by-state-maintenance, BSM)
of communication means (CM), which is the most
cost-efficient and such that provides a desired level of
readiness for exploitation by the prescription. However,
at present scientifically justified methodological re-
commendations for the implementation of this method
are not available. The minimum number of testable
parameters, the sequence of inspections, requirements
for metrological support (MS) depending on the re-
quired time of the work still have to be formalized
into an algorithm.

In-situ monitoring of measured parameters and
the proper selection of necessary measuring instru-
ments (MlIs) is of crucial importance for correct as-
sessment of the current technical state (TS) of the CM
in the course of BSM, which is the principal task of
technical diagnostics. When the values of certain pa-
rameters deviate from the norm, the following task of
technical diagnostics is performed: search and replace-
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ment of a faulty element of the CM. To reduce the
number of measurements one employs the so-called
conditional diagnostic algorithms (CDAs). The main
part of the work on justification of the requirements for
the MS consists in the selection of the nomenclature
of MI. Therefore, justification of the requirements for
MI depending on the required time of BSM of CM,
allowing one to determine the actual TS of CM with
a given probability at the minimum required number
of inspections is in great demand, and thus is the aim
of this paper.

2. State-of-the-art and statement of the problem
Maintenance of a device or a system is a set of
operations to maintain serviceability or operability
during technical operation, which involves verification
for compliance of the values of tested parameters with
those prescribed by the technical conditions [1]. There
are the following principal types of maintenance con-
cerning their scheduling [2]: by the prescribed sche-
dule, by the operating time and BSM. Nowadays, the
latter strategy is a priority such that the list and fre-
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quency of maintenance operations are governed by the
TS of CM, based the running information during the
CM exploitation. The advantage of the BSM is defined
by the fact that the verification of the parameters of
the CM is performed by a predetermined sequence,
and the list of procedures depends on the results of
the control. In such a case, one has to select the MI
and define the sequence to check the CM parameters
to determine the actual TS for the minimum time [3].

Modern publications in the field of technical ex-
ploitation of complex systems indicate a need for scien-
tific analysis and justification of specific recommenda-
tions for the practical implementation of the BSM for
CMs [4—10]. Fundamental theoretical studies of the
optimization of maintenance are given in [11]. Further
development was performed in works aimed to improve
the operational reliability of products [4—10]. In [1] the
analysis of specifics of maintenance of systems with
time redundancy is presented and the procedures for
the enhancement of their reliability are proposed.

In modern publications on technical diagnostics of
electronic systems, the notion of the probability of the
preferred choice (PPCh) of inspections is widely used
to determine the sequence of inspections, which leads
to a reduction in the time needed for the fault localiza-
tion [4, 12]. The dependence of the influence of met-
rological reliability of MI on the time of maintenance
of objects of various purposes, not taken into account
in previous works on the optimization of maintenance
time, was studied in [13—14].

Our analysis shows that, at present, the BSM
of CM appears to be the most efficient maintenance
method, and, thus, greatly demanded is the simulta-
neous account for the reliability, time, and cost indica-
tors for the inspection of separate subsystems, as well
as the account for the metrological reliability of MI.
To do this, it is necessary to propose a quantitative
indicator to assess the PPCh parameters followed by
their further ranking in descending order. The purpose
of the paper is to derive and analyze the analytical
dependences of the time of the BSM of CM on the
quality indicators of the MS to algorithmize the pro-
cess of reasonable choice of MI.

3. Development of the Method
The analysis of publications on the assessment
of the impact of the MS on the time of maintenance
of a large object [3, 12] allows to quantify the value of the
complex coefficient of each inspection, accounting for the
N
L p-T18 ()
T/, j=1
where P, is the metrological reliability of MI in the
period T between inspections; N is the number of
MI used during the verification of the parameter i;
Pj(r) is the metrological reliability of MI of type j;
v, is the significance of the influence of the parameter
i on the quality of the functioning of the CM (evalua-
ted as a result of processing the data of the expert

reliability and time indicators u, =

survey of specialists according to available methods [15]
M

(Z"i :1j; M is the total number of parameters of the
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CM; S, is the probability of failure of a set of elements
that affect the formation of the parameter i

where z, is the failure parameter of the set of elements;
T is the operating time of CM to failure; 7, is the
relative labor costs for technical diagnosis in case of
deviation of the parameter i from its normal value
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where 7, is the execution time of the check of the set of
elements that affect the formation of the parameter i;
/; is the relative labor costs for the restoration of CM
and proof of the parameter i to the norm
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g, is the value of the probability of error by a specialist
in estimating the parameter i depending on MI that is
change from 0.0003 to 0.355 [16].

The specifics of the use of MI during the BSM
of CM implies ensuring their reliability, primari-
ly for hidden metrological failures. The probability
Pj (t) of the preservation of the values of metrological
characteristics within the specified limits during the
inter-inspection interval T is used as an indicator of
metrological reliability of MI [3, 14].

The required level of metrological reliability
significantly depends on the application scope of
MI and is selected accounting for the condition
of ensuring the necessary efficiency of the CM. As
a rule, for a serviceable MI this level is in the range
0.85...0.99, and for exemplary ones it is 0.90...0.99 [3,
14]. Quantitatively, the probability of the preservation
of the values of metrological characteristics of MI
in specific operating conditions is estimated by the
expression [3, 12, 13]

P (1)=1-K,KK,,

l;

where K|, is the fraction of metrological characteristics
of MI not covered by the built-in control; K is the
statistical estimation of the hidden failure rate, which
characterizes the fraction of metrological failures;
K is the equivalent number of failures at the operation
of MI

K,=1K,/T,,

K, is the average utilization factor of MI; 7, is the
operating time of MI on refusal.
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Quantitative indicators of metrological reliability of measuring instruments fevle
No. Measuring instrument T,, hours K, K P] (1) S
1 Electric multifunctional device 1500 1.0 0.21 0.877 0.353
2 Power meter 2000 1.0 0.23 0.899 0.319
3 Frequency meter 3000 0.5 0.16 0.976 0.217
4 Meter of nonlinear distortions 5000 0.1 0.16 0.997 0.054
5 Millivoltmeter 4000 1.0 0.10 0.978 0.148
6 High frequency signal generator 5000 0.3 0.20 0.989 0.187

Value 7 is obtained from the guiding documents
of the MS of the serviced CM or from the technical
description of the MI. Taking that the master
performing the maintenance spends 900 hours during
the year for the BSM and recovery of CM, we find
K,=0.103 for one year of operation of CM [12]. The
value of K|, is determined based on the results of the
analysis of the technical description and operating
instructions of MI. Depending on the operation scope
of MI in the absence of current statistical data for the
given conditions of operation of CM, the value of K|
can be determined by the average indicators, where
0.1<K;<0.24[3, 12, 14].

Operating time for failure of MI is also taken from
statistical data, and in their absence it can be found
in the technical description of devices. The standard
deviation of the estimate of the probability of the pre-
servation of the values of the metrological characteris-
tics of the MI is calculated as following [3, 12]

8=K,K, JK(0.15K; +1/K,).

Quantitative indicators of metrological reliability
of MI, which are used during the BSM of radio
stations for T = 8760 hours (for example), according
to [3, 12, 14], are given in Table 1. The value of the
coefficient u, is dimensionless; it allows one to identify
the least reliable subsystems of CM, which require
minimal time to test and restore, but generally have
the greatest impact on the quality of operation of CM.

It varies in a quite wide range and, thus, to rank
the order of verification of the parameters of the CM,
it is advisable to use the value of PPCh [3, 17]

U= Su-L
i=1

The parameters of the CM are checked in
descending order of value U. For a given value of
probability P of the determination of the TS of

perm

the CM, the parameters are checked according to the
predetermined rank before the condition is fulfilled
Z”f
7> By n=LM,

M
Z”i
i=1

where n is the number of parameters that are checked
during the BSM. In such a case, the minimum
time of inspection of the CM is required 7, :Zti,

i=1
and the relative gain in time in comparison with that
for the complete verification of all parameters of the
CM is of the form

i=1

In [3, 17], it is shown that the considered approach
to the ranking of CM parameters during the BSM
allows to reduce up to 10% the number of parameters
to be checked using the predetermined value of PlDerm
or up to 37% using the known value of the operating
time on the failure of the CM after checking the main
parameters that affect the quality of operation. Below
we consider the influence of the MS on the value of
the coefficient u,, where

i = & > U= C[ 5
. f; q;

Since P~ 1 and ¢, <1, we have P /g > 1, which
means that the quality of the MS is the main factor
affecting the value u,, which changes linearly with this
ratio. At v, = 0.025; § = 0.04; t, = 0.054; /, = 0.055 we
find C, = 0.3367. The corresponding dependences u,(q,)
are directly proportional to P, and shown in Fig. 1.

Fig. 1 shows that with the increase of P, on 0.2 the
value u, grows by 1.27 times. Accordingly, coefficient u,

Ykpaiucokuii memponoeiunuii ucyprnan, 2021, Ne 3, 17-23 19



Metrological support of maintenance by the technical state of communication means

T T T T T T T T T lq’
0,01 0,02 003 0,04 0,05 0,06 0,07 0,08 009 0,10

Fig. 1. Dependence u(q;) at C,= 0.3367 and P, = 0.85

decreases approximately by 10 times when ¢, increases
by 0.09. Generally, one has a linear dependence of
value u, on the quality of MS (Fig. 2 plotted according
to data from [3]).

The employment of the parameter u, for the
calculation of PPCh parameters and their ranking
allows one by checking, primarily, the least reliable sets
of elements n, to evaluate with the desirable accuracy
the following quality indicators of BSM of the CM:

* the probability of trouble-free operation of
the tested part of the CM for the time #= 720 hours
(month of work)

Pon <P(n)= exp[—tZzl), I<n< M,
i=1
where Pperm is the permissible value of P(n);
» the operating time of the checked part of CM
on failure

-1
T;)ermST(n)z(;ZiJ > ISI’ISM,

where Tperm is permissible value of T(n).
Next, we consider the influence of the quality of
the MS on the restoration of the CM for the case

Domain of
existence of
solutions

B/q,

Fig. 2. Dependence u(P,/q)

when the values of the parameters are out of the
allowable limits of their change. Since at the BSM
one uses the same set of MI for the checking of the
parameters and for the search of the failed element,
the metrological reliability will be P, = P. For n values
of tested parameters checked to be within the norm,
the total time of the BSM will be

where ¢ =1 —H(l —qj) is the probability of erroneous
i=1

evaluation of t]he result of the parameter check using N
MIs (q/. is the probability of erroneous evaluation of the
test result by the device j); (1—g)” is the probability
of a correct assessment of the technical condition of
the object.

Upon detection of 0 <m < n parameters that
do not fit the norm, one performs the search for
failures in subsets of elements that form these

subsets, according to the CDA followed by re-
checking
(Fig. 3).

the parameter after troubleshooting

Fig. 3. Algorithm for the BSM inspections of an object with its troubleshooting
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n ¢ Ztiz,. m (Kit+ty,.)zi
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where K =log,L is the number of checks indicating
that parameter i does not fit the norm; ¢ is average
time for the execution of the check; L is the average
troubleshooting time; z 7T is the probability of object
failure because of parameter i.

The maximum value of time needed for the BSM
we have at m = n. The obtained results alluded to above
allow one to formalize the order of selection of MI for
BSM of CM in the form of algorithm shown in Fig. 4.

For example, for 0.85<P<0.99 we find P=
= P=0.92. The employment of digital MI during the

Change
source data
yes

Initial data on
CM and
MACconditions

Calculation U; |

Uj , determination
of rank R;

Calculation
n=1
maxTmae
Calculation no
P(n), T(n)

Fig. 4. Block diagram of the algorithm for selecting Ml for BSM of CM

BSM provides the probability of correct assessment
of the test result 1—¢g,=0.9993, which corresponds
to ¢=¢g =0.0007. According to the initial data [3]
if all the parameters of the CM are in the norm we
obtain T,,. = 202 min, which is by 9% more than that
without taking into account the probability of error of
the master: at ¢ =0 Ty, = 185 min.

In the worst case, when m =n = M at {= 3 min,
we obtain max Ty, = 247 min taking into account the
probability of failure of subsets of elements, i.c. by
22.3% more than for m = 0. Thus at n = 9 we find
P(n) = 085 =P T(n) = 11300 hours >T =

=10000 hours, as v&stearlT as max T, ., = 247 min < =

BSM MAC ™
=250 min, which confirms that the MI is selected

correctly and the MS fits the requirements.

4. Conclusions

We have analyzed the influence of metrological
support on the quality of the by-state maintenance of
communication means. The functional dependences of
indicators of quality of BSM of CMs on metrologi-
cal reliability of measuring instruments and probability
of correct estimation of checking result for the CM
parameters by the specialist are derived and analyzed.
Obtained results are used to formulate feasible recom-
mendations for the choice of measuring instruments de-
pending on the requirements for the quality of BSM for
a CM in the form of a formalized algorithm followed
by an example illustrating its application. The results
presented in this paper can be used for justification
of the reasonable choice of measuring instruments of
the minimum cost as well for computerization of the
process of selection of measuring instruments, reducing
the time for the development of technical documenta-
tion for maintenance of advanced CM:s.

MerTpoJioriude 3a0e3nedyeHHs TeXHiYHOTOo
00CJIYTOBYBaHHS 3a CTAHOM 3aCO0iB 3B’SI3KY

€.B. Puxos', J1.M. Cakosn4?, KO.B. MupowHuyeHko?, B.l. pabyak’,

FO.A. Hactmwumn', A.l. Bonobyes?

! HauyjoHanbHa akademisi cyxorymHux eilicbk imeHi eembmaHa [Mempa CaezalidayHoeo, syn. [epoie MatidaHy, 32,

79012, Jlbeie, YkpaiHa
zheka1203@ukr.net

2 [Hemumym cneuianbHO20 38’93ky ma 3axucmy iHgpopmauii KIl imeni lzopsi Cikopcbkozo, 8yn. BepxHbokiodosa, 4,

03056, Kuis, YkpaiHa

3 LleHmpanbHuli Haykoso-0ocnioHul iHecmumym 36podlHux Cun YkpaiHu, npocr. [Mosimpogpromenkul, 28, 03049, Kuie, YkpaiHa

AnoTauis

CyyacHi Ta NepcrneKTUBHI 3acOo0M 3B’SI3KYy HajeXaTb N0 HalOiIbLI HAyKOMICTKUX i BUCOKOTEXHOJIOTIYHUX BUAIB IPO-
MMCJIOBOI MPOAYKIIil, 0 SIKUX BUCYBAIOThCS MiIBUIIEHI BUMOTH 3a SKIiCTIO Ta e(EeKTUBHICTIO 3acTocyBaHHS. EdekTuBHE
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(yHKITIOHYBaHHS CydyacHUX 3acO0iB 3B’sI3Ky 0a3yeTbcs HA OCHOBHUX BHIAX 3a0€3MEUYeHHs, M0 SKUX HAJIEXWUTb i METPOJIO-
riyuHe 3ab6e3nevyeHHs .

Po3rnsiHyTo 0co6JMBOCTI METPOIOTIUHOTO 3a0e3TeUyeHHsT TeXHIYHOTO OOCIYrOBYBAaHHSI 32 CTaHOM 3aco0iB 3B’SI3KY Be-
JIMKOI PO3MIPHOCTI (I€CSATKHU i COTHI TUCSY €JIEMEHTIB), 110 CKJIaNaloThCs 3 OKPEMUX IMiJICUCTEM, MEPEBIpKY Mpale3naTHOCTI
SIKMX, TEXHiYHE OOCIyrOBYBaHHSI Ta BiZHOBJIEHHS Ipale3JaTHOCTI MOXJIMBO BMKOHYBaTH aBTOHOMHO. IIpomnoHyerbcst st
MiABUILIEHHS e(EeKTUBHOCTI TEXHIYHOTO OOCIYrOBYBaHHS 3a CTAHOM BpaxyBaTH OCOOJIMBOCTI METPOJIOTIYHOTO 3a0e3MeUYeHHs,
BCTAHOBJIIOBATU palliOHAJIbHY TMOC/iAOBHICT, BUKOHAHHS ONepalliil, 3aJIeXKHO BiJ BUMOT OOIPYHTOBAaHO BUMOMpATH HEOOXimHi
3aco0u BUMipIOBaHb. JlJIsi IbOTO BUKOPUCTOBYIOTh KOMILUIEKCHUI TMOKAa3HUK, 110 OO€NHYE OKpeMi MapameTpu MepeBipok
Ta WMOBIpHICTb X nepeBaxkHoro Buoopy. Lle mo3Bossie 3a MiHiMaJIbHMIA Yac i3 3a4aHOIO BipOTiIHICTIO OLIIHUTU TEXHIYHMI
cTaH 3aco0y 3B'3Ky. KpiM TOro, MOXIMBO KiJIbKICHO OLIHUTH YaCc BUKOHAHHS TEXHIUHOTO OOCIYrOBYBaHHS 3 ypaXyBaHHSIM
METPOJIOTIYHOI HaIiifHOCTI Ta MMOBIPHOCTI MpaBUJIBbHOI OLIIHKK Pe3yJIbTaTy IMepeBipKy TMapaMeTpiB 3aco0aMM BUMipIOBaHb.

VYnepie rnpoaHanizoBaHO BIUIMB METPOJIOTIYHOTO 3a0e3MeyeHHsI Ha SIKiCTb TeXHIYHOTO OOCIYroBYBaHHSI 3a CTaHOM
3ac00iB 3B’s13Ky. OTpuMaHO i AOCHIIXKEHO (PYHKIIOHATIbHI 3aJIEXKHOCTI MOKA3HUKIB SIKOCTI TEXHIYHOTO OOCJYroBYBaHHS 3a
CTaHOM 3ac00iB 3B’A3KY Bill METPOJIOTIYHOI HAMiifHOCTI 3ac00iB BUMipOBaHb Ta MMOBIPHOCTI MPaBWJIBHOI OLIIHKU pPE3YJib-
TaTy TepeBipKM 3HAYEHHS MapaMeTpy 3aco0y 3B’s3Ky BHMKOHaBIleM. DopMalli3oBaHO IMOPSIIOK BUKOPHMCTAHHS OTPUMAaHUX
pe3y/abTaTiB i HaBeleHO MpUKJaa peasiallii.

3a3HayeHo, 110 MOJaIbII JOCTIIKEHHS AOLITBHO CIPSIMYBAaTU Ha aBTOMAaTHU3allilo Mpoliecy BUOOpY 3ac00iB BUMipIOBaHb
3a gornomororo EOM, 1110 103BOJIUTH CKOPOTUTHU Yac PO3POOKM TEXHOJOTIYHOI JOKYMEHTAIlil TEeXHiYHOro OOCIyroByBaHHS
MEePCIEeKTUBHUX 3aCO0iB 3B 513Ky 32 CTAHOM Ta OOIPYHTOBAHO OOUPATH VIS 1IbOTO 3aCOO0M BUMIPIOBAaHb MiHIMaJIbHOI BapTOCTI.

Kmouosi cioBa: 3acobu 3B’s3Ky; 3aco0M BUMIpIOBaHb; TeXHiUHe OOCITYrOBYBaHHS 3a CTAaHOM; METPOJIOTiuHe 3a0e3-
MeYeHHsI; METPOJIOTiuHa HamiHICTh.
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AHHOTAIMS

PaccmoTpeHbl 0COOEHHOCTH METPOJIOTMUECKOTO OOECIeUeHMST TeXHUYECKOTO OOCITYy>KUBAHMS IO COCTOSTHUIO CPEICTB
CBSI3U OOJIBIION pasMEpHOCTU (IECITKM U COTHU ThICSIY 3JEMEHTOB), COCTOSIIIMX M3 OTAEJbHBIX MOACUCTEM, IMPOBEPKY
PpaboTOCTIOCOOHOCTH KOTOPBIX, TEXHUYECKOE OOCTYKMBaHUWE M BOCCTAaHOBJICHUE PabOTOCIIOCOOHOCTM MOXHO BBITIONHSITH
aBToHOMHO. [lpennaraercss misi MOBBIIEHUST 3(PMEKTUBHOCTH TEXHUUECKOTO OOCTYKMBAaHUSI IO COCTOSIHUIO YYeCTb
0COOECHHOCTH METPOJIOTUIECKOTO 00ECIIeUeHNsI, YCTaHABIMBATh PAlIMOHAIBHYIO TTOCIEI0BATEIbHOCTh BBIMIOTHEHUSI OTICpALIViA,
B 3aBMCHMMOCTM OT TpeOOBaHMIl OOOCHOBAHHO BbIOMpPAaTh HEOOXOAMMBIE CpeACTBa M3MepeHuid. JJIsi 3TOro Mcmob3yroT
KOMIIJIEKCHBIN TI0Ka3aTeslb, OOBEIUHSIONINI OTAEIbHBIE TapaMeTphbl MPOBEPOK M BEPOSITHOCTh MX IMPEUMYIIECTBEHHOTO
BBIOOpa. DTO TTO3BOJIIET 32 MUHMMAJbHOEC BpeMs C 3aJaHHON BEPOSTHOCTBHIO OLIEHUTh TEXHWYECKOE COCTOSTHHE CPEICTB
cBs3u. Kpome TOro, BO3MOXHO KOJMYECTBEHHO OLIEHWUTb BpPEMsI BBIMOJHEHMSI TEXHUYECKOTO OOCTYXXKMBAHUSI C y4ETOM
METPOJIOTUUECKOM HAAEXKHOCTH M BEPOSITHOCTH IPAaBUJIBHON OLIEHKM pe3yjibraTa IPOBEPKM ITapaMeTpPOB CpeACTBAMU
usMepenunii. opmaan3oBaH MOPSIIOK UCIOJb30BAHUS MOJYUYEHHBIX PE3yIbTaTOB M IPUBEICH MPUMEP MX peaar3aliiu.

KiroueBbie €/10Ba: CPEICTBA CBA3U; CPEACTBA U3MEPEHUI; TEXHUIECKOE OOCIYKMBAHKME 10 COCTOSIHUIO, METPOIOTHYEC-
Koe OOEeCIeYeHNe; METPOJIOTMUECKAS HAIEKHOCTb.

22 Ukrainian Metrological Journal, 2021, No 3, 17-23



Ye. Ryzhov, L. Sakovych, Yu. Myroshnychenko, V. Hrabchak, Yu. Nastishin, A. Volobuiev

References

L.

Kredentser B.P. Tekhnicheskoe obsluzhivanie i na-
dyozhnost sistem s vremennym rezervirovaniem
[Maintenance and reliability of systems with tempo-
rary redundancy: monograph]. Kiev, Phoenix Publ.,
2016. 382 p. (in Russian).

DSTU V 3577-97. Types of maintenance. Replace-
ment of components. Terms. Kyiv, 1998. 9 p. (in
Ukrainian).

Ryzhov Ye., Sakovych L. Metod vyznachennia posli-
dovnosti perevirky parametriv pid chas tekhnichnoho
obsluhovuvannia viiskovoi tekhniky zviazku za sta-
nom [Method of determining sequence of checking
parameters at maintenance of military communica-
tion means by the state]. Weapons and military equip-
ment, 2017, no. 4(16), pp. 70—72 (in Ukrainian). doi:
https://doi.org/10.34169/2414-0651.2017.4(16).70-72
Ksenz S.P., Poltarzhickij M.I., Alekseev S.P.,
Mineev V.V. Borba s diagnosticheskimi oshibkami pri
tehnicheskom obsluzhivanii i remonte sistem uprav-
lenija svjazi i navigacii [Combating diagnostic errors
in the maintenance and repair of communication and
navigation control systems]. Saint Petersburg, VAS
Publ., 2010. 240 p. (in Russian).

Herasimov S., Pavlii V., Tymoshchuk O., Yakov-
lev M.Yu. et al. Testing Signals for Electronics:
Criteria for Synthesis. Journal of Electronic Testing,
2019, vol. 35, no. 3, pp. 349—357. doi: https://doi.
org/10.1007/s10836-019-05798-9

Hlotov V.M., Fys M.M., Pashchetnyk O.D. Deve-
lopment of a methodics for improving the accuracy
of determination of spatial coordinates of object
points during air surveillance from a UAV. Geodesy,
cartography and aerial photography, 2020, vol. 92,
pp. 45—54. doi: http://doi.org/10.23939/istcgcap2020.
92.045

Sakovych L., Ryzhov Ye., Sobolev A. Method of time
distribution for repair of radio electronic means with
multiple defects. Military Technical Collection, 2019,
no. 21, pp. 72—77. doi: https://doi.org/10.33577/2312-
4458.21.2019.72-77

Romanenko V.P., Sakovych L.N., Ryzhov Ye.V.,
Gnatyuk S.E., Rozum LY. Methodology of justifi-
cation the type and evaluation of quality group search
of defects in the repair radio-electronic means. Radio
Electronics, Computer Science, Control, 2019, no. 1,
pp. 18—28. doi: https://doi.org/10.15588,/1607-3274-
2019-1-2

Ryzhov Ye., Sakovych L., Puchkov O., Nebesna Ya.
Evaluation of reliability of radio-electronic devices
with variable structure. Radio Electronics, Computer
Science, Control, 2020, no. 3(54), pp. 31-39. doi:
https://doi.org/10.15588,/1607-3274-2020-3-3

10.

11.

12.

13.

14.

15.

16.

17.

Ryzhov Ye., Sakovych L., Romanenko V., Khaus-
tov D., Nastishin Yu. Model of conjoint faults de-
tection at metrological service of electronics. Ukrai-
nian Metrological Journal, 2020, no. 2, pp. 18-26.
doi:  https://doi.org/10.24027/2306-7039.2.2020.
208671

Barzilovich E.Yu. Modeli tekhnicheskogo obslu-
zhivaniya slozhnyh sistem [Maintenance models for
complex systems]. Moscow, Vysshaya shkola Publ.,
1982. 231 p. (in Russian).

Ryzhov Ye., Sakovych L., Vankevych P., Yakov-
lev M., Nastishin Yu. Optimization of requirements
for measuring instruments at metrological service of
communication tools. Measurement, 2018, vol. 123,
pp. 19-25. doi: https://doi.org/10.1016/j.measure-
ment.2018.03.055

Kononov V.B., Vodolazhko O.V., Koval O.V., Nau-
menko A.M., Kondrashova I.I. Osnovy ekspluatat-
sii zasobiv vymiriuvalnoi tekhniky viiskovoho pryz-
nachennia v umovakh provedennia ATO [Fundamen-
tals of operation of means of measuring equipment
for military purposes in the conditions of ATO].
Kharkiv, KhNUPS Publ., 2017. 288 p. (in Ukrai-
nian).

Kononov V., Ryzhov Ye., Sakovych L. Depen-
dence of parametrs of repaire of military commu-
nication means on the quality of metrological sup-
port. Advanced Information Systems, 2018, vol. 2,
no. 1, pp. 91-95. doi: http//doi.org/10.20998,/2522-
9052.2018.1.17

Kovalenko I.I., Dragan S.V., Rykhalsky M.A.
Ekspertnye ocenki v upravlenii informacionnymi
proektami [Expert assessments in information pro-
ject management]. Nikolaecv, NUK Publ., 2007.
168 p. (in Russian).

Yakovlev M., Ryzhov Ye. Pidkhid do vyboru zaso-
biv vymiriuvalnoi tekhniky viiskovoho pryznachennia
dlia metrolohichnoho obsluhovuvannia viiskovoi
tekhniky zviazku [Approach to selection of mili-
tary measurement means for metrological mainte-
nance of military communication means|. Military
Technical Collection, 2014, no. 1(10), pp. 115—121
(in Ukrainian). doi: https://doi.org/10.33577/2312-
4458.10.2014.115-121

Sakovych L.M., Ryzhov Ye.V., Nastishin Yu.A.,
Miroshnichenko Yu.V., Korotchenko L.A. Metodyka
vyznachennya poslidovnosti perevirky radioelektron-
nykh kompleksiv pry tekhnichnomu obsluhovuvanni
za stanom [Methodology for determining the se-
quence of checking radio electronic complexes at
maintenance]. Military Technical Collection, 2020,
no. 22, pp. 66—73 (in Ukrainian). doi: https://doi.
org/10.33577/2312-4458.22.2020.66-73

Ykpaiucokuii memponoeiunuii ncyprnan, 2021, Ne 3, 17-23 23



