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Abstract

Based on the analysis of the available verification system of measuring instruments, the inexpediency of
a fixed value of inter-verification intervals has been established, and recommendations for the implementation
of a different approach to changing the values depending on the operation time have been substantiated. Establishing the
patterns of changes in the values of reliability and accuracy indicators over time allows one to increase the metrological
reliability of measuring instruments, as well as the operational reliability of radio-electronic devices due to correct assessment
of their real technical condition during maintenance and current repairs.

The paper for the first time studies the option of reducing the verification intervals of measuring instruments to ensure
the required level of their metrological reliability depending on the given value of the complex reliability indicator or the
accuracy of measurements of the parameter values of radio-electronic instruments when assessing their technical condition
during maintenance or current repairs. The results obtained can be used for versatile determination of verification intervals

of both analogue and digital measuring instruments.
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Statement of the problem

Metrological support (MS) of the operation of
modern radio-electronic means (REMSs) significant-
ly affects the time of their maintenance (MT) and
current repairs (CR) by assessing the real technical
condition (TC) based on the measurement results of
the parameter values. In real time, the duration of the
inter-verification intervals (IVIs) is constant throughout
the entire period of operation of the measuring instru-
ment (MI), yet as a result of ageing of electrical and
radio elements, as well as metrological failures, their
reliability and accuracy deteriorate before the next in
turn verification, which leads to incorrect assessment
of the REM TC and increase in their MT or CR.
Therefore, an urgent scientific task arises: based on
the analysis of the MI operation process, the reasons
for the deterioration of MI metrological characteristics
shall be determined and ways to increase the values of
reliability and accuracy indicators throughout the entire
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period of use for their intended purpose shall be justi-
fied by implementing a flexible I'VI assignment system.

Analysis of recent achievements and publications
Metrological support of modern REMs signifi-
cantly affects the time of their maintenance and repairs

Ty :TTC/PTC HZIPI‘(T)a (1

where T, is the average recovery time (TC assessment
and troubleshooting);
T,. is the average time of TC assessment and
troubleshooting;

P, is the probability of correct TC assessment;

P (1) is the metrological reliability (MR) of the
MI type i at IVI T;

M is the number of MIs for checking the values
of the REM parameters during MT or RC.

The reliability of the measurement results of the
parameter values of REMs during their MT or CR is
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determined not only by the accuracy of MIs, but also
by the reliability of its maintenance over a certain pe-
riod of operation, i.e., the MR. In the regulatory and
technical documentation for Mls, the MR indicator is
recorded, represented by the probability of the absence
of hidden failures according to IVI at a given value of
the product utilization coefficient 0.1 < K, < 0.24 [1].

Special features when operating Mls is due to the
provision of fault-free operation, mainly due to hidden
(metrological) failures. The effects of operating MIs
with metrological failures can be extremely large and
difficult to predict in the event of incorrect assessment
of the real TC of critical infrastructure products (com-
munications, transport, energy, etc.) [1, 2].

The verification of MlIs plays a pivotal role in the
system maintenance. MIs are verified by metrological
centres and verification laboratories in accordance with
regulatory legal acts. The duration of a IVI is assigned
depending on the actual reliability of a MI, the condi-
tions of its operation, the intensity of use (K,), and the
significance of the results for the operation of specific
samples of REMs [1, 2].

But the question arises: why is P(t) < 1 in IVI?
Therefore, the purpose of the paper is not only to
determine this effect, but also to substantiate recom-
mendations for increasing the MR of available and
promising MIs.

The analysis of the values of T and P(1) of avai-
lable MIs according to data [3] is given in Table I,
where the values of T=const and are calculated using
the well-known method [1].

Table 1
Information on the inter-verification intervals
and metrological reliability of available measuring

instruments
Tape of MI 1, hour P(7)
r4-116 5000 0.989
B3-41 4000 0.978
Y3-54 3000 0.976
B7-15 4000 0.978
O-5014 2000 0.899
I'3-102 5000 0.989
CK3-43 5000 0.997
11-4353 1500 0.877
M3-45 2000 0.899
Y3-63 3000 0.976
C6-11 5000 0.997
B3-56 4000 0.978
I'4-151 5000 0.989

Data on modern MIs from the 2017 mobile labo-
ratory set of measuring equipment (TU 34.1-01354485-
018:2018) are given in Table 2.

In both cases, regardless of the MI operation time
and the year of manufacture, the value t=const for
the entire period of use for its intended purpose until
decommissioning.

Table 2
Modern measuring instruments from
the set of a mobile laboratory

Inter-verification
Name .
interval, years
Universal frequency counter ’
Keysight 53220A, USA
Analogue signal generator )
Keysight E8257D, USA
Signal generator '4-301, Ukraine 2
Comparator Y7-39, Ukraine 2
Rubidium frequency standard, 2
F8725, USA
Resistance store P4831, Ukraine 2
Electronic frequency counter, )
Y3-101, Ukraine
Non-linear distortion meter, )
CK 6-13, SU
Signal generator Keysight )
33511B, USA
Digital multimeter Keysight 34461A, )
USA
Signal analyser Keysight Ne9000B, 2
USA
Modulation meter CK3-45, SU 2
Digital oscilloscope Keysight 3
DSOX3032A, USA
Power sensor Keysight U2000H USB, 2
USA
Electronic scales TBE-30-0.5, Ukraine 2

It is known that the presence of a subjective fac-
tor and the need to control a set of MlIs during MT
of large-sized objects leads to incorrect assessment of
their real TC and, as a result, to possible human-made
disasters [2, 4].

MS of modern REMs requires new approaches
to make a solid choice of MIs for their MT and CR,
as well as considering MR in the process of assessing
the reliability indicators. Recently, there has been a
transition from analogue to digital REMs, which also
requires new approaches to assess their real TC during
MT and CR, which is in turn affected by the MR of
the MI. At the same time, the IVIs of these, according
to the guiding documents, remains unchanged, which
leads to a deterioration in the MR values of modern
MiIs at the final stage of IVIs [5—10].

The purpose of the paper is to obtain functio-
nal dependencies of the length of IVIs of MIs on the
conditions of their operation and the requirements for
the values of the reliability indicators of the REMs for
a practical transition to a versatile determination of
IVIs of modern analogue and digital MIs, which will
allow maintaining the value of their MR throughout
the entire period of operation.

Presentation of the main material

Considering the intensity of use of the MIs
throughout the entire IVI to be constant, a linear de-
pendence of the complex reliability indicator — the
readiness coefficient (Krc) — on time is obtained,
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Fig. 1. Change in the readiness coefficient of a measuring instrument depending on the time of operation and the number

of next in turn verifications

which is shown in Fig. 1. Due to the ageing of the
MI electrical and radio elements, restoring its reliabi-
lity to the initial level during verification is impossible,
therefore, with each next verification, the value of the
readiness coefficient decreases by

AKrc(i)zl—BKrc(i—l),

where [ is the relative part of the restoration of
the readiness coefficient to the previous value
of Kre(i — 1).

The figure shows that with each verification for
the time value A‘Ci 41> the readiness coefficient of the
MI decreases below the permissible Krc . . Due to the
fact that At,,, >0, the scope of work during the next
in turn verification of the MI increases, and this also
leads to a decrease in the indicators of the MR, namely
P(t) (Table 1). During these periods, there is a risk of
incorrect TC assessment during MT or CR of the REM,
as well as a risk of an increase in the time required to
perform the work, which follows from expression (1).

Let us consider the quantitative indicators of the
MI operation process, which are shown in Fig. 1. Un-
der the previously defined conditions, the following is
obtained:

In this case, when a = const, there is always the
following:

BH —Kre,,, 1-Krc

b

T—Ar, T

1

that is, every time the I'VI exceeds the permissible value by

i—1
Bl _Krcmin .

At =1|1-
1-Krc,.

For example, when B = 0.99; Krc = 0.9;
T = 2 years, there is an increase At with each next
verification, as shown in Fig. 2, when Krc < Krc__ .

ATi, ear
0,8

0,6

0,4

0’2 e ettt :

Fig. 2. Dependence of the increase in time when
the readiness coefficient of the measuring instrument is below
the permissible value

That is, the reason for the decrease in the MR of
available MIs is explained by the fact that T = const
regardless of the MI operation time, and the longer it
is, the smaller the MR is. This situation arose due to
the difficulty of accounting the operating time of in-
dividual samples of MIs in the absence of a computer.
Today, information technologies are rapidly developing,
which makes it possible to create an automated sys-
tem of REM MS for critical infrastructure, which can
operate as part of metrological centres or metrological
laboratories. This allows for the recording of works in-
dividually for each sample of MIs. In this case, it is
possible to exclude periods of the MI operation when
their Kre < Kre . (Fig. 3).

With the previously mentioned assumptions,
the length of the IVI depending on its number
is obtained:
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Fig. 3. Operation of measuring instruments with variable inter-verification intervals
i-1
- KI"C : AT:’, years
T,:T_AT,-:TBlK—mm- 1+
— Krc,_.
min KrCmi11:0,9
The total reduction in the IVI time after perfor-
ming n verifications is equal to 05+
n i =

n l’lKl"Cmin _ z;lBl 1 K}"lel 0,8

ZAT[ =tln+ = ,

p 1-Kre,,

i
that is, for the previously considered example of using 0 1 ) 3 4 5

a MI, it is necessary to perform one additional ver-
ification over 10 years of operation, while the scope
of works is reduced, the MR of the MI increases and
always corresponds to the standard one.

Let us consider the influence of controlled varia-
bles on the value of the IVI reduction:

* when T increases by 2 times, At, also increases
by two times;

« when B, decreases by only 1%, the value of
At, doubles;

+ when the permissible value Krc . is reduced
by 11%, the value At, decreases by two times (Fig. 4).

If the accuracy of measurement of the REM pa-
rameters is crucial for using the MI, then as a criterion
for sending the MI for verification, it is possible to
apply an increase in the relative measurement error
(0) to the maximum permissible value 8 __ (Fig. 5).

d %
6max

Fig. 4. Dependence of the reduction of inter-verification
intervals on the minimum permissible decrease
in the readiness coefficient (t = 2; B = 0.99)

In this case, the length of the IVI is obtained as

follows:
i —1)A
Ti:T 1__(l ) : +T,;15
5, —5

max mi

where T, is the time until the next in turn verification
from the start of operation of the MI,;
A =9, (1 —y) , v is the degree of recovery of relative
accuracy of measurements of the REM parameter values.

Let us consider the use of the obtained results
using the example of the frequency meter U3-101
with the following initial data: T = 2 years; § = 0.99;
Kre = 0.85. In this case, over 12 years of operation,

6min Q. A 1

A> A3

0 T

172 T3 T4

Fig. 5. Determination of inter-verification intervals depending on the value of the relative measurement error
of the radio electronic equipment parameter
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it is proposed to perform 8 verifications according to
a flexible schedule instead of 6 according to the fixed
one as established, but during this period of operation,
the value of the complex reliability indicator will always
be no less than the required one (in the existing state,
for 8 months before the sixth verification Krc < Krc__ ).

Another example of calculating the inter-verifica-
tion intervals is depending on the minimum permissi-
ble error of measurements of the parameters values of
radio electronic devices. Keysight DSOX3032A digital
oscilloscope made in the USA was used, with the fol-
lowing initial data: T = 3 years; § = 4%; 0_. = 1%;
v = 0.9. At the same time, over 12 years of operation,
it is necessary to perform 6 calibrations instead of 4,
which ensures the minimum required value of the re-
lative error of the parameter measurements during this
period of operation of the oscilloscope (in the existing
state, before performing 4 calibrations, the relative error
of parameter measurements exceeds 5%).

It should be noted that the results were obtained
assuming stable operating conditions and a linear na-
ture of the change in the readiness coefficient and the
relative error of the MI measurements over time.

Therefore, the proposed approach to determining
the IVI will be flexible and different from the available

one, in which this time is deterministic. To increase
the value of the readiness coefficient and accuracy of
MIs, especially those that have been in operation for a
long time, it is necessary to reduce the IVI (Fig. 3, 5).
This allows ensuring the required level of operational
reliability of REMs without significant costs for their
MS: despite the increase in the number of MI veri-
fications during their operation, the scope of work is
reduced and, in addition to the scheduled MT, does
not require CR.

Conclusions

1. For the first time, the possibility of reducing
the inter-verification intervals of measuring instruments
to increase their metrological reliability and reduce the
relative measurement error was studied.

2. It is advisable to use the obtained results in
the creation of promising automated systems for me-
trological support of radio-electronic means of critical
infrastructures.

3. The collection and processing of statistical data
on changes in the reliability and accuracy of measuring
instruments over time shall be studied to pass real laws
depending on the operating conditions of promising
digital instruments.
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AnoTauis

Ha ocHoBi aHani3zy HasiBHOI CUCTeMHU IMOBIpKM 3aCO0iB BUMipIOBaJIbHOI T€XHIKM BCTAHOBJIIEHO HEIOLIIbHICTb IMOCTIiii-

HOTO 3HAUEHHSI MIXITOBIpOYHMX iHTEPBaJiB i OOIPYHTOBAaHO peKOMEHAALlii 11100 BIPOBAIXKEHHS iHILIOrO IMiaX0Ay A0 3MiHU
iX 3HAUEHHS 3aJIeXXHO Bil 4Yacy ekcruryarailii. BcTaHOBIEHHSI 3aKOHOMIpHOCTI 3MiHM 3Hau€Hb MOKA3HUKIB HamiliHOCTI 1
TOYHOCTi 3 YacoM J03BOJISIE MiABUILMTU METPOJIOTIUHY HaAiliHICTh 3acO0iB BUMIpIOBaJIbHOI TEXHiKM, a TAKOX €KCIUlyaTa-
LHiAHY HaOiHICTb pamioeIeKTPOHHUX 3ac00iB 3a paxXyHOK IPaBUJIBHOTO OILIIHIOBAHHS iX PeajbHOrO0 TEXHIYHOTO CTaHy IpU
TEXHIYHOMY OOCJIyTOBYBaHHi Ta MOTOYHOMY PEMOHTI.

Y crarTi Bniepiie Q0CaiIkKeHO MOXIIMUBICTh CKOPOUEHHSI MiXKIIOBIPOUHUX iHTEpBaJiB 3aC00iB BUMIpPIOBAJIBHOT TEXHIKM IS
3a0e3MneYeHHsT HEOOXiIHOTO PiBHS 1X METPOJIOTIUHOT HAAIHHOCTI 3aJeXHO Bijl 3aaHOr0 3HAUYEHHSI KOMILJIEKCHOTO MOKa3HUKa
HaJiHOCTI a00 TOYHOCTI BUMIipIOBaHHS 3HaYEHb IapaMeTPiB padioeJeKTPOHHUX 3aCO0iB IiJ YaCc BU3HAYEHHS 1X TEXHIYHOIO
CTaHy B MpPOIIECi TEXHIYHOTO OOCIYroByBaHHS a00 MOTOYHOTO peMOHTY. OTpuMaHi pe3yabTaTu MOXJIMBO BUKOPUCTOBYBATU
IUISI THYYKOTO BU3HAUEHHSI MDKITOBIPOUHMX iHTEpBAJIiB SIK aHAJIOTOBUX, TaK i LMMPOBUX 3ac00iB BUMIpIOBAIbHOT TEXHIKH. [X
MPaKTUIHE BUKOPUCTAHHST MOKIIMBO peajli3yBaTH MPHU CTBOPEHHI MEePCIIEKTUBHUX aBTOMATU30BAHUX CUCTEM METPOJIOTIYHOTO
3a0e3MneYeHHs] paaioeIeKTPOHHUX 3ac00iB KPUTUUHUX iH(PPACTPYKTYp Y METPOJIOTIYHMX opraHax Ha 6a3i cyyacHux EOM.
Lle no3BOMIUTH HE TUILKU PO3pPaxOBYBaTU MIiXIOBIPOYHI iHTEpBaJIM iHAWBILYaJIbHO IS 3aCO0IB BUMIipIOBAJILHOI TEXHiKH,
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a ¥ KoperyBaTW iXHi 3HAUEHHS 3aJieXKHO Bil YMOB eKCIUIyaTallii (cTallioHapHUX abo ITOJbOBUX) 3 METOI 3abe3TNeueHHS

HEOOXiIHOTO PiBHS METPOJIOTiYHOI HAAiifHOCTI Ha Bech Mepion eKcruTyaTallii.
KimouoBi cioBa: 3acobu BUMipOBaJIbHOI TEXHIKM; MiXITOBIpOYHMI iHTEpBa; pamioeeKTPOHHI 3acO0U.
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