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The paper discusses the issues of finding the duration of the interval between checks of the
serviceable condition of technical systems with redundant channels according to the scheme
«2 of 3» and «1 of 3» when monitoring the health of the channels carried out according to
the criterion of a set value of availability function. The influence of the degree of
approximation of the objective function on the value of the interval between checks and
the efficiency of using technical systems is investigated. The main task of designing equipment
is to ensure a high level of its efficiency during operation. This is achieved both by
constructive methods and by the choice of operational characteristics. In most cases,
during the entire assigned lifetime, it is planned to carry out its maintenance in order to
identify possible failures and restore an up state. In this case, there may be a latent failure
in a certain set of parameters that determine the up state of the system. To eliminate it,
the equipment is checked for operative condition. Different groups of parameters can be
monitored continuously, periodically or not monitored throughout the assigned lifetime of
the device. The article considers the case of periodic monitoring of an up state. One of the
important operational characteristics of the equipment is the size of the interval between
checks. The issues of determining the duration of the interval between checks of the up
state of technical systems with redundant channels according to the «2 of 3» and «1 of 3»
schemes for monitoring the up state of the channels carried out according to the criterion
of the set value of the availability factor are discussed. Channel operating time distribution
is assumed to be exponential. An approximate solution to the problem consists in expanding
the exponent for the availability factor in a row and finding the roots of the nonlinear
equation. The analysis of the influence of the expansion terms number on the accuracy of
solving the problem is carried out. Use of this method will reduce the number of checks
compared to the optimal number.
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Formulation of the problem and analysis of recent
research and publications

There is a large number of hazardous industries,
including nuclear, chemical and biological objects
of a particular danger, therefore the issue of their
effective operation during the entire life cycle
becomes urgent.

Modern technological systems include a large
number of functionally interconnected technological
equipment, which may result in failure of the entire
system as a result of the failure.

To prevent the occurrence of emergency
situations in the process of work and eliminate their
consequences, special emergency systems are created.

Emergency systems in the process cycle are in
a state of readiness to prevent and eliminate hazardous
situations.

Periodically it is required to check their
serviceability, which leads to certain losses in the
implementation of the technological process.

In this regard, to ensure high efficiency of use
of the technological system during the entire assigned
service life, it is necessary to carry out its maintenance
in order to identify possible failures and restore its
operational status [1—6].

Main research material

One of the important operational characteristics
of an emergency system is the value of the interval
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between checks.
To determine it, as a rule, the optimization
problem is solved:

K, (6") =maxK_(0),

BeR

where K, (0)is the availability factor; 0 is a set of
intervals between checks; 0" is an optimal set of
intervals between checks; R is the area that defines
the set of valid control strategies.

Usually, the curve of dependence of availability
factors on the magnitude of the interval between
checks in the optimum area has a smooth form and,
therefore, the number of checks can be reduced from
the condition that the requirements for availability
are met.

Then the selection condition for the quantity
0" has the form:

Kaf (e ) = Kff b

where 0" is the set of intervals between checks when
the above condition is met; Kff is the set value of
the availability factor.

In this article, technical systems are considered
that are in a state of readiness to accomplish their
task on an interval [0,T], where T is the designated
useful life.

At a random moment of time, evenly distributed
over the interval [0,T], a command may be received
to use a technical system. In this case, there may be
a hidden failure according to some set of parameters
that determine the performance of a system. To
eliminate it, checks are performed on a technical
system. Different groups of parameters can be
monitored continuously, periodically or not
monitored over the entire life cycle.

Let the up state of one channel of a system
with a reserve be distributed according to the
exponential law F(t)=1—e™ where 1 is the intensity
of its failures.

If we assume that the replacement time is
insignificant, the expression for the availability factor
for redundancy according to the «2 out of 3» scheme
can be written as follows:

3(1_6—2k6)_§(1_e—37\,9)

2
Ku®= AO+7) ’

where 0 is a value of the interval between checks;
T is check duration.

(D)

An approximate solution of the problem can
be searched for by decomposition of exponents in

the expression (1) in a row and taking different
numbers of expansion terms.

Formula (1) will have a following form:

for 3 expansion members:

Kaf(e)z(e—KZOB)/(9+’t); ()
for 4 expansion members:
2n3 5 3n4
0-A°0 +Zk 0
K, (0)~ : (3)
af( ) 9+1:
for 5 expansion members:
0-1%0’ +§7»364 —Bk495
K, (0)~ i 20 @

0+1

Let’s the channel of the system consist of one
computer with a failure rate of A=0.8649 Y~'. The
check time of the system is t=0.0044 Y [7]. With an
optimal control strategy, K¥ =0.9176. If it is
required to ensure K& =0.95, then, in this case, it
is necessary to apply channel redundancy, for
example, with reservation of channels on the scheme
of «2 of 3».

We investigate the dependence of the system
efficiency on the control strategy.

The graphs of the dependence of the system
availability factor on the length of the intervals
between checks, built on the basis of the formulas
(1—4) are shown in fig. 1.

We write expressions for equations, from which
it is possible to calculate the value of the interval
between checks.

Using expression (2), we obtain the following
equation:

A0 —(1-K&)0+KEt=0. (5)

If we use the expression (3), then the equation
will have the following form:

%ﬁe“ ~270° +(1-K%)0—K&1 =0, (6)

Transforming the expression (4), we obtain the
equation of the 5th degree:

19 5007 — 2000 1220°
20 4

~(1-K&%)0+KE&1=0. (7)
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Fig. 1. Dependence of availability factor on the intervals between checks
The solution of such equations causes certain for 3 expansion members:
difficulties; however, algorithms have been developed
that makes it possible to find their solutions [8]. The 1.5 3 . uns
. ) ) X 0——A1"0"+—L"0
best approximate solutions are obtained by using the 10 _ (10)
expression (7). K, (0)= 0+1 >
Let’s us estimate the values of the desired and
optimal inspection intervals for our example (table 1). for 4 expansion members:
1 3 5
o o Table 0—— 220" + 2 1407 — 2 2.50°
Values of inspection intervals and availability factors K ( 9) 10 24 (11)
£ ~
The equation] 0°Y |0PY | K% O) | K'(6™) | 0/67 0+1
Exponents | 0.235 | 0.15)0.9499 | 0.9576 | 1.57 for 5 expansion members:
3rd degree 0.196 | 0.14 | 0.9499 | 0.9553 1.4
4th degree 0.244 1 0.16 | 0.95 0.9578 1.53
5th degree | 0.234 | 0.15[0.9499 | 0.9575 | 1.56 1 1 3
Kaf (9) ~ e—(e —27\.394 +E}\.495 —
+7T
If it is required to ensure K% =0.98, then, in
this case, it is necessary to apply channel redundancy 5 .s5n6 . 3 a6n7
. ——A0"+—01"0" |. (12)
according to the «1 of 3» scheme. 24 28

Consider a system with redundancy «1 of 3».
Expression for availability:

18(1—e)=9(1—e ) .
6M(0+ 1)

K, (0)=

-3
+2(1 e )

: (8)
6M(0+ 1)
By decomposing the exponents in expression (8)
in a row and taking different numbers of expansion
terms, we get:
for 2-members expansion:

K., (0) z(e—im“j/(eﬂ);

9)

The graphs of the dependence of the system
availability factor on the value of the interval between
inspections, built on the basis of the formulas (9—
12) are shown in Fig. 2.

Using expression (9), we obtain the following
equation:

r'e —4(1-K%)0+K:1=0. (13)

If we use the expression (10), then the equation
will have the following form:

121%0° ~101°0* + 40(1 - K&,)0 -

~40K&1=0. (14)
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Fig. 2. Dependence of availability factor on the value of the interval between checks for the «1 of 3» scheme

And, transforming the expression (11), we
obtain the equation of the 6th degree:

1112°0° —2161°0° +1801°0" —

—720(1-K%)0+720K% 1 =0. (15)
From the expression (12), follows:

42470.°0" —7770°0° +15121.°0° —

—12601°6* + 5040(1-KE.)0 -

~5040K &7 = 0. (16)

Values of inspection intervals and availability
factors are shown in table 2.

Table 2
Values of inspection intervals and availability factors
The equation| 0Y |6°'Y [ K*(0") | K*(©°) | 6776
The equation| 0Y [0®Y | K*(©") | K*(0°) | 67/0°"
Exponents 0.235 [ 0.15]0.9499 | 0.9576 1.57
3rd degree 0.196 | 0.14 ] 0.9499 | 0.9553 1.4
4th degree 0244 | 0.16 | 0.95 0.9578 1.53
Sth degree 0.234 | 0.15]0.9499 | 0.9575 1.56

Conclusions

Thus, refusal to assign the optimal values of
the intervals between checks and the use of intervals
that provide a given level of readiness can reduce
the number of checks and the operation cost.

Studies have been carried out to determine the
interval between inspections of the technical system

with redundancy according to the «2 of 3» and «1 of
3» scheme from the condition of meeting the
requirements for its effectiveness.

It is shown that this approach can reduce the
number of checks compared to the optimal strategy
and provide an economic effect.
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OLIHKA ITEPIOAUYHOCTI KOHTPOJIIO CITPABHOI'O
CTAHY TEXHIYHOI CUCTEMU 3A CXEMOIO
PE3EPBYBAHHSA KAHAJIIB «2 3 3» HA OCHOBI
3AJAHOI'O 3HAYEHHA E®EKTUBHOCTI

Yymaxoe JI.JI., Mucoeé O.11., Casuenxo M.O., Kpaseup B.I.,
Timosa O.B.

B cmammi o6206oproromscsi numanHs 3Haxo0xceHHs mpuea-
A0cmi iHmepeany Mijxc nepegipKkamu CnpasHo20 CMaHy mexHiyHux
cucmem 3 pe3epeyeaHHaM KaHanie 3a cxemoro «2 3 3-x» i «1 3 3-x»
npu 30ilicCHeHHI KOHMPOAIO CNPABHOCMI KAHANI6 3a Kpumepiem 3a-
daHoi eeauuunu Koegiyicnma comoerocmi. Jlocaioxceno enaue cmy-
neHs HabAudICeHHs Yinboeoi QYHKUII Ha éeauquHy iHmepsany mixc
nepesipkamu i egheKmMueHicmy BUKOPUCMAHHS MEXHIYHUX CUCMEM.
OCHOBHUM 3A80aHHAM NPOEKMYBAHHS 001A0OHAHHS € 3a0e3neueHHs
8UICOK020 pIiGHs U020 eekmuenocmi 6 npoyeci excnayamayii. Ile
docsieaemocs K KOHCMPYKMUBHUMU Memoodamu, max i eubopom
ekcnayamayitinux xapakmepucmuk. Y Ginvuwocmi eunaodkie npo-
MA20M YCb020 NPUSHAHEHO20 MEPMIHY eKChAYyamauii naaHyemocs
BUKOHY8AMU 11020 00CAY208Y8AHHS 3 MEMOI) BUABNEHHS MONCAUBUX
300i86 i 6IOH06ACHHS cCMaHY. Y UboMy 6UNAOKY MOJCe CIAMUCS NPU-
Xoeanuil 30iil y negHOMY HAOOPI hapamempie, wo U3HAYAIOMb CHAH
pobomu cucmemu. /s 020 ycyHeHHs 001GOHAHHS Nepegipsemocs
Ha cnpasHutl cman. Pisni epynu napamempie moxcymeo iocaiokosy-
eéamucs NOCMILHO, Nepioou4Ho abo He KOHMPOABAMUCS NPOMS-
eom 8ideedeHo20 mepMiHy ekcnayamauii npucmpor. Y cmammi
PO321510aEMbCsi 6UNAOOK NepioduuHo20 MoHimopuney cmany. O0-
HIEIO 3 8ANCAUBUX EKCNAYAMAYIUHUX XAPAKMEPUCMUK 00AA0HaHHS
€ poamip inmepeany mixc nepegipkamu. [lumanus usnauerHs mpu-
8aN0CMI IHMEPBANY MidC NepegipKamu Cmany MmexHiYHux cucmem iz
HAOAUWKOBUMU KaHaramu 3a cxemamu «2 3 3» ma «1 3 3» oaa
MOHImMOpUHEy CMmaHy Kauanie, w0 30iUCHIOIOMbCS 34 Kpumepiem
3a0aH020 3HAYeHHs1 Koe@iyichma O00CmYnHOCMI 002080PIOHOMbCA.
Po3nodin uacy pobomu kanany 66axcacmucsi eKCHOHEHUiAAbHUM.
Habauxcene piwenns 3a0aui noaseae y po3uuperti NOKA3HUKA 015
Koeghiyienma docmynnocmi nidpso i NOWYKY KOopeHié HeaiHilIHo20
pieHanHA. Bukonano ananiz enaugy Ha mouHicmo eupilieHHs 3a0a4i
npo Kinbkicmv mepminie po3uiupents. Bukopucmanus yboeo memo-
dy 3MeHWUms KinbKicmb nepesipok NOPIGHIHO 3 ONMUMAALHON
KinbKicmio.

KnwoyoBi caoBa: moBipka, TexHiYHa cucTeMa,
pe3epBYyBaHHS, MEPIOAUYHICTD KOHTPOJIO, OLIiHIOBAHHS
HECTIPaBHOCTI.

OIIEHKA ITEPUOANYHOCTU KOHTPOJIA
UCITIPABHOI'O COCTOSIHUS TEXHUYECKOM
CUCTEMBI I10 CXEME PE3EPBUPOBAHUA KAHAJIOB
«2 U3 3» HA OCHOBE 3AJIAHHOI'O 3HAYEHU S
DOPEKTUBHOCTU

Yymaxoe JI.JI., Moicosé O.11., Casuenxo M.O., Kpasey B.H.,
Tumosa E.B.

B cmamoe o6cyacdaromes eonpocel HaxoxucoeHus orumens-
HOCMU UHMepP8ana Mexicdy NpoeepKamiu UCNPAGHO20 COCHOSHUS
MEXHUMECKUX CUCIEM C Pe3ePUpo8aniem Kananose no cxeme «2 u3
3-x» u «I uz 3-x» npu ocywecmeneHuu KOHmMpOAs UCHPAGHOCHU
KaHanoe no Kpumepur 3a0aHHOU GeauyuHsl Kodgguyuenma eo-
mogrocmu. Hccredosaro enustue cmenenu npuoAuUNCeHUs: Yeaegoll
yHKyUU Ha eeauUHY UHMEPBANa Medcdy npogepkamu u 3pgex-
MUBHOCMY UCNOAb308AHUS MeXHU1ecKuX cucmem. OCHO8HOU 3a0a-
Yell npoeKMuUpoBaHusi 060py006anUs 6Aemcs 06ecneyeHue 6bico-
K020 ypoeHs e2o aghpexmuenocmu npu sxcnayamayuu. Imo doc-
mueaemcs Kak KOHCMPYKMUBHbIMU Memodamu, max u bioopom
IKCNAYAMAYUOHHBIX Xapakmepucmuk. B 6oavuwuncmee cayuaes 6
meueHUe 6cee0 HA3HAYEHHO20 CPOKA CAYIHCObI RAGHUDYEMCs NPOGO-
OJumb mexuuueckoe 00cayacUeanue, Hmobsl 6biA6UMb B03MOUCHBIE

¢605 u 60cCMaHogumMb pabomocnocobroe cocmosanue. B smom cay-
Yae 603MONCEH CKpbImbill cO0l 6 onpedeseHHoM Habope napamem-
D08, Komopble onpedensitom cocmosHue cucmemvl. Ymoowr ycmpa-
HUmM®b 3mo, 000py0o8anue nposepsemcs Ha ucnpagHocms. Paziuu-
Hble ePYNNbL NApamempo8 MO2ym OMCAeHCUBAMbCS HeNPEePbleHO,
nepuooutecKy Uiy He KOHMPOAUPOBAMYBCS 8 MEUEHUE 8Ce20 HA3ZHA-
YeHHO20 CPOKA CAYHCObL yempoticmea. B cmamve paccmompen cay-
Yail nepuoouecK020 MOHUMOPUHaa pabomocnocOOH020 COCMOSHUS.
OO0HoUI U3 8AXNCHBIX IKCHAYAMAUUOHHBIX XAPAKMEPUCMUK 000py00-
BAHUS A61eMCS BeAUMUHA UHMeP8ana mexcdy nposepkamu. Bon-
DOCbl onpedeneHus NPOCOANCUMENLHOCIMU UHMEPBANa Melcdy npo-
6epKamu pabomocnocoGH020 COCMOSHUS MEXHUMECKUX CUCEM C
Pe3epeHbIMU KAHANamu no cxemam «2 u3 3» u «1 uz 3» ona moHu-
mopuHea pabomocnocobH020 COCMOSHUS KaHAA08, GbINOAHAEMbIX 1O
KpUmepuro yCmaHoeAeHH020 3HAUeHUs KOIpduuyuenma 0ocmynHoc-
mu. Pacnpedenenue epemenu pabomel kanara npednosazaemcsi K-
cnonenyuanshvim. Tlpubnudicenroe pewienue 3a0a4u cocmoum 6 yee-
AUHeHUU nokKazamens cmenenu 04s Koagguyuenma docmynHocmu
6 pA0 u HaxoxcoeHuu KopHell HeauHeliHoeo ypaenenus. Ilpoeeden
aMau3 6AUSHUS HA MOYHOCMb PeuleHUs 3a0a4i YUCAa Y1eH08 Pa3-
A0xcerus. Mcnoav3oeanue 3moeo memooda ymMeHvlum Koauuecmeo
NPOBEPOK NO CPABHEHUIO ¢ ONMUMANLHBIM KOAUYECBOM.

Karouesbie cioBa: IIOB€pKa, TEXHHYECCKasg CHUCTEMa,
peE3CpBUPOBAHUEC, MEPUOJUYHOCTb KOHTPOJIdA, OLICHKaA
HEUCIPaBHOCTHU.
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WITH THE «2 OF 3» SCHEME OF CHANNELS
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OF EFFICIENCY
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The paper discusses the issues of finding the duration of the
interval between checks of the serviceable condition of technical
systems with redundant channels according to the scheme «2 of 3»
and «1 of 3» when monitoring the health of the channels carried out
according to the criterion of a set value of availability function. The
influence of the degree of approximation of the objective function on
the value of the interval between checks and the efficiency of using
technical systems is investigated. The main task of designing equipment
is to ensure a high level of its efficiency during operation. This is
achieved both by constructive methods and by the choice of operational
characteristics. In most cases, during the entire assigned lifetime, it
is planned to carry out its maintenance in order to identify possible
failures and restore an up state. In this case, there may be a latent
failure in a certain set of parameters that determine the up state of
the system. To eliminate it, the equipment is checked for operative
condition. Different groups of parameters can be monitored
continuously, periodically or not monitored throughout the assigned
lifetime of the device. The article considers the case of periodic
monitoring of an up state. One of the important operational
characteristics of the equipment is the size of the interval between
checks. The issues of determining the duration of the interval between
checks of the up state of technical systems with redundant channels
according to the «2 of 3» and «1 of 3» schemes for monitoring the up
state of the channels carried out according to the criterion of the set
value of the availability factor are discussed. Channel operating
time distribution is assumed to be exponential. An approximate solution
to the problem consists in expanding the exponent for the availability
factor in a row and finding the roots of the nonlinear equation. The
analysis of the influence of the expansion terms number on the
accuracy of solving the problem is carried out. Use of this method

FEvaluation of control periodicity of operative condition of technical system with the «2 of 3» scheme of
channels reservation on the basis of the given value of efficiency



102 ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2019, No. 2, pp. 97-102

will reduce the number of checks compared to the optimal number.

Keywords: verification, technical system, reservation, fre-
quency of control, fault assessment.
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