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SELECTION OF STRATEGY OF CONTROL OF GOOD STATE OF
TECHNICAL SYSTEM WITH DUPLICATION OF CHANNELS AND
VERIFICATION OF THEIR GOOD STATE ON THE BASIS OF GIVEN
VALUE OF EFFICIENCY

Annotation. Modern technical systems contain, as a rule, a large amount of elements that may
fail in the process of its operation.

To ensure high efficiency of the use of a technical system throughout the assigned lifetime, it is
necessary to carry out its maintenance in order to identify possible failures and restore the up
state of the system.

Discusses the issues of determining the duration of the interval between checks of the service-
able state of a technical system with duplication of channels and monitoring the health of each
channel according to the criterion of a set value of availability function.

The possibility of approximate estimation, as well as the effect of the degree of approximation of
the objective function on the efficiency of the use of the technical system, is investigated.
Studies have been carried out to determine the interval between checks of the technical system
serviceability with duplication from the condition of meeting the requirements for its effective-
ness.

It is shown that this approach can significantly reduce the number of checks compared with the
optimal strategy and provide an economic effect.
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Modern technical systems contain, as a rule, a large amount of elements that
may fail in the process of its operation.

To ensure high efficiency of the use of a technical system throughout the as-
signed lifetime, it is necessary to carry out its maintenance in order to identify pos-
sible failures and restore the up state of the system.

One of the important operational characteristics of the system is the value of the
inspection intervals, which is specified in the tactical and technical requirements. The
developer needs to justify the implementation of these requirements.

As a rule, the developers solve the optimization problem.

Ko (67)= maxKqy (6)-
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where Kar @) is the availability factor,

R is the area that defines the set of valid control strategies.

A significant number of publications, those include authors such as E.Yu. Bar-
zilovich, V.F. Voskoboev, M.V. Savenkov, V.A. Kashtanov, V.D. Kudritsky, V.G. Kura-
sov, L.D. Chumakov et al.

Thus, in [1, 2], an expression was obtained for an approximate estimate of the
optimal duration of the interval between checks 6° with an exponential distribution
of the uptime:

6% & |7 (1+ Ay, M

where 7 is the test duration,
A - failure rate when waiting,
Aen - failure rate when checking,
T - replacement time.
In [3], an expression is given for 6°°* with the same waiting and checking mode,

BOHT ~ F
4 )

However, this direction does not lose relevance, and research continues.

Usually, the curve of dependence of the availability factor values on the value
of the inspection intervals in the optimum region has a gentle form and, conse-
quently, the number of checks from the condition that the availability requirements
are met can be reduced.

The purpose of the article is to show the solution to the problem of choosing
the duration of intervals between checks for this case. A similar problem for a system
without redundancy was solved in work [4].

In this article a technical system is considered, which is in a state of readiness
to accomplish the task set for it on an interval [T], where T is the assigned lifetime.

At a random moment of time, evenly distributed over the interval, a command
may be received to use the technical system. At the same time, there may be a hid-
den failure according to some set of parameters that determine the efficiency of the
system. To eliminate it, checks are performed on the technical system. Different
groups of parameters can be monitored continuously, periodically or not monitored
over the entire life cycle. The tasks of evaluating the efficiency of operating a techni-
cal system with the aggregate repair method are considered in works [5, 6].

In our case, periodic good state monitoring is considered. We assume that the

control strategy is determined by the vector of intervals between checks 8.
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Let’s the uptime be distributed according to the exponential law where 4 is the
channel failure rate. For a system without a reserve, the optimal control strategy is a
uniform arrangement of checks [1-3], so in our case one inspection interval can be con-
sidered.

The expression for the availability of the system with duplication of channels,
assuming that the replacement time is negligible, we write as follows:

. ‘ N
2(1-e*)-05(1 -~ e‘“ﬂ)}
A8 +1) ' 3)

Kap(8)=

Denote KZf the set value of availability factor, and then the selection condi-
tion for the quantity &° is:

Kop(6°)=K3p. @

An approximate solution of the problem can be searched for by expanding the
exponents in a series and taking a different number of expansion terms.

Formula (3) will be as follows: for three members of expansion:

g_ Az@3
Keor(6)= 55— (5)

for four members of expansion:

g _A20% Atge

N 3t
Kar(6)= 9+t ' (6)

for five members of expansion:
g _7220% 1304 2146

- 3 4 15
Kar(9)= 11 ' (7)

Let’s the channel of system consist of one computer with a failure rate of 4 =
0.8649 1/Y. The recovery time of the system is 7 = 0.0044 Y. [4]. With an optimal

control strategy, Kar(d o) = 0.9176. If it is required to ensure

Kaf = 0.95, then in this case it is necessary to apply channel redundancy, for exam-
ple, duplication.
We investigate the dependence of the system efficiency on the control strategy.
The graphs of the dependence of the system availability factor on the number of checks
on the assigned lifetime, built on the basis of the formulas (3, 5-7) are shown in figure.
We write expressions for equations, from which it is possible to calculate the
value of the interval between checks.

Using expression (5), we obtain the following equation:
1208 _ _ig g -
7#6-3(1-k2.)6 + 3kZ 7 = 0. ®
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Figure 1 - Dependence of availability factor on the number of checks

For the expression (6), then the equation will have the following form:

i rzg= g g - _
37°04-42%6° + 12(1-K2,)6 - 12kZ,7 = 0. )

For the expression (7), we obtain the equation of the 5th degree:

3407 - 15226 + 200767 - 6o(1- K2, )6 + 60K L7 = 0. (10)

The solution of such equations causes certain difficulties; however, algorithms
have been developed that allow finding their solutions [7]. The best approximate so-
lutions are obtained by using the expression (10).

The values of the required and optimal intervals between the checks for our ex-
ample are given in the table 1.

Table 1
Values of inspection intervals and availability factors
The equation g y. georty, Kor(8%) | Kqp(6oPt) | g°/5%"
Exponents 0,47 0,219 0,95 0,9701 2,1
3rd degree 0,4 0,203 0,9497 0,9687 1,97
4th grade 0,5 0,222 0,9495 0,9702 2,25
5th degree 0,47 0,219 0,9492 0,9701 2,1

Thus, the refusal to assign the optimum values of inspection intervals and the
use of intervals that ensure a given level of readiness can reduce the number of
checks and reduce the cost of operation several times.

Conclusions. Studies have been carried out to determine the interval between
checks of the technical system serviceability with duplication from the condition of
meeting the requirements for its effectiveness.

It is shown that this approach can significantly reduce the number of checks

compared with the optimal strategy and provide an economic effect.

ISSN 1562-9945 109



«CucremHi TexHomnorii» 4 (123) 2019 «System technologies»

JIUTEPATYPA / JIITEPATYPA
1. Yymaxos JI.[I. O1ieHKa nepoaMYHOCTY IIPOBEPOK PAKeTHOIO KOMIUIEKCa, HaXOISIIero-
cs1 Ha 60eBOM JEeXypcTBe, py IpoektupoBanuu // Tp. CBBKY, Capato, CBBKY, 1969,
C.31-32.
2. bapswiosnu E.JO. OnTMmu3auysi nepMogyuHOCTA KOHTPOJIS CUCTEM, HeLOCTYITHBIX
HeITpepbIBHBIM ITPpOBEpKaM // ABTOMaTHKa 1 TejleMexaHmka — 1969. - N28. — C.175-177.
3. Yymaxos JI.[I. OrrTMMm3aliys crpaTerny KOHTPOJISI CIIPABHOCTY XPAaHSIIECsT CUCTEMBbI
// C6. "HamesKHOCTh CJIOKHBIX TeXHUUeckux cucreM'. — K. : Hayk. mymka, 1974 — C.36-43.
4. Yymakos JI.[I. Bei60Op cTpaTeruu KOHTPOJISI UCIIPABHOCTY TeXHMYECKOH CUCTeMbI Ha OC-
HOBe 3a1aHHOI 3 deKkTuBHOCTY // CUCTEMHBIE TEXHOJOIMM. PeroHaIbHbI MEKBY30B-
CKMI1 COOPHMK HayYHbIX paboT. — Boimmyck 5(118). — IHenporieTpoBck, 2018. — C.179-183.
5. Yymaxkos JI.II. KoadduiieHT roTOBHOCTH, CTOMMOCTD SKCIUTyaTaly TeXHUUYECKOTO
YCTPOCTBA TIPU KOMOMHMPOBAHHOM KOHTPOJIE U PA3IMYHON MHTEHCUBHOCTM BOCCTA-
HOBJIeHMS ero paboTocriocooHocT // C6. "TIpOUHOCTD U HAJIESKHOCTb TEXHUYECKMUX YCT-
porictB". — K. : Hayk. mymka, 1981 — C.162-171.
6. Ilepeepses E.C., UymakoB JI.ZI. IlapameTpudeckme MoOAe/nM OTKA30B U METOObI
OIIEHKU HAAEKHOCTU TEXHUUECKUX cucTteM / oTB. pef. B.C. bynuuk. - AH YCCP. UncTH-
TYT TexHuuyeckoi mexauuku. — K.: Hayk. nymka, 1989-184 c.
7. BpruycieHne KOpHeit IOAMHOMa [DJIeKTPOHHBIN pecypc] — DJIeKTPOH. aH. — Pexxum
nmoctyma: https://planetcalc.ru/7765/, cBo60oAHbBIN — 3arI. C 9KpaHa.

REFERENCES

1. Chumakov L.D. Otsenka periodichnosti proverok raketnogo kompleksa, na-
hodyaschegosya na boevom dezhurstve, pri proektirovanii // Tr. SVVKU, Saratov,
SVVKU, 1969, S.31-32.
2. Chumakov L.D. Optimizatsiya strategii kontrolya ispravnosti hranyascheysya sistemyi
// Sb. "Nadezhnost slozhnyih tehnicheskih sistem". - K. : Nauk. dumka, 1974 — S.36-43.
3. Barzilovich E.Yu. Optimizatsiya periodichnosti kontrolya sistem, nedostupnyih ne-
preryivnyim proverkam // Avtomatika i telemehanika — 1969. #8. — S.175-177.
4. Chumakov L.D. Vyibor strategii kontrolya ispravnosti tehnicheskoy sistemyi na os-
nove zadannoy effektivnosti // Sistemnyie tehnologii. Regionalnyiy mezhvuzovskiy
sbornik nauchnyih rabot. — Vyipusk 5(118). — Dnepropetrovsk, 2018. — S.179-183.
5. Chumakov L.D. Nadezhnost, stoimost ekspluatatsii tehnicheskogo ustroystva pri
kombinirovannom kontrole ispravnosti i vozmozhnosti oshibok kontroliruyuschey
apparaturyi // Sb. "Prochnost i dolgovechnost konstruktsiy". — K. : Nauk. dumka,
1980 - S.174-185.
6. Chumakov L.D. Koeffitsient gotovnosti, stoimost ekspluatatsii tehnicheskogo us-
troystva pri kombinirovannom kontrole i razlichnoy intensivnosti vosstanovleniya
ego rabotosposobnosti // Sb. "Prochnost i nadezhnost tehnicheskih ustroystv". — K. :
Nauk. dumka, 1981 - S.162-171.
7. Pereverzev E.S., Chumakov L.D. Parametricheskie modeli otkazov i metodyi ot-
senki nadezhnosti tehnicheskih sistem / otv. red. V.S. Budnik. AN USSR. Institut
tehnicheskoy mehaniki. — K. : Nauk. dumka, 1989. — 184 s.

110 ISSN 1562-9945



«CucremHi TexHoorii» 4 (123) 2019 «System technologies»

8. Vyichislenie korney polinoma [Elektronnyiy resurs] — Elektron. dan. — Rezhim

dostupa: https://planetcalc.ru/7765/, svobodnyiy — Zagl. s ekrana.
Received 11.03.2019.
Accepted 15.03.2019.

Bbi160p cmpamezuu KOHMPOAA UCNPABHOCMU MexHUYecKol cucmembi ¢ dy6auposaxuem
KaHanos u nposepKol ux ucnpasHocmu Ha ocHose 3a0aHHoOU 3¢hghexkmusHocmu

CospemeHHble MexHUYecKue cucmembl codepam, KAk npasuso, 60/buioe Koauyecmso
3/1eMeHmOos, Komopble Mo2ym OMKA3bIBAMb 8 NPOLECCe ee IKCNIyamayuu.

Ansa obecnedeHus BbICOKOU 3hgheKmuBHOCMU UCNONL30BAHUA MeXHUYecKol cucmemsl 8
meyeHue BCe20 HA3HAYEeHHO20 CPOKA 3KCNIyamayuu Heobxooumo nposooumb ee MmexHuYecKoe
00CYKUBAHUE C UE/blo BbIABIEHUS BO3MOXHbIX OMKA308 U BOCCMAHOBIEHUS pabomocnocobHo20
COCMOAHUSA cucmembl.

06cyxoatomes Bonpockl onpedesieHus OUMeNbHOCMU UHMepsana Mexody nposepKamu
UCNpasHo20 COCMOSHUS MexHUYecKol cucmembl C Oy6UPOBAHUEM KAHAMOB U KOHMPOseM
ucnpasHoOCMU Kax0020 KaHAIA No Kpumepuro 3a0aHHOU BeUYUHbI KO3(duyueHma 20mosHocmu.

WccnedosaHa BO3MOXHOCMbL  NpUBUXEHHOU OUeHKU, a maKxe BAUSHUE CmeneHu
npubauXeHus yenesol (yHKUUU Ha 3hcheKmUBHOCMb UCNOIb30BAHUS MEXHUYECKOU cucmemsi.

llposedeHb! uccnedosaHus onpedeneHus BeUYUHbI UHMepBana Mexody nposepKamu
UCNpasHOCMU KaHAN08 MmexHUYeckol cucmemsl ¢ Oyb6/IUPOBAHUEM U3 YCIOBUS  BbINOJHEHUs
mpebosaHuli K ee 3¢hchekmusHocmu.

llokazaHo, 4mo 3mom noodxo0 Moxem 3HAYUMENbHO COKPamMUMb YUCIO NPOBEPOK No
CpasHeHuto c onmumanbHol cmpameauel u 0ame IKOHOMUYeCKUl 3¢hchexkm.

Bu6ip cmpamezii koHmponto cnpasHocmi mexHiyHoT cucmemu 3 0y61108AHHAM KAHANIB i
nepesgipkoro ix cnpasHocmi Ha ocHosi 3adaHoi e¢hekmusHocmi

Cy4acHi TexHiYHi CUCTEMM MiCTATb, AIK NPaBWUNIO, BENMKA KiNbKIiCTb €1EeMEeHTIB, fKi MOXYTb
BIAMOBNATK B Npoueci ii ekcnnyarauii.

[ins 3a6e3neyeHHs BUCOKOT eheKTUBHOCTI BUKOPUCTAHHSA TEXHIYHOT CUCTEMM NPOTATOM YCbO-
ro NpU3HaYeHoro TepMiHy ekcniyatauii HeobxifHO NPOBOAUTY Ti TexHiYHe 06CNYroBYBaHHSA 3 Me-
TOK BUABNEHHA MOXNBKX BiJMOB 1 BifHOBNIEHHA NpaLe3[aTHOr0 CTaHy CUCTEMMU.

06roBOpIOIOTLCSA NUTAHHA BM3HAYEHHS TPMBANOCTI iHTEPBANY MiX NepeBipKamu CNpaBHOro
CTaHy TeXHiYHOi cucTemMu 3 AyOIOBAHHAM KaHaNiB i KOHTPONEM CNpaBHOCTI KOXHOrO KaHany 3a
KpuTepiem 3afaHoi BeNUYMHM KoediLlieHTa roTOBHOCTI.

JlocnigeHo MOXKINBICTb HAONMKEHOT OLIHKM, @ TAKOX BMIMB CTYNEHs HabNMKeHHs LinboBoi
(DYHKLiT Ha eheKTUBHICTb BUKOPUCTAHHS TEXHIYHOT CMCTEMMU.

MpoBeneHo AOCNIMKEHHS BU3HAYEHHS BENWYMHM iHTEpBaNy MiX MepeBipKkamu CNpaBHOCTI
KaHaniB TexHiYHOT cucTemMm 3 ly6NIOBAHHAM 32 YMOBM BUKOHAHHSA BUMOT [0 Ti edeKTMBHOCTI.

MokasaHo, WO Lel miaxif MoXe 3HaYHO CKOPOTUTU KifbKiCTb NepeBipoK Y MOPiBHAHHI 3 on-
TUMaNbHOIO CTPATEri€l0 i 4aTU EKOHOMIYHMIA edhekT.

Yymaxkos JI.JI. - nmpodeccop kadeapsl KOMIIbIOTEPHO-MHTETPUPOBAHHBIX TEXHOJIO-
TUiA M aBTOMaTU3aluM YKPauHCKOTO roCyJapCTBEHHOTO XMMUKO-TEXHOJIOTUYECKOTO
YHUBEpPCUTETA.

YymakoB JI.JI. - mpodecop Kadeapu KOMIIIOTEPHO-iHTEIPOBAHUX TEXHOJIOTIN i
aBToMaTru3allii YKpaiHCbKOIo AepsKaBHOTO XiMiKO-Te€XHOJIOTiUHOTO YHiBepCUTETY.
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