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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:

*

af af
R

K ( ) max K ( ),


  

where 
afK ( ) is the availability factor;   is a set of

intervals between checks; *  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
* has the form:

* g

af afK ( ) K , 

where * is the set of intervals between checks when
the above condition is met; 

g

afK  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-lt where l 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:

2 3

af

3 2
(1 e ) (1 e )

2 3K ( ) ,
( )

     
 

  
  (1)

where  is a value of the interval between checks;
 is check duration.

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:

   2 3

af
K ( ) ;         (2)

for 4 expansion members:

2 3 3 4

af

5

4K ( ) ;

    
 

 
  (3)

for 5 expansion members:

2 3 3 4 4 5

af

5 19

4 20K ( ) .

       
 

 
  (4)

Let’s the channel of the system consist of one
computer with a failure rate of =0.8649 Y–1. The
check time of the system is =0.0044 Y [7]. With an
optimal control strategy, opt

afK 0.9176.  If it is
required to ensure g

afK 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:

2 3 g g

af af(1 K ) K 0.         (5)

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

3 4 2 3 g g

af af

5
(1 K ) K 0,

4
           (6)

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

4 5 3 4 2 3

g g

af af

19 5

20 4

(1 K ) K 0.

       

       (7)
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The solution of such equations causes certain
difficulties; however, algorithms have been developed
that makes it possible to find their solutions [8]. The
best approximate solutions are obtained by using the
expression (7).

Let’s us estimate the values of the desired and
optimal inspection intervals for our example (table 1).

Table  1

Values of inspection intervals and availability factors

The equation *Y optY Kaf(*) Kaf(opt) */opt 

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 0.244 0.16 0.95 0.9578 1.53 

5th degree 0.234 0.15 0.9499 0.9575 1.56 

 
If it is required to ensure 

g

afK 0.98,  then, in
this case, it is necessary to apply channel redundancy
according to the «1 of 3» scheme.

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

2

af

3

18(1 e ) 9(1 e )
K ( )

6 ( )

2(1 e )
.

6 ( )

  

 

  
  

  




  
  (8)

By decomposing the exponents in expression (8)
in a row and taking different numbers of expansion
terms, we get:

for 2-members expansion:

 3 4

af

1
K ( ) ;

4

        
 

  (9)

for 3 expansion members:

3 4 4 5

af

1 3

4 10K ( ) ;

     
 
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  (10)

for 4 expansion members:

3 4 4 5 5 6

af

1 3 5

4 10 24K ( ) ;

        
 
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  (11)

for 5 expansion members:

3 4 4 5

af

5 6 6 7

1 1 3
K ( )

4 10

5 3
.

24 28

          

      


  (12)

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:

3 4 g g

af af4(1 K ) K 0.         (13)

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

4 5 3 4 g

af

g

af

12 10 40(1 K )

40K 0.

       

    (14)

Fig. 1. Dependence of availability factor on the intervals between checks
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And, transforming the expression (11), we
obtain the equation of the 6th degree:

5 6 4 5 3 4

g g

af af

111 216 180

720(1 K ) 720K 0.

        

       (15)

From the expression (12), follows:

6 7 5 6 4 5

3 4 g

af

g

af

4247 777 1512

1260 5040(1 K )

5040K 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 *Y optY Kaf(*) Kaf(opt) */opt 

The equation *Y optY Kaf(*) Kaf(opt) */opt 

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 0.244 0.16 0.95 0.9578 1.53 

5th 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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Fig. 2. Dependence of availability factor on the value of the interval between checks for the «1 of 3» scheme
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ÎÖ²ÍÊÀ ÏÅÐ²ÎÄÈ×ÍÎÑÒ² ÊÎÍÒÐÎËÞ ÑÏÐÀÂÍÎÃÎ
ÑÒÀÍÓ ÒÅÕÍ²×ÍÎ¯ ÑÈÑÒÅÌÈ ÇÀ ÑÕÅÌÎÞ
ÐÅÇÅÐÂÓÂÀÍÍß ÊÀÍÀË²Â «2 Ç 3» ÍÀ ÎÑÍÎÂ²
ÇÀÄÀÍÎÃÎ ÇÍÀ×ÅÍÍß ÅÔÅÊÒÈÂÍÎÑÒ²

×óìàêîâ Ë.Ä., Ìèñîâ Î.Ï., Ñàâ÷åíêî Ì.Î., Êðàâåöü Â.².,
Ò³òîâà Î.Â.

Â ñòàòò³ îáãîâîðþþòüñÿ ïèòàííÿ çíàõîäæåííÿ òðèâà-
ëîñò³ ³íòåðâàëó ì³æ ïåðåâ³ðêàìè ñïðàâíîãî ñòàíó òåõí³÷íèõ
ñèñòåì ç ðåçåðâóâàííÿì êàíàë³â çà ñõåìîþ «2 ç 3-õ» ³ «1 ç 3-õ»
ïðè çä³éñíåíí³ êîíòðîëþ ñïðàâíîñò³ êàíàë³â çà êðèòåð³ºì çà-
äàíî¿ âåëè÷èíè êîåô³ö³ºíòà ãîòîâíîñò³. Äîñë³äæåíî âïëèâ ñòó-
ïåíÿ íàáëèæåííÿ ö³ëüîâî¿ ôóíêö³¿ íà âåëè÷èíó ³íòåðâàëó ì³æ
ïåðåâ³ðêàìè ³ åôåêòèâí³ñòü âèêîðèñòàííÿ òåõí³÷íèõ ñèñòåì.
Îñíîâíèì çàâäàííÿì ïðîåêòóâàííÿ îáëàäíàííÿ º çàáåçïå÷åííÿ
âèñîêîãî ð³âíÿ éîãî åôåêòèâíîñò³ â ïðîöåñ³ åêñïëóàòàö³¿. Öå
äîñÿãàºòüñÿ ÿê êîíñòðóêòèâíèìè ìåòîäàìè, òàê ³ âèáîðîì
åêñïëóàòàö³éíèõ õàðàêòåðèñòèê. Ó á³ëüøîñò³ âèïàäê³â ïðî-
òÿãîì óñüîãî ïðèçíà÷åíîãî òåðì³íó åêñïëóàòàö³¿ ïëàíóºòüñÿ
âèêîíóâàòè éîãî îáñëóãîâóâàííÿ ç ìåòîþ âèÿâëåííÿ ìîæëèâèõ
çáî¿â ³ â³äíîâëåííÿ ñòàíó. Ó öüîìó âèïàäêó ìîæå ñòàòèñÿ ïðè-
õîâàíèé çá³é ó ïåâíîìó íàáîð³ ïàðàìåòð³â, ùî âèçíà÷àþòü ñòàí
ðîáîòè ñèñòåìè. Äëÿ éîãî óñóíåííÿ îáëàäíàííÿ ïåðåâ³ðÿºòüñÿ
íà ñïðàâíèé ñòàí. Ð³çí³ ãðóïè ïàðàìåòð³â ìîæóòü â³äñë³äêîâó-
âàòèñÿ ïîñò³éíî, ïåð³îäè÷íî àáî íå êîíòðîëþâàòèñÿ ïðîòÿ-
ãîì â³äâåäåíîãî òåðì³íó åêñïëóàòàö³¿ ïðèñòðîþ. Ó ñòàòò³
ðîçãëÿäàºòüñÿ âèïàäîê ïåð³îäè÷íîãî ìîí³òîðèíãó ñòàíó. Îä-
í³ºþ ç âàæëèâèõ åêñïëóàòàö³éíèõ õàðàêòåðèñòèê îáëàäíàííÿ
º ðîçì³ð ³íòåðâàëó ì³æ ïåðåâ³ðêàìè. Ïèòàííÿ âèçíà÷åííÿ òðè-
âàëîñò³ ³íòåðâàëó ì³æ ïåðåâ³ðêàìè ñòàíó òåõí³÷íèõ ñèñòåì ³ç
íàäëèøêîâèìè êàíàëàìè çà ñõåìàìè «2 ç 3» òà «1 ç 3» äëÿ
ìîí³òîðèíãó ñòàíó êàíàë³â, ùî çä³éñíþþòüñÿ çà êðèòåð³ºì
çàäàíîãî çíà÷åííÿ êîåô³ö³ºíòà äîñòóïíîñò³ îáãîâîðþþòüñÿ.
Ðîçïîä³ë ÷àñó ðîáîòè êàíàëó ââàæàºòüñÿ åêñïîíåíö³àëüíèì.
Íàáëèæåíå ð³øåííÿ çàäà÷³ ïîëÿãàº ó ðîçøèðåíí³ ïîêàçíèêà äëÿ
êîåô³ö³ºíòà äîñòóïíîñò³ ï³äðÿä ³ ïîøóêó êîðåí³â íåë³í³éíîãî
ð³âíÿííÿ. Âèêîíàíî àíàë³ç âïëèâó íà òî÷í³ñòü âèð³øåííÿ çàäà÷³
ïðî ê³ëüê³ñòü òåðì³í³â ðîçøèðåííÿ. Âèêîðèñòàííÿ öüîãî ìåòî-
äó çìåíøèòü ê³ëüê³ñòü ïåðåâ³ðîê ïîð³âíÿíî ç îïòèìàëüíîþ
ê³ëüê³ñòþ.

Êëþ÷îâ³ ñëîâà : ïîâ³ðêà, òåõí³÷íà ñèñòåìà,
ðåçåðâóâàííÿ, ïåð³îäè÷í³ñòü êîíòðîëþ, îö³íþâàííÿ
íåñïðàâíîñò³.

ÎÖÅÍÊÀ ÏÅÐÈÎÄÈ×ÍÎÑÒÈ ÊÎÍÒÐÎËß
ÈÑÏÐÀÂÍÎÃÎ ÑÎÑÒÎßÍÈß ÒÅÕÍÈ×ÅÑÊÎÉ
ÑÈÑÒÅÌÛ ÏÎ ÑÕÅÌÅ ÐÅÇÅÐÂÈÐÎÂÀÍÈß ÊÀÍÀËÎÂ
«2 ÈÇ 3» ÍÀ ÎÑÍÎÂÅ ÇÀÄÀÍÍÎÃÎ ÇÍÀ×ÅÍÈß
ÝÔÔÅÊÒÈÂÍÎÑÒÈ
×óìàêîâ Ë.Ä., Ìûñîâ Î.Ï., Ñàâ÷åíêî Ì.Î., Êðàâåö Â.È.,
Òèòîâà Å.Â.

Â ñòàòüå îáñóæäàþòñÿ âîïðîñû íàõîæäåíèÿ äëèòåëü-
íîñòè èíòåðâàëà ìåæäó ïðîâåðêàìè èñïðàâíîãî ñîñòîÿíèÿ
òåõíè÷åñêèõ ñèñòåì ñ ðåçåðâèðîâàíèåì êàíàëîâ ïî ñõåìå «2 èç
3-õ» è «1 èç 3-õ» ïðè îñóùåñòâëåíèè êîíòðîëÿ èñïðàâíîñòè
êàíàëîâ ïî êðèòåðèþ çàäàííîé âåëè÷èíû êîýôôèöèåíòà ãî-
òîâíîñòè. Èññëåäîâàíî âëèÿíèå ñòåïåíè ïðèáëèæåíèÿ öåëåâîé
ôóíêöèè íà âåëè÷èíó èíòåðâàëà ìåæäó ïðîâåðêàìè è ýôôåê-
òèâíîñòü èñïîëüçîâàíèÿ òåõíè÷åñêèõ ñèñòåì. Îñíîâíîé çàäà-
÷åé ïðîåêòèðîâàíèÿ îáîðóäîâàíèÿ ÿâëÿåòñÿ îáåñïå÷åíèå âûñî-
êîãî óðîâíÿ åãî ýôôåêòèâíîñòè ïðè ýêñïëóàòàöèè. Ýòî äîñ-
òèãàåòñÿ êàê êîíñòðóêòèâíûìè ìåòîäàìè, òàê è âûáîðîì
ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê. Â áîëüøèíñòâå ñëó÷àåâ â
òå÷åíèå âñåãî íàçíà÷åííîãî ñðîêà ñëóæáû ïëàíèðóåòñÿ ïðîâî-
äèòü òåõíè÷åñêîå îáñëóæèâàíèå, ÷òîáû âûÿâèòü âîçìîæíûå

ñáîÿ è âîññòàíîâèòü ðàáîòîñïîñîáíîå ñîñòîÿíèå. Â ýòîì ñëó-
÷àå âîçìîæåí ñêðûòûé ñáîé â îïðåäåëåííîì íàáîðå ïàðàìåò-
ðîâ, êîòîðûå îïðåäåëÿþò ñîñòîÿíèå ñèñòåìû. ×òîáû óñòðà-
íèòü ýòî, îáîðóäîâàíèå ïðîâåðÿåòñÿ íà èñïðàâíîñòü. Ðàçëè÷-
íûå ãðóïïû ïàðàìåòðîâ ìîãóò îòñëåæèâàòüñÿ íåïðåðûâíî,
ïåðèîäè÷åñêè èëè íå êîíòðîëèðîâàòüñÿ â òå÷åíèå âñåãî íàçíà-
÷åííîãî ñðîêà ñëóæáû óñòðîéñòâà. Â ñòàòüå ðàññìîòðåí ñëó-
÷àé ïåðèîäè÷åñêîãî ìîíèòîðèíãà ðàáîòîñïîñîáíîãî ñîñòîÿíèÿ.
Îäíîé èç âàæíûõ ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê îáîðóäî-
âàíèÿ ÿâëÿåòñÿ âåëè÷èíà èíòåðâàëà ìåæäó ïðîâåðêàìè. Âîï-
ðîñû îïðåäåëåíèÿ ïðîäîëæèòåëüíîñòè èíòåðâàëà ìåæäó ïðî-
âåðêàìè ðàáîòîñïîñîáíîãî ñîñòîÿíèÿ òåõíè÷åñêèõ ñèñòåì ñ
ðåçåðâíûìè êàíàëàìè ïî ñõåìàì «2 èç 3» è «1 èç 3» äëÿ ìîíè-
òîðèíãà ðàáîòîñïîñîáíîãî ñîñòîÿíèÿ êàíàëîâ, âûïîëíÿåìûõ ïî
êðèòåðèþ óñòàíîâëåííîãî çíà÷åíèÿ êîýôôèöèåíòà äîñòóïíîñ-
òè. Ðàñïðåäåëåíèå âðåìåíè ðàáîòû êàíàëà ïðåäïîëàãàåòñÿ ýê-
ñïîíåíöèàëüíûì. Ïðèáëèæåííîå ðåøåíèå çàäà÷è ñîñòîèò â óâå-
ëè÷åíèè ïîêàçàòåëÿ ñòåïåíè äëÿ êîýôôèöèåíòà äîñòóïíîñòè
â ðÿä è íàõîæäåíèè êîðíåé íåëèíåéíîãî óðàâíåíèÿ. Ïðîâåäåí
àíàëèç âëèÿíèÿ íà òî÷íîñòü ðåøåíèÿ çàäà÷è ÷èñëà ÷ëåíîâ ðàç-
ëîæåíèÿ. Èñïîëüçîâàíèå ýòîãî ìåòîäà óìåíüøèò êîëè÷åñòâî
ïðîâåðîê ïî ñðàâíåíèþ ñ îïòèìàëüíûì êîëè÷åñòâîì.

Êëþ÷åâûå ñëîâà: ïîâåðêà, òåõíè÷åñêàÿ ñèñòåìà,
ðåçåðâèðîâàíèå, ïåðèîäè÷íîñòü êîíòðîëÿ, îöåíêà
íåèñïðàâíîñòè.

EVALUATION 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
Chumakov L.D., Mysov O.P., Savchenko M.O., Kravets V.I.,
Titova E.V.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

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
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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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