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Òåõí³÷íèé ðåñóðñ º îäí³ºþ ç íàéâàæëèâ³øèõ õàðàêòåðèñòèê ñêëàäíèõ îá’ºêò³â
òåõí³êè, òîìó ïðîöåñ òåõí³÷íîãî îáñëóãîâóâàííÿ ³ ðåìîíòó ïîâèíåí âêëþ÷àòè â
ñåáå ñêëàäîâó, ÿêà çàáåçïå÷óâàòèìå îïòèìàëüíå ïåð³îäè÷íå òà ñâîº÷àñíå ïîïîâíåííÿ
ðåñóðñó. Îïòèì³çàö³ÿ çàçâè÷àé ñòîñóºòüñÿ äâîõ îñíîâíèõ ïàðàìåòð³â: ïàðàìåòðó
ïîòîêó â³äìîâ òà ïèòîìî¿ âàðòîñò³ âèòðàò ÿê ôóíêö³é ÷àñó, ïàðàìåòð³â ðåìîíò-
ïðèäàòíîñò³ òà óçàãàëüíåíèõ ïàðàìåòð³â ïðîöåñ³â ïëàíîâèõ ðåìîíò³â. Çàçíà÷åíà
ïðîáëåìà àíàë³òè÷íèìè ìåòîäàìè íå ðîçâ’ÿçóºòüñÿ, òîìó ùî äëÿ ôóíêö³¿ ïîòîêó
â³äìîâ ìàéæå íåìîæëèâî âèçíà÷èòè àíàë³òè÷íèé âèðàç òà ÷åðåç ñêëàäí³ñòü âèçíà-
÷åííÿ ñòðóêòóðè îïòèì³çóþ÷îãî ïàðàìåòðà. Ó ñòàòò³ ïðîïîíóºòüñÿ çàçíà÷åíó
ïðîáëåìó ðîçâ’ÿçóâàòè ïðîòÿãîì äâîõ åìï³ðè÷íèõ åòàï³â.

Íà ïåðøîìó åòàï³ ôîðìóºòüñÿ áåçë³÷ óìîâíî îïòèìàëüíèõ ð³øåíü, ùî îäåð-
æàí³ ïðè ô³êñîâàíèõ çíà÷åííÿõ â³äñîòêà çàì³íè åëåìåíò³â.

Íà äðóãîìó åòàï³ ñåðåä ìíîæèíè îòðèìàíèõ óìîâíî îïòèìàëüíèõ ð³øåíü
âèáèðàºòüñÿ ºäèíå îïòèìàëüíå ð³øåííÿ, ïðè öüîìó ñêëàäí³ñòü ïîëÿãàº â òîìó, ùî
ôóíêö³ÿ ïèòîìî¿ âàðòîñò³ âèòðàò º íå ãëàäêîþ ïî ïàðàìåòðó çàì³íè åëåìåíò³â
òà ìîæå ìàòè íå ÿñêðàâî âèðàæåí³ ëîêàëüí³ ì³í³ìóìè, ùî íå äîçâîëÿº ïîâí³ñòþ
àâòîìàòèçóâàòè äðóãèé åòàï ðîçâ’ÿçàííÿ çàäà÷³. Òîìó íà äðóãîìó åòàï³ çàëó÷àºòü-
ñÿ ëþäèíà-åêñïåðò.

Êëþ÷îâ³ ñëîâà: òåõí³÷íèé ðåñóðñ, ñêëàäí³ îá’ºêòè òåõí³êè, îïòèì³çàö³ÿ, ïî-
ò³ê â³äìîâ, âàðò³ñòü âèòðàò.

Òåõíè÷åñêèé ðåñóðñ ÿâëÿåòñÿ îäíîé èç âàæíåéøèõ õàðàêòåðèñòèê ñëîæíûõ
îáúåêòîâ òåõíèêè, ïîýòîìó ïðîöåññ òåõíè÷åñêîãî îáñëóæèâàíèÿ è ðåìîíòà äîëæåí
âêëþ÷àòü â ñåáÿ ñîñòàâëÿþùóþ, êîòîðàÿ îáåñïå÷èò îïòèìàëüíîå ïåðèîäè÷åñêîå
è ñâîåâðåìåííîå ïîïîëíåíèå ðåñóðñà. Îïòèìèçàöèÿ îáû÷íî êàñàåòñÿ äâóõ îñíîâíûõ
ïàðàìåòðîâ: ïàðàìåòðà ïîòîêà îòêàçîâ è óäåëüíîé ñòîèìîñòè ðàñõîäîâ êàê ôóíê-
öèè âðåìåíè, ïàðàìåòðîâ ðåìîíòîïðèãîäíîñòè è îáîáùåííûõ ïàðàìåòðîâ ïðîöåññîâ
ïëàíîâûõ ðåìîíòîâ. Óêàçàííàÿ ïðîáëåìà àíàëèòè÷åñêèìè ìåòîäàìè íå ðåøàåòñÿ,
ïîòîìó ÷òî äëÿ ôóíêöèè ïîòîêà îòêàçîâ ïî÷òè íåâîçìîæíî îïðåäåëèòü àíàëèòè-
÷åñêîå âûðàæåíèå è èç-çà ñëîæíîñòè îïðåäåëåíèÿ ñòðóêòóðû îïòèìèçèðóþùåãî ïàðàìåò-
ðà. Â ñòàòüå ïðåäëàãàåòñÿ óêàçàííóþ ïðîáëåìó ðåøàòü â äâà ýìïèðè÷åñêèõ ýòàïà.

Íà ïåðâîì ýòàïå ôîðìèðóåòñÿ ìíîæåñòâî óñëîâíî îïòèìàëüíûõ ðåøåíèé,
ïîëó÷åííûõ ïðè ôèêñèðîâàííûõ çíà÷åíèÿõ ïðîöåíòà çàìåíû ýëåìåíòîâ. Íà âòîðîì
ýòàïå ñðåäè ìíîæåñòâà ïîëó÷åííûõ óñëîâíî îïòèìàëüíûõ ðåøåíèé âûáèðàåòñÿ
åäèíñòâåííîå îïòèìàëüíîå ðåøåíèå, ïðè ýòîì ñëîæíîñòü çàêëþ÷àåòñÿ â òîì,
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ІЇ ÷òî ôóíêöèÿ óäåëüíîé ñòîèìîñòè ðàñõîäîâ ÿâëÿåòñÿ íå ãëàäêîé ïî ïàðàìåòðó
çàìåíû ýëåìåíòîâ è ìîæåò èìåòü ÿðêî âûðàæåííûå ëîêàëüíûå ìèíèìóìû, ÷òî
íå ïîçâîëÿåò ïîëíîñòüþ àâòîìàòèçèðîâàòü âòîðîé ýòàï ðåøåíèÿ çàäà÷è. Ïîýòîìó
íà âòîðîì ýòàïå ïðèâëåêàåòñÿ ÷åëîâåê-ýêñïåðò.

Êëþ÷åâûå ñëîâà: òåõíè÷åñêèé ðåñóðñ, ñëîæíûå îáúåêòû òåõíèêè, îïòèìè-
çàöèÿ, ïîòîê îòêàçîâ, ñòîèìîñòü çàòðàò.

Technical resource is one of the most important characteristics of complex engineering
objects, therefore the process of maintenance and repair should include a component that
will ensure the optimal periodic and timely replenishment of the resource. Optimization
usually involves two main parameters: the failure flow parameter and the unit cost of
costs as a function of time, maintainability parameters, and generalized parameters of
scheduled maintenance processes. This problem is solved by analytical methods, because
it is almost impossible for the fail-flow function to define an analytic expression and,
because of the complexity of determining the structure of the optimizing parameter.
Paper proposes to solve this problem in two empirical stages.

At the first stage, a lot of conditionally optimal solutions are formed, obtained for
fixed values of percent replacement of elements. At the second stage, among the set of
obtained conditionally optimal solutions, the only optimal solution is chosen, and the
difficulty lies in the fact that the function of unit cost of expenses is not smooth in terms
of the element replacement parameter and can have pronounced local minima, which
does not fully automate the second stage of the solution tasks. Therefore, at the second
stage, an expert is involved.

Keywords: technical resource, complex engineering objects, optimization, failure
flow, cost of costs.

Âñòóï òà ïîñòàíîâêà çàäà÷³. Ðåñóðñ º îäí³ºþ ç íàéâàæëèâ³øèõ õàðàêòåðèñòèê
ñêëàäíèõ îá’ºêò³â òåõí³êè (ÑÎÒ), òîìó ïðîöåñ òåõí³÷íîãî îáñëóãîâóâàííÿ ³ ðåìîí-
òó (ÒÎ³Ð) ïîâèíåí âêëþ÷àòè â ñåáå ñêëàäîâó, ÿêà çàáåçïå÷óâàòèìå ïåð³îäè÷íå
òà ñâîº÷àñíå ïîïîâíåííÿ ðåñóðñó [1]. Â³äïîâ³äíî äî [2] ðåñóðñ áóäü-ÿêîãî ÑÎÒ –
öå “ñóìàðíèé íàðîá³òîê ç ïî÷àòêó åêñïëóàòàö³¿ ÷è â³äíîâëåííÿ ï³ñëÿ ðåìîíòó äî
ïåðåõîäó ó ãðàíè÷íèé ñòàí”. Ãðàíè÷íèé ñòàí (ÃÑ) öå “ñòàí ÑÎÒ, ïðè ÿêîìó
ïîäàëüøà åêñïëóàòàö³ÿ éîãî íåïðèïóñòèìà àáî íåäîö³ëüíà, àáî â³äíîâëåííÿ éîãî
ïðàöåçäàòíîñò³ íåìîæëèâå ÷è íåäîö³ëüíå”. Ö³ âèçíà÷åííÿ îäíàêîâî íàëåæàòü ÿê
äî â³äíîâëþâàëüíèõ, òàê ³ äî íå â³äíîâëþâàëüíèõ îá’ºêò³â.

Íà ñüîãîäí³ äîñòàòíüî ïîâíîþ ì³ðîþ ðîçêðèò³ ïèòàííÿ ðîçðîáêè ìîäåëåé
òà ìåòîäèê îïòèì³çàö³¿ ñèñòåìè ïëàíîâèõ ðåìîíò³â ÑÎÒ, ó òîìó ÷èñë³ çà íàøîþ
ó÷àñòþ [3–8].

Îñíîâíà ÷àñòèíà.
Ñòàòòÿ ïðèñâÿ÷åíà ïðîäîâæåííþ ðîçâ’ÿçàííÿ ïîñòàâëåíî¿ çàäà÷³ äëÿ ÑÎÒ

ïåðø çà âñå âèñîêî¿ â³äïîâ³äàëüíîñò³.
Äëÿ ÑÎÒ âèñîêî¿ â³äïîâ³äàëüíîñò³, çàçâè÷àé, çàñòîñîâóºòüñÿ àïåðèîäè÷íà

àáî çì³øàíà ñòðàòåã³ÿ ïëàíîâèõ ðåìîíò³â (ÏÐ) [1]. Ç îãëÿäó íà öå, ïîñòàíîâêà
çàäà÷³ îïòèì³çàö³¿ ñèñòåìè ÏÐ âèçíà÷àºòüñÿ âèðàçàìè:

opt ),/( PBt  ; ],0[ Tt ; (1)

, (2)opt

{ }
( , , ) min ( , , )c T c T

P
B P B P
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äå – ïàðàìåòð ïîòîêó â³äìîâ;
– ïàðàìåòð ðåìîíòîïðèäàòíîñò³;

 – îïòèìàëüíå çíà÷åííÿ óçàãàëüíåíîãî ïàðàìåòðà ïðîöåñó ÏÐ Ð;
 – ïèòîìà âàðò³ñòü âèòðàò;
 – ÷àñ åêñïëóàòàö³¿.
Ïàðàìåòð Ð âèçíà÷àºòüñÿ ìíîæèíîþ:

}0,;,{ PNkt kk pP ,                                              (3)

Çà ðàõóíîê òîãî, ùî kkk Rtt 1 , çàì³ñòü (3) ìîæíà âèêîðèñòàòè á³ëüø
êîìïàêòíèé âèðàç:

}1,;,{}1,;{ NkRPNk kkkpP , (4)

äå kP – â³äñîòîê çàì³íè åëåìåíò³â ïðè âèêîíàíí³ k-ãî ÏÐ;
kR – ì³æðåìîíòíèé ðåñóðñ ì³æ (k-1)-ì òà k-ì ðåìîíòàìè.
Â³äïîâ³äíî äî ö³º¿ ïîñòàíîâêè âèìîãà äî ð³âíÿ áåçâ³äìîâíîñò³ ÑÎÒ çàäàºòüñÿ

îáìåæåííÿì íà òàê çâàíå ìèòòºâå çíà÷åííÿ ïîêàçíèêà áåçâ³äìîâíîñò³ â äîâ³ëüíèé
ìîìåíò ÷àñó t íà çàäàíîìó ³íòåðâàë³ åêñëóàòàö³¿ ],0[ T . Ñàìå öå âèçíà÷àº çàâäàííÿ
(1, 2) ÿê çàâäàííÿ, ùî íàëåæàòü äî îá’ºêò³â ÑÎÒ ïåðø çà âñå âèñîêî¿ â³äïîâ³-
äàëüíîñò³.

Íà íàø ïîãëÿä  òàêà çàäà÷à íå ìîæå áóòè âèð³øåíà àíàë³òè÷íèìè ìåòîäàìè.
Ïî-ïåðøå, òîìó ùî äëÿ ôóíêö³¿ ).../(t  ìàéæå íåìîæëèâî âèçíà÷èòè àíàë³òè÷-
íèé âèðàç, òîáòî ôóíêö³þ ìîæíà îòðèìàòè ò³ëüêè â ðåçóëüòàò³ ìîäåëþâàííÿ.
Ïî-äðóãå, ÷åðåç ñêëàäí³ñòü âèçíà÷åííÿ ñòðóêòóðè îïòèì³çóþ÷îãî ïàðàìåòðà Ð.
Òîáòî ïðîöåñè âèêîíàííÿ ÏÐ â çàãàëüíîìó âèïàäêó ìîæóòü ìàòè îñîáèñò³ çíà-
÷åííÿ ïàðàìåòð³â. Òîìó ð³øåííÿ Ðîpt ñòàíîâèòü âåëèêó ê³ëüê³ñòü (ïîñë³äîâí³ñòü)

âçàºìîïîâ’ÿçàíèõ åëåìåíòàðíèõ ð³øåíü { }. Âñ³ ö³ ñêëàäíîñò³

óíåìîæëèâëþþòü òî÷íå àíàë³òè÷íå ðîçâ’ÿçàííÿ çàäà÷ (1 òà 2) ³ çìóøóþòü øóêàòè
øëÿõè îòðèìàííÿ íàáëèæåíîãî ð³øåííÿ, ïî ìîæëèâîñò³, áëèçüêîãî äî îïòèìàëü-
íîãî.

Ïðîïîíóºìî çàçíà÷åí³ çàâäàííÿ ðîçâ’ÿçóâàòè ó äâà åòàïè.
Åòàï 1. Ôîðìóºòüñÿ áåçë³÷ óìîâíî îïòèìàëüíèõ ð³øåíü {ð*}, îäåðæóâàíèõ

ïðè ô³êñîâàíèõ çíà÷åííÿõ â³äñîòêà çàì³íè åëåìåíò³â Ð
ð
. Óìîâíî îïòèìàëüíå

ð³øåííÿ öå ìíîæèíà

 { , 1, }k k NP p , (5)

â ÿêîìó ' ,k kP Rp , ãäå 'P =const.

Óìîâíî îïòèìàëüíå ð³øåííÿ Ð* ôîðìóºòüñÿ íà îñíîâ³ êðèòåð³þ çàáåçïå÷åííÿ

íåîáõ³äíîãî çíà÷åííÿ ïàðàìåòðà ïîòîêó â³äìîâ  òà ôîðìàëüíî íå çâ’ÿçóºòüñÿ
ç âèìîãîþ ì³í³ì³çàö³¿ ïèòîìî¿ âàðòîñò³ åêñïëóàòàö³¿ ñ

óä
. Öÿ ïðîöåäóðà ôîðìóâàííÿ

óìîâíî îïòèìàëüíîãî ð³øåííÿ Ð* çàñíîâàíà íà ïðèïóùåíí³ ïðî òå, ùî ôóíêö³ÿ

 º ìîíîòîííîþ ³ íå óáóâàº ïî t. Ïðîöåäóðà íà êîæíîìó k-ì êðîö³ ôîðìóº
åëåìåíòàðíå ð³øåííÿ  ç óðàõóâàííÿì ð³øåíü, ùî ïðèéíÿò³ â ïîïåðåäí³õ êðîêàõ.
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ІЇ Íà ïåðøîìó êðîö³ âèçíà÷àºòüñÿ ðåñóðñ äî ïåðøîãî ÏÐ ç óìîâè:

;  [0, ]t T ,

äå – ôóíêö³ÿ ïàðàìåòðà ïîòîêó â³äìîâ çà óìîâè, ùî í³ÿê³ ÏÐ íà
³íòåðâàë³ [0, t] íå ïðîâîäÿòüñÿ.

Ï³ñëÿ ïåðøîãî êðîêó ôîðìóºòüñÿ åëåìåíòàðíå ð³øåííÿ '
1 1,P Rp .

Íà äðóãîìó êðîö³ âèçíà÷àºòüñÿ ì³æðåìîíòíèé ðåñóðñ äî 2-ãî ÏÐ çà óìîâè,
ùî ïåðøèé ÏÐ âæå âèêîíàíî. Éîãî âåëè÷èíà 2R  âèçíà÷àºòüñÿ ³ç óìîâè:

;  1( , ]t t T , (6)

äå – ôóíêö³ÿ ïàðàìåòðà ïîòîêó â³äìîâ, ÿêà îòðèìàíà çà óìîâè, ùî
âèêîíàíî ïåðøèé ÏÐ ç ïàðàìåòðàìè ;

 – ÷àñ (ñóìàðíå íàïðàöþâàííÿ) ïðîâåäåííÿ ïåðøîãî ÏÐ ( ).
Ï³ñëÿ äðóãîãî êðîêó âèõîäèòü åëåìåíòàðíå ð³øåííÿ '

2 2,P Rp .
Íà k-ì êðîö³ âèçíà÷àºòüñÿ ì³æðåìîíòíèé ðåñóðñ ì³æ (k-1)-ì òà k-ì

ðåìîíòàìè kR  ïðè óìîâ³, ùî âæå âèêîíàí³ âñ³ k-1 ðåìîíò³â â ìîìåíòè ÷àñó t
pl
, …,

. Íåõòóþ÷è òðèâàë³ñòþ ÏÐ, ïðèéìàºìî, ùî .

Âåëè÷èíà  âèçíà÷àºòüñÿ çà óìîâè:

;  1( , ]kt t T ,

äå – ôóíêö³ÿ ïàðàìåòðà ïîòîêó â³äìîâ, îòðèìàíà çà óìîâè,
ùî âèêîíàí³ âñ³ k-1 ÏÐ ç ïàðàìåòðàìè 1p , …, ;

– ÷àñ ïðîâåäåíèÿ (k-1)-ãî ÏÐ.
Ï³ñëÿ âèêîíàííÿ k-ãî êðîêó âèõîäèòü ð³øåííÿ .
Óìîâíå îïòèìàëüíå ð³øåííÿ P* ôîðìóºòüñÿ øëÿõîì äîäàâàííÿ â íüîãî íà

êîæíîìó êðîö³ ÷åðãîâîãî îòðèìàíîãî åëåìåíòàðíîãî ð³øåííÿ kp :

.

Ðîçãëÿíóòèé ïðîöåñ ïîêðîêîâîãî ôîðìóâàííÿ óìîâíî îïòèìàëüíîãî ð³øåííÿ
ïðî³ëþñòðîâàíî íà ðèñ. 1.

Ïðîöåñ ôîðìóâàííÿ ð³øåííÿ P* òðèâàº äî òèõ ï³ð, ïîêè íå âèÿâèòüñÿ, ùî
íà ïåâíîìó åòàï³ ÷àñ ïðîâåäåííÿ ÷åðãîâîãî ðåìîíòó t

pk
 âèõîäèòü çà ìåæ³ çàäàíîãî

³íòåðâàëó åêñïëóàòàö³¿ [0, T
ý
]. ßê óìîâíî îïòèìàëüíî¿ ê³ëüêîñò³ ÏÐ  ïðèéìà-

ºòüñÿ ÷èñëî âèêîíàíèõ êðîê³â k.

kR

1p

1 max : ( / , )R t t B

( / , )t B

2 1max : ( / , { })R t t B p

1( / , { })t B p

t
pl

1

k

k i
i

t R

1 1t R

1kt

1 2 -1max : ( / , { , ,..., })k kR t t B p p p

1 2 -1( / , { , ,..., })kt B p p p
1kp

1kt

}kP : P {p

N

' ,k kP Rp
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Ðèñ. 1. Îïèñ ïðîöåäóðè ôîðìóâàííÿ óìîâíî îïòèìàëüíîãî ð³øåííÿ

Äëÿ êîæíîãî óìîâíîãî îïòèìàëüíîãî ð³øåííÿ Ð* îá÷èñëþºòüñÿ ïèòîìà
âàðò³ñòü åêñïëóàòàö³¿ .

Ðîçãëÿíóòèì ñïîñîáîì íà ïåðøîìó åòàï³ ôîðìóºòüñÿ áåçë³÷ óìîâíî
îïòèìàëüíèõ ð³øåíü , ùî â³äïîâ³äàþòü çàäàíèì çíà÷åííÿì â³äñîòêà çàì³íè
åëåìåíò³â  ç áåçë³÷³ . Òóò êîæíîìó çíà÷åííþ  â³äïîâ³äàº ºäèíå
óìîâíî îïòèìàëüíå ð³øåííÿ .

Åòàï 2. Ñåðåä ìíîæèíè îòðèìàíèõ óìîâíî îïòèìàëüíèõ ð³øåíü  âèáèðàºòüñÿ
ºäèíå ð³øåííÿ , ùî çàäîâîëüíÿº óìîâ³:

. (7)

Ñêëàäí³ñòü ïîëÿãàº â òîìó, ùî ôóíêö³ÿ  º íå ãëàäêîþ ïî
ïàðàìåòðó  òà ìîæå ìàòè íå ÿñêðàâî âèðàæåí³ ëîêàëüí³ ì³í³ìóìè. Ñàìå òîìó
ïîâí³ñòþ àâòîìàòèçóâàòè äðóãèé åòàï ð³øåííÿ çàäà÷³ íåìîæëèâî. Òîìó íà äðóãîìó
åòàï³ äëÿ âèçíà÷åííÿ îïòèìàëüíîãî çíà÷åííÿ  ³ â³äïîâ³äíîãî éîìó
îïòèìàëüíîãî ð³øåííÿ  çàëó÷àºòüñÿ ëþäèíà-åêñïåðò. Äëÿ öüîãî ðîçðîáëåí³
àëãîðèòìè ³ ïðîãðàìíå çàáåçïå÷åííÿ, ÿê³ äîçâîëÿþòü â³çóàë³çóâàòè çàëåæí³ñòü

 ïî ïàðàìåòðó . Ï³ñëÿ öüîãî íà îñíîâ³ â³çóàëüíîãî àíàë³çó
çàëåæíîñò³  åêñïåðò çìîæå ïðèéíÿòè îñòàòî÷íå ð³øåííÿ ùîäî âèáîðó
îïòèìàëüíîãî çíà÷åííÿ optP , â³äïîâ³äíîãî ì³í³ìóìó ôóíêö³¿ :

'

opt '

{ }
( ) min ( )

P
c P c P .

Ï³ñëÿ öüîãî ÿê ð³øåííÿ ïîñòàâëåíî¿ çàäà÷³ optP  ïðèéìàºòüñÿ óìîâíî
îïòèìàëüíå ð³øåííÿ Ð*, ùî îòðèìóºòüñÿ ïðè .

Ðîçãëÿíóò³ äâà åòàïè – öå ñâîºð³äíå òåîðåòè÷íå îáãðóíòóâàííÿ çàïðîïîíî-
âàíî¿ ìåòîäèêè ð³øåííÿ ïîñòàâëåíî¿ çàäà÷³. Óñ³ íåîáõ³äí³ ïðè öüîìó ðîçðàõóíêè
ïðîãðàìíî ðåàë³çîâàí³.

),/( Bt

11 Rt t0

}){,/( 1pBt

1t
t0 212 Rtt

})...,,{,/( 11 kt ppB
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ІЇ Äëÿ ïðàêòè÷íîãî ð³øåííÿ öèõ çàäà÷ íåîáõ³äíî:
1. Ñòâîðèòè áàçè äàíèõ äëÿ êîíêðåòíèõ ÑÎÒ òà ââåñòè äî íèõ âñþ íåîáõ³äíó

³íôîðìàö³þ.
2. Çàäàòè ä³àïàçîí âàð³þâàííÿ â³äñîòêà çàì³íè åëåìåíò³â [ '

minP , ] òà
ïðîâåñòè ðîçðàõóíêè â ðåæèì³ Ïîøóê îïòèìàëüíî¿ ñèñòåìè ÏÐ (ÑÎÒ âèñîêî¿
â³äïîâ³äàëüíîñò³). Ó ðåçóëüòàò³ áóäå âèêîíàíî îäèí ñåàíñ ìîäåëþâàííÿ ³ íà
åêðàí ìîí³òîðà ÏÊ áóäå âèâåäåíèé ãðàô³ê îäí³º¿ ðåàë³çàö³¿ çàëåæíî '( )P  äëÿ
'P [ '

minP , ].
Ðåêîìåíäóºòüñÿ âèêîíàòè ê³ëüêà ñåàíñ³â ìîäåëþâàííÿ äëÿ îòðèìàííÿ ñò³é-

êîãî ð³øåííÿ çàäà÷³. Íåîáõ³äíà ê³ëüê³ñòü ñåàíñ³â âèçíà÷àºòüñÿ åêñïåðòîì ï³ñëÿ
äîñÿãíåííÿ ñò³éêîãî ïîëîæåííÿ ì³í³ìóìó ôóíêö³¿ '( )P .

3. Íà îñíîâ³ â³çóàëüíîãî àíàë³çó ôóíêö³¿ '( )P  âèçíà÷èòè îïòèìàëüíå
çíà÷åííÿ optP , ïðè ÿêîìó äîñÿãàºòüñÿ ì³í³ìóì ôóíêö³¿ :

'

opt opt ': ( ) min ( )
P

P P P .

4. Âèçíà÷èòè â³äïîâ³äíå äî îïòèìàëüíîãî çíà÷åííÿ optP  óìîâíî îïòèìàëüíå
ð³øåííÿ Ð* òà ïðèéíÿòè éîãî ÿê îïòèìàëüíå ð³øåííÿ , ùî º âèð³øåííÿì
çàâäàííÿ.

ÑÏÈÑÎÊ ÂÈÊÎÐÈÑÒÀÍÈÕ ÄÆÅÐÅË

1. Ïðîãíîçóâàííÿ íàä³éíîñò³ ñêëàäíèõ îá’ºêò³â ðàä³îåëåêòðîííî¿ òåõí³êè òà îïòèì³çàö³ÿ
ïàðàìåòð³â ¿õ åêñïëóàòàö³¿ ³ì³òàö³éíèõ ñòàòèñòè÷íèõ ìîäåëåé: ìîíîãðàô³ÿ. / [Ñ.Â. Ëºíêîâ, Ê.Ô. Áî-
ðÿê, Ã.Â. Áàíçàê, Â.Î. Áðàóí]: ï ä ðåä. Ñ.Â. Ëºíêîâà. – Îäåñà: Âèä-âî “ÂÌÂ”, 2014. 248 ñ.

2. Áàíçàê Ã.Â., Áîðÿê Ê.Ô., Ëåíêîâ ª.Ñ. è äð. Ìîäåëèðîâàíèå ïðîöåññà òåõíè÷åñêîãî îáñëó-
æèâàíèÿ “ïî ñîñòîÿíèþ” ñëîæíîãî âîññòàíàâëèâàåìîãî îáúåêòà ÐÝÒ. Çá³ðíèê íàóêîâèõ ïðàöü
Â³éñüêîâîãî ³íñòèòóòó Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà. 2010.
¹ 29. Ñ. 4–9.

3. Ëåíêîâ Å.Ñ., Æèðîâ Ã.Á., Áîíäàðåíêî Ò.Â. Ôîðìàëèçîâàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü
ïðîöåññà àäàïòèâíîãî òåõíè÷åñêîãî îáñëóæèâàíèÿ ïî ñîñòîÿíèþ ñëîæíîé ðàäèîýëåêòðîííîé
òåõíèêè. ²íôîðìàòèêà òà ìàòåìàòè÷í³ ìåòîäè â ìîäåëþâàíí³. 2016. Ò. 6. ¹ 4. Ñ. 365–371.

4. Ëºíêîâ Ñ.Â., Ëºíêîâ ª.Ñ. Ôîðìàë³çîâàíà ìåòîäèêà îïòèì³çàö³¿ ïàðàìåòð³â ñòðàòåã³¿
òåõí³÷íîãî îáñëóãîâóâàííÿ çà ðåñóðñîì ñêëàäíèõ âèðîá³â òðèâàëî¿ åêñïëóàòàö³¿. Ñó÷àñíà ñïå-
ö³àëüíà òåõí³êà. 2016. ¹ 4(47). Ñ. 3–8.

5. Lenkov S., Zhyrov G., Zaytsev D. and others, 2017. Features of Modelling Failures of Recoverable
Complex Technical Objects with a Hierarchical Constructive Structure. Eastern-European Magazine
of Advanced Technologies. ¹ 4/4(88). 34–42.

6. Ëºíêîâ ª.Ñ. Óçàãàëüíåíà ìàòåìàòè÷íà ìîäåëü ïðîöåñó òåõí³÷íîãî îáñëóãîâóâàííÿ ³ ðå-
ìîíòó ñêëàäíî¿ òåõí³êè. Â³ñíèê Õìåëüíèöüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó. Òåõí³÷í³ íàóêè.
2017. ¹ 2. Ñ. 186–191.

7. Æèðîâ Ã.Á., Ëºíêîâ ª.Ñ., Òîëîê ².Â. Àëãîðèòì³÷íà ìîäåëü àäàïòèâíîãî òåõí³÷íîãî îáñëó-
ãîâóâàííÿ çà ñòàíîì îçáðîºííÿ ³ â³éñüêîâî¿ òåõí³êè. Çá³ðíèê ïðàöü Íàö³îíàëüíî¿ àêàäåì³¿ Äåðæàâ-
íî¿ ïðèêîðäîííî¿ ñëóæáè Óêðà¿íè ³ìåí³ Á. Õìåëüíèöüêîãî. Ñåð³ÿ: â³éñüêîâ³ òà òåõí³÷í³ íàóêè.
2017. ¹ 1(71). Ñ. 368–378.

8. Ëºíêîâ ª.Ñ. Çàãàëüíà ìàòåìàòè÷íà ìîäåëü ïðîöåñó òåõí³÷íîãî îáñëóãîâóâàííÿ ñêëàäíîãî
òåõí³÷íîãî îá’ºêòó. Â³ñíèê Õìåëüíèöüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó. Òåõí³÷í³ íàóêè. 2017.
¹ 4. Ñ. 120–123.

Îòðèìàíî 26.10.2017
Ðåöåíçåíò Ðèáàëüñüêèé Î.Â., ä.ò.í., ïðîô.

'
maxP

'
maxP

optP

'( )P


