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Â äàíîìó äîñë³äæåíí³ íà îñíîâ³ àíàë³çó òèïîâèõ ïðîöåäóð ïðèéíÿòòÿ òåõíîëîã³÷íèõ ð³øåíü
ïîáóäîâàíî ôîðìàëüíèé ï³äõ³ä ìîäåëþâàííÿ òåõíîëîã³÷íèõ ïðîáëåì çàñîáàìè òåîð³¿
ïðåäñòàâëåííÿ òà çàäîâîëåííÿ îáìåæåíü, ùî âèêîðèñòàíî ÿê îñíîâíó ³äåþ ðîçðîáêè
³íòåëåêòóàëüíî¿ ñèñòåìè íà îñíîâ³ îáìåæåíü äëÿ çàïîá³ãàííÿ íåøòàòíèõ ñèòóàö³é â ïðîöåñ³
áóð³ííÿ. Âèêîíàíî îö³íêó ïîâíîòè òà êîìïëåêñíîñò³ ôîðìàëüíèõ ïðåäñòàâëåíü òåõíîëîã³÷íèõ
ïðîáëåì áóð³ííÿ øëÿõîì ïîáóäîâè ïðîåêö³¿ ³ºðàðõ³¿ îáìåæåíü â³äíîñíî ñèñòåì òà ìíîæèí
îáìåæåíü  ³ç  çàäàíèìè  ë³íãâ³ñòè÷íèìè  ì³òêàìè  íà  ìíîæèíó  êëàñ³â  ìîæëèâ³ñíèõ  òà  íå÷³òêèõ
òåõíîëîã³÷íèõ ïðîáëåì. Ïðåäñòàâëåíî ñïîñ³á ð³øåííÿ òåõíîëîã³÷íèõ ïðîáëåì íà îñíîâ³
îáìåæåíü ç ³ºðàðõ³÷íèìè ì³òêàìè ÷åðåç îá÷èñëåííÿ ôóíêö³¿ óñï³øíîñò³ äëÿ ëîêàëüíèõ
îáìåæåíü, ðîçì³ùåííÿ ÿêèõ ïî ð³âíÿõ ³ºðàðõ³¿ ñòîñîâíî êîåô³ö³ºíò³â ¿õ ì³òîê ìîæå áóòè
äîâ³ëüíèì àáî âïîðÿäêîâàíèì ó âèïàäêó êîëè îáìåæåííÿ ç á³ëüø âèñîêèìè âàãîâèìè ì³òêàìè
çíàõîäèòèìóòüñÿ ó â³äïîâ³äíèõ ð³âíÿõ, ùî çàáåçïå÷óþòü ââåäåííÿ âïîðÿäêóâàííÿ ³ºðàðõ³¿
îáìåæåíü ïî ³íäåêñàõ ¿¿ ð³âí³â. Ââåäåíå ïðåäñòàâëåííÿ ì³òîê òåõíîëîã³÷íèõ ïðîáëåì äîçâîëÿº
âèêîíóâàòè  ç’ºäíàííÿ  ì³òîê  çì³ííèõ  â  óñ³õ  îáìåæåííÿõ  äå  âîíè  çóñòð³÷àþòüñÿ,  ïðè  öüîìó
ïî÷àòêîâà òåõíîëîã³÷íà ïðîáëåìà õàðàêòåðèçóºòüñÿ â³äïîâ³äíî íåâïîðÿäêîâàíîþ ñèñòåìîþ
ì³òîê, íåâïîðÿäêîâàíèìè äîìåíàìè çì³ííèõ òà îáìåæåíü, à òàêîæ ââåäåíîþ ç’ºäíóâàëüíîþ
ôóíêö³ºþ äëÿ îáìåæåíü ç íåâïîðÿäêîâàíèìè ì³òêàìè.

Ïîñòàíîâêà ïðîáëåìè â çàãàëüíîìó âèãëÿä³ òà ¿¿ çâ'ÿçîê ³ç âàæëèâèìè ïðàêòè÷íèìè
çàâäàííÿìè. Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é.  Â õîä³ àíàë³çó ñó÷àñíîãî ñòàíó
ïðîáëåìè âèêîíàíî äîñë³äæåííÿ ïðîöåñó áóð³ííÿ íàôòîâèõ òà ãàçîâèõ ñâåðäëîâèí (ÍÃÑ) ÿê
îá’ºêòó êåðóâàííÿ, ïðîàíàë³çîâàíî ñó÷àñí³ â³ò÷èçíÿí³ òà çàðóá³æí³ ðîçðîáêè â îáëàñò³
àâòîìàòèçîâàíèõ ³íòåëåêòóàëüíèõ ñèñòåì òà âèçíà÷åíî îñîáëèâîñò³ êîíòðîëþ òà àâòîìàòèçàö³¿
ïðîöåñ³â êåðóâàííÿ áóð³ííÿì. Ïðîáëåìàì àâòîìàòèçàö³¿ êåðóâàííÿ ïðîöåñîì áóð³ííÿ ÍÃÑ, â
òîìó ÷èñë³ øëÿõîì ñòâîðåííÿ àâòîìàòèçîâàíèõ òà ³íòåëåêòóàëüíèõ ñèñòåì ïðèñâÿ÷åíî ðÿä
òåîðåòè÷íèõ òà ïðèêëàäíèõ äîñë³äæåíü [1-3]. Ðåçóëüòàòè äàíèõ äîñë³äæåíü äîçâîëÿþòü
îïèñóâàòè ïðîöåñ áóð³ííÿ íà ð³âí³ ôîðìàëüíèõ òà ìàòåìàòè÷íèõ ìîäåëåé, ùî º îñíîâîþ
ñòâîðåííÿ ñèñòåì àâòîìàòèçîâàíîãî êåðóâàííÿ ïðîöåñîì, â òîìó ÷èñë³ ç åëåìåíòàìè
³íòåëåêòóàëüíîãî êåðóâàííÿ. Îäíàê, çàëèøàºòüñÿ â³äêðèòèì ïèòàííÿ ðîçðîáêè ³íòåëåêòóàëüíèõ
àâòîìàòèçîâàíèõ ñèñòåì êåðóâàííÿ ïðîöåñîì áóð³ííÿ ÿê³ á äîçâîëÿëè çàïîá³ãàòè âèíèêíåííþ
íåøòàòíèõ ñèòóàö³é â íüîìó.

Îñîáëèâîñò³ ñó÷àñíèõ àâòîìàòèçîâàíèõ ñèñòåì êåðóâàííÿ òåõíîëîã³÷íèì ïðîöåñîì áóð³ííÿ
ÍÃÑ ïîëÿãàþòü â òîìó, ùî âîíè ìàþ÷è äîñòàòíüî âèñîêèé ð³âåíü àïàðàòíèõ òà ïðîãðàìíèõ
ðåñóðñ³â ìîæóòü çàáåçïå÷èòè ð³âåíü ³íòåëåêòóàëüíîñò³ ïðè ÿêîìó âòðó÷àííÿ ëþäèíè º íå
îáîâ’ÿçêîâèì.  Öå  äîçâîëÿº  ñèñòåì³  â  àâòîíîìíîìó  ðåæèì³  âèêîíóâàòè  ôóíêö³¿  ñèñòåìè
îïåðàòîðñüêîãî êåðóâàííÿ ïðîöåñîì áóð³ííÿ, çàñòîñóâàííÿ çàñîá³â îáðîáêè òà àðõ³âóâàííÿ
³íôîðìàö³¿ ïðî õ³ä ïðîöåñó. Ïðîòå îñê³ëüêè ïðîöåñ áóð³ííÿ º ñêëàäíèì òà äèíàì³÷íèì, ïîâíà
àâòîíîìí³ñòü éîãî ³íòåëåêòóàëüíèõ ñêëàäîâèõ â àâòîìàòèçîâàíèõ ñèñòåìàõ ïðîöåñó áóð³ííÿ íå º
äîö³ëüíîþ ³, ÿê ïîêàçóº äîñâ³ä, ð³âåíü ¿õ ôóíêö³îíàëüíîñò³ òà ñò³éêîñò³ áóäå ñóòòºâî âèùèì ó
âèïàäêó, ÿêùî òàêà ñèñòåìà âêëþ÷àòèìå äîñòóï ôàõ³âöÿ-åêñïåðòà íà åòàï³ ï³äòðèìêè ïðèéíÿòòÿ
ð³øåííÿ, ùî äîçâîëÿº ïîºäíóâàòè îá÷èñëþâàëüíó åôåêòèâí³ñòü ñèñòåìè ç ³íòó¿ö³ºþ òà çíàííÿìè
ëþäèíè. ²ñíóþ÷³ àâòîìàòèçîâàí³ ñèñòåìè êåðóâàííÿ òåõíîëîã³÷íèìè ïðîöåñàìè äîçâîëÿþòü
åôåêòèâíî âèð³øóâàòè ðÿä çàäà÷: îáðîáêà ³íôîðìàö³¿ â ðåàëüíîìó ÷àñ³; îðãàí³çàö³ÿ îáì³íó
äàíèìè  äëÿ  ïðèñòðî¿â  çâ’ÿçêó  ç  òåõíîëîã³÷íèìè  îá’ºêòàìè  (êîíòðîëåðàìè,  çàñîáàìè  ââîäó-
âèâåäåííÿ); ï³äòðèìêà ñòàíäàðòíîãî ïðîãðàìíîãî çàáåçïå÷åííÿ; ï³äòðèìêà áàçè òåõíîëîã³÷íèõ
äàíèõ; âèâåäåííÿ ïîâ³äîìëåíü ïðî íåøòàòí³ ñèòóàö³¿; ï³äãîòîâêà çâ³ò³â ïðî ñòàí òà ïåðåá³ã
òåõíîëîã³÷íèõ ïðîöåñ³â; ï³äòðèìêà ìåðåæåâèõ ç’ºäíàíü ç âèêîðèñòàííÿì web-áðàóçåð³â.

Àêòóàëüí³ñòü äàíîãî íàïðÿìó äîñë³äæåíü âèçíà÷àºòüñÿ çàãàëüíèìè çàäà÷àìè
³íòåëåêòóàë³çàö³¿ ëþäèíî-ìàøèííèõ ³íòåðôåéñ³â â àâòîìàòèçîâàíèõ ñèñòåìàõ êåðóâàííÿ
òåõíîëîã³÷íèì ïðîöåñîì áóð³ííÿ, ç îñíîâíèì àêöåíòîì íà íåîáõ³äíîñò³ ñòâîðåííÿ
³íòåëåêòóàëüíèõ ïðîöåäóð çàïîá³ãàííÿ âèíèêíåííþ íåøòàòíèõ ñèòóàö³é ÿê íàñë³äêó ïîìèëîê
îïåðàòîðà òåõíîëîã³÷íîãî ïðîöåñó.



Òàêèì ÷èíîì, ïîáóäîâà ³íòåëåêòóàëüíèõ ñèñòåì ï³äòðèìêè ïðèéíÿòòÿ êåðóþ÷èõ ð³øåíü â
ïðîñòîð³ òåõíîëîã³÷íèõ ïðîáëåì ç ìåòîþ çàïîá³ãàííÿ íåøòàòíèõ àâàð³éíèõ ñèòóàö³é º îäí³ºþ ç
íåâèð³øåíèõ òà ïðàêòè÷íî çíà÷èìèõ ïðèêëàäíèõ çàäà÷.

Ìåòîþ äàíîãî äîñë³äæåííÿ º ðîçðîáëåííÿ ôîðìàëüíîãî ìåòîäó îö³íþâàííÿ â ïðîñòîð³
òåõíîëîã³÷íèõ ïðîáëåì (íåøòàòíèõ ñèòóàö³é â ïðîöåñ³ áóð³ííÿ) øëÿõîì êîíòðîëþ ìíîæèí,
ñèñòåì òà ³ºðàðõ³é îáìåæåíü íàêëàäåíèõ íà òåõíîëîã³÷íèé ïðîöåñ.

Âèêëàä îñíîâíîãî ìàòåð³àëó. Äîñë³äæåííÿ [4] ïîêàçóº, ùî ïðè÷èíîþ âèíèêíåííÿ
òåõíîëîã³÷íèõ ïðîáëåì ïðè áóð³íí³ ÍÃÑ º âèõ³ä ïåâíèõ òåõíîëîã³÷íèõ ïàðàìåòð³â çà
âñòàíîâëåí³ ãðàíè÷í³ çíà÷åííÿ (äîìåíè). Â çàãàëüíîìó âèïàäêó ÿê îñíîâí³ êåðîâàí³
òåõíîëîã³÷í³ ïàðàìåòðè ðîçãëÿäàþòüñÿ: îñüîâå çóñèëëÿ íà äîëîòî F(t); øâèäê³ñòü îáåðòàííÿ
äîëîòà n(t); âèòðàòà ïðîìèâíî¿ ð³äèíè Q(t); ãóñòèíà ïðîìèâíî¿ ð³äèíè, ¿¿ â’ÿçê³ñòü òà âì³ñò
ï³ñêó â ïðîìèâí³é ð³äèí³.  Òèïîâèìè òåõíîëîã³÷íèìè ïðîáëåìàìè, ùî âèíèêàþòü â ïðîöåñ³
áóð³ííÿ º ïîãëèíàííÿ òåõíîëîã³÷íèõ ðå÷îâèí, ôëþ¿äîïðîÿâè, ïîðóøåííÿ ö³ë³ñíîñò³ ñò³íîê
ñâåðäëîâèíè, ïðèõîïëåííÿ êîëîíè òðóá òà ðÿä ³íøèõ. Îñîáëèâ³ñòü ïîãëèíàííÿ òåõíîëîã³÷íèõ
ðå÷îâèí ïîëÿãàº â ïîâíîìó òà ÷àñòêîâîìó ïîãëèíàíí³; ôëþ¿äîïðîÿâè ïîä³ëÿþòüñÿ íà ãàçîâ³,
íàôòîâ³ òà âîäîïðîÿâè ç ìîæëèâèìè ïåðåëèâàìè, âèêèäàìè òà ôîíòàíóâàííÿìè, ÿê³ ìîæóòü
áóòè â³äêðèòèìè òà çàêðèòèìè. Ïîðóøåííÿ ö³ë³ñíîñò³ ñò³íîê ñâåðäëîâèíè ïîëÿãàº â ðîçøèðåíí³
àáî çâóæåíí³ ñòâîëà ñâåðäëîâèíè âíàñë³äîê îáñèïàííÿ ÷è îáâàëþâàííÿ ïîðîäè. Ïðèõîïëåííÿ
êîëîíè òðóá âèíèêàº âíàñë³äîê çàêëèíþâàííÿ êîëîíè ñòîðîíí³ì ïðåäìåòîì, ÷åðåç îáñèïàííÿ òà
îáâàëþâàííÿ ïîðîäè òà âíàñë³äîê ïåðåïàäó òèñêó. Âèíèêíåííÿ òåõíîëîã³÷íèõ ïðîáëåì
ïðèçâîäèòü äî ÷àñîâèõ òà ô³íàíñîâèõ âòðàò ³ â³äïîâ³äíî íåãàòèâíî âïëèâàº íà òåõí³êî-
åêîíîì³÷í³ ïîêàçíèêè ïðîöåñó áóð³ííÿ â ö³ëîìó. Òîìó âèÿâëåííÿ ìîæëèâèõ ïðè÷èí íåøòàòíèõ
ñèòóàö³é òà îïèñ ¿õ â ôîðì³ îáìåæåíü, ùî íàêëàäàþòüñÿ íà òåõíîëîã³÷íèé ïðîöåñ áóð³ííÿ º
âàæëèâîþ çàäà÷åþ, âèð³øåííÿ ÿêî¿ äîçâîëÿº óòâîðþâàòè ôîðìàë³çîâàí³ ñòðóêòóðè
òåõíîëîã³÷íèõ îáìåæåíü â áàçàõ çíàíü ³íòåëåêòóàëüíèõ ñèñòåì êåðóâàííÿ òà ñèñòåì ï³äòðèìêè
ïðèéíÿòòÿ ðàö³îíàëüíèõ òà îïòèìàëüíèõ ð³øåíü, ùîäî ïåðåá³ãó ïðîöåñó [5,6].

Ñóòí³ñòü ïðîöåñó âñòàíîâëåííÿ çíà÷åíü êåðîâàíèõ çì³ííèõ ìîæíà ìîäåëþâàòè çàñîáàìè
òåîð³¿ ïðåäñòàâëåííÿ òà çàäîâîëåííÿ îáìåæåíü [7-10], äå â ÿêîñò³ çì³ííèõ âèêîíóºòüñÿ
ï³äñòàíîâêà òåõíîëîã³÷íèõ ïàðàìåòð³â [6].

Íà ôîðìàëüíîìó ð³âí³ çàäà÷à çàäîâîëåííÿ îáìåæåíü ôîðìóëþºòüñÿ ó âèãëÿä³ êîðòåæó
(V;D;C), äå { }nvvvV ,...,, 21=  – ìíîæèíà çì³ííèõ (êåðîâàíèõ ïàðàìåòð³â ïðîöåñó áóð³ííÿ)

ñèñòåìè; { }nDDDD ,...,, 21=  – ìíîæèíà äîìåí³â (îáëàñòåé âèçíà÷åííÿ) êîæíî¿ çì³ííî¿;

{ }ncccC ,...,, 21=  – ìíîæèíà îáìåæåíü, òîáòî â³äíîøåíü, çàäàíèõ íà ï³äìíîæèí³ çì³ííèõ
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Îñíîâîþ ôóíêö³îíóâàííÿ ³íòåëåêòóàëüíî¿ ñèñòåìè, ùî áàçóºòüñÿ íà íàêëàäåíí³ ìíîæèí,
ñèñòåì  òà  ³ºðàðõ³é  îáìåæåíü  º  êîíòðîëü  ïðîöåñ³â  ¿õ  ïîðóøåííÿ  òà  çàäîâîëåííÿ.  Îïèñ
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ìíîæèíà îáìåæåíü, ùî çàäîâîëüíÿºòüñÿ (Satisfied Constraints) ïðè âèð³øåíí³ òåõíîëîã³÷íî¿
ïðîáëåìè, VC - ìíîæèíà îáìåæåíü, ùî ïîðóøóºòüñÿ (Violated Constraints) ïðè ð³øåíí³

òåõíîëîã³÷íî¿ ïðîáëåìè, UnRC - ìíîæèíà íå ðåëåâàíòíèõ îáìåæåíü äî òåõíîëîã³÷íî¿ ïðîáëåìè.
Òàêèì ÷èíîì, òåõíîëîã³÷íà ïðîáëåìà íà îñíîâ³ îáìåæåíü ïðåäñòàâëÿºòüñÿ êîðòåæåì
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îáìåæåíü; { }22
2

2
1 ,...,, n

UnR cccC =  – ìíîæèíà íåðåëåâàíòíèõ îáìåæåíü.
Â ðîáîòàõ [5,6] áóëî îá´ðóíòîâàíî òàêîæ ñïîñ³á ìîäåëþâàííÿ òåõíîëîã³÷íèõ ïðîáëåì ó

âèãëÿä³ ï³äâèäó ³íôîðìàö³éíî-ïîøóêîâèõ çàäà÷ íà îñíîâ³ îáìåæåíü. Òîìó äëÿ íèõ
ñïðàâåäëèâèì  áóäå  ââåäåííÿ  êîíöåïö³¿  ÷àñòêîâèõ  ð³øåíü  ïîä³áíî  äî  òèõ,  ùî  âèêîíóþòüñÿ  ó
âèïàäêó êëàñè÷íîãî ôîðìóëþâàííÿ [9].

Ï³ä òåõíîëîã³÷íîþ ïðîáëåìîþ íà îñíîâ³ îáìåæåíü ç ÷àñòêîâèìè ð³øåííÿìè  áóäåìî

ðîçóì³òè êîðòåæ ()(),,,),,(, ViolSatSolMtSTPTPTP idealpartial
j £= , äå TP  – ïî÷àòêîâà çàäà÷à íà îñíîâ³



îáìåæåíü, STP  –  ¿¿  ïðîñò³ð, Mt  –  ìåòðèêà  ââåäåíà  íà  äàíîìó  ïðîñòîð³, idealSol  –  ³äåàëüíå
ð³øåííÿ äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè, ()Sat  –  ôóíêö³ÿ  îá÷èñëåííÿ  âàãîâèõ  çíà÷åíü  ïî

çàäîâîëåíèõ îáìåæåííÿõ, ()Viol  – ôóíêö³ÿ îá÷èñëåííÿ âàãîâèõ çíà÷åíü ïî ïîðóøåíèõ
îáìåæåííÿõ. Çà äîïîìîãîþ ³äåàëüíî¿ ôóíêö³¿ òà ôóíêö³¿ îá÷èñëåííÿ âàãîâèõ çíà÷åíü
âèêîíóºòüñÿ êîíòðîëü áàçîâî¿ çàäà÷³ òà ¿¿ ïðîñòîðó, ùî íà ôàêòè÷íîìó ð³âí³ STP  áóäå ì³ñòèòè
ïîñëàáëåííÿ weak(TP) òà ïîñèëåííÿ strong(TP) ïî÷àòêîâî¿ ïðîáëåìè:

ij
i

j
i TPstrongTPweakSTP )(),(= . (1)

ßê íåîáõ³äíå ÷àñòêîâå ð³øåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè íà îñíîâ³ îáìåæåíü partial
jTP  ñë³ä

ðîçãëÿäàòè çàäà÷ó TP¢  ³ç ïðîñòîðó ïðîáëåì STP , ðàçîì ç ¿¿ ð³øåííÿì Sol (TP )¢ ¢ , äå ìåòðè÷íà
â³äñòàíü dist() âèçíà÷àºòüñÿ ôîðìóëîþ:

[ ] [ ]( )|)()(|),( TPViolPTVioldistTPPTMt oo -¢<¢ . (2)

×àñòêîâå ð³øåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè áóäåìî ââàæàòè äîñòàòí³ì ÿêùî:
[ ] [ ]( )|)()(|),( TPSatPTSatdistTPPTMt oo -¢<¢ . (3)

×àñòêîâå ð³øåííÿ áóäåìî ââàæàòè îïòèìàëüíèì ÿêùî ìåòðè÷íà â³äñòàíü ì³æ
òåõíîëîã³÷íèìè ïðîáëåìàìè ì³í³ìàëüíà:

),(min)( TPPTMtTPSol
STP

partial
j

partial
optimal ¢= . (4)

Êð³ì òîãî ìàòèìåìî íàñòóïí³ õàðàêòåðèñòèêè äëÿ ùî ñòóïåíÿ çàäîâîëåííÿ
),()( TPPTMtSolSD partial ¢= ³ ñòóïåíÿ ïîñë³äîâíîñò³ ÷àñòêîâîãî ð³øåííÿ == )()( partial

optimal
partial SolSDSolCD

),(min TPPTMt
STP

¢= , òîáòî â ÿêîñò³ ñòóïåíÿ çàäîâîëåííÿ çàäà÷³ partial
jTP  ìîæíà ðîçãëÿäàòè çíà÷åííÿ

ôóíêö³¿ ìåòðè÷íî¿ â³äñòàí³, à â ÿêîñò³ ñòóïåíÿ ïîñë³äîâíîñò³ – ñòóï³íü çàäîâîëåííÿ
îïòèìàëüíîãî ð³øåííÿ.

Îáìåæåííÿì ç îö³íêîþ äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè áóäåìî ââàæàòè  êîðòåæ ))(,( ii cevfc , äå

ic –  îáìåæåííÿ  ç  ³ºðàðõ³¿ R
TPj

ConstrHrch ,  à evf  – ôóíêö³ÿ îö³íêè îáìåæåíü,

UserEvExpertEvEvSetConstrHrchevf R
TPj

È=®: , äå EvSet  – çàãàëüíà ìíîæèíà îö³íîê, ExpertEv  –

ìíîæèíà îö³íîê åêñïåðòà íàôòîãàçîâî¿ ïðåäìåòíî¿ îáëàñò³, UserEv – ìíîæèíà îö³íîê
êîðèñòóâà÷à ñèñòåìè ³íòåëåêòóàëüíî¿ ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü.

Íàâåäåí³ âèùå ôîðìàëüí³ îïèñè òåõíîëîã³÷íèõ ïðîáëåì ïðîöåñó áóð³ííÿ º âèäîì ïðÿìèõ
ïðåäñòàâëåíü, ùî áàçóþòüñÿ íà ââåäåíí³ ñèñòåì, ìíîæèí òà ³ºðàðõ³é îáìåæåíü äëÿ êåðîâàíèõ
çì³ííèõ. Â òîé æå ÷àñ, î÷åâèäíî, ùî âèíèêíåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè (íåøòàòíî¿ ñèòóàö³¿) º
áåçïîñåðåäí³ì íàñë³äêîì ïåâíî¿ òåõíîëîã³÷íî¿ ïîìèëêè ( TPErr ), ùî âèíèêàº ïðè âñòàíîâëåíí³
äåÿê³é, õî÷à áè îäí³é êåðîâàí³é çì³íí³é (ïàðàìåòðó òåõíîëîã³÷íîãî ïðîöåñó) íåäîïóñòèìîãî
çíà÷åííÿ, òîáòî òàêîãî ÿêå ïîðóøóº õî÷à áè îäíå ç íàêëàäåíèõ îáìåæåíü. Òàêèì ÷èíîì,
ïî÷àòêîâèé øàáëîí ïðåäñòàâëåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè âèäó “çì³íí³-äîìåíè-îáìåæåííÿ”
ìîæíà áåç âòðàòè çàãàëüíîñò³ ïåðåïèñàòè ó âèãëÿä³ “ïîìèëêè Err - äîìåíè ïîìèëîê DomainErr -
îáìåæåííÿ”.

Òåõíîëîã³÷íó ïðîáëåìó ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè Ev
jTP  âèçíà÷èìî  ÿê

ôîðìàëüíó ñòðóêòóðó:
)),,,(,,,( . evfEvSetConstrHrchErrErrTP R

TP
Domain

TP
Hrch

TP
Ev
j jjj

fÄ= , (5)

äå Domain
TP

Hrch
TP jj

ErrErr ,. – ³ºðàðõ³÷íî âïîðÿäêîâàí³ ïîìèëêè ç ðåëåâàíòíèìè äîìåíàìè òåõíîëîã³÷íî¿

ïðîáëåìè jTP , Ä  – îïåðàö³ÿ ïîºäíàííÿ îö³íîê îáìåæåíü, f  – îïåðàö³ÿ âïîðÿäêóâàííÿ íà

ìíîæèí³ îö³íþâàíü EvSet .
Äëÿ çàäàíî¿ òåõíîëîã³÷íî¿ ïðîáëåìè ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè Ev

jTP  òà

äåÿêîãî ïðèñâîºííÿ (ïîòåíö³éíîãî ð³øåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè) .SubHrch
jTPErrYÎy , äå

.. Hrch
TP

SubHrch
TP jj

ErrErr Í , îö³íþâàííÿ ïðèñâîºííÿ y  ïî â³äíîøåííþ äî Ev
jTP  âèçíà÷èìî ÿê:

]..1,..1[
]╞╞[)(),(

max

.var
)()(

k

unRs
i

v
i

SubHrch
jTPi

Rv
i

s
i
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j

nki

r
iConstrHrchccErrcConstrHrchccTP cevfEv

Î
Æ=ÙÚÙÍÙÎ ú

û

ù
ê
ë

é
Ä=

yy
y , (6)



äå var
ic – ìíîæèíà çì³ííèõ îáìåæåííÿ, unRConstrHrch – ³ºðàðõ³ÿ íåðåëåâàíòíèõ îáìåæåíü.
Òàêèì ÷èíîì, îö³íþâàííÿ ïðèñâîºííÿ çä³éñíþºòüñÿ øëÿõîì ïîºäíàííÿ îö³íîê îêðåìèõ

îáìåæåíü, ùî äîçâîëÿº çä³éñíþâàòè â³äá³ð ð³øåíü íà îñíîâ³ îö³íêè ñòóïåíÿ çàäîâîëåííÿ
ïðèñâîºíü:

úû
ù

êë
é )(|)(╞)( yy Ev

jTP
potential EvSDSolEv .

(7)

Ïðèñâîºííÿ .* Hrch
TPj

ErrÎy  áóäåìî ââàæàòè ð³øåííÿì òåõíîëîã³÷íî¿ ïðîáëåìè ç íàêëàäåíèìè

îáìåæåííÿìè ç îö³íêàìè Ev
jTP  ÿêùî âîíî ìàº ì³í³ìàëüíå îö³íî÷íå çíà÷åííÿ ïî â³äíîøåííþ äî

îïåðàö³¿  âïîðÿäêóâàííÿ îö³íþâàíü f :
*)(min|*)( yy Ev

jTP
Ev
j EvTPSol

f
= . (8)

Îö³íêà òåõíîëîã³÷íî¿ ïðîáëåìè Ev
jTP  äîð³âíþº ñòóïåíþ ¿¿ ïîñë³äîâíîñò³ ³ â³äïîâ³äàº

ì³í³ìàëüíîìó îö³íî÷íîìó çíà÷åííÿ:
)(min)()( yEv

jTP
Ev
j

Ev
j EvTPCDTPEv

f
== , .Hrch

jTPErrÎy . (9)

Ñïîñ³á âèêîíàííÿ ïîøóêó îö³íî÷íèõ çíà÷åíü äîçâîëÿº âèçíà÷èòè âåðõí³é ³ íèæí³é åëåìåíò
íà ìíîæèí³ îö³íþâàííÿ íàñòóïíèì ÷èíîì:

ê
ê
ê

ë

é

Î$/Ä®

Î"Ä®^
Þ

Î

Î

V
TP

v
i

v
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v
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S
TP

s
i

s
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s
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Ev
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j ConstrHrchccc

ConstrHrchccc
Ev

,╞,

,╞,
)(min

]..1,..1[

]..1,..1[

max

max

y

y
y

Tf
. (10)

Íåõàé Ev
jTP  - òåõíîëîã³÷íà ïðîáëåìà ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè, òîä³

ïîñëàáëåííÿì òåõíîëîã³÷íî¿ ïðîáëåìè Ev
jTP , áóäåìî ââàæàòè òåõíîëîã³÷íó ïðîáëåìó jTP ¢  ïðè

óìîâ³, ùî S
TP

S
TP Ev

jj
ConstrHrchConstrHrch Ì

¢
 ³ V

TP
V
TP Ev

jj
ConstrHrchConstrHrch Ì

¢
, )( Ev

jj TPweakTP @¢ . Äëÿ

òåõíîëîã³÷íî¿ ïðîáëåìè ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè Ev
jTP  ³ äåÿêîãî ¿¿ ïîñëàáëåííÿ

1
jTP ¢ , îö³íêó çíà÷åííÿ ïîñëàáëåííÿ áóäåìî âèêîíóâàòè íàñòóïíèì ÷èíîì:

]..1,..1[
])[\]([

1

max

11

)()(
k

unR

jTP
R

jTP
R

Ev
jTPi

Ev
j

nki

i
ConstrHrchConstrHrchConstrHrchc

jTP cevfTPEv
Î

ÈÎ"
¢

ú
ú
û
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ê
ê
ë

é
Ä=

¢¢

. (11)

Äëÿ çàäàíî¿ òåõíîëîã³÷íî¿ ïðîáëåìè ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè Ev
jTP  òà äâîõ ¿¿

ïîñëàáëåíü 1
jTP ¢  òà

2
jTP ¢¢  ìàòèìåìî, ùî:

)()(

][][
21

2211

jTPjTP

unR
TP

R
TP

unR
TP

R
TP

TPEvTPEv

ConstrHrchConstrHrchConstrHrchConstrHrch

Ev
j

Ev
j

jjjj

¢¢¢Þ

ÞÈÌÈ
¢¢¢¢¢¢

f
. (12)

Ïðèñâîºííÿ Hrch
jTPErrYÎy  ââàæàòèìåìî ðîçâ’ÿçêîì òåõíîëîã³÷íî¿ ïðîáëåìè ç íàêëàäåíèìè

îáìåæåííÿìè ç îö³íêàìè Ev
jTP , ÿêùî:

)(min|)]([╞)]([ 11
jTPj

Ev
j TPEvTPSolTPSol Ev

j
¢¢®® yy , (13)

äå )( Ev
j

consist
j TPweakTP =¢ .

Òàêèì ÷èíîì, òåõíîëîã³÷íó ïðîáëåìó ç íàêëàäåíèìè îáìåæåííÿìè ç îö³íêàìè Ev
jTP  ìîæíà

ðîçãëÿäàòè ÿê òåõíîëîã³÷íó ïðîáëåìó ç ÷àñòêîâèìè ð³øåííÿìè partial
jTP , ÿêùî âèêîíàòè íàñòóïí³

ä³¿:
1) äëÿ êîæíîãî îáìåæåííÿ R

TP
r
i j

ConstrHrchc Î  ââåñòè  äåÿêèé  äîìåí,  ùî  â³äïîâ³äàòèìå  éîãî

ïðîñòîðó
r
icnSpaceDomai ;

2) ïîáóäóâàòè ìåòðè÷íó ôóíêö³þ äëÿ ïðîñòîð³â îáìåæåíü SpaceMt ,

k

r
i

ni
c

kk

SpaceSpace nSpaceDomaiMt ..1..1
}{

max
==

Å® , äå SpaceÅ  – ç’ºäíóâàëüíà ôóíêö³ÿ ïðîñòîð³â îáìåæåíü;



3) ñòðóêòóðóâàòè ïîñëàáëåííÿ (ïîñèëåííÿ) ÿê ìåòðè÷íó ð³çíèöþ ì³æ â³äïîâ³äíèìè
³ºðàðõ³ÿìè îáìåæåíü.

Íåõàé ìè ìàºìî ìíîæèíó âñ³õ ìîæëèâèõ ïîñëàáëåíü Set
Ev
jTP

Weak  òà ìíîæèíó âñ³õ ìîæëèâèõ

ïîñèëåíü Set
Ev
jTP

Strong  äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè Ev
jTP . Íà ¿õ îñíîâ³ ìîæåìî îòðèìàòè

âïîðÿäêîâàí³ ìíîæèíè:

÷
ø
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ç
è
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÷
ø
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ç
è
æ

== ff ,}{,,,}{, ...2,122...2,111 i
add
i

Set
Ev
jTPi

del
i

Set
Ev
jTP

ConstrSetStrongConstrSetWeak . (14)

Âèêîíàºìî ïîáóäîâó ïîñë³äîâíîãî ïîñëàáëåííÿ ç ìàêñèìàëüíîþ ìíîæèíîþ îáìåæåíü
max1

1|)(
jTP

Ev
j

consist
j ConstrSetTPweakTP

¢
=¢ , äå ]\max[ 11

max R
TP

R
TPTP j

Ev
jj

ConstrHrchConstrHrchConstrSet
¢¢

= .

Òàêîæ ìîæíà âèêîíàòè ïîð³âíÿííÿ â³äì³ííîñòåé ì³æ ïîñëàáëåíîþ (ïîñèëåíîþ) òà
ïî÷àòêîâîþ ïðîáëåìàìè ç òî÷êè çîðó ìíîæèí ¿õ ð³øåíü, à ñàìå:

))(),((),( 1
min

1
min j

Ev
j

Mt
j

Ev
j

Mt TPSolTPSoldistTPTPdist
SolLP

¢¢ Þ . (15)

Êð³ì òîãî, ìîæíà âèêîíàòè ïåðåâïîðÿäêóâàííÿ ìíîæèí ïîñëàáëåíü òà ïîñèëåíü íà îñíîâ³
îá÷èñëåííÿ ñòóïåíÿ çàäîâîëåííÿ ïî÷àòêîâèõ îö³íîê:
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1
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TPEvStrongTPEvWeak ,
(16)

äå Set
TP

i
j

Set
TP

i
j Ev
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j

StrongTPWeakTP ÎÎ 2

2

1

1
, .

Ââåäåí³ ñïîñîáè ïåðåâïîðÿäêóâàíü º ÷àñòèíîþ ìåõàí³çìó ³ìïëåìåíòàö³¿ ïðîöåñó ïîøóêó
ð³øåííÿ (â òîìó ÷èñë³ ³ ÷àñòêîâîãî ð³øåííÿ) äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè â ïðîåêòîâàí³é
³íòåëåêòóàëüí³é ñèñòåì³ íà îñíîâ³ îáìåæåíü.

Äëÿ äîñë³äæåííÿ ïîâíîòè òà êîìïëåêñíîñò³ òåõíîëîã³÷íèõ ïðîáëåì íà îñíîâ³ îáìåæåíü ÿê
îêðåìîãî ï³äêëàñó ³íôîðìàö³éíî-ïîøóêîâèõ çàäà÷ íà îñíîâ³ îáìåæåíü (CSP – constraints
satisfaction problem), äîö³ëüíèì ïîáóäîâà ïðîåêö³¿ ³ºðàðõ³¿ îáìåæåíü (â³äïîâ³äíî ñèñòåì òà
ìíîæèí îáìåæåíü) ç ë³íãâ³ñòè÷íèìè ì³òêàìè íà êëàñè ìîæëèâ³ñíèõ òà íå÷³òêèõ òåõíîëîã³÷íèõ
ïðîáëåì: [ ]fuzzyfuzzy TPConstrHrchTPConstrHrch ®® ,mm .

Âèçíà÷èìî ìîæëèâ³ñíó çàäà÷ó m
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ConstrHrchc mÎ , äå ³ºðàðõ³ÿ îáìåæåíü ì³ñòèòü ãëîáàëüí³ ì³òêè gl, ùî âèçíà÷àþòüñÿ íà îñíîâ³

îö³íîê íåîáõ³äíîñò³ çàäîâîëåííÿ òà ¿õ ñòóïåí³â ïðåôåðåíö³é: ]:[╞)( iiii
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ÿêùî y  º ð³øåííÿì äëÿ ³ºðàðõ³¿ R
TPj
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÷÷
ø

ö
çç
è

æ
úû

ù
êë

é=® )(max|)(╞][ yyy mm
m R

jTPSF

R

jTPj
optimal ConstrHrchSFConstrHrchSolTP . (17)

Â òîé æå ÷àñ ôóíêö³þ óñï³øíîñò³ ìîæíà ðîçãëÿäàòè ÿê ñòóï³íü ïîñë³äîâíîñò³ äëÿ m
jTP .

Âèçíà÷èìî òåõíîëîã³÷íó ïðîáëåìó ç íå÷³òêèìè îáìåæåííÿìè fuzzy
jTP  ÿê êîðòåæ

÷
ø
öç

è
æ ),..,(, 1. m

LL

Domain
TP

Hrch
TP fuzzy

jTPfuzzy
jTPjj

ccErrErr , äå Set

L
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jTP

C - ìíîæèíà íå÷³òêèõ îáìåæåíü. Â³äïîâ³äíî êîæíå

íå÷³òêå îáìåæåííÿ i

L
fuzzy
jTP

c  ³ çâè÷àéíå îáìåæåííÿ ic  âèçíà÷èìî íàä äåÿêîþ ñê³í÷åíîþ ìíîæèíîþ

çì³ííèõ },...,{
1 kii ee . Ââåäåìî íå÷³òêå â³äíîøåííÿ âèäó:

)()),...,((},...,{
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s
i

Constr
TP

dom
i
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i

s
i
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i
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ic cgleecSFeemf fuzzy

jkk
i
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jTP

L

Å= , (18)

äå
jj i

dom
i ee ¬ – â³äîáðàæåííÿ çì³ííèõ íà äîìåíè ¿õ çíà÷åíü, ()mf  – â³äïîâ³äíà ¿ì ôóíêö³ÿ

íàëåæíîñò³.



Ïðèñâîºííÿ fuzzy
jLP

Err
YÎy áóäå ð³øåííÿì òåõíîëîã³÷íî¿ ïðîáëåìè fuzzy

jTP  âèäó

úû
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êë
é ÎÅÙ®

=

Set

L
iTPmi

fuzzy
jTPfuzzy

j
CcSol

..1
 ÿêùî y  º  ð³øåííÿì  äëÿ m

m
jLHrch

jTP

TP ][ .  , )]([ .
m

m
y jLHrch

jTP

TPSol=  òà

)()( fuzzy
j

Set

L
TPCDCSF fuzzy

jTP
=y .

Òåõíîëîã³÷íîþ ïðîáëåìîþ ç îáìåæåííÿìè ç ³ºðàðõ³÷íèìè ì³òêàìè áóäåìî ââàæàòè
ôîðìàëüíó ñòðóêòóðó:

)),,,]1..0([,,,( .
.

.

set
Hrchl

R
TP

Domain
TP

Hrch
TP

Hrch
j lRConstrHrchErrErrTP set

Hrchjjj
Å³Í= , (19)

äå set
Hrchl .  – ³ºðàðõ³÷íà ì³òêà, set

Hrchl .
Å – ç’ºäíóâàëüíà ôóíêö³ÿ äëÿ ³ºðàðõ³÷íèõ ì³òîê.

Âåðõíÿ ãðàíèöÿ çíà÷åíü ì³òîê ìîæå îáìåæóâàòèñü çíà÷åííÿì “1” íà ð³âíÿõ ³ºðàðõ³¿ àáî, ùî
íàéá³ëüø çðó÷íî, çíà÷åííÿìè Rrr Î,,0  äëÿ âñ³º¿ ³ºðàðõ³¿.

Ðîçãëÿíåìî âèïàäîê, êîëè ³ºðàðõ³ÿ ì³òîê ìàº n -ð³âí³â. Â³äïîâ³äíî êîæåí ç ð³âí³â
ïðåäñòàâëÿºòüñÿ ñèñòåìàìè îáìåæåíü, ùî íå ïåðåòèíàþòüñÿ:

)),(),...,,(( 11 RnnR ConstrSetConstrSystConstrSetConstrSystConstrHrch ³=³== ; (20)

nConstrSystConstrSystConstrHrch ÈÈ= ,...,1 ; (21)

]..1[,, njiConstrSystConstrSyst ji Î"Æ=Ç . (22)

Äîö³ëüíî òàêîæ ââåñòè âïîðÿäêóâàííÿ ³ºðàðõ³¿ îáìåæåíü ïî ³íäåêñàõ ¿¿ ð³âí³â:
},{ indexiConstrSystConstrHrch p= ; (23)

]..1[,;╞ njijiConstrSystConstrSyst jindexi Î<p . (24)

Ïðèðîäí³ì áóäå òàêîæ ââåäåííÿ âïîðÿäêóâàííÿ ïî âàãîâèõ êîåô³ö³ºíòàõ:
},{ weightiConstrSystConstrHrch p= ; (25)

)()(╞
1111 jijweighti ConstrSystWeightConstrSystWeightConstrSystConstrSyst <p , (26)

äëÿ ,)(
max

1
å
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=
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k
ki cwConstrSystWeight äå ik - ê³ëüê³ñòü îáìåæåíü â ñèñòåì³ íà i -òîìó ð³âí³, iConstrSyst

- ñèñòåìà îáìåæåíü i - òîãî ð³âíÿ.
Íåõàé çàäàíî ïðèñâîºííÿ Hrch

Hrch
jTP

ErrYÎy . Îö³íêó äàíîãî ïðèñâîºííÿ ìîæíà âèêîíàòè

íàñòóïíèì ÷èíîì: [ ]å ååå
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cSFcSDSD y , òîáòî ðîçãëÿäàòè ð³âåíü çàäîâîëåííÿ

ïðèñâîºííÿ ÷åðåç ñóìàðèçàö³þ ð³âí³â çàäîâîëåííÿ îáìåæåíü íà îñíîâ³ ôóíêö³¿ óñï³øíîñò³ ³
òàêèì ÷èíîì îòðèìàòè, ùî )(╞)}({╞)}()({

max..1..1 ySDConstrSystSFcglcSF kiikkk
Constr

k i ==È .

Óñï³øí³ñòü ñèñòåìè îáìåæåíü 1
iConstrSyst  ïî â³äíîøåííþ äî ïðèñâîºííÿ Hrch

Hrch
jTP

ErrYÎy áóäåìî

ðîçãëÿäàòè ÿê â³äîáðàæåííÿ:
)(:|)( 1

1
wErrii WConstrSystConstrSystSF Hrch

Hrch
jTP

Hrch
Hrch
jTP

Err
£®YÌ YÎy . (27)

Äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè ç îáìåæåííÿìè ç ³ºðàðõ³÷íèìè ì³òêàìè .Hrch
jTP ³ ³ºðàðõ³¿

îáìåæåíü ç ì³òêàìè [ ] ..
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.

...1

Hrch
nset

Hrch
set

Hrch
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j

l
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lL
TP ConstrSystConstrSystConstrHrch UU= , óñï³øí³ñòü ³ºðàðõ³¿ ïî

â³äíîøåííþ äî ïðèñâîºííÿ y  áóäåìî âèçíà÷àòè ÿê:
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1
1 yyy

Hrch
nset

Hrch
set

Hrch
j

l
nSFSF

l
TP ConstrSystSFConstrSystSFConstrHrchSF ÅÅ= , (28)

äå SFÅ - ç’ºäíóâàëüíà ôóíêö³ÿ äëÿ çíà÷åíü ôóíêö³¿ óñï³øíîñò³.

Ð³øåííÿì äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè ç ³ºðàðõ³÷íèìè ì³òêàìè .Hrch
jTP  áóäåìî ââàæàòè òàêå

ïðèñâîºííÿ y , ùî çíà÷åííÿ êîæíî¿ ôóíêö³¿ óñï³øíîñò³
max..1)( kii

i ConstrSystSF =y  º ìàêñèìàëüíèì:

1
1 iHrch

Hrch
jTP

Err $YÎ"y  òàêå, ùî:



max1
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1
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kiiConstrSystSFConstrSystSF

ConstrSystSFConstrSystSFii

iWi

iWi
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. (29)

Çã³äíî ââåäåíèõ âïîðÿäêóâàíü ð³âåíü 1ConstrSyst  ëîã³÷íî ââàæàòè íàéá³ëüø âàæëèâèì, à
éîãî ñòóï³íü çàäîâîëåííÿ íàéá³ëüø ìàêñèìàëüíèì:

]..1,╞,,[)( 11 kkkk ikcConstrSystccConstrSystSD =Î"® y . (30)

Òàêèì ÷èíîì óñï³øí³ñòü ïðèñâîºíü ìîæíà îö³íþâàòè ïî ð³âíÿõ ³ºðàðõ³¿:

max. ..1
. ][)( kiiSF

Hrch ConstrSystSFConstrSystSF
Hrch
jTP

=Å= yy . (31)

Çã³äíî âèùå ïðèâåäåíîãî ôóíêö³ÿ óñï³øíîñò³ îòðèìóâàòèìå äîäàòêîâ³ ³íòåðïðåòàö³¿, à ñàìå:
1) óñï³øí³ñòü ïî âàãîâèõ ñóìàõ:
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(32)

2) óñï³øí³ñòü â íàéã³ðøîìó âèïàäêó:
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1 )](min)( )([ iiii

Constr

ConstrHrchcTP cConstrHrchSF SFcgl
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Âèêîíàºìî îö³íêó óñï³øíîñò³ îêðåìèõ (âèä³ëåíèõ) îáìåæåíü íà îñíîâ³ ââåäåíî¿ ³äå¿
ãëîáàëüíèõ ì³òîê :))(),(( ycSFcglConstr ,),)([()( )( 11

1
. Kyy cConstrHrch SFcglSF Constr

TPHrch
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=

)])(( )( yii
Constr cSFcgl   äëÿ .
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1 },,{ Hrch
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Hrch
j TPkiiTP ConstrHrchConstrHrch cc Í= =K .

Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü ââîäèòè ð³øåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè íà îñíîâ³
îáìåæåíü ç ³ºðàðõ³÷íèìè ì³òêàìè øëÿõîì îá÷èñëåííÿ ôóíêö³¿ óñï³øíîñò³ äëÿ ëîêàëüíèõ
îáìåæåíü:
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Òàêèì ÷èíîì, êîíòðîëü ïàð çíà÷åíü ))(),(( yii
Constr cgl SFc  äîçâîëÿº òàêîæ âèêîíóâàòè

êîíòðîëü çàäîâîëåíèõ îáìåæåíü ïðèñâîºííÿì y :

]╞[├]0)()(),([
max...1,

. i
TPkiiiii

Constr
j

ConstrSystcSFcSFcgl yyy ="= . (35)

Ïî àíàëîã³¿ ç ³ñíóþ÷îþ â³äïîâ³äí³ñòþ ì³æ ìíîæèíàìè íå÷³òêèõ ì³òîê òà òåõíîëîã³÷íèìè
ïðîáëåìàìè íà îñíîâ³ íå÷³òêèõ îáìåæåíü: setfuzzy

j
deffuzzy

set TPL ][¾¾®¬  ìîæíà îïèñàòè â³äïîâ³äí³ñòü ì³æ

³ºðàðõ³÷íèìè ì³òêàìè òà ³ºðàðõ³ÿìè îáìåæåíü äëÿ òåõíîëîã³÷íèõ ïðîáëåì

jTP
defHrch

set ConstrHrchL ¾¾®¬ .

Äëÿ òåõíîëîã³÷íî¿ ïðîáëåìè ç ³ºðàðõ³÷íèìè ì³òêàìè ,,,( . R
TP

Domain
TP

Hrch
TP

Hrch
j jjj

ConstrHrchErrErrTP =

)),,,R]1..0([ .
.

set
Hrchl lset

Hrch
Å³Í ³ çàäàíîþ ³ºðàðõ³ºþ îáìåæåíü U

max

1

k

i
iTP ConstrSystConstrHrch

j
=

= , ïðèñâîºííÿ

.Hrch
jTPErrYÎy  ç ôóíêö³ºþ )( i

Constr cgl  â ÿêîñò³ ôóíêö³¿ îá÷èñëåííÿ âàãîâèõ çíà÷åíü îáìåæåíü, ìîæíà

ðîçãëÿäàòè ÿê ð³øåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè Hrch
jTP  äëÿ  êëàñó  ç  ôóíêö³ºþ  óñï³øíîñò³  äëÿ

âàãîâèõ ñóì òà êëàñó “êðàùå ð³øåííÿ ïî âàãîâèõ ñóìàõ”.

Íåõàé çàäàíî òåõíîëîã³÷íó ïðîáëåìó ç íåâïîðÿäêîâàíîþ ñèñòåìîþ ì³òîê ,( Syst
TP

L
j j

set

ErrTP U=

)),,,(,, lLConstrSystErr ji
cc

set
TP

Domain
TP jijj

¹ÅpU , äå Syst
TPj

ErrU  ³ U

jTPConstrSyst – íåâïîðÿäêîâàí³ äîìåíè çì³ííèõ

òà îáìåæåíü, setLlÎ – ïðåäñòàâëåííÿ ì³òîê, ji
cc ji

¹Å  –  ç’ºäíóâàëüíà  ôóíêö³ÿ  äëÿ  îáìåæåíü  ç

íåâïîðÿäêîâàíèìè ì³òêàìè. Ââåäåìî äèíàì³÷íó ãëîáàëüíó ì³òêó çì³ííî¿ )(. errdglConstr
W - ÿêà

âèêîíóâàòèìå ç’ºäíàííÿ ì³òîê çì³ííî¿ â óñ³õ îáìåæåííÿõ yU

jTPConstrSyst  äå âîíà çóñòð³÷àºòüñÿ:
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Constr
W Lerrdgl ®y:)(

1

. , ),()(
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1 )()(

.
iiWerrConstrSystci
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W errclerrdgl
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âèêîðèñòàííÿ  äèíàì³÷íèõ  ì³òîê  äîçâîëÿº  âïîðÿäêîâóâàòè  ðåøòó  çì³ííèõ,  ÿêèì  ùå  íå  áóëè
ïðèñâîºíí³ çíà÷åííÿ.

Âèñíîâêè. Ðîçðîáëåíî òåõíîëîã³þ êîíòðîëþ ïðîöåñó ð³øåííÿ íåøòàòíèõ òåõíîëîã³÷íèõ
ñèòóàö³é, ùî âèíèêàþòü â ïðîöåñ³ áóð³ííÿ íàôòîâèõ òà ãàçîâèõ ñâåðäëîâèí çàñîáàìè
³íòåëåêòóàëüíî¿ ñèñòåìè íà îñíîâ³ îáìåæåíü, øëÿõîì ôîðìàë³çàö³¿ òà äîñë³äæåííÿ îòðèìàíîãî
ïðîñòîðó òåõíîëîã³÷íèõ ïðîáëåì íà îñíîâ³ îö³íî÷íèõ ôóíêö³é, ùî äîçâîëÿº êëàñèô³êóâàòè òà
àíàë³çóâàòè ïîìèëêè, øëÿõîì ñï³âñòàâëåííÿ ïîòî÷íîãî òåõíîëîã³÷íîãî ð³øåííÿ ç çàêëàäåíèìè â
ñèñòåì³ ³ºðàðõ³ÿìè îáìåæåíü, ùî ðåãóëþºòüñÿ ä³àëîãàìè çâîðîòíîãî çâ’ÿçêó. Çàïðîïîíîâàíî
ïðåäñòàâëåííÿ òåõíîëîã³÷íî¿ ïðîáëåìè ç ÷àñòêîâèì ð³øåííÿìè áàçóºòüñÿ íà îñíîâ³ òàêèõ
ñêëàäîâèõ ÿê ïðîñò³ð òåõíîëîã³÷íî¿ ïðîáëåìè, ìåòðèêà ïðîñòîðó, ³äåàëüíå ð³øåííÿ, âàãîâ³
çíà÷åííÿ ïî çàäîâîëåíèõ îáìåæåííÿõ, âàãîâ³ çíà÷åííÿ ïî ïîðóøåíèõ òåõíîëîã³÷íèõ
îáìåæåííÿõ. Çà äîïîìîãîþ ââåäåíî¿ ³äåàëüíî¿ ôóíêö³¿ òà ôóíêö³¿ îá÷èñëåííÿ âàãîâèõ çíà÷åíü
âèêîíóºòüñÿ êîíòðîëü ïðîöåñ³â ïîñëàáëåííÿ òà ïîñèëåííÿ ôîðìóëþâàíü ïî÷àòêîâî¿
òåõíîëîã³÷íî¿ ïðîáëåìè â ¿¿ ïðîñòîð³. Ïîêàçàíî, ùî òåõíîëîã³÷íó ïðîáëåìó ç íàêëàäåíèìè
îáìåæåííÿìè ç îö³íêàìè ìîæíà ðîçãëÿäàòè ÿê òåõíîëîã³÷íó ïðîáëåìó ç ÷àñòêîâèìè ð³øåííÿìè,
ÿêùî äëÿ êîæíîãî îáìåæåííÿ ìîæíà ââåñòè ïåâíèé äîìåí, ùî â³äïîâ³äàòèìå éîãî ïðîñòîðó òà
âèêîíàòè ïîáóäîâó ìåòðè÷íî¿ ôóíêö³¿ äëÿ ïðîñòîð³â îáìåæåíü íà îñíîâ³ áàçîâî¿ ç’ºäíóâàëüíî¿
ôóíêö³¿ äëÿ ââåäåíèõ ïðîñòîð³â çàäàâøè ñòðóêòóðèçàö³þ ìåõàí³çìó ïîñëàáëåííÿ àáî ïîñèëåííÿ
ôîðìóëþâàííÿ òåõíîëîã³÷íî¿ ïðîáëåìè ÿê ìåòðè÷íî¿ ð³çíèö³ ì³æ â³äïîâ³äíèìè ³ºðàðõ³ÿìè.

Ñïèñîê âèêîðèñòàíî¿ ë³òåðàòóðè:
1. Ñåìåíöîâ Ã.Í. Àâòîìàòèçàö³ÿ ïðîöåñó áóð³ííÿ ñâåðäëîâèí: [íàâ÷.ïîñ³áíèê] /

Ã.Í.Ñåìåíöîâ. -   ²âàíî-Ôðàíê³âñüê: ²ÔÍÒÓÍÃ – 1997. – 300 ñ.
2. Ñåìåíöîâ Ã.Í. Àâòîìàòèçàö³¿ òåõíîëîã³÷íèõ ïðîöåñ³â ó íàôòîâ³é ³ ãàçîâ³é ïðîìèñëîâîñò³:

[íàâ÷àëüíèé ïîñ³áíèê] / Ã.Í.Ñåìåíöîâ, ß.Ð.Êîãó÷, ß.Â.Êóðîâåöü, Ì.Ì.Äðàí÷óê. -  ²âàíî-
Ôðàíê³âñüê: ²ÔÍÒÓÍÃ. – 2009. – 300ñ.

3. Ãîðá³é÷óê Ì.². Îïòèì³çàö³ÿ ïðîöåñó áóð³ííÿ ãëèáîêèõ ñâåðäëîâèí: [íàâ÷.ïîñ³áíèê] /
Ì.².Ãîðá³é÷óê,  Ã.Í.Ñåìåíöîâ. -  ²âàíî-Ôðàíê³âñüê: Ôàêåë. – 2003. – 493 ñ.

4. ßñîâ Â.Ã. Îñëîæíåíèÿ è àâàðèè ïðè áóðåíèè íåôòÿíûõ è ãàçîâûõ ñêâàæèí: [ó÷åáíîå
ïîñîáèå] / Â.Ã.ßñîâ. – Èâàíî-Ôðàíêîâñê: ÈÔÄÒÓÍÃ, 2004. – 207ñ.

5. Âîâê Ð.Á. Ñèñòåìà ³íòåëåêòóàëüíî¿ ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü ïðè êîíòðîë³
òåõíîëîã³÷íèõ  ïàðàìåòð³â  /  Ð.Á.  Âîâê,  Â.².  Øåêåòà,  Â.Ä.  Ìåëüíèê  //  Ìåòîäè  ³  ïðèëàäè
êîíòðîëþ ÿêîñò³. – 2012. – ¹ 29. – Ñ. 119 – 129.

6. Âîâê Ð.Á. Ïîäàííÿ òà îáðîáëÿííÿ òåõíîëîã³÷íèõ çíàíü ïðî ïðîöåñ áóð³ííÿ íà îñíîâ³
îáìåæåíü / Ð.Á. Âîâê, Â.Ä. Ìåëüíèê, Ë.Ì. Ãîáèð // Íàóêîâèé â³ñíèê ²âàíî-Ôðàíê³âñüêîãî
íàö³îíàëüíîãî òåõí³÷íîãî óí³âåðñèòåòó íàôòè ³ ãàçó. – 2013. – ¹ 1 (34) – Ñ. 73 – 81.

7. Tsang E. Foundations of Constraint Satisfaction. Academic Press. 1993. – Ðåæèì äîñòóïó:
http://www.bracil.net/edward/FCS.html.

8. Kumar V. Algorithms for Constraint-Satisfaction Problems, AI Magazine, 1992. pp. 32-44. -
Ðåæèì äîñòóïó: http://www.aaai.org/ojs/index.php/ai-magazine/article /view/976 /894.

9. Hirayama K., Yokoo M. Distributed partial constraint satisfaction problem. Principles and
Practice of Constraint Programming-CP97, Volume 1330, 1997, pp 222-236. – Ðåæèì äîñòóïó:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.103.5350&rep=rep1&type=pdf

10. Schiex T., Fargier H., Verfaillie G. Valued constraint satisfaction problems. Procd. of the
14th int. conf. on AI, p.631-637, August 20-25, 1995, Montreal, Canada. – Ðåæèì äîñòóïó
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.51.8165&rep=rep1&type=pdf

ÂÎÂÊ Ðîìàí Áîãäàíîâè÷ – êàíäèäàò òåõí³÷íèõ íàóê, äîöåíò êàôåäðè ïðîãðàìíîãî
çàáåçïå÷åííÿ àâòîìàòèçîâàíèõ ñèñòåì ²âàíî-Ôðàíê³âñüêîãî íàö³îíàëüíîãî òåõí³÷íîãî
óí³âåðñèòåòó íàôòè ³ ãàçó.

Íàóêîâ³ ³íòåðåñè:
- ³íòåëåêòóàëüí³ ñèñòåìè, ñèñòåìè ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü â ïðîöåñ³ áóð³ííÿ íàôòîâèõ ³

ãàçîâèõ ñâåðäëîâèí ç âèêîðèñòàííÿì êîíöåïö³¿ ïðåäñòàâëåííÿ òà çàäîâîëåííÿ îáìåæåíü (CSP).
Òåë.: +38(097)-753-90-22, Email: wolf@wolf.if.ua.

Ïîäàíî 23.01.2014



Âîâê Ð.Á. Ôîðìàë³çàö³ÿ òà äîñë³äæåííÿ ïðîñòîðó òåõíîëîã³÷íèõ ïðîáëåì áóð³ííÿ íà îñíîâ³
îö³íî÷íèõ ôóíêö³é.

Âîâê Ð.Á. Ôîðìàëèçàöèÿ è èññëåäîâàíèå ïðîñòðàíñòâà òåõíîëîãè÷åñêèõ ïðîáëåì áóðåíèÿ
íà îñíîâå îöåíî÷íûõ ôóíêöèé.

Vovk R.B. The formalization and exploration of the drilling technological problems space based
on evaluations.

ÓÄÊ 004.942:622.248
Ôîðìàëèçàöèÿ è èññëåäîâàíèå ïðîñòðàíñòâà òåõíîëîãè÷åñêèõ ïðîáëåì áóðåíèÿ íà îñíîâå

îöåíî÷íûõ ôóíêöèé / Ð.Á. Âîâê
Â äàííîì èññëåäîâàíèè íà îñíîâå àíàëèçà òèïè÷íûõ ïðîöåäóð ïðèíÿòèÿ òåõíîëîãè÷åñêèõ

ðåøåíèé ïîñòðîåíî ôîðìàëüíûé ïîäõîä ìîäåëèðîâàíèÿ òåõíîëîãè÷åñêèõ ïðîáëåì ïî ñðåäñòâàì
òåîðèè ïðåäñòàâëåíèÿ è óäîâëåòâîðåíèÿ îãðàíè÷åíèé, ÷òî èñïîëüçîâàíî êàê îñíîâíóþ èäåþ äëÿ
ðàçðàáîòêè èíòåëëåêòóàëüíîé ñèñòåìû íà îñíîâå îãðàíè÷åíèé äëÿ ïðåäîòâðàùåíèÿ íåøòàòíûõ
ñèòóàöèé â áóðåíèè. Âûïîëíåíà îöåíêà ïîëíîòû è êîìïëåêñíîñòè ôîðìàëüíûõ ïðåäñòàâëåíèé
òåõíîëîãè÷åñêèõ ïðîáëåì áóðåíèÿ ïóòåì ïîñòðîåíèÿ ïðîåêöèè èåðàðõèè îãðàíè÷åíèé
îòíîñèòåëüíî ñèñòåì è ìíîæåñòâ îãðàíè÷åíèé ñ çàäàííûìè ëèíãâèñòè÷åñêèìè ìåòêàìè íà
ìíîæåñòâî êëàññîâ âåðîÿòíîñòíûõ è íå÷åòêèõ òåõíîëîãè÷åñêèõ ïðîáëåì. Ïðåäñòàâëåí ñïîñîá
ðåøåíèÿ òåõíîëîãè÷åñêèõ ïðîáëåì íà îñíîâå îãðàíè÷åíèé ñ èåðàðõè÷åñêèìè ìåòêàìè ïóòåì
âû÷èñëåíèÿ ôóíêöèè óñïåøíîñòè ëîêàëüíûõ îãðàíè÷åíèé, ðàçìåùåíèå êîòîðûõ ïî óðîâíÿì
èåðàðõèè îòíîñèòåëüíî èõ êîýôôèöèåíòîâ ìåòîê ìîæåò áûòü ïðîèçâîëüíûì èëè
óïîðÿäî÷åííûì â ñëó÷àå, êîãäà îãðàíè÷åíèÿ ñ áîëåå âûñîêèìè âåñîâûìè ìåòêàìè íàõîäèòüñÿ â
ñîîòâåòñòâóþùèõ óðîâíÿõ, îáåñïå÷èâàÿ óïîðÿäî÷èâàíèå èåðàðõèè îãðàíè÷åíèé ïî èíäåêñàõ åå
óðîâíåé. Ââåäåííîå ïðåäñòàâëåíèå ìåòîê òåõíîëîãè÷åñêèõ ïðîáëåì ïîçâîëÿåò âûïîëíÿòü
ñîåäèíåíèÿ ìåòîê ïåðåìåííûõ âî âñåõ îãðàíè÷åíèÿõ, ãäå îíè âñòðå÷àþòñÿ, ïðè ýòîì íà÷àëüíàÿ
òåõíîëîãè÷åñêàÿ ïðîáëåìà õàðàêòåðèçóåòñÿ ñîîòâåòñòâåííî íåóïîðÿäî÷åííîé ñèñòåìîé ìåòîê,
íåóïîðÿäî÷åííûìè äîìåíàìè ïåðåìåííûõ è îãðàíè÷åíèé, à òàêæå ââåäåííîé ñâÿçóþùåé
ôóíêöèåé äëÿ îãðàíè÷åíèé ñ íåóïîðÿäî÷åííûìè ìåòêàìè.

ÓÄÊ 004.942:622.248
The formalization and exploration of the drilling technological problems space based on

evaluations / R.B. Vovk
In the given research based on the analysis of typical routines of technological decisions making

the formal approach is constructed for modelling of the technological problems based on constraints
satisfaction approach what was stipulated as an main conception for developing of the constraints
based intelligible system for emergencies prevention by the drilling of oil and gas wells. The
evaluation is done for the question of completeness and complexity of the formal description of the
drilling technological problems by the way of construction of constraints hierarchy projection with
regards to the systems and sets of relevant constraints with stipulated linguistic labels on the
classes set of possibilistic and fuzzified technological problems. The solution conception is provided
for the constraints based technological problems with hierarchical labels by means of evaluation
functions calculation for local constraints which are located on the hierarchy levels with regards to
their labels weights what can be implemented any way, or be strictly ordered in the case when
constraints with more higher weights labels will be allocated in the corresponding levels, what at
generally allows ordering implementing for constraints hierarchy with regards to indexes of their
levels. The introduced presentation of the technological problems labels allows to fulfill
concatenation of the variables labels in the all selected constraints where they are present, and this
is the very case when the initial technological problem is signified correspondingly with some
unordered labels system, some unordered variables domains and constraints and introduced
concatenations functions for constraints with unordered labels set.


