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Âñòóï

Íà ñüîãîäí³,  âèìîãè íàóêîâî-òåõí³÷íîãî 
ïðîãðåñó âèñóâàþòü íà ïåðåäí³é ïëàí ñòâîðåí-
íÿ ñèñòåì àâòîìàòè÷íîãî êåðóâàííÿ (ÑÀÊ),  
ÿê³ íà êîæíîìó ðåæèì³ ñâîãî ôóíêö³îíóâàííÿ 
îïòèìàëüíî âèêîðèñòîâóþòü âñ³ íàÿâí³ ðåñóðñè 
– åíåðãåòè÷í³,  ³íôîðìàö³éí³,  îá÷èñëþâàëüí³ 
òîùî äëÿ äîñÿãíåííÿ ãîëîâíî¿ äëÿ öüîãî ðåæèìó 
ìåòè ïðè íàÿâíîñò³ áàãàòüîõ îáìåæåíü.

Ïîâíîþ ì³ðîþ öå ñòîñóºòüñÿ ³ ñòâîðåííÿ 
ÑÀÊ  äëÿ àâ³àö³éíèõ ãàçîòóðá³ííèõ äâèãóí³â 
(ÃÒÄ). Àâ³àö³éíèé ÃÒÄ,  ÿê îá’ºêò êåðóâàííÿ,  
ìàº  ðÿä îñîáëèâîñòåé,  ÿê³ âèçíà÷àþòü âèìîãè 
äî êåðóâàëüíî¿ ÷àñòèíè ÑÀÊ. Â³í ÿâëÿº  ñîáîþ 
íåë³í³éíèé íåñòàö³îíàðíèé áàãàòîâèì³ðíèé 
òà áàãàòîçâ’ÿçíèé îá’ºêò,  òîìó äëÿ éîãî åôåê-
òèâíîãî êåðóâàííÿ íåîáõ³äíî âèêîðèñòîâóâàòè 
íåë³í³éíå îïòèìàëüíå áàãàòîçâ’ÿçíå êåðóâàííÿ,  
ïðè÷îìó â àëãîðèòì³ êåðóâàííÿ íåë³í³éíà ìî-
äåëü äâèãóíà òà îáìåæåííÿ íà øâèäê³ñòü ðóõó 
âèêîíàâ÷èõ îðãàí³â ³ âåëè÷èíó êåðóþ÷èõ çáóðåíü 
ïîâèíí³ áóòè çàäàí³ â ÿâíîìó âèãëÿä³.

1. Ïîñòàíîâêà çàâäàííÿ

Çàäà÷à îïòèì³çàö³¿ ÑÀÊ  ÃÒÄ íà åòàï³ ïîëüîòó 
ïîâ³òðÿíîãî ñóäíà (ÏÑ)  ïîëÿãàº  ó äîñÿãíåíí³ 
îïòèìóìó ôóíêö³¿ ö³ë³,  ùî õàðàêòåðèçóº  
åôåêòèâí³ñòü ÏÑ [1]:

,

äå  - ôóíêö³ÿ ö³ë³.
Â ÿêîñò³ ïàðàìåòð³â êåðóâàííÿ ïðîöåñîì 

âèñòóïàþòü ïàðàìåòðè ðåãóëþâàííÿ ÃÒÄ . 
Ôóíêö³ÿ êåðóâàííÿ  ôîðìóºòüñÿ ÿê ñóêóïí³ñòü 
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ôóíêö³é çì³íè ïàðàìåòð³â ðåãóëþâàííÿ ÃÒÄ çà-
ëåæíî â³ä ïîòî÷íî¿ äàëüíîñò³ ïîëüîòó ÏÑ :

 .   (1)

Çíà÷åííÿ ïàðàìåòð³â ðåãóëþâàííÿ ÃÒÄ ó 
êîæí³é òî÷ö³ òðàºêòîð³¿ ïîëüîòó ÏÑ âèçíà÷àþòü 
ðåæèì ðîáîòè ÃÒÄ,  éîãî òÿãó,  äèíàì³êó,  ùî â  
ê³íöåâîìó ðàõóíêó,  âïëèâàþòü íà åôåêòèâí³ñòü 
ÏÑ [2].

Áàãàòîêðèòåð³àëüí³ñòü îö³íêè åôåêòèâíîñò³ 
ÏÑ ìîæå áóòè çàáåçïå÷åíà øëÿõîì ðîçïîä³ëåííÿ 
ôóíêö³¿ ö³ë³ íà äåê³ëüêà êðèòåð³¿â:

 
,   (2)

äå 
 
 - ñóêóïí³ñòü 

êðèòåð³¿â åôåêòèâíîñò³ çàñòîñóâàííÿ ÏÑ.
Âçàºìîçâ’ÿçîê ôóíêö³¿ êåðóâàííÿ òà êðèòåð³¿â 

åôåêòèâíîñò³ ÏÑ âèçíà÷àºòüñÿ ìàòåìàòè÷íîþ 
ìîäåëëþ ïîëüîòó ÏÑ,  øëÿõîì ÷èñåëüíîãî 
ðîçâ’ÿçêó ñèñòåìè ð³âíÿíü äèíàì³êè ïîëüîòó 
ÏÑ.

Â³äïîâ³äíî [3], ìîäåëþâàííÿ òèïîâèõ 
ïîëüîòíèõ öèêë³â ÏÑ öèâ³ëüíî¿ àâ³àö³ ¿ 
âèêîíóºòüñÿ çà åòàïàìè ïîëüîòó. Òîáòî, 
îïòèì³çàö³ÿ àëãîðèòì³â êåðóâàííÿ ÑÀÊ ÃÒÄ 
âèêîíóºòüñÿ íà êîæíîìó åòàï³ îêðåìî çà äî-
ïîìîãîþ â³äïîâ³äíî¿ ìàòåìàòè÷íî¿ ìîäåë³. 
Ðîçãëÿíåìî îñîáëèâîñò³ ïðèçíà÷åííÿ ÏÑ òà 
îñîáëèâîñò³ êåðóâàííÿ ÃÒÄ íà êîæíîìó ç 
åòàï³â ïîëüîòó.

Íà åòàïàõ çëåòó ³ ïîñàäêè,  î÷³êóâàííÿ òà 
ïåðåäïîñàäêîâîãî ìàíåâðóâàííÿ ðåæèìè ðîáîòè 
ÃÒÄ áóäóòü âèçíà÷àòèñÿ [3] âèìîãàìè áåçïåêè,  
åêñïëóàòàö³éíèìè âèìîãàìè,  â³äïîâ³äíî äî ÿêèõ 
ðîáîòà ÃÒÄ ÷àñò³øå çà âñå çä³éñíþºòüñÿ íà ãðà-
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íè÷íèõ ðåæèìàõ ³ íå ïåðåäáà÷àº îïòèì³çàö³¿. 
Íà åòàïàõ íàáîðó âèñîòè òà ñïóñêó ðåæèìè 
ðîáîòè ÃÒÄ òåæ ðåãëàìåíòîâàí³, àëå ó ðàç³ çì³íè 
âèñîòè ïîëüîòó ïàðàìåòðè äâèãóí³â íå çàëèøà-
þòüñÿ ïîñò³éíèìè, à çì³íþþòüñÿ â³äïîâ³äíî 
äî îáðàíîãî çàêîíó êåðóâàííÿ ÃÒÄ ³ çì³íîþ 
çîâí³øí³õ óìîâ. Îïòèì³çàö³ÿ êåðóâàííÿ íà öèõ 
åòàïàõ ïîëüîòó ïîëÿãàº ó âèáîð³ íàéâèã³äí³øîãî 
çàêîíó êåðóâàííÿ ÃÒÄ, ÿêèé ðàçîì ç ðåçóëüòàòà-
ìè îïòèì³çàö³¿ íà êðåéñåðñüêîìó ðåæèì³ ïîëüîòó, 
çàáåçïå÷èòü ìàêñèìàëüíó åôåêòèâí³ñòü ÏÑ. 

Äëÿ ÏÑ öèâ³ëüíî¿ àâ³àö³¿ ìîæíà âèçíà÷èòè 
òàê³ åòàïè îïòèì³çàö³¿ ÑÀÊ  ÃÒÄ:

Ôîðìóâàííÿ ìíîæèíè ìîæëèâèõ çàêîí³â 
êåðóâàííÿ ÑÀÊ  ÃÒÄ.

Âèçíà÷åííÿ ìàñè òà øâèäêîñò³ ÏÑ íà ïî-
÷àòêó åòàïó íàáîðó âèñîòè.

Ìîäåëþâàííÿ åòàïó íàáîðó âèñîòè çà çàäà-

íîþ ïðîãðàìîþ  ç ð³çíèìè çàêîíàìè 
êåðóâàííÿ ÑÀÊ  ÃÒÄ ³ âèçíà÷åííÿ ïàðàìåòð³â 
ñòàíó ÏÑ â ê³íö³ äàíîãî åòàïó.

Îïòèì³çàö³ÿ ðåæèì³â ÃÒÄ íà êðåéñåðñüê³é 
ä³ëÿíö³ ïîëüîòó äëÿ êîæíîãî âàð³àíòó íàáîðó âè-
ñîòè çà ñóêóïí³ñòþ êðèòåð³¿â åôåêòèâíîñò³ ÏÑ.

Âèá³ð îïòèìàëüíîãî âàð³àíòó çàêîíó êåðó-
âàííÿ ÑÀÊ  ÃÒÄ.

2. Ìåòîä îïòèì³çàö³¿ çàêîí³â êåðóâàííÿ ÑÀÊ 
ÃÒÄ

Êðèòåð³¿ åôåêòèâíîñò³ ÏÑ [1] çàëåæàòü â³ä 
ïàðàìåòð³â ñòàíó ñèñòåìè â ê³íö³ ïðîöåñó, ÿê³ 
º ôóíêö³îíàëàìè ³ ¿õ çíà÷åííÿ çàëåæàòü â³ä 
âèáîðó ôóíêö³¿ êåðóâàííÿ ÃÒÄ. Ìåòîäè, ùî 
äîçâîëÿþòü çíàõîäèòè îïòèìàëüí³ ôóíêö³¿ êå-
ðóâàííÿ, áàçóþòüñÿ íà òåîð³¿ âàð³àö³éíîãî ÷èñ-
ëåííÿ, îïòèìàëüíîãî êåðóâàííÿ òà äèíàì³÷íîãî 
ïðîãðàìóâàííÿ [2]. 

Çàäà÷à îïòèì³çàö³¿ çàêîí³â êåðóâàííÿ ÑÀÊ 
ÃÒÄ ç âèêîðèñòàííÿì ìîäåë³ ïîëüîòó ÏÑ íå 
ìîæå áóòè ðîçâ’ÿçàíà àíàë³òè÷íèìè ìåòî-
äàìè âàð³àö³éíîãî ÷èñëåííÿ ³ ìåòîäàìè íà 
îñíîâ³ ïðèíöèïó ìàêñèìóìó Ïîíòðÿã³íà [2]. 
¯¿ ðîçâ’ÿçàííÿ ìîæëèâå ÷èñåëüíèìè ìåòîäàìè 
äèíàì³÷íîãî ïðîãðàìóâàííÿ.

Ìåòîä äèíàì³÷íîãî ïðîãðàìóâàííÿ îñíî-
âàíèé íà ïðèíöèï³ îïòèìàëüíîñò³ Áåëëìàíà, 
ñôîðìóëüîâàíîãî äëÿ ðîçâ’ÿçàííÿ áàãàòüîõ 
çàäà÷ êåðóâàííÿ, ÿê³ ìîæíà ðîçä³ëèòè íà ðÿä 
ïîñë³äîâíèõ åòàï³â. ßêùî çàäàí³ ïî÷àòêîâèé ³ 
ê³íöåâèé ñòàí ñèñòåìè òà ïåðåõ³ä ³ç ïî÷àòêî-
âîãî ó ê³íöåâèé ñòàíè çä³éñíþºòüñÿ â äåê³ëüêà 
ïðîì³æíèõ åòàï³â, íà êîæíîìó ç ÿêèõ ñèñòåìà 
ìîæå çíàõîäèòèñÿ â îäíîìó ³ç ñòàí³â, òî çà-
äà÷à ïîëÿãàº â òîìó, ùîá îáðàòè òàêó çì³ííó 
ôóíêö³þ êåðóâàííÿ, ïðè ÿêîìó äåÿêà ê³ëüê³ñíà 
îö³íêà ïðîöåñó äîñÿãàº ì³í³ìóìó.

Ôóíêö³ÿ êåðóâàííÿ íà ³-ìó êðîö³ íàçèâàºòüñÿ 
êðîêîâèì êåðóâàííÿì ³ ïîçíà÷àºòüñÿ u(i). ßêùî 

ê³ëüê³ñòü åòàï³â , òî çàäà÷à ïîëÿãàº ó ïîøóêó 
ïîñë³äîâíîñò³ êðîêîâèõ ð³âíÿíü, òîáòî ìíî-

æèíè 
 
. Òàê ÿê ïî÷àòêîâèé 

ñòàí ñèñòåìè çàäàíèé, òî ïîñë³äîâí³ñòü êðîêî-
âèõ ð³âíÿíü îäíîçíà÷íî âèçíà÷àº ïîñë³äîâí³ñòü 
ïåðåõîä³â ñèñòåìè ³ç îäíîãî ñòàíó â äðóãèé.

Ïîòð³áíî çíàéòè òàêó ïîñë³äîâí³ñòü êðî-
êîâèõ ð³âíÿíü , ïðè ÿê³é çíà÷åííÿ ö³ëüîâî¿ 
ôóíêö³¿ â êîíö³ ïðîöåñó äîñÿãàº îïòèìóìó:

 
.  (3)

Êîæíèé êðèòåð³é åôåêòèâíîñò³ çàëå-
æèòü â³ä çíà÷åíü ïàðàìåòð³â ñòàíó ñèñòåìè: 

 â ê³íö³ ïðî-

öåñó,  ³ ôóíêö³ÿ ö³ë³ çàëåæèòü â³ä :

 
. (4)

Ñòàí ,  â ÿêèé ïåðåéäå ñèñòåìà íà ÷åð-
ãîâîìó ³-ìó êðîö³,  çàëåæèòü ò³ëüêè â³ä ïî-

ïåðåäíüîãî ñòàíó  ³ êåðóâàííÿ íà öüîìó 

êðîö³ :

 .    (5)

Çã³äíî ç ïðèíöèïîì Áåëëìàíà äëÿ ïîòî÷-

íîãî ñòàíó  îïòèìóì ôóíêö³¿ ö³ë³ º  óìîâà 
îïòèìàëüíîñò³ êåðóâàííÿ íà íàñòóïíèõ åòàïàõ. 
Â³äïîâ³äíî,  íà îñòàííüîìó êðîö³  ìîæíà 
çíàéòè îïòèìàëüíèé ïåðåõ³ä â ê³íöåâèé ñòàí 

 îäíèì ç ÷èñåëüíèõ ìåòîä³â ïàðàìåòðè÷íî¿ 
îïòèì³çàö³¿:

 

 .    (6)

Äëÿ ïåðåäîñòàííüîãî êðîêó  âèêîíóºòüñÿ 
àíàëîã³÷íà îïåðàö³ÿ,  àëå ïðè ïåðåâ³ðö³ êîæ-

íîãî âàð³àíòó êåðóâàííÿ  âèêîíóºòüñÿ 
îïòèì³çàö³ÿ êåðóâàííÿ íà îñòàííüîìó êðîö³. 

Àíàëîã³÷íî,  ó âèïàäêó çì³íè êåðóâàííÿ  
ïîâòîðþºòüñÿ ðåêóðåíòíà îïòèì³çàö³ÿ êåðóâàí-
íÿ äëÿ íàñòóïíèõ êðîê³â (ä³ëÿíîê òðàºêòîð³¿),  
ìîæíà çä³éñíèòè ò³ëüêè ï³ñëÿ òîãî,  ÿê áóäå âèç-
íà÷åíî îïòèìàëüíå êåðóâàííÿ íà âñ³õ íàñòóïíèõ 
åòàïàõ ³ ðîçðàõîâàíî çíà÷åííÿ ôóíêö³¿.

Îòæå,  çàäà÷à ïîøóêó îïòèìóìó ôóíêö³¿ êå-
ðóâàííÿ ÑÀÊ  ÃÒÄ,  ÿêà ñêëàäàºòüñÿ  êðîê³â,  
ìîæå áóòè çâåäåíà äî  çàäà÷ ïàðàìåòðè÷íî¿ 
îïòèì³çàö³¿. 
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3. Àëãîðèòì ðîçâ’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿ 
ÑÀÊ ÃÒÄ

Íà îñíîâ³ îïèñàíîãî ìåòîäó ìîæíà ñôîð-
ìóëþâàòè òàêèé àëãîðèòì âèð³øåííÿ çàäà÷³ 
îïòèì³çàö³¿ ÑÀÊ  ÃÒÄ:

Çàäàþòüñÿ ïî÷àòêîâ³ çíà÷åííÿ ïàðàìåòð³â 
ðåãóëþâàííÿ àâ³àö³éíîãî ÃÒÄ íà êîæí³é ä³ëÿíö³ 
òðàºêòîð³¿ ³ çíà÷åííÿ ïàðàìåòð³â ñòàíó ÏÑ ó 
ïî÷àòêîâ³é òî÷ö³. Îïòèì³çàö³ÿ ðîçïî÷èíàºòüñÿ 
ç ðîçðàõóíêó ïåðøî¿ ä³ëÿíêè òðàºêòîð³¿.

Çàëåæíî â³ä ñòàíó ÏÑ íà ïî÷àòêó ä³ëÿíêè 
³ çíà÷åíü ïàðàìåòð³â ðåãóëþâàííÿ ÃÒÄ ðîçðà-
õîâóþòüñÿ çíà÷åííÿ ïàðàìåòð³â ñòàíó â ê³íö³ 
ä³ëÿíêè.

ßêùî ïîòî÷íà ä³ëÿíêà íå îñòàííÿ,  òî 
â³äáóâàºòüñÿ ïåðåõ³ä äî ðîçðàõóíêó íàñòóïíî¿ 
ä³ëÿíêè òðàºêòîð³¿.

ßêùî ïîòî÷íà ä³ëÿíêà îñòàííÿ,  òî ðîçðàõî-
âóþòüñÿ çíà÷åííÿ êðèòåð³¿â åôåêòèâíîñò³ ÏÑ ³ 
ôóíêö³¿ ö³ë³.

Ïåðåâ³ðÿºòüñÿ âèêîíàííÿ óìîâè çá³æíîñò³ 
ðîçâ’ÿçàííÿ ïðè ïîòî÷íèõ çíà÷åííÿõ ïàðàìåòð³â 
ðåãóëþâàííÿ ÃÒÄ íà äàí³é ä³ëÿíö³ òðàºêòîð³¿. 
ßêùî óìîâà çá³æíîñò³ ð³øåííÿ íå âèêîíóºòüñÿ, 
òî âèçíà÷àþòüñÿ íîâ³ çíà÷åííÿ ïàðàìåòð³â 
ðåãóëþâàííÿ ³ ðîçðàõóíîê ïîâòîðþºòüñÿ. 
Ó âèïàäêó, êîëè óìîâà çá³æíîñò³ ð³øåííÿ 
âèêîíóºòüñÿ ³ ïîòî÷íà ä³ëÿíêà òðàºêòîð³¿ ïåð-
øà, òî ðîçðàõóíîê ïðèïèíÿºòüñÿ. Â ³íøîìó 
ðàç³ – çä³éñíþºòüñÿ ïîâåðíåííÿ äî îïòèì³çàö³¿ 
êåðóâàííÿ íà ïîïåðåäí³é ä³ëÿíö³ òðàºêòîð³¿.

Áëîê-ñõåìà àëãîðèòìó îïòèì³çàö³¿ êåðó-
âàííÿ ÑÀÊ ÃÒÄ íàâåäåíà íà ðèñ. 1. Êîæíà ³ç 
âêëàäåíèõ çàäà÷ îïòèì³çàö³¿ êåðóâàííÿ ÑÀÊ 
ÃÒÄ íà îêðåì³é ä³ëÿíö³ òðàºêòîð³¿ âèð³øóºòüñÿ 
çà äîïîìîãîþ îäíîãî ç ÷èñåëüíèõ ìåòîä³â 
ïàðàìåòðè÷íî¿ îïòèì³çàö³¿ [3].

4. Ïàðàìåòðè÷íà îïòèì³çàö³ÿ êåðóâàííÿ ÑÀÊ 
ÃÒÄ

Äëÿ âèð³øåííÿ çàäà÷ îïòèì³çàö³¿ ³ñíóº  âå-
ëèêà ê³ëüê³ñòü ìåòîä³â [2]. ̄ õ ìîæíà ïîä³ëèòè íà 
ìåòîäè íóëüîâîãî ïîðÿäêó àáî ïðÿì³. Ó íèõ âè-
êîðèñòîâóþòüñÿ ëèøå çíà÷åííÿ ôóíêö³¿,  à íå ¿¿ 
ïîõ³äí³. Ãðàä³ºíòí³ àáî ìåòîäè ïåðøîãî ïîðÿäêó 
âèêîðèñòîâóþòü ïåðø³ ÷àñòèíí³ ïîõ³äí³ ôóíêö³¿ 
ö³ë³. ²,  íàðåøò³,  ìåòîäè äðóãîãî ïîðÿäêó,  â 
ÿêèõ äîäàòêîâî âèêîðèñòîâóþòü äðóã³ ÷àñòèíí³ 
ïîõ³äí³ ôóíêö³¿ ö³ë³. Ìåòîäè äðóãîãî ïîðÿä-
êó çíàõîäÿòü ð³øåííÿ çà íàéìåíøó ê³ëüê³ñòü 
êðîê³â,  àëå ó âèïàäêó ñêëàäíîãî àëãîðèòìó ðîç-
ðàõóíêó ôóíêö³¿ ö³ë³,  ìîæóòü âèìàãàòè çàíàäòî 
âåëèêîãî îá’ºìó ³ ÷àñó îá÷èñëåíü.

Òîìó â àëãîðèòì³ îïòèì³çàö³¿ êåðóâàííÿ ÑÀÊ  
ÃÒÄ îáðàíî ìåòîä Íåëäåðà-Ì³äà. Äëÿ ïîøóêó 
îïòèìàëüíîãî ð³øåííÿ çà äîïîìîãîþ öüîãî 
ìåòîäó íåîáõ³äíî ó ïðîñòîð³ îïòèì³çîâàíèõ 

çì³ííèõ çàäàòè  òî÷êó ,  ,…,   

òàê,  ùîá âåêòîðè ,  
 
,…,  

 
 áóëè ë³í³éíî íåçàëåæíèìè. Òîä³ 

ö³ òî÷êè ìîæíà ³íòåðïðåòóâàòè ÿê âåðøèíè 
-âèì³ðíîãî áàãàòîêóòíèêà. 

Íåõàé òî÷êè ,  ,   ,   º  âåðøèíà-
ìè áàãàòîêóòíèêà,  çàäàíîãî ó ïî÷àòêîâîìó 
íàáëèæåíí³ àáî îòðèìàí³ íà ïîïåðåäí³é ³òåðàö³¿ 
òà ïðîíóìåðîâàí³ òàêèì ÷èíîì,  ùî 

;  .

Ðèñ. 1. Áëîê-ñõåìà àëãîðèòìó îïòèì³çàö³¿ ôóíêö³¿ 
êåðóâàííÿ ÑÀÊ  ÃÒÄ

Òî÷êó  â³äêèäàþòü ÿê íàéá³ëüø íåâäàëó. 
Íàäàë³ ðîçðàõîâóþòü ìîäó òî÷îê,  ùî çàëèøèëè-

ñÿ çà ôîðìóëîþ  ³ áóäóºìî ïðîáíó 
òî÷êó 

.
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Âåðøèíà  â³äîáðàæàºòüñÿ â³äíîñíî  
ç êîåô³ö³ºíòîì â³äîáðàæåííÿì ,  äå .

Ìîæëèâ³ ÷îòèðè âèïàäêè:

1. ,  òîáòî âèá³ð ïðîáíî¿ òî÷-
êè ïðèçâ³â äî çìåíøåííÿ çíà÷åííÿ ö³ëüîâî¿ 
ôóíêö³¿. Òîä³ íàïðÿìîê â³äîáðàæåííÿ ââàæàºòüñÿ 
âäàëèì ³ ðîáèòüñÿ ñïðîáà «ðîçòÿãíóòè» áàãàòî-
ãðàííèê ó öüîìó íàïðÿìêó ç êîåô³ö³ºíòîì 

ðîçòÿãíåííÿ . Äàë³ çíàõîäèìî òî÷êó 

,  ßêùî ,  

òî ðîçòÿãíåííÿ â³äáóëîñÿ âäàëî ³ òî÷êó  

çàì³íþþòü íà . Â  ³íøîìó âèïàäêó ðîçòÿã-
íåííÿ â³äáóëîñÿ íåâäàëî ³ ïðîâîäÿòü çàì³íó 

 íà . 

2. 
 
.    Ó òàêîìó ðàç³ âèêîíóºòüñÿ 

îïåðàö³ÿ ðåäóêö³¿ (ñòèñíåííÿ áàãàòîãðàííè-
êà äî íàéêðàùî¿ âåðøèíè)  ç êîåô³ö³ºíòîì 

ñòèñíåííÿ  - óñ³ âåðøèíè áàãàòîãðàí-

íèêà çà âèíÿòêîì  çàì³íþþòü íà âåðøèíè 

,  äå .

3. 
 

, òîáòî ïðîáíà òî÷êà 
íå ïðèçâåëà äî çìåíøåííÿ ö³ëüîâî¿ ôóíêö³¿, àëå 

é íå ñòàëà íàéã³ðøîþ â íàáîð³ , ,…, . 
Ó òàêîìó ðàç³ òî÷êà âèçíàºòüñÿ çàäîâ³ëüíîþ ³ 

 çàì³íþþòü íà .

4. , òîáòî çíà÷åííÿ 
ôóíêö³¿ ó ïðîáí³é òî÷ö³ á³ëüøå, í³æ â òî÷êàõ 

, ,… , , àëå ìåíøå, í³æ ó òî÷ö³ . 
Ó òàêîìó ðàç³ áàãàòîãðàííèê ñòèñêóþòü äî 

îñíîâè ç êîåô³ö³ºíòîì ,  à òî÷êó  
çàì³íþþòü íà òî÷êó:

.

Êðèòåð³ºì çàâåðøåííÿ îá÷èñëåíü ó âèïàä-
êó ïîøóêó òî÷êè ç ì³í³ìàëüíèì çíà÷åííÿì 
ö³ëüîâî¿ ôóíêö³¿ º  âèêîíàííÿ óìîâè:

,

äå  - äîïóñòèìà ñåðåäíüîêâàäðàòè÷íà ïîõèá-

êà;  - ñåðåäíüîàðèôìåòè÷íå 

çíà÷åííÿ ö³ëüîâî¿ ôóíêö³¿ ó âåðøèíàõ áàãàòî-

êóòíèêà.

Ð³çíèì êðèòåð³ÿì îö³íêè åôåêòèâíîñò³ ÏÑ 
â³äïîâ³äàþòü ð³çí³ âàð³àíòè êåðóâàííÿ éîãî 
äâèãóíàìè. Òîìó âàæëèâèì ó ðîçðîáö³ ìåòîäó 
îïòèì³çàö³¿ ÑÀÊ  ÃÒÄ º  âèá³ð ìåòîäó ðîç-
ðàõóíêó ö³ëüîâî¿ ôóíêö³¿. Ó á³ëüøîñò³ çàäà÷ 
áàãàòîâèì³ðíî¿ áàãàòîêðèòåð³àëüíî¿ îïòèì³çàö³¿  
ðàö³îíàëüíèì º  âèêîðèñòàííÿ ì³í³ìàêñíîãî 
ïðèíöèïó îïòèìàëüíîñò³,  ùî äîçâîëÿº  ðîçðà-
õîâóâàòè çíà÷åííÿ ö³ëüîâî¿ ôóíêö³¿ íà îñíîâ³ 
ñóêóïíîñò³ êðèòåð³¿â. Çã³äíî ç öèì ïðèíöèïîì,  
ì³í³ì³çîâàíîþ âåëè÷èíîþ º  ìàêñèìàëüíå 
çíà÷åííÿ ³ç íàáîðó íîðìîâàíèõ êðèòåð³¿â 
åôåêòèâíîñò³ [1]:

äå  - ì³ðà çíà÷èìîñò³ -ãî êðèòåð³þ;  
- íîðìîâàíå çíà÷åííÿ êðèòåð³þ åôåêòèâíîñò³,  
ÿêå õàðàêòåðèçóº  â³äíîñíå â³äõèëåííÿ ïî-

òî÷íîãî çíà÷åííÿ äàíîãî êðèòåð³þ  â³ä 

éîãî îïòèìàëüíîãî çíà÷åííÿ  ,  çíàéäåíî-
ãî ó ðåçóëüòàò³ îäíîêðèòåð³àëüíî¿ îïòèì³çàö³¿. 
Íîðìîâàíå çíà÷åííÿ êðèòåð³þ åôåêòèâíîñò³ 
âèçíà÷àºòüñÿ çà óìîâ:

1. Ì³í³ì³çàö³¿ êðèòåð³þ:

.

2. Ìàêñèì³çàö³¿ êðèòåð³þ:

Ó ðàç³ äîñë³äæåíü ð³çíèõ âàð³àíò³â êåðó-
âàííÿ àâ³àö³éíèì ÃÒÄ ïîòð³áíî âðàõîâóâàòè 
ñóêóïí³ñòü îáìåæåíü íà ðåæèìè ïîëüîòó ÏÑ 
òà ðîáîòè éîãî ñèëîâî¿ óñòàíîâêè – øâèäê³ñòü 
ïîëüîòó,  êóò àòàêè,  ÷àñòîòè îáåðòàííÿ ðîòîð³â 
ÃÒÄ,  òåìïåðàòóðó òîùî.
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öèîííîãî ãàçîòóðáèííîãî äâèãàòåëÿ

Àíàëèçèðóåòñÿ âîçìîæíîñòü àäàïòàöèè ñèñòåì àâòîìàòè÷åñêîãî óïðàâëåíèÿ àâèàöè-
îííûõ ãàçîòóðáèííûõ äâèãàòåëåé, êîòîðûå íà êàæäîì ðåæèìå ñâîåãî ôóíêöèîíèðîâàíèÿ 
îáåñïå÷èâàþò îïòèìàëüíîå èñïîëüçîâàíèå ðåñóðñîâ äëÿ äîñòèæåíèÿ îñíîâíîé öåëè ñ èñ-
ïîëüçîâàíèåì ìíîãèõ îãðàíè÷åíèé. Ñôîðìèðîâàí ìåòîä îïòèìèçàöèè çàêîíîâ óïðàâëåíèÿ 
ãàçîòóðáèííîãî äâèãàòåëÿ íà îñíîâå ìåòîäà äèíàìè÷åñêîãî ïðîãðàììèðîâàíèÿ ïî ïðèíöèïó 
îïòèìàëüíîñòè Áåëëìàíà. Íà îñíîâå îïèñàííîãî ìåòîäà ðàçðàáîòàí àëãîðèòì ðåøåíèÿ 
çàäà÷è îïòèìèçàöèè óïðàâëåíèÿ ãàçîòóðáèííîãî äâèãàòåëÿ. Â àëãîðèòìå îïòèìèçàöèè 
óïðàâëåíèÿ ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ âûáðàí ìåòîä Íåëäåðà-Ìèäà.

Êëþ÷åâûå ñëîâà: ñèñòåìà àâòîìàòè÷åñêîãî óïðàâëåíèÿ, àâèàöèîííûé ãàçîòóðáèííûé 
äâèãàòåëü, äèíàìè÷åñêàÿ îïòèìèçàöèÿ, êðèòåðèé, öåëåâàÿ ôóíêöèÿ, âîçäóøíîå ñóäíî, 
ýôôåêòèâíîñòü.

S. V. Yenchev Dynamic optimization of the automatic control system of an aviation gas 
turbine engine

The paper analyzes the possibility of adapting the systems of automatic control of aviation turbo-
engines, which, at every mode of functioning provide the optimal use of resources for the achievement 
of primary purpose with the use of many limitations. The task of optimization the system of 
automatic control of turbo-engine on the stage of flight of air ship consists in the achievement 
of optimum of function whole, that characterizes efficiency of his application.  The parameters of 
adjusting of engine come forward as parameters of process control. Intercommunication between 
function of control and criteria of efficiency of aircraft is determined by the mathematical model of 
flight, by the numeral solution of the system of flight dynamics equations of the aircraft. Modeling 
of typical flight cycles of an aircraft is carried out during flight stages. That is, the optimization 
of the engine control algorithms is performed at each stage separately using the appropriate 
mathematical model. The method of optimization of gas turbine engine control laws is based on 
the method of dynamic programming based on the principle of Bellman’s optimality in the form 
of recurrent optimization of control for areas of the trajectory. On the basis of the described 
method an algorithm for solving the gas turbine engine optimization problem is developed. In the 
algorithm of optimization of control of the system of automatic control, the method of Neldera-
Mida was chosen. The criterion for completing calculations in the case of finding a point with a 
minimum value of the target function is to fulfill the condition for the entry of the mean square 
error in the permissible limits. It has been established that in the case of investigations of various 
variants of aircraft control, it is necessary to take into account the combination of restrictions 
on the flight modes of an aircraft and the work of its power plant - flight speed, angle of attack, 
rotor speed, temperature before the turbine. Thus, the method of optimizing the control of aviation 
gas turbine engine based on aircraft performance criteria based on the dynamic programming 
method is performed by decomposing the continuous process into several stages and solving the 
related problems of parametric optimization of the values of the control function at each stage, 
taking into account the constraints.

Keywords: automatic control system, aviation gas-turbine engine, dynamic optimization, 
criterion, objective function, aircraft, efficiency.
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