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Âñòóï

Àâ³àö³éíèé äâèãóí (ÀÄ) º ñêëàäîâîþ ëàíêîþ 
áóäü-ÿêîãî ë³òàëüíîãî àïàðàòó, õàðàêòåðèñòèêè 
ÿêîãî ñóòòºâî âïëèâàþòü íà ëüîòíî-òåõí³÷í³ òà 
åêîíîì³÷í³ ïîêàçíèêè ïîâ³òðÿíîãî ñóäíà. Âäà-
ëèé ï³äá³ð ìàòåìàòè÷íî¿ ìîäåë³ éîãî ñèñòåìè 
àâòîìàòè÷íîãî êåðóâàííÿ (ÑÀÊ) äîçâîëÿº [1]: 

- ðîçï³çíàâàòè ñòàí äâèãóíà (ïîã³ðøåííÿ 
õàðàêòåðíèõ âóçë³â, âèíèêíåííÿ â³äìîâ, ðîáîòó 
íà ñòàëîìó àáî ïåðåõ³äíîìó ðåæèìàõ ³ ò.ä.);

- ôîðìóâàòè ö³ë³ êåðóâàííÿ â³äïîâ³äíî äî 
ðåçóëüòàò³â ðîçï³çíàâàííÿ ñòàíó äâèãóíà;

- çä³éñíþâàòè âèá³ð ñïîñîáó êåðóâàííÿ äâè-
ãóíîì, ùî çàáåçïå÷óº äîñÿãíåííÿ çàäàíî¿ ö³ë³ 
(âèá³ð êîìïëåêñó ïðîãðàì êåðóâàííÿ, îïòè-
ìàëüíèõ äëÿ äàíèõ óìîâ ðîáîòè äâèãóíà);

- ôîðìóâàòè òà çä³éñíþâàòè âèá³ð ïàðàìåòð³â 
àëãîðèòì³â êåðóâàííÿ, ùî äîçâîëÿþòü çà-
áåçïå÷èòè çàäàíó ÿê³ñòü óïðàâë³ííÿ ïðè 
âèêîðèñòàíí³ îáðàíèõ ïðîãðàì.

Öèêë ðîá³ò â îáëàñò³ êåðóâàííÿ ìîæå áóòè 
çàáåçïå÷åíèé âèêîðèñòàííÿì êîìïëåêñó ³ç 
äåê³ëüêîõ òèï³â ìîäåëåé ãàçîòóðá³ííèõ äâèãóí³â 
(ÃÒÄ) ð³çíîãî ð³âíÿ ñêëàäíîñò³, ÿêèé âö³ëîìó 
ïîâèíåí â³äïîâ³äàòè îñíîâíèì âèìîãàì [1, 2]:

- ìîæëèâ³ñòþ ìîäåëþâàííÿ óñòàëåíèõ ³ 
ïåðåõ³äíèõ ðåæèì³â ðîáîòè ïðè çì³íþâàíèõ 
óìîâàõ ïîëüîòó â øèðîêîìó ä³àïàçîí³ çì³íè 
ðåæèìó ðîáîòè äâèãóíà;

- îòðèìàííÿ òî÷íîñò³ ìîäåëþâàííÿ íà óñòà-
ëåíèõ ³ ïåðåõ³äíèõ ðåæèìàõ, äîñòàòíüî¿ äëÿ 
âèð³øåííÿ çàäà÷ êåðóâàííÿ;

- äîïóñòèìèé ÷àñ ðîçðàõóíêó íà ÅÎÌ ïðè 
âèêîðèñòàíí³ ìîäåëåé âèñîêîãî ð³âíÿ;

- ìîæëèâ³ñòþ âèêîíàííÿ ðîçðàõóíê³â â ðå-
àëüíîìó ³ ïðèñêîðåíîìó ÷àñ³ ïðè âèêîðèñòàíí³ 
ìàòåìàòè÷íèõ ìîäåëåé.

Êîìïëåêñ ìàòåìàòè÷íèõ ìîäåëåé äâèãóíà 
äëÿ ðîçâ'ÿçêó çàäà÷ êåðóâàííÿ âêëþ÷àº â ñåáå 
ìîäåë³ òðüîõ òèï³â: äèíàì³÷íó ïîâóçëîâó, áàãà-
òîðåæèìíó ñïðîùåíó ³ ë³í³éíó [2].
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АВІАЦІЙНИХ ДВИГУНІВ
Ñòàòòÿ ïðèñâÿ÷åíà ðîçðîáö³ ñèñòåìíèõ ï³äõîä³â äî ïîáóäîâè ðîçïîä³ëåíî¿ ³íôîðìàö³éíî¿ 

ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ (ÑÀÊ) àâ³àö³éíèõ ãàçîòóðá³ííèõ äâèãóí³â (ÃÒÄ). 
Âèçíà÷åíî, ùî äëÿ ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ àâ³àö³éíîãî ãàçîòóðá³ííîãî äâè-
ãóíà ìîæå áóòè çàáåçïå÷åíî âèêîðèñòàííÿ êîìïëåêñó ìàòåìàòè÷íèõ ìîäåëåé äâèãóíà: 
äèíàì³÷íó ïîâóçëîâó, áàãàòîðåæèìíó ñïðîùåíó òà ë³í³éíó ìîäåëü. Äëÿ ñïðîùåíî¿ ñõåìè 
ïðîöåñó ðîçðîáêè òà óçãîäæåííÿ ìàòåìàòè÷íî¿ ìîäåë³ ñèñòåìè àâòîìàòè÷íîãî êåðó-
âàííÿ ãàçîòóðá³ííîãî äâèãóíà ðîçãëÿíóòî âèêîðèñòàííÿ ïðîñòîðîâîãî ìåòîäó ðîçðàõóíêó 
ðîçòàøóâàííÿ âóçë³â ãàçîòóðá³ííîãî äâèãóíà - ã³áðèäíîãî ï³äõîäó äî ïîáóäîâè ìåòîä³â 
îïòèì³çàö³¿ ñèñòåì êåðóâàííÿ ãàçîòóðá³ííèõ äâèãóí³â ³ç çàñòîñóâàííÿì ãåíåòè÷íîãî 
àëãîðèòìó â ÿêîñò³ «ñêåëåòó» ã³áðèäíîãî ï³äõîäó ³ àäàïòèâíîãî ìåòîäó îïòèì³çàö³¿ äëÿ 
âèçíà÷åíîãî âóçëà ìàòåìàòè÷íî¿ ìîäåë³ ñèñòåìè êåðóâàííÿ àâ³àö³éíîãî ãàçîòóðá³ííîãî 
äâèãóíà. Çàïðîïîíîâàíî ñõåìó ãåíåòè÷íîãî àëãîðèòìó: êîäóâàííÿ, êîäóâàííÿ ãåíîì³â ó 
âèãëÿä³ äåðåâ, ³í³ö³àë³çàö³ÿ, îö³íþâàííÿ - ôóíêö³ÿ îö³íþâàííÿ, îö³íþâàííÿ - ãåíåòè÷í³ 
îïåðàòîðè, óìîâà çàâåðøåííÿ (ìåæà ïîïóëÿö³¿ òà çàäîâîëåííÿ ïîõèáêè) òà ïàðàìåòðè 
àëãîðèòìó (ðîçì³ð ïîïóëÿö³¿, ãëèáèíà äåðåâà, ÷àñòîòà çàñòîñóâàííÿ îïåðàòîð³â). Çà 
ðàõóíîê âèêîðèñòàííÿ ïðîãðàìè gatool (optimization tool) ðîçãëÿíóòî ðîçâ’ÿçîê çàäà÷³ 
ìàêñèì³çàö³¿ ôóíêö³¿ Ðàñòð³ã³íà çà äîïîìîãîþ ã³áðèäíî¿ ôóíêö³¿ patternsearch òà çàäàííÿì 
ôóíêö³¿ êîðèñòóâà÷à, ê³ëüêîñò³ çì³ííèõ ö³ëüîâî¿ ôóíêö³¿, ìàòðèöü îáìåæåíü. Äëÿ ãðàô³÷íî¿ 
³íòåðïðåòàö³¿ íàâåäåíî ðåçóëüòóþ÷³ ãðàô³êè ïðè ô³êñóâàíí³ ïàðàìåòðà Best Fitness òà 
Best Individual, ùî âèçíà÷àº êðàùó îñîáèíó àáî âóçîë åëåêòðîííî¿ ñèñòåìè êåðóâàííÿ 
àâ³àö³éíîãî ãàçîòóðá³ííîãî äâèãóíà òà òðèâèì³ðíå ïðåäñòàâëåííÿ ôóíêö³¿ Ðàñòð³ã³íà. 
Ï³ñëÿ ïðîâåäåííÿ ÷èñåëüíîãî åêñïåðèìåíòó çàïðîïîíîâàíî âèêîðèñòàííÿ ðîçïîä³ëåíî¿ 
³íôîðìàö³éíî¿ ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ ãàçîòóðá³ííîãî äâèãóíà íà áàç³ ³äåàëüíî 
óïîðÿäêîâàíî¿ îáëàñò³ òà àëãîðèòìó ôîðìóâàííÿ õðîìîñîìè âóçëà åëåêòðîííî¿ ñèñòåìè 
êåðóâàííÿ àâ³àö³éíîãî ãàçîòóðá³ííîãî äâèãóíà.

Êëþ÷îâ³ ñëîâà: àâ³àö³éíèé äâèãóí, ñèñòåìà àâòîìàòè÷íîãî êåðóâàííÿ, ñèñòåìíèé ï³äõ³ä, 
ãåíåòè÷íèé àëãîðèòì, ìåòîäè îïòèì³çàö³¿, êîäóâàííÿ ãåíîì³â, õðîìîñîìà âóçëà.
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Ðîáîòè â íàïðÿìêó ñòâîðåííÿ êîìïëåêñó 
ìàòåìàòè÷íèõ ìîäåëåé ãàçîòóðá³ííèõ äâèãóí³â 
âèêîíóþòüñÿ â ðàìêàõ ïðîåêòó OBIDICOTE 
(On Board Identification, Dagnosis and Control of 
Gas Turbine Engines), ô³ðìàìè SNECMA, Rolls-
Royce, MTU [2, 3], ÿê³ â³äïîâ³äàþòü êîíöåïö³¿ 
ñèñòåìè FADEC ³ ñòàíäàðòó EUROCAE [3].

1. Ïîñòàíîâêà ïðîáëåìè

Ñïðîùåíà ñõåìà ïðîöåñó ðîçðîáêè ³ óçãîä-
æåííÿ ìàòåìàòè÷íî¿ ìîäåë³ äâèãóíà ïðåä-

ñòàâëåíà íà ðèñ. 1. Ñïî÷àòêó íà îñíîâ³ àíàë³çó 
âèõ³äíî¿ ³íôîðìàö³¿ (íàïðèêëàä, õàðàêòåðèñòèê  
âóçë³â) íà áàç³ òèïîâî¿ ìàòåìàòè÷íî¿ ìîäåë³ 
äâèãóíà ñòâîðþºòüñÿ àïð³îðíà ìîäåëü (ÀÌÌÄ). 
Ïðè öüîìó âèõ³äíà ³íôîðìàö³ÿ ïðî âóçëè ³ 
åëåìåíòè ðàíæóºòüñÿ çà ñòóïåíåì äîñòîâ³ðíîñò³. 
Çà äîïîìîãîþ ðîçðàõóíê³â çà ö³ºþ ìîäåëëþ 
ïîïåðåäíüî âèçíà÷àþòüñÿ ïàðàìåòðè ðîáî÷î-
ãî ïðîöåñó ³ õàðàêòåðèñòèêè ðîçãëÿäóâàíîãî 
äâèãóíà â óìîâàõ, ÿê³ â³äïîâ³äàþòü óìîâàì 
äîñë³äæåíü.

Ðèñ. 1. Ñïðîùåíà ñõåìà ïðîöåñó ðîçðîáêè ³ óçãîäæåííÿ ìàòåìàòè÷íî¿ ìîäåë³ ÑÀÊ  ÃÒÄ

Â ðåçóëüòàò³ ç³ñòàâëåííÿ ïîïåðåäí³õ ðîçðà-
õîâàíèõ ðåçóëüòàò³â ç äàíèìè äîñë³äæåíü ÿê 
çà îêðåìèìè âóçëàìè (ðåçóëüòàòè âèì³ðþâàíü 
òåìïåðàòóðè ³ òèñêó â ð³çíèõ ïåðåð³çàõ),  òàê ³ çà 
äâèãóíîì âö³ëîìó, à òàêîæ àíàë³çó ïðè÷èí ìîæ-
ëèâîãî ðîçóçãîäæåííÿ âèïðàöüîâóþòüñÿ ñïîñî-
áè êîðåêö³¿ äåÿêî¿ ÷àñòèíè âèõ³äíî¿ ³íôîðìàö³¿ 
(ãîëîâíèì ÷èíîì,  ðîçðàõóíêîâîãî âèíèêíåííÿ). 
Âèá³ð ïîïðàâîê äëÿ õàðàêòåðèñòèê òîãî àáî 
³íøîãî âóçëà â³äáóâàºòüñÿ ³ç çàëó÷åííÿì äàíèõ 
àíàë³çó öüîãî âóçëà,  âèêîíàíîãî â³äïîâ³äíèìè 
åêñïåðòàìè ³ îñíîâàíèõ íà ³ñíóþ÷îìó äîñâ³ä³,  
à òàêîæ ðåçóëüòàòàõ ðîçðàõóíê³â âóçëà ïðîñî-
òîðîâèìè ìåòîäàìè.

Ó íàóêîâèõ äîñë³äæåííÿõ ³ ïðàêòè÷íèõ ðîç-
ðîáêàõ [4] ç ìåòîþ ïîºäíàííÿ êðàùèõ âëàñòèâî-
ñòåé ïðîñòîðîâèõ ìåòîä³â ðîçðàõóíêó âóçë³â ñè-
ñòåìè àâòîìàòè÷íîãî êåðóâàííÿ ãàçîòóðá³ííîãî 
äâèãóíà (ÑÀÊ ÃÒÄ) âèêîðèñòîâóºòüñÿ ã³áðèäíèé 
ï³äõ³ä äî ïîáóäîâè ìåòîä³â îïòèì³çàö³¿ ÑÀÊ 
ÃÒÄ ³ç çàñòîñóâàííÿì ãåíåòè÷íîãî àëãîðèòìó â 
ÿêîñò³ «ñêåëåòó» ã³áðèäíîãî ï³äõîäó ³ àäàïòîâà-
íîãî ìåòîäó îïòèì³çàö³¿ äëÿ âèçíà÷åíîãî âóçëà 
ìàòåìàòè÷íî¿ ìîäåë³ ÑÀÊ ÃÒÄ.

Ó çâ'ÿçêó ç öèì àêòóàëüíîþ º  çàäà÷à ôîð-
ìóâàííÿ îïòèìàëüíî¿ òåõíîëîã³¿ ïîáóäîâè 
ðîçïîä³ëåíî¿ ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ 
ãàçîòóðá³ííèì äâèãóíîì,  âóçëè ÿêî¿ çìîæóòü 
îäíî÷àñíî ôóíêö³îíóâàòè â ìåæàõ ðîáî÷î-
ãî ïðîñòîðó,  – òàê çâàíîãî,  êîìá³íîâàíîãî 
(ã³áðèäíîãî)  ï³äõîäó ùîäî ñïîñîáó êåðîâàíîñò³ 
ÃÒÄ ³ç âèñîêîåôåêòèâíèìè ïîêàçíèêàìè 
åêñïëóàòàö³¿.

2. «Ñêåëåò» ã³áðèäíîãî ãåíåòè÷íîãî ï³äõîäó

Ãåíåòè÷íèé ï³äõ³ä (ÃÏ)  – çàñòîñóâàííÿ 
ãåíåòè÷íî¿ ìîäåë³ íàâ÷àííÿ ó ïðîñòîð³ ïðî-
ãðàì ÑÀÊ ÃÒÄ. ²íäèâ³äóóìàìè,  ùî ñêëàäàþòü 
ïîïóëÿö³þ,  º  êîìï’þòåðí³ ïðîãðàìè (âóçëè 
ìàòåìàòè÷íî¿ ìîäåë³ ÃÒÄ),  ÿê³ âèñòóïàþòü 
êàíäèäàòàìè íà ðîçâ’ÿçàííÿ âèçíà÷åíî¿ çàäà÷³. 
Ôîðìà,  ðîçì³ðè ³ ñêëàäí³ñòü ïðîãðàì íå â³äîì³ 
çàçäàëåã³äü,  òîáòî çàçíà÷åí³ àòðèáóòè ðîçâ’ÿçêó 
íå â³äîì³ çàçäàëåã³äü.

Êîæíà ïðîãðàìà îö³íþºòüñÿ çà äîïî-
ìîãîþ ôóíêö³¿ ïðèäàòíîñò³,  ÿêà ïîêàçóº  
íàñê³ëüêè äîáðå ïðàöþº  äàíà ïðîãðàìà ç 
òî÷êè çîðó êîíêðåòíî¿ çàäà÷³ (íàïðèêëàä,  ïî-



ÑÀÓ è  äèàãíîñòèêà

               ISSN 1727-0219     Âåñòíèê äâèãàòåëåñòðîåíèÿ ¹ 2/2019 – 59 –

õèáêà ç òî÷í³ñòþ äî ÿêî¿ ïðîãðàìà çíàõîäèòü 
ðîçâ’ÿçîê).

Ó ïðîöåñ³ ðîçâ’ÿçêó îïåðóþòü ïîíÿòòÿìè 
áàòüê³âñüê³ ïðîãðàìè (parent)  òà ïðîãðàìè-
íàùàäêè (offsprings).

Ñõåìà ãåíåòè÷íîãî àëãîðèòìó:
0) Êîäóâàííÿ ââîäÿòüñÿ ìíîæèíè òåðì³íàëüíèõ 

³ ôóíêö³îíàëüíèõ çì³ííèõ - -òåðì³íàëüí³,  
- ôóíêö³îíàëüí³:

;

.

Êîæíà ïðîãðàìà º  êîìïîçèö³ºþ ôóíêö³é 
³ç  F òà . Ìíîæèíè  ³  çàäîâîëüíÿþòü 
âëàñòèâîñò³ çàìêíåíîñò³.

1) Êîäóâàííÿ ãåíîì³â ó âèãëÿä³ äåðåâ:
âíóòð³øí³ âóçëè - ôóíêö³îíàëüí³ çì³íí³;
ëèñòÿ - òåðì³íàëüí³ ñèìâîëè;

ïðèêëàä: 
2)  Ií³ö³àë³çàö³ÿ:
Äâ³ ñòðàòåã³¿ ïîáóäîâè ïðîãðàì:
- ìåòîä ðîñòó - ç îäíàêîâîþ éìîâ³ðí³ñòþ âåñü 

÷àñ îáèðàþòüñÿ ôóíêö³îíàëüí³ ³ òåðì³íàëüí³ 
ñèìâîëè - äîêè ñåðåä ëèñòê³â º  ôóíêö³îíàëüí³ 
ñèìâîëè;

- ìåòîä ïîâíîòè (ïîâíå á³íàðíå äåðåâî)  - 
ëèñòêè â ñàìîìó ê³íö³ ³ á³íàðíî ðîçòàøîâàí³;

- ïðè ïîáóäîâ³ âèêîðèñòîâóþòüñÿ 10% 
òåðì³íàëüíèõ ñèìâîë³â ³ 90% íåòåðì³íàëüíèõ 
ñèìâîë³â - ùîá çàïîá³ãòè òåðì³íàëüíîñò³ äå-
ðåâà.

3) Îö³íþâàííÿ - ôóíêö³ÿ îö³íþâàíííÿ çà-
ëåæèòü â³ä áëèçêîñò³ çíà÷åíü îñîáèíè ³ áàæàíèõ 
çíà÷åíü.

Áåðåòüñÿ ñåðåäíüîêàâäðàòè÷íà ïîõèáêà: 

   
(1)

 - ðîçì³ð âèá³ðêè;

 - åêñïåðåìåíòàëüí³ äàí³;

 - äàí³,  îáðàõîâàí³ ïðîãðàìîþ.
4) Îö³íþâàííÿ - ãåíåòè÷í³ îïåðàòîðè
Îñíîâíèé ãåíåòè÷íèé îïåðàòîð - ñõðåùóâàí-

íÿ. Áàòüêè îáì³íþþòüñÿ ï³ääåðåâàìè.
Îïåðàòîð ñõðåùóâàííÿ äåðåâà ç ñàìèì ñî-

áîþ äàº  íîâèé ðåçóëüòàò. Ïîÿâà òà íàêîïè÷åí-
íÿ ²ÍÒÐÎÍ²Â - ä³ëÿíîê êîäó,  ùî í³÷îãî íå 
ðîáëÿòü.

5) Óìîâà çàâåðøåííÿ: ìåæà ïîïóëÿö³¿,  çàäî-
âîëåííÿ ïîõèáêè.

Ïàðàìåòðè àëãîðèòìó: ðîçì³ð ïîïóëÿö³¿,  ãëè-
áèíà äåðåâà,  ÷àñòîòà çàñòîñóâàííÿ îïåðàòîð³â.

3. Ã³áðèäíèé ìåòîä ïîáóäîâè ÑÀÊ ÃÒÄ

Äëÿ á³ëüø çðó÷íî¿ ðåàë³çàö³¿ ã³áðèäíîãî ìå-
òîäó,  çîêðåìà ó êîìá³íàö³¿ ç ³íøèìè ìåòîäàìè,  
äîö³ëüíî âèêîðèñòîâóâàòè ïðîãðàìó gatool (op-
timtool)  ï³ä ÷àñ ðîçâ'ÿçêó çàäà÷³ ìàêñèì³çàö³¿ 
ôóíêö³¿ Ðàñòð³ã³íà â³ä äâîõ çì³ííèõ:

.  (2)

Ïåðåä âèêîðèñòàííÿì ïðîãðàìè gatool â 
îñíîâíèõ ïîëÿõ éîãî ðîáî÷îãî â³êíà ïîòð³áíî 
âêàçàòè ã³áðèäíó ôóíêö³þ (patternsearch),  
ôóíêö³þ êîðèñòóâà÷à, ê³ëüê³ñòü çì³ííèõ ö³ëüîâî¿ 
ôóíêö³¿ òà ìàòðèö³ îáìåæåíü 

Äëÿ ãðàô³÷íî¿ ³íòåðïðåòàö³¿ ðîáîòè ãåíåòè÷íîãî 
àëãîðèòìó âèêîðèñòîâóþòüñÿ ïàðàìåòðè ðîçä³ëó 
Plots,  çîêðåìà ïðè ô³êñóâàíí³ ïàðàìåòðà Best 
fitness ó â³êí³ Genetic Algorithm áóäå çîáðàæåíî 
êðàùå çíà÷åííÿ ö³ëüîâî¿ ôóíêö³¿,  à ïðè 
ô³êñóâàíí³ ïàðàìåòðà Best Individual - êðàùó 
îñîáèíó àáî âóçîë  ÑÀÊ  ÃÒÄ (íàáëèæåíå 
çíà÷åííÿ òî÷êè åêñòðåìóìó)  (ðèñ. 2).

Ðèñ. 2. Ãðàô³ê ôóíêö³¿ Ðàñòð³ã³íà ãåíåòè÷íîãî àëãîðèòìó (çë³âà)  òà ãðàô³÷íà ³íòåðïðåòàö³ÿ ðîáîòè ÃÀ (ñïðàâà)
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4. Ìîäåëü ðîçïîä³ëåíî¿ ³íôîðìàö³éíî¿ ñèñòå-
ìè ÑÀÊ ÃÒÄ

Ïðè ìîäåëþâàíí³ ÑÀÊ  ÃÒÄ ðîçïîä³ë 
îá’ºêò³â â ðîáî÷³é îáëàñò³ âèçíà÷àºòüñÿ çà 
äîïîìîãîþ ãåíåðàòîðà âèïàäêîâèõ ÷èñåë äëÿ 
ôîðìóâàííÿ õðîìîñîìè. Òàê,  ó âèïàäêó (ðèñ. 
3),  íàâêîëî êîæíîãî îá’ºêòà íà çàäàí³é â³äñòàí³ 
(âèäèì³é)  ïîâèííî çíàõîäèòèñü â³ñ³ì âóçë³â. 

Ìîæëèâ³ íàïðÿìêè ïîçíà÷àþòü ïîñë³äîâíî 
(ïî÷èíàþ÷è ç )  ÷åðåç â³ñ³ì ñåêòîð³â,  ôîðìó-
þ÷è õðîìîñîìó,  äå êîæíîìó ñåêòîðó â³äïîâ³äàº  
îäèí àáî á³ëüøå ñåãìåíò³â õðîìîñîìè,  òàê ÿê 
â êîæíîìó ñåêòîð³ ìîæå çíàõîäèòèñü äî  
ì³êðîîá'ºêò³â (ðèñ. 4). 

Ðèñ. 3. ²äåàëüíî óïîðÿäêîâàíà îáëàñòü

Ðèñ. 4. Àëãîðèòì ôîðìóâàííÿ õðîìîñîìè

Ê³ëüê³ñòü ñåãìåíò³â âèçíà÷àºòüñÿ ê³ëüê³ñòþ 
ì³êðîîá'ºêò³â,  ÿê³ çíàõîäÿòüñÿ â öüîìó ñåêòîð³ 
(â ìåæàõ âèäèìîñò³).

Âèñíîâîê

Àêòóàëüí³ñòü íîâèõ òåõíîëîã³é â ñèñòåìàõ êå-
ðóâàííÿ àâ³àö³éíèìè ÃÒÄ îáóìîâëåíà ïðèíöè-
ïîì ðîçïîä³ëó ì³êðîîá'ºêò³â, ÿêèé ðåàë³çîâàíèé 
â ãåíåòè÷íîìó áàçèñ³ òà äîñÿãàº  ï³äâèùåííÿ 
øâèäêîä³¿ ðîáîòè ÑÀÊ  ÃÒÄ, à òàêîæ äîçâîëÿº  
çíèçèòè âèìîãè îá÷èñëþâà÷à äëÿ ñèñòåìè ïëà-
íóâàííÿ ëîêàëüíèõ ïåðåì³ùåíü,  ðåàë³çîâàíèõ 
íà îñíîâ³ ÃÀ. 

Â ïðîöåñ³ äîñë³äæåííÿ ã³áðèäíîãî ï³äõîäó äî 
ïîáóäîâè ðîçïîä³ëåíî¿ ÑÀÊ  ÃÒÄ âèçíà÷åíî,  
ùî âèêîðèñòàííÿ ã³áðèäíèõ ìåòîä³â íà îñíîâ³ 
ãåíåòè÷íèõ àëãîðèòì³â ó á³ëüøîñò³ âèïàäê³â 
ïîêðàùóº  ðåçóëüòàò ñàìîãî ãåíåòè÷íîãî àë-
ãîðèòìó òà,  â îñíîâíîìó,  ïðè ¿õ âèêîðèñòàíí³ 
îá÷èñëþâàëüí³ ðåñóðñè âèòðà÷àþòüñÿ ñàìå íà 
ðåàë³çàö³þ ÃÀ,  ùî îáóìîâëþº  á³ëüøó òî÷í³ñòü 
çàäàíèõ ïàðàìåòð³â ÃÀ,  í³æ òî÷í³ñòü ïàðàìåòð³â 
êîìá³íîâàíîãî ìåòîäó îïòèì³çàö³¿. 

Äëÿ ïðîâåäåííÿ ìîäåëüíèõ åêñïåðèìåíò³â,  
ÿê³ ï³äòâåðäæóþòü àäåêâàòí³ñòü çàïðîïîíîâàíîãî 
ï³äõîäó êåðóâàííÿ ì³êðîîá'ºêòàìè â ÑÀÊ  ÃÒÄ 
íåîáõ³äíî âðàõîâóâàòè îñíîâí³ õàðàêòåðèñòèêè 
àëãîðèòìó: ðîçì³ð ïîïóëÿö³¿,  â³äá³ð àáî ìóòàö³ÿ 
³ç ñåðåäí³ì ïîðîãîì,  êðîñèíãîâåð - àëãîðèòì 
ïîøóêó ³ çíèùåííÿ êëîí³â.
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Ñ.Ñ. Òîâêà÷. Ãèáðèäíûé ãåíåòè÷åñêèé ïîäõîä ê ïîñòðîåíèþ ðàñïðåäåëåííîé ñèñòåìû 
àâòîìàòè÷åñêîãî óïðàâëåíèÿ àâèàöèîííûõ äâèãàòåëåé

Ñòàòüÿ ïîñâÿùåíà ðàçðàáîòêå ñèñòåìíûõ ïîäõîäîâ ê ïîñòðîåíèþ ðàñïðåäåëåííîé 
èíôîðìàöèîííîé ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ (ÑÀÓ) àâèàöèîííûõ ãàçîòóð-
áèííûõ äâèãàòåëåé (ÃÒÄ). Îïðåäåëåíî, ÷òî äëÿ ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ 
àâèàöèîííîãî ãàçîòóðáèííîãî äâèãàòåëÿ ìîæåò áûòü îáåñïå÷åíî èñïîëüçîâàíèå êîìïëåêñà 
ìàòåìàòè÷åñêèõ ìîäåëåé äâèãàòåëÿ: äèíàìè÷åñêóþ ïîóçëîâóþ, ìíîãîðåæèìíóþ óïðî-
ùåííóþ è ëèíåéíóþ ìîäåëü. Äëÿ óïðîùåííîé ñõåìû ïðîöåññà ðàçðàáîòêè è ñîãëàñîâàíèÿ 
ìàòåìàòè÷åñêîé ìîäåëè ñèñòåìû àâòîìàòè÷åñêîãî óïðàâëåíèÿ ãàçîòóðáèííîãî äâèãàòå-
ëÿ ðàññìîòðåíî èñïîëüçîâàíèå ïðîñòðàíñòâåííîãî ìåòîäà ðàñ÷åòà ðàñïîëîæåíèÿ óçëîâ 
ãàçîòóðáèííîãî äâèãàòåëÿ - ãèáðèäíîãî ïîäõîäà ê ïîñòðîåíèþ ìåòîäîâ îïòèìèçàöèè 
ñèñòåì óïðàâëåíèÿ ãàçîòóðáèííûõ äâèãàòåëåé ñ ïðèìåíåíèåì ãåíåòè÷åñêîãî àëãîðèòìà â 
êà÷åñòâå «ñêåëåòà» ãèáðèäíîãî ïîäõîäà è àäàïòèâíîãî ìåòîäà îïòèìèçàöèè äëÿ îïðåäå-
ëåííîãî óçëà ìàòåìàòè÷åñêîé ìîäåëè ñèñòåìû óïðàâëåíèÿ àâèàöèîííîãî ãàçîòóðáèííîãî 
äâèãàòåëÿ. Ïðåäëîæåíà ñõåìà ãåíåòè÷åñêîãî àëãîðèòìà: êîäèðîâàíèå, êîäèðîâàíèå ãå-
íîìîâ â âèäå äåðåâüåâ, èíèöèàëèçàöèÿ, îöåíêà - ôóíêöèÿ îöåíêè, îöåíêà - ãåíåòè÷åñêèå 
îïåðàòîðû, óñëîâèå çàâåðøåíèÿ (ïðåäåë ïîïóëÿöèè è óäîâîëåòâîðåíèå ïîãðåøíîñòè) è 
ïàðàìåòðû àëãîðèòìà (ðàçìåð ïîïóëÿöèè, ãëóáèíà äåðåâà, ÷àñòîòà ïðèìåíåíèÿ îïåðà-
òîðîâ). Çà ñ÷åò èñïîëüçîâàíèÿ ïðîãðàììû gatool (optimization tool) ðàññìîòðåíî ðåøåíèå 
çàäà÷è ìàêñèìèçàöèè ôóíêöèè Ðàñòðèãèíà ñ ïîìîùüþ ãèáðèäíîé ôóíêöèè patternsearch 
è çàäàíèåì ôóíêöèè ïîëüçîâàòåëÿ, êîëè÷åñòâà ïåðåìåííûõ öåëåâîé ôóíêöèè, ìàòðèö 
îãðàíè÷åíèé. Äëÿ ãðàôè÷åñêîé èíòåðïðåòàöèè ïðèâåäåíû ðåçóëüòèðóþùèå ãðàôèêè ïðè 
ôèêñèðîâàíèè ïàðàìåòðà Best Fitness è Best Individual, ÷òî îïðåäåëÿåò ëó÷øóþ îñîáü èëè 
óçåë ýëåêòðîííîé ñèñòåìû óïðàâëåíèÿ àâèàöèîííîãî ãàçîòóðáèííîãî äâèãàòåëÿ è òðåõ-
ìåðíîå ïðåäñòàâëåíèå ôóíêöèè Ðàñòðèãèíà. Ïîñëå ïðîâåäåíèÿ ÷èñëåííîãî ýêñïåðèìåíòà 
ïðåäëîæåíî èñïîëüçîâàíèå ðàñïðåäåëåííîé èíôîðìàöèîííîé ñèñòåìû ñèñòåìû àâòîìàòè-
÷åñêîãî óïðàâëåíèÿ ãàçîòóðáèííîãî äâèãàòåëÿ íà áàçå èäåàëüíî óïîðÿäî÷åííîé îáëàñòè è 
àëãîðèòìà ôîðìèðîâàíèÿ õðîìîñîìû óçëà ýëåêòðîííîé ñèñòåìû óïðàâëåíèÿ àâèàöèîííîãî 
ãàçîòóðáèííîãî äâèãàòåëÿ.

Êëþ÷åâûå ñëîâà: àâèàöèîííûé äâèãàòåëü, ñèñòåìà àâòîìàòè÷åñêîãî óïðàâëåíèÿ, ñè-
ñòåìíûé ïîäõîä, ãåíåòè÷åñêèé àëãîðèòì, ìåòîäû îïòèìèçàöèè, êîäèðîâàíèå ãåíîìîâ, 
õðîìîñîìà óçëà.

S. S. Tovkach. Hybrid genetic approach for building the distributed automatic control 
system of aviation engines

The article is devoted to the development of system approaches for the construction of a dis-
tributed information system of automatic control (ACS) of aviation gas turbine engines (GTE). 
It has been determined that for the automatic control system of an aviation gas turbine engine, 
the use of a complex of mathematical models of the engine can be provided: dynamic node-by-
node, multi-mode simplified and linear model. For a simplified scheme of the development and 
coordination of a mathematical model of an automatic control system for a gas turbine engine, 
the use of a spatial method for calculating the location of gas turbine engine nodes — a hybrid 
approach to building optimization methods for gas turbine engine control systems using a genetic 
algorithm as a “skeleton” of a hybrid approach and an adaptive method of optimization for a 
certain node of the mathematical model of the aviation control system gas turbine engine — is 
considered. A scheme of a genetic algorithm is proposed: coding, coding genomes in the form of 
trees, initialization, evaluation — evaluation function, evaluations — genetic operators, termination 
condition (population limit and error pleasure) and algorithm parameters (population size, tree 
depth, operator frequency). Through the use of the gatool (optimization tool) program, the solution 
of the problem of maximizing the Rastrigin function using the hybrid function patternsearch and 
setting the user function, the number of variables of the target function, and constraint matrices is 
considered. For graphical interpretation, the resulting graphs are given when the Best Fitness and 
Best Individual parameters are fixed, which determines the best individual or node of the electronic 
control system of an aviation gas turbine engine and a three-dimensional representation of the 
Rastrigin function. After carrying out a numerical experiment, the use of a distributed information 
system of the automatic control system of a gas turbine engine on the basis of a perfectly ordered 
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area and an algorithm for the formation of a chromosome of an electronic control unit node of 
an aviation gas turbine engine was proposed.

Keywords: aviation engine, automatic control system, system approach, genetic algorithm, op-
timization methods, genome coding, chromosome of a node.
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