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Ââåäåíèå

Àâèàöèÿ âíîñèò çíà÷èòåëüíûé âêëàä â àíòðî-
ïîãåííîå çàãðÿçíåíèå îêðóæàþùåé ñðåäû. Äàííàÿ 
ïðîáëåìà îñîáåííî àêòóàëüíà äëÿ êðóïíûõ àýðî-
ïîðòîâ ñ èíòåíñèâíûì âîçäóøíûì äâèæåíèåì 
[1, 2]. Çàãðÿçíåíèå âåðõíåé òðîïîñôåðû è ñòðàòîñ-
ôåðû èìååò ãëîáàëüíûå êëèìàòè÷åñêèå è ýêîëîãè-
÷åñêèå ïîñëåäñòâèÿ äëÿ ÷åëîâåêà è áèîñôåðû [3]. 
Ïîýòîìó ñòðàíû-ëèäåðû ìèðîâîãî àâèàñòðîåíèÿ 
ñòàâÿò äîëãîñðî÷íûå öåëè ðàçâèòèÿ àâèàöèè 
íà îñíîâå ýêîëîãè÷åñêîé ýôôåêòèâíîñòè [4, 5], 
ðàçðàáîòêè íîâûõ òåõíîëîãèé è ïîèñêà íîâûõ 
òåõíè÷åñêèõ ðåøåíèé â àâèàöèè íà óðîâíå ðåâî-
ëþöèîííûõ ïîäõîäîâ [6-9]. Â Åâðîïåéñêîì Ñîþçå 
ãëàâíóþ ðîëü â âîïðîñàõ äîëãîñðî÷íîé ñòðàòåãèè 
ïî ïðîâåäåíèþ èññëåäîâàíèé, íàïðàâëåííûõ íà 
ñíèæåíèå âîçäåéñòâèÿ àâèàöèè íà îêðóæàþùóþ 
ñðåäó è ïîâûøåíèå êîíêóðåíòîñïîñîáíîñòè, 
óñòîé÷èâîñòè åâðîïåéñêîé àâèàöèîííîé ïðîìûø-
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Îäíîé èç èññëåäîâàòåëüñêèõ çàäà÷, íàïðàâëåííûõ íà äîñòèæåíèå öåëåé 
FLIGHTPATH 2050, ÿâëÿåòñÿ îöåíêà ìåòîäîâ óëó÷øåíèÿ òîïëèâíîé ýôôåêòèâíîñòè 
ñàìîëåòà íà îñíîâå ðåàëèçàöèè êîíöåïöèè àäàïòèâíîãî êðûëà äëÿ ñíèæåíèÿ ñîïðîòèâëåíèÿ 
ñàìîëåòà è ïðèìåíåíèÿ ýëåêòðè÷åñêîãî ïðèâîäà êîëåñ øàññè. Ïðîâåäåíà îöåíêà ñïîñîáîâ 
ñíèæåíèÿ ëîáîâîãî ñîïðîòèâëåíèÿ òÿæåëîãî äàëüíåãî ìàãèñòðàëüíîãî ñàìîëåòà òèïà 
A340-600, îöåíåíî âëèÿíèå èñïîëüçîâàíèÿ äëÿ ðóëåíèÿ ýëåêòðîïðèâîäà ñòîåê øàññè íà 
òîïëèâíóþ ýôôåêòèâíîñòü ñàìîëåòà. Ïîêàçàíî, ÷òî ëàìèíàðèçàöèÿ ïîâåðõíîñòè ïëà-
íåðà ñàìîë¸òà áåç ó÷åòà ýíåðãåòè÷åñêèõ çàòðàò íà îòñîñ ïîãðàíè÷íîãî ñëîÿ ïîçâîëÿåò 
óìåíüøèòü çàòðàòû òîïëèâà ïðèáëèçèòåëüíî íà 20%. Ñíèæåíèå âðåìåíè èñïîëüçîâàíèÿ 
ìàðøåâûõ äâèãàòåëåé ñàìîëåòà ïðè ðóëåíèè ÿâëÿåòñÿ ìåðîïðèÿòèåì, êîòîðîå ñîïîñòàâè-
ìî ïî ñâîåé ýôôåêòèâíîñòè ñ óìåíüøåíèåì ðàçìåðîâ ùåëåé è óñòóïîâ â îðãàíàõ óïðàâëåíèÿ 
è ìåõàíèçàöèè êðûëà ñàìîëåòà. Ñàìîëåò ñ ýëåêòðîïðèâîäîì â ïåðåäíåé ñòîéêå øàññè 
èìååò ïðåèìóùåñòâî â òîïëèâíîé ýôôåêòèâíîñòè ïåðåä èñõîäíûì ñàìîëåòîì òîëüêî 
ïðè ðóëåíèè áîëåå 30 ìèíóò.

Êëþ÷åâûå ñëîâà: ýêîëîãèÿ, ACARE, Flightpath 2050, ñàìîëåò, ñîïðîòèâëåíèå, ëàìè-
íàðèçàöèÿ, äâèãàòåëü, ýëåêòðîïðèâîä, òîïëèâíàÿ ýôôåêòèâíîñòü.
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ëåííîñòè èãðàåò Advisory Council for Aeronautics 
Research in Europe (ACARE). Ãëàâíàÿ çàäà÷à 
ACARE - èíèöèèðîâàòü ñîòðóäíè÷åñòâî ìåæäó 
çàèíòåðåñîâàííûìè ñòîðîíàìè, íàïðàâëåííîå íà 
äîñòèæåíèå öåëåé Flightpath 2050 [2]. Äëÿ àíàëèçà 
âûïîëíåíèÿ âñåõ öåëåé, èçëîæåííûõ â Flightpath 
2050, â íàñòîÿùåå âðåìÿ, ïî èíèöèàòèâå ïàðòíå-
ðîâ ïðîåêòà Perspectives for Aeronautical Research 
in Europe (PARE) ïðîâîäÿòñÿ èññëåäîâàíèÿ ïî 
îïðåäåëåíèþ óðîâíÿ ïðîãðåññà, ðàçðûâîâ è áà-
ðüåðîâ äëÿ êàæäîé èç ýòèõ öåëåé è âûðàáîòêå 
ðåêîìåíäàöèé ïî èõ óñòðàíåíèþ. Îäíîé èç èñ-
ñëåäîâàòåëüñêèõ çàäà÷ â ïðîåêòå PARE ÿâëÿåòñÿ 
îöåíêà ìåòîäîâ óëó÷øåíèÿ òîïëèâíîé ýôôåêòèâ-
íîñòè ñàìîëåòà íà îñíîâå ðåàëèçàöèè êîíöåïöèè 
àäàïòèâíîãî êðûëà äëÿ ñíèæåíèÿ ñîïðîòèâëåíèÿ 
ñàìîëåòà [10] è ïðèìåíåíèÿ ýëåêòðè÷åñêîãî ïðè-
âîäà êîë¸ñ øàññè.

Äëÿ îáåñïå÷åíèÿ êîíêóðåíòîñïîñîáíîñòè 
ëåòàòåëüíîãî àïïàðàòà àêòóàëüíîé çàäà÷åé ÿâ-
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ëÿåòñÿ èññëåäîâàíèå åãî ýêîëîãè÷åñêèõ õàðàê-
òåðèñòèê è òîïëèâíîé ýôôåêòèâíîñòè.

Öåëüþ ïðåäñòàâëåííûõ èññëåäîâàíèé ÿâëÿ-
åòñÿ îöåíêà âëèÿíèÿ ïåðñïåêòèâíûõ ñïîñîáîâ 
ñíèæåíèÿ ðàñõîäà òîïëèâà òÿæåëîãî äàëüíåãî 
ìàãèñòðàëüíîãî ñàìîë¸òà íà îñíîâå óëó÷øåíèÿ 
àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê.

Ïîñòàíîâêà çàäà÷è
Èññëåäîâàíèå ýêîëîãè÷åñêèõ õàðàêòåðèñòèê 

ïîñòðîåíî íà çíàíèè ïàðàìåòðîâ ðàáî÷åãî ïðî-
öåññà äâèãàòåëÿ ñèëîâîé óñòàíîâêè è àýðîäèíà-
ìè÷åñêèõ õàðàêòåðèñòèê ñàìîëåòà. Ïåðñïåêòèâ-
íûìè ìåòîäàìè óâåëè÷åíèÿ àýðîäèíàìè÷åñêîãî 
êà÷åñòâà ñàìîë¸òà ÿâëÿþòñÿ îòêàç îò ìåõàíèçàöèè 
ïåðåäíåé è çàäíåé êðîìêè êðûëà, îòêëîíÿåìûõ 
îðãàíîâ óïðàâëåíèÿ ñàìîëåòà, èñêóññòâåííàÿ 
ëàìèíàðèçàöèÿ ýëåìåíòîâ ïëàíåðà [6, 10]. Ñëåä-
ñòâèåì óâåëè÷åíèÿ àýðîäèíàìè÷åñêîãî êà÷åñòâà 
ñàìîëåòà ÿâëÿåòñÿ ïîâûøåíèå â òîé èëè èíîé 
ñòåïåíè åãî òîïëèâíîé ýôôåêòèâíîñòè. Äðóãèì 
ïðèìåðîì ïîâûøåíèÿ òîïëèâíîé ýôôåêòèâíîñòè 
ñàìîë¸òà ÿâëÿåòñÿ ïðèìåíåíèå ýëåêòðîïðèâîäà 
ñòîåê øàññè òèïà WheelTug äëÿ ðóëåíèÿ ñàìîëåòà 
ïðè âûêëþ÷åííûõ äâèãàòåëÿõ [11]. Îäíàêî òàêèå 
ðåøåíèÿ òðåáóþò òùàòåëüíûõ èññëåäîâàíèé.

Ìåòîäû èññëåäîâàíèé
Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé âûáðàí òÿ-

æåëûé äàëüíåìàãèñòðàëüíûé ñàìîëåò òèïà 
A340-600. Èññëåäîâàíèÿ ïðîâåäåíû äëÿ äâóõ 
íàïðàâëåíèé: ïàðàìåòðè÷åñêèå èññëåäîâàíèÿ 
ëåòíî-òåõíè÷åñêèõ õàðàêòåðèñòèê (ËÒÕ) ñà-
ìîëåòà è îöåíêà ïðèìåíåíèÿ ýëåêòðîïðèâîäà 
ñòîåê øàññè ïðè ðóëåíèè ñàìîë¸òà ïðè âûêëþ-
÷åííûõ äâèãàòåëÿõ äî âçë¸òíîé ïîëîñû.

Ïàðàìåòðè÷åñêèå èññëåäîâàíèÿ ËÒÕ òÿæå-
ëîãî äàëüíåìàãèñòðàëüíîãî ñàìîë¸òà ïðîâî-
äèëèñü ñ ïîìîùüþ ðàçðàáîòàííîãî ìîäóëüíîãî 
ïðîãðàììíîãî êîìïëåêñà íà îñíîâå ìåòîäèêè, 
èçëîæåííîé â ðàáîòàõ [12, 13]. Ìîäóëüíûé 
ïðîãðàììíûé êîìïëåêñ ïîçâîëÿåò ïðîâîäèòü 
èññëåäîâàíèÿ êàê ñ äîçâóêîâîé, òàê è ñî ñâåðõ-
çâóêîâîé ñêîðîñòÿìè ïîë¸òà ñàìîëåòà.

Â îñíîâå ñíèæåíèÿ àýðîäèíàìè÷åñêîãî ñî-
ïðîòèâëåíèÿ ñàìîëåòà ÿâëÿåòñÿ óëó÷øåíèå 
êà÷åñòâà îáòåêàåìîé ïîâåðõíîñòè, ñîêðàùåíèå 
÷èñëà âíåøíèõ íàäñòðîåê è êîíñòðóêòèâíûõ 
ýëåìåíòîâ, ïðîâåäåíèå äðóãèõ êîíñòðóêòèâíî-
òåõíîëîãè÷åñêèõ ìåðîïðèÿòèé. Ïåðñïåêòèâíûìè 
ñðåäñòâàìè óìåíüøåíèÿ ñîïðîòèâëåíèÿ òðåíèÿ 
äîçâóêîâûõ ñàìîëåòîâ ÿâëÿþòñÿ èñêóññòâåííàÿ 
è åñòåñòâåííàÿ ëàìèíàðèçàöèÿ îáòåêàíèÿ. Èñ-
ïîëüçóÿ ïðîôèëè ñïåöèàëüíûõ ôîðì ñ áëàãî-
ïðèÿòíûìè ãðàäèåíòàìè äàâëåíèÿ â ïåðåäíåé 
÷àñòè êðûëà, ìîæíî îñóùåñòâèòü åñòåñòâåííóþ 
ëàìèíàðèçàöèþ íà êðûëå ñàìîë¸òà è çà ñ÷¸ò ýòî-
ãî óìåíüøèòü ñîïðîòèâëåíèå òðåíèÿ [14-17].

Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè èñ-
õîäíîãî è ìîäåðíèçèðîâàííîãî âàðèàíòà 
ñàìîë¸òà ïðåäñòàâëåíû â âèäå ïîëÿð (ðèñ. 1) 
è çàâèñèìîñòåé àýðîäèíàìè÷åñêîãî êà÷åñòâà 

îò êîýôôèöèåíòà ïîäúåìíîé ñèëû ñàìîë¸òà 
(ðèñ. 2) äëÿ êðåéñåðñêîãî ðåæèìà ïîë¸òà.

Ïîêàçàíû ðåçóëüòàòû ðàñ÷åòà ïîëÿðû è çàâèñè-
ìîñòè àýðîäèíàìè÷åñêîãî êà÷åñòâà îò êîýôôèöèåí-
òà ïîäúåìíîé ñèëû ìîäåðíèçèðîâàííîãî ñàìîëåòà 
ïðè ïîëíîì îòñóòñòâèè ìåõàíèçàöèè ïåðåäíåé è 
çàäíåé êðîìêè êðûëà, îòêëîíÿåìûõ îðãàíîâ óïðàâ-
ëåíèÿ ñàìîëåòà,  ëàìèíàðèçàöèè ôþçåëÿæà, êðûëà, 
îïåðåíèÿ è ìîòîãîíäîë. Äàííûå ñîîòâåòñòâóþò 
êðåéñåðñêîìó ðåæèìó ïîë¸òà ñàìîë¸òà.

Ðèñ. 1. Ïîëÿðà èñõîäíîãî è ìîäåðíèçèðîâàííîãî 
ñàìîëåòà

    - èñõîäíûé ñàìîëåò ñ ìåõàíèçàöèåé
   - ñàìîëåò áåç ìåõàíèçàöèè,  ýëåðîíîâ è ðóëåé ñ èñ-
êóññòâåííîé ëàìèíàðèçàöèåé
 ⋅  - ñàìîëåò áåç ìåõàíèçàöèè,  ýëåðîíîâ è ðóëåé

Ðèñ. 2. Çàâèñèìîñòü àýðîäèíàìè÷åñêîãî êà÷åñòâà îò êî-
ýôôèöèåíòà ïîäúåìíîé ñèëû ñàìîëåòà

    - èñõîäíûé ñàìîëåò ñ ìåõàíèçàöèåé
   - ñàìîëåò áåç ìåõàíèçàöèè,  ýëåðîíîâ è ðóëåé ñ èñ-
êóññòâåííîé ëàìèíàðèçàöèåé
 ⋅  - ñàìîëåò áåç ìåõàíèçàöèè,  ýëåðîíîâ è ðóëåé

Â òàáë. 1 ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòà 
ðàñõîäíûõ õàðàêòåðèñòèê ñàìîëåòà ñ âëèÿíèåì 
(òóðáóëèçóåò ïîãðàíè÷íûé ñëîé)  è íå âëèÿ-
íèåì ïðåäêðûëêà íà ñòðóêòóðó ïîãðàíè÷íîãî 
ñëîÿ íà îñíîâíîì ïðîôèëå. Òàêæå ïðèâåäåíû 
ðåçóëüòàòû ðàñ÷åòà âåëè÷èíû äîïîëíèòåëüíîãî 
ðàñõîäà òîïëèâà  Gò ïðè âëèÿíèè ïðåäêðûëêà 
â ñëó÷àå îòñóòñòâèÿ ìåõàíèçàöèè êðûëà,  ýëå-
ðîíîâ è ðóëåé.
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Äëÿ óëó÷øåíèÿ ýêîëîãè÷åñêèõ õàðàêòåðè-
ñòèê ñàìîëåòà íåîáõîäèìî ïðèìåíåíèå ýëåê-
òðè÷åñêîãî ïðèâîäà êîëåñ øàññè [11]. Èñïîëü-
çîâàíèå ýòîãî óñòðîéñòâà ñíèæàåò êîëè÷åñòâî 
âðåäíûõ âûáðîñîâ è óðîâåíü øóìà, à òàêæå 
ïîçâîëÿåò ñàìîëåòó äâèãàòüñÿ çàäíèì õîäîì 
áåç èñïîëüçîâàíèÿ íàçåìíîé òåõíèêè. Çà ñ÷¸ò 
ïîâûøåíèÿ ìîáèëüíîñòè ñàìîë¸òà âîçðàñòàåò 
èíòåíñèâíîñòü äâèæåíèÿ, ÷òî ïðèâîäèò ê ñî-
êðàùåíèþ âðåìåíè åãî íàõîæäåíèÿ íà çåìëå è 
óâåëè÷èâàåò ðåíòàáåëüíîñòü àâèàïåðåâîçîê.

Ïîëó÷åíû ðåçóëüòàòû èññëåäîâàíèÿ òîïëèâ-
íîé ýôôåêòèâíîñòè èñõîäíîãî ñàìîë¸òà çà 
òèïîâîé ïîë¸òíûé öèêë ñ óñòðîéñòâîì òèïà 
WheelTug ïðè ðàçëè÷íîì âðåìåíè ðóëåíèÿ 
ñàìîë¸òà íà çåìëå (ðèñ. 3). Óñòðîéñòâî âåñèò 
1000 êèëîãðàìì,  âêëþ÷àÿ èíòåðôåéñ â êàáèíå 
è êîíòðîëëåðû,  ñîñòîèò èç ýëåêòðîìîòîðîâ,  
êîòîðûå óñòàíàâëèâàþòñÿ â êîëåñà íîñîâîé 
ñòîéêè.

Ðèñ. 3. Ðàñõîä òîïëèâà ïðè óâåëè÷åíèè âðåìåíè 
ðóëåíèÿ ñàìîëåòà (ðåæèì ðàáîòû äâèãàòåëÿ “ìàëûé ãàç”)

Óâåëè÷åíèå ðàñõîäà òîïëèâà ïðè óâåëè÷å-
íèè âðåìåíè ðóëåíèÿ ñàìîëåòà (ðåæèì ðàáîòû 
äâèãàòåëÿ “ìàëûé ãàç”)  ïîêàçàíî íà ðèñ. 3. 
Ñëåäóåò îòìåòèòü,  ÷òî óñòàíîâêà ïîäîáíûõ 
ñèñòåì óìåíüøàåò âåñîâîå ñîâåðøåíñòâî ñàìî-
ëåòà [10].

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî äëÿ äàííîãî 
ñàìîëåòà ïðèìåíåíèå ýëåêòðîïðèâîäà òàêîé 
ìàññû ÿâëÿåòñÿ ýôôåêòèâíûì â ñëó÷àå ðóëåíèÿ 
áîëåå 30 ìèíóò. Ïðè ìåíüøåì âðåìåíè ðóëå-
íèÿ ñàìîëåòà ñ óñòðîéñòâîì òèïà WheelTug, 
ìàññà ñýêîíîìëåííîãî òîïëèâà ïðè ðóëåíèè 
ñòàíîâèòñÿ ìåíüøå òîé ìàññû òîïëèâà, êîòîðàÿ 
ðàñõîäóåòñÿ íà âîçäóøíóþ ïåðåâîçêó äîïîëíè-
òåëüíîé ìàññû ýëåêòðîïðèâîäà â ñîñòàâå ñàìî-
ëåòà. Ïîýòîìó â äàëüíåéøèõ èññëåäîâàíèÿõ 
öåëåñîîáðàçíî ó÷èòûâàòü ýòó îñîáåííîñòü ïðè 
ðàñ÷åòå õàðàêòåðèñòèê ñàìîëåòà.

Çàêëþ÷åíèå

Íà îñíîâå ïîëó÷åííûõ ðåçóëüòàòîâ ìîæíî 
ñäåëàòü ñëåäóþùèå âûâîäû:

Íàèáîëåå ýôôåêòèâíûì ìåòîäîì óâåëè-
÷åíèÿ àýðîäèíàìè÷åñêîãî êà÷åñòâà ñàìîë¸òà 
ÿâëÿåòñÿ ëàìèíàðèçàöèÿ ïîâåðõíîñòè ïëà-
íåðà. Ëàìèíàðèçàöèÿ ïîâåðõíîñòè áåç ó÷¸òà 
ýíåðãåòè÷åñêèõ çàòðàò íà îòñîñ ïîãðàíè÷íîãî 
ñëîÿ ïîçâîëÿåò óìåíüøèòü çàòðàòû òîïëèâà 
ïðèáëèçèòåëüíî íà 20%. Îöåíî÷íî, ñ ó÷¸òîì 
ýíåðãåòè÷åñêèõ çàòðàò íà ëàìèíàðèçàöèþ, ýòîò 
âûèãðûø ìîæåò ñîñòàâèòü 13 ...15%.

Ñíèæåíèå âðåìåíè èñïîëüçîâàíèÿ ìàðøå-
âûõ äâèãàòåëåé ñàìîë¸òà ïðè ðóëåíèè ÿâëÿåòñÿ 
ìåðîïðèÿòèåì,  êîòîðîå ñîïîñòàâèìî ïî ñâîåé 
ýôôåêòèâíîñòè ñ óìåíüøåíèåì ðàçìåðîâ ùåëåé 
è óñòóïîâ â îðãàíàõ óïðàâëåíèÿ è ìåõàíèçàöèè 
êðûëà ñàìîë¸òà. Óñòàíîâëåíî,  ÷òî äàæå áåç 
ó÷¸òà âûðàáîòêè ðåñóðñà ìàðøåâûõ äâèãàòåëåé 
òÿæåëûé äàëüíèé ñàìîëåò,  îáîðóäîâàííûé 
óñòðîéñòâîì òèïà WheelTug,  èìååò ïðåèìóùå-
ñòâî ïåðåä èñõîäíûì ñàìîë¸òîì ïðè ðóëåíèè 
áîëåå 30 ìèíóò.

Ðåçóëüòàòû,  ïðåäñòàâëåííûå â äàííîé ðàáî-
òå,  ÿâëÿþòñÿ ïðåäâàðèòåëüíûìè è ïîçâîëÿþò 
îöåíèòü ïðåäåëüíûå âîçìîæíîñòè ïîâûøåíèÿ 
òîïëèâíîé ýôôåêòèâíîñòè ìàãèñòðàëüíîãî 
ñàìîëåòà.
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Â. Â. Ëîã³íîâ, Ñ. Â. Äìèòð³ºâ, Å. Î. Óêðà¿íåöü, Ï. À. Ãëóùåíêî. Àíàë³ç ìåòîä³â 
ïîêðàùåííÿ ïàëèâíî¿ åôåêòèâíîñò³ ìàã³ñòðàëüíîãî ë³òàêà

Â ðîáîò³ ïîêàçàíî âèêîíàííÿ îäí³º¿ ç ö³ëåé ªâðîïåéñüêî¿ êîíñóëüòàòèâíî¿ ðàäè ç 
äîñë³äæåíü â îáëàñò³ àâ³àö³¿ (ACARE), âèêëàäåíèõ â Flightpath 2050. ªâðîïåéñüêèé ñîþç 
ïðîâîäèòü äîñë³äæåííÿ ç âèçíà÷åííÿ ð³âíÿ ïðîãðåñó, ðîçðèâ³â ³ áàð’ºð³â äëÿ êîæíî¿ ç 
ö³ëåé òà íàäàííÿ ðåêîìåíäàö³é ùîäî ¿õ óñóíåííÿ. Îñíîâíà óâàãà ïðèä³ëÿºòüñÿ ïðîáëåìàì 
çàáåçïå÷åííÿ åêîëîã³÷íèõ õàðàêòåðèñòèê, ïàëèâíî¿ åôåêòèâíîñò³, çàäîâîëåííþ ïîòðåá 
ïàñàæèð³â òà ï³äòðèìàííÿ ãëîáàëüíîãî ë³äåðñòâà. Òîìó â ðîáîò³ âèêîíàíî äîñë³äæåííÿ 
ìåòîä³â ïîë³ïøåííÿ ïàëèâíî¿ åôåêòèâíîñò³ ë³òàêà íà îñíîâ³ ðåàë³çàö³¿ êîíöåïö³¿ àäàïòèâ-
íîãî êðèëà äëÿ çíèæåííÿ îïîðó ë³òàêà ³ çàñòîñóâàííÿ åëåêòðè÷íîãî ïðèâîäó êîë³ñ øàñ³. 
Ïðîâåäåíî îö³íêó ñïîñîá³â çíèæåííÿ ëîáîâîãî îïîðó âàæêîãî äàëüíüîãî ìàã³ñòðàëüíîãî 
ë³òàêà òèïó A340-600 íà îñíîâ³ ðåàë³çàö³¿ çàçíà÷åíî¿ êîíöåïö³¿, à òàêîæ âïëèâ åëåê-
òðîïðèâîäó ñò³éîê øàñ³ íà ïàëèâíó åôåêòèâí³ñòü ë³òàêà. Ïîêàçàíî, ùî îñíîâíèì ïî-
êàçíèêîì, ùî õàðàêòåðèçóº êîíêóðåíòîñïðîìîæí³ñòü ËÀ, º ìîæëèâ³ñòü çàáåçïå÷èòè 
ïåðåâåçåííÿ ìàêñèìàëüíîãî êîìåðö³éíîãî íàâàíòàæåííÿ íà íàéá³ëüøó äàëüí³ñòü ïðè 
ì³í³ìàëüí³é âèòðàò³ ïàëèâà.

Äîñë³äæåííÿ åêñïëóàòàö³éíèõ õàðàêòåðèñòèê ë³òàêà ïðîâîäèëîñÿ çà äîïîìîãîþ 
ðîçðîáëåíîãî ìîäóëüíîãî ïðîãðàìíîãî êîìïëåêñó íà îñíîâ³ ïðîâåäåííÿ ïàðàìåòðè÷íèõ 
äîñë³äæåíü õàðàêòåðèñòèê ë³òàêà ³ éîãî ñèëîâî¿ óñòàíîâêè íà åòàïàõ ìîäåðí³çàö³¿ àáî 
ïîïåðåäíüîãî ïðîåêòóâàííÿ. Ìîäóëüíèé êîìïëåêñ âêëþ÷àº îá÷èñëþâàëüí³ ïðîãðàìí³ áëîêè, 
ÿê³ âçàºìîïîâ’ÿçàí³ ì³æ ñîáîþ, ³ äîçâîëÿþòü ïðîâîäèòè äîñë³äæåííÿ õàðàêòåðèñòèê 
äâèãóí³â ³ ë³òàê³â ÿê ç äîçâóêîâîþ, òàê ³ ç íàäçâóêîâîþ øâèäê³ñòþ ïîëüîòó.

Ðåçóëüòàòè äîñë³äæåíü ïîêàçàëè, ùî ëàì³íàðèçàö³ÿ ïîâåðõí³ ïëàíåðà ë³òàêà áåç 
óðàõóâàííÿ åíåðãåòè÷íèõ âèòðàò íà â³äñìîêòóâàííÿ ïðèêîðäîííîãî øàðó äîçâîëÿº 
çìåíøèòè âèòðàòè ïàëèâà ïðèáëèçíî íà 20 %. Çíèæåííÿ ÷àñó âèêîðèñòàííÿ ìàðøîâèõ 
äâèãóí³â ë³òàêà ïðè ðóë³íí³ º çàõîäîì, ÿêèé ìîæíà ïîð³âíÿòè çà ñâîºþ åôåêòèâí³ñòþ ç³ 
çìåíøåííÿì ðîçì³ð³â ù³ëèí ³ óñòóï³â â îðãàíàõ óïðàâë³ííÿ òà ìåõàí³çàö³¿ êðèëà ë³òàêà. 
Ë³òàê ç åëåêòðîïðèâîäîì â ïåðåäí³é ñò³éö³ øàñ³ ìàº ïåðåâàãó â ïàëèâí³é åôåêòèâíîñò³ 
ïåðåä âèõ³äíèì ë³òàêîì ò³ëüêè ïðè ðóë³íí³ á³ëüøå 30 õâèëèí. Îòðèìàí³ ðåçóëüòàòè äî-
çâîëÿþòü îö³íèòè ãðàíè÷í³ ìîæëèâîñò³ ï³äâèùåííÿ ïàëèâíî¿ åôåêòèâíîñò³ âàæêîãî 
äàëüíüîãî ìàã³ñòðàëüíîãî ïàñàæèðñüêîãî ë³òàêà.
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åëåêòðîïðèâ³ä, ïàëèâíà åôåêòèâí³ñòü.

institute of aviation. - Warsaw, 2016. – ¹ 4 (245). 
– P. 103-115.

14. Êðàñíîâ Í. Ô. Îñíîâû àýðîäèíàìè÷å-
ñêîãî ðàñ÷¸òà [Текст] / Í. Ô. Êðàñíîâ. – Ì. : 
Âûñøàÿ øêîëà, 1981. – 436 ð.

15. Burley C. L. Hybrid wing body aircraft 
system noise assessment with propulsion airframe 
aeroacoustic experiments [Text] / C. L. Burley, 
E. D. Olson, R. H Thomas // International Journal 
of Aeroacoustics. – 2017. – Vol. 11, no. 3&4. – 
P.45-64.

16. Michael J. Czech Propulsion airframe 
aeroacoustic integration effects for a hybrid wing 
body aircraft configuration [Text] / J. Czech 
Michael, H. Thomas Russell, Elkoby Ronen // 
Aeroacoustics. – 2012. – Vol.11, ¹3-4. – Ð. 335-
368..

17. Shuo Zhang Small morphing wing aerial 
vehicle dynamic modelling basing on simulation 
and flight test [Text] / Shuo Zhang, Zhengjie 
Wang, Wenming Dong. // International Journal 
of Modelling, Identification and Control, 2017. – 
Vol. 27, Issue 3. – Ð. 219-229.

Ïîñòóïèëà â ðåäàêöèþ 25.06.2018



Îáùèå âîïðîñû äâèãàòåëåñòðîåíèÿ

               ISSN 1727-0219     Âåñòíèê äâèãàòåëåñòðîåíèÿ ¹ 2/2018 – 47 –

V.V. Loginov, S.V. Dmytriyev, E.À. Ukrainets, P.A. Glushchenko. Analysis of methods 
of improving fuel efficiency of trunk-route aircraft

The study demonstrates the fulfillment of one of the goals of the Advisory Council for 
Aeronautics Research in Europe (ACARE) outlined in Flightpath 2050. The European Union 
is conducting studies to determine the level of progress, gaps and barriers for each of the goals 
and to provide guidance on their elimination. The focus is on environmental performance, fuel 
efficiency, passenger satisfaction and global leadership. Therefore, there in the study is carried out 
research on methods for improving the fuel efficiency of the aircraft based on the implementation 
of the concept of adaptive wing to reduce the resistance of the aircraft and the use of electric drive 
wheel chassis. One conducted the estimation of ways to reduce the frontal resistance of a heavy 
long-distance trunk aircraft type A340-600 based on the implementation of this concept, as well 
as the effect of the electric drive chassis racks on the fuel efficiency of the aircraft. It is shown 
that the main indicator, which characterizes the competitiveness of aircraft, is the possibility to 
provide transportation of the maximum commercial load at the largest range with a minimum 
fuel consumption.

Exploration of the operational characteristics of the aircraft was carried out with the help of 
the developed modular software complex based on parametrical studies of the characteristics of 
the aircraft and its propulsion at the stages of modernization or preliminary design. The modular 
complex includes computational software blocks that are interconnected and allow the study of 
the characteristics of engines and aircraft, both with subsonic and with supersonic flight speed.

The results of studies have shown that laminarization of the aircraft’s surface without taking 
into account the energy costs of exhausting the boundary layer reduces fuel consumption by 
about 20 %. Reducing the use of aircraft propulsion engines while taxiing is an action that can 
be compared in terms of its effectiveness with decreasing the size of cracks and ledges in the 
control and mechanization of the wing of the aircraft. Aircraft with an electric chassis in front 
of the chassis has an advantage in fuel efficiency before the aircraft only when taxiing for more 
than 30 minutes. The obtained results allow estimating boundary possibilities of increase of fuel 
efficiency of heavy long-distance main passenger aircraft.

Keywords: ecology, ACARE, Flightpath 2050, aircraft, resistance, laminarization, engine, 
electric drive, fuel efficiency.
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