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Ââåäåíèå

Êîíñòðóêòèâíîé îñîáåííîñòüþ ñàìîë¸òà ÿâëÿ-
åòñÿ ÷àñòîå ïðèìåíåíèå êîìïîçèöèîííûõ ìàòåðè-
àëîâ, áëàãîäàðÿ êîòîðîìó ðåøàåòñÿ ïðîáëåìà êîð-
ðîçèîííîé ñòîéêîñòè, à òàêæå ïîâûøàåòñÿ íàä¸æ-
íîñòü ñòîåê øàññè. Â ñòàòüå ïðåäñòàâëåíû ðåøå-
íèÿ ïî êîíñòðóêòèâíîìó îáëèêó ýëåìåíòîâ êîí-
ñòðóêöèè è àãðåãàòîâ ïëàíåðà èç ñîâðåìåííûõ
êîìïîçèöèîííûõ ìàòåðèàëîâ, îáåñïå÷èâàþùèå
âîçìîæíîñòü ðàçðàáîòêè è ïðîèçâîäñòâà êîíêó-
ðåíòîñïîñîáíîé «ìàëîé àâèàöèè» [1]. Ïðè ñîçäà-
íèè ñàìîë¸òà áûëè ïðèìåíåíû ìåòîäû öèôðîâîãî
ìîäåëèðîâàíèÿ, ÷òî ïîçâîëèëî ñîçäàòü ïðèåìëå-
ìóþ àýðîäèíàìè÷åñêóþ ñõåìó (ðèñ. 1).

Îäíèì èç ãëîáàëüíûõ ôàêòîðîâ, òîðìîçÿùèõ
ðàçâèòèå ïðîèçâîäñòâà âîçäóøíûõ ñóäîâ â Ðîññèè,
ÿâëÿåòñÿ ñòðåìèòåëüíûé ðîñò öåí íà àâèàöèîííóþ
òåõíèêó, çíà÷èòåëüíî îïåðåæàþùèé òåìïû èíô-
ëÿöèè. Òåíäåíöèþ ê ñîêðàùåíèþ ñïðîñà íà îòå-
÷åñòâåííóþ òåõíèêó óñóãóáëÿëè êðèçèñíûå ïðî-
öåññû â ìèðîâîì àâèàñòðîåíèè. Ïàäåíèå îáúåìîâ
ïðîèçâîäñòâà âîçäóøíûõ ñóäîâ àâèàöèè îáùåãî
íàçíà÷åíèÿ â çàïàäíûõ ñòðàíàõ ïðèâîäèëî ê ïðî-
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Àíàëèçèðóþòñÿ âàæíåéøèå ïðîáëåìû â ïðîåêòèðîâàíèè ñåëüñêîõîçÿéñòâåííûõ ñàìîëåòîâ ñ èñïîëüçîâàíèåì
ñîâðåìåííûõ CAD-, CAE-ñèñòåì. Ïðîâåäåí àíàëèç ñóùåñòâóþùèõ ðîññèéñêèõ ñàìîëåòîâ ìàëîé àâèàöèè, â õîäå
êîòîðîãî áûëè âûáðàíû ïåðâè÷íûå òåõíè÷åñêèå õàðàêòåðèñòèêè áóäóùåãî èçäåëèÿ, à òàêæå íàèáîëåå óäà÷íûå
ðåøåíèÿ, ñâÿçàííûå ñ êîìïîíîâêîé ïëàíåðà. Ïðèâåäåíî ïîäðîáíîå îáîñíîâàíèå êîìïîíîâêè ñàìîëåòà. Âûÿâ-
ëåíà îñíîâíàÿ ïðîáëåìàòèêà äàííîãî ïðîåêòà. Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà ñïðîåêòèðîâàíà 3D-ìî-
äåëü ïîðøíåâîãî îäíîäâèãàòåëüíîãî ìîíîïëàíà ñ íèçêîðàñïîëîæåííûì êðûëîì, îáîëî÷êà ìîäåëè âûïîëíåíà èç
êîìïîçèòíûõ ìàòåðèàëîâ.

Êëþ÷åâûå ñëîâà: àâèàõèìðàáîòû, àýðîäèíàìè÷åñêàÿ ñõåìà, ñåëüñêîõîçÿéñòâåííûé ñàìîëåò, öèôðîâîå ìîäå-
ëèðîâàíèå, òàêòèêî-òåõíè÷åñêèå òðåáîâàíèÿ, òðàïåöèåâèäíîå íåðàçúåìíîå êðûëî.

äàæå äåøåâîé òåõíèêè ñ âòîðè÷íîãî ðûíêà è óâå-
ëè÷åíèþ èìïîðòà â Ðîññèè íîâûõ ñàìîëåòîâ, íå-
âîñòðåáîâàííûõ â ñòðàíàõ Çàïàäà, à òàêæå ê ñî-
êðàùåíèþ ñïðîñà íà íîâûå îòå÷åñòâåííûå ñàìî-
ëåòû.

Ãëîáàëüíûé ôàêòîð ðîñòà öåí íà àâèàöèîííóþ
òåõíèêó â Ðîññèè ïðîÿâëÿåòñÿ â áîëüøåé ñòåïå-
íè, ÷åì â äðóãèõ ñòðàíàõ, ò.ê. ïðè îòíîñèòåëüíî
íåâûñîêîé ñòîèìîñòè òðóäà è ìàòåðèàëüíûõ çàò-
ðàòàõ òåìïû èõ ðîñòà çíà÷èòåëüíî îïåðåæàþò òåì-
ïû ðîñòà â äðóãèõ ñòðàíàõ, ÷òî â ñî÷åòàíèè ñ âû-
ñîêîé òðóäîåìêîñòüþ âëå÷åò çà ñîáîé ïîòåðþ
êîíêóðåíòîñïîñîáíîñòè îòå÷åñòâåííîé òåõíèêè.

Ñåé÷àñ êîëè÷åñòâî ìàëûõ àâèàñòðîèòåëüíûõ
ïðåäïðèÿòèé â Ðîññèè íè÷òîæíî ìàëî ïî ñðàâíå-
íèþ ñ òåìè ñòðàíàìè, ãäå õîðîøî ðàçâèòà àâèà-
öèîííàÿ ïðîìûøëåííîñòü: â 50—75 ðàç ìåíüøå,
÷åì â Âåëèêîáðèòàíèè è Ôðàíöèè, è ïî÷òè â 200
ðàç ìåíüøå, ÷åì â ÑØÀ [2].

Èñïîëüçîâàíèå ñåëüñêîõîçÿéñòâåííîé àâèàöèè
òàêæå îòÿãîùåíî ìíîæåñòâîì ïëîõî ðåøàåìûõ
íàçåìíûõ ïðîáëåì. Ýêñïëóàòàöèÿ ñàìîëåòîâ â àã-
ðàðíîì ñåêòîðå ðåãóëèðóåòñÿ òðåáîâàíèÿìè Âîç-
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äóøíîãî êîäåêñà, è îòñþäà âîçíèêàþò ïðîáëåìû
çàêîíîäàòåëüíîãî è îðãàíèçàöèîííîãî õàðàêòåðà.
Åñëè ãðàæäàíñêàÿ è âîåííàÿ àâèàöèÿ îñâîáîæäå-
íû îò óïëàòû òðàíñïîðòíîãî íàëîãà, òî ñåëüõîçà-
âèàöèÿ åæåãîäíî ïëàòèò íàëîã çà êàæäûé ñàìîëåò.

Ïðàêòè÷åñêè ïîëíîå îòñóòñòâèå íà ðûíêå êîí-
êóðåíòîñïîñîáíûõ ðîññèéñêèõ ìîäåëåé ñàìîëåòîâ
ëåãêîé ñåëüñêîõîçÿéñòâåííîé àâèàöèè, ñîçäàííûõ
ñ ó÷åòîì èìïîðòîçàìåùåíèÿ, ñïîñîáñòâîâàëî ðàç-
âèòèþ ïîòðåáíîñòè â ðàçðàáîòêå íîâîãî ïëàíåðà
ñàìîëåòà, àäàïòèðîâàííîãî ïîä ñîâðåìåííûå ýêî-
íîìè÷åñêèå âîçìîæíîñòè îòå÷åñòâåííûõ àãðàðèåâ.
Â äàííîé ñòàòüå ïðåäñòàâëåíû äîñòèãíóòûå è ïðî-
ìåæóòî÷íûå ðåçóëüòàòû ïî ïðîåêòèðîâàíèþ èçäå-
ëèÿ, ðàññìîòðåíû îñíîâíûå ýòàïû ïî îïðåäåëå-
íèþ îáëèêà ïëàíåðà ñàìîëåòà, à òàêæå äàíî ïîä-
ðîáíîå ðàñ÷¸òíîå îáîñíîâàíèå ðàçìåðîâ è âûáî-
ðîâ ìàòåðèàëà.

Ïðîåêòèðîâàíèå ïëàíåðà

Ïåðâûé ýòàï çàêëþ÷àëñÿ â íåîáõîäèìîñòè íà
íà÷àëüíîì ïðîöåññå ïðîåêòèðîâàíèÿ ñàìîëåòà
èçó÷èòü ïîëó÷åííûé îïûò êîíñòðóêòîðîâ â îòðàñ-
ëè àâèàñòðîåíèÿ è îïðåäåëèòü íàèáîëåå óäà÷íûå
àíàëîãè êîíñòðóêöèè ïëàíåðà ñàìîëåòîâ [3—5].
Áûëî ðàññìîòðåíî ñåìü ñîâðåìåííûõ ðîññèéñêèõ
àíàëîãîâ: ñåëüñêîõîçÿéñòâåííûé ñàìîëåò Ñó-38Ë;
ñàìîëåò Ò-411ÑÕ; ñåëüñêîõîçÿéñòâåííûé ñàìîëåò

Ì-500; ñàìîëåò À-31 «Ñïåêòð»; ñàìîëåò À-35
«Ñêàíåð»; ëåãêèé ñåëüñêîõîçÿéñòâåííûé ñàìîëåò
«Ôåðìåð-2»; ñàìîëåò Ò-500. Â õîäå àíàëèçà äàí-
íûõ ñàìîëåòîâ áûëè âûÿâëåíû ïåðâè÷íûå òàêòè-
êî-òåõíè÷åñêèå òðåáîâàíèÿ, îïðåäåëåíû êîìïî-
íîâêà è âíåøíèé îáëèê ñàìîëåòà.

Âòîðîé ýòàï ïðîåêòèðîâàíèÿ çàêëþ÷àëñÿ â
óòâåðæäåíèè ïåðâè÷íûõ òàêòèêî-òåõíè÷åñêèõ òðå-
áîâàíèé (ÒÒÒ), à èìåííî: îïðåäåëåíèå îñíîâíûõ
îáëàñòåé íàçíà÷åíèÿ èçäåëèÿ, òåõíè÷åñêèõ òðåáî-
âàíèé, ïðåäúÿâëÿåìûõ ê ñàìîëåòó, ïîëó÷åíèå ïðî-
ìåæóòî÷íûõ äàííûõ è ïðîâåðêà ïðàâèëüíîñòè ïî-
ñòàíîâêè ÒÒÒ ïî ñðåäñòâàì ìàòåìàòè÷åñêîãî ðàñ-
÷åòà.

Îñíîâíîå íàçíà÷åíèå èçäåëèÿ

Îñíîâíàÿ îáëàñòü ïðèìåíåíèÿ ñàìîëåòà —
ñåëüñêîå õîçÿéñòâî: ðàñïûëåíèå óäîáðåíèé èëè
ðàçëè÷íûõ õèìèêàòîâ [6, 7]. Êðîìå õèìè÷åñêîé
îáðàáîòêè ñåëüñêîõîçÿéñòâåííûõ óãîäèé åãî ìîæ-
íî èñïîëüçîâàòü äëÿ âûïîëíåíèÿ øèðîêîãî ðÿäà
çàäà÷: ðàññåèâàíèÿ äîæäåâûõ îáëàêîâ, îáðàáîòêè
ëåñîâ îò ðàçíîãî ðîäà âðåäèòåëåé, à òàêæå äëÿ
ìîíèòîðèíãà îêðóæàþùåé ñðåäû.

Òàêòèêî-òåõíè÷åñêèå òðåáîâàíèÿ:

ïðîäîëæèòåëüíîñòü ïîëåòà íå ìåíåå 1.5 ÷;
Lðàçáåãà ≈ 250 ì;
Lïðîáåãà = 150 ì;

Ðèñ. 1. 3D-ìîäåëü ñàìîëåòà
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mï = 850 êã — ìàññà ïóñòîãî ñàìîëåòà;
mmax íå ìåíåå 1450 êã — ìàêñèìàëüíûé âçëåò-

íûé âåñ;
Lmax ≈ 1000 êì — ïðàêòè÷åñêàÿ äàëüíîñòü;
H ≈ 2000 ì — ïðàêòè÷åñêèé ïîòîëîê;
 v = 150 êì/÷ — ìàêñèìàëüíàÿ ñêîðîñòü ñàìî-

ëåòà;
vçâóêà = 1195.2 êì/÷ — ñêîðîñòü çâóêà;
Ïî èìåþùåìóñÿ òåõíè÷åñêîìó çàäàíèþ áûëè

ðàññ÷èòàíû:
— àýðîäèíàìè÷åñêîå êà÷åñòâî êðûëà Ê — îò-

íîøåíèå ïîäúåìíîé ñèëû ê ñèëå ëîáîâîãî ñîïðî-
òèâëåíèÿ êðûëà íà äàííîì óãëå àòàêè [8]:
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ãäå Ñx è Cy — êîýôôèöèåíòû àýðîäèíàìè÷åñêèõ
ñèë, Ñx = 0,021; Ñy = 0,336;

— êðåéñåðñêîå ÷èñëî Ìàõà ïîëåòà Mêðåéñ — îò-
íîøåíèå ñêîðîñòè ñàìîëåòà ê ñêîðîñòè çâóêà [8],
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ãäå Ñp = 0,21 — ñðåäíèé çà ïîëåò óäåëüíûé ðàñ-
õîä òîïëèâà äâèãàòåëÿ, êã/(ÄàÍ·÷); z = 1020;
mîò = 0,0915272 êã.

Ðàññ÷èòûâàåì óäåëüíóþ íàãðóçêó íà êðûëî 0P ¢
[8]:
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ãäå Cy max ïîñ = 2,2 — äëÿ ñðåäíåé ìåõàíèçàöèè
êðûëà, ò.ê ìåõàíèçàöèÿ êðûëà âêëþ÷àåò òîëüêî

çàêðûëêè è ýëåðîíû; çïϑ = 47 — ñêîðîñòü çàõîäà

íà ïîñàäêó, êì/÷; j = 30,2.
Êîýôôèöèåíò ïîäú¸ìíîé ñèëû íà çàäàííîé

êðåéñåðñêîé ñêîðîñòè ïîë¸òà

êðåéñ 3,817.ó yC qC K= =                (5)

Ðàññ÷èòàåì ïëîùàäü Sk êðûëà, èñïîëüçóÿ ðàç-
ìåðû 3D-ìîäåëè ñàìîë¸òà [8]:

bêîðí = 1.796 ì — õîðäà êîðíåâàÿ;
bêîíö = 1 ì — õîðäà êîíöåâàÿ;
Kðàçì = 12.4 ì — ðàçìàõ êðûëà:

êîðí êîíö ðàçì 2.
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Â ñðàâíåíèè ñî çíà÷åíèåì, îòíîñèòåëüíî êî-
òîðîãî áðàëèñü ãåîìåòðè÷åñêèå ðàçìåðû, 15,62 ì2,
ïîãðåøíîñòü ñîñòàâëÿåò 10%:
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êîðí

êîíö

1,796;
b

b
η = =                     (7)

λ  — óäëèíåíèå êðûëà,
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Òðåòèé ýòàï — ïðîåêòèðîâàíèå âíåøíèõ ôîðì
ñàìîëåòà, òàêèõ êàê:

— àýðîäèíàìè÷åñêàÿ ñõåìà ñàìîëåòà;
— ðàñïîëîæåíèå êðûëà;
— âíåøíÿÿ ôîðìà êðûëà;
— ôîðìà êðûëà — âèä ñïåðåäè.

Àýðîäèíàìè÷åñêàÿ ñõåìà

Áûëà âûáðàíà íîðìàëüíàÿ ñõåìà (ðèñ. 2), êî-
òîðàÿ â íàèáîëüøåé ñòåïåíè óäîâëåòâîðÿåò êîì-
ïëåêñó òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê ëåãêèì ñà-
ìîëåòàì àâèàöèè îáùåãî íàçíà÷åíèÿ (ÀÎÍ) ïî óñ-
òîé÷èâîñòè, óïðàâëÿåìîñòè, áåçîïàñíîñòè è äðó-
ãèì ëåòíî-òåõíè÷åñêèì òðåáîâàíèÿì [9].

Îñíîâíûå äîñòîèíñòâà êëàññè÷åñêîé (íîð-
ìàëüíîé) ñõåìû ñàìîëåòà ñ õâîñòîâûì îïåðåíè-
åì:

— áëàãîäàðÿ ðàçâèòîé õâîñòîâîé ÷àñòè ôþçå-
ëÿæà áåç çàòðóäíåíèé îáåñïå÷èâàåòñÿ íåîáõîäè-
ìàÿ ïðîäîëüíàÿ è ïóòåâàÿ óñòîé÷èâîñòü è óïðàâ-
ëÿåìîñòü;

— ñîõðàíåíèå áåçîòðûâíîãî îáòåêàíèÿ ãîðè-
çîíòàëüíîãî îïåðåíèÿ (ÃÎ) â íåêîòîðîé îáëàñòè
çàêðèòè÷åñêèõ óãëîâ àòàêè êðûëà îáåñïå÷èâàåò
äîñòàòî÷íóþ ýôôåêòèâíîñòü ïðîäîëüíîãî óïðàâ-
ëåíèÿ íà áîëüøèõ óãëàõ àòàêè [10].

Ðàñïîëîæåíèå êðûëà

Âûáîð áûë ñäåëàí â ïîëüçó îäíîíåðàçúåìíî-
ãî êðûëà [10]. Â íàñòîÿùåå âðåìÿ äîìèíèðóþùåé
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ñõåìîé ÿâëÿåòñÿ íèçêîïëàí, ÷òî îáúÿñíÿåòñÿ ñëå-
äóþùèìè äîñòîèíñòâàìè ñàìîëåòîâ íèçêîïëàí-
íîé ñõåìû:

— óëó÷øàåòñÿ êà÷åñòâî àâèàõèìðàáîò âñëåä-
ñòâèå óâåëè÷åíèÿ ñêîñà ïîòîêà íà ìåíüøåì ðàñ-
ñòîÿíèè êðûëà îò çåìëè;

— øàññè óäîáíåå êðåïèòü ê êðûëó, ïî ñðàâíå-
íèþ ñ âûñîêîïëàíîì;

— óëó÷øàþòñÿ âçëåòíî-ïîñàäî÷íûå õàðàêòåðè-
ñòèêè âñëåäñòâèå áëèçîñòè çåìëè;

— óäîáíåå êðåïèòü øòàíãè äëÿ îïðûñêèâàíèÿ
ïî âñåìó ðàçìàõó êðûëà;

— îáëåã÷àþòñÿ ðàáîòû ïî òåõíè÷åñêîìó îáñëó-
æèâàíèþ ñàìîëåòà;

— áîëüøîé øàíñ ñîõðàíåíèÿ æèçíè ïèëîòà
ïðè àâàðèéíîé ïîñàäêå.

Âíåøíÿÿ ôîðìà êðûëà

Áûëî âûáðàíî òðàïåöèåâèäíîå íåðàçúåìíîå
êðûëî ñ áîëüøèì óäëèíåíèåì [11]. Òðàïåöèåâèä-
íûå êðûëüÿ èìåþò ìåíüøóþ ìàññó, ÷åì ïðÿìûå,
ïîýòîìó ÷åì áîëüøå ñóæåíèå, òåì ìåíüøå ïðè
ïðî÷èõ ðàâíûõ óñëîâèÿõ ìàññà êðûëà è áîëüøå åãî
æåñòêîñòü.

Ôîðìà êðûëà, âèä ñïåðåäè

Ñóùåñòâóþò ðàçíûå çíà÷åíèÿ ïîïåðå÷íîãî V:
ψ = 0, ψ > 0, ψ < 0 è ñ äâîéíûì óãëîì ïîïåðå÷íî-

ãî V òèïà «÷àéêà». Äëÿ óâåëè÷åíèÿ ïîïåðå÷íîé óñ-
òîé÷èâîñòè áóäåì èñïîëüçîâàòü ïîëîæèòåëüíîå V

(ðèñ. 3) â ïðîìåæóòêàõ îò ψ = 0 ÷ +7°.
×åòâåðòûé ýòàï â ïðîåêòèðîâàíèè ñàìîëåòà

çàêëþ÷àëñÿ â îïðåäåëåíèè ðàñïîëîæåíèÿ, ýôôåê-
òèâíîñòè ìåõàíèçàöèè, ïîäáîðå êîíñòðóêòèâíî-
ñèëîâîé ñõåìû (ÊÑÑ) ôþçåëÿæà, ñõåìû øàññè è
òèïà ñèëîâîé óñòàíîâêè (ÑÓ).

Ìåõàíèçàöèÿ ÃÎ è ÂÎ

Â 3D-ìîäåëè ñàìîëåòà êðûëî è õâîñòîâîå îïå-
ðåíèå áûëî ðàçäåëåíî íà ñòàòè÷åñêèå è äèíàìè-
÷åñêèå ÷àñòè, òàêèå êàê ýëåðîíû, çàêðûëêè, ðóëü
íàïðàâëåíèÿ è ðóëü âûñîòû [12]. Ýôôåêòèâíîñòü
ìåõàíèçàöèè â ïðîåêòíîì ñàìîëåòå ÿâëÿåòñÿ ñðåä-
íåé (ðèñ. 4).

Êîíñòðóêòèâíî-ñèëîâàÿ ñõåìà ôþçåëÿæà

Ïðè èñïîëüçîâàíèè ëîíæåðîííî-áàëî÷íîé
ñõåìû â ôþçåëÿæå óäîáíî ðàçìåùàòü óçëû êðåï-

Ðèñ. 2. Íîðìàëüíàÿ ñõåìà 3D-ìîäåëè ñàìîëåòà

Ðèñ. 3. Óãîë ïîïåðå÷íîãî ïîëîæèòåëüíîãî V



107Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹3

Ïðîåêòèðîâàíèå, êîíñòðóêöèÿ è ïðîèçâîäñòâî ëåòàòåëüíûõ àïïàðàòîâ Design, construction and manufacturing of flying vehicles

ëåíèÿ äâèãàòåëÿ [13], äåëàòü âûðåçû ìåæäó ëîí-
æåðîíàìè ïîä íåîáõîäèìûå ïîëåçíûå îáúåìû
(êàáèíà, òîïëèâíûå áàêè, àãðåãàòû) áåç íàðóøå-
íèÿ öåëîñòíîñòè ãëàâíûõ ñèëîâûõ ýëåìåíòîâ
[14, 15]. ÊÑÑ ôþçåëÿæà âûïîëíåíà ïî ëîíæåðîí-
íî-áàëî÷íîé ñõåìå (ðèñ. 5).

Ðèñ. 4. Ìåõàíèçàöèÿ êðûëà è ñòàáèëèçàòîðà

Ðèñ. 5. Ãîòîâàÿ 3D-ìîäåëü ñàìîëåòà ñ âûïîëíåííûìè øïàíãîóòàìè ÊÑÑ ôþçåëÿæà

Ñõåìà øàññè

Íà ñàìîëåòå áûëî ðåøåíî èñïîëüçîâàòü òðåõî-
ïîðíóþ ñõåìó øàññè ñ õâîñòîâîé îïîðîé (ðèñ. 6).

 Äâå îñíîâíûå îïîðû íàõîäÿòñÿ âïåðåäè öåí-
òðà ìàññ ñàìîëåòà. Íà íèõ ïðèõîäèòñÿ äî 90 %
ñèëû òÿæåñòè ñàìîëåòà íà ñòîÿíêå. Òðåòüÿ îïîðà
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— â õâîñòîâîé ÷àñòè ñàìîëåòà. Ýòà îïîðà äëÿ îáåñ-
ïå÷åíèÿ ðàçâîðîòà ñàìîëåòà îáû÷íî äåëàåòñÿ ñâî-
áîäíî îðèåíòèðóþùåéñÿ [16, 17].

Îñíîâíîå ïðåèìóùåñòâî ýòîé ñõåìû çàêëþ÷à-
åòñÿ â òîì, ÷òî çà ñ÷åò êîðîòêîé è ëåãêîé õâîñ-
òîâîé îïîðû îáùàÿ ìàññà øàññè ïîëó÷àåòñÿ íàè-
ìåíüøåé ïî ñðàâíåíèþ ñ äðóãèìè ñõåìàìè [18].

Òèï ñèëîâîé óñòàíîâêè — ïîðøíåâîé äâèãàòåëü [19]

Ïðè ìîùíîñòÿõ äî 500 ë.ñ. è ïðè ïîëåòíîì
öèêëå ïðîäîëæèòåëüíîñòüþ áîëåå 5 ÷ ïîðøíåâûå
äâèãàòåëè óñïåøíî êîíêóðèðóþò ñ ãàçîòóðáèííû-
ìè äâèãàòåëÿìè (ÃÒÄ). Ïîðøíåâûå äâèãàòåëè
íåìíîãî ïðîèãðûâàþò ÃÒÄ ïî ìàññå, íî çà ñ÷åò
ìåíüøåãî ðàñõîäà òîïëèâà ñóììàðíàÿ ìàññà äâè-
ãàòåëÿ è ãîðþ÷åãî íà áîðòó ïðè äîñòàòî÷íî äëè-
òåëüíîì ïîëåòå ïîëó÷àåòñÿ ìåíüøå [20, 21]. Åùå
îäíèì áîëüøèì ïðåèìóùåñòâîì ÿâëÿåòñÿ òî, ÷òî
÷àñ ýêñïëóàòàöèè ïîðøíåâîãî äâèãàòåëÿ îáõîäèò-
ñÿ äåøåâëå, ÷åì ýêñïëóàòàöèîííûé ÷àñ ÃÒÄ.

Âûâîäû

Óíèêàëüíîñòü CAD- è ÑAE-ñèñòåì çàêëþ÷à-
åòñÿ â âûñîêîé êîíñòðóêòèâíîé ñëîæíîñòè ïîëó-
÷åíèÿ ïîëíîöåííîãî îáëèêà ñåëüñêîõîçÿéñòâåí-
íîãî ñàìîë¸òà ïî çàäàííûì ãåîìåòðè÷åñêèì õà-
ðàêòåðèñòèêàì. Áëàãîäàðÿ ñîâðåìåííûì ñèñòåìàì
â êðàò÷àéøèå ñðîêè áûëà ñïðîåêòèðîâàíà ïîëíî-
öåííàÿ ìîäåëü ñàìîë¸òà. Èññëåäîâàíèå ðîññèéñ-
êèõ è çàðóáåæíûõ ñàìîë¸òîâ-àíàëîãîâ ïîçâîëÿåò
ïðèáëèæ¸ííî ïîëó÷èòü ìàòåìàòè÷åñêèå ðàñ÷¸òû
äëÿ ñîçäàíèÿ ïîëíîöåííîé 3D-ìîäåëè ïëàíåðà. Â
õîäå èññëåäîâàíèÿ ðàçíîòèïíûõ ñàìîë¸òîâ áûëè
âûÿâëåíû íåîáõîäèìûå äàííûå ïî êîìïîíîâêå
áóäóùåãî èçäåëèÿ, à òàêæå ïåðâè÷íûå òàêòèêîòåõ-
íè÷åñêèå òðåáîâàíèÿ. Áëàãîäàðÿ âûñîêîé ïðîèç-

âîäèòåëüíîñòè ñåëüñêîõîçÿéñòâåííûé ñàìîë¸ò
ñïîñîáåí óäîâëåòâîðÿòü áîëüøèíñòâî ïîòðåáíî-
ñòåé çàêàç÷èêîâ.

Ðÿä ïðåèìóùåñòâ ìàëîé àâèàöèè íåîäíîêðàò-
íî äîêàçûâàë ñâî¸ ïðåâîñõîäñòâî íå òîëüêî ïî
òåõíè÷åñêèì ñîñòàâëÿþùèì, íî è ñ òî÷êè çðåíèÿ
ýêîíîìè÷åñêîé ýôôåêòèâíîñòè. Îïûò ñîçäàíèÿ
çàðóáåæíûõ è îòå÷åñòâåííûõ ñàìîëåòîâ ïîêàçû-
âàåò, ÷òî áóäóùèé ñàìîëåò ìàëîé àâèàöèè äîëæåí
ñîîòâåòñòâîâàòü ïîêóïàòåëüñêîé ñïîñîáíîñòè
ïîòåíöèàëüíûõ êëèåíòîâ.
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Abstract

Agricultural aviation is aviation employed for
agricultural work. Agricultural aviation is applied most
often for spraying fertilizers (pesticides, herbicides,
insecticides) on agricultural crops, as well as for crops
fertilizing, defoliation, desiccation, and somewhat less
often for air seeding (hydro-seeding, i.e. seeds sowing
with water flows under pressure).

The agricultural airplane developing is a necessity
since it ensures the most effective work, associated with
watering and visual surveillance of the acreage planted.

DEVELOPING AIRFRAME STRUCTURE OF A MODERN AIRPLANE
FOR AGRICULTURAL WORK PERFORMING
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Besides, the agricultural land cultivation is being
performed at the best agrotechnical terms, such as
early spring, when the ground machinery is not yet
able to operate due to the impassability.

The study consists in analyzing the most important
problems of agricultural aircraft designing, using
modern CAD, CAE systems. The authors considered
several small Russian airplanes, on which basis the
primary technical characteristics of the future product,
as well as the most successful solutions of the airframe
were selected. A detailed justification of the aircraft
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airframe layout is presented. The main problem of this
project consists in the lack of competitive small aircraft
from the domestic manufacturers, meeting modern
requirements and economic capabilities of the
potential consumers.

A 3D model of a piston-engined single-engine
monoplane with a low-lying wing, which shell is made
of composite materials, was designed as an object of
research. Composite materials application for the
aircraft airframe allowed solving plenty of the problems
associated with the corrosion resistance, as well as
enhance the landing gear struts reliability, which
strength is especially important for the takeoff from
the unprepared runway. The article presents solutions
on structural appearance of the airframe elements and
aggregates from modern composite materials, ensuring
the possibility of developing and manufacturing of
competitive aircraft of the “small aviation”. Digital
modelling techniques were employed while this
airplane creation, which allowed developing
reasonable aerodynamic scheme.

Keywords: aerochemistry works, aerodynamic
scheme, agricultural aircraft, digital modeling, design
specifications, trapezoidal one-piece wing.
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