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Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ ðàçëè÷íûå ïîëóýìïèðè÷åñêèå ìåòîäèêè ðàñ÷¸òà êîýôôèöèåíòîâ
ïîäú¸ìíîé ñèëû è ñîïðîòèâëåíèÿ ñàìîë¸òà, è ïðîèçâîäèòñÿ èõ ñðàâíåíèå è âåðèôèêàöèÿ ñ ýêñïå-
ðèìåíòàëüíûìè äàííûìè. Îñîáîå âíèìàíèå óäåëåíî ìåòîäèêàì, ïîçâîëÿþùèì îöåíèòü âëèÿíèå
çàêðûëêîâ è ïðåäêðûëêîâ íà àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ëåòàòåëüíîãî àïïàðàòà. Ïðåäëîæåíà
ïîëèíîìèàëüíàÿ çàâèñèìîñòü äëÿ îöåíêè äîïîëíèòåëüíîãî ñîïðîòèâëåíèÿ îò çàêðûëêîâ. Ïîêàçà-
íà ýôôåêòèâíîñòü îöåíêè àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ëåòàòåëüíîãî àïïàðàòà ñ ïîìîùüþ
ìåòîäèê Àðåïüåâà, Ðàéìåðà è ïðåäëîæåííîãî ïîëèíîìà.
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Abstract

Resource-intensive CFD methods, requiring both significant time and computing costs, are usually being
employed to compute the aircraft aerodynamic characteristics. Thus, it is reasonable to apply fast semi-
empirical methods for the aircraft conceptual design.

The article considers the existing semi-empirical methods for calculating the aircraft aerodynamic
characteristics, and compares these methods with each other and verifies them with experimental data. Special
focus is given to techniques that allow estimating the flaps and slats effect on the aircraft aerodynamic
characteristics. Thus, the Arep’yev and Raymer methods are the two basic methods for the cruising
aerodynamic characteristics estimation being considered in this article. To verify the mathematical models,
computations of the cruising aerodynamic characteristics of the three aircraft with a maximum takeoff weight
from 6600 to 21000 kg were performed by the Arep’ev and Raymer methods, and their results were compared
with the experimental data. The high efficiency of the modified Arep’ev method for calculating the aircraft

coefficients of lift and drag up to the angles of attack of 12° is demonstrated.
Among the techniques for the takeoff and landing aerodynamic characteristics estimation, the two methods

that yield the most correct result were selected as well. Additionally, the article suggests a simple dependence
of the additional drag coefficient caused by flaps deflection depending on the angle of their deflection.
Comparison of the takeoff and landing aerodynamic characteristics computing results of the three aircraft
with maximum takeoff weight from 6600 to 21000 kg with the experimental data was performed as well.
This comparison demonstrated the high efficiency of the methods under consideration.

Keywords: aerodynamic characteristics computing, aircraft lifting force coefficient, aircraft resistance
coefficient, flaps impact of aerodynamic characteristics.

For citation: Vlasov A.V. Computing Aerodynamic Characteristics of Passenger Aircraft of Maximum
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AERONAUTICAL AND SPACE-ROCKET
ENGINEERING

Ââåäåíèå

Äëÿ ðàñ÷¸òà àýðîäèíàìèêè ëåòàòåëüíûõ àïïà-
ðàòîâ îáû÷íî ïðèìåíÿþòñÿ CFD-ìåòîäû, êàê â
ðàáîòàõ [1—3]. Îäíàêî ýòè ìåòîäû î÷åíü ðåñóð-
ñî¸ìêèå, òðåáóþò çíà÷èòåëüíûõ âðåìåííûõ è âû-
÷èñëèòåëüíûõ çàòðàò. Ïîýòîìó äëÿ ðàñ÷¸òà ïðåä-

âàðèòåëüíûõ àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê íà
ýòàïå ôîðìèðîâàíèè îáëèêà ëåòàòåëüíîãî àïïà-
ðàòà (ËÀ) àêòóàëüíî èñïîëüçîâàíèå «áûñòðûõ»
ïîëóýìïèðè÷åñêèõ ìåòîäèê, íàïðèìåð [4—10].
Òàêèå ìåòîäû ìåíåå òî÷íûå, íî ïîçâîëÿþò ïî-
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ëó÷èòü ðåçóëüòàò ìîìåíòàëüíî. Ïðè ýòîì âàæíî
óìåòü îöåíèâàòü àýðîäèíàìè÷åñêèå õàðàêòåðèñ-
òèêè íå òîëüêî â êðåéñåðñêîì ðåæèìå ïîë¸òà, íî
è âî âçë¸òíîì è ïîñàäî÷íîì ðåæèìàõ, êîãäà íà
ïîäú¸ìíóþ ñèëó è ñîïðîòèâëåíèå îêàçûâàþò
ñóùåñòâåííîå âîçäåéñòâèå ïðåäêðûëêè è çàêðûë-
êè.

Ìàòåìàòè÷åñêàÿ ìîäåëü ðàñ÷¸òà ÀÄÕ
ïàññàæèðñêîãî ñàìîë¸òà â êðåéñåðñêîé
êîíôèãóðàöèè

Êîýôôèöèåíò ïîäú¸ìíîé ñèëû

Äëÿ ïîñòðîåíèÿ çàâèñèìîñòè ( )
ayC α  ñàìîë¸òà

ñ êðåéñåðñêèì ïîëîæåíèåì çàêðûëêîâ ìîæíî èñ-
ïîëüçîâàòü ìåòîäèêó, ïðåäñòàâëåííóþ â ðàáîòàõ
[4, 5]. Äàííàÿ ìåòîäèêà õîðîøî îïèñûâàåò ëè-
íåéíûé ó÷àñòîê êîýôôèöèåíòà ïîäú¸ìíîé ñèëû.
Áîëåå ïîäðîáíûé ðàçáîð äàííîé ìåòîäèêè ìîæ-
íî íàéòè â ðàáîòå [6], çäåñü æå ìû îãðàíè÷èìñÿ
îñíîâíûìè ìîìåíòàìè.

Óãîë íàêëîíà ëèíåéíîãî ó÷àñòêà ïîëÿðû
ìîæíî íàéòè ïî èçâåñòíîé ôîðìóëå:
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ãäå χ  — óãîë ñòðåëîâèäíîñòè íà ÷åòâåðòè õîðäû;

e eλ λ= ◊ — ýôôåêòèâíîå óäëèíåíèå êðûëà. Ñóùå-

ñòâóþò ðàçëè÷íûå âàðèàíòû ðàñ÷¸òà êîýôôèöè-
åíòà Îñâàëüäà e. Â äàííîé ðàáîòå ðàññìàòðèâà-
þòñÿ ôîðìóëà Áðåãå è ôîðìóëà èç ðàáîòû [6]

Êîýôôèöèåíò Îñâàëüäà â ñîîòâåòñòâèè ñ
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ãäå Ì – ÷èñëî Ìàõà;
η – ñóæåíèå êðûëà;

c — îòíîñèòåëüíàÿ òîëùèíà ïðîôèëÿ.
Íà ïðàêòèêå ðàçíèöà â ïîäñ÷¸òå êîýôôèöè-

åíòà Îñâàëüäà ïî ýòèì ôîðìóëàì ìèíèìàëüíà,
ïîýòîìó âîçìîæíî èñïîëüçîâàíèå ëþáîé èç ïðåä-
ëîæåííûõ ôîðìóë.

Êîýôôèöèåíò ñîïðîòèâëåíèÿ

Ñîïðîòèâëåíèå ëåòàòåëüíîãî àïïàðàòà ïðåä-
ñòàâëÿåò ñîáîé ñóììó íóëåâîãî è èíäóêòèâíîãî
êîýôôèöèåíòîâ:

2

0 .
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C
C C
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Ñóùåñòâóþò ðàçëè÷íûå ñïîñîáû äëÿ ðàñ÷¸òà

0a
C

x . Òàê, â ðàáîòå [4] ïðåäëîæåíà ñëåäóþùàÿ

ôîðìóëà:

1
0 0 0( ) ,x fa

C k C p G β -= ◊ ◊            (5)

ãäå ð0 – óäåëüíàÿ íàãðóçêà íà êðûëî; G0 – âçë¸ò-
íûé âåñ ñàìîë¸òà; k, β , Cf – ýìïèðè÷åñêèå êî-
ýôôèöèåíòû.

Çíà÷åíèÿ êîýôôèöèåíòîâ k, β , Cf , ïðåäëî-

æåííûå â ðàáîòå [4], ïîçâîëÿþò ðàññ÷èòûâàòü
õàðàêòåðèñòèêè òîëüêî ë¸ãêèõ ñàìîë¸òîâ. Äëÿ
ðàñ÷¸òà õàðàêòåðèñòèê ñàìîë¸òîâ ñî âçë¸òíîé
ìàññîé áîëåå 5 600 êã íà îñíîâå èìåþùèõñÿ ýê-
ñïåðèìåíòàëüíûõ äàííûõ ïðåäëàãàåòñÿ èñïîëü-
çîâàòü êîýôôèöèåíòû, ïðåäñòàâëåííûå â òàáë. 1.

Äëÿ áîëåå ïîäðîáíîãî ðàñ÷¸òà êîýôôèöèåí-
òà ñîïðîòèâëåíèÿ ëåòàòåëüíîãî àïïàðàòà Cd0
ìîæíî èñïîëüçîâàòü ìåòîäèêó Ðàéìåðà [9]. Â
äàííîé ìåòîäèêå Cd0 ñ÷èòàåòñÿ îòäåëüíî ïî êàæ-
äîìó ýëåìåíòó ñàìîë¸òà (ôþçåëÿæ, êðûëî, ãîðè-
çîíòàëüíîå è âåðòèêàëüíîå îïåðåíüå, ãîíäîëû),
÷òî ïîçâîëÿåò ó÷èòûâàòü îñîáåííîñòè ËÀ:

0 / ,x f c c refC C FF Q S S
wett

= ◊ ◊ ◊Â          (6)

ãäå Cf – êîýôôèöèåíò ñîïðîòèâëåíèÿ òðåíèÿ;
FFc – ôîðì-ôàêòîð; Qc – êîýôôèöèåíò, ó÷èòû-
âàþùèé èíòåðôåðåíöèþ ðàçëè÷íûõ ÷àñòåé ËÀ;
Swett – ïëîùàäü îìûâàåìîé ïîâåðõíîñòè; Sref –
ïëîùàäü êðûëà ñ ïîäôþçåëÿæíîé ÷àñòüþ.

Êîýôôèöèåíò ñîïðîòèâëåíèÿ òðåíèÿ Cf ñêëà-
äûâàåòñÿ èç äâóõ ñîñòàâëÿþùèõ – ëàìèíàðíîé è
òóðáóëåíòíîé, ïðè ýòîì íà  ëàìèíàðíóþ ñîñòàâ-
ëÿþùóþ ïðèõîäèòñÿ 20%, à íà òóðáóëåíòíóþ –
80% [9]:

Cf = 0.2Cf , ëàìèíàðíûé + 0.8Cf , òóðáóëåíòíûé.   (7)

Òàáëèöà 1

Êîýôôèöèåíòû k, β , Cf  äëÿ ðàçëè÷íûõ ËÀ

Ìàêñèìàëüíàÿ 
âçëåòíàÿ ìàññà, êã 

k β Cf 

Áîëåå 12 000 0.1 0.81 0.005 

Îò 5 600 äî 12 000 0.1584 0.81 0.005 



À.Â. Âëàñîâ A.V. Vlasov

10Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

Òóðáóëåíòíàÿ è ëàìèíàðíàÿ ñîñòàâëÿþùèå
êîýôôèöèåíòà ñîïðîòèâëåíèÿ òðåíèÿ âû÷èñëÿ-
þòñÿ ïî ñëåäóþùèì ôîðìóëàì:

Cf, ëàì = 1.328/Re0.5;               (8)

, òóðá 2.58 2 0.65

0.455
.

(log Re) (1 0.144M )fC =
◊ +       (9)

Äëÿ òóðáóëåíòíîãî ïîòîêà ïðè ÷èñëå Ìàõà
ìåíåå 0.9 íåîáõîäèìî ðàññ÷èòàòü îòñå÷¸ííîå
÷èñëî Ðåéíîëüäñà ïî ôîðìóëå

1.053

,îòñå÷Re 38.21
l
k

Ê ˆ= Á ˜Ë ¯            (10)

ãäå l – õàðàêòåðíàÿ äëèíà.
Äàëåå äëÿ ðàñ÷¸òà ñëåäóåò èñïîëüçîâàòü ìåíü-

øåå èç ÷èñåë Reîòñå÷ è Re
V l

ν
◊= .

Êîýôôèöèåíò k çàâèñèò îò òèïà ïîâåðõíîñ-
òè. Äëÿ ãëàäêèõ ìåòàëëè÷åñêèõ ïîâåðõíîñòåé
k = 0.00013.

Çíà÷åíèÿ êîýôôèöèåíòîâ FFc è Qc âûáèðàþò-
ñÿ â ñîîòâåòñòâèè ñ òàáë. 2, ãäå lF, dF, lN, dN –
äëèíà è äèàìåòð ôþçåëÿæà è ìîòîãîíäîëû ñîîò-

âåòñòâåííî; c  – îòíîñèòåëüíàÿ òîëùèíà ïðîôè-
ëÿ; xt – ïîëîæåíèå ìàêñèìàëüíîé òîëùèíû ïðî-
ôèëÿ; Ì – ÷èñëî Ìàõà; χ  – óãîë ñòðåëîâèäíîñ-

òè; èíäåêñàìè F, N, W îáîçíà÷åíû êîýôôèöèåí-
òû, îòíîñÿùèåñÿ ê ôþçåëÿæó, ìîòîãîíäîëàì è
êðûëó ñîîòâåòñòâåííî.

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷¸òîâ
àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ËÀ
â êðåéñåðñêîé êîíôèãóðàöèè ñ
ýêñïåðèìåíòàëüíûìè äàííûìè

Äëÿ âåðèôèêàöèè ìàòåìàòè÷åñêèõ ìîäåëåé
áûëè ïðîâåäåíû ðàñ÷¸òû àýðîäèíàìè÷åñêèõ õà-
ðàêòåðèñòèê òð¸õ ñàìîë¸òîâ ñ ìàêñèìàëüíîé
âçë¸òíîé ìàññîé îò 6600 äî 21000 êã ïî ìåòîäè-

êå Àðåïüåâà [4] è Ðàéìåðà [9]. Ðåçóëüòàòû ðàñ÷¸-
òîâ ïðåäñòàâëåíû íà ðèñ. 1–3. Èñïîëüçîâàëèñü
õàðàêòåðèñòèêè ËÀ, âçÿòûå èç ðàáîò [12—20].

Èç ãðàôèêîâ, ïðåäñòàâëåííûõ íà ðèñ. 1—3,
âèäíî, ÷òî âñå ïðåäëîæåííûå ìàòåìàòè÷åñêèå
ìîäåëè ïîêàçûâàþò ðåçóëüòàò, áëèçêèé ê ýêñïå-
ðèìåíòàëüíûì äàííûì. Ðàññìàòðèâàåìûå ìàòå-
ìàòè÷åñêèå ìîäåëè ïîçâîëÿþò ðàññ÷èòûâàòü êî-
ýôôèöèåíòû ïîäú¸ìíîé ñèëû è ñèëû ñîïðîòèâ-

ëåíèÿ ËÀ âïëîòü äî óãëîâ àòàêè 12°. Îòêëîíåíèå
ìàòåìàòè÷åñêèõ ìîäåëåé ïðè áîëüøèõ óãëàõ àòà-
êè ñâÿçàíî ñ ïîÿâëåíèåì îòðûâíûõ òå÷åíèé è
âîçðàñòàíèåì èõ âêëàäà â àýðîäèíàìè÷åñêèå õà-
ðàêòåðèñòèêè. Äëÿ ðàñ÷¸òà ïîäú¸ìíîé ñèëû è
ñèëû ñîïðîòèâëåíèÿ ñàìîë¸òà ïðè óãëàõ àòàêè

ñâûøå 12° íåîáõîäèìî èñïîëüçîâàíèå CFD-ìå-
òîäîâ.

Ó÷¸ò âëèÿíèÿ çàêðûëêîâ è ïðåäêðûëêîâ
íà àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ËÀ

Ðàñ÷¸ò àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ËÀ
â êðåéñåðñêîé êîíôèãóðàöèè ÿâëÿåòñÿ îòíîñè-
òåëüíî ïðîñòîé çàäà÷åé. Ãîðàçäî áîëåå ñëîæíîé
çàäà÷åé ÿâëÿåòñÿ ðàñ÷¸ò ïîäú¸ìíîé ñèëû è ñî-
ïðîòèâëåíèÿ âî âçë¸òíîé è ïîñàäî÷íîé êîíôè-
ãóðàöèÿõ. Ïðè ýòîì âàæíîñòü çàäà÷è ðàñ÷¸òà
àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê íà âçë¸òíîì è
ïîñàäî÷íîì ðåæèìàõ òðóäíî ïåðåîöåíèòü. Èñ-
ïîëüçîâàíèå çàêðûëêîâ è ïðåäêðûëêîâ îêàçûâàåò
ñóùåñòâåííîå âëèÿíèå íà âçë¸òíî-ïîñàäî÷íûå
õàðàêòåðèñòèêè ËÀ.

Ñóùåñòâóåò äîñòàòî÷íî áîëüøîå êîëè÷åñòâî
ìåòîäèê äëÿ ðàñ÷¸òà âëèÿíèÿ ïðåäêðûëêîâ è çàê-
ðûëêîâ íà àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè
ËÀ, îäíàêî ìíîãèå èç íèõ äàþò ñëèøêîì «ãðó-
áûé» ðåçóëüòàò. Òàê, ìåòîäèêè [7, 9, 10] äàæå íå
ó÷èòûâàþò êîíôèãóðàöèè çàêðûëêîâ, à ìåòîäè-
êà [11], õîòü è ó÷èòûâàåò êîíôèãóðàöèþ, íî äà¸ò
ðåçóëüòàò, çíà÷èòåëüíî îòëè÷àþùèéñÿ îò ýêñïå-
ðèìåíòàëüíûõ äàííûõ. Áîëåå áëèçêèå ðåçóëüòà-

Òàáëèöà 2

Êîýôôèöèåíòû FFc è Qc äëÿ ðàçëè÷íûõ ÷àñòåé ñàìîë¸òà [9—11]

Чàñòü ËÀ Qc FFc 

Фþçåëÿæ 1 3

/60
1

400( / )
F F

F
F F

l d
FF

l d
= + +  

Êðûëî 1 
4 0.18 0.280.6

1 100 1.34 M cosW
t

FF ñ ñ
x

χ
È ˘

È ˘= + + ◊ ◊ ◊ ◊Í ˙ Î ˚Í ˙Î ˚
 

Âåðòèêàëüíîå è ãîðèçîíòàëüíîå îïåðåíüå 1.04 

Ìîòîãîíäîëà 1.5 
0.35

1
/N

N N

FF
l d

= +  
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òû ïîëó÷åíû ïðè èñïîëüçîâàíèè ìåòîäèê, îïè-
ñàííûõ â [4, 21].

Ðàñ÷¸ò âëèÿíèÿ çàêðûëêîâ
íà ïîäú¸ìíóþ ñèëó ËÀ

Äëÿ ðàñ÷¸òà âëèÿíèÿ çàêðûëêîâ è ïðåäêðûë-
êîâ íà ïîäú¸ìíóþ ñèëó ËÀ èñïîëüçîâàëàñü äîðà-
áîòàííàÿ ìåòîäèêà Àðåïüåâà [4]. Â ñîîòâåòñòâèè
ñ íåé óâåëè÷åíèå ìàêñèìàëüíîãî êîýôôèöèåí-
òà ïîäú¸ìíîé ñèëû âû÷èñëÿåòñÿ ïî ôîðìóëå

_ max cos ,f y f f ya a
С k b S C α

δΔ χ=           (11)

ãäå fb  – îòíîñèòåëüíàÿ õîðäà çàêðûëêà;

fS – îòíîñèòåëüíàÿ ïëîùàäü êðûëà, îáñëó-

æèâàåìàÿ çàêðûëêàìè;
kδ  – êîýôôèöèåíò, çàâèñÿùèé îò òèïà çàê-

ðûëêà (òàáë. 3).
Ïðèðàùåíèå êîýôôèöèåíòà ïîäú¸ìíîé ñèëû

ïðè íóëåâîì óãëå àòàêè âû÷èñëÿåòñÿ ïî ôîðìóëå

0 _ max(0) .y f ya a
С k CΔ Δ=           (12)

Â [4] ðåêîìåíäîâàíî âûáèðàòü êîýôôèöèåíò
k0 îò 1.25 äî 1.40, îäíàêî â äàëüíåéøèõ ðàñ÷¸òàõ
îí áåð¸òñÿ ðàâíûì 1.1.

Â ñëó÷àå ïðèìåíåíèÿ ïðåäêðûëêîâ ïðèðàùå-
íèå ìàêñèìàëüíîãî êîýôôèöèåíòà ïîäú¸ìíîé
ñèëû ïðè èñïîëüçîâàíèè ïðåäêðûëêîâ âû÷èñëÿ-
åòñÿ ïî ôîðìóëå

2
_ max cos .s y sa

С kΔ χ=               (13)

Ðàñ÷¸ò âëèÿíèÿ çàêðûëêîâ íà ñîïðîòèâëåíèå ËÀ

Â ñîîòâåòñòâèè ñ [4] êîýôôèöèåíò ëîáîâîãî
ñîïðîòèâëåíèÿ ïðè âçë¸òå è ïîñàäêå îïðåäåëÿ-
åòñÿ âûðàæåíèåì

2

0 _1.3 ,
ya

x x x flapsa a a
e i

C
C C C

k
Δ

πλ
= + +        (14)
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Òàáëèöà 3

Çíà÷åíèÿ êîýôôèöèåíòà kδ
äëÿ ðàçíûõ òèïîâ çàêðûëêà

Òèï çàêðûëêà Êîýôôèöèåíò kδ  

Âçë¸ò Ïîñàäêà 

Ïðîñòîé 0.34 0.52 

Îäíîùåëåâîé 0.45 0.65 

Äâóõùåëåâîé 0.63 1.01 

Фàóëåð îäíîùåëåâîé 0.70 1.33 

Фàóëåð äâóõùåëåâîé 0.79 1.49 
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ãäå ki – êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå
âûïóñêà ìåõàíèçàöèè êðûëà íà èíäóêòèâíîå
ñîïðîòèâëåíèå, ki = 0.96 — äëÿ âçë¸òíîãî ïîëî-
æåíèÿ çàêðûëêîâ è ki = 0.88 – äëÿ ïîñàäî÷íîãî;

_x flapsa
CΔ — âûáèðàåòñÿ â ñîîòâåòñòâèè ñ òàáë. 4.

Îäíàêî äëÿ ðàñ÷¸òà âëèÿíèÿ çàêðûëêîâ ìîæ-
íî èñïîëüçîâàòü óïðîù¸ííóþ ôîðìóëó:

2

0 _ .
ya

x x x flapsa a a
e

C
C C CΔ

πλ
= + +           (15)

Ïðè ýòîì 
_x flapsa

CΔ  âûðàæàåòñÿ â çàâèñèìî-

ñòè îò óãëà îòêëîíåíèÿ çàêðûëêîâ θ  ïðè ïîìî-
ùè èíòåðïîëÿöèîííîãî ïîëèíîìà:

2
_ (0.241 0.0155 ) .x flaps fa

C SΔ θ θ= ◊ + ◊      (16)

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷¸òîâ
àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ËÀ
âî âçë¸òíîé è ïîñàäî÷íîé êîíôèãóðàöèè

Äëÿ âåðèôèêàöèè è ñðàâíåíèÿ ïðåäñòàâëåí-
íûõ ìàòåìàòè÷åñêèõ ìîäåëåé áûëè ïðîèçâåäåíû
ðàñ÷¸òû àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê òð¸õ
ñàìîë¸òîâ ñ ìàêñèìàëüíûì âçë¸òíûì âåñîì îò
6600 äî 21000 êã. Ðàñ÷¸òû êîýôôèöèåíòà ïîäú¸ì-
íîé ñèëû ïðîèçâîäèëèñü ñ ïîìîùüþ ìåòîäèêè
Àðåïüåâà [4] è ïî ìåòîäèêå, ïðåäëîæåííîé â [20]
(Calc.), à ñîïðîòèâëåíèÿ – ïî ìåòîäèêå Àðåïüå-
âà [4] è ñ ïîìîùüþ èíòåðïîëÿöèîííîãî ïîëèíî-
ìà, ïðåäëîæåííîãî â äàííîé ðàáîòå. Ðåçóëüòàòû
ðàñ÷¸òîâ ïðåäñòàâëåíû íà ðèñ. 4–6.

Êàê âèäíî èç ðèñ. 4–6, îáå ìàòåìàòè÷åñêèå
ìîäåëè äëÿ ðàñ÷¸òà êîýôôèöèåíòà ñîïðîòèâëå-
íèÿ ïîêàçûâàþò äîñòàòî÷íî õîðîøóþ ñõîäèìîñòü
ñ ýêñïåðèìåíòàëüíûìè äàííûìè. À äëÿ ðàñ÷¸òà
êîýôôèöèåíòà ïîäú¸ìíîé ñèëû öåëåñîîáðàçíî

Òàáëèöà 4

Ïðèðàùåíèå êîýôôèöèåíòà ñîïðîòèâëåíèÿ
îò ìåõàíèçàöèè

Òèï çàêðûëêà 
_x flapsCΔ  

Âçë¸ò Ïîñàäêà 

Ïðîñòîé 0.024 0.120 

Îäíîùåëåâîé 0.021 0.054 

Äâóõùåëåâîé 0.020 0.059 

Фàóëåð 0.010 0.034 
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èñïîëüçîâàòü ìåòîäèêó Àðåïüåâà [4]. Îäíàêî ïðè
áîëüøèõ óãëàõ îòêëîíåíèÿ çàêðûëêîâ íàáëþäà-
åòñÿ îòêëîíåíèÿ ðàñ÷¸òíûõ äàííûõ îò ýêñïåðè-
ìåíòàëüíûõ.

Âûâîäû

Ïðåäñòàâëåí îáçîð ñóùåñòâóþùèõ ìåòîäîâ
ðàñ÷¸òà àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ñàìî-
ë¸òà, â òîì ÷èñëå è ñ ó÷¸òîì âëèÿíèÿ çàêðûëêîâ.
Ïîêàçàíà âûñîêàÿ ýôôåêòèâíîñòü ìîäèôèöèðî-
âàííîé ìåòîäèêè Àðåïüåâà [4] äëÿ ðàñ÷¸òà êîýô-
ôèöèåíòîâ ïîäú¸ìíîé ñèëû è ñîïðîòèâëåíèÿ ñà-

ìîë¸òà âïëîòü äî óãëîâ àòàêè 12°.
Ïðåäëîæåíà ïðîñòàÿ çàâèñèìîñòü äîáàâî÷íî-

ãî êîýôôèöèåíòà ñîïðîòèâëåíèÿ îò óãëà îòêëî-
íåíèÿ çàêðûëêîâ. Ïîêàçàíà âûñîêàÿ ýôôåêòèâ-
íîñòü äàííîãî âàðèàíòà ðàñ÷¸òà äîïîëíèòåëüíîãî
ñîïðîòèâëåíèÿ.
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