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Ó ö³é ðîáîò³ ïðîïîíóºòüñÿ ìàòåìàòè÷íà ìîäåëü ðóõó ë³òàëüíîãî àïàðàòà íà 

òâåðäîìó ïàëèâ³ ç óðàõóâàííÿì îáåðòàííÿ òà êðèâèçíè Çåìë³, âïëèâó â³òðó, 
ïåðåíåñåííÿ òà çì³ùåííÿ ç îñ³ ñèìåòð³¿ âåêòîðà ñèëè òÿãè òà ç íàéá³ëüø 
ïîâíèì óðàõóâàííÿì ñèë òà ìîìåíò³â, ùî ä³þòü íà ïîë³ò ë³òàëüíîãî àïàðàòà ó 
çáóäæåíîìó ñåðåäîâèù³. Äàíà ìîäåëü äîçâîëèòü âèáðàòè ë³òàëüíèé àïàðàò íà 
òâåðäîìó ïàëèâ³. 

 
ÂÑÒÓÏ 

Ó íàø ÷àñ â³äñóòíÿ ìàòåìàòè÷íà ìîäåëü ïðîñòîðîâîãî ðóõó 
íåêåðîâàíèõ ë³òàëüíèõ àïàðàò³â íà òâåðäîìó ïàëèâ³ ç ïîâíèì 
óðàõóâàííÿì ³íåðö³àëüíî-ìàñîâèõ õàðàêòåðèñòèê òà àåðîäèíàì³÷íèõ 
êîåô³ö³ºíò³â. Äàíà ìîäåëü äîçâîëèòü âèáðàòè îïòèìàëüí³ ïàðàìåòðè 
ë³òàëüíîãî àïàðàòà: ãîäèíó ââ³ìêíåííÿ äâèãóíà íà òðàºêòîð³¿ ïîëüîòó, 
÷àñ ðîáîòè äâèãóíà, øâèäê³ñòü ïðîâåðòàííÿ ïðè çì³ùåíí³ ñíàðÿäà ç 
íàïðÿìíî¿ òà ³íø³ ïàðàìåòðè, ÿê³ á çàáåçïå÷èëè îòðèìàííÿ íàéá³ëüøî¿ 
äàëüíîñò³ òà ìàëè á îïòèìàëüíó êó÷í³ñòü ñòð³ëüáè. 

ÏÎÑÒÀÍÎÂÊÀ ÇÀÂÄÀÍÍß ² ÌÅÒÎÄÈ ÉÎÃÎ ÐÎÇÂ’ßÇÀÍÍß 
Äëÿ äîñë³äæåííÿ îñîáëèâîñòåé äèíàì³êè çáóäæåíîãî ðóõó íåêåðîâàíèõ 

ë³òàëüíèõ àïàðàò³â íà òâåðäîìó ïàëèâ³ ç ìåòîþ âèçíà÷åííÿ âïëèâó 
â³äõèëåíü óìîâ ñòð³ëüáè â³ä òàáëè÷íèõ íà äàëüí³ñòü ³ íàïðÿì íåîáõ³äíà 
ìàòåìàòè÷íà ìîäåëü ïðîñòîðîâîãî ðóõó ë³òàëüíèõ àïàðàò³â ç 
ÿêíàéïîâí³øèì îáë³êîì ³íåðö³éíî-ìàñîâèõ õàðàêòåðèñòèê ³ 
àåðîäèíàì³÷íèõ êîåô³ö³ºíò³â ñíàðÿä³â (ì³í). 

Îñíîâó ìàòåìàòè÷íî¿ ìîäåë³ ïðîñòîðîâîãî ðóõó ë³òàëüíèõ àïàðàò³â íà 
òâåðäîìó ïàëèâ³ ñêëàäàº ñèñòåìà äèôåðåíö³àëüíèõ ð³âíÿíü, ùî îïèñóº 
ðóõ öåíòðà ìàñ ³ ðóõ ùîäî öåíòðà ìàñ. Âàæëèâèì åëåìåíòîì 
ìàòåìàòè÷íî¿ ìîäåë³ º íàéá³ëüø òî÷íèé ³ îïòèìàëüíèé âèá³ð ñèë òà 
ìîìåíò³â, ùî ä³þòü íà ïîë³ò ë³òàëüíèõ àïàðàò³â. 

Âèõîäÿ÷è ç öüîãî, âèá³ð ³ îá´ðóíòóâàííÿ ìàòåìàòè÷íî¿ ìîäåë³ 
äèíàì³êè ïîëüîòó ë³òàëüíèõ àïàðàò³â âèêîíàíèé ó òàê³é ïîñë³äîâíîñò³: 

1) ïðîâåäåíèé àíàë³ç êîíñòðóêòèâíèõ ïàðàìåòð³â ³ áàë³ñòè÷íèõ 
õàðàêòåðèñòèê, ùî ïåðåáóâàþòü íà îçáðîºíí³, òà  ïåðñïåêòèâíèõ àêòèâíî-
ðåàêòèâíèõ ñíàðÿä³â (ì³í) ³ ðåàêòèâíèõ ñèñòåì çàëïîâîãî âîãíþ; 

2) ïîâåäåíèé âèá³ð ñèñòåì äèôåðåíö³àëüíèõ ð³âíÿíü ïðîñòîðîâîãî 
ðóõó ë³òàëüíèõ àïàðàò³â; 

3) âèçíà÷åí³ àåðîäèíàì³÷í³ òà ³íåðö³éíî-ìàñîâ³ õàðàêòåðèñòèêè 
ë³òàëüíèõ àïàðàò³â, ùî ïåðåáóâàþòü íà îçáðîºíí³; 

4) ïðîâåäåí³ ï³äãîòîâêà òà ñêëàäàííÿ àëãîðèòì³â ³ ïðîãðàìè 
³íòåãðàö³¿ ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü ðóõó íåêåðîâàíèõ ë³òàëüíèõ 
àïàðàò³â íà òâåðäîìó ïàëèâ³. 
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Íà îñíîâ³ àíàë³çó ñèñòåì äèôåðåíö³àëüíèõ ð³âíÿíü ðóõó ñíàðÿä³â 
(ì³í), âèêëàäåíèõ ó ðîáîòàõ ß. Ì. Øàï³ðî [1,2], À. Ä. ×åðíîçóáîâà [3], â 
ï³äðó÷íèêàõ “Çîâí³øíÿ áàë³ñòèêà àêàäåì³¿ ³ìåí³ Ô. Å. Äçåðæèíñüêîãî 
÷. I, ÷. II, ÷. III [3] òà ³í.., ïðîïîíóºòüñÿ ñèñòåìà äèôåðåíö³àëüíèõ 
ð³âíÿíü ó ïðîåêö³ÿõ íà îñ³ íàï³âøâèäê³ñíî¿ òà çâ'ÿçàíî¿ ñèñòåìè 
êîîðäèíàò (ðèñ. 1) çàãàëüíèõ âåêòîðíèõ ð³âíÿíü, ÿê³ âèðàæàþòü çì³ñò 
òåîðåì ïðî ïîõ³äí³ çà ÷àñîì â³ä âåêòîð³â ê³ëüêîñò³ ³ ìîìåíòó ê³ëüêîñò³ 
ðóõó: 

1

n

i

d
m V Fi

dt

− −

=

 
⋅ = 

 
∑  

 

1

k

i

dk
Mi

dt

−

=

= ∑  

 

 
Ðèñóíîê 1 - Ñèñòåìà êîîðäèíàò, ùî âèçíà÷àº ïîëîæåííÿ ë³òàëüíîãî àïàðàòà íà 

òðàºêòîð³¿ 

ßê ñêëàäîâ³ ãîëîâíîãî âåêòîðà ä³þ÷èõ ñèë 
1

n

i

Fi
−

=
∑  áóëè âðàõîâàí³: 

- ñèëà ëîáîâîãî îïîðó; 
- ï³äéîìíà ñèëà; 
- ñèëà òÿãè; 
- ñèëà Ìàãíóñà-Æóêîâñüêîãî; 
- ñèëà ³íåðö³¿ Êîð³îë³ñà çà ðàõóíîê îáåðòàííÿ Çåìë³. 

Ñêëàäîâ³ ãîëîâíîãî ìîìåíòó 
1

k

i

Mi
−

=
∑  ê³ëüêîñò³ ðóõó âðàõîâóâàëèñÿ: 

- ïåðåêèäíèé (äëÿ àêòèâíî-ðåàêòèâíèõ ì³í ³ ðåàêòèâíèõ ñíàðÿä³â - 
ùî ñòàá³ë³çóº) ìîìåíò; 
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- åêâàòîð³àëüíèé äåìïôóþ÷èé ìîìåíò; 
- îñüîâèé äåìïôóþ÷îãî ìîìåíò; 
- ìîìåíò Ìàãíóñà-Æóêîâñüêîãî; 
- ìîìåíò Êîð³îë³ñà çà ðàõóíîê çàê³í÷åííÿ ïîðîõîâèõ ãàç³â; 
- ìîìåíòè, âèêëèêàí³ åêñöåíòðèñèòåòîì òÿãè ³ ìàñ. 

Êð³ì òîãî, â ñèñòåì³ äèôåðåíö³àëüíèõ ð³âíÿíü áóäåìî âðàõîâóâàòè 
âïëèâ â³òðó ³ êðèâèçíó Çåìë³. 

Âðàõîâóþ÷è âèùåâèêëàäåíå, ñèñòåìà äèôåðåíö³àëüíèõ ð³âíÿíü ðóõó 
àêòèâíî-ðåàêòèâíèõ ñíàðÿä³â, ì³í (ÀÐÑ, ÀÐÌ), à òàêîæ ðåàêòèâíèõ 
ñèñòåì çàëïîâîãî âîãíþ (ÐÑÇÎ) ìîæå áóòè ïðåäñòàâëåíà ó âèãëÿä³: 
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7.  1 1Zδ =&  

8.  2 2Zδ =&  

9.  

1 1

* * *
1 2 1 1 2

1 1 1
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b gd
Z a Z b Z c e g
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R R R bη ω
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12.  3 pδ =&  

13.  
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0
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Â À
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Â À
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3
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01 1 0 0
0 0

X X Y
r o

Xo X X

W W Wd d
V dt V dt V

δ δ
   

= − Θ ⋅ − Θ ⋅ +   
   

& & &  

02 2 0 0
0 0

X X Y
r o

Xo X X

W W Wd d
V dt V dt V

δ δ
   

= − Ψ ⋅ − Ψ ⋅ +   
   

& & &  

Ï³ñëÿ ³íòåãðóâàííÿ ñèñòåìè (2) ïðè ïî÷àòêîâèõ óìîâàõ âèêîíàºìî 
ïåðåõ³ä äî àáñîëþòíèõ ê³íåìàòè÷íèõ ôîðìóë: 

; ;
x y zX r x Y r y Z r zV V W V V W V V W= + = + = +  

r xx x W t= + ⋅  

r yy y W t= + ⋅  

r zz z W t= + ⋅  

1 X Z
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X X

W W

V V
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X Y

r r
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V V
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2 2
X Z

r r
X X

W W

V V
δ δ= + Ψ ⋅ −  

1 1
X X Y

r r r
X X X

W W Wd d
V dt V dt V

δ δ
   

= + Θ ⋅ + Θ ⋅ −   
   

& & &  

2 2
X X Z

r r r
X X X

W W Wd d
V dt V dt V

δ δ
   

= + Ψ ⋅ + Ψ ⋅ −   
   

& & & . 

²íø³ ïîçíà÷êè º çàãàëüíîïðèéíÿòèìè ó çîâí³øí³é áàë³ñòèö³: 

pi  - êîåô³ö³ºíò âèòðàò ïàëüíîãî (ðåãðåñèâí³ñòü ãîð³ííÿ); 

λ′  - ñêëàäîâà ñèëè Êîð³îë³ñà çà ðàõóíîê çàê³í÷åííÿ ïîðîõîâèõ ãàç³â; 

1 2 1 2, ; ,ξ ξ γ γ  - ë³í³éí³ êóòîâ³ åêñöåíòðèñèòåòè öåíòðà ìàñ. 

Ðîçâ’ÿçàííÿ ñèñòåì äèôåðåíö³àëüíèõ ð³âíÿíü ìîæå áóòè âèêîíàíå 
ìåòîäîì ÷èñåëüíîãî ³íòåãðóâàííÿ ç âèêîðèñòàííÿì ÅÂÌ. 

 

ÂÈÑÍÎÂÊÈ 
Çàïðîïîíîâàíà â ðîáîò³ ìîäåëü ïðîñòîðîâîãî ðóõó ÀÐÑ (ÀÐÌ) òà ÐÑÇÎ 

ìîæå áóòè ñïðÿìîâàíà íà âèð³øåííÿ áàãàòüîõ ïðàêòè÷íèõ ïèòàíü, òàêèõ 
ÿê: 

1) ðîçðîáëåííÿ ìåòîä³â ñò³éêîñò³ ðóõó ïåðñïåêòèâíèõ ÀÐÑ (ÀÐÌ) ³ 
ÐÑÇÎ òà äëÿ çàáåçïå÷åííÿ íåîáõ³äíîñò³ êó÷íîñò³ ñòð³ëüáè; 

2) îá´ðóíòóâàííÿ êîíñòðóêòèâíèõ çàõîä³â, ùî ñïðèÿþòü çìåíøåííþ 
ðîçñ³þâàííÿ òðàºêòîð³¿ ïîëüîòó ÀÐÑ (ÀÐÌ) ³ ÐÑÇÎ, ùî îáóìîâëåí³ ¿õ 
êîëèâàííÿìè ùîäî öåíòðà ìàñ; 
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3) ç’ÿñóâàííÿ âïëèâó ðóõó ÀÐÑ (ÀÐÌ) ³ ÐÑÇÎ ùîäî öåíòðà ìàñ ³ç 
ìåòîþ ðîçðàõóíêó çì³í åëåìåíò³â òðàºêòîð³¿ (íàïðèêëàä, âèçíà÷åííÿ 
äåðèâàö³éíèõ â³äõèëåíü ÀÐÑ òà òóðáîðåàêòèâíèõ ñíàðÿä³â ïðè 
ðîçðàõóíêó ïîõèáêîâèõ çíà÷åíü òàáëèöü ñòð³ëüáè). 
 
 
SUMMARY 

THE MATHEMATICAL MODEL OF THE SPATIAL MOVING THE FLYING MACHINE ON 
SOLID FUEL IN ATMOSPHERE. 

Makeev V.I., Lyapa M.M., Nazarenko L.D.  

In given work is offered mathematical model of the moving the flying machine on solid 
fuels with provision for rotations and curvatures of the Land, influences winds, carrying and 
offsets with axis of the vector of power of the pulling, and with most full account of power and 
moments, acting on flight of the flying machine in air ambience. Given model will allow to 
choose the optimum parameters of the flying machine on solid fuels. 
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