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Ââåäåíèå

Ñîçäàíèå ìîäèôèêàöèé ñàìîëåòîâ òðàíñ-
ïîðòíîé êàòåãîðèè ïîëó÷èëî øèðîêîå ðàñ-
ïðîñòðàíåíèå â îòå÷åñòâåííîì è ìèðîâîì 
ñàìîëåòîñòðîåíèè.

Íàèáîëåå èçâåñòíûå ìîäèôèêàöèè îòå÷å-
ñòâåííûõ ñàìîëåòîâ: Àí-74, Àí-74-ÒÊ-200, 
Àí-74-ÒÊ-300, Àí-148-100, Àí-148À, Àí-148Á, 

Àí-148Å è äð.;  ìîäèôèêàöèè àìåðèêàíñêèõ ñà-
ìîëåòîâ Â-737: Â-737-100, Â-737-200À, Â-737-300,
Â-737-400, Â-737-400, Â-737-500 è äð.; ìîäèôè-
êàöèè ñàìîëåòîâ çàïàäíî-åâðîïåéñêîãî êîí-
öåðíà Airbus: À-319-100,À-319-130, À-320-110, 
À-320-230 è ìíîãèå äðóãèå.

Ñîçäàíèå ìîäèôèêàöèé óêàçàííûõ ñàìîëå-
òîâ ïîâûñèëî èõ ïðîèçâîäèòåëüíîñòü è ñóùå-
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ПОСАДКЕ
Ïðè ïðîåêòèðîâàíèè ìîäèôèêàöèé ñàìîëåòîâ òðàíñïîðòíîé êàòåãîðèè ñóùåñòâóåò 

ïðîáëåìà óâåëè÷åíèÿ èõ ñòàðòîâûõ ìàññ, ÷òî íåèçáåæíî âëå÷åò çà ñîáîé óõóäøåíèå èõ 
âçëåòíî-ïîñàäî÷íûõ õàðàêòåðèñòèê. 

Ïðåäëîæåí ìåòîä óäåðæàíèÿ âçëåòíî-ïîñàäî÷íûõ õàðàêòåðèñòèê áîëåå òÿæåëûõ 
ìîäèôèêàöèé (ÂÏÕ)ì íà óðîâíå ÂÏÕ  áàçîâîãî ñàìîëåòà: (ÂÏÕ)ì = (ÂÏÕ)á. Ñòðóêòóðó 
ìåòîäà îáðàçóþò êîíöåïòóàëüíûå óñëîâèÿ ðàâåíñòâà äëèí ðàçáåãà ïðè âçëåòå (  = ), 
äëèí ïðîáåãà ïðè ïîñàäêå (  = ), à òàêæå ðàâåíñòâà ñêîðîñòåé ïðèíÿòèÿ ðåøåíèé 
(  = ), ÷òî îáåñïå÷èâàåò ðàâåíñòâî äèñòàíöèé ïðåðâàííîãî âçëåòà ñàìîëåòà. Íà 
îñíîâå òàêèõ ïîëîæåíèé ðàçðàáîòàíû ìîäåëè îöåíêè âçàèìîñâÿçè ñòàðòîâîé òÿãîâîîðó-
æåííîñòè è ñòàðòîâîé ìàññû áîëåå òÿæåëîé ìîäèôèêàöèè ( ( )) ñ ó÷åòîì âëèÿíèÿ 
êîëè÷åñòâà ðàáîòàþùèõ äâèãàòåëåé, êîýôôèöèåíòà òðåíèÿ øèí î ÂÏÏ è àýðîäèíàìè-
÷åñêèõ êîýôôèöèåíòîâ. Êðîìå òîãî, â òàêèõ ìîäåëÿõ ó÷òåíû íåèçáåæíûå îãðàíè÷åíèÿ, 
âîçíèêàþùèå íà ýòàïå ïðåäâàðèòåëüíîãî ïðîåêòèðîâàíèÿ.

Íà îñíîâå òàêèõ ðàâåíñòâ: äëèí ðàçáåãà ïðè âçëåòå áîëåå òÿæåëîé ìîäèôèêàöèè è 
áàçîâîãî ñàìîëåòà; äëèí ïðîáåãà ïðè ïîñàäêå áîëåå òÿæåëîé ìîäèôèêàöèè è áàçîâîãî 
ñàìîëåòà; ñêîðîñòåé ïðèíÿòèÿ ðåøåíèé â óñëîâèÿõ ïðåðâàííîãî âçëåòà ìîäèôèêàöèè, 
ïîëó÷åíà ìîäåëü îïðåäåëåíèÿ ñòàðòîâîé òÿãîâîîðóæåííîñòè îò âçëåòíîé ìàññû áîëåå 
òÿæåëîé ìîäèôèêàöèé ñ ó÷åòîì ðÿäà îãðàíè÷åíèé, íåèçáåæíî âîçíèêàþùèõ íà ýòàïå 
ïðåäâàðèòåëüíîãî ïðîåêòèðîâàíèÿ ìîäèôèêàöèé ñàìîëåòîâ.

Ïðè èñïîëüçîâàíèè ýòîãî ìåòîäà äëÿ êîëè÷åñòâåííîé îöåíêè óñòàíîâëåíî, ÷òî ïðè 
ðîñòå âçëåòíîé ìàññû ìîäèôèêàöèè íà 20% è ñîõðàíåíèè åå áàçèðîâàíèÿ íà àýðîäðî-
ìàõ, çàÿâëåííûõ äëÿ áàçîâîãî ñàìîëåòà, òðåáóåòñÿ óâåëè÷åíèå åå òÿãîâîîðóæåííîñòè 
íà 16%.

Çàäà÷à ðåøåíà â áåçðàçìåðíûõ ïàðàìåòðàõ, ò. å. åå ðåçóëüòàòû ìîãóò áûòü ïðè-
ìåíåíû ê ìîäèôèêàöèÿì ñàìîëåòà ðàçëè÷íîãî íàçíà÷åíèÿ.

Òàêîé ïîäõîä ïîçâîëÿåò êîëè÷åñòâåííî îöåíèòü ïîòðåáíîå èçìåíåíèå ñòàðòîâîé 
òÿãîâîîðóæåííîñòè ïðè èçìåíåíèè ñòàðòîâîé ìàññû, âûçâàííîãî íåîáõîäèìûìè ìîäè-
ôèêàöèîííûìè èçìåíåíèÿìè â óñëîâèÿõ íåèçáåæíîãî ó÷åòà ïåðå÷èñëåííûõ (è íåêîòîðûõ 
äðóãèõ) îãðàíè÷åíèé, âîçíèêàþùèõ íà ýòàïå ïðåäâàðèòåëüíîãî ïðîåêòèðîâàíèÿ ìîäèôè-
êàöèé ñàìîëåòîâ òðàíñïîðòíîé êàòåãîðèè. 

Êëþ÷åâûå ñëîâà: ìîäèôèêàöèè ñàìîëåòà, âçëåòíî-ïîñàäî÷íûå õàðàêòåðèñòèêè, äëèíà 
ðàçáåãà, äëèíà ïðîáåãà.
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ñòâåííî ñíèçèëî çàòðàòû íà ýòàïå èõ ýêñïëóà-
òàöèè,  îáåñïå÷èëî óâåëè÷åíèå èõ æèçíåííîãî 
öèêëà êàê òèïà ñàìîëåòîâ; ïðèñïîñîáèëî èõ ê 
ñîâðåìåííûì óñëîâèÿì àâèàïåðåâîçîê.

Îäíàêî ïðè ðàçðàáîòêå ìîäèôèêàöèé âîç-
íèêàåò ðÿä òðóäíîñòåé,  ñðåäè êîòîðûõ âûäåëÿ-
åòñÿ ïðîáëåìà îáåñïå÷åíèÿ âçëåòíî-ïîñàäî÷íûõ 
õàðàêòåðèñòèê ñàìîëåòà.

Óâåëè÷åíèå ïðîèçâîäèòåëüíîñòè, ðàäè ÷åãî 
è ñîçäàþòñÿ ìîäèôèêàöèè, íåèçáåæíî ïðèâî-
äèò ê óâåëè÷åíèþ âçëåòíîé ìàññû ìîäèôèêà-
öèè ñàìîëåòà è, êàê ñëåäñòâèå, ê óõóäøåíèþ 
âçëåòíî-ïîñàäî÷íûõ õàðàêòåðèñòèê, ÷òî â ñâîþ 
î÷åðåäü âëèÿåò:

- íà áåçîïàñíîñòü ïðîõîæäåíèÿ ñàìûõ îïàñ-
íûõ ýòàïîâ ïîëåòà – âçëåòà è ïîñàäêè;

- êëàññû àýðîäðîìîâ áàçèðîâàíèÿ, êîòîðûå 
âî ìíîãîì ïðåäîïðåäåëÿþò êîíêóðåíòîñïîñîá-
íîñòü ñàìîëåòà;

- íàãðóçêè íà ñàìîëåò ïðè ïîñàäêå è, ñëå-
äîâàòåëüíî, íà åãî âåñîâîå ñîâåðøåíñòâî è 
ðåñóðñ;

- òðåáîâàíèÿ ê óðîâíþ ïîäãîòîâêè ïèëî-
òîâ;

- çàòðàòû íà îáåñïå÷åíèå áåçîïàñíîñòè ïî-
ëåòîâ [1, –3, 5].

Óñòðàíåíèå òàêèõ ïîñëåäñòâèé ïðè ñîçäàíèè 
òÿæåëûõ ìîäèôèêàöèé ìîæåò áûòü ðåàëèçîâàíî 
íà ýòàïå èõ ïðåäâàðèòåëüíîãî ïðîåêòèðîâàíèÿ 
ïóòåì ñîãëàñîâàííîãî âûáîðà îñíîâíûõ ïà-
ðàìåòðîâ, ñðåäè êîòîðûõ òÿãîâîîðóæåííîñòü 
èãðàåò îïðåäåëÿþùóþ ðîëü, â îñîáåííîñòè 
ïðè ôîðìèðîâàíèè âçëåòíî-ïîñàäî÷íûõ õà-
ðàêòåðèñòèê.

Öåëü ðàáîòû

Ðàçðàáîòêà ýòàïà ïðåäâàðèòåëüíîãî ïðî-
åêòèðîâàíèÿ ìåòîäà îïðåäåëåíèÿ ñòàðòîâîé 
òÿãîâîîðóæåííîñòè ìîäèôèêàöèè ñ óâåëè÷åí-
íîé ñòàðòîâîé ìàññîé ñ ó÷åòîì òðåáîâàíèé ïî 
óñëîâèþ ïðåðâàííîãî âçëåòà.

Êîíöåïòóàëüíûå óñëîâèÿ ðåøàåìîé çàäà÷è

Ïîä âçëåòíî-ïîñàäî÷íûìè õàðàêòåðèñòèêà-
ìè â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ ïåðåìå-
ùåíèÿ è ñêîðîñòè ïîëåòà ñàìîëåòà,  ñâÿçàííûå 
ñî âçëåòíî-ïîñàäî÷íîé ïîëîñîé.

Ïðè ýòîì ïîä ïåðåìåùåíèÿìè èìåþòñÿ â 
âèäó:

- äëèíà ðàçáåãà ïðè âçëåòå – ;

- äëèíà ïðîáåãà ïðè ïîñàäêå – ;

- äèñòàíöèÿ ïðåðâàííîãî âçëåòà ( )  ñ  
ó÷åòîì ó÷àñòêîâ ðàçáåãà è ïðîáåãà,  ïîñêîëü-
êó ýòà âåëè÷èíà ïðåäîïðåäåëÿåò àýðîäðîì 
áàçèðîâàíèÿ,  ò. å. ïîòðåáíóþ äëèíó  âçëåòíî-

ïîñàäî÷íîé ïîëîñû ( ).

Ïîä ñêîðîñòíîé õàðàêòåðèñòèêîé â äàííîé 
ïîñòàíîâêå ïîíèìàþò ñêîðîñòü ïðèíÿòèÿ ðå-
øåíèÿ â óñëîâèÿõ ïðåðâàííîãî âçëåòà.

Ýòè ïåðåìåùåíèÿ è ñêîðîñòè ïðåäîïðåäå-
ëÿþòñÿ âûáîðîì íàèáîëåå âàæíûõ ïàðàìåòðîâ 
ìîäèôèêàöèé,  ïîýòîìó äëÿ ýòàïà ïðîåêòèðîâà-
íèÿ ñëåäóåò ðàçðàáîòàòü ðÿä ïîëîæåíèé,  ÷òîáû 
âûïîëíÿëîñü òðåáóåìîå óñëîâèå 

 (ÂÏÕ)ì ≅ (ÂÏÕ)á . (1)

Äëÿ äîñòèæåíèÿ òàêîãî ðåçóëüòàòà íåîáõîäèì 
ïðèíöèïèàëüíî íîâûé ïîäõîä ê ôîðìèðîâàíèþ 
îñíîâíûõ ïàðàìåòðîâ ìîäèôèêàöèé ñàìîëåòîâ,  
òàêèõ,  êàê âçëåòíàÿ ìàññà  è òÿãîâîîðóæåí-
íîñòü .

Âçëåòíî-ïîñàäî÷íûå õàðàêòåðèñòèêè ìîäè-
ôèêàöèé ñàìîëåòà ñ ïîâûøåííîé óäåëüíîé íà-
ãðóçêîé íà êðûëî óõóäøàþòñÿ ïî ñðàâíåíèþ ñ 
ÂÏÕ áàçîâîãî ñàìîëåòà, ÷òî íå âñåãäà ÿâëÿåòñÿ 
ïðèåìëåìûì. Ñ ó÷åòîì ýòîãî îáñòîÿòåëüñòâà 
êîíöåïòóàëüíûå ïîëîæåíèÿ ïî îòíîøåíèþ ê 
âåëè÷èíå ÂÏÕ ìîæíî ïðåäñòàâèòü â ñëåäóþ-
ùåì âèäå:

- äëèíà ðàçáåãà ìîäèôèêàöèè ( )  äîëæíà 
áûòü ðàâíîé (èëè íåçíà÷èòåëüíî îòëè÷àòüñÿ)  

äëèíå ðàçáåãà áàçîâîãî ñàìîëåòà ( ):

  ≅ ;   (2)

- äëèíà ïðîáåãà ìîäèôèêàöèè ñàìîëåòà ïðè 

ïîñàäêå ( )  äîëæíà áûòü ðàâíîé (èëè ìåíü-

øå)  äëèíå ïðîáåãà áàçîâîãî ñàìîëåòà ( ):

    (3)

- äèñòàíöèÿ ïðåðâàííîãî âçëåòà ìîäèôè-

êàöèè ñàìîëåòà ( )  äîëæíà áûòü ðàâíîé 
äèñòàíöèè ïðåðâàííîãî âçëåòà áàçîâîãî ñàìî-

ëåò ( ):

  ≅ ,  (4)

ãäå  – äëèíà ðàçáåãà ìîäèôèêàöèè ñàìî-
ëåòà;

 – äëèíà ðàçáåãà áàçîâîãî ñàìîëåòà.

Ìîäåëè ðåàëèçàöèè êîíöåïòóàëüíûõ óñëî-
âèé

Ïðè ðàñ÷åòå âçëåòà ñàìîëåòà ïðèíèìà-
åì, ÷òî âåñü ðàçáåã ñîâåðøàåòñÿ íà îñíîâ-
íûõ îïîðàõ øàññè, óãëû àòàêè  è îò-

êëîíåíèÿ òÿãè  â ïðîöåññå ðàçáåãà ñ÷è-
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òàþòñÿ ïîñòîÿííûìè, à óðàâíåíèå äëèíû 
ðàçáåãà ïðè ïðèíÿòûõ äîïóùåíèÿõ èìååò
âèä [4]

 

. (5)

Èíòåãðèðîâàíèå îñóùåñòâëÿåòñÿ ãðàôè÷åñêè 
îò = 0 äî :

 

,  (6)

ãäå  – ìàññà ñàìîëåòà ïðè âçëåòå;
 – ïëîùàäü êðûëà;

 – ïëîòíîñòü âîçäóõà;
 – óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ;

 – êîýôôèöèåíò ïîäúåìíîé ñèëû ïðè 
ðàçáåãå â òî÷êå îòðûâà ñàìîëåòà îò ÂÏÏ;

 – êîýôôèöèåíò àýðîäèíàìè÷åñêîãî 
ñîïðîòèâëåíèÿ ïðè ðàçáåãå.

Ïîëó÷èì óïðîùåííîå,  íî äîñòàòî÷íî òî÷íîå  
àíàëèòè÷åñêîå âûðàæåíèå äëÿ îïðåäåëåíèÿ 
äëèíû ðàçáåãà:

 

,  (7)

ãäå – êîýôôèöèåíò, ó÷èòûâàþùèé ïàäåíèå 
òÿãè äâèãàòåëåé ïî ñêîðîñòè è ïîòåðè â âîçäó-
õîçàáîðíèêàõ (äëÿ ñàìîëåòîâ ñ ÒÐÄ ïðè ñòàí-
äàðòíîé àòìîñôåðå – Ê1 ≈ 0,9; ïðè   
è 730 ìì ðò. ñò. Ê1 ≈ 0,813  [5]);

 – êîýôôèöèåíò òðåíèÿ êà÷åíèÿ 
(0,02 ≤ fê ≤ 0,08;   0,02 – ïî ñóõîìó áåòîíó,  0,04 
– ïî òâåðäîìó ãðóíòó);

 – ñêîðîñòü îòðûâà (ðèñ. 1);
 – ñòàðòîâàÿ òÿãîâîîðóæåííîñòü.

Âûïîëíÿÿ óñëîâèå (3),  ïîëó÷èì,  ðàâåíñòâî

  

  

 
(8)

Â ðàâåíñòâî (8)  ñëåäóåò ïîäñòàâèòü çíà÷å-
íèÿ ïîñàäî÷íûõ ñêîðîñòåé,  îïðåäåëÿåìûõ íà 
îñíîâå âûðàæåíèÿ (6)  ïðè ,  ò.å 

,  è ïðåîáðàçîâàòü åãî ê 
âèäó

  

.  (9)

Çàâèñèìîñòü (8)  â ïîëíîé ìåðå îïðåäåëÿåò 
âçàèìîñâÿçü îñíîâíûõ ïàðàìåòðîâ ìîäèôèêà-
öèè ñ áàçîâûì âàðèàíòîì ñàìîëåòà ïðè ðàâåí-

ñòâå .
Äëÿ ðåàëèçàöèè óñëîâèÿ (3)  âîñïîëüçóåìñÿ 

èçâåñòíûì âûðàæåíèåì ïðè îöåíêå äëèíû 
ïðîáåãà [1]:

 (10)

ãäå  – ÷èñëî äâèãàòåëåé;

 – êîýôôèöèåíò îòíîøåíèÿ òÿãè ðåâåð-
ñà 

ê ïðÿìîé òÿãå äâèãàòåëåé;

 – êîýôôèöèåíò,  ó÷èòûâàþùèé ïàäåíèå 

òÿãè äâèãàòåëÿ ïî ñêîðîñòè,   0,813;

 – ïðèâåäåííûé êîýôôèöèåíò òðåíèÿ 
êîëåñ ïðè ïðîáåãå (ñðåäíåå çíà÷åíèå);

 – êîýôôèöèåíò àýðîäèíàìè÷åñêîãî 
ñîïðîòèâëåíèÿ íà ïðîáåãå;

 – êîýôôèöèåíò ïîäúåìíîé ñèëû íà 
ïðîáåãå.

Ïðè ýòîì âåëè÷èíà ïîñàäî÷íîé ñêîðîñòè 
îïðåäåëÿåòñÿ ïî âûðàæåíèþ,  àíàëîãè÷íîìó 
(2):

 

. (11)

Äëÿ ðåàëèçàöèè óñëîâèÿ (4)  ñôîðìèðóåì 
ðàâåíñòâî äëèí ïðîáåãà.

Åñëè èñõîäèòü èç óñëîâèÿ (2),  ò. å. ðàâåíñòâà 
äëèí ðàçáåãà ìîäèôèêàöèè ñàìîëåòà è áàçîâîãî 
ñàìîëåòà,  òî ïîëó÷èì ñîîòíîøåíèå 

 

,  (12)

â êîòîðîå ñëåäóåò ïîäñòàâèòü çíà÷åíèÿ íåèç-
âåñòíûõ ñêîðîñòåé, îïðåäåëÿåìûõ íà îñíîâà-
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íèè óðàâíåíèÿ (6): ( )2, ( )2 è ( )2. 
Â òàêîì ñëó÷àå ïîëó÷èì âûðàæåíèå, ñâÿçû-
âàþùåå îñíîâíûå ïàðàìåòðû â ïðîöåññå ïðî-
åêòèðîâàíèÿ ìîäèôèêàöèè ñàìîëåòà:

 

 (13)

ãäå  – òÿãîâîîðóæåííîñòü áàçîâîãî ñàìî-
ëåòà è åãî ìîäèôèêàöèè ñîîòâåòñòâåííî.

Â êà÷åñòâå ïðèìåðà ðàññìîòðèì áàçîâûé 
ñàìîëåò ñ èñõîäíîé òÿãîâîîðóæåííîñòüþ 

 = 0,30 è ÑÕð = 0,08, ÑÓîòð = 1,70. Ïðè 
óñëîâèÿõ = 1, Ê1 = 0,9, Ê1 = 0,813, fê = 0,02 
è fê = 0,08 îïðåäåëèì âîçìîæíîå óâåëè÷åíèå 
âçëåòíîé ìàññû, åñëè òÿãîâîîðóæåííîñòü ðàñ-
ñìàòðèâàåìîãî ñàìîëåòà èçìåíÿåòñÿ â ïðåäåëàõ 
0,7 ≤  ≤ 1,6 [6].

Ðåçóëüòàòû ðàñ÷åòà ïî âûðàæåíèþ (13)  ïî-
êàçàíû íà ðèñ. 1,  ãäå âûäåëåíû çîíû,  îãðàíè-
÷åííûå äâóìÿ óñëîâèÿìè: 

– m0min = 0,78. Ýòî óñëîâèå ââåäåíî ïðè 
ýêñïëóàòàöèè ìîäèôèêàöèè ñ ïîíèæåííûìè 
âçëåòíûìè ìàññàìè (÷òî ÷àùå âñåãî è âñòðå-
÷àåòñÿ â ïðàêòèêå ýêñïëóàòàöèè ñàìîëåòîâ ñ 
m0 > 300 ò ;

– m0màõ = 1,26 – óñëîâèå,  îòðàæàþùåå 
âîçìîæíîñòü ýêñïëóàòàöèè ìîäèôèêàöèè ñ ïî-
âûøåííîé âçëåòíîé ìàññîé (ïðè îáåñïå÷åíèè 
óñëîâèé ïðî÷íîñòè).

Äëÿ óïðîùåíèÿ çàâèñèìîñòè (9) â êà÷åñòâå 
ïàðàìåòðîâ áàçîâîãî ñàìîëåòà ïðèìåì çíà÷åíèÿ 
má

î = 300 ò; Vá
ïîñ = 66,227 ì/ñ; Ñõ = 0,3; 

ÑÓïîñ = 2,0; fïð = 0,25; rð = 0,4;  = 0,3. Â 
ýòîì ñëó÷àå áàçîâûé ñàìîëåò èìååò òàêóþ 
äëèíó ïðîáåãà:

- Lá
ïð = 600 ì – ïðè îòêàçå êðèòè÷åñêîãî 

äâèãàòåëÿ ;
- Lá

ïð = 562 ì – ïðè âñåõ ðàáîòàþùèõ äâè-
ãàòåëÿõ.

Ïðèíÿòûå çíà÷åíèÿ ïàðàìåòðîâ áàçîâîãî 
ñàìîëåòà ïîçâîëÿþò óïðîñòèòü âûðàæåíèå (9)  
â ðåçóëüòàòå ÷åãî ïîëó÷èì

 

. (14)

Äëÿ óñëîâèÿ ïð = 1; Ê1 = 0,9 è Ê1 = 0,813 
îïðåäåëèì âîçìîæíîå èçìåíåíèå âçëåòíîé 
ìàññû êàê ïðè îòêàçå êðèòè÷åñêîãî äâèãàòåëÿ,  
òàê è ïðè ðàáîòå âñåõ äâèãàòåëåé. 

Òàêèì îáðàçîì, óñòàíîâëåíà âçàèìîñâÿçü 
ïîòðåáíûõ èçìåíåíèé òÿãîâîîðóæåííîñòè 
òÿæåëîãî ñàìîëåòà òðàíñïîðòíîé êàòåãîðèè è 
âçëåòíûõ ìàññ åãî âîçìîæíûõ ìîäèôèêàöèé.

Åñëè èõ ïàðàìåòðû âûáðàíû ïðè óñëîâèè 
ðàâåíñòâà äëèíû ïðîáåãà ìîäèôèêàöèè ñàìîëå-
òà âî âðåìÿ ïîñàäêè è àíàëîãè÷íîãî ïàðàìåòðà 
áàçîâîãî âàðèàíòà òàêîãî ñàìîëåòà.

Ïðè ýòîì ó÷òåíû ñëåäóþùèå óñëîâèÿ è 
îãðàíè÷åíèÿ:

Ðèñ. 1. Âëèÿíèå èçìåíåíèÿ ìàññ  ìîäèôèêàöèé ( )  è ñêîðîñòè ïðèíÿòèÿ ðåøåíèé ( )  íà ïîòðåáíóþ âåëè÷èíó 

òÿãîâîîðóæåííîñòè ( )
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– îòêàç êðèòè÷åñêîãî äâèãàòåëÿ íà ïðî-
áåãå;

– ïàäåíèå òÿãè äâèãàòåëÿ ïî ñêîðîñòè âî 
âðåìÿ ïîñàäêè;

– ñíèæåíèå ïîñàäî÷íîé ìàññû ïðè óìåíü-
øåííîé ïîëåçíîé íàãðóçêå;

– îãðàíè÷åíèå ïî ïðî÷íîñòè,  ñâÿçàííîå ñ 
ðàçîâûì óâåëè÷åíèåì ïîñàäî÷íîé ìàññû;

– ñîñòîÿíèå ïîñàäî÷íîé ïîëîñû â âèäå âåëè-
÷èíû êîýôôèöèåíòà êà÷åíèÿ êîëåñ ïî ÂÏÏ.

Ïðåäñòàâèì çàâèñèìîñòü (13)  â ãðàôè÷åñêîì 

âèäå äëÿ çíà÷åíèé =0; 0,5; 0,8; 0,9; 1,0; 1,1; 

1,2 è 1,3 ïðè =0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0; 
1,1; 1,2; 1,3 è 1,4 (ñì. ðèñ. 1).

Íà ðèñ.1 èçîáðàæåíà òàêæå çàâèñèìîñòü (5)  

ïðè = 0,02 è = 0,813 (øòðèõ-ïóíêòèð).
Âûäåëåííàÿ çîíà (1-2-3-4-5-1)  çàâèñèìîñòè 

 ïðè  îïðåäåëÿåòñÿ 
ñëåäóþùèìè îãðàíè÷åíèÿìè (ãðàíè÷íûìè 
óñëîâèÿìè):

1. Ëèíèÿ 1–2 – îãðàíè÷åíèå èç óñëîâèé 
âîçìîæíîé ýêñïëóàòàöèè ñàìîëåòà. Íàïðèìåð, 
ñíèæåíèå âçëåòíîãî âåñà áàçîâîãî ñàìîëåòà 
çà ñ÷åò íåïîëíîé çàãðóçêè åãî òîïëèâîì èëè 
ïîëåçíîé íàãðóçêè. Ïðè ýòîì ïðèíÿòî îãðà-
íè÷åíèå , ò. å. ò âìåñòî 

ò.

2. Ëèíèÿ 2–3 – îãðàíè÷åíèå .
Óðàâíåíèå (19)  ïðåâðàùàåòñÿ â çàâèñè-

ìîñòü 

 ,   (15)

êîòîðóþ ìîæíî ðàññìàòðèâàòü,  êàê çàâåðøåí-
íûé ðàçáåã ñ îäíèì êðèòè÷åñêèì äâèãàòåëåì,  
îòêàçàâøèì â ìîìåíò ñòàðòà ñàìîëåòà.

Â ðàññìàòðèâàåìîì ïðèìåðå ïîòðåá-
íàÿ äèñòàíöèÿ çàâåðøåííîãî ðàçáåãà ðàâíà 

 
,  êàê 

äëÿ áàçîâîãî,  òàê è äëÿ äðóãèõ ðàññìàòðèâàåìûõ 
ìîäèôèêàöèé. 

3. Ëèíèÿ 3–4 – îãðàíè÷åíèå ïî èìåþùèì-
ñÿ âîçìîæíîñòÿì óâåëè÷åíèÿ ïîòðåáíîé òÿãè 
ñèëîâîé óñòàíîâêè, à ñëåäîâàòåëüíî, ïî ýíåð-
ãîâîîðóæåííîñòè ñàìîëåòà .

Óâåëè÷åíèå ïîòðåáíîé òÿãè ñèëîâîé óñòà-
íîâêè ñàìîëåòà â ðàññìàòðèâàåìûõ îòíîñè-
òåëüíûõ ïðåäåëàõ  ìîæåò áûòü 
îáåñïå÷åíî êàê íàëè÷èåì àâòîìàòè÷åñêè 
âêëþ÷àåìîãî (ïî ñèãíàëó îòêàçà äâèãàòåëÿ) 
ôîðñèðîâàííîãî ðåæèìà ðàáîòû äâèãàòåëÿ, òàê 
è âîçìîæíîñòüþ óñòàíîâêè íà ìîäèôèêàöèþ 
áîëåå ìîùíûõ äâèãàòåëåé.

4. Ëèíèÿ 4–5 – îãðàíè÷åíèå ïî ìàññå ñà-
ìîëåòà èç óñëîâèé ïðî÷íîñòè, îïðåäåëåííûì 
íàèáîëåå òÿæåëûìè ñëó÷àÿìè íàãðóæåíèÿ 
ðàçëè÷íûõ ÷àñòåé ñàìîëåòà (êðûëà, îïåðåíèÿ, 
øàññè è ò.ä.) ïî ðåæèìàì ýêñïëóàòàöèè. Â íà-

øåì ñëó÷àå ïðèíÿòî .

5. Ëèíèÿ 5–1 – îãðàíè÷åíèå . 
Äàííîå îãðàíè÷åíèå äàåò çàâèñèìîñòü

,

   èëè ,

êîòîðóþ ìîæíî ðàññìàòðèâàòü,  êàê çàâåðøåí-
íûé ðàçáåã ñ îäíèì êðèòè÷åñêèì äâèãàòåëåì,  
îòêàçàâøèì â ìîìåíò îòðûâà ìîäèôèêàöèé.

Îòëè÷èòåëüíîé îñîáåííîñòüþ ïðèâåäåííûõ 
äàííûõ ÿâëÿåòñÿ òî,  ÷òî îíè ïðåäñòàâëåíû â 
áåçðàçìåðíîé ôîðìå è ïîýòîìó ìîãóò áûòü 
ïðèìåíåíû äëÿ ëþáîé ìîäèôèêàöèè òÿæåëîãî 
ñàìîëåòà òðàíñïîðòíîé êàòåãîðèè ñ ñèëîâîé 
óñòàíîâêîé, îáðàçîâàííîé ÷åòûðüìÿ ÒÐÄ.

Çàêëþ÷åíèå

Â ðàáîòå ïðåäñòàâëåí íîâûé ìåòîä ôîðìè-
ðîâàíèÿ òÿãîâîîðóæåííîñòåé ìîäèôèêàöèé ñà-
ìîëåòîâ òðàíñïîðòíîé êàòåãîðèè ïî çàäàííûì 
ïàðàìåòðàì ðàçáåãà è ïðîáåãà ïðè ðàçëè÷íûõ 
êîýôôèöèåíòàõ ïàäåíèÿ òÿãè äâèãàòåëÿ, à òàê-
æå ñ ó÷åòîì èçìåíåíèÿ êîýôôèöèåíòà òðåíèÿ 
êîëåñ øàññè î ÂÏÏ.

Ñ ïîìîùüþ òàêèõ ìîäåëåé óñòàíîâëåíî, ÷òî 
âî âðåìÿ îñóùåñòâëåíèÿ ìîäèôèêàöèîííûõ 
èçìåíåíèé ïî óñëîâèþ   ïðè óâåëè-
÷åíèè ìàññû ìîäèôèêàöèè íà 20% òðåáóåòñÿ 
óâåëè÷åíèå òÿãîâîîðóæåííîñòè íà 16%, òîãäà 
êàê ðåàëèçàöèÿ óñëîâèÿ  ïðèâîäèò ê 
íåîáõîäèìîñòè óâåëè÷åíèÿ òÿãîâîîðóæåííîñòè 
íà 54%.

Òàêèì îáðàçîì,  ýòàï ïðîáåãà ïðè ïîñàäêå 
ÿâëÿåòñÿ îïðåäåëÿþùèì ïðè âûáîðå ìàññû è 
òÿãîâîîðóæåííîñòè âî âðåìÿ ïðîåêòèðîâàíèÿ 
ìîäèôèêàöèé ñàìîëåòîâ òðàíñïîðòíîé êàòåãî-

ðèè ïî óñëîâèþ .
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Ïîñòóïèëà â ðåäàêöèþ 19.07.2019

Ë. Â. Êàï³òàíîâà, Â.I . Ðÿáêîâ. Âèçíà÷åííÿ ñòàðòîâî¿ òÿãîîñíàùåíîñò³ ìîäèô³êàö³é ë³òàê³â
çà óìîâàìè ðîçá³ãó ïðè çëüîò³ òà ïðîá³ãó ïðè ïîñàäö³ 

Ïðè ïðîåêòóâàíí³ ìîäèô³êàö³é ë³òàê³â òðàíñïîðòíî¿ êàòåãîð³¿ âèíèêàº ïðîáëåìà 
çá³ëüøåííÿ ¿õ ñòàðòîâèõ ìàñ, ùî íåìèíó÷å òÿãíå çà ñîáîþ ïîã³ðøåííÿ  ¿õ çë³òíî-
ïîñàäêîâèõ õàðàêòåðèñòèê.

Çàïðîïîíîâàíî ìåòîä óòðèìàííÿ çë³òíî-ïîñàäêîâèõ õàðàêòåðèñòèê á³ëüø âàæêèõ 
ìîäèô³êàö³é (ÇÏÕ)ì íà ð³âí³ ¿õ áàçîâîãî ë³òàêà: (ÇÏÕ)ì = (ÇÏÕ)á. Ñòðóêòóðó ìåòîäó 

ñêëàäàþòü êîíöåïòóàëüí³ ïîëîæåííÿ ð³âíîñò³ äîâæèí ðîçá³ãó ïðè çëüîò³ (  = ), à 

òàêîæ ð³âíîñò³ äîâæèí ïðîá³ãó ïðè ïîñàäö³ (  = ), à òàêîæ ð³âíîñò³  øâèäêîñòåé 

ïðèéíÿòòÿ ð³øåíü (  = ), ùî çàáåçïå÷óº ð³âí³ñòü äèñòàíö³é ïåðåðâàíîãî çëüîòó 
ë³òàêà. Íà îñíîâ³ òàêèõ ïîëîæåíü ðîçðîáëåíî ìîäåë³ îö³íþâàííÿ âçàºìîçâ’ÿçêó ñòàðòîâî¿ 

òÿãîîñíàùåíîñò³ ³ ñòàðòîâî¿ ìàñè á³ëüø âàæêèõ ìîäèô³êàö³é ( ( )) ç óðàõóâàííÿì 
ê³ëüêîñò³ ïðàöþþ÷èõ äâèãóí³â, êîåô³ö³ºíòà òåðòÿ øèí îá ÇÏÑ òà àåðîäèíàì³÷íèõ 
êîåô³ö³ºíò³â. Êð³ì òîãî, ó òàêèõ ìîäåëÿõ óðàõîâàíî íåìèíó÷³  îáìåæåííÿ, ÿê³ âèíèêàþòü 
íà åòàï³ ïîïåðåäíüîãî  ïðîåêòóâàííÿ.

Íà îñíîâ³ òàêèõ ð³âíÿíü: äîâæèí ðîçá³ãó ïðè çëüîò³ á³ëüø âàæêî¿ ìîäèô³êàö³¿ òà 
áàçîâîãî ë³òàêà; äîâæèí ïðîá³ãó ïðè ïîñàäö³ á³ëüø âàæêî¿ ìîäèô³êàö³¿ òà áàçîâîãî 
ë³òàêà; øâèäêîñòåé ïðèéíÿòòÿ ð³øåíü â óìîâàõ ïåðåðâàíîãî çëüîòó ìîäèô³êàö³¿, îò-
ðèìàíà ìîäåëü âèçíà÷åííÿ ñòàðòîâî¿ òÿãîîñíàùåíîñò³ â³ä çë³òíî¿ ìàñè á³ëüø âàæêî¿ 
ìîäèô³êàö³¿ ç óðàõóâàííÿì ðÿäà îáìåæåíü, ÿê³ íåìèíó÷å âèíèêàþòü íà åòàï³ ïîïåðåäíüîãî 
ïðîåêòóâàííÿ ìîäèô³êàö³é ë³òàê³â. 

Ïðè âèêîðèñòóâàíí³ öüîãî ìåòîäà äëÿ ê³ëüê³ñíî¿ îö³íêè âñòàíîâëåíî, ùî ïðè ðîñò³ 
çë³òíî¿ ìàñè ìîäèô³êàö³¿ íà 20 % òà çáåðåæåíí³ ¿¿ áàçóâàííÿ   íà àåðîäðîìàõ, ùî çàÿâëåí³ 
äëÿ áàçîâîãî ë³òàêà, ïîòð³áíî çá³ëüøåííÿ ³³ òÿãîîñíàùåíîñò³ íà 16%.

Çàäà÷ó ðîçâ’ÿçàíî â áåçðîçì³ðíèõ ïàðàìåòðàõ, òîáòî ¿¿ ðåçóëüòàòè ìîæóòü áóòè 
çàñòîñîâàí³ äëÿ ìîäèô³êàö³é ë³òàêà ð³çíîãî ïðèçíà÷åííÿ.

Òàê³é ï³äõ³ä äàº çìîãó ê³ëüê³ñíî îö³íèòè ïîòð³áíå çì³íåííÿ ñòàðòîâî¿ òÿãîîñíàùåíîñò³ 
ïðè çì³íåíí³ ñòàðòîâî¿ ìàñè, ùî ñïðè÷èíåíî íåîáõ³äíèìè ìîäèô³êàö³éíèìè çì³íàìè  â 
óìîâàõ íåìèíó÷îãî âðàõóâàííÿ ïåðåë³÷åíèõ (òà äåÿêèõ ³íøèõ) îáìåæåíü, ÿê³ âèíèêàþòü 
íà åòàï³ ïîïåðåäíüîãî ïðîåêòóâàííÿ ìîäèô³êàö³é ë³òàê³â òðàíñïîðòíî¿ êàòåãîð³¿. 

Êëþ÷îâ³ ñëîâà: ìîäèô³êàö³¿ ë³òàêà, çë³òíî-ïîñàäêîâ³ õàðàêòåðèñòèêè, äîâæèíà 
ðîçá³ãó, äîâæèíà ïðîá³ãó.

Kapitanova L. V., Riabkov V. I. Method for determining the initial thrust-to-weight of 
aircraft modifications under take-off run and landing run conditions

When designing modifications of the transport category aircraft, there is a problem of increasing 
their starting masses, which inevitably entails a deterioration in their take-off and landing 
characteristics.

A method is proposed for holding the take-off and landing characteristics of heavier 
modifications (VPKh)m at the level of their base aircraft (VPKh)m = (VPKh)b. The structure 
of the method is formed by the conceptual conditions of equality of take-off run lengths (=), 
landing run lengths (=), and equality of decision-making speeds (=), which ensures equality of 
distances of the interrupted take-off of the flight. On the basis of such provisions, models have 
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been developed for assessing the relationship between the starting thrust-to-weight ratio and 

the starting mass of a heavier modification ( ( )), taking into account the influence of the 
number of running engines, the friction coefficient of the tires on the runway and the aerodynamic 
coefficients. In addition, such models take into account the inevitable limitations that arise during 
the preliminary design phase.

On the basis of such equalities: take-off run lengths of a heavier version and the base aircraft; 
landing run lengths of a heavier version and the base aircraft; decision-making speeds in the 
conditions of interrupted take-off of a modification; a model is obtained to determine the starting 
thrust-to-weight ratio of the take-off mass of a heavier modification taking into account a number 
of limitations that inevitably arise during the preliminary design stage of aircraft modifications.

When using this method for quantitative assessment, it was established that with the growth 
of the take-off mass of a modification by 20% and preserving its base on the airfields declared 
for the base aircraft, an increase in its thrust-to-weight ratio by 16% is required.

The problem is solved in dimensionless parameters, i.e. its results can be applied to modifications 
of the aircraft for various purposes.

Such an approach allows one to quantify the required change in the starting thrust-to-weight 
ratio when the starting mass is changed, due to the necessary modification changes in the conditions 
of unavoidable accounting for the listed (and some other) constraints arising at the preliminary 
design stage of modifications of the transport category aircraft. 

Key words: airplane modifications, takeoff and landing performance, takeoff distance, landing 
distance.

References

1. Shejnin V. M., Rol’ modifikacij v razvitii 
aviacionnoj tehniki. [ The role of modifications in 
the aircraft development.] / V. M Shejnin, V. M. 
Makarov. M.: Nauka, 1982.  226 s.  

2. Krivov G. A. Mirovaja aviacija na rubezhe 
XX-XXI stoletij [. World aviation at the turn of the 
20th-21st centuries]/ G.A. Krivov, A. A. Matveenko, 
A. A. Shherban, K. : Tehn³ka, 2001.  48 s. 

3. Torenbik E. Proektirovanie dozvukovyh samo-
letov [Synthesis of subsonic airplane design]/ per. s 
angl. E. P. Golubkova.  M.: Mashinostroenie. 1983.  
648 s.  

4. Kapitanova L. V. Vlijanie osnovnyh parametrov 
na skorost’ prinjatija reshenija pri vzlete modifikacij 
samoleta. [Aircraft modification basic parameters 

effect on the decision-making speed during take-
off] / L. V. Kapitanova // V³snyk dvygunobuduvan-
nja. 2013. ¹ 2.  S. 50–56.  

5. Kapitanova L. V. Osnovnye uslovija sohranenija 
bazovyh vzletno-posadochnyh harakteristik pri raz-
rabotke modifikacij samoletov [Main conditions for 
maintaining the basic takeoff and landing charac-
teristics in the development of aircraft modifica-
tions] // Voprosy proektirovanija i proizvodstva kon-
strukcij letatel’nyh apparatov : sb. nauch. tr. / Nats. 
ajerokosm. un-t im. N. E. Zhukovskogo «KhAI». 
Har’kov, 2007. Vyp. 4 (51). S. 18–25. 

6. Regional’nyj passazhirskij samolet An-140: krat. 
tehn. opisanie [An-140 regional passenger aircraft: 
a brief technical description]. Kiev : Antonov, 1997. 
102 s. 


