
23© Áåðäíèêîâ À.À., Ñòðåëüöîâ Ð.Â., Äþíîâ Â.À., Çîëüíèêîâ È.Â., 2020

ÓÄÊ 629.113
DOI: 10.31992/2074-0530-2020-45-3-23-28

ÏÎÄÂÈÆÍÎÑÒÜ ÀÃÐÅÃÀÒÎÂ ÏÅÐÑÏÅÊÒÈÂÍÛÕ 
ÐÀÊÅÒÍÛÕ ÊÎÌÏËÅÊÑÎÂ ÍÀ ÁÀÇÅ ÀÂÒÎÏÎÅÇÄÎÂ 

Ñ ÀÊÒÈÂÍÛÌ ÏÐÈÖÅÏÍÛÌ ÇÂÅÍÎÌ
ê.ò.í. Áåðäíèêîâ À.À.1, ê.ï.í. Ñòðåëüöîâ Ð.Â.2, ê.ò.í. Äþíîâ Â.À.2, ê.ï.í. Çîëüíèêîâ È.Â.2

1Âîåííàÿ àêàäåìèÿ Ðàêåòíûõ âîéñê ñòðàòåãè÷åñêîãî íàçíà÷åíèÿ èì. Ïåòðà Âåëèêîãî, Áàëàøèõà, Ðîññèÿ
2Ïåðìñêèé âîåííûé èíñòèòóò âîéñê íàöèîíàëüíîé ãâàðäèè Ðîññèéñêîé Ôåäåðàöèè, Ïåðìü, Ðîññèÿ

zv_igor@mail.ru

Ê àãðåãàòàì ïåðñïåêòèâíûõ ðàêåòíûõ êîìïëåêñîâ (ÀÏÐÊ) îòíîñÿòñÿ àâòîíîìíûå ïóñêîâûå óñòà-
íîâêè ïîäâèæíîãî ãðóíòîâîãî ðàêåòíîãî êîìïëåêñà, òðàíñïîðòíî-óñòàíîâî÷íûå, çàïðàâî÷íûå, 
ðåãëàìåíòíûå è âñïîìîãàòåëüíûå òåõíè÷åñêèå ñðåäñòâà òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, êîòî-
ðûå äîëæíû îáëàäàòü îïåðàòèâíî-òàêòè÷åñêîé è ñòðàòåãè÷åñêîé ïîäâèæíîñòüþ. Ïîä îïåðàòèâíî-
òàêòè÷åñêîé ïîäâèæíîñòüþ ïîíèìàåòñÿ ñïîñîáíîñòü ÀÏÐÊ ê ïåðåõîäó èç îäíîãî ïóíêòà â äðóãîé 
çà îïðåäåëåííîå âðåìÿ. Ñòðàòåãè÷åñêàÿ ïîäâèæíîñòü õàðàêòåðèçóåòñÿ ïðèñïîñîáëÿåìîñòüþ ÀÏÐÊ 
ê ïîãðóçêå è ïåðåâîçêå èõ äðóãèìè âèäàìè òðàíñïîðòà: æåëåçíîäîðîæíûì, âîçäóøíûì, âîäíûì. Â 
êà÷åñòâå èçìåðèòåëÿ ïîäâèæíîñòè ïðèíèìàåòñÿ ñðåäíÿÿ ñêîðîñòü äâèæåíèÿ, êîòîðîé äîëæíû îáëà-
äàòü ÀÏÐÊ, ÷òîáû îáåñïå÷èòü ñâîåâðåìåííîñòü, ýôôåêòèâíîñòü è áåçîïàñíîñòü âûïîëíåíèÿ ïîñòàâ-
ëåííûõ çàäà÷, à òàêæå âîçìîæíîñòü âûõîäà èç-ïîä âëèÿíèÿ ïîðàæàþùèõ ôàêòîðîâ ÿäåðíîãî âçðûâà, 
â ïåðâóþ î÷åðåäü îò èçáûòî÷íîãî äàâëåíèÿ âî ôðîíòå óäàðíîé âçðûâíîé âîëíû. Ïîâûñèòü ïîäâèæ-
íîñòü ÀÏÐÊ ìîæíî ïóòåì ðàçìåùåíèÿ èõ íà áàçå àâòîïîåçäîâ, îäíàêî ñóùåñòâóþùèå êîíñòðóêöèè 
àãðåãàòîâ â ñîñòàâå àâòîïîåçäîâ èìåþò íåäîñòàòêè, ñíèæàþùèå ïðîõîäèìîñòü è, êàê ñëåäñòâèå, 
ñðåäíþþ ñêîðîñòü äâèæåíèÿ. Ê íèì îòíîñÿòñÿ íåâûñîêàÿ îïîðíàÿ è ãåîìåòðè÷åñêàÿ ïðîõîäèìîñòü. 
Íà ãåîìåòðè÷åñêóþ ïðîõîäèìîñòü îêàçûâàþò âëèÿíèå êîíñòðóêòèâíûå ôàêòîðû. Òàê, íàïðèìåð, äëÿ 
àâòîïîåçäà õàðàêòåðíî óâåëè÷åíèå ãàáàðèòíîé øèðèíû, òàê êàê ïðèöåïíîå çâåíî ïîä äåéñòâèåì 
áîêîâûõ ðåàêöèé îïîðíîé ïîâåðõíîñòè îòíîñèòåëüíî êîëåè äâèæåíèÿ òÿãà÷à ñìåùàåòñÿ â ñòîðîíó 
ìãíîâåííîãî öåíòðà ïîâîðîòà. Ýòî ñìåùåíèå âûçûâàåò óâåëè÷åíèå ñîïðîòèâëåíèÿ äâèæåíèþ íà 
äåôîðìèðóåìûõ ãðóíòàõ, à ñëåäîâàòåëüíî, óõóäøåíèå ïðîõîäèìîñòè è ñíèæåíèå ðÿäà äðóãèõ ýêñ-
ïëóàòàöèîííûõ ñâîéñòâ àâòîïîåçäà. Ïîâûñèòü ïîäâèæíîñòü ÀÏÐÊ ìîæíî ïóòåì ðàçìåùåíèÿ èõ íà 
áàçå àâòîïîåçäà ñ àêòèâíûì ïðèöåïíûì çâåíîì, óïðàâëåíèÿ ðàñïðåäåëåíèåì ïîòîêîâ ìîùíîñòè, 
ïîäâîäèìîé ê êîëåñàì ïîëíîïðèâîäíîãî àâòîïîåçäà â çàâèñèìîñòè îò âîçìîæíîñòè ðåàëèçàöèè 
ñâîáîäíîé òÿãè êàæäûì êîëåñîì, èçìåíåíèÿ ïîëîæåíèÿ ïîëþñà ïîâîðîòà àâòîïîåçäà â çàâèñèìîñòè 
îò óãëà ïîâîðîòà ðóëåâîãî êîëåñà è ñêîðîñòè âûïîëíÿåìîãî ìàíåâðà.
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Ââåäåíèå
Âûñîêîé ïîäâèæíîñòüþ äîëæíû îáëàäàòü 

âñå áåç èñêëþ÷åíèÿ íàçåìíûå òðàíñïîðòíûå 
ñðåäñòâà, â òîì ÷èñëå àãðåãàòû ïåðñïåêòèâ-
íûõ ðàêåòíûõ êîìïëåêñîâ (ÀÏÐÊ). Äëÿ àâòî-
íîìíûõ ïóñêîâûõ óñòàíîâîê (ÀÏÓ) ïîäâèæ-
íîãî ãðóíòîâîãî ðàêåòíîãî êîìïëåêñà (ÏÃÐÊ) 
ïîäâèæíîñòü îïðåäåëÿåò åå ìîáèëüíîñòü, 
ò.å. ñïîñîáíîñòü ïåðåìåùàòüñÿ, ñîçäàâàÿ íå-
îïðåäåëåííîñòü ñâîåãî ìåñòîíàõîæäåíèÿ. 
Òåì ñàìûì äîñòèãàåòñÿ íàèâûñøàÿ ñêðûòíîñòü 
ÀÏÓ è îáåñïå÷èâàåòñÿ âûñîêàÿ åå æèâó÷åñòü. 
Äëÿ àãðåãàòîâ òåõíîëîãè÷åñêîãî îáîðóäîâà-
íèÿ, òàêîãî êàê òðàíñïîðòíî-óñòàíîâî÷íîãî, çà-
ïðàâî÷íîãî, ðåãëàìåíòíîãî, âñïîìîãàòåëüíîãî, 

âûñîêàÿ ïîäâèæíîñòü íåîáõîäèìà äëÿ ñâîåâðå-
ìåííîãî âûïîëíåíèÿ ïîñòàâëåííûõ çàäà÷.

Îñíîâíàÿ ÷àñòü
Ïîíÿòèå ïîäâèæíîñòè ÿâëÿåòñÿ êîìïëåêñ-

íûì, ò.å. áîëåå øèðîêèì, ÷åì ïîíÿòèå ïîä-
âèæíîñòè ñ òî÷êè çðåíèÿ ýêñïëóàòàöèîííûõ 
ñâîéñòâ. 

Òàê, íàïðèìåð, ÀÏÐÊ, ê êîòîðûì îòíåñåì 
ÀÏÓ, òðàíñïîðòíî-óñòàíîâî÷íûå, çàïðàâî÷-
íûå, ðåãëàìåíòíûå è âñïîìîãàòåëüíûå òåõíè-
÷åñêèå ñðåäñòâà òåõíîëîãè÷åñêîãî îáîðóäîâà-
íèÿ äîëæíû îáëàäàòü îïåðàòèâíî-òàêòè÷åñêîé 
è ñòðàòåãè÷åñêîé ïîäâèæíîñòüþ. Â ýòîì 
ñëó÷àå ïîä îïåðàòèâíî-òàêòè÷åñêîé ïîäâèæíî-
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ñòüþ ïîíèìàåòñÿ ñïîñîáíîñòü ÀÏÐÊ ê ïåðåõî-
äó èç îäíîãî ïóíêòà â äðóãîé çà îïðåäåëåííîå 
âðåìÿ. Ñòðàòåãè÷åñêàÿ ïîäâèæíîñòü õàðàêòå-
ðèçóåòñÿ ïðèñïîñîáëÿåìîñòüþ ÀÏÐÊ ê ïîãðóç-
êå è ïåðåâîçêå åå äðóãèìè âèäàìè òðàíñïîðòà: 
æåëåçíîäîðîæíûì, âîçäóøíûì, âîäíûì. Â êà-
÷åñòâå èçìåðèòåëÿ ïîäâèæíîñòè ïðèíèìàåòñÿ 
ñðåäíÿÿ ñêîðîñòü äâèæåíèÿ ÀÏÐÊ [1]:
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 – ñðåäíÿÿ ñêîðîñòü 
äâèæåíèÿ; L – ïðîéäåííûé ïóòü ïðè âûïîë-
íåíèè çàäà÷è; t
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 – ÷èñòîå âðåìÿ äâèæåíèÿ; 

t
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 – âðåìÿ, íåîáõîäèìîå äëÿ îáåñïå÷åíèÿ äâè-
æåíèÿ (ïîäãîòîâêà ÀÏÐÊ ê äâèæåíèþ; âðåìÿ 
ïðîâåäåíèÿ òåõíè÷åñêîãî îáñëóæèâàíèÿ è 
óñòðàíåíèÿ îòêàçîâ; âðåìÿ âîññòàíîâëåíèÿ 
îò áîåâûõ ïîâðåæäåíèé; âðåìÿ íà èíæåíåðíóþ 
ïîäãîòîâêó äîðîã; âðåìÿ, íåîáõîäèìîå äëÿ îð-
ãàíèçàöèè ïðåîäîëåíèÿ çàðàæåííûõ ó÷àñòêîâ 
ìåñòíîñòè è ò.ï.); t

òî
 – âðåìÿ âûïîëíåíèÿ òåõ-

íîëîãè÷åñêèõ îïåðàöèé íà ïóíêòå íàçíà÷åíèÿ 
äëÿ ïðèâåäåíèÿ ÀÏÐÊ â ãîòîâíîñòü ê ïðèìåíå-
íèþ ïî ñâîåìó íàçíà÷åíèþ.

ÀÏÐÊ äîëæíû îáëàäàòü òàêîé ñðåäíåé ñêîðî-
ñòüþ äâèæåíèÿ, ÷òîáû îáåñïå÷èòü ñâîåâðåìåí-
íîñòü, ýôôåêòèâíîñòü è áåçîïàñíîñòü âûïîëíå-
íèÿ ïîñòàâëåííûõ çàäà÷, à òàêæå âîçìîæíîñòü 
âûõîäà èç-ïîä âëèÿíèÿ ïîðàæàþùèõ ôàêòîðîâ 
ÿäåðíîãî âçðûâà, â ïåðâóþ î÷åðåäü – îò èçáû-
òî÷íîãî äàâëåíèÿ âî ôðîíòå óäàðíîé âçðûâíîé 
âîëíû. Èçáûòî÷íîå äàâëåíèå âî ôðîíòå âîç-
äóøíîé óäàðíîé âîëíû çàâèñèò îò ðàññòîÿíèÿ 
äî ýïèöåíòðà âçðûâà è ðàññ÷èòûâàåòñÿ [2]:
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ãäå R – ðàññòîÿíèå îò ýïèöåíòðà âçðûâà; q – 
ìîùíîñòü â òðîòèëîâîì ýêâèâàëåíòå âçðûâàå-
ìîãî çàðÿäà.

Âðåìÿ äëÿ âûõîäà èç-ïîä óäàðà áóäåò çàâè-
ñåòü îò âðåìåíè ïîëåòà áîåãîëîâîê áàëëèñòè-
÷åñêèõ ðàêåò ïðîòèâíèêà äî öåëè. Ïî äàííûì 
[3] ýòî âðåìÿ – âðåìÿ îò íà÷àëà ðàññðåäîòî-
÷åíèÿ äî ìîìåíòà óäàðà ïðîòèâíèêà ïðè ïðè-
ìåíåíèè ìåæêîíòèíåíòàëüíûõ ðàêåò – ñî-
ñòàâëÿåò 17−20 ìèí, êîãäà äàëüíîñòü ïîëåòà 
ñîñòàâëÿåò 6000 êì, âðåìÿ – 6 ìèí.

Ðàñ÷åòû ïî ôîðìóëå (2) ïîêàçûâàþò, 
÷òî ÀÏÐÊ ñ çàùèùåííîñòüþ ∆ð

ô
 = 0,03 ÌÏà 

äîëæåí îòîéòè íà ðàññòîÿíèå áîëåå 3,5 êì 
îò ýïèöåíòðà âçðûâà (ïðè q = 0,355 Ìò è N

ÁÃ
 = 

1 – êîëè÷åñòâî áîåãîëîâîê), ÷òîáû ñîõðàíèòü 
ñâîè ôóíêöèîíàëüíûå âîçìîæíîñòè. Äëÿ ýòîãî 
ÀÏÐÊ äîëæåí ïåðåìåùàòüñÿ ñî ñðåäíåé ñêî-
ðîñòüþ 11−37 êì/÷ ñ ó÷åòîì âðåìåíè 6−20 ìèí. 
Äëÿ îáåñïå÷åíèÿ òðåáóåìîé æèâó÷åñòè ñ óâå-
ëè÷åíèåì êîëè÷åñòâà áîåãîëîâîê íåîáõîäèìî 
ïîâûøàòü ñðåäíþþ ñêîðîñòü äâèæåíèÿ. Çàâè-
ñèìîñòü æèâó÷åñòè îò êîëè÷åñòâà áîåãîëîâîê, 
èõ ìîùíîñòè è ñðåäíåé ñêîðîñòè äâèæåíèÿ 
ïðåäñòàâëÿåò ôîðìóëà [3]:
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– êîëè÷åñòâî áîåãîëîâîê; k
À
 – êîýôôè-

öèåíò, ó÷èòûâàþùèé ñòåïåíü çàùèùåííîñòè 
ÀÏÐÊ; k

ïs
 –êîýôôèöèåíò, ó÷èòûâàþùèé âîç-

ìîæíîñòü ïåðåêðûòèÿ çîí âçðûâîâ èëè âûõîäà 
èõ çà ïðåäåëû âîçìîæíîãî ìåñòîïîëîæåíèÿ 
ÀÏÐÊ âñëåäñòâèå íåòî÷íîãî ïîïàäàíèÿ áî-
åãîëîâêè; k

s
 – êîýôôèöèåíò, ó÷èòûâàþùèé 

âîçìîæíóþ ñòåïåíü èñïîëüçîâàíèÿ ïëîùàäè 
ðàéîíà ðàññðåäîòî÷åíèÿ; Ò

ð 
– âðåìÿ îò íà÷àëà 

ðàññðåäîòî÷åíèÿ äî ìîìåíòà óäàðà ïðîòèâíèêà.
Ýòà ñðåäíÿÿ ñêîðîñòü äîëæíà ñîñòàâëÿòü 

îò 40 äî 70 êì/÷ (ðèñ. 1). Äëÿ ÀÏÐÊ, ðàçìåùåí-
íûõ íà áàçå ñàìîõîäíûõ êîëåñíûõ øàññè ñ âû-
ñîêèì ðàñïîëîæåíèåì öåíòðà ìàññ, ëèáî íà àâ-
òîïîåçäàõ ñ íåïîëíûì ïðèâîäîì êîëåñ, íèçêîé 
ìàíåâðåííîñòüþ, óïðàâëÿåìîñòüþ, óñòîé÷èâî-
ñòüþ è îòíîñèòåëüíî íåâûñîêîé ìàêñèìàëüíîé 
ñêîðîñòüþ äâèæåíèÿ 40−45 êì/÷ òàêèå ñðåäíèå 
ñêîðîñòè äâèæåíèÿ íåäîñòèæèìû.

Åñëè îáåñïå÷èòü çàùèùåííîñòü ÀÏÐÊ 
äî ∆ð

ô
 = 0,2 ÌÏà, òî ïðè v

ñð
 = 60 êì/÷ â òå÷å-

íèå Ò
ð
 = 4 ìèí ÀÏÐÊ ìîæåò âûéòè èç-ïîä óäàðà 

ñ äîïóñòèìîé âåðîÿòíîñòüþ æèâó÷åñòè Ð
æ
 = 0,3 

(ñì. ðèñ. 1). Îäíàêî ïîâûøåíèå çàùèùåííîñòè 
ÀÏÐÊ ïîâûøàåò åãî ìàññó. Òàêæå íåîáõîäèìî 
îòìåòèòü, ÷òî äëÿ äîñòèæåíèÿ òðåáóåìîé ñðåä-
íåé ñêîðîñòè äâèæåíèÿ ÀÏÐÊ åãî ìàêñèìàëü-
íàÿ ñêîðîñòü äâèæåíèÿ ïî òåõíè÷åñêèì õàðàê-
òåðèñòèêàì äîëæíà áûòü íåñêîëüêî âûøå.

Ðåçóëüòàòû èññëåäîâàíèÿ
Àíàëèç àãðåãàòîâ, õàðàêòåðèñòèêè êîòî-

ðûõ èìåþòñÿ â îòêðûòîé ïå÷àòè, ïîêàçûâàåò, 
÷òî íà áàçå àâòîïîåçäîâ ðàçìåùàþòñÿ òàêèå 
àãðåãàòû, êàê íàïðèìåð, 15Ò284, 15Ò145Ì, 
15Ó79, 15Ò246, 15Ò414. Â êà÷åñòâå ÀÏÓ íà áàçå 
àâòîïîåçäà ìîæíî ïðèâåñòè àìåðèêàíñêèé 
îïûòíûé îáðàçåö1980-õ ãîäîâ ñòàðòîâîãî êîì-
ïëåêñà Midgetman ñ ýëåêòðîãèäðàâëè÷åñêîé 
òðàíñìèññèåé (ðèñ. 2).
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Ïðèâåäåííûå âûøå àãðåãàòû èìåþò ðàç-
ëè÷íîå êîíñòðóêòèâíîå èñïîëíåíèå òðàíñìèñ-
ñèè, íàïðèìåð, òðàíñïîðòíî-ïåðåãðóçî÷íûé 
àãðåãàò 15Ò284 íà êàæäîé êîëåñíîé ïàðå ïîä-
êàòíîé òåëåæêè èìååò òÿãîâûé ýëåêòðîìîòîð 
è âñå åå 16 êîëåñ ÿâëÿþòñÿ âåäóùèìè, îäíàêî 
ïðèöåï ÿâëÿåòñÿ ïàññèâíûì; òðàíñïîðòíî-ïå-
ðåãðóçî÷íûé àãðåãàò 15Ò145Ì – èç äåâÿòè îñåé 
èìååò âîñåìü îñåé âåäóùèõ è óïðàâëÿåìûå 
êîëåñà ïðèöåïíîãî çâåíà. Ñòàðòîâûé êîìïëåêñ 
Midgetman èìååò ñåìü âåäóùèõ îñåé è äâå ïå-
ðåäíèå îñè òÿãà÷à óïðàâëÿåìûå.

Îäíàêî ñóùåñòâóþùèå êîíñòðóêöèè àãðåãà-
òîâ èìåþò â îñíîâíîì èäåíòè÷íûå íåäîñòàòêè, 
ñíèæàþùèå ïðîõîäèìîñòü àãðåãàòà è, êàê ñëåä-
ñòâèå, ñðåäíþþ ñêîðîñòü äâèæåíèÿ:

– íåâûñîêàÿ îïîðíàÿ ïðîõîäèìîñòü â âèäó íå-
äîñòàòî÷íîé ñèëû òÿãè ïî ñöåïëåíèþ ïðè äâè-
æåíèè ïî äîðîãàì è ìåñòíîñòè (âíå äîðîã);

– íåâûñîêàÿ ãåîìåòðè÷åñêàÿ ïðîõîäè-
ìîñòü, íàáëþäàþùàÿñÿ â íåâîçìîæíîñòè ïðå-
îäîëåâàòü ïðåãðàäû â ïðîôèëå èëè ïëàíå, ò.å. 
êðóòûõ ïåðåâàëîâ, ïîâîðîòîâ ìåæäó çäàíèÿìè 
èëè äåðåâüÿìè è ò.ï.

Íà îïîðíóþ ïðîõîäèìîñòü îïðåäåëÿþ-
ùåå âëèÿíèå îêàçûâàåò êîýôôèöèåíò ñöåïíîé 
ìàññû k

ñö
 [4]:
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ãäå m
ñö

, m
À
 – ñîîòâåòñòâåííî ñöåïíàÿ ìàññà 

è ïîëíàÿ ìàññà ÀÏÐÊ; m – ÷èñëî âåäóùèõ 
îñåé; R

zij
 – íîðìàëüíàÿ ðåàêöèÿ, äåéñòâóþùàÿ 

íà i-å êîëåñà j-é âåäóùåé îñè ÀÏÐÊ.
×åì âûøå êîýôôèöèåíò ñöåïíîé ìàññû k

ñö
, 

òåì âûøå ïðîõîäèìîñòü ÀÏÐÊ. Îñíîâíûì 
êîíñòðóêòèâíûì ôàêòîðîì, âëèÿþùèì íà êî-
ýôôèöèåíò ñöåïíîé ìàññû, ÿâëÿåòñÿ êîëåñ-
íàÿ ôîðìóëà ÀÏÐÊ. Èç ôîðìóëû (4) âèäíî, 
÷òî ÷åì áîëüøå âåäóùèõ êîëåñ, òåì âûøå êî-
ýôôèöèåíò. Òàêèì îáðàçîì, äëÿ ïîâûøåíèÿ 
îïîðíîé ïðîõîäèìîñòè íåîáõîäèìî èìåòü 
ïîëíûé ïðèâîä êîëåñ ÀÏÐÊ, ïðè ýòîì êîýôôè-
öèåíò ñöåïíîé ìàññû k

ñö
 = 1.

Îäíàêî ñ ïðèìåíåíèåì ïîëíîãî ïðèâîäà 
êîëåñ âîçíèêàþò ïðîáëåìû, ñâÿçàííûå ñ ýô-
ôåêòèâíûì ðàñïðåäåëåíèåì ìîùíîñòè ïî âåäó-

a b

Ðèñ. 1. Çàâèñèìîñòü æèâó÷åñòè ðàêåòíîãî êîìïëåêñà: 
a – îò âðåìåíè è ñêîðîñòè ðàññðåäîòî÷åíèÿ; b – îò çàùèùåííîñòè ÀÏÓ

     

 a b

Ðèñ. 2. Ñòàðòîâûé êîìïëåêñ Midgetman äëÿ ðàêåòû XMGM-134À (ÑØÀ): 
à – îáùèé âèä; b – ñ îïóùåííûì ïîëóïðèöåïîì
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ùèì êîëåñàì, ò.å. âîçìîæíîñòüþ ðåàëèçîâàòü 
ñâîáîäíóþ òÿãó êàæäûì êîëåñîì. Îñîáåííî 
ýòî âàæíî ïðè ðàñïðåäåëåíèè êðóòÿùåãî ìî-
ìåíòà íà âåäóùèå êîëåñà ïðèöåïíîãî çâåíà 
àâòîïîåçäà. Ïîýòîìó àêòóàëüíîé ÿâëÿåòñÿ íà-
ó÷íàÿ ïðîáëåìà, ñâÿçàííàÿ ñ ýôôåêòèâíûì 
ðàñïðåäåëåíèåì ïîòîêîâ ìîùíîñòè, ïîäâî-
äèìîé ê êîëåñàì ïîëíîïðèâîäíîãî àâòîïîåç-
äà â çàâèñèìîñòè îò âîçìîæíîñòè ðåàëèçàöèè 
ñâîáîäíîé òÿãè êàæäûì êîëåñîì.

Íà ãåîìåòðè÷åñêóþ ïðîõîäèìîñòü ÀÏÐÊ 
â ñîñòàâå àâòîïîåçäà îêàçûâàþò âëèÿíèå êîí-
ñòðóêòèâíûå ôàêòîðû. Òàê, íàïðèìåð, äëÿ àâ-
òîïîåçäà õàðàêòåðíî óâåëè÷åíèå ãàáàðèòíîé 
øèðèíû, ò.ê. ïðèöåïíîå çâåíî ïîä äåéñòâè-
åì áîêîâûõ ðåàêöèé îïîðíîé ïîâåðõíîñòè 
îòíîñèòåëüíî êîëåè äâèæåíèÿ òÿãà÷à ñìå-
ùàåòñÿ â ñòîðîíó ìãíîâåííîãî öåíòðà ïîâî-
ðîòà Î (ðèñ. 3, à). Ýòî ñìåùåíèå âûçûâàåò 
óâåëè÷åíèå ñîïðîòèâëåíèÿ äâèæåíèþ íà äå-
ôîðìèðóåìûõ ãðóíòàõ, à ñëåäîâàòåëüíî, óõóä-
øåíèå ïðîõîäèìîñòè è òîïëèâíîé ýêîíîìè÷-
íîñòè; óâåëè÷åíèå èçíîñà øèí è íàãðóçîê 
íà äåòàëè ïîäâåñêè è ðàìû, à çíà÷èò, óìåíüøå-
íèå íàäåæíîñòè è äîëãîâå÷íîñòè êîíñòðóêöèé 
ïðèöåïíîãî çâåíà. Èñêëþ÷åíèÿ ðàññìîòðåííî-
ãî ñìåùåíèÿ è óìåíüøåíèÿ ãàáàðèòíîé ïîëîñû 
ìîæíî äîñòè÷ü ïóòåì ïðèìåíåíèÿ âñåêîëåñíî-
ãî óïðàâëåíèÿ àâòîïîåçäà.

Âñåêîëåñíîå óïðàâëåíèå ïîçâîëÿåò óìåíü-
øèòü ðàäèóñ ïîâîðîòà è ãàáàðèòíûé êîðèäîð 
àâòîïîåçäà (ðèñ. 3, á), ñíèçèòü çàòðàòû ìîù-
íîñòè äâèãàòåëÿ íà ïîâîðîòû ñ ìàëûìè ðàäè-
óñàìè çà ñ÷åò òîãî, ÷òî âñå êîëåñà àâòîïîåçäà 
ïîâåðíóòû ñîãëàñíî íåîáõîäèìîé êèíåìàòè-
êå, ïðè ýòîì áîêîâîé óâîä øèí îòñóòñòâóåò, 
êàê è ïðîñêàëüçûâàíèå â ìåñòå êîíòàêòà ïðî-
òåêòîðà ñ äîðîãîé [5]. Îäíàêî èññëåäîâàíèÿ 
ïîêàçûâàþò, ÷òî ïðè òàêîì ïîâîðîòå íàáëþäà-
åòñÿ íèçêàÿ óñòîé÷èâîñòü äâèæåíèÿ, îñîáåííî 
ïðè ïåðåõîäíûõ ïðîöåññàõ. Àêòóàëüíîé ñòà-
íîâèòñÿ íàó÷íàÿ ïðîáëåìà, ñâÿçàííàÿ ñ ðàç-
ðàáîòêîé çàêîíà óïðàâëåíèÿ ñ èçìåíÿþùèìñÿ 
ïîëþñîì ïîâîðîòà â çàâèñèìîñòè îò óãëà ïîâî-
ðîòà ðóëåâîãî êîëåñà, ïîçâîëÿþùåãî ïîâûñèòü 
óïðàâëÿåìîñòü è óñòîé÷èâîñòü ïðè ïîâûøåíèè 
ñêîðîñòè âûïîëíÿåìîãî ìàíåâðà ÀÏÐÊ íà áàçå 
àâòîïîåçäà ñ àêòèâíûì ïðèöåïíûì çâåíîì 
[6]. Íàïðèìåð, äëÿ òÿãà÷à ñ êîëåñíîé ôîðìó-
ëîé 8×8 âåëè÷èíà ñìåùåíèÿ ïîëþñà ïîâîðîòà 
áóäåò ðàññ÷èòûâàòüñÿ ïî ïðåäñòàâëåííîé ôîð-
ìóëå [7]:

 max2

n
LX

  
     

ð çàï
ð

çàï

, (5)

ãäå Õ
ð
 – âåëè÷èíà ñìåùåíèÿ ïîëþñà ïîâîðîòà 

ïî áàçå òÿãà÷à; L – áàçà òÿãà÷à; Θ
ð
 –óãîë ïîâî-

ðîòà ðóëåâîãî êîëåñà; Θ
çàï

 – óãîë çàïàçäûâàíèÿ 

 à b c

Ðèñ. 3. Ïîâîðîò àâòîïîåçäà: 
à – ñ äâóìÿ ïåðåäíèìè óïðàâëÿåìûìè îñÿìè; b – ñ âñåêîëåñíûì óïðàâëåíèåì; 

c – ñ èçìåíÿþùèìñÿ ïîëþñîì ïîâîðîòà; b
ê
 – ãàáàðèòíàÿ øèðèíà; Î – ìãíîâåííûé öåíòð ïîâîðîòà 

(Î
0
 – îòíîñèòåëüíî çàäíåé îñè, Î

L/2
 – îòíîñèòåëüíî öåíòðà áàçû òÿãà÷à); Ñ – öåíòð áàçû òÿãà÷à; 

Õ
ð
 – âåëè÷èíà ñìåùåíèÿ ïîëþñà ïîâîðîòà; 1−8 – íîìåð îñè (êîëåñà)
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ïîâîðîòà êîëåñ çàäíèõ îñåé; Θ
max

 – ìàêñèìàëü-
íûé óãîë ïîâîðîòà çàäàþùåãî êîëåñà; n – ïîêà-
çàòåëü, îïðåäåëÿþùèé âèä êðèâîé èçìåíåíèÿ 
ïîëîæåíèÿ ïîëþñà ðóëåâîãî óïðàâëåíèÿ

Äàííûé çàêîí óïðàâëåíèÿ ó÷èòûâàåò óãîë 
çàïàçäûâàíèÿ ïîâîðîòà êîëåñ çàäíåé è ñðåäíåé 
óïðàâëÿåìûõ îñåé íà âûñîêèõ ñêîðîñòÿõ äâè-
æåíèÿ ñ öåëüþ èñêëþ÷åíèÿ èõ çàíîñà ïðè ñî-
âåðøåíèè ìàíåâðà.

Âûâîäû
Òàêèì îáðàçîì, ïîâûñèòü ïîäâèæíîñòü 

ÀÏÐÊ, ìîæíî ïóòåì:
– ðàçìåùåíèÿ ÀÏÐÊ íà áàçå àâòîïîåçäà 

ñ àêòèâíûì ïðèöåïíûì çâåíîì;
– óïðàâëåíèÿ ðàñïðåäåëåíèåì ïîòîêîâ ìîù-

íîñòè, ïîäâîäèìîé ê êîëåñàì ïîëíîïðèâîäíîãî 
àâòîïîåçäà â çàâèñèìîñòè îò âîçìîæíîñòè ðåà-
ëèçàöèè ñâîáîäíîé òÿãè êàæäûì êîëåñîì;

– èçìåíåíèÿ ïîëîæåíèÿ ïîëþñà ïîâîðîòà àâ-
òîïîåçäà â çàâèñèìîñòè îò óãëà ïîâîðîòà ðóëå-
âîãî êîëåñà è ñêîðîñòè âûïîëíÿåìîãî ìàíåâðà.
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The aggregates of advanced missile systems (AAMS) include autonomous launchers of a mobile ground 
missile complex, transport-and-installation, refueling, maintenance and auxiliary technical means of 
technological equipment, which must have operational, tactical and strategic mobility. Operationaland 
tactical mobility is understood as the ability of the AAMS to move from one point to another in a certain 
time. Strategic mobility is characterized by the adaptability of the AAMS to its loading and transporting by 
other types of transport, including rail, air, water. The average speed of movement is taken as a measure 
of mobility, which should be developed by AAMS in order to ensure the timeliness, efficiency and safety 
of performing the assigned tasks, as well as the possibility of getting out of the influence of the damaging 
factors of a nuclear explosion, primarily from excess pressure in the front of the shock blast wave. It is 
possible to increase the mobility of the AAMS by locating it on the basis of road trains, however, the exist-
ing designs of aggregates of road trains have disadvantages that reduce the flotation and, as a result, the 
average speed of movement, these include low support and geometric flotation. The geometric flotation 
is influenced by design factors. For example, an increase in overall width is typical for a road train, as the 
trailing link under the influence of lateral reactions of the supporting surface relative to the tractor track is 
shifted towards the instantaneous turning center. This displacement causes an increase in resistance to 
movement on deformable soils, and, consequently, a deterioration in flotation and a decrease in a num-
ber of other operational properties of the road train. It is possible to increase the mobility of the AAMS by 
placing them on the basis of a road train with an active trailed link, controlling the distribution of power 
flows supplied to the wheels of an all-wheel drive road train depending on the possibility of realizing free 
traction by each wheel, changing the position of the road train center of inflexions depending on the 
steering wheel angle and maneuver. 
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