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ÒÎÐÌÎÇÍÀß ÑÈËÀ ÃÓÑÅÍÈ×ÍÎÉ ÌÀØÈÍÛ

BRAKE FORCE OF TRACKED VEHICLES

Â.È. ÊÎÏÎÒÈËÎÂ, ê.ò.í.
Òþìåíñêîå âûñøåå âîåííî-èíæåíåðíîå êîìàíäíîå 
ó÷èëèùå, ã. Òþìåíü, Ðîññèÿ, vikopotilov@mail.ru

Ïðèíÿòî ñ÷èòàòü, ÷òî çàìåäëåíèå è îñòàíîâêó ìàøèíû âûçûâàþò ñèëû ñöåïëåíèÿ åå ãóñåíèö ñ ãðóíòîâîé ïî-
âåðõíîñòüþ. Îäíàêî ñèëîâîé àíàëèç ïîêàçûâàåò, ÷òî, õîòÿ ýòè ñèëû ïðè òîðìîæåíèè è èãðàþò âàæíóþ ðîëü, 
íåïîñðåäñòâåííî ïðè÷èíîé çàìåäëåíèÿ ìàøèíû ÿâëÿþòñÿ ïðîäîëüíûå ñîñòàâëÿþùèå âíóòðåííèõ ñèë, ïðèêëà-
äûâàåìûõ ê âàëàì çàòîðìàæèâàåìûõ âåäóùèõ êîëåñ ìàøèíû è ïåðåäíèõ îïîðíûõ êàòêîâ ãóñåíè÷íîãî äâèæè-
òåëÿ. Ñóììà ýòèõ ïðîäîëüíûõ óñèëèé, íàïðàâëåííûõ ïðîòèâ õîäà äâèæåíèÿ ãóñåíè÷íîé ìàøèíû, è ñîñòàâëÿåò 
òîðìîçíóþ ñèëó ãóñåíè÷íîé ìàøèíû. Ïðè ýòîì âåëè÷èíà ýòîé ñóììàðíîé òîðìîçíîé ñèëû â êîíå÷íîì ñ÷åòå 
îïðåäåëÿåòñÿ îòíîøåíèåì òîðìîçíîãî ìîìåíòà, ðàçâèâàåìîãî ñèëàìè òðåíèÿ, ê ðàäèóñó âåäóùèõ êîëåñ, ñ êî-
òîðûìè ñîïðÿæåíû òîðìîçíûå óñòðîéñòâà.
Ïîñêîëüêó ïðè òîðìîæåíèè ãóñåíè÷íîé ìàøèíû ïðîäîëüíàÿ ðåàêöèÿ óðàâíîâåøåíà, òî îíà íå ìîæåò áûòü 
íåïîñðåäñòâåííîé ïðè÷èíîé çàìåäëåíèÿ ìàøèíû, ò.å. åå òîðìîçíîé ñèëîé. Ê òîìó æå, ïðîäîëüíàÿ ðåàêöèÿ, 
ïðèëîæåííàÿ ê íèæíåé íåïîäâèæíîé ÷àñòè ãóñåíèöû, íå ñîâåðøàåò ìåõàíè÷åñêóþ ðàáîòó è íå ìîæåò ïîãëî-
ùàòü êèíåòè÷åñêóþ ýíåðãèþ äâèæóùåéñÿ ìàøèíû. Òàêóþ ðàáîòó ñîâåðøàåò âíóòðåííÿÿ òîðìîçíàÿ ñèëà Ð

òîð
, 

ðàçâèâàþùàÿ ïðè òîðìîæåíèè îòðèöàòåëüíóþ (òîðìîçíóþ) ìîùíîñòü. Âûÿñíÿåòñÿ, ÷òî ïðè òîðìîæåíèè ïðî-
äîëüíàÿ ðåàêöèÿ íóæíà âîâñå íå äëÿ òîãî, ÷òîáû âûçûâàòü çàìåäëåíèå, à äëÿ òîãî ÷òîáû îíà, áóäó÷è âíåøíåé 
ñèëîé, óðàâíîâåøèâàëà ÷àñòü âíóòðåííèõ ñèë ãóñåíè÷íîé ìàøèíû. Â ðåçóëüòàòå åå äåéñòâèÿ íåóðàâíîâåøåí-
íàÿ ÷àñòü âíóòðåííèõ ñèë îáðàçóåò âíóòðåííþþ òîðìîçíóþ ñèëó, êîòîðàÿ íåïîñðåäñòâåííî âûçûâàåò çàìåä-
ëåíèå è îñòàíîâêó ìàøèíû. Ïðè ýòîì ïðîäîëüíàÿ ðåàêöèÿ îïîðíîé ïîâåðõíîñòè, áåç êîòîðîé íåâîçìîæíî 
îáðàçîâàíèå âíóòðåííåé òîðìîçíîé ñèëû, îãðàíè÷èâàåò êàê íèæíåå, òàê è âåðõíåå çíà÷åíèå ïîñëåäíåé, à ñàìè 
ýòè ñèëû ÷èñëåííî ðàâíû. 
Òîò ôàêò, ÷òî òîðìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû, êàê è åå ñèëà òÿãè, ÿâëÿåòñÿ âíóòðåííåé ñèëîé, ñîâñåì íå 
ïðîòèâîðå÷èò òåîðåìàì î äâèæåíèè öåíòðà ìàññ èëè èçìåíåíèè êîëè÷åñòâà äâèæåíèÿ ìåõàíè÷åñêîé ñèñòåìû, 
êîòîðûå ñïðàâåäëèâû òîëüêî äëÿ èçîëèðîâàííûõ ìåõàíè÷åñêèõ ñèñòåì, íå èìåþùèõ èñòî÷íèêà àêòèâíûõ âíó-
òðåííèõ ñèë.
Êëþ÷åâûå ñëîâà: ãóñåíè÷íàÿ ìàøèíà, âåäóùåå êîëåñî, îïîðíûé êàòîê, ãóñåíèöà, òîðìîçíîé ìîìåíò, òîðìîç-
íàÿ ñèëà, ïðîäîëüíàÿ ðåàêöèÿ, îïîðíàÿ ïîâåðõíîñòü.

It is commonly supposed that the slowing down and stopping of vehicle is caused by adhesion of its tracks to the 
dirt surface. However, force analysis shows that, although these forces play an important role during braking, the 
longitudinal components of the internal forces applied to the shafts of the vehicle’s braked drive wheels and the front 
support rollers of the tracked propulsion are directly responsible for its deceleration. The sum of these longitudinal 
forces directed against the motion of the tracked vehicle con-stitutes the braking force of the tracked vehicle. The 
value of this total braking force is ultimately deter-mined by the ratio of the braking torque developed by the friction 
forces to the radius of the drive wheels with which the braking devices are coupled.
Since when braking a tracked vehicle, the longitudinal reaction is balanced, it cannot be the direct cause of the de-
celeration of the vehicle, i.e. its braking force. In addition, the longitudinal reaction applied to the lower fixed part of 
the track does not perform mechanical work and cannot absorb the kinetic energy of a moving vehicle. This work is 
performed by the internal braking force Ðòîð, which develops negative (braking) power during braking. It turns out 
that during braking, the longitudinal reaction is needed not at all to cause a slowdown, but as an external force, to 
balance some of the internal forces of the tracked vehicle. As a result of its action, the unbalanced part of the internal 
forces forms the internal braking force, which directly causes the machine to slow down and stop. In this case, the 
longitudinal reaction of the supporting surface, without which the formation of an internal braking force is not possi-
ble, limits both the lower and upper values of the latter, and these forces themselves are numerically equal. The fact 
that the braking force of a tracked vehicle, like its traction force, is an internal force, does not contradict theorems on 
the movement of the center of mass or the change in the amount of motion of a mechanical system, which are valid 
only for isolated mechanical systems that do not have a source of active internal forces.
Keywords: tracked vehicle, drive wheel, track roller, track, braking torque, braking force, longitudinal reaction, 
bearing surface.

V.I. KOPOTILOV, PhD in Engineering
Tyumen High Military Engineering Command School, Tyumen, 
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Ââåäåíèå
Çàìåäëåíèå è îñòàíîâêó ãóñåíè÷íîé ìà-

øèíû îáåñïå÷èâàåò åå òîðìîçíàÿ ñèñòåìà, êî-
òîðàÿ ñîçäàåò èñêóññòâåííîå ñîïðîòèâëåíèå 
äâèæåíèþ, ò.å. òîðìîçíóþ ñèëó. 

Íåñìîòðÿ íà âàæíóþ ðîëü òîðìîçíîé ñèëû, 
ïðåäñòàâëåíèÿ î íåé â ëèòåðàòóðå ïî ãóñåíè÷-
íûì ìàøèíàì êðàéíå ñêóäíû è, ê ñîæàëåíèþ, 
íå ñîâñåì âåðíû. Ïðàêòè÷åñêè ñ÷èòàåòñÿ, ÷òî 
çàìåäëåíèå è îñòàíîâêó ìàøèíû âûçûâàåò 
ñèëà ñöåïëåíèÿ åå ãóñåíèö ñ ãðóíòîâîé ïîâåðõ-
íîñòüþ [1, 2]. Òàêîé âçãëÿä íà òîðìîçíóþ ñèëó, 
íà ïåðâûé âçãëÿä, êàæåòñÿ âïîëíå î÷åâèäíûì, 
õîòÿ è íå ïîäêðåïëÿåòñÿ ñîîòâåòñòâóþùèì òå-
îðåòè÷åñêèì îáîñíîâàíèåì. 

Öåëü èññëåäîâàíèÿ 
Àíàëèòè÷åñêîå îáîñíîâàíèå ïîíÿòèÿ òîð-

ìîçíîé ñèëû ãóñåíè÷íîé ìàøèíû.

 Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ñèëîâîé àíàëèç ïðîöåññà òîðìîæåíèÿ ãóñå-

íè÷íîé ìàøèíû ïîêàçûâàåò, ÷òî íåïîñðåäñòâåí-
íî ïðè÷èíîé åå çàìåäëåíèÿ è îñòàíîâêè ÿâëÿ-
åòñÿ âîâñå íå ïðîäîëüíàÿ ðåàêöèÿ ãðóíòà, õîòÿ 
îíà è èãðàåò ïðè òîðìîæåíèè âàæíóþ ðîëü.

×òîáû ðàçîáðàòüñÿ â òîì, êàêàÿ èìåííî 
ñèëà â äåéñòâèòåëüíîñòè òîðìîçèò ãóñåíè÷íóþ 
ìàøèíó, ðàññìîòðèì ïðîöåññ åå òîðìîæåíèÿ.

Ó ãóñåíè÷íîé ìàøèíû äëÿ òîðìîæåíèÿ è 
îñòàíîâêè ïðåäóñìàòðèâàåòñÿ, êàê ïðàâèëî, äâà 
îñòàíîâî÷íûõ òîðìîçà, ñîïðÿæåííûõ ñ âåäóùè-
ìè êîëåñàìè. Ñõåìà ðàñïîëîæåíèÿ òîðìîçîâ 
â ñëó÷àå ïðèâîäà âåäóùèõ êîëåñ ïîñðåäñòâîì 
áîðòîâûõ ôðèêöèîíîâ ïðèâåäåíà íà ðèñ. 1. 

Ðèñ. 1. Ñõåìà ïðèâîäà âåäóùèõ êîëåñ: 
1 – ãëàâíàÿ ïåðåäà÷à; 2 - âàë ïðèâîäà; 
3 – ôðèêöèîííàÿ ìóôòà; 4 – òîðìîç; 

5 – âåäóùåå êîëåñî ìàøèíû

Îñíîâó êàæäîãî èç íèõ ñîñòàâëÿåò îáû÷íî 
òîðìîçíîé øêèâ, öèëèíäðè÷åñêóþ ïîâåðõ-
íîñòü êîòîðîãî îõâàòûâàåò ñòàëüíàÿ ñîãíóòàÿ 
ïî äóãå îêðóæíîñòè ëåíòà, ê âíóòðåííåé ïî-
âåðõíîñòè êîòîðîé ïðèêðåïëåíû ôðèêöèîí-

íûå íàêëàäêè. Ëåíòî÷íûå òîðìîçà ãóñåíè÷íîé 
ìàøèíû ñàìîçàòÿãèâàþùèåñÿ, ïëàâàþùåãî 
òèïà. Ïðè òîðìîæåíèè ëåíòà ïðèæèìàåòñÿ ê 
ïîâåðõíîñòè òîðìîçíîãî øêèâà, è íà åãî ïî-
âåðõíîñòè îáðàçóþòñÿ ñèëû òðåíèÿ, êîòîðûå 
ñîçäàþò òîðìîçíîé ìîìåíò (Ì

ò
). Ýòîò ìîìåíò 

âîñïðèíèìàåò âåäóùåå êîëåñî ìàøèíû, âçàè-
ìîäåéñòâóþùåå ñ ãóñåíèöåé, â ðåçóëüòàòå ÷åãî 
íà ïîñëåäíþþ ïåðåäàåòñÿ ñîîòâåòñòâóþùåå 
ïðîäîëüíîå óñèëèå.

Ðàññìîòðèì ìåõàíèçì îáðàçîâàíèÿ ñèëû, 
íåïîñðåäñòâåííî âûçûâàþùåé çàìåäëåíèå ãó-
ñåíè÷íîé ìàøèíû, ò.å. òîðìîçíîé ñèëû. 

Ïðèìåì, ÷òî ãóñåíè÷íàÿ ìàøèíà èìååò 
çàäíåå ðàñïîëîæåíèå âåäóùèõ êîëåñ è òîðìîç-
íûõ ìåõàíèçìîâ. 

Ïðè òîðìîæåíèè ñèëû òðåíèÿ îáðàçóþò 
ñèëîâóþ ïàðó, êîòîðàÿ õàðàêòåðèçóåòñÿ ìî-
ìåíòîì òðåíèÿ Ì

ò
, ò.å. òîðìîçíûì ìîìåíòîì, 

êîòîðûé ïåðåäàåòñÿ âåäóùåìó êîëåñó ìàøèíû. 
Ïðåäñòàâèì ýòó ïàðó â âèäå äâóõ ñîñðåäîòî-
÷åííûõ ñèë OF


 è AF


 (ðèñ. 2). 

Ðèñ. 2. Ñõåìà ñèë, ïðèêëàäûâàåìûõ 
ê êîëåñó ãóñåíè÷íîãî äâèæèòåëÿ

Òàê êàê ïëå÷î ýòîé ïàðû ðàâíî ðàäèóñó r 
êîëåñà, òî ÷èñëåííîå çíà÷åíèå êàæäîé ñèëû:

 
O A

MF F
r

  ò .  (1)

Îäíà èç ñèë ïàðû ( OF


) ïðèêëàäûâàåòñÿ ê 
îñè Î êîëåñà, à äðóãàÿ ( AF


) ê òî÷êå À, íàõî-

äÿùåéñÿ íà ðàññòîÿíèè r îò îñè åãî âðàùåíèÿ 
(ðèñ. 2). Ïîñëåäíÿÿ ñèëà ïåðåäàåòñÿ ãóñåíèöå 
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â âèäå ñèëû AÒ


, êîòîðàÿ ïðèæèìàåò åå äóãî-
îáðàçíûé ó÷àñòîê ÀÂ ê êîëåñó è íàòÿãèâàåò 
âåðõíþþ ÷àñòü ãóñåíèöû. Â îòâåò íà äåéñòâèå 
ñèëû AÒ


 ãóñåíèöà ñîçäàåò àíàëîãè÷íóþ ïî âå-

ëè÷èíå ðåàêöèþ AP


 (Ð
À
 = Ò

À
), êîòîðàÿ ïðèêëà-

äûâàåòñÿ ê êîëåñó. Â ðåçóëüòàòå îêðóæíàÿ ñèëà 

AF


 êîëåñà îêàçûâàåòñÿ óðàâíîâåøåííîé ðåàê-
öèåé AP


 ãóñåíèöû ( AF


+ AP


= 0).
Âòîðóþ ñèëó ïàðû, ò.å. ñèëó OF


, ïðèëîæåí-

íóþ ê îñè êîëåñà, ðàçëîæèì íà äâå ñîñòàâëÿþ-
ùèå xF


 è zF


.

Âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ zF


 ÷èñëåí-
íî ðàâíà sin ,z OF F    ñòðåìèòñÿ ñìåñòèòü 
êîëåñî ââåðõ, íî åå äåéñòâèå óðàâíîâåøèâàåòñÿ 
ñóììàðíîé ñèëîé ( G


ê ) òÿæåñòè ñàìîãî êîëåñà 

è ÷àñòüþ ñèëû òÿæåñòè êîðïóñà ñàìîé ìàøèíû 
( G

ê  + zF


 
= 0). 

Ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ xF


, ÷èñëåí-
íî ðàâíàÿ 

 cosx OF F     (2)

òîðìîçèò äâèæåíèå âàëà êîëåñà â ïðîäîëü-
íîì íàïðàâëåíèè è âîñïðèíèìàåòñÿ êîðïó-
ñîì ãóñåíè÷íîé ìàøèíû â âèäå ñèëû xF 


. Òàê 

êàê âåêòîð ýòîé ïðîäîëüíîé ñèëû íàïðàâëåí 
ïðîòèâ õîäà ãóñåíè÷íîé ìàøèíû, òî ñèëà xF 


 

âûçûâàåò åå çàìåäëåíèå. 
Îäíàêî ïðîäîëüíàÿ ñèëà xF 


 – ýòî íå åäèí-

ñòâåííàÿ ñèëà, çàìåäëÿþùàÿ õîä ìàøèíû. 
Äðóãîé ñèëîé, òîðìîçÿùåé ãóñåíè÷íóþ 
ìàøèíó, ÿâëÿåòñÿ ïðîäîëüíîå óñèëèå, âîñïðè-
íèìàåìîå ïåðåäíèì îïîðíûì êàòêîì äâèæèòå-
ëÿ. Ðàññìîòðèì, êàê îíî ïðè ýòîì îáðàçóåòñÿ.

Îïîðíàÿ ÷àñòü ãóñåíèöû, âçàèìîäåéñòâó-
þùàÿ ñ ãðóíòîâîé ïîâåðõíîñòüþ âñëåäñòâèå 
ñèëû íàòÿæåíèÿ AÒ


, ñîçäàâàåìîãî òîðìîçÿùèì 

êîëåñîì, ñòðåìèòñÿ âûòÿíóòü ãóñåíèöó èç-ïîä 
îïîðíûõ êàòêîâ äâèæèòåëÿ, êîòîðûå ïðèæèìà-
þò åå âñåé òÿæåñòüþ ìàøèíû. Îäíàêî, ãðóí-
òîâàÿ ïîâåðõíîñòü, âçàèìîäåéñòâóÿ ñ òðàêàìè 
ãóñåíèöû, ñîçäàåò ïðîäîëüíóþ ( xR


) ðåàêöèþ 

(ðèñ. 3), êîòîðàÿ, ÿâëÿÿñü ñèëîé ñöåïëåíèÿ ãó-
ñåíèöû ñ îïîðíîé ïîâåðõíîñòüþ, ïðåïÿòñòâóåò 
ýòîìó. Ïîýòîìó ó÷àñòîê ãóñåíèöû, íåïîñðåä-
ñòâåííî ïðèìûêàþùèé ê ïåðåäíåìó îïîðíî-
ìó êàòêó 1, â ïðîöåññå òîðìîæåíèÿ ìàøèíû 
èñïûòûâàåò äåéñòâèå òðåõ ñèë: xR


, Ò

Ä  è Q


 

(ðèñ. 3). Ïðè ýòîì ñèëà Ò

Ä  ïðåäñòàâëÿåò ñîáîé 

óñèëèå, ïåðåäàâàåìîå âåðõíåé ÷àñòüþ ãóñåíè-
öû âñëåäñòâèå ïðèëîæåíèÿ ê íåé ñèëû AÒ


 íà 

äðóãîì êîíöå ãóñåíèöû (ðèñ. 2). 
Äâå ïåðâûå èç âûøå óêàçàííûõ ñèë, ò.å. xR


 

è Ò

Ä , ñêëàäûâàÿñü, îïðåäåëÿþò ñèëó Q



 äàâëå-

íèÿ ãóñåíèöû íà êàòîê (íà ðèñ. 3 îíà ñìåùåíà 
îò òî÷êè Ä ïî ëèíèè äåéñòâèÿ â öåíòð êàòêà), 
êîòîðûé â îòâåò è ñîçäàåò ðåàêöèþ Q


, ïðè-

êëàäûâàåìóþ ê ãóñåíèöå â òî÷êå Ä.
Âåëè÷èíó ñèëû Q


 îïðåäåëèì èç óðàâíåíèÿ 

ðàâíîâåñèÿ òðåõ óêàçàííûõ ñèë, äåéñòâóþùèõ 
íà ðàññìàòðèâàåìûé ó÷àñòîê ãóñåíèöû, â ïðî-
åêöèè íà ïðîäîëüíóþ êîîðäèíàòíóþ îñü õ:

 
'cos cos 0xR Q T     Ä .  (3)

Ó÷èòûâàÿ, ÷òî R
x
 = Ò

Ä
 = Ò

Å
 = T

A 
= F

A
 = F

Î
, 

ïîëó÷àåì, ÷òî

 

(1 cos )
cos

OFQ    


.  (4) 

Ñèëà Q


 ñîçäàåò ïðîäîëüíîå óñèëèå xQ


, 
÷èñëåííî ðàâíîå cosxQ Q   . Òàê êàê 
Q = Q’, à ñèëà Q’ âûðàæàåòñÿ ôîðìóëîé (4), òî 
ïîëó÷àåì, ÷òî 

 1 – )os( cx OQ F   .  (5)

Ýòà ïðîäîëüíàÿ ñèëà, êàê è ñèëà F
x
, ïðèêëà-

äûâàåìàÿ ê òîðìîçÿùåìó êîëåñó, òàêæå ïåðå-
äàåòñÿ íà êîðïóñ, íàïðàâëåíà ïðîòèâ õîäà ãóñå-
íè÷íîé ìàøèíû è âûçûâàåò åå çàìåäëåíèå.

Ñêëàäûâàÿ (5) è (2), ïîëó÷àåì âûðàæåíèå 
çíà÷åíèÿ ñóììàðíîé ïðîäîëüíîé ñèëû, òîðìî-
çÿùåé ãóñåíè÷íóþ ìàøèíó:

 
(1 cos – c s )ox x OP Q F F     òîð .  (6)

Åñëè óãëû ñâåñà äâóõ ó÷àñòêîâ ãóñåíèöû, 
ïðèìûêàþùèõ ê òîðìîçíîìó è íàïðàâëÿþ-
ùåìó êîëåñó ìàøèíû, îäèíàêîâû (α = ), òî 
Ð

òîð 
= F

Î
. 

Ðèñ. 3. Ñèëû, ïðèêëàäûâàåìûå ê ïåðåäíåìó êàòêó 
ãóñåíè÷íîé ìàøèíû
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Ïðè ýòîì ãåîìåòðè÷åñêàÿ òî÷êà ïðèëîæå-
íèÿ âåêòîðà òîðìîçíîé ñèëû P


òîð  ðàñïîëàãàåò-

ñÿ íà âûñîòå 

 

1( ) O x xh F h Qh P
P




òîð

òîð

  (7)

îò íèæíåé (îïîðíîé) ÷àñòè ãóñåíèöû.
Åñëè æå óãëû ñâåñà íåîäèíàêîâû (α ≠ φ), òî 

ê äâóì óêàçàííûì âûøå ïðîäîëüíûì ñèëàì 

xQ


 è xF


, âûçûâàþùèì çàìåäëåíèå ìàøèíû, 
äîáàâëÿåòñÿ åùå îäíà ñèëà ñîïðîòèâëåíèÿ, 
êîòîðàÿ ÷åðåç êîëåñà ìàøèíû ïåðåäàåòñÿ íà 
êîðïóñ è îáóñëîâëåíà ðàçíèöåé ïðîäîëüíûõ 
ñîñòàâëÿþùèõ äâóõ ñèë EÒ


 è AÒ


, ïðèëîæåí-

íûõ ê âåðõíåé ÷àñòè ãóñåíèöû:

 ( )
cos cos
cos – co .s

x E A

O

T T T
F

   





 

 
  (8)

Åñëè æå ó÷åñòü ýòî ïðîäîëüíîå óñèëèå, òî 
îêàçûâàåòñÿ, ÷òî âåëè÷èíà òîðìîçíîé ñèëû Ð

òîð
 

ìàøèíû âñå ðàâíî ðàâíà F
Î
. Äåéñòâèòåëüíî,

1 cos – cos( )

(cos – co ) .s
x x x

O O

OP Q F T F

F F

        

   
òîð

 (9)

Òàêèì îáðàçîì, ìîæíî êîíñòàòèðîâàòü, ÷òî 
òîðìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû íå çàâè-
ñèò îò ñîîòíîøåíèÿ óãëîâ ïåðåäíåãî è çàäíåãî 
ñâåñà ãóñåíèöû è ÷èñëåííî ðàâíà ñèëå F

Î
.

Òàê êàê F
Î 

= M
ò
/r, òî ÷èñëåííîå çíà÷å-

íèå ñóììàðíîé òîðìîçíîé ñèëû ãóñåíè÷íîé 
ìàøèíû:

 

MP
r

 ò
òîð .  (10)

Ïðè ñëóæåáíîì (óìåðåííîì) òîðìîæåíèè 
÷èñëåííîå çíà÷åíèå ýòîé òîðìîçíîé ñèëû ðå-
ãóëèðóåò âîäèòåëü, êîòîðûé, çàäàâàÿ ñîîòâåò-
ñòâóþùåå çíà÷åíèå ñèë òðåíèÿ â òîðìîçíîì 
ìåõàíèçìå, îïðåäåëÿåò ôàêòè÷åñêóþ âåëè÷èíó 
òîðìîçíîãî ìîìåíòà M

ò
.

Ðàññìîòðèì òåïåðü âåëè÷èíó ïðîäîëüíîé 
ðåàêöèè xR


, âîñïðèíèìàåìîé ãóñåíèöåé ïðè 

òîðìîæåíèè, è åå ðîëü â ïðîöåññå îáðàçîâàíèÿ 
òîðìîçíîé ñèëû.

Èç óðàâíåíèÿ (3) èìååì:

 [ ' cos cosR Q T    Ä .  (11)

Òàê êàê Ò
Ä
 = F

Î
, à óñèëèå Q’ âûðàæàåòñÿ 

ôîðìóëîé (4), òî íåòðóäíî óñòàíîâèòü, ÷òî 
ïðîäîëüíàÿ ðåàêöèÿ îïîðíîé ïîâåðõíîñòè ÷èñ-
ëåííî ðàâíà òîðìîçíîé ñèëå:

 
 /x OR F P M r  òîð ò .  (12)

Ïîñêîëüêó ïðè òîðìîæåíèè ãóñåíè÷íîé 
ìàøèíû ïðîäîëüíàÿ ðåàêöèÿ óðàâíîâåøåíà 
ñèëàìè Ò


Ä  è Q


 ( xR


+Ò

Ä + Q


= 0), òî xR


, 

åñòåñòâåííî, íå ìîæåò áûòü íåïîñðåäñòâåííîé 
ïðè÷èíîé çàìåäëåíèÿ ìàøèíû, ò.å. åå òîðìîç-
íîé ñèëîé. Ê òîìó æå, ïðîäîëüíàÿ ðåàêöèÿ xR


, 

ïðèëîæåííàÿ ê íèæíåé íåïîäâèæíîé ÷àñòè ãó-
ñåíèöû (V


í
ã = 0), íå ñîâåðøàåò ìåõàíè÷åñêóþ 

ðàáîòó 

0 0x x xA R V R V R        
 

í í
ã ã

è íå ìîæåò ïîãëîòèòü êèíåòè÷åñêóþ ýíåðãèþ 
äâèæóùåéñÿ ìàøèíû. Òàêóþ ðàáîòó ñîâåðøà-
åò âíóòðåííÿÿ òîðìîçíàÿ ñèëà Ð

òîð
, ðàçâèâàþ-

ùàÿ ïðè òîðìîæåíèè òîðìîçíóþ (îòðèöàòåëü-
íóþ) ìîùíîñòü ON P V  òîð òîð .

Ýòî îçíà÷àåò, ÷òî ïðè òîðìîæåíèè ïðîäîëü-
íàÿ ðåàêöèÿ xR


 íóæíà âîâñå íå äëÿ òîãî ÷òîáû 

âûçûâàòü ñîîòâåòñòâóþùåå çàìåäëåíèå, à äëÿ 
òîãî ÷òîáû îíà, áóäó÷è âíåøíåé ñèëîé, íàðó-
øàëà óðàâíîâåøåííîñòü ñîâîêóïíîñòè âíó-
òðåííèõ ñèë ãóñåíè÷íîé ìàøèíû. Â ðåçóëüòà-
òå åå äåéñòâèÿ ÷àñòü âíóòðåííèõ ñèë, à èìåííî 
ïðîäîëüíûå ñèëû xQ


, xF


 è xÒ


, è îáðàçóþò 
âíóòðåííþþ òîðìîçíóþ ñèëó, êîòîðàÿ íåïî-
ñðåäñòâåííî âûçûâàåò çàìåäëåíèå è îñòàíîâêó 
ãóñåíè÷íîé ìàøèíû.

Òàêàÿ ðîëü ïðîäîëüíîé ðåàêöèè ïîçâîëÿåò 
åé âûñòóïàòü â ðîëè ñèëîâîãî ôàêòîðà, îãðà-
íè÷èâàþùåãî äèàïàçîí ðåàëèçàöèè âåëè÷èíû 
òîðìîçíîé ñèëû è ïðîÿâëÿåòñÿ â ñëåäóþùåì.

Åñëè ïðîäîëüíàÿ ðåàêöèÿ xR


 ïî êàêèì-ëè-
áî ïðè÷èíàì èñ÷åçàåò ( xR


= 0), íàïðèìåð ïðè 

îòðûâå ãóñåíèöû îò îïîðíîé ïîâåðõíîñòè, òî 
îäíîâðåìåííî èñ÷åçàåò è òîðìîçíàÿ ñèëà. 

Åñëè ðåàêöèÿ îïîðíîé ïîâåðõíîñòè xR


 

äîñòèãàåò ñâîåãî ïðåäåëà ïî ñöåïëåíèþ 
max
xR G  , è ãóñåíè÷íàÿ ìàøèíà ïðè ýêñòðåí-

íîì òîðìîæåíèè ïåðåõîäèò â ñêîëüæåíèå, òî 
ýòî âûçûâàåò ñîîòâåòñòâóþùåå îãðàíè÷åíèå 
âåëè÷èíû åå òîðìîçíîé ñèëû è, êàê ñëåäñòâèå, 
ðàçâèâàåìîãî çàìåäëåíèÿ. Â òîì ñëó÷àå, êîãäà 
êîëåñà è ãóñåíèöû çàáëîêèðîâàíû, ãóñåíè÷íàÿ 
ìàøèíû ìîæåò ðàññìàòðèâàòüñÿ êàê îäíî ïðî-
ñòîå òåëî, ñîâåðøàþùåå ñêîëüæåíèå ïî îïîð-
íîé ïîâåðõíîñòè ñ óñêîðåíèåì xj g   (ãäå 
φ

õ
 – âåëè÷èíà êîýôôèöèåíòà ïðîäîëüíîãî ñöå-

ïëåíèÿ ãóñåíèö ñ ãðóíòîâîì). 

Çàêëþ÷åíèå
Â çàêëþ÷åíèå îòìåòèì: òîò ôàêò, ÷òî òîð-

ìîçíàÿ ñèëà ãóñåíè÷íîé ìàøèíû, êàê è åå ñèëà 
òÿãè [3], ÿâëÿåòñÿ âíóòðåííåé ñèëîé, ñîâñåì 
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íå ïðîòèâîðå÷èò òåîðåìàì î äâèæåíèè öåíòðà 
ìàññ èëè èçìåíåíèè êîëè÷åñòâà äâèæåíèÿ 
ìåõàíè÷åñêîé ñèñòåìû, êîòîðûå ñïðàâåäëè-
âû òîëüêî äëÿ èçîëèðîâàííûõ ìåõàíè÷åñêèõ 
ñèñòåì, íå èìåþùèõ èñòî÷íèêà àêòèâíûõ âíó-
òðåííèõ ñèë.
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