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ÁÀÐÀÁÀÍÅ ÊÎÍÂÅÉÅÐÀ 

Ðàññìîòðåíî äâèæåíèå äèñêðåòíîãî ýëåìåíòà ëåíòû ïî ïîâåðõíîñòè ïðèâîäíîãî 
áàðàáàíà êîíâåéåðà. Ñîñòàâëåíî óðàâíåíèå àâòîêîëåáàíèé ëåíòû ñ ó÷åòîì íåëè-
íåéíîé çàâèñèìîñòè ñèëû òðåíèÿ îò ñêîðîñòè ñêîëüæåíèÿ. Ïîëó÷åíî ÷èñëåííîå 
ðåøåíèå. 
Êëþ÷åâûå ñëîâà: ëåíòî÷íûé êîíâåéåð, ïðèâîä, áàðàáàí, êîëåáàíèÿ. 

 

 
 

ðåäñòàâèì êîíâåéåðíóþ ëåíòó â âèäå îòäåëüíûõ òåë (ýëåìåíòîâ), ñî-
åäèíåííûõ óïðóãèìè ñâÿçÿìè (ðèñ. 1). Ââåäåì ïîäâèæíóþ ñèñòåìó êî-

îðäèíàò XY, âðàùàþùóþñÿ âìåñòå ñ ïðèâîäíûì áàðàáàíîì ñ óãëîâîé ñêîðî-
ñòüþ . 

Äëÿ ëåíòû ñ æåñòêîñòüþ íà ðàñòÿæåíèå Eo (Í) è ïîãîííîé ìàññîé  (êã/ì) 
ýëåìåíò ëåíòû äëèíîé l èìååò ìàññó m = l (êã) è æåñòêîñòü Ñ = Eo /l (Í/ì). 

Ðàññìîòðèì äâèæåíèå îäíîãî òåëà 1 îòíîñèòåëüíî áàðàáàíà. Â òå÷åíèå 
âðåìåíè Òîï íàõîæäåíèÿ òåëà 0 íà äóãå îòíîñèòåëüíîãî ïîêîÿ åãî ìîæíî ñ÷è-
òàòü íåïîäâèæíûì îòíîñèòåëüíî áàðàáàíà. Ïðåíåáðåãàÿ èçìåíåíèåì ðàññòîÿ-
íèÿ ìåæäó òåëàìè 0 è 2 â òå÷åíèå êîðîòêîãî âðåìåíè Òîï, ðàññìîòðèì äâèæå-
íèå òåëà 1 îòäåëüíî, çàìåíèâ äâå óïðóãèå ñâÿçè òåëà 1 ñ òåëàìè 0 è 2 îäíîé 
ñâÿçüþ ñ ñóììàðíîé æåñòêîñòüþ Ññ. Íà ðèñ.2 ïîêàçàíû ñèëû, äåéñòâóþùèå íà 
òåëî 1. 

Ñèëà óïðóãîñòè Fy = Ññ x. 
Íîðìàëüíàÿ ñîñòàâëÿþùàÿ ñèëû ðàñòÿæåíèÿ ëåíòû S ñ ó÷åòîì öåíòðîáåæ-

íîé è êîðèîëèñîâîé ñèë èíåðöèè 

2
1 ( 2 )

S dx
N m R

R dt
     , 

ãäå R — ðàäèóñ áàðàáàíà. 

Ñèëó òðåíèÿ ïðåäñòàâèì çàâèñèìîñòüþ Êóëîíà 1
0

in

TP i
i

dx
F f N

dt

   
 

 , 

ãäå fi – êîýôôèöèåíòû àïïðîêñèìàöèè çàâèñèìîñòè ñèëû òðåíèÿ îò ñêîðîñòè 
ñêîëüæåíèÿ. 

Èçìåíåíèå ñèëû ðàñòÿæåíèÿ ëåíòû íà äóãå ñêîëüæåíèÿ ïðåäñòàâèì ôîðìó-

ëîé Ýéëåðà 0exp( )nbS S f   , ãäå Snb – ñèëà ðàñòÿæåíèå íàáåãàþùåé âåòâè 

ëåíòû,  – öåíòðàëüíûé óãîë, îïðåäåëÿþùèé ïîëîæåíèå òåëà 1 íà äóãå ñêîëü-
æåíèÿ (ðèñ. 1). 

Óãëîâóþ ñêîðîñòü âðàùåíèÿ áàðàáàíà ñ÷èòàåì ïîñòîÿííîé 

 = t + x/R. 

Ï 
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Ðèñ. 1. Äèñêðåòíàÿ ìîäåëü ëåíòû 
íà ïðèâîäíîì áàðàáàíå 
 

X
TPF FY

Y

N1

 
Ðèñ. 2. Ñèëû, äåéñòâóþùèå íà òåëî 1 

 
Óðàâíåíèå îòíîñèòåëüíîãî äâèæå-

íèÿ òåëà 1 íà äóãå ñêîëüæåíèÿ èìååò 
âèä 

2

2 T Y

d x
m F F

dt
  . (1)

Âûáåðåì íà÷àëî êîîðäèíàò îñè Õ â ïîëîæåíèè, ñîîòâåòñòâóþùåì ðàñòÿæå-
íèþ óïðóãîé ñâÿçè ñèëîé f0 Snb /R, òîãäà óðàâíåíèå (1) ïðèíèìàåò âèä 

2
2

02
0

[ exp( / ) ( 2 )]
in

nb nb
c i

i

S Sd x dx dx
m C x f t x R m R f

dt R dt Rdt 

          
 

 . (2) 

Ðåøèì óðàâíåíèå (2) ÷èñëåííî ñ íà÷àëüíûìè óñëîâèÿìè, ñîîòâåòñòâóþùèìè 
ïîëîæåíèþ òåëà 1 íà ãðàíèöå ìåæäó äóãàìè îòíîñèòåëüíîãî ïîêîÿ è ñêîëüæå-
íèÿ. 

Ïðè t = 0 x = 0, 0
dx
dt

 .  (3) 

Íà ðèñ. 3 ïðèâåäåíû çàâèñèìîñòè ñêîðîñòè ñêîëüæåíèÿ òåëà 1 îò âðåìåíè 
ïðè Eo = 0.56 ÌÍ,  = 16 êã/ì, l = 0.1 ì, R =0.315 ì, Snb = 50 êÍ, f0 = 0.3, 

f1 =-1.53, ãäå f2 = 7.19. Äëÿ ðàññìîòðåííîãî 
ïðèìåðà äâà ïåðâûõ àìïëèòóäíûõ çíà÷åíèÿ 
ñêîðîñòè ñêîëüæåíèÿ Vck ðàâíû –7.1 ìì/ñ è 
1.5 ìêì/ñ ïðè  = 6.35 ðàä/ñ, -9.7 ìì/ñ è 5.4 
ìêì/ñ ïðè  = 9.52 ðàä/ñ. Óâåëè÷åíèå àìïëè-
òóäíûõ çíà÷åíèé ñêîðîñòè Vck ñ ðîñòîì óãëî-
âîé ñêîðîñòè áàðàáàíà îáóñëîâëåíî áîëåå 
áûñòðûì óìåíüøåíèåì ñèëû òðåíèÿ Fòð. Îòíî-
ñèòåëüíîå ñìåùåíèå õ òåëà 1 ïðè t = 2 ñ äîñ-
òèãàåò -4.16 ìì è -4.24 ìì ïðè  = 6.35 ðàä/ñ 
è 9.52 ðàä/ñ. 

Åñëè ó÷åñòü, ÷òî òåëî 1 íàõîäèòñÿ íà äóãå 
ñêîëüæåíèÿ áàðàáàíà â òå÷åíèå âðåìåíè Òñê 
= ñê / (ñê – öåíòðàëüíûé óãîë äóãè ñêîëü-

a

b

Ðèñ. 3. Çàâèñèìîñòü ñêîðîñòè 
ñêîëüæåíèÿ Vck òåëà 1 îò âðå-
ìåíè t: à —  = 6.35 ðàä/ñ, á —
 = 9.52 ðàä/ñ 
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æåíèÿ), òî äëÿ ðàññìîòðåííîãî ïðèìåðà ïðè ñê =  àâòîêîëåáàíèÿ ôàêòè-
÷åñêè íå óñïåâàþò íà÷àòüñÿ, ò.ê. èõ ïîëóïåðèîä áîëüøå Òñê (Òñê = 0.495 ñ è 
0.33 ñ) 

Äàííàÿ äèñêðåòíàÿ ìîäåëü ïîçâîëÿåò êà÷åñòâåííî ïðåäñòàâèòü äâèæåíèå 
îòäåëüíîãî ýëåìåíòà êîíâåéåðíîé ëåíòû íà ïðèâîäíîì áàðàáàíå ñ ó÷åòîì 
íåëèíåéíîé çàâèñèìîñòè ñèëû òðåíèÿ îò ñêîðîñòè ñêîëüæåíèÿ. Ðàñ÷åòû ïîêà-
çàëè, ÷òî ñêîðîñòü ñêîëüæåíèÿ ëåíòû Vck ñóùåñòâåííî çàâèñèò îò æåñòêîñòè 
ëåíòû Eo, óãëîâîé ñêîðîñòè áàðàáàíà.  
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PROBLEMS OF GEORESOURCE DEVELOPMENT  
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Vasjanovich Yu.A. etc. 
Presents information on hydrocarbon resources of Russian continental shelf, convergence of 

oil and gas reserve across the shelf and marine environment, the most promising areas for oil and 
natural gas recovery, hydrocarbon production impact on the ecology of the coastal zone and off-
shore. The analysis of the oil and natural gas recovery dynamics on the Sakhalin Island shelf, 
emergency situations and accidents due to oill spillage in the Sakhalin area and the causes of oil 
spillage is performed.  

Key words: resources, hydrocarbons, shelf, problems, recovery, environment, emergency 
situations, oil spillages. 


