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Äëÿ ïîâûøåíèÿ óðîâíÿ ïðîèçâîäñòâà æèâîòíîâîä÷åñêîé ïðîäóêöèè íåîáõîäèìî êîðìèòü æèâîòíûõ ïîëíî-
ðàöèîííûìè êîðìîñìåñÿìè. Îñíîâíûì èç êîìïîíåíòîâ êîðìîñìåñè ÿâëÿåòñÿ êîìáèêîðì, êîòîðûé ñîñòîèò èç 
çåðíîâûõ êîðìîâ, âèòàìèííî-òðàâÿíîé ìóêè (ÂÒÌ) è äðóãèõ äîáàâîê. Â íàñòîÿùåå âðåìÿ äëÿ ïðîèçâîäñòâà 
ÂÒÌ ïðèìåíÿþòñÿ âûñîêîòåìïåðàòóðíûå ñïîñîáû ñóøêè ñåíà, òðåáóþùèå áîëüøèõ çàòðàò è äîðîãèõ òåõíè-
÷åñêèõ ñðåäñòâ. Ïîýòîìó äëÿ ñíèæåíèÿ ýêñïëóàòàöèîííûõ çàòðàò è ñòîèìîñòè îáîðóäîâàíèÿ íàìè ïðåäëîæåíû 
òåõíîëîãèÿ è ëèíèÿ äëÿ ïðèãîòîâëåíèÿ ÂÒÌ èç ëèñòîâîé ÷àñòè òðàâ. Â ñîñòàâå ëèíèè ïðèãîòîâëåíèÿ ÂÒÌ îñ-
íîâíîé ìàøèíîé ÿâëÿåòñÿ ñåïàðàòîð ëèñòîâîé ÷àñòè òðàâ èç ïðåäâàðèòåëüíî èçìåëü÷åííîãî ñåíà. Âûïîëíåíèå 
ïðîöåññà ñåïàðàöèè ñâÿçàíî ñ òåì, ÷òî ïðè èçìåëü÷åíèè ñóõîãî ñåíà â áåçðåøåòíûõ èçìåëü÷èòåëÿõ íåæíàÿ ëè-
ñòîâàÿ ÷àñòü ìåëêî èçìåëü÷àåòñÿ, ýòî ñïîñîáñòâóåò ïðîöåññó ñåïàðèðîâàíèÿ ëèñòîâîé ÷àñòè òðàâ. Öåëü èññëå-
äîâàíèé ñîñòîèò â îïðåäåëåíèè ñêîðîñòè ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà, ïîçâîëÿþùåé îïðåäåëèòü 
ïðîèçâîäèòåëüíîñòü ëèíèè ïî ìàññîâîé ïîäà÷å è ïî ìóêå. Äëÿ òåîðåòè÷åñêîãî îïðåäåëåíèÿ ñðåäíåé ñêîðîñòè 
ïåðåìåùåíèÿ ðåøåòà ïðèìåíåí ìåòîä ìàòåìàòè÷åñêîãî àíàëèçà, à äëÿ îïðåäåëåíèÿ äåéñòâèòåëüíîãî çíà÷åíèÿ 
ñêîðîñòè ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà èñïîëüçîâàí ìåòîä îäíîôàêòîðíîãî ýêñïåðèìåíòàëüíîãî 
èññëåäîâàíèÿ. Â ðåçóëüòàòå òåîðåòè÷åñêèõ èññëåäîâàíèé ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ îïðåäåëå-
íèÿ ïðîèçâîäèòåëüíîñòè ñåïàðàòîðà, ñðåäíèõ ñêîðîñòåé ïåðåìåùåíèÿ ðåøåòà â ãîðèçîíòàëüíîì íàïðàâëåíèè 
è ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà. Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïîëó÷åíà çà-
êîíîìåðíîñòü èçìåíåíèÿ ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñåíà â çàâèñèìîñòè îò äëèíû ðåøåòà, êîòîðàÿ îáå-
ñïå÷èâàåò ïîëó÷åíèå ýìïèðè÷åñêîãî âûðàæåíèÿ äëÿ îïðåäåëåíèÿ äåéñòâèòåëüíîãî çíà÷åíèÿ ñðåäíåé ñêîðîñòè 
ïåðåìåùåíèÿ ñëîÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà, è îíà ðàâíà 0,19 ì/ñ. Ïðè ñðåäíåé ïðîèçâîäèòåëüíîñòè ëèíèè 
ïî ìàññîâîé ïîäà÷å òîëùèíà ïåðåìåùàåìîãî ñëîÿ ïî ïîâåðõíîñòè ðåøåòà áûëà ðàâíà 0,0186 ì, è îíà íå ÿâëÿ-
åòñÿ ìàêñèìàëüíîé äëÿ ñåïàðàòîðà ëèñòîâîé ÷àñòè òðàâ.
Êëþ÷åâûå ñëîâà: ñåïàðàòîð, ðåøåòî, ëèñòîâàÿ ÷àñòü ñåíà, ñêîðîñòü ïåðåìåùåíèÿ ñåíà, ïðîèçâîäèòåëüíîñòü 
ñåïàðàòîðà.

To increase the production of livestock products, it is necessary to feed the animals with full-feed mixtures. The main 
component of the feed mixture is feed, which consists of grain feed, vitamin-grass meal (VGM) and other additives. 
Currently, high-temperature methods of drying hay are used for the production of VTM, which require high costs 
and expensive technical means. Therefore, to reduce operating costs and equipment costs, we proposed a technology 
and a line for the preparation of VGM from the leaf part of herbs. As part of the VGM preparation line, the main 
machine is a separator of the leaf portion of grass from pre-ground hay. The separation process is due to the fact that 
when grinding dry hay in sieveless shredders, the delicate leaf part is finely chopped, this contributes to the process of 
separating the leaf part of the grasses. The purpose of the research is to determine the speed of hay moving along the 
surface of the sieve, which allows to determine the productivity of the line by mass feed and flour. For the theoretical 
determination of the average speed of movement of the sieve, the method of mathematical analysis was used, and 
to determine the actual value of the speed of movement of hay on the surface of the sieve, the method of one-factor 
experimental research was used. As a result of theoretical studies, analytical expressions were obtained to determine 
the performance of the separator, the average speeds of the sieve in the horizontal direction and the movement of hay 
on the surface of the sieve. As a result of experimental studies, a regularity of the change in the average speed of hay 
movement depending on the length of the sieve was obtained, and this regularity provides an empirical expression for 
determining the actual value of the average speed of hay layer movement on the surface of the sieve and it is 0,19 m/s. 
With the average line capacity for mass feeding, the thickness of the transported layer over the sieve surface was 
0.0186 m, and it is not maximum for the separator of the leaf part of grasses.
Keywords: separator, sieve, sheet part of hay, hay movement speed, separator productivity.
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 Ââåäåíèå 
Äëÿ ïîâûøåíèÿ óðîâíÿ ïðîèçâîäñòâà æè-

âîòíîâîä÷åñêîé ïðîäóêöèè íåîáõîäèìî êîð-
ìèòü æèâîòíûõ ïîëíîðàöèîííîé êîðìîñìåñüþ, 
êîòîðàÿ ñîñòîèò èç ñåíà, ñèëîñà èëè ñåíàæà 
è êîìáèêîðìîâ. Îäíèì èç îñíîâíûõ êîìïîíåí-
òîâ êîìáèêîðìîâ, ïðåäíàçíà÷åííûõ äëÿ âñåõ 
âèäîâ æèâîòíûõ è ïòèö, ÿâëÿåòñÿ âèòàìèí-
íî-òðàâÿíàÿ ìóêà (ÂÒÌ). Â íàñòîÿùåå âðåìÿ 
äëÿ ïðèãîòîâëåíèÿ ÂÒÌ ïðèìåíÿþòñÿ äîðîãèå 
è âûñîêîçàòðàòíûå âûñîêîòåìïåðàòóðíûå ñïî-
ñîáû, ïîýòîìó âî ìíîãèõ ñëó÷àÿõ ïðèãîòîâëå-
íèå êîìáèêîðìîâ îñóùåñòâëÿåòñÿ áåç âêëþ÷å-
íèÿ ÂÒÌ.

Äëÿ ðåøåíèÿ äàííîé çàäà÷è íàìè ïðåäëî-
æåí íîâûé ñïîñîá, êîòîðûé çàêëþ÷àåòñÿ â òîì, 
÷òî ñêîøåííàÿ òðàâà âûñóøèâàåòñÿ íà ïðîêî-
ñå äî âëàæíîñòè 30…35 %, äàëåå ïðîâÿëåííàÿ 
òðàâà âûñóøèâàåòñÿ, ïðåäâàðèòåëüíî èçìåëü-
÷åííàÿ áåçðåøåòíûì èçìåëü÷èòåëåì. Ïðè ýòîì 
íåæíàÿ ëèñòîâàÿ ÷àñòü ìåëêî èçìåëü÷àåòñÿ 
ñ ðàçìåðîì äî 15 ìì, ñòåáëåâàÿ ÷àñòü êðóïíî 
èçìåëü÷àåòñÿ ñ äëèíîé 20 ìì è áîëåå. Äàëåå 
ïðåäâàðèòåëüíî èçìåëü÷åííàÿ ìàññà ïîñòóïàåò 
â ðàçðàáîòàííûé íàìè ñåïàðàòîð, è ïîñëå îò-
ñåïàðèðîâàííàÿ ìåëêî èçìåëü÷åííàÿ ëèñòîâàÿ 
÷àñòü ñåíà ïîäàåòñÿ â äðîáèëêó äëÿ ïîëó÷åíèÿ 
ìóêè [1]. Ó÷èòûâàÿ, ÷òî â ëèñòîâîé ÷àñòè áî-
áîâûõ òðàâ ñîäåðæàíèå êàðîòèíà è âèòàìèíîâ 
â 10…12 ðàç áîëüøå, ÷åì â ñòåáëåâîé ÷àñòè ðàñ-
òåíèÿ [2], ïðè ïðèãîòîâëåíèè ÂÒÌ ïî ïðåäëî-
æåííîìó ñïîñîáó áûëà ïîëó÷åíà ÂÒÌ ñ ñîäåð-
æàíèåì êàðîòèíà áîëåå 300 ìã/êã [3].

Äëÿ ðåàëèçàöèè ñïîñîáà áûë ðàçðàáîòàí 
ýêñïåðèìåíòàëüíûé îáðàçåö ëèíèè ïðèãîòîâ-
ëåíèÿ ÂÒÌ (ôèíàíñèðîâàíèå ÌÎÍ ÐÊ) è îáî-
ñíîâàíû ïàðàìåòðû ìàøèí ëèíèè [3–5]. Çäåñü 
â îñíîâíîì ïðîèçâîäèòåëüíîñòü ëèíèè çàâèñèò 
îò ðàáîòû ñåïàðàòîðà ëèñòîâîé ÷àñòè òðàâ, ïî-
ýòîìó ïðîâåäåíèå òåîðåòè÷åñêèõ è ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé, íàïðàâëåííûõ íà îáî-
ñíîâàíèå ïàðàìåòðîâ ñåïàðàòîðà ëèñòîâîé 
÷àñòè òðàâ, èìååò îñîáóþ àêòóàëüíîñòü.

Öåëü èññëåäîâàíèé
Îïðåäåëåíèå ñêîðîñòè ïåðåìåùåíèÿ ñåíà 

ïî ïîâåðõíîñòè ðåøåòà, ïîçâîëÿþùåé îïðåäå-
ëèòü ïðîèçâîäèòåëüíîñòü ëèíèè ïî ìàññîâîé 
ïîäà÷å è ïî ìóêå. 

Ìàòåðèàëû è ìåòîäû
Äëÿ òåîðåòè÷åñêîãî îïðåäåëåíèÿ ñðåäíåé 

ñêîðîñòè ïåðåìåùåíèÿ ðåøåòà ïðèìåíåí ìåòîä 

ìàòåìàòè÷åñêîãî àíàëèçà, à äëÿ îïðåäåëåíèÿ 
äåéñòâèòåëüíîãî çíà÷åíèÿ ñêîðîñòè ïåðåìåùå-
íèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà èñïîëüçîâàí 
ìåòîä îäíîôàêòîðíîãî ýêñïåðèìåíòàëüíîãî èñ-
ñëåäîâàíèÿ.

Ðåçóëüòàòû è îáñóæäåíèå
Ñåïàðàòîð ëèñòîâîé ÷àñòè òðàâ ñîñòîèò 

èç ðàìû, ðåøåòà, ïîäáðàñûâàþùåãî áàðàáàíà, 
î÷èñòèòåëüíûõ ùåòîê è ïðèâîäíûõ ìåõàíèç-
ìîâ (ðèñ. 1). 

Ðèñ. 1. Ñõåìà ñåïàðàòîðà 
ìåëêîé ëèñòîâîé ÷àñòè òðàâ: 

1 – ðàìà; 2 – ðåøåòî; 3 – ýêñöåíòðèêîâûé âàë; 
4 – ðû÷àã; 5 – î÷èñòèòåëüíûå ùåòêè; 6 – ìîòîð-

ðåäóêòîð; 7 – ïîäáðàñûâàþùèé áàðàáàí; 
8 – ïàëüöû; 9 – ãðóçèê; 10, 11 – ëîòêè; 

12, 13 – êðèâîøèïíî-øàòóííûé ìåõàíèçì; 
14 – ðû÷àæíûé ìåõàíèçì

Ñåïàðàòîð ëèñòîâîé ÷àñòè òðàâ ïðåäñòàâëÿ-
åò ñîáîé ðåøåòî, ïåðåäíÿÿ ÷àñòü êîòîðîãî ïî-
ëó÷àåò âðàùàòåëüíîå äâèæåíèå, à çàäíÿÿ ÷àñòü 
ïîäâåøåíà íà òÿãó è ñîâåðøàåò êîëåáàòåëüíîå 
äâèæåíèå (ðèñ. 2).

Â âåðõíåé ÷àñòè ðåøåòà óñòàíîâëåí ïîäáðà-
ñûâàþùèé áàðàáàí. Ïðè ýòîì ïàëüöû áàðàáàíà 
ïîäáðàñûâàþò ìàññó èç òîëñòîãî ñëîÿ âïåðåä 
è åãî ðàçðûõëÿþò, ò.å. îáåñïå÷èâàþò ïîëíóþ 
ñåïàðàöèþ ëèñòîâîé ÷àñòè èç ïðåäâàðèòåëüíî 
èçìåëü÷åííîãî ñëîÿ. Â íèæíåé ÷àñòè ðåøåòà 
óñòàíîâëåíû î÷èñòèòåëüíûå ùåòêè, è îíè, ñî-
âåðøàÿ âîçâðàòíî-ïîñòóïàòåëüíîå äâèæåíèå, 
îáåñïå÷èâàþò î÷èñòêó ðåøåòà ñåïàðàòîðà. 

Â ðàíåå âûïîëíåííûõ èññëåäîâàíèÿõ ïðî-
âåäåí òåîðåòè÷åñêèé àíàëèç ñèë, äåéñòâóþ-
ùèõ íà ñòåáåëü, è îïðåäåëåíû îñíîâíûå îïòè-
ìàëüíûå ïàðàìåòðû ñåïàðàòîðà [3–5]. Îäíàêî 
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íå ðàññìîòðåí âîïðîñ òåîðåòè÷åñêîãî îïðåäå-
ëåíèÿ ïðîèçâîäèòåëüíîñòè ñåïàðàòîðà ëèñòî-
âîé ÷àñòè òðàâ.

Ïðè ïîâîðîòå êðèâîøèïà îò 0 äî 180 ïðåä-
âàðèòåëüíî èçìåëü÷åííîå ñåíî ïåðåìåùàåòñÿ 
âìåñòå ñ ðåøåòîì, à ïðè îáðàòíîì äâèæåíèè 
ðåøåòà ñåíî, íàõîäÿùååñÿ íà åãî ïîâåðõíîñòè, 
ïåðåìåùàåòñÿ ïî èíåðöèè âíèç. Â äàííîì ñëó÷àå 
ñêîðîñòü ïåðåìåùåíèÿ ñåíà íåìíîãî áóäåò ñíè-
æàòüñÿ. Îäíàêî ñðåäíÿÿ ñêîðîñòü ïåðåìåùåíèÿ 
ñåíà èìååò çíà÷åíèå, áëèçêîå ê ñðåäíåé ñêîðîñòè 
ñàìîãî ðåøåòà â îäíîì íàïðàâëåíèè.

Ïðè èçâåñòíîì çíà÷åíèè ñðåäíåé ñêîðî-
ñòè ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà 

,ñï  òîëùèíû, øèðèíû è ïëîòíîñòè ñëîÿ ,ñ  
ïðîèçâîäèòåëüíîñòü ñåïàðàòîðà îïðåäåëÿåòñÿ 
ïî ôîðìóëå:

 3600 ,cQ b h  ñï ñ ñ ñ  (1)

ãäå b
c
 – øèðèíà ðåøåòà, ì; h

c
 – âûñîòà ñëîÿ, ì.

Ñ ó÷åòîì âûõîäà ëèñòîâîé ÷àñòè ñåíà Ê
ë
 

ïðîèçâîäèòåëüíîñòü ëèíèè ïî ìóêå îïðåäåëÿ-
åòñÿ ïî ôîðìóëå:

 3600 ,cQ K b h  ë ñï ñ ñ ñ   (2)

Âõîäÿùèå â ñîñòàâ ëèíèè èçìåëü÷èòåëü 
ãðóáûõ êîðìîâ äëÿ ïðåäâàðèòåëüíîãî èõ èç-
ìåëü÷åíèÿ, äðîáèëêà äëÿ ïîëó÷åíèÿ ìóêè 
è òðàíñïîðòèðóþùèå ìàøèíû èìåþò âûñîêóþ 
ïðîèçâîäèòåëüíîñòü, ïîýòîìó ïðîèçâîäèòåëü-
íîñòü ëèíèè çàâèñèò òîëüêî îò ðàáîòû ñåïà-
ðàòîðà ëèñòîâîé ÷àñòè òðàâ. Çäåñü äëÿ òåîðå-
òè÷åñêîãî îïðåäåëåíèÿ ïðîèçâîäèòåëüíîñòè 
ñåïàðàòîðà íåîáõîäèìî îïðåäåëèòü ñêîðîñòü 
ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà. 
Äëÿ åå îïðåäåëåíèÿ âíà÷àëå íåîáõîäèìî èìåòü 
òåîðåòè÷åñêóþ çàâèñèìîñòü ñðåäíåé ñêîðîñòè 
ñàìîãî ðåøåòà, è äàëåå ÷åðåç êîýôôèöèåíò îò-
ñòàâàíèÿ ñêîðîñòè ñåíà ìîæíî ïîëó÷èòü èñêî-
ìóþ çàâèñèìîñòü.

Èç ðàíåå ïðîâåäåííûõ èññëåäîâàíèé èçâåñòíî, 
÷òî ñêîðîñòü ïåðåìåùåíèÿ ðåøåòà â ãîðèçîíòàëü-
íîì íàïðàâëåíèè îïðåäåëÿåòñÿ ïî ôîðìóëå [6]:

sin ,R   ð ê ê

ãäå 
ê
 – óãëîâàÿ ñêîðîñòü êðèâîøèïà, ðàä/ñ; 

R
ê
 – ðàäèóñ êðèâîøèïà, ì. 
Èñïîëüçîâàíèå äàííîé ôîðìóëû äëÿ îïðå-

äåëåíèÿ ñêîðîñòè ïåðåìåùåíèÿ ðåøåòà òàêæå 
ïîäòâåðæäàåòñÿ ïîëó÷åííûìè çíà÷åíèÿìè ñêî-
ðîñòè ïåðåìåùåíèÿ ðåøåòà â ðàçëè÷íûõ ÷åò-
âåðòÿõ îêðóæíîñòè âðàùåíèÿ êðèâîøèïà.

Íàïðèìåð, ñêîðîñòü èçìåíåíèÿ ðåøåòà 
â ïåðâîé ÷åòâåðòè ïîâûøàåòñÿ îò 0 äî çíà÷åíèÿ 
îêðóæíîé ñêîðîñòè ðåøåòà, ïîýòîìó îïðàâäà-
íî ïðèìåíåíèå äàííîé ôîðìóëû äëÿ îïðåäåëå-
íèÿ ñðåäíåé ñêîðîñòè ðåøåòà â ãîðèçîíòàëü-
íîì íàïðàâëåíèè.

Èç êóðñà ìàòåìàòèêè èçâåñòíî, ÷òî ñðåäíåå 
çíà÷åíèå ôóíêöèè â îïðåäåëåííîì èíòåðâàëå 
îïðåäåëÿåòñÿ êàê îòíîøåíèå îïðåäåëåííîãî 
èíòåãðàëà îò ýòîé ôóíêöèè ê äëèíå èíòåðâàëà. 
Çäåñü ñêîðîñòü ðåøåòà îäèíàêîâî èçìåíÿåòñÿ 
÷åðåç êàæäûå 90, ïîýòîìó èñêîìîå çíà÷åíèå 
ñêîðîñòè îïðåäåëÿåòñÿ ïî ôîðìóëå:

 
 

2

2
0

0

2

0

2 sin 2 sin

2 2cos ,
30 15

R d R d

R n R n R







    
     

 

  
    

  

ê ê
ê ê

ðñ

ð ç ê ê ê ê

 (3)

ãäå n
ê
 – ÷àñòîòà âðàùåíèÿ êðèâîøèïà, ìèí–1.

Ó÷èòûâàÿ çíà÷åíèå êîýôôèöèåíòà îòñòàâà-
íèÿ ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà 
Ê

î
, ñðåäíÿÿ ñêîðîñòü 

ñï
 ïåðåìåùåíèÿ ñåíà 

îïðåäåëÿåòñÿ ïî ôîðìóëå:

.
15
n R

  î ç ç
ñï

Ê

Ðèñ. 2. Ñõåìà ïåðåìåùåíèÿ ðåøåòà ñåïàðàòîðà ìåëêîé ëèñòîâîé ÷àñòè 
òðàâ â ãîðèçîíòàëüíîì è âåðòèêàëüíîì íàïðàâëåíèÿõ: 

1 – ðåøåòî; 2 – êðèâîøèï
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Òàêèì îáðàçîì, ïîëó÷åíî àíàëèòè÷åñêîå 
âûðàæåíèå äëÿ îïðåäåëåíèÿ ñðåäíåé ñêîðîñòè 
ðåøåòà. Äëÿ èñïîëüçîâàíèÿ äàííîé ôîðìóëû 
íåîáõîäèìî îïðåäåëèòü êîýôôèöèåíò îòñòàâà-
íèÿ ñåíà îò ñêîðîñòè ðåøåòà.

Äëÿ îïðåäåëåíèÿ äåéñòâèòåëüíîãî çíà÷åíèÿ 
ñêîðîñòè ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè 
ðåøåòà ïðîâåäåíî ýêñïåðèìåíòàëüíîå èññëåäîâà-
íèå íà ñåïàðàòîðå ëèñòîâîé ÷àñòè òðàâ (ðèñ. 3).

Ðèñ. 3. Îáùèé âèä ñåïàðàòîðà ëèñòîâîé ÷àñòè òðàâ 
ïðè ïðîâåäåíèè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

Àíàëèç ðàáîòû êîëåáàòåëüíîãî äâèæåíèÿ 
ïîêàçûâàåò, ÷òî íà÷àëî ðåøåòà ïîëó÷àåò âåð-
òèêàëüíîå ïåðåìåùåíèå, ðàâíîå äèàìåòðó 
îêðóæíîñòè âðàùåíèÿ êðèâîøèïà, è çíà÷å-
íèå äàííîãî ïåðåìåùåíèÿ ñòðåìèòñÿ ê íóëþ 
â êîíöå ðåøåòà. Îòñþäà ÿñíî, ÷òî íà íà÷àëü-
íîì ýòàïå äâèæåíèÿ ïåðåìåùåíèå ìàññû ïðî-
èñõîäèò ñ ïîäáðàñûâàíèåì, ïîýòîìó ìîæíî 
îæèäàòü, ÷òî ñêîðîñòü äâèæåíèÿ ñåíà áóäåò 
áîëüøå, ÷åì â êîíöå ðåøåòà.

Èñõîäÿ èç ýòîãî, îáùóþ äëèíó ðåøåòà 
(L = 1160 ìì) íóæíî ðàçäåëèòü íà ÷åòûðå 
ó÷àñòêà, è íåîáõîäèìî îïðåäåëèòü çíà÷åíèå 
ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñåíà íà êàæäîì 
ó÷àñòêå ðåøåòà. Âðåìÿ äâèæåíèÿ ñåíà îïðåäå-
ëåíî ýëåêòðîííûì ñåêóíäîìåðîì. 

Äëÿ ïîäà÷è êîðìà áûëà îñòàâëåíà îïðåäå-
ëåííàÿ äëèíà â íà÷àëå ðåøåòà, è ïîýòîìó 0,8 ì 
åãî äëèíû ðàçäåëåíî íà 4 ó÷àñòêà ñ äëèíîé 
0,2 ì. Ïðè ýòîì çàêîíîìåðíîñòü èçìåíåíèÿ ñêî-
ðîñòè äâèæåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà 
ïðèâåäåíà íà ðèñ. 4. Ýêñïåðèìåíòàëüíûå çíà-
÷åíèÿ ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñåíà 
ïî ïîâåðõíîñòè ðåøåòà ïîêàçàíû íà ñåðåäèíå 
êàæäîãî ó÷àñòêà. Àíàëèç ãðàôèêà ïîêàçûâà-
åò, ÷òî äåéñòâèòåëüíàÿ ñêîðîñòü ïåðåìåùåíèÿ 
ñåíà è åå ñêîðîñòü èçìåíåíèÿ â íà÷àëå ðåøåòà 
èìåþò ìàêñèìàëüíûå çíà÷åíèÿ.

Äàëåå íàáëþäàåòñÿ çàêîíîìåðíîñòü ñíè-
æåíèÿ ýòèõ ñêîðîñòåé. Íà íà÷àëüíîì ó÷àñòêå 

ðåøåòà ñêîðîñòü ïåðåìåùåíèÿ ñåíà ïî ïîâåðõ-
íîñòè ðåøåòà ðàâíà ñêîðîñòè ïåðåìåùåíèÿ 
ñàìîãî ðåøåòà.

Çäåñü ñëåäóåò îòìåòèòü ñîãëàñîâàííîñòü 
ïîëó÷åííîé çàêîíîìåðíîñòè ñ ýêñïåðèìåí-
òàëüíûìè äàííûìè, ïîýòîìó ïîëó÷åííîå óðàâ-
íåíèå èñïîëüçóåì äëÿ îïðåäåëåíèÿ ñðåäíåé 
ñêîðîñòè ïåðåìåùåíèÿ ñåíà ïî ïîâåðõíîñòè 
ðåøåòà 

ñï
; ïðè ýòîì óðàâíåíèå èìååò ñëåäóþ-

ùèé âèä:

 

 

max

min

2

max min

0,7
2

0,1

3 2 0,7

0,1

0,3933 0,775 0,875

1,667 0,3933 0,775 0,875

1,667 0,3933 0,775 0,875
3 2

0,19 .

L

p p p
L

p p

p p p

p p
p

L L dL

L L

L L dL

L L
L

 

  


   

 
     

 






ÑÏ

ì / ñ

(4)

Òàêèì îáðàçîì, îïðåäåëåíî äåéñòâèòåëüíîå 
çíà÷åíèå ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñëîÿ 
ñåíà ïî ïîâåðõíîñòè ðåøåòà.

Ïðè èçâåñòíûõ îïòèìàëüíûõ çíà÷åíèÿõ ÷à-
ñòîòû âðàùåíèÿ n

ê
 = 305 ìèí–1 è ðàäèóñà êðè-

âîøèïà R
ê
 = 0,015 ì [5] ñðåäíÿÿ ñêîðîñòü ïåðå-

ìåùåíèÿ ðåøåòà ðàâíà 0,305 ì/ñ, è â äàííîì 
ñëó÷àå êîýôôèöèåíò îòñòàâàíèÿ Ê

î
 = 0,623. 

Ïîýòîìó ñðåäíÿÿ ñêîðîñòü ïåðåìåùåíèÿ ñåíà 
ïî ïîâåðõíîñòè ðåøåòà ñåïàðàòîðà îïðåäåëÿ-
åòñÿ ïî ôîðìóëå:

 

0,623 0,0415 .
15 15
n R n R n R   î ê ê ê ê

ñï ê ê

Ê
 (5)

Â ðåçóëüòàòå òåîðåòè÷åñêèõ è ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé ïîëó÷åíî àíàëèòè÷å-
ñêîå âûðàæåíèå äëÿ ðàñ÷åòà ñêîðîñòè ïåðåìå-
ùåíèÿ ñåíà ïî ïîâåðõíîñòè ðåøåòà.

Ðèñ. 4. Çàêîíîìåðíîñòü èçìåíåíèÿ ñêîðîñòè 
ïåðåìåùåíèÿ ñåíà â çàâèñèìîñòè îò äëèíû ðåøåòà



Îïðåäåëåíèå ñêîðîñòè ïåðåìåùåíèÿ ïðåäâàðèòåëüíî èçìåëü÷åííîãî ñåíà 
ïî ïîâåðõíîñòè ðåøåòà ñåïàðàòîðà ëèñòîâîé ÷àñòè òðàâ
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Â íàñòîÿùåå âðåìÿ äëÿ îáëåã÷åíèÿ ðàáîòû 
îïåðàòîðà, îñóùåñòâëÿþùåãî ïîäà÷ó ñåíà â èç-
ìåëü÷èòåëü, â ñîñòàâ ìàøèí ëèíèè âêëþ÷åí 
ìàëîãàáàðèòíûé ïèòàòåëü-äîçàòîð, êîòîðûé 
îáåñïå÷èâàåò ìåõàíèçèðîâàííóþ ïîäà÷ó ñåíà 
â èçìåëü÷èòåëü, ïðåäíàçíà÷åííûé äëÿ ïðåäâàðè-
òåëüíîãî èçìåëü÷åíèÿ ãðóáûõ êîðìîâ. Ïðè ýòîì 
ïðîèçâîäèòåëüíîñòü ëèíèè ïî ìàññîâîé ïîäà÷å 
áûëà ðàâíà 953 êã/÷, è äàííàÿ ïðîèçâîäèòåëü-
íîñòü ÿâëÿåòñÿ ìàêñèìàëüíîé äëÿ îïåðàòîðà, 
êîòîðûé çàíèìàåòñÿ çàãðóçêîé ïèòàòåëÿ-äîçà-
òîðà ñòåáåëüíûõ êîðìîâ. Ïðè òàêîé ïðîèçâî-
äèòåëüíîñòè ëèíèè ïî ìàññîâîé ïîäà÷å âûõîä 
ìóêè ñîñòàâëÿåò 58,9 %, ò.å. ïðîèçâîäèòåëü-
íîñòü ëèíèè ïî ìóêå – áîëåå 500 êã/÷, è ýòî äî-
âîëüíî âûñîêèé ïîêàçàòåëü äëÿ ëèíèè [7].

Ïðè èçâåñòíûõ çíà÷åíèÿõ ïðîèçâîäèòåëü-
íîñòè, ñêîðîñòè ïåðåìåùåíèÿ ñåíà, øèðèíû 
ðåøåòà b

p
 = 0,6 ì è ïëîòíîñòè èçìåëü÷åííî-

ãî ñåíà 
c
 = 125,2 êã/ì3 [8] ìîæíî îïðåäåëèòü 

ïî ôîðìóëå (1) òîëùèíó ñëîÿ, ïåðåìåùàåìîãî 
ïî ïîâåðõíîñòè ðåøåòà, è îíà ðàâíà 0,0186 ì. 
Íàáëþäåíèÿ çà ðàáîòîé ñåïàðàòîðà ïîêàçàëè, 
÷òî òîëùèíà ñëîÿ ìåíåå 0,02 ì îáåñïå÷èâàåò 
ðàöèîíàëüíóþ ðàáîòó ñåïàðàòîðà.

Âûâîäû
1. Â ðåçóëüòàòå òåîðåòè÷åñêèõ èññëåäîâàíèé 

ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ îïðå-
äåëåíèÿ ïðîèçâîäèòåëüíîñòè ñåïàðàòîðà (1), 
(2) è ñðåäíèõ ñêîðîñòåé ïåðåìåùåíèÿ ðåøåòà 
â ãîðèçîíòàëüíîì íàïðàâëåíèè è ïåðåìåùåíèÿ 
ñåíà ïî ïîâåðõíîñòè ðåøåòà (5).

2. Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé ïîëó÷åíà çàêîíîìåðíîñòü èçìåíåíèÿ 
ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñåíà â çàâè-
ñèìîñòè îò äëèíû ðåøåòà, êîòîðàÿ îáåñïå÷è-
âàåò ïîëó÷åíèå ýìïèðè÷åñêîãî âûðàæåíèÿ 
äëÿ îïðåäåëåíèÿ äåéñòâèòåëüíîãî çíà÷åíèÿ 
ñðåäíåé ñêîðîñòè ïåðåìåùåíèÿ ñëîÿ ñåíà 
ïî ïîâåðõíîñòè ðåøåòà (4), ðàâíîãî 0,19 ì/ñ.

3. Ïðè ñðåäíåé ïðîèçâîäèòåëüíîñòè ëèíèè 
ïî ìàññîâîé ïîäà÷å òîëùèíà ïåðåìåùàåìî-
ãî ñëîÿ ïî ïîâåðõíîñòè ðåøåòà áûëà ðàâíà 
0,0186 ì, è îíà íå ÿâëÿåòñÿ ìàêñèìàëüíîé äëÿ 
ñåïàðàòîðà ëèñòîâîé ÷àñòè òðàâ. 
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