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SUBSTANTIATION OF THE DESIGN AND TECHNOLOGICAL 
PARAMETERS OF THE SPIRAL ROLLER FOR THE ONION 
HARVESTING MACHINE
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Îñîáåííîñòüþ óáîðêè ëóêà-ñåâêà ÿâëÿåòñÿ òî, ÷òî ñîñòàâ ïðèìåñåé ëóêî-ïî÷âåííîãî âîðîõà, ïîñòóïàþùåãî ñ 
âûêàïûâàþùèõ ðàáî÷èõ îðãàíîâ íà ñåïàðèðóþùèå, ñîñòàâëÿþò ïî÷âåííûå êîìêè, ñîèçìåðèìûå ïî ðàçìåðàì ñ 
ëóêîâèöàìè ëóêà-ñåâêà, êîòîðûå ÿâëÿþòñÿ òðóäíîîòäåëèìûìè íà ùåëåâûõ  ðàáî÷èõ îðãàíàõ (ïðóòêîâûå ýëåâà-
òîðû, ãðîõîòû). Äàííàÿ ïðîáëåìà ÿâëÿåòñÿ íàèáîëåå àêòóàëüíîé â ïåðâîé ôàçå óáîðêè ëóêà-ñåâêà. Êðîìå òîãî, 
âûäåëåíèå ïî÷âåííûõ êîìêîâ íà ùåëåâûõ ðàáî÷èõ îðãàíàõ ïðîèñõîäèò ïî ðàçìåðíûì ïðèçíàêàì, ÷òî íå ïðè-
âîäèò ê ðåøåíèþ ñóùåñòâóþùåé ïðîáëåìû – ñåïàðàöèè ïî÷âåííûõ êîìêîâ, ñîèçìåðèìûõ ïî ðàçìåðàì ñ ëóêî-
âèöàìè ëóêà-ñåâêà. Ñëåäîâàòåëüíî, äëÿ îáåñïå÷åíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé óáîðêè ëóêà-ñåâêà, à èìåííî 
ïîëíîòû îòäåëåíèÿ ëóêîâèö îò ïî÷âåííûõ ïðèìåñåé, íåîáõîäèìî îáåñïå÷èòü ñíèæåíèå èëè ïîëíåéøåå èñ-
êëþ÷åíèå ïîñòóïëåíèÿ íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû ïî÷âåííûõ êîìêîâ âî âòîðîé ôàçå óáîðêè, ò.å. ïðè 
ïîäáîðå èç âàëêîâ, ÷òî è èíòåíñèôèöèðóåò ïðåäëàãàåìûé êàòîê-ëîæåîáðàçîâàòåëü ìàøèíû äëÿ óáîðêè ëóêà. 
Â ñòàòüå ïðåäñòàâëåíà êîíñòðóêöèÿ êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà, èíòåíñèôèöèðóþùåãî 
ìàêñèìàëüíóþ ïîëíîòó ñåïàðàöèè âîðîõà ëóêà îò ïî÷âåííûõ ïðèìåñåé, â òîì ÷èñëå îò ñîèçìåðèìûõ ïî÷âåí-
íûõ êîìêîâ, âî âòîðîé ôàçå óáîðêè ëóêà. Ïðèâåäåíû ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé îáîñíîâàíèÿ 
êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà. 
Êëþ÷åâûå ñëîâà: êàòîê-ëîæåîáðàçîâàòåëü, ìàøèíà äëÿ óáîðêè ëóêà, êîíñòðóêòèâíûå ïàðàìåòðû, òåõíîëîãè-
÷åñêèå ïàðàìåòðû, âàëåö ñïèðàëüíûé.

The peculiarity of harvesting onion sets is that the composition of the impurities of the onion-soil heap coming from 
the digging working bodies to the separating working bodies is made up by soil lumps commensurate in size with the 
onion-seed bulbs, which are difficult to separate at slotted (bar elevators, screens) working bodies. This problem is 
most relevant in the selection of onion sets from rolls, because together with the bulbs, the separating working bodies 
receive the soil layer, loosened by the digging working bodies in the first phase of harvesting onion sets, which are the 
basis of fractional composition and is hardly separable on slotted working bodies. This circumstance is explained by 
the fact that after the soil is digged together with commercial products, a significant amount of soil lumps, which are 
difficult to separate on the separating working bodies and lead to damage of root crops and bulbs during their in-ter-
action, come to the separating working bodies. In addition, the release of soil lumps on the slit working bodies (rod 
conveyors and screens) occurs according to dimensional signs and this does not lead to a solution to the existing prob-
lem - separation of soil lumps commensurate in size with onion bulbs. Conse-quently, to ensure quality indicators 
of harvesting onion sets, namely, the completeness of the separation of bulbs from soil impurities, it is necessary to 
ensure a reduction or complete exclusion of the receipt of soil lumps on the separating working bodies in the second 
phase of harvesting, which intensifies the onion harvesting roller. The article presents the design of device for onion 
harvesting, which intensifies the maximum completeness of separation of onion heaps from soil impurities, including 
comparable soil lumps during the second phase of onion harvesting. The results of theoretical studies of the device 
for on-ion harvesting based on the design and technological parameters are given.
Keywords: scraper bar roller, onion harvesting machine, design parameters, technological pa-rameters, spiral shaft.
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 Ââåäåíèå 
Àíàëèç ñîâðåìåííîãî ñîñòîÿíèÿ ñïîñî-

áîâ è òåõíè÷åñêèõ ñðåäñòâ, ñïîñîáñòâóþùèõ 
ñíèæåíèþ ñîäåðæàíèÿ ïî÷âåííûõ ïðèìåñåé â 
òîâàðíîé ïðîäóêöèè ëóêà-ñåâêà ïîêàçàë, ÷òî 
ðàçðàáîòêà íàó÷íî-îáîñíîâàííûõ òåõíè÷åñêèõ 
ðåøåíèé, ñïîñîáñòâóþùèõ ñíèæåíèþ ñîäåð-
æàíèÿ ïî÷âåííûõ ïðèìåñåé ïðè óáîðêå ëóêà 
òðåáóåò â ïåðâóþ î÷åðåäü äîïîëíèòåëüíûõ 
òåîðåòè÷åñêèõ è ïðàêòè÷åñêèõ èññëåäîâàíèé 
ïî âîçäåéñòâèþ ðàáî÷èõ îðãàíîâ è ôàêòîðîâ, 
âëèÿþùèõ íà ïîëíîòó îòäåëåíèÿ ïî÷âåííûõ 
êîìêîâ ïðè óáîðêå ëóêà-ñåâêà êàê â ïåðâîé, òàê 
è âî âòîðîé ôàçàõ. 

Öåëü èññëåäîâàíèé
Îáîñíîâàíèå îïòèìàëüíûõ êîíñòðóêòèâ-

íûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ êàòêà-ëî-
æåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà ñ 
öåëüþ èíòåíñèôèêàöèè ñåïàðàöèè ëóêà-ñåâêà 
îò ñîèçìåðèìûõ ïî÷âåííûõ êîìêîâ â ðåçóëü-
òàòå ñíèæåíèÿ ïîñòóïëåíèÿ ïî÷âåííûõ êîìêîâ 
íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû ñîâìåñòíî 
ñ ëóêîâèöàìè ëóêà-ñåâêà âî âòîðîé ôàçå åãî 
óáîðêè, ò.å. ïðè ïîäáîðå èç âàëêîâ. 

Ìàòåðèàëû è ìåòîäû
Â ÔÃÁÍÓ ÔÍÀÖ ÂÈÌ ðàçðàáîòàí êàòîê-

ëîæåîáðàçîâàòåëü [3] ëóêîóáîðî÷íîé ìàøèíû, 
ñïîñîáñòâóþùèé ñíèæåíèþ ïîñòóïëåíèÿ ñî-
âìåñòíî ñ ëóêîâèöàìè ëóêà-ñåâêà ïî÷âåííûõ 
êîìêîâ íà ñåïàðèðóþùèå ðàáî÷èå îðãàíû âî 
âòîðîé ôàçå óáîðêè, ò.å. ïðè ïîäáîðå èç âàëêîâ, 
è èíòåíñèôèêàöèè ñåïàðàöèè â öåëîì [4]. 

Êàòîê-ëîæåîáðàçîâàòåëü (ðèñ. 1) âêëþ÷àåò 
ðàìó 1, öèëèíäðè÷åñêèé âàëåö 2, ñóæàþùèé 
ëîòîê 3 è îáðàçîâàòåëü âàëêà 4, ñåïàðèðóþùèé 
ýëåâàòîð 5, ïîä êîòîðûì íà ðàìå 1 óñòàíîâëåí 
ñïèðàëüíûé âàëåö 6 ñ ïåðèôåðèéíî ðàñïîëî-
æåííîé âäîëü âñåé åãî äëèíû ñïèðàëüíîé ïî-
âåðõíîñòüþ, èìåþùåé ôîðìó ïîïåðå÷íîãî 
ñå÷åíèÿ â âèäå ñåãìåíòà 7, ëîòîê 8 ñõîäà ïðè-
ìåñåé, ðåäóêòîðû 9 è 10 ðåãóëèðîâêè ÷àñòîòû 
âðàùåíèÿ êàòêîâ è öåïíîé ïåðåäà÷è 11. 

Êàòîê-ëîæåîáðàçîâàòåëü ðàáîòàåò ñëåäóþ-
ùèì îáðàçîì. 

Ïðè âðàùàòåëüíî-ïîñòóïàòåëüíîì äâèæå-
íèè ñïèðàëüíîãî âàëüöà 6 ïî ïîëþ îí ñâîåé 
öèëèíäðè÷åñêîé ïîâåðõíîñòüþ óïëîòíÿåò 
ïî÷âó äî îïòèìàëüíîãî çíà÷åíèÿ, à âûñòóïà-
ìè â âèäå ñåãìåíòà 7, ðàñïîëîæåííûìè íà ïî-
âåðõíîñòè ñïèðàëüíîãî âàëüöà 6 ñèììåòðè÷íî 
îòíîñèòåëüíî ïîïåðå÷íîé îñè, ñîçäàåò âîë-

íîâîé ðåëüåô íà ïîâåðõíîñòè ïî÷âû. Ñïèðà-
ëè 7 âàëüöà 6 îáðàçóþò âïàäèíó íà ïîâåðõ-
íîñòè ïîëÿ, ïðè÷åì çà ñ÷åò òîãî, ÷òî íà÷àëî è 
êîíåö êàæäîãî âûñòóïà ñåãìåíòà 7 íàõîäÿòñÿ 
íà îäíîé îáðàçóþùåé ñïèðàëüíîãî âàëüöà 6 
è ñîâïàäàþò ñ ñåðåäèíîé ñëåäóþùåãî çà íèì 
âûñòóïà, êàòîê ïåðåìåùàåòñÿ ðàâíîìåðíî, 
íå ñìåùàåò ïî÷âó è íå îêàçûâàåò íà íåå óäàð-
íîå âîçäåéñòâèå. Ãëàäêèé öèëèíäðè÷åñêèé 
âàëåö 2, óñòàíîâëåííûé çà ñïèðàëüíûì âàëü-
öîì 6, óïëîòíÿåò è îáðàçóåò îãðàíè÷èòåëüíûå 
âàëèêè, ðàñïîëîæåííûå ïî êðàÿì óáðàííîé ïî-
âåðõíîñòè ïîëÿ. 

Òàêèì îáðàçîì, ëîæå, ñôîðìèðîâàííîå 
êàòêîì-ëîæåîáðàçîâàòåëåì, ïðåïÿòñòâóåò ðàñ-
êàòûâàíèþ ëóêîâèö è îáðàçóåòñÿ èç ðûõëîé 
îòñåïàðèðîâàííîé ìåëêîêîìêîâàòîé ïî÷âû 
áåç óïëîòíåíèÿ, ÷òî èñêëþ÷àåò ïîñëåäóþùåå 
ïîñòóïëåíèå èëè ìàêñèìàëüíîå ñíèæåíèå ïî-
ñòóïëåíèÿ ïî÷âåííûõ êîìêîâ íà ñåïàðèðóþ-
ùèå îðãàíû ìàøèíû ïðè ïîäáîðå ëóêîâèö èç 
âàëêà è, êàê ñëåäñòâèå, îáåñïå÷èâàåò ñíèæåíèå 
ñîäåðæàíèÿ ïî÷âåííûõ è ðàñòèòåëüíûõ ïðèìå-
ñåé, à òàêæå òðàâìèðîâàíèå ëóêà-ñåâêà ïðè åãî 
ïîäáîðå èç âàëêîâ ïóòåì ôîðìèðîâàíèÿ ëîæà 
ïîä âàëîê ðåãóëèðóåìîé ïëîòíîñòè, îáåñïå÷è-
âàþùåãî äîçàðèâàíèå ïðîäóêòà íà åãî ïîâåðõ-
íîñòè.

Ðåçóëüòàòû è îáñóæäåíèå
Äëÿ îáåñïå÷åíèÿ êà÷åñòâåííî ïîäãîòîâëåí-

íîãî ëîæà ïîä âàëîê ëóêà-ñåâêà íåîáõîäèìî, 
÷òîáû ñïèðàëüíûé âàëåö êàòêà-ëîæåîáðàçî-
âàòåëÿ ïðîèçâîäèë èçìåëü÷åíèå ïî÷âåííûõ 
êîìêîâ äî ðàçìåðîâ ìåíüøå ìèíèìàëüíîãî 
äèàìåòðà ñòàíäàðòíîé ôðàêöèè ëóêîâèöû äëÿ 

Ðèñ. 1. Ñõåìà êàòêà-ëîæåîáðàçîâàòåëÿ 
ëóêîóáîðî÷íîé ìàøèíû: 

1 – ðàìà; 2 – âàëåö ñïèðàëüíûé; 3 – ëîòîê 
ñóæàþùèé; 4 – îáðàçîâàòåëü âàëêà; 5 –ñåïàðàòîð 
ðîëèêîâûé; 6 – âàëåö ñïèðàëüíûé; 7 – ñåãìåíò; 
8 – ëîòîê ñõîäà ïðèìåñåé; 9, 10 – ðåäóêòîðû; 

11 – ïåðåäà÷à öåïíàÿ
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òîãî, ÷òîáû ïðîèñõîäèëà î÷èñòêà ëóêîâèö íà 
ñåïàðèðóþùèõ ðàáî÷èõ îðãàíàõ îò ìåëêèõ ïî-
÷âåííûõ ïðèìåñåé (ò.ê. ïðèåìíî-ïîäêàïûâàþ-
ùàÿ ÷àñòü ëóêîóáîðî÷íîé ìàøèíû ñîâìåñòíî 
ñ ëóêîâèöàìè ïðîèçâîäèò ïîäáîð ïî÷âåííûõ 
êîìêîâ, êîòîðûå ÿâëÿþòñÿ òðóäíîîòäåëèìûìè 
èç-çà ñîèçìåðèìûõ ðàçìåðîâ ñî ñòàíäàðòíûìè 
ëóêîâèöàìè).

Èñõîäÿ èç ñêàçàííîãî ñëåäóåò, ÷òî ìàêñè-
ìàëüíûé äèàìåòð d

Êmax
 êîìêà ïî÷âû äîëæåí 

áûòü ìåíüøå ìèíèìàëüíîãî äèàìåòðà D
Ëmin

 
ñòàíäàðòíîé ôðàêöèè ëóêà-ñåâêà, ò.å. [5–8]:

 d
Êmax

  D
Ëmin

, (1)

ãäå d
Êmax

 – ìàêñèìàëüíûé äèàìåòð êîìêà 
ïî÷âû, ì.

Ìèíèìàëüíûé äèàìåòð d
ÑÏ

 ñïèðàëè âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ îïðåäåëÿåòñÿ èñõîäÿ 
èç âåëè÷èíû ìàêñèìàëüíîãî ðàçìåðà  ïî÷âåí-
íîãî êîìêà, îáðàçóþùåãîñÿ ïîñëå ïîäêàïûâà-
íèÿ ëåìåõîì ëóêîóáîðî÷íîé ìàøèíû ïëàñòà 
ïî÷âû, à òàêæå îáåñïå÷åíèÿ çàùåìëåíèÿ êîìêà 
ïî÷âû ìåæäó ñïèðàëüþ è áàðàáàíîì âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ [3]:

  
max cos

1 cos
dd  


 Â

Ê
ÑÏ . (2)

Äàííîå óñëîâèå âûïîëíèòñÿ òîãäà, êîãäà 
êîìêè ïî÷âû ïîñëå ïðîõîäà ñïèðàëüíîãî 
âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ áóäóò ñîñòàâ-
ëÿòü îäíó ôðàêöèþ, òàê êàê àãðîòåõíè÷åñêè-
ìè òðåáîâàíèÿìè êà÷åñòâî èçìåëü÷åíèÿ ïî÷âû 
îöåíèâàåòñÿ ïî åå ôðàêöèîííîìó ñîñòàâó.

Ðàññìîòðèì ãåîìåòðè÷åñêèå ðàçìåðû 
êîìêîâ ïî÷âû, èçìåëü÷àåìûå ñïèðàëüíûì 
âàëüöîì êàòêà-ëîæåîáðàçîâàòåëÿ (ðèñ. 2).

Øèðèíà è âûñîòà êîìêà ïî÷âû M è N çàâè-
ñèò îò òîëùèíû âçðûõëåííîãî ñëîÿ ïî÷âû è 
øèðèíû çàõâàòà B

ÑÏÂ
 ñïèðàëüíîãî âàëüöà êàò-

êà-ëîæåîáðàçîâàòåëÿ.
Ñëåäîâàòåëüíî, äëÿ òîãî ÷òîáû êîìêè ïî÷âû 

M è N ñîñòàâëÿëè îäíó ôðàêöèþ, íåîáõîäèìî 
îáåñïå÷èòü ðàâåíñòâî èõ ìàêñèìàëüíîé òîë-
ùèíû.

Äëÿ ýòîãî êîìîê ïî÷âû (M+N), îãðàíè÷åí-
íûé äâóìÿ òðàåêòîðèÿìè – ñïèðàëè è áàðà-
áàíîì ñïèðàëüíîãî âàëüöà, íåîáõîäèìî òàê 
ðàçäåëèòü â ïðîäîëüíîì ñå÷åíèè òðàåêòîðèè 
ñïèðàëè, ÷òîáû â âçðûõëåííîì ñëîå ïî÷âû 
ìàêñèìàëüíàÿ òîëùèíà êîìêà ïî÷âû F – ( max

M ) 
ðàâíÿëàñü ìàêñèìàëüíîé òîëùèíå êîìêà ïî÷âû 
G – ( max

N ).

Ïðåäïîëîæèì, ÷òî ðàâåíñòâî: 

 2max max
M N     (3)

âûïîëíÿåòñÿ ïðè ðàçäåëåíèè ïîïîëàì (
max

)M N  
òðàåêòîðèè ñïèðàëè âàëüöà.

Âåëè÷èíà R
ÑÏÂ

 äîëæíà áûòü òàêîé, ÷òîáû 
òî÷êè ñîïðèêîñíîâåíèÿ R

ÁÑÏ
 è R

ÑÏÂ
 ñ ïîâåðõ-

íîñòüþ âçðûõëåííîãî ñëîÿ ïî÷âû â ïðîäîëüíî-
âåðòèêàëüíîé ïëîñêîñòè ðàñïîëàãàëèñü íà ðàñ-
ñòîÿíèè:

 

2
M N

R
S S

 
 


ÑÏÁ ,  (4)

ãäå   – óãîë ìåæäó âèòêàìè ñïèðàëè âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ, ãðàä;  – êèíåìàòè÷å-
ñêèé ïîêàçàòåëü ñïèðàëüíîãî âàëüöà êàòêà-ëî-
æåîáðàçîâàòåëÿ:

 

0v
v

 
Ä

,  (5)

ãäå v
0
 – îêðóæíàÿ ñêîðîñòü ñïèðàëè âàëüöà êàò-

êà-ëîæåîáðàçîâàòåëÿ, ì/ñ; v
Ä
 – ïîñòóïàòåëüíàÿ 

ñêîðîñòü äâèæåíèÿ ëóêîóáîðî÷íîé ìàøèíû, 
ì/ñ.

Â êîîðäèíàòàõ îòðåçîê S
F
 ïàðàëëåëåí îñè 

àáñöèññ, ïîýòîìó ðàññòîÿíèå îò îñè îðäèíàò 
äî òî÷êè d äîëæíî áûòü áîëüøå ðàññòîÿíèÿ îò 
îñè îðäèíàò äî òî÷êè ñ íà âåëè÷èíó S

M
:

 

2
d c

R
L L

 
 


ÑÏÁ .  (6)

Âåëè÷èíà L
c 

îïðåäåëÿåòñÿ ñóììîé ïðî-
åêöèè íà îñü àáñöèññ îòðåçêà R

ÁÑÏ
 è ïîñòóïà-

òåëüíîãî ïåðåìåùåíèÿ áàðàáàíà ñïèðàëüíîãî 

Ðèñ. 2. Ñõåìà äëÿ îïðåäåëåíèÿ äèàìåòðà ñïèðàëè 
ñïèðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ 

ëóêîóáîðî÷íîé ìàøèíû
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âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ çà âðåìÿ ïîâî-
ðîòà R

ÁÑÏ
 äî ñîïðèêîñíîâåíèÿ ñ ïî÷âîé, ò.å. íà 

óãîë 
1
:

 

1
1cos . c

R
L R


 




ÑÏ

ÑÏ

Á
Á

 
(7)

Óãîë 
1
 ïîâîðîòà R

ÑÏÂ
 äî ñîïðèêîñíîâåíèÿ ñ 

ïîâåðõíîñòüþ âçðûõëåííîãî ñëîÿ: 

 

2
d c

R
L L

 
 


ÑÏÁ , (6)

ãäå 
1
 – óãîë âõîäà ñïèðàëüíîãî âàëüöà êàòêà-

ëîæåîáðàçîâàòåëÿ â ïî÷âó, ãðàä.
Ïîýòîìó âåëè÷èíà L

d
 îïðåäåëÿåòñÿ ñóììîé 

ïðîåêöèè íà îñü àáñöèññ îòðåçêà R
ÑÏÂ

 è ïîñòó-
ïàòåëüíîãî ïåðåìåùåíèÿ ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ çà âðåìÿ  ïîâîðîòà íà 
óãîë 

1
:

  1 1     ; (9)

 
 

 1
1cosd

R
L R

  
  


ÑÏ

Â

Á
ÑÏ . (10)

Ïîäñòàâëÿÿ (7) è (10) â óðàâíåíèå (6), ïîëó-
÷àåì:

 

 1 1
1

1

cos

2
cos .

R R
R

R
R

   
   

 
 

  







ÑÏ ÑÏ

Â

ÑÏ

ÑÏ

Á Á
ÑÏ

Á
Á 

  (11)

Èç âûðàæåíèÿ (11) âûðàçèì óãîë 
1
. Äëÿ 

ýòîãî îïðåäåëèì ðàññòîÿíèå îò îñè àáñöèññ äî 
òî÷åê d è ñ, à òàêæå ïðèðàâíÿåì èõ, îòêóäà: 

 

1
1

sinarcsin
/R R

 
    

 Â ÑÏÑÏ Á

. (12)

Ïîäñòàâèâ (12) â ôîðìóëó (11) èìååì:

 
 

1
1

2 2
1 1

sin/ arcsin
/

cos / sin

R R

R R

 
      

   
   


Â ÑÏ

Â ÑÏ

ÑÏ Á

ÑÏ Á

.  (13)

Âûðàæåíèå (13) èìååò ñìûñë ïðè

 1/ sinR R  
Â ÑÏÑÏ Á . (14)

Øèðèíà çàõâàòà B
ÑÏÂ

 ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ (ðèñ. 3) îïðåäåëÿåòñÿ 
òåõíîëîãè÷åñêîé øèðèíîé ïîäêàïûâàþùåãî 
óñòðîéñòâà B

Ê
, êîòîðàÿ â ñâîþ î÷åðåäü çàâè-

ñèò îò òåõíîëîãè÷åñêîé ñõåìû ïîñåâà ëóêà, 

øèðèíû ïðîñåèâàþùåãî òðàíñïîðòåðà B
Ò
 è 

ðàññòîÿíèÿ  ìåæäó ùèòêàìè, ñóæàþùèìè 
âîðîõ, êîòîðûé ñõîäèò ñ ñåïàðèðóþùåãî ðàáî-
÷åãî îðãàíà ëóêîóáîðî÷íîé ìàøèíû. 

Ðèñ. 3. Ñõåìà ê îïðåäåëåíèþ 
øèðèíû ñïèðàëüíîãî âàëüöà: 

1 – ùèòêè ñóæàþùèå; 2 – ñïèðàëüíûé âàëåö

Òàê êàê ïîñëåäíèì ôàêòîðîì, âëèÿþùèì íà 
øèðèíó îáðàçóþùåãîñÿ âàëêà, èñõîäÿ èç òåõ-
íîëîãè÷åñêîãî ïðîöåññà óáîðêè ëóêà, ÿâëÿåòñÿ 
ðàññòîÿíèå S

Ê
 ìåæäó ñóæàþùèìè ùèòêàìè 1, 

òî øèðèíà çàõâàòà B
ÑÏÂ

 ñïèðàëüíîãî âàëüöà 2 
êàòêà-ëîæåîáðàçîâàòåëÿ äîëæíà óäîâëåòâî-
ðÿòü íåðàâåíñòâó:

 
B S

ÂÑÏ Ê .  (15)

Îáðàçîâàíèå ðûõëîãî ïî÷âåííîãî ñëîÿ ïðî-
èñõîäèò â ðåçóëüòàòå êðîøåíèÿ è èçìåëü÷åíèÿ 
êîìêîâ ïî÷âû ïîñëå èçâëå÷åíèÿ ëóêîâèö èç 
ïî÷âû ëåìåõàìè ëóêîóáîðî÷íîé ìàøèíû. Èí-
òåíñèôèêàöèè ïðîöåññà èçìåëü÷åíèÿ êîìêîâ 
ïî÷âû êàòêîì-ëîæåîáðàçîâàòåëåì ëóêîóáîðî÷-
íîé ìàøèíû ñïîñîáñòâóåò ñïèðàëüíàÿ íàâèâêà 
íà êàòêå. Äëÿ îïðåäåëåíèÿ øàãà t

ÑÏ
  íàâèâêè 

ñïèðàëè è óãëà  íàêëîíà åå ê ãîðèçîíòàëü-
íîé îñè ÎÎ êàòêà ðàññìîòðèì ñèëû, âîçäåé-
ñòâóþùèå íà êîìîê ïî÷âû. Íà êîìîê ïî÷âû Ê 
äåéñòâóåò ñèëà âîçäåéñòâèÿ ñïèðàëè  (ðèñ. 4), 
êîòîðóþ ìîæíî ðàçëîæèòü íà äâå ñîñòàâëÿþ-
ùèå – íîðìàëüíóþ F

N
 è òàíãåíöèàëüíóþ F.

Ðèñ. 4. Ñõåìà ñèë, äåéñòâóþùèõ 
íà êîìîê ïî÷âû ñïèðàëüíîãî âàëüöà



Îáîñíîâàíèå êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ñïèðàëüíîãî âàëüöà 
êàòêà-ëîæåîáðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà
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Ïåðåìåùåíèå êîìêà ïî÷âû ïî ïîâåðõíîñòè 
ñïèðàëè îñóùåñòâëÿåòñÿ ïðè óñëîâèè:

 F F  ÒÐ ,  (16)

ãäå F
TP

 – ñèëà òðåíèÿ êîìêà ïî÷âû ïî ïîâåðõ-
íîñòè ñïèðàëè, Í.

Îïðåäåëèì ñèëó òðåíèÿ:

 tgNF F  ÒÐ Ï ,  (17)

ãäå 
Ï
 – óãîë òðåíèÿ êîìêîâ ïî÷âû î ïîâåðõ-

íîñòü ñïèðàëè, ãðàä.
Îïðåäåëèì F êàñàòåëüíóþ ñîñòàâëÿþùóþ 

ñèëû F
CÏ

:

 tgNF F   .  (18)

Ñ ó÷åòîì ôîðìóë (17) è (18) óñëîâèå (16) çà-
ïèøåòñÿ â âèäå:

 tg tg  Ï .  (19)

Òàêèì îáðàçîì, óãîë  íàêëîíà ñïèðàëè ê 
ãîðèçîíòàëüíîé îñè ÎÎ äîëæåí áûòü áîëüøå 
óãëà 

Ï
 òðåíèÿ êîìêîâ ïî÷âû î ïîâåðõíîñòü 

ñïèðàëè.
Èñõîäÿ èç òåîðèè ðàñ÷åòà êîíñòðóêòèâíûõ 

ïàðàìåòðîâ øíåêîâûõ ìàøèí èìååì:

 
tgt D    

ÂÑÏ ÑÏ , (20)

ãäå D
ÑÏÂ

 – äèàìåòð ñïèðàëüíîãî âàëüöà, ì.
Êðîìå òîãî èçâåñòíî, ÷òî äëÿ ïðåäîòâðàùå-

íèÿ ñãðóæèâàíèÿ ïî÷âû ñïèðàëüíûì âàëüöîì 
êàòêà-ëîæåîáðàçîâàòåëÿ äèàìåòð D

ÑÏÂ
 âàëüöà 

äîëæåí îïðåäåëÿòüñÿ:

 
 2

max 1ctgD d    
ÂÑÏ Ê Ï ,  (21)

ãäå d
Êmax

 – ìàêñèìàëüíûé äèàìåòð êîìêà 
ïî÷âû, ì; 

1
 – óãîë âíóòðåííåãî òðåíèÿ êîìêîâ 

ïî÷âû, ãðàä.
Ñ ó÷åòîì ôîðìóëû (21) âûðàæåíèå, îïðåäå-

ëÿþùåå øàã ñïèðàëè, çàïèøåòñÿ â âèäå:

 
 2

max 1tg ctgt d         ÑÏ Ê Ï .  (22)

Â ñâÿçè ñ òåì ÷òî êàòîê-ëîæåîáðàçîâàòåëü 
ìàøèíû äëÿ óáîðêè ëóêà-ñåâêà âûïîëíÿåò 
òåõíîëîãè÷åñêèé ïðîöåññ ðàáîòû ïîòî÷íî ñ 
ëóêîóáîðî÷íîé ìàøèíîé ïðè çíà÷åíèè ïîñòó-
ïàòåëüíîé v

Ä
 ñêîðîñòè åå äâèæåíèÿ â ïðåäå-

ëàõ 2,8…5,6 êì/÷, òî ïðè èçâåñòíîì äèàïàçîíå 
çíà÷åíèé  = 6…9 êèíåìàòè÷åñêîãî ïîêàçàòå-
ëÿ ñïèðàëüíîãî âàëüöà, èñõîäÿ èç ðåçóëüòàòîâ 
áîëåå ðàííèõ èññëåäîâàíèé ðàáîòû ðîòàöèîí-
íûõ ïî÷âîîáðàáàòûâàþùèõ ìàøèí äëÿ ïðî-
ïàøíûõ êóëüòóð, îáåñïå÷èâàþùèõ êà÷åñòâåí-
íîå èçìåëü÷åíèå âçðûõëåííîãî ïî÷âåííîãî 

ïëàñòà, îïðåäåëèì ÷àñòîòó n
ÑÏÂ

 âðàùåíèÿ ñïè-
ðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ.

Èçâåñòíî, ÷òî 

 

0
Rv

v v


  


Â ÂÑÏ ÑÏ

Ä Ä

,  (23)

èñõîäÿ èç òîãî, ÷òî

 30
n 

  Â

Â

ÑÏ
ÑÏ ,  (24)

ãäå n
ÑÏÂ

 – ÷àñòîòà âðàùåíèÿ ñïèðàëüíîãî 
âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ, îá/ìèí.

Ïîñëå ïîäñòàíîâêè âûðàæåíèÿ (24) â âûðà-
æåíèå (23) ïîëó÷àåì:

 

30nv n
n

nR



Â

Â

Ä
ÑÏ

ÑÏ

. (25)

Âûâîäû
Òåîðåòè÷åñêèå èññëåäîâàíèÿ êàòêà-ëîæåî-

áðàçîâàòåëÿ ìàøèíû äëÿ óáîðêè ëóêà-ñåâêà 
ïîçâîëèëè ïîëó÷èòü çàâèñèìîñòè äëÿ îïðå-
äåëåíèÿ äèàìåòðà (2) è øàãà (22) ñïèðàëè, à 
òàêæå øèðèíû (15) çàõâàòà, êèíåìàòè÷åñêîãî 
ïîêàçàòåëÿ (23) è ÷àñòîòû âðàùåíèÿ (25) ñïè-
ðàëüíîãî âàëüöà êàòêà-ëîæåîáðàçîâàòåëÿ.

Íà îñíîâàíèè ïðîâåäåííûõ òåîðåòè÷åñêèõ 
èññëåäîâàíèé áûë èçãîòîâëåí êàòîê-ëîæåîáðà-
çîâàòåëü, êîòîðûé ïðîõîäèë èññëåäîâàíèÿ â 
ëàáîðàòîðíûõ è ïîëåâûõ óñëîâèÿõ ïî îáîñíî-
âàíèþ îïòèìàëüíûõ êîíñòðóêòèâíûõ è òåõíî-
ëîãè÷åñêèõ ïàðàìåòðîâ. 

Â ðåçóëüòàòå ïðîâåäåíèÿ ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé áûëî óñòàíîâëåíî, ÷òî ïîë-
íîòà ñåïàðàöèè âîðîõà ëóêà-ñåâêà ïîñëå åãî 
ïîäáîðà ñ ïîâåðõíîñòè ëîæà, îáðàçîâàííîãî 
êàòêîì-ëîæåîáðàçîâàòåëåì, íà îïòèìàëüíûõ 
ðåæèìàõ ñîñòàâëÿåò 98…99 % ïðè ïîâðåæäåíè-
ÿõ äî 1,0 %, ÷òî ñîîòâåòñòâóåò ñóùåñòâóþùèì 
ðåêîìåíäàöèÿì íà óáîðêó êîðíåïëîäîâ è ëóêà.
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