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Â íàñòîÿùåå âðåìÿ äëÿ ïîâåðõíîñòíîãî âíåñåíèÿ óäîáðåíèé, êàê â Åâðîïå, òàê è â Ðîññèè, èñïîëüçóþò ðàç-
áðàñûâàòåëè ðàçëè÷íîé êîíñòðóêöèè è êîìïîíîâêè. Äîçèðóþùèìè óñòðîéñòâàìè â íèõ, êàê ïðàâèëî, ÿâëÿþòñÿ 
äèñêîâûå àïïàðàòû öåíòðîáåæíîãî òèïà ñ âåðòèêàëüíîé îñüþ âðàùåíèÿ. Îáçîð è àíàëèç ðàáîòû ðàçáðûçãèâà-
òåëåé ïîêàçûâàåò, ÷òî îíè íå â ïîëíîé ìåðå óäîâëåòâîðÿþò àãðîòåõíè÷åñêèì òðåáîâàíèÿì, à èìåííî ðàñïðåäå-
ëÿþò óäîáðåíèÿ ïî ïîâåðõíîñòè ïî÷âû ñî çíà÷èòåëüíûìè îòêëîíåíèÿìè îò äîïóñòèìîé íåðàâíîìåðíîñòè. Ïî-
ýòîìó ðàçðàáîòêà ðàáî÷åãî îðãàíà, ïîâûøàþùåãî ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ ìèíåðàëüíûõ óäîáðåíèé ïî 
ïîâåðõíîñòè ïîëÿ, ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé. Ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ ìèíåðàëüíûõ óäîáðåíèé öåí-
òðîáåæíûì ðàáî÷èì îðãàíîì îñíîâàíà íà ðàçíîñòè ñêîðîñòåé ãðàíóë óäîáðåíèé â ìîìåíò ñõîäà èõ ñ ðàáî÷åãî 
îðãàíà. Âåëè÷èíà ñêîðîñòè âëèÿåò íà äàëüíîñòü ïîëåòà ÷àñòèö (øèðèíó çàõâàòà) è çàâèñèò îò êîíñòðóêòèâíûõ 
è êèíåìàòè÷åñêèõ ïàðàìåòðîâ ðàáî÷åãî îðãàíà. Íà êàôåäðå ñåëüñêîõîçÿéñòâåííûõ ìàøèí Ìîðäîâñêîãî ãî-
ñóíèâåðñèòåòà ðàçðàáîòàí öåíòðîáåæíûé ðàáî÷èé îðãàí, â ëþáîé òî÷êå êîòîðîãî ñõîä ãðàíóë ìèíåðàëüíûõ 
óäîáðåíèé ïðîèñõîäèò ñ ðàçíûìè ïî âåëè÷èíå ñêîðîñòÿìè. Ýòîãî óäàëîñü äîáèòüñÿ áëàãîäàðÿ òîìó, ÷òî ðàáî-
÷èé îðãàí ñîäåðæèò êîíè÷åñêóþ ïîâåðõíîñòü, âäîëü îáðàçóþùåé êîòîðîé æåñòêî çàêðåïëåíû ïðÿìûå ëîïàñòè 
ðàçíîé äëèíû. Ïðè ðàáîòå, óäîáðåíèÿ, ïîäàþùèåñÿ íà êîíè÷åñêóþ ÷àñòü, ðàñïðåäåëÿþòñÿ ðàâíîìåðíûì ñëîåì 
è ïðîäîëæàþò íàïðàâëåííîå äâèæåíèå ïî êîíè÷åñêîé ïîâåðõíîñòè. Îêðóæíàÿ ñêîðîñòü ðàáî÷åé ïîâåðõíîñòè 
ïî íàïðàâëåíèþ ê îñíîâàíèþ âîçðàñòàåò, ñëåäîâàòåëüíî óâåëè÷èâàåòñÿ è ñêîðîñòü âûëåòà ÷àñòèö ñ ðàçíûõ òî-
÷åê ðàáî÷åé ïîâåðõíîñòè. Îñòàëüíàÿ ÷àñòü óäîáðåíèé íåïðåðûâíûì ïîòîêîì ïîñòóïàåò íà ñôåðè÷åñêèé äèñê 
è ëîïàñòÿìè íàïðàâëÿåòñÿ íà ïîâåðõíîñòü ïî÷âû. Ñ ëîïàñòåé ðàçëè÷íîé äëèíû óäîáðåíèÿ ñõîäÿò íà ðàçíîé 
âûñîòå, ïîä ðàçíûìè óãëàìè íàêëîíà ê ãîðèçîíòó è ðàçëè÷íûìè ïî âåëè÷èíå ñêîðîñòÿìè, ÷òî ïîâëèÿåò íà 
ðàâíîìåðíîñòü èõ âíåñåíèÿ. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî ïðèìåíåíèå ýêñïåðèìåíòàëüíîãî ðàáî-
÷åãî îðãàíà ïîçâîëÿåò óâåëè÷èòü ðàáî÷óþ øèðèíó ñ 10 äî 14 ì è óìåíüøèòü íåðàâíîìåðíîñòü ðàñïðåäåëåíèÿ 
òóêîâ ïî îáùåé øèðèíå íà 14,2 %.
Êëþ÷åâûå ñëîâà: ìèíåðàëüíûå óäîáðåíèÿ, ðàáî÷èé îðãàí, íåðàâíîìåðíîñòü âíåñåíèÿ, ðåçóëüòàòû èññëåäîâàíèé.

Currently, for the surface application of fertilizers, both in Europe as well as in Russia, spreader devices of various 
designs and arrangements are used. The metering devices in them, as a rule, are centrifugal type disk mechanisms 
with a vertical axis of rotation. Overview and analysis of their work shows that they do not completely meet the agro-
technical requirements, namely, distribute fertilizers on the soil surface with significant deviations from the permis-
sible unevenness. Therefore, the development of a working body for increasing the uniformity of the distribution of 
mineral fertilizers over the field surface is an urgent challenge. The uniformity of the distribution of mineral fertilizers 
by a centrifugal working body is based on the difference in the speeds of fertilizer’s granules at the moment of their 
descent from the working body. The magnitude of the velocity affects the range of flight of particles (the coverage) 
and depends on the structural and kinematic parameters of the working body. At the department of agricultural ma-
chines of the Mordovia State University a centrifugal working body has been developed, at any point of which the 
descent of mineral fertilizer’s granules proceeding at different speeds. That had been achieved through the the fact 
that the working body contains a conical surface, along the generatrix of which, blades of different lengths are rigidly 
fastened. When working, the fertilizers are fed to the conical part and are distributed in a uniform layer and continue 
directed movement along the conical surface. The circumferential velocity of the working surface towards the base in-
creases, and consequently the velocity of particle descent from different points of the working surface increases. The 
rest of the fertilizers flows continuously to the spherical disk and is directed to the soil surface by the blades. From 
blades of different lengths, fertilizers come off at different heights, at different angles of inclination to the horizon and 
at different speeds, which will affect the uniformity of their application. The results of the investigations are showed 
that the use of the experimental working body allows to increase the working width from 10 to 14 m and to reduce 
the uneven distribution of mineral fertilizers over the total width by 14,2 %.
Keywords: mineral fertilizers, working body, uneven application, the results of investigations. 
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 Ââåäåíèå
Óäîâëåòâîðåíèå ïîòðåáíîñòè íàñåëåíèÿ 

â ïðîäóêòàõ ïèòàíèÿ ñâÿçàíî ñ ïîâûøåíèåì 
óðîæàéíîñòè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð. 
Ïðàêòè÷åñêè äîêàçàíî, ÷òî çà ñ÷åò âíåñåíèÿ 
óäîáðåíèé ïîëó÷àþò ïðèáàâêó óðîæàÿ â ðàç-
ìåðå 50 %. Ðàöèîíàëüíîå èõ âíåñåíèå â îáùåé 
ñèñòåìå ïðèìåíåíèÿ óäîáðåíèé è ìåëèîðàíòîâ 
ïîçâîëÿåò ïîâûñèòü èõ îêóïàåìîñòü è ñíèçèòü 
àíòðîïîãåííîå âîçäåéñòâèå íà îêðóæàþùóþ 
ñðåäó [1, 2]. 

Äëÿ ëþáîé ñåëüñêîõîçÿéñòâåííîé êóëüòóðû 
â çàäàííûõ ïðèðîäíî-êëèìàòè÷åñêèõ óñëîâèÿõ 
ñóùåñòâóåò ðàöèîíàëüíàÿ äîçà âíåñåíèÿ óäî-
áðåíèé, êîòîðàÿ ñîîòâåòñòâóåò áèîëîãè÷åñêèì 
îñîáåííîñòÿì ðàñòåíèé. Îäíî èç âàæíåéøèõ 
óñëîâèé ïîâûøåíèÿ ýôôåêòèâíîñòè ïðèìåíå-
íèÿ óäîáðåíèé – ýòî èõ ðàâíîìåðíîå âíåñåíèå 
ïî ïîâåðõíîñòè ïîëÿ [3, 4]. 

Äëÿ îöåíêè ñîâîêóïíîãî âëèÿíèÿ ðàçëè÷-
íûõ ïðîÿâëåíèé íåðàâíîìåðíîãî âíåñåíèÿ óäî-
áðåíèé íà èçäåðæêè íàìè ñîñòàâëåíà ñòðóê-
òóðíàÿ ñõåìà, ïðèâåäåííàÿ íà ðèñ. 1.

Â ñëó÷àå íåðàâíîìåðíîãî âíåñåíèÿ óäîáðå-
íèé ñíèæàþòñÿ òåõíîëîãè÷åñêèå è áèîëîãè÷å-
ñêèå ñâîéñòâà óðîæàÿ, à òàêæå ïðîèñõîäèò íà-
êîïëåíèå íèòðàòîâ â ðàñòåíèÿõ è çàãðÿçíåíèå 
îêðóæàþùåé ñðåäû.

Â ñâÿçè ñ ýòèì ðàçðàáîòêà ðàáî÷åãî îðãàíà 
öåíòðîáåæíîãî òèïà äëÿ âûñîêîêà÷åñòâåííîãî 
âíåñåíèÿ ìèíåðàëüíûõ óäîáðåíèé ÿâëÿåòñÿ àê-
òóàëüíîé çàäà÷åé.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Èçâåñòíî, ÷òî ðàáî÷èé ïðîöåññ öåíòðîáåæ-

íîãî ðàçáðàñûâàòåëÿ äèñêîâîãî òèïà ñîñòîèò èç 
äâóõ ôàç: îòíîñèòåëüíîãî ïåðåìåùåíèÿ ãðàíóë 
ïî ïîâåðõíîñòè ðàáî÷åãî îðãàíà è ñâîáîäíîãî 
ïîëåòà ãðàíóë ïîä äåéñòâèåì ñîîáùåííîé èì 
êèíåòè÷åñêîé ýíåðãèè è äåéñòâóþùåé ñèëû òÿ-
æåñòè.

Ñêîðîñòü ãðàíóë ìèíåðàëüíûõ óäîáðåíèé 
â ìîìåíò ñõîäà ñ öåíòðîáåæíîãî ðàáî÷åãî 
îðãàíà çàâèñèò îò åãî êîíñòðóêòèâíûõ è êèíå-
ìàòè÷åñêèõ ïàðàìåòðîâ [5]:

R   ,

ãäå   – óãëîâàÿ ñêîðîñòü äèñêà, ðàä/ñ; R – 
ðàäèóñ äèñêà, ì.

Âåëè÷èíà   âëèÿåò íà äàëüíîñòü ïîëåòà 
÷àñòèö, êîòîðàÿ â ñâîþ î÷åðåäü îïðåäåëÿåò ðà-
áî÷óþ øèðèíó ðàçáðîñà. Ñ óâåëè÷åíèå ñêîðî-
ñòè   äàëüíîñòü ïîëåòà âîçðàñòàåò.

Òàê êàê íà   âëèÿåò ìíîæåñòâî ôàêòîðîâ, 
òî â îáùåì âèäå èìååì [5]:

 ( , , , , )f R m a    ,  (1)

ãäå   – óãîë òðåíèÿ óäîáðåíèé ïî ýëåìåíòàì 
ðàáî÷åãî îðãàíà; m  – ìàññà ãðàíóë, êã; a – ïà-
ðàìåòð, îïðåäåëÿþùèé ìåñòî ïîäà÷è óäîáðå-
íèé íà äèñê.

Íà îñíîâàíèè âûøåèçëîæåííîãî íà êàôåäðå 
ñåëüñêîõîçÿéñòâåííûõ ìàøèí èìåíè ïðîôåñ-

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà èçäåðæåê îò íåêà÷åñòâåííîãî âíåñåíèÿ óäîáðåíèé
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ñîðà À.È. Ëåùàíêèíà Ìîðäîâñêîãî ãîñóíè-
âåðñèòåòà áûëà ïðîâåäåíà ñåðèÿ ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé, â ðåçóëüòàòå êîòîðûõ 
ðàçðàáîòàí öåíòðîáåæíûé äèñêîâûé ðàáî÷èé 
îðãàí äëÿ ðàçáðîñíîãî âíåñåíèÿ ìèíåðàëüíûõ 
óäîáðåíèé. Íîâèçíà òåõíè÷åñêèõ ðåøåíèé 
ïîäòâåðæäåíà ïàòåíòîì ÐÔ [6].

Ðàáî÷èé îðãàí (ðèñ. 2) ñîñòîèò èç êîíè÷å-
ñêîé ÷àñòè 1, âûïîëíåííîé â âèäå âîãíóòîé 
ïîâåðõíîñòè, äèñêà 2, ðàáî÷àÿ ïîâåðõíîñòü 
êîòîðîãî èìååò ñôåðè÷åñêóþ ôîðìó 3, è ëîïà-
ñòåé 4 ðàçíîé äëèíû. Ëîïàñòè ðàâíîé äëèíû, 
ðàçìåùàþòñÿ ñèììåòðè÷íî îòíîñèòåëüíî îñè 
âðàùåíèÿ äèñêà. Ýòî îáåñïå÷èâàåò äèíàìè÷å-
ñêóþ áàëàíñèðîâêó ðàáî÷åãî îðãàíà.

Ðèñ. 2. Öåíòðîáåæíûé ðàáî÷èé îðãàí: 
1 – êîíè÷åñêàÿ ÷àñòü; 2 – äèñê; 3 – ðàáî÷àÿ 

ïîâåðõíîñòü; 4 – ëîïàñòè

Óñòðîéñòâî ðàáîòàåò ñëåäóþùèì îáðàçîì. 
Óäîáðåíèÿ, ïîäàþùèåñÿ íà êîíè÷åñêóþ ÷àñòü 1, 
ðàñïðåäåëÿþòñÿ ðàâíîìåðíûì ñëîåì è ïðîäîë-
æàþò íàïðàâëåííîå äâèæåíèå ïî êîíè÷åñêîé 
ïîâåðõíîñòè. Îêðóæíàÿ ñêîðîñòü ðàáî÷åé ïî-
âåðõíîñòè ïî íàïðàâëåíèþ ê îñíîâàíèþ âîçðàñ-
òàåò, ñëåäîâàòåëüíî óâåëè÷èâàåòñÿ è ñêîðîñòü 
âûëåòà ÷àñòèö ñ ðàçíûõ òî÷åê ðàáî÷åé ïîâåðõ-
íîñòè. Îñòàëüíàÿ ÷àñòü óäîáðåíèé, áëàãîäàðÿ 
âîãíóòîé ïîâåðõíîñòè êîíè÷åñêîé ÷àñòè, íå-
ïðåðûâíûì ïîòîêîì ïîñòóïàåò íà ñôåðè÷åñêèé 

äèñê 2 è ëîïàñòÿìè 4 íàïðàâëÿåòñÿ íà ïîâåðõ-
íîñòü ïî÷âû. Ñ ëîïàñòåé ðàçëè÷íîé äëèíû óäî-
áðåíèÿ ñõîäÿò íà ðàçíîé âûñîòå, ïîä ðàçíûìè 
óãëàìè íàêëîíà ê ãîðèçîíòó è ðàçëè÷íûìè ïî 
âåëè÷èíå ñêîðîñòÿìè, ÷òî âëèÿåò íà ðàâíîìåð-
íîñòü èõ âíåñåíèÿ. Óâåëè÷åíèå óãëà íàêëîíà ê 
ãîðèçîíòó ïðèâîäèò ê âîçðàñòàíèþ ñêîðîñòè 
ñõîäà ãðàíóë ìèíåðàëüíûõ óäîáðåíèé. Ñ âîç-
ðàñòàíèåì ñêîðîñòè óâåëè÷èâàåòñÿ äàëüíîñòü 
ïîëåòà óäîáðåíèé, ÷òî îáåñïå÷èâàåò ïîâûøåíèå 
ðàáî÷åé øèðèíû çàõâàòà.

Ñîîòâåòñòâåííî, âûðàæåíèå (1), ïðèìåò âèä:

( , , , , , )f R m a     ,

ãäå   – óãîë íàêëîíà ê ãîðèçîíòàëüíîé ïëî-
ñêîñòè, ãðàä.

Ñ öåëüþ ïîäòâåðæäåíèÿ âûøåñêàçàííîãî 
íàìè ïðîâåäåíû îïûòû ïî âíåñåíèþ ìèíå-
ðàëüíûõ óäîáðåíèé ðàçáðàñûâàòåëåì ÍÐÓ-0,5 
ñ ñåðèéíûì è ýêñïåðèìåíòàëüíûì ðàáî÷èìè 
îðãàíàìè. Îïûòû ïðîâîäèëèñü íà ðàññåâå íè-
òðîôîñêè.

Äëÿ îöåíêè êà÷åñòâåííûõ ïîêàçàòåëåé 
ðàáîòû ñåðèéíîãî è ýêñïåðèìåíòàëüíîãî ðàç-
áðàñûâàòåëåé ïî øèðèíå çàõâàòà è ïî õîäó äâè-
æåíèÿ àãðåãàòà ñáîð óäîáðåíèé ïðîèçâîäèëè 
â åìêîñòè ðàçìåðîì 0,5õ0,5õ0,1 ì. Ïðîòèâíè 
ðàññòàâëÿëè ìàêñèìàëüíî áëèçêî äðóã ê äðóãó 
â 3 ðÿäà ÷åðåç êàæäûå 5 ì (ðèñ. 3). 

Ðåçóëüòàòû ðàñïðåäåëåíèÿ íèòðîôîñêè ýêñ-
ïåðèìåíòàëüíûì è ñåðèéíûì ðàçáðàñûâàòåëÿ-
ìè ïðåäñòàâëåíû íà ðèñ. 4. 

Èç àíàëèçà ðèñ. 4 ñëåäóåò, ÷òî õàðàêòåð ðàñ-
ïðåäåëåíèÿ íèòðîôîñêè ïî øèðèíå çàõâàòà ó 
îáîèõ ðàçáðàñûâàòåëåé áëèçîê ê íîðìàëüíîìó 
ðàñïðåäåëåíèþ.

Â îòëè÷èå îò ñåðèéíîãî, îñíîâíàÿ ìàññà óäî-
áðåíèé ó êîòîðîãî ðàñïðåäåëåíà â ñðåäíåé ÷àñòè, 
ðàçáðàñûâàòåëü, îñíàùåííûé ýêñïåðèìåíòàëü-
íûì ðàáî÷èì îðãàíîì, èçìåíèë õàðàêòåð ðàñ-

Ðèñ. 3. Ñõåìà ðàñïîëîæåíèÿ ïðîòèâíåé
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ïðåäåëåíèÿ íèòðîôîñêè ïî øèðèíå çàõâàòà. Ýòî 
ïðîèçîøëî çà ñ÷åò ïåðåðàñïðåäåëåíèÿ óäîáðå-
íèé ñî ñðåäíåé ÷àñòè ïîëîñû ê êðàÿì. 

Çàêëþ÷åíèå
Ýêñïåðèìåíòàëüíûé ðàáî÷èé îðãàí äëÿ âíå-

ñåíèÿ ìèíåðàëüíûõ óäîáðåíèé ïîçâîëèë óâå-
ëè÷èòü ðàáî÷óþ øèðèíó ñ 10 äî 14 ì è óìåíü-
øèòü íåðàâíîìåðíîñòü ðàñïðåäåëåíèÿ òóêîâ 
ïî îáùåé øèðèíå çàõâàòà íà 14,2 %.
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Ðèñ. 4. Õàðàêòåð ðàñïðåäåëåíèÿ íèòðîôîñêè 
ïî øèðèíå çàõâàòà: 

1 – ñåðèéíûé ðàçáðàñûâàòåëü; 
2 – ýêñïåðèìåíòàëüíûé ðàçáðàñûâàòåëü


