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Âàæíåéøèì ñðåäñòâîì ïîâûøåíèÿ ïëîäîðîäèÿ ïî÷â è óâåëè÷åíèÿ ïðîèçâîäñòâà ñåëüñêîõîçÿéñòâåííîé ïðî-
äóêöèè íàðÿäó ñ äðóãèìè àãðîòåõíè÷åñêèìè ìåðîïðèÿòèÿìè ÿâëÿåòñÿ âíåñåíèå óäîáðåíèé. Îòå÷åñòâåííûé 
è çàðóáåæíûé îïûò ñâèäåòåëüñòâóåò î òîì, ÷òî çà ñ÷åò óäîáðåíèé óðîæàéíîñòü ìîæåò âûðàñòè ïî÷òè â ïîëòî-
ðà ðàçà. Â íàñòîÿùåå âðåìÿ îäíèì èç íàèáîëåå ïðîñòûõ â òåõíè÷åñêîì èñïîëíåíèè è ýôôåêòèâíûì ñïîñîáîì 
âíåñåíèÿ òâåðäûõ îðãàíè÷åñêèõ è ìèíåðàëüíûõ óäîáðåíèé ÿâëÿåòñÿ ïîâåðõíîñòíûé, ñ ïðèìåíåíèåì êóçîâíûõ 
ðàçáðàñûâàòåëåé. Ýêñïåðèìåíòàëüíûé ðàçáðàñûâàòåëü ãðàíóëèðîâàííûõ ìèíåðàëüíûõ è îðãàíî-ìèíåðàëüíûõ 
óäîáðåíèé, ÿâëÿþùèéñÿ îáúåêòîì èññëåäîâàíèÿ, ïðåäñòàâëÿåò ñîáîé íèçêîðàìíóþ êîíñòðóêöèþ êóçîâíîãî 
òèïà, ñíàáæåííóþ ëåíòî÷íûì òðàíñïîðòåðîì è âåðòèêàëüíûì ðîòîðîì ñ ãîðèçîíòàëüíîé îñüþ âðàùåíèÿ. Âðà-
ùàòåëüíîå äâèæåíèå ðàáî÷èõ îðãàíîâ â êîæóõå áàðàáàíà ñîçäàåò, êðîìå ñèëîâûõ õàðàêòåðèñòèê, âîçäóøíûé 
íàïîð, âëèÿþùèé íà òðàåêòîðèþ ïîëåòà óäîáðåíèé. Çàêîíîìåðíîñòü ðàñïðåäåëåíèÿ óäîáðåíèé, äàëüíîñòü ïî-
ëåòà ÷àñòèö, çàòðàòû ìîùíîñòè íà ïðèâîä çàâèñÿò îò êîíñòðóêòèâíûõ îñîáåííîñòåé ðàáî÷èõ îðãàíîâ ïíåâìî-
ìåõàíè÷åñêîãî ðîòîðà. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå äèíàìèêè äâèæåíèÿ ÷àñòèöû óäîáðåíèÿ â 
çàâèñèìîñòè îò ôîðìû âûãðóçíûõ ëîïàòîê ðîòîðíîãî ðàáî÷åãî îðãàíà. Â êà÷åñòâå ìåòîäà èññëåäîâàíèÿ âû-
áðàí ãðàôîàíàëèòè÷åñêèé ñïîñîá ïîñòðîåíèÿ è àíàëèç òðàåêòîðèè ïîëåòà ÷àñòèö è óäîáðåíèé ïðè âðàùåíèè 
ðîòîðà â áàðàáàíå. Â ðåçóëüòàòå ïîëó÷åíî óðàâíåíèå âåðòèêàëüíîé ñîñòàâëÿþùåé ñèëû äåéñòâèÿ óäîáðåíèé íà 
ïîâåðõíîñòü ëîïàòêè. Äëÿ ðîòîðà äèàìåòðîì 920 ìì ñ ÷àñòîòîé âðàùåíèÿ 850 ìèí-1 ïðåèìóùåñòâî ïîëó÷èëè 
æåëîáîîáðàçíûå ëîïàòêè. Îíè ïîçâîëÿþò óìåíüøèòü ñèëó òðåíèÿ óäîáðåíèé î ñòåíêè êîæóõà. Êðîìå òîãî, 
êîíöåíòðèðóþò óäîáðåíèÿ â öåíòðå ëîïàòêè, ñîçäàâàÿ áîëåå ïëîòíûé ïîòîê ïðè âûáðîñå, ÷òî òåì ñàìûì ïîâû-
øàåò äàëüíîñòü è ðàâíîìåðíîñòü èõ ðàñïðåäåëåíèÿ.
Êëþ÷åâûå ñëîâà: ïëîñêèå ëîïàòêè, ëîïàòêè ñ áîðòàìè, æåëîáîîáðàçíûå ëîïàòêè, ñèëà òðåíèÿ, áîêîâàÿ ñèëà, 
òðàåêòîðèÿ ïîëåòà, êîýôôèöèåíò âàðèàöèè.

Using fertilizers, in line with other agrotechnical activities, is one of the most important means for increasing soil 
fertility, as well as agricultural products performance. Domestic and foreign experience shows us that yield capacity 
can grow almost 1.5-fold due to fertilizers. Nowadays the surface type of using hard organic and mineral fertilizers by 
means of body spreaders is considered to be one of the simplest technically and most effective ways. Being the ob-
ject of the research, the experimental mineral and organo-mineral granular fertilizers spreader is a van-type lowboy, 
equipped with a belt conveyor and a vertical rotor with a horizontal axis of rotation. In addition to load bearing char-
acteristics, rotational movement of the operative parts in the casing of the rotary drum provides for air drag, which 
influences the trajectory of fertilizers flight. Pattern of fertilizer distribution, flight distance of fertilizer particles and 
horsepower input of the gear system depend on the design features of the operative parts of the pneumatic-mechanical 
rotor. The objective of the research is to define travel speed of fertilizer particles along vanes in case of constant fer-
tilizer input with air drag in versions with radial position of vanes, bent backwards and forwards to some angle. The 
main research techniques are a graphical and analytical method and analysis of the component force which operates 
on the blade's surface. As for the drum with a diameter of 920 mm, at rotation frequency of 850 min-1, the best perfor-
mance was shown by the through blade. They may reduce the friction force of the casing of rotor. Besides, they can 
concentrate fertilizers in the center of a blade, and achieve qualitative work of the fertilizer spreader, is ascertaining.
Keywords: Flat blade, blade with boards, trough blade, friction force, lateral force, flight path, the coefficient of 
variation.
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Ââåäåíèå
Íàèáîëåå ïðîñòûì â òåõíè÷åñêîì èñïîë-

íåíèè è ýôôåêòèâíûì ñïîñîáîì âíåñåíèÿ 
îðãàíè÷åñêèõ è ìèíåðàëüíûõ óäîáðåíèé ÿâ-
ëÿåòñÿ ïîâåðõíîñòíûé, ñ ïðèìåíåíèåì êóçîâ-
íûõ ðàçáðàñûâàòåëåé [1–3]. Ïîâûøåíèå ðàâíî-
ìåðíîñòè ðàñïðåäåëåíèÿ óäîáðåíèé ðåøàåòñÿ 
ñîçäàíèåì è ïðîâåðêîé ðàáî÷èõ îðãàíîâ ñ ðàç-
ëè÷íûìè êîíñòðóêòèâíî-ðåæèìíûìè ïàðàìå-
òðàìè. Âî ìíîãèõ ñòðàíàõ ìèðà, â òîì ÷èñëå 
è â Ðîññèè, èñïîëüçóþò ðàçáðàñûâàòåëè ãðàíó-
ëèðîâàííûõ óäîáðåíèé ñ ðàáî÷èìè îðãàíàìè 
â âèäå äèñêîâ, ðàñïîëîæåííûõ íà âåðòèêàëü-
íîé îñè âðàùåíèÿ. Îäíàêî ó òàêèõ ðàáî÷èõ 
îðãàíîâ åñòü ñóùåñòâåííûé íåäîñòàòîê: ïðè 
óâåëè÷åíèè êîëè÷åñòâà ïîäàâàåìûõ óäîáðå-
íèé, ÷àñòü ìàòåðèàëà íå óñïåâàåò äîñòèãíóòü 
ïîâåðõíîñòè ëîïàòîê è ñõîäèò ïðÿìî ñ äèñêà, 
íå ðàçîãíàâøèñü äî íåîáõîäèìîé ñêîðîñòè. 
Äëÿ óñòðàíåíèÿ ýòîé ïðîáëåìû ðåêîìåíäóåòñÿ 
èñïîëüçîâàíèå ðîòîðíûõ ðàáî÷èõ îðãàíîâ íà 
ãîðèçîíòàëüíîé îñè âðàùåíèÿ.

Îñíîâíûì ïîêàçàòåëåì, îïðåäåëÿþùèì êà-
÷åñòâî âíåñåíèÿ óäîáðåíèé äàííûì âèäîì ðà-
áî÷èõ îðãàíîâ, ïîìèìî ðàâíîìåðíîñòè ðàñïðå-
äåëåíèÿ ÷àñòèö ïî ïîëþ, ÿâëÿåòñÿ äàëüíîñòü 
èõ âûëåòà.

Öåëü èññëåäîâàíèÿ
Öåëü äàííîé ðàáîòû ñîñòîèò â îáîñíîâà-

íèè ôîðìû âûãðóçíûõ ëîïàòîê ïíåâìîìåõà-
íè÷åñêîãî ðîòîðíîãî ðàáî÷åãî îðãàíà ðàñïî-
ëîæåííîãî íà ãîðèçîíòàëüíîé îñè âðàùåíèÿ, 
îêàçûâàþùèõ âëèÿíèå íà äàëüíîñòü è ðàâíî-
ìåðíîñòü ðàñïðåäåëåíèÿ óäîáðåíèé ïî ïîâåðõ-
íîñòè ïîëÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Îñíîâíûì ïîêàçàòåëåì, îïðåäåëÿþùèì 

äàëüíîñòü âûëåòà óäîáðåíèé, ÿâëÿþòñÿ êîí-
ñòðóêòèâíûå îñîáåííîñòè ðàáî÷åãî îðãàíà [4]. 
Ïðè ðàññìîòðåíèè ôèçèêè ïðîöåññà âûáðîñà 
óäîáðåíèé [5, 6] âûÿñíèëîñü, ÷òî íà óäîáðåíèÿ, 
ïðè âûñûïàíèè ñ ëåíòî÷íîãî òðàíñïîðòåðà íà 
ëîïàòêè âðàùàþùåãîñÿ ðîòîðà, äåéñòâóåò ñèëà 
òÿæåñòè mg, ñèëà èíåðöèè ma è ñèëà òðåíèÿ 

òðF  ãðóçà î ñòåíêè êî æóõà. Òîãäà âåðòèêàëüíàÿ 
ñîñòàâëÿþùàÿ ñóììàðíîé ñèëû äåéñòâèÿ ãðóçà 
íà ïîâåðõíîñòü ëîïàòêè 

 òðP mg ma F   .  (1)

Èñõîäÿ èç óñëîâèÿ 2 /a R   è èñïîëüçóÿ 
óðàâíåíèå (1), îïðåäåëèì óñêîðåíèå ãðóçà â çàâè-
ñèìîñòè îò óãëà ïîâîðîòà ëîïàòêè  a       
â äèàïàçîíå íà÷àëà è êîíöà âûãðóçêè:

    
     

2

2 2 2 2 2
 .

2

R g cos sin gf cos sin
a

R f R cos sin gR cos sin gRf sin cos

      


          

Âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ ñèëû P , 
äåéñòâóÿ íà ïîðöèþ ãðóçà ëîïàòêè, âûçûâàåò 
áîêîâîå äàâëåíèå: 

  áP mg ma ctg   , (2)

ãäå   – óãîë åñòåñòâåííîãî îòêîñà ãðóçà â äâè-
æåíèè.

Çàìåíèâ ñîñòàâëÿþùèå âûðàæåíèÿ (2) èõ 
çíà÷åíèÿìè, ïîëó÷èì: 

    
     

2

á 2 2 2 2 2
.

2

R g cos sin gf cos sin
P m g

R f R cos sin gR cos sin gRf sin cos

       
  
            

Âåëè÷èíà áîêîâîé ñèëû (ãîðèçîíòàëüíàÿ 
ñîñòàâëÿþùàÿ P ) áóäåò òàêæå çàâèñåòü 
îò îáúåìà ãðóçà íà ëîïàòêå è åå ôîðìû, Ïðè 
ýòîì, ðàñïðåäåëåíèå áîêîâîãî äàâëåíèÿ äëÿ 
ïëîñêîé ëîïàòêè ïðèìåò âèä, ïðåäñòàâëåííûé 
íà ðèñóíêå 1.

Ïî ðàñ÷åòíûì çíà÷åíèÿì P
á
 äëÿ êàæäîãî 

ñëîÿ ñòðîèì ýïþðû ýòèõ ñèë, äåéñòâóþùèõ â 
áîêîâîì íàïðàâëåíèè â òî÷êàõ ñîïðèêîñíîâå-
íèÿ ñî ñòåíêàìè áàðàáàíà. Èç ðèñóíêà 1 âèäíî, 
÷òî P

á
 ðàñòåò ñ óâåëè÷åíèåì ïîðöèè ãðóçà íà 

ëîïàòêå. 

Ñëåäóåò îòìåòèòü, ÷òî íà ÷àñòèöû ãðóçà, 
íàõîäÿùèåñÿ ó ñòåíîê êîæóõà, äåéñòâóåò ñèëà 
òðåíèÿ: 

òð á   F f P ,
ãäå f – êîýôôèöèåíò òðåíèÿ óäîáðåíèÿ î ñòåíêó 
êîæóõà.

Âûñîòà ïîðöèè óäîáðåíèÿ: 

 

B
H

ctg



, (3)

ãäå B – øèðèíà ëîïàòêè;  – óãîë åñòåñòâåííî-
ãî îòêîñà óäîáðåíèé â ïîêîå.
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Ñ ó÷åòîì ðàçìåðîâ ëîïàòêè è ôèçèêî-ìå-
õàíè÷åñêèõ ñâîéñòâ óäîáðåíèé, âûðàæåíèå (3) 
ïðèìåò âèä: 

 ,
     

m
H

B Lcos 

 

Óìåíüøèòü äåéñòâèå áîêîâîé ñèëû ìîæíî 
ïóòåì óìåíüøåíèÿ çíà÷åíèÿ Í. Äëÿ ýòîãî öåëå-
ñîîáðàçíî èñïîëüçîâàòü ëîïàòêè ðîòîðà ñ áîðòà-
ìè (ðèñ. 2, à) èëè æåëîáîîáðàçíûìè (ðèñ. 2, á).

Ïðåäëàãàåìûå êîíñòðóêöèè ëîïàòîê ñíèæà-
þò ñèëó òðåíèÿ óäîáðåíèé î ñòåíêè êîæóõà, 
çàòðàòû ìîùíîñòè íà ïðèâîä ðàáî÷èõ îðãàíîâ 
è ïîçâîëÿþò êîððåêòèðîâàòü äàëüíîñòü âûáðî-
ñà óäîáðåíèé. Ñîçäàâàåìûé âðàùàþùèìèñÿ 
ëîïàòêàìè âîçäóøíûé íàïîð òàêæå ñíèæàåò 
äåéñòâèå áîêîâîé ñèëû. Âåëè÷èíà âîçäóøíî-
ãî íàïîðà îïðåäåëÿåòñÿ ýêñïåðèìåíòàëüíûì 
ïóòåì ïî ñîîòâåòñòâóþùåé ìåòîäèêå.

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Äëÿ ïîäòâåðæäåíèÿ äàííîé òåîðèè ïðîâî-

äèëè ýêñïåðèìåíòàëüíóþ ïðîâåðêó ðàáî÷åãî 
îðãàíà.

Âî âðåìÿ ïîëåâûõ ýêñïåðèìåíòîâ c ó÷åòîì 
ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ ãðàíóëèðîâàí-
íûõ óäîáðåíèé èññëåäîâàëîñü âëèÿíèå îñíîâ-
íûõ êîíñòðóêòèâíûõ ïàðàìåòðîâ ðîòîðíîãî 
ðàáî÷åãî îðãàíà íà äëèíó ïîëîñû ðàññåâà è 
ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ óäîáðåíèé. Äëÿ 
ýòîãî áûëè ðàçðàáîòàíû è ýêñïåðèìåíòàëü-
íî ïðîâåðåíû òðè âàðèàíòà ëîïàòîê ðàáî÷åãî 
îðãàíà: ïëîñêèå, ñ áîðòàìè è æåëîáîîáðàçíûå 
(ðèñ. 3).

Ðàçáðàñûâàòåëü, çàãðóæåííûé ãðàíóëèðî-
âàííûìè îðãàíî-ìèíåðàëüíûìè óäîáðåíèÿìè, 
àãðåãàòèðîâàëè ñ òðàêòîðîì ÌÒÇ-82 (ðèñ. 4). 
Èññëåäîâàíèÿ òðàåêòîðèè ïîëåòà óäîáðåíèé è 
ðàâíîìåðíîñòè èõ ðàñïðåäåëåíèÿ ïîçâîëèëè 
ïîäòâåðäèòü íàèáîëåå ïðèåìëåìóþ ôîðìó ëî-
ïàòîê äëÿ äîñòèæåíèÿ ìàêñèìàëüíîé äàëüíî-
ñòè âûëåòà ÷àñòèö óäîáðåíèÿ.

Óñòàíîâëåíî, ÷òî æåëîáîáðàçíàÿ ôîðìà ëî-
ïàòîê, â ñðàâíåíèè ñ îñòàëüíûìè, ïîçâîëÿåò 
êîíöåíòðèðîâàòü ìàññó óäîáðåíèé â öåíòðå 
ëîïàòêè, îáðàçóÿ áîëåå ïëîòíûé ïîòîê. Äàëü-
íîñòü âûëåòà ïðè ðàáîòå æåëîáîîáðàçíûõ ëî-

Ðèñ. 1. Ðàñïðåäåëåíèå áîêîâîãî äàâëåíèÿ ïî øèðèíå 
ëîïàòêè: B – øèðèíà ëîïàòêè; B

i
 – ðàáî÷àÿ øèðèíà 

êîæóõà; S – çàçîð ìåæäó ëîïàòêîé è ñòåíêîé 
êîæóõà; H – âûñîòà ãðóçà íà ëîïàòêå; P

á1
…P

á5
 – 

ïîñëîéíûå ñîñòàâëÿþùèå ýïþðû áîêîâîãî äàâëåíèÿ

ãäå m – ìàññà ãðóçà;  – ïëîòíîñòü ãðóçà; B è L  – 
ñîîòâåòñòâåííî øèðèíà è äëèíà ëîïàòêè;   – óãîë 
åñòåñòâåííîãî îòêîñà óäîáðåíèé â äâèæåíèè.

Â ðåçóëüòàòå âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ 
ñóììàðíîé ñèëû äåéñòâèÿ óäîáðåíèÿ íà ïî-
âåðõíîñòü ëîïàòêè ïðèìåò âèä: 

    
     

2

2 2 2 2 2
2 .

R g cos sin gf cos sin
P mg m

R f R cos sin gR cos sin gRf sin cos

      
 

          


à 

á

Ðèñ. 2. Ðàñïðåäåëåíèå áîêîâîãî äàâëåíèÿ 
ïî øèðèíå ëîïàòêè: 

à – ñ áîðòàìè; á – æåëîáîîáðàçíûå 
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Ðèñ. 3. Ýêñïåðèìåíòàëüíûå îáðàçöû ëîïàòîê ðàáî÷åãî îðãàíà

Ðèñ. 4. Ïîëåâûå èñïûòàíèÿ ðàçáðàñûâàòåëÿ

ïàòîê, â ñðàâíåíèè ñ îñòàëüíûìè, áûëà ìàêñè-
ìàëüíîé è ñîñòàâèëà 18 ì (ðèñ. 5).

Èññëåäîâàíèÿìè òàêæå óñòàíîâëåíî, ÷òî 
æåëîáîîáðàçíàÿ ôîðìà ëîïàòîê ïîçâîëÿåò äî-
áèòüñÿ ìàêñèìàëüíîé ñêîðîñòè âûëåòà ÷àñòèö 
óäîáðåíèÿ è îáåñïå÷èâàåò ìèíèìàëüíûé ïðî-
öåíò äðîáëåíèÿ. Îäíàêî âûñîòà ïèêîâûõ òî÷åê 
âåðòèêàëüíîãî âååðà äîõîäèò äî 3,5 ì è ïðè-
âîäèò ê íåäîïóñòèìîìó ïî àãðîòðåáîâàíèÿì 
çíà÷åíèþ êîýôôèöèåíòà âàðèàöèè – 14,2 %. 
Äàííûé íåäîñòàòîê óñòðàíÿëè ñ ïîìîùüþ ðàç-
ðàáîòàííîé êîíñòðóêöèè äåôëåêòîðà, êîððåê-
òèðóþùåãî ïîòîê óäîáðåíèé, ÷òî ïîçâîëèëî 
äîáèòüñÿ äîïóñòèìîãî ïî àãðîòðåáîâàíèÿì 

çíà÷åíèÿ êîýôôèöèåíòà âàðèàöèè – 9,86 % 
(ðèñ. 6). 

Âûâîäû
Æåëîáîîáðàçíàÿ ôîðìà ëîïàòîê ðàáî÷åãî 

îðãàíà â ñðàâíåíèè ñ ïëîñêîé è ñ áîðòàìè ïî-
çâîëÿåò óìåíüøèòü ñèëó òðåíèÿ óäîáðåíèé î 
ñòåíêè êîæóõà äî 50 %.

Êîíñòðóêòèâíûå îñîáåííîñòè æåëîáîî-
áðàçíûõ ëîïàòîê ïîçâîëÿþò êîíöåíòðèðîâàòü 
óäîáðåíèÿ â öåíòðå ëîïàòêè, ñîçäàâàÿ áîëåå 
ïëîòíûé ïîòîê ïðè âûáðîñå, ÷òî òåì ñàìûì 
ïîâûøàåò äàëüíîñòü èõ âûëåòà äî 18 ì è ðàâíî-
ìåðíîñòü ðàñïðåäåëåíèÿ äî 9,86 %.



Îáîñíîâàíèå ôîðìû ëîïàòîê ðàáî÷åãî îðãàíà ðàçáðàñûâàòåëÿ ãðàíóëèðîâàííûõ óäîáðåíèé
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