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Â ñòàòüå ïðèâîäÿòñÿ íåêîòîðûå ðåçóëüòàòû ñðàâíèòåëüíûõ èñïûòàíèé, ïðîâåäåííûõ â Ìîðäîâñêîì ãîñó-
äàðñòâåííîì óíèâåðñèòåòå èìåíè Í.Ï. Îãàðåâà, àãðåãàòà ñ ñåðèéíûì è ýêñïåðèìåíòàëüíûì öåíòðîáåæíûì 
ðàáî÷èì îðãàíîì ïðè âíåñåíèè ïûëåâèäíûõ èçâåñòêîâûõ óäîáðåíèé. Îïðåäåëåíî âëèÿíèå íåðàâíîìåðíîñòè 
ðàñïðåäåëåíèÿ óäîáðåíèé ïî øèðèíå çàõâàòà àãðåãàòà. Íàáëþäåíèÿ ïîêàçàëè, ÷òî ïðè ìåõàíè÷åñêîì ðàçáðà-
ñûâàíèè (íàïðèìåð, öåíòðîáåæíûì äèñêîì) óäîáðåíèé ñ ðàçëè÷íîé ãðàíóëîìåòðè÷åñêîé õàðàêòåðèñòèêîé, 
êðóïíûå ÷àñòèöû ïîä äåéñòâèåì íà÷àëüíîé ñêîðîñòè, ïðèîáðåòåííîé ïðè ñõîäå äèñêà, ëåòÿò äàëüøå, à ìåëêèå 
(ïûëåâèäíûå) ëîæàòñÿ íà ïî÷âó âáëèçè öåíòðà äèñêà. Ïîýòîìó ïðåäëàãàåòñÿ èñïîëüçîâàòü äëÿ âíåñåíèÿ ìåëè-
îðàíòîâ äèôôåðåíöèðîâàííóþ ïîäà÷ó, êàê ìåõàíè÷åñêóþ, òàê è ïíåâìàòè÷åñêóþ. 
Âî ìíîãèõ èññëåäîâàíèÿõ ïîäðîáíî ðàññìàòðèâàåòñÿ âëèÿíèå êèíåòè÷åñêîé ýíåðãèè íà ÷àñòèöó óäîáðåíèé ïðè 
åå ñëåòå ñ öåíòðîáåæíîãî ðàáî÷åãî îðãàíà, è íåäîñòàòî÷íî èññëåäîâàíèé ïî âëèÿíèþ êèíåòè÷åñêîé ýíåðãèè 
íàêëîííîãî âîçäóøíîãî ïîòîêà íà äîïîëíèòåëüíûé ðàçãîí ðàçáðàñûâàåìûõ ÷àñòèö è ðàâíîìåðíîñòü èõ âíåñå-
íèÿ. Äëÿ ïðîâåðêè äàííîé ãèïîòåçû íàìè ïðîâåäåíû îïûòû ïî îïðåäåëåíèþ íåðàâíîìåðíîñòè ðàñïðåäåëåíèÿ 
óäîáðåíèé ïî øèðèíå çàõâàòà àãðåãàòà ïðè âíåñåíèè èõ ýêñïåðèìåíòàëüíûì è ñåðèéíûì ðàáî÷èì îðãàíîì. Äëÿ 
ïðîâåäåíèÿ îïûòîâ çà îñíîâó áûëà âçÿòà áàçîâàÿ ìîäåëü ðàçáðàñûâàòåëÿ ÌÂÓ-6. Íà äàííîé ìàøèíå âìåñòî 
ñåðèéíîãî ðàáî÷åãî îðãàíà áûë óñòàíîâëåí ðàçðàáîòàííûé íàìè ïíåâìîöåíòðîáåæíûé ðàáî÷èé îðãàí. Êàê ïî-
êàçàëè îïûòû, ýêñïåðèìåíòàëüíûé ðàáî÷èé îðãàí ïîçâîëèë óâåëè÷èòü øèðèíó çàõâàòà ñ 6 äî 10 ì è óìåíüøèòü 
íåðàâíîìåðíîñòü ðàñïðåäåëåíèÿ èçâåñòêîâûõ ìåëèîðàíòîâ íà îáùåé øèðèíå çàõâàòà ñ 45,0 äî 25,0 %. Ïåðå-
êðûòèå ñìåæíûõ ïðîõîäîâ äëÿ ýêñïåðèìåíòàëüíîé óñòàíîâêè íà ïîëîâèíó èëè áîëåå îáùåé øèðèíû çàõâàòà 
ïîçâîëÿåò îáåñïå÷èòü ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ äî ±25 %, à óâåëè÷åíèå ðàáî÷åé ñêîðîñòè ñ 1,5 äî 2,0 ì/ñ 
íà øèðèíå çàõâàòà 8 ì ïðèâîäèò ê óõóäøåíèþ ðàâíîìåðíîñòè ðàñïðåäåëåíèÿ óäîáðåíèé ïî ïîâåðõíîñòè ïîëÿ. 
Êëþ÷åâûå ñëîâà: ìåëèîðàíòû, àãðåãàò, ïíåâìîöåíòðîáåæíûé ðàáî÷èé îðãàí, âíåñåíèå, ðàâíîìåðíîñòü íîðìà, 
ãðàíóëîìåòðè÷åñêèé ñîñòàâ, òðàåêòîðèÿ ïîëåòà.

The article presents some results of comparative tests conducted at the N.P. Ogarev Mordovia State University of 
the unit when introducing pulverized calcareous fertilizers with serial and experimental centrifugal working body. 
The influence of the uneven distribution of fertilizers along the width of the capture unit was obtained. The obser-
vations showed that upon mechanical spreading (for example, a centrifugal disk) of fertilizers with different particle 
size characteristics, large particles fly further under the influence of the initial velocity acquired during the falling 
of the disk, and small (dusty) particles fall on the soil near the center of the disk. Therefore, it is proposed to use a 
differential feed, both mechanical and pneumatic, for the introduction of ameliorants. Many studies examine in detail 
the influence of kinetic energy on a fertilizer particle when it leaves the centrifugal working body, and there is insuf-
ficient research on the influence of the kinetic energy of an inclined air flow on the additional dispersal of dispersed 
particles and on the uniformity of their application. To test this hypothesis, the experiments to determine the uneven 
distribution of fertilizers along the width of the aggregate when introduced by the experimental and serial working 
body were conducted. For experiments, the base model of the MVU-6 spreader was taken. On this machine, a pneu-
mocentrifugal working body developed by authors was installed in place of the serial working body. As experiments 
showed, the experimental working body allowed to increase the width of the capture from 6 to 10 m and reduce the 
uneven distribution of calcareous ameliorants on the total width of the capture from 45,0 to 25,0 %. Overlapping 
adjacent passages for the experimental setup with half or more of the total working width allows to obtain uniform 
distribution up to ± 25 %, and an increase in the working speed from 1,5 to 2,0 m/s at a working width of 8 m leads 
to a deterioration in the uniform distribution of fertilizers on the surface of the field.
Keywords: ameliorants, aggregate, pneumocentrifugal working body, application, uniformity, norm, particle size 
distribution, flight path.
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 Ââåäåíèå
Äëÿ èçâåñòêîâàíèÿ êèñëûõ ïî÷â ïðèìåíÿ-

þò ñëàáîïûëÿùèåñÿ è ïûëÿùèåñÿ èçâåñòêîâûå 
ìàòåðèàëû, êîòîðûå ÷àñòî íàçûâàþò ìåëèî-
ðàíòàìè.

Ñóùåñòâóåò äâå òåõíîëîãè÷åñêèå ñõåìû 
èõ âíåñåíèÿ. Äëÿ òðàíñïîðòèðîâêè è âíåñåíèÿ 
ïûëåâèäíûõ èçâåñòêîâûõ óäîáðåíèé øèðîêî 
èñïîëüçóþòñÿ ìàøèíû ÀÐÓÏ-8 è ÐÓÏ-8 (ñî-
îòâåòñòâåííî íà àâòîìîáèëüíîé è òðàêòîðíîé 
òÿãå) [1, 3]. 

Äëÿ âíåñåíèÿ ñëàáîïûëÿùèõ èçâåñòêîâûõ 
óäîáðåíèé, òàêèõ êàê äîëîìèòîâàÿ ìóêà è äå-
ôåêàò, âûíóæäåíû èñïîëüçîâàòü öåíòðîáåæ-
íûå ðàçáðàñûâàòåëè. Êàê ïðàâèëî, ýòî ïðèöåï-
íûå ìàøèíû òèïà ÌÂÓ è ñàìîõîäíûå ÌÕÀ-7

Áëàãîäàðÿ ñâîèì äîñòîèíñòâàì öåíòðîáåæ-
íûå ìàøèíû íàõîäÿò øèðîêîå ïðèìåíåíèå 
âî âñåì ìèðå ïðè âíåñåíèè òàêèõ âèäîâ èçâåñò-
êîâûõ ìàòåðèàëîâ. 

Îäíàêî ïðè âñåõ ñâîèõ äîñòîèíñòâàõ öåí-
òðîáåæíûå ìàøèíû èìåþò è íåäîñòàòêè, ãëàâ-
íûì èç êîòîðûõ ÿâëÿåòñÿ çàâèñèìîñòü êà÷å-
ñòâà âíåñåíèÿ óäîáðåíèé îò ìíîãî÷èñëåííûõ 
ñòîðîííèõ ôàêòîðîâ, òàêèõ êàê ðåëüåô ïîëÿ, 
íàïðàâëåíèå è ñèëà âåòðà, ðàçáðîñ (ñïåêòð) 
ðàçìåðîâ ÷àñòèö èëè êîìêîâ óäîáðåíèé, ñûïó-
÷åñòü óäîáðåíèé, êâàëèôèêàöèÿ ìåõàíèçàòîðà 
è ò.ï. [2, 4].

Âñëåäñòâèå ýòîãî êà÷åñòâî âíåñåíèÿ èçâåñò-
êîâûõ óäîáðåíèé â ïåðâîì è âî âòîðîì ñëó÷àå 
íåóäîâëåòâîðèòåëüíîå. 

Öåëü èññëåäîâàíèé 
Ñîâåðøåíñòâîâàíèå òåõíîëîãèé è ñðåäñòâ 

ìåõàíèçàöèè äëÿ ïîâåðõíîñòíîãî âíåñåíèÿ 
ìèíåðàëüíûõ è èçâåñòêîâûõ óäîáðåíèé, äîñòè-
æåíèå êîòîðîé ÿâëÿåòñÿ àêòóàëüíîé è èìååò 
âàæíîå õîçÿéñòâåííîå çíà÷åíèå.

Ìàòåðèàëû è ìåòîäû
Íåêîòîðûå èññëåäîâàòåëè ïðåäëàãàþò 

äëÿ êà÷åñòâåííîãî âíåñåíèÿ íå ïûëÿùèõ 
è ñëàáî ïûëÿùèõ óäîáðåíèé öåíòðîáåæíûì 
ðàáî÷èì îðãàíîì èñïîëüçîâàòü äèôôåðåíöè-
ðîâàííóþ ïîäà÷ó, ò.å. íà ïðåäâàðèòåëüíî ðàçî-
ãíàííûå öåíòðîáåæíûì ñïîñîáîì ÷àñòèöû 
âîçäåéñòâîâàòü âîçäóøíûì ïîòîêîì.

Ïîâûøåíèå êà÷åñòâà ðàññåâà óäîáðåíèé äî-
ñòèãàåòñÿ áëàãîäàðÿ ýôôåêòèâíîìó èñïîëüçî-
âàíèþ ñóììàðíîé ýíåðãèè îò ïåðâîíà÷àëüíîãî 
ðàçãîíà ÷àñòèö äèñêîì è ïîñëåäóþùåãî ñîïóò-
ñòâóþùåãî ïîääóâà âîçäóøíîãî ïîòîêà. 

Ïîëíàÿ êèíåòè÷åñêàÿ ýíåðãèÿ, êîòîðóþ ïî-
ëó÷èò ÷àñòèöà ïðè ñëåòå ñ ïíåâìîìåõàíè÷å-
ñêîãî öåíòðîáåæíîãî ðàáî÷åãî îðãàíà, áóäåò 
ðàâíà [6]:

Å
ï
 = Å

ö.ä.
  + Å

â.ï.
,

ãäå Å
ï
 – ïîëíàÿ êèíåòè÷åñêàÿ ýíåðãèÿ ðàáî÷å-

ãî îðãàíà; Å
ö.ä.

 – êèíåòè÷åñêàÿ ýíåðãèÿ öåíòðî-
áåæíîãî äèñêà; Å

â.ï.
 – êèíåòè÷åñêàÿ ýíåðãèÿ 

âîçäóøíîãî ïîòîêà.
Âî ìíîãèõ èññëåäîâàíèÿõ ïîäðîáíî ðàñ-

ñìàòðèâàåòñÿ âëèÿíèå êèíåòè÷åñêîé ýíåðãèè 
íà ÷àñòèöó óäîáðåíèé ïðè åå ñëåòå ñ öåíòðî-
áåæíîãî ðàáî÷åãî îðãàíà, è íåäîñòàòî÷íî èñ-
ñëåäîâàíèé ïî âëèÿíèþ êèíåòè÷åñêîé ýíåðãèè 
íàêëîííîãî âîçäóøíîãî ïîòîêà íà äîïîëíè-
òåëüíûé ðàçãîí ðàçáðàñûâàåìûõ ÷àñòèö è ðàâ-
íîìåðíîñòü èõ âíåñåíèÿ [5].

Äëÿ ïðîâåðêè äàííîé ãèïîòåçû íàìè ïðîâå-
äåíû îïûòû ïî îïðåäåëåíèþ íåðàâíîìåðíîñòè 
ðàñïðåäåëåíèÿ óäîáðåíèé ïî øèðèíå çàõâàòà 
àãðåãàòà ïðè âíåñåíèè èõ ýêñïåðèìåíòàëüíûì 
è ñåðèéíûì ðàáî÷èì îðãàíîì. Îïûòû ïðîâî-
äèëèñü íà ðàññåâå äîëîìèòîâîé è èçâåñòêîâîé 
ìóêè (ðèñ. 1).

Ðèñ. 1. Ëàáîðàòîðíàÿ óñòàíîâêà: 
1 – êîíóñíûé íàïðàâèòåëü, 2 – ðàçáðàñûâàþùàÿ 

ëîïàñòü, 3 – ïëîñêèé äèñê; 
4 – êîæóõ âåíòèëÿòîðíîé ÷àñòè

Äëÿ ïðîâåäåíèÿ îïûòîâ çà îñíîâó áûëà 
âçÿòà áàçîâàÿ ìîäåëü ðàçáðàñûâàòåëÿ ÌÂÓ-6. 
Íà äàííîé ìàøèíå âìåñòî ñåðèéíîãî ðàáî÷å-
ãî îðãàíà áûë óñòàíîâëåí ðàçðàáîòàííûé íàìè 
ïíåâìîöåíòðîáåæíûé ðàáî÷èé îðãàí. Â ñâÿçè 
ñ òåì ÷òî ïíåâìîöåíòðîáåæíûé ðàáî÷èé îðãàí 
èìååò íåñêîëüêî äðóãóþ ôîðìó è ãàáàðèòû, ïðè-
øëîñü âíåñòè íåêîòîðûå èçìåíåíèÿ â êîíñòðóê-
öèþ êðåïëåíèÿ. Áûëà èçìåíåíà êîíñòðóêöèÿ 
ïîäàþùåãî ëîòêà, òàê êàê óäîáðåíèÿ ïîäàþòñÿ 
íà âåðøèíó êîíóñíîé ÷àñòè ðàáî÷åãî îðãàíà.
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Ðåçóëüòàòû è îáñóæäåíèå
Ðàñïðåäåëåíèå äîëîìèòîâîé ìóêè 

ïî øèðèíå çàõâàòà ðàçáðàñûâàòåëåì ñ ýêñïåðè-
ìåíòàëüíûì è ñåðèéíûì ðàáî÷èì îðãàíîì ïî-
êàçàíî íà ðèñ. 2.

Êàê âèäíî èç ðèñ. 2, õàðàêòåð ðàñïðåäåëåíèÿ 
óäîáðåíèé ïî øèðèíå çàõâàòà ó ðàçáðàñûâàòå-
ëÿ ñ ýêñïåðèìåíòàëüíûì è ñåðèéíûì ðàáî÷èì 
îðãàíîì î÷åíü áëèçîê ê íîðìàëüíîìó ðàñïðå-
äåëåíèþ. Â ñðåäíåé ÷àñòè ïîëîñû ðàññåâà óäî-
áðåíèé çíà÷èòåëüíî áîëüøå, ÷åì ïî êðàÿì. Ýòî 
ïðèâîäèò ê áîëüøîé íåðàâíîìåðíîñòè ðàññåâà, 
÷òî ñíèæàåò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ 
ìèíåðàëüíûõ è èçâåñòêîâûõ óäîáðåíèé.

Óâåëè÷åíèå ïåðåêðûòèÿ ñìåæíûõ ïðîõîäîâ 
ðàçáðàñûâàòåëÿ êàê ñ ñåðèéíûì òàê è ýêñïåðè-
ìåíòàëüíûì ðàáî÷èì îðãàíîì óëó÷øàåò ðàâ-
íîìåðíîñòü ðàñïðåäåëåíèÿ óäîáðåíèé.

Ïåðåêðûòèå ñìåæíûõ ïðîõîäîâ äëÿ ýêñ-
ïåðèìåíòàëüíîé óñòàíîâêè íà ïîëîâèíó 
èëè áîëåå îáùåé øèðèíû çàõâàòà ïîçâîëÿ-
åò îáåñïå÷èòü ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ 
äî ±25 %. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî óâå-
ëè÷åíèå ðàáî÷åé ñêîðîñòè ñ 1,5 äî 2,0 ì/ñ 
íà øèðèíå çàõâàòà 8 ì ïðèâîäèò ê óõóäøå-
íèþ ðàâíîìåðíîñòè ðàñïðåäåëåíèÿ óäîáðåíèé 
ïî ïîâåðõíîñòè ïîëÿ. Äàëüíåéøåå óâåëè÷åíèå 
ðàáî÷åé ñêîðîñòè äî 3 ì/ñ ïðèâîäèò ê óëó÷øå-

Ðèñ. 2. Ðàñïðåäåëåíèå èçâåñòêîâûõ óäîáðåíèé ïî øèðèíå çàõâàòà àãðåãàòà

Ðèñ. 3. Ðàñïðåäåëåíèå èçâåñòêîâûõ óäîáðåíèé 
ïîñëå ñìåæíûõ ïðîõîäîâ àãðåãàòà

Íàëè÷èå ó ïíåâìîöåíòðîáåæíîãî ðàáî÷å-
ãî îðãàíà äèôôåðåíöèðîâàííîé ïîäà÷è ïðèâî-
äèò ê ïåðåðàñïðåäåëåíèþ óäîáðåíèé ïî ðàáî-
÷åé øèðèíå çàõâàòà. Ýòî äîñòèãíóòî çà ñ÷åò 
ïåðåðàñïðåäåëåíèÿ óäîáðåíèé ñî ñðåäíåé ÷àñòè 
ïîëîñû ê êðàÿì è óâåëè÷åíèÿ øèðèíû ðàçáðîñà. 

Ýïþðà ðàñïðåäåëåíèÿ ìàññû óäîáðåíèé 
ïíåâìîöåíòðîáåæíûì ðàáî÷èì îðãàíîì èìååò 
áîëåå âûðîâíåííûé õàðàêòåð, ÷åì ó ñåðèéíîãî 
öåíòðîáåæíîãî àïïàðàòà (ðèñ. 1).

Òàêèì îáðàçîì, ýêñïåðèìåíòàëüíûé ðàáî-
÷èé îðãàí ïîçâîëèë óâåëè÷èòü øèðèíó çàõâàòà 
ñ 6 äî 10 ì è óìåíüøèòü íåðàâíîìåðíîñòü ðàñ-
ïðåäåëåíèÿ ìåëèîðàíòîâ íà îáùåé øèðèíå çà-
õâàòà ñ 45,0 äî 25,0 %. 
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íèþ ðàâíîìåðíîñòè ðàñïðåäåëåíèÿ óäîáðåíèé. 
Òàêàÿ çàâèñèìîñòü õàðàêòåðíà äëÿ ðàçáðàñû-
âàòåëÿ êàê ñåðèéíîãî òàê è äëÿ ýêñïåðèìåí-
òàëüíîãî ðàáî÷åãî îðãàíà.

Âñëåäñòâèå ýòîãî, ñ ó÷åòîì ïåðåêðûòèÿ 
ñìåæíûõ ïðîõîäîâ ìàøèíà ÌÂÓ-6, îáîðó-
äîâàííàÿ ïíåâìîöåíòðîáåæíûì ðàáî÷èì îð-
ãàíîì, îáåñïå÷èâàåò íåîáõîäèìîå êà÷åñòâî 
âíåñåíèÿ èçâåñòêîâûõ óäîáðåíèé Í = 24 %, 
ïðè áîëüøåé ðàáî÷åé øèðèíå çàõâàòà Â = 10 ì 
(ðèñ. 3), ÷åì ìàøèíà, îáîðóäîâàííàÿ ñåðèéíû-
ìè öåíòðîáåæíûìè ðàáî÷èì îðãàíîì ñ Â = 6 ì.

Çàêëþ÷åíèå
Íàèáîëåå ïîëíî âîçìîæíîñòè ïíåâìîìå-

õàíè÷åñêîãî öåíòðîáåæíîãî ðàáî÷åãî îðãàíà 
âûÿâëÿþòñÿ ïðè âûïîëíåíèè åãî êîíñòðóêöèè 
ïî äèñêîâî-âåíòèëÿòîðíîìó òèïó, êîòîðàÿ 
ïðåäïîëàãàåò êðåïëåíèå ëîïàñòåé ê íèæíåé 
ïîâåðõíîñòè äèñêà ïðèêðûòûå êîæóõîì è äèô-
ôåðåíöèðîâàííóþ ïîäà÷ó âîçäóøíîé ñòðóè 
ïîä ÷àñòèöû ìåëèîðàíòîâ, âûñåâàåìûõ íà ïå-
ðèôåðèéíûå çîíû ðàáî÷åé øèðèíû çàõâàòà.
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