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Îáðàáîòêîé ïî÷âû ïðèíÿòî ñ÷èòàòü ïðèåìû ìåõàíè÷åñêîãî âîçäåéñòâèÿ íà ïî÷âó, ñïîñîáñòâóþùèå ïîâûøå-
íèþ åå ïëîäîðîäèÿ è ñîçäàíèþ ëó÷øèõ óñëîâèé äëÿ ðîñòà è ðàçâèòèÿ ðàñòåíèé. Ïîñëîéíàÿ áåçîòâàëüíàÿ îáðà-
áîòêà çàíèìàåò îäíó èç íàèáîëåå çíà÷èìûõ îïåðàöèé, ïðîâîäèìûõ ïðè ïîäãîòîâêå ïî÷âû. Ýòî ïîäòâåðæäàåòñÿ 
òåì, ÷òî ïîñëîéíàÿ îáðàáîòêà ñïîñîáñòâóåò íàêîïëåíèþ âëàãè âíóòðè ïëàñòà ïî÷âû, ðàçäåëåíèþ ïëàñòà ïî 
ñëîÿì, ñíèæåíèþ ýðîçèè ïî÷â. Öåëüþ èññëåäîâàíèé ÿâëÿåòñÿ ñîâåðøåíñòâîâàíèå êîíñòðóêòèâíûõ îñîáåííî-
ñòè îñíîâíûõ ýëåìåíòîâ ðàáî÷åãî îðãàíà äëÿ ïîñëîéíîé áåçîòâàëüíîé îáðàáîòêè ïî÷âû. Îñíîâûâàÿñü íà ìåòî-
äàõ àíàëèçà è ñèíòåçà ïðîâåäåííûõ èññëåäîâàíèé, à òàêæå ìîäåëèðîâàíèÿ, áûëà ïðåäëîæåíà óñîâåðøåíñòâî-
âàííàÿ êîíñòðóêöèÿ ðàáî÷åãî îðãàíà. Îíà ïðåäóñìàòðèâàåò âîçìîæíîñòü çàìåíû ïî ìåðå èçíîñà ïðàêòè÷åñêè 
âñåõ îñíîâíûõ ýëåìåíòîâ, ÷òî â ñâîþ î÷åðåäü óêàçûâàåò íà âûñîêèé óðîâåíü èçíîñîñòîéêîñòè ðàçðàáîòàííîé 
êîíñòðóêöèè è íà ñóùåñòâåííîå ñíèæåíèå òðóäîçàòðàò ïðè åå îáñëóæèâàíèè. Ïîìèìî ïðèìåíåíèÿ â êîíñòðóê-
öèè ðàáî÷åãî îðãàíà ìåòàëëè÷åñêèõ îñíîâíûõ ýëåìåíòîâ ðàçëè÷íîé ôîðìû (ïëîñêîðåç, êðèâîëèíåéíûé ðûõ-
ëèòåëü) òàêæå ïðåäóñìîòðåíî èñïîëüçîâàíèå ñâåðõâûñîêîìîëåêóëÿðíûõ ïîëèýòèëåíîâûõ âñòàâîê ÷àñòè÷íî 
èëè ïîëíîñòüþ çàìåùàþùèõ îñíîâíûå ýëåìåíòû êîíñòðóêöèè ðàáî÷åãî îðãàíà. Ýêñïåðèìåíòàëüíûìè èññëå-
äîâàíèÿìè áûëî óñòàíîâëåíî, ÷òî òÿãîâîå ñîïðîòèâëåíèå ðàáî÷åãî îðãàíà ñ èñïîëüçîâàíèåì â êîíñòðóêöèè 
ïëîñêîðåçíîãî ðûõëèòåëÿ ñîñòàâëÿåò 9,30 êÍ, ñ êðèâîëèíåéíûì ðûõëèòåëåì – 8,04 êÍ, ÷òî íà 13,56 % íèæå ïî 
ñðàâíåíèþ ñ ïëîñêîðåçîì. Ñ èñïîëüçîâàíèåì ñâåðõâûñîêîìîëåêóëÿðíûõ ïîëèýòèëåíîâûõ âñòàâîê îòìå÷åíî 
ñíèæåíèå òÿãîâîãî ñîïðîòèâëåíèÿ äî 7,6 êÍ, ÷òî íà 18,28 % íèæå ïî ñðàâíåíèþ ñ ïëîñêîðåçíûì ðûõëèòåëåì. 
Ïðåäëàãàåìàÿ êîíñòðóêöèÿ ïîçâîëÿåò ïðîèçâîäèòü ïîñëîéíóþ áåçîòâàëüíóþ îáðàáîòêó ïî÷âû, îñóùåñòâëÿÿ 
îäíîâðåìåííî ãëóáîêóþ – 25–35 ñì – è ìåëêóþ – 12–16 ñì – îáðàáîòêó ïî÷âû, à òàêæå ïîçâîëÿåò ïîëó÷èòü 
âûðîâíåííûé ôîí ïîëÿ ïîñëå ïðîõîäà àãðåãàòà.
Êëþ÷åâûå ñëîâà: êîíñòðóêöèÿ ðàáî÷åãî îðãàíà, ðåìîíòîïðèãîäíîñòü, îñíîâíûå ýëåìåíòû, ïî÷âîîáðàáîòêà, 
ïîñëîéíîå ðûõëåíèå.

Tillage is considered to be the methods of mechanical impact on the soil, contributing to the improvement of its 
fertility and the creation of better conditions for the growth and development of plants. Layerless processing without 
cover takes one of the most significant operations carried out during the preparation of the soil. This is confirmed 
by the fact that layer-by-layer processing promotes the accumulation of moisture inside the soil layer, the separation 
of the seam into layers, and the reduction of soil erosion. The aim of the research is to improve the design features 
of the main elements of the working body for layer-by-layer soilless tillage. Based on the methods of analysis and 
synthesis of research, as well as modeling, an improved design of the working body was proposed. It provides for the 
possibility of replacing almost all the main elements as they wear out, which in turn indicates a high level of wear 
resistance of the developed structure and a significant reduction in labor costs during its maintenance. In addition to 
the use of metal basic elements of various shapes (flat-cutter, curvilinear ripper) in the design of the working body, 
the use of ultra-high-molecular polyethylene inserts partially or completely replacing the main structural elements of 
the working body is also provided. Experimental studies have found that the traction resistance of the working body 
using a flat-ripper in the construction is 9,30 kN, with a curvilinear ripper 8,04 kN, which is 13,56 % lower than the 
flat-cutter. With the use of ultra-high molecular polyethylene inserts, a decrease in traction resistance of up to 7,6 kN 
was observed, which is 18,28 % lower compared to a flat-ripper. The proposed design allows layer-by-layer soilless 
tillage, carrying out at the same time a deep 25–35 cm and shallow 12–16 cm tillage, and also allows to obtain an 
aligned field background after the passage of the unit.
Keywords: working body design, maintainability, basic elements, tillage, layer-by-layer cultivation.
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 Ââåäåíèå
Îáðàáîòêà ïî÷âû ÿâëÿåòñÿ îñíîâíîé îïå-

ðàöèåé ïî ïîäãîòîâêå ê âîçäåëûâàíèþ ñåëü-
ñêîõîçÿéñòâåííûõ êóëüòóð. Ïîñëîéíàÿ áåçîò-
âàëüíàÿ îáðàáîòêà çàíèìàåò îäíó èç íàèáîëåå 
çíà÷èìûõ îïåðàöèé, ïðîâîäèìûõ ïðè ïîäãî-
òîâêå ïî÷âû. Ýòî ïîäòâåðæäàåòñÿ òåì, ÷òî ïî-
ñëîéíàÿ îáðàáîòêà ñïîñîáñòâóåò íàêîïëåíèþ 
âëàãè âíóòðè ïëàñòà ïî÷âû, ðàçäåëåíèþ ïëàñòà 
ïî ñëîÿì, ñíèæåíèþ ýðîçèè ïî÷â. Íî, íåñìî-
òðÿ íà âñå ïðåèìóùåñòâà ýòîãî òåõíîëîãè÷å-
ñêîãî ïðîöåññà, îí èìååò ðÿä íåäîñòàòêîâ. Â 
÷àñòíîñòè, êîíñòðóêòèâíûå îñîáåííîñòè ïðè-
ìåíÿåìûõ ðàáî÷èõ îðãàíîâ, à èìåííî:

– îòñóòñòâèå ìíîãîîïåðàöèîííîñòè – âûïîë-
íåíèå îäíîé îïåðàöèè çà îäèí ïðîõîä àãðåãàòà;

– íåñîâåðøåíñòâî êîíñòðóêöèè â îáëàñòè 
ñî÷åòàíèÿ ìåëêîãî è ãëóáîêîãî ðûõëåíèÿ;

– ñíèæåííàÿ ðåìîíòîïðèãîäíîñòü îñíîâíûõ 
ýëåìåíòîâ ðàáî÷èõ îðãàíîâ.

Ïðîâåäåííûå èññëåäîâàíèÿ â ÔÃÁÍÓ «ÀÍÖ 
«Äîíñêîé» (ðàíåå – ÑÊÍÈÈÌÝÑÕ) ïîçâîëè-
ëè óñòàíîâèòü, ÷òî ïî ïåðå÷èñëåííûì êðèòå-
ðèÿì ðàáî÷èå îðãàíû ìàøèí äëÿ áåçîòâàëüíîé 
îáðàáîòêè ïî÷âû íóæäàþòñÿ â äîðàáîòêå.

Öåëü èññëåäîâàíèé
Ñîâåðøåíñòâîâàíèå êîíñòðóêöèè îñíîâíûõ 

ýëåìåíòîâ ðàáî÷åãî îðãàíà äëÿ ïîñëîéíîé áåç-
îòâàëüíîé îáðàáîòêè ïî÷âû.

Ìàòåðèàëû è ìåòîäû
Â ñòàòüå èñïîëüçîâàíû ìåòîäû àíàëèçà è 

ñèíòåçà ñóùåñòâóþùèõ êîíñòðóêöèé ðàáî÷èõ 
îðãàíîâ, à òàêæå ìîäåëèðîâàíèÿ, îñíîâàííûå 
íà ïðîâåäåííûõ ðàíåå èññëåäîâàíèÿõ [1, 2, 3, 4, 
5, 6].

Ïî ìàòåðèàëàì èññëåäîâàíèé [7] È.Â. Áîæêî 
àãðîòåõíè÷åñêîé è ýíåðãåòè÷åñêîé îöåíêè 
áûëî óñòàíîâëåíî, ÷òî ðàáî÷èé îðãàí äëÿ ïî-
ñëîéíîé áåçîòâàëüíîé îáðàáîòêè ïî÷âû êà÷å-
ñòâåííî âûïîëíÿåò òåõíîëîãè÷åñêèé ïðîöåññ. 
Íî ñëåäóåò îòìåòèòü, ÷òî êîíñòðóêöèÿ ðàáî÷å-
ãî îðãàíà íåñîâåðøåííà ñ òî÷êè çðåíèÿ ðåìîí-
òîïðèãîäíîñòè, òàê êàê ïðè èçíîñå îñíîâíûõ 
ýëåìåíòîâ äëÿ ìåëêîãî è ãëóáîêîãî ðûõëåíèÿ 
ïîòðåáóåòñÿ çàìåíà ïîëíîñòüþ âñåãî ðàáî÷åãî 
îðãàíà.

Â ÔÃÁÍÓ «ÀÍÖ «Äîíñêîé» (ðàíåå – 
ÑÊÍÈÈÌÝÑÕ) áûëà ðàçðàáîòàíà êîíñòðóê-
öèÿ ðàáî÷åãî îðãàíà (ðèñ. 1) [8].

Äàííàÿ êîíñòðóêöèÿ âêëþ÷àåò â ñåáÿ 
ñòîéêó 1, íà êîòîðîé óñòàíîâëåíû ëåâîå ëå-

ìåøíîå ëåçâèå 2, âûïîëíåííîå â ôîðìå öèêëî-
èäû, è ïðàâîå ëåìåøíîå ëåçâèå 3. Â íèæíåé 
÷àñòè ñòîéêè 1 óñòàíîâëåíî äîëîòî 4 íà êîòî-
ðîì çàêðåïëåí, ñ âîçìîæíîñòüþ ïåðåìåùåíèÿ, 
êîìêîäðîáèòåëü 5. Çà äîëîòîì 4 óñòàíîâëåíà 

   

Ðèñ. 1. Êîìáèíèðîâàííûé ðàáî÷èé îðãàí 
äëÿ ïîñëîéíîé áåçîòâàëüíîé îáðàáîòêè ïî÷âû: 

1 – ñòîéêà; 2 – ëåâîå ëåìåøíîå ëåçâèå; 3 – ïðàâîå 
ëåìåøíîå ëåçâèå; 4 – äîëîòî; 5 – êîìêîäðîáèòåëü; 

6 – óïîðíàÿ ïëèòà; 7 – ýëåìåíò äëÿ ìåëêîé 
îáðàáîòêè ïî÷âû (ðûõëèòåëü)
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óïîðíàÿ ïëèòà 6. Â âåðõíåé ÷àñòè ñòîéêè 1 
ïîä óãëîì 15    ê ãîðèçîíòàëüíîé ïëîñêîñòè 
óñòàíîâëåí ðûõëèòåëü 7 äëÿ ìåëêîé îáðàáîòêè 
ïî÷âû. 

Îñîáåííîñòüþ ðàçðàáîòàííîé êîíñòðóêöèè 
ÿâëÿåòñÿ âîçìîæíîñòü çàìåíû ïî ìåðå èçíîñà 
ïðàêòè÷åñêè âñåõ îñíîâíûõ ýëåìåíòîâ, ÷òî â 
ñâîþ î÷åðåäü óêàçûâàåò íà âûñîêèé óðîâåíü 
èçíîñîñòîéêîñòè ðàçðàáîòàííîé êîíñòðóêöèè 
è íà ñóùåñòâåííîå ñíèæåíèå òðóäîçàòðàò ïðè 
åå îáñëóæèâàíèè. Îñíîâíûå ýëåìåíòû ðàáî÷å-
ãî îðãàíà ìîãóò áûòü âûïîëíåíû ñ ðàçëè÷íû-
ìè óãëàìè çàòî÷êè ðåæóùåé êðîìêè äëÿ ðàç-
ëè÷íûõ óñëîâèé çåìëåäåëèÿ ñòðàíû. 

Ïîìèìî ïëîñêîðåçíîãî ðûõëèòåëÿ äëÿ 
ìåëêîé îáðàáîòêè ïî÷âû (ðèñ. 2, à) â êîíñòðóê-

     
 à á

   

â

Ðèñ. 2. Îñíîâíûå âçàèìîçàìåíÿåìûå ýëåìåíòû êîíñòðóêöèè ðàáî÷åãî îðãàíà

öèè ðàáî÷åãî îðãàíà ïðåäóñìîòðåíî èñïîëü-
çîâàíèå êðèâîëèíåéíîãî ðûõëèòåëÿ (â ôîðìå 
ýëëèïñà) (ðèñ. 2, á). Òàêæå ïðåäóñìîòðåíà âîç-
ìîæíîñòü èñïîëüçîâàíèÿ íà îñíîâíûõ ýëåìåí-
òàõ ñâåðõâûñîêîìîëåêóëÿðíûõ ïîëèýòèëåíî-
âûõ (ÑÂÌÏ) âñòàâîê ëèáî ïîëíîãî çàìåùåíèÿ 
ìåòàëëè÷åñêèõ èçäåëèé èõ ÑÂÌÏ àíàëîãà-
ìè, à èìåííî: ÑÂÌÏ âñòàâêà èñïîëüçóåòñÿ íà 
äîëîòå 4, à ïîëíîñòüþ çàìåùàþòñÿ òàêèå ýëå-
ìåíòû êàê êîìêîäðîáèòåëü 5, óïîðíàÿ ïëèòà 6 
è ýëåìåíò äëÿ ìåëêîé îáðàáîòêè ïî÷âû 7 (ðûõ-
ëèòåëü) (ðèñ. 2, â).

Ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé ïðåäóñìàòðèâàëà ñðàâíåíèå ðàç-
ëè÷íûõ êîìïîíîâîê îñíîâíûõ ýëåìåíòîâ ðà-
áî÷åãî îðãàíà: ñ ïëîñêîðåçíûì ðûõëèòåëåì 
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äëÿ ìåëêîé îáðàáîòêè ïî÷âû, ñ êðèâîëèíåé-
íûì ðûõëèòåëåì è ñ èñïîëüçîâàíèåì ÑÂÌÏ 
âñòàâîê.

Â êà÷åñòâå ÌÝÑ èñïîëüçîâàëñÿ òðàêòîð 
Ò-150Ê. Èññëåäîâàíèÿ ïðîâîäèëèñü ïðè äâè-
æåíèè àãðåãàòà «òóäà» è «îáðàòíî», òî åñòü 
â äâóõ ïîâòîðíîñòÿõ. Äîïóñòèìàÿ ñêîðîñòü 

èññëåäîâàíèé – 7–11 êì/÷, èç óêàçàííîãî äèà-
ïàçîíà âûáèðàëè òðè ñêîðîñòè. Íà îïûòíîì 
ó÷àñòêå çàáèâàëè âåøêè ÷åðåç 100 ì, ñ ó÷åòîì 
äëèíû ó÷àñòêà äëÿ ðàçãîíà òðàêòîðà 10 ì. 

Áëîê-ñõåìà èçìåðèòåëüíîãî êîìïëåêñà è òåí-
çîìåòðè÷åñêîå çâåíî äëÿ ñíÿòèÿ ïîêàçàíèé òÿ-
ãîâîãî ñîïðîòèâëåíèÿ ïðåäñòàâëåíû íà ðèñ. 3.

      

Ðèñ. 3. Áëîê-ñõåìà èçìåðèòåëüíîãî êîìïëåêñà è òåíçîìåòðè÷åñêîå çâåíî: 
1 – ýêñïåðèìåíòàëüíàÿ óñòàíîâêà äëÿ èñïûòàíèé ðàáî÷èõ îðãàíîâ; 2 – ðàáî÷èé îðãàí; 

3 – òåíçîìåòðè÷åñêîå çâåíî; 4 – äàò÷èêè óñêîðåíèé; 5 – óñèëèòåëü ÒÄÀ; 6 – ïëàòà ñîïðÿæåíèÿ; 7 – ÏÊ

Ðåçóëüòàòû è îáñóæäåíèå
Äàííûå ðåçóëüòàòîâ îäíîôàêòîðíûõ ýêñ-

ïåðèìåíòîâ ïî îïðåäåëåíèþ íàèìåíüøåãî òÿ-
ãîâîãî ñîïðîòèâëåíèÿ ïðè ôóíêöèîíèðîâàíèè 
ðàáî÷åãî îðãàíà ñ îäèíàêîâûìè ïàðàìåòðàìè è 
óñëîâèÿìè ïðåäñòàâëåíû íà ðèñ. 4–6.

Ðèñ. 4. Ôðàãìåíò ðåàëèçàöèè ïðîöåññà èçìåíåíèÿ 
òÿãîâîãî ñîïðîòèâëåíèÿ (ðàáî÷èé îðãàí 

ñ ïëîñêîðåæóùèì ðûõëèòåëåì)

Ìàòåìàòè÷åñêîå îæèäàíèå ìàññèâîâ òÿãî-
âîãî ñîïðîòèâëåíèÿ îïûòîâ (Ì) äëÿ ðàáî÷åãî 
îðãàíà ñ ïëîñêîðåæóùèì ðûõëèòåëåì ñîñòàâè-
ëî 9,3 êÍ (ðèñ. 4), äëÿ ðàáî÷åãî îðãàíà ñ êðèâî-
ëèíåéíûì ðûõëèòåëåì – 8,04 êÍ (ðèñ. 5), äëÿ 
ðàáî÷åãî îðãàíà ñ ÑÂÌÏ-âñòàâêàìè – 7,6 êÍ 
(ðèñ. 6).

Ðèñ. 5. Ôðàãìåíò ðåàëèçàöèè ïðîöåññà èçìåíåíèÿ 
òÿãîâîãî ñîïðîòèâëåíèÿ (ðàáî÷èé îðãàí 

ñ êðèâîëèíåéíûì ðûõëèòåëåì)
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Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçà-
òåëåé òÿãîâîãî ñîïðîòèâëåíèÿ â ðàçëè÷íûõ 
âàðèàíòàõ êîìáèíàöèè îñíîâíûõ ýëåìåíòîâ 
ïîêàçàëè, ÷òî â ðàâíûõ óñëîâèÿõ íàèìåíüøåå 
òÿãîâîå ñîïðîòèâëåíèå îòìå÷àåòñÿ ïðè ôóíê-
öèîíèðîâàíèè ðàáî÷åãî îðãàíà ñ èñïîëüçîâà-
íèåì ÑÂÌÏ-âñòàâîê (ðèñ. 7).

Ðèñ. 7. Ñðàâíåíèå òÿãîâîãî ñîïðîòèâëåíèÿ âàðèàíòîâ 
ðàáî÷åãî îðãàíà ïðè îäèíàêîâûõ ðåæèìàõ 
è â ðàâíûõ óñëîâèÿõ ôóíêöèîíèðîâàíèÿ

Âûâîäû
Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé 

áûëî óñòàíîâëåíî, ÷òî òÿãîâîå ñîïðîòèâëå-
íèå ðàáî÷åãî îðãàíà ñ èñïîëüçîâàíèåì â êîí-
ñòðóêöèè ïëîñêîðåçíîãî ðûõëèòåëÿ ñîñòàâ-
ëÿåò 9,30 êÍ, ñ êðèâîëèíåéíûì ðûõëèòåëåì – 
8,04 êÍ, ÷òî íà 13,56 % íèæå ïî ñðàâíåíèþ 
ñ ïëîñêîðåçîì. Ñ èñïîëüçîâàíèåì ÑÂÌÏ-
âñòàâîê îòìå÷åíî ñíèæåíèå òÿãîâîãî ñîïðî-
òèâëåíèÿ äî 7,6 êÍ, ÷òî íà 18,28 % íèæå ïî 
ñðàâíåíèþ ñ ïëîñêîðåçíûì ðûõëèòåëåì.

Ïðåäëàãàåìàÿ êîíñòðóêöèÿ ïîçâîëÿåò ïðî-
èçâîäèòü ïîñëîéíóþ áåçîòâàëüíóþ îáðàáîòêó 
ïî÷âû, îñóùåñòâëÿÿ îäíîâðåìåííî ãëóáîêóþ 
25–35 ñì – è ìåëêóþ 12–16 ñì – îáðàáîòêó 
ïî÷âû, à òàêæå ïîçâîëÿåò ïîëó÷èòü âûðîâíåí-
íûé ôîí ïîëÿ ïîñëå ïðîõîäà àãðåãàòà.
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