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Óíèâåðñàëüíûå êîìáèíèðîâàííûå ïî÷âîîáðàáàòûâàþùèå àãðåãàòû ñîâìåùàþò íåñêîëüêî òåõíîëîãè÷åñêèõ 
îïåðàöèé. Çàêëþ÷èòåëüíóþ îïåðàöèþ ïî îáðàáîòêå ïî÷âû âûïîëíÿåò ïî÷âîîáðàáàòûâàþùèé êàòîê, ðàáîòà-
þùèé ïî âçðûõëåííîé ïî÷âå. Ðàâíîìåðíîå óïëîòíåíèå ïîäïîâåðõíîñòíîãî ñëîÿ ñïîñîáíû ñîçäàâàòü ïî÷âî-
îáðàáàòûâàþùèå êàòêè ñ àêòèâíîé ðàáî÷åé ïîâåðõíîñòüþ. Ïîâåðõíîñòü êàòêà, ñîäåðæàùàÿ óïðóãèå ýëåìåíòû 
ñïîñîáñòâóåò óâåëè÷åíèþ âåðòèêàëüíîé íàãðóçêè. Ïðåäïî÷òèòåëüíûì ñ÷èòàåòñÿ óäàðíîå íàãðóæåíèå, õà-
ðàêòåðèçóåìîå èíòåíñèâíûì âîçäåéñòâèåì íà ïî÷âó. Ïðåèìóùåñòâî òàêîé êîíñòðóêöèè êàòêà çàêëþ÷àåòñÿ â 
èíòåãðàöèè âíåøíåãî íàãðóæåíèÿ è àâòîìàòè÷åñêîé íàñòðîéêå íà ðàöèîíàëüíûé ðåæèì ðàáîòû. Èññëåäîâà-
íèå ïðîöåññà óïëîòíåíèÿ ïî÷âû ìîæåò áûòü ïðîâåäåíî ïî àíàëîãèè ñ ïðîöåññîì òðàìáîâàíèÿ ãðóíòîâ. Äëÿ 
èññëåäîâàíèÿ ïðîöåññà óïëîòíåíèÿ ðûõëîé ïî÷âû ïîñðåäñòâîì óäàðíîãî íàãðóæåíèÿ è îòûñêàíèÿ âåëè÷èíû 
óïëîòíåííîãî ñëîÿ íåîáõîäèìîé ïëîòíîñòè ïðåäëîæåíà ìîäåëü ñèñòåìû «ðàáî÷èé îðãàí – ýëåìåíòàðíûé îáú-
åì ïî÷âû». Ìîäåëü ñèñòåìû âêëþ÷àåò ìàññó ðàáî÷åãî îðãàíà m, ìàññó äåôîðìèðóåìîãî îáúåìà ïî÷âû Ì, 
ýëåìåíò æåñòêîñòè ïî÷âû Ñ, è ýëåìåíò âÿçêîñòè ïî÷âû Â. Äåôîðìèðóåìûé ñæàòèåì îáúåì ïî÷âû ïðåäñòàâëÿåò 
ñîáîé óñå÷åííûé êîíóñ ñ âûñîòîé h. Èçíà÷àëüíî âîçíèêàþò ñæèìàþùèå íàïðÿæåíèÿ â ïî÷âåííîì îáúåìå íåïî-
ñðåäñòâåííî â òî÷êàõ êîíòàêòà ñ ðàáî÷èì îðãàíîì. Çàòåì ìãíîâåííî ïðîèñõîäèò ðàçðóøåíèå êðóïíûõ êîìêîâ 
ïî÷âû ñî ñìåùåíèåì (óïëîòíåíèåì) ïîâåðõíîñòíûõ ÷àñòèö. Äàëåå, èçìåëü÷åííûå ÷àñòèöû ïî÷âû ïåðåäàþò 
äàâëåíèå íà ñîñåäíèå, âîâëåêàÿ âñå áîëüøå ÷àñòèö ñ áîêîâûì ðàñøèðåíèåì. Â ðåçóëüòàòå äåôîðìàöèè ñæà-
òèÿ ôîðìèðóåòñÿ óïëîòíåííûé ïîäïîâåðõíîñòíûé ñëîé òðåáóåìîé ïëîòíîñòè. Ïðåäëîæåííàÿ ìîäåëü ìîæåò 
âûñòóïàòü â êà÷åñòâå ïåðâîãî ïðèáëèæåíèÿ äëÿ äàëüíåéøèõ, áîëåå äåòàëüíûõ è ðàñøèðåííûõ èññëåäîâàíèé 
íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïî÷âû ñ âîçìîæíîñòüþ îïðåäåëåíèÿ çàâèñèìîñòåé êîíñòðóêòèâíûõ 
ïàðàìåòðîâ è ðåæèìîâ ðàáîòû ïî÷âîîáðàáàòûâàþùåãî êàòêà.
Êëþ÷åâûå ñëîâà: ïî÷âîîáðàáàòûâàþùèé êàòîê, àêòèâíàÿ ïîâåðõíîñòü, óäàðíîå íàãðóæåíèå, ìîäåëü ñèñòåìû, 
óïëîòíåííûé ñëîé ïî÷âû.

Universal combined tillage machines combine several processing steps. The final soil cultivation operation is per-
formed by soil-processing machine, which works on loosened soil. Uniform compaction of the subsurface layer is 
able to be created by soil cultivating rollers with an active working surface. The surface of the roller, which contains 
elastic elements, increases the vertical load. The shock loading, characterized by intensive impact on the soil, is 
considered preferable. The advantage of this roller construction is the integration of external loading and automatic 
tuning to a rational operating mode. The study of the process of soil compaction can be carried out by analogy with 
the process of soil compaction. The model of the system includes the mass of the working body m, the mass of the 
deformed soil volume M, the soil stiffness element C, and the soil viscosity element B. The volume of soil deformed 
by compression is a truncated cone with a height h. Initially, there are compressive stresses in the soil volume directly 
at the points of contact with the working body. Then instantly, large clods of soil are destroyed, and the surface parti-
cles are displaced (compacted). Further, the crushed soil particles transfer pressure to the neighboring ones, involving 
more and more particles with lateral expansion. As a result of compression deformation, a compacted subsurface lay-
er of the required density is formed. The proposed model can serve as a first approximation for further, more detailed 
and expanded studies of the stress-strain state of the soil with the possibility of determining the dependencies of the 
structural parameters and operating conditions of the soil-working compactor.
Keywords: soil-cultivating roller, active surface, impact loading, system model, compacted soil layer.
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Ââåäåíèå
Ñîâðåìåííûå ðåñóðñî- è ýíåðãîñáåðåãàþ-

ùèå òåõíîëîãèè ïðîèçâîäñòâà ñåëüñêîõîçÿé-
ñòâåííûõ êóëüòóð çàêëþ÷àþòñÿ â èíòåíñè-
ôèêàöèè ïðîöåññà îáðàáîòêè ïî÷âû çà ñ÷åò 
ïðèìåíåíèÿ óíèâåðñàëüíûõ êîìáèíèðîâàííûõ 
ïî÷âîîáðàáàòûâàþùèõ àãðåãàòîâ, ðåàëèçîâû-
âàþùèõ çà îäèí ïðîõîä íåñêîëüêî òåõíîëîãè-
÷åñêèõ îïåðàöèé. Ñîâìåùåíèå îïåðàöèé ñî-
êðàùàåò êîëè÷åñòâî çàäåéñòâîâàííîé òåõíèêè 
è äëèòåëüíîñòü òåõíîëîãè÷åñêîãî ïðîöåññà 
îáðàáîòêè ïî÷âû. Â êîìáèíèðîâàííîì ïî÷âî-
îáðàáàòûâàþùåì àãðåãàòå çàêëþ÷èòåëüíóþ 
îïåðàöèþ ïî äðîáëåíèþ êðóïíûõ ïî÷âåííûõ 
êîìêîâ ñ óïëîòíåíèåì ïîäïîâåðõíîñòíîãî 
ñëîÿ è ñîçäàíèåì âåðõíåãî ðûõëîãî âûïîëíÿ-
åò ïî÷âîîáðàáàòûâàþùèé êàòîê, ÷àùå êëàññè-
ôèöèðóåìûé êàê êàòîê-áîðîíà. Â ðåçóëüòàòå 
ýòîãî êàòîê â ñîñòàâå ïî÷âîîáðàáàòûâàþùåãî 
êîìáèíèðîâàííîãî àãðåãàòà ðàáîòàåò ïî ïî÷âå, 
ïîäãîòîâëåííîé ðûõëÿùèìè ðàáî÷èìè îðãà-
íàìè (ëàïàìè, äèñêàìè) àãðåãàòà. Ðûõëÿùèå 
ðàáî÷èå îðãàíû (äèñêè, ëàïû è äð.) îñòàâëÿþò 
ïîñëå ñåáÿ ðûõëóþ ñòðóêòóðó ïî÷âû, êîòîðóþ 
êàòîê âèäîèçìåíÿåò ïîñðåäñòâîì âîçäåéñòâèÿ 
íà ïëàñò â âåðòèêàëüíîì íàïðàâëåíèè [1], òåì 
ñàìûì ñîçäàâàÿ óïëîòíåííûé ïîäïîâåðõíîñò-
íûé ñëîé ñ âåðõíèì ìåëêîêîìêîâàòûì.

Íàèáîëåå ðàâíîìåðíîå óïëîòíåíèå ïîäïî-
âåðõíîñòíîãî ñëîÿ ñïîñîáíû ñîçäàâàòü ïî÷âî-
îáðàáàòûâàþùèå êàòêè, îáëàäàþùèå àêòèâíîé 
ðàáî÷åé ïîâåðõíîñòüþ âñëåäñòâèå íàëè÷èÿ â 
ñâîåé êîíñòðóêöèè ýëåìåíòîâ, èìåþùèõ äî-
ïîëíèòåëüíóþ ñòåïåíü ñâîáîäû [2, 3], è òåì 
ñàìûì ñïîñîáñòâóþùèå óâåëè÷åíèþ âåðòè-
êàëüíîé íàãðóçêè. Íåîáõîäèìóþ àêòèâíîñòü 
ðàáî÷åé ïîâåðõíîñòè êàòêà îáåñïå÷èâàþò 
óïðóãèå ðàáî÷èå îðãàíû.

Èç ñóùåñòâóþùèõ ðàçëè÷íûõ âèäîâ íàãðó-
æåíèé, âîçäåéñòâóþùèõ íà ïî÷âó, íàèáîëüøåå 
ðàñïðîñòðàíåíèå ïîëó÷èëè âèáðàöèîííûå 
(óäàðíûå) [4]. Ïîñêîëüêó óäàðíîå íàãðóæåíèå 
õàðàêòåðèçóåòñÿ èíòåíñèâíûì âîçäåéñòâèåì, 
òî âçðûõëåííàÿ ïî÷âà ïîä âëèÿíèåì âåðòè-
êàëüíîé óäàðíîé íàãðóçêè èñïûòûâàåò ïðå-
èìóùåñòâåííî äåôîðìàöèþ ñæàòèÿ, êîòîðàÿ 
óñêîðÿåò ïðîöåññ èçìåíåíèÿ íàïðÿæåííî-äå-
ôîðìèðîâàííîãî ñîñòîÿíèÿ ïî÷âû. Ðåçóëüòà-
òîì ýòîãî èçìåíåíèÿ ÿâëÿåòñÿ ôîðìèðîâàíèå 
óïëîòíåííîãî ïîäïîâåðõíîñòíîãî ñëîÿ. Äëÿ 
äîñòèæåíèÿ íàèëó÷øåãî ðåçóëüòàòà íåîáõîäè-
ìî ïðîàíàëèçèðîâàòü ñîñòîÿíèå ïî÷âû ïîä âîç-
äåéñòâèåì âåðòèêàëüíîé (óäàðíîé) íàãðóçêè, 

îáðàçóåìîé èìåííî àêòèâíîé ðàáî÷åé ïîâåðõ-
íîñòüþ ïî÷âîîáðàáàòûâàþùåãî êàòêà.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå íàï-

ðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïî÷ âû, 
ïîäâåðãàþùåãîñÿ óäàðíîé íàãðóçêå ñî ñòîðîíû 
àêòèâíîé ðàáî÷åé ïîâåðõíîñòè ïî÷âîîáðàáàòû-
âàþùåãî êàòêà.

Ìàòåðèàëû è ìåòîäû
Èçâåñòåí êàòîê óäàðíîãî äåéñòâèÿ [5], â êî-

òîðîì âåðòèêàëüíóþ íàãðóçêó ñîçäàåò óäàð-
íûé ìîëîò, ïåðåìåùàþùèéñÿ â ïîëîé òðóáå, 
òåì ñàìûì âîçäåéñòâóÿ íà ïîäïðóæèíåííóþ 
òðàìáîâêó. Â ðåçóëüòàòå âðàùåíèÿ êàòêà, êîãäà 
âîçíèêàåò âåðòèêàëüíîå ðàñïîëîæåíèå òðóáû, 
ìîëîò çàíèìàåò êðàéíåå ïîëîæåíèå è âûâîäèò 
òðàìáîâêó çà ïîïåðå÷íûé ãàáàðèò ïîâåðõíîñòè 
êàòêà, êîòîðàÿ â ñâîþ î÷åðåäü îêàçûâàåò óäàð-
íîå íàãðóæåíèå íà ïî÷âó.

Êðîìå òîãî, àêòèâíîé ðàáî÷åé ïîâåðõíîñòüþ 
îáëàäàåò âèáðàöèîííûé êàòîê [6], êîíñòðóê-
öèÿ êîòîðîãî ñîñòîèò èç æåñòêî çàêðåïëåííî-
ãî íà âàëó íàðóæíîãî áàðàáàíà è âíóòðåííåãî 
áàðàáàíà, êîòîðûé ñâÿçàí ñ íàðóæíûì ÷åðåç 
ïðóæèíû. Íà ðàáî÷óþ ïîâåðõíîñòü íàðóæíî-
ãî áàðàáàíà ÷åðåç òåõíîëîãè÷åñêèå îòâåðñòèÿ 
âûõîäÿò çóáüÿ, êðåïÿùèåñÿ íà âíóòðåííåì áà-
ðàáàíå. Ïðè äâèæåíèè êàòêà ïî ïîâåðõíîñòè 
ïîëÿ ïðîèñõîäèò ðàññîãëàñîâàíèå âî âðàùå-
íèè ìåæäó íàðóæíûì è âíóòðåííèì áàðàáà-
íàìè. Ïîä äåéñòâèåì ñèëû òÿæåñòè ïðóæèíû 
äåôîðìèðóþòñÿ, è âíóòðåííèé áàðàáàí âìåñòå 
ñ çóáüÿìè ïåðåìåùàåòñÿ âíèç. Âîçíèêàþùàÿ 
â ðåçóëüòàòå ïåðåìåùåíèÿ ýíåðãèÿ âèáðàöèè 
ïåðåäàåòñÿ íà íàðóæíûé áàðàáàí, âñëåäñòâèå 
÷åãî óâåëè÷èâàåòñÿ äàâëåíèå íà ïî÷âó è óëó÷-
øàåòñÿ êà÷åñòâî óïëîòíåíèÿ.

Ïðåèìóùåñòâî ïîäîáíûõ êîíñòðóêöèé êàò- 
 êîâ çàêëþ÷àåòñÿ â òîì, ÷òî îíè ñïîñîáíû èíòå-
ãðèðîâàòü âíåøíåå íàãðóæåíèå íà îáðàáàòûâà-
åìóþ ñðåäó (ïî÷âó) è àâòîìàòè÷åñêè íàñòðàè-
âàòüñÿ íà ðàöèîíàëüíûé ðåæèì ðàáîòû [7]. 

Èçâåñòíî [8], ÷òî öèêëè÷åñêèå óäàðíûå 
íàãðóçêè óñïåøíî èñïîëüçóþòñÿ â ïðîöåññå 
òðàìáîâàíèÿ ãðóíòîâ âèáðàöèîííûìè äîðîæ-
íûìè êàòêàìè. Â íàøåì ñëó÷àå ïðîöåññ óïëîò-
íåíèÿ âçðûõëåííîé ïî÷âû àíàëîãè÷åí ïðîöåñ-
ñó òðàìáîâàíèÿ ãðóíòîâ, çà èñêëþ÷åíèåì åãî 
öèêëè÷íîñòè. Èçâåñòíî ìíîæåñòâî ìîäåëåé, 
îïèñûâàþùèõ íàïðÿæåííî-äåôîðìèðîâàííîå ñî-
ñòîÿíèå ãðóíòà, âîçíèêàþùåå ïðè îáóñòðîé-
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ñòâå çåìëÿíîãî îñíîâàíèÿ. Îäíàêî íàèáîëåå 
áëèçêî íàøåìó ïðîöåññó âçàèìîäåéñòâèÿ àê-
òèâíîé ðàáî÷åé ïîâåðõíîñòè ïî÷âîîáðàáàòû-
âàþùåãî êàòêà ñ ðûõëîé ïî÷âîé ñîîòâåòñòâóåò 
ìîäåëü âçàèìîäåéñòâèÿ âÿçêîóïðóãîé ñðåäû 
ñ ðàáî÷èì îðãàíîì òðàìáîâàòåëÿ äîðîæíîé 
ìàøèíû. Ïîýòîìó èññëåäîâàíèå è ðàñ÷åò íà-
ïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïî÷âû 
ìîæåò âûñòóïàòü ÷àñòíûì ñëó÷àåì îñíîâíûõ 
ïîëîæåíèé ðàñ÷åòà íàïðÿæåííî-äåôîðìèðóå-
ìîãî ñîñòîÿíèÿ ãðóíòà ïîä âîçäåéñòâèåì óäàð-
íûõ (âèáðàöèîííûõ) íàãðóçîê [9]. 

Ñîãëàñíî ðàíåå ïðîâåäåííûì èññëåäîâàíè-
ÿì Ä.È. Çîëîòàðåâñêîé [10], îáðàáîòàííàÿ ðûõ-
ëÿùèìè ðàáî÷èìè îðãàíàìè êîìáèíèðîâàí-
íîãî àãðåãàòà ïî÷âà îáëàäàåò âÿçêîóïðóãèìè 
ñâîéñòâàìè. Èñõîäÿ èç ýòîãî, äëÿ èññëåäîâàíèÿ 
ïðîöåññà óïëîòíåíèÿ ðûõëîé ïî÷âû ïîñðåä-
ñòâîì âîçäåéñòâèÿ àêòèâíîé ðàáî÷åé ïîâåðõíî-
ñòè êàòêà ÷åðåç óäàðíîå íàãðóæåíèå ðàáî÷èì 
îðãàíîì è îòûñêàíèÿ âåëè÷èíû óïëîòíåííîãî 
ñëîÿ íåîáõîäèìîé ïëîòíîñòè ðàññìîòðèì âçàè-
ìîäåéñòâèå âíåøíåé íàãðóçêè ñ ýëåìåíòàðíûì 
âÿçêîóïðóãèì îáúåìîì ïî÷âû. Äëÿ óäîáñòâà 
ðàñ÷åòà âîñïîëüçóåìñÿ ïðèáëèæåííîé ìîäå-
ëüþ ñèñòåìû «ðàáî÷èé îðãàí – ýëåìåíòàðíûé 
îáúåì ïî÷âû» (ðèñ. 1) è ïðîàíàëèçèðóåì íà-
ïðÿæåííî-äåôîðìèðóåìîå ñîñòîÿíèå ïî÷âû.

Ìîäåëü ñèñòåìû âêëþ÷àåò ìàññó ðàáî÷å-
ãî îðãàíà m è ìàññó äåôîðìèðóåìîãî îáúåìà 
ïî÷âû Ì, ñîäåðæàùóþ â ñåáå ýëåìåíò æåñòêî-
ñòè Ñ, èìèòèðóþùèé óïðóãèå ñâîéñòâà ðûõëîé 
ñòðóêòóðû ïî÷âû, à òàêæå ýëåìåíò âÿçêîñòè Â, 
èìèòèðóþùèé âÿçêèå ñâîéñòâà ïî÷âû. Äåôîð-
ìèðóåìûé ñæàòèåì îáúåì ïî÷âû èñïûòûâàåò 
ìãíîâåííóþ âíåøíþþ íàãðóçêó è ïðåäñòàâ-
ëÿåò ñîáîé óñå÷åííûé êîíóñ ñ âûñîòîé h. Òàê 

êàê èçíà÷àëüíî âîçíèêàþò ñæèìàþùèå íàïðÿ-
æåíèÿ â ïî÷âåííîì îáúåìå íåïîñðåäñòâåííî â 
òî÷êàõ êîíòàêòà ñ ðàáî÷èì îðãàíîì, òî ìãíî-
âåííî ïðîèñõîäèò ðàçðóøåíèå êðóïíûõ êîìêîâ 
ïî÷âû ñî ñìåùåíèåì ïî âåðòèêàëè (óïëîòíå-
íèåì) ïîâåðõíîñòíûõ ÷àñòèö. Äàëåå, èçìåëü-
÷åííûå ÷àñòèöû ïî÷âû ïåðåäàþò äàâëåíèå íà 
ñîñåäíèå, âîâëåêàÿ âñå áîëüøå ÷àñòèö ñ áîêî-
âûì ðàñøèðåíèåì.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ïðåäñòàâëåííàÿ ìîäåëü ýëåìåíòàðíîãî 

îáúåìà äåôîðìèðóåìîé ïî÷âû êà÷åñòâåííî õà-
ðàêòåðèçóåò îñîáåííîñòè åãî äèíàìè÷åñêîãî 
ñîñòîÿíèÿ – æåñòêèå (óïðóãèå) è âÿçêèå ñâîé-
ñòâà, ðàáîòó âÿçêîóïðóãèõ ñèë äåôîðìèðóåìî-
ãî îáúåìà ïî÷âû è íàðàñòàíèå åãî äåôîðìàöèè 
ñ ïîñëåäóþùèì îáðàçîâàíèåì óïëîòíåííîãî 
ïîäïîâåðõíîñòíîãî ñëîÿ h (ñì. ðèñ.1).

Ðàáî÷èé îðãàí ïî÷âîîáðàáàòûâàþùåãî 
êàòêà ïðè âçàèìîäåéñòâèè ñ ïî÷âîé îáëàäàåò 
êèíåòè÷åñêîé ýíåðãèåé [9], êîòîðàÿ òðàòèòüñÿ 
íà åå óïëîòíåíèå, ðàñõîäóÿñü íà ïðåîäîëåíèå 
ñîïðîòèâëåíèÿ âÿçêîóïðóãèõ ñèë.

Ñóììàðíóþ ñèëó ñîïðîòèâëåíèÿ âÿçêîó-
ïðóãèõ ñèë ïî÷âû óïëîòíåíèþ ìîæíî ïðåäñòà-
âèòü â âèäå:

F = Ch + B h ,

ãäå 
ES

C
h

  – æåñòêîñòü óïëîòíÿåìîãî ýëå-

ìåíòàðíîãî îáúåìà ïî÷âû, Í/ì; 
S

Â
h
  – âÿç-

êîñòü óïëîòíÿåìîãî ýëåìåíòàðíîãî îáúåìà 

ïî÷âû, Í·ñ/ì; Å – ìîäóëü óïðóãîñòè, Ïà; S – 

ïëîùàäü êîíòàêòà ðàáî÷åãî îðãàíà ñ ýëåìåí-
òàðíûì îáúåìîì ïî÷âû, ì2; h – âûñîòà ýëå-
ìåíòàðíîãî îáúåìà ïî÷âû äî óïëîòíåíèÿ, ì; 
μ – êîýôôèöèåíò âÿçêîñòè, Ïà·ñ.

Ðàáîòó âÿçêîóïðóãèõ ñèë [9] óïëîòíÿåìîãî 
ýëåìåíòàðíîãî îáúåìà ïî÷âû çàïèøåì â âèäå:

 
2

0 02

h hCh
A h Fdh B hdh

 

     .

Èñïîëüçóÿ èíòåãðàëüíóþ òåîðåìó î ñðåä-
íåì çíà÷åíèè, âûðàçèì ñîñòàâëÿþùóþ ðàáîòó 
ñèë âÿçêîãî ñîïðîòèâëåíèÿ îáúåìà ïî÷âû 
÷åðåç óñðåäíåííóþ ïåðâóþ ïðîèçâîäíóþ âåëè-
÷èíû óïëîòíåííîãî ñëîÿ:

0

.
h

h dh hh


  

Ñëåäîâàòåëüíî, ïðåäïîëàãàÿ äâèæåíèå ðà-
áî÷åãî îðãàíà ïîñëå ñîïðèêîñíîâåíèÿ è ïîñëå-

Ðèñ. 1. Ìîäåëü ñèñòåìû «ðàáî÷èé îðãàí – 
ýëåìåíòàðíûé îáúåì ïî÷âû»



Èññëåäîâàíèå âÿçêîóïðóãîãî ñîñòîÿíèÿ ïî÷âû ïî âîçäåéñòâèåì àêòèâíîé ïîâåðõíîñòè ïî÷âîîáðàáàòûâàþùåãî êàòêà
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äóþùåãî åãî âçàèìîäåéñòâèÿ ñ ýëåìåíòàðíûì 

îáúåìîì ïî÷âû ðàâíîóñêîðåííûì, ïîëó÷èì 

2
cV

h  , ãäå V
c
 – ñêîðîñòü äâèæåíèÿ ñèñòåìû 

«ðàáî÷èé îðãàí – ýëåìåíòàðíûé îáúåì ïî÷âû».
Ïðèíèìàÿ óñëîâèå î «íåóïðóãîñòè» óäàðà 

ðàáî÷åãî îðãàíà î ïî÷âó, îïðåäåëèì V
c
 èç çàêîíà 

ñîõðàíåíèÿ èìïóëüñà  . .ð î cmV m M V  , èç 
÷åãî ñëåäóåò: 

. .( )ñ p o

m
V V

m M



,

ãäå V
ð.î.

 – ñêîðîñòü äâèæåíèÿ ðàáî÷åãî îðãàíà, ì/ñ; 
ò – ìàññà ðàáî÷åãî îðãàíà, êã; Ì – ìàññà óïëîò-
íÿåìîãî ýëåìåíòàðíîãî îáúåìà ïî÷âû, êã.

Òîãäà ðàáîòà âÿçêîóïðóãèõ ñèë óïëîòíÿåìî-
ãî îáúåìà ïî÷âû ñ ó÷åòîì çàêîíà ñîõðàíåíèÿ 
èìïóëüñà ïðèîáðåòåò ñëåäóþùèé âèä:

2( )

2 2
cVC h

A B h


   .

Ïîñêîëüêó ðàáîòà êèíåòè÷åñêîé ýíåðãèè 
ðàâíà ðàáîòå, çàòðà÷åííîé íà óïëîòíåíèå 
îáúåìà ïî÷âû, òî óðàâíåíèå ñóììû ýíåðãèé 
ïðèëàãàåìîé ê ðàññìàòðèâàåìîìó îáúåìó çà-
ïèøåòñÿ â ñëåäóþùåì âèäå:

2 2
. . ( )

2 2 2 2
p o c

mV VMg h C h
mg h B h

 
      .

Â îêîí÷àòåëüíîì âèäå óðàâíåíèå äëÿ îïðå-
äåëåíèÿ âåëè÷èíû óïëîòíåííîãî ñëîÿ âûãëÿ-
äèò ñëåäóþùèì îáðàçîì:

2
. .2( ) 0

2 2 2 2
p oc

mVVC M
h B m g h

          
  

.

Åãî èòîãîâîå ðåøåíèå: 

2

2
. .

( )
2

2 2

c

c
p o

V
m M g B

V M
B m g CmV

h
C

  

       
    .

Èçìåíåíèå âåëè÷èíû óïëîòíåííîãî ñëîÿ ñî-
ïðîâîæäàåòñÿ ïðèðàùåíèåì ïëîòíîñòè ïî÷âû, 
êîòîðàÿ ðàññ÷èòûâàåòñÿ ïî ôîðìóëå:

0

0

ê 
 


,

ãäå ρ
ê
 – êîíå÷íàÿ ïëîòíîñòü ñëîÿ ïî÷âû, ïîëó-

÷åííàÿ ïîä âîçäåéñòâèåì âíåøíåé íàãðóçêè, 
ã/ñì3; ρ

0
 – íà÷àëüíàÿ ïëîòíîñòü ïî÷âû, ã/ñì3.

Äëÿ äîñòèæåíèÿ òðåáóåìîé ïëîòíîñòè 
ïî÷âû, ñîãëàñíî ÀÒÒ, ïðåäúÿâëÿåìîé ê ïîâåðõ-
íîñòíîé îáðàáîòêå (ρ

ê 
= 1,1…1,3 ã/ñì3), ïîñëå 

ïðîõîæäåíèÿ êîìáèíèðîâàííîãî àãðåãàòà îñ-
íàùåííîãî êàòêîì ñ àêòèâíîé ðàáî÷åé ïîâåðõ-
íîñòüþ, íåîáõîäèìî çàäàòüñÿ êðàåâûìè óñëî-
âèÿìè äåôîðìèðîâàíèÿ ïî÷âû:

0 1
ê

h

h

 
 


,

÷òî áóäåò ñîîòâåòñòâîâàòü òåõíîëîãè÷åñêî-
ìó ïðîöåññó ïðèêàòûâàíèÿ, ñîãëàñíî êîòîðî-
ãî êàòîê óïëîòíÿåò ïîäïîâåðõíîñòíûé ñëîé è 
ðûõëèò âåðõíèé ñëîè ïî÷âû äî 10 ñì, âûðàâíè-
âàÿ ïîâåðõíîñòü ïîëÿ çà ñ÷åò ðàçðóøåíèÿ ãëûá 
è êðóïíûõ êîìêîâ. 

Âûâîäû
1. Ïðåäëîæåíà ìîäåëü ñèñòåìû «ðàáî÷èé 

îðãàí – ýëåìåíòàðíûé îáúåì ïî÷âû», íà îñíîâå 
êîòîðîé ïðîâåäåíî èññëåäîâàíèå äåôîðìèðó-
åìîãî ðûõëîãî âÿçêîóïðóãîãî îáúåìà ïî÷âû, 
ïîäâåðãàþùåãîñÿ óäàðíîé íàãðóçêå ñî ñòîðîíû 
àêòèâíîé ðàáî÷åé ïîâåðõíîñòè ïî÷âîîáðàáàòû-
âàþùåãî êàòêà. 

2. Äàííàÿ ìîäåëü ìîæåò âûñòóïàòü â êà÷å-
ñòâå ïåðâîãî ïðèáëèæåíèÿ äëÿ äàëüíåéøèõ, 
áîëåå äåòàëüíûõ è ðàñøèðåííûõ èññëåäîâà-
íèé íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ 
ñòðóêòóðû ïî÷âû ñ âîçìîæíîñòüþ îïðåäåëåíèÿ 
çàâèñèìîñòåé êîíñòðóêòèâíûõ ïàðàìåòðîâ è 
ðåæèìîâ ðàáîòû ïî÷âîîáðàáàòûâàþùåãî êàòêà.
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