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APPLICATION OF DIFFERENTIATED TILLAGE

С.Е. ФЕДОРОВ, ê.ò.í. 
Ìîðäîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò 
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Ãëàâíûì ïîêàçàòåëåé ôèçè÷åñêîãî ñîñòîÿíèÿ ïî÷â ÿâëÿåòñÿ ïëîòíîñòü ñëîæåíèÿ. Ïðè ñîïîñòàâëåíèè çíà÷åíèé 
ðàâíîâåñíîé è îïòèìàëüíîé ïëîòíîñòè ïî÷âû äëÿ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð îïðåäåëÿåòñÿ ïîòðåáíîñòü 
â òîé èëè èíîé ìåõàíè÷åñêîé îáðàáîòêå. Ýòî ãîâîðèò î òîì, ÷òî â íàñòîÿùåå âðåìÿ ñèñòåìà îáðàáîòêè ïî-
÷âû íå ìîæåò áûòü åäèíîé, óíèâåðñàëüíîé, îäèíàêîâî ïðèãîäíîé è ýôôåêòèâíîé â ðàçíûõ òî÷êàõ ïîëÿ. Îíà 
äîëæíà áûòü äèôôåðåíöèðîâàííîé, àäàïòèðîâàííîé ê ïî÷âåííî-êëèìàòè÷åñêèì óñëîâèÿì. Èñõîäÿ èç âûøå 
èçëîæåííîãî, ïîÿâèëàñü èäåÿ î íåîáõîäèìîñòè ñîçäàíèÿ êîìáèíèðîâàííîãî êóëüòèâàòîðà äëÿ âûïîëíåíèÿ 
äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû, êîòîðûé îáåñïå÷èë áû æåëàåìûé ïðîãíîçèðóåìûé ïðîöåññ ðàáîòû 
ïðè âûïîëíåíèè óñëîâèé. Öåëü èññëåäîâàíèÿ – ñíèæåíèå çàòðàò ýíåðãèè, ïîâûøåíèå êà÷åñòâà ïîâåðõíîñòíîé 
ïîäãîòîâêè ïî÷âû çà ñ÷åò ïðèìåíåíèÿ äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû áåç ñíèæåíèÿ ïîêàçàòåëåé óðî-
æàéíîñòè. Ïîëåâûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ ïëîòíîñòè è òâåðäîñòè ïî÷âû ïðîâîäèëè ïðè òåìïåðàòóðå 
+20±2 ᵒÑ íà ðàçíûõ ãëóáèíàõ (0…10, 10…20, 20… 30 è 30…40 ñì) è ïîâòîðÿëè ïî 4 ðàçà äëÿ êàæäîé ãëóáèíû äëÿ 
âûÿâëåíèÿ ñðåäíèõ çíà÷åíèé àìïëèòóä. Âëàæíîñòü ïî÷âû â ïðîöåññå îáðàáîòêè âàðüèðîâàëàñü â ïðåäåëàõ îò 
20 äî 26 %. Ïðåäåëüíàÿ îòíîñèòåëüíàÿ îøèáêà ïðè èçìåðåíèè ñîñòàâèëà 5 %. Ïðè èññëåäîâàíèè òâåðäîñòè è 
ïëîòíîñòè ïî÷âû îäíà òî÷êà (êàê îäíî èçìåðåíèå) çàêëàäûâàëàñü íà 4…5 ãà. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçà-
ëè, ÷òî òâåðäîñòü è ïëîòíîñòü ïî÷âû â ðàçíûõ òî÷êàõ ïîëÿ ðàçíûå. Ñî âðåìåíåì èõ çíà÷åíèÿ âîçðàñòàþò. Ìè-
íèìàëüíûå çíà÷åíèÿ òâåðäîñòè è ïëîòíîñòè íàáëþäàëîñü íà ãëóáèíå 0…10 ñì è ñîñòàâèëè 8 êã/ñì2 è 0,94 ã/ñì3, 
ìàêñèìàëüíûå – íà ãëóáèíå 30…40 ñì – 34,3 êã/ñì2 è 1,41 ã/ñì3. Â ýòîì íàïðàâëåíèè íàìè ïðåäëîæåíî ñîçäà-
íèå ýêñïåðèìåíòàëüíîé êîìáèíèðîâàííîé ìàøèíû äëÿ äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû, ïîçâîëÿþùåé 
àâòîìàòè÷åñêè èçìåíÿòü ãëóáèíó îáðàáîòêè â çàâèñèìîñòè îò ïëîòíîñòè è òâåðäîñòè ïî÷âû. 
Êëþ÷åâûå ñëîâà: äèôôåðåíöèðîâàííàÿ îáðàáîòêà ïî÷âû, ïëîòíîñòü, òâåðäîñòü, ãëóáèíà îáðàáîòêè, òåõíîëî-
ãè÷åñêàÿ ýëåêòðîííàÿ êàðòà.

The main indicator of the physical state of soils is the density of structure. When comparing the values of the equilib-
rium and optimal soil density for agricultural crops, the need of one or another mechanical treatment is determined. 
This suggests that at present the soil treatment system can not be uniform, universal, equally suitable and effective 
at different points in the field. It must be differentiated, adapted to soil and climatic conditions. Proceeding from the 
above, there appeared the idea of the need to create a combined cultivator for differentiated soil cultivation, which 
provided the desired predictable process of work under accomplished conditions. The purpose of the study is to 
reduce energy costs, improve the quality of surface preparation of the soil through the application of differentiated 
tillage without reducing yields. Field studies on determining density and hardness of the soil were carried out at a 
temperature of + 20 ± 2 °C at different depths (0 ... 10, 10 ... 20, 20 ... 30 and 30 ... 40 cm) and repeated 4 times for 
each depth to determine the average values of the amplitudes. The moisture content of the soil during the treatment 
varied from 20 % to 26 %. The limiting relative error in the measurement was 5 %. When examining the hardness 
and density of the soil, one point (as one dimension) was laid on 4 ... 5 hectare. The results of the studies showed 
that the hardness and density of the soil in different points of the field are different. Over time their values increase. 
The minimum values of hardness and density were observed at a depth of 0 ... 10 cm and amounted to 8 kg/cm2 and 
0,94 g/cm3, maximum at a depth of 30 ... 40 cm – 34,3 kg/cm2 and 1,41 g/cm3. In this direction, we proposed the 
creation of an experimental combined machine for differentiated soil cultivation, which automatically changes the 
depth of processing, depending on the density and hardness of the soil.
Keywords: differentiated soil cultivation, density, hardness, depth of processing, technological electronic map.
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 Ââåäåíèå
Îäíèì èç ãëàâíûõ ïîêàçàòåëåé ôèçè÷åñêîãî 

ñîñòîÿíèÿ ïî÷â ÿâëÿåòñÿ ïëîòíîñòü ñëîæåíèÿ, 
êîòîðàÿ âûðàæàåòñÿ ÷åðåç îáúåìíóþ ìàññó 
èëè ïëîòíîñòü ïî÷âû è îáùóþ ñêâàæíîñòü.

Ïðè ñîïîñòàâëåíèè çíà÷åíèé ðàâíîâåñíîé 
è îïòèìàëüíîé ïëîòíîñòè ïî÷âû äëÿ ñåëüñêî-
õîçÿéñòâåííûõ êóëüòóð îïðåäåëÿåòñÿ ïîòðåá-
íîñòü â òîé èëè èíîé ìåõàíè÷åñêîé îáðàáîòêå. 
Ñíèæåíèå èíòåíñèâíîñòè îáðàáîòêè ïî÷âû, 
âïëîòü äî ïîëíîãî îòêàçà îò íåå, âîçìîæíî 
òîëüêî íà òàêèõ ïî÷âàõ, ó êîòîðûõ âåëè÷èíà 
ðàâíîâåñíîé ïëîòíîñòè ïðèáëèæàåòñÿ ê îïòè-
ìàëüíîé èëè ðàâíà åé. Èíòåíñèâíîñòü è ãëóáè-
íà ìåõàíè÷åñêîé îáðàáîòêè äîëæíà âîçðàñòàòü 
ñ óâåëè÷åíèåì ðàçíîñòè ìåæäó ðàâíîâåñíîé è 
îïòèìàëüíîé ïëîòíîñòüþ ïî÷âû [1, 2].

Â íàñòîÿùåå âðåìÿ èçâåñòíî, ÷òî ïëîòíîñòü 
ñëîæåíèÿ ïî÷âû çàâèñèò íå òîëüêî îò ãðàíóëî-
ìåòðè÷åñêîãî ñîñòàâà, ñîäåðæàíèÿ ãóìóñà, íî 
è ÿâëÿåòñÿ ôóíêöèåé åå ñòðóêòóðíûõ êà÷åñòâ. 
Ìíîãî÷èñëåííûìè èññëåäîâàíèÿìè óñòàíîâëå-
íî, ÷òî â çàâèñèìîñòè îò òèïà ïî÷âû è ñòðóêòóðû 
ïëîòíîñòü ñëîæåíèÿ ìåíÿåòñÿ â øèðîêèõ ïðåäå-
ëàõ. Ïî îáîáùåííûì äàííûì, â çàâèñèìîñòè îò 
ãðàíóëîìåòðè÷åñêîãî ñîñòàâà äëÿ ðîñòà è ðàç-
âèòèÿ êóëüòóðíûõ ðàñòåíèé ïëîòíîñòü äîëæíà 
íàõîäèòñÿ â ïðåäåëàõ îò 1,1 äî 1,3 ã/ñì3 [3]. Ïðè 
óïëîòíåíèè ïî÷âû óìåíüøàåòñÿ íå òîëüêî îáúåì 
ïîð, íî è èõ ðàçìåð. Ýòî âåñüìà âàæíî äëÿ ðîñòà 
êîðíåâûõ âîëîñêîâ. Óïëîòíåííàÿ ïî÷âà ïëîõî 
âïèòûâàåò è ôèëüòðóåò âëàãó, à ýòî ïðè íàëè-
÷èè ëèâíåâûõ îñàäêîâ ñïîñîáñòâóåò óñèëåíèþ 
ïîâåðõíîñòíîãî ñòîêà, ýðîçèè è â öåëîì ñíèæå-
íèþ âëàãîîáåñïå÷åííîñòè ðàñòåíèé. Ïðè÷èíà-
ìè ñíèæåíèÿ óðîæàåâ íà óïëîòíåííûõ ïî÷âàõ 
ÿâëÿþòñÿ íåäîñòàòîê êèñëîðîäà è èçáûòîê óãëå-
êèñëîãî ãàçà, ïëîõàÿ âîäîïðîíèöàåìîñòü è óõóä-
øåíèå âîäíîãî ðåæèìà, óõóäøåíèå óñëîâèé äëÿ 
ôîðìèðîâàíèÿ ìîùíîé êîðíåâîé ñèñòåìû; íà 
ðûõëîé – óìåíüøåíèå êîíöåíòðàöèè âëàãè è 
ïèùè â îáúåìå, áîëüøîé ðàñõîä âîäû íà íåïðî-
èçâîäèòåëüíîå èñïàðåíèå, ïîâðåæäåíèå êîðíåâîé 
ñèñòåìû ðàñòåíèé èç-çà åñòåñòâåííîãî ïðîöåññà 
óïëîòíåíèÿ è îñåäàíèÿ ïî÷âû. 

Òàêèì îáðàçîì, ðàâíîâåñíàÿ ïëîòíîñòü ñëî-
æåíèÿ îäíîé è òîé æå ïî÷âû – âåëè÷èíà ïåðå-
ìåííàÿ, äàæå â ïðåäåëàõ îäíîãî ïîëÿ, è çàâè-
ñèò îò ìåòåîðîëîãè÷åñêèõ óñëîâèé è âðåìåíè 
ãîäà, âèäà ñåëüñêîõîçÿéñòâåííûõ êóëüòóð.

Ýòî ïîäòâåðæäàåò òîò ôàêò, ÷òî â íàñòîÿùåå 
âðåìÿ íå ìîæåò áûòü åäèíîé, óíèâåðñàëüíîé ñè-
ñòåìû îáðàáîòêè ïî÷âû, îäèíàêîâî ïðèãîäíîé è 

ýôôåêòèâíîé â ðàçíûõ òî÷êàõ ïîëÿ. Îíà äîëæíà 
áûòü äèôôåðåíöèðîâàííîé, àäàïòèðîâàííîé ê 
ïî÷âåííî-êëèìàòè÷åñêèì óñëîâèÿì. 

Èñõîäÿ èç âûøåèçëîæåííîãî, ïîÿâèëàñü 
èäåÿ î íåîáõîäèìîñòè ñîçäàíèÿ êîìáèíèðî-
âàííîãî êóëüòèâàòîðà äëÿ âûïîëíåíèÿ äèôôå-
ðåíöèðîâàííîé îáðàáîòêè ïî÷âû, êîòîðûé áû 
îáåñïå÷èë æåëàåìûé ïðîãíîçèðóåìûé ïðîöåññ 
ðàáîòû ïðè âûïîëíåíèè óñëîâèé [4, 5]:

1

n

i
a iF F



 ,

ãäå F
a
 – ñóììàðíîå ñîïðîòèâëåíèå àãðåãàòà; 

F
i
 – òÿãîâîå ñîïðîòèâëåíèå ïî÷âîîáðàáàòûâà-

þùåé ìàøèíû, ñîñòîÿùåé èç îäíîîïåðàöèîí-
íûõ ðàáî÷èõ îðãàíîâ.

1

n
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i

W W


 ,

ãäå W
a
 – ïðîèçâîäèòåëüíîñòü êîìáèíèðîâàííîé 

ìàøèíû; W
i
 – ïðîèçâîäèòåëüíîñòü îäíîîïåðà-

öèîííûõ ïî÷âîîáðàáàòûâàþùèõ àãðåãàòîâ.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ñíèæåíèå 

çàòðàò ýíåðãèè, ïîâûøåíèå êà÷åñòâà ïîâåðõ-
íîñòíîé ïîäãîòîâêè ïî÷âû çà ñ÷åò ïðèìåíåíèÿ 
äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû áåç 
ñíèæåíèÿ ïîêàçàòåëåé óðîæàéíîñòè. 

Ìàòåðèàëû è ìåòîäû
Äëÿ îáðàáîòêè ïî÷â ðàçëè÷íîé òâåðäîñòè 

è ïëîòíîñòè ïðèìåíåíèå êîìáèíèðîâàííûõ 
ìàøèí íà îäíó è òó æå ãëóáèíó íåýôôåêòèâíî. 
Ýòî ïðèâîäèò ê áîëüøèì ïðîèçâîäñòâåííûì 
çàòðàòàì, ïîòîìó ÷òî ïî÷âû ñ âûñîêèì ñîäåð-
æàíèåì ãóìóñà ìîæíî îáðàáàòûâàòü ìåíåå 
ãëóáîêî, òî åñòü ïðèìåíÿòü äèôôåðåíöèðîâàí-
íóþ ñèñòåìó îáðàáîòêè [6]. 

Ñóòü äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû 
äàæå â ïðåäåëàõ îäíîãî ó÷àñòêà çàêëþ÷àåòñÿ â 
òîì, ÷òîáû çà ñ÷åò áîëåå ýôôåêòèâíîãî ðàñõîäà 
ãîðþ÷åãî è ìèíèìàëüíûõ çàòðàò âðåìåíè ñîêðà-
òèòü èçäåðæêè ïðîèçâîäñòâà â ðàñòåíèåâîäñòâå, 
èçáåãàÿ ïðè ýòîì ðàçðóøåíèÿ ñòðóêòóðû ïî÷âû 
è âîçíèêíîâåíèÿ ïî÷âåííûõ ýðîçèé. 

Ïðèìåíåíèå äèôôåðåíöèðîâàííîé îáðàáîò-
êè ïî÷âû âîçìîæíî òîëüêî â äâóõýòàïíîì òåõ-
íîëîãè÷åñêîì âàðèàíòå ñ èñïîëüçîâàíèåì öèô-
ðîâûõ ïî÷âåííûõ êàðò (ïëîòíîñòü è òâåðäîñòü 
ïî÷âû, ðåëüåô ó÷àñòêà è ò.ä.). Ýòà èíôîðìàöèÿ 
íåîáõîäèìà äëÿ ïîäãîòîâêè òåõíîëîãè÷åñêèõ 
ýëåêòðîííûõ êàðò (ðèñ. 1). 
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Ïðè ýòîì îòòàëêèâàþòñÿ îò òîãî, ÷òî âîç-
íèêàåò íåîáõîäèìîñòü ãëóáîêîãî ðûõëåíèÿ 
ïî÷âû òåõ ó÷àñòêîâ ïîëÿ, ãäå ñêëàäûâàþòñÿ 
íåáëàãîïðèÿòíûå óñëîâèÿ äëÿ ðîñòà ñåëüñêî-
õîçÿéñòâåííûõ êóëüòóð. Â òî æå âðåìÿ õîðîøî 
ñòðóêòóðèðîâàííûå ïî÷âû ìîæíî îáðàáàòû-
âàòü ìåíåå ãëóáîêî. Ïðè ýòîì ãëóáèíà îáðà-
áîòêè íå ÿâëÿåòñÿ ïîñòîÿííîé, à îïðåäåëÿåòñÿ 
ñ ó÷åòîì ïðèíÿòîé ãëóáèíû îáðàáàòûâàåìîãî 
ñëîÿ äàííîé ïî÷âû [7]. 

Ïîëåâûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ 
ïëîòíîñòè è òâåðäîñòè ïî÷âû ïðîâîäèëè â 
2017 ã. íà ïîëå ÎÎÎ ÀÏÎ «Ìîêøà» (Êðàñíîñ-
ëîáîäñêèé ðàéîí, Ðåñïóáëèêà Ìîðäîâèÿ), ïîä-
ãîòàâëèâàþùåå ïîä ïîñåâ êóêóðóçû.

Èñïûòàíèÿ ïðîâîäèëè ïðè òåìïåðàòóðå 
+20±2 Ñ íà ðàçíûõ ãëóáèíàõ (0…10, 10…20, 
20…30 è 30…40 ñì) è ïîâòîðÿëè ïî 4 ðàçà äëÿ 
êàæäîé ãëóáèíû äëÿ âûÿâëåíèÿ ñðåäíèõ çíà-
÷åíèé àìïëèòóä. Òèï ïî÷âû – îïîäçîëåííûé 
÷åðíîçåì, ñëàáîñìûòûé, ñðåäíåñóãëèíèñòûé, 
6 % ãóìóñà. Ïëîùàäü – 36 ãà. Ðåëüåô õîëìè-
ñòûé. Âëàæíîñòü ïî÷âû â ïðîöåññå îáðàáîòêè 
âàðüèðîâàëàñü â ïðåäåëàõ îò 20 äî 26 %. Ïðå-
äåëüíàÿ îòíîñèòåëüíàÿ îøèáêà ïðè èçìåðåíèè 
ñîñòàâèëà 5 %.

Ïðè èññëåäîâàíèè òâåðäîñòè è ïëîòíîñòè 
ïî÷âû îäíà òî÷êà (êàê îäíî èçìåðåíèå) çàêëà-
äûâàëàñü íà 4…5 ãà. Ñõåìû ðàçìåùåíèÿ òî÷åê 
ïîêàçàíû íà ðèñ. 2.

Ðèñ. 2. Ñõåìû ðàçìåùåíèÿ òî÷åê 
ïðè èññëåäîâàíèè òâåðäîñòè è ïëîòíîñòè ïî÷âû 

íà ïîëå ÎÎÎ ÀÏÎ «Ìîêøà»

Òâåðäîñòü ïî÷âû îïðåäåëÿëè òâåðäîìåðîì 
Wile. Íàêîíå÷íèê – äèàìåòðîì 3/4 äþéìà. 
Ïëîòíîñòü îïðåäåëÿëè, èñïîëüçóÿ ñòàëüíîé 
öèëèíäð, çàîñòðåííûé ñíèçó, îáúåì êîòîðîãî 
ñîñòàâëÿåò 500 ñì3.

Ïîëó÷åííûå ðåçóëüòàòû, îáðàáîòàííûå ñ 
ïîìîùüþ ïàêåòà ïðîãðàììû Excel, ïðåäñòàâëå-
íû â òàáë. 1 è íà ðèñ. 3 è 4.

Ðåçóëüòàòû è îáñóæäåíèå
Àíàëèç äàííûõ, ïîëó÷åííûõ â îïûòå, ïîêà-

çàë, ÷òî òâåðäîñòü è ïëîòíîñòü ïî÷âû â ðàçíûõ 
òî÷êàõ ïîëÿ ðàçíûå. Ñî âðåìåíåì èõ çíà÷åíèÿ 
âîçðàñòàþò. Ìèíèìàëüíûå çíà÷åíèÿ òâåðäîñòè 
è ïëîòíîñòè íàáëþäàëîñü íà ãëóáèíå 0…10 ñì è 
ñîñòàâèëè 8 êã/ñì2 è 0,94 ã/ñì3, ìàêñèìàëüíûå – 
íà ãëóáèíå 30…40 ñì – 34,3 êã/ñì2 è 1,41 ã/ñì3.

Ðèñ. 1. Òåõíîëîãè÷åñêàÿ ýëåêòðîííàÿ êàðòà 
äëÿ îáðàáîòêè ïî÷âû: 

òåìíûå çîíû – ãëóáîêàÿ îáðàáîòêà; 
ñâåòëûå çîíû – ìåëêàÿ îáðàáîòêà

Òàáëèöà 1
Òâåðäîñòü è ïëîòíîñòü ïî÷âû ïî ñîñòîÿíèþ íà 09.05.2017 ã.

Òî÷êà 
èçìåðåíèÿ

Òâåðäîñòü êã/ñì2íà ãëóáèíå, ñì Ïëîòíîñòü ã/ñì3íà ãëóáèíå, ñì
0…10 10…20 20…30 30…40 0…10 10…20 20…30 30…40

1 10,2 13,6 17,5 23,6 1 1,11 1,2 1,3
2 17,2 20,6 25 31,2 1,07 1,18 1,29 1,37
3 9,1 11,6 14,3 15,2 0,95 1,06 1,15 1,25
4 10 11,6 13,7 14,1 0,94 1,05 1,16 1,26
5 10,3 13,7 17,3 20,1 1,01 1,12 1,21 1,31
6 8 14,2 21,3 33,2 1,08 1,19 1,28 1,38
7 15 18 21 28,3 1,05 1,16 1,26 1,36
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Â ýòîì íàïðàâëåíèè íàìè ïðåäëîæåíî ñîç-
äàíèå ýêñïåðèìåíòàëüíîé êîìáèíèðîâàííîé 
ìàøèíû, îáúåäèíÿþùåé íåñêîëüêî ðàáî÷èõ 
îðãàíîâ, äëÿ äèôôåðåíöèðîâàííîé îáðàáîòêè 
ïî÷âû. Ñõåìà êîìáèíèðîâàííîé ìàøèíû ïðåä-
ñòàâëåíà íà ðèñ. 5.

Äàííàÿ ìàøèíà ïîçâîëÿåò àâòîìàòè÷åñêè 
èçìåíÿòü ãëóáèíó îáðàáîòêè â çàâèñèìîñòè îò 
ïëîòíîñòè è òâåðäîñòè ïî÷âû. Áîëåå óïëîòíåí-
íûå ó÷àñòêè ïîëÿ îáðàáàòûâàþòñÿ íà áîëüøóþ 
ãëóáèíó, ÷åì ðûõëûå, ÷òî îáåñïå÷èâàåò îïòè-
ìàëüíóþ ïëîòíîñòü íà âñåì ó÷àñòêå.

Âûâîäû
1. Èññëåäîâàíû òâåðäîñòü è ïëîòíîñòü 

ïîëÿ ÎÎÎ ÀÏÎ «Ìîêøà» (Êðàñíîñëîáîäñêèé 
ðàéîí, Ðåñïóáëèêà Ìîðäîâèÿ). Ïîëó÷åííûå 
äàííûå ïîäòâåðæäàþò ïåðñïåêòèâíîñòü ïðèìå-
íåíèÿ äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû 
èññëåäóåìûõ ó÷àñòêîâ.

Ðèñ. 3. Èçìåíåíèå ñî âðåìåíåì òâåðäîñòè ïî÷âû 
â ïÿòîé òî÷êå íà ãëóáèíå 0…10 ñì

Ðèñ. 4. Èçìåíåíèå ñî âðåìåíåì ïëîòíîñòè ïî÷âû 
â ïÿòîé òî÷êå íà ãëóáèíå 0…10 ñì

Ðèñ. 5. Êîìáèíèðîâàííàÿ ìàøèíà äëÿ äèôôåðåíöèðîâàííîé îáðàáîòêè ïî÷âû

2. Ïîëó÷åíû çàâèñèìîñòè òâåðäîñòè è ïëîò-
íîñòè îò âðåìåíè, èç êîòîðûõ âèäåí èõ ðîñò. 
Òàêèì îáðàçîì, â ïåðèîä âåñåííå-ïîëåâûõ 
ðàáîò íåîáõîäèì äèôôåðåíöèðîâàííûé ïîäõîä 
ê âûáîðó ïî÷âîîáðàáàòûâàþùåãî àãðåãàòà â çà-
âèñèìîñòè îò âðåìåíè ïðîâîäèìûõ îïåðàöèé.
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