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Ñëåäñòâèåì ìåõàíè÷åñêîé îáðàáîòêè ïî÷âû, ïîìèìî ïîëîæèòåëüíûõ ðåçóëüòàòîâ, ÿâëÿþòñÿ è îòðèöàòåëü-
íûå ïîñëåäñòâèÿ, ñâÿçàííûå ñ ðàçðóøåíèåì ïåðâè÷íûõ ïî÷âåííûõ ìèêðîàãðåãàòîâ. ×àñòü ïî÷âåííûõ ìèêðî-
àãðåãàòîâ, êîòîðûå íåïîñðåäñòâåííî êîíòàêòèðóþò ñ ïîâåðõíîñòüþ ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî îðó-
äèÿ, ñìèíàþòñÿ è ðàçðóøàþòñÿ. Íåïîñðåäñòâåííî ìèêðîàãðåãàò ïðåäñòàâëÿåò ñîáîé óñòîé÷èâóþ ïî÷âåííóþ 
ñîâîêóïíîñòü, èëè ñòðóêòóðíóþ åäèíèöó ñïåëîé ïî÷âû. Â öåíòðå ìèêðîàãðåãàòà èìåþòñÿ òâåðäûå ÷àñòèöû 
ìàòåðèíñêîé ïîðîäû, êàê ïðàâèëî – ýòî äèîêñèäû êðåìíèÿ SiO

2
, âîêðóã êîòîðûõ ðàñïîëàãàåòñÿ ïëîòíàÿ îð-

ãàíè÷åñêàÿ îáîëî÷êà. Ôàêò ðàçðóøåíèÿ ïåðâè÷íûõ ïî÷âåííûõ ìèêðîàãðåãàòîâ â îáðàáàòûâàåìîì ñëîå ïî÷âû 
ïîäòâåðæäàåòñÿ èçíîñîì ðàáî÷èõ îðãàíîâ çåìëåäåëü÷åñêèõ îðóäèé, êîòîðûå ïîäâåðãàþòñÿ âîçäåéñòâèþ àáðà-
çèâíûõ ÷àñòèö ìàòåðèíñêîé ïîðîäû, îáðàçóþùèõñÿ âñëåäñòâèå ðàçðóøåíèÿ ñàìèõ ìèêðîàãðåãàòîâ. Ïîëó÷àåò-
ñÿ, ÷òî èíòåíñèâíîñòü èçíîñà ðàáî÷èõ îðãàíîâ êîñâåííûì îáðàçîì õàðàêòåðèçóåò èíòåíñèâíîñòü ðàçðóøåíèÿ 
ïî÷âåííûõ ìèêðîàãðåãàòîâ. Â ðåçóëüòàòå îáðàáîòêè ñïåëûõ ïî÷â, åå ðûõëåíèå ñ öåëüþ îáåñïå÷åíèÿ íå ìåíåå 
50 % ïîðèñòîñòè, ïîïóòíî èçìåëü÷àÿ, ðàçðóøàåò îïðåäåëåííûé ñëîé ñòðóêòóðû àãðåãàòíîãî ñòðîåíèÿ òîé æå 
ñàìîé ïî÷âû. Äàííûå ïðîòèâîðå÷èÿ ôîðìèðóþò çàäà÷ó ïîèñêà ðåøåíèÿ ñíèæåíèÿ âîçìîæíîñòè ðàçðóøåíèÿ 
àãðåãàòíîãî ñòðîåíèÿ ïî÷âû ïðè åå îáðàáîòêå çåìëåäåëü÷åñêèìè îðóäèÿìè.
Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿëîñü âûÿâëåíèå âëèÿíèÿ ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ðàáî÷èõ îðãàíîâ çåìëå-
äåëü÷åñêèõ îðóäèé íà èíòåíñèâíîñòü ðàçðóøåíèÿ ìèêðîàãðåãàòîâ â ïðèëåãàþùåì ñëîå ïî÷âû. Äàííàÿ öåëü 
äîñòèãàëàñü ïîñðåäñòâîì òåîðåòè÷åñêèõ èññëåäîâàíèé è ïðè èñïîëüçîâàíèè èìèòàöèîííûõ ëàáîðàòîðíûõ èñ-
ïûòàíèé, â ðåçóëüòàòå êîòîðûõ îïðåäåëåíû èíòåðâàëû ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ðàáî÷èõ îðãàíîâ, ïðè 
êîòîðûõ äîñòèãàåòñÿ íàèìåíüøåå ðàçðóøåíèå ïî÷âåííûõ ìèêðîàãðåãàòîâ.
Êëþ÷åâûå ñëîâà: ðàçðóøåíèå ïî÷âåííûõ ìèêðîàãðåãàòîâ, íîðìàëüíûå äàâëåíèÿ ïî÷âû, ñäâèãàþùèå ñèëû, 
äèëàòàíñèÿ.

The consequence of mechanical tillage, in addition to achieving positive results, are also negative consequences as-
sociated with the destruction of the primary soil microaggregates. Some of the soil mi-croaggregates that are in direct 
contact with the surface of the working body of the agricultural tools are crushed and destroyed. Directly microaggre-
gate is a sustainable soil aggregate, or structural unit of ripe soil. In the center of the microaggregate there are solid 
particles of the parent rock, as a rule, these are SiO

2
 silica, around which there is a dense organic shell. The very fact 

of the destruction of the primary soil microaggregates in the treated soil layer is confirmed by the wear of the working 
bodies of agricultural tools, which are carried out by abrasive particles of the parent rock due to the destruction of the 
mi-croaggregates themselves. It turns out that the intensity of wear of the working bodies indirectly charac-terizes the 
intensity of the destruction of soil microaggregates. As a result of the processing of ripe soils, its loosening in order 
to ensure at least 50 % of porosity, simultaneously grinding, destroys a certain layer of the structure of the aggregate 
structure of the same soil. These contradictions form the problem of find-ing a solution, reducing the possibility of 
destruction of the aggregate structure of the soil when it is pro-cessed by agricultural tools.
The purpose of this work was to identify the influence of the geometrical parameters of the working bodies of ag-
ricultural tools on the intensity of destruction of microaggregates in the adjacent soil layer. This goal was achieved 
through theoretical studies and with the use of simulation laboratory tests, as a re-sult of which the intervals of the 
geometric characteristics of the working bodies, at which the smallest destruction of soil microaggregates is achieved, 
are determined.
Keywords: destruction of soil microaggregates, normal soil pressure, shear forces, dilatancy.
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 Ââåäåíèå
Âåñü îïûò çåìëåäåëèÿ ñ ïðèìåíåíèåì ðàç-

íîîáðàçíûõ òåõíîëîãèé, êàê ïðàâèëî, ïðåäóñ-
ìàòðèâàåò ïåðèîäè÷åñêóþ îáðàáîòêó ïî÷âû. 
Îáðàáàòûâàþò ïî÷âó äëÿ îáåñïå÷åíèÿ íåîáõî-
äèìîé àýðàöèè è óíè÷òîæåíèÿ êîðíåé ñîðíûõ 
ðàñòåíèé, à òàêæå ïîëó÷åíèÿ òðåáóåìîé ïëîò-
íîñòè è âëàæíîñòè è â öåëîì äëÿ ñîçäàíèÿ áëà-
ãîïðèÿòíûõ óñëîâèé äëÿ ðàçâèòèÿ êóëüòóðíûõ 
ðàñòåíèé.

Âìåñòå ñ òåì, â ïðèëåãàþùåì ê ðàáî÷èì îð-
ãàíàì ñëîå ïî÷âû ïðîèñõîäÿò ðàçðóøåíèÿ ïî-
÷âåííûõ ìèêðîàãðåãàòîâ, à âûñâîáîæäåííûå 
òàêèì îáðàçîì òâåðäûå ÷àñòèöû ìàòåðèíñêîé 
ïîðîäû èñòèðàþò è èçíàøèâàþò ïîâåðõíîñòè 
òðåíèÿ ðàáî÷èõ îðãàíîâ [1]. Èíòåíñèâíîñòü 
èçíîñà, êàê è âåëè÷èíû ñèëîâîãî íàãðóæåíèÿ 
ðàáî÷èõ îðãàíîâ, â ïåðâóþ î÷åðåäü çàâèñÿò îò 
óãëîâ íàêëîíà èõ ëåçâèé îòíîñèòåëüíî äíà áî-
ðîçäû èëè îò óãëîâ ðûõëåíèÿ [2, 3]. Óãîë ðûõ-
ëåíèÿ âûáèðàþò èñõîäÿ èç àãðîòåõíè÷åñêèõ 
òðåáîâàíèé è íàçíà÷åíèÿ äëÿ òåõ èëè èíûõ 
çåìëåäåëü÷åñêèõ îðóäèé.

Öåëü èññëåäîâàíèÿ
Â êà÷åñòâå çàäà÷è íàñòîÿùåãî èññëåäîâàíèÿ 

áûëî ïðèíÿòî ðåøåíèå ïðîàíàëèçèðîâàòü âëè-
ÿíèå óãëà ðûõëåíèÿ ïî÷âû ðàáî÷èì îðãàíîì 
çåìëåäåëü÷åñêîãî îðóäèÿ íà èíòåíñèâíîñòü 
ðàçðóøåíèÿ ìèêðîàãðåãàòîâ â îáðàáàòûâàå-
ìîì ñëîå ïî÷âû.

Ìàòåðèàëû è ìåòîäû
Äåéñòâèå ðàáî÷åãî îðãàíà çåìëåäåëü÷åñêîãî 

îðóäèÿ â ïðîöåññå ðûõëåíèÿ ñîïðîâîæäàåòñÿ 
âíóòðåííèìè íàïðÿæåíèÿìè â ñòðóêòóðå îá-
ðàáàòûâàåìîãî ñëîÿ ïî÷âû. Â êà÷åñòâå îáðàç-
öà èññëåäóåìîãî ðàáî÷åãî îðãàíà áûë ïðèíÿò 
ðûõëèòåëü, âûïîëíåííûé â ôîðìå ïðÿìîãî 
êëèíà. Íà÷àëüíûì èñòî÷íèêîì íàïðÿæåíèé â 
ïî÷âå ÿâëÿåòñÿ ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ 
îò äåéñòâèÿ ðûõëèòåëÿ. Íà ðèñ. 1 ïîêàçàíà 
ñõåìà äåéñòâèÿ ïðÿìîãî êëèíà ðûõëèòåëÿ íà 
îáðàáàòûâàåìûé ñëîé ïî÷âû.

Ðàññìàòðèâàÿ íàïðÿæåíèÿ, âîçíèêàþùèå â 
ñòðóêòóðå ñïåëîé ïî÷âû ïðè åå ìåõàíè÷åñêîì 
ðûõëåíèè: íàïðÿæåíèÿ ñæàòèÿ σ

2
 è ðàñòÿæå-

íèÿ σ
1
, êîòîðûå ïðè ñâîèõ ïðåäåëüíûõ çíà÷å-

íèÿõ ñîçäàþò ñäâèãîâûé ýôôåêò â íàïðàâëåíèè 
äåéñòâèÿ êàñàòåëüíîãî íàïðÿæåíèÿ τ [4]. Ïî÷âà 
ïðèîáðåòàåò ñîñòîÿíèå, áëèçêîå ê çåðíèñòîé 
ñðåäå â ïåðèîä ñâîåé ñïåëîñòè ïðè îïðåäåëåí-

íûõ òåìïåðàòóðàõ è âëàæíîñòè, êîãäà â ïî÷âå 
â íàëè÷èè âîçäóõ è âîäà, à òâåðäàÿ ôàçà ïðåä-
ñòàâëÿåò ñîáîé îòäåëüíûå ïî÷âåííûå ñîâîêóï-
íîñòè, ñêðåïëåííûå ìåæäó ñîáîé. Ñàìè ñîâî-
êóïíîñòè ñîñòîÿò èç ïåðâè÷íûõ ñòðóêòóðíûõ 
åäèíèö ìèêðîàãðåãàòîâ. Ñäâèãîâûå ÿâëåíèÿ 
ïðè ðûõëåíèè ïðîèñõîäÿò çà ñ÷åò ïðåîäîëå-
íèÿ âíóòðåííèõ ñâÿçåé, ñêðåïëÿþùèõ ñîâî-
êóïíîñòè ìåæäó ñîáîé, ïðè ýòîì ïðîèñõîäÿò 
âçàèìíûå ïåðåìåùåíèÿ, êîòîðûå óâåëè÷èâàþò 
ïåðâîíà÷àëüíûé îáúåì ïî÷âû, óâåëè÷èâàþò 
åå ïîðèñòîñòü [5]. Ñäâèãîâûå ÿâëåíèÿ â çåðíè-
ñòûõ ñðåäàõ, çà ñ÷åò êîòîðûõ óâåëè÷èâàåòñÿ 
ïåðâîíà÷àëüíûé îáúåì, íàçûâàþò äèëàòàíñèåé 
[6]. Â ñîîòâåòñòâèè ñ çàêîíîì Êóëîíà âåëè÷è-
íà êàñàòåëüíîãî ñäâèãàþùåãî íàïðÿæåíèÿ τ

åg
 

îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì [7]: 

 2 tgeg C      , (1)

ãäå σ
2
 – ïðåäåëüíîå íàïðÿæåíèå ñæàòèÿ; φ – 

óãîë âíóòðåííåãî òðåíèÿ; Ñ – óäåëüíîå ñöå-
ïëåíèå ìåæäó ïî÷âåííûìè ñîâîêóïíîñòÿìè. 

Ðèñ. 1. Ñõåìà äåéñòâèÿ ïðÿìîãî êëèíà ðûõëèòåëÿ 
íà îáðàáàòûâàåìûé ñëîé ïî÷âû

Â ðåàëüíûõ óñëîâèÿõ çíà÷åíèÿ ïðåäåëüíûõ 
íàïðÿæåíèé ïî÷âû èçìåíÿþòñÿ â äîâîëüíî øè-
ðîêèõ ïðåäåëàõ â çàâèñèìîñòè îò òèïîâ ïî÷âû 
è åå âëàæíîñòè. Äëÿ êàæäîãî êîíêðåòíîãî 
ñëó÷àÿ îïðåäåëåíèå φ è Ñ ìîæíî ïðîèçâîäèòü 
ïðè ïîìîùè ïðèìåðíîãî ïàñïîðòà ïðî÷íîñòè 
ñïåëîé ïî÷âû.

Íà ðèñ. 2 èçîáðàæåíû êðóãè Ìîðà, ãäå ïî-
ñðåäñòâîì ãðàôè÷åñêîãî èçîáðàæåíèÿ ïðåäåëü-
íûõ íàïðÿæåíèé è èõ äèàïàçîíà èçìåíåíèÿ 
îïðåäåëÿþòñÿ ïîñòîÿííûå φ è Ñ â óðàâíåíèè 
(1). Äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ â ïåðâîì 
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ïðèáëèæåíèè çàêîí Êóëîíà ìîæíî âûðàçèòü 
÷åðåç ñäâèãàþùóþ ñèëó Ð

ñg
:

 0tgcgP N P    , (2)

ãäå N – íîðìàëüíîå äàâëåíèå; φ – óãîë âíó-
òðåííåãî òðåíèÿ; Ð

0
 – íà÷àëüíàÿ ñèëà ñäâèãà, 

ïî ïðèðîäå ïîäîáíàÿ Ñ â ôîðìóëå (1).
Âñÿ òðóäíîñòü ïîñëåäóþùåãî ïîäõîäà ê âû-

ÿâëåíèþ èíòåíñèâíîñòè ðàçðóøåíèÿ ïî÷âåí-
íûõ ìèêðîàãðåãàòîâ, ïðè èçâåñòíûõ çíà÷åíèÿõ 
ïðåäåëüíûõ íàïðÿæåíèé, çàêëþ÷àåòñÿ â îïðå-
äåëåíèè íîðìàëüíûõ äàâëåíèé, äåéñòâóþùèõ 
íà îáðàáàòûâàåìûé ñëîé ïî÷âû ñî ñòîðîíû ðà-
áî÷åãî îðãàíà ðûõëèòåëÿ.

Ðåçóëüòàòû è îáñóæäåíèÿ
Ïðîöåññ ðàçðóøåíèÿ ìèêðîàãðåãàòîâ ïðî-

èñõîäèò â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè. 
Âíà÷àëå íà ïîâåðõíîñòè ðàáî÷åãî îðãàíà ïðî-
èñõîäèò ñæàòèå, è çàòåì, ïåðåìåùàÿñü, ìèêðî-
àãðåãàòû èñòèðàþò òâåðäûìè ÷àñòèöàìè ìàòå-
ðèíñêîé ïîðîäû ïîâåðõíîñòü òðåíèÿ ðàáî÷åãî 
îðãàíà. Ïðè èçìåíåíèè óãëà ðûõëåíèÿ ìåíÿåò-
ñÿ âåëè÷èíà ñäâèãàþùåé ñèëû Ð

ñg
, è, êîãäà îíà 

áóäåò ïðåâûøàòü íà÷àëüíóþ ñèëó ñäâèãà, ò.å. 
Ð

ñg
 > P

0
, ïî÷âåííûå ñîâîêóïíîñòè ïåðåìåùà-

þòñÿ â íàïðàâëåíèè ñäâèãà, à èõ ìåñòî çàíèìà-
þò ñëåäóþùèå ñîâîêóïíîñòè. Â èòîãå ïðè ïðî-
âåäåíèè èññëåäîâàíèé âàæíî çíàòü èçìåíåíèå 
âåëè÷èí íîðìàëüíûõ äàâëåíèé ïðè èçìåíåíèè 
óãëîâ ðûõëåíèÿ ðàáî÷åãî îðãàíà. Èçìåðåíèå 
íîðìàëüíûõ äàâëåíèé âî âñåõ òî÷êàõ ïîâåðõ-
íîñòè òðåíèÿ ïðè ñòåíäîâûõ èñïûòàíèÿõ ïðî-

âîäèëîñü êîñâåííûì îáðàçîì èñõîäÿ èç çàêîíà 
Àìîíòîíà-Êóëîíà:

 1tg
N

K



 
Èç

,  (3)

ãäå ΔÈç – òî÷å÷íàÿ âåëè÷èíà âûíîñà ìàòåðèà-
ëà ïî ãëóáèíå ñ ïîâåðõíîñòè òðåíèÿ; φ

1
 – óãîë 

òðåíèÿ ïî÷âû î ïîâåðõíîñòü èçíîñà; K – êîýô-
ôèöèåíò, õàðàêòåðèçóþùèé ñîïðîòèâëÿåìîñòü 
àáðàçèâíîìó èçíîñó ïîâåðõíîñòè òðåíèÿ.

Èíòåíñèâíîñòü àáðàçèâíîãî èçíîñà â ðàç-
íûõ òî÷êàõ ïîâåðõíîñòè òðåíèÿ èçìåðÿëàñü íà 
ëàáîðàòîðíîì ñòåíäå [8], ñõåìà êîòîðîãî ïðè-
âåäåíà íà ðèñ. 3.

Ðèñ. 3. Ñòåíä äëÿ óñêîðåííûõ èìèòàöèîííûõ 
èñïûòàíèé ðàáî÷èõ îðãàíîâ íà àáðàçèâíûé èçíîñ: 
1 – áàðàáàí; 2 – ïî÷âåííî-ïåñ÷àíàÿ ñðåäà, õîðîøî 

èçìåëü÷åííàÿ ñ âëàæíîñòüþ äî 20–25 %; 
3 – âàë; 4 – ñòîéêè; 5 – èñïûòûâàåìûé ðàáî÷èé 

îðãàí; 6 – ëåãêîèñòèðàåìûé ìàòåðèàë; 
7 – ñåðäå÷íèê; 8 – êàòóøêà 

Íà èñïûòûâàåìûé ðàáî÷èé îðãàí ðûõëèòå-
ëÿ 5 íàíîñèëñÿ ëåãêîèñòèðàåìûé ìàòåðèàë 6, 
ïî ðåçóëüòàòàì èçíàøèâàíèÿ êîòîðîãî ïðî-
èçâîäèëîñü èçìåðåíèå òîëùèíû ñëîÿ íàíå-
ñåííîãî ìàòåðèàëà. Òîëùèíà ñëîÿ èçìåðÿëàñü 
ìàãíèòîèíäóêöèîííûì ìåòîäîì ñ ïîìîùüþ 
ñåðäå÷íèêà 7 è êàòóøêè 8. Äàëåå ïî çàâèñèìî-
ñòè (3) ðàññ÷èòûâàëàñü âåëè÷èíà íîðìàëüíîãî 
äàâëåíèÿ.

Ðåçóëüòàòû èçìåðåíèé è ðàñ÷åòîâ ïðåä-
ñòàâëåíû íà ðèñ. 4. Èç ãðàôèêîâ ñëåäóåò, ÷òî 
íà âñåé äëèíå êëèíà ðûõëèòåëÿ èìåþò ìåñòî 
ðàçíûå âåëè÷èíû íîðìàëüíûõ äàâëåíèé. Íàè-
áîëüøèå âåëè÷èíû äàâëåíèÿ âîçíèêàþò áëèæå 
ê êðîìêå ëåçâèÿ ðûõëèòåëÿ. Â òî æå âðåìÿ ïðè 
óãëàõ ðûõëåíèÿ 20–25° âåëè÷èíû íîðìàëüíûõ 
äàâëåíèé îñòàþòñÿ ïðèìåðíî ïîñòîÿííûìè ïî 
âñåé äëèíå ïóòè òðåíèÿ. Óðàâíåíèÿ ðåãðåññèè 
ôóíêöèé íîðìàëüíûõ äàâëåíèé â çàâèñèìîñòè 
îò äëèíû ïóòè òðåíèÿ èìåþò ñëåäóþùèé âèä:

Ðèñ. 2. Ïðèìåðíûé ïàñïîðò ïðî÷íîñòè ñïåëîé ïî÷âû: 
σ

ð
, σ

ñæ
 – ïðåäåëüíûå íàïðÿæåíèÿ ðàñòÿæåíèÿ 

è ñæàòèÿ; φ – óãîë âíóòðåííåãî òðåíèÿ; Ñ – óäåëüíîå 
ñöåïëåíèå ìåæäó ïî÷âåííûìè ñîâîêóïíîñòÿìè
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 
 
 
 
 
 

2
1 1

2
2 2

2
3 3

2
4 4

2
5 5

6 6

,20 , 0,0019 0,075 5,68;

,25 , 0,0031 0,335 11,088;

,30 , 0,0094 1,305 49,263;

,35 , 0,0069 1,125 49,813;

,40 , 0,0094 1,335 55,963;

,45 , 0,

N f L N L L

N f L N L L

N f L N L L

N f L N L L

N f L N L L

N f L N

     

    

    

    

    

  

 
 

2

2
7 7

2
8 8

0138 1,750 64,105;

,50 , 0,0138 1,820 70,925;

,55 , 0,0219 2,665 95,412.

L L

N f L N L L

N f L N L L










  
     
     

  

(4)
Àíàëèçèðóÿ N = f(L, ), ìîæíî ñ îïðåäåëåí-

íîé äîñòîâåðíîñòüþ ïðåäïîëîæèòü, ÷òî ïðè 
óãëàõ ðûõëåíèÿ  = 20–25°, êîãäà íîðìàëüíûå 
äàâëåíèÿ ïî âñåé äëèíå ðûõëèòåëÿ áëèçêè ê 
ïîñòîÿííûì âåëè÷èíàì, ñëîé îáðàáàòûâàåìîé 
ïî÷âû ðàâíîìåðíî ïåðåìåùàåòñÿ ïî ïîâåðõíî-
ñòè òðåíèÿ, à ñäâèãîâûå äåôîðìàöèè íåçíà÷è-
òåëüíû. Ïðè òàêèõ óãëàõ ðûõëåíèÿ ðàçðóøå-
íèå ìèêðîàãðåãàòîâ ïî÷âû ïðîèñõîäèò òîëüêî 
â ñëîå íåïîñðåäñòâåííîãî êîíòàêòà ñ ïîâåðõ-
íîñòüþ òðåíèÿ ðàáî÷åãî îðãàíà. Ïðè äàííûõ 
çíà÷åíèÿõ óãëîâ ðûõëåíèÿ ìîæíî ñ÷èòàòü, ÷òî 
ñäâèãàþùèå ñèëû èìåþò ñâîè íîìèíàëüíûå 
çíà÷åíèÿ. Äàëåå îíè èçìåíÿþòñÿ ïðè óâåëè÷å-
íèè óãëîâ êðîøåíèÿ . Òîãäà â âûðàæåíèè (2) 
ïåðåìåííàÿ òîëüêî îäíà – N = f(L). Ïðèíèìàÿ 
íîìèíàëüíûå çíà÷åíèÿ ñäâèãàþùåé ñèëû çà 
åäèíèöó, ìîæíî ñðàâíèòü åå èçìåíåíèå â çà-
âèñèìîñòè îò óãëîâ ðûõëåíèÿ. Â ýòîì ñëó÷àå 
óäîáíî âîñïîëüçîâàòüñÿ ðàñ÷åòîì ïëîùàäåé, 

êðèâîëèíåéíûõ òðàïåöèé, îãðàíè÷åííûõ óðàâ-
íåíèÿìè ðåãðåññèè (4):

 

70 70
2

10 10
2

0

 [( 0,0019  0,075  

tg ] 57,36 ,5,680)

cg cgP P dL L L

P dL

   

 

  í í

ìì

  (5)

ãäå Ð
ñgí

 – íîìèíàëüíîå çíà÷åíèå ñóììàðíîé 
âåëè÷èíû ñäâèãàþùåé ñèëû; Ð

ñgí
 – íîìèíàëü-

íàÿ ñäâèãàþùàÿ ñèëà; L – êîîðäèíàòà òî÷åê èç-
ìåðåíèÿ íîðìàëüíûõ äàâëåíèé â ðàçìåðàõ îò 
êðîìêè ëåçâèÿ.

Òîãäà îòíîñèòåëüíîå èçìåíåíèå ñóììàðíîé 
âåëè÷èíû ñäâèãàþùåé ñèëû îïðåäåëÿåòñÿ ñî-
îòíîøåíèåì:

 

cgi

cg

P
P

 
í

,  (6)

ãäå Ð
ñgi

 – ñóììàðíàÿ âåëè÷èíà ñäâèãàþùåé 
ñèëû ïðè óãëå i ðûõëåíèÿ ïî÷âû;  – îòíîñè-
òåëüíîå èçìåíåíèå ñóììàðíîé ñäâèãàþùåé 
ñèëû.

Ðàññ÷èòàííûå çíà÷åíèÿ  ïðè ðàçíûõ óãëàõ 
ðûõëåíèÿ ïî÷âû ïî çàâèñèìîñòÿì (4) è (5) 
ïðåäñòàâëåíû íà ðèñ. 5. 

Ðèñ. 5. Îòíîñèòåëüíîå èçìåíåíèå ñóììàðíûõ 
âåëè÷èí ñäâèãàþùåé ñèëû â çàâèñèìîñòè îò óãëîâ 

ðûõëåíèÿ ðàáî÷èì îðãàíîì çåìëåäåëü÷åñêîãî îðóäèÿ

Èç ãðàôèêîâ ñëåäóåò, ÷òî èçìåíåíèå âåëè-
÷èí ñóììàðíûõ ñäâèãàþùèõ ñèë â çàâèñèìî-
ñòè îò óâåëè÷åíèÿ óãëà ðûõëåíèÿ ïî÷âû íîñèò 
íå ëèíåéíûé õàðàêòåð. Ïðè óâåëè÷åíèè óãëà 

Ðèñ. 4. Ãðàôèêè èçìåíåíèÿ íîðìàëüíûõ äàâëåíèé 
íà ïîâåðõíîñòè òðåíèÿ ðûõëèòåëÿ: 

N – íîðìàëüíîå äàâëåíèå; L – êîîðäèíàòà òî÷åê 
èçìåðåíèÿ íîðìàëüíûõ äàâëåíèé â ðàçìåðàõ 

îò êðîìêè ëåçâèÿ; 1 – ôóíêöèÿ N = f (L,  = 20); 
2 – ôóíêöèÿ N = f (L,  = 25); 3 – ôóíêöèÿ 

N = f (L,  = 30); 4 – ôóíêöèÿ N = f (L,  = 35); 
5 – ôóíêöèÿ N = f (L,  = 40); 6 – ôóíêöèÿ 

N = f (L,  = 45); 7 – ôóíêöèÿ N = f (L,  = 50); 
8 – ôóíêöèÿ N = f (L,  = 55)
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ðûõëåíèÿ áîëåå 25° çíà÷èòåëüíî óâåëè÷èâà-
þòñÿ ñóììàðíûå ñäâèãàþùèå ñèëû. Ñëåäóåò 
èìåòü â âèäó, ÷òî â ëàáîðàòîðíûõ óñëîâèÿõ ïî-
÷âåííî-ïåñ÷àíàÿ ñðåäà áûëà äîñòàòî÷íî îäíî-
ðîäíîé ïî ñîñòàâó, è õîðîøî âçðûõëåííîé, è ñ 
íèçêîé âëàæíîñòüþ, à òàêæå òî, ÷òî â äàííûõ 
óñëîâèÿõ âåëè÷èíà íà÷àëüíîé ñäâèãàþùåé 
ñèëû Ð

0
 (ñì. óðàâíåíèå 2) áûëà çíà÷èòåëüíî 

ìåíüøå, ÷åì èìååòñÿ â ðåàëüíîì ïî÷âåííîì 
ñëîæåíèè. Â ðåàëüíûõ ïî÷âàõ ñëåäóåò îæè-
äàòü ñìåùåíèå ãðàôèêà çàâèñèìîñòè (ðèñ. 5) 
çà ñ÷åò óâåëè÷åíèÿ Ð

0
 – êàê ïîêàçàíî øòðèõî-

âûìè ëèíèÿìè.

Çàêëþ÷åíèå
Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé 

óñòàíîâëåíî ñëåäóþùåå. Ïðè óãëàõ ðûõëå-
íèÿ ìåíåå 25–30°, ñëîé ïî÷âû, îáðàáàòûâàå-
ìûé çåìëåäåëü÷åñêèì îðóäèåì, ðàâíîìåðíî 
ïåðåìåùàÿñü ïî ïîâåðõíîñòè òðåíèÿ ðàáî÷åãî 
îðãàíà, âîñïðèíèìàåò ïðàêòè÷åñêè îäèíàêîâîå 
äàâëåíèå ïî âñåé äëèíå ïåðåìåùåíèÿ; â ýòîì 
ñëó÷àå ñëåäóåò ñ÷èòàòü, ÷òî ïðîèñõîäÿò íàè-
ìåíüøèå ðàçðóøåíèÿ ìèêðîàãðåãàòíîé ñòðóê-
òóðû ïî÷âû.

Ïðè óâåëè÷åíèè óãëà ðûõëåíèÿ áîëåå 30° 
îáðàáàòûâàåìûé ñëîé ïî÷âû èñïûòûâàåò íå-
ðàâíîìåðíîå äàâëåíèå ïî äëèíå ïóòè ïåðåìå-
ùåíèÿ. Íàèáîëüøèå âåëè÷èíû äàâëåíèé âîç-
íèêàþò áëèæå ê êðîìêå ëåçâèÿ ðàáî÷åãî îðãàíà 
ðûõëèòåëÿ. Â ìåñòàõ íàèáîëüøåãî äàâëåíèÿ 
ïî÷âåííûå ñîâîêóïíîñòè (ìèêðîàãðåãàòû) èí-
òåíñèâíî èñòèðàþò ñâîèìè ÷àñòèöàìè ìàòå-
ðèíñêîé ïîðîäû ðàáî÷èé îðãàí, ïðè ýòîì, ñàìè 
èñòèðàÿñü, ïåðåìåùàþòñÿ ñäâèãîâûìè ñèëàìè 
âåðõíåãî ñëîÿ îáðàáàòûâàåìîé ïî÷âû. 

Äëÿ óãëîâ ðûõëåíèÿ 25–30° ïðèíèìàåì äàâ-
ëåíèå íà îáðàáàòûâàåìûé ñëîé ïî÷âû çà íîìè-
íàëüíîå, è äàëåå, ñðàâíèâàÿ åãî ñî çíà÷åíèÿìè 
ïðè áîëüøèõ óãëàõ ðûõëåíèÿ, èìååì óâåëè÷å-
íèå îò íîìèíàëüíîãî â 2–4 ðàçà, ÷òî õàðàêòå-
ðèçóåò çíà÷èòåëüíûé ðîñò èíòåíñèâíîñòè ðàç-
ðóøåíèÿ ìèêðîàãðåãàòîâ.
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