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ÈÑÑËÅÄÎÂÀÍÈÅ ÏÐÎÖÅÑÑÀ ÎÁÐÀÁÎÒÊÈ ÏÎ×ÂÛ
ÂÈÁÐÀÖÈÎÍÍÛÌ ÐÛÕËÈÒÅËÅÌ

Îáîñíîâàí ïðèåì îñíîâíîé áåçîòâàëüíîé îáðàáîòêè ïî÷âû íà ãëóáèíó äî 45 ñì äëÿ ñî-
âðåìåííûõ âûñîêîïðîäóêòèâíûõ êóëüòóð. Ïðåäëîæåí ïðèåì èíòåíñèâíîãî ðàçóïëîòíåíèÿ
ñòðóêòóðû îáðàáàòûâàåìîé ïî÷âû íàïðàâëåííûì âîçäåéñòâèåì ýíåðãèè âèáðàöèè, ïåðåäà-
âàåìîé ðàáî÷èìè îðãàíàìè. Ñðàâíèòåëüíàÿ îöåíêà ïîâåðõíîñòè ïîëÿ ïîñëå ïðîõîäîâ âèáðà-
öèîííîãî ðûõëèòåëÿ â ðàçëè÷íûõ ðåæèìàõ ðàáîòû, â òîì ÷èñëå áåç âèáðàöèè, ïîêàçàëà, ÷òî
èñïîëüçîâàíèå âèáðàöèè ðàáî÷èõ îðãàíîâ ïîçâîëÿåò äîñòè÷ü ñíèæåíèÿ ãëûáèñòîñòè è ãðåá-
íèñòîñòè ïðè ïîâûøåíèè ñîõðàíåíèÿ ñòåðíè. Óñòàíîâëåíî, ÷òî èñïîëüçîâàíèå âèáðàöèè ðà-
áî÷èõ îðãàíîâ ïîçâîëÿåò óëó÷øèòü ñòðóêòóðó ïî÷âû çà ñ÷åò èíòåíñèâíîãî êðîøåíèÿ êðóïíûõ
ïî÷âåííûõ ôðàêöèé è óâåëè÷åíèÿ ñîäåðæàíèÿ àãðîíîìè÷åñêè öåííûõ àãðåãàòîâ. Îïðåäåëå-
íî, ÷òî ïîâûøåíèå àìïëèòóäû êîëåáàíèé ðàáî÷èõ îðãàíîâ â èññëåäóåìîì äèàïàçîíå ïðèâî-
äèò ê ïîâûøåíèþ ýôôåêòèâíîñòè èñïîëüçîâàíèÿ âèáðàöèè, â òî âðåìÿ êàê óâåëè÷åíèå
ïîñòóïàòåëüíîé ñêîðîñòè äâèæåíèÿ ïîêàçûâàåò ïðîòèâîïîëîæíûé ýôôåêò. Óñòàíîâëåíî, ÷òî
èñïîëüçîâàíèå âèáðàöèè ðàáî÷èõ îðãàíîâ ïîçâîëÿåò äîñòè÷ü ñíèæåíèÿ òÿãîâîãî ñîïðîòèâëå-
íèÿ ðûõëèòåëÿ, ïîçâîëÿÿ ïîâûñèòü åãî ïðîèçâîäèòåëüíîñòü è ñíèçèòü ñåáåñòîèìîñòü åäèíè-
öû âûïîëíåííîé ðàáîòû. Ïðèìåíåíèå îáðàáîòêè ïî÷âû âèáðàöèîííûì ðûõëèòåëåì ïðåâîñõî-
äèò äðóãèå èçâåñòíûå ïðèåìû ãëóáîêîé áåçîòâàëüíîé îáðàáîòêè.

Êëþ÷åâûå ñëîâà: âèáðàöèîííûé ðûõëèòåëü, âèáðîâîçáóäèòåëü, àìïëèòóäà, òÿãîâîå ñî-
ïðîòèâëåíèå, ñòåïåíü êðîøåíèÿ ïî÷âû, ñòðóêòóðà ïî÷âû.

Óâåëè÷åíèå óðîæàéíîñòè ñòåáëåëèñòîâîé (íàäçåìíîé) ÷àñòè ðàñòåíèé
ñîïðîâîæäàåòñÿ ðîñòîì êîðíåâîé (ïîäçåìíîé) ÷àñòè, ÷òî äîêàçàíî ó÷åíû-
ìè Êîðíåëëîâñêîãî óíèâåðñèòåòà è Óíèâåðñèòåòà Àðèçîíû, óñòàíîâèâøè-
ìè ìåæäó íèìè ñòðîãóþ ìàòåìàòè÷åñêóþ çàâèñèìîñòü [1]. Ïðè èññëåäîâà-
íèè êîðíåâîé ñèñòåìû áîëåå 1500 ãèáðèäîâ îçèìîé ïøåíèöû âûÿâëåíî óã-
ëóáëåííîå çàëåãàíèå îñíîâíîé åå ÷àñòè (áîëåå 60 %) â ñëîå ïî÷âû 0–100 ñì
ïðè ìàêñèìàëüíîé ãëóáèíå ïðîíèêíîâåíèÿ ãëóáæå 2,5 ì [2]. Ñîãëàñíî äðó-
ãèì äàííûì, îñíîâíàÿ ìàññà êîðíåé âûñîêîïðîäóêòèâíîé ïøåíèöû çàëå-
ãàåò â ñëîå 20–60 ñì [3], êóêóðóçû – íà ãëóáèíå 30–60 ñì, õîòÿ ìíîãî
ìåëêèõ êîðíåé ïðîíèêàþò íà ãëóáèíó 150–250 ñì, èñïîëüçóÿ âëàãó è ïèòà-
òåëüíûå âåùåñòâà èç íèæåëåæàùèõ ñëîåâ [4].

Ñîâðåìåííûå ïðåäñòàâëåíèÿ î ãëóáèíå îñíîâíîé îáðàáîòêè ïî÷âû
íàõîäÿò ïðèìåíåíèå ïðè ïðîåêòèðîâàíèè ðàáî÷èõ îðãàíîâ, î ÷åì ñâèäå-
òåëüñòâóåò àíàëèç ñåðèéíûõ îðóäèé çàðóáåæíîãî è äóáëèðóþùèõ èõ îòå-
÷åñòâåííîãî ïðîèçâîäñòâà, ïðåäíàçíà÷åííûõ äëÿ ðàáîòû íà ãëóáèíó äî
45 ñì. Âñïàøêà íà ãëóáèíó áîëåå 35 ñì íå ðàññìàòðèâàåòñÿ â êà÷åñòâå àëü-
òåðíàòèâû ãëóáîêîìó ðûõëåíèþ, ïîñêîëüêó ïðèâîäèò ê çàìåùåíèþ ÷åð-
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íîçåìíîãî âåðõíåãî ãîðèçîíòà ìàòåðèíñêîé ïîðîäîé. Óâåëè÷åíèå ãëóáèíû
îñíîâíîé îáðàáîòêè äî 45 ñì ñîïðÿæåíî ñ ðÿäîì òðóäíîñòåé, â ïåðâóþ
î÷åðåäü óâåëè÷åíèåì òÿãîâîãî ñîïðîòèâëåíèÿ îðóäèé è íåîäíîðîäíîñòüþ
ñòðóêòóðû îáðàáàòûâàåìîé ïî÷âû ïî ãëóáèíå. Ýòî ñâÿçàíî ñ âûñîêîé
ïëîòíîñòüþ è òâåðäîñòüþ íèæíèõ ñëîåâ ïî÷âû. Ñîçäàíèå òåõíîëîãèé ðà-
çóïëîòíåíèÿ ïî÷âû íà ãëóáèíó äî 45 ñì ïóòåì îáðàçîâàíèÿ ðàöèîíàëüíîé
ñòðóêòóðû êîðíåîáèòàåìîãî ñëîÿ ïî÷âû ïðè ñíèæåíèè ýíåðãåòè÷åñêèõ
çàòðàò ÿâëÿåòñÿ àêòóàëüíîé íàó÷íîé ïðîáëåìîé.

Îäèí èç ïåðñïåêòèâíûõ ïóòåé ðåøåíèÿ äàííîé ïðîáëåìû – óñòàíîâêà
íà ïî÷âîîáðàáàòûâàþùåå îðóäèå âèáðîâîçáóäèòåëÿ, ïðåîáðàçóþùåãî ÷àñòü
ýíåðãèè äâèãàòåëÿ òðàêòîðà â ýíåðãèþ âèáðàöèè ðàáî÷èõ îðãàíîâ, ðàñõî-
äóåìóþ íà ðàçóïëîòíåíèå ñòðóêòóðû îáðàáàòûâàåìîé ïî÷âû ïðè ñíèæå-
íèè òÿãîâîãî ñîïðîòèâëåíèÿ.

Öåëü ðàáîòû – âûÿâèòü çàêîíîìåðíîñòè èçìåíåíèÿ ñâîéñòâ ïî÷âû â
çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ ðàáî÷èõ îðãàíîâ è ïåðåäàâàåìîé èìè
ýíåðãèè âèáðàöèè.

Îáúåêò èññëåäîâàíèÿ – ïðîöåññ îñíîâíîé áåçîòâàëüíîé îáðàáîòêè
ïî÷âû ñ èñïîëüçîâàíèåì ýíåðãèè âèáðàöèè ðàáî÷èõ îðãàíîâ.

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé ñïðîåêòèðîâàí è èçãîòîâëåí ýêñïåðè-
ìåíòàëüíûé îáðàçåö âèáðàöèîííîãî ðûõëèòåëÿ (ÂÐ) ñ ðàáî÷åé øèðèíîé
çàõâàòà 1,8 ì, àãðåãàòèðóåìûé ñ òðàêòîðîì Ò-150Ê (ñì. ðèñóíîê).

ÂÐ èìååò òðè ðàáî÷èõ îðãàíà â âèäå ðûõëèòåëüíûõ ëàï, óñòàíîâëåííûõ
íà ðàìå ñ øàãîì 90 ñì. Òåõíè÷åñêèå ðåøåíèÿ, ðåàëèçîâàííûå íà ÂÐ, íà-
ïðàâëåíû íà ñíèæåíèå ýíåðãèè âèáðàöèè, ïåðåäàâàåìîé íà òðàêòîð, ïî-
ñêîëüêó â ïðîòèâíîì ñëó÷àå îíà íåãàòèâíî âëèÿåò íà òðàêòîðèñòà. Ïðèâîä
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Ýêñïåðèìåíòàëüíûé âèáðàöèîííûé ðûõëèòåëü:
1 – ðûõëèòåëü; 2 – âèáðîâîçáóäèòåëü



âèáðîâîçáóäèòåëÿ îñóùåñòâëÿåòñÿ îò øòàòíî óñòàíîâëåííîãî äëÿ ðàáîòû
íàâåñíîé ñèñòåìû òðàêòîðà íàñîñà ÍØ-50 ÷åðåç ãèäðàâëè÷åñêèå øëàíãè
ãèäðîìîòîðîì ÃÌØ-32-Ë.

Ïîëåâûå èññëåäîâàíèÿ ÂÐ ïðîâîäèëè îñåíüþ íà òåððèòîðèÿõ àãðîáèî-
ïîëèãîíà Ñèáèðñêîãî ôèçèêî-òåõíè÷åñêîãî èíñòèòóòà àãðàðíûõ ïðîáëåì
è îïûòíîì ïîëå Ñèáèðñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî èíñòèòóòà êîð-
ìîâ (Íîâîñèáèðñêèé ðàéîí Íîâîñèáèðñêîé îáëàñòè). Ïî÷âà îïûòíîãî
ïîëÿ ïðåäñòàâëåíà âûùåëî÷åííûì ÷åðíîçåìîì, ìîùíîñòü ãóìóñîâîãî ãî-
ðèçîíòà êîòîðîãî îò 41 äî 45 ñì. Îïûòíîå ïîëå â òå÷åíèå òðåõ ïðåäøåñò-
âóþùèõ ëåò çàñåâàëè ïî òåõíîëîãèè ïðÿìîãî ïîñåâà ÿðîâîé ïøåíèöåé áåç
îñíîâíîé îáðàáîòêè ïî÷âû. Àãðîòåõíè÷åñêèé ôîí îïûòíîãî ïîëÿ ïðåä-
ñòàâëåí ñòåðíåé ïøåíèöû.

ÌÅÒÎÄÈÊÀ ÈÑÑËÅÄÎÂÀÍÈÉ

Ïî äàííûì èññëåäîâàíèé [5–7], íàèáîëüøåå âëèÿíèå íà ñòåïåíü ðàçó-
ïëîòíåíèÿ ïî÷âû ïðè åå îáðàáîòêå îêàçûâàåò àìïëèòóäà êîëåáàíèé, çàâè-
ñèìàÿ îò ìàññû áåãóíêà âèáðîâîçáóäèòåëÿ. Ïðè ïðîâåäåíèè ïîëåâûõ
îïûòîâ â êà÷åñòâå çíà÷èìûõ ôàêòîðîâ âûáðàíû ìàññà áåãóíêà è ïîñòóïà-
òåëüíàÿ ñêîðîñòü äâèæåíèÿ ãëóáîêîðûõëèòåëÿ. Ñêîðîñòü äâèæåíèÿ ÌÒÀ
èçìåíÿëè ïóòåì ïîäáîðà ïåðåäà÷è òðàíñìèññèè òðàêòîðà, îáåñïå÷èâàþ-
ùåé ïðîõîæäåíèå çà÷åòíîãî ó÷àñòêà çà íåîáõîäèìûé ïðîìåæóòîê âðåìåíè.
Óðîâíè âàðüèðîâàíèÿ ôàêòîðîâ ïðåäñòàâëåíû â òàáë. 1.

Ïðè ïðîâåäåíèè îïûòîâ îïðåäåëÿëè ñëåäóþùèå àãðîòåõíè÷åñêèå
ïîêàçàòåëè: ïëîòíîñòü, àãðåãàòíûé ñîñòàâ ïî÷âû, ñîõðàíåíèå ñòåðíè,
ãðåáíèñòîñòü è ãëûáèñòîñòü ïîâåðõíîñòè ïîëÿ. Îïðåäåëåíèå ïîêàçàòå-
ëåé îñóùåñòâëÿëè ïî ìåòîäèêàì, èçëîæåííûì â ÃÎÑÒ 20915–2011 [8].
Èññëåäîâàíèÿ îòîáðàííûõ â ïîëåâûõ óñëîâèÿõ îáðàçöîâ ïî÷âû ïðîâî-
äèëè â ëàáîðàòîðèè ñîâðåìåííûõ ïðîáëåì ýêñïåðèìåíòàëüíîé àãðîõè-
ìèè Íîâîñèáèðñêîãî ãîñóäàðñòâåííîãî àãðàðíîãî óíèâåðñèòåòà.

Êîìïëåêñíóþ îöåíêó ñòðóêòóðû îáðàáîòàííîé ïî÷âû ïðîâîäèëè ñ ïî-
ìîùüþ âû÷èñëåíèÿ êîýôôèöèåíòà ñòðóêòóðíîñòè:

K
m

mÑ �
�0 25 10, , (1)

ãäå m0,25–10 – ìàññà ôðàêöèé ðàçìåðîì îò 0,25 äî 10 ìì, êã; m – îáùàÿ ìàñ-
ñà ïðîáû, êã.
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Ò à á ë è ö à 1
Óðîâíè âàðüèðîâàíèÿ ôàêòîðîâ ïðè ïðîâåäåíèè îïûòîâ

Èíòåðâàë âàðüèðîâàíèÿ
è óðîâíè ôàêòîðîâ

Óïðàâëÿåìûå ôàêòîðû

Ìàññà áåãóíêà, êã Ñêîðîñòü äâèæåíèÿ,
êì/÷

Íóëåâîé óðîâåíü xi=0 6,825 6

Èíòåðâàë âàðüèðîâàíèÿ �xi 2,275 3

Íèæíèé óðîâåíü xi= –1 4,55 3

Âåðõíèé óðîâåíü xi= +1 9,1 9

Êîäèðîâàíèå ôàêòîðà X1 X2



Ýíåðãåòè÷åñêóþ îöåíêó ïðîöåññà ðàçóïëîòíåíèÿ ïî÷âåííîé ñòðóêòó-
ðû ïîä âîçäåéñòâèåì ýíåðãèè âèáðàöèè âû÷èñëÿëè â ñîîòâåòñòâèè ñ ÃÎÑÒ
Ð 52777–2007 [9]. Òÿãîâîå ñîïðîòèâëåíèå ÌÒÀ îïðåäåëÿëè äèíàìîìåòðîì
ÄÏÓ-5-2-Ó2.

Ýêñïåðèìåíòàëüíûå äàííûå ñòàòèñòè÷åñêè îáðàáîòàíû ïî îáùåèçâå-
ñòíûì ìåòîäèêàì [10, 11].

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Èññëåäîâàíèÿìè âèáðàöèîííîãî è èìïóëüñíîãî äåéñòâèÿ ðàáî÷èõ îð-
ãàíîâ íà ïî÷âó âûÿâëåíî ñíèæåíèå òÿãîâîãî ñîïðîòèâëåíèÿ âèáðàöèîí-
íûõ ïî÷âîîáðàáàòûâàþùèõ ìàøèí [6, 7]. Íàøèìè èññëåäîâàíèÿìè íà
ñêîðîñòè 9 êì/÷ óñòàíîâëåíî ñíèæåíèå òÿãîâîãî ñîïðîòèâëåíèÿ çà ñ÷åò
âèáðàöèè ðàáî÷èõ îðãàíîâ îò 28,5 äî 24,4 êÍ (íà 14,38 %).

Îïèñûâàÿ äèíàìè÷åñêîå âîçäåéñòâèå ðàáî÷èõ îðãàíîâ íà ðàçóïëîòíå-
íèå ñòðóêòóðû ïî÷âû, èññëåäîâàòåëè [5–7] îòìå÷àëè êà÷åñòâåííîå óëó÷øå-
íèå îáðàáîòêè. Èçìåíÿÿ äèíàìè÷åñêîå âîçäåéñòâèå ðàáî÷èõ îðãàíîâ ÂÐ íà
ðàçóïëîòíÿåìûé ïî÷âåííûé ãîðèçîíò ïóòåì çàìåíû áåãóíêà ìàññîé
4,55 êã íà áåãóíîê ìàññîé 9,1 êã, äîñòèãíóòî óëó÷øåíèå àãðîòåõíè÷åñêèõ
ïîêàçàòåëåé îáðàáîòêè ïî÷âû (òàáë. 2).

Èçìåíåíèÿ àãðîòåõíè÷åñêèõ ïîêàçàòåëåé îáðàáîòêè ïî÷âû â ðàçëè÷-
íûõ ðåæèìàõ ðàáîòû ÂÐ ñîãëàñóþòñÿ ñ äàííûìè, ïîëó÷åííûìè â ëàáîðà-
òîðíûõ èññëåäîâàíèÿõ, îïðåäåëèâøèõ çàâèñèìîñòü âîçðàñòàíèÿ àìïëèòóäû
êîëåáàíèé îò óâåëè÷åíèÿ ìàññû áåãóíêà. Óâåëè÷åíèå àìïëèòóäû êîëåáà-
íèé ðàáî÷èõ îðãàíîâ ïðèâîäèò ê ñíèæåíèþ ãëûáèñòîñòè è ãðåáíèñòîñòè
ïîâåðõíîñòè îáðàáîòàííîé ïî÷âû, ñïîñîáñòâóÿ ñîõðàíåíèþ ñòåðíè. Ïî-
âûøåíèå ïîñòóïàòåëüíîé ñêîðîñòè äâèæåíèÿ ñíèæàåò ïîëåçíûé ýôôåêò
îò äèíàìè÷åñêîãî âîçäåéñòâèÿ ðàáî÷èõ îðãàíîâ íà ñòðóêòóðó ïî÷âû, îä-
íàêî îí âñåãäà ïðåâîñõîäèò âàðèàíò, êîãäà ýíåðãèÿ âèáðàöèè íå èñïîëü-
çóåòñÿ.

Èçâåñòíî, ÷òî êîìïëåêñíûì ïîêàçàòåëåì, îïðåäåëÿþùèì ïëîäîðîäèå
ïî÷âû, ÿâëÿåòñÿ åå ïëîòíîñòü. Èíòåíñèâíîå èñïîëüçîâàíèå îïûòíîãî ïîëÿ
íà ïðîòÿæåíèè òðåõ ëåò ïî òåõíîëîãèè ïðÿìîãî ïîñåâà ïðèâåëî ê ïåðåóï-
ëîòíåíèþ ïî÷âû îò ìíîãîêðàòíûõ ïðîõîäîâ ñåëüñêîõîçÿéñòâåííûõ ìàøèí
(òàáë. 3). Ñòîèò ñîãëàñèòüñÿ ñ ìíåíèåì [12] î íåîáõîäèìîñòè îäèí ðàç â
3–4 ãîäà ïðîèçâîäèòü îñíîâíóþ áåçîòâàëüíóþ îáðàáîòêó ïî÷âû ïðè âîçäå-
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Ò à á ë è ö à 2
Àãðîòåõíè÷åñêèå ïîêàçàòåëè îáðàáîòêè ïî÷âû ïðè ðàçëè÷íûõ ðåæèìàõ ðàáîòû ÂÐ

Ðåæèì ðàáîòû ÂÐ Àãðîòåõíè÷åñêèå ïîêàçàòåëè, %

Ìàññà áåãóíêà, êã Ñêîðîñòü
äâèæåíèÿ, êì/÷ Ãëûáèñòîñòü Ãðåáíèñòîñòü Ñîõðàíåíèå

ñòåðíè

Êîíòðîëü (áåç ïîäêëþ÷å-
íèÿ âèáðîâîçáóäèòåëÿ) 9 26 21 51

4,55 9 21 20,5 56

4,55 3 14 18 68,5

9,1 9 8 11,5 81

9,1 3 3 8 92



ëûâàíèè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ïî òåõíîëîãèÿì ïðÿìîãî ïîñåâà.
Ýòî ïîçâîëèò ñíèçèòü ïëîòíîñòü ïî÷âû äî ðàöèîíàëüíîãî çíà÷åíèÿ â
1,2 ã/ñì3, î ÷åì ñâèäåòåëüñòâóþò ïîëó÷åííûå ðåçóëüòàòû îò ãëóáîêîãî ðûõ-
ëåíèÿ íà ãëóáèíó 45 ñì áåç èñïîëüçîâàíèÿ ýíåðãèè âèáðàöèè (ñì. òàáë. 3).
Èñïîëüçîâàíèå âèáðàöèè ðàáî÷èõ îðãàíîâ ïîçâîëÿåò ïîâûñèòü ýôôåêòèâ-
íîñòü âûïîëíåíèÿ ãëóáîêîãî ðûõëåíèÿ.

Ñòðåìëåíèå íàêîïèòü â ïî÷âå íàèáîëüøåå êîëè÷åñòâî âëàãè çà îñåí-
íèé è çèìíèé ïåðèîäû òðåáóåò ñîçäàíèÿ îñîáûõ óñëîâèé äëÿ äîñòóïà îñàä-
êîâ è çàêðåïëåíèÿ èõ â ñòðóêòóðå ïî÷âû. Âàæíî îòìåòèòü, ÷òî íàêîïëåííàÿ
â îñåííèé ïåðèîä âëàãà ïîä âîçäåéñòâèåì íèçêèõ òåìïåðàòóð, çàìåðçàÿ,
áóäåò óâåëè÷èâàòü ïîðîçíîñòü ïî÷âû, âûðàâíèâàÿ ýòîò ïîêàçàòåëü íà ãëó-
áèíó âûïîëíåííîé îáðàáîòêè.

Äëÿ êîìïëåêñíîé îöåíêè ñòðóêòóðû îáðàáîòàííîé ïî÷âû îïðåäåëåí
êîýôôèöèåíò ñòðóêòóðíîñòè (òàáë. 4). Óâåëè÷åíèå åãî ïîêàçûâàåò óëó÷øå-
íèå ñòðóêòóðû ïî÷âû ïóòåì óâåëè÷åíèÿ â íåé ñîäåðæàíèÿ àãðîíîìè÷åñêè
öåííûõ àãðåãàòîâ ðàçìåðîì 0,25–10 ìì çà ñ÷åò êðîøåíèÿ áîëåå êðóïíûõ
ôðàêöèé. Íàèëó÷øàÿ ñòðóêòóðà ïî÷âû ñôîðìèðîâàëàñü ïîñëå èñïîëüçîâà-
íèÿ ÂÐ ñ áåãóíêîì ìàññîé 9,1 êã íà ñêîðîñòè 3 êì/÷ (ñì. òàáë. 4).

Âàæíî ïîä÷åðêíóòü, ÷òî â ñðàâíåíèè ñ îáû÷íûì ãëóáîêèì ðûõëåíèåì
âîçäåéñòâèå ýíåðãèè âèáðàöèè èçáèðàòåëüíî ðàçðóøàåò êðóïíûå ïî÷âåí-
íûå ôðàãìåíòû. Ïðè ýòîì íàáëþäàåòñÿ òåíäåíöèÿ ê ñíèæåíèþ êîëè÷åñòâà
ïûëåâèäíûõ ÷àñòèö (òàáë. 5).

Àíàëèç àãðåãàòíîãî ñîñòàâà ïî÷âû, îáðàáîòàííîé ïðè ðàçíûõ ðåæèìàõ
ðàáîòû ÂÐ, ïîçâîëÿåò âûäåëèòü ðåæèì îáðàáîòêè ñ áåãóíêîì ìàññîé 9,1 êã
íà ñêîðîñòè 3 êì/÷ êàê íàèëó÷øèé äëÿ ôîðìèðîâàíèÿ ñòðóêòóðû ïî÷âû. Ðå-
æèì îáðàáîòêè ñ áåãóíêîì ìàññîé 9,1 êã íà ðåàëüíîé òåõíîëîãè÷åñêîé ñêî-
ðîñòè 9 êì/÷, èñïîëüçóåìîé ïðè îáðàáîòêå ïî÷â ïîä ïîëåâûå êóëüòóðû,
ïîêàçûâàåò íåêîòîðîå ñíèæåíèå êà÷åñòâà âûïîëíåíèÿ ðàáî÷åãî ïðîöåññà,
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Ò à á ë è ö à 4
Êîýôôèöèåíò ñòðóêòóðíîñòè îáðàáîòàííîé ïî÷âû ïðè ðàçíûõ ðåæèìàõ ðàáîòû ÂÐ

Ñëîé, ñì Êîíòðîëü Áåç âèáðàöèè
Ìàññà áåãóíêà, êã/ñêîðîñòü äâèæåíèÿ îðóäèÿ, êì/÷

4,55/3 4,55/9 9,1/3 9,1/9

0–10 0,21 0,26 0,32 0,29 0,40 0,36

10–20 0,23 0,25 0,35 0,31 0,44 0,38

20–30 0,21 0,24 0,38 0,31 0,54 0,44

30–40 0,17 0,23 0,29 0,27 0,39 0,33

Ò à á ë è ö à 3
Ïëîòíîñòü îáðàáîòàííîé ïî÷âû ïðè ðàçíûõ ðåæèìàõ ðàáîòû ÂÐ, ã/ñì3

Ñëîé, ñì Êîíòðîëü Áåç âèáðàöèè
Ìàññà áåãóíêà, êã/ñêîðîñòü äâèæåíèÿ îðóäèÿ, êì/÷

4,55/3 4,55/9 9,1/3 9,1/9

0–10 1,38 1,195 1,15 1,16 0,94 0,99

10–20 1,41 1,20 1,16 1,18 0,97 1,05

20–30 1,42 1,19 1,12 1,16 0,96 1,03

30–40 1,35 1,17 1,08 1,10 0,94 1,00



òåì íå ìåíåå çíà÷èòåëüíî ïðåâîñõîäÿùåå ðåçóëüòàò îáðàáîòêè áåç âèáðà-
öèè.

Ñîâîêóïíîñòü äîñòèãíóòûõ ýôôåêòîâ îò îáðàáîòêè ïî÷âû ÂÐ íà ðàç-
ëè÷íûõ ðåæèìàõ ïîçâîëÿåò ñîçäàòü íàèëó÷øèå óñëîâèÿ äëÿ âîçäåëûâàíèÿ
çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð, ÷òî ÿâëÿåòñÿ îñíîâîé ïîëó÷åíèÿ íàè-
áîëüøèõ óðîæàåâ.

ÂÛÂÎÄÛ

1. Èñïîëüçîâàíèå âèáðàöèîííîãî ðûõëèòåëÿ äëÿ îáðàáîòêè ïî÷âû ïî-
çâîëÿåò íàïðàâëåííî èçìåíÿòü åå ñòðóêòóðó ïóòåì âàðüèðîâàíèÿ âåëè÷èíû
ýíåðãèè âèáðàöèè, ïåðåäàâàåìîé â ïî÷âó, è ñêîðîñòè äâèæåíèÿ, ñîçäàâàÿ
ëó÷øèå óñëîâèÿ äëÿ ðàçâèòèÿ âîçäåëûâàåìûõ êóëüòóð.

2. Ñòåïåíü ðàçóïëîòíåíèÿ ïåðåóïëîòíåííîé ïîä âîçäåéñòâèåì àíòðî-
ïîãåííûõ ôàêòîðîâ ïî÷âû óâåëè÷èâàåòñÿ ïðè ïîâûøåíèè àìïëèòóäû êî-
ëåáàíèé è ñíèæàåòñÿ ñ óâåëè÷åíèåì ïîñòóïàòåëüíîé ñêîðîñòè äâèæåíèÿ
ðàáî÷èõ îðãàíîâ.

3. Ïîâûøåíèå ïðîèçâîäèòåëüíîñòè è ñíèæåíèå ñåáåñòîèìîñòè åäèíè-
öû âûïîëíåííîé ðàáîòû, âèáðàöèîííîãî ãëóáîêîðûõëèòåëÿ äîñòèãíóòî çà
ñ÷åò óìåíüøåíèÿ òÿãîâîãî ñîïðîòèâëåíèÿ ðàáî÷èõ îðãàíîâ, ïåðåäàþùèõ â
ïî÷âó ýíåðãèþ âèáðàöèè.
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INVESTIGATION OF THE SOIL TILLAGE PROCESS
BY VIBRATORY SUBSOILER

There is substantiated a method for subsoil tillage of soil to the depth of up 45 cm to cultivate
modern high-yielding agricultural crops. There is proposed a technique for intense decompaction of
the soil structure by the directed impact of vibrational energy transmitted by working tools. A
comparative evaluation of the field surface after passages of the vibratory subsoiler in various modes of
its operation, including non-vibration mode, has shown that the use of tool’s vibrations allows
reducing lumpiness and ridgeness of tilled soil, while preserving stubble. It has been found that the use
of tool’s vibrations allows improving the soil structure due to intense crushing of large soil fractions
and increasing the content of aggregates of agronomic value. It has been determined that the increase
in the amplitude of tool’s vibrations within the range investigated results in increased efficiency of the
use of vibrations, while the increase in forward speed shows the opposite effect. It has been found that
the use of tool’s vibrations allows reducing tractive resistance of the subsoiler and improving its
performance, thus reducing cost per unit of work done. Soil tillage with the vibratory subsoiler is
superior to other well-known techniques of deep subsoil tillage.

Keywords: vibratory subsoiler, vibroexciter, amplitude, tractive resistance, soil crushing degree,
soil structure.
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