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Ñîõðàíåíèå è íàêîïëåíèå ïðîäóêòèâíîé ïî÷âåííîé âëàãè â çîíàõ ñ íåäîñòàòî÷íûì óâëàæíåíèåì è ïîäâåð-
æåííûõ âåòðîâîé ýðîçèè íå òåðÿåò ñâîåé àêòóàëüíîñòè. Èçâåñòíûå äèñêîâûå èãîëü÷àòûå ðàáî÷èå îðãàíû 
ðîòàöèîííûõ áîðîí, ïðåäíàçíà÷åííûå äëÿ ïîâåðõíîñòíîé îáðàáîòêè ïî ñòåðíåâûì ôîíàì, â áîëüøåé ìåðå 
íàïðàâëåíû íà ðûõëåíèå âåðõíåãî ïî÷âåííîãî ïëàñòà. Íåïðàâèëüíî âûáðàííûé ðåæèì èñïîëüçîâàíèÿ ñóùå-
ñòâóþùèõ èãîëü÷àòûõ áîðîí îïàñåí ÷ðåçìåðíûì ðàñïûëåíèåì è èññóøåíèåì ïîâåðõíîñòè ïëîäîðîäíîé ïî-
÷âû. Â ñâÿçè ñ ýòèì ïðåäëîæåíî íîâîå òåõíè÷åñêîå ðåøåíèå èãîëü÷àòîãî äèñêà ñ èçìåíÿþùåéñÿ ôîðìîé èãë, 
ïîçâîëÿþùåå ðûõëèòü âåðõíèé ñëîé ïî÷âû ñ âûïîëíåíèåì ëóíîê íà ïîâåðõíîñòè ïîëÿ. Ïî÷âîîáðàáàòûâàþùåå 
îðóäèå ñ èãîëü÷àòûìè äèñêàìè ñîñòîèò èç ñòóïèöû ñ çàêðåïëåííûìè íà íåé èãëàìè, ïðè÷åì äèñê óñòàíîâëåí 
àôðîíòàëüíî, êàæäàÿ èãëà âûïîëíåíà èçìåíÿþùåéñÿ ôîðìû, ïåðâàÿ ïîëîâèíà îò îñíîâàíèÿ èãëû âûïîëíåíà 
êâàäðàòíîé ôîðìû, âòîðàÿ ïîëîâèíà – ïèðàìèäàëüíîé ôîðìû ñ âåðøèíîé íà êîíöå èãëû. Èñïîëüçîâàíèå òàêèõ 
èãîëü÷àòûõ äèñêîâ ñ èãëàìè, êîòîðûå ëåã÷å ïðîíèêàþò â ïî÷âó, ïîçâîëÿåò ýôôåêòèâíî èçìåëü÷àòü ïîæíèâíûå 
îñòàòêè è ðûõëèòü ïî÷âó, ÷òî ïîâûøàåò êà÷åñòâî îáðàáîòêè ïî÷âû. Ïðîâåäåííûå èñïûòàíèÿ íîâîãî èãîëü÷à-
òîãî äèñêà ïî ôîíó ìíîãîëåòíèõ òðàâ ïîçâîëèëè îáîñíîâàòü îñíîâíûå ðåæèìíûå ïîêàçàòåëè íîâîãî ðàáî÷åãî 
îðãàíà. Äëÿ ñóïåñ÷àíîé ïî÷âû òâåðäîñòüþ 14,5 êÏà ñ àãðîôîíîì ìíîãîëåòíèõ òðàâ, òàêèõ êàê êîñòðåö áåçî-
ñòûé è ëþöåðíà, óñòàíîâëåíî, ÷òî ìàêñèìàëüíûé ïàðàìåòð äëÿ âëàãîíàêîïëåíèÿ áóäåò äîñòèãíóò ïðè ñêîðîñòè 
â 7 êì/÷ ñ óãëîì àòàêè, ðàâíûì 0°, à ðûõëåíèÿ ïðè ñêîðîñòè 9 êì/÷ ñ óãëîì àòàêè â 16°. Ðàöèîíàëüíûìè ïàðà-
ìåòðàìè, ïðè êîòîðûõ ïðîèñõîäèò íå òîëüêî íàêîïëåíèå âëàãè, íî è êà÷åñòâåííàÿ îáðàáîòêà ïî÷âû, ÿâëÿþòñÿ 
óãîë àòàêè, ðàâíîé 4° è ñêîðîñòü äâèæåíèÿ àãðåãàòà – 7 êì/÷.
Êëþ÷åâûå ñëîâà: èãîëü÷àòûé äèñê, ðàáî÷èé îðãàí, ïî÷âà, áîðîíà, óãîë àòàêè, âëàãà, ëóíêè.

The preservation and accumulation of productive soil moisture in areas with insufficient moisture and subject to wind 
erosion does not lose its relevance. Known disc needle-like working bodies of rotary harrows, intended for surface 
treatment on stubble backgrounds, are mainly aimed at loosening the upper soil layer. An incorrectly selected mode 
of using existing needle harrows is dangerous by excessive spraying and drying out of the surface of fertile soil. In this 
regard, there was proposed a new technical solution for a needle disk with a changing shape of needles, which makes 
it possible to loosen the top layer of soil from making holes on the surface of the field. A tillage tool with needle discs 
consists of a hub with needles fixed on it. The disc is installed afrontal, each needle is made of a variable shape, the 
first half made from the base of the needle is square, and the second half is pyramidal with a top at the end of the 
needle. The use of such needle discs with needles, which more easily penetrate the soil make it possible to efficiently 
chop up crop residues and loosen the soil, which improves the quality of soil cultivation. The tests of the new needle 
disk against the background of perennial grasses made it possible to substantiate the main operating parameters of 
the new working body. For sandy loam soil with a hardness of 14,5 kPa with an agrophone of perennial grasses, such 
as awnless rump and alfalfa, it was found that the maximum parameter for moisture accumulation will be achieved at 
a speed of 7 km / h with an angle of attack equal to 0°, and loosening at a speed of 9 km/h with an angle of attack of 
16°. A rational parameter, at which not only moisture accumulation occurs, but also high-quality soil cultivation, is 
achieved when the angle of attack is set to 4° and the speed of the unit is 7 km/h.
Keywords: needle disc, working body, soil, harrow, angle of attack, moisture, holes.

A.N. SHMIDT1 
A.A. KEM1, PhD in Engineering
M.S. CHEKUSOV1 
D.E. KUZ'MIN2 

A.S. SOYUNOV2, PhD in Engineering
1 Federal State Budgetary Scientific Institution 

“Omsk Agricultural Scientific Center”,  Omsk, Russia
2 Omsk State Agrarian University named after P.A. Stolypin, 

Omsk, Russia, aa.kem@omgau.org



Îáîñíîâàíèå ðåæèìîâ ðàáîòû èãîëü÷àòîãî äèñêà íîâîé êîíñòðóêöèè

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 4, 2020

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü

71

Ââåäåíèå
Ýðîçèîííûì ïðîöåññàì ïîäâåðæåíà áîëü-

øàÿ ÷àñòü îáðàáàòûâàåìîé çåìëè Îìñêîé îá-
ëàñòè, ÷òî â ñâîþ î÷åðåäü îêàçûâàåò íåïîñðåä-
ñòâåííîå âëèÿíèå íà êîëè÷åñòâî ñîáðàííîãî 
çåðíà. Íà ïðîòÿæåíèè ïîñëåäíèõ íåñêîëüêèõ 
ëåò, ñðåäíÿÿ óðîæàéíîñòü ïî Îìñêîé îáëàñòè 
íå ïðåâûøàåò 16 ö/ãà. Òàê, íàïðèìåð, â òðåõ 
ñàìûõ þæíûõ ðàéîíàõ, ðàñïîëîæåííûõ â ñòåï-
íîé çîíå, ãäå ñîäåðæàíèå ãóìóñà äîñòèãàåò 4 %, 
à êîëè÷åñòâî îñàäêîâ – 250–300 ìì. â ãîä, 
ñðåäíÿÿ óðîæàéíîñòü ñîñòàâèëà 12,9 ö/ãà. 
Ñóùåñòâåííûì ìåòîäîì, îêàçûâàþùèì âëè-
ÿíèå íà óðîæàéíîñòü ñåëüñêîõîçÿéñòâåííûõ 
êóëüòóð, ÿâëÿåòñÿ óâåëè÷åíèå íàêîïëåíèÿ ïðî-
äóêòèâíîé âëàãè çà îñåííå-âåñåííèé ïåðèîä [1, 
2]. Ïðîâåäåíèå óáîðî÷íûõ ðàáîò ñîïðîâîæäà-
åòñÿ ïåðåóïëîòíåíèåì ïîâåðõíîñòíîãî ñëîÿ, 
÷òî óñëîæíÿåò ïðîíèêíîâåíèå âëàãè. Â ðàííå-
âåñåííèé ïåðèîä, ïîñëå îáèëüíîãî ñíåãîòàÿ-
íèÿ, ïî÷âåííàÿ êîðêà íàïðîòèâ, âûñûõàÿ è ðàñ-
òðåñêèâàÿñü, óâåëè÷èâàåò èñïàðåíèå âëàãè 
è ïðèâîäèò ê ñíèæåíèþ óðîæàéíîñòè. 

Ñóùåñòâóþùèå èçâåñòíûå îðóäèÿ ñ äèñ-
êîâûìè è èãîëü÷àòûìè ðàáî÷èìè îðãàíàìè 
äëÿ îñåííåãî ðûõëåíèÿ è ðàííåâåñåííåãî áî-
ðîíîâàíèÿ ïî÷â íå â ïîëíîé ìåðå ñîîòâåòñòâó-
þò òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê îáðàáîò-
êå, îñîáåííî â çîíàõ, ïîäâåðæåííûõ âåòðîâîé 
ýðîçèè. Çà÷àñòóþ íåïðàâèëüíî ïîäîáðàííûé 
ðåæèì ðàáîòû èãîëü÷àòîé áîðîíû îêàçûâàåòñÿ 
ìàëîïðîäóêòèâíûì. Òàê, íàïðèìåð, íåñîîòâåò-
ñòâèå óãëà àòàêè è âûáîðà ðåæèìà (àêòèâíûé, 
ïàññèâíûé) ïî íàïðàâëåíèþ äâèæåíèÿ èãîëü-
÷àòîãî äèñêà âåäåò ê ñíèæåíèþ êà÷åñòâåííûõ 
ïîêàçàòåëåé. Ïðåâûøåíèå ðàáî÷åé ñêîðîñòè 
àãðåãàòà, ïî ñðàâíåíèþ ñ àãðîòåõíè÷åñêèìè 
òðåáîâàíèÿìè, â âåñåííèé ïåðèîä ïðèâîäèò 
ê èññóøåíèþ è ÷ðåçìåðíîìó ðàñïûëåíèþ âåðõ-
íåãî ñëîé ïî÷âû. 

Â ñâÿçè ñ ýòèì ðàçðàáîòêà íîâûõ êîíñòðóê-
öèé îðóäèé ñ èãîëü÷àòûìè äèñêàìè, îïðå-
äåëåíèå ïàðàìåòðîâ è ðåæèìîâ èõ ðàáîòû 
äëÿ óëó÷øåíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé âå-
ñåííå-îñåííåé îáðàáîòêè ïî÷â ÿâëÿåòñÿ àêòó-
àëüíîé [3, 4]. 

Öåëü èññëåäîâàíèé 
Ïîâûøåíèå ýôôåêòèâíîñòè âëàãîíàêîïëå-

íèÿ è ïîâåðõíîñòíîé îáðàáîòêè ïî÷âû ïóòåì 
îáîñíîâàíèÿ ïàðàìåòðîâ è ðåæèìîâ ðàáîòû 
äèñêîâîãî èãîëü÷àòîãî ðàáî÷åãî îðãàíà.

Ìàòåðèàëû è ìåòîäû
Äëÿ îïðåäåëåíèÿ ðåæèìîâ ðàáîòû èãîëü÷à-

òîãî äèñêà áûë èçãîòîâëåí ýêñïåðèìåíòàëüíûé 
îáðàçåö äèñêîâîé áîðîíû è ïðîâåäåíû èñïû-
òàíèÿ â ×åðëàêñêîì ðàéîíå Îìñêîé îáëàñòè 
íà ñóïåñ÷àíîé ïî÷âå ïî ôîíàì ìíîãîëåòíèõ 
òðàâ. Ïðè âûïîëíåíèè ïðàêòè÷åñêèõ èññëå-
äîâàíèé ïðèìåíÿëñÿ ìåòîä êîìïîçèöèîííîãî 
ïëàíèðîâàíèÿ ýêñïåðèìåíòà [6]. Â êà÷åñòâå 
îïòèìèçèðóåìîé âåëè÷èíû áûëè ïðèíÿòû: 
äëÿ îöåíêè âëàãîíàêîïëåíèÿ – îáúåì ëóíîê 
íà 1 ì2; äëÿ îöåíêè ðûõëåíèÿ ïî÷âåííîãî 
ïëàñòà – îòíîøåíèå ïëîùàäè îáðàáîòàííîé 
ïîâåðõíîñòè íà êâàäðàòíîì ìåòðå.

Ðåçóëüòàòû è îáñóæäåíèå
Êà÷åñòâî îáðàáîòêè ïî÷âû äèñêîâûìè îðó-

äèÿìè çàâèñèò îò ìíîæåñòâà ôàêòîðîâ, èç êîòî-
ðûõ îñíîâíûìè ÿâëÿþòñÿ: óñòàíîâêà ðàáî÷åãî 
îðãàíà ïîä óãëîì àòàêè îòíîñèòåëüíî ïðÿìî-
ëèíåéíîãî äâèæåíèÿ òðàêòîðà è ñêîðîñòü äâè-
æåíèÿ àãðåãàòà. Óãîë àòàêè âëèÿåò íà êà÷åñòâî 
ðûõëåíèÿ ïî÷âû è øèðèíó çàõâàòà îðóäèÿ, 
ïðè åãî óâåëè÷åíèè íàáëþäàåòñÿ ëó÷øåå ðûõ-
ëåíèå ïî÷âåííîãî ïëàñòà [5]. Ïðè ìàëûõ óãëàõ 
àòàêè è áîëüøîé ñêîðîñòè ïðîèñõîäèò ïðîöåññ 
âûïîëíåíèÿ ëóíîê â ïî÷âå, ÷òî ñïîñîáñòâóåò 
âëàãîíàêîïëåíèþ.

Íà îñíîâàíèè âûïîëíåííîãî àíàëèçà ñó-
ùåñòâóþùèõ òåõíè÷åñêèõ ðåøåíèé è ïðåäû-
äóùèõ èññëåäîâàíèé äëÿ ïîâûøåíèÿ êà÷åñòâà 
îáðàáîòêè ïî÷âû â ýðîçèîííî-îïàñíûõ çîíàõ 
áûëî ïðåäëîæåíî íîâîå òåõíè÷åñêîå ðåøåíèå 
è ïîëó÷åí ïàòåíò íà ïîëåçíóþ ìîäåëü «Ïî÷âî-
îáðàáàòûâàþùåå îðóäèå ñ èãîëü÷àòûìè äèñêà-
ìè» [7]. 

Èãîëü÷àòûé ðàáî÷èé îðãàí ïî÷âîîáðàáà-
òûâàþùåãî îðóäèÿ (ðèñ. 1, à) ïðåäíàçíà÷åí, 
äëÿ ïîâåðõíîñòíîé îáðàáîòêè ïî÷âû, ðàç-
ðóøåíèÿ óïëîòíåííîé ïî÷âåííîé êîðêè, âû-
ïîëíåíèÿ ëóíîê íà ïîâåðõíîñòè ïîëÿ ñ öåëüþ 
óâåëè÷åíèÿ âëàãîíàêîïëåíèÿ. Èãîëü÷àòûé 
äèñê ñîñòîèò èç ñòóïèöû 1 ñ çàêðåïëåííûìè 
íà íåé èãëàìè 2. Êàæäàÿ èãëà âûïîëíåíà èç-
ìåíÿþùåéñÿ ôîðìû, ïåðâàÿ ÷àñòü èãëû îò îñ-
íîâàíèÿ âûïîëíåíà êâàäðàòíîé ôîðìû, âòîðàÿ 
ïîëîâèíà – ïèðàìèäàëüíîé ôîðìû ñ âåðøèíîé 
íà êîíöå èãëû.

Ðàáî÷èé îðãàí ïî÷âîîáðàáàòûâàþùå-
ãî îðóäèÿ ðàáîòàåò ñëåäóþùèì îáðàçîì. 
Â íà÷àëå äâèæåíèÿ àãðåãàòà ïî ïîëþ ìàøè-
íèñò-òðàêòîðèñò ïåðåâîäèò ðàáî÷èé îðãàí 
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ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ â ðàáî÷åå ïî-
ëîæåíèå. Ðàáî÷èå îðãàíû ïî÷âîîáðàáàòûâàþ-
ùåãî îðóäèÿ ïîä äåéñòâèåì âåñà çàãëóáëÿþòñÿ 
â ïî÷âó äî çàäàííîãî çíà÷åíèÿ ãëóáèíû, âû-
ñòàâëåííîãî ïðè ïîìîùè îïîðíûõ êîëåñ. 

Èãîëü÷àòûé äèñê ïî÷âîîáðàáàòûâàþùå-
ãî îðóäèÿ ìîæåò èñïîëüçîâàòüñÿ â àêòèâíîì 
èëè ïàññèâíîì ðåæèìå. Ïðèìåíåíèÿ àêòèâíî-
ãî ðåæèìà îñóùåñòâëÿåòñÿ íà òÿæåëûõ ïî÷âàõ. 
Ïðè èñïîëüçîâàíèè ðàáî÷åãî îðãàíà ïî÷âî-
îáðàáàòûâàþùåãî îðóäèÿ â àêòèâíîì ðåæèìå 
îí óñòàíàâëèâàåòñÿ òàêèì îáðàçîì, ÷òî âðà-
ùåíèå ïðîèñõîäèò ïî õîäó ÷àñîâîé ñòðåëêè. 
Ãëóáèíó îáðàáîòêè ïî÷âû îãðàíè÷èâàþò äî ¾ 
äëèíû èãëû, ÷òîáû ðàáîòàëè âñå ãðàíè èãëû.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ïîêàçàòåëåé 
ðåæèìîâ ðàáîòû èãîëü÷àòîãî äèñêà [7] áûëè 
èçãîòîâëåíû ýêñïåðèìåíòàëüíûå îáðàçöû 
è ïðîâåäåíû èñïûòàíèÿ â ×åðëàêñêîì ðàéîíå 
Îìñêîé îáëàñòè íà ñóïåñ÷àíîé ïî÷âå òâåðäî-
ñòüþ 14,5 êÏà (ðèñ. 2), ïî ôîíó ìíîãîëåòíèõ 
òðàâ, òàêèõ êàê êîñòðåö áåçîñòûé è ëþöåðíà 
(ðèñ. 3).

Ïðè âûïîëíåíèè ïðàêòè÷åñêèõ èññëåäî-
âàíèé ïðèìåíÿëñÿ ìåòîä êîìïîçèöèîííîãî 
ïëàíèðîâàíèÿ ýêñïåðèìåíòà [6]. Â êà÷åñòâå 
îïòèìèçèðóåìîé âåëè÷èíû áûëè ïðèíÿòû: 
äëÿ îöåíêè âëàãîíàêîïëåíèÿ – îáúåì ëóíîê 
íà 1 ì2; äëÿ îöåíêè ðûõëåíèÿ ïî÷âåííîãî 
ïëàñòà – îòíîøåíèå ïëîùàäè îáðàáîòàííîé 
ïîâåðõíîñòè ê 1 ì2.

Èñïûòàíèÿ ïðîâîäèëèñü íà ìàøèíîòðàê-
òîðíîì àãðåãàòå, ñîñòîÿùåì èç òðàêòîðà Ò-40 
è ëàáîðàòîðíîé áîðîíû, îáîðóäîâàííîé èãîëü-
÷àòûìè äèñêîâûìè ðàáî÷èìè îðãàíàìè (ðèñ. 4) 
[7].

Ïîêàçàòåëè ðåæèìîâ ðàáîòû, îêàçûâàþ-
ùèå âëèÿíèå íà ôîðìèðîâàíèå îáúåìà ëóíîê 
íà 1 ì2, ÿâëÿþòñÿ ñêîðîñòü äâèæåíèÿ àãðåãà-
òà (V) è óãîë óñòàíîâêè (α) ðàáî÷èõ îðãàíîâ – 
èãîëü÷àòûõ äèñêîâ. Ïðè èññëåäîâàíèè âëèÿíèÿ 
ôàêòîðîâ áûëè âûáðàíû ïðåäåëû âàðüèðîâà-
íèÿ: ñêîðîñòü äâèæåíèÿ àãðåãàòà – 5...9 êì/÷, 
óãîë óñòàíîâêè ðàáî÷èõ îðãàíîâ – 0...16°.

 à á â

Ðèñ. 1. Ýêñïåðèìåíòàëüíûé èãîëü÷àòûé äèñê (à): 
á – ñå÷åíèå À–À; â – ñå÷åíèå Á–Á

Ðèñ. 3. Îáùèé âèä àãðîôîíà ïîëÿ ìíîãîëåòíèõ òðàâ

Ðèñ. 2. Òâåðäîãðàììà ïî÷âû ïîëÿ â ×åðëàêñêîì ðàéîíå Îìñêîé îáëàñòè

Ïðèìåíåíèå ïàññèâíîãî ðåæèìà ïðåäíà-
çíà÷åíî äëÿ îáðàáîòêè ëåãêèõ ïî÷â è ïî÷â, 
ïîäâåðæåííûõ äåôëÿöèîííûì ïðîöåññàì. 
Â ïàññèâíîì ðåæèìå ðàáî÷èé îðãàí ïî÷âî-
îáðàáàòûâàþùåãî îðóäèÿ óñòàíîâëåí òàêèì 
îáðàçîì, ÷òî âðàùåíèå èãîëü÷àòûõ äèñêîâ ïðî-
èñõîäèò ïðîòèâ ÷àñîâîé ñòðåëêè.

Ãëóáèíó îáðàáîòêè ïî÷âû îãðàíè÷èâàþò 
äî ½ äëèíû èãëû äëÿ òîãî, ÷òîáû â áîëüøåé 
ñòåïåíè ðàáîòàëè ðåáðà èãë.

Äëÿ îáîñíîâàíèÿ ðåæèìîâ ðàáîòû îðóäèÿ   
(ñêîðîñòü äâèæåíèÿ àãðåãàòà è óãîë àòàêè) íå-
îáõîäèìî âûïîëíèòü ïðàêòè÷åñêèå èñïûòàíèÿ 
è îïðåäåëèòü êà÷åñòâåííûå ïîêàçàòåëè (âëàãî-
íàêîïëåíèÿ è êðîøåíèå ïî÷âåííîãî ïëàñòà). 
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Âåëè÷èíó îáúåìà ëóíîê íà 1 ì2 îïðåäåëÿëè 
çàìåðîì ðàìêîé 0,250,25 ì2 è ïåðåñ÷èòûâàëè 
íà 1 ì2. Ñðåäíåå ÷èñëî ëóíîê ïðè ðàçíûõ ïàðà-
ìåòðàõ ñêîðîñòè è óãëà àòàêè îñòàåòñÿ ïîñòî-
ÿííûì: 64 øò./ì2. Îáúåì îäíîé ëóíêè ðàññ÷è-
òûâàëñÿ ïî âûïîëíåííûì çàìåðàì øèðèíû, 
äëèíû è ãëóáèíû ëóíêè. Ïðè ïðîâåäåíèè 
îïûòà ïðè çíà÷åíèè óãëà àòàêè 0° îáúåì ëóíêè 
ðàññ÷èòûâàåòñÿ èç ðèñ. 5 ïî ôîðìóëå:

 V = S · b, (1)

ãäå b – øèðèíà ëóíêè; S – ïëîùàäü ñåãìåíòà, 
îãðàíè÷åííîãî õîðäîé:

 
 

1 ,
2

S
r l c r h


     

 (2)

ãäå r – ðàäèóñ îêðóæíîñòè:

 

2 24 ,
8

c hr
h


  (3)

ãäå c – äëèíà ëóíêè; h – ãëóáèíà ëóíêè; l – 
äëèíà äóãè:

 l = r · , (4)

ãäå α – îáðàçóþùèé óãîë äóãè:

 

2 2

2

2arccos .
2
r c
r

 
   

 
 (5)

Âûïîëíèâ ïîäñòàíîâêó çàìåðåííûõ çíà÷å-
íèé âåëè÷èí â ôîðìóëû (1)–(5), ïîëó÷èì çíà-
÷åíèå îáúåìà ëóíêè, à ñëåäîâàòåëüíî, è îáúåìà 
ëóíîê íà 1 ì2.

Â ñëó÷àå óñòàíîâêè óãëà àòàêè áîëåå 0° 
îáúåì ëóíêè ðàññ÷èòûâàåòñÿ èç ðèñ. 6 ïî ôîð-
ìóëå:

 

1 ,
6

V b l h    (6)

ãäå h – ãëóáèíà, b – øèðèíà, l – äëèíà.

Ðèñ. 6. Ðàñ÷åòíàÿ ñõåìà îáúåìà ëóíêè 
ïðè çíà÷åíèè óãëà àòàêè, îòëè÷íîãî îò 0°

Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ, 
ñîãëàñíî ìåòîäó êîìïîçèöèîííîãî ïëàíèðî-
âàíèÿ ýêñïåðèìåíòà, ïîëó÷èì óðàâíåíèÿ ñ íà-
òóðàëüíûìè âåëè÷èíàìè (7) è (8) è ïîñòðîèì 
ïîâåðõíîñòè îòêëèêà (ðèñ. 7, 8).

  2

2

, 235,97 16,86

3,14 60,86 1122,08,

Y V V V     

    

Ðèñ. 4. Ìàøèíîòðàêòîðíûé àãðåãàò 
(òðàêòîð Ò-40 è ëàáîðàòîðíàÿ óñòàíîâêà)

Ðèñ. 5. Ðàñ÷åòíàÿ ñõåìà îáúåìà ëóíêè 
ïðè çíà÷åíèè óãëà àòàêè 0°: 

r – ðàäèóñ; α – óãîë; l – äëèíà äóãè: h – ãëóáèíà: 
c – äëèíà; b – øèðèíà ëóíêè
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  2 2, 235,97 16,86 3,14
60,86 1122,08,

Y V V V       

     
(7)

 ( , ) 1,28 0,96 0,97.Y V V       (8)

Ïðè àíàëèçå ïîâåðõíîñòåé îòêëèêà (ðèñ. 7 
è 8) âûÿâëåíû îïòèìàëüíûå ïàðàìåòðû:

– äëÿ âëàãîíàêîïëåíèÿ: óãîë àòàêè, ðàâíûé 
0°, à ñêîðîñòü äâèæåíèÿ àãðåãàòà – 7 êì/÷;

– äëÿ ðûõëåíèÿ: óãîë àòàêè, ðàâíûé 16°, 
à ñêîðîñòü äâèæåíèÿ àãðåãàòà – 9 êì/÷ (ðèñ. 9, à).

Îïòèìàëüíûì ïàðàìåòðîì äëÿ âëàãîíàêî-
ïëåíèÿ è ðûõëåíèÿ ïî÷âû áóäåò ÿâëÿòüñÿ óãîë 
àòàêè 4° è ñêîðîñòü äâèæåíèÿ àãðåãàòà – 7 êì/÷. 
Ïðè òàêèõ òåõíè÷åñêèõ ïàðàìåòðàõ áóäåò ïðî-
èñõîäèòü íå òîëüêî íàêîïëåíèå âëàãè, íî è êà-
÷åñòâåííàÿ ïîâåðõíîñòíàÿ îáðàáîòêà ïî÷âû 
(ðèñ. 9, á).

Çàêëþ÷åíèå
Â ðåçóëüòàòå ïðàêòè÷åñêèõ èññëåäîâàíèé, 

ñîãëàñíî ìàòðèöå îðòîãîíàëüíîãî ïëàíèðîâà-
íèÿ, áûëè âûïîëíåíû èññëåäîâàíèÿ ïî îöåíêè 
âëàãîíàêîïëåíèÿ è êà÷åñòâà ðûõëåíèÿ ïî÷âåí-
íîãî ïëàñòà. Äëÿ ñóïåñ÷àíîé ïî÷âû òâåðäîñòüþ 
14,5 êÏà ñ àãðîôîíîì ìíîãîëåòíèõ òðàâ, òàêèõ 
êàê êîñòðåö áåçîñòûé è ëþöåðíà, áûëè ïîëó-
÷åíû óðàâíåíèÿ ðåãðåññèè âëàãîíàêîïëåíèÿ 
è êà÷åñòâà ðûõëåíèÿ, íà îñíîâå ÷åãî âûÿâëåíû 
îïòèìàëüíûå ïàðàìåòðû: äëÿ âëàãîíàêîïëåíèÿ – 
óãîë àòàêè, ðàâíûé 0°, à ñêîðîñòü äâèæåíèÿ àãðå-
ãàòà – 7 êì/÷; äëÿ ðûõëåíèÿ – óãîë àòàêè, ðàâíûé 
16°, à ñêîðîñòü äâèæåíèÿ àãðåãàòà – 9 êì/÷.

Ïðè òàêèõ òåõíè÷åñêèõ ïàðàìåòðàõ áóäåò 
ïðîèñõîäèòü êîìïëåêñíàÿ îáðàáîòêà ïî÷âû 
ñ íàêîïëåíèåì âëàãè è êà÷åñòâåííûì ðûõëåíè-
åì ïîâåðõíîñòíîãî ïëàñòà ïî÷âû.

Ðèñ. 7. Ïîâåðõíîñòü îòêëèêà îáúåìà ëóíîê íà 1 ì2: 
 – óãîë àòàêè; V – ñêîðîñòü äâèæåíèÿ àãðåãàòà

Ðèñ. 8. Ïîâåðõíîñòü îòêëèêà êà÷åñòâà 
ðûõëåíèÿ ïî÷âåííîãî ïëàñòà: 

α – óãîë àòàêè; V – ñêîðîñòü äâèæåíèÿ àãðåãàòà

     

 à á
Ðèñ. 9. Ðåçóëüòàòû îáðàáîòêè ïîëÿ: 

à – ìàêñèìàëüíûå ïàðàìåòðû äëÿ ðûõëåíèÿ ïî÷âû; 
á – îïòèìàëüíûå ïàðàìåòðû äëÿ âëàãîíàêîïëåíèÿ è ðûõëåíèÿ ïî÷âû
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