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Â ñòàòüå ïðåäëîæåíà ìåòîäèêà äëÿ îïðåäåëåíèÿ óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû è ïðåäñòàâëåíû ðåçóëüòàòû 
ïðîâåäåííûõ èññëåäîâàíèé. Îäíèì èç îñíîâíûõ ëèìèòèðóþùèõ ôàêòîðîâ ïðè îïðåäåëåíèè øèðèíû çàõâàòà 
ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ ÿâëÿåòñÿ óäåëüíîå ñîïðîòèâëåíèå ïî÷âû. Äàííûé ïîêàçàòåëü ÿâëÿåòñÿ êîëè÷å-
ñòâåííîé õàðàêòåðèñòèêîé òðóäîåìêîñòè îáðàáîòêè ïî÷âû, ïîýòîìó ïðè ïðîåêòèðîâàíèè íîâîé òåõíèêè íåîá-
õîäèìî èìåòü äîñòîâåðíûå äàííûå î åãî çíà÷åíèè. Ïðåäñòàâëåííûå â íàó÷íîé ëèòåðàòóðå ñâåäåíèÿ î âåëè÷èíå 
óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû èìåþò óñðåäíåííûé õàðàêòåð è íå ó÷èòûâàþò ïàðàìåòðîâ ïî÷âîîáðàáàòû-
âàþùèõ ðàáî÷èõ îðãàíîâ. Â ýòîé ñâÿçè îïðåäåëåíèå óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû äëÿ ðàáî÷èõ îðãàíîâ ñ 
èçâåñòíûìè ïàðàìåòðàìè ÿâëÿåòñÿ àêòóàëüíîé òåìîé íàó÷íîãî èññëåäîâàíèÿ. 
Öåëü èññëåäîâàíèé – îïðåäåëåíèå âåëè÷èíû óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû äëÿ ïî÷âîîáðàáàòûâàþùèõ ðàáî-
÷èõ îðãàíîâ ñ èçâåñòíûìè ïàðàìåòðàìè. Ìåòîäèêà èññëåäîâàíèé ñîñòîèò èç ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ 
îáùåãî òÿãîâîãî ñîïðîòèâëåíèÿ ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ è äàëüíåéøåé ìàòåìàòè÷åñêîé îáðàáîòêè ïî-
ëó÷åííûõ ýêñïåðèìåíòàëüíûõ äàííûõ íà îñíîâàíèè ðàöèîíàëüíîé ôîðìóëû Â.Ï. Ãîðÿ÷êèíà. Äëÿ ïðîâåäåíèÿ 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëà ðàçðàáîòàíà ëàáîðàòîðíàÿ óñòàíîâêà, êîíñòðóêöèÿ êîòîðîé ïîçâîëÿåò 
èñêëþ÷èòü âëèÿíèå åå ñîáñòâåííîãî âåñà íà òÿãîâîå ñîïðîòèâëåíèå, âîçíèêàþùåå ïðè òðåíèè ýëåìåíòîâ ðà-
áî÷åãî îðãàíà î ïî÷âó. Óñòàíîâëåíî, ÷òî äëÿ ðàññìàòðèâàåìûõ ïî÷â, êîòîðûå ÿâëÿþòñÿ òèïè÷íûìè äëÿ Ñå-
âåðíîãî Êàçàõñòàíà, óäåëüíîå ñîïðîòèâëåíèå ïî÷âû ñîñòàâëÿåò k = 45908 Í/ì2. Ïîëó÷åííûé êîýôôèöèåíò 
âàðèàöèè υ < 10 % ãîâîðèò î íåçíà÷èòåëüíîé èçìåí÷èâîñòè ðàññìàòðèâàåìîãî âàðèàöèîííîãî ðÿäà. Ñëåäîâà-
òåëüíî, ïîëó÷åííîå óäåëüíîå ñîïðîòèâëåíèå ïî÷âû èìååò äîñòîâåðíîå çíà÷åíèå. Ðåçóëüòàòû èññëåäîâàíèé 
áóäóò èñïîëüçîâàíû ïðè îáîñíîâàíèè øèðèíû çàõâàòà ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ ñ ðàññìàòðèâàåìûìè 
ðàáî÷èìè îðãàíàìè. 
Êëþ÷åâûå ñëîâà: øèðèíà çàõâàòà, îáùåå òÿãîâîå ñîïðîòèâëåíèå, óäåëüíîå ñîïðîòèâëåíèå ïî÷âû, ãëóáîêàÿ 
îáðàáîòêà ïî÷âû, ïëîñêîðåæóùèé ðàáî÷èé îðãàí, ëàáîðàòîðíàÿ óñòàíîâêà, Ñåâåðíûé Êàçàõñòàí, ýêñïåðèìåí-
òàëüíûå èññëåäîâàíèÿ, ðàöèîíàëüíàÿ ôîðìóëà Â.Ï. Ãîðÿ÷êèíà.

The paper proposes a method for determining specific soil resistance and presents the results of the conducted re-
search. One of the main limiting factors in determining the working width of the tillage implement is specific soil 
resistance. This indicator is a quantitative characteristic of the labor intensity of soil tillage. Therefore, when design-
ing new machinery, it is necessary to have reliable data on its value. The data presented in the scientific literature on 
the value of specific soil resistance are average and do not take into account the parameters of tillage working tools. 
Therefore, the determination of specific soil resistance for working tools with known parameters is the current topic 
of scientific research. The purpose of the research is to determine the value of specific soil resistance for working 
tools with known parameters. The research method consists of the experimental determination of the total draft 
resistance of the tillage implement and further mathematical processing of the experimental data obtained on the 
basis of the rational formula of V.P. Goryachkin. To conduct experimental research, a laboratory unit was developed, 
the design of which eliminates the impact of its weight on the draft resistance, arising from the friction between the 
parts of the working tool and soil. It was found that for the soils under consideration, which are typical for Northern 
Kazakhstan, the specific soil resistance is k = 45908 N/m2. The obtained coefficient of variation υ < 10 % indicates a 
slight change in the considered variation. Therefore, the obtained value of the specific soil resistance is reliable. The 
results obtained will be used to substantiate the working width of the tillage implement with the working tools under 
consideration.
Keywords: working width, total draft resistance, specific soil resistance, deep tillage, sweep tillage tool, laboratory 
unit, Northern Kazakhstan, experimental research, V.P. Goryachkin rational formula.
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Ââåäåíèå
Â íàñòîÿùåå âðåìÿ îáÿçàòåëüíûì ýëåìåí-

òîì ìíîãèõ òåõíîëîãèé, ïðèìåíÿåìûõ â ñåëü-
ñêîì õîçÿéñòâå, ÿâëÿåòñÿ ãëóáîêàÿ ìåõàíè÷å-
ñêàÿ îáðàáîòêà ïî÷âû. Äëÿ ðåãèîíîâ, ïî÷âû 
êîòîðûõ ïîäâåðæåíû âåòðîâîé ýðîçèè, òàêèõ 
êàê Ñåâåðíûé Êàçàõñòàí [1], – ýòî ãëóáîêàÿ 
áåçîòâàëüíàÿ îáðàáîòêà [2].

Âîñòðåáîâàííîñòü äàííîé òåõíîëîãè÷å-
ñêîé îïåðàöèè îáúÿñíÿåòñÿ íåîáõîäèìîñòüþ 
ïåðèîäè÷åñêîãî ðàçóïëîòíåíèÿ ïî÷âåííîãî 
ñëîÿ, îñîáåííî íà ïî÷âàõ ñ òÿæåëûì ìåõà-
íè÷åñêèì ñîñòàâîì è íèçêèì ñîäåðæàíèåì 
ãóìóñà, ÷òî òàêæå õàðàêòåðíî äëÿ Ñåâåðíîãî 
Êàçàõñòàíà [3]. Ñ äðóãîé ñòîðîíû èç âñåõ òåõ-
íîëîãè÷åñêèõ îïåðàöèé ãëóáîêàÿ îáðàáîòêà 
ÿâëÿåòñÿ íàèáîëåå ýíåðãîåìêîé. Òàê, â ñòðàíàõ 
ÅÀÝÑ åæåãîäíî íà ïî÷âîîáðàáîòêó ðàñõîäóåò-
ñÿ íå ìåíåå 40 % âñåõ ýíåðãåòè÷åñêèõ çàòðàò 
è íå ìåíåå 25 % òðóäîâûõ çàòðàò [4]. Ó÷èòûâàÿ 
äàííîå îáñòîÿòåëüñòâî, âûáîð òåõíè÷åñêèõ 
ñðåäñòâ äëÿ ìåõàíèçàöèè äàííîé îïåðàöèè 
äîëæåí áûòü íàó÷íî îáîñíîâàí. 

Â ñîîòâåòñòâèè ñ òåîðèåé Â.Ï. Ãîðÿ÷êèíà 
[5] îáùåå òÿãîâîå ñîïðîòèâëåíèå ïî÷âîîáðà-
áàòûâàþùåãî îðóäèÿ (Ð

òÿã
, Í) ñîñòîèò èç òðåõ 

êîìïîíåíòîâ è îïèñûâàåòñÿ ñëåäóþùåé ìàòå-
ìàòè÷åñêîé ìîäåëüþ:

P
òÿã

 = Ð
1
 + Ð

2
 + Ð

3
 = G · f + k · a · B

p
 + 

 +  · a · B
p
 · 2

pV ,  (1)

ãäå Ð
1
 – ñîïðîòèâëåíèå, âîçíèêàþùåå ïðè òðåíèè 

ïî÷âîîáðàáàòûâàþùåé ìàøèíû î ïî÷âó, Í; Ð
2
 – 

ñîïðîòèâëåíèå, âîçíèêàþùåå ïðè ðàçðóøåíèè 
ïî÷âåííîãî ñëîÿ, Í; Ð

3
 – ñîïðîòèâëåíèå, âîçíè-

êàþùåå ïðè ïåðåìåùåíèè ïî÷âåííîãî ñëîÿ, Í; 
G – îáùèé âåñ ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ, 
Í;  f – êîýôôèöèåíò òðåíèÿ ïî÷âû; k – óäåëü-
íîå ñîïðîòèâëåíèå ïî÷âû, Í/ì2; a – ãëóáèíà 
îáðàáîòêè, ì; B

p
 – øèðèíà çàõâàòà ïî÷âîîáðà-

áàòûâàþùåãî îðóäèÿ, ì;  – ïëîòíîñòü ïî÷âû, 
êã/ì3; V

p
 – ïîñòóïàòåëüíàÿ ñêîðîñòü äâèæåíèÿ 

ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ, ì/ñ.
Äîñòîâåðíîñòü äàííîé ìàòåìàòè÷åñêîé 

ìîäåëè áûëà íåîäíîêðàòíî ïîäòâåðæäåíà ðå-
çóëüòàòàìè òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé [6–9].

Ñòðóêòóðà îáùåãî òÿãîâîãî ñîïðîòèâëåíèÿ 
ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ äëÿ ãëóáîêîé 
îáðàáîòêè ïî÷âû íà îãðàíè÷åííîì àãðîòåõ-
íè÷åñêèìè òðåáîâàíèÿìè èíòåðâàëå ñêîðîñòè 
äî 10 êì/÷ [10] áóäåò èìåòü ñëåäóþùèé âèä 
(ðèñ. 1).

Ðèñ. 1. Ñòðóêòóðà îáùåãî òÿãîâîãî ñîïðîòèâëåíèÿ 
ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ

Êàê âèäíî èç ðèñ. 1, íå ìåíåå 70 % îò îáùåãî 
òÿãîâîãî ñîïðîòèâëåíèÿ ïðèõîäèòñÿ íà ñîïðî-
òèâëåíèå, âîçíèêàþùåå ïðè äåôîðìàöèè è ðàç-
ðóøåíèè ïî÷âåííîãî ñëîÿ Ð

2
. Ñîïðîòèâëåíèå 

Ð
2
 â ñîîòâåòñòâèè ñ ôîðìóëîé (2) ïðåäñòàâëÿåò 

ôóíêöèîíàëüíóþ çàâèñèìîñòü îò óäåëüíîãî ñî-
ïðîòèâëåíèÿ ïî÷âû (ïîêàçàòåëü òðóäíîñòè îá-
ðàáîòêè ïî÷âû), ãëóáèíû îáðàáîòêè è øèðèíû 
çàõâàòà:

 Ð
2
 = f (k, a, B

p
), (2)

Ñëåäîâàòåëüíî, òðè óêàçàííûõ ïàðàìåòðà 
áóäóò îêàçûâàòü íàèáîëüøåå âëèÿíèå íà çíà-
÷åíèå îáùåãî òÿãîâîãî ñîïðîòèâëåíèÿ ïî÷âî-
îáðàáàòûâàþùåãî îðóäèÿ. 

Äàííîå óòâåðæäåíèå íàõîäèò ïîäòâåðæäå-
íèå â ðàáîòàõ äðóãèõ èññëåäîâàòåëåé. Íàïðè-
ìåð, èññëåäîâàòåëÿìè èç Sari Agricultural and 
Natural Resources University [11] óñòàíîâëåíî, 
÷òî ïåðå÷èñëåííûå ïîêàçàòåëè îêàçûâàþò íàè-
áîëüøåå âëèÿíèå íà òÿãîâîå ñîïðîòèâëåíèå 
ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ. 

Óäåëüíîå ñîïðîòèâëåíèå ïî÷âû çàâèñèò 
íå òîëüêî îò åå ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ 
(âëàæíîñòü, ïëîòíîñòü, òâåðäîñòü, ìåõàíè÷åñêèé 
ñîñòàâ è äð.), ïîâëèÿòü íà êîòîðûå äîñòàòî÷íî 
ñëîæíî ëèáî íåâîçìîæíî, íî è îò ïàðàìåòðîâ 
ðàáî÷åãî îðãàíà [12]. Ãëóáèíà îáðàáîòêè, òàêæå 
êàê è ñêîðîñòü äâèæåíèÿ, èìååò î÷åíü óçêèé 
ïðåäåë âàðüèðîâàíèÿ, êîòîðûé çàâèñèò îò àãðîòåõ-
íè÷åñêèõ òðåáîâàíèé. Ãëóáîêàÿ îáðàáîòêà ïî÷âû 
äîëæíà ïðîâîäèòüñÿ íà ãëóáèíó, ïðåâûøàþùóþ 
ãëóáèíó çàëåãàíèÿ ïëóæíîé ïîäîøâû íå ìåíåå 
÷åì íà 5 ñì. Â óñëîâèÿõ Ñåâåðíîãî Êàçàõñòàíà 
íàèáîëüøèé ýôôåêò îò ãëóáîêîé îáðàáîòêè ïî÷âû 
äîñòèãàåòñÿ ïðè ãëóáèíå a = 0,25–0,27 ì [13]. 
Øèðèíà çàõâàòà â ýòîì ñëó÷àå îñòàåòñÿ èìåííî 
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òåì ïàðàìåòðîì, êîòîðûì ìîæíî ðåãóëèðîâàòü 
âåëè÷èíó òÿãîâîãî ñîïðîòèâëåíèÿ ïî÷âîîáðàáà-
òûâàþùåãî îðóäèÿ â çàâèñèìîñòè îò òÿãîâûõ âîç-
ìîæíîñòåé ýíåðãåòè÷åñêîãî ñðåäñòâà. Ñ äðóãîé 
ñòîðîíû, ÷ðåçìåðíîå óìåíüøåíèå øèðèíû çà-
õâàòà ïî÷âîîáðàáàòûâàþùåãî îðó äèÿ íåãàòèâíî 
ñêàæåòñÿ íà åãî ïðîèçâîäèòåëüíîñòè, óäåëüíûõ 
ýíåðãåòè÷åñêèõ çàòðàòàõ è, êàê ñëåäñòâèå, ýêî-
íîìè÷åñêîé ýôôåêòèâíîñòè, ïîñêîëüêó ìåæäó 
ýòèìè ïàðàìåòðàìè èìååòñÿ ïðÿìàÿ çàâèñèìîñòü.

Ñëåäîâàòåëüíî, ïðè îïðåäåëåíèè øèðèíû 
çàõâàòà ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ íåîá-
õîäèìî èìåòü äîñòîâåðíûå äàííûå î âåëè÷èíå 
óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû, ÷òîáû îáå-
ñïå÷èòü ìàêñèìàëüíûé ýêîíîìè÷åñêèé ýôôåêò 
â èìåþùèõñÿ óñëîâèÿõ.

Â íàó÷íîé ëèòåðàòóðå, íàïðèìåð â ðàáî-
òàõ [5, 12], ïðåäñòàâëåíû äàííûå î âåëè÷èíå 
óêàçàííîãî ïîêàçàòåëÿ äëÿ ðàçëè÷íûõ òèïîâ 
ïî÷â. Îäíàêî îíè èìååò óñðåäíåííûé õàðàêòåð 
è íå ó÷èòûâàþò ïàðàìåòðîâ ïî÷âîîáðàáàòûâà-
þùèõ ðàáî÷èõ îðãàíîâ (óãëû óñòàíîâêè äîëîòà 
è ëåìåõîâ, óãîë ðàñòâîðà). Ïîñëåäíèå, â ñâîþ 
î÷åðåäü, îêàçûâàþò âëèÿíèå íà âåëè÷èíó óäåëü-
íîãî ñîïðîòèâëåíèÿ. Ïîýòîìó îïðåäåëåíèå 
óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû äëÿ ðàáî÷èõ 
îðãàíîâ ñ èçâåñòíûìè ïàðàìåòðàìè ÿâëÿåòñÿ 
àêòóàëüíîé çàäà÷åé, èìåþùåé íàó÷íóþ è ïðàê-
òè÷åñêóþ çíà÷èìîñòü.

Öåëü èññëåäîâàíèé
Îïðåäåëåíèå âåëè÷èíû óäåëüíîãî ñîïðî-

òèâëåíèÿ ïî÷âû äëÿ ïî÷âîîáðàáàòûâàþùèõ ðà-
áî÷èõ îðãàíîâ ñ èçâåñòíûìè ïàðàìåòðàìè.

Ìàòåðèàëû è ìåòîäû
Ìåòîäèêà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé
Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâî-

äèëèñü â îñåííèé ïåðèîä íà ñòåðíåâîì ïîëå, 
ãäå â òå÷åíèå 8 ëåò íå îñóùåñòâëÿëàñü ãëóáî-

êàÿ ìåõàíè÷åñêàÿ îáðàáîòêà. Ïåðåä ïðîâåäå-
íèåì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëè 
îïðåäåëåíû ôèçèêî-ìåõàíè÷åñêèå ïîêàçàòå-
ëè ïî÷âû: âëàæíîñòü, ïëîòíîñòü è òâåðäîñòü. 
Ìåòîäèêà îïðåäåëåíèÿ ïåðå÷èñëåííûõ ïî-
êàçàòåëåé ñîîòâåòñòâîâàëà ÃÎÑÒ 20915-2011. 
Ïðè ïðîâåäåíèè ýêñïåðèìåíòàëüíûõ èññëåäî-
âàíèé èñïîëüçîâàëàñü ëàáîðàòîðíàÿ óñòàíîâêà 
(ðèñ. 2) è âàðèàíòû ïëîñêîðåæóùèõ ðàáî÷èõ 
îðãàíîâ ñ øèðèíîé çàõâàòà 0,6–1,0 ì, óãëû 
óñòàíîâêè äîëîòà è ëåìåõîâ êî äíó áîðîçäû  
ñîñòàâëÿëè 27–31 ãðàäóñ (ðèñ. 3). Ïàðàìåòðû 
ïëîñêîðåæóùèõ ðàáî÷èõ îðãàíîâ áûëè îïðå-
äåëåíû â ðåçóëüòàòå ïðîâåäåííûõ ðàíåå òåî-
ðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé [14]. Íà ðàáî÷èå îðãàíû áûëè óñòàíîâëåíû 
íîâûå ëåçâèÿ ñ òîëùèíîé ðåæóùåé êðîìêè 
2,0–2,5 ìì. Çàòûëî÷íûå ôàñêè íà ëåçâèÿõ îò-
ñóòñòâóþò.

Ëàáîðàòîðíàÿ óñòàíîâêà â ðàáî÷åì ïî-
ëîæåíèè ïîìèìî ïðèöåïíîãî óñòðîéñòâà 
èìååò 4 òî÷êè îïîðû (ìåòàëëè÷åñêèå îïîð-
íûå êîëåñà), ðàñïîëîæåííûå íà êàæäîì óãëó 
ðàìû. Òàêàÿ êîíñòðóêòèâíàÿ ñõåìà ïîçâîëèëà 
èñêëþ÷èòü âëèÿíèå âåñà ëàáîðàòîðíîé óñòà-
íîâêè íà òÿãîâîå ñîïðîòèâëåíèå, âîçíèêàþùåå 
ïðè òðåíèè ýëåìåíòîâ ðàáî÷åãî îðãàíà î ïî÷âó. 
Â ýòîì ñëó÷àå ñîïðîòèâëåíèå P

1
 ìîæíî ïðåä-

ñòàâèòü â ñëåäóþùåì âèäå:

 P
1
 = G · f = G

o
 · f

ê
 + G

p.o
 · f

c
, (3)

ãäå G
o
 – âåñ ëàáîðàòîðíîé óñòàíîâêè, áåç ðà-

áî÷åãî îðãàíà, Í; f
ê
 – êîýôôèöèåíò òðåíèÿ 

êà÷åíèÿ ñòàëüíûõ êîëåñ ïî ïî÷âå; G
p.o

 – âåñ 
ðàáî÷åãî îðãàíà, Í; f

c
 – êîýôôèöèåíò òðåíèÿ 

ñêîëüæåíèÿ ïî÷âû ïî ñòàëè.
Âåñ ëàáîðàòîðíîé óñòàíîâêè áåç ðàáî÷åãî 

îðãàíà ñîñòàâëÿë G
o
 = 1900 Í, âåñ îäíîãî ðàáî-

÷åãî îðãàíà – G
p.o

 = 650 Í; êîýôôèöèåíò òðåíèÿ 
êà÷åíèÿ f

ê
 = 0,2, êîýôôèöèåíò òðåíèÿ ñêîëüæå-

     
 à á

Ðèñ. 2. Ëàáîðàòîðíàÿ óñòàíîâêà äëÿ ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ 
óäåëüíîãî òÿãîâîãî ñîïðîòèâëåíèÿ ïî÷âû: 

à) îáùèé âèä; á) âèä â ðàáîòå
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íèÿ f
c
 = 0,3. Êîýôôèöèåíò òðåíèÿ ñêîëüæåíèÿ 

ïî÷âû ïî ñòàëè îïðåäåëåí â ñîîòâåòñòâèè ñ ìå-
òîäèêîé, èçëîæåííîé â ðàáîòå [15].

Ïëîñêîðåæóùèå ðàáî÷èå îðãàíû ïîî÷åðåä-
íî óñòàíàâëèâàëèñü íà ëàáîðàòîðíóþ óñòàíîâ-
êó è ïðîòÿãèâàëèñü â ïî÷âå íà ãëóáèíå 0,27 ì 
íà íåñêîëüêèõ ñêîðîñòíûõ ðåæèìàõ. Ïðè ýòîì 
ôèêñèðîâàëîñü îáùåå òÿãîâîå ñîïðîòèâëåíèå 
(P

òÿã
, Í), ñîçäàâàåìîå ëàáîðàòîðíîé óñòàíîâêîé 

ñ ïîìîùüþ òåíçîìåòðè÷åñêîãî îáîðóäîâàíèÿ, 
êîòîðîå âêëþ÷àëî äàò÷èê ñèëû ðàñòÿæåíèÿ 
(òåíçîìåòðè÷åñêîå çâåíî) ñ äèàïàçîíîì èçìå-
ðåíèÿ äî 3 ò, ïëèòó äëÿ óñòàíîâêè òåíçîìåòðè-
÷åñêîãî çâåíà (ïðîèçâîäèòåëü ÊÔ «ÍÏÖ àãðî-
èíæåíåðèè», Êàçàõñòàí) òåíçîìåòðè÷åñêîé 
ñòàíöèè ZET017-T8 (ïðîèçâîäèòåëü ZETLAB, 
Ðîññèÿ), ïåðåíîñíîé ïåðñîíàëüíûé êîìïüþ-
òåð Acer Aspire E 15 (ïðîèçâîäèòåëü Acer, 
Êèòàé), ïðåîáðàçîâàòåëü íàïðÿæåíèÿ ñ 12–220 
Â Robiton R300 (ïðîèçâîäèòåëü Robiton, Êèòàé) 
è ñîåäèíèòåëüíûõ ïðîâîäîâ (ðèñ. 4 è 5). 

Ïåðåä ïðîâåäåíèåì èñïûòàíèé ïðîâîäèëîñü 
òàðèðîâàíèå òåíçîìåòðè÷åñêîãî îáîðóäîâàíèÿ 
íà ñïåöèàëüíîì ñòåíäå ìåòîäîì ñòóïåí÷àòîãî 
íàãðóæåíèÿ îò 0 äî 30 êÍ è îáðàòíî, ñ øàãîì 

 à á â ã

Ðèñ. 3. Âàðèàíòû ïëîñêîðåæóùèõ ðàáî÷èõ îðãàíîâ: 
à) 0,6 ì; á) 0,8 ì; â) 0,9 ì; ã) 1,0 ì

Ðèñ. 4. Îáùèé âèä òåíçîìåòðè÷åñêîãî îáîðóäîâàíèÿ: 
1 – òåíçîìåòðè÷åñêîå çâåíî; 2 – òåíçîìåòðè÷åñêàÿ 
ñòàíöèÿ; 3 – ïåðåíîñíîé ÏÊ; 4 – ïðåîáðàçîâàòåëü 

íàïðÿæåíèÿ 12–220 Â

     

 à á

Ðèñ. 5. Êîìïîíåíòû òåíçîìåòðè÷åñêîãî îáîðóäîâàíèÿ, óñòàíîâëåííûå íà íàâåñíóþ ñèñòåìó òðàêòîðà: 
à) îáùèé âèä; á) âçàèìíîå ðàñïîëîæåíèå êîìïîíåíòîâ òåíçîìåòðè÷åñêîãî îáîðóäîâàíèÿ, íàâåñíîé 
ñèñòåìû òðàêòîðà è ëàáîðàòîðíîé óñòàíîâêè; 1 – òåíçîìåòðè÷åñêîå çâåíî; 2 – ïëèòà äëÿ óñòàíîâêè 

òåíçîìåòðè÷åñêîãî çâåíà; 3 – íàâåñíàÿ ñèñòåìà òðàêòîðà; 4 – ëàáîðàòîðíàÿ óñòàíîâêà

2 êÍ, ÷åðåç äèíàìîìåòð ðàñòÿæåíèÿ ïðóæèí-
íîãî òèïà îáùåãî íàçíà÷åíèÿ ÄÏÓ-50 âòîðîãî 
êëàññà òî÷íîñòè (ïîâåðêà ïðîâåäåíà â ñîîò-
âåòñòâèè ñ ÃÎÑÒ 13782-68). Â ïðîöåññå òàðè-
ðîâî÷íûõ èñïûòàíèé ôèêñèðîâàëèñü çíà÷åíèÿ 
íàãðóçêè íà äèíàìîìåòðå è ñîîòâåòñòâóþùèå 
åé ïîêàçàíèÿ òåçîçâåíà, îáðàáîòàííûå òåíçî-
ìåòðè÷åñêîé ñòàíöèåé ZET017-T8 è âûâåäåí-
íûå íà ìîíèòîð ïåðåíîñíîãî ÏÊ. Ïîâòîðíîñòü 
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îïûòà ÷åòûðåõêðàòíàÿ. Ïðîâåäåííûå òàðèðî-
âî÷íûå èñïûòàíèÿ ïîêàçàëè, ÷òî íà âñåõ ñòóïå-
íÿõ èçìåíåíèÿ íàãðóçêè ïîãðåøíîñòü èçìåðå-
íèé íàõîäèëàñü â ïðåäåëàõ 0,39–1,96 %.

Ïîâòîðíîñòü îïûòà ïðè ïðîâåäåíèè ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé òðåõêðàòíàÿ. 
Ìåòîäèêà îïðåäåëåíèÿ ãëóáèíû îáðàáîòêè – 
â ñîîòâåòñòâèè ñ ÃÎÑÒ 33736-2016. Ìåòîäè-
êà îïðåäåëåíèÿ ñêîðîñòè äâèæåíèÿ è îáùåãî 
òÿãîâîãî ñîïðîòèâëåíèÿ – â ñîîòâåòñòâèè 
ñ ÃÎÑÒ Ð 52777-2007. 

Ìåòîäèêà ìàòåìàòè÷åñêîé îáðàáîòêè 
ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé
Íà îñíîâàíèè ïîëó÷åííûõ ïåðâè÷íûõ 

äàííûõ ïðîâîäèëñÿ ðàñ÷åò óäåëüíîãî ñîïðî-
òèâëåíèÿ ïî÷âû äëÿ êàæäîãî âàðèàíòà. Â ñîîò-
âåòñòâèè ñ ôîðìóëàìè (1) è (4) âûðàçèì çíà÷å-
íèå k (Í/ì2) ÷åðåç P

òÿã
 (Í):

 

2

 .p p

p

P G f G f a B V
k

a B
        




òÿã î ê ð.î ñ
 (4)

Â êà÷åñòâå óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû 
áûëî ïðèíÿòî ñðåäíåàðèôìåòè÷åñêîå çíà÷åíèå 
âñåõ âàðèàíòîâ îïûòà.

Äëÿ îöåíêè îäíîðîäíîñòè è óñòîé÷èâîñòè 
ïîëó÷åííîé ñîâîêóïíîñòè çíà÷åíèé óäåëüíî-
ãî ñîïðîòèâëåíèÿ ïî÷âû èñïîëüçîâàëñÿ êîýô-
ôèöèåíò âàðèàöèè, . Ìåòîäèêà îïðåäåëåíèÿ 
â ñîîòâåòñòâèè ñ ïîëîæåíèÿìè ñòàòèñòè÷å-
ñêîãî àíàëèçà äàííûõ, èçëîæåííÿ â ðàáîòå 
À.Þ. Êîçëîâà [16]. 

Ðåçóëüòàòû è îáñóæäåíèå 
Ïåðåä ïðîâåäåíèåì ýêñïåðèìåíòàëüíûõ èñ-

ñëåäîâàíèé áûëè îïðåäåëåíû ôèçèêî-ìåõàíè-
÷åñêèå ïîêàçàòåëè ïî÷âû (òàáë. 1).

Â ñîîòâåòñòâèè ñ ìåòîäèêîé áûëè ïðîâåäå-
íû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ è îïðå-

äåëåíû âåëè÷èíà óäåëüíîãî ñîïðîòèâëåíèÿ 
ïî÷âû äëÿ êàæäîãî âàðèàíòà îïûòà â ñîîòâåò-
ñòâèè ñ ôîðìóëîé (4), à òàêæå êîýôôèöèåíò âà-
ðèàöèè, íåîáõîäèìûé äëÿ îöåíêè îäíîðîäíî-
ñòè è óñòîé÷èâîñòè ïîëó÷åííîé ñîâîêóïíîñòè 
(òàáë. 2). 

Ïî÷âåííûå óñëîâèÿ, ïðåäñòàâëåííûå â òàáë. 1, 
ÿâëÿþòñÿ òèïè÷íûìè äëÿ ïîëåé Ñåâåðíîãî Êà-
çàõñòàíà â îñåííèé ïåðèîä, íà êîòîðûõ ïðèìå-
íÿëèñü ýëåìåíòû ìèíèìàëüíîé è íóëåâîé òåõ-
íîëîãèé âîçäåëûâàíèÿ çåðíîâûõ êóëüòóð. 

Óñòàíîâëåíî, ÷òî äëÿ ðàññìàòðèâàåìûõ 
ïî÷â óäåëüíîå òÿãîâîå ñîïðîòèâëåíèå ïî÷âû 
ñîñòàâëÿåò k = 45908 Í/ì2. Ïîëó÷åííûé êîýô-
ôèöèåíò âàðèàöèè  < 10 %, ÷òî ãîâîðèò î íå-
çíà÷èòåëüíîé èçìåí÷èâîñòè ðàññìàòðèâàåìîãî 
âàðèàöèîííîãî ðÿäà. Ñëåäîâàòåëüíî, ïîëó÷åí-
íîå óäåëüíîå ñîïðîòèâëåíèå ïî÷âû èìååò äî-
ñòîâåðíîå çíà÷åíèå.

Ïðîâåäåííûå èññëåäîâàíèÿ èìåþò ñëåäóþ-
ùèé ïðàêòè÷åñêèé ðåçóëüòàò:

– ïîëó÷åííîå çíà÷åíèå óäåëüíîãî ñîïðî-
òèâëåíèÿ ïî÷âû k (Í/ì2) áóäåò èñïîëüçîâàòü-
ñÿ ïðè îïðåäåëåíèè øèðèíû çàõâàòà îïûòíî-
ãî îáðàçöà îðóäèÿ äëÿ ãëóáîêîé áåçîòâàëüíîé 
îáðàáîòêè ïî÷âû â óñëîâèÿõ ñåâåðíîãî Êàçàõ-
ñòàíà;

– ïðåäëîæåííàÿ ìåòîäèêà ìîæåò èñïîëüçî-
âàòüñÿ äëÿ îïðåäåëåíèÿ ëèáî óòî÷íåíèÿ óäåëü-
íîãî ñîïðîòèâëåíèÿ ïî÷âû äëÿ êîíêðåòíûõ 
òèïîâ ðàáî÷èõ îðãàíîâ.

Çàêëþ÷åíèå
Áûëà ðàçðàáîòàíà ìåòîäèêà îïðåäåëåíèÿ 

óäåëüíîãî ñîïðîòèâëåíèÿ ïî÷âû, ñîñòîÿùàÿ 
èç ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ îáùåãî 
òÿãîâîãî ñîïðîòèâëåíèÿ ïî÷âîîáðàáàòûâàþ-
ùåãî ðàáî÷åãî îðãàíà è äàëüíåéøåé ìàòåìà-
òè÷åñêîé îáðàáîòêè, ïîëó÷åííûõ ýêñïåðè-
ìåíòàëüíûõ çíà÷åíèé ñ ó÷åòîì ðàöèîíàëüíîé 
ôîðìóëû Â.Ï. Ãîðÿ÷êèíà. Äëÿ ïðîâåäåíèÿ 

Òàáëèöà 1 
Âëàæíîñòü, òâåðäîñòü è ïëîòíîñòü ïî÷âåííûõ ñëîåâ 

 Ïî÷âåííûå ñëîè, ñì
Îïðåäåëÿåìûå ïîêàçàòåëè:

âëàæíîñòü, % òâåðäîñòü, ÌÏà ïëîòíîñòü, ã/ñì3

0–5 14,1 1,1 1,1
5–10 14,5 3,0 1,2

10–15 16,6 4,7 1,3
15–20 20,4 5,5 1,3
20–25 18,9 6,1 1,4
25–30 17,6 7,1 1,4
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ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëà ðàçðà-
áîòàíà ëàáîðàòîðíàÿ óñòàíîâêà, ïîçâîëÿþùàÿ 
èñêëþ÷èòü âëèÿíèå ñîáñòâåííîãî âåñà íà òÿãî-
âîå ñîïðîòèâëåíèå, âîçíèêàþùåå ïðè òðåíèè 
ýëåìåíòîâ ðàáî÷åãî îðãàíà î ïî÷âó.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé 
îïðåäåëåíà âåëè÷èíà óäåëüíîãî ñîïðîòèâ-
ëåíèÿ òèïè÷íîé äëÿ Ñåâåðíîãî Êàçàõñòàíà 
ïî÷âû, êîòîðàÿ ñîñòàâèëà k = 45908 Í/ì2.

Óñòàíîâëåíî, ÷òî ñ óâåëè÷åíèåì øèðèíû 
çàõâàòà è ñêîðîñòè äâèæåíèÿ ðàáî÷åãî îðãàíà 
âåëè÷èíà óäåëüíîãî ñîïðîòèâëåíèÿ èçìåíÿåò-
ñÿ íåçíà÷èòåëüíî. Îòêëîíåíèå îò ñðåäíåãî çíà-
÷åíèÿ ñîñòàâèëî íå áîëåå 10 %.

Ïîëó÷åííàÿ ñîâîêóïíîñòü çíà÷åíèé óäåëü-
íîãî ñîïðîòèâëåíèÿ ïî÷âû ÿâëÿåòñÿ îäíî-
ðîäíîé è óñòîé÷èâîé. Êîýôôèöèåíò âàðèàöèè 
ðàâåí  = 7,53 %.

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñ-
ïîëüçîâàíû ïðè îáîñíîâàíèè øèðèíû çàõâàòà 
ïî÷âîîáðàáàòûâàþùåãî îðóäèÿ ñ ðàññìàòðèâà-
åìûìè ðàáî÷èìè îðãàíàìè. 
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Òàáëèöà 2

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé è èõ ìàòåìàòè÷åñêîé îáðàáîòêè

№ ï/ï B
p
, ì V

p
, ì/ñ a, ì P

òÿã
, Í k, Í/ì2

1 2 3 4 5 6
1 0,6 1,9 0,27 9280 48681
2 0,6 2,2 0,27 9810 50230
3 0,6 2,5 0,27 9830 48380
4 0,6 2,8 0,27 10350 49364
5 0,7 1,9 0,27 11290 51639
6 0,7 2,2 0,27 11490 50975
7 0,7 2,5 0,27 11530 49213
8 0,7 2,8 0,27 12000 49474
9 0,8 1,9 0,27 11590 45941

10 0,8 2,2 0,27 11750 44960
11 0,8 2,5 0,27 12010 44190
12 0,8 2,8 0,27 12200 42843
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Ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå, , Í/ì2 3455

Êîýôôèöèåíò âàðèàöèè, , % 7,53
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