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Â íàñòîÿùåå âðåìÿ ìîáèëüíûå ýíåðãåòè÷åñêèå ñðåäñòâà, îáîðóäîâàííûå øèíàìè ñâåðõíèçêîãî äàâëåíèÿ, ïî-
ëó÷àþò øèðîêîå ïðèìåíåíèå â ñåëüñêîì õîçÿéñòâå ïðè ïðîâåäåíèè ïîëåâûõ ðàáîò â ðàííèé âåñåííèé ïåðèîä. 
Äëÿ äàííûõ ýíåðãîñðåäñòâ ðàçðàáîòàíû ïðèíöèïèàëüíî íîâûå øèðîêîïðîôèëüíûå øèíû ñ ìàëîé ãðóçîïîäú-
åìíîñòüþ, îòëè÷àþùèåñÿ ñâåðõíèçêîì âíóòðèøèííûì äàâëåíèåì (10–80 êÏà), óâåëè÷åííîé øèðèíîé ïðî-
ôèëÿ, ìàëîé ñëîéíîñòüþ (2–4), âûñîêîé ýëàñòè÷íîñòüþ è ïî÷âîùàäÿùåì ïðîòåêòîðîì, ÷òî â ñîâîêóïíîñòè 
îáåñïå÷èâàåò íåîáõîäèìûå òÿãîâî-ñöåïíûå êà÷åñòâà. Áëàãîäàðÿ âûñîêîé ýëàñòè÷íîñòè òàêèõ øèí è îòíîñè-
òåëüíîìó ðàäèàëüíîìó ïðîãèáó (äî 25 %) óâåëè÷èâàåòñÿ ïëîùàäü êîíòàêòà øèíû ñ ïî÷âîé è ñíèæàþòñÿ óäåëü-
íûå äàâëåíèÿ. Óñòàíîâëåíî, ÷òî â ñèëó ñòîèìîñòíûõ ïîêàçàòåëåé, øèðîêîãî ìîäåëüíîãî ðÿäà øèí ñâåðõíèç-
êîãî äàâëåíèÿ, à òàêæå ñïåöèôè÷åñêèõ îñîáåííîñòåé èñïûòàíèé íà äàííûé ìîìåíò îíè íåäîñòàòî÷íî èçó÷åíû. 
Â ñâÿçè ñ ýòèì áûëè ïðîâåäåíû ñòåíäîâûå èñïûòàíèÿ è îïðåäåëåíû áàçîâûå è òÿãîâûå õàðàêòåðèñòèêè øèíû 
ñâåðõíèçêîãî äàâëåíèÿ ðàçìåðíîñòüþ 1020420-18 ìîäåëè Áåë-79. Âûâåäåíî óðàâíåíèÿ çàâèñèìîñòè ïîêàçàòå-
ëåé øèí îò ðàçíûõ ôàêòîðîâ. Óñòàíîâëåíî, ÷òî ïðè äâèæåíèè ïî áåòîííîìó îïîðíîìó îñíîâàíèþ òÿãîâî-ñöåï-
íûå ïîêàçàòåëè øèíû óëó÷øàþòñÿ ïðè óâåëè÷åíèè âíóòðåííåãî äàâëåíèÿ âîçäóõà â øèíå è íàãðóçêè íà êîëåñî, 
ïðè äâèæåíèè ïî ïîëþ, ïîäãîòîâëåííîìó ïîä ïîñåâ, óëó÷øåíèå îïîðíî-ñöåïíûõ ïîêàçàòåëåé íàáëþäàåòñÿ ïðè 
ñíèæåíèè âíóòðåííåãî äàâëåíèÿ âîçäóõà â øèíå è íàãðóçêè íà êîëåñî. Ñäåëàí âûâîä î òîì, ÷òî ðåçóëüòàòû 
èñïûòàíèé ìîæíî èñïîëüçîâàòü êàê äîñòîâåðíûå èñõîäíûå äàííûå äëÿ ðàçðàáîòêè ìàòåìàòè÷åñêèõ ìîäåëåé 
äâèæåíèÿ ðàçëè÷íûõ ìîáèëüíûõ ýíåðãåòè÷åñêèõ ñðåäñòâ, îáîðóäîâàííûõ øèíàìè ñâåðõíèçêîãî äàâëåíèÿ. 
Êëþ÷åâûå ñëîâà: øèíà ñâåðõíèçêîãî äàâëåíèÿ, ìîáèëüíîå ýíåðãåòè÷åñêîå ñðåäñòâî, òÿãîâî-ñöåïíûå êà÷å-
ñòâà, ÊÏÄ øèíû, áóêñîâàíèå.
Äëÿ öèòèðîâàíèÿ: Ãîí÷àðåíêî Ñ.Â., Ãîäæàåâ Ç.À., Àðòåìîâ À.Â., Ïðÿäêèí Â.È., Ãîäæàåâ Ò.À. Ýêñïåðèìåí-
òàëüíàÿ îöåíêà òÿãîâî-ñöåïíûõ êà÷åñòâ øèíû ñâåðõíèçêîãî äàâëåíèÿ // Òðàêòîðû è ñåëüõîçìàøèíû. 2020. № 6. 
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Currently, mobile power tools equipped with ultra-low pressure tires are widely used in agriculture when conducting 
field work in the early spring. For these power tools, fundamentally new wide-profile tires with low load capacity 
have been developed, featuring ultra-low intra-tire pressure (10–80 kPa), increased profile width, low ply (2–4), high 
elasticity and soil-covering tread, which in turn provides the necessary traction qualities. Due to the high elasticity 
of these tires and the relative radial deflection (up to 25 %), the contact area of the tire with the soil increases and 
the specific pressure decreases. It was determined that due to the cost parameters, a wide range of ultra-low pres-
sure tires, as well as specific features of the tests, they remain insufficiently studied at the moment. In this regard, 
we conducted bench tests and determined the basic and traction characteristics of the ultra-low pressure tire with a 
dimension of 1020420-18 model Bel-79. We derived equations for the dependence of tire performance on various 
factors. Found that when driving on a concrete supporting base traction properties of the tire are improved with the 
increase of the internal pressure of the tire and the load on the wheel when driving on the field, prepared for sowing 
Lucchini support-coupling indicators is observed with a decrease of the internal pressure of the tire and load wheel. It 
was noted that the results of the tests can be used as reliable initial data for the development of mathematical models 
of the movement of various mobile power vehicles equipped with ultra-low pressure tires.
Keywords: ultra-low pressure tire, mobile power vehicle, traction qualities, tire efficiency, skidding.
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Ââåäåíèå
Îäíèì èç îñíîâíûõ íàïðàâëåíèé ñîâåðøåí-

ñòâîâàíèÿ êîíñòðóêöèé ìîáèëüíûõ ýíåðãåòè÷å-
ñêèõ ñðåäñòâ (ÌÝÑ) ñåëüñêîõîçÿéñòâåííîãî íà-
çíà÷åíèÿ ÿâëÿåòñÿ ïîâûøåíèå èõ ýêîëîãè÷åñêîé 
ñîâìåñòèìîñòè ñ ïî÷âîé. Îäíèì èç îñíîâíûõ 
íàïðàâëåíèåì ñíèæåíèÿ âðåäíîãî âîçäåéñòâèÿ 
ÌÝÑ íà ïî÷âó ÿâëÿåòñÿ ïðèìåíåíèå ïðèíöèïè-
àëüíî íîâûõ òèïîâ ïíåâìîêîëåñíûõ äâèæèòå-
ëåé ñ íèçêèì âíóòðèøèííûì äàâëåíèåì [1–4]. 

Â íàñòîÿùåå âðåìÿ âåäóùèìè ïðîèçâîäèòå-
ëÿìè øèðîêîïðîôèëüíûõ øèí íèçêîãî è ñâåðõ-
íèçêîãî äàâëåíèÿ äëÿ è ñåëüñêîõîçÿéñòâåííûõ 
ìàøèí ÿâëÿþòñÿ êîìïàíèè Trelleborg, Michelin, 
Continental, Alliance è äð. Íà ðîññèéñêîì 
ðûíêå øèíû íèçêîãî è ñâåðõíèçêîãî äàâëå-
íèÿ ïðåäñòàâëåíû êîïàíèÿìè «Àðêòèêòðàíñ», 
AVTOROS, «ÂÎËÒÀÉÐ», «ÒÐÅÊÎË» è äð.

Îòëè÷èòåëüíîé îñîáåííîñòüþ øèí äàííîãî 
êëàññà ïî ñðàâíåíèþ ñ îáû÷íûìè øèíàìè ÿâ-
ëÿþòñÿ óâåëè÷åííûå ãàáàðèòû ïî øèðèíå è îò-
íîñèòåëüíûé ðàäèàëüíûé ïðîãèá. Ýòè òåõíè-
÷åñêèå ðåøåíèÿ ïîçâîëÿþò ïîâûñèòü âåëè÷èíó 
ïëîùàäè êîíòàêòà øèíû ñ îïîðíîé ïîâåðõíî-
ñòüþ è, ñëåäîâàòåëüíî, ïîâûñèòü òÿãîâî-ñöåï-
íûå êà÷åñòâà ÌÝÑ [5–8]. 

Èçó÷åíèå îñîáåííîñòåé âçàèìîäåéñòâèÿ 
ïíåâìîêîëåñíîãî äâèæèòåëÿ ñ ïî÷âîé íåâîç-
ìîæíî áåç ïðîâåäåíèÿ èññëåäîâàíèé ñ èñïîëü-
çîâàíèåì ñòåíäîâîãî îáîðóäîâàíèÿ. Îäíàêî 
â ñèëó ñòîèìîñòíûõ ïîêàçàòåëåé, øèðîêîãî 
ìîäåëüíîãî ðÿäà øèí ñâåðíèçêîãî äàâëåíèÿ, à 
òàêæå ñïåöè ôè÷åñêèõ îñîáåííîñòåé èñïûòàíèé 
íà äàííûé ìîìåíò îíè íåäîñòàòî÷íî èçó÷åíû.

Êîìïàíèåé ÎÎÎ «Ëîãóñ-àãðî» ñîâìåñòíî 
ñ êàôåäðîé àâòîìîáèëåé è ñåðâèñà Âîðîíåæ-
ñêîãî ãîñóäàðñòâåííîãî ëåñîòåõíè÷åñîêîãî 

óíèâåðñèòåòà èì. Ã.Ô. Ìîðîçîâà áûëî ðàçðà-
áîòàíî ìîáèëüíîå ýíåðãåòè÷åñêîå ñðåäñòâî 
ÌÝÑ-600, îáîðóäîâàííîå øèíàìè ñâåðõíèçêî-
ãî äàâëåíèÿ 1020420-18 (ðèñ. 1). 

Äàííîå ýíåðãåòè÷åñêîå ñðåäñòâî ñïðîåêòè-
ðîâàíî ïî ïðèíöèïó ìîäóëüíîñòè êîíñòðóêöèè, 
÷òî ïîçâîëÿåò ïðè ñìåíå òåõíîëîãè÷åñêèõ íàä-
ñòðîåê ïðèìåíÿòü åãî äëÿ ðàçëè÷íûõ òåõíîëî-
ãè÷åñêèõ îïåðàöèé: õèìè÷åñêîé îáðàáîòêè ñ-õ 
êóëüòóð, êóñòàðíèêîâ, äåðåâüåâ; âíåñåíèÿ òâåð-
äûõ ãðàíóëèðîâàííûõ è æèäêèõ óäîáðåíèé, 
à òàêæå îáîðóäîâàòü óñòàíîâêîé äëÿ êîìïëåêñ-
íîãî ìîíèòîðèíãà ïî÷â ïðè ñîñòàâëåíèè ýëåê-
òðîííûõ êàðò ïîëÿ è äð. [3, 9, 10].

Äëÿ âîçìîæíîñòè ýêñïëóàòàöèè äàííîé ÌÝÑ 
â ðàçëè÷íûõ óñëîâèÿõ, â òîì ÷èñëå ïî ñíåãó 
è ïî÷âàì ñî ñëàáîé íåñóùåé ñïîñîáíîñòüþ, 
à òàêæå ñíèæåíèÿ âðåäíîãî âîçäåéñòâèÿ øèí 
íà ïî÷âó, îíî îáîðóäîâàíî øèíàìè ñâåðõíèçêî-
ãî äàâëåíèÿ ðàçìåðíîñòüþ 1020420-18, òåõíè-
÷åñêàÿ õàðàêòåðèñòèêà ïðåäñòàâëåíà â òàáë. 1. 

Òàáëèöà 1

Îñíîâíûå õàðàêòåðèñòèêè øèíû ñâåðõíèçêîãî äàâëåíèÿ 1020420-18 ìîä. Áåë-79

Table 1. Main characteristics of ultra-low pressure tire 1020420-18 of Bel-79 model

 Íàèìåíîâàíèå
 ïîêàçàòåëÿ Çíà÷åíèå ïîêàçàòåëÿ

Îáîçíà÷åíèå øèíû 16,5–18

Òèï ðèñóíêà ïðîòåêòîðà Ïîâûøåííîé ïðîõîäèìîñòè, ïîïåðå÷íîå ðàñïîëîæåíèå 
ãðóíîçàöåïîâ òèïà «øàøêà»

Îáîçíà÷åíèå ïðîôèëÿ îáîäà 330–462
Èíäåêñ íàãðóçêè, 
íîðìà ñëîéíîñòè

84
4 ñëîÿ

Íàðóæíûé äèàìåòð, ìì 1085±1,5 %
Øèðèíà ïðîôèëÿ (íå áîëåå), ìì 440
Ñòàòè÷åñêèé ðàäèóñ, ìì 505±6
Èñïîëíåíèå Êàìåðíîå
Ìàññà øèíû (íå áîëåå), êã 40

Ðèñ. 1. Ìîáèëüíîå ýíåðãåòè÷åñêîå ñðåäñòâî 
ÌÝÑ-600, îáîðóäîâàííîå øèíàìè ñâåðõíèçêîãî 

äàâëåíèÿ 1020420-18 ìîä. Áåë-79

Fig. 1. Mobile power vehicle MES-600 equipped 
with ultra-low pressure tires 1020420-18 

of Bel-79 model
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Ââèäó òîãî, ÷òî èñïîëüçîâàíèå äàííîãî 
ýíåðãîñðåäñòâà ïðåäïîëàãàåòñÿ â ðàçëè÷íûõ 
äîðîæíûõ óñëîâèÿõ, íåîáõîäèìî îïðåäåëèòü 
ïàðàìåòðû êîëåñíîãî äâèæèòåëÿ, îáåñïå÷èâà-
þùèå ñíèæåíèå âðåäíîãî âîçäåéñòâèÿ íà ïî÷âó 
ïðè îáåñïå÷åíèè âûñîêîãî óðîâíÿ òÿãîâî-ñöåï-
íûõ ñâîéñòâ.

Öåëü èññëåäîâàíèé
Îöåíêà òÿãîâî-ñöåïíûõ ñâîéñòâ øèíû ñâåðõ-

íèçêîãî äàâëåíèÿ ðàçìåðíîñòüþ 1020420-18 
ìîä. Áåë. 79.

Ìàòåðèàëû è ìåòîäû
Äëÿ îöåíêè ýêñïëóàòàöèîííûõ ñâîéñòâ 

äàííîé øèíû â ÎÀÎ «ÔÈÈÖ-Ì» ñîâìåñòíî 
ñ êàôåäðîé àâòîìîáèëåé è ñåðâèñà áûëè ïðîâå-
äåíû ñòåíäîâûå èñïûòàíèÿ íà åå ñîîòâåòñòâèå 
àãðîýêîëîãè÷åñêèì òðåáîâàíèÿì ê øèíå, óñòà-
íîâëåííîé íà ÌÝÑ-600.

Èñïûòàíèÿ ïðîâîäèëèñü íà óíèâåðñàëü-
íîì ñòåíäå äëÿ èñïûòàíèÿ òðàêòîðíûõ øèí 
ÑÈÁ-1Ì, ïðèíöèïèàëüíàÿ ñõåìà êîòîðîãî 
ïðåäñòàâëåíà íà ðèñ. 1.

Â ñîîòâåòñòâèè ñ ìåòîäèêîé [1, 3, 11] áàçî-
âàÿ è òÿãîâàÿ õàðàêòåðèñòèêà îïðåäåëÿëàñü 
íà äâóõ ýêñïëóàòàöèîííûõ ôîíàõ (ðèñ. 3): 
áåòîííîé äîðîæêå è ïîëå, ïîäãîòîâëåííîì 
ïîä ïîñåâ, êîòîðûå ñîîòâåòñòâîâàëè ÃÎÑÒ 
30745-2001 [12]. Äëÿ èñïûòàíèÿ íà ãðóíòîâîì 
îñíîâàíèè íà ñòåíä óñòàíàâëèâàëàñü åìêîñòü, 
çàïîëíåííàÿ ãðóíòîì âëàæíîñòüþ 16−18 % 
è òâåðäîñòüþ 2−2,5 óäàðà ïî ïëîòíîìåðó 
ÄîðÍÈÈ ñ ïëîùàäüþ íàêîíå÷íèêà 10 ñì2.

Ñîãëàñíî ïëàíó ýêñïåðèìåíòà, ïðåäâàðè-
òåëüíî çàäàâàëîñü âíóòðåííåå äàâëåíèå âîç-
äóõà â øèíå, è â ñîîòâåòñòâèè ñ íàãðóçî÷íûì 
ðÿäîì óñòàíàâëèâàëàñü òðåáóåìàÿ íàãðóçêà 
íà êîëåñî. 

Òÿãîâîå óñèëèå ñîçäàâàëîñü ïóòåì ïðèêëà-
äûâàíèÿ ê ãîðèçîíòàëüíîìó ñòîëó ñòåíäà íà-
ãðóçêè îò ïîäâåøåííîãî ÷åðåç ñèñòåìó áëîêîâ 
ïàêåòà ãðóçîâ. Ïîñëå êàæäîãî ïðîåçäà êîëåñà 
ãðóç, ñîçäàþùèé òÿãîâîå óñèëèå, óâåëè÷èâàëè 
äî íàñòóïëåíèÿ ìîìåíòà ïîëíîãî áóêñîâàíèÿ 
êîëåñà. Ïðè îöåíêå òÿãîâî-ñöåïíûõ ñâîéñòâ 
íà ãðóíòå ïîñëå êàæäîãî ïðîåçäà êîëåñà ïî÷âó 
ðûõëèëè è âûðàâíèâàëè.

Ðèñ. 2. Ñõåìà òÿãîâûõ è òîðìîçíûõ èñïûòàíèé øèí íà óíèâåðñàëüíîì ñòåíäå ÑÈÁ-1Ì: 
1 – ïîäâèæíûé ñòîë ñòåíäà; 2 – øêèâ êðóòÿùåãî ìîìåíòà; 3 – öåïü êðóòÿùåãî ìîìåíòà; 4 – òåíçîçâåíî 

êðóòÿùåãî ìîìåíòà; 5 – ãèäðîöèëèíäð êðóòÿùåãî ìîìåíòà; 6 – òåíçîçâåíî òÿãîâîãî (òîðìîçíîãî) óñèëèÿ; 
7 – ïàêåò ãðóçîâ òÿãîâîé (òîðìîçíîé) íàãðóçêè; 8 – òåíçîçâåíî ðàäèàëüíîé íàãðóçêè íà øèíó; 

9 – ãèäðîöèëèíäð ðàäèàëüíîé íàãðóçêè íà øèíó; 10 – èíäóêòèâíûé äàò÷èê óãëà ïîâîðîòà (ïðîêðóòêè) 
êîëåñà; 11 – èíäóêòèâíûé äàò÷èê õîäà ñòîëà ñòåíäà (ïðîéäåííîãî ïóòè êîëåñà); 12 – òðîñ òÿãîâûé

Fig. 2. Scheme of traction and braking tests of tires on the SIB-1M universal test bench: 1 – movable test 
bench table; 2 – torque pulley; 3 – torque chain; 4 – torque tensolink; 5 – torque hydraulic cylinder; 

6 – tensolink of tractive (braking) force; 7 – traction (braking) load package; 8 – tensolink of radial load 
on the tire; 9 – radial tire load cylinder; 10 – inductive sensor of the angle of rotation (scroll) of the wheel; 

11 – inductive sensor of the bench table travel (distance traveled by the wheel); 12 – traction cable



Goncharenko S.V., Godzhaev Z.A., Artemov A.V., Pryadkin V.I., Godzhaev T.Z.
Experimental evaluation of traction properties of ultra-low pressure tires

ISSN 0321-4443 Tractors and agricultural machinery, No 6, 2020

T
H

E
O

R
Y

, 
D

E
S

IG
N

, 
T

E
S

T
IN

G

53

Â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòà ïðè 
ïîìîùè èçìåðèòåëüíîé àïïàðàòóðû ôèêñè-
ðîâàëè çíà÷åíèÿ êðóòÿùåãî ìîìåíòà íà îñè 
êîëåñà, âåëè÷èíó òÿãîâîé íàãðóçêè, ïåðåìåùå-
íèå ïîäâèæíîãî ñòîëà è óãîë ïîâîðîòà êîëåñà 
îòíîñèòåëüíî îñè âðàùåíèÿ [13–15].

Ðåçóëüòàòû è îáñóæäåíèå
Ðåçóëüòàòàìè ïðîâåäåííûõ òÿãîâûõ èñïûòà-

íèé øèíû 1020420-18 ìîä. Áåë-79 íà àñôàëü-
òîáåòîííîì ïîêðûòèè è ïîëå, ïîäãîòîâëåííîì 
ïîä ïîñåâ, ÿâëÿþòñÿ áàçîâûå õàðàêòåðèñòèêè 
øèíû, êîòîðûå áûëè àïïðîêñèìèðîâàíû çàâè-
ñèìîñòÿìè âèäà [1]:

max; 1 1 / ,fM M P r r P P         ê ê ê xx ê ê

ãäå M
ê
 – êðóòÿùèé ìîìåíò, ïîäâîäèìûé 

ê îñè êîëåñà; P
ê
 – ñèëà òÿãè, ðàçâèâàåìàÿ êî-

ëåñîì â çàâèñèìîñòè îò êðóòÿùåãî ìîìåíòà; 
M

f
 – ìîìåíò ñîïðîòèâëåíèÿ êà÷åíèþ ïðè îò-

ñóòñòâèè òÿãîâîãî óñèëèÿ;  – äèíàìè÷åñêèé 
ðàäèóñ êîëåñà; r

õõ
 – ðàäèóñ êà÷åíèÿ êîëåñà õî-

ëîñòûì õîäîì ïðè P
ê
 = 0; α – ýìïèðè÷åñêèé 

êîýôôèöèåíò; P
ê max

 – ìàêñèìàëüíàÿ ñèëà òÿãè, 
ðàçâèâàåìàÿ êîëåñîì.

Ïî ýêñïåðèìåíòàëüíûì áàçîâûì õàðàêòå-
ðèñòèêàì øèíû 1020420-18 ìîä. Áåë-79 ñòðî-
èëè òÿãîâûå õàðàêòåðèñòèêè â âèäå çàâèñèìî-
ñòåé [3]:

max1 1 / ; / ,P P P r M         ïð ê ê ê ê ê ê

ãäå δ – áóêñîâàíèå êîëåñà, %; δ
ïð

 – ïðåäåëü-
íîå áóêñîâàíèå êîëåñà, ïðè êîòîðîì íà÷èíà-
åòñÿ «ëàâèííûé ñðûâ» òî÷åê êîíòàêòà êîëåñà 
ñ îïîðíîé ïîâåðõíîñòüþ; η

ê
 – òÿãîâûé ÊÏÄ 

êîëåñà ïðè çàäàííûõ p
w
 è G

z 
.

Ðåçóëüòàòû îïðåäåëåíèÿ áàçîâûõ è òÿãîâûõ 
õàðàêòåðèñòèê øèíû ïðåäñòàâëåíû íà ðèñ. 4−7 
è â òàáë. 3, à àïïðîêñèìèðîâàííûå çàâèñèìî-
ñòè áàçîâûõ è òÿãîâûõ õàðàêòåðèñòèê îò âåëè-
÷èíû òÿãîâîãî óñèëèÿ – â òàáë. 4 è 5.

Çàêëþ÷åíèå
Ïðîâåäåííûå òÿãîâûå èñïûòàíèÿ øèíû 

íà áåòîíå ïîêàçàëè, ÷òî ïðè íàãðóçêå íà øèíó 
800 êã è äàâëåíèè âîçäóõà 80 êÏà ðåàëèçóåòñÿ 
âûñîêîå çíà÷åíèå òÿãîâîãî êîýôôèöèåíòà ïî-
ëåçíîãî äåéñòâèÿ η

max
 = 0,98 ïðè îïòèìàëüíîé 

ñèëå òÿãè Ð
ê îïò

 = 2,42 êÍ è îïòèìàëüíîì áóê-
ñîâàíèè δ

îïò
 = 13,7 %. Ìàêñèìàëüíîå ðåàëèçóå-

ìîå òÿãîâîå óñèëèå ñîñòàâëÿåò P
ê max

 = 6,85 êÍ 
ïðè äîâîëüíî âûñîêîì çíà÷åíèè êîýôôèöèåíòà 
ñöåïëåíèÿ φ

max
 = 0,856 è ïðåäåëüíîì áóêñîâà-

íèè δ
ïð

 = 69,4 %, ïîñëå êîòîðîãî íà÷èíàåòñÿ 
«ëàâèííûé ñðûâ» òî÷åê êîíòàêòà è øèíà ñðû-
âàåòñÿ â 100%-å áóêñîâàíèå.

Ïðè ñíèæåíèè íàãðóçêè íà øèíó äî 400 êã 
è äàâëåíèè âîçäóõà äî 20 êÏà ðåàëèçóåòñÿ 
ìåíüøåå çíà÷åíèå òÿãîâîãî êîýôôèöèåíòà ïî-
ëåçíîãî äåéñòâèÿ η

max
 = 0,825 ïðè îïòèìàëü-

íîé ñèëå òÿãè Ð
ê îïò

 = 1,22 êÍ è îïòèìàëüíîì 
áóêñîâàíèè δ

îïò
 = 12,3 %. Ìàêñèìàëüíîå ðåà-

ëèçóåìîå òÿãîâîå óñèëèå ñîñòàâëÿåò P
ê max

 = 
= 3,243 êÍ ïðè äîâîëüíî âûñîêîì çíà÷åíèè êî-
ýôôèöèåíòà ñöåïëåíèÿ φ

max
 = 0,81 è ïðåäåëü-

íîì áóêñîâàíèè δ
ïð

 = 58,4 %, ïîñëå êîòîðîãî 
íà÷èíàåòñÿ «ëàâèííûé ñðûâ» òî÷åê êîíòàêòà. 

Ïðîâåäåííûå òÿãîâûå èñïûòàíèÿ øèíû 
íà äåôîðìèðóåìîì ãðóíòå ïîëÿ, ïîäãîòîâ-
ëåííîãî ïîä ïîñåâ, ïîêàçàëè, ÷òî ïðè íàãðóç-
êå íà øèíó 525 êã è äàâëåíèè âîçäóõà 40 êÏà 
ðåàëèçóåòñÿ ïðèåìëåìîå çíà÷åíèå òÿãîâîãî 

   

 à á

Ðèñ. 3. Ôðàãìåíò èñïûòàíèé ïî îïðåäåëåíèþ îïîðíî-ñöåïíûõ ïîêàçàòåëåé øèíû 
1020420-18 ìîä. Áåë-79 íà ðàçëè÷íûõ îïîðíûõ îñíîâàíèÿõ: 

à – àñôàëüòîáåòîííîå ïîêðûòèå; á – ïîëå, ïîäãîòîâëåííîå ïîä ïîñåâ

Fig. 3. Fragment of tests to determine the support-coupling indicators of the tire 1020420-18 
of Bel-79 model on various support bases: à – asphalt covering; á – field prepared for sowing
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 à á

Ðèñ. 4. Áàçîâûå (à) è òÿãîâûå (á) õàðàêòåðèñòèêè øèíû 1020420-18 ìîä. Áåë-79 
íà áåòîííîé äîðîæêå ïðè G

z
 = 400 êãñ, p

w
 = 20 êÏà

Fig. 4. Basic (a) and traction (b) characteristics of the tire 1020420-18 of Bel-79 model 
on an asphalt covering at Gz = 400 kgf, p

w
 = 20 kPa

 à á

Ðèñ. 5. Áàçîâûå (à) è òÿãîâûå (á) õàðàêòåðèñòèêè øèíû 1020420-18 ìîä. Áåë-79 
íà áåòîííîé äîðîæêå ïðè G

z
 = 800 êãñ, p

w
 = 80 êÏà

Fig. 5. Basic (a) and traction (b) characteristics of the tire 1020420-18 of Bel-79 model 
on an asphalt covering at G

z
 = 800 kgf, p

w
 = 80 kPa



Goncharenko S.V., Godzhaev Z.A., Artemov A.V., Pryadkin V.I., Godzhaev T.Z.
Experimental evaluation of traction properties of ultra-low pressure tires

ISSN 0321-4443 Tractors and agricultural machinery, No 6, 2020

T
H

E
O

R
Y

, 
D

E
S

IG
N

, 
T

E
S

T
IN

G

55

 à á

Ðèñ. 6. Áàçîâûå (à) è òÿãîâûå (á) õàðàêòåðèñòèêè øèíû 1020420-18 ìîä. Áåë-79 íà ïîëå, 
ïîäãîòîâëåííîì ïîä ïîñåâ, ïðè G

z
 = 400 êãñ, p

w
 = 20 êÏà

Fig. 6. Basic (a) and traction (b) characteristics of the tire 1020420-18 of Bel-79 model 
on field prepared for sowing at G

z
 = 400 kgf, p

w
 = 20 kPa

 à á

Ðèñ. 7. Áàçîâûå (à) è òÿãîâûå (á) õàðàêòåðèñòèêè øèíû 1020420-18 ìîä. Áåë-79 íà ïîëå, 
ïîäãîòîâëåííîì ïîä ïîñåâ, ïðè G

z
 = 525 êãñ, p

w
 = 40 êÏà

Fig. 7. Basic (a) and traction (b) characteristics of the tire 1020420-18 of Bel-79 model 
on field prepared for sowing at G

z
 = 525 kgf, p

w
 = 40 kPa
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Òàáëèöà 3
Ðåçóëüòàòû òÿãîâûõ èñïûòàíèé øèíû 1020420-18 ìîä. Áåë-79

Table 3. Traction test results of tire 1020420-18 of Bel-79 model

Ôîí P
w
, 

êÏà
G

z
, 

êãñ
Ð

ê max
, 

Êí
Ì

f
, 

êÍì f 
ñö max Ð

ê îïò
, êÍ ρ, ì η

max
, % δ

ïð
, % δ

îïò
, %

Áåòîííàÿ äîðîæêà 80 800 6,849 0,205 0,055 0,856 2,42 0,388 0,986 69,4 13,70
Áåòîííàÿ äîðîæêà 20 400 3,243 0,101 0,053 0,810 1,22 0,478 0,852 58,4 12,30
Ïîëå, ïîäãîòîâëåííîå 
ïîä ïîñåâ 40 525 2,740 0,115 0,042 0,520 1,74 0,524 0,770 20,3 8,02

Ïîëå, ïîäãîòîâëåííîå 
ïîä ïîñåâ 20 400 2,660 0,116 0,062 0,665 1,30 0,471 0,844 40,5 11,50

Òàáëèöà 4

Ýêñïåðèìåíòàëüíûå çàâèñèìîñòè áàçîâûõ è òÿãîâûõ õàðàêòåðèñòèê øèíû 1020420-18 ìîä. Áåë-79 
íà áåòîííîì îñíîâàíèè

Table 4. Experimental dependences of the basic and traction characteristics 
of the tire 1020420-18 of Bel-79 model on an asphalt covering

Ïîêàçàòåëü
Çíà÷åíèå

p
w
 = 80 êÏà; G

z
 = 800 êãñ p

w
 = 20  êÏà; G

z
 = 400 êãñ

Ðàäèóñ êà÷åíèÿ 537 373 1 1 ,
6,849
Pr

 
      

 
ê

ê ìì 537 373 1 1 ,
3,243
Pr

 
      

 
ê

ê ìì

Êðóòÿùèé ìîìåíò 0,205 0,386 ,M P  ê ê  êÍ·ì 0,101 0,476 ,M P  ê ê  êÍ·ì

Òÿãîâûé ÊÏÄ øèíû
537 373 1 1

6,849

0,205 0,386

PP

P

  
           



ê
ê

ê
ê

543 317 1 1
3,243

0,101 0,476

PP

P

  
           



ê
ê

ê
ê

Áóêñîâàíèå, % 0,694 1 1
6,849
P 

     
 

ê 0,584 1 1
3,243
P 

     
 

ê

Òàáëèöà 5

Ýêñïåðèìåíòàëüíûå çàâèñèìîñòè áàçîâûõ è òÿãîâûõ õàðàêòåðèñòèê øèíû 1020420-18 ìîä. Áåë-79 
íà ãðóíòîâîì îñíîâàíèè

Table 5. Experimental dependences of the basic and traction characteristics 
of the tire 1020420-18 of Bel-79 model on a ground base

Ïîêàçàòåëü
Çíà÷åíèå

p
w
 = 40 êÏà; G

z
 = 525 êãñ p

w
 = 20 êÏà; G

z
 = 400 êãñ

Ðàäèóñ êà÷åíèÿ 494 100 1 1 ,
2,74
Pr

 
      

 
ê

ê  ìì 537 220 1 1 ,
2,66
Pr

 
      

 
ê

ê

 

ìì

Êðóòÿùèé ìîìåíò 0,115 0,524 ,M P  ê ê  êÍ·ì 0,116 0,471 ,M P  ê ê  êÍ·ì

Òÿãîâûé ÊÏÄ øèíû
494 100 1 1

2,74

0,115 0,524

PP

Ð

  
           



ê
ê

ê
ê

537 220 1 1
2,66

0,116 0,471

PP

P

  
           



ê
ê

ê
ê

Áóêñîâàíèå, % 0,203 1 1
2,74
P 

     
 

ê 0,405 1 1
2,66
P 

     
 

ê
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êîýôôèöèåíòà ïîëåçíîãî äåéñòâèÿ η
max

 = 0,77 
ïðè îïòèìàëüíîé ñèëå òÿãè Ð

ê îïò
 = 1,74 êÍ 

è îïòèìàëüíîì áóêñîâàíèè δ
îïò

 = 8,02 %. Ìàê-
ñèìàëüíîå ðåàëèçóåìîå òÿãîâîå óñèëèå ñîñòàâ-
ëÿåò P

ê max
 = 2,74 êÍ ïðè ïðèåìëåìîì çíà÷åíèè 

êîýôôèöèåíòà ñöåïëåíèÿ φ
max

 = 0,52 è ïðåäåëü-
íîì áóêñîâàíèè δ

ïð
 = 20,26 %. Êîýôôèöèåíò 

ñîïðîòèâëåíèÿ êà÷åíèþ èìååò íèçêîå çíà÷å-
íèå f = 0,042 äëÿ âåäóùåãî ðåæèìà äâèæåíèÿ.

Ïðè ñíèæåíèè íàãðóçêè íà øèíó äî 400 êã 
è äàâëåíèè âîçäóõà äî 20 êÏà ðåàëèçóåòñÿ äî-
âîëüíî âûñîêîå çíà÷åíèå òÿãîâîãî êîýôôèöè-
åíòà ïîëåçíîãî äåéñòâèÿ η

max
 = 0,844 ïðè îïòè-

ìàëüíîé ñèëå òÿãè Ð
ê îïò

 = 1,3 êÍ è îïòèìàëüíîì 
áóêñîâàíèè δ

îïò
 = 11,5 %. Ìàêñèìàëüíîå ðåàëè-

çóåìîå òÿãîâîå óñèëèå ñîñòàâëÿåò P
ê max

 = 2,66 
êÍ ïðè äîâîëüíî âûñîêîì çíà÷åíèè êîýôôè-
öèåíòà ñöåïëåíèÿ φ

max
 = 0,665 è ïðåäåëüíîì 

áóêñîâàíèè δ
ïð

 = 40,5 %, ïîñëå êîòîðîãî íà÷è-
íàåòñÿ «ëàâèííûé ñðûâ» òî÷åê êîíòàêòà. Êîýô-
ôèöèåíò ñîïðîòèâëåíèÿ êà÷åíèþ óâåëè÷èâàåò-
ñÿ íà 48 % è ñîñòàâëÿåò f = 0,062 äëÿ âåäóùåãî 
ðåæèìà äâèæåíèÿ.

Òàêèì îáðàçîì, óñòàíîâëåíî, ÷òî íàèëó÷-
øèé ðåæèì ðàáîòû øèíû íà ïîëå, ïîäãîòîâ-
ëåííîì ïîä ïîñåâ, âëàæíîñòüþ 16−18 % è òâåð-
äîñòüþ 2−2,5 óäàðà ïî ïëîòíîìåðó ÄîðÍÈÈ 
ñ ïëîùàäüþ íàêîíå÷íèêà 10 ñì2 ñîîòâåòñòâóåò 
íàãðóçêå íà øèíó 525 êã è âíóòðåííåì äàâëå-
íèè 40 êÏà, à íà áåòîííîì îñíîâàíèè íàèëó÷-
øèå òÿãîâûå ïîêàçàòåëè øèíû íàáëþäàþòñÿ 
ïðè íàãðóçêå íà øèíó 800 êã è äàâëåíèè âîç-
äóõà 80 êÏà.

Ïîëó÷åííûå ðåçóëüòàòû èñïûòàíèé øèíû 
ìîãóò áûòü èñïîëüçîâàíû äëÿ ïîâûøåíèÿ ýêñ-
ïëóàòàöèîííûõ êà÷åñòâ ìîáèëüíûõ ñðåäñòâ 
íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ ðàçìåðíî-
ñòüþ 1020420-18.
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