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ÓÄÊ 629.114.2.001.4

ÈÑÏÛÒÀÍÈß ÇÀÙÈÒÍÎÃÎ ÓÑÒÐÎÉÑÒÂÀ ROPS 
ÏÐÎÌÛØËÅÍÍÎÃÎ ÒÐÀÊÒÎÐÀ Á10

TESTING OF THE PROTECTIVE DEVICE ROPS 
OF THE INDUSTRIAL TRACTOR B10

Ñîãëàñíî òðåáîâàíèÿì òåõíè÷åñêîãî ðåãëàìåíòà, âñå çàùèòíûå óñòðîéñòâà òðàêòîðíûõ àãðåãàòîâ ïîäëåæàò 
îáÿçàòåëüíîé ñåðòèôèêàöèè. Îäíèì èç îñíîâíûõ ñðåäñòâ çàùèòû îïåðàòîðà ïðè îïðîêèäûâàíèè ÿâëÿåòñÿ ñè-
ñòåìà ROPS. Ñîãëàñíî òðåáîâàíèÿì ÃÎÑÒà, ïðîâåðêà íà ñîîòâåòñòâèå çàùèòíûõ êîíñòðóêöèé ROPS äîëæ-
íà ïðîâîäèòüñÿ íà îñíîâàíèè íàòóðíûõ èñïûòàíèé. Öåëüþ èññëåäîâàíèÿ ÿâëÿëàñü îòðàáîòêà ìåòîäèêè ïðî-
âåäåíèÿ ýêñïåðèìåíòà è ïîëó÷åíèå ðåçóëüòàòà îöåíêè ñîîòâåòñòâèÿ òðåáîâàíèÿì áåçîïàñíîñòè çàùèòíîãî 
óñòðîéñòâà ROPS êàáèíû áóëüäîçåðà Á10 (Á12) ïðîèçâîäñòâà ×åëÿáèíñêîãî òðàêòîðíîãî çàâîäà. Èñïûòàíèÿ 
ïðîâîäèëèñü â Óðàëüñêîì èñïûòàòåëüíîì öåíòðå ÍÀÒÈ. Äëÿ ýòîãî èñïîëüçîâàëñÿ ñïåöèàëüíûé ñòåíä, ïî-
çâîëÿþùèé èñïûòûâàòü çàùèòíûå êàáèíû òðàêòîðîâ îáùåé ìàññîé äî 110 òîíí. Ãèäðîñèñòåìà ñòåíäà ïîçâî-
ëèëà ïðîâîäèòü ïðîöåññ áîêîâîãî íàãðóæåíèÿ ROPS ïîøàãîâî, ãäå êàæäûé øàã ñîîòâåòñòâîâàë äåôîðìàöèè 
êîíñòðóêöèè 10 ìì. Íà êàæäîì øàãå ðåãèñòðèðîâàëèñü äåéñòâóþùèå óñèëèÿ è äåôîðìàöèÿ êîíñòðóêöèè. Íà-
êîïëåííàÿ êîíñòðóêöèåé ýíåðãèÿ ðàññ÷èòûâàëàñü êàê ïëîùàäü ïîä êðèâîé çàâèñèìîñòè óñèëèÿ îò äåôîðìàöèè. 
Òðåáóåìîå ÃÎÑÒîì óñèëèå F

y
 = 212,4 êÍ áûëî äîñòèãíóòî ïðè äåôîðìàöèè 180 ìì. Îäíàêî íåäîñòàòîê íàêî-

ïëåííîé íà òîì ìîìåíò ýíåðãèè ïîòðåáîâàë ïðîäîëæåíèÿ áîêîâîãî íàãðóæåíèÿ êîíñòðóêöèè. Íåîáõîäèìàÿ ïî 
ÃÎÑÒó ýíåðãèÿ U = 40867  Äæ áûëà íàáðàíà ïðè áîêîâîé äåôîðìàöèè  = 270 ìì. Óñèëèå ïðè ýòîì ñîñòàâèëî 
F

y
 = 243 êÍ. Ïîñëå ñíÿòèÿ áîêîâîé íàãðóçêè êîíñòðóêöèÿ ïîäâåðãëàñü âåðòèêàëüíîìó ñòàòè÷åñêîìó è ïðî-

äîëüíîìó íàãðóæåíèþ. Â ïðîöåññå âñåãî ýêñïåðèìåíòà çàùèòíîãî óñòðîéñòâà ROPS ðåìîíò, èñïðàâëåíèå äå-
ôîðìàöèé è ïðèâåäåíèå êîíñòðóêöèè â ïîðÿäîê íå äîïóñêàëèñü. Ðåçóëüòàòû èñïûòàíèé êîíñòðóêöèè ROPS 
êàáèíû áóëüäîçåðà Á10 (Á12) ïîêàçàëè ñîîòâåòñòâèå òðåáîâàíèÿì ÃÎÑÒà ïî áåçîïàñíîñòè. Ïðè äåôîðìàöèè 
ROPS ïðîíèêíîâåíèå ýëåìåíòîâ çàùèòíîé êîíñòðóêöèè â çîíó îãðàíè÷åííîãî îáúåìà ðàçìåùåíèÿ âîäèòåëÿ 
íå íàáëþäàëîñü.
Êëþ÷åâûå ñëîâà: ROPS, çàùèòíîå óñòðîéñòâî, îïðîêèäûâàíèå òðàêòîðà, íàãðóæåíèå ROPS, ïîãëîùåííàÿ 
ýíåðãèÿ.

According to the requirements of the technical regulations, all protective devices of tractor units are subject to obliga-
tory certification. One of the main protection frame of the operator when overturning is the ROPS system. According 
to the requirements of State standard (GOST), the test for a compliance with protective structures ROPS should be 
carried out on the basis of full-scale tests. The aim of the investigation was to develop the experimental procedure and 
to obtain the result of the assessment of the compliance with the safety requirements of the ROPS safety device of 
the bulldozer compartment B10 (B12) manufactured by the Chelyabinsk Tractor Plant. The tests were carried out at 
the Ural Test Center NATI. For this purpose, a special stand was used, allowing to test the protective cabs of tractors 
with a total mass of up to 110 tons. For this purpose, a special test bench was used, allowing to test the protective 
cabs of tractors with a total mass up to 110 tons. The hydraulic system of the test bench allowed to carry out the 
process of lateral loading ROPS step by step, where each step corresponded to the deformation of the construction 
10 mm. At each step, the acting forces and deformation of the construction were registered. The accumulated energy 
of the construction was calculated as the area under the stress-strain curve. The required GOST force F

y
 = 212,4 kN 

was achieved with a deformation of 180 mm. However, the lack of the accumulated energy at that time required a 
continuation of the lateral loading of the construction. The required energy according to GOST U = 40867 J was 
collected during the lateral deformation  = 270 mm. The force at that was F

y
 = 243. After removing the lateral load, 

the construction was subjected to vertical static and longitudinal loading. During the whole experiment of the protec-
tive device ROPS repair, correction of deformations and bringing the construction into order were not allowed. The 
results of tests of the ROPS cab construction of bulldozer B10 (B12) have showed the compliance with the GOST 
safety requirements. During the ROPS deformation, the penetration of the elements of the protective construction 
into the zone of a limited volume of the driver's seat was not observed.
Keywords: ROPS, safety device, tractor overturning, ROPS loading, absorbed energy.
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 Àêòóàëüíîñòü
Ïðè ïåðåõîäå ê ðûíî÷íîé ýêîíîìèêå áîëü-

øèíñòâî èç äåéñòâóþùèõ ñòàíäàðòîâ, îïðå-
äåëÿþùèõ òðåáîâàíèÿ ê íàäåæíîñòè, ïðîèç-
âîäèòåëüíîñòè è ýôôåêòèâíîñòè òðàêòîðíûõ 
àãðåãàòîâ, áûëè îòìåíåíû [1]. Îáÿçàòåëüíûìè 
ê ïðèìåíåíèþ, â ñîîòâåòñòâèè ñ Ôåäåðàëüíûì 
çàêîíîì ÐÔ «Î òåõíè÷åñêîì ðåãóëèðîâàíèè» 
[2], îñòàëèñü ëèøü ñòàíäàðòû, îáåñïå÷èâàþ-
ùèå áåçîïàñíîñòü. 

Ïîñëå âõîæäåíèÿ Ðîññèè â Òàìîæåííûé 
ñîþç ñ Áåëîðóññèåé è Êàçàõñòàíîì âñòóïèë â 
äåéñòâèå òåõíè÷åñêèé ðåãëàìåíò [3], ñîãëàñíî 
êîòîðîìó îáÿçàòåëüíîé ñåðòèôèêàöèè ïîä-
ëåæàò çàùèòíûå óñòðîéñòâà âñåõ òðàêòîðíûõ 
àãðåãàòîâ. Âàæíåéøèì èç íèõ ÿâëÿåòñÿ çàùèò-
íîå óñòðîéñòâî êàáèíû òðàêòîðà ïðè îïðîêè-
äûâàíèè ROPS (roll over protective structure), 
ïðåäíàçíà÷åííîå äëÿ óìåíüøåíèÿ ðèñêà íà-
íåñåíèÿ ïîâðåæäåíèé îïåðàòîðó ïðè óñëîâèè 
ïðèìåíåíèÿ ðåìíåé áåçîïàñíîñòè [4].

Ñîãëàñíî òðåáîâàíèÿì ÃÎÑÒà, îöåíêà ñîîò-
âåòñòâèÿ çàùèòíîãî óñòðîéñòâà ROPS äîëæíà 
ïðîâîäèòüñÿ íà îñíîâå ðåçóëüòàòîâ íàòóðíîãî 
ýêñïåðèìåíòà [5]. Â ñâÿçè ñ ýòèì öåëüþ èññëå-
äîâàíèÿ ÿâëÿåòñÿ îòðàáîòêà ìåòîäèêè ïðîâåäå-
íèÿ ýêñïåðèìåíòà è ýêñïåðèìåíòàëüíàÿ îöåíêà 
ñîîòâåòñòâèÿ òðåáîâàíèÿì áåçîïàñíîñòè çàùèò-
íîé ñèñòåìû ROPS ïðîìûøëåííîãî òðàêòîðà.

Îáúåêò èñïûòàíèé è àïïàðàòóðà
Â êà÷åñòâå îáúåêòà èñïûòàíèé áûëî âûáðà-

íî çàùèòíîå óñòðîéñòâî ïðîìûøëåííîãî áóëü-
äîçåðà Á10 (Á12) ïðîèçâîäñòâà ×åëÿáèíñêîãî 
òðàêòîðíîãî çàâîäà, ïðåäñòàâëÿþùåå ñîáîé 
äâóõñòîå÷íûé (two-post) ROPS.

Ýêñïåðèìåíò ïðîâîäèëñÿ â Óðàëüñêîì èñ-
ïûòàòåëüíîì öåíòðå ÍÀÒÈ, èìåþùåì ñïå-
öèàëüíûé èñïûòàòåëüíûé ñòåíä (bedplate), 
ïîçâîëÿþùèé èñïûòûâàòü çàùèòíûå êàáèíû 
òðàêòîðîâ îáùåé ìàññîé äî 110 òîíí. Ñòåíä 
âûïîëíåí â âèäå ñèëîâîé ðàìû, óñòàíîâëåííîé 
íà æåëåçîáåòîííîì îñíîâàíèè (ðèñ. 1).

Âíóòðè ñòåíäà óñòàíàâëèâàëñÿ îáúåêò èñ-
ïûòàíèé. Íàãðóæåíèå îñóùåñòâëÿëîñü ïîñðåä-
ñòâîì âåðòèêàëüíîãî è ãîðèçîíòàëüíîãî ãè-
äðîöèëèíäðà. Ãèäðàâëè÷åñêàÿ ñèñòåìà ñòåíäà 
îáåñïå÷èâàåò ìàêñèìàëüíîå óñèëèå 2200 êÍ [6]. 

Â ïðîöåññå èñïûòàíèé âåëñÿ ïîñòîÿííûé 
êîíòðîëü íàãðóçêè è äåôîðìàöèè êîíñòðóê-
öèè, ÷òî ïîçâîëèëî âû÷èñëÿòü ïîãëîùåííóþ 
ýíåðãèþ â ïðîöåññå ýêñïåðèìåíòà. Äåôîðìà-
öèÿ êîíñòðóêöèè çàìåðÿëàñü íåïîñðåäñòâåííî 

ïî õîäó ãèäðîöèëèíäðà ñ èñïîëüçîâàíèåì èç-
ìåðèòåëüíîé ëèíåéíîé øêàëû (öåíà äåëåíèÿ 
1 ìì, ïîãðåøíîñòü ±0,5 ìì). Óñèëèå îïðåäå-
ëÿëîñü ïîñðåäñòâîì ìîíîìåòðîâ, èçìåðÿþùèõ 
äàâëåíèå â îáåèõ ïîëîñòÿõ ãèäðîöèëèíäðà (ïî-
ãðåøíîñòü ±5 %). 

Ìåòîäèêà ïðîâåäåíèÿ èñïûòàíèé 
Ñîãëàñíî ÃÎÑÒó, îáúåêò èñïûòàíèé äîëæåí 

ìîíòèðîâàòüñÿ íà ñòåíäå òàê, ÷òîáû æåñòêîñòü 
êîíñòðóêöèè áûëà ýêâèâàëåíòíà æåñòêîñòè 
ìîíòàæà íà ðàìå ìàøèíû [5]. Ïîýòîìó çàùèò-
íîå óñòðîéñòâî óñòàíàâëèâàëîñü íà êîðïóñå 
áîðòîâûõ ôðèêöèîíîâ áóëüäîçåðà è çàêðå-
ïëÿëîñü ñîîòâåòñòâåííî ðåàëüíîé óñòàíîâêå 
íà òðàêòîðå. Âíóòðè èñïûòóåìîãî çàùèòíîãî 
óñòðîéñòâà óñòàíàâëèâàëñÿ ìàíåêåí îáúåìà 
îãðàíè÷åíèÿ äåôîðìàöèè (DLV), èìèòèðóþ-
ùèé ïîëîæåíèå âîäèòåëÿ. 

Áîêîâàÿ íàãðóçêà ïðèêëàäûâàëàñü ê âåðõíåé 
÷àñòè îñíîâíûõ ýëåìåíòîâ ROPS (ðèñ. 2). Ñêî-
ðîñòü ïðèëîæåíèÿ áîêîâîãî óñèëèÿ ñîñòàâèëà 
4 ìì/ñ, ÷òî ïîçâîëèëî ñ÷èòàòü íàãðóæåíèå ñòà-
òè÷åñêèì. Íàãðóæåíèå çàùèòíîãî óñòðîéñòâà 
ïðîèçâîäèëîñü ñòóïåí÷àòî ñ øàãîì, ñîîòâåò-
ñòâóþùèì äåôîðìàöèè 10 ìì.

Âîçäåéñòâèå áîêîâîé íàãðóçêè ïðîäîëæà-
ëîñü äî òåõ ïîð, ïîêà çíà÷åíèÿ ñèëû è ýíåðãèè 

Ðèñ. 1. Èñïûòàòåëüíûé ñòåíä
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íå äîñòèãëè òðåáóåìûõ ÃÎÑÒîì óðîâíÿ. Ìè-
íèìàëüíûå çíà÷åíèÿ áîêîâîãî óñèëèÿ yF  (Í) è 
òðåáóåìîé ïîãëîùåííîé ýíåðãèè U (Äæ) îïðå-
äåëÿëèñü â çàâèñèìîñòè îò ìàññû m (êã) èñïû-
òûâàåìîé ìàøèíû [5]:

 1,270000 /10000yF m  
è  1,2513000 /10000 .U m  

Çàùèòíîå óñòðîéñòâî ROPS áóëüäîçåðà Á10 
(Á12) ìàññîé 25000m   êã ïðè áîêîâîì îïðî-
êèäûâàíèè ìàøèíû äîëæíî âûäåðæàòü óñèëèå 

210197yF   Í è ïðè ýòîì ïîãëîòèòü ýíåðãèþ 
íå ìåíåå U  = 40867 Äæ.

Ïîñëå ñíÿòèÿ áîêîâîé íàãðóçêè íà äåôîð-
ìèðóåìóþ êîíñòðóêöèþ ROPS ïðèêëàäûâàëàñü 
ñòàòè÷åñêàÿ âåðòèêàëüíàÿ íàãðóçêà zF . Ñîãëàñ-
íî ÃÎÑÒ, ìèíèìàëüíîå çíà÷åíèå âåðòèêàëüíîé 
íàãðóçêè ðàâíî:

19,6 490250 zF m  Í.

Íàãðóçêà ðàñïðåäåëÿëîñü ïî âñåé øèðèíå 
âåðõíåé ÷àñòè ñèñòåìû ROPS ñ ïîìîùüþ ïå-
ðåõîäíîãî ýëåìåíòà (LDD) (ðèñ. 3) è äëèëîñü 
5 ìèíóò.

Ïîñëå ñíÿòèÿ âåðòèêàëüíîé íàãðóçêè ê 
âåðõíèì êîíñòðóêòèâíûì ýëåìåíòàì ROPS 
ïðèêëàäûâàëàñü ïðîäîëüíàÿ íàãðóçêà xF . 
Ïðîäîëüíàÿ íàãðóçêà ïðèêëàäûâàëàñü ñçàäè â 
ìåñòå íàèáîëüøåé áëèçîñòè ê ðàñïîëîæåíèþ 
âîäèòåëÿ. Íàïðàâëåíèå íàãðóçêè – ãîðèçîí-
òàëüíî è ïàðàëëåëüíî ïðîäîëüíîé îñè ìàøèíû 
(ðèñ. 4).

Íàãðóæåíèå ïðîäîëæàëîñü äî òåõ ïîð, ïîêà 
âåëè÷èíà ñèëû íå ïðåâûñèëà ìèíèìàëüíî òðå-
áóåìûé ïî ÃÎÑÒó óðîâåíü:

 1,256000 /10000 168157 H.xF m 

Â ïðîöåññå âñåãî ýêñïåðèìåíòà çàùèòíîãî 
óñòðîéñòâà ROPS ðåìîíò, èñïðàâëåíèå äåôîð-
ìàöèé è ïðèâåäåíèå êîíñòðóêöèè â ïîðÿäîê íå 
äîïóñêàëèñü [7]. Ïîñòîÿííî ïðîâîäèëñÿ êîí-
òðîëü, ÷òîáû ýëåìåíòû êîíñòðóêöèè íå ïîïàëè 
â çîíó íàõîæäåíèÿ îïåðàòîðà (DLV). 

Ðåçóëüòàòû èñïûòàíèé 
Ðàçâèâàåìîå ãèäðîöèëèíäðîì áîêîâîå 

óñèëèå âû÷èñëÿëîñü ïî ôîðìóëå:

,yF S S  ï ï ø ø  

ãäå ,  ï ø  – çíà÷åíèÿ äàâëåíèÿ â ïîðøíåâîé 
è øòîêîâîé ïîëîñòè ñèëîâîãî ãèäðîöèëèíäðà, 

ï ø, S S  – ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ ïîðøíÿ 
è øòîêà ñèëîâîãî ãèäðîöèëèíäðà. Ðåãèñòðèðî-
âàíèå äàâëåíèÿ ÷åðåç êàæäûå 10 ìì ïîçâîëèëè 
ïîñòðîèòü çàâèñèìîñòü áîêîâîãî óñèëèÿ yF  îò 
äåôîðìàöèè (deflection) êîíñòðóêöèè  (ðèñ. 5). 
Õàðàêòåð êðèâîé ( )yF   íàãëÿäíî ñâèäåòåëü-
ñòâóåò î íàëè÷èè ïëàñòè÷åñêèõ äåôîðìàöèé 
ïðè áîêîâîì íàãðóæåíèè. 

 Ðèñ. 2. Áîêîâîå íàãðóæåíèå ROPS Ðèñ. 3. Âåðòèêàëüíîå íàãðóæåíèå

Ðèñ. 4. Ïðîäîëüíîå íàãðóæåíèå ROPS
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Ïîëó÷åííàÿ ýêñïåðèìåíòàëüíàÿ êðèâàÿ 
( )yF    õîðîøî (ñ äîñòîâåðíîñòüþ R² = 0,9942) 

îïèñûâàåòñÿ ïîëèíîìîì âòîðîãî ïîðÿäêà: 
20,0034 1,778yF    . Ïîãëîùåííàÿ ñèñòå-

ìîé ROPS ýíåðãèÿ ñ÷èòàëàñü êàê ïëîùàäü ïîä 
êðèâîé ( )yF  :

    
  

1 1 2 1 1 2

1 1

0,5 0,5

0,5 ,
y

n n n n

U F F F

F F 

    

  

  
,

ãäå ,yi iF   – ñèëà è äåôîðìàöèÿ íà i-ì øàãå íà-
ãðóæåíèÿ.

Íåîáõîäèìîå ïî ÃÎÑÒó óñèëèå F
y
 = 212,4 êÍ 

äîñòèãíóòî êîíñòðóêöèåé ïðè äåôîðìàöèè 
180 ìì. Îäíàêî íàêîïëåííàÿ íà òîò ìîìåíò 
ýíåðãèÿ ñîñòàâèëà 22166U   Äæ âìåñòî òðå-
áóåìîé 40867U   êÄæ. 

Íåîáõîäèìàÿ ýíåðãèÿ ( 42374U   Äæ) áûëà 
íàáðàíà ïðè áîêîâîé äåôîðìàöèè  = 270 ìì. 
Óñèëèå ïðè ýòîì ñîñòàâèëî 243yF   êÍ.

Äîñòèãíóòûå óðîâíè ñèë è ýíåðãèè áåç ïðî-
íèêíîâåíèÿ ýëåìåíòîâ êîíñòðóêöèè ROPS â 
çîíó DLV â ðåçóëüòàòå ïðîâåäåííûõ èñïûòà-
íèé çàùèòíîé êàáèíû áóëüäîçåðà Á10 (Á12) 
ïðèâåäåíû â òàáëèöå.

Çàêëþ÷åíèå
Â ïðîöåññå èñïûòàíèé çàùèòíîãî óñòðîé-

ñòâà ROPS êàáèíû áóëüäîçåðà Á10 (Á12) áûëè 
äîñòèãíóòû òðåáóåìûå ÃÎÑÒ ïîêàçàòåëè ñèë 
è ýíåðãèè. Ñèñòåìà ROPS âûäåðæàëà âñå âèäû 
íàãðóæåíèÿ (áîêîâîå, âåðòèêàëüíîå è ïðî-
äîëüíîå). Ïîëó÷åííûå êîíñòðóêöèåé ïëàñòè-
÷åñêèå äåôîðìàöèè íå íàðóøèëè çîíó DLV. Â 
ðåçóëüòàòå ñäåëàíî çàêëþ÷åíèå î ñîîòâåòñòâèè 
êîíñòðóêöèè ROPS òðåáîâàíèÿ ÃÎÑÒà ïî áåç-
îïàñíîñòè êàáèíû áóëüäîçåðà Á10 (Á12) ïðè 
îïðîêèäûâàíèè. 
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Ðèñ. 5. Çàâèñèìîñòü áîêîâîãî óñèëèÿ F
y
 

îò äåôîðìàöèè  êîíñòðóêöèè ROPS

Òàáëèöà

Òðåáóåìûå è äîñòèãíóòûå óðîâíè ñèë è ýíåðãèè çàùèòíîé êîíñòðóêöèè ROPS áóëüäîçåðà Á10 (Á12)

 Ïîêàçàòåëü Òðåáîâàíèå ÃÎÑÒ Ýêñïåðèìåíòàëüíîå 
çíà÷åíèå

Áîêîâîå óñèëèå F
y
, Í 210197 243157

Ýíåðãèÿ, ïîãëîùàåìàÿ êîíñòðóêöèåé ïðè áîêîâîì 
íàãðóæåíèè U, Äæ 40867 42374

Âåðòèêàëüíîå óñèëèå F
z
, Í 490250 519900

Ïðîäîëüíîå óñèëèå F
x
, Í 168157 17380
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