
2 © Ãîäæàåâ Ç.À., Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Ïîòàïîâ Ï.Â., Èñêàëèåâ À.È., 2021

ÓÄÊ 629.114.2.042.027
DOI: 10.31992/2074-0530-2021-47-1-2-11

ÂÈÁÐÎÍÀÃÐÓÆÅÍÍÎÑÒÜ ÐÀÁÎ×ÅÃÎ ÌÅÑÒÀ 
ÎÏÅÐÀÒÎÐÀ È ÂÈÁÐÎÇÀÙÈÒÍÛÅ ÑÂÎÉÑÒÂÀ 

ÏÎÄÂÅÑÎÊ ÑÈÄÅÍÈÉ
×ë.-êîðð. ÐÀÍ, ä.ò.í. Ãîäæàåâ Ç.À.1, ä.ò.í. Ëÿøåíêî Ì.Â.2, ä.ò.í. Øåõîâöîâ Â.Â.2, 

ê.ò.í. Ïîòàïîâ Ï.Â.2, Èñêàëèåâ À.È.2

1ÔÃÁÍÓ «Ôåäåðàëüíûé íàó÷íûé àãðîèíæåíåðíûé öåíòð ÂÈÌ» (ÔÃÁÍÓ ÔÍÀÖ ÂÈÌ), Ìîñêâà, Ðîññèÿ
2ÔÃÁÎÓ ÂÎ «Âîëãîãðàäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò» (ÂîëãÃÒÓ), Âîëãîãðàä, Ðîññèÿ

fic51@mail.ru, shehovtsov@vstu.ru

Â äàííîé ñòàòüå íà îñíîâå äàííûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé îñóùåñòâëåí àíàëèç õàðàê-
òåðà è ïàðàìåòðîâ îñíîâíûõ ýêñïëóàòàöèîííûõ âîçìóùåíèé, ýíåðãèÿ êîòîðûõ ïðÿìûì èëè êîñ-
âåííûì îáðàçîì ïåðåäàåòñÿ íà ðàáî÷åå ìåñòî îïåðàòîðà òðàêòîðíîé òåõíèêè ñ ãóñåíè÷íûì 
èëè êîëåñíûì äâèæèòåëåì ïðè âûïîëíåíèè ðàçëè÷íûõ òåõíîëîãè÷åñêèõ îïåðàöèé. Ðàññìîòðåí 
îñíîâíîé ðàáî÷èé äèàïàçîí ÷àñòîò äàííûõ ýêñïëóàòàöèîííûõ âîçìóùåíèé. Äàíà îöåíêà âêëàäà 
êàæäîé ÷àñòîòíîé ñîñòàâëÿþùåé â îáùèé óðîâåíü âèáðîâîçäåéñòâèé íà ðàáî÷åì ìåñòå îïåðà-
òîðà. Íà ïðèìåðå èñïîëüçîâàíèÿ ðåçóëüòàòîâ íàòóðíûõ èçìåðåíèé ðåàëüíûõ ýêñïëóàòàöèîííûõ 
âîçìóùåíèé è âèáðàöèîííûõ õàðàêòåðèñòèê íà êîëåñíîì òðàêòîðå Ê-744Ð1(ñò.), ðàáîòàâøåì 
â àãðåãàòå ñ ïëîñêîðåçîì ÏÃ-3-5 â ðåæèìå âñïàøêè ñòåðíè ñ ïîñòîÿííîé ñêîðîñòüþ äâèæåíèÿ, 
ïðîâåäåíî ñðàâíèòåëüíîå èññëåäîâàíèå âèáðîçàùèòíûõ ñâîéñòâ ðàçëè÷íûõ ïî êîíñòðóêöèè ïîä-
âåñîê ñèäåíèé. Îïèñàíà ìåòîäèêà íàòóðíûõ èçìåðåíèé, âêëþ÷àÿ èñïîëüçóåìîå ñïåöèàëèçèðî-
âàííîå îáîðóäîâàíèå ôèðì ZETLAB è «Àññèñòåíò», ðåæèì, ñõåìó óñòàíîâêè äàò÷èêà è èíûå óñëî-
âèÿ. Ñ ïîìîùüþ ÷èñëåííîãî ìåòîäà Ðóíãå-Êóòòà è èíñòðóìåíòîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ 
â ïðîãðàììíîé ñðåäå Simulink MatLab áûëà èìèòèðîâàíà ðàáîòà ñåðèéíîé ïîäâåñêè ñèäåíüÿ òðàê-
òîðà Ê-744Ð1(ñò.), ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ôèðìû Sibeco ñ íîæíè÷íûì íàïðàâëÿþùèì 
ìåõàíèçìîì è ïðåäëàãàåìîé àâòîðàìè èííîâàöèîííîé ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ (íà áàçå 
Sibeco) ñ óïðàâëÿåìûì îòáîðîì ýíåðãèè êîëåáàíèé è ñ ïîñëåäóþùåé åå ðåêóïåðàöèåé. Ïîëó÷åíû 
ðàñ÷åòíûå îñöèëëîãðàììû è ñïåêòðû âåðòèêàëüíûõ óñêîðåíèé íà ïîäóøêå ñèäåíüÿ, ïîäðåññî-
ðåííîãî ïðè ïîìîùè êàæäîé èç ðàññìîòðåííûõ ïîäâåñîê, ïðè âõîäíîì âîçäåéñòâèè èçìåðåííûõ 
ðåàëüíûõ ýêñïëóàòàöèîííûõ âîçìóùåíèé. Ïîäâåäåíû èòîãè àíàëèçà ðåçóëüòàòîâ èññëåäîâàíèÿ.
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 Ââåäåíèå
Ïðè ñîçäàíèè ñèñòåìû çàùèòû îïåðàòîðà 

êîëåñíûõ è ãóñåíè÷íûõ ìàøèí îò ïîñòîÿííûõ 
êîëåáàòåëüíûõ âîçäåéñòâèé âèáðàöèîííîãî 
õàðàêòåðà ïðèíöèïèàëüíî âàæíîå çíà÷åíèå 
èìååò èíôîðìàöèÿ, êàñàþùàÿñÿ ñïåêòðà ÷àñòîò 
è äèàïàçîíà àìïëèòóä ýòèõ âèáðîâîçäåéñòâèé 
âî âðåìÿ ýêñïëóàòàöèè ìàøèíû. Ýòè âîç-
äåéñòâèÿ ôîðìèðóþòñÿ â õîäîâîé ñèñòåìå 
ïðè äâèæåíèè ïî íåðîâíîñòÿì ïî÷âåííîãî 
ôîíà, ó ãóñåíè÷íûõ ìàøèí òàêæå ïðè ïåðåìîò-
êå ãóñåíèöû, â ñèëîâûõ ïåðåäà÷àõ â ðåçóëü-
òàòå ïîñòîÿííîãî èçìåíåíèÿ ïåðåäàâàåìîãî 
êðóòÿùåãî ìîìåíòà è âîçíèêíîâåíèÿ âñëåä-

ñòâèå ýòîãî êðóòèëüíûõ êîëåáàíèé â ñèëîâîé 
öåïè, à òàêæå â ñèëîâîé óñòàíîâêå â ðåçóëüòà-
òå äåéñòâèÿ ïåðåìåííûõ ãàçîâûõ è èíåðöèîí-
íûõ ñèë íà êîëåí÷àòûé âàë äâèãàòåëÿ ïðè åãî 
ðàáîòå. Ïðè ýòîì íåîáõîäèìî çíàòü, êàêàÿ 
÷àñòü ýòèõ âîçäåéñòâèé ïîãëîùàåòñÿ ëèáî îñ-
ëàáëÿåòñÿ ïåðâè÷íîé ñèñòåìîé ïîäðåññîðèâà-
íèÿ, òî åñòü ïîäâåñêîé îñòîâà ìàøèíû, à êàêàÿ 
÷àñòü – âòîðè÷íûìè ñèñòåìàìè, òî åñòü ïîä-
âåñêàìè äâèãàòåëÿ è êàáèíû, à ñ êàêîé ÷àñòüþ 
ïîäâåñêà êàáèíû íå ñïðàâëÿåòñÿ, è äëÿ ýôôåê-
òèâíîé çàùèòû îò êîòîðîé äîëæíà áûòü ñïðî-
åêòèðîâàíà ïîäâåñêà ñèäåíüÿ [1, 2, 3, 4]. Íàèáî-
ëåå äîñòîâåðíóþ èíôîðìàöèþ î ñïåêòðàëüíîì 
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è àìïëèòóäíîì ñîñòàâå âèáðîâîçäåéñòâèé ïî-
ëó÷àþò â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèé.

Öåëü èññëåäîâàíèé – íà ïðèìåðå ðåçóëüòà-
òîâ íàòóðíûõ èçìåðåíèé ðåàëüíûõ ýêñïëóàòà-
öèîííûõ âîçìóùåíèé è âèáðàöèîííûõ õàðàê-
òåðèñòèê íà êîëåñíîì òðàêòîðå Ê-744Ð1(ñò.), 
ðàáîòàâøåì â àãðåãàòå ñ ïëîñêîðåçîì ÏÃ-3-5 
â ðåæèìå âñïàøêè ñòåðíè ñ ïîñòîÿííîé ñêî-
ðîñòüþ äâèæåíèÿ, ïðîâåñòè ñðàâíèòåëüíîå 
èññëåäîâàíèå âèáðîçàùèòíûõ ñâîéñòâ ðàçëè÷-
íûõ ïî êîíñòðóêöèè ïîäâåñîê ñèäåíèé.

Ìåòîäû è ñðåäñòâà ïðîâåäåíèÿ 
èññëåäîâàíèé
1. Õàðàêòåðèñòèêà ýêñïëóàòàöèîííûõ 

âîçìóùåíèé ïðè ðàáîòå ãóñåíè÷íûõ 
ìàøèí

Â ìîíîãðàôèè ïðîôåññîðà Êóçíåöîâà Í.Ã. 
[5] ïðèâåäåíû ýêñïåðèìåíòàëüíî ïîëó÷åí-
íûå ãðàôèêè èçìåíåíèÿ ñïåêòðàëüíîé ïëîò-
íîñòè êðþêîâîãî óñèëèÿ òðàêòîðà ñåìåéñòâà 
ÄÒ â ñîñòàâå ìàøèííî-òðàêòîðíîãî àãðåãàòà 
íà ïàõîòå, êóëüòèâàöèè è ñåâå (ðèñ. 1). Â ìîíî-
ãðàôèè óêàçûâàåòñÿ, ÷òî ñïåêòðàëüíûå ïëîò-
íîñòè òÿãîâûõ ñîïðîòèâëåíèé ïàõîòíîãî, êóëü-
òèâàòîðíîãî è ïîñåâíîãî àãðåãàòîâ ñ ñåðèéíîé 
íàâåñêîé èìåþò ïÿòü ÿðêî âûðàæåííûõ ÷àñòîò, 

íà êîòîðûõ íàáëþäàþòñÿ âñïëåñêè â äèàïàçîíå 
îò 0 äî 35 Ãö. Ìàêñèìàëüíîå çíà÷åíèå ñïåê-
òðàëüíîé ïëîòíîñòè èìååò ìåñòî â äèàïàçîíå 
÷àñòîò îò 3 äî 3,5 Ãö. Ýíåðãåòè÷åñêèé óðî-
âåíü ñïåêòðàëüíîé ïëîòíîñòè íà ýòèõ ÷àñòîòàõ 
â 6–20 ðàç áîëüøå, ÷åì â äèàïàçîíàõ îñòàëüíûõ 
âñïëåñêîâ. Âòîðîé âñïëåñê íàáëþäàåòñÿ â äèà-
ïàçîíå 10–13 Ãö, òðåòèé – â äèàïàçîíå 14–16 Ãö, 
÷åòâåðòûé – â äèàïàçîíå 18–20 Ãö, ïÿòûé – 
â äèàïàçîíå 28–32 Ãö.

Ñïåêòðàëüíàÿ ïëîòíîñòü òÿãîâîãî ñîïðî-
òèâëåíèÿ è ñïåêòðàëüíàÿ ïëîòíîñòü óñêîðå-
íèé îñòîâà è êàáèíû õàðàêòåðèçóþò ðàçíûå, 
íî âçàèìîñâÿçàííûå êîëåáàòåëüíûå ïðîöåññû 
â äèíàìè÷åñêîé ñèñòåìå òðàêòîðíîãî àãðåãàòà. 
Íàãðóçêè ñ äèíàìè÷åñêèì õàðàêòåðîì èçìåíå-
íèÿ, ôîðìèðóþùèåñÿ â õîäîâîé ñèñòåìå, ÷åðåç 
ðàìó è ïîäâåñêó êàáèíû ïåðåäàþòñÿ íà êðåïëå-
íèå ñèäåíüÿ. Ïîäâåñêà ñèäåíüÿ äîëæíà îáåñïå-
÷èâàòü çàùèòó îïåðàòîðà â äèàïàçîíå àìïëè-
òóä è ñïåêòðå ÷àñòîò ýòèõ íàãðóçîê.

Â ðàáîòå Õðèïóíîâà Ä.Â. [6] ïîêàçàíî, 
÷òî çíà÷èòåëüíàÿ ÷àñòü ñïåêòðà âèáðàöèîí-
íîãî âîçäåéñòâèÿ íà ðàáî÷åå ìåñòî îïåðàòî-
ðà ïðîìûøëåííîãî òðàêòîðà ôîðìèðóåòñÿ 
ïðè ðàáîòå õîäîâîé ñèñòåìû. Àâòîðîì âûÿâëå-
íû ìåõàíèçìû âîçáóæäåíèÿ âèáðàöèé êîðïó-
ñà òðàêòîðà â òðåõ çîíàõ ãóñåíè÷íîãî äâèæè-

 à á â

Ðèñ. 1. Ñïåêòðàëüíàÿ ïëîòíîñòü êðþêîâîãî óñèëèÿ: 
à – ïàõîòà; á – êóëüòèâàöèÿ; â – ñåâ; 1 – ñåðèéíàÿ íàâåñêà; 2 – îïûòíàÿ íàâåñêà 

ñ ïíåâìîãèäðàâëè÷åñêèì óïðóãèì ýëåìåíòîì

Fig. 1. Spectral density of hook force: a – plowing; á – cultivation; â – planting; 
1 – production hitch; 2 – experimental hitch with pneumohydraulic elastic element
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òåëÿ: â çîíå íàïðàâëÿþùåãî êîëåñà, îïîðíîé 
âåòâè è âåäóùåãî êîëåñà. Ðàçðàáîòàíà ìàòåìà-
òè÷åñêàÿ ìîäåëü óêëàäêè òðàêîâ íà îïîðíóþ 
âåòâü, îðèåíòèðîâàííàÿ íà îöåíêó âñëåäñòâèå 
ýòîãî âèáðîíàãðóæåííîñòè êîðïóñà òðàêòîðà. 
Íà îñíîâå ìîäåëèðîâàíèÿ äëÿ ïðîìûøëåííîãî 
òðàêòîðà ñ ïîëóæåñòêîé ïîäâåñêîé Ò-170Ì.01 
ïðîèçâåäåíà êîëè÷åñòâåííàÿ îöåíêà âåðòè-
êàëüíûõ è ïðîäîëüíûõ âèáðîóñêîðåíèé ïîëà 
êàáèíû íà ìåñòå êðåïëåíèÿ êðåñëà îïåðàòîðà. 
Ïîêàçàíî, ÷òî ïðîöåññû, ïðîòåêàþùèå â çîíå 
îïîðíîé âåòâè, ÿâëÿþòñÿ èñòî÷íèêîì âîçáóæ-
äåíèÿ èíòåíñèâíûõ âåðòèêàëüíûõ âèáðàöèé, 
óðîâåíü êîòîðûõ äîñòèãàåò âåëè÷èíû 8–10 ì/ñ2. 
Àâòîðîì óòâåðæäàåòñÿ, ÷òî îïðåäåëÿþùåå 
âèáðàöèîííîå âîçäåéñòâèå íà îïåðàòîðà òðàê-
òîðà îêàçûâàåòñÿ â âåðòèêàëüíîé ïëîñêîñòè 
â çîíå îïîðíîé âåòâè â èíòåðâàëå ÷àñòîò, ñî-
âïàäàþùèõ ñ ÷àñòîòàìè ÷åðåäîâàíèÿ òðàêîâ 
â ãóñåíè÷íîì îáâîäå. Âî âðåìÿ ðàáîòû ÷àñòîòà 
èõ ïåðåìîòêè â çàâèñèìîñòè îò ñêîðîñòè ïðî-
ìûøëåííîãî òðàêòîðà íàõîäèòñÿ â äèàïàçîíå 
îò 2,5 äî 7 Ãö.

Â ïîñâÿùåííîé èññëåäîâàíèþ êîëåáàíèé 
è ïðî÷íîñòè êàáèí òðàêòîðîâ ñåìåéñòâà ÄÒ 
äèññåðòàöèè Êîñîâà Î.Ä. [7] ïðèâåäåí ãðàôèê, 
õàðàêòåðèçóþùèé ðàñïðåäåëåíèå óñêîðå-
íèé âåðòèêàëüíûõ êîëåáàíèé ðàìû òðàêòîðà 
(ðèñ. 2), êîòîðîå äàåò ïðåäñòàâëåíèå î âåðî-
ÿòíîñòè èõ ïîÿâëåíèÿ. Àâòîðîì óñòàíîâëåíî, 
÷òî «íàèáîëüøèå íèçêî÷àñòîòíûå êîëåáàíèÿ 
ðàìû òðàêòîðà íàáëþäàþòñÿ â îáëàñòè 2–6 Ãö 
ïðè äâèæåíèè òðàêòîðà íà ïàõîòå, ìàêñè-
ìàëüíûå âûñîêî÷àñòîòíûå êîëåáàíèÿ â îá-
ëàñòè 40–80 Ãö ôîðìèðóþòñÿ ïðè äâèæåíèè 
ïî äîðîãå». Àâòîðîì òàêæå óòâåðæäàåòñÿ, 
÷òî «ïðàêòè÷åñêè âñÿ ýíåðãèÿ êîëåáàíèé ñî-
ñðåäîòî÷åíà â îáëàñòè ñîáñòâåííûõ ÷àñòîò êî-
ëåáàíèé òðàêòîðà íà ïîäâåñêå 2–4 Ãö».

Â ðàáîòå [8] êîíñòàòèðóåòñÿ, ÷òî «…óñòà-
íàâëèâàåìûå íà îòå÷åñòâåííûõ òðàêòîðàõ 
ñèñòåìû ïîäðåññîðèâàíèÿ êàáèí è ñèäåíèé 
íåóäîâëåòâîðèòåëüíî çàùèùàþò îïåðàòîðà 
îò íèçêî÷àñòîòíûõ êîëåáàíèé â äèàïàçîíå 
1,5−3 Ãö».

Òàêèì îáðàçîì, ýêñïåðèìåíòàëüíûå è ðàñ-
÷åòíûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî íàè-
áîëåå àêòèâíûì èñòî÷íèêîì âîçìóùåíèé 
â äèíàìè÷åñêîé ñèñòåìå ãóñåíè÷íîé ìàøèíû 
ÿâëÿåòñÿ õîäîâàÿ ñèñòåìà, â êîòîðîé ãåíåðè-
ðóþòñÿ êîëåáàíèÿ ñ ÷àñòîòàìè îò 0 äî 40 Ãö, 
ïðè÷åì îáëàäàþùèìè íàèáîëüøåé êîëåáàòåëü-
íîé ýíåðãèåé è ñàìûìè âûñîêèìè àìïëèòóäà-

ìè ÿâëÿþòñÿ íèçêî÷àñòîòíûå êîëåáàíèÿ â äèà-
ïàçîíå îò 2 äî 7 Ãö, è ÷òî ñóùåñòâåííàÿ ðîëü 
â ôîðìèðîâàíèè äèíàìè÷åñêèõ âîçìóùåíèé 
ïðèíàäëåæèò ïðîöåññó ïåðåìîòêè çâåí÷àòîé 
ãóñåíèöû.

2. Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå 
ýêñïëóàòàöèîííûõ âîçìóùåíèé 
ïðè ðàáîòå êîëåñíîé ìàøèíû

Àâòîðàìè âûïîëíåí êîìïëåêñ ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé ñ öåëüþ îïðåäåëåíèÿ 
ýêñïëóàòàöèîííûõ âîçäåéñòâèé íà îïåðàòîðà 
êîëåñíîãî òðàêòîðà âî âðåìÿ âûïîëíåíèÿ ñåëü-
ñêîõîçÿéñòâåííûõ ðàáîò. Äëÿ ýòîãî âûáðàíà 
îäíà èç îñíîâíûõ ñåëüõîçîïåðàöèé, ïàõîòà, 
è îäíà èç ìàøèí, êîòîðûå ÷àñòî èñïîëüçóþòñÿ 
äëÿ âûïîëíåíèÿ òàêîé ðàáîòû â Âîëãîãðàäñêîì 
ðåãèîíå. Ïðè åå âûïîëíåíèè õîäîâàÿ ñèñòåìà 
è ïîäâåñêà îñòîâà ðàáîòàþò â îäíîì èç ñàìûõ 
ñëîæíûõ ðåæèìîâ, êîãäà ïåðåäâèæåíèå ñ ñó-
ùåñòâåííîé òÿãîâîé íàãðóçêîé îñóùåñòâëÿåòñÿ 
â àãðåãàòå ñ ïëóãîì ïî ïåðåñå÷åííîé ìåñòíî-
ñòè, òî åñòü ïðèñóòñòâóþò âîçìóùåíèÿ è îò íå-
ðàâíîìåðíîñòè äåéñòâèÿ òÿãîâîãî ñîïðîòèâ-
ëåíèÿ, è îò êîëåáàíèé îñòîâà íà ïîäâåñêå, 
è îò êðóòèëüíûõ êîëåáàíèé â òðàíñìèññèè, 
è îò ãàðìîíèê êðóòÿùåãî ìîìåíòà äâèãàòåëÿ.

Îïðåäåëåíèå ðåàëüíûõ ýêñïëóàòàöèîí-
íûõ âîçìóùåíèé íà ïîëó êàáèíû è ïîäóøêå 
ñèäåíüÿ ïðîèçâîäèëîñü ïðè äâèæåíèè êîëåñ-
íîãî òðàêòîðà Ê-744Ð1(ñò.) (ðèñ. 3) â àãðåãà-
òå ñ ïëîñêîðåçîì ÏÃ-3-5 â ðåæèìå âñïàøêè 
ñòåðíè ñî ñêîðîñòüþ 2,5 ì/ñ. Èññëåäîâàíèÿ 
âûïîëíÿëèñü íà áàçîâîì ó÷àñòêå ÑÏÊ Ïëåì-
çàâîä «Ðîìàøêîâñêèé» Ïàëëàñîâñêîãî ðàéîíà 
Âîëãîãðàäñêîé îáëàñòè. Ãëóáèíà âñïàøêè 

Ðèñ. 2. Ôóíêöèÿ ðàñïðåäåëåíèÿ óñêîðåíèé 
âåðòèêàëüíûõ êîëåáàíèé ðàìû òðàêòîðà

Fig. 2. Distribution function of acceleration 
of vertical vibrations of the tractor frame
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ïî÷âû ñîñòàâëÿëà 22…25 ñì. Äâèæåíèå òðàê-
òîðà ïî âûáðàííîìó ó÷àñòêó îñóùåñòâëÿëîñü 
íà 2-é ïåðåäà÷å II-ãî ðåæèìà ðàáîòû êîðîáêè 
ïåðåìåíû ïåðåäà÷ â äèàïàçîíå èçìåíåíèÿ ÷à-
ñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ 
ßÌÇ-238ÍÄ5 îò 2100 äî 2200 îá/ìèí. Äàííûé 
ðåæèì ðàáîòû òðàêòîðíîãî àãðåãàòà õàðàêòå-
ðåí ïðè âûïîëíåíèè ïàõîòû.

Ðèñ. 3. Òðàêòîð Ê-744Ð1(ñò.)

Fig. 3. Ê-744Ð1 (st.) tractor

Ïðè âûïîëíåíèè èññëåäîâàíèé [9, 10] ïðî-
öåññ èçìåíåíèÿ ìãíîâåííûõ çíà÷åíèé âèáðîó-
ñêîðåíèé íà ïîëó êàáèíû è íà ïîäóøêå ñèäå-
íüÿ âîäèòåëÿ çàïèñûâàëñÿ â ïàìÿòü ïðèáîðîâ, 
âõîäÿùèõ â ñîñòàâ êîìïëåêñîâ íàó÷íî-èññëå-
äîâàòåëüñêîé àïïàðàòóðû ZETLAB (ðèñ. 4) 
è «Àññèñòåíò» (ðèñ. 5).

Ðèñ. 4. Âèáðî- è øóìîèçìåðèòåëüíûé êîìïëåêñ 
ZETLAB: 

1 – êàáåëü USB (äëÿ ñâÿçè ñ ÏÊ); 
2 – èíòåãðèðóþùèé îäíîêàíàëüíûé áëîê-

ðåãèñòðàòîð ZET 110; 3 – àêñåëåðîìåòð ÂÑ 110

Fig. 4. ZETLAB vibration and noise measuring 
complex: 1 – USB cable (for communication 

with a PC); 2 – ZET 110 single-channel integrating 
block-recorder; 3 – accelerometer ÂÑ 110

Íà ýëåêòðîííîì ìíîãîêàíàëüíîì îñöèëëî-
ãðàôå ZETLAB â ðåæèìå ðåàëüíîãî âðåìåíè 
îñóùåñòâëÿëàñü çàïèñü ìãíîâåííûõ è ñðåäíå-
êâàäðàòè÷åñêèõ çíà÷åíèé âèáðîóñêîðåíèé, ðå-
ãèñòðèðóåìûõ îäíîêîìïîíåíòíûì äàò÷èêîì 
(àêñåëåðîìåòðîì) ÂÑ 110 íà ïîëó êàáèíû òðàê-
òîðà, â äàëüíåéøåì ñ ïîìîùüþ ýòîé àïïàðàòó-
ðû âûïîëíåíà îáðàáîòêà ïîëó÷åííûõ äàííûõ 
ñ ïîëó÷åíèåì ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê.

Ðèñ. 5. Âèáðî- è øóìîèçìåðèòåëüíûé êîìïëåêñ 
«Àññèñòåíò»

Fig. 5. Assistant vibration 
and noise measuring complex 

Êîìïëåêñ «Àññèñòåíò» âêëþ÷àåò â ñåáÿ 
âñòðîåííûé àíàëèçàòîð øóìà è âèáðàöèé 
è äàò÷èê, ðåàãèðóþùèé íà âèáðàöèîííûå âîç-
áóæäåíèÿ ïî òðåì ëèíåéíûì âçàèìíî ïåð-
ïåíäèêóëÿðíûì êîîðäèíàòàì. Âèáðàöèîí-
íûé òðåõêîìïîíåíòíûé äàò÷èê ðàñïîëàãàëñÿ 
ïðè èçìåðåíèÿõ íà ïîäóøêå ñèäåíüÿ íà ìå-
òàëëè÷åñêîì äèñêå è ïðèêðåïëÿëñÿ ê íåìó 
ïðè ïîìîùè ïîñòîÿííîãî ìàãíèòà (ðèñ. 6).

Ðèñ. 6. Ñõåìà ðàñïîëîæåíèÿ äàò÷èêà 
íà ïîäóøêå ñèäåíüÿ

Fig. 6. Location of the sensor on the seat cushion
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Îòäåëüíûå ðåçóëüòàòû èçìåðåíèé îòîáðà-
æåíû íà ðèñ. 7 â âèäå ñðàâíèòåëüíûõ ñïåêòðîâ 
âåðòèêàëüíûõ óñêîðåíèé ïîëà êàáèíû è ïî-
äóøêè ñèäåíüÿ ñ âîäèòåëåì [11, 12]. 

Ðèñ. 7. Ñïåêòð âåðòèêàëüíûõ óñêîðåíèé: 
1 – íà ïîëó êàáèíû; 2 – íà ïîäóøêå ñèäåíüÿ 

îïåðàòîðà

Fig. 7. Vertical acceleration spectrum: 
1 – on the cabin floor; 2 – on the operator’s 

seat cushion

Èç àíàëèçà ïîëó÷åííûõ ñïåêòðîâ ñëåäóåò 
âûäåëèòü 2 ïóíêòà:

– øòàòíàÿ ïîäâåñêà ñèäåíüÿ îïåðàòîðà òðàê-
òîðà íå ñíèæàåò àìïëèòóäó êîëåáàíèé, ïåðå-
äàþùèõñÿ îò ïîëà êàáèíû â ïîëîñå ñî ñðåäíå-
ãåîìåòðè÷åñêîé ÷àñòîòîé 2 Ãö, à íàîáîðîò, 
óñèëèâàåò åå ïî÷òè íà 8 %;

– àíàëîãè÷íàÿ êàðòèíà óâåëè÷åíèÿ óðîâíÿ 
âåðòèêàëüíûõ óñêîðåíèé íàáëþäàåòñÿ â íàè-
áîëåå ÷óâñòâèòåëüíîì äëÿ òåëà ÷åëîâåêà äèà-
ïàçîíå ÷àñòîò îò 2,5 Ãö äî 8 Ãö.

3. Ðàñ÷åòíûå èññëåäîâàíèÿ 
âèáðîçàùèòíûõ ñâîéñòâ 
ïîäâåñîê ñèäåíüÿ

Ïîëó÷åííûå â ðåçóëüòàòå íàòóðíûõ èçìå-
ðåíèé çàïèñè èçìåíåíèÿ óñêîðåíèé íà ïîëó 
êàáèíû è íà ïîäóøêå ñèäåíüÿ, à òàêæå èõ ñòà-
òèñòè÷åñêèå õàðàêòåðèñòèêè èñïîëüçîâàíû 
íà ñëåäóþùåì ýòàïå ðàáîò äëÿ âûïîëíåíèÿ 
ñðàâíèòåëüíîãî ðàñ÷åòíîãî ìîäåëèðîâàíèÿ 
[9, 10, 11], èìåþùåãî öåëüþ ñðàâíåíèå âèáðî-
çàùèòíûõ êà÷åñòâ øòàòíîé ïîäâåñêè ñèäåíüÿ 
òðàêòîðà (ðèñ. 8), øèðîêî ðàñïðîñòðàíåííîé 
â àâòîìîáèëå- è òðàêòîðîñòðîåíèè [13] ïîä-

âåñêè ñèäåíüÿ Ð405Ñ/ÊÀ80ÍÒ ôèðìû Sibeco 
ñ ïíåâìîðåññîðîé è íåðåãóëèðóåìûì ãèäðàâ-
ëè÷åñêèì àìîðòèçàòîðîì, íàïðàâëÿþùèé 
ìåõàíèçì êîòîðîé (ðèñ. 9) âûïîëíåí ïî òèïó 
«íîæíèö», è òåõíè÷åñêîãî ðåøåíèÿ ïðåäëî-
æåííîé àâòîðàìè ïíåâìàòè÷åñêîé ïîäâåñêè 
[14], ïîçâîëÿþùåé îáåñïå÷èâàòü îäèíàêîâî êà-
÷åñòâåííóþ âèáðîçàùèòó îïåðàòîðà íà õîäàõ 
ñæàòèÿ è îòáîÿ, à òàêæå èìåþùåé âîçìîæíîñòü 
îñóùåñòâëÿòü ÷àñòè÷íóþ ðåêóïåðàöèþ êîëå-
áàòåëüíîé ýíåðãèè (ðèñ. 10).

Ðèñ. 8. Ñèäåíüå òðàêòîðà «Êèðîâåö»: 
1 – àìîðòèçàòîð; 2 – ìåõàíèçì ïîäâåñêè; 3 – áëîê 

ïðóæèí; 4, 14 è 17 – ðóêîÿòêè; 5 – ãàéêà; 
6 è 8 – øàéáû; 7 è 18 – ðåçèíîâûå âòóëêè; 

9 – ñïèíêà; 10 – ñåêòîð; 11 è 19 – îñè; 
12 – ïîäóøêà; 13 – ðåéêà; 15 – îñòîâ; 16 – âèíò

Fig. 8. Seat of the Kirovets tractor: 1 – shock 
absorber; 2 – suspension mechanism; 3 – spring 
block; 4, 14 and 17 – handles; 5 – nut; 6 and 8 – 

washers; 7 and 18 – rubber bushings; 9 – backrest; 
10 – sector; 11 and 19 – axles; 12 – cushion; 

13 – rack; 15 – frame; 16 – screw

Ïðåäëîæåííàÿ àâòîðàìè ñòàòüè ïîäâåñêà 
(ðèñ. 10) ðàáîòàåò ñëåäóþùèì îáðàçîì [14, 15]. 
Íà õîäå ñæàòèÿ äàâëåíèå âîçäóõà â ïîëîñòè 
ïíåâìîáàëëîíà 1 âîçðàñòàåò, ïðè ýòîì êëà-
ïàíû 7 è 8 çàêðûòû è ñîîáùåíèå ñ ðåñèâåðà-
ìè 9 è 10 îòñóòñòâóåò. Â êîíöå õîäà ñæàòèÿ 
ïðè ñìåíå çíàêà ñêîðîñòè äåôîðìàöèè ñèãíàë 
ñ äàò÷èêà 14 ïîñòóïàåò íà áëîê óïðàâëåíèÿ 15, 
îòêðûâàþùèé êëàïàí 8, è âîçäóõ èç ïîëîñòè 
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ïíåâìîáàëëîíà 1 ïîä äàâëåíèåì ïîäàåòñÿ â ðå-
ñèâåð 9. Ìåæäó ðåñèâåðàìè 9 è 10 îáðàçóåòñÿ 
ïåðåïàä äàâëåíèÿ, êîòîðûé ïðèâîäèò â äåé-
ñòâèå ïíåâìîäâèãàòåëü 11.

Íà õîäå îòáîÿ êëàïàí 8 çàêðûâàåòñÿ, 
ïðè ýòîì ñâÿçü ïíåâìîáàëëîíà ñ ðåñèâåðàìè 
îòñóòñòâóåò. Êëàïàí 7 îòêðûâàåòñÿ òîëüêî 
òîãäà, êîãäà äàâëåíèå âîçäóõà â ïíåâìîáàëëîíå 
ñòàíîâèòñÿ íå áîëüøå äàâëåíèÿ âîçäóõà â ðå-
ñèâåðå 10. Òîãäà âîçäóõ ïîä äàâëåíèåì èç ðå-
ñèâåðà 10 ïîñòóïàåò â ïîëîñòü ïíåâìîáàëëî-
íà è ïðèâîäèò â äåéñòâèå ïíåâìîäâèãàòåëü. 
Ïðè äîñòèæåíèè ïîëîæåíèÿ ñòàòè÷åñêîãî 
ðàâíîâåñèÿ êëàïàí 7 çàêðûâàåòñÿ, ñîîáùå-
íèå ñ ðåñèâåðàìè ïðåêðàùàåòñÿ. Â êîíöå õîäà 
îòáîÿ ïðè ñìåíå çíàêà ñêîðîñòè äåôîðìàöèè 
ïîäâåñêè ïî ñèãíàëó äàò÷èêà 14 îòêðûâàåòñÿ 
êëàïàí 7, âîçäóõ ïîä äàâëåíèåì èç ðåñèâåðà 10 
ïîäàåòñÿ â ïíåâìîáàëëîí è ïðèâîäèò ïíåâìîä-
âèãàòåëü.

Â íà÷àëå õîäà ñæàòèÿ êëàïàí 7 çàêðûâàåòñÿ, 
ñâÿçü ïíåâìîáàëëîíà ñ ðåñèâåðàìè ïðåðûâàåò-
ñÿ. Êëàïàí 8 îòêðûâàåòñÿ òîëüêî òîãäà, êîãäà 
äàâëåíèå âîçäóõà â ïîëîñòè ïíåâìîáàëëîíà 
ñòàíîâèòñÿ íå ìåíüøå äàâëåíèÿ â ðåñèâåðå 9. 
Äî äîñòèæåíèÿ ïîëîæåíèÿ ñòàòè÷åñêîãî ðàâ-
íîâåñèÿ êëàïàí 8 îòêðûò è âîçäóõ ïåðåòåêàåò 
èç ïîëîñòè ïíåâìîáàëëîíà â ðåñèâåð 9, ïðèâî-
äÿ â äåéñòâèå ïíåâìîäâèãàòåëü 11.

Àâòîðàìè ðàçðàáîòàíû ìàòåìàòè÷åñêèå 
ìîäåëè ïåðå÷èñëåííûõ ïîäâåñîê ñèäåíèé è âû-
ïîëíåí êîìïëåêñ ðàñ÷åòíûõ èññëåäîâàíèé 

Ðèñ. 9. Ñèñòåìà ïîäðåññîðèâàíèÿ ñèäåíüÿ 
ôèðìû Sibeco: 

1 – îñíîâàíèå; 2 – ñðåäíÿÿ ðàìà; 3 – ñèñòåìà 
ðû÷àãîâ ïî òèïó «íîæíèö»; 4 – ïíåâìàòè÷åñêàÿ 

ðåññîðà; 5 – âåðõíÿÿ ðàìà; 6 – ïîëçóíû 
ìåõàíèçìà ðåãóëèðîâêè ïîëîæåíèÿ ïîäóøêè 

ñèäåíüÿ; 7 – îãðàíè÷èòåëü õîäà; 8 – êðîíøòåéí; 
9 – àìîðòèçàòîð; 10 – ïîëçóí íàïðàâëÿþùåãî 
ìåõàíèçìà; 11 – ñèñòåìà ðû÷àãîâ ìåõàíèçìà 

ðåãóëèðîâêè ïîëîæåíèÿ ïîäóøêè ñèäåíüÿ

Fig. 9. Sibeco seat suspension system: 1 – base; 
2 – middle frame; 3 – scissors type leverage 

system; 4 – air spring; 5 – upper frame; 6 – sliders 
of the seat cushion position adjustment mechanism; 
7 – travel stop; 8 – bracket; 9 – shock absorber; 

10 – slider of the guiding mechanism; 11 – system 
of levers of the mechanism for adjusting 

the position of the seat cushion

Ðèñ. 10. Ïðåäëîæåííàÿ ñõåìà ïîäâåñêè ñèäåíüÿ: 
1 – ïíåâìîáàëëîí; 2 – íàïðàâëÿþùèå ðû÷àãè; 3 – îãðàíè÷èòåëü õîäà; 4 – íèæíåå îñíîâàíèå; 5 – âåðõíåå 
îñíîâàíèå; 6, 12 è 13 – ïíåâìîìàãèñòðàëè; 7 è 8 – ýëåêòðîïíåâìàòè÷åñêèå êëàïàíû; 9 è 10 – ðåñèâåðû; 
11 – ïíåâìîäâèãàòåëü; 14 – äàò÷èê ïåðåìåùåíèÿ; 15 – ýëåêòðîííûé áëîê óïðàâëåíèÿ ðàáîòîé êëàïàíîâ

Fig. 10. Suggested seat suspension scheme: 1 – pneumocylinder; 2 – guiding levers; 3 – travel stop; 
4 – bottom base; 5 – top base; 6, 12 and 13 – pneumatic lines; 7 and 8  electro-pneumatic valves; 

9 and 10 – receivers; 11  pneumatic motor; 14  displacement sensor; 15  electronic valve control unit



Ãîäæàåâ Ç.À., Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Ïîòàïîâ Ï.Â., Èñêàëèåâ À.È. 
Âèáðîíàãðóæåííîñòü ðàáî÷åãî ìåñòà îïåðàòîðà è âèáðîçàùèòíûå ñâîéñòâà ïîäâåñîê ñèäåíèé

8 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 1(47), 2021

[9, 10, 16, 17] ñ öåëüþ îïðåäåëåíèÿ âèáðîçàùèò-
íûõ êà÷åñòâ êàæäîé â øèðîêîì äèàïàçîíå ýêñ-
ïëóàòàöèîííûõ âîçäåéñòâèé. Äëÿ âûïîëíåíèÿ 
èññëåäîâàíèé èñïîëüçîâàí ïðîãðàììíûé ïàêåò 
MatLab ñî ñðåäñòâîì âèçóàëüíîãî ìîäåëèðî-
âàíèÿ Simulink. Óðàâíåíèÿ ðåøàëèñü ìåòîäîì 
Ðóíãå-Êóòòà 4 ïîðÿäêà ñ ïîñòîÿííûì øàãîì 
èíòåãðèðîâàíèÿ 0,0009257 ñ. Ðåçóëüòàòû ðàñ-
÷åòà â âèäå ìàññèâîâ äàííûõ ïåðåäàâàëèñü ïî-
ñðåäñòâîì ìîäóëÿ MatLab Excel Link â ôàéëû 
Excel äëÿ ïîñëåäóþùèõ îáðàáîòîê. Îòäåëüíûå 
ðåçóëüòàòû ìîäåëèðîâàíèÿ äëÿ ïðèìåðà ïðåä-
ñòàâëåíû íà ðèñ. 11, 12 è 13. 

Ðåçóëüòàòû ðàñ÷åòíûõ 
èññëåäîâàíèé
Ðàñ÷åòíûå ñðàâíèòåëüíûå èññëåäîâàíèÿ 

ðàçðàáîòàííûõ ìàòåìàòè÷åñêèõ ìîäåëåé 
øòàòíîé ïîäâåñêè ñèäåíüÿ òðàêòîðà, ïîäâå-
ñêè ôèðìû Sibeco è ïðåäëàãàåìîé ïîäâåñêè 
ñèäåíèé ïîêàçàëè âûñîêóþ ýôôåêòèâíîñòü 
ïîñëåäíåé ïî îáåñïå÷åíèþ âèáðîçàùèòû ðàáî-
÷åãî ìåñòà îïåðàòîðà [9, 10, 16, 17]. Íà ÷àñòîòå 
ãàðìîíè÷åñêîãî âîçìóùåíèÿ 2 Ãö îòíîñèòåëü-
íîå ñíèæåíèå êîýôôèöèåíòà ïåðåäà÷è H( f) 
ïðåäëàãàåìîé ïîäâåñêè ïî ñðàâíåíèþ ñî øòàò-
íîé ñîñòàâèëî 51 %, íà ÷àñòîòàõ 3, 4, 5, 6, 8 
è 10 Ãö – 72 %, 81 %, 84 %, 85 %, 89 % è 91 % 
ñîîòâåòñòâåííî.

Ðèñ. 11. Îñöèëëîãðàììû àáñîëþòíûõ ïåðåìåùåíèé 
ìàññû, ïîäðåññîðåííîé øòàòíîé è ïðåäëàãàåìîé 
ïîäâåñêàìè ñèäåíüÿ, ïîëó÷åííûå ïðè èìèòàöèè 

âîçäåéñòâèÿ ñëó÷àéíîãî ñèãíàëà

Fig. 11. Oscillograms of the absolute displacements 
of the mass sprung by the standard and suggested 

seat suspensions, obtained by simulating 
the effect of a random signal

Ðèñ. 12. Îñöèëëîãðàììû àáñîëþòíûõ óñêîðåíèé 
ìàññû, ïîäðåññîðåííîé øòàòíîé è ïðåäëàãàåìîé 
ïîäâåñêàìè ñèäåíüÿ, ïîëó÷åííûå ïðè èìèòàöèè 

âîçäåéñòâèÿ ñëó÷àéíîãî ñèãíàëà

Fig. 12. Oscillograms of the absolute accelerations 
of the mass sprung by the standard and suggested 

seat suspensions, obtained by simulating 
the effect of a random signal

Ðèñ. 13. Ñðàâíèòåëüíûå ñïåêòðû àáñîëþòíûõ 
âåðòèêàëüíûõ óñêîðåíèé ïîëà êàáèíû 

è ìàññû ñèäåíüÿ ïðè èñïîëüçîâàíèè ñåðèéíîé 
(ôèðìû Sibeco) è ïðåäëîæåííîé ïîäâåñîê

Fig. 13. Comparative spectra of absolute vertical 
accelerations of the cabin floor and seat mass 
when using the production (Sibeco company) 

and the suggested suspensions

Ïðè ñëó÷àéíîì âîçìóùåíèè ïðåäëàãàåìàÿ 
ïîäâåñêà ñèäåíüÿ ïî ñðàâíåíèþ ñî øòàòíîé îáå-
ñïå÷èâàåò óìåíüøåíèå âåðòèêàëüíûõ óñêîðåíèé 
ïîëà êàáèíû â òðåòüîêòàâíîé ïîëîñå ñî ñðåäíåãå-
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îìåòðè÷åñêèìè ÷àñòîòàìè 2, 2.5, 3.15, 4, 5, 6.3, 8, 
10, 12.5, 16, 20, 25, 31.5 è 40 Ãö, ñîîòâåòñòâåííî, 
â 1,3 ðàçà, â 3 ðàçà, â 2 ðàçà, â 4 ðàçà, â 10 ðàç, 
â 4 ðàçà, â 14 ðàç, â 19 ðàç, â 23 ðàçà, â 34 ðàçà, 
â 44 ðàçà, â 77 ðàç, â 73 ðàçà è â 175 ðàç.

Èíòåãðàëüíîå çíà÷åíèå êîððåêòèðîâàííûõ 
ïî ÷àñòîòå âåðòèêàëüíûõ âèáðîóñêîðåíèé íà ïî-
äóøêå ñåðèéíîãî ñèäåíüÿ òðàêòîðà îêàçàëîñü 
ðàâíûì 0,573 ì/ñ2, ñèäåíüÿ Sibeco – 0,504 ì/ñ2, 
ñèäåíüÿ ñ ïðåäëàãàåìîé ïîäâåñêîé – 0,182 ì/ñ2.

Çàêëþ÷åíèå
1. Âûïîëíåí êîìïëåêñ ýêñïåðèìåíòàëüíûõ 

è ðàñ÷åòíûõ èññëåäîâàíèé ñ öåëüþ îïðåäåëå-
íèÿ îñíîâíûõ ïàðàìåòðîâ âèáðîâîçäåéñòâèé 
íà îïåðàòîðà ãóñåíè÷íûõ è êîëåñíûõ ìàøèí 
â ïðîöåññå ýêñïëóàòàöèè.

2. Ðàçðàáîòàíû ìàòåìàòè÷åñêèå ìîäåëè 
ïîäâåñîê øòàòíîãî ñèäåíüÿ îïåðàòîðà òðàêòî-
ðà Ê-744Ð1(ñò.), ñèäåíüÿ ôèðìû Sibeco è ïðåä-
ëîæåííîãî òåõíè÷åñêîãî ðåøåíèÿ ïîäâåñêè. 
Â ðåçóëüòàòå âûïîëíåíèÿ êîìïëåêñà ðàñ÷åò-
íûõ èññëåäîâàíèé ñîçäàííûõ ìîäåëåé óñòàíîâ-
ëåíî, ÷òî ïðåäëîæåííîå òåõíè÷åñêîå ðåøåíèå 
ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ñ óïðàâëÿå-
ìûì îáìåíîì ðàáî÷èì òåëîì íà õîäàõ ñæàòèÿ 
è îòáîÿ è ñ ÷àñòè÷íîé ðåêóïåðàöèåé êîëåáà-
òåëüíîé ýíåðãèè îáëàäàåò ëó÷øèìè âèáðîçà-
ùèòíûìè ñâîéñòâàìè â øèðîêîì äèàïàçîíå èç-
ìåíåíèÿ ýêñïëóàòàöèîííûõ âîçäåéñòâèé.
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VIBRATION LEVELS ON OPERATOR’S WORKPLACE AND VIBRATION PROTECTION 
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This article analyzes the nature and parameters of the main operational disturbances, which energy is di-
rectly or indirectly transferred to the operator's workplace of tractor with a caterpillar or wheeled propel-
ler when performing various technological operations, based on experimental research data. The main 
operating frequency range of these operational disturbances is considered. The contribution of each 
frequency component to the overall level of vibration at the operator's workplace is assessed. The ex-
ample of implementation the results of field measurements of real operational disturbances and vibration 
characteristics on a K-744R1 (st.) wheeled tractor, which operated in a unit with a PG-3-5 plane cutter in 
the mode of plowing stubble at a constant speed of movement was used. The comparative study of vibra-
tion-protective properties of various designs of seat suspension was carried out. The technique of field 
measurements, including specialized equipment of the ZETLAB and Assistant companies, the mode, the 
sensor installation scheme and other conditions are described. Using the numerical Runge-Kutta method 
and mathematical modeling tools in the Simulink MatLab software environment, the operation of the se-
rial suspension of the K-744R1 (st.) tractor seat, air suspension of the Sibeco seat with a scissor guiding 
mechanism and the innovative air suspension of the seat (based on Sibeco) with controlled extraction 
of vibration energy and its subsequent recuperation was simulated. There were obtained the calculated 
oscillograms and spectra of vertical accelerations on a seat cushion, sprung with each of the considered 
suspensions under the input action of measured real operational disturbances. The results of the analysis 
of the research results are summed up.

Keywords: vibration loads, seat suspension, vibration protections characteristics, mathematical mode-
ling, research results
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