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METHODS FOR CONTROLLING THE ELASTIC DAMPING 
CHARACTERISTICS OF PNEUMATIC SEAT SUSPENSIONS

Ïíåâìàòè÷åñêàÿ ïîäâåñêà ñèäåíüÿ îòíîñèòñÿ ê âàæíåéøèì, à â íåêîòîðûõ ñèòóàöèÿõ è ê êëþ÷åâûì ñîñòàâëÿþùèì 
ñèñòåìû âèáðîçàùèòû ÷åëîâåêà–îïåðàòîðà òðàíñïîðòíîãî ñðåäñòâà. Íà ñîâðåìåííîì ýòàïå íàó÷íî-òåõíè÷åñêîé 
äåÿòåëüíîñòè áîëüøèíñòâà ðàçðàáîò÷èêîâ îãðîìíûé àêöåíò äåëàåòñÿ íà óïðàâëÿåìûå ñèñòåìû ïîäðåññîðèâàíèÿ 
ñèäåíèé, êàê íà ñàìûå ïåðñïåêòèâíûå. Â äàííîé ñòàòüå âûïîëíåí àíàëèç ñïîñîáîâ óïðàâëåíèÿ óïðóãîäåìïôèðó-
þùåé õàðàêòåðèñòèêîé ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî ñðåäñòâà. Â õîäå àíàëèçà ðàññìîòðåíî 
äåñÿòü ðàçëè÷íûõ è äîñòàòî÷íî èçâåñòíûõ ñïîñîáîâ èçìåíåíèÿ ôîðìû è ïàðàìåòðîâ óïðóãîäåìïôèðóþùèõ õà-
ðàêòåðèñòèê çà ñ÷åò ýëåêòðîïíåâìàòè÷åñêèõ êëàïàíîâ, äðîññåëåé, äâèãàòåëåé, äîïîëíèòåëüíûõ ïîëîñòåé, âñïî-
ìîãàòåëüíûõ ìåõàíèçìîâ è èíûõ èñïîëíèòåëüíûõ ýëåìåíòîâ, ïðîàíàëèçèðîâàíû äîñòîèíñòâà, ãðàíèöû ïðèìå-
íåíèÿ è íåäîñòàòêè êàæäîãî ñïîñîáà. Íà îñíîâå ðåçóëüòàòîâ ïðîâåäåííîé àíàëèòè÷åñêîé ïðîöåäóðû, à òàêæå 
èçâåñòíûõ â íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðå ðåêîìåíäàöèé ïî ïîâûøåíèþ âèáðîçàùèòíûõ ñâîéñòâ ñèñòåì ïîä-
ðåññîðèâàíèÿ àâòîðàìè ïðåäëîæåí è ðàçðàáîòàí íîâûé ñïîñîá óïðàâëåíèÿ óïðóãîäåìïôèðóþùåé õàðàêòåðèñòè-
êîé, ðåàëèçóåìûé â ïðåäëàãàåìîì òåõíè÷åñêîì ðåøåíèè ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî ñðåä-
ñòâà. Ñïîñîá îòëè÷àåòñÿ òåì, ÷òî ðåàëèçóåò öèêëè÷åñêèé óïðàâëÿåìûé îáìåí ðàáî÷èì òåëîì ìåæäó ïîëîñòÿìè 
ïíåâìàòè÷åñêîãî óïðóãîãî ýëåìåíòà è äîïîëíèòåëüíîãî îáúåìà ðåñèâåðà íà õîäàõ ñæàòèÿ è îòáîÿ, ôîðìèðóÿ 
ïðàêòè÷åñêè ñèììåòðè÷íóþ óïðóãîäåìïôèðóþùóþ õàðàêòåðèñòèêó è ÷àñòè÷íóþ ðåêóïåðàöèþ êîëåáàòåëüíîé 
ýíåðãèè ïíåâìàòè÷åñêèì ïðèâîäîì, ïðåäñòàâëåííûì â âèäå ïíåâìîäâèãàòåëÿ ðîòàöèîííîãî òèïà. Ê òîìó æå ñïî-
ñîá íå òðåáóåò íàëè÷èÿ íåðåãóëèðóåìîãî ãèäðàâëè÷åñêîãî àìîðòèçàòîðà, îáëàäàÿ, òåì íå ìåíåå, ïðåèìóùåñòâîì 
â âèäå óëó÷øåííûõ âèáðîçàùèòíûõ ñâîéñòâ ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî ñðåäñòâà â øèðî-
êîì äèàïàçîíå èçìåíåíèÿ ýêñïëóàòàöèîííûõ âîçäåéñòâèé.
Êëþ÷åâûå ñëîâà: ñïîñîá óïðàâëåíèÿ, óïðóãîäåìïôèðóþùàÿ õàðàêòåðèñòèêà, ïîäâåñêà ñèäåíüÿ, ïíåâìàòè÷å-
ñêàÿ ðåññîðà, ýëåêòðîïíåâìàòè÷åñêèé êëàïàí, äåìïôèðóþùåå óñòðîéñòâî, ÷àñòîòà êîëåáàíèé.
Äëÿ öèòèðîâàíèÿ: Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Ïîòàïîâ Ï.Â., Èñêàëèåâ À.È. Ñïîñîáû óïðàâëåíèÿ óïðó-
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The pneumatic seat suspension is one of the most important, and in some situations, one of the key components of the 
vibration protection system for the human operator of the vehicle. At the present stage of scientific and technical activi-
ties of most developers, great emphasis is placed on controlled seat suspension systems, as the most promising systems. 
This article analyzes the methods of controlling the elastic damping characteristics of the air suspension of a vehicle seat. 
Ten different and fairly well-known methods of changing the shape and parameters of elastic damping characteristics 
due to electro-pneumatic valves, throttles, motors, additional cavities, auxiliary mechanisms and other actuators were 
considered, the advantages, application limits and disadvantages of each method were analyzed. Based on the results 
of the performed analytical procedure, as well as the recommendations known in the scientific and technical literature 
on improving the vibration-protective properties of suspension systems, the authors proposed and developed a new 
method for controlling the elastic-damping characteristic, which is implemented in the proposed technical solution 
for the air suspension of a vehicle seat. The method differs in the thing that it implements a cyclic controlled exchange 
of the working fluid between the cavities of the pneumatic elastic element and the additional volume of the receiver 
on the compression and rebound strokes, forming an almost symmetric elastic damping characteristic, and partial recu-
peration of vibrational energy by a pneumatic drive, presented in the form of a rotary type pneumatic motor. In addition, 
the method does not require an unregulated hydraulic shock absorber, while still having the advantage of improved 
vibration-proof properties of the air suspension of a vehicle seat over a wide range of operating influences.
Keywords: control method, elastic damping characteristic, seat suspension, air spring, electro-pneumatic valve, 
damping device, vibration frequency.
Cite as: Lyashenko M.V., Shekhovtsov V.V., Potapov P.V., Iskaliyev A.I. Methods for controlling the elastic damp-
ing characteristics of pneumatic seat suspensions. Traktory i sel’khozmashiny. 2021. No 2, pp. 27–33 (in Russ.). 
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 Ââåäåíèå
Îäíîé èç âàæíåéøèõ çàäà÷, êîòîðûå ïðèõî-

äèòñÿ ðåøàòü êîíñòðóêòîðàì íà ñòàäèè ïðîåê-
òèðîâàíèÿ àâòîòðàêòîðíîé òåõíèêè, ÿâëÿåòñÿ 
çàäà÷à çàùèòû ðàáî÷åãî ìåñòà îïåðàòîðà îò ïî-
âûøåííîãî øóìà è âèáðàöèé. Ïîäâåñêà ðàìû 
è êàáèíû â îïðåäåëåííîé ñòåïåíè ñíèæàþò 
àìïëèòóäû äèíàìè÷åñêèõ âîçäåéñòâèé îò íå-
ðîâíîñòåé ïî÷âåííîãî ôîíà, ó ãóñåíè÷íûõ 
ìàøèí – òàêæå îò ïåðåìîòêè çâåí÷àòîé ãóñå-
íèöû. Îäíàêî â áîëüøèíñòâå ñëó÷àåâ îêîí÷à-
òåëüíóþ çàùèòó îïåðàòîðà îò âèáðîíàãðóçîê 
äîëæíà îáåñïå÷èâàòü ïîäâåñêà ñèäåíüÿ. Êîí-
ñòðóêòîðàìè àâòîòðàêòîðíîé òåõíèêè ïðåä-
ëîæåíî ìíîæåñòâî òåõíè÷åñêèõ ðåøåíèé ïîä-
âåñîê ñèäåíèé, îäíàêî êàê íà ðîññèéñêèõ, òàê 
è íà ðÿäå çàðóáåæíûõ ìàøèí çàäà÷ó âèáðîçà-
ùèòû îïåðàòîðà íåëüçÿ ñ÷èòàòü ðàçðåøåííîé 
â ïîëíîé ìåðå è óëó÷øåíèå åãî âèáðîçàùè-
ùåííîñòè ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé.

Öåëü èññëåäîâàíèé
Àíàëèç ñïîñîáîâ óïðàâëåíèÿ óïðóãîäåìï-

ôèðóþùåé õàðàêòåðèñòèêîé ïíåâìàòè÷åñêîé 
ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî ñðåäñòâà 
è îïèñàíèå ñîçäàííîãî àâòîðàìè, ñ ó÷åòîì àíà-
ëèçà, íîâîãî ñïîñîáà, îáåñïå÷èâàþùåãî óëó÷-
øåíèå âèáðîçàùèòíûõ ñâîéñòâ ïîäâåñêè.

Ìàòåðèàëû è ìåòîäû
Àíàëèç ñóùåñòâóþùèõ ñïîñîáîâ óïðàâëå-

íèÿ óïðóãîäåìïôèðóþùèìè õàðàêòåðèñòèêà-
ìè ïíåâìàòè÷åñêèõ ïîäâåñîê ñèäåíèé ïîêàçû-
âàåò, ÷òî èõ ìîæíî ïîäðàçäåëåëèòü íà îñíîâå 
òîãî, êàêèì îáðàçîì îíè ôîðìèðóþò õàðàêòå-
ðèñòèêó.

1. Ðó÷íîå èçìåíåíèå ìàññû ðàáî÷åãî òåëà 
â ðåññîðå. Äàííûé ñïîñîá [1] èñïîëüçóåòñÿ 
âî ìíîãèõ ïàññèâíûõ ïîäâåñêàõ, õàðàêòåðèñòè-
êè êîòîðûõ ðåãóëèðóþòñÿ îïåðàòîðîì âðó÷íóþ. 
Îí îòëè÷àåòñÿ ïðîñòîòîé è íàäåæíîñòüþ. Ïîä-
êëþ÷åíèå ïî íåîáõîäèìîñòè ê ñèñòåìå ïèòàíèÿ 
äëÿ íàïîëíåíèÿ ïîëîñòè ðåññîðû èëè ñáðîñ 
ðàáî÷åãî òåëà â àòìîñôåðó îñóùåñòâëÿåòñÿ 
ïðè ïîìîùè êëàïàííûõ è ðàñïðåäåëèòåëüíûõ 
ïíåâìîìåõàíè÷åñêèõ óñòðîéñòâ. Ñïîñîá îáå-
ñïå÷èâàåò âîçìîæíîñòü ðåãóëèðîâêè â îïðå-
äåëåííûõ ïðåäåëàõ ïîëîæåíèÿ òåëà îïåðàòîðà 
è æåñòêîñòè ïîäâåñêè. Ïðè ðåãóëèðîâêå ôîðìà 
õàðàêòåðèñòèêè îáû÷íî íå èçìåíÿåòñÿ.

2. Êîììóòàöèÿ ïîëîñòåé ðåññîðû è äîïîë-
íèòåëüíûõ îáúåìîâ ÷åðåç äðîññåëè ñ èçìåíÿå-
ìîé ãåîìåòðèåé èëè êëàïàííûå îòâåðñòèÿ 

ñ íåñèììåòðè÷íîé ïðîïóñêíîé ñïîñîáíîñòüþ. 
Äëÿ ðåàëèçàöèè âîçäóøíîãî äåìïôèðîâàíèÿ 
[2, 3], äîïîëíèòåëüíîãî ê òðàäèöèîííîìó ãè-
äðàâëè÷åñêîìó äåìïôèðîâàíèþ àìîðòèçàòî-
ðîì, èëè âìåñòî íåãî, çàäåéñòâóþò ðåñèâåðû 
èëè êàìåðû ñ äîïîëíèòåëüíûìè îáúåìàìè ðàáî-
÷åãî òåëà. Êîììóòàöèÿ ìåæäó ïîëîñòÿìè ÷åðåç 
äðîññåëüíûå èëè êëàïàííûå óñòðîéñòâà ïðè íå-
ïðåðûâíîì èëè äèñêðåòíîì ïåðåòåêàíèè ðàáî-
÷åãî òåëà ñïîñîáñòâóåò ïîãëîùåíèþ è ïîñëåäó-
þùåìó ðàññåèâàíèþ ýíåðãèè â öèêëå êîëåáàíèé 
ïîäðåññîðåííîãî îáúåêòà. Ñàìîðåãóëèðîâàíèå 
ïàðàìåòðîâ è ôîðìû õàðàêòåðèñòèêè ïîäâåñêè 
îñóùåñòâëÿåòñÿ àëãîðèòìîì î÷åðåäíîñòè ñðà-
áàòûâàíèÿ êëàïàíîâ è äðîññåëåé. Òåõíè÷åñêèå 
ðåøåíèÿ ïíåâìàòè÷åñêèõ ïîäâåñîê ñèäåíèé, 
â êîòîðûõ èñïîëüçóåòñÿ òàêîé ñïîñîá óïðàâëå-
íèÿ õàðàêòåðèñòèêîé, îáëàäàþò âûñîêîé ôóíê-
öèîíàëüíîé ýôôåêòèâíîñòüþ è îòíîñèòåëüíîé 
ïðîñòîòîé êîíñòðóêöèè.

3. Àâòîìàòè÷åñêàÿ êîììóòàöèÿ ïîëîñ-
òåé ðåññîðû è äîïîëíèòåëüíûõ îáúåìîâ 
÷åðåç óïðàâëÿåìûå ýëåêòðîïíåâìàòè÷åñêèå 
êëàïàíû. Êîììóòàöèþ ïîëîñòåé ïðè ýòîì 
â îïðåäåëåííûå ìîìåíòû âðåìåíè îáåñïå÷è-
âàþò ýëåêòðîïíåâìàòè÷åñêèå êëàïàíû ïî ñèã-
íàëàì îò ýëåêòðîííîãî áëîêà óïðàâëåíèÿ. 
Â êîíñòðóêöèè òàêèõ ðåãóëèðóåìûõ ïîäâåñîê 
ñèäåíèé [4, 5] âõîäÿò äàò÷èêè, ñ÷èòûâàþùèå 
èíôîðìàöèþ îá àìïëèòóäå ïåðåìåùåíèé, 
ñêîðîñòè èëè ÷àñòîòå êîëåáàíèé îïåðàòîðà 
è ïåðåäàþùèå åå áëîêó óïðàâëåíèÿ ñ ÷àñòîòîé 
250 Ãö. Â êà÷åñòâå áëîêà óïðàâëåíèÿ èñïîëüçó-
åòñÿ êîíòðîëëåð, ôîðìèðóþùèé óïðàâëÿþùèå 
ñèãíàëû ïî çàëîæåííûì â íåãî àëãîðèòìàì. 
Â çàâèñèìîñòè îò òèïà è ÷àñòîòû âîçìóùå-
íèÿ, âîçäåéñòâóþùåãî íà ïîäðåññîðèâàåìûé 
îáúåêò, ôîðìèðóåòñÿ ñîîòâåòñòâóþùàÿ ñèòó-
àöèè óïðóãîäåìïôèðóþùàÿ õàðàêòåðèñòèêà 
ïîäâåñêè ñèäåíüÿ. Ïðè ýòîì æåñòêîñòü ïîä-
âåñêè âîçìîæíî ðåãóëèðîâàòü àâòîìàòè÷åñêè. 
Äàííûé ñïîñîá îòëè÷àåòñÿ âîçìîæíîñòüþ 
âûáîðà øèðîêîãî ñïåêòðà ðàçëè÷íûõ ïî ôîðìå 
è ïàðàìåòðàì óïðóãîäåìïôèðóþùèõ õàðàêòå-
ðèñòèê.

4. Àâòîìàòè÷åñêîå èçìåíåíèå ìàññû ðà-
áî÷åãî òåëà â ðåññîðå ïóòåì óïðàâëÿåìîé 
êîììóòàöèè ïîëîñòè ðåññîðû ñ ìàãèñòðà-
ëüþ, ñâÿçûâàþùåé ïîñòîÿííî ðàáîòàþùèé 
êîìïðåññîð ñ àòìîñôåðîé. Âåðñèè ïîäâåñîê 
ñ ïîäîáíûì àêòèâíûì ñïîñîáîì óïðàâëåíèÿ 
õàðàêòåðèñòèêîé [6, 7] ìàêñèìàëüíî ýôôåê-
òèâíû â ÷àñòîòíîì äèàïàçîíå âîçìóùåíèé 
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0,8…5 Ãö, êîãäà íåîáõîäèìî ñîçäàòü ïðîòèâî-
ïîëîæíî íàïðàâëåííóþ äâèæåíèþ ïîäðåññî-
ðåííîãî òåëà ñèëó óïðóãîãî ñîïðîòèâëåíèÿ. 
Íèçêàÿ ýôôåêòèâíîñòü íà áîëåå âûñîêèõ ÷à-
ñòîòàõ âîçìóùåíèé îáóñëîâëåíà îãðàíè÷åí-
íûìè ôóíêöèîíàëüíûìè âîçìîæíîñòÿìè èñ-
ïîëíèòåëüíûõ óñòðîéñòâ. Ê òîìó æå òðåáóåòñÿ 
ïîñòîÿííîå ïèòàíèå äëÿ ýëåêòðè÷åñêîãî êîì-
ïðåññîðà è, ñîîòâåòñòâåííî, äîïîëíèòåëüíûå 
çàòðàòû ýíåðãèè.

5. Àâòîìàòè÷åñêîå ïîäêëþ÷åíèå ïíåâ-
ìàòè÷åñêîé ñèñòåìû ê ðàáîòå ïîäâåñêè 
ïðè äîñòèæåíèè óâåëè÷åííûõ õîäîâ ñæàòèÿ 
è îòáîÿ. Äëÿ äàííîãî ñïîñîáà óïðàâëåíèÿ 
óïðóãîäåìïôèðóþùåé õàðàêòåðèñòèêîé ïîäâå-
ñêè ñèäåíüÿ [8] õàðàêòåðíî íàëè÷èå îïðåäåëåí-
íûõ óñëîâèé äëÿ âêëþ÷åíèÿ â ïðîöåññ ðàáîòû. 
Â îòëè÷èå îò ïðåäûäóùåãî ñïîñîáà, îñíîâàí-
íîãî íà àêòèâíîì ïðèíöèïå äåéñòâèÿ, â äàííîì 
ñëó÷àå ïíåâìàòè÷åñêèé óïðóãèé ýëåìåíò âû-
ñòóïàåò òîëüêî êàê èñïîëíèòåëüíûé ñèëîâîé 
ïðèâîä äëÿ ñîçäàíèÿ äîïîëíèòåëüíîãî óïðóãî-
ãî ñîïðîòèâëåíèÿ ïðè äîñòèæåíèè ïîäâåñêîé 
ñèäåíüÿ ìàêñèìàëüíî áîëüøèõ õîäîâ ñæàòèÿ 
è îòáîÿ. Â êà÷åñòâå îñíîâíîãî è â òî æå âðåìÿ 
ïîääåðæèâàþùåãî ñòàòè÷åñêîå ïîëîæåíèå îïå-
ðàòîðà óïðóãîãî ýëåìåíòà èñïîëüçóåòñÿ ìå-
òàëëè÷åñêàÿ ïðóæèíà ëèáî òîðñèîí. Ïðè ýòîì 
äîñòèãàåòñÿ óâåëè÷åíèå æåñòêîñòè íà êðàéíèõ 
ó÷àñòêàõ õàðàêòåðèñòèêè, ÷òî ñïîñîáñòâóåò 
óìåíüøåíèþ ÷ðåçìåðíîãî äèíàìè÷åñêîãî õîäà 
è ðèñêà ïðîáîÿ ïîäâåñêè.

6. Èçìåíåíèå ìãíîâåííîãî ñîïðîòèâëåíèÿ 
ïîäâåñêè ïóòåì óïðàâëåíèÿ ïðîòèâîôàç-
íûì âîçìóùåíèå óñèëèåì ëèíåéíîãî äâèãà-
òåëÿ. Äëÿ îñóùåñòâëåíèÿ äàííîãî ñïîñîáà 
[9] â êà÷åñòâå èñïîëíèòåëüíîãî ñèëîâîãî ïðè-
âîäà âûñòóïàåò ëèíåéíûé äâèãàòåëü, ãåíåðè-
ðóþùèé ïðîòèâîôàçíûå âîçìóùåíèÿì ñèëû. 
Ñïåöèàëüíûé äàò÷èê íåïðåðûâíî îïðåäåëÿåò 
ìãíîâåííûå çíà÷åíèÿ ïàðàìåòðîâ âíåøíèõ 
âîçäåéñòâèé è ïåðåäàåò èõ íà ìèêðîêîíòðîë-
ëåð áëîêà óïðàâëåíèÿ, â êîòîðîì ïðîèñõîäèò 
îáðàáîòêà âõîäÿùèõ èìïóëüñîâ è ôîðìèðóþò-
ñÿ ïî çàëîæåííûì àëãîðèòìàì îïòèìàëüíûå 
èñïîëíèòåëüíûå ñèãíàëû ñ ÷àñòîòîé 1000 Ãö. 
Â ñîîòâåòñòâèè ñ ñèãíàëàìè ïîäàåòñÿ ïèòà-
íèå íà âñòðîåííûé ëèíåéíûé äâèãàòåëü ìîù-
íîñòüþ äî 3,5 êÂò. Òàêèì îáðàçîì, ïîäâåñêà 
àêòèâíî ïðîòèâîäåéñòâóåò óäàðàì, âåðòè-
êàëüíûì êîëåáàíèÿì è âèáðàöèÿì â øèðîêîì 
äèàïàçîíå ÷àñòîò, ñîçäàâàÿ ïðîòèâîïîëîæíî 
íàïðàâëåííîå óñèëèå, äîñòàòî÷íîå äëÿ ïåðåìå-

ùåíèÿ âîäèòåëåé âåñîì äî 160 êã. Ïíåâìàòè÷å-
ñêèé óïðóãèé ýëåìåíò àâòîìàòè÷åñêè íàñòðà-
èâàåòñÿ äëÿ ïîçèöèîíèðîâàíèÿ è ïîääåðæêè 
âåñà âîäèòåëÿ, òåì ñàìûì ïîñòîÿííî ñâîäÿ 
ê ìèíèìóìó ïîòðåáëåíèå ýëåêòðîýíåðãèè 
â ñòàòèêå. Îäíèì èç ãëàâíûõ íåäîñòàòêîâ ýòîãî 
ñïîñîáà óïðàâëåíèÿ õàðàêòåðèñòèêîé ÿâëÿåòñÿ 
âûñîêàÿ ñòîèìîñòü è ñëîæíîñòü èñïîëíåíèÿ 
ñèëîâîãî ïðèâîäà â âèäå ëèíåéíîãî äâèãàòåëÿ.

7. Èçìåíåíèå äåìïôèðîâàíèÿ ïîäâåñêè 
ïóòåì óïðàâëåíèÿ ñîñòîÿíèåì æèäêîñòè 
â ìàãíèòîðåîëîãè÷åñêèõ àìîðòèçàòîðàõ. Ñïî-
ñîá íàõîäèò ïðèìåíåíèå â ïîäâåñêàõ ñèäåíèé 
ñ ïîëóàêòèâíûì óïðàâëåíèåì [10], ãäå âíåø-
íÿÿ ýëåêòðè÷åñêàÿ ýíåðãèÿ òðåáóåòñÿ òîëüêî 
äëÿ èçìåíåíèÿ âÿçêîñòè ìàãíèòîðåîëîãè÷å-
ñêîé æèäêîñòè è, êàê ñëåäñòâèå, ðåãóëèðîâà-
íèÿ äåìïôèðóþùåãî óñèëèÿ àìîðòèçàòîðà 
â îïðåäåëåííûå ìîìåíòû âðåìåíè â çàâèñèìî-
ñòè îò âíåøíèõ âîçìóùåíèé. Äàò÷èê ïåðåäàåò 
êîíòðîëëåðó áëîêà óïðàâëåíèÿ èíôîðìàöèþ 
î ñìåíå óñëîâèé âîçìóùåíèé â ðåæèìå ðåàëü-
íîãî âðåìåíè ñ ÷àñòîòîé 500 Ãö. Äàëåå ñëåäóåò 
âûáîð ïîäõîäÿùåãî àëãîðèòìà ðåàêöèè ñèñòå-
ìû íà âîçìóùåíèÿ è ïåðåäà÷à ýëåêòðè÷åñêîãî 
èìïóëüñà íà âñòðîåííóþ â ìàãíèòîðåîëîãè-
÷åñêèé äåìïôåð ýëåêòðîìàãíèòíóþ êàòóøêó. 
Ïîä äåéñòâèåì ìàãíèòíîãî ïîëÿ ðàáî÷àÿ æèä-
êîñòü àìîðòèçàòîðà ìåíÿåò ñâîþ âÿçêîñòü. 
Ïðîèñõîäèò àäàïòàöèÿ çíà÷åíèÿ äèññèïàòèâ-
íûõ ñâîéñòâ ïîäâåñêè ïîä êîíêðåòíîå âîçìó-
ùåíèå. Òàêèå ïîäâåñêè ñèäåíèé ïåðñïåêòèâíû, 
òàê êàê îáëàäàþò êîìïàêòíîñòüþ, îòíîñèòåëü-
íî ïðîñòîé ñòðóêòóðîé è ïðèíöèïîì ðàáîòû. 
Åäèíñòâåííî ñëîæíûì óçëîì ÿâëÿåòñÿ ìàãíè-
òîðåîëîãè÷åñêèé äåìïôåð, êîòîðûé â öåëîì 
îïðåäåëÿåò ðàáîòîñïîñîáíîñòü, ýôôåêòèâ-
íîñòü è ñòîèìîñòü âñåé ñèñòåìû.

8. Èçìåíåíèå äåìïôèðîâàíèÿ ïîäâåñêè 
ïóòåì óïðàâëåíèÿ ïàðàìåòðàìè ìàÿòíè-
êîâûõ, äèíàìè÷åñêèõ è èíûõ èíåðöèîííûõ 
ãàñèòåëåé êîëåáàíèé. Äàííûé ñïîñîá [11] ïî-
òåíöèàëüíî ïîçâîëÿåò ñîçäàòü ïðîòèâîôàç-
íûå äâèæåíèþ ïîäðåññîðåííîãî òåëà óñèëèÿ 
è, òåì ñàìûì, àìïëèòóäíûå «ïðîâàëû», 
íî òîëüêî â îïðåäåëåííûõ óçêèõ ðåçîíàíñíûõ 
ïîëîñàõ ÷àñòîò âîçáóæäåíèÿ ñèñòåìû. Ïðî-
áëåìíûì ÿâëÿåòñÿ ìãíîâåííûé òî÷íûé ïîäáîð 
è íàñòðîéêà êëþ÷åâûõ ïàðàìåòðîâ óñòðîéñòâ 
ãàøåíèÿ êîëåáàíèé.

9. Èçìåíåíèå äåìïôèðîâàíèÿ ïîäâåñêè 
ïóòåì óïðàâëåíèÿ «ñóõèì òðåíèåì». Ôóíêöè-
îíèðîâàíèå ðàññìàòðèâàåìîãî ñïîñîáà îáåñïå-
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÷èâàåòñÿ, íàïðèìåð, ïîñðåäñòâîì ðåëåéíîãî 
çàêîíà óïðàâëåíèÿ â ðåæèìå «âêëþ÷èòü – 
âûêëþ÷èòü». Ïîëó÷àåòñÿ òàê íàçûâàåìîå 
ïðåðûâèñòîå äåìïôèðîâàíèå [12], ðåàëèçóå-
ìîå, ÷àùå âñåãî, ñ ïîìîùüþ ôðèêöèîííûõ 
ýëåìåíòîâ, ðàâíûå â îäíè ìîìåíòû âðåìåíè 
êàêîìó-òî çíà÷åíèþ ñèëû íåóïðóãîãî ñîïðî-
òèâëåíèÿ, à â äðóãèå – íóëþ, è òîãäà â òî âðåìÿ, 
êîãäà äåìïôèðîâàíèå êîëåáàíèé íå íóæíî, îíî 
íå çàäåéñòâóåòñÿ. Ïðîáëåìíûì ÿâëÿåòñÿ ñëîæ-
íîñòü óñòðîéñòâà òàêîé ñèñòåìû è ïîääåðæà-
íèå ñòàáèëüíîñòè íàñòðîåê, îáåñïå÷èâàþùèõ 
«ïðåðûâèñòîå äåìïôèðîâàíèå».

10. Èçìåíåíèå ãåîìåòðèè ðû÷àãîâ, à 
òàêæå òî÷åê ðàñïîëîæåíèÿ êðåïëåíèé 
óïðóãîäåìïôèðóþùèõ óñòðîéñòâ â íàïðàâ-
ëÿþùåì ìåõàíèçìå ïîäâåñêè ñèäåíüÿ. Â 
äàííîì ñïîñîáå äåëàåòñÿ àêöåíò ëèøü íà èç-
ìåíåíèå ìãíîâåííîé ïðèâåäåííîé óïðóãîäåìï-
ôèðóþùåé õàðàêòåðèñòèêè ïîäâåñêè ñèäåíüÿ 
[13], çàâèñÿùåé îò ðàñïîëîæåíèÿ è óãëîâ íà-
êëîíà óïðóãîäåìïôèðóþùèõ óñòðîéñòâ ïî ãî-
ðèçîíòàëè è âåðòèêàëè. Ôîðìà õàðàêòåðèñòè-
êè ïðè ýòîì ìàëî èçìåíÿåòñÿ. Ïðåèìóùåñòâîì 
ñïîñîáà ÿâëÿåòñÿ îòñóòñòâèå äîïîëíèòåëüíûõ 
èñïîëíèòåëüíûõ ìåõàíèçìîâ.

Ðåçóëüòàòû è îáñóæäåíèå
Ñîãëàñíî ðåçóëüòàòàì èññëåäîâàíèé, îïè-

ñàííûõ â ðàáîòå [14], äëÿ ïîâûøåíèÿ âèáðîçà-
ùèòíûõ ñâîéñòâ ïîäâåñêè íåîáõîäèìî ïðèäåð-
æèâàòüñÿ ñëåäóþùèõ ðåêîìåíäàöèé:

– äîáèâàòüñÿ îòêëþ÷åíèÿ äåìïôèðóþùèõ 
óñòðîéñòâ â îáëàñòÿõ íåýôôåêòèâíîé ðàáîòû, 
â êîòîðûõ íàïðàâëåíèå äåéñòâèÿ íåóïðóãîãî 
ñîïðîòèâëåíèÿ ñîâïàäàåò ñ âåêòîðîì äâèæå-
íèÿ ïîäðåññîðåííîé ìàññû (íà÷àëî êàæäîé 
îáëàñòè ñîîòâåòñòâóåò ìîìåíòó èçìåíåíèÿ íà-
ïðàâëåíèÿ äâèæåíèÿ ïîäðåññîðåííîé ìàññû, 
à êîíåö – ìîìåíòó èçìåíåíèÿ íàïðàâëåíèÿ äå-
ôîðìàöèè ïîäâåñêè);

– äîáèâàòüñÿ îòêëþ÷åíèÿ äåìïôèðóþùèõ 
óñòðîéñòâ â çàðåçîíàíñíîé çîíå êîëåáàíèé 
ïðè êèíåìàòè÷åñêîì âîçìóùåíèè;

– ðàçðàáàòûâàòü äåìïôèðóþùèå óñòðîéñòâà 
ñ õàðàêòåðèñòèêàìè áîëåå âûñîêîãî ïîðÿäêà;

– ðàçðàáàòûâàòü äåìïôèðóþùèå óñòðîéñòâà 
ñ ðåêóïåðàöèåé ýíåðãèè â öèêëå êîëåáàíèé, îáå-
ñïå÷èâàþùèå â îáëàñòÿõ íåýôôåêòèâíîé ðàáîòû 
èçìåíåíèå äåéñòâèÿ ñèëû íåóïðóãîãî ñîïðîòèâ-
ëåíèÿ íà ïðîòèâîïîëîæíîå íàïðàâëåíèå.

Àâòîðàìè ñ ó÷åòîì ýòèõ ðåêîìåíäàöèé 
ïðåäëîæåí íîâûé ñïîñîá óïðàâëåíèÿ óïðóãî-
äåìïôèðóþùåé õàðàêòåðèñòèêîé ïíåâìàòè÷å-
ñêîé ïîäâåñêè ñèäåíüÿ.

Íà ðèñ. 1 ïðåäñòàâëåíà îáùàÿ ñõåìà óñòðîé-
ñòâà, ðåàëèçóþùåãî ïðåäëàãàåìûé ñïîñîá 
óïðàâëåíèÿ [15].

Ïîäâåñêà ñèäåíüÿ òðàíñïîðòíîãî ñðåä-
ñòâà (ðèñ. 1) ñîäåðæèò ïíåâìîáàëëîí 1, âû-
ïîëíåííûé â âèäå ïíåâìàòè÷åñêîãî öèëèíäðà 
äâóõñòîðîííåãî äåéñòâèÿ. Ïî áîêàì ñèäåíüÿ 
ðàñïîëîæåíû íàïðàâëÿþùèå ðû÷àãè 2, ñî-
åäèíåííûå øàðíèðîì ìåæäó ñîáîé ïî òèïó 

Ðèñ. 1. Ñõåìà ïîäâåñêè ñèäåíüÿ, ðåàëèçóþùåé ïðåäëàãàåìûé ñïîñîá óïðàâëåíèÿ 
óïðóãîäåìïôèðóþùåé õàðàêòåðèñòèêîé

Fig. 1. Seat suspension scheme that implements the proposed method 
for controlling the elastic damping characteristic
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íîæíèö, è ðåçèíîâûå áóôåðû 3. Îäíè êîíöû 
íàïðàâëÿþùèõ ðû÷àãîâ 2 ñâÿçàíû ñ íèæíèì 
îñíîâàíèåì 4 è ñ âåðõíèì îñíîâàíèåì 5 øàð-
íèðíî, à äðóãèå – ñ ïîìîùüþ ïîëçóíîâ ñ âîç-
ìîæíîñòüþ ïåðåìåùåíèÿ ïî ñïåöèàëüíîé íà-
ïðàâëÿþùåé. Ðåçèíîâûå áóôåðû 3 óñòàíîâëåíû 
íà íèæíåì îñíîâàíèè 4 è ñëóæàò äëÿ îãðàíè-
÷åíèÿ ÷ðåçìåðíîãî ïðîñåäàíèÿ ïîäâåñêè ñèäå-
íüÿ. Ïíåâìîáàëëîí 1 çàêðåïëåí îäíîé îïîðíîé 
ïîâåðõíîñòüþ íà íèæíåì îñíîâàíèè 4 è âòîðîé 
îïîðíîé ïîâåðõíîñòüþ íà íàïðàâëÿþùèõ ðû÷à-
ãàõ 2. Ïîäïîðøíåâàÿ è íàäïîðøíåâàÿ ïîëîñòè 
ïíåâìîáàëëîíà 1 ñîåäèíåíû ïíåâìîìàãèñòðà-
ëÿìè 6 è 7 ÷åðåç óïðàâëÿåìûå ýëåêòðîïíåâìà-
òè÷åñêèå êëàïàíû 8 è 9 è ïíåâìîìàãèñòðàëü 10 
ñ ðåñèâåðîì 11 ñ äîïîëíèòåëüíûì îáúåìîì 
âîçäóõà. ×åðåç óïðàâëÿåìûå ýëåêòðîïíåâìàòè-
÷åñêèå êëàïàíû 12 è 13 è ïíåâìîìàãèñòðàëü 16 
îíè ñâÿçàíû ñ âûõîäîì ïíåâìîäâèãàòåëÿ 15 ðå-
êóïåðàòîðà è ìåæäó ñîáîé. Ðåñèâåð 11 ñîåäè-
íåí ñ âõîäîì ïíåâìîäâèãàòåëÿ 15 ðåêóïåðàòî-
ðà ïíåâìîìàãèñòðàëüþ 14. Ìåæäó íèæíèì 4 
è âåðõíèì 5 îñíîâàíèÿìè óñòàíîâëåí ýëåê-
òðîííûé äàò÷èê ïåðåìåùåíèÿ 17, ñèãíàëû êî-
òîðîãî ïîñòóïàþò íà âõîä ýëåêòðîííîãî áëîêà 
óïðàâëåíèÿ 18, óïðàâëÿþùåãî ðàáîòîé êëàïà-
íîâ 8, 9, 12 è 13.

Íà ðèñ. 2 ïðåäñòàâëåíà êîíöåïòóàëüíàÿ óïðó-
ãîäåìïôèðóþùàÿ õàðàêòåðèñòèêà ïîäâåñêè ñèäå-
íüÿ òðàíñïîðòíîãî ñðåäñòâà, ïîëó÷àåìàÿ ñîãëàñ-
íî ïðåäëàãàåìîìó ñïîñîáó óïðàâëåíèÿ.

Ðèñ. 2. Óïðóãîäåìïôèðóþùàÿ õàðàêòåðèñòèêà 
ïîäâåñêè ñèäåíüÿ, êîòîðàÿ ôîðìèðóåòñÿ 
ïðè ïðåäëîæåííîì ñïîñîáå óïðàâëåíèÿ

Fig. 2. Elastic damping characteristic 
of the seat suspension, which is formed 

with the proposed control method

Óïðàâëåíèå îñóùåñòâëÿåòñÿ ñëåäóþùèì 
îáðàçîì. Íà õîäå ñæàòèÿ ïîäâåñêè ïðè ïåðåìå-
ùåíèè âåðõíåãî îñíîâàíèÿ 5 ïî íàïðàâëåíèþ 
ê íèæíåìó îñíîâàíèþ 4 îòíîñèòåëüíî ïîëî-
æåíèÿ ñòàòè÷åñêîãî ðàâíîâåñèÿ (ðèñ. 2, ó÷à-
ñòîê 0–à), ðàâíîãî ïîëîâèíå ïîëíîãî õîäà ïîä-

âåñêè, äàâëåíèå ðàáî÷åãî òåëà â ïîäïîðøíåâîé 
ïîëîñòè ïíåâìîáàëëîíà 1 âîçðàñòàåò âñëåä-
ñòâèå îòñóòñòâèÿ ñîîáùåíèÿ ñ ðåñèâåðîì 11 
è íàäïîðøíåâîé ïîëîñòüþ ïðè çàêðûòûõ êëà-
ïàíàõ 9 è 13. Òåì âðåìåíåì íàäïîðøíåâàÿ ïî-
ëîñòü ïðè çàêðûòîì êëàïàíå 8 è îòêðûòîì êëà-
ïàíå 12 ñîîáùàåòñÿ ÷åðåç ïíåâìîäâèãàòåëü 15 
ñ ðåñèâåðîì 11. Âîçäóõ, ïðåîäîëåâàÿ ñîïðîòèâ-
ëåíèå ïíåâìîäâèãàòåëÿ 15 è ïðèâîäÿ åãî â äâè-
æåíèå, èç-çà âîçíèêàþùåãî ïåðåïàäà äàâëåíèé 
ïåðåòåêàåò èç ðåñèâåðà 11 â íàäïîðøíåâóþ ïî-
ëîñòü ïíåâìîáàëëîíà 1.

Â êîíöå õîäà ñæàòèÿ (ðèñ. 2, ó÷àñòîê à–b) 
ïðè äîñòèæåíèè íóëåâîãî çíà÷åíèÿ ñêîðîñòè 
äåôîðìàöèè ñèãíàë ñ äàò÷èêà 17 îáðàáàòûâà-
åòñÿ áëîêîì óïðàâëåíèÿ 18, êîòîðûé ôîðìè-
ðóåò óïðàâëÿþùåå âîçäåéñòâèå ïî îòêðûòèþ 
êëàïàíà 9 è çàêðûòèþ êëàïàíà 12. Ðàáî÷åå òåëî 
ïåðåòåêàåò èç ïîäïîðøíåâîé ïîëîñòè ïíåâìî-
áàëëîíà 1 âñëåäñòâèå èçáûòî÷íîãî äàâëåíèÿ 
â ðåñèâåð 11.

Â íà÷àëå õîäà îòáîÿ ïðè äâèæåíèè âåðõíåãî 
îñíîâàíèÿ 5 ïî íàïðàâëåíèþ îò íèæíåãî îñíî-
âàíèÿ 4 (ðèñ. 2, ó÷àñòîê b–0) êëàïàí 9 çàêðû-
âàåòñÿ, à êëàïàíû 12 è 13 îòêðûâàþòñÿ, ÷òî ïî-
çâîëÿåò ðåàëèçîâàòü ñîîáùåíèå íàäïîðøíåâîé 
è ïîäïîðøíåâîé ïîëîñòè è âåäåò ê âûðàâíèâà-
íèþ äàâëåíèé âîçäóõà ìåæäó íèìè.

Ïîñëå äîñòèæåíèÿ ïîëîâèíû ïîëíîãî õîäà 
ïîäâåñêè âåðõíèì îñíîâàíèåì 5 íà õîäå îòáîÿ 
(ðèñ. 2, ó÷àñòîê 0–ñ) êëàïàí 12 çàêðûâàåòñÿ. 
Äàâëåíèå âîçäóõà â íàäïîðøíåâîé ïîëîñòè 
ïíåâìîáàëëîíà 1 âîçðàñòàåò âñëåäñòâèå îò-
ñóòñòâèÿ ñîîáùåíèÿ ñ ðåñèâåðîì 11 è ïîä-
ïîðøíåâîé ïîëîñòüþ. Ïîäïîðøíåâàÿ ïîëîñòü 
ïðè îòêðûòîì êëàïàíå 13 ñîîáùàåòñÿ ÷åðåç 
ïíåâìîäâèãàòåëü 15 ñ ðåñèâåðîì 11. Ðàáî÷åå 
òåëî, ïðåîäîëåâàÿ ñîïðîòèâëåíèå ïíåâìîäâè-
ãàòåëÿ 15 è ïðèâîäÿ åãî â äâèæåíèå, èç-çà âîç-
íèêàþùåãî ïåðåïàäà äàâëåíèé ïåðåòåêàåò 
èç ðåñèâåðà 11 â ïîäïîðøíåâóþ ïîëîñòü ïíåâ-
ìîáàëëîíà 1.

Â êîíöå õîäà îòáîÿ (ðèñ. 2, ó÷àñòîê c–d), 
êîãäà ñèãíàë äàò÷èêà 17 ïîäàåòñÿ íà âõîä ýëåê-
òðîííîãî áëîêà óïðàâëåíèÿ 18 ïðè íóëåâîì 
çíà÷åíèè ñêîðîñòè äåôîðìàöèè ïîäâåñêè, îò-
êðûâàåòñÿ êëàïàí 8 è çàêðûâàåòñÿ êëàïàí 13. 
Ðàáî÷åå òåëî ïîä äåéñòâèåì èçáûòî÷íîãî äàâ-
ëåíèÿ â íàäïîðøíåâîé ïîëîñòè ïíåâìîáàëëî-
íà 1 ïåðåòåêàåò â ðåñèâåð 11.

Â íà÷àëå õîäà ñæàòèÿ (ðèñ. 2, ó÷àñòîê d–0) 
êëàïàí 8 çàêðûâàåòñÿ, è îòêðûâàþòñÿ êëàïàíû 
12 è 13. Âïëîòü äî ìîìåíòà äîñòèæåíèÿ âåðõ-
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íèì îñíîâàíèåì 5 ïîëîâèíû ïîëíîãî õîäà ïîä-
âåñêè íàäïîðøíåâàÿ è ïîäïîðøíåâàÿ ïîëîñòè 
ñîîáùåíû ìåæäó ñîáîé, è äàâëåíèå âîçäóõà 
â íèõ îäèíàêîâîå.

Ïðåäëàãàåìûé ñïîñîá óïðàâëåíèÿ óïðóãî-
äåìïôèðóþùåé õàðàêòåðèñòèêîé ïíåâìàòè÷å-
ñêîé ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî ñðåäñòâà 
îáëàäàåò ñëåäóþùèìè äîñòîèíñòâàìè:

– ïîçâîëÿåò ðåàëèçîâàòü ðåãðåññèâíî-ïðî-
ãðåññèâíûé õàðàêòåð èçìåíåíèÿ õàðàêòåðèñòèêè;

– îáåñïå÷èâàåò ôîðìèðîâàíèå ïðàêòè÷åñêè 
ñèììåòðè÷íîé ôîðìû èçìåíåíèÿ õàðàêòåðè-
ñòèêè íà õîäàõ ñæàòèÿ è îòáîÿ;

– áëàãîäàðÿ íàëè÷èþ ïíåâìàòè÷åñêîãî öè-
ëèíäðà äâóõñòîðîííåãî äåéñòâèÿ â êà÷åñòâå 
èñïîëíèòåëüíîãî ýëåìåíòà óñòðîéñòâà ìîæíî 
èìåòü â õàðàêòåðèñòèêå ó÷àñòêè ñ êâàçèíóëå-
âîé æåñòêîñòüþ;

– ïîãëîùåíèå ýíåðãèè êîëåáàíèé ïîäðåñ-
ñîðåííîãî îáúåêòà ïðîèñõîäèò íà ó÷àñòêàõ õà-
ðàêòåðèñòèêè, ñîîòâåòñòâóþùèõ êîíöàì õîäîâ 
ñæàòèÿ è îòáîÿ ïîäâåñêè, ãäå çàêàí÷èâàåòñÿ 
îáëàñòü íåýôôåêòèâíîé ðàáîòû äåìïôèðóþùå-
ãî óñòðîéñòâà;

– íàëè÷èå ðåêóïåðàòîðà, ïîçâîëÿþùåãî ïî-
ëåçíî èñïîëüçîâàòü ýíåðãèþ êîëåáàíèé;

– ïíåâìàòè÷åñêèé ïðèâîä ðåêóïåðàòîðà ñîç-
äàåò ñâîå ñîáñòâåííîå ñîïðîòèâëåíèå, à íå äî-
ïîëíèòåëüíî ñïîñîáñòâóåò äâèæåíèþ ïîä-
ðåññîðåííîãî òåëà â îáëàñòÿõ íåýôôåêòèâíîé 
ðàáîòû äåìïôèðóþùåãî óñòðîéñòâà;

– ïðèâîä ðåêóïåðàòîðà ñ ëèíåéíîé íàãðó-
çî÷íîé õàðàêòåðèñòèêîé ñ ðîñòîì ÷àñòîòû 
âíåøíåãî êèíåìàòè÷åñêîãî âîçìóùåíèÿ áû-
ñòðåå çàïóñêàåòñÿ è ðàáîòàåò áîëåå óñòîé÷èâî, 
÷òî ñíèæàåò åãî ñîïðîòèâëåíèå öèêëè÷íîìó 
ïåðåòåêàíèþ ðàáî÷åãî òåëà èç îäíîé ïîëîñòè 
â äðóãóþ, òåì ñàìûì ïîâûøàÿ âèáðîçàùèòíûå 
ñâîéñòâà ïîäâåñêè, îñîáåííî â çàðåçîíàíñíîé 
çîíå êîëåáàíèé;

– ñïîñîá íå òðåáóåò íàëè÷èÿ â êîíñòðóêöèè 
ïîäâåñêè ñèäåíüÿ íåðåãóëèðóåìîãî ãèäðàâëè-
÷åñêîãî àìîðòèçàòîðà;

– áûñòðîäåéñòâèå óñòðîéñòâà, ðåàëèçóþùå-
ãî ñïîñîá, îáåñïå÷èâàåòñÿ ýëåêòðîííîé ñèñòå-
ìîé óïðàâëåíèÿ.

Âûâîäû
1. Âûïîëíåí àíàëèç ñïîñîáîâ óïðàâëåíèÿ 

õàðàêòåðèñòèêîé ïíåâìàòè÷åñêîé ïîäâåñêè 
ñèäåíüÿ òðàíñïîðòíîãî ñðåäñòâà, â õîäå êîòî-
ðîãî ðàññìîòðåíî 10 ñïîñîáîâ ôîðìèðîâàíèÿ 
óïðóãîäåìïôèðóþùèõ õàðàêòåðèñòèê, ïðîàíà-

ëèçèðîâàíû äîñòîèíñòâà è íåäîñòàòêè êàæäîãî 
ñïîñîáà.

2. Ïðåäëîæåíî òåõíè÷åñêîå ðåøåíèå ïíåâ-
ìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ñ óïðàâëÿåìûì 
îáìåíîì ðàáî÷èì òåëîì íà õîäàõ ñæàòèÿ 
è îòáîÿ è ñ ÷àñòè÷íîé ðåêóïåðàöèåé êîëåáà-
òåëüíîé ýíåðãèè, îáëàäàþùåå óëó÷øåííû-
ìè âèáðîçàùèòíûìè ñâîéñòâàìè â øèðîêîì 
äèàïàçîíå èçìåíåíèÿ ýêñïëóàòàöèîííûõ âîç-
äåéñòâèé.

Ëèòåðàòóðà
1.  Ïíåâìîïîäâåñêà ñèäåíüÿ: óäîáñòâî è êîì-

ôîðò. 2017. URL: http://ru.megasos.com/wiki/
pnevmopodveska-sideniya-udobstvo-i-komfort.

2.  Êî÷åòîâ Î.Ñ. Èññëåäîâàíèå íåëèíåéíûõ äðîñ-
ñåëüíûõ óñòðîéñòâ äëÿ ñèñòåì âèáðîèçîëÿöèè // 
Íàó÷íûé àëüìàíàõ. Òåõíè÷åñêèå íàóêè. 2016. 
№ 2 (16). Ñ. 357−361.

3.  Ïèëèïåíêî Â.Â., Ïèëèïåíêî Î.Â., Çàïîëüñêèé 
Ë.Ã. Ïíåâìàòè÷åñêèå ñèñòåìû âèáðîçàùèòû 
ñ êâàçèíóëåâîé æåñòêîñòüþ // Òåõíè÷åñêàÿ ìåõà-
íèêà. 2008. № 2. Ñ. 17−25.

4. Haller Erwin. Device and Method for Suspension 
of a Vehicle Seat by Means of Additional Volumes: 
ïàòåíò 8864145 B2 Ñîåäèíåííûå Øòàòû Àìåðè-
êè, ÌÏÊ B 60 G 17/02, B 60 N 2/52, B 60 N 2/50 / 
çàÿâèòåëü è ïàòåíòîîáëàäàòåëü Grammer AG. 
№ 12/720527; çàÿâ. 09.03.10; îïóáë. 21.10.14.

5.  Grammer AG. Produktwelten. Commercial Vehi-
cles. Landmaschinen. 2018. URL: https://www.
grammer.com/produktwelten/commercial-vehicles/
landmaschinen.html.

6.   Âåñåëîâ Ã.Å., Ñèíèöûí À.Ñ. Ñèíòåç àäàïòèâíîãî 
ñèíåðãåòè÷åñêîãî çàêîíà óïðàâëåíèÿ àêòèâíîé 
ñèñòåìîé àìîðòèçàöèè êðåñåë îïåðàòîðîâ çåì-
ëåðîéíûõ ìàøèí // Èçâåñòèÿ ÞÔÓ. Òåõíè÷åñêèå 
íàóêè. 2017. № 3 (188). Ñ. 97−110.

7. Maciejewski I. Control system design of active 
seat suspensions // Journal of Sound and Vibration. 
2012. Vol. 331. P. 1291−1309.

8.  Ïîëèâàåâ Î.È., Þøèí À.Þ., Êîñòèêîâ Î.Ì., 
Ðîäèí Å.Í. Àêòèâíàÿ ïîäâåñêà ñèäåíüÿ òðàíñ-
ïîðòíîãî ñðåäñòâà: ïàòåíò 2363598 Ðîññèéñêàÿ 
Ôåäåðàöèÿ, ÌÏÊ B 60 N 2/52 / çàÿâèòåëü è ïà-
òåíòîîáëàäàòåëü ÔÃÎÓ ÂÏÎ «Âîðîíåæñêèé 
ãîñóäàðñòâåííûé àãðàðíûé óíèâåðñèòåò èìåíè 
Ê.Ä. Ãëèíêè». № 2008118046/11; çàÿâë. 05.05.08; 
îïóáë. 10.08.09, Áþë. № 22.

9.  Bose Ride. 2019. URL: https://www.bose.com.
10.  Sears Seating. Èííîâàöèè. Ñèñòåìà ñíèæå-

íèÿ âèáðàöèé VRS®. 2008. URL: http://www.
searsseating.net/russian/innovation4.htm.



Lyashenko M.V., Shekhovtsov V.V., Potapov P.V., Iskaliyev A.I.
Methods for controlling the elastic damping characteristics of pneumatic seat suspensions

ISSN 0321-4443 Tractors and Agricultural Machinery, No 2, 2021

T
H

E
O

R
Y
, 

D
E

S
IG

N
, 

T
E

S
T

IN
G

33

11.  Àìåëü÷åíêî Í.Ï. Óëó÷øåíèå âèáðîçàùèòíûõ 
ñâîéñòâ ïîäâåñêè ñèäåíüÿ âîäèòåëÿ êîëåñíîãî 
òðàêòîðà: àâòîðåô. äèñ. … êàíä. òåõí. íàóê. Ìî-
ãèëåâ, 2008. 20 ñ.

12.  Ãàëüÿíîâ È.Â., Ôîìèíîâà Î.Â. Âèáðîçàùèòíûå 
ñèñòåìû ñ ïðåðûâèñòûì äåìïôèðîâàíèåì // Áåç-
îïàñíîñòü æèçíåäåÿòåëüíîñòè. 2006. № 4. Ñ. 2−8.

13.  Bostrom Seating. Products. Suspensions. 2018. URL: 
https://www.bostromseating.com/en-us/products/
suspensions.

14.  Íîâèêîâ Â.Â., Ðÿáîâ È.Ì., ×åðíûøîâ Ê.Â. Âè-
áðîçàùèòíûå ñâîéñòâà ïîäâåñîê àâòîòðàíñïîðò-
íûõ ñðåäñòâ: ìîíîãðàôèÿ; ÂîëãÃÒÓ. Âîëãîãðàä: 
ÐÏÊ «Ïîëèòåõíèê», 2009. 339 ñ.

15. Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Êîñåíêî, Â.Â.  Ïî-
òàïîâ, Ï.Â.  Èñêàëèåâ À.È., Øâåäóíåíêî  À.À. 
Ñïîñîá óïðàâëåíèÿ óïðóãîäåìïôèðóþùåé õà-
ðàêòåðèñòèêîé ïîäâåñêè ñèäåíüÿ òðàíñïîðòíîãî 
ñðåäñòâà: ïàòåíò 2726479 Ðîññèéñêàÿ Ôåäåðà-
öèÿ, ÌÏÊ B 60 N 2/52 / çàÿâèòåëü è ïàòåíòîî-
áëàäàòåëü ÔÃÁÎÓ ÂÎ «Âîëãîãðàäñêèé ãîñóäàð-
ñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò» (ÂîëãÃÒÓ). 
№ 2019103478; çàÿâë. 07.02.19; îïóáë. 14.07.20, 
Áþë. № 20.

Reference
1. Pnevmopodveska siden’ya: udobstvo i kom-

fort. 2017. URL: http://ru.megasos.com/wiki/
pnevmopodveska-sideniya-udobstvo-i-komfort

2. Kochetov O.S. Research of nonlinear throttle de-
vices for vibration isolation systems. Nauchnyy 
al’manakh. Tekhnicheskiye nauki. 2016. No 2 (16), 
pp. 357−361 (In Russ.).

3. Pilipenko V.V., Pilipenko O.V., Zapol’skiy L.G. 
Pneumatic vibration protection systems with qua-
si-zero stiffness. Tekhnicheskaya mekhanika. 2008. 
No 2, pp. 17−25 (In Russ.).

4. Pat. 8864145 B2 Soyedinånn·yye Shtaty Ameriki, 
MPK B 60 G 17/02, B 60 N 2/52, B 60 N 2/50. 
Device and Method for Suspension of a Vehicle 
Seat by Means of Additional Volumes / Erwin 
Haller; zayavitel’ i patentoobladatel’ Grammer AG. 
No 12/720527; zayav. 09.03.10; opubl. 21.10.14.

5. Grammer AG. Produktwelten. Commercial Vehi-
cles. Landmaschinen. 2018. URL: https://www.
grammer.com/produktwelten/commercial-vehicles/
landmaschinen.html.

6. Veselov G.E., Sinitsyn A.S. Synthesis of an adap-
tive synergistic law of control of the active system of 

damping of the seats of the operators of earthmoving 
machines. Izvestiya YUFU. Tekhnicheskiye nauki. 
2017. No 3 (188), pp. 97−110 (In Russ.).

7. Maciejewski I. Control system design of active 
seat suspensions // Journal of Sound and Vibration. 
2012. Vol. 331. P. 1291−1309.

8. Pat. 2363598 Rossiyskaya Federatsiya, MPK B 60 
N 2/52. Aktivnaya podveska siden’ya transport-
nogo sredstva [Active vehicle seat suspension] 
O.I. Polivayev, A.YU. Yushin, O.M. Kostik-
ov, YE.N. Rodin; zayavitel’ i patentoobladatel’ 
FGOU VPO «Voronezhskiy gosudarstven-
nyy agrarnyy universitet imeni K.D. GlinkI». 
No 2008118046/11; zayavl. 05.05.08; opubl. 
10.08.09, Byul. No 22.

9. Bose Ride. 2019. URL: https://www.bose.com.
10. Sears Seating. Innovatsii. Sistema snizheniya vi-

bratsiy VRS®. 2008. URL: http://www.searsseat-
ing.net/russian/innovation4.htm.

11. Amel’chenko N.P. Uluchsheniye vibrozashchit-
nykh svoystv podveski siden’ya voditelya kolesno-
go traktora: avtoref. dis. … kand. tekhn. nauk [Im-
proving the vibration protection properties of the 
suspension of the driver’s seat of a wheeled tractor: 
Abstract to Dissertation for Degree of PhD in Engi-
neering]. Mogilev, 2008. 20 p.

12. Gal’yanov I.V., Fominova O.V. Vibration protection 
systems with intermittent damping. Bezopasnost’ 
zhiznedeyatel’nosti. 2006. No 4, pp. 2−8 (In Russ.).

13. Bostrom Seating. Products. Suspensions. 2018. 
URL: https://www.bostromseating.com/en-us/prod-
ucts/suspensions.

14. Novikov V.V., Ryabov I.M., Chernyshov K.V. 
Vibrozashchitn·yye svoystva podvesok avtotrans-
portnykh sredstv [Vibration-protective properties 
of vehicle suspensions]: monografiya; VolGGTU. 
Volgograd: RPK «PolitekhniK» Publ., 2009. 
339 p.

15. Pat. 2726479 Rossiyskaya Federatsiya, MPK B 60 
N 2/52. Sposob upravleniya uprugodempfiruyush-
chey kharakteristikoy podveski siden’ya transport-
nogo sredstva [Method for controlling the elastic 
damping characteristic of the vehicle seat suspen-
sion] M.V. Lyashenko, V.V. Shekhovtsov, V.V. Ko-
senko, P.V. Potapov, A.I. Iskaliyev, A.A. Shve-
dunenko. Zayavitel’ i patentoobladatel’ FGBOU 
VO «Volgogradskiy gosudarstvennyy tekhnich-
eskiy universiteT» (VolGGTU). No 2019103478; 
zayavl. 07.02.19; opubl. 14.07.20, Byul. No 20.


