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Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èñïûòàíèé ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ôèðìû Sibeco ñ íîæíè÷íûì 
íàïðàâëÿþùèì ìåõàíèçìîì íà îäíîîïîðíîì ñòåíäå ñ ãèäðàâëè÷åñêèì ïðèâîäîì ïðîèçâîäñòâà èíäèéñêîé êîì-
ïàíèè BiSS. Ïíåâìàòè÷åñêàÿ ïîäâåñêà ñèäåíüÿ îòíîñèòñÿ ê âàæíåéøèì ñîñòàâëÿþùèì ñèñòåìû âèáðîçàùèòû 
÷åëîâåêà-îïåðàòîðà òðàíñïîðòíîãî ñðåäñòâà. Äëÿ èññëåäîâàòåëåé, èíæåíåðîâ è êîíñòðóêòîðîâ, çàíèìàþùèõñÿ 
âîïðîñàìè ïîâûøåíèÿ óðîâíÿ êîìôîðòàáåëüíîñòè íîâîé àâòîòðàêòîðíîé òåõíèêè, î÷åíü âàæíî îïðåäåëèòü 
äèíàìè÷åñêèå õàðàêòåðèñòèêè ñèñòåì ïîäðåññîðèâàíèÿ ñóùåñòâóþùèõ ìîäåëåé ñèäåíèé ñ öåëüþ äàëüíåéøåãî 
ïðîâåäåíèÿ êîíñòðóêòèâíûõ ìåðîïðèÿòèé ïî óëó÷øåíèþ èõ âèáðîçàùèòíûõ ñâîéñòâ. Âàæíåéøåé äèíàìè÷å-
ñêîé õàðàêòåðèñòèêîé, îöåíèâàþùåé âèáðîçàùèòíûå ñâîéñòâà ïîäâåñêè ñèäåíüÿ, ÿâëÿåòñÿ ïåðåäàòî÷íàÿ ôóíê-
öèÿ. Öåëü èñïûòàíèé – îïðåäåëåíèå ïåðåäàòî÷íîé ôóíêöèè. Îïèñàíà óñòàíîâêà, âêëþ÷àþùàÿ â ñåáÿ ìåòàë-
ëè÷åñêèå ýëåìåíòû ñîåäèíåíèÿ èñïîëíèòåëüíîãî ìåõàíèçìà ñòåíäà-ãèäðîïóëüñàòîðà è ãðóçîâ, èìèòèðóþùèõ 
ïîäðåññîðåííóþ ìàññó, ñ ïîäâåñêîé ñèäåíüÿ, à òàêæå äàò÷èê ñèëû, âñòðîåííûé â êîíñòðóêöèþ ñòåíäà, è äàò-
÷èêè óñêîðåíèé, çàêðåïëåííûå ñ òîðöà íà âåðõíåé ðàìå è îñíîâàíèè ïîäâåñêè. Èññëåäîâàíèÿ ïðîâîäèëèñü íà 
ðåæèìàõ ãàðìîíè÷åñêîãî âîçáóæäåíèÿ ðàññìàòðèâàåìîé ñèñòåìû ïîäðåññîðèâàíèÿ ñ îïðåäåëåííîé ÷àñòîòîé. 
Ñ òî÷íîñòüþ äî 0,001 g çàïèñûâàëèñü âðåìåííûå ðåàëèçàöèè ñèãíàëîâ îò äàò÷èêîâ óñêîðåíèé, êîòîðûå çàòåì 
îáðàáàòûâàëèñü äëÿ ïîëó÷åíèÿ ñðåäíåêâàäðàòè÷åñêèõ çíà÷åíèé è ïîäñ÷åòà âåëè÷èíû ïåðåäàòî÷íîé ôóíêöèè. 
Â õîäå îáðàáîòêè è àíàëèçà ïîëó÷åííûõ äàííûõ ïîñòðîåíû çàâèñèìîñòè ïåðåäàòî÷íîé ôóíêöèè ïíåâìàòè÷å-
ñêîé ïîäâåñêè ñèäåíüÿ îò ÷àñòîòû êèíåìàòè÷åñêèõ âîçäåéñòâèé ñòåíäà è âûÿâëåíû ðåçîíàíñíûå ÷àñòîòíûå 
äèàïàçîíû. Â çàêëþ÷åíèå òàêæå îïðåäåëåí õàðàêòåð èçìåíåíèÿ ýêñïåðèìåíòàëüíîé ïåðåäàòî÷íîé ôóíêöèè 
ðàññìàòðèâàåìîé ñèñòåìû ïîäðåññîðèâàíèÿ ñèäåíüÿ ñ óâåëè÷åíèåì ÷àñòîòû âîçìóùåíèé.
Êëþ÷åâûå ñëîâà: âèáðàöèÿ, óñêîðåíèÿ, ñòåíä-ãèäðîïóëüñàòîð, äàò÷èê, ïîäâåñêà ñèäåíüÿ, ïåðåäàòî÷íàÿ ôóíê-
öèÿ, ïíåâìàòè÷åñêàÿ ðåññîðà, àìîðòèçàòîð, ýêñïåðèìåíòàëüíàÿ óñòàíîâêà, ÷àñòîòà.

The article presents the results of tests of the pneumatic suspension of the seat of the Sibeco company with a scis-
sor guide mechanism on a single-point stand with a hydraulic drive manufactured by the Indian company BiSS. 
Pneumatic seat suspension is one of the most important components of the vibration protection system of the human 
operator of the vehicle. For researchers, engineers and designers involved in improving the level of comfort of new 
automotive equipment, it is very important to determine the dynamic characteristics of the systems of suspension 
of existing models of seats in order to further carry out constructive measures to improve their vibration protection 
properties. The most important dynamic characteristic that assesses the vibration-proof properties of the seat sus-
pension is the transfer function. The purpose of the test is to determine the transfer function. The set includes metal 
elements connect the actuator of hydraulic pulsator stand and cargo, simulates the sprung mass, suspension seat, and 
a force sensor integrated into the stand design, and sensors accelerations fixed end to the upper frame and the base 
suspension. The studies were carried out on the modes of harmonic excitation of the considered system of suspension 
with a certain frequency. Time realizations of signals from acceleration sensors were recorded with an accuracy of 
0,001 g, which were then processed to obtain RMS values and calculate the value of the transfer function. During the 
processing and analysis of the data obtained, the dependences of the transfer function of the seat air suspension on 
the frequency of the kinematic effects of the stand were built and the resonance frequency ranges were revealed. In 
conclusion, the nature of changes in the experimental transfer function of the seat suspension system with an increase 
in the frequency of disturbances is also determined.
Keywords: vibration, acceleration, hydraulic pulsator stand, sensor, seat suspension, transfer function, pneumatic 
spring, shock absorber, experimental setup, frequency.
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 Ââåäåíèå
Âûïîëíåíèå ñåëüñêîõîçÿéñòâåííûõ òåõíî-

ëîãè÷åñêèõ è òðàíñïîðòíûõ îïåðàöèé ñîïðî-
âîæäàåòñÿ ãåíåðàöèåé âðåäíûõ âîçäåéñòâèé 
äèíàìè÷åñêèõ íàãðóçîê, âèáðàöèé è øóìà, 
÷òî îòðèöàòåëüíî ñêàçûâàåòñÿ íà ïðîèçâîäè-
òåëüíîñòè, êà÷åñòâå ðàáîòû è, ãëàâíîå, íà çäî-
ðîâüå ÷åëîâåêà-îïåðàòîðà, îñóùåñòâëÿþùåãî 
óïðàâëåíèå íàçåìíîé òÿãîâî-òðàíñïîðòíîé 
òåõíèêîé.

Ñèäåíüå – ïîñëåäíåå çâåíî â ñëîæíîé äè-
íàìè÷åñêîé öåïè ïåðåäà÷è ìåõàíè÷åñêèõ êî-
ëåáàíèé îò ðàçëè÷íûõ èñòî÷íèêîâ (äâèãàòåëÿ, 
òðàíñìèññèè, íåðîâíîñòåé äîðîãè è ò.ä.) ê òåëó 
÷åëîâåêà. Äëÿ èññëåäîâàòåëåé, èíæåíåðîâ, 
êîíñòðóêòîðîâ, çàíèìàþùèõñÿ âîïðîñàìè ïî-
âûøåíèÿ óðîâíÿ êîìôîðòàáåëüíîñòè àâòî-
òðàêòîðíîé òåõíèêè, î÷åíü âàæíî îïðåäåëèòü 
äèíàìè÷åñêèå õàðàêòåðèñòèêè ïîäâåñîê ñóùå-
ñòâóþùèõ ìîäåëåé ñèäåíèé ñ öåëüþ äàëüíåé-
øåãî ïðîâåäåíèÿ êîíñòðóêòèâíûõ ìåðîïðèÿ-
òèé ïî óëó÷øåíèþ èõ âèáðîçàùèòíûõ ñâîéñòâ 
[1, 2].

Âàæíåéøåé äèíàìè÷åñêîé õàðàêòåðèñòè-
êîé, îöåíèâàþùåé âèáðîçàùèòíûå ñâîéñòâà 
ïîäâåñêè ñèäåíüÿ, ÿâëÿåòñÿ ïåðåäàòî÷íàÿ 
ôóíêöèÿ [3, 4]:

( )( ) ,
( )
z fH f
q f






ãäå ( )z f  – ñðåäíåêâàäðàòè÷åñêîå çíà÷åíèå àì-
ïëèòóäû óñêîðåíèÿ íà âåðõíåé ðàìå (ïîäóøêå 
ñèäåíüÿ) çà âðåìÿ t ïðè ÷àñòîòå âîçìóùåíèÿ 
f; ( )q f  – ñðåäíåêâàäðàòè÷åñêîå çíà÷åíèå àì-
ïëèòóäû óñêîðåíèÿ âîçìóùåíèÿ íà ïëàòôîðìå 
ñòåíäà, çàêðåïëåííîé ñ îñíîâàíèåì ñèäåíüÿ, çà 
âðåìÿ t ïðè ÷àñòîòå âîçìóùåíèÿ f.

Öåëü èññëåäîâàíèé
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ îïðåäåëå-

íèå ïåðåäàòî÷íîé ôóíêöèè ïíåâìàòè÷åñêîé 
ïîäâåñêè ñèäåíüÿ ïî ðåçóëüòàòàì ñòåíäîâûõ 
èñïûòàíèé.

Îáúåêò èññëåäîâàíèÿ – ñèäåíüå Ð405Ñ/
ÊÀ80ÍÒ ôèðìû Sibeco ñ ïíåâìàòè÷åñêîé ïîä-
âåñêîé, êîòîðîå øèðîêî ïðèìåíÿåòñÿ â àâòîìî-
áèëå- è òðàêòîðîñòðîåíèè (ðèñ. 1) [5].

Îñíîâàíèå 1 ÿâëÿåòñÿ íåñóùèì ýëåìåí-
òîì äëÿ âñåé êîíñòðóêöèè è ñîïðÿãàåòñÿ ñî 
ñðåäíåé ðàìîé 2 ñèñòåìîé ðû÷àãîâ ïî òèïó 
«íîæíèöû» 3, ÷òî ïîçâîëÿåò ðàìå 2 ïåðåìå-
ùàòüñÿ ñòðîãî ïî âåðòèêàëè ïàðàëëåëüíî îñíî-
âàíèþ 1, çàäåéñòâîâàâ ïîñòóïàòåëüíî äâèæó-

ùèåñÿ ïîëçóíû 10. Ïðè äîñòèæåíèè êðàéíåãî 
ïîëîæåíèÿ âíèç ñðåäíÿÿ ðàìà 2 óïèðàåòñÿ â 
îãðàíè÷èòåëè õîäà 7. Îäíè èç ïàðàëëåëüíûõ 
ðû÷àãîâ «íîæíèö» 3 æåñòêî ñîåäèíåíû ìåæäó 
ñîáîé êðîíøòåéíîì 8. Ìåæäó êðîíøòåé-
íîì 8 è îñíîâàíèåì 1 ïîä óãëîì óñòàíîâëåíà 
ïíåâìàòè÷åñêàÿ ðåññîðà 4 ôèðìû Continental 
Contitech SZ51-7 (ðèñ. 2, ïîç. 1), ïðåäñòàâ-
ëåííàÿ â êà÷åñòâå óïðóãîãî ýëåìåíòà. Â åå 
âíóòðåííþþ ïîëîñòü ïîäàåòñÿ ïîä äàâëåíè-
åì âîçäóõ, çà ñ÷åò ÷åãî ïîäâåñêà ïðèîáðåòàåò 
óïðóãóþ õàðàêòåðèñòèêó. Íà îäíîì èç ðû÷àãîâ 
«íîæíèö» 3 çàêðåïëåí áëîê óïðàâëÿþùèõ êëà-
ïàíîâ, êîòîðûé â çàâèñèìîñòè îò âûñîòû ïîäú-
åìà ñðåäíåé ðàìû 2 îòíîñèòåëüíî îñíîâàíèÿ 1 
ðåãóëèðóåò äàâëåíèå âîçäóõà â ïíåâìàòè÷å-
ñêîé ðåññîðå 4. Òàêèì îáðàçîì, îáåñïå÷èâàåòñÿ 
ïîñòîÿííîå ñòàòè÷åñêîå ïîëîæåíèå îïåðàòîðà. 
Íà âåðõíåé ðàìå 5 ñáîêó ðàñïîëîæåíà ñïåöè-
àëüíàÿ êíîïêà ñáðîñà âîçäóõà, ïðåäíàçíà÷åí-
íàÿ äëÿ óäîáñòâà ïîñàäêè è âûõîäà ñ ðàáî÷åãî 
ìåñòà. Òàêæå ìåæäó îñíîâàíèåì 1 è îäíèì èç 
ðû÷àãîâ «íîæíèö»  ïðèñóòñòâóåò ãèäðàâëè-
÷åñêèé òåëåñêîïè÷åñêèé àìîðòèçàòîð 9 ôèðìû 
MAYSAN TS 3034 (ðèñ. 2, ïîç. 2), ñëóæàùèé 
äëÿ ãàøåíèÿ êîëåáàíèé. Âåðõíÿÿ ðàìà 5 ñî-
ïðÿæåíà ñî ñðåäíåé ðàìîé 2 ïîñðåäñòâîì ñè-
ñòåìû ðû÷àãîâ 11, ðåàëèçóþùåé ðåãóëèðîâêó 
ïîëîæåíèÿ ïîäóøêè ñèäåíüÿ ïî âûñîòå è ïî 

Ðèñ. 1. Ñèñòåìà ïîäðåññîðèâàíèÿ ñèäåíüÿ Sibeco: 
1 – îñíîâàíèå; 2 – ñðåäíÿÿ ðàìà; 3 – ñèñòåìà 

ðû÷àãîâ ïî òèïó «íîæíèöû»; 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
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êðåíó (âïåðåä, íàçàä). Ïåðåäíÿÿ è çàäíÿÿ ÷àñòü 
âåðõíåé ðàìû 5 èìåþò âîçìîæíîñòü íåçàâèñè-
ìî äðóã îò äðóãà ïåðåìåùàòüñÿ ïî âåðòèêàëè è 
áëîêèðîâàòüñÿ ïðè ïîìîùè ñîïðÿæåíèÿ ïàëü-
öåâ ïîëçóíîâ 6 ñ çóá÷àòîé ðåéêîé.

Ðèñ. 2. Óïðóãîäåìïôèðóþùèå ýëåìåíòû 
ïîäâåñêè ñèäåíüÿ: 

1 – ïíåâìàòè÷åñêàÿ ðåññîðà Contitech SZ51-7; 
2 – àìîðòèçàòîð MAYSAN TS 3034

Ìàòåðèàëû è ìåòîäû
Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå ïåðåäà-

òî÷íîé ôóíêöèè ïíåâìàòè÷åñêîé ïîäâåñêè ñè-
äåíüÿ Ð405Ñ/ÊÀ80ÍÒ ôèðìû Sibeco ïðîâîäè-
ëîñü íà îäíîîïîðíîì ñòåíäå ñ ãèäðàâëè÷åñêèì 
ïðèâîäîì äâèæåíèÿ ïðîèçâîäñòâà èíäèéñêîé 
êîìïàíèè BiSS [6]. Áûëà ñîáðàíà óñòàíîâêà 
(ðèñ. 3), âêëþ÷àþùàÿ íåïîñðåäñòâåííî ñàìó 
ïîäâåñêó ñèäåíüÿ 3 ñ íîæíè÷íûì íàïðàâëÿþ-
ùèì ìåõàíèçìîì, íèæíþþ ïëèòó 4, ñîåäèíÿþ-
ùóþ îñíîâàíèå ñèäåíüÿ ñî øòîêîì 5 ãèäðîöè-
ëèíäðà èñïîëíèòåëüíîãî óñòðîéñòâà ñòåíäà, è 
çàêðåïëåííóþ íà âåðõíåé ðàìå ïîäâåñêè ïëèòó 
2 ñ öåíòðàëüíîé îñüþ. Íà âåðõíåé ïëèòå óñòà-
íàâëèâàëèñü ìåòàëëè÷åñêèå áëèíû 1, èìèòè-
ðóþùèå âåñîâóþ íàãðóçêó.

Ìãíîâåííûå çíà÷åíèÿ óñêîðåíèé c òî÷íî-
ñòüþ äî 0,001 g ôèêñèðîâàëè 2 øòàòíûõ äàò÷è-
êà, âõîäÿùèå â êîìïëåêòàöèþ ñòåíäà (ðèñ. 4). 
Èõ çàêðåïëåíèå ñ òîðöà íà îñíîâàíèè è âåðõ-
íåé ðàìå ïîäâåñêè ñèäåíüÿ ïðè ïîìîùè ðåçü-
áîâîãî ñîåäèíåíèÿ áûëî ïðîäèêòîâàíî óäîá-
ñòâîì ðàñïîëîæåíèÿ ïðîâîäîâ ñâÿçè äàò÷èêîâ ñ 
ñèñòåìíûì áëîêîì óïðàâëåíèÿ ñòåíäà. 

Çàêîí äâèæåíèÿ øòîêà ãèäðîïóëüñàòî-
ðà ñòåíäà – ñèíóñîèäàëüíûé ãàðìîíè÷åñêèé. 
Âåñîâàÿ íàãðóçêà (âêëþ÷àÿ ãðóçû è âåðõíþþ 
ïëèòó ñ îñüþ) – 75 êã. Èñïûòàíèÿ îñóùåñòâëÿ-
ëèñü ñ ðàçëè÷íûìè àìïëèòóäàìè âîçáóæäåíèÿ 
(5 è 10 ìì) è äàâëåíèåì âîçäóõà â ïíåâìàòè-
÷åñêîé ðåññîðå 2 àò â äèàïàçîíå ÷àñòîò âîç-

áóæäåíèÿ îò 0,6 äî 10 Ãö ñ øàãîì 0,2 Ãö. Ïðè 
ðàçðàáîòêå äàííîé ìåòîäèêè èñïîëüçîâàëèñü 
ïîëîæåíèÿ ñóùåñòâóþùèõ ñòàíäàðòîâ [3, 4].

Ðèñ. 3. Îáùèé âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè: 
1 – ìåòàëëè÷åñêèå ãðóçû; 2 – âåðõíÿÿ ïëèòà 
ñ öåíòðàëüíîé îñüþ; 3 – ïîäâåñêà ñèäåíüÿ; 

4 – íèæíÿÿ ïëèòà; 5 – øòîê ãèäðîïóëüñàòîðà ñòåíäà

Ðèñ. 4. Ðàñïîëîæåíèå äàò÷èêîâ óñêîðåíèé 
íà ýêñïåðèìåíòàëüíîé óñòàíîâêå

Íà êàæäîì ðåæèìå çàïèñûâàëèñü âðåìåí-
íûå ðåàëèçàöèè ñèãíàëîâ îò äàò÷èêîâ óñêî-
ðåíèé (ðèñ. 5), êîòîðûå çàòåì îáðàáàòûâà-
ëèñü äëÿ ïîëó÷åíèÿ ñðåäíåêâàäðàòè÷åñêèõ 
çíà÷åíèé.
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Ïîñëå ñîîòâåòñòâóþùåé îáðàáîòêè äàííûõ 
áûëè ïîñòðîåíû ýêñïåðèìåíòàëüíûå çàâèñè-
ìîñòè ïåðåäàòî÷íîé ôóíêöèè ïîäâåñêè ñèäå-
íüÿ îò ÷àñòîòû êèíåìàòè÷åñêèõ âîçìóùåíèé. 
Ïðîèçâåäåíî èõ ñðàâíåíèå ñ òåîðåòè÷åñêèìè 
êðèâûìè, ïîëó÷åííûìè â ðåçóëüòàòå ìàòåìà-
òè÷åñêîãî ìîäåëèðîâàíèÿ (ðèñ. 6, 7).

Âûâîäû
Èç ïîëó÷åííûõ çàâèñèìîñòåé (ðèñ. 6 è 7) 

ñëåäóåò: 
– ÷àñòîòà ñîáñòâåííûõ êîëåáàíèé ïîäâå-

ñêè ñèäåíüÿ ñ ãðóçîì íàõîäèëàñü â äèàïàçîíå 
1,2–1,4 Ãö;

– âåëè÷èíà ýêñïåðèìåíòàëüíîé ïåðåäàòî÷-
íîé ôóíêöèè íà ðåçîíàíñå ïðè àìïëèòóäå âîç-
áóæäåíèÿ ñòåíäà 5 ìì ðàâíÿëàñü 1,156, à ïðè 
10 ìì – 1,129;

– çíà÷åíèÿ ýêñïåðèìåíòàëüíîé ïåðåäàòî÷-
íîé ôóíêöèè èíòåíñèâíî óìåíüøàëèñü ïðè 
óâåëè÷åíèè ÷àñòîòû âîçáóæäåíèÿ îò 4,6 Ãö 
íà ðåæèìå ñ àìïëèòóäîé 5 ìì è îò 3,8 Ãö íà 
ðåæèìå ñ àìïëèòóäîé 10 ìì.
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