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Àííîòàöèÿ

Äëÿ áîðüáû ñ âèáðàöèåé èñïîëüçóþò âèáðîïîãëîùàþùèå ïîêðûòèÿ è êîíñòðóêöèîííûå

âèáðîïîãëîùàþùèå ìàòåðèàëû. Ê êîíñòðóêöèîííûì âèáðîïîãëîùàþùèì ìàòåðèàëàì îòíîñÿò ñëîèñòûå

âèáðîïîãëîùàþùèå ìàòåðèàëû. Îíè îáëàäàþò ðÿäîì ïðåèìóùåñòâ: âûñîêèå âíóòðåííèå ïîòåðè

è âîçìîæíîñòü èçãîòîâëåíèÿ èç íèõ ðàçëè÷íûõ êîíñòðóêöèé. Âàæíûì ýëåìåíòîì äëÿ òàêèõ êîíñòðóêöèé

ÿâëÿåòñÿ ïðîìåæóòî÷íûé ñëîé. Â ñâÿçè ñ ýòèì áûë ðàçðàáîòàí âÿçêîóïðóãèé ìàòåðèàë ñ âûñîêèìè

ïîòåðÿìè (η = 0,8), èìåþùèé àäãåçèîííóþ ïðî÷íîñòü ê ñòàëè 0,19 ÌÏà, ê äþðàëþìèíèþ 0,2 ÌÏà,

òåìïåðàòóðíûé äèàïàçîí ðàáîòû ìàòåðèàëà � 40 ö 80 ◦C. Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà ñëîèñòîãî

âèáðîïîãëîùàþùåãî ìàòåðèàëà ñ ïðèìåíåíèåì íîâîãî ñàìîêëåÿùåãîñÿ âÿçêîóïðóãîãî ìàòåðèàëà

è èññëåäîâàíèå åãî âèáðîïîãëîùàþùèõ ñâîéñòâ. Çàäà÷àìè èññëåäîâàíèé ÿâëÿëèñü óñòàíîâëåíèå

ñîîòíîøåíèÿ òîëùèí ñëîåâ è èññëåäîâàíèå ñâîéñòâ. Ïîêàçàíî, ÷òî ïðè àìïëèòóäå êîëåáàíèé 1 ìì

îïòèìàëüíîå ñîîòíîøåíèå òîëùèí ñëîåâ h2/h1 = 2, à ïðè àìïëèòóäå êîëåáàíèé 2 ìì îïòèìàëüíîå

ñîîòíîøåíèå ñëîåâ h2/h1 = 4. Êîýôôèöèåíò ïîòåðü ýòèõ ìàòåðèàëîâ ñîîòâåòñòâåííî ðàâåí 0,41 è 0,95.

Êëþ÷åâûå ñëîâà: íàðóæíûé ñëîé, ïðîìåæóòî÷íûé ñëîé, ñëîèñòûé ìàòåðèàë, êîíñòðóêöèÿ,

âèáðîïîãëîùàþùèå ñâîéñòâà
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Abstract

Vibration-absorbing coatings and structural vibration-absorbing materials are used to combat vibration.

Structural vibration-absorbing materials include layered vibration-absorbing materials. They o�er several

advantages, including high internal losses and the ability to be fabricated into various structures. An important

element in such structures is the intermediate layer. Therefore, a high-loss viscoelastic material (η = 0.8) was

developed. It has an adhesive strength of 0.19 MPa to steel and 0.2 MPa to duralumin, and a temperature range

of 40 to 80 ◦C. The aim of this study was to develop a layered vibration-absorbing material using a new self-

adhesive viscoelastic material and to investigate its vibration-absorbing properties. The objectives of the study

were to determine the ratio of layer thicknesses and characterize the properties. It is shown that with an

oscillation amplitude of 1 mm, the optimal ratio of layer thicknesses is h2/h1 = 2, and with an oscillation
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amplitude of 2 mm, the optimal ratio of layers is h2/h1 = 4. The loss coe�cient of these materials is equal to

0.41 and 0.95, respectively.

Keywords: outer layer, intermediate layer, laminated material, construction, vibration-absorbing

properties

Ââåäåíèå

Áîëüøîé èíòåðåñ ïðåäñòàâëÿþò òðåõñëîéíûå âèáðîäåìïôèðóþùèå ìàòåðèàëû [1]-
[8]. Òàêèå ìàòåðèàëû íàõîäÿò ïðèìåíåíèå â ðàçëè÷íûõ êîíñòðóêöèÿõ [3].

Âàæíûì ýëåìåíòîì òàêèõ ìàòåðèàëîâ ÿâëÿåòñÿ ïðîìåæóòî÷íûé ñëîé [2], [3],
[9]. Â ñóùåñòâóþùèõ ñëîèñòûõ âèáðîïîãëîùàþùèõ ìàòåðèàëàõ ïðîìåæóòî÷íûé ñëîé
èçãîòàâëèâàþò èç áèòóìíîé è ïîëèâèíèëàöåòàòíîé ìàñòèê. Îíè èìåþò íèçêóþ àäãåçèþ
ê ìåòàëëàì è äðóãèì ìàòåðèàëàì [10]. Äëÿ óñòðàíåíèÿ ýòîãî íåäîñòàòêà â íèõ äîáàâëÿþò
àäãåçèîííûå äîáàâêè [2]. Îäíàêî ýòî íå ðåøàåò óêàçàííóþ ïðîáëåìó. Ñóùåñòâóþò
ñëîèñòûå âèáðîïîãëîùàþùèå ìàòåðèàëû ñ ïðîìåæóòî÷íûì ñëîåì èç ñòåêëîòêàíè
è òåðìîïëàñòèêà. Îíè êðåïÿòñÿ ê ñòàëüíûì ëèñòàì ñ ïîìîùüþ ýïîêñèäíîãî êëåÿ.
Ýòî ïðèâîäèò ê óâåëè÷åíèþ ñðîêà èçãîòîâëåíèÿ ìàòåðèàëà. Êðîìå ýòîãî, ìàòåðèàëû
ñ òàêèìè ïðîñëîéêàìè èìåþò íèçêèé êîýôôèöèåíò ïîòåðü. Â ñâÿçè ñ ýòèì ðàçðàáîòàí
ñàìîêëåÿùèéñÿ âÿçêîóïðóãèé ìàòåðèàë ñ àäãåçèåé ê ñòàëè 0,19 ÌÏà, ê äþðàëþìèíèþ
0,2 ÌÏà è èìåþùèé êîýôôèöèåíò ïîòåðü 0,8. Ñ ïðèìåíåíèåì ýòîãî ìàòåðèàëà
ñáîðêà ñëîèñòûõ âèáðîïîãëîùàþùèõ ìàòåðèàëîâ ïðîèçâîäèòñÿ çíà÷èòåëüíî áûñòðåå
áåç èñïîëüçîâàíèÿ ðàçëè÷íûõ ïðèñïîñîáëåíèé. Ñ èñïîëüçîâàíèåì ýòîãî âÿçêîóïðóãîãî
ìàòåðèàëà ðàçðàáîòàíû ñëîèñòûå âèáðîïîãëîùàþùèå ìàòåðèàëû.

Â ñòàòüå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ âèáðîïîãëîùàþùèõ ñâîéñòâ ñëîèñòûõ
ìàòåðèàëîâ.

1 Ìàòåðèàëû è ìåòîäû

Êîíñòðóêöèÿ ñëîèñòîãî ìàòåðèàëà ïðåäñòàâëåíà íà ðèñóíêå 1.

Ðèñóíîê 1 � Ñëîèñòûé ìàòåðèàë: 1 � ìåòàëëè÷åñêàÿ ïëàñòèíà òîëùèíîé 1 ìì;
2 � ïðîìåæóòî÷íûé ñëîé òîëùèíîé (1, 2, 3, 4, 5 ìì)

Èñïûòàíèÿ ïðîâîäèëèñü íà îáðàçöàõ ðàçìåðîì 250õ20 ìì. Òîëùèíà âÿçêîóïðóãîãî
ñëîÿ ïðèíèìàëàñü 1, 2, 3, 4 è 5 ìì. Îáðàçöû ñëîèñòîãî ìàòåðèàëà èçãîòàâëèâàëèñü
ñëåäóþùèì îáðàçîì. Íà ìåòàëëè÷åñêóþ ïëàñòèíó óêëàäûâàëè ëåíòó èç âÿçêîóïðóãîãî
ìàòåðèàëà íóæíîé òîëùèíû. Çàòåì íà âÿçêîóïðóãèé ìàòåðèàë ñâåðõó óêëàäûâàëè âòîðóþ
ìåòàëëè÷åñêóþ ïëàñòèíó. Ïîñëå ýòîãî ìàòåðèàë ïðîêàòûâàëè âàëèêîì äëÿ îáåñïå÷åíèÿ
õîðîøåãî ñöåïëåíèÿ ìåòàëëà ñ âÿçêîóïðóãèì ñëîåì.

Êîýôôèöèåíò ïîòåðü îïðåäåëÿëè ïî ìåòîäèêå, ïðèâåäåííîé â [11]-[12].

Àìïëèòóäà êîëåáàíèé êîððåêòèðîâàëàñü çà ñ÷åò èçìåíåíèé çàçîðà ìåæäó
ïëàñòèíîé îáðàçöà è äàò÷èêàìè (âîçáóäèòåëåì êîëåáàíèé è ïðèåìíèêîì ñèãíàëà) [11]-[13].

Â êà÷åñòâå ýêñïåðèìåíòàëüíîãî îáîðóäîâàíèÿ èñïîëüçîâàëàñü ðåçîíàíñíàÿ
óñòàíîâêà ñ ýëåêòðîìàãíèòíûìè ïðåîáðàçîâàòåëÿìè äëÿ âîçáóæäåíèÿ è ðåãóëèðîâêè
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÷àñòîòû êîëåáàíèé. Îáðàçåö óñòàíàâëèâàëñÿ íà ñòåíä â ãîðèçîíòàëüíîì ïîëîæåíèè.
Ïîãðåøíîñòü èçìåðåíèé ñîñòàâëÿëà ±0,1 Ãö. Èñïûòàíèÿ îáðàçöîâ ïðîâîäèëèñü
ïðè òåìïåðàòóðå 20◦C, âëàæíîñòü â ïîìåùåíèè ñîñòàâëÿëà 60 � 70 %.

2 Ðåçóëüòàòû è îáñóæäåíèÿ

Êîíñòðóêöèÿ ñëîèñòîãî ìàòåðèàëà õàðàêòåðèçóåòñÿ ñîîòíîøåíèåì ñëîåâ.
Ñîîòíîøåíèå òîëùèí ñëîåâ îïðåäåëÿåòñÿ óñëîâèÿìè ðàáîòû ìàòåðèàëà. Ïîêàçàíî,
÷òî ïðè àìïëèòóäå êîëåáàíèé 1 ìì � h2/h1 = 2, à ïðè àìïëèòóäå êîëåáàíèé 2 ìì �
h2/h1 = 4, ðåçóëüòàòû ïðèâåäåíû íà ðèñóíêàõ 2 è 3.

Ðèñóíîê 2 � Êîýôôèöèåíò ïîòåðü ñëîèñòîãî ìàòåðèàëà (àìïëèòóäà êîëåáàíèé 1 ìì)

Ðèñóíîê 3 � Êîýôôèöèåíò ïîòåðü ñëîèñòîãî ìàòåðèàëà (àìïëèòóäà êîëåáàíèé 2 ìì)

Ïîêàçàíî, ÷òî ñëîèñòûå ìàòåðèàëû áîëåå ýôôåêòèâíî ðàáîòàþò ïðè áîëüøèõ
âèáðàöèÿõ. Ýòî âûçâàíî òåì, ÷òî âîçðàñòàþò ñäâèãîâûå äåôîðìàöèè â ïðîìåæóòî÷íîì
ñëîå.

Ïðîâåäåíû èññëåäîâàíèÿ âëèÿíèÿ ÷àñòîòû êîëåáàíèé íà âèáðîïîãëîùàþùèå
ñâîéñòâà ñëîèñòûõ ìàòåðèàëîâ. Ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñóíêàõ 4 è 5.

Ñëîèñòûå âèáðîïîãëîùàþùèå ìàòåðèàëû ñ h2/h1 = 2 (àìïëèòóäà êîëåáàíèé 1 ìì)
ýôôåêòèâíî ðàáîòàþò íà ÷àñòîòå 160,7 Ãö, à ñëîèñòûå ìàòåðèàëû ñ h2/h1 = 4 (àìïëèòóäà
êîëåáàíèé 2 ìì) íà ÷àñòîòå 430,6 Ãö.
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Ðèñóíîê 4 � Êîýôôèöèåíò ïîòåðü ñëîèñòîãî ìàòåðèàëà íà ðàçëè÷íûõ ÷àñòîòàõ
(àìïëèòóäà êîëåáàíèé 1 ìì, h2/h1 = 2)

Ðèñóíîê 5 � Êîýôôèöèåíò ïîòåðü ñëîèñòîãî ìàòåðèàëà íà ðàçëè÷íûõ ÷àñòîòàõ
(àìïëèòóäà êîëåáàíèé 2 ìì, h2/h1 = 4)

Çàêëþ÷åíèå

Ðàçðàáîòàíû íîâûå ñëîèñòûå âèáðîïîãëîùàþùèå ìàòåðèàëû, êîòîðûå, áëàãîäàðÿ
ñàìîêëåÿùåìóñÿ âÿçêîóïðóãîìó ñëîþ, ñîáèðàþòñÿ áåç ïðèìåíåíèÿ ñïåöèàëüíîãî
îáîðóäîâàíèÿ. Óñòàíîâëåíî, ÷òî ïðè àìïëèòóäå êîëåáàíèé 1 ìì îïòèìàëüíîå ñîîòíîøåíèå
òîëùèí ñëîåâ h2/h1 = 2 (êîýôôèöèåíò ïîòåðü η = 0,41, íà ÷àñòîòå 160,7 Ãö)
è ïðè àìïëèòóäå êîëåáàíèé 2 ìì îïòèìàëüíîå ñîîòíîøåíèå ñëîåâ h2/h1 = 4 (êîýôôèöèåíò
ïîòåðü η = 0,95, íà ÷àñòîòå 430,6 Ãö).
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Ðåêîìåíäóåòñÿ èñïîëüçîâàòü äàííûå ìàòåðèàëû â êîíñòðóêöèÿõ òðàíñïîðòíûõ
ñðåäñòâ, ïðîìûøëåííîãî îáîðóäîâàíèÿ, à òàêæå â çâóêîèçîëèðóþùèõ êîðïóñàõ.

Â ïåðñïåêòèâå ïðåäïîëàãàåòñÿ ñîçäàíèå ñëîèñòûõ ìàòåðèàëîâ ñ íàðóæíûìè ñëîÿìè
èç ïîëèìåðíûõ è äðóãèõ ìàòåðèàëîâ.
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