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Ðàññìîòðåíû îñíîâíûå ïðè÷èíû íåîáõîäèìîñòè óòèëèçàöèè øèí, âûøåäøèõ èç óïîòðåáëåíèÿ. 
Øèíà ðàññìîòðåíà êàê ñëîæíîå êîìïîçèòíîå èçäåëèå, êîòîðîå äîëæíî óäîâëåòâîðÿòü òàêèì 
òðåáîâàíèÿì, êàê óñòîé÷èâîñòü ê ïîâòîðíî-ïåðåìåííûì íàãðóçêàì è ðàçðóøàþùåìó äåéñòâèþ 
âíåøíåé ñðåäû è ò.ä. Èìåííî ýòè ñâîéñòâà øèí óñëîæíÿþò ïðîöåññ óòèëèçàöèè. Äëÿ ðåøåíèÿ 
ýòèõ âîïðîñîâ ïðèâåäåí ñðåäíåñòàòèñòè÷åñêèé ñîñòàâ øèíû. Ïîêàçàíû ðàçëè÷èÿ â îáðàùåíèè 
ñ èçíîøåííûìè øèíàìè â ðàçëè÷íûõ ñòðàíàõ è ñïîñîáû óòèëèçàöèè ïíåâìàòè÷åñêèõ è íåïíåâ-
ìàòè÷åñêèõ øèí: ðàññìîòðåíû âàðèàíòû õîëîäíîãî âîññòàíîâëåíèÿ è ãîðÿ÷åãî âîññòàíîâëåíèÿ 
øèíû, ïðèâåäåí ýêîíîìè÷åñêèé ýôôåêò îò âîññòàíîâëåíèÿ øèíû ïî ñðàâíåíèþ ñ çàìåíîé øèíû, 
ïðèâåäåíû ìåòîäû ïåðåðàáîòêè èçíîøåííûõ øèí – ñ ðàçðóøåíèåì ðåçèíîâîé ñîñòàâëÿþùåé, 
÷òî ïðèâîäèò ê äåñòðóêöèè ïîëèìåðà, è áåç ðàçðóøåíèÿ ðåçèíîâîé ñîñòàâëÿþùåé. Ïðèâåäåíî 
ïðîöåíòíîå ñîîòíîøåíèå èñïîëüçîâàíèÿ âîññòàíîâëåííûõ øèí â îáùåì îáúåìå ïðèîáðåòàåìûõ 
øèí â ðÿäå ñòðàí. Ïðîâåäåí àíàëèç âàðèàíòîâ äàëüíåéøåé ïåðåðàáîòêè øèí – ïåðåðàáîòêà øèí â 
ðåçèíîâóþ êðîøêó è äàëüíåéøåå åå èñïîëüçîâàíèå. Îïèñàíû îáùèå êîíñòðóêòèâíûå îñîáåííîñòè 
øèí áåç âîçäóõà (íåïíåâìàòè÷åñêèõ øèí) – «ñïèöåâûõ» è «ñîòîâûõ». Ïðîâåäåíî ñðàâíåíèå ìåòî-
äîâ óòèëèçàöèè ïíåâìàòè÷åñêèõ è íåïíåâìàòè÷åñêèõ øèí ñ òî÷êè çðåíèÿ êîíñòðóêöèè è ìàòåðèàëà 
øèíû. Ïðåäëîæåíà îáîáùåííàÿ êëàññèôèêàöèÿ ìåòîäîâ óòèëèçàöèè ïîëèóðåòàíîâûõ ìàòåðèàëîâ. 
Ðàññìîòðåíû ýêîëîãè÷åñêèå âîïðîñû óòèëèçàöèè øèí. Óñòàíîâëåíû ïðè÷èíû óïðîùåíèÿ óòèëè-
çàöèè ïíåâìàòè÷åñêèõ øèí ïî ñðàâíåíèþ ñ íåïíåâìàòè÷åñêèìè (áåçâîçäóøíûìè) øèíàìè. Ðàñ-
ñìîòðåíà âîçìîæíîñòü ïðèìåíåíèÿ áèîäåñòðóêöèè â êà÷åñòâå îäíîãî èç íàèáîëåå ýêîíîìè÷åñêè è 
ýêîëîãè÷åñêè ýôôåêòèâíûõ ñïîñîáîâ óòèëèçàöèè ìàòåðèàëîâ íåïíåâìàòè÷åñêèõ (áåçâîçäóøíûõ) 
øèí, à èìåííî ïðîäóêòîâ èç ïîëèóðåòàíà. 

Êëþ÷åâûå ñëîâà: ïíåâìàòè÷åñêèå øèíû, íåïíåâìàòè÷åñêèå (áåçâîçäóøíûå) øèíû, óòèëèçàöèÿ 
ïîëèìåðíûõ ìàòåðèàëîâ, âîññòàíîâëåíèå øèí, ïåðåðàáîòêà èçíîøåííûõ øèí, áèîäåñòðóêöèÿ ïî-
ëèóðåòàíîâ.

Ââåäåíèå
Èçíîøåííûå øèíû – èñòî÷íèê äëèòåëüíî-

ãî çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû. Íåîáõîäè-
ìîñòü óòèëèçàöèè è ïåðåðàáîòêè øèí [1] ñâÿçà-
íà ñ ðÿäîì ôàêòîðîâ: 

1) øèíû íå ïîäâåðãàþòñÿ áèîëîãè÷åñêî-
ìó ðàçëîæåíèþ â åñòåñòâåííûõ óñëîâè-
ÿõ. Ïðèìåðîì ìîæåò ñëóæèòü ðàçðàáî-
òàííûé â 1972 ã. ïðîåêò ïî óòèëèçàöèè 
ñòàðûõ ïîêðûøåê ïóòåì ñîçäàíèÿ èç íèõ 
èñêóññòâåííîãî ðèôà (ïëîùàäüþ 150 òûñ. 
ì2) ó áåðåãîâ Þæíîé Ôëîðèäû – Ðèôà 
Îñáîðíà (ðèñ. 1,à). Ïîñëåäñòâèÿ – ðàç-
ðóøåíèå åñòåñòâåííîé ñðåäû îáèòàíèÿ 
è ýêîñèñòåìû â öåëîì, ðàçðóøåíèå åñòå-
ñòâåííûõ ðèôîâ, çàãðÿçíåíèå áåðåãîâîé 
ïîëîñû (ðèñ. 1,á) è ò.ä.; 

2) ñêîïëåíèå ñòàðûõ ïîêðûøåê – ýòî áëàãî-
ïðèÿòíîå ìåñòî äëÿ îáèòàíèÿ ãðûçóíîâ è 

íàñåêîìûõ, êîòîðûå ÿâëÿþòñÿ ïåðåíîñ÷è-
êàìè èíôåêöèîííûõ çàáîëåâàíèé (ðèñ. 1,â);

3) ñâàëêè øèí – ýòî ïîòåðÿ ïîëåçíûõ ïëî-
ùàäåé, øèíû çàíèìàþò áîëüøîé îáúåì ;

4) îêîëî 80% øèíû – íå âîçîáíîâëÿåìûå 
ïðèðîäíûå ðåñóðñû;

5) øèíû îáëàäàþò âûñîêîé ïîæàðîîïàñíî-
ñòüþ è ïðè ãîðåíèè âûäåëÿþò ÿäîâèòûå 
âåùåñòâà (ðèñ. 1,ã).

Çäåñü ïðèâåäåíû òîëüêî îñíîâíûå ïðè÷èíû 
íåîáõîäèìîñòè óòèëèçàöèè øèí.

Æåñòêàÿ êîíêóðåíòíàÿ áîðüáà çà êà÷åñòâî è 
íàäåæíîñòü ïðèâåëà ê òîìó, ÷òî ñîñòàâ è ñâîé-
ñòâà êàó÷óêîâ, êàðêàñíûõ ìàòåðèàëîâ, à òàêæå 
òåõíîëîãèÿ ïðîèçâîäñòâà ýòèõ èçäåëèé âåñüìà 
ñõîæè ó ðàçíûõ ïðîèçâîäèòåëåé. Â ðåçóëüòà-
òå ñîâðåìåííûå øèíû ïðåäñòàâëÿþò ñîáîé 
ñëîæíîå êîìïîçèòíîå èçäåëèå èç ðàçíîðîäíûõ 
ìàòåðèàëîâ, îáëàäàþùåå áîëüøîé óñòîé÷èâî-
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ñòüþ ê ìåõàíè÷åñêèì ïîâòîðíî-ïåðåìåííûì 
íàãðóçêàì è ðàçðóøàþùèì ôàêòîðàì âíåøíåé 
ñðåäû. Ýòè ñâîéñòâà øèí, êðàéíå íåîáõîäèìûå 
äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ýêñïëóàòàöèè êî-
ëåñíîé òåõíèêè, ñòàíîâÿòñÿ êðàéíå íåïðèÿò-
íûìè ïðè ðåøåíèè ïðîáëåìû èõ ëèêâèäàöèè 
ïîñëå çàâåðøåíèÿ æèçíåííîãî öèêëà [4]. 

Â ñòðàíàõ ÅÑ îáðàùåíèå ñ èçíîøåííûìè 
øèíàìè êîíòðîëèðóåòñÿ ñëåäóþùèì îáðàçîì [5]:

1) óñòàíîâëåí çàïðåò íà çàõîðîíåíèå öåëûõ 
øèí;

2) óòèëèçàöèè ïîäëåæèò äî 85% îáùåãî 
îáúåìà âûøåäøåãî èç óïîòðåáëåíèÿ 
òðàíñïîðòíîãî ñðåäñòâà (ÒÑ);

3) ââåäåí çàïðåò íà ñæèãàíèå øèí.
Âàæíî îòìåòèòü, ÷òî óòèëèçàöèÿ âî âñåõ 

åâðîïåéñêèõ ñòðàíàõ ïëàòíàÿ: òîò, êòî ñäàåò 
øèíû, îáÿçàí îïëàòèòü òàê íàçûâàåìûé ýêîëî-
ãè÷åñêèé âçíîñ. Â çàâèñèìîñòè îò òèïà øèíû 
ýêîëîãè÷åñêèé âçíîñ ìîæåò äîñòèãàòü 110 åâðî. 

Øèíà, êîòîðàÿ ïîñòóïàåò íà óòèëèçàöèþ, 
ñîñòîèò èç ðÿäà ýëåìåíòîâ. Âñå ýëåìåíòû â 
ñîñòàâå øèíû ìîæíî ðàçäåëèòü íà ðåçèíîâûå 
ñîñòàâëÿþùèå, ìåòàëë, òåêñòèëüíûå íèòè 
àðìèðîâàíèÿ è ïðî÷èå ñîñòàâëÿþùèå (íà-

ïðèìåð, êëåé). Ïðèìåðíûé, ñðåäíåñòàòèñòè-
÷åñêèé ñîñòàâ øèíû: ñàæà (30%), ñèíòåòè÷å-
ñêèé êàó÷óê (28%), íàòóðàëüíûé êàó÷óê (12%), 
ñìÿã÷àþùèå ìàñëà (10%), ñòàëü (10%), äðóãèå 
íåôòåõèìè÷åñêèå ñîñòàâëÿþùèå (5%), ïðî÷èå 
ñîñòàâëÿþùèå (5%).

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ âûÿâëåíèå 

ìåòîäîâ óòèëèçàöèè è ïðîâåäåíèå ñðàâíèòåëü-
íîãî àíàëèçà ñïîñîáîâ îáðàùåíèÿ ñ ïíåâìàòè-
÷åñêèìè è íåïíåâìàòè÷åñêèìè (áåçâîçäóøíû-
ìè) øèíàìè, âûâåäåííûìè èç ýêñïëóàòàöèè. 

Ìåòîäû óòèëèçàöèè
Íà ñåãîäíÿøíèé äåíü ìîæíî âûäåëèòü 

äâà îñíîâíûõ ïóòè ðàáîòû ñ èçíîøåííûìè 
øèíàìè: âîññòàíîâëåíèå øèí (íàëîæåíèå 
íîâîãî ïðîòåêòîðà) è ïåðåðàáîòêà øèí, íå 
ïîäëåæàùèõ èñïîëüçîâàíèþ ïî ïðÿìîìó íà-
çíà÷åíèþ. 

Ñóùåñòâóåò äâà ñïîñîáà âîññòàíîâëåíèÿ 
øèí [6]: õîëîäíîå âîññòàíîâëåíèå è ãîðÿ÷åå 
âîññòàíîâëåíèå. Ïðè õîëîäíîì âîññòàíîâëå-
íèè ïðîèñõîäèò íàëîæåíèå òîíêîãî ñëîÿ íå-

       
 à á

 
 

    

     

       
 â ã

Ðèñ. 1. Ñâàëêè øèí: à – øèíû Ðèôà Îñáîðíà [1]; á – øèíû, âûáðîøåííûå íà áåðåã óðàãàíîì [1]; 
â – ñêîïëåíèå ñòàðûõ ïîêðûøåê [2]; ã – ãîðåíèå ñâàëêè øèí [3]
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âóëêàíèçèðîâàííîé ðåçèíû, à ïîâåðõ íåãî âóë-
êàíèçèðîâàííîé ïðîòåêòîðíîé ëåíòû, äàëåå 
ïðîâîäèòñÿ âóëêàíèçàöèÿ ïðè òåìïåðàòóðå 
100°Ñ. Ôèçè÷åñêèå ñâîéñòâà êàðêàñà îñòàþòñÿ 
íåèçìåííûìè, âîçìîæíî òðåõêðàòíîå âîññòà-
íîâëåíèå. Ïðè ãîðÿ÷åì âîññòàíîâëåíèè ïðîâî-
äèòñÿ âóëêàíèçàöèÿ è ôîðìèðîâàíèå ðèñóíêà 
ïðîòåêòîðà â ïðåññ-ôîðìå ïðè òåìïåðàòóðå 
áîëåå 150°Ñ. Ïðè äàííîì ñïîñîáå âîññòàíîâ-
ëåíèÿ ïðîèñõîäèò îñëàáëåíèå ñâÿçåé ìåæäó 
ìåòàëëîêîðäîì è ðåçèíîé èç-çà âîçäåéñòâèÿ 
âûñîêèõ òåìïåðàòóð, ïîâðåæäàåòñÿ ñòðóêòó-
ðà êàðêàñà øèíû, âîññòàíîâëåíèå âîçìîæíî 
òîëüêî îäèí ðàç. 

Àâòîðàìè ñòàòüè «Âîññòàíîâëåííûå øèíû 
â Ðîññèè» [7] áûëà ïðîâåäåíà îöåíêà îòíîñè-
òåëüíîé ñòîèìîñòè îäíîãî êèëîìåòðà ïðîáåãà 
«íîâûõ» è «âîññòàíîâëåííûõ» øèí (íà ïðèìå-
ðå øèí Marangoni), êîòîðàÿ ïîêàçàëà, ÷òî äëÿ 
âîññòàíîâëåííûõ øèí ýòà âåëè÷èíà ñîñòàâèëà: 
äëÿ øèí, ýêñïëóàòèðîâàâøèõñÿ íà çàäíåé îñè, 
îêîëî 70% îò ñòîèìîñòè íîâûõ è 80% äëÿ øèí, 
ýêñïëóàòèðîâàâøèõñÿ íà ïåðåäíåé îñè. Òàêèì 
îáðàçîì, ýêîíîìèÿ èñïîëüçîâàíèÿ âîññòàíîâ-
ëåííûõ øèí â ïðèâåäåííîì ïðèìåðå ñîñòàâëÿ-
åò 30% è 20%, ñîîòâåòñòâåííî. 

Íà ðèñ. 2 ïðèâåäåíî ïîòðåáëåíèå âîññòàíîâ-
ëåííûõ øèí â îáùåì îáúåìå ïîêóïàåìûõ øèí 
â ðÿäå ñòðàí.

Èçâåñòíû äâà ïðèíöèïèàëüíî ðàçëè÷íûõ 
âèäà òåõíîëîãè÷åñêèõ ïðîöåññîâ ïåðåðàáîòêè 
èçíîøåííûõ øèí: ñ ðàçðóøåíèåì è áåç ðàçðó-
øåíèÿ èõ ðåçèíîâîé ñîñòàâëÿþùåé. Ìåòîäû 
ïåðåðàáîòêè èçíîøåííûõ øèí ñ ðàçðóøåíèåì 
ðåçèíîâîé ñîñòàâëÿþùåé îñíîâàíû íà ïðî-
öåññàõ ñæèãàíèÿ, òåðìè÷åñêîãî è êàòàëèòè÷å-
ñêîãî êðåêèíãà, ïèðîëèçà, ðàçëîæåíèÿ ðåçèíû 
ïîä äåéñòâèåì îçîíà, êèñëîðîäà è äðóãèõ õè-
ìè÷åñêèõ ðåàãåíòîâ. Ïðèìåíåíèå ýòèõ ìåòî-
äîâ ïðèâîäèò ê ãëóáîêîé äåñòðóêòóðèçàöèè 
ïîëèìåðà, â áîëüøèíñòâå ñëó÷àåâ – ê ðàñïàäó 
ìîëåêóëÿðíîé öåïè. Ïîëó÷àåìûå ïðîäóêòû ãî-
ðåíèÿ èëè ðàçëîæåíèÿ ìîæíî ðàññìàòðèâàòü 
êàê âîçìîæíîå ñûðüå äëÿ îðãàíè÷åñêîãî è íå-
ôòåõèìè÷åñêîãî ñèíòåçà. Ïðîòåêàíèå òàêèõ 
ïðîöåññîâ òðåáóåò áîëüøèõ çàòðàò ýíåðãèè è 
íàëè÷èÿ äîñòàòî÷íî ñëîæíîãî îáîðóäîâàíèÿ. 
Ïîýòîìó äëÿ òîãî, ÷òîáû îïðàâäàòü âñå çàòðà-
òû, öåííîñòü ïîëó÷åííûõ â ðåçóëüòàòå òàêîé 
ïåðåðàáîòêè ïðîäóêòîâ äîëæíà áûòü î÷åíü 
âûñîêîé [2], è íà ñåãîäíÿøíèé äåíü â îñíîâíîì 
ïðèìåíÿþòñÿ ìåòîäû ïåðåðàáîòêè ðåçèíû, êî-

Ðèñ. 2. Ïîòðåáëåíèå âîññòàíîâëåííûõ øèí â îáùåì îáúåìå ïðèîáðåòàåìûõ øèí
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òîðûå îáåñïå÷èâàþò ìàêñèìàëüíîå ñîõðàíåíèå 
õèìè÷åñêîé ñîñòàâëÿþùåé ñ öåëüþ ïðîèçâîä-
ñòâà ðåçèíîñîäåðæàùèõ èçäåëèé èç âîññòàíîâ-
ëåííîé ðåçèíû. 

ÎÎÎ «Í.Ò.Ä ÒÀÌÀÍÍÎ» [8] ïðåäëàãàåò 
òåõíîëîãèþ ðàñòâîðåíèÿ àâòîøèí â îðãàíè÷å-
ñêîì ðàñòâîðèòåëå. Àâòîðû ïðîåêòà ïðåäëàãà-
þò ìåòîä ìàòåðèàëüíîãî ðåöèêëèíãà, â ðåçóëü-
òàòå êîòîðîãî îáðàçóåòñÿ áåíçèíîâàÿ ôðàêöèÿ 
(èñïîëüçóåòñÿ íà ïðåäïðèÿòèÿõ íåôòåõèìèè, 
à òàêæå ÍÏÇ ïðè ïðîèçâîäñòâå âûñîêîîêòàíî-
âîãî ýêîëîãè÷åñêè ÷èñòîãî áåíçèíà), ìàçóò (ïî 
ñâîèì ïîêàçàòåëÿì ñîîòâåòñòâóåò ÃÎÑÒ 1058-
99 (Ì-40)) è òåõíè÷åñêèé óãëåðîä (íàïðàâëÿåò-
ñÿ íà îáëàãîðàæèâàíèå, â ðåçóëüòàòå ÷åãî ïî-
ëó÷àþòñÿ óãëåðîä-óãëåðîäíûå ìàòåðèàëû èëè 
ýëåêòðîïðîâîäíûé òåõóãëåðîä) [8]. Ñîçäàííàÿ 
òåõíîëîãè÷åñêàÿ ëèíèÿ ðàñòâîðåíèÿ àâòîïî-
êðûøåê è îáëàãîðàæèâàíèÿ òåõóãëåðîäà ÿâëÿ-
åòñÿ ïîòî÷íîé, òî åñòü íåïîñðåäñòâåííî âåñü 
òåõíîëîãè÷åñêèé ïðîöåññ íå áóäåò èìåòü êîí-
òàêòà ñ àòìîñôåðîé âïëîòü äî âûâîäà ãîòîâûõ 
ïðîäóêòîâ â íàêîïèòåëè (ðåçåðâóàðû, ñêëàäû 
õðàíåíèÿ ïðîäóêöèè) è ïåðåãðóçêè äëÿ äàëü-
íåéøåé òðàíñïîðòèðîâêè ê ïîòðåáèòåëþ. Ðàñ-
òâîðèòåëü öèðêóëèðóåò â çàìêíóòîé ñèñòåìå è 
íå èìååò êîíòàêòîâ ñ àòìîñôåðîé. Äëÿ íàãðåâà 
ðàñòâîðèòåëÿ ïðèìåíÿåòñÿ òðóá÷àòàÿ ïå÷ü ñ 
îãíåâûì íàãðåâîì. Ïå÷ü òèïè÷íàÿ äëÿ óñòàíî-
âîê íåôòè è ãàçîïåðåðàáîòêè. Íàãðåâ ýëåêòðî-
ýíåðãèåé íåðåíòàáåëåí. Äûìîâûå ãàçû îáðàçó-
þòñÿ ïðè ñãîðàíèè òîïëèâà â ïå÷è. Â êà÷åñòâå 
òîïëèâà èñïîëüçóåòñÿ óãëåâîäîðîäíûé ãàç (ãàç, 
ïîëó÷àåìûé â ïðîöåññå ïåðåðàáîòêè àâòîøèí, 
ïðèðîäíûé ãàç) [8].

Ðÿä àâòîðîâ [9] ïðåäëàãàþò òåõíîëîãèè, 
ïðè êîòîðûõ ñîñòàâëÿþùèå èçâëåêàþòñÿ èç 
ïîêðûøêè áåç íàðóøåíèÿ ôèçèêî-õèìè÷åñêèõ 
ñâîéñòâ, ÷òîáû áûëà âîçìîæíîñòü èõ ïîâòîð-
íîãî èñïîëüçîâàíèÿ, íàïðèìåð, ïðè ïðîèçâîä-
ñòâå íîâûõ àâòîìîáèëüíûõ ïîêðûøåê. Áîð-
òîâûå êîëüöà ðåäêî ïîëó÷àþò ïîâðåæäåíèÿ 
ââèäó ñâîåé ïðî÷íîñòè è âïîëíå ïðèãîäíû äëÿ 
ïîâòîðíîãî èñïîëüçîâàíèÿ. Óñèëèòåëü áîðòà 
òàêæå ÿâëÿåòñÿ äîñòàòî÷íî ïðî÷íûì ýëåìåí-
òîì, ÷èñëî ïîâðåæäåííûõ â õîäå ýêñïëóàòàöèè 
íèòåé íåâåëèêî, è èõ òàêæå ìîæíî èñïîëüçî-
âàòü ïîâòîðíî. Áðåêåð ïîäâåðãàåòñÿ äåôîðìà-
öèè ïðè äâèæåíèè – ìåõàíè÷åñêèå ïîâðåæäå-
íèÿ áðåêåðà â ïðîöåññå åãî ýêñïëóàòàöèè ÷àñòî 
ïðèâîäÿò ê íåöåëåñîîáðàçíîñòè åãî ïîâòîðíî-
ãî èñïîëüçîâàíèÿ. Ê òîìó æå èçâëå÷åíèå íèòåé 
áðåêåðà (äîëè ìèëëèìåòðà) – äîñòàòî÷íî ñëîæ-

íàÿ òåõíè÷åñêàÿ çàäà÷à. Îäíàêî, èçâëå÷åííûé 
áðåêåð äàæå â âèäå ïó÷êà ñòàëüíûõ íèòåé 
íàøåë ïðèìåíåíèå, íàïðèìåð, â ñòðîèòåëüñòâå 
– ïðè ïðîèçâîäñòâå ôèáðîáåòîíîâ. Ñòàëü, èñ-
ïîëüçóåìàÿ â ïîêðûøêàõ, èìååò âûñîêîå êà-
÷åñòâî, ïîýòîìó àêòóàëüíîñòü âòîðè÷íîãî èñ-
ïîëüçîâàíèÿ ñòàëüíûõ ýëåìåíòîâ íå âûçûâàåò 
ñîìíåíèé. Òàêèì îáðàçîì, íà ïåðâîì ýòàïå èç 
ïîêðûøêè óäàëÿþò áîðòîâûå êîëüöà, çàòåì 
áðåêåðà, à çàòåì îòäåëÿåòñÿ áåãîâàÿ äîðîæêà 
(ïðîòåêòîð). Óäàëåíèå íåéëîíîâûõ íèòåé áàí-
äàæà âîçìîæíî êàê â öåëîì, òàê è èçìåëü÷åí-
íîì âèäå [9].

Ðÿä êîìïàíèé-ïðîèçâîäèòåëåé [3] ïðåäëàãà-
þò òåõíîëîãè÷åñêóþ ñõåìó è îáîðóäîâàíèå äëÿ 
ïåðåðàáîòêè øèí â êðîøêó. Ðåçèíîâàÿ êðîøêà 
èñïîëüçóåòñÿ âî ìíîãèõ îáëàñòÿõ (ðèñ. 4). Èç 
íåå èçãîòàâëèâàþò íîâûå àâòîìîáèëüíûå ïî-
êðûøêè, ÐÒÈ äëÿ àâòîìîáèëåé, òåõïëàñòèíû, 
âîäîîòòàëêèâàþùèå ïîêðûòèÿ äëÿ êðûø, æ/ä 
øïàëû è ïîäðåëüñîâûå ïðîêëàäêè, íàïîëüíûå 
êîâðèêè è ïîäîøâû äëÿ îáóâè, êîëåñà äëÿ èí-
âàëèäíûõ êîëÿñîê è êîåê. Òàêæå ýòîò ìàòåðèàë 
èñïîëüçóþò äëÿ ïîêðûòèÿ äîðîã, ôóòáîëüíûõ 
ïîëåé, òåííèñíûõ êîðòîâ è äåòñêèõ ïëîùàäîê. 
Èç ðåçèíîâîé êðîøêè èçãîòàâëèâàþò ïëèòêè è 
äîáàâëÿþò åå â áåòîí äëÿ ñòðîèòåëüñòâà [3]. 

Ïðåèìóùåñòâà ïðèìåíåíèÿ ðåçèíîâîé 
êðîøêè: 

• äîëãîâå÷íîñòü: ñðîê ñëóæáû, èçãîòîâëåí-
íîãî ïî âñåì ïðàâèëàì ïðîäóêòà, ìîæåò 
âàðüèðîâàòüñÿ îò 20 äî 40 ëåò, è îñíîâ-
íûå ïîêàçàòåëè, êîòîðûìè îáëàäàåò ðå-
çèíîâàÿ êðîøêà, âî ìíîãîì ïðåâîñõîäÿò 
àíàëîãè÷íûå ïîêàçàòåëè êåðàìè÷åñêîé 
ïëèòêè, àñôàëüòà, áåòîíà, ïåñ÷àíîé áðóñ-
÷àòêè, ëèíîëåóìà è äðóãèõ; ðåçèíîâûå ïî-
êðûòèÿ ìîãóò ïîãëîùàòü óðîâåíü øóìà 
äî 28 äá; 

• ðåçèíîâîå ïîêðûòèå ÿâëÿåòñÿ îòëè÷íûì 
àìîðòèçèðóþùèì ìàòåðèàëîì, à òàêæå îò-
ëè÷íûì ïðîòèâîñêîëüçÿùèì ñðåäñòâîì; 

• íå çàäåðæèâàåò íà ñåáå ñíåã, íàëåäü è 
äðóãèå îñàäêè; 

• âûñîêèé óðîâåíü èçíîñîóñòîé÷èâîñòè ïî-
çâîëÿåò ðåçèíîâûì ïîêðûòèÿì ïðåïÿò-
ñòâîâàòü âðåäíûì âîçäåéñòâèÿì îêðóæà-
þùåé ñðåäû [10]. 

Â 2004 ã. êîìïàíèÿ Michelin ïðîäåìîíñòðè-
ðîâàëà øèíû áåç âîçäóõà ñ óïðóãèìè äåôîð-
ìèðóåìûìè ñïèöàìè èç ïîëèóðåòàíà Tweel 
(ðèñ. 3,à) [11]. Êîíñòðóêòèâíî Tweel – ñèñòåìà 
öåëüíûõ âíóòðåííèõ ñòóïèö, ïðèêðåïëåííûõ 
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ê ïîëóîñè. Âîêðóã íèõ ðàñïîëîæåíû ïîëèóðå-
òàíîâûå ñïèöû, ñîåäèíåííûå â îïðåäåëåííîé 
ïîñëåäîâàòåëüíîñòè. ×åðåç ñïèöû ïðîõîäèò 
ðàñòÿæíîé õîìóò, ôîðìèðóÿ âíåøíèé êðàé 
øèíû [12]. Êîìïàíèÿ Bridgestone ïðåäñòàâèëà 
êîíñòðóêöèþ íåïíåâìàòè÷åñêîé øèíû AirFree 
– êîëåñî ñîñòîèò èç ìåòàëëè÷åñêîãî äèñêà è 
øèíû, êîòîðàÿ ïðåäñòàâëÿåò ñîáîé äâà êîëüöà, 
ñîåäèíåííûå óïðóãèìè ýëåìåíòàìè (ðèñ. 3,á) 
[12]. Ìàòåðèàëû, ïðèìåíÿåìûå â ýòèõ øèíàõ, 
ïîäëåæàò óòèëèçàöèè è ïîâòîðíîé ïåðåðàáîò-
êå. Çà ñ÷åò ýòîãî äîñòèãàåòñÿ äîïîëíèòåëüíàÿ 
ýêîíîìèÿ íà ðåñóðñàõ (è ñíèæåíèå ñòîèìîñòè 
äëÿ ïîêóïàòåëåé). Êîìïàíèÿ Polaris ïðîäåìîí-
ñòðèðîâàëà ñâîå âèäåíèå áåçâîçäóøíûõ øèí, 
çàìåíèâ ñèñòåìó ñïèö íà ñèñòåìó ñîò (ðèñ. 3,â). 
Êîìïàíèÿ Hankook (ðèñ. 3,ã) ñîçäàëà øèíó, â 
êîòîðîé ñîáñòâåííî øèíà è îáîä – îäíî öåëîå 
[12–15].

Òàêèì îáðàçîì, íåïíåâìàòè÷åñêèå øèíû – 
«ñïèöåâûå» èëè «ñîòîâûå» – êîíñòðóêòèâ-
íî ôóíêöèîíèðóþò êàê åäèíîå öåëîå. Ñðåäè 
ïðåèìóùåñòâ I-Flex êîðåéöû íàçûâàþò óïðî-
ùåííóþ óòèëèçàöèþ, áëàãîäàðÿ îñîáîìó ìà-

òåðèàëó, èç êîòîðîãî îíè èçãîòîâëåíû (ñèí-
òåòè÷åñêèé ïîëèóðåòàí). 95% I-Flex – ýòî 
ïåðåðàáîòàííûå ìàòåðèàëû.

Ìåòîäû âòîðè÷íîé ïåðåðàáîòêè ïðîäóêòîâ 
èç ïîëèóðåòàíà [16] âêëþ÷àþò ïðîöåññû ðåãå-
íåðàöèè ýíåðãèè, òàêèå êàê ñæèãàíèå è èñïîëü-
çîâàíèå âûäåëÿåìîãî òåïëà äëÿ ïðîèçâîäñòâà 
ýëåêòðîýíåðãèè. Äðóãîé ñïîñîá çàêëþ÷àåòñÿ â 
ìåõàíè÷åñêîé ïåðåðàáîòêå, âêëþ÷àÿ èçìåëü÷å-
íèå è ïîâòîðíîå èñïîëüçîâàíèå îòõîäîâ ïîëè-
óðåòàíà â êà÷åñòâå íàïîëíèòåëÿ ôîðìîâàííîé 
ïðîäóêöèè. Òðåòèé ñïîñîá ïðåäñòàâëÿåò ñîáîé 
õèìè÷åñêîå ðàçäåëåíèå ïîëèóðåòàíà íà åãî 
ìîíîìåðíûå ñîñòàâëÿþùèå ñ ïîñëåäóþùèì 
ïîâòîðíûì èñïîëüçîâàíèåì ìîíîìåðîâ äëÿ 
ïðîèçâîäñòâà íîâîé ïîëèóðåòàíîâîé ïðîäóê-
öèè [15]. Îäíèì èç âîçìîæíûõ ýêîëîãè÷åñêè 
áåçîïàñíûõ è îòíîñèòåëüíî äåøåâûõ ñïîñîáîâ 
óòèëèçàöèè ïîëèìåðíûõ ìàòåðèàëîâ ìîæåò 
ñòàòü áèîäåñòðóêöèÿ – ïðîöåññ, ñâÿçàííûé ñ 
âûðàáîòêîé ìèêðîîðãàíèçìàìè ôåðìåíòîâ, 
ðåçêî óñêîðÿþùèõ äåñòðóêöèþ ìàêðîìîëåêóë 
[17]. Â ïðîöåññå æèçíåäåÿòåëüíîñòè ìèêðîîð-
ãàíèçìîâ îáðàçóþòñÿ âåùåñòâà, ïîâûøàþùèå 

       
 à á

 
 

    

     

       
 â ã

Ðèñ. 3. Íåïíåâìàòè÷åñêèå (áåçâîçäóøíûå) øèíû: 
à – øèíû Michelin Tweel [11]; á – øèíû Bridgestone AirFree [13]; 

â – øèíû Polaris [12]; ã – øèíû Hankook iFlex [15]
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äåñòðóêòèâíóþ àêòèâíîñòü ñðåäû. Áèîäåñòðóê-
öèÿ ìîæåò áûòü ðàññìîòðåíà êàê ñàìîñòîÿ-
òåëüíûé âèä ðàçðóøåíèÿ ïîâåðõíîñòè ìàòåðè-
àëîâ [18, 19]. Â ðÿäå ðàáîò [19, 20] ðàññìîòðåíî 
äåñòðóêòèâíîå âëèÿíèå (õèìè÷åñêîå è ìåõà-
íè÷åñêîå) íåêîòîðûõ âèäîâ ìèêðîìèöåòîâ íà 
ïîëèìåðíûå ìàòåðèàëû. Ñòåïåíü ìèêðîáèî-
ëîãè÷åñêîé ñòîéêîñòè ïîëèìåðîâ çàâèñèò îò 
õèìè÷åñêîé ïðèðîäû ìàêðîìîëåêóë ñàìîãî 
ïîëèìåðà, åãî íàäìîëåêóëÿðíàÿ ñòðóêòóðà è 
ñòðîåíèå, ôèçè÷åñêàÿ ñòðóêòóðà ìàòåðèàëà. 
Áèîëîãè÷åñêàÿ ñòîéêîñòü ïîëèìåðíûõ ìàòå-
ðèàëîâ òàêæå çàâèñèò îò äîáàâîê è ïðèìåñåé, 
êîòîðûå âñåãäà ïðèñóòñòâóþò â ïîëèìåðàõ 
(íàïîëíèòåëè, ìîäèôèêàòîðû, ñòàáèëèçàòîðû, 
ïëàñòèôèêàòîðû, ïðîòèâîñòàðèòåëè è äð.). 

Âûâîäû
Òàêèì îáðàçîì, ïðîâåäåííûé àíàëèç ïî-

êàçûâàåò, ÷òî íà ñåãîäíÿøíèé äåíü âîçìîæíû 
ñëåäóþùèå âàðèàíòû ïåðåðàáîòêè âûøåäøèõ 
èç óïîòðåáëåíèÿ øèí, êëàññèôèêàöèÿ êîòîðûõ 
ïðåäñòàâëåíà íà ðèñ. 4.

Èç ïðåäîñòàâëåííûõ äàííûõ ìîæíî òàêæå 
ñäåëàòü âûâîä, ÷òî óòèëèçàöèÿ íåïíåâìàòè÷å-
ñêèõ øèí çíà÷èòåëüíî óïðîùàåòñÿ ïî ñðàâíå-
íèþ ñ ïåðåðàáîòêîé ïíåâìàòè÷åñêèõ øèí çà 
ñ÷åò èçìåíåíèÿ êîíñòðóêöèè êîëåñà (íåò íå-
îáõîäèìîñòè äîïîëíèòåëüíîãî èçâëå÷åíèÿ ìå-
òàëëè÷åñêèõ è äðóãèõ ñîñòàâëÿþùèõ), à òàêæå 
ìàòåðèàëà ïîêðûøêè.
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METHODS OF RECYCLING OF PNEUMATIC AND NON-PNEUMATIC TIRES
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Paper discusses main reasons for the necessity of tires utilization. The tire is considered as a complex 
composite part which should satisfy the requirements for resistance to repeating and variable loads and 
the damaging effects of the environment, etc .; these properties make it difficult to recycle tires; to solve 
the problem an average composition of the tire is provided. Differences in the treatment of worn tires 
in different countries and ways of utilization of pneumatic and non-pneumatic tires are shown; variants 
for cold and hot recovery tires are provided; the economic effect of tire recovery comparing with tire 
replacement is shown; methods of processing used tires with the destruction of the rubber component 
that causes polymer degradation and without destruction of the rubber component are provided. The 
percentage of use of retreaded tires in the total amount of tires purchased in some countries is given. 
The analysis of options for further processing of tires as processing tires into rubber crumb and its further 
use was made. The general structural features of the tire without air (non-pneumatic) — “spoke” and 
“cellular” are described. A comparison of methods for utilization of pneumatic and non-pneumatic tires in 
terms of structure and the tire material was made. The generalized classification of methods of disposal 
of polyurethane materials is proposed; environmental issues of tires recycling are shown. The reasons 
to simplify recycling of pneumatic tires comparing to non-pneumatic (airless) tires are provided. The 
possibility of using biodegradability as one of the most economically and environmentally effective ways 
of recycling materials for non-pneumatic (airless) tires, namely polyurethane products was discussed.

Keywords: pneumatic tires, non-pneumatic (airless) tires, recycling of polymer materials, recovery 
of the tires, recycling of used tires, biodegradation of polyurethanes.
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