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Ôóíêöèîíàëüíûå ìàòåðèàëû – ýòî øèðîêèé êëàññ âåùåñòâ, êîòîðûå 
èñïîëüçóþòñÿ â ñàìûõ ðàçíîîáðàçíûõ îáëàñòÿõ ñîâðåìåííîé æèçíè è îá-
ëàäàþò îïðåäåëåííûìè ôèçè÷åñêèìè è õèìè÷åñêèìè ñâîéñòâàìè. Ñâåðõ-
ëåãêèå òåïëîçàùèòíûå è ãåðìåòèçèðóþùèå ìàòåðèàëû, ýëåêòðîèçîëÿöè-
îííûå è àíòèôðèêöèîííûå ìàòåðèàëû, øóìîïîãëîùàþùèå è ñàìîêëåÿùè-
åñÿ ïîêðûòèÿ è ïðîêëàäêè, àíàýðîáíûå êîìïîçèöèè è äðóãèå – íàõîäÿò 
øèðîêîå ïðèìåíåíèå â ìàøèíîñòðîåíèè, íà æåëåçíîäîðîæíîì òðàíñïîð-
òå, â ñóäîñòðîåíèè è àâèàöèè, â ýëåêòðîíèêå è ðàäèîòåõíèêå.

Îñíîâíûìè ôóíêöèîíàëüíûìè ïàðàìåòðàìè ïîëèìåðîâ ÿâëÿþòñÿ èõ 
ìåõàíè÷åñêèå ñâîéñòâà – ïðî÷íîñòü, æåñòêîñòü, ýëàñòè÷íîñòü, òðåùè-
íîñòîéêîñòü, ýòî îáñòîÿòåëüñòâî îïðåäåëÿåò ðàçâèòèå íàóêè î ïîëèìå-
ðàõ íà ìíîãèå ãîäû. Ïðî÷íîñòíûå ñâîéñòâà èãðàþò âàæíóþ ðîëü ïðè èç-
ãîòîâëåíèè èçäåëèé, ïðåäíàçíà÷åííûõ äëÿ ýêñïëóàòàöèè ïðè âîçäåéñòâèè 
çíà÷èòåëüíûõ ìåõàíè÷åñêèõ íàãðóçîê â ðàçíûõ óñëîâèÿõ – âûñîêîé âëàæ-
íîñòè, àãðåññèâíûõ âåùåñòâ, òåìïåðàòóðû îêðóæàþùåé ñðåäû. Âàæ-
íîñòü ïðèìåíåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ îïðåäåëÿåòñÿ ìíîãîîáðàçèåì 
èõ ñâîéñòâ – ìåõàíè÷åñêèõ, ýëåêòðè÷åñêèõ, îïòè÷åñêèõ, ñïîñîáíîñòüþ 
âçàèìîäåéñòâîâàòü ñ èçëó÷åíèÿìè ðàçëè÷íûõ ýíåðãèé. Ïî ýëåêòðè÷åñêèì 
ñâîéñòâàì ñîâðåìåííûå ïîëèìåðíûå ìàòåðèàëû ïåðåêðûâàþò âåñü äèà-
ïàçîí – îò äèýëåêòðèêîâ äî ïîëóïðîâîäíèêîâ. Íåêîòîðûå ïîëèìåðû (ôî-
òî÷óâñòâèòåëüíûå) ïîä âëèÿíèåì óëüòðàôèîëåòîâîãî è âèäèìîãî ñâåòà 
ïîäâåðãàþòñÿ õèìè÷åñêèì èçìåíåíèÿì, ñîïðîâîæäàþùèìñÿ èçìåíåíèåì 
ôèçèêî-õèìè÷åñêèõ ñâîéñòâ. Äëÿ èñïîëüçîâàíèÿ ïîëèìåðîâ â êà÷åñòâå 
èçîëèðóþùèõ ìàòåðèàëîâ èõ âàæíûìè õàðàêòåðèñòèêàìè ÿâëÿþòñÿ äè-
ýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü è òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü, 
òåðìè÷åñêàÿ è ðàäèàöèîííàÿ ñòîéêîñòü.
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Ñîçäàíèå îïòèìàëüíîãî ìàòåðèàëà òðåáóåò óñèëåíèÿ èëè ïîäàâëåíèÿ 
êàêèõ-ëèáî ñâîéñòâ â óæå èìåþùåìñÿ ìàòåðèàëå è íåâîçìîæíî áåç ïðè-
âëå÷åíèÿ ñîâðåìåííûõ ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ ïîäõîäîâ.

Êëþ÷åâûå ñëîâà: ôóíêöèîíàëüíûå ìàòåðèàëû, ëàêîêðàñî÷íûå ïîêðû-
òèÿ, êëåè, òåðìîïëàñòè÷íûå ïîëèìåðû, øóìîïîäàâëåíèå, àòìîñôåðî-
óñòîé÷èâîñòü, ýêîëîãè÷åñêàÿ áåçîïàñíîñòü.

B.Ph. Pavlyuk

The main directions in the field of development of polymeric functional 
materials

Functional materials are wide class of substances which are used in the most 
various areas of modern life and possess certain physical and chemical properties. 
Extralight heat-protective and encapsulating materials, electric insulating and 
antifriction materials, noise-absorbing and self-adhesive coatings and laying, 
anaerobic compositions and others  find broad application in mechanical engineering, 
railway transport, shipbuilding and aircraft, in electronics and radio engineering.

The basic functional purpose of polymers are their mechanical properties – 
durability, rigidity, elasticity, cracks resistance, this circumstance defines science 
development about polymers for many years. Strength properties play important 
role when manufacturing products intended for operation at action of considerable 
mechanical loadings in different conditions – high humidity, action of aggressive 
substances, environment temperature. Importance of polymeric materials is defined 
by variety of their properties – mechanical, electric, optical, ability to cooperate 
with radiations of different energy. On electrical properties modern polymeric 
materials overcover all range from dielectrics to semiconductors. Some polymers 
(photosensitive) under the influence of ultra-violet and visible light are exposed to 
the chemical changes, being accompanied by change of physicochemical behavior. 
For use of polymers as isolating materials their important characteristics are 
dielectric permittivity and dielectric loss tangent, thermal and ra-diation resistance.

Development of optimum material requires strengthening or suppression of any 
properties in already available material and it is impossible without attraction of 
modern experimental and theoretical approaches.

Keywords: functional materials, paint coatings, glues, thermoplastic polymers, 
noise reduction, weathering resistance, ecological safety.

Âàæíûì íàïðàâëåíèåì â îáëàñòè ñîâðåìåííîãî ìàòåðèàëîâåäåíèÿ ÿâ-
ëÿåòñÿ ðàçðàáîòêà ïîëèìåðíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ (ÏÊÌ) íî-
âîãî ïîêîëåíèÿ ñ ðàçëè÷íûìè ôóíêöèîíàëüíûìè ñâîéñòâàìè. Ñëåäóåò 
îòìåòèòü, ÷òî èõ ïðîèçâîäñòâî ÿâëÿåòñÿ îäíèì èç ñàìûõ áûñòðî ðàçâèâà-
þùèõñÿ íàïðàâëåíèé â ìèðå.

Â íàñòîÿùåå âðåìÿ ïðè ðàçðàáîòêå êîíêóðåíòîñïîñîáíûõ ôóíêöèî-
íàëüíûõ ïîëèìåðíûõ ìàòåðèàëîâ àâèàöèîííîãî íàçíà÷åíèÿ íåäîñòàòî÷íî 
îáåñïå÷èâàòü âûïîëíåíèå èìè îñíîâíûõ ôóíêöèé. Íåîáõîäèìî ñîçäàâàòü 
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ìàòåðèàëû ñ ó÷åòîì îáåñïå÷åíèÿ ìíîãî÷èñëåííûõ òðåáîâàíèé – â òîì ÷èñëå ïî 
ñòàðåíèþ, êëèìàòè÷åñêîé ñòîéêîñòè, ýêîëîãè÷åñêîé áåçîïàñíîñòè è äð. [1–3].

Ïðèäàíèå ôóíêöèîíàëüíûõ ñâîéñòâ ÏÊÌ êîíñòðóêöèîííîãî íàçíà-
÷åíèÿ ïîçâîëÿåò ïîâûñèòü âåñîâóþ ýôôåêòèâíîñòü èõ èñïîëüçîâàíèÿ â 
êîíñòðóêöèè ëåòàòåëüíûõ àïïàðàòîâ, óâåëè÷èòü íàäåæíîñòü äåòàëåé êîí-
ñòðóêöèè è ìåæðåìîíòíûé ñðîê ñëóæáû [4, 5].

Ñîâðåìåííûå ôóíêöèîíàëüíûå ñèñòåìû ëàêîêðàñî÷íûõ ïîêðûòèé 
(ËÊÏ) äàþò âîçìîæíîñòü ýêñïëóàòàöèè àâèàöèîííîé òåõíèêè â ðàçëè÷íûõ 
óñëîâèÿõ, ïðèäàþò âûñîêóþ àòìîñôåðîñòîéêîñòü (äî 20 ëåò), ñòîéêîñòü ê 
ìàñëàì, òîïëèâàì, àãðåññèâíûì æèäêîñòÿì, ãðèáîñòîéêîñòü. Ëàêîêðàñî÷-
íûå ìàòåðèàëû ïðèìåíÿþò äëÿ îêðàñêè ñïåöèàëüíûõ îáúåêòîâ è èçäåëèé 
àâèàöèîííîé òåõíèêè ñ öåëüþ ñíèæåíèÿ îïòè÷åñêîé êîíòðàñòíîñòè â øè-
ðîêîì äèàïàçîíå äëèí âîëí. Ïðè ýòîì îíè ìîãóò áûòü ðàäèîïðîçðà÷íûìè 
â îïðåäåëåííîì äèàïàçîíå ÷àñòîò, ýëåêòðîïðîâîäÿùèìè èëè, íàîáîðîò, 
îáåñïå÷èâàòü íåïðîâîäÿùèé çàùèòíûé ñëîé [6].

Âîïðîñû ãåðìåòèçàöèè äî ñèõ ïîð ÿâëÿþòñÿ àêòóàëüíûìè. Îáåñïå÷å-
íèå íåïðîíèöàåìîñòè êëåïàíûõ, ñâàðíûõ è áîëòîâûõ ñîåäèíåíèé ýëå-
ìåíòîâ êîíñòðóêöèé, â òîì ÷èñëå â àãðåññèâíûõ ñðåäàõ, äîñòèãàåòñÿ ïó-
òåì èñïîëüçîâàíèÿ ðàçëè÷íûõ ãåðìåòèçèðóþùèõ ìàòåðèàëîâ, îñíîâíûì 
êîìïîíåíòîì êîòîðûõ ÿâëÿþòñÿ âûñîêîìîëåêóëÿðíûå ñîåäèíåíèÿ. Âà-
ðüèðîâàíèå õèìè÷åñêîãî ñîñòàâà è ñòðóêòóðû ïîëèìåðà ïîçâîëÿåò ïîëó-
÷àòü ìàòåðèàë ñ çàðàíåå çàäàííûìè ñâîéñòâàìè [7, 8].

Äðóãèì âàæíûì íàïðàâëåíèåì ÿâëÿåòñÿ ïðèäàíèå íîâûõ ñâîéñòâ ðåçè-
íîòåõíè÷åñêèì èçäåëèÿì – ñíèæåíèå ãîðþ÷åñòè è ðàñøèðåíèå òåìïåðà-
òóðíîãî äèàïàçîíà èõ èñïîëüçîâàíèÿ. Ðàçðàáîòêà ìàòåðèàëîâ ñ ðàáîòîñïî-
ñîáíîñòüþ îò -70 äî +350°Ñ äåëàåò èõ íåçàìåíèìûìè ïðè ìîäåðíèçàöèè 
ñóùåñòâóþùåé è ïðîåêòèðîâàíèè íîâîé òåõíèêè äëÿ îñâîåíèÿ Àðêòèêè.

Â íàñòîÿùåå âðåìÿ íåîáõîäèìû ðåçèíû ðàçëè÷íîé õèìè÷åñêîé ïðè-
ðîäû äëÿ ðåøåíèÿ öåëîãî ðÿäà âîïðîñîâ ýêñïëóàòàöèîííîãî è ðåìîíò-
íîãî õàðàêòåðà, ïîýòîìó îòå÷åñòâåííîé ïðîìûøëåííîñòüþ âîñòðåáîâà-
íû êëåè ðåçèíîòåõíè÷åñêîãî íàçíà÷åíèÿ. Ïîìèìî îñíîâíîé ôóíêöèè 
ñêëåèâàíèÿ, ê êëåÿì ïðåäúÿâëÿþòñÿ ïîâûøåííûå òðåáîâàíèÿ ïî ðàáî-
òîñïîñîáíîñòè â èíòåðâàëå òåìïåðàòóð îò -60 äî +100°Ñ, âëàãî- è òðî-
ïèêîñòîéêîñòè, óñòîé÷èâîñòè ê âîçäåéñòâèþ ìèêîëîãè÷åñêîé ñðåäû è 
êëèìàòè÷åñêèõ ôàêòîðîâ, ñàìîçàòóõàåìîñòè.

Îäíèì èç êðèòåðèåâ ïîâûøåíèÿ êîíêóðåíòîñïîñîáíîñòè îòå÷åñòâåí-
íûõ ñàìîëåòîâ ãðàæäàíñêîãî íàçíà÷åíèÿ ÿâëÿåòñÿ ñíèæåíèå ïðîèçâîäè-
ìîãî èìè øóìà íà ìåñòíîñòè, à òàêæå â ñàëîíå àýðîïëàíà, ÷òî äîñòèãàåòñÿ 
èñïîëüçîâàíèåì â êîíñòðóêöèè ôóíêöèîíàëüíûõ ïîëèìåðñîäåðæàùèõ 
çâóêîïîãëîùàþùèõ ìàòåðèàëîâ-êîíñòðóêöèé, òåïëîçâóêîèçîëÿöèîííûõ 
è âèáðîïîãëîùàþùèõ ìàòåðèàëîâ [9, 10].
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Ñîâåðøåíñòâîâàíèå íàó÷íî-òåõíîëîãè÷åñêîãî ïîäõîäà ïîçâîëèëî ñî-
çäàòü îòå÷åñòâåííûé àòìîñôåðîñòîéêèé îïòè÷åñêè ïðîçðà÷íûé ïîëè-
êàðáîíàò, êîòîðûé ìîæåò áûòü èñïîëüçîâàí ïðè ñîçäàíèè óäàðîñòîéêèõ 
ýëåìåíòîâ îñòåêëåíèÿ (â òîì ÷èñëå äâîéíîé êðèâèçíû) àâèàöèîííîé 
òåõíèêè è ñðåäñòâ çàùèòû ëåò÷èêà.

Êðîìå òîãî, âåäóòñÿ èññëåäîâàíèÿ è ðàçðàáîòêè â îáëàñòè ïîëó÷åíèÿ 
ñëîèñòîãî ïîëèìåðíîãî îñòåêëåíèÿ íîâîãî ïîêîëåíèÿ äëÿ àâèàöèîííîé 
òåõíèêè – àáðàçèâîñòîéêîãî è ñ èíòåãðèðîâàííûì ýëåêòðîîáîãðåâàåìûì 
ýëåìåíòîì êðèâîëèíåéíîé ôîðìû.

Øèðîêîå ïðèìåíåíèå â àâèàöèîííîé ïðîìûøëåííîñòè íàøëè òåðìîïëàñ-
òè÷íûå ïîëèìåðû, ñïîñîáíûå îáðàòèìî ïåðåõîäèòü ïðè íàãðåâàíèè â âûñî-
êîýëàñòè÷åñêîå èëè âÿçêîòåêó÷åå ñîñòîÿíèå. Èõ ïîïóëÿðíîñòü îáóñëîâëåíà 
âûñîêèìè ïðî÷íîñòíûìè è äåôîðìàöèîííûìè õàðàêòåðèñòèêàìè, íèçêîé 
ïëîòíîñòüþ, óäàðîñòîéêîñòüþ, óñòîé÷èâîñòüþ ê ðàçëè÷íûì âèäàì õèìè÷å-
ñêîãî âîçäåéñòâèÿ è äèýëåêòðè÷åñêèìè ñâîéñòâàìè. Òåì íå ìåíåå óâåëè÷åíèå 
ñêîðîñòè ïîëåòà ñîâðåìåííûõ ñàìîëåòîâ, à òàêæå äàëüíîñòè ïðåîäîëåâàåìûõ 
èìè ðàññòîÿíèé ïðèâåëî ê óæåñòî÷åíèþ òðåáîâàíèé ê äàííûì ìàòåðèàëàì è 
ê íåîáõîäèìîñòè ñîçäàíèÿ òåðìîïëàñòîâ íîâîãî ïîêîëåíèÿ – ñ ïîâûøåííîé 
òåìïåðàòóðîé ýêñïëóàòàöèè, ñòîéêîñòüþ ê ìèêîëîãè÷åñêîìó âîçäåéñòâèþ, 
ñàìîçàòóõàíèåì è âûñîêèìè àíòèñòàòè÷åñêèìè ñâîéñòâàìè [11].

Òàêèì îáðàçîì, ñîçäàíèå ñîâðåìåííûõ è ïåðñïåêòèâíûõ ôóíêöèî-
íàëüíûõ ìàòåðèàëîâ òðåáóåò êîìïëåêñíîãî è ïðîãðàììíîãî ïîäõîäà, îñ-
íîâàííîãî íà ðåçóëüòàòàõ ôóíäàìåíòàëüíûõ è ôóíäàìåíòàëüíî-îðèåíòè-
ðîâàííûõ èññëåäîâàíèé.

Êðîìå òîãî, íåîáõîäèìà òåñíàÿ êîîïåðàöèÿ âåäóùèõ ðîññèéñêèõ íà-
ó÷íî-èññëåäîâàòåëüñêèõ èíñòèòóòîâ, îðãàíèçàöèé-ðàçðàáîò÷èêîâ è ïðî-
ìûøëåííûõ ïðåäïðèÿòèé, áàçèðóþùàÿñÿ íà ïîñòóëàòå: íåðàçðûâíîñòü 
ìàòåðèàëîâ, òåõíîëîãèé è êîíñòðóêöèé.

Ñ ñàìîãî íà÷àëà ðàçðàáîòêè (ñ èñïîëüçîâàíèåì ñîâðåìåííûõ ìåòîäîâ 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ) ñëåäóåò ïðîñ÷èòûâàòü ïîëíûé æèçíåí-
íûé öèêëà ìàòåðèàëà, âêëþ÷àþùèé ýòàïû åãî ñîçäàíèÿ, ýêñïëóàòàöèè â 
êîíñòðóêöèè, äèàãíîñòèêè, ðåìîíòà, ïðîäëåíèÿ ðåñóðñà è óòèëèçàöèè. 
Ïîìèìî ýòîãî, çàðàíåå íåîáõîäèìî ïðåäóñìàòðèâàòü èñïîëüçîâàíèå «çå-
ëåíûõ» òåõíîëîãèé ïðè ñîçäàíèè ìàòåðèàëîâ è êîìïëåêñíûõ ñèñòåì çà-
ùèòû – äëÿ ñíèæåíèÿ èëè ïîëíîãî èñêëþ÷åíèÿ íåãàòèâíîãî âëèÿíèÿ íà 
îêðóæàþùóþ ñðåäó.

Äàííûé ïîäõîä áûë çàëîæåí è â íàñòîÿùåå âðåìÿ ðåàëèçóåòñÿ â ðàì-
êàõ «Ñòðàòåãè÷åñêèõ íàïðàâëåíèé ðàçâèòèÿ ìàòåðèàëîâ è òåõíîëîãèé èõ 
ïåðåðàáîòêè íà ïåðèîä äî 2030 ãîäà», êîòîðûå ÿâëÿþòñÿ êëþ÷åâîé ñî-
ñòàâëÿþùåé äëÿ ñîçäàíèÿ ïåðñïåêòèâíûõ èçäåëèé è ôîðìèðîâàíèÿ íå-
îáõîäèìîãî íàó÷íî-òåõíè÷åñêîãî çàäåëà [12].
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