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Ñðåäè ïðè÷èí áðàêîâêè èçäåëèé èç ïîëèìåðíûõ ìàòåðèàëîâ, èçãîòîâëåííûõ ñ èñïîëüçîâà-
íèåì Â×-ýëåêòðîòåðìèè, âàæíîå ìåñòî çàíèìàåò îòñóòñòâèå èëè íåòî÷íîñòü èìåþùèõñÿ
ñïðàâî÷íûõ äàííûõ ïî ðåæèìàì îáðàáîòêè. Íåòî÷íîñòè òàêèõ ýëåêòðîôèçè÷åñêèõ ïàðà-
ìåòðîâ, êàê òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü (tg ä) è äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü
(å) îáðàçóþòñÿ âñëåäñòâèå íåó÷åòà âëèÿíèÿ çàçîðîâ â ãðàíóëèðîâàííûõ ìíîãîêîìïîíåíò-
íûõ ïîëèìåðíûõ ìàòåðèàëàõ è òåõíîëîãè÷åñêîé ñèñòåìå, à òàêæå çà ñ÷åò ñóáúåêòèâíûõ
ôàêòîðîâ ïðîöåññà êîíòðîëÿ. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ
çàçîðîâ òåõíîëîãè÷åñêîé ñèñòåìû íà ýëåêòðîôèçè÷åñêèå ïàðàìåòðû ïîëèìåðíûõ è êîìïî-
çèòíûõ ìàòåðèàëîâ. Èññëåäîâàëè îáðàçöû èç ãðàíóëèðîâàííûõ ìàòåðèàëîâ: ïîëèïðîïèëå-
íà ìàðêè «Áèìîäàë» è ñòàáèëèçèðóþùåé äîáàâêè «Áàñêî». Ìàòåðèàëû ïðèìåíÿþò äëÿ èç-
ãîòîâëåíèÿ ñòîéêèõ ê óëüòðàôèîëåòîâîìó âîçäåéñòâèþ ïëåíîê, èñïîëüçóåìûõ äëÿ óïàêîâ-
êè. Ïîêàçàíî, ÷òî ïðè îïðåäåëåíèè ýëåêòðîôèçè÷åñêèõ ïàðàìåòðîâ ïîëèìåðíûõ ìàòåðèà-
ëîâ, èõ ìíîãîêîìïîíåíòíûõ ñìåñåé è îïòèìàëüíîé ÷àñòîòû Â×-âîçäåéñòâèÿ íàèáîëåå ïðè-
åìëåì ðåçîíàíñíûé ìåòîä ñ âîçìîæíîñòüþ èñïîëüçîâàíèÿ äâóõ- è òðåõýëåêòðîäíîé ñèñòå-
ìû. Ïðèâåäåíû óòî÷íåííûå (ñ ó÷åòîì âëèÿíèÿ çàçîðîâ) ýëåêòðîôèçè÷åñêèå äàííûå äëÿ
èññëåäóåìûõ ìàòåðèàëîâ ïðè ýëåêòðîìàãíèòíîì âîçäåéñòâèè (÷àñòîòà 27,12 ÌÃö) è íàãðå-
âå äî 120 °C. Ïðè ñðàâíåíèè ïîëó÷åííûõ äàííûõ ñî çíà÷åíèÿìè ïîêàçàòåëåé áåç ó÷åòà âëè-
ÿíèÿ çàçîðîâ âûÿâëåíî, ÷òî èõ ðàçíèöà äîñòèãàåò 12 (äëÿ tg ä) è 9 % (äëÿ å) îò èõ àáñîëþò-
íîé âåëè÷èíû. Ïðè ýòîì íàèáîëüøåå âëèÿíèå íà ýôôåêòèâíîñòü íàãðåâà îêàçûâàåò tg ä.
Îïòèìàëüíàÿ òåìïåðàòóðà íàãðåâà ïîëèìåðîâ, ïðè êîòîðîé tg ä äîñòèãàåò ìàêñèìàëüíîãî
çíà÷åíèÿ, ñîñòàâëÿåò 50 °C. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû äëÿ ïîâû-
øåíèÿ êà÷åñòâà ïðîèçâîäèìûõ èç øèðîêîãî àññîðòèìåíòà ìíîãîêîìïîíåíòíûõ ïîëèìåð-
íûõ è êîìïîçèòíûõ ìàòåðèàëîâ èçäåëèé ïðè îïòèìèçàöèè ðåæèìîâ èõ ýëåêòðîòåðìè÷å-
ñêîé îáðàáîòêè.
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Among the reasons for the rejection of products made of polymer materials manufactured using HF
electrothermy, an important place is occupied by the lack of available reference data on the modes of their
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processing. The inaccuracy of some electrical parameters, e.g., the dielectric loss tangent (tan ä) and the
dielectric constant (å) are attributed to neglecting the effect of gaps in granular multicomponent polymer
materials or technological system, as well as subjective factors of the control process. We present the re-
sults of studying the impact of gaps of a technological system on the electrophysical parameters of polymer
and composite materials. We studied samples of granular materials “Bimodal polypropylene” and “Basco”
stabilizing additive which are used in production of UV-resistant films for packaging. It is shown that a
resonance method with the possibility of using two- and three-electrode system is most appropriate when
determining the electrophysical parameters of polymer materials, their multicomponent mixtures and the
optimal frequency of exposure. Refined (determined with allowance for gaps) electrophysical data for the
materials under study obtained at a frequency of 27.12 MHz and heating to 120°C are presented. Compar-
ison of the results obtained with and without taking into account the impact of gaps revealed that the dif-
ference reaches up to 12 (for tan ä) and 9% (for å) of their absolute value. Note that the parameter tan ä

has the greatest effect on the heating efficiency. The optimal temperature of polymer heating at which
tan ä reaches the maximum value is 50°C. The results obtained can be used to improve the quality of prod-
ucts produced from a wide range of multicomponent polymer and composite materials by optimizing the
modes of their electrothermal processing.

Keywords: increasing accuracy; electrical properties; technological air gaps; high frequency drying; tech-
nological polymer mixtures.

Ââåäåíèå

Ýôôåêòèâíîñòü ìåòîäà äèýëåêòðè÷åñêîãî íà-
ãðåâà ïîëèìåðíûõ è êîìïîçèòíûõ ìàòåðèàëîâ è
èçäåëèé èç íèõ ïðè èñïîëüçîâàíèè âûñîêî÷àñ-
òîòíîãî (Â×) ïîëÿ îáùåïðèçíàíà [1 – 9]. Òåì íå
ìåíåå ïðîöåíò áðàêà èçäåëèé, âûïîëíåííûõ èç
ïîëèìåðíûõ ìàòåðèàëîâ ñ èñïîëüçîâàíèåì Â×-
îáðàáîòêè, äîñòèãàåò 18 % [2 – 5]. Îñíîâíàÿ ïðè-
÷èíà — îòñóòñòâèå äîñòîâåðíûõ äàííûõ ïî ïîêà-
çàòåëÿì ýëåêòðîôèçè÷åñêèõ ïàðàìåòðîâ ïîëè-
ìåðíûõ ìàòåðèàëîâ, íåîáõîäèìûõ ïðè âûáîðå
îïòèìàëüíûõ òåõíîëîãè÷åñêèõ ðåæèìîâ ýëåêòðî-
òåðìè÷åñêîé îáðàáîòêè.

Ïðè âûáîðå ðåæèìîâ Â×-îáðàáîòêè èçäåëèé
èç ïîëèìåðîâ ïðè îðãàíèçàöèè òåõíîëîãè÷åñêîãî
ïðîöåññà ýëåêòðîòåðìèè ïðèìåíÿþò òàêèå êðèòå-
ðèè, êàê òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü
(tg ä) è äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ìàòåðèà-
ëîâ (å). Ñ èõ ïîìîùüþ ðàññ÷èòûâàþò óäåëüíóþ
ìîùíîñòü (Póä), âûäåëÿåìóþ íàãðåâàåìûì ïîëè-
ìåðîì (âíóòðåííèå èñòî÷íèêè òåïëà):

Póä = 5,53 · 10–11E2få tg ä, (1)

ãäå E — íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ; f —
÷àñòîòà ïîëÿ; å — îòíîñèòåëüíàÿ äèýëåêòðè÷å-
ñêàÿ ïðîíèöàåìîñòü; tg ä — òàíãåíñ óãëà äèýëåê-
òðè÷åñêèõ ïîòåðü.

Îòìåòèì, ÷òî òî÷íîå îïðåäåëåíèå tg ä è å ìà-
òåðèàëà ïîçâîëÿåò îïòèìèçèðîâàòü òåõíîëîãè-
÷åñêèé Â×-íàãðåâ, óñòàíîâèâ ðåæèìû îáðàáîòêè
ñ çàðàíåå âûáðàííûìè ïîêàçàòåëÿìè íàïðÿæåí-
íîñòè ýëåêòðè÷åñêîãî ïîëÿ è åãî ÷àñòîòû.

Â òàáëèöå ïðèâåäåíû äèàïàçîíû ÷àñòîò ýëåê-
òðîòåðìè÷åñêîãî îáîðóäîâàíèÿ, íà ðèñ. 1 — ñíè-
æåíèå èíòåíñèâíîñòè âûäåëÿåìîé ìîùíîñòè è
ãëóáèíû ïðîíèêíîâåíèÿ Â×-èçëó÷åíèÿ â ìàòåðè-
àë ñ óâåëè÷åíèåì ÷àñòîòû.

Âèäíî, ÷òî ñ ðîñòîì ÷àñòîòû ñ 27,12 äî
2450 ÌÃö íàïðÿæåííîñòü ïîëÿ è ãëóáèíà ïðî-

íèêíîâåíèÿ ýëåêòðîìàãíèòíîãî ïîëÿ â ìàòåðèàë
ïîíèæàþòñÿ ñ 20,74 äî 2,18 Â/ì è ñ 29,34 äî
0,32 ì ñîîòâåòñòâåííî.

Ïîñêîëüêó ïîëèìåðíûå ìàòåðèàëû â ïðîöåñ-
ñå ïðèãîòîâëåíèÿ ìíîãîêîìïîíåíòíûõ òåõíîëî-
ãè÷åñêèõ ñìåñåé ñîñòîÿò èç ãðàíóë, çàçîðû ìåæäó
êîòîðûìè çàïîëíåíû âîçäóõîì, çíà÷èìîñòü êîí-
òðîëÿ ýëåêòðîôèçè÷åñêèõ ïàðàìåòðîâ âîçðàñòà-
åò. Ïðèíÿòî ñ÷èòàòü, ÷òî òàíãåíñ óãëà äèýëåêòðè-
÷åñêèõ ïîòåðü âîçäóõà íàñòîëüêî íåâåëèê, ÷òî
îáû÷íî åãî ðàññìàòðèâàþò êàê èäåàëüíûé äè-
ýëåêòðèê — âåùåñòâî, íå ïîãëîùàþùåå è íå îò-
ðàæàþùåå ýíåðãèþ ýëåêòðîìàãíèòíûõ âîëí.
Îäíàêî çíà÷åíèå tg ä âîçäóõà è òåì áîëåå âîç-
äóøíîé ñìåñè ñ ÷àñòèöàìè ïîëèìåðîâ è ãàçîâ,
âûäåëÿåìûõ èìè, çàâèñèò îò òåìïåðàòóðû è ÷àñ-
òîòû ýëåêòðîìàãíèòíîãî ïîëÿ. Ïîêàçàòåëü äè-
ýëåêòðè÷åñêèõ ïîòåðü ìîæåò ìåíÿòüñÿ áîëåå ÷åì
â 3 ðàçà (ñ 0,0004 äî 0,0014), ÷òî âëèÿåò íà äèíà-
ìèêó íàãðåâà ïîëèìåðà ïðè Â×-ýëåêòðîòåðìèè.

Ó÷èòûâàÿ íèçêóþ òåïëîïðîâîäíîñòü ïîëèìå-
ðîâ è èõ ñïîñîáíîñòü ìåíÿòü ýëåêòðîôèçè÷åñêèå
ïàðàìåòðû â øèðîêèõ ïðåäåëàõ [1, 2, 6], ìîæíî
çàêëþ÷èòü, ÷òî ìàêñèìàëüíàÿ ñêîðîñòü Â×-íàãðå-
âà (êîòîðàÿ ÷àùå âñåãî â òåõíîëîãè÷åñêèõ ïðî-
öåññàõ — êðèòåðèé ýôôåêòèâíîñòè) íå âñåãäà
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Äèàïàçîíû ÷àñòîò ýëåêòðîòåðìè÷åñêîãî îáîðóäîâàíèÿ

Frequency ranges of electrothermal equipment

Äèàïàçîí ÷àñòîò f, ÌÃö Îñíîâíûå ïðèìåíåíèÿ

Â× 27,12 ± 0,16 Â×-íàãðåâ

ÎÂ× 40,68 ± 0,02 ÎÂ×-íàãðåâ

ÓÂ× 433,92 ± 0,87 ÓÂ×-íàãðåâ

866 ± 4

915 ± 25

2375 ± 50

ÑÂ× 2450 ± 50 ÑÂ×-íàãðåâ



ïðèâîäèò ê æåëàåìîìó ðåçóëüòàòó. Â ðÿäå ñëó-
÷àåâ òàêîé ðåæèì íàãðåâà ìîæåò ïðèâåñòè ê
ëîêàëüíîìó ïåðåãðåâó ïîâåðõíîñòè ìàòåðèàëà
(ñêèí-ýôôåêòó) è åãî ðàçðóøåíèþ.

Öåëü ðàáîòû — èññëåäîâàíèå âëèÿíèÿ çàçî-
ðîâ òåõíîëîãè÷åñêîé ñèñòåìû íà ýëåêòðîôèçè÷å-
ñêèå ïàðàìåòðû ïîëèìåðíûõ è êîìïîçèòíûõ ìà-
òåðèàëîâ ïðè îïðåäåëåíèè ðåæèìîâ èõ ýëåêòðî-
òåðìè÷åñêîé îáðàáîòêè.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Íàðÿäó ñ ñóùåñòâóþùèìè ñïîñîáàìè îïðå-
äåëåíèÿ òàíãåíñà óãëà äèýëåêòðè÷åñêèõ ïîòåðü
(ìåòîäû S-ïàðàìåòðîâ, ïåðåìåùåíèÿ êîíäåíñà-

òîðà, áàëàíñíîãî ìîñòà) øèðîêî ïðèìåíÿþò ðåçî-
íàíñíûé ìåòîä, êîòîðûé äëÿ èçìåðåíèÿ äèýëåê-
òðè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëîâ â íèçêî- è
âûñîêîòåìïåðàòóðíûõ óñëîâèÿõ ïðåäïîëàãàåò
èñïîëüçîâàíèå ðåçîíàòîðîâ [2, 7, 8]. Â ñâÿçè ñ
ýòèì íàèáîëüøåå ðàñïðîñòðàíåíèå ïðè îïðåäåëå-
íèè ýëåêòðîôèçè÷åñêèõ ïîêàçàòåëåé ïîëèìåð-
íûõ ìàòåðèàëîâ ïîëó÷èëè èçìåðèòåëè äîáðîòíî-
ñòè. Íàïðèìåð, Q-ìåòð (ìîäåëü ÂÌ-560) ïðîñò â
èñïîëüçîâàíèè, îáëàäàåò ìàëûìè ïîòåðÿìè ýíåð-
ãèè çà ïåðèîä êîëåáàíèÿ (ðèñ. 2).

Äëÿ ðàñ÷åòà ýëåêòðîôèçè÷åñêèõ ïàðàìåòðîâ
ìàòåðèàëîâ ïðåäâàðèòåëüíî îïðåäåëÿþò óâåëè-
÷åíèå åìêîñòè èçìåðèòåëüíîãî êîíäåíñàòîðà,
îáóñëîâëåííîå äèýëåêòðèêîì:

Cx = C1 – C2, (2)

ãäå C1, C2 — åìêîñòè èçìåðèòåëüíîãî êîíäåíñàòî-
ðà áåç è äëÿ êîíòóðà ñ îáðàçöîì.

Îòíîñèòåëüíóþ äèýëåêòðè÷åñêóþ ïðîíèöàå-
ìîñòü ìàòåðèàëà è òàíãåíñ óãëà äèýëåêòðè÷åñêèõ
ïîòåðü âû÷èñëÿþò ïî ôîðìóëàì:

å = (Cxd)/(å0S), (3)

ãäå d — ðàññòîÿíèå ìåæäó ýëåêòðîäàìè;
å0 = 1/(36ð) · 10–9 — ýëåêòðè÷åñêàÿ ïîñòîÿííàÿ;
S — ïëîùàäü ýëåêòðîäà;

tg
Q Q

Q Q

C

C x

� �
�1 2

1 2

1 , (4)

ãäå Q1, Q2 — çàïàñû ýíåðãèè êîëåáàíèé ïî ñðàâ-
íåíèþ ñ ïîòåðÿìè çà îäèí ïåðèîä è ïî ñðàâíå-
íèþ ñ ïîòåðÿìè çà îäèí ïåðèîä äëÿ êîíòóðà ñ îá-
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Ðèñ. 1. ×àñòîòíûå çàâèñèìîñòè âûäåëÿåìîé ìîùíîñòè E (1) è ãëóáèíû ä (2) ïðîíèêíîâåíèÿ èçëó÷åíèÿ â ïîëèïðîïèëåí
ïðè Â×-íàãðåâå

Fig. 1. Frequency dependences of the emitted power E (1) and the depth ä (2) of radiation penetration into polypropylene dur-
ing high frequency heating

Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà èçìåðèòåëÿ äîáðîòíîñòè:
ÃÂ× — ïåðåñòðàèâàåìûé ãåíåðàòîð êîëåáàíèé âûñîêîé
÷àñòîòû; Vi — âñòðîåííûé âîëüòìåòð äëÿ êîíòðîëÿ óðîâ-
íÿ âûõîäíîãî íàïðÿæåíèÿ Ur; C1, C2 — êîíäåíñàòîðû åì-
êîñòíîãî äåëèòåëÿ íàïðÿæåíèÿ; Ui — âõîäíîå íàïðÿæå-
íèå íà èçìåðèòåëüíîì êîíòóðå Lx – Cx – C0; V2 — èíäèêà-
òîð ðåçîíàíñà; Uc — íàïðÿæåíèå íà îáðàçöîâîì êîíäåíñà-
òîðå C0 èçìåðèòåëüíîãî êîíòóðà

Fig. 2. Schematic diagram of a quality factor meter:
HFG — tunable high-frequency generator; Vi — built-in
voltmeter for monitoring the output voltage level Ur; C1,
C2 — capacitors of the capacitive voltage divider; Ui — input
voltage on the measuring circuit Lx – Cx – C0; V2 — reso-
nance indicator; Uc — the voltage on the reference capacitor
C0 of the measuring circuit



ðàçöîì; C1 — åìêîñòü èçìåðèòåëüíîãî êîíäåíñà-
òîðà; Cx — óâåëè÷åíèå åìêîñòè èçìåðèòåëüíîãî
êîíäåíñàòîðà, îáóñëîâëåííîå äèýëåêòðèêîì.

Çàìåòèì, ÷òî, íåñìîòðÿ íà îãðàíè÷åííîñòü
äèàïàçîíà ãåíåðèðóåìûõ ÷àñòîò äàííîãî îáîðó-
äîâàíèÿ (äî 30 ÌÃö), ðåçîíàíñíûé ìåòîä ñ äâóõ-
ýëåêòðîäíîé ñèñòåìîé ìîæíî èñïîëüçîâàòü â ðàñ-
øèðåííîì äèàïàçîíå ÷àñòîò (âïëîòü äî 1 ÃÃö)
[9 – 15]. Êðîìå òîãî, ðÿä äèàïàçîíîâ ÷àñòîò,
èñïîëüçóåìûõ â ïðîìûøëåííîé ýëåêòðîòåðìèè,
íà êîòîðûå ðàñïðîñòðàíÿþòñÿ íîðìàòèâíûå òðå-
áîâàíèÿ ïî îïðåäåëåíèþ ýëåêòðîôèçè÷åñêèõ
ñâîéñòâ ïîëèìåðíûõ ìàòåðèàëîâ, îêàçûâàþòñÿ
íåîõâà÷åííûìè. Èñïîëüçîâàíèå ðåçîíàíñíûõ ìå-
òîäîâ ïðè èçìåðåíèè ýëåêòðîôèçè÷åñêèõ ïàðà-
ìåòðîâ íà ÷àñòîòå 27,12 ÌÃö ñ ïðèìåíåíèåì èç-
ìåðèòåëåé äîáðîòíîñòè íå ïðîòèâîðå÷èò ðåêî-
ìåíäóåìûì òðåáîâàíèÿì.

Íåñìîòðÿ íà èñïîëüçîâàíèå ïîëèìåðîâ â ðàç-
íûõ îòðàñëÿõ ïðîìûøëåííîñòè, îñíîâíîå íà-
ïðàâëåíèå èõ ïðèìåíåíèÿ (áîëåå 70 %) — óïà-
êîâêà [6, 15 – 19]. Âëèÿíèå âîçäóøíûõ çàçîðîâ
íà ýëåêòðîôèçè÷åñêèå ïàðàìåòðû ïîëèìåðîâ â
ñîñòàâå òåõíîëîãè÷åñêîé ñìåñè èññëåäîâàëè íà
îáðàçöàõ, ïðèìåíÿåìûõ ïðè ïðîèçâîäñòâå óïàêî-
âî÷íîé ïëåíêè ñ ïîâûøåííûìè òðåáîâàíèÿìè ê
óëüòðàôèîëåòîâîìó âîçäåéñòâèþ: ïîëèïðîïèëå-
íà ìàðêè «Áèìîäàë» è ïîëèìåðíîé ñòàáèëèçè-
ðóþùåé äîáàâêè íà îñíîâå îêñèäà òèòàíà ìàðêè
«Áàñêî». Â êà÷åñòâå òåðìîèçîëèðóþùèõ ïðîêëà-
äîê èñïîëüçîâàëè ýëåêòðîèçîëÿöèîííûé êàðòîí
ìàðêè ÝÂÒ (òîëùèíà — 0,42 ìì). Òåìïåðàòóð-
íûé äèàïàçîí íàãðåâà (18 – 120 °C) âûáèðàëè â
ñîîòâåòñòâèè ñ òåõíîëîãè÷åñêîé îïåðàöèåé ýëåê-
òðîòåðìè÷åñêîé ñóøêè, ïðîâîäèìîé ïðè óñëîâèè

íåäîñòèæåíèÿ ìîìåíòà ðàñïëàâà èëè äåñòðóêöèè
èñïîëüçóåìûõ ìàòåðèàëîâ.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðîâåäåííûå èñïûòàíèÿ ïîêàçàëè, ÷òî íà
åìêîñòü ðàáî÷åãî êîíäåíñàòîðà è äîáðîòíîñòü
êîíòóðà, â êîòîðóþ îí âêëþ÷åí, îñíîâíîå âëèÿ-
íèå îêàçûâàåò êàðòîí, âõîäÿùèé â ñîñòàâ òåõ-
íîëîãè÷åñêîé ñèñòåìû (ðèñ. 3). Ïðèñóòñòâèå âîç-
äóøíûõ çàçîðîâ îêàçûâàåò íåçíà÷èòåëüíîå âîç-
äåéñòâèå íà èçìåðÿåìûå ïàðàìåòðû êîíòóðà, è
ïðè ïîñòîÿííîé òåìïåðàòóðå èì ìîæíî ïðåíå-
áðå÷ü.
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Ðèñ. 3. Çàâèñèìîñòè åìêîñòè Cx è äîáðîòíîñòè Q èçìåðèòåëüíîãî êîíòóðà âîçäóøíîãî êîíäåíñàòîðà îò ðàññòîÿíèÿ ìåæ-
äó îáêëàäêàìè

Fig. 3. Dependences of the capacitance Cx and Q-factor of the measuring circuit of the air capacitor on the distance between
plates

Å
ì

ê
î
ñò

ü
,
ï

Ô
C

x

Òåìïåðàòóðà â ðàáî÷åé êàìåðå, °C

220

218

216

214

212

210

208

206

Ä
î
á
ð

î
ò
í

î
ñò

ü
Q

Ðèñ. 4. Çàâèñèìîñòè åìêîñòè Cx (1) è äîáðîòíîñòè Q (2)
ïàðàìåòðîâ âîçäóøíîé ñìåñè, íàõîäÿùåéñÿ â èçìåðèòåëü-
íîì êîíòóðå, îò òåìïåðàòóðû â ðàáî÷åé êàìåðå ïðè ðàñ-
ñòîÿíèè ìåæäó îáêëàäêàìè êîíäåíñàòîðà h = 3,3 ìì

Fig. 4. Dependences of the capacity Cx (1) and the quality
factor Q (2) of the parameters of the air mixture in the mea-
suring circuit on the temperature in the working chamber at
a distance between the capacitor plates h = 3.3 mm



Îáðàáîòêà ïîëèìåðíûõ ìàòåðèàëîâ ñîïðîâî-
æäàåòñÿ èõ íàãðåâîì, ïîýòîìó äèýëåêòðè÷åñêèå
ñâîéñòâà âîçäóøíîé ñîñòàâëÿþùåé òåõíîëîãè÷å-
ñêîé ñèñòåìû àíàëèçèðîâàëè òàêæå â çàâèñèñìî-
ñòè îò òåìïåðàòóðû.

Íàòóðíûå èñïûòàíèÿ ïî îïðåäåëåíèþ äè-
ýëåêòðè÷åñêîé ïðîíèöàåìîñòè è òàíãåíñà óãëà
äèýëåêòðè÷åñêèõ ïîòåðü ïîëèìåðîâ ñ ó÷åòîì
âëèÿíèÿ âîçäóøíîé ñîñòàâëÿþùåé, âõîäÿùåé â
ñîñòàâ òåõíîëîãè÷åñêîé ñìåñè, ïðîâîäèëè â ñîîò-
âåòñòâèè ñ ÃÎÑÒ 22372–2015. Èñïîëüçîâàëè ïî
15 îáðàçöîâ êàæäîãî ìàòåðèàëà. Ýòî ïîçâîëèëî
ïðîâåñòè òðè ñåðèè ýêñïåðèìåíòîâ.

Àíàëèç èçìåíåíèÿ äèýëåêòðè÷åñêèõ ñâîéñòâ
âîçäóøíîé ñîñòàâëÿþùåé ïîêàçàë, ÷òî íàãðåâ
îêàçûâàåò âëèÿíèå íà äîáðîòíîñòü êîíòóðà è
åìêîñòü ðàáî÷åãî êîíäåíñàòîðà (ðèñ. 4). Çíà÷å-
íèÿ è äèíàìèêó ýòèõ ïàðàìåòðîâ ñëåäóåò ó÷èòû-
âàòü ïðè îïðåäåëåíèè ýëåêòðîôèçè÷åñêèõ ïîêà-
çàòåëåé ïîëèìåðíûõ ìàòåðèàëîâ.

Îòìåòèì, ÷òî ïîä âîçäóøíîé ñîñòàâëÿþùåé
òåõíîëîãè÷åñêîé ñèñòåìû ïîíèìàåòñÿ íå òîëüêî
íàëè÷èå âîçäóõà â ÷èñòîì âèäå, íî è ñîäåðæà-
ùàÿñÿ â íåì ãàçîïûëåâàÿ ñìåñü, îáðàçóþùàÿñÿ
ïðè êîíòàêòå ïîëèìåðîâ äðóã ñ äðóãîì è ÷àñòÿìè
òåõíîëîãè÷åñêîé ñèñòåìû. Òàêèì îáðàçîì, ìîäå-

ëèðóåòñÿ ñèòóàöèÿ, íàèáîëåå ñõîæàÿ ñ ïðîèçâîä-
ñòâåííûìè óñëîâèÿìè.

Íà ðèñ. 5 ïðåäñòàâëåíû òåìïåðàòóðíûå çàâè-
ñèìîñòè ïîëó÷åííûõ ýëåêòðîôèçè÷åñêèõ ïîêàçà-
òåëåé ïîëèìåðîâ ñ ó÷åòîì ìåíÿþùèõñÿ ïàðàìåò-
ðîâ âîçäóøíîé ñìåñè, íàõîäÿùåéñÿ â çàçîðàõ òåõ-
íîëîãè÷åñêîé ñèñòåìû.

Ñðàâíåíèå ñ èñïîëüçóåìûìè íà ïðàêòèêå
ýëåêòðîôèçè÷åñêèìè ïîêàçàòåëÿìè, ðàññ÷èòàí-
íûìè áåç ó÷åòà âëèÿíèÿ âîçäóøíîé ñìåñè â ñî-
ñòàâå òåõíè÷åñêîé ñèñòåìû, ïîêàçûâàåò, ÷òî îò-
êëîíåíèÿ â çíà÷åíèÿõ òàíãåíñà óãëà äèýëåêòðè-
÷åñêèõ ïîòåðü è äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè
äëÿ ìàòåðèàëîâ «Áèìîäàë» è «Áàñêî» íà ÷àñòîòå
27,12 ÌÃö ñ íàãðåâîì òåõíîëîãè÷åñêîãî óñòðîé-
ñòâà äî 120 °C äîñòèãàþò 12 è 9 % îò èõ àáñîëþò-
íîé âåëè÷èíû.

Àïïðîêñèìàöèÿ ïîëó÷åííûõ äàííûõ äàëà
âîçìîæíîñòü îïðåäåëèòü çàâèñèìîñòè tg ä è å îò
òåìïåðàòóðû íàãðåâà ñ ó÷åòîì çàçîðîâ â ñîñòàâå
ñìåñè:

äëÿ «Áèìîäàë»

tg ä = 2 · 10–12T6 – 9 · 10–10T5 + 2 · 10–7T4 –

– 1 · 10–5T3 + 0,0006T2 – 0,0117T + 0,0979,
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Ðèñ. 5. Òåìïåðàòóðíûå çàâèñèìîñòè å (1) è tg ä (2) ïîëèïðîïèëåíà ìàðêè «Áèìîäàë» (à, â) è ïîëèìåðíîé ñòàáèëèçèðóþ-
ùåé äîáàâêè ìàðêè «Áàñêî» (á, ã) ñ ó÷åòîì âëèÿíèÿ âîçäóøíîé ñìåñè â ñîñòàâå òåõíîëîãè÷åñêîé ñèñòåìû è áåç ó÷åòà ýòîãî
âëèÿíèÿ ñîîòâåòñòâåííî

Fig. 5. Temperature dependences å (1) and tan ä (2) of polypropylene “Bimodal” (a, c) and polymer stabilizing additive
“Basco” (b, d) with and without taking into account the effect of the air mixture in the technological system, respectively



R2 = 0,8097, (5)

å = – 1 · 10–10T5 + 4 · 10–8T4 – 4 · 10–6T3 +

+ 0,0001T2 – 0,0003T + 1,0115,

R2 = 0,9009, (6)

äëÿ «Áàñêî»

tg ä = 2 · 10–12T6 – 9 · 10–10T5 + 2 · 10–7T4 –

– 1 · 10–5T3 + 0,0006T2 – 0,0117T + 0,0979,

R2 = 0,8095, (7)

å = – 1 · 10–10T5 + 4 · 10–8T4 – 4 · 10–6T3 +

+ 0,0001T2 – 0,0003T + 1,0115,

R2 = 0,9007. (8)

Îòíîñèòåëüíîå èçìåíåíèå òàíãåíñà óãëà äè-
ýëåêòðè÷åñêèõ ïîòåðü ïðè íàãðåâå èññëåäóåìûõ
ìàòåðèàëîâ çíà÷èòåëüíî âûøå îòíîñèòåëüíîãî
èçìåíåíèÿ èõ äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè,
ñëåäîâàòåëüíî, tg ä îêàçûâàåò îñíîâíîå âëèÿíèå
íà äèýëåêòðè÷åñêèé íàãðåâ è ïîýòîìó ìîæåò
áûòü âûáðàí â êà÷åñòâå îñíîâíîãî êîíòðîëèðóå-
ìîãî ïàðàìåòðà. Êðîìå òîãî, äëÿ ìàòåðèàëîâ «Áè-
ìîäàë» è «Áàñêî» îïòèìàëüíàÿ òåìïåðàòóðà íà-
ãðåâà ñîñòàâëÿåò 50 °C (ïðè íåé tg ä ïðèíèìàåò
ìàêñèìàëüíûå çíà÷åíèÿ).

Ïîëó÷åííûå ðåçóëüòàòû èñïîëüçîâàëè äëÿ
îïòèìèçàöèè òåõíîëîãè÷åñêîãî ïðîöåññà Â×-îá-
ðàáîòêè ïîëèìåðíûõ ìàòåðèàëîâ. Àïðîáàöèþ
ïðîâîäèëè íà ïðåäïðèÿòèè õèìè÷åñêîé îòðàñëè
ïðè îðãàíèçàöèè Â×-ñóøêè. Ïðè èñïûòàíèÿõ èñ-
ïîëüçîâàëè ïðîìûøëåííóþ ýëåêòðîòåðìè÷åñêóþ
óñòàíîâêó (ìîäåëü ÓÇÏ 2500, ÷àñòîòà —
27,12 ÌÃö) äëÿ ïðîèçâîäñòâà óïàêîâî÷íîé ïëåí-
êè äëÿ ïðîäóêöèè äåðåâîîáðàáîòêè.

Âëèÿíèå âîçäóøíûõ çàçîðîâ íà ýëåêòðîôèçè-
÷åñêèå ïîêàçàòåëè ïîëèìåðíîãî ãðàíóëÿòà, êàê
îòìå÷àëîñü ðàíåå, ñ÷èòàëîñü íåçíà÷èòåëüíûì è
ïðè âûáîðå ðåæèìîâ îáðàáîòêè íå ó÷èòûâàëîñü.
Ïîýòîìó òàêàÿ òåõíîëîãè÷åñêàÿ ïîäãîòîâêà
Â×-îáðàáîòêè ïðèâîäèëà ê íåêà÷åñòâåííîé ñóø-
êå, ÷òî îòðèöàòåëüíî âëèÿëî íà êà÷åñòâî ïðîäóê-
öèè. Îáúåì ðåêëàìàöèîííîãî áðàêà äîñòèãàë
8 %. Îïòèìèçàöèÿ ðåæèìîâ ðàáîòû Â×-îáðàáîò-
êè ñ ïðèìåíåíèåì íàó÷íî-îáîñíîâàííûõ äàííûõ
ïîçâîëèëà ñíèçèòü îáúåì áðàêà ñ 8 äî 2 % è îäíî-
âðåìåííî ïîâûñèòü ïðîèçâîäèòåëüíîñòü âûïîë-
íåíèÿ îïåðàöèé íà 7 %.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ
ïî îïðåäåëåíèþ ýëåêòðîôèçè÷åñêèõ ïàðàìåòðîâ
(òàíãåíñà óãëà äèýëåêòðè÷åñêèõ ïîòåðü è îòíîñè-
òåëüíîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè) ïîëè-
ïðîïèëåíà ìàðêè «Áèìîäàë» è ïîëèìåðíîé ñòà-

áèëèçèðóþùåé äîáàâêè ìàðêè «Áàñêî» ñ ó÷åòîì
èìåþùèõñÿ â òåõíîëîãè÷åñêîé ñèñòåìå çàçîðîâ
ïîêàçàëè, ÷òî âîçäóøíàÿ ñðåäà èãðàåò çíà÷èòåëü-
íóþ ðîëü â îáùåé äèýëåêòðè÷åñêîé ïðîíèöàåìî-
ñòè ìàòåðèàëîâ. Çíà÷åíèÿ tg ä è å ìîãóò îòëè÷à-
þòñÿ îò èõ äåêëàðèðóåìûõ ñïðàâî÷íûõ çíà÷åíèé
íà 12 è 9 % ñîîòâåòñòâåííî. Àíàëèç äèíàìèêè
ýëåêòðîôèçè÷åñêèõ ïîêàçàòåëåé â çàâèñèìîñòè
îò òåìïåðàòóðû âûÿâèë, ÷òî îòíîñèòåëüíîå èçìå-
íåíèå tg ä ïðè íàãðåâå çíà÷èòåëüíî âûøå îòíî-
ñèòåëüíîãî èçìåíåíèÿ å. Ñ èñïîëüçîâàíèåì ïîëó-
÷åííûõ äàííûõ îïðåäåëèëè îïòèìàëüíóþ òåìïå-
ðàòóðó Â×-íàãðåâà (50 °C) èññëåäóåìûõ ìàòåðèà-
ëîâ, ïðè êîòîðîé tg ä îêàçûâàåò íàèáîëüøåå
âëèÿíèå íà ìîùíîñòü äèýëåêòðè÷åñêîãî íàãðåâà.

Ïîëó÷åííûå çíà÷åíèÿ òåìïåðàòóðû îáðàáîò-
êè, òàíãåíñà óãëà äèýëåêòðè÷åñêèõ ïîòåðü è îò-
íîñèòåëüíîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè
ìàòåðèàëîâ ñ ó÷åòîì âîçäóøíûõ çàçîðîâ â ñìåñè
èñïîëüçîâàëè äëÿ îïìèçàöèè òåõíîëîãè÷åñêîãî
ïðîöåññà Â×-ñóøêè ïðè ïðîèçâîäñòâå óïàêîâî÷-
íîé ïëåíêè. Ýòî ïîâûñèëî êà÷åñòâî ïðîäóêöèè
(ñíèæåíèå áðàêà — ñ 8 äî 2 %) è ïðîèçâîäèòåëü-
íîñòü òðóäà íà 7 %.

Ôèíàíñèðîâàíèå

Ðàáîòà ôèíàíñèðîâàëàñü çà ñ÷åò ñðåäñòâ áþä-
æåòà èíñòèòóòà (ó÷ðåæäåíèÿ, îðãàíèçàöèè). Äî-
ïîëíèòåëüíûå ãðàíòû íà ïðîâåäåíèå èëè ðóêîâî-
äñòâî äàííûì èññëåäîâàíèåì íå ïðèâëåêàëèñü.

Êîíôëèêò èíòåðåñîâ

Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà
èíòåðåñîâ.

ËÈÒÅÐÀÒÓÐÀ

1. Òóãîâ È. È., Êîñòûðêèíà Ã. È. Õèìèÿ è ôèçèêà ïîëèìå-
ðîâ. — Ì.: Õèìèÿ, 1989. — 430 ñ.

2. Òàãåð À. À. Ôèçèêîõèìèÿ ïîëèìåðîâ. — Ì.: Íàó÷íûé ìèð,
2007. — 573 ñ.

3. Áóòîðèí Ä. Â., Ôèëèïïåíêî Í. Ã., Ëèâøèö À. Â. è äð.
Ðàçðàáîòêà ìåòîäèêè îïðåäåëåíèÿ ñòðóêòóðíûõ ïðåâðàùåíèé
â ïîëèìåðíûõ ìàòåðèàëàõ / Ñîâðåìåííûå òåõíîëîãèè. Ñèñ-
òåìíûé àíàëèç. Ìîäåëèðîâàíèå. 2017. ¹ 1(53). Ñ. 96 – 103.

4. Ëèâøèö À. Â., Ôèëèïïåíêî Í. Ã., Ïîïîâ Ñ. È. è äð.
Èññëåäîâàíèå âëèÿíèÿ äèýëåêòðè÷åñêèõ ýëåìåíòîâ ðàáî÷åãî
êîíäåíñàòîðà âûñîêî÷àñòîòíîé ýëåêòðîòåðìè÷åñêîé óñòàíîâ-
êè íà ïðîöåññ îáðàáîòêè ïîëèìåðíûõ ìàòåðèàëîâ / Ñîâðåìåí-
íûå òåõíîëîãèè. Ñèñòåìíûé àíàëèç. Ìîäåëèðîâàíèå. 2013.
¹ 3(39). Ñ. 270 – 275.

5. Ëèâøèö À. Â., Ëàð÷åíêî À. Ã., Ôèëàòîâà Ñ. Í. Âûñîêî÷à-
ñòîòíàÿ ýëåêòðîòåðìè÷åñêàÿ îáðàáîòêà íåìåòàëëè÷åñêîãî âòî-
ðè÷íîãî ñûðüÿ / Íàóêà è îáðàçîâàíèå. 2014. ¹ 6. Ñ. 55 – 65.

6. Êàáëîâ Å. Í. Ñòðàòåãè÷åñêèå íàïðàâëåíèÿ ðàçâèòèÿ ìàòåðè-
àëîâ è òåõíîëîãèé èõ ïåðåðàáîòêè äî 2030 ã. / Àâèàöèîííûå
ìàòåðèàëû è òåõíîëîãèè. 2020. ¹ 5. Ñ. 7 – 17.

7. Ëàð÷åíêî À. Ã., Ïîïîâ Ñ. È., Ôèëèïïåíêî Í. Ã. Îïðå-
äåëåíèå ôèçèêî-ìåõàíè÷åñêèõ ïàðàìåòðîâ ïîëèìåðíûõ
ìàòåðèàëîâ ïðè âûñîêî÷àñòîòíîì äèýëåêòðè÷åñêîì íàãðåâå â
ýëåêòðîòåðìè÷åñêèõ óñòàíîâêàõ / Ñîâðåìåííûå òåõíîëîãèè.
Ñèñòåìíûé àíàëèç. Ìîäåëèðîâàíèå. 2013. ¹ 2(38).
Ñ. 152 – 157.

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2024. Òîì 90. ¹ 9 37



8. Äóáèíñêèé Â. Ã., Êóäðÿâöåâ Ä. À. Ñîâåðøåíñòâîâà-
íèå òåõíîëîãèé è îáîðóäîâàíèÿ äëÿ îñóøêè ÌÃ ïîñëå èñïû-
òàíèé / Íåôòü è ãàç. 2009. ¹ 2/í. Ñ. 20 – 23.

9. Ëèâøèö À. Â., Ìàøîâè÷ À. ß. Àâòîìàòèçàöèÿ ïðîöåññà
âûñîêî÷àñòîòíîãî íàãðåâà ìàòåðèàëîâ íà ïðîìûøëåííîé
óñòàíîâêå ÓÇÏ 2500 àäàïòèâíûì ìåòîäîì. Èñïîëüçîâàíèå
àâòîìàòèçèðîâàííîé óñòàíîâêè â ëàáîðàòîðíûõ öåëÿõ / Ñî-
âðåìåííûå òåõíîëîãèè. Ñèñòåìíûé àíàëèç. Ìîäåëèðîâàíèå.
2011. ¹ 2(30). Ñ. 193 – 198.

10. Ëèâøèö À. Â. Àâòîìàòèçèðîâàííûå èññëåäîâàíèÿ ïðîöåññà
ïðîïèòêè ýëàñòîìåðîâ / Ýëåêòðîòåõíîëîãèè è ýëåêòðîîáîðó-
äîâàíèå â ÀÏÊ. 2022. Ò. 69. ¹ 1(46). Ñ. 72 – 78.
DOI: 10.22314/2658-4859-2022-69-1-72-78

11. Bakanin D., Bychkovsky V., Butorin D. Development and
automation of the device for determination of thermophysical
properties of polymers and composites / Advances in Intelligent
Systems and Computing. 2020. Vol. 982. P. 731 – 740.
DOI: 10.51955/23121327_2022_2_19

12. Ñàôèí Ð. Ð., Õàñàíøèí Ð. Ð., Ñàôèí Ð. Ã. Èññëåäîâàíèå
êîíâåêòèâíîé ñóøêè ïèëîìàòåðèàëîâ ïðè ñòàöèîíàðíîì ïî-
íèæåííîì äàâëåíèè / IV Ìåæäóíàðîä. ñèìïîçèóì «Ñòðîåíèå,
ñâîéñòâà è êà÷åñòâî äðåâåñèíû»: ñá. òð. — ÑÏá.: ÏÃËÒÀ,
2004. Ñ. 523 – 526.

13. Ñàôèí Ð. Ð. Èññëåäîâàíèå ïðîöåññîâ âàêóóìíîé ñóøêè ïè-
ëîìàòåðèàëîâ ïðè êîíâåêòèâíûõ ìåòîäàõ ïîäâîäà òåïëà / Âå-
ñòíèê ÒÃÒÓ. 2006. Ò. 12. ¹ 4À. Ñ. 978 – 993.

14. Coat J. Polymer heterogeneity in waterborne coatings / Tech-
nol. Res. 2020. N 7(1). P. 1 – 21.
DOI: 10.1007/s11998-009-9201-5

15. Äóì÷åâ È. Ñ., Ëàð÷åíêî À. Ã., Ïîïîâ Ñ. È. è äð. Âîññòà-
íîâëåíèå ïîëèàìèäíûõ ñåïàðàòîðîâ ïîäøèïíèêîâ áóêñîâîãî
óçëà ïîäâèæíîãî ñîñòàâà ÎÀÎ ÐÆÄ / Ìîëîäîé ó÷åíûé. 2017.
¹ 12. Ñ. 48 – 51. DOI: 10.15826/analitika.2012.19.2.009

16. Åôèìîâ Â. À., Øâåäêîâà À. Ê., Êîðåíüêîâà Ò. Ã. è äð.
Èññëåäîâàíèå ïîëèìåðíûõ êîíñòðóêöèîííûõ ìàòåðèàëîâ
ïðè âîçäåéñòâèè êëèìàòè÷åñêèõ ôàêòîðîâ è íàãðóçîê â ëàáî-
ðàòîðíûõ è íàòóðíûõ óñëîâèÿõ / Òðóäû ÂÈÀÌ. 2021. ¹ 1.
Ñò. 05. DOI: 10.18577/2307-6046-2022-0-11-16-26

17. Ôèëèïïåíêî Í. Ã. Èññëåäîâàíèå ìåõàíè÷åñêèõ õàðàêòåðè-
ñòèê ïîëèàìèäíûõ ìàòåðèàëîâ ñåïàðàòîðîâ áóêñîâûõ óçëîâ
ïîäâèæíîãî ñîñòàâà / Çàâîä. ëàá. Äèàãíîñò. ìàò. 2017. Ò. 83.
¹ 12. Ñ. 43 – 47.

18. Tomba J., Xiaodong Y., Fugang L. Polymer Blend Latex
Films: Miscibility and PolymerDiffusion Studied by Energy /
Transfer. Polymer. 2018. N 49(8). P. 2055 – 2064.

19. Êîñòèøèí Â. Ã., Øàêèðçÿíîâ Ð. È., Èñàåâ È. Ì. è äð.
Àíàëèç ýëåêòðîìàãíèòíûõ ñâîéñòâ êîìïîçèòîâ
2000ÍÍ/2000ÍÌ ñ ñåãíåòîýëåêòðè÷åñêèìè è ïîëèìåðíûìè
ìàòðèöàìè / Çàâîäñêàÿ ëàáîðàòîðèÿ. Äèàãíîñòèêà ìàòåðèà-
ëîâ. 2023. Ò. 89. ¹ 12. Ñ. 44 – 52.
DOI: 10.26896/1028-6861-2023-89-12-44-52

REFERENCES

1. Tugov I. I., Kosturkina G. I. Chemistry and physics of poly-
mers. — Moscow: Khimiya, 1989. — 430 p. [in Russian].

2. Tager A. A. Physicochemistry of polymers. — Moscow: Na-
uchny mir, 2007. — 573 p. [in Russian].

3. Butorin D. V., Filippenko N. G., Livshits A. V., et al. Devel-
opment of a technique for determining structural transforma-
tions in polymer materials / Sovr. Tekhnol. Sist. Analiz. Model.
2015. N 4(48). P. 80 – 86 [in Russian].

4. Livshits A. V., Filippenko N. G., Popov S. I., et al. Study of
the influence of dielectric elements of the working capacitor of a
high-frequency electrothermal installation on the process of

processing polymer materials / Sovr. Tekhnol. Sist. Analiz.
Model. 2013. N 3(39). P. 270 – 275 [in Russian].

5. Livshits A. V., Larchenko A. G., Filatova S. N. High-fre-
quency electrothermal treatment of non-metallic secondary
raw materials / Nauka Obraz. 2014. N 6. P. 55 – 65 [in Russian].

6. Kablov E. N. Strategic directions for the development of mate-
rials and technologies for their processing until 2030 / Aviats.
Mater. Tekhnol. 2020. N 5. P. 7 – 17 [in Russian].

7. Larchenko A. G., Popov S. I., Filippenko N. G. Determina-
tion of physical and mechanical parameters of polymer materi-
als during high-frequency dielectric heating in electrothermal
installations / Sovr. Tekhnol. Sist. Analiz. Model. 2013. N 2(38).
P. 152 – 157 [in Russian].

8. Dubinsky V. G., Kudryavtsev D. A. Improvement of technol-
ogies and equipment for gas pipeline drying after testing / Neft i
gas. 2009. N 2/n. P. 20 – 23 [in Russian].

9. Livshits A. V., Mashovich A. Ya. Automation of the process
of high-frequency heating of materials on an industrial installa-
tion UZP 2500 using the adaptive method. Using an automated
installation for laboratory purposes / Sovr. Tekhnol. Sist. Ana-
liz. Model. 2011. N 2(30). P. 193 – 198 [in Russian].

10. Livshits A. V. Automated studies of the process of impregna-
tion of elastomers / Élektrotekhnol. Élektroobor. APK. 2022.
Vol. 69. N 1(46). P. 72 – 78 [in Russian].
DOI: 10.22314/2658-4859-2022-69-1-72-78

11. Bakanin D., Bychkovsky V., Butorin D. Development and
automation of the device for determination of thermophysical
properties of polymers and composites / Advances in Intelligent
Systems and Computing. 2020. Vol. 982. P. 731 – 740.
DOI: 10.51955/23121327_2022_2_19

12. Safin R. R., Khasanshin R. R., Safin R. G. Study of convec-
tive drying of lumber under stationary reduced pressure / Pro-
ceedings of the IV International Symposium “Structure, prop-
erties and quality of wood”. — St. Petersburg: PGLTA, 2004.
P. 523 – 526 [in Russian].

13. Safin R. R. Study of the processes of vacuum drying of lumber
with convective methods of heat supply / Vestn. TGTU. 2006.
Vol. 12. N 4A. P. 978 – 993 [in Russian].

14. Coat J. Polymer heterogeneity in waterborne coatings /
Technol. Res. 2020. N 7(1). P. 1 – 21.
DOI: 10.1007/s11998-009-9201-5

15. Dumchev I. S., Larchenko A. G., Popov S. I., et al. Resto-
ration of polyamide separators of bearings of the axle box unit
of the rolling stock of Russian Railways / Molodoy ucheny. 2012.
N 12. P. 48 – 51 [in Russian].
DOI: 10.15826/analitika.2012.19.2.009

16. Efimov V. A., Shvedkova A. K., Korenkova T. G., et al.
Study of polymeric structural materials under the influence of
climatic factors and loads in laboratory and natural conditions /
Proceedings of VIAM. 2021. N 1. Art. 05 [in Russian].
DOI: 10.18577/2307-6046-2022-0-11-16-26

17. Filippenko N. G. Investigation of the mechanical characteris-
tics of polyamide materials of separators for axle boxes of roll-
ing stock / Industr. Lab. Mater. Diagn. 2017. Vol. 83. N 12.
P. 43 – 47 [in Russian].

18. Tomba J., Xiaodong Y., Fugang L. Polymer Blend Latex
Films: Miscibility and PolymerDiffusion Studied by Energy /
Transfer. Polymer. 2018. N 49(8). P. 2055 – 2064.

19. Kostishin V. G., Shakirzyanov R. I., Isaev I. M., et al.
Analysis of the electromagnetic properties of 2000NN/2000NM
composites with ferroelectric and polymer matrices / Industr.
Lab. Mater. Diagn. 2023. Vol. 89. N 12. P. 44 – 52 [in Russian].
DOI: 10.26896/1028-6861-2023-89-12-44-52

38 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2024. Òîì 90. ¹ 9


