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Çàïðîïîíîâàíî âèêîðèñòàííÿ áåçêîíòàêòíîãî âèõîðîñòðóìîâîãî ìåòîäó âèì³ðþ-

âàíü åëåêòðè÷íî¿ ïðîâ³äíîñò³ ïðîòîòèï³â çîâí³øí³õ òåïëîçàõèñíèõ ïîêðèòò³â íà

îñíîâ³ óðåòàí-àêðèëîâî¿ âîäíî¿ äèñïåðñ³¿ NeoPac E-106 ç ìåòàë³çîâàíèìè ñêëÿíè-

ìè ì³êðîñôåðàìè HGS 16 ÿê íàïîâíþâà÷àìè. Âèêîíàí³ âèì³ðþâàííÿ íà çðàçêàõ

çîâí³øí³õ òåïëîçàõèñíèõ ïîêðèòò³â ó ä³àïàçîí³ ÷àñòîò 50–120 ÌÃö. Âèÿâëåíî, ùî

çîâí³øíº åëåêòðîìàãí³òíå âèïðîì³íþâàííÿ çàíóðþºòüñÿ íà âñþ ãëèáèíó ñð³áíîãî

ïîêðèòòÿ ñêëÿíî¿ ì³êðîñôåðè, çáóäæóþ÷è â îá’ºì³ ïîêðèòòÿ ñòðóìè, ïåðåá³ã ÿêèõ

çàáåçïå÷óº ïðîöåñ ïîãëèíàííÿ åëåêòðîìàãí³òíèõ õâèëü äàíîþ ì³êðîñôåðîþ. Âñòà-

íîâëåíî, ùî òîâùèíà êîìïîçèö³éíîãî ìàòåð³àëó òà êîíöåíòðàö³ÿ ó íüîìó ìåòà-

ë³çîâàíèõ ì³êðîñôåð çàáåçïå÷óþòü íåîáõ³äíèé ñòóï³íü åêðàíóâàííÿ ç óðàõóâàííÿì

ä³àïàçîíó ÷àñòîò ³ ³íòåíñèâíîñò³ çîâí³øíüîãî âèïðîì³íþâàííÿ. Ðîçðàõîâàí³ çíà-

÷åííÿ åêâ³âàëåíòíî¿ åëåêòðîïðîâ³äíîñò³ çðàçê³â áåçïåðåðâíèõ ñåðåäîâèù, ùî â³äïî-

â³äàþòü çà âåëè÷èíîþ äæîóëåâèõ âòðàò äîñë³äæåíèì çðàçêàì êîìïîçèö³éíèõ ìàòå-

ð³àë³â. Ðîçâèíóòî òåîð³þ áåçêîíòàêòíèõ âèì³ðþâàíü ïðîâ³äíîñò³ ãåòåðîãåííèõ ìà-

òåð³àë³â íà ïðèêëàä³ ïîðîøêó ãðàô³òó. Áåçêîíòàêòí³ ìåòîäè âèì³ðþâàííÿ ïîêàçàëè

á³ëüø âèñîêó â³äòâîðþâàí³ñòü ðåçóëüòàò³â ïîð³âíÿíî ç êîíòàêòíèìè ìåòîäàìè. Ïðî-

âåäåíî ïîð³âíÿííÿ çàïðîïîíîâàíîãî ìåòîäó ç òðàäèö³éíî âèêîðèñòîâóâàíèìè êîí-

òàêòíèìè ìåòîäàìè âèì³ðþâàííÿ îïîðó êîìïîçèö³éíèõ ìàòåð³àë³â íà ïîñò³éíîìó

ñòðóì³ òà ó ä³àïàçîí³ íèçüêèõ ÷àñòîò. Ïîêàçàíî, ùî áåçêîíòàêòíå âèõîðîñòðóìîâå

âèì³ðþâàííÿ åëåêòðè÷íîãî îïîðó ìàòåð³àë³â ïîêðèòò³â ó âèñîêî÷àñòîòíîìó ä³àïà-

çîí³ º á³ëüø ³íôîðìàòèâíèì ïîð³âíÿíî ç êîíòàêòíèìè ìåòîäàìè âèì³ðþâàííÿ íà

ïîñò³éíîìó ñòðóì³ òà ó ä³àïàçîí³ íèçüêèõ ÷àñòîò.
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Âñòóï

Îäíèì ç ïåðñïåêòèâíèõ íàïðÿì³â çàõèñòó
åëåêòðîííîãî îáëàäíàííÿ ë³òàëüíèõ àïàðàò³â â³ä
çîâí³øíüîãî åëåêòðîìàãí³òíîãî âèïðîì³íþâàí-
íÿ º âèêîðèñòàííÿ çîâí³øí³õ òåïëîçàõèñíèõ
ïîêðèòò³â (ÇÒÏ), ÿê³ ÿâëÿþòü ñîáîþ êîìïî-
çèö³éí³ ìàòåð³àëè, ùî ì³ñòÿòü ó ñâîºìó ñêëàä³
ïðîâ³äí³ ïîðîøêîïîä³áí³ íàïîâíþâà÷³. Äëÿ çà-
áåçïå÷åííÿ òåïëî³çîëÿö³éíèõ ³ ³íøèõ ñïåö³àëü-
íèõ âëàñòèâîñòåé òàêèõ ïîêðèòò³â ïðîïîíóºòü-
ñÿ âèêîðèñòîâóâàòè ïîðîæíèñò³ ñêëÿí³ ì³êðî-
ñôåðè ç ïîâåðõíåâèìè ìåòàë³çîâàíèìè øàðàìè,

çîêðåìà íà îñíîâ³ ñð³áëà àáî í³êåëþ [1].
Ó ðîáîòàõ [1,2] íàìè ïðîàíàë³çîâàí³ ìîæ-

ëèâ³ ìåòîäè îòðèìàííÿ ìåòàë³çîâàíèõ ïîðîæí³õ
ñêëÿíèõ ì³êðîñôåð, ùî äîçâîëèëî çðîáèòè âèñ-
íîâîê ïðî äîö³ëüí³ñòü çàñòîñóâàííÿ ìåòîäó
õ³ì³÷íîãî îñàäæåííÿ ìåòàë³â. Áóëè ðîçðîáëåí³
òåõíîëîã³¿ íàíåñåííÿ òîíêèõ øàð³â ìåòàëó ç íå-
îáõ³äíîþ ìîðôîëîã³ºþ ³ òîâùèíîþ ïîêðèòòÿ íà
ïîâåðõíþ ñêëÿíèõ ì³êðîñôåð, à òàêîæ ñòâîðåíî
³ åêñïåðèìåíòàëüíî äîñë³äæåíî îáëàäíàííÿ äëÿ
îòðèìàííÿ â³ò÷èçíÿíèõ ìåòàë³çîâàíèõ íàïîâíþ-
âà÷³â äëÿ ïåðñïåêòèâíèõ ÇÒÏ. Íåîáõ³äíî çàçíà-
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÷èòè, ùî ïîðîæíèñò³ ìåòàë³çîâàí³ ñð³áëîì ñêëÿí³
ì³êðîñôåðè âèðîáëÿþòüñÿ êîìïàí³ÿìè Nanoshell
LLC (ÑØÀ), Microsphere Technology (ÑØÀ),
Brazel Technology GmbH (Í³ìå÷÷èíà),
PQCorporation (ÑØÀ).

Äèñïåðñ³éíèì àíàë³çîì [2] îòðèìàíèõ íàìè
ñêëÿíèõ ì³êðîñôåð âñòàíîâëåíî, ùî 74% ì³êðîñ-
ôåð ìàþòü ä³àìåòð â³ä 21 äî 80 ìêì. Àíàë³ç âëà-
ñòèâîñòåé êîìåðö³éíèõ ìåòàë³çîâàíèõ ñêëÿíèõ
ì³êðîñôåð ïîêàçàâ, ùî íà ðèíêó øèðîêî ïðî-
ïîíóþòüñÿ ì³êðîñôåðè ç ä³àìåòðîì ÷àñòèíîê 10–
150 ìêì ç ïîêðèòòÿì íà îñíîâ³ ìåòàëåâîãî ñð³áëà
òîâùèíîþ ~50 íì (íàïðèêëàä, ì³êðîñôåðè òèïó
CONDUCTOSPHERES Silver ìàðîê M-18-AG,
M-30-AG, M-40-AG, M-45-AG, M-60-AG, äå
öèôðàìè âêàçàíî ñåðåäí³é ðîçì³ð ì³êðîñôåð
(www.microspheretechnology.com)). Ó òîé æå ÷àñ,
ó ðåêëàìíèõ ìàòåð³àëàõ êîìïàí³¿ Brazel
Technology GmbH (Í³ìå÷÷èíà, www.brazel.com)
çàçíà÷àºòüñÿ, ùî âîíè âèðîáëÿþòü ìåòàë³çîâàí³
ñð³áëîì ñêëÿí³ ì³êðîñôåðè ñåðåäíüîãî ä³àìåòðà
â³ä 4 äî 42 ìêì ³ç âì³ñòîì ñð³áëà íà ïîâåðõí³ 4–
16% â³ä ìàñè ì³êðîñôåð (òîâùèíà ñð³áíîãî ïî-
êðèòòÿ ~500–600 íì). Òàê³ ì³êðîñôåðè ðåêîìåí-
äóºòüñÿ âèêîðèñòîâóâàòè ó ôàðáàõ, àäãåçèâàõ ³
êîìïîçèö³éíèõ ìàòåð³àëàõ [3] äëÿ çàáåçïå÷åííÿ
åëåêòðè÷íî¿ ïðîâ³äíîñò³ òà çàõèñòó ìàòåð³àë³â ³
âèðîá³â ç íèõ â³ä ä³¿ åëåêòðîìàãí³òíîãî îïðîì³-
íåííÿ, à òàêîæ â ìåäèöèí³ [4].

Ó ðîáîò³ [1] çàçíà÷àºòüñÿ, ùî òîâùèíà øàðó
ñð³áëà íà ïîâåðõí³ ì³êðîñôåð ñêëàëà ïðèáëèçíî
250 íì. Ñòóï³íü ïîêðèòòÿ ì³êðîñôåð ñð³áëîì –
100%, ïðè öüîìó 30% ì³êðîñôåð ìàëè øîðñòêó
ïîâåðõíþ ñð³áíîãî ïîêðèòòÿ.

Ïðè õ³ì³÷íîìó îñàäæåíí³ íà ìîðôîëîã³þ
ïîâåðõí³ ìåòàë³çîâàíèõ ì³êðîñôåð ³ñòîòíèé
âïëèâ ìàþòü òåìïåðàòóðà ³ òðèâàë³ñòü ïðîöåñó
â³äíîâëåííÿ ñð³áëà [2]. Ó ðÿä³ âèïàäê³â íà ïî-
âåðõí³ ñïîñòåð³ãàþòüñÿ â³äêëàäåííÿ êîðàëîïî-
ä³áíî¿ ôîðìè (coral-like surface morphology) [5].
Íàÿâí³ñòü ñõîæèõ ïîâåðõíåâèõ â³äêëàäåíü çàç-
íà÷àºòüñÿ òàêîæ ó ðîáîòàõ [6,7].

Ó ðîáîò³ [3] âêàçóºòüñÿ, ùî âèêîðèñòàííÿ
ñêëÿíèõ ì³êðîñôåð ç íàíåñåíèì íà ¿õ ïîâåðõíþ
ñð³áëîì ô³ðìè Nanoshell (ÑØÀ) äëÿ ÇÒÏ äîç-
âîëÿº îäåðæóâàòè ìàòåð³àëè ç ï³äâèùåíîþ åôåê-
òèâí³ñòþ åêðàíóâàííÿ åëåêòðîìàãí³òíîãî âèï-
ðîì³íþâàííÿ äî 60 äåöèáåë ó ä³àïàçîí³ ÷àñòîò
â³ä 100 ÌÃö äî 25 ÃÃö ³ âèùå.

Äëÿ îö³íêè ñòóïåíÿ åêðàíóâàííÿ ÇÒÏ, ùî
ì³ñòÿòü â ñâîºìó ñêëàä³ ìåòàë³çîâàí³ ñêëÿí³
ì³êðîñôåðè, íåîáõ³äíî çíàòè åôåêòèâíó åëåê-
òðè÷íó ïðîâ³äí³ñòü (àáî îï³ð). Äëÿ îòðèìàííÿ
òàêèõ äàíèõ òðàäèö³éíî âèêîðèñòîâóþòü êîí-

òàêòí³ ìåòîäè âèì³ðþâàííÿ.
Ó ðîáîò³ [4] áóëè íàâåäåí³ ãðàô³êè çàëåæ-

íîñò³ ïîâåðõíåâîãî îïîðó êîìïîçèö³éíîãî ìà-
òåð³àëó, ùî ì³ñòèòü âêðèò³ ñð³áëîì ñêëÿí³ ì³êðî-
ñôåðè, â³ä çàãàëüíîãî îáñÿãó ìàòåð³àëó, çìåí-
øóâàíîãî â ïðîöåñ³ ñòèñíåííÿ. Â ÿêîñò³ ïîë³-
ìåðíî¿ ìàòðèö³ òàêîãî ìàòåð³àëó âèêîðèñòîâó-
þòü ïîë³óðåòàíîâå â’ÿæó÷å. Âèõ³äíèé îá’ºìíèé
âì³ñò ì³êðîñôåð – 50%. Âêàçóºòüñÿ, ùî äëÿ
á³ëüøîñò³ çðàçê³â, ÿê³ â³äð³çíÿþòüñÿ ðîçì³ðàìè
ì³êðîñôåð, ïåðêîëÿö³éíèé ïîð³ã 20–30% çàëèø-
êîâîãî îá’ºìó äîñÿãàºòüñÿ ïðè ñòèñêàíí³. Ïðè
öüîìó, ÷èì ìåíøå ðîçì³ðè ì³êðîñôåð, òèì ñèëü-
í³øå íåîáõ³äíî ñòèñêàòè çðàçîê äëÿ îòðèìàííÿ
ãðàíè÷íî¿ âåëè÷èíè ñòðóìó ì³æ âèì³ðþâàëüíè-
ìè åëåêòðîäàìè. Ï³ñëÿ ïîäîëàííÿ ïåðêîëÿö³é-
íîãî ïîðîãó ñïîñòåð³ãàºòüñÿ åêñïîíåíö³àëüíà
çàëåæí³ñòü îïîðó â³ä çìåíøåííÿ îá’ºìó ìàòåð³-
àëó: çìåíøåííÿ îáñÿãó íà 1–2% â ê³ëüêà ðàç³â
çá³ëüøóº ïîâåðõíåâèé îï³ð êîìïîçèö³éíîãî ìà-
òåð³àëó.

Ó ðîáîò³ [3] òàêîæ çàçíà÷àºòüñÿ, ùî
ïðîâ³äí³ñòü êîìïîçèö³éíîãî ìàòåð³àëó, ùî
ì³ñòèòü â ñâîºìó ñêëàä³ ìåòàë³çîâàí³ ñêëÿí³
ì³êðîñôåðè, 30% çàëèøêîâîãî îá’ºìó â îñíîâ-
íîìó ïî÷èíàº ô³êñóâàòèñÿ ïðè ñòèñêàþ÷èõ íà-
âàíòàæåííÿõ.

Òàêèì ÷èíîì, àêòóàëüíîþ º ïðîáëåìà
ñò³éêî¿ îö³íêè åëåêòðè÷íî¿ ïðîâ³äíîñò³ ðîçðîá-
ëåíèõ íàìè ÇÒÏ, ùî ì³ñòÿòü â ÿêîñò³ íàïîâíþ-
âà÷à ìåòàë³çîâàí³ ñêëÿí³ ì³êðîñôåðè, ÿê³ òåîðå-
òè÷íî ìîæíà âèêîðèñòîâóâàòè â ÿêîñò³ ïîêðèò-
òÿ äëÿ êîíñòðóêö³é ë³òàëüíèõ àïàðàò³â. Âåëè÷è-
íà åëåêòðè÷íî¿ ïðîâ³äíîñò³ òàêîãî òèïó ìàòåð³-
àë³â ³ñòîòíî âïëèâàòèìå íà ñòóï³íü åêðàíóâàííÿ
íèìè åëåêòðîìàãí³òíèõ õâèëü.

Âèêîðèñòàííÿ êîíòàêòíèõ âèì³ðþâàíü äëÿ
îö³íþâàííÿ åëåêòðè÷íî¿ ïðîâ³äíîñò³ ÇÒÏ ç íà-
ïîâíþâà÷àìè ó âèãëÿä³ ìåòàë³çîâàíèõ ñêëÿíèõ
ì³êðîñôåð õàðàêòåðèçóºòüñÿ çíà÷íèìè ïîõèáêà-
ìè. Ï³ñëÿ ïðèìóñîâîãî ñòèñíåííÿ êîìïîçèö³é-
íîãî ìàòåð³àëó ³ â³äïîâ³äíîãî ïîäîëàííÿ ïåðêî-
ëÿö³éíîãî ïîðîãó ì³æ âèì³ðþâàëüíèìè åëåê-
òðîäàìè ç’ÿâëÿºòüñÿ ïîì³òíèé ñòðóì, çà âåëè-
÷èíîþ ÿêîãî ³ âèçíà÷àþòü ïîâåðõíåâèé àáî
îá’ºìíèé (â çàëåæíîñò³ â³ä ðîçòàøóâàííÿ âèì³-
ðþâàëüíèõ åëåêòðîä³â) îï³ð ìàòåð³àëó. Ó ðîáîò³
[4], íàïðèêëàä, ïðè âèì³ðþâàíí³ ïîâåðõíåâîãî
îïîðó êîìïîçèö³éíèõ ìàòåð³àë³â âèêîðèñòîâó-
þòü ñòàíäàðò ASTM D-257 «Standard Test Methods
for DC Resistance or Conductance of Insulating
Materials».

Âðàõîâóþ÷è ñêëàäíèé ðåëüºô ïîâåðõí³
ñð³áíîãî ïîêðèòòÿ ì³êðîñôåð, íàÿâí³ñòü ä³ëÿíîê
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ïîâåðõí³ ç êîðàëîïîä³áíîþ ñòðóêòóðîþ ìîæíà
ïðèïóñòèòè, ùî åëåêòðè÷í³ êîíòàêòè ì³æ ìåòà-
ë³çîâàíèìè ì³êðîñôåðàìè ó çíà÷í³é ÷àñòèí³ ìà-
òèìóòü ñòîõàñòè÷íèé õàðàêòåð. Öå íàëåæèòü ÿê
äî ïëîù³ êîæíîãî êîíòàêòó, âåëè÷èíà ÿêî¿ çà-
ëåæèòü â³ä ôîðìè äîòè÷íèõ ä³ëÿíîê ïîâåðõí³ ³
â³ä çóñèëëÿ ïðèòèñíåííÿ ñóñ³äí³õ ì³êðîñôåð îäèí
äî îäíîãî, òàê ³ äî ñóêóïíîñò³ êîíòàêò³â â ìåæàõ
äàíîãî çðàçêà êîìïîçèö³éíîãî ìàòåð³àëó. Ç îã-
ëÿäó íà âèïàäêîâ³ñòü ðîçòàøóâàííÿ ì³ñöü êîí-
òàêò³â äàíî¿ ì³êðîñôåðè ç íàéáëèæ÷èìè ñóñ³äà-
ìè, òðóáêè (çîíè) ñòðóìó, ùî âèíèêàþòü ì³æ
êîíòàêòàìè, áóäóòü ìàòè ð³çíó äîâæèíó ³ ïåðå-
òèí. Òàêèé ñòðóì áóäå õàðàêòåðèçóâàòè îï³ð ÷à-
ñòèíè ïîêðèòòÿ ì³êðîñôåðè âçàãàë³ íåâ³äîìî¿ ³
ð³çíî¿ äëÿ êîæíî¿ ì³êðîñôåðè. Ñë³ä î÷³êóâàòè
çíà÷íî¿ çàëåæíîñò³ âèì³ðþâàíîãî îïîðó â³ä
ðîçì³ð³â ì³êðîñôåð, ùî îïîñåðåäêîâàíî ï³äòâåð-
äæóºòüñÿ ãðàô³êàìè, íàâåäåíèìè ó ðîáîò³ [4].
Êð³ì òîãî, ñåðéîçíó ïðîáëåìó ïðåäñòàâëÿº ñî-
áîþ íåîáõ³äí³ñòü çàáåçïå÷åííÿ êîíòàêòó âèì³-
ðþâàëüíèõ åëåêòðîä³â ç ïîâåðõíåþ ÇÒÏ ³ ñòàë³ñòü
êîíòàêòíîãî îïîðó â³ä çðàçêà äî çðàçêà.

Âíàñë³äîê çàçíà÷åíèõ íåäîë³ê³â êîíòàêòíèõ
âèì³ðþâàíü ³ âèíèêàþ÷èõ ñêëàäíîñòåé äîö³ëü-
íî îö³íèòè ìîæëèâ³ñòü áåçêîíòàêòíèõ âèì³ðþ-
âàíü ïðîâ³äíîñò³ äîñë³äæóâàíèõ ÇÒÏ â âèõîðî-
âîìó ìàãí³òíîìó ïîë³.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Íàìè ïðîâåäåíî äîñë³äæåííÿ çðàçê³â ÇÒÏ
íà îñíîâ³ óðåòàí-àêðèëîâî¿ âîäíî¿ äèñïåðñ³¿ ç
íàñòóïíèìè íàïîâíþâà÷àìè: 40% ñêëÿíèõ
ì³êðîñôåð (çðàçîê ¹ 1); 40% ñêëÿíèõ ì³êðîñ-
ôåð ç ïîêðèòòÿì ç³ ñð³áëà (çðàçîê ¹ 2); 38,5%
ñêëÿíèõ ì³êðîñôåð, 3,8% ãðàô³òó (çðàçîê ¹ 3),
38,5% ñêëÿíèõ ì³êðîñôåð ç ïîêðèòòÿì ç³ ñð³áëà,
3,8% ãðàô³òó (çðàçîê ¹ 4).

Çðàçêè ÇÒÏ ÿâëÿþòü ñîáîþ ïëàñòèíè ðîç-
ì³ðîì 5060±1,0 ìì. Â ÿêîñò³ â’ÿæó÷îãî (ïë³âêî-
óòâîðþâà÷à) äëÿ ¿õ îäåðæàííÿ âèêîðèñòîâóâàëè
óðåòàí-àêðèëîâó âîäíó äèñïåðñ³þ òîðãîâî¿ ìàð-
êè NeoPac E-106 (âèðîáíèê DSM NeoResins), à
ÿê íàïîâíþâà÷ – ñêëÿí³ ì³êðîñôåðè HGS 16
(âèðîáíèê Larand Chemical Corp., ÑØÀ) ç íà-
ñèïíîþ ù³ëüí³ñòþ 144 êã/ì3 ³ ç ñåðåäí³ì ðîçì³-
ðîì ÷àñòèíîê 40 ìêì òà ãðàô³ò åëåêòðî-âóã³ëü-
íèé ìàðêè ÝÓÇ-Ì (ðîçì³ðîì ÷àñòèíîê 45 ìêì
75–90% òà 71 ìêì íå á³ëüøå 5% çà ÃÎÑÒ 10274-79).
Ðåçóëüòàòè çàì³ð³â òîâùèíè ïëàñòèí íàâåäåí³ ó
òàáëèö³.

Ïëîù³ çðàçê³â áóëè ðîçä³ëåí³ íà 6 îäíàêî-
âèõ ä³ëÿíîê. Òîâùèíè âèì³ðþâàëèñÿ íà öèõ
ä³ëÿíêàõ. Çíà÷åííÿ òîâùèíè ó òàáëèö³ íàâåäåí³
â ïîðÿäêó óáóâàííÿ äëÿ çðó÷íîñò³ àíàë³çó.

Äàò÷èê äëÿ áåçêîíòàêòíèõ âèõîðîñòðóìî-
âèõ âèì³ðþâàíü ÿâëÿº ñîáîþ êîðîòêó öèë³íä-
ðè÷íó êîòóøêó ³íäóêòèâíîñò³ áåç ñåðäå÷íèêà,
ê³ëüê³ñòü âèòê³â W=2, ñåðåäí³é ä³àìåòð âèòê³â
D=16 ìì, íàìîòóâàííÿ ì³äíèì äðîòîì ä³àìåò-
ðîì d0=1 ìì, ³íñòàëÿö³éíèé çàçîð (â³äñòàíü ì³æ
ïîâåðõíåþ íàéáëèæ÷îãî äî çðàçêà âèòêà äàò÷è-
êà ³ çîâí³øíüîþ ïîâåðõíåþ çðàçêà â çîí³ êîíò-
ðîëþ) h0=0,7 ìì. Âèì³ðè ïðîâîäèëèñÿ ïðè ãàð-
ìîí³éíîìó çáóäæåíí³ âèõîðîâîãî ìàãí³òíîãî
ïîëÿ äàò÷èêà ç âèêîðèñòàííÿì âèì³ðþâà÷à äîá-
ðîòíîñò³ â ä³àïàçîí³ ÷àñòîò f=50–120 ÌÃö çà
íàñòóïíîþ ìåòîäèêîþ.

Âèõîðîñòðóìîâèé äàò÷èê âêëþ÷àâñÿ â ðå-
çîíàíñíèé êîíòóð âèì³ðþâà÷à äîáðîòíîñò³.
Çì³íîþ ºìíîñò³ ïðèáîðó êîíòóð íàñòðîþâàâñÿ
â ðåæèì ðåçîíàíñó íà çàäàí³é ÷àñòîò³ âèì³ðþ-
âàííÿ. Íà ïåðøîìó åòàï³ ô³êñóâàëèñÿ çíà÷åííÿ
äîáðîòíîñò³ Q0 ³ ºìíîñò³ Ñ0 ðåçîíàíñíîãî êîí-
òóðó áåç çðàçêà. Ï³ñëÿ âíåñåííÿ çðàçêà, ùî äîñ-
ë³äæóâàâñÿ, â ïîëå äàò÷èêà êîíòóð íàíîâî íà-
ñòðîþâàâñÿ ó ðåçîíàíñ, ïðè öüîìó ô³êñóâàëèñÿ
çíà÷åííÿ Q1 òà Ñ1. Åêâ³âàëåíòíà ñõåìà ïàðàìåò-
ðè÷íîãî âèõîðîñòðóìîâîãî äàò÷èêà ç³ çðàçêîì ³ç
ïðîâ³äíîãî ìàòåð³àëó íàâåäåíà ³ ïðîàíàë³çîâàíà
â [8,9].

Â³äíîñí³ çíà÷åííÿ àêòèâíî¿ òà ðåàêòèâíî¿
ñêëàäîâèõ âíåñåíîãî ³ìïåäàíñó ðîçðàõîâóâàëèñü
çà ôîðìóëàìè:

ad 0 0 1 1

0 0 1 1

R Q C Q C
,

L Q Q C





  (1)

äå Rad – âíåñåíèé (äîäàíèé äî âëàñíîãî) àêòèâ-
íèé îï³ð âèõîðîñòðóìîâîãî äàò÷èêà,  – ÷àñòî-
òà ãàðìîí³éíîãî ïîëÿ äàò÷èêà, L0 – âëàñíà ³íäóê-
òèâí³ñòü äàò÷èêà;

ad 1 0

0 1

X C C
,

L C





  (2)

Значення товщини зразка, Т, мм 
№ 

вимірювання 
Зразок 

№ 1 

Зразок 

№ 2 

Зразок 

№ 3 
Зразок № 4 

1 2,5 2,4 2,6 2,0 

2 2,5 2,1 2,6 1,9 

3 2,4 1,8 2,4 1,8 

4 2,2 1,5 2,4 1,7 

5 2,1 1,5 2,0 1,7 

6 2,1 1,4 2,0 1,6 

Тсер 2,3 1,8 2,3 1,8 

 

Ðîçïîä³ëåííÿ òîâùèíè ïëàñòèí
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äå Xad – âíåñåíèé ðåàêòèâíèé (³íäóêòèâíèé) îï³ð
âèõîðîñòðóìîâîãî äàò÷èêà.

Âèõîðîñòðóìîâèé äàò÷èê, ùî âèêîðèñòî-
âóâàâñÿ íàìè, º äàò÷èêîì ïàðàìåòðè÷íîãî òèïó.
Òàê³ äàò÷èêè ïåðåâàæíî âèêîðèñòîâóþòüñÿ â ä³-
àïàçîí³ âèñîêèõ ÷àñòîò. Â³í îäíî÷àñíî º äæåðå-
ëîì âèõîðîâîãî ìàãí³òíîãî ïîëÿ ³ âèì³ðþâà÷åì
ìàãí³òíîãî ïîëÿ âèõîðîâèõ ñòðóì³â, ùî çáóäæó-
þòüñÿ ó ïðîâ³äíîìó ìàòåð³àë³. Âèì³ðþâàííÿ
ñêëàäîâèõ ïîëÿ âèõîðîâèõ ñòðóì³â çä³éñíþºòü-
ñÿ ïîñåðåäíüî øëÿõîì âèì³ðþâàííÿ ïàðàìåòð³â,
âèçíà÷åíèõ âèðàçàìè (1) ³ (2). Çîíà êîíòðîëþ â
ïëîùèí³ ìàòåð³àëó äëÿ îñ³ ñèìåòðè÷íèõ äàò÷èê³â
ïðàêòè÷íî îáìåæóºòüñÿ ïëîùèíîþ êîëà, ä³àìåòð
ÿêîãî ïðèáëèçíî â 1,5 ðàçè ïåðåâèùóº ñåðåäí³é
ä³àìåòð âèòê³â äàò÷èêà. Ó íàøîìó âèïàäêó öåé
ä³àìåòð ñêëàäàº 24 ìì.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Çîíäóþ÷å âèõðîâå ìàãí³òíå ïîëå äàò÷èêà
çáóäæóº â åëåêòðîïðîâ³äíîìó ïîêðèòò³ ñêëÿí³é
ì³êðîñôåðè âèõðîâèé ñòðóì, ùî òå÷å çà çàìêíó-
òîþ òðàºêòîð³ºþ, ÿêà îõîïëþº ïîâåðõíþ ì³êðî-
ñôåðè. Ãëèáèíà ïðîíèêíåííÿ ïîëÿ äëÿ ïîêðèò-
òÿ ç ìåòàëåâîãî ñð³áëà íà ÷àñòîò³ f=100 ÌÃö ñòà-
íîâèòü 1=6,3 ìêì, ùî ïðèáëèçíî â 25 ðàç³â ïå-
ðåâèùóº òîâùèíó ïîêðèòòÿ ìåòàë³çîâàíèõ
ì³êðîñôåð, îäåðæàííÿ ÿêèõ îïèñàíî ó [1]. Öå
îçíà÷àº, ùî âèõðîâèé ñòðóì ïðîò³êàº âñ³ºþ ãëè-
áèíîþ ïîêðèòòÿ ³ ðåëüºô ïîâåðõí³ ïîêðèòòÿ íå
ðîáèòü íà âåëè÷èíó ñòðóìó çíà÷íîãî âïëèâó. Íà
÷àñòîò³ f=25 ÃÃö, ïðåäñòàâëåíî¿ â [3] â ÿêîñò³,
îð³ºíòîâíî, âåðõíüî¿ ìåæ³ ä³àïàçîíó åêðàíóâàí-
íÿ, ãëèáèíà ïðîíèêíåííÿ ïëîñêèõ åëåêòðîìàã-
í³òíèõ õâèëü â ñð³áëî ïîêðèòòÿ 2=0,4 ìêì, ùî
òåæ ïåðåâèùóº òîâùèíó ïîêðèòòÿ. Òàêèì ÷è-
íîì, ó âñüîìó ä³àïàçîí³ åêðàíóâàííÿ çîâí³øíº
åëåêòðîìàãí³òíå âèïðîì³íþâàííÿ ïðîíèêàº íà
âñþ ãëèáèíó ñð³áíîãî ïîêðèòòÿ ñêëÿíî¿ ì³êðî-
ñôåðè, çáóäæóþ÷è â îá’ºì³ ïîêðèòòÿ ñòðóìè, ÿê³
çàáåçïå÷óþòü ïðîöåñ ïîãëèíàííÿ åëåêòðîìàãí³-
òíèõ õâèëü äàíîþ ì³êðîñôåðîþ. Òîâùèíà ÇÒÏ ³
êîíöåíòðàö³ÿ â íüîìó ìåòàë³çîâàíèõ ì³êðîñôåð
ïîâèíí³ çàáåçïå÷èòè íåîáõ³äíèé ñòóï³íü åêðà-
íóâàííÿ ç óðàõóâàííÿì ä³àïàçîíó ÷àñòîò ³ ³íòåí-
ñèâíîñò³ çîâí³øíüîãî âèïðîì³íþâàííÿ.

Íåîáõ³äíî ï³äêðåñëèòè, ùî çìåíøåííÿ
³íòåíñèâíîñò³ çîíäóþ÷îãî ïîëÿ ïðè âèì³ðþâàí-
íÿõ, ùî â³äáóâàºòüñÿ çà ðàõóíîê çáóäæåííÿ âèõ-
ðîâèõ ñòðóì³â òà ïîñëàáëåííÿ ³íòåíñèâíîñò³
çîâí³øí³õ åëåêòðîìàãí³òíèõ õâèëü (ùî âèêëè-
êàºòüñÿ ñòðóìàìè, íàâåäåíèìè öèìè õâèëÿìè)
â ïîâåðõíåâèõ ìåòàëåâèõ øàðàõ ì³êðîñôåð,
â³äïîâ³äàþòü ÿâèùàì, ÿê³ ìàþòü îäíó ³ òó æ
ô³çè÷íó ïðèðîäó. Òàêèì ÷èíîì, äëÿ äîñë³äæåí-

íÿ ïîãëèíàþ÷èõ âëàñòèâîñòåé ÇÒÏ âèêîðèñòàí-
íÿ áåçêîíòàêòíî¿ òåõíîëîã³¿ âèõîðîñòðóìîâèõ
âèì³ðþâàíü, ïðîâåäåíèõ ó âèñîêî÷àñòîòíîìó
ä³àïàçîí³, º á³ëüø ³íôîðìàòèâíèì ïîð³âíÿíî ç
êîíòàêòíèìè âèì³ðàìè åëåêòðè÷íîãî îïîðó ìà-
òåð³àë³â ïîêðèòò³â íà ïîñò³éíîìó ñòðóì³ ³ â ä³à-
ïàçîí³ íèçüêèõ ÷àñòîò. Òàê³ äîñë³äæåííÿ
çä³éñíþþòüñÿ â ïðèðîäíîìó ñòàí³ ÇÒÏ ³ íå âè-
ìàãàþòü ìåõàí³÷íîãî óù³ëüíåííÿ àáî ñòèñíåí-
íÿ çðàçê³â ìàòåð³àë³â ïåðåä âèì³ðþâàííÿì ïðî-
â³äíîñò³.

Çáóäæåííÿ âèõîðîâèõ ñòðóì³â â ïðîâ³äíî-
ìó íåìàãí³òíîìó ìàòåð³àë³ âèêëèêàº çìåíøåí-
íÿ äîáðîòíîñò³ äàò÷èêà òà çìåíøåííÿ éîãî ³íäóê-
òèâíîñò³ çà ðàõóíîê ïîëÿ íàâåäåíèõ ñòðóì³â. Â
åêâ³âàëåíòí³é ñõåì³ äàò÷èêà öå â³äîáðàæàºòüñÿ ó
âèãëÿä³ âíåñåíèõ (àáî äîäàíèõ) àêòèâíîãî Rad ³
íåãàòèâíîãî ³íäóêòèâíîãî Xad îïîð³â, ÿê³ ï³äêëþ-
÷àþòüñÿ ïîñë³äîâíî. Âíåñåíèé ³íäóêòèâíèé îï³ð
Xad ó íàøèõ åêñïåðèìåíòàõ ïðàêòè÷íî íå ô³êñó-
âàâñÿ, òîìó ³íôîðìàö³éíèì ïàðàìåòðîì º âíå-
ñåíèé àêòèâíèé îï³ð Rad, ÿêèé çàçâè÷àé íîðìó-
þòü äî âåëè÷èíè âëàñíîãî ³íäóêòèâíîãî îïîðó
äàò÷èêà, òîáòî Rn=Rad/L0, äå  – ÷àñòîòà, à
L0 – âëàñíà ³íäóêòèâí³ñòü äàò÷èêà.

Íà ðèñ. 1 ïîêàçàí³ ÷àñòîòí³ çàëåæíîñò³ Rn

äëÿ çðàçê³â ¹ 1 ³ ¹ 3. Âèì³ðþâàííÿ ïðîâîäè-
ëèñü íà ð³çíèõ ä³ëÿíêàõ ïëàñòèí çðàçê³â. Îòðè-
ìàí³ ðåçóëüòàòè êîðèãóâàëèñÿ ç óðàõóâàííÿì
òîâùèíè ä³ëÿíêè âèì³ðþâàííÿ, ïðè öüîìó ñïî-
ñòåð³ãàºòüñÿ õîðîøà îäíîð³äí³ñòü âëàñòèâîñòåé
çðàçê³â. Íàâåäåí³ íà ðèñ. 1 ðåçóëüòàòè îòðèìàí³
óñåðåäíåííÿì äëÿ êîæíîãî çðàçêà.

Ðèñ. 1. ×àñòîòí³ çàëåæíîñò³ Rn äëÿ òâåðäèõ çðàçê³â ÇÒÏ

 ç íàñòóïíèìè íàïîâíþâà÷àìè:

çðàçîê ¹ 1 – 40% ñêëÿíèõ ì³êðîñôåð;

çðàçîê ¹ 3 – 38,5% ñêëÿíèõ ì³êðîñôåð+3,8% ãðàô³òó
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Ïàðàìåòð Rn çàëåæèòü â³ä ïîòóæíîñò³ äæî-
óëåâèõ âòðàò â ìàòåð³àë³, ùî çíàõîäèòüñÿ ï³ä
âïëèâîì âèõîðîâîãî ìàãí³òíîãî ïîëÿ äàò÷èêà.
Äëÿ çðàçêà ¹ 3 öå, ïåðø çà âñå, âòðàòè çà ðàõó-
íîê çàìêíóòèõ çîí (òðóáîê) âèõîðîâèõ ñòðóì³â,
ùî ïðîò³êàþòü â ÷àñòèíêàõ ãðàô³òó. Äæîóëåâ³
âòðàòè ó çðàçêó ¹ 1 ìîæóòü áóòè ïîâ’ÿçàí³ ç
ïåâíîþ ïðîâ³äí³ñòþ, à òàêîæ ä³åëåêòðè÷íèìè
âòðàòàìè ó ïë³âêîóòâîðþâà÷³ (â’ÿæó÷îìó).

Áóëà äîñë³äæåíà ïðîâ³äí³ñòü äð³áíîäèñïåð-
ñíîãî ïîðîøêà ãðàô³òó, ÿêèé ì³ñòèòüñÿ ó çðàçêó
¹ 3. Òàêèé ïîðîøîê çàñèïàâñÿ â ºìí³ñòü, âèãî-
òîâëåíó ç îðãàí³÷íîãî ñêëà ïðîáîâ³äá³ðíèêà. Öÿ
ºìí³ñòü ìàº öèë³íäðè÷íó ôîðìó ç ãëèáèíîþ
3,2 ìì ³ ä³àìåòðîì 40 ìì.

Ïîðîøîê ãðàô³òó óù³ëüíþâàâñÿ â³áðàö³é-
íèì ñïîñîáîì äëÿ ìàêñèìàëüíî ìîæëèâîãî óù³-
ëüíåííÿ, ï³ñëÿ ÷îãî ïîâí³ñòþ çàïîâíåíà ºìí³ñòü
çàêðèâàëàñÿ çâåðõó ìåìáðàíîþ ç ñêëîòåêñòîë³òó
òîâùèíîþ 0,6 ìì. ×åðåç öþ ìåìáðàíó ³ âèêîíó-
âàëèñÿ âèì³ðþâàííÿ âèõîðîñòðóìîâèì äàò÷èêîì,
ÿêèé âñòàíîâëþâàâñÿ çâåðõó íà íå¿. Äàò÷èê âè-
êîðèñòîâóâàâñÿ òîé æå, ùî ³ äëÿ âèì³ðþâàííÿ
ïðîâ³äíîñò³ çðàçê³â ÇÒÏ. Â³äïîâ³äíà ÷àñòîòíà õà-
ðàêòåðèñòèêà ïîêàçàíà íà ðèñ. 2.

Ñë³ä çàçíà÷èòè, ùî âåëè÷èíà Rn äëÿ ïî-
ðîøêà ãðàô³òó, ÿê ³ äëÿ ³íøèõ ïîðîøêîïîä³á-
íèõ ìàòåð³àë³â ç ïðîâ³äíèìè çåðíàìè, çàëåæèòü
â³ä ïèòîìî¿ åëåêòðè÷íî¿ ïðîâ³äíîñò³ ìàòåð³àëó
çåðåí, ãóñòèíè ïîðîøêó ³ ðîçì³ð³â çåðåí. Òåîð³ÿ
áåçêîíòàêòíèõ âèì³ðþâàíü ïðîâ³äíîñò³ òàêèõ
ãåòåðîãåííèõ ìàòåð³àë³â äî òåïåð³øíüîãî ÷àñó
ïîâí³ñòþ íå ñòâîðåíà.

Ïðîòå, åêñïåðèìåíòàëüí³ âèì³ðþâàííÿ ïî-
ðîøê³â ãðàô³òó ³ ðîçðàõóíêè, ïðîâåäåí³ íàìè

ðàí³øå [10], ïîêàçàëè ïðàêòè÷íî ë³í³éíó çà-
ëåæí³ñòü âåëè÷èíè Rn â³ä ù³ëüíîñò³ ïîðîøêî-
ïîä³áíîãî ìàòåð³àëó. Âïëèâ ðîçì³ð³â çåðåí, ùî
ïðîâîäÿòü, ïîâí³ñòþ íå ç’ÿñîâàíî, òîìó ïðè ïî-
ð³âíÿëüíèõ âèì³ðþâàííÿõ åëåêòðîïðîâ³äíèõ âëà-
ñòèâîñòåé ïîðîøêîïîä³áíèõ ìàòåð³àë³â ðåêîìåí-
äóºòüñÿ îáèðàòè ïîðîøêè ç ïðèáëèçíî îäíàêî-
âèì ãðàíóëîìåòðè÷íèì ñêëàäîì. Ñë³ä òàêîæ çàç-
íà÷èòè, ùî áåçêîíòàêòí³ âèì³ðþâàííÿ ïîêàçà-
ëè çíà÷íî âèùó ïîâòîðþâàí³ñòü ðåçóëüòàò³â ó
ïîð³âíÿíí³ ç êîíòàêòíèìè âèì³ðþâàííÿìè.

Íà ðèñ. 3 ïîêàçàí³ ÷àñòîòí³ çàëåæíîñò³ Rn

äëÿ çðàçê³â ¹ 2 ³ ¹ 4, à òàêîæ äëÿ íàî÷íîñò³
ïîð³âíÿííÿ ðîçì³ùåíà ³ ÷àñòîòíà õàðàêòåðèñòè-
êà äëÿ çðàçêà ¹ 3, ùî íàâåäåíà ðàí³øå íà ðèñ. 1.

Ë³í³éí³ñòü çðîñòàííÿ Rn ç ÷àñòîòîþ, ùî
â³äïîâ³äàº ïî÷àòêîâ³é îáëàñò³ ãîäîãðàôà âíåñå-
íîãî ³ìïåäàíñó äàò÷èêà, â³äïîâ³äíî äî òåîð³¿
âèõîðîñòðóìîâîãî êîíòðîëþ [11], ñâ³ä÷èòü ïðî
ñòàë³ñòü åëåêòðè÷íî¿ ïðîâ³äíîñò³ ñåðåäîâèùà ó
äîñë³äæóâàíîìó ÷àñòîòíîìó ä³àïàçîí³.

Âèêîðèñòîâóþ÷è çàëåæíîñò³, íàâåäåí³ íà
ðèñ. 1–3, áóëè ðîçðàõîâàí³ çíà÷åííÿ ïèòîìî¿
åëåêòðè÷íî¿ ïðîâ³äíîñò³ åêâ, îäíîð³äíîãî ñåðå-
äîâèùà, åêâ³âàëåíòíî¿ çà âåëè÷èíîþ Rn çðàçêàì
ÇÒÏ.

Åêâ³âàëåíòí³ñòü ïîëÿãàº â òîìó, ùî ïëàñ-
òèíà ÇÒÏ çàáåçïå÷óº òàêå æ çíà÷åííÿ â³äíîñíî-
ãî âíåñåíîãî àêòèâíîãî îïîðó äàò÷èêà
Rn=Rad/L0, ùî ³ ïëàñòèíà ò³º¿ æ òîâùèíè ç áåç-
ïåðåðâíîãî ïðîâ³äíîãî ìàòåð³àëó.

Ðèñ. 2. ×àñòîòíà çàëåæíîñò³ Rn äëÿ äð³áíîäèñïåðñíîãî

ïîðîøêó ãðàô³òó

Ðèñ. 3. ×àñòîòí³ çàëåæíîñò³ Rn äëÿ òâåðäèõ çðàçê³â êîìïî-

çèö³éíèõ ìàòåð³àë³â ç íàñòóïíèìè íàïîâíþâà÷àìè:

¹ 2 – 40,0% ñêëÿíèõ ì³êðîñôåð ç ïîêðèòòÿì ç³ ñð³áëà;

¹ 3 – 38,5% ñêëÿíèõ ì³êðîñôåð, 3,8% ãðàô³òó;

¹ 4 – 38,5% ñêëÿíèõ ì³êðîñôåð ç ïîêðèòòÿì ç³ ñð³áëà,

3,8% ãðàô³òó
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Ðîçðàõóíîê âèêîíóâàâñÿ çà â³äîìîþ ç ë³òå-
ðàòóðè [11] íàáëèæåíîþ ôîðìóëîþ, ñïðîùåíîþ
íàìè ç óðàõóâàííÿì î÷³êóâàíîãî ä³àïàçîíó çíà-
÷åíü åêâ:

2
3 h

7 2ad R

0 0

3
th

R 1 448 10 R W e ,
3L L

9 9 th
4






 

    


 

(3)

äå =2T/R, Ò – òîâùèíà çðàçêà, R – ðàä³óñ âèòê³â
äàò÷èêà, W – ê³ëüê³ñòü âèòê³â, L0 – âëàñíà ³íäóê-
òèâí³ñòü äàò÷èêà, =(åêâ0)

1/2,  – ÷àñòîòà,
åêâ – ïèòîìà åêâ³âàëåíòíà åëåêòðè÷íà
ïðîâ³äí³ñòü, 0 – ìàãí³òíà ïîñò³éíà.

Â ðåçóëüòàò³ îòðèìàí³ íàñòóïí³ äàí³. Åêâ³-
âàëåíòíà ïðîâ³äí³ñòü äëÿ çðàçê³â:

– ÇÒÏ ¹ 3 (38,5% ñêëÿíèõ ì³êðîñôåð, 3,8%
ãðàô³òó) åêâ=2,710–3 Îì–1ñì–1;

– ÇÒÏ ¹ 2 (40% ñêëÿíèõ ì³êðîñôåð ç ïî-
êðèòòÿì ç³ ñð³áëà) åêâ=9,810–3 Îì–1ñì–1;

– ÇÒÏ ¹ 4 (38,5% ñêëÿíèõ ì³êðîñôåð ç
ïîêðèòòÿì ç³ ñð³áëà, 3,8% ãðàô³òó)
åêâ=12,310–3 Îì–1ñì–1;

– äð³áíîäèñïåðñíîãî ïîðîøêó ãðàô³òó
åêâ=37,810–3 Îì–1ñì–1.

Âèñíîâêè

Çàïðîïîíîâàíî âèêîðèñòàííÿ áåçêîíòàêò-
íîãî âèõîðîñòðóìîâîãî ìåòîäó âèì³ðþâàííÿ
ïðîâ³äíîñò³ òåïëîçàõèñíèõ ³ ðàä³îïîãëèíàþ÷èõ
ïîêðèòò³â ë³òàëüíèõ àïàðàò³â, ùî ì³ñòÿòü â ÿêîñò³
íàïîâíþâà÷à ìåòàë³çîâàí³ ñêëÿí³ ì³êðîñôåðè.

Ïðîâåäåíî âèì³ðþâàííÿ ïðîâ³äíîñò³ çðàçê³â
êîìïîçèö³éíèõ ìàòåð³àë³â òèïó ÇÒÏ â ä³àïàçîí³
âèñîêèõ ÷àñòîò 50–120 ÌÃö. Îö³íåíà ãëèáèíà
ïðîíèêíåííÿ çîíäóþ÷îãî ïîëÿ. Ðîçðàõîâàí³ çíà-
÷åííÿ åêâ³âàëåíòíî¿ åëåêòðîïðîâ³äíîñò³ çðàçê³â
áåçïåðåðâíèõ ñåðåäîâèù, â³äïîâ³äíèõ çà âåëè-
÷èíîþ äæîóëåâèõ âòðàò äàíèìè çðàçêàì ÇÒÏ.
Ïðîàíàë³çîâàíî ïåðåâàãè òà íåäîë³êè çàïðîïî-
íîâàíîãî ìåòîäó ïîð³âíÿíî ç òðàäèö³éíèìè êîí-
òàêòíèìè ìåòîäàìè âèì³ðþâàííÿ îïîðó ïîä³áíèõ
ìàòåð³àë³â, çàñíîâàíèìè íà âèêîðèñòàíí³ ïîñò-
³éíîãî ñòðóìó òà ä³àïàçîíó íèçüêèõ ÷àñòîò.
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THE PROTOTYPES OF EXTERNAL THERMAL
PROTECTING COATINGS FILLED WITH METALIZED
GLASS MICROSPHERES
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a Yuzhnoye Design Office, Dnipro, Ukraine
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c Ukrainian State University of Chemical Technology, Dnipro,
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It was proposed to use a contactless eddy current method
for measuring the electrical conductivity of prototypes of external
thermal protective coatings based on urethane-acrylic water
dispersion NeoPac E-106 with metallized glass microspheres HGS
16 as fillers. Measurements were made on the samples of external
thermal protective coatings in the frequency range of 50–
120 MHz. It was revealed that the external electromagnetic
radiation is immersed in the entire depth of the silver coating of
the glass microsphere, exciting currents in the volume of coverage;
the flow of these currents provides the process of absorption of
electromagnetic waves by the given microsphere. It was established
that the thickness of the composite material and the concentration
of metallized microspheres in it ensure a necessary degree of
shielding with respect to the frequency range and the intensity of
the external radiation. The values of equivalent conductivity of
the samples of continuous media corresponding to the value of
Joule losses of the investigated samples of composite materials
were calculated. The theory of contactless measurements of
conductivity of heterogeneous materials on the example of graphite
powder has been developed. The contactless methods of
measurement showed higher repeatability of results as compared
with the contact methods. A comparison was made between the
developed method and the commonly used contact methods for
measuring the resistance of composite materials at constant current
and in a low frequency range. It was shown that the contactless
eddy current measurement of the electrical resistance of coating
materials in the high-frequency range is more informative than
the contact methods of direct current measurement and in the
low-frequency range.

Keywords: eddy current measurements; conductivity;
external thermal protecting coatings; metalized glass microspheres;
composite material.
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