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Àííîòàöèÿ. Ïðèâåäåííûé â ñòàòüå ìåòîä îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ
ñâîéñòâ òâåðäûõ ñòðîèòåëüíûõ ìàòåðèàëîâ äîïîëíåí èçìåðåíèåì ïëîòíîñòè òåïëî-
âîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà è âðåìåíè åãî íàñòóïëåíèÿ, ÷òî ïîçâîëÿåò îïðå-
äåëÿòü êîýôôèöèåíò òåïëîïðîâîäíîñòè, òåìïåðàòóðîïðîâîäíîñòü è îáúåìíóþ òåï-
ëîåìêîñòü ïðè ìàêñèìàëüíîì çíà÷åíèè òåïëîâîãî ïîòîêà, à èìåííî äî íàñòóïëåíèÿ
ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà. Ðàññ÷èòàíû òåïëîôèçè÷åñêèå ñâîéñòâà èññëåäóå-
ìîãî ìàòåðèàëà ñ ïîìîùüþ âîëíîâîãî òåìïåðàòóðíîãî ÷èñëà êò â äâóõ ðåæèìàõ èçìå-
ðåíèé. Ðàññ÷èòàííûå çíà÷åíèÿ òåïëîôèçè÷åñêèõ ñâîéñòâ ïîäòâåðæäàþòñÿ ìàòåìàòè-
÷åñêèì ýêñïåðèìåíòîì ïî âûÿâëåíèþ áåçðàçìåðíîãî ÷èñëà Ôóðüå ïðè íàñòóïëåíèè
ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà.
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Original article

METHOD FOR DETERMINING
THE THERMOPHYSICAL PROPERTIES OF SOLID MATERIALS

USING THE WAVE TEMPERATURE NUMBER

Vladimir M. Fokin, Andrey V. Kovylin, Denis G. Usadsky
Volgograd State Technical University, Volgograd, Russia

Abstract. The method given in the article for determining the thermophysical
properties of solid building materials is supplemented by measuring the density of the heat
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flux on the surface of the sample and the time of its occurrence, which allows determining
the coefficient of thermal conductivity, thermal conductivity and volumetric heat capacity
at the maximum value of the heat flux, namely, before the onset of a stationary thermal
regime. The thermophysical properties of the material under study are calculated using the
wave temperature number kò in two measurement modes. The calculated values of the
thermophysical properties are confirmed by a mathematical experiment to identify the
dimensionless Fourier number at the onset of a stationary thermal regime.

Keywords: thermophysical properties, building materials, thermal conductivity,
thermal conductivity, heat capacity, wave temperature number
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Ââåäåíèå. Â íàñòîÿùåå âðåìÿ ñóùåñòâóþò ðàçëè÷íûå ìåòîäû è ðåàëè-
çóþùèå èõ èçìåðèòåëüíûå ñðåäñòâà íåðàçðóøàþùåãî êîíòðîëÿ êîìïëåêñà
òåïëîôèçè÷åñêèõ ñâîéñòâ òâåðäûõ ñòðîèòåëüíûõ ìàòåðèàëîâ, ïðèìåíÿåìûõ
äëÿ âîçâåäåíèÿ ðàçëè÷íûõ îãðàæäåíèé çäàíèé. Òåîðåòè÷åñêîé îñíîâîé ðàç-
ðàáîòàííûõ ìåòîäîâ ÿâëÿþòñÿ ôèçèêî-ìàòåìàòè÷åñêèå ìîäåëè òåìïåðàòóð-
íûõ ïîëåé â èññëåäóåìûõ îáúåêòàõ ïðè ðàçëè÷íûõ âèäàõ è ðåæèìàõ òåïëîâî-
ãî âîçäåéñòâèÿ íà êîíòðîëèðóåìûå ìàòåðèàëû è èçäåëèÿ [1, 2].

Ýíåðãîñáåðåæåíèå è ñíèæåíèå ïîòåðü òåïëîòû â îêðóæàþùóþ ñðåäó
ñóùåñòâåííî âëèÿþò íà ýêîëîãè÷åñêóþ ñèòóàöèþ, òåõíèêî-ýêîíîìè÷åñêèå
ïîêàçàòåëè è êàïèòàëüíûå çàòðàòû íà îãðàæäåíèÿ çäàíèé. Äëÿ ðåøåíèÿ ýòèõ
çàäà÷ íóæíî çíàòü òåïëîïðîâîäíîñòü, òåìïåðàòóðîïðîâîäíîñòü, òåïëîåì-
êîñòü.

Öåëü ðàáîòû – ðàçðàáîòêà ìåòîäà îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ
ñâîéñòâ òâåðäûõ ìàòåðèàëîâ. Ðåøåíèå ïîñòàâëåííîé çàäà÷è îñíîâàíî íà
ïðèíöèïàõ ôèçèêî-ìàòåìàòè÷åñêîé ìîäåëè òåìïåðàòóðíûõ ïîëåé ïðè ðàç-
ëè÷íûõ âèäàõ è ðåæèìàõ òåïëîâîãî âîçäåéñòâèÿ íà êîíòðîëèðóåìûå ìàòå-
ðèàëû è èçäåëèÿ.

Àâòîðàìè ñòàòüè ðàçðàáîòàí ìåòîä îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ
ñâîéñòâ òâåðäûõ ìàòåðèàëîâ, êîòîðûé äîïîëíåí èçìåðåíèåì ïëîòíîñòè òåï-
ëîâîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà, è âðåìåíè, êîãäà ïëîòíîñòü òåïëîâîãî
ïîòîêà äîñòèãíåò ìàêñèìàëüíîãî çíà÷åíèÿ, è ðàñ÷åòîì òåïëîôèçè÷åñêèõ
ñâîéñòâ ñ èñïîëüçîâàíèåì âîëíîâîãî òåìïåðàòóðíîãî ÷èñëà.

Èññëåäîâàíèå ðàçëè÷íûõ ìàòåðèàëîâ ñ ïîìîùüþ íåðàçðóøàþùåãî
êîíòðîëÿ, à òàêæå èçó÷åíèå ðàçëè÷íûõ ìåòîäîâ îïðåäåëåíèÿ òåïëîôè-
çè÷åñêèõ ñâîéñòâ ìàòåðèàëîâ ðàññìàòðèâàëîñü îòå÷åñòâåííûìè è çàðóáåæ-
íûìè àâòîðàìè [3–16]. Îáðàçåö äëÿ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ –
îðãñòåêëî, âûáðàí â êà÷åñòâå ìàòåðèàëà ñ èçâåñòíûìè òåïëîôèçè÷åñêèìè
ñâîéñòâàìè.

Ïðåäëàãàåìàÿ àâòîðàìè ìåòîäèêà îïðåäåëåíèÿ êîìïëåêñà òåïëîôèçè÷å-
ñêèõ ñâîéñòâ òâåðäûõ ìàòåðèàëîâ çàêëþ÷àåòñÿ â ñëåäóþùåì. Íà ñåðåäèíó
ïîâåðõíîñòè îáðàçöà èç îðãñòåêëà áûëè óñòàíîâëåíû äàò÷èê èçìåðåíèÿ òåì-
ïåðàòóðû è äàò÷èê òåïëîâîãî ïîòîêà. Îáðàçåö òîëùèíîé d óñòàíàâëèâàåòñÿ
ìåæäó íàãðåâàòåëåì è õîëîäèëüíèêîì â ýêñïåðèìåíòàëüíóþ óñòàíîâêó,
ãäå çàäàåòñÿ òåìïåðàòóðà íàãðåâà ÒÍ è òåìïåðàòóðà îõëàæäåíèÿ Òõ. Îäíî-
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âðåìåííî ïîñëå âêëþ÷åíèÿ ïðèáîðà ïðîèçâîäèòñÿ çàïèñü òåìïåðàòóðû íà
ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ÒÏ1 è õîëîäèëüíèêà ÒÏ2, à òàê-
æå  çíà÷åíèÿ òåïëîâîãî ïîòîêà qï íà ïîâåðõíîñòè èññëåäóåìîãî îáðàçöà ñî
ñòîðîíû íàãðåâàòåëÿ äî íàñòóïëåíèÿ ñòàöèîíàðíîãî ðåæèìà.

Îáùèé âèä ðàñïðåäåëåíèÿ òåìïåðàòóð íà ïîâåðõíîñòè îáðàçöà ñî ñòî-
ðîíû íàãðåâàòåëÿ ÒÏ1 è õîëîäèëüíèêà ÒÏ2, à òàêæå òåïëîâîãî ïîòîêà qï ñî
ñòîðîíû íàãðåâàòåëÿ â ýêñïåðèìåíòàëüíîé óñòàíîâêå ïðèâåäåí íà ðèñ. 1.

Ïîñëå âêëþ÷åíèÿ óñòðîéñòâà èçìåðåíèÿ òåìïåðàòóðà îáðàçöà ñî ñòîðîíû
õîëîäèëüíèêà ÒÏ2 íà÷èíàåò íåçíà÷èòåëüíî èçìåíÿòüñÿ, äîñòèãàåò çàäàííîãî
çíà÷åíèÿ òåìïåðàòóðû Òõ è ñòàíîâèòñÿ ïîñòîÿííîé ÒÏ2* = Òõ. Òåìïåðàòóðà
îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ÒÏ1 íà÷èíàåò ðàñòè, äîñòèãàåò ñâîåãî çàäàí-
íîãî çíà÷åíèÿ è ñòàíîâèòñÿ ðàâíîé òåìïåðàòóðå íàãðåâàòåëÿ ÒÏ1* = ÒÍ,
ò.å. íàñòóïàåò ñòàöèîíàðíûé òåïëîâîé ðåæèì. Òåïëîâîé ïîòîê qï òîæå èçìå-
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Ðèñ. 1. Ðàñïðåäåëåíèå òåìïåðàòóð è òåïëîâîãî ïîòîêà
ïî òîëùèíå îáðàçöà

TÍ, Tõ – ýêñïåðèìåíòàëüíîå ðàñïðåäåëåíèå òåìïåðàòóðû
îðãñòåêëà ñî ñòîðîíû íàãðåâàòåëÿ è õîëîäèëüíèêà, °Ñ; ÒÏ1 –
òåìïåðàòóðà îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ïðè ìàêñè-
ìàëüíîì çíà÷åíèè ïëîòíîñòè òåïëîâîãî ïîòîêà, °Ñ; ÒÏ2 –
òåìïåðàòóðà îáðàçöà ñî ñòîðîíû õîëîäèëüíèêà, °Ñ; T0 – íà-
÷àëüíàÿ òåìïåðàòóðà îáðàçöà, °Ñ; qï – ýêñïåðèìåíòàëüíîå
ðàñïðåäåëåíèå ïëîòíîñòè òåïëîâîãî ïîòîêà â îáðàçöå ñî ñòî-
ðîíû íàãðåâàòåëÿ, Âò/ì2; qï

max – ìàêñèìàëüíîå çíà÷åíèå
ïëîòíîñòè òåïëîâîãî ïîòîêà, Âò/ì2; qï

* – ïëîòíîñòü ñòàöèî-
íàðíîãî òåïëîâîãî ïîòîêà, Âò/ì2; tð – âðåìÿ äîñòèæåíèÿ ìàê-
ñèìàëüíîãî òåïëîâîãî ïîòîêà, ñ; t* – âðåìÿ íàñòóïëåíèÿ ñòà-

öèîíàðíîãî òåïëîâîãî ðåæèìà, ñ

Fig. 1. Distribution of temperatures and heat flow over the
thickness of the sample

TÍ, Tõ – experimental temperature distribution of plexiglass from
the heater side and from the refrigerator side, °Ñ; ÒÏ1 – sample
temperature from the heater side at the maximum value of the
heat flux density, °Ñ; ÒÏ2 – temperature of the sample from the
refrigerator side, °Ñ; T0 – initial temperature of the sample, °Ñ;
qï – experimental distribution of the heat flux density in the
sample from the heater side, Vt/m2; qï

max – the maximum value
of the heat flux density, Vt/m2; qï

* – is the density of the stationary
heat flow, Vt/m2; tð – time to reach the maximum heat flow, s;
t* – the time of the onset of the stationary thermal regime, s



íÿåòñÿ: âíà÷àëå óâåëè÷èâàåòñÿ âî âðåìåíè, äîñòèãàåò ñâîåãî ìàêñèìàëüíîãî
çíà÷åíèÿ qï

max â ìîìåíò âðåìåíè tð, äàëåå òåïëîâîé ïîòîê ñíèæàåòñÿ, ñòàáè-

ëèçèðóåòñÿ è ñòàíîâèòñÿ ïîñòîÿííûì âî âðåìåíè.
Àâòîðàìè ïðîâîäèëîñü ìíîæåñòâî ñåðèé ýêñïåðèìåíòàëüíûõ èññëå-

äîâàíèé òåïëîôèçè÷åñêèõ ñâîéñòâ îðãñòåêëà íà ýêñïåðèìåíòàëüíîé óñòà-
íîâêå. Ïðèâåäåì îäèí èç ïîëó÷åííûõ ðåçóëüòàòîâ èçìåðåíèé äëÿ äâóõ
ðåæèìîâ:

– ñòàöèîíàðíûé òåïëîâîé ðåæèì, ò.å. ïðè qï
* ;

– ðåæèì, ïðè êîòîðîì îïðåäåëÿåòñÿ äîñòèæåíèå ïëîòíîñòüþ òåïëîâîãî
ïîòîêà ñâîåãî ìàêñèìàëüíîãî çíà÷åíèÿ, ò.å. ïðè qï

max.
I ðåæèì (ñòàöèîíàðíûé), ïðè qï

* . Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå îðã-
ñòåêëà ïðîâîäèòñÿ ïðè íà÷àëüíîé òåìïåðàòóðå îáðàçöà, ðàâíîé T0 = 20,5 °Ñ.
Âû÷èñëèòåëüíîå óñòðîéñòâî ýêñïåðèìåíòàëüíîé óñòàíîâêè ïîêàçàëî ñëå-
äóþùèå çíà÷åíèÿ: d – òîëùèíà îáðàçöà 0,0284 ì; T0 – íà÷àëüíàÿ òåìïåðàòóðà
îáðàçöà 20,5 °Ñ; ÒÍ – òåìïåðàòóðà íàãðåâàòåëÿ 44,0 °Ñ; Òõ – òåìïåðàòóðà õîëî-
äèëüíèêà 16,0 °Ñ; qï

* – çíà÷åíèå ïëîòíîñòè òåïëîâîãî ïîòîêà ïðè äîñòèæåíèè
ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà 196 Âò/ì2; tð – âðåìÿ íàñòóïëåíèÿ ñòàöèî-
íàðíîãî òåïëîâîãî ðåæèìà 90 ìèí (5400 ñ).

Òåïëîïðîâîäíîñòü è òåðìè÷åñêîå ñîïðîòèâëåíèå ðàññ÷èòûâàþòñÿ ïî
èçâåñòíûì â ñòàöèîíàðíîì òåïëîâîì ðåæèìå ôîðìóëàì

l
d

=
-

=
×

-

q

T T

ï
*

Í õ

196 0 0284

44 16

,
= 0,199 Âò/(ì·Ê), (1)

ãäå qï
* – ïëîòíîñòü òåïëîâîãî ïîòîêà â ìîìåíò íàñòóïëåíèÿ ñòàöèîíàðíîãî

òåïëîâîãî ðåæèìà, Âò/ì2;
d – òîëùèíà îáðàçöà, ì;
ÒÍ – òåìïåðàòóðà íàãðåâàòåëÿ, °Ñ;
Òõ – òåìïåðàòóðà õîëîäèëüíèêà, °Ñ.

Òåðìè÷åñêîå ñîïðîòèâëåíèå âû÷èñëÿåòñÿ ïî ôîðìóëå

R
T T

q
= =

-
=

-d
l

Í õ

ï
*

44 16

196
= 0,143 (ì2·Ê)/Âò, (2)

ãäå l – òåïëîïðîâîäíîñòü, Âò/(ì·Ê).
Òåïëîóñâîåíèå ðàññ÷èòûâàåòñÿ ïî ôîðìóëå è ÷èñëåííî ðàâíî

Â = 2/R = 2/0,143 = 14,0 Âò/(ì2·Ê), (3)

ãäå R – òåðìè÷åñêîå ñîïðîòèâëåíèå, (ì2·Ê)/Âò.
Âîëíîâîå òåìïåðàòóðíîå ÷èñëî îïðåäåëÿåòñÿ ïî ôîðìóëå è ÷èñëåííî

ðàâíî

êò = Í/d = 1,4/0,0284 = 49,3 1/ì, (4)

ãäå Í – áåçðàçìåðíîå âîëíîâîå òåìïåðàòóðíîå ÷èñëî â ïëàñòèíå, êîòîðîå
â  ñòàöèîíàðíîì òåïëîâîì ðåæèìå ñîñòàâëÿåò 1,4, äîëÿ ïðîíèêíîâåíèÿ òåì-
ïåðàòóðíîé âîëíû ïðè ýòîì 0,24.
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Òåïëîïðîâîäíîñòü òàêæå âîçìîæíî âû÷èñëÿòü ïî ôîðìóëå

l = Â /(1,41êò) = 14,0/(1,41·49,3) = 0,201 Âò/(ì·Ê), (5)

ãäå Â – òåïëîóñâîåíèå, Âò/(ì2·Ê);
êò – âîëíîâîå òåìïåðàòóðíîå ÷èñëî, 1/ì.

Èç ðàñ÷åòîâ âèäíî, ÷òî çíà÷åíèÿ òåïëîïðîâîäíîñòè, îïðåäåëÿåìûå
ïî ôîðìóëàì (1) è (5), ïðàêòè÷åñêè ðàâíû: 0,199 è 0,201 Âò/(ì·Ê) ñîîòâåò-
ñòâåííî.

Îáúåìíàÿ òåïëîåìêîñòü óñòàíàâëèâàåòñÿ ïî ôîðìóëå è ÷èñëåííî ðàâíà

(ññ) = (Â2t*)/(pl) = [(14,0)2·5400 ]/(3,14·0,199) = 1670038 Äæ/(ì3·Ê), (6)

ãäå t* – âðåìÿ íàñòóïëåíèÿ ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà, ñ.
Òåìïåðàòóðîïðîâîäíîñòü ðàññ÷èòûâàåòñÿ ïî ôîðìóëå è ÷èñëåííî ðàâíà

a = p/[2t*(êò)2] = 3,14/[2·5400·(49,3)2] = 0,1196·10-6 ì2/ñ. (7)

Òåìïåðàòóðîïðîâîäíîñòü òàêæå îïðåäåëÿåòñÿ ïî èçâåñòíîé ôîðìóëå

a = l/(ñr) = 0,199/1670038 = 0,1192·10-6 ì2/ñ, (8)

ãäå (ñr) – îáúåìíàÿ òåïëîåìêîñòü, Äæ/(ì3·Ê).
Ðàñõîæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ òåìïåðàòóðîïðîâîäíîñòè ïî

ôîðìóëàì (7) è (8) ñîñòàâëÿåò äåñÿòèòûñÿ÷íûå äîëè: 0,1196·10-6 è
0,1192·10-6 (ì2/ñ), ò.å. çíà÷åíèÿ ïðàêòè÷åñêè ðàâíû.

Àâòîðàìè áûë ïðîâåäåí ìàòåìàòè÷åñêèé ýêñïåðèìåíò ïî âûÿâëåíèþ
çíà÷åíèÿ òåïëîâîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ
â ñòàöèîíàðíîì ðåæèìå è çíà÷åíèÿ ïðè ýòîì áåçðàçìåðíîãî ÷èñëà Ôóðüå.
Áûëî óñòàíîâëåíî, ÷òî ïðè íàñòóïëåíèè ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà íà
ïîâåðõíîñòè ïëàñòèíû ïðè ýêñïåðèìåíòàëüíîì èññëåäîâàíèè íà óñòàíîâêå
ÈÒÏ-ÌÃ-250, ÷èñëî Ôóðüå ñîñòàâëÿåò Fo = 0,8 [2]. Ôîðìóëà äëÿ ðàñ÷åòà
÷èñëà Ôóðüå èìååò âèä

Fo = (at*)/d2, (9)

ãäå a – òåìïåðàòóðîïðîâîäíîñòü, ì2/ñ;
d – òîëùèíà èññëåäóåìîãî îáðàçöà, ìì.

Ïîäñòàâèâ ðàññ÷èòàííîå çíà÷åíèå òåìïåðàòóðîïðîâîäíîñòè (ñ èñïîëüçî-
âàíèåì âîëíîâîãî òåìïåðàòóðíîãî ÷èñëà) â ôîðìóëó (9), ïîëó÷èì

Fo = (0,1196·5400)/(0,0284)2 = 0,8.

Äàííûé ðàñ÷åò, ïðè êîòîðîì íàéäåííîå ÷èñëî Ôóðüå ðàâíî Fo = 0,8, ïîä-
òâåðæäàåò òî÷íîñòü ðàçðàáîòàííîé ìåòîäèêè îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ
ñâîéñòâ äëÿ ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà.

II ðåæèì, ïðè qï
max . Âî âòîðîì ðåæèìå ýêñïåðèìåíòàëüíî îïðåäåëÿåòñÿ

ìàêñèìàëüíîå çíà÷åíèå ïëîòíîñòè òåïëîâîãî ïîòîêà è âðåìÿ åãî äîñòèæåíèÿ.
Èñïîëüçóÿ íàéäåííîå çíà÷åíèå ìàêñèìàëüíîé ïëîòíîñòè òåïëîâîãî ïîòîêà,
à  òàêæå òåìïåðàòóðó ïîâåðõíîñòè èññëåäóåìîãî îáðàçöà ñî ñòîðîíû íàãðå-
âàòåëÿ ïðè ìàêñèìàëüíîé ïëîòíîñòè òåïëîâîãî ïîòîêà, ìîæíî ðàññ÷èòàòü
êîìïëåêñ òåïëîôèçè÷åñêèõ ñâîéñòâ, à èìåííî îáúåìíóþ òåïëîåìêîñòü, òåì-
ïåðàòóðîïðîâîäíîñòü è òåïëîóñâîåíèå.
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×òîáû îòñëåäèòü èçìåíåíèå çíà÷åíèé ïëîòíîñòè òåïëîâîãî ïîòîêà è âû-
ÿâèòü åå ìàêñèìàëüíîå çíà÷åíèå, íà ïîâåðõíîñòü èññëåäóåìîãî îáðàçöà ñî
ñòîðîíû íàãðåâàòåëÿ óñòàíàâëèâàåòñÿ äàò÷èê äëÿ èçìåðåíèÿ ïëîòíîñòè òåï-
ëîâîãî ïîòîêà. Â ïðîöåññå ýêñïåðèìåíòà òåïëîâîé ïîòîê íà÷èíàåò âîçðàñòàòü
îò ñâîåãî íà÷àëüíîãî äî ìàêñèìàëüíîãî çíà÷åíèÿ qï

max . Òàêæå îïðåäåëÿåòñÿ

òåìïåðàòóðà íà ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ÒÏ1 âî âðåìÿ
ôèêñèðîâàíèÿ ìàêñèìàëüíîãî çíà÷åíèÿ òåïëîâîãî ïîòîêà qï

max íà ïîâåðõ-

íîñòè ÒÏ1 è âðåìÿ tð íàñòóïëåíèÿ qï
max .

Ñ ïîìîùüþ ïîëó÷åííûõ çíà÷åíèé òåìïåðàòóðû ïîâåðõíîñòè îðãñòåêëà
ñî ñòîðîíû íàãðåâàòåëÿ è ïëîòíîñòè òåïëîâîãî ïîòîêà íàõîäèëîñü çíà÷åíèå
òåìïåðàòóðû ïðè ìàêñèìàëüíîì çíà÷åíèè òåïëîâîãî ïîòîêà qï

max .

Ìàêñèìàëüíàÿ àìïëèòóäà êîëåáàíèé òåìïåðàòóðíîé ïîëóâîëíû íà ïî-
âåðõíîñòè ìàòåðèàëà ñî ñòîðîíû íàãðåâàòåëÿ âû÷èñëÿåòñÿ ïî ôîðìóëå

Jï
max = 0,5(TÏ1 - T0), °Ñ, (10)

ãäå TÏ1 – òåìïåðàòóðà ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ïðè
ìàêñèìàëüíîì çíà÷åíèè òåïëîâîãî ïîòîêà, °Ñ;

T0 – íà÷àëüíàÿ òåìïåðàòóðà ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ, °Ñ.
Òåïëîóñâîåíèå ðàññ÷èòûâàåòñÿ ïî ôîðìóëå

Â = qï
max/Jï

max, Âò/(ì2·Ê), (11)

ãäå qï
max – ìàêñèìàëüíàÿ ïëîòíîñòü òåïëîâîãî ïîòîêà, Âò/ì2;

Jï
max – ìàêñèìàëüíàÿ àìïëèòóäà êîëåáàíèé òåìïåðàòóðíîé ïîëóâîëíû, °Ñ.

Îáúåìíàÿ òåïëîåìêîñòü âû÷èñëÿåòñÿ ïî ôîðìóëå:

(ñr) = (Â2z)/(l·2p), Äæ/(ì3·Ê), (12)

ãäå B – òåïëîóñâîåíèå, Âò/(ì2·Ê);
z – âðåìÿ äîñòèæåíèÿ òåïëîâûì ïîòîêîì ñâîåãî ìàêñèìàëüíîãî çíà÷åíèÿ
(z = tð), ñ;

l – òåïëîïðîâîäíîñòü, Âò/(ì·Ê).
Òåìïåðàòóðîïðîâîäíîñòü îïðåäåëÿåòñÿ ïî èçâåñòíîé ôîðìóëå (8)

a = l /(ñr), ì2/ñ,

ãäå (cr) – îáúåìíàÿ òåïëîåìêîñòü, Äæ/(ì3·Ê).
Ïðèâåäåì ïîëó÷åííûå ýêñïåðèìåíòàëüíûå äàííûå îðãñòåêëà. Íà÷àëü-

íàÿ  òåìïåðàòóðà T0 = 20,5 °Ñ. Ìàêñèìàëüíàÿ ïëîòíîñòü òåïëîâîãî ïîòîêà
qï

max = 265,4 Âò/ì2 ïðè âðåìåíè tð = 69 ìèí. Â âû÷èñëèòåëüíîì óñòðîéñòâå

ýêñïåðèìåíòàëüíîé óñòàíîâêè áûëè çàäàíû íà÷àëüíûå çíà÷åíèÿ äëÿ ïðîâå-
äåíèÿ èññëåäîâàíèÿ: òîëùèíà îáðàçöà d – 0,0284 ì; íà÷àëüíàÿ òåìïåðàòóðà T0

îáðàçöà – 20,5 °Ñ; òåìïåðàòóðà íàãðåâàòåëÿ ÒÍ – 44,0 °Ñ; òåìïåðàòóðà õîëî-
äèëüíèêà Òõ – 16,0 °Ñ; òåìïåðàòóðà ÒÏ1 îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ïðè
ìàêñèìàëüíîì çíà÷åíèè ïëîòíîñòè òåïëîâîãî ïîòîêà – 44,1 °Ñ; çíà÷åíèå
ïëîòíîñòè òåïëîâîãî ïîòîêà qï

* ïðè äîñòèæåíèè ñòàöèîíàðíîãî òåïëîâîãî
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ðåæèìà ñîñòàâèëî 196 Âò/ì2; âðåìÿ íàñòóïëåíèÿ ñòàöèîíàðíîãî òåïëîâîãî
ðåæèìà tð – 90 ìèí.

Ïî ïîëó÷åííûì ýêñïåðèìåíòàëüíûì äàííûì òåìïåðàòóð è òåïëîâîãî
ïîòîêà èññëåäóåìîãî îáðàçöà áûë ïîñòðîåí ãðàôèê (ðèñ. 2).

Ìàêñèìàëüíàÿ àìïëèòóäà êîëåáàíèé òåìïåðàòóðíîé ïîëóâîëíû âû÷èñ-
ëÿåòñÿ ïî ôîðìóëå (10) è ñîñòàâëÿåò

Jï
max = 0,5(TÏ1 - T0) = 0,5(44,1 – 20,5) = 11,8 °Ñ,

ãäå TÏ1 – òåìïåðàòóðà ïîâåðõíîñòè îáðàçöà ñî ñòîðîíû íàãðåâàòåëÿ ïðè
ìàêñèìàëüíîì çíà÷åíèè òåïëîâîãî ïîòîêà, °Ñ;

T0 – íà÷àëüíàÿ òåìïåðàòóðà ïîâåðõíîñòè ñî ñòîðîíû íàãðåâàòåëÿ, °Ñ.
Òåïëîóñâîåíèå âû÷èñëÿåòñÿ ïî ôîðìóëå (11) è ñîñòàâëÿåò

Â = qï
max/Jï

max = 265,4/11,8 = 22,5 Âò/(ì2·Ê),

ãäå qï
max – ìàêñèìàëüíàÿ ïëîòíîñòü òåïëîâîãî ïîòîêà, Âò/ì2;

Jï
max – ìàêñèìàëüíàÿ àìïëèòóäà êîëåáàíèé òåìïåðàòóðíîé ïîëóâîëíû, °Ñ.

Îáúåìíàÿ òåïëîåìêîñòü îïðåäåëÿåòñÿ ïî ôîðìóëå (12) è ñîñòàâëÿåò

(ñr) = (Â2tð)/(l·2p) = [(22,5)2·4140]/(0,199·2·3,14) = 1677076 Äæ/(ì3·Ê),

ãäå B – òåïëîóñâîåíèå, Âò/(ì2·Ê);

tð – âðåìÿ äîñòèæåíèÿ òåïëîâûì ïîòîêîì ìàêñèìàëüíîãî çíà÷åíèÿ, ñ;

l – òåïëîïðîâîäíîñòü îðãñòåêëà, ðàññ÷èòàííàÿ â ñòàöèîíàðíîì ðåæèìå,
Âò/(ì·Ê).

Âîëíîâîå òåìïåðàòóðíîå ÷èñëî âûðàçèì èç ôîðìóëû (5), òîãäà ïîëó÷èì:

êò = Â/(1,41l) = 22,5/(1,41·0,199) = 80,2 1/ì. (13)
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Ðèñ. 2. Ýêñïåðèìåíòàëüíîå ðàñïðåäåëåíèå òåìïåðàòóð è òåïëîâîãî
ïîòîêà â îáðàçöå èç îðãñòåêëà

Fig. 2. Experimental distribution of temperatures and heat flux in a
plexiglass sample



Òåìïåðàòóðîïðîâîäíîñòü ðàññ÷èòûâàåòñÿ ïî ôîðìóëå è ñîñòàâëÿåò

a = p/[tð(êò)2] = 3,14/[4140·(80,2)2] = 0,1179·10-6 ì2/ñ, (14)

ãäå êò – âîëíîâîå òåìïåðàòóðíîå ÷èñëî, 1/ì.
Òåìïåðàòóðîïðîâîäíîñòü òàêæå âû÷èñëÿåòñÿ ïî èçâåñòíîìó ñîîòíîøå-

íèþ è ñîñòàâëÿåò

a = l/(ñr) = 0,199/1677076 = 0,1187·10–6 ì2/ñ,

ãäå (cr) – îáúåìíàÿ òåïëîåìêîñòü, Äæ/(ì3·Ê).
Ðàñõîæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ òåìïåðàòóðîïðîâîäíîñòè ïî ôîð-

ìóëàì (14) è (18) ñîñòàâëÿåò òûñÿ÷íûå äîëè: 0,1179·10-6 è 0,1187·10-6 (ì2/ñ),
ò.å. çíà÷åíèÿ ïðàêòè÷åñêè ðàâíû.

Äëÿ íàãëÿäíîñòè â òàáëèöå ïðèâåäåì íåêîòîðûå ýêñïåðèìåíòàëüíûå
äàííûå îðãñòåêëà, ïîëó÷åííûå àâòîðàìè ïðè ðàçíûõ ðåæèìàõ èçìåðåíèé,
à òàêæå çíà÷åíèÿ, êîòîðûå óêàçàíû â ñïðàâî÷íîé ëèòåðàòóðå [17–19].

Ïðîàíàëèçèðîâàâ ïðèâåäåííûå â òàáëèöå çíà÷åíèÿ òåïëîïðîâîäíîñòè,
îáúåìíîé òåïëîåìêîñòè è òåìïåðàòóðîïðîâîäíîñòè îðãñòåêëà, ìîæíî ñäå-
ëàòü âûâîä î ìèíèìàëüíîì ðàñõîæäåíèè ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ
çíà÷åíèé äëÿ äâóõ ðåæèìîâ, ò. å. î âûñîêîé òî÷íîñòè ðàçðàáîòàííîé ìåòîäè-
êè, â òîì ÷èñëå ñ èñïîëüçîâàíèåì âîëíîâîãî ÷èñëà è ÷èñëà Ôóðüå. Ñðàâíèâ
ïîëó÷åííûå ýêñïåðèìåíòàëüíûå äàííûå ñî ñïðàâî÷íûìè, ìîæíî ñêàçàòü, ÷òî
ðàñõîæäåíèå ìåæäó íèìè ñîñòàâëÿåò íå áîëåå 5 %, ÷òî ãîâîðèò î íàäåæíîñòè
ïðèìåíÿåìîãî ìåòîäà.

Âûâîäû. 1. Ïðèâåäåííûé â ñòàòüå ìåòîä íåðàçðóøàþùåãî êîíòðîëÿ
êîìïëåêñà òåïëîôèçè÷åñêèõ ñâîéñòâ òâåðäûõ ñòðîèòåëüíûõ ìàòåðèàëîâ äî-
ïîëíåí èçìåðåíèåì ïëîòíîñòè òåïëîâîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà è
âðåìåíè åãî íàñòóïëåíèÿ, ÷òî ïîçâîëÿåò îïðåäåëèòü òåïëîïðîâîäíîñòü, òåì-
ïåðàòóðîïðîâîäíîñòü è îáúåìíóþ òåïëîåìêîñòü ïðè ìàêñèìàëüíîì çíà÷å-
íèè òåïëîâîãî ïîòîêà íà ïîâåðõíîñòè ïëàñòèíû, à èìåííî äî íàñòóïëåíèÿ
ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà.

2. Ýêñïåðèìåíòàëüíûå äàííûå òåïëîôèçè÷åñêèõ ñâîéñòâ îðãñòåêëà ñðàâ-
íèâàëèñü ñî ñïðàâî÷íûìè äàííûìè, ðàñõîæäåíèå ñîñòàâëÿåò íå áîëåå 5 %.

3. Òåïëîôèçè÷åñêèå ñâîéñòâà èññëåäóåìîãî ìàòåðèàëà, ïîëó÷åííûå ñ ïî-
ìîùüþ äâóõ ðåæèìîâ èçìåðåíèé, ïîêàçûâàþò ìèíèìàëüíîå ðàñõîæäåíèå
çíà÷åíèé ìåæäó ñîáîé, âûñîêóþ òî÷íîñòü îïðåäåëåíèÿ ñâîéñòâ è íàäåæíîñòü
ðàçðàáîòàííîãî ìåòîäà.
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Òåïëîôèçè÷åñêèå ñâîéñòâà îðãñòåêëà

Thermophysical properties of plexiglass

Ïàðàìåòð I ðåæèì, ïðè qï
* II ðåæèì, ïðè qï

max Òàáëè÷íûå
çíà÷åíèÿ

Òåïëîïðîâîäíîñòü
l, Âò/(ì·Ê)

0,199
0,201 0,199 0,191…0,204

Îáúåìíàÿ òåïëîåìêîñòü
(ñr), êÄæ/(ì3·Ê) 1670,0 1677,1 1550…1700

Òåìïåðàòóðîïðîâîäíîñòü
à·106, ì2/ñ

0,1196;
0,1192

0,1179;
0,1187 0,11…0,12



4. Ðàññ÷èòàííûå çíà÷åíèÿ òåïëîïðîâîäíîñòè, òåìïåðàòóðîïðîâîäíîñòè
è îáúåìíîé òåïëîåìêîñòè ñ ïîìîùüþ âîëíîâîãî ÷èñëà êò ñîãëàñóþòñÿ ñî
çíà÷åíèÿìè, ïîëó÷åííûìè ñ ïîìîùüþ ìåòîäà, ðàçðàáîòàííîãî àâòîðàìè,
ðàñõîæäåíèå ñîñòàâëÿåò íå áîëåå 5 %.

5. Çíà÷åíèÿ òåïëîïðîâîäíîñòè, òåìïåðàòóðîïðîâîäíîñòè è îáúåìíîé
òåïëîåìêîñòè, ðàññ÷èòàííûå ñ ïîìîùüþ âîëíîâîãî ÷èñëà êò, ñîãëàñóþòñÿ
ñî ñïðàâî÷íûìè äàííûìè, ðàñõîæäåíèå ñîñòàâëÿåò íå áîëåå 5 %.

6. Ðàçðàáîòàííûé àâòîðàìè ìåòîä íåðàçðóøàþùåãî êîíòðîëÿ îïðåäåëå-
íèÿ òåïëîôèçè÷åñêèõ ñâîéñòâ ñ èñïîëüçîâàíèåì ìàêñèìàëüíîãî òåïëîâîãî
ïîòîêà qï

max ïîçâîëÿåò çíà÷èòåëüíî ñîêðàòèòü âðåìÿ ïðîâåäåíèÿ ýêñïåðè-

ìåíòà ïî ñðàâíåíèþ ñî ñòàöèîíàðíûì ðåæèìîì èçìåðåíèé â íåñêîëüêî ðàç.
7. Ðàññ÷èòàííûå çíà÷åíèÿ òåìïåðàòóðîïðîâîäíîñòè îðãñòåêëà ïîäòâåð-

æäàþò ìàòåìàòè÷åñêèé ýêñïåðèìåíò ïî âûÿâëåíèþ áåçðàçìåðíîãî ÷èñëà
Ôóðüå ïðè íàñòóïëåíèè ñòàöèîíàðíîãî òåïëîâîãî ðåæèìà: ÷èñëî Ôóðüå
ñîñòàâëÿåò Fo = 0,8.

Ñïèñîê èñòî÷íèêîâ

1. Ïàò. ¹ 2767468 Ðîññèéñêàÿ Ôåäåðàöèÿ, ÌÏÊ8 G 01 N 25/18. Ñïîñîá íåðàçðóøàþ-
ùåãî êîíòðîëÿ êîìïëåêñà òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê òâåðäûõ ñòðîèòåëüíûõ
ìàòåðèàëîâ è óñòðîéñòâî äëÿ åãî îñóùåñòâëåíèÿ / Â.Ì. Ôîêèí, À.Â. Êîâûëèí,
Ä.Ã. Óñàäñêèé; çàÿâèòåëü è ïàòåíòîîáëàäàòåëü ÂîëãÃÒÓ. ¹ 2021106737; çàÿâë.
16.03.2021; îïóáë. 17.03.2022; Áþë. ¹ 8.

2. Ôîêèí Â.Ì., Êîâûëèí À.Â., Óñàäñêèé Ä.Ã. Íåðàçðóøàþùèé êîíòðîëü êîìïëåê-
ñà òåïëîôèçè÷åñêèõ ñâîéñòâ òâåðäûõ ñòðîèòåëüíûõ ìàòåðèàëîâ // Âåñòíèê
ÂîëãÃÀÑÓ. Ñåðèÿ: Ñòðîèòåëüñòâî è àðõèòåêòóðà. 2021. ¹ 2. Ñ. 62–71.

3. Shaimerdenova K.M., Stoev M., Sekerbayeva G.K., Bulkairova G.A., Ospanova D.A.,

Tussypbayeva A.S., Rakhmankyzy A. Investigation of the thermophysical characteristics
of minerals at various heating parameters // Eurasian Physical Technical Journal. 2021.
Ò. 18, no. 1. P. 70–74.

4. Kovylin À.V., Usadskij D.G., Lepilov V.I. The buildings innovative method fencing
thermal regime study // IOP Conference Series: Materials Science and Engineering.
Vol. 698: The International Scientific Conference “Construction and Architecture:
Theory and Practice for the innovation Development” (CATPID-2019) 01-05 October
2019, Kislovodsk / eds.: B. Yazyev [et al.]. IOP Publishing, 2019. 6 p.

5. Lepilov V.I., Usadskij D.G., Kovylin À.V. Comparative analysis of thermophysical
characteristics for screen insulation and building heat-insulating materials // IOP
Conference Series: Materials Science and Engineering. Vol. 1083: International
Scientific Conference "Construction and Architecture: Theory and Practice of Innovative
Development" (CATPID 2020, p. II). 16–17 December 2020, Nalchik, Russian
Federation / eds.: B. Yazyev; Don State Technical University. IOP Publishing, 2021.
6 p. (012077).

6. Kuznetsov G.V., Katz M.D. Analysis of conditions for determining the thermophysical
characteristics of energetic materials by the laser pulse method // Russian journal of
physical chemistry b. 2016. P. 978–982.

7. Yakushkin I.P. Development of a module to measure losses through building envelopes
for the smart energy-saving ventilation automatic control system // International journal
of control theory and applications. 2016. P. 01–07.

8. Yur’ev B.P., Gol’tsev V.A. Thermophysical properties of kachkanar titanomagnetite
pellets // Steel in translation. 2016. P. 329–333.

Íàó÷íî-ìåòîäè÷åñêèé ðàçäåë

109



9. Dzhuraev D.S., Safarov M.M. Studies of thermophysical properties of ferrofluids //
Measurement techniques. 2016. P. 743–746.

10. Shchukina T.V., Sheps R.F., Burak E.E. Energy-saving regimes examination during new
generation building structures insolation: International multi-conference on industrial
engineering and modern technologies electronic edition // IOP Conference Series:
Materials Science and Engineering. 2018. P. 022072.

11. Kryuchkov O.B., Malenko P.I., Konovalov S.S., Kostygova O.V. The study of the
influence of the initial furnace temperature on the temperature drop across the section
of  a billet using physical modeling // Ferrous metals. 2018. P. 34–40.

12. Ôîêèí Â.Ì. Íàó÷íî-ìåòîäîëîãè÷åñêèå îñíîâû îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ
ñâîéñòâ ìàòåðèàëîâ ìåòîäîì íåðàçðóøàþùåãî êîíòðîëÿ. Ì.: Ìàøèíîñòðîå-
íèå-1, 2003. 140 ñ.

13. Ôîêèí Â.M., Êîâûëèí À.Â. Òåîðåòè÷åñêèå îñíîâû îïðåäåëåíèÿ òåïëîïðîâîä-
íîñòè, îáúåìíîé òåïëîåìêîñòè è òåìïåðàòóðîïðîâîäíîñòè ìàòåðèàëîâ ïî
òåïëîâûì èçìåðåíèÿì íà ïîâåðõíîñòè ìåòîäîì íåðàçðóøàþùåãî êîíòðîëÿ //
Âåñòíèê ÂîëãÃÀÑÓ. Ñåðèÿ «Ñòðîèòåëüñòâî è àðõèòåêòóðà», 2009. Âûï. 14.
Ñ. 123–127.

14. Óñàäñêèé Ä.Ã. Ìåòîäû òåõíè÷åñêîãî êîíòðîëÿ ýôôåêòèâíûõ ýíåðãåòè÷åñêèõ ñèñ-
òåì çäàíèé è ñîîðóæåíèé // Íîâàÿ íàóêà: ñòðàòåãèè è âåêòîðû ðàçâèòèÿ. 2016.
¹ 4-2. Ñ. 181–184.

15. ×åðíûøîâ Â.Í., ×åðíûøîâ À.Â., Ãîëèêîâ Ä.Î. Ìåòîä è ñèñòåìà îïåðàòèâíîãî
êîíòðîëÿ òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ñòðîèòåëüíûõ ìàòåðèàëîâ // Êîíòðîëü.
Äèàãíîñòèêà. 2010. ¹ 11. Ñ. 34-41.

16. Ïàò. ¹ 2421711 Ðîññèéñêàÿ Ôåäåðàöèÿ, ÌÏÊ8 G 01 N 25/00. Ñïîñîá íåðàçðó-
øàþùåãî êîíòðîëÿ êîìïëåêñà òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê òâåðäûõ ñòðîè-
òåëüíûõ ìàòåðèàëîâ / Â.Ì. Ôîêèí, À.Â. Êîâûëèí; çàÿâèòåëü è ïàòåíòîîáëà-
äàòåëü ÂîëãÃÀÑÓ. ¹ 2009129316/28; çàÿâë. 29.07.2009; îïóáë. 10.02.2011; Áþë.
¹ 4. 9 ñ.

17. Àìåòèñòîâ Å.Â., Ãðèãîðüåâ Â.À., Åìöåâ Á.Ò. è äð. Òåïëî- è ìàññîîáìåí. Òåïëîòåõ-
íè÷åñêèé ýêñïåðèìåíò: Ñïðàâ. / ïîä îáù. påä. Â.À. Ãðèãîðüåâà è Â.Ì. Çîðèíà.
Ì.: Ýíåðãîèçäàò, 1982. 512 ñ. (Òåïëîýíåðãåòèêà è òåïëîòåõíèêà).

18. Êàòàåâ Â.Ì., Ïîïîâ Â.À., Ñàæèí Á.È. Ñïðàâî÷íèê ïî ïëàñòè÷åñêèì ìàññàì.
2-å èçä., ïåðåðàá. è äîï. Ò. 1. Ì.: Õèìèÿ, 1975. 448 ñ.

19. Èñà÷åíêî Â.Ï., Îñèïîâà Â.À., Ñóêîìåë À.Ñ. Òåïëîïåðåäà÷à: Ó÷åáíèê äëÿ âóçîâ.
Ì.: Ýíåðãèÿ, 1975. 488 ñ.

References

1. Patent 2767468 Russian Federation, IPK8 G 01 N 25/18. Method of non-destructive
testing of a complex of thermophysical characteristics of solid building materials and
a  device for its implementation. V.M. Fokin, A.V. Kovylin, D.G. Usadsky; applicant
and patent holder of VolgGTU. No. 2021106737; appl. 16.03.2021; publ. 17.03.2022,
Bull. No. 8. (In Russ.).

2. Fokin V.M., Kovylin A.V., Usadsky D.G. Non-destructive control of the complex of
thermal properties of hard building materials. Vestnik VolgGASU. Seriya: Stroitel’stvo

i arkhitektura = Bull. of VSUACE. Series: Construction and Architecture. 2021;
(2): 62–71. (In Russ.).

3. Shaimerdenova K.M., Stoev M., Sekerbayeva G.K., Bulkairova G.A., Ospanova D.A.,

Tussypbayeva A.S., Rakhmankyzy A. Investigation of the thermophysical characteristics
of minerals at various heating parameters. Eurasian Physical Technical Journal.

2021; 18(1): 70–74.

Section of scientific methodology

110



4. Kovylin À.Â, Usadskiy D.G., Lepilov V.I. The buildings innovative method fencing
thermal regime study. IOP Conference Series: Materials Science and Engineering.
Vol. 698: The International Scientific Conference “Construction and Architecture:
Theory and Practice for the innovation Development” (CATPID-2019) 01-05 October
2019, Kislovodsk / eds.: B. Yazyev [et al.]. IOP Publishing, 2019. 6 p.

5. Lepilov V.I., Usadskiy D.G., Kovylin À.Â. Comparative analysis of thermophysical
characteristics for screen insulation and building heat-insulating materials. IOP
Conference Series: Materials Science and Engineering. Vol. 1083: International
Scientific Conference "Construction and Architecture: Theory and Practice of
Innovative Development" (CATPID 2020, p. II). 16–17 December 2020, Nalchik,
Russian Federation / eds.: B. Yazyev; Don State Technical University. IOP Publishing,
2021. 6 p. (012077).

6. Kuznetsov G.V., Katz M.D. Analysis of conditions for determining the thermophysical
characteristics of energetic materials by the laser pulse method. Russian journal of

physical chemistry b. 2016: 978–982.
7. Yakushkin I.P. Development of a module to measure losses through building envelopes

for the smart energy-saving ventilation automatic control system. International journal

of control theory and applications. 2016: 01–07.
8. Yur’ev B.P., Gol’tsev V.A. Thermophysical properties of kachkanar titanomagnetite

pellets. Steel in translation. 2016: 329–333.
9. Dzhuraev D.S., Safarov M.M. Studies of thermophysical properties of ferrofluids.

Measurement techniques. 2016: 743–746.
10. Shchukina T.V., Sheps R.F., Burak E.E. Energy-saving regimes examination during new

generation building structures insolation: international multi-conference on industrial
engineering and modern technologies electronic edition. IOP Conference Series:
Materials Science and Engineering, 2018. P. 022072.

11. Kryuchkov O.B., Malenko P.I., Konovalov S.S., Kostygova O.V. The study of the
influence of the initial furnace temperature on the temperature drop across the section
of  a billet using physical modeling. Ferrous metals. 2018: 34–40.

12. Fokin V.M. Scientific and methodological bases for determining the thesmophysical
properties of materials by non-destructive testing. Moscow, 2003. 140 p. (In Russ.).

13. Fokin V.M., Kovylin A.V. Theoretical bases for determining the thermal conductivity,
volume heat capacity and thermal diffusivity of materials based on thermal
measurements on the surface by nondestructive testing. Vestnik VolgGASU. Seriya:

Stroitel’stvo i arkhitektura = Bull. of VSUACE. Series "Construction and architecture",
2009; (14): 123–127. (In Russ.).

14. Usadskiy D.G. Methods of technical control of efficient energy systems of buildings
and  structures. Novaya nauka: strategii i vektory razvitiya = New science: strategies

and vectors of development. 2016; (4-2): 181–184. (In Russ.).
15. Chernyshov V.N., Chernyshov A.V., Golikov D.O. Method and system of operational

control of thermophysical characteristics of building materials. Kontrol: Diagnostika =

Control. Diagnostics. 2010; (11): 34–41. (In Russ.).
16. Pat. 2421711 Russian Federation, IPK8 G 01 N 25/00. Method of non-destructive

testing of a complex of thermophysical characteristics of solid building mate-
rials. V.M. Fokin, A.V. Kovylin; applicant and patent holder of VolgGASU.
No. 2009129316/28; appl. 29.07.2009; publ. 10.02.2011; Bull. no. 4. 9 p. (In Russ.).

17. Ametistov E.V., Grigor’ev V.A., Emcev B.T. et al. Heat and mass transfer. Thermal
engineering experiment: Guide. Moscow, 1982. 512 p. (In Russ.).

18. Kataev V.M., Popov V.A., Sazhin B.I. Handbook of plastic masses. Moscow, 1975.
448 p. (In Russ.).

19. Isachenko V.P., Osipova V.A., Sukomel A.S. Heat transfer: Textbook for universities.
Moscow, 1975. 488 p. (In Russ.).

Íàó÷íî-ìåòîäè÷åñêèé ðàçäåë

111



Èíôîðìàöèÿ îá àâòîðàõ
Â.Ì. Ôîêèí – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, Fokinvm@mail.ru
À.Â. Êîâûëèí – êàíäèäàò òåõíè÷åñêèõ íàóê, äîöåíò

kovylin.andrei@mail.ru
Ä.Ã. Óñàäñêèé – êàíäèäàò òåõíè÷åñêèõ íàóê, usadsky@bk.ru

Information about the authors
V.M. Fokin – DSc, Professor, Fokinvm@mail.ru
A.V. Kovylin – PhD, Ass. Professor, kovylin.andrei@mail.ru
D.G. Usadsky – PhD, usadsky@bk.ru

Âêëàä àâòîðîâ: âñå àâòîðû ñäåëàëè ýêâèâàëåíòíûé âêëàä â ïîäãîòîâêó ïóáëèêàöèè.
Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà èíòåðåñîâ.
Contribution of the authors: the authors contributed equally to this article. The authors
declare no conflicts of interests.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 20.01.2023 The article was submitted 20.01.2023
Îäîáðåíà ïîñëå ðåöåíçèðîâàíèÿ 20.02.2023 Approved after reviewing 20.02.2023
Ïðèíÿòà ê ïóáëèêàöèè 27.02.2023 Accepted for publication 27.02.2023

Section of scientific methodology

112


