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ñîñòàâîâ, ñîäåðæàùèõ ñèëèêàòíûå äîáàâêè, â óñëîâèÿõ âûñîêîòåìïåðàòóðíîãî íàãðåâà. Â õîäå
ýêñïåðèìåíòà ðàñøèðåíû óñëîâèÿ èñïûòàíèé, ïðèíÿòûå â ñòàíäàðòíûõ ìåòîäèêàõ ïî îöåíêå
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Äëÿ âñåñòîðîííåãî íàó÷íîãî èçó÷åíèÿ ïîâåäåíèÿ íå-
ãîðþ÷èõ ñòðîèòåëüíûõ ìàòåðèàëîâ â óñëîâèÿõ âîç-
äåéñòâèÿ âûñîêèõ òåìïåðàòóð, áëèçêèõ ê óñëîâèÿì
ïðîòåêàíèÿ ñòàíäàðòíîãî ïîæàðà (ÃÎÑÒ 30247.0–94),
ïðèìåíÿþòñÿ âñå íîâûå ìåòîäû, îñíîâàííûå íà ñî-
âðåìåííûõ äîñòèæåíèÿõ ôèçèêè, ôèçè÷åñêîé õèìèè
è ýëåêòðîíèêè. Áëàãîäàðÿ òàêèì ìåòîäàì, êàê ðåíò-
ãåíîñòðóêòóðíûé àíàëèç, òåðìè÷åñêèé àíàëèç íåîð-
ãàíè÷åñêèõ ñîåäèíåíèé, èñïûòàíèå ñòðîèòåëüíûõ
êîíñòðóêöèé íà îãíåñòîéêîñòü è äð., ïîÿâëÿåòñÿ âîç-

ìîæíîñòü áîëåå ãëóáîêîãî èçó÷åíèÿ ôèçèêî-õèìè-
÷åñêèõ è ôèçèêî-ìåõàíè÷åñêèõ ïðåâðàùåíèé (ÃÎÑÒ
30247.0–94, [1–3], ïðèâîäÿùèõ ê èçìåíåíèþ ñîñòî-
ÿíèÿ è ñâîéñòâ ìàòåðèàëîâ ïðè èõ âûñîêîòåìïåðà-
òóðíîì íàãðåâå, à òàêæå îöåíêè ïîâåäåíèÿ êîíñò-
ðóêöèé ïðè ïîæàðå. Äàííûå èññëåäîâàíèÿ ïîçâîëÿò
åùå íà îäèí øàã ïðèáëèçèòüñÿ ê îáúåêòèâíîìó ïðî-
ãíîçèðîâàíèþ ïîâåäåíèÿ ñòðîèòåëüíûõ êîíñòðóê-
öèé, âûïîëíåííûõ íà îñíîâå íåîðãàíè÷åñêèõ âÿ-
æóùèõ â óñëîâèÿõ ðåàëüíîãî ïîæàðà.
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Àíàëèç ñóùåñòâóþùèõ ìåòîäèê ïî îïðåäåëåíèþ
îãíåñòîéêîñòè è òåðìîñòîéêîñòè [4–9] ïîêàçàë,
÷òî îíè ó÷èòûâàþò òîëüêî íåêîòîðûå ñâîéñòâà ìà-
òåðèàëîâ è ïîýòîìó íîñÿò îäíîñòîðîííèé õàðàêòåð.
Ýòèì îáóñëàâëèâàåòñÿ íåîáõîäèìîñòü ðàçðàáîòêè
ìåòîäîâ êîìïëåêñíîãî àíàëèçà ïîâåäåíèÿ ìàòåðèà-
ëîâ ïðè ïîâûøåííûõ òåìïåðàòóðàõ â ñòðîèòåëüíûõ
êîíñòðóêöèÿõ äëÿ âñåñòîðîííåé îöåíêè ïîæàðíîé
îïàñíîñòè ñòðîèòåëüíûõ ìàòåðèàëîâ è îãíåñòîéêî-
ñòè ñòðîèòåëüíûõ êîíñòðóêöèé. Äëÿ áîëåå òî÷íîãî
è äåòàëüíîãî îïèñàíèÿ è ïðîãíîçèðîâàíèÿ ïîâåäå-
íèÿ öåìåíòíûõ êîìïîçèòîâ íà âñåõ ñòàäèÿõ âûñîêî-
òåìïåðàòóðíîãî âîçäåéñòâèÿ íóæíî îáúåäèíèòü èñ-
ñëåäîâàíèÿ èõ ôàçîâîãî ñîñòàâà, ôèçèêî-õèìè÷åñêèõ
è òåðìîõèìè÷åñêèõ ñâîéñòâ [10, 11]. Êðîìå òîãî,
ñóùåñòâóåò îïðåäåëåííàÿ íåîáõîäèìîñòü â ñîâåð-
øåíñòâîâàíèè ïîäõîäîâ è ìåòîäîâ ðàñ÷åòíîé è ýêñ-
ïåðèìåíòàëüíîé îöåíêè ïîâåäåíèÿ öåìåíòíûõ ñî-
ñòàâîâ è êîíñòðóêöèé íà èõ îñíîâå. Àêòóàëüíîñòü
ïðîâåäåíèÿ äàííûõ èññëåäîâàíèé ñîñòîèò â òîì, ÷òî
âïåðâûå ïîÿâèòñÿ âîçìîæíîñòü ïî èõ ðåçóëüòàòàì
îïðåäåëèòü âåðîÿòíîñòü, âèä è ñêîðîñòü ïðîãðåâà è
ïîòåðè ïðî÷íîñòè ñòðîèòåëüíûõ ìàòåðèàëîâ, à çíà-
÷èò, è âðåìÿ íàñòóïëåíèÿ ïðåäåëüíîãî ñîñòîÿíèÿ
æåëåçîáåòîííûõ êîíñòðóêöèé áåç ïðèìåíåíèÿ äî-
ðîãîñòîÿùèõ íàòóðíûõ èñïûòàíèé ïî îïðåäåëåíèþ
èõ ïðåäåëîâ îãíåñòîéêîñòè.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà
êîìïëåêñíîé ìåòîäèêè àíàëèçà ïîâåäåíèÿ ñòðîè-
òåëüíûõ ìàòåðèàëîâ â ïðîöåññå íàãðåâà è åå ïðèìå-
íåíèå äëÿ èññëåäîâàíèÿ âëèÿíèÿ ðàçëè÷íûõ êîìïî-
íåíòîâ ñìåñè íà ïîâåäåíèå öåìåíòíûõ êîìïîçèòîâ
ñ ñèëèêàòíûìè äîáàâêàìè â óñëîâèÿõ âîçäåéñòâèÿ
âûñîêèõ òåìïåðàòóð. Êîìïëåêñíàÿ ìåòîäèêà ïðåä-
ñòàâëÿåò ñîáîé ñîâîêóïíîñòü ìåòîäîâ ïî îöåíêå ïî-
âåäåíèÿ öåìåíòíûõ ñîñòàâîâ êàê íà ìàêðî-, òàê è
íà ìèêðîóðîâíå. Â ïðåäëàãàåìîé ìåòîäèêå ïðåäó-
ñìàòðèâàåòñÿ èñïîëüçîâàòü ñîâîêóïíîñòü ìåòîäîâ,
îáúåäèíÿþùèõ ðàñ÷åòíûå ìåòîäû îãíåñòîéêîñòè
æåëåçîáåòîííûõ êîíñòðóêöèé, ìåòîäû òîíêîãî àíà-
ëèçà è ìåòîäû, îñíîâàííûå íà îïðåäåëåíèè òåïëî-
ôèçè÷åñêèõ, ôèçèêî-ìåõàíè÷åñêèõ è òåðìîõèìè÷å-
ñêèõ õàðàêòåðèñòèê. Òàêîé ïîäõîä äîëæåí îáåñïå-
÷èòü âñåñòîðîííèé àíàëèç ïîâåäåíèÿ áåòîííûõ è
æåëåçîáåòîííûõ êîíñòðóêöèé ïðè ïîæàðå áåç äîðî-
ãîñòîÿùèõ íàòóðíûõ èñïûòàíèé.

Â ðàìêàõ êîìïëåêñíîé ìåòîäèêè ïðîâîäèëîñü
èññëåäîâàíèå ïîâåäåíèÿ ðàçíûõ öåìåíòíûõ ñîñòà-
âîâ, ñîäåðæàùèõ ñèëèêàòíûå äîáàâêè, ïðè íàãðåâå
ðàçëè÷íûìè ñïîñîáàìè. Ïðè ýòîì îïðåäåëÿëîñü èç-
ìåíåíèå ìàññû (ïîòåðè ìàññû) ìàòåðèàëîâ è èõ
ïëîòíîñòè; íàëè÷èå è ïðîäîëæèòåëüíîñòü ïëàìåí-
íîãî ãîðåíèÿ; òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè —
ñêîðîñòü èçìåíåíèÿ òåìïåðàòóðû â ãëóáèíå ìàòå-
ðèàëà, êîýôôèöèåíò òåïëîïðîâîäíîñòè è êîýôôè-

öèåíò òåðìè÷åñêîãî ñîïðîòèâëåíèÿ íà óñòàíîâêàõ
ÎÃÍÌ (ÃÎÑÒ 12.1.044–89) è ÈÒÑÌ-1 (ÃÎÑÒ
7076–99); èçìåíåíèå ôàçîâîé ñòðóêòóðû ìàòåðèà-
ëîâ íà äèôôåðåíöèàëüíî-òåðìè÷åñêîì àíàëèçàòîðå
“Thermoscan-2”.

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé áûëè ïîäîáðàíû
øåñòü ñîñòàâîâ ðàçëè÷íûõ öåìåíòíûõ êîìïîçèöèé,
ñîäåðæàùèõ ñèëèêàòíûå äîáàâêè è èìåþùèõ óëó÷-
øåííûå òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè [12]. Ñî-
ñòàâû ìàòåðèàëîâ ïðèâåäåíû â òàáë. 1 [13].

Ïåðâîíà÷àëüíî îïðåäåëÿëîñü èçìåíåíèå ôèçè-
÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëîâ ïîä âëèÿíèåì
òåìïåðàòóðíîé íàãðóçêè (ÃÎÑÒ 12.1.044–89, [13])
— ìàññû öåìåíòíûõ êîìïîçèòîâ è èõ ïëîòíîñòè äî
íà÷àëà è ïîñëå èñïûòàíèé. Ïàðàëëåëüíî ñ ïîìîùüþ
òåðìîïàð, óñòàíîâëåííûõ íà ïîâåðõíîñòè è â ãëó-
áèíå îáðàçöîâ, îïðåäåëÿëîñü èçìåíåíèå èõ òåïëî-
ôèçè÷åñêèõ õàðàêòåðèñòèê. Äëÿ ýòîãî îáðàçöû ìà-
òåðèàëîâ ïîìåùàëè â ïå÷ü è ïðîãðåâàëè ïðè òåìïå-
ðàòóðå 750 °Ñ â òå÷åíèå 30 ìèí, ôèêñèðóÿ çíà÷åíèÿ
ýòèõ ïîêàçàòåëåé ñ çàäàííîé ïåðèîäè÷íîñòüþ 15 ìèí.
Äàííûå èçìåíåíèÿ òåìïåðàòóðû, ìàññû è ïëîòíî-
ñòè ïðè íàãðåâå â çàâèñèìîñòè îò ñîñòàâà öåìåíò-
íîãî êîìïîçèòà ïðèâåäåíû â òàáë. 2.

Íîìåð
ñîñòàâà

Ñîäåðæàíèå êîìïîíåíòà, % ìàññ.

Öåìåíò Ïåñîê Âîäà
Ìèíåðàëü-

íàÿ âàòà
Æèäêîå
ñòåêëî

Áîé
ñòåêëà

1 29 57,0 14 – – –

2 29 56,8 14 0,2 – –

3 29 56,8 14 – 0,200 –

4 29 56,8 14 – – 0,20

5 29 57,0 14 – 0,004 0,02

6 29 56,8 14 0,2 0,007 –

Òàáëèöà 1. Öåìåíòíûå ñîñòàâû, èñïîëüçóåìûå ïðè ïðîâå-
äåíèè èññëåäîâàíèé

Íîìåð
ñîñòàâà

Òâí�Òñí*, °Ñ�ìèí,
ïîñëå íàãðåâà

Óñòîé-
÷èâîå

ïëàìåí-
íîå ãî-
ðåíèå, ñ

Èçìåíåíèå ïîêàçàòåëÿ
îòíîñèòåëüíî êîíò-

ðîëüíîãî îáðàçöà, %

15 ìèí 30 ìèí
Ñíèæåíèå
ïëîòíîñòè

Ïîòåðè
ìàññû

1 712�714 719�714 0 – –

2 716�737 723�740 0 11 20

3 720�740 728�743 0 10,5 18

4 718�741 723�741 0 11,6 24

5 716�733 723�730 0 11,9 28

6 706�720 714�724 0 9,8 16

* Tâí, Òñí — òåìïåðàòóðà ñîîòâåòñòâåííî âíóòðè è ñíàðóæè
(íà ïîâåðõíîñòè) îáðàçöà.

Òàáëèöà 2. Çàâèñèìîñòü èçìåíåíèÿ ôèçè÷åñêèõ è òåïëî-
ôèçè÷åñêèõ õàðàêòåðèñòèê öåìåíòíûõ êîìïîçèòîâ ïðè íà-
ãðåâå îò èõ ñîñòàâà
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Èç ïðåäñòàâëåííûõ â òàáë. 2 äàííûõ âèäíî, ÷òî
íàèìåíüøàÿ ïîòåðÿ ìàññû ïðè íàãðåâå äî 750 °Ñ â òå-
÷åíèå 30 ìèí íàáëþäàåòñÿ ó îáðàçöà, ñîäåðæàùåãî
â êà÷åñòâå äîáàâîê æèäêîå ñòåêëî è áîé ñòåêëà (ñî-
ñòàâ ¹ 5), õîðîøàÿ òåðìîñòîéêîñòü — ó îáðàçöîâ,
ñîäåðæàùèõ ìèíåðàëüíóþ âàòó (¹ 2) è æèäêîå ñòåê-
ëî (¹ 3). Òàêîå èçìåíåíèå ìàññû ïîêàçûâàåò, ÷òî
äîáàâêè òåðìîñòîéêèõ ìàòåðèàëîâ äàæå â íåáîëü-
øèõ êîëè÷åñòâàõ ñíèæàþò ïîòåðè ìàññû ïðè íàãðå-
âå íà 20 %, ïðè êîìáèíàöèè äîáàâîê áîÿ ñòåêëà è
æèäêîãî ñòåêëà — äî 28 %.

Ïëîòíîñòü îáðàçöîâ â õîäå íàãðåâà èçìåíÿëàñü
ïðàêòè÷åñêè òàê æå, êàê è ìàññà. Íàèáîëüøèé ýô-
ôåêò, ò. å. íàèìåíüøåå èçìåíåíèå ïëîòíîñòè, áûë
îòìå÷åí ó îáðàçöà ñ êîìáèíàöèåé äîáàâîê æèäêîãî
ñòåêëà è áîÿ ñòåêëà (ñîñòàâ ¹ 5). Òàê, ïî ñðàâíåíèþ
ñ êîíòðîëüíûì ñîñòàâîì (¹ 1) ïëîòíîñòü ó îáðàçöà
¹ 5 óìåíüøèëàñü íà 11,9 %, ÷òî ñâèäåòåëüñòâóåò î
ïîâûøåíèè åãî óñòîé÷èâîñòè ê äëèòåëüíîìó ïðî-
ãðåâó ïðè 750 °Ñ.

Íà ñëåäóþùåì ýòàïå îïðåäåëÿëèñü òåïëîôèçè-
÷åñêèå õàðàêòåðèñòèêè ìàòåðèàëîâ ïðè íàãðåâå —
íàëè÷èå è ïðîäîëæèòåëüíîñòü ïëàìåííîãî ãîðåíèÿ,
èçìåíåíèå òåìïåðàòóðû âî âðåìåíè íà ïîâåðõíî-
ñòè è â ãëóáèíå îáðàçöîâ, êîýôôèöèåíòû èõ òåïëî-
ïðîâîäíîñòè è òåðìè÷åñêîãî ñîïðîòèâëåíèÿ. Íàëè-
÷èå è ïðîäîëæèòåëüíîñòü ïëàìåííîãî ãîðåíèÿ, èç-
ìåíåíèå òåìïåðàòóðû âî âðåìåíè íà ïîâåðõíîñòè è
â ãëóáèíå îáðàçöîâ (ÃÎÑÒ 12.1.044–89) îïðåäåëÿ-
ëèñü ÷åðåç 15 è 30 ìèí ñ íà÷àëà èõ íàãðåâà ïðè òåì-
ïåðàòóðå 750 °Ñ. Ïîëó÷åííûå ðåçóëüòàòû ïðåäñòàâ-
ëåíû â òàáë. 2 è íà ðèñ. 1.

Êàê ïîêàçàëè ðåçóëüòàòû èññëåäîâàíèé, íè ó îä-
íîãî îáðàçöà â õîäå ýêñïåðèìåíòà íå íàáëþäàëîñü
óñòîé÷èâîãî ïëàìåííîãî ãîðåíèÿ, ÷òî ìîæåò õàðàê-
òåðèçîâàòü èññëåäóåìûå ìàòåðèàëû êàê íåãîðþ÷èå
(êàòåãîðèÿ ãîðþ÷åñòè ÍÃ).

Àíàëèç ðàçíèöû òåìïåðàòóð ñíàðóæè è âíóòðè
îáðàçöîâ ïðè íàãðåâå â òå÷åíèå 30 ìèí ïîêàçàë, ÷òî
ïîñëå 15-ìèíóòíîãî íàãðåâà (ñì. ðèñ. 1) ñàìàÿ áîëü-
øàÿ ðàçíèöà òåìïåðàòóð íàáëþäàåòñÿ ó îáðàçöîâ ñ
äîáàâêîé áîÿ ñòåêëà (¹ 4) — 23 °Ñ�ìèí, à òàêæå
ñ äîáàâêîé ìèíåðàëüíîé âàòû (¹ 2) è æèäêîãî ñòåê-
ëà (¹ 3) — 21 °Ñ�ìèí. Ïðè ýòîì êîíòðîëüíûé îá-
ðàçåö áåç êàêèõ-ëèáî äîáàâîê (¹ 1) ïðîãðåëñÿ ïîë-
íîñòüþ. Íà 30-é ìèíóòå ñàìàÿ áîëüøàÿ ñêîðîñòü
íàãðåâà, êàê è íà 15-é ìèíóòå, îòìå÷åíà ó îáðàçöà
ñ äîáàâêîé áîÿ ñòåêëà (¹ 4) — 18 °Ñ�ìèí, çàòåì ó
îáðàçöîâ ñ äîáàâêîé ìèíåðàëüíîé âàòû (¹ 2) è æèä-
êîãî ñòåêëà (¹ 3) — 17 °Ñ�ìèí.

Îöåíêà ðåçóëüòàòîâ ïî ðàñïðåäåëåíèþ òåìïåðà-
òóð ïîêàçûâàåò, ÷òî â çàâèñèìîñòè îò äîáàâîê è èõ
âèäà òåìïåðàòóðà â îáðàçöàõ ïîñëå èõ 30-ìèíóò-
íîãî ïðîãðåâà ðàñïðåäåëÿåòñÿ ïðàêòè÷åñêè òàê æå,
êàê è ïîòåðè ìàññû. Äàííûå ïî ðàñïðåäåëåíèþ òåì-

ïåðàòóðû â îáðàçöàõ êîððåëèðóþòñÿ ñ äàííûìè ïî
ïîòåðå ìàññû, ÷òî ïîäòâåðæäàåò ðåçóëüòàòèâíîñòü
ïðåäëîæåííîé ìåòîäèêè êîìïëåêñíîãî àíàëèçà è
îöåíêè ñâîéñòâ öåìåíòíûõ êîìïîçèòîâ íà ìàêðî-
óðîâíå. Òàêèì îáðàçîì, èñïîëüçîâàíèå óñòàíîâêè
äëÿ èñïûòàíèé ìàòåðèàëîâ íà íåãîðþ÷åñòü ïîçâî-
ëèëî îáåñïå÷èòü îáúåêòèâíóþ îöåíêó è àíàëèç ñêî-
ðîñòè ïðîãðåâà öåìåíòíûõ îáðàçöîâ è òåïëîôèçè-
÷åñêèõ ñâîéñòâ ìàòåðèàëà.

Äëÿ äîïîëíåíèÿ ðåçóëüòàòîâ, ïîëó÷åííûõ â õîäå
ïåðâîãî èñïûòàíèÿ, áûëè ïðîâåäåíû èññëåäîâàíèÿ
òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê — êîýôôèöèåíòà
òåïëîïðîâîäíîñòè è êîýôôèöèåíòà òåðìè÷åñêîãî ñî-
ïðîòèâëåíèÿ, êîòîðûå ÿâëÿþòñÿ âàæíåéøèìè ñâîé-
ñòâàìè, õàðàêòåðèçóþùèìè ïîâåäåíèå öåìåíòíûõ
êîìïîçèòîâ â óñëîâèÿõ âûñîêèõ òåìïåðàòóð. Äàííûå
êîýôôèöèåíòû èñïîëüçóþòñÿ â òåïëîòåõíè÷åñêîì
ðàñ÷åòå îãíåñòîéêîñòè ïðè îïðåäåëåíèè âðåìåííîãî
ïàðàìåòðà, õàðàêòåðèçóþùåãî ìîìåíò íàñòóïëåíèÿ
ïîòåðè òåïëîèçîëèðóþùåé ñïîñîáíîñòè êîíñòðóê-
öèè. Èññëåäîâàíèå ïî îïðåäåëåíèþ êîýôôèöèåíòà
òåïëîïðîâîäíîñòè è êîýôôèöèåíòà òåðìè÷åñêîãî ñî-
ïðîòèâëåíèÿ ðàçðàáîòàííûõ ñîñòàâîâ öåìåíòíûõ
êîìïîçèòîâ ñ ñèëèêàòíûìè äîáàâêàìè ïðîâîäèëîñü
íà ïðèáîðå ÈÒÑÌ-1 (ÃÎÑÒ 7076–99). Ïîëó÷åííûå
äàííûå ïðåäñòàâëåíû íà ðèñ. 2.

Ðèñ. 1. Çàâèñèìîñòü èçìåíåíèÿ òåìïåðàòóðû âíóòðè öåìåíò-
íîãî êàìíÿ îò âèäà äîáàâêè ïðè 15-ìèíóòíîì (à) è 30-ìèíóò-
íîì (á) íàãðåâå ïðè òåìïåðàòóðå 750 °Ñ
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Êàê âèäíî èç ïîëó÷åííûõ äàííûõ, ñàìûé âû-
ñîêèé êîýôôèöèåíò òåïëîïðîâîäíîñòè îòìå÷àåò-
ñÿ ó êîíòðîëüíîãî îáðàçöà áåç äîáàâîê (¹ 1) —
0,281 Âò�(ì·Ê), à ñàìûé íèçêèé — ó îáðàçöà ñ êîì-
áèíàöèåé äîáàâîê ìèíåðàëüíîé âàòû è æèäêîãî
ñòåêëà (¹ 6) — 0,220 Âò�(ì·Ê), ÷òî ñâèäåòåëüñòâó-
åò î ïîâûøåíèè åãî òåïëîèçîëèðóþùåé ñïîñîáíî-
ñòè ïðè âûñîêîòåìïåðàòóðíîì íàãðåâå íà 20 %.

Èññëåäîâàíèå êîýôôèöèåíòîâ òåïëîïðîâîäíî-
ñòè ó îáðàçöà ñ êîìáèíàöèåé äîáàâîê áîÿ ñòåêëà è
æèäêîãî ñòåêëà (¹ 5) è îáðàçöà ñ äîáàâêîé æèäêîãî
ñòåêëà (¹ 3) ïîêàçàëî, ÷òî èõ òåïëîïðîâîäíîñòü íà
13 % ìåíüøå, ÷åì ó êîíòðîëüíîãî îáðàçöà. Ïðè ñðàâ-
íåíèè èçìåíåíèÿ òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê
ñ èçìåíåíèåì ôèçè÷åñêèõ è ôèçèêî-ìåõàíè÷åñêèõ
ñâîéñòâ ìîæíî ïðîñëåäèòü îïðåäåëåííóþ ñõîäè-
ìîñòü ïîëó÷åííûõ ðåçóëüòàòîâ. Ïðè ýòîì óñòàíîâ-
ëåíî, ÷òî öåìåíòíûå êîìïîçèòû ñ ñîäåðæàíèåì êîìï-
ëåêñà ñèëèêàòíûõ äîáàâîê ïðîÿâëÿþò íàèáîëüøóþ
óñòîé÷èâîñòü ïðè íàãðåâå.

Â ðàìêàõ êîìïëåêñíîé ìåòîäèêè èçó÷àëîñü òàê-
æå âëèÿíèå íàãðåâà íà ñòðóêòóðó öåìåíòíûõ êîìïî-
çèòîâ ñ ðàçëè÷íûìè äîáàâêàìè. Äëÿ èçó÷åíèÿ èõ
ñòðóêòóðû ïðèìåíÿëñÿ äèôôåðåíöèàëüíî-òåðìè÷å-
ñêèé ìåòîä èññëåäîâàíèÿ. Îöåíêó âëèÿíèÿ òåìïå-
ðàòóðíîé íàãðóçêè íà ñòðóêòóðó öåìåíòíîãî êàìíÿ
ïðîâîäèëè íà óñòàíîâêå äëÿ äèôôåðåíöèàëüíî-òåð-
ìè÷åñêîãî àíàëèçà (ÄÒÀ) “Thermoscan-2”. Íàãðåâ
îñóùåñòâëÿëñÿ äî 1000 °Ñ ñî ñêîðîñòüþ 10 °Ñ�ìèí.
Èñïûòàíèÿ ïðîâîäèëèñü íà øåñòè ñîñòàâàõ öåìåíò-

íûõ êîìïîçèòîâ (ñì. òàáë. 1). Ïîëó÷åííûå ðåçóëü-
òàòû èññëåäîâàíèé ïðåäñòàâëåíû íà ãðàôèêàõ èçìå-
íåíèÿ òåìïåðàòóðû îáðàçöîâ îòíîñèòåëüíî ýòàëîíà
Al2O3 (ðèñ. 3).

Íà äàííûõ òåðìîãðàììàõ ìîæíî âûäåëèòü òðè
èíòåðâàëà ïàäåíèÿ òåìïåðàòóðû, íàáëþäàåìûå ïðè
ýíäîòåðìè÷åñêèõ ðåàêöèÿõ. Îñíîâîé äâóõ èç íèõ
ÿâëÿåòñÿ èñïàðåíèå âîäû â ðàçëè÷íûõ ñîñòîÿíèÿõ
— ôèçè÷åñêè è õèìè÷åñêè ñâÿçàííîé âîäû, âîøåä-
øåé â ñòðóêòóðó öåìåíòíîãî êàìíÿ ïðè åãî òâåð-
äåíèè. Àíàëèç äàííûõ, ïîëó÷åííûõ ïðè èññëåäîâà-
íèè êîíòðîëüíîãî ñîñòàâà (¹ 1), ïîêàçûâàåò, ÷òî
ïåðâûé ïëàâíûé ïèê íà÷èíàåòñÿ ïðè òåìïåðàòóðå
25 °Ñ è çàêàí÷èâàåòñÿ ïðè òåìïåðàòóðå 350 °Ñ; ðàç-
íèöà òåìïåðàòóð ñ ýòàëîíîì (îêñèä àëþìèíèÿ) ñî-
ñòàâëÿåò 8 °Ñ. Ïðè ýòîì ïðîèñõîäèò èñïàðåíèå âîäû,
ñîäåðæàùåéñÿ â ïîðàõ öåìåíòíîãî êîìïîçèòà. Ñëå-
äóþùèé òåìïåðàòóðíûé èíòåðâàë íà÷èíàåòñÿ ñ
500 °Ñ è çàêàí÷èâàåòñÿ îêîëî 530 °Ñ. Ãëóáèíà ýòîãî
ïèêà íàõîäèòñÿ â ïðåäåëàõ 0,5 °Ñ. Äàííûé ïðîöåññ
ìîæíî îáúÿñíèòü èñïàðåíèåì õèìè÷åñêè ñâÿçàííîé
âîäû èç ïîðòëàíòèäà, êîòîðûé âõîäèò â ñîñòàâ öå-
ìåíòíîãî êëèíêåðà. Ñëåäóþùèé òåìïåðàòóðíûé èí-
òåðâàë íà÷èíàåòñÿ ñ 840 °Ñ è çàêàí÷èâàåòñÿ â ðàéîíå
870 °Ñ. Ãëóáèíà ïèêà òàêæå íåáîëüøàÿ — îêîëî
0,5 °Ñ. Íà ýòîì ýòàïå íàãðåâà öåìåíòíîãî êîìïîçè-
òà ïðîèñõîäèò èñïàðåíèå õèìè÷åñêè ñâÿçàííîé âîäû,
íàõîäÿùåéñÿ â îñíîâíûõ ìèíåðàëüíûõ ñîåäèíåíè-
ÿõ öåìåíòíîãî êàìíÿ, âïëîòü äî åãî êîíå÷íîé äå-
ñòðóêöèè.

Ïðè äîáàâëåíèè â öåìåíòíûé êîìïîçèò ìèíå-
ðàëüíîé âàòû (îáðàçåö ¹ 2) ïåðâûé ïèê ñòàíîâèòñÿ
áîëåå ãëóáîêèì, ÷òî îáúÿñíÿåòñÿ óâåëè÷åíèåì ïî-
ðèñòîñòè êàìíÿ. Ñëåäóþùèé ïèê íàõîäèòñÿ â òåõ
æå ïðåäåëàõ, ÷òî è ó êîíòðîëüíîãî îáðàçöà áåç äîáà-
âîê (¹ 1), à òðåòèé ïèê ñèëüíî îòëè÷àåòñÿ: ñíà÷àëà
òåìïåðàòóðà ïëàâíî îïóñêàåòñÿ âíèç, à çàòåì ðåçêî
ïîäíèìàåòñÿ íà òîò æå óðîâåíü. Ýòî ìîæíî îáúÿñ-
íèòü òåì, ÷òî ìèíåðàëüíàÿ âàòà ïðåïÿòñòâóåò áûñò-
ðîìó èñïàðåíèþ õèìè÷åñêè ñâÿçàííîé âîäû, íàõî-
äÿùåéñÿ â îñíîâíîì ìèíåðàëå öåìåíòíîãî êàìíÿ,
÷òî ïîâûøàåò ñòîéêîñòü öåìåíòíîãî êîìïîçèòà ïðè
íàãðåâå. Ó îáðàçöà ñ äîáàâêîé æèäêîãî ñòåêëà (¹ 3)
ïåðâûé ïèê èìååò òàêóþ æå ãëóáèíó, ÷òî è ó êîíò-
ðîëüíîãî îáðàçöà (¹ 1), íî âûðàæåí áîëåå õàðàê-
òåðíî. Ýòî ìîæíî îáúÿñíèòü òåì, ÷òî æèäêîå ñòåêëî
ïðåäîòâðàùàåò áûñòðîå èñïàðåíèå âîäû èç ïîð öå-
ìåíòíîãî êàìíÿ. Ñëåäóþùèå äâà ïèêà ìåíåå âûðà-
æåíû, ÷åì ó ïðåäûäóùèõ îáðàçöîâ, ÷òî ñâèäåòåëü-
ñòâóåò îá óñòîé÷èâîñòè ñîñòàâà ¹ 3 ê âûñîêîòåì-
ïåðàòóðíîìó íàãðåâó.

Ó îáðàçöà, ñîäåðæàùåãî æèäêîå ñòåêëî è áîé
ñòåêëà (¹ 5), îòìå÷àåòñÿ íàèìåíüøåå ñîäåðæàíèå
ôèçè÷åñêè ñâÿçàííîé âîäû. Ðàçíèöà òåìïåðàòóð ñ
ýòàëîíîì (Al2O3) íàõîäèòñÿ â ïðåäåëàõ 17 °Ñ. Ñëå-
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Ðèñ. 2. Çàâèñèìîñòü èçìåíåíèÿ êîýôôèöèåíòà òåïëîïðîâîä-
íîñòè è êîýôôèöèåíòà òåðìè÷åñêîãî ñîïðîòèâëåíèÿ öåìåíò-
íîãî êàìíÿ îò âèäà äîáàâêè ïðè íàãðåâå ïðè òåìïåðàòóðå
750 °Ñ
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äóþùèå äâà ïèêà ïðàêòè÷åñêè íåçàìåòíû, ÷òî ãîâî-
ðèò î íåáîëüøîì èñïàðåíèè õèìè÷åñêè ñâÿçàííîé
âîäû. Òàêèì îáðàçîì, èñõîäÿ èç ïîëó÷åííûõ äàííûõ
ìîæíî ñêàçàòü, ÷òî äàííûé ñîñòàâ èìååò íàèáîëåå
îïòèìàëüíûå òåïëîôèçè÷åñêèå ñâîéñòâà îòíîñè-
òåëüíî âñåõ ïðåäûäóùèõ. Ñëåäîâàòåëüíî, îãíåñòîé-
êîñòü ñòðîèòåëüíûõ êîíñòðóêöèé íà åãî îñíîâå â
óñëîâèÿõ ïîæàðà äîëæíà ïîâûñèòüñÿ.

Äîáàâëåíèå â öåìåíòíûé ñîñòàâ ìèíåðàëüíîé
âàòû è æèäêîãî ñòåêëà ïðèâîäèò ê ðàçíèöå òåìïå-
ðàòóð ïî ñðàâíåíèþ ñ ýòàëîíîì (Al2O3) ïîðÿäêà
11,5 °Ñ, êîòîðàÿ ïðè ïîñëåäóþùåì íàãðåâå îñòàåò-
ñÿ ïðàêòè÷åñêè íåèçìåííîé. Íàáëþäàåòñÿ åùå äâà
íåçíà÷èòåëüíûõ ïèêà, êàê è íà ïðåäûäóùåé òåðìî-
ãðàììå.

Â ðåçóëüòàòå äèôôåðåíöèàëüíî-òåðìè÷åñêîãî
àíàëèçà ìîæíî ñäåëàòü âûâîä, ÷òî ñèëèêàòíûå äî-
áàâêè çíà÷èòåëüíî óëó÷øàþò òåïëîôèçè÷åñêèå ñâîé-
ñòâà öåìåíòíûõ êîìïîçèòîâ ïðè âîçäåéñòâèè âûñî-
êèõ òåìïåðàòóð. Âñå îíè â áîëüøåé èëè ìåíüøåé
ñòåïåíè ïðåïÿòñòâóþò áûñòðîìó ïðîãðåâó îáðàçöîâ,

÷òî ïîâûøàåò óñòîé÷èâîñòü ñòðîèòåëüíûõ êîíñò-
ðóêöèé íà èõ îñíîâå â óñëîâèÿõ ïîæàðà. Ìîæíî
îòìåòèòü, ÷òî êîìïëåêñíàÿ ìåòîäèêà ïî àíàëèçó ïî-
âåäåíèÿ öåìåíòíûõ êîìïîçèòîâ ïîçâîëÿåò ïîëó-
÷àòü çàêëþ÷åíèÿ ïî èõ òåðìè÷åñêîé ñòîéêîñòè áåç
ïðîâåäåíèÿ äîðîãîñòîÿùèõ èñïûòàíèé.

Òàêèì îáðàçîì, ñîâîêóïíîñòü âñåõ äàííûõ, ïî-
ëó÷åííûõ ñ ïîìîùüþ êîìïëåêñíîé ìåòîäèêè, ïîêà-
çàëà, ÷òî ñîñòàâû îáðàçöîâ, âêëþ÷àþùèå ñèëèêàò-
íûå äîáàâêè, èìåþò âûñîêèå òåïëîèçîëèðóþùèå
ñâîéñòâà. Ïðèìåíåíèå êîìïëåêñíîé ìåòîäèêè àíà-
ëèçà ïîâåäåíèÿ öåìåíòíûõ ñîñòàâîâ â óñëîâèÿõ âîç-
äåéñòâèÿ ïîâûøåííûõ òåìïåðàòóð ðàñøèðÿåò ãðà-
íèöû è âîçìîæíîñòè îöåíêè ïîæàðíîé îïàñíîñòè
ñòðîèòåëüíûõ ìàòåðèàëîâ íà îñíîâå öåìåíòíûõ êîì-
ïîçèòîâ. Êðîìå òîãî, åå ïðèìåíåíèå â ñîâîêóïíîñòè
ñ ìåòîäèêîé ðàñ÷åòà îãíåñòîéêîñòè ñòðîèòåëüíûõ
êîíñòðóêöèé [4] ïîçâîëÿåò äîñòàòî÷íî òî÷íî ïðî-
ãíîçèðîâàòü ïîâåäåíèå ñòðîèòåëüíûõ êîíñòðóêöèé
íà îñíîâå ðàçëè÷íûõ öåìåíòíûõ êîìïîçèòîâ â óñëî-
âèÿõ ïîæàðîâ ðàçëè÷íîé ñëîæíîñòè.

Ðèñ. 3. Òåðìîãðàììû èçìåíåíèÿ òåìïåðàòóðû îáðàçöîâ öåìåíòíîãî êàìíÿ ñ äîáàâêàìè (ñîñòàâû ¹ 2–6 ïî òàáë. 1) îòíîñèòåëüíî
ýòàëîíà Al2O3 (ñîñòàâ ¹ 1)
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ABSTRACT

Nowadays new methods, based on the latest achievements of physics, physical chemistry and
electronics, for a comprehensive scientific study of the behavior of building materials at elevated
temperatures are used. The research of physical, chemical and physico-mechanical transformations,
that can change the condition and properties of the material, and assessment of the behavior of
building structures at elevated temperature can be provided with the help of X-ray analysis, thermal
analysis, testing of building structures for fire resistance, and others.

The analysis of examined methods shows, that there are no active methods of complex analysis of
the behavior of materials at elevated temperatures in structures. The available methods for deter-
mining fire resistance and thermal stability do not give a full assessment of fire danger of building
designs and building materials. That is the reason of my research.

The aim of this work is to study the influence of different components of the mixture to the be-
havior cement composites containing silicate additives at elevated temperatures using a complex
methodology of analyzing the behavior of cementitious compositions in the dynamics of heating and
correlation of test results.

Research were conducted on heat-resistant cementitious compositions by three different methods.
The behavior of cement composites, containing silicate additives, at elevated temperatures was
analyzed using the complementarily of certain characteristics, and the settings which allow for testing
of construction materials on the flammability, differential thermal analysis (DTA), as well as the measu-
rement of thermal conductivity and the coefficient of thermal resistance.

At the end of the research based on complex methods, it was determined that in the process of
heating of the cement stone it is decomposed into different chemical components, and the structure is
formed of composite binder during the hydration process, improved a thermal properties of cement
compositions containing silicate additives. However, in the case of usage any one method to deter-
mining the thermal and thermo-chemical properties the results were not always objective. Application
of a complex method of analyzing the behavior of cement compositions at elevated temperatures
gives the possibility of assessing the fire hazard of building materials based on cement composites.
In addition of application of theoretical methods of calculating the fire resistance of building
structures complex method allows to predict the behavior of building structures based on various
cement composites under fires of varying difficulty.

Keywords: complex methodology; high-temperature heat; cement composites; silicate additives;
differential thermal analysis; thermal conductivity coefficient.
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