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íèå íà èíòåíñèâíîñòü îáóãëèâàíèÿ äåðåâÿííûõ êîíñòðóêöèé, à òàêæå íà òåìïåðàòóðó íà÷àëà
äàííîãî ïðîöåññà. Îáíàðóæåíî, ÷òî äðåâåñèíà ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè òåðÿåò ñâîè
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÷åñêèõ ìåòîäîâ èçó÷åíû ñâîéñòâà è ñòðóêòóðà óãîëüíûõ îñòàòêîâ, èõ îêèñëèòåëüíàÿ è òåïëî-
òâîðíàÿ ñïîñîáíîñòü. Ïðîâåäåíû êðóïíîìàñøòàáíûå èñïûòàíèÿ ïî îöåíêå îãíåñòîéêîñòè äåðå-
âÿííûõ êîíñòðóêöèé ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.0–94 è
ÃÎÑÒ 30247.1–94.
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Ââåäåíèå

Äåðåâÿííûå êîíñòðóêöèè îñòàþòñÿ îäíèìè èç ñà-

ìûõ ïðèìåíÿåìûõ è âîñòðåáîâàííûõ ïðè ñòðîèòåëü-

ñòâå çäàíèé è ñîîðóæåíèé æèëîãî, îáùåñòâåííîãî,

ïðîèçâîäñòâåííîãî, ñêëàäñêîãî, æèâîòíîâîä÷åñêîãî

è ñåëüñêîõîçÿéñòâåííîãî íàçíà÷åíèÿ. Íàèáîëåå äè-

íàìè÷íîå ðàçâèòèå ñòðîèòåëüíîé èíäóñòðèè ñ ïðè-

ìåíåíèåì ñòðîèòåëüíûõ êîíñòðóêöèé èç äðåâåñèíû

íàáëþäàåòñÿ â Ðîññèè, áûâøèõ ñòðàíàõ ÑÍÃ, ðÿäå

Åâðîïåéñêèõ ñòðàí, Àâñòðàëèè, ßïîíèè, Êàíàäå è

ÑØÀ. Âî ìíîãîì ýòî îáúÿñíÿåòñÿ ýñòåòè÷åñêîé äåêî-

ðàòèâíîñòüþ, îòíîñèòåëüíî âûñîêîé ìåõàíè÷åñêîé

ïðî÷íîñòüþ è óñòîé÷èâîñòüþ ýòèõ êîíñòðóêöèé ê

âîçäåéñòâèþ âíåøíåé îêðóæàþùåé ñðåäû [1].

Óíèêàëüíûìè ïðèìåðàìè äîëãîâå÷íîñòè äå-

ðåâÿííûõ êîíñòðóêöèé ñëóæàò òàêèå îáúåêòû, êàê

Ãðèíñòåäñêàÿ öåðêîâü (Ãðèíñòåä, Ýññåêñ, Âåëèêî-

áðèòàíèÿ, 1045 ã.), öåðêîâü Âîñêðåøåíèÿ Ëàçàðÿ

(Êèæè, Àðõàíãåëüñêàÿ îáë., Ðîññèÿ, 1391 ã.), öåðêîâü

Ñâÿòîãî Íèêîëàÿ ×óäîòâîðöà â Êîëîäíîì (Çàêàð-

ïàòüå, Óêðàèíà, 1470 ã.), Óñïåíñêàÿ öåðêîâü (ñ. Íå-

ëàçêîå, Âîëîãîäñêàÿ îáë., Ðîññèÿ, 1694 ã.), Ìèõàèëî-

Àðõàíãåëüñêèé ñîáîð (ã. Óðàëüñê, Ðåñïóáëèêà Êà-

çàõñòàí, 1750 ã.) è ìíîãèå äðóãèå.

Â ïîñëåäíèå äåñÿòèëåòèÿ ïðèñòàëüíîå âíèìàíèå

íàó÷íîãî ñîîáùåñòâà áûëî îáðàùåíî íà èçìåíåíèå

êà÷åñòâåííûõ õàðàêòåðèñòèê äðåâåñèíû â ðåçóëüòà-

òå ïðîäîëæèòåëüíîé ýêñïëóàòàöèè äåðåâÿííûõ êîí-

ñòðóêöèé çäàíèé è ñîîðóæåíèé [2–4]. Â ýòèõ ðàáî-

òàõ áûëî ïîêàçàíî çíà÷èòåëüíîå âëèÿíèå äëèòåëü-

íîãî åñòåñòâåííîãî ñòàðåíèÿ íà ôèçèêî-õèìè÷å-

ñêèå, ìåõàíè÷åñêèå è äðóãèå ñâîéñòâà äðåâåñèíû â

ðåçóëüòàòå òðàíñôîðìàöèè åå ñòðóêòóðû è ïðîèñõî-

äÿùèõ â íåé õèìè÷åñêèõ ïðåâðàùåíèé.

Íåñìîòðÿ íà ýòî ìàëîèçó÷åííûì îñòàåòñÿ âî-

ïðîñ î âëèÿíèè ïðîäîëæèòåëüíîãî åñòåñòâåííîãî

ñòàðåíèÿ íà ïîæàðîîïàñíûå ñâîéñòâà äðåâåñèíû.

Àíàëèç ïîæàðîâ ñâèäåòåëüñòâóåò î íåîáû÷íîì ïî-

âåäåíèè îáúåêòîâ ñ äåðåâÿííûìè êîíñòðóêöèÿìè ñ

ïðîäîëæèòåëüíûì ñðîêîì ýêñïëóàòàöèè â óñëîâè-

ÿõ âîçäåéñòâèÿ âûñîêèõ òåìïåðàòóð. Õàðàêòåðíûìè

îñîáåííîñòÿìè òàêèõ ïîæàðîâ ÿâëÿþòñÿ: àíîìàëü-

íî âûñîêàÿ òåìïåðàòóðà, áûñòðîå ðàçâèòèå ïîæàðà

è çíà÷èòåëüíàÿ ñòåïåíü òåðìè÷åñêîãî ïîâðåæäåíèÿ

êîíñòðóêöèé èç äðåâåñèíû. Ïðèìåðàìè äåðåâÿííûõ

îáúåêòîâ ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè, óòðà-

÷åííûõ â ðåçóëüòàòå ïîæàðîâ, ÿâëÿþòñÿ Êîñòåë Ñâÿ-

òîé Êàòåðèíû (Îñòðàâà, ×åõèÿ, 1543 ã.), öåðêîâü Áîãî-

ÿâëåíèÿ (Âîñêðåñåíñêèé ìîíàñòûðü Íîâîãî Èåðó-

ñàëèìà (Ìîñêîâñêàÿ îáë., Ðîññèÿ, 1673 ã.), öåðêîâü

Ñïàñà íà ñâàÿõ (Èïàòüåâñêèé ìîíàñòûðü, ã. Êîñò-

ðîìà, Ðîññèÿ, 1713 ã.), öåðêîâü Ïîêðîâà Ïðåñâÿòîé

Áîãîðîäèöû (Óçäåíñêèé ðàéîí, Ìèíñêàÿ îáë., Ðåñ-

ïóáëèêà Áåëàðóñü, 1898 ã.), äîì òêàíåé “Êûçûë-Òàí”

(ã. Àëìàòû, Ðåñïóáëèêà Êàçàõñòàí, 1912 ã.) è äåñÿò-

êè äðóãèõ èñòîðè÷åñêèõ ïàìÿòíèêîâ ìèðîâîãî íà-

ñëåäèÿ.

Èçó÷åíèþ íåñòàíäàðòíîãî ïîâåäåíèÿ äåðåâÿííûõ

êîíñòðóêöèé ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè â

óñëîâèÿõ ïîæàðà è èõ ïîæàðíîé îïàñíîñòè ïîñâÿ-
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ùåíî îòíîñèòåëüíî íåìíîãî ðàáîò [5–8]. Â íèõ âïåð-

âûå áûë óñòàíîâëåí ôàêò ñóùåñòâîâàíèÿ íîâîãî

âèäà óãðîçû äëÿ ÷åëîâåêà, îáóñëîâëåííîãî ñïåöè-

ôèêîé ïîâåäåíèÿ â óñëîâèÿõ ïîæàðà êîíñòðóêöèé

èç äðåâåñèíû ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè.

Îäíèì èç ãëàâíûõ òðåáîâàíèé, ïðåäúÿâëÿåìûõ

ê êîíñòðóêöèÿì èç äðåâåñèíû ñ îãðàæäàþùèìè èëè

íåñóùèìè ôóíêöèÿìè, ÿâëÿåòñÿ îáåñïå÷åíèå ïðè-

åìëåìîé îãíåñòîéêîñòè. Èçìåíåíèå â óñëîâèÿõ ïî-

æàðà ïðî÷íîñòíûõ è ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê

ñå÷åíèé âûçûâàåò ñíèæåíèå íåñóùåé ñïîñîáíîñòè

ýëåìåíòîâ è óçëîâ äåðåâÿííûõ êîíñòðóêöèé, âûðà-

æåííîé ïðåäåëîì îãíåñòîéêîñòè êîíñòðóêöèè. Îäíà-

êî âîïðîñ îá èçìåíåíèè ïîêàçàòåëåé îãíåñòîéêîñòè

äåðåâÿííûõ êîíñòðóêöèé â ðåçóëüòàòå äëèòåëüíîé

ýêñïëóàòàöèè îñòàåòñÿ íåèçó÷åííûì. Îòñóòñòâèå íà-

ó÷íûõ èññëåäîâàíèé â ýòîì íàïðàâëåíèè, à òàêæå íå-

ó÷åò ñîçäàòåëÿìè íîðìàòèâíîé è ñïðàâî÷íîé áàç â

îáëàñòè ïîæàðíîé áåçîïàñíîñòè òàêîãî ôàêòîðà, êàê

ïðîäîëæèòåëüíîñòü ýêñïëóàòàöèè êîíñòðóêöèé, îïðå-

äåëÿåò àêòóàëüíîñòü äàííûõ èññëåäîâàíèé. Â ðàáî-

òå ïðåäñòàâëÿëîñü âàæíûì âûÿñíèòü, êàê êîëè÷å-

ñòâåííî èçìåíÿåòñÿ íå òîëüêî ïðåäåë îãíåñòîéêî-

ñòè äåðåâÿííûõ êîíñòðóêöèé ñ óâåëè÷åíèåì ñðîêà

èõ ñëóæáû, íî è ïàðàìåòðû èõ îáóãëèâàíèÿ, à òàêæå

êàêîå âëèÿíèå îêàçûâàåò äëèòåëüíîå âîçäåéñòâèå

îêðóæàþùåé ñðåäû íà èíòåíñèâíîñòü è îñîáåííî-

ñòè ôîðìèðîâàíèÿ îáóãëåííîãî ñëîÿ, åãî ôèçè÷å-

ñêóþ ñòðóêòóðó â óñëîâèÿõ ïîæàðà.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ

Äëÿ èññëåäîâàíèÿ áûëè âçÿòû öåëüíûå äåðåâÿí-

íûå êîíñòðóêöèè äëèíîé îò 1,5 äî 3,5 ì. Îñíîâíûå

õàðàêòåðèñòèêè èññëåäóåìûõ îáðàçöîâ êîíñòðóêöèé

ïðåäñòàâëåíû â òàáë. 1.

Â ðàáîòå áûë èñïîëüçîâàí êîìïëåêñ ñîâðåìåí-

íûõ ìåòîäîâ èññëåäîâàíèÿ: ìåòîäû òåðìè÷åñêîãî àíà-

ëèçà (ÒÃ, ÄÒÃ, ÄÑÊ), ìåòîä ñîðáöèè ïàðîâ, ìåòîä

îïðåäåëåíèÿ ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëåé ìà-

òåðèàëîâ. Äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ îáóãëèâàíèÿ

â óñëîâèÿõ âîçäåéñòâèÿ ñòàíäàðòíîãî òåìïåðàòóð-

íîãî ðåæèìà ïîæàðà áûëà èñïîëüçîâàíà ýêñïåðèìåí-

òàëüíàÿ ìàëîìàñøòàáíàÿ îãíåâàÿ ïå÷ü ñ âîçìîæ-

íîñòüþ ðåàëèçàöèè ñòàíäàðòíîãî òåìïåðàòóðíîãî

ðåæèìà ïîæàðà, à òàêæå êðóïíîìàñøòàáíàÿ îãíå-

âàÿ ïå÷ü äëÿ îöåíêè îãíåñòîéêîñòè ñòðîèòåëüíûõ

êîíñòðóêöèé â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÃÎÑÒ

30247.0–94 è ÃÎÑÒ 30247.1–94.

Ðåçóëüòàòû èññëåäîâàíèÿ
è èõ îáñóæäåíèå

Ïðè àíàëèçå îáðàçöîâ äåðåâÿííûõ êîíñòðóêöèé

áûëî óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè ñðîêà ýêñ-

ïëóàòàöèè íàáëþäàåòñÿ ïîâûøåíèå ïëîòíîñòè äðåâå-

ñèíû, îáóñëîâëåííîå óäàëåíèåì ëåãêîëåòó÷èõ íèç-

êîêèïÿùèõ êîìïîíåíòîâ èç äðåâåñíîãî ìàòåðèàëà,

óñóøêîé è òðàíñôîðìàöèåé åãî ìîðôîëîãè÷åñêîé

ñòðóêòóðû. Èçìåíåíèå ñòðóêòóðû äðåâåñèíû ñêàçû-

âàåòñÿ íà åå ôèçèêî-ìåõàíè÷åñêèõ õàðàêòåðèñòèêàõ,

êîòîðûå ÿâëÿþòñÿ îïðåäåëÿþùèìè ïðè îöåíêå îãíå-

ñòîéêîñòè äåðåâÿííûõ êîíñòðóêöèé. Â ðàáîòå áûëî

èçó÷åíî èçìåíåíèå ïëîòíîñòè è ïðî÷íîñòè îáðàçöîâ

äðåâåñèíû, ïîäâåðãàâøåéñÿ ïðîöåññó åñòåñòâåííî-

ãî ñòàðåíèÿ, ïðè âîçäåéñòâèè òåìïåðàòóðû â óñëî-

âèÿõ ïîæàðà. Òåìïåðàòóðíîå âîçäåéñòâèå íà îáðàç-

öû îñóùåñòâëÿëîñü â ìóôåëüíîé ïå÷è è äëèëîñü

îò 30 ìèí äî 2 ÷. Îöåíêà èçìåíåíèÿ ïðåäåëà ïðî÷-

íîñòè äåðåâÿííûõ êîíñòðóêöèé íà ñæàòèå âäîëü âî-

ëîêîí ïðîâîäèëàñü ñ ïîìîùüþ ýëåêòðîìåõàíè÷å-

ñêîé óíèâåðñàëüíîé èñïûòàòåëüíîé ìàøèíû TIME

WDW-50E.

Ïîëó÷åííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî ïðè óñè-

ëåíèè òåìïåðàòóðíîãî âîçäåéñòâèÿ íà îáðàçöû äðå-

âåñèíû ñ ðàçëè÷íûìè ñðîêàìè ýêñïëóàòàöèè íàáëþ-

Íîìåð
îáðàçöà

Äåðåâÿííàÿ êîíñòðóêöèÿ Ìåñòî îòáîðà îáðàçöîâ
Ñðîê ýêñïëó-
àòàöèè, ëåò

	,

êã�ì3 *

0 Äåðåâÿííàÿ áàëêà (äðåâåñèíà ñîñíû) Àðõàíãåëüñêàÿ îáë., Ðîññèÿ (ñîâðåìåííàÿ
äðåâåñèíà)

– 452

1 Ýëåìåíòû ñòðîïèëüíîé ÷àñòè äîìà
(äðåâåñèíà ñîñíû)

Íåæèëîé äîì (1952 ã.), ñ. Æàíàæîë,
Ñåâåðî-Êàçàõñòàíñêàÿ îáë., Ðåñïóáëèêà
Êàçàõñòàí

63 477

2 Âíóòðåííèå ýëåìåíòû êîíñòðóêöèé (äðå-
âåñèíà ñîñíû) ìåæýòàæíîãî ïåðåêðûòèÿ
(ìåæäó 1-ì è ïîäâàëüíûì ýòàæàìè)

Òåàòð êóêîë “Ãóëëèâåð” (1890 ã.),
ã. Êóðãàí, Ðîññèÿ

125 588

3 Äåðåâÿííûå íåñóùèå êîíñòðóêöèè (äðå-
âåñèíà ñîñíû)

Öåðêîâü Íèêîëàÿ ×óäîòâîðöà (1865 ã.),
Áðÿíñêàÿ îáë., Ðîññèÿ

150 643

4 Ýëåìåíòû ñòðîïèëüíîé ÷àñòè äîìà
(äðåâåñèíà ñîñíû)

Íåæèëîé äîì (1928 ã.), ñ. Êàéûíäû,
Êîñòàíàéñêàÿ îáë., Ðåñïóáëèêà Êàçàõñòàí

87 546

* Âëàæíîñòü îáðàçöîâ äðåâåñèíû ïåðåä ïðîâåäåíèåì îãíåâûõ èñïûòàíèé ñîñòàâëÿëà 12 %.

Òàáëèöà 1. Îñíîâíûå õàðàêòåðèñòèêè îáðàçöîâ äåðåâÿííûõ êîíñòðóêöèé
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äàåòñÿ ñíèæåíèå èõ ïëîòíîñòè è ïðåäåëà ïðî÷íîñòè

íà ñæàòèå âäîëü âîëîêîí (ðèñ. 1).

Èíòåðåñíî îòìåòèòü, ÷òî äëÿ äðåâåñèíû, ïîäâåð-

ãàâøåéñÿ äëèòåëüíîìó åñòåñòâåííîìó ñòàðåíèþ, ïðî-

öåññ ñíèæåíèÿ ïðåäåëà ïðî÷íîñòè ïðîèñõîäèò ïðè

ìåíüøåé òåìïåðàòóðå ïî ñðàâíåíèþ ñ ñîâðåìåííîé

äðåâåñèíîé. Äëÿ äåðåâÿííûõ êîíñòðóêöèé ñ äëèòåëü-

íûì ñðîêîì ýêñïëóàòàöèè ïîòåðÿ ïåðâîíà÷àëüíûõ

ìåõàíè÷åñêèõ ñâîéñòâ íàáëþäàåòñÿ óæå ïðè 80 °Ñ,

à ïðè òåìïåðàòóðå 250 °Ñ îíà äîñòèãàåò 60 %. Äëÿ

ñîâðåìåííîé äðåâåñèíû íà÷àëüíîå ñíèæåíèå ìåõà-

íè÷åñêèõ ñâîéñòâ äðåâåñèíû ïðîèñõîäèò òîëüêî ïðè

òåìïåðàòóðàõ âûøå 150 °Ñ, ÷òî ïîäòâåðæäàåòñÿ ðå-

çóëüòàòàìè ðàíåå ïðîâåäåííûõ èññëåäîâàíèé [9].

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëÿåò ñäå-

ëàòü âûâîä î òîì, ÷òî íà ïðåäåë ïðî÷íîñòè îáðàçöîâ

äðåâåñèíû ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè ïðè

âîçäåéñòâèè òåìïåðàòóð äî 250 °Ñ â áîëüøåé ñòåïå-

íè îêàçûâàþò âëèÿíèå ïðîöåññû òåðìîäåñòðóêöèè

è êàðáîíèçàöèè, ïðîòåêàíèå êîòîðûõ ñ ðîñòîì ïðî-

äîëæèòåëüíîñòè ýêñïëóàòàöèè äåðåâÿííîé êîíñòðóê-

öèè ñìåùàåòñÿ â íèçêîòåìïåðàòóðíóþ çîíó, ïî ñðàâ-

íåíèþ ñ äðåâåñèíîé ñîâðåìåííîé. Ïîäòâåðæäåíèåì

ýòîãî ÿâëÿþòñÿ ðåçóëüòàòû, ïîëó÷åííûå ìåòîäàìè

òåðìè÷åñêîãî àíàëèçà (ÒÃ, ÄÒÃ, ÄÑÊ). Ñ èñïîëü-

çîâàíèåì äàííûõ ìåòîäîâ áûëè èçó÷åíû îñîáåííî-

ñòè ïðîöåññà îáóãëèâàíèÿ äðåâåñèíû ñ ðàçëè÷íûìè

ñðîêàìè ýêñïëóàòàöèè. Îáðàçöû ìàòåðèàëîâ â âèäå

ôðàãìåíòîâ ïðàâèëüíîé ôîðìû ïîìåùàëèñü â òè-

ãåëü òåðìîàíàëèçàòîðà Q600 SDT. Íàâåñêà îáðàç-

öîâ èçìåíÿëàñü â ïðåäåëàõ 1,0–8,5 ìã. Íàãðåâ ïðî-

âîäèëñÿ ñî ñêîðîñòüþ 20 °Ñ�ìèí â òîêå àçîòà äî

500 °Ñ. Äàëåå ìåíÿëè ãàç íîñèòåëÿ ñ àçîòà íà âîç-

äóõ. Ïðîöåññ òåðìîäåñòðóêöèè è òåðìîîêèñëåíèÿ

çàïèñûâàëñÿ êàê ïî ÒÃÀ-ñèãíàëó, òàê è ïî ÄÑÊ. Ñî-

âìåùåííûå ÒÃ-, ÄÒÃ- è ÄÑÊ-êðèâûå ïðåäñòàâëåíû

íà ðèñ. 2.

ÒÃ- è ÄÒÃ-êðèâûå ïîêàçûâàþò, ÷òî íà íà÷àëüíîé

ñòàäèè (òåìïåðàòóðíûé äèàïàçîí 100–250 °Ñ) ïðî-

èñõîäèò áîëåå èíòåíñèâíàÿ ïîòåðÿ ìàññû îáðàçöîâ

äðåâåñèíû ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè ïî

ñðàâíåíèþ ñ îáðàçöàìè ñîâðåìåííîé äðåâåñèíû.

Â ýòîò ïåðèîä, î÷åâèäíî, íà÷èíàåòñÿ îáðàçîâàíèå

óãîëüíûõ ñòðóêòóð, ÷òî îòðàæàåòñÿ íà ñíèæåíèè

ñêîðîñòè ïîòåðè ìàññû íà îñíîâíîì ó÷àñòêå ïîëó-

÷åííûõ òåðìîãðàìì (300–400 °Ñ). Ïîñëåäóþùåå ïî-

âûøåíèå òåìïåðàòóðû ïðèâîäèò ê áîëåå àêòèâíîé

ñòàäèè îêèñëåíèÿ îáðàçóþùåãîñÿ óãîëüíîãî ñëîÿ

ó îáðàçöà äðåâåñèíû, ïîäâåðãàâøåéñÿ äëèòåëüíîìó

åñòåñòâåííîìó ñòàðåíèþ. Ïðè ýòîì íà êðèâûõ ÄÒÃ

è ÄÑÊ çàôèêñèðîâàíî çíà÷èòåëüíîå ïîâûøåíèå ñêî-

ðîñòè ïîòåðè ìàññû, âåëè÷èíû òåïëîâîãî ýôôåêòà

è ñêîðîñòè òåïëîâûäåëåíèÿ ïðè îêèñëèòåëüíîì ïðî-

öåññå. Ðàñ÷åò êèíåòè÷åñêèõ ïàðàìåòðîâ ïî ÄÑÊ-êðè-

âûì îñóùåñòâëÿëñÿ ïî ìåòîäó Áîðõàðäòà-Äýíèåëüñà.

Çíà÷åíèÿ ýíåðãèè àêòèâàöèè ïðîöåññà îêèñëåíèÿ

óãîëüíîãî ñëîÿ óêàçûâàþò íà ñíèæåíèå ýíåðãåòè÷å-

ñêèõ çàòðàò, íåîáõîäèìûõ äëÿ íà÷àëà äàííîãî ïðî-

öåññà, à óìåíüøåíèå çíà÷åíèé ëîãàðèôìà ïðåäýêñ-

ïîíåíòû ìîæåò ñâèäåòåëüñòâîâàòü îá îáðàçîâàíèè

óïîðÿäî÷åííîãî ïî ñâîåé ñòðóêòóðå óãëÿ (òàáë. 2).

Òàêèì îáðàçîì, àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ

ïîêàçûâàåò, ÷òî íà íà÷àëüíîé è îñíîâíîé ñòàäèÿõ

òåðìè÷åñêîãî ðàçëîæåíèÿ îáðàçöîâ äðåâåñèíû ñ äëè-

òåëüíûì ñðîêîì ýêñïëóàòàöèè âñëåäñòâèå ðàííåãî

óãëåîáðàçîâàíèÿ íàáëþäàåòñÿ ñíèæåíèå ñêîðîñòè

ïîòåðè ìàññû îáðàçöîâ. Îäíàêî ïðè äàëüíåéøåì ïî-

âûøåíèè òåìïåðàòóðû ïðîÿâëÿåòñÿ íåãàòèâíàÿ ðîëü

óãîëüíîãî îñòàòêà, îáóñëîâëåííàÿ åãî âûñîêîé ñïî-

ñîáíîñòüþ ê îêèñëåíèþ è âûäåëåíèþ çíà÷èòåëüíî-

ãî êîëè÷åñòâà òåïëà. Äëÿ îáðàçöà äðåâåñèíû ñî ñðî-

êîì ýêñïëóàòàöèè 150 ëåò ñêîðîñòü òåïëîâûäåëåíèÿ

ôàêòè÷åñêè â 1,5 ðàçà âûøå ïî ñðàâíåíèþ ñ îáðàç-

öàìè ñîâðåìåííîé äðåâåñèíû.

Ïîâûøåíèå èíòåíñèâíîñòè ïðîöåññà îáóãëèâà-

íèÿ êîíñòðóêöèé èç äðåâåñèíû, ïîäâåðãàâøåéñÿ äëè-

òåëüíîìó åñòåñòâåííîìó ñòàðåíèþ, ïîäòâåðæäàåòñÿ

ðåçóëüòàòàìè ýêñïåðèìåíòàëüíîé îöåíêè ïàðàìåò-

ðîâ îáóãëèâàíèÿ â óñëîâèÿõ ñòàíäàðòíîãî òåìïåðà-

òóðíîãî ðåæèìà ïîæàðà. Ïðè îäíîñòîðîííåì íàãðåâå

íà ìàëîìàñøòàáíîé óñòàíîâêå ïðîäîëæèòåëüíîñòü

èñïûòàíèé ñîñòàâèëà 30 ìèí. Îáðàçåö êðåïèëñÿ ñ

ïîìîùüþ ñïåöèàëüíîãî äåðæàòåëÿ â âèäå ðàìêè. Äëÿ

èçìåðåíèÿ òåìïåðàòóðû áûëè èñïîëüçîâàíû ëåïåñò-

êîâûå õðîìåëü-àëþìåëåâûå òåðìîïàðû. Òåðìîïàðû

ïîäñîåäèíÿëèñü ê êîíòðîëüíî-èçìåðèòåëüíîìó ïðè-

áîðó “Ýëåìåð”, ïîäêëþ÷åííîìó ê ïåðñîíàëüíîìó

êîìïüþòåðó äëÿ ðåãèñòðàöèè ïîêàçàíèé. Èñïûòàíèÿ

ïðîâîäèëèñü äëÿ êàæäîé ñåðèè íà òðåõ îáðàçöàõ

òîëùèíîé 30–40 ìì, èìåþùèõ ôîðìó êâàäðàòà ñî

ñòîðîíîé 150 ìì. Êðîìå òîãî, îãíåâûå èñïûòàíèÿ

Ðèñ. 1. Èçìåíåíèå ïðåäåëà ïðî÷íîñòè îáðàçöîâ äðåâåñèíû

ñîñíû íà ñæàòèå âäîëü âîëîêîí Rñæ â çàâèñèìîñòè îò òåìïå-

ðàòóðû: 1 — ñîâðåìåííàÿ äðåâåñèíà (Àðõàíãåëüñêàÿ îáë.);

2 — ýëåìåíòû äåðåâÿííîãî ïåðåêðûòèÿ (1890 ã.), òåàòð êó-

êîë “Ãóëëèâåð”, ã. Êóðãàí; 3 — öåðêîâü Íèêîëàÿ ×óäîòâîðöà

(1865 ã.), Áðÿíñêàÿ îáë.
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ïðîâîäèëèñü íà îáðàçöàõ äåðåâÿííûõ áàëîê ñå÷å-

íèåì 150�150 ìì è äëèíîé 1,5 ì.

Â òàáë. 3 ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè ïàðà-

ìåòðîâ îáóãëèâàíèÿ (òîëùèíà óãîëüíîãî ñëîÿ �ê,

ñêîðîñòü îáóãëèâàíèÿ v, ïëîòíîñòü óãîëüíîãî îñòàò-

êà 	ê, âðåìÿ íà÷àëà ïëàìåííîãî ãîðåíèÿ �0) èññëå-

äóåìûõ îáðàçöîâ â ìàëîìàñøòàáíîé îãíåâîé ïå÷è

â óñëîâèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæèìà

ïîæàðà.

Ðåçóëüòàòû, ïðèâåäåííûå â òàáë. 3, ñâèäåòåëüñò-

âóþò î òîì, ÷òî ïðè óâåëè÷åíèè ñðîêà ýêñïëóàòàöèè

äåðåâÿííûõ êîíñòðóêöèé íàáëþäàåòñÿ èíòåíñèôè-

êàöèÿ ïðîöåññà îáóãëèâàíèÿ äðåâåñèíû. Òàê, â óñëî-

âèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî âîçäåéñòâèÿ íà

äåðåâÿííûå êîíñòðóêöèè ñî ñðîêîì ýêñïëóàòàöèè

150 ëåò (öåðêîâü Íèêîëàÿ ×óäîòâîðöà, Áðÿíñêàÿ îáë.)

ñêîðîñòü îáóãëèâàíèÿ äðåâåñèíû áûëà â 2,6 ðàçà

âûøå ïî ñðàâíåíèþ ñ ñîâðåìåííîé.

Ïëîòíîñòü îáðàçóþùåãîñÿ óãîëüíîãî îñòàòêà ñ

óâåëè÷åíèåì ñðîêà ýêñïëóàòàöèè äðåâåñèíû çíà÷è-

òåëüíî ñíèæàåòñÿ. Ýòî ìîæåò ñâèäåòåëüñòâîâàòü

î òîì, ÷òî îáðàçóþùèéñÿ óãîëüíûé ñëîé îáëàäàåò

ðàçâèòîé ïîðèñòîé ñòðóêòóðîé è áîëåå íèçêèìè òåï-

ëîôèçè÷åñêèìè õàðàêòåðèñòèêàìè ïî ñðàâíåíèþ ñ

îáðàçöàìè ñîâðåìåííîé äðåâåñèíû. Îáðàçîâàíèå ïî-

äîáíûõ óãîëüíûõ ñòðóêòóð, íàðÿäó ñ óìåíüøåíèåì

êîëè÷åñòâà ëåãêîëåòó÷èõ êîìïîíåíòîâ â äðåâåñèíå,

ïîäâåðãàâøåéñÿ ïðîäîëæèòåëüíîìó åñòåñòâåííîìó

Íîìåð
îáðàçöà

Ðàñ÷åòíûé ïàðàìåòð ïî ÄÑÊ-êðèâûì
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0 15318 30,2 331,0 20,15 1

1 25218 28,9 247,9 14,60 1

2 21580 37,3 249,8 14,82 1

3 22176 46,6 240,7 14,23 1

* Òåïëîâîé ýôôåêò îòíåñåí ê ìàññå óãîëüíîãî îñòàòêà.

** Ñêîðîñòü òåïëîâûäåëåíèÿ îòíåñåíà ê ïåðâîíà÷àëüíîé

ìàññå îáðàçöà.

Òàáëèöà 2. Õàðàêòåðèñòèêè ïðîöåññà îêèñëåíèÿ óãîëüíî-
ãî îñòàòêà äëÿ îáðàçöîâ äðåâåñèíû ñ ðàçëè÷íûìè ñðîêàìè
ýêñïëóàòàöèè

Ðèñ. 2. Ðåçóëüòàòû òåðìè÷åñêîãî àíàëèçà (ÒÃ, ÄÒÃ, ÄÑÊ) èññëåäóåìûõ îáðàçöîâ äðåâåñèíû ñîñíû ñ ðàçëè÷íûìè ñðîêàìè ýêñï-

ëóàòàöèè (íîìåðà îáðàçöîâ ñì. â òàáë. 1)
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ñòàðåíèþ, ïðèâîäèò ê ïîâûøåíèþ óñòîé÷èâîñòè

ìàòåðèàëà ê âîñïëàìåíåíèþ. Äëÿ âñåõ èññëåäóåìûõ

îáðàçöîâ äðåâåñèíû ñ äëèòåëüíûì ñðîêîì ýêñïëóà-

òàöèè óâåëè÷èâàåòñÿ âðåìÿ íà÷àëà ïëàìåííîãî ãî-

ðåíèÿ.

Íà ðèñ. 3 ïðåäñòàâëåíû ôîòîñíèìêè ïîâåðõíî-

ñòè èññëåäóåìûõ îáðàçöîâ äðåâåñèíû ïîñëå îãíåâûõ

èñïûòàíèé â ìàëîìàñøòàáíîé îãíåâîé ïå÷è â óñëî-

âèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà.

Èç ôîòîñíèìêîâ âèäíî, ÷òî äëÿ ñîâðåìåííîé

äðåâåñèíû ñîñíû õàðàêòåðíî çíà÷èòåëüíîå îáóãëè-

âàíèå ñ îáðàçîâàíèåì ãëóáîêèõ óñàäî÷íûõ òðåùèí.

Äëÿ îáðàçöîâ ñ äëèòåëüíûì ñðîêîì ýêñïëóàòàöèè,

íàðÿäó ñ âûñîêîé ñòåïåíüþ òåðìè÷åñêîãî ïîâðåæ-

äåíèÿ, õàðàêòåðíû “ñëåäû” ïåðåóãëèâàíèÿ âåðõíèõ

óãîëüíûõ ñëîåâ âñëåäñòâèå èõ âûñîêîé îêèñëèòåëü-

íîé àêòèâíîñòè, èíòåíñèâíîãî òåïëîâûäåëåíèÿ è

ñîçäàíèÿ âûñîêîòåìïåðàòóðíîãî ïîëÿ â çîíå ïèðî-

ëèçà ïîâåðõíîñòíîãî ñëîÿ. Ýòè îñîáåííîñòè ïðî-

öåññà îáóãëèâàíèÿ, ñâîéñòâà è ñòðóêòóðà óãîëüíîãî

ñëîÿ ÿâëÿþòñÿ îïðåäåëÿþùèìè ïðè ðàññìîòðåíèè

ïîâåäåíèÿ äåðåâÿííûõ êîíñòðóêöèé ñ äëèòåëüíûì

ñðîêîì ýêñïëóàòàöèè â óñëîâèÿõ ïîæàðà è èõ îãíå-

ñòîéêîñòè.

Äëÿ èññëåäîâàíèÿ õàðàêòåðèñòèê ïîâåðõíîñòíî-

ãî óãîëüíîãî ñëîÿ áûë èñïîëüçîâàí ìåòîä ñîðáöèè

ïàðîâ. Àäñîðáåíò ïðåäñòàâëÿë ñîáîé óãîëüíûé ïî-

ðîøîê ìåëêîé ôðàêöèè (0,3–0,5 ìì). Îáðàçöû óãëÿ

áûëè îòîáðàíû ñ îáðàçöîâ äðåâåñèíû, èñïûòàííûõ

â ìàëîìàñøòàáíîé óñòàíîâêå â óñëîâèÿõ ñòàíäàðò-

íîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà. Â êà÷åñòâå àä-

ñîðáàòà èñïîëüçîâàëñÿ áåíçîë, ïîñêîëüêó ýòî âåùå-

ñòâî èìååò áîëüøîå ïîâåðõíîñòíîå íàòÿæåíèå è ìî-

æåò ñìà÷èâàòü ïîâåðõíîñòü êàïèëëÿðîâ äðåâåñèíû.

Êèíåòè÷åñêèå êðèâûå àäñîðáöèè óãîëüíûõ îñòàòêîâ

èññëåäóåìûõ îáðàçöîâ ïðåäñòàâëåíû íà ðèñ. 4.

Ðèñ. 3. Âèä ïîâåðõíîñòè îáðàçöîâ äðåâåñèíû ïîñëå îãíåâûõ èñïûòàíèé â ìàëîìàñøòàáíîé óñòàíîâêå: à — ñîâðåìåííîé

(Àðõàíãåëüñêàÿ îáë.); á — ýëåìåíòû äåðåâÿííîãî ïåðåêðûòèÿ (1890 ã.), òåàòð êóêîë “Ãóëëèâåð”, ã. Êóðãàí; â — öåðêîâü Íèêîëàÿ

×óäîòâîðöà (1865 ã.), Áðÿíñêàÿ îáë.

Íîìåð

îáðàçöà
Îáðàçåö

	,

êã�ì3 *
�ê, ìì

v,

ìì�ìèí

	ê,

êã�ì3 �0, ñ

1 Äðåâåñèíà ñîñíû ñîâðåìåííîé 452 16,5 0,62 252 224

2 Äðåâåñèíà ñîñíû, íåæèëîé äîì (1952 ã.), ñ. Æàíàæîë, Ñåâåðî-
Êàçàõñòàíñêàÿ îáë., Ðåñïóáëèêà Êàçàõñòàí

477 24 0,94 246 280

3 Äðåâåñèíà ñîñíû, íåæèëîé äîì (1928 ã.), ñ. Êàéûíäû, Êîñòà-
íàéñêàÿ îáë., Ðåñïóáëèêà Êàçàõñòàí

546 28 1,1 237 295

4 Äðåâåñèíà ñîñíû, ýëåìåíòû äåðåâÿííîãî ïåðåêðûòèÿ (1890 ã.),
òåàòð êóêîë “Ãóëëèâåð”, ã. Êóðãàí

588 31 1,26 224 325

5 Äðåâåñèíà ñîñíû, öåðêîâü Íèêîëàÿ ×óäîòâîðöà (1865 ã.),
Áðÿíñêàÿ îáë.

643 35 1,43 220 335

6 Ñîñíà, íåñóùàÿ äåðåâÿííàÿ áàëêà (ñå÷åíèåì 150�150 ìì,
äëèíîé 1,5 ì)

452 13 0,5 258 310

7 Äðåâåñèíà ñîñíû, öåðêîâü Íèêîëàÿ ×óäîòâîðöà (1865 ã.),

Áðÿíñêàÿ îáëàñòü (áàëêà ñå÷åíèåì 150�150 ìì, äëèíîé 1,5 ì)

643 33 1,3 215 420

* Ïëîòíîñòü îáðàçöîâ äðåâåñèíû ïåðåä ïðîâåäåíèåì îãíåâûõ èñïûòàíèé ñîñòàâëÿëà 12 %.

Òàáëèöà 3. Ðåçóëüòàòû îöåíêè ïàðàìåòðîâ îáóãëèâàíèÿ ýëåìåíòîâ äåðåâÿííûõ êîíñòðóêöèé â ìàëîìàñøòàáíîé îãíåâîé
ïå÷è â óñëîâèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà
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Èç ðèñ. 4 âèäíî, ÷òî ìàêñèìàëüíûå çíà÷åíèÿ ïðè-

âåñà àäñîðáàòà íàáëþäàþòñÿ ó óãîëüíîãî îñòàòêà

äðåâåñèíû ñîñíû ñî ñðîêîì ýêñïëóàòàöèè 150 ëåò

(26,76 %), ÷òî ôàêòè÷åñêè â 2 ðàçà ïðåâûøàåò ñòå-

ïåíü ïîãëîùåíèÿ am îáðàçöîâ óãëåé äëÿ äðåâåñèíû

ñîâðåìåííîé (14,8 %). Äëÿ óãîëüíîãî îñòàòêà ñîâðå-

ìåííîé äðåâåñèíû õàðàêòåðíî áûñòðîå íàñûùåíèå

ïàðàìè àäñîðáåíòà íà íà÷àëüíîì ýòàïå è äàëüíåé-

øàÿ ñòàáèëèçàöèÿ êðèâîé. Ïîëíîå íàñûùåíèå îá-

ðàçöîâ ïàðàìè áåíçîëà ïðîèñõîäèò çà 6 ñóò.

Äëÿ óãîëüíîãî îñòàòêà äðåâåñèíû äëèòåëüíîãî

åñòåñòâåííîãî ñòàðåíèÿ õàðàêòåðíî ìåäëåííîå íà-

ñûùåíèå íà íà÷àëüíîì ýòàïå (ïåðâûå 2–3 ÷), äàëü-

íåéøàÿ èíòåíñèôèêàöèÿ ïðîöåññà è ðàâíîìåðíîå

íàñûùåíèå. Êàê ïîêàçûâàþò ðåçóëüòàòû èñïûòàíèé,

ïåðèîä ïîãëîùåíèÿ ïàðîâ áåíçîëà äëÿ äðåâåñèíû

åñòåñòâåííîãî ñòàðåíèÿ áîëåå äëèòåëüíûé ïî ñðàâ-

íåíèþ ñ îáðàçöîì äðåâåñèíû ñîâðåìåííîé. Ïîëíîå

íàñûùåíèå îáðàçöîâ ïàðàìè áåíçîëà ïðîèñõîäèò íà

8-å ñóòêè, ÷òî ïîäòâåðæäàåò âûñêàçûâàíèå î áîëåå

ðàçâèòîé ñòðóêòóðå óãîëüíîãî ñëîÿ ó äðåâåñèíû,

ïîäâåðãàâøåéñÿ äëèòåëüíîìó åñòåñòâåííîìó ñòà-

ðåíèþ.

Äëÿ îáúÿñíåíèÿ ïîëó÷åííûõ ðåçóëüòàòîâ áûëè

ðàññ÷èòàíû õàðàêòåðèñòèêè ïîðèñòîé ñòðóêòóðû

óãîëüíûõ îñòàòêîâ: ñóììàðíûé îáúåì ïîð V�, ñðåä-

íèé ðàäèóñ ïîð dñð è óäåëüíàÿ ïëîùàäü ïîâåðõíî-

ñòè óãîëüíûõ ñëîåâ Sóä. Ðåçóëüòàòû ðàñ÷åòîâ õàðàê-

òåðèñòèê ñòðóêòóðû óãîëüíûõ ñëîåâ ïðèâåäåíû â

òàáë. 4.

Òàêèì îáðàçîì, ïðè óâåëè÷åíèè ñðîêà ýêñïëóà-

òàöèè äåðåâÿííûõ êîíñòðóêöèé íàáëþäàåòñÿ àêòèâ-

íàÿ èíòåíñèôèêàöèÿ ïðîöåññà îáóãëèâàíèÿ â óñëî-

âèÿõ ïîæàðà. Íåêîòîðîå ñíèæåíèå ïîòåðè ìàññû íà

îñíîâíîì ó÷àñòêå òåðìîðàçëîæåíèÿ äðåâåñèíû îáó-

ñëîâëåíî îñîáåííîñòÿìè ìåëêîïîðèñòîé ñòðóêòóðû

óãîëüíîãî ñëîÿ è, ïî âñåé âèäèìîñòè, ñíèæåíèåì åãî

òåïëîïðîâîäíîñòè. Îäíàêî â äàëüíåéøåì ïðè ïî-

âûøåíèè òåìïåðàòóðû îáðàçîâàâøàÿñÿ óãîëüíàÿ

ñòðóêòóðà ñ óâåëè÷åííîé óäåëüíîé ïëîùàäüþ ïî-

âåðõíîñòè è óäåëüíûì îáúåìîì ïîð ñïîñîáñòâóåò

åãî ïîâûøåííîé îêèñëÿåìîñòè, âûãîðàíèþ è áåñ-

ïëàìåííîìó (òëåþùåìó) ãîðåíèþ. Èçìåíåíèå õèìè-

÷åñêîãî ñîñòàâà äðåâåñèíû è çíà÷èòåëüíàÿ òðàíñ-

ôîðìàöèÿ ñòðóêòóðû â ðåçóëüòàòå åå äëèòåëüíîé

ýêñïëóàòàöèè ïðèâîäÿò ê óñêîðåíèþ ïðîöåññà îáóã-

ëèâàíèÿ äåðåâÿííûõ êîíñòðóêöèé, ñíèæåíèþ òåìïå-

ðàòóðíîãî ïîðîãà óòðàòû ïåðâîíà÷àëüíûõ ìåõàíè-

÷åñêèõ õàðàêòåðèñòèê äðåâåñèíû, ÷òî íåìèíóåìî

ñêàæåòñÿ íà ïðåäåëå îãíåñòîéêîñòè äåðåâÿííûõ êîí-

ñòðóêöèé.

Â ïîäòâåðæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ áûëà

ïðîâåäåíà ýêñïåðèìåíòàëüíàÿ îöåíêà îãíåñòîéêî-

ñòè äåðåâÿííûõ êîíñòðóêöèé ñ ïðîäîëæèòåëüíûì

ñðîêîì ýêñïëóàòàöèè â óñëîâèÿõ êðóïíîìàñøòàáíûõ

îãíåâûõ èñïûòàíèé. Îãíåâûå èñïûòàíèÿ ïî ÃÎÑÒ

30247.0–94 è ÃÎÑÒ 30247.1–94 ïðîâîäèëèñü â öåëÿõ

îïðåäåëåíèÿ âðåìåíè ñ ìîìåíòà íà÷àëà îäíîñòîðîí-

íåãî òåïëîâîãî âîçäåéñòâèÿ äî íàñòóïëåíèÿ ïðå-

äåëüíîãî ñîñòîÿíèÿ êîíñòðóêöèè ïî îãíåñòîéêîñòè

R, ãëóáèíå è ñêîðîñòè îáóãëèâàíèÿ, à òàêæå âðåìå-

íè ïðîãðåâà äåðåâÿííîé áàëêè ïî ãëóáèíå.

Íà èñïûòàíèÿ áûë ïðåäñòàâëåí îáðàçåö íåñóùåé

áàëêè èç äðåâåñèíû ñîñíû, ïðîèçðàñòàþùåé â Àðõàí-

ãåëüñêîé îáë. (âëàæíîñòü 12,0%,ïëîòíîñòü 452 êã�ì3),

è îáðàçåö íåñóùåé áàëêè èç äðåâåñèíû ñîñíû èç

Öåðêâè Íèêîëàÿ ×óäîòâîðöà (Áðÿíñêàÿ îáë., 1865 ã.

ïîñòðîéêè) (âëàæíîñòü 12,0 %, ïëîòíîñòü 643 êã�ì3).

Ñå÷åíèå äåðåâÿííûõ êîíñòðóêöèé — 200�200 ìì,

äëèíà — 3500 ìì.

Ïî ðåçóëüòàòàì îãíåâûõ èñïûòàíèé ïðîâîäèëàñü

îöåíêà ñêîðîñòè îáóãëèâàíèÿ, òîëùèíû îáóãëèâàíèÿ,

âðåìåíè âîñïëàìåíåíèÿ è òåìïåðàòóðû ïî òîëùèíå

áàëêè (ðàçìåùåíèå òåðìîýëåêòðè÷åñêèõ ïðåîáðà-

çîâàòåëåé âíóòðè îáðàçöà ïðåäñòàâëåíî íà ðèñ. 5).

Îáðàçöû íàãðóæàëèñü â öåíòðå èñïûòàòåëüíîé

íàãðóçêîé ìàññîé 150 êã ïåðåä íà÷àëîì ïðîâåäåíèÿ

Íîìåð
îáðàçöà

am, % V�, ñì3�ã dñð, íì Sóä, ì2�ã

1 14,8 0,4726 25,03348 377,5744

2 16,53 0,3968 20,56678 823,7534

3 18,48 0,6812 18,51378 1038,637

4 21,81 0,6327 12,80586 1554,8574

5 26,76 0,5234 14,65459 1645,7461

Òàáëèöà 4. Õàðàêòåðèñòèêè ïîðèñòîé ñòðóêòóðû óãîëüíûõ
ñëîåâ

Ðèñ. 4. Êèíåòè÷åñêèå êðèâûå ñîðáöèè ïàðîâ áåíçîëà äëÿ

óãîëüíûõ îñòàòêîâ ó îáðàçöîâ äðåâåñèíû ñîñíû ñ ðàçëè÷íû-

ìè ñðîêàìè ýêñïëóàòàöèè: 1 — ñîâðåìåííàÿ äðåâåñèíà; 2 —

íåæèëîé äîì (1952 ã.), ñ. Æàíàæîë, Ñåâåðî-Êàçàõñòàíñêàÿ

îáëàñòü, Ðåñïóáëèêà Êàçàõñòàí; 3 — íåæèëîé äîì (1928 ã.),

ñ. Êàéûíäû, Êîñòàíàéñêàÿ îáë., Ðåñïóáëèêà Êàçàõñòàí; 4 —

ýëåìåíòû äåðåâÿííîãî ïåðåêðûòèÿ (1890 ã.), òåàòð êóêîë

“Ãóëëèâåð”; 5 — öåðêîâü Íèêîëàÿ ×óäîòâîðöà (1865 ã.),

Áðÿíñêàÿ îáë.
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èñïûòàíèé. Âðåìÿ èñïûòàíèé äëÿ âñåõ îáðàçöîâ

ñîñòàâëÿëî 30 ìèí. Ïðè ïðèëîæåíèè íàãðóçêè áûëî

îáåñïå÷åíî óñëîâèå, ïðè êîòîðîì â ñëó÷àå âîçìîæ-

íîé äåôîðìàöèè êîíñòðóêöèè ãðóç íå ñìåùàëñÿ è

íå âëèÿë íà ïðåäåë îãíåñòîéêîñòè âñëåäñòâèå èçìå-

íåíèÿ óñëîâèé òåïëîîáìåíà ñ îêðóæàþùåé ñðåäîé.

Íà ðèñ. 6 ïðåäñòàâëåí ôðàãìåíò äåðåâÿííîé áàëêè

â êàìåðå îãíåâîé ïå÷è âî âðåìÿ èñïûòàíèé.

Íàèáîëåå âàæíûì â ýòîé ñåðèè èñïûòàíèé ïðåä-

ñòàâëÿëàñü ðåãèñòðàöèÿ ïàðàìåòðîâ îáóãëèâàíèÿ äå-

ðåâÿííûõ êîíñòðóêöèé â óñëîâèÿõ ñòàíäàðòíîãî òåì-

ïåðàòóðíîãî ðåæèìà ïîæàðà. Çíà÷åíèÿ ãëóáèíû è

ñêîðîñòè îáóãëèâàíèÿ äåðåâÿííûõ êîíñòðóêöèé (áà-

ëîê) ïðèâåäåíû â òàáë. 5.

Ðåçóëüòàòû, ïðåäñòàâëåííûå â òàáë. 5, ïîêàçûâà-

þò, ÷òî äëÿ äåðåâÿííûõ êîíñòðóêöèé ñ äëèòåëüíûì

ñðîêîì ýêñïëóàòàöèè èíòåíñèâíîñòü ïðîöåññà îáóã-

ëèâàíèÿ âî âðåìÿ îãíåâûõ èñïûòàíèé ïîâûøàåòñÿ

ôàêòè÷åñêè â 1,8 ðàçà ïî ñðàâíåíèþ ñ ñîâðåìåííîé

áàëêîé. Çíà÷åíèÿ ñêîðîñòè îáóãëèâàíèÿ äëÿ ñîâðå-

Ðèñ. 5. Ñõåìà óñòàíîâêè òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé âíóòðè îáðàçöà äåðåâÿííîé áàëêè

Îáðàçåö Ïîêàçàòåëü

Ìåñòî èçìåðåíèÿ — ðàññòîÿíèå îò òîðöåâîé ÷àñòè
ïî äëèíå áàëêè, ì

Ñðåäíåå
çíà÷åíèåÂ òîð-

öåâîé
÷àñòè

0,5 1,0 1,5 1,75 1,5 1,0 0,5
Â òîð-
öåâîé
÷àñòè

Äðåâåñèíà ñîâðåìåííîé ñîñíû (íå-
ñóùàÿ äåðåâÿííàÿ áàëêà ñå÷åíèåì

200�200 ìì, äëèíîé 3,5 ì).
Âðåìÿ âîñïëàìåíåíèÿ 5 ìèí 20 ñ

Ãëóáèíà îáóãëè-
âàíèÿ, ìì

17 17 16 15 15 15 16 16 17 15

Ñêîðîñòü îáóã-

ëèâàíèÿ, ìì�ìèí

0,69 0,69 0,64 0,6 0,6 0,6 0,64 0,64 0,69 0,6

Äðåâåñèíà ñîñíû, öåðêîâü Íèêîëàÿ
×óäîòâîðöà, Áðÿíñêàÿ îáë. (1865 ã.)
(íåñóùàÿ äåðåâÿííàÿ áàëêà ñå÷åíè-

åì 200�200 ìì, äëèíîé 3,5 ì).
Âðåìÿ âîñïëàìåíåíèÿ 6 ìèí 40 ñ

Ãëóáèíà îáóãëè-
âàíèÿ, ìì

27 27 25 26 26 26 26 27 28 26

Ñêîðîñòü îáóã-

ëèâàíèÿ, ìì�ìèí

1,11 1,11 1,03 1,1 1,1 1,1 1,1 1,11 1,2 1,1

Òàáëèöà 5. Çíà÷åíèÿ ãëóáèíû è ñêîðîñòè îáóãëèâàíèÿ äåðåâÿííûõ êîíñòðóêöèé (áàëîê)

Ðèñ. 6. Ôðàãìåíò îáðàçöà äåðåâÿííîé áàëêè âî âðåìÿ îãíå-

âûõ èñïûòàíèé

Ðèñ. 7. Îáùèé âèä îáðàçöîâ äåðåâÿííûõ áàëîê ïîä íàãðóç-

êîé âî âðåìÿ îãíåâûõ èñïûòàíèé
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ìåííîé äðåâåñèíû ñîïîñòàâèìû ñî çíà÷åíèÿìè äàí-

íîãî ïîêàçàòåëÿ, ïðåäñòàâëåííûìè â îòå÷åñòâåííîé

è çàðóáåæíîé íîðìàòèâíîé è íàó÷íîé ëèòåðàòóðå

[10–14]. Âàæíûì ÿâëÿåòñÿ òî, ÷òî ðàñõîæäåíèå ðå-

çóëüòàòîâ èçìåðåíèé ñêîðîñòè îáóãëèâàíèÿ â ìàëî-

ìàñøòàáíîé îãíåâîé ïå÷è è êðóïíîìàñøòàáíîé óñòà-

íîâêå ñîñòàâëÿåò íå áîëåå 15 %, ÷òî ïîçâîëÿåò ïðåä-

ñêàçûâàòü çíà÷åíèÿ ïàðàìåòðîâ îáóãëèâàíèÿ ïðè

èñïûòàíèÿõ íà íåáîëüøèõ îáðàçöàõ â óñëîâèÿõ îä-

íîñòîðîííåãî íàãðåâà.

Èññëåäîâàíèÿìè óñòàíîâëåíî, ÷òî ñ óâåëè÷åíè-

åì ñðîêà ýêñïëóàòàöèè äåðåâÿííûõ êîíñòðóêöèé äî

150 ëåò íàáëþäàåòñÿ ïîâûøåíèå óñòîé÷èâîñòè ê

âîñïëàìåíåíèþ â 1,3 ðàçà, ÷òî ïîäòâåðæäàåò âûñêà-

çàííîå ïðåäïîëîæåíèå î áîëåå ðàííåì íà÷àëå ïðî-

öåññà îáóãëèâàíèÿ è ôîðìèðîâàíèè ñïåöèôè÷åñêîãî

óãîëüíîãî ñëîÿ ñ óïîðÿäî÷åííîé ñòðóêòóðîé. Çà âðå-

ìÿ èñïûòàíèé 30 ìèí ïðåäåëüíîå ñîñòîÿíèå äåðå-

âÿííûõ êîíñòðóêöèé ïî íåñóùåé ñïîñîáíîñòè íå íà-

ñòóïèëî.

Äëÿ ñëåäóþùåé ñåðèè èñïûòàíèé îñíîâíîé çà-

äà÷åé áûëî íàõîæäåíèå ïðåäåëà îãíåñòîéêîñòè äå-

ðåâÿííûõ êîíñòðóêöèé ñå÷åíèåì 180�180 ìì è äëè-

íîé 2,5 ì. Áàëêè íàãðóæàëèñü â öåíòðå èñïûòàòåëü-

íîé íàãðóçêîé ìàññîé 100 êã. Äâà îáðàçöà äåðåâÿííûõ

áàëîê (ïåðâûé — áàëêà ñîâðåìåííàÿ; âòîðîé —

áàëêà ñî ñðîêîì ýêñïëóàòàöèè 150 ëåò) îäíîâðåìåí-

íî ïîäâåðãàëèñü âîçäåéñòâèþ ñòàíäàðòíîãî òåìïå-

ðàòóðíîãî ðåæèìà ïîæàðà. Íà ðèñ. 7 ïðåäñòàâëåíû

ôðàãìåíòû äåðåâÿííûõ áàëîê ïîä íàãðóçêîé âî

âðåìÿ îãíåâûõ èñïûòàíèé.

Â ðåçóëüòàòå íàáëþäåíèé áûëî óñòàíîâëåíî, ÷òî

äëÿ äåðåâÿííîé áàëêè ñ äëèòåëüíûì ñðîêîì ýêñïëó-

àòàöèè ÷åðåç 25 ìèí ñ íà÷àëà îãíåâûõ èñïûòàíèé

ïðîãèá êîíñòðóêöèè â öåíòðàëüíîé ÷àñòè ñîñòàâèë

10 %, à ÷åðåç 32 ìèí — 15 %. Îáðóøåíèå áàëêè (ïðå-

äåë îãíåñòîéêîñòè êîíñòðóêöèè ïî ïîòåðå íåñóùåé

ñïîñîáíîñòè) ïðîèçîøëî íà 37-é ìèíóòå.

Äëÿ ñîâðåìåííîé áàëêè ïðîãèá êîíñòðóêöèè â

öåíòðàëüíîé ÷àñòè ñîñòàâèë 15 % òîëüêî íà 74-é ìè-

íóòå. Ïðåäåë îãíåñòîéêîñòè äàííîé êîíñòðóêöèè

ïî ïîòåðå íåñóùåé ñïîñîáíîñòè íàñòóïèë íà 81-é

ìèíóòå. Çíà÷èòåëüíîå ñíèæåíèå ïðåäåëà îãíåñòîé-

êîñòè äåðåâÿííûõ êîíñòðóêöèé ñ óâåëè÷åíèåì ñðîêà

èõ ýêñïëóàòàöèè äî 150 ëåò (â 2,2 ðàçà) îáóñëîâëåíî

ïîâûøåíèåì ñêîðîñòè îáóãëèâàíèÿ êîíñòðóêöèé,

ñíèæåíèåì òåìïåðàòóðíûõ ïîêàçàòåëåé ïðîöåññà

îáóãëèâàíèÿ è ïîòåðåé ïåðâîíà÷àëüíûõ ìåõàíè÷å-

ñêèõ õàðàêòåðèñòèê äðåâåñèíû, à òàêæå ïîâûøåíè-

åì îêèñëèòåëüíîé è òåïëîòâîðíîé ñïîñîáíîñòè îá-

ðàçóþùåãîñÿ óãîëüíîãî ñëîÿ.

Çàêëþ÷åíèå

Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ

îãíåñòîéêîñòè äåðåâÿííûõ êîíñòðóêöèé ñ ïðîäîë-

æèòåëüíûì ñðîêîì ýêñïëóàòàöèè. Ïîêàçàíî, ÷òî ñ

óâåëè÷åíèåì ñðîêà ýêñïëóàòàöèè äåðåâÿííûõ êîíñò-

ðóêöèé äî 150 ëåò ïîâûøàþòñÿ ïëîòíîñòü è ôèçèêî-

ìåõàíè÷åñêèå õàðàêòåðèñòèêè äðåâåñèíû. Îäíàêî

ïðè òåìïåðàòóðíîì âîçäåéñòâèè ïîäîáíûå êîíñò-

ðóêöèè òåðÿþò ñâîè ïåðâîíà÷àëüíûå ïðî÷íîñòíûå

ñâîéñòâà óæå ïðè òåìïåðàòóðå 80 °Ñ.

Óñòàíîâëåíî çíà÷èòåëüíîå âëèÿíèå âðåìåííîãî

ôàêòîðà íà ñêîðîñòü îáóãëèâàíèÿ äåðåâÿííûõ êîí-

ñòðóêöèé. Òàê, äëÿ äåðåâÿííîé áàëêè ñî ñðîêîì ýêñ-

ïëóàòàöèè 150 ëåò ñêîðîñòü îáóãëèâàíèÿ ïîâûøà-

åòñÿ â 1,8 ðàçà ïî ñðàâíåíèþ ñ ñîâðåìåííîé êîíñòðóê-

öèåé èç äðåâåñèíû â óñëîâèÿõ ñòàíäàðòíûõ îãíåâûõ

èñïûòàíèé. Ïîêàçàíî, ÷òî íà÷àëî ïðîöåññà îáóãëè-

âàíèÿ äåðåâÿííûõ êîíñòðóêöèé ñ óâåëè÷åíèåì ñðî-

êà ýêñïëóàòàöèè ñìåùàåòñÿ â îáëàñòü áîëåå íèçêèõ

òåìïåðàòóð. Ñïåöèôè÷åñêèå ñâîéñòâà è ñòðóêòóðà

óãîëüíûõ ñëîåâ ñïîñîáñòâóþò ñíèæåíèþ ñêîðîñòè

ïîòåðè ìàññû íà îñíîâíîì ó÷àñòêå òåðìè÷åñêîãî

ðàçëîæåíèÿ è ïîâûøåíèþ óñòîé÷èâîñòè ê âîñïëà-

ìåíåíèþ. Îäíàêî ïðè äàëüíåéøåì âîçðàñòàíèè òåì-

ïåðàòóðû äëÿ ïîäîáíûõ óãîëüíûõ ñëîåâ õàðàêòåðíà

âûñîêàÿ îêèñëèòåëüíàÿ è òåïëîòâîðíàÿ ñïîñîáíîñòü,

ñêëîííîñòü ê àêòèâíîìó âûãîðàíèþ è áåñïëàìåí-

íîìó (òëåþùåìó) ãîðåíèþ.

Ðàñõîæäåíèå ðåçóëüòàòîâ èçìåðåíèé ñêîðîñòè

îáóãëèâàíèÿ â ýêñïåðèìåíòàëüíîé ìàëîìàñøòàáíîé

îãíåâîé ïå÷è è êðóïíîìàñøòàáíîé óñòàíîâêå ñî-

ñòàâëÿåò íå áîëåå 15 %, ÷òî ïîçâîëÿåò ïðîâîäèòü ïðî-

ãíîçíóþ îöåíêó ïàðàìåòðîâ îáóãëèâàíèÿ íà íåáîëü-

øèõ îáðàçöàõ â óñëîâèÿõ îäíîñòîðîííåãî íàãðåâà.

Èçìåíåíèÿ ôèçèêî-õèìè÷åñêèõ è ìåõàíè÷åñêèõ

ñâîéñòâ äðåâåñèíû ñ äëèòåëüíûì ñðîêîì ýêñïëóàòà-

öèè, ïðîèñõîäÿùèå ïðè âîçäåéñòâèè âûñîêèõ òåì-

ïåðàòóð, ïðèâîäÿò â öåëîì ê ñíèæåíèþ ïðåäåëà îã-

íåñòîéêîñòè äåðåâÿííîé êîíñòðóêöèè ïî ïîòåðå íå-

ñóùåé ñïîñîáíîñòè â 2,2 ðàçà.

Ïî ðåçóëüòàòàì ïðîâåäåííîãî èññëåäîâàíèÿ ñëå-

äóåò êîíñòàòèðîâàòü ôàêò ïîÿâëåíèÿ íîâîãî âèäà

óãðîçû, ñâÿçàííîé ñ îñîáåííîñòÿìè ïîâåäåíèÿ äå-

ðåâÿííûõ êîíñòðóêöèé ñ äëèòåëüíûì ñðîêîì ýêñ-

ïëóàòàöèè â óñëîâèÿõ ïîæàðà, à òàêæå ñ íåñòàíäàðò-

íûìè êîëè÷åñòâåííûìè ïîêàçàòåëÿìè ïðîöåññà îáóã-

ëèâàíèÿ è îãíåñòîéêîñòè ýòèõ êîíñòðóêöèé.
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ABSTRACT

Within the latest decades, the research community has been focused on changes that may take place in

qualitative characteristics of wood after long-term use of wooden structures used in buildings and

structures. These are research papers by such scientists, as Varfolomeev Yu. A., Gusev B. P., Keskülla

T. E., Kisternaya M. V., Okamoto K., Pishchik I. I., Terentyev V. Ya., Fefilov V. V., Fukada E.,

Shapovalova L. G. and others. Such papers have shown major impacts produced by long-term natural

ageing upon physicochemical, mechanical and other properties of wood due to structural and che-

mical transformations taking place in the wood.

Today, impact produced by long-term natural ageing of wood upon its fire hazard rates continues

to be under-investigated. As shown by analysis of conflagration accidents that have taken place,
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facilities having long useful-life and containing wooden structures behave unusually when exposed to

high temperatures. Temperatures abnormally high, rapid propagation of fire and high-rate thermal

damage to structures affected are most typical for such conflagrations. Non-standard behavior of long

useful-life wooden structures in case of conflagrations and their fire hazard have been dealt with in

research papers by such scientists as Aseeva R. M., Naganovskiy Yu. K., Pokrovskaya E. N., Serkov B. B.

and Sivenkov A. B. In such papers, their authors have provided evidence of high-rate combustion

hazard wooden structures acquire due to their long-term natural ageing. However, effects produced by

long-term use of wooden structures used in buildings and structures upon their fire resistance continue

to be poorly understood, and approaches best fit for making their fire-safe are still in need of investi-

gation. Lack of scientific research in this area and the actually neglectful attitude to fire safety regula-

tions and references system, as applicable to such factor as wooden structures’ terms of use, provide

a paramount importance to findings made by the study.

The principal purpose of this study was investigation into the impact of their long-term use upon

fire resistance of wooden structures (WS) and upon their carbonization specifics combined with loss

of WS sustaining capability in case of a conflagration.

It was the first time that investigation was ever made into behavior displayed by long useful-life

wooden structures when exposed to a conflagration. It has been shown that time is a major factor

contributing into carbonization rapidity (in the course of the use, such carbonization rapidity grows

2-fold on the average) and heating extent across the thickness of wooden structure affected. It has also

been shown that wooden structures used for 150 years have higher wood density rates and physico-

chemical properties. However, high temperatures cause loss, by such structures, of their initial dura-

bility rates, even when temperature is 80 °C only.

It has been shown that carbonization sets on at lower temperatures in wooden structures that have

been longer in use; investigation has been made into properties and structure of wooden structure coal

layers and their oxidizing power. It has been found that specific properties and structure of coal layer

produced in any wood long-advanced in its natural ageing make such wood more fire-resistant.

However, this is combined with high-rate cokes oxidizing power and heat output; high-rate thermal

damage to the wood structures is also evident.

Interrelation has also been shown between findings obtained by thermal analysis method (TG,

DTG and DSC) and carbonization extent, which is the principal process accompanying loss of their

sustaining capacity by wooden structures. Such interrelation allows making estimations for fire re-

sistance in long useful-life wooden structures usable in buildings and structures.

Carbonization rates obtained for various temperature ranges, and also temperature and time, when

carbonization usually sets on, may be used in calculation methods applicable to estimations of the

highest wooden-structure fire resistance rates. Estimations for the highest fire resistance rates of long

useful-life wooden structures may be obtained for the existing buildings and structures and for those

under reconstruction. Findings of the studies are proposed for use in Russian and foreign regulatory

documents and in future, within studies of behavior displayed by wooden structures in case of a con-

flagration.

Findings so obtained allow improvement of safety for humans in long useful-life buildings and

structures, and also improvement of safety for fire-fighting teams and successfulness of their efforts

in fire extinguishing at such facilities.

Keywords: wood; wooden structures; useful life; pyrolysis; mechanical resistance; fire resistance;

carbonization.
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