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ÔÈÇÈÊÎ-ÌÅÕÀÍÈ×ÅÑÊÈÅ È ÏÎÆÀÐÎÎÏÀÑÍÛÅ
ÑÂÎÉÑÒÂÀ ÄÐÅÂÅÑÈÍÛ Ñ ÃËÓÁÎÊÎÉ ÏÐÎÏÈÒÊÎÉ
ÎÃÍÅÁÈÎÇÀÙÈÒÍÛÌÈ ÑÎÑÒÀÂÀÌÈ

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ òðåõ îãíåáèîçàùèòíûõ ñèñòåì, ðàçëè÷íûõ ïî
ñâîåé õèìè÷åñêîé ïðèðîäå è ìåõàíèçìó îãíåçàùèòíîãî äåéñòâèÿ, ïðè èõ ãëóáîêîì ââåäåíèè â
ñòðóêòóðó äðåâåñíîãî ìàòåðèàëà íà ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà è ïîêàçàòåëè ïîæàðíîé
îïàñíîñòè äðåâåñèíû. Óñòàíîâëåíî âëèÿíèå ñòåïåíè ïîãëîùåíèÿ è ãëóáèíû ïðîïèòêè íà ïðî÷-
íîñòíûå õàðàêòåðèñòèêè äðåâåñèíû è ïîêàçàòåëè åå ïîæàðíîé îïàñíîñòè. Ïîêàçàíî áëàãîïðè-
ÿòíîå âëèÿíèå ãëóáîêîé ïðîïèòêè äðåâåñèíû ïðè íåçíà÷èòåëüíîé ñòåïåíè ïîãëîùåíèÿ íà ñíè-
æåíèå åå âîñïëàìåíÿåìîñòè è ñïîñîáíîñòè ðàñïðîñòðàíÿòü ïëàìÿ ïî ïîâåðõíîñòè. Îáíàðóæå-
íî, ÷òî ïðè ââåäåíèè â ñòðóêòóðó äðåâåñèíû îãíåáèîçàùèòíûõ ñîñòàâîâ ñ äàííûì óðîâíåì
ïîãëîùåíèÿ óõóäøåíèÿ ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëåé íå ïðîèñõîäèò. Ïîëó÷åíû äàííûå
ïî ñíèæåíèþ äûìîîáðàçóþùåé ñïîñîáíîñòè èìïðåãíèðîâàííîé äðåâåñèíû èññëåäóåìûìè ñî-
ñòàâàìè.

Êëþ÷åâûå ñëîâà: äðåâåñèíà; äåðåâÿííûå êîíñòðóêöèè; ïðî÷íîñòü; ïîæàðíàÿ îïàñíîñòü; àíòè-
ïèðåíû; ãëóáîêàÿ ïðîïèòêà.
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Ââåäåíèå

Áëàãîäàðÿ âûñîêîé ýêîëîãè÷íîñòè, âîçîáíîâëÿåìî-

ñòè ðàñòèòåëüíîãî ñûðüÿ è âûñîêèì ýêñïëóàòàöè-

îííûì ñâîéñòâàì äðåâåñèíà êàê êîíñòðóêöèîííûé

è îòäåëî÷íûé ìàòåðèàë èìååò íåîñïîðèìûå ïðå-

èìóùåñòâà ïåðåä èíûìè òðàäèöèîííûìè è ñîâðå-

ìåííûìè ïîëèìåðíûìè êîìïîçèöèîííûìè ìàòå-

ðèàëàìè. Â òî æå âðåìÿ ñåðüåçíûì ñäåðæèâàþùèì

ôàêòîðîì, îãðàíè÷èâàþùèì âîçìîæíîñòè åå ïðè-

ìåíåíèÿ â ñòðîèòåëüñòâå, ÿâëÿåòñÿ âûñîêàÿ ïîæàð-

íàÿ îïàñíîñòü.

Äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè äðå-

âåñèíû è êîíñòðóêöèé íà åå îñíîâå â ñòðîèòåëüñòâå

øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èëè îãíåçàùèòíûå

ñèñòåìû ðàçëè÷íîãî ñîñòàâà [1–3], êîòîðûå ìîãóò

ëèáî íàíîñèòüñÿ íà ïîâåðõíîñòü äðåâåñèíû, ëèáî

ââîäèòüñÿ â åå îáúåì ñ ïðèìåíåíèåì ðàçëè÷íûõ òåõ-

íè÷åñêèõ ïðèåìîâ ïðîïèòêè.

Â ïðàêòèêå îãíåçàùèòû íàèáîëüøåå ðàñïðîñòðà-

íåíèå ïîëó÷èëà ïîâåðõíîñòíàÿ îáðàáîòêà, ÷òî îáú-

ÿñíÿåòñÿ åå âûñîêîé äîñòóïíîñòüþ, ïðîñòîòîé, íèç-

êîé ñòîèìîñòüþ è ïðàêòè÷åñêè ïîëíûì îòñóòñòâèåì

âëèÿíèÿ íà ïðî÷íîñòíûå è èíûå ýêñïëóàòàöèîííûå

ñâîéñòâà äðåâåñèíû. Âìåñòå ñ òåì äàííûé ñïîñîá

îáðàáîòêè èìååò è ðÿä íåäîñòàòêîâ, ñâÿçàííûõ, â ïåð-

âóþ î÷åðåäü, ñ åå íèçêîé íàäåæíîñòüþ [4].
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Ãëóáîêàÿ ïðîïèòêà ââèäó âûñîêîé òåõíîëîãè÷-

íîñòè è ñòîèìîñòè îáðàáîòêè, à òàêæå ïîòðåáíîñòè

â ñïåöèàëèçèðîâàííîì îáîðóäîâàíèè íå ïîëó÷èëà

øèðîêîãî ðàñïðîñòðàíåíèÿ ïðè ðåøåíèè âîïðîñîâ

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè. Êðîìå òîãî,

ìíîãèå èññëåäîâàòåëè ñ÷èòàþò, ÷òî ïðèìåíåíèå äàí-

íîãî ñïîñîáà ïðîïèòêè, ñ îäíîé ñòîðîíû, íåöåëåñî-

îáðàçíî äëÿ ìàññèâíûõ äåðåâÿííûõ êîíñòðóêöèé [5],

à ñ äðóãîé — êðàéíå íåãàòèâíî âëèÿåò íà èõ ôèçèêî-

ìåõàíè÷åñêèå ñâîéñòâà [6, 7].

Âìåñòå ñ òåì ââåäåíèå àíòèïèðåíîâ â îáúåì äðå-

âåñíîãî ìàòåðèàëà â çàâîäñêèõ óñëîâèÿõ ïîçâîëÿåò

îáåñïå÷èâàòü îòíîñèòåëüíî âûñîêóþ ñòàáèëüíîñòü

ïðîòèâîïîæàðíûõ ñâîéñòâ. Îäíàêî, êàê ïîêàçûâà-

þò ðåçóëüòàòû íåìíîãî÷èñëåííûõ èññëåäîâàíèé,

âëèÿíèå ãëóáîêîé ïðîïèòêè íà ïðî÷íîñòíûå ñâîé-

ñòâà äðåâåñèíû íåîäíîçíà÷íî [5, 8]. Ðÿä ïðîáëåì-

íûõ âîïðîñîâ, ñâÿçàííûõ ñ ïðèìåíåíèåì ãëóáîêîé

ïðîïèòêè äåðåâÿííûõ êîíñòðóêöèé, áûë ñíÿò ñ ðàç-

âèòèåì òåõíèêè èìïóëüñíîé ïðîïèòêè [9, 10], êîòî-

ðàÿ ïðè ìåíüøèõ âðåìåííûõ è ýíåðãåòè÷åñêèõ çà-

òðàòàõ íå ïðèâîäèò ê ôîðìèðîâàíèþ íàïðÿæåíèé è

ïîâðåæäåíèé âíóòðè ïðîïèòûâàåìîãî ìàòåðèàëà è

ïîçâîëÿåò îáåñïå÷èòü äîñòàòî÷íûé óðîâåíü ïîãëî-

ùåíèÿ.

Öåëè è çàäà÷è èññëåäîâàíèÿ

Â íàñòîÿùåé ðàáîòå áûëà ïîñòàâëåíà öåëü —

èçó÷èòü âëèÿíèå îãíåçàùèòíûõ ñèñòåì, ðàçëè÷íûõ

ïî ñâîåé õèìè÷åñêîé ïðèðîäå, íà ôèçèêî-ìåõàíè-

÷åñêèå è ïîæàðîîïàñíûå ñâîéñòâà äðåâåñèíû. Äëÿ

äîñòèæåíèÿ ýòîé öåëè íåîáõîäèìî áûëî ðåøèòü çà-

äà÷è óñòàíîâëåíèÿ óðîâíåé ïîãëîùåíèÿ îãíåáèî-

çàùèòíûõ ñîñòàâîâ äëÿ îáåñïå÷åíèÿ òðåáóåìûõ ïî-

êàçàòåëåé ïðî÷íîñòè è ïîæàðíîé îïàñíîñòè äðå-

âåñíîãî ìàòåðèàëà.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ â ðàáîòå èñ-

ïîëüçîâàëèñü îáðàçöû äðåâåñèíû ñîñíû, ïîäãîòîâ-

ëåííûå â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ñòàíäàðòíûõ

ìåòîäîâ èññëåäîâàíèÿ íà ïðî÷íîñòü ïðè ñæàòèè

âäîëü âîëîêîí ïî ÃÎÑÒ 16483.10–73, ïðè ñòàòè÷å-

ñêîì èçãèáå ïî ÃÎÑÒ 16483.3–84 è ïðè ñêàëûâàíèè

âäîëü âîëîêîí ïî ÃÎÑÒ 16483.5–73, âîñïëàìåíÿ-

åìîñòü ïî ÃÎÑÒ 30402–96, äûìîîáðàçóþùóþ ñïî-

ñîáíîñòü è èíäåêñ ðàñïðîñòðàíåíèÿ ïëàìåíè ïî

ÃÎÑÒ 12.1.044–89.

Ðåçóëüòàòû èññëåäîâàíèÿ
è èõ îáñóæäåíèå

Â ðàìêàõ íàñòîÿùåé ðàáîòû áûëè ïðîâåäåíû

èññëåäîâàíèÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ è ïî-

æàðíîé îïàñíîñòè äðåâåñèíû, îáðàáîòàííîé ñ èñ-

ïîëüçîâàíèåì òðåõ îãíåçàùèòíûõ ñèñòåì [11]:

1) íà îñíîâå ðàñòâîðà íåîðãàíè÷åñêèõ àçîò-ôîñ-

ôîðñîäåðæàùèõ ñîåäèíåíèé (ñîñòàâ 1);

2) íà îñíîâå îðãàíè÷åñêèõ àçîò-ôîñôîðñîäåð-

æàùèõ ñîåäèíåíèé — ïðîìûøëåííî âûïóñ-

êàåìûé îãíåáèîçàùèòíûé ñîñòàâ Àììîôîí-1

(ñîñòàâ 2);

3) íà îñíîâå îðãàíè÷åñêèõ ïëåíêîîáðàçóþùèõ

âñïó÷èâàþùèõñÿ âåùåñòâ — ïðîäóêò îêèñëå-

íèÿ ðàñòèòåëüíûõ ïîëèñàõàðèäîâ (ÎÏÑ) [12]

(ñîñòàâ 3).

Ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà èñõîäíîé è îá-

ðàáîòàííîé îãíåáèîçàùèòíûìè ñèñòåìàìè äðåâå-

ñèíû îöåíèâàëèñü ïî òðåì ïîêàçàòåëÿì: ïðî÷íîñòè

ïðè ñæàòèè âäîëü âîëîêîí ïî ÃÎÑÒ 16483.10–73,

ïðè ñòàòè÷åñêîì èçãèáå ïî ÃÎÑÒ 16483.3–84 è ïðè

ñêàëûâàíèè âäîëü âîëîêîí ïî ÃÎÑÒ 16483.5–73.

Ïðîïèòêà îáðàçöîâ äðåâåñèíû ïðîâîäèëàñü â ëà-

áîðàòîðíîì àâòîêëàâå (ðèñ. 1) ñ ïðèìåíåíèåì èì-

ïóëüñíî-ñîçäàâàåìîãî ãëóáîêîãî âàêóóìà è íåâûñî-

êîãî ïåðåìåííîãî ãèäðîäàâëåíèÿ (âàêóóì-äàâëåíèå

(ÂÄ)) [10, 11].

Îäíîé èç îñíîâíûõ ïðîáëåì ïðè ïðîâåäåíèè ïðî-

ïèòêè ÿâëÿåòñÿ ðàçáðîñ çíà÷åíèé óðîâíÿ ïîãëîùå-

íèÿ, ÷òî îáúÿñíÿåòñÿ âûñîêîé àíèçîòðîïèåé ñâîéñòâ

äðåâåñèíû, ÿâëÿþùåéñÿ ïðèðîäíûì êîìïîçèöèîí-

íûì ìàòåðèàëîì. Êðîìå òîãî, óðîâåíü ïîãëîùåíèÿ

â çíà÷èòåëüíîé ñòåïåíè çàâèñèò îò ãåîìåòðè÷åñêèõ

ðàçìåðîâ ïðîïèòûâàåìîãî ìàòåðèàëà (ñíèæåíèå ïî-

ãëîùàþùåé ñïîñîáíîñòè íàáëþäàåòñÿ ñ óâåëè÷åíè-

åì ðàçìåðîâ îáðàçöîâ). Äàæå â ñòàíäàðòíûõ óñëî-

âèÿõ ðàçëè÷íûå îáðàçöû âåäóò ñåáÿ íåîäèíàêîâî,

ïîýòîìó äëÿ îöåíêè âëèÿíèÿ ïðîïèòûâàþùèõ ñî-

ñòàâîâ íà ïðî÷íîñòíûå õàðàêòåðèñòèêè äðåâåñèíû

ïîëó÷åííûå äàííûå ñðàâíèâàëèñü ñ ðåçóëüòàòàìè

ÎÃÍÅÇÀÙÈÒÀ

Ðèñ. 1. Âíåøíèé âèä ëàáîðàòîðíîãî àâòîêëàâà

Fig. 1. The appearance of the laboratory autoclave
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èñïûòàíèé íåîáðàáîòàííîé äðåâåñèíû, à òàêæå ñ

íîðìàòèâíûìè õàðàêòåðèñòèêàìè [13].

Òàê, íàïðèìåð, ïðè ïðîâåäåíèè èñïûòàíèé ïî

óñòàíîâëåíèþ ïðåäåëà ïðî÷íîñòè íà èçãèá (ðèñ. 2)

âûÿâëåíî, ÷òî ïðè óðîâíå ïîãëîùåíèÿ äî 20 êã/ì3

ïðî÷íîñòíûå õàðàêòåðèñòèêè ïðîïèòàííûõ îáðàç-

öîâ ñîîòâåòñòâóþò íåîáðàáîòàííîé äðåâåñèíå íå-

çàâèñèìî îò ïðèìåíÿåìîãî ïðîïèòî÷íîãî ñîñòàâà.

Íåêîòîðîå ñíèæåíèå ïðî÷íîñòè îòìå÷àåòñÿ ó

îáðàçöîâ, ïðîïèòàííûõ ñîñòàâîì 2, ïðè óðîâíå ïî-

ãëîùåíèÿ áîëåå 50 êã/ì3. Òàê, ìèíèìàëüíîå çíà÷å-

íèå ïðåäåëà ïðî÷íîñòè ïðè ïîãëîùåíèè 66 êã/ì3 ñî-

ñòàâèëî 47 ÌÏà, ÷òî íà 39 % íèæå ìèíèìàëüíîãî

çíà÷åíèÿ, ïîëó÷åííîãî äëÿ íåîáðàáîòàííîé äðåâåñè-

íû. Âìåñòå ñ òåì â ñîîòâåòñòâèè ñ ïðèëîæåíèåì Â

[14] äëÿ ýëåìåíòîâ êëàññà Ê26 ñîðòà 1 ìèíèìàëüíîå

çíà÷åíèå âðåìåííîãî ïðåäåëà ïðî÷íîñòè íà èçãèá

ñîñòàâëÿåò 42 ÌÏà.

×òî êàñàåòñÿ ñîñòàâà 1, íà îñíîâàíèè ïîëó÷åí-

íûõ äàííûõ ìîæíî ãîâîðèòü îá îòñóòñòâèè íåãà-

òèâíîãî âëèÿíèÿ åãî íà ïðî÷íîñòíûå õàðàêòåðèñòè-

êè äðåâåñèíû íåçàâèñèìî îò óðîâíÿ ïîãëîùåíèÿ.

Òàê, ïðè ïîãëîùåíèè 81 êã/ì3 ïðåäåë ïðî÷íîñòè ñî-

ñòàâèë 75,5 ÌÏà, ÷òî òîëüêî íà 2 % íèæå ìèíèìàëü-

íîãî èçìåðåííîãî ïîêàçàòåëÿ äëÿ íåîáðàáîòàííîé

äðåâåñèíû.

Ïðè îöåíêå âëèÿíèÿ îãíåáèîçàùèòíûõ ñîñòàâîâ

íà ïîêàçàòåëè ïðî÷íîñòè ïðè ñæàòèè (ðèñ. 3,à) è ïðè

ñêàëûâàíèè (ðèñ. 3,á) îòìå÷àåòñÿ îòñóòñòâèå íåãà-

òèâíîãî âëèÿíèÿ ñîñòàâîâ 1 è 2.

Ñîñòàâ 1 ïîâûøàåò ïðåäåë ïðî÷íîñòè äðåâåñè-

íû íà ñæàòèå ïðè áîëüøèõ çíà÷åíèÿõ ïîãëîùåíèÿ

(áîëåå 40 êã/ì3), à ñîñòàâ 2 — ïðåäåë ïðî÷íîñòè íà

ñêàëûâàíèå ïðè ýêñòðåìàëüíî âûñîêèõ çíà÷åíèÿõ

ïîãëîùåíèÿ (áîëåå 80 êã/ì3). Íåêîòîðîå ñíèæåíèå

ïðî÷íîñòè íà ñêàëûâàíèå îòìå÷àåòñÿ ó ñîñòàâà 3:

ìèíèìàëüíîå çíà÷åíèå, ïîëó÷åííîå â õîäå èñïûòà-

íèé, íà 13 % íèæå íîðìàòèâíîãî, ïðèâåäåííîãî â

ïðèëîæåíèè Â [14].

Òàêèì îáðàçîì, ïîëó÷åííûå äàííûå ïîçâîëÿþò

ãîâîðèòü îá îòñóòñòâèè îòðèöàòåëüíîãî âëèÿíèÿ ãëó-

áîêîé ïðîïèòêè äðåâåñèíû îãíåçàùèòíûìè ñîñòà-

âàìè íà åå ïðî÷íîñòíûå ñâîéñòâà, ÷òî îïðåäåëÿåò

öåëåñîîáðàçíîñòü ïðîâåäåíèÿ äàëüíåéøèõ èññëåäî-

âàíèé, íàïðàâëåííûõ íà âûÿâëåíèå îñîáåííîñòåé

âëèÿíèÿ ðàçëè÷íûõ àíòèïèðèðóþùèõ ñîñòàâîâ íà

ïîêàçàòåëè ïîæàðíîé îïàñíîñòè ýëåìåíòîâ äåðå-

âÿííûõ êîíñòðóêöèé.

Ðèñ. 2. Ðåçóëüòàòû èñïûòàíèé îáðàçöîâ äðåâåñèíû íà ïðî÷-

íîñòü ïðè èçãèáå

Fig. 2. Test results of wood samples in terms of bending strength

Ðèñ. 3. Ðåçóëüòàòû èñïûòàíèé îáðàçöîâ äðåâåñèíû íà ïðî÷-

íîñòü ïðè ñæàòèè (à) è ïðè ñêàëûâàíèè (á)

Fig. 3. Test results of wood samples in terms of compressive

strength (a) and of shear strength (á)
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Ðàíåå [11] íàìè áûëî ïîêàçàíî, ÷òî îãíåçàùèò-

íàÿ ýôôåêòèâíîñòü ñîñòàâîâ ïðè ãëóáîêîé ïðîïèòêå

çàâèñèò íå òîëüêî îò óðîâíÿ ïîãëîùåíèÿ è âèäà îãíå-

çàùèòíîãî ñðåäñòâà, íî è îò ãëóáèíû åãî ïðîíèêíî-

âåíèÿ. Òàê, äëÿ ñîñòàâà 1 áûëî óñòàíîâëåíî, ÷òî 1-ÿ

ãðóïïà îãíåçàùèòíîé ýôôåêòèâíîñòè ìîæåò áûòü

äîñòèãíóòà ïðè óðîâíå ïîãëîùåíèÿ 55 êã/ì3 ïðè ââå-

äåíèè ñîñòàâà íà ãëóáèíó äî 1 ìì, à ïðè ïîãëîùåíèè

30 êã/ì3 — íà ãëóáèíó äî 15 ìì (ñêâîçíàÿ ïðîïèòêà

ñòàíäàðòíûõ îáðàçöîâ ïî ÃÎÑÒ Ð 53292–2009). Ýòî

ïîçâîëÿåò ãîâîðèòü î íàëè÷èè ïîòåíöèàëüíûõ âîç-

ìîæíîñòåé îïòèìèçàöèè ïðîöåññîâ ãëóáîêîé ïðî-

ïèòêè äðåâåñèíû, ñíèæåíèè ðàñõîäà ñûðüåâûõ êîì-

ïîíåíòîâ è, ñîîòâåòñòâåííî, î ïîâûøåíèè ýêîíî-

ìè÷åñêîé ïðèâëåêàòåëüíîñòè ìåòîäà. Â òî æå âðåìÿ

ïî ðåçóëüòàòàì èñïûòàíèé íà îãíåçàùèòíóþ ýôôåê-

òèâíîñòü áûëî ïîêàçàíî, ÷òî ñîñòàâ 3, îãíåçàùèò-

íîå äåéñòâèå êîòîðîãî îñíîâàíî íà ôîðìèðîâàíèè

íàä ïîâåðõíîñòüþ çàùèùàåìîãî ìàòåðèàëà çàùèòíî-

ãî êàðáîíèçèðîâàííîãî ñëîÿ, ïðè ââåäåíèè â îáúåì

èçäåëèé íå îáåñïå÷èâàåò îãíåçàùèòû.

Â ðàìêàõ äàííîé ðàáîòû áûëà ïðîâåäåíà ñðàâ-

íèòåëüíàÿ îöåíêà âëèÿíèÿ ãëóáîêîé ïðîïèòêè èñ-

ñëåäóåìûìè ñîñòàâàìè íà ðÿä ïîêàçàòåëåé ïîæàð-

íîé îïàñíîñòè äðåâåñèíû, îïðåäåëåííûõ â ñîîòâåò-

ñòâèè ñ [13].

Òàê, ïðè èññëåäîâàíèè âëèÿíèÿ ãëóáîêîé ïðî-

ïèòêè íà âîñïëàìåíÿåìîñòü äðåâåñèíû ïî ÃÎÑÒ

30402–96 íàèëó÷øèå ïîêàçàòåëè îòìå÷åíû ó ñîñòà-

âà 3, êîòîðûé ñîãëàñíî ÃÎÑÒ Ð 53292–2009 íå îá-

ëàäàåò îãíåçàùèòíûì äåéñòâèåì. Âûñîêàÿ ýôôåê-

òèâíîñòü äàííîãî ñîñòàâà ïî ïîêàçàòåëþ âîñïëàìå-

íÿåìîñòè îòíîñèòñÿ, ïî âñåé âèäèìîñòè, ê åãî

ñïîñîáíîñòè çàïîëíÿòü ïîðû äðåâåñíîãî ìàòåðèà-

ëà, ïðåïÿòñòâóÿ âûõîäó íà ïîâåðõíîñòü ãàçîîáðàç-

íûõ ïðîäóêòîâ òåðìè÷åñêîãî ðàçëîæåíèÿ, îáåñïå-

÷èâàÿ ïåðåâîä äðåâåñèíû â ãðóïïó ïî âîñïëàìåíÿ-

åìîñòè Â2 (êðèòè÷åñêàÿ ïëîòíîñòü òåïëîâîãî ïîòîêà

20 êÂò/ì2) ïðè óðîâíå ïîãëîùåíèÿ îò 19 êã/ì3, â òî

âðåìÿ êàê ñîñòàâû 1 è 2 ïîçâîëÿþò ïîëó÷èòü ïîäîá-

íûå ïîêàçàòåëè âîñïëàìåíÿåìîñòè ïðè ïîãëîùå-

íèè 25 è 40 êã/ì3 ñîîòâåòñòâåííî.

Õîðîøèå õàðàêòåðèñòèêè ïðè ñíèæåíèè ðàñïðî-

ñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíîñòè äðåâåñíûõ ìà-

òåðèàëîâ ïî ÃÎÑÒ 12.1.044–89* ïîêàçàëè ñîñòàâû 1

è 2, ïðè óðîâíå ïîãëîùåíèÿ êîòîðûõ áîëåå 10 êã/ì3

Ðèñ. 4. Ðåçóëüòàòû îïðåäåëåíèÿ èíäåêñà ðàñïðîñòðàíåíèÿ

ïëàìåíè äëÿ äðåâåñèíû, ïðîïèòàííîé ñîñòàâàìè 1 è 2

Fig. 4. The results of the determination of the index the spread of

flame for wood impregnated with compositions 1 and 2

Çàùèòíûé
ñîñòàâ

Protective
composition

Ïîãëîùåíèå àíòèïèðåíà, êã/ì3

Absorption of flame retardants, kg/m3

Ìàòåðèàëû,
íå ðàñïðîñòðà-
íÿþùèå ïëàìÿ

Do not distribute

Ìàòåðèàëû,
ìåäëåííî

ðàñïðîñòðàíÿ-
þùèå ïëàìÿ

Slowly distribute

Ìàòåðèàëû,
áûñòðî ðàñ-
ïðîñòðàíÿ-

þùèå ïëàìÿ

Fast distribute

1
Áîëåå 25

Higher 25

Áîëåå 10

Higher 10

Ìåíåå 10

Below 10

2
Áîëåå 25

Higher 25

Áîëåå 9

Higher 9

Ìåíåå 9

Below 9

3
Íå äîñòèãíóòà

Not achieved

Ìåíåå 28

Below 28

Òàáëèöà 1. Êëàññèôèêàöèÿ ìàòåðèàëà ïî ÈÐÏ â çàâèñè-
ìîñòè îò ïîãëîùåíèÿ àíòèïèðåíîâ

Table 1. Classification of material on flame spread index on
the magnitude of the absorption of flame retardants

Ðèñ. 5. Âíåøíèé âèä îáðàçöîâ, ïðîïèòàííûõ ñîñòàâàìè 1 (à) è 2 (á), ïîñëå èñïûòàíèé íà îïðåäåëåíèå ÈÐÏ

Fig. 5. Appearance of samples impregnated with liquid 1 (a) and 2 (á) after the test to determine the flame spread index
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(ðèñ. 4) îáåñïå÷èâàåòñÿ ïåðåâîä äðåâåñèíû â ãðóï-

ïó ìåäëåííî ðàñïðîñòðàíÿþùèõ (òàáë. 1), à ïðè

ðàñõîäå áîëåå 25–30 êã/ì3 — â ãðóïïó íå ðàñïðî-

ñòðàíÿþùèõ ïëàìÿ ïî ïîâåðõíîñòè ìàòåðèàëîâ.

Âíåøíèé âèä îáðàçöîâ ïîñëå èñïûòàíèÿ ïðåä-

ñòàâëåí íà ðèñ. 5.

Ìåíåå ñòàáèëüíûå ðåçóëüòàòû ïðîäåìîíñòðèðî-

âàëè îáðàçöû äðåâåñèíû ñîñíû, ïðîïèòàííûå ñî-

ñòàâîì 3. Â äàííîì ñëó÷àå ïðè óðîâíå ïîãëîùåíèÿ

4–6 êã/ì3 èíäåêñ ðàñïðîñòðàíåíèÿ ïëàìåíè èçìå-

íÿëñÿ îò 5,8 äî 27,9, â ñâÿçè ñ ÷åì äàííûå ìàòåðèàëû

îòíåñåíû ê ìàòåðèàëàì, áûñòðî ðàñïðîñòðàíÿþùèì

ïëàìÿ (ñì. òàáë. 1).

×òî êàñàåòñÿ ñíèæåíèÿ äûìîîáðàçóþùåé ñïî-

ñîáíîñòè, îïðåäåëÿåìîé ïî ÃÎÑÒ 12.1.044–89*, âñå

èññëåäóåìûå ñîñòàâû îáëàäàþò ñðàâíèòåëüíî îäè-

íàêîâîé ýôôåêòèâíîñòüþ, îáåñïå÷èâàÿ ïåðåâîä

äðåâåñèíû â ãðóïïó Ä2 ïðè ïîãëîùåíèè, áëèçêîì ê

40 êã/ì3 (ðèñ. 6).

Ñîñòàâû 1 è 2 ñïîñîáíû îáåñïå÷èòü ïåðåâîä äðå-

âåñèíû â ãðóïïó ìàòåðèàëîâ Ä1, îäíàêî óðîâåíü ïî-

ãëîùåíèÿ (áîëåå 75 êã/ì3) îêàçûâàåòñÿ ôàêòè÷åñêè

Ïîêàçàòåëü

Property

Ñîñòàâ 1

Composition 1

Ñîñòàâ 2

Composition 2

Ñîñòàâ 3

Composition 3

Õàðàêòåð âëèÿíèÿ íà ïðî÷íîñòíûå õàðàêòåðèñòèêè ìàòåðèàëîâ

Effect on mechanical properties

Ïðî÷íîñòü íà èçãèá

Bending strength

Íå âëèÿåò (äî 80 êã/ì3)*

No effect (to 80 kg/m3)*

Ñíèæåíèå (áîëåå 30–40 êã/ì3)

Reduce (higher 30–40 kg/ì3)

Íå âëèÿåò (äî 15 êã/ì3)

No effect (to 15 kg/m3)

Ïðî÷íîñòü íà ñæàòèå

Compression strength

Ïîâûøåíèå (áîëåå 40 êã/ì3)

Increasing (higher 40 kg/m3)

Íå âëèÿåò (äî 45 êã/ì3)

No effect (to 45 kg/m3)

Íå âëèÿåò (äî 30 êã/ì3)

No effect (to 30 kg/m3)

Ïðî÷íîñòü íà ñêàëûâàíèå

Shear strength

Íå âëèÿåò (äî 100 êã/ì3)

No effect (to 100 kg/m3)

Ïîâûøåíèå (áîëåå 100 êã/ì3)

Increasing (higher 100 kg/m3)

Íå âëèÿåò (äî 45 êã/ì3)

No effect (to 45 kg/m3)

Âëèÿíèå íà ïîêàçàòåëè ïîæàðíîé îïàñíîñòè ìàòåðèàëîâ

Effect on fire properties

Âîñïëàìåíÿåìîñòü

Flammability

Óìåðåííî âîñïëàìåíÿåìûå
(áîëåå 25 êã/ì3)

Moderately flammable
(higher 25 kg/m3)

Óìåðåííî âîñïëàìåíÿåìûå
(áîëåå 40 êã/ì3)

Moderately flammable
(higher 40 kg/m3)

Óìåðåííî âîñïëàìåíÿ-
åìûå (áîëåå 19 êã/ì3)

Moderately flammable
(higher 19 kg/m3)

Èíäåêñ ðàñïðîñòðàíåíèÿ
ïëàìåíè

Flame spread index

Íå ðàñïðîñòðàíÿþùèå (áîëåå 25 êã/ì3)

Do not distribute (higher 25 kg/m3)

Áûñòðî ðàñïðîñòðàíÿ-
þùèå (äî 28 êã/ì3)

Fast distribute
(to 28 kg/m3)

Ìåäëåííî ðàñïðîñòðàíÿþùèå (áîëåå 10 êã/ì3)

Slowly distribute (higher 10 kg/m3)

Äûìîîáðàçóþùàÿ
ñïîñîáíîñòü

Smoke generation

Ä2 (40–75 êã/ì3)

D2 (40–75 kg/m3)

Ä2 (40–75 è áîëåå 200 êã/ì3)

D2 (40–75 and higher 200 kg/m3)

Ä2 (áîëåå 45 êã/ì3)

D2 (higher 45 kg/m3)

Ä1 (75–200 êã/ì3)

D1 (75–200 kg/m3)

Íå äîñòèãàåòñÿ

Not available

* Â ñêîáêàõ óêàçàí óðîâåíü ïîãëîùåíèÿ

* In brackets the level of absorption.

Òàáëèöà 2. Êëàññèôèêàöèÿ ìàòåðèàëîâ ïî ïðî÷íîñòíûì ïîêàçàòåëÿì è ïîæàðíîé îïàñíîñòè â çàâèñèìîñòè îò âåëè÷èíû
ïîãëîùåíèÿ àíòèïèðåíîâ

Table 2. Classification of materials on strength characteristics and fire hazard depending on the magnitude of the absorption of
flame retardants

Ðèñ. 6. Ðåçóëüòàòû èñïûòàíèé íà äûìîîáðàçóþùóþ ñïîñîá-

íîñòü â çàâèñèìîñòè îò óðîâíÿ ïîãëîùåíèÿ

Fig. 6. The results of the test to determine smoke generation abi-

lity depending on the level of absorption
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íåäîñòèæèìûì äëÿ êðóïíîðàçìåðíûõ îáðàçöîâ è

ÿâëÿåòñÿ ÷ðåçìåðíûì, ïîñêîëüêó â ñîîòâåòñòâèè ñ

[13] äëÿ êîíñòðóêöèé êëàññîâ ïîæàðíîé îïàñíîñòè

Ê1 è Ê2 äîñòàòî÷íûì óñëîâèåì ÿâëÿåòñÿ äîñòèæå-

íèå ãðóïïû Ä2.

Íà ïðèìåðå ñîñòàâà 2 òàêæå èíòåðåñíî îòìåòèòü,

÷òî ïðè óðîâíå ïîãëîùåíèÿ áîëåå 200 êã/ì3 äðåâå-

ñèíà âíîâü ïåðåõîäèò â ãðóïïó Ä2, ÷òî, ïî âñåé âè-

äèìîñòè, ìîæíî ñâÿçàòü ñ ïåðåíàñûùåíèåì ìàòåðè-

àëà àíòèïèðèðóþùèìè âåùåñòâàìè.

Òàêèì îáðàçîì, ïî ðåçóëüòàòàì èññëåäîâàíèé

ìîæíî âûäåëèòü êîíòðîëüíûå çíà÷åíèÿ, õàðàêòåðè-

çóþùèå âëèÿíèå óðîâíÿ ïîãëîùåíèÿ íà ôèçèêî-ìå-

õàíè÷åñêèå ñâîéñòâà è ïîêàçàòåëè ïîæàðíîé îïàñ-

íîñòè (òàáë. 2).

Âûâîäû

Àíàëèçèðóÿ ïîëó÷åííûå äàííûå, ìîæíî ñäåëàòü

ñëåäóþùèå âûâîäû:

1. Ïðèìåíåíèå ìåòîäà ãëóáîêîé ïðîïèòêè äåðå-

âÿííûõ êîíñòðóêöèé àíòèïèðèðóþùèìè ñîñòàâàìè

ïîçâîëÿåò ïîòåíöèàëüíî îáåñïå÷èòü èõ ïåðåâîä â

êëàññ êîíñòðóêòèâíîé ïîæàðíîé îïàñíîñòè Ê2 è Ê1

ïðè ïîãëîùåíèè îò 40 êã/ì3.

2. Èñïîëüçîâàíèå äëÿ ãëóáîêîé ïðîïèòêè äðå-

âåñíîãî ìàòåðèàëà ñîñòàâîâ, ðåàëèçóþùèõ “òåõíè-

÷åñêèé” ìåõàíèçì çàùèòû, íåðàöèîíàëüíî. Ðàíåå

áûëî óñòàíîâëåíî [11], ÷òî äàííûå ñîñòàâû îáëàäà-

þò íèçêîé ïðîíèêàþùåé ñïîñîáíîñòüþ ïðè îáðà-

áîòêå êðóïíîðàçìåðíûõ äåòàëåé èç äðåâåñèíû, ÷òî

íå ïîçâîëèò äîñòè÷ü óðîâíÿ ïîãëîùåíèÿ, íåîáõîäè-

ìîãî äëÿ ñíèæåíèÿ ïîæàðíîé îïàñíîñòè çàùèùà-

åìûõ êîíñòðóêöèé.

3. Ïðèìåíåíèå îãíåçàùèòíûõ ñèñòåì íà îñíîâå

íåîðãàíè÷åñêèõ è îðãàíè÷åñêèõ àçîò-ôîñôîðñîäåð-

æàùèõ ñîåäèíåíèé (ñîñòàâû 1 è 2) ïðè èõ ââåäåíèè

â ñòðóêòóðó äðåâåñíîãî ìàòåðèàëà â îáúåìå, äîñòà-

òî÷íîì äëÿ äîñòèæåíèÿ íîðìàòèâíûõ çíà÷åíèé ïî-

æàðíîé îïàñíîñòè êîíñòðóêöèé (ñì. òàáë. 6 â [13]),

íå îêàçûâàåò íåãàòèâíîãî âëèÿíèÿ íà ôèçèêî-ìåõà-

íè÷åñêèå ñâîéñòâà äðåâåñèíû.

Òàêèì îáðàçîì, ïîëó÷åííûå ðåçóëüòàòû äåìîí-

ñòðèðóþò, ÷òî ââåäåíèå îãíåáèîçàùèòíûõ ñîñòàâîâ

â ñòðóêòóðó äðåâåñèíû íàèáîëåå áëàãîïðèÿòíî âëèÿ-

åò íà òàêèå ïîêàçàòåëè ïîæàðíîé îïàñíîñòè, êàê

âîñïëàìåíÿåìîñòü è ñïîñîáíîñòü ê ðàñïðîñòðàíå-

íèþ ïëàìåíè ïî ïîâåðõíîñòè. Ïðè ýòîì íåîáõîäè-

ìûå óðîâíè ïîãëîùåíèÿ íå ïðèâîäÿò ê óõóäøåíèþ

ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëåé, ÷òî ñâèäåòåëü-

ñòâóåò î ïåðñïåêòèâíîñòè ïðèìåíåíèÿ ìåòîäà ãëó-

áîêîé ïðîïèòêè äëÿ ñíèæåíèÿ ïîæàðíîé îïàñíîñòè

íåñóùèõ è îãðàæäàþùèõ êîíñòðóêöèé èç äðåâåñè-

íû, èñêëþ÷àþùåé âîçìîæíîñòü ðàçâèòèÿ ñêðûòîãî

ãîðåíèÿ è áûñòðîãî ðàçâèòèÿ ïîæàðà.

Íàèáîëåå ñëîæíûì âîïðîñîì ÿâëÿåòñÿ ñíèæå-

íèå äûìîîáðàçóþùåé ñïîñîáíîñòè è òîêñè÷íîñòè

ïðîäóêòîâ ãîðåíèÿ, òàê êàê äëÿ äîñòèæåíèÿ öåëè

íåîáõîäèìî ââîäèòü â ñòðóêòóðó äðåâåñèíû ñîñòà-

âû â îáúåìå, ïðåâûøàþùåì ýêîíîìè÷åñêè îáîñíî-

âàííûå óðîâíè. Áîëåå òîãî, â äàííîì ñëó÷àå, äåéñò-

âèòåëüíî, ìîæåò ïðîèñõîäèòü íåêîòîðîå ñíèæåíèå

ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëåé äðåâåñèíû è åå

ñêëåèâàåìîñòè [5]. Â òî æå âðåìÿ èçáûòî÷íàÿ ïðî-

ïèòêà ìîæåò ýôôåêòèâíî èñïîëüçîâàòüñÿ äëÿ äåêî-

ðàòèâíûõ ñëîåâ êëååíûõ êîíñòðóêöèé ëèáî äåðå-

âÿííûõ ýëåìåíòîâ, íå âûïîëíÿþùèõ íåñóùåé ôóíê-

öèè è ïðèìåíÿåìûõ â îòäåëêå ïîìåùåíèé, â òîì

÷èñëå ïóòåé ýâàêóàöèè. Â äàííîì ñëó÷àå ñ ó÷åòîì,

êàê ïðàâèëî, íåçíà÷èòåëüíûõ ðàçìåðîâ äåðåâÿííûõ

îòäåëî÷íûõ ýëåìåíòîâ ïðîöåññ èçáûòî÷íîé ïðîïèò-

êè íå ïðåäñòàâëÿåò ñëîæíîñòè â òåõíîëîãè÷åñêîì

îòíîøåíèè.
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ABSTRACT

This paper presents the results of research of influence on physical, mechanical and fire properties of

wood to its impregnation with the use of three fire and bio protective systems:

1. The system is based on the solution of inorganic nitrogen — phosphorus-containing compounds

(composition 1).

2. The system is based on organic nitrogen-phosphorus-containing compounds, which was used

as the commercially available fire and bio protective composition Ammofon-1 (composition 2);

3. The system is based on organic film-forming intumescent substances, which was used as a pro-

duct of oxidation of plant polysaccharides (composition 3).

The obtained results demonstrate that the introduction of the fire and bio protective compounds

in the wood structure is the most positive effect on such indicators of fire hazard such as flammability

and ability to spread flame over the surface. At the same time, the levels of absorption (from

25–30 kg/m3) do not lead to deterioration of physical and mechanical properties that says about

the prospects of using the method of deep impregnation to reduce the fire hazard of bearing and

enclosing structures made of wood, eliminating the possibility of the development of latent com-

bustion and rapid development of the fire.

The most difficult issue is the reduction of smoke generation ability and toxicity of combustion

products, to reduce which it is necessary to enter in the structure of the wood compounds in excess of

commercially reasonable levels (more than 40 kg/m3). Moreover, in this case may indeed be some

degradation of physical and mechanical properties of wood and its adhesion properties. At the same

time, the excess impregnation can effectively be used for decorative layers of glued structures,

or when using wooden elements (do not perform structure functions) in the decoration of the pre-

mises, including emergency exits. In this case, given the generally small size wooden finishing

elements, the excess impregnation does not pose any technological difficulties.

The results of the work determined control values, characterizing the influence of absorption level

on the physical, mechanical and fire properties of wood (see Table).

Keywords: wood; timber construction; strength; fire hazard; fire retardants; impregnation.

Property Comp. 1 Comp. 2 Comp. 3

Effect on mechanical properties

Bending
strength

No effect (to 80 kg/m3)* Reduce (higher 30–40 kg/m3) No effect (to 15 kg/m3)

Compression
strength

Increasing (higher 40 kg/m3) No effect (to 45 kg/m3) No effect (to 30 kg/m3)

Shear strength No effect (to 100 kg/m3) Increasing (higher 100 kg/m3) No effect (to 45 kg/m3)

Effect on fire properties

Flammability Moderately flammable
(higher 25 kg/m3)

Moderately flammable
(higher 40 kg/m3)

Moderately flammable
(higher 19 kg/m3)

Flame spread
index

Do not distribute (higher 25 kg/m3) Fast distribute
(to 28 kg/m3)

Slowly distribute (higher 10 kg/m3)

Smoke
generation

D2 (40–75 kg/m3) D2 (40–75 kg/m3

and higher 200 kg/m3)
D2 (higher 45 kg/m3)

D1 (75–200 kg) Not available

* In brackets the level of absorption.

Classification of material on strength characteristics and fire hazard depending on the magnitude of the absorp-
tion of flame retardants
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