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Ðàññìîòðåí íîâûé òèï ïðîòèâîïîæàðíûõ ïðåãðàä – ýêðàííûå ñòåíû, êîòîðûå ïðåäíàçíà÷åíû
äëÿ ïðåäîòâðàùåíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà, à òàêæå äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóàöèè
ëþäåé. Îñóùåñòâëåíû âûáîð ìåòîäîâ èñïûòàíèé è ýêñïåðèìåíòàëüíîå îïðåäåëåíèå ïðåäïîëà-
ãàåìûõ ýëåìåíòîâ è ìàòåðèàëîâ. Ïðåäëîæåíà êîíñòðóêòèâíàÿ ñõåìà ýêðàííûõ ñòåí. Ïîêàçàíî,
÷òî òàêèå êîíñòðóêöèè ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå îïòèìàëüíîãî ðåøåíèÿ äëÿ ïîâû-
øåíèÿ óðîâíÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè äëÿ îáúåêòîâ ðàçëè÷íûõ êëàññîâ ôóíêöèî-
íàëüíîé ïîæàðíîé îïàñíîñòè, â òîì ÷èñëå ñ ìàññîâûì ïðåáûâàíèåì ëþäåé.
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Ââåäåíèå

Ãàðìîíèçàöèÿ ðîññèéñêèõ íîðìàòèâíûõ äîêóìåí-

òîâ ïî ïîæàðíîé áåçîïàñíîñòè ñ åâðîïåéñêèìè è

ìåæäóíàðîäíûìè ñòàíäàðòàìè ÿâëÿåòñÿ ïðèîðèòåò-

íûì íàïðàâëåíèåì â ñôåðå ñîâåðøåíñòâîâàíèÿ òåõ-

íè÷åñêîãî ðåãóëèðîâàíèÿ è ðàçâèòèÿ íàöèîíàëüíîé

ñèñòåìû ñòàíäàðòèçàöèè â îáëàñòè ïîæàðíîé áåç-

îïàñíîñòè â Ðîññèéñêîé Ôåäåðàöèè [1].

Àêòóàëüíîñòü çàäà÷è ãàðìîíèçàöèè îáóñëîâëåíà

íåîáõîäèìîñòüþ îáåñïå÷åíèÿ ñîîòâåòñòâèÿ îòå÷å-

ñòâåííîé ïðîäóêöèè ìåæäóíàðîäíûì òðåáîâàíèÿì

è ïîâûøåíèÿ åå êîíêóðåíòîñïîñîáíîñòè, óñòðàíå-

íèÿ òåõíè÷åñêèõ áàðüåðîâ â ìåæäóíàðîäíîé òîð-

ãîâëå, ñîçäàíèÿ áëàãîïðèÿòíîãî èíâåñòèöèîííîãî

êëèìàòà, èñïîëüçîâàíèÿ çàðóáåæíûõ íàó÷íî-òåõíè-

÷åñêèõ äîñòèæåíèé â öåëÿõ ïîâûøåíèÿ óðîâíÿ ïî-

æàðíîé áåçîïàñíîñòè â Ðîññèéñêîé Ôåäåðàöèè [2].

Â ðàìêàõ ýòîãî íàïðàâëåíèÿ â íàøåé ñòðàíå ïðî-

âîäèòñÿ çíà÷èòåëüíàÿ ðàáîòà ïî ðåàëèçàöèè è âíåä-

ðåíèþ â äåéñòâóþùèå íîðìàòèâíûå ïðàâîâûå àêòû

è íîðìàòèâíûå äîêóìåíòû ïî ïîæàðíîé áåçîïàñíî-

ñòè èííîâàöèîííûõ è èíûõ òåõíè÷åñêèõ ðåøåíèé,

ñîîòâåòñòâóþùèõ àêòóàëüíûì äîñòèæåíèÿì íàóêè

è òåõíèêè [3–5].

Òàê, â íàñòîÿùåå âðåìÿ Ôåäåðàëüíûì çàêîíîì

îò 29.07.2017 ã. ¹ 244-ÔÇ âíåñåíû îòäåëüíûå èçìå-

íåíèÿ â Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïî-

æàðíîé áåçîïàñíîñòè, ïîçâîëÿþùèå ðåàëèçîâàòü âîç-

ìîæíîñòü âûáîðà îïòèìàëüíûõ, ìàêñèìàëüíî îáî-

ñíîâàííûõ âàðèàíòîâ ïðîòèâîïîæàðíîé çàùèòû.

Â ÷àñòíîñòè, äàííûì çàêîíîì ïðåäëîæåí íîâûé

òèï ïðîòèâîïîæàðíûõ ïðåãðàä — ýêðàííûå ñòåíû.

Íåñìîòðÿ íà òî ÷òî àíàëîãè÷íûå êîíñòðóêöèè ïðè-

ìåíÿþòñÿ âî ìíîãèõ ðàçâèòûõ ñòðàíàõ, íà òåððè-

òîðèè Ðîññèéñêîé Ôåäåðàöèè ýêðàííûå ñòåíû ÿâ-

ëÿþòñÿ èííîâàöèîííûì òåõíè÷åñêèì ðåøåíèåì,

êîòîðîå ðàíåå íèêîãäà íå ïðèìåíÿëîñü.

Çà ðóáåæîì òðåáîâàíèÿ ê àíàëîãè÷íûì êîíñòðóê-

öèÿì óñòàíîâëåíû ñëåäóþùèìè ñòàíäàðòàìè [6, 7]:

� BS EN 1364–4:2014 “Fire resistance tests for non-

loadbearing elements. Part 4: Curtain walling —

Part configuration”;

� BS EN 1364–3:2014 “Fire resistance tests for non-

loadbearing elements. Part 3: Curtain walling — Full

configuration (complete assembly)”;

� BS EN 15254–6:2014 “Extended application of re-

sults from fire resistance tests — Non-loadbearing

walls. Part 6: Curtain walling” è äð.

Îñíîâíîé öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ýêñ-

ïåðèìåíòàëüíîå îïðåäåëåíèå äîïóñòèìîñòè ïðè-

ìåíåíèÿ ñóùåñòâóþùèõ ìàòåðèàëîâ è ðàçðàáîòêà

êîíñòðóêòèâíîé ñõåìû ýêðàííûõ ñòåí, ïðåäíàçíà-

÷åííûõ äëÿ ïðåäîòâðàùåíèÿ ðàñïðîñòðàíåíèÿ ïî-

æàðà íà îáúåêòàõ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé,

â òîì ÷èñëå íà îáúåêòàõ òðàíñïîðòíîé èíôðàñòðóê-

òóðû. Ïðèìåíåíèå òàêèõ êîíñòðóêöèé ïîçâîëèò çíà-

÷èòåëüíî îïòèìèçèðîâàòü ôèíàíñîâûå çàòðàòû íà

ñòðîèòåëüñòâî ïîäîáíûõ îáúåêòîâ çàùèòû, à òàêæå

çíà÷èòåëüíî ðàñøèðèò îáëàñòü ïðèìåíåíèÿ âîçìîæ-

íûõ ïðèíèìàåìûõ ïðîåêòíûõ ðåøåíèé (óâåëè÷åíèå
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ïëîùàäåé ïîæàðíûõ îòñåêîâ, óñòðîéñòâî îïòèìàëü-

íûõ ïóòåé ýâàêóàöèè, îãðàíè÷åíèå ðàñïðîñòðàíåíèÿ

ïîæàðîâ îò íàèáîëåå ïîæàðîîïàñíûõ ïîìåùåíèé

è ò. ï.) [7–11].

Â ðàìêàõ ðåàëèçàöèè îáîçíà÷åííûõ öåëåé ïåð-

âîî÷åðåäíûì âèäèòñÿ ðåøåíèå ñëåäóþùèõ ïðàêòè-

÷åñêèõ çàäà÷:
� ïîäáîð äîïóñòèìûõ ìåòîäîâ èñïûòàíèé, ïîä-

òâåðæäàþùèõ òðåáóåìóþ îáëàñòü ïðèìåíåíèÿ

ýêðàííûõ ñòåí è ôàêòè÷åñêèå ïîæàðíî-òåõíè-

÷åñêèå õàðàêòåðèñòèêè êîíñòðóêöèé è ìàòåðèà-

ëîâ çàïîëíåíèÿ;
� ýêñïåðèìåíòàëüíîå îïðåäåëåíèå ýëåìåíòîâ è ìà-

òåðèàëîâ, îáåñïå÷èâàþùèõ òðåáóåìûå ïîæàðíî-

òåõíè÷åñêèå õàðàêòåðèñòèêè è ïðèãîäíûõ ïî

ñâîèì ñâîéñòâàì äëÿ ïðèìåíåíèÿ â ýêðàííûõ

ñòåíàõ;
� âûáîð êîíñòðóêòèâíîé ñõåìû ýêðàííûõ ñòåí,

à òàêæå ýêñïåðèìåíòàëüíîå ïîäòâåðæäåíèå âîç-

ìîæíîñòè îáåñïå÷åíèÿ ïðåäëîæåííîé êîíñòðóê-

öèåé òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè.

Äëÿ ðåøåíèÿ îáîçíà÷åííûõ çàäà÷ ïðîâåäåí ðÿä

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, íàïðàâëåííûõ íà

îöåíêó ïðèãîäíîñòè ïðåäëîæåííûõ ìàòåðèàëîâ äëÿ

ïðèìåíåíèÿ â ýêðàííûõ ñòåíàõ. Äàííûå èññëåäîâà-

íèÿ îñíîâûâàëèñü íà îïðåäåëåíèè êðèòåðèåâ âëèÿ-

íèÿ òåïëîâîãî èçëó÷åíèÿ ïðè ïîæàðå íà ìàòåðèàëû

çàïîëíåíèÿ ïðåäëàãàåìûõ ýêðàííûõ ñòåí.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå ìàòåðèàëîâ äëÿ èññëåäîâàíèÿ áûëè

âûáðàíû ðåøåíèÿ, àíàëîãè÷íûå ðàíåå àïðîáèðî-

âàííûì ïðè èñïûòàíèè ïðîòèâîïîæàðíûõ äâåðåé,

êîòîðûå ïîäòâåðäèëè èõ âûñîêóþ ýôôåêòèâíîñòü

è ïðàêòè÷åñêóþ çíà÷èìîñòü (ìàòåðèàëû ÔÃÁÓ

ÂÍÈÈÏÎ Ì×Ñ Ðîññèè ïî èñïûòàíèÿì íà îãíå-

ñòîéêîñòü ïðîòèâîïîæàðíûõ äâåðåé, èçãîòîâëåííûõ

â ñîîòâåòñòâèè ñ ÒÓ 5262-001-11384469–2015 è ÒÓ

5284-001-47935838–2003) [12].

Â êà÷åñòâå òàêîãî ìàòåðèàëà ïðåäëàãàåòñÿ ìíî-

ãîñëîéíàÿ êîíñòðóêöèÿ — “ïèðîã”, ñîñòîÿùèé èç

äâóõ ñëîåâ ôîëüãèðîâàííîãî áàçàëüòîâîãî âîëîêíà

ÌÁÎÐ-5Ô, ñêëååííûõ ìåæäó ñîáîé (íåôîëüãèðî-

âàííûìè ñòîðîíàìè) îãíåçàùèòíûì ñîñòàâîì

ÎÂÏÔ-1Ì (ÒÓ 1523-025-47935838–2003 c èçì. 1).

Óêàçàííûé îãíåçàùèòíûé ñîñòàâ ïðåäñòàâëÿåò ñî-

áîé ìàñòèêó ñåðîãî öâåòà ñ ïëîòíîñòüþ 1,3–1,9 ã�ìë.

Ïðè äåéñòâèè âûñîêèõ òåìïåðàòóð íà ïîâåðõíîñòü,

íà êîòîðóþ íàíåñåí òàêîé ñîñòàâ, ïîêðûòèå âñïó÷è-

âàåòñÿ, îáðàçóÿ òåïëîèçîëèðóþùóþ ïåíó. Íàíåñåí-

íûé ñîñòàâ ïîçâîëÿåò óâåëè÷èòü ïðåäåë îãíåñòîé-

êîñòè êîíñòðóêöèè äî 2,5 ÷.

Ôîëüãèðîâàííîå áàçàëüòîâîå âîëîêíî ÌÁÎÐ-5Ô

ïðåäñòàâëÿåò ñîáîé òåïëîâîé èçîëÿòîð, êîòîðûé ñî-

çäàåò äâîéíîé óðîâåíü çàùèòû, ñ îäíîé ñòîðîíû,

ïðåïÿòñòâóÿ ïîòåðå òåïëà, à ñ äðóãîé — ñïîñîáñòâóÿ

îòðàæåíèþ òåïëîâîé ýíåðãèè.

Â êà÷åñòâå ìåòîäîâ èññëåäîâàíèÿ äëÿ îïðåäåëå-

íèÿ ïîæàðíî-òåõíè÷åñêèõ õàðàêòåðèñòèê ïðåäëî-

æåííîãî ìàòåðèàëà ðàññìîòðåíà âîçìîæíîñòü ïðè-

ìåíåíèÿ àïðîáèðîâàííûõ ìåòîäîâ îïðåäåëåíèÿ

òåïëîâîãî èçëó÷åíèÿ ïàäàþùåãî òåïëîâîãî ïîòîêà

[11–14], à òàêæå ìåòîäà èñïûòàíèé íà îãíåñòîéêîñòü

â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.1–94 [14–16].

Òåîðåòè÷åñêèå îñíîâû âëèÿíèÿ
ïàäàþùåãî òåïëîâîãî ïîòîêà

Â ñîîòâåòñòâèè ñ òåîðèåé ïðîöåññîâ ãîðåíèÿ ïà-

äàþùèé íà îáðàçåö òåïëîâîé ïîòîê ÷àñòè÷íî îòðà-

æàåòñÿ, ÷àñòè÷íî ïîãëîùàåòñÿ è ÷àñòè÷íî ïðîïóñ-

êàåòñÿ (ðèñ. 1).

Åñëè óêàçàííûå òåïëîâûå ïîòîêè îòíåñòè ê ïà-

äàþùåìó òåïëîâîìó ïîòîêó, òî óðàâíåíèå ñîõðàíå-

íèÿ ýíåðãèè çàïèñûâàåòñÿ ôîðìóëîé

qï = qR + qA + qD ,

ãäå qï — ïàäàþùèé òåïëîâîé ïîòîê, Âò�ì2;

qR — îòðàæåííûé òåïëîâîé ïîòîê, Âò�ì2;

qA — ïîãëîùåííûé òåïëîâîé ïîòîê, Âò�ì2;

qD — ïðîïóùåííûé ñêâîçü òåëî òåïëîâîé ïîòîê,

Âò�ì2.

×òîáû îïðåäåëèòü, êàêàÿ äîëÿ ïàäàþùåãî òåïëî-

âîãî ïîòîêà îòðàæàåòñÿ, ïîãëîùàåòñÿ èëè ïðîõîäèò

ñêâîçü îáðàçåö, ôîðìóëà ïðåäñòàâëÿåòñÿ â áåçðàç-

ìåðíîì âèäå (êàæäûé åå ÷ëåí äåëèòñÿ íà ïàäàþùèé

òåïëîâîé ïîòîê):

1 = R + A + D,

ãäå R, À, D — êîýôôèöèåíò îòðàæàòåëüíîé, ïîãëî-

ùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè òåëà

ñîîòâåòñòâåííî.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå
êîýôôèöèåíòîâ

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ îòðàæàòåëüíîé,

ïîãëîùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè îá-

Ðèñ. 1. Ñõåìà âçàèìîäåéñòâèÿ ïàäàþùåãî òåïëîâîãî ïîòîêà

ñ îáðàçöîì

Fig. 1. Scheme of interaction of the incident heat flux with

the sample
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ðàçöà ïðîâåäåíà ñåðèÿ ýêñïåðèìåíòîâ, â õîäå êîòîðûõ

ðàçðàáîòàíû ýêñïåðèìåíòàëüíûå ñòåíäû äëÿ îïðå-

äåëåíèÿ îáîçíà÷åííûõ êîýôôèöèåíòîâ [12]. Âíåø-

íèé âèä è ñõåìà ñòåíäîâ ïðåäñòàâëåíû íà ðèñ. 2.

Äàííûå ñ ïðèåìíèêà òåïëîâîãî ïîòîêà çàïè-

ñûâàëèñü íà êîìïüþòåð ñ ïîìîùüþ ìóëüòèìåòðà

UNI-T UT60A (ðèñ. 3). Äèàïàçîí èçìåðåíèÿ íàïðÿ-

æåíèÿ — îò 0,1 ìÂ äî 1000 Â. Ïîãðåøíîñòü ìóëüòè-

ìåòðà ïðè èçìåðåíèè íàïðÿæåíèÿ — 1 %.

Çàïèñü äàííûõ íà êîìïüþòåð ñ òåðìîïàð îñóùå-

ñòâëÿëàñü ñ ïîìîùüþ òåðìîìåòðà ìíîãîêàíàëüíîãî

ÒÌ 5131 (ðèñ. 4). Äèàïàçîí èçìåðåíèÿ òåìïåðàòóðû

— îò ìèíóñ 50 äî 2500 °Ñ. Ïîãðåøíîñòü ïðèáîðà —

0,25 %.

Èçìåðåíèå òåìïåðàòóðû ïîâåðõíîñòè îáðàçöà

ïðîâîäèëîñü ñ ïîìîùüþ õðîìåëü-àëþìåëåâûõ ëå-

ïåñòêîâûõ òåðìîïàð (ðèñ. 5). Äèàïàçîí èçìåðåíèÿ

— îò ìèíóñ 40 äî 600 °Ñ.

Òåìïåðàòóðà ñðåäû èçìåðÿëàñü õðîìåëü-àëþìå-

ëåâûìè êîðîëüêîâûìè òåðìîïàðàìè (ðèñ. 6). Äèàïà-

çîí èçìåðåíèÿ — îò ìèíóñ 40 äî 1000 °Ñ.

Ìàòåðèàë ïîäâåðãàëñÿ âîçäåéñòâèþ òåïëîâîãî

ïîòîêà â òå÷åíèå 45–65 ìèí. Ôèêñàöèÿ òåìïåðàòó-

ðû îñóùåñòâëÿëàñü êàæäóþ ñåêóíäó.

Fig. 2. Scheme (a) and appearance (b) of test bench for determination of the coefficients of reflective, absorptive and transmissive capa-

city: 1 — power supply; 2 — control unit; 3 — radiation panel; 4 — material sample; 5 — thermocouple 1; 6 — thermocouple 2;

7 — thermocouple 3; 8 — thermocouple 4; 9 — heat flux receiver; 10 — ruler to determine the distance from the panel to the sample

Ðèñ. 2. Cõåìà (à) è âíåøíèé âèä (á) ñòåíäà äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ îòðà-

æàòåëüíîé, ïîãëîùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè: 1 — èñòî÷íèê ïèòàíèÿ

ýëåêòðîýíåðãèåé; 2 — áëîê óïðàâëåíèÿ; 3 — ðàäèàöèîííàÿ ïàíåëü; 4 — îáðàçåö

ìàòåðèàëà; 5 — òåðìîïàðà 1; 6 — òåðìîïàðà 2; 7 — òåðìîïàðà 3; 8 — òåðìîïàðà 4;

9 — ïðèåìíèê òåïëîâîãî ïîòîêà; 10 — ëèíåéêà äëÿ îïðåäåëåíèÿ ðàññòîÿíèÿ îò ïà-

íåëè äî îáðàçöà

Ðèñ. 3. Ìóëüòèìåòð UNI-T UT60A

Fig. 3. Multimeter UNI-T UT60A

Ðèñ. 4. Òåðìîìåòð ìíîãî-

êàíàëüíûé ÒÌ 5131

Fig. 4. Thermometer multi-

channel ÒÌ 5131

Ðèñ. 5. Õðîìåëü-àëþìåëåâûå ëåïåñòêîâûå òåðìîïàðû

Fig. 5. Chromel-alumel petal thermocouples

Ðèñ. 6. Õðîìåëü-àëþìåëåâûå êîðîëüêîâûå òåðìîïàðû

Fig. 6. Chromel-alumel korolkovia thermocouples
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Èñïûòàíèÿ ïðîâîäèëèñü äëÿ 9 îáðàçöîâ ðàçìå-

ðîì 20�20 ñì, òîëùèíîé 1,5 ñì. Çàïîëíåíèå îáðàç-

öà ñïåöèàëüíûì òåïëîèçîëÿöèîííûì ìàòåðèàëîì

ñîñòàâëÿëî îêîëî 85–90 %.

Â òàáëèöå ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåí-

òàëüíûõ èññëåäîâàíèé — çíà÷åíèÿ êðèòè÷åñêîé

ïëîòíîñòè qêð (êÂò�ì2) ïàäàþùåãî ëó÷èñòîãî òåï-

ëîâîãî ïîòîêà ïðè ðàçëè÷íûõ ïàðàìåòðàõ îáðàçöà â

çàâèñèìîñòè îò âðåìåíè âîçäåéñòâèÿ íà ìàòåðèàë.

Ïðåäëîæåííûé ìåòîä îïðåäåëåíèÿ òåïëîâîãî èç-

ëó÷åíèÿ íàïðàâëåí íà îöåíêó ïîâåäåíèÿ îáðàçöà ïðè

îãíåâîì âîçäåéñòâèè (â óñëîâèÿõ ïîæàðà) ïðè óñëî-

âèè ìàêñèìàëüíîãî çàïîëíåíèÿ êîíñòðóêöèè ñïå-

öèàëüíûì òåïëîèçîëÿöèîííûì ìàòåðèàëîì.

Â ðåçóëüòàòå ýêñïåðèìåíòà óñòàíîâëåíî, ÷òî ïðè

ïðèìåíåíèè ïðåäëàãàåìîãî ìàòåðèàëà êðèòè÷åñêèå

ïëîòíîñòè ïàäàþùåãî òåïëîâîãî ïîòîêà â ðàìêàõ

ïðîâåäåíèÿ èñïûòàíèÿ íå äîñòèãàþòñÿ. Ñëåäîâà-

òåëüíî, äàííûé ìàòåðèàë îáåñïå÷èâàåò òðåáóåìûå

ïîæàðíî-òåõíè÷åñêèå õàðàêòåðèñòèêè è ìîæåò áûòü

ðåêîìåíäîâàí äëÿ ïðèìåíåíèÿ â ñîñòàâå ýêðàííûõ

ñòåí.

Âìåñòå ñ òåì äëÿ îöåíêè ïîâåäåíèÿ ýêðàííîé

ñòåíû â öåëîì öåëåñîîáðàçíî ðàçðàáîòàòü ñîîòâåò-

ñòâóþùóþ êîíñòðóêòèâíóþ ñõåìó è îöåíèòü åå â ðàì-

êàõ êðóïíîìàñøòàáíûõ èñïûòàíèé.

Èñïûòàíèÿ íà îãíåñòîéêîñòü
ôðàãìåíòà ýêðàííîé ñòåíû

Ïðîâåäåíèå èñïûòàíèé ýêðàííûõ ñòåí ñ ó÷åòîì

ïðåäïîëàãàåìîé îáëàñòè èõ ïðèìåíåíèÿ, à òàêæå

ïðåäëàãàåìîé êîíñòðóêòèâíîé ñõåìû ïðåäóñìàòðè-

âàåòñÿ â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.1–94.

Äëÿ ðåàëèçàöèè îáîçíà÷åííîé çàäà÷è ïî îïðåäå-

ëåíèþ ïðåäåëüíîãî ñîñòîÿíèÿ ïðåäëàãàåìîé ýêðàí-

íîé ñòåíû ïî ïðèçíàêó ïîòåðè òåïëîèçîëèðóþùåé

ñïîñîáíîñòè ïîäãîòîâëåí îïûòíûé îáðàçåö ðàçìå-

ðîì â ïëàíå 2000�2000 ìì, ïðåäñòàâëÿþùèé ñîáîé

ìíîãîñëîéíóþ êîíñòðóêöèþ, ñîñòîÿùóþ èç êàðêàñà

è òåïëîèçîëèðóþùåé îáøèâêè. Äëÿ çàïîëíåíèÿ óêà-

çàííîé îáøèâêè ïðèìåíåíû ìàòåðèàëû, ïîëîæè-

òåëüíî çàðåêîìåíäîâàâøèå ñåáÿ â ðàìêàõ ïðåäâà-

ðèòåëüíî ïðîâåäåííûõ èñïûòàíèé ïî îïðåäåëåíèþ

êðèòè÷åñêîé ïëîòíîñòè òåïëîâîãî ïîòîêà.

Ðàçìåðû êàæäîãî èç ñîñòàâëÿþùèõ ýëåìåíòîâ

îáðàçöà — 100�100�(243) ñì, ìàññà îäíîãî îáðàçöà

— 8,5–9,3 êã.

Ñîáñòâåííî îäèíàðíûé ñòàëüíîé òîíêîñòåííûé

êàðêàñ èç îöèíêîâàííûõ ïðîôèëåé ÊÍÀÓÔ (ÒÓ

1121-012-04001508–2011) èçãîòîâëåí èç ñòîå÷íûõ

ïðîôèëåé ÏÑ 75�50 è íàïðàâëÿþùèõ ïðîôèëåé

ÏÍ 75�40. Òîëùèíà ñòåíîê ïðîôèëåé âñåõ òèïîâ

ñîñòàâëÿåò 0,6 ìì. Ñòîå÷íûå ïðîôèëè óñòàíîâëåíû

ñ øàãîì 500 ìì â íàïðàâëÿþùèå ïðîôèëè è ñêðåï-

ëåíû ñ ïîìîùüþ ñàìîíàðåçàþùèõ ñòàëüíûõ øóðó-

ïîâ äèàìåòðîì 3,5 ìì è äëèíîé 25 ìì.

Â êà÷åñòâå òåïëîèçîëèðóþùåé îáøèâêè ñ îáîãðå-

âàåìîé ñòîðîíû êîíñòðóêöèè óñòàíîâëåíû ÷åòûðå

ïàíåëè ñ ãàáàðèòíûìè ðàçìåðàìè 1000�1000 ìì,

òîëùèíîé îêîëî 30 ìì êàæäàÿ. Êàæäàÿ èç ïàíåëåé

ñîñòîèò èç äâóõ ñëîåâ ôîëüãèðîâàííîãî áàçàëüòîâîãî

âîëîêíà ÌÁÎÐ-5Ô, ñêëååííûõ (íåôîëüãèðîâàííû-

ìè ñòîðîíàìè) îãíåçàùèòíûì ñîñòàâîì ÎÂÏÔ-1Ì

(ÒÓ 1523-025-47935838–2003). Ðàñõîä îãíåçàùèòíî-

ãî ñîñòàâà — 8,0–8,7 êã�ì2 [17].

¹ ï�ï

No.

Òîëùèíà ïîêðûòèÿ
ÎÂÏÔ-1Ì, ìì

Thick of coating
OVPF-1M, mm

Ñðåäíåå çíà÷åíèå qêð, êÂò�ì2, ïðè ïðîäîëæèòåëüíîñòè îáëó÷åíèÿ, ìèí

Average value of qcr, kW�m2, at duration of irradiation, min

5 10 15 20 25 30

1 1 4,02 4,53 4,72 6,03 8,75 10,10

2 2 3,21 3,64 3,89 4,95 7,62 8,96

3 3 2,13 2,55 2,85 3,80 6,54 7,91

Êðèòè÷åñêàÿ ïëîòíîñòü ïàäàþùåãî ëó÷èñòîãî òåïëîâîãî ïîòîêà äëÿ ìàòåðèàëà çàïîëíåíèÿ îáðàçöà â âèäå ïàíåëè èç ñïå-
öèàëüíîãî òåïëîèçîëÿöèîííîãî ìàòåðèàëà òîëùèíîé (1531) ìì ñ ïîêðûòèåì ÎÂÏÔ-1Ì

Critical incident radiant heat flux density for sample filling material in the form of plate of special heat-insulating material
(15±1) mm thick with coating OVPF-1M

Ðèñ. 7. Ôðàãìåíò êîíñòðóêöèè ñ çàïîëíåíèåì ìàòåðèàëîì

îáðàçöà

Fig. 7. A fragment of the structure with the filling of the sample

material
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Êðåïëåíèå òåïëîèçîëèðóþùåé îáøèâêè ê êàð-

êàñó îñóùåñòâëÿëîñü “âíàõëåñò” ñ ïîìîùüþ ñàìî-

íàðåçàþùèõ ñòàëüíûõ øóðóïîâ äèàìåòðîì 3,5 ìì

è äëèíîé 25 ìì ñ êðóãëûìè òàðåëü÷àòûìè äåðæàòå-

ëÿìè “Òåõíîíèêîëü” äèàìåòðîì 50 ìì ñ øàãîì íå áî-

ëåå 200 ìì (ðèñ. 7) [18].

Äàííàÿ êîíñòðóêöèÿ ðàçðàáîòàíà âïåðâûå ñ ó÷å-

òîì ïðåäïîëàãàåìîé îáëàñòè ïðèìåíåíèÿ ýêðàííûõ

ñòåí, à òàêæå íàèáîëåå îïòèìàëüíîé êîíñòðóêòèâ-

íîé ñõåìû è íàèáîëåå öåëåñîîáðàçíûõ ìàòåðèàëîâ

çàïîëíåíèÿ, îáåñïå÷èâàþùèõ îæèäàåìûå ïîæàðíî-

òåõíè÷åñêèå õàðàêòåðèñòèêè [19, 20].

Â ïðîöåññå èñïûòàíèÿ îáðàçåö óñòàíàâëèâàëè â

ïðîåì êèðïè÷íîé ñòåíû òîëùèíîé 250 ìì è çàêðåï-

ëÿëè ñ ïîìîùüþ ñòàëüíûõ êðîíøòåéíîâ (ïî òðè íà

êàæäóþ ñòîðîíó). Îãíåâîå âîçäåéñòâèå íà îáðàçåö

ïðîèçâîäèëîñü ñî ñòîðîíû òåïëîèçîëèðóþùåé îá-

øèâêè.

Â ïðîöåññå ïðîâåäåíèÿ èñïûòàíèÿ áûëè îòìå-

÷åíû ñëåäóþùèå õàðàêòåðíûå îñîáåííîñòè ïîâåäå-

íèÿ êîíñòðóêöèè:

� 0 ìèí — íà÷àëî èñïûòàíèÿ (ðèñ. 8,à);

� 7-ÿ ìèíóòà — íà÷àëî îòñëàèâàíèÿ ôîëüãè ëåâîé

íèæíåé îãíåçàùèòíîé ïàíåëè ñ íåîáîãðåâàåìîé

ñòîðîíû;

� 14-ÿ ìèíóòà — îòñëàèâàíèå ôîëüãè íà âñåõ îãíå-

çàùèòíûõ ïàíåëÿõ ñ íåîáîãðåâàåìîé ñòîðîíû;

� 15-ÿ ìèíóòà — ÷àñòè÷íîå âûãîðàíèå ôîëüãè ñ

îáîãðåâàåìîé ñòîðîíû;

� 19-ÿ ìèíóòà — íà÷àëî âûäåëåíèÿ ãàçîîáðàçíûõ

ïðîäóêòîâ èç ñòûêîâ îãíåçàùèòíûõ ïàíåëåé ñ

íåîáîãðåâàåìîé ñòîðîíû;

� 24-ÿ ìèíóòà — óâåëè÷åíèå âûäåëåíèÿ ãàçîîá-

ðàçíûõ ïðîäóêòîâ èç ñòûêîâ îãíåçàùèòíûõ ïà-

íåëåé ñ íåîáîãðåâàåìîé ñòîðîíû;

� 47-ÿ ìèíóòà — íåçíà÷èòåëüíûé ïðîãèá îáðàçöà

â öåíòðàëüíîé ÷àñòè â îáîãðåâàåìóþ ñòîðîíó;

� 48–59-ÿ ìèíóòû — ïîâåäåíèå êîíñòðóêöèè áåç

ñóùåñòâåííûõ èçìåíåíèé;

� 60-ÿ ìèíóòà — èñïûòàíèå ïðåêðàùåíî (ðèñ. 8,á).

Èçìåíåíèå òåìïåðàòóð â êîíòðîëèðóåìûõ òî÷-

êàõ (ðèñ. 9, 10) ïðè èñïûòàíèè îáðàçöà ïðåäñòàâëå-

íû íà ðèñ. 11–15.

Èçáûòî÷íîå äàâëåíèå â îãíåâîé êàìåðå ïå÷è,

â âåðõíåì óðîâíå îáðàçöîâ, ÷åðåç 5 ìèí ñ ìîìåíòà

íà÷àëà èñïûòàíèé è äî èõ îêîí÷àíèÿ ñîñòàâëÿëî

(1032) Ïà.

Ðèñ. 8. Îáðàçåö äî èñïûòàíèé (à) è

ïîñëå ïðåêðàùåíèÿ èñïûòàíèé (á)

Fig. 8. Sample prior to testing (a) and

after termination of the test (b)

Ðèñ. 9. Ïîêàçàíèÿ òåðìîïàð ïðè ïðîâåäåíèè èñïûòàíèé

Fig. 9. The indications of thermocouples during testing

Ðèñ. 10. Ñõåìà ðàññòàíîâêè òåðìîýëåêòðè÷åñêèõ ïðåîáðàçî-

âàòåëåé íà íåîáîãðåâàåìîé ïîâåðõíîñòè îáðàçöà

Fig. 10. Àrrangement of thermoelectric converters on the sample
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Ïî ðåçóëüòàòàì îáðàáîòêè ýêñïåðèìåíòàëüíûõ

äàííûõ óñòàíîâëåíî:
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ëåâîé âåðõíåé îãíåçàùèòíîé ïàíåëè

â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî èñ-

ïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèêñè-

ðîâàíî íà 49-é ìèíóòå èñïûòàíèÿ;
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ïðàâîé âåðõíåé îãíåçàùèòíîé ïàíå-

ëè â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî

èñïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèê-

ñèðîâàíî íà 51-é ìèíóòå èñïûòàíèÿ;

� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ëåâîé íèæíåé îãíåçàùèòíîé ïàíåëè

â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî èñ-

Ðèñ. 11. Èçìåíåíèå òåìïåðàòóðû â îãíåâîé êàìåðå ïå÷è ïðè

èñïûòàíèè îáðàçöà: — — — — ñòàíäàðòíûé òåìïåðàòóð-

íûé ðåæèì; - - - - — âåðõíÿÿ è íèæíÿÿ ãðàíèöû ñòàíäàðò-

íîãî òåìïåðàòóðíîãî ðåæèìà; ——— — ñðåäíÿÿ òåìïåðà-

òóðà ñðåäû â îãíåâîé êàìåðå ïå÷è

Fig. 11. Temperature change in the furnace firing chamber during

the sample test: — — — — standard temperature conditions;

- - - - — upper and lower limits of standard temperature condi-

tions; ——— — average ambient temperature in the furnace

firing chamber

Ðèñ. 12. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé 1 è 5,

óñòàíîâëåííûõ íà ëåâîé âåðõíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 12. The testimony of thermoelectric converters of 1 and 5 in-

stalled on the top left fire retardant panel in the test sample

Ðèñ. 15. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêîãî ïðåîáðàçîâàòåëÿ 4,

óñòàíîâëåííîãî íà ïðàâîé íèæíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 15. Òhe testimony of thermoelectric converter 4 installed on

the lower right fire retardant panel in the test sample

Ðèñ. 14. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêîãî ïðåîáðàçîâàòåëÿ 3,

óñòàíîâëåííîãî íà ëåâîé íèæíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 14. The testimony of thermoelectric converter 3 installed on

the lower left flame retardant panel during the sample test

Ðèñ. 13. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé

2 è 6, óñòàíîâëåííûõ íà ïðàâîé âåðõíåé îãíåçàùèòíîé ïàíå-

ëè ïðè èñïûòàíèè îáðàçöà

Fig. 13. The testimony of thermoelectric converters 2 and 6 in-

stalled on the top right fire retardant panel in the test sample
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ïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèêñè-

ðîâàíî íà 31-é ìèíóòå èñïûòàíèÿ;
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ïðàâîé íèæíåé îãíåçàùèòíîé ïàíå-

ëè â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî

èñïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèê-

ñèðîâàíî íà 59-é ìèíóòå èñïûòàíèÿ.

Âûâîäû

Â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòîâ óñòàíîâëåíî,

÷òî âðåìÿ äîñòèæåíèÿ ïðåäåëüíîãî ñîñòîÿíèÿ ïî

ïðèçíàêó ïîòåðè òåïëîèçîëèðóþùåé ñïîñîáíîñòè

îïûòíîãî îáðàçöà ôðàãìåíòà ïðîòèâîïîæàðíîé ýê-

ðàííîé ñòåíû ðàçìåðîì â ïëàíå 2000�2000 ìì ñî-

ñòàâëÿåò 31 ìèí.

Â õîäå ðàáîòû ðàññìîòðåí íîâûé òèï ïðîòèâî-

ïîæàðíîé ïðåãðàäû — ýêðàííûå ñòåíû, äëÿ îïðå-

äåëåíèÿ óñëîâèé âíåäðåíèÿ êîòîðûõ íà îáúåêòàõ ñ

ìàññîâûì ïðåáûâàíèåì ëþäåé:
� îñóùåñòâëåí âûáîð äîïóñòèìûõ ìåòîäîâ èñïû-

òàíèé, ïîäòâåðæäàþùèõ êàê òðåáóåìóþ îáëàñòü

ïðèìåíåíèÿ ýêðàííûõ ñòåí, òàê è ôàêòè÷åñêèå

ïîæàðíî-òåõíè÷åñêèå õàðàêòåðèñòèêè êîíñòðóê-

öèé è ìàòåðèàëîâ çàïîëíåíèÿ;
� ïðåäëîæåíû ìàòåðèàëû äëÿ çàïîëíåíèÿ ýêðàííûõ

ñòåí è ïðîâåäåíû èñïûòàíèÿ ïî ìåòîäó îïðåäå-

ëåíèÿ òåïëîâîãî èçëó÷åíèÿ ïàäàþùåãî òåïëîâî-

ãî ïîòîêà, ïîäòâåðæäàþùèå, ÷òî êðèòè÷åñêèå

ïëîòíîñòè ïàäàþùåãî òåïëîâîãî ïîòîêà íå äî-

ñòèãàþòñÿ;
� îñóùåñòâëåí âûáîð êîíñòðóêòèâíîé ñõåìû ýêðàí-

íûõ ñòåí, à òàêæå ïðîâåäåíû èñïûòàíèÿ íà îãíå-

ñòîéêîñòü, ïîäòâåðæäàþùèå îáåñïå÷åíèå ïðåä-

ëàãàåìîé êîíñòðóêöèåé òðåáóåìîãî ïðåäåëà îãíå-

ñòîéêîñòè íå ìåíåå EI 30.

Ïî ðåçóëüòàòàì ïðîâåäåííîé ðàáîòû ìîæíî ñäå-

ëàòü âûâîä, ÷òî ïðåäëàãàåìàÿ êîíñòðóêöèÿ ýêðàí-

íîé ñòåíû ïîçâîëèò îáåñïå÷èòü òðåáóåìûé óðîâåíü

ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ çàùèòû ïðè ìè-

íèìèçàöèè ôèíàíñîâûõ çàòðàò ïóòåì âíåäðåíèÿ èí-

íîâàöèîííûõ ðåøåíèé, ñîîòâåòñòâóþùèõ ïîñëåä-

íèì äîñòèæåíèÿì íàóêè è òåõíèêè â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè.

Êðîìå òîãî, â öåëÿõ èñêëþ÷åíèÿ íåîáõîäèìîñòè

ïðîâåäåíèÿ êðóïíîìàñøòàáíûõ äîðîãîñòîÿùèõ èñ-

ïûòàíèé ïî îïðåäåëåíèþ ðåêîìåíäóåìîé îáëàñòè

ïðèìåíåíèÿ ïîäîáíûõ ýêðàííûõ ñòåí öåëåñîîáðàçíà

ãàðìîíèçàöèÿ ñóùåñòâóþùåãî ìåæãîñóäàðñòâåí-

íîãî ñòàíäàðòà ÃÎÑÒ EN 15254-6 “Ðàñøèðåííîå ïðè-

ìåíåíèå ðåçóëüòàòîâ èñïûòàíèÿ íà îãíåñòîéêîñòü.

Íåíåñóùèå ñòåíû. ×àñòü 6. Ýêðàííûå ñòåíû”, êîòî-

ðûé çíà÷èòåëüíî ðàñøèðèò âîçìîæíóþ îáëàñòü ïðè-

ìåíåíèÿ ïîäîáíûõ êîíñòðóêöèé è ïîçâîëèò ðåàëè-

çîâàòü íàèáîëåå ýôôåêòèâíûå âàðèàíòû ïðîòèâîïî-

æàðíîé çàùèòû ñ ó÷åòîì îïòèìèçàöèè ìàòåðèàëüíûõ

çàòðàò íà îáåñïå÷åíèå ïîæàðíîé áåçîïàñíîñòè [21].
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OF CURTAIN WALLING ON OBJECTS WITH MASS STAY OF PEOPLE
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ABSTRACT

Currently, the current legislation of the Russian Federation includes provisions that allow to imple-

ment the possibility of choosing the best, most reasonable options for fire protection. In particular, it is

proposed a new type of fire barriers — curtain walling. Similar designs on the territory of the Russian

Federation are not applied.

To assess the possibility of implementing curtain walling:
� the choice of acceptable test methods confirming both the required scope of application of curtain

walling and the actual fire-technical characteristics of structures and filling materials is carried out;
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� there were suggested materials to fill the curtain walling and carried out tests according to the me-

thod of determination of thermal radiation incident heat flux, confirming that the critical density of

the incident heat flux is not achieved;
� the choice of the design scheme of curtain walling is carried out, and also the tests for fire

resistance confirming providing with the offered design of the required limit of fire resistance are

carried out.

According to the results of the work it was found that the proposed design of the curtain walling

provide the required level of fire safety protection facilities through the introduction of innovative

solutions corresponding to the latest achievements of science and technology in the field of fire safety.

In order to eliminate the need for large-scale expensive tests, it is proposed to introduce methods

for the extended application of fire test results, which will significantly expand the possible scope of

such structures and will allow to implement the most effective options for fire protection, taking into

account the optimization of material costs for fire safety.

Keywords: fire barriers; curtain walling; fire resistance tests; harmonization; extended application;

fire safety.
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