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ÐÅÇÞÌÅ

Ââåäåíèå. Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ïî ïîòåðå âèäèìîñòè ðåøà-

þùåå çíà÷åíèå èìååò óäåëüíûé êîýôôèöèåíò äûìîîáðàçîâàíèÿ, êîòîðûé îïðåäåëÿåòñÿ â ìàëîìàñøòàáíîé

ýêñïåðèìåíòàëüíîé óñòàíîâêå. Îäíàêî ïàðàìåòðû ïðîöåññà äûìîîáðàçîâàíèÿ çàâèñÿò îò ìíîæåñòâà ôàêòî-

ðîâ, âëèÿíèå êîòîðûõ èçó÷åíî íåäîñòàòî÷íî. Ïîýòîìó íåîáõîäèìî íàó÷íîå îáîñíîâàíèå óñëîâèé ïðîâå-

äåíèÿ èñïûòàíèé ïî îïðåäåëåíèþ óäåëüíîãî êîýôôèöèåíòà äûìîîáðàçîâàíèÿ.

Öåëü è çàäà÷è. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå âëèÿíèÿ óñëîâèé â êàìåðå ñãîðàíèÿ íà

äûìîîáðàçóþùóþ ñïîñîáíîñòü äðåâåñèíû. Äëÿ äîñòèæåíèÿ äàííîé öåëè: âûïîëíåíà ìîäèôèêàöèÿ ñóùåñò-

âóþùåé ýêñïåðèìåíòàëüíîé óñòàíîâêè, ïîçâîëÿþùàÿ îïðåäåëÿòü îïòè÷åñêóþ ïëîòíîñòü äûìà âíóòðè ýêñïî-

çèöèîííîé êàìåðû; ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ãîðåíèÿ äðåâåñèíû, â õîäå êîòîðûõ èçìå-

ðÿëàñü îïòè÷åñêàÿ ïëîòíîñòü äûìà â çàâèñèìîñòè îò ðàññòîÿíèÿ ìåæäó ýëåêòðîíàãðåâàòåëüíûì èçëó÷àòåëåì

â êàìåðå ñãîðàíèÿ óñòàíîâêè è ïîâåðõíîñòüþ îáðàçöà èññëåäóåìîãî ìàòåðèàëà.

Ìåòîäû. Èçìåðåíèÿ òåìïåðàòóðû è ïëîòíîñòè òåïëîâîãî ïîòîêà âíóòðè êàìåðû ñãîðàíèÿ ïðîâîäèëèñü íà ðàç-

ëè÷íîì ðàññòîÿíèè îò ýëåêòðîíàãðåâàòåëüíîãî èçëó÷àòåëÿ, íà ñåðòèôèöèðîâàííîì îáîðóäîâàíèè â óñëîâíî

ãåðìåòè÷íîì îáúåìå ýêñïåðèìåíòàëüíîé óñòàíîâêè.

Ðåçóëüòàòû. Ýêñïåðèìåíòû ïîêàçàëè, ÷òî óäåëüíûé êîýôôèöèåíò äûìîîáðàçîâàíèÿ Dm ñóùåñòâåííî çàâèñèò

îò óñëîâèé èñïûòàíèé â êàìåðå ñãîðàíèÿ. Êîýôôèöèåíò äûìîîáðàçîâàíèÿ, ïîëó÷åííûé íà ìîäèôèöèðîâàí-

íîé óñòàíîâêå ïðè ãîðåíèè äðåâåñèíû õâîéíûõ ïîðîä, èçìåíÿåòñÿ îò 22,1 äî 56,9 Íï ·ì2/êã â ðåæèìå ãîðå-

íèÿ è îò 82,9 äî 134,5 Íï ·ì2/êã â ðåæèìå òëåíèÿ. Äëÿ õâîéíûõ äðåâåñíûõ ìàòåðèàëîâ çíà÷åíèå Dm, èñïîëüçó-

åìîå ïðè ìîäåëèðîâàíèè ïîæàðîâ, ðàâíî 57–61 Íï·ì2/êã, ÷òî ñîèçìåðèìî ñ äèàïàçîíîì åãî èçìåíåíèÿ â

ïðîâåäåííûõ ýêñïåðèìåíòàõ. Çíà÷åíèÿ êîýôôèöèåíòà äûìîîáðàçîâàíèÿ, ïîëó÷åííûå íà ñòàíäàðòèçèðî-

âàííîé óñòàíîâêå (ÃÎÑÒ 12.1.044–2018), çíà÷èòåëüíî âûøå ïîëó÷åííûõ íà ìîäèôèöèðîâàííîé óñòàíîâêå:

íà 233,1 Íï ·ì2/êã â ðåæèìå ãîðåíèÿ è íà 640,5 Íï ·ì2/êã â ðåæèìå òëåíèÿ.

Çàêëþ÷åíèå. Êîíñòðóêòèâíûå îñîáåííîñòè ýêñïåðèìåíòàëüíîé óñòàíîâêè è óñëîâèÿ â êàìåðå ñãîðàíèÿ îêà-

çûâàþò ñèëüíîå âëèÿíèå íà âåëè÷èíó óäåëüíîãî êîýôôèöèåíòà äûìîîáðàçîâàíèÿ ãîðþ÷åãî ìàòåðèàëà. Äëÿ äî-

ñòîâåðíîãî ðàñ÷åòà âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ïî ïîòåðå âèäèìîñòè íåîáõîäèìî ïðîâåäåíèå

äàëüíåéøèõ èññëåäîâàíèé, ïîçâîëÿþùèõ íàó÷íî îáîñíîâàòü ìåòîäèêó îïðåäåëåíèÿ êîýôôèöèåíòà äûìî-

îáðàçîâàíèÿ.
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COMBUSTION, DETONATION AND EXPLOSION PROCESSES

ABSTRACT

Introduction. In order to calculate the time for blocking escape routes by loss of visibility, the value of the smoke

generation coefficient, which is determined in a small-scale experimental installation, is critical. However, the pa-

rameters of the smoke formation process depend on a variety of factors whose influence has not been sufficiently

studied. Therefore, scientific justification of test conditions for determination of specific smoke formation factor

is necessary.

Aims and purposes. The aim of this work is to study the influence of conditions in the combustion chamber on

the smoke generating ability of wood. To achieve this aim: a modification of the existing experimental installation

was performed, which allowed determining the optical density of smoke inside the exposure chamber; experi-

mental studies of burning of wood were carried out, during which the optical density of the smoke was measured

on the different distances between the electric heating emitter in the combustion chamber of the installation and

the surface of the sample of the material under study.

Methods. Measurements of temperature and heat flux density inside the combustion chamber were carried out

at different distances from the electric radiator, using certified equipment in a conditionally sealed volume of

the experimental installation.

Results. The experiments showed that the specific smoke generation coefficient significantly depends on the test

conditions in the combustion chamber. The smoke generation coefficient obtained at the modified installation

during the burning of coniferous wood varies within 22.1–56.9 Np ·m2/kg in the combustion mode and

82.9–134.5 Np ·m2/kg in the smoldering mode. For coniferous wood materials, the value of this coefficient used in

modeling fires is 57–61 Np·m2/kg, which is comparable with the range of its changes in the experiments. The va-

lues of the smoke generation coefficient obtained at the standard installation GOST 12.1.044–2018 significantly

exceed the values of the above coefficient obtained at the developed installation. The difference in smoke genera-

tion coefficients obtained by the proposed method and the standard method exceeded 233.1 Np ·m2/kg in

the combustion mode and 640.5 Np ·m2/kg in the smoldering mode.

Conclusion. The design features of the experimental installation and the test conditions, significantly change

the conditions in the combustion chamber. This fact has a strong effect on the specific smoke generation coeffi-

cient of the combustible material. Therefore, in order to calculate reliably the time of blocking evacuation routes

due to loss of visibility, further investigations are necessary to substantiate scientifically the method for determin-

ing the above mentioned coefficient.
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Ââåäåíèå

Áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé áåç èíäèâèäóàëüíûõ

ñðåäñòâ çàùèòû ïðè ïîæàðå âîçìîæíà ïðè óñëîâèè,

åñëè âðåìÿ äëÿ ýâàêóàöèè ïîñëåäíåãî ÷åëîâåêà èç

ïîìåùåíèÿ èëè çäàíèÿ áóäåò ìåíüøå âðåìåíè, êî-

òîðîå òðåáóåòñÿ äëÿ äîñòèæåíèÿ îïàñíûìè ôàêòî-

ðàìè ïîæàðà êðèòè÷åñêèõ çíà÷åíèé [1].

Êàê ïðàâèëî, â áîëüøèíñòâå ñëó÷àåâ ñíèæåíèå

âèäèìîñòè â äûìó ïðåäñòàâëÿåò ñîáîé îäèí èç íàè-

áîëåå îïàñíûõ ôàêòîðîâ ïîæàðà, òàê êàê îí â ïåðâóþ

î÷åðåäü äîñòèãàåò êðèòè÷åñêèõ äëÿ ÷åëîâåêà çíà÷å-

íèé. Â ðåçóëüòàòå åãî âîçäåéñòâèÿ íà ÷åëîâåêà ìî-

æåò âîçíèêíóòü ïàíèêà, äåçîðèåíòàöèÿ â ïðîñòðàí-

ñòâå è îòðàâëåíèå òîêñè÷íûìè ïðîäóêòàìè ãîðåíèÿ

[2, 3].

Ñêîðîñòü îáðàçîâàíèÿ è ðàñïðîñòðàíåíèÿ äûìà

çàâèñèò îò ìíîãèõ ôàêòîðîâ [4–9]. Âàæíóþ ðîëü â

ïðîöåññå äûìîîáðàçîâàíèÿ èãðàåò õèìè÷åñêèé ñî-

ñòàâ è ôèçè÷åñêèå ïàðàìåòðû ãîðþ÷åé íàãðóçêè [10],

à òàêæå âíåøíÿÿ ñðåäà è êîëè÷åñòâî îêèñëèòåëÿ

[11–13]. Ïîýòîìó âàæíî ïðè ìîäåëèðîâàíèè ïîæà-

ðà ó÷èòûâàòü íàèõóäøèå ñâîéñòâà ãîðþ÷èõ ìàòåðè-

àëîâ, êîòîðûå ìîãóò áûòü îïðåäåëåíû òîëüêî îïûò-

íûì ïóòåì ïðè ðàçëè÷íûõ óñëîâèÿõ èñïûòàíèé â

ýêñïåðèìåíòàëüíîé óñòàíîâêå.

Â íàñòîÿùåå âðåìÿ äëÿ îïðåäåëåíèÿ ïîæàðî-

îïàñíûõ ñâîéñòâ ñòðîèòåëüíûõ è îòäåëî÷íûõ ìàòå-

ðèàëîâ èñïîëüçóþòñÿ ìåòîäû, îïèñàííûå â ÃÎÑÒ

12.1.044–2018. Îäíèì èç íèõ ÿâëÿåòñÿ ìåòîä îïðå-

äåëåíèÿ äûìîîáðàçóþùåé ñïîñîáíîñòè, êîòîðûé

ïîçâîëÿåò îïðåäåëèòü êîýôôèöèåíò äûìîîáðàçîâà-

íèÿ — îäèí èç êëþ÷åâûõ ïàðàìåòðîâ äëÿ ðàñ÷åòà

âðåìåíè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ïî ïîòåðå

âèäèìîñòè â äûìó.

Ñîãëàñíî èññëåäîâàíèÿì [14–18] óäåëüíûé êî-

ýôôèöèåíò äûìîîáðàçîâàíèÿ Dm (Íï·ì2�êã) äëÿ íå-

îáðàáîòàííîé äðåâåñèíû, ïîëó÷åííûé ñòàíäàðòíûì

ìåòîäîì, ïðåâûøàåò 1000 Íï·ì2�êã, ÷òî äàåò îñíî-

âàíèå îòíîñèòü åå ê ãðóïïå ìàòåðèàëîâ ñ âûñîêîé

äûìîîáðàçóþùåé ñïîñîáíîñòüþ. Îäíàêî ïðè ìîäå-

ëèðîâàíèè ïîæàðà ñðåäíåå çíà÷åíèå Dm äëÿ äðå-

âåñèíû ïðèíèìàåòñÿ ðàâíûì 57 Íï·ì2�êã [19], ÷òî

ñóùåñòâåííî ìåíüøå óêàçàííîãî çíà÷åíèÿ. Ïîýòîìó

äëÿ âûïîëíåíèÿ ðàñ÷åòîâ âðåìåíè áëîêèðîâàíèÿ

ïóòåé ýâàêóàöèè ïî ïîòåðå âèäèìîñòè íåîáõîäèìî

íàó÷íî îáîñíîâàòü óñëîâèÿ ïðîâåäåíèÿ èñïûòàíèé

ïî îïðåäåëåíèþ óäåëüíîãî êîýôôèöèåíòà äûìîîá-

ðàçîâàíèÿ.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäîâà-

íèå âëèÿíèÿ óñëîâèé ïðîâåäåíèÿ èñïûòàíèé â êà-
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ìåðå ñãîðàíèÿ ìåëêîìàñøòàáíîé ýêñïåðèìåíòàëü-

íîé óñòàíîâêè íà äûìîîáðàçóþùóþ ñïîñîáíîñòü

äðåâåñèíû.

Äëÿ äîñòèæåíèÿ äàííîé öåëè:
� âûïîëíåíà ìîäèôèêàöèÿ ñóùåñòâóþùåé ýêñïå-

ðèìåíòàëüíîé óñòàíîâêè äëÿ îïðåäåëåíèÿ ïî-

æàðíîé îïàñíîñòè êîíäåíñèðîâàííûõ ìàòåðèà-

ëîâ [20], ÷òî äàëî âîçìîæíîñòü îïðåäåëÿòü îïòè-

÷åñêóþ ïëîòíîñòü äûìà âíóòðè ýêñïîçèöèîííîé

êàìåðû;
� ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ãî-

ðåíèÿ äðåâåñèíû â ìîäèôèöèðîâàííîé óñòàíîâ-

êå, â õîäå êîòîðûõ èçìåðÿëàñü òåìïåðàòóðà è

ïëîòíîñòü òåïëîâîãî ïîòîêà â çàâèñèìîñòè îò

ðàññòîÿíèÿ ìåæäó íàãðåâàòåëüíûì ýëåìåíòîì â

êàìåðå ñãîðàíèÿ óñòàíîâêè è ïîâåðõíîñòüþ îá-

ðàçöà èññëåäóåìîãî ìàòåðèàëà.

Ìîäèôèöèðîâàííàÿ

ýêñïåðèìåíòàëüíàÿ óñòàíîâêà

Èññëåäîâàíèÿ ïðîâîäèëèñü íà ýêñïåðèìåíòàëü-

íîé óñòàíîâêå äëÿ îïðåäåëåíèÿ ïîæàðíîé îïàñíî-

ñòè êîíäåíñèðîâàííûõ ìàòåðèàëîâ [13], êîòîðàÿ

áûëà ìîäèôèöèðîâàíà äëÿ èçìåðåíèÿ îïòè÷åñêîé

ïëîòíîñòè äûìà âíóòðè ýêñïîçèöèîííîé êàìåðû

(ðèñ. 1).

Êîðïóñ óñòàíîâêè âûïîëíåí èç ëèñòîâîé íåðæà-

âåþùåé ñòàëè òîëùèíîé (2,0�0,1) ìì ñ òåïëîèçîëè-

ðóþùèì ïîêðûòèåì ñ âíóòðåííåé ñòîðîíû òîëùè-

íîé (30�0,5) ìì è ñîñòîèò èç òðåõ îñíîâíûõ ÷àñòåé:

êàìåðû ñãîðàíèÿ 1, ïåðåõîäíîãî ðóêàâà 2 è ýêñïîçè-

öèîííîé êàìåðû 3.

Êàìåðà ñãîðàíèÿ îáîðóäîâàíà ýëåêòðîíàãðåâà-

òåëüíûì ýëåìåíòîì 11 ñ ñèñòåìîé âîäÿíîãî îõëàæ-

äåíèÿ, ñìîòðîâûì êâàðöåâûì ñòåêëîì, äåðæàòåëåì

îáðàçöà 10, óñòàíîâëåííûì íà ýëåêòðîííûõ âåñàõ 9.

Ïåðåõîäíîé ðóêàâ îòäåëåí îò êàìåðû ñãîðàíèÿ ñòàëü-

íûì øèáåðîì.

Ýêñïîçèöèîííàÿ êàìåðà îñíàùåíà çîíäîì îò-

áîðà ãàçîâ 6, âåíòèëÿòîðîì 7, à òàêæå ïî âñåìó îáú-

åìó íèçêîèíåðöèîííûìè áðîíèðîâàííûìè òåðìî-

ïàðàìè 5 ñ äèàïàçîíîì èçìåðåíèé îò ìèíóñ 40 äî

+1100 °Ñ è ñ ïîãðåøíîñòüþ íå áîëåå �1,5t (ãäå t —

òåìïåðàòóðà, °Ñ).

Ñõåìà êàìåðû ñãîðàíèÿ ýêñïåðèìåíòàëüíîé óñòà-

íîâêè ïðèâåäåíà íà ðèñ. 2. Ðàññòîÿíèå L ìåæäó íà-

ãðåâàòåëüíûì ýëåìåíòîì â êàìåðå ñãîðàíèÿ óñòà-

íîâêè è ïîâåðõíîñòüþ îáðàçöà èññëåäóåìîãî ìàòå-

ðèàëà èçìåíÿåòñÿ ñ ïîìîùüþ ñèñòåìû ðåãóëèðîâêè

ðàññòîÿíèÿ 7.

Â îòëè÷èå îò ìåòîäà ÃÎÑÒ 12.1.044–2018 â êà-

ìåðå ñãîðàíèÿ ìîäèôèöèðîâàííîé óñòàíîâêè îòñóò-

Ðèñ. 1. Ñõåìà ìîäèôèöèðîâàííîé ýêñïåðèìåíòàëüíîé óñòà-

íîâêè: 1 — êàìåðà ñãîðàíèÿ; 2 — ïåðåõîäíîé ðóêàâ; 3 — ýêñ-

ïîçèöèîííàÿ êàìåðà; 4 — ëàçåðíûé ìîäóëü; 5 — òåðìîïàðû;

6 — çîíä îòáîðà ãàçà; 7 — âåíòèëÿòîð; 8 — ôîòî÷óâñòâè-

òåëüíûé ýëåìåíò; 9 — ýëåêòðîííûå âåñû; 10 — äåðæàòåëü

îáðàçöà; 11 — ýëåêòðîíàãðåâàòåëüíûé èçëó÷àòåëü

Fig. 1. Scheme of the modified experimental installation: 1 —

combustion chamber; 2 — adapter sleeve; 3 — exposure camera;

4 — laser module; 5 — thermocouples; 6 — gas sampling probe;

7 — fan; 8 — photosensitive element; 9 — electronic scales;

10 — sample holder; 11 — electric heating emitter

Ðèñ. 2. Ñõåìà êàìåðû ñãîðàíèÿ ýêñïåðèìåíòàëüíîé óñòàíîâ-

êè: 1 — òåïëîèçîëèðóþùèé ñëîé; 2 — êàìåðà âîäÿíîãî îõëàæ-

äåíèÿ; 3 — ýëåêòðîíàãðåâàòåëüíûé èçëó÷àòåëü; 4 — íàðóæ-

íàÿ ñòåíêà êàìåðû ñãîðàíèÿ; 5 — äåðæàòåëü îáðàçöà; 6 —

ýëåêòðîííûå âåñû; 7 — ñèñòåìà ðåãóëèðîâêè ðàññòîÿíèÿ îò

ýëåêòðîíàãðåâàòåëüíîãî èçëó÷àòåëÿ äî èñïûòóåìîãî îáðàçöà;

8 — êâàðöåâîå ñòåêëî; 9 — íèçêîèíåðöèîííàÿ òåðìîïàðà;

10 — îáðàçåö äðåâåñèíû

Fig. 2. Scheme of the combustion chamber of the experimental

installation: 1 — heat insulation layer; 2 — water cooling chamber;

3 — electric heating radiator; 4 — outer wall of the combustion

chamber; 5 — sample holder; 6 — electronic scales; 7 — system

for adjusting the distance from the electric heating element to

the test sample; 8 — quartz glass; 9 — low inertia thermocouple;

10 — wood sample
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ñòâóåò èñêóññòâåííûé èñòî÷íèê çàæèãàíèÿ (ãàçîâàÿ

ãîðåëêà).

Ïðè ìîäèôèêàöèè óñòàíîâêè â öåíòðå íèæíåé

ñòåíêè ýêñïîçèöèîííîé êàìåðû óñòàíîâëåí ôîòî-

÷óâñòâèòåëüíûé ýëåìåíò 8 (ñì. ðèñ. 1) äëÿ ïðåîáðà-

çîâàíèÿ ñâåòà â ýëåêòðè÷åñêóþ ýíåðãèþ. Ïåðïåíäè-

êóëÿðíî ýòîìó ýëåìåíòó â âåðõíåé ÷àñòè ýêñïîçèöè-

îííîé êàìåðû íàõîäèòñÿ ëàçåðíûé ìîäóëü 4 ñ äëèíîé

âîëíû èçëó÷åíèÿ 650 íì. ×òîáû èçáåæàòü çàìóòíå-

íèÿ ëèíçû âî âðåìÿ îãíåâûõ èñïûòàíèé îò íàãðåâà,

ìîäóëü óñòàíîâëåí âíå óñòàíîâêè.

Â âåðõíåé ÷àñòè ýêñïîçèöèîííîé êàìåðû âñòàâ-

ëåíà ãåðìåòè÷íàÿ àëþìèíèåâàÿ òðóáêà, íèæíÿÿ ÷àñòü

êîòîðîé âûïîëíåíà èç êâàðöåâîãî ñòåêëà. ×åðåç ýòó

òðóáêó ïðîõîäèò ëó÷ ëàçåðà îò ëàçåðíîãî ìîäóëÿ

÷åðåç çàäûìëåííóþ ñðåäó êàìåðû âî âðåìÿ îãíåâûõ

èñïûòàíèé. Ðàññòîÿíèå îò íèæíåé ïîâåðõíîñòè

ñòåêëà äî ôîòî÷óâñòâèòåëüíîãî ýëåìåíòà ñîñòàâëÿ-

åò 800 ìì.

Äëÿ èçìåðåíèÿ ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî

ïîòîêà èñïîëüçîâàí âîäîîõëàæäàåìûé äàò÷èê òåï-

ëîâîãî ïîòîêà òèïà äàò÷èêà Ãîðäîíà ÔÎÀ-013 è ðå-

ãèñòðèðóþùèé ïðèáîð ñ äèàïàçîíîì èçìåðåíèé îò

0 äî 100 ìÂ. Ïîãðåøíîñòü èçìåðåíèÿ ïëîòíîñòè òåï-

ëîâîãî ïîòîêà íå ïðåâûøàåò �8 %.

Ðàçìåðû ìîäèôèöèðîâàííîé óñòàíîâêè îòëè÷à-

þòñÿîò ñòàíäàðòèçèðîâàííîé ïî ÃÎÑÒ12.1.044–2018:
� îáúåì êàìåðû ñãîðàíèÿ ñîîòâåòñòâåííî 0,012 è

0,003 ì3;
� îáúåì ýêñïîçèöèîííîé êàìåðû ñîîòâåòñòâåííî

0,47 è 0,512 ì3;
� îáùèé âíóòðåííèé îáúåì ñîîòâåòñòâåííî 0,482

è 0,515 ì3.

Êàê âèäèì, îáùèé âíóòðåííèé îáúåì ìîäèôèöè-

ðîâàííîé óñòàíîâêè ìåíüøå ïî ñðàâíåíèþ ñî ñòàí-

äàðòèçèðîâàííîé íà 6,4 %.

Ìåòîäèêà ïðîâåäåíèÿ

ýêñïåðèìåíòîâ

Èñïûòàíèå íà÷èíàåòñÿ ñ çàïóñêà êîíòóðà íàãðå-

âàòåëüíîãî ýëåìåíòà âêëþ÷åíèåì ÏÊ è çàïóñêà ðå-

ãèñòðèðóþùèõ ïðîãðàìì ñ ïîñëåäóþùåé ïðîâåðêîé

îòêëèêà äàò÷èêîâ.

Çàäàåòñÿ ðàáî÷àÿ òåìïåðàòóðà íà ïîâåðõíîñòè

íàãðåâàòåëüíîãî ýëåìåíòà tí. Äàò÷èê òåïëîâîãî ïî-

òîêà óñòàíàâëèâàåòñÿ íà çàäàííîì ðàññòîÿíèè îò

åãî ïîâåðõíîñòè.

Ïðè âûõîäå òåìïåðàòóðû è ïëîòíîñòè òåïëîâî-

ãî ïîòîêà íà óñòàíîâëåííûå çíà÷åíèÿ îòêðûâàþò çà-

ñëîíêó ïåðåõîäíîãî ðóêàâà è äâåðöó êàìåðû ñãîðà-

íèÿ. Ïîñëå ýòîãî ïðåäâàðèòåëüíî âçâåøåííûé îá-

ðàçåö ìàòåðèàëà ïîìåùàþò â êàìåðó è çàêðûâàþò

äâåðöó.

Äûìîîáðàçóþùàÿ ñïîñîáíîñòü äðåâåñèíû èññëå-

äîâàëàñü â äâóõ ðåæèìàõ ãîðåíèÿ (ïëàìåííîå ãîðå-

íèå è òëåíèå). Ðåæèì îïðåäåëÿëñÿ âèçóàëüíî ïî íà-

ëè÷èþ âèäèìîé ÷àñòè ïëàìåíè.

Â õîäå èñïûòàíèÿ ôèêñèðîâàëèñü ñëåäóþùèå

ïàðàìåòðû:
� ìàññà îáðàçöà (êàæäûå 3–10 ñ);
� òåìïåðàòóðà â îáúåìå ýêñïîçèöèîííîé êàìåðû;
� îïòè÷åñêàÿ ïëîòíîñòü äûìà.

Óäåëüíûé êîýôôèöèåíò äûìîîáðàçîâàíèÿ ãîðþ-

÷åãî ìàòåðèàëà îïðåäåëÿëñÿ ïî ñëåäóþùåé ôîðìó-

ëå (ÃÎÑÒ 12.1.044–2018):

D
V

lm

I

I
m � �

�
�

�
	

ln ,

min

0 (1)

ãäå Dm — óäåëüíûé êîýôôèöèåíò äûìîîáðàçîâàíèÿ

ãîðþ÷åãî ìàòåðèàëà, Íï·ì2�êã;

V — îáúåì ýêñïîçèöèîííîé êàìåðû, ì3;

l — äëèíà ïóòè ëó÷à ñâåòà â çàäûìëåííîé ñðåäå

ýêñïîçèöèîííîé êàìåðû, ì;

m — ìàññà îáðàçöà, êã;

I0, Imin — íà÷àëüíîå è êîíå÷íîå ñâåòîïðîïóñêà-

íèå, %.

Êàëèáðîâêà ýëåêòðîíàãðåâàòåëüíîãî

îáîðóäîâàíèÿ

Äëÿ èññëåäîâàíèÿ ïðîöåññà òåðìîðàçëîæåíèÿ

îáðàçöà ãîðþ÷åãî ìàòåðèàëà íà ðàçëè÷íîì ðàññòîÿ-

íèè îò ýëåêòðîíàãðåâàòåëüíîãî îáîðóäîâàíèÿ áûëà

ïðîâåäåíà åãî êàëèáðîâêà â îòñóòñòâèå ãîðåíèÿ îá-

ðàçöà.

Ïðè ýòîì îïðåäåëÿëèñü çàâèñèìîñòè ïëîòíîñòè

òåïëîâîãî ïîòîêà q â ãàçîâîé ñðåäå êàìåðû ñãîðà-

íèÿ óñòàíîâêè íà çàäàííîì ðàññòîÿíèè L îò ïîâåðõ-

íîñòè íàãðåâàòåëüíîãî ýëåìåíòà ïðè ðàçëè÷íîé

òåìïåðàòóðå íà åãî ïîâåðõíîñòè tí. Èçìåðåíèÿ ïðî-

âîäèëèñü íà ðàññòîÿíèè 35, 55 è 70 ìì. Äàëåå ïóòåì

àïïðîêñèìàöèè áûëè ïîëó÷åíû çíà÷åíèÿ äàííûõ

ïàðàìåòðîâ äëÿ äðóãèõ ðàññòîÿíèé.

Ðåçóëüòàòû êàëèáðîâêè ïðèâåäåíû â òàáë. 1. Äàí-

íûå òàáë. 1 ïîçâîëÿþò îïðåäåëÿòü ïëîòíîñòü òåï-

ëîâîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà ãîðþ÷åãî ìà-

òåðèàëà, íàõîäÿùåãîñÿ íà çàäàííîì ðàññòîÿíèè L,

ïðè çàäàííîé òåìïåðàòóðå tí.

Èñõîäíûå äàííûå

Â êà÷åñòâå ãîðþ÷åãî ìàòåðèàëà èñïîëüçîâàëàñü

äðåâåñèíà õâîéíûõ ïîðîä ðàçìåðîì 30�30�3 ìì è

ìàññîé (1,23�0,02) ã (ðèñ. 3).

Èññëåäîâàíèå âëèÿíèÿ óñëîâèé â êàìåðå ñãîðà-

íèÿ íà êîýôôèöèåíò äûìîîáðàçîâàíèÿ ïðîâîäèëîñü

ïðè ðàçëè÷íûõ çíà÷åíèÿõ ïëîòíîñòè ïàäàþùåãî òåï-

ëîâîãî ïîòîêà, òåìïåðàòóðû íà ïîâåðõíîñòè íàãðå-

âàòåëüíîãî ýëåìåíòà è ðàññòîÿíèÿ îò åãî ïîâåðõíî-

ñòè äî îáðàçöà.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2020 ÒÎÌ 29 ¹ 1 27

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

Ðàññòîÿíèå äî îáðàçöà áûëî ïðèíÿòî ðàâíûì 35,

55 è 70 ìì. Ïëîòíîñòü òåïëîâîãî ïîòîêà áûëà çàäàíà

25 è 35 êÂò�ì2, à òåìïåðàòóðà íà ïîâåðõíîñòè íà-

ãðåâàòåëüíîãî ýëåìåíòà ýêñïåðèìåíòàëüíîé óñòà-

íîâêè èçìåíÿëàñü îò 526 äî 685 °Ñ.

Ïðè ïðîâåäåíèè èñïûòàíèé è íà ýêñïåðèìåí-

òàëüíîé óñòàíîâêå, è íà ñòàíäàðòèçèðîâàííîé óñòà-

íîâêå ïî ìåòîäó ÃÎÑÒ 12.1.044–2018 ðàçìåðû îá-

ðàçöîâ äðåâåñèíû õâîéíûõ ïîðîä è èõ ìàññà áûëè

èäåíòè÷íûìè. Ðàññòîÿíèå îò ïîâåðõíîñòè íàãðåâà-

òåëüíîãî ýëåìåíòà äî ïîâåðõíîñòè îáðàçöà ñîñòàâ-

ëÿëî 60 ìì.

Ðåçóëüòàòû ýêñïåðèìåíòîâ è èõ àíàëèç

Âèä îáðàçöîâ äðåâåñèíû äî è ïîñëå èñïûòàíèé

ïðåäñòàâëåí íà ðèñ. 4.

tí, °Ñ, íà ðàññòîÿíèè L, ìì � th, °Ñ, at distance L, mm q, êÂò�ì2

q, kW�m2
85 80 75 70 65 60 55 50 45 40 35

891 860 833 809 793 777 764 746 733 719 708 65

873 842 815 792 774 757 742 727 715 702 693 60

854 824 798 775 756 737 722 707 696 684 675 55

835 806 780 758 738 718 702 688 677 666 658 50

811 783 758 736 716 697 681 667 657 646 638 45

783 756 732 711 693 675 660 646 635 624 616 40

755 728 705 685 667 650 635 621 610 599 591 35

726 701 678 659 641 623 608 593 581 569 560 30

687 663 642 624 605 587 572 557 546 535 526 25

641 619 599 582 563 544 529 516 506 496 488 20

586 566 547 532 513 494 479 466 457 447 440 15

509 491 475 462 446 430 417 405 396 386 379 10

386 373 361 351 340 329 320 313 309 304 300 5

Òàáëèöà 1. Ðåçóëüòàòû êàëèáðîâêè ýëåêòðîíàãðåâàòåëüíîãî îáîðóäîâàíèÿ

Table 1. Calibration results of electrical heating equipment

Ðèñ. 3. Îáðàçöû õâîéíûõ ïîðîä äðåâåñèíû äëÿ îãíåâûõ èñ-

ïûòàíèé

Fig. 3. Samples of coniferous woods for fire tests

Ðèñ. 4. Îáðàçåö äðåâåñèíû äî (à) è ïîñëå (á ) îãíåâûõ èñ-

ïûòàíèé

Fig. 4. Sample of coniferous woods before (a) and after (b) fire tests



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2020 VOL. 29 NO. 128

COMBUSTION, DETONATION AND EXPLOSION PROCESSES

Ðåçóëüòàòû îãíåâûõ èñïûòàíèé ïîêàçàëè, ÷òî â

ðåæèìå ïëàìåííîãî ãîðåíèÿ è â ðåæèìå òëåíèÿ çíà-

÷åíèÿ êîýôôèöèåíòà äûìîîáðàçîâàíèÿ ðàçëè÷àþò-

ñÿ è ñóùåñòâåííî ìåíÿþòñÿ â çàâèñèìîñòè îò óñëî-

âèé â êàìåðå ñãîðàíèÿ (òàáë. 2 è ðèñ. 5) (ãäå tî —

òåìïåðàòóðà ïîâåðõíîñòè îáðàçöà, °C).

Èç òàáë. 2 âèäíî, ÷òî çíà÷åíèå êîýôôèöèåíòà

äûìîîáðàçîâàíèÿ ñóùåñòâåííî çàâèñèò îò ðàññòîÿ-

íèÿ ìåæäó ïîâåðõíîñòÿìè íàãðåâàòåëüíîãî ýëåìåí-

òà è îáðàçöà, òàê êàê íà ðàçëè÷íîì ðàññòîÿíèè ïðè

îäèíàêîâîé ïëîòíîñòè òåïëîâîãî ïîòîêà òåìïåðà-

òóðà tî íà ïîâåðõíîñòè îáðàçöà ðàçëè÷íà, ÷òî â ñâîþ

î÷åðåäü çíà÷èòåëüíî âëèÿåò íà ïðîöåññ äûìîîáðà-

çîâàíèÿ.

Êîýôôèöèåíò äûìîîáðàçîâàíèÿ, ïîëó÷åííûé íà

ìîäèôèöèðîâàííîé óñòàíîâêå, èçìåíÿëñÿ îò 22,1

äî 56,9 Íï·ì2�êã â ðåæèìå ãîðåíèÿ è îò 82,9

äî 134,5 Íï·ì2�êã â ðåæèìå òëåíèÿ. Òàêèì îáðàçîì,

ðàçíèöà â çíà÷åíèÿõ êîýôôèöèåíòà äûìîîáðàçîâà-

íèÿ ñîñòàâëÿëà 34,8 Íï·ì2�êã â ðåæèìå ãîðåíèÿ è

51,6 Íï·ì2�êã â ðåæèìå òëåíèÿ.

Äëÿ õâîéíûõ äðåâåñíûõ ìàòåðèàëîâ èíòåðâàë çíà-

÷åíèé êîýôôèöèåíòà Dm, èñïîëüçóåìûé ïðè ìîäå-

ëèðîâàíèè ïîæàðîâ, ðàâåí 57–61 Íï·ì2�êã [19], ÷òî

ñîèçìåðèìî ñ äèàïàçîíîì åãî èçìåíåíèÿ â ïðîâåäåí-

íûõ ýêñïåðèìåíòàõ.

Â ñâÿçè ñ ýòèì íàó÷íîå îáîñíîâàíèå ïðàâèëü-

íîñòè âûáîðà äàííîãî êîýôôèöèåíòà èãðàåò ðåøà-

þùóþ ðîëü ïðè ðàñ÷åòå âðåìåíè áëîêèðîâàíèÿ ïó-

òåé ýâàêóàöèè ïî ïîòåðå âèäèìîñòè.

Îäíîâðåìåííî ñ îãíåâûìè èñïûòàíèÿìè íà ìî-

äèôèöèðîâàííîé ýêñïåðèìåíòàëüíîé óñòàíîâêå áûëè

ïðîâåäåíû èñïûòàíèÿ íà ñòàíäàðòèçèðîâàííîé óñòà-

íîâêå ïî ìåòîäó ÃÎÑÒ 12.1.044–2018 (ñì. ðèñ. 5).
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1 Ãîðåíèå
Combustion

35 70 685 309 56,9

2 35 70 685 309 42,8

3 35 70 685 309 44,8

4 35 55 635 282 33,6

5 35 55 635 282 29,5

6 35 55 635 282 23,2

7 35 35 591 273 22,1

8 35 35 591 273 26,4

9 35 35 591 273 30,4

10 Òëåíèå
Smoldering

25 70 624 239 100,9

11 25 70 624 239 134,5

12 25 70 624 239 120,5

13 25 55 572 224 85,7

14 25 55 572 224 98,4

15 25 55 572 224 96,2

16 25 35 526 218 82,9

17 25 35 526 218 98,6

18 25 35 526 218 89,4

19* Ãîðåíèå
Combustion

35 60 766 – 290

20* Òëåíèå
Smoldering

35 60 766 – 775

21* 25 60 700 – 560

* Ñòàíäàðòíûé ìåòîä èñïûòàíèé ïî ÃÎÑÒ 12.1.044–2018.

Standard test method GOST 12.1.044–2018.

Òàáëèöà 2. Âëèÿíèå óñëîâèé â êàìåðå ñãîðàíèÿ íà âåëè÷èíó

óäåëüíîãî êîýôôèöèåíòà äûìîîáðàçîâàíèÿ äðåâåñèíû

Table 2. Influence of conditions in the combustion chamber on

the value of specific smoke generation coefficient of wood

Ðèñ. 5. Ðåçóëüòàòû îãíåâûõ èñïûòàíèé äðåâåñèíû:�— êîýôôèöèåíò äûìîîáðàçîâàíèÿ;�— òåìïåðàòóðà íà ïîâåðõíîñòè îá-

ðàçöà; �— ïëîòíîñòü òåïëîâîãî ïîòîêà íà ïîâåðõíîñòè îáðàçöà

Fig. 5. Results of fire tests of wood: �— specific smoke generation coefficient; �— temperature on the surface of the sample; �—

heat flux density on the sample surface
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Èç ðèñ. 5 âèäíî, ÷òî çíà÷åíèÿ êîýôôèöèåíòà äû-

ìîîáðàçîâàíèÿ, ïîëó÷åííûå íà ñòàíäàðòèçèðîâàí-

íîé óñòàíîâêå (ýêñïåðèìåíòû ¹ 19–21), çíà÷èòåëüíî

âûøå ïîëó÷åííûõ íà ìîäèôèöèðîâàííîé óñòàíîâêå

(ýêñïåðèìåíòû ¹ 1–18) — íà 233,1 Íï·ì2�êã â ðå-

æèìå ãîðåíèÿ è íà 640,5 Íï·ì2�êã â ðåæèìå òëåíèÿ.

Îñíîâíûå îòëè÷èÿ ìîäèôèöèðîâàííîé óñòàíîâêè

îò ñòàíäàðòèçèðîâàííîé çàêëþ÷àþòñÿ â ñëåäóþùåì:
� â êàìåðå ñãîðàíèÿ îòñóòñòâóåò èñêóññòâåííûé

èñòî÷íèê çàæèãàíèÿ (ãàçîâàÿ ãîðåëêà);
� ýëåêòðîíàãðåâàòåëüíûé èçëó÷àòåëü îáîðóäîâàí

ñèñòåìîé âîäÿíîãî îõëàæäåíèÿ;
� ðàçëè÷àþòñÿ îáúåìû êàìåð ñãîðàíèÿ;
� ýêñïîçèöèîííàÿ êàìåðà òåðìîèçîëèðîâàíà â îò-

ëè÷èå îò ñòàíäàðòèçèðîâàííîé óñòàíîâêè;
� îáðàçåö â ìîäèôèöèðîâàííîé óñòàíîâêå ðàñïî-

ëîæåí ãîðèçîíòàëüíî, â ñòàíäàðòèçèðîâàííîé —

ïîä óãëîì 45°.

Âûøåóêàçàííûå îòëè÷èÿ â çíà÷åíèÿõ óäåëüíîãî

êîýôôèöèåíòà äûìîîáðàçîâàíèÿ, ïîëó÷åííûõ íà ðàç-

íûõ óñòàíîâêàõ, òðåáóþò ïðîâåäåíèÿ äàëüíåéøèõ

èññëåäîâàíèé ïî âëèÿíèþ êîíñòðóêòèâíûõ îñîáåí-

íîñòåé óñòàíîâêè è óñëîâèé ïðîâåäåíèÿ èñïûòàíèé

íà êîýôôèöèåíò äûìîîáðàçîâàíèÿ.

Çàêëþ÷åíèå

Êîíñòðóêòèâíûå îñîáåííîñòè ýêñïåðèìåíòàëü-

íîé óñòàíîâêè è óñëîâèÿ â êàìåðå ñãîðàíèÿ îêàçû-

âàþò ñèëüíîå âëèÿíèå íà óäåëüíûé êîýôôèöèåíò

äûìîîáðàçîâàíèÿ ãîðþ÷åãî ìàòåðèàëà.

Çíà÷åíèÿ êîýôôèöèåíòà äûìîîáðàçîâàíèÿ, ïî-

ëó÷àåìûå íà ìîäèôèöèðîâàííîé ýêñïåðèìåíòàëü-

íîé óñòàíîâêå, çíà÷èòåëüíî îòëè÷àþòñÿ îò ïîëó÷à-

åìûõ ñòàíäàðòíûì ìåòîäîì.

Òàêèì îáðàçîì, äëÿ äîñòîâåðíîãî ðàñ÷åòà âðåìå-

íè áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè ïî ïîòåðå âèäè-

ìîñòè íåîáõîäèìî ïðîâåäåíèå äàëüíåéøèõ èññëå-

äîâàíèé, ïîçâîëÿþùèõ íàó÷íî îáîñíîâàòü ìåòîäè-

êó îïðåäåëåíèÿ êîýôôèöèåíòà äûìîîáðàçîâàíèÿ.
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