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ÐÅÇÞÌÅ

Ââåäåíèå. Â ñòàòüå ïðèâåäåíû çàêîíîìåðíîñòè ðàñïðåäåëåíèÿ ÷àñòèö ôðàêöèé îãíåòóøàùåãî ïîðîøêà â

ïîïåðå÷íûõ ñå÷åíèÿõ ìîäåëèðóåìîãî íåðåãóëèðóåìîãî íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà. Îïðåäåëåíî ðàñ-

ñòîÿíèå îò ñðåçà îãíåòóøèòåëÿ äî ìåñòà, ãäå ïîòîê íàèáîëåå ñòàáèëåí ïî ñîäåðæàíèþ â íåì ÷àñòèö îãíåòóøà-

ùåãî ïîðîøêà. Ðàíåå â ðàáîòàõ óæå èññëåäîâàëèñü ôèçèêî-õèìè÷åñêèå ñâîéñòâà îãíåòóøàùèõ ïîðîøêîâ,

áûëî ñìîäåëèðîâàíî äâèæåíèå ÷àñòèö ïîðîøêà â ïîòîêå è îïðåäåëåíî âëèÿíèå ôðàêöèîííîãî ñîñòàâà ïî-

ðîøêà íà åãî îãíåòóøàùóþ ñïîñîáíîñòü, íî ðàñïðåäåëåíèå ôðàêöèé ïîðîøêà ïðè åãî äâèæåíèè â ãàçî-

ïîðîøêîâîì ïîòîêå íå ðàññìàòðèâàëîñü. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïîèñê ñïîñîáîâ ïîâûøåíèÿ ýô-

ôåêòèâíîñòè ïîðîøêîâûõ îãíåòóøèòåëåé ïóòåì ðåãóëèðîâàíèÿ ðàñïðåäåëåíèÿ ôðàêöèé ïîðîøêà â íåñòàöèî-

íàðíîì ãàçîâîì ïîòîêå.

Ìàòåðèàëû è ìåòîäû. Óñòàíîâêà äëÿ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ñîñòîèò èç êîîðäèíàòíîãî ñòîëà,

ïëîñêîñòüþ îðèåíòèðîâàííîãî ïåðïåíäèêóëÿðíî ê íàïðàâëåíèþ äâèæåíèÿ ãàçîïîðîøêîâîãî ïîòîêà. Ñòîë

îñíàùåí ñáîðíèêàìè, êîòîðûå ïîçâîëÿþò óëàâëèâàòü ïðîáû ïîðîøêà â êîíòðîëüíûõ òî÷êàõ ïîïåðå÷íîãî ñå-

÷åíèÿ ïîòîêà. Â êà÷åñòâå ìîäåëè îãíåòóøàùåãî ïîðîøêà â ýêñïåðèìåíòå èñïîëüçîâàëè ñîëü ïîâàðåííóþ

ïèùåâóþ, õàðàêòåðèñòèêè êîòîðîé ñîîòâåòñòâóþò ÃÎÑÒ Ð 53280.4–2009. Êîîðäèíàòíûé ñòîë óñòàíàâëèâàëè

ïîñëåäîâàòåëüíî íà ðàññòîÿíèè 500, 750, 1000 è 1250 ìì îò ñðåçà îãíåòóøèòåëÿ. Çàòåì íàâåñêó ñîëè ñ èç-

âåñòíûì ôðàêöèîííûì ñîñòàâîì ïîäàâàëè ìîäåëüþ îãíåòóøèòåëÿ íà êîîðäèíàòíûé ñòîë è îòáèðàëè çàäåð-

æàííûå ïðîáû ïîðîøêà. Ïîñëå ýòîãî îïðåäåëÿëè ìàññó è ôðàêöèîííûé ñîñòàâ ïðîá, óëîâëåííûõ êàæäûì

ñáîðíèêîì. Ïî èõ ñîäåðæàíèþ ñóäèëè î ñòàáèëüíîñòè ðàñïðåäåëåíèÿ ÷àñòèö â ãàçîâîì ïîòîêå ñ ïîìîùüþ ñòà-

òèñòè÷åñêîãî àíàëèçà (ïî êðèòåðèþ Ôèøåðà).

Âûâîäû. Óñòàíîâëåíû è àíàëèòè÷åñêè îïèñàíû çàêîíîìåðíîñòè ðàñïðåäåëåíèÿ ÷àñòèö ðàçëè÷íûõ ôðàêöèé

îãíåòóøàùåãî ïîðîøêà â ïîïåðå÷íîì ñå÷åíèè íåðåãóëèðóåìîãî íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà, êîòîðûå

ìîãóò áûòü èñïîëüçîâàíû ïðè ïîèñêå ñïîñîáîâ ðåãóëèðîâàíèÿ ôðàêöèé îãíåòóøàùåãî ïîðîøêà â ïðîöåññå

òóøåíèÿ î÷àãà ïîæàðà. Íàèáîëåå ïðåäñòàâèòåëüíû è ñòàáèëüíû ïî òî÷íîñòè (ïðàâèëüíîñòè è ïðåöèçèîí-

íîñòè) ðåçóëüòàòû ñîäåðæàíèÿ ôðàêöèé ïîðîøêà â ñå÷åíèè íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà íà ðàññòîÿíèè

1000 ìì îò ñðåçà îãíåòóøèòåëÿ, ÷òî íåîáõîäèìî ó÷èòûâàòü ïðè ïðîâåäåíèè äàëüíåéøèõ èññëåäîâàíèé.
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ABSTRACT

Introduction. The article presents the regularities of particles distribution of fire extinguishing powder fractions in

the cross sections of the simulated unregulated non-stationary gas stream. The distance from the fire extinguisher

cut which the stream is most stable in terms of the content of fire extinguishing powder particles is determined.

There are works in which the physical and chemical properties of fire-extinguishing powders are considered, the

movement of powder particles in the stream is modeled, the influence of the fractional composition of the powder

on its fire-extinguishing capacity is determined. At the same time distribution of powder fractions during its move-

ment in gas-powder stream is not considered. The purpose of the present work is to find ways to improve the effici-

ency of powder extinguishers by controlling the distribution of powder fractions in a non-stationary gas stream.

Materials and methods. Experimental study installation consists of coordinate table oriented perpendicular to

gas-powder stream direction. The table is equipped with collectors that allow to collect powder samples at control
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points of flow cross-section. Food sodium chloride (further — salt) was used in the experiment. Its characteristics

correspond to GOST R 53280.4–2009 and allow to apply it as a model. The coordinate table was installed sequen-

tially at a distance of 500, 750, 1000 and 1250 mm from the fire extinguisher cut. Next, a shot of salt with a known

fractional composition was supplied with a fire extinguisher model to a coordinate table and the retained powder

samples were taken. The mass and fractional composition of the samples collected by each collector were then

determined. Stability of the particle distribution in the gas stream by statistical analysis (by Fischer’s criterion) was

measured for their content.

Conclusions. Regularities of different fire extinguishing powder fractions distribution in cross section of non-regu-

lated non-stationary gas stream are established and analytically described. These regularities can be used in find-

ing ways to regulate fire extinguishing powder fractions during fire extinguishing. The most representative and

stable in accuracy (correctness and precision) results of powder fractions content in the section of non-stationary

gas stream at a distance of 1000 mm from the fire extinguisher cut. This should be taken into account in further re-

search.

Keywords: dry-chemical fire extinguishing; powder fire extinguisher; fire extinguisher model; fractional composition;

gas powder stream modelling.
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Ââåäåíèå

Èçâåñòíî, ÷òî îãíåòóøàùàÿ ñïîñîáíîñòü ïîðîøêà çà-

âèñèò îò åãî ôèçèêî-õèìè÷åñêèõ ñâîéñòâ [1–3], â ÷à-

ñòíîñòè îò ôðàêöèîííîãî ñîñòàâà. Ýòà ñïîñîáíîñòü

âîçðàñòàåò ñ óâåëè÷åíèåì óäåëüíîé ïëîùàäè ïî-

âåðõíîñòè îãíåòóøàùåãî ïîðîøêà.

Ýôôåêò ïîãëîùåíèÿ òåïëà ÷àñòèöàìè ïîðîøêà

ïðè òóøåíèè î÷àãà ïîæàðà ïîäðîáíî èññëåäîâàí â

[4–7]. Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî ñóùåñòâó-

þò çàòðóäíåíèÿ â äîñòàâêå ìåëêèõ ôðàêöèé ê î÷àãó

ïîæàðà. Êðóïíûå æå ôðàêöèè îáåñïå÷èâàþò áîëü-

øóþ äëèíó ñòðóè ïîðîøêà, íî îáëàäàþò ñðàâíèòåëü-

íî íèçêîé îãíåòóøàùåé ñïîñîáíîñòüþ [8–11]. Óñòà-

íîâëåíî òàêæå, ÷òî äëÿ òóøåíèÿ ïîæàðà íàèáîëåå

îïòèìàëüíûìè ÿâëÿþòñÿ ôðàêöèè ñðåäíåãî ðàçìåðà.

Àâòîðàìè [12] îïðåäåëåíû ãðàíóëîìåòðè÷åñêèå

õàðàêòåðèñòèêè ïðåäñòàâëåííûõ íà ðûíêå îãíåòó-

øàùèõ ïîðîøêîâ. Ïðîâåäåíî ìàòåìàòè÷åñêîå ìî-

äåëèðîâàíèå äâèæåíèÿ ÷àñòèö â ãàçîïîðîøêîâîì ïî-

òîêå [13] è â ïñåâäîîæèæåííîì ñëîå [14]. Â ýòèõ ðà-

áîòàõ ó÷òåíû ñîóäàðåíèÿ ÷àñòèö è âçàèìîäåéñòâèå

èõ ñ ãàçîâûì ïîòîêîì áåç ðàçäåëåíèÿ íà ôðàêöèè.

Â [3, 15, 16] èññëåäîâàíà äèíàìèêà äâèæåíèÿ ÷àñ-

òèö îãíåòóøàùåãî ïîðîøêà ê î÷àãó ïîæàðà ïðè ïî-

äà÷å ñ ïîìîùüþ ìîäóëüíûõ óñòàíîâîê ïîðîøêîâî-

ãî ïîæàðîòóøåíèÿ. Ïðè òàêîì ñïîñîáå ïîäà÷è ïîòîê

ïîðîøêà íàïðàâëåí â ñòîðîíó, ïðîòèâîïîëîæíóþ

äâèæåíèþ êîíâåêòèâíûõ ãàçîâûõ ïîòîêîâ îò î÷àãà

ïîæàðà. Óñòàíîâëåí ìèíèìàëüíûé êðèòè÷åñêèé

äèàìåòð ÷àñòèöû, ïðè êîòîðîì îíà íå áóäåò îòáðî-

øåíà âîñõîäÿùèìè êîíâåêòèâíûìè ïîòîêàìè.

Àâòîðàìè [17] èññëåäîâàíî ðàñïðåäåëåíèå ôðàê-

öèé ïîðîøêà â íåñòàöèîíàðíîì ãàçîâîì ïîòîêå. Íà-

âåñêó îãíåòóøàùåãî ïîðîøêà ñ ïîìîùüþ ðó÷íîãî

îãíåòóøèòåëÿ ïîäàâàëè íà ïðåäâàðèòåëüíî ðàçëî-

æåííûå ïîäëîæêè èçâåñòíîé ìàññû è ðàçìåðà. Ïîñëå

ïîëíîãî îñàæäåíèÿ ÷àñòèö êàæäóþ ïîäëîæêó âçâå-

øèâàëè è ñòðîèëè ãðàíè÷íûå ëèíèè ðàñïðåäåëåíèÿ

ôðàêöèé ïîðîøêà â íåñòàöèîíàðíîì ãàçîâîì ïîòî-

êå. Îòìåòèì ñðàçó, ÷òî ïðåäëîæåííûé â [17] ñïîñîá

ñïðàâåäëèâ òîëüêî äëÿ ñóììàðíîé ìàññû ôðàêöèé,

îñåâøèõ â ïîïåðå÷íîì ñå÷åíèè ïîòîêà, è íå äàåò âîç-

ìîæíîñòè îïðåäåëèòü ðàñïðåäåëåíèå ÷àñòèö â êàæ-

äîé åãî òî÷êå.

Â íàñòîÿùåé ðàáîòå èññëåäîâàíî ðàñïðåäåëåíèå

ðàçëè÷íûõ ôðàêöèé ïîðîøêà â ïîïåðå÷íîì ñå÷åíèè

íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà â öåëÿõ ïîèñêà ñïî-

ñîáîâ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðèìåíåíèÿ ïî-

ðîøêîâûõ îãíåòóøèòåëåé.

Ìàòåðèàëû è ìåòîäû

Ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ îïèñàíà

íàìè â [18]. Ðàñïðåäåëåíèå ìàññû ÷àñòèö îãíåòó-

øàùåãî ïîðîøêà â ïîïåðå÷íîì ñå÷åíèè íåñòàöèî-

íàðíîãî ãàçîâîãî ïîòîêà ñìîäåëèðîâàíî ñ ïîìîùüþ

óñòàíîâêè, ñõåìàòè÷íî ïðåäñòàâëåííîé íà ðèñ. 1.

Óñòàíîâêà ñîñòîèò èç êîîðäèíàòíîãî ñòîëà 1, îñ-

íàùåííîãî ñáîðíèêàìè ïîðîøêà 2, ðàçìåùåííûìè

â ñêâîçíûõ îòâåðñòèÿõ ñòîëà. Ìàòåðèàë òûëüíûõ òîð-

öåâûõ ïîâåðõíîñòåé ñáîðíèêîâ îáåñïå÷èâàåò áåñ-

ïðåïÿòñòâåííîå ïðîõîæäåíèå ãàçîâîãî ïîòîêà è çà-

äåðæèâàåò ÷àñòèöû ïîðîøêà. Âõîäû 3 ñáîðíèêîâ ïî-

ðîøêà íà êîîðäèíàòíîì ñòîëå âûñòóïàþò â êà÷åñòâå

êîíòðîëüíûõ òî÷åê ïðè îïðåäåëåíèè ìàññû ÷àñòèö

ðàçëè÷íûõ ôðàêöèé îãíåòóøàùåãî ïîðîøêà.

Â êà÷åñòâå ìîäåëè îãíåòóøàùåãî ïîðîøêà ïðè

ïðîâåäåíèè ýêñïåðèìåíòà èñïîëüçîâàíà ñîëü ïèùå-

âàÿ ïîâàðåííàÿ ïî ÒÓ 9192-001-90844204–2011 (äà-

ëåå — ñîëü). Ôðàêöèîííûé ñîñòàâ ñîëè îïðåäåëåí

íàìè ñèòîâûì àíàëèçîì (òàáë. 1) ìåòîäîì ðó÷íîãî

ïðîñåâà [19].

Ïðîàíàëèçèðîâàíû õàðàêòåðèñòèêè îãíåòóøà-

ùèõ ïîðîøêîâ, òðåáîâàíèÿ ê êîòîðûì ïðåäñòàâëåíû

â ÃÎÑÒ Ð 53280.4–2009 “Óñòàíîâêè ïîæàðîòóøåíèÿ

àâòîìàòè÷åñêèå. Îãíåòóøàùèå âåùåñòâà. ×àñòü 4. Ïî-

ðîøêè îãíåòóøàùèå îáùåãî íàçíà÷åíèÿ. Îáùèå òåõ-
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íè÷åñêèå òðåáîâàíèÿ è ìåòîäû èñïûòàíèé”. Íà äâè-

æåíèå ïîðîøêà â íåñòàöèîíàðíîì ãàçîâîì ïîòîêå

îêàçûâàþò âëèÿíèå õàðàêòåðèñòèêè, îòðàæàþùèå ñî-

îòíîøåíèå ìàññû è õàðàêòåðíîé ïëîùàäè ÷àñòèöû:

1) êàæóùàÿñÿ ïëîòíîñòü (äëÿ íåóïëîòíåííûõ è

óïëîòíåííûõ ïîðîøêîâ);

2) ôðàêöèîííûé ñîñòàâ (îñòàòîê ïîðîøêà íà ñèòå

ñ ñåòêîé ¹05Ê ïî ÃÎÑÒ 6613–86 “Ñåòêè ïðîâîëî÷-

íûå òêàíûå ñ êâàäðàòíûìè ÿ÷åéêàìè. Òåõíè÷åñêèå

óñëîâèÿ” è íà ñèòå 1000 ìêì ïðè ñèòîâîì àíàëèçå).

Â òàáë. 2 ïðèâåäåíû òðåáîâàíèÿ ÃÎÑÒ Ð 53280.4–

2009 ê õàðàêòåðèñòèêàì ñîëè.

Äàííûå òàáë. 2 äîïóñêàþò âîçìîæíîñòü èñïîëü-

çîâàíèÿ ñîëè ïîâàðåííîé ïèùåâîé â êà÷åñòâå ìîäå-

ëè îãíåòóøàùåãî ïîðîøêà.

Êîîðäèíàòíûé ñòîë ñ çàêðåïëåííûìè ñáîðíèêà-

ìè ïîðîøêà óñòàíàâëèâàëè íà ðàçíûõ ðàññòîÿíèÿõ

îò ìîäåëè îãíåòóøèòåëÿ. Ñõåìà ðàñïîëîæåíèÿ èñ-

ñëåäóåìûõ ñå÷åíèé À–Ã ïðåäñòàâëåíà íà ðèñ. 2.

Íàèáîëüøèì ïðèíÿòî ðàññòîÿíèå, ïðè êîòîðîì ðàç-

ìåðû ïðîåêöèè ïîïåðå÷íîãî ñå÷åíèÿ ïîòîêà ñîëè

íå ïðåâûøàþò ðàçìåðîâ êîîðäèíàòíîãî ñòîëà.

Óñòàíîâëåíà ìèíèìàëüíàÿ ìàññà íàâåñêè ñîëè,

êîòîðàÿ ïîçâîëÿåò îïðåäåëèòü ìàññó ÷àñòèö ñîëè, çà-

äåðæàííûõ îòäåëüíûìè ñáîðíèêàìè ïîðîøêà, ñ ó÷å-

òîì òåõíè÷åñêèõ õàðàêòåðèñòèê âåñîâ. Îíà ñîñòàâ-

ëÿåò 150 ã. Ïîäà÷ó íàâåñêè ïîðîøêà ê êîîðäèíàò-

íîìó ñòîëó îñóùåñòâëÿëè âîçäóõîì ïîä äàâëåíèåì

0,7 ÌÏà. Çàòåì îò êîîðäèíàòíîãî ñòîëà ïîî÷åðåäíî

îòñîåäèíÿëè ñáîðíèêè è ïðîâîäèëè âçâåøèâàíèå è

ñèòîâîé àíàëèç óëîâëåííîé êàæäûì èç íèõ ïðîáû.

Ïðè âçâåøèâàíèè èñïîëüçîâàëè ýëåêòðîííûå ëàáî-

ðàòîðíûå âåñû ìàðêè “Ïåòâåñ Å-2000” (âåðõíèé ïðå-

äåë âçâåøèâàíèÿ — 2000 ã, êëàññ òî÷íîñòè — II).

Äëÿ êàæäîãî èç èññëåäóåìûõ ñå÷åíèé ïîòîêà îïè-

ñàííûé ýêñïåðèìåíò ïîâòîðÿëè ïî 4 ðàçà (â ñîîò-

âåòñòâèè ñ ÃÎÑÒ Ð 8.736–2011), çíà÷åíèå äîâåðè-

òåëüíîé âåðîÿòíîñòè ïðèíèìàëè ðàâíûì 0,95.

Îïðåäåëåíà ñîâîêóïíàÿ ìàññà ñîëè, óëîâëåííîé

ñáîðíèêàìè êîîðäèíàòíîãî ñòîëà, êîòîðûé ðàñïîëà-

ãàëè ïîñëåäîâàòåëüíî íà ðàññòîÿíèÿõ 500, 750, 1000

è 1250 ìì îò ìîäåëè îãíåòóøèòåëÿ, è ïðîöåíòíûé

ñîñòàâ ðàçëè÷íûõ ôðàêöèé â ñáîðíèêàõ (òàáë. 3).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîâåðêà ïðèåìëåìîñòè ðåçóëüòàòîâ èçìåðåíèé

â ïîïåðå÷íûõ ñå÷åíèÿõ íåñòàöèîíàðíîãî ãàçîâîãî

ïîòîêà (òàáë. 4) ïðîâåäåíà ïî óñëîâèÿì ïîâòîðÿå-

Èíòåðâàë ðàçìåðîâ
÷àñòèö ôðàêöèè, ìêì

Particle size range of
fraction, )m

450…629 200…449 40…199

Ñîäåðæàíèå ôðàêöèè,
% ìàññ.

Contentof fraction,
% mass

39,7 55,0 5,3

Òàáëèöà 1. Ôðàêöèîííûé ñîñòàâ ñîëè

Table 1. Fractional composition of salt

Ðèñ. 1. Ñõåìà óñòàíîâêè, ìîäåëèðóþùåé ðàñïðåäåëåíèå îãíå-

òóøàùåãî ïîðîøêà â íåñòàöèîíàðíîì ãàçîâîì ïîòîêå: 1 —

êîîðäèíàòíûé ñòîë; 2 — ñáîðíèêè ïîðîøêà; 3 — âõîäû ñáîð-

íèêîâ ïîðîøêà; 4 — èçìåðèòåëüíàÿ ëèíåéêà; 5 — ìîäåëü îãíå-

òóøèòåëÿ; 6 — ïîòîê ÷àñòèö ïîðîøêà; 7 — ãðàíè÷íûå ëèíèè

ðàñïðåäåëåíèÿ ðàçëè÷íûõ ôðàêöèé ïîðîøêà

Fig. 1. Scheme of the installation simulating the fire extinguish-

ing powder distribution in the non-stationary gas stream: 1 — co-

ordinate table; 2 — powder collectors; 3 — inlets of powder col-

lectors; 4 — measuring line; 5 — fire extinguisher model; 6 —

stream of powder particles; 7 — boundary distribution lines of

various powder fractions

Ðèñ. 2. Ñõåìà âçàèìíîãî ðàñïîëîæåíèÿ ìîäåëè îãíåòóøèòåëÿ

è èññëåäóåìûõ ñå÷åíèé íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà

Fig. 2. Scheme of mutual arrangement of fire extinguisher model

and tested sections of non-stationary gas stream
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ìîñòè ïî ÃÎÑÒ Ð ÈÑÎ 5725-1–2002 “Òî÷íîñòü (ïðà-

âèëüíîñòü è ïðåöèçèîííîñòü) ìåòîäîâ è ðåçóëüòàòîâ

èçìåðåíèé. ×àñòü 1. Îñíîâíûå ïîëîæåíèÿ è îïðåäå-

ëåíèÿ” è ÃÎÑÒ Ð ÈÑÎ 5725-6–2002 “Òî÷íîñòü (ïðà-

âèëüíîñòü è ïðåöèçèîííîñòü) ìåòîäîâ è ðåçóëüòàòîâ

èçìåðåíèé. ×àñòü 6. Èñïîëüçîâàíèå çíà÷åíèé òî÷-

íîñòè íà ïðàêòèêå”.

Â òàáë. 5 è 6 ïðèâåäåíû ðåçóëüòàòû îöåíêè ñòà-

òèñòè÷åñêîé çíà÷èìîñòè ïîëó÷åííûõ äàííûõ ïî

êðèòåðèþ Ôèøåðà. Ðåçóëüòàò ñ÷èòàëè ñòàòèñòè÷å-

Ñå÷åíèå (ðàññòîÿíèå
îò ìîäåëè îãíå-
òóøèòåëÿ, ìì)

Cross-section (distance
from fire extinguisher

model, mm)

Íîìåð
ýêñïåðè-

ìåíòà

No. of
experiment

Îáùàÿ ìàññà ñîëè,
óëîâëåííîé

ñáîðíèêàìè, ã

Total mass
of salt caught

by collectors, g

Ìàññà m ÷àñòèö äèàìåòðîì d, ìêì, â ñå÷åíèè

Mass m of particles of diameter d, )m, in section

450…629 200…449 40…199

ã

g

% ìàññ.

% mass

ã

g

% ìàññ.

% mass

ã

g

% ìàññ.

% mass

À (500)
À (500)

1 12,11 4,47 36,9 7,04 58,1 0,60 5,0

2 12,74 4,17 32,7 7,90 62,0 0,67 5,3

3 19,65 6,24 31,8 11,90 60,6 1,51 7,7

4 13,19 2,44 18,5 9,85 74,7 0,90 6,8

Ñðåäíåå çíà÷åíèå ñîäåðæàíèÿ ôðàêöèè, % ìàññ.

Average fraction content, % mass 30,0 63,8 6,2

Á (750)
B (750)

1 11,57 5,04 43,6 6,33 54,7 0,20 1,7

2 17,08 7,55 44,2 8,96 52,5 0,57 3,3

3 18,35 8,09 44,1 9,81 53,5 0,45 2,5

4 17,83 6,55 36,7 10,47 58,7 0,81 4,5

Ñðåäíåå çíà÷åíèå ñîäåðæàíèÿ ôðàêöèè, % ìàññ.

Average fraction content, % mass 42,1 54,8 3,0

Â (1000)
V (1000)

1 13,01 5,03 38,7 7,51 57,7 0,47 3,6

2 17,84 7,17 40,2 9,69 54,3 0,98 5,5

3 21,66 8,19 37,8 12,36 57,1 1,11 5,1

4 22,13 8,55 38,6 12,78 57,7 0,80 3,6

Ñðåäíåå çíà÷åíèå ñîäåðæàíèÿ ôðàêöèè, % ìàññ.

Average fraction content, % mass 38,8 56,7 4,5

Ã (1250)
G (1250)

1 14,55 4,93 33,9 8,81 60,5 0,81 5,6

2 16,79 7,20 42,9 8,78 52,3 0,81 4,8

3 18,08 6,40 35,4 10,77 59,6 0,91 5,0

4 16,60 7,40 44,6 8,93 53,8 0,27 1,6

Ñðåäíåå çíà÷åíèå ñîäåðæàíèÿ ôðàêöèè, % ìàññ.

Average fraction content, % mass 39,2 56,6 4,3

Òàáëèöà 3. Ôðàêöèîííûé ñîñòàâ ñîëè, óëîâëåííîé ñáîðíèêàìè êîîðäèíàòíîãî ñòîëà

Table 3. Fractional composition of salt caught by coordinate table collectors

Õàðàêòåðèñòèêà îãíåòóøàùåãî ïîðîøêà

Fire extinguishing powder characteristic

Çíà÷åíèå õàðàêòåðèñòèêè � Characteristic value Çàêëþ÷åíèå î ñîîòâåòñòâèè
òðåáîâàíèÿì

Conclusion of compliance
with requirements

ïî ÃÎÑÒ Ð 53280.4–2009

GOST R 53280.4–2009

ôàêòè÷åñêîå

actual

Êàæóùàÿñÿ ïëîòíîñòü ïîðîøêà, êã�ì3

Apparent density of powder, kg�m3:

– íåóïëîòíåííîãî � non-compacted 
700 1300 Ñîîòâåòñòâóåò � Conforms

– óïëîòíåííîãî � compacted 
1000 
'*++ Ñîîòâåòñòâóåò � Conforms

Îñòàòîê ïîðîøêà íà ñèòå 1000 ìêì
ïðè ñèòîâîì àíàëèçå, % ìàññ. Îòñóòñòâèå

Absence

Îòñóòñòâèå

Absence

Ñîîòâåòñòâóåò

ConformsPowder residue on sieve 1000 )m in sieve
analysis, % mass

Òàáëèöà 2. Ñîîòâåòñòâèå õàðàêòåðèñòèê ñîëè, îïðåäåëÿþùèõ äâèæåíèå â íåñòàöèîíàðíîì ãàçîâîì ïîòîêå

Table 2. Correspondence of salt characteristics determining movement in a non-stationary gas stream
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ñêè çíà÷èìûì ïðè âûïîëíåíèè óñëîâèÿ Fò < Fð, ãäå

Fò — êðèòè÷åñêîå çíà÷åíèå êðèòåðèÿ Ôèøåðà,

Fò = 8,53 äëÿ n = 4; Fð — ðàñ÷åòíîå çíà÷åíèå êðèòå-

ðèÿ Ôèøåðà, îïðåäåëÿåìîå ïî ôîðìóëå

F S Sð ,� á ì
2 2 (1)

ãäå S á
2 è S ì

2 — ñîîòâåòñòâåííî áîëüøåå è ìåíüøåå

çíà÷åíèÿ äèñïåðñèé [20].

Èçìåíåíèÿ ïðîöåíòíîãî ñîäåðæàíèÿ ôðàêöèé â

ïîïåðå÷íîì ñå÷åíèè ïîòîêà â çàâèñèìîñòè îò ðàñ-

ñòîÿíèÿ ìåæäó ñðåçîì îãíåòóøèòåëÿ è èññëåäóåìûì

ñå÷åíèåì ïðèâåäåíû íà ðèñ. 3.

Èíòåðâàë äèàìåòðîâ
÷àñòèö ôðàêöèè, ìêì

Particle diameter
range of fraction, )m

Ðàññòîÿíèå îò ñðåçà
îãíåòóøèòåëÿ, ìì

Distance from fire
extinguisher cut, mm

Ìàññîâîå ñîäåðæàíèå
ôðàêöèè õi, % ìàññ.

Weight content of fraction xi,
% mass

Äèàïàçîí (ðàçìàõ)
èçìåðåíèé õmax–xmin

Measuring range
(span) õmax–xmin

Êðèòè÷åñêîå çíà÷åíèå äèàïà-
çîíà ïðè n = 4 è äîâåðèòåëüíîé

âåðîÿòíîñòè 0,95

Critical value of range at n = 4
and confidence probability 0.95

450…629

500 36,9 32,7 31,8 18,5 18,4 28,7

750 43,6 44,1 44,2 36,7 7,5 13,1

1000 38,7 37,8 40,2 38,6 2,4 3,6

1250 33,9 35,4 42,9 44,6 10,7 19,2

200…449

500 58,1 60,6 62,0 74,7 16,6 26,7

750 54,7 53,5 52,5 58,7 6,2 9,8

1000 57,7 57,1 54,3 57,7 3,4 5,8

1250 60,5 59,6 52,3 53,8 8,2 14,8

40…199

500 5,0 7,7 5,3 6,8 2,7 4,6

750 1,7 2,5 3,3 4,5 2,8 4,3

1000 3,6 5,1 5,5 3,6 1,9 3,6

1250 5,6 5,0 4,8 1,6 4,0 6,5

Òàáëèöà 4. Ïðîâåðêà ïðèåìëåìîñòè èçìåðåíèé ïî óñëîâèÿì ïîâòîðÿåìîñòè

Table 4. Check of measurement suitability by repeatability conditions

Ðàçìåð
ôðàêöèè,

ìêì

Size
of fraction,

)m

Ðàññòîÿíèå îò ìîäåëè îãíåòóøèòåëÿ äî ñå÷åíèÿ À (LÀ = 50 ñì)

Distance from fire extinguisher model to section A (LA = 50 cm)

Ñîäåðæàíèå ÷àñòèö ôðàêöèè
â ñå÷åíèè, % ìàññ.,

ïî 4 èçìåðåíèÿì

Content of fraction particles in
section, % mass, by 4 dimensions

Ñðåäíåå àðèôìåòè-
÷åñêîå ñîäåðæàíèÿ

÷àñòèö ôðàêöèè
â ñå÷åíèè, % ìàññ.

Average arithmetic ñon-
tent of fraction particles

in section, % mass

Äèñïåðñèÿ ñðåäíåãî àðèô-
ìåòè÷åñêîãî ñîäåðæàíèÿ

÷àñòèö ôðàêöèè S n
2

Dispersion of the average
arithmetic of the particle

content of the fraction S n
2

Ñðåäíåå êâàäðàòè÷åñêîå
îòêëîíåíèå ñðåäíåãî àðèô-

ìåòè÷åñêîãî ñîäåðæàíèÿ
÷àñòèö ôðàêöèè Sn

Standard deviation of the ave-
rage arithmetic of the particle

content of the fraction Sn1 2 3 4

450…629 36,9 32,7 31,8 18,5 30,0 63,46 7,97

200…449 58,1 62,0 60,6 74,7 63,9 54,92 7,41

40…199 5,0 5,3 7,7 6,8 6,2 1,62 1,27

Ðàñ÷åò îòíîøåíèÿ äèñïåðñèé ïî êðèòåðèþ Ôèøåðà

Calculation of the dispersions relation by Fischer’s criterion

Ôðàêöèÿ

Fraction
200…449 40…199

450…629
F S Sp � � �1

2
1
2 63 46 54 92 116, , ,

Îòêëîíåíèå íåçíà÷èìîå � Insignificant deviation

F S Sp � � �1
2

3
2 63 46 1 62 39 17, , ,

Îòêëîíåíèå çíà÷èìîå � Significant deviation

200…449
F S Sp � � �2

2
2
2 54 92 1 62 33 90, , ,

Îòêëîíåíèå çíà÷èìîå � Significant deviation

Ï ð è ì å ÷ à í è å . S S S1
2

2
2

3
2, , — çíà÷åíèÿ äèñïåðñèé äëÿ ñîäåðæàíèÿ ÷àñòèö ôðàêöèé ðàçìåðîì 450…629, 200…449 è

40…199 ìêì ñîîòâåòñòâåííî.

N o t e . S S S1
2

2
2

3
2, , is dispersion values for the particle content of fractions 450…629, 200…449 and 40…199 )m respectively.

Òàáëèöà 5. Îöåíêà ñòàòèñòè÷åñêîé çíà÷èìîñòè ðåçóëüòàòîâ äëÿ ñå÷åíèÿ À

Table 5. Evaluation of statistical significance of results for section A



Âûâîäû

1. Óñòàíîâëåíû è àíàëèòè÷åñêè îïèñàíû çàêîíî-

ìåðíîñòè ðàñïðåäåëåíèÿ ÷àñòèö ðàçëè÷íûõ ôðàê-

öèé îãíåòóøàùåãî ïîðîøêà â ïîïåðå÷íîì ñå÷åíèè

íåðåãóëèðóåìîãî íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà,

êîòîðûå ìîãóò áûòü èñïîëüçîâàíû ïðè ïîèñêå ñïî-

ñîáîâ ðåãóëèðîâàíèÿ ôðàêöèé îãíåòóøàùåãî ïîðîø-

êà â ïðîöåññå òóøåíèÿ î÷àãà ïîæàðà.

2. Óñòàíîâëåíî, ÷òî íàèáîëåå ïðåäñòàâèòåëüíû è

ñòàáèëüíû ïî òî÷íîñòè (ïðàâèëüíîñòè è ïðåöèçè-

îííîñòè) ðåçóëüòàòû ñîäåðæàíèÿ ôðàêöèé ïîðîøêà

â ñå÷åíèè íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà íà ðàñ-

ñòîÿíèè 1000 ìì îò ñðåçà îãíåòóøèòåëÿ, ÷òî íåîá-

õîäèìî ó÷èòûâàòü ïðè ïðîâåäåíèè äàëüíåéøèõ èñ-

ñëåäîâàíèé.
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Ôðàêöèÿ

Fraction

Ñå÷åíèå (ðàññòîÿíèå îò ìîäåëè îãíåòóøèòåëÿ) � Section (distance from fire extinguisher model)

Á (LÁ = 750 ìì)

B (LB = 750 mm)

Â (LÂ = 1000 ìì)

V (LV = 1000 mm)

Ã (LÃ = 1250 ìì)

G (LG = 1250 mm)

200…449 40…199 200…449 40…199 200…449 40…199

450…629 Fp = 1,79

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 9,30

Îòêëîíåíèå
çíà÷èìîå

Significant
deviation

Fp = 2,63

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 1,01

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 1,69

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 8,79

Îòêëîíåíèå
çíà÷èìîå

Significant
deviation

200…449 Fp = 5,18

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 2,67

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Fp = 5,20

Îòêëîíåíèå
íåçíà÷èìîå

Insignificant
deviation

Òàáëèöà 6. Îöåíêà ñòàòèñòè÷åñêîé çíà÷èìîñòè ðåçóëüòàòîâ äëÿ ñå÷åíèé Á, Â è Ã

Table 6. Evaluation of statistical significance of results for sections B, V and G

Ðèñ. 3. Èçìåíåíèÿ ïðîöåíòíîãî ñîäåðæàíèÿ ðàçëè÷íûõ ôðàêöèé â ïîïåðå÷íîì ñå÷åíèè íåñòàöèîíàðíîãî ãàçîâîãî ïîòîêà â çà-

âèñèìîñòè îò ðàññòîÿíèÿ L: ÷àñòîòà ðàñïðåäåëåíèÿ ïîãðåøíîñòåé ñîäåðæàíèÿ ôðàêöèé îáîçíà÷åíà ñåðûì öâåòîì; Ri — îòêëî-

íåíèå îò ñðåäíåãî çíà÷åíèÿ ñîäåðæàíèÿ ÷àñòèö ïî ìàññå; i — íîìåð ôðàêöèè

Fig. 3. Changes in the content of different fractions in the cross-section of the non-stationary gas stream depending on the distance L:

frequency of error distribution of fractions content are indicated in gray; Ri is the deviation from the average particle content by mass;

i is the fraction number
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