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Ââåäåíèå

Äîñòàâêà íåôòåïðîäóêòîâ ïîòðåáèòåëþ îñóùåñòâ-

ëÿåòñÿ ïîñðåäñòâîì ìîðñêîãî, ðå÷íîãî, æåëåçíîäî-

ðîæíîãî, àâòîìîáèëüíîãî è òðóáîïðîâîäíîãî òðàíñ-

ïîðòà. Êàæäûé âèä òðàíñïîðòà èñïîëüçóåòñÿ èñõî-

äÿ èç ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè è ðàçâèòèÿ

ñîîòâåòñòâóþùèõ êîììóíèêàöèé. Íàèáîëåå ðàñïðî-

ñòðàíåííûì îáîðóäîâàíèåì äëÿ âñåõ âèäîâ òðàíñ-

ïîðòà íåôòåïðîäóêòîâ ÿâëÿþòñÿ ðåçåðâóàðû, ñëèâî-

íàëèâíûå ýñòàêàäû, íàíîñíûå ñòàíöèè è òðóáîïðî-

âîäû [1].

Îáúåêòû òðàíñïîðòà õàðàêòåðèçóþòñÿ ïîâûøåí-

íîé îïàñíîñòüþ âñëåäñòâèå íàëè÷èÿ áîëüøîãî êî-

ëè÷åñòâà ëåãêîâîñïëàìåíÿþùèõñÿ (ËÂÆ) è ãîðþ-

÷èõ (ÃÆ) æèäêîñòåé, çíà÷èòåëüíîé âåðîÿòíîñòüþ

âîçíèêíîâåíèÿ èñòî÷íèêîâ çàæèãàíèÿ ïðè ðàçëè÷íûõ

îïåðàöèÿõ, â òîì ÷èñëå ñëèâå-íàëèâå, ïåðåêà÷êå íåô-

òåïðîäóêòîâ. Ïî äàííûì [2] ïî÷òè 50 % âñåõ àâàðèé

íà îáúåêòàõ ñ îáðàùåíèåì íåôòåïðîäóêòîâ ïðèõî-

äèòñÿ íà òåõíîëîãè÷åñêèå òðóáîïðîâîäû è íàñîñíî-

êîìïðåññîðíîå îáîðóäîâàíèå, ïðè÷åì ñâûøå 30 %

àâàðèéíûõ ñèòóàöèé âîçíèêàåò èç-çà íåèñïðàâíîñòè

òàêèõ ýëåìåíòîâ îáîðóäîâàíèÿ, êàê ñàëüíèêè, ïðî-

êëàäêè, ôëàíöåâûå ñîåäèíåíèÿ è ò. ï. Ïðè íàëè÷èè

èñòî÷íèêîâ çàæèãàíèÿ âîçìîæíî âîçíèêíîâåíèå ôà-

êåëüíîãî ãîðåíèÿ ïàðîâ íåôòåïðîäóêòîâ â ýëåìåí-

òàõ òåõíîëîãè÷åñêèõ àïïàðàòîâ è òðóáîïðîâîäîâ,

÷òî ìîæåò ïðèâåñòè ê äåôîðìàöèè è îáðóøåíèþ ìå-

òàëëîêîíñòðóêöèé, ïîäâåðãøèõñÿ âûñîêîòåìïåðà-

òóðíîìó (äî 1200 °Ñ) è ýðîçèîííîìó âîçäåéñòâèþ.

© Èâàíîâ À. Â., Áîåâà À. À., Èâàõíþê Ã. Ê., Òåðåõèí Ñ. Í., Ïðîðîê Â. ß., 2017
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Îäíèì èç ñïîñîáîâ îáåñïå÷åíèÿ òðåáóåìîé îãíå-

ñòîéêîñòè ìåòàëëîêîíñòðóêöèé ÿâëÿåòñÿ ïðèìå-

íåíèå îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ êîìïîçèöèé

(ÎÂÊ). Ýôôåêòèâíîñòü ÎÂÊ çàâèñèò îò èõ ñïîñîá-

íîñòè ïåðåõîäèòü âî âñïó÷åííîå ñîñòîÿíèå, ÷òî ïî-

çâîëÿåò çíà÷èòåëüíî ñíèçèòü èõ òåïëîïðîâîäíîñòü.

Êðèòè÷åñêèìè ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêà-

ìè îãíåçàùèòíûõ ñîñòàâîâ ÿâëÿþòñÿ êðàòíîñòü âñïó-

÷èâàíèÿ, óñòîé÷èâîñòü ê ýðîçèè, òåìïåðàòóðà àêòè-

âàöèè, èçìåíåíèå ìàññû ïðè ïîòåðå âëàãè è äð. [3].

Ìîäèôèêàöèÿ ïîëèìåðîâ ðàçëè÷íûìè íàíî-

ñòðóêòóðàìè, â òîì ÷èñëå ñîñòàâëÿþùèìè ëàêîêðà-

ñî÷íûõ ñîñòàâîâ, ïîçâîëÿåò óëó÷øèòü èõ ýêñïëóà-

òàöèîííûå õàðàêòåðèñòèêè äëÿ ðåøåíèÿ çàäà÷ ðàç-

ëè÷íîãî ñïåêòðà. Âìåñòå ñ òåì çàäà÷à âûáîðà ñïî-

ñîáà ìîäèôèêàöèè âåùåñòâ îñëîæíÿåòñÿ íàëè÷èåì

áîëüøîãî ñïåêòðà íàíî÷àñòèö è óñëîâèé èõ èñïîëü-

çîâàíèÿ, ÷òî íå âñåãäà äàåò âîçìîæíîñòü âûáðàòü

îïòèìàëüíóþ òåõíîëîãèþ ïîëó÷åíèÿ íàíîìàòåðèà-

ëà â óçêîì ñïåêòðå íåîáõîäèìûõ õàðàêòåðèñòèê. Ðå-

øåíèå äàííîé ïðîáëåìû âîçìîæíî ñ ïîìîùüþ ìå-

òîäîâ ìîäåëèðîâàíèÿ è ïðîãíîçèðîâàíèÿ ñâîéñòâ è

õàðàêòåðèñòèê íàíîìàòåðèàëîâ. Â íàñòîÿùåé ðàáî-

òå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ýêñïëóà-

òàöèîííûõ õàðàêòåðèñòèê íàíîìîäèôèöèðîâàííûõ

ÎÂÊ â óñëîâèÿõ óãëåâîäîðîäíîãî ãîðåíèÿ äëÿ ñî-

çäàíèÿ òåõíîëîãèé ïðîèçâîäñòâà è ïðèìåíåíèÿ îãíå-

çàùèòíûõ ñîñòàâîâ íà îñíîâå óãëåðîäñîäåðæàùèõ

íàíîêîìïîçèòîâ ïðè îáåñïå÷åíèè òåïëîâîé çàùè-

òû ìåòàëëîêîíñòðóêöèé îáúåêòîâ òðàíñïîðòèðîâêè

íåôòåïðîäóêòîâ [4].

Ïîñòàíîâêà çàäà÷è èññëåäîâàíèÿ

Îñíîâíûì óñëîâèåì îáðàçîâàíèÿ âñïåíåííîé

êàðáîíèçîâàííîé ìàññû ïðè òåìïåðàòóðå ïîðÿäêà

360…430 °Ñ ÿâëÿåòñÿ íàëè÷èå êîìïîíåíòîâ, îòâåò-

ñòâåííûõ çà îáðàçîâàíèå âñïåíåííîãî óãëåðîäíîãî

êàðêàñà. Ê íèì îòíîñÿòñÿ ïåíîîáðàçîâàòåëè, ïëåí-

êîîáðàçîâàòåëè, ïèãìåíòíûå íàïîëíèòåëè è äðóãèå

âåùåñòâà [5, 6].

Ìîäåëèðîâàíèå ôèçèêî-õèìè÷åñêèõ ïðîöåññîâ

ðàçëîæåíèÿ ÎÂÊ ïðåäñòàâëÿåò ñîáîé ñëîæíóþ çà-

äà÷ó ñ ó÷åòîì äåòàëüíîãî ìåõàíèçìà ðåàêöèé, ïðî-

èñõîäÿùèõ â óñëîâèÿõ òåðìè÷åñêîãî âîçäåéñòâèÿ.

Ðàçðàáîòàííûå ìîäåëè ïîçâîëÿþò ó÷èòûâàòü ïîãëî-

ùåíèå òåïëîâîé ýíåðãèè è ôèëüòðàöèþ ïðè ïèðî-

ëèçå êîìïîíåíòîâ ïîêðûòèé, êîíäåíñàöèþ âëàãè,

âñïó÷èâàíèå è óñàäêó ïðîãðåòîãî ñëîÿ, õèìè÷åñêèé

è ìåõàíè÷åñêèé óíîñ ìàññû îáóãëåííîãî ñëîÿ [7].

Âñïó÷èâàþùèåñÿ îãíåçàùèòíûå ïîêðûòèÿ, ïðè-

ìåíÿåìûå äëÿ ñòàëüíûõ êîíñòðóêöèé, õàðàêòåðèçó-

þòñÿ ñâîåé òåïëîèçîëèðóþùåé ñïîñîáíîñòüþ, îñ-

íîâíîé õàðàêòåðèñòèêîé êîòîðûõ ÿâëÿåòñÿ êîýôôè-

öèåíò òåìïåðàòóðîïðîâîäíîñòè �, îïðåäåëÿåìûé

âûðàæåíèåì

� = �t �(ct �0), (1)

ãäå �t — òåïëîïðîâîäíîñòü;

ct — òåïëîåìêîñòü;

�0 — ïëîòíîñòü [8].

Âàæíîé õàðàêòåðèñòèêîé îãíåçàùèòíîãî ñîñòà-

âà ÿâëÿåòñÿ êîýôôèöèåíò âñïó÷èâàíèÿ kâñ. Áîëüøàÿ

òîëùèíà âñïó÷åííîãî ïîêðûòèÿ ïîçâîëÿåò óìåíü-

øèòü òåïëîïðîâîäíîñòü ìàòåðèàëà [3].

Êîýôôèöèåíò âñïó÷èâàíèÿ îïðåäåëÿåòñÿ ïî ôîð-

ìóëå

kâñ = hâñï �h0, (2)

ãäå hâñï — òîëùèíà âñïó÷åííîãî ïîêðûòèÿ;

h0 — íà÷àëüíàÿ òîëùèíà.

Àäãåçèÿ îãíåçàùèòíûõ ïîêðûòèé ÿâëÿåòñÿ îäíèì

èç âàæíåéøèõ ïîêàçàòåëåé, âëèÿþùèõ íà îãíåçàùèò-

íóþ ýôôåêòèâíîñòü âñïó÷èâàþùèõñÿ ïîêðûòèé â

óñëîâèÿõ òåðìè÷åñêîãî è ýðîçèîííîãî âîçäåéñòâèÿ

ïëàìåíè. Â êà÷åñòâå îñíîâíîãî àãåíòà àäãåçèîí-

íîãî âçàèìîäåéñòâèÿ èñïîëüçóåòñÿ ïîëèìåðíîå ñâÿ-

çóþùåå, êîòîðîå â óñëîâèÿõ âûñîêèõ òåìïåðàòóð

ðàçðóøàåòñÿ, â ðåçóëüòàòå ÷åãî ïðîèñõîäèò îòñëàè-

âàíèå ïåíîêîêñà è áûñòðûé ðàçîãðåâ ìåòàëëîêîíñò-

ðóêöèé [9].

Ïîòåðÿ ìàññû ÎÂÊ �Ì ïðè íàãðåâàíèè îêàçû-

âàåò íåïîñðåäñòâåííîå âëèÿíèå íà îãíåçàùèòíóþ

ñïîñîáíîñòü ïîêðûòèÿ. Ïëîòíîñòü ïîêðûòèÿ â óñëî-

âèÿõ òåïëîâîãî âîçäåéñòâèÿ ìîæåò áûòü îïðåäåëå-

íà ïî ôîðìóëå

�
� 0

0

0 0

1

1
�

�
� �

�M M

h h h( )
,

âñï

(3)

ãäå Ì0 — íà÷àëüíàÿ ìàññà îãíåçàùèòíîãî ïîêðû-

òèÿ [10].

Â ðàáîòå [11] ïðèâåäåíû ðåçóëüòàòû èñïûòàíèé

îãíåçàùèòíûõ ïîêðûòèé â óñëîâèÿõ óãëåâîäîðîä-

íîãî ãîðåíèÿ. Ïîêàçàíî, ÷òî ïðè ðåàêòèâíîì âîçäåé-

ñòâèè ïëàìåíè çàÿâëåííûå ïðåäåëû îãíåñòîéêîñòè

ìåòàëëîêîíñòðóêöèé, çàùèùåííûõ èññëåäóåìûìè

ÎÂÊ, ñóùåñòâåííî ñíèæàþòñÿ çà ñ÷åò óâåëè÷åíèÿ

ñêîðîñòè òåðìè÷åñêîé äåñòðóêöèè ïîëèìåðíûõ ïî-

êðûòèé.

Ìîäèôèêàöèÿ ïîëèìåðîâ è ëàêîêðàñî÷íûõ ïî-

êðûòèé íàíîñòðóêòóðàìè ïîçâîëÿåò ïîëó÷àòü ìàòå-

ðèàëû ñ óëó÷øåííûìè òåõíîëîãè÷åñêèìè, àäãåçèîí-

íûìè è ôèçèêî-ìåõàíè÷åñêèìè õàðàêòåðèñòèêàìè

[12]. Ñâåäåíèÿ î ðåçóëüòàòàõ ìîäèôèêàöèè íåêîòî-

ðûõ âèäîâ ïîëèìåðîâ è ëàêîêðàñî÷íûõ ìàòåðèàëîâ

ïðèâåäåíû â òàáë. 1.

Çàäà÷à íàñòîÿùåãî èññëåäîâàíèÿ çàêëþ÷àåòñÿ â

îïðåäåëåíèè îïòèìàëüíûõ êîíöåíòðàöèé è óñëî-

âèé ìîäèôèêàöèè ÎÂÊ ïóòåì äåïîíèðîâàíèÿ íàíî-

ìàòåðèàëîâ ñ MWCNT â áàçîâûé ñîñòàâ äëÿ îáåñïå-

÷åíèÿ îãíåçàùèòû ìåòàëëè÷åñêèõ êîíñòðóêöèé îáú-

åêòîâ òðàíñïîðòèðîâêè íåôòåïðîäóêòîâ â óñëîâèÿõ
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ôàêåëüíîãî ãîðåíèÿ ïðè íåïîñðåäñòâåííîì êîíòàê-

òå ïëàìåíè ñ ïîâåðõíîñòüþ ìåòàëëà.

Ìàòåðèàëû äëÿ èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðàíû

óãëåðîäíûå íàíîìàòåðèàëû, ñîäåðæàùèå MWCNT,

êîòîðûå áûëè ïîëó÷åíû ìåòîäîì êàòàëèòè÷åñêîãî

ïèðîëèçà íà óñòàíîâêå “CVDomna” [18]. Ôóíêöèî-

íàëèçàöèÿ MWCNT ïðîâîäèëàñü â ïðîöåññå îòæè-

ãà â ìóôåëüíîé ïå÷è ïðè òåìïåðàòóðå 250…300 °Ñ.

Ôóíêöèîíàëèçèðîâàííûå MWCNT ïðåäñòàâëÿþò ñî-

áîé öèëèíäðè÷åñêèå è øàðîâèäíûå ñòðóêòóðû (d =

= 30 íì, l = 2…5 ìêì) (ðèñ. 1) [19].

Îñíîâîé äëÿ ìîäèôèöèðîâàííûõ ÎÂÊ ÿâëÿëàñü

îãíåçàùèòíàÿ âñïó÷èâàþùàÿñÿ êðàñêà äëÿ ñòàëü-

íûõ êîíñòðóêöèé “Òåðìîáàðüåð” (ïî ÒÓ 2313-001-

30642285–2011). Ìîäèôèêàöèÿ îãíåçàùèòíîãî ñî-

ñòàâà ïðîâîäèëàñü ïóòåì äåïîíèðîâàíèÿ MWCNT

Èñòî÷íèê

Source

Âèä íàíî÷àñòèö +
áàçîâûé ìàòåðèàë

Type of nanoparticles +
base material

Êîíöåíòðàöèÿ íàíî-
÷àñòèö, % ìàññ.

Concentration of nano-
particles, % by mass

Íàáëþäàåìûé ýôôåêò

The observed effect

[13] MWCNT + ýïîêñèä-
íàÿ ñìîëà E51

MWCNT + epoxy
resin E51

0,01…0,5 Ïîâûøåíèå òåìïåðàòóðû ðàçëîæåíèÿ ñ 361 äî 387 °C; ïî-
âûøåíèå ïðåäåëà ïðî÷íîñòè ñ 58,5 äî 128,94 ÌÏà; ñíèæå-
íèå òåìïåðàòóðû ñòåêëîâàíèÿ ñ 76 äî 69 °C

Increasing the decomposition temperature from 361 to 387 °C;
increase in the tensile strength from 58.5 to 128.94 MPa; re-
duction of the glass transition temperature from 76 to 69 °C

[14] DWCNT + ýïîêñèä-
íàÿ ñìîëà SC-15

DWCNT + epoxy
resin SC-15

0,05…1 Óâåëè÷åíèå òðåùèíîñòîéêîñòè ñ 0,65 äî 0,8 ÌÏà; óìåíü-
øåíèå êîýôôèöèåíòà òåïëîâîãî ðàñøèðåíèÿ íà 40…70 %;
ïîâûøåíèå òåìïåðàòóðû ñòåêëîâàíèÿ ñ 85 äî 105 °C; óâå-
ëè÷åíèå çíà÷åíèÿ äåôîðìàöèè ðàçðóøåíèÿ íà 50 %

Increased crack resistance from 0.65 to 0.8 MPa; decrease in
the coefficient of thermal expansion by 40…70 %; increase
in the glass transition temperature from 85 to 105 °C; an im-
provement in the value of the fracture deformation by 50 %

[15] MWCNT + ïîëèìå-
òèëàêðèëàò (ÏÌÌÀ)

MWCNT + polyme-
thyl acrylate (PMMA)

4…26 Òåðìè÷åñêàÿ äåãðàäàöèÿ ÏÌÌÀ ïðè 350…450 °Ñ
(áåç MWCNT ïðè 320…450 °Ñ)

Thermal degradation of PMMA at 350…450 °C
(without MWCNT at 320…450 °C)

[12] ÓÍÒ* ìàðêè “Ñóñ-
ïåíçèÿ” + ãðóíò
àëêèäíûé “Agrohel”

MWCNT brand “Sus-
pension” + primer
alkyd “Agrohel”

0,025…0,3 Óâåëè÷åíèå àäãåçèè íà 53 %; óâåëè÷åíèå óäàðíîé ïðî÷íî-
ñòè â 2,5 ðàçà; ïîâûøåíèå ïðî÷íîñòè ïîêðûòèÿ â 2,5 ðàçà

Increased adhesion by 53 %; increase the impact resistance
in 2.5 times; increase of coating strength in 2.5 times

[12] ÓÍÒ ìàðêè “Ñóñ-
ïåíçèÿ” + ãðóíò
àëêèäíûé ÃÔ-0119

MWCNT grade “Sus-
pension” + primer
alkyd GF-0119

0,025…0,3 Óâåëè÷åíèå àäãåçèè â 2…5 ðàç; óñêîðåíèå ôîðìèðîâàíèÿ
ïîêðûòèÿ â 1,5 ðàçà

Increase adhesion in 2…5 times; acceleration of the formation
of the coating in 1.5 times

[16] MWCNT + ýïîêñèä-
íûå ñâÿçóþùèå

MWCNT + epoxy
binders

1 Óâåëè÷åíèå ïðî÷íîñòè ïðè èçãèáå íà 100 %; óâåëè÷åíèå
ìîäóëÿ óïðóãîñòè ïðè ðàñòÿæåíèè íà 24,6 %; óìåíüøåíèå
òåìïåðàòóðû ñòåêëîâàíèÿ ñî 170 äî 159 °Ñ

Increase in bending strength by 100 %; an increase in the ten-
sile modulus by 24.6 %; decrease in the glass transition tempe-
rature from 170 to 159 °C

[17] MWCNT + æèäêîå
íàòðèåâîå ñòåêëî

MWCNT + liquid
sodium glass

0,01 Óâåëè÷åíèå êîýôôèöèåíòà âñïó÷èâàíèÿ â 2,5…3,0 ðàçà
â ñðàâíåíèè ñ áàçîâûì ìàòåðèàëîì

The increase in the coefficient of swelling in 2.5…3.0 times
in comparison with the base material

* ÓÍÒ — óãëåðîäíûå íàíîòðóáêè.

Òàáëèöà 1. Ñâîéñòâà ïîëèìåðîâ, ìîäèôèöèðîâàííûõ óãëåðîäíûìè íàíî÷àñòèöàìè

Table 1. Properties of polymers modified with carbon nanoparticles
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â ðàñòâîðèòåëü (î-êñèëîë) ñ äàëüíåéøèì ïåðåìåøè-

âàíèåì â íàïîëíèòåëå â êîíöåíòðàöèè 0,1…1,25%îá.

Ðàìàíîâñêèé ñïåêòð MWCNT â ðàñòâîðèòåëå

ïðåäñòàâëåí íà ðèñ. 2. Õàðàêòåðíûìè äëÿ MWCNT

ÿâëÿþòñÿ ïèêè â èíòåðâàëå 1200…1400 ñì–1. Íà-

áëþäåíèå äàííûõ ïèêîâ â ðàìàíîâñêîì ñïåêòðå ðàñ-

òâîðèòåëÿ ñâèäåòåëüñòâóåò î íàëè÷èè íàíîìàòåðè-

àëîâ ñ MWCNT â ïðèïîâåðõíîñòíîì ñëîå æèäêîñòè.

Â õîäå ýêñïåðèìåíòîâ îòäåëüíûå êîìïîíåíòû

ÎÂÊ ïîäâåðãàëèñü ýëåêòðîôèçè÷åñêîìó âîçäåéñò-

âèþ [20] ñ ïàðàìåòðàìè ïåðåìåííîãî ÷àñòîòíî-ìî-

äóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ) 56 Â, 50 Ãö.

Â òàáë. 2 ïðåäñòàâëåíû îáðàçöû ÎÂÊ, ó÷àñòâóþùèå

â èññëåäîâàíèÿõ.

Èññëåäîâàíèå îãíåçàùèòíîé
ýôôåêòèâíîñòè íàíîìîäèôèöèðîâàííûõ
îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

Èññëåäîâàíèå îãíåçàùèòíîé ýôôåêòèâíîñòè íà-

íîìîäèôèöèðîâàííûõ ÎÂÊ ïðîâîäèëè íà ëàáîðà-

òîðíîé óñòàíîâêå, ìîäåëèðóþùåé óñëîâèÿ óãëåâî-

äîðîäíîãî ãîðåíèÿ (ðèñ. 3) [21]. Îáðàçåö ïëàñòèíû

èç óãëåðîäèñòîé ñòàëè ìàðêè Ñò. 5 òîëùèíîé 2 ìì

(ÃÎÑÒ 380–2005) ïîìåùàëè â èñïûòàòåëüíóþ êà-

ìåðó. Âûñîêîòåìïåðàòóðíûé ãàçîâûé ïîòîê (òåìïå-

ðàòóðà îêîëî 1200 °Ñ, äàâëåíèå 0,1 ÌÏà) ñîçäàâàëè

ñ ïîìîùüþ ïðîïàí-áóòàíîâîé ãîðåëêè ñ ìàññîâûì

ðàñõîäîì ãîðþ÷åãî ãàçà 50…60 ã/÷. Òåìïåðàòóðó ãà-

çîâîãî ïîòîêà è òûëüíîé ñòîðîíû ïëàñòèíû êîíòðî-

ëèðîâàëè äâóìÿ òåðìîïàðàìè. Âðåìÿ îáîãðåâà ïëàñ-

òèíû ñîñòàâëÿëî 25 ìèí. Çà ïðåäåëüíîå ñîñòîÿíèå

ïðèíèìàëè äîñòèæåíèå òåìïåðàòóðû ìåòàëëè÷åñêîé

ïëàñòèíû 500 °Ñ (ïî ÃÎÑÒ Ð 53295–2009). Äëÿ êàæ-

äîãî îáðàçöà ïðîâîäèëè íå ìåíåå òðåõ èñïûòàíèé.

Ïðàêòè÷åñêè äëÿ âñåõ îáðàçöîâ ìîäèôèöèðîâàí-

íûõ ÎÂÊ, ñîäåðæàùèõ MWCNT, íàáëþäàåòñÿ áîëåå

Ðèñ. 1. Ñêàíû ÀÑÌ MWCNT íà ñëþäÿíîé ïîäëîæêå: à — öèëèíäðè÷åñêèå ÓÍÒ; á — øàðîâèäíûå íàíîñòðóêòóðû

Fig. 1. The MWCNT ASM scans on a mica substrate: a — a cylindrical CNTS; b — globular nanostructures

Ðèñ. 2. Ðàìàíîâñêèé ñïåêòð MWCNT: à — èñõîäíûé ìàòå-

ðèàë; á — â ðàñòâîðèòåëå (î-êñèëîë), ëàçåð 532 íì, ýêñïî-

çèöèÿ 5 ñ

Fig. 2. Raman spectrum of MWCNT: a — original material; b —

in a solvent (o-xylene), laser 532 nm, exposure 5 s
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¹ ï/ï

No.

Îáðàçåö ÎÂÊ

Sample OVK

Êîíöåíòðàöèÿ MWCNT, % îá.

Concentration of MWCNT, % by vol.

Ï×ÌÏ

VFMPâ ãðóíòå ÃÔ-021

in the primer
GF-021

â îãíåçàùèòíîì
ñîñòàâå

in fire-resistant
composition

1 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0 % by vol.

0 0 –

2 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,1 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.1 % by vol.

0 0,10 –

3 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,5 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.5 % by vol.

0 0,50 –

4 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,75 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.75 % by vol.

0 0,75 –

5 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 1 % by vol.

0 1,00 –

6 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1,25 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 1.25 % by vol.

0 1,25 –

7 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0 % by vol.

1,00 0 –

8 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,1 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.1 % by vol.

1,00 0,10 –

9 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,5 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.5 % by vol.

1,00 0,50 –

10 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,75 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.75 % by vol.

1,00 0,75 –

11 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 1 % by vol.

1,00 1,00 –

12 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1,25 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 1.25 % by vol.

1,00 1,25 –

13 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0 % by vol. VFMP

0 0 +

14 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,1 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.1 % by vol. VFMP

0 0,10 +

15 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,5 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.5 % by vol. VFMP

0 0,50 +

16 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,75 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.75 % by vol. VFMP

0 0,75 +

17 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 1 % by vol. VFMP

0 1,00 +

18 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1,25 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 1.25 % by vol. VFMP

0 1,25 +

19 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0 % by vol. VFMP

1,00 0 +

20 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,1 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.1 % by vol. VFMP

1,00 0,10 +

21 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,5 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.5 % by vol. VFMP

1,00 0,50 +

22 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,75 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.75 % by vol. VFMP

1,00 0,75 +

23 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 1 % by vol. VFMP

1,00 1,00 +

24 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1,25 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 1.25 % by vol. VFMP

1,00 1,25 +

Òàáëèöà 2. Ïåðå÷åíü îáðàçöîâ, ó÷àñòâóþùèõ â èññëåäîâàíèè

Table 2. The list of samples involved in the study
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ìåäëåííûé (íà 10…55 %) ðîñò òåìïåðàòóðû îáúåêòà

çàùèòû â òå÷åíèå âðåìåíè íàáëþäåíèÿ â ñðàâíåíèè

ñ íåìîäèôèöèðîâàííûì ïîêðûòèåì ÎÂÊ (ðèñ. 4).

Íàèëó÷øèå ðåçóëüòàòû (äîñòèæåíèå ìàêñèìàëü-

íîé òåìïåðàòóðû îáðàçöà íå âûøå 300 °Ñ â òå÷åíèå

25 ìèí ïðÿìîãî âîçäåéñòâèÿ ãîðÿùåé ñòðóè óãëåâî-

äîðîäíîãî ãàçà) ïîëó÷åíû äëÿ îáðàçöîâ ÎÂÊ:

� ñ íåìîäèôèöèðîâàííûìè ãðóíòîì è îãíåçàùèò-

íîé êðàñêîé (ïðè âîçäåéñòâèè Ï×ÌÏ);

� ñ íåìîäèôèöèðîâàííûì ãðóíòîì, ñ ñîäåðæàíèåì

MWCNT â îãíåçàùèòíîé êðàñêå 0,5 è 1,0 % îá.

(ïðè âîçäåéñòâèè Ï×ÌÏ);

� ñ ìîäèôèöèðîâàííûì ãðóíòîì (ñîäåðæàíèå

MWCNT 1,0 % îá.), ñ ñîäåðæàíèåì MWCNT â

îãíåçàùèòíîé êðàñêå 1,25 % îá. (ïðè âîçäåéñò-

âèè Ï×ÌÏ).

Äëÿ îáðàçöîâ ÎÂÊ ñ ãðóíòîì ÃÔ-021 áåç MWCNT

ñêîðîñòü ðîñòà òåìïåðàòóðû ìåòàëëà â îñíîâíîì

îáðàòíî ïðîïîðöèîíàëüíà êîíöåíòðàöèè MWCNT

â îãíåçàùèòíîì ñîñòàâå êàê áåç ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ, òàê è ïðè âîçäåéñòâèè Ï×ÌÏ (ðèñ. 5,a

è 6,a). Äëÿ îáðàçöîâ ÎÂÊ ñ ãðóíòîì ÃÔ-021 ñ MWCNT

â êîíöåíòðàöèè 1,0 % îá. ñêîðîñòü ðîñòà òåìïåðà-

òóðû ìåòàëëà íå èìååò ÷åòêîé çàâèñèìîñòè îò êîí-

öåíòðàöèè MWCNTâ îãíåçàùèòíîì ñîñòàâå (ðèñ. 5,á

è 6,á).

Âìåñòå ñ òåì ñëåäóåò îòìåòèòü, ÷òî äëÿ âñåõ îá-

ðàçöîâ ÎÂÊ ñêîðîñòü ðîñòà òåìïåðàòóðû óâåëè÷è-

âàåòñÿ ïðè äîñòèæåíèè ìåòàëëîì 350…450 °Ñ, ÷òî

ìîæåò áûòü îáúÿñíåíî ðàçðóøåíèåì ñëîÿ ïåíîêîêñà

â çîíå ïëàìåííîãî âîçäåéñòâèÿ è äàëüíåéøèì îêèñ-

ëåíèåì óãëåðîäà â èíòóìåñöåíòíîì ñëîå.

Íà ðèñ. 7 ïðåäñòàâëåíû ôîòîãðàôèè îáðàçöîâ

ÎÂÊ ïîñëå èñïûòàíèé íà ëàáîðàòîðíîé óñòàíîâêå

Ðèñ. 3. Ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èñïûòàíèé îãíå-

çàùèòíûõ ïîêðûòèé â óñëîâèÿõ óãëåâîäîðîäíîãî ãîðåíèÿ:

1 — ñòàëüíàÿ ïëàñòèíà; 2 — òåïëîèçîëÿöèÿ; 3 — îãíåçàùèò-

íîå ïîêðûòèå; 4, 5 — òåðìîïàðû; 6 — ðåãèñòðàòîð òåìïå-

ðàòóðû; 7 — êîðïóñ èñïûòàòåëüíîé êàìåðû; 8 — âûòÿæíîé

çîíò

Fig. 3. The scheme of laboratory setup for testing of fire protec-

tive coatings in hydrocarbon combustion: 1 — steel plate; 2 —

thermal insulation; 3 — fire retardant coating; 4, 5 — thermo-

couples; 6 — temperature recorder; 7 — the body of the test

chamber; 8 — exhaust hood

Ðèñ. 4. Ìàêñèìàëüíàÿ òåìïåðàòóðà ìåòàëëà â çàâèñèìîñòè îò êîíöåíòðàöèè MWCNT â îãíåçàùèòíîì ïîêðûòèè: à — áåç ýëåê-

òðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 4. The maximum temperature of the metal depending on the concentration of MWCNT in flame-retardant coating: a — without

electrical effects; b — by influence of VFMP
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â òå÷åíèå 25 ìèí. Äëÿ íåìîäèôèöèðîâàííîãî ïîêðû-

òèÿ (ñì. ðèñ. 7,à) íàáëþäàåòñÿ çíà÷èòåëüíîå óìåíü-

øåíèå òîëùèíû ñëîÿ ïåíîêîêñà â çîíå íåïîñðåäñò-

âåííîãî êîíòàêòà ñ ïëàìåíåì ãîðåëêè, â òî âðåìÿ

êàê ìîäèôèöèðîâàííûå ïîêðûòèÿ (ñì. ðèñ. 7,á è 7,â)

ïðåèìóùåñòâåííî ñîõðàíèëè âñïó÷èâøèéñÿ çàùèò-

íûé ñëîé, ÷òî ìîæåò áûòü îáúÿñíåíî áîëåå íèçêîé

ñêîðîñòüþ òåðìè÷åñêîé äåñòðóêöèè ÎÂÊ âñëåäñòâèå

Ðèñ. 5. Ðåçóëüòàòû ëàáîðàòîðíûõ òåïëîôèçè÷åñêèõ èñïûòàíèé îãíåçàùèòíûõ ïîêðûòèé, ïîëó÷åííûõ áåç ýëåêòðîôèçè÷åñêî-

ãî âîçäåéñòâèÿ: à — ïðè îòñóòñòâèè MWCNT â ãðóíòå ÃÔ-021; á — ïðè êîíöåíòðàöèè MWCNT â ãðóíòå ÃÔ-021 1,0 % îá.

Fig. 5. The results of lab thermal testing of fire resistant coatings obtained without the electro-physical effects: a — in the absence

of MWCNT in the primer GF-021; b — when the concentration of MWCNT in the primer GF-021 1.0 % by vol.
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Ðèñ. 6. Ðåçóëüòàòû ëàáîðàòîðíûõ òåïëîôèçè÷åñêèõ èñïûòàíèé îãíåçàùèòíûõ ïîêðûòèé, ïîëó÷åííûõ â óñëîâèÿõ âîçäåéñòâèÿ

Ï×ÌÏ: à — ïðè îòñóòñòâèè MWCNT â ãðóíòå ÃÔ-021; á — ïðè êîíöåíòðàöèè MWCNT â ãðóíòå ÃÔ-021 1,0 % îá.

Fig. 6. The results of lab thermal testing of fire resistant coatings obtained in the conditions of influence VFMP: a — in the absence

of MWCNT in the primer GF-021; b — when the concentration of MWCNT in the primer GF-021 1.0 % by vol.
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áîëüøåé ñòîéêîñòè ïåíîêîêñà â óñëîâèÿõ âûñîêî-

òåìïåðàòóðíîãî âîçäåéñòâèÿ. Ñëåäóåò òàêæå îòìå-

òèòü, ÷òî äëÿ ìîäèôèöèðîâàííûõ ÎÂÊ îòñëàèâàíèå

ïåíîêîêñà íàáëþäàåòñÿ â çíà÷èòåëüíî ìåíüøåé ñòå-

ïåíè â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè, ÷òî,

î÷åâèäíî, îáóñëàâëèâàåòñÿ áîëåå ìåäëåííîé ïîòå-

ðåé àäãåçèîííîé ïðî÷íîñòè ïîêðûòèÿ ïðè âûñîêî-

òåìïåðàòóðíîì âîçäåéñòâèè.

Ñâåäåíèÿ î êîýôôèöèåíòå âñïó÷èâàíèÿ èññëåäó-

åìûõ ìîäèôèöèðîâàííûõ ÎÂÊ ïðèâåäåíû íà ðèñ. 8.

Âíåäðåíèå â áàçîâûé îãíåçàùèòíûé ñîñòàâ MWCNT

â öåëîì ïðèâîäèò ê ñíèæåíèþ êîýôôèöèåíòà âñïó-

÷èâàíèÿ, ÷òî, áåçóñëîâíî, íåãàòèâíî âëèÿåò íà îáùóþ

ýôôåêòèâíîñòü ìîäèôèöèðîâàííûõ ÎÂÊ. Âìåñòå

ñ òåì äëÿ ðÿäà îáðàçöîâ ÎÂÊ áåç MWCNT â ãðóíòå

íàáëþäàåòñÿ ðîñò êîýôôèöèåíòà âñïó÷èâàíèÿ äëÿ

êîíöåíòðàöèé MWCNT â îãíåçàùèòíîì ñîñòàâå

0,5…0,75 % îá.

Èññëåäîâàíèå àäãåçèîííîé ïðî÷íîñòè
íàíîìîäèôèöèðîâàííûõ îãíåçàùèòíûõ

âñïó÷èâàþùèõñÿ ïîêðûòèé

Èññëåäîâàíèå àäãåçèè ìîäèôèöèðîâàííûõ âñïó-

÷èâàþùèõñÿ îãíåçàùèòíûõ ñîñòàâîâ ïðîâîäèëîñü

ìåòîäîì îòðûâà ïî ÃÎÑÒ 32299–2013. Ìåòîä îòðû-

âà ïîçâîëÿåò îïðåäåëèòü êîëè÷åñòâåííûå ïîêàçàòå-

ëè àäãåçèîííîé ïðî÷íîñòè è îñíîâàí íà îïðåäåëå-

íèè óñèëèÿ îòðûâà ïðåäâàðèòåëüíî ïðèêëååííûõ ê

ïîâåðõíîñòè ïîêðûòèÿ îáðàçöîâ ñòàíäàðòíîãî ðàç-

ìåðà (“ãðèáêîâ”). Ïîñëå âûñûõàíèÿ êëåÿ îáðàçöû

îòðûâàëè îò ïëàñòèíû ñ ïîìîùüþ ñïåöèàëüíîãî ïðè-

ñïîñîáëåíèÿ, ïîçâîëÿþùåãî îïðåäåëèòü óñèëèå îò-

ðûâà. Èñõîäÿ èç âåëè÷èíû óñèëèÿ îòðûâà è ïëîùà-

äè îáðàçöà, îïðåäåëÿëè àäãåçèîííóþ ïðî÷íîñòü íà

îòðûâ. Ïðè îáðàáîòêå ðåçóëüòàòîâ ó÷èòûâàëè êàê

çíà÷åíèå àäãåçèîííîé ïðî÷íîñòè, òàê è õàðàêòåð

ðàçðóøåíèé, êîòîðûé ìîæåò áûòü àäãåçèîííûì (ïîë-

íûé îòðûâ îò ìåòàëëà èëè îò ñëîÿ ãðóíòà), êîãåçè-

îííûì (ðàçðûâ ïî ñëîþ îãíåçàùèòíîãî ïîêðûòèÿ),

îòðûâ ïî êëååâîìó ñëîþ, è êîãåçèîííî-àäãåçèîííûì

(ñìåøàííûì) (òàáë. 3, ðèñ. 9) [9].

Ðèñ. 7. Îáðàçöû ñ èíòóìåñöåíòíûì ïîêðûòèåì ïîñëå îãíå-

âûõ èñïûòàíèé: à — íåìîäèôèöèðîâàííîå ïîêðûòèå; á —

ìîäèôèöèðîâàííîå ïîêðûòèå (MWCNT); â — ìîäèôèöèðî-

âàííîå ïîêðûòèå (MWCNT), ïîëó÷åííîå ïðè ýëåêòðîôèçè-

÷åñêîì âîçäåéñòâèè

Fig. 7. The samples with intumescent coating after fire tests: a —

unmodified coating; b — modified coating (MWCNT); v — mo-

dified coating (MWCNT) obtained by electrophysical exposure

Ðèñ. 8. Çàâèñèìîñòü êîýôôèöèåíòà âñïó÷èâàíèÿ îãíåçàùèò-

íûõ ïîêðûòèé îò êîíöåíòðàöèè MWCNT: à — áåç ýëåêòðî-

ôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 8. The dependence of the coefficient of swelling fire pro-

tective coatings on the concentration of MWCNT: a — without

electrical effects; b — by influence of VFMP
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Â ðåçóëüòàòå èñïûòàíèé óñòàíîâëåíî, ÷òî äåïîíè-

ðîâàíèå MWCNT â ãðóíò ÃÔ-021, êàê ïðàâèëî, óìåíü-

øàåò àäãåçèîííóþ ïðî÷íîñòü ÎÂÊ íà 10…20 % ïðè

êîíöåíòðàöèè MWCNT â îãíåçàùèòíîì ñîñòàâå îò

0 äî 0,5 % îá. Ïðè äàëüíåéøåì óâåëè÷åíèè êîíöåíò-

ðàöèè MWCNT â îãíåçàùèòíîì ñîñòàâå äî 1,25 % îá.

àäãåçèîííàÿ ïðî÷íîñòü ÎÂÊ ñ MWCNT, äåïîíèðîâàí-

íûìè â ãðóíò ÃÔ-021, îêàçûâàåòñÿ íåñêîëüêî âûøå

â ñðàâíåíèè ñ ÎÂÊ ñ íåìîäèôèöèðîâàííûì ãðóíòîì

è èñõîäíûì îáðàçöîì.

Äëÿ îáðàçöîâ ÎÂÊ, ïîëó÷åííûõ ïðè âîçäåéñòâèè

Ï×ÌÏ, íàáëþäàåòñÿ ñóùåñòâåííîå (äî 40 %) óâå-

ëè÷åíèå àäãåçèîííîé ïðî÷íîñòè äëÿ ïîêðûòèé ñ íå-

ìîäèôèöèðîâàííûì ãðóíòîì ÃÔ-021.

¹
ï/ï

No.

Êîíöåíòðàöèÿ
MWCNT, % îá.

Concentration
of MWCNT, % by vol. Íàëè÷èå

Ï×ÌÏ

Availability

VFMP

Àäãåçèÿ,

êã/ñì2

Adhesion,

kg/cm2

Õàðàêòåð

îòðûâà

Breakaway

character
â ãðóíòå
ÃÔ-021

in the primer
GF-021

â îãíåçà-
ùèòíîì
ñîñòàâå

in fire
retardant

composition

1 0 0 – 48 Êîãåçè-
îííûé

Cohesive
2 0 0,10 – 72

3 0 0,50 – 54

4 0 0,75 – 46

5 0 1,00 – 44

6 0 1,25 – 38

7 1,00 0 – 34

8 1,00 0,10 – 36

9 1,00 0,50 – 45

10 1,00 0,75 – 48

11 1,00 1,00 – 60 Ñìåøàí-
íûé

Mixed

12 1,00 1,25 – 39 Êîãåçè-
îííûé

Cohesive
13 0 0 + 64

14 0 0,10 + 52

15 0 0,50 + 50 Ñìåøàí-
íûé

Mixed

16 0 0,75 + 60 Êîãåçè-
îííûé

Cohesive
17 0 1,00 + 62

18 0 1,25 + 50

19 1,00 0 + 42

20 1,00 0,10 + 34

21 1,00 0,50 + 46

22 1,00 0,75 + 60

23 1,00 1,00 + 54 Ñìåøàí-
íûé

Mixed

24 1,00 1,25 + 46 Êîãåçè-
îííûé

Cohesive

Òàáëèöà 3. Ðåçóëüòàòû èññëåäîâàíèÿ õàðàêòåðèñòèê èñõîä-
íûõ ïîêðûòèé ÎÂÊ (àäãåçèè ìåòîäîì íîðìàëüíîãî îòðûâà)

Table 3. The results of the study of the characteristics of
the original coating intumescent fire retardant paint (adhe-
sion by means of normal separation)

Ðèñ. 9. Ðåçóëüòàòû èññëåäîâàíèÿ õàðàêòåðèñòèê îãíåçàùèò-

íûõ ïîêðûòèé (àäãåçèè ìåòîäîì îòðûâà), ìîäèôèöèðîâàí-

íûõ MWCNT: à — áåç ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ;

á — ïîëó÷åííûõ ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 9. The results of research of characteristics of fire-retardant

coatings (adhesion method of separation), modified MWCNT:

a — without electrical effects; b — by influence of VFMP
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Âëèÿíèå óñëîâèé ìîäèôèêàöèè
íà ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè

îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

ÎÂÊ, ïîäâåðæåííûå òåðìè÷åñêîìó âîçäåéñòâèþ

ïðè ïîæàðå, îáëàäàþò ñëîæíûì ñîñòàâîì èñõîäíûõ,

ïðîìåæóòî÷íûõ êîìïîíåíòîâ è êîíå÷íûõ ïðîäóêòîâ

äåñòðóêöèè, ïðîñòðàíñòâåííûì ðàñïðåäåëåíèåì

òåìïåðàòóðû, êîíöåíòðàöèé ðàçëè÷íûõ âåùåñòâ â

êîíäåíñèðîâàííîé è ãàçîâîé ôàçàõ. Óñëîâèÿ óãëåâî-

äîðîäíîãî ïîæàðà âûäâèãàþò áîëåå âûñîêèå òðåáî-

âàíèÿ ê îãíåçàùèòíîé ýôôåêòèâíîñòè ÎÂÊ. Èñïîëü-

çîâàíèå â òåõíîëîãèè ïîëó÷åíèÿ ëàêîêðàñî÷íîãî ïî-

êðûòèÿ íàíîìàòåðèàëîâ ñ MWCNT, â òîì ÷èñëå ïðè

ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè, ïîçâîëÿåò óëó÷-

øèòü ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè ÎÂÊ íà

òåõíîëîãè÷åñêèõ ñòàäèÿõ ïîäãîòîâêè, ôîðìèðîâà-

íèÿ, ýêñïëóàòàöèè è îãíåçàùèòíîãî äåéñòâèÿ.

Ðåàãåíòíàÿ ìîäèôèêàöèÿ (äåïîíèðîâàíèå íàíî-

ìàòåðèàëà ñ MWCNT) äàåò âîçìîæíîñòü èçìåíÿòü

àäãåçèîííûå è êîãåçèîííûå õàðàêòåðèñòèêè ëàêî-

êðàñî÷íîãî ìàòåðèàëà (ËÊÌ) â ïðîöåññå ôîðìèðî-

âàíèÿ ñëîÿ ÎÂÊ [12, 22]. Ïðè ýëåêòðîôèçè÷åñêîì

âîçäåéñòâèè íàáëþäàåòñÿ èçìåíåíèå äàâëåíèÿ íàñû-

ùåííîãî ïàðà è ïîâåðõíîñòíîãî íàòÿæåíèÿ êîìïî-

íåíòîâ ðàñòâîðèòåëÿ è, êàê ñëåäñòâèå, ïåðåîðèåíòà-

öèÿ óãëåðîäíûõ íàíî÷àñòèö â ñòðóêòóðå ïîëèìåðîâ,

ñíèæåíèå àãðåãàöèè íàíî÷àñòèö â îêðàøèâàåìîì

ñëîå. Óìåíüøåíèå ðàçìåðà êàïåëü ËÊÌ îáåñïå÷è-

âàåò áîëåå ðàâíîìåðíîå ðàñïðåäåëåíèå ñîñòàâà íà

îêðàøèâàåìîé ïîâåðõíîñòè. Ýòî ïîçâîëÿåò óëó÷-

øèòü ïðî÷íîñòíûå õàðàêòåðèñòèêè ñëîÿ ÎÂÊ è

îáåñïå÷èòü èõ äîñòàòî÷íóþ àäãåçèþ ïðè ðåàêòèâ-

íîì âîçäåéñòâèè ïëàìåíè [22].

Ïî ìíåíèþ àâòîðîâ íàñòîÿùåé ñòàòüè, êîýôôèöè-

åíò âñïó÷èâàíèÿ èíòóìåñöåíòíûõ ïîêðûòèé íå ìî-

æåò áûòü ðàññìîòðåí êàê ðåøàþùèé ôàêòîð ïîâû-

øåíèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè ïðè äàííûõ

óñëîâèÿõ. Ïîâûøåíèå ñòàáèëüíîñòè ïåíîêîêñà,

ïðåäïîëîæèòåëüíî, ñâÿçàíî ñ óâåëè÷åíèåì èíäóê-

öèîííîãî ïåðèîäà ðàçëîæåíèÿ ñîñòàâëÿþùèõ ìî-

äèôèöèðîâàííîé ÎÂÊ, ïðè ýòîì íà÷àëî äåñòðóêöèè

ýëåìåíòîâ êîìïîçèöèè ñìåùàåòñÿ â îáëàñòü áîëåå

âûñîêèõ òåìïåðàòóð [9, 13, 15].

Óâåëè÷åíèå òåìïåðàòóðû ðàçëîæåíèÿ ïîëèìå-

ðîâ â ñëîå ÎÂÊ, ìîäèôèöèðîâàííûõ íàíîìàòåðèà-

ëîì ñ MWCNT, ïîâûøåíèå àäãåçèîííîé ïðî÷íîñòè

âñïåíåííîãî êàðáîíèçàòà, à òàêæå ñíèæåíèå ãîðþ-

÷åñòè ïîçâîëÿþò óëó÷øèòü ýêñïëóàòàöèîííûå õà-

ðàêòåðèñòèêè îãíåçàùèòíîãî ïîêðûòèÿ [9]. Ïðè âîç-

äåéñòâèè Ï×ÌÏ âîçìîæíî èçìåíåíèå òåïëîïðîâîä-

íîñòè â ñëîå ÎÂÊ çà ñ÷åò ïåðåîðèåíòàöèè MWCNT

â ñòðóêòóðå ïîëèìåð – íàíîìàòåðèàë [19].

Âûâîäû

1. Ìîäèôèêàöèÿ êîìïîíåíòîâ ÎÂÊ ïóòåì äåïî-

íèðîâàíèÿ MWCNT â ñî÷åòàíèè ñ ýëåêòðîôèçè÷å-

ñêèì âîçäåéñòâèåì âëå÷åò çà ñîáîé óëó÷øåíèå èõ

òåõíîëîãè÷åñêèõ è ýêñïëóàòàöèîííûõ õàðàêòåðèñ-

òèê, â òîì ÷èñëå ñíèæåíèå ñêîðîñòè ðîñòà òåìïåðà-

òóðû çàùèùåííîãî ìåòàëëà â óñëîâèÿõ óãëåâîäî-

ðîäíîãî ãîðåíèÿ, ðàçíîñòîðîííåå èçìåíåíèå êîýô-

ôèöèåíòà âñïó÷èâàíèÿ è óâåëè÷åíèå àäãåçèîííîé

ïðî÷íîñòè ïîêðûòèÿ.

2. Îãíåçàùèòíîå äåéñòâèå ìîäèôèöèðîâàííûõ

ÎÂÊ, ïîìèìî èçâåñòíûõ ìåõàíèçìîâ äåéñòâèÿ ïðè-

ìåíÿþùèõñÿ â íàñòîÿùåå âðåìÿ âñïó÷èâàþùèõñÿ

îãíåçàùèòíûõ ïîêðûòèé, îñíîâàíî íà óâåëè÷åíèè

òåðìè÷åñêîé ñòîéêîñòè è àäãåçèîííîé ïðî÷íîñòè

ïîêðûòèé, à òàêæå âîçìîæíîñòè áåçðåàãåíòíîãî

óïðàâëåíèÿ óïîðÿäî÷åííîñòüþ íàíîñòðóêòóð äëÿ

äîñòèæåíèÿ òðåáóåìûõ ïàðàìåòðîâ òåïëîïðîâîä-

íîñòè.

3. Îïòèìèçàöèÿ ðåöåïòóðû è òåõíîëîãèè íàíå-

ñåíèÿ ìîäèôèöèðîâàííûõ ÎÂÊ ïîçâîëÿåò óñïåøíî

ïðèìåíÿòü èõ äëÿ çàùèòû ìåòàëëîêîíñòðóêöèé

óñòàíîâîê íà îáúåêòàõ òðàíñïîðòèðîâêè íåôòåïðî-

äóêòîâ, õàðàêòåðèçóþùèõñÿ âûñîêèì ðèñêîì âîç-

íèêíîâåíèÿ óãëåâîäîðîäíîãî ïîæàðà.

4. Îáëàñòü ïðèìåíåíèÿ ìîäèôèöèðîâàííûõ

ÎÂÊ äîëæíà îïðåäåëÿòüñÿ ïðè ïðîâåäåíèè ñîîò-

âåòñòâóþùèõ ñåðòèôèêàöèîííûõ èñïûòàíèé êàê

ïðè ñòàíäàðòíîì òåìïåðàòóðíîì ðåæèìå (ïî ÃÎÑÒ

30247.0–94), òàê è ïðè àëüòåðíàòèâíûõ òåìïåðàòóð-

íûõ ðåæèìàõ (ïî ÃÎÑÒ Ð ÅÍ 1363-2–2014). Âìåñòå

ñ òåì ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ãîâîðèòü

î âîçìîæíîñòè ïîâûøåíèÿ ýôôåêòèâíîñòè îãíå-

çàùèòíûõ ïîêðûòèé çà ñ÷åò âíåäðåíèÿ òåõíîëîãèè

ýëåêòðîôèçè÷åñêîé è ðåàãåíòíîé ìîäèôèêàöèè â

ïðîöåññû ïîëó÷åíèÿ è ôîðìèðîâàíèÿ ÎÂÊ äëÿ ðå-

øåíèÿ çàäà÷ îáåñïå÷åíèÿ òåïëîâîé çàùèòû îáúåê-

òîâ òðàíñïîðòèðîâêè íåôòåïðîäóêòîâ.
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ABSTRACT

One way to provide the required fire resistance of steel structures for oil and gas facilities is the use of

intumescent compositions. With the flare burning of vapors of petroleum products, the deformation

and collapse of structures subjected to high temperature (up to 1200 °C) and erosion.

As objects of study the carbon nanomaterials containing MWCNT with parameters d = 30 nm,

l = 2…5 �m were selected. The basis for the modified material was intumescent paint for steel

structures “Thermal barrier”, produced by TU 2313-001-30642285–2011. Modification of a flame

retardant was conducted using the Deposit of MWCNT in solvent (o-xylene), with further stirring

the filler at a concentration of 0.10…1.25 % by vol. Individual components of the intumescent

compositions were subjected to electrophysical influence with the parameters of variable

frequency-modulated potential (VFMP) 56 V, 50 Hz. Study of fire resistance performance of nano-

modified intumescent compositions was conducted in a laboratory setting, simulating the conditions

of hydrocarbon combustion. For almost all samples of modified intumescent compositions containing

MWCNT, there is a slower (10…55 %) increase in the temperature of the object of protection within
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the time of observation, in comparison with non-modified coating intumescent compositions. For samples

with intumescent compositions with the primer GF-021 without MWCNT, the rate of temperature

increase of metal in general, inversely proportional to the concentration of MWCNT in flame-

retardant composition as no electrical influence, and when exposed to VFMP. For samples with

intumescent compositions with the primer GF-021 with MWCNT at a concentration of 1.0 % by vol.,

the growth rate of metal temperature has a clear dependence on the concentration of MWCNT in

flame-retardant composition.

Depositing in the basic fire retardant composition of MWCNT as a whole leads to a decrease in

the coefficient of swelling, which certainly negatively affects the overall effectiveness of modified

intumescent compositions. However, for a number of samples of the intumescent compositions

without MWCNT in primer the rise of the coefficient of swelling for the concentrations of MWCNT in

flame-retardant composition 0.50 to 0.75 % by vol.

It is also established that the deposition of MWCNT in the primer GF-021 as a rule, reduces

the adhesion strength of the intumescent compositions for 10…20 % at the concentration of MWCNT

in flame-retardant composition from 0 to 0.5 %. With a further increase in the concentration of

MWCNT in flame-retardant composition to 1.25 % adhesive strength of the intumescent composi-

tions with MWCNT deposited in the primer GF-021, slightly higher in comparison with the in-

tumescent compositions with non-modified primer and the original sample. For samples intumescent

compositions obtained with VFMP, there is a significant (40 %) increase in adhesion strength for

coatings with unmodified primer GF-021.

Upon further study of modified intumescent flame retardant compositions, we plan to conduct

a comprehensive thermal analysis of songs to determine the nature of a fire retardant effect of sample

coverings from the nature of their modification.

Thus, optimization of the formulation and application technology of modified fire-resistant

intumescent compositions allows applying them successfully to protect the metal installations on

the transportation of petroleum products, characterized by a high risk of hydrocarbon fire.

Keywords: fire-retardant intumescent coating; reagent modification; electrophysical modification;

hydrocarbon fire; variable frequency-modulated potential; transportation of petroleum products.
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Ââåäåíèå

Ñîâðåìåííîå ñîñòîÿíèå ïðèðîäíî-òåõíîãåííîé ñôå-

ðû Ðîññèè õàðàêòåðèçóåòñÿ ðîñòîì ÷àñòîòû è òÿæå-

ñòè ïðîìûøëåííûõ àâàðèé, ñòèõèéíûõ áåäñòâèé è

êàòàñòðîô, àêòîâ òåððîðèçìà. Ìàñøòàáû ýòèõ ÿâëå-

íèé ñòàíîâÿòñÿ âñå áîëåå ãðîçíûìè äëÿ íàñåëåíèÿ,

ïðèðîäíîé ñðåäû è ýêîíîìèêè ñòðàíû. Â ýòèõ óñëî-

âèÿõ ïðîáëåìà ñîâåðøåíñòâîâàíèÿ óïðàâëåíèÿ áåç-

îïàñíîñòüþ îáðåòàåò îñîáîå çíà÷åíèå. Îäíîé èç íàè-

áîëåå âàæíûõ çàäà÷, ñòîÿùèõ ïåðåä Ìèíèñòåðñòâîì

Ðîññèéñêîé Ôåäåðàöèè ïî äåëàì ãðàæäàíñêîé îáî-

ðîíû, ÷ðåçâû÷àéíûì ñèòóàöèÿì è ëèêâèäàöèè ïî-

ñëåäñòâèé ñòèõèéíûõ áåäñòâèé (Ì×Ñ Ðîññèè), ÿâ-

ëÿåòñÿ èçûñêàíèå íîâûõ íåñòàíäàðòíûõ ðåøåíèé â

äåëå ïîâûøåíèÿ ýôôåêòèâíîñòè ìåðîïðèÿòèé êàê

ïî ïðåäîòâðàùåíèþ ÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ),

òàê è ïî âåäåíèþ îïåðàòèâíûõ äåéñòâèé â çîíàõ

ñòèõèéíûõ áåäñòâèé, ïðîìûøëåííûõ êàòàñòðîô è

ïîæàðîâ, ïî ëèêâèäàöèè èõ ïîñëåäñòâèé.

Ðàçðàáîòêà íîâûõ òàêòè÷åñêèõ ïðèåìîâ (äàëåå

— ÒÏ) äåéñòâèé ñèë ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé (ÏÑÏ) âåäåòñÿ â Ì×Ñ Ðîññèè ïî ðàç-

íûì íàïðàâëåíèÿì, ñ ïðèâëå÷åíèåì íàó÷íî-òåõ-

íè÷åñêèõ êàäðîâ, ñ ïðèìåíåíèåì ñîâðåìåííûõ äî-

ñòèæåíèé íàóêè è ìèðîâûõ òåõíîëîãèé. Âîçíèêàåò

ïðîáëåìà âûáîðà íàèáîëåå ýôôåêòèâíîãî èç íåñêîëü-

êèõ âîçìîæíûõ âàðèàíòîâ ðåøåíèÿ îïåðàòèâíîé

çàäà÷è (òóøåíèÿ ïîæàðà, ïðîâåäåíèÿ àâàðèéíî-

ñïàñàòåëüíûõ ðàáîò (ÀÑÐ), ëèêâèäàöèè ïîñëåäñò-

âèé ×Ñ).
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Öåëè è çàäà÷è èññëåäîâàíèÿ

Àâàðèéíî-ñïàñàòåëüíûå ðàáîòû, ïðîâîäèìûå íà

îñîáî îïàñíûõ, òåõíè÷åñêè ñëîæíûõ è óíèêàëüíûõ

îáúåêòàõ [1], òðåáóþò ñóùåñòâåííûõ ìàòåðèàëüíûõ

è âðåìåííûõ çàòðàò, íåñóò îïðåäåëåííóþ îïàñíîñòü

äëÿ ëè÷íîãî ñîñòàâà ÏÑÏ. Ìíîãîêðàòíîå ïðîâåäå-

íèå ó÷åíèé â öåëÿõ íàêîïëåíèÿ ñòàòèñòè÷åñêîãî ìà-

òåðèàëà, íåîáõîäèìîãî äëÿ îïðåäåëåíèÿ íàèáîëåå

ýôôåêòèâíûõ ïðèåìîâ è ñïîñîáîâ äåéñòâèé ÏÑÏ

íà òàêèõ îáúåêòàõ, âðÿä ëè ìîæíî ñ÷èòàòü öåëåñî-

îáðàçíûì.

Èñïîëüçîâàíèå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

[2–7] ïîçâîëÿåò ñîêðàòèòü çàòðàòû è ðèñêè, à òàêæå

êîëè÷åñòâî ñàìèõ ýêñïåðèìåíòîâ, ÷òî îñîáåííî àê-

òóàëüíî ïðè âûáîðå íàèáîëåå ýôôåêòèâíîãî èç íå-

ñêîëüêèõ ÒÏ.

Çàäà÷à âûáîðà îïòèìàëüíîãî â ïëàíå ñîîòâåòñò-

âèÿ ïðåäúÿâëÿåìûì òðåáîâàíèÿì ÒÏ [8] ïðè óñëî-

âèè, ÷òî åñòü âîçìîæíîñòü àïðîáàöèè íåñêîëüêèõ

ðàçëè÷íûõ ïðèåìîâ, ìîæåò áûòü óñïåøíî ðåøåíà ñ

ïîìîùüþ ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà (ÌÏÀ),

ðàçðàáîòàííîãî âåíãåðñêèì ìàòåìàòèêîì À. Âàëü-

äîì [9]. Öåëü íàøåãî èññëåäîâàíèÿ — ïðîäåìîíñò-

ðèðîâàòü îòíîñèòåëüíóþ ïðîñòîòó è äîñòóïíîñòü

ïðèìåíåíèÿ óêàçàííîãî ìåòîäà, îáåñïå÷èâàþùåãî

äîñòàòî÷íî âûñîêóþ òî÷íîñòü è íàäåæíîñòü âûâî-

äîâ ïðè ñðàâíèòåëüíî íåáîëüøîì ÷èñëå èñïûòàíèé.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Ñóùíîñòü ÌÏÀ [9] ñîñòîèò â òîì, ÷òî ïðè ïðî-

âåäåíèè èñïûòàíèé èõ ÷èñëî çàðàíåå íå ïðîãíî-

çèðóåòñÿ, à âûïîëíÿåòñÿ àíàëèç ðåçóëüòàòîâ ïîñëå

êàæäîãî ýêñïåðèìåíòà, íà÷èíàÿ ñ ïåðâîãî. Ïîñëå î÷å-

ðåäíîãî i-ãî îïûòà ëèáî ïðèíèìàåòñÿ îäíî èç âîç-

ìîæíûõ ðåøåíèéè è äàëüíåéøåå èññëåäîâàíèå ïðå-

êðàùàåòñÿ, ïîñêîëüêó öåëü äîñòèãíóòà, ëèáî ðå-

øåíèå íå ïðèíèìàåòñÿ è ïðîâîäèòñÿ (i+1)-é îïûò,

èñõîä êîòîðîãî ñ ó÷åòîì âñåõ ïðåäûäóùèõ ðåçóëü-

òàòîâ ïîäâåðãàåòñÿ òàêîìó æå àíàëèçó.

Õàðàêòåðíàÿ îñîáåííîñòü ïðèìåíåíèÿ ÌÏÀ çà-

êëþ÷àåòñÿ â ñóùåñòâîâàíèè âîçìîæíîñòè îïèñàíèÿ

èññëåäóåìîãî ïðîöåññà ñ ïîìîùüþ ñëó÷àéíîé âå-

ëè÷èíû, ïðèíèìàþùåé òîëüêî äâà âîçìîæíûõ çíà-

÷åíèÿ — 0 è 1.

Â îïåðàòèâíîé äåÿòåëüíîñòè ïîäðàçäåëåíèé Ì×Ñ

Ðîññèè ÌÏÀ ìîæåò áûòü ïðèìåíåí äëÿ ìîäåëèðî-

âàíèÿ ïðîöåññîâ âûðàáîòêè íàó÷íî îáîñíîâàííûõ

ðåøåíèé, íàïðèìåð:
� î êîíäèöèîííîñòè ïàðòèè ïîæàðíî-òåõíè÷åñ-

êîãî âîîðóæåíèÿ (ÏÒÂ), õðàíÿùåéñÿ íà ñêëàäå,

ïî ðåçóëüòàòàì åå ïðîâåðêè â õîäå îãðàíè÷åííî-

ãî ÷èñëà èñïûòàíèé íà ñîîòâåòñòâèå ïðåäúÿâ-

ëåííûì òðåáîâàíèÿì [10];
� î öåëåñîîáðàçíîñòè ïðèíÿòèÿ íà âîîðóæåíèå íî-

âîãî îáðàçöà ÏÒÂ èëè ïîæàðíîé òåõíèêè, îãíå-

òóøèòåëÿ, ñðåäñòâà èíäèâèäóàëüíîé çàùèòû èëè

íîâîãî òàêòè÷åñêîãî ïðèåìà âûïîëíåíèÿ áîåâîé

çàäà÷è íà îñíîâå ïðîâåðêè èõ ñîîòâåòñòâèÿ ïðåäú-

ÿâëÿåìûì òðåáîâàíèÿì ïî ýôôåêòèâíîñòè [11];
� î âûáîðå îäíîãî èç äâóõ äåéñòâèé èëè ïðîöåñ-

ñîâ, ýôôåêòèâíîñòü êàæäîãî èç êîòîðûõ îïðåäå-

ëÿåòñÿ âåðîÿòíîñòüþ íåêîòîðîãî ñîáûòèÿ, à âå-

ðîÿòíîñòè ýòè íåèçâåñòíû.

Ïðèìåðîì òàêîãî èññëåäîâàíèÿ ìîæåò ñëóæèòü

ñðàâíèòåëüíûé àíàëèç äâóõ òàêòè÷åñêèõ ïðèåìîâ

äåéñòâèé ñèë ïîäðàçäåëåíèé Ì×Ñ Ðîññèè. Ðåøåíèþ

ýòîé çàäà÷è è ïîñâÿùåíà íàñòîÿùàÿ ñòàòüÿ.

Ôîðìèðîâàíèå ðåøåíèÿ î âûáîðå
íàèáîëåå ýôôåêòèâíîãî èç äâóõ íîâûõ

òàêòè÷åñêèõ ïðèåìîâ ñ ïîìîùüþ
ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà

Ðàññìîòðèì âîçìîæíîñòü ìàòåìàòè÷åñêîãî ìîäå-

ëèðîâàíèÿ ïðîöåññà âûðàáîòêè íàó÷íî îáîñíîâàí-

íîãî ðåøåíèÿ î ïðèíÿòèè íà âîîðóæåíèå íàèáîëåå

ýôôåêòèâíîãî èç äâóõ íîâûõ òàêòè÷åñêèõ ïðèåìîâ

òóøåíèÿ ïîæàðîâ è ïðîâåäåíèÿ ÀÑÐ ïîæàðíî-ñïà-

ñàòåëüíûìè ïîäðàçäåëåíèÿìè Ì×Ñ Ðîññèè.

Èññëåäîâàíèå ñ ïðèìåíåíèåì ÌÏÀ ïðîâîäèòñÿ

ïî ðåçóëüòàòàì íåîäíîêðàòíîé ñðàâíèòåëüíîé îöåí-

êè ýôôåêòèâíîñòè äâóõ ìåðîïðèÿòèé (ó÷åíèé), îñó-

ùåñòâëÿåìûõ îäíîâðåìåííî. Ó÷èòûâàþòñÿ ëèøü òå

ó÷åíèÿ, â õîäå êîòîðûõ çàäà÷à áûëà âûïîëíåíà òîëü-

êî ïîñðåäñòâîì ðåàëèçàöèè îäíîãî (ïåðâîãî èëè âòî-

ðîãî) ÒÏ. Ñïåöèôèêà ìåòîäà çàêëþ÷àåòñÿ â òîì, ÷òî

èç àíàëèçà èñêëþ÷àþòñÿ âñå ñëó÷àè, êîãäà ðåçóëüòà-

òû èñïîëüçîâàíèÿ äâóõ ÒÏ îäèíàêîâû, ò. å. îáà ïðè-

åìà îêàçàëèñü ëèáî óñïåøíûìè, ëèáî íåóäà÷íûìè

â ïëàíå äîñòèæåíèÿ öåëè ó÷åíèÿ.

Ïîñòàíîâêà çàäà÷è

Äëÿ âûïîëíåíèÿ ïîæàðíî-ñïàñàòåëüíûì ïîäðàç-

äåëåíèåì ìàêñèìàëüíîãî îáúåìà äåéñòâèé ïî òó-

øåíèþ ïîæàðà è ïðîâåäåíèþ ÀÑÐ â óñëîâèÿõ îãðà-

íè÷åíèÿ âðåìåíè ðàçðàáîòàíû äâà íîâûõ ÒÏ äåéñò-

âèé ñèë — ÒÏ1 è ÒÏ2. Ïëàíèðóåòñÿ ïðîâåäåíèå

ïðàêòè÷åñêèõ ó÷åíèé äëÿ âûÿâëåíèÿ íàèáîëåå ýô-

ôåêòèâíîãî ÒÏ. Êàê èçâåñòíî [12], ñðåäè îñíîâíûõ

âðåìåííûõ õàðàêòåðèñòèê ïðîöåññà ïîæàðîòóøå-

íèÿ âûäåëÿþò âðåìÿ áîåâîé ðàáîòû (âðåìÿ ñ ìî-

ìåíòà ïðèáûòèÿ ÏÑÏ äî îòúåçäà ñ ìåñòà ïîæàðà),

à òàêæå âðåìÿ òóøåíèÿ (çàíÿòîñòè ÏÑÏ). Åäèíîãî

ìíåíèÿ ñïåöèàëèñòîâ ïî îöåíêå íîðìàòèâíîé ïðî-

äîëæèòåëüíîñòè òóøåíèÿ ïîæàðîâ, êàê è åäèíîé

êîíöåïöèè â îáîñíîâàíèè ðàñ÷åòíîé ïðîäîëæèòåëü-

íîñòè áîåâîé ðàáîòû, íåò. Îäíàêî òàêàÿ êîíöåïöèÿ

ìîæåò áûòü ñôîðìèðîâàíà ýêñïåðòàìè ïîæàðíîé áåç-

îïàñíîñòè íà âåðîÿòíîñòíî-ñòàòèñòè÷åñêîé îñíîâå.

Ýôôåêòèâíîñòü êàæäîãî òàêòè÷åñêîãî ïðèåìà

áóäåì ïîíèìàòü êàê âåðîÿòíîñòü âûïîëíåíèÿ ñ åãî
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ïîìîùüþ îïåðàòèâíîé çàäà÷è çà âðåìÿ, íå ïðåâû-

øàþùåå óñòàíîâëåííîãî ïðåäåëüíîãî çíà÷åíèÿ [11]:

P (tÒÏi 	 tóñò) = Wi , (1)

ãäå tÒÏi — âðåìÿ âûïîëíåíèÿ çàäà÷è ïðè èñïîëüçî-

âàíèè èññëåäóåìîãî ÒÏ1 (i = 1) èëè ÒÏ2 (i = 2);

tóñò — ïðåäåëüíîå âðåìÿ âûïîëíåíèÿ çàäà÷è, óñòà-

íîâëåííîå ýêñïåðòàìè [8, 13];

Wi — êðèòåðèé ýôôåêòèâíîñòè ÒÏi (i = 1; 2).

Â õîäå êàæäîãî ó÷åíèÿ ïðèìåíÿåòñÿ òîëüêî îäèí

èç èññëåäóåìûõ ïðèåìîâ.

Ïî ðåçóëüòàòàì àíàëèçà ôîðìèðóåòñÿ ðåêîìåí-

äàöèÿ âûáðàòü:
� ÒÏ1, åñëè â õîäå ó÷åíèé îêàæåòñÿ, ÷òî ÒÏ2 óñòó-

ïàåò åìó ïî ýôôåêòèâíîñòè íå ìåíåå ÷åì â u0 ðàç;
� ÒÏ2, åñëè îí ýôôåêòèâíåå ïåðâîãî íå ìåíåå ÷åì

â u1 ðàç.

Äîïóñêàþòñÿ îøèáêè ïåðâîãî è âòîðîãî ðîäà

[9–11], âåðîÿòíîñòè ñîâåðøåíèÿ êîòîðûõ ðàâíû ñî-

îòâåòñòâåííî � è 
. Öåëü äåéñòâèé ñèë ïîæàðíîãî

ïîäðàçäåëåíèÿ íà ó÷åíèè — âûÿâëåíèå íàèáîëåå

ýôôåêòèâíîãî ÒÏ. Öåëü ìàòåìàòè÷åñêîãî ìîäåëè-

ðîâàíèÿ — îáîñíîâàíèå ðåêîìåíäàöèé ïðè âûáîðå

ëó÷øåãî èç äâóõ ÒÏ â õîäå ó÷åíèé.

Ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè

Ðàññìîòðèì äâå ãèïîòåçû: H0 — ÒÏ1 ëó÷øå ÒÏ2;

H1 — ÒÏ2 ëó÷øå ÒÏ1.

Ïðè ýòîì åñëè W1 �W2 � u0, òî âåðíà ãèïîòåçà H0,

åñëè W2 �W1 � u1, òî âåðíà ãèïîòåçà H1.

Îáîçíà÷èì íåèçâåñòíûå âåðîÿòíîñòè âûïîëíå-

íèÿ ïîñòàâëåííîé ïåðåä ïîäðàçäåëåíèåì Ì×Ñ çà-

äà÷è ïðè èñïîëüçîâàíèè ÒÏ1 èëè ÒÏ2 ñîîòâåòñò-

âåííî P1 è P2.

Â ïðîöåññå ó÷åíèé ñ÷èòàåòñÿ, ÷òî îáà ÒÏ îäèíà-

êîâû ïî ýôôåêòèâíîñòè è íåâîçìîæíî îòäàòü ïðåä-

ïî÷òåíèå íè îäíîìó èç íèõ, åñëè çàäà÷à â îáîèõ ñëó-

÷àÿõ âûïîëíåíà èëè íå âûïîëíåíà, ÷åìó ñîîòâåòñò-

âóþò âåðîÿòíîñòè P1·P2 èëè (1 – P1)·(1 – P2) [14, 15].

Áóäåì ðàññìàòðèâàòü òîëüêî òå ñëó÷àè, êîãäà ïî-

ñòàâëåííàÿ çàäà÷à óñïåøíî âûïîëíåíà ïðè ïðèìå-

íåíèè ÒÏ1 èëè ÒÏ2 ñ âåðîÿòíîñòÿìè P1(1 – P2) èëè

P2(1 – P1) ñîîòâåòñòâåííî.

Îòíîñèòåëüíîå ïðåâîñõîäñòâî ÒÏ2 íàä ÒÏ1 ìîæ-

íî íàéòè èç ñîîòíîøåíèÿ

u P P P P� � �2 1 1 21 1( ) [ ( )] , (2)

ãäå P2(1 – P1), P1(1 – P2) — ôóíêöèè ïðàâäîïîäîáèÿ

ãèïîòåç H1 è H0 ñîîòâåòñòâåííî.

Âûðàæåíèå (2) ÿâëÿåòñÿ êîýôôèöèåíòîì ïðàâ-

äîïîäîáèÿ. Ïðè u = 1 òàêòè÷åñêèå ïðèåìû ðàâíî-

çíà÷íû. Ïðè u > 1 äîìèíèðóåò ÒÏ2, è íàîáîðîò, ïðè

u < 1 äîìèíèðóåò ÒÏ1.

Òàê êàê çíà÷åíèÿ âåðîÿòíîñòåé P1 è P2 íåèçâåñò-

íû, òî ïðè u � 1 íåâîçìîæíî îòäàòü ïðåäïî÷òåíèå

íè îäíîìó èç ÒÏ. Â ýòîì ñëó÷àå, êàê è â äðóãèõ âàðè-

àíòàõ ðåøåíèÿ çàäà÷ ñ ïðèìåíåíèåì ÌÏÀ [9–11],

âîêðóã çíà÷åíèÿ u = 1 ñîçäàåòñÿ íå÷óâñòâèòåëüíàÿ

çîíà, ãðàíèöû êîòîðîé — íèæíÿÿ ãðàíèöà çîíû íå-

îïðåäåëåííîñòè u0 è âåðõíÿÿ ãðàíèöà çîíû íåîïðå-

äåëåííîñòè u1 — óñòàíàâëèâàþòñÿ íà÷àëüíèêîì ïî-

æàðíîãî ïîäðàçäåëåíèÿ [8, 13].

Âåðîÿòíîñòü îòêëîíåíèÿ ÒÏ1 ïðè u 	 u0 íå äîëæ-

íà ïðåâûøàòü âåëè÷èíû �, à âåðîÿòíîñòü åãî ïðè-

íÿòèÿ ïðè u � u1 — âåëè÷èíû 
, ñ ó÷åòîì òîãî ÷òî

âñåãäà u0 < u1.

Åñëè îáà ÒÏ îäèíàêîâû ïî ñëîæíîñòè èõ îòðà-

áîòêè è ïðèìåíåíèÿ, òî âûáèðàþòñÿ u0 < 1 è u1 > 1.

Ýòè ãðàíèöû ìîãóò áûòü êàê ñèììåòðè÷íûìè, òàê è

íåñèììåòðè÷íûìè îòíîñèòåëüíî åäèíèöû. Åñëè æå

ïðèìåíåíèå ÒÏ2 òðåáóåò äîïîëíèòåëüíûõ çàòðàò ìà-

òåðèàëüíûõ ðåñóðñîâ èëè âðåìåíè, òî âûáèðàåòñÿ

u0 � 1.

Îòìåòèì åùå ðàç: ïðè ïðîâåäåíèè ïàð èñïûòà-

íèé ó÷èòûâàþòñÿ òîëüêî òå ñëó÷àè, êîãäà ïîñòàâ-

ëåííóþ çàäà÷ó ïî òóøåíèþ ïîæàðà è ïðîâåäåíèþ

ÀÑÐ ïðè óñëîâèè (1) óäàëîñü âûïîëíèòü â ñëó÷àå

ïðèìåíåíèÿ òîëüêî îäíîãî èç òàêòè÷åñêèõ ïðèåìîâ.

Óñëîâíàÿ âåðîÿòíîñòü ð âûïîëíåíèÿ çàäà÷è ïðè

èñïîëüçîâàíèè ÒÏ2 ïðè óñëîâèè, ÷òî ýòà çàäà÷à âû-

ïîëíåíà â ðåçóëüòàòå ïðèìåíåíèÿ îäíîãî èç äâóõ

ïðèåìîâ, îïðåäåëÿåòñÿ âûðàæåíèåì [10, 11, 14]:

p
P P

P P P P
�

�
� � �

2 1

1 2 2 1

1

1 1

( )

( ) ( )
. (3)

Ïðåîáðàçóåì (3) ê âèäó

p
P P

P P

P P

P P
�

�
�

�
�
�



��

�
��

�
2 1

1 2

2 1

1 2

1
1

1
1

1

1

( )

( )

( )

( )
.

Ñ ó÷åòîì (2) ïîëó÷èì:

p u u� �( ) .1

Â ñîîòâåòñòâèè ñ ïðèíÿòûìè çíà÷åíèÿìè u0 è u1

îáîçíà÷èì:

p u u0 0 01� �( ) ; p u u1 1 11� �( ) .

Òàêèì îáðàçîì, çàäà÷à âûáîðà îäíîãî èç äâóõ

òàêòè÷åñêèõ ïðèåìîâ ñâîäèòñÿ ê çàäà÷å î ïðîâåðêå

íà ñîîòâåòñòâèå òðåáîâàíèÿì îäíîãî íîâîãî òàêòè-

÷åñêîãî ïðèåìà [10, 11, 15]. Âåëè÷èíà p0 ñîîòâåòñò-

âóåò âåðõíåé ãðàíèöå çîíû ïðèíÿòèÿ ãèïîòåçû H0,

p1 — íèæíåé ãðàíèöå çîíû ïðèíÿòèÿ ãèïîòåçû H1

(ðèñ. 1).

Èòàê, åñëè âåðíà ãèïîòåçà H0, ïðåäïî÷òåíèå îò-

äàåòñÿ ïåðâîìó òàêòè÷åñêîìó ïðèåìó, à åñëè âåðíà

ãèïîòåçà H1 — âòîðîìó.

Ãðàíèöû êðèòè÷åñêîé îáëàñòè (îáëàñòè, â êîòî-

ðîé ïðîâåðÿåìàÿ ãèïîòåçà H0 îòâåðãàåòñÿ) ðàññ÷è-

òûâàþòñÿ â ñîîòâåòñòâèè ñ íåðàâåíñòâîì [9–11]:

b + kn < m < a + kn, (4)
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â êîòîðîì

a
u

u

�

�
ln

ln

;

1

1

0



� b

u

u

� �
ln

ln

;



�1

1

0

k

u

u

u

u

�

�
�

ln

ln

.

1

1
1

0

1

0

(5)

Äëÿ ïîñëåäîâàòåëüíîé ïðîâåðêè â êà÷åñòâå âå-

ëè÷èíû m ïðèíèìàåòñÿ ÷èñëî ó÷åíèé, â êîòîðûõ èñ-

ïîëüçîâàíèå ÒÏ2 ïðèâîäèò ê âûïîëíåíèþ çàäà÷è â

ñîîòâåòñòâèè ñ çàäàííûì êðèòåðèåì ýôôåêòèâíî-

ñòè (1), à èñïîëüçîâàíèå ÒÏ1 — ê åå íåâûïîëíåíèþ.

Ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ìåòîäà ïðîâåðêè

Ïðîâåðêà âûïîëíÿåòñÿ ñ ïîìîùüþ ëèáî ãðàôèêà,

ëèáî òàáëèöû [10, 11, 14, 15]. Äëÿ ýòîãî îðãàíèçóþò

è ïðîâîäÿò ó÷åíèÿ ñ ïðèìåíåíèåì è ïåðâîãî, è âòî-

ðîãî ÒÏ, ôèêñèðóÿ ðåçóëüòàòû ïàðàìè. Íàïðèìåð,

ïàðà (1; 1) îçíà÷àåò, ÷òî çàäà÷à âûïîëíåíà â îáîèõ

ñëó÷àÿõ, à ïàðà (0; 1) — ïðè ïðîâåäåíèè ÒÏ2.

Ó÷åíèÿ ìîãóò ïðîâîäèòüñÿ îäíîâðåìåííî èëè â

ðàçíîå âðåìÿ. Ïðè ýòîì ïðèíèìàåòñÿ âî âíèìàíèå

íå îáùåå ÷èñëî ó÷åíèé, à òîëüêî òå n èç íèõ, â êîòî-

ðûõ çàäà÷à âûïîëíåíà ñ ïðîâåäåíèåì èëè ÒÏ1, èëè

ÒÏ2 (èñêëþ÷àÿ ó÷åíèÿ, â êîòîðûõ çàäà÷à âûïîëíå-

íà èëè íå âûïîëíåíà ñ ïðèìåíåíèåì îäíîâðåìåííî

ÒÏ1 è ÒÏ2). Ðàñ÷åò êîýôôèöèåíòîâ a, b, k è ïî-

ñòðîåíèå ïðÿìûõ m0 = b + kn è m1 = a + kn (â ñëó÷àå

èñïîëüçîâàíèÿ ãðàôè÷åñêîé ôîðìû ÌÏÀ) ïðîèçâî-

äÿòñÿ ïî òîìó æå ïðèíöèïó, ÷òî è ïðè ïîñëåäîâà-

òåëüíîì àíàëèçå îäíîãî íîâîãî òàêòè÷åñêîãî ïðèåìà

[9–11]. Èñïûòàíèÿ ïðîäîëæàþòñÿ äî òåõ ïîð, ïîêà

ëîìàíàÿ, ñîåäèíÿþùàÿ òî÷êè (n; m) (ãäå n — ÷èñëî

ó÷åíèé ñ óäà÷íûì ïðèìåíåíèåì òîëüêî îäíîãî èç ÒÏ;

m — ÷èñëî ïàð (0; 1) ñ óñïåøíûì ðåçóëüòàòîì ïðè

ïðèìåíåíèè ÒÏ2), íå ïåðåñå÷åò ïðÿìóþ m0 èëè m1.

Ïðè ýòîì ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ1, åñëè ïåðåñå÷å-

íà ïðÿìàÿ m0, è ÒÏ2 — åñëè ïåðåñå÷åíà ïðÿìàÿ m1.

Ðåàëèçàöèÿ ÌÏÀ ñ ïîìîùüþ ãðàôèêà ïðåäñòàâ-

ëåíà íà ðèñ. 2.

Â ñëó÷àå ïîñëåäîâàòåëüíîé ïðîâåðêè äâóõ òàê-

òè÷åñêèõ ïðèåìîâ ñ ïîìîùüþ òàáëèöû äëÿ êàæ-

äîãî ÷èñëà n ðàññ÷èòûâàþòñÿ çíà÷åíèÿ m0 = b + kn

è m1 = a + kn, êîòîðûå çàíîñÿòñÿ â ãðàôû 3 è 5.

Ïî ðåçóëüòàòàì èñïûòàíèé çàïîëíÿþòñÿ ãðàôû 2 è 4.

Â ãðàôó 3 ïîìåùàþòñÿ òîëüêî íåîòðèöàòåëüíûå ÷èñ-

ëà, òàê êàê çíà÷åíèÿ m, êîòîðûå åñòü ñìûñë ñðàâíè-

âàòü ñ m0, âñåãäà ïîëîæèòåëüíû.

Êàê è ïðè èñïîëüçîâàíèè ãðàôè÷åñêîãî ìåòîäà,

ïðîâåðêà ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà m0 < m < m1.

Ïðè ïåðâîì ñëó÷àå íåâûïîëíåíèÿ óêàçàííîãî íåðà-

âåíñòâà ïðîâåðêà ïðåêðàùàåòñÿ è ôîðìèðóåòñÿ ðå-

øåíèå:
� åñëè m 	 m0, òî ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ1;
� åñëè m � m1, òî ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ2.

Â òàáëèöå ïðèâåäåíû äàííûå âîçìîæíîãî âàðè-

àíòà èñïûòàíèé äëÿ ïðèìåðà, â êîòîðîì u0 = 1,5;

u1 = 3,0; � = 0,1; 
 = 0,2.

Ïîÿñíèì âûáîð çíà÷åíèé u0, u1, � è 
 èñõîäÿ èç

çàäàííîãî êðèòåðèÿ ýôôåêòèâíîñòè.

Âåëè÷èíà u0 = 1,5 îçíà÷àåò, ÷òî äëÿ ôîðìèðîâà-

íèÿ ðåêîìåíäàöèè î öåëåñîîáðàçíîñòè âûáîðà ÒÏ1

åãî ýôôåêòèâíîñòü äîëæíà áûòü íå ìåíåå ÷åì â 1,5

ðàçà âûøå ýôôåêòèâíîñòè ÒÏ2. Âåëè÷èíà u1 = 3,0

îçíà÷àåò, ÷òî äëÿ âûáîðà ÒÏ2 åãî ýôôåêòèâíîñòü

äîëæíà íå ìåíåå ÷åì â 3 ðàçà ïðåâîñõîäèòü ýôôåê-

òèâíîñòü ÒÏ1. Âåðîÿòíîñòü îòêëîíåíèÿ ÒÏ1 ïðè

u 	 u0 íå äîëæíà ïðåâûøàòü � = 0,1, à âåðîÿòíîñòü

åãî ïðèíÿòèÿ ïðè u � u1 — çíà÷åíèÿ 
 = 0,2.

Ðèñ. 1. Çîíû ïðèíÿòèÿ ãèïîòåç H0 è H1

Fig. 1. H0, H1 hypothesis acceptance zones

Ðèñ. 2. Ãðàôèê ïîñëåäîâàòåëüíîãî àíàëèçà äëÿ âûáîðà îäíî-

ãî èç äâóõ òàêòè÷åñêèõ ïðèåìîâ

Fig. 2. A sequential analysis chart for selecting one of two tac-

tical procedures

×èñëî
èñïûòà-

íèé n

Number
of tests

n

Ïàðû ðåçóëüòà-
òîâ èñïûòàíèé
(0; 1) è (1; 0)

Pairs of results
tests (0; 1)
and (1; 0)

×èñëî
m0

Number
m0

×èñëî m ïàð (0; 1)
ñ óñïåøíûì ðå-
çóëüòàòîì ÒÏ2

The number m pairs
(0; 1) with a suc-
cessful TP2 result

×èñëî
m1

Number
m1

1 2 3 4 5

1 (1; 0) – 0 3,68

2 (0; 1) – 1 4,36

3 (1; 0) – 1 5,03

4 (1; 0) 0,54 1 5,71

5 (0; 1) 1,22 2 6,39

6 (1; 0) 1,84 2 7,06

7 (1; 0) 2,58 2 7,74

Äàííûå, ïîëó÷åííûå ïðè âîçìîæíîì âàðèàíòå èñïûòàíèé

Data of a possible test option
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Ïàðàìåòðû a, b è k èç íåðàâåíñòâà (4), âû÷èñëÿ-

åìûå ïî (5), ïðè âûáðàííûõ çíà÷åíèÿõ u0, u1, � è 

ñîñòàâëÿþò: a = 3; b = –2,17; k = 0,68.

Â äàííîì ñëó÷àå ñðàâíèòåëüíóþ îöåíêó äâóõ òàê-

òè÷åñêèõ ïðèåìîâ ñëåäóåò ïðåêðàòèòü ïîñëå ñåäü-

ìîãî ó÷åíèÿ è ðåêîìåíäîâàòü ïîæàðíî-ñïàñàòåëü-

íîìó ïîäðàçäåëåíèþ âçÿòü íà âîîðóæåíèå ïåðâûé

òàêòè÷åñêèé ïðèåì êàê íàèáîëåå ýôôåêòèâíûé.

Âûâîäû

Ïðèìåíåíèå ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà

äëÿ âûáîðà íàèáîëåå ýôôåêòèâíîãî èç äâóõ íîâûõ

òàêòè÷åñêèõ ïðèåìîâ èìååò îñîáîå çíà÷åíèå, òàê

êàê èñïîëüçîâàíèå êëàññè÷åñêèõ ìåòîäîâ ìàòåìà-

òè÷åñêîé ñòàòèñòèêè äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è

ñ äîñòàòî÷íî âûñîêîé òî÷íîñòüþ è íàäåæíîñòüþ

ïîòðåáîâàëî áû, ïî êðàéíåé ìåðå, äâóêðàòíîãî óâå-

ëè÷åíèÿ êîëè÷åñòâà ó÷åíèé ïî ñðàâíåíèþ ñ èñïû-

òàíèåì îäíîãî òàêòè÷åñêîãî ïðèåìà. Ìåòîä ïîñëå-

äîâàòåëüíîãî àíàëèçà ïîçâîëÿåò íàéòè ðåøåíèå,

îòâå÷àþùåå òðåáîâàíèÿì ýôôåêòèâíîñòè ïðè âû-

ïîëíåíèè ïîñòàâëåííîé çàäà÷è ïî òóøåíèþ ïîæà-

ðîâ ðàçíûõ óðîâíåé ñëîæíîñòè.
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ABSTRACT

One of the urgent tasks facing the Ministry of the Russian Federation for Civil Defense, Emergency

Situations and Elimination of Consequences of Natural Disasters (MES of Russia) is the development

of new tactical procedure (TP) of the actions of the fire and rescue units. There is appeared the problem

of choosing the most effective solutions to solve the operational task (fire extinguishing, rescue and

salvage operations, emergency response (FEER), to eliminate the consequences of emergency

situations (ES)).

In the context of the RSO, which requires significant material and time costs, as well as carrying

a certain danger to the fighters of the units of the Ministry of Emergency Situations, repeated exercises

to accumulate statistical material can not be considered efficient. Mathematical modeling makes it

possible to reduce costs and risks during such experiments (exercises).

The purpose of this study is to demonstrate the relative simplicity, availability, rather high accu-

racy and reliability of the sequential analysis method (SAM) in applying to the decision of the task of

choosing from two tactical techniques of one — having advantages over selected parameters.

The article substantiates the derivation of the formulas on which the method is based, gives

an example of its practical implementation in two forms — in graphical and tabular format. The range

of tasks of the operational activities of the Ministry of Emergencies (MES) of Russia is formulated,

the solution of which can be implemented with the application of the presented method.

The study based on SAM data of a repeated comparative evaluation of the effectiveness of two

exercises (exercises), are carried out simultaneously. The specificity of the method lies in the fact that

all cases when the results of using two TPs are the same are excluded from the analysis, that is, both

methods were either successful or unsuccessful in terms of achieving the goal of the exercise.

Upon completion of the sequence of actions envisaged by the SAM, a recommendation is made for

choosing one of the two tested TPs.

The application of SAM to the selection of the most effective of the two new TPs is of particular

importance, since the use of classical methods of mathematical statistics to solve this problem with

a sufficiently high accuracy and reliability would require at least a twofold increase in the number of

exercises conducted compared to the one-TP test.

Keywords: mathematical modeling; sequential analysis; checking statistical hypotheses; assessing

the quality of tactical procedures of fire forces; fire-rescue units.
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âûõ îáúåìíî-ïëàíèðîâî÷íûõ è òåõíîëîãè÷åñêèõ ðå-

øåíèé. Íàðÿäó ñ ýòèì óæåñòî÷àþòñÿ íîðìàòèâíûå

òðåáîâàíèÿ ê ñèñòåìàì ïðîòèâîäûìíîé çàùèòû ëè-
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Ïðàêòèêà ïîêàçûâàåò, ÷òî âûïîëíåíèÿ ìèíèìàëü-

íûõ íîðìàòèâíûõ òðåáîâàíèé çà÷àñòóþ íåäîñòà-

òî÷íî äëÿ ñîçäàíèÿ ïîëíîöåííî ôóíêöèîíèðóþùåé

ñèñòåìû ïðîòèâîäûìíîé çàùèòû. Âî âñåì ìèðå ðå-

øåíèå òàêèõ ñëîæíûõ èíæåíåðíûõ çàäà÷ âûïîë-

íÿåòñÿ ñ èñïîëüçîâàíèåì ñîâðåìåííûõ òåõíîëîãèé
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* Â êà÷åñòâå ïðèìåðà ìîæíî ïðèâåñòè îáùåïðèçíàííûå â ìèðå

è ñ÷èòàþùèåñÿ ýòàëîííûìè àìåðèêàíñêèå ñòàíäàðòû NFPA 502

“Standard for road tunnels, bridges and other limited access high-

ways” è NFPA 130 “Standard for fixed guideway transit and

passenger rail systems”.
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Îáçîð ñóùåñòâóþùèõ ìåòîäîâ
ìîäåëèðîâàíèÿ ãîðåíèÿ

Ïðè ìîäåëèðîâàíèè ïîæàðîâ èñïîëüçóþòñÿ ðàç-

ëè÷íûå ìàòåìàòè÷åñêèå ìîäåëè è ïðîãðàììíûå ïðî-

äóêòû. Íàèáîëüøóþ äåòàëèçàöèþ ïðîöåññà è äî-

ñòîâåðíîñòü ðåçóëüòàòîâ ïîçâîëÿþò ïîëó÷èòü ïîëå-

âûå (âû÷èñëèòåëüíûå ãèäðîãàçîäèíàìè÷åñêèå) ìî-

äåëè, â îñíîâå êîòîðûõ ëåæèò ðåøåíèå óðàâíåíèé

Íàâüå – Ñòîêñà ñ ñîîòâåòñòâóþùèìè çàìûêàíèÿìè.

Â ñðåäå ñïåöèàëèñòîâ ïî ïîæàðíîé áåçîïàñíî-

ñòè øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èë ïðîãðàìì-

íûé ïðîäóêò Fire Dynamics Simulator (FDS) ðàçðà-

áîòêè NIST (National Institute of Standards and Tech-

nology, ÑØÀ), ÿâëÿþùèéñÿ äîñòàòî÷íî ìîùíûì è

óíèâåðñàëüíûì èíñòðóìåíòîì ìîäåëèðîâàíèÿ ôè-

çè÷åñêèõ ïðîöåññîâ ïðè ïîæàðå, êîòîðûé ïîçâîëÿ-

åò êà÷åñòâåííî è êîëè÷åñòâåííî îöåíèòü äèíàìèêó

ðàçâèòèÿ ïîæàðà è ðàñïðîñòðàíåíèÿ ÎÔÏ ñ ó÷åòîì

ôèçèêî-õèìè÷åñêèõ ñâîéñòâ ãîðÿùèõ âåùåñòâ.

Ïî ñïîñîáó çàäàíèÿ õàðàêòåðèñòèê î÷àãà ïîæà-

ðà ñóùåñòâóåò íåñêîëüêî ïðèíöèïèàëüíî ðàçíûõ

ïîäõîäîâ ê ìîäåëèðîâàíèþ ãîðåíèÿ ñ ïîìîùüþ ïðî-

ãðàììíîãî ïðîäóêòà FDS.

Ñàìûé ïðîñòîé ñïîñîá, èñïîëüçóåìûé â áîëü-

øèíñòâå èíæåíåðíûõ ðàñ÷åòîâ, çàêëþ÷àåòñÿ â çàäà-

íèè ñêîðîñòè ðàñïðîñòðàíåíèÿ, ïëîùàäè ïîæàðà è

óäåëüíîãî òåïëîâûäåëåíèÿ (HRRPUA) ñ ïîâåðõíîñòè

ãîðåíèÿ. Ïðè çàäàíèè ýòèõ ïàðàìåòðîâ èñïîëüçóþò

óñðåäíåííûå, ïðèâåäåííûå ê åäèíèöå ïëîùàäè ýêñ-

ïåðèìåíòàëüíûå äàííûå, ïîëó÷åííûå ïðè ñæèãàíèè

íåñêîëüêèõ âèäîâ ìàòåðèàëîâ, õàðàêòåðèçóþùèõ òîò

èëè èíîé òèï ïîæàðíîé íàãðóçêè (íàïðèìåð, “òèïî-

âîå” æèëîå ïîìåùåíèå èëè “òèïîâîé” çàë êèíî-

òåàòðà). Ïðè ýòîì íå ó÷èòûâàþòñÿ ïðîöåññû, ïðî-

èñõîäÿùèå âíóòðè ìàòåðèàëà, à ìîäåëèðóåòñÿ òîëüêî

ãàçîôàçíîå ãîðåíèå ïðè çàäàííûõ ãðàíè÷íûõ óñëî-

âèÿõ.

Ïðåèìóùåñòâà äàííîãî ñïîñîáà çàêëþ÷àþòñÿ â

ïðîñòîòå çàäàíèÿ èñõîäíîé ìîäåëè ïîæàðà, ìåíüøåé

íåëèíåéíîñòè ìîäåëè, áîëåå âûñîêîé óñòîé÷èâî-

ñòè è ñõîäèìîñòè ðåøåíèÿ, áîëåå íèçêèõ òðåáîâà-

íèÿõ ê ðàçðåøàþùåé ñïîñîáíîñòè ñåòêè è, êàê ñëåä-

ñòâèå, áîëåå âûñîêîé ñêîðîñòè âûïîëíåíèÿ ðàñ÷åòà.

Îñíîâíûå íåäîñòàòêè âûòåêàþò èç îñîáåííîñòåé ñïî-

ñîáà: îòñóòñòâóåò ñâÿçü ìåæäó ïðîöåññàìè â òâåðäîé

è ãàçîîáðàçíîé ôàçàõ; îñðåäíåíèå ôèçèêî-õèìè÷å-

ñêèõ è òåïëîâûõ ïàðàìåòðîâ ïîæàðíîé íàãðóçêè

íå ïîçâîëÿåò àäåêâàòíî ó÷åñòü äèíàìèêó ðàñïðî-

ñòðàíåíèÿ ïîæàðà ïî ðàçëè÷íûì ñîñòàâëÿþùèì

ïîæàðíîé íàãðóçêè; íåäîñòàòî÷íîñòü ñïðàâî÷íûõ

äàííûõ çà÷àñòóþ íå ïîçâîëÿåò ìîäåëèðîâàòü âûãî-

ðàíèå èëè çàòóõàíèå ïîæàðà. Ïðè çíà÷èòåëüíîì îò-

ëè÷èè óñëîâèé ïðîòåêàíèÿ ìîäåëüíîãî ïîæàðà îò

ýêñïåðèìåíòà, â êîòîðîì ïîëó÷åíû îñðåäíåííûå

äàííûå (íàïðèìåð, ïðè ñóùåñòâåííî îãðàíè÷åííîì

äîñòóïå îêèñëèòåëÿ), ðåçóëüòàòû ìîäåëèðîâàíèÿ ìî-

ãóò êîëè÷åñòâåííî, à èíîãäà è êà÷åñòâåííî íå ñî-

âïàäàòü ñ ðåàëüíîñòüþ. Åùå îäíîé ïðîáëåìîé ÿâ-

ëÿåòñÿ òî, ÷òî äëÿ ðÿäà âèäîâ ïîæàðíîé íàãðóçêè

îòñóòñòâóþò ýêñïåðèìåíòàëüíûå èëè ñïðàâî÷íûå

äàííûå, íà îñíîâàíèè êîòîðûõ ìîæíî áûëî áû ïðè-

íèìàòü óñðåäíåííûå çíà÷åíèÿ ïàðàìåòðîâ ïîæàðà.

Ïðè îòñóòñòâèè óñðåäíåííûõ ýêñïåðèìåíòàëü-

íûõ äàííûõ äëÿ êîíêðåòíîãî âèäà ïîæàðíîé íà-

ãðóçêè è íàëè÷èè ñâåäåíèé î åå îòäåëüíûõ êîìïî-

íåíòàõ çàäà÷à ìîæåò áûòü ðåøåíà ïóòåì ñîâìåñò-

íîãî ìîäåëèðîâàíèÿ ãàçîôàçíîãî ãîðåíèÿ ñ ó÷åòîì

òåðìîäèíàìè÷åñêèõ ïðîöåññîâ, ïðîèñõîäÿùèõ âíóò-

ðè ìàòåðèàëà. Ñóòü ïîäõîäà çàêëþ÷àåòñÿ â çàäàíèè

ñêîðîñòè âûãîðàíèÿ òâåðäûõ ãîðþ÷èõ ìàòåðèàëîâ,

ñîñòàâëÿþùèõ ïîæàðíóþ íàãðóçêó. Ïðè ýòîì ðàñïðî-

ñòðàíåíèå ïëàìåíè ïî ïîâåðõíîñòè îïðåäåëÿåòñÿ

òåìïåðàòóðîé âîñïëàìåíåíèÿ è òåïëîôèçè÷åñêèìè

ñâîéñòâàìè ìàòåðèàëîâ è ãàçîâîçäóøíîé ñðåäû, ÷òî

ïîçâîëÿåò ìîäåëèðîâàòü ãîðåíèå áåç ñâåäåíèé îá

óñðåäíåííûõ çíà÷åíèÿõ ïàðàìåòðîâ òåïëîâûäåëå-

íèÿ î÷àãà ïîæàðà. Â äàííîì ïîäõîäå äëÿ óïðîùåíèÿ

ìîäåëè äîïóñòèìî ïðèâîäèòü ãåòåðîãåííóþ ïîæàð-

íóþ íàãðóçêó ê îäíîìó âåùåñòâó ïî òåïëîòâîðíîé

ñïîñîáíîñòè, õîòÿ ïðè ýòîì ñëåäóåò ïîìíèòü, ÷òî

èòîãîâàÿ äèíàìèêà ðàçâèòèÿ ïîæàðà íå áóäåò â ïîë-

íîé ìåðå ñîîòâåòñòâîâàòü ðåàëüíîìó ïîæàðó. Ê íå-

äîñòàòêàì ïîäõîäà ìîæíî îòíåñòè íåâîçìîæíîñòü

ïðÿìîãî ó÷åòà ðàçëè÷íûõ õèìè÷åñêèõ ðåàêöèé äëÿ

íåñêîëüêèõ ìàòåðèàëîâ. Îäíàêî âûõîä ïðîäóêòîâ ãî-

ðåíèÿ îò ðàçëè÷íûõ ìàòåðèàëîâ ìîæåò áûòü ó÷òåí

ïóòåì çàäàíèÿ õèìè÷åñêîé ðåàêöèè ñ ñîñòàâíûì ãî-

ðþ÷èì è ñîñòàâíûìè ïðîäóêòàìè ãîðåíèÿ, â êîòîðîé

ñòåõèîìåòðè÷åñêèå êîýôôèöèåíòû ïîäáèðàþòñÿ ñ

ó÷åòîì ìàññîâûõ äîëåé ìàòåðèàëîâ â ïîæàðíîé íà-

ãðóçêå. Ê ñóùåñòâåííûì íåäîñòàòêàì ìåòîäà ìîæíî

îòíåñòè åãî áóëüøóþ â ñðàâíåíèè ñ çàäàíèåì óñðåä-

íåííûõ õàðàêòåðèñòèê íåëèíåéíîñòü, áîëåå âûñîêèå

òðåáîâàíèÿ ê ðàçðåøàþùåé ñïîñîáíîñòè ñåòêè è,

êàê ñëåäñòâèå, áîëåå çíà÷èòåëüíóþ äëèòåëüíîñòü

ðàñ÷åòà.

Ñàìûì äåòàëèçèðîâàííûì è êîìïëåêñíûì, íî

ïðè ýòîì è íàèáîëåå ñëîæíûì, ÿâëÿåòñÿ ïîäõîä ñ

îäíîâðåìåííûì ìîäåëèðîâàíèåì ãàçîôàçíîãî ãîðå-

íèÿ è ãàçèôèêàöèè òâåðäîãî ìàòåðèàëà, êîòîðàÿ çà-

êëþ÷àåòñÿ â ïèðîëèçå èëè èñïàðåíèè ñ âûäåëåíèåì

ãàçîîáðàçíîãî ãîðþ÷åãî, îáóñëîâëåííîì òåðìè÷å-

ñêèì ðàçëîæåíèåì. Ñêîðîñòü ðàçëîæåíèÿ òâåðäîé

ôàçû è îáðàçîâàíèÿ ãàçîîáðàçíîãî ãîðþ÷åãî îïðå-

äåëÿåòñÿ õèìè÷åñêîé êèíåòèêîé ïðîöåññà (óðàâíå-

íèå Àððåíèóñà), ïëîòíîñòüþ âîñïðèíèìàåìîãî ïî-

âåðõíîñòüþ ìàòåðèàëà òåïëîâîãî ïîòîêà è äèôôó-

çèîííûìè ïðîöåññàìè â ãàçîâîé ôàçå. Îñíîâíîå

ïðåèìóùåñòâî ïîäõîäà — âîçìîæíîñòü ìîäåëèðî-

âàíèÿ ïðîöåññà ãîðåíèÿ, ìàêñèìàëüíî ïðèáëèæåí-
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íîãî ê ðåàëüíîìó, íàëè÷èå îáðàòíîé òåïëîâîé ñâÿçè

ìåæäó ãàçîâîé è òâåðäîé ôàçàìè. Ê íåäîñòàòêàì ñëå-

äóåò îòíåñòè íåîáõîäèìîñòü çíàòü äëÿ êàæäîãî ìàòå-

ðèàëà íàðÿäó ñ òåïëîôèçè÷åñêèìè ïàðàìåòðû, îïðå-

äåëÿþùèå õèìè÷åñêóþ êèíåòèêó ïðîöåññà (óñòà-

íàâëèâàåìûå ýêñïåðèìåíòàëüíî), à òàêæå ïîäáèðàòü

èñòî÷íèê çàæèãàíèÿ, îáåñïå÷èâàþùèé çàæèãàíèå è

ñàìîïîääåðæèâàþùååñÿ ãîðåíèå. Ââåäåíèå äîïîë-

íèòåëüíûõ ïàðàìåòðîâ óñëîæíÿåò ìîäåëü, ïîâûøà-

åò åå íåëèíåéíîñòü, ñíèæàåò óñòîé÷èâîñòü è ñõîäè-

ìîñòü. Êðîìå òîãî, ðåøåíèå, êàê ïðàâèëî, íå ÿâëÿ-

åòñÿ ðîáàñòíûì, ÷óâñòâèòåëüíî ê âûáîðó ìåòîäà

ðàñ÷åòà òóðáóëåíòíîñòè è ðàçðåøàþùåé ñïîñîáíî-

ñòè ñåòêè. Íàèáîëåå òî÷íûå ðåçóëüòàòû ïîëó÷àþòñÿ

ïðè èñïîëüçîâàíèè ìåòîäà ïðÿìîãî ÷èñëåííîãî ìî-

äåëèðîâàíèÿ (DNS). Âñå âûøåïåðå÷èñëåííîå äåëà-

åò ïðàêòè÷åñêè íåâîçìîæíûì ïðèìåíåíèå äàííîãî

ïîäõîäà äëÿ ðåøåíèÿ êðóïíîìàñøòàáíûõ èíæåíåð-

íûõ çàäà÷, òàêèõ êàê ìîäåëèðîâàíèå ïîæàðà íà ñòàí-

öèè ìåòðîïîëèòåíà èëè â òîííåëå.

Íåîáõîäèìî îòìåòèòü, ÷òî îñíîâíàÿ ñëîæíîñòü

ïðèìåíåíèÿ ìîäåëèðîâàíèÿ â Ðîññèè äëÿ îáîñíîâà-

íèÿ ïðîåêòíûõ ðåøåíèé ñâÿçàíà ñ òåì, ÷òî îòñóò-

ñòâóþò îôèöèàëüíûå ìåòîäèêè ìîäåëèðîâàíèÿ è

àíàëèçà ðåçóëüòàòîâ, à äëÿ ðÿäà îáúåêòîâ è âèäîâ

ïîæàðíîé íàãðóçêè îòñóòñòâóþò îôèöèàëüíî îïóá-

ëèêîâàííûå è íàó÷íî îáîñíîâàííûå èñõîäíûå äàí-

íûå äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ. Â ÷àñòíîñòè, äëÿ îáú-

åêòîâ ïîäçåìíîé òðàíñïîðòíîé èíôðàñòðóêòóðû

(ìåòðîïîëèòåíû è òðàíñïîðòíûå òîííåëè) îòñóò-

ñòâóþò äàííûå ïî ïîæàðàì â îñíîâíûõ âèäàõ âà-

ãîíîâ.

Åñëè ïàðàìåòðû õèìè÷åñêîé ðåàêöèè, ïðîòåêà-

þùåé ïðè ãîðåíèè ïîæàðíîé íàãðóçêè, ìîæíî ïî-

ëó÷èòü ïóòåì îñðåäíåíèÿ ñ ó÷åòîì ìàññîâîé äîëè â

îáùåé ïîæàðíîé íàãðóçêå ðåàêöèé ïî êàæäîìó ìà-

òåðèàëó, ïðèìåíÿåìîìó ïðè ñòðîèòåëüñòâå âàãîíîâ,

òî ïðè çàäàíèè ìîùíîñòè ïîæàðà âîçíèêàþò ïðîá-

ëåìû. Â çàðóáåæíûõ ñòðàíàõ ñóùåñòâóåò ïðàêòèêà

èñïîëüçîâàíèÿ ñòàíäàðòèçîâàííûõ ðàñ÷åòíûõ çàâè-

ñèìîñòåé ìîùíîñòè ïîæàðà îò âðåìåíè äëÿ îñíîâ-

íûõ âèäîâ âàãîíîâ ìåòðîïîëèòåíà, æåëåçíîäîðîæ-

íûõ âàãîíîâ è ëîêîìîòèâîâ [1, 2], âêëþ÷åííûõ â

îáùååâðîïåéñêèå íîðìàòèâíûå äîêóìåíòû [3]. Ýòè

äàííûå ïîëó÷åíû íà îñíîâàíèè êðóïíîìàñøòàáíûõ

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé è ðåçóëüòàòîâ ìî-

äåëèðîâàíèÿ êîíêðåòíûõ îáúåêòîâ. Ïîñëåäíèå êðóï-

íîìàñøòàáíûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

â íàøåé ñòðàíå ïðîâîäèëèñü Ñàíêò-Ïåòåðáóðãñêèì

ôèëèàëîì ÂÍÈÈÏÎ Ì×Ñ Ðîññèè â 1988–1990 ãîäàõ

íà âàãîíàõ, óæå ñíÿòûõ ñ ïðîèçâîäñòâà [4], ïîýòîìó

ðåçóëüòàòû ýòèõ èññëåäîâàíèé èìåþò îãðàíè÷åííóþ

ïðàêòè÷åñêóþ öåííîñòü è íå ìîãóò áûòü ïðèìåíå-

íû ïðè ïðîåêòèðîâàíèè íîâûõ îáúåêòîâ. Â íàñòî-

ÿùåå âðåìÿ â îôèöèàëüíûõ èñòî÷íèêàõ èìåþòñÿ

äàííûå òîëüêî ïî ïîæàðíîé íàãðóçêå ýêñïëóàòèðó-

åìûõ âàãîíîâ è îòäåëüíûå ñâåäåíèÿ ïî ïàðàìåòðàì

ãîðåíèÿ ìàòåðèàëîâ êîíñòðóêöèé, ïðèìåíÿåìûõ â

ñîâðåìåííûõ âàãîíàõ.

Öåëè è çàäà÷è

Öåëü ïðîâåäåíèÿ èññëåäîâàíèé — îïðåäåëåíèå

ïàðàìåòðîâ ïîæàðà íà îñíîâàíèè ÷èñëåííîãî ìîäå-

ëèðîâàíèÿ ñ èñïîëüçîâàíèåì èìåþùèõñÿ äàííûõ

ïî õàðàêòåðèñòèêàì ìàòåðèàëîâ, ïðèìåíÿåìûõ ïðè

ñòðîèòåëüñòâå ñîâðåìåííûõ âàãîíîâ ìåòðîïîëèòå-

íà, ñâåäåíèé ïî ïîæàðíîé íàãðóçêå âàãîíîâ, ïðèâå-

äåííûõ â îôèöèàëüíûõ èñòî÷íèêàõ [5, 6], è ñïðà-

âî÷íûõ äàííûõ [7–9].

Àíàëèç äàííûõ î ãîðþ÷èõ ìàòåðèàëàõ, ïðèìå-

íÿåìûõ ïðè ñòðîèòåëüñòâå ñîâðåìåííûõ âàãîíîâ ìî-

äåëåé 81-557 è 81-558, ïîçâîëèë ïîëó÷èòü ìàêñè-

ìàëüíîå çíà÷åíèå ïðèâåäåííîé ïîæàðíîé íàãðóçêè

— 28,17 êã/ì2 [6]. Äèàãðàììà ðàñïðåäåëåíèÿ âèäîâ

ìàòåðèàëîâ, èñïîëüçóåìûõ â êîíñòðóêöèÿõ âàãîíà,

ïðåäñòàâëåíà íà ðèñ. 1. Çàäà÷à èññëåäîâàíèÿ çàêëþ-

÷àëàñü â îöåíêå çàâèñèìîñòè ìîùíîñòè ïîæàðà îò

âðåìåíè ïðè óñëîâèè ðàâíîìåðíîãî ðàñïðåäåëåíèÿ

ýêâèâàëåíòíîé ïîæàðíîé íàãðóçêè ïî ïëîùàäè âà-

ãîíà è ïîëíîãî âûãîðàíèÿ âñåé ìàññû ïîæàðíîé íà-

ãðóçêè â ïðåäåëàõ îäíîãî âàãîíà.

Ïîñòàíîâêà çàäà÷è
è ãðàíè÷íûå óñëîâèÿ

Íèçøàÿ òåïëîòà ñãîðàíèÿ è óäåëüíàÿ ìàññîâàÿ

ñêîðîñòü âûãîðàíèÿ ïðèíèìàëèñü ðàâíûìè: Qí
ð =

= 16,74 ÌÄæ/êã, móä = 0,024 êã/(ñ·ì2) [6, 10, 11]. Ñóì-

ìàðíàÿ ïîæàðíàÿ íàãðóçêà îïðåäåëÿëàñü ïî ïëîùàäè

âàãîíà ïðè ïëîòíîñòè óñëîâíîé äðåâåñèíû 500 êã/ì3.

Äëÿ ðàñ÷åòíîé îöåíêè äèíàìèêè ðàçâèòèÿ ïîæà-

ðà ïðèíÿò ñëåäóþùèé ñöåíàðèé:
� ðàññìàòðèâàåòñÿ ïîæàð â îòäåëüíîì âàãîíå, ðàñ-

ïîëîæåííîì â çàìêíóòîì îáúåìå, îãðàíè÷åííîì

ðàñ÷åòíîé îáëàñòüþ (âàãîí îñòàíîâëåí íà ñòàí-

öèè èëè â ïåðåãîííîì òîííåëå);
� ïîæàð â ïîäâàãîííîì ïðîñòðàíñòâå ðàññìàòðè-

âàåòñÿ êàê èñòî÷íèê çàæèãàíèÿ ïîæàðíîé íà-

ãðóçêè âàãîíà;
� ïîæàðíàÿ íàãðóçêà ðàâíîìåðíî ðàñïðåäåëåíà ïî

âñåé ïëîùàäè âàãîíà;
� äâåðè âàãîíà îòêðûòû ñ îäíîé ñòîðîíû â ñâÿçè ñ

òåì, ÷òî ðàññìàòðèâàåòñÿ ñèòóàöèÿ, êîãäà óæå

íà÷àëñÿ èëè çàâåðøèëñÿ ïðîöåññ ýâàêóàöèè èç

âàãîíà (ïðè îñòàíîâêå íà ñòàíöèè èëè â ïåðåãîí-

íîì òîííåëå ýâàêóàöèÿ âñåãäà îñóùåñòâëÿåòñÿ

èç îäíîé ãðóïïû äâåðåé).

×èñëåííîå ìîäåëèðîâàíèå ïðîâîäèëîñü ñ èñïîëü-

çîâàíèåì ïðîãðàììíîãî ñðåäñòâà FDS, ðåàëèçóþùåãî

âû÷èñëèòåëüíóþ ãèäðîäèíàìè÷åñêóþ ìîäåëü (CFD)

òåïëîìàññîïåðåíîñà ïðè ãîðåíèè, îñíîâàííóþ íà

÷èñëåííîì ðåøåíèè óðàâíåíèé Íàâüå – Ñòîêñà.
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Â ðàñ÷åòå ó÷èòûâàëèñü âñå ãåîìåòðè÷åñêèå õà-

ðàêòåðèñòèêè âàãîíà.

Ïðè ïðîâåäåíèè ðàñ÷åòîâ ïðèíèìàëèñü ñëåäó-

þùèå íà÷àëüíûå óñëîâèÿ:
� íà÷àëüíàÿ òåìïåðàòóðà ñðåäû — 20 °Ñ;
� èñòî÷íèê âîñïëàìåíåíèÿ àêòèâèðóåòñÿ â ìîìåíò

âðåìåíè t = 0 c;
� ìîùíîñòü èñòî÷íèêà âîñïëàìåíåíèÿ ñîñòàâëÿåò

1000 êÂò/ì2;
� äëèòåëüíîñòü âîçäåéñòâèÿ èñòî÷íèêà âîñïëàìå-

íåíèÿ — 60 ñ;
� äâåðè âàãîíà îòêðûòû ñ îäíîé ñòîðîíû;
� öåëîñòíîñòü îñòåêëåíèÿ îêîí è çàêðûòûõ äâå-

ðåé âàãîíà â íà÷àëüíûé ìîìåíò âðåìåíè ñîõðà-

íÿåòñÿ.

Ãðàíè÷íûìè ÿâëÿëèñü ñëåäóþùèå óñëîâèÿ:
� ìàòåðèàë îãðàæäàþùèõ êîíñòðóêöèé âàãîíà —

ìåòàëë;
� âñêðûòèå îêîí âàãîíà ïðîèñõîäèò ïðè òåìïåðà-

òóðå ñðåäû â çîíå îñòåêëåíèÿ áîëåå 300 °Ñ;
� âàãîí ðàñïîëîæåí â îáúåìå, îãðàíè÷åííîì ñåò-

êàìè, ðàçìåðîì 40�12�6 ì;
� íèæíÿÿ è áîêîâûå ïîâåðõíîñòè îáúåìà îãðàíè-

÷åíû ñåòêàìè;
� âåðõíÿÿ ãîðèçîíòàëüíàÿ ïîâåðõíîñòü îáúåìà —

ïîâåðõíîñòü “Open”.

Ðàñ÷åòíàÿ îáëàñòü ñîñòàâëÿëà 40�12�6 ì. Ðàç-

ìåð ÿ÷ååê ñåòîê â çîíå ïîâåðõíîñòè ãîðåíèÿ —

0,025�0,025�0,025 ì, à â çîíå íàä î÷àãîì ïîæàðà è

çà ïðåäåëàìè âàãîíà — 0,25�0,25�0,25 ì. Âðåìÿ

ðàñ÷åòà ïðèíèìàëîñü ñ ó÷åòîì ïîëíîãî âûãîðàíèÿ

ïîæàðíîé íàãðóçêè è ñîñòàâëÿëî 2500 ñ.

Ðåçóëüòàòû ðàñ÷åòà

Îáùåå âðåìÿ ïðîâåäåíèÿ ðàñ÷åòà íà êëàñòåðå ñ

èñïîëüçîâàíèåì 48 âû÷èñëèòåëüíûõ ïîòîêîâ ñîñòà-

âèëî 396 ÷. Îáùèé âèä ðàñ÷åòíîé ìîäåëè ïðèâåäåí

íà ðèñ. 2.

Çàâèñèìîñòü ìîùíîñòè ïîæàðà îò âðåìåíè è âèä

ðàñ÷åòíîé ìîäåëè â ðàçëè÷íûå ìîìåíòû âðåìåíè

ïðåäñòàâëåíû íà ðèñ. 3 è 4. Ìàêñèìàëüíàÿ ìîùíîñòü

ïîæàðà äîñòèãàåòñÿ íà 1415-é ñåêóíäå (23,6-é ìè-

íóòå) è ñîñòàâëÿåò 12,3 ÌÂò. Ïðè ýòîì â öåíòðàëü-

íîé çîíå âàãîíà ÷àñòü ïîæàðíîé íàãðóçêè âûãîðàåò,

ïëîùàäü ïîâåðõíîñòè ãîðåíèÿ ìàêñèìàëüíà äëÿ çà-

äàííûõ óñëîâèé. Âñêðûòèå îêîí âàãîíà ïðîèñõîäèò

â äèàïàçîíå âðåìåíè 250…280 ñ äëÿ îêîí, íàõîäÿ-

ùèõñÿ â íåïîñðåäñòâåííîé áëèçîñòè îò èñòî÷íèêà

âîñïëàìåíåíèÿ, è 750…790 ñ — äëÿ îêîí, ðàñïî-

ëîæåííûõ â òîðöàõ âàãîíà. Ïîëÿ òåìïåðàòóð â ïðî-

äîëüíîì ñå÷åíèè âàãîíà ïðèâåäåíû íà ðèñ. 5. Ïðè

ïèêîâîì çíà÷åíèè ìîùíîñòè ïîæàðà ëîêàëüíûå çíà-

÷åíèÿ òåìïåðàòóðû äîñòèãàþò 700 °Ñ. Ñðåäíÿÿ òåì-

ïåðàòóðà â çîíå ïîä ïîòîëêîì âàãîíà íàõîäèòñÿ â

äèàïàçîíå 300…350 °Ñ.

Ïîëó÷åííûå ðåçóëüòàòû äîñòàòî÷íî õîðîøî ñî-

ãëàñóþòñÿ ñ ðåçóëüòàòàìè çàðóáåæíûõ èññëåäîâàíèé,

â ñîîòâåòñòâèè ñ êîòîðûìè ìîùíîñòü ïîæàðà â âàãî-

Ðèñ. 2. Îáùèé âèä ðàñ÷åòíîé ìîäåëè: 1 — äâåðè âàãîíà

(4 äâåðè îòêðûòû â íà÷àëüíûé ìîìåíò âðåìåíè); 2 — îêíà

âàãîíà (â íà÷àëüíûé ìîìåíò âðåìåíè âñå îêíà çàêðûòû); 3 —

äàò÷èêè òåìïåðàòóðû (îêíà âàãîíà âñêðûâàþòñÿ ïðè äîñòè-

æåíèè òåìïåðàòóðû íà äàò÷èêàõ 300 °Ñ); 4 — ðàñïðåäåëåí-

íàÿ ïîæàðíàÿ íàãðóçêà; 5 — èñòî÷íèê âîñïëàìåíåíèÿ

Fig. 2. Computational model view: 1 — car doors (4 doors are

opened in a initial time); 2 — car windows (in a initial moment

all windows are closed); 3 — temperature sensors (windows of

the car are opened at achievement of temperature on sensors of

300 °C); 4 — distributed fire load; 5 — ignition source

Ðèñ. 3. Çàâèñèìîñòü ìîùíîñòè ïîæàðà îò âðåìåíè

Fig. 3. Dependence of heat release rate of the fire on time

Ðèñ. 1. Âèäû ìàòåðèàëîâ â êîíñòðóêöèè âàãîíà ìåòðîïî-

ëèòåíà

Fig. 1. Types of materials in the construction of the subway car
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íå ìåòðî íàõîäèòñÿ â ïðåäåëàõ 10…15 ÌÂò ïðè âðå-

ìåíè äîñòèæåíèÿ ïèêîâîé ìîùíîñòè 25…35 ìèí

[12–14, 3].

Äëÿ ñîêðàùåíèÿ âðåìåíè ðàñ÷åòà â ðåàëüíûõ óñ-

ëîâèÿõ ïðîåêòèðîâàíèÿ ñèñòåì ïðîòèâîïîæàðíîé

çàùèòû ìåòðîïîëèòåíà ïðèâåäåííàÿ íà ðèñ. 3 êðèâàÿ

ìîùíîñòè ïîæàðà áûëà àïïðîêñèìèðîâàíà çàâèñè-

ìîñòüþ, ïðåäñòàâëåííîé íà ðèñ. 6.

Èñõîäíûå äàííûå äëÿ ðàñ÷åòà â FDS çàäàþòñÿ

ñëåäóþùèìè ïàðàìåòðàìè:

� ìàêñèìàëüíàÿ ïëîùàäü î÷àãà ïîæàðà Fï = 37 ì2;

� ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïîæàðà vë =

= 0,02 ì/ñ;

� òåïëîâûäåëåíèå HRRPUA = 380 êÂò/ì2.

Çàâèñèìîñòü êîýôôèöèåíòà òåïëîâûäåëåíèÿ îò

âðåìåíè (Ramp-UpTime â ñâîéñòâàõ ïàðàìåòðà

“Ïîâåðõíîñòü”) ïðèâåäåíà â òàáëèöå.

Ïàðàìåòðû õèìè÷åñêîé ðåàêöèè ïðè ïðîâåäå-

íèè ðàñ÷åòîâ äèíàìèêè ðàçâèòèÿ ïîæàðà â âàãîíå

îïðåäåëÿþòñÿ íà îñíîâàíèè àíàëèçà êîëè÷åñòâåí-

íîãî è êà÷åñòâåííîãî ñîñòàâà ìàòåðèàëîâ, èñïîëü-

çóåìûõ ïðè èçãîòîâëåíèè âàãîíà. Äèàãðàììà, îòðà-

æàþùàÿ ïðîöåíòíîå ñîîòíîøåíèå îñíîâíûõ ãîðþ-

÷èõ ìàòåðèàëîâ âàãîíà, ïðèâåäåíà íà ðèñ. 1. Ñðåäíå-

Ðèñ. 4. Äèíàìèêà ðàçâèòèÿ ïîæàðà â âàãîíå ïîäâèæíîãî ñî-

ñòàâà ìåòðîïîëèòåíà

Fig. 4. Fire development dynamics in the subway rolling stock car

Ðèñ. 5. Ïîëÿ òåìïåðàòóð â ïðîäîëüíîì ñå÷åíèè âàãîíà

Fig. 5. Fields of temperatures in a longitudinal section of the car

Ðèñ. 6. Çàâèñèìîñòü ìîùíîñòè ïîæàðà îò âðåìåíè

Fig. 6. Dependence of heat release rate of the fire on time
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âçâåøåííûå çíà÷åíèÿ ïàðàìåòðîâ îïðåäåëÿëèñü â

ñîîòâåòñòâèè ñ çàâèñèìîñòüþ

L
m

L mi
s

i
i

j
i�

� �1
,

ãäå Li
s — ñðåäíåâçâåøåííîå çíà÷åíèå i-ãî ïàðàìåò-

ðà ñóììàðíîé ïîæàðíîé íàãðóçêè;

L
i

j — çíà÷åíèå i-ãî ïàðàìåòðà äëÿ j-ãî êîìïî-

íåíòà ïîæàðíîé íàãðóçêè;

mi — ìàññîâàÿ äîëÿ i-ãî ìàòåðèàëà â ïîæàðíîé

íàãðóçêå;

L
s
O2

— óäåëüíûé ðàñõîä êèñëîðîäà;

L
s
O2

= 2,569 êã/êã;

Ls
CO — óäåëüíûé âûõîä ÑÎ; Ls

CO = 0,11 êã/êã;

Ls
CO2

— óäåëüíûé âûõîä ÑÎ2; Ls
CO2

= 0,574 êã/êã;

Ls
HCl — óäåëüíûé âûõîä HCl;

Ls
HCl = 0,00495 êã/êã.

Ñðåäíåâçâåøåííûé âûõîä ÷àñòèö óãëåðîäà Ls
C

îïðåäåëÿåòñÿ èñõîäÿ èç ñðåäíåâçâåøåííîé äûìî-

îáðàçóþùåé ñïîñîáíîñòè ìàòåðèàëà:

L D Ks
m
s

mC � ,

ãäå Dm
s — ñðåäíåâçâåøåííàÿ äûìîîáðàçóþùàÿ ñïî-

ñîáíîñòü; Dm
s = 250 Íï·ì2/êã;

Km — êîýôôèöèåíò ñâåòîâîãî ïîãëîùåíèÿ;

Km = 8700 ì2/êã.

Â ïîñëåäóþùèõ ôîðìóëàõ äëÿ óïðîùåíèÿ çàïè-

ñè âåðõíèé èíäåêñ s, îáîçíà÷àþùèé ñðåäíåâçâåøåí-

íîå çíà÷åíèå âåëè÷èíû, íå óêàçàí.

Äëÿ ãàçà � ñïðàâåäëèâî ñëåäóþùåå âûðàæåíèå:

L
M

M

L M

M

f f

�
�

�
�

�

�

�
�� � � ,

ãäå M� — ìîëÿðíàÿ ìàññà îòäåëüíûõ êîìïîíåíòîâ

ïîæàðíîé íàãðóçêè, ã/ìîëü;

Mf — ìîëÿðíàÿ ìàññà ñóììàðíîé ïîæàðíîé íà-

ãðóçêè.

Ñîîòâåòñòâåííî, äëÿ êàæäîãî ãàçà ïîëó÷èì:

�O

O

O
2

2

�
L M

M

f2 ; �CO

CO

CO

2

2

2
�

L M

M

f
;

�CO

CO

CO

�
L M

M

f
; �C

C

C C

� �
L M

M

D M

K M

f m f

m

;

�HCl

HCl

HCl

�
L M

M

f
.

Èç çàêîíà ñîõðàíåíèÿ ìàññû íàõîäèì:

L L L L L LH O O CO CO C HCl2 2 2
� � � � � �1 ;

�H O

O CO CO C HCl

H O
2

2 2

2

�
� � � � �( )

.
1 L L L L L M

M

f

Â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè [5] äëÿ ðàñ÷å-

òà èñïîëüçóþòñÿ ìîëÿðíûå ìàññû óñëîâíûõ “áàçî-

âûõ” âåùåñòâ, õàðàêòåðíûå äëÿ äàííîãî âèäà òîïëèâ.

Äëÿ áîëüøèíñòâà ìàòåðèàëîâ èñïîëüçóåòñÿ äâà

âèäà “áàçîâûõ” âåùåñòâ:
� äåðåâî (C3.4H6.2O2.5, Mf = 87 ã/ìîëü) — äëÿ ìàòå-

ðèàëîâ íà îñíîâå äåðåâà, öåëëþëîçû, òêàíåé;
� ñòèðîë (Ñ6Í5–CH=ÑÍ2, Mf = 104 ã/ìîëü) — äëÿ

ìàòåðèàëîâ ñ ñîäåðæàíèåì ïëàñòìàññ, ðåçèíû è

äðóãèõ èñêóññòâåííûõ ìàòåðèàëîâ.

Äëÿ ðàñ÷åòà ïðèíèìàåòñÿ âòîðîé âàðèàíò.

Âûâîä

Íà îñíîâàíèè ðåçóëüòàòîâ ÷èñëåííîãî ìîäåëè-

ðîâàíèÿ ïîëó÷åíà çàâèñèìîñòü ìîùíîñòè ïîæàðà

îò âðåìåíè, îñíîâàííàÿ íà äàííûõ ïî ðåàëüíûì ïà-

ðàìåòðàì ïîæàðíîé íàãðóçêè âàãîíîâ, ýêñïëóàòèðó-

åìûõ â íàñòîÿùåå âðåìÿ. Ïîëó÷åííàÿ çàâèñèìîñòü

áûëà àïïðîêñèìèðîâàíà ñ ó÷åòîì âîçìîæíîñòè äàëü-

íåéøåãî èñïîëüçîâàíèÿ åå ïðè ìîäåëèðîâàíèè äè-

íàìèêè ðàçâèòèÿ ÎÔÏ ñ ïîìîùüþ ïðîãðàììíîãî

ñðåäñòâà FDS â óñëîâèÿõ îãðàíè÷åííûõ ñðîêîâ ïðî-

åêòèðîâàíèÿ. Ïðàêòè÷åñêèé ðåçóëüòàò ïðîâåäåííûõ

èññëåäîâàíèé çàêëþ÷àåòñÿ â òîì, ÷òî ïðîåêòèðîâ-

ùèêó ïðåäîñòàâëÿþòñÿ îáîñíîâàííûå èñõîäíûå

äàííûå äëÿ ìîäåëèðîâàíèÿ ïðîöåññà ðàçâèòèÿ ÎÔÏ

íà îáúåêòàõ ìåòðîïîëèòåíà, ðåçóëüòàòû êîòîðîãî ÿâ-

ëÿþòñÿ îñíîâîé äëÿ ñîçäàíèÿ ñèñòåìû ïðîòèâîïî-

æàðíîé çàùèòû.

Ïðàâîìåðíîñòü ïîäõîäà ê ðåøåíèþ ïîñòàâëåí-

íîé çàäà÷è è ðåçóëüòàòîâ, ïîëó÷åííûõ â õîäå âû-

ïîëíåíèÿ ðàáîòû, ïîäòâåðæäàåòñÿ äàííûìè îòå÷å-

ñòâåííûõ è çàðóáåæíûõ èññëåäîâàíèé â îáëàñòè

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ ìåò-

ðîïîëèòåíà [1–4, 11–14].

Âðåìÿ, ñ

Time, s

Êîýôôèöèåíò
òåïëîâûäåëåíèÿ

Heat release
parameter

Âðåìÿ, ñ

Time, s

Êîýôôèöèåíò
òåïëîâûäåëåíèÿ

Heat release
parameter

0,0 0,0 1320,0 0,780864

60,0 0,055554 1427,0 0,7225704

120,0 0,111108 1520,0 0,671904

240,0 0,222216 1640,0 0,606528

360,0 0,333324 1760,0 0,541152

480,0 0,444432 1880,0 0,475776

600,0 0,55554 2000,0 0,4104

720,0 0,666648 2120,0 0,345024

840,0 0,777756 2240,0 0,279648

960,0 0,888864 2360,0 0,214272

1080,0 0,999972
2500,0 0,138

1200,0 0,84624

Çàâèñèìîñòü êîýôôèöèåíòà òåïëîâûäåëåíèÿ îò âðåìåíè

Dependence of heat release parameter on time
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ABSTRACT

This research thesis presents the simulation of fire growth and flame spread within a car in an under-

ground trainway using Fire Dynamics Simulator (FDS) realizing Computational Fluid Dynamics

(CFD) model. The motivation of the study is to predict the heat release rate (HRR) and specifically

the peak value for emergency situations. The existing documents don’t contain recommendations for

defining these important parameters. Using of several methods of estimating the HRR for a metro

train, it appears that the current methods cannot realistically predict the HRR because factors such as

the burning behavior of materials; and the train and tunnel geometries that affect the HRR are not

considered. This project attempts to incorporate these factors in the FDS model.

Modeling was realized on the base of such main research results as:

� fire load of subway car series 81-557 and 81-558 (wood equivalent);

� burning rate (full scale experiments).

A number of assumptions have been made so that to simplify the model. They were:

� passenger doors were opened from one side of car;

� fire load was spread on car area;

� window failure was simulated, at temperature 300 °C window began to fracture and fall off

(temperature was controlled by detectors at center of windows);

� ignition of material was initiated by point source;

� upper plane of the computational domain is defined as “Open”;

� calculation was carried out until the fire load was completely burned out.

The size of the computational domain was 40 m long by 12 m wide by 6 m high. Two grid sizes,

0.025�0.025�0.025 m (zone of fire load) and 0.25�0.25�0.25 m (zone above fire load) were used.

The simulation time specified for simulation was 2500 s.

Results of modeling:

� HRR-curve: approximation of HRR-curve for engineering calculations (“design fire”);

� value of peak HRR — 12.3 MW;

� combustion reaction parameters.

The results of the study and the obtained dependence of the heat release rate can be applied in

the development, justification of parameters, evaluation of the smoke protection systems efficiency

and analysis of people safe evacuation conditions in case of fire.

Keywords: car fire; heat release rate; fire simulation; fire field model; fire dynamics simulator (FDS).
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Íà îñíîâàíèè ïðîâåäåííîé àâòîðàìè ýêñïåðòèçû ïîñëåäñòâèé àâàðèéíîãî âçðûâà îïèñàíû îñî-
áåííîñòè ðàñ÷åòà ãàçîäèíàìè÷åñêèõ ïàðàìåòðîâ ãàçîâîçäóøíîé ñìåñè, ôîðìèðóþùåéñÿ ïðè
àâàðèè, ÷òî ïîçâîëÿåò äîñòàòî÷íî àðãóìåíòèðîâàííî âîññòàíîâèòü ñöåíàðèé ðàçâèòèÿ àâàðèè
è óñòàíîâèòü ìåðó îòâåòñòâåííîñòè ó÷àñòâóþùèõ â àâàðèè ñòîðîí. Íà ïðèìåðå ïðîâåäåíèÿ ýêñ-
ïåðòèçû ðåàëüíîé âçðûâíîé àâàðèè ñäåëàíà ïîïûòêà âûäåëèòü íåêîòîðûå îñîáåííîñòè âûïîë-
íåíèÿ ðàñ÷åòîâ è îïðåäåëåíèÿ çíà÷åíèé â ðàñ÷åòàõ íà÷àëüíûõ èñõîäíûõ äàííûõ. Ïðîâåäåíû
÷èñëåííûå ðàñ÷åòû ïðîöåññà ôîðìèðîâàíèÿ âçðûâîîïàñíîãî îáëàêà ïðèìåíèòåëüíî ê êîíêðåò-
íîé àâàðèéíîé ñèòóàöèè. Íà îñíîâàíèè ðàñ÷åòîâ ïî îïðåäåëåíèþ ðàñõîäîâ ãàçà â ðàçëè÷íûõ
îáëàñòÿõ ãîðåíèÿ ÷åðåç ðàçìåðû îáëàñòåé ãîðåíèÿ ñäåëàí âûâîä, ÷òî èìåííî ïðè ðàññ÷èòàííûõ
ðàñõîäàõ êàðòèíà âçðûâíîé àâàðèè ñîîòâåòñòâóåò íàáëþäàâøåéñÿ â äåéñòâèòåëüíîñòè. Ïîêàçàíà
ðîëü èñòî÷íèêà çàæèãàíèÿ â ôîðìèðîâàíèè ãàçîâîçäóøíîãî îáëàêà è â ðàçâèòèè àâàðèè íà
îñíîâàíèè ñðàâíèòåëüíîãî àíàëèçà êîíöåíòðàöèîííûõ ïîëåé, ñîçäàâàåìûõ ðàçëè÷íûìè èñòî÷-
íèêàìè.

Êëþ÷åâûå ñëîâà: àâàðèéíûé âçðûâ; òåõíè÷åñêàÿ ýêñïåðòèçà; óòå÷êà ãàçà; ãàçîâîçäóøíîå îáëàêî;
ðàñ÷åò ïîëåé êîíöåíòðàöèé.

DOI: 10.18322/PVB.2017.26.10.36-42

Ââåäåíèå

Àâàðèéíûå âçðûâû äîñòàòî÷íî ÷àñòî ñîïðîâîæäà-

þòñÿ ÷åëîâå÷åñêèìè æåðòâàìè. Â ñâÿçè ñ ýòèì âîç-

áóæäàåòñÿ óãîëîâíîå äåëî, ïðîöåäóðà âåäåíèÿ êîòî-

ðîãî ïîëíîñòüþ ðåãëàìåíòèðóåòñÿ þðèäè÷åñêèìè

çàêîíàìè. Ñ ó÷åòîì òîãî ÷òî ñëåäîâàòåëè íå îáëà-

äàþò íåîáõîäèìûìè çíàíèÿìè â îáëàñòè ïðîöåññîâ

ãîðåíèÿ, îíè íàäåëåíû ïîëíîìî÷èÿìè íàçíà÷àòü òåõ-

íè÷åñêîãî ýêñïåðòà, êîòîðûé ïîìîã áû ðàçîáðàòü-

ñÿ â ïðè÷èíàõ àâàðèè. Òàêèì îáðàçîì, ñóùåñòâóåò

îïðåäåëåííàÿ ïîñëåäîâàòåëüíîñòü ðàññëåäîâàíèÿ

àâàðèéíîãî âçðûâà, ñîïðîâîæäàâøåãîñÿ ãèáåëüþ

ëþäåé [1, 2]:
� ëèêâèäàöèÿ ïîñëåäñòâèé âçðûâà;
� âîçáóæäåíèå óãîëîâíîãî äåëà;
� ñáîð ñëåäîâàòåëåì äàííûõ îá àâàðèè è ïðè íåîá-

õîäèìîñòè ïðèâëå÷åíèå òåõíè÷åñêîãî ýêñïåðòà.

Óêàçàííàÿ ïîñëåäîâàòåëüíîñòü ðàññëåäîâàíèÿ îá-

óñëàâëèâàåò îïðåäåëåííûå îñîáåííîñòè ðàñ÷åòîâ,

íà êîòîðûå îïèðàåòñÿ ïðèâëå÷åííûé ñëåäîâàòåëåì

ýêñïåðò â ñâîèõ âûâîäàõ [3]. Â ÷àñòíîñòè, ýêñïåðò

â ñâîåì àíàëèçå ìîæåò îïèðàòüñÿ òîëüêî íà äàííûå,

ñîáðàííûå ñëåäîâàòåëåì ñ ñîáëþäåíèåì âñåõ þðè-

äè÷åñêèõ íîðì. Ïîñêîëüêó ñëåäîâàòåëè, êàê ïðà-

âèëî, âïåðâûå ñòàëêèâàþòñÿ ñ ïîäîáíûìè äåëàìè,

÷àñòü íåîáõîäèìûõ äëÿ ðàñ÷åòîâ èñõîäíûõ äàííûõ

èìè íå ôèêñèðóåòñÿ è, íàîáîðîò, îïðåäåëåííûå ìà-

ëîçíà÷àùèå äëÿ âîññòàíîâëåíèÿ ñöåíàðèÿ ðàçâèòèÿ

àâàðèè äàííûå ôèêñèðóþòñÿ ñ îñîáîé òùàòåëüíî-

ñòüþ. Êðîìå òîãî, ñëåäóåò îòìåòèòü, ÷òî îïðåäåëåí-

íàÿ ÷àñòü èñõîäíûõ äàííûõ, íåîáõîäèìûõ äëÿ ðàñ-

÷åòîâ, ìîæåò áûòü óíè÷òîæåíà â ðåçóëüòàòå âçðûâà

èëè ïðè ëèêâèäàöèè åãî ïîñëåäñòâèé, à ÷àñòü èìååò

äîñòàòî÷íî ðàñïëûâ÷àòûé õàðàêòåð, òàê êàê îíè îñíî-

© Êîìàðîâ À. À., Êîðîëü÷åíêî Ä. À., Ãðîìîâ Í. Â., 2017
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âàíû íà ïîêàçàíèÿõ î÷åâèäöåâ [4, 5]. Ñ ó÷åòîì òîãî

÷òî âçðûâíàÿ àâàðèÿ äîñòàòî÷íî ñêîðîòå÷íà, ìíîãèå

ïîêàçàíèÿ î÷åâèäöåâ ìàëîèíôîðìàòèâíû. Áîëåå òîãî,

÷àñòü ñâèäåòåëåé àâàðèè óìûøëåííî èñêàæàåò êàð-

òèíó ïðîèñøåäøåé àâàðèè ñ öåëüþ îòâåñòè ïîäî-

çðåíèÿ îò ñåáÿ èëè ñâîåé îðãàíèçàöèè. Ïåðå÷èñëåí-

íûå îñîáåííîñòè íàêëàäûâàþò îïðåäåëåííûé îòïå-

÷àòîê íà âåñü ïðîöåññ òåõíè÷åñêîé ýêñïåðòèçû [6, 7].

Â íàñòîÿùåé ðàáîòå ìû ñòàâèì öåëü íà ïðèìåðå ïðî-

âåäåíèÿ ýêñïåðòèçû ðåàëüíîé âçðûâíîé àâàðèè ïî-

ïûòàòüñÿ âûäåëèòü íåêîòîðûå îñîáåííîñòè âûïîë-

íåíèÿ ðàñ÷åòîâ è íàçíà÷åíèÿ â ðàñ÷åòàõ íà÷àëüíûõ

èñõîäíûõ äàííûõ. Èç ýòè÷åñêèõ ñîîáðàæåíèé íåêî-

òîðûå, íå îòíîñÿùèåñÿ ê òåõíè÷åñêîé ñòîðîíå äåëà,

ïîäðîáíîñòè îá àâàðèè ïðèâîäèòüñÿ íå áóäóò.

Àíàëèç àâàðèè,
ðåçóëüòàòû ðàñ÷åòîâ

Àâàðèéíûé âçðûâ ïðîèçîøåë íî÷üþ â ñåðåäèíå

ñåíòÿáðÿ â ðåçóëüòàòå óòå÷åê èç òðóáîïðîâîäîâ, ïðè-

íàäëåæàùèõ äâóì ðàçëè÷íûì îðãàíèçàöèÿì. Ïðè

âçðûâå ïîãèáëî ÷åòûðå ÷åëîâåêà, ïðèåõàâøèõ ê ìåñòó

óòå÷åê íà àâòîìîáèëå. Àâòîìîáèëü ñãîðåë ïîëíî-

ñòüþ. Â ìîìåíò àâàðèè áûëà áåçâåòðåííàÿ, ÿñíàÿ ïî-

ãîäà (ïî ìåòåîñâîäêàì — ïîëíûé øòèëü).

Íà ñõåìå ìåñòà àâàðèè (ðèñ. 1) âèäíû òðè îáëàñ-

òè ãîðåíèÿ íàä àâàðèéíûìè ñâèùàìè â òðóáîïðîâî-

äàõ. Â äàëüíåéøåì áóäåì îáîçíà÷àòü èõ: Ô1 — íàä

ýòàíîïðîâîäîì (Ä219, ïðèíàäëåæèò îðãàíèçàöèè 1),

Ô2 è Ô3 — íàä òðóáîïðîâîäîì (Ä325, ïðèíàäëåæèò

îðãàíèçàöèè 2).

Ïåðâîíà÷àëüíûé âûâîä ñëåäîâàòåëÿ çàêëþ÷àëñÿ

â òîì, ÷òî îñíîâíîé ïðè÷èíîé àâàðèè ñòàëà óòå÷êà

ãàçà èç ýòàíîïðîâîäà. Òàêîé âûâîä áûë ìîòèâèðî-

âàí áëèçîñòüþ ôàêåëà Ô1 ê ìåñòó ñãîðåâøåãî àâòî-

ìîáèëÿ. Ïðîâåäåííàÿ òåõíè÷åñêàÿ ýêñïåðòèçà ïîêà-

çàëà, ÷òî ýòî íå òàê: îñíîâíîé ïðè÷èíîé àâàðèéíîãî

âçðûâà ïîñëóæèëè óòå÷êè ñ òðóáîïðîâîäà (Ä325),

êîòîðûå õîòÿ è íàõîäèëèñü äàëüøå, íî èìåëè áóëü-

øèå ðàñõîäû.

Ïðè ÷èñëåííûõ ðàñ÷åòàõ ïðîöåññà ðàçâèòèÿ

âçðûâíîé àâàðèè ïðèíÿòà ðàñ÷åòíàÿ îáëàñòü, ïðè-

âåäåííàÿ íà ðèñ. 2. Ïåðåä ïðîâåäåíèåì ðàñ÷åòîâ âå-

ðîÿòíîãî ñöåíàðèÿ ðàçâèòèÿ âçðûâíîé àâàðèè íå-

îáõîäèìî ñäåëàòü ñëåäóþùèå çàìå÷àíèÿ. Â ñâÿçè ñ

òåì ÷òî äîñòîâåðíûõ äàííûõ ïî àâàðèéíûì ðàñ-

õîäàì íàä îáëàñòÿìè ãîðåíèÿ Ô1, Ô2 è Ô3, êîòîðûå

ïîñëóæèëè ïðè÷èíîé ôîðìèðîâàíèÿ âçðûâîïî-

æàðîîïàñíîãî îáëàêà, íåò, áûëè ïðîâåäåíû ðàñ÷åòû

ïî èìåþùèìñÿ êîñâåííûì äàííûì.

Äëÿ îöåíêè àâàðèéíûõ ðàñõîäîâ ìîæíî èñïîëü-

çîâàòü äâà ñïîñîáà [8–10].

Ïåðâûé ñïîñîá îñíîâàí íà ãàçîäèíàìè÷åñêèõ ñî-

îòíîøåíèÿõ, îïèñûâàþùèõ ïðîöåññ èñòå÷åíèÿ ãàçà

èç ðåçåðâóàðà (òðóáû). Äàííûé ìåòîä îáëàäàåò òåì

íåäîñòàòêîì, ÷òî íå ó÷èòûâàåò çàãëóáëåíèÿ â ãðóíò

ãàçîïðîâîäîâ è, ñîîòâåòñòâåííî, ôèëüòðàöèîííûõ

ïîòåðü äàâëåíèÿ è ñíèæåíèÿ ðàñõîäà ãàçà ïðè åãî

ôèëüòðàöèè ÷åðåç ãðóíò íà ïîâåðõíîñòü çåìëè.

Âòîðîé ñïîñîá îñíîâàí íà âçàèìîñâÿçè ïëîùà-

äè ôðîíòà ãîðåíèÿ áåçíàïîðíîãî ôàêåëà ñ ðàñõîäîì

ãàçà. Äðóãèìè ñëîâàìè, òîëüêî ïðè îïðåäåëåííîì

ðàñõîäå ãàçà ìîæåò ñôîðìèðîâàòüñÿ ôðîíò ãîðåíèÿ

çàäàííîé ïëîùàäè. Ïðè ýòîì ñïîñîáå ñëîæíî òî÷íî

îïðåäåëèòü ïëîùàäü ôðîíòà ãîðåíèÿ íà ìîìåíò àâà-

ðèè è íîðìàëüíóþ ñêîðîñòü ãîðåíèÿ ñìåñè. Îäíàêî

îí ïîçâîëÿåò ñ îïðåäåëåííîé òî÷íîñòüþ ãîâîðèòü î

ìèíèìàëüíûõ è ìàêñèìàëüíûõ ðàñõîäàõ ãàçà, íåîá-

õîäèìûõ äëÿ ïîääåðæàíèÿ îáëàñòè ãîðåíèÿ îïðåäå-

ëåííûõ ðàçìåðîâ [11, 12].

Ðèñ. 1. Îáùàÿ ñõåìà ìåñòà àâàðèè

Fig. 1. General diagram of the place of accident

Ðèñ. 2. Îáùèé âèä ðàñ÷åòíîé îáëàñòè ñ óêàçàíèåì ìåñò ðàñ-

ïîëîæåíèÿ îáëàñòåé ãîðåíèÿ è ïîâðåæäåííîãî àâòîìîáèëÿ

Fig. 2. General view of the calculated area indicated combustion

zones and location of the damaged car
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Ïðèâåäåì ðåçóëüòàòû ðàñ÷åòîâ, âûïîëíåííûõ

äâóìÿ óêàçàííûìè ñïîñîáàìè.

Ôîòîãðàôèè òðåõ îáëàñòåé ãîðåíèÿ, ïðèâåäåííûõ

ê îäíîìó ìàñøòàáó, ñ óêàçàíèåì ïðèáëèçèòåëüíûõ

ðàçìåðîâ ïðåäñòàâëåíû íà ðèñ. 3.

Äëÿ îáëàñòè ôàêåëüíîãî ãîðåíèÿ Ô1 ðàñõîäû ãàçà

Q1 (ë/ñ*), îïðåäåëåííûå ïî ñîîòíîøåíèÿì äëÿ ðàñ-

õîäà ãàçà èç îòâåðñòèÿ (ïåðâûé ñïîñîá), äàþò ñëåäó-

þùèå ðåçóëüòàòû: Q1 = 4,6 ë/ñ ïðè äèàìåòðå êîððî-

çèéíîãî îòâåðñòèÿ d1 = 1,8 ìì è Q1 = 21,6 ë/ñ ïðè

d1 = 3,8 ìì (ìèíèìàëüíûé è ìàêñèìàëüíûé äèà-

ìåòðû àâàðèéíîãî êîððîçèéíîãî îòâåðñòèÿ, ôèãó-

ðèðóþùèå â îïèñàíèÿõ ìåñòà îñìîòðà).

Ðàñ÷åò ðàñõîäà ãàçà ÷åðåç ðàçìåðû îáëàñòè ãîðå-

íèÿ Ô1 (âòîðîé ñïîñîá) ïîêàçàë, ÷òî äëÿ ôîðìèðî-

âàíèÿ îáëàñòè ãîðåíèÿ ñ òàêèìè ðàçìåðàìè íåîáõî-

äèì ðàñõîä ãàçà îêîëî 10 ë/ñ.

Ó÷èòûâàÿ, ÷òî äâà ðàçëè÷íûõ ñïîñîáà îïðåäå-

ëåíèÿ ðàñõîäà ãàçà ÷åðåç ñâèù íàä îáëàñòüþ ãîðå-

íèÿ Ô1 äàëè ïðèáëèçèòåëüíî îäèíàêîâûå ðåçóëüòà-

òû, áóäåì ñ÷èòàòü, ÷òî íà ìîìåíò àâàðèè ðàñõîä Q1

ñîñòàâëÿë îêîëî 10 ë/ñ.

Äëÿ îáëàñòåé ãîðåíèÿ Ô2 è Ô3 äåëî îáñòîèò íå-

ñêîëüêî ñëîæíåå. Ñ÷èòàåòñÿ, ÷òî íà ìîìåíò àâàðèè

òðóáîïðîâîä áûë îòñå÷åí çàãëóøêîé, â êîòîðîé ïî

íåèçâåñòíîé ïðè÷èíå áûëî îòâåðñòèå äèàìåòðîì

20 ìì. Ïî îäíîé èç âåðñèé ïî ãàçîïðîâîäó òðàíñ-

ïîðòèðîâàëèñü ëåãêèå óãëåâîäîðîäíûå ôðàêöèè

(ýòàí, ìåòàí è ò. ä.). Èñõîäÿ èç ýòèõ äàííûõ, ïåðâûì

ñïîñîáîì (ñ èñïîëüçîâàíèåì ôîðìóë, îïèñûâàþùèõ

ðàñõîä ãàçà èç îòâåðñòèÿ â ðåçåðâóàðå) ëåãêî îïðå-

äåëèòü ìàêñèìàëüíûé ðàñõîä Q2 (ë/ñ), êîòîðûé ìîã

ïîïàñòü â àòìîñôåðó ÷åðåç 20-ìì îòâåðñòèå: îí ðàâåí

99,6 ë/ñ. Ïðèíèìàÿ ïëîùàäü ïîâðåæäåíèÿ òðóáû íàä

Ô2 S2 = 176,63 ìì2, à ïëîùàäü ïîâðåæäåíèÿ òðóáû

íàä Ô3 — S3 = 936,26 ìì2, ïîëó÷àåì, ÷òî ðàñõîä ãàçà

÷åðåç ñâèù íàä îáëàñòüþ ãîðåíèÿ Ô2 äîëæåí ñî-

ñòàâëÿòü Q2 = 15,8 ë/ñ, à íàä îáëàñòüþ ãîðåíèÿ Ô3

— Q3 = 83,8 ë/ñ.

Ðàçìåðû îáëàñòåé ãîðåíèÿ Ô2 è Ô3 (ñì. ðèñ. 3)

è èõ îòíîøåíèå ê ðàçìåðó ôàêåëüíîãî ãîðåíèÿ Ô1

íèêàê íå ìîãóò ñîîòâåòñòâîâàòü ïîëó÷åííûì çíà÷å-

íèÿì ðàñõîäîâ ãàçà. Îíè äîëæíû áûòü ñóùåñòâåííî

áîëüøå.

Îïðåäåëåíèå ðàñõîäîâ ãàçà â îáëàñòÿõ ãîðåíèÿ

Ô2 è Ô3, âûïîëíåííûå ÷åðåç ðàçìåðû îáëàñòè ãî-

ðåíèÿ (âòîðîé ñïîñîá), ïîêàçàëè, ÷òî çîíà ãîðåíèÿ

Ô2 ìîãëà áûòü ñîçäàíà èñòî÷íèêîì ñ ðàñõîäîì

Q2 � 150 ë/ñ, à ôàêåëà Ô3 — Q3 � 1500 ë/ñ. Äàííûå

ðàñõîäû ìîãóò áûòü îáåñïå÷åíû äâóìÿ ñïîñîáàìè:

1) ëèáî íà ìîìåíò àâàðèè çàãëóøêà îòñóòñòâîâàëà,

à ïëîùàäü êîððîçèéíîãî îòâåðñòèÿ íàä ôàêåëîì Ô2

ñîñòàâëÿëà S2 � 550 ìì2 (ýêâèâàëåíòíûé äèàìåòð

ñâèùà d2 � 26 ìì) è íàä ôàêåëîì Ô3 — S3 � 5500 ìì2

(ýêâèâàëåíòíûé äèàìåòð ñâèùà d3 � 82 ìì); 2) ëèáî

â òðóáå ïðèñóòñòâîâàëè òÿæåëûå óãëåâîäîðîäíûå

ñîåäèíåíèÿ â æèäêîé ôàçå. Â ïîëüçó âòîðîãî âàðè-

àíòà ãîâîðèò íàëè÷èå çíà÷èòåëüíîãî êîï÷åíèÿ íà

Ô3 è òîò ôàêò, ÷òî òîëüêî òÿæåëûå óãëåâîäîðîäû ñî-

çäàþò ñòåëþùèåñÿ âçðûâîîïàñíûå îáëàêà íà çíà÷è-

òåëüíûõ ïî ïëîùàäè òåððèòîðèÿõ.

Îïèðàÿñü íà âûøåèçëîæåííîå, ïðîâåäåì ÷èñëåí-

íûå ðàñ÷åòû ïðîöåññà ôîðìèðîâàíèÿ âçðûâîîïàñ-

íîãî îáëàêà ïðèìåíèòåëüíî ê äàííîé àâàðèéíîé ñè-

òóàöèè. Â ðàñ÷åòàõ ó÷èòûâàëîñü íàëè÷èå íåçíà÷è-

òåëüíîãî äâèæåíèÿ àòìîñôåðû (W = 0,7 ñì/ñ = 25 ì/÷),

íà ÷òî óêàçûâàåò âûòÿíóòîñòü îáëàñòè ãîðåíèÿ, êî-

òîðàÿ èìåëà ìåñòî â ðåçóëüòàòå àâàðèè [10].

Áûë ïðîâåäåí ðàñ÷åò ïîëåé êîíöåíòðàöèé, êîòî-

ðûå îáðàçîâàëèñü áû ïðè óòå÷êå ãàçà òîëüêî èç èñ-

òî÷íèêà Ô1. Ðàñõîä ãàçà áûë ïðèíÿò Q1 = 10 ë/ñ (ïðè

Q1 = 10 ë/ñ ýêâèâàëåíòíûé äèàìåòð ñâèùà d1 = 2,6 ìì).

Ýòî çíà÷åíèå ñîîòâåòñòâóåò èìåâøèì ìåñòî ïðè

àâàðèè ðàçìåðó ôàêåëà Ô1, ïàðàìåòðàì ñâèùà (ïëî-

ùàäè ñâèùà) è ïàðàìåòðàì ïðîäóêòà â ýòàíîïðî-

âîäå (äàâëåíèå, ïëîòíîñòü è ñîñòàâ ãàçîâîé ñìåñè).

Ïðèíÿòîå â ðàñ÷åòàõ çíà÷åíèå ðàñõîäà èç èñòî÷íèêà

Ô1 Q1 = 10 ë/ñ ìîæíî ñ÷èòàòü äîñòàòî÷íî îáîñíî-

âàííûì, òàê êàê îíî áûëî îïðåäåëåíî äâóìÿ íåçà-

âèñèìûìè ñïîñîáàìè (÷åðåç ñîîòíîøåíèÿ äëÿ èñ-

òå÷åíèÿ ãàçà èç îòâåðñòèÿ è ÷åðåç ðàçìåðû îáëàñòè

ãîðåíèÿ). Ðàñ÷åòû ïîêàçàëè, ÷òî ìàêñèìàëüíàÿ êîí-

öåíòðàöèÿ ãàçà âáëèçè àâòîìîáèëÿ ïðè óòå÷êå ãàçà

* Â äàëüíåéøåì áóäåì èñïîëüçîâàòü îáúåìíûé ðàñõîä ãàçà ïðè

íîðìàëüíûõ óñëîâèÿõ, òàê êàê èìåííî îí íåîáõîäèì ïðè ðàñ-

÷åòàõ îáúåìíîé êîíöåíòðàöèè ãàçà â ãàçîâîçäóøíîé ñìåñè.

Ðèñ. 3. Îáëàñòè ãîðåíèÿ Ô1, Ô2 è Ô3, ïðèâåäåííûå ê îäíîìó

ìàñøòàáó

Fig. 3. Combustion zones F1, F2 and F3 presented in the same

scale
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òîëüêî èç èñòî÷íèêà Ô1 ñîñòàâëÿåò íå áîëåå 0,22–

0,24 % îá. Ïðè ïîäîáíûõ êîíöåíòðàöèÿõ âîñïëàìå-

íåíèå ãàçîâîçäóøíîé ñìåñè ïðèíöèïèàëüíî íåâîç-

ìîæíî [11].

Áûë ïðîâåäåí ðàñ÷åò ïîëåé êîíöåíòðàöèé ïðè

óòå÷êå ãàçà èç âñåõ òðåõ èñòî÷íèêîâ (Ô1, Ô2 è Ô3).

Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðèâåäåíû íà ðèñ. 4.

Ðàñõîä èñòî÷íèêîâ áûë ïðèíÿò èç óñëîâèÿ, ÷òî

íà ìîìåíò àâàðèè íà òðóáîïðîâîäå (Ä325), êîòîðûé

áûë ïðè÷èíîé ôîðìèðîâàíèÿ äâóõ ôàêåëîâ Ô2 è Ô3,

áûëà óñòàíîâëåíà çàãëóøêà ñ îòâåðñòèåì äèàìåò-

ðîì 20 ìì, à ïî òðóáîïðîâîäó òðàíñïîðòèðîâàëèñü

ëåãêèå óãëåâîäîðîäû. Ïðè òàêîì ñöåíàðèè ðàñõîä

èç èñòî÷íèêà Ô2 ñîñòàâèë áû Q2 = 15,8 ë/ñ, à íàä îá-

ëàñòüþ ãîðåíèÿ Ô3 — Q3 = 83,8 ë/ñ. Ñóììàðíûé ðàñ-

õîä èç äâóõ èñòî÷íèêîâ ïðè òàêîì ñöåíàðèè áûë áû

ðàâåí 99,6 ë/ñ.

Îñíîâíîé âûâîä, êîòîðûé ñëåäóåò èç âûïîëíåí-

íûõ ðàñ÷åòîâ, çàêëþ÷àåòñÿ â ñëåäóþùåì. Äàííûé

ñöåíàðèé ïîëíîñòüþ èñêëþ÷àåòñÿ ïî òðåì îñíîâ-

íûì ïðè÷èíàì. Âî-ïåðâûõ, ñîçäàâàåìûå óòå÷êàìè

èç ãàçîïðîâîäà ôàêåëû Ô2 è Ô3 äîëæíû áûòü ñó-

ùåñòâåííî ìåíüøå, ÷åì íàáëþäàëèñü ïðè àâàðèè.

Âî-âòîðûõ, îáëàñòè âîçìîæíîãî âîñïëàìåíåíèÿ îá-

ëàêîâ îò èñòî÷íèêà Ô1 è èñòî÷íèêîâ Ô2 + Ô3 íå ïå-

ðåñåêàþòñÿ (ñóùåñòâóþò äâå íåçàâèñèìûå îáëàñòè,

ñì. ðèñ. 4), ïîýòîìó âîçãîðàíèå îäíîãî èç îáëàêîâ íå

ïðèâåëî áû ê ðàñïðîñòðàíåíèþ ïëàìåíè íà ñîñåä-

íåå. Â-òðåòüèõ, çîíà âîçãîðàíèÿ, íàáëþäàâøàÿñÿ

ïðè àâàðèè, áûëà ñóùåñòâåííî áîëüøå. Êðîìå òîãî,

âîñïëàìåíåíèå ñìåñè (ïðè äàííîì ñöåíàðèè ðàçâè-

òèÿ àâàðèè) ïîëíîñòüþ èñêëþ÷åíî ïðè ïîÿâëåíèè

èñòî÷íèêà çàæèãàíèÿ âíóòðè èëè âáëèçè àâòîìîáè-

ëÿ. Êîíöåíòðàöèÿ ãàçà âáëèçè àâòîìîáèëÿ íå ïðå-

âûñèëà áû 0,6 % îá., ÷òî ïîëíîñòüþ èñêëþ÷àåò âîç-

ìîæíîñòü åãî âîñïëàìåíåíèÿ.

Áûë ïðîâåäåí ðàñ÷åò ôîðìèðîâàíèÿ ãàçîâîçäóø-

íîãî îáëàêà ïðè óñëîâèè, ÷òî ðàñõîäû ãàçà èç èñòî÷-

íèêîâ Ô2 è Ô3 ñîîòâåòñòâîâàëè áû ðàçìåðàì íàáëþ-

äàâøèõñÿ ïðè àâàðèè ôàêåëîâ. Ðàñ÷åòû ïî îïðåäå-

ëåíèþ ðàñõîäîâ ãàçà â îáëàñòÿõ ãîðåíèÿ Ô2 è Ô3,

âûïîëíåííûå ðàíåå ÷åðåç ðàçìåðû îáëàñòåé ãîðå-

íèÿ, ïîêàçàëè, ÷òî èñòî÷íèê Ô2 äîëæåí èìåòü ðàñõîä

Q2 � 150 ë/ñ, à èñòî÷íèê Ô3 — Q3 � 1500 ë/ñ. Òîëüêî

ïðè òàêèõ ðàñõîäàõ (íå ìåíüøå) ðàçìåðû îáëàñòåé

ãîðåíèÿ ñîîòâåòñòâîâàëè áû èìåâøèì ìåñòî ïðè

àâàðèè ôàêåëàì.

Íà ðèñ. 5 ïðèâåäåíû óðîâíè ðàâíûõ êîíöåíòðà-

öèé ãàçà, êîòîðûå îáðàçîâàëèñü áû â àòìîñôåðå ïðè

ïðèíÿòîé óòå÷êå ãàçà.

Ïîä îáëàñòüþ ãîðåíèÿ (III íà ðèñ. 5) ïîíèìàåòñÿ

îáëàñòü ñ êîíöåíòðàöèåé ãàçà âûøå 5 % îá. Äëÿ áîëü-

Ðèñ. 4. Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðè óòå÷êå ãàçà èç èñ-

òî÷íèêîâ Ô1, Ô2 è Ô3 ïðè Q1 = 10 ë/ñ, Q2 = 15,8 ë/ñ, Q3 =

= 83,8 ë/ñ è íåçíà÷èòåëüíîì äâèæåíèè àòìîñôåðû â ñòîðîíó

àâòîìîáèëÿ W = 25 ì/÷: I — îáëàñòü âîçìîæíîãî âîñïëàìå-

íåíèÿ ñìåñè; II — îáëàñòü âçðûâíîãî ãîðåíèÿ

Fig. 4. Levels of equivalent concentration of a gas leakage in F1,

F2 and F3 zones, when Q1 = 10 l/s, Q2 = 15,8 l/s, Q3 = 83,8 l/s

and motion of the atmosphere towards the car is insignificant

(W = 25 m/h): I — area of possible ignition; II — area of explo-

sive burning

Ðèñ. 5. Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðè óòå÷êå ãàçà èç èñòî÷-

íèêîâ Ô1, Ô2 è Ô3 ïðè Q1 = 10 ë/ñ, Q2 = 150 ë/ñ, Q3 = 1500 ë/ñ

è W = 25 ì/÷: I — îáëàñòü âîçìîæíîãî âîñïëàìåíåíèÿ ñìåñè;

II — îáëàñòü âçðûâíîãî ãîðåíèÿ; III — îáëàñòü ãîðåíèÿ;

IV — îáëàñòü ïîæàðà

Fig. 5. Levels of equivalent concentration of a gas leakage in F1,

F2 and F3 zones, when Q1 = 10 l/s, Q2 = 150 l/s, Q3 = 1500 l/s

and the motion of atmosphere is insignificant (W = 25 m/h): I —

area of possible ignition; II — area of explosive burning; III —

area of combustion; IV — fire
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øèíñòâà óãëåâîäîðîäîâ (îñîáåííî òÿæåëûõ) äàííàÿ

êîíöåíòðàöèÿ ïðåâûøàåò âåðõíèé êîíöåíòðàöèîí-

íûé ïðåäåë ðàñïðîñòðàíåíèÿ ïëàìåíè (ÂÊÏÐ) è ãî-

ðåíèå ñìåñè íå íîñèò ÿâíî âûðàæåííûé âçðûâíîé

õàðàêòåð, à ðàñòÿíóòî ïî âðåìåíè, òàê êàê îíî ïðî-

èñõîäèò ïî ìåðå ïîñòóïëåíèÿ â îáëàñòü ãîðåíèÿ êèñ-

ëîðîäà. Ïîä îáëàñòüþ ïîæàðà (IV íà ðèñ. 5) ïîíèìà-

åòñÿ îáëàñòü ñ êîíöåíòðàöèåé ãàçà áîëåå 12,5 % îá.,

êîòîðàÿ âûøå ÂÊÏÐ âñåõ óãëåâîäîðîäîâ. Ãîðåíèå

íîñèò õàðàêòåð “îãíåâîãî øòîðìà” èëè “îãíåâîãî

øàðà”. Âðåìÿ åãî ñóùåñòâîâàíèÿ äîñòàòî÷íî âåëè-

êî, ïîýòîìó ìîæíî ãîâîðèòü î ïîæàðå. Îáëàñòü ãî-

ðåíèÿ ïðè òàêîì ñöåíàðèè ðàçâèòèÿ àâàðèè ñîîòâåò-

ñòâóåò îáëàñòè ãîðåíèÿ, íàáëþäàâøåéñÿ â äåéñòâè-

òåëüíîñòè.

Áûëè ïðîâåäåíû ðàñ÷åòû äëÿ îïðåäåëåíèÿ ðîëè

èñòî÷íèêà Ô1 â ôîðìèðîâàíèè ãàçîâîçäóøíîãî îá-

ëàêà. Íà ðèñ. 6 ïðåäñòàâëåíà âðåìåííàÿ çàâèñèìîñòü

êîíöåíòðàöèè ãàçà âáëèçè àâòîìîáèëÿ äëÿ íåñêîëü-

êèõ âàðèàíòîâ ðàçâèòèÿ àâàðèè — ïðè óòå÷êå òîëü-

êî èç èñòî÷íèêà Ô1; èç èñòî÷íèêîâ Ô2 è Ô3; èç âñåõ

òðåõ èñòî÷íèêîâ (Ô1, Ô2 è Ô3). Èç ðàñ÷åòîâ ñëå-

äóåò, ÷òî âëèÿíèå èñòî÷íèêà Ô1 íà êîíöåíòðàöèîí-

íûé ñîñòàâ ãàçîâîçäóøíîé ñìåñè âáëèçè àâòîìîáè-

ëÿ êðàéíå ìàëî.

Âûâîäû

Íà îñíîâàíèè ïðîâåäåííûõ ðàñ÷åòîâ áûëè ñäå-

ëàíû ñëåäóþùèå âûâîäû.

1. Ñöåíàðèé, êîòîðûé ïðåäïîëàãàåò, ÷òî íà ãàçî-

ïðîâîäå (Ä325) áûëà óñòàíîâëåíà çàãëóøêà ñ îòâåð-

ñòèåì äèàìåòðîì 20 ìì, à ïî ãàçîïðîâîäó òðàíñïîð-

òèðîâàëèñü ëåãêèå óãëåâîäîðîäû, ïîëíîñòüþ èñê-

ëþ÷àåòñÿ. Ïðè äàííîì ñöåíàðèè ðàçâèòèÿ àâàðèè

âîñïëàìåíåíèå ñìåñè âíóòðè èëè âáëèçè àâòîìîáè-

ëÿ íåâîçìîæíî.

2. Ðàñ÷åòû ïî îïðåäåëåíèþ ðàñõîäîâ ãàçà â îáëà-

ñòÿõ ãîðåíèÿ Ô2 è Ô3 (Ä325) ÷åðåç ðàçìåðû îáëàñòåé

ãîðåíèÿ ïîêàçàëè, ÷òî èñòî÷íèê Ô2 äîëæåí èìåòü

ðàñõîä Q2 � 150 ë/ñ, à èñòî÷íèê Ô3 — Q3 = 1500 ë/ñ.

Òîëüêî ïðè òàêèõ ðàñõîäàõ (íå ìåíüøå) ðàçìåðû îá-

ëàñòåé ãîðåíèÿ ñîîòâåòñòâîâàëè áû èìåâøèì ìåñòî

ïðè àâàðèè ôàêåëàì.

3. Ðàñ÷åò ôîðìèðîâàíèÿ ãàçîâîçäóøíîãî îáëàêà

ïðè óñëîâèè, ÷òî ðàñõîäû ãàçà èç èñòî÷íèêîâ Ô2 è

Ô3 ñîîòâåòñòâîâàëè áû ðàçìåðàì íàáëþäàâøèõñÿ

ïðè àâàðèè ôàêåëîâ (Q2 = 150 ë/ñ è Q3 = 1500 ë/ñ),

ïîêàçàë, ÷òî ïðè äàííûõ ðàñõîäàõ ðàñ÷åòíàÿ êàðòè-

íà âçðûâíîé àâàðèè ñîîòâåòñòâóåò íàáëþäàâøåéñÿ

â äåéñòâèòåëüíîñòè.

4. Ñðàâíèòåëüíûé àíàëèç êîíöåíòðàöèîííûõ ïî-

ëåé, ñîçäàâàåìûõ èñòî÷íèêàìè Ô1, Ô2 è Ô3, ïîêà-

çàë, ÷òî ðîëü èñòî÷íèêà Ô1 (Ä219), èìåþùåãî îòíî-

ñèòåëüíî ìàëûé ðàñõîä, ïðàêòè÷åñêè íå îêàçûâàåò

íèêàêîãî âëèÿíèÿ íà ôîðìèðîâàíèå ãàçîâîçäóøíî-

ãî îáëàêà è íà âåñü õîä ðàçâèòèÿ àâàðèè.

Ðèñ.6. Âðåìåííàÿ çàâèñèìîñòü êîíöåíòðàöèè ãàçà âáëèçè àâòî-

ìîáèëÿ ïðè óòå÷êå: 1 — òîëüêî èç èñòî÷íèêà Ô1; 2 — èç èñòî÷-

íèêîâ Ô2 è Ô3; 3 — èç èñòî÷íèêîâ Ô1, Ô2 è Ô3; Q1 = 10 ë/ñ,

Q2 = 150 ë/ñ, Q3 = 1500 ë/ñ

Fig. 6. Time-dependent change of concentration of the gas leaka-

ge occurred near the car: 1 — only from F1 source; 2 — from F2

and F3 sources; 3 — from F1, F2 and F3 sources; Q1 = 10 l/s,

Q2 = 150 l/s, Q3 = 1500 l/s
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ABSTRACT

This paper presents some features of calculations to analyze the accident and to determine the values

for calculations of primary source data on the basis of technical expertise of accidental explosion on

ethane supply pipeline. The accident development scenario is shown and the measures of

responsibility for involved parties are established. Before numerical calculation of the probable

scenario of the accidental explosion it have been estimated the emergency consumption of gases. Two

methods of estimation of emergency consumption are presented. The first one is based on the gas-

dynamic ratios describing its leakage from pipeline, and the second one is describing interrelation of

the area of free-flow flame front with gas consumption value. The relevant calculation results are

presented. Numerical calculations of explosive cloud formation in relation to particular accident are

also presented. Calculation of concentration fields which could appear in case of gas leakage is

shown. The conclusion is that modelled accidental explosion relevant to real one only if the values of

gas consumption have been calculated for various combustion zones according to their dimensions.
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It have been established that the flames generated by leakages from gas pipeline have to be signifi-

cantly less than it were observed during accident, and areas of possible ignition of clouds formed by

different sources do not overlap. It have been determined that ignition of one gas cloud couldn’t lead to

spreading of the flame on near-by cloud and the ignition area observed during accident could be

significantly larger. It is shown that ignition of the air-gas mixture in such accident is completely

excluded when the source of ignition inside or near the car because the concentration of gas near the

car can’t exceed 0.6 %. The time dependence of gas concentration near the car is given for several

scenarios of the accident. The impact of ignition source on formation of air-gas clouds and on

the accident development taking into account the data of comparative analysis of concentration fields

formed by various sources is shown.

Keywords: accidental explosion; technical expertise; gas leakage; air-gas cloud; calculation of con-

centration fields.
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Ââåäåíèå

Âîò óæå áîëåå 30 ëåò ÌÈÈÒ ïðîâîäèò èññëåäîâàíèÿ

ïî îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè öèñòåðí

ñîâìåñòíî ñ îðãàíèçàöèÿìè àòîìíîé, îáîðîííîé ïðî-

ìûøëåííîñòè è äð. Â êà÷åñòâå îáúåêòà èññëåäîâà-

íèé â ïåðâóþ î÷åðåäü ðàññìàòðèâàþòñÿ öèñòåðíû

äëÿ ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ (ÑÓÃ) êàê

íàèáîëåå îïàñíûé âèä ïîäâèæíîãî ñîñòàâà. Ðåçóëü-

òàòû ýòèõ èññëåäîâàíèé áûëè îïóáëèêîâàíû â ðà-

áîòàõ [1–22], à â íàñòîÿùåé ðàáîòå èçëîæåíû îáîá-

ùåííûå ðåçóëüòàòû äàííûõ èññëåäîâàíèé.

Ïðè èçó÷åíèè ìíîãî÷èñëåííûõ àâàðèéíûõ ñè-

òóàöèé áûëî âûÿâëåíî, ÷òî èõ ãëàâíûìè ïðè÷èíà-

ìè ÿâëÿþòñÿ: íåñîâåðøåíñòâî êîíñòðóêöèè, â òîì

÷èñëå àâòîñöåïíûõ óñòðîéñòâ è àðìàòóðû; îøèáêè

ïåðñîíàëà è ò. ï. Íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ

áûëè îïðåäåëåíû ñöåíàðèè àâàðèéíûõ ñèòóàöèé.

Óñòàíîâëåíî, ÷òî àâàðèéíûå ñèòóàöèè ìîãóò ïðîèñ-

õîäèòü êàê â ïðåäåëàõ ñòàíöèé, òàê è íà ïåðåãîíàõ,

è â çàâèñèìîñòè îò ìåñòà àâàðèè áûëè îïðåäåëåíû

òåïëîâûå ðåæèìû. Ïðè ýòîì â êà÷åñòâå êðèòåðèÿ äëÿ

îöåíêè êîíñòðóêöèé áûëî ïðèíÿòî âðåìÿ áåçîïàñ-

íîãî ïðåáûâàíèÿ â î÷àãå ïîæàðà äî âçðûâà (ðàçðóøå-

íèÿ), ÷òî ïðèçâàíî îáåñïå÷èòü íåîáõîäèìîå âðåìÿ

äëÿ ðàçâåðòûâàíèÿ ôîðìèðîâàíèé ïðîòèâîïîæàð-

íîé ñëóæáû.

Ïðè âûðàáîòêå ìåðîïðèÿòèé ïî ìèíèìèçàöèè

àâàðèéíûõ ñèòóàöèé â ÷àñòè àâòîñöåïíîãî óñòðîé-

© Ôèëèïïîâ Â. Í., Ïîïîâ Â. Ã., Áåñïàëüêî Ñ. Â., Øåáåêî Þ. Í., Íàâöåíÿ Â. Þ., 2017
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ñòâà â êà÷åñòâå âîçìîæíûõ òåõíè÷åñêèõ ñðåäñòâ çà-

ùèòû áûëî óñòàíîâëåíî, ÷òî òàêèå öèñòåðíû äîëæ-

íû èìåòü ýôôåêòèâíûå ïîãëîùàþùèå àïïàðàòû,

à òàêæå ïðåäîõðàíèòåëè îò ñàìîðàñöåïà. Ýôôåêòèâ-

íîñòü ïðåäëîæåííûõ òåõíè÷åñêèõ ðåøåíèé áûëà äî-

êàçàíà ýêñïåðèìåíòàëüíûì è ðàñ÷åòíûì ïóòåì.

Ðåçóëüòàòû èññëåäîâàíèé
ïîæàðîâçðûâîáåçîïàñíîñòè öèñòåðí

Â ÷àñòè íåïîñðåäñòâåííîé çàùèòû îò òåïëîâûõ

âîçäåéñòâèé áûëè ïðåäëîæåíû ðàçëè÷íûå âàðèàí-

òû òåõíè÷åñêèõ ñðåäñòâ çàùèòû, â òîì ÷èñëå ïðåäî-

õðàíèòåëüíûå êëàïàíû, îãíåçàùèòíûå ïîêðûòèÿ è äð.

Ïðè ýòîì äëÿ ìîäåëèðîâàíèÿ àâàðèéíûõ ðåæèìîâ è

âûáîðà ðàöèîíàëüíûõ ïàðàìåòðîâ óñòðîéñòâ áûëè

ðàçðàáîòàíû ìàòåìàòè÷åñêèå ìîäåëè, ðåàëèçîâàí-

íûå â âèäå ïàêåòà ïðîãðàìì äëÿ ÝÂÌ. Ïðè îòðàáîò-

êå ìåòîäèêè ðàñ÷åòà áûëà ïðîâåäåíà ñåðèÿ ìîäåëü-

íûõ ýêñïåðèìåíòîâ ñ ïðèìåíåíèåì òåîðèè ïîäîáèÿ.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ áûëî óñòàíîâëåíî

óäîâëåòâîðèòåëüíîå ñîîòâåòñòâèå ðåçóëüòàòîâ òåî-

ðåòè÷åñêèõ ìîäåëåé è ýêñïåðèìåíòîâ.

Â ÷àñòè ñîñòîÿíèÿ êîòëîâ öèñòåðí äëÿ ÑÓÃ áûëà

îáñëåäîâàíà ãðóïïà öèñòåðí, íàõîäèâøèõñÿ äëèòåëü-

íîå âðåìÿ (äî 30 ëåò) â ýêñïëóàòàöèè. Áûëè îöåíåíû

ïðî÷íîñòíûå ñâîéñòâà êîòëà êàê îñíîâíîãî ýëåìåí-

òà. Âûÿâëåíî îòñóòñòâèå çàìåòíûõ êîððîçèîííûõ

ïîâðåæäåíèé êîòëà ïðè ïåðåâîçêå óãëåâîäîðîäíûõ

ãàçîâ. Â ýêñïåðèìåíòàõ áûëè îïðåäåëåíû çíà÷åíèÿ

äàâëåíèÿ â êîòëå, ïðèâîäÿùèå ê åãî ðàçðóøåíèþ.

Áûëî óñòàíîâëåíî òàêæå, ÷òî íàèáîëåå îïàñíûìè

çîíàìè ÿâëÿþòñÿ ïîääîí è ìåñòî êðåïëåíèÿ ëàï ñî

ñëèâíûìè âûøòàìïîâêàìè. Ïî ðåçóëüòàòàì ðåñóðñ-

íûõ èñïûòàíèé áûëî ñôîðìóëèðîâàíî òðåáîâàíèå,

â ñîîòâåòñòâèè ñ êîòîðûì ïðè èçãîòîâëåíèè öèñòåðí

äëÿ ÑÓÃ íîâîãî ïîêîëåíèÿ íåîáõîäèìî îáåñïå÷è-

âàòü 100 %-íûé êîíòðîëü êà÷åñòâà ñâàðíûõ øâîâ.

Ïðîâåäåííûå èñïûòàíèÿ ïîçâîëèëè êîíñòðóê-

òèâíî ïåðåðàáîòàòü íàèáîëåå íàãðóæåííûå ýëåìåí-

òû êîòëà, ÷òî îáåñïå÷èëî áîëåå ðàöèîíàëüíîå ðàñ-

ïðåäåëåíèå ìàòåðèàëà ñ òî÷êè çðåíèÿ íåîáõîäèìîé

ïðî÷íîñòè ïðè ìèíèìàëüíîì âåñå. Â ðåçóëüòàòå áûëà

ïðèíÿòà ê ñåðèéíîìó ïðîèçâîäñòâó êîíñòðóêöèÿ êîò-

ëà áåç ñëèâíîãî ïîääîíà è ñ äèôôåðåíöèðîâàííîé

òîëùèíîé.

Â ðàìêàõ ðàáîò ïî îáåñïå÷åíèþ ïîæàðîâçðûâî-

áåçîïàñíîñòè öèñòåðí äëÿ ïåðåâîçêè ÑÓÃ áûëà ïðåä-

ëîæåíà âåðñèÿ ïåðåðàáîòàííîé êîíòðîëüíîé, ñëè-

âîíàëèâíîé è ïðåäîõðàíèòåëüíîé àðìàòóðû ñ èñ-

ïîëüçîâàíèåì êîíñòðóêòèâíûõ ðåøåíèé, ïðèíÿòûõ

â àòîìíîì ìàøèíîñòðîåíèè. Â ÷àñòíîñòè, â êîíò-

ðîëüíûõ âåíòèëÿõ, ðàçðàáàòûâàåìûõ “ÀòîìÀðì-

Ïðîåêòîì” (ã. Âåëèêèé Íîâãîðîä), ïðåäïîëàãàåòñÿ

èñïîëüçîâàòü ñèëüôîííûå çàïîðû âìåñòî òðàäèöè-

îííûõ ñàëüíèêîâûõ óïëîòíåíèé. Êðîìå òîãî, ïðè-

ìåíÿâøèéñÿ ðàíåå êëàññè÷åñêèé âåíòèëü ñ êëàïàíîì

çàìåíåí íà øàðîâîé êðàí, ïðè èçãîòîâëåíèè êîòî-

ðîãî èñïîëüçîâàíû ñîâðåìåííûå ìàòåðèàëû, â òîì

÷èñëå íåðæàâåþùàÿ ñòàëü. Ïðèìåíåíèå íåðæàâå-

þùèõ ñòàëåé è ñîâðåìåííûõ óïëîòíåíèé â øàðíèð-

íûõ êðàíàõ ïîçâîëèëî ïîâûñèòü ìåæðåìîíòíûé ðå-

ñóðñ ñ 1 äî 2 ëåò áåçîïàñíîé ýêñïëóàòàöèè, ÷òî ðåçêî

ñíèçèëî çàòðàòû íà òåõíè÷åñêîå îáñëóæèâàíèå è

ðåìîíò.

Äëÿ îïðåäåëåíèÿ äèíàìè÷åñêèõ ðåæèìîâ âîç-

äåéñòâèÿ íà ñëèâîíàëèâíóþ àðìàòóðó áûëè ïðîâå-

äåíû ñïåöèàëüíûå èñïûòàíèÿ. Ïî èõ ðåçóëüòàòàì

áûëà ðåêîìåíäîâàíà íîâàÿ êîìïîíîâêà ñëèâîíàëèâ-

íûõ òðóá, ïîâåðíóòûõ íà 90° îòíîñèòåëüíî ïðîäîëü-

íîé îñè êîòëà, ñ ðàñêðåïëåíèåì äâóõ ñëèâíûõ òðóá

ðàñêîñàìè â âèäå ôåðìû. Òàêîå ðåøåíèå ïîçâîëèëî

ñóùåñòâåííî ñíèçèòü âåðîÿòíîñòü îáðûâà ýëåìåí-

òîâ ñëèâîíàëèâíîé àðìàòóðû.

Âàæíûì ôàêòîðîì îáåñïå÷åíèÿ áåçîïàñíîñòè â

óñëîâèÿõ òåïëîâîãî âîçäåéñòâèÿ íà êîòåë ÿâëÿþòñÿ

êîíñòðóêöèÿ è ïàðàìåòðû ïðåäîõðàíèòåëüíûõ êëà-

ïàíîâ. Ïî ìåæäóíàðîäíûì ñòàíäàðòàì â ïðàâèëàõ

ðàñ÷åòà è ïðîåêòèðîâàíèÿ óñòàíîâëåíî, ÷òî äèàìåòð

ïðîõîäíîãî ñå÷åíèÿ ïðåäîõðàíèòåëüíîãî êëàïàíà

äîëæåí çàâèñåòü îò âìåñòèìîñòè êîòëà. Òàêîé ïîä-

õîä ïðè ïåðåõîäå íà âûïóñê öèñòåðí ñ óâåëè÷åííîé

âìåñòèìîñòüþ (äî 95 ì3), ïî ñóùåñòâó, äîëæåí áûë

ïðèâåñòè ê óâåëè÷åíèþ ÷èñëà ïðåäîõðàíèòåëüíûõ

êëàïàíîâ. Ïðè ýòîì áûëî óñòàíîâëåíî, ÷òî ñóùåñòâó-

þùèé ïðåäîõðàíèòåëüíûé êëàïàí ñ ïðîõîäíûì ñå-

÷åíèåì òèïà ÄÓ 32 íå îáåñïå÷èâàåò ïðåáûâàíèå

êîòëà â î÷àãå ïîæàðà ïðè ðàñ÷åòíûõ àâàðèéíûõ òåï-

ëîâûõ âîçäåéñòâèÿõ.

Íà îñíîâàíèè ðåçóëüòàòîâ ìîäåëüíûõ ýêñïåðè-

ìåíòîâ áûëè ðàçðàáîòàíû òåîðåòè÷åñêèå ìîäåëè, ïî-

çâîëÿþùèå ó÷åñòü óâåëè÷åíèå îáúåìà æèäêîé ôàçû

ïðè òåïëîâûõ âîçäåéñòâèÿõ íà êîòåë è îáîñíîâàòü

ðåæèì ñáðîñà ÷åðåç ïðåäîõðàíèòåëüíûé êëàïàí íå

ãàçîâîé, à æèäêîé ôàçû. Òàêîé ïîäõîä ïðåäúÿâëÿåò

ïðèíöèïèàëüíî èíûå òðåáîâàíèÿ ê âûáîðó ðàöèî-

íàëüíûõ ïàðàìåòðîâ ïðåäîõðàíèòåëüíûõ êëàïàíîâ.

Ñ ïîìîùüþ ðåàëèçîâàííûõ íà ÝÂÌ òåîðåòè÷å-

ñêèõ ìîäåëåé áûëè âûïîëíåíû ðàñ÷åòû ïðîöåññà

ïîæàðà ñ ó÷åòîì ðàáîòû ïðåäîõðàíèòåëüíîãî êëà-

ïàíà. Ïðè ðàñ÷åòàõ âàðüèðîâàëèñü: âèä ñæèæåííîãî

ãàçà, ïàðàìåòðû ðàáîòû ïðåäîõðàíèòåëüíîãî êëà-

ïàíà, òîëùèíû îãíåçàùèòíîãî ïîêðûòèÿ è òåïëî-

èçîëÿöèè, à òàêæå ñòåïåíü àâàðèè. Ðåçóëüòàòû ðàñ-

÷åòà îäíîãî âàðèàíòà ïîêàçàíû íà ðèñ. 1. Ïðè ýòîì

â ñîîòâåòñòâèè ñ ðàçðàáîòàííûìè ñöåíàðèÿìè àâà-

ðèéíûõ ñèòóàöèé [5] ðàçëè÷àþòñÿ:

� àâàðèÿ 1-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 24 ÷ íà âåðõíþþ çîíó êîòëà ïëîùàäüþ

7 ì2 ïðè òåïëîâîì ïîòîêå 100 êÂò/ì2;
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� àâàðèÿ 2-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 1 ÷ íà íèæíþþ çîíó êîòëà ïëîùàäüþ 50 ì2

ïðè òåïëîâîì ïîòîêå 100 êÂò/ì2;

� àâàðèÿ 3-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 2 ÷ íà âñþ ïîâåðõíîñòü êîòëà ïðè òåïëî-

âîì ïîòîêå 400 êÂò/ì2.

Ïî ðåçóëüòàòàì ðàñ÷åòîâ áûëè îïðåäåëåíû ïà-

ðàìåòðû íîâîãî âàðèàíòà ïðåäîõðàíèòåëüíîãî êëà-

ïàíà — ñ óâåëè÷åííûì äèàìåòðîì ïðîõîäíîãî

ñå÷åíèÿ. Òàêèå êëàïàíû áûëè ðàçðàáîòàíû “Àòîì-

ÀðìÏðîåêòîì” è èñïûòàíû íà ñòåíäîâîé áàçå “Àòîì-

ÀðìÏðîåêòà” è â ÖÊÁÀ (ã. Ñàíêò-Ïåòåðáóðã) (ðèñ. 2).

Ïðè èñïûòàíèÿõ áûëè ó÷òåíû ðåçóëüòàòû ïðîâå-

äåííûõ ðàíåå íàòóðíûõ ýêñïåðèìåíòîâ íà öèñòåð-

íàõ. Áûëî ïðèçíàíî öåëåñîîáðàçíûì ðåêîìåíäîâàòü

óñòàíîâêó äâóõ ïðåäîõðàíèòåëüíûõ êëàïàíîâ íà

öèñòåðíó âìåñòèìîñòüþ äî 95 ì3. Îäèí èç òàêèõ

êëàïàíîâ øòàòíûé, èìåþùèé îòíîñèòåëüíî ìàëûé

äèàìåòð ïðîõîäíîãî ñå÷åíèÿ è ðàñïîëîæåííûé ïî

øòàòíîé ñõåìå íà êðûøêå ëþêà-ëàçà. Îí äîëæåí èç-

ãîòàâëèâàòüñÿ èç ñîâðåìåííûõ ìàòåðèàëîâ, âêëþ÷àÿ

íåðæàâåþùóþ ñòàëü è ïðóæèíû ñî ñòàáèëüíûìè

æåñòêîñòíûìè õàðàêòåðèñòèêàìè â òå÷åíèå âñåãî

ïåðèîäà ýêñïëóàòàöèè.

Ïðåäîõðàíèòåëüíûé êëàïàí óâåëè÷åííîãî ñå÷å-

íèÿ ðàçðàáàòûâàëñÿ è èñïûòûâàëñÿ â äâóõ âàðèàí-

òàõ, îäèí èç êîòîðûõ ïðåäóñìàòðèâàåò ïðèìåíåíèå

ðàçðûâíûõ ìåìáðàí. Ñðàáàòûâàíèå êëàïàíà è ìåì-

áðàí äîëæíî ïðîèñõîäèòü ïðè àâàðèéíîì òåïëîâîì

âîçäåéñòâèè ïî äîñòèæåíèþ âíóòðåííåãî äàâëåíèÿ

30 àòì. Óñòàíîâêà òàêîãî ïðåäîõðàíèòåëüíîãî êëà-

ïàíà îñóùåñòâëÿåòñÿ â çîíå ðàñïîëîæåíèÿ äóã áåç-

îïàñíîñòè íîâîé êîíñòðóêöèè.

Êîíñòðóêöèÿ äóã áåçîïàñíîñòè (ñì. ðèñ. 2) ñ âà-

ðèàíòàìè èõ óñòàíîâêè ðàçðàáàòûâàëàñü äëÿ öèñ-

òåðí ñ êîòëàìè ðàçëè÷íîãî äèàìåòðà. Òàêîé ïîäõîä

ïîçâîëÿåò ñíèçèòü âåðîÿòíîñòü ïîâðåæäåíèÿ êîòëà

â çîíå ñîïðÿæåíèÿ ñ äóãàìè áåçîïàñíîñòè. Íà îñíî-

âå ýêñïåðèìåíòîâ ñî ñõîäàìè öèñòåðí ñ âûñîêîé íà-

ñûïè áûëè ðàçðàáîòàíû òðåáîâàíèÿ ïðîåêòèðîâàíèÿ

äóã è óçëîâ äëÿ ñâÿçè ýëåìåíòîâ äóã ñ îáîëî÷êîé.

Íà îñíîâå ðåçóëüòàòîâ ðàñ÷åòîâ è ìîäåëüíûõ èñ-

ïûòàíèé ïî îïðåäåëåíèþ âðåìåíè ïðåáûâàíèÿ öèñ-

òåðíû â î÷àãå ïîæàðà áûëè ðàçðàáîòàíû, èñïûòàíû

íà ìîäåëÿõ è çàïóùåíû â ñåðèéíîå ïðîèçâîäñòâî

îãíåçàùèòíûå ïîêðûòèÿ, îáåñïå÷èâàþùèå óâåëè-

÷åíèå â 2,5–3,5 ðàçà âðåìåíè áåçàâàðèéíîãî ïðåáû-

âàíèÿ öèñòåðíû â î÷àãå ïîæàðà. Ýòè èññëåäîâàíèÿ

ïðîâîäèëèñü ïðè ó÷àñòèè ñïåöèàëèñòîâ Ìîñêîâ-

ñêîãî èíñòèòóòà òåïëîòåõíèêè. Â êà÷åñòâå îãíåçà-

ùèòíîãî ïîêðûòèÿ èñïîëüçîâàëèñü ïîêðûòèÿ òèïà

ÑÃÊ. Â èñïûòàíèÿõ ïðèìåíÿëèñü îïûòíûå ìîäåëè

â âèäå çàùåìëåííûõ ïëàñòèí ñ ðàçëè÷íûìè âàðèàí-

òàìè îãíåçàùèòíîãî ïîêðûòèÿ è âîçäåéñòâèÿ òåïëà.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëèëè óòî÷íèòü ïàðà-

ìåòðû ðàñ÷åòíûõ ñõåì äëÿ òåîðåòè÷åñêîé îöåíêè

ïîâåäåíèÿ êîòëà â î÷àãå ïîæàðà.

Íà îñíîâå âñåãî êîìïëåêñà ïðîâåäåííûõ èñïû-

òàíèé áûëî ðàçðàáîòàíî ñåìåéñòâî öèñòåðí äëÿ ïå-

ðåâîçêè ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ, èçãîòîâ-

Ðèñ. 1. Çàâèñèìîñòü äàâëåíèÿ ÑÓÃ îò âðåìåíè ïðè àâàðèè

1 (à), 2 (á) è 3-é (â) ñòåïåíè

Fig. 1. Dependence of an LPG pressure on time at the accident

of the 1st (a), 2nd (b) and 3rd (v) degree

Ðèñ. 2. Ïðåäîõðàíèòåëüíûé êëàïàí è äóãè áåçîïàñíîñòè íà

öèñòåðíå

Fig. 2. Safety relief valve and safety arcs on the tank
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ëåíèå êîòîðûõ îñóùåñòâëÿëîñü íà ïðåäïðèÿòèÿõ

Ðîññèè, Óêðàèíû, ßïîíèè, Ïîëüøè. Â íàèáîëåå ïîë-

íîì îáúåìå âñå ïðåäëîæåíèÿ ïî îáåñïå÷åíèþ ïîæà-

ðîâçðûâîáåçîïàñíîñòè áûëè ðåàëèçîâàíû â öèñòåð-

íàõ ìîäåëè 15-9503-ÀÂÏ, èçãîòîâëåííûõ â ã. Ìàðè-

óïîëå (ðèñ. 3).

Âûâîäû

Òàêèì îáðàçîì, ðåçóëüòàòû ìíîãîëåòíèõ ýêñïå-

ðèìåíòàëüíûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé, êîòî-

ðûå ïðîâîäèëè ÌÈÈÒ, ÂÍÈÈÏÎ ñîâìåñòíî ñ äðóãè-

ìè îðãàíèçàöèÿìè, ïîçâîëèëè ðåøèòü âàæíóþ ïðîá-

ëåìó ïî îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè

öèñòåðí äëÿ ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ.

Äëÿ ýòîãî áûëè ðàçðàáîòàíû è âíåäðåíû íîâûå

êîíñòðóêòîðñêèå ðåøåíèÿ è òåõíè÷åñêèå ñðåäñòâà,

à èìåííî: ïðåäîõðàíèòåëüíûå êëàïàíû, îãíåçàùèò-

íûå ïîêðûòèÿ, ìîäåðíèçèðîâàííûå âàðèàíòû êîíò-

ðîëüíîé, ñëèâîíàëèâíîé è ïðåäîõðàíèòåëüíîé àðìà-

òóðû, íîâàÿ êîìïîíîâêà ñëèâîíàëèâíûõ òðóá, êîí-

ñòðóêöèÿ äóã áåçîïàñíîñòè è óçëîâ èõ êðåïëåíèÿ.

Ýòî íàøëî ïðèìåíåíèå â íîâîì ñåìåéñòâå öèñòåðí

äëÿ ïåðåâîçêè ÑÓÃ.

Ðèñ. 3. Öèñòåðíà íîâîãî ïîêîëåíèÿ äëÿ ïåðåâîçêè ÑÓÃ

Fig. 3. New type of the railway tank for the LPG transportation
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ABSTRACT

This study is dedicated to a description of results of complex investigations on fire and explosion

safety of railway tanks for a transportation of liquefied petroleum gases (LPG) carried out by Moscow

state railway university together with organizations of various branches of industry.

The main types of accidents were determined on a basis of statistical data.

There were carried out experimental and theoretical investigations of a railway tanks behavior at

various accidental regimes connected with various dynamical and thermal actions on these tanks.

Numerous experiments were carried out on large scale facilities and on small scale facilities with an

application of the theory of similarity. Experimental results were used both for a verification of

the theoretical models and for more accurate definition of parameters of numerical schemes.

Mathematical models created at the theoretical investigations were used for a software and

a following determination of tools for the railway tanks protection.

Measures for a risk reduction and a diminishing of consequences were proposed on the basis of the

investigations. Safety relief valves, fire retardant coatings and special controle valves were used for

a thermal protection. It was shown that the SGK fire retardant coating can increase a critical time of

an action of the fire on the raiway tank on 2.5–3.5 times.

A new configuration of loading pipelines was proposed which allowed to decrease substantially

a probability of a rupture of the loading facilities. A new configuration of safety arcs was proposed

which decreases remarkably a probability of a destruction of the loading valves at accidents with

an overturning of the tank.

New safety types of the railways for the LPG transportation were created which are now built in

Russia, Ukraine, Japan, Poland.

Keywords: fire and explosion safety; railway tank; liquefied petroleum gases; emergency; means of

protection; thermal influences; safety valve; safety arcs; fireproofing coating.
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Ïðîâåäåí àíàëèç ñóùåñòâóþùèõ ñèñòåì ìîíèòîðèíãà íà ïîòåíöèàëüíî îïàñíûõ ïðîèçâîäñòâåí-
íûõ îáúåêòàõ. Ïðåäëîæåíû ñîâðåìåííûå òåõíîëîãè÷åñêèå è ñòðóêòóðíî-ëîãè÷åñêèå ðåøåíèÿ ïî
ñîçäàíèþ ñèñòåìû ìîíèòîðèíãà âçðûâîïîæàðîîïàñíîñòè îáúåêòîâ äîáû÷è è òðàíñïîðòà íåôòè
äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè è áåçîïàñíîñòè íåôòåãàçîäîáûâàþùåãî ïðîèçâîäñòâà è òðàíñ-
ïîðòà íåôòè. Ðåøåíèÿ áàçèðóþòñÿ íà ïðèìåíåíèè ïðîãðàììíî-òåõíè÷åñêèõ ñðåäñòâ, îñóùåñòâëÿ-
þùèõ àâòîìàòè÷åñêèé ìîíèòîðèíã äåñòàáèëèçèðóþùèõ ôàêòîðîâ ïðèðîäíîãî è òåõíîãåííîãî
õàðàêòåðà è îáåñïå÷èâàþùèõ ïåðåäà÷ó èíôîðìàöèè â îðãàíû ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ
îá óãðîçå è âîçíèêíîâåíèè àâàðèè, ×Ñ, â òîì ÷èñëå âûçâàííûõ òåððîðèñòè÷åñêèìè àêòàìè.
Ïðåäëîæåíà íîðìàòèâíàÿ áàçà îáåñïå÷åíèÿ âçàèìîäåéñòâèÿ ñ îðãàíàìè ïîâñåäíåâíîãî óïðàâ-
ëåíèÿ ÐÑ×Ñ. Ïðåäëîæåíû ïðèíöèïû ïðèìåíåíèÿ îáîðóäîâàíèÿ èíæåíåðíûõ ñèñòåì ñî âñòðî-
åííûìè ôóíêöèÿìè ìîíèòîðèíãà è îáåñïå÷åíèÿ óïðàâëåíèÿ ñ öåëüþ óïðîñòèòü ñîçäàíèå ñèñòåì
ìîíèòîðèíãà è óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: ñèñòåìà ìîíèòîðèíãà; îáúåêòû äîáû÷è è òðàíñïîðòà íåôòè; âçðûâîïîæàðî-
îïàñíîñòü; ìîíèòîðèíã èíæåíåðíûõ êîíñòðóêöèé è ñîîðóæåíèé; ïîæàðû è ×Ñ; ïîæàðíàÿ áåç-
îïàñíîñòü.

DOI: 10.18322/PVB.2017.26.10.50-60

Ââåäåíèå

Ïîä ìîíèòîðèíãîì (îò àíãë. monitor — êîíòðîëè-

ðîâàòü) ïîíèìàþò ñïåöèàëüíî îðãàíèçîâàííîå, ñè-

ñòåìàòè÷åñêîå íàáëþäåíèå çà ñîñòîÿíèåì îáúåêòîâ,

ÿâëåíèé, ïðîöåññîâ â öåëÿõ èõ îöåíêè, êîíòðîëÿ,

ïðîãíîçà.

Ñèñòåìû ìîíèòîðèíãà òåõíîëîãè÷åñêèõ ïðî-

öåññîâ äîáû÷è è òðàíñïîðòà íåôòè — òåððèòîðè-

àëüíî ðàñïðåäåëåííûå èíôîðìàöèîííûå ñèñòåìû

êîíòðîëÿ, äèàãíîñòèêè è îáåñïå÷åíèÿ óïðàâëåíèÿ

àâàðèéíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè, îñíîâ-

íîé öåëüþ ïðèìåíåíèÿ êîòîðûõ ÿâëÿåòñÿ ïîâûøå-

íèå ýôôåêòèâíîñòè è áåçîïàñíîñòè íåôòåãàçîäîáû-

âàþùåãî ïðîèçâîäñòâà è òðàíñïîðòà íåôòè áëàãî-

äàðÿ ñëåäóþùèì ôàêòîðàì [1]:

� íåïðåðûâíîìó ìîíèòîðèíãó ðàñïðåäåëåííûõ òåõ-

íîëîãè÷åñêèõ îáúåêòîâ;

� ìîíèòîðèíãó ïðîöåññîâ óïðàâëåíèÿ îáúåêòîâ äî-

áû÷è, òðàíñïîðòà è ó÷åòà ãîòîâîé ïðîäóêöèè;

� çàìåíå ôèçè÷åñêè è ìîðàëüíî óñòàðåâøèõ ñðåäñòâ

àâòîìàòèçàöèè è ñèñòåì óïðàâëåíèÿ;

� ïîâûøåíèþ áåçîïàñíîñòè ïðîèçâîäñòâà çà ñ÷åò

ñðåäñòâ äèàãíîñòèêè è óëó÷øåíèÿ ýêîëîãè÷å-

ñêîé îáñòàíîâêè â íåôòåäîáûâàþùåì ðåãèîíå;

� ñíèæåíèþ òðóäîåìêîñòè óïðàâëåíèÿ òåõíîëî-

ãè÷åñêèìè ïðîöåññàìè äîáû÷è è òðàíñïîðòè-

ðîâêè íåôòè.

Ñîâðåìåííàÿ ñèñòåìà ìîíèòîðèíãà îáúåêòîâ

íåôòåäîáû÷è (ÑÌÎÍ) ñîñòîèò èç ïîäñèñòåìû ìî-

íèòîðèíãà âçðûâîïîæàðîîïàñíûõ ïàðàìåòðîâ â àâ-

© Àñòàïîâ Ï. Å., Ôåäîðîâ À. Â., ×ëåíîâ À. Í., Ëîìàåâ Å. Í., Èùåíêî À. Ä., 2017
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òîìàòèçèðîâàííîé ñèñòåìå óïðàâëåíèÿ òåõíîëîãè÷å-

ñêèìè ïðîöåññàìè (ÀÑÓ ÒÏ) è ñèñòåìû ïîääåðæêè

ïðèíÿòèÿ ðåøåíèé (ÑÏÏÐ). ÑÏÏÐ — àâòîìàòèçèðî-

âàííàÿ ñèñòåìà, öåëüþ êîòîðîé ÿâëÿåòñÿ îêàçàíèå

ïîìîùè îòâåòñòâåííîìó ïåðñîíàëó îáúåêòà, ïðè-

íèìàþùåìó ðåøåíèå â óñëîâèÿõ, îòëè÷íûõ îò íîð-

ìàëüíûõ, äëÿ ïîëíîãî è îáúåêòèâíîãî àíàëèçà ñè-

òóàöèè, ôîðìèðîâàíèÿ àëüòåðíàòèâíûõ ðåøåíèé è

âûáîðà èç íèõ íàèáîëåå ïðèåìëåìûõ. ÑÏÏÐ èñïîëü-

çóåò ïðàâèëà ïðèíÿòèÿ ðåøåíèé è ñîîòâåòñòâóþùèå

ìîäåëè è àëãîðèòìû ñ áàçàìè äàííûõ, à òàêæå èíòå-

ðàêòèâíûé êîìïüþòåðíûé ïðîöåññ ìîäåëèðîâàíèÿ,

ïîääåðæèâàþùèé ïðèíÿòèå ñàìîñòîÿòåëüíûõ è íå-

ñòðóêòóðèðîâàííûõ ðåøåíèé îòâåòñòâåííîãî ïåð-

ñîíàëà.

Äëÿ ðåøåíèÿ çàäà÷è ðàçðàáîòêè èíòåëëåêòóàëü-

íîé ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ìàñø-

òàáà êîðïîðàòèâíîãî ïðåäïðèÿòèÿ íàèáîëåå ïðèåì-

ëåìûì ÿâëÿåòñÿ ïîäõîä, îñíîâàííûé íà èíòåãðàöèè

äâóõ ñâÿçàííûõ ìåæäó ñîáîé èíôîðìàöèîííûõ òåõ-

íîëîãèé — ïîñòðîåíèÿ èíôîðìàöèîííûõ õðàíèëèù

è èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ.

Â ïîñëåäíèå äåñÿòü ëåò áûëà ïðîâåäåíà ðàáîòà

ïî ñîçäàíèþ è âíåäðåíèþ ðÿäà ñèñòåì ìîíèòîðèí-

ãà [2]:

1) ñèñòåìà ìîíèòîðèíãà ÀÑÓ òðàíñïîðòíîãî

êîíòðîëÿ ïðèåìà-ñäà÷è íåôòè íåôòåãàçîäî-

áûâàþùåãî óïðàâëåíèÿ. Â îñíîâó ïîëîæåíà

ñåòü èçìåðåíèÿ ïàðàìåòðîâ ïîòîêîâ æèäêî-

ñòè â óçëàõ èíæåíåðíîé ñåòè ãèäðîäèíàìè-

÷åñêîé ñèñòåìû äîáû÷è è çàêà÷êè â ñîâîêóï-

íîñòè ñ âûõîäíûìè ôîðìàìè ïðîãðàììíîãî

îáåñïå÷åíèÿ (ÏÎ) “Áàëàíñ æèäêîñòè”;

2) ñèñòåìà ìîíèòîðèíãà ÀÑÓ ÒÏ íåôòåãàçîäî-

áû÷è íà áàçå ÏÎ “Áàëàíñ æèäêîñòè” è “ÀÐÌ

Ìåòðîëîãà”;

3) ñèñòåìà ìîíèòîðèíãà ÀÑÓ ÒÏ íåôòåïåðåêà-

÷èâàþùåé ñòàíöèè, ëèíåéíîé òåëåìåõàíèêè

ìàãèñòðàëüíîãî íåôòåïðîâîäà â ðåæèìå ðå-

àëüíîãî âðåìåíè (2008 ã.). Ýòî ìàêñèìàëüíî

ïðîðàáîòàííîå ðåøåíèå, êîòîðîå àâòîð âçÿë

çà îñíîâó ïîñòðîåíèÿ ÑÏÏÐ ïðè ñîçäàíèè ñè-

ñòåìû ìîíèòîðèíãà îáúåêòîâ íåôòåäîáû÷è.

Êðîìå òîãî, ðàçðàáîòàíû è ïðåäëîæåíû äëÿ âíåä-

ðåíèÿ ïîäõîäû ê ïîñòðîåíèþ ñòðóêòóðû êîìïëåêñ-

íîãî ìîíèòîðèíãà ñîñòîÿíèÿ îñíîâíûõ ïðîèçâîä-

ñòâåííûõ ôîíäîâ êðèòè÷åñêè âàæíûõ îáúåêòîâ â

Àðêòè÷åñêîé çîíå Ðîññèéñêîé Ôåäåðàöèè [3], êîí-

öåïòóàëüíûå îñíîâû è êðèòåðèè îïåðàòèâíîãî ìî-

íèòîðèíãà è óïðàâëåíèÿ áåçîïàñíîñòüþ îïàñíûõ

ïðîèçâîäñòâåííûõ îáúåêòîâ íåôòåãàçîâîãî êîìï-

ëåêñà ñ èñïîëüçîâàíèåì òåõíîëîãèè ìèíèìèçàöèè

ñèíåðãåòè÷åñêîãî ðèñêà [4].

Íàðÿäó ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü ïåðå-

ñìîòðåòü òåõíîëîãè÷åñêèå è ñòðóêòóðíûå ðåøåíèÿ

ïî ñîçäàíèþ ñèñòåìû ìîíèòîðèíãà âçðûâîïîæàðî-

îïàñíîñòè [5] îáúåêòîâ äîáû÷è è òðàíñïîðòà íåôòè

â óñëîâèÿõ ñòðåìèòåëüíîãî ðàçâèòèÿ ïðîãðàììíî-

òåõíè÷åñêèõ ñðåäñòâ, îñóùåñòâëÿþùèõ àâòîìàòè-

÷åñêèé ìîíèòîðèíã äåñòàáèëèçèðóþùèõ ôàêòîðîâ

ïðèðîäíîãî è òåõíîãåííîãî õàðàêòåðà, òåõíîëîãèé

ïðîöåññîâ äîáû÷è è òðàíñïîðòà íåôòè, âîçðàñòà-

þùèõ òðåáîâàíèé ê îáåñïå÷åíèþ áåçîïàñíîñòè íà-

ñåëåíèÿ è òåððèòîðèé îò ×Ñ òåõíîãåííîãî õàðàêòåðà.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàþòñÿ ñîâðåìåííûå

òåõíîëîãè÷åñêèå ðåøåíèÿ ïî ñîçäàíèþ ÑÌÎÍ, êî-

òîðûå ðàçðàáîòàíû íà îñíîâå òðåáîâàíèé, îïðåäå-

ëåííûõ â ÃÎÑÒ Ð 22.1.12–2005, òåõíîëîãè÷åñêèõ

ïðèíöèïîâ êîìïëåêñíîé áåçîïàñíîñòè ïîòåíöèàëü-

íî îïàñíûõ îáúåêòîâ è îáúåêòîâ êàïèòàëüíîãî ñòðî-

èòåëüñòâà è òåõíîëîãèè ïîñòðîåíèÿ àâòîìàòèçèðî-

âàííûõ ñèñòåì óïðàâëåíèÿ ñ ó÷åòîì êîìïëåêñíîãî

ïîäõîäà ê ðåøåíèþ çàäà÷ îáåñïå÷åíèÿ áåçîïàñíîñòè

è àíòèòåððîðèñòè÷åñêîé çàùèùåííîñòè îáúåêòîâ.

Òåõíîëîãè÷åñêèå ðåøåíèÿ
ïî ñîçäàíèþ ÑÌÎÍ

Ïðåäëàãàåìûå òåõíîëîãè÷åñêèå ðåøåíèÿ ðåàëè-

çóþò ñëåäóþùèå îñíîâíûå òðåáîâàíèÿ ê ôóíêöèî-

íèðîâàíèþ è ñòðóêòóðå ÑÌÎÍ [6]:
� îáåñïå÷åíèå àâòîìàòè÷åñêîãî, îñóùåñòâëÿåìîãî

íåçàâèñèìî îò ñëóæáû ýêñïëóàòàöèè îáúåêòà,

ìîíèòîðèíãà â ðåæèìå ðåàëüíîãî âðåìåíè äå-

ñòàáèëèçèðóþùèõ ôàêòîðîâ äëÿ ïðåäóïðåæäå-

íèÿ è ëèêâèäàöèè ×Ñ, â òîì ÷èñëå âûçâàííûõ

òåððîðèñòè÷åñêèìè àêòàìè;
� íàëè÷èå ìîäóëüíîé ñòðóêòóðû è âîçìîæíîñòü

èñïîëüçîâàíèÿ îòêðûòûõ è ñòàíäàðòíûõ ïðîòî-

êîëîâ öèôðîâîé ïåðèôåðèè è òåõíîëîãèè äëÿ

ïîëó÷åíèÿ äàííûõ;
� îáåñïå÷åíèå âîçìîæíîñòè ñîïðÿæåíèÿ ñ äðóãè-

ìè àâòîìàòèçèðîâàííûìè ñèñòåìàìè.

Òåõíîëîãèÿ ôóíêöèîíèðîâàíèÿ ÑÌÎÍ áàçèðó-

åòñÿ íà ðåàëèçàöèè ñëåäóþùèõ ïðîöåññîâ:
� îáåñïå÷åíèå íåïðåðûâíîãî ïðîöåññà ñáîðà, ïåðå-

äà÷è è îáðàáîòêè èíôîðìàöèè î çíà÷åíèÿõ ïà-

ðàìåòðîâ ïðîèçâîäñòâåííûõ ïðîöåññîâ è ïðî-

öåññîâ îáåñïå÷åíèÿ ôóíêöèîíèðîâàíèÿ çäàíèé

è ñîîðóæåíèé;
� ïðîãíîçèðîâàíèå è ïðåäóïðåæäåíèå àâàðèéíûõ

ñèòóàöèé ïóòåì êîíòðîëÿ çà ïàðàìåòðàìè ïðî-

èçâîäñòâåííûõ ïðîöåññîâ è ïðîöåññîâ îáåñïå-

÷åíèÿ ôóíêöèîíèðîâàíèÿ çäàíèé è ñîîðóæåíèé

è îïðåäåëåíèÿ îòêëîíåíèé èõ òåêóùèõ çíà÷åíèé

îò íîðìàòèâíûõ;
� ôîðìèðîâàíèå è ïåðåäà÷à ôîðìàëèçîâàííîé îïå-

ðàòèâíîé èíôîðìàöèè î ñîñòîÿíèè òåõíîëîãè-

÷åñêèõ ñèñòåì è îá èçìåíåíèè ñîñòîÿíèÿ èíæå-

íåðíî-òåõíè÷åñêèõ êîíñòðóêöèé îáúåêòîâ â äå-

æóðíî-äèñïåò÷åðñêèå ñëóæáû (ÄÄÑ) îáúåêòà;
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� ôîðìèðîâàíèå è ïåðåäà÷à ôîðìàëèçîâàííîãî

ñîîáùåíèÿ î ×Ñ íà îáúåêòàõ, â òîì ÷èñëå âû-

çâàííûõ òåððîðèñòè÷åñêèìè àêòàìè, â îðãàíû

ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ;

� àâòîìàòèçèðîâàííîå îïîâåùåíèå î ïðîèñøåäøåé

àâàðèè, ÷ðåçâû÷àéíîé ñèòóàöèè è íåîáõîäèìûõ

äåéñòâèÿõ ïî ýâàêóàöèè;

� àâòîìàòèçèðîâàííîå îïîâåùåíèå ñîîòâåòñòâó-

þùèõ ñïåöèàëèñòîâ, îòâå÷àþùèõ çà áåçîïàñ-

íîñòü îáúåêòîâ;

� äîêóìåíòèðîâàíèå è ðåãèñòðàöèÿ àâàðèéíûõ ñè-

òóàöèé, à òàêæå äåéñòâèé äåæóðíûõ è äèñïåò-

÷åðñêèõ ñëóæá îáúåêòîâ.

Òåõíîëîãèÿ ïîñòðîåíèÿ ÑÌÎÍ áàçèðóåòñÿ íà

ïðîãðàììíî-òåõíè÷åñêèõ ñðåäñòâàõ, îñóùåñòâëÿ-

þùèõ àâòîìàòè÷åñêèé ìîíèòîðèíã äåñòàáèëèçèðó-

þùèõ ôàêòîðîâ ïðèðîäíîãî è òåõíîãåííîãî õàðàê-

òåðà è îáåñïå÷èâàþùèõ ïåðåäà÷ó èíôîðìàöèè â

îðãàíû ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ îá óãðîçå

è âîçíèêíîâåíèè àâàðèé, ×Ñ, â òîì ÷èñëå âûçâàí-

íûõ òåððîðèñòè÷åñêèìè àêòàìè [7].

Íà ðèñ. 1 ïîêàçàíà ñòðóêòóðà, îñíîâíûå âçàèìî-

ñâÿçè ÑÌÎÍ ñ èíæåíåðíûìè ñèñòåìàìè îáúåêòà è

òåõíîëîãè÷åñêèå ðåøåíèÿ ïî ïåðåäà÷å èíôîðìàöèè

â îðãàíû ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ.

Ñòðóêòóðíî ñèñòåìà ìîíèòîðèíãà âêëþ÷àåò òðè

ïîäñèñòåìû:

� ñáîðà äàííûõ è ïåðåäà÷è ñîîáùåíèé (ÑÑÏ);

� ñâÿçè è óïðàâëåíèÿ â êðèçèñíûõ ñèòóàöèÿõ

(ÑÓÊÑ);

Ðèñ. 1. Ñòðóêòóðà ÑÌÎÍ / Fig. 1. SMOI structure
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� ìîíèòîðèíãà èíæåíåðíûõ (íåñóùèõ) êîíñòðóê-

öèé, îïàñíûõ ïðèðîäíûõ ïðîöåññîâ è ÿâëåíèé

(ÑÌÈÊ).

Ïîäñèñòåìà ÑÑÏ ðåøàåò òåõíîëîãè÷åñêèå çàäà-

÷è ïî ñáîðó äàííûõ î êîíòðîëèðóåìûõ ïàðàìåòðàõ

ïðîöåññîâ îáåñïå÷åíèÿ ôóíêöèîíèðîâàíèÿ îáúåê-

òîâ è îïðåäåëåíèþ îòêëîíåíèé èõ òåêóùèõ çíà÷åíèé

îò íîðìàòèâíûõ, à òàêæå ïî ôîðìèðîâàíèþ è ïåðå-

äà÷å ôîðìàëèçîâàííîé îïåðàòèâíîé èíôîðìàöèè î

ñîñòîÿíèè òåõíîëîãè÷åñêèõ ñèñòåì è èçìåíåíèè ñî-

ñòîÿíèÿ èíæåíåðíî-òåõíè÷åñêèõ êîíñòðóêöèé îáú-

åêòîâ â äåæóðíûå è äèñïåò÷åðñêèå ñëóæáû îáúåêòà

è â îðãàíû ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ.

Äëÿ ðåøåíèÿ äàííûõ çàäà÷ â ñîñòàâå ÑÑÏ èñ-

ïîëüçóþòñÿ:

� ïðîãðàììíûé êîìïëåêñ ñáîðà, îáðàáîòêè äàííûõ

ìîíèòîðèíãà, ôîðìèðîâàíèÿ è ïåðåäà÷è èíôîð-

ìàöèè;

� ñåðâåðû ÑÌÎÍ îáúåêòà äëÿ îáåñïå÷åíèÿ ñîïðÿ-

æåíèÿ ñ èíæåíåðíûìè ñèñòåìàìè îáúåêòà, èí-

ôîðìàöèîííîãî ñîïðÿæåíèÿ ñ îðãàíàìè ïîâñåä-

íåâíîãî óïðàâëåíèÿ ÐÑ×Ñ;

� ÀÐÌ ÑÌÎÍ, âêëþ÷àþùèé ìîíèòîðû îïåðàòèâ-

íîãî ìîíèòîðèíãà è ïîääåðæêè ïðèíÿòèÿ ðå-

øåíèÿ;

� îáîðóäîâàíèå àâòîìàòè÷åñêîé ïåðåäà÷è êîðîò-

êèõ ñîîáùåíèé (SMS);

� îáîðóäîâàíèå ïðèåìà è ïåðåäà÷è âèäåîèíôîð-

ìàöèè;

� ëîêàëüíàÿ âû÷èñëèòåëüíàÿ ñåòü ÑÌÎÍ;

� êîìïëåêñ ñðåäñòâ ñâÿçè ñ îðãàíàìè ïîâñåäíåâ-

íîãî óïðàâëåíèÿ ÐÑ×Ñ.

Â ñëó÷àå îòñóòñòâèÿ âîçìîæíîñòè ìîíèòîðèíãà

äåñòàáèëèçèðóþùèõ ôàêòîðîâ ÷åðåç ñóùåñòâóþùèå

àïïàðàòíî-ïðîãðàììíûå ñðåäñòâà îáúåêòà â ÑÑÏ

ÑÌÎÍ âêëþ÷àþòñÿ êîíòðîëëåðû, ìîäóëè àâòîìàòè-

êè, äàò÷èêè, ñèñòåìû è òåõíè÷åñêèå ñðåäñòâà ðàí-

íåãî îáíàðóæåíèÿ ïîæàðà [8].

Ïîäñèñòåìà ÑÓÊÑ ïðåäíàçíà÷åíà äëÿ îáåñïå-

÷åíèÿ:

� óñòîé÷èâîé ðàäèîñâÿçè è óïðàâëåíèÿ àâàðèéíî-

ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè â óñëîâèÿõ äåé-

ñòâèÿ äåñòàáèëèçèðóþùèõ ôàêòîðîâ âî âðåìÿ

ïðîâåäåíèÿ äåéñòâèé ïî ëèêâèäàöèè ×Ñ, â òîì

÷èñëå âûçâàííûõ òåððîðèñòè÷åñêèìè àêòàìè,

ìåæäó øòàáîì ïî ëèêâèäàöèè ×Ñ è ïîìåùåíèÿ-

ìè îáúåêòà;

� ãàðàíòèðîâàííîé óñòîé÷èâîé ñâÿçè íà îáúåêòå

ìåæäó îïåðàòèâíî-ñïàñàòåëüíûìè ñëóæáàìè, ñïå-

öèàëüíûìè ôîðìèðîâàíèÿìè, à òàêæå ñî øòàáîì

ïî ëèêâèäàöèè ×Ñ â óñëîâèÿõ äåéñòâèÿ äåñòà-

áèëèçèðóþùèõ ôàêòîðîâ âî âðåìÿ ëèêâèäàöèè

×Ñ, â òîì ÷èñëå âûçâàííûõ òåððîðèñòè÷åñêèìè

àêòàìè.

Â ÑÓÊÑ âõîäèò òåõíîëîãè÷åñêîå îáîðóäîâàíèå

ñâÿçè, îáåñïå÷èâàþùåå óïðàâëåíèå ñïåöèàëüíûìè

ôîðìèðîâàíèÿìè âíóòðè îáúåêòà ïðè ëèêâèäàöèè

ïîñëåäñòâèé àâàðèé, ×Ñ, â òîì ÷èñëå âûçâàííûõ òåð-

ðîðèñòè÷åñêèìè àêòàìè.

Íà ðèñ. 2 ïðåäñòàâëåíà ñòðóêòóðà ÑÓÊÑ. Â ñî-

ñòàâ ÑÓÊÑ âõîäÿò ñèñòåìà îïåðàòèâíîé ðàäèîñâÿçè

ãîðîäñêèõ ñëóæá áåçîïàñíîñòè è ýêñòðåííûõ ñëóæá

(ÑÎÐÑ) è ñèñòåìà îïåðàòèâíîé ÷ðåçâû÷àéíîé òåëå-

ôîííîé ñâÿçè (ÑÎÒÑ).

Ñèñòåìà îïåðàòèâíîé ÷ðåçâû÷àéíîé òåëåôîí-

íîé ñâÿçè ðàçâîðà÷èâàåòñÿ â çîíå ðàñïîëîæåíèÿ àä-

ìèíèñòðàòèâíî-îôèñíûõ ïîìåùåíèé, òåõíè÷åñêèõ,

ïðîèçâîäñòâåííûõ, âûñòàâî÷íûõ è äð. Ñèñòåìà îïå-

ðàòèâíîé ðàäèîñâÿçè ãîðîäñêèõ ñëóæá áåçîïàñíîñòè

è ýêñòðåííûõ ñëóæá ðàçâîðà÷èâàåòñÿ â çîíàõ è ïî-

ìåùåíèÿõ îáúåêòîâ, â êîòîðûõ îòñóòñòâóåò óâåðåí-

íûé ïðèåì ðàäèîñèãíàëà øòàòíûìè íîñèìûìè ñðåä-

ñòâàìè ðàäèîñâÿçè ñîòðóäíèêîâ ãîðîäñêèõ ñëóæá

áåçîïàñíîñòè è ýêñòðåííûõ ñëóæá.

ÑÎÒÑ âêëþ÷àåò:
� îáîðóäîâàíèå àâòîíîìíîé ïðîâîäíîé òåëåôîí-

íîé ñâÿçè ïîìåùåíèÿ àïïàðàòíîé ÑÌÎÍ ñ ïî-

ìåùåíèÿìè îáúåêòà;
� îáîðóäîâàíèå è ïðîãðàììíîå îáåñïå÷åíèå ÀÒÑ

ÑÓÊÑ;
� èñòî÷íèêè áåñïåðåáîéíîãî ïèòàíèÿ;
� êîììóòàöèîííîå îáîðóäîâàíèå ÑÓÊÑ.

Ñèñòåìà ÑÎÐÑ âêëþ÷àåò:
� ïðîãðàììèðóåìûå ðåòðàíñëÿòîðû ðàäèîñâÿçè;
� àíòåííî-ôèäåðíûå óñòðîéñòâà (ÀÔÓ);
� èñòî÷íèêè áåñïåðåáîéíîãî ïèòàíèÿ;
� êàáåëüíóþ ñåòü ýëåêòðîñíàáæåíèÿ;
� àïïàðàòíî-ïðîãðàììíûé êîìïëåêñ ïðîãðàììè-

ðîâàíèÿ.

Èñïîëüçîâàíèå â ÑÓÊÑ ñðåäñòâ è îáîðóäîâàíèÿ

äðóãèõ îáúåêòîâûõ ñèñòåì ñâÿçè íå äîïóñêàåòñÿ.

Ïîäñèñòåìà ÑÌÈÊ âûïîëíÿåò ôóíêöèè:
� ñâîåâðåìåííîãî îïîâåùåíèÿ î êðèòè÷åñêîì èç-

ìåíåíèè ñîñòîÿíèÿ íåñóùèõ êîíñòðóêöèé êîìï-

ëåêñà è ïðèíÿòèÿ îáîñíîâàííûõ ðåøåíèé ïî

îáåñïå÷åíèþ áåçîïàñíîñòè ïîñåòèòåëåé è ïåð-

ñîíàëà, áåçîïàñíîé ýêñïëóàòàöèè;
� ïðåêðàùåíèÿ ýêñïëóàòàöèè îáúåêòà;
� ìîíèòîðèíãà è ðåãèñòðàöèè â òå÷åíèå âñåãî ñðî-

êà ýêñïëóàòàöèè îáúåêòà èçìåíåíèé ñîñòîÿíèÿ

íåñóùèõ êîíñòðóêöèé âñëåäñòâèå íàêîïëåíèÿ â

íèõ ýêñïëóàòàöèîííûõ äåôåêòîâ, êîòîðûå ñ òå-

÷åíèåì âðåìåíè ìîãóò ïðèâåñòè çäàíèå, ñîîðó-

æåíèå â ïðåäåëüíîå ñîñòîÿíèå, òðåáóþùåå ñî-

îòâåòñòâóþùåãî ðåìîíòà èëè ïðåêðàùåíèÿ ýêñ-

ïëóàòàöèè.

Ñòðóêòóðà ÑÌÈÊ ïîêàçàíà íà ðèñ. 3. Â ÑÌÈÊ

âõîäèò îáîðóäîâàíèå ìîíèòîðèíãà èçìåíåíèÿ ñî-

ñòîÿíèÿ îñíîâàíèé, ñòðîèòåëüíûõ êîíñòðóêöèé
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çäàíèé è ñîîðóæåíèé, ñîîðóæåíèé èíæåíåðíîé çà-

ùèòû, à òàêæå íàëè÷èÿ óãðîç, ó÷àñòêîâ âîçìîæíûõ

ñõîäîâ ñåëåé, îïîëçíåé, ëàâèí â çîíå ýêñïëóàòàöèè

çäàíèÿ èëè ñîîðóæåíèÿ, âêëþ÷àÿ:
� ñåðâåðû, ëîêàëüíûå ñåðâåðû è êîíòðîëëåðû

ÑÌÈÊ;
� ÀÐÌ ÑÌÈÊ;
� îáîðóäîâàíèå ñåòè ñáîðà è ïåðåäà÷è äàííûõ;
� äàò÷èêè êîíòðîëÿ èçìåíåíèÿ ñîñòîÿíèÿ îñíîâà-

íèé, ñòðîèòåëüíûõ êîíñòðóêöèé çäàíèé è ñîîðó-

æåíèé; ñîîðóæåíèé èíæåíåðíîé çàùèòû, à òàê-

æå ó÷àñòêîâ âîçìîæíûõ ñõîäîâ ñåëåé, îïîëçíåé,

ëàâèí.

ÑÌÈÊ ôóíêöèîíàëüíî äåëèòñÿ íà ñëåäóþùèå

ïîäñèñòåìû:

1) ñèãíàëüíóþ ïîäñèñòåìó ìîíèòîðèíãà, êîòîðàÿ

ôóíêöèîíèðóåò íåïðåðûâíî, îáåñïå÷èâàÿ:

– àâòîìàòè÷åñêèé, â ðåæèìå ðåàëüíîãî âðåìå-

íè, ìîíèòîðèíã èíòåãðàëüíûõ õàðàêòåðèñòèê

íåñóùèõ êîíñòðóêöèé îáúåêòà;

– àâòîìàòè÷åñêîå, â ðåæèìå ðåàëüíîãî âðåìå-

íè, èíôîðìèðîâàíèå ïåðñîíàëà äåæóðíî-

äèñïåò÷åðñêîé ñëóæáû îáúåêòà, ÅÄÄÑ ìóíè-

öèïàëüíîãî îáðàçîâàíèÿ è ÖÓÊÑ ñóáúåêòà î

êðèòè÷åñêîì èçìåíåíèè ñîñòîÿíèÿ (äåôîðìè-

ðîâàííîãî ñîñòîÿíèÿ) êîíñòðóêöèé îáúåêòà;

2) ïîäñèñòåìó ïåðèîäè÷åñêîãî ìîíèòîðèíãà, êî-

òîðàÿ íà÷èíàåò ôóíêöèîíèðîâàòü ïî ñîîáùåíèÿì

(èíöèäåíò, àâàðèÿ) îò ñèãíàëüíîé ïîäñèñòåìû ìî-

íèòîðèíãà èëè â ñîîòâåòñòâèè ñ ðåãëàìåíòîì. Ïðè

ýòîì â àâòîìàòèçèðîâàííîì ðåæèìå ðåàëèçóþòñÿ ñëå-

äóþùèå ôóíêöèè:

– îöåíêà òåõíè÷åñêîãî ñîñòîÿíèÿ íåñóùèõ êîí-

ñòðóêöèé îáúåêòà è âûäà÷à ðåêîìåíäàöèé ïî

èõ óñèëåíèþ (âîññòàíîâëåíèþ);

– êîíòðîëü è êîððåêòèðîâêà (ïðè íåîáõîäèìî-

ñòè) ôóíêöèîíèðîâàíèÿ ñèãíàëüíîé ïîäñèñ-

òåìû.

Îðãàíèçàöèîííûå è èíæåíåðíî-
òåõíè÷åñêèå ìåðîïðèÿòèÿ

Ïðè ñîçäàíèè ÑÌÎÍ è èõ èíôîðìàöèîííîãî

ñîïðÿæåíèÿ ñ îðãàíàìè ïîâñåäíåâíîãî óïðàâëåíèÿ

ÐÑ×Ñ èñïîëüçóþòñÿ ñëåäóþùèå òåõíîëîãè÷åñêèå

ðåøåíèÿ, âêëþ÷àþùèå êîìïëåêñ îðãàíèçàöèîííûõ

è èíæåíåðíî-òåõíè÷åñêèõ ìåðîïðèÿòèé:

� îïðåäåëåíèå è ñîãëàñîâàíèå ìåæäó àäìèíèñò-

ðàöèåé ãîðîäà (ðàéîíà), îðãàíîì óïðàâëåíèÿ ïî

äåëàì ãðàæäàíñêîé îáîðîíû è ÷ðåçâû÷àéíûõ

ñèòóàöèé è ãîðîäñêèìè ñëóæáàìè ñîñòàâà ñóùå-

ñòâóþùèõ äåæóðíî-äèñïåò÷åðñêèõ ñëóæá, ïðè-

Ðèñ. 3. Ñòðóêòóðà ÑÌÈÊ / Fig. 3. SMES structure
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âëåêàåìûõ äëÿ ëèêâèäàöèè ðàçëè÷íûõ âèäîâ ×Ñ,

â òîì ÷èñëå âûçâàííûõ òåððîðèñòè÷åñêèìè àê-

òàìè, íà îáúåêòàõ, à òàêæå ïîðÿäêà èõ âçàèìî-

äåéñòâèÿ è èíôîðìàöèîííîãî îáìåíà;
� óòî÷íåíèå ãðóïïèðîâêè ñèë è ñðåäñòâ ïîñòîÿí-

íîé ãîòîâíîñòè, îïðåäåëåíèå è ñîãëàñîâàíèå îñ-

íîâíûõ ìåðîïðèÿòèé ýêñòðåííîãî ðåàãèðîâàíèÿ,

âûïîëíåíèå êîòîðûõ â ñëó÷àå ×Ñ íà îáúåêòàõ

äîëæíû îðãàíèçîâàòü îðãàíû ïîâñåäíåâíîãî

óïðàâëåíèÿ ÐÑ×Ñ;
� ðàçðàáîòêà ïîðÿäêà èíôîðìàöèîííîãî îáåñïå-

÷åíèÿ â ñëó÷àå ×Ñ íà îáúåêòàõ;
� ðàçðàáîòêà ñèñòåì ñâÿçè è óïðàâëåíèÿ â êðèçèñ-

íûõ ñèòóàöèÿõ, îïîâåùåíèÿ ïðèìåíèòåëüíî ê çà-

äà÷àì è ïîòðåáíîñòÿì îðãàíîâ ïîâñåäíåâíîãî

óïðàâëåíèÿ ÐÑ×Ñ â ÷àñòè ïðåäóïðåæäåíèÿ èëè

ëèêâèäàöèè ïîñëåäñòâèé ×Ñ, â òîì ÷èñëå âû-

çâàííûõ òåððîðèñòè÷åñêèìè àêòàìè, íà îáúåêòàõ;
� ñîïðÿæåíèå ÑÌÎÍ ñ êîìïëåêñàìè ñðåäñòâ àâòî-

ìàòèçàöèè îðãàíîâ ïîâñåäíåâíîãî óïðàâëåíèÿ

ÐÑ×Ñ.

Òåõíîëîãè÷åñêèå ýòàïû
ñîçäàíèÿ ÑÌÎÍ

Îñíîâíûìè òåõíîëîãè÷åñêèìè ýòàïàìè ñîçäàíèÿ

ÑÌÎÍ è èõ èíôîðìàöèîííîãî ñîïðÿæåíèÿ ñ îðãà-

íàìè ïîâñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ ÿâëÿþòñÿ:
� îðãàíèçàöèîííûé ýòàï, íà êîòîðîì ðåøàþòñÿ îð-

ãàíèçàöèîííûå âîïðîñû ïîñòðîåíèÿ ÑÌÎÍ è

èõ èíôîðìàöèîííîãî ñîïðÿæåíèÿ ñ îðãàíàìè ïî-

âñåäíåâíîãî óïðàâëåíèÿ ÐÑ×Ñ;
� òåõíè÷åñêèé ýòàï, íà êîòîðîì ðàçðàáàòûâàþòñÿ

è âíåäðÿþòñÿ ïðîãðàììíî-òåõíè÷åñêèå ñðåäñò-

âà ÑÌÎÍ, à òàêæå îñóùåñòâëÿåòñÿ èõ èíôîðìà-

öèîííîå ñîïðÿæåíèå ñ îðãàíàìè ïîâñåäíåâíîãî

óïðàâëåíèÿ ÐÑ×Ñ.

Äëÿ ñîçäàíèÿ ÑÌÎÍ è èõ èíôîðìàöèîííîãî

ñîïðÿæåíèÿ ñ îðãàíàìè ïîâñåäíåâíîãî óïðàâëåíèÿ

ÐÑ×Ñ íà îðãàíèçàöèîííîì ýòàïå ðàçðàáàòûâàþò è

óòâåðæäàþò ñëåäóþùèå äîêóìåíòû:
� ïîëîæåíèå î ÑÌÎÍ è îá èõ èíôîðìàöèîííîì

ñîïðÿæåíèè ñ îðãàíàìè ïîâñåäíåâíîãî óïðàâ-

ëåíèÿ ÐÑ×Ñ;
� èíñòðóêöèè îá îáìåíå èíôîðìàöèåé ìåæäó ÄÄÑ

îáúåêòîâ, îðãàíàìè ïîâñåäíåâíîãî óïðàâëåíèÿ

ÐÑ×Ñ è ãîðîäñêèìè ÄÄÑ;
� äîïîëíåíèÿ è èçìåíåíèÿ ê äåéñòâóþùèì èí-

ñòðóêöèÿì äåæóðíî-äèñïåò÷åðñêèõ ñëóæá (â ÷àñ-

òè èõ âçàèìîäåéñòâèÿ ñ îðãàíàìè ïîâñåäíåâíî-

ãî óïðàâëåíèÿ ÐÑ×Ñ) [9] è äð.

Â öåëÿõ ñîçäàíèÿ ÑÌÎÍ è èõ èíôîðìàöèîííîãî

ñîïðÿæåíèÿ ñ îðãàíàìè ïîâñåäíåâíîãî óïðàâëåíèÿ

ÐÑ×Ñ ñóáúåêòà îðãàíàìè óïðàâëåíèÿ êîíêðåòíîãî

ãîðîäà (ðàéîíà), ñïåöèàëüíî óïîëíîìî÷åííûìè íà

ðåøåíèå çàäà÷ â îáëàñòè çàùèòû íàñåëåíèÿ è òåð-

ðèòîðèé îò ÷ðåçâû÷àéíûõ ñèòóàöèé, ðàçðàáàòûâà-

þòñÿ è óòâåðæäàþòñÿ àäìèíèñòðàöèåé: Ïîëîæåíèå

î ÑÌÎÍ, Ïîëîæåíèå îá îðãàíàõ ïîâñåäíåâíîãî óï-

ðàâëåíèÿ ÐÑ×Ñ â ÷àñòè êîíòðîëÿ îáúåêòîâ, èíñòðóê-

öèè îá îáìåíå èíôîðìàöèåé ìåæäó ÄÄÑ îáúåêòîâ,

ÅÄÄÑ è ãîðîäñêèìè ÄÄÑ, à òàêæå äðóãèå íåîáõîäè-

ìûå íîðìàòèâíî-ìåòîäè÷åñêèå äîêóìåíòû [10–12].

Òåõíîëîãè÷åñêèå ðåøåíèÿ îáåñïå÷åíèÿ
óïðàâëåíèÿ èíæåíåðíûìè ñèñòåìàìè

Ïðîâåäåííûé àíàëèç òåõíîëîãèé ñîçäàíèÿ àâòî-

ìàòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ èíæåíåðíûìè

ñèñòåìàìè ïîêàçûâàåò, ÷òî, êàê ïðàâèëî, òåõíîëî-

ãè÷åñêèå ðåøåíèÿ ïî èõ ðåàëèçàöèè â òîé èëè èíîé

ìåðå èìåþò ñëåäóþùèå íåäîñòàòêè [6]:

� íåäîñòàòî÷íîñòü èíôîðìàöèè ó ñëóæá ýêñïëóà-

òàöèè;

� îòñóòñòâèå êîîðäèíàöèè ìåæäó ñèñòåìàìè ìî-

íèòîðèíãà ðàçëè÷íûõ èíæåíåðíûõ ñèñòåì;

� ñíèæåíèå îáùåé íàäåæíîñòè òåõíîëîãè÷åñêîãî

ïðîöåññà, â ÷àñòíîñòè èç-çà ïðèìåíåíèÿ ìî-

ðàëüíî óñòàðåâøèõ òåõíè÷åñêèõ ñðåäñòâ;

� îòñóòñòâèå óíèôèêàöèè îáîðóäîâàíèÿ è êàáåëü-

íûõ ñåòåé;

� îòñóòñòâèå çàïàñíîãî ñåðèéíî âûïóñêàåìîãî îáî-

ðóäîâàíèÿ;

� áîëüøèå ýêñïëóàòàöèîííûå çàòðàòû;

� çíà÷èòåëüíîå âðåìÿ ðåàêöèè íà îòêàç îáîðóäî-

âàíèÿ è âîññòàíîâëåíèå ðàáîòîñïîñîáíîñòè;

� îòñóòñòâèå òåõíè÷åñêèõ ðåøåíèé ïî îáåñïå÷å-

íèþ æèâó÷åñòè ñèñòåìû;

� îòñóòñòâèå ôóíêöèè àâòîìàòè÷åñêîãî óïðàâëå-

íèÿ;

� îãðàíè÷åíèå âîçìîæíîñòè äèñïåò÷åðñêîãî óïðàâ-

ëåíèÿ èç-çà îòñóòñòâèÿ âîçìîæíîñòè äèñòàíöè-

îííîé ïåðåäà÷è èíôîðìàöèè â ýêñïëóàòàöèîí-

íûå ñëóæáû îáúåêòà.

Íà îáúåêòàõ ñ ñèëüíî ðàçâèòîé èíôðàñòðóêòóðîé

ôóíêöèîíèðóþò ñëîæíûå è äîðîãîñòîÿùèå èíæå-

íåðíî-òåõíè÷åñêèå êîìïëåêñû. Êîíòðîëü è óïðàâ-

ëåíèå èíæåíåðíûì îáîðóäîâàíèåì òàêèõ îáúåêòîâ

ÿâëÿåòñÿ îäíèì èç íåîáõîäèìûõ óñëîâèé ôóíêöèî-

íèðîâàíèÿ è ýôôåêòèâíîãî èñïîëüçîâàíèÿ ñèñòåì,

îáåñïå÷èâàþùèõ èõ æèçíåäåÿòåëüíîñòü. Â òî æå

âðåìÿ ñóùåñòâóþùèå äèñïåò÷åðñêèå ñèñòåìû íå ïðå-

äóñìàòðèâàþò êîíòðîëü íàä îáîðóäîâàíèåì â äî-

ñòàòî÷íîì îáúåìå è áàçèðóþòñÿ íà ìíîãèõ ïðåä-

ïðèÿòèÿõ, êàê ïðàâèëî, íà ýëåìåíòíîé áàçå ñ íèçêîé

íàäåæíîñòüþ, à òàêæå íå îáåñïå÷èâàþò íåïðåðûâ-

íîãî àíàëèçà ñîñòîÿíèÿ îáîðóäîâàíèÿ è ïðîãíîçè-

ðîâàíèÿ îòêàçîâ.

Óñòðàíåíèå ïåðå÷èñëåííûõ âûøå íåäîñòàòêîâ

âîçìîæíî ñ ïîìîùüþ ïðåäëîæåííûõ òåõíîëîãè÷å-

ñêèõ ðåøåíèé ïîñòðîåíèÿ ñèñòåìû ìîíèòîðèíãà îáú-
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åêòîâ íåôòåäîáû÷è. Îñíîâíûå ïðèíöèïû äàííûõ

ðåøåíèé ñëåäóþùèå:
� èñïîëüçîâàíèå åäèíîé ñòðóêòóðèðîâàííîé êà-

áåëüíîé ñåòè îáúåêòà;
� ñîçäàíèå ñòðóêòóðèðîâàííîé èåðàðõè÷åñêîé

ñèñòåìû óïðàâëåíèÿ è ñáîðà èíôîðìàöèè;
� êîíöåíòðàöèÿ è ðàñïðåäåëåíèå èíôîðìàöèè â

ñîîòâåòñòâèè ñ ïîòðåáíîñòÿìè è ïîëíîìî÷èÿìè;

êîìïëåêñíàÿ àâòîìàòèçàöèÿ ó÷åòà è îáðàáîòêè

èíôîðìàöèè;
� ñîïðÿæåíèå ñ àâòîìàòèçèðîâàííûìè ñèñòåìàìè

îáúåêòà íà óðîâíå íå âûøå óðîâíÿ êîíòðîëëå-

ðîâ äëÿ îáåñïå÷åíèÿ íåçàâèñèìîãî îò ñëóæá ýêñ-

ïëóàòàöèè îáúåêòà ìîíèòîðèíãà;
� ïðèìåíåíèå îáîðóäîâàíèÿ èíæåíåðíûõ ñèñòåì

ñî âñòðîåííûìè ôóíêöèÿìè ìîíèòîðèíãà è

óïðàâëåíèÿ;
� óíèôèêàöèÿ îáîðóäîâàíèÿ è èíôîðìàöèîííîãî

îáåñïå÷åíèÿ, òèïèçàöèÿ ïðîåêòíûõ ðåøåíèé.

Âñëåäñòâèå òîãî ÷òî ôóíêöèîíèðîâàíèå èíæå-

íåðíûõ ñèñòåì îáúåêòà âçàèìîñâÿçàíî (ñîñòîÿíèå

îäíîé èíæåíåðíîé ñèñòåìû âëèÿåò íà ñîñòîÿíèå

äðóãîé), àäìèíèñòðàòîð îáúåêòà è ñëóæáû ýêñïëóà-

òàöèè äîëæíû èìåòü íåîáõîäèìóþ èíôîðìàöèþ î

ñìåæíûõ èíæåíåðíûõ ñèñòåìàõ. Èíôîðìàöèÿ î ñî-

ñòîÿíèè èíæåíåðíûõ ñèñòåì íóæíà òàêæå àäìèíè-

ñòðàòîðàì ëîêàëüíûõ âû÷èñëèòåëüíûõ ñåòåé îáú-

åêòà è äðóãèõ èíôîðìàöèîííûõ ñèñòåì, â òîì ÷èñëå

ñîñòàâëÿþùèõ òåõíîëîãè÷åñêèé ïðîöåññ îðãàíèçà-

öèé, íàõîäÿùèõñÿ â çäàíèè. Ñòðóêòóðèðîâàíèå èí-

ôîðìàöèîííûõ ïîòîêîâ â ñèñòåìå ïîçâîëÿåò ñîêðà-

òèòü ïîòðåáíîñòè â ïðîïóñêíîé ñïîñîáíîñòè êàíàëîâ

ïåðåäà÷è èíôîðìàöèè, à òàêæå íàèáîëåå ýôôåêòèâ-

íî âîéòè â èíôðàñòðóêòóðó óïðàâëåíèÿ çäàíèåì è

òåõíîëîãè÷åñêèìè è îáåñïå÷èâàþùèìè ïðîöåññà-

ìè îðãàíèçàöèé, íàõîäÿùèõñÿ â íåì.

Âûâîäû

Èåðàðõè÷åñêàÿ ñòðóêòóðà ñáîðà èíôîðìàöèè ïî-

çâîëÿåò ðåàëèçîâàòü ñîïðÿæåíèå ñòðóêòóðèðîâàí-

íîé ñèñòåìû ìîíèòîðèíãà è óïðàâëåíèÿ ñ äðóãèìè

àâòîìàòèçèðîâàííûìè è èíôîðìàöèîííûìè ñèñòå-

ìàìè â ñîñòàâå ñèòóàöèîííûõ öåíòðîâ ðàçëè÷íîãî

óðîâíÿ.

Êîìïëåêñíàÿ àâòîìàòèçàöèÿ ó÷åòà è îáðàáîòêè

èíôîðìàöèè äàåò âîçìîæíîñòü èñêëþ÷èòü îøèáêè

ïåðñîíàëà è ïîâûñèòü îáùóþ íàäåæíîñòü ôóíêöè-

îíèðîâàíèÿ èíæåíåðíûõ ñèñòåì.

Ïðèìåíåíèå îáîðóäîâàíèÿ èíæåíåðíûõ ñèñòåì

ñî âñòðîåííûìè ôóíêöèÿìè ìîíèòîðèíãà [13–17] è

óïðàâëåíèÿ ïîçâîëÿåò óïðîñòèòü ñîçäàíèå ñèñòåì

ìîíèòîðèíãà è óïðàâëåíèÿ, ïîëó÷èòü êîìïëåêñíóþ

èíôîðìàöèþ îá îáîðóäîâàíèè, à òàêæå îáëåã÷èòü

äèàãíîñòèêó îáîðóäîâàíèÿ.

Óíèôèêàöèÿ îáîðóäîâàíèÿ ìîíèòîðèíãà ïîçâî-

ëÿåò ñíèçèòü ýêñïëóàòàöèîííûå ðàñõîäû è ñðîêè

âîññòàíîâëåíèÿ ðàáîòîñïîñîáíîñòè îáîðóäîâàíèÿ

è ñèñòåì.
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ABSTRACT

In the conditions of rapid development of software and hardware that automatically monitor destabi-

lizing factors of natural and technogenic nature, technologies of oil production and transportation

processes, increasing requirements for ensuring the safety of the population and territories from tech-

nogenic disaster, technological and structural solutions for the creation of a system for the explosion-

and-fire hazard monitoring of objects production and transport of oil (SMOI).

In this paper, we propose modern technological solutions for the creation of SMOI, which are

developed on the basis of the requirements determined by the technological principles of the in-

tegrated safety of potentially dangerous objects and capital construction projects and the technology

of building automated control systems, taking into account an integrated approach to solving security

and antiterrorist security problems.

The technology of SMOI construction is based on software and hardware that automatically

monitors destabilizing factors of natural and man-made nature and provides information to the every-

day management bodies of the General subject about the threat and occurrence of an accident,

emergency situations, including those caused by terrorist acts.

Structurally, the monitoring system includes three subsystems:
� for data collection and message transfer (SDCMT);
� of communication and management in crisis situations (SCMCS);
� for engineering (bearing) structures monitoring, hazardous natural processes and phenomena

(SMES).

The organizational and engineering-technical measures for the creation of SMOI are proposed,

the technological stages of its creation are determined, the necessary normative base for ensuring

interaction with the everyday management bodies of the RSES and technological solutions for

providing management of engineering systems with integrated monitoring and management func-

tions is considered.

Keywords: monitoring system; objects of oil production and transport; explosion-and-fire hazard;

engineering construction and structures monitoring; fires and emergencies; fire safety.
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ÂËÈßÍÈÅ ÍÅÃÀÒÈÂÍÛÕ ÔÀÊÒÎÐÎÂ ÏÐÎÔÅÑÑÈÎÍÀËÜÍÎÉ
ÄÅßÒÅËÜÍÎÑÒÈ ÍÀ ÈÍÄÈÂÈÄÓÀËÜÍÎ-ËÈ×ÍÎÑÒÍÛÅ
ÎÑÎÁÅÍÍÎÑÒÈ ÏÎÆÀÐÍÛÕ È ÑÏÀÑÀÒÅËÅÉ

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ íåãàòèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿ-
òåëüíîñòè ïîæàðíûõ è ñïàñàòåëåé íà èõ èíäèâèäóàëüíî-ëè÷íîñòíûå îñîáåííîñòè. Ïîêàçàíî,
÷òî íåãàòèâíûå ôàêòîðû ïðîôåññèîíàëüíîé äåÿòåëüíîñòè äåëÿòñÿ íà îáúåêòèâíûå è ñóáúåêòèâ-
íûå. Ê îáúåêòèâíûì ôàêòîðàì îòíåñåíû: íåïðåäñêàçóåìîñòü ñîáûòèé àâàðèéíî-ñïàñàòåëüíûõ
ðàáîò (ÀÑÐ); íîâèçíà îáñòàíîâêè (íåñòàíäàðòíîñòü), îïàñíîñòü, óãðîçà êàê æèçíè, ôèçè÷åñêî-
ìó è ïñèõè÷åñêîìó çäîðîâüþ ñïåöèàëèñòîâ, òàê è æèçíè, çäîðîâüþ è áëàãîïîëó÷èþ ãðàæäàí
â çîíå ÀÑÐ; äåôèöèò âðåìåíè, âîçìîæíûå ÷åëîâå÷åñêèå æåðòâû, ìàòåðèàëüíûå ïîòåðè è äð.
Ê ñóáúåêòèâíûì ôàêòîðàì îòíåñåíû: îòâåòñòâåííîñòü; ñîñòîÿíèå ïñèõè÷åñêîãî íàïðÿæåíèÿ;
àôôåêòèâíûå ðåàêöèè êàê ëè÷íîãî ñîñòàâà ïîæàðíûõ è ñïàñàòåëåé, òàê è ãðàæäàí â óñëîâèÿõ
÷ðåçâû÷àéíîé ñèòóàöèè; ñòåïåíü ñëàæåííîñòè è âçàèìîïîíèìàíèÿ ëè÷íîãî ñîñòàâà. Ïîêàçàíî,
÷òî ñîòðóäíèêè, îòëè÷àþùèåñÿ áûñòðîòîé âðàáàòûâàåìîñòè, ïðàêòè÷íîñòüþ ìûøëåíèÿ, ðàçâè-
òûìè âåðáàëüíûìè ñïîñîáíîñòÿìè, îöåíèâàþò îáúåêòèâíûå íåãàòèâíûå ôàêòîðû êàê áîëåå
óãðîæàþùèå â îòëè÷èå îò ñîòðóäíèêîâ, îáëàäàþùèõ âûñîêîé ïåðåêëþ÷àåìîñòüþ âíèìàíèÿ è
âíóòðåííåé ìîòèâàöèåé ê ïðîôåññèîíàëüíîé äåÿòåëüíîñòè.

Êëþ÷åâûå ñëîâà: íåãàòèâíûå ôàêòîðû ïðîôåññèîíàëüíîé äåÿòåëüíîñòè; èíäèâèäóàëüíî-ëè÷-
íîñòíûå îñîáåííîñòè; ïðîôåññèîíàëüíàÿ äåÿòåëüíîñòü ïîæàðíûõ è ñïàñàòåëåé; ìîòèâàöèÿ ïðî-
ôåññèîíàëüíîé äåÿòåëüíîñòè; ñòðóêòóðà èíòåëëåêòà.

DOI: 10.18322/PVB.2017.26.10.61-68

Ââåäåíèå

Ïðîôåññèîíàëüíàÿ äåÿòåëüíîñòü îêàçûâàåò ñóùå-

ñòâåííîå âëèÿíèå íà ëè÷íîñòü ÷åëîâåêà. Ñ îäíîé

ñòîðîíû, ôîðìèðóþòñÿ ëè÷íîñòíûå ÷åðòû, íåîáõî-

äèìûå äëÿ ýôôåêòèâíîãî âûïîëíåíèÿ ïðîôåññèî-

íàëüíîé äåÿòåëüíîñòè, à ñ äðóãîé — ïðè ñèëüíîì

îáúåêòèâíîì èëè ñóáúåêòèâíîì âîçäåéñòâèè íåãà-

òèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè

ìîãóò íà÷àòü ïðîòåêàòü ïðîöåññû, ãóáèòåëüíî âëèÿ-

þùèå êàê íà êà÷åñòâî ðåøàåìûõ òðóäîâûõ çàäà÷,

òàê è íà ëè÷íîå áëàãîïîëó÷èå [1–5].

Îñîáåííîñòè òðóäà ïîæàðíûõ è ñïàñàòåëåé, èõ

ïðîôåññèîíàëüíî âàæíûå êà÷åñòâà, ñïåöèôèêà ýìî-

öèîíàëüíîãî âûãîðàíèÿ è äåôîðìàöèé ëè÷íîñòè èçó-

÷åíû õîðîøî. Óñòàíîâëåíî, ÷òî ïðîôåññèîíàëüíàÿ

äåÿòåëüíîñòü ïîæàðíûõ è ñïàñàòåëåé ñîïðÿæåíà ñ

âûñîêèì óðîâíåì íåðâíî-ïñèõè÷åñêîãî íàïðÿæå-

íèÿ, âûñîêèì óðîâíåì ëè÷íîé îòâåòñòâåííîñòè, íå-

îáõîäèìîñòüþ ïðèíÿòèÿ áûñòðûõ è ýôôåêòèâíûõ

ðåøåíèé â óñëîâèÿõ äåôèöèòà âðåìåíè, èíôîðìà-

öèè è ïðîñòðàíñòâà [6–10]. Âñå ýòè íåãàòèâíûå ôàê-

òîðû ïðîôåññèîíàëüíîé äåÿòåëüíîñòè â ïåðâóþ î÷å-

ðåäü îêàçûâàþò âëèÿíèå íà ýìîöèîíàëüíî-âîëåâóþ

è ìîòèâàöèîííóþ ñôåðû ëè÷íîñòíîé îðãàíèçàöèè

ñîòðóäíèêà, ïîýòîìó öåëü èññëåäîâàíèÿ çàêëþ÷àëàñü

â îöåíêå âëèÿíèÿ íåãàòèâíûõ ôàêòîðîâ ïðîôåññèî-

íàëüíîé äåÿòåëüíîñòè ñîòðóäíèêà ÃÏÑ Ì×Ñ Ðîññèè

(ïîæàðíîãî, ñïàñàòåëÿ) íà åãî ëè÷íîñòíûå îñîáåí-

íîñòè.

Ìåòîäû èññëåäîâàíèÿ

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè â ïåðâóþ

î÷åðåäü áûëà èñïîëüçîâàíà àíêåòà, ðàçðàáîòàííàÿ

Î. Ë. Óçóíîì [11]. Â àíêåòå ïðåäñòàâëåí ïåðå÷åíü

íåãàòèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòè (âñåãî 15), êîòîðûå ðàçäåëåíû íà îáúåêòèâ-

© Øëåíêîâ À. Â., Ìàëûãèíà Å. À., Ìîñêàëåíêî Ã. Â., 2017
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íûå è ñóáúåêòèâíûå. Òàê, ê îáúåêòèâíûì íåãàòèâ-

íûì ôàêòîðàì áûëè îòíåñåíû 8 ôàêòîðîâ:

� íåïðåäñêàçóåìîñòü ñîáûòèé àâàðèéíî-ñïàñàòåëü-

íûõ ðàáîò (ÀÑÐ), âûíóæäàþùàÿ ñïåöèàëèñòà

áûòü ãîòîâûì ê áûñòðîé ñìåíå àëãîðèòìà äåÿ-

òåëüíîñòè;

� íîâèçíà îáñòàíîâêè (íåñòàíäàðòíîñòü);

� îïàñíîñòü, óãðîçà êàê æèçíè, ôèçè÷åñêîìó è ïñè-

õè÷åñêîìó çäîðîâüþ ñïåöèàëèñòîâ, òàê è æèçíè,

çäîðîâüþ è áëàãîïîëó÷èþ ãðàæäàí â çîíå ÀÑÐ;

� äåôèöèò âðåìåíè;

� âîçìîæíûå ÷åëîâå÷åñêèå æåðòâû è ìàòåðèàëü-

íûå ïîòåðè;

� íåáëàãîïðèÿòíûå ïîãîäíî-êëèìàòè÷åñêèå óñ-

ëîâèÿ;

� íåäîñòàòîê èíôîðìàöèè;

� íåäîñòàòî÷íîñòü ìàòåðèàëüíîãî (çàðàáîòíàÿ ïëà-

òà è ïðåìèè) è íåìàòåðèàëüíîãî (ãðàìîòû, áëà-

ãîäàðíîñòè, ìåäàëè, íàãðóäíûå çíàêè è ïð.) ïî-

îùðåíèÿ.

Â ñâîþ î÷åðåäü, ñóáúåêòèâíûìè íåãàòèâíûìè

ôàêòîðàìè ïðîôåññèîíàëüíîé äåÿòåëüíîñòè (âñåãî 7)

áûëè îáîçíà÷åíû:

� îòâåòñòâåííîñòü;

� ñîñòîÿíèå ïñèõè÷åñêîãî íàïðÿæåíèÿ;

� âûñîêèé óðîâåíü íåîæèäàííîñòè;

� àôôåêòèâíûå ðåàêöèè êàê ëè÷íîãî ñîñòàâà ôîð-

ìèðîâàíèÿ, òàê è ãðàæäàí â óñëîâèÿõ ÷ðåçâû÷àé-

íîé ñèòóàöèè;

� ñòåïåíü ñëàæåííîñòè è âçàèìîïîíèìàíèÿ ëè÷-

íîãî ñîñòàâà;

� âûñîêèé òåìï äåéñòâèé;

� ñîâìåùåíèå íåñêîëüêèõ íàïðàâëåíèé äåÿòåëü-

íîñòè.

Ñ ïîìîùüþ äàííîé àíêåòû îáùàÿ ãðóïïà èñïû-

òóåìûõ, ñîñòàâëåííàÿ èç 86 ïîæàðíûõ è ñïàñàòåëåé,

áûëà ðàçäåëåíà íà äâå:

� ãðóïïó À, êóäà âîøëè 46 ðåñïîíäåíòîâ, êîòîðûå

îòìåòèëè îáúåêòèâíûå ôàêòîðû êàê íàèáîëåå

íåãàòèâíûå äëÿ ñåáÿ, ò. å. ïåðâûå ïÿòü ïîçèöèé

Íåãàòèâíûå ôàêòîðû ïðîôåññèîíàëüíîé äåÿòåëüíîñòè

Negative Occupational Factors

Ãðóïïà À

Group À

Ãðóïïà Á

Group Â

Íåïðåäñêàçóåìîñòü ñîáûòèé ÀÑÐ, âûíóæäàþùàÿ ñïåöèàëèñòà áûòü ãîòîâûì ê áûñòðîé
ñìåíå àëãîðèòìà äåÿòåëüíîñòè / Unpredictable nature of rescue events, which forces the res-
cuer to be ready for a rapid shift in the algorithm of activities 4 8

Îòâåòñòâåííîñòü / Responsibility 8 9

Íîâèçíà îáñòàíîâêè (íåñòàíäàðòíîñòü) / Novelty of the situation (non-standard situation) 9 10

Ñîñòîÿíèå ïñèõè÷åñêîãî íàïðÿæåíèÿ / State of mental stress 7 2

Âûñîêèé óðîâåíü íåîæèäàííîñòè / High level of surprise 13 5

Îïàñíîñòü, óãðîçà êàê æèçíè, ôèçè÷åñêîìó è ïñèõè÷åñêîìó çäîðîâüþ ñïåöèàëèñòîâ, òàê
è æèçíè, çäîðîâüþ, áëàãîïîëó÷èþ ãðàæäàí â çîíå ÀÑÐ / Danger, threat to life or physical
and mental health of rescuers and to life, health, well-being of citizens in the rescue zone 1 14

Àôôåêòèâíûå ðåàêöèè êàê ëè÷íîãî ñîñòàâà ôîðìèðîâàíèÿ, òàê è ãðàæäàí â óñëîâèÿõ
÷ðåçâû÷àéíîé ñèòóàöèè / Affective reactions of both rescue team members and the civilians
in an emergency situation 6 12

Ñòåïåíü ñëàæåííîñòè è âçàèìîïîíèìàíèÿ ëè÷íîãî ñîñòàâà / Degree of coherence and
mutual understanding among the team members 11 3

Äåôèöèò âðåìåíè / Time deficit 12 15

Âîçìîæíûå ÷åëîâå÷åñêèå æåðòâû è ìàòåðèàëüíûå ïîòåðè / Possible human casualties
and material losses 2 6

Íåáëàãîïðèÿòíûå ïîãîäíî-êëèìàòè÷åñêèå óñëîâèÿ / Unfavorable weather and climate
conditions 15 7

Âûñîêèé òåìï äåéñòâèé / High pace of actions 10 1

Ñîâìåùåíèå íåñêîëüêèõ íàïðàâëåíèé äåÿòåëüíîñòè / Combining several activities 14 4

Íåäîñòàòîê èíôîðìàöèè / Lack of information 5 13

Íåäîñòàòî÷íîñòü ìàòåðèàëüíîãî (çàðàáîòíàÿ ïëàòà è ïðåìèè) è íåìàòåðèàëüíîãî (ãðàìî-
òû, áëàãîäàðíîñòè, ìåäàëè, íàãðóäíûå çíàêè è ïð.) ïîîùðåíèÿ / Lack of material (wages
and bonuses) and non-material (letters of appreciation, commendations, medals, badges, etc.)
stimulation 3 11

Ï ð è ì å ÷ à í è å . Ñåðûì öâåòîì îáîçíà÷åíû îáúåêòèâíûå íåãàòèâíûå ôàêòîðû.

N o t e . Gray color indicates objective negative factors.

Íåãàòèâíûå ôàêòîðû ïðîôåññèîíàëüíîé äåÿòåëüíîñòè ïîæàðíûõ è ñïàñàòåëåé

Negative Occupational Factors firefighters and rescuers
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çàíÿëè îáúåêòèâíûå íåãàòèâíûå ôàêòîðû ïðî-

ôåññèîíàëüíîé äåÿòåëüíîñòè;

� ãðóïïó Á, êîòîðóþ ñîñòàâèëè 40 èñïûòóåìûõ, íà-

îáîðîò, îòäàâøèõ ïåðâûå ïÿòü ïîçèöèé ñóáúåê-

òèâíûì íåãàòèâíûì ôàêòîðàì.

Îòâåòû èñïûòóåìûõ ïðåäñòàâëåíû â òàáëèöå.

Â òàáëèöå íàãëÿäíî ïîêàçàíà äèôôåðåíöèàöèÿ

òåõ íåãàòèâíûõ ôàêòîðîâ, êîòîðûå îòìå÷àþò â ñâîåé

ïðîôåññèîíàëüíîé äåÿòåëüíîñòè èñïûòóåìûå.

Äëÿ ãðóïïû À íàèáîëåå çíà÷èìûìè ñòàëè ôàê-

òîðû, íåñóùèå íåïîñðåäñòâåííóþ óãðîçó æèçíè è

çäîðîâüþ, à òàêæå íåäîñòàòî÷íîå ìàòåðèàëüíîå è íå-

ìàòåðèàëüíîå ïîîùðåíèå, à äëÿ ãðóïïû Á — ôàêòî-

ðû, îõâàòûâàþùèå íåðâíî-ïñèõè÷åñêèå âîçìîæíî-

ñòè (òåìï äåéñòâèé, óñòîé÷èâîñòü, ïåðåêëþ÷àåìîñòü

ñ îäíîãî âèäà äåÿòåëüíîñòè íà äðóãîé) è âçàèìî-

îòíîøåíèÿ â êîëëåêòèâå.

Êðîìå àíêåòû, â èññëåäîâàíèè íàìè ïðèìåíÿ-

ëèñü ìåòîäèêè “Òàáëèöû Øóëüòå”, “Êðàñíî-÷åðíàÿ

òàáëèöà” Ãîðáîâà, ìåòîäèêà èçó÷åíèÿ ìîòèâàöèè

ïðîôåññèîíàëüíîé äåÿòåëüíîñòè Ê. Çàìôèðà (â ìî-

äèôèêàöèè À. À. Ðåàíà), òåñò ñòðóêòóðû èíòåëëåêòà

Ð. Àìòõàóýðà è 16-ôàêòîðíûé ëè÷íîñòíûé îïðîñíèê

Ð. Êåòòåëà, ïîçâîëèâøèå ñäåëàòü âûâîä îá èíäèâèäó-

àëüíî-ëè÷íîñòíûõ õàðàêòåðèñòèêàõ ðåñïîíäåíòîâ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â ðåçóëüòàòå èññëåäîâàíèÿ áûëî óñòàíîâëåíî ñëå-

äóþùåå.

Äëÿ ïîæàðíûõ è ñïàñàòåëåé, âûäåëèâøèõ îáú-

åêòèâíûå íåãàòèâíûå ôàêòîðû êàê íàèáîëåå çíà-

÷èìûå (â ÷àñòíîñòè, íåïîñðåäñòâåííàÿ óãðîçà æèçíè

è çäîðîâüþ, à òàêæå íåäîñòàòî÷íàÿ ìàòåðèàëüíàÿ è

íåìàòåðèàëüíàÿ ñòèìóëÿöèÿ), õàðàêòåðíû:

� âûñîêàÿ ýôôåêòèâíîñòü ðàáîòû è áûñòðàÿ âðà-

áàòûâàåìîñòü;

� ïðàêòè÷åñêîå ìûøëåíèå, îáóñëîâëåííîå ñïîñîá-

íîñòüþ áûñòðî ðåøàòü âîçíèêàþùóþ ïðîáëåìó;

� ðàçâèòûå âåðáàëüíûå ñïîñîáíîñòè;

� ýìîöèîíàëüíàÿ óñòîé÷èâîñòü è, êàê ñëåäñòâèå,

ñòàáèëüíîñòü ïîâåäåíèÿ, ñïîêîéñòâèå è óâåðåí-

íîñòü â ñåáå.

Äëÿ ïîæàðíûõ è ñïàñàòåëåé, âûäåëèâøèõ ñóáú-

åêòèâíûå íåãàòèâíûå ôàêòîðû êàê íàèáîëåå çíà-

÷èìûå (òåìï äåéñòâèé, ñîñòîÿíèå ïñèõè÷åñêîãî íà-

ïðÿæåíèÿ, ñëàæåííîñòü è âçàèìîïîíèìàíèå â êîë-

ëåêòèâå), ñâîéñòâåííû:

� âûñîêàÿ ïåðåêëþ÷àåìîñòü âíèìàíèÿ;

� èíäóêòèâíîå ðå÷åâîå ìûøëåíèå è òî÷íîñòü ñëî-

âåñíûõ ôîðìóëèðîâîê;

� ñïîñîáíîñòü êîìáèíèðîâàòü è ðàññóæäàòü íà îñ-

íîâàíèè çäðàâîãî ñìûñëà;

� âíóòðåííÿÿ ìîòèâàöèÿ ïðîôåññèîíàëüíîé äå-

ÿòåëüíîñòè.

Ïðèìåíèâ êîýôôèöèåíò ðàíãîâîé êîððåëÿöèè

Ñïèðìåíà â îòíîøåíèè îáúåêòèâíûõ è ñóáúåêòèâ-

íûõ íåãàòèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿ-

òåëüíîñòè ñîòðóäíèêîâ ÃÏÑ Ì×Ñ Ðîññèè, ïîëó÷èëè

äâå êîððåëÿöèîííûå ïëåÿäû (ðèñ. 1 è 2), âêëþ÷èâ-

øèå â ñåáÿ òîëüêî ñòàòèñòè÷åñêè äîñòîâåðíûå çíà-

÷åíèÿ íà óðîâíå ð 	 0,05 (p — óðîâåíü çíà÷èìîñòè).

Ñàìàÿ ñèëüíàÿ ïðÿìàÿ âçàèìîñâÿçü íàáëþäàåò-

ñÿ ìåæäó îáúåêòèâíûìè íåãàòèâíûìè ôàêòîðàìè è

âåðáàëüíûìè ñïîñîáíîñòÿìè (r = 0,59 ïðè ð 	 0,01)

(r — êîýôôèöèåíò êîððåëÿöèè). Îíà óêàçûâàåò íà òî,

÷òî ÷åì ñèëüíåå ïðîÿâëÿþò ñåáÿ íåãàòèâíûå îáúåê-

òèâíûå ôàêòîðû, òåì ÿð÷å âûðàæåíû âåðáàëüíûå

ñïîñîáíîñòè.

Ðèñ. 1. Âëèÿíèå îáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ ïðîôåñ-

ñèîíàëüíîé äåÿòåëüíîñòè íà ëè÷íîñòíûå îñîáåííîñòè ñî-

òðóäíèêà ÃÏÑ Ì×Ñ Ðîññèè

Fig. 1. The impact of objective negative factors of professional

activity on the personal employee characteristics of the State Fire

Service of the Ministry of Emergencies of Russia

Ðèñ. 2. Âëèÿíèå ñóáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ ïðîôåñ-

ñèîíàëüíîé äåÿòåëüíîñòè íà ëè÷íîñòíûå îñîáåííîñòè ñî-

òðóäíèêà ÃÏÑ Ì×Ñ Ðîññèè

Fig. 2. The impact of subjective negative factors of professional

activity on the personal employee characteristics of the State Fire

Service of the Ministry of Emergencies of Russia
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Âåðáàëüíûå ñïîñîáíîñòè îòðàæàþò ðàçâèòûé

âåðáàëüíûé èíòåëëåêò, ò. å. äîñòàòî÷íûé êîììóíè-

êàòèâíûé íàâûê â òðàíñëÿöèè è ïðèåìå âåðáàëüíîé

èíôîðìàöèè, ÷òî â ñèòóàöèÿõ ïîâûøåííîé îïàñíî-

ñòè äëÿ æèçíè è çäîðîâüÿ, íåïðåäñêàçóåìîñòè ñî-

áûòèé, âûíóæäàþùèõ áûñòðî ìåíÿòü àëãîðèòì äå-

ÿòåëüíîñòè, äåôèöèòà âðåìåíè è ïð., ÷ðåçâû÷àéíî

âàæíî äëÿ ðåøåíèÿ ïîñòàâëåííûõ çàäà÷. Âåðáàëüíûå

ñïîñîáíîñòè îáåñïå÷èâàþò âîçìîæíîñòü áûñòðî äî-

íåñòè èíôîðìàöèþ êàê äî ñïåöèàëèñòîâ, ó÷àñòâó-

þùèõ â ÀÑÐ, òàê è äî ãðàæäàí, îêàçàâøèõñÿ â çîíå

ÀÑÐ, ïîýòîìó ïîëó÷åííàÿ âçàèìîñâÿçü îæèäàåìà.

Äðóãàÿ ñèëüíàÿ âçàèìîñâÿçü, íî îáðàòíîãî õàðàê-

òåðà, îáíàðóæåíà ìåæäó îáúåêòèâíûìè íåãàòèâíû-

ìè ôàêòîðàìè è âíóòðåííåé ìîòèâàöèåé ïðîôåñ-

ñèîíàëüíîé äåÿòåëüíîñòè (r = – 0,52 ïðè ð 	 0,01).

Ñâÿçü óêàçûâàåò íà òî, ÷òî ÷åì ñèëüíåå äåéñòâèå

îáúåêòèâíûõ ôàêòîðîâ, òåì ñëàáåå âíóòðåííÿÿ ìî-

òèâàöèÿ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè.

Âíóòðåííÿÿ ìîòèâàöèÿ ïðîôåññèîíàëüíîé äåÿ-

òåëüíîñòè ðàñêðûâàåò îðèåíòàöèþ íà ñàì ïðîöåññ

òðóäà, ïîëó÷åíèå óäîâëåòâîðåíèÿ îò åãî ñîäåðæàíèÿ.

Ïîëó÷åííóþ âçàèìîñâÿçü ìîæíî îáúÿñíèòü òåì,

÷òî ïðè àâàðèéíî-ñïàñàòåëüíûõ ðàáîòàõ, îñîáåííî

ñ ÷åëîâå÷åñêèìè æåðòâàìè, ôèçè÷åñêèìè è ïñèõî-

ëîãè÷åñêèìè ñòðàäàíèÿìè, òðóäíî ïîëó÷àòü óäî-

âîëüñòâèå îò ïðîöåññà ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòè áåç ñîçíàòåëüíîãî ïðèìåíåíèÿ äåïåðñîíàëè-

çàöèè, à îáúåêòèâíûå íåãàòèâíûå ôàêòîðû êàê ðàç

è êàñàþòñÿ óãðîç æèçíè è çäîðîâüþ êàê æåðòâû

÷ðåçâû÷àéíîé ñèòóàöèè, òàê è ñîòðóäíèêà ÃÏÑ Ì×Ñ

Ðîññèè. Ïîýòîìó ÷åì ñèëüíåå âîçäåéñòâèå îáúåê-

òèâíûõ íåãàòèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äå-

ÿòåëüíîñòè, òåì ñëàáåå âíóòðåííÿÿ ìîòèâàöèÿ.

Îáðàòíî è äîñòàòî÷íî ñèëüíî âçàèìîñâÿçàíû îáú-

åêòèâíûå íåãàòèâíûå ôàêòîðû è âðàáàòûâàåìîñòü

(r = – 0,46 ïðè ð 	 0,05), ò. å. ÷åì ñèëüíåå äåéñòâèå

îáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ, òåì õóæå âðà-

áàòûâàåìîñòü.

Íåäîñòàòîê èíôîðìàöèè, äåôèöèò âðåìåíè, íî-

âèçíà èëè íåñòàíäàðòíîñòü îáñòàíîâêè, à òàêæå äðó-

ãèå îáúåêòèâíûå íåãàòèâíûå ôàêòîðû îòðèöàòåëü-

íî âëèÿþò íà ñêîðîñòü âêëþ÷åíèÿ ñïåöèàëèñòà â

äåÿòåëüíîñòü, ïîòîìó ÷òî íåâîçìîæíî íà÷àòü äåé-

ñòâîâàòü, íå çíàÿ îáñòàíîâêè, öåëåé è çàäà÷, ÷òî è

îáóñëàâëèâàåò íèçêèé óðîâåíü âðàáàòûâàåìîñòè.

Ýìîöèîíàëüíàÿ óñòîé÷èâîñòü (ôàêòîð Ñ) è îáú-

åêòèâíûå íåãàòèâíûå ôàêòîðû èìåþò îáðàòíóþ, ñðåä-

íþþ ïî ñèëå âçàèìîñâÿçü (r = – 0,36 ïðè ð 	 0,05),

ò. å. ÷åì ñèëüíåå âîçäåéñòâèå îáúåêòèâíûõ íåãàòèâ-

íûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè, òåì

íèæå óðîâåíü ýìîöèîíàëüíîé óñòîé÷èâîñòè.

Ýòà âçàèìîñâÿçü ïðîñòà, ïîíÿòíà è ëîãè÷íà. Ïðè

÷ðåçìåðíîì âîçäåéñòâèè îáúåêòèâíûõ íåãàòèâíûõ

ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè íà ñî-

òðóäíèêà ÃÏÑ Ì×Ñ Ðîññèè (íàïðèìåð, ïðè íàëè÷èè

÷åëîâå÷åñêèõ æåðòâ, äëèòåëüíîì òå÷åíèè ÀÑÐ, íå-

ñòàíäàðòíîé è íåïðåäñêàçóåìîé ñèòóàöèè) ýìîöèî-

íàëüíàÿ óñòîé÷èâîñòü ìîæåò äàòü ñáîé ÷åðåç îñòðûå

ñòðåññîâûå ðåàêöèè, à çàòåì è ïîñòòðàâìàòè÷åñêîå

ñòðåññîâîå ðàññòðîéñòâî.

Òàêèì îáðàçîì, ÷åì ñèëüíåå îáúåêòèâíûå íåãà-

òèâíûå ôàêòîðû, òåì ÿð÷å ñåáÿ ïðîÿâëÿåò ïðàêòè-

÷åñêîå ìûøëåíèå, íàïðàâëåííîå íà ñêîðåéøåå ðå-

øåíèå ïðîáëåì. Âåñü ïðîöåññ ÀÑÐ îðèåíòèðîâàí

íà ñêîðåéøåå ðàçðåøåíèå ñëîæèâøåéñÿ ñèòóàöèè.

Ñëåäîâàòåëüíî, òàêàÿ âçàèìîñâÿçü âåñüìà ëîãè÷íà.

Äðóãàÿ êîððåëÿöèîííàÿ ïëåÿäà áûëà ïîñòðîåíà

äëÿ ñóáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ, ò. å. ôàêòî-

ðîâ íåîáúåêòèâíûõ, ëè÷íîñòíûõ (íàïðèìåð, îòâåò-

ñòâåííîñòü, ïñèõè÷åñêîå íàïðÿæåíèå, àôôåêòèâíûå

ðåàêöèè, âûñîêèé òåìï äåéñòâèé è äð.) (ñì. ðèñ. 2).

Âñå ïîëó÷åííûå êîððåëÿöèè èìåþò ïðÿìîé õàðàêòåð.

Ôàêòîð F (îçàáî÷åííîñòü – áåñïå÷íîñòü) èìååò

ñàìóþ ñèëüíóþ âçàèìîñâÿçü ñ ñóáúåêòèâíûìè íå-

ãàòèâíûìè ôàêòîðàìè ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòè (r = 0,55 ïðè ð 	 0,01). Ýòà ñâÿçü óêàçûâàåò

íà òî, ÷òî ÷åì ñèëüíåå îñòîðîæíîñòü, ñäåðæàííîñòü

è ïåññèìèñòè÷íîñòü, òåì ÿð÷å ïðîÿâëÿþòñÿ ñóáúåê-

òèâíûå íåãàòèâíûå ôàêòîðû.

Äåÿòåëüíîñòü ïîæàðíîãî è ñïàñàòåëÿ ïîäðàçóìå-

âàåò åæåäíåâíûé ðèñê â ðàçóìíûõ ïðåäåëàõ, à ÷ðåç-

ìåðíàÿ îñòîðîæíîñòü òîðìîçèò ýôôåêòèâíîå âûïîë-

íåíèå èì ñâîèõ ïðîôåññèîíàëüíûõ îáÿçàííîñòåé.

Ñëåäóþùàÿ ïî ñèëå âçàèìîñâÿçü îáíàðóæèëàñü

ìåæäó ôàêòîðîì Î (òðåâîæíîñòü – ñïîêîéñòâèå) è

ñóáúåêòèâíûìè íåãàòèâíûìè ôàêòîðàìè ïðîôåñ-

ñèîíàëüíîé äåÿòåëüíîñòè (r = 0,45 ïðè ð 	 0,05).

Ôàêòîð Î âî ìíîãîì ïîõîæ íà ôàêòîð F, ïîýòîìó

äàííóþ âçàèìîñâÿçü ìîæíî ðàññìîòðåòü ñ ïîçèöèè

ïîäòâåðæäåíèÿ ðàíåå âûäâèíóòîãî ïðåäïîëîæåíèÿ:

÷ðåçìåðíàÿ îñòîðîæíîñòü (â ñëó÷àå ñ ôàêòîðîì Î

òðåâîæíîñòü) îáóñëàâëèâàåò ðàçâèòèå ñóáúåêòèâíûõ

íåãàòèâíûõ ôàêòîðîâ ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòè è ïàãóáíî âëèÿåò íà êà÷åñòâåííîå èñïîëíå-

íèå äîëæíîñòíûõ îáÿçàííîñòåé.

Ñóáúåêòèâíûå íåãàòèâíûå ôàêòîðû ïðîôåññèî-

íàëüíîé äåÿòåëüíîñòè îêàçûâàþò âëèÿíèå è íà âðà-

áàòûâàåìîñòü (r = 0,31 ïðè ð 	 0,05), ò. å. ÷åì ñèëü-

íåå âîçäåéñòâèå ýòèõ ôàêòîðîâ, òåì âûøå óðîâåíü

âðàáàòûâàåìîñòè, è íàîáîðîò.

Ïîëó÷åííàÿ âçàèìîñâÿçü óêàçûâàåò íà òî, ÷òî ïðè

óñëîâèè âêëþ÷åíèÿ â äåÿòåëüíîñòü (ïðîôåññèîíàëü-

íóþ, ïñèõîëîãè÷åñêóþ, èíôîðìàöèîííóþ è ò. ï.)

áåç ïðåäâàðèòåëüíîé ïîäãîòîâêè âåëèêà âåðîÿòíîñòü

ïîïàñòü ïîä äåéñòâèå ñóáúåêòèâíûõ íåãàòèâíûõ ôàê-

òîðîâ, íàïðèìåð ñîñòîÿíèÿ ïñèõè÷åñêîãî íàïðÿæå-

íèÿ èëè ñîâìåùåíèÿ íåñêîëüêèõ âèäîâ äåÿòåëüíî-

ñòè îäíîâðåìåííî.
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Çàêëþ÷åíèå

Èçó÷èâ âçàèìîñâÿçè ìåæäó ëè÷íîñòíûìè îñî-

áåííîñòÿìè èñïûòóåìûõ è èõ îöåíêàìè íåãàòèâ-

íûõ ôàêòîðîâ ñâîåé ïðîôåññèîíàëüíîé äåÿòåëüíî-

ñòè, ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû.

1. Îáúåêòèâíûå íåãàòèâíûå ôàêòîðû îêàçûâà-

þò ïðÿìîå âëèÿíèå íà âåðáàëüíûå ñïîñîáíîñòè, ò. å.

÷åì ñèëüíåå âîçäåéñòâèå ýòèõ íåãàòèâíûõ ôàêòî-

ðîâ, òåì ÿð÷å ïðîÿâëÿþò ñåáÿ ïðàêòè÷åñêîå ìûøëå-

íèå è êîììóíèêàòèâíûå íàâûêè.

2. Îáúåêòèâíûå íåãàòèâíûå ôàêòîðû îêàçûâà-

þò îáðàòíîå âëèÿíèå íà âíóòðåííþþ ìîòèâàöèþ

ïðîôåññèîíàëüíîé äåÿòåëüíîñòè, âðàáàòûâàåìîñòü

è ýìîöèîíàëüíóþ óñòîé÷èâîñòü, ò. å. ïðè âîçäåéñò-

âèè îáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ ñíèæàåòñÿ

îðèåíòàöèÿ íà ïðîöåññ ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòè, óõóäøàåòñÿ ñïîñîáíîñòü áûñòðî âêëþ÷àòüñÿ

â íåãî, à òàêæå ðàçâèâàåòñÿ ýìîöèîíàëüíàÿ íåóñòîé-

÷èâîñòü.

3. Ñóáúåêòèâíûå íåãàòèâíûå ôàêòîðû îêàçûâàþò

ïðÿìîå âëèÿíèå íà âíóòðåííþþ ìîòèâàöèþ ïðîôåñ-

ñèîíàëüíîé äåÿòåëüíîñòè, âðàáàòûâàåìîñòü, îñòî-

ðîæíîñòü è òðåâîæíîñòü, ò. å. ñóáúåêòèâíûå íåãàòèâ-

íûå ôàêòîðû äåéñòâóþò òåì ñèëüíåå, ÷åì âàæíåå

äëÿ ñîòðóäíèêà ñîäåðæàíèå åãî ïðîôåññèîíàëüíîé

äåÿòåëüíîñòè è ÷åì ëåã÷å îí âðàáàòûâàåòñÿ, à òàêæå

÷åì ñèëüíåå âûðàæåíà ó íåãî îñòîðîæíîñòü è òðå-

âîæíîñòü.

Ñîîáðàçíî âûâîäàì èññëåäîâàíèÿ ìîæíî ïðåä-

ëîæèòü ñëåäóþùèå ðåêîìåíäàöèè ïðàêòè÷åñêîãî õà-

ðàêòåðà.

Íà óðîâíå ñòàòèñòè÷åñêîé äîñòîâåðíîñòè áûëî

äîêàçàíî, ÷òî ñîòðóäíèêè, îòëè÷àþùèåñÿ ÷ðåçìåð-

íîé îñòîðîæíîñòüþ â äåéñòâèÿõ è òðåâîæíîñòüþ,

èìåþò ñêëîííîñòü ê áîëåå ÿðêîìó âîñïðèÿòèþ

ñóáúåêòèâíûõ íåãàòèâíûõ ôàêòîðîâ (îòâåòñòâåí-

íîñòü, âûñîêèé óðîâåíü íåîæèäàííîñòè, àôôåêòèâ-

íûå ðåàêöèè, òåìï äåéñòâèé è ò. ä.). Â ñâÿçè ñ ýòèì

ìîæíî ðåêîìåíäîâàòü ïðè íåîáõîäèìîñòè ïðîâî-

äèòü ïñèõîòåðàïåâòè÷åñêèå è ïñèõîêîððåêöèîííûå

ìåðîïðèÿòèÿ, íàïðàâëåííûå íà ñíèæåíèå óðîâíÿ

òðåâîæíîñòè. Êðîìå òîãî, ìîãóò áûòü ïîëåçíû ñèñ-

òåìàòè÷åñêèå çàíÿòèÿ ãðóïï ñàìîïîìîùè, îðèåí-

òèðîâàííûå íà âûðàáîòêó ðåàêöèè íà íåãàòèâíûå

÷óâñòâà, ñâÿçàííûå ñ ïðîôåññèîíàëüíîé äåÿòåëü-

íîñòüþ.

Îäíàêî ÷ðåçìåðíàÿ îñòîðîæíîñòü è òðåâîæíîñòü

ìîãóò áûòü ñèìïòîìàìè ïðîòåêàíèÿ íåãàòèâíûõ

âíóòðèëè÷íîñòíûõ ïðîöåññîâ, íå ñâÿçàííûõ ñ ïðî-

ôåññèîíàëüíîé äåÿòåëüíîñòüþ, ïîýòîìó ïñèõîëîãó

âàæíî âûñòðîèòü äîâåðèòåëüíûé êîíòàêò ñ ïîæàð-

íûìè-ñïàñàòåëÿìè.

Âíåøíÿÿ ìîòèâàöèÿ ïðîôåññèîíàëüíîé äåÿ-

òåëüíîñòè, ò. å. ñòðåìëåíèå ê âûñîêîé çàðàáîòíîé

ïëàòå è êàðüåðíîìó ðîñòó, íèêàê íå çàâèñèò îò âëèÿ-

íèÿ íåãàòèâíûõ ôàêòîðîâ, â òî âðåìÿ êàê âíóòðåí-

íÿÿ (âàæíîñòü ñîäåðæàíèÿ è ïðîöåññà òðóäà) ñòðà-

äàåò ïîä âëèÿíèåì è îáúåêòèâíûõ, è ñóáúåêòèâíûõ

íåãàòèâíûõ ôàêòîðîâ. Ñ óõóäøåíèåì òðóäîâîé ìî-

òèâàöèè ïàäàåò è êà÷åñòâî, ïîýòîìó âàæíî êîìïåí-

ñèðîâàòü âëèÿíèå íåãàòèâíûõ ôàêòîðîâ ïðîôåññèî-

íàëüíîé äåÿòåëüíîñòè. Ñëåäîâàòåëüíî, ïåðâîíà÷àëü-

íî ñëåäóåò âûÿâèòü, êàêèå êîíêðåòíî íåãàòèâíûå

ôàêòîðû ñ òî÷êè çðåíèÿ ñîòðóäíèêà îêàçûâàþò íà

íåãî íàèáîëüøåå òðàâìàòè÷åñêîå âîçäåéñòâèå â äàí-

íûé ìîìåíò âðåìåíè, è â ñîîòâåòñòâèè ñ ïîëó÷åí-

íûìè äàííûìè âûñòðîèòü ïðîãðàììó ïñèõîëîãè÷å-

ñêîé ïîääåðæêè èëè ïîìîùè.

Âðàáàòûâàåìîñòü — âàæíîå êà÷åñòâî äëÿ ïî-

æàðíîãî è ñïàñàòåëÿ, ñèëüíîå âëèÿíèå íà êîòîðîå

îêàçûâàþò íåãàòèâíûå ôàêòîðû ïðîôåññèîíàëüíîé

äåÿòåëüíîñòè, ïîýòîìó åãî ñëåäóåò ðàçâèâàòü. Óðî-

âåíü âðàáàòûâàåìîñòè êàê ñïîñîáíîñòè ê áûñòðîìó

âêëþ÷åíèþ â äåÿòåëüíîñòü ìîæíî ïîâûñèòü ñ ïî-

ìîùüþ ïåäàãîãè÷åñêèõ ìåð (ïîâûøåíèå îñâåäîì-

ëåííîñòè, òðåíèðîâêà íàâûêîâ è óìåíèé è ïð.) è

ïñèõîëîãè÷åñêèõ (ðàçâèòèå ñòðåññîóñòîé÷èâîñòè,

ãðóïïîâîé ñïëî÷åííîñòè è ò. ï.).
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ABSTRACT

This paper presents the results of an experimental study how objective and subjective negative

occupational factors affect individual and personal characteristics of fire-fighters and rescuers.

Objective negative occupational factors are defined as external factors that make a direct threat to life

and health, such as: unpredictable nature of accident rescue operations, novelty effect, danger, threat

to life, time deficit, etc. Subjective factors refer to emotional and personal experiences: responsibility,

high level of neuro-psychic stress, psychological climate within the team, etc. Those factors provided

the basis of the questionnaire developed by O. L. Uzun, thanks to which the total sample of volunteers
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(86 people) was divided into two groups: group A recognized objective negative factors as more

significant in their professional activities while group B, on the contrary, considered that subjective

negative factors exert a more significant influence.

Apart from the above-mentioned questionnaire, we used “Schulte’s Tables”, “Red-Black Tables”

of Gorbov, professional motivation study technique by Catalin Zamfir (modified of A. A. Rean),

R. Amthauer’s Intelligence Structure Test, and the Sixteen Personality Factor Questionnaire by

R. Cattel, all of which allowed us to make conclusions about individual characteristics of the re-

spondents. Fire-fighters and rescuers, who identified objective negative factors as the most signifi-

cant, are marked by high work efficiency and fast adaptability; practical thinking, associated with

the ability to quickly solve any arising problem; well-developed verbal skills; emotional robustness

and, as a result, stable behavior, calmness and self-confidence. For firefighters and rescuers who

marked subjective negative factors as the most significant typical characteristics are: rapid shift of

attention; inductive speech thinking and accuracy of verbal formulations; ability to combine and

argue relying on common sense; internal motivation for professional activities.

Having studied relationships between personal characteristics of the volunteers and their

assessments of negative occupational factors, we drew the following conclusions:

1. Objective negative factors have a direct impact on verbal skills, i. e. the stronger those negative

factors affect, the more pronounced are practical thinking and communication skills.

2. Objective negative factors make a reverse affect on internal professional motivation, adapta-

bility and emotional robustness, i. e. influenced by objective negative factors, the focus on the pro-

fessional process decreases, the ability to quickly join in deteriorates, and emotional instability

develops.

3. Subjective negative factors have a direct impact on internal professional motivation, i. e. sub-

jective negative factors are all the more effective the more valuable the content of professional activity

is for the volunteers, the easier they feel to adaptability and the more developed their caution and

anxiety.

Keywords: negative occupational factors; individual and personal characteristics; professional acti-

vity; firefighters; rescuers; professional motivation; intelligence structure.
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ÎÏÐÅÄÅËÅÍÈÅ ÐÀÁÎ×ÈÕ ÏÀÐÀÌÅÒÐÎÂ
ÓÑÒÀÍÎÂÎÊ ÏÎÆÀÐÎÒÓØÅÍÈß
Ñ ÂÎÇÌÎÆÍÎÑÒßÌÈ ÃÈÄÐÎÀÁÐÀÇÈÂÍÎÉ ÐÅÇÊÈ,
ÏÐÈÌÅÍßÅÌÛÕ ÍÀ ÎÁÚÅÊÒÀÕ ÝÍÅÐÃÅÒÈÊÈ

Ïðîâåäåí àíàëèç è îáðàáîòêà ïîëó÷åííûõ â õîäå ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ìàññèâà
äàííûõ ïî îïðåäåëåíèþ çíà÷åíèé òîêà óòå÷êè ïî ñòðóå îãíåòóøàùåãî âåùåñòâà ïðè èñïîëüçî-
âàíèè óñòàíîâîê ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Óñòàíîâëåíî, ÷òî
ïîëó÷åííûå çíà÷åíèÿ òîêà óòå÷êè ïîä÷èíÿþòñÿ íîðìàëüíîìó çàêîíó ðàñïðåäåëåíèÿ è íàèáîëåå
òî÷íî îïèñûâàþòñÿ ñòåïåííîé çàâèñèìîñòüþ. Äëÿ ìàññèâà ïîëó÷åííûõ äàííûõ îïðåäåëåíû çà-
âèñèìîñòè âåëè÷èíû òîêà óòå÷êè ïî ñòðóå îãíåòóøàùèõ âåùåñòâ îò íàïðÿæåíèÿ è ðàññòîÿíèÿ äî
îáúåêòà, íàõîäÿùåãîñÿ ïîä íàïðÿæåíèåì. Ïîêàçàíî, ÷òî â 95 ñëó÷àÿõ èç 100 îïðåäåëåííûå ýêñ-
ïåðèìåíòàëüíûì ïóòåì çíà÷åíèÿ òîêà óòå÷êè íå áóäóò ïðåâûøàòü ðàññ÷èòàííûõ ïî ìîäåëè çíà-
÷åíèé. Îïðåäåëåíû ðàáî÷èå ïàðàìåòðû äëÿ áåçîïàñíîãî èñïîëüçîâàíèÿ óñòàíîâîê ïðè òóøå-
íèè ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì.

Êëþ÷åâûå ñëîâà: òóøåíèå ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ; óñòàíîâêè ïîæàðîòóøåíèÿ; îáúåê-
òû ýíåðãåòèêè; ðàáî÷èå ïàðàìåòðû; óñòàíîâêè ñ ãèäðîàáðàçèâíîé ðåçêîé; òîêè óòå÷êè.
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Ââåäåíèå

Îäíèì èç îñíîâíûõ êðèòåðèåâ ïðèìåíåíèÿ îãíå-

òóøàùèõ âåùåñòâ (ÎÒÂ) è ñðåäñòâ èõ ïîäà÷è íà îáú-

åêòàõ ýíåðãåòèêè ÿâëÿåòñÿ âîçìîæíîñòü òóøåíèÿ ïî-

æàðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì.

Àíàëèç ïîæàðîâ [1–5], ïðîèñøåäøèõ íà îáúåê-

òàõ ýíåðãåòèêè (ðèñ. 1), ïîçâîëèë óñòàíîâèòü, ÷òî

áîëüøèíñòâî èç íèõ ïðîèñõîäèò èç-çà êîðîòêèõ çà-

ìûêàíèé è ïåðåãðóçîê, ñâÿçàííûõ ñ ýêñïëóàòàöèåé

ðàçëè÷íîãî ýëåêòðîîáîðóäîâàíèÿ.

Äëÿ óñòàíîâëåíèÿ âîçìîæíîñòè òóøåíèÿ ïîæà-

ðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì íå-

îáõîäèìî çíàòü ïàðàìåòðû òóøåíèÿ, ïðè êîòîðûõ

äîñòèãàþòñÿ áåçîïàñíûå óñëîâèÿ äëÿ ó÷àñòíèêîâ

òóøåíèÿ ïîæàðà, à òåõíè÷åñêèå ñðåäñòâà òðàíñïîð-

òèðîâêè è ïîäà÷è îãíåòóøàùèõ âåùåñòâ ñîõðàíÿþò

ñâîþ ðàáîòîñïîñîáíîñòü.

Êàê ïîêàçàëè ïðîâåäåííûå ðàíåå èññëåäîâàíèÿ,

íà áåçîïàñíîñòü ïðèìåíåíèÿ îãíåòóøàùèõ âåùåñòâ

ìîæåò âëèÿòü áîëüøîå êîëè÷åñòâî ôàêòîðîâ, íà÷èíàÿ

îò ñîñòàâà è ñòðóêòóðû ÎÒÂ è çàêàí÷èâàÿ ñïîñîáà-

ìè èõ ïîäà÷è [7–11]. Òàê, äëÿ îïðåäåëåíèÿ óñëîâèé

áåçîïàñíîãî ïðèìåíåíèÿ âîäû ïðîâîäèëèñü ýêñïå-

ðèìåíòàëüíûå èññëåäîâàíèÿ, â ðåçóëüòàòå êîòîðûõ

áûëî óñòàíîâëåíî, ÷òî îäíèì èç ñïîñîáîâ áåçîïàñ-

íîãî ïðèìåíåíèÿ åå ïðè òóøåíèè ïîæàðîâ íà ýëåêò-

ðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì ÿâëÿåòñÿ ïîäà÷à

â ðàñïûëåííîì ñîñòîÿíèè ñ ðàññòîÿíèÿ íå ìåíåå 5 ì

[11, 12]. Ðåçóëüòàòû èññëåäîâàíèé íàøëè ñâîå îòðà-

æåíèå è â íîðìàòèâíîé ëèòåðàòóðå [13, 14], êîòîðàÿ

îáÿçàòåëüíà ê ïðèìåíåíèþ è ðåãëàìåíòèðóåò ïîðÿ-

äîê òóøåíèÿ.

Èññëåäîâàëàñü âîçìîæíîñòü òóøåíèÿ ýëåêòðî-

îáîðóäîâàíèÿ ðó÷íûìè ïîæàðíûìè ñòâîëàìè. Áûëî

óñòàíîâëåíî, ÷òî ïðè ïîäà÷å ÎÒÂ èç ñòâîëîâ ìàðêè

“Êóðñ-8” ñ ðàñõîäîì 8 ë/ñ ïðè íàïðÿæåíèè íà ìè-

øåíè 36 êÂ ñ ðàññòîÿíèÿ 3 ì âîçíèêàåò òîê óòå÷êè,

ðàâíûé 11,329 ìÀ. Ñëåäîâàòåëüíî, äëÿ áåçîïàñíîãî

ïðèìåíåíèÿ ñòâîëîâ ïðè çàäàííûõ ïàðàìåòðàõ íå-

îáõîäèìî îñóùåñòâëÿòü ïîäà÷ó îãíåòóøàùèõ âå-

ùåñòâ ñ ðàññòîÿíèÿ íå ìåíåå 11,5 ì [15]. Â õîäå èñ-

ñëåäîâàíèÿ óäàëîñü îïðåäåëèòü, ÷òî èñïîëüçîâàíèå

ïðè òóøåíèè ïîæàðîâ 3 %-íîãî ðàñòâîðà ïåíîîáðà-

çîâàòåëÿ ìàðêè ÏÎ-6À3F, ïîäàâàåìîãî èç ñòâîëîâ

“Êóðñ-8” è “Ïóðãà-2”, íåâîçìîæíî èñõîäÿ èç óñëî-

âèé áåçîïàñíîñòè, ÷òî òàêæå îòðàæåíî â ðàáîòå [14].

Îäíàêî ïîÿâëåíèå íîâûõ òåõíîëîãèé ïîæàðîòó-

øåíèÿ ïîçâîëèëî â êà÷åñòâå îãíåòóøàùåãî âåùåñò-

âà ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâàíèè

ïîä íàïðÿæåíèåì ïðèìåíÿòü è ïåííûå ðàñòâîðû.
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Â íàñòîÿùåå âðåìÿ øèðîêîå ðàñïðîñòðàíåíèå

ïîëó÷èëà ãàçîíàïîëíåííàÿ ïåíà. Ïðîâåäåííûå èñ-

ñëåäîâàíèÿ ïîçâîëèëè óñòàíîâèòü âîçìîæíîñòü åå

áåçîïàñíîãî ïðèìåíåíèÿ ïðè òóøåíèè ïîæàðîâ íà

ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì è îïðåäå-

ëèòü ñîîòâåòñòâóþùèå ðàáî÷èå ïàðàìåòðû [16].

Ðåçóëüòàòû èññëåäîâàíèé ñâèäåòåëüñòâóþò î òîì,

÷òî äëÿ îïðåäåëåíèÿ ðàáî÷èõ ïàðàìåòðîâ ñðåäñòâ òó-

øåíèÿ, òðàíñïîðòèðóþùèõ è ïîäàþùèõ ðàçëè÷íûå

îãíåòóøàùèå ñîñòàâû, íåîáõîäèìà êîìïëåêñíàÿ îöåí-

êà, çàêëþ÷àþùàÿñÿ â ïðîâåäåíèè êàê òåîðåòè÷åñêèõ,

òàê è ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé. Â ñâÿçè ñ

ýòèì îñíîâíîé öåëüþ ðàáîòû ÿâëÿëîñü îïðåäåëåíèå

ðàáî÷èõ ïàðàìåòðîâ óñòàíîâîê ïîæàðîòóøåíèÿ ñ

âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Äëÿ äîñòè-

æåíèÿ ïîñòàâëåííîé öåëè íåîáõîäèìî áûëî ðåøèòü

ðÿä çàäà÷:
� ïðîâåñòè ýêñïåðèìåíòàëüíîå èññëåäîâàíèå äëÿ

ïîëó÷åíèÿ ìàññèâà äàííûõ ïî âåëè÷èíå òîêà

óòå÷êè ïðè ðàçëè÷íûõ ðàññòîÿíèÿõ è íàïðÿæå-

íèÿõ íà ýêñïåðèìåíòàëüíîì ñòåíäå;
� âûïîëíèòü ìàòåìàòè÷åñêóþ îáðàáîòêó ïîëó÷åí-

íîãî ìàññèâà äàííûõ â öåëÿõ îïðåäåëåíèÿ ðàáî-

÷èõ ïàðàìåòðîâ áåçîïàñíîãî ïðèìåíåíèÿ óñòà-

íîâîê ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèä-

ðîàáðàçèâíîé ðåçêè ïðè òóøåíèè ïîæàðîâ íà

ýëåêòðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì.

Îñíîâíàÿ ÷àñòü

Ðàíåå íàìè áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî

îïðåäåëåíèþ âåëè÷èíû òîêà óòå÷êè ïî ñòðóå îãíå-

òóøàùåãî âåùåñòâà ïðè òóøåíèè ïîæàðîâ íà ýëåêò-

ðîîáîðóäîâàíèè ïîä íàïðÿæåíèåì ñ ïðèìåíåíèåì

ñèñòåìû ïîæàðîòóøåíèÿ, îáëàäàþùåé âîçìîæíî-

ñòÿìè ãèäðîàáðàçèâíîé ðåçêè. Èíòåðåñåí òîò ôàêò,

÷òî ðàññìàòðèâàëàñü íå òîëüêî ñòðóÿ ÎÒÂ â âèäå

âîäû, íî è ñòðóÿ ñìåñè âîäû ñ àáðàçèâîì [17].

Ðàññìàòðèâàåìûå ñèñòåìû ïîæàðîòóøåíèÿ îá-

ëàäàþò ôóíêöèÿìè êàê ïîâåðõíîñòíîãî, òàê è ëî-

êàëüíî-îáúåìíîãî òóøåíèÿ. Îñíîâíûì îãíåòóøà-

ùèì êîìïîíåíòîì ÿâëÿåòñÿ òîíêîðàñïûëåííàÿ âîäà

ñî ñðåäíèì äèàìåòðîì êàïåëü îêîëî 170 ìêì, ïî-

äàâàåìàÿ â çîíó ãîðåíèÿ ïîä äàâëåíèåì äî 30 ÌÏà.

Èìåÿ ìàëûå ðàçìåðû è âûñîêóþ íà÷àëüíóþ ñêî-

ðîñòü, êàïëè äîñòèãàþò î÷àãà ïîæàðà è èñïàðÿþòñÿ,

îòâîäÿ îò çîíû ãîðåíèÿ áîëüøîå êîëè÷åñòâî òåïëî-

òû, çà ñ÷åò ÷åãî îáåñïå÷èâàåòñÿ åå îõëàæäåíèå è äî-

ñòèãàåòñÿ îãíåòóøàùèé ýôôåêò [18].

Ïîäà÷à îãíåòóøàùèõ âåùåñòâ â çîíó ãîðåíèÿ ìî-

æåò îñóùåñòâëÿòüñÿ ÷åðåç îãðàäèòåëüíûå êîíñòðóê-

öèè ïîìåùåíèé èëè äðóãèõ îáúåêòîâ ïóòåì èõ ðàç-

ðóøåíèÿ ïîòîêîì ñìåñè âîäû è àáðàçèâíûõ ÷àñòèö.

Îáðàçóþùååñÿ îòâåðñòèå äèàìåòðîì îêîëî 3 ìì, ÷å-

ðåç êîòîðîå ïðîèçâîäèòñÿ ïîäà÷à ÎÒÂ, èñêëþ÷àåò

íå òîëüêî ïðèòîê êèñëîðîäà âîçäóõà â çîíó ãîðåíèÿ,

íî è âîçäåéñòâèå íà ó÷àñòíèêîâ òóøåíèÿ îïàñíûõ

ôàêòîðîâ ïîæàðà (ÎÔÏ).

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-

çâîëèëè ïîëó÷èòü ìàññèâ äàííûõ è â ïåðâîì ïðèáëè-

æåíèè îòìåòèòü, ÷òî ïîðîãîâîå çíà÷åíèå òîêà óòå÷-

êè 0,5 ìÀ ïðåâûøàåòñÿ íà ðàññòîÿíèè äî 1 ì, à ñëå-

äîâàòåëüíî, ïîäà÷ó îãíåòóøàùèõ âåùåñòâ ñëåäóåò

îñóùåñòâëÿòü ñ ðàññòîÿíèé, ïðåâûøàþùèõ 1 ì.

Äëÿ óñòàíîâëåíèÿ ðàáî÷èõ ïàðàìåòðîâ óñòàíîâîê

ïîæàðîòóøåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé

ðåçêè ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâà-

íèè ïîä íàïðÿæåíèåì áûëà ïðîâåäåíà ìàòåìàòè÷å-

ñêàÿ îáðàáîòêà ìàññèâà ïîëó÷åííûõ ýêñïåðèìåí-

òàëüíûõ äàííûõ ìåòîäîì ðåãðåññèîííîãî àíàëèçà.

Çàìåðû çíà÷åíèé òîêà óòå÷êè ïðîâîäèëèñü ñ ðàñ-

ñòîÿíèé 0,5; 1,0; 2,0 è 3,0 ì; ïðè ýòîì íà êàæäîì èç

ðàññòîÿíèé ïðè ïîìîùè ìóëüòèìåòðà çàìåðÿëèñü

çíà÷åíèÿ òîêà óòå÷êè ïðè íàïðÿæåíèÿõ íà ìèøåíè

ýêñïåðèìåíòàëüíîãî ñòåíäà 10, 20 è 30 êÂ.

Äëÿ ïîëó÷åííîãî ìàññèâà ýêñïåðèìåíòàëüíûõ

äàííûõ áûëè îïðåäåëåíû èõ ñòàòèñòè÷åñêèå îöåí-

êè — ìàòåìàòè÷åñêîå îæèäàíèå Õ è ñòàíäàðòíîå îò-

êëîíåíèå �.

Ïðè îöåíêå âåëè÷èíû òîêà óòå÷êè áîëåå öåëå-

ñîîáðàçíî ðàññìàòðèâàòü íå ñðåäíèå çíà÷åíèÿ, à äî-

âåðèòåëüíûå îöåíêè, îáåñïå÷èâàþùèå íàäëåæàùèé

óðîâåíü äîñòîâåðíîñòè ïîëó÷åííûõ ýêñïåðèìåí-

òàëüíûõ äàííûõ.

Ðèñ. 1. Ïðè÷èíû âîçíèêíîâåíèÿ ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè / Fig. 1. The causes of the fires on power objects
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Ïî ðåçóëüòàòó ñòàòèñòè÷åñêîé îáðàáîòêè äàííûõ

áûëî âûÿâëåíî, ÷òî òîê óòå÷êè ìîæåò ðàññìàòðè-

âàòüñÿ êàê íåïðåðûâíàÿ ñëó÷àéíàÿ âåëè÷èíà, ïîä-

÷èíÿþùàÿñÿ íîðìàëüíîìó çàêîíó ðàñïðåäåëåíèÿ.

Òîãäà äëÿ óðîâíÿ çíà÷èìîñòè � = 0,001 (ïî ÃÎÑÒ Ð

8.736–2011) îíà îïðåäåëÿåòñÿ êàê:

Xp max = X + 3,3�. (1)

Çíà÷åíèÿ ñòàòèñòè÷åñêèõ îöåíîê è äîâåðèòåëü-

íîãî èíòåðâàëà ïðèâåäåíû â òàáë. 1.

Äëÿ âîçìîæíîñòè îáîñíîâàííîãî èñïîëüçîâàíèÿ

äîâåðèòåëüíîé îöåíêè òîêà óòå÷êè áåç óùåðáà äëÿ

ïîëó÷åííîé ñòðóêòóðû äàííûõ ïðîâåäåíà âèçóàëè-

çàöèÿ ñðåäíèõ çíà÷åíèé òîêà óòå÷êè (ðèñ. 2) è äîâå-

ðèòåëüíûõ îöåíîê (ðèñ. 3).

Àíàëèçèðóÿ òðåõìåðíûå èçîáðàæåíèÿ, ïîëó÷åí-

íûå íà ðèñ. 2 è 3, ìîæíî ñäåëàòü âûâîä, ÷òî ñòðóêòóðà

äàííûõ ïðè èñïîëüçîâàíèè äîâåðèòåëüíûõ îöåíîê

íå èçìåíèëàñü, î ÷åì ñâèäåòåëüñòâóþò äîñòàòî÷íî

íåáîëüøèå çíà÷åíèÿ ñòàíäàðòíîãî îòêëîíåíèÿ ïî

îòíîøåíèþ ê ñðåäíèì çíà÷åíèÿì.

Îñíîâûâàÿñü íà ðåçóëüòàòàõ èññëåäîâàíèé [15],

äëÿ îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàííûõ èñïîëü-

çîâàëè ñòåïåííóþ çàâèñèìîñòü, à ïðè îöåíêå ñòåïå-

íè àïïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ äàííûõ —

êîýôôèöèåíò äåòåðìèíàöèè R2.

ÎÒÂ

Fire
extinguishing

substance

Ïàðàìåòð

Parameter

Çíà÷åíèå ïàðàìåòðà â çàâèñèìîñòè îò ðàññòîÿíèÿ, ì

Parameter value depending on distance, m

0,5 1,0 2,0 3,0

ïðè íàïðÿæåíèè, êÂ / at tension, kV

10 20 30 10 20 30 10 20 30 10 20 30

Âîäà

Water

X 311,2 570,9 971,3 67,1 112,4 280,5 58,3 72,0 111,1 51,4 59,0 77,5

� 1,3 1,5 1,3 1,0 0,9 1,7 1,0 1,2 1,8 1,1 0,8 0,9

Xmax 315,6 576,1 975,6 70,6 115,3 286,1 61,6 75,9 116,9 55,2 61,5 80,5

Àáðàçèâ

Abrasive

X 110,4 371,0 610,7 46,5 90,5 190,4 38,7 55,1 72,6 31,8 47,8 57,7

� 1,4 1,6 1,3 0,8 1,2 1,1 0,8 1,2 1,1 0,9 0,9 0,9

Xmax 114,9 376,3 614,9 49,2 94,4 194,0 41,3 59,0 76,2 34,9 50,8 60,6

Òàáëèöà 1. Çíà÷åíèÿ ñòàòèñòè÷åñêèõ îöåíîê è äîâåðèòåëüíîãî èíòåðâàëà

Table 1. Values of statistical estimates and confidential interval

Ðèñ. 2. Ãðàôè÷åñêîå îòîáðàæåíèå äàííûõ ìàòåìàòè÷åñêîãî

îæèäàíèÿ òîêà óòå÷êè ïî âîäå (à) è ïî âîäå ñ àáðàçèâîì (á)

Fig. 2. Graphic display of data of population mean of leak current

on water (a) and with an abrasive (b)

Ðèñ. 3. Ãðàôè÷åñêîå îòîáðàæåíèå äàííûõ äîâåðèòåëüíîãî èí-

òåðâàëà òîêà óòå÷êè ïî âîäå (à) è ïî âîäå ñ àáðàçèâîì (á)

Fig. 3. Graphic display of data of a confidential interval of leak

current on water (a) and with an abrasive (b)
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Ðåçóëüòàòû àïïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ

äàííûõ ïðåäñòàâëåíû íà ðèñ. 4, ãäå â êà÷åñòâå ïðè-

ìåðà ïðèâåäåíû çíà÷åíèÿ òîêà óòå÷êè ïðè íàïðÿæå-

íèè 30 êÂ.

Êîýôôèöèåíòû ïîëó÷åííîé ñòåïåííîé çàâèñèìî-

ñòè äëÿ âîäû è ñìåñè âîäû è àáðàçèâà ïðè ðàçëè÷-

íûõ çíà÷åíèÿõ íàïðÿæåíèÿ ïðåäñòàâëåíû â òàáë. 2.

Èç àíàëèçà çíà÷åíèé êîýôôèöèåíòà äåòåðìèíà-

öèè (R2) äëÿ ðàññìàòðèâàåìûõ óðàâíåíèé ëèíèè ðå-

ãðåññèè áûë ñäåëàí âûâîä, ÷òî îöåíêè òîêà óòå÷êè

ïðè âàðèàöèè íàïðÿæåíèÿ íà ìèøåíè è ðàññòîÿíèÿ

äî íåå, õîðîøî áóäóò àïïðîêñèìèðîâàíû ñòåïåííîé

ôóíêöèåé ðåãðåññèè, èìåþùåé âèä:

I = I0 L�U
, (2)

ãäå I0 — ñâîáîäíûé ÷ëåí ìîäåëè, ìêÀ (òîê óòå÷êè);

L — ðàññòîÿíèå äî ìèøåíè, ì; L=0,5;1,0;2,0;3,0;

U — íàïðÿæåíèå íà ìèøåíè, êÂ;

�, 
 — ýìïèðè÷åñêèå êîýôôèöèåíòû ìîäåëè.

Íà îñíîâàíèè àíàëèçà êîýôôèöèåíòà àïïðîêñè-

ìàöèè R2, çíà÷åíèÿ êîòîðîãî âàðüèðóþòñÿ îò 0,78 äî

0,99, èñïîëüçîâàëè äîâåðèòåëüíóþ âåðîÿòíîñòü 95 %,

ïðè êîòîðîé îïðåäåëÿëè êîýôôèöèåíòû ñòåïåííîé

ðåãðåññèè.

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ýêñïåðèìåíòàëüíûõ

äàííûõ ïðîâîäèëàñü â ïðîãðàììå “EXCEL” (ÃÎÑÒ Ð

8.736–2011, [19]). Ïðè îáðàáîòêå ýêñïåðèìåíòàëü-

íûõ äàííûõ áûëî óñòàíîâëåíî, ÷òî ïîëó÷åííàÿ ìà-

òåìàòè÷åñêàÿ çàâèñèìîñòü äîñòàòî÷íî õîðîøî îïè-

ñûâàåò ýìïèðè÷åñêèå äàííûå, à êîýôôèöèåíòû àï-

ïðîêñèìàöèè ñîñòàâëÿþò: äëÿ âîäû — R2 = 0,88; äëÿ

ñìåñè âîäû ñ àáðàçèâîì — R2 = 0,90.

Â ðåçóëüòàòå îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàí-

íûõ áûëè ïîëó÷åíû ñòåïåííûå ðåãðåññèîííûå çà-

âèñèìîñòè, ïðåäñòàâëåííûå â òàáë. 3.

Âåðèôèêàöèþ ïîëó÷åííûõ ðåãðåññèîííûõ çàâè-

ñèìîñòåé äîâåðèòåëüíûìè îöåíêàìè ýêñïåðèìåí-

òàëüíîãî íàáëþäåíèÿ ïðîâåäåì ãðàôè÷åñêè. Íà ðèñ. 5

ïîêàçàíû ãðàôèêè ïîëó÷åííûõ ðåãðåññèé è äîâåðè-

òåëüíîé îöåíêè ýêñïåðèìåíòàëüíûõ äàííûõ íà ïðè-

ìåðå âîäû è ñìåñè âîäû è àáðàçèâà ïðè íàïðÿæåíèè

30 êÂ.

Èç àíàëèçà ïîëó÷åííûõ ñòåïåííûõ ðåãðåññèîí-

íûõ çàâèñèìîñòåé çà ìîäåëü ïðèíèìàåì óðàâíåíèå

ñòåïåííîé ðåãðåññèè äëÿ âåðõíåé äîâåðèòåëüíîé

ãðàíèöû, êîòîðàÿ ãàðàíòèðóåò, ÷òî â 95 ñëó÷àÿõ èç

100 îïðåäåëåííûå ýêñïåðèìåíòàëüíûì ïóòåì çíà-

÷åíèÿ òîêà óòå÷êè íå áóäóò ïðåâûøàòü ðàññ÷èòàí-

íûõ ïî ìîäåëè çíà÷åíèé.

Ðèñ. 4. Çàâèñèìîñòü òîêà óòå÷êè îò ðàññòîÿíèÿ äî ìèøåíè

ïðè íàïðÿæåíèè íà íåé 30 êÂ

Fig. 4. Dependence of values of leak current on distance to a target

at a tension on a target of 30 kV

Âèä ñòðóè

Type
of a stream

Íàïðÿæåíèå
íà ìèøåíè, êÂ

Tension
on a target, kV

Ñòåïåííàÿ çàâèñèìîñòü

Ðower characteristic

Âîäà
Water

10 I = 120L–0,916, R2 = 0,78

20 I = 184,8L–1,205, R2 = 0,88

30 I = 332,3L–1,397, R2 = 0,99

Àáðàçèâ
Abrasive

10 I = 63,5L–0,631, R2 = 0,88

20 I = 137,3L–1,096, R2 = 0,90

30 I = 220,2L–1,322, R2 = 0,98

Òàáëèöà 2. Êîýôôèöèåíòû ðåãðåññèîííûõ çàâèñèìîñòåé

Table 2. Coefficients of regression dependences

Âèä ñòðóè

Type of
a stream

Êðèòåðèé ðåãðåññèè

Criterion of regression

Âèä ðåãðåññèè

Type of regression

Âîäà

Water

Íèæíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Lower confidential
bound

I = 20,29L–1,6U0,45

Îæèäàåìàÿ ðåãðåññèÿ

Expected regression

I = 20,57L–1,17U0,775

Âåðõíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Upper confidential
bound

I = 24,05L–0,95U0,9

Àáðàçèâ

Abrasive

Íèæíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Lower confidential
bound

I = 5,59L–1,05U0,92

Îæèäàåìàÿ ðåãðåññèÿ
Expected regression

I = 7,8L–1,02U0,955

Âåðõíÿÿ äîâåðèòåëü-
íàÿ ãðàíèöà

Upper confidential
bound

I = 8,17L–0,82U1,1

Òàáëèöà 3. Ñòåïåííûå ðåãðåññèîííûå çàâèñèìîñòè

Table 3. Sedate regression dependences
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Òàêèì îáðàçîì, ñòåïåííûå çàâèñèìîñòè äëÿ îïðå-

äåëåíèÿ âåëè÷èíû òîêà óòå÷êè â çàâèñèìîñòè îò ðàñ-

ñòîÿíèÿ è íàïðÿæåíèÿ íà ìèøåíè áóäóò èìåòü âèä:
� äëÿ âîäû:

I = 24,05L–0,95U 0,9; (3)

� äëÿ ñìåñè âîäû è àáðàçèâà:

I = 8,17L–0,82U1,1. (4)

Çàêëþ÷åíèå

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

è èõ ìàòåìàòè÷åñêàÿ îáðàáîòêà ïîçâîëèëè îïðåäå-

ëèòü ðàáî÷èå ïàðàìåòðû äëÿ óñòàíîâîê ïîæàðîòó-

øåíèÿ ñ âîçìîæíîñòÿìè ãèäðîàáðàçèâíîé ðåçêè, êî-

òîðûå îáåñïå÷èâàþò áåçîïàñíîñòü èõ ïðèìåíåíèÿ

ïðè òóøåíèè ïîæàðîâ íà ýëåêòðîîáîðóäîâàíèè ïîä

íàïðÿæåíèåì äî 30 êÂ ñ ðàññòîÿíèÿ íå ìåíåå 1 ì

ñ èñïîëüçîâàíèåì äèýëåêòðè÷åñêîãî êîìïëåêòà â ñî-

îòâåòñòâèè ñ íîðìàòèâíûì äîêóìåíòîì [13].

Ïîëó÷åííûå óðàâíåíèÿ ïîçâîëÿþò îïðåäåëèòü

çíà÷åíèÿ òîêà, äîïóñòèìûå äëÿ îáåñïå÷åíèÿ ðàáî-

òîñïîñîáíîñòè òåõíè÷åñêèõ ñðåäñòâ, ðàáîòàþùèõ

ñîâìåñòíî ñ óñòàíîâêàìè ïîæàðîòóøåíèÿ (ðàçìåùå-

íèå ñòâîëà íà ðîáîòèçèðîâàííûõ îáðàçöàõ òåõíèêè

è äð.), à ñëåäîâàòåëüíî, è äëÿ ïîäáîðà óçëîâ è ìåõà-

íèçìîâ, ñïîñîáíûõ ðàáîòàòü ïðè âîçíèêàþùèõ òîêàõ

óòå÷êè.

Ðèñ. 5. Ñîîòíîøåíèå ïîëó÷åííûõ ðåãðåññèîííûõ çàâèñèìî-

ñòåé ñ ýìïèðè÷åñêèìè äàííûìè äëÿ âîäû (à) è ñìåñè âîäû è

àáðàçèâà (á) ïðè íàïðÿæåíèè 30 êÂ

Fig. 5. A ratio of the received regression dependences with em-

pirical data for water (a) and mix of water and an abrasive (b) at

a voltage of 30 kV

Ðèñ. 6. Ðàñ÷åòíûå çíà÷åíèÿ òîêà óòå÷êè äëÿ âîäû (1), ñìåñè

âîäû è àáðàçèâà (2) è îùóòèìîå äëÿ ÷åëîâåêà (3)

Fig. 6. Calculated values of leak current for water (1), mix of

water and an abrasive (2) and notable for the person (3)
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ABSTRACT

Suppression of the fires on objects of power represents quite difficult and labor-intensive process. It is

connected with existence of a large amount of flammable substances and materials when which
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burning conditions, dangerous to the person, are created. The special danger is constituted by the fires

on electric equipment where besides the main dangers there is also a defeat threat of electric current.

For safety it is necessary to de-energize electric equipment before suppression that can take long time

at which the fire will accept the considerable sizes. For implementation of actions for fire extin-

guishing on electric equipment without removal of tension from his current carrying parts, it is ne-

cessary to determine working parameters for fire extinguishing structures and means of their trans-

portation and giving. The analysis of the carried-out works demonstrates that a large number of factors

influences the safe conditions of application of fire extinguishing structures and means of their giving.

One of types of fire extinguishing substance is sprayed water which is the main fire extinguishing

component applied in installations of fire extinguishing with opportunities of hydroabrasive cutting.

Feature of installations is the possibility of supply of fire extinguishing substances through protective

designs directly to the seat of fire or a zone of burning. Respectively, when determining working

parameters of installations of fire extinguishing with hydroabrasive cutting for their application

at suppression of the fires of electric equipment pilot studies where the data array has been received

have been energized conducted.

Mathematical processing of the obtained experimental data by method of the regression analysis

has been made for definition of the equations describing dependence of size of leak current on

distance and tension.

As a result of processing of experimental data dependences of size of leak current for water and

mix of water and an abrasive have been received from distance and tension on subject to suppression.

The received results are comparable to the results received earlier in works on determination of

working parameters for manual fire trunks. It demonstrates to reliability of the received results and

their correct processing.

The received results allow to speak about a possibility of application of the considered

installations of fire extinguishing for elimination of the fires which have arisen on electric equipment

energized up to 30 kV from distance not less than 1 meter when using a dielectric set. Also received

values need to be used at selection of knots and mechanisms to technical devices into which the fire

extinguishing installation trunk, for their steady work and safety will be integrated.

Keywords: suppression of the fires of electric equipment; installations of fire extinguishing; power

objects; working parameters; installations with hydroabrasive cutting; leak currents.
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Ðàññìîòðåí ïîðÿäîê ïðèìåíåíèÿ âçðûâîçàùèùåííîãî ýëåêòðîîáîðóäîâàíèÿ ñ âèäîì âçðûâî-
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ýëåêòðîîáîðóäîâàíèÿ. Îòìå÷åíû îñîáåííîñòè âûáîðà óðîâíåé âçðûâîçàùèòû â çàâèñèìîñòè îò
íàëè÷èÿ èñòî÷íèêîâ óòå÷êè è âîñïëàìåíÿþùèõñÿ âåùåñòâ.
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ðåãëàìåíòå Òàìîæåííîãî Ñîþçà (ÒÐ ÒÑ 012/2011)

îí ïðèâåäåí.

Áåçîïàñíîñòü ðàáîòû âçðûâîçàùèùåííîãî ýëåêò-

ðîîáîðóäîâàíèÿ â çîíå òîãî èëè èíîãî êëàññà îïðå-

äåëÿåòñÿ óðîâíåì âçðûâîçàùèòû, êîòîðûé îáåñ-

ïå÷èâàåòñÿ âûáîðîì è ïðèìåíåíèåì ñïåöèàëüíûõ

ìåð äëÿ ïðåäîòâðàùåíèÿ âîñïëàìåíåíèÿ îêðó-

æàþùåé îáîðóäîâàíèå âçðûâîîïàñíîé ñðåäû.

Ýòè ìåðû ôîðìèðóþò êîíêðåòíûé âèä âçðûâîçà-

ùèòû, óêàçàííûé â ìàðêèðîâêå.

Äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ðàáîòû ýëåêòðîîáî-

ðóäîâàíèÿ âî âçðûâîîïàñíûõ ïûëåâûõ ñðåäàõ äî-

ïóñêàåòñÿ ïðèìåíÿòü ñëåäóþùèå âèäû âçðûâîçà-

ùèòû:

� t (ta, tb, tc) — çàùèòà îáîëî÷êîé;

� i (ia, ib) — èñêðîáåçîïàñíîñòü (èñêðîáåçîïàñ-

íàÿ ýëåêòðè÷åñêàÿ öåïü);

� m (ma, mb, mc) — ãåðìåòèçàöèÿ êîìïàóíäîì;

� p — çàïîëíåíèå èëè ïðîäóâêà îáîëî÷êè ïîä èç-

áûòî÷íûì äàâëåíèåì;

� s — ñïåöèàëüíûé âèä âçðûâîçàùèòû.

Äëÿ êàêèõ êëàññîâ âçðûâîîïàñíûõ çîí ìîæíî èñ-

ïîëüçîâàòü ýëåêòðîîáîðóäîâàíèå ñ âèäîì âçðû-

âîçàùèòû «p»?

ÎÒÂÅÒ:

Äî âñòóïëåíèÿ â ñèëó íîâîé ðåäàêöèè ÃÎÑÒ

IEC 60079-2–2013 [2] òðåáîâàíèÿ ê âèäó çàùèòû «p»

äëÿ âçðûâîçàùèùåííîãî ýëåêòðîîáîðóäîâàíèÿ (Ex-

îáîðóäîâàíèå) ðåãëàìåíòèðîâàëèñü ìåæäóíàðîäíûì

ñòàíäàðòîì IEC 61241-4 [3], â êîòîðîì óêàçàííûé

âèä îáîçíà÷àëñÿ «pD» (D îò àíãë. dust — ïûëü). Ïðè

ýòîì ñòàíäàðò [3] íå áûë ïåðåâåäåí íà ðóññêèé ÿçûê

è âíåñåí â ðååñòð ãîñóäàðñòâåííûõ ñòàíäàðòîâ

Ðîññèè, ïîýòîìó òðåáîâàíèÿ ê ïîðÿäêó ïðèìåíåíèÿ

âèäà âçðûâîçàùèòû «p» äëÿ âçðûâîîïàñíûõ ïûëå-

âûõ ñðåä íà òåððèòîðèè ÐÔ îòñóòñòâîâàëè. Äàæå

ïîñëå ââåäåíèÿ ÃÎÑÒ IEC 60079-2–2011 è ÃÎÑÒ

30852.3–2002 [4] âèä çàùèòû «p» ðàññìàòðèâàëñÿ

òîëüêî äëÿ îáåñïå÷åíèÿ óðîâíåé âçðûâîçàùèòû «Ma»,

«Gb», «Gc» (âçðûâîîïàñíûå ãàçîâûå ñðåäû).

ÃÎÑÒ IEC 60079-2–2013 [2], ââåäåííûé â èþëå

2015 ã., îïðåäåëèë ïîðÿäîê ïðèìåíåíèÿ Ex-îáîðó-

äîâàíèÿ ñ âèäîì «p» äëÿ âçðûâîîïàñíûõ ïûëåâûõ

ñðåä.

Ñîãëàñíî ñòàíäàðòó [2] âèä âçðûâîçàùèòû «p» ïîä-

ðàçäåëÿåòñÿ íà ïîäâèäû «px», «py», «pz» èëè âèäû ñ

óðîâíÿìè «pxb», «pyb», «pzc». Äëÿ êàæäîãî ïîäâèäà

(âèäà ñ óðîâíåì çàùèòû) ïðèâîäÿòñÿ êîíêðåòíûå

òðåáîâàíèÿ ïî åãî ïðèìåíåíèþ è îáåñïå÷åíèþ òðå-

áóåìîé íàäåæíîñòè Ex-îáîðóäîâàíèÿ. Ïîäâèäû «px»

è «py» ìîãóò îáåñïå÷èòü ïðè íîðìàëüíûõ ðåæèìàõ

ðàáîòû Ex-îáîðóäîâàíèÿ óðîâåíü âçðûâîçàùèòû «Db»

(êëàññ çîíû 21), à «pz» — óðîâåíü «Dc» (êëàññ çîíû 22).

Ïîìèìî ýòîãî, ñòàíäàðò [2] ïðåäúÿâëÿåò òðåáîâàíèÿ

ê ýëåêòðîîáîðóäîâàíèþ, ðàñïîëîæåííîìó âíóòðè

çàùèòíîé îáîëî÷êè ñ óðîâíÿìè çàùèòû «Db» è «Dc»

(ñì. òàáëèöó).

Êðîìå óêàçàííîé â òàáëèöå âçàèìîñâÿçè âèäîâ,

óðîâíåé è êëàññîâ çîí, íåîáõîäèìî ó÷èòûâàòü êîí-

ñòðóêòèâíûå îñîáåííîñòè îáîëî÷êè è ñèñòåìû êîíò-

ðîëÿ èçáûòî÷íîãî äàâëåíèÿ. Ìèíèìàëüíîå èçáûòî÷-

íîå äàâëåíèå îòíîñèòåëüíî âíåøíåãî äàâëåíèÿ äëÿ

âèäîâ «px», «py» äîëæíî ñîñòàâëÿòü 50 Ïà, à äëÿ âèäà

«pz» — 25 Ïà.
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

Äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ðàáîòû Ex-îáîðóäî-

âàíèÿ ñ âèäîì çàùèòû «p» äîëæíû ïðèìåíÿòüñÿ çà-

ùèòíûå óñòðîéñòâà â âèäå äàò÷èêîâ è èíäèêàòîðîâ

äàâëåíèÿ, äàò÷èêîâ ðàñõîäà, ðåëå âðåìåíè, àâàðèé-

íîé ñèãíàëèçàöèè è áëîêèðîâêè, îáåñïå÷èâàþùåé

ïðåêðàùåíèå ïîñòóïëåíèÿ â îáîëî÷êó âîñïëàìåíÿ-

þùåãîñÿ âåùåñòâà.

Êàæäûé ïîäâèä âçðûâîçàùèòû èìååò îãðàíè÷åíèÿ

ïî ñàìîé âûñîêîé òåìïåðàòóðå âíåøíåé ïîâåðõíî-

ñòè îáîëî÷êè èëè ñàìîé íàãðåòîé ïîâåðõíîñòè âíóò-

ðåííåãî êîìïîíåíòà. Äëÿ âñåõ ïîäâèäîâ çàùèòû «p»

äîëæíû ó÷èòûâàòüñÿ òåìïåðàòóðíûå ïðåäåëû íàãðå-

âà âíåøíåé èëè âíóòðåííåé îáîëî÷êè, âûðàæåííûå

â ìàðêèðîâêå òåìïåðàòóðíîãî êëàññà. Â ýëåêòðî-

îáîðóäîâàíèè ñ îáîëî÷êîé âèäà «py» ïðè íîðìàëü-

íîì ðåæèìå ðàáîòû íå äîïóñêàåòñÿ ïîÿâëåíèå íà-

ãðåòûõ ÷àñòèö, ñïîñîáíûõ âûçâàòü âîñïëàìåíåíèå

ãîðþ÷åé ñìåñè.

Íà îñíîâàíèè âûøåñêàçàííîãî ìîæíî ñäåëàòü âû-

âîä, ÷òî âèä âçðûâîçàùèòû «p» («px», «py», «pz») Ex-

îáîðóäîâàíèÿ ìîæåò ïðèìåíÿòüñÿ â çîíàõ êëàññîâ

21 è 22, â êîòîðûõ ïðèñóòñòâóþò âçðûâîîïàñíûå

ïûëåâûå ñðåäû.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåç-

îïàñíîñòè (â ðåä. îò 29.07.2017) : Ôåäåð. çàêîí ÐÔ îò

22.07.2008 ¹ 123-ÔÇ; ïðèíÿò Ãîñ. Äóìîé 04.07.2008;

îäîáð. Ñîâ. Ôåäåðàöèè 11.07.2008 // Ñîáð. çàêîíîäà-

òåëüñòâà ÐÔ. — 2008. — ¹ 30 (÷. I), ñò. 3579.

2. ÃÎÑÒ IEC 60079-2–2013. Âçðûâîîïàñíûå ñðåäû.

×àñòü 2. Îáîðóäîâàíèå ñ âèäîì âçðûâîçàùèòû “îáîëî÷-

êè ïîä èçáûòî÷íûì äàâëåíèåì «ð»”. — Ââåä. 01.07.2015.

— Ì. : Ñòàíäàðòèíôîðì, 2015.

3. IEC 61241-4(2001). Electrical apparatus for use in pre-

sence of combustible dust. Part 4. Type of protection «pD»

(Ýëåêòðîîáîðóäîâàíèå, ïðèìåíÿåìîå â çîíàõ, îïàñíûõ

ïî âîñïëàìåíåíèþ ãîðþ÷åé ïûëè. ×àñòü 4. Âèä âçðû-

âîçàùèòû «pD») // International Electrotechnical Com-

mission. First edition. — March, 2001.

4. ÃÎÑÒ 30852.3–2002. Ýëåêòðîîáîðóäîâàíèå âçðûâî-

çàùèùåííîå. ×àñòü 2. Çàïîëíåíèå èëè ïðîäóâêà îáî-

ëî÷êè ïîä èçáûòî÷íûì äàâëåíèåì p. — Ââåä. 15.02.2014.

— Ì. : Ñòàíäàðòèíôîðì, 2014.

Äëÿ öèòèðîâàíèÿ: Õàðëàìåíêîâ À. Ñ. Îñîáåííîñòè

âûáîðà âçðûâîçàùèùåííîãî ýëåêòðîîáîðóäîâà-

íèÿ ñ âèäîì âçðûâîçàùèòû «p» äëÿ ïûëåâûõ ñðåä //

Ïîæàðîâçðûâîáåçîïàñíîñòü / Fire and Explosion Sa-

fety. — 2017. — Ò. 26, ¹ 10. — Ñ. 77–78.

English

FEATURES CHOICE OF EXPLOSION-PROOF

ELECTRICAL EQUIPMENT WITH THE TYPE

OF PROTECTION “p” FOR DUST

ENVIRONMENTS
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State Fire Academy of Emercom of Russia

(Borisa Galushkina St., 4, Moscow, 129366,

Russian Federation; e-mail: h_a_s@live.ru)

ABSTRACT

It was considered possibility application of explosion-

proof electrical equipment with type of protection “fil-

ling or purging shell pressurized «p»” in explosive dust

environments. A comparison of classes of explosive

zones types of ignition protection of electrical equip-

ment was presented. These features of the choice of

levels of protection depending on the availability of

sources of leakage and flammable substances were

considered.

Keywords: explosive atmosphere; dust; Ex-equipment;

type of protection; class hazardous zone.

For citation: Kharlamenkov A.S. Features choice of

explosion-proof electrical equipment with the type of

protection «p» for dust environments. Pozharovzryvo-

bezopasnost / Fire and Explosion Safety, 2017, vol. 26,

no. 10, pp. 77–78 (in Russian).

Âèä (âèä

ñ óðîâíåì

çàùèòû)

âçðûâî-

çàùèòû

Ex-îáîðó-

äîâàíèÿ

[2]

Êëàññ

âçðûâî-

îïàñíîé

çîíû [1]

Îáåñïå÷è-

âàåìûé

óðîâåíü

âçðûâî-

çàùèòû

Ex-îáîðó-

äîâàíèÿ

(ï. 4,

òàáë. 1 [2])

Ðàçðåøåííûé óðîâåíü

çàùèòû Ex-îáîðóäîâàíèÿ

íàõîäÿùåãîñÿ

ïîä íàïðÿæå-

íèåì âíóòðè

çàùèòíîé

îáîëî÷êè

(ïï. 8.7 è

7.15 [2])

ðàñïîëîæåííîãî

âíóòðè çàùèòíîé

îáîëî÷êè

(ï. 7.16 [2])

px (pxb) 21 Db Da, Db Îáîðóäîâàíèå

áåç ñðåäñòâ

âçðûâîçàùèòû

22 Dc 1 — —

py (pyb) 21 Db 2 — Da, Db, Dc

22 Dc 3 — —

pz (pzc) 22 Dc Da, Db, Dc Îáîðóäîâàíèå

áåç ñðåäñòâ

âçðûâîçàùèòû

1 Ïðè âîçìîæíîñòè óòå÷êè ãàçà/ïàðà è íàëè÷èè èñòî÷íèêà

âîñïëàìåíåíèÿ, ðàñïîëîæåííîãî âíå çîíû ðàçáàâëåíèÿ.

2 Ïðè óðîâíå âçðûâîçàùèòû Ex-îáîðóäîâàíèÿ, ðàñïîëîæåí-

íîãî âíóòðè çàùèòíîé îáîëî÷êè, íå íèæå «Dc».

3 Ïðè âîçìîæíîñòè óòå÷êè ãàçà/ïàðà è îòñóòñòâèè èñòî÷íè-

êà âîñïëàìåíåíèÿ.

Âçàèìîñâÿçü êëàññîâ âçðûâîîïàñíûõ çîí, âèäîâ è îáåñ-

ïå÷èâàåìûõ óðîâíåé âçðûâîçàùèòû Ex-îáîðóäîâàíèÿ
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

íèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ óñòðîéñòâ è ïðîãðàììíî-èíôîð-

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû

óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 250–300 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

ââåäåíèå, öåëè è çàäà÷è, ìåòîäû, ðåçóëüòàòû, çàêëþ÷åíèå (âûâîäû).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ðåêîìåíäóåòñÿ âêëþ÷àòü ñõåìû, òàáëèöû,

èëëþñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåí-

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.

2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû è ò. ï.). Ïðè ýòîì

ïðîöåíò ññûëîê íà ñòàòüè èç èíîñòðàííûõ íàó÷íûõ æóðíàëîâ è äðó-

ãèõ èíîñòðàííûõ èñòî÷íèêîâ äîëæåí áûòü íå íèæå 40 %. Âûïîëíå-

íèå äàííîãî òðåáîâàíèÿ áóäåò ñâèäåòåëüñòâîâàòü î òîì, ÷òî àâòîðû

èñïîëüçóþò ïðåäûäóùèå íàó÷íûå äîñòèæåíèÿ â íåîáõîäèìîé ìåðå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

(ò. å. îí íå äîëæåí áûòü ñâÿçàí ñ ìåñòîì ðàáîòû (ó÷åáû) àâòîðîâ

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

åãî Ô. È. Î., ó÷åíîãî çâàíèÿ, ó÷åíîé ñòåïåíè, äîëæíîñòè, ìåñòà ðà-

áîòû), çàâåðåíà îòäåëîì êàäðîâ (ó÷åíûì ñåêðåòàðåì) è ïå÷àòüþ.

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

4. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

5. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!








