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ÎÖÅÍÊÀ ÏÎÆÀÐÍÎÉ ÎÏÀÑÍÎÑÒÈ “ÁÎËÜØÈÕ
ÄÛÕÀÍÈÉ” ÍÀÇÅÌÍÛÕ ÐÅÇÅÐÂÓÀÐÎÂ ÄËß ÕÐÀÍÅÍÈß
ÍÅÔÒÅÏÐÎÄÓÊÒÎÂ ×ÈÑËÅÍÍÛÌÈ ÌÅÒÎÄÀÌÈ

Ïðîâåäåíà îöåíêà ïîæàðíîé îïàñíîñòè “áîëüøèõ äûõàíèé” íàçåìíûõ ðåçåðâóàðîâ äëÿ õðàíå-
íèÿ íåôòåïðîäóêòîâ ÷èñëåííûìè ìåòîäàìè. Íàéäåíà âåðîÿòíîñòü âîñïëàìåíåíèÿ âçðûâîîïàñ-
íîé ñìåñè áåíçèíà ñ êèñëîðîäîì âîçäóõà â îêðåñòíîñòè ðåçåðâóàðà ïðè åãî çàïîëíåíèè íåôòå-
ïðîäóêòîì. Îïðåäåëåíà ìàññà ïàðîâ áåíçèíà, âûòåñíÿåìûõ èç ðåçåðâóàðà çà îäíî “áîëüøîå
äûõàíèå” â ðåçóëüòàòå åãî èñïàðåíèÿ. Ñïðîãíîçèðîâàíû ïàðàìåòðû âîëíû äàâëåíèÿ è ðàäèóñ
çîíû ïîðàæåíèÿ ïîæàðà-âñïûøêè ïðè âîñïëàìåíåíèè ïàðîâîçäóøíîé âçðûâîîïàñíîé êîí-
öåíòðàöèè ïðè âîçíèêíîâåíèè èñòî÷íèêà çàæèãàíèÿ âáëèçè ðåçåðâóàðà ñ íåôòåïðîäóêòîì.
Îïðåäåëåíà óñëîâíàÿ âåðîÿòíîñòü ïîðàæåíèÿ ÷åëîâåêà (îïåðàòîðà), íàõîäÿùåãîñÿ â íåïîñðåä-
ñòâåííîé áëèçîñòè îò îáúåêòà çàùèòû, â òå÷åíèå ãîäà ñ ó÷åòîì ðåàëèçàöèè ïîæàðîîïàñíîé ñè-
òóàöèè.
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Ïðîöåññ çàïîëíåíèÿ è õðàíåíèÿ íåôòè è íåôòåïðî-

äóêòîâ â ðåçåðâóàðàõ âñåãäà ñîïðîâîæäàåòñÿ âû-

áðîñîì ëåãêèõ ãàçîîáðàçíûõ óãëåâîäîðîäîâ â àòìî-

ñôåðó [1, 2]. Ïðîáëåìà ïîòåðü íåôòåïðîäóêòîâ îò

èñïàðåíèÿ íîñèò êîìïëåêñíûé õàðàêòåð è ñâÿçàíà ñ

áîëüøèìè ôèíàíñîâûìè ïîòåðÿìè, óõóäøåíèåì êà-

÷åñòâà íåôòåïðîäóêòîâ, ýêîëîãè÷åñêîé îïàñíîñòüþ

è âîçíèêíîâåíèåì ïîæàðîâçðûâîîïàñíûõ ñèòóàöèé

íà ïðåäïðèÿòèÿõ õðàíåíèÿ è ïåðåðàáîòêè íåôòå-

ïðîäóêòîâ [3–5].

Â Ðîññèè ñðåäíÿÿ ÷àñòîòà âîçíèêíîâåíèÿ ïîæà-

ðîâ ñ ñåðüåçíûìè ïîñëåäñòâèÿìè ïî îòðàñëÿì íåô-

òÿíîé è íåôòåïåðåðàáàòûâàþùåé ïðîìûøëåííîñòè

ñîñòàâëÿåò ïðèáëèçèòåëüíî 12 ïîæàðîâ â ãîä. Íàè-

áîëåå îïàñíûì ñ÷èòàåòñÿ íàçåìíîå õðàíåíèå óãëå-

âîäîðîäîâ: â íàçåìíûõ ðåçåðâóàðàõ òèïà ÐÂÑ ïðî-

èñõîäèò 93,3 % ïîæàðîâ è àâàðèé, èç íèõ â ðåçåðâó-

àðàõ ñ áåíçèíîì — 53,8 % [6].

Îäíîé èç ïðè÷èí âîçíèêíîâåíèÿ ïîæàðîâçðû-

âîîïàñíûõ ñèòóàöèé íà ïðåäïðèÿòèÿõ õðàíåíèÿ è

ïåðåðàáîòêè íåôòåïðîäóêòîâ ÿâëÿåòñÿ âîñïëàìå-

íåíèå ïàðîâîçäóøíûõ âçðûâîîïàñíûõ êîíöåíòðà-

öèé (ÂÎÊ), îáðàçóþùèõñÿ âáëèçè ðåçåðâóàðîâ ïðè

èõ “áîëüøèõ äûõàíèÿõ”. “Áîëüøîå äûõàíèå” ïðåä-

ñòàâëÿåò ñîáîé ïðîöåññ âûòåñíåíèÿ âñåãî ãàçîâîãî

îáúåìà èç ðåçåðâóàðà ÷åðåç äûõàòåëüíûé êëàïàí â

àòìîñôåðó, êîòîðûé ïðîèñõîäèò ïðè çàïîëíåíèè îïî-

ðîæíåííîãî ðåçåðâóàðà íåôòåïðîäóêòîì. Ñ ó÷åòîì

áîëüøîé èíòåíñèâíîñòè è ñðàâíèòåëüíî ìàëîãî

âðåìåíè “áîëüøèå äûõàíèÿ” ìîæíî ðàññìàòðèâàòü

êàê çàëïîâûå âûáðîñû ïàðîâîçäóøíîé ñìåñè, â ðå-

çóëüòàòå êîòîðûõ ìîãóò îáðàçîâûâàòüñÿ âçðûâîîïàñ-

íûå êîíöåíòðàöèè, ÷òî ðåçêî ïîâûøàåò âçðûâîîïàñ-

íîñòü íà íåôòåáàçàõ.

Ïðèìåðîì ïîäîáíîé àâàðèè ìîæåò ñëóæèòü ïî-

æàð íà ÀÇÑ ïî óë. Êðûìñêèé Âàë (ã. Ìîñêâà), ïðî-
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èñøåäøèé â 1997 ã. ïðè ñëèâå òîïëèâà èç òîïëèâî-

çàïðàâùèêà â åìêîñòè ÀÇÑ. Ïðè÷èíîé ïîæàðà ÿâè-

ëàñü èñêðà îò òîïëèâîçàïðàâùèêà, êîòîðàÿ âûçâàëà

âîçãîðàíèå ïàðîâîçäóøíîé ñìåñè â ðåçóëüòàòå “áîëü-

øîãî äûõàíèÿ” åìêîñòè ïðè çàïðàâêå. Çàòåì îãîíü

ðàñïðîñòðàíèëñÿ íà åìêîñòè ñ áåíçèíîì. Äëÿ ëèê-

âèäàöèè ïîæàðà áûëè ïðèâëå÷åíû 53 ïîæàðíûõ è

16 åäèíèö òåõíèêè [7].

Ïîæàðíàÿ îïàñíîñòü “áîëüøèõ äûõàíèé” ðåçåð-

âóàðîâ ñ íåôòåïðîäóêòîì ÿâëÿåòñÿ îáëàñòüþ íàó÷-

íûõ èíòåðåñîâ ìíîãèõ ñïåöèàëèñòîâ îòðàñëè è îïè-

ñàíà â ðàáîòàõ [8–12].

Öåëü ðàáîòû — îöåíêà ïîæàðíîé îïàñíîñòè

õðàíåíèÿ íåôòåïðîäóêòîâ â ðåçåðâóàðàõ òèïà ÐÂÑ

ïðè èõ çàïîëíåíèè.

Ïîñòàíîâêà çàäà÷è: ÷èñëåííûìè ìåòîäàìè îïðå-

äåëèòü âåðîÿòíîñòü âîñïëàìåíåíèÿ ïàðîâîçäóøíîé

ñìåñè âáëèçè ðåçåðâóàðà ñ áåíçèíîì, â ðåçóëüòàòå

êîòîðîãî áóäåò íàíåñåí âðåä æèçíè èëè çäîðîâüþ

÷åëîâåêà (îïåðàòîðà, êîíòðîëèðóþùåãî ïðîöåññ çà-

ïîëíåíèÿ ðåçåðâóàðà), íàõîäÿùåãîñÿ â íåïîñðåäñò-

âåííîé áëèçîñòè îò îáúåêòà çàùèòû.

Èñõîäíûå äàííûå è äîïóùåíèÿ. Â ðàáîòå ïðèíÿ-

òû ñëåäóþùèå èñõîäíûå äàííûå: âìåñòèìîñòü ðå-

çåðâóàðà Vðåç = 3000 ì3; âûñîòà Hð = 12 ì, ðàäèóñ

Rð = 9,5 ì; âûñîòà êîðïóñà êðûøè hê = 1 ì (ÃÎÑÒ

31385–2008); êîëè÷åñòâî îáîðîòîâ åìêîñòè â ãîä

nîá = 24 ãîä–1. Ïðîäîëæèòåëüíîñòü âûáðîñà ïàðî-

âîçäóøíîé ñìåñè ïðèíèìàåì �ÏÂÑ = 6,4 ÷, òàê êàê îíà

ñîîòâåòñòâóåò âðåìåíè ïîëíîãî çàïîëíåíèÿ ðåçåð-

âóàðà, îïîðîæíåííîãî íà 80 %, ÷òî, â ñâîþ î÷åðåäü,

çàâèñèò îò ïðîèçâîäèòåëüíîñòè íàñîñà G, êîòîðóþ

ïðèíèìàåì ðàâíîé 375 ì3/÷ (0,104 ì3/ñ). Ñ÷èòàåì,

÷òî íà ðåçåðâóàðå óñòàíîâëåíà ìîëíèåçàùèòà òèïà Á,

ñëåäîâàòåëüíî âåðîÿòíîñòü åå áåçîòêàçíîé ðàáîòû

& = 0,95 [13]. Ìåñòîíàõîæäåíèå — Âîðîíåæñêàÿ

îáëàñòü, ãäå âåðîÿòíîñòü øòèëÿ Qøò = 0,14 (ÃÎÑÒ

31385–2008), ÷àñòîòà óäàðîâ ìîëíèè N = 4 êì–1·ãîä–1

[13]. Òåõíîëîãè÷åñêàÿ ñðåäà — áåíçèí ÀÈ-93 (ëåò-

íèé); åãî ñðåäíÿÿ ðàáî÷àÿ òåìïåðàòóðà tð = 40,5 °C

(÷òî ñîîòâåòñòâóåò ìàêñèìàëüíîé òåìïåðàòóðå â Âî-

ðîíåæñêîé îáëàñòè â èþëå [14]); íèæíèé êîíöåíòðà-

öèîííûé ïðåäåë ðàñïðîñòðàíåíèÿ ïëàìåíè CÍÊÏÐ =

= 0,76 %, âåðõíèé êîíöåíòðàöèîííûé ïðåäåë ðàñ-

ïðîñòðàíåíèÿ ïëàìåíè CÂÊÏÐ = 5,16 %, íèæíèé òåì-

ïåðàòóðíûé ïðåäåë ðàñïðîñòðàíåíèÿ ïëàìåíè TÍÒÏÐ =

= –36 °C; âåðõíèé òåìïåðàòóðíûé ïðåäåë ðàñïðî-

ñòðàíåíèÿ ïëàìåíè TÂÒÏÐ = 0 °C; êîíñòàíòû Àíòóàíà

A = 4,12311, B = 664,976, ÑA = 221,695; ìîëÿðíàÿ

ìàññà Ìá = 0,0982 êã/ìîëü [15–17]. ×àñòîòà èñêðî-

îïàñíûõ îïåðàöèé ïðè ðó÷íîì èçìåðåíèè óðîâíÿ

Nç.ó = 1000 ãîä–1, âêëþ÷åíèé ýëåêòðîçàäâèæåê ðå-

çåðâóàðà Nýë = 40 ãîä–1, èñêðîîïàñíûõ îïåðàöèé ïðè

ïðîâåäåíèè òåõîáñëóæèâàíèÿ ðåçåðâóàðà, ñâÿçàííî-

ãî ñ ïðèìåíåíèåì ìåòàëëè÷åñêîãî, øëèôîâàëüíîãî

è äðóãîãî èñêðîîïàñíîãî èíñòðóìåíòà, NÒÎ = 24 ãîä–1.

Õàðàêòåðèñòèêà ðàáî÷åãî ìåñòà — ìåñòî îïåðàòîðà,

êîíòðîëèðóþùåãî ïðîöåññ íàïîëíåíèÿ ðåçåðâóàðà,

íà îòêðûòîì ïðîñòðàíñòâå íà ðàññòîÿíèè r = 14 ì

îò öåíòðà ÐÂÑ.

Àëãîðèòì ðåøåíèÿ çàäà÷è. Íàéäåì âåðîÿòíîñòü

âîçíèêíîâåíèÿ âîñïëàìåíåíèÿ â îêðåñòíîñòè ðåçåð-

âóàðà â ñîîòâåòñòâèè ñ ÃÎÑÒ 12.1.004–91*. Èç àíà-

ëèçà èñõîäíûõ äàííûõ ñëåäóåò, ÷òî êîíöåíòðàöèÿ

ïàðîâ áåíçèíà â ðåçåðâóàðå âûøå âåðõíåãî êîíöåí-

òðàöèîííîãî ïðåäåëà ðàñïðîñòðàíåíèÿ ïëàìåíè,

ò. å. â ðåçåðâóàðå ïðè íåïîäâèæíîì ñëîå ëåãêîâîñ-

ïëàìåíÿþùåéñÿ æèäêîñòè íàõîäèòñÿ íåãîðþ÷àÿ

ñðåäà. Ïðè çàïîëíåíèè ðåçåðâóàðà áåíçèíîì â åãî

îêðåñòíîñòè îáðàçóåòñÿ ãîðþ÷àÿ ñðåäà, âåðîÿòíîñòü

âûáðîñà êîòîðîé Qâûáð îïðåäåëÿåòñÿ ïî ôîðìóëå

Q
n

âûáð
îá ÏÂÑ

ðàá

� �
# #

� # ��
�

1 24 6 4

8760
17 5 10 3,

, , (1)

ãäå �ðàá — àíàëèçèðóåìûé ïåðèîä âðåìåíè, ÷.

Âî âðåìÿ øòèëÿ îêîëî ðåçåðâóàðà îáðàçóåòñÿ çîíà

ÂÎÊ ïàðîâîçäóøíîé ñìåñè [18], âåðîÿòíîñòü ïîÿâ-

ëåíèÿ êîòîðîé

QÂÎÊ = Qâûáð Qøò = 17,5 # 10–3 # 0,14 = 2,45 # 10–3. (2)

Äèàìåòð ýòîé âçðûâîîïàñíîé çîíû D (ì) ïî ÃÎÑÒ

12.1.004–91* ñîñòàâëÿåò:

D R H
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ÍÊÏÐ ð

,

� # � # #
#

#

�

�
		




�
�� �2 9 5 10 12

0104 27 5

0 76 12
24 22

2

0 86

,
, ,

,
,

,

ì,

(3)

ãäå Cðàá — ðàáî÷àÿ êîíöåíòðàöèÿ ïàðîâ áåíçèíà â

ðåçåðâóàðå [17], %;

Ñ
P

P P
ðàá

í

í

�
�

# �
0

100 %

�
�

# �
38 5

38 5 1013
100 27 5

,

, ,
% , %,

(4)

Pí — äàâëåíèå íàñûùåííûõ ïàðîâ áåíçèíà â ðå-

çåðâóàðå ïðè ðàáî÷åé òåìïåðàòóðå [17], êÏà;

P
A

B

t ÑA

í � �
�

�
10 ð

� �
�

�10 38 5
4 12311

664 976

40 5 221 695
,

,

, , , êÏà;

(5)

P0 — àòìîñôåðíîå äàâëåíèå âîçäóõà, êÏà; P0 =

= 101,3 êÏà.

×àñòîòà óäàðîâ ìîëíèè âî âçðûâîîïàñíóþ çîíó

N D H Nó.ì
ÂÎÊ � � � # ��( ( ))ð6 5 102 6

� � # � # # ��( , ( )) , .24 22 6 12 5 4 10 0 0642 6
(6)
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Âåðîÿòíîñòü ïðÿìîãî óäàðà ìîëíèè Qó.ì â äàí-

íóþ çîíó ñîñòàâëÿåò:

Q e e
N

ó.ì
ó.ì
ÂÎÊ

� � � � �
� � #1 1 0 060 064 1� , , , (7)

ãäå � — ïðîäîëæèòåëüíîñòü ïåðèîäà íàáëþäåíèÿ,

ëåò; � = 1 ãîä.

Âû÷èñëèì âåðîÿòíîñòü îòêàçà ìîëíèåçàùèòû Qî.ì

â òå÷åíèå ãîäà ïðè èñïðàâíîñòè ìîëíèåîòâîäà:

Qî.ì = 1 – & = 1 – 0,95 = 0,05. (8)

Òîãäà âåðîÿòíîñòü ïîðàæåíèÿ ìîëíèåé

Q Q Qì ó.ì î.ì� � # � # �0 06 0 05 3 10 3, , . (9)

Áóäåì ñ÷èòàòü, ÷òî èìåþùååñÿ íà ðåçåðâóàðå çà-

ùèòíîå çàçåìëåíèå íàõîäèòñÿ â èñïðàâíîì ñîñòîÿ-

íèè, ïîýòîìó âåðîÿòíîñòü âòîðè÷íîãî âîçäåéñòâèÿ

ìîëíèè íà âçðûâîîïàñíóþ çîíó âáëèçè ðåçåðâóàðà

è çàíîñà â íåå âûñîêîãî ïîòåíöèàëà ðàâíà íóëþ.

Ñëåäîâàòåëüíî, âåðîÿòíîñòü ðàçðÿäà àòìîñôåðíîãî

ýëåêòðè÷åñòâà Qà.ý â çîíå ðåçåðâóàðà ñîñòàâèò:

Qà.ý = Qì = 3 # 10–3. (10)

Ïðèìåì, ÷òî èç âñåãî ìíîãîîáðàçèÿ ôðèêöèîííûõ

èñêð âáëèçè ðåçåðâóàðà ìîæåò îáðàçîâàòüñÿ èñêðà

èç-çà îøèáêè îïåðàòîðà, ïðîèçâîäÿùåãî îïåðàöèè

èçìåðåíèÿ óðîâíÿ èëè ïðèìåíÿþùåãî âáëèçè ðåçåð-

âóàðà ìåòàëëè÷åñêèé è äðóãîé èñêðîîïàñíûé èí-

ñòðóìåíò.

Òîãäà âåðîÿòíîñòü ïîÿâëåíèÿ îêîëî ðåçåðâóàðà

ôðèêöèîííûõ èñêð Qô.è ñîñòàâèò:

Q Q Qô.è îø ï.î� � # # � #� �152 10 1 152 103 3, , , (11)

ãäå Qîø — âåðîÿòíîñòü îøèáêè îïåðàòîðà, ïðîèçâî-

äÿùåãî îïåðàöèè èçìåðåíèÿ óðîâíÿ è òåõîáñëó-

æèâàíèÿ ðåçåðâóàðà; Qîø = 1,52 # 10–3 (ïî ÃÎÑÒ

12.1.004–91*);

Qï.î — âåðîÿòíîñòü ïðîâåäåíèÿ îïåðàöèè èçìå-

ðåíèÿ óðîâíÿ è òåõîáñëóæèâàíèÿ ðåçåðâóàðà, ñâÿ-

çàííûõ ñ ïðèìåíåíèåì âáëèçè ðåçåðâóàðà ìå-

òàëëè÷åñêîãî, øëèôîâàëüíîãî è äðóãîãî èñêðî-

îïàñíîãî èíñòðóìåíòà;

Q e e
N N

ï.î
ç.ó ÒÎ� � � � �

� � � � #1 1 11000 24 1( ) ( ) .
�

(12)

Âåðîÿòíîñòü ïîÿâëåíèÿ ýëåêòðè÷åñêèõ èñêð Qý.è

ïðè çàìûêàíèè è ðàçìûêàíèè êîíòàêòîâ ýëåêòðîçà-

äâèæåê îïðåäåëÿåì ïî ôîðìóëå

Qý.è = Qý Qc.ý = 10–8 · 1 = 10–8, (13)

ãäå Qý — âåðîÿòíîñòü íåñîîòâåòñòâèÿ ýëåêòðîîáî-

ðóäîâàíèÿ ðåçåðâóàðà êàòåãîðèè è ãðóïïå ãîðþ-

÷åé ñðåäû â òå÷åíèå ãîäà; åñëè ïðèíÿòü, ÷òî èñ-

ïîëíåíèå ýëåêòðîçàäâèæåê ðåçåðâóàðà ñîîòâåò-

ñòâóåò êàòåãîðèè è ãðóïïå âçðûâîîïàñíîé ñìåñè,

òî Qý = 10–8 (ÃÎÑÒ 12.1.004–91*);

Qñ.ý — âåðîÿòíîñòü ñðàáàòûâàíèÿ ýëåêòðîîáîðó-

äîâàíèÿ ðåçåðâóàðà;

Q e e
N

ñ.ý
ýë� � � � �� � #1 1 140 1�

. (14)

Òàêèì îáðàçîì, îáùàÿ âåðîÿòíîñòü ïîÿâëåíèÿ âî

âçðûâîîïàñíîé çîíå âáëèçè ðåçåðâóàðà êàêîãî-ëèáî

èñòî÷íèêà çàæèãàíèÿ áóäåò ñîñòàâëÿòü:

Qè.ç = Qà.ý + Qô.è + Qý.è =

= 3 # 10–3 + 1,52 # 10–3 + 10–8 = 4,52 # 10–3.
(15)

Ïðåäïîëîæèì, ÷òî ýíåðãèè è âðåìåíè ñóùåñò-

âîâàíèÿ ýòèõ èñòî÷íèêîâ çàæèãàíèÿ äîñòàòî÷íî äëÿ

âîñïëàìåíåíèÿ ãîðþ÷åé ñðåäû. Òîãäà âåðîÿòíîñòü

âîçíèêíîâåíèÿ âîñïëàìåíåíèÿ â îêðåñòíîñòè ðåçåð-

âóàðà îïðåäåëèì ïî ôîðìóëå

Qâîñïë = QÂÎÊ Qè.ç =

= 2,45 # 10–3 # 4,52 # 10–3 = 11 # 10–3.
(16)

Ïðè ñãîðàíèè îáëàêà ïàðîâîçäóøíîé ñìåñè âîç-

ìîæíû äâà ñöåíàðèÿ ðàçâèòèÿ ïîæàðà — ïîæàð-

âñïûøêà è âçðûâ [19, 20].

Íàéäåì óñëîâíóþ âåðîÿòíîñòü ïîðàæåíèÿ ÷åëî-

âåêà, íàõîäÿùåãîñÿ âáëèçè ðåçåðâóàðà, âîëíîé äàâ-

ëåíèÿ, îáðàçîâàâøåéñÿ â ðåçóëüòàòå âçðûâà ïàðî-

âîçäóøíîé ñìåñè ÂÎÊ, â ñîîòâåòñòâèè ñ [21].

Ìàññà ïàðîâ áåíçèíà, âûòåñíÿåìûõ èç ðåçåðâóà-

ðà çà îäíî “áîëüøîå äûõàíèå”, mï (êã) ñîñòàâèò [21]:

mï = �ï Vï Pí/P0, (17)

ãäå �ï — ïëîòíîñòü ïàðîâ áåíçèíà, êã/ì3;

�ï
á

p

�
�

�
M

V t0 1 0 00367( , )

�
# � #

�
98 2

22 41 1 0 00367 40 5
3 815

,

, ( , , )
, êã/ì3;

(18)

Vï — ãåîìåòðè÷åñêèé îáúåì ïàðîâîçäóøíîãî

ïðîñòðàíñòâà ðåçåðâóàðà, ì3;

V V R hï ðåç ðåç ê� � �0 8
1

3

2, �

� # � # # # �0 8 300 314 9 5 1 3 1 2294 52, , , , ì3.

(19)

Òîãäà

mï = 3,815 · 2294,5 · 38,5/101,3 = 3327 êã.

Ìàññó ïàðîâ áåíçèíà, ñîäåðæàùèõñÿ â îáëàêå ñ

êîíöåíòðàöèåé ìåæäó íèæíèì è âåðõíèì êîíöåíò-

ðàöèîííûìè ïðåäåëàìè ðàñïðîñòðàíåíèÿ ïëàìåíè,

mÂÎÊ (êã) ïðèìåì

mÂÎÊ = mï Z = 2290 # 0,1 = 332,7 êã, (20)

ãäå Z — êîýôôèöèåíò ó÷àñòèÿ ïàðîâ áåíçèíà â ãîðå-

íèè [20].

Íàéäåì âåëè÷èíó óäåëüíîãî ýíåðãîâûäåëåíèÿ Åóä

(Äæ/êã) ïðè ãîðåíèè áåíçèíà ïî ôîðìóëå

Åóä = *Eóä0 = 1 · 44 · 106 = 44 · 106 Äæ/êã, (21)

ãäå *— êîððåêòèðóþùèé ïàðàìåòð äëÿ áåíçèíà [20];
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Åóä0 — óäåëüíàÿ òåïëîòà ñãîðàíèÿ äëÿ òèïè÷íûõ

óãëåâîäîðîäîâ, Äæ/êã [20].

Îïðåäåëèì ñòåõèîìåòðè÷åñêèé êîýôôèöèåíò k

ïðè êèñëîðîäå â ðåàêöèè ñãîðàíèÿ äëÿ ëåòíåãî áåí-

çèíà ñ õèìè÷åñêîé ôîðìóëîé Ñ7,024Í13,708 [17]:

k n
n n nx� �

�
� � � �Ñ

Í O

4 2
7 024

13 708

4
10 45,

,
, , (22)

ãäå nÑ, nÍ, nÎ, nx — ÷èñëî àòîìîâ Ñ, H, O è ãàëîèäîâ

â ìîëåêóëå áåíçèíà ñîîòâåòñòâåííî.

Îïðåäåëèì ñòåõèîìåòðè÷åñêóþ êîíöåíòðàöèþ

ïàðîâ áåíçèíà:

C
k

ñò �
�

�
� #

�
100

1 4 84

100

1 4 84 10 45
1 94

, , ,
, %. (23)

Êîíöåíòðàöèþ ãîðþ÷åãî â ñìåñè Ñã (%) ïðèìåì

ðàâíîé ÍÊÏÐ, ò. å. Ñã = ÑÍÊÏÐ = 0,76 %.

Íàéäåì ïëîòíîñòü âîçäóõà �â (êã/ì3) ïðè ðàñ÷åò-

íîé òåìïåðàòóðå è àòìîñôåðíîì äàâëåíèè:

�â
â

p

�
�

�
M

V t0 1 0 00367( , )

�
# � #

�
28 98

22 41 1 0 00367 40 5
1126

,

, ( , , )
, êã/ì3,

(24)

ãäå Mâ — ìîëÿðíàÿ ìàññà âîçäóõà, êã/êìîëü;

V0 — ìîëüíûé îáúåì, ì3/êìîëü.

Ïðè îïðåäåëåíèè ýôôåêòèâíîãî ýíåðãîçàïàñà ãî-

ðþ÷åé ñìåñè ó÷èòûâàåì, ÷òî îáëàêî ðàñïîëîæåíî íà

ïîâåðõíîñòè çåìëè, òàê êàê ïëîòíîñòü ïàðîâ áåíçèíà

ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ âûøå, ÷åì ïëîòíîñòü

âîçäóõà. Òàê êàê Ñã � Cñò, ýôôåêòèâíûé ýíåðãîçàïàñ

ãîðþ÷åé ñìåñè

E = 2mÂÎÊ Eóä = 2 # 332,7 # 44 # 106 = 29,278 # 109 Äæ. (25)

Òàê êàê áåíçèí îòíîñèòñÿ ê âåùåñòâàì 3-ãî êëàñ-

ñà ãîðþ÷åñòè [21], âèäèìóþ ñêîðîñòü ðàñïðîñòðàíå-

íèÿ ôðîíòà ïëàìåíè ïàðîâîçäóøíîé ñìåñè uð (ì/ñ)

îïðåäåëèì ïî ôîðìóëå

u k mð ,� � # �1
1 6 1 643 332 7 133
ÂÎÊ

ì/c, (26)

ãäå k1 — êîíñòàíòà, ðàâíàÿ 43 [21].

Âèäèìàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ôðîíòà ïëà-

ìåíè ìåíüøå ìàêñèìàëüíîé ñêîðîñòè ðàñïðîñòðà-

íåíèÿ ôðîíòà ïëàìåíè ïàðîâîçäóøíîé ñìåñè äëÿ

âåùåñòâ 3-ãî êëàññà ãîðþ÷åñòè (300 ì/ñ [21]), ïî-

ýòîìó äëÿ ðàñ÷åòîâ ïðèìåì uð = 300 ì/ñ.

Áåçðàçìåðíîå ðàññòîÿíèå îò öåíòðà îáëàêà rx ðàñ-

ñ÷èòàåì ïî ôîðìóëå

r
r

E

p

x �
�
�
	



�
�

�
#�

�
		




�
��

�

0

1 3 9 1 3

14

29 278 10

101325

0 21

,

, . (27)

Òàê êàê rx < 0,34, äàëåå äëÿ ðàñ÷åòîâ ïðèíèìàåì

rx = 0,34 [21]. Òîãäà âåëè÷èíó áåçðàçìåðíîãî äàâëå-

íèÿ ðõ îïðåäåëèì èç âûðàæåíèÿ

p
u

C r r
õ

õ õ

�
�

�
�

�
		




�
�� �

2

0
2 2

1 0 83 014�
�

, ,

�
�

�
�

�
	




�
� �

300

340

7 1

7

0 83

0 34

014

0 34
1 44

2

2 2

,

,

,

,
, ,

(28)

ãäå � — ñòåïåíü ðàñøèðåíèÿ ïðîäóêòîâ ñãîðàíèÿ

äëÿ ãàçîïàðîâîçäóøíûõ ñìåñåé [21];

Ñ0 — ñêîðîñòü çâóêà â âîçäóõå, ì/ñ.

Áåçðàçìåðíóþ âåëè÷èíó èìïóëüñà ôàçû ñæàòèÿ

Ix íàéäåì èç ñîîòíîøåíèÿ

I
u

C

u

C r r
õ

õ õ

�
�

�
��

�
	



�
�
�
�
	 � �

0 0
2

1
1 0 4

1 0 06 0 01�
�

�
�

,
, ,

�



�
�� �

�
�

��
�
	



�
� �

0 0025 300

340

7 1

7
1 0 4

300

340

7 1

73

,
,

rõ

(29)

� � �
�

�
	




�
� �

0 06

0 34

0 01

0 34

0 0025

0 34
0105

2 3

,

,

,

,

,

,
, .

Èçáûòî÷íîå äàâëåíèå +ð (êÏà) îïðåäåëèì ïî

ôîðìóëå

+p = px p0 = 1,44 · 101325 = 145,9 êÏà. (30)

Ðàçìåðíóþ âåëè÷èíó èìïóëüñà ôàçû ñæàòèÿ I +

íàéäåì ïî ôîðìóëå

I
I p E

C

õ� � �0

2 3 1 3

0

�
# # #

�
0105 101325 29 278 10

340
2069

2 3 9 1 3, ( , )
Ïà·ñ.

(31)

Äëÿ îïðåäåëåíèÿ óñëîâíîé âåðîÿòíîñòè ïîðàæå-

íèÿ ÷åëîâåêà, íàõîäÿùåãîñÿ âáëèçè ðåçåðâóàðà, âîë-

íîé äàâëåíèÿ èñïîëüçóåì ïðîáèò-ôóíêöèþ âèäà

Pr = 5,0 – 5,74 ln S, (32)

ãäå S
P i

� �
4 2 13, ,

;

P
p

p
� �

#
�

+

0

3145 9 10

101325
1 44

,
, ;

i
I

p m
� �

#
�

�

0

1 2 1 3 1 2 1 3

2069

101325 70
158, ;

m — ìàññà òåëà ÷åëîâåêà, ïðèíèìàåìàÿ ðàâíîé

70 êã.

Òîãäà

S � � �
4 2

1 44

1 3

1 58
3 74

,

,

,

,
, ,

à ïðîáèò-ôóíêöèÿ

Pr � � � �5 0 5 74 3 74 2 57, , , ,ln .

Çíà÷åíèå óñëîâíîé âåðîÿòíîñòè ïîðàæåíèÿ ÷å-

ëîâåêà, íàõîäÿùåãîñÿ âáëèçè ðåçåðâóàðà íà îòêðû-

òîì ïðîñòðàíñòâå ïðè âçðûâå ïàðîâîçäóøíîé ñìå-

ñè, îïðåäåëèì ïî òàáë. Ï4.2 èç [21]: Qâîçä.âçð = 0.
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Ïîñêîëüêó ðàäèóñ çîíû ïîðàæåíèÿ RF (ì) ïðè

ïîæàðå-âñïûøêå ïðàêòè÷åñêè ñîâïàäàåò ñ ìàêñè-

ìàëüíûì ðàçìåðîì îáëàêà ïðîäóêòîâ ñãîðàíèÿ [21]

è ðàâåí

R
D

F � �
#

�
1 2

2

1 2 24 22

2
14 5

, , ,
, ì, (33)

äëÿ îïåðàòîðà, íàõîäÿùåãîñÿ âáëèçè ðåçåðâóàðà (íà

ðàññòîÿíèè 14 ì, ÷òî ìåíüøå RF = 14,5 ì), óñëîâíàÿ

âåðîÿòíîñòü ïîðàæåíèÿ Qâîçä.âñï = 1 [20].

Àíàëèçèðóÿ äàííûå, ïðèâåäåííûå â ïðèëîæå-

íèè 3 [20] è òàáë. 2.4 [22], ìîæíî ñäåëàòü âûâîä, ÷òî

âåðîÿòíîñòü âçðûâà íàìíîãî íèæå âåðîÿòíîñòè ïî-

æàðà-âñïûøêè ïðè ñãîðàíèè îáëàêà ïàðîâîçäóøíîé

ñìåñè è â ñðåäíåì åå ìîæíî îöåíèòü êàê 6 âçðûâîâ íà

100 âîñïëàìåíåíèé ïàðîâîçäóøíîé ñìåñè. Èñïîëü-

çóÿ âûøåóêàçàííûå äàííûå, ïðèìåì âåðîÿòíîñòü

âçðûâà è âåðîÿòíîñòü ïîæàðà-âñïûøêè.

Ïîñêîëüêó âçðûâ íå íåñåò âðåäà æèçíè è çäîðî-

âüþ ÷åëîâåêà, óñëîâíóþ âåðîÿòíîñòü ïîðàæåíèÿ ÷å-

ëîâåêà ïðè ñãîðàíèè îáëàêà ïàðîâîçäóøíîé ñìåñè

â ðåæèìå ïîæàðà-âñïûøêè ïðè óñëîâèè, ÷òî îïåðà-

òîð áóäåò âñåãäà íàõîäèòüñÿ âáëèçè ðåçåðâóàðà ïðè

åãî íàïîëíåíèè, íàéäåì ïî ôîðìóëå

Q = Qâîñïë Qâñï Qâîçä.âñï =

= 11 · 10–3 · 0,94 · 1 = 10,34 · 10–3 ãîä–1.
(34)

Âûâîäû

Âûñîêîå çíà÷åíèå óñëîâíîé âåðîÿòíîñòè ïîðà-

æåíèÿ ÷åëîâåêà â ðåçóëüòàòå âîñïëàìåíåíèÿ ïàðî-

âîçäóøíîé ñìåñè, îáðàçîâàâøåéñÿ âáëèçè ðåçåð-

âóàðà âñëåäñòâèå åãî íàïîëíåíèÿ èç-çà èñïàðåíèÿ

íåôòåïðîäóêòà, ñâÿçàíî ñ òåì, ÷òî ðàñ÷åòû âåëèñü

ïî íàèáîëåå íåáëàãîïðèÿòíîìó ñöåíàðèþ ðàçâèòèÿ

ïîæàðîîïàñíîé ñèòóàöèè [21]. Íà ñîâðåìåííûõ

îáúåêòàõ îðãàíèçàöèÿ õðàíåíèÿ íåôòåïðîäóêòîâ

ðåàëèçóåòñÿ â ñîîòâåòñòâèè ñ ïðàâèëàìè âåäåíèÿ

òåõíîëîãè÷åñêèõ ïðîöåññîâ, êîòîðûå ïðåäóñìàòðè-

âàþò â îáÿçàòåëüíîì ïîðÿäêå ìåðû, ñíèæàþùèå âå-

ðîÿòíîñòü àâàðèè ïðè “áîëüøèõ äûõàíèÿõ” [23].

Òåì íå ìåíåå ðàñ÷åòíîå çíà÷åíèå óñëîâíîé âå-

ðîÿòíîñòè ïîðàæåíèÿ ÷åëîâåêà â ðåçóëüòàòå âîñ-

ïëàìåíåíèÿ ïàðîâîçäóøíîé ñìåñè, ïîëó÷åííîå ïî

äåéñòâóþùèì ìåòîäèêàì, äîêàçûâàåò âûñîêóþ ïî-

æàðîâçðûâîîïàñíîñòü “áîëüøèõ äûõàíèé” ïðè íà-

ïîëíåíèè ðåçåðâóàðîâ íåôòåïðîäóêòîì, ÷òî, íåñî-

ìíåííî, îòðàçèòñÿ íà âåëè÷èíå èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà [24], êîòîðàÿ ó÷èòûâàåò âñå ñöåíàðèè

ðàçâèòèÿ ïîæàðîîïàñíûõ ñèòóàöèé.

Òàêèì îáðàçîì, äëÿ ñíèæåíèÿ äàííîé âåðîÿòíî-

ñòè íåîáõîäèìî ïðåäóñìîòðåòü èíæåíåðíî-òåõíè÷å-

ñêèå ðåøåíèÿ, ïîçâîëÿþùèå óìåíüøèòü èëè ñîâñåì

èñêëþ÷èòü âûáðîñ ïàðîâîçäóøíîé ñìåñè ïðè îñó-

ùåñòâëåíèè îïåðàöèé íàïîëíåíèÿ ðåçåðâóàðà íåô-

òåïðîäóêòîì.
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ABSTRACT

An assessment of fire danger of storage of oil products in land RVS tanks at implementation of “big

respirations” is given. Parameters of the explosive zone near the tank with gasoline formed as a result

of his filling are determined. It is established dependence of probability of ignition of explosive mix of

gasoline with air oxygen in the neighborhood of the tank from probability of her education at

the corresponding climatic conditions in the set region and probability of manifestation in an ex-

plosive zone of a source of the ignition sufficient for ignition of the combustible environment as which

categories of atmospheric electricity, manifestation of frictional sparks, and electric sparks of short

circuit were considered . The mass of vapors of gasoline which is forced out from the tank for one “big

respiration” as a result of his evaporability and also mass of the vapors of gasoline which are contained

in a cloud with concentration between the lower and top concentration limits of distribution of a flame

is determined. Fire flash defeat zone radius, excessive pressure and impulse of pressure of explosion

of steam-air mix in open space, and also extent of their influence on life and health of the person are

determined. The probability of the scenario which implementation will constitute danger to the ope-

rator controlling process of filling of the tank gasoline is predicted. Value of conditional probability of

defeat of the person who is near the tank taking into account realization of a fire-dangerous situation

within a year is found that will affect the size of individually fire risk which considers all scenarios of

development of fire-dangerous situations. Therefore, for reduction of value of the received proba-

bility it is necessary to provide the technical decisions allowing to lower or exclude the emission of

steam-air mix connected with an evaporability of oil products at implementation of operations of

filling the tank.

Keywords: explosive fire hazard; storage of oil products; evaporation of oil products; land tank; “big

respiration”; explosive concentration; pressure wave; fire flash; defeat of the person; individual fire risk.
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