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Ïîêàçàíî, ÷òî ðàñ÷åò ìàññû ïðèðîäíîãî ãàçà, ó÷àñòâóþùåãî â ãîðåíèè ïðè ïîæàðå íà ìàãèñòðàëü-
íîì ãàçîïðîâîäå, ïî ìåòîäèêå âåäîìñòâåííîãî ñòàíäàðòà îðãàíèçàöèè ÎÀÎ “Ãàçïðîì” íåäî-
ñòàòî÷íî äåòàëèçèðîâàí, ÷òî çàòðóäíÿåò åãî âûïîëíåíèå â èíæåíåðíîé ïðàêòèêå. Äàíî îáîñíî-
âàíèå ìåòîäèêè, óñòðàíÿþùåé ýòîò íåäîñòàòîê, íà ïðèìåðå àâàðèéíîãî ðàçðûâà ëèíåéíîé
÷àñòè ìàãèñòðàëüíîãî ãàçîïðîâîäà, â ÷àñòíîñòè ïðåäëîæåí ïîðÿäîê ðàñ÷åòà êîýôôèöèåíòà
ñæèìàåìîñòè. Óñòàíîâëåíà çàâèñèìîñòü êîýôôèöèåíòà ñæèìàåìîñòè îò âèäà õèìè÷åñêèõ ïðè-
ìåñåé è èõ êîëè÷åñòâåííîãî ñîäåðæàíèÿ â ñîñòàâå ïðèðîäíîãî ãàçà ñ ó÷åòîì òåðìîáàðè÷åñêîãî
ñîñòîÿíèÿ ïîñëåäíåãî â ðàáî÷èõ óñëîâèÿõ, ïðåäøåñòâóþùèõ ìîìåíòó àâàðèéíîé ðàçãåðìåòèçà-
öèè ìàãèñòðàëüíîãî ãàçîïðîâîäà.

Êëþ÷åâûå ñëîâà: ìàãèñòðàëüíûé ãàçîïðîâîä; ïîæàðíûé ðèñê; àâàðèéíûé ó÷àñòîê; ôàêòîðû
ñæèìàåìîñòè; êîýôôèöèåíò ñæèìàåìîñòè; ìàññà ïðèðîäíîãî ãàçà; ïîðÿäîê ðàñ÷åòà.

DOI: 10.18322/PVB.2015.24.09.48-54

Óðîâåíü ïîæàðíîãî ðèñêà [1] è ïîðàæàþùåãî äåé-

ñòâèÿ ïëàìåíè ïîæàðà ïðè àâàðèéíîì ðàçðóøåíèè

ìàãèñòðàëüíîãî ãàçîïðîâîäà (ÌÃ) [2] îïðåäåëÿåòñÿ

ìàññîé ãàçà, ó÷àñòâóþùåãî â ãîðåíèè. Îäíàêî îêàçà-

ëîñü, ÷òî äåéñòâóþùèå íîðìàòèâíûå äîêóìåíòû [3–5]

íå ñîäåðæàò ìåòîäèê ðàñ÷åòà ìàññû ãàçà, ïîääåðæè-

âàþùåãî ãîðåíèå ôàêåëà ïðè ðàçðûâå ãàçîïðîâîäà.

Òàêàÿ ìåòîäèêà ðàñ÷åòà ìàññû ïðèðîäíîãî ãàçà, íà-

õîäÿùåãîñÿ â àâàðèéíîé ñåêöèè ãàçîïðîâîäà, ïðåä-

ñòàâëåíà â ÑÒÎ Ãàçïðîì 2-2.3-351–2009 [6], íî äëÿ

ïðÿìîãî èñïîëüçîâàíèÿ îíà íåäîñòàòî÷íî äåòàëè-

çèðîâàíà, ÷òî äåëàåò åå íå âñåãäà ñòðîãîé è çàòðóä-

íÿåò ïðèìåíåíèå â ðàñ÷åòíîé ïðàêòèêå.

Îáîñíîâàíèå ìåòîäèêè, óñòðàíÿþùåé ýòîò ïðî-

áåë, âûïîëíÿåòñÿ ñ ó÷åòîì ðåêîìåíäàöèé, èçëîæåí-

íûõ â [6]. Íà ðèñóíêå ïðåäñòàâëåí ïðèìåð ñõåìû

äëÿ ðàñ÷åòà ìàññû ãàçà, ïîääåðæèâàþùåãî ôàêåë

ïðè ðàçðûâå ãàçîïðîâîäà. Ïðåäïîëàãàåòñÿ, ÷òî àâà-

ðèéíûé ðàçðûâ ìàãèñòðàëüíîãî ãàçîïðîâîäà âîçíè-

êàåò ïîñåðåäèíå âûáðàííîãî ó÷àñòêà ìåæäó äâóìÿ

ñîñåäíèìè êîìïðåññîðíûìè ñòàíöèÿìè ÊÑ1 è ÊÑ2,

â ðåçóëüòàòå ÷åãî îáðàçóþòñÿ äâà àâàðèéíûõ ó÷àñò-

êà: 1-é — îò ÊÑ1 äî òî÷êè ðàçðûâà À è 2-é — îò òî÷êè

ðàçðûâà À äî ÊÑ2. Ëèíåéíûå ðàçìåðû ýòèõ ó÷àñò-

êîâ óêàçàíû íà ðèñóíêå.

Äëÿ ðàñ÷åòà ïðèíÿòû ñëåäóþùèå èñõîäíûå äàí-

íûå:
� ãîðþ÷åå âåùåñòâî — ïðèðîäíûé ãàç ñîñòàâà: ìå-

òàí ÑÍ4 — 98,5 %; ÑÎ2 — 0,5 %; N2 — 1,0 %;
� íàðóæíûé äèàìåòð ãàçîïðîâîäà Dí = 1420 ìì =

= 1,42 ì;

� âíóòðåííèé äèàìåòð òðóá dâí = 1387 ìì = 1,387 ì;
� äàâëåíèå íàãíåòàíèÿ Pí = 7,5 ÌÏà;
� òåìïåðàòóðà ãàçà íà âõîäå Òí =283,15Ê(tí =10 °Ñ);
� òåìïåðàòóðà ãðóíòà Òãð = 278,15 Ê (tãð = 5 °Ñ).

Âûðàæåíèå äëÿ ðàñ÷åòà çàêëþ÷åííîé â ãàçîïðî-

âîäå ìàññû ãàçà ñ ó÷åòîì åãî ñæèìàåìîñòè [7] ìîæ-

íî ïîëó÷èòü èç óðàâíåíèÿ Ìåíäåëååâà – Êëàïåéðî-

íà [8]:

PV
M

m
RT Z= ,ã

ãèëè

PV M R T Z= ã ã , (1)

åñëè ó÷åñòü, ÷òî

R R mã ã	 . (2)
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Ðàñ÷åòíàÿ ñõåìà: À — òî÷êà ðàçðûâà
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Òîãäà

Ì VP R TZã ã= ( ) , (3)

ãäå Ð — äàâëåíèå ãàçà â ðàáî÷èõ óñëîâèÿõ, Ïà;

V — îáúåì ãàçà, çàêëþ÷åííîãî â ãàçîïðîâîäå

íà ðàññìàòðèâàåìîì ó÷àñòêå äëèíîé L (ì), ì3;

V d L	 
 âí
2 4 ;

Ìã — ìàññà ãàçà, êã;

mã — ìîëÿðíàÿ ìàññà ïðèðîäíîãî ãàçà, êã�ìîëü;

R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ, ðàâíàÿ

8314 Äæ�(ìîëü·Ê);

Ò — òåìïåðàòóðà ãàçà â ðàáî÷èõ óñëîâèÿõ, Ê;

Z — êîýôôèöèåíò ñæèìàåìîñòè ãàçà;

Rã — óäåëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ ïðèðîäíîãî

ãàçà, êã�ìîëü.

Ìîëÿðíàÿ ìàññà [9] ïðèðîäíîãî ãàçà mã íàõî-

äèòñÿ êàê ñóììà àòîìíûõ ìàññ âñåõ ýëåìåíòîâ, âõî-

äÿùèõ â åãî ñîñòàâ, êîòîðûå îïðåäåëÿþòñÿ ïî òàá-

ëèöå Ìåíäåëååâà:
� ìåòàí ÑÍ4, äîëÿ â ñîñòàâå õÑÍ4

= 0,985:

mÑÍ 4
= 12,011 + 1,008 · 4 = 16,043 êã�ìîëü;

� äèîêñèä óãëåðîäà ÑÎ2, äîëÿ â ñîñòàâå xÑÎ2
= 0,005:

mÑÎ2
= 12,011 + 16,0 · 2 = 44,011 êã�ìîëü;

� àçîò N2, äîëÿ â ñîñòàâå xN2
= 0,01:

mN 2
= 14,007 · 2 = 28,002 êã�ìîëü,

ãäå mÑÍ4
, mÑÎ2

, mN2
— ìîëÿðíûå ìàññû ñîîòâåòñò-

âåííî ìåòàíà, äèîêñèäà óãëåðîäà è àçîòà.

Èñõîäÿ èç äîëåâîãî ñîäåðæàíèÿ ýòèõ ýëåìåíòîâ

â ïðèðîäíîì ãàçå (ñì. èñõîäíûå äàííûå), åãî ìîëÿð-

íàÿ ìàññà ñîñòàâèò:

m m õ m õ m õã ÑÍ ÑÍ ÑÎ ÑÎ N N= � �
2 2 2 2

. (4)

Ïîäñòàâèâ â (4) çíà÷åíèÿ ìîëÿðíûõ ìàññ ñîñòàâ-

ëÿþùèõ ýëåìåíòîâ è èõ äîëüíîãî ñîäåðæàíèÿ, ïî-

ëó÷èì:

mã = 16,043 · 0,985 + 44,011 · 0,005 + 28,002 · 0,01 =

= 16,302 êã�ìîëü.

Òîãäà óäåëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ Rã äëÿ ïðè-

ðîäíîãî ãàçà îïðåäåëèòñÿ èç (2):

Rã = 8314�16,302 = 510,0 Äæ�(êã·Ê).

Â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè [6] ðàñ÷åò ìàñ-

ñû ãàçà âûïîëíÿåòñÿ ïî êàæäîìó àâàðèéíîìó ó÷àñò-

êó â îòäåëüíîñòè. Ñ ó÷åòîì ýòîãî îáñòîÿòåëüñòâà ôîð-

ìóëó (3) ìîæíî ðàçâåðíóòü ñëåäóþùèì îáðàçîì:

M
L d P

R Z T
Mã

âí
cp

ã
cp cp êñ( , )

( , ) ( , )

( , ) ( , )

(1 2

1 2 1 2

1 2 1 2
4

	 �



1 2, ) , (5)

ãäå Pcp, T cp, Z cp — ñðåäíèå äàâëåíèå, òåìïåðàòóðà

è êîýôôèöèåíò ñæèìàåìîñòè ãàçà íà àâàðèéíûõ

ó÷àñòêàõ;

Ìêñ — ìàññà ãàçà, íàãíåòàåìîãî (çíàê “+”) â ãà-

çîïðîâîä èëè îòêà÷èâàåìîãî (çíàê “–”) èç íåãî;

1, 2 — èíäåêñ, óêàçûâàþùèé íà îòíåñåíèå ïàðà-

ìåòðîâ ñîîòâåòñòâåííî ê 1-ìó è 2-ìó àâàðèéíûì

ó÷àñòêàì.

Ñðåäíåå äàâëåíèå Pcp è ñðåäíÿÿ òåìïåðàòóðà T cp

äëÿ êàæäîãî àâàðèéíîãî è ðàññìàòðèâàåìîãî ó÷àñò-

êà â öåëîì (P
0

cp, T
0

cp) ðàññ÷èòûâàþòñÿ ïî ñïåöèàëè-

çèðîâàííûì ìåòîäèêàì [10, 11] è äëÿ äàëüíåéøèõ

ðàññóæäåíèé ïðèíèìàþòñÿ:

P
1

cp = (6,83�6,71) ÌÏà � 6,77 ÌÏà;

P
2

cp = (6,18�5,73) ÌÏà � 5,96 ÌÏà;

P
0

cp = (6,52�6,24) ÌÏà � 6,38 ÌÏà;

T
1

cp = 281,77 Ê (8,62 °Ñ);

T
2

cp = 279,58 Ê (6,41 °Ñ);

T
0

cp = 280,84 Ê (7,69 °Ñ).

Òàêèì îáðàçîì, äëÿ ðåøåíèÿ (5) íåîáõîäèìî íàé-

òè ïàðàìåòðû Z cp è Ìêñ äëÿ êàæäîãî ó÷àñòêà.

Ñðåäíèé êîýôôèöèåíò ñæèìàåìîñòè Zcp âû÷èñ-

ëÿþò â ñîîòâåòñòâèè ñ ÃÎÑÒ 30319.2–96 [12] ïî ôîð-

ìóëå

Zñð = z�zc , (6)

ãäå z, zc — ôàêòîðû ñæèìàåìîñòè ñîîòâåòñòâåííî

ïðè ðàáî÷èõ è ñòàíäàðòíûõ óñëîâèÿõ.

Ïîä ðàáî÷èìè óñëîâèÿìè ïîíèìàþòñÿ ñðåäíèå

äàâëåíèå Pcp è òåìïåðàòóðà T cp íà ðàññìàòðèâàåìûõ

ó÷àñòêàõ ãàçîïðîâîäà. Ïîä ñòàíäàðòíûìè óñëîâèÿìè

ïîíèìàþòñÿ äàâëåíèå Ðñ è òåìïåðàòóðà Òñ, ðåãëàìåí-

òèðîâàííûå ÃÎÑÒ 30319.0–96 [13]: Òñ = 293,15 Ê;

Ðñ = 0,101325 ÌÏà.

Äëÿ ðàñ÷åòà êîýôôèöèåíòà ñæèìàåìîñòè Z ñð ïðè-

íèìàåòñÿ ìîäèôèöèðîâàííîå óðàâíåíèå ñîñòîÿíèÿ

GERG-91 ìîä., ðåêîìåíäîâàííîå â [12] äëÿ ïðèðîä-

íûõ ãàçîâ, ñîäåðæàùèõ 65–100 % ìåòàíà ÑÍ4 ïëîò-

íîñòüþ 0,668–0,700 êã�ì3 â èíòåðâàëå òåìïåðàòóð

250–330 Ê è äàâëåíèé äî 12 ÌÏà è íå ñîäåðæàùèõ

ñåðîâîäîðîä. Ïîãðåøíîñòü ðàñ÷åòà êîýôôèöèåíòà

ñæèìàåìîñòè â ýòèõ äèàïàçîíàõ íå ïðåâûøàåò 0,11%.

Ïîðÿäîê ðàñ÷åòà ìîæåò áûòü ïðèíÿò ñëåäóþùèì.

1. Îïðåäåëÿåòñÿ ôàêòîð ñæèìàåìîñòè ðàññìàò-

ðèâàåìîãî ïðèðîäíîãî ãàçà ïðè ñòàíäàðòíûõ óñëî-

âèÿõ ïî ôîðìóëå, ðåêîìåíäîâàííîé â [7]:

z k xc

i

	 � � �


�
� �1 0 0458 0 0022

4
, ,C CH

� �
�

�
�0 0195 0 075

2

2

, , ,x xN CO2
(7)

ãäå kC — êîëè÷åñòâî àòîìîâ óãëåðîäà â i-ì óãëåâîäî-

ðîäíîì êîìïëåêñå (ÑnÍ2n+2) ïðèðîäíîãî ãàçà; äëÿ

ìåòàíà kC = 1.
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Ïîäñòàâèâ â (7) äîëåâîå ñîäåðæàíèå êîìïîíåí-

òîâ, ïîëó÷èì:

zc = 1 – [0,0458 · 1 · 0,985 – 0,0022 +

+ 0,0195 · 0,01 + 0,075·0,005]2 = 0,9981.

2. Ðàññ÷èòûâàåòñÿ ïëîòíîñòü ïðèðîäíîãî ãàçà �ñ(ïã)

ïðè ñòàíäàðòíûõ óñëîâèÿõ:

�c(ïã)
ïã c

c c

	 	
� �
� �

m P

RT z

16 302 0101325 10

8314 29315 0

6, ,

, ,
,

9981
0 679	 êã�ì3.

3. Îïðåäåëÿåòñÿ ìîëÿðíàÿ ìàññà ýêâèâàëåíòíî-

ãî óãëåâîäîðîäà:

m z õ x xý ñ c N CO CH2 2 4
	 � � 	( , , , )24 05525 28 0135 44 01�

= (24,05525 · 0,9981 · 0,679 – 28,0135 · 0,01 –

– 44,01 · 0,005)�0,985 = 16,04294.

4. Îïðåäåëÿþòñÿ âñïîìîãàòåëüíûå ïàðàìåòðû H

è b â óðàâíåíèè ñîñòîÿíèÿ:

H = 128,64 + 47,479mý =

= 128,64 + 47,479 · 16,04294 = 890,34976; (8)

b
P

T
	 	

�
�

	
10

2 7715

10 6 38

2 7715 280 84
819685

3

0
3cp

0

cp,

,

, ,
, . (9)

5. Ðàññ÷èòûâàåòñÿ ôàêòîð ñæèìàåìîñòè z ïðè

ñðåäíèõ äàâëåíèè (Ð
0

ñð = 6,38 ÌÏà) è òåìïåðàòóðå

(Ò
0

ñð = 280,84 Ê):

z
A A A

	
� �1

3
2 1 2 , (10)

ãäå A A A A2 0 0
2

1
3 0 5 1 3	 � �[ ( ) ] ;, (11)

À Â Ñ0 0 01 15	 � �, ( ); (12)

À Â1 01	 � ; (13)

Â bBm0 	 ; (14)

C b Cm0
2	 . (15)

5.1. Îïðåäåëÿåòñÿ ïàðàìåòð Âm:

B x B x x B B Bm 	 � � �CH
2

CH N4 4 21 1 2
*( )

– 173 1 2
0 5 2

2, ( ) ,x x B B x BCH CO N4 2 2
� � (16)

� �2 23
2

3x x B x BN CO CO2 2 2
.

Çäåñü:

B T1
3

0
0 425468 2 865 10	 � � � ��, , cp

� � � � �� �4 62073 10 8 77118 106 2 4, ( ) [ ,T
0

cp

� � � � �� �5 56281 10 8 8151 106 9 2, , ( ) ]T T Í
0

cp

0

cp (17)

� � � � � �� �[ , ,8 24747 10 4 31436 107 9T
0

cp

� � �6 08319 10 12 2 2, ( ) ] ;T H
0

cp

B T2
401446 7 4091 10	 � � � ��, ,

0

cp

� � �91195 10 7 2, ( ) ;T
0

cp
(18)

B T23
30 339693 161176 10	 � � � ��, ,

0

cp

� � �2 04429 10 6 2, ( ) ;T
0

cp
(19)

B T3
30 86834 4 0376 10	 � � � ��, ,

0

cp

� � �51657 10 6 2, ( ) ;T
0

cp
(20)

B T* , , ( ) .	 � � ��0 72 1875 10 3205 2

0

cp (21)

Ïîñëå ïîäñòàíîâêè â ôîðìóëû (17)–(21) ñîîòâåò-

ñòâóþùèõ çíà÷åíèéÒ
0

ñð è Í, ïîëó÷èì: Â1 = –0,04993;

Â2 = –0,00845; Â3 = –0,14184; Â23 = –0,04828;

Â* = 0,74875.

Òîãäà ïàðàìåòð óðàâíåíèÿ ñîñòîÿíèÿ Bm ñî-

ñòàâèò:

Bm = 0,9852 · (– 0,04993) +

0,985 · 0,01 · 0,74875 · [(– 0,04993) + (– 0,00845)] –

– 1,73 · 0,985 · 0,005 · [(– 0,04993) (– 0,14184)]0,5 +

+ 0,012 · (– 0,00845) + 2 · 0,01 · 0,005 · (– 0,04828) +

+ 0,005 · (– 0,14184) = 0,04960.

5.2. Îïðåäåëÿåòñÿ ïàðàìåòð óðàâíåíèÿ ñîñòîÿ-

íèÿ Ñm:

C x C x x C C Cm 	 � �NH
3

NH
2

N4 4 21 1
2

2
1 33 *( )

� �2 76 1
2

3
1 3, ( )x x C CNH

2
CO4 2

� �3 1 2
2 1 3x x C C CNH N

2

4 2

* ( )
(22)

� �6 6 1 2 3
1 3, ( )x x x C C CCH N CO4 2 2

� � �2 76 1 3
2 1 3 3

2, ( )x x C C x CNH CO N4 2 2

� � �3 3223
2

233
3

3x x C x x C x CN
2

CO N CO CO2 2 2 2 2
.

Çäåñü:

C T1
30 302488 1955861 10	 � � � ��, ,

0

cp

� � � � �� �316302 10 6 46422 106 2 4, ( ) [ ,T
0

cp

� � � � �� �4 22876 10 6 88157 106 9 2, , ( ) ]T T H
0

cp

0

cp (23)

� � � � � �� �[ , ,3 32805 10 2 2316 107 9T
0

cp

� � �3 67713 10 12

0

2, ( ) ] ;T Hcp

Ñ T2
3 57 8498 10 3 9895 10	 � � � �� �, ,

0

cp

� � �61187 10 8 2, ( ) ;T
0

cp
(24)

Ñ T3
3 52 0513 10 3 4888 10	 � � � �� �, ,

0

cp

� � �8 3703 10 8 2, ( ) ;T
0

cp
(25)

C T223
3 55 52066 10 168609 10	 � � � �� �, ,

0

cp

� � �157169 10 8 2, ( ) ;T
0

cp
(26)

C T233
3 63 58783 10 8 06674 10	 � � � �� �, ,

0

cp

� � �3 25798 10 8 2, ( ) ;T
0

cp
(27)

C T* , , ( ).	 � �0 92 0 0013 270
0

cp (28)

Ïîäñòàâèâ â ôîðìóëû (23)–(28) çíà÷åíèÿÒ
0

ñð è Í,

ïîëó÷èì: Ñ1 = 0,00259; Ñ2 = 0,00147; Ñ3 = – 0,01435;

Ñ223 = 0,00203; Ñ233 = 0,00328; Ñ* = 0,93409.
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Òîãäà ïàðàìåòð óðàâíåíèÿ ñîñòîÿíèÿ Ñm ñîñòàâèò:

Cm = 0,9853 · 0,00259 +

+ 3 · 0,9852 · 0,01 · 0,93409 · (0,002592 · 0,00147)1�3 +

+ 2,76 · 0,9852 · 0,005 · [0,002592 · (– 0,01435)]1�3 +

+ 3 · 0,985 · 0,012 · 0,93409 · (0,00259 · 0,001472)1�3 +

+ 6,6 · 0,985 · 0,01 · 0,005 · [0,00259 · 0,00147 �

� (– 0,01435)]1�3 + 2,76 · 0,985 · 0,005 �

� [0,00259 · (– 0,01435)2]1/3 + 0,013 · 0,00147 +

+ 3 · 0,012 · 0,005 · 0,00203 + 3 · 0,01 · 0,0052 · 0,00328 +

+ 0,0053 · (– 0,01435) = 0,00307.

5.3. Âû÷èñëÿþòñÿ âñïîìîãàòåëüíûå êîýôôèöè-

åíòû ïî ôîðìóëàì (11)–(15):

C0 = 8,196852 · 0,00307 = 0,20629;

B0 = 8,19685 · (– 0,04960) = – 0,40659;

A0 = 1 + 1,5 · [(– 0,40659) + 0,20629] = 0,69955;

A1 = 1 + (– 0,40659) = 0,59341;

A2
2 3 0 5 1 30 69955 0 69955 0 59341	 � � 	[ , ( , , ) ],

	 0 55398, .

5.4. Âû÷èñëÿåòñÿ ôàêòîð ñæèìàåìîñòè z ãàçà â

ðàáî÷èõ óñëîâèÿõ ïî ôîðìóëå (10):

z = (1 + 0,55398 + 0,59341�0,55398)�3 = 0,87505.

6. Äàëåå ïî ôîðìóëå (6) îïðåäåëÿåòñÿ êîýôôè-

öèåíò ñæèìàåìîñòè Zñð äëÿ ïðèðîäíîãî ãàçà â çàäàí-

íûõ ðàáî÷èõ óñëîâèÿõ:

Zñð = z�zc = 0,87505�0,9981 = 0,8767.

Äàëåå îïðåäåëÿåòñÿ çíà÷åíèå ìàññû ãàçà Ìêñ, íà-

ãíåòàåìîãî â ãàçîïðîâîä èëè îòêà÷èâàåìîãî èç íåãî

íà àâàðèéíûõ ó÷àñòêàõ çà âðåìÿ ñ ìîìåíòà ðàçðóøå-

íèÿ ãàçîïðîâîäà äî ïåðåêðûòèÿ ëèíåéíûõ êðàíîâ të

(ìèí). Ýòî âðåìÿ íàõîäèòñÿ â ñîîòâåòñòâèè ñ ðåêî-

ìåíäàöèÿìè [6]:

të = tçàù + tïð.ðåø + ta�ï, (29)

ãäå tçàù — âðåìÿ ñðàáàòûâàíèÿ çàùèòû; tçàù = 2,5 ìèí;

tïð.ðåø — âðåìÿ íà ïðèíÿòèå ðåøåíèÿ; tïð.ðåø =

= 2,0 ìèí;

ta�ï — âðåìÿ íà àâòîìàòè÷åñêîå ïåðåêðûòèå êðà-

íîâ; ta�ï = 1,5 ìèí.

Ïîäñòàâèâ â (29) çíà÷åíèÿ âõîäÿùèõ â íåãî ïà-

ðàìåòðîâ, ïîëó÷èì:

të = 2,5 + 2 + 1,5 = 6 ìèí.

Òîãäà ìàññà ãàçà Ìêñ, íàãíåòàåìîãî â ãàçîïðîâîä

èëè îòêà÷èâàåìîãî èç íåãî çà âðåìÿ të, ñîñòàâèò:

Ìêñ = G të, (30)

ãäå G — ìàññîâûé ðàñõîä ãàçà, êã�ñ;

G = Qãîä �í�tï; (31)

Qãîä — ãîäîâàÿ ïðîèçâîäèòåëüíîñòü ãàçîïðîâî-

äà; äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ â ñîîòâåòñòâèè

ñ [14] Qãîä = (28,4�34,7) ·109 ì3�ãîä;

�í — ïëîòíîñòü ãàçà â íîðìàëüíûõ óñëîâèÿõ

(Tí = 273,15 Ê; Ðí = 0,101325 ·106 ÌÏà); îïðåäå-

ëÿåòñÿ â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè [7] ïî

ôîðìóëå

�í
ïã í

í ñ

	 	
� �
� �

m Ð

R Ò z

16 302 0101325 10

8314 27315 0 998

6, ,

, , 1
	

	 0 729, êã�ì3;

tï — ïåðåñ÷åòíûé âðåìåííîé êîýôôèöèåíò;

tï = 31,536 · 106.

Â ýòîì ñëó÷àå

G = (28,4�34,7) · 109 · 0,702�(31,536 · 106) =

= 656,51�802,14 êã�ñ.

Îòñþäà

Ìêñ = (656,51�802,14) · 6 · 60 = (0,236�0,289) · 106 êã.

Òåïåðü ìîæíî îïðåäåëèòü ìàññó ãàçà Ìã(1) ïî ôîð-

ìóëå (5), ñîäåðæàùåãîñÿ â ãàçîïðîâîäå íà 1-ì àâà-

ðèéíîì ó÷àñòêå äî îòñå÷åíèÿ ëèíåéíûõ êðàíîâ, ïðè

ñðåäíåì äàâëåíèè íàãíåòàíèÿ Ð
1

ñð = (6,83�6,71) ÌÏà:

Ì ã(1)

3 2 6

=
60 10 3,14 1,387 (6,83 6,71) 10

4 510 0,87

� � � � � �
� � 67 281,77�

�

+ (0,236�0,289) · 106 = (5,15�5,11) · 106 � 5,13 · 106 êã.

Îñòàòî÷íàÿ ìàññà ãàçà íà 1-ì àâàðèéíîì ó÷àñòêå

ïîñëå ñíèæåíèÿ äàâëåíèÿ äî àòìîñôåðíîãî (Ðàò =

= 0,1013 ÌÏà) ñîñòàâèò:

M
M

P
Pîñò(1)

ã(1)

1

cp àò	 	
�

� �
�

513 10

6 83 6 71 10
0101

6

6

,

( , , )
, 3 106� 	

= (0,076�0,077) · 106 � 0,08 · 106 êã.

Òîãäà ìàññà ãàçà, ó÷àñòâóþùåãî â ïîääåðæàíèè

ãîðåíèÿ Ìãîð(1) íà 1-ì àâàðèéíîì ó÷àñòêå, îïðåäå-

ëèòñÿ êàê

Ìãîð(1) = Ìã(1) – Ìîñò(1) =

= (5,13 – 0,08) · 106 = 5,05 · 106 êã.

Ìàññà ãàçà Ìã(2), íàõîäÿùåãîñÿ â ãàçîïðîâîäå íà

2-ì àâàðèéíîì ó÷àñòêå ñ ó÷åòîì îòêà÷êè ÷àñòè ãàçà

Ìêñ äî îòñå÷åíèÿ ëèíåéíûõ êðàíîâ, îïðåäåëèòñÿ èç

âûðàæåíèÿ [6]:

Ì
L d Ð

RZ Ò
Ìã(2)

2 àï
2

2

ñð

ñð ñð êñ(2)=
4

–



2

, (32)

ãäå Ìêñ(2) — ìàññà ãàçà, îòêà÷èâàåìîãî ñî 2-ãî àâà-

ðèéíîãî ó÷àñòêà ãàçîïðîâîäà äî îòñå÷åíèÿ ëèíåé-

íûõ êðàíîâ.
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Ïîäñòàâèâ â ôîðìóëó (32) çíà÷åíèÿ ïàðàìåòðîâ,

ïîëó÷èì:

Ìã(2)

3 2 6

=
60 10 3,14 1,387 (6,13 5,73) 10

4 510,0 0,

� � � � � �
� � 8767 279,58�

�

– (0,236�0,289) · 106 = (4,24�3,86) · 106 êã.

Îñòàòî÷íàÿ ìàññà ãàçà íà 2-ì àâàðèéíîì ó÷àñòêå

ïîñëå ñíèæåíèÿ äàâëåíèÿ äî àòìîñôåðíîãî (Ðàò =

= 0,1013 ÌÏà)

M
M

P
Pîñò(2)

ã(2)

2

cp àò	 	
� �

� �

( , , )

( , , )

4 24 3 86 10

618 5 73 10

6

6

601013 10� � 	,

= (0,070�0,068) · 106 � 0,07 · 106 êã.

Òîãäà ìàññà ãàçà, ó÷àñòâóþùåãî â ïîääåðæàíèè

ïëàìåíè ãîðåíèÿ Ìãîð(2) íà 2-ì àâàðèéíîì ó÷àñòêå,

ñîñòàâèò:

Ìãîð(2) = Ìã(2) – Ìîñò(2) = (4,24�3,86) · 106 –

– 0,007 · 106 = (4,17�3,79) · 106 � 3,98 · 106 êã.

Òàêèì îáðàçîì, îáùàÿ ìàññà ãàçà, ïîääåðæèâà-

þùåãî ãîðåíèå ôàêåëà ïðè ðàçðûâå ìàãèñòðàëüíîãî

ãàçîïðîâîäà, äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ îïðåäå-

ëèòñÿ êàê:

Ì Ì Ìã
îáù

ãîð(1) ãîð(2)= + =

= 5,05 · 106 + 3,98 · 106 = 9,03 · 106 êã = 9030 ò.
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METHOD OF ESTIMATING OF THE NATURAL GAS MASS
INVOLVED IN THE FORMATION OF A FIERY TORCH
AT BREAK OF THE MAIN PIPELINE

BYKOV A. I., Leading Engineer of Fire Safety Service,
LLC “Gazprom transgaz Ukhta” (Lenina Avenue, 39�2,

Ukhta, 169300, Komi Rebublic, Russian Federation;

e-mail address: abykov@sgp.gazprom.ru)

ABSTRACT

Calculate the mass of natural gas Ìã contained in a limited section of the main pipeline (MP) when

the emergency break with time-sensitive cut-off line of cranes, confining the accident area, is an im-

portant parameter in evaluating the loss of gas in the accident. In addition, fire, its heat output and

burning time flame torch are estimated and forecasted by this parameter. However, existing tech-

niques are not sufficiently detailed. And author has not found the methods of system calculation of this

parameter in the current methodological and normative documents.

Despite the apparent simplicity of the problem, the analysis showed that the parameter Ìã depends

primarily on the calculation of the average temperature of Ò ñð, medium pressure Ðñð rely on specia-

lized techniques, which, in turn, include more than two dozen parameters that characterize the state of

a gas in terms of its transport and depressurization of the pipeline, and Zñð — compressibility factor for

each emergency site, the length of the section of the pipeline L and the inner diameter of the pipe dâí.

Calculations of other parameters recommended by the standard methods are complex, three-di-

mensional and routine, require access to specialized software products that are not available in

the current engineering activity. It introduces uncertainty in the choice of the calculation scheme and

is accompanied by the production of different calculation results.

The rationale for this method of calculating the mass of natural gas Ìã involved in maintaining

a burning torch in case of emergency break MP, the subject of this article.

Keywords: gas main fire risk; emergency section; factors of compressibility; coefficient of compres-

sibility; mass of natural gas; calculation procedure.
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