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ÏÐÎÃÍÎÇÈÐÎÂÀÍÈÅ ÓÙÅÐÁÀ ÎÒ ÂÎÇÌÎÆÍÛÕ
×ÐÅÇÂÛ×ÀÉÍÛÕ ÑÈÒÓÀÖÈÉ Ñ Ó×ÅÒÎÌ ÏÎÆÀÐÀ
Â ÃËÀÂÍÛÕ ÊÎÐÏÓÑÀÕ ÒÝÑ

Ïðèâåäåíû íàèáîëåå õàðàêòåðíûå ïðèìåðû àâàðèé ñ ïîæàðàìè â ãëàâíûõ êîðïóñàõ òåïëîâûõ
ýëåêòðîñòàíöèé (ÒÝÑ) – Ðåôòèíñêîé è Óãëåãîðñêîé; ðàññìîòðåíû èõ ïðè÷èíû è ïîñëåäñòâèÿ.
Óñòàíîâëåíî, ÷òî ïîæàðíàÿ îïàñíîñòü â ãëàâíûõ êîðïóñàõ îáóñëîâëåíà íàëè÷èåì ìàñëà ïîä
äàâëåíèåì â ñèñòåìàõ ñìàçêè è ðåãóëèðîâàíèÿ òóðáîàãðåãàòîâ, âîäîðîäà â ñèñòåìå îõëàæäå-
íèÿ, à íà ýëåêòðîñòàíöèÿõ, èñïîëüçóþùèõ óãîëü, – íàëè÷èåì ïûëåâîçäóøíîé ñìåñè â ñèñòåìàõ
òîïëèâîïîäà÷è è ïûëåïðèãîòîâëåíèÿ. Îòìå÷åíû îñíîâíûå âèäû óùåðáà (ïîòåðè), ó÷èòûâàåìûå
ïðè àâàðèÿõ íà ãåíåðèðóþùèõ îáúåêòàõ ýíåðãåòèêè, òàêèå êàê: ïðÿìûå èçäåðæêè; óïóùåííàÿ
âûãîäà; ïîòåðè îò óõóäøåíèÿ òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ïðè ââîäå ðåçåðâíûõ ìîùíîñòåé;
óáûòêè ñî ñòîðîíû ïîòðåáèòåëÿ èç-çà íåäîïîëó÷åíèÿ ýëåêòðîýíåðãèè; ýêîëîãè÷åñêèé è ñîöè-
àëüíûé óùåðá. Îñíîâíîå âíèìàíèå óäåëåíî îöåíêå áåçâîçâðàòíûõ ïîòåðü ñðåäñòâ ïðîèçâîä-
ñòâà è çàòðàò íà ðåìîíòíî-âîññòàíîâèòåëüíûå ðàáîòû – îñíîâíûõ ñîñòàâëÿþùèõ ïðÿìîãî
óùåðáà. Ïðîâåäåí àíàëèç áîëåå 100 àâàðèé ñ ïîæàðàìè â ìàøèííûõ îòäåëåíèÿõ ãëàâíûõ êîð-
ïóñîâ ÒÝÑ è èõ ïîñëåäñòâèé, â òîì ÷èñëå îêîëî 70 àâàðèé íà êîíäåíñàöèîííûõ ñòàíöèÿõ. Âû-
ÿâëåíà ñâÿçü ìåæäó âåëè÷èíîé ïîòåðü è êîìïîíîâî÷íûìè ðåøåíèÿìè ãëàâíûõ êîðïóñîâ ÒÝÑ.
Ïîêàçàíî, ÷òî ñ óâåëè÷åíèåì ÷èñëà ýíåðãîáëîêîâ, êîìïîíóåìûõ â îäíîì çäàíèè, óùåðá âîçðà-
ñòàåò. Îïðåäåëåíà âåðîÿòíîñòü è ñòåïåíü ïîâðåæäåíèÿ îáîðóäîâàíèÿ, ñòðîèòåëüíûõ êîíñòðóê-
öèé êàæäîãî ýíåðãîáëîêà â çîíå, îõâà÷åííîé ïîæàðîì, â çàâèñèìîñòè îò ðàññòîÿíèÿ äî ýïè-
öåíòðà. Ïðåäëîæåíà ìåòîäèêà äëÿ îöåíêè áåçâîçâðàòíûõ ïîòåðü ñðåäñòâ ïðîèçâîäñòâà è çàòðàò
íà ðåìîíòíî-âîññòàíîâèòåëüíûå ðàáîòû ïðè ïîòåíöèàëüíûõ àâàðèÿõ.
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Çà ïîñëåäíèå 50 ëåò íà òåððèòîðèè ÐÔ è áûâøåãî

ÑÑÑÐ çàðåãèñòðèðîâàíî áîëåå 60 êðóïíûõ àâàðèé â

ãëàâíûõ êîðïóñàõ òåïëîâûõ ýëåêòðîñòàíöèé (ÒÝÑ),

çíà÷èòåëüíàÿ ÷àñòü êîòîðûõ ñîïðîâîæäàëàñü ïîæà-

ðàìè. Èç íèõ äîñòàòî÷íî õàðàêòåðíûìè ÿâëÿþòñÿ

àâàðèè íà Ðåôòèíñêîé è Óãëåãîðñêîé ýëåêòðîñòàí-

öèÿõ.

Íà Ðåôòèíñêîé ÃÐÝÑ â ìàøèííîì îòäåëåíèè

ãëàâíîãî êîðïóñà, â êîòîðîì ñêîìïîíîâàíî ÷åòûðå

òóðáîàãðåãàòà ïî 500 ÌÂò, â 2006 ã. ïðîèçîøëî ðàç-

ðóøåíèå áàíäàæíîãî êîëüöà ðîòîðà ãåíåðàòîðà ¹ 10.

Îáëîìêàìè ïîâðåäèëî ÷àñòü ìàñëîîòäåëèòåëüíîãî

öèëèíäðà è ëîáîâûå ÷àñòè îáìîòêè ñòàòîðà, ÷òî ïðè-

âåëî ê êîðîòêîìó çàìûêàíèþ â ãåíåðàòîðå. Îò âîç-

íèêøåé ýëåêòðè÷åñêîé äóãè âîçäóøíî-ìàñëÿíàÿ

ñìåñü âçîðâàëàñü. Ãèäðîäèíàìè÷åñêèì óäàðîì ãàçîâ

ñîðâàëî òîðöåâîé ùèò ãåíåðàòîðà ñî ñòîðîíû êîí-

òàêòíûõ êîëåö, ÷òî ïðèâåëî ê âûáðîñó ìàñëà è åãî

çàãîðàíèþ. Â ðåçóëüòàòå òåìïåðàòóðíîãî âîçäåéñò-

âèÿ îãíåííîãî ôàêåëà íà ìåòàëëè÷åñêèå êîíñòðóê-

öèè ïîêðûòèÿ ïðîèçîøëî îáðóøåíèå ôåðì ïðîëåòîì

54 ì íà äëèíå 48 ì ìàøèííîãî çàëà. ×àñòü ïîêðûòèÿ

îáðóøèëàñü íà êîðïóñ òóðáèíû, ãåíåðàòîðà è âîçáó-

äèòåëÿ. Â ðåçóëüòàòå ïîâðåæäåíèÿ îáùèõ êîììóíè-

êàöèé áûëè â àâàðèéíîì ïîðÿäêå îñòàíîâëåíû 7-é

è 8-é áëîêè; 9-é áëîê íà ìîìåíò àâàðèè íàõîäèëñÿ â

ïëàíîâîì ðåìîíòå. Ïîæàð ïðîäîëæàëñÿ 6 ÷ íà ïëî-

ùàäè 400 ì2. Ïîëíîñòüþ áûë ðàçðóøåí òóðáîàãðåãàò

¹ 10 (ðèñ. 1). Ïðÿìîé óùåðá äîñòèã ïî÷òè 237 ìëí.

ðóá. (â öåíàõ 2006 ã.), ïðîñòîé ýíåðãîáëîêà ¹ 10 ñî-

ñòàâèë 11 712 ÷ [1].

Íà Óãëåãîðñêîé ýëåêòðîñòàíöèè ïîæàð âåñíîé

2013 ã. ïðàêòè÷åñêè ïîëíîñòüþ óíè÷òîæèë ÷åòûðå

ýíåðãîáëîêà (êàæäûé ïî 300 ÌÂò), ñêîìïîíîâàííûõ
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â îäíîì ãëàâíîì êîðïóñå. Ïðè÷èíà ïîæàðà — ðàç-

ãåðìåòèçàöèÿ ñèñòåìû òîïëèâîïîäà÷è â êîòåëüíîì

îòäåëåíèè íà ó÷àñòêå ìåæäó áóíêåðîì óãëÿ è ìåëü-

íèöåé êîòëà. Îãîíü âîçíèê íà îòìåòêå +22.000 ì áóí-

êåðíîãî îòäåëåíèÿ, íà ó÷àñòêå, ãäå ïðîåêòîì íå áûëè

ïðåäóñìîòðåíû ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè

è àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ. Ïîæàð ïåðåêè-

íóëñÿ íà êðîâëþ ìàøèííîãî îòäåëåíèÿ, êîòîðàÿ ÷å-

ðåç íåêîòîðîå âðåìÿ îáðóøèëàñü, ïîâðåäèâ ìàñëî-

ñèñòåìó äâóõ òóðáîàãðåãàòîâ (ðèñ. 2). Â ðåçóëüòàòå

áûëè ïîëíîñòüþ óíè÷òîæåíû áëî÷íûå ùèòû óïðàâ-

ëåíèÿ, äâà òóðáîàãðåãàòà, ïîëíîñòüþ îáðóøèëîñü ïî-

êðûòèå ìàøèííîãî îòäåëåíèÿ. Â õîäå ðàçáîðà çàâà-

ëîâ è âîññòàíîâëåíèÿ ñòàíöèè áûëî âûâåçåíî áîëåå

880 ò ìåòàëëîëîìà. Îáùèé ïðÿìîé óùåðá îò àâàðèè

ñîñòàâèë áîëåå 21 ìëí. äîëë. (â öåíàõ 2013 ã.). Â ðå-

çóëüòàòå àâàðèè ïîãèá 1 ÷åë. è 5 ÷åë. áûëè ãîñïèòà-

ëèçèðîâàíû ñ îæîãàìè ðàçëè÷íîé ñòåïåíè òÿæåñòè.

Ïîëíîñòüþ ñòðîèòåëüíûå êîíñòðóêöèè óäàëîñü âîñ-

ñòàíîâèòü òîëüêî ÷åðåç 5 ìåñ, ýíåðãîáëîê ¹ 1 áûë

ââåäåí â ýêñïëóàòàöèþ ñïóñòÿ ïîëãîäà ïîñëå àâà-

ðèè, ¹ 4 — ÷åðåç 7,5 ìåñ, ¹ 2 è 3 — ÷åðåç ãîä ïîñëå

àâàðèè. Äëÿ òåïëîñíàáæåíèÿ ã. Ñâåòëîäàðñêà ïðè-

øëîñü ïîñòðîèòü ðåçåðâíóþ êîòåëüíóþ ñòîèìîñòüþ

57,5 ìëí. ãðí. Îñòàíîâèëàñü äîáû÷à óãëÿ â Äîíåöêå,

òàê êàê ñòàíöèÿ ÿâëÿëàñü îäíèì èç åãî îñíîâíûõ ïî-

òðåáèòåëåé.

Ïîõîæèå ñîáûòèÿ ðàçâèâàëèñü è íà öåëîì ðÿäå

äðóãèõ ñòàíöèé [2–4], â òîì ÷èñëå çà ðóáåæîì [5–7].

Ïîòåíöèàëüíûå ïðè÷èíû çíà÷èòåëüíîé ïîæàð-

íîé îïàñíîñòè, ñïîñîáíûå ïðè îïðåäåëåííûõ óñëî-

âèÿõ ïðèâåñòè ê êàòàñòðîôè÷åñêèì ïîñëåäñòâèÿì,

— íàëè÷èå ìàñëà ïîä äàâëåíèåì â ñèñòåìàõ ñìàçêè

è ðåãóëèðîâàíèÿ òóðáîàãðåãàòîâ, âîäîðîäà â ñèñòåìå

îõëàæäåíèÿ, à íà ýëåêòðîñòàíöèÿõ, èñïîëüçóþùèõ

óãîëü, — íàëè÷èå ïûëåâîçäóøíîé ñìåñè â ñèñòå-

ìàõ òîïëèâîïîäà÷è è ïûëåïðèãîòîâëåíèÿ [2].

Ïîñëåäñòâèÿ, êàê ïðàâèëî, îòÿã÷àþòñÿ íåóäà÷íû-

ìè êîìïîíîâî÷íûìè ðåøåíèÿìè ãëàâíûõ êîðïóñîâ

ÒÝÑ, ÷òî ñïîñîáñòâóåò ïðåâðàùåíèþ èñõîäíîãî ñî-

áûòèÿ â êðóïíóþ àâàðèþ. Ðàçìåùåíèå îñíîâíîãî

îáîðóäîâàíèÿ âñåõ ýíåðãîáëîêîâ â îäíîì çäàíèè

ãëàâíîãî êîðïóñà áåç ðàçäåëåíèÿ ïðîòèâîïîæàðíû-

ìè ïðåãðàäàìè ñîçäàåò áëàãîïðèÿòíûå óñëîâèÿ äëÿ

ðàñïðîñòðàíåíèÿ ïîæàðà. Ïîýòîìó ïðè âûáîðå êîì-

ïîíîâêè ãëàâíîãî êîðïóñà âàæíî ó÷èòûâàòü íå òîëü-

êî èñõîäíûå êàïèòàëîâëîæåíèÿ, ýêîíîìè÷åñêèé ýô-

Ðèñ. 1. Ìàøèííîå îòäåëåíèå Ðåôòèíñêîé ÃÐÝÑ ïîñëå àâàðèè

íà 10-ì ýíåðãîáëîêå â 2008 ã.

Ðèñ. 2. Âèä íà ãëàâíûé êîðïóñ Óãëåãîðñêîé ÒÝÑ ñî ñòîðîíû ìàøèííîãî îòäåëåíèÿ (2013 ã.)



ôåêò îò óìåíüøåíèÿ ïëîùàäè çàñòðîéêè, ñîêðàùåíèÿ

îáúåìà ñòðîèòåëüíûõ êîíñòðóêöèé è ìàòåðèàëîâ,

ïðîòÿæåííîñòè êîììóíèêàöèé, íî è ïîòåðè îò âîç-

ìîæíûõ àâàðèé çà ïåðèîä ýêñïëóàòàöèè.

Åñòü ñåðüåçíûå îñíîâàíèÿ ïîëàãàòü, ÷òî ïðè ðàç-

áëîêèðîâàííîì â òîé èëè èíîé ñòåïåíè ãëàâíîì êîð-

ïóñå ñíèæåíèå óùåðáà îò ïîòåíöèàëüíûõ àâàðèé çà

âðåìÿ ýêñïëóàòàöèè ñòàíöèè ìîæåò âî ìíîãèõ ñëó-

÷àÿõ êîìïåíñèðîâàòü ïîâûøåííûå êàïèòàëîâëîæå-

íèÿ [8].

Â êà÷åñòâå îñíîâíûõ âèäîâ óùåðáà ïðè àâàðèÿõ

íà ýíåðãåòè÷åñêèõ îáúåêòàõ ðàññìàòðèâàþòñÿ: áåç-

âîçâðàòíûå ïîòåðè ñðåäñòâ ïðîèçâîäñòâà; çàòðàòû íà

ðåìîíòíî-âîññòàíîâèòåëüíûå ðàáîòû; ïîòåðè èç-çà

ñíèæåíèÿ êîýôôèöèåíòà ãîòîâíîñòè ãåíåðàöèè

ýëåêòðîýíåðãèè (óïóùåííàÿ âûãîäà); ïîòåðè îò óõóä-

øåíèÿ òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ïðè ââîäå ðå-

çåðâíûõ ìîùíîñòåé âçàìåí âûáûâøèõ âñëåäñòâèå

àâàðèè; óáûòêè ñî ñòîðîíû ïîòðåáèòåëÿ èç-çà íåäî-

ïîëó÷åíèÿ ýëåêòðîýíåðãèè; ïîòåðè ýêîëîãè÷åñêîãî

è ñîöèàëüíîãî õàðàêòåðà [9].

Â ðÿäå ñëó÷àåâ îïðåäåëÿþùèì âèäîì îáùåãî

óùåðáà ìîãóò ñòàòü áåçâîçâðàòíûå ïîòåðè — ñòîè-

ìîñòü ïîâðåæäåííîãî îáîðóäîâàíèÿ è ñòðîèòåëüíûõ

êîíñòðóêöèé çäàíèÿ, à òàêæå çàòðàòû íà ðåìîíòíî-

âîññòàíîâèòåëüíûå ðàáîòû. Ïðè ýòîì ó÷èòûâàåòñÿ

ñòîèìîñòü êàê äåìîíòàæà ïîâðåæäåííîãî îáîðóäî-

âàíèÿ è êîíñòðóêöèé, òàê è âîññòàíîâëåíèÿ ðàáîòî-

ñïîñîáíîñòè ýíåðãîáëîêà â ïåðâîíà÷àëüíîì âèäå ñ

ó÷åòîì âîçâðàòíûõ ñóìì.

Äëÿ îöåíêè ýòîé ñîñòàâëÿþùåé ïîòåðü ïðîâåäåí

àíàëèç áîëåå ñòà àâàðèé ñ ïîæàðàìè â ìàøèííûõ

îòäåëåíèÿõ ãëàâíûõ êîðïóñîâ ÒÝÑ è èõ ïîñëåäñò-

âèé, â òîì ÷èñëå îêîëî 70 àâàðèé íà êîíäåíñàöèîí-

íûõ ýëåêòðîñòàíöèÿõ (ÊÝÑ). Ñòåïåíü ïîâðåæäåíèé

(ðàçðóøåíèé) îïðåäåëÿëàñü ïî ôàêòè÷åñêèì äàííûì,

à êðîìå òîãî, ýêñïåðòíûì ïóòåì — ñ ïðèâëå÷åíèåì

ñïåöèàëèñòîâ ïðîåêòíûõ è ýêñïëóàòèðóþùèõ îðãà-

íèçàöèé. Ïðè ýêñïåðòíîé îöåíêå ðàññìàòðèâàëèñü

áëîêè ðàâíîé ìîùíîñòè òîëüêî êîíäåíñàöèîííûõ

ýëåêòðîñòàíöèé, ðàçìåùåííûå â îäíîì ãëàâíîì êîð-

ïóñå.

Ïîëó÷åííûå äàííûå ïîçâîëèëè ïðåäñòàâèòü â ãðà-

ôè÷åñêîì âèäå ñòåïåíü ïîâðåæäåíèÿ â ðåçóëüòàòå

àâàðèè ñ ïîæàðîì (ò. å. ïîòåðþ ñòîèìîñòè îáîðóäî-

âàíèÿ, ñòðîèòåëüíûõ êîíñòðóêöèé îò èõ ïåðâîíà-

÷àëüíûõ çíà÷åíèé) â çàâèñèìîñòè îò êîëè÷åñòâà àãðå-

ãàòîâ, îõâà÷åííûõ óêàçàííûì ñîáûòèåì (ðèñ. 3–5).

Íàïðèìåð, ïðè àâàðèè â ãëàâíîì êîðïóñå ÊÝÑ,

ñîïðîâîæäàþùåéñÿ ïîæàðîì, â ðåçóëüòàòå êîòîðîé

èç ãåíåðàöèè ìîãóò âûáûòü òðè ýíåðãîáëîêà, ñëåäó-

åò îæèäàòü ïîâðåæäåíèé:

� îñíîâíîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ (òóð-

áîàãðåãàòîâ): äëÿ àâàðèéíîãî áëîêà — 80 %, ñìåæ-

íîãî ñ àâàðèéíûì — 21,5 %, ïîñëåäóþùèõ — íå

áîëåå 1 % îò èõ ñòîèìîñòè, âñåãî — 103,5 % ïî

îòíîøåíèþ ê ñòîèìîñòè îäíîãî áëîêà;

� âñïîìîãàòåëüíîãî òåõíîëîãè÷åñêîãî îáîðóäîâà-

íèÿ (òåïëîìåõàíè÷åñêîãî, ýëåêòðîòåõíè÷åñêîãî

è äð.): äëÿ àâàðèéíîãî áëîêà — 57,5 %, ñìåæíî-

ãî ñ àâàðèéíûì — 14,5 %, ñìåæíûõ — 5 %, ïî-

ñëåäóþùèõ — 0,5 %, âñåãî — 77,5 %;

� ñòðîèòåëüíûõ êîíñòðóêöèé: äëÿ àâàðèéíîãî áëî-

êà — äî 21 % îò ñòîèìîñòè ñòðîèòåëüíî-ìîí-
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Ðèñ. 4. Ñòåïåíü ïîâðåæäåíèÿ âñïîìîãàòåëüíîãî îáîðóäîâà-

íèÿ ýíåðãîáëîêîâ (% îò ñòîèìîñòè òàêîãî îáîðóäîâàíèÿ îä-

íîãî áëîêà) â çàâèñèìîñòè îò êîëè÷åñòâà àãðåãàòîâ, âûáûâ-

øèõ èç ãåíåðàöèè â ðåçóëüòàòå êðóïíîé àâàðèè â ãëàâíîì

êîðïóñå ÊÝÑ

Ðèñ. 3. Ñòåïåíü ïîâðåæäåíèÿ îñíîâíîãî îáîðóäîâàíèÿ ýíåð-

ãîáëîêîâ (% îò ñòîèìîñòè îäíîãî òóðáîàãðåãàòà) â çàâèñè-

ìîñòè îò êîëè÷åñòâà àãðåãàòîâ, âûáûâøèõ èç ãåíåðàöèè â ðå-

çóëüòàòå êðóïíîé àâàðèè â ãëàâíîì êîðïóñå ÊÝÑ
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òàæíûõ ðàáîò ïî ýíåðãîáëîêó, ñìåæíîãî —

2,5 %, ïîñëåäóþùèõ — äî 1 %, âñåãî — 24,5 %.

Â ðàññìàòðèâàåìûõ àâàðèÿõ, ñîïðîâîæäàþùèõ-

ñÿ ïîæàðàìè, îòñóòñòâîâàëè ïîâðåæäåíèÿ îñíîâíî-

ãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ è ñòðîèòåëüíûõ

êîíñòðóêöèé áîëåå ÷åì íà ÷åòûðåõ ýíåðãîáëîêàõ

ÊÝÑ, à äëÿ âñïîìîãàòåëüíîãî îáîðóäîâàíèÿ — áî-

ëåå ÷åì íà øåñòè, äàæå â òåõ ñëó÷àÿõ, êîãäà íàáëþ-

äàëàñü ïîòåðÿ ãåíåðàöèè âîñüìè ýíåðãîáëîêîâ.

Çàêîíîìåðíîñòè ñóììàðíîé ñòåïåíè ïîâðåæäå-

íèÿ îñíîâíîãî è âñïîìîãàòåëüíîãî îáîðóäîâàíèÿ,

à òàêæå ñòðîèòåëüíûõ êîíñòðóêöèé õîðîøî àïïðîê-

ñèìèðóþòñÿ ìíîãî÷ëåíàìè ÷åòâåðòîé ñòåïåíè, ïðè

ýòîì ðàññìàòðèâàþòñÿ áëî÷íûå ÊÝÑ ñ îäèíàêîâîé

ìîùíîñòüþ îòäåëüíûõ ýíåðãîáëîêîâ:

C x xò 
 � 
 �0 6871 11639 0 7089 2, , ,

� 
01171 0 00653 4, , ;x x
(1)

C x xâ 
 � 
 �0 5201 0 9793 0 5347 2, , ,

� 
0 0733 0 00343 4, , ;x x
(2)

C x xê 
 � 
 �0 2498 0 4551 0 2372 2, , ,

� 
0 0392 0 00223 4, , ,x x
(3)

ãäå Cò, Câ, Cê — ñóììàðíàÿ ñòåïåíü ïîâðåæäåíèÿ ñî-

îòâåòñòâåííî îñíîâíîãî, âñïîìîãàòåëüíîãî îáî-

ðóäîâàíèÿ è ñòðîèòåëüíûõ êîíñòðóêöèé, îòí. åä.

îò ñòîèìîñòè îñíîâíîãî, âñïîìîãàòåëüíîãî îáî-

ðóäîâàíèÿ è ñòðîèòåëüíûõ êîíñòðóêöèé îäíîãî

áëîêà (ðèñ. 6);

x — êîëè÷åñòâî ýíåðãîáëîêîâ, âûáûâøèõ èç ãå-

íåðàöèè â ðåçóëüòàòå àâàðèè; õ = 1, 2, 3, …, n.

Ïîëó÷åííûå çàâèñèìîñòè äàþò âîçìîæíîñòü îöå-

íèòü áåçâîçâðàòíûå ïîòåðè ñðåäñòâ ïðîèçâîäñòâà äëÿ

àëüòåðíàòèâíûõ âàðèàíòîâ êîìïîíîâî÷íûõ ðåøå-

íèé (íàïðèìåð, øåñòü ýíåðãîáëîêîâ â îäíîì çäàíèè

èëè ïî òðè áëîêà â äâóõ ãëàâíûõ êîðïóñàõ). Â ñâîå

âðåìÿ ïîõîæàÿ ðàáîòà áûëà âûïîëíåíà Í. ß. Òàðàñî-

âûì è Í. À. Ðîãîâèíûì äëÿ Áåðåçîâñêîé ÃÐÝÑ [10].

Àâòîðû îáîñíîâàííî óòâåðæäàëè, ÷òî ðàçáëîêèðîâ-

êà 8-áëî÷íîãî ãëàâíîãî êîðïóñà íà äâà ïî ÷åòûðå

áëîêà áóäåò ñîïðîâîæäàòüñÿ ñóùåñòâåííûì ñîêðà-

ùåíèåì ñðîêîâ ñòðîèòåëüñòâà è, êàê ñëåäñòâèå, áîëü-

øèì ýêîíîìè÷åñêèì ýôôåêòîì, íåñìîòðÿ íà ïîâû-

øåííûå êàïèòàëîâëîæåíèÿ.

Áåçâîçâðàòíûå ïîòåðè ñðåäñòâ ïðîèçâîäñòâà Óò

— îñíîâíîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ —

íà ïðîòÿæåíèè âñåãî ïåðèîäà ýêñïëóàòàöèè â ðåçóëü-

òàòå ãèïîòåòè÷åñêèõ àâàðèé ñ ïîæàðàìè â ãëàâíîì

êîðïóñå ÊÝÑ ïðåäëàãàåòñÿ îöåíèâàòü ïî ôîðìóëå

Ó mNTP p S Ci
i

i

N

ò ò ò



' [ ] ,

1

(4)

ãäå m — ïîíèæàþùèé êîýôôèöèåíò, ó÷èòûâàþùèé

ñíèæåíèå ñòîèìîñòè îñíîâíûõ ôîíäîâ â ïðî-

öåññå ýêñïëóàòàöèè ê íàèáîëåå âåðîÿòíîìó ìî-

ìåíòó àâàðèè; íàõîäèòñÿ â ïðåäåëàõ 0,4…0,6 (ïðè

îöåíêå íà ðàííèõ ýòàïàõ ïðîåêòèðîâàíèÿ ïðè-

íèìàåòñÿ ñðåäíåå çíà÷åíèå);

N — êîëè÷åñòâî ýíåðãîáëîêîâ (àãðåãàòîâ) â ãëàâ-

íîì êîðïóñå;

T — ðàñ÷åòíûé ïåðèîä ýêñïëóàòàöèè, ëåò; ïðè-

íèìàåòñÿ ñîãëàñíî äåéñòâóþùåé íîðìàòèâíîé

äîêóìåíòàöèè êàê ðàñ÷åòíûé ñðîê ýêñïëóàòàöèè

îñíîâíîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ (äëÿ

òóðáîàãðåãàòîâ — 40 ëåò [11]);

Ðèñ. 5. Ñòåïåíü ïîâðåæäåíèÿ ñòðîèòåëüíûõ êîíñòðóêöèé ãëàâ-

íîãî êîðïóñà (% îò èõ ñòîèìîñòè äëÿ îäíîãî ýíåðãîáëîêà)

â çàâèñèìîñòè îò êîëè÷åñòâà ýíåðãîáëîêîâ, âûáûâøèõ èç

ãåíåðàöèè â ðåçóëüòàòå êðóïíîé àâàðèè

Ðèñ. 6. Ñóììàðíàÿ ñòåïåíü ïîâðåæäåíèÿ îñíîâíîãî, âñïîìî-

ãàòåëüíîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ è ñòðîèòåëüíûõ

êîíñòðóêöèé ýíåðãîáëîêîâ ÊÝÑ â çàâèñèìîñòè îò êîëè÷åñò-

âà ýíåðãîáëîêîâ, âûáûâøèõ èç ãåíåðàöèè: 1, 2, 3 — àïïðîê-

ñèìèðóþùèå êðèâûå ñîîòâåòñòâåííî äëÿ îñíîâíîãî, âñïîìî-

ãàòåëüíîãî îáîðóäîâàíèÿ è ñòðîèòåëüíûõ êîíñòðóêöèé
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P — îáùàÿ ÷àñòîòà àâàðèé ñ âûõîäîì èç ñòðîÿ

îäíîãî è áîëåå ýíåðãîáëîêîâ, àâàðèé�(ãîä·áëîê);

îïðåäåëÿåòñÿ ïóòåì ñòàòèñòè÷åñêîé îáðàáîòêè

ôàêòè÷åñêèõ äàííûõ; äëÿ ïðåäâàðèòåëüíîé îöåí-

êè â ïðîåêòíûõ ðåøåíèÿõ ìîæíî ïðèíÿòü Ð =

= 0,0034 àâàðèé�(ãîä·áëîê) [2];

pi — âåðîÿòíîñòü âûõîäà èç ñòðîÿ (ïîâðåæäå-

íèÿ) â ðåçóëüòàòå àâàðèè i ýíåðãîáëîêîâ; i = 1, 2,

3, …, N [12];

Sò — ñòîèìîñòü îñíîâíîãî îáîðóäîâàíèÿ ýíåðãî-

áëîêà ñ ó÷åòîì ìîíòàæíûõ è ïóñêîíàëàäî÷íûõ

ðàáîò, ðóá.; îïðåäåëÿåòñÿ ïî àíàëîãàì, èç ñìåòû;

íà ðàííèõ ñòàäèÿõ ïðîåêòèðîâàíèÿ ìîæíî îöå-

íèòü ïî ôîðìóëå

S k W k k k Nò óä
 1 2 3 ; (5)

kóä — óäåëüíûå êàïèòàëîâëîæåíèÿ â ñòðîèòåëü-

ñòâî, ðóá.�êÂò;

W — îáùàÿ ìîùíîñòü ýíåðãîáëîêîâ ÊÝÑ, óñòà-

íîâëåííûõ â ãëàâíîì êîðïóñå, êÂò;

k1 — îòíîñèòåëüíàÿ ñòîèìîñòü ãëàâíîãî êîðïóñà

â îáùåé ñòîèìîñòè ÊÝÑ; k1 = 0,5…0,7;

k2 — îòíîñèòåëüíàÿ ñòîèìîñòü îáîðóäîâàíèÿ

ãëàâíîãî êîðïóñà ñ ó÷åòîì ìîíòàæíûõ è ïóñêî-

íàëàäî÷íûõ ðàáîò â îáùåé ñòîèìîñòè ãëàâíîãî

êîðïóñà; k2 = 0,6…0,7;

k3 — îòíîñèòåëüíûé âêëàä îñíîâíîãî òåïëîìå-

õàíè÷åñêîãî îáîðóäîâàíèÿ â îáùóþ ñòîèìîñòü

îáîðóäîâàíèÿ ãëàâíîãî êîðïóñà ñ ó÷åòîì ìîíòàæ-

íûõ è ïóñêîíàëàäî÷íûõ ðàáîò; k3 = 0,2…0,3;

C i
ò — ñóììàðíàÿ ñòåïåíü ïîâðåæäåíèÿ îñíîâ-

íîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, îòí. åä. îò

ñòîèìîñòè îäíîãî áëîêà, îïðåäåëÿåìàÿ ïî ôîð-

ìóëå (1) äëÿ êàæäîãî i-ãî ýíåðãîáëîêà, i = 1, 2, 3,

…, N.

Ïðè îòñóòñòâèè ñìåòû íà ðàññìàòðèâàåìûå àëü-

òåðíàòèâíûå âàðèàíòû ïðîåêòà äëÿ k ñëåäóåò ïðè-

íèìàòü ñðåäíèå èç ïðèâåäåííûõ âûøå çíà÷åíèé.

Ðàñõîäû íà ëèêâèäàöèþ (ëîêàëèçàöèþ) è ðàñ-

ñëåäîâàíèå àâàðèè äîïóñêàåòñÿ îöåíèâàòü èñõîäÿ

èç ñðåäíåé ñòîèìîñòè óñëóã ñïåöèàëèçèðîâàííûõ è

ýêñïåðòíûõ îðãàíèçàöèé èëè æå ïðèíèìàòü â ðàçìå-

ðå 10 % îò ñòîèìîñòè èìóùåñòâåííîãî óùåðáà [13],

â äàííîì ñëó÷àå îò áåçâîçâðàòíûõ ïîòåðü.

Îöåíèâàòü çàòðàòû íà ðåìîíòíî-âîññòàíîâèòåëü-

íûå ðàáîòû ïðåäëàãàåòñÿ íà îñíîâàíèè ðåàëüíûõ

äàííûõ ïî ñòîèìîñòè ñàìèõ òóðáîàãðåãàòîâ, èõ ìîí-

òàæà è ïóñêîíàëàäî÷íûõ îïåðàöèé, à ïðè îòñóòñò-

âèè òàêèõ äàííûõ — ïî ôîðìóëå (4); ïðè ýòîì ñëå-

äóåò ïðèíèìàòü m = 1.

Âîçâðàòíûå ñóììû è ñòîèìîñòü äåìîíòàæà ïî-

âðåæäåííûõ êîíñòðóêöèé è îáîðóäîâàíèÿ ó÷èòûâà-

þòñÿ îòäåëüíî.

Àíàëîãè÷íûì îáðàçîì ìîæíî îöåíèòü ïðÿìûå

ýêîíîìè÷åñêèå ïîòåðè, ñâÿçàííûå ñ ïîâðåæäåíèåì

âñïîìîãàòåëüíîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ

è ñòðîèòåëüíûõ êîíñòðóêöèé ïðè ãèïîòåòè÷åñêîé

àâàðèè â ãëàâíîì êîðïóñå ÒÝÑ. Íàïðèìåð, áåçâîç-

âðàòíûå ïîòåðè ñðåäñòâ ïðîèçâîäñòâà îò àâàðèè â

ãëàâíîì êîðïóñå ÊÝÑ ñ âîñåìüþ ýíåðãîáëîêàìè

ìîùíîñòüþ ïî 500 ÌÂò êàæäûé, ðàññ÷èòàííûå ïî

ôîðìóëàì (1), (4) è (5), ñîñòàâèëè 79,6 ìëí. ðóá.

(â öåíàõ 1984 ã.), à àíàëîãè÷íûé ðåàëüíûé óùåðá

îò àâàðèè íà Ýêèáàñòóçñêîé ÃÐÝÑ-1, ïðîèñøåäøåé

â 1990 ã., — 70,0 ìëí. ðóá. (â òåõ æå öåíàõ) [2]. Ïî-

ãðåøíîñòü îöåíêè ïîòåðü äàííûì ìåòîäîì ñîñòàâè-

ëà îêîëî 13,8 %.

Îñíîâíûå âûâîäû

1. Ïðè ðàçðàáîòêå ïðîåêòîâ òåïëîâûõ ýëåêòðî-

ñòàíöèé è ðàññìîòðåíèè àëüòåðíàòèâíûõ êîìïîíî-

âî÷íûõ ðåøåíèé íåîáõîäèìî ó÷èòûâàòü óùåðá îò

ïîòåíöèàëüíûõ àâàðèé â ãëàâíûõ êîðïóñàõ. Îäíîé

èç îñíîâíûõ ñîñòàâëÿþùèõ ÿâëÿþòñÿ áåçâîçâðàò-

íûå ïîòåðè ñðåäñòâ ïðîèçâîäñòâà è çàòðàòû íà ðå-

ìîíòíî-âîññòàíîâèòåëüíûå ðàáîòû.

2. Ïðåäëîæåíà ìåòîäèêà äëÿ îöåíêè áåçâîçâðàò-

íûõ ïîòåðü ñðåäñòâ ïðîèçâîäñòâà ïðè àâàðèÿõ â ãëàâ-

íûõ êîðïóñàõ ÊÝÑ, ñîïðîâîæäàþùèõñÿ ïîæàðàìè.

Ïðèâåäåíû äàííûå äëÿ îöåíêè òàêèõ ïîòåðü.
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ABSTRACT

The most characteristic examples of accidents with the fires in the main buildings of thermal power

plants (the fires at Reftinsky and Uglegorsk power plants) are presented. Reasons and consequences

of these accidents are considered.

It is established that potentially high fire danger in the main buildings is caused availability of oil

under pressure in lubrication systems and regulations of turbine units, hydrogen in the cooling system,

and at the coal power plants, availability of dust-air mix in systems of fuel feeding and a dust preparing.

There are noted the main types of damage (loss) considered at accidents on the generating objects

of power such as: direct expenses; the missed benefit; losses from deterioration of technological

parameters at input of reserve capacities; losses at the consumer because of short-reception of

the electric power; ecological and social damage.

The main attention is paid to an assessment of irrevocable losses of means of production and costs

of rescue and recovery operations — the main components of a direct loss. In some cases this type of

damage can be defining.

There are analyzed more than hundred accidents with the fires in engine rooms of the main

buildings of thermal power plants and their consequences, including about seventy accidents at

condensation stations.
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Dependence between the amount of losses and layout solutions of the main buildings of thermal

power plant is defined. It is shown that with increase in number of the power units based in one

building the damage increases.

The probability and damage rate of the equipment, construction designs of each power unit in

the zone captured by the fire depending on distance to epicenter are defined. Losses were estimated on

the basis of actual data with attraction of expert estimates of experts.

The technique for an assessment of irrevocable losses of means of production and costs of rescue

and recovery operations at potential accidents is proposed. Expenses on elimination (localization) and

investigation of accident are estimated according to requirements of the existing leading standard

documentation.

In the conclusion it is recommended to consider possible accidents and the corresponding damage

in the course of development of the project of thermal power plant and a technical and economic

assessment of alternative layout solutions of the main buildings.

Keywords: thermal power plant; main building; accidents; fire; direct loss; layout decisions; estimates

of damages; configuration optimization.

REFERENCES

1. Results of investigation of the reasons of accidents at power plants and networks, taking into account re-

quirements of normative documents of Rostekhnadzor. Practical experience. Energonadzor i enrgobez-

opasnost (The Energonadzor and Power Safety Magazine), 2007, no. 2, pp. 63–66 (in Russian).

2. Belov V. V., Pergamenshchik B. K. Large-scale accidents at Thermal Power Plants (TPP) and their

influence on equipment layouts inside main buildings. Vestnik MGSU (Proceedings of Moscow State

University of Civil Engineering), 2013, No. 4, pp. 61–69 (in Russian).

3. Golodnova O. S. Factors that increase the risk of major technological accidents. Vesti v elektroenergetike

(Electric Power News), 2010, no. 1, pp. 3–10.

4. Bovsunovskii A. P., Chernousenko O. Yu., Shtefan E. V., Bashta D. A. Fatigue damage and failure of

steam turbine rotors by torsional vibrations. Strength of Materials, 2010, vol. 42, no. 1, pp. 108–113.

DOI: 10.1007�s11223-010-9196-2.

5. Drewry D., Dieken D. Steam turbine fire protection will reduce repair costs. Power Engineering, 2002,

vol. 106, no. 11. Available at: http:��www.power-eng.com�articles�print�volume-106�issue-11�features�
steam-turbine-fire-protection-will-reduce-repair-costs.html (Accessed 6 May 2016).

6. Hall D. T., Clayton T. C., Delano D. C., Snuttjer O. Turbine generator fire protection by sprinkler system.

Kansas city, Missouri, Black & Veatch Engineers-Architects, 1985. 214 p.

7. Ohlsen J. Brandschutz bei Neubaukonzepten und projekten aus Sicht eines Versicherers. VGB

PowerTech., 2009, no. 12, pp. 88–91.

8. Pergamenshchik B. K. About communication of layout solutions of thermal power plants with hypo-

thetical accidents. Vestnik MGSU (Proceedings of Moscow State University of Civil Engineering),

2007, no. 4, pp. 8–11 (in Russian).

9. MT-34-70-001–95. A method of calculation of economic damage from violations in work of the power

equipment. Moscow, PIiNII “Energosetproyekt” Publ., 1995. 8 p. (in Russian).

10. Tarasov N. Ya., Zaydel V. A., Rogovin N. A. Some features of the construction of the main building of

the powerful coal-fired thermal power plant. Energeticheskoye stroitelstvo (Energy Construction),

1977, no. 9, pp. 5–7 (in Russian).

11. STO 70238424.27.040.007–2009. Steam-turbine installations organization of operation and maintenance

of norm and requirement. Moscow, NP “INVEL” Publ., 2009. 165 p. (in Russian).

12. Pergamenshchik B. K. About design the main buildings of thermal power plants. Izvestiya vuzov. Stroi-

telstvo (Proceedings of the Russian Universities: Construction), 1997, no. 1-2, pp. 120–123 (in Russian).

13. RD 03-496–02. Methodical recommendations about a damage assessment from accidents on hazar-

dous production facilities. Moscow, ZAO NTTs PB Publ., 2010. 36 p. (in Russian).

For citation: Belov V. V., Pergamenshchik B. K. Forecasting of damage from possible emergencies,

given the fire in the main building thermal power plants. Pozharovzryvobezopasnost — Fire and

Explosion Safety, 2016, vol. 25, no. 8, pp. 42–48. DOI: 10.18322/PVB.2016.25.08.42-48.




