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Ñ�ó÷åòîì�ïåðñïåêòèâ�ðîñòà�äîáû÷è�óãëÿ�â�óñëîâèÿõ�ñåâåðîâîñòîêà�ñòðàíû�òðåáóþò�äàëüíåéøåãî�ðàç
âèòèÿ�èññëåäîâàíèÿ�ïî�áîëåå�íàäåæíîìó�îáîñíîâàíèþ�ìåð�ïðîôèëàêòèêè�ýíäîãåííûõ�ïîæàðîâ�â�çîíå�
ìíîãîëåòíåé� ìåðçëîòû,� êîòîðûå� íàíîñÿò� çíà÷èòåëüíûé� ýêîíîìè÷åñêèé� óùåðá� è� óõóäøàþò� ýêîëîãè÷å
ñêóþ�ñèòóàöèþ�èççà�âûäåëåíèÿ�áîëüøîãî�êîëè÷åñòâà�òîêñè÷íûõ�ãàçîâ.�Íàìè�èññëåäîâàíû�õèìè÷åñêàÿ�
àêòèâíîñòü�è�ñêëîííîñòü�ê�ñàìîâîçãîðàíèþ�óãëåé�êðèîëèòîçîíû.�Ïîêàçàíî�âëèÿíèå�òåìïåðàòóðû�îêðó
æàþùåé�ñðåäû�íà�äèíàìèêó�îêèñëèòåëüíûõ�ïðîöåññîâ�â�óãîëüíûõ�ñêîïëåíèÿõ.�Âûÿâëåí�ãëàâíûé�ôàêòîð�
ïðåäóïðåæäåíèÿ�ýíäîãåííîé�ïîæàðîîïàñíîñòè�óãîëüíûõ�ìåñòîðîæäåíèé�ñåâåðîâîñòîêà�ñòðàíû,�êîòî
ðûé�çàêëþ÷àåòñÿ�â�ñîõðàíåíèè�îòðèöàòåëüíîé�èëè�íèçêîé�òåìïåðàòóðû�âîçäóõà�äëÿ�ïðåäîòâðàùåíèÿ�èí
òåíñèôèêàöèè�îêèñëèòåëüíûõ�ïðîöåññîâ�â�óãëÿõ�çîíû�ðàñïðîñòðàíåíèÿ�ìíîãîëåòíåé�ìåðçëîòû.�Â�ëàáî
ðàòîðíûõ�óñëîâèÿõ�èçó÷åíî�âëèÿíèå�ôèçèêîõèìè÷åñêèõ�ôàêòîðîâ�íà�ïðîöåññ�ñàìîâîçãîðàíèÿ�ìåðçëûõ�
óãëåé.�Íàòóðíûå�ýêñïåðèìåíòû�ïðîâåäåíû�íà�ìíîãèõ�óãîëüíûõ�ðàçðåçàõ�îáëàñòè�ðàñïðîñòðàíåíèÿ�ìíî
ãîëåòíåé�ìåðçëîòû.�Âûïîëíåí�ñèñòåìíûé�àíàëèç�è�îáîáùåíèå�îòå÷åñòâåííûõ�è�çàðóáåæíûõ�ñïîñîáîâ�
ïðîôèëàêòèêè�ñàìîâîçãîðàíèÿ�óãëåé.�Ïðåäëîæåíû�àíòèïèðîãåííûå�ñîñòàâû�äëÿ�ñíèæåíèÿ�îêèñëèòåëü
íîé�ñïîñîáíîñòè�óãëåé

Êëþ÷åâûå ñëîâà: óãîëü, øàõòà, ñàìîâîçãîðàíèå, õèìè÷åñêàÿ àêòèâíîñòü, ïðîôèëàêòèêà, ìíîãîëåòíÿÿ ìåðçëîòà, ýí
äîãåííàÿ ïîæàðîîïàñíîñòü, òåïëîâîé ðåæèì, òåìïåðàòóðà, ìåñòîðîæäåíèå

Taking� into�account� the�prospects� for� the� growth�of�coal�production� in� the�conditions�of� the�NorthEast,� the�
countries�require�further�development�of�research�to�more�reliably�justify�measures�to�prevent�endogenous�fires�
in� the� permafrost� zone,� which� cause� serious�economic� damage� and� worsen� the� environmental�situation� due�
to�the�release�of�large�amounts�of�toxic�gases.�The�authors�have�studied�the�chemical�activity�and�tendency�to�
spontaneous�combustion�of�coals�in�the�permafrost�zone.�The�effect�of�ambient�temperature�on�the�dynamics�of�
oxidative�processes�in�coal�accumulations�is�shown.�These�studies�have�identified�the�main�factor�in�preventing�
the�endogenous�fire�hazard�of�coal�deposits�in�the�NorthEast�of�the�country,�which�consists�in�maintaining�neg
ative�or�low�air�temperatures�to�prevent�the�intensification�of�oxidative�processes�in�the�coals�of�the�permafrost�
zone.� In� laboratory�conditions,�the� influence�of�physical�and�chemical� factors�on�the�process�of�spontaneous�
combustion�of�frozen�coals�was�studied.�Field�experiments�were�carried�out�on�many�coal�mines�in�the�perma
frost�area.�A�system�analysis�and�generalization�of�domestic�and�foreign�methods�of�prevention�of�spontaneous�
combustion�of�coals�has�been�carried�out.�Antipyrogenic�compositions�have�been�proposed�to�reduce�the�oxi
dizing�ability�of�coals

Key words: coal, mine, spontaneous combustion, chemical activity, prevention, permafrost, endogenous fire hazard, thermal 
regime, temperature, deposit
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Ââåäåíèå. Â� íàøåé� ñòðàíå� è� çà� ðóáåæîì�
âûïîëíåí�áîëüøîé�îáúåì�íàó÷íîèññëå

äîâàòåëüñêèõ� ðàáîò� ïî� èçûñêàíèþ� ìåð� ïðî
ôèëàêòèêè�ñàìîâîçãîðàíèÿ�óãëåé.

Òðóäíîñòü� òî÷íîãî� îïðåäåëåíèÿ� ôàêòî
ðîâ� ñàìîâîçãîðàíèÿ� ÷ðåçâû÷àéíî� çàòðóäíÿ
åò� îöåíêó� ïîæàðíîé� îïàñíîñòè� ïóòåì� íåïî
ñðåäñòâåííîãî� âèçóàëüíîãî� íàáëþäåíèÿ� [6].�
Òåïëîâîé� áàëàíñ� ÿâëÿåòñÿ� ÷àñòíûì� ñëó÷àåì�
çàêîíà� ñîõðàíåíèÿ� ýíåðãèè.� Îí� âûðàæàåò�
ðàñïðåäåëåíèå�òåïëà,�êîòîðîå�ãåíåðèðóåòñÿ�
ïðè�îêèñëåíèè�ìåæäó�ñòàòüÿìè�åãî�ðàñõîäî
âàíèÿ.� Ñàìîâîçãîðàíèå� âîçìîæíî� òîëüêî� â�
òîì� ñëó÷àå,� åñëè� ÷åðåç� ñêîïëåíèÿ� óãëÿ� ïðî
èñõîäèò�ôèëüòðàöèÿ�âîçäóõà1�[7–9].

Êðèòè÷åñêàÿ òåìïåðàòóðà è èíêóáàöèîí
íûé ïåðèîä.�Ñàìîâîçãîðàíèå�ïðîèñõîäèò�íå�
ñðàçó�ïîñëå�òîãî,�êàê�óãîëü�ïðèø¸ë�â�ñîïðè
êîñíîâåíèå�ñ�âîçäóõîì,�à�ïî�èñòå÷åíèè�íåêî
òîðîãî�âðåìåíè,�êîòîðîå�òðåáóåòñÿ�äëÿ�òîãî,�
÷òîáû� ñàìîíàãðåâàíèå� äîñòèãëî� êðèòè÷å
ñêîé� òåìïåðàòóðû.� Â� óãîëüíîé� ïðîìûøëåí
íîñòè�êðèòè÷åñêîé� òåìïåðàòóðîé�ñ÷èòàåòñÿ�
70...80�0Ñ.�Ïðè�ýòîé�òåìïåðàòóðå�ñàìîíàãðå
âàíèå�áûñòðî�ïåðåõîäèò�â�âîçãîðàíèå.

Íåñìîòðÿ� íà� ïðèìåíåíèå� ìåð� ïðîôè
ëàêòèêè� ýíäîãåííûõ� ïîæàðîâ,� èõ� êîëè÷åñòâî�
îñòàåòñÿ� çíà÷èòåëüíûì.� Áîëüøèå� îáúåìû�
ñêëàäèðóåìîãî� óãëÿ� è� îãðàíè÷åííûå� ïëîùà
äè� îïðåäåëÿþò� íåîáõîäèìîñòü� ñîîðóæåíèÿ�
øòàáåëåé�óãëÿ�çíà÷èòåëüíîé�âûñîòû,�÷òî�ñîç
äàåò�áëàãîïðèÿòíûå�óñëîâèÿ�äëÿ�èõ�ñàìîíà
ãðåâàíèÿ�è�äàëåå�–�ïåðåõîä�â�ïðîöåññ�ñàìî
âîçãîðàíèÿ� óãëÿ.� Ïðîöåññû� ñàìîâîçãîðàíèÿ�
íåîäíîêðàòíî� âîçíèêàëè� íà� óãîëüíûõ� ñêëà
äàõ� øàõò� «Ñàíãàðñêàÿ»,� «ÄæåáàðèêèÕàÿ»� è�
óãîëüíîãî�ðàçðåçà�«Êàíãàëàññêèé».�

Áîëüøèíñòâî�ïîæàðîâ�ýíäîãåííîãî�ïðî
èñõîæäåíèÿ�ïðîèñõîäÿò�â�ïîðîäíîóãîëüíûõ�
ñêîïëåíèÿõ:� íàâàëàõ,� îñûïÿõ,� âíóòðåííèõ� è�
âíåøíèõ� îòâàëàõ� è� øòàáåëÿõ� óãëÿ.� Â� îáùåì�
êîëè÷åñòâî�ïîæàðîâ�ïî�ðàçðåçàì�ñîñòàâëÿåò�
30...80�%�[10–12].�

Àíàëèç� ñëó÷àåâ� èíòåíñèâíûõ� ãàçîâû
äåëåíèé� è� ýíäîãåííûõ� ïîæàðîâ� â� óãîëüíûõ�
øàõòàõ� ñåâåðîâîñòîêà� ïîêàçûâàåò,� ÷òî� îíè,�
â�îñíîâíîì,�ïðèóðî÷åíû�ê�ëåòíåîñåííèì�ïå
ðèîäàì�ãîäà,�êîãäà�â�øàõòû�ïîñòóïàåò�è�àêêó
ìóëèðóåòñÿ�òåïëî.�

Îêèñëåíèå� è� ñàìîâîçãîðàíèå� óãëÿ� ïðî
èñõîäèëî�íà�øàõòå�Íîðèëüñêîãî�ìåñòîðîæäå
íèÿ� “Àíàäûðñêàÿ”� ÏÎ� “Ñåâåðîâîñòîêóãîëü”,�
íà� óãîëüíîì� ñêëàäå� øàõòû� “ÄæåáàðèêèÕàÿ”�
(óãîëü� ìàðêè� Ä).� Áûëè� ñëó÷àè� âîçãîðàíèÿ�
óãëÿ,� äîñòàâëåííîãî� â� ïîðò� Îñåòðîâî.� Çàðå
ãèñòðèðîâàíû� ñëó÷àè� ñàìîâîçãîðàíèÿ� óãëåé�
â� ðå÷íûõ� òðàíñïîðòíûõ� ñîñóäàõ� (áàðæàõ),�
ðàçëè÷íûõ�ñêîïëåíèÿõ�óãëÿ�íà�ïðåäïðèÿòèÿõ,�
ãäå�äîáûâàåòñÿ�è�õðàíèòñÿ�íà�ñêëàäàõ�áóðûé�
óãîëü.

Íà�îñíîâàíèè�âûïîëíåííîãî�â�Èíñòèòóòå�
ãîðíîãî�äåëà�Ñåâåðà�ÑÎ�ÐÀÍ�àíàëèçà�ñëó÷àåâ�
ñàìîâîçãîðàíèÿ�ìíîãîëåòíåìåðçëûõ�óãëåé�è�
âíåçàïíîãî�ïîÿâëåíèÿ�îêèñè�óãëåðîäà�â�äåé
ñòâóþùèõ� âûðàáîòêàõ� øàõò� ñåâåðîâîñòîêà�
ñòðàíû�ïðåäëîæåíû�ìåðîïðèÿòèÿ�ïî�ïðîôè
ëàêòèêå�ýíäîãåííûõ�ïîæàðîâ�ïðè�ðàçðàáîòêå�
óãîëüíûõ� ìåñòîðîæäåíèé� â� óñëîâèÿõ� ìíîãî
ëåòíåé�ìåðçëîòû�è�ïðåäëîæåíà�ñõåìà�ðàçâè
òèÿ� ïðîöåññà� ñàìîâîçãîðàíèÿ� ìíîãîëåòíå
ìåðçëûõ�óãëåé.

Ñ� ó÷åòîì� ïåðñïåêòèâû� ðàçâèòèÿ� óãëå
äîáû÷è� â� ðàéîíàõ� ñåâåðîâîñòîêà� òðåáóþò�
äàëüíåéøåãî� ðàçâèòèÿ� òåîðåòè÷åñêèå� ïîëî
æåíèÿ,� à� òàêæå� ðàáîòû� ïî� áîëåå� íàäåæíîìó�
îáîñíîâàíèþ�ìåð�ïðîôèëàêòèêè�ýíäîãåííûõ�
ïîæàðîâ� â� óñëîâèÿõ� ìíîãîëåòíåé� ìåðçëîòû,�
ò.�ê.�÷àñòî�âîçíèêàþùèå�ýíäîãåííûå�ïîæàðû�
íàíîñÿò� ñåðüåçíûé� óùåðá� ýêîíîìèêå.� Òàê,�
íà�óãîëüíîì�ðàçðåçå�Êàíãàëàññêèé�åæåãîäíî�
ñãîðàþò�äåñÿòêè�òûñÿ÷�òîíí�óãëÿ.�Ïî�äàííûì�
Â.�Ê.�Êóðåí÷àíèíà�[10],�íà�Íîðèëüñêèõ�øàõòàõ�
èççà�ýíäîãåííîãî�ïîæàðà�çàðåãèñòðèðîâàíî�
âîçãîðàíèå�îêîëî� 10�ìëí�ò�ïîäãîòîâëåííîãî�
ê� âûåìêå� óãëÿ,� çíà÷èòåëüíû� ïîòåðè� óãëÿ� ïî�
ýòîé� ïðè÷èíå� íà� øàõòàõ� «ÄæåáàðèêèÕàÿ»� è�
«Àíàäûðñêàÿ».

Êðîìå� òîãî,� ïðè� ðàçîãðåâå� óãëÿ� ðåçêî�
óõóäøàåòñÿ�åãî�êà÷åñòâî�–�òåïëîòâîðíàÿ�ñïî
ñîáíîñòü,�ïîâûøàåòñÿ�çîëüíîñòü.

Èññëåäîâàíèå� ýíäîãåííîé� ïîæàðîîïàñ
íîñòè� â� óñëîâèÿõ� óãîëüíûõ� ïðåäïðèÿòèé� ñå
âåðîâîñòîêà� ñòðàíû� ÿâëÿåòñÿ� àêòóàëüíîé�
íàó÷íîé�è�ïðàêòè÷åñêîé�çàäà÷åé.

Öåëüþ ðàáîòû ÿâëÿåòñÿ� èññëåäîâàíèå�
ôèçèêîõèìè÷åñêèõ� ôàêòîðîâ� îêèñëåíèÿ�
óãëåé,� âûÿâëåíèå� çàêîíîìåðíîñòåé� è�êðèòè
÷åñêèõ� ïàðàìåòðîâ� ïðîöåññà� ñàìîâîçãîðà

1�×åìåçîâ� Å.� Í.,� Áûêîâ� Í.� À.,� Ãàëêèí� À.� Ô.,� Ëàðèîíîâ� Â.� Ð.� Ðåêîìåíäàöèè� ïî� ïðåäóïðåæäåíèþ� ýíäîãåííûõ� ïîæàðîâ�
ïðè�îòðàáîòêå�ìíîãîëåòíåìåðçëûõ�óãîëüíûõ�ïëàñòîâ�(íà�ïðèìåðå�óãîëüíûõ�øàõò�ßêóòèè).�–�ßêóòñê:�ßêóòñêèé�íàó÷íûé�
öåíòð�ÑÎ�ÀÍ�ÑÑÑÐ,�1989.�–�29�ñ.
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íèÿ,� îáîñíîâàíèå� íàèáîëåå� ýôôåêòèâíûõ� è�
ýêîíîìè÷íûõ�ñïîñîáîâ�è�ñðåäñòâ�ïðîôèëàê
òèêè�ñàìîâîçãîðàíèÿ�óãëåé�â�óñëîâèÿõ�êðèî
ëèòîçîíû,�ðàçðàáîòêà�ðåêîìåíäàöèé�ïî�ïðî
ôèëàêòèêå�ýíäîãåííûõ�ïîæàðîâ.

Îáúåêò èññëåäîâàíèÿ –�óãîëüíûå�ìåñòî
ðîæäåíèÿ�ñåâåðîâîñòîêà�Ðîññèè.

Çàäà÷è:
–�ðàññìîòðåòü�ïðîöåññ�îêèñëåíèÿ�óãëåé�

â�óñëîâèÿõ�ìíîãîëåòíåé�ìåðçëîòû;�
–�èññëåäîâàòü�ñàìîâîçãîðàíèÿ�óãëåé�íà�

óãîëüíûõ� ðàçðåçàõ� è� øàõòàõ� â� îáëàñòè� ðàñ
ïðîñòðàíåíèÿ�ìíîãîëåòíåé�ìåðçëîòû.

Îñíîâíàÿ� èäåÿ ðàáîòû� ñîñòîèò� â� èñ
ïîëüçîâàíèè�ñïåöèôè÷åñêèõ�ïðèðîäíûõ�ôàê
òîðîâ� è� óñëîâèé� ìíîãîëåòíåé� ìåðçëîòû� äëÿ�
ïðîôèëàêòèêè�ýíäîãåííûõ�ïîæàðîâ.

Ìåòîäîëîãèÿ èññëåäîâàíèÿ.� Íàèáîëåå�
äåòàëüíûå�èññëåäîâàíèÿ�ôèçèêîõèìè÷åñêèõ�
ôàêòîðîâ�ñàìîâîçãîðàíèÿ�óãëåé�â�êðèîëèòî

çîíå�ïðîâåäåíû�íà�ïðèìåðå�óãëåé�Êàíãàëàñ
ñêîãî� óãîëüíîãî� ðàçðåçà� ÎÀÎ� Õîëäèíãîâîé�
êîìïàíèè�«ßêóòóãîëü».�Ïðè�èññëåäîâàíèè�èñ
ïîëüçîâàëñÿ�êîìïëåêñíûé�ïîäõîä.

Íà�ðèñ.�1�ïðèâîäÿòñÿ�äàííûå�èçìåíåíèÿ�
ñî�ñêîðîñòè�ñîðáöèè�êèñëîðîäà�è�ñ�ïîâûøå
íèåì�òåìïåðàòóðû�âîçäóõà.�

Íàèáîëüøåå� óâåëè÷åíèå� ñêîðîñòè� ñîð
áöèè� êèñëîðîäà� ïðîÿâëÿåòñÿ� íà� øàõòå� Àíà
äûðñêîé� è� Êàíãàëàññêîì� ðàçðåçå,� áîëåå�
ñëàáîå�–�íà�ïëàñòàõ�«Ñëîæíûé»��è�«Ëîãîâîé»�
øàõòû�Ñàíãàðñêîé.�Óãëè�øàõòû�Êàäûê÷àíñêîé�
¹�10�èìåþò�áîëåå�âûñîêîå�çíà÷åíèå�êèíåòè
÷åñêîé� êîíñòàíòû� ñêîðîñòè� ñîðáöèè� êèñëî
ðîäà�ïðè�òàêèõ�òåìïåðàòóðàõ�ïî�ñðàâíåíèþ�ñ�
óãëÿìè�øàõòû�«ÄæåáàðèêèÕàÿ».

Íà�ðèñ.�2�ïðèâåäåíû�ðåçóëüòàòû�èññëå
äîâàíèÿ� ñêëîííîñòè� óãëåé� â� çàâèñèìîñòè� îò�
òåìïåðàòóðû.

Ðèñ. 1. Ñðàâíèòåëüíûå ïîêàçàòåëè ñîðáöèîííîé ñïîñîáíîñòè óãëåé ïðè òåìïåðàòóðå +25°Ñ:
1 – Àíàäûðñêèé; 2 – Êàíãàëàññêèé; 3 – ÄæåáàðèêèÕàéñêèé; 4 – Äåíèñîâñêèé; 5 – øàõòà Êîêñîâàÿ; 

6 – Ñàíãàðñêèé / Fig. 1. Comparative indicators of the sorption capacity of coals at +25°C:
1 – Anadyrsky; 2 – Kangalassky; 3 – DzhebarikiKhay; 4 – Denisovsky; 5 – Koksovaya mine; 6 – Sangarsky
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Ðèñ. 2. Èçìåíåíèÿ ïîêàçàòåëåé õèìè÷åñêîé àêòèâíîñòè ìåðçëûõ óãëåé îò òåìïåðàòóðû:
1 – ìåñòîðîæäåíèå Àíàäûðñêîå; 2 – Êàíãàëàññêîå; 3 – ÄæåáàðèêèÕàÿ; 4 – Íåðþíãðèíñêîå; 

5 – Äåíèñîâñêîå; 6 – Ñàíãàðñêîå (ïëàñò Ñëîæíûé);  7 – Ñàíãàðñêîå (ïëàñò Ëîãîâîé); 8 – Êàäûê÷àíñêîå; 
9 – Êåäðîâñêîå / Fig. 2. Change in indicators of chemical activity of frozen coals on temperature: 1 – Anadyr; 

2 – Kangalasskoe; 3 – DzhebarikiKhaya; 4 – Neryungri; 5 – Denisovskoe; 6 – Sangarskoe (layer Complex); 
7 – Sangarskoe (Lagovoi layer); 8 – Kadykchanskoye; 9 – Kedrovskoye

Â�1970–1980�ãã.�íà�ðÿäå�øàõò�çàôèêñè
ðîâàíû� ñëó÷àè� ïîÿâëåíèÿ� îêèñè� óãëåðîäà�
ïîâûøåííîé� êîíöåíòðàöèè,� ÷òî� êâàëèôè
öèðîâàëîñü� êàê� íàëè÷èå� ýíäîãåííîãî� ïî
æàðà� è� ïðèâîäèëî� ê� îñòàíîâêå� ãîðíûõ� âû
ðàáîòîê.

Òàê,� â� ìàðòå� 1973� ã.� íà� øàõòå� «Ñàíãàð
ñêàÿ»� â� âûðàáîòêàõ� ïëàñòà� «Ñëîæíûé»� îá
íàðóæåíà� îêèñü� óãëåðîäà� êîíöåíòðàöèåé� äî�
0,02�%.�Ïîñêîëüêó�ýòî�ÿâëåíèå�çà�40�ëåò�ýêñ
ïëóàòàöèè�ìåñòîðîæäåíèÿ�îòìå÷àëîñü�âïåð
âûå,�êîìèññèÿ,�ðàññëåäîâàâøàÿ�ïðè÷èíû�ïî
ÿâëåíèÿ� ÑÎ,� êâàëèôèöèðîâàëà� ýòî� ÿâëåíèå�
êàê�íàëè÷èå�ýíäîãåííîãî�ïîæàðà,�è�ïëàñò�áûë�
èçîëèðîâàí.

Â� îêòÿáðå� 1974� ã.� àíàëîãè÷íàÿ� ñèòóà
öèÿ� ñëîæèëàñü� íà� øàõòå� «ÄæåáàðèêèÕàÿ»,�
ãäå� òàêæå� áûëà� îáíàðóæåíà� îêèñü� óãëåðîäà�
êîíöåíòðàöèåé�äî�0,02�%.�Âìåñòå�ñ�òåì,�ñè
ñòåìàòè÷åñêèå� íàáëþäåíèÿ� íå� ïîäòâåðäèëè�
íàëè÷èå�ýíäîãåííûõ�ïîæàðîâ�íà�äàííûõ�øàõ
òàõ,�è�ïðè÷èíû�ïîÿâëåíèÿ�îêèñè�óãëåðîäà�âû
ñîêèõ�êîíöåíòðàöèé�äî� ïîñëåäíåãî�âðåìåíè�
íå�áûëè�óñòàíîâëåíû.

Ïðîâåäåííûé� íàìè� àíàëèç� îáñòîÿ
òåëüñòâ,� ïðåäøåñòâîâàâøèõ� ïîÿâëåíèþ� ÑÎ,�
ïðèâîäèò� ê� âûâîäó,� ÷òî� îñíîâíîé� ïðè÷èíîé�
èíòåíñèôèêàöèè� îêèñëèòåëüíûõ� ïðîöåññîâ�
ïîñëóæèëî�òåïëî,�ïîäàâàåìîå�â�øàõòû�ñ�âåí
òèëÿöèîííîé�ñòðóåé.
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Òàê,� â� íîÿáðå�1972� ã.� íà�øàõòå�«Ñàíãàð
ñêàÿ»� ââåäåíà� â� ýêñïëóàòàöèþ� êàëîðèôåð
íàÿ� óñòàíîâêà,� êîòîðàÿ� ê� ìîìåíòó� ïîÿâëå
íèÿ� ÑÎ� â� òå÷åíèå�òðåõ�ìåñÿöåâ� ðàáîòàëà� íà�
ïîëíóþ� ìîùíîñòü.� Èíòåíñèâíûé� ïîäîãðåâ� â�
øàõòó�âîçäóõà�áûë�íåîáõîäèì�äëÿ�ñíèæåíèÿ�
îïàñíîñòè�çàìåðçàíèÿ�âîäû�ïðè�ïóñêå�âíîâü�
ââîäèìîãî� â� ýêñïëóàòàöèþ� çàêîëüöîâàííîãî�
ïðîòèâîïîæàðíîãî�òðóáîïðîâîäà.

Íà� øàõòå� «ÄæåáàðèêèÕàÿ»� ê� ìîìåíòó�
ïîÿâëåíèÿ� îêèñè� óãëåðîäà� ïðÿìûì� õîäîì�
îòðàáàòûâàëñÿ� ïåðâûé� âûåìî÷íûé� ñòîëá� â�
ðàéîíå� âûõîäà� ïëàñòà� ïîä� íàñîñû� ñ� íåçíà
÷èòåëüíûì� óäàëåíèåì� îò� âñêðûâàþùåé� âîç
äóõîïîäàþùåé� âûðàáîòêè.� Ïîýòîìó� â� ëåò
íåîñåííèé�ïåðèîä�â�øàõòó�ïîñòóïàë�òåïëûé�
âîçäóõ,�íåçíà÷èòåëüíî�îõëàæäàþùèéñÿ�â�ñå
òè�ãîðíûõ�âûðàáîòîê.�Àêêóìóëèðîâàíèå�òåïëà�
â�âûðàáîòàííîì�ïðîñòðàíñòâå�øàõò,�îáóñëîâ
ëåííîå�íèçêèì�êà÷åñòâîì�èçîëÿöèè�è�ïîñòó
ïëåíèåì�òåïëîâîãî�âîçäóõà,�àêòèâèçèðîâàëî�
îêèñëèòåëüíûå� ïðîöåññû,� ÷òî� è� ïîñëóæèëî�
ïðè÷èíîé�ïîÿâëåíèÿ�îêèñè�óãëåðîäà.

Ñëåäîâàòåëüíî,� ïîëîæèòåëüíàÿ� òåìïå
ðàòóðà�ïîñòóïàþùåãî�â�øàõòó�âîçäóõà,�ðàçî
ãðåâàþùàÿ�îêðóæàþùèé�âûðàáîòêè�ìåðçëûé�
ãîðíûé� ìàññèâ,� îêàçûâàåò� ñóùåñòâåííîå�
âëèÿíèå� íà� îáúåì� ãàçîâûäåëåíèé� è� ãëóáèíó�
äåãàçàöèè�ïëàñòîâ.

Îòðèöàòåëüíîå� âëèÿíèå� òåïëîâîãî�
âîçäóõà� íà� ýíäîãåííóþ� ïîæàðîîïàñíîñòü�
íàãëÿäíî� äåìîíñòðèðóåòñÿ� íà� ïðèìåðå�
øàõòû� «Àíàäûðñêàÿ»� îáúåäèíåíèÿ� «Ñåâå
ðîâîñòîêóãîëü»,� ãäå� â� íîÿáðå� 1973� ã.� îáíà
ðóæåí� ýíäîãåííûé� ïîæàð.� Îäíîé� èç� ïðè÷èí�
âîçíèêíîâåíèÿ� ïîæàðà,� êàê� îòìå÷åíî� â� àêòå�
êîìèññèè,� ÿâëÿåòñÿ� áîëüøîå� êîëè÷åñòâî� òå
ïëîãî� âîçäóõà,� ïîäàííîãî� â� øàõòó� â� ëåòíèé�
ïåðèîä�1973�ã.,�êîãäà�ïðîâîäèëèñü�äîáû÷íûå�
ðàáîòû.

Ïî� äàííûì,� ïðèâåäåííûì� â� ðàáîòå,� ýí
äîãåííûå� ïîæàðû,� âîçíèêàþùèå� â� óãîëüíûõ�

øàõòàõ� Íîðèëüñêîãî� ÃÌÊ,� òàêæå� îáóñëîâëå
íû� ïîëîæèòåëüíîé� òåìïåðàòóðîé� øàõòíîé�
àòìîñôåðû.

Ñ� ðîñòîì� õèìè÷åñêîé� àêòèâíîñòè� âîç
ðàñòàåò� ãàçîâûäåëåíèå.� Ïðè� èñêóññòâåííîì�
ïîäîãðåâå� ïðîá� óãëÿ� â� ëàáîðàòîðíûõ� óñëî
âèÿõ�íàìè�âûÿâëåíà�äèíàìèêà�êîíöåíòðàöèè�
ãàçîâ�ïðè�ïîâûøåíèè�òåìïåðàòóðû�óãëÿ.

Çàêëþ÷åíèå.�Â�õîäå�èññëåäîâàíèÿ�íàìè�
âûÿâëåí� ãëàâíûé� ôàêòîð� ýíäîãåííîé� ïîæà
ðîîïàñíîñòè� óãîëüíûõ� øàõò� ñåâåðîâîñòîêà�
ñòðàíû.� Ýòîò� ôàêòîð� çàêëþ÷àåòñÿ� â� ñîõðà
íåíèè�îòðèöàòåëüíîé�èëè�óìåðåííî�ïîëîæè
òåëüíîé� òåìïåðàòóðû� äëÿ� ïðåäîòâðàùåíèÿ�
èíòåíñèôèêàöèè� îêèñëèòåëüíûõ� ïðîöåññîâ,�
ïðèâîäÿùèõ� ê� ñàìîâîçãîðàíèþ� óãëåé.� Èñ
ñëåäîâàíèå�ñîðáöèîííîé�ñïîñîáíîñòè�óãëåé�
ìåñòîðîæäåíèé� ñåâåðîâîñòîêà� ïîêàçûâàåò,�
÷òî� õèìè÷åñêàÿ� àêòèâíîñòü� óãëåé� â� óñëîâèÿõ�
ìåðçëîòû�çàâèñèò,�ãëàâíûì�îáðàçîì,�îò�òåì
ïåðàòóðû� òåïëîâîãî� ðåæèìà� –� ïðè� îòðèöà
òåëüíîé� òåìïåðàòóðå� ïî÷òè� âñå� óãëè� èìåþò�
íèçêóþ�õèìè÷åñêóþ�àêòèâíîñòü,�êîòîðàÿ�ðåç
êî�âîçðàñòàåò�ñ�ïîâûøåíèåì�òåìïåðàòóðû.

Â� øàõòàõ� íåîáõîäèìî� ïîääåðæèâàòü�
òåìïåðàòóðó,� ïðåäîòâðàùàþùóþ� ñàìîâîç
ãîðàíèå� óãëåé.� Èçâåñòíû� è� óñïåøíî� ïðèìå
íÿþòñÿ�íà�øàõòàõ�ñåâåðà�ëîêàëüíûå�ñïîñîáû�
ðåãóëèðîâàíèÿ� òåïëîâîãî� ðåæèìà� ñ� ïîääåð
æàíèåì� óìåðåííî� ïîëîæèòåëüíûõ� òåìïåðà
òóð�íà�ðàáî÷èõ�ìåñòàõ�(íàïðèìåð,�â�ëàâàõ,�ãäå�
ðàáîòàþò�ìåõàíèçèðîâàííûå�êîìïëåêñû�èëè�
äðóãàÿ�òåõíèêà)�è�îòðèöàòåëüíûõ�èëè�áëèçêèõ�
ê� íèì� ïîëîæèòåëüíûõ� òåìïåðàòóð� â� äðóãèõ�
âûðàáîòêàõ� è� âûðàáîòàííûõ� ïðîñòðàíñòâàõ�
øàõò.�Ïîýòîìó�òåïëîâîé�ðåæèì�øàõòû�äîëæåí�
áûòü�âûáðàí�ñ�ó÷åòîì�õèìè÷åñêîé�àêòèâíîñòè�
óãëåé.� Òàêèì� îáðàçîì,� ïîääåðæàíèå� îïòè
ìàëüíûõ� òåìïåðàòóð� âîçäóõà� â� øàõòàõ� ÿâëÿ
åòñÿ� ýôôåêòèâíûì� ñïîñîáîì� ïðåäîòâðàùå
íèÿ�ýíäîãåííûõ�ïîæàðîâ�â�óñëîâèÿõ�óãîëüíûõ�
ïðåäïðèÿòèÿõ�ñåâåðîâîñòîêà�ñòðàíû.

Ñïèñîê ëèòåðàòóðû                                                                                              

1.�Èãèøåâ�Â.�Ã.�Áîðüáà�ñ�ñàìîâîçãîðàíèåì�óãëÿ�â�øàõòàõ.�Ì.:�Íåäðà,�1987.�176�ñ.
2.�Ëèíäåíàó�Í.�È.,�Ìàåâñêàÿ�Â.�Ì.,�Êðûëîâ�Â.�Ô.�Ïðîèñõîæäåíèå,�ïðîôèëàêòèêà�è�òóøåíèå�ýíäîãåí

íûõ�ïîæàðîâ�â�óãîëüíûõ�øàõòàõ.�Ì.:�Íåäðà,�1977.�318�ñ.�
3.�Êèñåëåâ�ß.�Ñ.,�Õîðîøèëîâ�Î.�À.�Ñòàíäàðòíûé�è�íàó÷íûé�ïîäõîäû�ê�îïðåäåëåíèþ�óñëîâèé�âîçíèê

íîâåíèÿ�ãîðåíèÿ�//�Ïîæàðîâçðûâîáåçîïàñíîñòü.�2004.�Ò.�13,�¹�6.�Ñ.�45–52.�
4.�Êèñåëåâ�ß.�Ñ.,�Õîðîøèëîâ�Î.�À.,�Äåìåõèí�Ô.�Â.�Ôèçè÷åñêèå�ìîäåëè�ãîðåíèÿ�â�ñèñòåìå�ïîæàðíîé�

áåçîïàñíîñòè.�ÑÏá.:�Èçäâî�Ïîëèòåõíè÷åñêîãî�óíòà,�2009.�339�ñ.



Âåñòíèê ÇàáÃÓ. 2022. Ò. 28. ¹ 2                                                                              Íàóêè î Çåìëå

34

5.�Êîëåñíè÷åíêî�È.�Å.,�Àðòåìüåâ�Â.�Á.,�Êîëåñíè÷åíêî�Å.�À.,�×åðå÷óêèí�Â.�Ã.,�Ëþáîìèùåíêî�Å.�È.�Òå
îðèÿ�ãîðåíèÿ�è�âçðûâà�ìåòàíà�è�óãîëüíîé�ïûëè�//�Óãîëü.�2016.�¹�6.�Ñ.�30–35.�DOI:�10.18796/00415790
201663035.

6.�Ëóãîâöåâà�Í.�Þ.,�Ïîðòîëà�Â.�À.�Âëèÿíèå�ïðåäâàðèòåëüíî�îõëàæäåííîãî�óãëÿ�íà�ðàçâèòèå�ïðîöåñ
ñà�ñàìîâîçãîðàíèÿ�//�Ñîâðåìåííûå�ïðîáëåìû�íàóêè�è�îáðàçîâàíèÿ.�2013.�¹�6.�Ñ.�108–110.

7.� Ïîðòîëà� Â.� À.� Îöåíêà� âëèÿíèÿ� íåêîòîðûõ� ôàêòîðîâ� íà� ïðîöåññ� ñàìîâîçãîðàíèÿ� óãëÿ� //� Ôèçè
êîòåõíè÷åñêèå�ïðîáëåìû�ðàçðàáîòêè�ïîëåçíûõ�èñêîïàåìûõ.�1996.��¹�3.��Ñ.�61–68.

8.�Ïîðòîëà�Â.�À.,�Ïðîòàñîâ�Ñ.�È.,�Ïîäîáðàæèí�Ñ.�Í.�Ïðîáëåìû�è�ïóòè�ñíèæåíèÿ�ïîæàðîîïàñíîñòè�
ïðè�äîáû÷å�óãëÿ�îòêðûòûì�ñïîñîáîì�//�Áåçîïàñíîñòü�òðóäà�â�ïðîìûøëåííîñòè.��2004.�¹�11.�Ñ.�41–43.

9.� Ôåäîðîâà� Ñ.� Å.� Ýíäîãåííàÿ� ïîæàðîîïàñíîñòü� óãëåé� â� êðèîëèòîçîíå.� ßêóòñê:� ßÔÃÓ.� Èçäâî� ÑÎ�
ÐÀÍ,�2004.�104�ñ.

10.��Ýïøòåéí�Ñ.�À.,�Ìîíãóø�Ì.�À.,�Íåñòåðîâà�Â.�Ã.�Ìåòîäû�ïðîãíîçà�ñêëîííîñòè�óãëåé�ê�îêèñëåíèþ�è�
ñàìîâîçãîðàíèþ�//�Ãîðíûé�èíôîðìàöèîííîàíàëèòè÷åñêèé�áþëëåòåíü.�2008.�¹�12.�Ñ.�211–216.

11.�Arisoy�A.,�Beamish�B.�Reaction�kinetics�of�coal�oxidation�at�low�temperatures�//�Fuel.�2015.�Vol.�159.�
P.�412–417.

12.�Zhang�L.,�Qin�B.�Rheological�characteristics�of�foamed�gel�for�mine�fire�control�//�Fire�and�Materials.�
2016.�Vol.�40.�Iss.�2.�P.�246–260.

References 

1.�Igishev�V.�G.�Borba s samovozgoraniyem uglya v shahtah�(Struggle�against�spontaneous�combustion�of�
coal�in�mines).�Moscow:�Nedra,�1987,�176�p.

2.� Lindenau� N.� I.,� Mayevskaya� V.� M.,� Krylov� V.� F.� Proishozhdeniye, profilaktika i tusheniye endogennyh 
pozharov v ugolnyh shahtah�(Origin,�prevention�and�suppression�of�endogenous�fires�in�coal�mines).�Moscow:�
Nedra,�1977,�318�p.

3.�Kiselev�Ya.�S.,�Khoroshilov�O.�A.�Pozharovzryvobezopasnost�(Fire�and�explosion�safety),�2004,�vol.�13,�
no.�6,�ðð.�45–52.

4.�Kiselev�Ya.�S.,�Khoroshilov�O.�A.,�Demekhin�F.�V.�Fizicheskiye modeli goreniya v sisteme pozharnoy bezo
pasnosti� (Physical� models� of� combustion� in� the� fire� safety� system).� St.� Petersburg:� Publishing� House� of� the�
Polytechnic�University,�2009,�339�p.

5.�Kolesnichenko�I.�Ye.,�Artemyev�V.�B.,�Kolesnichenko�Ye.�A.,�Cherechukin�V.�G.,�Lyubomishchenko�Ye.�I.�
Ugol�(Coal),�2016,�no.�6,�ðð.�30–35.�DOI:�10.18796/00415790201663035.

6.�Lugovtseva�N.�Yu.�Portola�V.�A.�Sovremennye problemy nauki i obrazovaniya�(Modern�problems�of�sci
ence�and�education),�2013,�no.�6,�ðp.�108–110.

7.�Portola�V.�A.�Fizikotehnicheskiye problemy razrabotki poleznyh iskopayemyh� (Physical�and�technical�
problems�of�mineral�development),�1996,�no.�3,�ðð.�61–68.

8.�Portola�V.�A.,�Protasov�S.�I.,�Podobrazhin�S.�N.�Bezopasnost truda v promyshlennosti�(Labor�safety�in�
industry),�2004,�no.�11,�ðð.�41–43.

9.�Fedorova�S.�Ye.�Endogennaya pozharoopasnost ugley v kriolitozone�(Endogenous�fire�hazard�of�coals�in�
permafrost).�Yakutsk:�YaFGU.�Publishing�House�of�SO�RAN,�2004,�104�p.

10.�Epshteyn�S.�A.,�Mongush�M.�A.,�Nesterova�V.�G.�Gorny informatsionnoanaliticheskiy byulleten (Mining�
information�and�analytical�bulletin),�2008,�no.�12,�ðð.�211–216.

11.�Arisoy�A.,�Beamish�B.�Fuel�(Fuel),�2015,�vol.�159,�ðð.�412–417.
12.�Zhang�L.,�Qin�B.�Fire and Materials�(Fire�and�Materials),�2016,�vol.�40,�Iss.�2,�ðð.�246–260.

Èíôîðìàöèÿ îá àâòîðå 

×åìåçîâ Åãîð Íèêîëàåâè÷,�äð�òåõí.�íàóê,�ïðîôåññîð�êàôåäðû�«Òåõíîñôåðíàÿ�áåçîïàñíîñòü»,�Ãîðíûé�èíñòèòóò,�Ñåâå
ðîâîñòî÷íûé�ôåäåðàëüíûé�óíèâåðñèòåò�èì.�Ì.Ê.�Àììîñîâà;�äèðåêòîð,�ó÷åáíîìåòîäè÷åñêèé�öåíòð�ïî�îõðàíå�òðóäà,�
ã.�ßêóòñê,�Ðåñïóáëèêà�Ñàõà�(ßêóòèÿ).�Îáëàñòü�íàó÷íûõ�èíòåðåñîâ:�îõðàíà�òðóäà�â�ãîðíîäîáûâàþùåé�ïðîìûøëåííî
ñòè,�áåçîïàñíîñòü�ïðîèçâîäñòâåííûõ�ïðåäïðèÿòèé�
yegor.chemezov@mail.ru

Ôåäîðîâ Êîíñòàíòèí Êîíñòàíòèíîâè÷, àñïèðàíò,�êàôåäðà�òåõíîñôåðíîé�áåçîïàñíîñòè,�Ãîðíûé�èíñòèòóò,�ÑåâåðîÂîñ
òî÷íûé�ôåäåðàëüíûé�óíèâåðñèòåò�èì.�Ì.�Ê.�Àììîñîâà,�ã.�ßêóòñê,�Ðåñïóáëèêà�Ñàõà�(ßêóòèÿ).�Îáëàñòü�íàó÷íûõ�èíòåðå
ñîâ:�ýíäîãåííûå�ïîæàðû,�îõðàíà�òðóäà,�ïðîìûøëåííàÿ�áåçîïàñíîñòü
kfk6@mail.ru



Earth sciences                                                                        Bulletin of ZabGU. 2022. Vol. 28. No. 2

35

Egor Chemezov, doctor�of�technical�sciences,�professor,�director�of�Training�and�methodological�center�for�labour�protection,�
Ammosov�NorthEastern�Federal�University,�Yakutsk,�Republic�of�Sakha,�(Yakutia).�Research�interest:�labour�protection�in�the�
mining�industry,�safety�of�industrial�enterprises

Konstantin Fedorov,� postgraduate,� Ammosov� NorthEastern� Federal� University,� Yakutsk,� Republic� of� Sakha� (Yakutia).� Re
search�interest:�endogenous�fires,�labor�protection,�industrial�safety

Information about the author 

Äëÿ öèòèðîâàíèÿ 

×åìåçîâ Å. Í., Ôåäîðîâ Ê. Ê. Ñàìîâîçãîðàíèå óãëåé â óñëîâèÿõ êðèîëèòîçîíû // Âåñòíèê Çàáàéêàëüñêîãî ãîñóäàð
ñòâåííîãî óíèâåðñèòåòà. 2022. Ò. 28, ¹ 2. Ñ. 29–35. DOI: 10.21209/2227924520222822935.

Chemezov E., Fedorov K. Spontaneous combustion of coals in permafrost conditions // Transbaikal State University Journal, 
2022, vol. 28, no. 2, pp. 29–35. DOI: 10.21209/2227924520222822935.

Ñòàòüÿ�ïîñòóïèëà�â�ðåäàêöèþ:��31.01.2021�ã.
Ñòàòüÿ�ïðèíÿòà�ê�ïóáëèêàöèè:��15.02.2022�ã.


