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àíàëèç ðåçóëüòàòîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàí-
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THE STRESS-STRAIN ANALYSIS OF 

ROCKS IN THE NEIGHBORHOOD OF 
FLAT AND CONCAVE OPEN-PIT 
BENCH 

The geomechanical evaluation of two 
open-pit bench forms: flat and concave is 
carried out along with the result analysis of the 
mathematical modeling of the stress-strain rock 
state in the neighborhood of the bench. 
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ðåõìåðíûé ãåîìåõàíè÷åñêèé 
àíàëèç ìàññèâà â îêðåñòíîñòè 

çàáîÿ ïðîâîäèëñÿ íà îñíîâå ìåòîäà ãðà-
íè÷íûõ ýëåìåíòîâ (ìåòîä ôèêòèâíûõ íà-
ãðóçîê) â ëèíåéíî-óïðóãîé ïîñòàíîâêå, 
êîòîðûé ïîçâîëÿåò ñíèçèòü ðàçìåðíîñòü 
ðåøàåìîé çàäà÷è íà åäèíèöó è òðåáóåò 
ìèíèìàëüíûõ çàòðàò âðåìåíè íà çàäàíèå 
ãåîìåòðèè è ãðàíè÷íûõ óñëîâèé. 

Àíàëèç íàïðÿæåííî-äåôîðìèðîâàí-
íîãî ñîñòîÿíèÿ ïîðîä â îêðåñòíîñòè 
çàáîÿ ïðîâîäèëñÿ äëÿ âûðàáîòîê êðóã-
ëîé ôîðìû ïîïåðå÷íîãî ñå÷åíèÿ äèà-
ìåòðîì 3 ì è äëèíîé 20 ì, èñêëþ÷àþ-
ùåé âçàèìîâëèÿíèå çàáîåâ. Ãåîìåõàíè-
÷åñêàÿ îöåíêà ïðîâîäèëàñü äëÿ äâóõ 
ôîðì çàáîÿ: ïëîñêàÿ è âîãíóòàÿ ñ ðà-
äèóñîì ñîïðÿæåíèÿ îáðàçóþùåé öè-
ëèíäðà âûðàáîòêè ñ ãðóäüþ çàáîÿ ðàâ-

íûì 0,7 ì, ïðè ýòîì äèàìåòð ãðóäè çà-
áîÿ ñîñòàâëÿåò 1,6 ì. Ñåòêà ãðàíè÷íûõ 
òðåóãîëüíûõ ýëåìåíòîâ çàãóùàëàñü â 
îêðåñòíîñòè çàáîÿ ñ õàðàêòåðíûì ðàç-
ìåðîì ýëåìåíòîâ 0,1 ì. 

Ðåçóëüòàòû òðåõìåðíîãî ìàòåìàòè÷å-
ñêîãî ìîäåëèðîâàíèÿ íàïðÿæåííî-äåôîð-
ìèðîâàííîãî ñîñòîÿíèÿ ïîðîä â îêðåñò-
íîñòè çàáîÿ ïëîñêîé è âîãíóòîé ôîðì 
ïîçâîëÿþò ñäåëàòü ñëåäóþùèå âûâîäû. 

1. Óñòàíîâëåíî, ÷òî äëÿ âûðàáîòîê ñ 
ïëîñêîé è âîãíóòî-ïëîñêîé ôîðìîé çà-
áîÿ, êàê ñ òðåùèíîé âïåðåäè çàáîÿ, òàê è 
áåç òðåùèíû, ïîâåðõíîñòü, íà êîòîðîé 
ðåàëèçóþòñÿ ìàêñèìàëüíûå ðàñòÿãèâàþ-
ùèå äåôîðìàöèè, ïåðïåíäèêóëÿðíûå ê 
çàáîþ, êàê è ìàêñèìàëüíûå êàñàòåëüíûå 
íàïðÿæåíèÿ, ïðèíèìàåò âîãíóòóþ ôîðìó 
è ëåæèò ñâîèì îñíîâàíèåì íà ïîâåðõíî-
ñòè çàáîÿ. Â ñëó÷àå çàáîÿ ïëîñêîé ôîðìû 
êàê ñ òðåùèíîé âïåðåäè çàáîÿ, òàê è áåç 
íåå, îñíîâàíèå ýòîé ïîâåðõíîñòè îõâà-
òûâàåò âåñü çàáîé, à äëÿ âîãíóòî-ïëîñêîé 
– òîëüêî ïëîñêóþ ÷àñòü çàáîÿ (ãðóäü çà-
áîÿ). Äëÿ ïëîñêîé è âîãíóòî-ïëîñêîé 
ôîðì çàáîÿ â ñëó÷àå áåç òðåùèíû ýòà ïî-
âåðõíîñòü ðàñïðîñòðàíÿåòñÿ ïî îñè âû-
ðàáîòêè îò çàáîÿ â ìàññèâ íà ðàññòîÿíèå 
äî 0,5 ì (ðèñ. 1). 

2. Àíàëèç ðåçóëüòàòîâ ìàòåìàòè÷å-
ñêîãî ìîäåëèðîâàíèÿ íàïðÿæåííî-
äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïîðîä â 
îêðåñòíîñòè çàáîÿ áåç òðåùèíû âïåðå-
äè çàáîÿ ïîêàçàë, ÷òî âîãíóòî-ïëîñêàÿ 
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ôîðìà çàáîÿ ïî ñðàâíåíèþ ïëîñêîé ïî-
çâîëÿåò ñíèçèòü ðàñòÿãèâàþùèå äåôîð-
ìàöèè ïî îñè âûðàáîòêè íà 10-12%, à ïî 
ïåðèìåòðó çàáîÿ íà âåëè÷èíó äî 30-35%. 
Òàêæå â ñëó÷àå âîãíóòî-ïëîñêîé ôîðìû 
çàáîÿ ìàêñèìàëüíûå êàñàòåëüíûå íàïðÿ-
æåíèÿ ñíèæàþòñÿ ïî îñè âûðàáîòêè íà 
15-17%, à îáëàñòü êîíöåíòðàöèè ìàêñè-
ìàëüíûõ êàñàòåëüíûõ íàïðÿæåíèé, ðàñ-
ïîëîæåííîé ïî ïåðèìåòðó çàáîÿ ñìåùà-
åòñÿ çà ãðóäü çàáîÿ, òåì ñàìûì, ñíèæàÿ 
ìàêñèìàëüíûå êàñàòåëüíûå íàïðÿæåíèÿ 
âïåðåäè çàáîÿ íà âåëè÷èíó äî 40-45%. 

Òàêèì îáðàçîì, âîãíóòî-ïëîñêàÿ 
ôîðìà çàáîÿ ãîðíîé âûðàáîòêè ïî ñðàâ-

íåíèþ ñ ïëîñêîé îáóñëàâëè-
âàåò áîëåå óñòîé÷èâîå ñî-
ñòîÿíèå ãîðíîãî ìàññèâà 
âïåðåäè çàáîÿ, çà ñ÷åò ñóùå-
ñòâåííîãî ñíèæåíèÿ óðîâíÿ 
äåéñòâóþùèõ â ìàññèâå íà-
ïðÿæåíèé è äåôîðìàöèé, 

îïàñíûõ ñ òî÷êè çðåíèÿ ðàçâèòèÿ äèíà-
ìè÷åñêèõ ÿâëåíèé â çàáîå ãîðíîé âûðà-
áîòêè. 

3. Â ñëó÷àå ïàðàëëåëüíîé çàáîþ 
òðåùèíû ñ ãàçîì ïîä äàâëåíèåì 5 ÌÏà 
ñîçäàþòñÿ óñëîâèÿ äëÿ ðàçâèòèÿ ãàçîäè-
íàìè÷åñêîãî ÿâëåíèÿ íà ðàññòîÿíèè îò 
çàáîÿ äî òðåùèíû 0,5-0,6 ì äëÿ ïëî-
ñêîé ôîðìû çàáîÿ è 0,3 ì äëÿ âîãíóòî-
ïëîñêîé ôîðìû çàáîÿ. Â äàííîì ñëó÷àå 
âîãíóòî-ïëîñêàÿ ôîðìà çàáîÿ ïî ñðàâ-
íåíèþ ñ ïëîñêîé â 5-8 ðàç ïîçâîëÿåò 
ñíèçèòü âîçìîæíûé îáúåì îòæàòîé ïî-
ðîäû, à òàêæå èçìåíèòü íàïðàâëåíèå 

а                                                     б 
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Ðèñ. 2. Îáëàñòè çàïðåäåëüíîãî äåôîðìèðîâàíèÿ â ãîðèçîíòàëüíîì ñå÷åíèè çàáîÿ 
â ñëó÷àå íàêëîííîé ïîä óãëîì 20° ê çàáîþ âåðòèêàëüíîé òðåùèíû ñ ãàçîì ïîä 
äàâëåíèåì 5 ÌÏà (à – ïëîñêàÿ ôîðìà çàáîÿ, ðàññòîÿíèå äî òðåùèíû 0,9 ì ïî îñè 
âûðàáîòêè; á, â – ïëîñêî-âîãíóòàÿ ôîðìà çàáîÿ, ðàññòîÿíèå äî òðåùèíû 0,9 ì è 
0,7 ì ïî îñè âûðàáîòêè) 

Ðèñ. 1. Ðàñïðåäåëåíèå ãîðè-
çîíòàëüíûõ (ïåðïåíäèêó-
ëÿðíûõ çàáîþ) ðàñòÿãè-
âàþùèõ äåôîðìàöèé â âåð-
òèêàëüíîì ñå÷åíèè çàáîÿ 
äëÿ âûðàáîòîê ñ ïëîñêîé (à) 
è âîãíóòîé (á) ôîðìîé çà-
áîÿ 
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âûíîñà ðàçðóøåííîé ïîðîäû è ãàçà â 
ñòîðîíó ðàáî÷åãî îðãàíà êîìáàéíà. 
Íàèáîëåå âåðîÿòíîå ìåñòî âûíîñà ðàç-
ðóøåííîé ïîðîäû è ãàçà èç çàáîÿ – íà 
ðàññòîÿíèè äî 0,5 ì îò ñòåíîê âûðà-
áîòêè äëÿ îáåèõ ôîðì çàáîÿ. 

4. Â ñëó÷àå âåðòèêàëüíîé òðåùèíû ñ 
ãàçîì ïîä äàâëåíèåì 5 ÌÏà, ðàñïîëî-
æåííîé  ïîä óãëîì 20° ê çàáîþ ñîçäàþò-
ñÿ óñëîâèÿ äëÿ ðàçâèòèÿ ãàçîäèíàìè÷å-
ñêîãî ÿâëåíèÿ, åñëè íàèêðàò÷àéøåå ðàñ-
ñòîÿíèå îò çàáîÿ äî òðåùèíû ñîñòàâëÿåò 
0,4 ì äëÿ ïëîñêîé ôîðìû çàáîÿ, à äëÿ 
âîãíóòî-ïëîñêîé – ïðàêòè÷åñêè òîëüêî 
ïðè âñêðûòèè òðåùèíû. Ïîâåðõíîñòü âî-
ãíóòîé ôîðìû, íà êîòîðîé ðåàëèçóþòñÿ 
ìàêñèìàëüíûå êàñàòåëüíûå íàïðÿæåíèÿ, 
êàê è  ìàêñèìàëüíûå ðàñòÿãèâàþùèå äå-

ôîðìàöèè, ïåðïåíäèêóëÿðíûå çàáîþ, 
ðàñïðîñòðàíÿåòñÿ îò çàáîÿ â ìàññèâ íà 
ðàññòîÿíèå äî 0,5-0,6 ì äëÿ ïëîñêîé 
ôîðìû çàáîÿ è íà ðàññòîÿíèå äî 0,3-0,4 
ì äëÿ âîãíóòî-ïëîñêîé ôîðìû çàáîÿ. Ïî-
ýòîìó â äàííîì ñëó÷àå âîãíóòî-ïëîñêàÿ 
ôîðìà çàáîÿ ïî ñðàâíåíèþ ñ ïëîñêîé 
òàêæå â 5-8 ðàç ïîçâîëÿåò ñíèçèòü âîç-
ìîæíûé îáúåì îòæàòîé ïîðîäû è èçìå-
íèòü íàïðàâëåíèå âûíîñà ðàçðóøåííîé 
ïîðîäû è ãàçà â ñòîðîíó ðàáî÷åãî îðãàíà 
êîìáàéíà, à òàêæå ñâåñòè ê ìèíèìóìó 
îáúåì âûíîñèìîé ïîðîäû. Íàèáîëåå âå-
ðîÿòíîå ìåñòî âûíîñà ðàçðóøåííîé ïî-
ðîäû è ãàçà èç çàáîÿ – íà ðàññòîÿíèè äî 
0,5 ì îò ñòåíêè âûðàáîòêè äëÿ îáåèõ 
ôîðì çàáîÿ (ðèñ. 2).  
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Ïðèâåäåíà ïåðñïåêòèâà èñïîëüçîâàíèÿ òåõíîëîãèè ïîäçåìíîé ãàçèôèêàöèè óãëÿ íà ïðèìåðå Ëó÷å-
ãîðñêîãî òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà Ïðèìîðñêîãî êðàÿ (Ðîññèéñêàÿ Ôåäåðàöèÿ). Îáîñíîâàíà 
àêòóàëüíîñòü ïðèìåíåíèÿ ñîâðåìåííûõ ýêîëîãè÷åñêè ÷èñòûõ òåõíîëîãèé ðàçðàáîòêè óãîëüíûõ ìåñòîðî-
æäåíèé äëÿ îòðàáîòêè óãîëüíûõ ïëàñòîâ â ñëîæíûõ ãîðíîòåõíè÷åñêèõ óñëîâèÿõ. Ïðèâåäåíà âîçìîæ-
íîñòü îòðàáîòêè ìåñòîðîæäåíèÿ ñïîñîáîì ïîäçåìíîé ãàçèôèêàöèè ñ îòðàáîòêîé ñâèòû ïëàñòîâ, óòèëè-
çàöèåé òâåðäûõ áûòîâûõ è ïðîèçâîäñòâåííûõ îòõîäîâ, çàêëàäêîé âûðàáîòàííîãî ïðîñòðàíñòâà, êîì-
ïëåêñíîé òåõíîëîãèåé ñ äåãàçàöèåé è ñêâàæèííîé ãèäðîäîáû÷åé, ïîëó÷åíèåì õèìè÷åñêèõ ïðîäóêòîâ íà 
ãîðíîì ýíåðãîõèìè÷åñêîì ïðåäïðèÿòèè. 

Fatkulin A.A., Kondyrev Â.I., Belov A.V., Ivanov A.N., Opanasuk A.V., Larionov M.V., Grebenyk I.V.  
PROSPECTS OF INTRODUCTION OF CLEAN COAL TECHNOLOGIES IN CASE STUDY OF THE 
LUCHEGORSKY FUEL AND ENERGY COMPLEX 

The prospect of use of underground coal gasification technology on an example of the Luchegorsky fuel 
and energy complex of Primorski Territory (Russia Federation) is resulted. The urgency of modem non-
polluting technologies of coal deposits mining for difficult mining conditions coal layers is proved. Possibility of 
mining by way of underground coal gasification with mining some of layers, recycling waste, complex 
technology with coal bed methane and borehole mining? production of chemical products at the mining power 
and chemical enterprise is resulted.  
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