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Ëàâà 312-Ä6-1-Ç íà øàõòå «Êà-
çàõñòàíñêàÿ» ñìîíòèðîâàíà è 

çàïóùåíà ëåòîì 2013 ã. Ëàâà îòðàáà-
òûâàåò âåðõíèé ñëîé ïëàñòà Ä-6 ìîù-
íîñòüþ 2,7 ì ïî ïðîñòèðàíèþ ïëàñòà 
íà çàïàäíîì êðûëå øàõòíîãî ïîëÿ 
(ðèñ. 1). Óãîë ïàäåíèÿ ïëàñòà ñîñòàâ-
ëÿåò 7–14°. Äëèíà î÷èñòíîãî çàáîÿ ó 
ìîíòàæíîé êàìåðû ñîñòàâëÿåò 215 ì,
à äàëåå (ñ ÏÊ 11+8 ïî âåíòèëÿöèîííî-
ìó øòðåêó) äëèíà ëàâû óâåëè÷èâàåòñÿ 
äî 240 ì. Ãëóáèíà âåäåíèÿ ãîðíûõ ðà-
áîò ïî öåíòðó î÷èñòíîãî çàáîÿ ñîñòàâ-
ëÿåò 460–490 ì. Óïðàâëåíèå êðîâëåé 
â ëàâå – ïîëíîå îáðóøåíèå. 

Íà ðèñ. 2 ñõåìàòè÷íî ïîñòðîåí 
ðàçðåç íà ïåðâûå 120 ì ïîäâèãàíèÿ 

© Ï.Ñ. Øïàêîâ, Â.Í. Äîëãîíîñîâ, 
À.À. Íàãèáèí, Å.Â. Êàéãîðîäîâà, 2015
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×ÈÑËÅÍÍÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÍÀÏÐßÆÅÍÍÎ-
ÄÅÔÎÐÌÈÐÎÂÀÍÍÎÃÎ ÑÎÑÒÎßÍÈß ÌÀÑÑÈÂÀ 
Â ÎÊÐÅÑÒÍÎÑÒÈ Î×ÈÑÒÍÎÃÎ ÏÐÎÑÒÐÀÍÑÒÂÀ 
Â ÏÐÎÃÐÀÌÌÅ «PHASE 2» 

Âûïîëíåí àíàëèç ãîðíî-ãåîëîãè÷åñêîé ñèòóàöèè íà çàïàäíîì êðûëå øàõòû «Êàçàõ-
ñòàíñêàÿ» è ðàññìîòðåíû ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ íàïðÿæåííî-äå-
ôîðìèðîâàííîãî ñîñòîÿíèÿ ìàññèâà â îêðåñòíîñòè î÷èñòíîãî ïðîñòðàíñòâà ëàâû 
312-Ä6-1-Ç, îòðàáàòûâàþùåé âåðõíèé ñëîé ïëàñòà Ä-6 íà çàïàäíîì êðûëå øàõòû. 
Ìîäåëèðîâàíèå âûïîëíåíî ìåòîäîì êîíå÷íûõ ýëåìåíòîâ ïðè ïîìîùè ïðîãðàììû 
«Phase 2». Àâòîðàìè ðàçðàáîòàíà ìíîãîñòàäèéíàÿ ìîäåëü íà ïåðâûå 50 ì ïîäâèãà-
íèÿ ëàâû (10 øàãîâ ïî 5 ì). Ïî ðåçóëüòàòàì ðàñ÷åòîâ ïðîñëåæèâàåòñÿ ôîðìèðîâà-
íèå çîí ðàçãðóçêè è ðàñòÿãèâàþùèõ âåðòèêàëüíûõ è ãîðèçîíòàëüíûõ íàïðÿæåíèé â 
êðîâëå è ïî÷âå î÷èñòíîé âûðàáîòêè, à òàêæå ôîðìèðîâàíèå çîí îïîðíîãî äàâëåíèÿ 
ïî êðàÿì î÷èñòíîãî ïðîñòðàíñòâà. Â ðåçóëüòàòå àíàëèçà âûÿâëåíà äèíàìèêà ôîð-
ìèðîâàíèÿ çîí ðàçðóøåíèé â êðîâëå è ïî÷âå î÷èñòíîé âûðàáîòêè. Âûïîëíåí ïðî-
ãíîç øàãîâ îáðóøåíèÿ ëàâû 312-Ä6-1-Ç. Â ðàñ÷åòàõ èñïîëüçîâàíû äàííûå ïî ðàçâå-
äî÷íîé ñêâàæèíå ¹ 22579. Íàáëþäåíèÿ, âûïîëíåííûå ìàðêøåéäåðñêîé ñëóæáîé 
øàõòû, ïîêàçàëè, ÷òî ïåðâè÷íîå îáðóøåíèå ïðîèçîøëî íà óäàëåíèè 54–57 ì îò 
öåëèêà ìîíòàæíîé êàìåðû. Â 2013 ãîäó ïî öåíòðó î÷èñòíîãî çàáîÿ ïðîèçîøëî 
ãàçîäèíàìè÷åñêîå ÿâëåíèå ñ áîëüøèì âûäåëåíèåì ìåòàíà è ðåçêèì âçáó÷èâàíèåì 
ïî÷âû â ðàéîíå ñåêöèè 75–90. Íà ó÷àñòêå äëèíîé ïðèìåðíî 20 ì ïîäíÿëî ðåøòàêè 
äî 1 ì. Â ëàâå íàáëþäàëîñü î÷åíü ñèëüíîå ãàçîâûäåëåíèå, áûëà ñíèæåíà íàãðóçêà 
íà î÷èñòíîé çàáîé ñ 4500 äî 3500 òîíí â ñóòêè, ýòî ãîâîðèò î âçàèìîñâÿçè ãàçîäè-
íàìè÷åñêèõ ÿâëåíèé ñ øàãàìè îáðóøåíèÿ îñíîâíîé êðîâëè. 
Êëþ÷åâûå ñëîâà: ÷èñëåííîå ìîäåëèðîâàíèå, ëàâà, öåëèê, î÷èñòíîå ïðîñòðàíñòâî, 
íàïðÿæåíèå, êîýôôèöèåíò áåçîïàñíîñòè.

ëàâû îò öåëèêà ìîíòàæíîé êàìåðû ïî 
äàííûì ðàçâåäî÷íûõ ãåîëîãè÷åñêèõ 
ñêâàæèí ¹ 22579 è ¹ 22562. 

Â íåïîñðåäñòâåííîé êðîâëå ïëà-
ñòà Ä-6 çàëåãàåò ñëîé àðãèëëèòà ìîù-
íîñòüþ 2,2 ì ( ñæ. = 16 ÌÏà), âûøå
ðàñïîëàãàåòñÿ ñëîé àëåâðîëèòà ìîù-
íîñòüþ 36,5 ì ( ñæ. = 40 ÌÏà).

×èñëåííîå ìîäåëèðîâàíèå íàïðÿ-
æåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ 
ìàññèâà âûïîëíåíî ïðè ïîìîùè ïðîã-
ðàììû «Phase 2» (www.rocscience.com) 
[1]. 

«Phase 2» ïðåäñòàâëÿåò ñîáîé ìîù-
íóþ ïðîãðàììó äëÿ ìîäåëèðîâàíèÿ 
ìåòîäîì êîíå÷íûõ ýëåìåíòîâ íàïðÿ-
æåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ 
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ìàññèâà ïðè âåäåíèè ñòðîèòåëüíûõ è 
ãîðíûõ ðàáîò â ïîðîäàõ ñ ðàçëè÷íû-
ìè ìåõàíè÷åñêèìè õàðàêòåðèñòèêàìè. 
Ïðîãðàììà «Phase 2» ìîæåò áûòü èñ-
ïîëüçîâàíà äëÿ ðåøåíèÿ øèðîêîãî 
êðóãà èíæåíåðíûõ çàäà÷, âêëþ÷àþùèõ 
ïðîåêòèðîâàíèå è êîíå÷íî-ýëåìåíò-
íûé àíàëèç óñòîé÷èâîñòè. Ïðîãðàììà 
ïîçâîëÿåò áûñòðî ñîçäàâàòü è àíàëè-
çèðîâàòü ñëîæíûå, ìíîãîñòàäèéíûå 
ìîäåëè: òóííåëè â õðóïêèõ è ìíîãî-
ñëîéíûõ ñêàëüíûõ ïîðîäàõ, ãëóáîêèå 
ïîäçåìíûå øàõòû, êàðüåðû è íàêëîí-

íûå âûðàáîòêè, íàñûïè, äàìáû, çåì-
ëÿíûå ñîîðóæåíèÿ è ìíîãîå äðóãîå.

Ïðè ìîäåëèðîâàíèè ìàññèâà ãîð-
íûõ ïîðîä è ãðóíòîâûõ ñëîåâ â ïðî-
ãðàììå èñïîëüçóþòñÿ ìîäåëè (òåîðèè) 
Ìîðà-Êóëîíà è Õóêà-Áðàóíà [2, 3].

Äëÿ ìîäåëèðîâàíèÿ íàïðÿæåííî-
äåôîðìèðîâàííîãî ñîñòîÿíèÿ ìàññè-
âà ïðè îòðàáîòêå ïëàñòà Ä-6 ðàçðàáî-
òàíà ìíîãîñòàäèéíàÿ ìîäåëü íà ïåð-
âûå 50 ì ïîäâèãàíèÿ ëàâû 312-Ä6-1-Ç 
(10 øàãîâ ïî 5 ì), ïðåäñòàâëåííàÿ íà 
ðèñ. 3.

Ðèñ. 2. Ðàçðåç ïî ñêâàæèíàì ¹ 22562 è ¹ 22579



Ðèñ. 3. Ìîäåëèðîâàíèå â «Phase 2» î÷èñòíîãî ïðîñòðàíñòâà: à) ñòàäèÿ 5, á) ñòà-
äèÿ 5 (îêíî ñâîéñòâ ìàòåðèàëà), â) ñòàäèÿ 10



Ðèñ. 4. Çíà÷åíèÿ ìàêñèìàëüíûõ ãëàâíûõ íàïðÿæåíèé 1: à) ñòàäèÿ 5, á) ñòàäèÿ 10

Ðèñ. 5. Çíà÷åíèÿ ìèíèìàëüíûõ ãëàâíûõ íàïðÿæåíèé 3: à) ñòàäèÿ 5, á) ñòàäèÿ 10
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Ãðàôè÷åñêîå èçîáðàæåíèå çíà÷åíèé 
ìàêñèìàëüíûõ ãëàâíûõ (âåðòèêàëüíûõ) 
íàïðÿæåíèé 1 ïðåäñòàâëåíî íà ðèñ. 4.

Íà ðèñ. 4 ïðîñëåæèâàåòñÿ ôîð-
ìèðîâàíèå çîí ðàçãðóçêè è ðàñòÿãè-
âàþùèõ âåðòèêàëüíûõ íàïðÿæåíèé â 
êðîâëå è ïî÷âå î÷èñòíîé âûðàáîòêè 
(4…-2 ÌÏà), à òàêæå ôîðìèðîâàíèå 
çîí îïîðíîãî äàâëåíèÿ ïî êðàÿì âû-
ðàáîòêè (20…30 ÌÏà). Ïðè íåâîçìó-
ùåííîì (åñòåñòâåííîì) íàïðÿæåííîì 
ñîñòîÿíèè 1 = H = 11…12 ÌÏà.

Äàííàÿ ñèòóàöèÿ ïðèâîäèò ê ôîð-
ìèðîâàíèþ êóïîëîâ è îáðóøåíèé â 
êðîâëå è âîçíèêíîâåíèþ óñëîâèé äëÿ 
ïó÷åíèÿ ñëàáûõ ïîðîä ïî÷âû.

Ãðàôè÷åñêîå èçîáðàæåíèå çíà÷å-
íèé ìèíèìàëüíûõ ãëàâíûõ (ãîðèçîí-
òàëüíûõ) íàïðÿæåíèé 3 ïðåäñòàâëå-
íî íà ðèñ. 5.

Íà ðèñ. 5 ïðîñëåæèâàåòñÿ ôîðìè-
ðîâàíèå çîí ðàçãðóçêè è ðàñòÿãèâàþ-

ùèõ ãîðèçîíòàëüíûõ íàïðÿæåíèé íà-
ïðÿæåíèé â êðîâëå è ïî÷âå î÷èñòíîé 
âûðàáîòêè (0…-7 ÌÏà). 

Ýòî î÷åâèäíûå çîíû ðàçðóøåíèÿ, 
òàê êàê ïðè íåâîçìóùåííîì (åñòåñò-
âåííîì) íàïðÿæåííîì ñîñòîÿíèè 3 =
= H = 3,5…4,0 ÌÏà.

Íà ðèñ. 6 ïðåäñòàâëåíî ðàñïðåäåëå-
íèå êîýôôèöèåíòà áåçîïàñíîñòè (êî-
ýôôèöèåíòà çàïàñà) â òî÷êàõ ìàññèâà.

Íà ðèñ. 6 òàêæå ïðîñëåæèâàåòñÿ 
äèíàìèêà ôîðìèðîâàíèÿ çîí ðàçðó-
øåíèé â êðîâëå è ïî÷âå î÷èñòíîé âû-
ðàáîòêè.

Âûïîëíåí ïðîãíîç øàãîâ îáðóøå-
íèÿ ëàâû 312-Ä6-1-Ç. Â ðàñ÷åòàõ èñ-
ïîëüçîâàíû äàííûå ïî ðàçâåäî÷íîé 
ñêâàæèíå ¹ 22579. 

Ïðîãíîçíûå çíà÷åíèÿ øàãîâ îáðó-
øåíèÿ [5–8]:

ïî ìåòîäèêå Ïàêà Ã.À.: 
L1 = 49,3 50,0 ì, L2 = 20,1 20,0 ì;

Ðèñ. 6. Ðàñïðåäåëåíèå çíà÷åíèé êîýôôèöèåíòà áåçîïàñíîñòè: à) ñòàäèÿ 5,
á) ñòàäèÿ 10
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ïî ìåòîäèêå ÂÍÈÌÈ:
L1 = 63,3 63,0 ì, L2 = 19,4 20,0 ì.

Íàáëþäåíèÿ, âûïîëíåííûå ìàðê-
øåéäåðñêîé ñëóæáîé øàõòû, ïîêàçà-
ëè, ÷òî ïåðâè÷íîå îáðóøåíèå ïðîèçî-
øëî íà óäàëåíèè 54 – 57 ì îò öåëèêà 
ìîíòàæíîé êàìåðû.

Â íà÷àëå àâãóñòà 2013 ã. ïî öåíòðó 
î÷èñòíîãî çàáîÿ ïðîèçîøëî ãàçîäèíà-
ìè÷åñêîå ÿâëåíèå ñ áîëüøèì âûäåëåíè-
åì ìåòàíà è ðåçêèì âçáó÷èâàíèåì ïî÷-
âû â ðàéîíå ñåêöèè 75–90. Íà ó÷àñòêå 
äëèíîé ïðèìåðíî 20 ì ïîäíÿëî ðåøòà-
êè äî 1 ì. Â ëàâå íàáëþäàëîñü î÷åíü 
ñèëüíîå ãàçîâûäåëåíèå, â ñâÿçè ñ ÷åì 

áûëà ñíèæåíà íàãðóçêà íà î÷èñòíîé 
çàáîé ñ 4500 äî 3500 ò â ñóòêè [4].

Â ñåðåäèíå àâãóñòà ãàçîäèíàìè÷å-
ñêîå ÿâëåíèå ïîâòîðèëîñü. Îòõîä îò 
ìîíòàæíîé êàìåðû ñîñòàâèë ïîðÿäêà 
170 ì.

Ýòè ñîáûòèÿ ïîçâîëÿþò ïðåäïîëî-
æèòü î âçàèìîñâÿçè ãàçîäèíàìè÷åñêèõ 
ÿâëåíèé ñ øàãàìè îáðóøåíèÿ îñíîâ-
íîé êðîâëè è íåîáõîäèìîñòè äàëüíåé-
øèõ èññëåäîâàíèé ãåîìåõàíè÷åñêèõ 
ïðîöåññîâ ïðè âåäåíèè î÷èñòíûõ 
ðàáîò ñ èñïîëüçîâàíèåì, â òîì ÷èñ-
ëå è ìåòîäîâ ÷èñëåííîãî ìîäåëèðî-
âàíèÿ.
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The article gives a review of geological situation in the western wing of Kazakhstanskaya Mine and discuss-
es results of numerical modeling of stresses and strains in rocks around stoping zone in longwall 312-D6-1-1 
on upper layer of stratum D-6 in the western wing of the mentioned mine. The modeling used finite element 
method and Phase 2 program. The authors have developed a multi-stage model for the first 50 m stretch of 
the longwall advance (10 steps 5 m in size). 

The modeling data show the formation of zones of destressing and vertical and horizontal tensile stresses 
in the stoping roof and floor, as well as the formation of abutment pressure zones at the periphery of the stop-
ing. As a result, dynamics of failure zone formation in the stoping roof and floor is determined. The calculation 
of caving steps in longwall 312-D6-1-3 is performed. The calculation used the data obtained in exploration 
hole no. 22579. 

The inspection results of the mine surveying service showed that initial roof collapse occurred at a distance 
of 54–57 m from the pillar of an assembly room. In 2013, at the center of the production face, a gas-dynamic 
event took place, with high methane release and abrupt swelling of floor near section 75–90. Pans were 
elevated to a height of 1 m in a sector 20 m long. Violent gas release was observed in the longwall, the pro-
duction face output lowered from 4500 to 3500 tons per day, which is the evidence of interrelation between 
gas-dynamic phenomena and steps of main roof caving. 

Key words: numerical modeling, longwall, pillar, stoping zone, stress, safety factor.
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