
 5 

© Â.Ô. Äåìèí, Ò.Â. Äåìèíà,  
 2014 

 
ÓÄÊ 622.281(574.32) 

Â.Ô. Äåìèí, Ò.Â. Äåìèíà 

ÎÖÅÍÊÀ ÏÀÐÀÌÅÒÐÎÂ ÄÅÔÅÊÒÍÎÑÒÈ 
ÏÎÄÃÎÒÎÂÈÒÅËÜÍÛÕ ÂÛÐÀÁÎÒÎÊ  
Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÃÎÐÍÎ-ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ  
ÓÑËÎÂÈÉ ÝÊÑÏËÓÀÒÀÖÈÈ 

Ðîñò  ãëóáèíû ãîðíûõ ðàáîò è óõîä îò ïåðâîíà÷àëüíîé îòðàáîòêè çàïàñîâ, çà-
ëåãàþùèõ  â áîëåå áëàãîïðèÿòíûõ óñëîâèÿõ ýêñïëóàòàöèè âëå÷åò çà ñîáîé ðàç-
âèòèå åæåãîäíîå îñëîæíÿþùèõ ôàêòîðîâ âåäåíèÿ ãîðíûõ ðàáîò. Ôàêòîðàìè, 
ñäåðæèâàþùèå äîñòèæåíèå ïîêàçàòåëåé ïî äîáû÷å óãëÿ ÿâëÿþòñÿ íåó÷åò óñëî-
âèé ýêñïëóàòàöèè âûðàáîòîê, êðåïëåíèÿ è åãî íåñîîòâåòñòâèÿ ãîðíîòåõíè÷å-
ñêèì óñëîâèÿì. Ñðàâíèòåëüíûé  àíàëèç  äåôåêòíîñòè âûðàáîòîê ïî øàõòàì 
Óãîëüíîãî äåïàðòàìåíòà ïîêàçûâàåò  ðîñò àâàðèéíîñòè ïðè âåäåíèè ãîðíûõ 
ðàáîò.  Ðàçðàáîòàííûå óãîëüíûì äåïàðòàìåíòîì òåõíîëîãè÷åñêèå ìåðû, íà-
ïðàâëåíû íà óâåëè÷åíèå íàãðóçêè è ñíèæåíèå ñåáåñòîèìîñòè óãëÿ.  Îäíèì èç 
ðàöèîíàëüíûõ ïóòåé óëó÷øåíèÿ ñîñòîÿíèÿ âûðàáîòîê è ýêîíîìèè ìàòåðèàëü-
íûõ ðåñóðñîâ ÿâëÿåòñÿ ïðèìåíåíèå îáîñíîâàííûõ ïàðàìåòðîâ êðåïè. Øèðî-
êîå ïðèìåíåíèå íàäåæíîãî êðåïëåíèÿ îãðàíè÷èâàåòñÿ íåäîñòàòî÷íîé èçó÷åí-
íîñòüþ ãåîìåõàíè÷åñêèõ ïðîöåññîâ âáëèçè âûðàáîòîê. Ïðèìåíåíèå ñòàëåïî-
ëèìåðíûõ àíêåðîâ öåëåñîîáðàçíî â ñëîæíûõ ãîðíî-ãåîëîãè÷åñêèõ è ãîðíî-
òåõíè÷åñêèõ óñëîâèÿõ ðàçðàáîòêè. 
Êëþ÷åâûå ñëîâà: Ïîäçåìíûå ãîðíûå ðàáîòû, àíêåðíàÿ êðåïü, ôàêòîðû, ýôôåê-
òèâíîñòü, èññëåäîâàíèÿ, ãîðíî-ãåîëîãè÷åñêèå è ãîðíîòåõíè÷åñêèå óñëîâèÿ ðàçðà-
áîòêè, òåõíîëîãè÷åñêèå ñõåìû, ïðîâåäåíèå ãîðíûõ âûðàáîòîê, âèäû êðåïëåíèÿ, 
óðîâåíü òåõíè÷åñêèõ õàðàêòåðèñòèê. 

 
 
 

 
 

ðîÿâëåíèÿ òåõíîëîãè÷åñêèõ ôàêòîðîâ îáóñëàâëèâàåòñÿ ãëóáèíîé ðàç-
ðàáîòêè, íàïðàâëåíèåì è ñêîðîñòüþ ïîäâèãàíèÿ ïîäãîòîâèòåëüíûõ 

çàáîåâ, ñïîñîáàìè ïðîâåäåíèÿ è îõðàíû,  âèäàìè êðåïè è òåõíîëîãè÷åñêîé 
ñõåìîé êðåïëåíèÿ ãîðíûõ âûðàáîòîê. 

Íà ðèñ. 1 ïîêàçàíû ñõåìû ðàçâèòèÿ äåôîðìàöèé ïðè àðî÷íîé è ïðÿìî-
óãîëüíîé ôîðìå ïîïåðå÷íîãî ñå÷åíèÿ âûðàáîòêè. 
Îñíîâíûìè âèäàìè äåôîðìàöèé ãîðíûõ ïîðîä ÿâëÿþòñÿ: îáðóøåíèå, âûñûïà-
íèå, âûäàâëèâàíèå, êóïîëåíèå, îòæèì óãëÿ, âûáðîñû óãëÿ è ïó÷åíèå ïîðîä 
ïî÷âû. Ñîâîêóïíîñòü íåáëàãîïðèÿòíûõ ôàêòîðîâ (ãëóáèíà ðàñïîëîæåíèÿ âû-
ðàáîòêè, ïðîâåäåíèå âûðàáîòêè â çîíå ïîâûøåííîãî ãîðíîãî äàâëåíèÿ, óâåëè-
÷åíèå êîíöåíòðàöèè ðàáîò), âëèÿþùèõ íà ñîñòîÿíèå ïðèêîíòóðíîãî ìàññèâà 
ïðèâîäèò ê óõóäøåíèþ óñëîâèé ïîääåðæàíèÿ âûðàáîòêè (ðèñ. 2).   

Â õîäå  ïðîâåäåíèÿ âûðàáîòîê ÷àñòî âñòðå÷àþòñÿ ñëîæíûå çîíû äëÿ âåäå-
íèÿ ãîðíûõ ðàáîò: ïîâûøåííîãî ãîðíîãî äàâëåíèÿ, ïðîåçä ïîä ðàíåå ïðîé-
äåííûìè âûðàáîòêàìè, â íåïîñðåäñòâåííîé áëèçîñòè ñêâàæèí, â çîíàõ ãåîëî-
ãè÷åñêèõ íàðóøåíèé ðàçëè÷íîãî õàðàêòåðà, ïîòåðÿ óñòîé÷èâîñòè âìåùàþùèõ 
ïîðîä, èçìåíåíèå ïàðàìåòðîâ çàëåãàíèÿ, ñáèòèå ñ âûðàáîòêàìè, ïðîíèêíîâå-
íèå âîäû. 
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Ðèñ. 1. Ñõåìû ðàçâèòèÿ äåôîðìàöèé ïðè àðî÷íîé (à) è ïðÿìîóãîëüíîé (á) ôîðìå ïîïåðå÷íîãî ñå÷åíèÿ âûðàáîòêè 
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                 â                                                                                           ã    
  à - íåñòàáèëüíîå ñîñòîÿíèå êðîâëè âûðàáîòêè; á – êóïîë, îáðàçîâàâøèéñÿ â êðîâëå âûðàáîòêè;  â – ïðîñåâøàÿ êðîâëÿ âûðàáîòêè;  
ã – òðåùèíû â êðîâëå âûðàáîòêè 

Ðèñ. 2. Ïðîÿâëåíèÿ ãîðíîãî äàâëåíèÿ ïðè èñïîëüçîâàíèè àíêåðíîãî êðåïëåíèÿ ãîðíûõ âûðàáîòîê 
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Â óãîëüíîé ïðàêòèêå ðàçëè÷àþò ñëåäóþùèå ÷åòûðå ôîðìû ïîòåðè óñòîé÷è-
âîñòè è îáíàæåíèÿ ïîðîä êðîâëè (ðèñ.. 3): 

• òðàïåöèåâèäíàÿ (ðèñ. 3, à) ôîðìà, îáðàçîâàííàÿ èç-çà ñëàáîãî ìåæ-
ñëîåâîãî êîíòàêòà (ñöåïëåíèÿ); 

• ñâîä÷àòàÿ ïîëóöèðêóëüíàÿ (ðèñ. 3, á) ôîðìà, îáðàçóåòñÿ, êîãäà âûâàë 
ðàâåí èëè áîëåå ïîëóïðîëåòà âûðàáîòêè; 

• ñâîä÷àòàÿ öèðêóëüíàÿ (ðèñ. 3, â) îáðàçóåòñÿ, êîãäà âûâàë ìåíüøå èëè 
ðàâåí ïîëóïðîëåòó âûðàáîòêè, ïîðîäû êðîâëè îäíîðîäíûå, ðàçíîñëîèñòûå, 
òðåùèíîâàòûå; 

• ïàðàáîëè÷åñêàÿ ôîðìà âûâàëà (ðèñ. 3, ã) âñòðå÷àåòñÿ â îäíîðîäíûõ ïî-
ðîäàõ. 
Óãîëü è óãëèñòûå àðãèëëèòû ñèëüíî òðåùèíîâàòûå è ìåëêîñëîèñòûå ìîùíî-

ñòüþ ìåíåå 0,1 ì, ñêëîííû ê ñàìîïðîèçâîëüíîìó îòñëàèâàíèþ â òå÷åíèå 10–15 
ìèí, îñòàëüíûå ãîðíûå ïîðîäû ñ ïðåäåëîì ïðî÷íîñòè áîëåå 60 ÌÏà ïðè ïëî-
ùàäè îáíàæåíèÿ 5 ì2 îáðóøàþòñÿ ÷åðåç 35 è áîëåå ìèí. 

 

 
Ðèñ. 3. Õàðàêòåðíûå ôîðìû ïîòåðè óñòîé÷èâîñòè 

 
Ïîòåðÿ óñòîé÷èâîñòè îáíàæåíèé õàðàêòåðèçóåòñÿ ëîêàëüíûìè è ñïëîøíûìè 

âûâàëàìè ïîðîä êðîâëè íà ó÷àñòêàõ, ïðîòÿæåííîñòüþ 15–20 ì è áîëüøå, â 
÷àñòè âûðàáîòîê ïî ïëàñòàì ñ ëîæíîé è ëåãêîîáðóøàþùåéñÿ êðîâëåé îáùåé 
ìîùíîñòè äî 0,3–0,5 ì.  

Îäíîé èç îñíîâíûõ ïðè÷èí ïîòåðè óñòîé÷èâîñòè ïîðîäíûõ îáíàæåíèé â 
ãîðíûõ âûðàáîòêàõ è óâåëè÷åíèÿ çàòðàò íà èõ êðåïëåíèå, â îñîáåííîñòè ñ óã-
ëóáëåíèåì ãîðíûõ ðàáîò, ÿâëÿåòñÿ íåäîñòàòî÷íàÿ èçó÷åííîñòü ãåîìåõàíè÷åñêèõ 
ïðîöåññîâ â ïðèêîíòóðíûõ ïîðîäàõ. Ñëîæíîñòü çàäà÷è ïî ïîâûøåíèþ óñòîé-
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÷èâîñòè ïîðîäíûõ îáíàæåíèé ãîðíûõ âûðàáîòîê íà øàõòàõ â çíà÷èòåëüíîé ìåðå 
îáóñëîâëåíà áîëüøèì ðàçíîîáðàçèåì ãîðíî-ãåîëîãè÷åñêèõ óñëîâèé – ïî ìîùíîñòè 
è óãëó ïàäåíèÿ ïëàñòîâ, ñòðîåíèþ è ïðî÷íîñòè âìåùàþùèõ ïîðîä è äð. 

Íèæå ðàññìîòðåíî âçàèìîäåéñòâèå ðàçëè÷íûõ âèäîâ êðåïëåíèÿ ñ âìåùàþùèìè 
ïîðîäàìè âáëèçè âûðàáîòêè â çàâèñèìîñòè îò ãîðíî-òåõíè÷åñêèõ óñëîâèé ýêñ-
ïëóàòàöèè.  

Äëÿ îïðåäåëåíèÿ íàãðóçî÷íûõ õàðàêòåðèñòèê ðàçëè÷íûõ âèäîâ êðåïëåíèÿ âû-
ðàáîòîê ïðîâåäåíû ýêñïåðèìåíòàëüíûå íàáëþäåíèÿ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ 
ãîðíîãî äàâëåíèÿ.   

Îïðåäåëåíû ïàðàìåòðû äåôîðìàöèîííûõ ïðîöåññîâ âáëèçè âûðàáîòîê ïðè 
ðàñïîëîæåíèè èõ ïðè âëèÿíèè î÷èñòíûõ ðàáîò. Ïðîâåäåíû íàáëþäåíèÿ çà óñòîé-
÷èâîñòüþ âûðàáîòîê ïðè ðàçëè÷íûõ ñõåìàõ ðàçâèòèÿ ãîðíûõ ðàáîò, ñðîêå ñëóæáû 
è ýêñïëóàòàöèîííîì íàçíà÷åíèè íà øàõòàõ ÓÄ ÀÎ «ÀðñåëîðÌèòòàë Òåìèðòàó».  

Ïåðèîä íàáëþäåíèé çà óñòîé÷èâîñòüþ âûðàáîòêè â çîíå âëèÿíèÿ î÷èñòíûõ ðà-
áîò ñîñòàâèë áîëåå 20 ìåñ. Äåôîðìàöèè êðîâëè â 20 ì ïåðåä ëàâîé, â ñòâîðå ñ 
ëàâîé è 120 ì ïîçàäè íåё ñîîòâåòñòâåííî ñîñòàâèëè:   ðàìíîé êðåïüþ – 0,31-
0,37, 0,49-0,58, 1,11-1,27 ì; ñ àíêåðíîé – 0,05-0,06, 0,6-0,7, 0,33-0,4 ì; àíêåð-
íî-ðàìíîé êðåïüþ – 0,07-0,08, 0,06-0,09, 0,21-0,37 ì (ìåíüøå â 3–4 ðàçà).  

 Êîíâåðãåíöèÿ  êîíòóðîâ âûðàáîòêè ñîñòàâèëà 0,7–0,85 ìì, â ò.÷. íèõ 70 % 
äåôîðìàöèé îòíîñèëîñü íà ïó÷åíèå ïîðîä ïî÷âû. Êîíâåéåðíàÿ âûðàáîòêà 
ïðîéäåíà êîìáàéíîâûì ñïîñîáîì è ïîääåðæèâàëèñü ïîçàäè ëàâû íà ãðàíèöå ñ 
âûðàáîòàííûì ïðîñòðàíñòâîì. Âïåðåäè ëàâû ðàñïðîñòðàíÿëàñü çîíà îïîðíîãî 
äàâëåíèÿ íà âåëè÷èíó 125–130 ì: ïó÷åíèå ïî÷âû (äî 1,1 ì), äåôîðìàöèÿ êðå-
ïè (äî 0,15-0,2 ì). Â 30–40 ì è â 100-115 ì âïåðåäè î÷èñòíîãî çàáîÿ îñóùåñò-

âëÿëàñü ïîäðûâêà ïîðîä 
ïî÷âû íà ãëóáèíó 1,1–1,5 
ì êàæäàÿ.  Êîíâåðãåíöèÿ 
êðîâëè è ïî÷âû â âûðàáîò-
êå íà ëèíèè î÷èñòíîãî çà-
áîÿ ñîñòàâèëà 0,13 ì. 

Çà ëàâîé äåôîðìàöèè 
âûñîêèå äî 0,9-1,2 ì è íà 
ïðîòÿæåíèè 140–145 ì 
ïðîèçâîäèëîñü ïåðåêðåï-
ëåíèå (äî 46 % äëèíû âû-
ðàáîòêè) è âòîðè÷íàÿ ïîä-
ðûâêà ïî÷âû (1,5-2,1 ì) 
âûðàáîòêè. 

Ìàêñèìàëüíûå âåðòè-
êàëüíûå ñìåùåíèÿ ïîðîä 
êðîâëè âïåðåäè ëèíèè î÷è-
ñòíîãî çàáîÿ â 15–20 ì îò 
ëàâû ñîñòàâëÿëè 0,03–0,035 
ì ñ ïîñëåäóþùèì çàòóõàíè-
åì íà ðàññòîÿíèè 35-40 ì. 
Äåôîðìàöèÿ  êðîâëè âûðà-
áîòêè çà ëàâîé ñîñòàâèëè 
0,55–0,6 ì.  
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à - ïðè îõðàíå âûðàáîòêè ïî ñïîñîáó ìàññèâ – ìàññèâ; á -  
ìàññèâ-öåëèê (øèðèíîé 8-12 ì); â - ìàññèâ-áóòîâàÿ ïîëîñà 
(øèðèíîé 8-10 ì); ã – ìàññèâ - âûðàáîòàííîå ïðîñòðàíñò-
âî 
Ðèñ. 4. Ñìåùåíèÿ êðîâëè è ïî÷âû (N, ìì) â âû-
åìî÷íûõ âûðàáîòêàõ ïîä âëèÿíèåì î÷èñòíûõ ðà-
áîò, ðàñïîëîæåííûõ íà ðàçëè÷íîé ãëóáèíå (h, ì)
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Íà ðèñ. 4 ïðèâå-
äåíû ðàñ÷åòíûå ñìå-
ùåíèÿ â âûåìî÷íûõ 
âûðàáîòêàõ, ñ ðàçëè÷-
íûìè ñõåìàìè ðàçâèòèÿ 
ãîðíûõ ðàáîò: îõðà-
íÿåìûõ ïî ñõåìå ìàñ-
ñèâ-öåëèê (øèðèíîé îò 
10 äî 20 ì), öåëèê - öå-
ëèê (øèðèíîé 15-25 ì) è 
ìàññèâ-áóòîâàÿ ïîëîñà 
(øèðèíîé 8-12 ì) êðîâ-
ëè è ïî÷âû ñå÷åíèåì 
17,6 ì2, çàêðåïëёííûõ 
àðî÷íîé ìåòàëëîêðå-
ïüþ, ñî ñðîêîì ñëóæáû 
16-20 ìåñ. Ñìåùåíèÿ 
ïîðîä çíà÷èòåëüíû è 
âûðàáîòêà ïåðåêðåï-
ëÿåòñÿ çà ñðîê èõ 
ñëóæáû äî 2-4 ðàç. 

Íà ðèñ. 5 ïðåäñòàâ-
ëåíû çàâèñèìîñòè ñìå-
ùåíèé (N, ì) îò ïàðà-
ìåòðîâ ñå÷åíèÿ âû-
åìî÷íîé âûðàáîòêè ñ 
ó÷åòîì ãëóáèíû ðàçðà-
áîòêè (h, ì) è ïðî÷íî-
ñòíûõ ïàðàìåòðîâ (íà 
ñæàòèå Rñæ, êÍ/ì2) è 
ïëîòíîñòè ïîðîä (γ, 
ò/ì3), õàðàêòåðèçóþ-
ùèõ óñòîé÷èâîñòü. 

Ñìåùåíèÿ âîçðàñòàþò ñ óâåëè÷åíèåì ðàçìåðîâ ïîïåðå÷íîãî   ñå÷åíèÿ âû-
ðàáîòîê, ïðè ýòîì ñóùåñòâåííîå âëèÿíèå ïðèíàäëåæèò åå øèðèíå è  óáûâàþò ñ 
óäàëåíèåì îò êîíòóðà âãëóáü ìàññèâà. 

Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè îïðåäåëèòü ñòåïåíü âëèÿíèÿ ãîðíî- 
òåõíè÷åñêèõ óñëîâèé ðàçðàáîòêè íà ñìåùåíèÿ â ïðèêîíòóðíûõ ïîðîäàõ â âû-
åìî÷íûõ âûðàáîòêàõ. Âûÿâëåííûå çàêîíîìåðíîñòè äåôîðìàöèé ìîãóò áûòü 
èñïîëüçîâàíû ïðè ðàñ÷åòàõ ïðîÿâëåíèé ãîðíîãî äàâëåíèÿ ïðè ïðîâåäåíèè âû-
ðàáîòîê íà ãëóáîêèõ ãîðèçîíòàõ ïðè ðàçëè÷íûõ ãîðíîòåõíè÷åñêèõ óñëîâèÿõ 
ýêñïëóàòàöèè.  
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1,2 - ñìåùåíèå ïî÷âû è êðîâëè âûðàáîòêè 
3,4 - ñìåùåíèÿ áîêîâ âûðàáîòêè ñîîòâåòñòâåííî ñî ñòîðî-

íû âûåìî÷íîãî ñòîëáà è ñî ñòîðîíû óãîëüíîãî ìàññèâà ñëå-
äóþùåãî âûåìî÷íîãî ñòîëáà 

äëÿ óñëîâèé:  1, 2 ïðè 2,0;1.10/ ≤ñæRHγ ,  3, 4 ïðè 

4,0;3.10/ ≤сжRHγ  

Ðèñ. 5. Äåôîðìàöèè êîíòóðîâ (à) (N, ì) îò ïëîùàäè 
ïîïåðå÷íîãî ñå÷åíèÿ âûðàáîòêè: øèðèíû (H,ì) è âû-
ñîòû âûðàáîòêè (L, ì)  
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ESTIMATE OF DAMAGE PARAMETERS IN DEVELOPMENT ENTRIES DEPENDING  
ON MINE-TECHNICAL AND OPERATION CONDITIONS 
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Karaganda State Technical University, kargtu@kstu.kz 
 
 
 
 
Deep-level mining and deterioration of mining conditions permanently complicate mining. Coal extraction 

is restrained by the neglect of mine operation conditions, or by inappropriate support and its mismatch with 
the mine-technical conditions. Comparative analysis of damage rate in the mines of the Coal Department 
yields the accident risk growth in the mines. The Coal Department has developed engineering provisions to-
wards higher coal extraction capacity and lower coal production cost. One the ways of improving mine work-
ing conditions and cutting down material resources is the use of the duly substantiated support. Reliability of 
underground excavation support is narrowed due to insufficient study of geomechanical processes in the vicin-
ity of mine workings. The authors think it is advisable to use steel–polymer rock bolts in complicated mining-
and-geological and mine-technical conditions.  

Key words: Underground mining, rock bolting, factors, efficiency, studies, mining-and-geological and 
mine-technical conditions, process flow sheets, drivage, types of support, technical performance level.  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ð Ó Ê Î Ï È Ñ È ,  
ÄÅÏÎÍÈÐÎÂÀÍÍÛÅ Â ÈÇÄÀÒÅËÜÑÒÂÅ «ÃÎÐÍÀß ÊÍÈÃÀ» 

 
ÄÈÍÀÌÈÊÀ ÇÀÏÀÑÎÂ È ÊÎÍÚÞÍÊÒÓÐÎÎÁÐÀÇÓÞÙÈÅ ÔÀÊÒÎÐÛ  
ÐÛÍÊÀ ÓÃËß Â ÏÅÐÈÎÄ 2000-2013 ãã. 
(991/01-14 îò 21.10.13.  9 ñ.) 
Òàðàñåíêî Âàëåðèÿ Àíàòîëüåâíà, àñïèðàíò, ñòàðøèé ïðåïîäàâàòåëü êàôåäðû ìèðîâîé 

ýêîíîìèêè, ÐÝÓ èì. Ã.Â. Ïëåõàíîâà, e-mail: bottlemilk@yandex.ru 
 
DYNAMICS OF COAL RESERVES AND FACTORS OF COAL MARKET  
CONDITIONS IN THE PERIOD 2000-2013 
Tarasenko V.A., graduate student, Senior Lecturer, e-mail: bottlemilk@yandex.ru,  
Plekhanov Russian University of Economics. 


