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Âûÿâëåíî, ÷òî ãåîìåõàíè÷åñêèå ïðîöåññû, ïðîèñõîäÿùèå â ãîðíûõ ìàññèâàõ ïðè ïðîõîäêå âûðàáîòîê è 
ïîäçåìíûõ ñîîðóæåíèé  æåëåçíîäîðîæíûõ òîííåëåé ñóùåñòâåííî âëèÿþò íà ñåáåñòîèìîñòü è áåçîïàñíîñòü 
ðàáîò. Íåâåðíî âûáðàííûå ãåîìåõàíè÷åñêèå ïàðàìåòðû, à èìåííî óñòîé÷èâûå ïðîëåòû îáíàæåíèé è óñòîé­
÷èâûå ðàçìåðû öåëèêîâ, ïðèâîäÿò ê ïîâûøåíèþ ñåáåñòîèìîñòè ãîðíî­ïîäãîòîâèòåëüíûõ ðàáîò è ñíèæå­
íèþ óðîâíÿ áåçîïàñíîñòè çà ñ÷åò âîçìîæíîãî íåïðåäñêàçóåìîãî îáðóøåíèÿ ãîðíûõ ïîðîä èç îáíàæåíèé 
èëè öåëèêîâ. Äëÿ óñòàíîâëåíèÿ äèíàìè÷åñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ ðàçìåðîâ öåëèêîâ ïðîâåäåí 
àíàëèç òåõíè÷åñêîé ëèòåðàòóðû. Óñòàíîâëåíî, ÷òî ïðè ðàñ÷åòå óñòîé÷èâûõ ðàçìåðîâ öåëèêîâ, êàê ïðàâèëî, 
ó÷èòûâàåòñÿ ãîðíîå äàâëåíèå è ïðî÷íîñòíûå õàðàêòåðèñòèêè ãîðíûõ ïîðîä. Íå íà äîëæíîì óðîâíå ó÷è­
òûâàþòñÿ ïàðàìåòðû òðåùèíîâàòîñòè, à òàêæå äèíàìè÷åñêîå äåéñòâèå âçðûâà ïðè îáðàçîâàíèè öåëèêîâ è 
ñåéñìè÷åñêîå äåéñòâèå óäàëÿþùèõñÿ âçðûâîâ.

Ïðèâåäåíû òåîðåòè÷åñêèå ôîðìóëû ïî îïðåäåëåíèþ äèíàìè÷åñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ 
ðàçìåðîâ öåëèêîâ ïðè ïðîõîäêå ãîðíûõ âûðàáîòîê, ïîëó÷åííûå íà îñíîâå çàêîíà ñîõðàíåíèÿ ýíåðãèè. 
Ïîäñòàíîâêà â òåîðåòè÷åñêèå çàâèñèìîñòè íåçíà÷èòåëüíî ìåíÿþùèõñÿ ïàðàìåòðîâ ïîçâîëèëà ïîëó÷èòü 
èíæåíåðíûå ôîðìóëû äëÿ îïðåäåëåíèÿ äèíàìè÷åñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ ðàçìåðîâ öåëèêîâ 
â çàâèñèìîñòè îò ïàðàìåòðîâ òðåùèíîâàòîñòè, ñåéñìè÷åñêîãî äåéñòâèÿ âçðûâîâ,  êîýôôèöèåíòà òðåíèÿ 
ìåæäó îòäåëüíîñòÿìè â ìàññèâå è ãîðíîãî äàâëåíèÿ. Ïîëó÷åíû èíæåíåðíûå ôîðìóëû ðàñ÷åòà äèíàìè÷å­
ñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ ðàçìåðîâ öåëèêîâ â çàâèñèìîñòè îò êîýôôèöèåíòà êðåïîñòè ïîðîäû. 
Èíæåíåðíûå ôîðìóëû ïîëó÷åíû äëÿ ðóäíèêîâ ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå ãîðíî­õèìè÷åñêîå 
îáúåäèíåíèå» (ÏÏÃÕÎ). Äàíû ÷èñëåííûå çíà÷åíèÿ äèíàìè÷åñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ ðàçìåðîâ 
öåëèêîâ. Ïðåäëîæåí ñïîñîá ïðîõîäêè ïàðàëëåëüíûõ âûðàáîòîê â óäàðîîïàñíûõ ìàññèâàõ, çàùèùåííûé 
ïàòåíòîì íà èçîáðåòåíèå.

Ïðèâåäåííûå èññëåäîâàíèÿ ìîãóò ñëóæèòü îñíîâîé äëÿ ïðîåêòèðîâàíèÿ ãîðíî­ïîäãîòîâèòåëüíûõ ðàáîò 
ïðè ðàçëè÷íûõ âàðèàíòàõ ñèñòåì îòðàáîòêè ìåñòîðîæäåíèé ÷åðíûõ, öâåòíûõ, ðåäêîçåìåëüíûõ ìåòàëëîâ 
ïîäçåìíûì ñïîñîáîì è ñòðîèòåëüñòâå êîìïëåêñà ñîîðóæåíèé æåëåçíîäîðîæíûõ òîííåëåé â ðàçëè÷íûõ ãîð­
íî­ãåîëîãè÷åñêèõ è ãîðíîòåõíè÷åñêèõ óñëîâèÿõ, ïîçâîëÿþò ñíèæàòü ñåáåñòîèìîñòü äîáû÷è ðóä, ïîâûøàòü 
óðîâåíü áåçîïàñíîñòè  ðàáîò

Êëþ÷åâûå ñëîâà: ãåîìåõàíèêà; äèíàìè÷åñêè óñòîé÷èâûå ðàçìåðû öåëèêîâ; óäàðîáåçîïàñíûå ðàçìåðû öåëèêîâ; 
ãîðíûå âûðàáîòêè; æåëåçíîäîðîæíûå òîííåëè; òðåùèíîâàòûé íàïðÿæåííûé ìàññèâ; âçðûâíûå îñòàòî÷íûå 
íàïðÿæåíèÿ; òåîðåòè÷åñêèå è èíæåíåðíûå ôîðìóëû ðàñ÷åòà; ãîðíî­ãåîëîãè÷åñêèå è ãîðíî­òåõíè÷åñêèå óñëî­
âèÿ; âûåìêà ðóä

Geomechanical processes, occurring in mountain ranges, when driving workings and underground structures 
of railway tunnels, significantly affect the cost and work safety. Invalid selected geomechanical parameters: 
sustainable spans outcrops and dimensionally stable pillars lead to an increase in the cost of mining­preparatory 
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works and reduce the level of security due to possible unpredictable collapse of rocks from outcrops or pillars. 
Technical analysis of the literature was conducted to establish the stable and dynamically hit­safe pillar dimensions. 
It is found that when calculating the size of stable pillars confining pressure and rock strength characteristics are 
usually considered. Not up to standard fracturing parameters are taken into account, as well as the dynamic effect 
of the explosion in the formation of pillars and seismic action of the recessive explosions.

This article presents a theoretical formula to determine dynamically stable and hit­safe sized pillars in un­
derground development, derived from the energy conservation law. Substitution into the theoretical relations of 
slightly varying parameters has helped to get the engineering formulas for determining dynamically stable and hit­
safe sized pillars depending on the fracture parameters of the seismic action of explosions, coefficient of friction be­
tween the individual and array of rock pressure. The engineering formulas for calculating dynamically stable and 
hit­safe sized pillars, depending on the ratio of the fortress rock, are defined. Engineering formulas are obtained 
for mines «Priargunsk Industrial Mining and Chemical Union» (PIMCU). The numerical values of dynamically 
stable and hit­safe pillar dimensions are given. A method of penetration of parallel developments in hit­safely ar­
rays, protected by a patent for an invention, is suggested.

These studies may provide a basis for the design of mining and preparatory work in different types of systems 
work on the deposits of ferrous, non­ferrous, rare earth metals by underground mining and construction of rail­
way tunnels constructions in various geological and mining conditions, allowing to reduce the cost of ore produc­
tion, improve the level of work safety

Key words: geomechanics, dynamically stable dimensions of pillars, hit­safe sized pillars, mining, railway tunnels, frac­
tured tight array, explosive residual stresses, theoretical and engineering calculation formula

Îïûò ïðîâåäåíèÿ âûðàáîòîê è íèñõîäÿ­
ùåé ñëîåâîé âûåìêè ðóä íà ðóäíèêàõ 

ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå ãîð­
íî­õèìè÷åñêîå îáúåäèíåíèå» (ÏÏÃÕÎ) ïî­
êàçàë, ÷òî äëÿ áåçîïàñíîãî è ýôôåêòèâíîãî 
âåäåíèÿ ãîðíûõ ðàáîò íåîáõîäèìî çíàòü 
óñòîé÷èâûå ðàçìåðû öåëèêîâ â ðàçëè÷íûõ 

ãîðíî­ãåîëîãè÷åñêèõ óñëîâèÿõ. Ïðè ïîäãî­
òîâêå è îòðàáîòêå ðóäíèêîâ ¹ 6, 8 «Ãëó­
áîêèé» ÏÏÃÕÎ, íà êîòîðûõ ñóùåñòâóåò 
óãðîçà è îïàñíîñòü ðàçðóøåíèÿ îò ãîðíûõ 
óäàðîâ, íåîáõîäèìî çíàòü óäàðîáåçîïàñíûå 
ðàçìåðû öåëèêîâ. Âèäû öåëèêîâ ïðåäñòàâ­
ëåíû íà ðèñ. 1.

Ðèñ. 1. Âèäû öåëèêîâ è èõ ãåîìåòðè÷åñêèå ðàçìåðû 
ïðè ïðîâåäåíèè ãîðíûõ âûðàáîòîê: 

à – ëåíòî÷íûé öåëèê; á – ñòîëá÷àòûé òðåóãîëüíûé; â – ñòîëá÷àòûé ïðÿìîóãîëüíûé; 
1…4 – î÷åðåäíîñòü ïðîõîäêè âûðàáîòîê

Fig. 1. Types of pillars and their geometrical dimensions during mining:
a – belt pillar; b – columnar triangular; v – columnar rectangular; 1 ... 4 – sequence of driving workings
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Ó÷èòûâàÿ, ÷òî îòðàáàòûâàåìûé ìàññèâ 
ãðàíèòîâ íà ãëóáèíå áîëåå 500 ì ÿâëÿåòñÿ 
óäàðîîïàñíûì è ðàçìåð óäàðîáåçîïàñíîãî 
öåëèêà áîëüøå óñòîé÷èâîãî ðàçìåðà öåëè­
êà, ðàçìåðû óñòîé÷èâûõ öåëèêîâ îïðåäå­
ëåíû äî ãëóáèíû 500 ì, à íà ãëóáèíå áîëåå 
500 ì â ãðàíèòàõ óñòàíîâëåíû óäàðîáåçî­
ïàñíûå ðàçìåðû öåëèêîâ.

Ïðè ñòðîèòåëüñòâå ïîäçåìíîãî êîì­
ïëåêñà äëÿ æåëåçíîäîðîæíûõ òîííåëåé òàê­
æå ïðîâîäÿòñÿ ãîðíûå âûðàáîòêè: òðàíñ­
ïîðòíûé òîííåëü, äðåíàæíûå øòîëüíè, 
òðàíñïîðòíî­äðåíàæíûå øòîëüíè, ñáîéêè 
ìåæäó øòîëüíÿìè è òîííåëÿìè, ñòâîëû è 
îêîëîñòâîëüíûå âûðàáîòêè [2]. Çíàíèÿ îá 
óñòîé÷èâûõ ðàçìåðàõ öåëèêîâ çäåñü òàêæå 
íåîáõîäèìû.

Àíàëèç ðàáîò Î. À. Áàðàíîâà, 
Í. Ì. Áûêîâîé, Â. Ð. Èìåíèòîâà, Ì. À. Èî­
ôèñà, Ã. Ã. Ëîìîíîñîâà, Ì. Å. Ïåâçíåðà, 
Â. Í. Ïîïîâà [1; 2; 4; 6; 7] ïîêàçàë, ÷òî 
ïðè ðàñ÷åòå ïàðàìåòðîâ öåëèêîâ ó÷èòûâà­
þòñÿ: ãîðíîå äàâëåíèå, ïðåäåë ïðî÷íîñòè íà 
ñæàòèå îáðàçöà ïîðîäû, óãîë âíóòðåííåãî 
òðåíèÿ, êîýôôèöèåíòû çàïàñà ïðî÷íîñòè 
è ñòðóêòóðíîãî îñëàáëåíèÿ ìàññèâà, âðåìå­
íè ñòîÿíèÿ öåëèêà. Íà äîëæíîì óðîâíå íå 
ó÷èòûâàþòñÿ ïàðàìåòðû òðåùèíîâàòîñòè 
ìàññèâà, êîòîðûå îïðåäåëÿþò ñòåïåíü åãî 
óñòîé÷èâîñòè è îïðåäåëÿþò âåëè÷èíó ãîð­
íîãî äàâëåíèÿ â ðàññìàòðèâàåìîì ó÷àñòêå 
ìàññèâà. 

Âûðàáîòêè è îáðàçóåìûå èìè öå­
ëèêè, êàê ïðàâèëî, ôîðìèðóþòñÿ ñ èñ­
ïîëüçîâàíèåì âçðûâíûõ ðàáîò. Â òðóäàõ 
Ð. Ø. Àçèìîâà, Â. Ä. Áåëÿêîâà, Ì. Å. Åðî­
ôååâà, Â. Í. Ìîñèíöà, Á. Í. Ñåâàñòüÿíî­
âà, Ì. Í. Ñëåïöîâà, Ã. Ã. Þðåâè÷à è äð. 
[3; 8; 9] óêàçûâàåòñÿ íà òî, ÷òî âçðûâíûå 
ðàáîòû âëèÿþò íà óñòîé÷èâûå ðàçìåðû 
öåëèêîâ, èíîãäà â ôîðìóëû ââîäÿò êîýô­
ôèöèåíò, ó÷èòûâàþùèé äåéñòâèå âçðûâà. 

Îäíàêî â ðàñ÷åòàõ íå ó÷òåíî äèíàìè÷åñêîå 
äåéñòâèå âçðûâà ïðè îáðàçîâàíèè âûðàáî­
òîê, à òàêæå ïåðèîäè÷åñêîå ñåéñìè÷åñêîå 
äåéñòâèå ïðè âåäåíèè âçðûâíûõ ðàáîò â 
áëèæàéøèõ âûðàáîòêàõ. Ïîìèìî ýòîãî, â 
òåõíè÷åñêîé ëèòåðàòóðå íå ó÷èòûâàþòñÿ 
çîíû äåéñòâèÿ âçðûâà, òî åñòü ãåîìåòðè÷å­
ñêèå ïàðàìåòðû è íàïðÿæåííî­äåôîðìè­
ðîâàííîå ñîñòîÿíèå (ÍÄÑ) íåóñòîé÷èâîãî 
ìàññèâà â çîíå çàêîëîâ, à òàêæå ïàðàìåòðû 
è ÍÄÑ óïðóãî ñæàòîãî ìàññèâà â çîíå îñòà­
òî÷íûõ íàïðÿæåíèé.

Àíàëèç ëèòåðàòóðíûõ èñòî÷íèêîâ è 
îïûò ãåîìåõàíè÷åñêèõ èññëåäîâàíèé íà 
ðóäíèêàõ ÏÀÎ «ÏÏÃÕÎ» ïîêàçàë, ÷òî 
óñòîé÷èâîñòü öåëèêîâ îïðåäåëÿåòñÿ ñëåäóþ­
ùèìè ïàðàìåòðàìè è ïðîöåññàìè: âåëè÷è­
íîé ãîðíîãî äàâëåíèÿ, ôèçèêî­òåõíè÷åñêè­
ìè ñâîéñòâàìè (âêëþ÷àÿ òðåùèíîâàòîñòü) 
ãîðíîãî ìàññèâà, äåéñòâèåì âçðûâà. Ïîý­
òîìó  ðàñ÷åòíûå ôîðìóëû ïî îïðåäåëåíèþ 
äèíàìè÷åñêè óñòîé÷èâûõ è óäàðîáåçîïàñ­
íûõ ðàçìåðîâ öåëèêîâ óñòàíîâëåíû íà îñ­
íîâàíèè ó÷åòà ôèçè÷åñêèõ ïðîöåññîâ äå­
ôîðìèðîâàíèÿ ãîðíîãî ìàññèâà âçðûâîì 
ïðè îáðàçîâàíèè öåëèêîâ è èçìåíåíèÿ ïà­
ðàìåòðîâ íàïðÿæåííîãî ñîñòîÿíèÿ òðåùè­
íîâàòîãî öåëèêà çà ñ÷åò ñåéñìè÷åñêîãî äåé­
ñòâèÿ  ïîñòåïåííî óäàëÿþùèõñÿ âçðûâîâ 
íà ïðîõîäêå âûðàáîòîê. Ðàñïîëîæåíèå çîí 
äåôîðìèðîâàíèÿ è ðàçðóøåíèÿ òðåùèíîâà­
òîãî ìàññèâà âçðûâîì ïðèâåäåíî íà ðèñ. 2. 
Ìåõàíèçì îáðàçîâàíèÿ çîí ïîäðîáíî èçëî­
æåí â àâòîðñêèõ íàó÷íûõ òðóäàõ è äîêàçàí 
ýêñïåðèìåíòàëüíî â  ïðîèçâîäñòâåííûõ óñ­
ëîâèÿõ.

Â äàííîé ðàáîòå òåîðåòè÷åñêè è ÷èñ­
ëåííî îïðåäåëåíû  ðàçìåðû ëåíòî÷íûõ, 
òðåóãîëüíûõ è ïðÿìîóãîëüíûõ äèíàìè÷å­
ñêè óñòîé÷èâûõ è óäàðîáåçîïàñíûõ ðàçìå­
ðîâ öåëèêîâ  ïðè ïðîõîäêå ãîðèçîíòàëüíûõ 
ãîðíûõ âûðàáîòîê.
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Ðèñ. 2. Çîíû äåôîðìèðîâàíèÿ íàïðÿæåííîãî òðåùèíîâàòîãî ìàññèâà âçðûâîì: 
1 – âûðàáîòàííîå ïðîñòðàíñòâî; 2; 3; 4; 5 – ñîîòâåòñòâåííî, çîíû âûáðîñà, òðåùèíîîáðàçîâàíèÿ (äðî­
áëåíèÿ îòäåëüíîñòåé), çàêîëîâ (ðàçãðóçêè), îñòàòî÷íûõ íàïðÿæåíèé (äåôîðìàöèé); 6 – çîíà åñòåñòâåí­
íîãî ñîñòîÿíèÿ ìàññèâà. R

ТР 
,R

ОЗ 
,
 
R

ОСТ  
– ðàäèóñû çîí òðåùèíîîáðàçîâàíèÿ, çàêîëîâ è îñòàòî÷íûõ íàïðÿ­

æåíèé (äåôîðìàöèé)

Fig. 2. Deformation zone of tensioned fractured array of explosion: 
1 – worked out space; 2; 3; 4; 5 –emission zones thereafter, fracturing (crushing separately), stabbing (unload­
ing), residual stress (strain); 6 – zone of natural state of the array. R
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Óñòîé÷èâûå ðàçìåðû öåëèêîâ. Ðàç­
ìåð öåëèêà îïðåäåëÿåòñÿ êàê ðàññòîÿíèå 
ìåæäó áëèæàéøèìè ñòåíêàìè âûðàáîòîê, 
à ïðè ïðîõîäêå òðåóãîëüíîãî öåëèêà – êàê 
äèàìåòð âïèñàííîé îêðóæíîñòè. Óñòîé÷è­
âûì öåëèê áóäåò â òîì ñëó÷àå, åñëè çîíû 
çàêîëîâ îò ñîñåäíèõ âûðàáîòîê íå ïåðåñå­
êàþòñÿ, ò.å.

В
Ц
 = 2R

ОЗ
К

С
К

3
,                                (1)

ãäå R
ОЗ 

– ðàññòîÿíèå îò êîíòóðà âûðàáîòêè 
äî ãðàíèöû çîíû çàêîëîâ (ðèñ. 2); 

К
3
 – êîýôôèöèåíò çàïàñà óñòîé÷èâîñòè, 

ðàâíûé 1,5; 
К

С 
– ïîêàçàòåëü ñåéñìè÷åñêîãî äåéñòâèÿ 

âçðûâà.
Ðàññòîÿíèå îò êîíòóðà âûðàáîòêè äî 

ãðàíèöû çîíû çàêîëîâ (ìàêñèìóìà íàïðÿ­
æåíèé) ïîëó÷åíî òåîðåòè÷åñêè íà îñíîâà­
íèè çàêîíà ñîõðàíåíèÿ ýíåðãèè â [10]

ãäå D, ρ
B
, d

3
 – äåòîíàöèîííûå è ãåîìåòðè÷å­

ñêèå ïàðàìåòðû ÂÂ;
E

p
,
 
c, ѵ, μ – ôèçèêî­òåõíè÷åñêèå ñâîé­

ñòâà ïîðîä ìàññèâà;
 δ, d

3
, k, β, Ф – ïàðàìåòðû òðåùèíîâàòî­

ñòè ìàññèâà;
, ( ),n OTK K N K^ ^  – ïîêàçàòåëè, ó÷èòûâà­

þùèå âçàèìîäåéñòâèå çàðÿäîâ â ãðóïïå, 
ìåæäó ãðóïïàìè âçðûâàåìûõ çàðÿäîâ è 
âëèÿíèå îòêðûòîé ïîâåðõíîñòè;

P
ө
P

r
 – ñîîòâåòñòâåííî òàíãåíöèàëüíàÿ è 

ðàäèàëüíàÿ êîìïîíåíòû íàïðÿæåííîãî ñî­
ñòîÿíèÿ ìàññèâà îòíîñèòåëüíî öåíòðà âû­
ðàáîòêè. 

Äîñòîâåðíîñòü ôîðìóëû (2) äîêàçàíà 
ýêñïåðèìåíòàëüíî â ïðîìûøëåííûõ óñ­
ëîâèÿõ, íà ðóäíèêàõ ÏÀÎ «ÏÏÃÕÎ». ×èñ­
ëåííûé àíàëèç çàâèñèìîñòè (2) ïîçâîëèë 
óñòàíîâèòü ñòåïåíü âëèÿíèÿ êàæäîãî èç 
ïàðàìåòðîâ íà âåëè÷èíó R

ОЗ  
 è ïîëó÷èòü àâ­

òîðîì íàó÷íî îáîñíîâàííóþ èíæåíåðíóþ 
ôîðìóëó ðàñ÷åòà óñòîé÷èâîãî ðàçìåðà öå­
ëèêà ïðè 

             , â âèäå
, (2)
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ãäå А – ïîêàçàòåëü äåéñòâèÿ âçðûâà, ðàâ­
íûé 250×106 Ïà×ì ïðè ñïîñîáå âçðûâàíèÿ 
ñ èñïîëüçîâàíèåì ÑÈÍÂ­Ø èëè  ýëåêòðè­
÷åñêîì ñïîñîáå.

     

                   (4)

А îïðåäåëåíî ïðè D = 4,2 . 103 м/с,

 ρ
В
 = 0,7 . 103 кг/м3, d

3
 = 0, 04 м, с = 4 . 103 м/с, 

                = 0,9,       = 1,5,              = 2,        = 0,9.

,                                  (3)
Êîýôôèöèåíò ñåéñìè÷åñêîãî äåéñòâèÿ 

âçðûâà îïðåäåëåí ïî ôîðìóëàì [10], äëÿ 
ñëó÷àåâ (ðèñ.1), ïðè ѵ = 0,25. К

С2
=1,33 

– ïðè îáðàçîâàíèè ëåíòî÷íîãî öåëèêà; 
К

С3
=1,66 – ïðè îáðàçîâàíèè òðåóãîëüíîãî 

öåëèêà; К
С4 

=1,99 – ïðè îáðàçîâàíèè êâà­
äðàòíîãî (ïðÿìîóãîëüíîãî) öåëèêà. 

Ðàñ÷åòíûå çíà÷åíèÿ óñòîé÷èâûõ ðàç­
ìåðîâ öåëèêîâ ïðè ýëåêòðè÷åñêîì ñïî­
ñîáå âåäåíèÿ ÁÂÐ èëè ñ èñïîëüçîâàíèåì 
ÑÈÍÂ­Ø, ñ ó÷åòîì êîýôôèöèåíòà çàïàñà 
óñòîé÷èâîñòè (К

3
=1,5), ïðèâåäåíû â òàáë. 1. 

Ïðè ðàñ÷åòàõ ó÷èòûâàëîñü, ÷òî ñ óâåëè÷å­
íèåì ðàçìåðà îòäåëüíîñòè îò 0,05 äî 1,0 ì, 

 óìåíüøàåòñÿ ñ 0,6 äî 0,2; Р – ñ 3,3·10 6   
äî 22,0·10 6 Ïà, Ф – ñ 12 äî 6.

Òàáëèöà 1/Table 1

Äîïóñòèìûå óñòîé÷èâûå ðàçìåðû öåëèêîâ â óñëîâèÿõ ìåñòîðîæäåíèé 
Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ äî ãëóáèíû 500 ì ïðè ïðîõîäêå âûðàáîòîê

Acceptable sized pillars in terms of Streltsovsky ore field deposits 
to a depth of 500 meters, when driving workings

Êàòåãîðèÿ 
òðåùèíîâàòîñòè/
Category fracture

Ðàçìåð 
îòäåëüíîñòè, ì/ 

Size alone, m

Óñòîé÷èâûå ðàçìåðû öåëèêîâ, ì/Stable pillars sizes, m

В
ЦЛ

В
ЦΔ

В
ЦП

I
II
III
IV
V

<0,05
0,05…0,15
0,15…0,40
0,40…1,0

>1,0

>15,0
15,0…7,5
7,5…5,3
5,3…4,0

<4,0

>18,0
18,0…9,0
9,0…6,6
6,6…5,0

<5,0

>22,5
22,5…13,5
13,5…8,2
8,2…6,0

<6,0

Ôîðìóëó (3) äëÿ îïðåäåëåíèÿ äèíàìè­
÷åñêè óñòîé÷èâîãî ðàçìåðà öåëèêà ìîæíî 
ïåðåïèñàòü â çàâèñèìîñòè îò êîýôôèöèåí­
òà êðåïîñòè ïîðîä f. Àíàëèòè÷åñêèå èññëå­
äîâàíèÿ äàþò çàâèñèìîñòü â âèäå

0,50,125 f= .                   (5)

Ïîäñòàâëÿÿ (5) â (3), ïîëó÷èì

  (6)

×èñëåííûå ðàñ÷åòû ïî (6) ïðè f = 10; 
P = 18 . 106 Ïà; Ф = 8;  А = 250 . 106 Ïà;   
К

3
 = 1,5; К

С
 = 1,33; 1,66; 1,99 äàþò В

ЦЛ 
=5,9 ì; 

В
ЦΔ 

=7,4 ì; В
ЦП

=8,9 ì.
Óäàðîáåçîïàñíûå ðàçìåðû öåëèêîâ. 

Â «Èíñòðóêöèè ïî áåçîïàñíîìó âåäåíèþ 

ãîðíûõ ðàáîò íà ðóäíûõ è íåðóäíûõ ìåñòî­
ðîæäåíèÿõ, îáúåêòàõ ñòðîèòåëüñòâà ïîä­
çåìíûõ ñîîðóæåíèé, ñêëîííûõ è îïàñíûõ 
ïî ãîðíûì óäàðàì» óêàçàíî, ÷òî ðàññòîÿíèå 
ìåæäó áëèæàéøèìè áîðòàìè ïàðàëëåëü­
íûõ âûðàáîòîê íà óäàðîîïàñíûõ ó÷àñòêàõ 
äî ãëóáèíû 1000 ì, êàê ïðàâèëî, äîëæíî 
áûòü íå ìåíåå 4d, ãäå d – íàèáîëüøèé ðàç­
ìåð ïîïåðå÷íîãî ñå÷åíèÿ áîëüøåé âûðàáîò­
êè [5].

Â óñëîâèÿõ ðóäíèêîâ ÏÀÎ «ÏÏÃÕÎ», â 
ñîîòâåòñòâèè ñ [11], В

Цуд 
= 12…14 ì, ÷òî â 

íåêîòîðûõ ñëó÷àÿõ òåõíè÷åñêè âûïîëíèòü 
ñëîæíî è ýêîíîìè÷åñêè íåâûãîäíî. Òåì 
áîëåå èç ïðàêòèêè èçâåñòíî, ÷òî ðàçìåðû 
öåëèêîâ è îáíàæåíèé ìåíÿþòñÿ â çàâèñè­
ìîñòè îò ñòåïåíè òðåùèíîâàòîñòè ìàññèâà.
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Â íàñòîÿùåé ìåòîäèêå óäàðîáåçîïàñ­
íûé ðàçìåð öåëèêà îïðåäåëåí äëÿ ìàññèâà 
ãðàíèòîâ ïðè óñëîâèè, ÷òî çîíû îïîðíîãî 
äàâëåíèÿ (îñòàòî÷íûõ íàïðÿæåíèé, ðèñ. 2) 
îò äâóõ èëè íåñêîëüêèõ ñîñåäíèõ âûðàáîòîê 
íå áóäóò ïåðåêðûâàòüñÿ, è ðàâåí

В
Цуд =

 2 R
ОСТ

К
3
К

С
.                                                (7)

Â (7) ðàçìåð çîíû îñòàòî÷íûõ íàïðÿ­
æåíèé (äåôîðìàöèé)R

ОСТ
 îïðåäåëåí â òðå­

ùèíîâàòîì ãîðíîì ìàññèâå ïðè ïîñëåäîâà­
òåëüíîì êîðîòêîçàìåäëåííîì âçðûâàíèè 
ãðóïï çàðÿäîâ ВВ íà îáíàæåííóþ ïîâåðõ­
íîñòü â âèäå 

.     (8)

Ïîäñòàâëÿÿ (8) â (7) ñ ó÷åòîì çíà÷å­
íèÿ А(4), ïîëó÷èì èíæåíåðíóþ ôîðìóëó 
ðàñ÷åòà óäàðîáåçîïàñíîãî ðàçìåðà öåëèêà

 (9)

ãäå Р – ñðåäíÿÿ âåëè÷èíà ãîðíîãî äàâëåíèÿ 
íà ãëóáèíå 700 ì ðàâíà: ïðè d

e
 – 0,15 ì; 

0,4 ì; 1,0 ì; ñîîòâåòñòâåííî 21,0 ÌÏà; 
25,2 ÌÏà è 30,8 ÌÏà. КC2 

= 1,27; К
С3

 = 1,57;  
К

С4 
= 1,87. Îñòàëüíûå ïàðàìåòðû ïðèâåäå­

íû ðàíåå.
Ðàñ÷åòíûå çíà÷åíèÿ óäàðîáåçîïàñíûõ 

ðàçìåðîâ öåëèêîâ äëÿ ãðàíèòíûõ ìàññèâîâ 
Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ ÏÀÎ «ÏÏÃÕÎ» 
ñ ó÷åòîì êîýôôèöèåíòà çàïàñà ïðèâåäåíû 
â òàáë. 2.

Òàáëèöà 2/Table 2

Äîïóñòèìûå óäàðîáåçîïàñíûå ðàçìåðû öåëèêîâ ãðàíèòíûõ ìàññèâîâ 
Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ ïðè ïðîõîäêå âûðàáîòîê 

Acceptable hit­safe sized of granite massifs of Streltsovsky ore field, 
when driving workings

Êàòåãîðèÿ 
òðåùèíîâàòîñòè/ 
Category fracture

Ðàçìåð 
îòäåëüíîñòè, ì/ Size 

alone, m

Óäàðîáåçîïàñíûå ðàçìåðû öåëèêîâ, ì

В
ЦудЛ

В
ЦудΔ

В
ЦудП

II
III
IV
V

>0,15
0,15…0,40
0,40…1,0

>1,0

>15,0
15,0…10,5
10,5…8,6

<8,6

>18,5
18,5…13,0
13,0…10,6

<10,6

>22,0
22,0…15,4
15,4…12,6

<12,6

Ïðèìå÷àíèå. Ïîðîäû ñ ðàçìåðîì îòäåëüíîñòè ìåíåå 0,15 ì, êàê ïðàâèëî, ÿâëÿþòñÿ íåóäàðîîïàñíûìè

Íàñòîÿùàÿ ìåòîäèêà óòâåðæäåíà ãëàâ­
íûì èíæåíåðîì Ïðèàðãóíñêîãî ãîðíî­õè­
ìè÷åñêîãî êîìáèíàòà (ÏÃÕÊ, â 1992 ã. 
ïðåîáðàçîâàí â ÏÏÃÕÎ) 29 ñåíòÿáðÿ 
1989 ã. è èñïîëüçóåòñÿ íà ïðåäïðèÿòèè êàê 
íîðìàòèâíàÿ äîêóìåíòàöèÿ.

Â ïðîöåññå èññëåäîâàíèé ðàçðàáîòàí 
«Ñïîñîá ðàçãðóçêè ãîðíîãî ìàññèâà îò íàïðÿ­
æåíèé ïðè ïîâåäåíèè ïàðàëëåëüíûõ âûðà­
áîòîê», ïàòåíò ÐÔ ¹ 2034988, 1995 ã. Ñóòü 
ñïîñîáà ïðè ïðîõîäêå ïàðàëëåëüíûõ âûðà­
áîòîê çàêëþ÷àåòñÿ â ïðîâåäåíèè ïîñëåäî­
âàòåëüíûõ öèêëîâ âçðûâàíèÿ â âûðàáîòêàõ 
(çàáîè âûðàáîòîê íàõîäÿòñÿ íà îïðåäåëåí­
íîì ðàññòîÿíèè). Â ðåçóëüòàòå ïðè âçðûâå 
â ïåðâîé âûðàáîòêå çà ñ÷åò ïîëåçíîãî èñ­

ïîëüçîâàíèÿ ñåéñìè÷åñêîãî äåéñòâèÿ âçðûâà 
ðàçãðóæàåòñÿ çàáîé â ñîñåäíåé. Ïðè âçðûâå 
â ñîñåäíåé âûðàáîòêå ðàçãðóæàåòñÿ çàáîé â 
ïåðâîé, ÷òî ïîâûøàåò óðîâåíü áåçîïàñíîñòè 
ãîðíûõ ðàáîò.

Ïðîâåäåííûå èññëåäîâàíèÿ è ìåòîäè­
êè ìîãóò áûòü èñïîëüçîâàíû íà ïîäçåìíûõ 
ãîðíûõ ïðåäïðèÿòèÿõ, à òàêæå ïðè ñòðîè­
òåëüñòâå êîìïëåêñà ïîäçåìíûõ ñîîðóæåíèé 
æåëåçíîäîðîæíûõ òîííåëåé è ïîçâîëÿþò 
ðåøàòü ñëåäóþùèå çàäà÷è:

– ðàçðàáîòàòü ìåòîäè÷åñêèå óêàçàíèÿ 
äëÿ îïðåäåëåíèÿ óñòîé÷èâûõ è óäàðîáåçî­
ïàñíûõ ðàçìåðîâ  öåëèêîâ ïðè ïðîõîäêå 
ãîðíûõ âûðàáîòîê ñ ðàñ÷åòàìè â ïðîãðàììå 
«MSExcel»;
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– îïðåäåëÿòü äîïóñòèìûå äèíàìè÷åñêè 
óñòîé÷èâûå è óäàðîáåçîïàñíûå  ðàçìåðû 
öåëèêîâ ïðè ïðîõîäêå ãîðíûõ âûðàáîòîê â 
ëþáûõ ãîðíî­ãåîëîãè÷åñêèõ è ãîðíîòåõíè­
÷åñêèõ óñëîâèÿõ;

– ñíèæàòü ñåáåñòîèìîñòü äîáû÷è ïî­
ëåçíîãî êîìïîíåíòà çà ñ÷åò ïðåäîòâðàùå­
íèÿ àâàðèéíûõ ñèòóàöèé;

– ïîâûøàòü óðîâåíü áåçîïàñíîñòè ðà­
áîò. 
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