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ÎÏÐÅÄÅËÅÍÈÅ ÂÅËÈ×ÈÍÛ ÇÎÍÛ ÐÀÇÐÓØÅÍÈß 
È ÎÏÒÈÌÀËÜÍÎÉ ÄËÈÍÛ ÀÍÊÅÐÎÂ ÂÎÊÐÓÃ ÃÎÐÍÛÕ 
ÂÛÐÀÁÎÒÎÊ ×ÈÑËÅÍÍÛÌ ÌÅÒÎÄÎÌ

Â íàñòîÿùåå âðåìÿ àíêåðíûå êðåïè øèðîêî ïðèìåíÿþòñÿ ïðè êðåïëåíèè âûðà-
áîòîê â øàõòíûõ óñëîâèÿõ íå òîëüêî âî Âüåòíàìå íî è âî ìíîãèõ ñòàíàõ ìèðà. 
Îäíàêî ïðè îïðåäåëåíèè ïàðàìåòðîâ àíêåðîâ ïðè èõ èñïîëüçîâàíèè ñ äðóãèìè 
êîíñòðóêöèÿìè âîçíèêàþò íåêîòîðûå ñëîæíîñòè ñâÿçííûå ñ ðàçëè÷íûìè ïîäõî-
äàìè ê ýòîìó âîïðîñó. Â ýòîé ñòàòüå ñäåëàíà ïîïûòêà îïðåäåëåíèÿ ÷èñëåííûì 
ìåòîäîì âëèÿíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïîðîä âìåùàþùåãî 
ìàññèâà íà äëèíó àíêåðîâ. 
Êëþ÷åâûå ñëîâà: íàïðÿæåíèå, äåôîðìàöèÿ, òðàíñïîðòíûå øòðåêè, ãåîìåõàíèêà, 
Phase 2. 

Îáùèå ïîëîæåíèÿ

Î ñíîâíûìè íàïðàâëåíèÿìè 
ðàçâèòèÿ Âüåòíàìñêîé óãîëü-

íî – ìèíåðàëüíîé ãðóïïû 2012, 
2015 ãã. è íà ïåðèîä äî 2020 ã. 
ïðåäóñìîòðåíî äîâåñòè äîáû÷ó äî 
60–70 ìëí ò â ãîä. Åæåãîäíî ãëóáèíû 
ðàçðàáîòêè ïîäçåìíûõ øàõò âîçðàñ-
òàþò: ïðåäïîëàãàåìûå ñðåäíèå ãëóáè-
íû ïîäçåìíûõ øàõò 2012 ã. – 200 ì; 
2015 ã. – 300 ì; 2020 ã. – 450 ì. 

Àíàëèòè÷åñêèå èññëåäîâàíèÿ ïîêàçû-
âàþò, ÷òî âî ìíîãèõ ñëó÷àÿõ ñóùåñòâó-
þò îãðàíè÷åíèÿ ïðè ðåøåíèè çàäà÷ 
îïðåäåëåíèÿ çîíû ðàçðóøåíèÿ âîêðóã 
âûðàáîòîê, à òàêæå âûáîðà îïòèìàëü-
íîé äëèíû àíêåðîâ âîêðóã ãîðíûõ âû-
ðàáîòîê. 

Â íàñòîÿùåå âðåìÿ ÷èñëåííûå ìå-
òîäû øèðîêî ïðèìåíÿþòñÿ ïðè àíà-
ëèçå óñòîé÷èâîñòè ãîðíûõ âûðàáîòîê. 
Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ 

Ðèñ 1. Ðàñ÷åòíûå ñõåìû äëÿ îïðåäåëåíèÿ çîíû ðàçðóøåíèÿ âîêðóã ãîðíûõ âûðà-
áîòîê ïðè ðàçíûõ ãëóáèíàõ èõ ðàñïîëîæåíèÿ



52

Òàáëèöà 1

Ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ìàññèâà ïîðîä

¹ Ïîêàçàòåëü Çíà÷åíèå

1 Ãëóáèíà ðàñïîëîæåíèÿ ãîðíûõ âûðàáîòîê, ì 300 500 600

2 Ïðåäåë ïðî÷íîñòè íà îäíîîñíîå ñæàòèå Rñæ, ÌÏà 30

3 Ïðåäåë ïðî÷íîñòè íà îäíîîñíîå ðàñòÿæåíèå Rð, ÌÏà 2,8

4 Èíäåêñ ãåîëîãè÷åñêîé ïðî÷íîñòè GSI 38

5 Ñöåïëåíèå, ÌÏà 0,71 0,99 1,11

6 Ìîäóëü óïðóãîñòè E, ÌÏà 2745,12

7 Êîôôèöèåíò Ïóàññîíà 0,3

8 Îáúåìíàÿ ïëîòíîñòü, ÌÏà 0,0245

9 Óãîë âíóòðåííîãî òðåíèÿ, ãðàä 33,5 29,6 28,2

10 Óãîë îñòàòî÷íîãî òðåíèÿ, ãðàä 34,5 30,6 29,2

11 Óãîë äèëàòàíñèè, ãðàä 5,5

12 Ñîîòíîøåíèå íà÷àëüíîãî ïîëÿ íàïðÿæåíèé, σ÷/σq 1

13 Ïëîùàäü ñå÷åíèÿ ãîðíûõ âûðîáîòîê â ïðîõîäå Sïð, ì
2 10,2

14 Äëèòåëüíàÿ ïðî÷íîñòü ãîðíûõ ïîðîä, ÌÏà 21 (70%)

çàêîíîìåðíîñòè ðàñïðåäåëåíèÿ íà-
ïðÿæåíèé â ïîðîäàõ âîêðóã ãîðíûõ 
âûðàáîòîê â çàâèñèìîñòè îò ãëóáèíû 
ðàñïîëîæåíèÿ ãîðíûõ âûðàáîòîê íà 
îñíîâàíèè ÷èñëåííîãî ìåòîäà ïî ïðî-
ãàììå Phase 2. 

Ìîäåëü ðàñ÷åòà çîíû ðàçðóøå-
íèÿ âîêðóã ãîðíûõ âûðàáîòîê 

Â ðàñ÷åòàõ èñïîëüçóåì ðåàëüíûå 
ãîðíî-ãåîëîãè÷åñêèå óñëîâèÿ ìåñòî-
ðîæäåíèÿ Õý÷àì-Êóàíãíèíü, â êîòî-
ðûõ ñîïðîòèâëåíèå ñæàòèþ ãîðíûõ 
ïîðîä êîëåáëåòñÿ â øèðîêîì äèàïà-
çîíå, íî íàèáîëåå ÷àñòî âñòðå÷àåìûå 
ïîðîäû èìåþò ñîïðîòèâëåíèå ñæà-
òèþ 30 ÌÏà. Ôèçèêî-ìåõàíè÷åñêèå 
ñâîéñòâà ìàññèâà ïîðîä ïðèâåäåíû 
â òàáë. 1. Ïëîùàäü ïîïåðå÷íîãî ñå-
÷åíèÿ ãîðíûõ âûðàáîòîê â ïðîõîäêå 
Sïð = 10,2 ì2, ãëóáèíà ðàñïîëîæåíèÿ 
ãîðíûõ âûðàáîòîê èçìåíÿåòñÿ Í= 
=300÷600 ì, èññëåäîâàíèÿ ðàññìà-
òðèâàþòñÿ ãîðíûå ïîðîäû íà ðàññòîÿ-
íèè 4 ðàäèóñîâ îò êîíòóðà âûðàáîòêè 
(ðèñ. 1).

Ïîëó÷åííûå ðåçóëüòàòû â ïðî-
ãàììå Phase 2

×èñëåííûé ìåòîä ïî ïðîãðàììå 
PHASE 2 è ðàñ÷åòíàÿ ñõåìà (ðèñ. 2) 
ïîçâîëÿþò ïîëó÷èòü çíà÷åíèÿ âåëè÷è-
íû çîíû ðàçðóøåíèÿ ãîðíûõ ïîðîä íà 
ðàçíûõ ãëóáèíàõ çàëîæåíèÿ ãîðíûõ 
âûðàáîòîê (ðèñ. 3). 

Íà îñíîâàíèè ïîëó÷åííûõ ðåçóëü-
òàòîâ ïîëó÷èì çíà÷åíèÿ ìàêñèìàëüíîé 

Ðèñ 2. Ðàñ÷åòíàÿ ñõåìà
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Òàáëèöà 2

Ìàêñèìàëüíûé ðàäèóñ çîíû ðàçðóøåíèÿ âîêðóã âûðàáîòîê

Ãëóáèíà çàëîæåíèÿ 
ãîðíûõ âûðàáîòîê 

Í, ì

Ìàêñèìàëüûé ðàçìåð çîíû ðàçðóøåíèÿ âîêðóã ãîðíûõ âûðàáîòîê, ì

Â êðîâëå (90°) Â áîêàõ (0°) Lñð (45°)

300 0,5 1,41 1,08

500 0,78 1,80 1,19

600 0,86 1,93 1,23

Òàáëèöà 3

Îïòèìàëüíàÿ äëèíà àíêåðîâ

Ãëóáèíà çàëîæå-
íèÿ ãîðíûõ 

âûðàáîòîê Í, ì

Ðàñ÷åòíûå çíà÷åíèÿ Îïòèìàëüíàÿ 
äëèíà àíêåðîâ, 

ìh, ì lï, ì lä, ì

300 1,41 0,2 0,35 1,96

500 1,80 0,2 0,35 2,35

600 1,93 0,2 0,35 2,48

1.410
1.425 1.425

1.001

a) á) â)
1.193

1.236

0.498 0.784 0.859

1.081 1.165 1.165

1.386
1.806 1.931

Ðèñ 3. Çîíà ðàçðóøåíèÿ ïîðîä âîêðóã âûðàáîòîê ïðè Rñæ= 30 ÌÏà: à) ãëóáèíà 
Í = 300 ì, á) ãëóáèíà Í = 500 ì, â) ãëóáèíà Í = 600 ì

Ðèñ 4. Ãðàôèê çàâèñèìîñòè âûñîòû ñâîäà ðàçðóùåíèÿ îò ãëóáèíû ðàñïîëîæåíèÿ 
ãîðíûõ âûðàáîòîê
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âåëè÷èíû çîíû ðàçðóøåíèÿ ïîðîä âî-
êðóã ãîðíûõ âûðàáîòîê â òàáë. 2. Òàê-
æå ïîñòðîåíû ãðàôèêè çàâèñèìîñòè 
âåëè÷èíû çîíû ðàçðóøåíèÿ ãîðíûõ 
ïîðîä îò ãëóáèíû çàëîæåíèÿ âûðàáî-
òîê (ðèñ. 4). 

Àêòèâíàÿ äëèíà àíêåðà ïðè óñëî-
âèè çàêðåïëåíèÿ åãî çà ïðåäåëàìè 
çîíû îáðóøåíèÿ îïðåäåëÿåòñÿ ïî 
ôîðìóëå:
là = h + lä, 
ãäå h – âûñîòà çîíû ðàçðóøåíèÿ ( ìàê-
ñèìàëüíûé ðàçìåð çîíû ðàçðóøåíèÿ) 
ïî Phase 2, ì; lä – äëèíà çàãëóáëåíèÿ 
àíêåðà â óñòîé÷èâûå ïîðîäû çà ïðå-
äåëàìè çîíû âîçìîæíîãî îáðóøåíèÿ 
èëè çîíû äåéñòâèÿ íåñóùåé ïîðîäíîé 
ïëèòû. Ïî äàííûì ïðàêòèêè lä ïðèíè-
ìàåòñÿ 0,3 ÷ 0,4 ì.

Íà îñíîâàíèè âûáîðà ìàêñèìàëü-
íîãî ðàçìåðà çîíû ðàçðóøåíèÿ â 

Ðèñ 5. Ãðàôèê çàâèñèìîñòè ìàêñèìàëüíîé äëèíû àíêåðà îò ãëóáèíû ðàñïîëîæå-
íèÿ ãîðíûõ âûðàáîòîê

òàáë. 2 è ôîðìóëû îïðåäåëåíèÿ äëè-
íû àíêåðà ìîæíî îïðåäåëèòü îïòè-
ìàëüíóþ äëèíó àíêåðîâ ïî òàáë. 3.

Âûâîäû è ðåêîìåíäàöèè
Âûøåèçëîæåííûå ðåçóëüòàòû àíà-

ëèòè÷åñêèõ èññëåäîâàíèé, âûïîëíåí-
íûõ ïî ïðîãàììå PHASE 2 ïîçâîëèëè 
ñôîðìóëèðîâàòü ñëåäóþùèé âûâîä:

Ãëóáèíà ðàñïîëîæåíèÿ ãîðíûõ âû-
ðàáîòîê âëèÿåò íà íàïðÿæåííî-äå-
ôîðìèðîâàííîå ñîñòîÿíèå ïîðîä âî-
êðóã âûðàáîòîê. ×åì áîëüøå ãëóáèíà 
ðàñïîëîæåíèÿ âûðàáîòîê, òåì áîëüøå 
çíà÷åíèÿ íàïðÿæåíèé è ñìåùåíèé ïî-
ðîä íà êîíòóðå âûðàáîòêè, à òàêæå 
çîíà ðàçðóøåíèé ïîðîä âîêðóã âûðà-
áîòêè. Ðåçóëüòàòû èññëåäîâàíèé ïî-
êàçûâàþò, ÷òî ãëóáèíà ðàñïîëîæåíèÿ 
ãîðíûõ âûðàáîòîê îêçûâàåò âëèÿíèå 
íà âûáîð îïòèìàëüíîé äëèíû àíêåðîâ, 
êîòîðîå èçìåíÿåòñÿ 1,15 ðàçà (ðèñ. 5). 
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DETERMINATION MAGNITUDE FAILED ZONE AND OPTIMAL LENGTH OF ROCK BOLTS 
AROUND ADITS BY NUMERICAL METHOD

Nguen Viet Din’, Graduate Student, e-mail: dinhhlxdm@gmail.com,
Frankevich G.S., Doctor of Technical Sciences, Professor, e-mail: ud@msmu.ru,
Moscow State Mining University.

Nowadays rock bolts are used widely when supporting adits in underground mines in Viet Nam and other 
countries over the world. However determination bolts parameters when using them combination with other 
supports in mines in other types of rock mass has disadvantages and difficulties. This paper introduces experi-
ences determination impaction length of bolts on state of stress-deformation around adit tunnels by numerical 
method.

Key words: stress, deformation, transport tunnels, geomechanics, rock engineering, Phase 2.
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