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Îòñóòñòâèå â Äîíåöêîì áàññåéíå àíêåðíîãî êðåïëåíèÿ ïîðîäíîãî ìàññèâà ñ èñïîëüçîâàíèåì ìîäèôè
öèðîâàííîãî áåòîíà ñíèæàåò áåçîïàñíîñòü âåäåíèÿ ãîðíûõ ðàáîò, íå îáåñïå÷èâàåò åãî äëèòåëüíóþ ïðî÷
íîñòü è óñòîé÷èâîñòü â âûðàáîòêàõ ãëóáîêèõ óãîëüíûõ øàõò. Îáúåêò èññëåäîâàíèÿ – ãîðíûå âûðàáîòêè â 
ñèñòåìå «ïîðîäíûé ìàññèâ – ìîäèôèöèðîâàííûé áåòîí – àíêåð». Ïðåäìåò èññëåäîâàíèÿ – îáîñíîâàíèå 
ïàðàìåòðîâ ïðî÷íîñòè è óñòîé÷èâîñòè ãîðíîé âûðàáîòêè. Öåëü èññëåäîâàíèÿ – ðàñêðûòü çàêîíîìåðíî
ñòè íàïðÿæåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ ñèñòåìû «ïîðîäíûé ìàññèâ – ìîäèôèöèðîâàííûé áå
òîí – àíêåð» äëÿ îáîñíîâàíèÿ ïàðàìåòðîâ çàêðåïëåíèÿ ïîðîäíîãî ìàññèâà, îáåñïå÷èâàþùèõ áåçîïàñ
íîñòü âåäåíèÿ ãîðíûõ ðàáîò, ïîâûøåíèå óñòîé÷èâîñòè è ñíèæåíèå çàòðàò íà ïðîâåäåíèå ãîðíûõ âûðàáîòîê 
ãëóáîêèõ óãîëüíûõ øàõò. Ìåòîäû èññëåäîâàíèÿ: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå íàïðÿæåííîäåôîðìè
ðîâàííîãî ñîñòîÿíèÿ ñèñòåìû «ïîðîäíûé ìàññèâ – àíêåð – ìîäèôèöèðîâàííûé áåòîí». Ðàññìîòðåíà 
ðàñ÷åòíàÿ ñõåìà ïîðîäíîãî ìàññèâà, ïðåäñòàâëåííîãî â âèäå òîëñòîé îáîëî÷êè ñ àíèçîòðîïíûìè ñëîÿ
ìè ïîðîä ïîä äåéñòâèåì ãîðíîãî äàâëåíèÿ è äâóìÿ ãðàíè÷íûìè óñëîâèÿìè. Ïðèâåäåíà ìàòåìàòè÷åñêàÿ 
ìîäåëü íàïðÿæåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ (ÍÄÑ) ñèñòåìû «ïîðîäíûé ìàññèâàíêåðìîäèôè
öèðîâàííûé áåòîí». Ïîëó÷åííûå ðåçóëüòàòû èññëåäîâàíèé íàïðÿæåíèé è íîìîãðàììà ïî îïðåäåëå
íèþ áåçðàçìåðíûõ âåëè÷èí ïîçâîëèëè îáîñíîâàòü ïàðàìåòðû ñèñòåìû, îáåñïå÷èâàþùèå åå ïðî÷íîñòü è 
óñòîé÷èâîñòü â ãîðíûõ âûðàáîòîê ãëóáîêèõ óãîëüíûõ øàõò

Êëþ÷åâûå ñëîâà: ãîðíàÿ âûðàáîòêà, ïîðîäíûé ìàññèâ, àíêåð, ìîäèôèöèðîâàííûé áåòîí, íàïðÿæåíèÿ, ïåðåìåùå
íèÿ, ïðî÷íîñòü, óñòîé÷èâîñòü, óãîëüíûå øàõòû, êðåïü

The absence of a rock mass anchoring in the Donetsk basin using modified concrete reduces the safety of 
mining operations and does not ensure its longterm strength and stability in the workings of deep coal mines. 
The object of the research is mining in the system “rock mass – modified concrete anchor”. The subject of the 
research is the substantiation of the strength and stability parameters of mining. The purpose of the research 
is to reveal the regularities of the stress–strain state of the “rock mass  modified concrete anchor” system to 
substantiate the parameters of fixing the rock mass, ensuring the safety of mining operations, increasing sta
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bility and reducing the cost of mining deep coal mines. The research methods: mathematical modeling of the 
stressstrain state of the “rock mass – anchor – modified concrete” system. The design scheme of a rock mass 
presented in the form of a thick shell with anisotropic layers of rocks under the influence of rock pressure and two 
boundary conditions is considered. A mathematical model of the stressstrain state (VAT) of the “rock massan
chormodified concrete” system is given. The obtained results of stress studies and a nomogram for the dimen
sionless quantities determination allowed the authors to substantiate the parameters of the system that ensure 
its strength and stability in the mine workings of deep coal mines

Key words: mining, rock mass, anchor, modified concrete, stresses, displacements, strength, stability, coal mines, support

Ââåäåíèå. Âàæíåéøåé çàäà÷åé óãîëüíîé 
ïðîìûøëåííîñòè, êàê îäíîé èç âåäó

ùèõ îòðàñëåé íàðîäíîãî õîçÿéñòâà, ÿâëÿ
åòñÿ ïîâûøåíèå ïðîèçâîäèòåëüíîñòè òðóäà 
è ñíèæåíèå ñåáåñòîèìîñòè ïðîäóêöèè, ÷òî 
äîñòèãàåòñÿ, â òîì ÷èñëå, çà ñ÷åò ñîâåð
øåíñòâîâàíèÿ ñïîñîáîâ êðåïëåíèÿ è ïîä
äåðæàíèÿ êàïèòàëüíûõ è ïîäãîòîâèòåëüíûõ 
âûðàáîòîê, ñîçäàíèÿ è øèðîêîãî âíåäðåíèÿ 
íàäåæíûõ è ýêîíîìè÷íûõ âèäîâ êðåïè. 

Â Äîíåöêîì áàññåéíå äî 30 % ñëó÷àåâ 
òðàâìàòèçìà ïðè âåäåíèè ïîäãîòîâèòåëüíûõ 
ðàáîò ïðîèñõîäèò â çàáîéíîé ÷àñòè òóïèêî
âûõ âûðàáîòîê èççà íåñâîåâðåìåííîé óñòà
íîâêè èëè îòñóòñòâèÿ âðåìåííîãî êðåïëåíèÿ. 
Ïðè ýòîì åæåãîäíî ðåìîíòèðóåòñÿ îêîëî 
31 % âûðàáîòîê îò îáùåé ïðîòÿæåííîñòè, à 
çàòðàòû íà èõ ïîääåðæàíèå, ñòîèìîñòü êðå
ïëåíèÿ è òðóäîåìêîñòü ðàáîò ïîñòîÿííî óâå
ëè÷èâàþòñÿ. Áîëüøèíñòâî ãîðíûõ âûðàáîòîê 
çàêðåïëåíî äîëãîâðåìåííûìè êðåïÿìè, â 
îñíîâíîì – ìåòàëëè÷åñêîé è ñáîðíîé æåëå
çîáåòîííîé êðåïüþ, ÷òî ñâÿçàíî ñ áîëüøèìè 
ìàòåðèàëüíûìè çàòðàòàìè [10].

Êðåïëåíèå ïîðîäíîãî ìàññèâà òóïèêî
âîé âûðàáîòêè ñ ïîìîùüþ àíêåðíîé êðåïè 
ïîâûøàåò åãî ïðî÷íîñòü è óñòîé÷èâîñòü, îáå
ñïå÷èâàåò ñîêðàùåíèå òðóäîåìêîñòè ðàáîò 
ïî êðåïëåíèþ, ñíèæåíèå çàòðàò, óëó÷øåíèå 
óñëîâèé òðóäà è çíà÷èòåëüíîå ïîâûøåíèå 
òåõíèêîýêîíîìè÷åñêèõ ïîêàçàòåëåé äîáû÷è 
óãëÿ [1].

Çà ðóáåæîì íà óãîëüíûõ øàõòàõ, ïðè ñî
õðàíÿþùåìñÿ ïðåîáëàäàíèè ìåòàëëè÷åñêîé 
ðàìíîé êðåïè, îïðåäåëèëàñü óñòîé÷èâàÿ òåí
äåíöèÿ ê ðîñòó îáúåìîâ ïðèìåíåíèÿ àíêåð
íîé è íàáðûçãáåòîííîé êðåïåé, êàê íàèáîëåå 
ïåðñïåêòèâíàÿ, èñïîëüçóåìàÿ ñàìîñòîÿòåëü
íî è â ñî÷åòàíèè äðóã ñ äðóãîì è ýëåìåíòàìè 
äðóãèõ êðåïåé [11]. 

Äëÿ îòå÷åñòâåííîé óãîëüíîé ïðîìûø
ëåííîñòè ïîëó÷åíû ðåçóëüòàòû èññëåäîâàíèé 

íàïðÿæåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ 
(ÍÄÑ) ïîðîäíûõ ìàññèâîâ ãîðíûõ âûðàáî
òîê, çàêðåïëåííûõ îòäåëüíî àíêåðàìè èëè 
íàáðûçãáåòîíîì [2; 5; 7; 8]. Îäíàêî â ïåðâîì 
ñëó÷àå íå óñòðàíÿþòñÿ òðåùèíû íàèáîëåå 
íàïðÿæåííîãî íèæíåãî ñëîÿ ìàññèâà, êîòî
ðûå, êàê ïîêàçàëè ðåçóëüòàòû ðàíåå ïðîâå
äåííûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, 
ñîñòàâëÿþò 80...95 % [3], ÿâëÿÿñü èñòî÷íè
êîì õðóïêîãî ðàçðóøåíèÿ, âî âòîðîì – íå
çíà÷èòåëüíî óâåëè÷èâàåòñÿ æåñòêîñòü, ÷òî 
ÿâëÿåòñÿ íåäîñòàòî÷íûì äëÿ îáåñïå÷åíèÿ 
åãî ïðî÷íîñòè è óñòîé÷èâîñòè â âûðàáîòêàõ 
ãëóáîêèõ øàõò.

Îáúåêò èññëåäîâàíèÿ – ãîðíûå âûðà
áîòêè â ñèñòåìå «ïîðîäíûé ìàññèâ – ìîäè
ôèöèðîâàííûé áåòîí – àíêåð».

Ïðåäìåò èññëåäîâàíèÿ – îáîñíîâàíèå 
ïàðàìåòðîâ ïðî÷íîñòè è óñòîé÷èâîñòè ãîð
íîé âûðàáîòêè.

Öåëü èññëåäîâàíèÿ – ðàñêðûòü çàêîíî
ìåðíîñòè íàïðÿæåííîäåôîðìèðîâàííîãî 
ñîñòîÿíèÿ ñèñòåìû «ïîðîäíûé ìàññèâ – ìî
äèôèöèðîâàííûé áåòîí – àíêåð» äëÿ îáîñíî
âàíèÿ ïàðàìåòðîâ çàêðåïëåíèÿ ïîðîäíîãî 
ìàññèâà, îáåñïå÷èâàþùèõ áåçîïàñíîñòü âå
äåíèÿ ãîðíûõ ðàáîò, ïîâûøåíèå óñòîé÷èâî
ñòè è ñíèæåíèå çàòðàò íà ïðîâåäåíèå ãîðíûõ 
âûðàáîòîê ãëóáîêèõ óãîëüíûõ øàõò. 

Ìåòîäû èññëåäîâàíèÿ. Ìàòåìàòè÷åñêîå 
ìîäåëèðîâàíèå íàïðÿæåííîäåôîðìèðî
âàííîãî ñîñòîÿíèÿ ñèñòåìû «ïîðîäíûé ìàñ
ñèâ – àíêåð – ìîäèôèöèðîâàííûé áåòîí».

Ðåçóëüòàòû èññëåäîâàíèÿ. Ðàñ÷åòíàÿ 
ñõåìà ïîðîäíîãî ìàññèâà ãîðíîé âûðàáîò
êè, ïðåäñòàâëåííîãî â âèäå  ìíîãîñëîéíîé 
òîëñòîé îáîëî÷êè ñ òðàíñâåðñàëüíî èçîòðîï
íûìè ñëîÿìè ïîä äåéñòâèåì ðàñïðåäåëåííîé 
íàãðóçêè zq îò äåéñòâèÿ ãîðíîãî äàâëåíèÿ, 
÷åòûðå èëè äâà êðàÿ êîòîðûõ çàùåìëåíû, 
äðóãèå – øàðíèðíî îïåðòûå, ïðèâåäåíà íà 
ðèñ. 1.
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Ðèñ. 1. Ðàñ÷åòíàÿ ñõåìà ñèñòåìû «ïîðîäíûé 
ìàññèâ – àíêåð – ìîäèôèöèðîâàííûé áåòîí» 

ãîðíîé âûðàáîòêè (a) ñ ãðàíè÷íûìè óñëîâèÿìè: 
âñå êðàÿ çàùåìëåíû (b), äâà êðàÿ çàùåìëåíû, 

äâà äðóãèõ – ñâîáîäíî îïåðòûå (ñ): 1 – ñëîé 
ìîäèôèöèðîâàííîãî áåòîíà; 2 – ìàññèâ ãîðíûõ 

ïîðîä; 3 – àíêåð / Fig. 1. Design scheme of the 
“rock mass – anchor – modified concrete” mining 
system (a) with boundary conditions: all edges are 
pinched (b), two edges are pinched, the other two 

are freely supported (c): 1 – a layer of modified 
concrete; 2 – an array of rocks; 3 – anchor

Äëÿ ðåøåíèÿ çàäà÷è î ÍÄÑ ñèñòåìû «ïî
ðîäíûé ìàññèâ  àíêåð  ìîäèôèöèðîâàííûé 
áàòîí» èñïîëüçîâàí âàðèàöèîííûé ìåòîä 
Ðèòöà [12], à êðèòåðèè óñòîé÷èâîñòè â ïëî
ñêîñòè yîz (ïî øèðèíå  è êðîâëå âûðàáîòêè) 
è ïðî÷íîñòè äëÿ èíòåíñèâíîñòè íàïðÿæåíèé 

 (ïðåäåëà ïðîïîðöèîíàëüíîñòè ),  ìàê
ñèìàëüíûõ íîðìàëüíûõ  è êàñàòåëü
íûõ τ

max
 íàïðÿæåíèé, ïðåäñòàâëåííûå  â âèäå 

ñëåäóþùèõ ôóíêöèîíàëüíûõ  çàâèñèìîñòåé 
îò ïàðàìåòðîâ ñîîòâåòñòâåííî:

 , w   (1)

,  
≤  ,                                                              (2)

ãäå L, В, f – äëèíà, øèðèíà è ìàêñèìàëüíàÿ 
âûñîòà âûðàáîòêè ñîîòâåòñòâåííî, ì;    
        R – ðàäèóñ êðèâèçíû âûðàáîòêè, ì;
        t

a
– ðàññòîÿíèå ìåæäó àíêåðàìè, ì; 

       E
i
, v

i
 – ìîäóëü íîðìàëüíîé óïðóãîñòè, ÌÏà, 

è êîýôôèöèåíò Ïóàññîíà iãî ñëîÿ îáîëî÷êè;  
       S – êîëè÷åñòâî ñëîåâ ïîðîäíîãî ìàññèâà; 

BC – ãðàíè÷íûå óñëîâèÿ;

 – íîðìàëüíûå è êàñàòåëüíûå íà
ïðÿæåíèÿ, äåéñòâóþùèå â ïëîñêîñòè îáîëî÷êè;

 – îáùèé ïðîãèá è íîðìèðîâàííûå 
ïåðåìåùåíèÿ ïîðîäíîãî ìàññèâà âûðàáîò
êè, ì.

Â ðàáîòå èñïîëüçîâàí ïðèåì, ñîñòîÿ
ùèé â ïðåäñòàâëåíèè ïîëíîãî ïðîãèáà â âèäå 
ñóììû äâóõ ñîñòàâëÿþùèõ – çà ñ÷åò èçãèáà ԝ

0 

è ñäâèãà ԝ
1
. Èñêîìûå ôóíêöèè ïðåäñòàâëåíû 

â âèäå [10]:

                                         

           (3) 

ãäå φ (x, y) – ôóíêöèÿ óñèëèé;

 a
j
, b

j
, c

j 
– íåîïðåäåëåííûå ïàðàìåòðû;  

f
j 
, g

j
, ..., q

j
 – çàäàííûå êîîðäèíàòíûå ôóíê

öèè, êîòîðûå âûáðàíû â âèäå ñòåïåííûõ ïî
ëèíîìîâ.

Â ïðåäåëàõ òåõíè÷åñêîé òåîðèè ìíîãî
ñëîéíûõ àíèçîòðîïíûõ îáîëî÷åê, èñïîëüçóÿ 
îñíîâíûå ñîîòíîøåíèÿ äëÿ äåôîðìàöèé, 
ñèë è ìîìåíòîâ, äëÿ âàðèàöèè ïîëíîé ýíåð
ãèè ñëîèñòîé îáîëî÷êè ïîëó÷èì [9] (çäåñü è 
äàëåå ñèìâîë «*» – äëÿ ïàðàìåòðîâ ñäâèãà):

                  (4)

Çäåñü ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:
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ãäå D
jk
, A

jk
– ñîîòâåòñòâåííî æåñòêîñòíûå è 

óïðóãèå ïàðàìåòðû îáîëî÷êè;

R – ðàäèóñ êðèâèçíû ãîðíîé âûðàáîòêè; 
G

xz
, G

yz
 – ìîäóëè ñäâèãà â äâóõ íàïðàâëå

íèÿõ; øòðèõàìè îáîçíà÷åíû êðàòíûå ïðîèç
âîäíûå.

Â âûðàæåíèè L
p 

(ψ, η) p
jk
 ïðèíèìàåò çíà

÷åíèÿ ajk, cjk, à ôóíêöèè ψ è η ñîîòâåòñòâóþò 
ôóíêöèÿì ԝ è φ.

Ââîäÿ áåçðàçìåðíûå âåëè÷èíû è êîí
ñòàíòû ïî ôîðìóëàì:

              

(6)  

è îïóñêàÿ â äàëüíåéøåì ÷åðòó â îáîçíà÷åíè
ÿõ áåçðàçìåðíûõ âåëè÷èí, ïîëó÷èì ñèñòåìó 
óðàâíåíèé ñëåäóþùåãî âèäà:

(5)

Çäåñü âõîäÿùèå âåëè÷èíû èìåþò âèä

(7)

Âûðàæåíèÿ äëÿ ôóíêöèé P
r 
, Q

r
, è R, S 

 
ïî

ëó÷åíû èç âûðàæåíèé äëÿ F
r
 , G

r
 è K, N çàìå

íîé â íèõ f ,
 
g íà p, q, h

jk
, íà b

jk
,         íà      è f ,

 
g íà 

p, q, i  íà  j  è íàîáîðîò.
Èíòåãðàëû â óðàâíåíèè (5) âû÷èñëÿþòñÿ 

â ïðåäåëàõ .10,10 ЈЈЈЈ yx
Äëÿ i-ãî ñëîÿ îáîëî÷êè íàïðÿæåíèÿ èìå

þò âèä [13]:

(8)

(9)

,

ãäå

(10)

Êîîðäèíàòíûå ôóíêöèè âûáðàíû â âèäå 
ñòåïåííûõ ïîëèíîìîâ ïî ìåòîäó Ðèòöà, óäîâ
ëåòâîðÿþùèõ ãåîìåòðè÷åñêèì óñëîâèÿì.

Ðàññìîòðåíà ñõåìà àðìèðîâàíèÿ ïî
ðîäíîãî ìàññèâà àíêåðàìè è ìîäèôèöèðî
âàííûì áåòîíîì, ïðèâåäåííûå ìåõàíè÷å
ñêèå õàðàêòåðèñòèêè êîòîðîãî èìåþò âèä [6]:

,

.

;
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(11)

Çäåñü  ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:
, – ìîäóëè íîðìàëü

íîé óïðóãîñòè è ñäâèãà ìàòåðèàëà àíêåðà, 
ñëî¸â ïîðîäû è ìîäèôèöèðîâàííîãî áåòîíà, 
ÌÏà, ñîîòâåòñòâåííî;

– ñîîòâåòñòâóþùèå êîýôôèöèåí
òû Ïóàññîíà h  h  ,

ihï
 – òîëùèíû, ì; 

ad  – äèàìåòð àíêåðà, ì.
Ñèñòåìû êîîðäèíàòíûõ ôóíêöèé, â ÷àñò

íîñòè, äëÿ ïðîãèáà 0w  ïðè äâóõ ãðàíè÷íûõ 
óñëîâèÿõ ïîðîäíîãî ìàññèâà ïðèâåäåíû â 
òàáë. 1, 2.

Òàáëèöà 1 / Table 1 

Êîýôôèöèåíòû ïîëèíîìîâ f
j
 (x), g

j
 (y), äëÿ óñëîâèé ïîðîäíîãî ìàññèâà ñ çàùåìëåííûìè êðàÿìè / 

Coefficients of polynomials fj(x), gj(y), for conditions of a rock mass with pinched edges

f1, g1 x2, y2 x 3, y 3 x 4, y 4 x 5, y 5 x 6, y 6 x 7, y 7 x 8, y 8

1 1 2 1
2 1 4 5 2

3 1 8 19 18 6

4  1 14 55 92 70 20

5 1  22 131 340 440 280 70

Òàáëèöà 2 / Table 2

Êîýôôèöèåíòû ïîëèíîìîâ f
j
 (x), g

j
 (y) äëÿ óñëîâèé ïîðîäíîãî ìàññèâà ñî ñâîáîäíûìè îïîðàìè / 

Coefficients of polynomials fj(x), gj(y) for rock mass conditions with free supports

f
1
, g

1
x 2, y 2 x 3, y 3 x 4, y 4 x 5, y 5 x 6, y 6 x 7, y 7 x 8, y 8 x 9, y 9

1 3 5 2

2 12 40 43 15

3 92 540 1113 965 300

4 9 15 6 3 5 2

5 12 40 43 27 40 43 15

6 276 1620 3339 2987 1400 1113 965 300

Ðàçðàáîòàí àëãîðèòì è ñîñòàâëåíà ïðî
ãðàììà ðåøåíèÿ çàäà÷è.

Ïîðîäíûé ìàññèâ, â êîòîðîì íàõî
äèòñÿ ãîðíàÿ âûðàáîòêà íà ãëóáèíå 1000 ì 
è áîëåå, ñîñòîèò èç òðåõ ñëîåâ: âåðõíèé 
ñëîé – ïåñ÷àíèê; ñðåäíèé – ïåñ÷àíûé ñëà
íåö; íèæíèé  – ãëèíèñòûé ñëàíåö. Ïàðàìå
òðû âûðàáîòêè: äëèíà L = 150...300 ì; øèðè
íà В = 5...7 ì; ìàêñèìàëüíàÿ âûñîòà f = 2,5 ì. 
Òîëùèíà ïîðîäíîãî ìàññèâà Н = 3,0 ì; ìî
äóëè óïðóãîñòè ïîðîä Е = 35,6∙103; 18,9∙103; 

10,8∙103 ÌÏà (ñîîòâåòñòâóþùèå ïðåäåëü
íûå íàïðÿæåíèÿ íà ñæàòèÿ σ

сж
 60,0; 40,8; 

30,3 ÌÏà); êîýôôèöèåíòû Ïóàññîíà = 0,35, 
0,25, 0,15; q

z
 3 ÌÏà.

Â ñâÿçè ñ òåì, ÷òî â ïîðîäíîì ìàññèâå 
âîçíèêàþò íàïðÿæåíèÿ èçãèáà è ðàñòÿæåíèÿ, 
ïðèíÿòû  ïðåäåëüíûå èõ çíà÷åíèÿ: = 0,1 , 
òî åñòü = 6,0; 4,08; 3,03 ÌÏà ñîîòâåòñòâåí
íî, à ñ ó÷åòîì òðåùèí 80 % = 0,61 ÌÏà.

Êàê ïîêàçàëè ïðåäâàðèòåëüíûå ðåçóëü
òàòû èññëåäîâàíèé, ñõîäèìîñòü â ðåçóëüòàòå 
èñïîëüçîâàíèÿ ïðèâåäåííûõ êîîðäèíàòíûõ 
ôóíêöèé ïî ìåòîäó Ðèòöà äîñòèãàåòñÿ ïðè èõ 

ñî÷åòàíèè, ðàâíîì 14. Ïðè ýòîì íàáëþäàåò
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ñÿ óñòîé÷èâîñòü ñõîäèìîñòè ìåòîäà, òàê êàê 
äàëüíåéøåå èõ èñïîëüçîâàíèå äàåò ïîãðåø
íîñòü îêîëî 3 %.

Â êà÷åñòâå ìîäèôèöèðîâàííîãî áåòîíà 
èñïîëüçîâàëè ñëåäóþùèé ñîñòàâ: öåìåíò, 
ïåñîê, ùåáåíü, âîäà è ïîëèïðîïèëåíîâàÿ 
ôèáðà â ïðîöåíòíîì ñîîòíîøåíèè ïî ìàñ
ñå – 15:32:45:7:1 ñ ìåõàíè÷åñêèìè õàðàêòå
ðèñòèêàìè: ìîäóëü óïðóãîñòè Е = 2,0∙104 ÌÏà, 
êîýôôèöèåíò Ïóàññîíà ν = 0,25.

Ðåçóëüòàòû èññëåäîâàíèé ÍÄÑ ñèñòå
ìû ïîêàçàëè, ÷òî åå óñòîé÷èâîñòü ïðè ñæà
òèè îáåñïå÷èâàåòñÿ, à ñ ó÷åòîì 80 % òðåùèí 
ìàêñèìàëüíûå íîðìàëüíûå íàïðÿæåíèÿ íà 
ðàñòÿæåíèÿ ïðåâûøàþò ïðåäåëüíûå [2].

Èñïîëüçóÿ ïðèâåäåííûå äàííûå, ïîëó
÷åíû ðàñïðåäåëåíèÿ ìàêñèìàëüíûõ ñóììàð
íûõ ïåðåìåùåíèé w è çà ñ÷åò   èçãèáà   w

o  
 äëÿ 

àíàëîãè÷íûõ ãðàíè÷íûõ óñëîâèé.
Ðåçóëüòàòû èññëåäîâàíèé íàïðÿ

æåíèé ñ ó÷åòîì ïðèâåäåííûõ ìåõàíè÷å
ñêèõ õàðàêòåðèñòèê (11) ïðè äîïîëíè

òåëüíûõ èñõîäíûõ äàííûõ: E
a 

=2∙105 ÌÏà, 
E

n 
 = 10,8∙103  ÌÏà, E

b
  = 2∙104 ÌÏà,  äèàìåòð 

àíêåðà d
a = 3∙10-2 ì, ðàññòîÿíèå ìåæäó àí

êåðàìè t
a 

= 0,8 ì, òîëùèíà ñëîÿ ìîäèôè
öèðîâàííîãî áåòîíà  = 8∙10-2 ì ïîêàçû
âàþò, ÷òî óñëîâèÿ ïðî÷íîñòè âûïîëíÿþòñÿ. 
Ïðè ýòîì, ïåðåìåùåíèÿ ïîðîäíîãî ìàññè
âà ïðè åãî çàêðåïëåíèè àíêåðàìè è ñëîåì 
ìîäèôèöèðîâàííîãî áåòîíà óìåíüøàþòñÿ 
ïðàêòè÷åñêè â äâà ðàçà.

Â ðåçóëüòàòå ðàñ÷åòîâ, âàðüèðóÿ ãåî
ìåòðè÷åñêèìè ðàçìåðàìè àíêåðîâ: ðàññòî
ÿíèåì ìåæäó íèìè  t

a 
= 0,5...0,8 ì, äèàìåòðîì 

d
a
 = (20…30)∙103 ì; òîëùèíîé ïîðîäíîãî 

ìàññèâà  = (2,0…3,0) ì, äëèíîé ãîðíîé 
âûðàáîòêè L = (100…300) ì, ïðèâåäåííûì 
ìîäóëåì óïðóãîñòè E

хп = (0,6…5,0)∙104 ÌÏà 
ïðè ïîñòîÿííîé íàãðóçêå, ïîëó÷åíû çàâèñè
ìîñòè ïåðåìåùåíèé ïîðîäíîãî ìàññèâà îò 
îòíîøåíèé ðàçëè÷íûõ ñî÷åòàíèé åãî ïàðà
ìåòðîâ (ðèñ. 2) è ðàçðàáîòàíà íîìîãðàììà 
(ðèñ. 3).

Ðèñ. 2. Çàâèñèìîñòü ïåðåìåùåíèé îò  îòíîøåíèé áåçðàçìåðíûõ âåëè÷èí:  ðàññòîÿíèÿ ìåæäó àíêåðàìè 

ê èõ äèàìåòðàì  è òîëùèíû ïîðîäíîãî ìàññèâà ê  äëèíå âûðàáîòêè   (à), ðàññòîÿíèÿ ìåæäó àíêåðàìè 

ê èõ äèàìåòðàì è íàãðóçêè ê ìàêñèìàëüíîìó ïðèâåäåííîìó ìîäóëþ óïðóãîñòè (b), òîëùèíû 

ïîðîäíîãî ìàññèâà ê äëèíå âûðàáîòêè , íàãðóçêè ê ìàêñèìàëüíîìó ïðèâåäåííîìó ìîäóëþ óïðóãîñòè 

 (c) ïðè òîëùèíå ìîäèôèöèðîâàííîãî áåòîíà 8·102 ì / Fig. 2. The dependence of displacements on the 

ratio of dimensionless quantities: the distance between the anchors to their diameters   and the thickness of 

the rock mass to the length of the mine   (à) (a), the distance between the anchors to their diameters and the 

load to the maximum reduced modulus of elasticity (b),  the thickness of the rock mass to the length of 

the mine , the load to the maximum reduced modulus of elasticity  (c) with a modified 

concrete thickness of 8×102 m

à) b) c)
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Ñïèñîê ëèòåðàòóðû                                                                                              

Ðèñ. 3. Íîìîãðàììà äëÿ îïðåäåëåíèÿ ïðîãèáà çàêðåïëåííîãî ïîðîäíîãî ìàññèâà ãîðíîé âûðàáîòêè 
àíêåðàìè è ìîäèôèöèðîâàííûì áåòîíîì â çàâèñèìîñòè îò áåçðàçìåðíûõ ïàðàìåòðîâ: 

H, L,d
a
, t

a
 – òîëùèíà ïîðîäíîãî ìàññèâà, äëèíà âûðàáîòêè, äèàìåòð àíêåðîâ, ðàññòîÿíèå ìåæäó íèìè, 

ì; σσ
pl
 , E

xп
, q

z
 – ïðåäåë ïðîïîðöèîíàëüíîñòè ïîðîä, ïðèâåäåííûé ìàêñèìàëüíûé ìîäóëü óïðóãîñòè 

ïîðîäíîãî ìàññèâà, íàãðóçêà îò ãîðíîãî äàâëåíèÿ, ÌÏà / Fig. 3. Nomogram for determining the deflec
tion of the fixed rock mass of the mining by anchors and modified concrete depending on the dimensionless 

parameters: ,   – thickness of the rock mass, length of the workings, diameter of anchors, distance 
between them, m; , , , , – the limit of proportionality of rocks, the given maximum modulus of elastic

ity of the rock mass, the load from the rock pressure, MPa

Âûâîäû 
1. Îòñóòñòâèå â Äîíåöêîì áàññåéíå àí

êåðíîãî êðåïëåíèÿ ïîðîäíîãî ìàññèâà ñ èñ
ïîëüçîâàíèåì ìîäèôèöèðîâàííîãî áåòîíà 
ñíèæàåò áåçîïàñíîñòü âåäåíèÿ ãîðíûõ ðàáîò, 
íå îáåñïå÷èâàåò åãî äëèòåëüíóþ ïðî÷íîñòü 
è óñòîé÷èâîñòü â âûðàáîòêàõ ãëóáîêèõ óãîëü
íûõ øàõò.

2. Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü 
ÍÄÑ ñèñòåìû «ïîðîäíûé ìàññèâ – àíêåð – 
ìîäèôèöèðîâàííûé áàòîí», ó÷èòûâàþùàÿ 
ðàçëè÷íîå ñî÷åòàíèå ãåîìåòðè÷åñêèõ ðàçìå
ðîâ âûðàáîòêè; òîëùèíó ñëîåâ ïîðîä è èõ êî
ëè÷åñòâî; ïàðàìåòðû àíêåðîâ, ïðèâåäåííûå 

ìåõàíè÷åñêèå õàðàêòåðèñòèêè ïîðîäíîãî 
ìàññèâà, ðàçëè÷íûå ãðàíè÷íûå óñëîâèÿ, ïî
çâîëèëà îáîñíîâàòü åå ïàðàìåòðû, îáåñïå÷è
âàþùèå ïðî÷íîñòü è óñòîé÷èâîñòü ãîðíûõ âû
ðàáîòîê ãëóáîêèõ óãîëüíûõ øàõò.

3. Ìàêñèìàëüíûå íàïðÿæåíèÿ ïîðîäíî
ãî ìàññèâà, ñîñòîÿùåãî èç íèæíåãî ãëèíè
ñòîãî ñëàíöà, ñðåäíåãî – ïåñ÷àíîãî ñëàíöà, 
âåðõíåãî – ïåñ÷àíèêà, áåç êðåïè ñ äâóìÿ ãðà
íè÷íûìè óñëîâèÿìè íà ãëóáèíå âûðàáîòêè 
1000 ì è íèæå ïðåâûøàþò ïðåäåë ïðîïîðöè
îíàëüíîñòè. Êðåïü â âèäå àíêåðîâ è ìîäèôè
öèðîâàííîãî áåòîíà îáåñïå÷èâàåò åãî ïðî÷
íîñòü è óñòîé÷èâîñòü.

1. Àìîøà, Â. È., Ëîãâèíåíêî Â. È., Ãðèíåâ Â. Ã. Êîìïëåêñíîå îñâîåíèå óãîëüíûõ ìåñòîðîæäåíèé Äî
íåöêîé îáëàñòè. Äîíåöê: ÈÝÏ ÍÀÍ Óêðàèíû, 2007. 216 ñ.

2. Áîðùåâñêèé Ñ. Â., Ìàðèé÷óê È. Ô., Êóïåíêî È. Ô., Êàëÿêèí Ñ. À. Ïðî÷íîñòü è óñòîé÷èâîñòü ñèñòå
ìû «ïîðîäíûé ìàññèâ ãîðíîé âûðàáîòêè – àíêåð – ìîäèôèöèðîâàííûé áåòîí»: ìîíîãðàôèÿ / ïîä îáù. 
ðåä. Ñ. Â. Áîðùåâñêîãî è È. Ô. Ìàðèé÷óêà. Äîíåöê: Öèôðîâàÿ òèïîãðàôèÿ, 2022. 324 ñ.

3. Äðèïàí Ï. Ñ. Ìàòåìàòè÷åñêèå ìîäåëè óñòîé÷èâîñòè è ïðî÷íîñòè àíêåðà ïðè çàêðåïëåíèè ïîðîä
íîãî ìàññèâà ïîä äåéñòâèåì íàãðóçêè. Òåêñò: ýëåêòðîííûé // Ñáîðíèê íàó÷íûõ òðóäîâ Äîíáàññêîãî ãîñó



Earth sciences                                                                        Bulletin of ZabGU. 2022. Vol. 28. No. 4

13

References 

äàðñòâåííîãî òåõíè÷åñêîãî èíñòèòóòà. 2020. ¹ 20.  Ñ. 31‒40. URL: https://elibrary.ru/item.asp?id=44818454 
(äàòà îáðàùåíèÿ: 14.04.2022).

4. Åôðåìîâ È. À., Àëåêñàíäðîâ Ñ. Í., Ìàðèé÷óê È. Ô. Ìåòîäû ðåøåíèé êðàåâûõ çàäà÷ â ãîðíîé ãåî
ìåõàíèêå: ìîíîãðàôèÿ / ïîä îáù. ðåä. È. À. Åôðåìîâà. Äîíåöê: Íîóëèäæ, 2013. 291 ñ.

5. Êî÷óðà È. Â. Àíàëèç ðàçâèòèÿ ýêîíîìè÷åñêîãî ïîòåíöèàëà óãîëüíîé ïðîìûøëåííîñòè Äîíáàññà â 
ñîâðåìåííûõ óñëîâèÿõ õîçÿéñòâîâàíèÿ. Òåêñò: ýëåêòðîííûé // Âåñòíèê Èíñòèòóòà ýêîíîìè÷åñêèõ èññëå
äîâàíèé. 2018. ¹ 4. Ñ. 55‒64. URL: https://elibrary.ru/item.asp?id=38206523 (äàòà îáðàùåíèÿ: 14.04.2022).

6. Êóïåíêî È. Â., Ìàðèé÷óê È. Ô., Áàðñóê Í. Ä. Ïðèâåäåííûå ìåõàíè÷åñêèå õàðàêòåðèñòèêè äëÿ èñ
ñëåäîâàíèÿ íàïðÿæåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ ñèñòåìû «ïîðîäíûé ìàññèâ ‒ àíêåðíàÿ êðåïü 
âûðàáîòêè ‒ êðåïü âûðàáîòêè èç ìîäèôèöèðîâàííîãî áåòîíà». Òåêñò: ýëåêòðîííûé // Ïðîáëåìû ãîðíîãî 
äåëà: ñá. íàó÷. òðóäîâ II Ìåæäóíàð. ôîðóìà ñòóäåíòîâ, àñïèðàíòîâ è ìîëîäûõ ó÷åíûõãîðíÿêîâ, ïîñâÿ
ùåííîãî 100ëåòèþ ÄîíÍÒÓ (ã. Äîíåöê, 08–09 àïðåëÿ 2021 ã.). Äîíåöê: Äîíåöêèé íàö. òåõí. óíò, 2021. 
Ñ. 50‒54. URL: https://www.elibrary.ru/item.asp?id=46125895 (äàòà îáðàùåíèÿ: 14.04.2022).

7. Êóïåíêî È. Â., Ìàðèé÷óê È. Ô., Áàðñóê Í. Ä., Ãðèöàåíêî À. Þ. Ðåçóëüòàòû èññëåäîâàíèÿ íàïðÿæåí
íîäåôîðìèðîâàííîãî ñîñòîÿíèÿ ñèñòåìû «àíêåðíîïîðîäíàÿ îáîëî÷êà ‒ êðåïü èç ìîäèôèöèðîâàííîãî 
áåòîíà» ãîðèçîíòàëüíîé âûðàáîòêè. Òåêñò: ýëåêòðîííûé // Èííîâàöèîííûå ïåðñïåêòèâû Äîíáàññà: ìàòå
ðèàëû 7é Ìåæäóíàð. íàó÷.ïðàêò. êîíô. (ã. Äîíåöê, 24–26 ìàÿ 2021 ã.). Äîíåöê: Äîíåöêèé íàö. òåõí. óíò, 
2021. – Ñ. 5‒9. URL: https://elibrary.ru/item.asp?id=46497560&pff (äàòà îáðàùåíèÿ: 14.04.2022).

8. Ìàðèé÷óê È. Ô., Êóïåíêî È. Â., Âûãîâñêàÿ Ä. Ä., Áàðñóê Í. Ä. Íàïðÿæåííîäåôîðìèðîâàííîå ñî
ñòîÿíèå ìàññèâà ãîðíûõ ïîðîä ïîäçåìíûõ îáúåêòîâ óãîëüíûõ øàõò / ïîä îáù. ðåä. Ñ. Â. Áîðùåâñêîãî, 
È. Ô. Ìàðèé÷óêà: ìîíîãðàôèÿ. Äîíåöê: Äîíåöêèé íàö. òåõí. óíò, 2017. 275 ñ. 

9. Ìàðèé÷óê È. Ô., Êóïåíêî È. Â., Áàðñóê Í. Ä. Ìàòåìàòè÷åñêàÿ ìîäåëü ñèñòåìû «ïîðîäíûé ìàññèâ ‒ 
àíêåðíàÿ êðåïü ‒ êðåïü èç ìîäèôèöèðîâàííîãî áåòîíà ãîðíûõ âûðàáîòîê óãîëüíûõ øàõò. Òåêñò: ýëåêòðîí
íûé // Ñîöèàëüíîýêîíîìè÷åñêèå è ýêîëîãè÷åñêèå ïðîáëåìû ãîðíîé ïðîìûøëåííîñòè, ñòðîèòåëüñòâà è 
ýíåðãåòèêè: ìàòåðèàëû 16é Ìåæäóíàð. êîíô. ïî ïðîáëåìàì ãîðíîé ïðîìûøëåííîñòè, ñòðîèòåëüñòâà è 
ýíåðãåòèêè (Òóëà, Ìèíñê, Äîíåöê, 19–20 íîÿáðÿ 2020 ã.) / ïîä îáù. ðåä. Ð. À. Êîâàëåâà. Òóëà; Ìèíñê; Äî
íåöê: Òóëüñêèé ãîñ. óíò, 2020. Ñ. 85‒89. URL: http://tsu.tula.ru/files/40/conf2020_t1.pdf  (äàòà îáðàùåíèÿ: 
14.04.2022).

10. Ìàõîâà À. Î. Àíàëèç óãîëüíîé ïðîìûøëåííîñòè Äîíáàññà: Ïðîáëåìû è ïåðñïåêòèâû. Òåêñò: ýëåê
òðîííûé // Ýêîíîìèêà è ìàðêåòèíã â ÕÕ² âåêå: ïðîáëåìû, îïûò, ïåðñïåêòèâû: ìàòåðèàëû 16é Ìåæäóíàð. 
íàó÷.ïðàêò. êîíô. Äîíåöê: ÈÝÏ ÍÀÍ Óêðàèíû, 2018. Ñ.113‒115. URL: https://masters.donntu.org/2018/ief/
machova/library/article1.htm (äàòà îáðàùåíèÿ: 22.12.2021). 

11. Ïëàêèòêèíà Ë. Ñ., Ïëàêèòêèí Þ. À. Óãîëüíàÿ ïðîìûøëåííîñòü ìèðà è Ðîññèè: àíàëèç, òåíäåíöèè 
è ïåðñïåêòèâû ðàçâèòèÿ. Ìîñêâà: Ëèòòåððà, 2017. 374 ñ. ISBN 9785423502966. URL: https://elibrary.ru/
item.asp?id=29813696 (äàòà îáðàùåíèÿ: 14.04.2022). Òåêñò: ýëåêòðîííûé.

12. Ðóïïåíåéò Ê. Â. Äåôîðìèðóåìîñòü ìàññèâîâ òðåùèíîâàòûõ ãîðíûõ ïîðîä. Ì.: Íåäðà, 1975. 223 ñ.
13. Mariychuk I. F., Borshevsky S.V., Kupenko I. V., Barsuk N. D., Gritsaenko A . J. Research of the stress

deformed state of the system «rock massif–anchor–modified concrete» support of excavation. Òåêñò: ýëåêòðîí
íûé // Topical Issues of Rational Use of Natural Resources: XVII International ForumContest of Students and 
Young Researchers. Scientific conference abstracts (St Petersburg, May 31 – June 06, 2021).  St Petersburg: 
ÑàíêòÏåòåðáóðãñêèé ãîðíûé óíèâåðñèòåò, 2021. Vol. 1. Ð. 196‒197. ISBN 9785942119393. URL: http://
myouth.spmi.ru/sites/default/files/Volume%201%20correct.pdf (äàòà îáðàùåíèÿ: 14.04.2022).

1. Amosha, V. I., Logvinenko V. I., Grinev V. G. Kompleksnoye osvoyeniye ugolnyh mestorozhdeniy 
Donetskoy oblasti (Integrated development of coal deposits in the Donetsk region). Donetsk: IEP NAS of Ukraine, 
2007, 216 p.

2. Borshchevsky S. V., Mariychuk I. F., Kupenko I. F., Kalyakin S. A. Prochnost i ustoychivost sistemy «poro
dny massiv gornoy vyrabotki – anker – modifitsirovannyy beton»: monografiya / pod obshch. red. 
S. V. Borschevskogo I. I. F. Mariychuka (Strength and stability of the system “rock mass of a mine working  an
chor  modified concrete”: monograph / under the general. ed. S. V. Borschevsky and I. F. Mariychuk). Donetsk: 
Digital Printing House, 2022. 324 p.

3. Dripan P. S. Sbornik nauchnyh trudov Donbasskogo gosudarstvennogo tehnicheskogo instituta (Col
lection of scientific works of the Donbass State Technical Institute), 2020, no. 20. p. 31–40. Available at: https://
elibrary.ru/item.asp?id=44818454 (date of access: 04/14/2022). Text: electronic.

4. Yefremov I. A., Aleksandrov S. N., Mariychuk I. F. Metody resheniy krayevyh zadach v gornoy geome
hanike: monografiya / pod obsch. red. I. A. Yefremova (Methods for solving boundary value problems in mining 
geomechanics: monograph / ed. ed. I. A. Efremova). Donetsk: Knowledge, 2013, 291 p.



Âåñòíèê ÇàáÃÓ. 2022. Ò. 28. ¹ 4                                                                              Íàóêè î Çåìëå

14

5. Kochura I. V. Vestnik Instituta ekonomicheskih issledovaniy (Bulletin of the Institute of Economic Re
search). 2018, no. 4, p. 55–64. Available at: https://elibrary.ru/item.asp?id=38206523 (date of access: 
04/14/2022). Text: electronic.

6. Kupenko I. V., Mariychuk I. F., Barsuk N. D. Problemy gornogo dela: sb. nauch. trudov II Mezhdunar. 
foruma studentov, aspirantov i molodykh uchenykhgornyakov, posvyashchennogo 100letiyu DonNTU 
(Donetsk, 08–09 Aprelya 2021 g.) (Mining Problems: Collected scientific proceedings of the II Intern. forum of 
students, postgraduates and young mining scientists dedicated to the 100th anniversary of DonNTU (Donetsk, 
April 08–09, 2021)). Donetsk: Donetsk nat. tech. unt, 2021, pp. 50‒54. Available at: https://www.elibrary.ru/
item.asp?id=46125895 (date of access: 04/14/2022). Text: electronic.

7. Kupenko I. V., Mariychuk I. F., Barsuk N. D., Gritsayenko A. Yu. Innovatsionnye perspektivy Donbassa: 
materialy 7y Mezhdunar. nauch.prakt. konf. (g. Donetsk, 24–26 Maya 2021) (Innovative prospects of Donbass: 
scientificpractical. conf. (Donetsk, May 24–26, 2021)). Donetsk: Donetsk nat. tech. unt, 2021. – P. 5–9. Avail
able at:  https://elibrary.ru/item.asp?id=46497560&pff (date of access: 04/14/2022). Text: electronic.

8. Mariychuk I. F., Kupenko I. V., Vygovskaya D. D., Barsuk N. D. Napryazhennodeformirovannoye sos
toyaniye massiva gornyh porod podzemnyh obyektov ugolnyh shaht / pod obsch. red. S. V. Borschevskogo, 
I. F. Mariychuka: monografiya (Stressstrain state of the rock massif of underground objects of coal mines. ed. 
S. V. Borschevsky, I. F. Mariychuk: monograph). Donetsk: Donetsk Nat. Tech. Unty, 2017, 275 p.

9. Mariychuk, I. F., Kupenko I. V., Barsuk N. D. Sotsialnoekonomicheskiye i ekologicheskiye problemy 
gornoy promyshlennosti, stroitelstva i energetiki: materialy 16y Mezhdunar. konferentsii po problemam gornoy 
promyshlennosti, stroitelstva i energetiki (Socioeconomic and environmental problems of the mining industry, 
construction and energy: materials of the 16th Intern. conference on the problems of mining, construction and 
energy (Tula, Minsk, Donetsk, November 19–20, 2020) / edited by. ed. R. A. Kovaleva). Tula; Minsk; Donetsk: 
Tula State Unty, 2020, pp. 85‒89. Available at: http://tsu.tula.ru/files/40/conf2020_t1.pdf (date of access: 
04/14/2022). Text: electronic.

10. Makhova A. O. Ekonomika i marketing v XXIÍ veke: problemy, opyt, perspektivy: materialy 16y Mezhdu
nar. nauch.prakt. konf. (Economics and marketing in the XXI century: problems, experience, prospects: materials 
of the 16th Intern. scientificpractical. conf. Donetsk: IEP NAS of Ukraine, 2018, ðð.113‒115. Available at: https://
masters.donntu.org/2018/ief/machova/library/article1.htm (date of access 12/22/2021). Text: electronic.

11. Plakitkina L. S., Plakitkin Yu. A. Ugolnaya promyshlennost mira i Rossii: analiz, tendentsii i perspektivy 
razvitiya (Coal industry of the world and Russia: analysis, trends and development prospects). Moscow: Litterra, 
2017. 374 p. ISBN 9785423502966. Available at: https://elibrary.ru/item.asp?id=29813696 (date of access: 
04/14/2022). Text: electronic.

12. Ruppeneyt K. V. Deformiruyemost massivov treschinovatyh gornyh porod (Deformability of massifs of 
fractured rocks). M.: Nedra, 1975. 223 p.

13. Mariychuk I. F., Borshevsky S.V., Kupenko I. V., Barsuk N. D., Gritsaenko A. J. Topical Issues of Rational 
Use of Natural Resources: XVII International ForumContest of Students and Young Researchers. Scientific con
ference abstracts (St Petersburg, May 31 – June 06, 2021) (Topical Issues of Rational Use of Natural Resources: 
XVII International ForumContest of Students and Young Researchers. Scientific conference abstracts (St Pe
tersburg, May 31 – June 06, 2021). St Petersburg: St. Petersburg Mining University, 2021. Vol. 1, ðð. 196‒197. 
ISBN 9785942119393. Available at: http://myouth.spmi.ru/sites/default/files/Volume%201%20correct.pdf 
(Accessed 04/14/2022). Text: electronic.

Èíôîðìàöèÿ îá àâòîðå 

Àëàáüåâ Âàäèì Ðóäîëüôîâè÷, äð òåõí. íàóê, ñòàðøèé íàó÷íûé ñîòðóäíèê, ïðîôåññîð êàôåäðû áåçîïàñíîñòè æèç
íåäåÿòåëüíîñòè, Êóáàíñêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé óíèâåðñèòåò, ã. Êðàñíîäàð, Ðîññèÿ. Îáëàñòü íàó÷íûõ 
èíòåðåñîâ: òåïëîâîé ðåæèì ïîäçåìíûõ ñîîðóæåíèé, ãåîìåõàíèêà è ðàçðóøåíèå ãîðíûõ ïîðîä.
avr.09@mail.ru

Êóïåíêî Èâàí Âëàäèìèðîâè÷, êàíä. òåõí. íàóê, äîöåíò, äîöåíò êàôåäðû ñòðîèòåëüñòâà çäàíèé, ïîäçåìíûõ ñîîðóæå
íèé è ãåîìåõàíèêè, Äîíåöêèé íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Äîíåöê, Äîíåöêàÿ Íàðîäíàÿ Ðåñïóáëèêà. Îá
ëàñòü íàó÷íûõ èíòåðåñîâ: ãåîòåõíîëîãèÿ, ãåîìåõàíèêà è ðàçðóøåíèå ãîðíûõ ïîðîä
ivk1978@mail.ru



Earth sciences                                                                        Bulletin of ZabGU. 2022. Vol. 28. No. 4

15

Vadim Alabyev, doctor of technical sciences, professor, Safety of Life Activity and Environmental Protection department, FSBEI 
HE «Kuban State Technological University», Krasnodar, Russia. Research interests: thermal regime of underground structures, 
geomechanics and rock failure

Ivan Kupenko, candidate of technical sciences, associate professor, assistant professor, Building Construction, Underground 
Structures and Geomechanics department, Donetsk National Technical University, Donetsk, Donetsk People’s Republic. Re
search interests: geotechnology, geomechanics and rock failure

Nikita Barsuk, assistant, Building Construction, Underground Structures and Geomechanics department, Donetsk National 
Technical University, Donetsk, Donetsk People’s Republic. Research interests: geotechnology, geomechanics and rock failure

Vladimir Demin, candidate of technical sciences, associate professor, assistant professor, Life Activity and Environmental Pro
tection department, FSBEI HE «Kuban State Technological University», Krasnodar, Russia. Research interests: labor protec
tion, industrial safety,   geomechanics and rock failure

Information about the author 

Äëÿ öèòèðîâàíèÿ 

Àëàáüåâ Â. Ð., Êóïåíêî È. Â., Áàðñóê Í. Ä., Äåìèí Â. È. Îáîñíîâàíèå ïàðàìåòðîâ ïðî÷íîñòè è óñòîé÷èâîñòè ãîðíîé 
âûðàáîòêè â ñèñòåìå «ïîðîäíûé ìàññèâ – àíêåð – ìîäèôèöèðîâàííûé áåòîí» // Âåñòíèê Çàáàéêàëüñêîãî ãîñóäàð
ñòâåííîãî óíèâåðñèòåòà. 2022. Ò. 28, ¹ 4. Ñ. 6–15. DOI: 10.21209/222792452022284615.

Alabyev V., Kupenko I., Basruk N., Demin V. Substantiation of strength and stability parameters of mining in the system “rock 
mass – anchor – modified concrete” // Transbaikal State University Journal, 2022, vol. 28, no. 4, pp. 6–15. DOI: 10.21209/2227
92452022284615.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ:  08.04.2022 ã.
Ñòàòüÿ ïðèíÿòà ê ïóáëèêàöèè:  18.04.2022 ã.

Áàðñóê Íèêèòà Äìèòðèåâè÷, àññèñòåíò êàôåäðû ñòðîèòåëüñòâà çäàíèé, ïîäçåìíûõ ñîîðóæåíèé è ãåîìåõàíèêè, 
Äîíåöêèé íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Äîíåöê, Äîíåöêàÿ Íàðîäíàÿ Ðåñïóáëèêà. Îáëàñòü íàó÷íûõ 
èíòåðåñîâ: ãåîòåõíîëîãèÿ, ãåîìåõàíèêà è ðàçðóøåíèå ãîðíûõ ïîðîä
barsuk_nikita93@mail.ru

Äåìèí Âëàäèìèð Èâàíîâè÷, êàíä. òåõí. íàóê, äîöåíò ÂÀÊ, äîöåíò êàôåäðû áåçîïàñíîñòè æèçíåäåÿòåëüíîñòè, Êóáàí
ñêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé óíèâåðñèòåò (ÊóáÃÒÓ), ã. Êðàñíîäàð, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îõ
ðàíà òðóäà, ïðîìûøëåííàÿ áåçîïàñíîñòü, ãåîìåõàíèêà è ðàçðóøåíèå ãîðíûõ ïîðîä.
avr.09@mail.ru


