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Ðàññìîòðåí ñïîñîá ñîçäàíèÿ ãèäðîðàçðûâà ñëàáîïðîíèöàåìûõ ãîðíûõ ïîðîä íà 
áîëüøîé ãëóáèíå ñ èñïîëüçîâàíèåì êîãåðåíòíûõ èñòî÷íèêîâ ýíåðãèè. Ïðèâåäåí 
ïðèìåð ðàñ÷åòà îñíîâíûõ ïàðàìåòðîâ. 
Êëþ÷åâûå ñëîâà: ãèäðîðàçðûâ, áîëüøàÿ ãëóáèíà, êîãåðåíòíûå èñòî÷íèêè, ãîðíûå 
ïîðîäû. 

 

 

íàñòîÿùåå âðåìÿ óæå ïðåä-
ëîæåíî íåñêîëüêî ðàçëè÷íûõ 

ñïîñîáîâ ñîçäàíèÿ èñêóññòâåííûõ 
ïðîíèöàåìûõ çîí â ìîíîëèòíûõ ãîð-
íûõ ïîðîäàõ [1, 2, 3], êîòîðûå ìîæíî 
ïðèìåíÿòü â ãåîòåõíîëîãèè. Íàèáîëåå 
ïåðñïíêòèâíûìè ÿâëÿþòñÿ ñïîñîáû ñ 
èñïîëüçîâàíèåì ãèäðîðàçðûâà ïî-
ðîäíîãî ìàññèâà, ïðèìåíÿåìûå â 
íåôòÿíîé è ãàçîâîé ïðîìûøëåííî-
ñòè, ïðè ñîçäàíèè ãåîòåðìàëüíûõ 
öèðêóëÿöèîííûõ ñèñòåì è äðóãèõ òåõ-
íîëîãèÿõ, ïðåäóñìàòðèâàþùèõ ôèëü-
òðàöèþ ôëþèäîâ â ñëàáîïðîíèöàå-
ìûõ ãîðíûõ ïîðîäàõ íà áîëüøèõ ãëó-
áèíàõ. 

Îñíîâíàÿ îñîáåííîñòü ìåõàíèêè 
ãèäðîðàçðûâà íåïðîíèöàåìîãî (ñëà-
áîïðîíèöàåìîãî) ìàññèâà çàêëþ÷àåò-
ñÿ â òîì, ÷òî îïåðåæàþùàÿ ðîñò òðå-
ùèíû ôèëüòðàöèÿ ñòàíîâèòñÿ íåâîç-
ìîæíîé, åå ðàçãðóæàþùèé ýôôåêò 
îòñóòñòâóåò, à íàïðàâëåíèå ðàçâèòèÿ 
òðåùèíû â çíà÷èòåëüíîé ìåðå îïðå-
äåëÿåòñÿ ðàñïðåäåëåíèåì äåéñòâóþ-
ùèõ â ìàññèâå ñæèìàþùèõ íàïðÿæå-
íèé. Ýòî îçíà÷åò ÷òî â íåïðîíèöàå-
ìîì (äëÿ ðàáî÷åé æèäêîñòè) ïîðîä-
íîì ìàññèâå ñ íîðìàëüíûì ïîëåì íà-
ïðÿæåíèé ïðè êîýôôèöèåíòå Ïóàñ-
ñîíà ìåíåå 0,3 è ãëóáèíå ñâûøå 2 êì 
áóäóò ôîðìèðîâàòüñÿ òîëüêî âåðòè-
êàëüíûå òðåùèíû íåçàâèñèìî îò îðè-

åíòàöèè åñòåñòâåííûõ ïîâåðõíîñòåé 
îñëàáëåíèÿ. Ýòî îáóñëîâëåíî òåì, ÷òî 
ðàçíèöà ìåæäó âåðòèêàëüíîé è ãîðè-
çîíòàëüíûìè ñîñòàâëÿþùèìè îáúåì-
íîãî òåíçîðà ñæèìàþùèõ íàïðÿæåíèé 
áóäåò ïðåâîñõîäèòü ïðåäåë ïðî÷íîñòè 
íà ðàñòÿæåíèå ëþáûõ ãîðíûõ ïîðîä 
[4]. Âîçìîæíîñòü óïðàâëåíèÿ ïàðà-
ìåòðàìè è íàïðàâëåíèåì òðåùèí, 
îáðàçóåìûõ ïðè ãèäðîðàçðûâå ãîð-
íûõ ïîðîä ïîçâîëèò ðàñøèðèòü îá-
ëàñòü ïðèìåíåíèÿ ýòîãî ïðîöåññà 
êàê â ãîðíîé òàê è äðóãèõ îòðàñëÿõ 
ïðîìûøëåííîñòè. Â ïðåäëàãàåìîì 
âàðèàíòå ðàññìàòðèâàåòñÿ ñïîñîá  
ãèäðîðàçðûâà ñ ñîçäàíèåì òðåùèíû 
â ãîðíûõ ïîðîäàõ çàäàííîé îðèåí-
òàöèè. 

Ïîñòàâëåííàÿ öåëü äîñòèãàåòñÿ 
òåì, ÷òî â ðàéîíå, ãèäðîðàçðûâà ðàç-
ìåùàþò íåñêîëüêî êîãåðåíòíûõ èñ-
òî÷íèêîâ ýíåðãèè è âûýûâàþò êîëå-
áàíèÿ (ðàñïðîñòðàíåíèå ïðîäîëüíûõ 
âîëí) ìàññèâà ïðè äîñòèæåíèè äàâëå-
íèÿ æèäêîñòè â ñêâàæèíå íå ìåíå 90 % 
îò êðèòè÷åñêîãî. Ïîä êðèòè÷åñêèì 
äàâëåíèåì ïîíèìàåòñÿ äàâëåíèå íà 
ðàçðûâ ãîðíûõ ïîðîä íà çàäàííîé 
ãëóáèíå. Ñóùíîñòü ïðåäëàãàåìîãî 
ñïîñîáà ïîÿñíÿåòñÿ ðèñ. 1. 

Ñïîñîá îñóùåñòâëÿåòñÿ ñëåäóþùèì 
îáðàçîì: ñ ïîâåðõíîñòè áóðÿò ñêâà-
æèíó 1 äî ãîðèçîíòà ãèäðîðàçðûâà 2, 

Â 
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îáñàæèâàþò òðóáàìè äî 
óðîâíÿ 2, ãäå ïðåäïîëàãàåò-
ñÿ ñîçäàíèå òðåùèíû 3 â 
ãîðíûõ ïîðîäàõ è öåìåíòè-
ðóþò çàòðóáíîå ïðîñòðàíñò-
âî. Â ñêâàæèíàõ 4 è 5 ïðî-
áóðèâàåìûõ ñ ïîâåðõíîñòè 
ðàñïîëàãàþò «òî÷å÷íûå» çà-
ðÿäû âçðûâ÷àòûõ âåùåñòâ 6 
(êîãåðåíòíûå èñòî÷íèêè 
ýíåðãèè), êîòîðûå ìîãóò íà-
õîäèòñÿ â ðàçëè÷íûõ òî÷êàõ 
ïðîñòðàíñòâà (âïëîòü äî ïî-
âåðõíîñòè), â çàâèñèìîñòè îò 
çàäàííîãî íàïðàâëåíèÿ ðàç-
ðûâà 7 è ðàçâèòèÿ òðåùèíû 
ãèäðîðàçðûâà. Äàëåå èç åì-
êîñòè 8 ïîäàþò ñ ïîìîùüþ 
íàñîñà 9 æèäêîñòü íà ãîðè-
çîíò ïðåäïîëàãàåìîãî ãèä-
ðîðàçðûâà 2 è ïîääåðæèâà-
þò äàâëåíèå æèäêîñòè íà 
óðîâíå íå íèæå 90 % îò 
êðèòè÷åñêîãî, ïîñëå ÷åãî 
îäíîâðåìåííî âçðûâàþò çà-
ðÿäû 6 â ñêâàæèíàõ 4 è 5. 
Âûçâàííûå ïðîäîëüíûå êî-
ëåáàíèÿ çà ñ÷åò âçðûâà, èçî-
ëèíèè ðàñïðîñòðàíåíèÿ êî-
òîðûõ ïîêàçàíû ïîä íîìå-
ðîì 10 âçàèìîäåéñòâóþò 
ìåæäó ñîáîé â öåíòðå èíèöèàöèè 
òðåùèíû ãèäðîðàçðûâà è èçìåíÿþò 
íàïðÿæåííî-äåôîðìàöèîííîå ñî-
ñòîÿíèå ìàññèâà â çàäàííîé ïëîñêî-
ñòè. Ýòî ïîçâîëÿåò ïîëó÷èòü âçàèìî-
äåéñòâèå ñòàòè÷åñêèõ è äèíàìè÷å-
ñêèõ íàïðÿæåíèé â çàäàííîé ïëîñ-
êîñòè, ÷òî ïðè ñóïåðïîçèöèè âîëí 
ïðèâîäèò ê ïîÿâëåíèþ ìàêñèìàëü-
íûõ ðàñòÿãèâàþùèõ íàïðÿæåíèé è 
îáðàçîâàíèþ òðåùèíû â ìàññèâå çà-
äàííîãî íàïðàâëåíèÿ, à ìíîãîêðàò-
íîå ïîâòîðåíèå âûøåóêàçàííûõ 
îïåðàöèé ïîçâîëÿåò ðåãóëèðîâàòü åå 
ïðîòÿæåííîñòü. Îñâîåíèå òàêîãî 
ðîäà óïðàâëåíèÿ ïàðàìåòðàìè çîí 
ãèäðîðàçðûâà îòêðûâàåò âîçìîæíîñòè  

 

èñïîëüçîâàíèÿ íåòðàäèöèîííûõ 
ñõåì ãåîòåðìàëüíûõ öèðêóëÿöèîí-
íûõ ñèñòåì. 

Ïðèìåð ðåàëèçàöèè: 
1. Ãëóáèíà óðîâíÿ ãèäðîðàçðûâà, 

ì 3000=H   
2. Ðàäèóñ ñêâàæèíû íà ãîðèçîíòå 

ãèäðîðàçðûâà âî âçðûâíûõ ñêâàæè-

íàõ, ì  1,0=R  

3. Îáúåìíûé âåñ âçðûâ÷àòîãî âå-

ùåñòâà, êã/ì
3
 γ 1600

ВВ
=           

4. Ïëîòíîñòü ãîðíûõ ïîðîä íà âû-

áðàííîé ãëóáèíå, êã/ì
3
 γ 2500n =  

5. Âûñîòà çàðÿäà â ñêâàæèíàõ, ì  

10=n                                           

 
 

Ðèñ. 1. Ñõåìà ñïîñîáà íàïðàâëåííîãî ãèäðîðàç-
ðûâà ãîðíûõ ïîðîä: 
1 ⎯ ñêâàæèíà èç êîòîðîé îñóùåñòâëÿåòñÿ ãèäðîðàçðûâ; 

2 ⎯ ãîðèçîíò ãèäðîðàçðûâà; 3 ⎯ òðåùèíà ãèäðîðàçðû-

âà; 4, 5 ⎯ ñêâàæèíû äëÿ ðàìåùåíèÿ êîãåðåíòíûõ èñ-

òî÷íèêîâ ýíåðãèè; 6 ⎯ èñòî÷íèê ýíåðãèè(âçðûâ÷àòîå 

èâåùåñòâî); 7 ⎯ ïëîñêîñòü îðèåíòàöèè òðåùèíû ãèäðî-

ðàçðûâà; 8 ⎯ åìêîñòü äëÿ õðàíåíèÿ æèäêîñòè; 9 ⎯ íà-

ñîñ âûñîêîãî äàâëåíèÿ; 10 ⎯ýêâèïîòåíöèàëüíûå èçîëè-
íèè ðàñïðîñòðàíåíèÿ êîëåáàíèé 
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Ïîðÿäîê ðàñ÷åòà îïðåäåëåíèÿ 
ðàññòîÿíèÿ çàëîæåíèÿ âçðûâ÷àòûõ 
âåùåñòâ îò öåíòðà èíèöèàöèè ãèäðî-
ðàçðûâà ïî íîðìàëè ê ïëîñêîñòè îðè-
åíòàöèè òðåùèíû. 

1. Îïðåäåëÿåì îáúåì ÷àñòè 

ñêâàæèíû âûñîòîé 10=h  ì äëÿ çà-
ëîæåíèÿ ÂÂ (âçðûâ÷àòûìè âåùåñò-
âàìè) 

3,14V =   

314,010)1,0(14,3 22 =⋅=hR  ì
3
 

2. Íàõîäèì íåîáõîäèìîå êîëè÷å-

ñòâî ÂÂ ñ ó÷åòîì γ 1600
ВВ

=  êã/ì
3
                     

â ýòîì îáúåìå  

γ 0,314 1600 502,4
ВВ

q V= = ⋅ =  êã 

3. Ïðîèçâîäèì îöåíêó ýôôåêòèâ-

íîãî ðàññòîÿíèÿ эфR  ïî ôîðìóëå 

äëÿ ñåéñìè÷åñêè áåçîïàñíîãî ðàñ-

ñòîÿíèÿ 
с

R  ïðè âçðûâå 

эфR <
с

R 3

p

q= , ì 

ãäå p  ⎯ ïàðàìåòð õàðàêòåðèçóþùèé 

äåéñòâèå âçðûâà íà âûðàáîòêè, ïðîé-
äåííûå â ìàññèâå ãîðíûõ ïîðîä, äëÿ 

íåçàêðåïëåííîé ñêâàæèíû 1,0=p . 

эфR <
с

R 3
502,4

17,12
0,1

= = , ì 

Ýòî âûðàæåíèå ñïðàâåäëèâî äëÿ 
îáðàçîâàíèÿ òðåùèíû íà êîíòóðå 

ñêâàæèíû ñ ó÷åòîì 3000=Hpγ ì 

2500⋅ êã/ ì
3 75= ÌÏà. 

Îäíàêî äëÿ ïðîèçâîäñòâà ãèäðî-

ðàçðûâà (
ГР

σ ) íåîáõîäèìî ñóììèðî-

âàíèå ñòàòè÷åñêèõ è äèíàìè÷åñêèõ 
íàãðóçîê 

ГР СТ Дσ =σ +σ =75  ÌÏà 

СТ
σ  ïî óñëîâèÿì ïðåäêðèòè÷åñêîãî, 

ñîñòàâëÿþùåãî 90 % îò 
ГР

σ  (äàâëå-

íèå ñîçäàâàåìîå íàãíåòàíèåì æèä-
êîñòè) 

СТ
σ =75 0,9=67,5⋅  ÌÏà 

íà 
Д

σ  ïðèõîäèòñÿ 7,5  ÌÏà  

Èç ýòèõ óñëîâèé îïðåäåëÿåì ðàñ-
ñòîÿíèå çàëîæåíèÿ ÂÂ эфR  êàê 

эф

с

R

R
< ГР

ГР СТ

σ

σ σ−
 

эфR < ГР

ГР СТ

σ

σ σ− 2,171
5,7

12,1775 =⋅= , ì 

Òàêèì îáðàçîì, ïîëó÷àåòñÿ îáùàÿ 
ôîðìóëà äëÿ îïðåäåëåíèÿ ýôôåêòèâ-

íîãî ðàññòîÿíèÿ эфR  çàëîæåíèÿ ÂÂ 

ïî íîðìàëè ê ïëîñêîñòè îáðàçîâàíèÿ 
òðåùèíû ãèäðîðàçðûâà â çàâèñèìîñòè 
îò âåñà çàðÿäà ÂÂ. 

эфR <
3

ГР

ГР СТ

σ

σ -σ

q
p

,  ì 

Ïðèìåíåíèå ïðåäëàãàåìîãî ñïî-
ñîáà ïîçâîëèò äîñòè÷ü ñëåäóþùèõ 
ïðåèìóùåñòâ ïî ñðàâíåíèþ ñ ñóùåñò-
âóþùèìè: 

• ñîêðàòèòü âðåìÿ ïðîâåäåíèÿ 
ãèäðîðàçðûâà. 

• ñîçäàòü òðåùèíó ãèäðîðàçðûâà 
çàäàííîé îðèåíòàöèè â ïðîñòðàíñòâå 
è óïðàâëÿòü åå ãåîìåòðè÷åñêèìè ðàç-
ìåðàìè. 

• îáåñïå÷èòü ñîçäàíèå ãèäðî-

ðàçðûâà ãîðíûõ ïîðîä ñ ëþáîé åñòå-

ñòâåííîé ïðîíèöàåìîñòüþ ãîðíûõ 

ïîðîä íåçàâèñèìî îò ãëóáèíû åãî 

ïðîâåäåíèÿ. 
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ìàëüíûé ìèíèìàëüíûé îáúåì. Ïðèâåäåí ïåðå÷åíü äîïîëíèòåëüíûõ ëèñòîâ è ïåðå÷åíü îáÿçà-
òåëüíûõ è äîïîëíèòåëüíûõ ïðèëîæåíèé. Ïðèâåäåíà èçîìåòðèÿ òèïîâîé ãàçîðàñïðåäåëè-
òåëüíîé óñòàíîâêè (ÃÐÓ) ñ èçìåðèòåëüíûì ó÷àñòêîì òðóáîïðîâîäà íà áàçå äèàôðàãìåííîãî 
óçëà ó÷åòà.  

 
UNIT DRAFT PROJECT FOR DIAPHRAGM GAS ACCOUNT  
SYSTEM WITH PRESSURE DIFFERENTIAL SENSORS 
Voloshinovskey K.I. 
In the article is made a quotation of the sample projected commercial industrial or technical 

gas accounting system. Considered two variants of making a project: reconstruction of an object 
and projecting a new measurement gas tubing district, with the close-fitting piping system. In the 
article exacted detailed unit project structure with it draft list, the minimal and optimum list vol-
ume. To the more here included the list of additional and extra drafts, documents and information 
documents. Drafts and project are described in a short, as the priority requirements to unit typical 
gas accounting system can be observated in text and graphical mode in appliance to diaphragm 
gas account system with pressure differential sensors. 




