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Â ñòàòüå ðàññìîòðåíà íåîáõîäèìîñòü ïîâûøåíèÿ êà÷åñòâà è ñîêðàùåíèÿ
ñðîêîâ ñòðîèòåëüñòâà çàùèòíûõ ñîîðóæåíèé â çîíå ïðîâåäåíèÿ Îïåðàöèè Îáúå-
äèíåííûõ ñèë è èñïîëüçîâàíèÿ ñ ýòîé öåëüþ îïûòà, íàðàáîòàííîãî â ãîðíî-
ñòðîèòåëüíîé îòðàñëè Óêðàèíû. Ïðîàíàëèçèðîâàíà è îáîñíîâàíà öåëåñîîáðàçíîñòü
ïðèìåíåíèÿ âçðûâ÷àòûõ òåõíîëîãèé äëÿ ýôôåêòèâíîãî è áûñòðîãî ñòðîèòåëüñòâà
çàùèòíûõ çäàíèé (îêîïîâ, áëèíäàæåé è ò.ä.), ïîäãîòîâêè ïëîùàäîê ñ óëó÷øåííûìè
ñâîéñòâàìè äëÿ ñòðîèòåëüñòâà äîëãîâðåìåííûõ æåëåçîáåòîííûõ çàùèòíûõ
ñîîðóæåíèé.

Êëþ÷åâûå ñëîâà: ãîðíî-ñòðîèòåëüíàÿ îòðàñëü, ïî÷âà, âçðûâíûå òåõíîëîãèè,
óïëîòíåíèå ãðóíòîâûõ ìàññèâîâ, áåçîïàñíîñòü îáðàùåíèÿ, ýôôåêòèâíîñòü
ïðèìåíåíèÿ.

Ç ïî÷àòêó ïðîâåäåííÿ â ñõ³äíèõ îáëàñòÿõ Óêðà¿íè àíòèòåðîðèñòè÷íî¿ îïåðàö³¿,
à ïîò³ì Îïåðàö³¿ Îá’ºäíàíèõ ñèë (ÎÎÑ) ïîñòàëà íåîáõ³äí³ñòü ó òðèâàëîìó ïåðå-
áóâàíí³  ïðàö³âíèê³â ïðàâîîõîðîííèõ îðãàí³â òà â³éñüêîâîñëóæáîâö³â ó çîí³ ìîæ-
ëèâîãî óðàæåííÿ ìåòàëüíèìè ñíàðÿäàìè ñòð³ëåöüêî¿ çáðî¿ àáî âèáóõàìè àðòè-
ëåð³éñüêèõ ñíàðÿä³â ³ ì³í. Íàéá³ëüø íåáåçïå÷íèìè âðàæàþ÷èìè ôàêòîðàìè äëÿ
â³éñüêîâîñëóæáîâö³â º êóë³, îñêîëêè ³ óäàðí³ õâèë³ â³ä âèáóõó ïåâíèõ ïðèñòðî¿â
òà ðå÷îâèí. Åëåìåíòè áîéîâîãî åê³ï³ðóâàííÿ, ùî çàáåçïå÷óþòü çàõèñò â³ä óêàçàíèõ
óðàæàþ÷èõ ôàêòîð³â,  âèñòóïàþòü çàñîáàìè ³íäèâ³äóàëüíîãî áðîíåçàõèñòó: áðî-
íåæèëåòè, êóëåñò³éê³ øîëîìè òà ùèòè. Îäíàê âîíè íå çàáåçïå÷óþòü ñòîâ³äñîòêîâîãî
ð³âíÿ çàõèñòó, îñîáëèâî â óìîâàõ ì³ííî-àðòèëåð³éñüêèõ îáñòð³ë³â ïîçèö³é á³éö³â
ó çîí³ ïðîâåäåííÿ ÎÎÑ. Öå îáóìîâèëî íåîáõ³äí³ñòü âèêîðèñòàííÿ çàõèñíèõ ñïîðóä
òðèâàëîãî âèêîðèñòàííÿ. Ç ö³ºþ ìåòîþ íà îñíîâíèõ íàïðÿìàõ òà ìàã³ñòðàëÿõ
áóäóþòü ñòàö³îíàðí³ çàõèñí³ ñïîðóäè: îêîïè, áë³íäàæ³ òà çàë³çîáåòîíí³ áëîêïîñòè
ç âèñîêèì ð³âíåì çàõèñòó.

Ñïîðóäæåííÿ çàõèñíèõ ñïîðóä ñòàíîâèòü äîñèòü òðóäîì³ñòêèé òà òðèâàëèé
ïðîöåñ, ³ ñêîðî÷åííÿ òåðì³í³â ïðîâåäåííÿ ðîá³ò òà ï³äâèùåííÿ ÿêîñò³ ¿õ âèêîíàííÿ
º àêòóàëüíîþ çàäà÷åþ. Åôåêòèâíèì ñïîñîáîì ¿¿ âèð³øåííÿ ìîæå áóòè âèêîðèñòàííÿ
äîñâ³äó, íàïðàöüîâàíîãî â ã³ðíè÷î-áóä³âåëüí³é ãàëóç³.

Ïðîãðåñ, ÿêèé âèçíà÷àºòüñÿ, ó ïåðøó ÷åðãó, óïðîâàäæåííÿì íîâ³òí³õ íàóêîâèõ
äîñÿãíåíü ó âèðîáíèöòâî, ïðîìèñëîâå, öèâ³ëüíå áóä³âíèöòâî òà ï³ä ÷àñ âèêîíàííÿ
ðîá³ò ñïåö³àëüíîãî ïðèçíà÷åííÿ. Ãîëîâíèìè íàóêîâèìè íàïðÿìàìè ïðè öüîìó º
âèâ÷åííÿ çàêîíîì³ðíîñòåé ³ çàñîá³â ôîðìóâàííÿ íàïðóæåíîãî ñòàíó ´ðóíòîâîãî
ìàñèâó ó âçàºìîä³¿ ç ïðèðîäíèìè, òåõíîãåííèìè, ñòàòè÷íèìè ³ äèíàì³÷íèìè
âïëèâàìè çà íàÿâíîñò³ ã³ðíè÷èõ âèðîáîê, íàçåìíèõ ³ ï³äçåìíèõ ñïîðóä.

Çíà÷íà ê³ëüê³ñòü âèðîáíè÷èõ ïðîöåñ³â ´ðóíòóºòüñÿ íà çàñòîñóâàíí³ åíåðã³¿
âèáóõó äëÿ ðóéíóâàííÿ, óù³ëüíåííÿ ÷è ïåðåì³ùåííÿ ´ðóíò³â ³ ã³ðñüêèõ ïîð³ä.
Ïðè öüîìó âàæëèâó ðîëü â³ä³ãðàº çíàííÿ çàêîíîì³ðíîñòåé ôîðìóâàííÿ ³ ïëèíó
ãåîäèíàì³÷íèõ ïðîöåñ³â ³ ÿâèù ó ìàñèâàõ ́ ðóíò³â ³ ã³ðñüêèõ ïîð³ä çà ¿õ äåôîðìàö³é
(çâîðîòíèõ ÷è íåçâîðîòíèõ) ï³ä ä³ºþ âèáóõîâîãî ³ìïóëüñó. Öå ïîòðåáóº ðîçðîáêè
ðàö³îíàëüíèõ ðåæèì³â çáóäæåííÿ òà ðîçâèòêó äåòîíàö³éíèõ ïðîöåñ³â ïðè âçàºìîä³¿
ç ïîðîäíèìè ìàñèâàìè, ñòâîðåííÿ íîâèõ âèáóõîâèõ ðå÷îâèí ³ çàñîá³â ¿õ ³í³ö³þâàííÿ
ç ìåòîþ ï³äâèùåííÿ òåõíîëîã³÷íî¿ íàä³éíîñò³, åôåêòèâíîñò³ òà áåçïåêè.
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Äèíàì³÷í³ íàâàíòàæåííÿ  íà ã³ðñüê³ ïîðîäè ÿê íàñë³äîê ä³¿ âèáóõó çàðÿäó
ÂÐ ñêëàäàþòü îñíîâó áàãàòüîõ òåõíîëîã³é ÷è îêðåìèõ òåõíîëîã³÷íèõ ïðîöåñ³â
ðóéíóâàííÿ, óù³ëüíåííÿ àáî ïåðåì³ùåííÿ ã³ðñüêîãî ìàñèâó íàâêîëî çàðÿäó. Ñåðåä
íàéá³ëüø âàæëèâèõ âèáóõîâèõ òåõíîëîã³é, ùî ´ðóíòóþòüñÿ íà ðåçóëüòàòàõ
äîñë³äæåíü ³ç ïðèêëàäíèõ ðîçä³ë³â ãåîäèíàì³êè âèáóõó, çàñëóãîâóþòü íà óâàãó
ã³ðíè÷î-áóä³âåëüí³ ìåòîäè îòðèìàííÿ ³íæåíåðíèõ ñïîðóä àáî ¿õ îêðåìèõ åëåìåíò³â
ó íåñêåëüíèõ ïîðîäàõ:

– óòâîðåííÿ êàìóôëåòíèõ ïîðîæíèí ó ñòèñëèâèõ ́ ðóíòàõ ð³çíîãî ïðèçíà÷åííÿ
(øóðô³â, ñåéñìî-âîäî-çñóâîçàõèñíèõ ñïîðóä, ï³äçåìíèõ ñõîâèù òà ³í.);

– áóä³âíèöòâî â³äêðèòèõ âè¿ìîê ìåòîäîì âèáóõó çàðÿä³â âèêèäàííÿ â
íåñêåëüíèõ ´ðóíòàõ, ó òîìó ÷èñë³ â çàáîëî÷åíèõ ì³ñöåâîñòÿõ (îñóøóâàííÿ áîë³ò,
îòðèìàííÿ òðàíøåé);

– óù³ëüíåííÿ ´ðóíòîâèõ ìàñèâ³â ó îñíîâàõ â³äïîâ³äàëüíèõ ï³äçåìíèõ òà
íàï³âçàãëèáëåíèõ áóä³âåëüíèõ îá’ºêò³â;

– âèáóõîâ³ òåõíîëîã³¿ óù³ëüíåííÿ ñòèñëèâîãî ´ðóíòó â ï³äâîäíèõ óìîâàõ
(ï³äâîäíî-òåõí³÷í³ ðîáîòè íà êîíòèíåíòàëüíîìó øåëüô³ òà ³íøèõ âîäíèõ áàñåéíàõ
ïðè äíîçàãëèáëåíí³, îáëàøòóâàíí³ ãàâàíåé ³ ï³äõîä³â äî íèõ, ðîç÷èùåíí³ ðóñåë
ð³÷îê òà ³í.);

– çàñëóãîâóº íà îêðåìó óâàãó çàñòîñóâàííÿ â ³íæåíåðí³é ïðàêòèö³ ñïåö³àëüíèõ
ðîá³ò ³ç âèêîðèñòàííÿì åíåðã³¿ âèáóõó â îñîáëèâèõ óìîâàõ.

Óòâîðåííÿ êàìóôëåòíèõ ïîðîæíèí ó ñòèñëèâèõ ´ðóíòàõ
Çàëåæíî â³ä âèðîáíè÷îãî ïðèçíà÷åííÿ êàìóôëåòí³ ñïîðóäè áóäóþòü öè-

ë³íäðè÷íî¿, îâàëüíî¿, ñôåðè÷íî¿ òà ù³ëèíîïîä³áíî¿ ôîðìè ÿê ó âèãëÿä³ ïîîäèíîêèõ
âèðîáîê, òàê ³ ¿õ êîìïëåêñ³â. Ïîîäèíîê³ âèðîáêè ìîæóòü áóòè âèêîðèñòàí³ ÿê
øóðôè, ï³äçåìí³ øòîëüí³, âîäîïîñòà÷àëüí³ êîëîäÿç³, ïðîòèçñóâí³ óòðèìóþ÷³ ñïîðóäè
òîùî, à êîìïëåêñí³ – ïðè ñïîðóäæåíí³ ï³äçåìíèõ ñõîâèù øê³äëèâèõ ðå÷îâèí,
âîäè, ïàëèâà òà ïðèðîäíèõ ãàç³â.

Ïîîäèíîê³ âåðòèêàëüí³ ïîðîæíèíè îòðèìóþòü øëÿõîì áóð³ííÿ ñâåðäëîâèí,
¿õ çàðÿäæàííÿ âèáóõîâîþ ðå÷îâèíîþ ³ ï³äðèâàííÿ. ßêùî çàðÿä ðîçì³ùóâàòè â
ñâåðäëîâèí³ äî ñàìî¿ ïîâåðõí³, òî ïîðîæíèíà áóäå çàê³í÷óâàòèñÿ ó âåðõí³é ÷àñòèí³
âîðîíêîïîä³áíèì ðîçøèðåííÿì çíà÷íîãî ä³àìåòðà, ùî ñóòòºâî óñêëàäíþº ¿¿ òåõ-
íîëîã³÷íå âèêîðèñòàííÿ. Äëÿ çàïîá³ãàííÿ öüîìó ÿâèùó â âåðõí³é ÷àñòèí³  ñâåðä-
ëîâèíè ðîçì³ùóþòü ³íåðòíó íàáèâêó (ðèñ. 1) ³ç íàñòóïíèì âèäàëåííÿì íàäïî-
ðîæíèííîãî ö³ëèêà ìåõàí³çìàìè; ó çàáèâö³ ðîçì³ùóþòü äîïîì³æíèé çàðÿä, ùî
çíà÷íî çìåíøóº ðîçì³ðè ö³ëèêà (ðèñ. 2); ïåðåä çàðÿäæàííÿì ïðîõîäÿòü øóðô íà
ïåâíó ãëèáèíó, ùî óíåìîæëèâëþº âîðîíêîóòâîðåííÿ  (ðèñ. 3); ó âåðõí³é ³ íèæí³é
÷àñòèí³ ñâåðäëîâèíè çàëèøàþòü íåçàðÿäæåíèìè ¿¿ â³äð³çêè (ðèñ. 4), ùî ñïðèÿº
çìåíøåííþ íàäïîðîæíèííîãî ö³ëèêà áåç âîðîíêîóòâîðåííÿ; íà ïîâåðõí³ ðîçì³-
ùóþòü íàêëàäíèé (ïðèæèìíèé) çàðÿä, ÿêèé ïðè îäíî÷àñíîìó âèáóõîâ³ ³ç ñâåðäëî-
âèííèì çàðÿäîì ïåðåøêîäæàº ôîðìóâàííþ âîðîíêè âèêèäàííÿ, îäíî÷àñíî ðóéíóþ-
÷è íàäïîðîæíèííèé ö³ëèê (ðèñ. 5). Ó ë³òåðàòóð³ öåé ñïîñ³á îòðèìàâ íàçâó “öâÿõ
Ëàâðåíòüºâà”.
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Ðèñ. 1. Ñõåìà îòðèìàííÿ ïîðîæíèíè ³ç çàñòîñóâàííÿì ³íåðòíî¿ íàáèâêè:
1 – ñâåðäëîâèíà; 2 – ³íåðòíà íàáèâêà; 3 – çàðÿä; 4 – êîíòóð ïîðîæíèíè, îòðèìàíî¿ ä³ºþ

êàìóôëåòíîãî çàðÿäó; 5 – íàäïîðîæíèííèé ö³ëèê, ùî âèéìàºòüñÿ ìåõàí³çîâàíèì ñïîñîáîì

Äîïîì³æíèé çàðÿä, ùî çíà÷íî çìåíøóº ðîçì³ðè ö³ëèêà (ðèñ. 2); ïåðåä çàðÿä-
æàííÿì ïðîõîäÿòü øóðô íà ïåâíó ãëèáèíó, ùî óíåìîæëèâëþº âîðîíêîóòâîðåííÿ
(ðèñ. 3); ó âåðõí³é ³ íèæí³é ÷àñòèí³ ñâåðäëîâèíè çàëèøàþòü íåçàðÿäæeíèìè ¿¿
â³äð³çêè (ðèñ. 4), ùî ñïðèÿº çìåíøåííþ íàäïîðîæíèííîãî ö³ëèêà áåç âîðîíêî-
óòâîðåííÿ; íà ïîâåðõí³ ðîçì³ùóþòü íàêëàäíèé (ïðèæèìíèé) çàðÿä, ÿêèé ïðè
îäíî÷àñíîìó âèáóõîâ³ ³ç ñâåðäëîâèííèì çàðÿäîì ïåðåøêîäæàº ôîðìóâàííþ âîðîí-
êè âèêèäàííÿ, îäíî÷àñíî ðóéíóþ÷è íàäïîðîæíèííèé ö³ëèê (ðèñ. 5). Ó ë³òåðàòóð³
öåé ñïîñ³á îòðèìàâ íàçâó “öâÿõ Ëàâðåíòüºâà”.

Âèêîðèñòîâóþ÷è â ð³çíîìàí³òíèõ ïîºäíàííÿõ âåðòèêàëüí³, ãîðèçîíòàëüí³ ÷è
ïîõèë³ âèðîáêè, îòðèìóâàí³ âèáóõîâèì ñïîñîáîì, ìîæíà ñòâîðþâàòè

Ðèñ. 2. Ñõåìà îòðèìàííÿ ïîðîæíèíè ç ì³í³ìàëüíèì íàäïîðîæíèííèì ö³ëèêîì çàâäÿêè
çàñòîñóâàííþ äîïîì³æíîãî çàðÿäó, ðîçì³ùåíîãî â çàáèâö³:

1 – äîïîì³æíèé çàðÿä; 2 – îñíîâíèé çàðÿä; 3, 4 – êîíòóðè ïîðîæíèí, îòðèìàíèõ
â ðåçóëüòàò³ îñíîâíîãî ³ äîïîì³æíîãî çàðÿä³â; 5 – íàäïîðîæíèííèé ö³ëèê
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Ðèñ. 3. Ñõåìà îòðèìàííÿ áåçâîðîíêîâî¿ ïîðîæíèíè øëÿõîì ïîïåðåäíüî¿ âè¿ìêè ´ðóíòó ó
âåðõí³é ÷àñòèí³:

1 – êîíòóð âèêîïàíîãî øóðôó â âåðõí³é ÷àñòèí³; 2 – çàðÿä ÂÐ; 3 – ³íåðòíà çàáèâêà;  4, 5 –
äåòîíóþ÷èé øíóð òà åëåêòðîäåòîíàòîð; 6 – ïðîºêòíèé êîíòóð ïîðîæíèíè

Ðèñ. 4. Ñâåðäëîâèííèé çàðÿä ³ç ïîâ³òðÿíèìè ïðîì³æêàìè ó âåðõí³é ³ íèæí³é ÷àñòèí³
ñâåðäëîâèíè: 1 – çàðÿä ÂÐ; 2, 3 – âåðõí³é ³ íèæí³é ïîâ³òðÿí³ ïðîì³æêè; 4–6 – êîíòóðè

ïîðîæíèíè â ðàéîí³ çàðÿäó é ïîâ³òðÿíèõ ïðîì³æê³â
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Ðèñ. 5. Áåçâîðîíêîâèé ñïîñ³á îòðèìàííÿ ïîðîæíèíè ³ç çàñòîñóâàííÿì íàêëàäíîãî çàðÿäó
(“öâÿõ Ëàâðåíòüºâà”): 1 – íàêëàäíèé çàðÿä; 2 – îñíîâíèé ñâåðäëîâèííèé çàðÿä; 3 – êîíòóð

îòðèìàíî¿ ïîðîæíèíè

Âèêîðèñòîâóþ÷è â ð³çíîìàí³òíèõ ïîºäíàííÿõ âåðòèêàëüí³, ãîðèçîíòàëüí³ ÷è
ïîõèë³ âèðîáêè, îòðèìóâàí³ âèáóõîâèì ñïîñîáîì, ìîæíà ñòâîðþâàòè êîìïëåêñè
³íæåíåðíèõ ñïîðóä ð³çíîìàí³òíîãî ïðèçíà÷åííÿ, ÿê öå âèäíî ç ðèñ. 6–10. Íà ðèñ.
6 ïîêàçàíî ñõåìè îòðèìàííÿ ï³äçåìíèõ êîìïëåêñ³â, ùî ñêëàäàþòüñÿ ç âåðòèêàëüíèõ
òà ãîðèçîíòàëüíèõ âèðîáîê.

Ðèñ. 6. Ñõåìà óòâîðåííÿ êàìóôëåòíîãî ðîçøèðåííÿ (à) ³ êîìïëåêñè ãîðèçîíòàëüíî¿ ³
âåðòèêàëüíî¿ âèðîáêè (á): 1 – öèë³íäðè÷íèé çàðÿä, 2 – ñôåðè÷íà ÷àñòèíà çá³ëüøåíîãî çàðÿäó,

3 – êîíòóð îòðèìàíî¿ âèðîáêè.
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Íà ðèñ. 7 íàâåäåíî ñõåìè óòâîðåííÿ âåëèêîìàñøòàáíèõ ï³äçåìíèõ âèðîáîê
òèïó êàñåòíèõ ñõîâèù øëÿõîì ï³äðèâàííÿ ñèñòåì çàðÿä³â çíà÷íî¿ ìàñè. Âèáóõîì
ñèñòåìè ïàðàëåëüíèõ ñâåðäëîâèííèõ çàðÿä³â ìîæíà îòðèìàòè òðàíøå¿ ³ç çàäàíèìè
ïàðàìåòðàìè, à òàêîæ  ïðîòèñåéñì³÷í³ ïåðåøêîäè ó âèãëÿä³ îäíî- àáî äâîðÿäíèõ
âåðòèêàëüíèõ åêðàí³â (ðèñ. 8, 9).

Óñ³ íåîáõ³äí³ ³íæåíåðí³ ðîçðàõóíêè ñòîñîâíî âèçíà÷åííÿ ãîëîâíèõ ïàðàìåòð³â
ï³äçåìíèõ ïîðîæíèí ³ ¿õ êîìïëåêñ³â ïðè âèáóõó ïåâíèõ êîíñòðóêö³é çàðÿä³â
´ðóíòóþòüñÿ íà ãåîìåõàí³÷íèõ ñï³ââ³äíîøåííÿõ ñèñòåìè «íàïðóæåííÿ – íåçâîðîòíà
äåôîðìàö³ÿ» ñòèñëèâîãî ñåðåäîâèùà. Ç îãëÿäó íà äàí³ ïðî ñòèñëèâ³ñòü ́ ðóíòó ï³ä
ä³ºþ ïðîäóêò³â äåòîíàö³¿ ÂÐ, ìîæíà îòðèìàòè òàê³ íàéá³ëüø âàæëèâ³ ïàðàìåòðè
ÿê ðàä³óñ êàìóôëåòíî¿ ïîðîæíèíè òà çîíè íåçâîðîòíèõ äåôîðìàö³é íàâêîëî íå¿.

Ðèñ. 7. Ñïîñîáè óòâîðåííÿ âåëèêîìàñøòàáíèõ ï³äçåìíèõ ñõîâèù ó ñòèñëèâèõ ´ðóíòàõ:
ñôåðè÷íî¿ ôîðìè (à); öèë³íäðè÷íî¿ (á); âèáóõàìè ãðóïè öèë³íäðè÷íèõ çàðÿä³â, ðîçòàøîâàíèõ
â îäèí ðÿä (â); ó âèãëÿä³ òðèêóòíèêà (ã); h

ç
 – ãëèáèíà çàêëàäàííÿ çîñåðåäæåíèõ çàðÿä³â; ,Ir

nIIr
n – ðàä³óñè ïîðîæíèíè â³äïîâ³äíî ï³ñëÿ I ³ II ïðîñòð³ëþâàííÿ; 

IIIr
n  +  ðàä³óñ ïîðîæíèíè

ï³ñëÿ âèáóõó îñíîâíîãî çàðÿäó; r
n
 + ðàä³óñ öèë³íäðè÷íî¿ ñâåðäëîâèíè; à, â – â³äñòàíü ì³æ

ñâåðäëîâèíàìè ïðè ñïîðóäæåíí³ êàñåòíèõ ñõîâèù

Ðèñ. 8.   Óòâîðåííÿ ë³í³éíî¿ ïîðîæíèíè ñóö³ëüíîãî ïåðåð³çó âèáóõîì îäíîðÿäíî¿ ñèñòåìè
âåðòèêàëüíèõ ñâåðäëîâèííèõ çàðÿä³â ïðè â³äñòàí³ ì³æ ñâåðäëîâèíàìè l

1
<2R

ïîð
(a) ³ l

2
>2R

ïîð
(â):

R
ïîð

 – ðàä³óñ ïîðîæíèíè; L – äîâæèíà ñïîðóäè; H – ãëèáèíà ñïîðóäè
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Ðèñ. 9. Åëåìåíò ïðîô³ëþ âåðòèêàëüíî¿ ñïîðóäè ïðè â³äñòàí³ ì³æ ñâåðäëîâèíàìè “à” â ìåæàõ
(2,0…2,6)R

ïîð
: B

min
, B

max
 – ì³í³ìàëüíà ³ ìàêñèìàëüíà øèðèíà ñïîðóäè; r

ç
 – ðàä³óñ çàðÿäó

ßê âèïëèâàº ç ðèñ. 8 ³ 9, îñíîâíèé  ïàðàìåòð òðàíøå¿ – ìàêñèìàëüíà øèðèíà
Â

ìàõ, 
îäíîçíà÷íî çàëåæèòü â³ä ä³àìåòðà îêðåìî¿ öèë³íäðè÷íî¿ ïîðîæíèíè, à

ì³í³ìàëüíà øèðèíà ôîðìóºòüñÿ çàëåæíî â³ä â³äñòàí³ ì³æ ñâåðäëîâèíàìè “à”.
Â³äïîâ³äíî ìîæå çì³íþâàòèñÿ ôîðìà ïîïåðå÷íîãî ïåðåð³çó òðàíøå¿ â³ä ñóö³ëüíî¿
äî ïåðåðèâ÷àñòî¿. Îòæå, ïðè ôîðìóâàíí³ òðàíøå¿ çàäàíèõ ïàðàìåòð³â ç
ïðÿìîâèñíèìè ñò³íàìè âèáóõîì ãðóïè öèë³íäðè÷íèõ çàðÿä³â ïîñòàº íåîáõ³äí³ñòü
ó îá´ðóíòîâàíîìó âèáîð³ êðîêó ðîçòàøóâàííÿ âèáóõîâèõ ñâåðäëîâèí.

Âàæëèâîþ ïåðåâàãîþ âèáóõîâîãî ñïîñîáó ôîðìóâàííÿ òðàíøåéíî¿ âèðîáêè
º íàÿâí³ñòü ïðèëåãëî¿ äî íå¿ óù³ëüíåíî¿ çîíè, ÿêà çàáåçïå÷óº íå ëèøå ï³äâèùåíó
ñò³éê³ñòü áîðò³â òðàíøå¿, à é çàõèñò â³ä ô³ëüòðàö³¿ ´ðóíòîâî¿ âîëîãè. Îòæå, êð³ì
îòðèìàííÿ òðàíøåéíî¿ âèðîáêè âèáóõ ìàº âèð³øóâàòè çàäà÷ó äîñÿãíåííÿ ð³âíî-
ì³ðíîãî ³ åôåêòèâíîãî óù³ëüíåííÿ ´ðóíòó âñ³ºþ ãëèáèíîþ îòî÷óþ÷îãî ìàñèâó.

Òîìó ðîçãëÿíåìî ðîçðàõóíîê êðîêó “à” ðîçòàøóâàííÿ ñâåðäëîâèí ïðè çà-
äàíîìó ðàä³óñ³ çàðÿäó ÂÐ. Ïðè ðîçðàõóíêó êðîêó ðîçòàøóâàííÿ ñâåðäëîâèí áóäåìî
âèõîäèòè ç óìîâ ðóéíóâàííÿ ́ ðóíòîâîãî ìàñèâó ä³ºþ ãðóïè öèë³íäðè÷íèõ çàðÿä³â.
Ï³ä ÷àñ ä³¿ öèë³íäðè÷íîãî çàðÿäó ãåíåðóºòüñÿ õâèëÿ íàïðóæåíü, ðàä³àëüíó ñêëàäîâó
ÿêî¿ ìîæíà âèêëàñòè â òàêîìó àíàë³òè÷íîìó âèãëÿä³:

0
( , )

0

sin ( )( ) exp 0( )
sin ( )

m
r R t r m

m

t tR t t
t t (1)

Çàëåæí³ñòü ìàêñèìàëüíèõ äåôîðìàö³é â³ä â³äñòàí³ ìîæå áóòè ïðåäñòàâëåíà
ó âèãëÿä³:

, (2)
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äå k  ³  – êîåô³ö³ºíòè, ÿê³ âèçíà÷àþòüñÿ åêñïåðèìåíòàëüíèì øëÿõîì äëÿ ïåâ-
íîãî âèäó ´ðóíòó.

Ðîçãëÿíåìî àíàë³òè÷íî ä³þ äâîõ ñóì³æíèõ çàðÿä³â ÂÐ, ùî îäíî÷àñíî ï³ä-
ðèâàþòüñÿ. Äëÿ öüîãî ñêîðèñòàºìîñÿ êðèòåð³ºì ðóéíóâàííÿ ñåðåäîâèùà Òðåñêà –
Ñåí-Âåíàíà:

(
y 
– 

x
)2 + 4t

2 2
xy s

, (3)

äå 
s
 – ìåæà ñòðóêòóðíî¿ ì³öíîñò³ ´ðóíòó.
Ïðè ä³¿ âèáóõó n çàðÿä³â ñóìàðíå ïîëå íàïðóæåíü âèçíà÷èìî òàêèìè ôîð-

ìóëàìè:

)sincos( 2

1

2
ii

n

i
iirx

      )cossin( 2

1

2
ii

n

i
iiry

i
n

i
iiirxy sincos)(

1

ïðè ä³¿ äâîõ çàðÿä³â i=2. Áåðåìî äî óâàãè, ùî â ´ðóíòàõ òàíãåíö³éíà ñêëàäîâà
íàïðóæåíü çíàõîäèòüñÿ â òàê³é çàëåæíîñò³ â³ä ðàä³àëüíî¿:

),(),( tRk rtR (5)

Ç îãëÿäó íà òðèãîíîìåòðè÷í³ ñï³ââ³äíîøåííÿ äëÿ ñèíóñà ³ êîñèíóñà ïîäâ³éíîãî
êóòà, ç ôîðìóëè (4) îòðèìàºìî:

1 1 2

1 1 2

2 2 1 1

1 11 (1 )cos 2 1 (1 )cos 2
2 2
1 11 (1 )cos 2 1 (1 )cos 2
2 2
1 (1 )( sin 2 sin 2 )
2

x r

y r

xy r r

k k k k

k k k k

k

Ç âèðàçó (3) ³ ñï³ââ³äíîøåííÿ (6) ï³ñëÿ íåñêëàäíèõ ïåðåòâîðåíü îòðèìàºìî
ð³âí³ñòü:

   2 2 2 2
1 2 1 2 1 2(1 ) 2 cos(2 2 )r r r r sk       (7)

(4)

(6)
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Öÿ ð³âí³ñòü âèçíà÷àº çîíó ðóéíóâàííÿ ìàñèâó ́ ðóíòó çàâòîâøêè H çà âïëèâó
íà íüîãî äâîõ öèë³íäðè÷íèõ çàðÿä³â.

Îñê³ëüêè ìè ðîçãëÿäàºìî îäíî÷àñíå ï³äðèâàííÿ âèáóõîâèõ çàðÿä³â, òî R
1
=

R
2
=R, 

1
=

2
= . Êóò  â öüîìó âèïàäêó áóäå âèçíà÷àòèñÿ çà ôîðìóëîþ:

2
2arccos ,

2 4
R H

R

Ç óðàõóâàííÿì öèõ çàóâàæåíü óìîâà (7) áóäå ìàòè âèãëÿä:

2 2 2
22 2 2 2 2

3
2

2
22

2 2

3

4(1 ) ( ) ( ) ,
2 4 4

2 (1 )( )
4 ( )

4

s

s

kk H H
r

k k H
H

r

(8)

Ïðèéìàþ÷è ó ôîðìóë³ (8), ùî H=3/2a, òîáòî, ùî íà ãëèáèí³ H ´ðóíòîâîãî
ìàñèâó ñôîðìóâàâñÿ ïëîñêèé ôðîíò, îòðèìàºìî ð³âíÿííÿ ùîäî âèõ³äíîãî ïàðàìåòðà
a:

2
2 2
6

3

1 4 (0.4 ) s
k a k a

r (9)

Çi ñï³ââ³äíîøåííÿ (9) íåâàæêî âèçíà÷èòè íåîáõ³äíèé ïàðàìåòð a:

   

1

3
1.6 (1 )0.6

s

k ka r      (10)

Äëÿ ëåñîâèõ ´ðóíò³â êîåô³ö³ºíò k
 
çíàõîäèòüñÿ â ìåæàõ k

 
=0.3 0.4.

Â³äçíà÷èìî, ùî âèêîðèñòàííÿ ïðè ðîçðàõóíêó ïàðàìåòðà a êðèòåð³þ
ôîðìóâàííÿ ïëîñêîãî ôðîíòó äîçâîëÿº îòðèìàòè ð³âíîì³ðíèé ðîçïîä³ë ïîëÿ
íàïðóæåíü â ́ ðóíòîâîìó ìàñèâ³ ³ òèì ñàìèì äîñÿãòè éîãî ð³âíîì³ðíîãî óù³ëüíåííÿ
ïî ãëèáèí³.

Òàêèì ÷èíîì, çíàþ÷è äëÿ êîíêðåòíèõ ´ðóíòîâèõ óìîâ åêñïåðèìåíòàëüí³
êîåô³ö³ºíòè k  ³ , ìîæíà ïðèçíà÷èòè êðîê ðîçòàøóâàííÿ âèáóõîâèõ ñâåðäëîâèí.

Îñê³ëüêè â ðåàëüíèõ óìîâàõ âàæêî âèçíà÷èòè âåëè÷èíè k  ³ , òî ìîæíà
ñêîðèñòóâàòèñü êîðåëÿö³éíèì ñï³ââ³äíîøåííÿì ÷åðåç òàê çâàíèé ïîêàçíèê “óìîâíî¿
ì³öíîñò³”, ÿêèé âèçíà÷àºòüñÿ çà ôîðìóëîþ:
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1

d

W
, (11)

äå d  – ù³ëüí³ñòü ñêåëåòó ´ðóíòó, ã/ñì3, W
â
 – âîëîã³ñòü ´ðóíòó â ä.î.

Íàâåäåìî ïðèêëàä âèçíà÷åííÿ êðîêó ðîçòàøóâàííÿ ñ³òêè âèáóõîâèõ

ñâåðäëîâèí äëÿ òàêèõ óìîâ: ðàä³óñ çàðÿäó r
3
=0.1 ì, ù³ëüí³ñòü ñêåëåòó ´ðóíòó

1.51d  ã/ñì3, âîëîã³ñòü ´ðóíòó 0.14W . Âðàõîâóþ÷è òå, ùî ìåæà ñòðóêòóðíî¿

ì³öíîñò³ çíàõîäèòüñÿ â ìåæàõ: 0.01 0.05s  – äëÿ ñëàáêèõ âîäîíàñè÷åíèõ

´ðóíò³â ³ 0.15 0.20s – äëÿ ìàëîâîëîãèõ ëåñîâèõ ́ ðóíò³â ³ç çàñòîñóâàííÿì

ôîðìóë (10–12), îòðèìàºìî:

1.51 1.3251 1 0.14
d

W

– äëÿ óòâîðåííÿ ë³í³éíî¿ ïîðîæíèíè ñóö³ëüíîãî ïåðåð³çó çà äîïîìîãîþ
åíåðã³¿ âèáóõó ïðè äîòðèìàíí³ óìîâè l

1
<2R

ïîð 
(ðèñ. 8, a), âåëè÷èíè k  ³ ì

âèçíà÷àþòüñÿ çà ôîðìóëàìè:

1 1
4.16

3

lg 8.22 2.35 1.325 125892.54

6.15 1.5 4.16

1.6 (1 ) 1.6 125892.54 (1 0.35)0.6 0.6 0.1 1.5
0.2s

k k

k ka r

– äëÿ óòâîðåííÿ ë³í³éíî¿ ïîðîæíèíè ñóö³ëüíîãî ïåðåð³çó çà äîïîìîãîþ
åíåðã³¿ âèáóõó ïðè äîòðèìàíí³ óìîâè l

2
>2R

ïîð 
(ðèñ. 8, â), âåëè÷èíè k  ³ ì

âèçíà÷àþòüñÿ çà ôîðìóëàìè:

1 1
3,16

3

lg 8.22 2.35 1.325 125892.54
5,15 1,5 5,15 1,5 1,325 3.16

1.6 (1 ) 1.6 125892.54 (1 0.35)0.6 0.6 0.1 4,1
0.2s

k k

k ka r

Âèçíà÷èòè íåîáõ³äíèé ðàä³óñ çàðÿäó, ùî çàáåçïå÷óº óù³ëüíåííÿ çàäàíî¿ òîâù³
ìàñèâó H, ìîæíà çà ôîðìóëîþ:

1

3 ( ) ,sr H
k     (12)
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Çà àíàëîã³ºþ ç íàâåäåíèì ðîçðàõóíêîì ìîæëèâî âèð³øèòè çàâäàííÿ
ïîâåðõíåâî¿ îáðîáêè ´ðóíòîâîãî ìàñèâó ç ìåòîþ:

– óù³ëüíåííÿ ïîâåðõíåâî¿ òîâù³ ñòðóêòóðíî ñëàáêîãî (íàïðèêëàä, ëåñîâîãî
ïðîñàäíîãî) ´ðóíòó àáî â îñíîâ³ â³äïîâ³äàëüíî¿ íàçåìíî¿ àáî ï³äçåìíî¿ ñïîðóäè,
àáî äëÿ óù³ëüíåííÿ ´ðóíòó çë³òíèõ ñìóã íà ïîëüîâèõ àåðîäðîìàõ;

– äèíàì³÷íî¿ îáðîáêè ïåâíèõ ä³ëÿíîê ïëîù³ ç ìåòîþ øâèäêîãî ðîçì³íóâàííÿ.
øëÿõîì ïîêðèòòÿ ïîâåðõí³ ñìóãàìè âèáóõîâî¿ ï³íîñóñïåíç³¿ çàâòîâøêè 50–100 ìì
òà øèðèíîþ 5–10 ì ç ï³äðèâîì âèáóõîâîãî êîìïîçèòó íèòêîþ ÄØ;

Äëÿ äèíàì³÷íî¿ îáðîáêè ïîâåðõíåâî¿ òîâù³ çàñòîñîâóþòüñÿ òåõíîëîã³÷í³ ñõåìè
ç âèêîðèñòàííÿì ïëîñêèõ çàðÿä³â àáî ãðóïè ïîäîâæåíèõ çàðÿä³â, ÿê³ ³ì³òóþòü
ïëîñêèé çàðÿä. Ñòàíîâèòü ³íòåðåñ îòðèìàííÿ âèðàçó äëÿ âèçíà÷åííÿ ìàñè ïëîñêîãî
çàðÿäó, íåîáõ³äíîãî äëÿ óù³ëüíåííÿ çàäàíî¿ òîâù³ ´ðóíòó. Áóäåìî âèõîäèòè ³ç
â³äîìî¿ çàêîíîì³ðíîñò³ äåôîðìóâàííÿ ́ ðóíòó ïðè âïëèâ³ íà íüîãî ïëîñêîãî çàðÿäó
(2). ßêùî çàäàòè â ö³é çàëåæíîñò³ íåîáõ³äíó äåôîðìàö³þ 

k
, îòðèìàºìî:

1
2/kQ H

k      (13)

äå Í – òîâùèíà ïðîñàäíîãî øàðó; k , ì  – åêñïåðèìåíòàëüí³ êîåô³ö³ºíòè, ÿê³
õàðàêòåðèçóþòü çàêîíîì³ðíîñò³ äåôîðìóâàííÿ ´ðóíòó; 

k
 – çàäàíà äåôîðìàö³ÿ, äî

êîòðî¿ íåîáõ³äíî óù³ëüíþâàòè ´ðóíò. Ê³ëüê³ñòü ÂÐ, íåîáõ³äíî¿ äëÿ óù³ëüíåííÿ
îäèíèö³ ïëîù³, âèçíà÷àºòüñÿ çà ôîðìóëîþ:

lg n qnQ
bl b (14)

Ç ³íøîãî áîêó, ïðè óù³ëüíåí³ ö³º¿ ä³ëÿíêè ïðîñàäíîãî ìàñèâó ïëîñêèì
çàðÿäîì äëÿ âèçíà÷åííÿ ìàñè çàðÿäó ìàºìî ôîðìóëó (13). Ïðèð³âíþºìî âèðàçè
(13) òà (14), îòðèìàºìî:

1

k qnH
k b      (15)

Çâ³äêè âèçíà÷àºìî âåëè÷èíó q

1
( )kHbq

n k      (16)

С
П

Е
Ц

IА
Л

Ь
Н

I 
 Р

О
З

Р
О

Б
К

И



ISSN 2411-3816 (Ðrint) ÑÓ×ÀÑÍÀ ÑÏÅÖ²ÀËÜÍÀ ÒÅÕÍ²ÊÀ
MODERN SPECIAL TECHNICS

Н а у к о в о � п р а к т и ч н и й  ж у р н а л 147

DOI (Issue): https: //doi.org/10.36486/mst2411–3816.2020.2(61) Issue 2(61) 2020

Issue 2(61) 2020 http://suchasnaspetstehnika.com/

© Kravets Victor, Boiko Victor, Han Anatolii, Han Olena, Marchenko Olexandr, 2020
DOI (Article): https: //doi.org/10.36486/mst2411–3816.2020.2(61)

Â³äçíà÷èìî, ùî ïîêàçíèê n âèçíà÷àºòüñÿ ÿê ö³ëà ÷àñòèíà ñï³ââ³äíîøåííÿ b/a,
äå a – â³äñòàíü ì³æ öèë³íäðè÷íèìè çàðÿäàìè. Öÿ â³äñòàíü âèçíà÷àºòüñÿ ç êðèòåð³þ
ôîðìóâàííÿ ïëîñêîãî ôðîíòó ³ ñòàíîâèòü a=0,5H.

Òàêèì ÷èíîì, ôîðìóëà (16) áóäå ìàòè âèãëÿä:
1

20.5 ( ) , /kq H
k (17)

Ïðè ïðîºêòóâàíí³ óù³ëüíåííÿ ´ðóíò³â ç âèêîðèñòàííÿì åíåðã³¿ âèáóõó
íåîáõ³äíî âðàõîâóâàòè äàí³ ³íæåíåðíî ãåîëîã³÷íèõ ³ ã³äðîãåîëîã³÷íèõ äîñë³äæåíü.
Ó ÷èñë³ âèõ³äíèõ äàíèõ äëÿ ïðîºêòóâàííÿ çà îñíîâí³ õàðàêòåðèñòèêè, ùî âðàõîâóþòü
÷óòëèâ³ñòü ´ðóíòîâîãî ìàñèâó äî äèíàì³÷íèõ âïëèâ³â, íåîáõ³äíî îòðèìàòè òàê³
äàí³:

– òèï ´ðóíòîâèõ óìîâ;
– ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ ´ðóíò³â;
– ïîòóæí³ñòü óù³ëüíåíî¿ òîâù³;
– ð³âåíü ´ðóíòîâèõ âîä ³ ïðîãíîç î÷³êóâàíî¿ çì³íè ´ðóíòîâèõ âîä;
– ãðàíè÷íó ñòðóêòóðíó ì³öí³ñòü ´ðóíòó;
Îòæå, ïåðåâàãîþ ïðîõîäæåííÿ òðàíøåéíèõ âèðîáîê âèáóõîì ñèñòåìè

ñâåðäëîâèííèõ çàðÿä³â, êð³ì îñíîâíîãî òåõíîëîã³÷íîãî çàâäàííÿ, º ôîðìóâàííÿ â
îòî÷óþ÷îìó ìàñèâ³ óù³ëüíåíî¿ çîíè, ÿêà çàáåçïå÷óº ï³äâèùåíó ñò³éê³ñòü òðàíøå¿
òà çàïîá³ãàº ô³ëüòðàö³¿ â òðàíøåþ ´ðóíòîâî¿ âîëîãè.

Çàïðîïîíîâàíèé ïàðàìåòð a êðèòåð³þ ôîðìóâàííÿ ïëîñêîãî ôðîíòó äîçâîëèòü
îòðèìàòè ïðè ðîçðàõóíêàõ ð³âíîì³ðíèé ðîçïîä³ë ïîëÿ íàïðóæåíü â ´ðóíòîâîìó
ìàñèâ³ ³ òèì ñàìèì äîñÿãòè éîãî ð³âíîì³ðíîãî óù³ëüíåííÿ ç ïîâåðõí³ íà íåîáõ³äíó
ãëèáèíó ´ðóíòîâîãî ìàñèâó.

Òàêèì ÷èíîì, çàñòîñóâàííÿ âèáóõîâèõ òåõíîëîã³é äîçâîëèòü íå ò³ëüêè
ñêîðîòèòè ÷àñ ñïîðóäæåííÿ îêîï³â, à é ï³äâèùèòè ¿õ ÿê³ñòü çà ðàõóíîê óù³ëüíåíî¿
çîíè â ́ ðóíò³, à òàêîæ çàáåçïå÷èòü âèñîêó íåñó÷ó çäàòí³ñòü ́ ðóíò³â äëÿ ñïîðóäæåííÿ
íà íèõ çàë³çîáåòîííèõ çàõèñíèõ áóä³âåëü òðèâàëîãî âèêîðèñòàííÿ.

Ïåðñïåêòèâíèì òàêîæ ìîæå áóòè çàñòîñóâàííÿ äëÿ ðîçì³íóâàííÿ ì³ñöåâîñò³
øëÿõîì ÷îâíèêîâîãî ïåðåì³ùåííÿ ñòâîëà ç âèáóõîâîþ ï³íîþ óçäîâæ ôðîíòó
ðîá³ò ïðîòÿæí³ñòþ 100–200 ì (çà îäèí öèêë ç ïîêðèòòÿì øàðó ï³íîñóñïåíç³¿ 50–
70 ìì ñìóæêè ´ðóíòó çàâøèðøêè 5–10 ì ³ ïîäàëüøèì ï³äðèâàííÿì âèáóõîâîãî
êîìïîçèòó íèòêîþ ÄØ); äëÿ óù³ëüíåííÿ ´ðóíòó çë³òíèõ ñìóã íà ïîëüîâèõ
àåðîäðîìàõ øëÿõîì ïåðåì³ùåííÿ ï³ííîãî ñòâîëà óçäîâæ çë³òíî¿ ñìóãè ç ïîêðèòòÿì
øàðó ï³íîñóñïåíç³¿ â 50–100 ìì ñìóæêè ́ ðóíòó çàâøèðøêè 5–10 ì ³ ï³äðèâàííÿì
âèáóõîâîãî êîìïîçèòó íèòêîþ äåòîíàö³éíîãî øíóðà.
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APPLICATION OF EXPLOSION ENERGY DURING SPECIAL MINING
AND CONSTRUCTION WORKS

Research article considers the need to improve the quality and reduce the time
of construction of protective structures in the area of   the Joint Forces Operation.

The construction of protective structures is a very labor-intensive and time-
consuming process, therefore reducing of the time of work and improvement of their
implementation is an urgent task for today. An effective way to solve it should be use
of the experience gained in the mining and construction industry.

Progress is determined primarily by the introduction of the latest scientific
advances in production, industrial, civil engineering and in the performance of special
purposes. The main scientific directions are the study of patterns and means of
forming the stress state of the soil in interaction with natural, man-made, static and
dynamic influences in the presence of mine workings, ground and underground structures.

A significant number of production processes is based on the use of explosive
energy to destroy, compact or move soils and rocks.

Dynamic loads on rocks as a result of the explosion of the explosive charge form
the basis of many technologies or individual technological processes of destruction,
compaction or movement of rock around the charge. Among the most important
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blasting technologies, based on the results of research in the applied sections of the
geodynamics of the explosion, noteworthy are the mining and construction methods
of obtaining engineering structures or their individual elements in non-rock formations.

Paper analyzes and substantiates the feasibility of using explosive technologies
for efficient and rapid construction of protective buildings (trenches, dugouts, etc.)
and preparation of sites with improved properties for the construction of long-term
reinforced concrete protective structures.

Schemes and engineering calculations of trench formation by explosion of a
number of well charges are given. It is determined that the main parameter of the
trench depends on the diameter of a single cylindrical cavity. An important advantage
of the explosive method of forming a trench work is the presence of an adjacent
compacted zone, which provides not only increased stability of the sides of the trench,
but also protection against soil moisture filtration. Therefore, in addition to obtaining
trench excavation, the explosion must solve the problem of achieving a uniform and
effective compaction of the soil along the entire depth of the surrounding massif.

Schemes and formulas for engineering calculations of the mechanism of formation
of the flat front of the blast wave in porous (loess) soils for the purpose of soil
compaction for the construction of protective reinforced concrete structures on it are
also given. It is noted that according to the given formulas it is possible to solve the
problem of surface treatment of the soil massif in order to:

– compaction of the surface layer of structurally weak (for example, loess
subsidence) soil or at the base of a responsible ground or underground structure, or
to compact the soil of runways at field aerodromes;

– dynamic processing of certain areas for rapid demining by covering the surface
with strips of explosive foam suspension 50–100 mm thick and 5–10 mm wide with
detonation of the explosive composite with a thread of detonation cord.

Keywords: mining and construction industry, soil, explosive technologies,
compaction of soil massifs, safety of behavior, efficiency of application.

Îòðèìàíî 11.05.2020
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