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Ðàáîòà ïîñâÿùåíà àíàëèçó ïðîöåññà óäàðíîãî ðàçðóøåíèÿ ïðî÷íûõ è ì¸ðçëûõ ãðóíòîâ, ãîðíûõ ïîðîä. 
Ïðåäñòàâëåíà êëàññèôèêàöèÿ ôàêòîðîâ, âëèÿþùèõ íà ýíåðãîýôôåêòèâíîñòü âåäåíèÿ çåìëÿíûõ è ãîðíûõ 
ðàáîò. Îñíîâíîå âíèìàíèå ïðè èññëåäîâàíèè óäåëåíî àíàëèçó ðàçðóøåíèÿ ìàññèâà îäèíî÷íûìè è ñäâî
åííûìè óäàðíûìè èíñòðóìåíòàìè. Ðàññìîòðåíû ñõåìû ðàçâèòèÿ äåôîðìàöèé â ìàññèâå â ðåçóëüòàòå 
âîçäåéñòâèÿ íà íåãî îäíèì èëè äâóìÿ èíäåíòîðàìè ïðè óäàðíîì âîçäåéñòâèè. Ïîýòàïíî ðàññìîòðåíû 
ñõåìû ðàçâèòèÿ ôàç ðàçðóøåíèÿ ãðóíòîâîãî è ãîðíîãî ìàññèâà, êàê ïðè îäèíî÷íîì, òàê è ñïàðåííîì 
âîçäåéñòâèè óäàðíûõ èíñòðóìåíòîâ. Îòìå÷åíî, ÷òî ïðè âîçäåéñòâèè íà ðàçðóøàåìóþ ñðåäó ñäâîåííûì 
óäàðíûì èíñòðóìåíòîì ýôôåêòèâíîñòü ðàçðóøåíèÿ ìàññèâà ïîâûøàåòñÿ áëàãîäàðÿ èíòåíñèâíîìó îá
ðàçîâàíèþ îáùåãî ïîëÿ íàïðÿæåíèé, çàêëþ÷¸ííîìó ìåæäó èíäåíòîðàìè, ÷òî ïðèâîäèò ê îáðàçîâàíèþ 
â ýòîé çîíå ÿäðà óïëîòíåíèÿ ñ ïîñëåäóþùèì ðàçðóøåíèåì ìîíîëèòà. Óñòàíîâëåíî, ÷òî îïòèìàëüíîå 
ðàññòîÿíèå ìåæäó èíäåíòîðàìè, ðàáîòàþùèìè â ïàðå, åñòü âåëè÷èíà ïîñòîÿííàÿ äëÿ êàæäîé ïîðîäû 
è íå çàâèñèò îò äèàìåòðà èíäåíòîðà. Ïðåäñòàâëåíû ñõåìû ðàñïðîñòðàíåíèÿ äèíàìè÷åñêèõ íàãðóçîê îò 
èñòî÷íèêîâ ê îïåðàòîðó ïðè æ¸ñòêîé ñâÿçè ðàáî÷åãî îðãàíà è ðàáî÷èì îðãàíîì, ñíàáæ¸ííûì äîïîëíè
òåëüíîé ñâÿçüþ. Àíàëèç ðàçðóøåíèÿ ìàññèâà óäàðíûìè èíñòðóìåíòàìè ïîçâîëèë ïðåäëîæèòü êîíñòðóê
òèâíûå ðåøåíèÿ èñïîëíèòåëüíûõ îðãàíîâ çåìëåðîéíûõ ìàøèí, îáåñïå÷èâàþùèõ ïåðåðàñïðåäåëåíèå 
ðåàêòèâíûõ ñèë, âîçíèêàþùèõ ïðè óäàðíîì âîçäåéñòâèè, â çîíó ðàçðóøåíèÿ ãðóíòîâîãî èëè ãîðíîãî 
ìàññèâà, ÷òî çíà÷èòåëüíî ñíèæàåò âîçäåéñòâèå äèíàìè÷åñêèõ íàãðóçîê íà áàçîâóþ ìàøèíó è îïåðàòîðà. 
Íà ïðèìåðå ðûõëèòåëÿ óäàðíîãî äåéñòâèÿ ñ áàëàíñèðîâî÷íûì ãðóçîì ïðåäñòàâëåíà àíàëèòè÷åñêàÿ çà
âèñèìîñòü, ïðè êîòîðîé ýíåðãèÿ óäàðà ïåðåðàñïðåäåëÿåòñÿ â çîíó ðàçðóøåíèÿ ìàññèâà

Êëþ÷åâûå ñëîâà: ýíåðãîýôôåêòèâíîñòü; äèíàìè÷åñêîå íàãðóæåíèå; äîïîëíèòåëüíàÿ ñâÿçü; ãðóíòîâûé ìàññèâ; ÷å
òûð¸õôàçíàÿ ñðåäà; óïðóãèå äåôîðìàöèè; ÿäðî óïëîòíåíèÿ; ïðåäåëüíîå íàïðÿæ¸ííîå ñîñòîÿíèå; ôàçû ðàçðóøåíèÿ; 
èíäåíòîð; âçàèìíîå âëèÿíèå

The article is devoted to the analysis of the process of impact destruction of solid and frozen soils and rocks. 
The classification of factors influencing the energy efficiency of excavation and mining is presented. The main 
attention in the study is paid to the analysis of rock mass destruction by single and double percussion tools. The 
schemes of the deformations development in the massif as a result of the impact on it with one or two indent
ers under impact action are considered. The schemes of the destruction phases’ development of soil and rock 
massif, both with single and paired impact of percussion instruments, are considered step by step. It is noted 
that when a double percussion tool is applied to a destructible medium, the efficiency of rock mass destruction 
increases due to the intensive formation of a general stress field between the indenters, which leads to the for
mation of a compaction core in this zone with the subsequent destruction of the monolith. It was found that the 
optimal distance between indenters operating in pairs is a constant value for each rock and does not depend on 
the indenter diameter. The schemes of dynamic loads propagation from the sources to the operator with the rigid 
connection of the working body and the working body equipped with an additional connection are presented. 
Analysis of rock mass destruction by percussion tools made it possible to propose constructive solutions for the 
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executive bodies of earthmoving machines that ensure the redistribution of the reactive forces arising from the 
impact into the zone of destruction of the soil or rock mass, which significantly reduces the effect of dynamic 
loads on the base machine and the operator. On the example of a percussion ripper with a balancing weight, an 
analytical dependence is presented in which the impact energy is redistributed to the zone of destruction of the 
massif

Key words: energy efficiency; dynamic loading; additional connection; soil massif; fourphase medium; elastic deformations; 
compaction core; ultimate stress state; fracture phases; indenter, mutual influence

Ââåäåíèå. Îäíèì èç íàïðàâëåíèé ïîâû
øåíèÿ ýôôåêòèâíîñòè âåäåíèÿ çåìëÿíûõ 

è ãîðíûõ ðàáîò ÿâëÿåòñÿ èíòåíñèôèêàöèÿ ðà
áî÷èõ ïðîöåññîâ, êîòîðàÿ íåâîçìîæíà áåç 
èçó÷åíèÿ ìåõàíèçìà ðàçðóøåíèÿ ãðóíòîâîãî 
èëè ãîðíîãî ìàññèâà. Ýòî âûçâàíî äèíàìè÷å
ñêèì õàðàêòåðîì âçàèìîäåéñòâèÿ ðûõëèòåëü
íîãî îáîðóäîâàíèÿ ñ ðàçðóøàåìîé ñðåäîé. 

Àêòóàëüíîñòü. Ïðè ðàçðàáîòêå ãîðíûõ 
ïîðîä, ïðî÷íûõ è ì¸ðçëûõ ãðóíòîâ, âñêðûòèè 
äîðîæíîãî ïîëîòíà, ðàçðóøåíèè áåòîííûõ 
êîíñòðóêöèé øèðîêî èñïîëüçóþòñÿ òåõíè
÷åñêèå ñèñòåìû òåõíîëîãè÷åñêîãî íàçíà÷å
íèÿ ñ àêòèâíûì ïðèâîäîì èñïîëíèòåëüíîãî 
îðãàíà. Ýíåðãîýôôåêòèâíîñòü òàêîãî îáî
ðóäîâàíèÿ çàâèñèò îò ìíîæåñòâà ôàêòîðîâ, 
àíàëèç êîòîðûõ íåîáõîäèì äëÿ îïòèìèçàöèè 
ïàðàìåòðîâ äèíàìè÷åñêîãî íàãðóæåíèÿ êàê 
ñàìîãî îáîðóäîâàíèÿ, òàê è èñïîëíèòåëüíîãî 
îðãàíà, ó÷àñòâóþùåãî â íåïîñðåäñòâåííîì 
êîíòàêòå ñ âíåøíåé ñðåäîé.

Îáúåêò èññëåäîâàíèÿ – ãðóíòîâûé è ãîð
íûé ìàññèâ.

Ïðåäìåò èññëåäîâàíèÿ – ôàêòîðû, ñïî
ñîáñòâóþùèå ðàçâèòèþ äåôîðìàöèé ïðè 
âçàèìîäåéñòâèè ñ óäàðíûì èíñòðóìåíòîì. 

Öåëü èññëåäîâàíèÿ – ñèñòåìàòèçàöèÿ 
è ñèíòåç èíôîðìàöèè â îáëàñòè âçàèìîäåé
ñòâèÿ ðàçðóøàþùåãî èíñòðóìåíòà óäàðíîãî 
äåéñòâèÿ ñ ïðî÷íûì èëè ì¸ðçëûì ãðóíòîì, 
ãîðíîé ïîðîäîé ñ öåëüþ ñîçäàíèÿ ýíåðãîýô
ôåêòèâíûõ ìàøèí òåõíîëîãè÷åñêîãî íàçíà
÷åíèÿ.

Çàäà÷è èññëåäîâàíèÿ. 
1. Îáîáùèòü è ñèñòåìàòèçèðîâàòü äàí

íûå, âëèÿþùèå íà ýíåðãîýôôåêòèâíîñòü 
ðàçðóøåíèÿ ãðóíòîâîãî èëè ãîðíîãî ìàññèâà 
ðàáî÷èì èíñòðóìåíòîì óäàðíîãî äåéñòâèÿ.

2. Ïðîâåñòè àíàëèç ñõåì ðàçâèòèÿ äå
ôîðìàöèé ãðóíòîâîãî èëè ãîðíîãî ìàññèâà 
ïðè âîçäåéñòâèè íà íåãî óäàðíûì èíñòðó
ìåíòîì.

3. Óñòàíîâèòü ñõåìû ïåðåäà÷è äèíàìè
÷åñêèõ íàãðóçîê ïðè âçàèìîäåéñòâèè óäàð

íîãî èíñòðóìåíòà ñ ãðóíòîâûì èëè ãîðíûì 
ìàññèâîì.

4. Ïðåäëîæèòü êîíñòðóêòèâíûå ðåøåíèÿ 
ðûõëèòåëüíîãî îáîðóäîâàíèÿ óäàðíîãî äåé
ñòâèÿ, îáåñïå÷èâàþùåãî ïåðåðàñïðåäåëå
íèå äèíàìè÷åñêèõ íàãðóçîê â çîíó ðàçðóøå
íèÿ ìàññèâà.

Ñïîñîáû àðãóìåíòàöèè – ñðàâíèòåëüíàÿ 
îöåíêà ýôôåêòèâíîñòè ðàçðóøåíèÿ ãðóíòî
âîãî èëè ãîðíîãî ìàññèâà îäèíî÷íûì è ñïà
ðåííûì èíñòðóìåíòàìè óäàðíîãî äåéñòâèÿ 

Ìåòîäîëîãèÿ áàçèðóåòñÿ íà êîìïëåêñ
íîì è ñèñòåìíîì ïîäõîäàõ ê îáúåêòó èñ
ñëåäîâàíèÿ êàê ñëîæíîé ñðåäå, ðàçâèòèå 
äåôîðìàöèé â êîòîðîé çàâèñèò îò ôèçè
êîìåõàíè÷åñêèõ ñâîéñòâ ñðåäû, òåõíîëî
ãè÷åñêèõ è êîíñòðóêòèâíûõ ôàêòîðîâ, âëè
ÿþùèõ íà ýíåðãîýôôåêòèâíîñòü ïðîöåññà 
âåäåíèÿ çåìëÿíûõ è ãîðíûõ ðàáîò.

Ìåòîäû èññëåäîâàíèÿ. Îñíîâíûì ìå
òîäîì èññëåäîâàíèÿ ÿâëÿåòñÿ àíàëèç è ñè
ñòåìàòèçàöèÿ çíàíèé â îáëàñòè îïèñàíèÿ 
ïðîöåññà âçàèìîäåéñòâèÿ ðàçðóøàþùåãî èí
ñòðóìåíòà ñ ãðóíòîâûì èëè ãîðíûì ìàññèâîì.

Ðàçðàáîòàííîñòü òåìû. Äèíàìè÷åñêèå 
ïðîöåññû, ïðîèñõîäÿùèå â çîíå êîíòàêòà 
ðàçðóøàþùåãî èíñòðóìåíòà ñ ãðóíòîâûì 
èëè ãîðíûì ìàññèâîì, ïðèâëåêàëè âíèìàíèå 
ìíîãèõ ó÷¸íûõ. Ôóíäàìåíòàëüíûå ðåçóëüòà
òû ïî ðåøåíèþ ýòèõ âîïðîñîâ äîñòèãíóòû 
Ì. Ì. Êðûëîâûì, À. À. Äóáðîâñêèì, Í. Ä. Ëó
÷èíñêèì, Ä. Ä. Áàðêàíîì è äð. 

Ðàçðàáîòêà è âíåäðåíèå íîâûõ ìàøèí, 
äàþùèõ âîçìîæíîñòü èñïîëüçîâàòü ýíåð
ãèþ îòäà÷è, âîçíèêàþùóþ ïðè âîçäåéñòâèè 
ðàçðóøàþùåãî èíñòðóìåíòà íà ðàçðàáàòû
âàåìûé ìàññèâ, ÿâëÿåòñÿ îäíèì èç íàïðàâ
ëåíèé ïîâûøåíèÿ ýíåðãîýôôåêòèâíîñòè ïðè 
ïîäãîòîâêå ïðî÷íîãî ãðóíòîâîãî èëè ãîðíîãî 
ìàññèâà ïåðåä åãî âûðàáîòêîé. Â ýòèõ óñ
ëîâèÿõ ñíèæàåòñÿ âèáðàöèîííàÿ íàãðóæåí
íîñòü áàçîâîé ìàøèíû, óëó÷øàþòñÿ óñëîâèÿ 
òðóäà îïåðàòîðà, ñíèæàåòñÿ ðèñê ïîÿâëåíèÿ 
ïðîôçàáîëåâàíèé, ÷òî ïîâûøàåò ïðîèçâî
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äèòåëüíîñòü òðóäà. Îòñóòñòâèå íàó÷íûõ ðå
êîìåíäàöèé, êîíñòðóêòîðñêîé ïðîðàáîòêè, 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ñîçäà¸ò 
îïðåäåë¸ííûå ïðîáëåìû ïî èõ øèðîêîìó 
èñïîëüçîâàíèþ â äîðîæíîì, ñòðîèòåëüíîì è 
ãîðíîì äåëå.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå
íèå. Èññëåäîâàíèå íàïðàâëåíî íà èçó÷åíèå 
ôàêòîðîâ, âëèÿþùèõ íà ýíåðãîýôôåêòèâ
íîñòü ïðîöåññà ðàçðóøåíèÿ ãðóíòîâîãî èëè 
ãîðíîãî ìàññèâà ïðè âîçäåéñòâèè íà íåãî 
îäèíî÷íûì èëè ñïàðåííûì ðàçðóøàþùèìè 
èíñòðóìåíòàìè. Îïðåäåëåíà ñõåìà ðàñïî
ëîæåíèÿ ðàçðóøàþùèõ èíñòðóìåíòîâ, ïðè 
êîòîðîé èíñòðóìåíòû äîëæíû ðàñïîëàãàòü

ñÿ ïîïàðíî. Ïðåäëîæåíû êîíñòðóêòèâíûå 
ðåøåíèÿ ðàáî÷åãî îáîðóäîâàíèÿ, êîòîðûå, 
áëàãîäàðÿ ñâîåé êîìïîíîâêå, ñïîñîáñòâóþò 
íå òîëüêî óâåëè÷åíèþ îáú¸ìà ðàçðóøàåìîãî 
ìàññèâà çà îäèí öèêë, íî è ïåðåðàñïðåäåëå
íèþ äèíàìè÷åñêèõ íàãðóçîê â çîíó ðàçðóøå
íèÿ ìàññèâà.

Ïðè âçàèìîäåéñòâèè óäàðíîãî èíñòðó
ìåíòà ñ ãðóíòîâûì èëè ãîðíûì ìàññèâîì, 
ôàêòîðû, âëèÿþùèå íà ýôôåêòèâíîñòü ïðî
öåññà ðàçðóøåíèÿ, ìîæíî ðàçäåëèòü íà òðè 
ãðóïïû: ôèçèêîìåõàíè÷åñêèå ñâîéñòâà ñðå
äû, òåõíîëîãè÷åñêèå è êîíñòðóêòèâíûå. Ðàç
â¸ðíóòàÿ ñõåìà ôàêòîðîâ ïðåäñòàâëåíà íà 
ðèñ. 1.

Ðèñ. 1. Ôàêòîðû, îïðåäåëÿþùèå ýíåðãîýôôåêòèâíîñòü óäàðíîãî ðàçðóøåíèÿ / 
Fig. 1. Factors determining the energy efficiency of impact failure

Ãðóíòîâûé ìàññèâ, ïîäâåðãàåìûé âîç
äåéñòâèþ âíåøíèõ íàãðóçîê, ìîæíî ðàññìà
òðèâàòü êàê ÷åòûð¸õôàçíóþ ñðåäó, âêëþ
÷àþùóþ:

– òâ¸ðäûå ìèíåðàëüíûå ÷àñòèöû;
– ë¸ä, öåìåíòèðóþùèé ìàññèâ;
– íåçàì¸ðçøèå è ïðî÷íî ñâÿçàííûå 

âîäû;
– ãàçîîáðàçíóþ ñðåäó, çàïîëíÿþùóþ 

ïîëîñòè.

Ýíåðãèÿ óäàðà â îáëàñòè êîíòàêòà îäè
íî÷íîãî èíñòðóìåíòà ñ ïðî÷íûì èëè ì¸ðçëûì 
ãðóíòîì ïðèâîäèò ê ñìÿòèþ ïðèëåãàþùåé îá
ëàñòè. Äàëüíåéøåå âíåäðåíèå èíñòóìåíòà â 
ìàññèâ ñîïðîâîæäàåòñÿ ðàçðóøåíèåì ïî
ñëåäíåãî ñ îáðàçîâàíèåì óïëîòíåííîãî ÿäðà 
è èíòåíñèâíûì âûòåñíåíèåì ðàçðóøàåìîãî 
ìàòåðèàëà íà äíåâíóþ ïîâåðõíîñòü [2].

Ñõåìà ðàçâèòèÿ äåôîðìàöèé è ïåðåìå
ùåíèÿ ãðóíòà ïðåäñòàâëåíà íà ðèñ. 2.
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Ïðè óäàðíîì âîçäåéñòâèè îäèíî÷íîãî 
èíäåíòîðà íà òâ¸ðäûé ãîðíûé ìàññèâ ðàçðó
øåíèå, â ïåðâóþ î÷åðåäü, ñîïðîâîæäàåòñÿ 
îáðàçîâàíèåì íà ïîâåðõíîñòè êðóãîâûõ òðå
ùèí [8]. Âïîñëåäñòâèè òðåùèíû ðàñïðîñòðà
íþòñÿ âãëóáü ìàññèâà, îáðàçóÿ ïîâåðõíîñòè 
â ôîðìå óñå÷¸ííîãî êîíóñà. Â ýòîò ìîìåíò 
íà÷èíàåò ôîðìèðîâàòüñÿ ÿäðî óïëîòåíèÿ, 
âûçâàííîå âîçíèêíîâåíèåì ïðåäåëüíûõ 
óïðóãèõ äåôîðìàöèé. Ïðè äîñòèæåíèè íàãðó
çîê, ïðåâûøàùèõ äîïóñêàåìûå, ïðîèñõîäèò 
âûêîë ïîðîäû ñ âûáðîñîì ðàçäðîáëåííîãî 
ìàòåðèàëà íà ïîâåðõíîñòü. Ôàçû ðàçðóøå
íèÿ ïîðîäû ïðåäñòàâëåíû íà ðèñ. 3.

Ýôôåêòèâíîñòü ðàçðóøåíèÿ ìàññèâà 
ïîâûøàåòñÿ ïðè âíåäðåíèè â ðàçðóøàåìóþ 
ñðåäó îäíîâðåìåííî äâóõ èíäåíòîðîâ ñ ñî
áëþäåíèåì ðàñ÷¸òíîãî ðàññòîÿíèÿ ìåæäó 
íèìè [1; 4; 9]. Â îáðàçîâàííîì îáùåì ïî
ëå íàïðÿæåíèé ïðîîèñõîäèò èíòåíñèâíîå 
ðàçâèòèå êîíóñíûõ òðåùèí [4]. Ýòî, â ñâîþ 
î÷åðåäü, ïðèâîäèò ê ñêàëûâàíèþ ìîíîëèòà, 
çàêëþ÷¸ííîãî ìåæäó èíäåíòîðàìè. Ýêñïåðè
ìåíòû, ïðîâîäèìûå Ë. È. Áàðîíîì, Ë. Á. Ãàë

òìàíîì è Þ. Í. Êîçëîâûì [3] ïî âäàâëèâàíèþ 
îäèíî÷íûõ è ñäâîåííûõ èíäåíòîðîâ, ïîçâî
ëèëè óñòàíîâèòü ñíèæåíèå óñèëèÿ âäàâëè
âàíèÿ íà 45 % â ñðàâíåíèè ñ âäàâëèâàíèåì 
îäèíî÷íîãî èíäåíòîðà. Óñòàíîâëåíî, ÷òî 
îòèìàëüíîå ðàññòîÿíèå ìåæäó ñäâîåííûìè 
èíäåíòîðàìè åñòü âåëè÷èíà ïîñòîÿííàÿ äëÿ 
êàæäîé ïîðîäû è íå çàâèñèò îò äèàìåòðà 
èíäåíòîðà. Çíà÷èìîñòü ýôôåêòà ñïàðåííûõ 
èíäåíòîðîâ ïðè ðàçðóøåíèè ïîðîäû ïîä
òâåðæäàåòñÿ â ðàáîòàõ ó÷¸íûõ [5–7; 10; 12] 
(ðèñ. 4).

Âàæíûì ôàêòîðîì ïðè âåäåíèè çåìëÿ
íûõ è ãîðíûõ ðàáîò òåõíè÷åñêèìè ñèñòåìà
ìè ñ àêòèâíûì ïðèâîäîì èñïîëíèòåëüíîãî 
èíñòðóìåíòà ÿâëÿåòñÿ äèíàìèêà ïðîöåññà. 
Ïðè òðàäèöèîííîì ïðèâîäå èñïîëíèòåëüíî
ãî îðãàíà óäàðíîãî äåéñòâèÿ äèíàìè÷åñêèå 
íàãðóçêè ïåðåäàþòñÿ íà óäàðíûé èíñòðóìåíò 
è êîðïóñ, íàïðèìåð, îòáîéíîãî ìîëîòêà èëè 
áàçîâóþ ìàøèíó. Âîçíèêàþùèå ðåàêòèâ
íûå ñèëû öèêëè÷åñêîãî äåéñòâèÿ ïðèâîäÿò ê 
ïðåæäåâðåìåííîìó âûâîäó äåòàëåé è óçëîâ 
ìàøèíû. Âèáðàöèÿ îêàçûâàåò íåãàòèâíîå 

Ðèñ. 2. Ñõåìà ðàçâèòèÿ ôàç: à) ôàçà óïðóãèõ äåôîðìàöèé; á) ôàçà óïëîòíåíèÿ è ìåñòíûõ ñäâèãîâ; 
â) ôàçà ðàçâèòèÿ ñäâèãîâ è íà÷àëà áîêîâîãî óïëîòíåíèÿ; ã) ôàçà îáðàçîâàíèÿ óïëîòí¸ííîãî ÿäðà è 

âûòåñíåíèå ðàçðóøàåìîãî ìàòåðèàëà íà äíåâíóþ ïîâåðõíîñòü: 1 – èíäåíòîð; 2 – çîíà óïðóãèõ 
äåôîðìàöèé; 3 – çîíà ñäâèãîâûõ äåôîðìàöèé; 4 – ÿäðî óïëîòíåíèÿ; 5 – âûíîñ ðàçäðîáëåííîãî ãðóíòà /
Fig. 2. The phase development scheme is (a) the phase of elastic deformations; (b) the phase of compaction 
and local shifts; (c) the phase of development of shifts and the beginning of lateral compaction; (d) the phase 

of formation of the compacted core and the wiping of the destroyed material onto the day surface: 
1 – indenter; 2 – zone of elastic deformations; 3 – zone of shear deformations; 4 – compaction core; 

5 – removal of crushed soil
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Ðèñ. 3. Ñõåìà ðàçâèòèÿ ôàç: à) ôàçà íà÷àëüíîãî ðàçðóøåíèÿ ïîðîäû; á) ôàçà ðàçâèòèÿ êîíè÷åñêèõ 
òðåùèí âãëóáü ìàññèâà; â) ôàçà ôîðìèðîâàíèÿ ÿäðà óïëîòíåíèÿ; ã) ôàçà îòêîëà êîíñîëüíîé ÷àñòè 
ðàçðóøàåìîãî ìàòåðèàëà íà äíåâíóþ ïîâåðõíîñòü; ä) ôàçà âûêîëà ïîðîäû è ôîðìèðîâàíèÿ ëóíêè: 

1 – èíäåíòîð; 2 – êðóãîâûå òðåùèíû; 3 – êîíè÷åñêèå òðåùèíû; 4 – ÿäðî óïëîòíåíèÿ; 
5 – âûêîë êîíñîëüíîé ÷àñòè ïîðîäû; 6 – âûíîñ ðàçäðîáëåííîé ïîðîäû íà ïîâåðõíîñòü /
Fig. 3. The phase development scheme is (a) the phase of initial rock destruction; (b) the phase of 

development of conical cracks deep into the massif; (c) the phase of formation of the compaction core; (d) the 
phase of breakaway of the cantilever part of the material to be destroyed to the day surface; (e) the phase of 
rock punching and well formation: 1 – indenter; 2 – circular cracks; 3 – conical cracks; 4 – compaction core; 

5 – puncture of cantilever part of rock; 6 shows the removal of the fractured rock to the surface

âîçäåéñòâèå íà çäîðîâüå îïåðàòîðà è ïðè 
ïðåâûøåíèè äîïóñòèìîãî óðîâíÿ àìïëèòóä
íî÷àñòîòíûõ çíà÷åíèé ïðèâîäèò ê íåîáðà
òèìûì ïðîöåññàì â îðãàíèçìå ÷åëîâåêà, 

ïðèâîäÿùèì ê èíâàëèäíîñòè. Ñõåìà ðàñïðî
ñòðàíåíèÿ äèíàìè÷åñêèõ íàãðóçîê íà ïðèìå
ðå íàâåñíîãî îáîðóäîâàíèÿ, ìîíòèðóåìîãî 
íà áàçîâîé ìàøèíå, ïðåäñòàâëåíà íà ðèñ. 5. 

Ðèñ. 4. Ñõåìà ðàçâèòèÿ ôàç ñáëèæåííûõ èíäåíòîðîâ: à) ôàçà ôîðìèðîâàíèÿ ÿäåð óïëîòíåíèÿ; á) ôàçà 
îòêîëà ìîíîëèòà ìåæäó èíäåíòîðàìè; â) ôàçà âûêîëà ïîðîäû è ôîðìèðîâàíèÿ ëóíêè: 1 – èíäåíòîð; 

2 – êðóãîâûå òðåùèíû; 3 – êîíè÷åñêèå òðåùèíû; 4 – ÿäðî óïëîòíåíèÿ; 5 – âûêîë ïîðîäû ìåæäó 
èíäåíòîðàìè; 6 – âûíîñ ðàçäðîáëåííîé ïîðîäû íà ïîâåðõíîñòü  / Fig. 4. The scheme of development of 

phases of close indentors is (a) the phase of formation of compaction nuclei; b) the phase of breakaway of the 
monolith between indenters; c) the phase of rock puncture and well formation: 1 – indentor; 2 – circular cracks; 

3 – conical cracks; 4 – compaction core; 5 – rock puncture between indentors; 6 – shows the removal of the 
fractured rock to the surface
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Ïðè ââåäåíèè â êèíåìàòè÷åñêóþ öåïü 
ïðèâîäà èñïîëíèòåëüíîãî îðãàíà äîïîëíè
òåëüíûõ ñâÿçåé ïîÿâëÿåòñÿ âîçìîæíîñòü 
ïåðåðàñïðåäåëåíèÿ ýíåðãèè îòäà÷è â çîíó 

ðàçðóøåíèÿ ìàññèâà [11]. Ñõåìà ðàñïðî
ñòðàíåíèÿ äèíàìè÷åñêèõ íàãðóçîê íà ïðèìå
ðå íàâåñíîãî îáîðóäîâàíèÿ óäàðíîãî äåé
ñòâèÿ ïðåäñòàâëåíà íà ðèñ. 6.

Ðèñ. 5. Ñåìà ðàñïðîñòðàíåíèÿ äèíàìè÷åñêèõ íàãðóçîê îò èñòî÷íèêîâ ê îïåðàòîðó ïðè æ¸ñòêîé 
ñâÿçè ðàáî÷åãî îðãàíà / Fig. 5. Diagram of dynamic loads propagation from sources to the operator 

at rigid communication of the working element

Ðèñ. 6. Ñõåìà ðàñïðîñòðàíåíèÿ äèíàìè÷åñêèõ íàãðóçîê îò èñòî÷íèêîâ ê îïåðàòîðó ïðè âîçäåéñòâèè íà 
ðàçðóøàåìóþ ñðåäó àêòèâíûì ðàáî÷èì îðãàíîì ñ íàëè÷èåì äîïîëíèòåëüíîé ñâÿçè / Fig. 6. Diagram of 
dynamic loads propagation from pointtooperator under action on the destroyed medium by active working 

element with additional communication

Дополнитель-
ная связь

я
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Ïðèìåðîì êîíñòðóêòèâíûõ ðåøåíèé èñ
ïîëüçîâàíèÿ äîïîëíèòåëüíûõ ñâÿçåé ìîãóò 
ñëóæèòü ñõåìû ðûõëèòåëüíîãî îáîðóäîâà
íèÿ óäàðíîãî äåéñòâèÿ, ïðåäñòàâëåííûå íà 
ðèñ. 7 [11]. 

Äîïîëíèòåëüíàÿ ñâÿçü, èñïîëüçóå
ìàÿ â ðûõëèòåëüíîì îáîðóäîâàíèè óäàð
íîãî äåéñòâèÿ, îáåñïå÷èâàåò ñîçäàíèå 
êîíöåíòðàòîðîâ íàïðÿæåíèÿ â ìàññèâå, 
ðàñïîëîæåí íîì ìåæäó ñòîéêàìè. Êðîìå 
òîãî, òàêîå êîíñòðóêòèâíîå ðåøåíèå çà
ùèùàåò òåõíè÷åñêóþ ñèñòåìó è îïåðàòîðà 
îò âîçäåéñòâèÿ ðåàêòèâíûõ ñèë, âîçíèêà
þùèõ â çîíå êîíòàêòà èíñòðóìåíòà ñ ìàñ
ñèâîì. Íàïðèìåð, â ðûõëèòåëå óäàðíîãî 
äåñòâèÿ ñ áàëàíñèðîâî÷íûì ãðóçîì ñíè
æåíèå ðåàêòèâíûõ ñèë, ïåðåäàâàåìûõ íà 
êîðïóñ áàçîâîé ìàøèíû, îáåñïå÷èâàåòñÿ 
ðàñïîëîæåíèåì ïíåâìîãèäðîìîëîòà è 

áàëàíñèðîâî÷íîãî ãðóçà íà áàëêå ñ ñîáëþ
äåíèåì óñëîâèÿ [11]:

ãäå L ‒ ðàññòîÿíèå îò öåíòðà âðàùåíèÿ áàëêè 
äî îñè ñèììåòðèè ïíåâìîìîëîòà;

J 
01 
‒

 
ìîìåíò èíåðöèè áàëêè îòíîñèòåëüíî 

îñè âðàùåíèÿ; 
J 

02
 ‒ ìîìåíò èíåðöèè áàëàíñèðîâî÷íîãî 

ãðóçà îòíîñèòåëüíî îñè âðàùåíèÿ;
J 

C3 
‒ ìîìåíò èíåðöèè ïíåâìîìîëîòà 

îòíîñèòåëüíî öåíòðà ìàññ; 
m

1 
‒ ìàññà áàëêè; 

m
2 
‒ ìàññà áàëàíñèðîâî÷íîãî ãðóçà;

l
C1 
‒ ðàññòîÿíèå îò îñè âðàùåíèÿ äî öåí

òðà ìàññ áàëêè;
l
C2 
‒ ðàññòîÿíèå îò îñè âðàùåíèÿ áàëêè äî 

öåíòðà ìàññ áàëàíñèðîâî÷íîãî ãðóçà.

Ðèñ. 7. Ðûõëèòåëè óäàðíîãî äåéñòâèÿ ñ ðàáî÷èì îáîðóäîâàíèåì, èìåþùèå äîïîëíèòåëüíóþ ñâÿçü: 
à) ñ áàëàíñèðîâî÷íûì ãðóçîì; á; â) ñ äîïîëíèòåëüíûì ïíåâìîãèäðîìîëîòîì: 

1 – ïíåâìîãèäðîìîëîò; 2 – çóá; 3 – ïîðøåíüáî¸ê; 4 – áàëàíñèðîâî÷íûé ãðóç; 5 – áàëêà; 
6 – ðàâíîïëå÷íûé ðû÷àã; 7 – ðàñïðåäåëèòåëü ïîäà÷è âîçäóõà èëè æèäêîñòè (Ïàò. ¹ 2380489, 

Ïàò. ¹ 2372447, À.ñ. ¹ 889805) / Fig. 7. Impact rippers with operating equipment having additional 
communication: à) with balancing load, (b, c) with additional pneumatichydraulic hammer: 
1 – pneumatichydraulic hammer; 2 – tooth; 3 –  poreshenstriker; 4 – balancing load; 5 – beam; 

6 – equalarm lever; 7 – air or liquid supply distributor (Patent. 2380489, Patent. No. 2372447, 
copyright certificate No. 889805)
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Çàêëþ÷åíèå. Îáîáùàÿ ðåçóëüòàòû àíà
ëèçà, ìîæíî ñêàçàòü: êàê äëÿ ïðî÷íûõ è 
ì¸ðçëûõ ãðóíòîâ, òàê è êðåïêèõ ïîðîä âíåäðå
íèå óäàðíîãî èíñòðóìåíòà â ìàññèâ ïðèâîäèò 
ê îáðàçîâàíèþ ÿäðà óïëîòíåíèÿ è ïîñëåäóþ
ùåìó âûòåñíå íèþ ðàçðóøàåìîãî ìàòåðèàëà 
íà äíåâíóþ ïîâåðõíîñòü. Óäåëüíûå çàòðà
òû ýíåðãè è ñíèæàþòñÿ ïðè îäíîâðåìåííîì 
âîçäåéñòâèè äâóõ óäàðíûõ èíñòðóìåí òîâ çà 
ñ÷¸ò óâåëè÷åíèÿ îáú¸ìà ðàçðóøàåìîãî ìà
òåðèàëà â îá ëàñòè, ðàñïîëîæåííîé ìåæäó 

ðàçðóøàþùèìè èíñòðóìåíòàìè. Ââåäåíèå 
äîïîëíèòåëüíûõ ñâÿçåé â êèíåìàòè÷åñêóþ 
öåïü èñïîëíèòåëüíîãî îáîðóäîâàíèÿ ìàøèí 
äëÿ âåäåíèÿ çåìëÿíûõ è ãîðíûõ ðàáîò îáå
ñïå÷èâàåò ïåðåðàñïðåäåëå íèå äèíàìè÷å
ñêèõ íàãðóçîê â çîíó ðàçðóøàåìîãî ìàññè
âà, ñïîñîáñò âóåò ñíèæåíèþ ýíåðãî¸ìêîñòè 
âåäåíèÿ çåìëÿíûõ è ãîðíûõ ðàáîò è çàùèòå 
îïåðàòîðà è áàçîâîé ìàøèíû îò âèáðàöèîí
íûõ íàãðóçîê.
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