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&% /&*g#$. g'3)5) 4. 3M=:MN8::9X'U<OPHQIK'\GO<;V' M;GPQG:8?J::9X'P78^
OIK' <' OG[OG]QGf' :GNIK' P\GPG]<N' [8=X8?IP9' 0B$B' 5G:;8OJ:QGV' 0B$' 5OI?<:V'
0B*B' 5OI78aNV' hB0B' +GOf:GNV' .B6B' iMOQGNV' jB$B' %MLJO9NI=V' 0B-B' 18O7G:V'
)B)B' .QGLI:PHQI=V' )B6B'  JO\IUGOHaNV' *B2B' kJN9QGNV' lB$B' kJX9QI:' 78' <:><'
[1–mnB'1OG7JV' ;G'FHGUG'L8PM' M' N<7LI[:9:<=' U<O:IL<='\OGXIP?GNGP7<' NIQGOIP7GNMf7H'
P\GPG]I'OM=:MN8::9V'TG'X8f7H'NIPGQM'J:JOUGaX:<P7H'M';JQ<?HQ8'7IP9L'62`EX3

[3]: 
U<;O8N?<L:I=V'J?JQ7OG7JOX<L:I=V'\?8[XGNI=V'7JOXG>8OG>QGNI='7GTGB'.\GPG]I'OM=^
:MN8::9V'TG'\G7OJ]Mf7H'XJ:>GR'J:JOUGaX:GP7<V'78QG`'X8f7H':I[QM':J;G?<Q<Nb'NIQG^
OIP78::9'XJK8:<L:GUG'G]XJ`J:J'X<F:<P7f'\GO<;';G';oC'[8'>Q8?Gf'1OG7G;H9QG:GN8'
pqnV'NI]MKGNGUG'– PM\OGNG;`Ma7HP9'M7NGOJ::9X'PJ=PX<L:IK'KNI?HV'[8]OM;:J::9X';G^
NQ<??9B' G'`';G'PHGUG;:<'[8;8L8'OG[OG]QI'J:JOUG[]JO<U8fLGUG'G]?8;:8::9';?9'OM=:M^
N8::9' U<OPHQIK' \GO<;' [8?I>8a7HP9' 8Q7M8?H:GfV' TG' \<;7NJO;`J:G' \GP78:GNGf'
%8]<:J7M'6<:<P7O<N'/QO8R:I'N<;'@']JOJ[:9'DY@Y'OB'r'DqZ'pAnB'

6J78'OG]G7I'– Q?8PI_<Q8F<9':GNIK'QGX]<:GN8:IK' J:JOUG[]JO<U8fLIK' P\GPG^
]<N'OM=:MN8::9'U<OPHQIK'\GO<;B'<=>?=@@A%?BCDE?FG@@A: 8:8?<['<P:MfLIK'P\GPG]<N'
OM=:MN8::9' U<OPHQIK' \GO<;V' NI;<?J::9' \JOJN8U' 78' :J;G?<Q<Ns' RK' Q?8PI_<Q8F<9' [8'
NI;GX':8N8:78`J::9B

6& !3$&*' $' 3!-/*g & 4'2).*$2i!#g. C\GPG]I'OM=:MN8::9' U<OPHQIK'
\GO<;'\G;<?9f7HP9':8';N< GP:GN:<'UOM\Ib'XJK8:<L:<'78':JXJK8:<L:<'p@nB'

#JXJK8:<L:<b'K<X<L:<V'_<[IL:<V'U<;O8N?<L:<V'NI]MKGN<B'
6JK8:<L:I='P\GP<] NIQGOIP7GNMa7HP9':8'AW't'MP<K'U<OPHQIK'<'[JX?9:IK'OG]<7'

pDnB'1G;<?9a7HP9' :8' M;8O:I=' 78' G]JO7GNI=B'0I7O87I' J:JOU<R' :8' G;I:IFf'G]uaXM'
[:8KG;97HP9'N'XJ`8K'vYVDw@Vmx'Q07yUG;EX3 pDnB'!:JOUGaX:<P7H'XJK8:<L:IK'P\GPG^
]<N'OM=:MN8::9'[:8KG;I7HP9'N'XJ`8K'vDYYwzWYx'62`EX3 pZnB'#J;G?<QGX'P\GPG]<N'
a'G]XJ`J:8'G]?8P7H'RK'J_JQ7IN:GR'OG]G7I'- ;?9'\GO<;'['QGJ_<F<a:7GX'X<F:GP7<'[8
>Q8?Gf'1OG7G;H9QG:GN8';G'>JP7I [4].

+<;O8N?<L:I=' P\GP<]' OM=:MN8::9' \GO<;' \JOJ;]8L8a' NIQGOIP78::9' :8\<O:GUG'
P7OMXJ:f'NG;I'\OI'7IPQ8K'N<;'Q<?HQGK'G;I:IFH';G';JQ<?HQGK'PG7J:H'618'pzn'vU<;OG^
XG:<7GO:I=xB'2?9'\<;NITJ::9' J_JQ7IN:GP7<' OM=:MN8::9'\GO<;'M' P7OMX<:H' NG;I';G^
;8f7H' vWw@Wx' t' 8]O8[IN:IK' L8P7GQ' – P78?JNI=' ;O<]V' QN8OFGNI=' \<PGQV' 7GTG'
vU<;OGJOG[<=:I=xB' -8' K8O8Q7JOGX' P7OMXJ:9' NI;<?9f7H' <X\M?HP:I=' 78' ]J[\JOJON:I=B'
!:JOUGaX:<P7H'U<;O8N?<L:GUG'P\GPG]M'[:8KG;I7HP9'N'XJ`8K'v@YYYwDYYYx'62`EX3

[3].
0I]MKGNI='P\GP<]'PM\OGNG;`Ma7HP9'\JOJKG;GX'\G7J:F<8?H:GR'J:JOU<R'N'Q<:J^

7IL:M'['O<[QIX'\<;NITJ::9X'7IPQM'N'G7GLMfLGXM'PJOJ;GNIT<V'NI:IQ:J::9X'M;8^
O:GR' KNI?<' 78' \G?9' :8\OM`J:H' pqnB' 1JOJN8UGf' a' >NI;QI=' \JOJ]<U' \OGFJPM'
OM=:MN8::9'v:8\OIQ?8;V'\G'[8O9;M'['@'QU'UJQPGUJ:MV'G]{aX'9QGUG'YVC';X3V'8'7J\?G78'
NI]MKM'WVq'62`EQUV'L8P';J7G:8F<R'– 0,Y@'XPV'p@YnxB'2G':J;G?<Q<N :8?J`87H PJ=PX<^
L:8';<9'NI]MKM':8'[8QG:7MO:I='X8PINs'[8]OM;:J::9';GNQ<??9s'N7O87I':8';G;87QG^
NM'G]OG]QM'\GNJOKG:H'XG:G?<7:IK']?GQ<Ns'M7NGOJ::9'U8[G\G;<]:IK'OJLGNI:'G]P9U'
9QIK'M'vDYYY–qYYYx'O8[<N'\JOJNITMa'G]uaX [8O9;M'NI]MKGNGR'OJLGNI:I'p@@nB'!:JO^
UGaX:<P7H'NI]MKGNGUG'P\GPG]M'[:8KG;I7HP9'N'XJ`8K'vDYYwzWYx'62`EX3

[3].
j<[IL:<' P\GPG]I' OM=:MN8::9' U<OPHQIK' \GO<;b' 7JOX<L:<V' J?JQ7OIL:<V' M?H7O8[^

NMQGN<V' :8;NIPGQGL8P7G7:<B'2G' 7JOX<L:IK' P\GPG]<N' OM=:MN8::9'\GO<;' N<;:GP97Hb'
NGU:JNI=V' \?8[XGNI=V' 87GX:I=V' FIQ?<L:I=V' ?8[JO:I=V' J?JQ7OG::G-\OGXJ:JNI=B'
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!:JOU<9' 7J\?GNGUG' \G7GQM' \JOJ7NGOfa7HP9' N' XJK8:<L:M' OG]G7MV' 9Q8' NIQ?IQ8a'
OM=:MN8::9'\GOG;IB'2G'J?JQ7OIL:IK'P\GPG]<N'OM=:MN8::9'\GO<;':8?J`87H: J?JQ^
7OG;MUGNI=V' J?JQ7OG:8UO<N8?H:I=V' J?JQ7OG<:;MQF<=:I=B' !:JOU<9' J?JQ7OGX8U:<7^
:GUG' 78' J?JQ7OIL:GUG' \G?<N' \JOJ7NGOfa7HP9' N' U<OPHQ<=' \GOG;<' P\GL87QM' :8
7J\?GNMV' 8'\G7<X'– :8 XJK8:<L:M'OG]G7MB'1JOJN8U8XI'_<[IL:IK'P\GPG]<N'OM=:M^
N8::9'\GO<;'a'7JV'TG'N':IK'N<;PM7:<='\GOG;GOM=:MfLI='<:P7OMXJ:7B'|J'N8`?ING'
\OI'\<;NITJ::<'X<F:GP7<'OM=:MN8::9'\GO<;'M'[N{9[QM'<['O<[QIX'[:I`J::9X'P7<=QG^
P7<'<'[]<?H>J::9X'XG`?INGP7<'[:GPM'<:P7OMXJ:7MB

0IPGQGL8P7G7:IX'P\GPG]GX'OM=:MN8::9'U<OPHQIK'\GO<;'a'OJ[G:8:P:I=':8'GP^
:GN<'NIQGOIP78::9 :8;NIPGQIK'L8P7G7'– NI\OGX<:fN8::9B'}K';<8\8[G:'[:8KG;I7H^
P9' N'XJ`8K' vZy@Y2

…3·10
5x'6+F' p@@nB'!:JOUGaX:<P7H'OM=:MN8::9' vZwmx'62`EX3

,

\OG;MQ7IN:<P7H'ZY'X3EUG;' p@@nB'#J;G?<QGX' a' 7JV'TG'X8QPIX8?H:8' 7GNTI:8'>8OM'
X8PINMV'TG'OM=:Ma7HP9'YVW'XB'!?JQ7OG7JOX<L:I='NIPGQGL8P7G7:I='P\GP<]'\JOJ;^
]8L8a'NI:IQ:J::9 [G:I'7J\?GNGUG'OG[>IOJ::9'['\G9NGf'OG[79UMfLIK':8\OM`J:H'
<V'N'OJ[M?H787<V'7O<TI:B 1<;KG;I7H';?9'OM=:MN8::9';<J?JQ7OIL:IK'\GO<;V'78QIK'9Q'
UO8:<7V' N8\:9QV' P<a:<7V' U:J=P' 7GTGB' !:JOUGaX:<P7H' OM=:MN8::9' vmw@Zx'62`EX3

,

\OG;MQ7IN:<P7H'[:8KG;I7HP9'N'XJ`8K'N<;'DW';G'WY'XZEUG;'p@@nB'!?JQ7OG<X\M?HP^
:I='P\GP<]'vJ?JQ7OGNI]MKx'\JOJ;]8L8a'QGOG7QGL8P:J'vY,@'XPx'OG[O9;:G-<X\M?HP:J'
:8N8:78`J::9'M'O<;I:<V'TG'[:8KG;I7HP9'N'X8PIN<V'NIQ?IQ8a'\G9NM'XJK8:<L:IK':8^
\OM`J:HV'TG'OM=:Mf7H'X8PIN'p@@nB'1JOJN8UIb'N<;PM7:<P7H'\I?GU8[GM7NGOJ::9V'OG^
[?HG7M'>X87Q<N'G]OG]?fN8:GUG'X8PINMV'XG`?IN<P7H'OM=:MN8::9'[8;8:IK'G]P9U<N'
M ?GQ8?H:<='\?GTI:<V'TG'[XJ:>Ma'N7O87I'PIOGNI:I'\OI'G]OG]F<B'!:JOUGaX:<P7H'
OM=:MN8::9'v@YYBBBDYYx'62`EX3

[3].

1OI'OM=:MN8::<'U<OPHQGR \GOG;I'K<X<L:IX'P\GPG]GX'NIQGOIP7GNMa7HP9'P\JF<^
8?H:8'PMX<>'– 7JOX<7'pZnB'1JOJN8UGf'[8P7GPMN8::9'7JOX<7MV'\GO<N:9:G <['NI]MKG^
NIX' P\GPG]GX' a' 7JV' TG' PG]<N8O7<P7H' OM=:MN8::9' U<OPHQIK' \GO<;' 7JOX<7GX' :8'
vZYwqYx't':I`LJ'PG]<N8O7GP7<'NI]MKGNGUG'P\GPG]MB'#J;G?<QGX K<X<L:GUG'P\GPG^
]M'OM=:MN8::9'\GO<;'a'JQG?GU<L:8':J]J[\JQ8'[8]OM;:J::9'PJOJ;GNIT8B

/' OJ[M?H787<' ;GP?<;`J:H' NI;<?J:G' @Y' P\GPG]<N' :8N8:78`J::9b' XJK8:<L:I='
M;8O:I=V'XJK8:<L:I='G]JO7GNI=V'U<;O8N?<L:I=']J[\JOJON:I=V'U<;O8N?<L:I='<X\M^
?HP:I=V'J?JQ7OIL:I=V'7JOX<L:I=V'M?H7O8[NMQGNI=V':8;NIPGQGL8P7G7:I=V'K<X<L:I='
78' NI]MKGNI=B' }K' QGX]<:8F<R' PIP7JX87I[GN8:G' ;JP97INJO>I::IX' GO<a:7GN8:IXI'
UO8_8XI' vOIP. @x' [8' XJ7G;IQGf' p@DnB' +O8_' [' :J' P7OGUG' \8O8?J?H:IXI' ;MU8XI'
v+-#12'– OIP. 1,8x'N<;\GN<;8a'QGX]<:GN8:IX'P\GPG]8XV';?9'9QIK':JN8`?IN8'\GP^
?<;GN:<P7H' \OIQ?8;J::9':8N8:78`J::9B'/' UO8_<' [<' P7OGUG' \8O8?J?H:IXI';MU8XI'
v+-.12'– OIP. 1,]x'N8`?IN8'\GP?<;GN:<P7H'\OIQ?8;J::9':8N8:78`J::9B'-'+-#12'
XG`?ING'G7OIX87I'QGX]<:8F<=b'mD \8O:IK'v:8NJ;J:< N<;O<[Q8XIx'78'WmC'\G7O<=:IK'
P\GPG]<N' :8N8:78`J::9' v\GQ8[8:< 7OIQM7:IQ8XIxB' -' +-.12' XG`?ING' G7OIX87I'
QGX]<:8F<=b @qq'\8O:IK'< W@Aq'\G7O<=:IK':8N8:78`J:HB'

1GO<N:9?H:I=' 8:8?<[' [:8LJ:H' J:JOUGaX:GP7J=':8=]<?H>'\G>IOJ:IK'G;I:IL^
:IK'< QGX]<:GN8:IK'P\GPG]<N'OM=:MN8::9'U<OPHQIK'\GO<;'MQ8[8:<'M'78]?B 1.
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3IPM:GQ'@'– )O<a:7GN8:<'UO8_I'Q?8PI_<Q8F<R'OM=:MN8::9'U<OPHQIK'\GO<;
[8'P\GPG]GX':8N8:78`J::9':8'U<OPHQM'\GOG;Mb'= – [<'P7OGUG'\8O8?J?H:IXI
;MU8XIs%H%– [':J'P7OGUG'\8O8?J?H:IXI';MU8XI'v/'– M;8O:<V')– G]JO7GN<V
+1'– U<;O8N?<L:<']J[\JOJON:<V'+$'– U<;O8N?<L:<'<X\M?HP:<V'!'– J?JQ7OIL:<V

 '– 7JOX<L:<V'/-'– M?H7O8[NMQGN<V'#0~'– :8;NIPGQGL8P7G7:<V
"'– K<X<L:<s'0'– NI]MKGN<x

 8]?IF9'@'– 1GO<N:9?H:I='8:8?<['[:8LJ:H'J:JOUGaX:GP7J='G;I:IL:IK
78'QGX]<:GN8:IK'P\GPG]<N'OM=:MN8::9'U<OPHQIK'\GO<;

);I:IL:I='
P\GP<]
:8N8:78-
`J::9

!:JOUG-

aX:<P7H'
OM=:M-

N8::9'pDnV'
62`EX3

%GX]<:GN8:I=
P\GP<]':8N8:78^

`J::9

!:JOUG-

aX:<P7H'
OM=:M- 

N8::9'[2],

62`EX3

-:I`J::9'
J:JOUGaX:G-

P7<V'62`EX3

-:I`J::9'
J:JOUG-

aX:GP7<V
% 

/;8O:I= 200…630 /;8O:G-

G]JO7GNI=
400…600 30…350 3…37

)]JO7GNI= 600…900

+<;O8N?<L:I=' 1000…2000

+<;OG<X\M?HP:I= 70…100 930…1930 47…97

!?JQ7OGU<;O8N?<^
L:I=

400…500 600…1600 30…80

!?JQ7OG7JO-

X<L:I=
5000

!?JQ7OG<X\M?HP^
:I=

100…200 4800…4900 96…98

!?JQ7GO7JOXG-

XJK8:<L:I=
500…800 4300…4500 86…90

 JOXGXJK8:<L:I=1200…1600 3400…3800 68…76

!:JOUGaX:<P7H'OM=:MN8::9'U<OPHQIK'\GO<;'[:I`Ma7HP9'[8'O8KM:GQ'[8P7GPMN8::9'
QGX]<:GN8:GUG':8N8:78`J::9b';?9'M;8O:GUG'78'G]JO7GNGUG'P\GPG]<N'N<;'Z';G'Zm'tV'
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CLASSIFICATION OF COMBINED METHODS OF ROCK BREAKING

BY GRAPHS

O. Terentiev, I. Streltcova

National Technical University of Ukraine "Kyiv Polytechnic Institute"
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In this article we presented analysis of rock breaking methods. Their advantages 

and disadvantages was selected. As a result, classification graphs was formed. Each of 

the graphs’ tops corresponding to the selected types of loading: rotary, impact, hydrau-

lic continuous, pulsed hydraulic, electrical, thermal, microwave, supersound, chemi-

cal, explosive. The aim of the work is - classification of new combined energy 

consumption methods of rock breaking.

Key words: rock, method, breaking, graph, classification
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