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FOF_?HMFO7<' MO<J' TNFO7FQM' PFU_8=:8A'  NH' MH;<?I:<' T<;OHO7IUH' F_]^;:L\7GO9' M'
F;:L'Z8V8?G:L'U87IU87HK:L'UF;I?G'PFIY<E<^:78'MHPFNHO78::9'PFU_8=:8'M'K8O<A

3A;<>?E) FA>?BG V<N:HKH=' PFU_8=:W' U87IU87HK:8' UF;I?GWP8N]^NW' TININMHW'
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38ZN8_F78:8'P?8OOHYHP8EH9'TININkMFM'H'TNFO7FIM'OFV?8O:F'7NI_FM8:H9U'U8[

7IU87HKIOPFVF'UF;I?HNFM8:H9';?9' P8NGIN:FVF' PFU_8=:8'`abcdef' @@gg'hiA'2?9'
P8j;F='HZ'Mk;I?I::kJ'TF;OHO7IU'OFZ;8:8'OFF7MI7O7ML\n89'U87IU87HKIOP89'UF[
;I?GA ):8'LKH7kM8I7'J8N8P7IN'H'FOF_I::FO7H'MOIJ'TNFO7FIM'PFU_8=:8A' NH'Mk;I[
?I::kI' TF;OHO7IUk' F_oI;H:9\7O9' M' F;:L' F_nL\' U87IU87HKIOPL\' UF;I?G'
PFpYYHEHI:78'HOTF?GZFM8:H9'PFU_8=:8'MF'MNIUI:H. 

3A;<W?XW) FA>?BG VFN:k=' PFU_8=:W' U87IU87HKIOP89' UF;I?G, P8NGINW' TINI[
NkMkW'TNFO7FH. 

 

&% /&*q#$. q' 3)5) 4A 1NF_?IU8' Z8O7FOLM8::9' 7N8;HE<=:FVF' OTFOF_L'
NFZNF_PH'P8N]^N:HJ'TF?<M'TF?9V8^'M' 7FULW'nF' Z;<=O:I::9'_LNF-MH_LJFMFVF'OTF[
OF_L'NFZNF_PH'TF7NI_L^'Z:8K:HJ'I:INVI7HK:HJW'U87IN<8?G:HJW'7NL;FMHJ'78'<:>HJ'
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MH;<M'NIOLNO<MA'2FOH7G'K8O7F'T<O?9'TNFMI;I::9'_LNF-T<;NHM:HJ'NF_<7'OTFO7IN<V8[
^7GO9' :8;U<N:I' TH?FV8ZFMI' 78'>LUFMI' Z8_NL;:I::9':8MPF?H>:GFVF' TNHNF;:FVF'
OINI;FMHn8A'rI'OM<;KH7G'TNF'7IW'nF'Z:8K:8'K8O7H:8'I:INV<Q'MH_LJL'MHPFNHO7FML[
^7GO9':I'IYIP7HM:FA' 8P'9P'PINLM8::9 9P<O7\'7FM8N:FQ'TNF;LPE<Q'sV<NOGPFQ'U8OHt'^'
;FOH7G'8P7L8?G:HU'TH78::9UW'8?G7IN:87HM:HU'M8N<8:7FU'^'TINIJ<;';F':FMFQ'7IJ[
:F?FV<Q'MH;F_L7PL'Z'MHPFNHO78::9U'P8N]^N:HJ'PFU_8=:<M [1].

&:8?<Z';FO9V:I:G':8LPH'78'TN8P7HPH'M'F_?8O7<'UIJ8:<K:FVF'NL=:LM8::9'OPI[
?G:HJ'TFN<;'Z8';FTFUFVF\'V<N:HKHJ'PFU_8=:<M'M'LUFM8J'M<;PNH7FQ'NFZNF_PH'PF[
NHO:HJ' PFT8?H:' M' ;8:H=' K8O' T<;7MIN;jL^' MI?HPH=' <:7INIO' ;F' EGFVF'
_IZMH_LJFMFVF' OTFOF_LA'u' N9;' TL_?<P8E<=' Z8V8?G:FVF' J8N8P7INLW'nF' M<;F_N8j8[
\7G'NIZL?G787H'MHTNF_LM8:G':8'P8N]^N8J'TF';F_LM8::\'M8T:9PLW'MLV<??9W' V<TOLW'
Z8?<Z:FQ'NL;H'<'M'FOF_?HMHJ'MHT8;P8J'– OF?<W'VN8:<7LW'_FPOH7<MW'YFOY87<M'<'VFN\[
KHJ'O?8:E<M'v@–5].

+<N:HK<'PFU_8=:H'NF_?97G'UFj?HMHU'OI?IP7HM:H='MH;F_L7FP'N<Z:HJ'U<:IN8[
?<M'U<E:<O7\ :8'O7HO:I::9';F'Bgg'618W'nF T<;MHnL^'IYIP7HM:<O7G'7N8:OTFN7L[
M8::9'<'TF;8?G>FVF'QJ'Z_8V8KI::9. 08T:9PW'_FPOH7W'7MIN;I'_LNI'MLV<??9W'P8U]9:I'
MLV<??9W'YFOYFNH7HW'OF?<W'8NV<?<7H'78'<:><'U<E:<'FO8;FM<'TFNF;H'UFjL7G'_L7H'NFZ[
NF_?I:<' 78PHU'KH:FU M'OP?8;:HJ'P8N]^N:HJ'LUFM8J'_IZ'>P<;?HMFQ';<Q':8':8MPF[
?H>:^'OINI;FMHnI'v6].

2?9';FO9V:I::9'U8POHU8?G:FQ'IYIP7HM:FO7<'YNIZINLM8::9'V<NOGPFQ'TFNF;H':I[
F_J<;:F';F7NHULM87HO9'jFNO7PHJ'MHUFV';F'OH:JNF::FO7<'78'NH7U<K:FO7<'MI;I::9'
MH;F_LM:HJ' NF_<7A'1NH' EGFUL' O?<;' :8?Ij:HU' KH:FU' MN8JFMLM87H' MO<' TNFO7FQ' 78'
TININMH' :8' P8?I:;8N:FUL' 8_F'U8>H::FUL' K8O<W' 9P<' MH:HP8\7G' TNF79VFU' NF_F7H'
P8N]^N:FVF'F_?8;:8::9W' 8' 78PFj'PF:PNI7:<' V<N:HKF-VIF?FV<K:<'LUFMH'MI;I::9'MH[
;F_LM:HJ'NF_<7A' FUL'FE<:P8'MHPFNHO78::9'PFU_8=:8'`abcdef'@@gg'hi'M'K8O<'9M[
?9^7GO9';LjI'8P7L8?G:HU'TH78::9U'TNH'TNFMI;I::<'MH;F_LM:HJ'NF_<7':8'P8N]^N<A

6I7F\'NF_F7H'^'MO78:FM?I::9'Z8?Ij:FO7I='78'Z8PF:FU<N:FO7I='YFNULM8::9'
PF^Y<E<^:78'MHPFNHO78::9'P8N’^N:FVF'PF_8=:8'Wirtgen 2200 SM M'K8O<'TNF79VFU'
ZU<:HA

6& !3$&*' &'3!-/*q & 4'2).*$2w!#qA');:<^\'Z'FO:FM:HJ'MI?HKH:W'
M<;'9PFQ'Z8?IjH7G'ZU<::8'8_F';F_FM8'TNF;LP7HM:<O7G'MH;F_L7PL'PFNHO:FQ'PFT8?H[
:HW'9M?9^7GO9'PFIY<E<^:7'MHPFNHO78::9'PFU_8=:8'M'K8O<A')O:FM:HU'TNFEIOFU'9M[
?9^7GO9'M<;;<?I::9'V<NOGPFQ'U8OH'M<;'U8OHMLW' QQ'TF;N<_:I::9'78':8M8:78jI::9':8'
7N8:OTFN7:H='Z8O<_'PFU_8=:FU'Wirtgen. 

1NFUHO?FM<' MHTNF_LM8::9' V<N:HKFVF' PFU_8=:L'`abcdef' hxbyzce Miner 2200 
hi'TNFMF;H?HO9':8'2F_N9:OGPFUL'P8N]^N<'M8T:9PL'L'*GM<MOGP<='F_?8O7<A'#8'FO[
:FM<'JNF:FUI7N8j:HJ'OTFO7INIjI:G'Z8'NF_F7F\'PFU_8=:8'NI^O7NLM8?HO9'7NHM8[
?<O7G' YNIZINLM8::9' U8OHMLW' MH7N87H' K8OL' :8' U8:IMNH' PFU_8=:8' <' :8' F_U<:'
8M7FO8UFOPH;<MW'K8O'TNFO7FQM'Z'N<Z:HJ'TNHKH:W'8'78PFj'MH7N87H'K8OL':8'nFZU<::I'
F_O?LVFMLM8::9W'nF' MP?\K8^' Z8TN8MPL' ;HZI?G:HU' T8?HMFUW' MF;F\' 78' NIUF:7:<'
NF_F7HA'&:8?<Z'NF_F7H'V<N:HKFVF'PFU_8=:L'78'MHPFNHO78::9'K8OL'=FVF'ZU<:H':8[
MI;I:F'M'78_?A'B. 
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6I7F;HP8' NFZN8JL:PL' U87IU87HK:FVF' FK<PLM8::9' PFIY<E<^:78' MHPFNHO78::9'
P8N]^N:FVF'PFU_8=:8'`abcdef'@@gg'hi'M'K8O<'U<O7H7GO9'M';jINI?8J'[7–8]. );:8P'M'
EHJ'NF_F78J'^';IP<?GP8':I7FK:FO7I=W'9P<'M'NIZL?G787<';8\7G'TFJH_PH'M'Bl'|'<':8[
M<7G'_<?G>IA' 8PFj':I'Z:8=;I:H='ZM]9ZFP'U<j'T8N8UI7N8UH'UF;I?<'FPNIUHJ'T<;[
OHO7IU' Z' T8N8UI7N8UH' Z8V8?G:FQ' UF;I?<A' #I;FO787:GF' MN8JFM8:H=' J8N8P7IN'
LK8O7PFMHJ'TNFO7FQMW' 78P'9P'M<;:FM?I::9'M<;UFM'TNH=:97I':IF_UIjI:HUW'nF':I'
M<;TFM<;8^';<=O:FO7<A'&?I'O8UI'E<'NF_F7H';FMI?HW'nF'FTHN8\KHOG':8'U87IU87HK:L'
_8ZL'7IFN<Q'U8OFMFVF'F_O?LVFMLM8::9W'UFj?HMF'F7NHU87H'UF;I?<'YFNULM8::9'PF[
IY<E<^:78' MHPFNHO78::9' P8N]^N:FVF'PFU_8=:8'`abcdef'@@gg'hi'M'K8O<W' 9P8'_L;I'
MN8JFMLM87H'9P':8;<=:<O7G'F_?8;:8::9W'78P'7IJ:F?FV<\'<'FNV8:<Z8E<\'MH;F_LM:HJ'
NF_<7':8'P8N]^N<'[9]. 

1NH';FO?<;jI::< MHPFNHO78::9'K8OL'ZU<:H'PFU_8=:8';8:FQ'UF;I?<W'_L?F'NFZV[
?9:L7F':HZPL'TL_?<P8E<='L'M<7KHZ:9:HJ'78'Z8NL_<j:HJ'MH;8::9J'vB–6, 10–16�A' �J'
8:8?<Z'TFP8Z8MW'nF'M' ;FM<?G:H='UFUI:7' K8OL' PFU_8=:'UFjI'TINI_LM87H M' O78:<'
NF_F7H'8_F'TNFO7F\A  FUL':IF_J<;:F'_<?G>';I78?G:F';FO?<;H7H'TNHNF;L'TNFO7F[
QMW'9P<'MH:HP8\7G'TNH'NF_F7<'V<N:HKHJ'PFU_8=:<MW'<'T<;<_N87H'8;IPM87:L'U87IU8[
7HK:L'UF;I?GA

0'<;I8?G:FUL'MHT8;PL'NIZL?G787'NF_F7H'PFU_8=:8'UFj:8'NFZV?9;87H'9P'_IZ[
TININM:H='TF7<P'PFNHO:FQ'PFT8?H:HW'<'7<?GPH'M'P<:E<'EHP?L';FTLOP8\7GO9'NIV?8[
UI:7FM8:<'TININMHW'9P<'MP?\K87G'M'OI_I'K8O';?9'MHPF:8::9'P<:EIMHJ'<'NIUF:7:F-
TNFY<?8P7HK:HJ' FTIN8E<=W' Z8U<:H' N<ZE<MW' ZU8nI::9' MLZ?<MA' );:8P' :8' TN8P7HE<'
UFj?HM<'ZLTH:PH'V<N:HKFVF'PFU_8=:L':8'TNF79Z<'EHP?L'<'Z'<:>HJ'TNHKH:A'0N8JF[
ML\KH'EIW'MO<'TNFO7FQ'P8N]^N:FVF'PFU_8=:8'Wirtgen 2200 SM UFj:8'P?8OHY<PLM8[
7H':8'7NH'T<;OHO7IUH'sNHOA'BtA'1IN>8'<';NLV8'T<;OHO7IUH'U<O797G'M'OF_<'TNFO7FQ'
KINIZ'M:L7N<>:<'TNHKH:H':8';<?G:HE<W'8'7NI79'– Z8V8?G:FP8N]^N:<A

1F;<?' ;<?G:HK:HJ' TNFO7FQM' :8' T<;OHO7IUH' MHP?HP8:F' 7HUW' nF' ;?9' ;I9PFVF'
F_?8;:8::9' :8TN8E\M8::9':8' M<;UFML' M<;_LM8^7GO9' 7<?GPH' T<;' K8O' NF_F7H' PFU[
_8=:8W'7F_7F':8'U8>H::FUL'K8O<A'$:>I'F_?8;:8::9'TN8E\^':8'_IZTININM:FUL'P8[
?I:;8N:FUL'K8O<':IZ8?Ij:F'M<;'O78:L'PFU_8=:8A

-'E<^Q'j'TNHKH:H'NFZ;<?I:<'FNV8:<Z8E<=:<'78'7IJ:F?FV<K:<'TININMHA')NV8:<Z8[
E<=:<'TININMH'Z8ZMHK8='F_UIjI:<'NIV?8UI:7FU'L'K8O<' <'TF9M8' QJ':I'Z8?IjH7G'M<;'
7FVFW'TN8E\^'8_F'O7FQ7G'PFU_8=:W'7F_7F'MF:H'MH:HP8\7G':8'_IZTININM:FUL'P8?I[
:;8N:FUL'K8O<A'#8'M<;U<:L'M<;'FNV8:<Z8E<=:HJW' 7IJ:F?FV<K:<'TININMH'MH:HP8\7G'
7<?GPH'T<O?9' MHPF:8::9'P8N]^N:HU'PFU_8=:FU'TIM:FVF'F_]^UL'NF_F7HW' 7F_7F':8'
U8>H::FUL'K8O<A

-8TNFTF:FM8:8'P?8OHY<P8E<9'TNFO7FQM'V<N:HKFVF'PFU_8=:8 Wirtgen 2200 SM M'
TIM:<='U<N<'M<;F_N8j8^'Z8V8?G:FTNH=:97L P?8OHY<P8E<\':8'P8N]^N8J'<'F;:FK8O:F'Z'
EHU'MN8JFML^'FO:FM:<'MHUFVH'Z'7FKPH'ZFNL'U87IU87HK:FVF'UF;I?\M8::9'TNFEIO<M'
<'UI7F;8UH'7IFN<Q'U8OFMFVF'F_O?LVFMLM8::9A'%Fj:8'<Z'Z8TNFTF:FM8:HJ'T<;OHO7IU'
FTHOL^7GO9'M<;TFM<;:F\'U87IU87HK:F\'UF;I??\'[9]. 
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2?9'TIN>FQ'T<;OHO7IUH'MHJ<;'Z'?8;L'_L;G-9PFVF'Z'N1 I?IUI:7<M'TNHZMF;H7G';F'
ZLTH:PH'P8N]^N:FVF'PFU_8=:8W'7F_7F'MHJF;L'Z'?8;L'MO<^Q'T<;OHO7IUHA'0'EGFUL'MH[
T8;PL';?9'?<PM<;8E<Q'M<;UFM';FO787:GF'F;:<^Q'NIUF:7:FQ'_NHV8;HA'0'7IFN<Q'U8OFMF[
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U<O7H7G'N1 N<Z:HJ'TFO?<;FM:F'Z]^;:8:HJ'I?IUI:7<M'Z'<:7I:OHM:<O7\'M<;UFM 1!λ 78'

M<;:FM?I::9' 1!µ sIPOTF:I:E<8?G:H='NFZTF;<?t'[9, 17]. 

3HOL:FP'B'– %?8OHY<P8E<9'TNFO7FQM'P8N]^N:FVF'PFU_8=:8 Wirtgen 2200 SM

2?9' ;NLVFQ' T<;OHO7IUH' TNFO7FQM' MHJ<;' Z' ?8;L' _L;G-9PFVF' I?IUI:78' :I' Z8?I[
jH7G'M<;'7FVFW'TN8E\M8M'PFU_8=:'KH':<W'8?I':IF;U<::F'TNHZMF;H7G';F'=FVF'ZLTH[
:PHA')OP<?GPH'P<?GP<O7G'NIUF:7:HJ'_NHV8;':8';<?G:HE<' Z8ZMHK8='F_UIjI:8W'7F'M'
T<;OHO7IU<'UFjI'F;:FK8O:F'LOLM87HO9'?H>I'F;:8'M<;UFM8A'$:><'M<;UFMHW'9P<'MH[
:HP8\7G'M'EI='jI'K8O'TF7N8T?9\7G'M'_IZTN<FNH7I7:L'KINVLA'r9'Z8;8K8'MHN<>L^7G[
O9'MMI;I::9U'?<:<=:FVF'U8NPFMOGPFVF'TNFEIOL'[18].

-8V8?G:FP8N]^N:<' M<;UFMHW' 9P<' TNHZMF;97G' ;F' ZLTH:PH' V<N:HKFVF' PFU_8=:8
Wirtgen 2200 SMW'Z8ZMHK8='MH:HP8\7G':8'P8?I:;8N:FUL'K8O<A')NV8:<Z8E<=:<'Z8V8[
?G:FP8N]^N:<'TININMH':I' TNH=U8\7GO9' ;F' LM8VHW' FOP<?GPH' MF:H' MN8JFML\7GO9' M'
UF;I?<' ;NLVFQ' T<;OHO7IUHA' 0O<' LUFMHW' OYFNUL?GFM8:<' ;?9' ;NLVFQ' T<;OHO7IUHW'
OTN8MI;?HM<'<';?9'7NI7GFQA'3<Z:HE9'?H>I'M'OTFOF_<'M<;:FM?I::9A'-8V8?G:FP8N]^N:<'
M<;UFMH' UFjL7G' M<;:FM?\M87HO9' FPNIUHUH' NIUF:7:HUH' _NHV8;8UH' :IZ8?Ij:F'
F;:8'M<;'F;:FQ' s:IF_UIjI:I'M<;:FM?I::9tA'687IU87HK:I'YFNUL?\M8::9 Z8;8K'M'
7INU<:8J'7IFN<Q'U8OFMFVF'F_O?LVFMLM8::9'78'NFZN8JL:PFM<'YFNUL?H';?9'PFj:FQ'Z'
T<;OHO7IU':8MI;I:<'M'78_?A'@A

0O<' M<;UFMH' 78' TININMHW' 9P<' UFjL7G' MH:HP87H' :8' P8N]^N8JW' ;?9' PFU_8=:L'
Wirtgen 7HTL'@@gg'SM TNI;O78M?I:F'M'78_?A'X'vB–6, 10–16]. 

1NHKH:H TNFO7FQM'
PFU_8=:8

2<?G:HK:< -8V8?G:FP8N’^N:<

 IJ:F?FV<K:<'
TININMH

0<;UFMH':8'U8[
>H::FUL'K8O<

)NV8:<Z8E<=:<'
TININMH

0<;UFMH':8'P8[
?I:;8N:FUL'K8O<

0<;UFMH':8'P8[
?I:;8N:FUL'K8O<

B'T<;OHO7IU8 2 T<;OHO7IU8 X'T<;OHO7IU8
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PFNHO78::9U' PFU_8=:L'Wirtgen 2200 SM ;FZMF?9^' NFZNF_H7H' ?FV<K:L' OHO7IUL'
U87IU87HK:HJ'UF;I?I='FPNIUHJ'T<;OHO7IU'TNFO7FQM'PFU_8=:8'M'K8O<A

@A %Fj:8' <Z' MH;<?I:HJ'T<;OHO7IU'TNFO7FQM' FTHOL^7GO9' OMF^\'U87IU87HK:F\
UF;I??\W'9P8'MN8JFML^'J8N8P7IN'<'FOF_?HMFO7<'MO<J'TNFO7FQM'PFU_8=:8'78'FNV8:<[
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STUDY OF FEATURES OF FORMATION ACTIVITY FACTOR OF

QUARRY COMBINES WIRTGEN 2200 SM OVER TIME

A. Kruchkov, I Vlaschuk

National Technical University of Ukraine "Kyiv Polytechnic Institute"
prosp. Peremohy, 37, 03056, Kyiv, Ukraine. E-mail: l2212i@ukr.net
The classification of breaks and downtimes for a mining combine Wirtgen 2200 

SM as required by mathematical modeling is developed. The corresponding mathe-
matical model for each of the selected subsystems is created. It takes into account 
character and features of all downtimes mining combine. Three allocated subsystems 
are combined into a single mathematical model of coefficient the using combine over 
time.

Key words: mining machine, quarry, breaks, downtime, mathematical model.
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