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METHOD OF DIVISION VARIABLE IN DYNAMIC CALCULATION

OF MINING MACHINES ELEMENTS  

V. Vorobyov, I. Kyba 
Kremenchuk Mykhailo Ostrohradskyi National University
vul. Pershotravneva, 20, 39600, Kremenchuk, Ukraine. E-mail: tehm@kdu.edu.ua 
It is given a scheme of separation of variables in the one-dimensional wave equa-

tion to obtain an accurate solution of the problem of transverse vibrations of a convey-
or belt, belting, hoses and pipes with flowing liquid, band saws, ropes, lifting devices.

Key words: boundary conditions, initial conditions, the normalizing factor, corre-
lated orthogonality.
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$3&S76E23O7&353:7WG&7E5GYLFK&7&O:3E5FK&6JE:76[I5TU&3&23MJ[&OFMJPFE23554&IM]
ESIPFNI523:T5JHJ&MPF2IP7Y&N7^5JE27&J2PFN35J&RJPNG:FU&XJ&6JWOJ:4Y2T&J^75Y]
O32F& OI:FLF5G& M75^IOJHJ& 5324HG& 35MIP5JHJ&9235HJOJHJ& MP7S:I554& SPF& O76JNFK&
SPG[5FK& 3ZJ& N7^5JE25FK& S3P3NI2P3K& N32IP73:G& 35MIP3& 7& EFE2INF& _MP7S:I554–
SJPJ63`U SJL32MJOJHJ& 5324HG& MP7S:I554& 7& 8JHJ& HIJNI2PFL5FK& S3P3NI2P7O=& .P7N&
2JHJ, SJM3W35JU&XJ&W7&OE7fa&EGMGS5JE27&H7P5FLJ-HIJ:JH7L5FK&7&OFPJZ5FLFK&R3M2J]
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MP7S:I554NU&OFW53L3YLFNF&f&MJ5E2PGM^74&W3NM3&35MIP3U&WEGO&XJ6J&EOIP6:JOF5FU&
N7^57E2T&7&2P7XF5GO327E2T&SJP76&O&N7E^7&W3MP7S:I554&W3NM3U&3&JE5JO53&O2P323&5324]
HG&35MIP7O&SJ:4H3f&O&6IRJPN3^7a&SJPJ6F&53&MJ523M27&7W&W3NMJN&7&JSJP5JY&S:F2JY=

 ?G<;FM!J?;F=N!5324H&9235HJOJHJ&35MIP5JHJ&MP7S:I554U&N7^57E2T&W3MP7S:I5]
54&35MIP3U&MJ523M257&53SPG[I554=

#.g!#)h$' gh&,#('gi= !OI:FLI5FI&H:GZF5Q&F&OEI&ZJ:II&GKG693YXFI]
E4& HJP5J-HIJ:JHFLIEMFI& GE:JOF4& SPI6j4O:4Y2& OEI& OJWP3E23YXFI& 2PIZJO35F4& M&
SJOQ9I5FY&ZIWJS3E5JE2F&F& 536I[5JE2F&RG5M^FJ5FPJO35F4& HJP5J6JZQO3YXFK&
SPI6SPF42F8=&1PF&\2JN, SJ-SPI[5ING, JE5JO5JI&O5FN35FI&G6I:4I2E4&MPIS:I5FY&
HJP5QK& OQP3ZJ2JMU&SJOQ9I5FY& IHJ&536I[5JE2F&F& E5F[I5FY& EIZIE2JFNJE2F=&b&
\2JN&ENQE:I&OIETN3&5IS:JKJ&W3PIMJNI56JO3:F&EIZ4&M3M&35MIP5J-E24[534U&23M&F&
9235HJO34&35MIP534&MPISF=

kI:T&P3ZJ2Q&– FEE:I6JO35FI&5324[I5F4&9235HJOJHJ&35MIP3&6:4&JZIESILI5F4&
GE2J8LFOJE2F&GH:ISJPJ65JHJ&N3EEFO3=

e#g%,/#)&/&,%-!)hg#gi&/  )%*'b#$/l=&/WOIE25JU&L2J&P3ZJ2JESJ]
EJZ5JE2T&9235HJOJ8&MPISF&JSPI6I:4I2E4&2IN&EJSPJ2FO:I5FINU&MJ2JPJI&J53&JM3WQ]
O3I2& ENIXI5FY& SJ66IP[FO3INQK SJPJ6=& -3OFEFNJE2F& NI[6G& PI3M2FO5QN&
EJSPJ2FO:I5FIN&9235HF&F&ENIXI5FIN&MJ52GP3&MPJO:F&OQP3[3I2E4&JZQL5J&O&OF6I&
HP3RFMJOU& SJ:GL3INQK& O& :3ZJP32JP5QK& F& 532GP5QK& GE:JOF4K& mPFE=& >n=& ,3ZJ23&
9235HF&< LFE:I55J&OQP3[3I2E4&S:JX36TY&RFHGPQ&=>?4U& MJ2JP34&ZIW&ZJ:T9J8&
SJHPI95JE2F&NJ[I2&P3EEN32PFO32TE4&M3M&2P3SI^F4&o>p=&*:4&NI23::FLIEMJ8&9235HF&
FNIIN&
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0 6/ @@6< +δ=                                                 (1) 

H6I& q& – J2PIWJMU& 53& MJ2JPJN& 9235H3& JM3WQO3I2& EJSPJ2FO:I5FI& E6OF[I5FY&
SJ66IP[FO3INQK&SJPJ6r&

@0 – 53L3:T5JI&EJSPJ2FO:I5FI&m5324[I5FIn&9235HFr&
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@6 – MJ5IL5JI&EJSPJ2FO:I5FI&m5324[I5FIn&9235HFr&
6/ A MJ\RRF^FI52U&GLF2QO3YXF8&O:F45FI&R3M2JP3&OPINI5F&53&P3ZJ2G&9235HF=

,FEG5JM 1 – gFSJO34&P3ZJL34&K3P3M2IPFE2FM3&NI23::FLIEMJ8 9235HF

1PJ24[I55JE2T&J2PIWM3&q&OQP3[3I2E4&EJJ25J9I5FIN

q&s&t%0uvwxU&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&m;n

H6I&t&– MJ\RRF^FI52&P3ZJ2JESJEJZ5JE2F&9235HJOJ8&MPISFr&
B – N3MEFN3:T5Q8&SPJHFZ&MJ52GP3&MPJO:Fr&
x&– GHJ:&53M:J53&9235HJOJ8&MPISF=

.J\RRF^FI52& O:F45F4& R3M2JP3& OPINI5F& W3OFEF2& J2& MPISJE2F& SJPJ6& F& MJ5]
E2PGM^FF&9235HF=&*:4& JE5JO5QK& 2FSJO&NI23::FLIEMFK&9235HU& SPFNI54INQK&53&
93K23K&F&PG65FM3K& $y&O&SJPJ63K&MPISJE2TY&z&s&@–>;U&W53LI5FI&MJ\RRF^FI523&
kt FWNI54I2E4&J2&?U@<&6J&?UB. 

,3ZJ23&9235HJOJ8&MPISF&JSPI6I:4I2E4&RJPNG:J8

$
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= ,                                                       (3)

H6I&{&– NJ6G:T&GSPGHJE2F&N32IPF3:3&9235HFr&
S – S:JX36T&SJSIPIL5JHJ&EILI5F4&9235HFr&
h – 3M2FO534&6:F53&9235HF=

/5E2PGNI523:T5QNF&53Z:Y6I5F4NF&53&W3NIP5QK&E235^F4K&GE235JO:I53&G6J]
O:I2OJPF2I:T534&EKJ6FNJE2T&P3ELI25QK&F&R3M2FLIEMFK&ENIXI5F8&MPJO:Fc&EPI6]
544& OI:FLF53&J25JEF2I:T5J8& P3W5JE2F&NI[6G&FK& W53LI5F4NF&6:4&AV& OQP3ZJ2JM&
EJE23OF:3&>D&|=&-3MPIS:I55QI&9235H3NF&OQP3ZJ2MF&O& 2ILI5FI&<–A&:I2&SPJ6J:]
[3Y2&JE23O32TE4&O&GE2J8LFOJN&EJE2J45FF&o>p=

$3&JE5JO35FF&SPFOI6I55QK&OQ9I&RJPNG:&6:4&JSPI6I:I5F4&MJ5IL5JHJ&5324]
[I5F4&9235HJOJ8&MPISF&SJ:GLFN&E:I6GYXII&OQP3[I5FIc
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$3FZJ:II&JZXII&E&RFWFLIEMJ8&2JLMF&WPI5F4&MPF2IPF3:T5JI&GP3O5I5FI&SPJL]
5JE2F&6J:[5J&GE2353O:FO32T&W3OFEFNJE2T&NI[6G&JE5JO5QNF&6:4&6355JHJ&E:GL34&
MJNSJ5I523NF&2I5WJP3&53SP4[I5F8U&SPJL5JE2TY&53&E[32FI&SJPJ6Q&SPF&J65JJE]
5JN&53HPG[I5FF&F&SPJL5JE2TY&53&E[32FI&EFE2INQ&_MPIST–SJPJ63`U&P3ZJ23YXI8&
O&W36355QK&GE:JOF4K=&1J:5JI&PI9I5FI&\2J8&W363LF&LPIWOQL385J&E:J[5J&O&EO4WF&
E&J2EG2E2OFIN&5IJZKJ6FNJHJ&MJ:FLIE2O3&\MESIPFNI523:T5QK&6355QK=&1PI6E23O]
:4I2E4&OJWNJ[5QN&O&M3LIE2OI&SIPOJ8&SJSQ2MF&FESJ:TWJO32T&\MESIPFNI523:T5Q8&
MPF2IPF8&SPJL5JE2F&o;p=

*:4& JSPI6I:I5F4& OF63& \MESIPFNI523:T5JHJ& MPF2IPF4& SPJL5JE2F& F& O:F45F4&
S3P3NI2PJO&5324[5J8&9235HJOJ8&MPISF&53&5IEGXGY&ESJEJZ5JE2T&W3MPIS:4INQK&
IY& SJPJ6& SPJOI6I5Q& FEE:I6JO35F4& 53& NJ6I:4K& FW& \MOFO3:I525QK& N32IPF3:JO=&
/EE:I6JO35FI W3M:YL3:JET&O&W3MPIS:I5FF&Z:FW:I[3XIHJ&M&E2OJ:G&E:J4&9235HJ]
OJ8&MPISTY&E&P3W:FL5QNF&S3P3NI2P3NFU&W32IN&53HPG[I5FF&OEIE2JPJ55I8&P3O5J]
NIP5J& P3ESPI6I:I55J8& 53HPGWMJ8& 6J& P3WPG9I5F4& F& EP3O5I5FF& IHJ& 5IEGXI8&
ESJEJZ5JE2F&E&5IEGXI8&ESJEJZ5JE2TY&23MJHJ&[I&E:J4U&5I&W3MPIS:I55JHJ&9235HJ]
OJ8&MPISTY=&eI2J6FM3&\MESIPFNI523&FW:J[I53&O&P3ZJ2I&o@p=

,IWG:T232Q& \MESIPFNI523& FESJ:TWGY2E4& 6:4& JSPI6I:I5F4& OF63& GP3O5I5F4&
MPF2IPF4&SPJL5JE2F&F&O&OF6I&ZIWP3WNIP5QK&W3OFEFNJE2I8&9 = [\[]U&}&s&~M=S�~S, ([ – 
MJ\RRF^FI52& JZjIN5JHJ& 53SP4[I5F4& SPF& FEE:I6GINJN& S3ESJP2I& MPIS:I5F4n&
SPI6E23O:I5Q&O&23Z:=&>=

g3Z:F^3&>&– ,IWG:T232Q&\MESIPFNI523U&FESJ:TWGINQI&6:4&OF63&MPF2IPF4
SPJL5JE2F

�&S�S [ 9 } �&S�S [ 9 }
1 0,250 1,25 1,07 15 1,120 5,10 1,56

2 0,295 1,47 1,14 16 1,180 5,90 1,59

3 0,346 1,68 1,21 17 1,238 6,19 1,66

4 0,461 2,30 1,28 18 1,380 6,90 1,72

5 0,500 2,50 1,35 19 1,380 6,90 1,63

6 0,500 2,50 1,11 20 1,500 780 1,77

7 0,590 2,95 1,22 21 1,660 8,30 1,66

8 0,619 3,10 1,42 22 1,780 890 1,83

9 0,690 3,45 1,45 23 2,00 10,00 1,70

10 0,692 3,46 1,33 24 2,040 10,20 1,88

11 0,780 3,90 1,48 25 2,360 11,80 1,94

12 0,890 4,45 1,52 26 2,760 13,80 1,98

13 0,922 4,60 1,44 27 3,320 16,60 2,09

14 1,000 5,0 1,55 28 4,00 20,00 2,10

b&23Z:F^I&SPF542Q&E:I6GYXFI&JZJW53LI5F4c&[ – NF5FN3:T5Q8&MJ\RRF^FI52&
JZjIN5JHJ& SPI6O3PF2I:T5JHJ& 53SP4[I5F4& W39235HJO355JHJ& E:J4U& SPF& MJ2JPJN&
IXI& JZIESILFO3I2E4& GSPJL54YXII& O:F45FI&9235HJOJ8& MPISF& 53& EFE2ING& MPIST-
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SJPJ63=& -3& [0 SPF542& MJ\RRF^FI52& 53SP4[I5F4U& EJJ2OI2E2OGYXF8& P3EE2J45FY&
NI[6G&9235H3NF&@&N&F&SPF&6:F5I&;&N=&1PF&\2JN&S3ESJP2I&&SPJL5JE25QI&SJM3W32I]
:F&W39235HJO355JHJ&F&5IW39235HJO355JHJ&E:JIO&P3W:FL3Y2E4&53&<–>?&|=&b&93K2]
5QK& GE:JOF4K& \2J& JW53L3I2U& L2J& SPF& 23MJN& S3ESJP2I& G[I& JZIESILFO3I2E4&
JHP35FLI5FI& SIPINIXI5F8& SJPJ6Q& O5G2PT& E2OJ:3U& EJONIE2534& P3ZJ23& SJPJ6Q& F&
9235H=

1J:GLI5Q&GP3O5I5F4&o;pc
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                                           (5) 

H6I&~T^E – 6JSGEM3INJI&EJSPJ2FO:I5FI&E[32FY&EFE2INQ&_MPIST&– SJPJ63`r&
~E – SPI6I:&SPJL5JE2F&53&J65JJE5JI&E[32FIr&
@0 – OI:FLF53&SPI6O3PF2I:T5JHJ&5324[I5F4&9235HFr&
@6 –OI:FLF53&2IMGXIHJ&5324[I5F4&9235HFr&
00 – 53L3:T5JI&P3EE2J45FI&NI[6G&9235H3NFr&
$0 A 3M2FO534&6:F53&9235HFr&
0 – MJ5IL5JI&P3EE2J45FI&NI[6G&9235H3NFr&
$ – MJ5IL534&6:F53&9235HF=

bQP3[I5FI& m<n& F& IE2T& \MESIPFNI523:T5Q8& MPF2IPF8& SPJL5JE2F& EFE2INQ&
_MPIST&– SJPJ63`&SPF&5324[5J8&9235HJOJ8&MPISF=&'5J&E&6JE232JL5J8&E2ISI5TY&
2JL5JE2F&m6355QIU&SJ:GLI55QI&\MESIPFNI523:T5JU&5I&J2M:J54Y2E4&J2&P3ELI25QK&
ZJ:II&LIN&53&>?–12 |n&GE2353O:FO3I2& W3OFEFNJE2T&NI[6G&SJM3W32I:4NF&53SP4]
[I55JHJ& EJE2J45F4& W39235HJO355JHJ& SPFMJ52GP5JHJ& E:J4U& SPI6I:T5J8& SPJL5J]
E2TY& 53& E[32FI& N32IPF3:3& EFE2INQ& _MPIST–SJPJ63`& F& SPI6I:T5J8& SPJL5JE2TY&
53&E[32FI&SJPJ6Q=

.PF2IPF3:T5JI&GP3O5I5FI SPJL5JE2F&EFE2INQ&_MPIST–SJPJ63`&OF63&m<n&6I8]
E2OF2I:T5J&6:4&E:3ZQK&SJPJ6U&SPF&MJ2JPQK&F&53Z:Y63Y2E4&SPJ4O:I5F4&HJP5JHJ&
63O:I5F4&O& OIP2FM3:T5QK&OQP3ZJ2M3K=&$J&SPF&FESJ:TWJO35FF&9235HJOJ8&MPISF&
6:4&MPIS:I5F4&OQP3ZJ2JMU&SPJ86I55QK&O&WJ5I&EGXIE2OI55JHJ&O:F45F4&JLFE25QK&
P3ZJ2& m23MFI& SPI6:J[I5F4& O& 53E2J4XII& OPIN4& FNIY2E4& o@pnU& 5IJZKJ6FNJ& G2JL]
5F2T& W53LI5F4&MJ\RRF^FI523&6:4&SPJL5QK&SJPJ6=&1G2IN&SPJE2QK&SPIJZP3WJO3]
5F8&FW&GP3O5I5F4&m<n&SJ:GLFN&OQP3[I5FI&6:4&JSPI6I:I5F4&OI:FLF5Q&5324[I5F8&
9235HJOJ8&MPISFc

2
0

2
0

22
.0

96,0 $0

$0@
@

E

ET

σ
σ

= .                                                 (6)

/W:J[I55JI& SJWOJ:4I2& E6I:32T& OQOJ6U& L2J& E& SJNJXTY& 9235HJOJ8& MPISF& O&
SPFMJ52GP5JN& N3EEFOI& OIP2FM3:T5J8& OQP3ZJ2MF& EJW63I2E4& HPGWJ5IEGX34& MJ5]
E2PGM^F4&_MPIST–SJPJ63`&E&SPJL5JE2TY&53&E[32FI&~T^E, W53LF2I:T5J&SPIOQ93Y]
XI8&SPJL5JE2T&SJPJ6Q&~Er&NI[6G&SPJL5JE2TY&53&E[32FI&~T^E N32IPF3:3&EFE2INQ&
_MPIST& – SJPJ63`F& MJ\RRF^FI52JN& JZjIN5JHJ& 53SP4[I5F4U& K3P3M2IPFWGYXFN&
53SP4[I55JI&EJE2J45FI&EFE2INQU&OQWQO3INJI&5324[5J8&9235HJOJ8&MPISTYU&EG]
XIE2OGI2& MJPPI:4^FJ5534& W3OFEFNJE2TU& 53& JE5JOI& MJ2JPJ8& SJ:GLI5J& MPF2IPF]
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3:T5JI& GP3O5I5FI& SPJL5JE2F& EFE2INQ& _MPIST–SJPJ63`r& SPF& P3ELI2I&9235HJOJ8&
MPISF& ONIE2J& SPJL5JE25QK& K3P3M2IPFE2FM& SJPJ6& E:I6GI2& FESJ:TWJO32T& SPJL]
5JE25QI&K3P3M2IPFE2FMF&EFE2INQ&_MPIST–SJPJ63`U&JSPI6I:I55QI&6:4&P3W:FL5QK&
S3ESJP2JO& 9235HJOJ8& & MPISF& FW& OQP3[I5F8& mAnU& E:I6GI2& G2JL5F2T& SJM3W32I:F&
MPF2IPF3:T5JHJ& GP3O5I5F4&SPJL5JE2F& EFE2INQ&_MPIST–SJPJ63`SPF&FESJ:TWJO3]
5FF&5324[5QK&9235H&6:4&SJPJ6&P3W:FL5QK&M32IHJPF8&MPISJE2F=

'E5JO5QN&MPF2IPFIN&536I[5J8&P3ZJ2Q&35MIP5J8&MPISF&4O:4I2E4&II&5IEGX34&
ESJEJZ5JE2TU&JSPI6I:4IN34&SPI6I:JN&SPJL5JE2F&35MIP3&53&P3WPQO&F:F&EJSPJ2FO]
:I5FIN& IHJ& W3NM3& EMJ:T[I5FY& SJ& EMO3[F5I& SPF& SPF:J[I55JN& GEF:FF=& 1PI6I:&
SPJL5JE2F&35MIP3&53&P3WPQO&NJ[I2&ZQ2T&JSPI6I:I5&FEKJ64&FW&S:JX36F&IHJ&SJSI]
PIL5JHJ EILI5F4&F&N32IPF3:3U&FW&MJ2JPJHJ&J5&FWHJ2JO:I5=&1PF&SPFNI5I5FF&P3N]
5J8&F:F&3PJL5J8&MPISF&OEIH63&NJ[5J&GE235JOF2TU&O&M3[6J8&E2ISI5F&J26I:T5QI&
II&\:INI52Q&J2OIL3Y2&SPI6j4O:I55QN&M&5FN&2PIZJO35F4N&oDp=&b&E:GL3I&[I&5I6J]
E232JL5J& 536I[5J& W3MPIS:I55QK& O& EMO3[F5I& 35MIPJO& F& 5IJZIESILI5FF& 5IJZKJ]
6FNJHJ& SPI6O3PF2I:T5JHJ& 5324[I5F4& O& 5FK& JZE:I6JO35F4NF& ZIW&
EJJ2OI2E2OGYXFK&SPFZJPJO&5I:TW4&GE235JOF2T&536I[5GY&FK&P3ZJ2G=

1PF&FEE:I6JO35FF&5IEGXI8&ESJEJZ5JE2F&35MIP5J8&MPISF&E23OF:FET&E:I6GY]
XFI&W363LFc

– GE235JO:I5FI&W3OFEFNJE2F&NI[6G&5IEGXI8&ESJEJZ5JE2TY&35MIP5J8&MPISF&F&
JSPI6I:4YXFNF&II&R3M2JP3NF&mSPI6I:&SPJL5JE2F&35MIPGINQK&SJPJ6&53&J65JJE]
5JI& E[32FIU& O:F45FI& OWPQO5QK&F& JLFE25QK& P3ZJ2&F& 2=S=n& SPF& MP32MJOPINI55QK&
53HPGWM3K&F&O&GE:JOF4K&6:F2I:T5J8&\MES:G323^FF&35MIP5J8&MPISFr

– FWGLI5FI&O:F45F4&JE5JO5QK&MJ5E2PGM2FO5QK&S3P3NI2PJO&W3NMJO&35MIPJO&F&
HJP5J-HIJ:JHFLIEMFK&R3M2JPJO&53&P3ZJLGY&K3P3M2IPFE2FMG&35MIP5J8&MPISF=

'ZXISPF542QN&MPF2IPFIN&536I[5J8&P3ZJ2Q&35MIP5J8&MPISF&o<p&4O:4Y2E4&\ME]
SIPFNI523:T5QI&HP3RFMF&5IEGXI8&ESJEJZ5JE2F&35MIPJOU&OQP3[3YXFI&W3OFEFNJE2T&
NI[6G& SPF:J[I55J8& M& 35MIPG& JEIOJ8& 53HPGWMJ8& F& IHJ& ENIXI5FIN& J25JEF2I:T5J&
EMO3[F5Q=& JH:3E5J&2FSJOJ8&NI2J6FMI&oApU&SPJL5JE2T&W3MPIS:I5F4&35MIPJO&O&SJPJ]
63K& JSPI6I:4:3ET& NI2J6JN& P3WJOJHJ& FWO:ILI5F4& mOQ24HFO35F4n& FW& EMO3[F5Q& W3]
MPIS:I55JHJ&35MIP3&E&SJNJXTY&ESI^F3:T5QK&SPFZJPJO=&*:4&\2J8&^I:F&SPFNI54:F&
P3W:FL5QI&NIK35FLIEMFI&F&HF6P3O:FLIEMFI&SPFZJPQc&1#–@U&1b–@&F&6P=

1JE:I& SPJOI6I5F4&OQP3ZJ2MF& mOQINMF& GH:4n& JZ53[I55QI& E:JF&SPF&S:JEMJ8&
MPJO:I& FESQ2QO3Y2& P3E24HFO3YXFI& 53SP4[I5F4=& $3& 5IMJ2JPJN& P3EE2J45FF& J2&
JZ53[I55J8&SJOIPK5JE2F&IE2T&WJ53U&H6I&SJPJ6Q&5I&FESQ2QO3Y2&P3E24HFO3YXFK&
53SP4[I5F8=& #5MIP534& MPIST& O:F4I2& 53& K3P3M2IP& P3ESPI6I:I5F4& 53SP4[I5F8& O&
E:J4K=&1PF&\2JN&P3E24HFO3YXFI&GEF:F4&FW&WJ5Q&JZ53[I55J8&SJOIPK5JE2F&MPJO]
:F&SIPI63Y2E4&O&OQ9I:I[3XFI&E:JF=

 &^I:TY&GNI5T9I5F4&P3EE:JI5F4&SJPJ6&MPJO:FU&5IJZKJ6FNJ&P3E24HFO3YXFI&
GEF:F4& O& 5F[5I8& II& L3E2F& E5FWF2T& SPF:J[I5FIN& E[FN3YXFK& GEF:F8U& MJ2JPQI&
6J:[5Q&ZQ2T&NI5T9I& SPI6I:T5JHJ& EJSPJ2FO:I5F4&SJPJ6& E[32FY=& %E:F& O& GE23]
5JO:I55JN&35MIPI&EJW632T&JSPI6I:I55JI&53SP4[I5FI&H38MJ8U&2J&J5J&ZG6I2&LIPIW&
JSJP5GY&S:F2MG&JM3WQO32T&53&JZ53[I55GY&SJOIPK5JE2T&MPJO:F&63O:I5FIU&EJW63]
O34& O& NIE2I& GE235JOMF& 35MIP3& E[FN3YXFI& GEF:F4& O& MPJO:I=& 1J\2JNG& OJ& OEIK&
GE2353O:FO3INQK& 35MIP3K& mIE:F& J5F& 5I& W3MPIS:I5Q& SJ& OEI8& 6:F5I& EMO3[F5Qn&
5IJZKJ6FNJ&EJW63O32T&SPI6O3PF2I:T5JI&5324[I5FI=
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bI:FLF53& SPI6O3PF2I:T5JHJ& 5324[I5F4& 35MIP3& JHP35FLFO3I2E4& SPJL5JE2TY&
IHJ&N32IPF3:3&F&SPJL5JE2TY&W3MPIS:I5F4&35MIP3&O&EMO3[F5I=&$3SP4[I5FI&O&35]
MIPI&O&SPJ^IEEI&IHJ&P3ZJ2Q&5I&6J:[5J&SPIOQ932T&6JSGE2FNJHJ&53SP4[I5F4U&MJ]
2JPJI& EM:36QO3I2E4& FW& 53SP4[I5F4& SPI6O3PF2I:T5JHJ& 5324[I5F4& 35MIP3& F&
53SP4[I5F4U&OQWQO3INJHJ&OIEJN&SJ66IP[FO3YXFK&SJPJ6=

'E5JO5J8& EJE23O5J8& L3E2TY& 35MIP3& E&NIK35FLIEMFN& W3MPIS:I5FIN& 4O:4I2E4&
IHJ&W3NJM=&.3[6Q8&2FS&W3NM3&FNII2&EOJY&P3ZJLGY&K3P3M2IPFE2FMGU& W3OFE4XGY&
J2& IHJ& MJ5E2PGM^FFU& ESJEJZ3& W3MPIS:I5F4& F& EOJ8E2O3& SJPJ6=& #5MIP5QI& MPISF&&
FNIY2&M3M&MJ5E2PGM2FO5QI&J2:FLF4&O&OQSJ:5I5FF&P3ESJP5QK&\:INI52JOU&23M&F&O&
SPF5^FSI& EJW635F4& P3ESJP5JHJ& GEF:F4=& 1J\2JNG& E:I6GI2& J[F632TU& L2J& P3ZJ2J]
ESJEJZ5JE2T \2FK&MJ5E2PGM^F8&O&J65FK&F&2IK&[I&GE:JOF4K&ZG6I2&P3W:FL5J8=

 F:G&W3MPIS:I5F4&35MIPJO&E&NIK35FLIEMFNF&W3NM3NF&mO&M$n&JPFI52FPJOJL5J&
NJ[5J&JSPI6I:42T&SJ&\NSFPFLIEMJ8&RJPNG:I

Z = 1,7 + 1,22; + 0,03;
 2
,                                            (7)

H6I&; – MJ\RRF^FI52&MPISJE2F&SJPJ6&SJ&9M3:I&SPJR=&e=e=&1PJ2J6T4MJ5JO3=
1PJOI6I55QI&FEE:I6JO35F4& EOF6I2I:TE2OGY2&J& 2JNU& L2J&FW& OEI8& EJOJMGS5J]

E2F&HJP5J-HIJ:JHFLIEMFK&F&SPJFWOJ6E2OI55QK&R3M2JPJOU&MJ2JPQI&NJHG2&JM3W32T&
O:F45FI& 53& EF:JOQI& K3P3M2IPFE2FMF& 35MIPJO& E& W3NMJOQN& W3MPIS:I5FIN& SPF&
MP32MJOPINI55QK&53HPGWM3K&mOPIN4&OJW6I8E2OF4&EJE23O:4I2&5I&ZJ:II&>?&NF5U&FW]
NI5I5FI&53HPGWMF&J2&?&6J&>??&M$nU&JSPI6I:4YXFNF&4O:4Y2E4&MJ5E2PGM^F4&W3NM3&
35MIP3U&ENIXI5FI&J25JEF2I:T5J&EMO3[F5QU&MPISJE2T&F&2PIXF5JO32JE2T&SJPJ6&O&&
NIE2I&W3MPIS:I5F4&W3NM3U&S3P3NI2PQ&F&RJPN3&EMO3[F5&&F&JZOJ65I55JE2T&SJPJ6=

$3P46G&E&FEE:I6JO35F4NF&5IEGXI8&ESJEJZ5JE2F&35MIPJO&SPF&MP32MJOPINI5]
5QK&I6F5FL5QK&53HPGWM3K&FEE:I6JO3:JET&23M[I&O:F45FI&SJO2JP5QK&53HPG[I5F8=&
1JO2JP5QI& 53HPG[I5F4& SPJFWOJ6F:FET& 5ISJEPI6E2OI55J J65J& W3& 6PGHFN=&
$3ZJ:T9II& GNI5T9I5FI& SJ632:FOJE2F& mENIXI5F4n& 35MIP3& O& EMO3[F5I& SPJFEKJ]
6F2&SPF&O2JPFL5JN&IHJ&53HPG[I5FF=&1PF&SJE:I6GYXFK&53HPG[I5F4K&OI:FLF5Q&
ENIXI5F4& 35MIP3& SJ& EMO3[F5I& SJE2ISI55J& GZQO3I2=& *3:T5I89FI& SJO2JP5QI&
53HPG[I5F4&35MIP3&SJM3WQO3Y2U L2J&GNI5T9I5FI&ENIXI5F4&FK&SJ&EMO3[F5I&SPJ]
FEKJ6F2&6J&JSPI6I:I55JHJ&SPI6I:3U&SJE:I&LIHJ&K3P3M2IPFE2FM3&35MIP3&E235JOF2]
E4&5IFWNI55J8=

,3W:FL5JI& O:F45FI&SJO2JP5QK&53HPG[I5F8&53&5IEGXGY&ESJEJZ5JE2T&F& ENI]
XI5FI&P3ESJP5QK&35MIPJO&JZj4E54I2E4&2INU&L2J&\:INI52Q&W3NM3&P3ESJP5QK&35]
MIPJO&SJE:I&FK&GE235JOMF&mSIPOJI&53HPG[I5FIn&MJ523M2FPGY2&&NI[6G&EJZJ8&F&E&
SJPJ63NFU&JMPG[3YXFNF&EMO3[F5GU&53&5IW53LF2I:T5J8&S:JX36F&m6:4&PIZPFE2QK&
SJ:GNGR2&– P46&2JLIMn=&1PF&&SJHPG[I5FF&35MIP3&SPJFEKJ6F2&JZ[32FI&\:INI52JO&
W3NM3&NI[6G&EJZJ8 F&O5I6PI5FI&SJ:GNGR2&O&SJPJ6G=&�2J&GOI:FLFO3I2&S:JX36T&
MJ523M23&SJ:GNGR2&W3NM3&E&SJPJ63NF=& :I6JO32I:T5JU&OJWP3E23I2&F&EJSPJ2FO:I]
5FI& SJPJ6& O5I6PI5FY& SJ:GNGR2=&  JSPJ2FO:I5FI& W3NM3& ENIXI5FY& OJWP3E23I2=&
'653MJ&J65JHJ&53HPG[I5F4&6:4&SJ:5JHJ&JZ[32F4&\:INI52JO&W3NM3&SJPJ6J8&JM3]
WQO3I2E4&5I6JE232JL5J=&'MJ5L32I:T5JI&JZ[32FI&53E2GS3I2&SJE:I&6OGKU&2PIK&F:F&
LI2QPIK& O& W3OFEFNJE2F& J2& MJ\RRF^FI523& MPISJE2F&SJPJ6&F& MJ5E2PGM^FF& W3NM3&
53HPG[I5F8&35MIP3=
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 :I6GI2&SJ:3H32TU&L2J&SPF&53FZJ:T9FK&53HPGWM3K&HP3RFMFU&K3P3M2IPFWGYXFI
5IEGXGY& ESJEJZ5JE2T& NI23::FLIEMFK& 35MIPJO& E& P3ESJP5QNF& W3NM3NFU& 6J:[5Q&
FNI2T&J6F53MJOQ8&K3P3M2IP&5IW3OFEFNJ&J2&FK&2FS3=&$3&\2J&GM3WQO3I2&OQSJ:3[F]
O35FI&HP3RFMJO&5IEGXI8&ESJEJZ5JE2F&P3ESJP5QK&35MIPJO&OEIK&FESQ2355QK&2F]
SJO&SJ&NIPI&FK&53HPG[I5F4=&.PJNI&2JHJU&O&P46I&E:GL3IOU&MJH63&P3ESJP5QI&35MIP3&
SJ6OIPH3:FET&53HPG[I5FY&6J&>??–>;?&M$&ENIXI5FI&FK&SPJFEKJ6F:J&SPF&&SJE2J]
455J8&53HPGWMI=&1JE:I&FWO:ILI5F4& 35MIPJO&FW& EMO3[F5&JZ53PG[FO3:FET&J6F53]
MJOQI&6IRJPN3^FF&\:INI52JO&W3NM3=

1PF&53HPG[I5FF&35MIPJO&\:INI52Q&W3NM3&O5I6P4Y2E4&O&ZJMJOQI&E2I5MF&EMO3]
[F5QU&3&S:JX36T&MJ523M23&\:INI52JO&W3NM3&NI[6G&EJZJ8&JE23I2E4&5IFWNI55J8=&b&
5IMJ2JPQ8&NJNI52&&MJ523M25QI&53SP4[I5F4&&O&\:INI523K&W3NM3&SPIOQ93Y2&SPI]
6I:& SPJL5JE2F& NI23::3& EN42FYU& F& & \:INI52Q& W3NM3& 6IRJPNFPGY2E4U& G2P3LFO34&
ESJEJZ5JE2T& SIPINIX32TE4& J65JNG& J25JEF2I:T5J& 6PGHJHJ=& b& PIWG:T232I& W3NJM&
53ZFP3I2&EOJY&N3MEFN3:T5GY&&5IEGXGY&ESJEJZ5JE2T&F&IHJ&ENIXI5FI&O&63:T5I8]
9IN&SPJFEKJ6F2&SPF&&SJE2J455J8&53HPGWMI=&%HJ&5IEGX34&ESJEJZ5JE2T&JSPI6I:4I2]
E4& 2IN& GEF:FINU& MJ2JPJI& 5IJZKJ6FNJ& 6:4& EM3:QO35F4& E:J4& SJPJ6QU& 2J:XF53&&
MJ2JPJHJ&EJE23O:4I2&H:GZF5G&O5I6PI5F4&SJ:GNGR2&W3NM3&O&E2I5MF&EMO3[F5Q=

/EE:I6JO35F4&JEIOQK&53SP4[I5F8&O&35MIP3K&SPJOJ6F:FET&O&OQP3ZJ2M3KU&P3E]
SJ:J[I55QK&O&N3EEFOI&mE&SPI6I:JN&SPJL5JE2F&53&J65JJE5JI&E[32FI&C–>;&e13&F&
SJPJ63K&m3PHF::F23KU&3:IOPJ:F23K&F&SIEL35FM3Kn=&1PI6I:&SPJL5JE2F&53&J65JJE]
5JI&E[32FI&\2FK&SJPJ6&EJE23O:4I2&A–@C&e13=&b&ZJ:II&MPISMFK&SJPJ63K&53SP4[I]
5F4& O& 35MIP3K& FWGL3:FET& 53& SJPJ65QK& Z:JM3KU& J2ZFP3INQK& O& W3ZJI& FW&
EOI[IJ2ZF2J8&SJPJ6Q=&*:4&FEE:I6JO35F4&SPF5FN3:FET&P3ESJP5QI&35MIPQ&E&6OG]
N4&SJ:GNGR23NF&F&M:F5J-XI:IOQI&35MIPQ=

bEI&\MESIPFNI523:T5QI&35MIPQ&GE2353O:FO3:F&O&P3W:FL5QK&SJPJ63K&HPGSS3]
NF&O5I&WJ5Q&O:F45F4&JLFE25QK&F&OWPQO5QK&P3ZJ2=&b&M3[6J8&HPGSSI&FESQ2QO3]
:JET&SJ&A–C&35MIPJO=&$3Z:Y6I5F4&OI:FET&O&2ILI5FI&;B–56 EG2=r&O&SIPOQI&EG2MF&
SJM3W35F4&E5FN3:FET&LIPIW&@?–A?&NF5U&O&63:T5I89IN&– LIPIW&>–C&EG2=&"2JZQ&FE]
M:YLF2T& O:F45FI& 53& SPI6O3PF2I:T5JI& 5324[I5FI& [IE2MJE2F& SJ6KO323U& 6F53NJ]
NI2PQ& GE2353O:FO3:F& 5ISJEPI6E2OI55J& M& SJPJ6I=& $3& 5IEMJ:TMFK& 35MIP3K& 6:4&
EP3O5I5F4& FESJ:TWJO3:F& 6IPIO455QI& SJ6KO32Q& FW& P3ESF:JO& F& NI23::FLIEMFI&
SJ6KO32Q&FW&ESI^SPJRF:4& 1–>C&F&6P=

,IWG:T232Q&SPJOI6I55QK&53Z:Y6I5F8&W3&FWNI5I5FIN&SIPOJ53L3:T5JHJ&5324]
[I5F4&35MIPJO&mZIW&SJ6KO32JOn&OJ&OPINI5F&O&SJPJ63K&P3W:FL5J8&MPISJE2F&SPI6]
E23O:I5Q& 53& PFE=& ;=& $3Z:Y6I5F4& SJM3WQO3Y2U& L2J& OJ& OEIK& E:GL34K&
SIPOJ53L3:T5JI&5324[I5FI&O&35MIP3K&EJ&OPINI5IN&GNI5T93I2E4=&'E5JO534&SJ2I]
P4&5324[I5F4&SPJFEKJ6F2&O&2ILI5FI&SIPOQK&EG2JMU&O&63:T5I89IN&EMJPJE2T&SJ2I]
PF&5324[I5F4&GNI5T93I2E4=&1J2IPF&5324[I5F4&PIWMJ&OJWP3E23Y2&E&GNI5T9I5FIN&
SPJL5JE2F&HJP5QK&SJPJ6=&g3MU&O&GHJ:T5JN&N3EEFOI&m~OU = 7–>;&e13n&F&3PHF::F]
23K&m~OU = 6–>;&e13nr&W3&;D&L&SJ2IP4&5324[I5F4&EJE23OF:3&>@;&M$&mDD&|&SIPOJ]
53L3:T5JHJ& 5324[I5F4nU& O& 3:IOPJ:F23K& m~OU =17–;D& e13n& –>;& M$& m@AUA& |nU& O&
SIEL35FM3K&m~OU =32–@C&e13n&– CUB&M$&m;A&|n=
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/WGLI5FI&F&353:FW&SJ2IPF&SIPOJ53L3:T5JHJ&5324[I5F4&OJ&OPINI5F&SJM3W3:FU&
L2J&5324[I5FI&35MIPJO&mO&M$n&FWNI54I2E4&SJ&SP4NJ:F5I85J8&W3OFEFNJE2F&F&E&6J]
E232JL5J8&2JL5JE2TY&NJ[I2&ZQ2T&OQP3[I5J&GP3O5I5FINc

/

.
%@ += ,                                                      (8) 

H6I&@ – 5324[I5FI&35MIP3&LIPIW&JSPI6I:I55Q8&SPJNI[G2JM&OPINI5Fr&
%, . – SJE2J455QI&MJ\RRF^FI523U& W3OFE4XFI&J2&EOJ8E2O&HJP5QK&SJPJ6&F&

OI:FLF5Q&SIPOJ53L3:T5JHJ&5324[I5F4r&
/ – OPIN4&E&NJNI523&SIPOJ53L3:T5JHJ&5324[I5F4U&L=

1 – 3PHF::F2&m~OU = 0,6 – >U;&M$�EN2
); 2 – 3:IOPJ:F2&m~OU = 1,7 – ;UD&M$�EN2

); 

3 – SIEL35FM&m~OU = 3,2 – @UC&M$�EN2
); 4 – GHJ:T&m~OU = 0,7 – >U;&M$�EN2

) 

,FEG5JM 2 – /WNI5I5FI&SIPOJ53L3:T5JHJ&5324[I5F4&35MIPJO&OJ&OPINI5FU
W3MPIS:I55QK&O&P3W:FL5QK&SJPJ63K

136I5FI&SIPOJ53L3:T5JHJ&5324[I5F4&O&35MIPI&NJ[5J&JZj4E5F2T&P46JN&SPF]
LF5=&$3SP4[I5FIU&EJW63O3INJI&W3NMJN&35MIP3U&P3WPG93I2&SJPJ6G&F&OQWQO3I2&S3]
6I5FI&5324[I5F4&35MIP3=&�2JNG&ESJEJZE2OGI2&23M[I&OJW6GK&F&O:3H3U&OQWQO3YX34&
E5F[I5FI&SPJL5JE2F&SJPJ6&F&MJPPJWFY&NI23::3=&b&SJPJ6I&SJ6&JSJP5J8&S:F2MJ8&
MJ5^I52PFPGY2E4&53SP4[I5F4U&MJ2JPQI&OQWQO3Y2&P3WPG9I5FI&SJPJ6Q=&b&35MI]
P3KU& GE235JO:I55QK& E& NI23::FLIEMFNF& SJ6KO323NFU& SJ2IP4& 5324[I5F4& 53&
20–25 |&NI5T9IU&LIN&G&35MIPJO&E&6IPIO455QNF&SJ6KO323NF=&1J2IP4&5324[I5F4&O&
35MIPI&23M[I&NJ[I2&SPJFEKJ6F2T&OE:I6E2OFI&G6:F5I5F4&N32IPF3:3&35MIP3&F&N3]
:J8&SPJL5JE2F&W3MPIS:I5F4&35MIP3=

 &\2J8&^I:TY&ZQ:F&FESQ235Q&35MIPQ&53&SPJL5JE2F&W3MPIS:I5F4=&/ESQ235F4&
SJM3W3:FU& L2J& 35MIPQU& GE235JO:I55QI& O& E:3ZQK& SJPJ63KU& FNIY2& W53LF2I:T5GY&
SJ632:FOJE2T&F&N3:GY&SPJL5JE2T&W3MPIS:I5F4=&gJ:TMJ&G&35MIPJOU&GE235JO:I55QK&
O&SIEL35FM3KU&SPJL5JE2T&W3MPIS:I5F4&W53LF2I:T5J&SPIOJEKJ6F2&SIPOJ53L3:T5GY&
OI:FLF5G&5324[I5F4=&bEI&\2J&GM3WQO3I2&53&2JU&L2J&6:4&\RRIM2FO5J8&P3ZJ2Q&35]
MIPJO&SPJL5JE2T&W3MPIS:I5F4&FK&6J:[53&O&>U<&P3W3&F&ZJ:II&SPIOJEKJ6F2T&OI:F]
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LF5G&SIPOJ53L3:T5JHJ&5324[I5F4=&,3ZJ23&35MIPJO&SPJ4O:4I2E4&O&OF6I&6JSJ:5F]
2I:T5JHJ& E[32F4&JSJP5QK& \:INI52JO&F& SJPJ6U& O2JPFL5JI&SJ624HFO35FI& ESJEJZ]
E2OGI2& EJKP35I5FY& 5324[I5F4=&  & ^I:TY& SPJOIPMF& \2JHJ OQOJ63& 35MIP3U&
SJ2IP4O9FI&5324[I5FIU&SJ624HFO3:F&6J&SIPOJ53L3:T5JHJ&5324[I5F4=&!&35MIPJOU&
FNIO9FK&SPJL5JE2T&W3MPIS:I5F4U&SPFZ:F[3YXGYE4&M&OI:FLF5I&SIPOJ53L3:T5J]
HJ&5324[I5F4U&SJ2IPF&5324[I5F4&SJL2F&5I&FWNI54:FET=&!&35MIPJOU&SPJL5JE2T&W3]
MPIS:I5F4&MJ2JPQK&SPIOJEKJ6F2&OI:FLF5G&5324[I5F4&O&>U<&P3W3&F&ZJ:IIU&SJ2IPF&
5324[I5F4&GNI5T93:FET&W53LF2I:T5J=&1PF&O2JPFL5JN&SJ624HFO35FF&H3IM&SJ2IPF&
5324[I5F4&SPJFWJ9:F&O5JOTU&5J&5IW53LF2I:T5J&mPFE=&@n=&�2J&GM3WQO3I2&53&2JU&L2J&
6:4&P3ESJP5QK&35MIPJOU&GE235JO:I55QK&O&N3EEFOIU H6I&5I2&63[I&O:F45F4&JLFE2]
5QK&F&OWPQO5QK&P3ZJ2U&5IJZKJ6FNJ&O2JPFL5JI&SJ624HFO35FI=

1 – 3PHF::F2r&;&– 3:IOPJ:F2r&@&– SIEL35FMr
3&– E5F[I5FI&SIPOJ53L3:T5JHJ&5324[I5F4r&Z&– E5F[I5FI&O2JPFL5JHJ&5324[I5F4

,FEG5JM 3 – /WNI5I5FI&5324[I5F4&35MIPJO&OJ OPINI5FU&
W3MPIS:I55QK&O&P3W:FL5QK&SJPJ63K

$3&JE5JO35FF&PIWG:T232JO&SPJOI6I55QK&FEE:I6JO35F8&NJ[5J&E6I:32T&E:I6G]
YXFI&OQOJ6Q=

'E5JO534& SJ2IP4& 5324[I5F4& 35MIPJO& W3M:YL3I2E4& O& 6IRJPN3^FF&SJPJ6Q&53&
MJ523M2I&E&W3NMJN&F&JSJP5J8&S:F2MJ8=

1PJ^IEE&SJ2IPF&5324[I5F4&35MIPJO&– W32GK3YXF8U&5J&5I&JE2353O:FO3YXF8]
E4=& 03P3M2IP& F& OI:FLF53& SJ2IPF& 5324[I5F4& 53KJ642E4& O& W3OFEFNJE2F& J2& SPJL]
5JE25QK&EOJ8E2O&SJPJ6QU&SIPOJ53L3:T5JHJ&5324[I5F4&F&SPJL5JE2F&W3MPIS:I5F4&
35MIP3=&1J2IP4&5324[I5F4&SPJFEKJ6F2&O&JE5JO5JN&O&SIPOQI&EG2MF&SJE:I&5324[I]
5F4& mAB–B>&|nU& O& 2ILI5FI&JE23:T5QK&;C& EG2=& 6J:4& JZXI8&SJ2IPF&5324[I5F4& EJ]
E23O:4I2&>V–32 %.

 JW635FI&SJO2JP5JHJ&5324[I5F4&53&35MIP3K&O&SJPJ63K&E&SPI6I:JN&SPJL5JE2F&
53&E[32FI&ZJ:II&@?&e13&ESJEJZE2OGI2&EJKP35I5FY&SIPOJ53L3:T5JHJ&5324[I5F4&
F& G:GL9I5FY P3ZJ2Q& MPISF=&b2JPFL5JI& 5324[I5FI& 53FZJ:II& ^I:IEJJZP3W5J&53&
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O2JPQI&EG2MF&SJE:I&SIPOJ53L3:T5JHJ&5324[I5F4=&b&SJPJ63K&E&SPI6I:JN&SPJL5J]
E2F& 53& E[32FI& NI5II& @?&e13& 35MIPQ& E& W3NMJOQN& W3MPIS:I5FIN& FNIY2& N3:GY&
SPJL5JE2T&W3MPIS:I5F4&F&OIETN3&SJ632:FOQ8&PI[FN&P3ZJ2QU&5I&SJWOJ:4YXF8&FK&
FESJ:TWJO32T&6:4&6:F2I:T5JHJ&SJ66IP[35F4&OQP3ZJ2JM=&#5MIPQ&E&NIK35FLIEMFN&
W3NMJOQN&W3MPIS:I5FIN&53FZJ:II&^I:IEJJZP3W5J&SPFNI542T&O&SJPJ63K&E&SPI6I]
:JN&SPJL5JE2F&53&E[32FI&@?–D?&e13U&H6I&J5F&FNIY2&53FZJ:II&:GL9GY&P3ZJLGY&
K3P3M2IPFE2FMG=

�3K2$/!/&53&SJPJ65QK&Z:JM3K&FW&ZJ:II&MPISMFK&SJPJ6&mSIEL35FE2Q8&E:3]
5I^&E&SPI6I:JN&SPJL5JE2F&53&E[32FI&A?–C?&e13&F&SIEL35FM&E&SPI6I:JN&SPJL5J]
E2F&53&E[32FI&>>?&e13&FWGL3:&53SP4[I5FI&O&35MIP3K&F&SPJ^IEEQU&SPJFEKJ64XFI&
53& MJ523M2I& W3NM3& E& SJPJ63NF& E2I5JM& EMO3[F5Q=& 1JSQ2MF& SPJOIE2F& SJ6JZ5QI&
53Z:Y6I5F4&53&Z:JM3K&FW&E:3ZQK&SJPJ6&SPFOJ6F:F&M&P3WPG9I5FY&SJE:I65FK&SPF&
EJW635FF& O& 35MIP3K& 5324[I5F4& F:F& SPF& W3MPIS:I5FF& M:F5J-XI:IOQK& 35MIPJO=&
1JPJ65QI&Z:JMF&J2ZFP3:FET&P3WNIPJN&5I&NI5II&?U<�?U<�?U<&N&O&W3ZJI&OQP3ZJ2MF=&
b J2JZP355QK& Z:JM3K& SIPSI56FMG:4P5J& M& 53S:3E2JO35FY& SJPJ6& ZGPF:FET& EMO3]
[F5Q& H:GZF5J8& ?U@–?UD& NU& O& MJ2JPQK& GE2353O:FO3:F& 35MIPQ& 6:F5J8& ?U<–0,6 N E&
5324[I5FIN& @?U& D?& F& <?& M$=& b& PIWG:T232I& 53Z:Y6I5F8& GE235JO:I5JU& L2J& 5ISJ]
EPI6E2OI55J&SJE:I&GE235JOMF&35MIP3&F&EJW635F4&O&5IN&SIPOFL5JHJ&5324[I5F4&SJ]
E:I65II&F52I5EFO5J&S363I2&F&LIPIW&6OJI–2PJI EG2JM E5F[3I2E4&6J&5G:4& mPFE=&DU&
MPFO34&>n=&1JE:I&O2JPFL5JHJ&5324[I5F4&35MIP3&S36I5FI&5324[I5F4&SPJFEKJ6F2&
NI5II&F52I5EFO5J&mPFE=&DU&MPFO34&;n=&b&\2JN&E:GL3I&5324[I5FI&6JE2FH3I2&5IMJ2J]
PJHJ&NF5FNGN3&F&NJ[I2&JE23O32TE4&5IFWNI55QN&O&2ILI5FI&6:F2I:T5JHJ&OPINI5F=&
1JE:I&2P�K–LI2QP�K 5324[I5F8&O&35MIPIU&OI:FLF53&MJ5IL5JHJ&5324[I5F4&E23ZF]
:FWFPGI2E4&F&SJL2F&JE23I2E4&5IFWNI55J8=&

1, 2, 3 – S36I5FI&5324[I5F4U&EJW6355JHJ&O&D?&M$&EJJ2OI2E2OI55J&O&SIPOQ8U
O2JPJ8&F&2PI2F8&P3Wr&DU&<&– S36I5FI&5324[I5F4U&EJW6355JHJ&O&A?&M$

SIPOQ8&F&O2JPJ8&P3W
,FEG5JM&D&– /WNI5I5FI&5324[I5F4&35MIPJO&OJ&OPINI5F

!E235JO:I5JU& L2J& OI:FLF53& 53L3:T5JHJ& 5324[I5F4& O& 35MIPIU& M3M& O& NJNI52&
GE235JOMFU&23M&F&SPF&SJO2JP5QK&5324[I5F4K&JM3WQO3I2&EGXIE2OI55JI&O:F45FI&53&
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OI:FLF5G&MJ5IL5JHJ&5324[I5F4=& &GOI:FLI5FIN&53L3:T5JHJ&5324[I5F4&SPJ^IEE&
E23ZF:FW3^FF&5324[I5F4&O&35MIPI&SPJFEKJ6F2&ZQE2PII&F&MJ5IL5JI&mE23ZF:T5JIn&
5324[I5FI&FNII2&ZJ:T9GY&OI:FLF5G&E&NI5T9FN&LFE:JN&SJO2JP5QK&5324[I5F8&
mPFE=&DU&MPFOQI&D&F&<n=&)3ZJP32JP5QI&FEE:I6JO35F4&SJ62OIP6F:F&93K25QI&FEE:I]
6JO35F4&FWNI5I5F4&5324[I5F4&35MIPJO&OJ&OPINI5F=

bib'*i=&1J:GLI5Q&RJPNG:QU&SJWOJ:4YXFI&J^I5FO32T&OI:FLF5G&MJ5IL5JHJ&
5324[I5F4&35MIP5J8&9235HJOJ8&MPISF&SPF&FWOIE25QK&GSPGHFK&F:F&SPJL5JE25QK&
S3P3NI2P3K&N32IPF3:3&35MIP3&F&EFE2INQ&_MPIST–SJPJ63`U&53L3:T5JHJ&5324[I5F4&
MPISF&F&II&HIJNI2PFLIEMFK&S3P3NI2PJO=&.PJNI&2JHJ, SJM3W35JU&L2J&FW&OEI8&EJOJ]
MGS5JE2F&HJP5J-HIJ:JHFLIEMFK&F&SPJFWOJ6E2OI55QK&R3M2JPJOU&MJ2JPQI&NJHG2&JM3]
W32T& O:F45FI& 53& EF:JOQI& K3P3M2IPFE2FMF& 35MIPJO& E& W3NMJOQN& W3MPIS:I5FINU&
JSPI6I:4YXFNF& 4O:4Y2E4& MJ5E2PGM^F4& W3NM3& 35MIP3U& ENIXI5FI& J25JEF2I:T5J&
EMO3[F5QU&MPISJE2T&F&2PIXF5JO32JE2T&SJPJ6&O&NIE2I&W3MPIS:I5F4&W3NM3U&3&JE5JO]
534&SJ2IP4&5324[I5F4&35MIPJO&W3M:YL3I2E4 O&6IRJPN3^FF&SJPJ6Q&53&MJ523M2I&E&
W3NMJN&F&JSJP5J8&S:F2J8=

)/g%,#g!,#
>=& �PLI5MJ /=#=& �5IPHI2FLIEMF8& SJ6KJ6& M& P3ELI2G& 9235HJOJ8& MPIS // 

�g,1/=&– 1970. – �&>=&–  =&;C–32.

;=&.P3OLI5MJ y=/=&'& O:F45FF& 5324[5J8&9235HJOJ8& MPISF& 53& SPJL5JE2T& EF]
E2INQ&MPIST-SJPJ63&��&�g,1/=&– 1970. – �&D=&–  =&@D–40.

@=&eI2J6FM3&F&PIWG:T232Q&FEE:I6JO35F4&O:F45F4&9235HJOJ8&MPISF&53&5IEG]
XGY&ESJEJZ5JE2T&E2I5JM&E2OJ:3&�&y=/=&.P3OLI5MJU&#=%=&(I:JO&��&bJSPJEQ&HJP5JHJ&
63O:I5F4=&– 1965. – bQS=&;D=&–  =&@C–45.

D=&'SQ2&SPFNI5I5F4&35MIP5J8&MPISF&�&$=/=&eI:T5FMJOU&$=/=&)F56I53G=&– e=c&
yJEHJP2IKFW632U&>V<V=&– ;><&E=

<=&.GPH35EMF8&%=b=&/EE:I6JO35FI&P3ZJ2Q&NI23::FLIEMJ8&35MIP5J8&MPISF&SPF&
II&6:F2I:T5J8&\MES:G323^FFc&6FE�=&M356=&2IK5=&53GMc&?<=><=?;&_1J6WIN534&P3W]
P3ZJ2M3& NIE2JPJ[6I5F8& SJ:IW5QK& FEMJS3INQK`& �& %=b=& .GPH35EMF8=&– $JOJLIP]
M3EEMU&>VC;=&– >C?&E=

A=&gFSJO34&NI2J6FM3&SJ&FESQ235FY&JSQ25QK&JZP3W^JO&F&JSQ25J-SPJNQ9:I55QK&
S3P2F8&35MIP5J8&MPISF=&– e=c&/y*&FN=&#. #. MJLF5EMJHJ, 1972. – 52 E. 

TO QUESTION OF RESEARCH OF ANCHORAGE  PULL 

FOR PROVIDING OF THE COALROCK MASSIF STABILITY

S. Skipochka, T. Palamarchuk, N. Bobro, T. Voytovich

M. S. Polyakov Institute of Geotechnical Mechanics under the National Academy 

of Science of Ukraine

vul. Simpferopolskaya, 2-#U&�w����������u�U&DV???<U&����vw�.  
E-mail: office.igtm@nas.gov.ua

On the basis of analysis of researches existing and own, and also the uses of exper-

imental criterion of strength are received formulas, allowing to estimate the size of an-

chorage pull at known elastic or strength parameters of material and system of 

«support – rock», initial pull, its geometrical parameters. It is shown in addition, that 
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from all aggregate of factors rock-geological and production, which can have influ-

ence on power descriptions of anchors with the lock fixing, determining are construc-

tion of anchor lock displacement in relation to a mining hole, rock strength and 

fracturing in the place of lock fixing, and the basic loss of anchors pull in rock defor-

mation on the contact with a lock and supporting plate.

Key words: the pull of anchorage, strength of anchorage fixing, contact stress.
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