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>BD<7G64AAO C?4AV6 ; GD4IG64AAO@ 30+ C4D4@9FDV6. 
�4EFBEG64AAO 4?7BD<F@V6 @4L<AAB7B A46K4AAO 8?O 
DB;D4IGA>G BCF<@4?LA<I @4DLDGFV6 F9IAV>< ;5V?LL<?B 
CDB8G>F<6AVEFL A4 15% F4 ;A<;<?B 6<FD4F< C4?<64 A4 
12%.



�>BAB@VKAV ;4IB8< 
@VAV@V;4JVW 6FD4F

�>BAB@VKA<= 4A4?V; 
9H9>F<6ABEFV 
6<?GK9AAO

�CDB648:9AAO 
>B@C?9>EABW @B89?V ROI 8?O 
>B:ABW 8V?OA>< DB8B6<M4 ; 
6<>BD<EF4AAO@ 15+ 
C4D4@9FDV6 BJVA><. 
�<;A4K9AAO CBDB7B6<I 
;A4K9AL 6@VEFG >BD<EAB7B 
>B@CBA9AF4 (5BDFB6B7B 
6@VEFG) 8?O DV;A<I ;BA 
DB8B6<M4, MB 8B;6B?OT 
;5V?LL<F< CD<5GF>B6VEFL 
A4 12-18% CD< ;A<:9AAV 
6FD4F 8B 5-7%.

�<69DE<HV>4JVO 
@9FB8V6 DB;DB5>< 
DB8B6<M

�B@5VAG64AAO >4@9DAB-
EFB6CB6BW E<EF9@< 8?O 
8V?OAB> ; 6<EB>BN 
>BAJ9AFD4JVTN DG8< (>30%) 
F4 CV8CB69DIB6B->4@9DABW 
8?O ;BA ; A<:KBN O>VEFN 
(15-25%). �CDB648:9AAO 
E9?9>F<6AB7B 6<8B5GF>G 6 
C9D9IV8A<I ;BA4I ; 
6<>BD<EF4AAO@ 
@4?B7454D<FABW F9IAV>< F4 
E<EF9@< 3D-A46V74JVW, MB 
CV86<MGT FBKAVEFL 
6V8CD4JN64AAO A4 23%.

�CDB648:9AAO D9EGDEB;59DV74NK<I F9IAB?B7V=
�4EFBEG64AAO ;4@>AGFB7B J<>?G ;5474K9AAO ; 6<>BD<EF4AAO@ 
CD9E-HV?LFDV6 Metso VPA 2040-60 F4 E<EF9@< ;6BDBFAB7B 
6B8BCBEF4K4AAO, MB ;A<:GT 6FD4F< JVAA<I >B@CBA9AFV6 A4 8,3%. 
�CDB648:9AAO F9IAB?B7VW EGIB7B E>?48G64AAO I6BEFV6 F4 
C9D9DB5>< 6V864?V6 ; 6<?GK9AAO@ ;4?<L>B6<I >BD<EA<I 
>B@CBA9AFV6 (8B 14% 6V8 C9D6<AAB7B B5EO7G 6<8B5GF>G).



�9B@9FD<KAV ;4IB8< ;@9AL9AAO 6FD4F

�9B@9FD<KAV ;4IB8< ;@9AL9AAO 6FD4F 6>?NK4NFL D4JVBA4?LAG CB5G8B6G 79B@9FDVW >4@9D (BCF<@4?LA<= DB;@VD 15×20 @), 
LFD9>V6 (L<D<A4 3,5-4,2 @) F4 6<DB5B>, MB 8B;6B?OT @4>E<@4?LAB 484CFG64F< CDBJ9E 6<8B5GF>G 8B HBD@< DG8AB7B FV?4 F4 
;A<;<F< 6FD4F< A4 12-18%. �4EFBEG64AAO 46FB@4F<;B64AB7B 3D-@B89?N64AAO DB8B6<M CV86<MGT FBKAVEFL CDB9>FG64AAO 
A4 22% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<.

�9F4?LA9 5?B>G64AAO DB8B6<M V; @VAV@V;4JVTN BIBDBAA<I JV?<>V6 (;@9AL9AAO WI B5'T@G A4 30-35%) ;459;C9KGT 8BEFGC 8B 
5V?LLBW K4EF<A< ;4C4EV6. �<>BD<EF4AAO @9FB8<>< "7AGK><I @9:" 8B;6B?OT >BD97G64F< C9D<@9FD 6<DB5>< 6V8CB6V8AB 8B 
D94?LA<I >BAFGDV6 DG8AB7B FV?4, MB 6<O6?ONFLEO 6 CDBJ9EV 6<8B5GF>G.

�CF<@4?LA9 DB;F4LG64AAO @9: DB;8V?9AAO DG8A<I V CGEF<I CBDV8 V; 6<>BD<EF4AAO@ 6<EB>BFBKABW 79B?B7VKABW DB;6V8>< 
(CBI<5>4 8B 0,5 @) 8B;6B?OT FBKAB 6<;A4K<F< ;BA< 6<8B5GF>G F4 GA<>AGF< ;@VLG64AAO JVAABW E<DB6<A< ; CGEFBN CBDB8BN. 
�CDB648:9AAO JLB7B CV8IB8G A4 DB8B6<M4I �D<6BDV;L>B7B 54E9=AG 8B;6B?<?B ;@9AL<F< ;5V8AN64AAO A4 8-10% F4 
CV86<M<F< O>VEFL 6<8B5GFBW DG8< A4 15%.



&9IAB?B7VKAV ;4IB8< ;@9AL9AAO 6FD4F

�4?B6<5GIB6V @9FB8< DG=AG64AAO
�A<:9AAO DB;EVN64AAO @4F9DV4?G A4 35-40%

%9?9>F<6A9 8B5G64AAO
�V86<M9AAO O>BEFV DG8< A4 15-20%

&BKA9 5GDVAAO F4 >BAFDB?LB64A<= 6<5GI
&BKAVEFL 6V8I<?9AAO A9 5V?LL9 5 E@

&9IAB?B7VKAV ;4IB8< ECDO@B64AV A4 CV86<M9AAO FBKABEFV CDBJ9EG 6<8B5GF>G F4 ;@9AL9AAO CBL>B8:9AAO JVAA<I 
@VA9D4?V6. �<>BD<EF4AAO 7V8D46?VKA<I >?<AV6 F4 DB;L<DN64KV6 O> @4?B6<5GIB6<I @9FB8V6 DG=AG64AAO 8B;6B?OT 
;@9AL<F< DB;EVN64AAO @4F9DV4?G A4 35-40% F4 ;59D97F< JV?VEAVEFL DG8AB7B FV?4, BEB5?<6B CD< DB;DB5JV FBA><I :<? 
>B?LBDB6<I @9F4?V6.

%<EF9@< E9?9>F<6AB7B 8B5G64AAO ; 6<>BD<EF4AAO@ >B@54=AV6 59;C9D9D6ABW 8VW F4 HD9;9DA<I GEF4AB6B> ;459;C9KGNFL 
B>D9@9 6<?GK9AAO DV;A<I F<CV6 CBDV8 ; FBKAVEFN DB;8V?9AAO 8B 10 E@, MB ;@9ALGT ;5V8AN64AAO F4 CV86<MGT >BAJ9AFD4JVN 
>BD<EAB7B >B@CBA9AF4 A4 15-20%. &BKA9 5GDVAAO ; GPS-A46V74JVTN F4 ?4;9DA<@ A46989AAO@ (6V8I<?9AAO A9 5V?LL9 5 E@) G 
CBT8A4AAV ; >BAFDB?LB64A<@ 6<5GIB@ ; 9?9>FDBAA<@ VAVJVN64AAO@ 8B;6B?ONFL @4>E<@4?LAB FBKAB 6V88V?OF< >BD<EAV 
>BC4?<A< 6V8 CGEFBW CBDB8<, ;@9ALGNK< 6FD4F< A4 @9:V >BAF4>FG A4 25-30%.



�@30=V70FV9=V 70E>48 
7<5=H5==O 2B@0B

%B@>35 4>B@8<0==O B5E=>;>3VG=>3> ?@>F5AC
�?@>20465==O F8D@>28E G5:-;8ABV2 4;O :>=B@>;N 
28:>=0==O 43 :@8B8G=8E ?0@0<5B@V2 284>1CB:C 73V4=> 7 
�%&' 4960:2020. ->7<V==0 ?5@52V@:0 :0;V1@C20==O 
1C@>2>3> >1;04=0==O B0 4>B@8<0==O :CB0 =0E8;C 
A25@4;>28= C <560E ±0,5°.

/:VA=5 35>;>3VG=5 <0@:C20==O
�0AB>AC20==O ;075@=8E <0@:5@V2 GPS-RTK 7 B>G=VABN 4> 5 
A< 4;O ?>7=0G5==O <56 @C4=8E BV;. �>;L>@>25 :>4C20==O 
@V7=8E B8?V2 @C4 (G5@2>=89 4;O 28A>:>A>@B=8E >65% Fe, 
A8=V9 4;O A5@54=VE 55-65% Fe) V7 I>45==8< >=>2;5==O< 
:0@B 284>1CB:C.

�>=B@>;L =0 2AVE 5B0?0E 28@>1=8FB20
$>73>@B0==O <5@56V 7 18 02B><0B87>20=8E ?C=:BV2 
:>=B@>;N O:>ABV 7 @5=B35=-D;C>@5AF5=B=8<8 
0=0;V70B>@0<8 274>26 B@0=A?>@B=>3> ;0=FN30. �=;09=-
<>=VB>@8=3 2B@0B ?V4 G0A B@0=A?>@BC20==O 7 2V4E8;5==O< 
=5 1V;LH5 0,8% 2V4 284>1CB>3> >1'T<C.



�B@C'NF9DA9 @B89?N64AAO 8?O ;@9AL9AAO 
6FD4F

3D-@B89?N64AAO DB8B6<M

%F6BD9AAO 89F4?LA<I FD<6<@VDA<I 
@B89?9= ; DB;8V?LABN ;84FAVEFN 8B 
10 E@ 8B;6B?OT 6<;A4K<F< HBD@G 
DG8A<I FV? ; FBKAVEFN 95%, MB ;A<:GT 
6FD4F< CD< 6<8B5GF>G A4 12-15% 
CBDV6AOAB ;V EF4A84DFA<@< 
@9FB84@<.

�DB7D4@AV >B@C?9>E< Vulcan F4 
Micromine 8B;6B?ONFL 6V;G4?V;G64F< 
8B 27 C4D4@9FDV6 DB8B6<M4 
B8ABK4EAB, 6>?NK4NK< 6@VEF 
>BD<EA<I >B@CBA9AFV6, F69D8VEFL 
CBDV8 F4 FDVM<AG64FVEFL, MB 
BCF<@V;GT CDBJ9E C?4AG64AAO 
6<=@4AAO.

�9BVAHBD@4JV=AV E<EF9@<

��%-F9IAB?B7VW ESRI F4 MapInfo 
VAF97DGNFL CBA48 15 F<CV6 79B84A<I ; 
8 DV;A<I 8:9D9? (E69D8?B6<A<, 
LGDH<, 79BHV;<KAV 8BE?V8:9AAO) 6 
T8<AG E<EF9@G ; 99,7% FBKAVEFN 
79BCD<6'O;><.

�CDB648:9AAO >B@C?9>EAB7B ��%-
4A4?V;G A4 �A7G?LEL>B@G DB8B6<MV 
8B;6B?<?B ;@9AL<F< 6FD4F< DG8< A4 
17,3% F4 ;A<;<F< DB;G5B:G64AAO A4 
11,8% CDBFO7B@ C9DLB7B DB>G 
9>EC?G4F4JVW AB6BW E<EF9@<.

,FGKA<= VAF9?9>F G 
CDB7AB;G64AAV

�9=DB@9D9:96V 4?7BD<F@< (ConvNet, 
TensorFlow) 4A4?V;GNFL 8B 1,5 &� 
84A<I MB8B5B6B, 6<;A4K4NK< 
CD<IB64AV 4AB@4?VW >BAJ9AFD4JVW 
>BD<EA<I 9?9@9AFV6 ; V@B6VDAVEFN 
CD46<?LAB7B CDB7AB;G 8B 87,5%.

�4 �D<6BDV;L>B@G ;4?V;BDG8AB@G 
>B@5VA4FV ;4EFBEG64AAO ,�-
CDB7AB;G64AAO 8B;6B?<?B 
CV86<M<F< 6<?GK9AAO ;4?V;4 A4 3,8% 
F4 E>BDBF<F< 9A9D7B6<FD4F< A4 22% 
;468O>< BCF<@V;4JVW @4DLDGFV6 
6<=@4AAO F4 FD4AECBDFG64AAO.



�AAB64JV=AV @9FB8< 
;@9AL9AAO 6FD4F

�4;9DA9 E>4AG64AAO DB8B6<M
�CDB648:9AAO LiDAR-E<EF9@ ; FBKAVEFN 8B 2 @@ 8B;6B?OT 
EF6BDN64F< 89F4?LAV 3D-@B89?V CV8;9@A<I 6<DB5B> G 
D94?LAB@G K4EV. &9IAB?B7VO ;A<:GT 6FD4F< A4 15-20% ;468O>< 
CD9J<;V=AB@G 6<;A4K9AAN >BAFGDV6 DG8A<I FV? F4 BCF<@V;4JVW 
CDBJ9EG 5GDVAAO F4 6<5GIB6<I DB5VF.

�9;CV?BFAV 4C4D4F< 8?O DB;6V8><
�DBA<, BEA4M9AV @G?LF<EC9>FD4?LA<@< >4@9D4@< V 
@47AVFB@9FD4@<, ;459;C9KGNFL ;5VD 79B?B7VKA<I 84A<I ; C?BMV 
8B 100 74 ;4 B8<A 89AL. �AF97D4JVO ; ��%-C?4FHBD@4@< 8B;6B?OT 
6<O6?OF< 4AB@4?VW, A98BEFGCAV 8?O FD48<JV=ABW DB;6V8><, F4 
;@9ALG64F< 6FD4F< A4 DB;>D<6A<I DB5BF4I A4 12-18%.

$B5BF<;B64AV >B@C?9>E< 6<8B5G64AAO
�6FBAB@AV 6<8B5G6AV E<EF9@<, MB 6<>BD<EFB6GNFL LFGKA<= 
VAF9?9>F 8?O 4A4?V;G 6@VEFG >BD<EA<I >B@CBA9AFV6 G D94?LAB@G 
K4EV (FBKAVEFL 8B 97%), BCF<@V;GNFL >BAFGD 6<5BN. 
�CDB648:9AAO F4><I >B@C?9>EV6 A4 L4IF4I �D<654EG ;A<;<?B 
6FD4F< ;4?V;ABW DG8< A4 22% V CV86<M<?B E9?9>F<6AVEFL 
6<8B5GF>G A4 30%.



�<;A4K9AAO 6FD4F >BD<EA<I 
>BC4?<A

(BD@G?4 DB;D4IGA>G 
6FD4F

�FD4F< (%) = (�4?<L>< 6 
A48D4I / �474?LAV 79B?B7VKAV 
;4C4E<) × 100

�9F4?LA<= DB;D4IGAB> 
6>?NK4T 6D4IG64AAO 
54?4AEB6<I ;4C4EV6 (�), 
CDB@<E?B6<I ;4C4EV6 (�) F4 
6<8B5GFBW >BD<EABW >BC4?<A< 
(�): �FD4F< = ((�-�) + (�-�)) / 
� × 100%. �?O ;4?V;ABW DG8< 
8BCGEF<@V 6FD4F< EF4AB6?OFL 
5-8%, 8?O @4D74AJ96BW DG8< 3 
10-15%.

�D4>F<KA9 
;4EFBEG64AAO

 B;D4IGAB> 6FD4F 
CDB6B8<FLEO MB>64DF4?LAB ; 
6<>BD<EF4AAO@ ?4;9DAB7B 
3D-E>4AG64AAO 6<DB5B> 
(FBKAVEFL ±5 E@) F4 
79BVAHBD@4JV=A<I E<EF9@ ; 
@B8G?O@< @4D>L9=89DEL><I 
DB;D4IGA>V6.

�D< 6V8>D<FB@G @9FB8V 
DB;DB5>< 6FD4F< G CV6AVKAB-
;4IV8AV= 8V?OAJV 
�D<6BDV;L>B7B 54E9=AG G 2022 
DBJV E>?4?< 7,3%, MB A4 2,1% 
@9AL9 CBDV6AOAB ; 
CBC9D98AV@ C9DVB8B@ ;468O>< 
6CDB648:9AAN 
DB5BF<;B64A<I >B@C?9>EV6.

�BD@4F<6AV CB>4;A<><
�7V8AB ; �BEF4AB6BN ��' 71257 6V8 27.08.2020 6EF4AB6?9AB 
7D4A<KAV CB>4;A<>< 6FD4F 8?O DB8B6<M I >4F97BDVW E>?48ABEFV 3 8B 
5%, II >4F97BDVW 3 8B 10%, III >4F97BDVW 3 8B 15%, IV >4F97BDVW 3 8B 25%.

�9D96<M9AAO ABD@4F<6V6 >4D4TFLEO LFD4HB@ G DB;@VDV 5->D4FABW 
64DFBEFV A96<8B5GFBW E<DB6<A< F4 @B:9 CD<;69EF< 8B 4AG?N64AAO 
EC9JV4?LAB7B 8B;6B?G A4 >BD<EFG64AAO A48D4@<.



�<;A4K9AAO ;5V8A9AAO >BD<EA<I >BC4?<A

0

0.5

1

1.5

�; < 1 (;5V8A9AAO) �; j 1 (59; ;5V8A9AAO) �; > 1 (;5474K9AAO)

�B9HVJVTAF ;5V8A9AAO (�;) 6<;A4K4TFLEO O> 6V8ABL9AAO E9D98ALB7B 6@VEFG >BD<EAB7B >B@CBA9AF4 G 6<8B5GFV= @4EV 8B 
E9D98ALB7B 6@VEFG G CB>?48V: �; = %9D98AV= 6@VEF G @4EV / %9D98AV= 6@VEF G CB>?48V.

�D< �; < 1 6V85G64TFLEO ;5V8A9AAO >BD<EABW >BC4?<A<. �4CD<>?48, 8?O ;4?V;BDG8A<I DB8B6<M ;A<:9AAO 6@VEFG ;4?V;4 ; 
60% 8B 48% G 6<8B5GFV= DG8V 84T �; = 0,8, MB CD<;6B8<FL 8B 8B84F>B6<I 6<FD4F A4 ;5474K9AAO F4 ;A<:9AAO 6<IB8G 
>BAJ9AFD4FG A4 20-25%.

�A4K9AAO �; j 1 (0,95-1,05) 664:4TFLEO BCF<@4?LA<@ V 8BEO74TFLEO CD< 6<>BD<EF4AAV E9?9>F<6A<I @9FB8V6 6<8B5GF>G, 
BEB5?<6B A4 DB8B6<M4I ; KVF><@< @9:4@< DG8A<I FV?, O> G 6<C48>G ; CB>?484@< @4D74AJ96<I DG8 �V>BCB?LEL>B7B 54E9=AG.

�B>4;A<> �; > 1 ;GEFDVK4TFLEO DV8>B, C9D964:AB CD< DB;DB5JV DB;E<CA<I DB8B6<M V; ;4EFBEG64AAO@ 7D46VF4JV=AB7B 
EBDFG64AAO CDO@B A4 @VEJV 6<8B5GF>G, O> CD< CDB@<6JV ;B?BFBABEA<I CVE>V6, 89 6@VEF @9F4?G 6 C9D6<AAB@G @4F9DV4?V @B:9 
;DBEF< 6 1,1-1,3 D4;<.



�>BAB@VKAV A4E?V8>< 6FD4F V 
;5V8A9AAO

15%
�A<:9AAO 6<IB8G 
CDB8G>JVW

�D< >B9HVJVTAFV ;5V8A9AAO �; = 
0,8 6<IV8 >BAJ9AFD4FG 

;@9ALGTFLEO A4 15-18%, MB 8?O 
E9D98ALB7B CV8CD<T@EF64 
B;A4K4T 6FD4FG 3-5 @?A 7DA 

@VEOKAB7B 8BIB8G

20%
�V86<M9AAO EB5V64DFBEFV
�A9D79F<KAV 6<FD4F< ;DBEF4NFL 
A4 10-12 >�F·7B8/F, 4 6<FD4F< A4 
FD4AECBDFG64AAO F4 CB8DV5A9AAO 
;5V?LLGNFLEO 6 E9D98ALB@G A4 

20-25% K9D9; A9B5IV8AVEFL 
C9D9DB5>< 5V?LLB7B B5EO7G 

CGEFBW CBDB8<

30%
�5V?LL9AAO 6V8IB8V6
�B:9A 6V8EBFB> ;5V8A9AAO 
CD<;6B8<FL 8B ;5V?LL9AAO 
B5EO7G 6V864?V6 A4 2-3%, MB 
6<@474T 8B84F>B6<I 6<FD4F G 
DB;@VDV 0,5-1,2 @?A 7DA A4 DV> A4 
GFD<@4AAO I6BEFBEIB6<M

�>BAB@VKAV A4E?V8>< 6FD4F V ;5V8A9AAO >BD<EA<I >BC4?<A EGFFT6B 
6C?<64NFL A4 6EV 4EC9>F< 7VDA<KB8B5G6AB7B 6<DB5A<JF64. �4 
CV8CD<T@EF64I ; CV8;9@A<@ 6<8B5GF>B@ CD< ;5V8A9AAV DG8< A4 5% 
EB5V64DFVEFL C9D9DB5>< ;DBEF4T A4 7-10%, 4 6<?GK9AAO @9F4?G 
;A<:GTFLEO A4 2-4%. �4 >4D'TD4I >B:AV 0,1 B8<A<JV ;5V?LL9AAO 
>B9HVJVTAF4 ;5V8A9AAO CD<;6B8OFL 8B ;A<:9AAO D9AF459?LABEFV A4 1,5-
2%, MB 8?O 69?<><I CV8CD<T@EF6 B;A4K4T 6FD4FG 10-15 @?A 7DA 
CD<5GF>G MBDVKAB.



�>B?B7VKAV A4E?V8>< 6FD4F V ;5V8A9AAO

�>B?B7VKAV A4E?V8>< 6FD4F V ;5V8A9AAO >BD<EA<I >BC4?<A CB6'O;4AV ; A9B5IV8AVEFN 6<8B5GF>G F4 C9D9DB5>< 8B84F>B6<I 20-
25% 7VDEL>BW @4E< 8?O BFD<@4AAO FB7B : B5EO7G >BD<EAB7B >B@CBA9AF4. ' �D<654EV J9 CD<;6B8<FL 8B DB;L<D9AAO 
F9IAB79AAB7B ?4A8L4HFG A4 150-200 74 MBDVKAB, HBD@G64AAO 6V864?V6 6<EBFBN 8B 100 @ V I6BEFBEIB6<M C?BM9N CBA48 
3000 74. �<E?BFAV EFB>< ; F4><I B5'T>FV6 @VEFOFL CV86<M9AV >BAJ9AFD4JVW ;4?V;4, EVD>< F4 64:><I @9F4?V6, MB ;45DG8ANNFL 
�DGAFB6V 6B8< 6 D48VGEV 8B 5 >@. &9D@VA CD<DB8AB7B 6V8AB6?9AAO F4><I F9D<FBDV= 59; D9>G?LF<64JVW EF4AB6<FL 75-100 DB>V6.

�48@VDA9 CBDGL9AAO A48D
�4 25-30% 5V?LLV B5EO7< 

DB;>D<6A<I DB5VF CD< ;5V8A9AAV 
DG8< A4 15%

�5V?LL9AAO 6V8IB8V6
�B 1,5 @?A FBAA 8B84F>B6<I 6V8IB8V6 
MBDVKAB CD< E9D98ALB@G B5EO;V 
6<8B5GF>G

�45DG8A9AAO 6B8A<I 
D9EGDEV6
�V86<M9AAO >BAJ9AFD4JVW 64:><I 
@9F4?V6 G CV8;9@A<I 6B84I 8B 5-7 
D4;V6 6<M9 ABD@<

'E>?48A9AAO D9>G?LF<64JVW
�5V?LL9AAO 64DFBEFV 6V8AB6?9AAO 
;9@9?L A4 35-40% K9D9; 5V?LLG 

C?BMG CBDGL9AL



�@8:;04: �0;V7>@C4=V @>4>28I0 �@8210AC

�A>1;82>ABV @>4>28I

�0;V7>@C4=V @>4>28I0 �@8210AC E0@0:B5@87CNBLAO 
A:;04=>N 35>;>3VG=>N 1C4>2>N 7 :@CB>70;O30NG8<8 
@C4=8<8 BV;0<8 (:CB ?04V==O 55-75°), ?>BC6=VABN ?;0ABV2 
10-120 < B0 3;818=>N 70;O30==O 4> 1500 <. �<VAB 70;V70 2 
@C40E :>;820TBLAO 2V4 32% 4> 67% 70;56=> 2V4 B8?C @C48.

�A=>2=8<8 A8AB5<0<8 @>7@>1:8 T ?V4?>25@E>25 
>120;5==O (=0 H0EB0E ".2V;59=0" B0 " >4V=0") B0 :0<5@=0 
A8AB5<0 7 70:;04:>N 28@>1;5=>3> ?@>AB>@C (=0 H0EB0E 
"�>2B=520" B0 "�20@4V9AL:0"), I> 4>72>;OT @>7@>1;OB8 
@C4C 7 @V7=8<8 DV78:>-<5E0=VG=8<8 2;0AB82>ABO<8.

�@>1;5<0 2B@0B

�@8 70AB>AC20==V A8AB5<8 ?V4?>25@E>2>3> >120;5==O 
2B@0B8 C FV;8:0E 4>AO30NBL 10312% 2V4 7030;L=8E 70?0AV2 
@>4>28I0 (?@81;87=> 4-5 <;= B>== I>@VG=>). �>5DVFVT=B 
28;CG5==O @C48 A:;040T 0,88-0,90. /:VA=5 71V4=5==O 
A:;040T 2,5-3,8% 70 2<VAB>< 70;V70.

�?@>20465==O ACG0A=8E B5E=>;>3V9 (3V4@>70:;04:0, 
B>@:@5B-15B>==5 :@V?;5==O, A8AB5<8 28A>:>B>G=>3> 
<>=VB>@8=3C 3V@=8G>3> B8A:C) B0 >?B8<V70FVO ?0@0<5B@V2 
A8AB5<8 @>7@>1:8 (7<5=H5==O @>7<V@V2 FV;8:V2 7 6×6 < 4> 
5×5 <, 70AB>AC20==O 5<C;LAV9=8E 281CE>28E @5G>28=) 
4>72>;ONBL 7<5=H8B8 FV 2B@0B8 4> 7-8% B0 ?V428I8B8 
:>5DVFVT=B 28;CG5==O 4> 0,92-0,93.



�D<>?48: �B?V@9F4?VKAV DB8B6<M4 �4>4DC4FFO

%>?48A<= @VA9D4?LA<= E>?48
�B?V@9F4?VKAV DB8B6<M4 
�9D97V6EL>B7B D4=BAG �4>4DC4FFO 
@VEFOFL 74?9AVF (PbS, 6-8%), EH4?9D<F 
(ZnS, 4-7%), I4?L>BCVD<F (CuFeS¢, 1-3%) 
F4 EDV5?B (5-12 7/F) ; A9DV6AB@VDA<@ 
DB;CB8V?B@ G :<?LA<I F4 6>D4C?9A<I 
DG8A<I FV?4I A4 7?<5<AV 200-450 @.

�DB5?9@4 E9?9>F<6AB7B 
6<8B5GF>G

�4 DB8B6<MV �G:VT6B CD< 
6<>BD<EF4AAV >4@9DABW E<EF9@< 
DB;DB5>< 59; EBDFG64AAO ;5V8A9AAO 
DG8< 8BEO74T 18-25%, MB ;A<:GT 6@VEF 
Pb ; 7.2% 8B 5.8% F4 Zn ; 6.5% 8B 4.9% G 
6<8B5GFV= 7VDA<KV= @4EV, ;@9ALGNK< 
6<?GK9AAO @9F4?V6 A4 15-20%.

&9IAB?B7VKAV DVL9AAO
�CDB648:9AAO A4 �9D97V6EL>B@G 
DB8B6<MV D9AF79AB-D48VB@9FD<KAB7B 
EBDFG64AAO (XRT) F4 H?BF4JV=AB7B 
;5474K9AAO ; D9479AF4@< AB6B7B 
CB>B?VAAO CV86<M<?B 6<?GK9AAO Pb 
8B 92% F4 Zn 8B 89%, 4 O>VEFL 
>BAJ9AFD4FG ;DBE?4 A4 12-15% CD< 
;@9AL9AAV 6FD4F @9F4?V6 A4 8-10%.



�V:8<EJ<C?VA4DA<= CV8IV8 
8B 6<DVL9AAO CDB5?9@<

�9B?B7VKAV 8BE?V8:9AAO
�4EFBEG64AAO 79BHV;<KA<I @9FB8V6 (@47AVFBDB;6V8>4, 
9?9>FDBDB;6V8>4) F4 79BIV@VKAB7B >4DFG64AAO 8?O 
6<;A4K9AAO ;BA @VA9D4?V;4JVW CB?V@9F4?VKA<I DG8 
�4>4DC4FFO. �<>BD<EF4AAO >9DAG E69D8?B6<A 8?O 
@V>DBE>BCVKAB7B 4A4?V;G EFDG>FGD< F4 F9>EFGD< DG8 ; 
FBKAVEFN 8B 0,1 @@.

�A:9A9DAB-F9IAVKAV DB;DB5><
�CDB648:9AAO E9?9>F<6A<I @9FB8V6 6<8B5GF>G ; 
6<>BD<EF4AAO@ 7VDA<KB7B B5?48A4AAO Smart Mining# F4 
?4;9DA<I E<EF9@ A46989AAO 8?O CD9J<;V=AB7B 5GDVAAO. 
�B89DAV;4JVO H?BF4JV=A<I GEF4AB6B> ; CV86<M9AAO@ 
EFGC9AO 6<?GK9AAO Pb V Zn A4 15-20% CBDV6AOAB ;V 
EF4A84DFA<@< @9FB84@<.

�>BAB@VKA<= 4A4?V;
$B;D4IGAB> CBDB7B6<I ;A4K9AL D9AF459?LABEFV 
6<8B5GF>G ;4 HBD@G?BN Rmin = (C + Cp) / (P × E), 89 C - 
6<DB5A<KV 6<FD4F<, Cp - 6<FD4F< A4 C9D9DB5>G, P - 
D<A>B64 JVA4 @9F4?V6, E - >B9HVJVTAF 6<?GK9AAO. 
�CF<@V;4JVO ?B7VEF<KA<I ?4AJN7V6 CBEF4K4AAO 8?O 
;A<:9AAO EB5V64DFBEFV A4 8-12%.

�>B?B7VKA<= @BAVFBD<A7
�4EFBEG64AAO E<EF9@< >B@C?9>EAB7B >BAFDB?N 
(%��-2000) ; 84FK<>4@< 6 D9:<@V D94?LAB7B K4EG 8?O 
6V8EF9:9AAO DV6AV6 64:><I @9F4?V6 G �DGAFB6<I 6B84I 6 
D48VGEV 5 >@ 6V8 DB8B6<M4. �CDB648:9AAO F9IAB?B7VW 
EGIB7B E>?48G64AAO I6BEFV6 ;5474K9AAO ; 6<>BD<EF4AAO@ 
79B@9@5D4A HDPE FB6M<ABN 2,5 @@ 8?O CB6AB7B 
;4CB5V74AAO @V7D4JVW ;45DG8AN64KV6.



&9IAB?B7VKA9 68BE>BA4?9AAO O> >?NK 8B 
6<DVL9AAO CDB5?9@<

�BEFV=A9 F9IAB?B7VKA9 68BE>BA4?9AAO T >?NKB6<@ H4>FBDB@ G ;@9AL9AAV 6FD4F F4 ;5V8AN64AAO >BD<EA<I >BC4?<A. 
�CDB648:9AAO 46FB@4F<;B64A<I E<EF9@ SCADA 8?O GCD46?VAAO 6<8B5G6A<@< CDBJ9E4@< ;@9ALGT 6FD4F< A4 18-25%, 
6<>BD<EF4AAO CD9J<;V=A<I F9IAB?B7V= >BAFGDAB7B 5GDVAAO ; FBKAVEFN 8B 2,5 E@ F4 9?9>FDBAA<I E<EF9@ VAVJVN64AAO 6<5GIV6 
NONEL ;A<:GT DB;G5B:G64AAO DG8< A4 12-15%. �AF97D4JVO ?4;9DA<I E>4A9DV6 8?O >BAFDB?N O>BEFV 6<8B5GF>G 6 D94?LAB@G 
K4EV 8B;6B?OT CV86<M<F< 9H9>F<6AVEFL 6<8B5GF>G 8B 92% 6V8 F9BD9F<KAB @B:?<6BW.

�<>BD<EF4AAO EC9JV4?V;B64A<I J<HDB6<I F9IAB?B7V=, F4><I O> 7V8DB79B?B7VKA9 3D-@B89?N64AAO DB8B6<M ; DB;8V?LABN 
;84FAVEFN 8B 0,5 @, E<EF9@< D94?LAB7B K4EG XRF 8?O 4A4?V;G 6@VEFG >BD<EA<I >B@CBA9AFV6 ; FBKAVEFN ±0,5%, F4 
46FB@4F<;B64AV E<EF9@< EBDFG64AAO DG8< A4 BEAB6V @4L<AAB7B ;BDG F4 D9AF79AV6EL>BW FB@B7D4HVW, ;459;C9KGT ;A<:9AAO 
BC9D4JV=A<I 6<FD4F A4 22-30% F4 ;5V?LL9AAO >B9HVJVTAF4 6<?GK9AAO >BD<EA<I >B@CBA9AFV6 A4 15-20% CBDV6AOAB ; 
FD48<JV=A<@< @9FB84@<.



�<EAB6><:  4JVBA4?LA9 
6<>BD<EF4AAO A48D

�B@C?9>EA<= CV8IV8
�DB5?9@4 6FD4F F4 ;5V8AN64AAO >BD<EA<I >BC4?<A CBFD95GT 
@V:8<EJ<C?VA4DAB7B CV8IB8G, MB VAF97DGT 79B?B7VKA9 3D-
@B89?N64AAO DB8B6<M, 46FB@4F<;B64AV E<EF9@< >BAFDB?N 
O>BEFV, 9>BAB@VKA<= 4A4?V; 8B67BEFDB>B6BW D9AF459?LABEFV F4 
BJVA>G 9>B?B7VKAB7B 6C?<6G A4 �DGAFB6V 6B8< F4 5VBDV;AB@4AVFFO 
CD<?97?<I F9D<FBDV=.

�AAB64JV=AV DVL9AAO
�CDB648:9AAO CD9J<;V=A<I F9IAB?B7V= 5GDVAAO ; FBKAVEFN 8B 
0,5 @9FD4, E9?9>F<6A<I @9FB8V6 6<5GIB6<I DB5VF, 
46FB@4F<;B64A<I E<EF9@ EBDFG64AAO DG8< ; 6<>BD<EF4AAO@ 
EC9>FD4?LAB7B 4A4?V;G F4 DB5BF<;B64AB7B 6<8B5G6AB7B 
B5?48A4AAO ; 8<EF4AJV=A<@ >9DG64AAO@ ;@9ALGT 6FD4F< JVAA<I 
@VA9D4?V6 A4 22-35% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<.

�>BAB@VKA4 8BJV?LAVEFL
�CF<@4?LA<= DV69AL 6<?GK9AAO >BD<EA<I >BC4?<A G 8V4C4;BAV 
85-92% ;459;C9KGT A4=6<MG 9>BAB@VKAG 9H9>F<6AVEFL ; 
GD4IG64AAO@ >4CVF4?LA<I 6<FD4F A4 F9IAB?B7VW, 9>EC?G4F4JV=A<I 
6<FD4F, D<A>B6BW 64DFBEFV @VA9D4?V6 F4 8B67BEFDB>B6<I 6<FD4F 
A4 D9>G?LF<64JVN ;9@9?L, EF6BDNNK< 8B84F>B6G 64DFVEFL G 12-
18% A4 FBAAG 6<8B5GFBW E<DB6<A<.

!F4?<= DB;6<FB>
 4JVBA4?LA9 6<>BD<EF4AAO A48D K9D9; ;4CDB648:9AAO 
;4@>AGF<I J<>?V6 6B8B>BD<EFG64AAO, C9D9DB5>G 6V8IB8V6 
6<8B5GF>G 8?O 6<DB5A<JF64 5G8V69?LA<I @4F9DV4?V6, 
6V8AB6?9AAO CBDGL9A<I ?4A8L4HFV6 F4 EF6BD9AAO F9IABC4D>V6 
A4 @VEJV 6<K9DC4A<I DB8B6<M ;459;C9KGT ;59D9:9AAO 
@VA9D4?LA<I D9EGDEV6 F4 9>B?B7VKAG EFV=>VEFL D97VBAV6 6<8B5GF>G 
8?O A4EFGCA<I CB>B?VAL.


