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>D<F<KAB 64:?<6<@ 4EC9>FB@ 9H9>F<6AB7B GCD46?VAAO 
7VDA<KB6<8B5G6A<@ 6<DB5A<JF6B@. &9= CDBJ9E D94?V;GTFLEO K9D9;:

�4D>L9=89DEL>V 
6<@VDN64AAO
�<>BD<EF4AAO ?4;9DAB7B 
E>4AG64AAO F4 GPS-
F9IAB?B7V= 8?O FBKAB7B 
6<;A4K9AAO B5'T@V6 
6<8B5GFBW @4E<.

�9B?B7VKA<= >BAFDB?L

%<EF9@4F<KA<= 6V85VD CDB5 
DG8< A4 DV;A<I 9F4C4I 
6<8B5GF>G F4 C9D9DB5>< 
8?O 4A4?V;G O>VEA<I 
CB>4;A<>V6.

�4?4AEB6V DB;D4IGA><
�BDV6AOAAO C?4AB6<I F4 H4>F<KA<I CB>4;A<>V6 6<8B5GF>G ; 
6<>BD<EF4AAO@ EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO.

�FD<@4AV 84AV 8B;6B?ONFL BCF<@V;G64F< F9IAB?B7VKAV CDBJ9E<, 
@VAV@V;G64F< 6FD4F< JVAA<I >B@CBA9AFV6 F4 CV86<M<F< 9>BAB@VKAG 
9H9>F<6AVEFL CV8CD<T@EF64.



�4;B6V CBAOFFO 6FD4F V 
;5V8AN64AAO

�FD4F< >BD<EA<I 
>BC4?<A

'4EF>4 >BD<EABW >BC4?<A< 
(6V8 5% 8B 25% ;4C4EV6), O>4 
;4?<L4TFLEO A96<?GK9ABN 6 
JV?<>4I, B564?9AAOI, 
;4FBC?9A<I 6<DB5>4I 45B 
EF4T A9CD<84FABN 6A4E?V8B> 
CB8DV5A9AAO A<:K9 
>BA8<JV=AB7B DB;@VDG CV8 K4E 
5GDBCV8D<6A<I DB5VF. 
�EB5?<6B >D<F<KAB 8?O 
8BDB7BJVAA<I @9F4?V6.

�5V8AN64AAO
�B7VDL9AAO O>VEA<I 
I4D4>F9D<EF<> >BD<EABW 
>BC4?<A< A4 10-30% 6V8 
CDB9>FA<I CB>4;A<>V6 
6A4E?V8B> 8B@VLG64AAO 
6@VMGNK<I CBDV8, 
A9>BA8<JV=A<I DG8 V 
F9IAB79AA<I @4F9DV4?V6 CV8 
K4E 6V85V=><, A464AF4:9AAO 
F4 FD4AECBDFG64AAO. 
�D<;6B8<FL 8B ;5V?LL9AAO 
6<FD4F A4 ;5474K9AAO F4 
;A<:9AAO 6<IB8G 
>BAJ9AFD4FG.

�B9HVJVTAF 6<?GK9AAO

�V8ABL9AAO H4>F<KAB 6<8B5GFBW >BD<EABW >BC4?<A< 8B WW 
;474?LABW >V?L>BEFV 6 DB8B6<MV, 6<D4:9A9 G 6V8EBF>4I. �?O 
CV8;9@A<I DB;DB5B> EF4AB6<FL 75-95%, 8?O 6V8>D<F<I 4 80-98%, 
;4?9:AB 6V8 7VDA<KB-79B?B7VKA<I G@B6, F9IAB?B7VW 6<8B5GF>G F4 
9>BAB@VKABW 8BJV?LABEFV. �V86<M9AAO A4 >B:AV 5% EGFFT6B 
6C?<64T A4 D9AF459?LAVEFL CDB9>FG.



�A=>2=V ?>:07=8:8 >FV=:8 2B@0B V 71V4=N20==O

�V;L:VA=V ?>:07=8:8

�1A>;NB=V 2B@0B8 (<³ 01> B>=) - 2V4 5% 4> 15% 2 
70;56=>ABV 2V4 <5B>4C 284>1CB:C

�V4=>A=V 2B@0B8 (C 2V4A>B:0E) - =>@<0B82=89 ?>:07=8: 
8-12% 4;O ?V475<=8E @>7@>1>:

�>5DVFVT=B 28;CG5==O :>@8A=>W :>?0;8=8 - 
>?B8<0;L=5 7=0G5==O 0,85-0,95

&V ?>:07=8:8 28:>@8AB>2CNBLAO 4;O 10;0=A>28E 
@>7@0EC=:V2, >FV=:8 5D5:B82=>ABV B5E=>;>3VG=8E AE5< 
284>1CB:C B0 287=0G5==O 5:>=><VG=>W 4>FV;L=>ABV 
@>7@>1:8 @>4>28I0 ?@8 ?@>5:B=><C 7=0G5==V 2B@0B 4> 
10%.

/:VA=V ?>:07=8:8

�<V=0 2<VABC :>@8A=>3> :><?>=5=BC - 4>?CAB8<5 
7=865==O =0 5-7% 2V4 ?>G0B:>2>3>

�<V=0 <V=5@0;>3VG=>3> A:;04C - :>=B@>;L 70 2<VAB>< 
H:V4;828E 4><VH>: (AV@:0, D>AD>@)

&5E=>;>3VG=V ?0@0<5B@8 71030G5==O - 7@>AB0==O 
5=5@3>28B@0B =0 15-20% ?@8 71V;LH5==V 71V4=N20==O

&V ?>:07=8:8 157?>A5@54=L> 2?;820NBL =0 
@5=B015;L=VABL 28@>1=8FB20, >A:V;L:8 71V4=N20==O =0 
:>6=V 1% ?@872>48BL 4> 7=865==O 20@B>ABV :>=F5=B@0BC 
=0 1,5-2% B0 ?V428I5==O 28B@0B =0 ?5@5@>1:C 4> 3%.



�9B@9FD<;4JV=AV @9FB8< 
6<;A4K9AAO 6FD4F

�4D>L9=89DEL>V ;=B@><
�<EB>BFBKAV ?4;9DAV F4 BCF<KAV 6<@VDN64AAO 7VDA<K<I 6<DB5B> 
; FBKAVEFN 8B 2-5 @@ 8?O 6<;A4K9AAO H4>F<KA<I B5EO7V6 
6<8B5GF>G (@³) F4 >V?L>VEABW BJVA>< ;4?<L9A<I ;4C4EV6 >BD<EA<I 
>BC4?<A G JV?<>4I F4 A96<8B5GF<I 8V?OA>4I.

�9B?B7VKA9 >4DFG64AAO

%F6BD9AAO 89F4?LA<I ?VFB?B7VKA<I F4 EFDG>FGDA<I >4DF 
@4ELF45G 1:500-1:2000 ; 6V8B5D4:9AAO@ DB;CB8V?G >BD<EA<I 
>B@CBA9AFV6 CB CBFG:ABEFV F4 CDBEFO74AAN C?4EF4 8?O 
CB84?LLB7B CBDV6AOAAO ; 84A<@< 9>EC?G4F4JV=ABW DB;6V8>< F4 
H4>FG 6<8B5GF>G.

3D-@B89?N64AAO DB8B6<M

�B5G8B64 FD<6<@VDA<I 5?B>B6<I @B89?9= DB8B6<M ; 
6<>BD<EF4AAO@ EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO 
(Micromine, Surpac, Datamine) 8?O FBKAB7B 6<;A4K9AAO B5EO7V6 
DG8< DV;A<I >4F97BDV= O>BEFV F4 BC9D4F<6AB7B >BAFDB?N ;4 
CDBJ9EB@ 6<8B5GF>G V 6FD4F4@<.

�DBEFBDB64 VAF9DCB?OJVO 84A<I

�4EFBEG64AAO @9FB8V6 >D<7VA7G F4 ;6BDBFA<I ;64:9A<I 
6V8EF4A9= (IDW) 8?O @4F9@4F<KAB7B CDB7AB;G64AAO 6@VEFG 
>BD<EA<I >B@CBA9AFV6 (± 5-15%) @V: DB;6V8G64?LA<@< 
E69D8?B6<A4@< F4 B5K<E?9AAO CBF9AJV=A<I 6FD4F CD< 
E9?9>F<6AV= 6<W@JV.



 B;D4IGA>B6V @9FB8< 
6<;A4K9AAO 6FD4F

�4?4AEB6<= @9FB8

�BDV6AOAAO 79B?B7VKA<I ;4C4EV6 (Q�) V; CB74L9A<@< 
;4C4E4@< (Q�) F4 6<8B5GFBN DG8BN (Q�)

 B;D4IGAB> >B9HVJVTAF4 6FD4F ;4 HBD@G?BN: � = (Q� - 
Q� - Q�) / Q� × 100%

-B>64DF4?LA9 E>?484AAO 54?4AEG DGIG >BD<EA<I 
>BC4?<A ; GD4IG64AAO@ ;@VA >BA8<JV=

!F4F<EF<KA<= @9FB8

�A4?V; 84A<I V; 150-200 >BAFDB?LA<I FBKB> A4 
>B:AB@G 6<8B5G6AB@G 5?BJV

�B5G8B64 D97D9EV=A<I @B89?9= ; GD4IG64AAO@ 
79B?B7VKA<I CBDGL9AL F4 A9B8ABDV8ABEF9=

�<;A4K9AAO E9D98ALBEF4F<EF<KA<I 6FD4F V; 
;4EFBEG64AAO@ 8B6VDKB7B VAF9D64?G 95%

�A4?VF<KA<= @9FB8

�4EFBEG64AAO HBD@G?  <?LAV>B64-�B?>B64 8?O 
DB;D4IGA>G 9>EC?G4F4JV=A<I 6FD4F

�D4IG64AAO C4D4@9FDV6 6<8B5GF>G: >GF4 C48VAAO 
C?4EF4, CBFG:ABEFV, HV;<>B-@9I4AVKA<I 6?4EF<6BEF9=

�B89?N64AAO 6FD4F CD< DV;A<I F9IAB?B7VKA<I EI9@4I 
; FBKAVEFN 8B 92-95%



�AEFDG@9AF4?LAV @9FB8< 6<;A4K9AAO 6FD4F

%GK4EAV VAEFDG@9AF4?LAV @9FB8< 8BCB6ANNFL DB;D4IGA>B6V CV8IB8< F4 ;459;C9KGNFL 6<EB>BFBKA9 6<;A4K9AAO 6FD4F 
>BD<EA<I >BC4?<A CV8 K4E 6<8B5GF>G. �9BHV;<KAV 8BE?V8:9AAO 6<>BD<EFB6GNFL 9?9>FDB@47AVFAV, E9=E@VKAV F4 7D46VF4JV=AV 
@9FB8< 8?O 89F4?LAB7B >4DFG64AAO EFDG>FGD< DB8B6<M4 ; FBKAVEFN 8B 0,5 @. %69D8?B6<AA4 ;=B@>4 ;4 8BCB@B7BN 
EC9JV4?LA<I >4@9D ; DB;8V?LABN ;84FAVEFN 8B 0,1 @@ 8B;6B?OT VAEC9>FG64F< A98BEFGCAV 8V?OA>< A4 7?<5<AV 8B 1000 @. 
$48VB@9FD<KAV 6<@VDN64AAO ; 6<>BD<EF4AAO@ 74@@4-EC9>FDB@9FDVW 6<;A4K4NFL 6@VEF >BD<EA<I >B@CBA9AFV6 ; CBI<5>BN 
A9 5V?LL9 0,5%, MB >D<F<KAB 8?O 6EF4AB6?9AAO H4>F<KAB7B ;5V8AN64AAO DG8<. �4;9DA9 E>4AG64AAO EF6BDNT FD<6<@VDAV 
@B89?V 7VDA<K<I 6<DB5B> ; FBKAVEFN 8B 2 @@, MB 8B;6B?OT B5K<E?<F< B5'T@< 6<8B5GFBW CBDB8< F4 ;4?<L>V6 >BD<EA<I 
>BC4?<A 8?O CB84?LLB7B DB;D4IGA>G 54?4AEG.



�9FB8< IV@VKAB7B 4A4?V;G 
8?O 6<;A4K9AAO 
;5V8AN64AAO
�V85VD CDB5

%<EF9@4F<KA<= 6V85VD ;D4;>V6 >BD<EABW >BC4?<A< ;7V8AB ; �%&' 
ISO 18283 ; 6<>BD<EF4AAO@ >9DAB6V85VDA<>V6 8V4@9FDB@ 50-100 
@@. �VAV@G@ 15-20 CDB5 ; >B:AB7B 7BD<;BAFG DB8B6<M4 F4 5-7 
CDB5 ; >B:AB7B 6<5BN 8?O 8BEO7A9AAO EF4F<EF<KABW 
8BEFB6VDABEFV 95%.

�V87BFB6>4 ;D4;>V6
�9I4AVKA9 CB8DV5A9AAO A4 MB>B6<I 8DB54D>4I 8B HD4>JVW 0,5-
1,0 @@, >64DFG64AAO @9FB8B@ 8V47BA4?9= ; 6<>BD<EF4AAO@ 
46FB@4F<KA<I 8V?LA<>V6 F<CG ��-10. �DBEVN64AAO K9D9; E<F4 ; 
DB;@VDB@ >B@VDB> 0,074 @@ 8?O 4A4?V;G 6@VEFG 
FBA>B8<EC9DEA<I 6>?NK9AL >BD<EA<I @VA9D4?V6.

%C9>FD4?LA<= 4A4?V;
�<;A4K9AAO 9?9@9AFAB7B E>?48G ;4 8BCB@B7BN 4FB@AB-
45EBD5JV=ABW EC9>FDB@9FDVW (��%) A4 CD<?484I Thermo 
Scientific iCE 3500 ; @9:9N 6<O6?9AAO 0,1 ppm F4 4FB@AB-
9@VEV=ABW EC9>FDB@9FDVW ; VA8G>F<6AB-;6'O;4ABN C?4;@BN 
(ICP-AES) 8?O FBKAB7B 6<;A4K9AAO 6@VEFG Cu, Zn, Fe, Au, Ag ; 
CBI<5>BN ±0,5%.

�AF9DCD9F4JVO D9;G?LF4FV6
�A4?V; 84A<I ;4 8BCB@B7BN EC9JV4?V;B64AB7B 
CDB7D4@AB7B ;459;C9K9AAO MinLab 4.0 ; CBDV6AOAAO@ 
BFD<@4A<I CB>4;A<>V6 ; 89D:46A<@< EF4A84DF4@< 
O>BEFV F4 DB;D4IGA>B@ >B9HVJVTAF4 ;5V8AN64AAO ;4 
HBD@G?BN �; = (%1-%2)/%1×100%, 89 %1 - 6@VEF 
>B@CBA9AFG 6 DB8B6<MV, %2 - 6@VEF G 6<8B5GFV= @4EV.



�VA9D4?B7VKAV 8BE?V8:9AAO O>VEAB7B 
;5V8AN64AAO

�V>DBE>BCVKA<= 4A4?V;
�<6K9AAO ;D4;>V6 CV8 CB?OD<;4JV=A<@ 
@V>DBE>BCB@ CD< ;5V?LL9AAV 50-500x 
8?O 6<;A4K9AAO ECV66V8ABL9AAO 
DG8A<I V A9DG8A<I @VA9D4?V6. 
�B;6B?OT >V?L>VEAB BJVA<F< ;@VAG 
6@VEFG >BD<EA<I >B@CBA9AFV6 6V8 5% 
8B 30% G CDBJ9EV 6<8B5GF>G F4 
V89AF<HV>G64F< 6>?NK9AAO CGEFBW 
CBDB8< DB;@VDB@ 6V8 0,01 @@.

$9AF79ABEFDG>FGDA<= 4A4?V;
�4EFBEG64AAO 8<HD4>FB@9FDV6 D8 
ADVANCE ; FBKAVEFN 8B 0,02° 8?O 
V89AF<HV>4JVW @VA9D4?LA<I H4; CD< 
;5V8AN64AAV. �9FB8 8B;6B?OT 6<O6<F< 
;@VA< G ECV66V8ABL9AAV >BD<EA<I 
@VA9D4?V6 (74?9AVFG, EH4?9D<FG, 
I4?L>BCVD<FG) F4 CGEFBW CBDB8< 
(>64DJ, CB?LB6V LC4F<) ; FBKAVEFN 8B 
1-2% A46VFL CD< FBA>B@G CDBDBEF4AAV.

�?9>FDBAA4 @V>DBE>BCVO
�<>BD<EF4AAO E>4AGNK<I 
9?9>FDBAA<I @V>DBE>BCV6 JSM-6490LV 
; DB;8V?LABN ;84FAVEFN 8B 3 A@ 8?O 
4A4?V;G @V>DB6>?NK9AL DB;@VDB@ 
0,001-0,1 @@. �B;6B?OT CDB6B8<F< 
FBKA<= >V?L>VEA<= 9?9@9AFA<= 4A4?V; 
(EDX) 8?O 6<;A4K9AAO EFGC9AO 
;5V8AN64AAO DG8< V 6<O6?9AAO 
8V?OAB> V; 6FD4FBN >BD<EA<I 
>B@CBA9AFV6 8B 95% 6V8 CBK4F>B6B7B 
6@VEFG.



&9IAB?B7VKAV 6<CDB5G64AAO 8?O BJVA>< 
;5V8AN64AAO

�5474KG64?LAV 
6<CDB5G64AAO

�DB6989AAO ?45BD4FBDA<I F9EFV6 
H?BF4JVW, 7D46VF4JVW F4 @47AVFABW 
E9C4D4JVW A4 ;D4;>4I ; DV;A<@ 

6@VEFB@ >BD<EAB7B >B@CBA9AF4 (5-
45%) 8?O 6<;A4K9AAO ;4?9:ABEFV 

EFGC9AO 6<?GK9AAO 6V8 DV6AO 
;5V8AN64AAO

�B89?N64AAO F9IAB?B7VKA<I 
CDBJ9EV6
%F6BD9AAO J<HDB6<I @B89?9= G 
EC9JV4?V;B64AB@G CDB7D4@AB@G 
;459;C9K9AAV (MODSIM, JKSimMet) 
8?O E<@G?OJVW 6C?<6G DV;A<I 
CB>4;A<>V6 ;5V8AN64AAO (10-30%) A4 
9H9>F<6AVEFL F9IAB?B7VKA<I EI9@ 
;5474K9AAO

�<;A4K9AAO F9IAB?B7VKA<I 
6?4EF<6BEF9=

�<@VDN64AAO F69D8BEFV ;4 L>4?BN 
�BBE4 (3-7), VA89>EG 
CB8DV5AN64ABEFV (8-15 >�F·7B8/F), 
CBD<EFBEFV (5-20%) F4 VAL<I 
6?4EF<6BEF9=, MB ;@VANNFLEO CD< 
;5V?LL9AAV 6@VEFG CGEFBW CBDB8< G 
DG8V

�A4?V; D9;G?LF4FV6
�BDV6AOAAO CB>4;A<>V6 6<?GK9AAO 
>BD<EA<I >B@CBA9AFV6 (;A<:GTFLEO 

A4 1,5-4% CD< ;5V?LL9AAV 
;5V8AN64AAO A4 >B:AV 10%) F4 
9A9D7B6<FD4F A4 ;5474K9AAO 

(;DBEF4NFL A4 8-12% 6V8CB6V8AB) 8?O 
DV;A<I F9IAB?B7VKA<I EI9@



$>@<C;8 @>7@4EC=:C 6B@4B V 
75V8=N64==O
�>:47=8: $>@<C;4 �>7=4G9==O

�>9DVFVT=B 
68;CG9==O @C88

�6 = (QD4:B / 
Q?;4=) × 100%

QD4:B - D4:B8G=> 
688>5CB4 :V;L:VABL 
@C88 (B), Q?;4= - 
?;4=>64 :V;L:VABL 
@C88 6 5;>FV (B), �6 
- :>9DVFVT=B 
68;CG9==O (%)

�V8=>A=V 6B@4B8 
@C88

Q6B@ = ((Q?;4= - 
QD4:B) / Q?;4=) × 
100%

Q6B@ - 6V8=>A=V 
6B@4B8 C 6V8A>B:4E 
(%), Q?;4= - 74?4A8 
@C88 6 ?4=9;V (B), 
QD4:B - D4:B8G=> 
688>5CB4 :V;L:VABL 
@C88 7 ?4=9;V (B)

�>:47=8: 
75V8=N64==O

�5 = ((C? - CD) / C?) 
× 100%

CD - D4:B8G=89 
6<VAB :>@8A=>7> 
:><?>=9=BC 6 
688>5CBV9 @C8V (%), 
C? - ?;4=>689 
6<VAB :>@8A=>7> 
:><?>=9=BC 6 
79>;>7VG=><C 5;>FV 
(%), �5 - :>9DVFVT=B 
75V8=N64==O (%)

�5A>;NB=V 6B@4B8 P6B@ = Q?;4= × C? 
× (1 - �6/100)

P6B@ - 45A>;NB=V 
6B@4B8 :>@8A=>7> 
:><?>=9=BC (B), 
Q?;4= - 74?4A8 
@C88 (B), C? - 6<VAB 
:>@8A=>7> 
:><?>=9=BC C 
74?4A4E (%)

�5V8=N64==O ?@8 
688>5CB:C

  = QD4:B × (C? - 
CD) / 100

  - :V;L:VABL 
?>@>88, M> 
?>B@4?8;4 6 @C8C 
(B), C? - 6<VAB 
:>@8A=>7> 
:><?>=9=BC 8> 
75V8=N64==O (%), 
CD - ?VA;O 
75V8=N64==O (%)



!F4F<EF<KAV >D<F9DVW BJVA>< 6FD4F
�<EC9DEV=A<= 4A4?V;
�9FB8 EF4F<EF<KAB7B 4A4?V;G, MB 8B;6B?OT >V?L>VEAB BJVA<F< 6C?<6 E<EF9@< DB;DB5><, F9IAB?B7VW 6<8B5GF>G F4 
79B?B7VKA<I G@B6 A4 69?<K<AG 6FD4F >BD<EA<I >BC4?<A. �4EFBEB6GTFLEO 8?O 6<;A4K9AAO F->D<F9DVN $VL9D4 CD< 
CBDV6AOAAV DV;A<I 8V?LA<JL 6<8B5GF>G.

�BD9?OJV=A<= 4A4?V;
�BE?V8:9AAO 6;4T@B;6'O;>V6 @V: CB>4;A<>4@< 6FD4F (Q6FD) F4 C4D4@9FD4@< 6<8B5G6A<I DB5VF, F4><@< O> >GF 
C48VAAO C?4EF4, CBFG:AVEFL CB>?48G F4 >B9HVJVTAF @VJABEFV CBDV8. �B;6B?OT DB;D4IG64F< >B9HVJVTAF >BD9?OJVW r 6V8 
-1 8B +1 8?O 6<;A4K9AAO E<?< 6C?<6G >B:AB7B H4>FBD4.

 97D9EV=A9 @B89?N64AAO

�B5G8B64 @4F9@4F<KA<I @B89?9= F<CG Q6FD = a + b¡x¡ + b¢x¢ + ... + b¹x¹, 89 x¡...x¹ 4 F9IAB?B7VKAV C4D4@9FD< 
(L6<8>VEFL CDBIB8><, 6<EBF4 GEFGCG, 8B6:<A4 5?B>G), a F4 b 4 DB;D4IGA>B6V >B9HVJVTAF<. �<>BD<EFB6GTFLEO 8?O 
CDB7AB;G 6FD4F ; FBKAVEFN 8B 85-92% CD< ;@VAV F9IAB?B7VW 6<8B5GF>G.



&<HDB6V F9IAB?B7VW 
6<;A4K9AAO 6FD4F

98%
&BKAVEFL 3D-@B89?N64AAO 

DB8B6<M

�DB7D4@AV >B@C?9>E< Micromine 
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