
�?4E<HV>4JVO 6FD4F 
B5?<JN64?LAB7B >4@9AN 
CD< =B7B 6<8B5G64AAV
�5?<JN64?LA<= >4@VAL 3 J9 CD<DB8A<= >4@'OA<= @4F9DV4?, O><= 
6<8B5G64TFLEO 5?B>4@< F4 6<>BD<EFB6GTFLEO 6 4DIVF9>FGDV, 5G8V6A<JF6V F4 
89>BD4F<6A<I JV?OI. �DBJ9E 6<8B5G64AAO EGCDB6B8:GTFLEO 6FD4F4@<, O>V 
CB8V?ONFL A4 KBF<D< BEAB6AV >4F97BDVW: 79B?B7VKAV, F9IAB?B7VKAV, F9IAVKAV F4 
BD74AV;4JV=AV.

�9B?B7VKAV 6FD4F< (35-40%) 6<A<>4NFL K9D9; CD<DB8AV FDVM<A<, 
6>?NK9AAO, A9B8ABDV8AVEFL EFDG>FGD<. &9IAB?B7VKAV 6FD4F< (20-25%) 
CB6'O;4AV ; @9FB84@< DV;4AAO F4 6<?GK9AAO 5?B>V6. &9IAVKAV 6FD4F< (15-
20%) ;G@B6?9AV A98BE>BA4?VEFN B5?48A4AAO, 4 BD74AV;4JV=AV (10-15%) 3 
K9D9; ?N8EL><= H4>FBD F4 GCD46?VAEL>V DVL9AAO. �B9HVJVTAF 6<IB8G 5?B>V6 
; @4E<6G >B?<64TFLEO 6V8 0,4 8B 0,7 ;4?9:AB 6V8 DB8B6<M4 F4 @9FB8V6 
6<8B5G64AAO.



"EAB6AV 6<8< B5?<JN64?LAB7B >4@9AN
�D4AVFAV 5?B><
!48;6<K4=AB @VJA<= @4F9DV4? (180-220  #4) ; 
>D<EF4?VKABN EFDG>FGDBN >64DJG, CB?LB6B7B LC4FG F4 
E?N8<.  4T 6<EB>G EFV=>VEFL 8B ;ABLG64AAO, 4F@BEH9DA<I 
6C?<6V6 F4 F9@C9D4FGDA<I >B?<64AL. �894?LA<= 8?O 
;B6AVLALB7B B5?<JN64AAO 5G8V69?L, EIB8V6, CV8?B7 ; 
6<EB><@ A464AF4:9AAO@ F4 C4@'OFA<>V6.

 4D@GDB6V C?<F<
�?974AFA<= @4F9DV4? ; I4D4>F9DA<@ CDB:<?>B6<@ 
@4?NA>B@ F4 B8ABDV8ABN F9>EFGDBN (@VJAVEFL 80-120 
 #4). �97>B CB?VDGTFLEOO 8B 8;9D>4?LAB7B 5?<E>G. 
�<>BD<EFB6GTFLEO 8?O CD9EF<:AB7B 6AGFDVLALB7B 
B;8B5?9AAO, E>G?LCFGD F4 4DIVF9>FGDA<I 9?9@9AFV6. 
#BFD95GT D97G?ODAB7B 8B7?O8G 8?O ;59D9:9AAO 
CD<645?<6B7B 6<7?O8G.

�4CAO>B6V 5?B><
"E48B64 CBDB84 ; BD74AB79AA<@< 6>?NK9AAO@< (@VJAVEFL 
40-90  #4), MB HBD@G64?4EL @V?L=BA< DB>V6.  4T CBD<EFG 
EFDG>FGDG F4 IBDBLG B5DB5?N64AVEFL. �<DV;AOTFLEO 
F9C?BN >B?LBDB6BN 74@BN 6V8 >D9@B6B7B 8B ;B?BF<EFB7B. 
�<>BD<EFB6GTFLEO 8?O D9EF46D4JVW VEFBD<KA<I 5G8V69?L, 
B5?<JN64AAO H4E48V6 F4 6<7BFB6?9AAO 8DV5A<I 
4DIVF9>FGDA<I HBD@.

#VE>B6<>B6V @4E<
�9DA<EF4 EFDG>FGD4 (@VJAVEFL 40-100  #4) ; >64DJG, 
>4?LJ<FG F4 7?<A<EF<I @VA9D4?V6.  4T DV;AB@4AVFAV 6V8FVA>< 
6V8 E6VF?B-:B6FB7B 8B A4E<K9AB7B K9D6BAB->BD<KA96B7B. 
�B5D9 CV884TFLEO @9I4AVKAV= B5DB5JV F4 DV;4AAN. 
�<>BD<EFB6GTFLEO 8?O ?4A8L4HFAB7B 8<;4=AG, E48B6<I 
8BDV:B>, 89>BD4F<6A<I EFVA F4 B5?<JN64AAO CD<64FA<I 
5G8<A>V6.



!C9J<HVKAV 6<@B7< 8B B5?<JN64?LAB7B >4@9AN
�<EB>4 B8ABDV8AVEFL EFDG>FGD<
�4F9DV4? CB6<A9A 89@BAEFDG64F< >B9HVJVTAF 64DV4JVW 
MV?LABEFV A9 5V?LL9 5% CD< ;D4;>4I ; DV;A<I K4EF<A 
5?B>G.  B;@VD @VA9D4?LA<I ;9D9A @4T 5GF< DV6AB@VDA<@ 
(8BCGEF<@4 64DV4JVO ±0.5 @@), MB 74D4AFGT 
CDB7AB;B64AG CB698VA>G CD< CB?VDG64AAV F4 FD<64?G 
9>EC?G4F4JVN.

�VAV@4?LA4 >V?L>VEFL FDVM<A
�7V8AB ; �!"# � �.2.7-241, 8BCGE>4TFLEO A4O6AVEFL A9 
5V?LL9 2 @V>DBFDVM<A 8B6:<ABN 8B 5 @@ A4 1 @² 
CB69DIAV. �D<IB64AV FDVM<A< 6<O6?ONFLEO 
G?LFD4;6G>B6<@ E>4AG64AAO@ ; K4EFBFBN 50-55 >�J, 
CD<KB@G L6<8>VEFL CDBIB8:9AAO I6<?L @4T 5GF< A9 
@9AL9 4500 @/E 8?O 7D4AVFG F4 3500 @/E 8?O @4D@GDG.

�<FD<@4AVEFL 79B@9FD<KA<I HBD@
�V8I<?9AAO 6V8 C9DC9A8<>G?ODABEFV 7D4A9= A9 CB6<AAB 
C9D96<MG64F< 5 @@ A4 1 CB7. @. !F4A84DFAV DB;@VD< 
5?B>V6 8?O 9>ECBDFG: 2.8×1.5×1.5 @, 3.0×1.8×1.8 @ F4 
3.2×2.0×2.0 @ ; 8BCGEF<@BN CBI<5>BN ±25 @@, MB 
6V8CB6V84T @V:A4DB8A<@ EF4A84DF4@ ISO 8336 F4 EN 
1469.

�EF9F<KAV I4D4>F9D<EF<><
�B?VDA4 74@4 @4T 6V8CB6V84F< 9F4?BAA<@ ;D4;>4@ 
6<DB5A<>4 ; 8BCGEF<@<@ 6V8I<?9AAO@ ;4 L>4?BN RAL 
A9 5V?LL9 2 B8<A<JL. "9>EFGD4 BJVANTFLEO ;4 7-54?LABN 
L>4?BN 6<D4;ABEFV, 89 8?O CD9@VG@-E97@9AFG CBFDV59A 
CB>4;A<> A9 @9AL9 5,5 54?V6. �4D4@9FD 5?<E>G 
CB?VDB64ABW CB69DIAV @4T EF4AB6<F< 80-95 GU ;4 
L>4?BN 7?BE@9FD4.



�9B?B7VKAV 6FD4F<: CD<DB8AV 89H9>F< @4E<6G
&9>FBAVKAV FDVM<A<
�D<DB8AV DB;?B@< 6 >4@9AV 
; L<D<ABN 6V8 0,5 @@ 8B 15 
E@, MB HBD@GNFLEO 
6A4E?V8B> F9>FBAVKA<I 
A4CDG7 F4 ;EG6V6 C?<F ;9@ABW 
>BD<. &V 8<E?B>4JVW K4EFB 
DB;F4LB6GNFLEO CV8 >GFB@ 
60-85° F4 @B:GFL 
CDBEFO74F<EO A4 5-20 @, 
EF6BDNNK< ;BA< 
CV86<M9ABW >D<I>BEFV, O>V 
;A<:GNFL 6<IV8 FB64DA<I 
5?B>V6 A4 25-40%.

�BA< 6<6VFDN64AAO
�B69DIA96V F4 
CD<CB69DIA96V 8V?OA>< 
>4@9AN 7?<5<ABN 8B 3-5 @, 
O>V ;4;A4?< HV;<>B-IV@VKA<I 
;@VA CV8 6C?<6B@ 
4F@BEH9DA<I BC48V6, J<>?V6 
;4@BDB:G64AAO-6V8F464AAO 
F4 E9;BAA<I F9@C9D4FGDA<I 
>B?<64AL (±40°C). 
%4D4>F9D<;GNFLEO 
;A<:9ABN A4 30-45% 
@VJAVEFN A4 EF<E>, 
CV86<M9A<@ 
6B8BCB7?<A4AAO@ (>2%) F4 
;@VA9A<@ >B?LBDB@ ; 
I4D4>F9DA<@ B><E?9AAO@ 
;4?V;B6@VEA<I @VA9D4?V6.

�>?NK9AAO VAL<I 
@VA9D4?V6

�E9AB?VF< F4 @VA9D4?LAV 
6>D4C?9AAO DB;@VDB@ 6V8 2 
@@ 8B 15 E@, C9D964:AB 
CVD<FG, >64DJG F4 CB?LB6<I 
LC4FV6 ; F69D8VEFN 6-7 ;4 
L>4?BN �BBE4, MB 
>BAFD4EFGNFL ; BEAB6ABN 
CBDB8BN (F69D8VEFL 3-5). &V 
4AB@4?VW E>?484NFL 8B 15% 
B5'T@G @4E<6G F4 
ECD<K<AONFL A9DV6AB@VDA9 
;ABLG64AAO DV;4?LAB7B 
VAEFDG@9AFG, ;5V?LLGNK< 
6<FD4F< A4 B5DB5>G A4 20-
30%.

�B?VDAV 
A9B8ABDV8ABEFV

�4DV4JVW ;454D6?9AAO 6 
@9:4I B8AB7B @4E<6G ; 
>B9HVJVTAFB@ >B?LBDB6BW 
8<EC9DEVW 8B 0,25-0,4 ;4 
L>4?BN CIELab, MB 
;G@B6?9AV ?B>4?LA<@< 
;@VA4@< @VA9D4?LAB7B 
E>?48G F4 79BIV@VKA<@< 
CDBJ9E4@<. &4>V 89H9>F< 
;A4KAB ;A<:GNFL 64DFVEFL 
5?B>V6 A4 30-50% F4 
GE>?48ANNFL HBD@G64AAO 
>B@9DJV=A<I C4DFV= 
B5?<JN64?LAB7B >4@9AN ; 
B8ABDV8A<@< 9EF9F<KA<@< 
I4D4>F9D<EF<>4@<.



�9B?B7VKAV 6FD4F<: 
EFDG>FGDAV B5@9:9AAO

�9DV6AB@VDAVEFL 
;4?O74AAO

�GF< C48VAAO CBDV8 
64DVNNFLEO 6V8 15° 8B 
45° G @9:4I B8AB7B 
DB8B6<M4, 4 FB6M<A4 
CDB8G>F<6A<I L4DV6 
@B:9 ;@VAN64F<EO A4 
40-60% A4 6V8EF4AV 
?<L9 100 @9FDV6. &9 
CD<;6B8<FL 8B 
;A<:9AAO >B9HVJVTAF4 
6<?GK9AAO >BD<EABW 
>BC4?<A< A4 25-30% 
F4 ;5V?LLGT 6<FD4F< A4 
DB;>D<6AV DB5BF< 6 
1,5-2 D4;<.

%>?48A4 
79B@9FDVO 
DB8B6<M4

�VA;BCB8V5AV F4 
>?<ABCB8V5AV HBD@< 
CB>?48V6 ;V 
;6<6<EF<@< 
>BAFGD4@< 
GE>?48ANNFL 
C?4AG64AAO 6<8B5GF>G 
5?B>4@< EF4A84DFAB7B 
DB;@VDG. '9D9; J9 8B 
35% CBF9AJV=AB 
FB64DAB7B >4@9AN 
C9D9F6BDNTFLEO A4 
6V8IB8<, 4 
CDB8G>F<6AVEFL 
6<8B5G6AB7B 
B5?48A4AAO 
;A<:GTFLEO A4 20-25% 
K9D9; A9B5IV8AVEFL 
K4EFBW ;@VA< A4CDO@>G 
DV;4AAO.

�9D9D<6K4EFVEFL 
CB>?48V6
�DBL4D>< 
A9>BA8<JV=AB7B 
@4F9DV4?G FB6M<ABN 
6V8 0,3 8B 1,5 @9FD4 
;GEFDVK4NFLEO K9D9; 
>B:AV 2-4 @9FD< 
O>VEAB7B >4@9AN. &V 
6>?NK9AAO @4NFL 
@VJAVEFL A4 40-60% 
A<:KG F4 CV86<M9AG 
6B8BCB7?<A4?LAG 
;84FAVEFL (>3%), MB 
DB5<FL A9@B:?<6<@ WI 
6<>BD<EF4AAO 8?O 
4DIVF9>FGDAB-
5G8V69?LA<I JV?9= F4 
;5V?LLGT B5'T@ 
6<8B5GF<I 6V8IB8V6 8B 
45-50%.



&9IAB?B7VKAV 6FD4F< A4 9F4CV DB;6V8><
�96VDA9 C?4AG64AAO >4D'TDG
�9CD46<?LA<= DB;D4IGAB> 7?<5<A< F4 A4CDO@>V6 DB;DB5><

�BI<5>< 79B?B7VKABW DB;6V8><
�98BEF4FAO >V?L>VEFL E69D8?B6<A F4 ;D4;>V6 8?O 4A4?V;G

�9FBKAVEFL >4DFG64AAO DB8B6<M4
�B@<?>B69 6<;A4K9AAO ;BA FDVM<AG64FBEFV F4 
6B8BA4E<K9AAO

&9IAB?B7VKAV 6FD4F< A4 9F4CV DB;6V8>< EF4AB6?OFL 15-20% 6V8 ;474?LAB7B B5EO7G 6FD4F CD< 6<8B5GF>G >4@9AN. �96VDA9 
C?4AG64AAO >4D'TDG K4EFB CD<;6B8<FL 8B GF6BD9AAO A9EFV=><I 5BDFV6, MB ;5V?LLGT D<;<> B564?V6 F4 6FD4F< JVAA<I 5?B>V6. �D< 
A98BEF4FAV= >V?L>BEFV DB;6V8G64?LA<I E69D8?B6<A (@9AL9 5-6 A4 79>F4D) 6<A<>4NFL CBI<5>< 79B?B7VKABW DB;6V8><, O>V 
CD<;6B8OFL 8B CB@<?>B6BW BJVA>< ;4C4EV6 A4 25-30%. �9FBKABEFV >4DFG64AAO, BEB5?<6B CDBCGE>< ;BA CV86<M9ABW 
FDVM<AG64FBEFV, ;A<:GNFL >B9HVJVTAF 6<8B5GF>G >BA8<JV=A<I 5?B>V6 ; 0,7 8B 0,4-0,5, MB EGFFT6B 6C?<64T A4 9>BAB@VKAG 
9H9>F<6AVEFL DB8B6<M4.



&9IAB?B7VKAV 6FD4F< A4 9F4CV 
6<8B5G64AAO

 G=AG64AAO 5?B>V6 CD< 6<?GK9AAV
�9I4AVKAV CBL>B8:9AAO CD< 6V8B>D9@?9AAV 5?B>V6 6V8 @4E<6G 
K9D9; A48@VDAV A464AF4:9AAO (CBA48 120 ��4) 45B 6V5D4JVW ; 
4@C?VFG8BN 5V?LL9 2,5 @@, MB CD<;6B8<FL 8B 6FD4F< 15-20% 
CD<DB8AB7B >4@9AN CD< 6<8B5G64AAV 7D4AVFV6 
�<FB@<DEL>B7B DB8B6<M4.

�9>BD9>FAV F9IAB?B7VW DV;4AAO
�4EFBEG64AAO 4?@4;AB->4A4FAB7B DV;4AAO ;V L6<8>VEFN 
CBA48 8 @/E 8?O @'O><I 64CAO>V6 ;4@VEFL BCF<@4?LA<I 4-6 @/E, 
MB ;5V?LLGT D<;<> HBD@G64AAO @V>DBFDVM<A A4 35% F4 
;A<:GT @VJAVEFL 5?B>V6 A4 22-25% CD< CB84?LLV= B5DB5JV.

�BL>B8:9AAO B5?48A4AAO@
�9I4AVKAV CBL>B8:9AAO CV8 K4E C9D9@VM9AAO HDBAF4?LA<@< 
A464AF4:G64K4@< CAT-980 59; EC9JV4?LA<I ;4I<EA<I 
CB8GLB>, MB ECD<K<AOT 6V8>B?< >GFV6 (8B 8-12 E@) F4 
GF6BD9AAO A4E>DV;A<I FDVM<A G 18% 5?B>V6 745DB F4 
?45D48BD<FG.

�9CD46<?LA<= 6<5VD VAEFDG@9AFG
�<>BD<EF4AAO 5GDB6<I >BDBAB> ; F69D8BEC?46A<@< 
A4C4=>4@< ��8 ;4@VEFL ��15 8?O F69D8<I CBDV8 (8-9 ;4 
L>4?BN �BBE4), MB CD<;6B8<FL 8B C9D98K4EAB7B ;ABEG 
VAEFDG@9AFG, 6V8I<?9AAO 6V8 BEV 5GDVAAO 8B 5° F4 C9D96<FD4F< 
>4@9AN 8B 240 >7/@³ 6<8B5GFB7B @4F9DV4?G.



&9IAB?B7VKAV 6FD4F< CD< FD4AECBDFG64AAV
�9I4AVKAV CBL>B8:9AAO

%>B?<, FDVM<A< F4 6V85<FV >GF< (8B 15% 
6FD4F), MB 6<A<>4NFL CV8 K4E 

64AF4:AB-DB;64AF4:G64?LA<I DB5VF ; 
6<>BD<EF4AAO@ >D4AV6 F4 

A464AF4:G64KV6. �EB5?<6B >D<F<KAB 
8?O 7D4AVFG F4 @4D@GDG.

'84D< F4 EFDGE<
�V>DBFDVM<A< F4 6AGFDVLAV 89H9>F<, 
MB ;'O6?ONFLEO 6A4E?V8B> 6V5D4JV= A4 
A9O>VEA<I 8BDB74I. �?<;L>B 8-12% 
5?B>V6 ;4;A4NFL CB7VDL9AAO >4F97BDVW 
O>BEFV K9D9; F4>V CBL>B8:9AAO.

�9A4?9:A9 ;4>DVC?9AAO
�FD4F< K9D9; A98BEF4FAN 45B 
A48@VDAG HV>E4JVN: F9DFO @V: 5?B>4@< 
(CBL>B8:9AAO CB69DIAV 8B 20%), 
;@VM9AAO J9AFDG 647< F4 C48VAAO. 
$<;<> ;5V?LLGTFLEO A4 40% CD< 
FD4AECBDFG64AAV A4 6V8EF4AL CBA48 
200 >@.

&9@C9D4FGDAV 89HBD@4JVW
$B;L<D9AAO F4 EF<E>4AAO CD< 
>B?<64AAOI 6V8 -20°C 8B +40°C 
ECD<K<AOT @V>DBFDVM<A< G 7% 

6<C48>V6. �EB5?<6B KGF?<6V 64CAO> F4 
CVE>B6<> CD< FD<64?<I @V:A4DB8A<I 

C9D969;9AAOI.



�>BAB@VKAV 6FD4F<: O>VEAV B5@9:9AAO

1
�?B>< A<:KB7B EBDFG
�4F9DV4? ; 9EF9F<KA<@< 89H9>F4@< (C?O@<, >B?LBDB6V 6V8I<?9AAO, A9DV6AB@VDAVEFL F9>EFGD<), MB 
;A<:GNFL D<A>B6G 64DFVEFL A4 40-55%

2
'4EF>B64 CD<84FAVEFL
�?B><, MB CD<84FAV ?<L9 8?O 6<7BFB6?9AAO 5DG>V6><, CV86V>BAL K< 8DV5A<I 
9?9@9AFV6 ;4@VEFL 6<EB>B@4D:<A4?LA<I B5?<JN64?LA<I C?<F

3
�A<:9AAO D<A>B6BW 64DFBEFV
�FD4F< CD<5GF>G 8B 70% K9D9; A9@B:?<6VEFL CBEF4K4AAO 
@4F9DV4?G 8?O CD9@VG@-CDBT>FV6 (7BF9?V 5*, 9?VFAV :<F?B6V 
>B@C?9>E<, GDO8B6V 5G8V6?V)

�>BAB@VKAV 6FD4F< K9D9; O>VEAV B5@9:9AAO EGFFT6B 6C?<64NFL A4 D9AF459?LAVEFL 6<8B5GF>G B5?<JN64?LAB7B >4@9AN. �?B>< 
A<:KB7B EBDFG (>4F97BDV= II F4 III) D94?V;GNFLEO ;4 JVA4@< A4 40-60% A<:K<@<, IBK4 6<FD4F< A4 WI 6<8B5G64AAO ;4?<L4NFLEO A4 
DV6AV 85-90% 6V8 6<FD4F A4 6<8B5GFB> C9DLBEBDFA<I 5?B>V6. '4EF>B64 CD<84FAVEFL 7D4AVFA<I F4 @4D@GDB6<I 5?B>V6 ; 89H9>F4@< 
6AGFDVLALBW EFDG>FGD< B5@9:GT WI 6<>BD<EF4AAO 8B 6<DB5V6 FB6M<ABN A9 @9AL9 30 @@, GA9@B:?<6?NNK< EF6BD9AAO 
FBA>BHBD@4FA<I C?<F, O>V A4D4;V >BD<EFGNFLEO A4=5V?LL<@ CBC<FB@. �4 DB8B6<M4I �<FB@<DEL>BW B5?4EFV JV H4>FBD< 
CD<;6B8OFL 8B ;A<:9AAO CD<5GF>B6BEFV A4 25-35% CBDV6AOAB ; CDB7AB;B64A<@< CB>4;A<>4@<.



�>BAB@VKAV 6FD4F<: 
EFDG>FGDAV B5@9:9AAO

�9@B:?<6VEFL BFD<@4AAO 5?B>V6 EF4A84DFAB7B 
DB;@VDG
�D<DB8AV BEB5?<6BEFV ;4?O74AAO CBDB8< (L4DG64FVEFL, 
E?4AJN64FVEFL, A4O6AVEFL 6>?NK9AL) K4EFB A9 8B;6B?ONFL 6<DV;4F< 
5?B>< EF4A84DFA<I >B@9DJV=A<I DB;@VDV6 (2×1×1 @, 2,8×1,5×1,5 @) 
;7V8AB ; �%&' � EN 1467, MB ;A<:GT WI D<A>B6G 64DFVEFL A4 25-40% 
F4 B5@9:GT 6<>BD<EF4AAO G 69?<>B@4ELF45A<I CDBT>F4I.

%>?48AVEFL CB84?LLBW B5DB5><
�D<IB64AV 89H9>F< (@V>DBFDVM<A< 7?<5<ABN 5-15 E@, ;BA< 
CV86<M9ABW CBD<EFBEFV 15-30%, ?B>4?LAV 6>?NK9AAO >64DJG F4 
CVD<FG) 6<O6?ONFLEO ?<L9 CD< DB;C<?N64AAV F4 CB?VDG64AAV, 
CD<;6B8OK< 8B 5D4>G 15-30% E?O5V6 F4 ;5V?LLGNK< 6<FD4F< A4 
B5DB5>G A4 10-18 T6DB/@².

%FDG>FGDAV B5@9:9AAO EF6BDNNFL ;A4KAV 9>BAB@VKAV 6FD4F< CD< 
6<8B5G64AAV B5?<JN64?LAB7B >4@9AN, BEB5?<6B 8?O 7D4AVFG F4 @4D@GDG 
G>D4WAEL><I DB8B6<M. �BA< ;@9ALGNFL 6<IV8 7BFB6BW CDB8G>JVW A4 30-45% 
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@V>DBFDVM<A4@ A46VFL G 64CAO>4I ; 6<EB><@ 6@VEFB@ 
BD74AB79AA<I 6>?NK9AL. �4HV>EB64AB ;@9AL9AAO 6V8IB8V6 A4 
18% CBDV6AOAB ; 8<E>B6<@< C<?4@<.

GPS-@B89?N64AAO DB8B6<M
�B@C?9>E< Trimble SPS986 ; FBKAVEFN CB;<JVBAG64AAO 8B 2 
E@ 8B;6B?ONFL EF6BDN64F< J<HDB6V @B89?V DB8B6<M4 ; 
GD4IG64AAO@ GEVI 79B?B7VKA<I BEB5?<6BEF9=, 6>?NK4NK< 
E98<@9AF4JV=AV L4D< F4 CD<DB8AV FDVM<A<. �4 DB8B6<MV 
"&9DABCV?LEL><= 64CAO>" 6CDB648:9AAO GPS-@B89?N64AAO 
CV86<M<?B 6<IV8 5?B>V6 C9DLB7B EBDFG A4 23% ;468O>< 
BCF<@V;4JVW A4CDO@>G 6<W@>< 6V8ABEAB CD<DB8ABW L4DG64FBEFV 
CBDB8<.

3D->4DFG64AAO
�<>BD<EF4AAO 79BD484DA<I E<EF9@ MALA GeoScience ; 
K4EFBFBN 250-700 ��J G CBT8A4AAV ; CDB7D4@A<@ 
;459;C9K9AAO@ Leapfrog Geo 8B;6B?OT 6<O6?OF< CD<IB64AV 
>469DA< F4 ;BA< CV86<M9ABW CBD<EFBEFV A4 7?<5<AV 8B 15 @ ; 
DB;8V?LABN ;84FAVEFN 5-7 E@. �4 DB8B6<M4I %@9?LA<JL>BW 
B5?4EFV JO F9IAB?B7VO 8BCB@B7?4 ;5V?LL<F< 6<IV8 
6<EB>BO>VEA<I B5?<JN64?LA<I C?<F ; BD74AB79AA<@< 
6>?NK9AAO@< A4 28% F4 ;@9AL<F< 6<FD4F< A4 6<8B5GFB> 
A9>BA8<JV=A<I 5?B>V6 A4 31%.



�D74AV;4JV=AV ;4IB8< 8?O 
@VAV@V;4JVW 6FD4F

"BKA9 C?4AG64AAO
 B;DB5>4 >64DF4?LA<I V DVKA<I C?4AV6 6<8B5GF>G ; 6<>BD<EF4AAO@ 
EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO GeoMining Pro, MB 
6D4IB6GT 84AV E69D8?B6<A V; >DB>B@ 5 @. &9 8B;6B?OT 6<;A4K<F< 
BCF<@4?LA<= A4CDO@B> HDBAFG DB5VF ; FBKAVEFN 8B 95% F4 ;A<;<F< 
6FD4F< A4 12-15% CBDV6AOAB ;V EF4A84DFA<@< @9FB84@< C?4AG64AAO.

�BC9D98AO 79B?B7VKA4 9>EC9DF<;4
�DB6989AAO >B@C?9>EABW 79BHV;<KABW DB;6V8>< ; 6<>BD<EF4AAO@ 
79BD484DV6 GSSI SIR-4000 F4 G?LFD4;6G>B6B7B CDBHV?N64AAO 
7?<5<ABN 8B 25 @ C9D98 CBK4F>B@ DB;DB5>< AB6<I 8V?OAB>. &9 
8B;6B?OT 6<O6<F< 8B 87% CD<IB64A<I F9>FBAVKA<I CBDGL9AL F4 ;BA 
CV86<M9ABW FDVM<AG64FBEFV, ;468O>< KB@G @B:A4 E>BD<7G64F< 
F9IAB?B7VN 6<8B5GF>G 45B ;@VA<F< DB;F4LG64AAO 6<8B5G6A<I 
GEFGCV6.

�46K4AAO C9DEBA4?G
�CDB648:9AAO B5B6'O;>B6BW 120-7B8<AABW CDB7D4@< CV86<M9AAO 
>64?VHV>4JVW 6EVI BC9D4FBDV6 >4@9A9DV;4?LAB7B B5?48A4AAO >B:AV 6 
@VEOJV6 V; CD4>F<KA<@ F9EFG64AAO@ A4 E<@G?OFBD4I Quarry Master 
3000. �4 EF4F<EF<>BN CV8CD<T@EF6, MB 6CDB648<?< F4>G CDB7D4@G, 
>V?L>VEFL F9IAB?B7VKA<I CB@<?B> ;A<:GTFLEO A4 34%, 4 
CDB8G>F<6AVEFL ;DBEF4T A4 27%.

�BAFDB?L O>BEFV
�CDB648:9AAO 4-9F4CABW E<EF9@< >BAFDB?N ; 6<>BD<EF4AAO@ 
?4;9DAB7B E>4AG64AAO BlockQC F4 G?LFD4;6G>B6BW 89H9>FBE>BCVW A4 
>B:AB@G 9F4CV 6V8 6<8B5GF>G 8B HVA4?LABW B5DB5><. !<EF9@4 
6>?NK4T BA?4=A-@BAVFBD<A7 V; C9D984K9N 84A<I 8B J9AFD4?LABW 
?45BD4FBDVW, MB 8B;6B?OT 6<O6?OF< 8B 98% 89H9>FV6 A4 D4AAVI 
EF48VOI F4 ;A<:GT 6V8EBFB> 5D4>G 7BFB6BW CDB8G>JVW ; 12% 8B 3,5%.



�D4>F<KA<= CD<>?48: DB;D4IGAB> 6FD4F 
7D4AVFAB7B DB8B6<M4

�BD<EA<= B5'T@ 5?B>V6 �FD4K9A<= B5'T@

�?O CD4>F<KAB7B CD<>?48G DB;7?OA9@B 7D4AVFA9 DB8B6<M9 "�V689AA9" G �<FB@<DEL>V= B5?4EFV ; A4EFGCA<@< I4D4>F9D<EF<>4@<: 
;474?LA<= B5'T@ DB;DB5?9ABW 8V?OA>< DB8B6<M4 EF4AB6<FL 50 000 @³, ; O><I >BD<EA<= B5'T@ 5?B>V6 E>?484T 35 000 @³, 4 
6FD4K9A<= B5'T@ 3 15 000 @³.

�7V8AB ; 89F4?LA<@< DB;D4IGA>4@< VA:9A9DV6-79B?B7V6, >B9HVJVTAF >BD<EAB7B 6<IB8G 8?O 84AB7B DB8B6<M4 EF4AB6<FL 70% (�6 = 
(35 000 / 50 000) × 100%). �5EB?NFAV 6FD4F< E>?484NFL 15 000 @³, ; O><I CD<5?<;AB 6 000 @³ (40%) CB6'O;4AV ; 79B?B7VKA<@< 
H4>FBD4@<, 5 250 @³ (35%) ; F9IAB?B7VKA<@< CD<K<A4@<, V 3 750 @³ (25%) ECD<K<A9AV 79B@9FD<KA<@< B5@9:9AAO@<. �V8ABEAV 
6FD4F< CD< DB;DB5JV EF4AB6?OFL 30% 6V8 ;474?LAB7B B5'T@G (% 6FD4F = (15 000 / 50 000) × 100%).



�A4?V; CD<K<A 6FD4F G CD4>F<KAB@G CD<>?48V

�9B?B7VKAV H4>FBD<
�D<DB8A4 FDVM<AG64FVEFL 7D4AVFAB7B 

@4E<6G (24,3% 6FD4F) F4 ;BA< 
6<6VFDN64AAO (15,7% 6FD4F) 

E>?484NFL 40% 6V8 ;474?LA<I 6FD4F 
(6000 @³). �BE?V8:9AAO CB>4;4?<, 
MB 6 CV6AVKAV= K4EF<AV DB8B6<M4 

MV?LAVEFL FDVM<A 8BEO74T 3,8 A4 @², 4 
FB6M<A4 ;BA< 6<6VFDN64AAO 3 8B 1,2 
@, MB ;A4KAB ;A<:GT O>VEFL 5?B>V6.

&9IAB?B7VKAV H4>FBD<
�FD4F<, CB6'O;4AV ; F9IAB?B7VTN 
6<8B5G64AAO F4 B5DB5><, EF4AB6?OFL 
35% (5250 @³) 6V8 ;474?LA<I 6FD4F. 
%9D98 A<I: CBL>B8:9AAO CD< 5GDVAAV 3 
12%, CD< DV;4AAV 3 10,5%, CD< 
FD4AECBDFG64AAV 3 7%, CV8 K4E 
C9D6<AABW B5DB5>< 3 5,5%. 
�<>BD<EF4AAO ;4EF4DV?B7B 
B5?48A4AAO (>4A4FA<I C<? 2008 DB>G 
6<CGE>G) ;5V?LLGT F9IAB?B7VKAV 6FD4F< 
A4 8%.

�9B@9FD<KAV H4>FBD<
�9@B:?<6VEFL BFD<@4AAO 5?B>V6 
EF4A84DFAB7B DB;@VDG (2,8 × 1,5 × 1,5 @) 
K9D9; BEB5?<6BEFV ;4?O74AAO CBDB8< 
CD<;6B8<FL 8B 25% 6FD4F (3750 @³). 
�D< JLB@G 18% 6FD4F CD<C484T A4 
B5DV;>< >GFV6, 4 7% 3 A4 A9EF4A84DFAV 
HD47@9AF<. �4 8V?OAJV 73 K9D9; 
>4DEFB6V GF6BD9AAO A9CD46<?LABW 
HBD@< 6FD4F< 8BEO74NFL 32%.



�:>=><VG=V =0A;V4:8 2B@0B >1;8FN20;L=>3> 
:0<5=N

0

4

8

12

�5>;>3VG=V &5E=>;>3VG=V /:VA=V �5><5B@8G=V

�:>=><VG=V =0A;V4:8 2B@0B >1;8FN20;L=>3> :0<5=N ACBBT2> 2?;820NBL =0 @5=B015;L=VABL 284>1CB:C. /:VA=V 2B@0B8 (12 B8A. 3@=/
<³) A?@8G8=ONBL =091V;LHV 718B:8, >A:V;L:8 7=86CNBL :;0A ?@>4C:FVW 7 ?@5<VC< (6500-8000 3@=/<²) 4> AB0=40@B=>3> (3500-
4000 3@=/<²). �0 @>4>28IV "�>@=8=AL:5" G5@57 45D5:B8 B5:ABC@8 B0 <V:@>B@VI8=8 2B@0G0TBLAO 4> 18% ?>B5=FV9=>3> 4>E>4C 
I>@VG=>.

&5E=>;>3VG=V 2B@0B8 (8 B8A. 3@=/<³) 2:;NG0NBL 4>40B:>2V 28B@0B8 =0 >1@>1:C (2,5 B8A. 3@=/<³), CB8;V70FVN 2V4E>4V2 (1,8 B8A. 3@=/<³) 
B0 71V;LH5==O G0AC 28@>1=8G>3> F8:;C =0 30-40%. �8:>@8AB0==O 70AB0@V;>3> >1;04=0==O =0 �8B><8@AL:><C :0@'T@V ?V428ICT 
FV 2B@0B8 =0 4>40B:>2V 15%.

�5>;>3VG=V 2B@0B8 (5 B8A. 3@=/<³) 7<CHCNBL 71V;LHC20B8 ?;>IC @>7@>1:8 =0 25-30%, I> 28<030T 4>40B:>28E V=25AB8FV9 C 
@>72V4:C (1,2 <;= 3@= =0 35:B0@) B0 V=D@0AB@C:BC@C. �5><5B@8G=V 2B@0B8 (7 B8A. 3@=/<³) 7=86CNBL 28EV4 AB0=40@B=8E 1;>:V2 =0 
22%, I> >A>1;82> :@8B8G=> ?@8 28:>=0==V 25;8:8E 0@EVB5:BC@=8E 70<>2;5=L, :>;8 ?>B@V1=V >4=>@V4=V ?;8B8 287=0G5=8E 
@>7<V@V2.



�AAB64JV=AV CV8IB8< 8B ;@9AL9AAO 6FD4F

�4;9DA9 E>4AG64AAO
�<>BD<EF4AAO ?4;9DA<I E>4A9DV6 LIDAR 
; FBKAVEFN 8B 1 @@ 8B;6B?OT EF6BDN64F< 
6<EB>BFBKAV FD<6<@VDAV @B89?V 
DB8B6<M4, MB 6<O6?ONFL @V>DBFDVM<A< 
F4 6AGFDVLAV 89H9>F< A4 7?<5<AV 8B 0,5 
@. �4 >4D'TD4I �<FB@<DEL>BW B5?4EFV J9 
8B;6B?<?B ;A<;<F< 79B?B7VKAV 6FD4F< A4 
15-20% F4 CV86<M<F< 6<IV8 5?B>V6 
C9DLBW >4F97BDVW A4 8-12% ;468O>< 
BCF<@V;4JVW EI9@ DV;4AAO 6V8CB6V8AB 8B 
6AGFDVLALBW EFDG>FGD< >4@9AN.

�B@C'NF9DA9 @B89?N64AAO
%C9JV4?V;B64A9 CDB7D4@A9 
;459;C9K9AAO "GeoStone Pro" ; 
HGA>JVTN J<HDB6B7B 86V=A<>4 8B;6B?OT 
@B89?N64F< CDBJ9E DV;4AAO ; 
GD4IG64AAO@ HV;<>B-@9I4AVKA<I 
6?4EF<6BEF9= >BA>D9FA<I CBDV8 >4@9AN. 
�4 �B?B6<AEL>B@G DB8B6<MV 
?45D48BD<FG ;4EFBEG64AAO F4>B7B 
@B89?N64AAO ;A<;<?B 6V8IB8< B5DB5>< 
A4 23%, ;@9AL<?B 9A9D7BECB:<64AAO 
A4 17% F4 ;5V?LL<?B F9D@VA E?G:5< 
4?@4;AB7B VAEFDG@9AFG 6 E9D98ALB@G A4 
35%, B>GC<6L< VA69EF<JVW CDBFO7B@ 8 
@VEOJV6.

$B5BF<;B64AV E<EF9@<
�CDB648:9AAO 46FB@4F<;B64A<I 
>B@C?9>EV6 KUKA Robotics ; ?4;9DA<@ 
A46989AAO@ 8?O 6<8B5G64AAO F4 
>4A4FAB7B DV;4AAO >4@9AN ;459;C9KGT 
FBKAVEFL CB;<JVBAG64AAO ±0,5 @@. �4 
�BDBEF<LV6EL>B@G 7D4AVFAB@G >4D'TDV J9 
8B;6B?<?B CV86<M<F< >B9HVJVTAF 
>BD<EAB7B 6<IB8G 5?B>V6 A4 27%, 
E>BDBF<F< F9IAB?B7VKAV 6FD4F< ; 15% 8B 
6%, F4 ;A<;<F< FDG8B@VEF>VEFL DB5VF A4 
42%, A46VFL CD< DB5BFV ; 
A4=E>?48AVL<@< CBDB84@< ; 6<EB>BN 
4AV;BFDBCVTN 6?4EF<6BEF9=.



�<EAB6>< F4 D9>B@9A84JVW
�B@C?9>EA<= CV8IV8 8B BJVA>< 6FD4F
�9B5IV8AB 6D4IB6G64F< 6EV >4F97BDVW 6FD4F 3 79B?B7VKAV (15-20% 
6V8 ;474?LAB7B B5EO7G), F9IAB?B7VKAV (8B 35% CD< 
A9BCF<@4?LAB@G B5?48A4AAV), 9>BAB@VKAV (10-12% K9D9; 
?B7VEF<KAV CDB5?9@<) 3 8?O B5'T>F<6ABW BJVA>< 9H9>F<6ABEFV 
DB;DB5>< DB8B6<M4. �CDB648:9AAO E<EF9@< ERP ; @B8G?9@ 
GCD46?VAAO 6FD4F4@< ;@9AL<?B ;474?LAV 6FD4F< A4 18% G 
CDBT>F4I A4 �<FB@<DM<AV.

�CDB648:9AAO EGK4EA<I F9IAB?B7V=
�<>BD<EF4AAO 3D ?4;9DAB7B E>4AG64AAO DB8B6<M (FBKAVEFL 
8B 2 @@) F4 >4A4FA<I C<? ; 4?@4;A<@ A4C<?9AAO@ AB6B7B 
CB>B?VAAO (L6<8>VEFL DV;4AAO A4 30% 6<M4) 8B;6B?OT ;A<;<F< 
6FD4F< A4 22-25% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<. 
�B@C'NF9DAV E<EF9@< @B89?N64AAO DB8B6<M "GeoQuarry Pro" 
F4 "StoneCut" BCF<@V;GNFL DB;>DV= 5?B>V6 ; 9H9>F<6AVEFN 
6<>BD<EF4AAO 8B 92% @4F9DV4?G.

�V86<M9AAO >64?VHV>4JVW C9DEBA4?G
�CDB648:9AAO E<EF9@< 120-7B8<AAB7B >GDEG A46K4AAO 8?O 
BC9D4FBDV6 EC9JV4?V;B64AB7B B5?48A4AAO F4 MB>64DF4?LAV 
CD4>F<KAV FD9AVA7< ; ISO 9001:2015 ;@9AL<?< 6V8EBFB> 5D4>G 
K9D9; ?N8EL><= H4>FBD ; 14% 8B 5,8%.  B;DB5?9A4 @9FB8<>4 
"5S" A4 6<DB5A<JF6V CV86<M<?4 9H9>F<6AVEFL DB5VF A4 17% F4 
;A<;<?4 D<;<> CBL>B8:9AAO 5?B>V6 CV8 K4E FD4AECBDFG64AAO 
A4 24%.

�BEFV=A<= @BAVFBD<A7 F4 4A4?V;
�CDB648:9AAO E<EF9@< MB89AAB7B >BAFDB?N BC9D4JV= F4 
MBF<:A96B7B 4A4?V;G KPI ;4 @9FB8B?B7VTN Lean Six Sigma 
6<O6<?B CD<IB64AV 8:9D9?4 6FD4F A4 DV6AV 8-12%. -B@VEOKA<= 
4G8<F ; 6<>BD<EF4AAO@ CDB7D4@AB7B ;459;C9K9AAO 
QuarryMetrics F4 CDBJ98GD4 DMAIC 8B;6B?<?< DB;DB5<F< 37 
JV?LB6<I ;4IB8V6 8?O ;@9AL9AAO 6FD4F, MB CD<;69?B 8B 
;474?LAB7B CV86<M9AAO 6<8B5GF>G >BA8<JV=A<I 5?B>V6 A4 
16,7% ;4 BEF4AAV= DV>.


