
�9B8978GA89 @BAVFBD8A7 89HBD@4FV9 
5G8V69?L V ECBDG8
�5B4578GA89 @BAVFBD8A7 45DBD@4FV9 T >B@C?5>EB@ 68EB>BFBGA8E VA65A5DAB-
75B4578GA8E 68@VDN64AL, ECDO@B64A8E A4 687A4G5AAO CDBEFBDB6B7B CB?B65AAO F4 
7@VA8 75B@5FD8GA8E C4D4@5FDV6 5G4V65?LA8E >BAEFDG>FV9 7 FBGAVEFN 4B 0,1-0,5 @@. &59 
CDBF5E C5D5454G4T E8EF5@4F8GA5 ECBEF5D565AAO 74 65DF8>4?LA8@8 7@VM5AAO@8 
(BEV44AAO@8 4B 2-5 @@/DV>), 7BD87BAF4?LA8@8 7@VM5AAO@8 (4B 3-7 @@), >D5A4@8 (1-2 @@/
@), CDB78A4@8 (4B 1/200 CDB?LBFG) F4 VAL8@8 6844@8 45DBD@4FV9, MB 68A8>4NFL CV4 
6C?86B@ DV7AB@4AVFA8E D4>FBDV6 4 6V4 CD8DB4A8E (E57BAAV >B?864AAO �DGAFB68E 6B4, 
E59E@VGAV O68M4) 4B F5EAB75AA8E (6V5D4FVW 6V4 FD4AECBDFG, 5G4V6A8FF6B CBDGG). 
�8>BA4AAO @BAVFBD8A7G T B5B6'O7>B68@ 4?O 68EBFA8E 5G4V65?L (CBA44 100 @), @BEFB68E 
>BAEFDG>FV9 7 CDB?LBF4@8 5V?LL5 50 @, 4FB@A8E 5?5>FDBEF4AFV9, 7D555?L F4 
6B4BEEB68M, VEFBD8GA8E C4@'OFB> 4DEVF5>FGD8 6V>B@ CBA44 100 DB>V6, BEB5?86B 6 
E>?44A8E VA65A5DAB-75B?B7VGA8E G@B64E (>4DEFB6V CBDB6A8A8, CDBE44BGAV �DGAF8, 
7EG6BA5557C5GAV 4V?OA>8).

%GG4EA89 75B4578GA89 @BAVFBD8A7 68>BD8EFB6GT L8DB>89 4DE5A4? 68EB>BFBGA8E 
VAEFDG@5AFV6 F4 @5FB4V6 4 6V4 FD448FV9AB7B AV65?N64AAO I-II >?4EG FBGABEFV 4B 
VAAB64FV9A8E F5EAB?B7V9: ?475DA8E E>4A5DV6 (Leica ScanStation P40 7 FBGAVEFN 4B 3 @@ 
A4 50 @), DB5BF87B64A8E 5?5>FDBAA8E F4E5B@5FDV6 (Trimble S9 HP 7 >GFB6BN FBGAVEFN 
0,5") F4 GNSS-E8EF5@ (Trimble R10 7 FBGAVEFN 6 D568@V RTK 4B 8 @@), MB 4B76B?ONFL 
DV>EG64F8 7@VM5AAO 7 FBGAVEFN 4B 0,1-0,5 @V?V@5FD4. �BAVFBD8A7 CDB6B48FLEO 74 
6EF4AB6?5A8@ 7D4DV>B@: MB45AAB CV4 G4E 4>F86AB7B 5G4V6A8FF64, MB@VEOGAB CDBFO7B@ 
C5DLB7B DB>G 5>EC?G4F4FVW F4 MB>64DF4?LAB G CB44?LLB@G. $57G?LF4F8 @BAVFBD8A7G, 
CD54EF46?5AV G 687?O4V FD868@VDA8E @B45?59 45DBD@4FV9, T CV4�DGAFO@ 4?O CD89AOFFO 
>D8F8GAB 646?868E DVL5AL MB4B 557C5GABW 5>EC?G4F4FVW B5'T>FV6, A5B5EV4ABEFV 
D5@BAFA8E G8 CV4E8?N64?LA8E DB5VF F4 CDB7AB7G64AAO DB768F>G 45DBD@4FV9A8E 
CDBF5EV6 A4 C5DVB4 4B 5-10 DB>V6.



�A=>6=V ?>=OBBO B4 B9@<V=8 6 79>8978G=><C 
<>=VB>@8=7C
�5B4578GA89 @BAVFBD8A7 45DBD@4FV9 3 F5 E8EF5@4F8GA89 CDBF5E 68EB>BFBGA8E VA65A5DAB-75B4578GA8E 
68@VDN64AL F4 4A4?V7G 7@VA 75B@5FD8GA8E C4D4@5FDV6 5G4V65?L V ECBDG4 7 FBGAVEFN 4B 0,1-0,5 @@, MB 
CDB6B48FLEO 7 C5DVB48GAVEFN 6V4 MB45AA8E 4B MB>64DF4?LA8E F8>?V6 74?56AB 6V4 >4F57BDVW B5'T>F4. 
"EAB6ABN @5FBN T >B@C?5>EA4 BFVA>4 F5EAVGAB7B EF4AG >BAEFDG>FV9 F4 CDB7AB7G64AAO DB768F>G 
45DBD@4FV9A8E CDBF5EV6. �?NGB6V CBAOFFO 6>?NG4NFL:

�5DBD@4FVO: �@VA4 DBD@8 45B DB7@VDV6 B5'T>F4 CV4 6C?86B@ 7B6AVLAVE D4>FBDV6 (A464AF465AAO, 
F5@C5D4FGD4, �DGAFB6V 6B48). #B4V?OTFLEO A4 CDG6AV (B5BDBFAV) F4 C?4EF8GAV (A5B5BDBFAV) 45DBD@4FVW.

"EV44AAO: �5DF8>4?LA5 7@VM5AAO DGA44@5AFG ECBDG48, MB @B65 4BEO74F8 6V4 2-5 @@ 4?O E>5?LA8E �DGAFV6 
4B 10-15 E@ 4?O CDBE44>B68E �DGAFV6. $V6AB@VDA5 BEV44AAO @5AL A5557C5GA5, AV6 A5DV6AB@VDA5.

�DGL5AAO: �BD87BAF4?LA5 7@VM5AAO G4EF8A ECBDG48, MB 68@VDNTFLEO 74 4BCB@B7BN >BBD48A4FAB7B 
@5FB4G 45B @5FB4G EF6BDA8E ?VAV9 7 FBGAVEFN 4B 1-2 @@. �D8F8GA8@8 7A4G5AAO@8 66464NFLEO 7DGL5AAO 
CBA44 20 @@ 4?O 68EBFA8E 5G4V65?L.

&DVM8A4: $B7D86 G @4F5DV4?V >BAEFDG>FVW, MB >?4E8DV>GTFLEO 74 A4CDO@>B@ (65DF8>4?LAV, 7BD87BAF4?LAV, 
4V47BA4?LAV), L8D8ABN DB7>D8FFO (6B?BEOAV 3 4B 0,1 @@, 4DV5AV 3 0,1-0,5 @@, E5D54AV 3 0,5-1,0 @@, >DGCAV 3 1,0-
5,0 @@, F4 4G65 >DGCAV 3 CBA44 5,0 @@) F4 7?858ABN.

�D5A: !4E8? ECBDG48 6V4ABEAB 65DF8>4?LABW BEV, MB 68@VDNTFLEO 6 @V?V@5FD4E A4 @5FD 68EBF8 45B 6 
>GFB68E 65?8G8A4E. �BCGEF8@89 >D5A 4?O F8CB6BW 5474FBCB65DEB6BW 5G4V6?V EF4AB68FL 0,003-0,004 68EBF8, 
4?O 68EBFA8E ECBDG4 3 0,001-0,002.

�46?86V F5EAVGAV F5D@VA8:

"CBDA4 75B4578GA4 @5D564: %8EF5@4 EF45V?LA8E 75B4578GA8E CGA>FV6 >?4EG 1-2, 74>?445A8E A4 7?858AG 1,5-
2,0 @ 6 EF45V?LAV �DGAF8 CB74 7BABN 45DBD@4FV9, MB E?G7GT BEAB6BN 4?O 68@VDN64AL 7 FBGAVEFN 4B 0,5 @@ G 
C?4AV F4 0,1 @@ CB 68EBFV.

�5DBD@4FV9AV @4D>8: %C5FV4?LAV 7A4>8 (ED5D8GAV, F8?VA4D8GAV, CD87@4F8GAV), 687BFB6?5AV 7 A5D646VNGBW 
EF4?V 45B ?4FGAV, 6EF4AB6?5AV A4 B5'T>FV 7 >DB>B@ 5-20 @ 4?O C5DVB48GAB7B 68@VDN64AAO WEAVE CDBEFBDB68E 
>BBD48A4F.

�8EB>BFBGA5 AV65?N64AAO:  5FB4 687A4G5AAO DV7A8FV 68EBF @V6 FBG>4@8 7 FBGAVEFN 4B 0,05-0,1 @@ 74 
4BCB@B7BN F8DDB68E 45B BCF8GA8E AV65?VDV6 >?4EG !05-!3 F4 VA64DA8E D59B>.

GNSS-F5EAB?B7VW: �8>BD8EF4AAO 7?B54?LA8E A46V74FV9A8E EGCGFA8>B68E E8EF5@ (GPS, ��"!�%%, Galileo, 
Beidou) G D568@V RTK (Real Time Kinematic) 45B EF4F8GAB@G D568@V 4?O 687A4G5AAO >BBD48A4F 7 FBGAVEFN 
4B 3-5 @@ G C?4AV F4 5-10 @@ CB 68EBFV.

�475DA5 E>4AG64AAO:  5FB4 @4EB6B7B 75BDG CDBEFBDB68E 44A8E 7 MV?LAVEFN 4B 10000 FBGB> A4 >644D4FA89 
@5FD F4 FBGAVEFN 1-2 @@, MB 4B76B?OT 5G4G64F8 FD868@VDAV @B45?V B5'T>FV6 4?O 4A4?V7G 45DBD@4FV9.

$B7G@VAAO F8E BEAB6A8E CBAOFL F4 F5D@VAV6, 4 F4>B6 WE >V?L>VEA8E E4D4>F5D8EF8> T >D8F8GAB 646?868@ 4?O 
5D5>F86AB7B CDB6545AAO 75B4578GAB7B @BAVFBD8A7G, CD468?LABW VAF5DCD5F4FVW BFD8@4A8E D57G?LF4FV6 F4 
CD89AOFFO B5�DGAFB64A8E VA65A5DA8E DVL5AL MB4B 5>EC?G4F4FVW ECBDG4.



&V?V F4 74684AAO 79B8978GAB7B @BAVFBD8A7G 
89HBD@4FV9
�EAB6ABN @5FBN 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9 T 74557C5G5AAO 557C5GABW 5>EC?G4F4FVW 5G4V65?L V 
ECBDG4 L?OEB@ E6BTG4EAB7B 68O6?5AAO, >V?L>VEABW BFVA>8 F4 4A4?V7G 48A4@V>8 45DBD@4FV9A8E CDBF5EV6. 
�BAVFBD8A7 @4T BEB5?865 7A4G5AAO 4?O B5'T>FV6 VADD4EFDG>FGD8, CDB@8E?B68E B5'T>FV6 F4 VEFBD8GA8E 
C4@'OFB>, 45 A5CB@VG5AV 45DBD@4FVW @B6GFL CD8765EF8 4B >4F4EFDBDVGA8E A4E?V4>V6.

�87A4G5AAO D4>F8GA8E 7A4G5AL 45DBD@4FV9 B5'T>F4 G G4EV 7 FBGAVEFN 4B 0,1-2 @@ 4?O 65DF8>4?LA8E 
7@VM5AL F4 1-5 @@ 4?O 7BD87BAF4?LA8E 7@VM5AL.

1.

�FVA>4 EF45V?LABEFV F4 A44V9ABEFV >BAEFDG>FV9 G5D57 CBDV6AOAAO 68@VDOA8E CB>47A8>V6 V7 7D4A8GAB 
4BCGEF8@8@8 7A4G5AAO@8 77V4AB 7 ��� �.1.2-14.

2.

�8O6?5AAO CD8G8A 68A8>A5AAO 45DBD@4FV9, 6>?NG4NG8 �DGAFB6V D4>FBD8, 7V4DB75B?B7VGAV 7@VA8, 6C?86 
5G4V6A8FF64 CBDGG, 48A4@VGAV A464AF465AAO F4 E57BAAV D4>FBD8.

3.

�DB7AB7G64AAO CB44?LLB7B DB768F>G 45DBD@4FV9A8E CDBF5EV6 7 68>BD8EF4AAO@ @4F5@4F8GA8E @B45?59 
F4 EF4F8EF8GA8E @5FB4V6 4A4?V7G G4EB68E DO4V6 ECBEF5D565AL.

4.

 B7DB5>4 45F4?LA8E VA65A5DAB-F5EAVGA8E D5>B@5A44FV9 MB4B 74CB5V74AAO F4 GEGA5AAO 45DBD@4FV9, 
6>?NG4NG8 CBE8?5AAO DGA44@5AFV6, 4D5A46AV E8EF5@8 G8 VALV EF45V?V74FV9AV 74EB48.

5.

�BAFDB?L 74 5D5>F86AVEFN 74EB4V6, ECDO@B64A8E A4 EF45V?V74FVN B5'T>F4, G5D57 E8EF5@4F8GAV 
ECBEF5D565AAO 4B, CV4 G4E F4 CVE?O 68>BA4AAO D5@BAFAB-6V4AB6?N64?LA8E DB5VF.

6.

!F6BD5AAO 5478 44A8E 4?O 4B67BEFDB>B6B7B 4A4?V7G CB654VA>8 ECBDG48 F4 A4>BC8G5AAO VADBD@4FVW 4?O 
@495GFAVE VA65A5DA8E DVL5AL.

7.

�BEO7A5AAO F8E FV?59 F4 74644AL 4B76B?OT E6BTG4EAB CD89@4F8 B5�DGAFB64AV DVL5AAO MB4B D5@BAFG, 
D5>BAEFDG>FVW 45B CBE8?5AAO >BAEFDG>FV9, 74CB5V74NG8 464DV9A8@ E8FG4FVO@ F4 74557C5GGNG8 FD864?89 
F5D@VA E?G658 B5'T>FV6. �?O A495V?LL 6V4CB6V44?LA8E ECBDG4, F4>8E O> 7D55?V, 4FB@AV 5?5>FDBEF4AFVW G8 
68EBFAV 5G4V6?V, 75B4578GA89 @BAVFBD8A7 CB68A5A CDB6B48F8EO A4 CBEFV9AV9 BEAB6V 7 46FB@4F87B64A8@8 
E8EF5@4@8 ECBEF5D565AAO F4 E8EF5@4@8 D4AALB7B CBC5D5465AAO CDB CBF5AFV9AV CDB5?5@8.



�>@<4B86=4 5474 B4 AB4=84@B8 ?@>6989==O 
<>=VB>@8=7C
�DB6545AAO 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9 D57G?NTFLEO >B@C?5>EABN E8EF5@BN ABD@4F86A8E 
4B>G@5AFV6 F4 EF4A44DFV6, O>V 6EF4AB6?NNFL GVF>V 68@B78 4B FBGABEFV 68@VDN64AL, @5FB4B?B7VW, C5DVB48GABEFV 
ECBEF5D565AL, B5DB5>8 44A8E F4 DBD@4FG 76VFABEFV. � #>D4WAV FO 4VO?LAVEFL D57?4@5AFGTFLEO F4>8@8 
BEAB6A8@8 ABD@4F86A8@8 4B>G@5AF4@8:

��� �.1.2-5:2007 "!8EF5@4 74557C5G5AAO A44V9ABEFV F4 557C5>8 5G4V65?LA8E B5'T>FV6. �474?LAV CD8AF8C8 
74557C5G5AAO A44V9ABEFV F4 >BAEFDG>F86ABW 557C5>8 5G4V65?L V ECBDG4" 3 687A4G4T 7474?LAV 68@B78 4B 
@BAVFBD8A7G F4 7D4A8GAV 7A4G5AAO 45DBD@4FV9 DV7A8E F8CV6 >BAEFDG>FV9.

�!"# � �.2.1-30:2014 "�DGAF8. �5FB48 68@VDN64AAO 45DBD@4FV9 BEAB6 5G48A>V6 V ECBDG4" 3 D57?4@5AFGT 
@5FB48>8 68@VDN64AAO F4 BFVA>8 45DBD@4FV9 �DGAFB68E BEAB6.

��� �.1.3-2:2010 "!8EF5@4 74557C5G5AAO FBGABEFV 75B@5FD8GA8E C4D4@5FDV6 G 5G4V6A8FF6V. �5B4578GAV 
DB5BF8 G 5G4V6A8FF6V" 3 6EF4AB6?NT 68@B78 4B FBGABEFV 75B4578GA8E DB5VF CV4 G4E @BAVFBD8A7G.

�!"# � �.2.1-10:2009 "�EAB68 F4 DGA44@5AF8 ECBDG4. �EAB6AV CB?B65AAO CDB5>FG64AAO" 3 @VEF8FL 68@B78 
4B >BAFDB?N EF4AG DGA44@5AFV6 CDBFO7B@ 68FFT6B7B F8>?G 5G4V6?V.

�AEFDG>FVW 7 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9 5G4V65?L V ECBDG4 6V4 �VAVEF5DEF64 D57VBA4?LAB7B 
DB768F>G F4 5G4V6A8FF64 #>D4WA8, O>V 45F4?V7GNFL CDBF54GD8 4?O >BA>D5FA8E F8CV6 B5'T>FV6.

�4 @V6A4DB4AB@G DV6AV 74EFBEB6GNFLEO F4>V EF4A44DF8 O> ISO 4463-2:1995 "�5FB48 68@VDN64AAO 6 
5G4V6A8FF6V", EN 1997-1:2004 (�6DB>B4 7) "�5BF5EAVGA5 CDB5>FG64AAO", O>V 74557C5GGNFL 74D@BAV74FVN @5FB48> 
@BAVFBD8A7G 7 T6DBC59EL>8@8 CD4>F8>4@8. �?O B5'T>FV6 CV468M5ABW A5557C5>8 (��!, 7D55?V, 68EBFAV 5G4V6?V) 
4VNFL 4B44F>B6V 74?G756V ABD@4F868 7 5V?LL 6BDEF>8@8 68@B74@8 4B FBGABEFV 68@VDN64AL (4B ±0,5 @@ 4?O 
65DF8>4?LA8E 45DBD@4FV9).

�BFD8@4AAO F8E ABD@4F86A8E 68@B7 F4 EF4A44DFV6 T A5 ?8L5 F5EAVGABN A5B5EV4AVEFN, 4?5 9 ND848GABN 
BEAB6BN 4?O CD89AOFFO 6V4CB6V44?LA8E DVL5AL MB4B 5>EC?G4F4FVW B5'T>FV6.  57G?LF4F8 @BAVFBD8A7G, BFD8@4AV 
77V4AB 7 F8@8 EF4A44DF4@8, @4NFL ND848GAG E8?G CD8 EG4B68E ECBD4E, EFD4EB68E 68C44>4E F4 BDVFV9A8E 
5>EC5DF874E F5EAVGAB7B EF4AG 5G4V65?L.



�9F>88 79>8978G=>7> <>=VF>D8=7G 
89H>D<4FV9
�EAGT >V?L>4 BEAB6A8E @5FB4V6 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9, >B65A 7 O>8E @4T E6BW C5D56478 F4 
B5@565AAO. �85VD @5FB4G 74?568FL 6V4 F8CG ECBDG48, E4D4>F5DG 45DBD@4FV9, A5B5EV4ABW FBGABEFV F4 
4BEFGCAB7B B5?44A4AAO:

�8EB>BFBGA5 AV65?N64AAO: �4EFBEB6GTFLEO 4?O 687A4G5AAO 65DF8>4?LA8E 45DBD@4FV9 (BEV44AL) 
DGA44@5AFV6 F4 VAL8E 5?5@5AFV6 ECBDG48. �8>BD8EFB6GNFLEO F8DDB6V AV65?VD8 Leica DNA03, Trimble DiNi 
45B Sokkia SDL30 7 FBGAVEFN 4B 0,3 @@ A4 1 >@ EB4G. �EB5?86B 5D5>F86A89 CD8 @BAVFBD8A7G 68EBFA8E 
5G4V65?L, 7V4DBF5EAVGA8E ECBDG4 F4 B5'T>FV6 >D8F8GABW VADD4EFDG>FGD8, 45 65DF8>4?LAV 7@VM5AAO @B6GFL 
4BEO74F8 >D8F8GA8E 7A4G5AL.

1.

&DV4A7G?OFVO F4 FD8?4F5D4FVO: �8>BD8EFB6GNFLEO 4?O 687A4G5AAO 7BD87BAF4?LA8E 45DBD@4FV9 L?OEB@ 
68@VDN64AAO >GFV6 F4 6V4EF4A59 @V6 FBG>4@8. �4557C5GGNFL FBGAVEFL 687A4G5AAO >BBD48A4F 2-5 @@ CD8 
6V4EF4AOE 4B 300 @. �49G4EFVL5 74EFBEB6GNFLEO CD8 @BAVFBD8A7G @BEFV6, 44@5 F4 VA65A5DA8E ECBDG4 
65?8>BW CDBFO6ABEFV, 45 7BD87BAF4?LAV 7@VM5AAO T >D8F8GA8@8 C4D4@5FD4@8.

2.

GNSS-68@VDN64AAO: �B76B?ONFL 687A4G4F8 >BBD48A4F8 FBGB> 7 68EB>BN FBGAVEFN 74 4BCB@B7BN 
7?B54?LA8E A46V74FV9A8E EGCGFA8>B68E E8EF5@ (GPS, �����%%, Galileo, BeiDou). �6BG4EFBFAV GNSS-
CD89@4GV, F4>V O> Trimble R10, Leica GS18 45B Topcon Hiper HR, 74557C5GGNFL FBGAVEFL 4B 5 @@+1 ppm 6 
D568@V EF4F8>8. �454?LAB CV4EB4OFL 4?O @BAVFBD8A7G 7EG6V6 �DGAFG, 65?8>8E VA65A5DA8E ECBDG4 F4 
F5>FBAVGA8E DGEV6 75@ABW >BD8.

3.

�?5>FDBAAV F4E5B@5FD8: �4557C5GGNFL 68@VDN64AAO >GFV6 F4 6V4EF4A59 7 68EB>BN FBGAVEFN F4 
46FB@4F874FVTN CDBF5EG. $B5BF87B64AV F4E5B@5FD8 Leica TS16, Trimble S9 45B Sokkia iX @4NFL >GFB6G 
FBGAVEFL 4B 0,5" F4 ?VAV9AG FBGAVEFL 0,5 @@+1 ppm. '4EFB 68>BD8EFB6GNFLEO 6 46FB@4F87B64A8E E8EF5@4E 
@BAVFBD8A7G 68EBFA8E 5G4V65?L, FGA5?V6 @5FDB F4 CDB@8E?B68E B5'T>FV6 7 G4EFBFBN 68@VDN64AL 4B >V?L>BE 
D47V6 A4 4B5G.

4.

�475DA5 E>4AG64AAO: %F6BDNT FD868@VDAG @B45?L B5'T>F4 7 MV?LAVEFN FBGB> 4B >V?L>BE @V?V@5FDV6, MB 
4B76B?OT 68O6?OF8 45DBD@4FVW CB65DEAV. �475@AV ?475DAV E>4A5D8 Leica RTC360, FARO Focus S 45B Trimble 
X7 74557C5GGNFL FBGAVEFL 4B 1-2 @@ A4 6V4EF4AV 10-50 @. �EB5?86B 5D5>F86AV CD8 @BAVFBD8A7G VEFBD8GA8E 
5G4V65?L, E>?44A8E VA65A5DA8E ECBDG4 F4 B5'T>FV6 7 A5D57G?ODABN 75B@5FDVTN, 45 FD448FV9AV @5FB48 T 
FDG4B@VEF>8@8.

5.

�B@5VAG64AAO DV7A8E @5FB4V6 G >B@C?5>EA8E E8EF5@4E @BAVFBD8A7G @B65 74557C5G8F8 5V?LL CB6AG F4 FBGAG 
>4DF8AG 45DBD@4FV9 B5'T>F4. %GG4EA4 CD4>F8>4 C5D5454G4T VAF57D4FVN 75B4578GA8E @5FB4V6 7 75BF5EAVGA8@8 
44FG8>4@8 (VA>?VAB@5FD4@8, F5A7B@5FD4@8, C'T7B@5FD4@8) G T48AG E8EF5@G 75BDG F4 4A4?V7G 44A8E, MB 
6V4CB6V44T 68@B74@ ��� F4 @V6A4DB4A8E EF4A44DFV6.



�?4AG64AAO F4 BD74AV74FVO 79B8978GAB7B 
@BAVFBD8A7G
�D5>F86A89 75B4578GA89 @BAVFBD8A7 45DBD@4FV9 68@474T D5F5?LAB7B C?4AG64AAO F4 BD74AV74FVW, MB5 
74557C5G8F8 FBGAVEFL D57G?LF4FV6 6 @564E 0,1-1 @@ 4?O 65DF8>4?LA8E F4 1-5 @@ 4?O 7BD87BAF4?LA8E 
45DBD@4FV9. �EAB6AV 5F4C8 6>?NG4NFL:

�87A4G5AAO FV?59 F4 74644AL @BAVFBD8A7G: 6EF4AB6?5AAO 4BCGEF8@8E 7A4G5AL 45DBD@4FV9 (A4CD8>?44, 
7D4A8GA5 BEV44AAO 30 @@ 4?O 5474FBCB65DEB68E 5G4V65?L), 687A4G5AAO C5DVB48GABEFV ECBEF5D565AL 
(MB>64DF4?LAB 4?O 768G49A8E B5'T>FV6, MB@VEOGAB 4?O BEB5?86B 6V4CB6V44?LA8E ECBDG4).

1.

�5VD F4 4A4?V7 VADBD@4FVW CDB B5'T>F: 686G5AAO CDB5>FABW 4B>G@5AF4FVW, 4A4?V7 7V4DB75B?B7VGA8E G@B6 
(DV65AL �DGAFB68E 6B4, A4O6AVEFL >4DEFB68E CBDB6A8A), 687A4G5AAO F5>FBAVGABW 4>F86ABEFV D57VBAG, BFVA>4 
6C?86G EGEV4AVE 5G4V65?L.

2.

�85VD @5FB4V6 68@VDN64AL F4 B5?44A4AAO: 4?O @BEFB68E >BAEFDG>FV9 BCF8@4?LA5 CBT4A4AAO 
68EB>BFBGAB7B AV65?N64AAO (>?4E I 45B II) 4?O 65DF8>4?LA8E 45DBD@4FV9 F4 5?5>FDBAABW F4E5B@5FDVW 7 
FBGAVEFN >GFB68E 68@VDN64AL A5 7VDL5 2" 4?O 7BD87BAF4?LA8E 7@VM5AL.

3.

 B7DB5>4 EE5@8 DB7F4LG64AAO BCBDABW 75B4578GABW @5D56V F4 45DBD@4FV9A8E @4DB>: 74>?444AAO A5 
@5AL5 4 BCBDA8E D5C5DV6 A4 6V4EF4AV 50-100 @ 6V4 B5'T>F4 F4 DB7@VM5AAO 45DBD@4FV9A8E @4DB> G5D57 
>B6AV 10-15 @ CB C5D8@5FDG DGA44@5AFG F4 6 E4D4>F5DA8E FBG>4E ECBDG48.

4.

!>?444AAO 7D4DV>G CDB6545AAO 68@VDN64AL: 6EF4AB6?5AAO "AG?LB6B7B F8>?G" 4B CBG4F>G 5G4V6A8FF64, 
VAF5AE86A89 @BAVFBD8A7 (D47 A4 F8645AL) A4 5F4CV 5G4V6A8FF64 F4 CBEFGCB65 7@5AL5AAO G4EFBF8 4B 
EF45V?V74FVW 45DBD@4FV9 (D47 A4 >64DF4?/CV6DVGGO).

5.

�V47BFB6>4 F5EAVGABW 4B>G@5AF4FVW: DB7DB5>4 CDB7D4@8 @BAVFBD8A7G 77V4AB 7 ��� �.1.3-2:2010, EF6BD5AAO 
EE5@ 68@VDN64AL F4 F45?8FL 4?O CB?LB6B7B 6GDA4?G, 6EF4AB6?5AAO CBDB7B68E 7A4G5AL 4?O E87A4?V74FVW 
CDB A5557C5GAV 45DBD@4FVW.

6.

�D74AV74FVO CB?LB68E DB5VF: DBD@G64AAO 5D87448 7 2-3 D4EV6FV6 (7B?B6A89 VA65A5D, 75B4578EF, F5EAV>), 
VAEFDG>F46 7 F5EAV>8 557C5>8, C5D56VD>4 F4 >4?V5DG64AAO B5?44A4AAO C5D54 >B6A8@ F8>?B@ 68@VDN64AL, 
74557C5G5AAO EF45V?LABW F5@C5D4FGD8 CD8?44V6 (±2°C).

7.

�4 5F4CV C?4AG64AAO 646?86B 6D4EB6G64F8 BEB5?86BEFV B5'T>F4 (A4CD8>?44, 4?O 68EBFA8E 5G4V65?L A5B5EV4AB 
6D4EB6G64F8 6C?86 EBAOGABW D44V4FVW F4 6VFDB6B7B A464AF465AAO A4 7@VM5AAO >BAEFDG>FV9), CBF5AFV9AV 
465D5?4 45DBD@4FV9 (CV475@AV 6B48, 6V5D4FVW 6V4 FD4AECBDFG, E57BAA5 CDB@5D74AAO �DGAFG), 68@B78 4B 
FBGABEFV (4?O 7V4DBF5EAVGA8E ECBDG4 4 A5 7VDL5 0,5 @@) F4 5>BAB@VGAG 4BFV?LAVEFL (BCF8@V74FVO >V?L>BEFV 
@4DB> F4 F8>?V6 ECBEF5D565AL). �D5>F86A4 BD74AV74FVO DB5VF 74557C5GGT E6BTG4EA5 68O6?5AAO A5557C5GA8E 
F5A45AFV9 F4 @B6?86VEFL CD89AOFFO 74CB5V6A8E 74EB4V6 4B A4EF4AAO 464DV9ABW E8FG4FVW.



�AEFDG@5AF< F4 B5?44A4AAO 4?O CDB6545AAO 
6<@VDN64AL
�?O CDB6545AAO 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9 68>BD8EFB6GTFLEO L8DB>89 EC5>FD VAEFDG@5AFV6 F4 
B5?44A4AAO, MB 74557C5GGNFL 68EB>G FBGAVEFL F4 A44V9AVEFL 68@VDN64AL. �B65A CD8?44 @4T E6BW F5EAVGAV 
E4D4>F5D8EF8>8 F4 EC5FV4?V7B64AV DGA>FVW 4?O 68DVL5AAO >BA>D5FA8E 74644AL @BAVFBD8A7G.

!V65?VD8: &8DDB6V AV65?VD8 >?4EG FBGABEFV I F4 II (CBE85>4 ±0,3-0,7 @@ A4 1 >@ CB46V9AB7B EB4G) 4?O 
68EB>BFBGAB7B 687A4G5AAO 65DF8>4?LA8E 7@VM5AL DGA44@5AFV6 F4 A5EGG8E >BAEFDG>FV9.

�?5>FDBAAV F4E5B@5FD8: #D8?448 7 >GFB6BN FBGAVEFN 1"-5" F4 ?VAV9ABN FBGAVEFN ±1-2 @@ + 2 ppm 4?O 
687A4G5AAO CDBEFBDB68E >BBD48A4F 45DBD@4FV9A8E @4DB> A4 6V4EF4AOE 4B 1000 @.

GNSS-CD89@4GV: �6BG4EFBFAV 75B4578GAV CD89@4GV 7 CV4FD8@>BN E8EF5@ GPS, ��"!�%%, Galileo F4 BeiDou, 
MB 74557C5GGNFL FBGAVEFL 687A4G5AAO >BBD48A4F G D568@V RTK 4B ±5-10 @@ G C?4AV F4 ±15-20 @@ CB 68EBFV.

�475DAV E>4A5D8: !475@AV E>4A5D8 7 44?LAVEFN 4VW 4B 300 @ F4 MV?LAVEFN E>4AG64AAO 4B 1 @@ 4?O EF6BD5AAO 
45F4?LA8E FD868@VDA8E @B45?59 VA65A5DA8E ECBDG4 7 @B6?86VEFN 68O6?5AAO 45DBD@4FV9 2-3 @@.

�5DBD@4FV9AV @4D>8: %C5FV4?V7B64AV @4D>8 7 A5D646VNGBW EF4?V 45B VA64DAV 6V45864GV 7 CD8@GEB68@ 
F5AFDG64AAO@, 6EF4AB6?5AV A4 >BAFDB?LB64A8E >BAEFDG>FVOE 77V4AB 7V EE5@BN, DB7DB5?5ABN A4 5F4CV 
C?4AG64AAO.

 5F5BEF4AFVW: �B@C4>FAV @5F5BEF4AFVW 4?O 68@VDN64AAO F5@C5D4FGD8 (FBGAVEFL ±0,1°C), 6B?B7BEFV (±2%), 
4F@BED5DAB7B F8E>G (±0,5 7#4) F4 L684>BEFV 6VFDG, MB 6C?864NFL A4 FBGAVEFL 75B4578GA8E 68@VDN64AL.

#DB7D4@A5 74557C5G5AAO: %C5FV4?V7B64AV CDB7D4@AV >B@C?5>E8 (Leica GeoMoS, Trimble Monitoring, �$�% 
"�D54B") 4?O 46FB@4F87B64ABW B5DB5>8 D57G?LF4FV6, 4A4?V7G G4EB68E DO4V6 F4 CDB7AB7G64AAO DB768F>G 
45DBD@4FV9.

�85VD VAEFDG@5AFV6 F4 B5?44A4AAO 74?568FL 6V4 >?4EG FBGABEFV @BAVFBD8A7G, F8CG >BAFDB?LB64A8E 
45DBD@4FV9 F4 BEB5?86BEF59 B5'T>F4. �?O 6V4CB6V44?LA8E VA65A5DA8E ECBDG4, F4>8E O> 7D55?V, @BEF8 45B 
68EBFAV 5G4V6?V, A5B5EV4AB 68>BD8EFB6G64F8 >B@5VA4FVN @5FB4V6 V7 74?GG5AAO@ B5?44A4AAO A4968MB7B >?4EG 
FBGABEFV. 'E5 B5?44A4AAO CB68AAB CDBEB48F8 D57G?ODA5 @5FDB?B7VGA5 >4?V5DG64AAO F4 CB6VD>G 6V4CB6V4AB 4B 
ABD@4F86A8E 68@B7.



%F6>@9==O >?>@=>W 79>89;<G=>W <9@9:V
�CBDA4 75B4578GA4 @5D564 T BEAB6BN 4?O CDB6545AAO 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9. �BA4 
E>?444TFLEO 7 E8EF5@8 EF45V?LA8E 75B4578GA8E CGA>FV6, >BBD48A4F8 O>8E 687A4G5AV 7 FBGAVEFN 4B ±1-3 @@ G 
C?4AV F4 ±2-5 @@ CB 68EBFV. �DBF5E EF6BD5AAO BCBDABW @5D56V 6>?NG4T:

�85VD @VEFO DB7F4LG64AAO CGA>FV6 @5D56V 7 GD4EG64AAO@ 75B?B7VGA8E G@B6 (GA8>4NG8 7EG6BA5557C5GA8E 
4V?OAB>, >4DEFB68E CBDB6A8A) F4 6V444?5ABEFV 6V4 CBF5AFV9A8E 465D5? 45DBD@4FV9 (A5 5?86G5 50-100 @ 
6V4 65?8>8E B5'T>FV6 5G4V6A8FF64, CDB@8E?B68E 7BA F4 FD4AECBDFA8E @47VEFD4?59).

1.

�4>?444AAO 75B4578GA8E 7A4>V6 (D5C5DV6 7?858AAB7B F8CG 7 7?858ABN 74>?444AAO 1,5-2,5 @, CV?BAV6 
68EBFBN 1,2-1,5 @ 7 55FBAABN BEAB6BN 4V4@5FDB@ 0,4-0,6 @) 7 74557C5G5AAO@ WEALBW EF45V?LABEFV F4 74E8EFG 
6V4 CBL>B465AL 74 4BCB@B7BN @5F4?568E >B6C4>V6 45B EC5FV4?LA8E 74E8EA8E >BAEFDG>FV9.

2.

�87A4G5AAO >BBD48A4F CGA>FV6 @5D56V 74 4BCB@B7BN 68EB>BFBGA8E 75B4578GA8E @5FB4V6: FDV4A7G?OFVW (7 
CBE85>BN 68@VDN64AAO >GFV6 A5 5V?LL5 0,5"), FD8?4F5D4FVW (7 6V4ABEABN CBE85>BN 68@VDN64AAO ?VAV9 A5 
5V?LL5 1:300000), GNSS-68@VDN64AL G EF4F8GAB@G D568@V 7 FD864?VEFN E5EV9 6V4 4 4B 8 7B48A F4 
68>BD8EF4AAO@ 46BG4EFBFA8E CD89@4GV6.

3.

'DV6AB6465AAO 75B4578GABW @5D56V 4?O BFD8@4AAO A495V?LL 4BEFB6VDA8E 7A4G5AL >BBD48A4F 7 
68>BD8EF4AAO@ @5FB4G A49@5AL8E >644D4FV6 F4 EC5FV4?V7B64AB7B CDB7D4@AB7B 74557C5G5AAO (Leica 
Infinity, Trimble Business Center, Credo_DAT).

4.

�5DVB48GA89 >BAFDB?L EF45V?LABEFV CGA>FV6 @5D56V G5D57 68>BA4AAO >BAFDB?LA8E F8>?V6 ECBEF5D565AL 
A5 DV4L5 AV6 2 D478 A4 DV>, BEB5?86B CVE?O 78@8 F4 6 C5DVB4 VAF5AE86A8E BC44V6.

5.

&BGAVEFL F4 A44V9AVEFL BCBDABW 75B4578GABW @5D56V T >D8F8GAB 646?868@8 4?O 74557C5G5AAO 4BEFB6VDABEFV 
D57G?LF4FV6 @BAVFBD8A7G 45DBD@4FV9. �D8 EF6BD5AAV BCBDABW @5D56V 4?O 6V4CB6V44?LA8E B5'T>FV6 (��%, 7D55?V, 
@5FDBCB?VF5A) D5>B@5A4GTFLEO 68>BD8EFB6G64F8 A44?8L>B6G >V?L>VEFL CGA>FV6 (A5 @5AL5 5-6) F4 CDB6B48F8 
D5F5?LA5 4BE?V465AAO 75B?B7VGABW 5G4B68 4V?OA>8 A4 7?858AG 4B 10 @.



�EF4AB6?9AAO 89HBD@4JV=A<I @4DB> A4 
B5'T>FV @BAVFBD<A7G
�5DBD@4FV9AV @4D>8 3 F5 EC5FV4?LAV 75B4578GAV 7A4>8 4V4@5FDB@ 5-8 E@, O>V 6EF4AB6?NNFLEO A4 B5'T>FV 
@BAVFBD8A7G 4?O DV>E4FVW FBGB> 68@VDN64AL. �BA8 CB68AAV 74557C5GG64F8 @B6?86VEFL FBGAB7B 687A4G5AAO 
WEAVE >BBD48A4F G G4EV 7 CBE85>BN A5 5V?LL5 0,1-0,5 @@. �DBF5E 6EF4AB6?5AAO 45DBD@4FV9A8E @4DB> 6>?NG4T:

�85VD @VEFO DB7F4LG64AAO @4DB> 7 GD4EG64AAO@ >BAEFDG>F86A8E BEB5?86BEF59 B5'T>F4 F4 CBF5AFV9A8E 
@VEFL 68A8>A5AAO 45DBD@4FV9. �?O 65?8>8E ECBDG4 D5>B@5A4GTFLEO 6EF4AB6?N64F8 @4D>8 G5D57 >B6AV 5-
15 @5FDV6 CB C5D8@5FDG F4 A4 >D8F8GA8E >BAEFDG>F86A8E 5?5@5AF4E.

1.

�4>DVC?5AAO @4DB> A4 B5'T>FV 74 4BCB@B7BN A44V9A8E >DVC8?LA8E 5?5@5AFV6: 4A>5DV6 7?858ABN 50-80 @@ 
4?O 55FBAA8E >BAEFDG>FV9, EC5FV4?LA8E EV@VGA8E 4N55?V6 4?O F57?OA8E EFVA, 5CB>E84A8E >?5W6 7 @VFAVEFN 
A4 6V4D86 A5 @5AL5 25 ��4 4?O @5F4?568E CB65DEBAL.

2.

�4557C5G5AAO 74E8EFG @4DB> 6V4 CBL>B465AL F4 4F@BED5DA8E 6C?86V6 L?OEB@ 6EF4AB6?5AAO 74E8EA8E 
>B6C4G>V6, 4AF8>BDB7V9ABW B5DB5>8 F4 74EFBEG64AAO A5D646VNG8E @4F5DV4?V6 (A5D646VNG4 EF4?L @4D>8 AISI 
304 45B 316).

3.

%F6BD5AAO EE5@8 DB7F4LG64AAO @4DB> 7 WEALBN AG@5D4FVTN, >BBD48A4F4@8, 68EBFA8@8 6V4@VF>4@8 F4 
45F4?LA8@ BC8EB@ G @4ELF45V 1:100 45B 1:200.

4.

&8C8 45DBD@4FV9A8E @4DB> CB4V?ONFLEO A4: ED5D8GAV (4?O 687A4G5AAO C?4AB6B-68EBFAB7B CB?B65AAO 7 
B4AVTW FBG>8 GEF4AB6>8 CD8?44G), CD87@4F8GAV (4?O FBGAB7B 68@VDN64AAO 7BD87BAF4?LA8E 7@VM5AL), A4EFVAAV 
D5C5D8 (4?O 68EB>BFBGAB7B AV65?N64AAO 7 CBE85>BN 4B 0,05 @@). �?O 74?V7B55FBAA8E >BAEFDG>FV9 
D5>B@5A4GTFLEO 68>BD8EFB6G64F8 @4D>8 7 A5D646VNGBW EF4?V 4V4@5FDB@ 30-50 @@, 4?O @5F4?568E 3 EC5FV4?LAV 
CD864DAV @4D>8, 4?O VEFBD8GA8E ECBDG4 3 A565?8>V ?4FGAAV 45B 5DBA7B6V @4D>8, MB 6EF4AB6?NNFLEO @5FB4B@ 
A5DG9AV6AB7B >DVC?5AAO. �46?86B 74557C5G8F8 WEAN 4B67B6VGAVEFL (A5 @5AL5 10-15 DB>V6) F4 EF45V?LAVEFL 
CDBFO7B@ GELB7B C5DVB4G @BAVFBD8A7G.



�9B>8<>4 ?@>6989==O 6<A>>>B>G=>7> 
=V69?N64==O
�8EB>BFBGA5 AV65?N64AAO T B4A8@ 7 BEAB6A8E @5FB4V6 687A4G5AAO 65DF8>4?LA8E 45DBD@4FV9 5G4V65?L V 
ECBDG4. �?O 4BEO7A5AAO FBGABEFV 4B 0,1-0,5 @@/>@ A5B5EV4AB 4BFD8@G64F8EO GVF>BW @5FB48>8:

�EF4AB6?5AAO F8DDB6B7B AV65?VD4 >?4EG FBGABEFV � 45B �� (A4CD8>?44, Leica DNA03 45B Trimble DiNi) A4 
EFV9>B@G LF4F86V 7 C?BE>BN 7B?B6>BN A4 DV6AV9 6V4EF4AV @V6 FBG>4@8 (±0,5 @).

1.

�8>BD8EF4AAO VA64DA8E >B4B68E D59B> 4B668ABN 2-3 @ 7 46BEFBDBAALBN L>4?BN F4 BCBDA8@8 C'OF>4@8.2.

�DB6545AAO 68@VDN64AL CD8 F5@C5D4FGDV CB6VFDO 6V4 +5°C 4B +25°C, GA8>4NG8 CDO@8E EBAOGA8E CDB@5AV6 
A4 AV65?VD F4 D59>8.

3.

�AOFFO 6V4?V>V6 CB D59>4E 7 FBGAVEFN 4B 0,01 @@ 74 4BCB@B7BN 5?5>FDBAAB7B 6V4?V>B6B7B CD8EFDBN.4.

�DB6545AAO 68@VDN64AL 74 EE5@BN ���� (744AO-C5D54AO-C5D54AO-744AO) 4?O >B@C5AE4FVW 
E8EF5@4F8GA8E CBE85B>.

5.

$BD@G64AAO 74@>AGF8E AV65?VDA8E EB4V6 7 4B668ABN EFBDVA A5 5V?LL5 25 @ 4?O @VEL>8E B5'T>FV6.6.

�87A4G5AAO CBE85B> AV65?N64AAO 74 DBD@G?BN f = ±0,5fL @@, 45 L - 4B668A4 EB4G 6 >@.7.

�5D56VD>4 C5D568M5AAO 4BCGEF8@BW CBE85>8 74 DBD@G?BN f_4BC = ±0,3fn @@, 45 n - >V?L>VEFL EF4AFV9.8.

�D8 68EB>BFBGAB@G AV65?N64AAV 646?86B 6D4EB6G64F8 6C?86 D5DD4>FVW, >D8687A8 �5@?V F4 F5@C5D4FGDA8E 
45DBD@4FV9 VA64DA8E D59B> (>B5DVFVTAF ?VAV9AB7B DB7L8D5AAO ³ = 1,5×10^-6). �5DVB48GAVEFL CDB6545AAO 
ECBEF5D565AL 687A4G4TFLEO 6V4CB6V4AB 4B ��� �.1.3-2:2010, 4?5 74768G49 EF4AB68FL 6V4 1 4B 4 D47V6 A4 DV>, 
74?56AB 6V4 >?4EG >4CVF4?LABEFV F4 F5EAVGAB7B EF4AG 5G4V6?V.



�4EFBEG64AAO GNSS-F9IAB?B7V= G 
@BAVFBD<A7G 89HBD@4JV=
GNSS-F5EAB?B7VW (Global Navigation Satellite Systems) 4B76B?ONFL 687A4G4F8 >BBD48A4F8 FBGB> 7 68EB>BN 
FBGAVEFN (4B 1-5 @@ G C?4AV F4 5-10 @@ CB 68EBFV) 74 4BCB@B7BN EGCGFA8>B68E E8EF5@ GPS, ��"!�%%, Galileo F4 
BeiDou. ' @BAVFBD8A7G 45DBD@4FV9 GNSS-F5EAB?B7VW 74EFBEB6GNFLEO 4?O:

%F6BD5AAO BCBDABW 75B4578GABW @5D56V 7 FBGAVEFN 687A4G5AAO >BBD48A4F 4B 2-3 @@ F4 4B668ABN 547B68E 
?VAV9 4B 20-30 >@.

1.

�87A4G5AAO >BBD48A4F 45DBD@4FV9A8E @4DB> @5FB4B@ RTK (Real Time Kinematic) 7 G4EFBFBN 
ECBEF5D565AL 4B 20 �F.

2.

 BAVFBD8A7G BEV44AL F4 7DGL5AL DGA44@5AFV6 7 68>BD8EF4AAO@ CBEFV9AB 4VNG8E D5D5D5AFA8E EF4AFV9, MB 
74557C5GGNFL FBGAVEFL 4B 2 @@ G C?4AV.

3.

�BAFDB?N 74 EF45V?LAVEFN EE8?V6 F4 G>BEV6 74 4BCB@B7BN GNSS-44FG8>V6, VAF57DB64A8E 7 E8EF5@4@8 
D4AALB7B CBC5D5465AAO CDB 7EG68.

4.

�?O 4BEO7A5AAO 68EB>BW FBGABEFV A5B5EV4AB 68>BD8EFB6G64F8 46BG4EFBFAV GNSS-CD89@4GV 75B4578GAB7B 
>?4EG (Trimble R10, Leica GS18 T 45B Topcon Hiper VR), CDB6B48F8 68@VDN64AAO CDBFO7B@ 30-60 E68?8A G 
EF4F8GAB@G D568@V 45B 3-5 E68?8A G D568@V L684>BW EF4F8>8 F4 74EFBEB6G64F8 @B45?V FDBCBED5DABW 
74FD8@>8 F8CG %44EF4@B9A5A4 45B �BCDV?44. GNSS-F5EAB?B7VW 4B76B?ONFL 46FB@4F87G64F8 CDBF5E 
68@VDN64AL, BFD8@G64F8 44AV 6 D568@V D54?LAB7B G4EG F4 VAF57DG64F8 WE 7 VAL8@8 E8EF5@4@8 @BAVFBD8A7G, 
F4>8@8 O> DB5BF87B64AV F4E5B@5FD8 F4 VA>?VAB@5FD8.



�<>BD<EF4AAO 5?5>FDBAA<E F4E5B@5FDV6 4?O 
6<@VDN64AL
�?5>FDBAAV F4E5B@5FD8 T GAV65DE4?LA8@8 75B4578GA8@8 VAEFDG@5AF4@8, O>V 4B76B?ONFL 68@VDN64F8 >GF8 7 
FBGAVEFN 4B 0,5-1" F4 6V4EF4AV 7 FBGAVEFN 1-2 @@ + 1-2 ppm. %GG4EAV @B45?V, F4>V O> Leica TS16, Trimble S7 G8 Topcon 
GT, L8DB>B 74EFBEB6GNFLEO G @BAVFBD8A7G 45DBD@4FV9 4?O:

�87A4G5AAO >BBD48A4F 45DBD@4FV9A8E @4DB> 7 FBGAVEFN 4B ±1-3 @@ G C?4AV F4 CB 68EBFV.1.

�BAVFBD8A7G 7BD87BAF4?LA8E F4 65DF8>4?LA8E 45DBD@4FV9 VA65A5DA8E ECBDG4, @BEFV6 F4 68EBFA8E 
5G4V65?L CD8 4BCGEF8@8E 7@VM5AAOE 2-5 @@.

2.

%F6BD5AAO FD868@VDA8E @B45?59 B5'T>FV6 7 MV?LAVEFN FBGB> 4B 10-15 FBGB> A4 @².3.

�57C5D5D6AB7B ECBEF5D565AAO 74 >D8F8GA8@8 B5'T>F4@8 G5D57 DGA>FVN 46FB@4F8GAB7B A46545AAO A4 
6V45864GV.

4.

�?5>FDBAAV F4E5B@5FD8 74557C5GGNFL 68EB>G 46FB@4F874FVN CDBF5EG 68@VDN64AL (4B 15-20 FBGB> 74 E68?8AG), 
@B6?86VEFL 755D565AAO 44A8E G 5?5>FDBAAB@G 687?O4V (4B 100000 FBGB> G 6AGFDVLAV9 C4@'OFV) F4 WEAN 
CB44?LLG B5DB5>G A4 >B@C'NF5DV G5D57 EC5FV4?V7B64A5 CDB7D4@A5 74557C5G5AAO (Leica Infinity, Trimble 
Business Center). �?O 4BEO7A5AAO 68EB>BW FBGABEFV (±1 @@) A5B5EV4AB 68>BD8EFB6G64F8 68EB>BFBGAV 
F4E5B@5FD8 7 FBGAVEFN >GFB68E 68@VDN64AL A5 7VDL5 1", CDB6B48F8 WEAN C5DVB48GAG CB6VD>G F4 >4?V5DG64AAO 
>B6AV 12-18 @VEOFV6, 4 F4>B6 6D4EB6G64F8 6C?86 4F@BED5DA8E G@B6 G5D57 66545AAO CBCD46B> A4 F5@C5D4FGDG 
(15-30°C), F8E> (730-770 @@ DF.EF.) F4 6B?B7VEFL CB6VFDO (30-80%).



�479D=9 E>4=G64==O 6 79>8978G=><G 
<>=VF>D8=7G
�475DA5 E>4AG64AAO 3 F5 EGG4EA4 F5EAB?B7VO, O>4 4B76B?OT EF6BDN64F8 FD868@VDAV @B45?V B5'T>FV6 7 68EB>BN 
45F4?V74FVTN F4 FBGAVEFN 4B 2-5 @@. ' 75B4578GAB@G @BAVFBD8A7G ?475DA5 E>4AG64AAO 74EFBEB6GTFLEO 4?O:

�8O6?5AAO 45DBD@4FV9 CB65DEAV 5G4V65?L V ECBDG4 7 FBGAVEFN 68@VDN64AAO 4B 3 @@ CD8 6V4EF4AOE 4B 100 
@.

1.

 BAVFBD8A7G EF4AG D4E44V6 F4 4DEVF5>FGDA8E 5?5@5AFV6 7 @B6?86VEFN CBDV6AOAAO 44A8E G G4EV 4?O 
68O6?5AAO 7@VA DB7@VDB@ 6V4 5 @@.

2.

%F6BD5AAO F8DDB68E @B45?59 @VEF56BEFV 7 MV?LAVEFN FBGB> 4B 10000 FBGB> A4 >644D4FA89 @5FD.3.

�475DAV E>4A5D8 CB4V?ONFLEO A4 A475@AV (D47B6V 7 44?LAVEFN 4B 130 @ F4 V@CG?LEAV 7 44?LAVEFN 4B 6 >@) F4 
CB6VFDOAV (744FAV E>4AG64F8 7 68EBF8 50-2000 @). !475@AV E>4A5D8 Leica ScanStation P-E5DVW 45B Faro Focus 
68>BD8EFB6GNFLEO 4?O 45F4?LAB7B E>4AG64AAO B5'T>FV6 7 G4EFBFBN 4B 1 @?A FBGB> 74 E5>GA4G, 4 CB6VFDOAV 
E8EF5@8, F4>V O> Riegl VQ-880-G 3 4?O L684>B7B BFD8@4AAO 44A8E CDB 65?8>V F5D8FBDVW 7V L684>VEFN 6V4 80 4B 
200 >@²/7B48AG. "FD8@4AV E@4D8 FBGB> B5DB5?ONFLEO 74 4BCB@B7BN EC5FV4?V7B64AB7B CDB7D4@AB7B 
74557C5G5AAO (Cyclone, CloudCompare, TerraScan) 4?O EF6BD5AAO FD868@VDA8E @B45?59 F4 68O6?5AAO 
45DBD@4FV9 L?OEB@ CBDV6AOAAO @B45?59, EF6BD5A8E G DV7AV C5DVB48 G4EG.



�6F><4F87>64=V E8EF9<8 <>=VF>D8=7G 
89H>D<4FV9
�6FB@4F87B64AV E8EF5@8 @BAVFBD8A7G 45DBD@4FV9 4B76B?ONFL CDB6B48F8 68@VDN64AAO 6 D568@V D54?LAB7B 
G4EG 7 FBGAVEFN 4B 0,1 @@ F4 46FB@4F8GAB 68O6?OF8 45DBD@4FVW, MB C5D568MGNFL 6EF4AB6?5AV 7D4A8GAV 
7A4G5AAO. "4>V E8EF5@8 DGA>FVBAGNFL 557C5D5D6AB 24/7 V @B6GFL A44E8?4F8 ECB6VM5AAO CDB >D8F8GAV 7@VA8 
G5D57 SMS, 5?5>FDBAAG CBLFG 45B EC5FV4?LAV CDB7D4@8.

�4FG8>V6 45DBD@4FV9 (68EB>BFBGA8E 6B?B>BAAB-BCF8GA8E F5A7B@5FDV6 Fiber Bragg Grating, 46B6VEA8E 
VA>?VAB@5FDV6 Leica Nivel200, C'T7B5?5>FD8GA8E 44FG8>V6 F8E>G PM5000).

1.

 B5BF87B64A8E 5?5>FDBAA8E F4E5B@5FDV6 Trimble S9 HP 45B 46BG4EFBFA8E GNSS-CD89@4GV6 Leica GR30 7 
CV4FD8@>BN RTK-D568@G.

2.

!8EF5@8 75BDG F4 C5D544GV 44A8E A4 547V CDB@8E?B68E >BAFDB?5DV6 Siemens 7 D575D6A8@ 686?5AAO@ F4 
74E8M5A8@8 >4A4?4@8 76'O7>G (4G/LTE, BCFB6B?B>BAAV ?VAVW).

3.

!C5FV4?V7B64AB7B CDB7D4@AB7B 74557C5G5AAO 4?O B5DB5>8 F4 4A4?V7G 44A8E (Leica GeoMoS, Trimble 4D 
Control, 6?4EAV DB7DB5>8 A4 547V Python F4 R 7 4?7BD8F@4@8 @4L8AAB7B A46G4AAO 4?O CDB7AB7G64AAO 
45DBD@4FV9).

4.

!GG4EAV 46FB@4F87B64AV E8EF5@8 744FAV A5 ?8L5 DV>EG64F8 45DBD@4FVW, 4?5 9 CDB7AB7G64F8 WEAV9 DB768FB> A4 
BEAB6V 4A4?V7G CBC5D54AVE 44A8E. �4CD8>?44, E8EF5@4 @BAVFBD8A7G �B4V?LEL>B7B @BEFG 6 �8T6V DV>EGT 
@V>DB45DBD@4FVW 7 G4EFBFBN 100 �F V 46FB@4F8GAB 6D4EB6GT F5@C5D4FGDAV 7@VA8 F4 6V5D4FV9AV 6C?868 6V4 DGEG 
FD4AECBDFG. �B4V5AV E8EF5@8 6EF4AB6?5AV A4 �AVEFDB6EL>V9 ��!, 45 6BA8 >BAFDB?NNFL EF4A 7D55?V, A4 
E@4DBGBE4E 5V7A5E-F5AFDG "�8W6-!VFV" F4 CD8 5G4V6A8FF6V FGA5?V6 @5FDBCB?VF5AG.



�5DB5>4 D57G?LF4FV6 68@VDN64AL F4 4A4?V7 
44A8E

�5DB5>4 D57G?LF4FV6 68@VDN64AL F4 4A4?V7 44A8E T >D8F8GA8@ 5F4CB@ 75B4578GAB7B @BAVFBD8A7G 
45DBD@4FV9, MB 74557C5GGT 4BEFB6VDAVEFL >VAF568E 68EAB6>V6. &59 CDBF5E E>?444TFLEO 7 A4EFGCA8E 5F4CV6:

�5D56VD>4 F4 DV?LFD4FVO 44A8E 68@VDN64AL 7 6844?5AAO@ 7DG58E CB@8?B> F4 LG@V6 (6V4E8?5AAO 5V?LL5 3Ã 
66464NFLEO 4AB@4?LA8@8).

1.

�5G8E?5AAO CDBEFBDB68E >BBD48A4F 45DBD@4FV9A8E @4DB> (X, Y, Z) A4 >B65A @B@5AF G4EG 7 
68>BD8EF4AAO@ @5FB4G A49@5AL8E >644D4FV6.

2.

�87A4G5AAO >V?L>VEA8E C4D4@5FDV6 45DBD@4FV9: 65DF8>4?LA8E BEV44AL (4B 0,1 @@), 7BD87BAF4?LA8E 
7DGL5AL (7 FBGAVEFN 4B 0,5 @@), >D5AV6 (6 >GFB68E E5>GA44E) F4 6V4ABEA8E 45DBD@4FV9 (G @@/@).

3.

�B5G4B64 G4EB68E DO4V6, 7D4DV>V6 V7B?VAV9 45DBD@4FV9 F4 FD868@VDA8E @B45?59 DB768F>G 45DBD@4FV9A8E 
CDBF5EV6 7 C5DVB48GAVEFN MBF86AO, MB@VEOFO F4 MB>64DF4?G.

4.

%F4F8EF8GA89 4A4?V7 44A8E 7 68>BD8EF4AAO@ @5FB4V6 D57D5EV9AB7B 4A4?V7G, 4CDB>E8@4FVW CB?VAB@4@8 F4 
CDB7AB7G64AAO @495GFAVE 45DBD@4FV9 A4 BEAB6V 68O6?5A8E FD5A4V6.

5.

�?O B5DB5>8 F4 4A4?V7G 44A8E 74EFBEB6GNFLEO EC5FV4?V7B64AV CDB7D4@AV >B@C?5>E8, F4>V O> Leica GeoMoS, 
Trimble Monitoring, SCADA-E8EF5@8 F4 46FBDEL>V CDB7D4@8 A4 547V MATLAB 45B Python 7 5V5?VBF5>4@8 NumPy V 
Pandas. &V VAEFDG@5AF8 4B76B?ONFL A5 ?8L5 46FB@4F87G64F8 B5G8E?5AAO, 4?5 9 EF6BDN64F8 VAF5D4>F86AV 
76VF8 7 @B6?86VEFN 6V7G4?V74FVW 44A8E G D568@V D54?LAB7B G4EG F4 A4?4LFG64AAO CBDB7B68E 7A4G5AL 4?O 
46FB@4F8GAB7B ECB6VM5AAO CDB >D8F8GAV 45DBD@4FVW.



�<O6?5AAO F4 BFVA>4 45HBD@4FV= 5G4V65?L V 
ECBDG4

�4 BEAB6V 4A4?V7G 44A8E 68@VDN64AL CDB6B48FLEO 68O6?5AAO F4 BFVA>4 45DBD@4FV9 5G4V65?L V ECBDG4. &59 
CDBF5E 6>?NG4T A4EFGCAV 5F4C8:

�BDV6AOAAO D4>F8GA8E 45DBD@4FV9 7 7D4A8GAB 4BCGEF8@8@8 7A4G5AAO@8, 6EF4AB6?5A8@8 
ABD@4F86A8@8 4B>G@5AF4@8 (A4CD8>?44, ��� �.1.2-12:2018 4?O 68F?B68E 5G4V65?L 4BCGE>4T BEV44AAO A5 
5V?LL5 8 E@, 4?O CDB@8E?B68E ECBDG4 - 4B 15 E@, 74?56AB 6V4 F8CG >BAEFDG>FV9 F4 �DGAFB68E G@B6).

1.

�87A4G5AAO @VEFL >BAF5AFD4FVW 45DBD@4FV9 F4 WEALB7B E4D4>F5DG, 7B>D5@4: ?B>4?LAV 45DBD@4FVW (FDVM8A8 
6 B>D5@8E >BAEFDG>F86A8E 5?5@5AF4E, @VEF56V CDBEV44AAO DGA44@5AFV6), 7474?LAV 45DBD@4FVW (>D5A 5G4V6?V, 
A5DV6AB@VDA5 BEV44AAO 6EVTW ECBDG48), 4 F4>B6 CDB7D5EGNGV F4 74FGE4NGV 45DBD@4FVW 6V4CB6V4AB 4B WE 
DB768F>G 6 G4EV.

2.

�FVA>G 6C?86G 45DBD@4FV9 A4 A5EGGG 744FAVEFL F4 5>EC?G4F4FV9AV E4D4>F5D8EF8>8 >BAEFDG>FV9, 6>?NG4NG8 
7A865AAO @VFABEFV 55FBAG A4 15-30% CD8 A4O6ABEFV FDVM8A L8D8ABN CBA44 0,4 @@, 7@5AL5AAO 6BDEF>BEFV 
EF4?568E >BAEFDG>FV9 CD8 CDB78A4E, MB C5D568MGNFL 1/200 CDB?LBFG, CB7VDL5AAO F5C?BV7B?OFV9A8E 
6?4EF86BEF59 B7BDB46G64?LA8E >BAEFDG>FV9.

3.

�8O6?5AAO CD8G8A 68A8>A5AAO 45DBD@4FV9, F4>8E O>: 7B6AVLAV D4>FBD8 (CV4FBC?5AAO F5D8FBDVW, 
6V5D4FV9AV 6C?868 6V4 FD4AECBDFG, E59E@VGA4 4>F86AVEFL 7 @47AVFG4BN CBA44 3 54?8), CB@8?>8 
CDB5>FG64AAO (A54BEF4FAO A5EGG4 744FAVEFL DGA44@5AFV6, A5>BD5>FA5 6D4EG64AAO E4D4>F5D8EF8> �DGAFV6), 
45D5>F8 5G4V6A8FF64 (6V4E8?5AAO 6V4 CDB5>FG CD8 6?4LFG64AAV DGA44@5AFV6, A87L>4 O>VEFL @4F5DV4?V6 45B 
CBDGL5AAO F5EAB?B7VW 68>BA4AAO DB5VF).

4.

 57G?LF4F8 68O6?5AAO F4 BFVA>8 45DBD@4FV9 4B>G@5AFGNFLEO G DBD@V F5EAVGAB7B 76VFG 7 45F4?LA8@8 
68EAB6>4@8 F4 D5>B@5A44FVO@8, O>V 68>BD8EFB6GNFLEO 4?O CD89AOFFO B5�DGAFB64A8E DVL5AL MB4B 
A5B5EV4ABEFV CDB6545AAO D5@BAFA8E 45B CV4E8?N64?LA8E DB5VF, WE B5EO7G, F5D@VAV6 68>BA4AAO F4 64DFBEFV.



�87=4G5==O H684:>EFV F4 48=4<V:8 
D>768F:G 45H>D<4FV9
�87A4G5AAO L684>BEFV F4 48A4@V>8 DB768F>G 45DBD@4FV9 T >D8F8GA8@ >B@CBA5AFB@ 75B4578GAB7B 
@BAVFBD8A7G 5G4V65?L V ECBDG4. &59 CDBF5E 74557C5GGT:

�V?L>VEAG BFVA>G VAF5AE86ABEFV 45DBD@4FV9A8E CDBF5EV6 G @V?V@5FD4E A4 @VEOFL 45B @V?V@5FD4E A4 DV>.1.

�8O6?5AAO E57BAA8E F4 VAL8E F8>?VGA8E C5DVB4V6 4>F86V74FVW 45DBD@4FV9 (65EAOA5 DB7@5D74AAO �DGAFG, 
C5DVB48 VAF5AE86A8E BC44V6, FBMB).

2.

�EF4AB6?5AAO >BD5?OFVW @V6 7B6AVLAV@8 D4>FBD4@8 F4 L684>VEFN 45DBD@4FV9 4?O CB>D4M5AAO FBGABEFV 
CDB7AB7V6.

3.

,684>VEFL 45DBD@4FV9 DB7D4EB6GTFLEO 74 DBD@G?BN v = �S/�t, 45 �S - 7@VA4 65?8G8A8 45DBD@4FVW 6 
@V?V@5FD4E, �t - CDB@V6B> G4EG 6 @VEOFOE 45B DB>4E. �8A4@V>4 DB768F>G 45DBD@4FV9 687A4G4TFLEO G5D57 
CB5G4B6G 7D4DV>V6 L684>BEFV BEV44AAO 45B >D5AG 6 G4EV. �?O 4A4?V7G 68>BD8EFB6GNFLEO EC5FV4?V7B64AV @5FB48: 
@5FB4 A49@5AL8E >644D4FV6 4?O CB5G4B68 4CDB>E8@GNG8E DGA>FV9, @5FB4 E>VAG5AA8E DV7A8FL 4?O G8E5?LABW 
BFVA>8 CBEV4A8E, EC5>FD4?LA89 4A4?V7 4?O 68O6?5AAO C5DVB48GABEFV 45DBD@4FV9. %F4A44DFA5 6V4E8?5AAO 
L684>BEFV 45DBD@4FV9 5G4V6?V A5 CB68AAB C5D568MG64F8 2 @@/DV> 4?O 5G4V65?L 7 68EB>8@8 68@B74@8 4B 
EFV9>BEFV.



�@>7=>7C64==O ?>84;LL>7> @>768B:C 
89D>@<4FV9=8E ?@>F9AV6
�DB7AB7G64AAO CB44?LLB7B DB768F>G 45DBD@4FV9A8E CDBF5EV6 T 646?868@ 74644AAO@ 75B4578GAB7B 
@BAVFBD8A7G, O>5 4B76B?OT:

�FVA8F8 D878> 68A8>A5AAO 464DV9A8E E8FG4FV9 A4 BEAB6V 7D4A8GA8E 7A4G5AL 45DBD@4FV9 (4?O 5G4V65?L - 
BEV44AAO 4B 10 E@, >D5A 4B 0,004 D44V4A4).

1.

%C?4AG64F8 >B@C?5>EAV 74EB48 MB4B 74CB5V74AAO 45DBD@4FVO@, 6>?NG4NG8 G>DVC?5AAO DGA44@5AFV6, 
6EF4AB6?5AAO CV4CVDA8E EFVAB> F4 4D5A46A8E E8EF5@.

2.

�87A4G8F8 BCF8@4?LAV F5D@VA8 CDB6545AAO D5@BAFA8E DB5VF 7 GD4EG64AAO@ E57BAABEFV F4 L684>BEFV 
DB768F>G 45DBD@4FV9.

3.

�?O CDB7AB7G64AAO 68>BD8EFB6GNFLEO DV7AV @5FB48, F4>V O>: 4A4?VF8GA4 5>EFD4CB?OFVO G4EB68E DO4V6 7 
68>BD8EF4AAO@ CB?VAB@V6 2-3 EFGC5AO; G8E5?LA5 @4F5@4F8GA5 @B45?N64AAO @5FB4B@ E>VAG5AA8E 5?5@5AFV6; 
5474FBD4>FBDA89 D57D5EV9A89 4A4?V7; F4 >B@C?5>EAV 5>EC5DFAV BFVA>8 V7 74?GG5AAO@ D4EV6FV6 7 75B457VW, 
75B?B7VW F4 5G4V6A8FF64. &BGAVEFL CDB7AB7G 74?568FL 6V4 >V?L>BEFV F4 O>BEFV 44A8E 68@VDN64AL (BCF8@4?LAB - A5 
@5AL5 6-8 F8>?V6 ECBEF5D565AL), 4 F4>B6 6V4 A4O6ABEFV 45F4?LABW VADBD@4FVW CDB D4>FBD8, MB 6C?864NFL A4 
45DBD@4FV9AV CDBF5E8: 7V4DB75B?B7VGAV G@B68, 7@VA8 A464AF465AAO, F5EAB?B7VGAV CDBF5E8 A4 B5'T>FV F4 
E57BAAV >B?864AAO F5@C5D4FGD8.



%>?484AAO 76VFABW 8B>G@9AF4FVW 74 
D97G?LF4F4@8 @BAVFBD8A7G
�4 D57G?LF4F4@8 75B4578GAB7B @BAVFBD8A7G 45DBD@4FV9 E>?444TFLEO >B@C?5>EA4 76VFA4 4B>G@5AF4FVO, O>4 T 
BDVFV9A8@ CV4F65D465AAO@ CDB6545A8E DB5VF F4 BEAB6BN 4?O CD89AOFFO VA65A5DA8E DVL5AL. �B>G@5AF4FVO 
6>?NG4T:

�474?LAV 6V4B@BEFV CDB B5'T>F @BAVFBD8A7G: 44D5E4, F8C >BAEFDG>FVW, DV> 5G4V6A8FF64, CB65DEB6VEFL, @4F5DV4? 
A5EGG8E >BAEFDG>FV9, 75B?B7VGAV G@B68.

1.

�5F4?LA89 BC8E 68>BD8EF4A8E @5FB4V6 F4 B5?44A4AAO: F8C AV65?VD4 (F8DDB689/BCF8GA89), @4D>4 
F4E5B@5FD4, FBGAVEFL 68@VDN64AL, @5FB48>4 ECBEF5D565AL F4 G4EFBF4 F8>?V6.

2.

!E5@G DB7F4LG64AAO BCBDABW 75B4578GABW @5D56V F4 45DBD@4FV9A8E @4DB> 7 CD86'O7>BN 4B @VEF56BW 
E8EF5@8 >BBD48A4F, 6>?NG4NG8 68EBFAV 6V4@VF>8 6EVE >BAFDB?LA8E FBGB>.

3.

 57G?LF4F8 68@VDN64AL G F45?8GAV9 F4 7D4DVGAV9 DBD@V 7 CB>47A8>4@8 45EB?NFA8E F4 6V4ABEA8E BEV44AL, 
>D5AV6 F4 7BD87BAF4?LA8E 7@VM5AL 74 >B65A F8>? ECBEF5D565AL.

4.

�B@C?5>EA89 4A4?V7 44A8E 68@VDN64AL F4 BFVA>G 45DBD@4FV9 7 687A4G5AAO@ 6V4E8?5AL 6V4 7D4A8GAB 
4BCGEF8@8E 7A4G5AL 77V4AB 7 ��� �.1.2-12-2008.

5.

 B7D4EGAB> L684>BEFV F4 48A4@V>8 DB768F>G 45DBD@4FV9 7 CB5G4B6BN 7D4DV>V6 VAF5AE86ABEFV 45DBD@4FV9 
74 G4EB@ ECBEF5D565AL.

6.

�DB7AB7 CB44?LLB7B DB768F>G 45DBD@4FV9A8E CDBF5EV6 A4 BEAB6V EF4F8EF8GABW B5DB5>8 44A8E F4 
@4F5@4F8GAB7B @B45?N64AAO 7 68>BD8EF4AAO@ @5FB4G A49@5AL8E >644D4FV6.

7.

�8EAB6>8 F4 >BA>D5FAV D5>B@5A44FVW MB4B 74CB5V74AAO F4 GEGA5AAO 45DBD@4FV9, 6>?NG4NG8 A5B5EV4AVEFL 
CV4E8?5AAO DGA44@5AFV6, 7@VA8 D568@G 5>EC?G4F4FVW 45B CDB6545AAO D5@BAFA8E DB5VF.

8.

�6VFA4 4B>G@5AF4FVO CB68AA4 5GF8 BDBD@?5A4 6V4CB6V4AB 4B 68@B7 �!"# � �.2.4-4:2009, @VEF8F8 4BEFB6VDAG F4 
B5'T>F86AG VADBD@4FVN, CV4C8E8 6V4CB6V44?LA8E 68>BA46FV6 F4 >5DV6A8>4 DB5VF, 4 F4>B6 C5G4F>G BD74AV74FVW, 
MB CDB6B48?4 @BAVFBD8A7. "5D@VA 755DV74AAO 4B>G@5AF4FVW EF4AB68FL A5 @5AL5 10 DB>V6 7 @B6?86VEFN 
4BEFGCG 4B A5W 74 A5B5EV4ABEFV CB6FBDAB7B 4A4?V7G.



�4E>88 M>8> 74?>5V74==O B4 CAC=9==O 
:@8B8G=8E 89D>@<4FV9
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