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X�B� Dbjhqdbg �BN<W� Ijhl\bgh� Jhkkby)
F�X�FZjdma_� F�B� I_jkdbc� <�:� Ijhdhih\bq� :�G� Kmoh\ �=MA)

Xklbjh\dZ d\Z^jmihevguo fZ]gblh\ mkdhjbl_evgh�gZdhibl_evgh]h dhfie_dkZ MGD \ khhl-
\_lkl\bb k nbabq_kdbf h[hkgh\Zgb_f >�@ mklZgZ\eb\Z_l lhqghklv bo \aZbfgh]h iheh`_gby \

kj_^gbo d\Z^jZlbq_kdbo \_ebqbgZo ± �� fdf ih jZ^bmkm b ± �� fdf ih \ukhl_� Xklbjh\dZ

MGD����� ^ebgZ hj[blu dhlhjh]h ij_\urZ_l �� df� ij_^mkfZljb\Z_l ke_^mxsmx l_ogheh-
]bx >�@�

�� Hl imgdlh\ ih^a_fghc ]_h^_abq_kdhc k_lb� jZa\blhc \ i_jbh^ ijhoh^db lmgg_ey� mklZgZ\-
eb\Zxlky gZ ijh_dlgh_ iheh`_gb_ lZd gZau\Z_fu_ [Zah\u_ d\Z^jmiheb� Hgb ^_eyl fZ]gblgmx

kljmdlmjm MGD gZ �� ijbf_jgh jZ\guo k_dpbc ih ����� d\Z^jmihe_c \ dZ`^hc�

�� < hl^_evgh \aylhc k_dpbb d\Z^jmiheb mklZgZ\eb\Zxlky gZ ijh_dlgmx ljZ_dlhjbx hj[blu�

ijhoh^ysmx q_j_a p_glju ^\mo [Zah\uo d\Z^jmihe_c�

�� Hl mklZgh\e_gguo d\Z^jmihe_c xklbjmxlky ^biheb� bhghijh\h^ b ^jm]h_ h[hjm^h\Zgb_�

;Zah\u_ d\Z^jmiheb mklZgZ\eb\Zxlky hl imgdlh\ ih^a_fghc ]_h^_abq_kdhc k_lb� dhlhju_

aZdeZ^u\Zebkv b gZ[ex^Zebkv \ ijhp_kk_ ijhoh^db lmgg_ey� L_ogheh]by ijhoh^db ij_^m-
kfZljb\ZeZ dhgljhevgh_ gZ]g_lZgb_ [_lhgZ ih^ ^Z\e_gb_f aZ kh[jZggmx h[hehqdm lmgg_ey�

H^gZdh ^ey mkdhj_gby kljhbl_evgh�ijhoh^q_kdbo jZ[hl ijhba\h^kl\h dhgljhevgh]h gZ]g_-
lZgby [ueh hleh`_gh gZ [he__ iha^gb_ kjhdb� F_`^m l_f ba hiulZ fZjdr_c^_jkdbo jZ[hl dhg-
ljhevgh_ gZ]g_lZgb_ [_lhgZ fh`_l \ua\Zlv kf_s_gb_ lmgg_ey \ ihi_j_qghf gZijZ\e_gbb gZ

\_ebqbgm ^h ����� ff� Khhl\_lkl\_ggh b imgdlu ih^a_fghc ]_h^_abq_kdhc k_lb \f_kl_ k lmg-
g_e_f fh]eb [ulv k^\bgmlu gZ lm `_ \_ebqbgm� Wlh h[klhyl_evkl\h� Z lZd`_ [hevrhc kjhd�

ijhr_^rbc k fhf_glZ hij_^_e_gby dhhj^bgZl fgh]bo imgdlh\ ih^a_fghc k_lb �[he__ �� e_l��

lj_[h\Zeb h[gh\blv dhhj^bgZlu ]_h^_abq_kdhc k_lb� ij_`^_ q_f bkihevah\Zlv __ \ dZq_kl\_ hk-
gh\u ^ey xklbjh\db�

Ih\lhjgh_ hij_^_e_gb_ dhhj^bgZl ih^a_fguo imgdlh\ ihlj_[h\Zeh ij_`^_ \k_]h i_j_gZ-
[ex^_gby gZa_fghc ]_h^_abq_kdhc k_lb� JZg__ k_lv kha^Z\ZeZkv f_lh^hf iheb]hghf_ljbb� K_lv

\dexqZeZ \ k_[y hdheh �� imgdlh\ k [hevrbf h[t_fhf baf_j_gbc m]eh\� ebgbc b Zkljhghfbq_-
kdbo Zabfmlh\� Lhqghklv baf_j_gbc h[_ki_qb\ZeZ \aZbfgh_ iheh`_gb_ khk_^gbo imgdlh\ k_lb k

hrb[dhc g_ om`_ ± � ff gZ jZkklhygbb ^h ���� f_ljh\� H^gZdh ih\lhjblv wlb baf_j_gby g_

ij_^klZ\eyehkv \hafh`guf gb ih wdhghfbq_kdbf� gb ih l_ogbq_kdbf khh[jZ`_gbyf� AZ ijh-
r_^rb_ ]h^u kbevgh baf_gbeZkv kblmZpby \ jZchg_ kljhbl_evkl\Z� aZjhkeb ijhk_db� h[_ki_qb-
\Zxsb_ ijyfmx \b^bfhklv f_`^m imgdlZfb� __ aZdjueb gh\u_ a^Zgby b khhjm`_gby� ijb

kljhbl_evguo jZ[hlZo [ue mgbqlh`_g jy^ imgdlh\ k_lb� Ih\lhjgh_ gZ[ex^_gb_ gZa_fghc k_lb

h[uqgufb ]_h^_abq_kdbfb f_lh^Zfb ij_^klZ\eyeh kh[hc� lZdbf h[jZahf� ljm^h_fdmx b ^hjh-
]hklhysmx hi_jZpbx� Ihwlhfm ^ey hij_^_e_gby dhhj^bgZl gZa_fguo imgdlh\ [ue \u[jZg

kh\j_f_gguc� [he__ wdhghfbqguc f_lh^ k bkihevah\Zgb_f dhkfbq_kdhc gZ\b]Zpbhgghc kbkl_-
fu *36 �*OREDO 3RVLWLRQ 6\VWHP��

>ey baf_j_gbc [ueh aZeh`_gh �� imgdlh\ gh\hc gZa_fghc k_lb �jbk���� DZ`^uc imgdl jZk-
iheZ]Zeky \ g_ihkj_^kl\_gghc [ebahklb hl \_jlbdZevgh]h kl\heZ beb dZ[_evghc rZolu� q_j_a

dhlhju_ fh`gh [ueh i_j_^Zlv dhhj^bgZlu gZ imgdl ih^a_fghc k_lb� gZoh^ysbcky g_ihkj_^kl-
\_ggh hdheh [Zah\h]h d\Z^jmihey� >ey ijb\yadb gh\uo gZa_fguo imgdlh\ d kbkl_f_ dhhj^bgZl

MGD \ gh\mx k_lv \ dZq_kl\_ bkoh^guo [ueb \dexq_gu � imgdlZ klZjhc gZa_fghc k_lb� Ijb

\u[hj_ f_klhiheh`_gby \k_o �� imgdlh\ klj_fbebkv d fZdkbfZevghc hldjulhklb g_[Z gZ^

gbfb� hl q_]h \ agZqbl_evghc f_j_ aZ\bkbl lhqghklv jZ[hlu gZ\b]Zpbhgghc kbkl_fu�

Kbkl_fZ *36 bkihevam_l ^ey hij_^_e_gby dhhj^bgZl lhq_d a_fghc ih\_joghklb hdheh �� bk-
dmkkl\_gguo kimlgbdh\ A_feb� HgZ hkgh\ZgZ gZ jZ^bh^Zevghf_jguo baf_j_gbyo jZkklhygbc hl
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Zgl_ggu ijb_fgbdZ� klhys_c gZ hij_^_ey_fhf imgdl_� ^h kimlgbdh\ k ihemq_gb_f \_jhyl-
g_cr_]h j_amevlZlZ�
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Jbk� �� Ko_fZ gh\hc gZa_fghc ]_h^_abq_kdhc k_lb MGD�

< khhl\_lkl\bb k h[sbfb lj_[h\Zgbyfb gZ \uiheg_gb_ gZ[ex^_gbc \ ahg_ jZ[hl ^he`gh

gZoh^blvky g_ f_g__ q_luj_o BKA� Ijb wlhf ]_hf_ljby jZkiheh`_gby bkdmkkl\_gguo kimlgb-
dh\ ih hlghr_gbx d hij_^_ey_fhfm imgdlm ^he`gZ h[_ki_qb\Zlv agZq_gb_ lZd gZau\Z_fh]h

]_hf_ljbq_kdh]h nZdlhjZ �3'23� f_gvr_ iylb�

K p_evx hij_^_e_gby dhebq_kl\Z b nZdlbq_kdh]h iheh`_gby BKA \ jZchg_ jZ[hl gZ fhf_gl

\uiheg_gby gZ[ex^_gbc [ueh \uiheg_gh ieZgbjh\Zgb_ jZ[hl� IeZgbjh\Zgb_ \uihegyehkv gZ

nbjf_gghf ebp_gabjh\Zgghf \ Jhkkbb ijh]jZffghf iZd_l_ 35,SM (USA, Ashtech).
GZ jbk� � ^ey imgdlZ k ]_h^_abq_kdbfb dhhj^bgZlZfb %  ��° ��
 b /  ��° ��
 ij_^klZ\e_gh

dhebq_kl\h BKA gZ ij_^iheZ]Z_fuc fhf_gl \uiheg_gby jZ[hl� Ba ijb\_^_gguo ^Zgguo ke_^m-
_l� qlh g_h[oh^bfh_ dhebq_kl\h kimlgbdh\ �q_luj_� fh`gh gZ[ex^Zlv ijZdlbq_kdb \ l_q_gb_

\k_]h hlj_adZ gZ[ex^_gbc�
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<j_fy kmlhd \ qZkZo
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Jbk� �� GZ[ex^Z_fu_ kimlgbdb \ jZchg_ jZ[hl gZ ���������

<hafh`gh_ agZq_gb_ ]_hf_ljbq_kdh]h nZdlhjZ gZ lm `_ ^Zlm ij_^klZ\e_gh gZ jbk� �� Ohjhrh

\b^gh� gZ dZdbo \j_f_gguo hlj_adZo 3'23 f_gvr_ �� Bf_ggh hgb [ueb \u[jZgu ^ey gZ[ex^_-
gbc�
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Jbk� �� H`b^Z_fu_ agZq_gby ]_hf_ljbq_kdh]h nZdlhjZ 3'23 gZ ���������

Ihe_\u_ baf_j_gby ijhba\h^bebkv dhfie_dlhf kimlgbdh\uo ijb_fgbdh\ Zf_jbdZgkdhc

nbjfu $VKWHFK� Hkgh\gu_ l_ogbq_kdb_ oZjZdl_jbklbdb ZiiZjZlmju ij_^klZ\e_gu \ lZ[ebp_ ��

JZ[hlZ gZ klZgpbb �gZ gZ[ex^Z_fhf imgdl_� ijh\h^beZkv \ khhl\_lkl\bb k mdZaZgbyfb ih

wdkiemZlZpbb ijb[hjh\� aZibkZggufb \ jmdh\h^kl\_ ihevah\Zl_ey ijb_fghc ZiiZjZlmju�

� p_gljbjh\Zgb_ Zgl_ggu ijb_fgbdZ gZ^ p_gljhf hij_^_ey_fh]h imgdlZ k ihfhsvx hilbq_-
kdh]h hl\_kZ �kj_^gyy d\Z^jZlbq_kdZy hrb[dZ ��� ff��

� baf_j_gb_ \ukhlu Zgl_ggu gZ^ p_gljhf imgdlZ �^h p_euo fbeebf_ljh\��

� \\h^ \ iZfylv ijb_fgbdZ agZq_gby m]eZ hlk_qdb ��� ]jZ^mkh\��

� \\h^ \ iZfylv ijb_fgbdZ agZq_gby ^bkdj_lghklb baf_j_gbc ��� k_dmg^��

� dhgljhev agZq_gby \ ijhp_kk_ baf_j_gbc \_ebqbgu ]_hf_ljbq_kdh]h nZdlhjZ �3'23����

� gZ[ex^_gby ijh^he`bl_evghklvx ����� fbgml�

<aZbfgh_ iheh`_gb_ imgdlh\ hij_^_eyehkv \ jZfdZo klZlbq_kdh]h f_lh^Z� JZ[hlu ijh\h^b-
ebkv \ � wlZiZ \ bxg_ b \ k_gly[j_ ���� ]h^Z� < ijhp_kk_ baf_j_gbc gZ � wlZi_ h^bg ijb_fgbd

g_ij_ju\gh jZ[hlZe gZ bkoh^ghf imgdl_ ����� <lhjhc ijb_fgbd \ lh `_ kZfh_ \j_fy baf_jye

ihke_^h\Zl_evgh gZ \k_o �� hij_^_ey_fuo b � bkoh^guo imgdlZo� GZ � wlZi_ g_ih^\b`guc

ijb_fgbd klhye gZ bkoh^ghf imgdl_ �����

FZl_fZlbq_kdZy h[jZ[hldZ gZ ijh]jZffghf iZd_l_ 35,SM �$VKWHFK� iha\hey_l ihemqblv dh-
hj^bgZlu \k_o baf_j_gguo imgdlh\ \ Zf_jbdZgkdhc kbkl_f_ dhhj^bgZl WGS-84� >Ze__ dhhj^b-
gZlu i_j_\uqbkeyxlky \ ]hkm^Zjkl\_ggmx kbkl_fm dhhj^bgZl Jhkkbb� >ey wlh]h dhhj^bgZlu

ohly [u � bkoh^guo imgdlh\ k_lb MGD ^he`gu [ulv ba\_klgu \ ]hkm^Zjkl\_gghc kbkl_f_� H^-
gZdh dhhj^bgZlu \k_o imgdlh\ gZa_fghc k_lb hij_^_e_gu lhevdh \ kbkl_f_ MGD� < hkgh\m kbk-
l_fu dhhj^bgZl MGD iheh`_gZ f_klgZy kbkl_fZ dhhj^bgZl� ij_h[jZah\ZggZy lZd� qlh[u ijb

kljhbl_evkl\_ g_ [ueh g_h[oh^bfhklb \\h^blv ihijZ\db \ baf_j_ggu_ gZ a_fghc ih\_joghklb

m]eu b ebgbb� < mklZgh\e_gbb k\yab f_`^m kbkl_fhc MGD b ]hkm^Zjkl\_gghc kbkl_fhc dhhj-
^bgZl g_h[oh^bfhklb g_ [ueh� D lhfm `_ k\yav wlZ gZklhevdh keh`gZ� qlh mklZgh\e_gb_ __

LZ[ebpZ 1� Hkgh\gu_ l_ogbq_kdb_ oZjZdl_jbklbdb ZiiZjZlmju�

OZjZdl_jbklbdb Lbi ijb_fgbdZ

Dimension Z-12
Qbkeh dZgZeh\ 12 12
QZklhlu L1 L1 b L2
Lhqghklv hij_^_e_gby Z[khexlgh]h f_klhiheh`_gby

\ klZlbq_kdhf j_`bf_, \ f_ljZo 5-10 5-10
Lhqghklv hij_^_e_gby hlghkbl_evgh]h iheh`_gby \

klZlbq_kdhf j_`bf_, \ f_ljZo
0,002 �gZ[ex^_gby g_ f_g__ �� fbgml k

 ���k_dmg^guf  bgl_j\Zehf�

H[t_f iZfylb� F][ 1 2
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ij_^klZ\ey_l kh[hc ljm^ghjZaj_rbfmx aZ^Zqm� Ihwlhfm ihemqblv dhhj^bgZlu �� hij_^_ey_-
fuo imgdlh\ \ kbkl_f_ dhhj^bgZl MGD hljZ[hlZgguf iml_f g_ ij_^klZ\behkv \hafh`guf�

>ey \uqbke_gby dhhj^bgZl [ueb bkihevah\Zgu jZkklhygby f_`^m bkoh^gufb b hij_^_-
ey_fufb imgdlZfb� dhlhju_ \uqbkeyxlky iZd_lhf 35,S0 gZjy^m k dhhj^bgZlZfb� LZdbf h[-
jZahf� [ueb ihemq_gu jZkklhygby �^ebgu \_dlhjh\� hl imgdlh\ ���� b ���� ^h dZ`^h]h imgdlZ

gh\hc k_lb� >Ze__ dhhj^bgZlu \k_o imgdlh\ gh\hc k_lb [ueb \uqbke_gu hl bkoh^guo imgdlh\

���� b ���� f_lh^hf ebg_cghc aZk_qdb� Lhqghklv hij_^_e_gby jZkklhygbc ba ijhlhdheZ h[jZ-
[hldb baf_j_gbc oZjZdl_jbam_lky kj_^g_c d\Z^jZlbq_kdhc hrb[dhc f_g__ ����� f� KjZ\g_gb_

agZq_gbc baf_j_gguo ebgbc f_`^m bkoh^gufb imgdlZfb k bo agZq_gbyfb� \uqbke_ggufb ih

dhhj^bgZlZf bkoh^guo imgdlh\ �lZ[ebpZ ��� ihdZaZeh ohjhrmx koh^bfhklv�

LZ[ebpZ �� KjZ\g_gb_ baf_j_gguo ebgbc k               LZ[ebpZ �� J_amevlZlu ijb\yadb hl\_kh\

bkoh^gufb agZq_gbyfb.                                                d imgdlZf ³gh\hc´ gZa_fghc b ³klZjhc´

ih^a_fghc k_lb�

F_`^m imgd-
lZfb

=hjbahg-
lZevgu_
jZkklhygby�
f

Bkoh^gu_
\_ebqbgu� f

G_\ya-
dZ� f

��
imgd�
lh\

G_\yadb� �f�

Bxgv ���� ]� ∆ X ∆Y ∆ R ∆ A
1000 1400 5606,702 5606,706 -0,004 10 -0,014 -0,015 -0,010 -0,018
0400 1000 5377,380 5377,375 0,005 11 -0,076 0,007 -0,022 -0,074

K_gly[jv ���� ]� 12 0,013 -0,021 -0,005 0,024

1000 1400 5606,702 5606,706 -0,004
0400 1000 5377,368 5377,375 -0,007

J_amevlZlu ]h\hjyl h[ m^h\e_l\hjbl_evghf dZq_kl\_ baf_j_gbc� Z lZd`_ h ohjhr_c mklhc-
qb\hklb p_gljh\ bkoh^guo imgdlh\� aZeh`_gguo [he__ �� e_l gZaZ^�

>ey hij_^_e_gby dhhj^bgZl ih^a_fguo imgdlh\ l_i_jv g_h[oh^bfh k ihfhsvx hl\_kZ� him-
s_ggh]h \ rZolm q_j_a dZ[_evgu_ kd\Z`bgu beb [eb`Zcrb_ rZolgu_ kl\heu� i_j_g_klb dhhj-
^bgZlu k gZa_fguo imgdlh\ gZ ]hjbahgl lmgg_ey� WlZ jZ[hlZ m`_ \uiheg_gZ gZ imgdlZo

��������� GZ wlbo imgdlZo ^ey khihklZ\e_gby ³klZjuo´ b ³gh\uo´ dhhj^bgZl [ueb hij_^_e_gu

dhhj^bgZlu h^ghc b lhc `_ lhqdb � hims_ggh]h \ dZ[_evgmx kd\Z`bgm gblygh]h hl\_kZ � hl

imgdlh\ ih^a_fghc k_lb kh klZjufb g_ mlhqg_ggufb dhhj^bgZlZfb b hl gh\uo gZa_fguo imgd-
lh\� J_amevlZlu k\_^_gu \ lZ[ebpm �� ]^_ g_\yadb ih dhhj^bgZlguf hkyf ∆O b ∆M ljZgknhjfb-
jh\Zgu \ g_\yadb \ jZ^bZevghf ∆R b ZabfmlZevghf ∆A �ijh^hevghf� gZijZ\e_gbyo�

DZd \b^bf� \k_ g_\yadb gZoh^ylky \ ij_^_eZo lhqghklb baf_j_gbc� ihkdhevdm ijh^hevgh_ ih-
eh`_gb_ imgdlh\ ih^a_fghc k_lb oZjZdl_jbam_lky \_ebqbghc ihjy^dZ �� ff gZ ��� f� Ihem-
q_ggu_ j_amevlZlu iha\heyxl k^_eZlv \u\h^ h lhf� qlh baf_j_gby dhkfbq_kdhc gZ\b]Zpbhgghc

kbkl_fhc h[_ki_qbeb g_h[oh^bfmx lhqghklv ihemq_gby dhhj^bgZl gh\hc ]_h^_abq_kdhc k_lb b

fh]ml [ulv j_dhf_g^h\Zgu ^ey \uiheg_gby lhqguo ]_h^_abq_kdbo jZ[hl ih xklbjh\d_ [hev-
rbo mkdhjbl_e_c�

EBL?J:LMJ:

1� Mkdhjbl_evgh�gZdhibl_evguc dhfie_dk gZ wg_j]bx ���� =w< �Nbabq_kdh_ h[hkgh\Zgb_�� BN<W �����

HMGD Ijhl\bgh �����

�� Dbjhqdbg X�B�� @mjZ\e_\ B�:� Fmobg ;�E�� MeZgh\ <�:� H[sb_ ijbgpbiu ]_h^_abq_kdh]h h[_ki_q_gby kh-
hjm`_gby mkdhjbl_evgh�gZdhibl_evgh]h dhfie_dkZ �MGD�� Ij_ijbgl BN<W ������ Ijhl\bgh� �����


