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' 79B89;<ј< A4јK9L_9 E9 @9D9 E?989_9 H<;<K>9 69?<K<A9:
• '7?B6A9 69?<K<A9 – )BD<;BAF4?A< < 69DF<>4?A< G7?B6<
• �<A94DA9 69?<K<A9 - �G:<A9 < 6<E<AE>9 D4;?<>9 
• �BBD8<A4F9

https://portal.sinteza.singidunum.ac.rs/Media/files/2014/821-825.pdf
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http://egeo.grf.bg.ac.rs/gig/premer.html
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�>B ј9 6<;GDA4 F4K>4 <ECB8 IBD<;BAF4 6D98ABEF G7?4 E9>D9_9 B8 00 8B -900 < G C<F4^G ј9 89CD9E<BA< G74B.

�<E<AE>< G74B  ј9 G74B G 69DF<>4?ABј D46A<<;@9ђG CD46J4 B8D9ђ9A9 6<;GDA9 F4K>9 < IBD<;BAF4?A9 D46A<. 
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�9A<FAB B8EFBј4^9 (Z) ј9 6D98ABEF G7?4 >Bј4E9 8B5<ј4 DBF4J<јB@ CD46J4 69DF<>4?9 B8CD46J4 ;9A<F4 8B CD46J4 B8D9ђ9A9 6<;GDA9F4K>9 G E@9DG >D9F4^4 >4;4]>9 A4K4EB6A<>G.
�9A<FAB B8EFBј4^9 @B:9 <@4F< 6D98ABEF< B8 00 8B 1800 (A9 CBEFBј9 A974F<6A9 6D98ABEF<).

"8ABE <;@9ђG 6<E<AE>7 G7?4 < ;9A<FAB7 G7?4:
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&9B8B?<F - BEAB6A< <AEFDG@9AF ;4 @9D9^9 G7?B64#BEFBј9 F9B8B?<F< D4;?<K<F<I >BAEFDG>J<ј4 < 89?9 E9 A4:•@9I4A<K>9 F9B8B?<F9•BCF<K>9 F9B8B?<F9 <•9?9>FDBAE>9 F9B8B?<F9.

*#BD98 G7?B64 F9B8B?<FB@ E9 @B7G @9D<F< < 8G:<A9 (BCF<K>B @9D9^9 8G:<A4).
 9I4A<K>< F9B89B?<F "CF<K>< F9B89B?<F �?9>FDBAE>< F9B8B?<F
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�G:<A9 E9 @B7G @9D<F<:•�<D9>FAB (A9CBED98AB @9DAB@ FD4>B@ <?< C4AF]<>B@ <?<CBED98AB CD<@9AB@ B87B64D4јG_<I <AEFDG@9A4F4 < CD<5BD4)•�A8<D9>FAB (B8D9ђ<64^9 8G:<A4 A4 BEAB6G <A8<D9>FA<I@9D9^4 < CD<@9AB@ B87B64D4јG_<I @4F9@4F<K><I D9?4J<ј4)
% B5;<DB@ A4 F9IA<>G E4@B7 @9D9^4 8G:<A9 E9 @B7G @9D<F<:•@9I4A<K><•BCF<K><•9?9>FBBCF<K><
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�9EаAиG>B @9D9њ9 8G:иAа -A4јEF4D<ј< A4K<A @9D9^4 8G:<A4

#4AF]<>9 @B7G 5<F<:•CB]E>9 <?< •DGKA9
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#D4F9_< CD<5BD < BCD9@4 EG:•FD4E<D>9 - JD69AB-59?< LF4CB6< 8G:<A9 2 – 4 m E JD69A<@ < 59?<@CB]<@4 8G:<A9 20 - 50 J@, E?G:9 ;4 B59?9:464^9 (E<7A4?<E4^9) F4K4>4F9D9A4 < ;4 B8D9ђ<64^9 (FD4E<D4^9) CD46J4 G CDBEFBDG•8D:4K< ;4 FD4E<D>9 (FDBABLJ<) - E?G:9 84 5< FD4E<D>4 E4@BEF4?ABEF4ј4?4 G 69DF<>4?AB@ CB?B:4јG G CDBEFBDG.•>?<AJ< 5DBј4K< - @9F4?A< >?<AB6< 8G:<A9 30 Em , E?G:9 ;4B59?9:464^9 >D4ј4 C4AF]<>9 CD<?<>B@ @9D9^4 8G:<A9.

&D4E<D>9 �D:4K< ;4 FD4E<D>9 �?<AJ< 5BDј4K<
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�CFиG>B @9D9њ9 8G:иAа 6DL< E9 BCF<K><@ 84]<AB@9D<@4. 
"64ј A4K<A @9D9^4 ј9 B@B7G_9A A4 BEAB6G CBE95AB7 GD9ђ4ј4 >Bј< ј9 E@9LF9A G 8GD5<AG F9B8B?<F4 < A<69?<D4. 

&4KABEF B8D9ђ<64^4 8G:<A4 A4 B64ј A4K<A ј9 89J<@9F4DE>4< >BD<EF< E9 ;4 D48B69 @4^9 CD9J<;ABEF< < ;4 @9D9^98G:<A4 8B 250 m.

$4јI9A54IB6 84]<AB@9D �;7?98 >BAK4A<J9 8GD5<A4
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�?9>FDBBCF<K>B @9D9^9 8G:<A4 B546]4 E9 A4 BEAB6G 9?9>FDB@47A9FA<I F4?4E4. �G:<A9 @9D<@B CB@B_G:•9?9>FDBBCF<K>B7 84]<AB@9D4 <•D9H?9>FBD4 (CD<;@9).
#D<AJ<C B64>6B7 @9D9^4 8G:<A4 ;4EA<64 E9 A4 @9D9^G 6D9@9A4 >Bј9 ј99?9>FDB@47A9FAB@ F4?4EG CBFD95AB 84 CD9ђ9 @9D9AG 8G:<AG G B54 E@9D4.

v – 5D;<A4 9?9>FDB@47A9FAB7 F4?4E4,
t – 6D9@9 CBFD95AB 84 9?9>FDB@47A9FA< F4?4E CD9ђ9 G84]9ABEF B89?9>FDBBCF<K>B7 84]<AB@9D4 8B CD<;@9 < A4FD47.

�G:<A4 E9 8B5<ј4 CB HBD@G?<:

D = (v∙t) / 2,



M�$�����!��$!�) ����+�!� - �'��!�

19.03.2024. 15

#D98ABEF< 9?9>FDBBCF<K><I 84]<AB@9D4 :•�<EB>4 F4KABEF @9D9^4• B7G_9 ј9 @9D<F< 69?<>4 D4EFBј4^4 (8B A9>B?<>B km)•�D;B @9D9^9 (A9>B?<>B E9>GA8<)•"K<F464^9 D9;G?F4F4 A4 8<EC?9јG
' AB6<ј9 6D9@9 9?9>FDBBCF<K>< 84]<AB@9D< EG E4EF46A< 89BE46D9@9A<I 79B89FE><I <AEFDG@9A4F4 –FBFа?AиE EFаAиFа.

&BF4?A9 EF4A<J9 CD9FEF46]4јG <AF97D<E4A9 <AEFDG@9AF9 G K<ј< E4EF46 G?4;<:•F9B8B?<F, •84]<AB@9D < •@<>DBCDBJ9EBD.
&BF4?A<@ EF4A<J4@4 CBD98 8G:<A4 @9D9 E9 < IBD<;BAF4?A< < 69DF<>4?A<G7?B6<, 4 CBEFBј< @B7G_ABEF 4GFB@4FE>9 B5D489 @9D9^4, D97<EFD4J<ј9,CD9ABE4 A4 D4KGA4D <F8.
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#DBEF4 @9FB84 – I CB?B:4ј 8GD5<A4

�<DGEA4 @9FB84 - II CB?B:4ј4 8GD5<A4%64>< CD464 E9 @9D< G I < II CB?B:4јG 8GD5<A4.$4KGA4 E9 86BEFDG>4 >B?<@4J<BA< 7D9L>4
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!<69?@4A - B8D9ђ<64^9 69DF<>4?A<I B8EFBј4^4 (6<E<A4) A4F9D9AG < B5D484 F<I CB84F4>4 G 5<DBG
�CEB?GFA9 <?< BDFB@9FD<јE>9 6<E<A9 - 69DF<>4?A4 B8EFBј4^4 B8AG?F9 A<6BE>9 CB6DL<
Р9?аFи6A9 6иEиA9 - 69DF<>4?A4 B8EFBј4^4 B8 8DG79 CDB<;6B]AB<;45D4A9 CB6DL<A9*' 79B89;<ј< E9 D9F>B @9D9 6<E<A9, A4K9L_9 E9 @9D9 6<E<AE>9D4;?<>9, 4 A48@BDE>9 6<E<A9 E9 8B5<ј4јG D4KGAE><@ CGF9@.

�<E<AE>9 D4;?<>9 E9 @B7G B8D9ђ<64F< D4;?<K<F<@ @9FB84@4:79B89FE><@ < A979B89FE><@.

�9B89FE>9 @9FB89:•�9B@9FD<јE>< A<69?@4A•&D<7BAB@9FD<јE>< A<69?@4A•�!%%
!979B89FE>9 @9FB89:•)<8DBEF4F<K><@ A<69?@4AB@•�4DB@9FD<јE><@ A<69?@4AB@
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�9B@9FD<јE>< A<69?@4A ј9 B8D9ђ<64^9 6<E<AE><I D4;?<>4 A4BEAB6G IBD<;BAF4?A9 6<;GD9.

�и69?иD - оEAB6A< <AEFDG@9AF ;4 @9D9^9 6<E<AE><I D4;?<>4. 
#D4F9_< CD<5BD < BCD9@4 EG:•EF4F<6•A<69?@4AE>9 ?9F69•A<69?@4AE>9 C4CGK9
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!4 F4K>9 <;@9ђG >Bј<I E9 @9D< 6<E<AE>4 D4;?<>4 E9 CBEF46]4јGA<69?@4AE>9 ?9F69. �;@9ђG B6<I F4K4>4 E9 CBEF46]4 A<69?<D A4EF4F<6G. �<E<AE>4 D4;?<>4 E9 8B5<ј4 <; D4;?<>9 K<F4^4 CB89?9 A4?9F64@4.
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‒  9D9^9 6<E<AE>9 D4;?<>9 G ј98ABј A<69?@4AE>Bј EFD4A<
• A<69?@4AE>4 ?9F64 A4 D9C9DG – <;48^4 ?9F64=,
• A<69?@4AE>4 ?9F64 A4 69;ABј F4K>< < 4 = – <CD98^4 ?9F64=,RА
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‒  9D9^9 6<E<AE>9 D4;?<>9 G ј98ABј A<69?@4AE>Bј EFD4A<

• @9D9^9 A4 EF4A<J< i :

o BK<F464^9 CB89?4 A4 <;48^Bј= < <CD98^Bј= ?9F6<, ,

o @9D9^9 CD<5?<:A<I 8G:<A4 6<;GD4 8B <;48^9= < <CD98^9= ?9F69,            – >BD4J<@4 <?< >BAJ<@4 $4јI9A54IB6B7 84]<AB@9D4,
o 8B;6B]9A4 D4;?<>4   89H<A<E4A4  GCGFEF6B@ ;4 @9D9^9 (B5<KAB 3 m);

• 6<E<AE>4 D4;?<>4 A4 EF4A<J< i :

ii ll pz    ,

ii ss pz  ,
ii ss pz −

ii
i llh pz −=



M�$��� ��%�!%��) $������ – ��" �&$�Ј%�� !���� �!

19.03.2024. 

‒  9D9^9 6<E<AE>9 D4;?<>9 G ј98ABј A<69?@4AE>Bј EFD4A<

• 6<E<AE>4 D4;?<>4 D4;?<>4 A<69?@4AE>9 EFD4A9:

o - 6<E<AE>9 D4;?<>9 A4 EF4A<J4@4,
o - 5DBј EF4A<J4 G B>6<DG ј – F9 A<69?@4AE>9 EFD4A9,

• 8G:<A4 A<69?@4AE>9 EFD4A9
; - GCGFEF6B ;4@9D9^9.
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‒  9D9^9 6<E<AE>9 D4;?<>9 G ј98ABј A<69?@4AE>Bј EFD4A<

• 64D<ј4AE4 (8<EC9D;<ј4) 6<E<AE>9 D4;?<>9 A4 EF4A<J<
o - 64D<ј4AE4 BK<F464^4 B8E9K>4 A4 ?9F6<,
o - >BAEF4AFAB ;4 <EF9 <AEFDG@9AF9, CD<5BD < @9FB8G D484,
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‒  9D9^9 6<E<AE>9 D4;?<>9 G ј98ABј A<69?@4AE>Bј EFD4A<

• 64D<ј4AE4 (8<EC9D;<ј4) 6<E<AE>9 D4;?<>9 A<69?@4AE>9 EFD4A9,

o - >BAEF4AFA4 64D<ј4AE4 @9D9^4 6<E<AE>9 D4;?<>9 A4 EF4A<J<,
o F9D9A CB6B]4A ;4 A<69?4^9 - D464A <?< >BAEF4AFA9 A47AGFBEF<,

- CD<5?<:AB >BAEF4AFA9 8G:<A9 6<;GD4 
- CD<5?<:4A 5DBј EF4A<J4
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− - CBK9FA< (84F<) D9C9D,
− - ;46DLA< (84F<) D9C9D,
− - D9;G?F4F< @9D9^4 6<E<AE><I D4;?<>4 A<69?@4AE><I EFD4A4;
− - 8G:<A9 A<69?@4AE><I EFD4A4, B5<KAB G km.

− 'E?B6 @9D9A<I 6<E<AE><I D4;?<>4 – 6<E<AE>B B8EFGC4^9:

− - 5DBј A<69?@4AE><I EFD4A4 G A<69?@4AE>B@ 6?4>G;
− - 8o;6B]9AB 6<E<AE>B B8EFGC4^9 G G@9FAGFB@ A<69?@4AE>B@6?4>G;

RP

RZ

ih

is

( ) h1PZh
S −−=−=  =

n

i ihHHMTf

Sn

h

$4KGA4^9 6<E<A4



M�$��� ��%�!%��) $������ – ��" �&$�Ј%�� !���� �!

19.03.2024. 

$4KGA4^9 6<E<A4

− �4D<ј4AE4 6<E<AE>B7 B8EFGC4^4 - CD<@9AB@ ;4>BA4 B D4ECDBEF<D4^G >B64D<ј4AE<
�) &9D9A CB6B]4A ;4 A<69?4^9:

- F9IA<K>< A<69?@4A CB69_4A9 F4KABEF<,
- F9IA<K>< A<69?@4A.�) &9D9A A9CB6B]4A ;4 A<69?4^9:
- F9IA<K>< A<69?@4A CB69_4A9 F4KABEF<,
- F9IA<K>< A<69?@4A,

- G>GCA4 8G:<A4 A<69?@4AE>B7 CB?<7BA4.
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  km mm 24 Sh =


=

=
n

i

isS
1



M�$��� ��%�!%��) $������ – ��" �&$�Ј%�� !���� �!

19.03.2024. 

$4KGA4^9 6<E<A4
�;D46A4^9 D9;G?F4F4 @9D9^4 < D4KGA4^9 6<E<A4 D9C9D4 G
G@9FAGFB@ A<69?@4AE>B@ 6?4>G 

− #BCD46>9 D9;G?F4F4 @9D9^4 6<E<AE><I D4;?<>4:�) &9D9A CB6B]4A ;4 A<69?4^9:
�) &9D9A A9CB6B]4A ;4 A<69?4^9:

- 5DBј EF4A<J4 i – F9 A<69?@4AE>9 EFD4A9
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$4KGA4^9 6<E<A4
�;D46A4^9 D9;G?F4F4 @9D9^4 < D4KGA4^9 6<E<A4 D9C9D4 G
G@9FAGFB@ A<69?@4AE>B@ 6?4>G 

− #BCD46]9A9 6<E<AE>9 D4;?<>9 < 6<E<A9 D9C9D4:

- 5DBј A<69?@4AE><I EFD4A4 G 6?4>G,
− �BAFDB?4:
− �<E<A9 D9C9D4:
− �BAFDB?4:

nivhh
ihii  , 2, 1,     ,' =+= 

'1 iii hHH += −

n

PZ1
' HHh

n

i i −= =

'NZ nhHH +=
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19.03.2024. 

&D<7BAB@9FD<јE>< A<69?@4A ј9 B8D9ђ<64^9 6<E<AE><I D4;?<>4 A4BEAB6G @9D9^4 8G:<A9 < 69DF<>4?AB7 G7?4 F9B8B?<FB@, Fј. 84]<AB@9DB@<?< FBF4?AB@ EF4A<JB@, 4 6<E<AE>4 D4;?<>4 E9 D4KGA4 CD<@9AB@FD<7BAB@9FD<јE><I HGA>J<ј4.



M�$��� ��%�!%��) $������ – &$��"!" �&$�Ј%�� !���� �!

19.03.2024. 



$98G>J<ј4 8G:<A9 A4 CB6DL D9H9D9AFAB7 9?<CEB<84 < G D464ACDBј9>J<ј9: 
− $98G>J<ј4 A4 9?<CEB<8

hA, hB - 9?<CEB<8A96<E<A9 F4K4>4 � < �;
;

;

$��'�*�Ј� �'��!�

19.03.2024. 
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19.03.2024. 

$98G>J<ј4 8G:<A9 A4 CB6DL D9H9D9AFAB7 9?<CEB<84 < G D464ACDBј9>J<ј9: 
− �D:46A< >BBD8<A4FA< E<EF9@ -�9E9?B6 9?<CEB<8

− %DCE>< F9D9EFD<K>< D9H9D9AFA< E<EF9@ – ETS89_SRB – 9?<CEB<8 
GRS80

- ;4 F9D<FBD<јG %D5<ј9             $. %DCE>9. 45 - 47 m
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− $98G>J<ј4 G D464A CDBј9>J<ј9
• �4GE-�D<79DB64 CDBј9>J<ј4: 

; - ED98^a G84]9noEF B8 X BE9,
- 8G:<A4 G �4GE-�D<79DB6Bј CDBј9>J<ј< �9E9?B6B7 9?<CEB<84

• UTM CDBј9>J<ј4:
; - ED98^a G84]9noEF B8 NBE9,

- 8G:<A4 G UTM CDBј9>J<ј< 9?<CEB<84
GRS80.

− )BD<;BAF4?A< CD46J< – GE?B6 >BAHBD@ABEF< < ;4A9@4D<64^9 
GF<J4ј4 B8EFGC4^4 69DF<>4?4.
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�?B54?A< A46<74J<BA< E4F9?<FE>< E<EF9@ (�!%%) E9 B8ABE< A4 >BAEF9?4J<јG E4F9?<F4 >Bј< B59;59ђGјG E<7A4?9 <; E69@<D4 >Bј< CD9ABE9 CB84F>9 B CB;<J<BA<D4^G < 6D9@9AG 8B �!%% CD<ј9@A<>4. #D<ј9@A<J< ;4F<@ >BD<EF9 B69 CB84F>9 84 B8D989 ?B>4J<јG. #B 89H<A<J<ј<, �!%% B59;59ђGј9 7?B54?AG CB>D<69ABEF. 

https://www.mobatime.com/article/difference-between-gnss-and-gps/
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http://eos-gnss.com/knowledge-base/what-is-gps-and-gnss-positioning-gps-overview

%CGF^<> 1 - CD6< 69LF4K>< E4F9?<F ?4AE<D4A G BD5<FG  4. B>FB5D4 1957. 7B8<A9. �4A4E ј9 G GCBFD95< 6 �!%%-4:
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�!%% E9 E4EFBј9 B8 3 E97@9AF4:
1. �BE@<K><
2. �BAFDB?A<
3. �BD<EA<K><

https://www.researchgate.net/figure/GNSS-

three-segment-architecture_fig2_336781393

https://novatel.com/tech-talk/an-introduction-to-gnss/what-are-global-navigation-satellite-systems-gnss
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GPS (%��)6 BD5<F4?A<I D46A<24 E4F9?<F4 + D9;9D64�A>?<A4J<ј4 BD5<F4?A<I D46A< 55�<E<A4 20200 km

GALILEO (�')
3 BD5<F4?Ae D46A<
27 E4F9?<F4 + 3 D9;9D6e�A>?<A4J<ј4BD5<F4?A<I D46A< 56�<E<A4 23616 km

GLONASS ($GE<ј4)
3 BD5<F4?A9 D46A<
21 E4F9?<F4 + 3 D9;9D6e�A>?<A4J<ј4BD5<F4?A<I D46A< 64,8�<E<A4 19100 km

�BE@<K>< E97@9AF - GNSS E4F9?<F<

BeiDou (Кина)
6 BD5<F4?A9 D46A<
30 E4F9?<F4 + 5 D9;9D6e�A>?<A4J<ј4BD5<F4?A<I D46A< 55�<E<A4 38300 km,

21500 km
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− �BAF<AG<D4AB CD4_9^9 < B8D9ђ<64^9 CB;<J<ј4 �!%% E4F9?<4F4,
− �:GD<D4^9 CB84F4>4 ;4 <;D4KGA464^9 CB?B:4ј4 E4F9?<F4 G CDB<;6B]AB@ FD9AGF>G 6D9@9A4 – E4F9?<E><@ 9H9@9D<84@4,

− �DEF9 E4F9?<FE><I 9H9@9D<84
1) #D<5?<:A9 (4?@4A4I),
2) #DB7AB;<D4A9 (9@<FB64A9 G A46<74J<BABј CBDGJ<)
3) #D9J<;A9, 8BEFGCA9 E4 ;4>4L^9^9@

�BAFDB?A< E97@9AF – �!%% >BAFDB?A9 EF4A<J9, ;9@4]E>9 4AF9A9

https://novatel.com/tech-talk/an-introduction-to-gnss/what-are-global-navigation-satellite-systems-gnss
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�BAFDB?A< E97@9AF - GPS

https://www.gps.gov/systems/gps/control/
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�BAFDB?A< E97@9AF - GALILEO

https://gssc.esa.int/navipedia/images/5/59/Galileo_Global_Ground_Segment.jpg
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�BAFDB?A< E97@9AF - GLONASS

https://gssc.esa.int/navipedia/images/0/04/GLONASS_GroundSegment.JPG

• System Control Centre (SCC)

• 5 Telemetry, Tracking and Command centers (TT&C) 

• The Central Clock

• 2 Laser Ranging Stations (SLR): 

• 4 +6  Monitoring and Measuring Stations (MMS)
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�BD<EA<K>< E97@9AF

- 79B89FE>< CD9@9D - A46<74J<ј4

- CB]BCD<6D984
https://www.researchgate.net/figure/GNSS-Segments-in-GPS-Image-taken-from-ER17_fig1_339473727
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�?B54?A< 79BJ9AFD<KA< D9H9D9AFA< E<EF9@
− #B;<J<ј4 F4K>9 Pi

1) &DB8<@9A;<BA4?A9 CD46BG7?9 >BBD8<A4F9
Pi (Xi, Yi, Zi)

2) �9B89FE>9 >BBD8<A4F9
Pi ( i,  i, hi)

3) �B>4?A9 FBCBJ9AFD<KA9 >BBD8<A4F9
Pj ( xj, yj, hi)

Ј98AB;A4KA4 69;4 <;@9ђG E>GCB64 >BBD8<A4F4

#4D4@9FD< ;9@]<AB7 9?<CEB<84
1) �9?<>4 CB?GBE4 a = 6378137 m

2) %C]BLF9ABEF f = 3.35281066475·10-3

3)  4?4 CB?GBE4 b = a (1 – f) = 6356752.31425 m



��"��!� !�����*�"!� %�&���&%�� %�%&� �
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#D<AJ<C<ј9?AB CBE@4FD4AB CBEFBј9 869 6DEF9 CB;<J<BA<D4^4:• 4CEB?GFAB CB;<J<BA<D4^9 <?< CB;<J<BA<D4^9 F4K>9 <• D9?4F<6AB CB;<J<BA<D4^9 <?< 8<H9D9AJ<ј4?AB CB;<J<BA<D4^9.

1. �B8 4CEB?GFAB7 CB;<J<BA<D4^4 CB?B:4ј E9 B8D9ђGј9 G �BA69AJ<BA4?AB@ F9D9EFD<K>B@ E<EF9@G (�&%) >Bј< ј9 69;4A ;4 �9@]G. 
2. �B8 D9?4F<6AB7 CB;<J<BA<D4^4 CB?B:4ј E9 B8D9ђGј9 G B8ABEG A4 A9>G F4K>G, >Bј4 E9 GE64ј4 >4B CBK9F4> ?B>4?AB7 >BBD8<A4FAB7 E<EF9@4

https://www.researchgate.net/figure/Schematic-depicting-a-relative-positioning-and-b-

point-positioning_fig1_325976001
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"EAB6A< >BAJ9CF �!%% CB;<J<BA<D4^4 - �CEB?GFAB CB;<J<BA<D4^9
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"EAB6A< >BAJ9CF �!%% CB;<J<BA<D4^4 – �CEB?GFAB CB;<J<BA<D4^9
r

C

j

iR

i

j

j
io

Satelit

Prijemnik

DATO

MERENO

NEPOZNATO

!9CB;A4F4 CB;<J<ј4 CD<ј9@A<>4 A4 F4K>< E9 B8D9ђGј9 CD9@4 <;D4;G:

j

i

j

i ρrR


−=

T

iii ZYX )  (=iR


T

jjj

j zyx )  (=r


Rrρ −=
j

iρ

- 69>FBD CB;<J<ј9 CD<ј9@A<>4 A4 F4K>< i
- 69>FBD CB;<J<ј9 E4F9?<F4 ј
- 8G:<A4 <;@9ђG E4F9?<F4 < CD<ј9@A<>4
- 69>FBD @9D9^4 <;@9ђG E4F9?<F4 < CD<ј9@A<>4
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"EAB6A< >BAJ9CF �!%% CB;<J<BA<D4^4 – $9?4F<6AB CB;<J<BA<D4^9

4 ^<IB64 D4;?<>4 84ј9 69>FBD:

S S
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�9>FBD< CB;<J<ј4 CD<ј9@A<>4 A4 F4K>< &1 < &2 EG:
jj ρrR 11


−=

jj ρrR 22


−=

j

12

j

2

j

1 ρρρRRR


=−=−= 1212

&4KABEF D9?4F<6AB7 CB;<J<BA<D4^4 ј9 B8 0.1 8B 2.0 ppm
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#D<AJ<C �!%% CB;<J<BA<D4^4

− #B;<J<ј9 �!%% E4F9?<F4 SVNi (Xi(t), Yi(t), Zi(t)) HGA>J<ј9 6D9@9A4, t
−  9D9^4 D4EFBј4^4 G FD9AGFJ<@4 (9CBI4@4) 6D9@9A4, òi (t)

− �;D4KGA464^9 CB;<J<ј9 F4K>9 P (XP, YP, ZP)
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�CEB?GFAB �!%% CB;<J<BA<D4^4

− �4 CD4>F<KAG CD<@9AG A9BCIB8A4 EG @9D9^4 D4EFBј4^4 CB@B_G �!%% CD<ј9@A<>4 8B 4 E4F9?<F4. 
− &D< @9D9^4 E?G:9 ;4 B8D9ђ<64^4 >BBD8<A4F4  (X, Y, Z) < K9F6DFB ;4 B8D9ђ<64^4 >BD9>J<ј9 K4EB6A<>4 G �!%% CD<ј9@A<>G (6D9@9 &).



��"��!� !�����*�"!� %�&���&%�� %�%&� �

26.03.2024. 

�4LFB @<A<@G@ 4 E9F9?<F4?

2 E4F9?<F41 E4F9?<F 3 E4F9?<F4

https://slideplayer.com/slide/17610130/

!4 BEAB6G 3 @9D9A9 8G:<A9 B8 CD<ј9@A<>4 8B E4F9?<F4, CGF9@ @9FB84FD<?4F9D4J<ј9 @B7G B8D98<F< 3-� CB;<J<ј9 CD<ј9@A<>4 A4 �9@]< (X, Y, Z).

https://www.researchgate.net/figure/GNSS-signal-trilateration_fig29_311612829
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�4LFB @<A<@G@ 4 E9F9?<F4?

&D< @9D9^4 E?G:9 ;4 B8D9ђ<64^4 >BBD8<A4F4  (X, Y, Z) < K9F6DFB ;4 B8D9ђ<64^4 >BD9>J<ј9 K4EB6A<>4 G �!%% CD<ј9@A<>G (6D9@9 &).
https://www.researchgate.net/figure/Position-computation-by-trilateration_fig4_322328126
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%FDG>FGD4 GPS E<7A4?4
%FDG>FGD4 GPS s<7A4?4

�G:<A9 B8 �!%% CD<ј9@A<>4 8B E4F9?<F4 E9 @9D9 A4 BEAB6G H4;A<I <>B8A<I @9D9^4.
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#D<AJ<C @9D9^4 H4;9 >B8B64

( ) ( )S

R

S

R

S

R ttcttc ò −+−=

c - 5D;<A4 CDBEF<D4^4 9?9>FDB@47A9FA<I F4?4E4
Rt - H4;4 >B84 CD<@]9AB7 E4 E4F9?<F4

St - H4;4 >B84 79A9D<E4AB7 G CD<ј9@A<>G
St - 7D9L>4 K4EB6A<>4 E4F9?<F4

Rt - 7D9L>4 K4EB6A<>4 CD<ј9@A<>4
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#D<AJ<C @9D9^4 H4;9 ABE9_97 E<7A4?4
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R  −=
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R ttf
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f ò −−−=

-(D9>69AJ<ј4 ABE9_97 E<7A4?4f

( ) ò +−+= Nttc R

SS

R

S

R

 - &4?4EA4 8G:<A4 ABE9_97 E<7A4?4
N -(4;A4 A9B8D9ђ9ABEF
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�;6BD< 7D9L4>4
− 7D9L>9 E4F9?<FE><I BD5<F4
− 7D9L>9 K4EB6A<>4 E4F9?<F4 < CD<ј9@A<>4
− јBABEH9DE>4 D9HD4>J<ј4 (>4L^9^9)
− FDBCBEH9DE>4 D9HD4>J<ј4 (>4L^9^9) 
− 64D<ј4J<ј9 H4;AB7 J9AFD4 4AF9A9
− 6<L9EFDG>9 CGF4^9 E<7A4?4

https://www.researchgate.net/publication/253086735/figure/fig4/AS:29

8162674782211@1448098929195/Main-GNSS-Errors-and-

Biases.png
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 9FB89 �!%% @9D9^4
Р568@

CB78F8BA8Dања
М5FB4а М5D5A5 в5?8G8A5 ТаGABEF

АCEB?GFAB

!F4F<K>B

�D<@9AB@ C/A >B84 5 – 15 m

�D<@9AB@ P >B84 5 – 10 m

�D9J<;A9 9H9@9D<89 2 – 5 m

К<A9@4F<K>B
КD4F>BFD4јA4 BC4:4^4

(1 msec) 20 – 50 m

 9?4F<6AB

!F4F<K>B

�G7BFD4јA4 BC4:4^4 (6<L9 
K4EB64); 0.1 mm + 1 mm/km

КD4F>BFD4јA4 BC4:4^4 (15-30 

min);  4EFBј4^4 @4^4  B8 10 km 5 mm + 1 mm/km

К<A9@4F<K>B

�4>A48A4 B5D484 CB84F4>4
5 mm + 1 mm/km

У D94?AB@ 6D9@9AG
5 mm + 1mm/km

КBAF<AG<D4AB – G CB>D9FG 1..5cm + 1 mm/km

�<H9D9AJ<ј4?A< ��!!
�9D9^9@ H4;9 >B8B64 0.5 - 5 m

�9D9^9@ H4;9 ABE9_<I E<7A4?4 1-6 mm
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��&��!� ��"��&%�� $�(�$�!&� "%!"�� %$��Ј�„#D9@4 64:9_9@ ;4>BAG B 8D:46AB@ CD9@9DG <�4F4EFDG <; 2015. 7B8<A9, „��$"%= CD98EF46]4@D9:G C9D@4A9AFA<I EF4A<J4 7?B54?AB7CB;<J<BAB7 E<EF9@4 ;4 F9D<FBD<јG $9CG5?<>9%D5<ј9, >4B < 84 EG CDBEFBDA< < IBD<;BAF4?A<D9H9D9AFA< E<EF9@< 89H<A<E4A< @D9:B@C9D@4A9AFA<I EF4A<J4 $9CG5?<>9 %D5<ј9 – ��$"%.

 D9:4 ��$"% CD98EF46]4 BEAB6AG 79B89FE>G<AHD4EFDG>FGDG, >4B < @4F9D<ј4?<;4J<јG 79B89FE>B7D9H9D9AFAB7 B>6<D4 G E>?48G E4 �6DBCE><@EF4A84D8<@4, >Bј4 ј9 CBFD95A4 ;4 B546]4^979B89FE><I D48B64, CB]BCD<6D98A<I D48B64,7D4ђ96<AE><I D48B64 A4 <AHD4EFDG>FGDA<@CDBј9>F<@4, D4;6BјG < <@C?9@9AF4J<ј<<AHBD@4J<BA<I F9IAB?B7<ј4, @B89DA<;4J<ј< G%D5<ј< A4 8G:< DB>. �4B F4>64, BA4 ј9 64:A4CB8>B@CBA9AF4 D4;6Bј4 < GA4CD9ђ9^4 $9CG5?<>9%D5<ј9 >4B < G>]GK<64^4 $9CG5?<>9 %D5<ј9 G E6996DBEC>9 FB>B69.< $9CG5?<K>< 79B89FE>< ;46B8, 
https://www.rgz.gov.rs/agros
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��&��!� ��"��&%�� $�(�$�!&� "%!"�� %$��Ј�
�>F<6A4 79B89FE>4 D9H9D9AFA4BEAB64 %D5<ј9 – ��$"%
− 29 %D5<ј4
− 3 4ђ4DE>4
− 3 $G@GA<ј4
− 2 �G74DE>4
− 2 4>98BA<ј4
− 1 *DA4 7BD4
− 1 ��) ($9CG5?<>4 %DCE>4)

#B;<J<BA<D4^9 G @D9:<
C9D@4A9AFA<I EF4A<J4
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�AEFDG@9AF< < CD<5BD

$9?4F<6AB ><A9@4F<K>B CB;<J<BA<D4^9
$9?4F<6AB EF4F<K>B CB;<J<BA<D4^9

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geospatialworld.net%2Fnews%2Ftrimble-introduces-next-generation-gnss-reference-receiver%2F&psig=AOvVaw2ke9JkWg2cd-

F0F2mBhI-x&ust=1711531993692000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCIiL9dXPkYUDFQAAAAAdAAAAABAV


