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ĤƚƣƖċĦƣ 
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ĤƚƣƖċĦƣШ 

9ŸŰƣŔŰƨŸƨƚШċĬƻċŰĦĲůĲŰƣƚШŔŰШ] ÉÉШƚǃƚƣĲůƚЯШċƓċƖƣШŉƖŸůШƣőĲШĤƖŸċĬũǃШƨƚĲĬШ]ÂÉЯШőċƻĲШũĲĬШƣŸШ
ƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШŸƣőĲƖШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚШы]ċũŔũĲŸЯШ7ĲŔ?ŸƨЯШ]x§  ÉÉьЯШƽőŔĦőШőċƻĲШ
ƚŔŊŰŔǯĦċŰƣũǃШŔŰĦƖĲċƚĲĬШƣőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШŉŸƖШ] ÉÉШƓŸƚŔƣŔŸŰŔŰŊШċƓƓũŔĦċƣŔŸŰƚЮШ
cŸƽĲƻĲƖЯШ] ÉÉШƚċƣĲũũŔƣĲƚќШƖĲĬƨŰĬċŰĦǃШċŰĬШƓŸƣĲŰƣŔċũШƓŸŸƖШ] ÉÉШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШĦċŰШ
ŰĲŊċƣŔƻĲũǃШċǭĲĦƣШƣőĲШ] ÉÉќƚШƓŸƚŔƣŔŸŰŔŰŊШƚƓĲĲĬШċŰĬШċĦĦƨƖċĦǃЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƚĲũĲĦƣŔŰŊШ
őŔŊőрƕƨċũŔƣǃШ] ÉÉШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШĤǃШƖĲƣċŔŰŔŰŊШċШƚƨǭŔĦŔĲŰƣШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШĦċŰШ
ĲŰőċŰĦĲШƣőĲШ] ÉÉќƚШƓŸƚŔƣŔŸŰŔŰŊШƓĲƖŉŸƖůċŰĦĲЮШéċƖŔŸƨƚШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШċƓƓũŔĲĬШŉŸƖШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШcŸƽĲƻĲƖЯШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƻŔċШƣőĲƚĲШůĲƣőŸĬƚШĦŸƨũĬШĤĲШŔŰƚƨǭŔĦŔĲŰƣШ
ŉŸƖШƓƖĲĦŔƚĲШƓŸƚŔƣŔŸŰŔŰŊЮШÑőĲƚĲШůĲƣőŸĬƚШƽĲƖĲШĬĲƚŔŊŰĲĬШƣŸШƚĲũĲĦƣШƚċƣĲũũŔƣĲƚШŉŸƖШÉŔŰŊũĲШÂŸŔŰƣШ
ÂŸƚŔƣŔŸŰŔŰŊШыÉÂÂьШƚŸũƨƣŔŸŰШƽŔƣőШůĲƣĲƖƚШũĲƻĲũШċĦĦƨƖċĦǃЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲƚĲШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚШŸŰũǃШĦŸŰƚŔĬĲƖШÉÂÂШŉċĦƣŸƖƚЮШÑŸШĦőŸŸƚĲШƚċƣĲũũŔƣĲƚШŉŸƖШƓƖĲĦŔƚĲШƓŸƚŔƣŔŸŰŔŰŊЯШ
ŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШĬĲƻĲũŸƓĲĬШĦŸŰƚŔĬĲƖŔŰŊШÂƖĲĦŔƚĲШÂŸŔŰƣШÂŸƚŔƣŔŸŰŔŰŊШыÂÂÂьШ
ŉċĦƣŸƖƚЮШéċƖŔŸƨƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚШƽĲƖĲШŔŰƻĲƚƣŔŊċƣĲĬШċŰĬШċƚƚĲƚƚĲĬШƣŸШĬĲƻĲũŸƓĲĬШ
ŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƣőċƣШǯƣШÂÂÂр ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑŸШƣĲƚƣШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШ
ƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЯШƚĲƻĲƖċũШĲǂƓĲƖŔůĲŰƣƚШőċƻĲШĤĲĲŰШĦŸŰĬƨĦƣĲĬЮШÉċƣĲũũŔƣĲƚШ
ƽĲƖĲШƚĲũĲĦƣĲĬШŉŸƖШƻċƖŔŸƨƚШÂÂÂШċƓƓũŔĦċƣŔŸŰƚаШŔьШƚƣċƣŔĦШŸƓĲŰрƚťǃЯШŔŔьШťŔŰĲůċƣŔĦШŸƓĲŰрƚťǃЯШċŰĬШŔŔŔьШ
ƚƣċƣŔĦШċƣШůƨũƣŔƓċƣőШĦŸŰĬŔƣŔŸŰƚЮШfŰШċĬĬŔƣŔŸŰЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШŔŰШċũũШƓŸƚƚŔĤũĲШƚƨĤƚĲƣШ
ƚŔǍĲƚЯШŔЮĲЮЯШƣőĲǃШƽĲƖĲШƚĲũĲĦƣĲĬШŔŰШƚƨĤƚĲƣƚШƽŔƣőШċũũШƓŸƚƚŔĤũĲШŰƨůĤĲƖƚШŸŉШƚċƣĲũũŔƣĲƚЮШĦĦŸƖĬŔŰŊШ
ƣŸШĲǂƓĲƖŔůĲŰƣШƖĲƚƨũƣƚЯШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШĲǂĦĲũũĲŰƣШċƣШ
ũŸƽШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣШƖĲŊċƖĬũĲƚƚШŸŉШÂÂÂШůŸĬĲƚаШƚƣċƣŔĦШŸƖШťŔŰĲůċƣŔĦЮШÑőĲШƓŸƚŔƣŔŸŰŔŰŊШ
ċĦĦƨƖċĦǃШŸŉШŸƖŔŊŔŰċũШÂÂÂЯШƨƚŔŰŊШċũũШƚċƣĲũũŔƣĲƚЯШƽċƚШċĦőŔĲƻĲĬШĤǃШůƨũƣŔƓũĲШƚŔǍĲƚШŸŉШƚĲũĲĦƣĲĬШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШĤǃШƣőĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЮШfƣШƽċƚШċũƚŸШŸĤƣċŔŰĲĬШĤǃШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽŔƣőШ
ĬŔǭĲƖĲŰƣШƚƨĤƚĲƣШƚŔǍĲƚЮШfŰШƣĲƖůƚШŸŉШőŔŊőШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣƚЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШũĲƚƚШĲǭĲĦƣŔƻĲЮШÑőĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŸŉШƣőĲШŸƖŔŊŔŰċũШÂÂÂШ
ƽċƚШŰŸƣШċĦőŔĲƻĲĬШĤǃШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШċũƣőŸƨŊőШƣőĲǃШƓƖŸƻŔĬĲĬШƓŸƚŔƣŔŸŰŔŰŊШ
ċĦĦƨƖċĦǃШĦũŸƚĲШƣŸШƣőĲШŸƖŔŊŔŰċũШÂÂÂШƽŔƣőШċШŉĲƽШƚċƣĲũũŔƣĲƚЮШÑőŔƚШċĦőŔĲƻĲůĲŰƣШŔƚШƕƨŔƣĲШƓƖŸůŔƚŔŰŊШ
ċũƣőŸƨŊőШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШŰĲĲĬƚШŉƨƖƣőĲƖШŔůƓƖŸƻĲůĲŰƣЮШ 

 

uĲǃƽŸƖĬƚ 

] ÉÉЯШ]ÂÉЯШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰЯШ]?§ÂЯШì]?§ÂЯШÉ ÅЯШEũĲƻċƣŔŸŰШ ŰŊũĲЯШÅ f~ 
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ĦťŰŸƽũĲĬŊůĲŰƣ 

ÑőŔƚШƖĲƚĲċƖĦőШƽċƚШĦċƖƖŔĲĬШċƣШ ŸƣƣŔŰŊőċůШ]ĲŸƚƓċƣŔċũШfŰƚƣŔƣƨƣĲШы ]fьЯШċШƖĲƚĲċƖĦőШŊƖŸƨƓШċƣШƣőĲШ
ÖŰŔƻĲƖƚŔƣǃШŸŉШ ŸƣƣŔŰŊőċůЮШÑőĲШƖĲƚĲċƖĦőШƽċƚШŉƨŰĬĲĬШĤǃШÑċŔĤċőШÖŰŔƻĲƖƚŔƣǃЮШ~ċŰǃШƣőċŰťƚШƣŸШůǃШ
ƚƓŸŰƚŸƖƚШŉŸƖШƓƖŸƻŔĬŔŰŊШůĲШƚƨĦőШċШŊƖĲċƣШĦőċŰĦĲШƣŸШũŔƻĲШċŰĬШƚƣƨĬǃШŔŰШƣőĲШÖuШŉŸƖШŉŸƨƖШǃĲċƖƚЮ 

fШƽŸƨũĬШũŔťĲШƣŸШĲƚƓĲĦŔċũũǃШƣőċŰťШůǃШċĦċĬĲůŔĦШƚƨƓĲƖƻŔƚŸƖƚаШ?ƖЮШÂċŰŸƚШÂƚŔůŸũŔƚШċŰĬШ?ƖЮШÅċƚċШ
ÅĲůŔŰĲƣƣĲрÂƖĲƚĦŸƣƣЯШŉŸƖШƣőĲŔƖШŊƨŔĬċŰĦĲШċŰĬШƚƨƓƓŸƖƣШƣőƖŸƨŊőŸƨƣШůǃШÂő?ШŢŸƨƖŰĲǃЮШÑőĲŔƖШ
ƚƨŊŊĲƚƣŔŸŰƚШőĲũƓĲĬШůĲШŔŰШƣőĲШĬĲƚŔŊŰШŸŉШƣőĲШĲǂƓĲƖŔůĲŰƣЯШĬċƣċШƓƖŸĦĲƚƚŔŰŊШċŰĬШċŰċũǃƚŔƚЮШfШċůШ
ċũƚŸШŊƖċƣĲŉƨũШƣŸШůǃШŔŰƣĲƖŰċũШĲǂċůŔŰĲƖЯШ?ƖЮШÂċƨũШ7ũƨŰƣЮШcĲШƓƖŸƻŔĬĲĬШůĲШƽŔƣőШƻĲƖǃШƻċũƨċĤũĲШ
ŉĲĲĬĤċĦťШƣőċƣШőĲũƓĲĬШůĲШŊċŔŰШċШĦŸůƓƖĲőĲŰƚŔƻĲШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШƓƖŸĤũĲůЮ  ~ċŰǃШƣőċŰťƚШ
ƣŸШ~ƖЮШÉĲċŰШfŰĦĲШċŰĬШ?ƖЮШ9őĲŰǃƨШñƨĲШƽőŸШőĲũƓĲĬШůĲШĦŸũũĲĦƣШ] ÉÉШĬċƣċШċŰĬШƨƚĲШ] ÉÉШ
ƚŸŉƣƽċƖĲШƚƨĦőШċƚШxĲŔĦċШŔŰǯŰŔƣǃШċŰĬШÅÑuxf7Ю 

xċƚƣШĤƨƣШŰŸƣШũĲċƚƣЯШfШƽŸƨũĬШũŔťĲШƣŸШĲǂƓƖĲƚƚШůǃШĬĲĲƓШŊƖċƣŔƣƨĬĲШċŰĬШƖĲƚƓĲĦƣШƣŸШůǃШƓċƖĲŰƣƚЯШ
ĤƖŸƣőĲƖЯШċŰĬШƽŔŉĲШŉŸƖШƣőĲŔƖШĦŸŰƣŔŰƨŸƨƚШƚƨƓƓŸƖƣШċŰĬШĲŰĦŸƨƖċŊĲůĲŰƣШƣőƖŸƨŊőŸƨƣШůǃШǃĲċƖƚШŸŉШ
ƚƣƨĬǃЮ 
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Figure 7.15 The number of satellites changed in the selected optimal subset over selection from the 
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ÄüÉÉ ÄƨċƚŔрüĲŰŔƣőШÉċƣĲũũŔƣĲШÉǃƚƣĲů 

Å f~ ÅĲĦĲŔƻĲƖШ ƨƣŸŰŸůŸƨƚШfŰƣĲŊƖŔƣǃШ~ŸŰŔƣŸƖŔŰŊШ 

Å ~ ÅċŰĬŸůр ĦĦĲƚƚШ~ĲůŸƖǃ 

Åf Eñ ÅĲĦĲŔƻĲƖШfŰĬĲƓĲŰĬĲŰƣШEǂĦőċŰŊĲШ 

Å~É ÅŸŸƣШ~ĲċŰШÉƕƨċƖĲ 

ÅÑu ÅĲċũрÑŔůĲШuŔŰĲůċƣŔĦШ 

É  ÉŔůƨũċƣĲĬШ ŰŰĲċũŔŰŊШ 

É7 É ÉċƣĲũũŔƣĲШ7ċƚĲĬШ ƨŊůĲŰƣċƣŔŸŰШÉǃƚƣĲů 

ÉE ƻċ ÉĲũĲĦƣŔŸŰШEƓŸĦőƚШ ƻċŔũċĤŔũŔƣǃШ 

Éc~ ÉƣƖƨĦƣƨƖċũШcĲċũƣőШ~ŸŰŔƣŸƖŔŰŊШ 

É  ÉŸũƨƣŔŸŰШ ƨůĤĲƖШ 

É Å ÉŔŊŰċũрƣŸр ŸŔƚĲШÅċƣŔŸШ 

ÉÂÂ ÉŔŰŊũĲШÂŸŔŰƣШÂŸƚŔƣŔŸŰŔŰŊШ 

Ñ7 ÑĲƖċĤǃƣĲ 

Ñ?§Â ÑŔůĲШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰ 

ÑE9 ÑŸƣċũШEũĲĦƣƖŸŰŔĦШ9ŸŰƣĲŰƣШ 

Ñ~ ÑƖċĬŔƣŔŸŰċũШ~ĲƣőŸĬ 

ÑÉ 79 ÑċĤƨШÉĲċƖĦőШ ƖƣŔǯĦŔċũШ7ĲĲШ9ŸũŸŰǃ 

ÖEÅE ÖƚĲƖШEƕƨŔƻċũĲŰƣШÅċŰŊĲШEƖƖŸƖШ 

ÖÉ ÖŰŔƣĲĬШÉƣċƣĲƚШŸŉШ ůĲƖŔĦċ 



xŔƚƣШŸŉШ ĤĤƖĲƻŔċƣŔŸŰƚ 
 

 

ñfñ 
 

é?§Â éĲƖƣŔĦċũШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰ 

ì]?§Â ìĲŔŊőƣĲĬШ]ĲŸůĲƣƖŔĦШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰШ 

ì]ÉΥΠ ìŸƖũĬШ]ĲŸĬĲƣŔĦШÉǃƚƣĲůШΝΦΥΠШ 

ñòü ñЯШòЯШċŰĬШüШĬŔƖĲĦƣŔŸŰƚ 

üÑ? üĲŰŔƣőШÑŸƣċũШ?Ĳũċǃ 

  

  



xŔƚƣШŸŉШÂƨĤũŔĦċƣŔŸŰƚ 
 

 

ññ 
 

xŔƚƣШŸŉШÂƨĤũŔĦċƣŔŸŰƚ 

7ċƚĲĬШŸŰШ9őċƓƣĲƖШΠЯШÉĲĦƣŔŸŰШΡЮΝЯШċŰĬШ9őċƓƣĲƖШΣЯШƽĲШƓƨĤũŔƚőĲĬШċШsŸƨƖŰċũШƓċƓĲƖШŔŰШÅĲůŸƣĲШ
ÉĲŰƚŔŰŊЮ 

ũũƨőċǃĤŔШ ЯШÂƚŔůŸƨũŔƚШÂЯШÅĲůĲŰǃƣĲрÂƖĲƚĦŸƣƣШÅЮШ ŰШEƻċũƨċƣŔŸŰШŸŉШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШ
ŉŸƖШƣőĲШ§ƓƣŔůċũШÉĲũĲĦƣŔŸŰШŸŉШ] ÉÉШÉċƣĲũũŔƣĲШÉƨĤƚĲƣƚЮ ÅĲůŸƣĲШÉĲŰƚŔŰŊЮШΞΜΞΠбШΝΣыΝΜьаΝΤΦΠЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΟΟΦΜоƖƚΝΣΝΜΝΤΦΠ 
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Chapter 1 fŰƣƖŸĬƨĦƣŔŸŰ 

ΝЮΝ ШfŰƣƖŸĬƨĦƣŔŸŰ 

ÑőĲШ]ũŸĤċũШ ċƻŔŊċƣŔŸŰШÉċƣĲũũŔƣĲШÉǃƚƣĲůШы] ÉÉьШŔƚШċШƚǃƚƣĲůШŸŉШƚċƣĲũũŔƣĲƚЯШŔŰĦũƨĬŔŰŊШ]ÂÉШ
ы]ũŸĤċũШÂŸƚŔƣŔŸŰŔŰŊШÉǃƚƣĲůЯШÖÉ ьЯШ]x§  ÉÉШы]ũŸĤċũШ ċƻŔŊċƣŔŸŰШÉċƣĲũũŔƣĲШÉǃƚƣĲůЯШÅƨƚƚŔċŰьЯШ
]ċũŔũĲŸШыEƨƖŸƓĲċŰШÖŰŔŸŰьЯШ7?ÉШы7ĲŔ?ŸƨШ ċƻŔŊċƣŔŸŰШÉċƣĲũũŔƣĲШÉǃƚƣĲůЯШ9őŔŰċьЯШċŰĬШŸƣőĲƖШ
ƖĲŊŔŸŰċũШŰċƻŔŊċƣŔŸŰШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚЮШEƚƚĲŰƣŔċũũǃЯШ] ÉÉШƓƖŸƻŔĬĲƚШƓŸƚŔƣŔŸŰŔŰŊЯШŰċƻŔŊċƣŔŸŰЯШ
ċŰĬШƣŔůŔŰŊШыÂ ÑьШƚĲƖƻŔĦĲƚЮШ ŸƽċĬċǃƚЯШŔƣШĤĲĦŸůĲƚШċŰШŔůƓŸƖƣċŰƣШƓċƖƣШŸŉШőƨůċŰШũŔŉĲШċƚШŔƣШ
ƚƨƓƓŸƖƣƚШċШũċƖŊĲШŰƨůĤĲƖШŸŉШċƓƓũŔĦċƣŔŸŰƚЮШ] ÉÉШőċƚШĤĲĲŰШƨƚĲĬШŔŰШƣƖċŰƚƓŸƖƣċƣŔŸŰЮШfƣШƚƨƓƓŸƖƣƚШ
ƖŸċĬШŰċƻŔŊċƣŔŸŰЯШċƚШƽĲũũШċƚШƣƖċĦťŔŰŊШċŰĬШĦŸŰƣƖŸũũŔŰŊШƣőĲШƣƖŔƓƚШŸŉШƣƖċŔŰƚЯШƚőŔƓƚЯШċŰĬШƓũċŰĲƚЮШfŰШ
ŉċƖůŔŰŊЯШŔƣШƚƨƓƓŸƖƣƚШƓƖĲĦŔƚŔŸŰШċŊƖŔĦƨũƣƨƖĲШĤǃШĬĲƣĲƖůŔŰŔŰŊШƣőĲШƖŔŊőƣШũŸĦċƣŔŸŰШŉŸƖШƚŸŔũШƚċůƓũŔŰŊЯШ
ƚĲĲĬШ ƚƓƖĲċĬŔŰŊЯШ ċŰĬШ ŊƨŔĬŔŰŊШ őċƖƻĲƚƣŔŰŊШ ůċĦőŔŰĲƚЮШfŰШĲŰŊŔŰĲĲƖŔŰŊЯШ ŔƣШ ŔƚШƨƣŔũŔǍĲĬШŉŸƖШ
ċƓƓũŔĦċƣŔŸŰƚШ ũŔťĲШůċƓƓŔŰŊЯШ ĦŸŰƚƣƖƨĦƣŔŸŰЯШ ċŰĬШƚƣƖƨĦƣƨƖċũШ őĲċũƣőШ ůŸŰŔƣŸƖŔŰŊШыÉc~ьЮШ
[ƨƖƣőĲƖůŸƖĲЯШŔƣШőċƚШĤĲĲŰШƨƚĲĬШŔŰШĲůĲƖŊĲŰĦǃШƖĲƚƓŸŰƚĲШƚĲƖƻŔĦĲƚЯШƚŸĦŔċũШŰĲƣƽŸƖťŔŰŊЯШċŰĬШĲƻĲŰШ
ŊċůŔŰŊЮ 

ÅĲũŔċĤũĲШċŰĬШĦŸŰƣŔŰƨŸƨƚШ] ÉÉШƖĲƚƨũƣƚШċƖĲШŰĲĦĲƚƚċƖǃШŉŸƖШůċŰǃШċƓƓũŔĦċƣŔŸŰƚЯШċƚШċƻŔċƣŔŸŰШċŰĬШ
ċƨƣŸŰŸůŸƨƚШĦċƖШы 9ьЮШ?ƨĲШƣŸШƣőĲШƖĲĦĲŰƣШĬĲƻĲũŸƓůĲŰƣШŔŰШ] ÉÉШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚЯШƣőĲШ
ŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШċƻċŔũċĤũĲШŔŰШƚƓċĦĲШőċƚШƖĲċĦőĲĬШΝΞΣбШΟΝШ]ÂÉШ[1]ЯШΞΠШ]x§  ÉÉШ[2]ЯШΞΡШ
]ċũŔũĲŸШ[3]ЯШΟΡШ7ĲŔ?ŸƨШ[4], 4 QZSS [5], and 7 IRNSS satellites [6]ЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШƚŔůƨũƣċŰĲŸƨƚũǃШƻŔƚŔĤũĲШŉƖŸůШċШƚŔŰŊũĲШũŸĦċƣŔŸŰЯШĬĲƓĲŰĬŔŰŊШŸŰШŊĲŸŊƖċƓőŔĦШũŸĦċƣŔŸŰЯШ
ĦċŰШƖĲċĦőШŸƖШĲǂĦĲĲĬШΟΜШяΤѐЮШÑőĲШƓŸƣĲŰƣŔċũШŸŉШƨƚŔŰŊШƚƨĦőШċШĬŔƻĲƖƚĲШċŰĬШũċƖŊĲШŰƨůĤĲƖШŸŉШ] ÉÉШ
ƚċƣĲũũŔƣĲƚШĦċŰШŔůƓƖŸƻĲШƣőĲШċĦĦƨƖċĦǃШċŰĬШċƻċŔũċĤŔũŔƣǃШŸŉШƣőĲШ] ÉÉШƚŸũƨƣŔŸŰШŔŰШƓŸƚŔƣŔŸŰŔŰŊЯШ
ŰċƻŔŊċƣŔŸŰШċŰĬШƣŔůŔŰŊШыÂ ÑьШƚĲƖƻŔĦĲƚЮШ 

ΝЮΞ ÂƖŸĤũĲůШ7ċĦťŊƖŸƨŰĬ 

cŸƽĲƻĲƖЯШƨƚŔŰŊШũċƖŊĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШċũƚŸШőċƚШũŔůŔƣċƣŔŸŰƚЮШÑőĲШŰƨůĤĲƖШŸŉШ
ĦŸůƓƨƣċƣŔŸŰƚШƖĲƕƨŔƖĲĬШŉŸƖШ] ÉÉШƓŸƚŔƣŔŸŰŔŰŊШŊƖŸƽƚШċƚШƣőĲШŰƨůĤĲƖШŸŉШƣőĲШƨƚĲĬШ] ÉÉШ
ƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚЮШ9ŸůƓċƖĲĬШƣŸШΝΜШ] ÉÉШƚċƣĲũũŔƣĲƚШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШŉŸƖШƓƖŸĦĲƚƚŔŰŊШƣőĲШ
ƓŸƚŔƣŔŸŰШĤċƚĲĬШŸŰШΞΜШċŰĬШΟΜШ] ÉÉШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚШĤǃШċШŉċĦƣŸƖШŸŉШΟШċŰĬШΣЯШƖĲƚƓĲĦƣŔƻĲũǃШ
яΥѐЮШfŰШċĬĬŔƣŔŸŰЯШ] ÉÉШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŊĲŰĲƖċũũǃШŔŰĦƖĲċƚĲƚШƽŔƣőШƣőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШ
ƚċƣĲũũŔƣĲƚЯШĤƨƣШƓƖċĦƣŔĦċũũǃШŰŸШŉƨƖƣőĲƖШĲŰőċŰĦĲůĲŰƣШŔƚШċĦőŔĲƻĲĬШċŉƣĲƖШċШĦĲƖƣċŔŰШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШώфΣмлϐЮШÑőŔƚШƽċƚШċũƚŸШƖĲƻĲċũĲĬШĤǃШ~ƚċĲƽĲШĲƣШċũЮЯШяΝΝѐЯШƨƚŔŰŊШǍĲƖŸрĤċƚĲũŔŰĲШ] ÉÉШ
ůĲċƚƨƖĲůĲŰƣƚЮШÑőĲШċĦĦƨƖċĦǃШŸŉШ] ÉÉШƓŸƚŔƣŔŸŰŔŰŊШĬŔĬШŰŸƣШŔůƓƖŸƻĲШƽŔƣőШƣőĲШĬĲĦƖĲċƚĲШŸŉШ
ŊĲŸůĲƣƖŔĦШĬŔũƨƣŔŸŰШŸŉШƓƖĲĦŔƚŔŸŰШы]?§ÂьЮШ~ŸƖĲŸƻĲƖЯШŔŰĦƖĲċƚŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШ
ĦċŰŰŸƣШċũƽċǃƚШŊƨċƖċŰƣĲĲШċШőŔŊőĲƖШƕƨċũŔƣǃШŸŉШƣőĲШƚƨƚƣċŔŰĲĬШƓŸƚŔƣŔŸŰЮШÑőĲШƓŸƚŔƣŔŸŰŔŰŊШĬĲƖŔƻĲĬШ
ŉƖŸůШůƨũƣŔрƚċƣĲũũŔƣĲШƚǃƚƣĲůШыůƨũƣŔр] ÉÉьШŔŰƣĲŊƖċƣŔŸŰШŔƚШŰŸƣШŸŉШƣőĲШőŔŊőĲƚƣШƓŸƚƚŔĤũĲШċĦĦƨƖċĦǃШ
ĬƨĲШƣŸШŔŰƣƖŸĬƨĦĲĬШĲƖƖŸƖƚШŸŉШƻċƖŔŸƨƚШĲƖƖŸƖШƚŸƨƖĦĲƚЮШ[ŸƖШĲǂċůƓũĲЯШůƨũƣŔƓċƣőШŔƚШŸŰĲШŸŉШƣőĲШůċŔŰШ
ĲƖƖŸƖШƚŸƨƖĦĲƚШяΝΞѐΣ ĲƻĲŰШƨŰĬĲƖШƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊШяΝΟѐЮШƚШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚŔƣŔŸŰŔŰŊШ
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ƚċƣĲũũŔƣĲƚШĬĲĦƖĲċƚĲƚЯШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƓŸƚŔƣŔŸŰŔŰŊШƓƖŸĦĲƚƚŔŰŊШŔŰĦƖĲċƚĲƚШŔŰШƣĲƖůƚШŸŉШƣŔůĲШĦŸƚƣШ
ċŰĬШƓŸƽĲƖШĦŸŰƚƨůƓƣŔŸŰЮШ 

ÑőŔƚШŔůƓƖŸƻĲůĲŰƣШĦċŰШĤĲШƚĲŰƚŔƣŔƻĲШŉŸƖШũŸƽрĦŸƚƣШƖĲĦĲŔƻĲƖƚШяΝΠѐЯШƽőŔĦőШċƖĲШƨƚĲĬШŉŸƖШůŸƖĲШƣőċŰШ
ΦΝӖШŸŉШ] ÉÉШċƓƓũŔĦċƣŔŸŰƚШяΝΡѐЮШÅĲĦĲŰƣũǃЯШũŸƽрĦŸƚƣШƖĲĦĲŔƻĲƖƚШőċƻĲШĤĲĲŰШƣĲƚƣĲĬШŔŰШÉc~ШяΝΣт
ΝΦѐЯШƽőŔĦőШŔƚШċШĦƖŔƣŔĦċũШċƓƓũŔĦċƣŔŸŰШяΝΣѐЮШ§ŰĲШŸŉШƣőĲШůċŔŰШƖĲƕƨŔƖĲůĲŰƣƚШŔŰШůċŰǃШ] ÉÉШ
ůŸŰŔƣŸƖŔŰŊШċƓƓũŔĦċƣŔŸŰƚШŔƚШƣŸШũŔůŔƣШċƚШůƨĦőШċƚШƓŸƚƚŔĤũĲШƣőĲШ] ÉÉШĬċƣċШƚŔǍĲШŉŸƖШůŸƖĲШ
ƚƨƚƣċŔŰċĤũĲШċŰĬШƖĲũŔċĤũĲШƣƖċŰƚůŔƚƚŔŸŰШŸŉШƣőĲШ] ÉÉШĬċƣċЯШƽőŔĦőШůċťĲƚШŔůƓŸƖƣċŰƣШƣŸШĦőŸŸƚĲШ
ŸŰũǃШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽőŔĦőШƽŔũũШũĲċĬШƣŸШċĦĦƨƖċƣĲШċŰĬШƖĲũŔċĤũĲШ] ÉÉШƚŸũƨƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШ
ƣőĲШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔƚШƖĲƕƨŔƖĲĬШŰŸƣШŸŰũǃШƣŸШŔůƓƖŸƻĲШƣőĲШ] ÉÉШƓĲƖŉŸƖůċŰĦĲШĤƨƣШċũƚŸШ
ƣŸШůċťĲШƣőĲШċƓƓũŔĦċƣŔŸŰШŸŉШ] ÉÉШƣĲĦőŰŸũŸŊǃШůŸƖĲШƚƨƚƣċŔŰċĤũĲЮШ 

ΝЮΟ ~ŸƣŔƻċƣŔŸŰШċŰĬШÉŔŊŰŔǯĦċŰĦĲШŸŉШÑőĲШÉƣƨĬǃ 

] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔƚШƣőĲШƓƖŸĦĲƚƚШŸŉШĦőŸŸƚŔŰŊШƣőĲШƖŔŊőƣШ] ÉÉШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰШ
ŉƖŸůШ ƣőĲШ ċƻċŔũċĤũĲШ ] ÉÉШ ƚċƣĲũũŔƣĲƚЯШ ċŔůŔŰŊШ ŉŸƖШ ĤĲƣƣĲƖШ ƓŸƚŔƣŔŸŰŔŰŊШ ƕƨċũŔƣǃШ ƽŔƣőШ ũŸƽĲƖШ
ĦŸůƓƨƣċƣŔŸŰШũŸċĬШяΞΜѐЮШéċƖŔŸƨƚШůĲƣőŸĬƚШƽĲƖĲШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċŰĬШőċƻĲШċƓƓũŔĲĬШ
ŔŰШůƨũƣŔƓũĲШƚƣƨĬŔĲƚШŉŸƖШƣőĲШƣőƖĲĲШƓŸƚŔƣŔŸŰŔŰŊШƣĲĦőŰŔƕƨĲƚЮШcŸƽĲƻĲƖЯШůŸƚƣШŸŉШƣőĲƚĲШƚƣƨĬŔĲƚШ
ƽĲƖĲШ ŔůƓũĲůĲŰƣĲĬШ ŉŸƖШƚŔŰŊũĲШ ƓŸŔŰƣШ ƓŸƚŔƣŔŸŰŔŰŊШ ыÉÂÂьШяΞΝѐЮШ fŰШ ċĬĬŔƣŔŸŰЯШ ƚċƣĲũũŔƣĲƚШ ŉŸƖШ
ĬŔǭĲƖĲŰƣŔċũШƓŸƚŔƣŔŸŰŔŰŊШы?] ÉÉьШċŰĬШƓƖĲĦŔƚĲШƓŸŔŰƣШƓŸƚŔƣŔŸŰŔŰŊШыÂÂÂьШƽĲƖĲШĦőŸƚĲŰШƨƚŔŰŊШÉÂÂШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚЯШƽőŔĦőШŔŊŰŸƖĲĬШ?] ÉÉШċŰĬШÂÂÂШŉċĦƣŸƖƚШƚƨĦőШċƚШƚċƣĲũũŔƣĲШƓƖĲĦŔƚĲШ
ŸƖĤŔƣЮШEǂĦĲƓƣШŉŸƖШ~ċƖƣŔŰŔШĲƣШċũЮШяΞΞѐЯШƽőŸШĦŸŰƚŔĬĲƖĲĬШƚċƣĲũũŔƣĲШƓƖĲĦŔƚĲШŸƖĤŔƣШċŰĬШĦũŸĦťШŔŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŉŸƖШÂÂÂЮШcŸƽĲƻĲƖЯШċĦőŔĲƻŔŰŊШƓƖĲĦŔƚĲШŸƨƣĦŸůĲƚШƨƚŔŰŊШÂÂÂШƖĲƕƨŔƖĲƚШŉƨƖƣőĲƖШ
ĦŸƖƖĲĦƣŔŸŰЯШƚƨĦőШċƚШƚŸũŔĬШĲċƖƣőШƣŔĬĲШċŰĬШŸĦĲċŰШũŸċĬŔŰŊШĦŸƖƖĲĦƣŔŸŰƚШяΞΟѐЮШÑőƨƚЯШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШŉŸƖШ?] ÉÉШċŰĬШÂÂÂШŰĲĲĬƚШůŸƖĲШŔŰƻĲƚƣŔŊċƣŔŸŰЮ 

?] ÉÉШŔƚШċШƓŸƚŔƣŔŸŰŔŰŊШƣĲĦőŰŔƕƨĲШƣőċƣШĬĲƣĲƖůŔŰĲШƣőĲШũŸĦċƣŔŸŰШŸŉШƖĲĦĲŔƻĲƖШыƖŸƻĲƖьШƽŔƣőШƖĲƚƓĲĦƣШ
ƣŸШċŰŸƣőĲƖШыƚƣċƣŔŸŰьШƽŔƣőШťŰŸƽŰШĦŸŸƖĬŔŰċƣĲƚЮШÅĲĦĲŔƻĲƖШĬŔǭĲƖĲŰĦĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƨƚĲĬШƣŸШ
ĲũŔůŔŰċƣĲШŸƖШůŔƣŔŊċƣĲШĦŸůůŸŰШĲƖƖŸƖƚЯШċƚШƣőĲШĲƖƖŸƖƚШŸŉШƚċƣĲũũŔƣĲШŸƖĤŔƣЯШĦũŸĦťШċŰĬШċƣůŸƚƓőĲƖŔĦШ
ĤŔċƚĲƚЮШfƣШċũƚŸШĲũŔůŔŰċƣĲƚШƣőĲШĬĲũċǃШĬƨĲШƣŸШƚċƣĲũũŔƣĲШċŰĬШƖĲĦĲŔƻĲƖШőċƖĬƽċƖĲЯШƽőŔĦőШŔŰĦƖĲċƚĲƚШ
ĦċƖƖŔĲƖШ ƓőċƚĲШ ċůĤŔŊƨŔƣǃШ ƖĲƚŸũƨƣŔŸŰЮШ cĲŰĦĲЯШ?] ÉÉШƓƖŸƻŔĬĲƚШ ŉċƚƣШ ċŰĬШ őŔŊőШ ċĦĦƨƖċƣĲШ
ƓŸƚŔƣŔŸŰŔŰŊЮШcŸƽĲƻĲƖЯШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƖĲĦĲŔƻĲƖƚШыƖŸƻĲƖШċŰĬШƚƣċƣŔŸŰьШŔƚШĦƖŔƣŔĦċũШ
ĤĲĦċƨƚĲШƣőĲШŊƖĲċƣĲƖШŔƣШŔƚЯШũĲƚƚШĦŸůůŸŰШĲƖƖŸƖƚШƣőĲƖĲШċƖĲЯШĦŸŰƚĲƕƨĲŰƣũǃЯШĦŸƖƖĲĦƣŔŸŰƚШĤĲĦŸůĲШ
ũĲƚƚШċĦĦƨƖċƣĲШяΞΠѐЮШÑőĲƖĲŉŸƖĲЯШċШŰĲƣƽŸƖťШŸŉШ] ÉÉШƚƣċƣŔŸŰрƖĲĦĲŔƻĲƖƚШŔƚШƖĲƕƨŔƖĲĬШƣŸШŸĤƣċŔŰШ
ƓƖĲĦŔƚĲШƖĲƚƨũƣƚШŸŉШ?] ÉÉЮШÑőŔƚШůċťĲƚШ?] ÉÉШĲǂƓĲŰƚŔƻĲШċŰĬШŰŸƣШƚƨŔƣċĤũĲШŔŰШƖĲůŸƣĲШċƖĲċƚШ
ċŰĬШƨŰĬĲƻĲũŸƓĲĬШĦŸƨŰƣƖŔĲƚШƽŔƣőШŰŸШ] ÉÉШƖĲŉĲƖĲŰĦĲШƚƣċƣŔŸŰƚШŸƖШĤĲŰĦőůċƖťƚЮ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШÂÂÂШŔƚШċŰШċĤƚŸũƨƣĲоШƚƣċŰĬċũŸŰĲШƓŸƚŔƣŔŸŰŔŰŊШƣĲĦőŰŔƕƨĲЮШfƣШƓƖŸƻŔĬĲƚШ
ĦĲŰƣŔůĲƣƖĲƚШƣŸШůŔũũŔůĲƣƖĲƚШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШĤǃШƨƚŔŰŊШƓƖĲĦŔƚĲШƓƖŸĬƨĦƣƚШŸŉШƚċƣĲũũŔƣĲШŸƖĤŔƣШ
ċŰĬШĦũŸĦťШċŰĬШĦŸƖƖĲĦƣŔŸŰШůŸĬĲũƚШƣŸШůŔƣŔŊċƣĲШŸƣőĲƖШƣǃƓĲƚШŸŉШ] ÉÉШĲƖƖŸƖƚЯШċƚШċƣůŸƚƓőĲƖŔĦШ
ĤŔċƚĲƚЮШÂÂÂШƣċťĲƚШƣĲŰƚШŸŉШůŔŰƨƣĲƚШƣŸШƖĲċĦőШĦĲŰƣŔůĲƣƖĲШũĲƻĲũШŸŉШċĦĦƨƖċĦǃШƽőĲŰШƨƚŔŰŊШƚŔŊŰċũШ
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ƚċƣĲũũŔƣĲШƚǃƚƣĲůШяΞΠѐЮШШÅĲĦĲŰƣũǃЯШĦĲŰƣŔůĲƣƖĲШŸŉШÂÂÂШċĦĦƨƖċĦǃШĦċŰШĤĲШƖĲċĦőĲĬШŔŰШŉĲƽШůŔŰƨƣĲƚШ
ĤǃШƨƚŔŰŊШůƨũƣŔƓũĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚШώнрςнтϐЮШ9ŸůƓċƖĲĬШƣŸШ?] ÉÉЯШÂÂÂШŔƚШůŸƖĲШǰĲǂŔĤũĲЯШũĲƚƚШ
ĲǂƓĲŰƚŔƻĲШċŰĬШƓƖŸƻŔĬĲƚШĦŸůƓċƖċĤũĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШ 

ΝЮΠ ŔůƚШċŰĬШ§ĤŢĲĦƣŔƻĲƚ 

ÑőĲШċŔůШŸŉШƣőŔƚШƣőĲƚŔƚШŔƚШƣŸШĬĲƻĲũŸƓШċШůĲƣőŸĬШŉŸƖШƣőĲШƚĲũĲĦƣŔŸŰШŸŉШċŰШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШ] ÉÉШ
ƚċƣĲũũŔƣĲƚШŉŸƖШƓƖĲĦŔƚĲШÂÂÂШƚŸũƨƣŔŸŰЯШĦŸŰƚŔĬĲƖŔŰŊШċũũШƣőĲШĦŸƖƖĲĦƣŔŸŰƚШŉŸƖШÂÂÂШƚŸũƨƣŔŸŰЮШÑőĲШ
ƓƖŸŢĲĦƣШċŔůШĦċŰШĤĲШċĦőŔĲƻĲĬШƣőƖŸƨŊőШƣőĲШŉŸũũŸƽŔŰŊШŸĤŢĲĦƣŔƻĲƚа 

ΝЮΠЮΝ fŰƻĲƚƣŔŊċƣĲШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚШċŰĬШĬĲǯŰĲШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШ
ŸŰĲЮ 

éċƖŔŸƨƚШůĲƣőŸĬƚШƽĲƖĲШƨƚĲĬШƣŸШƚĲũĲĦƣШƚċƣĲũũŔƣĲƚЮШEċĦőШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШĦŸŰƚŔƚƣƚШŸŉШ
ƣƽŸШĦŸůƓŸŰĲŰƣƚаШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲЮШÑőĲШĦƖŔƣĲƖŔŸŰШŔƚШċШŉċĦƣŸƖШĤċƚĲĬШŸŰШƽőŔĦőШƚċƣĲũũŔƣĲƚШ
ċƖĲШƚĲũĲĦƣĲĬЯШċƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĲũĲƻċƣŔŸŰШċŰŊũĲЯШƚċƣĲũũŔƣĲШƚŔŊŰċũШƕƨċũŔƣǃЯШċŰĬШŊĲŸůĲƣƖǃШ
ы]?§ÂьЮШÑőĲШƣĲĦőŰŔƕƨĲШŔƚШċŰШċƓƓƖŸċĦőШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲШĦƖŔƣĲƖŔŸŰЯШƚƨĦőШ
ċƚШĦƨƣрŸǭШĲũĲƻċƣŔŸŰШċŰŊũĲЮШÑőƨƚЯШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШыĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲьЯШƖĲƻĲċũŔŰŊШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШĬĲǯŰŔŰŊШ
ċƓƓƖŸƓƖŔċƣĲШŸŰĲШŸŉШƣőĲůЮШfŰШŸƖĬĲƖШƣŸШǯŰĬШƣőĲůЯШƻċƖŔŸƨƚШƣǃƓĲƚШŸŉШƣőĲůШƽĲƖĲШŔŰƻĲƚƣŔŊċƣĲĬШ
ĤċƚĲĬШŸŰШũŔƣĲƖċƣƨƖĲЮШÑőŔƚШŔƚШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШŉŸƖШ
ÂÂÂЮШ 

ΝЮΠЮΞ EƻċũƨċƣŔŰŊШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШĦőŸƚĲŰШƣĲĦőŰŔƕƨĲШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ 

ŉƣĲƖШĬĲƣĲƖůŔŰŔŰŊШƣőĲШƚƨŔƣċĤũĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲЯШƣőĲŔƖШƖĲũŔċĤŔũŔƣǃЯШ
ŔŰƣĲŊƖŔƣǃШċŰĬШĲǭŔĦŔĲŰĦǃШƚőŸƨũĬШĤĲШĲƻċũƨċƣĲĬЮШƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖЯШƣőĲШĦƖŔƣĲƖŔŸŰШŔƚШċШŉċĦƣŸƖШ
ĤċƚĲĬШŸŰШƽőŔĦőШƚċƣĲũũŔƣĲƚШċƖĲШƚĲũĲĦƣĲĬЯШċŰĬШƣőĲШƣĲĦőŰŔƕƨĲШŔƚШċŰШċƓƓƖŸċĦőШŉŸƖШƚĲũĲĦƣŔŰŊШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲШĦƖŔƣĲƖŔŸŰЮШcĲŰĦĲЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲШ
ċǭĲĦƣŔŰŊШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƣőĲШƚĲũĲĦƣŔŸŰШĦƖŔƣĲƖŔŸŰЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƚĲũĲĦƣŔŸŰШ
ƣĲĦőŰŔƕƨĲШƽċƚШƓƖŸƻĲŰШǯƖƚƣШĤĲŉŸƖĲШĦƖŔƣĲƖŔŸŰЮ 

ÑőĲШƣĲĦőŰŔƕƨĲШƽċƚШĲƻċũƨċƣĲĬШĤċƚĲĬШŸŰШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШƚƓĲĲĬЮШÑőĲШƚĲũĲĦƣŔŸŰШ
ċĦĦƨƖċĦǃШŔƚШőŸƽШĦũŸƚĲũǃШƣőĲШì]?§ÂШƻċũƨĲШŸŉШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƚĲũĲĦƣĲĬШĤǃШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШůċƣĦőĲƚШƣőċƣШŸŉШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚƨĤƚĲƣЮШÅĲŊċƖĬŔŰŊШƣőĲШĲƻċũƨċƣŔŸŰШ
ŸŉШƣőĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŔƚШĬĲǯŰĲĬШċƚШƣőĲШƣŔůĲШƖĲƕƨŔƖĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШ
] ÉÉШƚċƣĲũũŔƣĲƚЮШ 

ΝЮΠЮΟ ?ĲǯŰĲШƣőĲШĦƖŔƣĲƖŔċШċŰĬШƓƖŸĦĲƚƚШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ 

ÑőĲШůŸƚƣШƚƨŔƣċĤũĲШƚĲũĲĦƣŔŸŰШĦƖŔƣĲƖŔŸŰШƽċƚШĦőŸƚĲŰШŉƖŸůШƓƖĲƻŔŸƨƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚШ
ƣőċƣШƽĲƖĲШĬĲƚŔŊŰШƣŸШĦŸŰƚŔĬĲƖШÉÂÂШŉċĦƣŸƖƚЮШÑőĲƖĲŉŸƖĲЯШůŸƖĲШƓŸƚŔƣŔŸŰŔŰŊШŉċĦƣŸƖƚШыÂÂÂШŉċĦƣŸƖƚьШ
ƽĲƖĲШ ĦŸŰƚŔĬĲƖĲĬШ ċũŸŰŊШ ƽŔƣőШ ĦőŸƚĲŰШ ŔŰШ ĬŔǭĲƖĲŰƣШ ĦŸůĤŔŰċƣŔŸŰƚЮШ ÑőĲŔƖШ ĲǭŔĦŔĲŰĦǃШƽċƚШ



9őċƓƣĲƖШΝШfŰƣƖŸĬƨĦƣŔŸŰ 
 

 

Π 
 

ĲƻċũƨċƣĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲŔƖШǯƣŰĲƚƚШŉŸƖШÂÂÂрƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑőĲǃШƽĲƖĲШĲƻċũƨċƣĲĬШĤċƚĲĬШ
ŸŰШ ƣőĲШ ƓŸƚŔƣŔŸŰŔŰŊШ ƕƨċũŔƣǃШ ŸŉШ ƣőĲШ ƚĲũĲĦƣĲĬШ ƚċƣĲũũŔƣĲƚЯШ ŔŰĦũƨĬŔŰŊШ ƓŸƚŔƣŔŸŰŔŰŊШ ċĦĦƨƖċĦǃЯШ
ƓƖĲĦŔƚŔŸŰЯШċŰĬШĦŸŰƣŔŰƨŔƣǃЮ 

ΝЮΠЮΠ EǂƓĲƖŔůĲŰƣċũШĲƻċũƨċƣŔŸŰШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬ 

ƚШůĲŰƣŔŸŰĲĬШŔŰШƚĲĦƣŔŸŰШΝЮΠЮΟЯШŰĲƽШĦƖŔƣĲƖŔŸŰШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШƽċƚШĬĲƻĲũŸƓĲĬШĤǃ  

ĦŸŰƚŔĬĲƖŔŰŊШůŸƖĲШƓŸƚŔƣŔŸŰŔŰŊШŉċĦƣŸƖƚЮШcŸƽĲƻĲƖЯШŔƣШƽċƚШŸŰũǃШĲƻċũƨċƣĲĬШŔŰШƚƣċƣŔĦШŸƓĲŰрƚťǃШ
ĲŰƻŔƖŸŰůĲŰƣЮШÑŸШőċƻĲШĦŸůƓƖĲőĲŰƚŔƻĲШĲƻċũƨċƣŔŸŰЯШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШ
ƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰШĬŔǭĲƖĲŰƣШƚĦĲŰċƖŔŸƚЯШŔŰĦũƨĬŔŰŊШťŔŰĲůċƣŔĦШůŸĬĲШċŰĬШůƨũƣŔƓċƣőШ
ĲŰƻŔƖŸŰůĲŰƣƚЮШÑőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШыĦƖŔƣĲƖŔŸŰьШƽċƚШċƚƚĲƚƚĲĬШ
ĤċƚĲĬШŸŰШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸŉШŔƣƚШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮ 

ΝЮΡ fŰŰŸƻċƣŔŸŰШŸŉШÑőĲШìŸƖť 

ÑőŔƚШƽŸƖťШĦŸŰƣƖŔĤƨƣĲƚШĤǃШƓƖŸƻŔĬŔŰŊШċШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƚƨŔƣċĤũĲШŉŸƖШÂÂÂШƚŸũƨƣŔŸŰШ
ыŔЮĲЮЯШƓƖĲĦŔƚĲШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰьЮШfƣШĦŸŰƚŔĬĲƖƚШċũũШÂÂÂќƚШĦŸƖƖĲĦƣŔŸŰƚШũŔťĲШŸƖĤŔƣЯШĦũŸĦťЯШŸĦĲċŰШ
ũŸċĬŔŰŊЯШċŰĬШEċƖƣőШƖŸƣċƣŔŸŰЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШċũƚŸШƣċťĲƚШŔŰƣŸШċĦĦŸƨŰƣШĦċƖƖŔĲƖШƓőċƚĲШċůĤŔŊƨŔƣǃШ
ƖĲƚŸũƨƣŔŸŰШĤǃШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШĦŸŰƣŔŰƨŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШƽŸƖťШ
ĬĲǯŰĲƚШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШċŰĬШƣőĲШĲŰƻŔƖŸŰůĲŰƣШŉŸƖШƣőĲШǯǂĲĬШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЮШШÑŸШĬŸШƚŸЯШƻċƖŔŸƨƚШƣĲĦőŰŔƕƨĲƚШċŰĬШĦƖŔƣĲƖŔċШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚЯШċƚШƽĲũũШċƚШŸƖĬĲƖШ
ŸŉШƚĲũĲĦƣŔŸŰЯШƽĲƖĲШŔŰƻĲƚƣŔŊċƣĲĬЮ 

ΝЮΣ ÑőĲƚŔƚШ§ƨƣũŔŰĲ 

fŰШċĬĬŔƣŔŸŰШƣŸШƣőŔƚШfŰƣƖŸĬƨĦƣŔŸŰШĦőċƓƣĲƖШы9őċƓƣĲƖШΝьЯШƣőĲШƣőĲƚŔƚШőċƚШŰŔŰĲШůċŔŰШĦőċƓƣĲƖƚЯШƽőŔĦőШ
ċƖĲШ ũŔƚƣĲĬШ ĤĲũŸƽЮШ 9őċƓƣĲƖШ ΞШ ĬĲƚĦƖŔĤĲƚШ ƣőĲШ] ÉÉШƓƖŔŰĦŔƓũĲЯШ ĦŸƻĲƖŔŰŊШ ] ÉÉШ ŸƻĲƖƻŔĲƽЯШ
ŸĤƚĲƖƻċƣŔŸŰШƣǃƓĲƚЯШċŰĬШĲƖƖŸƖШƚŸƨƖĦĲƚЮШ9őċƓƣĲƖШΟШŔŰƻĲƚƣŔŊċƣĲƚШƻċƖŔŸƨƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ůĲƣőŸĬƚЯШŔŰĦũƨĬŔŰŊШƣőĲŔƖШĦƖŔƣĲƖŔċШċŰĬШƣĲĦőŰŔƕƨĲƚЮШ9őċƓƣĲƖШΠШƓƖĲƚĲŰƣƚШċŰШŸƻĲƖƻŔĲƽШŸŉШǯƻĲШ
ƣǃƓĲƚШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШĦŸƻĲƖŔŰŊШƣőĲŔƖШƓƖŔŰĦŔƓũĲЯШċĬƻċŰƣċŊĲƚЯШũŔůŔƣċƣŔŸŰƚЯШċŰĬШ
ċƓƓũŔĦċƣŔŸŰƚЮШ9őċƓƣĲƖШΡШƓƖĲƚĲŰƣƚШƣőĲШůĲƣőŸĬŸũŸŊǃШŸŉШƣőĲШƓƖŸŢĲĦƣЮШ9őċƓƣĲƖШΣШĲƻċũƨċƣĲƚШƣőĲШ
ĲǭŔĦŔĲŰĦǃШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ9őċƓƣĲƖШΤШĬĲǯŰĲШŰĲƽШ
ĦƖŔƣĲƖŔċШŉŸƖШÂÂÂрƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċŰĬШĲƻċũƨċƣĲƚШƣőĲŔƖШƕƨċũŔƣǃШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШ
ŸŰĲЮШ9őċƓƣĲƖШΥШċƚƚĲƚƚĲƚШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШыĦƖŔƣĲƖŔŸŰьШ
ŔŰШťŔŰĲůċƣŔĦШċŰĬШůƨũƣŔƓċƣőШƚĦĲŰċƖŔŸƚЮ  [ŔŰċũũǃЯ  9őċƓƣĲƖШΦШĦŸŰĦũƨĬĲƚШƣőĲШƣőĲƚŔƚШĤǃШƓƖĲƚĲŰƣŔŰŊШ
ǯŰĬŔŰŊƚШċŰĬШƖĲĦŸůůĲŰĬċƣŔŸŰƚЮ 
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Chapter 2 §ƻĲƖƻŔĲƽШŸŉШ] ÉÉШ 

ΞЮΝ ] ÉÉШ7ċĦťŊƖŸƨŰĬШ 

GNSS consists of three main segments: i) the space segment, ii) control segment, and iii) 
user segment. The space segment is the GNSS satellites orbiting Earth at different 
elevations and continuously broadcasting their signals. The control segment is ground 
stations monitoring the health of GNSS satellites and providing necessary corrections, as 
updating their orbits and clocks. The user segment is GNSS receivers on Earth controlled by 
users for various applications of positioning, navigation and timing.  

126 GNSS satellites are currently in operation. They are controlled by different operators and 
transmitting signals in different frequency bands. In addition, they are orbiting Earth at 
different altitudes, including: i) Medium Earth Orbit (MEO), ii) Geostationary Earth Orbit 
(GEO), iii) Inclined Geo-Synchronous Orbit (IGSO) and iv)ШQuasi-Zenith Orbit (QZO). They are 
classified into six constellations as shown below: 

Table 2.1 Characteristic of six GNSS satellite systems 

System Operator  NSAT Orbital  Frequency MHz References 

GPS USA 31 
MEO 

(20,200 km) 

L1 (1575.42),  
L2 (1227.60),  
L5 (1176.45) 

[1,28] 

GLONASS Russia 24 
MEO 

(19,100 km) 

G1 (ΝΡΦΥЮΜΣΟШтШΝΣΜΥЮΤΡ),  
G1a (1600.995), 
G2 (1242.938 т 1251.25), 
G2a (1248.06), 
G3 (1202.025 ) 

[2,28] 

Galileo EU ΞΡ 
MEO 

(23,222 km) 

E1 (1575.42),  
E5(1191.795), 
E5a (1176.45),  
E5b (1207.14), 
E6 (1278.75) 

[3,28] 

BeiDou China 35 
MEO, GEO, 

IGSO 

B1 (1575.42), 
B1-2 (1561.098), 
B2 (1191.795), 
B2a (1176.45 ), 
B2b (1207.14),  
B3 (1268.52) 

[4,28,29] 

QZSS Japan 4 QZO, GEO  

L1 (1575.42),  
L2 (1227.60),  
L5 (1176.45), 
L6 (1278.75) 

[5,28] 

IRNSS India 7 GEO, IGSO 
L5 (1176.45),  
S-band (2492.028) 

[6,28] 
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The location ŸŉШƨƚĲƖќƚШƖĲĦĲŔƻĲƖШŔƚШbasically defined via triangulation, where unknown location 
(user) is determined by measuring the distance to several known locations (satellites). At 
ũĲċƚƣШΠШƚċƣĲũũŔƣĲƚШċƖĲШƖĲƕƨŔƖĲĬШƣŸШŸĤƣċŔŰШƣőĲШƨƚĲƖќƚШũŸĦċƣŔŸŰШŔŰШƣőƖĲĲШĦŸŸƖĬŔŰċƣĲƚЮ GNSS 
satellites are continuously broadcasting their signals. Each GNSS satellite signal has three 
main components: i) code, ii) carrier, and iii) navigation message. The navigation message 
contains satellite information, including its location. By collecting satellite signals, their 
location can be known. The distance between the satellite and receiver can also be found 
from satellite signal using its code and carrier. The code-based distance is called pseudo-
range, and the carrier-based distance is called carrier phase.  

Once GNSS receiver receives a satellite signal, it creates a replica of its code to determine 
the signal travel time by measuring the delay between the incoming code and its replica. 
Hence, the distance between a satellite and receiver is the signal travel time multiplied by 
light speed (i.e., signal speed) [30]. This distance is code-based distance and known as the 
pseudo-range. In contrast, the carrier-based distance is the sum of the carrier cycles 
including the fractional cycle multiplied by the carrier wavelength [30]. Both pseudo-range 
and carrier phase measurements are negatively affected by error source. Common sources 
of error are explained below. 

ΞЮΞ ] ÉÉШ9ŸůůŸŰШEƖƖŸƖШÉŸƨƖĦĲƚ 

ΞЮΞЮΝ ÉċƣĲũũŔƣĲШ§ƖĤŔƣШċŰĬШ9ũŸĦťШEƖƖŸƖƚ 

ÉċƣĲũũŔƣĲƚШǰǃШŔŰШƽĲũũрĬĲǯŰĲĬШŸƖĤŔƣƚШċũƣőŸƨŊőШƚŸůĲƣŔůĲƚШƚċƣĲũũŔƣĲƚШĬĲƻŔċƣĲШŉƖŸůШƣőĲŔƖШŸƖĤŔƣƚЮШ
ƚШċШƖĲƚƨũƣЯШƣőĲШĲƖƖŸƖШŔŰШƚċƣĲũũŔƣĲШŸƖĤŔƣШŔƚШƣőĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШċĦƣƨċũШċŰĬШƣőĲШƓƖĲĬŔĦƣĲĬШŸƖĤŔƣШ
яΟΝѐЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШƚċƣĲũũŔƣĲƚШċƖĲШĲƕƨŔƓƓĲĬШƽŔƣőШőŔŊőũǃШċĦĦƨƖċƣĲШċƣŸůŔĦШĦũŸĦťƚЮШ
cŸƽĲƻĲƖЯШƣőĲǃШċƖĲШŰŸƣШƓĲƖŉĲĦƣũǃШƚǃŰĦőƖŸŰŔƚĲĬШƽŔƣőШƣőĲШ] ÉÉШƖĲŉĲƖĲŰĦĲШƣŔůĲЯШƖĲƚƨũƣŔŰŊШŔŰШ
ĦũŸĦťШĲƖƖŸƖШώнпϐЮШfŉШƣőĲШŸƖĤŔƣШċŰĬШĦũŸĦťШĲƖƖŸƖƚШċƖĲШŰŸƣШĦŸƖƖĲĦƣĲĬЯШƣőĲШƓƚĲƨĬŸрƖċŰŊĲШċŰĬШĦċƖƖŔĲƖШ
ƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШƽŔũũШĤĲШƚŔŊŰŔǯĦċŰƣũǃШŔŰċĦĦƨƖċƣĲШώнпϐЮ 

ΞЮΞЮΞ ШfŸŰŸƚƓőĲƖŔĦШ?ĲũċǃШ 

ÑőĲШŔŸŰŸƚƓőĲƖĲШŔƚШċШũċǃĲƖШŸŉШƣőĲШċƣůŸƚƓőĲƖĲШƣőċƣШĲǂƣĲŰĬƚШŉƖŸůШċĤŸƨƣШΡΜШƣŸШΝЯΜΜΜШťŔũŸůĲƣƖĲƚШ
ċĤŸƻĲШƣőĲШEċƖƣőѣƚШƚƨƖŉċĦĲ  яΟΞѐЮШ ĦĦŸƖĬŔŰŊШƣŸШώнпϐЯШƨũƣƖċƻŔŸũĲƣШƖċĬŔċƣŔŸŰШŉƖŸůШƣőĲШÉƨŰШŔŸŰŔǍĲƚШ
ƚŸůĲШŸŉШƣőĲШŊċƚШůŸũĲĦƨũĲƚШŔŰШƣőĲШŔŸŰŸƚƓőĲƖŔĦШũċǃĲƖЮШÑőŔƚШĦƖĲċƣŔŰŊШŉƖĲĲШĲũĲĦƣƖŸŰƚШƣőċƣШċǭĲĦƣШ
] ÉÉШƚŔŊŰċũƚЮШÑőĲǃШĬĲũċǃШƣőĲШĦŸĬĲШƽőŔũĲШċĬƻċŰĦŔŰŊШƣőĲШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣ  яΞΠѐЮШ
ÑőĲШċůŸƨŰƣШŸŉШĬĲũċǃШŸƖШċĬƻċŰĦĲШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰŊũĲЯШƚŔŊŰċũШŉƖĲƕƨĲŰĦǃЯШ
ċŰĬШƣŸƣċũШĲũĲĦƣƖŸŰŔĦШĦŸŰƣĲŰƣШыÑE9ьЮШÑőĲШŔŸŰŸƚƓőĲƖŔĦШĤŔċƚШĦċŰШĤĲШĲǂƓƖĲƚƚĲĬШċƚШŉŸũũŸƽƚа 

ὨὭέὲ
ρ

ÓÉÎὩὰὩὺ
ᶻ
τπȢσ

Ὢ
ὝzὉὅ (2.1) 
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ìőĲƖĲа 

¶ ĬŔŸŰĲ
ƨЮŔƚШƣőĲШŔŸŰŸƚƓőĲƖĲШĤŔċƚШŔŰШůĲƣĲƖШĤĲƣƽĲĲŰШƣőĲШƚċƣĲũũŔƣĲШĲШċŰĬШƖĲĦĲŔƻĲƖШƨЮ 

¶ ĲũĲƻĲ
ƨЮŔƚШƣőĲШĲũĲƻċƣŔŸŰШĤĲƣƽĲĲŰШƣőĲШƚċƣĲũũŔƣĲШĲШċŰĬШƖĲĦĲŔƻĲƖШƨЮ 

¶ ΤфƚŔŰёĲũĲƻĲ
ƨђШŔƚШƣőĲШůċƓƓŔŰŊШŉƨŰĦƣŔŸŰШы~[ĲƨьЯШƽőŔĦőШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШĲũĲƻċƣŔŸŰШċŰŊũĲШ

ŸŉШƣőĲШƚċƣĲũũŔƣĲШĲШƽŔƣőШƖĲƚƓĲĦƣШƣŸШƖĲĦĲŔƻĲƖШƨШыĲũĲƻĲ
ƨьЮ 

¶ ŉШŔƚШƣőĲШŉƖĲƕƨĲŰĦǃШŸŉШƣőĲШƚċƣĲũũŔƣĲШƚŔŊŰċũЮ 
¶ ÑE9ЮŔƚШƣőĲШƕƨċŰƣŔƣǃШŸŉШŉƖĲĲШĲũĲĦƣƖŸŰŔĦШƓĲƖШƚƕƨċƖĲШůĲƣĲƖЯШċŰĬШΝÑE9ЮĲƕƨċũƚШΝΜΝΣШ
ĲũĲĦƣƖŸŰƚоůΞд 

ΞЮΞЮΟ ÑƖŸƓŸƚƓőĲƖŔĦШ?Ĳũċǃ 

ĦĦŸƖĬŔŰŊШƣŸШяΟΞѐЯШƣőĲШƣƖŸƓŸƚƓőĲƖĲШŔƚШƣőĲШċƣůŸƚƓőĲƖŔĦШũċǃĲƖШĦũŸƚĲƚƣШƣŸШƣőĲШEċƖƣőѣƚШƚƨƖŉċĦĲЮШŔƣШ
ŔƚШƚƓƖĲċĬШċƓƓƖŸǂŔůċƣĲũǃШΡΜШťŔũŸůĲƣƖĲƚШċĤŸƻĲШƣőĲШĲċƖƣőШƚƨƖŉċĦĲЮШfƣШŔƚШċШŰŸŰĬŔƚƓĲƖƚŔƻĲШůĲĬŔƨůШ
ŉŸƖШ] ÉÉШŉƖĲƕƨĲŰĦŔĲƚШũĲƚƚШƣőċŰШΟΜШ]cǍЮ  ƚШċШƖĲƚƨũƣЯШŔƣШőċƚШċŰШĲƕƨċũШĲǭĲĦƣШŸŰШxрĤċŰĬШ] ÉÉШ
ŉƖĲƕƨĲŰĦŔĲƚШыxΝЯШxΞЯШċŰĬШxΡьШяΟΞѐЯШċŰĬШÉрĤċŰĬШ] ÉÉШŉƖĲƕƨĲŰĦŔĲƚШώнпϐЮШ ĦĦŸƖĬŔŰŊШƣŸШώнпϐЯШfƣШ
ĬĲũċǃƚШĤŸƣőШĦŸĬĲШċŰĬШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШĲƕƨċũũǃЮШÑőĲШƣƖŸƓŸƚƓőĲƖĲШĬĲũċǃƚШċƖĲШ
ĦũċƚƚŔǯĲĬШŔŰƣŸШƣƽŸШƣǃƓĲƚаШőǃĬƖŸƚƣċƣŔĦШыĬƖǃьШċŰĬШŰŸŰőǃĬƖŸƚƣċƣŔĦШыƽĲƣьЮШ~ŸƖĲШƣőċŰШΦΜӖШŸŉШƣőĲШ
ƣŸƣċũШĬĲũċǃШŔŰШƣőĲШƣƖŸƓŸƚƓőĲƖĲШŔƚШĬƨĲШƣŸШĬƖǃШĬĲũċǃЯШƽőŔĦőШŔƚШĦċƨƚĲĬШĤǃШĬƖǃШċŔƖЮШfƣШĦċŰШĤǃШ
ĲƚƣŔůċƣĲĬШċĦĦƨƖċƣĲũǃЮШfŰШĦŸŰƣƖċƚƣЯШũĲƚƚШƣőċŰШΝΜӖШŸŉШƣőĲШƣŸƣċũШƣƖŸƓŸƚƓőĲƖŔĦШĬĲũċǃШŔƚШĬƨĲШƣŸШƽĲƣШ
ĬĲũċǃШĦċƨƚĲĬШĤǃШƽċƣĲƖШƻċƓŸƖЮШ7ĲĦċƨƚĲШŸŉШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŔŰШƣőĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƽċƣĲƖШƻċƓŸƖШŔŰШ
ƣőĲШċƣůŸƚƓőĲƖĲЯШƣőĲШƽĲƣШĬĲũċǃШŔƚШůŸƖĲШĬŔǭŔĦƨũƣШƣŸШƓƖĲĬŔĦƣЮШ§ƻĲƖċũũЯШƣƖŸƓŸƚƓőĲƖŔĦШĬĲũċǃШŔƚШ
ċǭĲĦƣĲĬШĤǃШċƣůŸƚƓőĲƖŔĦШƓƖĲƚƚƨƖĲЯШƣĲůƓĲƖċƣƨƖĲЯШőƨůŔĬŔƣǃЯШċŰĬШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰŊũĲЮШÑőĲШ
ƣƖŸƓŸƚƓőĲƖŔĦШĬĲũċǃШĲǂƓƖĲƚƚĲĬШċƚШŉŸũũŸƽƚа 

Ὠὸὶέὴά ὤ  ά ὤ  (2.2) 

ìőĲƖĲа 

¶ ĬƣƖŸƓĲ
ƨЮŔƚШƣőĲШƣƖŸƓŸƚƓőĲƖŔĦШĬĲũċǃШĤĲƣƽĲĲŰШƣőĲШƚċƣĲũũŔƣĲШĲШċŰĬШƖĲĦĲŔƻĲƖШƨЮ 

¶ ůĬƖǃЮċŰĬЮůƽĲƣЮċƖĲШƣőĲШĬƖǃШċŰĬШƽĲƣШůċƓƓŔŰŊШŉƨŰĦƣŔŸŰЮ 
¶ üĬƖǃЮċŰĬЮüƽĲƣЮċƖĲШƣőĲШĬƖǃШċŰĬШƽĲƣШǍĲŰŔƣőШыΦΜŸьШĬĲũċǃЮ 

ΞЮΞЮΠ ÅĲĦĲŔƻĲƖШ9ũŸĦťШEƖƖŸƖШċŰĬШ ŸŔƚĲ 

ÑŸШƖĲĬƨĦĲШƣőĲШƚŔǍĲЯШĦŸƚƣШċŰĬШĦŸůƓũĲǂŔƣǃШŸŉШ] ÉÉШƖĲĦĲŔƻĲƖƚЯШĦőĲċƓШĦƖǃƚƣċũШĦũŸĦťƚШċƖĲШƨƣŔũŔǍĲĬШ
ώнпϐЮШÑőƨƚЯШƣőĲƚĲШĦũŸĦťƚШċƖĲШƖŸƨŊőũǃШƚĲƣШƣŸШƣőĲШ]ÂÉШƣŔůĲШċŰĬШĦċŰШĬƖŔŉƣШŸƻĲƖШƣŔůĲЯШĦċƨƚŔŰŊШċŰШ
ŸǭƚĲƣШĤĲƣƽĲĲŰШƣőĲШƖĲĦĲŔƻĲƖШĦũŸĦťШċŰĬШƣőĲШ] ÉÉШƖĲŉĲƖĲŰĦĲШƣŔůĲЯШƽőŔĦőШŔƚШťŰŸƽŰШċƚШƖĲĦĲŔƻĲƖШ
ĦũŸĦťШĲƖƖŸƖЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƖĲĦĲŔƻĲƖШŰŸŔƚĲШŔƚШĦċƨƚĲĬШĤǃШƖĲĦĲŔƻĲƖШƣőĲƖůċũШŰŸŔƚĲШċŰĬШ
ĬǃŰċůŔĦШƚƣƖĲƚƚШяΟΞѐЮШÅĲĦĲŔƻĲƖШĦũŸĦťШĲƖƖŸƖƚШċŰĬШŰŸŔƚĲШőċƻĲШċŰШŔůƓċĦƣШŸŰШĤŸƣőШƓƚĲƨĬŸрƖċŰŊĲШ
ċŰĬШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШяΞΠѐЮ 
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Υ 
 

ΞЮΞЮΡ ~ƨũƣŔƓċƣő 

ĦĦŸƖĬŔŰŊШƣŸШώнпϐЯШůƨũƣŔƓċƣőШŔƚШċШůċŢŸƖШƚŸƨƖĦĲШŸŉШƓŸƚŔƣŔŸŰŔŰŊШĲƖƖŸƖƚШŔŰШ] ÉÉЯШƽőŔĦőШŸĦĦƨƖƚШ
ƽőĲŰШƣőĲШƚŔŊŰċũШƖĲċĦőĲƚШƣőĲШƖĲĦĲŔƻĲƖШƻŔċШůƨũƣŔƓũĲШƓċƣőƚШĬƨĲШƣŸШƚŔŊŰċũШƖĲŉƖċĦƣŔŸŰШĤǃШĤƨŔũĬŔŰŊƚЯШ
ƣőĲШŊƖŸƨŰĬЯШċŰĬШŸƣőĲƖШŸĤŢĲĦƣƚЮШ~ƨũƣŔƓċƣőШċǭĲĦƣƚШĤŸƣőШƓƚĲƨĬŸрƖċŰŊĲШċŰĬШĦċƖƖŔĲƖШƓőċƚĲШ
ůĲċƚƨƖĲůĲŰƣƚЯШĤƨƣШŔƣШĦċƨƚĲƚШůŸƖĲШĲƖƖŸƖƚШŔŰШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚШƣőċŰШŔŰШĦċƖƖŔĲƖШ
ƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШяΟΞѐЮШÑőĲШƚŔǍĲШŸŉШůƨũƣŔƓċƣőШĲƖƖŸƖШĬĲƓĲŰĬƚШŸŰШƣőĲШƖĲĦĲŔƻĲƖШĲŰƻŔƖŸŰůĲŰƣЯШ
ƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰŊũĲЯШƚŔŊŰċũШĦőċƖċĦƣĲƖŔƚƣŔĦƚЯШċŰƣĲŰŰċШŊċŔŰШƓċƣƣĲƖŰШċŰĬШƓŸũċƖŔǍċƣŔŸŰЯШċŰĬШ
ƖĲĦĲŔƻĲƖШƚŔŊŰċũШƓƖŸĦĲƚƚŔŰŊЮШ~ƨũƣŔƓċƣőШĲƖƖŸƖШŔƚШĬŔǭŔĦƨũƣШƣŸШĲũŔůŔŰċƣĲШċƚШŔƣШĦċŰŰŸƣШĤĲШĲŰƣŔƖĲũǃШ
ƖĲůŸƻĲĬШƨƚŔŰŊШůŸĬĲũƚШċŰĬШŔƣШĦċŰŰŸƣШĤĲШƖĲŢĲĦƣĲĬШĤǃШƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊШƣĲĦőŰŔƕƨĲШŔŉШĤŸƣőШ
ƖĲĦĲŔƻĲƖƚШыƖŸƻĲƖШċŰĬШƚƣċƣŔŸŰьШĬŸШőċƻĲШĬŔǭĲƖĲŰƣШĲŰƻŔƖŸŰůĲŰƣЮШcŸƽĲƻĲƖЯШŔƣШĦċŰШĤĲШůŔƣŔŊċƣĲĬШĤǃШ
ƨƚŔŰŊШƚƓĲĦŔċũШċŰƣĲŰŰċƚШыĲЮŊЮЯШĦőŸťĲШƖŔŰŊШċŰƣĲŰŰċьШċŰĬШċƓƓũǃŔŰŊШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШůċƚťШяΟΞѐЮШ
fŰШċĬĬŔƣŔŸŰЯШŔƣШĦŸƨũĬШĤĲШƖĲĬƨĦĲĬШĤǃШƓƖŸĦĲƚƚŔŰŊШƽŔĬĲШĤċŰĬƽŔĬƣőШƚŔŊŰċũƚШċŰĬШƨƚŔŰŊШŰċƖƖŸƽШ
ĦŸƖƖĲũċƣŸƖƚЮ 

ΞЮΞЮΣ 9ǃĦũĲШÉũŔƓ 

9ǃĦũĲШƚũŔƓШŔƚШċШĬŔƚĦŸŰƣŔŰƨŔƣǃШŸŉШƣőĲШĦƨůƨũċƣŔƻĲШĦŸƨŰƣШŸŉШĦǃĦũĲƚШĬƨĲШƣŸШƣőĲШƣĲůƓŸƖċƖǃШũŸƚƚШŸŉШ
ƚċƣĲũũŔƣĲШƚŔŊŰċũШыũŸƚƚШŸŉШũŸĦťьШяΟΟЯΟΠѐЮШxŸƚŔŰŊШƚċƣĲũũŔƣĲШƚŔŊŰċũШĦċŰШĤĲШőċƓƓĲŰĲĬШĤĲĦċƨƚĲШŸŉШ
ŸĤƚƣċĦũĲƚШыĲЮŊЮЯШĤƨŔũĬŔŰŊƚЯШċŰĬШƣƖĲĲƚьЯШĬǃŰċůŔĦШůŸƣŔŸŰЯШċŰĬШŔŸŰŸƚƓőĲƖŔĦШċŰŸůċũŔĲƚШяΟΠѐЮШ?ƨĲШ
ƣŸШƣőŔƚШũŸƚŔŰŊЯШƖĲĦĲŔƻĲƖШŔŰĦŸƖƖĲĦƣũǃШĦċũĦƨũċƣĲƚШƣőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШĦǃĦũĲƚШыĦċƖƖŔĲƖШƓőċƚĲШ
ůĲċƚƨƖĲůĲŰƣьЯШĦŸŰƚĲƕƨĲŰƣũǃЯШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŔƚШŰĲŊċƣŔƻĲũǃШċǭĲĦƣĲĬШяΟΡЯΟΣѐЮШÑŸШ
ůċŔŰƣċŔŰШőŔŊőШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЯШĦǃĦũĲШƚũŔƓШƚőŸƨũĬШĤĲШĬĲƣĲĦƣĲĬШċŰĬШƖĲƓċŔƖĲĬЮШÉċƣĲũũŔƣĲШ
ƚŔŊŰċũШƽŔƣőШĦǃĦũĲШƚũŔƓШĦċŰШĲċƚŔũǃШĤĲШŔŊŰŸƖĲĬШŉŸƖШċШƓĲƖŔŸĬШƨŰƣŔũШŔƣШĤĲĦŸůĲƚШƚƣċĤũĲШċŊċŔŰЮШяΞΠѐЯШŸƖШ
ŔƣШĦċŰШĤĲШĦŸƖƖĲĦƣĲĬШĤċƚĲĬШŸŰШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШĦŸĬĲШċŰĬШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШыĦŸĬĲр
ƓőċƚĲьЯШċŰĬШĬŸƓƓũĲƖШůĲċƚƨƖĲůĲŰƣƚШяΟΤѐЮ 

ΞЮΟ EƕƨċƣŔŸŰƚШŸŉШÂƚĲƨĬŸрÅċŰŊĲШċŰĬШ9ċƖƖŔĲƖШÂőċƚĲШ 

ÑŸШŔůƓƖŸƻĲШ] ÉÉШƓŸƚŔƣŔŸŰŔŰŊЯШƚĲƻĲƖċũШƓŸƚŔƣŔŸŰŔŰŊШƣĲĦőŰŔƕƨĲƚШƽĲƖĲШĬĲƻĲũŸƓĲĬЯШŔŰĦũƨĬŔŰŊШ
ÉÂÂЯШ?] ÉÉЯШċŰĬШÂÂÂЮШfŰШÉÂÂЯШƣőĲШũŸĦċƣŔŸŰШŸŉШċШƨƚĲƖШƖĲĦĲŔƻĲƖШŔƚШĬĲƣĲƖůŔŰĲĬШƨƚŔŰŊШƓƚĲƨĬŸр
ƖċŰŊĲШůĲċƚƨƖĲůĲŰƣЮШEŔƣőĲƖШƓƚĲƨĬŸрƖċŰŊĲШŸƖШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШŔƚШƨƚĲĬШŉŸƖШ
ƓŸƚŔƣŔŸŰŔŰŊШŔŰШ?] ÉÉЮШìőĲƖĲċƚШĤŸƣőШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚШċŰĬШĦċƖƖŔĲƖШƓőċƚĲШ
ůĲċƚƨƖĲůĲŰƣƚШċƖĲШƨƚĲĬШƣŸШũŸĦċƣĲШƨƚĲƖШƖĲĦĲŔƻĲƖШŔŰШÂÂÂЮШÑőĲШŸĤƚĲƖƻċƣŔŸŰШĲƕƨċƣŔŸŰШŸŉШШƓƚĲƨĬŸр
ƖċŰŊĲШċŰĬШĦċƖƖŔĲƖШƓőċƚĲШċƖĲШƓƖĲƚĲŰƣĲĬШŔŰШĲƕƨċƣŔŸŰƚШыΞЮΟьШċŰĬШыΞЮΠьЯШƖĲƚƓĲĦƣŔƻĲũǃЮ 

 

ὖὙ ” ὧ‏ὸ ὸ‏ ὨὭέὲὨὸὶέὴ‐ (2.3) 

ƽőĲƖĲЯ 
¶ ὖὙШŔƚШŸĤƚĲƖƻĲĬШĦŸĬĲШĬŔƚƣċŰĦĲШыƓƚĲƨĬŸрƖċŰŊĲьШĤĲƣƽĲĲŰШċШƚċƣĲũũŔƣĲШыĲьШċŰĬШƨƚĲƖШ
ƖĲĦĲŔƻĲƖШыƨьШŔŰШƨŰŔƣĲШŸŉШůĲƣĲƖƚЮ 
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Φ 
 

¶ ”ШŔƚШŊĲŸůĲƣƖŔĦШƖċŰŊĲШыƣƖƨĲШĬŔƚƣċŰĦĲьШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШыĲьШċŰĬШƖĲĦĲŔƻĲƖШыƨьЮШfƣШŔƚШĲƕƨċũƚШШ

” Ὕ Ὕ  ὢ ὢ ὣ ὣ ὤ ὤ ЮШὢȟὣȟὤ  ŀǊŜ ƚċƣĲũũŔƣĲШыĲьШ
ĦŸŸƖĬŔŰċƣĲƚЯШƽőŔũĲШὢȟὣȟὤ ШċƖĲШƖĲĦĲŔƻĲƖШыƨьШĦŸŸƖĬŔŰċƣĲƚЮШ 

¶ ὧШŔƚШƣőĲШƚƓĲĲĬШŸŉШƣőĲШũŔŊőƣШŔŰШƣőĲШƻċĦƨƨůЯШƽőŔĦőШĲƕƨċũƚШΞΦΦЯΤΦΞЯΠΡΥШůĲƣƖĲƚоƚĲĦŸŰĬЮШ 
 ὸШċƖĲШƣőĲШĦũŸĦťШŸǭƚĲƣШŸŉШƚċƣĲũũŔƣĲШыĲьШċŰĬШƖĲĦĲŔƻĲƖШыƨьШŉƖŸůШ]ÂÉШƣŔůĲЮ‏ὸШċŰĬШ‏ ¶
¶ ὨὭέὲШŔƚШŔŸŰŸƚƓőĲƖŔĦШĬĲũċǃШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШыĲьШċŰĬШƖĲĦĲŔƻĲƖШыƨьШŔŰШůĲƣĲƖƚЮ 
¶ ὨὸὶέὴШŔƚШƣƖŸƓŸƚƓőĲƖŔĦШĬĲũċǃШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШыĲьШċŰĬШƖĲĦĲŔƻĲƖШыƨьШŔŰШůĲƣĲƖƚЮ 
¶ ‐ШŔƚШŊĲŰĲƖċũШĲƖƖŸƖШƚŸƨƖĦĲЯШŔŰĦũƨĬŔŰŊШůƨũƣŔƓċƣőЯШƣőĲƖůċũШŰŸŔƚĲЯШĬǃŰċůŔĦШƚƣƖĲƚƚЯШċŰĬШ
ƖĲĦĲŔƻĲƖШĦũŸĦťШĲƖƖŸƖШŔŰШůĲƣĲƖƚШяΞΠѐЮ 

 

ʇ• ” ὧ‏ὸ ὸ‏ ʇὔ  ὨὭέὲὨὸὶέὴ‐ (2.4) 

ƽőĲƖĲЯ 
¶ •  is ŸĤƚĲƖƻĲĬШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣШĤĲƣƽĲĲŰШċШƚċƣĲũũŔƣĲШыĲьШċŰĬШƨƚĲƖШƖĲĦĲŔƻĲƖШ
ыƨьШŔŰШƨŰŔƣĲШŸŉШĦǃĦũĲЮ 

¶ ʇШŔƚШĦċƖƖŔĲƖШƽċƻĲũĲŰŊƣőЯШƽőŔĦőШĲƕƨċũƚШʇ ÃȾÆЮШὧШŔƚШƣőĲШƚƓĲĲĬШŸŉШƣőĲШũŔŊőƣШůоƚĲĦЯШċŰĬШŉЮ
ŔƚШƚċƣĲũũŔƣĲШƚŔŊŰċũШŉƖĲƕƨĲŰĦǃШcǍЮ 

¶ ὔШŔƚШƣőĲШĦŸƖƖĲĦƣŔŸŰШŸŉШŔŰŔƣŔċũШƓőċƚĲШċůĤŔŊƨŔƣǃШŔŰШƨŰŔƣĲШŸŉШĦǃĦũĲЮШ 
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Chapter 3 ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬƚ 
Various methods have been used for selecting satellites, and these methods have relied on 
selection criteria. Based on these criteria, the satellites selection methods can be divided 
into five categories: 1) satellite angles, 2) satellite signal power, 3) Geometric Dilution of 
Precision (GDOP), 4) Weighted GDOP (WGDOP), and 5) positioning residuals.  

ΟЮΝ ÉċƣĲũũŔƣĲШŰŊũĲƚ 

ÉċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőШċŰŊũĲƚШas well as the angles between the satellites őċƻĲШĤĲĲŰШ
ċŰШċƓƓƖŸċĦőШƣŸШŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШĤǃШƖĲůŸƻŔŰŊШƓŸŸƖШċŰĬШƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲШƚŔŊŰċũƚЮШThe 
satellite's location relative to the earth's GNSS receiver is critical for positioning accuracy. 
ÉċƣĲũũŔƣĲШƚŔŊŰċũƚШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШƣŸ  ůƨũƣŔƓċƣőШяΟΥЯΟΦѐЯШċŰĬШ
ŔŸŰŸƚƓőĲƖŔĦШċŰĬШƣƖŸƓŸƚƓőĲƖŔĦШĤŔċƚĲƚШώоуΣплϐЮШƚШċШƖĲƚƨũƣЯШƣőĲƚĲШĬĲŉĲĦƣŔƻĲШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШ
ĦċŰШŰĲŊċƣŔƻĲũǃШŔůƓċĦƣШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШfŰШċĬĬŔƣŔŸŰЯШƚċƣĲũũŔƣĲƚќШŊĲŸůĲƣƖŔĦШĬŔƚƣƖŔĤƨƣŔŸŰШŔƚШ
ŔůƓŸƖƣċŰƣШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШÑƖċĦťŔŰŊШĦƖŸƽĬĲĬШƚċƣĲũũŔƣĲƚШŔŰШŸŰĲШƓċƖƣШŸŉШƣőĲШƖĲĦĲŔƻĲƖШ
ƚťǃШŔŰĦƖĲċƚĲƚШƣőĲШƨŰĦĲƖƣċŔŰƣǃШǍŸne of the receiver positionШы[ŔŊƨƖĲШΟЮΝьЮШƚШƣőĲШƨncertainty 

zoneШĲǂƓċŰĬƚЯШƣőĲШĲƖƖŸƖШŔŰШƖĲĦĲŔƻĲƖШƓŸƚŔƣŔŸn ŔŰĦƖĲċƚĲƚШώнпϐЮШÉċƣĲũũŔƣĲƚШċƖĲШĦŸŰƚŔĬĲƖĲĬШ
ƖĲĬƨŰĬċŰƣШƽőĲŰШƣőĲǃШĦŸŰƣƖŔĤƨƣĲШũŔƣƣũĲШƣŸШŔůƓƖŸƻŔŰŊШƣőĲШŊĲŸůĲƣƖŔĦШĬŔƚƣƖŔĤƨƣŔŸŰбШƖĲůŸƻŔŰŊШ
ƣőĲůШƖĲĬƨĦĲƚШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШώпмϐЮШ ƚШċШƖĲƚƨũƣЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШĦőŸƚĲŰШĤċƚĲĬШ
ŸŰШƣőĲŔƖШċŰŊũĲƚШƣŸШċĦőŔĲƻĲШƣƽŸШŊŸċũƚаШΝьШƣŸШċƻŸŔĬШĬĲŉĲĦƣŔƻĲШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШċŰĬШΞьШƣŸШƖĲůŸƻĲШ
ƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲШƚŔŊŰċũƚЮ 

 

[ŔŊƨƖĲЮΦдΤЮÂŸƚŔƣŔŸŰŔŰŊЮĲƖƖŸƖЮĬƨĲЮƣŸЮƚċƣĲũũŔƣĲƚЮĬŔƚƣƖŔĤƨƣŔŸŰЮёŊĲŸůĲƣƖǃђжЮђЮŊŸŸĬЮƚċƣĲũũŔƣĲЮŊĲŸůĲƣƖǃЮċŰĬЮ
7ђЮĤċĬЮƚċƣĲũũŔƣĲЮŊĲŸůĲƣƖǃдЮÑőĲЮŊƖĲĲŰЮĦĲŰƣƖĲĬЮĦŔƖĦũĲƚЮċƖĲЮƣőĲЮƖĲċũЮĬŔƚƣċŰĦĲЮŉƖŸůЮƚċƣĲũũŔƣĲƚЮƣŸЮƖĲĦĲŔƻĲƖдЮ
ÑőĲЮĤũċĦťЮƚŔĬĲЮĦŔƖĦũĲƚЮċƖĲЮƣőĲЮĲƖƖŸƖЮůĲċƚƨƖĲůĲŰƣƚЮĤĲƣƽĲĲŰЮƚċƣĲũũŔƣĲƚЮċŰĬЮƖĲĦĲŔƻĲƖЮŸĤƣċŔŰĲĬЮĤǃЮƣőĲЮ

ƖĲĦĲŔƻĲƖдЮÑőĲЮƖĲĬЮċƖĲċЮŔƚЮƣőĲЮċƖĲċЮŸŉЮƨŰĦĲƖƣċŔŰƣǃд  



9őċƓƣĲƖШΟШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬƚ 
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ΟЮΝЮΝ ƻŸŔĬŔŰŊШ?ĲŉĲĦƣŔƻĲШÉċƣĲũũŔƣĲШÉŔŊŰċũƚ 

ƚШůĲŰƣŔŸŰĲĬШĤĲŉŸƖĲЯШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШƣŸШĲƖƖŸƖƚШ
ĬƨĲШƣŸШůƨũƣŔƓċƣőЯШŔŸŰŸƚƓőĲƖŔĦЯШċŰĬШƣƖŸƓŸƚƓőĲƖŔĦЮШÑŸШƖĲĬƨĦĲШƣőĲШŔůƓċĦƣШŸŉШƣőĲƚĲШĲƖƖŸƖƚШŸŰШ
ƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЯШŔƣШŔƚШŰĲĦĲƚƚċƖǃШƣŸШŔŊŰŸƖĲШũŸƽрĲũĲƻċƣŔŸŰШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШƨƚŔŰŊШ9ƨƣрŸǭШ
EũĲƻċƣŔŸŰШ ŰŊũĲШы9E ьШяΟΥѐЮШÑőĲШĦŸůůŸŰШĲũĲƻċƣŔŸŰШċŰŊũĲƚШċƓƓũŔĲĬШŉŸƖШ9E ШċƖĲШΝΜШċŰĬШΝΡШ
ĬĲŊƖĲĲƚШώпнϐЮШcŸƽĲƻĲƖЯШůƨũƣŔƓċƣőƚШĦċŰШĲǂŔƚƣШċƣШőŔŊőĲƖШĲũĲƻċƣŔŸŰШċŰŊũĲƚШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШ
ƚƨƖƖŸƨŰĬŔŰŊШĲŰƻŔƖŸŰůĲŰƣЯШƚƨĦőШċƚШƨƖĤċŰШċƖĲċƚШĬƨĲШƣŸШƣċũũШĤƨŔũĬŔŰŊƚШяΠΟѐЮШ 

ÑőĲƖĲŉŸƖĲЯШƚĲƻĲƖċũШƚƣƨĬŔĲƚШώпнΣппςпуϐШőċƻĲШŔŰƻĲƚƣŔŊċƣĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƨƚŔŰŊШ9E ШƽŔƣőШċŰШ
ĲũĲƻċƣŔŸŰШċŰŊũĲШŊƖĲċƣĲƖШƣőċŰШΝΡШĬĲŊƖĲĲƚЮШfŰШƣőĲƚĲШƚƣƨĬŔĲƚЯШĲũĲƻċƣŔŸŰШůċƚťƚШƨƓШƣŸШΠΜШĬĲŊƖĲĲƚШ
ƽĲƖĲШƣĲƚƣĲĬШƨƚŔŰŊШƚŔŰŊũĲШċŰĬШĬƨċũШŉƖĲƕƨĲŰĦŔĲƚЯШċƚШƽĲũũШċƚШƚŔŰŊũĲШċŰĬШůƨũƣŔƓũĲШƚċƣĲũũŔƣĲШ
ƚǃƚƣĲůƚШыůƨũƣŔр] ÉÉьЮШ?ĲƚƓŔƣĲШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШůŸĬĲƚШƣőĲǃШƨƚĲĬШыƖĲċũрƣŔůĲШťŔŰĲůċƣŔĦШыÅÑuьШ
ώпнΣпрςптϐЯШťŔŰĲůċƣŔĦр?] ÉÉШяΠΥѐШċŰĬШƚƣċƣŔĦрÂÂÂШώппϐьЯШċũũШċŊƖĲĲĬШƣőċƣШőŔŊőШĲũĲƻċƣŔŸŰШůċƚťШ
ыŔЮĲЮЯШ9E ьШŔƚШċĦőŔĲƻċĤũĲШċŰĬШĦċŰШƓƖŸƻŔĬĲШĤĲƣƣĲƖШ] ÉÉШƖĲƚƨũƣƚШƨƚŔŰŊШůƨũƣŔƓũĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůШ
ċƚШůŸƖĲШƚċƣĲũũŔƣĲƚШċƖĲШċƻċŔũċĤũĲЮШ 

ĦĦŸƖĬŔŰŊШƣŸШяΠΦѐЯШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШĤċƚĲĬШŸŰШ9E ШŔƚШƣőĲШƚŔůƓũĲƚƣШċŰĬШƣőĲШũĲċƚƣШ
ƣŔůĲрĦŸŰƚƨůŔŰŊЯШĤƨƣШŔƣШőċƚШƣƽŸШũŔůŔƣċƣŔŸŰƚЮШ[ŔƖƚƣЯШőŔŊőШĲũĲƻċƣŔŸŰШůċƚťШċŰŊũĲƚШƖĲĬƨĦĲШƣőĲШ
ċƻċŔũċĤŔũŔƣǃШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚЯШƽőŔĦőШĦċŰШċǭĲĦƣШƓŸƚŔƣŔŸŰŔŰŊШĦŸŰƣŔŰƨŔƣǃЮШÉĲĦŸŰĬЯШŰŸШĦũĲċƖШ
ƚƣċŰĬċƖĬШĬĲǯŰĲƚШƣőĲШċƓƓƖŸƓƖŔċƣĲШőĲŔŊőƣШŉŸƖШƣőĲШĲũĲƻċƣŔŸŰШůċƚťШƨŰĬĲƖШĬŔǭĲƖĲŰƣШĦŸŰĬŔƣŔŸŰƚШƣŸШ
ċĦőŔĲƻĲШċШőŔŊőШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШƚċƣĲũũŔƣĲƚШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚШĦċŰШ
ŔůƓƖŸƻĲШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖŔĦШ ĬŔƚƣƖŔĤƨƣŔŸŰШώрлϐЮ  cŸƽĲƻĲƖЯШ9EрĤċƚĲĬШ ƚċƣĲũũŔƣĲШ ƚĲũĲĦƣŔŸŰШ
ƓƖĲƻĲŰƣƚШƣőĲШƨƚĲШŸŉШőŔŊőрƕƨċũŔƣǃШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚЮ 

ΟЮΝЮΞ EũŔůŔŰċƣŔŰŊШÅĲĬƨŰĬċŰƣШÉċƣĲũũŔƣĲШÉŔŊŰċũƚ 

ÅĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲƚШĦŸŰƣƖŔĤƨƣĲШũŔƣƣũĲШƣŸШƣőĲШŊĲŸůĲƣƖŔĦШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƻŔƚŔĤũĲШƚċƣĲũũŔƣĲƚбШ
ƖĲůŸƻŔŰŊШƣőĲůШƖĲĬƨĦĲƚШƣőĲШŰƨůĤĲƖШŸŉШĦŸůƓƨƣċƣŔŸŰƚШƖĲƕƨŔƖĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШώпмϐЮШƚШċШ
ƖĲƚƨũƣЯШƚĲƻĲƖċũШůĲƣőŸĬƚШŉŸƖШƖĲůŸƻŔŰŊШƣőĲƚĲШƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲƚШƽĲƖĲШċƓƓũŔĲĬЮШ ĦĦŸƖĬŔŰŊШƣŸШ
ώпмΣрмϐЯШƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲƚШĦċŰШĤĲШƖĲůŸƻĲĬШĤċƚĲĬШŸŰШƣőĲШƚċƣĲũũŔƣĲƚѣШxŔŰĲрŸŉрÉŔŊőƣШыx§ÉьШ
ƻĲĦƣŸƖƚЯШƽőŔĦőШƖĲƓƖĲƚĲŰƣШƣőĲШƚƣƖċŔŊőƣШƓċƣőШĤĲƣƽĲĲŰШƣőĲШƚċƣĲũũŔƣĲƚШċŰĬШƣőĲШƖĲĦĲŔƻĲƖШы[ŔŊƨƖĲШ
ΟЮΞьЮШШ7ċƚĲĬШŸŰШƣőĲШƚŔůŔũċƖŔƣǃШŸŉШƣőĲШƚċƣĲũũŔƣĲƚѣШx§ÉЯШƣőĲШƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲƚШĬĲǯŰĲĬЮШÑőĲШ
ƚċƣĲũũŔƣĲƚѣШx§ÉШƚŔůŔũċƖŔƣǃШƽċƚШŢƨĬŊĲĬШĤǃШċШĦŸƚƣШŉƨŰĦƣŔŸŰШĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШƣőĲШċŰŊũĲШ
ĤĲƣƽĲĲŰШƣƽŸШƚċƣĲũũŔƣĲƚѣШx§ÉШƨƚŔŰŊШEƕƨċƣŔŸŰШыΟЮΝ)ЮШ 
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Figure 3.2 satellite line-of-sight vector  
 

ὐ  ὧέίς—  (3.1 ) 

ƽőĲƖĲЯШШὐШŔƚШƣőĲШĦŸƚƣШŉƨŰĦƣŔŸŰШċŰĬШ—ШŔƚШƣőĲШċŰŊũĲШĤĲƣƽĲĲŰШὭШċŰĬШὮ ƚċƣĲũũŔƣĲƚЮШÑőĲШĦŸƚƣШ
ŉƨŰĦƣŔŸŰШőċƚШƣőĲШůċǂŔůƨůШƻċũƨĲШƽőĲŰШШ— Ш ШΜШŸƖШΝΥΜШĬĲŊƖĲĲƚЯШƽőŔũĲШŔƣШőċƚШƣőĲШůŔŰŔůШƻċũƨĲШ
ƽőĲŰШШ— Ш ШΦΜШĬĲŊƖĲĲƚЮШÑőĲШǯƣŰĲƚƚШŸŉШὭШƚċƣĲũũŔƣĲƚШŔƚШƣőĲШƚƨůШŸŉШŔƣƚШĦŸƚƣШŉƨŰĦƣŔŸŰШƽŔƣőШċũũШ
ƻŔƚŔĤũĲШƚċƣĲũũŔƣĲƚШы ьШƨƚŔŰŊШEƕƨċƣŔŸŰШыΟЮΞ)Ю 

  ὐ  ὧέίς—  (3.2 ) 

fŰШ ċĬĬŔƣŔŸŰЯШ ƖĲĬƨŰĬċŰƣШ ƚċƣĲũũŔƣĲƚШ ƖĲũǃŔŰŊШ ŸŰШ ƚċƣĲũũŔƣĲƚќШ ĲũĲƻċƣŔŸŰШ ċŰĬШ ċǍŔůƨƣőШ ċŰŊũĲƚЮШ
ĦĦŸƖĬŔŰŊШƣŸШìĲŔШĲƣЮċũдШяΞΝѐЯШŔŉШƣƽŸШƚċƣĲũũŔƣĲƚШőċĬШĲǂƣƖĲůĲũǃШƚŔůŔũċƖШċǍŔůƨƣőШċŰŊũĲƚЯШŸŰĲШŸŉШ
ƣőĲůШŔƚШƖĲůŸƻĲĬШĤċƚĲĬШŸŰШŔƣƚШĦŸŰƣƖŔĤƨƣŔŸŰШƣŸШĬŔƚƣƖŔĤƨƣŔŸŰШƣŸШƣőĲШŸƻĲƖċũũШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШ
ƚċƣĲũũŔƣĲƚШƻŔċШĲũĲƻċƣŔŸŰШċŰŊũĲƚЮШ 

ĦĦŸƖĬŔŰŊШƣŸШìĲŔШĲƣЮċũдШяΡΝѐЯШƖĲŢĲĦƣŔŰŊШƣőĲШƖĲĬƨŰĬċŰƣШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШ
ċŰĬШċǍŔůƨƣőШċŰŊũĲƚШŔƚШŉċƚƣЯШċƚШŔƣШċƻŸŔĬƚШĦċũĦƨũċƣŔŸŰƚШċŰĬШƖĲũǃŔŰŊШŸŰШĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőШ
ċŰŊũĲƚШƣŸШƚĲũĲĦƣШƣőĲШƚċƣĲũũŔƣĲƚЮШcŸƽĲƻĲƖЯШŔƣШƓƖŸƻŔĬĲƚШũĲƚƚШċĦĦƨƖċƣĲШƖĲƚƨũƣƚШĦŸůƓċƖŔŰŊШƣŸШƣőĲШ
x§ÉШ ůĲƣőŸĬЮШ fŰШ ĦŸŰƣƖċƚƣЯШ ƣőĲШ ĦŸůƓƨƣċƣŔŸŰċũШ ũŸċĬШ ŔŰШ ƣőĲШx§ÉШůĲƣőŸĬШ ŔƚШ ũċƖŊĲƖШ ċŰĬШ
ƚŸůĲƣŔůĲƚШƖĲƚƨũƣƚШŔŰШċŰШĲǂƣƖĲůĲũǃШőŔŊőШыƓŸŸƖьШ]?§ÂШƻċũƨĲШώпмϐЮШÑŸШŔůƓƖŸƻĲШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЯШƣőƖĲĲШĲŰőċŰĦĲĬШůĲƣőŸĬƚШċƖĲШƓƖŸƓŸƚĲĬШŔŰШƣőĲШŉŸũũŸƽŔŰŊШƚƣƨĬŔĲƚШώрмςроϐЮШÑƽŸШŸŉШ
ƣőĲůШċƖĲШĤċƚĲĬШŸŰШx§ÉШώрнΣроϐЯШƽőŔũĲШƣőĲШƣőŔƖĬШĦŸůĤŔŰĲƚШƣőĲůШяΡΝѐЮШfŰШƣőĲШƣőƖĲĲШƚƣƨĬŔĲƚЯШƣőĲШ
ŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƽĲƖĲШƚĲũĲĦƣĲĬШŉƖŸůШċШƣŸƣċũШŸŉШΦШ]ÂÉШƚċƣĲũũŔƣĲƚЮШÑőĲǃШƽĲƖĲШƚĲũĲĦƣĲĬШ
ĤǃШÑƽŸШƣĲĦőŰŔƕƨĲƚаШŔьШx§ÉШċŰĬШŔŔьШƓƖŸƓŸƚĲĬШƣĲĦőŰŔƕƨĲЮШ9ŸůƓċƖĲĬШƣŸШċĦƣƨċũШŸƓƣŔůċũШ

ÅĲĦĲŔƻĲƖ

xŔŰĲШŸŉШƚŔŊőƣ
ыx§Éь
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ΝΟ 
 

ƚċƣĲũũŔƣĲƚЯШƣőĲŔƖШƓƖŸƓŸƚĲĬШƣĲĦőŰŔƕƨĲШĦőŸƚĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƽŔƣőШ]?§ÂШƻċũƨĲШĦũŸƚĲƖШƣŸШ
ċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƣőċŰШx§ÉЮШÑőĲШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŉƖŸůШƣőĲШ
ƣőƖĲĲШƚƣƨĬŔĲƚШőċƚШŰŸƣШĤĲĲŰШĲƻċũƨċƣĲĬЮ 

ΟЮΞ ÉċƣĲũũŔƣĲШÉŔŊŰċũƚШÂŸƽĲƖ 

ÑőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШŔƚШĦƖŔƣŔĦċũШŉŸƖШƓƖĲĦŔƚĲШ] ÉÉЮШяΡΠѐШÑőĲШĦċƖƖŔĲƖрƣŸрŰŸŔƚĲШĬĲŰƚŔƣǃШ
ы9о ΜьШċŰĬШƚŔŊŰċũрƣŸрŰŸŔƚĲШƖċƣŔŸШыÉ ÅьШċƖĲШƣƽŸШƓċƖċůĲƣĲƖƚШƣőċƣШĬĲƚĦƖŔĤĲШƣőĲШƚƣƖĲŰŊƣőШŸŉШ
ƚċƣĲũũŔƣĲШƚŔŊŰċũƚЮШÑőĲШ9о ΜШŔƚШƣőĲШƖċƣŔŸШŸŉШĦċƖƖŔĲƖШƓŸƽĲƖШƣŸШŰŸŔƚĲШƓŸƽĲƖШƓĲƖШƨŰŔƣШĤċŰĬƽŔĬƣőШ
яΡΡѐЯШċŰĬШŔƣШŔƚШůĲċƚƨƖĲĬШŔŰШĬĲĦŔĤĲũƚШƓĲƖШőĲƖƣǍШыĬ7рcǍьШяΟΥѐЮШìőĲƖĲċƚШƣőĲШÉ ÅШŔƚШƣőĲШƖċƣŔŸШŸŉШ
ƚŔŊŰċũШƣŸШŰŸŔƚĲШƓŸƽĲƖШċƣШċШŊŔƻĲŰШĤċŰĬƽŔĬƣőШяΡΡѐШċŰĬШŔƣШŔƚШƨƚƨċũũǃШĲǂƓƖĲƚƚĲĬШŔŰШĬĲĦŔĤĲũƚШыĬ7ьШ
яΡΣѐЮШcŸƽĲƻĲƖЯШŔŰШƚĲƻĲƖċũШƚƣƨĬŔĲƚШƣőĲǃШőċƻĲШĤĲĲŰШƨƚĲĬШŔŰШŔŰƣĲƖĦőċŰŊĲċĤũǃЯШċƚШŔŰШƣőĲШŉŸũũŸƽŔŰŊШ
ƚƣƨĬŔĲƚШяΡΣтΡΥѐЯШċƚШÉ ÅШƽċƚШĲǂƓƖĲƚƚĲĬШĤǃШĬ7рcǍЮШ9о ΜШċŰĬШÉ ÅШƻċũƨĲƚШċƖĲШƖĲĦŸƖĬĲĬШĤǃШ
ƖĲĦĲŔƻĲƖШяΡΡѐЯШċŰĬШƣőĲǃШĦċŰШĤĲШĦőċŰŊĲĬШŉƖŸůШŸŰĲШƖĲĦĲŔƻĲƖШƣŸШċŰŸƣőĲƖШяΡΠЯΡΦЯΣΜѐЮШÑőĲШ9о ΜШ
ƻċũƨĲШŉƖŸůШċŰШŔĬĲċũШƖĲĦĲŔƻĲƖШƖċŰŊĲШĤĲƣƽĲĲŰШΟΤШċŰĬШΠΡШĬ7рcǍШяΣΝѐЮ 

xŸƽШ9о ΜШċŰĬШÉ ÅШƻċũƨĲƚШŔŰĬŔĦċƣĲƚШũŸƽШƚċƣĲũũŔƣĲШƚŔŊŰċũШƕƨċũŔƣǃШώснΣсоϐЮШ§ŰĲШŸŉШƣőĲШŉċĦƣŸƖƚШ
ƣőċƣШŔŰǰƨĲŰĦĲШƣőĲШƚċƣĲũũŔƣĲШƚŔŊŰċũШƚƣƖĲŰŊƣőШŔƚШůƨũƣŔƓċƣőШώспϐЮШ ƚШċШƖĲƚƨũƣЯШ9о ΜШċŰĬШÉ ÅШƻċũƨĲƚШ
őċƻĲШĤĲĲŰШƨƚĲĬШƣŸШƖĲĬƨĦĲШůƨũƣŔƓċƣőШĲƖƖŸƖƚШĤǃШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚЯШċŰĬШƣőĲǃШĦċŰШĤĲШĦũċƚƚŔǯĲĬШ
ŔŰƣŸШƣƽŸШĦċƣĲŊŸƖŔĲƚаШÉ ÅШƻċũƨĲШċƣШƚŔŰŊũĲШĲƓŸĦőШċŰĬШƣőĲШǰƨĦƣƨċƣŔŸŰШÉ ÅШƻċũƨĲШŸƻĲƖШƓĲƖŔŸĬШŸŉШ
ƣŔůĲЮ 

ΟЮΞЮΝ É ÅШéċũƨĲ 

É ÅШƻċũƨĲШċƣШƚŔŰŊũĲШĲƓŸĦőШоШƣŔůĲШŔƚШċŰШċƓƓƖŸċĦőШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШfƣШĬĲƣĲƖůŔŰĲƚШċШÉ ÅШ
ƣőƖĲƚőŸũĬШċŰĬШƖĲŢĲĦƣƚШċŰǃШƚċƣĲũũŔƣĲШƽŔƣőШċŰШÉ ÅШƻċũƨĲШĤĲũŸƽШŔƣЮШÑőĲШÉ ÅШƣőƖĲƚőŸũĬШĦċŰШĤĲШǯǂШ
ŸƖШƻċƖŔċĤũĲШĤċƚĲĬШŸŰШĲũĲƻċƣŔŸŰШċŰŊũĲЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШÉ ÅШƣőƖĲƚőŸũĬШƽċƚШǯǂШċƣШΟΣШĬ7рcǍШŔŰШ
яΡΣѐЮШfƣШƽċƚШƻċƖŔċĤũĲШĤċƚĲĬШŸŰШƣőĲШĲũĲƻċƣŔŸŰШċŰŊũĲƚШŔŰШƣőĲƚĲШƚƣƨĬŔĲƚШώрсΣсрΣссϐЮШ?ŔǭĲƖĲŰƣШ
ƓŸƚŔƣŔŸŰŔŰŊШůŸĬĲƚШƽĲƖĲШƨƚĲĬШŔŰШƣőƖĲĲШƚƣƨĬŔĲƚаШÉÂÂЯШ?р] ÉÉЯШċŰĬШÅÑuЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШÉ ÅШ
ŸƖШ9о ΜШƣőƖĲƚőŸũĬШĤċƚĲĬШŸŰШĲũĲƻċƣŔŸŰШƖĲƕƨŔƖĲƚШΞΠШőŸƨƖƚШŸŉШƚƣċƣŔƚƣŔĦċũШƚċƣĲũũŔƣĲШĬċƣċШŔŰШŸƓĲŰШ
ƚťǃШĲŰƻŔƖŸŰůĲŰƣШώсрΣссϐЮШ7ċƚĲĬШŸŰШƣőŔƚШƚƣċƣŔƚƣŔĦċũШĬċƣċЯШƣőĲШƣǃƓŔĦċũоƖĲŉĲƖĲŰĦĲШƚŔŊŰċũШƚƣƖĲŰŊƣőШ
ыŔЮĲЮЯШÉ ÅШŸƖШ9о ΜьШŉŸƖШĲċĦőШƚċƣĲũũŔƣĲШƚǃƚƣĲůШċŰĬШŉƖĲƕƨĲŰĦǃШŔƚШĬĲƣĲƖůŔŰĲĬШώсрϐЮШfŰШƣőƖĲĲШ
ƚƣƨĬŔĲƚШώрсΣсрΣссϐЯШƣőĲШƣőƖĲƚőŸũĬШŉŸƖШÉ ÅШŸƖШ9о ΜШƽċƚШƚĲƣШĤĲũŸƽШƣőĲШƖĲŉĲƖĲŰĦĲШƚŔŊŰċũШƓŸƽĲƖШ
ĤǃШΤрΥШĬ7рcǍЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШůƨũƣŔƓċƣőШƖĲĬƨĦĲШƚċƣĲũũŔƣĲШƚŔŊŰċũШƓŸƽĲƖШĤǃШΣШĬ7ШяΠΟѐЮШ 

ĦĦŸƖĬŔŰŊШƣŸШÑŸťƨƖċШċŰĬШuƨĤŸШώсрϐЯШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƨƚŔŰŊШĲũĲƻċƣŔŸŰрĬĲƓĲŰĬĲŰƣШƣőƖĲƚőŸũĬШ
ŔŰĦƖĲċƚĲĬШƚċƣĲũũŔƣĲШċƻċŔũċĤŔũŔƣǃШĤǃШċĤŸƨƣШыΜЮΣӖьЮШìőĲƖĲċƚШŔƣШŔŰĦƖĲċƚĲĬШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШ
ĤǃШůŸƖĲШƣőċŰШΡΜӖШĦŸůƓċƖĲĬШƣŸШŸƖŔŊŔŰċũШ?р] ÉÉШώссϐЮШ ĦĦŸƖĬŔŰŊШƣŸШÖċƖċƣċŰċƽŸŰŊШĲƣШċũЮШяΡΣѐЯШ
ƽőŸШċƓƓũŔĲĬШƣőĲШƣƽŸШƣĲĦőŰŔƕƨĲƚШыǯǂĲĬШċŰĬШĲũĲƻċƣŔŸŰрĬĲƓĲŰĬĲŰƣШƣőƖĲƚőŸũĬьШŉŸƖШÉÂÂЯШƣőĲШ
ĲũĲƻċƣŔŸŰрĬĲƓĲŰĬĲŰƣШÉ ÅШƣőƖĲƚőŸũĬШƓƖŸƻŔĬĲĬШċШőŔŊőĲƖШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШċŰĬШ
ĤĲƣƣĲƖШƓŸƚŔƣŔŸŰŔŰŊШċƻċŔũċĤŔũŔƣǃЯШƽŔƣőШċŰШċƻĲƖċŊĲШŸŉШΣЮΝΞШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШċŰĬШΦΝЮΣΜӖШ
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ΝΠ 
 

ƓŸƚŔƣŔŸŰŔŰŊШ ċƻċŔũċĤŔũŔƣǃЯШ ĦŸůƓċƖĲĬШ ƣŸШ ΡЮΡΠШ ċƻċŔũċĤũĲШ ƚċƣĲũũŔƣĲƚШ ċŰĬШ ΣΣЮΥΟӖШ ƓŸƚŔƣŔŸŰŔŰŊШ
ċƻċŔũċĤŔũŔƣǃШŉŸƖШƣőĲШǯǂĲĬШƣőƖĲƚőŸũĬЮШcŸƽĲƻĲƖЯШƣőĲШǯǂĲĬШÉ ÅШƣőƖĲƚőŸũĬШŸƨƣƓĲƖŉŸƖůĲĬШƣőĲШ
ĲũĲƻċƣŔŸŰрĬĲƓĲŰĬĲŰƣШ ůĲƣőŸĬШ ŔŰШ ƣĲƖůƚШ ŸŉШ ƓŸƚŔƣŔŸŰŔŰŊШ ċĦĦƨƖċĦǃЯШ ŔůƓƖŸƻŔŰŊШ őŸƖŔǍŸŰƣċũШ
ċĦĦƨƖċĦǃШĤǃШΠΣЮΥΜӖШċŰĬШƻĲƖƣŔĦċũШċĦĦƨƖċĦǃШĤǃШΝΞЮΥΥӖШĦŸůƓċƖĲĬШƣŸШƣőĲШŸƖŔŊŔŰċũШÉÂÂШůĲƣőŸĬЮШ
fŰШĦŸŰƣƖċƚƣЯШƣőĲШĲũĲƻċƣŔŸŰрĬĲƓĲŰĬĲŰƣШÉ ÅШƣőƖĲƚőŸũĬШŸŰũǃШŔůƓƖŸƻĲĬШőŸƖŔǍŸŰƣċũШċĦĦƨƖċĦǃШĤǃШ
ΡЮΥΟӖШċŰĬШĬĲĦƖĲċƚĲĬШƻĲƖƣŔĦċũШċĦĦƨƖċĦǃШĤǃШΡЮΟΤӖШĦŸůƓċƖĲĬШƣŸШƣőĲШŸƖŔŊŔŰċũШÉÂÂШůĲƣőŸĬЮ 

ΟЮΞЮΞ É ÅШ[ũƨĦƣƨċƣŔŸŰШéċũƨĲ 

É ÅШǰƨĦƣƨċƣŔŸŰШŔƚШċŰŸƣőĲƖШċƓƓƖŸċĦőШƣőċƣШƽċƚШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƨƚŔŰŊШƚŔŊŰċũШ
ƚƣƖĲŰŊƣőЮШfƣШƣĲĦőŰŔƕƨĲШĦőĲĦťŔŰŊШƣőĲШĦőċŰŊŔŰŊШŸŉШÉ ÅШƻċũƨĲƚШŸƻĲƖШƓĲƖŔŸĬШŸŉШƣŔůĲЮШĦĦŸƖĬŔŰŊШƣŸШ
[ċŰŊШĲƣШċũЮШяΠΟѐЯШÉ ÅШǰƨĦƣƨċƣĲƚШŊĲƣШũċƖŊĲШċƚШƣőĲШƚŔŊŰċũШƕƨċũŔƣǃШĬĲĦƖĲċƚĲƚЮ  ÑőƨƚЯШƣőĲǃШ
ĲƚƣŔůċƣĲĬШƣőĲШÉ ÅШǰƨĦƣƨċƣŔŸŰШыŔЮĲЮЯШƚƣċŰĬĲƖШĬĲƻŔċƣŔŸŰьШŸŉШĲċĦőШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬШƨƚŔŰŊШ
EƕƨċƣŔŸŰШыΟЮΟ )ШfŉШƚċƣĲũũŔƣĲќƚШÉ ÅШǰƨĦƣƨċƣŔŸŰШƽċƚШŸƻĲƖШƣőĲШƣőƖĲƚőŸũĬШыEƕƨċƣŔŸŰыΟЮΠ )ьЯШƣőĲШ
ƚċƣĲũũŔƣĲШ ƚŔŊŰċũШ ƽċƚШ ƖĲŢĲĦƣĲĬЮШ 9ŸůƓċƖĲĬШ ƣŸШ ƣőĲШ ƣƖċĬŔƣŔŸŰċũШ ƖĲũċƣŔƻĲШ ƓŸƚŔƣŔŸŰŔŰŊЯШ É ÅШ
ǰƨĦƣƨċƣŔŸŰШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƖĲĬƨĦĲƚШƣőĲШĲƖƖŸƖШŔŰШEċƚƣŔŰŊЯШ ŸƖƣőŔŰŊШċŰĬШőĲŔŊőƣШĤǃШΥΤӖЯШΥΜӖЯШ
ΥΜӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮШШ 

ίὸὨὛὔὙ
ρ

ὔ
ὛὔὙ ‘  (3.3 ) 

 

ίὸὨὛὔὙ ὝὬὶὩίὬέὰὨ (3.4 ) 

where, ίὸὨὛὔὙ is ὛὔὙ fluctuation  for a satellite during T period, N is the total number 
observed (epochs), ὛὔὙ is ὛὔὙ value of ith epoch, ͙ Юis the mean of ὛὔὙ values over T period, 
and ὝὬὶὩίὬέὰὨ is SNR fluctuation threshold, which was set to 4 dB because multipath 
affected satellite SNR values to have a std around 4 dB in preliminary tests [43] . 

xŸƽрĲũĲƻċƣŔŸŰШƚċƣĲũũŔƣĲƚШŊĲŰĲƖċũũǃШőċƻĲШũŸƽШƚŔŊŰċũШƕƨċũŔƣǃШċƚШƣőĲǃШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШƣŸШ
ůƨũƣŔƓċƣőШĲƖƖŸƖƚШяΠΟѐЮШcŸƽĲƻĲƖЯШĬƨĲШƣŸШƣċũũШĤƨŔũĬŔŰŊƚШŔŰШƨƖĤċŰШċƖĲċƚЯШĲƻĲŰШőŔŊőрĲũĲƻċƣŔŸŰШ
ƚċƣĲũũŔƣĲƚШċƖĲШċǭĲĦƣĲĬШĤǃШůƨũƣŔƓċƣőШяΠΟѐЮШfŰШƣőĲƚĲШƚĦĲŰċƖŔŸƚЯШƣőĲШĤĲŰĲǯƣШŸŉШƣőĲШĦőŸƚĲŰШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШƚŔŊŰċũШƕƨċũŔƣǃШы9о ΜШċŰĬШÉ ÅьШĤĲĦŸůĲƚШŸĤƻŔŸƨƚЮШÉƣƖŸŰŊШƚċƣĲũũŔƣĲШ
ƚŔŊŰċũƚШ ĦċŰШ ĤĲШ ĦőŸƚĲŰШ ƖĲŊċƖĬũĲƚƚШ ŸŉШ ƣőĲШ ƚċƣĲũũŔƣĲШ ũŸĦċƣŔŸŰШыŔЮĲЮЯШ ĲũĲƻċƣŔŸŰьЮШcŸƽĲƻĲƖЯШ
ƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŔƚШċũƚŸШċǭĲĦƣĲĬШĤǃШŸƣőĲƖШŉċĦƣŸƖƚЯШƚƨĦőШċƚШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШώстΣсуϐЮШ ƚШ
ċШƖĲƚƨũƣЯШĦőŸŸƚŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШƚŔŊŰċũШƕƨċũŔƣǃШċũŸŰĲШŔƚШŔŰƚƨǭŔĦŔĲŰƣЮ 

ΟЮΟ ]ĲŸůĲƣƖŔĦШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰШы]?§Âь 
ÑőĲШċĦĦƨƖċĦǃШŸŉШ] ÉÉШƚŸũƨƣŔŸŰШƖĲũŔĲƚШŸŰШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲƚШůĲċƚƨƖĲůĲŰƣƚШċŰĬШƚċƣĲũũŔƣĲШ
ŊĲŸůĲƣƖǃЯШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШыΟЮΡ)ШώнпΣонϐЮШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰШы?§ÂьШŔƚШċШƓċƖċůĲƣĲƖШƣőċƣШ
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ΝΡ 
 

ĬĲƚĦƖŔĤĲƚШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲƚШŊĲŸůĲƣƖǃЮШfƣШĦċŰШĤĲШŉŸƖůĲĬШƣŸШĲǂƓƖĲƚƚШƣőĲШŔůƓċĦƣШŸŉШ
ƚċƣĲũũŔƣĲШ ŊĲŸůĲƣƖǃШ ŸŰШ őŸƖŔǍŸŰƣċũШ ƓŸƚŔƣŔŸŰŔŰŊШ ыc?§ÂьЯШ ƻĲƖƣŔĦċũШ ƓŸƚŔƣŔŸŰŔŰŊШ ыé?§ÂьЯШ Ο?Ш
ƓŸƚŔƣŔŸŰŔŰŊШыÂ?§ÂьЯШĦũŸĦťШŸǭƚĲƣШыÑ?§ÂьЯШċŰĬШċũũШƣőĲШċĤŸƻĲШƣŸŊĲƣőĲƖШыƓŸƚŔƣŔŸŰŔŰŊШċŰĬШƣŔůĲьШċƚШ
]ĲŸůĲƣƖŔĦШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰШы]?§ÂьШяΟΞѐЮ  ÑőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШŔůƓƖŸƻĲƚШċƚШ
ƣőĲШƚċƣĲũũŔƣĲƚШƚƓƖĲċĬШŸƨƣШŔŰШƣőĲШƚťǃЮШìőĲŰШƚċƣĲũũŔƣĲƚШċƖĲШĦŸŰĦĲŰƣƖċƣĲĬШŔŰШċШƚŔŰŊũĲШũŸĦċƣŔŸŰЯШ
ƣőĲŔƖШƕƨċũŔƣǃШĬĲĦƖĲċƚĲƚЮШ ƚШċШƖĲƚƨũƣƚЯШƣőŔƚШƖĲĬƨĦĲƚШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШяΣΦЯΤΜѐЯШċƚШƣőĲШ
ƨŰĦĲƖƣċŔŰƣǃШƖĲŊŔŸŰШŊƖŸƽƚШы[ŔŊƨƖĲШΟЮΝьЮШÑőĲШ?§ÂШƻċũƨĲШŔƚШƚőŸƽŰШŔŰШÑċĤũĲШΟЮΝЯШċŰĬШŔƣШŔŰĦƖĲċƚĲƚШ
ċƚШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШĬĲĦƖĲċƚĲƚЮ 

„ ὟὉὙὉ  Ὀὕὖ (3.5 ) 

ìőĲƖĲШШ͠ŔƚШƣőĲШċĦĦƨƖċĦǃШŸŉШ] ÉÉШƚŸũƨƣŔŸŰЯШὟὉὙὉШŔƚШƣőĲШƨƚĲƖШĲƕƨŔƻċũĲŰƣШƖċŰŊĲШĲƖƖŸƖЯШċŰĬШ
ὈὕὖШĬŔũƨƣŔŸŰШŸŉШƓƖĲĦŔƚŔŸŰЮ 

 

 

 

 

 

 

 

Due to the importance of GDOP in positioning accuracy, various studies used GDOP in 
satellite selection. ÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĤċƚĲĬШŸŰШ]?§ÂШĦċŰШĤĲШĬĲƣĲƖůŔŰĲĬШƚŔůƓũǃШ
ċŰĬШċĦĦƨƖċƣĲũǃШĤǃШĦőĲĦťŔŰŊШƣőĲШ]?§ÂШƻċũƨĲШŉŸƖШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƨƚŔŰŊШEƕƨċƣŔŸŰШ
ыΟЮΣьЮШÑőĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШƣőĲШũŸƽĲƚƣШ]?§ÂШƻċũƨĲШŔƚШƣőĲŰШĦŸŰƚŔĬĲƖĲĬШŸƓƣŔůċũЮШÑőŔƚШ
ĲǂőċƨƚƣŔƻĲШƚĲċƖĦőШƣĲĦőŰŔƕƨĲШŔƚШťŰŸƽŰШċƚШƣőĲШƣƖċĬŔƣŔŸŰċũШůĲƣőŸĬШыÑ~ьЮШ 

ὋὈὕὖ ὸὶὌὌ  (3.6 ) 
 

Ὄ  

ὧέίὉίὭὲὃ ὧέίὉὧέίὃ ίὭὲὉ ρ

ὧέίὉίὭὲὃ ὧέίὉὧέίὃ ίὭὲὉ ρ
ể

ὧέίὉίὭὲὃ
ể

ὧέίὉὧέίὃ
ể

ίὭὲὉ
ể
ρ

 (3.7 ) 

ƽőĲƖĲЯШὸὶаШШŔƚШƣőĲШƣƖċĦĲЯШcЮŔƚШƣőĲШŊĲŸůĲƣƖǃШůċƣƖŔǂЯШὌШŔƚШċШƣƖċŰƚƓŸƚĲШŸŉШŊĲŸůĲƣƖǃШůċƣƖŔǂШыcьЯШ
ċŰĬШὌὌ ШŔƚШƣőĲШŔŰƻĲƖƚĲШŸŉШůĲċƚƨƖĲůĲŰƣШůċƣƖŔǂШὌὌЮШÑőĲШEŰШċŰĬШŰШċƖĲШƣőĲШĲũĲƻċƣŔŸŰШ
ċŰĬШċǍŔůƨƣőШċŰŊũĲƚШŸŉШƣőĲШŰƣőШƚċƣĲũũŔƣĲЮШEċĦőШƚċƣĲũũŔƣĲШƚǃƚƣĲůШőċƚШŔƣƚШŸƽŰШƣŔůĲШƚǃƚƣĲůЯШċŰĬШ

Table 3.1 DOP value ratingsЮ[71] 

 

DOP value Ratings

1 Ideal
2 - 4 Excellent
4 - 6 Good
6 - 8 Moderate
8 - 20 Fair
20 - 50 Poor
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ĦŸŰƚŔĬĲƖŔŰŊШƣőŔƚШĬŔǭĲƖĲŰĦĲШŔŰШƓŸƚŔƣŔŸŰŔŰŊШƽŔũũШŔŰĦƖĲċƚĲƚШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШяΞΠѐЮШ ƚШċШ
ƖĲƚƨũƣЯШƣőŔƚШĦŸŰƚŔĬĲƖċƣŔŸŰШƽŔũũШċũƚŸШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШяΝΠѐЮШÑőĲШcШŔƚШ
ĦċũĦƨũċƣĲĬШƨƚŔŰŊШEƕƨċƣŔŸŰШыΟЮΥ)ШƣċťŔŰŊШŔŰƣŸШċĦĦŸƨŰƣШƣőĲШĬŔǭĲƖĲŰĦĲШŔŰШƚċƣĲũũŔƣĲШƚǃƚƣĲůШƣŔůŔŰŊЮ 

Ὄ  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὧέίὉ ίὭὲὃ

ể
ὧέίὉ ὧέίὃ

ể
ίὭὲὉ
ể

ρ π π
ể ể ể

ὧέίὉ ίὭὲὃ
ὧέίὉ ίὭὲὃ

ὧέίὉ ὧέίὃ
ὧέίὉ ὧέίὃ

ίὭὲὉ
ίὭὲὉ

ρ π π
π ρ π

ể
ὧέίὉ ίὭὲὃ
ὧέίὉ ίὭὲὃ

ể
ὧέίὉ ίὭὲὃ

ể
ὧέίὉ ὧέίὃ
ὧέίὉ ὧέίὃ

ể
ὧέίὉ ὧέίὃ

ể
ίὭὲὉ
ίὭὲὉ
ể

ίὭὲὉ

ể ể ể
π ρ π
π π ρ
ể ể ể
π π ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
ủ
Ủ

 (3.8 ) 

ÑőĲШÑ~ШŔƚШċШƚƣƖċŔŊőƣŉŸƖƽċƖĬШċƓƓƖŸċĦőШƣőċƣШƚĲũĲĦƣƚШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШΝΜΜӖШċĦĦƨƖċĦǃШċƚШ
ƣőĲШĲǭŔĦŔĲŰĦǃШыŔЮĲЮЯШ]?§ÂШƻċũƨĲьШŸŉШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШċƖĲШĦőĲĦťĲĬЮШcŸƽĲƻĲƖЯШƣőĲШ
ŔŰƻĲƖƚŔŸŰШůċƣƖŔǂШƣőċƣШƨƚĲШƣŸШĦċũĦƨũċƣĲШ]?§ÂШыEƕƨċƣŔŸŰШыΟЮΣььШŔƚШċШĦŸůƓƨƣċƣŔŸŰċũШũŸċĬШШяΤΞѐЮШ
ƚШċШƖĲƚƨũƣЯШƣőĲШÑ~ШĦċŰШĤĲШƣŔůĲрĦŸŰƚƨůŔŰŊШƽőĲŰШŔƣШĦċũĦƨũċƣĲƚШƣőĲШ]?§ÂШƻċũƨĲШŸŉШċũũШƓŸƚƚŔĤũĲШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШяΤΟѐЯШĲƚƓĲĦŔċũũǃШŔŉШƣőĲŔƖШŰƨůĤĲƖШƽċƚШũċƖŊĲЮШÑŸШċƻŸŔĬШƣőŔƚШĦŸůƓƨƣċƣŔŸŰċũШũŸċĬЯШ
ƻċƖŔŸƨƚШƣĲĦőŰŔƕƨĲƚШŔŰĦũƨĬŔŰŊШƣőĲШĦũŸƚĲĬрŉŸƖůШƚŸũƨƣŔŸŰЯШůċǂŔůƨůШƻŸũƨůĲЯШċƖƣŔǯĦŔċũШŰĲƨƖċũШ
ŰĲƣƽŸƖťШы   ьЯШċŰĬШŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШƚĲũĲĦƣШŸƓƣŔůċũШƚċƣĲũũŔƣĲШ
ƚƨĤƚĲƣƚШĤċƚĲĬШŸŰШ]?§ÂЮШ 

ΟЮΟЮΝ 9ũŸƚĲĬр[ŸƖůШ[ŸƖůƨũċ 

ÑőĲШĦũŸƚĲШŉŸƖůШŔƚШċШůċƣőĲůċƣŔĦċũШĲǂƓƖĲƚƚŔŸŰШƖĲŉĲƖƚШƣŸШċШůċƣőĲůċƣŔĦċũШŸƓĲƖċƣŔŸŰШƣőċƣШĦċŰШĤĲШ
ĦŸůƓũĲƣĲĬШŔŰШċШũŔůŔƣĲĬШŰƨůĤĲƖШŸŉШŸƓĲƖċƣŔŸŰƚШώтпϐЮШÑŸШċƻŸŔĬШƣőĲШőƨŊĲШĦŸůƓƨƣċƣŔŸŰċũШĤƨƖĬĲŰШ
ŸŉШĦċũĦƨũċƣŔŰŊШƣőĲШ]?§ÂШƽŔƣőШƣőĲШŔŰƻĲƖƚŔŸŰШůċƣƖŔǂЯШĬŔǭĲƖĲŰƣШĦũŸƚĲĬрŉŸƖůШŉŸƖůƨũċƚШƽĲƖĲШ
ċƓƓũŔĲĬШŔŰШƣőĲƚĲШƚƣƨĬŔĲƚШώтрςтуϐЮШ[ŸƖШĲǂċůƓũĲЯШ?ŸŸŰŊШыΞΜΜΦьШяΤΣѐШƓƖŸƓŸƚĲĬШċШĦũŸƚĲĬрŉŸƖůШ
ŉŸƖůƨũċШƣŸШĦċũĦƨũċƣĲШƣőĲШ]?§ÂШƻċũƨĲШŉŸƖШŸŰĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůЯШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШыΟЮΦ)Ю 

ὋὈὕὖ 
πȢυὬ ρȢυὬὬ Ὤ

σὬ
 (3.9 ) 

ìőĲƖĲЯШὬȟὬШċŰĬШὬ ċƖĲШƣőĲШƣƖċĦĲШŸŉШ~ЯШ~ΥЯШċŰĬШ~ΦЯШƽőŔũĲШőΠШŔƚШƣőĲШĬĲƣĲƖůŔŰċŰƣШŸŉШ~дЮÑőĲЮ
ůĲċƚƨƖĲůĲŰƣШůċƣƖŔǂШё~ђЮŔƚШĦŸůƓƨƣĲĬШĤǃШƣőĲШŊĲŸůĲƣƖǃШůċƣƖŔǂЮёcђеЮƽőĲƖĲЮ~ШӀШыcÑcьЮ 

ÑőĲШĦũŸƚĲĬрŉŸƖůШŉŸƖůƨũċШĦċŰШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦĲШƣőĲШĦŸůƓƨƣċƣŔŸŰċũШĦŸůƓũĲǂŔƣǃШŸŉШŔŰƻĲƖƚŔŸŰШ
ůċƣƖŔǂШŔŰШÑ~ЯШũĲċĬŔŰŊШƣŸШĦŸůƓƨƣĲШ]?§ÂШƻċũƨĲШƽŔƣőШũĲƚƚШĦŸůƓƨƣċƣŔŸŰШũŸċĬШƨƚŔŰŊШĦũŸƚĲĬрŉŸƖůШ
ŉŸƖůƨũċШяΤΦЯΥΜѐЮШcŸƽĲƻĲƖЯШƣőĲШŰƨůĤĲƖШŸŉШĦċũĦƨũċƣŔŸŰƚШĦċŰŰŸƣШĤĲШƖĲĬƨĦĲĬШƽŔƣőШƣőĲШĦũŸƚĲĬр
ŉŸƖůШŉŸƖůƨũċЯШƚŸШŔƣШĤĲĦŸůĲƚШƣŔůĲрĦŸŰƚƨůŔŰŊШƽőĲŰШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚШяΥΝѐЮШ
[ƨƖƣőĲƖůŸƖĲЯШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШĦũŸƚĲĬрŉŸƖůШŉŸƖůƨũċШŔŰШƣőĲШċĤŸƻĲШŉŸƨƖШƚƣƨĬŔĲƚШőċƻĲШ
ŰŸƣШĤĲĲŰШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШƽŔƣőШċŰǃШťŔŰĬЮШ 
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ΟЮΟЮΞ ~ċǂŔůƨůШéŸũƨůĲ 

ƣШũĲċƚƣШŉŸƨƖШƚċƣĲũũŔƣĲƚШċƖĲШƖĲƕƨŔƖĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊЮШÑőĲШĤĲƚƣШŊĲŸůĲƣƖǃШŸŉШŉŸƨƖШƚċƣĲũũŔƣĲƚШŔƚШċШ
ƣĲƣƖċőĲĬƖŸŰЯШĤǃШŸŰĲШƚċƣĲũũŔƣĲШĬŔƖĲĦƣũǃШċĤŸƻĲШƣőĲШƖĲĦĲŔƻĲƖШċŰĬШƣőƖĲĲШŰĲċƖШƣőĲШőŸƖŔǍŸŰЯШΝΞΜШ
ĬĲŊƖĲĲƚШċƓċƖƣШŔŰШċǍŔůƨƣőШы[ŔŊƨƖĲШΟЮΟьШяΥΞЯΥΟѐЮШÑőĲШ]?§ÂШƻċũƨĲШĬĲĦƖĲċƚĲƚШыŔůƓƖŸƻĲƚьШċƚШƣőĲШ
ƣĲƣƖċőĲĬƖŸŰѣƚШƻŸũƨůĲШŔŰĦƖĲċƚĲƚШώунςупϐЮШƚШċШƖĲƚƨũƣЯШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŔŰĦƖĲċƚĲƚШĤǃШ
ůċǂŔůŔǍŔŰŊШƣőĲШƣĲƣƖċőĲĬƖŸŰШƻŸũƨůĲШяΥΡѐЮШÉĲƻĲƖċũШƚƣƨĬŔĲƚШяΥΞЯΥΡЯΥΣѐШőċƻĲШƚĲũĲĦƣĲĬШƣőĲШ
ŸƓƣŔůċũШŉŸƨƖШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШůċǂŔůŔǍŔŰŊШƣőĲШƣĲƣƖċőĲĬƖċũШƚŔǍĲЮШÑŸШƚĲũĲĦƣШƣőĲШŸƓƣŔůċũШ
ƚƨĤƚĲƣШŸŉШůŸƖĲШƣőċŰШŉŸƨƖШƚċƣĲũũŔƣĲƚЯШŸƣőĲƖШƚƣƨĬŔĲƚШώуΣутΣууϐШőċƻĲШůċǂŔůŔǍĲĬШƣőĲШƓŸũǃőĲĬƖŸŰШ
ƚŔǍĲЮШfŰШ ċĬĬŔƣŔŸŰЯШŸƣőĲƖШ ƚƣƨĬŔĲƚШώуфΣфлϐШůċǂŔůŔǍĲĬШƣőĲШ ƓŸũǃŊŸŰШċƖĲċШыŔЮĲЮЯШ ŸƖƣőŸŊŸŰċũШ
ƓƖŸŢĲĦƣŔŸŰьШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƚƨĤƚĲƣЮШ 

[ƖŸůШƣőĲШċĤŸƻĲШĲŔŊőƣШƚƣƨĬŔĲƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШůċǂŔůƨůШƻŸũƨůĲЯШƚŔůƨũċƣŔŸŰШ
] ÉÉШĬċƣċШƽĲƖĲШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰШƣőƖĲĲШƚƣƨĬŔĲƚШώуΣутΣуфϐЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШ
ƚċƣĲũũŔƣĲƚШƚĲũĲĦƣĲĬШŔŰШƣőĲШċĤŸƻĲШĲŔŊőƣШƚƣƨĬŔĲƚШƽĲƖĲШŰŸƣШĲƻċũƨċƣĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШĲǂĦĲƓƣШŉŸƖШ
ŸŰĲШƚƣƨĬǃШяΥΥѐЮШfŰШƣőŔƚШƚƣƨĬǃШяΥΥѐЯШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШůċǂŔůƨůШƻŸũƨůĲШƽĲƖĲШ
ŔůƓũĲůĲŰƣĲĬШŉŸƖШÉÂÂЮШÑőĲŔƖШΟ?ШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШƽċƚШƽŸƖƚĲШĤǃШċĤŸƨƣШΠΠӖШƣőċŰШŸƖŔŊŔŰċũШ
ÉÂÂШƨƚŔŰŊШċũũШƚċƣĲũũŔƣĲƚШы]ÂÉШċŰĬШ7?ÉьЮ 

ÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШůċǂŔůƨůШƻŸũƨůĲШĦċŰШĤĲШŔůƓũĲůĲŰƣĲĬШĤǃШƣƽŸШůĲƣőŸĬƚаШΝьШ
ƻŸũƨůĲШ ĦŸůƓƨƣċƣŔŸŰШ ċŰĬШ ΞьШ ƚċƣĲũũŔƣĲƚШ ƚĲƓċƖċƣŔŸŰ  яΥΡѐЮШfŰШ ƣőĲШ ǯƖƚƣШ ċƓƓƖŸċĦőЯШ ƣőĲШ
ƣĲƣƖċőĲĬƖŸŰоƓŸũǃőĲĬƖŸŰШƻŸũƨůĲШŸŉШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŔƚШĦŸůƓƨƣĲĬЯШċŰĬШƣőĲШ
ũċƖŊĲƚƣШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŔƚШĦőŸƚĲŰШċƚШƣőĲШŸƓƣŔůċũЮШfŰШƣőĲШƚĲĦŸŰĬШůĲƣőŸĬЯШƚċƣĲũũŔƣĲШċŰŊũĲƚШċƖĲШ
ƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШƽőŔĦőШŔƚШƣőĲШŊƖŸƨƓШŸŉШƚċƣĲũũŔƣĲƚШƣőċƣШċƖĲШƣőĲШ
ŉċƖƣőĲƚƣШċƓċƖƣЮШFor example, Noe et al. chose the three satellites with the greatest separating 
in the Easting, Northing, and Zenith directions, then selected the fourth satellite that form 
the tetrahedron with the biggest volumeШяΥΡѐ. 

ĦĦŸƖĬŔŰŊШƣŸШüƨŸрǃċШĲƣШċũЮШяΥΡѐЯШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШůċǂŔůƨůШƻŸũƨůĲШƨƚŔŰŊШĤŸƣőШ
ƣĲĦőŰŔƕƨĲƚШŔƚШŉċƚƣĲƖШƣőċŰШÑ~ЯШĲƚƓĲĦŔċũũǃШƣőĲШƚċƣĲũũŔƣĲШƚĲƓċƖċƣŔŸŰШůĲƣőŸĬЮШcŸƽĲƻĲƖЯШƣőĲǃШċƖĲШ
ũĲƚƚШċĦĦƨƖċƣĲШƣőċŰШÑ~ШяΤΡЯΥΝЯΦΝѐЯШċƚШƣőĲШůĲƣőŸĬШŉŸĦƨƚĲƚШŸŰШůċǂŔůŔǍŔŰŊШƣőĲШƻŸũƨůĲШċŰĬШŰŸƣШ
ŸŰШƣőĲШ]?§ÂШƻċũƨĲШяΥΝЯΦΞѐЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШĦŸůƓƨƣċƣŔŸŰШũŸċĬШŔƚШŰŸƣШĲǭĲĦƣŔƻĲũǃШƖĲĬƨĦĲĬШŔŰШ
ƣőĲШƻŸũƨůĲШĦŸůƓƨƣċƣŔŸŰШůĲƣőŸĬЯШċƚШŔƣШŔŰĦƖĲċƚĲƚШƽŔƣőШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƨƚĲĬШяΥΝЯΦΞѐЮ 



9őċƓƣĲƖШΟШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬƚ 
 

 

ΝΥ 
 

 

Figure 3.3 The tetrahedron of four satellites  

ΟЮΟЮΟ ƖƣŔǯĦŔċũШ ĲƨƖċũШ ĲƣƽŸƖťШы   ь 

  ШŔƚШċШůċĦőŔŰĲШũĲċƖŰŔŰŊШċũŊŸƖŔƣőůШƣőċƣШĤĲũŸŰŊƚШƣŸШƣőĲШǯĲũĬШŸŉШċƖƣŔǯĦŔċũШŔŰƣĲũũŔŊĲŰĦĲШы fьЮШfƣШ
ƽċƚШĬĲƻĲũŸƓĲĬШƣŸШƚŔůƨũċƣĲШƣőĲШĤŔŸũŸŊŔĦċũШŰĲƨƖċũШŰĲƣƽŸƖťƚШŸŉШƣőĲШőƨůċŰШĤƖċŔŰЮШ  ШũĲċƖŰШ
ŉƖŸůШŔŰƓƨƣШĬċƣċШŢƨƚƣШũŔťĲШőƨůċŰƚШяΦΟѐЯШċŰĬШƣőĲШŔŰŉŸƖůċƣŔŸŰШŊċŔŰĲĬШŉƖŸůШũĲċƖŰŔŰŊШŔƚШƚƣŸƖĲĬШċƚШ
ƽĲŔŊőƣƚШƣőċƣШŔŰǰƨĲŰĦĲШƣőĲШŸƨƣƓƨƣШяΦΠѐЮШ  ШőċƚШĤƖŸċĬũǃШĤĲĲŰШƨƚĲĬШŉŸƖШĬŔǭĲƖĲŰƣШƓƖŸĤũĲůƚШ
ώфрϐЮШ§ŰĲШŸŉШƣőĲƚĲШŔƚƚƨĲƚШŔƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШƣőĲШ]?§ÂШыĲЮŊЮЯШώупΣфсςффϐьЮШ
cŸƽĲƻĲƖЯШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰШƣőĲƚĲШƚƣƨĬŔĲƚШőċƻĲШŰŸƣШĤĲĲŰШĲƻċũƨċƣĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЮ 

  ШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШƓŸƽĲƖŉƨũШ fШċũŊŸƖŔƣőůƚШяΝΜΜѐЮШÑőĲШ]?§ÂШĦŸůƓƨƣċƣŔŸŰċũШũŸċĬШĦċŰШĤĲШ
ƖĲĬƨĦĲĬШƨƚŔŰŊШ   ШċƚШŔƣШĬŸĲƚШŰŸƣШƖĲƕƨŔƖĲШƣőĲШŔŰƻĲƖƚŔŸŰШůċƣƖŔǂШŉŸƖШ]?§ÂШĬĲƣĲƖůŔŰċƣŔŸŰШ
ώфсΣмлмΣмлнϐЮШcŸƽĲƻĲƖЯШ   ШƖĲƕƨŔƖĲƚШĦŸƚƣũǃШƣƖċŔŰŔŰŊЯШƽőŔĦőШĤĲĦŸůĲƚШƨƚĲũĲƚƚШƽőĲŰШƣőĲШĬċƣċШ
ĬĲƻŔċƣĲƚШƚŔŊŰŔǯĦċŰƣũǃШŉƖŸůШƣőĲШƣƖċŔŰŔŰŊШĬċƣċШώтсΣмлоϐ 

ΟЮΟЮΠ §ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚ 

§ƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůƚШċƖĲШůċƣőĲůċƣŔĦċũШƓƖŸĦĲĬƨƖĲƚШƣőċƣШċŔůШƣŸШǯŰĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШƣŸШ
ċШŊŔƻĲŰШƓƖŸĤũĲůЮШÑőĲǃШőċƻĲШĤĲĲŰШƽŔĬĲũǃШƨƚĲĬШŔŰШċШƻċƖŔĲƣǃШŸŉШǯĲũĬƚЯШŔŰĦũƨĬŔŰŊШfШċŰĬШůċĦőŔŰĲШ
ũĲċƖŰŔŰŊЮШ[ƨƖƣőĲƖůŸƖĲЯШŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШ
]?§ÂШыĲЮŊЮЯШώтΣффΣмлмΣмлпςмлтϐьЮШ?ŔǭĲƖĲŰƣШŸƓƣŔůċũŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШƨƚĲĬШŔŰШƣőĲƚĲШ
ƚƣƨĬŔĲƚШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ?ĲƚƓŔƣĲШƣőĲШƻċƖŔċƣŔŸŰШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔŰШƣőĲƚĲШ
ƚƣƨĬŔĲƚЯШƣőĲŔƖШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШőċƻĲШŰŸƣШĤĲĲŰШƨƚĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊЮ 

xŔťĲШ   ЯШ ŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůƚШ ĬŸШ ŰŸƣШ ƖĲƕƨŔƖĲШ ƣőĲШŔŰƻĲƖƚŔŸŰШůċƣƖŔǂШŉŸƖШ ]?§ÂШ
ĦŸůƓƨƣċƣŔŸŰШώмлуϐЮШ ÑőŔƚШ ƖĲĬƨĦĲƚШ ƣőĲШ ]?§ÂШ ĦŸůƓƨƣċƣŔŸŰШ ũŸċĬЮШ 9ŸůƓċƖĲĬШ ƣŸШ   ЯШ
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ΝΦ 
 

ŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůƚШĬŸШŰŸƣШƖĲƕƨŔƖĲШƣƖċŔŰŔŰŊЯШƽőŔĦőШůċťĲШƣőĲůШŉċƚƣĲƖШƣőċŰШ   ШώффϐЮШfŰШ
ċĬĬŔƣŔŸŰЯШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШĦőŸŸƚĲШƚċƣĲũũŔƣĲ  ƚƨĤƚĲƣШƽŔƣőШőŔŊőШƕƨċũŔƣǃШяΤЯΝΜΡѐЮШÑőĲǃШĦċŰШ
ƚƨĦĦĲƚƚŉƨũũǃШƚĲũĲĦƣШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШőŔŊőШƖċƣĲШŸƻĲƖШΦΜӖШώффΣмлсϐЮШcŸƽĲƻĲƖЯШ
ƣőĲШƚƨĦĦĲƚƚŉƨũШƚĲũĲĦƣŔŸŰШƖċƣĲШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔƚШŰŸƣШǯǂĲĬШŸƖШŊƖƨŰƣĲĬЮШÑőŔƚШŔƚШ
ĤĲĦċƨƚĲШƣőĲƚĲШċũŊŸƖŔƣőůƚШƽĲƖĲШůċŔŰũǃШĬĲƚŔŊŰĲĬШƣŸШƓƖŸƻŔĬĲШƚŸũƨƣŔŸŰƚШŔŰШƚőŸƖƣШƣŔůĲШяΝΜΦт
ΝΝΝѐЮШÑŸШĬŸШƚŸЯШƣőĲǃШƣĲŰĬШƣŸШĦőŸŸƚĲШċШƖĲċƚŸŰċĤũĲШƚŸũƨƣŔŸŰЯШĲƚƓĲĦŔċũũǃШŔŰШĦŸůƓũĲǂШƓƖŸĤũĲůШ
ƣőċƣШ ƖĲƕƨŔƖĲĬШ ũŸŰŊШ ƣŔůĲШ ƣŸШ ƚŸũƻĲШ ыƖĲŉьЮШ[ƨƖƣőĲƖůŸƖĲЯШŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůƚШ ƖĲũċǃШ ŸŰШ
ƖċŰĬŸůŰĲƚƚШŔŰШƣőĲŔƖШƚĲũĲĦƣŔŸŰШƣőŔƚШůċǃШũĲċĬШƣŸШőċƻĲШĬŔǭĲƖĲŰƣШƚŸũƨƣŔŸŰШċƣШĲċĦőШƣƖċŔũ  яΝΝΜѐЮШ 

ΟЮΠ ìĲŔŊőƣĲĬШ]ĲŸůĲƣƖŔĦШ?ŔũƨƣŔŸŰШŸŉШÂƖĲĦŔƚŔŸŰШыì]?§Âь 

ÑőĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШĬĲƓĲŰĬƚШŸŰШƚċƣĲũũŔƣĲƚШŊĲŸůĲƣƖǃШы]?§ÂьШċŰĬШƓƚĲƨĬŸрƖċŰŊĲШĲƖƖŸƖШ
ыŔЮĲЮЯШÖEÅEьЯШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШыΟЮΡ)ЮШÑőƨƚЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƽŔĬĲũǃШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШ
]?§ÂЯШċƚШƓƖĲƚĲŰƣĲĬШŔŰШÉĲĦƣŔŸŰШΟЮΟЮШcŸƽĲƻĲƖЯШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШƓƚĲƨĬŸрƖċŰŊĲƚШƻċƖŔĲƚШ
ĬĲƓĲŰĬŔŰŊШ ŸŰШƚċƣĲũũŔƣĲШ ƚǃƚƣĲůЯШċƣůŸƚƓőĲƖŔĦШ ĤŔċƚĲƚШ ċŰĬШ ůƨũƣŔƓċƣőШώммнΣммоϐЮШÑőƨƚЯШ
ƚċƣĲũũŔƣĲƚќШÖEÅEШƚőŸƨũĬШĤĲШĦŸŰƚŔĬĲƖĲĬШƽőĲŰШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШƣŸШŔůƓƖŸƻĲШŸƨƣĦŸůĲƚШяΝΝΞѐЮШ
ÑŸШĦŸŰƚŔĬĲƖШĤŸƣőШ]?§ÂШċŰĬШÖEÅEШċƣШƣőĲШƚċůĲШƣŔůĲЯШƚĲƻĲƖċũШƚƣƨĬŔĲƚШĦőŸƚĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШ
ŸŰШìĲŔŊőƣĲĬШ]?§ÂШыì]?§ÂьЮШì]?§ÂШĦŸůƓƨƣĲƚШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШы]?§ÂьШĤǃШċƚƚŔŊŰŔŰŊШ
ůŸƖĲШƽĲŔŊőƣШƣŸШƚċƣĲũũŔƣĲƚШƽŔƣőШũŸƽĲƖШÖEÅEЮШÑőĲШì]?§ÂШĦċŰШĤĲШĦċũĦƨũċƣĲĬШƨƚŔŰŊШŔŰƻĲƖƚŔŸŰШ
ůċƣƖŔǂШыEƕƨċƣŔŸŰШыΟЮΝΜ)ьЮШÑŸШƖĲĬƨĦĲШŔƣШĦŸůƓƨƣċƣŔŸŰċũШũŸċĬЯШĦũŸƚĲĬрŉŸƖůШƚŸũƨƣŔŸŰШяΝΝΞЯΝΝΠѐЯШ
ůċǂŔůƨůШƻŸũƨůĲШώммоϐЯШċŰĬШċƖƣŔǯĦŔċũШŰĲƨƖċũШŰĲƣƽŸƖťШы   ьШяΤΟЯΦΞѐЯШƽĲƖĲШƨƚĲĬШƣŸШƚĲũĲĦƣШƣőĲШ
ŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĤċƚĲĬШŸŰШì]?§ÂЮШШ 

ÑőĲШÖEÅEШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШƚċƣĲũũŔƣĲШƚŔŊŰċũШƓŸƽĲƖШώммрΣммсϐЯШƽőŔĦőШĦċŰШĤĲШĲǂƓƖĲƚƚĲĬШĤǃШƣőĲШ
É ÅШċŰĬШ9о ΜЮШÉŔŰĦĲШĦċũĦƨũċƣŔŰŊШƣőĲШÖEÅEШƻċũƨĲШĦċŰШĤĲШůŸƖĲШĦŸůƓũĲǂШĦŸůƓċƖĲĬШƣŸШƣőĲШ
ƻċũƨĲШŸŉШƚŔŊŰċũШƓŸƽĲƖШыÉ ÅШċŰĬШ9о ΜьШώрлΣфнϐЯШƽőŔĦőШċƖĲШĬŔƖĲĦƣũǃШĦċũĦƨũċƣĲĬШĤǃШƣőĲШƖĲĦĲŔƻĲƖЮШ
ÑőĲƖĲŉŸƖĲЯШƣőƖĲĲШƚƣƨĬŔĲƚШώрлΣфнΣммтϐШĦőŸƚĲШƚċƣĲũũŔƣĲƚШƽŔƣőШì]?§ÂШĤċƚĲĬШŸŰШƚċƣĲũũŔƣĲШƚŔŊŰċũШ
ƓŸƽĲƖШыÉ ÅШċŰĬШ9о ΜьШƖċƣőĲƖШƣőċŰШÖEÅEЮШÑƽŸШŸŉШƣőĲůШяΦΞЯΝΝΤѐШƨƣŔũŔǍĲĬШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚЮ 

ὡὋὈὕὖ ὸὶὌὡὌ  (3.10 ) 
 

ὡ

ύ π ȣ π

π ύ π

ȣ Ệ ȣ
π π ȣ ύ

  (3.11 ) 

ƽőĲƖĲЯШcШŔƚШƣőĲШŊĲŸůĲƣƖǃШůċƣƖŔǂШĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШƣőĲШĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőШċŰŊũĲƚЯШċƚШ
ƚőŸƽŰШŔŰШEƕƨċƣŔŸŰƚШыΟЮΤьШċŰĬШыΟЮΥьЮШìШŔƚШƣőĲШƽĲŔŊőƣŔŰŊШůċƣƖŔǂЯШƽőĲƖĲШƽŰШŔƚШƣőĲШƽĲŔŊőƣШŸŉШƣőĲШ
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ΞΜ 
 

ŰƣőШƚċƣĲũũŔƣĲЮШfŰШì]?§ÂШĤċƚĲĬШŸŰШÖEÅEЯШƣőĲШƽŰШŔƚШΝоÖEÅEӊΞШяΝΝΞЯΝΝΠѐЮШfŰШĦŸŰƣƖċƚƣЯШŔƣШŔƚШÉ ÅШ
ŔŰШì]?§ÂШĤċƚĲĬШŸŰШÉ ÅШяΦΞѐЮ 

ÑőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƓƖĲƻŔŸƨƚШƚĲƻĲŰШƚƣƨĬŔĲƚШĤċƚĲĬШŸŰШì]?§ÂШƨƚŔŰŊШĬŔǭĲƖĲŰƣШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲƚаШŔьШĦũŸƚĲĬрŉŸƖůШŉŸƖůċũЯШŔŔьШůċǂŔůƨůШƻŸũƨůĲЯШŔŔŔьШ   ЯШċŰĬШƻьШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƽĲƖĲШŰŸƣШƣĲƚƣĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊЮШ 

ΟЮΡ ]?§ÂрШÅ f~ШыÅĲĦĲŔƻĲƖШ ƨƣŸŰŸůŸƨƚШfŰƣĲŊƖŔƣǃШ~ŸŰŔƣŸƖŔŰŊь 

ÑŸШƻĲƖŔŉǃШƣőĲШŔŰƣĲŊƖŔƣǃШŸŉШƚƣċŰĬрċũŸŰĲШƓŸƚŔƣŔŸŰŔŰŊШыŔЮĲЮЯШÉÂÂьЯШÅĲĦĲŔƻĲƖШ ƨƣŸŰŸůŸƨƚШfŰƣĲŊƖŔƣǃШ
~ŸŰŔƣŸƖŔŰŊШыÅ f~ьШƽċƚШĬĲƻĲũŸƓĲĬЮШfƣШĦőĲĦťƚШƣőĲШĦŸŰƚŔƚƣĲŰĦǃШŸŉШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШĤǃШ
ŸƻĲƖĬĲƣĲƖůŔŰŔŰŊШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰШώнпϐЮШÑőĲŰШŔƣШĬĲƣĲĦƣƚШċŰĬШĲǂĦũƨĬĲƚШċĤŰŸƖůċũШƚċƣĲũũŔƣĲШ
ůĲċƚƨƖĲůĲŰƣƚШƣŸШŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШÑŸШĬĲƣĲƖůŔŰĲШƖĲĦĲŔƻĲƖќƚШĦŸŸƖĬŔŰċƣĲƚШыΟ?ьШ
ċŰĬШĦũŸĦťШŸǭƚĲƣЯШŉŸƨƖШƚċƣĲũũŔƣĲƚШċƖĲШŰĲĲĬĲĬЮШcĲŰĦĲЯШǯƻĲШƚċƣĲũũŔƣĲƚШċƖĲШƖĲƕƨŔƖĲĬШŉŸƖШÅ f~Ш
ċƻċŔũċĤŔũŔƣǃШыŔЮĲЮШŉċƨũƣШĬĲƣĲĦƣŔŸŰьЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШǯŉƣőШƚċƣĲũũŔƣĲШċũũŸƽƚШƖĲƓĲċƣĲĬШƓŸƚŔƣŔŸŰШ
ĦċũĦƨũċƣŔŸŰƚШƨƚŔŰŊШĬŔǭĲƖĲŰƣШůĲċƚƨƖĲůĲŰƣƚШċŰĬШǯŰĬŔŰŊШċĤŰŸƖůċũШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣЮШ
ÉŔǂШċŰĬШůŸƖĲШƚċƣĲũũŔƣĲƚШċƖĲШŰĲĲĬĲĬШŉŸƖШÅ f~ШĲǂĦũƨƚŔŸŰЮ  

ŉƣĲƖШŔŰŔƣŔċũШƓŸƚŔƣŔŸŰŔŰŊЯШĲċĦőШƚċƣĲũũŔƣĲќƚШƓƚĲƨĬŸрƖċŰŊĲШƖĲƚŔĬƨċũЯШƽőŔĦőШŔƚШƣőĲШĬŔǭĲƖĲŰĦĲƚШ
ĤĲƣƽĲĲŰШŸĤƚĲƖƻĲĬШċŰĬШĲƚƣŔůċƣĲĬШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚЯШŔƚШĬĲƣĲƖůŔŰĲĬЮШÑőĲŰШƣőĲШ
ƚƨůШƚƕƨċƖĲĬШƖĲƚŔĬƨċũƚШŔƚШĦŸůƓƨƣĲĬЮШfŉШƣőĲШĲǂĦĲĲĬƚШƣőĲШĲƖƖŸƖШƣőƖĲƚőŸũĬЯШċƚШĬĲƣĲƖůŔŰĲĬШĤǃШ
ƣőĲШ9őŔрƚƕƨċƖĲЯШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰШĦŸŰƚŔĬĲƖШŔŰƻċũŔĬШяΝΝΥЯΝΝΦѐЮШ ŉƣĲƖШƣőċƣШÅ f~ШƖĲůŸƻĲƚШ
ƣőĲШƚċƣĲũũŔƣĲШƽŔƣőШőŔŊőШƖĲƚŔĬƨċũШƣŸШŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШÑőĲШÅ f~ШƓƖŸĦĲĬƨƖĲШĦċŰШĤĲШ
ĲǂƓƖĲƚƚĲĬШĤǃШƣőĲШŉŸũũŸƽŔŰŊШƚƣĲƓƚШяΞΠЯΝΞΜѐаШ 

ÉƣĲƓШΝаШÂŸƚŔƣŔŸŰŔŰŊШĬĲƣĲƖůŔŰċƣŔŸŰШƨƚŔŰŊШƣőĲШŉŸũũŸƽŔŰŊШĲƕƨċƣŔŸŰƚа 

ώ Ὄὼ ‐ (3.12 ) 
 

ὼ ὌὌ Ὄώ (3.13 ) 
 

ώ Ὄὼ  (3.14 ) 
 

ὺ ώ ώ  (3.15 ) 

Where,ШώШŔƚШŸĤƚĲƖƻċƣŔŸŰШƻĲĦƣŸƖЯШƽőŔĦőШŔƚШƣőĲШĬŔǭĲƖĲŰƣШĤĲƣƽĲĲŰШƣőĲШŸĤƚĲƖƻĲĬШċŰĬШƣőĲШ
ĲƚƣŔůċƣĲĬШůĲċƚƨƖĲůĲŰƣƚЮШìőĲƖĲċƚШὌШŔƚШƣőĲШŊĲŸůĲƣƖǃШůċƣƖŔǂЯШὼШŔƚШƣőĲШĲƚƣŔůċƣĲĬШƻĲĦƣŸƖШŉŸƖШ
ƖĲĦĲŔƻĲƖШƣőƖĲĲШĦŸŸƖĬŔŰċƣĲƚШċŰĬШĦũŸĦťШŸǭƚĲƣЯШ‐ШŔƚШƣőĲШĲƖƖŸƖШƻĲĦƣŸƖЯШὼ ШŔƚШƣőĲШũĲċƚƣШƚƕƨċƖĲШ
ƚŸũƨƣŔŸŰЯШċŰĬШὺШŔƚШƣőĲШƖĲƚŔĬƨċũШƻĲĦƣŸƖЮШШ 

ÉƣĲƓШΞаШÉŸũƨƣŔŸŰШƻċũŔĬċƣŔŸŰШĤċƚĲĬШŸŰШƚƨůШƚƕƨċƖĲĬШƖĲƚŔĬƨċũƚШƨƚŔŰŊШ9őŔрƚƕƨċƖĲШƣĲƚƣ 
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ὺὺ

ά ὲ ρ
ὼ ά ὲ ρ (3.16 ) 

Where, ὺὺ  is sum squared residuals,  ά ὲ ρ is the Chi-square degree of freedom. ά 
is the total number of satellites tracked, ὲ is the number of estimated parameters, ὼ is the 
chi-square distribution, and ‌ is significance level, which is 0.001(0.1%) [118,119]. 

Step 3: Detection and exclusion fault satellite measurements via determining the 
contribution of each satellite in positioning error. This contribution of each satellite is given 
by a slope as shown in the following equations: 

ὛὰέὴὩὭ
ὃ ὃ

Ὓ
 (3.17 ) 

 

ὛὰέὴὩὭ
ὃ

Ὓ
 (3.18 ) 

 

ὃ ὌὌὌ Ὄ  (3.19 ) 
 

Ὓ )ά ὌὌὝὌ ρὌὝ (3.20 ) 

ìőĲƖĲЯШὛὰέὴὩὭШċŰĬШὛὰέὴὩὭШŔŰĬŔĦċƣĲШƣőĲШĲƖƖŸƖƚШŸŉШὭШƚċƣĲũũŔƣĲШőŸƖŔǍŸŰƣċũШċŰĬШƻĲƖƣŔĦċũЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШὍШŔƚШά άШŔĬĲŰƣŔƣǃШůċƣƖŔǂЯШάШŔƚШƣŸƣċũШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬЮШÑőĲШ
ƚċƣĲũũŔƣĲШƽŔƣőШƣőĲШőŔŊőĲƚƣШƚũŸƓĲШŔƚШĲǂĦũƨĬĲĬЯШċƚШŔƣШĦŸŰƣƖŔĤƨƣĲƚШƣőĲШůŸƚƣШŔŰШƓŸƚŔƣŔŸŰŔŰŊШĲƖƖŸƖЮ 

Å f~ШŸŰũǃШŰĲĲĬƚШƣőĲШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШŸĤƚĲƖƻĲĬШĤǃШƣőĲШƖĲĦĲŔƻĲƖШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШ
ŔŰƣĲŊƖŔƣǃШыŔЮĲЮЯШƚċƣĲũũŔƣĲШĲǂĦũƨƚŔŸŰьШяΝΠЯΝΞΝѐЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШĦŸŰƚŔĬĲƖƚШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰЯШċƚШ
ŔŸŰŸƚƓőĲƖĲШċŰĬШƣƖŸƓŸƚƓőĲƖĲШяΝΞΞЯΝΞΟѐЮШcŸƽĲƻĲƖЯШŔƣШŔƚШŰŸƣШƚƨŔƣċĤũĲШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċƚШ
Å f~ШĲǂĦũƨĬĲƚШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШĦƖŔƣĲƖŔċШŸŉШƓŸƚŔƣŔŸŰŔŰŊШŔŰƣĲŊƖŔƣǃЮШÑŸШƣċťĲШċĬƻċŰƣċŊĲШŸŉШÅ f~Ш
ŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƚĲƻĲƖċũШƚƣƨĬŔĲƚШяΝΠЯΝΞΝЯΝΞΠѐШƨƚĲĬШÅ f~ШċŉƣĲƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШ
ŸŰШ]?§ÂЮШ 

~ĲŰŊШĲƣШċũЮШяΝΞΝЯΝΞΠѐШĦőŸƚĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШŊĲŸůĲƣƖŔĦċũШĬŔƚƣƖŔĤƨƣŔŸŰШы]?§ÂьШċŰĬШ
Å f~ШƨƚŔŰŊШƚŔůƨũċƣŔŸŰШ] ÉÉШĬċƣċЮШÑőĲǃШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƣőƖĲĲШƣŔůĲƚШŔŰШċШƖŸƽЮШ[ŔƖƚƣũǃЯШƣőĲǃШ
ĦőŸƚĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂЮШÉĲĦŸŰĬũǃЯШƣőĲǃШĦőĲĦťШƣőĲШƕƨċũŔƣǃШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ƨƚŔŰŊШÅ f~ЮШxċƚƣũǃЯШƣőĲǃШċƓƓũŔĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШ]?§ÂШƣŸШƖĲƓũċĦĲШƣőĲШƖĲŢĲĦƣĲĬШ
ƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШÅ f~ЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШ]?§ÂрÅ f~р
]?§ÂЮШÑőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШƣőĲŔƖШŊĲŸůĲƣƖŔĦċũШĬŔƚƣƖŔĤƨƣŔŸŰШы]?§ÂьШƽċƚШĬŸŰĲШ



9őċƓƣĲƖШΟШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬƚ 
 

 

ΞΞ 
 

ƨƚŔŰŊШƚċƣĲũũŔƣĲШċŰŊũĲƚШыĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőьЮШ ĦĦŸƖĬŔŰŊШƣŸШ~ĲŰŊШĲƣШċũЮШяΦΦѐЯШƣőĲШÉÂÂШ
ƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ]?§ÂрÅ f~р]?§ÂШƽċƚШĲŰőċŰĦĲĬШĤǃШΡΜӖШŔŰШ
ĦŸůƓċƖŔƚŸŰШƣŸШƣőĲШŸƖŔŊŔŰċũШÉÂÂЮШĦĦŸƖĬŔŰŊШƣŸШ~ĲŰŊШĲƣШċũЮШяΝΞΠѐЯШƣőĲШÉÂÂШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШ
ŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂрÅ f~ШƽċƚШĲŰőċŰĦĲĬШĤǃШůŸƖĲШƣőċŰШΦΜӖШŔŰШ
ĦŸůƓċƖŔƚŸŰШƣŸШƣőĲШċĦĦƨƖċĦǃШƽőĲƖĲШŸŰũǃШ]?§ÂШƽċƚШċƓƓũŔĲĬЮШÑőĲШÉÂÂШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШ
ŸŉШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣĲĬШƨƚŔŰŊШ]?§ÂрÅ f~р]?§ÂШƽċƚШĲŰőċŰĦĲĬШĤǃШůŸƖĲШƣőċŰШΥӖШĤĲƣƣĲƖШ
ƣőċŰШƣőċƣШŸŉШ]?§ÂрÅ f~Ю 

fŰШċĬĬŔƣŔŸŰЯШìċŰŊШĲƣШċũЮШяΝΠѐШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШċŰĬШÅ f~ЮШfŰŔƣŔċũũǃЯШƣőĲǃШ
ĦőŸƚĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШƣőĲŔƖШŊĲŸůĲƣƖŔĦċũШĬŔƚƣƖŔĤƨƣŔŸŰШы]?§ÂьШƨƚŔŰŊШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰŊũĲƚШ
ыĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőьЮШÑőĲŰШƣőĲǃШŔůƓƖŸƻĲĬШƣőĲŔƖШƚĲƣШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШċĬĬŔŰŊШůŸƖĲШ
ƚċƣĲũũŔƣĲƚШƣŸШƣőĲШƚĲũĲĦƣĲĬШƚĲƣШĤċƚĲĬШŸŰШƚċƣĲũũŔƣĲШĦŸŰƣƖŔĤƨƣŔŸŰШƚũŸƓĲШŔŰШÅ f~ШċũŊŸƖŔƣőůЮШ
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШċƨƣőŸƖƚЯШƣőĲШőŸƖŔǍŸŰƣċũШċĦĦƨƖċĦǃШŸŉШƣőĲŔƖШƓƖŸƓŸƚĲĬШůĲƣőŸĬШƽċƚШċĤŸƨƣШΟШůШ
őŔŊőĲƖШыĤĲƣƣĲƖьШƣőċŰШƣőċƣШĤċƚĲĬШŸŰШŊĲŸůĲƣƖŔĦċũШĬŔƚƣƖŔĤƨƣŔŸŰЮ 
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ÑőŔƚШĦőċƓƣĲƖШƓƖĲƚĲŰƣƚШƻċƖŔŸƨƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚЮШfƣШƚőŸƽƚШőŸƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ůĲƣőŸĬШőċƚШƣƽŸШĦŸůƓŸŰĲŰƣƚаШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲЮШÖƚŔŰŊШƣőĲШĤĲƚƣШŸŉШĤŸƣőШƓƖŸƻŔĬĲƚШƣőĲШ
ĤĲƚƣШůĲƣőŸĬШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚЮШ7ĲũŸƽШŔƚШċШĦŸůƓċƖŔƚŸŰШŸŉШƣőĲШĦƖŔƣĲƖŔċШċŰĬШƣĲĦőŰŔƕƨĲƚШƣŸШ
ǯŰĬШƣőĲШĤĲƚƣШŸŉШĤŸƣőЮ 

ÉċƣĲũũŔƣĲƚШőċƻĲШĤĲĲŰШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШǯƻĲШĦƖŔƣĲƖŔċаШŔьШƚċƣĲũũŔƣĲШċŰŊũĲƚЯШŔŔьШƚċƣĲũũŔƣĲШƚŔŊŰċũШ
ƓŸƽĲƖЯШŔŔŔьШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШы]?§ÂьЯШŔƻьШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШċŰĬШƚŔŊŰċũШƓŸƽĲƖШыì]?§ÂьЯШċŰĬШ
ƻьШ]?§ÂШċŰĬШÅ f~Шы]?§ÂрÅ f~ьЮШÉċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШы]?§ÂьШċŰĬШƚŔŊŰċũШƓŸƽĲƖШċƖĲШƣőĲШůċŔŰШ
ŉċĦƣŸƖƚШ ċǭĲĦƣŔŰŊШ ƓŸƚŔƣŔŸŰŔŰŊШ ƚŸũƨƣŔŸŰЮШ ÉċƣĲũũŔƣĲШ ĲũĲƻċƣŔŸŰШ ċŰŊũĲƚШ ƽĲƖĲШ ƨƚĲĬШ ƣŸШ ƚĲũĲĦƣШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШƚŔŊŰċũШƓŸƽĲƖШĤǃШċĤċŰĬŸŰĲĬШƚċƣĲũũŔƣĲШƚŔŊŰċũШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚШ
ыΜрΝΡШĬĲŊƖĲĲƚьЯШċƚШƣőĲǃШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШƣŸШĲƖƖŸƖƚШŉƖŸůШůƨũƣŔƓċƣőЯШŔŸŰŸƚƓőĲƖŔĦЯШċŰĬШ
ƣƖŸƓŸƚƓőĲƖŔĦЮШfŰШċĬĬŔƣŔŸŰЯШƚċƣĲũũŔƣĲШĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőШċŰŊũĲƚШƽĲƖĲШƨƣŔũŔǍĲĬШƣŸШĦőŸŸƚĲШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШŊĲŸůĲƣƖǃШĬŔƚƣƖŔĤƨƣŔŸŰЮШÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬƚШĤċƚĲĬШŸŰШ
ƚċƣĲũũŔƣĲШċŰŊũĲШĦċŰШĤĲШƣőĲШŉċƚƣĲƚƣШċƚШŔƣШċƻŸŔĬƚШĦŸůƓƨƣċƣŔŸŰШяΠΦЯΡΝѐЮШcŸƽĲƻĲƖЯШƣőĲŔƖШƚĲũĲĦƣĲĬШ
ƚċƣĲũũŔƣĲƚШĦċŰŰŸƣШĤĲШƣőĲШĤĲƚƣЮШÂŸŸƖШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШĦċŰШĤĲШċƣШĲũĲƻċƣŔŸŰШċŰŊũĲƚШőŔŊőĲƖШƣőċŰШΝΡШ
ĬĲŊƖĲĲƚЮШÖƚŔŰŊШőŔŊőШĲũĲƻċƣŔŸŰШůċƚťШƖĲĬƨĦĲƚШƚċƣĲũũŔƣĲШċƻċŔũċĤŔũŔƣǃШяΠΦѐЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШ
ƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШƻċũƨĲШƽĲƖĲШĤĲƣƣĲƖШƨƚŔŰŊШĦŸůƓƨƣċƣŔŸŰШ
ůĲƣőŸĬƚШŉƖŸůШƚċƣĲũũŔƣĲƚШċŰŊũĲƚШώмпΣрмΣрнΣмлрϐЮШ 

ÑőĲШƕƨċũŔƣǃШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚШċƚШůŸƖĲШƓŸƚŔƣŔŸŰŔŰŊ  ŉċĦƣŸƖƚШċƖĲШĦŸŰƚŔĬĲƖĲĬЮШ
ÑőƨƚЯШĦőŸŸƚŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲŔƖШŊĲŸůĲƣƖǃШċŰĬШƚŔŊŰċũШƓŸƽĲƖШыì]?§ÂьШĦŸƨũĬШĤĲШ
ĤĲƣƣĲƖШƣőċŰШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШŸƖШƚŔŊŰċũШƓŸƽĲƖШċũŸŰĲЮШfŰШċĬĬŔƣŔŸŰЯШĦőŸŸƚŔŰŊШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂрÅ f~ШĦŸƨũĬШĤĲШĲƻĲŰШĤĲƣƣĲƖШƣőċŰШì]?§ÂЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШÅ f~Ш
ĦŸŰƚŔĬĲƖƚШůŸƖĲШƓŸƚŔƣŔŸŰŔŰŊШŉċĦƣŸƖƚШƣőċŰШì]?§ÂЮШÅ f~ШĲǂĦũƨĬĲƚШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƖċŰŊĲШ
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ƖĲƚŔĬƨċũƚЯШƽőŔĦőШċƖĲШƣőĲШĬŔǭĲƖĲŰƣШĤĲƣƽĲĲŰШƣőĲШŸĤƚĲƖƻĲĬШċŰĬШƣőĲШĲƚƣŔůċƣĲĬШƓƚĲƨĬŸрƖċŰŊĲШ
ůĲċƚƨƖĲůĲŰƣƚЮШÑŸШĲƚƣŔůċƣĲШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚЯШŔƣШƖĲƕƨŔƖĲƚШŔŰŔƣŔċũШƓŸƚŔƣŔŸŰŔŰŊШ
ĦŸŰƚŔĬĲƖŔŰŊШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃЯШƚŔŊŰċũШƓŸƽĲƖШċŰĬШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰЮШcŸƽĲƻĲƖЯШÅ f~Ш
ĦċŰŰŸƣШĤĲШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШċƚШŔƣШŔƚШċШƓŸƚŔƣŔŸŰŔŰŊШŔŰƣĲŊƖŔƣǃШƣĲĦőŰŔƕƨĲЮШШcĲŰĦĲЯШÅ f~Ш
ƽċƚШċƓƓũŔĲĬШċŉƣĲƖШ]?§ÂрĤċƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƣŸШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШ
ƚċƣĲũũŔƣĲƚШŔŰШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚЮШÉŔŰĦĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШì]?§ÂШŔƚШĤĲƣƣĲƖШƣőċŰШ
]?§ÂЯШì]?§ÂрÅ f~ШĦŸƨũĬШĤĲШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШĦƖŔƣĲƖŔŸŰШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮ 

Å f~ШŔƚШŔůƓũĲůĲŰƣĲĬШƻŔċШƓŸƚŔƣŔŸŰŔŰŊЮШìőĲƖĲċƚШì]?§ÂШĦċŰШĤĲШĦċƖƖŔĲĬШŸƨƣШĤǃШƻċƖŔŸƨƚШ
ƣĲĦőŰŔƕƨĲƚЯШŔŰĦũƨĬŔŰŊШÑ~ЯШĦũŸƚĲĬрŉŸƖůШŉŸƖůċũЯШůċǂŔůƨůШƻŸũƨůĲЯШ   ЯШċŰĬШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚЮШÑ~ШƚĲũĲĦƣƚШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽŔƣőШΝΜΜӖШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃЯШĤƨƣШŔƣШŔƚШƣŔůĲр
ĦŸŰƚƨůŔŰŊЮШÑőĲШĦũŸƚĲĬрŉŸƖůШŉŸƖůċũШĦċŰШƖĲĬƨĦĲШƣőĲШÑ~ШĦŸůƓƨƣċƣŔŸŰċũШĦŸůƓũĲǂŔƣǃШώмнрΣмнсϐЮШ
cŸƽĲƻĲƖЯШŔƣШĦŸƨũĬШŰŸƣШƖĲĬƨĦĲШƣőĲШŰƨůĤĲƖШŸŉШĦċũĦƨũċƣŔŸŰƚЯШƚŸШŔƣШĤĲĦŸůĲƚШƣŔůĲрĦŸŰƚƨůŔŰŊШ
ƽőĲŰШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲШяΤΞѐЮШÑőĲШůċǂŔůƨůШƻŸũƨůĲШůĲƣőŸĬШŔƚШĤċƚĲĬШŸŰШ
ůċǂŔůŔǍŔŰŊШƣőĲШƻŸũƨůĲШŸŉШƣőĲШƣĲƣƖċőĲĬƖŸŰШŸƖШŸƖƣőŸŊŸŰċũШƓƖŸŢĲĦƣŔŸŰШĦƖĲċƣĲĬШĤĲƣƽĲĲŰШƣőĲШ
ƚċƣĲũũŔƣĲƚШώфнΣмнтϐЮШÑőĲШì]?§ÂШƻċũƨĲШĬĲĦƖĲċƚĲƚШыŔůƓƖŸƻĲƚьШċƚШƣĲƣƖċőĲĬƖŸŰШƻŸũƨůĲШċŰĬШ
ůċǂŔůƨůШŸƖƣőŸŊŸŰċũШƓƖŸŢĲĦƣŔŸŰШŔŰĦƖĲċƚĲЮШcŸƽĲƻĲƖЯШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸĤƣċŔŰĲĬШƽŔƣőШ
ƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƻŔċШƣőŔƚШůĲƣőŸĬШŔƚШŰŸƣШŊƨċƖċŰƣĲĲĬШяΤΞЯΝΞΥѐЯШċƚШƣőĲШůĲƣőŸĬШŉŸĦƨƚĲƚШŸŰШ
ůċǂŔůŔǍŔŰŊШƣőĲШƻŸũƨůĲШŸŉШƣĲƣƖċőĲĬƖŸŰоŸƖƣőŸŊŸŰċũШƓƖŸŢĲĦƣŔŸŰШċŰĬШŰŸƣШŸŰШƣőĲШì]?§ÂШƻċũƨĲШ
яΦΞЯΝΞΥѐЯШċŰĬШŔƣШŔƚШċũƚŸШċШƣŔůĲрĦŸŰƚƨůŔŰŊШƣĲĦőŰŔƕƨĲШяΝΞΥѐЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШ   ШċŰĬШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƽőŔĦőШċƖĲШĤƖŸċĬũǃШċƓƓũŔĲĬШŔŰШċƖƣŔǯĦŔċũШŔŰƣĲũũŔŊĲŰĦĲШы fьШƓƖŸĤũĲůƚЯШ
ĦċŰШĤŸƣőШƓƖŸƻŔĬĲШŊŸŸĬШƖĲƚƨũƣƚШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШώфнΣффΣмлсϐЮШcŸƽĲƻĲƖЯШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚЯШĦŸŰƣƖċƖŔũǃШƣŸШ   ШċŰĬШŊĲŰĲƖċũũǃШƣŸШċŰǃШ fШŸƖШůċĦőŔŰĲрũĲċƖŰŔŰŊШċũŊŸƖŔƣőůƚЯШĬŸШŰŸƣШ
ƖĲƕƨŔƖĲШċŰǃШƣƖċŔŰŔŰŊШċŰĬШĦŸŰƚĲƕƨĲŰƣũǃШċŰǃШũċƖŊĲШĬċƣċƚĲƣШŉŸƖШƣőĲШƖĲƕƨŔƖĲĬШƣƖċŔŰŔŰŊШώмнфςмомϐЯШ
ƽőŔĦőШůċťĲƚШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŉċƚƣĲƖШƣőċŰШ   ЮШfŰШċĬĬŔƣŔŸŰЯШ   ШƣƖċŔŰĲĬШůŸĬĲũШ
ĦŸƨũĬШĤĲШĬŔǭŔĦƨũƣШƣŸШċƓƓũǃШĬƨĲШƣŸШƣőĲШƻċƖǃŔŰŊШŊĲŸůĲƣƖǃШŸŉШƣőĲШƣƖċĦťĲĬШƚċƣĲũũŔƣĲƚШĬƨĲШƣŸШƣőĲШ
ĬŔǭĲƖĲŰƣШƖĲƻŸũƨƣŔŸŰШƓĲƖŔŸĬƚШŸŉШƣőĲШ] ÉÉШƚǃƚƣĲůƚШώмнфΣмолϐЮШÑőƨƚЯШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШ
ċƖĲШƓŸƣĲŰƣŔċũũǃШůŸƖĲШƚƨŔƣċĤũĲШŉŸƖШƚĲũĲĦƣŔŸŰШŸŉШƚċƣĲũũŔƣĲƚШƣőċŰШ   ШċŰĬШƚŔůŔũċƖШ fШƣĲĦőŰŔƕƨĲƚЮ 

ΟЮΤ ÉƨůůċƖǃШ 

ÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШőċƚШƣƽŸШĦŸůƓŸŰĲŰƣƚаШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲЮШÑőŔƚШĦőċƓƣĲƖШ
ƓƖĲƚĲŰƣƚШƻċƖŔŸƨƚШƣǃƓĲƚШŸŉШĦƖŔƣĲƖŔċШċŰĬШƣĲĦőŰŔƕƨĲƚШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШfŰШċĬĬŔƣŔŸŰЯШċШ
ĦŸůƓċƖŔƚŸŰШƽċƚШůċĬĲШĤĲƣƽĲĲŰШƣőĲШƣǃƓĲƚШŸŉШĦƖŔƣĲƖŔċШċŰĬШƣőĲШƣǃƓĲƚШŸŉШƣĲĦőŰŔƕƨĲƚШŔŰШƣőĲШ
ĦőċƓƣĲƖШƣŸŸЮШÑőŔƚШŔƚШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШĤĲƚƣШŸŉШĤŸƣőШċŰĬШƨƚĲĬШƣŸШŉŸƖůШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШůĲƣőŸĬЮШÂƖĲĦŔƚĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŸŰĲШŸŉШƣőĲШůċŔŰШŊŸċũƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ
ÑőƨƚЯШƓŸƚŔƣŔŸŰŔŰŊШŉċĦƣŸƖƚЯШċƚШ]?§ÂЯШőċƻĲШƨƚĲĬШċƚШĦƖŔƣĲƖŔċШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÉŔŰĦĲШ
ƓŸƚŔƣŔŸŰŔŰŊШŔƚШċǭĲĦƣĲĬШĤǃШċũũШŔƣƚШŉċĦƣŸƖƚЯШƨƚŔŰŊШċƚШůƨĦőШċƚШƓŸƚƚŔĤũĲШŸŉШƣőĲůШċƚШĦƖŔƣĲƖŔċШŉŸƖШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦŸƨũĬШĤĲШƣőĲШĤĲƚƣЮШÑőĲƖĲŉŸƖĲЯШì]?§ÂрÅ f~ЯШŔŰĦũƨĬŔŰŊШƚċƣĲũũŔƣĲШƚŔŊŰċũШ
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ƓŸƽĲƖЯШŊĲŸůĲƣƖǃЯШċŰĬШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰƚЯШƽċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШƚƨŔƣċĤũĲШĦƖŔƣĲƖŔŸŰШŉŸƖШ
ƚċƣĲũũŔƣĲШ ƚĲũĲĦƣŔŸŰЮШ§ŰШ ƣőĲШ ŸƣőĲƖШ őċŰĬЯШ ŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůыƚьШ ƽċƚШ ĦŸŰƚŔĬĲƖĲĬШ ƣőĲШ
ċƓƓƖŸƓƖŔċƣĲШƣĲĦőŰŔƕƨĲШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤĲĦċƨƚĲШŔƣШŔƚШĲǭŔĦŔĲŰƣШŔŰШƣĲƖůƚШŸŉШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШƚƓĲĲĬЮШ 
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Chapter 4 §ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШ 

ΠЮΝ §ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШŉŸƖШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ 

ÑőĲƖĲШŔƚШċШũċƖŊĲШŰƨůĤĲƖШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШШĦĦŸƖĬŔŰŊШƣŸШ§ƚƣŸŢŔħШĲƣШċũЮШяΝΜΦѐЯШƣőĲШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШĦċŰШĤĲШĦũċƚƚŔǯĲĬШŔŰƣŸШƣőƖĲĲШŊƖŸƨƓƚаШŔьШEǂċĦƣЯШŔŔьШcĲƨƖŔƚƣŔĦЯШċŰĬШŔŔŔьШ
~ĲƣċрcĲƨƖŔƚƣŔĦЮШÑőĲШĲǂċĦƣШċũŊŸƖŔƣőůƚШƓƖŸƻŔĬĲШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШĤƨƣШƖĲƕƨŔƖĲШċШũŸƣШŸŉШƣŔůĲШ
ċŰĬШƖĲƚŸƨƖĦĲƚЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲШőĲƨƖŔƚƣŔĦШċũŊŸƖŔƣőůƚШĬŸШŰŸƣШŊƨċƖċŰƣĲĲШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШ
ċŰĬШŸƨƣĦŸůĲƚќШƕƨċũŔƣǃШĤƨƣШƨƚƨċũũǃШƣőĲǃШƓƖŸƻŔĬĲШċĦĦĲƓƣċĤũĲШƚŸũƨƣŔŸŰƚШŔŰШċШƚőŸƖƣШƣŔůĲЮШÑőĲШ
ůċŔŰШ ũŔůŔƣċƣŔŸŰƚШ ŸŉШ őĲƨƖŔƚƣŔĦШċũŊŸƖŔƣőůƚШƣőċƣШ ċƖĲШ ůŸƖĲШ ƚƨŔƣċĤũĲШ ŉŸƖШ ƚƓĲĦŔǯĦШ ƓƖŸĤũĲůШ
яΝΜΦЯΝΟΞѐЯШċŰĬШƣőĲǃШĦċŰШĤĲШĲċƚŔũǃШƣƖċƓƓĲĬШŔŰШũŸĦċũШŸƓƣŔůċШяΝΝΜЯΝΟΞѐЮШÑőĲШůĲƣċрőĲƨƖŔƚƣŔĦШ
ċũŊŸƖŔƣőůƚШċƖĲШőŔŊőĲƖШũĲƻĲũШŸŉШőĲƨƖŔƚƣŔĦШċũŊŸƖŔƣőůƚШяΝΟΞЯΝΟΟѐЯШĬĲƚŔŊŰĲĬШƣŸШŸƻĲƖĦŸůĲШőĲƨƖŔƚƣŔĦШ
ĬƖċƽĤċĦťƚШяΝΝΜѐЮШÑőĲǃШċƖĲШůŸƖĲШǰĲǂŔĤũĲШċŰĬШƖĲũŔċĤũĲЯШőċŰĬũŔŰŊШƻċƖŔŸƨƚШƣǃƓĲƚШŸŉШŸƓƣŔůŔǍċƣŔŸŰШ
ƓƖŸĤũĲůƚШċŰĬШƓƖŸƻŔĬĲШŊŸŸĬШƖĲƚƨũƣƚШяΝΝΜЯΝΝΝЯΝΟΠѐЮШ 
 

~ċŰǃШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċƖĲШĦŸƻĲƖĲĬШŉċũũШƨŰĬĲƖШƣőĲШĦċƣĲŊŸƖǃШŸŉШůĲƣċрőĲƨƖŔƚƣŔĦЯШƽőĲƖĲШ
ΡΜШƣǃƓĲƚШŸŉШƣőĲůШƽĲƖĲШũŔƚƣĲĬШĤǃШuċƻĲőШĲƣШċũЮШŔŰШΞΜΞΜШяΝΟΡѐЮШfŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůЯШǯƻĲШ
ƖŸĤƨƚƣШċŰĬШƽĲũũрťŰŸƽŰШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШőċƻĲШĤĲĲŰШƨƚĲĬаШŔьШ ƖƣŔǯĦŔċũШ7ĲĲШ9ŸũŸŰǃШ
ы 79ьШяΦΦЯΝΜΣѐЯШŔŔьШШы 9§ьШяΦΞЯΝΜΣѐЯШŔŔŔьШ]ĲŰĲƣŔĦШ ũŊŸƖŔƣőůШы] ьШяΤЯΦΞЯΦΦЯΝΜΠЯΝΜΡЯΝΝΤѐЯШŔƻьШ
ÂċƖƣŔĦũĲШÉƽċƖůШ§ƓƣŔůŔǍċƣŔŸŰШыÂÉ§ьШяΤЯΦΦЯΝΟΣѐЯШċŰĬШƻьШÉŔůƨũċƣĲĬШ ŰŰĲċũŔŰŊШыÉ ьШяΦΦЯΝΟΣѐЮШfŰШ
ƣőŔƚШĦőċƓƣĲƖЯШƣőĲƚĲШċũŊŸƖŔƣőůƚќШƓƖŔŰĦŔƓũĲЯШċĬƻċŰƣċŊĲƚЯШũŔůŔƣċƣŔŸŰЯШċŰĬШċƓƓũŔĦċƣŔŸŰШƽĲƖĲШ
ƚőŸƽŰЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲŔƖШĲǭŔĦŔĲŰĦǃШƽċƚШĦŸůƓċƖĲĬЮ 

ΠЮΝЮΝ ƖƣŔǯĦŔċũШ7ĲĲШ9ŸũŸŰǃШы 79ь 

79ШŔƚШċŰШċũŊŸƖŔƣőůШĬĲƻĲũŸƓĲĬШĤǃШuċƖċĤŸŊċШыΞΜΜΡьШƣŸШƚŔůƨũċƣĲШƣőĲШŉŸƖċŊŔŰŊШĤĲőċƻŔŸƨƖШŸŉШ
ĤĲĲƚШяΝΟΤѐЮ  ÑőĲШċũŊŸƖŔƣőůШŔƚШċШƓŸƓƨũċƣŔŸŰрĤċƚĲĬШċũŊŸƖŔƣőůШċƚШŔƣШŊĲŰĲƖċƣĲƚШůƨũƣŔƓũĲШŰƨůĤĲƖƚШ
ŸŉШċƖƣŔǯĦŔċũШĤĲĲƚЮШ 79ШƚƓũŔƣШƣőĲƚĲШĤĲĲƚШŔŰƣŸШƣőƖĲĲШŊƖŸƨƓƚаШĲůƓũŸǃĲĬШĤĲĲƚЯШŸŰũŸŸťĲƖШĤĲĲƚЯШċŰĬШ
ƚĦŸƨƣШĤĲĲƚЮШEċĦőШƣǃƓĲШŸŉШĤĲĲШŔƚШċƚƚŔŊŰĲĬШƣŸШĬŔǭĲƖĲŰƣШƖĲƚĲċƖĦőШƣċƚťƚЮШÑőƖŸƨŊőШƚőċƖŔŰŊШƣőĲШ
ŔŰŉŸƖůċƣŔŸŰШŸŉШƣőĲШĬŔƚĦŸƻĲƖĲĬШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШыƕƨċũŔƣǃШċŰĬШũŸĦċƣŔŸŰШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲьШ
ċůŸŰŊШƣőĲШĤĲĲƚЯШ 79ШĦċŰШĦŸŰƻĲƖŊĲШƣŸƽċƖĬШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШы[ŔŊƨƖĲШΠЮΝьЮШШ 79ШŔƚШǰĲǂŔĤũĲШ
ċƚШŔƣШĦċŰШĤĲШƨƚĲĬШŉŸƖШƻċƖŔŸƨƚШƣǃƓĲƚШŸŉШƓƖŸĤũĲůƚЯШƽŔƣőШƣőĲШƖĲƕƨŔƖĲůĲŰƣШŸŉШƻĲƖǃШŉĲƽШĦŸŰƣƖŸũШ
ƓċƖċůĲƣĲƖƚШяΝΟΥЯΝΟΦѐШƽőŔĦőШũĲċĬШƣŸШƖĲũŔċĤũĲШċŰĬШƖŸĤƨƚƣШƖĲƚƨũƣƚЮШcŸƽĲƻĲƖЯШ 79ШŔƚШƖĲũċƣŔƻĲũǃШ
ƽĲċťШŔŰШũŸĦċũШƚĲċƖĦőŔŰŊШяΝΠΜѐЮШ79ШċũŊŸƖŔƣőůШőċƚШĤĲĲŰШƨƚĲĬШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШŔьШ
ƓŸƽĲƖШƚǃƚƣĲůШяΝΠΝѐЯШŔŔьШŔůċŊĲШƓƖŸĦĲƚƚŔŰŊШяΝΠΞѐЯШŔŔŔьШĦũƨƚƣĲƖŔŰŊШяΝΠΟЯΝΠΠѐШЯШŔƻьШĤŔŸũŸŊǃШяΝΠΡѐЯШƻьШ
ŢŸĤШƚĦőĲĬƨũŔŰŊШяΝΠΣѐЯШƻŔьШĲŰŊŔŰĲĲƖŔŰŊШĬĲƚŔŊŰШяΝΠΤѐЯШƻŔŔьШ fШƣƖċŔŰŔŰŊШяΝΠΥѐЯШċŰĬШƻŔŔŔьШ] ÉÉШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШяΦΦЯΝΜΣѐЮШ79ШĦċŰШĤĲШŔůƓũĲůĲŰƣĲĬШƨƚŔŰŊШƣőĲШǰŸƽŔŰŊШƚƣĲƓƚШяΝΠΦѐаШ 
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[ŔŊƨƖĲЮΧдΤЮÅĲƓƖĲƚĲŰƣċƣŔŸŰЮŸŉЮƣőĲЮ 79ЮƚĲċƖĦőŔŰŊЮƓƖŸĦĲƚƚЮċŰĬЮƣőĲЮƖŸũĲƚЮŸŉЮĲůƓũŸǃĲĬеЮŸŰũŸŸťĲƖеЮċŰĬЮ
ƚĦŸƨƣЮċŰĬЮĤĲĲƚеЮċĬċƓƣĲĬЮŉƖŸůЮѕΤΨΣідЮ 

ΝЮ ÂċƖċůĲƣĲƖШfŰŔƣŔċũŔǍċƣŔŸŰаШ79ШfƣШƖĲƕƨŔƖĲƚШƣőƖĲĲШƓċƖċůĲƣĲƖƚШƣŸШĤĲШƚĲƣаШŔƣĲƖ~ċǂЯШƓÉŔǍĲЯШ
ċŰĬШũŔůŔƣЮШŔƣĲƖ~ċǂШŔƚШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШċũũŸƽĲĬШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШ
ƚŸũƨƣŔŸŰЮШƓÉŔǍĲШƖĲƓƖĲƚĲŰƣƚШƣőĲШŰƨůĤĲƖШŸŉШĤĲĲƚШƚĲċƖĦőŔŰŊШŉŸƖШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰЮШ
ìőĲƖĲċƚШũŔůŔƣШŔƚШċШƣőƖĲƚőŸũĬШŉŸƖШċĤċŰĬŸŰŔŰŊШċШƚƓĲĦŔǯĲĬШċƖĲċШŔŰШƣőĲШŔƚƚƨĲШƚĲċƖĦőШ
ƚƓċĦĲЮШÑǃƓŔĦċũũǃЯШƣőĲШũŔůŔƣШƻċũƨĲШŔƚШĦċũĦƨũċƣĲĬШĤǃШůƨũƣŔƓũǃŔŰŊШƣőĲШƓƖŸĤũĲůШĬŔůĲŰƚŔŸŰƚШ
ĤǃШƣőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШы?ЮӄƓÉŔǍĲьШяΝΡΝѐЮШ ƚШċШƖĲƚƨũƣЯШŸŰũǃШƣƽŸШƓċƖċůĲƣĲƖƚШыŔƣĲƖ~ċǂЮċŰĬЮ
ƓÉŔǍĲьШċƖĲШƖĲƕƨŔƖĲĬШƚĲƣƣŔŰŊШŔŰШ 79ШяΝΟΥѐЮШ 
 

ΞЮ [ŸŸĬШÉŸƨƖĦĲаШĲƕƨŔƻċũĲŰƣШƣŸШƓÉŔǍĲЯШċШŰƨůĤĲƖШŸŉШũŸĦċƣŔŸŰƚШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲШċƖĲШ
ƚĲũĲĦƣĲĬШċƣШƖċŰĬŸůЮШ ŰǃШũŸĦċƣŔŸŰШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲШŔƚШċШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰЯШƽőŔĦőШŔƚШ
ĦċũũĲĬШŉŸŸĬШƚŸƨƖĦĲШŔŰШ 79ШċũŊŸƖŔƣőůЮШ[ŸŸĬШƚŸƨƖĦĲƚШĦċŰШĤĲШĦőŸƚĲŰШƖċŰĬŸůũǃШƨƚŔŰŊШ
EƕƨċƣŔŸŰШыΠЮΝ)ЮШ ŉƣĲƖШƚĲũĲĦƣŔŰŊШƣőĲШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚЯШEƕƨċƣŔŸŰШыΠЮΞ)ШŔƚШƨƚĲĬШƣŸШ
ĦċũĦƨũċƣĲШƣőĲŔƖШǯƣŰĲƚƚШыƕƨċũŔƣǃьЮ 

 

ὼȟ ὰ ὶό ὰ  (4.1 ) 
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 (4.2 ) 
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ƽőĲƖĲЯШὼШŔƚШƣőĲШƚŸũƨƣŔŸŰШыŉŸŸĬьШũŸĦċƣŔŸŰЯШŔШӀШяΝЯΞЯвЯÉ ѐШŔƚЮƣőĲШƚŸũƨƣŔŸŰШŰƨůĤĲƖШŔƚШƣőĲШ
ƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШŰƨůĤĲƖЯШĬӀяΝЯΞЯвЯ?ѐШŔƚШƣőĲШĬƣőШĬŔůĲŰƚŔŸŰШƽŔƣőŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲЯШ
ὰШċŰĬШόШċƖĲШƣőĲШũŸƽĲƖШċŰĬШƨƓƓĲƖШĤŸƨŰĬƚШŸŉШƣőĲШƓƖŸĤũĲůШƚĲċƖĦőШƚƓċĦĲЯШƖШŔƚШċШƖċŰĬŸůШ
ŰƨůĤĲƖШƖċŰŊŔŰŊШŉƖŸůШΜрΝЯШċŰĬШὪὼШŔƚШƣőĲШǯƣŰĲƚƚШŸŉШὭШШƚŸũƨƣŔŸŰЯШƽőŔũĲШὊὼШŔƚШƣőĲШ
ŸĤŢĲĦƣŔƻĲШŉƨŰĦƣŔŸŰШŸŉШὭШƚŸũƨƣŔŸŰЮ 
 

ΟЮ EůƓũŸǃĲĬШ7ĲĲƚаШNew possible solutions (i.e.,  food sources) are investigated by 
employee bees. Every employee bee presents a possible solution. They then change 
their current solutions (locations) using Equation (4.3). The new solutions are 
selected from the current solution neighborhood. The quality of these new solutions 
is evaluated using Equation ыΠЮΞ)ЮШfŉШċШĤĲĲќƚШŰĲƽШƚŸũƨƣŔŸŰШƓƖŸƻŔĬĲƚШĤĲƣƣĲƖШƕƨċũŔƣǃЯШŔƣШŔƚШ
accepted and replaces the previous one. In addition, the abandon counter is reset to 
zero. Otherwise, the previous solution remains, and the abandoned counter 
increases by one. 

ὺȟ  ὼȟ ᶮὼȟ ὼȟ  (4.3 ) 
ƽőĲƖĲЯШὺȟШŔƚШċШƻŔĦŔŰŔƣǃШƚŸũƨƣŔŸŰЯШὼȟШŔƚШƣőĲШĦƨƖƖĲŰƣШƚŸũƨƣŔŸŰЯШШɲŔƚШƖċŰĬŸůШŰƨůĤĲƖШ
ĤĲƣƽĲĲŰШярΝЯΝѐЯШὼȟШŔƚШċШƖċŰĬŸůШƚŸũƨƣŔŸŰШŉƖŸůШƣőĲШŊĲŰĲƖċƣĲĬШƚŸũƨƣŔŸŰШƚĲƣШӁШƣőĲШ
ĦƨƖƖĲŰƣШƚŸũƨƣŔŸŰШыὼȟьЮ 
 

ΠЮ §ŰũŸŸťĲƖШ7ĲĲƚаШŸŰũŸŸťĲƖШĤĲĲƚШƖĲƓũċĦĲШĲůƓũŸǃĲĬШĤĲĲƚШŔŰШƣőŔƚШƚƣċŊĲЮШxŔťĲƽŔƚĲЯШ
ŸŰũŸŸťĲƖШĤĲĲƚШŔŰƻĲƚƣŔŊċƣĲШŰĲŔŊőĤŸƨƖШƚŸũƨƣŔŸŰƚШĤǃШĦőċŰŊŔŰŊШƣőĲŔƖШũŸĦċƣŔŸŰШŔŰШƣőĲШ
ƚĲċƖĦőШƚƓċĦĲШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΟьЮШcŸƽĲƻĲƖ, not all onlooker bees are allowed to 
change their location. An onlooker bee investigates/ changes its location if its 
searching probability (P) is greater than r, which is a random number between 0-1. P 
is calculated ƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΠ)ЮШŉƣĲƖШƣőĲШŸŰũŸŸťĲƖШĤĲĲШǯŰĬƚШċШŰĲƽШƚŸũƨƣŔŸŰЯШŔŉШƣőĲШ
ŰĲƽШƚŸũƨƣŔŸŰШƕƨċũŔƣǃШŔƚШĤĲƣƣĲƖШƣőċŰШƣőĲШƓƖĲƻŔŸƨƚШŸŰĲЯШit is accepted and replaces the 
previous one. In addition, the abandon counter is reset to zero. Otherwise, the 
previous solution remains, and the abandoned counter increases by one. 
 

ὖ
Ὢ

В  Ὢ
 (4.4 ) 

 
ƽőĲƖĲЯШὴШŔƚШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШƣőĲШĦƨƖƖĲŰƣШƚŸũƨƣŔŸŰШыŔЮĲЮЯШŸŰũŸŸťĲƖШĤĲĲьЯШШὪШŔƚШƣőĲШ
ǯƣŰĲƚƚШŸŉШƣőĲШĦƨƖƖĲŰƣШƚŸũƨƣŔŸŰЯШċŰĬШВ  ὪШŔƚШƣőĲШƚƨůШŸŉШċũũШƚŸũƨƣŔŸŰƚќШǯƣŰĲƚƚЮШ 
 

ΡЮ ÉĦŸƨƣШ 7ĲĲƚаШìőĲŰШ ƣőĲШ ƚŸũƨƣŔŸŰШ ċĤċŰĬŸŰůĲŰƣШ ĦŸƨŰƣĲƖШ ƖĲċĦőĲƚШ ƣőĲШ ƚƓĲĦŔǯĲĬШ
ƣőƖĲƚőŸũĬШыũŔůŔƣьЯШÉĦŸƨƣШ7ĲĲƚШƓőċƚĲШŔƚШċĦƣŔƻċƣĲĬЮШ7ĲĲƚШŔŰШĤŸƣőШƣőĲШĲůƓũŸǃĲĲШċŰĬШ
ŸŰũŸŸťĲƖШƚƣċŊĲƚШŔŰƻĲƚƣŔŊċƣĲШŰĲŔŊőĤŸƨƖШыũŸĦċũьШƚŸũƨƣŔŸŰƚЮШcŸƽĲƻĲƖЯШŔŉШŰŸШĤĲƣƣĲƖШũŸĦċũШ
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ƚŸũƨƣŔŸŰШŔƚШĬŔƚĦŸƻĲƖĲĬШċŉƣĲƖШċШĦĲƖƣċŔŰШŰƨůĤĲƖШŸŉШċƣƣĲůƓƣƚЯШƣőĲШƚŸũƨƣŔŸŰѣƚШũŸĦċƣŔŸŰШŔƚШ
ĦŸŰƚŔĬĲƖĲĬШƓŸŸƖШċŰĬШċĤċŰĬŸŰĲĬЮШfŰШƚƨĦőШĦċƚĲƚЯШċШÉĦŸƨƣШ7ĲĲШŔƚШċƚƚŔŊŰĲĬШƣŸШĦőċŰŊĲШ
ŔƣƚШыŔЮĲЮЯШƚŸũƨƣŔŸŰьШũŸĦċƣŔŸŰШŊũŸĤċũũǃШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΝ)ЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШƚĦŸƨƣШƓőċƚĲШ
ċũũŸƽƚШ 79ШƣŸШċƻŸŔĬШũŸĦċũШŸƓƣŔůċũШƣƖċƓƓĲĬШяΝΡΞѐЮ 
 

ΣЮ ÑĲƖůŔŰċƣŔŸŰаШÑőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШĤǃШŸŰĲЮШfŉШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШ
ƖĲċĦőĲƚШƣőĲШůċǂŔůƨůШыfƣĲƖ~ċǂьЯШƣőĲШ 79ШƚĲċƖĦőШƚƣŸƓƚШċŰĬШƚŸũƨƣŔŸŰШƽŔƣőШƣőĲШőŔŊőĲƚƣШ
ǯƣŰĲƚƚШŔƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЮШ§ƣőĲƖƽŔƚĲЯШ 79ШƚƣĲƓƚШ
ΞрΣШċƖĲШƖĲƓĲċƣĲĬШƨŰƣŔũШƣőĲШƚƣŸƓƓŔŰŊШĦƖŔƣĲƖŔŸŰШŔƚШůĲƣЮ 

ΠЮΝЮΞ ŰƣШ9ŸũŸŰǃШ§ƓƣŔůŔǍċƣŔŸŰШы 9§ь 

9§ШŔƚШċŰШċũŊŸƖŔƣőůШĬĲƻĲũŸƓĲĬШĤǃШ~ċƖĦŸШ?ŸƖŔŊŸШĲƣШċũЮШŔŰШΝΦΦΣШяΝΡΟѐЮШÑőĲШċũŊŸƖŔƣőůШƚŔůƨũċƣĲƚШ
ƣőĲШĤĲőċƻŔŸƨƖШŸŉШċŰƣƚШŔŰШǯŰĬŔŰŊШƣőĲШƚőŸƖƣĲƚƣШƓċƣőШĤĲƣƽĲĲŰШƣőĲШŉŸŸĬШċŰĬШƣőĲШŰĲƚƣЮШfŰШŰċƣƨƖĲЯШ
ċŰƣƚШƚĲċƖĦőШŉŸƖШŉŸŸĬШċŰĬШƚĲĦƖĲƣĲШċШƚƨĤƚƣċŰĦĲШťŰŸƽŰШċƚШƓőĲƖŸůŸŰĲШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŉŸŸĬШ
ƓċƣőЮШcŸƽĲƻĲƖЯШƣőĲШƓőĲƖŸůŸŰĲШĲƻċƓŸƖċƣĲƚШŸƻĲƖШƣŔůĲЮШƚШċШƖĲƚƨũƣЯШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲШ
ŔŰĦƖĲċƚĲƚШċƚШƣőĲШŉŸŸĬШƓċƣőШĬĲĦƖĲċƚĲƚЮШÑőŔƚШũĲĬШċŰƣƚШƣŸШƨƚĲШƣőĲШƚőŸƖƣĲƚƣШŉŸŸĬШƓċƣőƚШƽŔƣőШőŔŊőШ
ƓőĲƖŸůŸŰĲШũĲƻĲũƚЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШ4.2ЮШШÑőĲШƚċůĲШĦŸŰĦĲƓƣШŔƚШƨƚĲĬШŔŰШ 9§ЯШƽőĲƖĲШċШ
ŰƨůĤĲƖШŸŉШċƖƣŔǯĦŔċũШċŰƣƚШŔƚШŊĲŰĲƖċƣĲĬШƣŸШǯŰĬШƣőĲШĤĲƚƣШƓċƣőШыƚŸũƨƣŔŸŰьШŉŸƖШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЮШ
fŰШ 9§ЯШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШĦċŰШĤĲШŉŸƨŰĬШċŉƣĲƖШċШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚЮШ ƣШĲċĦőШŔƣĲƖċƣŔŸŰЯШ
ĲċĦőШċŰƣШĦƖĲċƣĲƚШċШŰĲƽШƚŸũƨƣŔŸŰШыƓċƣőьЯШċŰĬШŔƣШŔƚШĲƻċũƨċƣĲĬШĤǃШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲЯШƽőŔĦőШ
ƖŔƚĲƚШċƚШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚŸũƨƣŔŸŰШŔůƓƖŸƻĲƚЮШÑőĲШƓőĲƖŸůŸŰĲШƖċƣĲƚШŸŰШƣőĲШƓċƣőƚШŔŰǰƨĲŰĦĲШ
ƣőĲШċŰƣƚќШĦőŸŔĦĲШŔŰШǯŰĬŔŰŊШƣőĲШĤĲƚƣШƓċƣőШыƚŸũƨƣŔŸŰьШƽŔƣőШƣőĲШőŔŊőĲƚƣШƓőĲƖŸůŸŰĲШƖċƣĲЯШċƚШ
ƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΠЮΟЮШ 9§ШŔƚШċШƖŸĤƨƚƣШċŰĬШǰĲǂŔĤũĲШċũŊŸƖŔƣőůШяΝΡΠЯΝΡΡѐЯШƚƨŔƣċĤũĲШŉŸƖШƣőĲШƓċƣőШ
ƓũċŰŰŔŰŊШƓƖŸĤũĲůШяΝΡΡЯΝΡΣѐЯШĤƨƣШŔƣШőċƚШċШƚũŸƽШĦŸŰƻĲƖŊĲŰĦĲШяΝΡΠѐЮШ9§ШċũŊŸƖŔƣőůШőċƚШĤĲĲŰШ
ƨƚĲĬШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШŔьШƓŸƽĲƖШƚǃƚƣĲůШяΝΡΤѐЯШŔŔьШĦũƨƚƣĲƖŔŰŊШяΝΡΥѐЯШŔŔŔьШ~ĲĬŔĦŔŰĲШ
яΝΡΦѐЯШŔƻьШÑƖċŰƚƓŸƖƣċƣŔŸŰШяΝΣΜЯΝΣΝѐЯШШƻьШƽċƣĲƖШƚǃƚƣĲůШĬĲƚŔŊŰШяΝΣΞѐЯШċŰĬШƻŔьШ] ÉÉШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШяΦΞЯΝΜΣѐЮШ9§ШĦċŰШĤĲШŔůƓũĲůĲŰƣĲĬШƨƚŔŰŊШƣőĲШǰŸƽŔŰŊШƚƣĲƓƚШяΝΠΦѐа 



9őċƓƣĲƖШΠШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚ 
 

 

ΞΦ 
 

 

Figure 4.2 Ants food searching in nature, taking the shorted path for the food from the nest over 
time. 

 

Figure 4.3 Artificial ants searching for the best possible solution, which is the path between nest 
and food. It is found (red line) over number of iterations, adapted from [150].  

 

ΝЮ ÂċƖċůĲƣĲƖШfŰŔƣŔċũŔǍċƣŔŸŰаШÑőĲШċũŊŸƖŔƣőůШƓċƖċůĲƣĲƖƚШċƖĲШĬĲƣĲƖůŔŰĲĬШŔŰШƣőŔƚШƚƣċŊĲЮШ
ÉĲƻĲŰШƓċƖċůĲƣĲƖƚШŰĲĲĬĲĬШƣŸШĤĲШƚĲƣаШыΝьШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШыfƣĲƖůċǂьЯШыΞьШ
ċŰƣШƓŸƓƨũċƣŔŸŰШƚŔǍĲШыƓÉŔǍĲьЯШыΟьШƓőĲƖŸůŸŰĲШĲƻċƓŸƖċƣŔŸŰШƖċƣĲШыƓьЯШыΠьШŔŰǰƨĲŰĦĲШŸŉШ
ƓőĲƖŸůŸŰĲШƖċƣĲШĦƖĲċƣŔŰŊШċШƚŸũƨƣŔŸŰШыь͎ЯШыΣьШŔŰǰƨĲŰĦĲШŸŉШĬĲƚŔƖċĤŔũŔƣǃШĦƖĲċƣŔŰŊШċШƚŸũƨƣŔŸŰШ
ы͉ьЯШċŰĬШыΤьШƣőĲШƕƨċŰƣŔƣǃШŸŉШƓőĲƖŸůŸŰĲШũċŔĬШĤǃШċŰƣШыÄьЮ 
 

ΞЮ 9ƖĲċƣŔŰŊШŰĲƽШƓċƣőШыƚŸũƨƣŔŸŰьаШEċĦőШċŰƣШŔŰШƣőĲШƓŸƓƨũċƣŔŸŰШĦƖĲċƣĲƚШŸŰĲШƓŸƚƚŔĤũĲШ
ƚŸũƨƣŔŸŰЮШÑőĲШċŰƣШƚĲƕƨĲŰƣŔċũũǃШĦőŸŸƚĲƚШƚŸũƨƣŔŸŰШƻċƖŔċĤũĲƚШƣŸШĦƖĲċƣĲШŸŰĲШƓŸƚƚŔĤũĲШ
ƚŸũƨƣŔŸŰЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШŔƣШƚĲũĲĦƣƚШƣőĲШƓċƣőШŰŸĬĲƚШŸŰĲШĤǃШŸŰĲШƣŸШŉŸƖůШƣőĲŔƖШƓċƣőЯШċƚШ
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ƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΠЮΟЮШÑőĲШŰŸĬĲШƚĲũĲĦƣŔŸŰШƖĲũŔĲƚШŸŰШƓƖŸĤċĤŔũŔƣǃЯШƽőŔĦőШŔƚШĬĲƣĲƖůŔŰĲĬШ
ƨƚŔŰŊШƣőĲШŉŸũũŸƽŔŰŊШĲƕƨċƣŔŸŰЮШ 

 

ὴ  
† ʂ 

В † ʂȟ  
 (4.5 ) 

 
ƽőĲƖĲЯШƓŔŢШŔƚШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШƚĲũĲĦƣŔŰŊШŢШŰŸƣĲЯШЮ͡ŔŢШŔƚШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲШŸŰШƣőĲШƓċƣőШ
ĤĲƣƽĲĲŰШŰŸƣĲƚШŔЮċŰĬШŢЯШ͔ŔŢШŔƚШƣőĲШĬĲƚŔƖċĤŔũŔƣǃШŸŉШƚĲũĲĦƣŔŰŊШŢШŰŸƣĲЮШìőŔũĲШШ͎ċŰĬШ͉ШċƖĲШƣőĲШ
ŔŰǰƨĲŰĦĲШ ƓċƖċůĲƣĲƖƚЯШ ƽőŔĦőШ ĦŸŰƣƖŸũШ ƣőĲШ ŔůƓċĦƣШ ŸŉШ ƣőĲШ ƓőĲƖŸůŸŰĲШ ċŰĬШ ƣőĲШ
ĬĲƚŔƖċĤŔũŔƣǃШƻċũƨĲШŸŰШƣőĲШƓƖŸĤċĤŔũŔƣǃЮШÑőĲШĬĲƚŔƖċĤŔũŔƣǃШŔƚШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШŰŸƣĲƚШŔШ
ċŰĬШŢЮШÑőĲШƖċƣĲШŸŉШĬĲƚŔƖċĤŔũŔƣǃШŔŰĦƖĲċƚĲƚШċƚШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƣƽŸШŰŸƣĲƚШ
ĬĲĦƖĲċƚĲƚШŔŰШƣőĲШĬŔƚƣċŰĦĲШůŔŰŔůŔǍċƣŔŸŰШƓƖŸĤũĲůЮШÖƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΡ )ЯШċŰƣƚШĦőŸŸƚĲШ
ŰŸƣĲƚШƣŸШĦƖĲċƣĲШƣőĲŔƖШƓċƣőШыƚŸũƨƣŔŸŰьЮШcŸƽĲƻĲƖЯШƣőĲǃШƖċŰĬŸůũǃШƚĲũĲĦƣШƣőĲШŰŸƣĲƚШƣŸШ
ĦƖĲċƣĲШƣőĲШŔŰŔƣŔċũШƓċƣőШċƚШċũũШƓċƣőƚШŔŰŔƣŔċũũǃШőċƻĲШƣőĲШƚċůĲШƓőĲƖŸůŸŰĲШƖċƣĲƚЮШÑőĲШ
ƕƨċũŔƣǃШŸŉШĲċĦőШċŰƣƚќШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШŔƚШƣőĲŰШĲƻċũƨċƣĲĬЮ 

ΟЮ ÖƓĬċƣĲ  ƓőĲƖŸůŸŰĲШƖċƣĲаШШÑőĲШƓőĲƖŸůŸŰĲШƖċƣĲШŸŉШċũũШƓŸƚƚŔĤũĲШƓċƣőƚШĤĲƣƽĲĲŰШŰŸƣĲƚШ
ŔƚШƨƓĬċƣĲĬЮШfƣШŔƚШƨƓĬċƣĲĬШƣőƖŸƨŊőШƣƽŸШƚƣċŊĲƚаШыΝьШĲƻċƓŸƖċƣŔŸŰЯШƽőŔĦőШƖĲůŸƻĲƚШċШ
ƓŸƖƣŔŸŰШŸŉШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲШŸŰШċũũШƓŸƚƚŔĤũĲШƓċƣőƚЯШċŰĬШыΞьШƖĲŔŰŉŸƖĦĲůĲŰƣЯШƽőĲƖĲШċŰШ
ċůŸƨŰƣШŸŉШƓőĲƖŸůŸŰĲШŔƚШċĬĬШŸŰШƣőĲШƓċƣőƚШĤċƚĲĬШŸŰШƣőĲŔƖШƕƨċũŔƣǃЮШEƕƨċƣŔŸŰШыΠЮΣ)ШĦċŰШ
ĤĲШƨƚĲĬШƣŸШƨƓĬċƣĲШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲЯШŔŰĦũƨĬŔŰŊШĲƻċƓŸƖċƣŔŸŰШċŰĬШƖĲŔŰŉŸƖĦĲůĲŰƣЮ 

† ὸ ρ   ”Ͻ† ὸ  Ў†  (4.6 ) 

 

Ў†  
ὗ

ὪὝ
 (4.7 ) 

 

ƽőĲƖĲЯШ† ὸ ρШŔƚШƣőĲШċůŸƨŰƣШŸŉШƨƓĬċƣĲĬШƓőĲƖŸůŸŰĲШŉŸƖШƣőĲШƓċƣőШĤĲƣƽĲĲŰШὭШċŰĬШὮЯШ
ὸШŔƚШƣőĲШĦƨƖƖĲŰƣШŔƣĲƖċƣŔŸŰШƻċũƨĲЯШ”ШŔƚШƣőĲШĲƻċƓŸƖċƣŔŸŰШƖċƣĲЯШ† ὸ ƣőĲШĦƨƖƖĲŰƣШċůŸƨŰƣШŸŉШ
ƓőĲƖŸůŸŰĲШĤĲƣƽĲĲŰШὭШċŰĬШὮЯШċŰĬШШЎ† ШŔƚШƣőĲШċůŸƨŰƣШŸŉШƓőĲƖŸůŸŰĲШŔŰĦƖĲċƚĲШŸŰШƣőĲШ

ƓċƣőШὭШƣŸШὮШĤċƚĲĬШŸŰШƣőĲШƣŸƨƖШыƚŸũƨƣŔŸŰьШǯƣŰĲƚƚЮШìőŔũĲШÄШŔƚШƣőĲШƕƨċŰƣŔƣǃШŸŉШƓőĲƖŸůŸŰĲШ
ũċŔĬШĤǃШċŰƣЯШċŰĬШὪὝ ШŔƚШƣőĲШǯƣŰĲƚƚШŸŉШƣőĲШťШċŰƣќƚШƣŸƨƖЮШ 

ΠЮ ÑĲƖůŔŰċƣŔŸŰаШÑőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШĤǃШŸŰĲЮШfŉШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШ
ƖĲċĦőĲƚШƣőĲШůċǂŔůƨůШыfƣĲƖůċǂьЯШƣőĲШ 9§ШƚĲċƖĦőШƚƣŸƓƚШċŰĬШƣŸƨƖШыƚŸũƨƣŔŸŰьШƽŔƣőШƣőĲШ
őŔŊőĲƚƣШƓőĲƖŸůŸŰĲШƖċƣĲШŔƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШĤĲƚƣШƣŸƨƖШыƚŸũƨƣŔŸŰьШŉŸƖШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЮШ
§ƣőĲƖƽŔƚĲЯШ 9§ШƚƣĲƓƚШΞрΠШċƖĲШƖĲƓĲċƣĲĬШƨŰƣŔũШƣőĲШƚƣŸƓƓŔŰŊШĦƖŔƣĲƖŔŸŰШŔƚШůĲƣЮ 



9őċƓƣĲƖШΠШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚ 
 

 

ΟΝ 
 

ΠЮΝЮΟ ]ĲŰĲƣŔĦШ ũŊŸƖŔƣőůШы] ь 

] ШŔƚШċŰШŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůШĬĲƻĲũŸƓĲĬШŔŰШƣőĲШΝΦΣΜƚШċŰĬШΝΦΤΜƚШĤǃШsŸőŰШcŸũũċŰĬШċŰĬШőŔƚШ
ĦŸũũċĤŸƖċƣŸƖƚШċƣШƣőĲШÖŰŔƻĲƖƚŔƣǃШŸŉШ~ŔĦőŔŊċŰШяΝΠΦЯΝΣΟѐЮШ] ШƽċƚШĬĲƻĲũŸƓĲĬШƣŸШƚŔůƨũċƣĲШ
?ċƖƽŔŰѣƚШĦŸŰĦĲƓƣШŸŉШĲƻŸũƨƣŔŸŰШċŰĬШŰċƣƨƖċũШƚĲũĲĦƣŔŸŰЮШfŰШ] ЯШċШƓƖŸĤũĲůќƚШĤĲƚƣШƚŸũƨƣŔŸŰШŔƚШ
ŉŸƨŰĬШĤǃШĦƖĲċƣŔŰŊШċШŰƨůĤĲƖШŸŉШƖċŰĬŸůШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚЮШÑőĲƚĲШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШċƖĲШ
ĲƻċũƨċƣĲĬШċŰĬШŔůƓƖŸƻĲĬШƨƚŔŰŊШƻċƖŔŸƨƚШƓƖŸĦĲĬƨƖĲƚШƣŸШǯŰĬШƣőĲШĤĲƚƣШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШĲƻĲƖЮШ] Ш
ŔƚШċШǰĲǂŔĤũĲШċŰĬШƖŸĤƨƚƣШċũŊŸƖŔƣőůШяΝΠΦѐЯШĤƨƣШŔƣШŔƚШĦŸůƓũĲǂШяΝΠΦЯΝΣΠѐЯШƚĲŰƚŔƣŔƻĲШƣŸШƣőĲШƻċũƨĲШŸŉШ
ƓċƖċůĲƣĲƖƚШяΝΠΦѐШċŰĬШĬĲƓĲŰĬĲŰƣШŸŰШƣőĲШŔŰŔƣŔċũШƓŸƓƨũċƣŔŸŰШяΝΣΠЯΝΣΡѐЮШ] ШċũŊŸƖŔƣőůШőċƚШĤĲĲŰШ
ƨƚĲĬШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШŔьШ fШƣƖċŔŰŔŰŊШяΝΣΣѐЯШŔŔьШƓŸƽĲƖШƚǃƚƣĲůяΝΣΤѐЯШŔŔŔьШĦũƨƚƣĲƖŔŰŊШ
яΝΣΥѐЯШŔƻьШÑƖċŰƚƓŸƖƣċƣŔŸŰШяΝΣΦѐЯШƻьШƽċƣĲƖШƚǃƚƣĲůШĬĲƚŔŊŰШяΝΤΜЯΝΤΝѐЯШƻŔьШfŰĬƨƚƣƖǃШяΝΤΞѐЯШƻŔŔьШŢŸĤШ
ƚĦőĲĬƨũŔŰŊШяΝΤΟѐЯШċŰĬШƻŔŔŔьШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШяΤЯΦΞЯΦΦЯΝΜΠЯΝΜΡЯΝΝΤѐЮШÑőĲШĤċƚŔĦШ] Ш
ĦŸŰƣċŔŰƚШƚŔǂШůċŔŰШƚƣĲƓƚаШƓŸƓƨũċƣŔŸŰШŊĲŰĲƖċƣŔŸŰЯШǯƣŰĲƚƚШĬĲƣĲƖůŔŰċƣŔŸŰЯШƚĲũĲĦƣŔŸŰЯШĦƖŸƚƚŸƻĲƖЯШ
ůƨƣċƣŔŸŰЯШċŰĬШƓŸƓƨũċƣŔŸŰШƖĲƓũċĦŔŰŊШяΝΤΠѐЮШÂċƖƣШŸŉШƣőĲШǯƖƚƣШƚƣĲƓЯШƣőĲƚĲШƚƣĲƓƚШċƖĲШƖĲƓĲċƣĲĬШŉŸƖШ
ċШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШƣŸШǯŰĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШċШŊŔƻĲŰШƓƖŸĤũĲůЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΠЮΠЮШ 

 

Figure 4.4  Representation of the GA processing steps ѕΤΨΣі.Ю 

 

ΝЮ ÂŸƓƨũċƣŔŸŰШ]ĲŰĲƖċƣŔŸŰаШÑŸШǯŰĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШċШŊŔƻĲŰШƓƖŸĤũĲůЯШ] ШŔŰŔƣŔċũũǃШ
ŊĲŰĲƖċƣĲƚШċШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШƣőċƣШťŰŸƽŰШċƚШƓŸƓƨũċƣŔŸŰШŸŉШƓŸƚƚŔĤũĲШ
ƚŸũƨƣŔŸŰƚЮШÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲоШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШŔƚШƓƖĲĬĲǯŰĲĬЮШ
ĦĦŸƖĬŔŰŊШƣŸШòċŰŊШыΞΜΝΠьШяΝΠΦѐЯШƣŸŸШƚůċũũШƓŸƓƨũċƣŔŸŰШƚŔǍĲШĦċŰШĦċƨƚĲШ] ШƣŸШŉċũũШŔŰШƣőĲШ
ũŸĦċũШŸƓƣŔůƨůЯШƽőŔũĲШƣŸŸШũċƖŊĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШƽŔũũШũĲċĬШƣŸШƨŰŰĲĦĲƚƚċƖǃШĦŸůƓƨƣċƣŔŸŰШ
ũŸċĬЮШ ШƓŸƓƨũċƣŔŸŰШƚŔǍĲШŸŉШΠΜШƣŸШΞΜΜШŔƚШƚƨǭŔĦŔĲŰƣШŉŸƖШůŸƚƣШƓƖŸĤũĲůƚЮШÑőĲШƓŸƚƚŔĤũĲШ
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ΟΞ 
 

ƚŸũƨƣŔŸŰƚШ ŔŰШ ] Ш ċƖĲШ ƖĲƓƖĲƚĲŰƣĲĬШ ċƚШ ĦőƖŸůŸƚŸůĲƚЯШ ƽőĲƖĲШ ĲċĦőШ ĦőƖŸůŸƚŸůĲШ
ĦŸŰƣċŔŰƚШċШŰƨůĤĲƖШŸŉШŊĲŰĲƚШы[ŔŊƨƖĲШΠЮΠьЮШÑőĲƚĲШŊĲŰĲƚШŔŰĬŔĦċƣĲШƣőĲШƓƖŸĤũĲůШƻċƖŔċĤũĲƚЮШ
ũũШĦőƖŸůŸƚŸůĲƚШыƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚьШőċƻĲШƣőĲШƚċůĲШŰƨůĤĲƖШŸŉШŊĲŰĲƚЯШƽőŔĦőШŔƚШ
ĲƕƨċũШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƓƖŸĤũĲůШƻċƖŔċĤũĲƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬЮШÑőĲШŊĲŰĲƚќШƻċũƨĲШĦċŰШĤĲШ
ƓƖĲƚĲŰƣĲĬШƨƚŔŰŊШƣőĲШĤŔŰċƖǃШŰƨůĤĲƖШƚǃƚƣĲůШƣőċƣШŔƚШĦŸůůŸŰũǃШƨƚĲĬШШяΝΠΦЯΝΤΠѐЮШfŰШ
ċĬĬŔƣŔŸŰЯШŔƣШĦċŰШĤĲШƓƖĲƚĲŰƣĲĬШċƚШċШƖĲċũШŰƨůĤĲƖЯШƽőŔĦőШŔƚШƚŔůƓũĲƖШċƚШŰŸШĦŸŰƻĲƖƚŔŸŰШŔƚШ
ƖĲƕƨŔƖĲĬШяΝΤΠѐЮШ ŉƣĲƖШĬĲƣĲƖůŔŰŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШŊĲŰĲƚШŔŰШƣőĲШĦőƖŸůŸƚŸůĲƚШċŰĬШƣőĲШ
ŰƨůĤĲƖШŸŉШĦőƖŸůŸƚŸůĲƚШŔŰШƣőĲШƓŸƓƨũċƣŔŸŰЯШƣőĲШ] ШƖċŰĬŸůũǃШŊĲŰĲƖċƣĲƚШƣőĲШŔŰŔƣŔċũШƚĲƣШ
ŸŉШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШыĦőƖŸůŸƚŸůĲƚьШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΝьЮ 
 

ΞЮ [ŔƣŰĲƚƚШ ?ĲƣĲƖůŔŰċƣŔŸŰаШ§ŰĦĲШ ċШ ƚĲƣШ ŸŉШ ĦőƖŸůŸƚŸůĲƚШ ыƓŸƣĲŰƣŔċũШ ƚŸũƨƣŔŸŰƚьШ ŔƚШ
ŊĲŰĲƖċƣĲĬЯШƣőĲШƕƨċũŔƣǃШыǯƣŰĲƚƚьШŸŉШĲċĦőШĦőƖŸůŸƚŸůĲШŔƚШĲƻċũƨċƣĲĬШƣŸШĬĲƣĲƖůŔŰĲШŔƣƚШ
ĲǭŔĦŔĲŰĦǃШŔŰШƚŸũƻŔŰŊШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЮШÑőĲШĦőƖŸůŸƚŸůĲШƽŔƣőШőŔŊőĲƚƣШǯƣŰĲƚƚШŔƚШ
ƖĲƕƨŔƖĲĬШŉŸƖШƓƖŸĤũĲůШƚŸũƻŔŰŊЮШÑőĲШǯƣŰĲƚƚШŸŉШĦőƖŸůŸƚŸůĲƚШŉŸƖШůċǂŔůŔǍċƣŔŸŰШċŰĬШ
ůŔŰŔůŔǍċƣŔŸŰШ ƓƖŸĤũĲůƚШ ĦċŰШ ĤĲШ ĦċũĦƨũċƣĲĬШ ƨƚŔŰŊШEƕƨċƣŔŸŰƚШыΠЮΥ)ШċŰĬШыΠЮΦ)ЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮ 

 
Ὂ Ὢὼ (4.8 ) 

 

Ὂ  
ρ

Ὢὼ
 (4.9 ) 

 

ƽőĲƖĲЯШ[ЮŔƚЮƣőĲЮǯƣŰĲƚƚеЮċŰĬЮŉЮŔƚШƣőĲШƓƖŸĤũĲůШŸĤŢĲĦƣŔƻĲШŉƨŰĦƣŔŸŰШŸŉЮǂЮƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰЮ 

3. ÉĲũĲĦƣŔŸŰаШfŰШ] ЯШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШƣŸШċШŊŔƻĲŰШƓƖŸĤũĲůШŔƚШĬŔƚĦŸƻĲƖĲĬШĤǃШŔůƓƖŸƻŔŰŊШƣőĲШ
ƕƨċũŔƣǃШыǯƣŰĲƚƚьШŸŉШƣőĲШĦƨƖƖĲŰƣШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШыƓŸƓƨũċƣŔŸŰьШƨƚŔŰŊШĦƖŸƚƚŸƻĲƖШċŰĬШ
ůƨƣċƣŔŸŰШƓƖŸĦĲĬƨƖĲƚЮШÑőĲШƚĲũĲĦƣŔŸŰШƚƣĲƓШŔƚШƣőĲШƓƖŸĦĲƚƚШŸŉШƚĲũĲĦƣŔŰŊШƣőĲШƖŔŊőƣШĦƨƖƖĲŰƣШ
ĦőƖŸůŸƚŸůĲƚШ ƣŸШ ŊĲŰĲƖċƣĲШ ŰĲƽШ ƚĲƣШ ŸŉШ ĦőƖŸůŸƚŸůĲƚШ ыŔЮĲЮЯШ ŰĲƽШ ƓŸƓƨũċƣŔŸŰьЮШ
fƣĲƖċƣŔƻĲũǃЯШƣőĲШƚĲũĲĦƣŔŸŰШƓƖŸĦĲĬƨƖĲШŔƚШĦċƖƖŔĲĬШŸƨƣЯШƽŔƣőШċШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШ
ĲƕƨŔƻċũĲŰƣШ ƣŸШ őċũŉШ ƣőĲШ ƣŸƣċũШ ŰƨůĤĲƖШ ŸŉШ ĦőƖŸůŸƚŸůĲƚЮШ fŰШ ĲċĦőШ ŔƣĲƖċƣŔŸŰЯШ ƣƽŸШ
ĦőƖŸůŸƚŸůĲƚШыƓċƖĲŰƣƚьШċƖĲШ ĦőŸƚĲŰШƣŸШƓƖŸĬƨĦĲШŰĲƽШ ĦőƖŸůŸƚŸůĲƚШыŸǭƚƓƖŔŰŊьЮШ
9őƖŸůŸƚŸůĲƚШċƖĲШĦőŸƚĲŰШĤċƚĲĬШŸŰШƣőĲŔƖШǯƣŰĲƚƚЯШĤƨƣШƖċŰĬŸůũǃЮШÑőĲШƖŸƨũĲƣƣĲШƽőĲĲũШ
ŔƚШċШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲШƽŔĬĲũǃШƨƚĲĬШŔŰШ] Ш[175]. Chromosomes with high fitness are 
more likely to be chosen using this technique. 

 
ΠЮ 9ƖŸƚƚŸƻĲƖаШ ŔƚШ ċШ ƓƖŸĦĲƚƚШ ċŔůĲĬШ ċƣШ ĦƖĲċƣŔŰŊШ ƣƽŸШ ŰĲƽШ ƓŸƚƚŔĤũĲШ ƚŸũƨƣŔŸŰƚШ
ыĦőƖŸůŸƚŸůĲƚьШŉƖŸůШċШƓċŔƖШŸŉШƚĲũĲĦƣĲĬШĦőƖŸůŸƚŸůĲƚЮШÑőŔƚШĦċŰШĤĲШĬŸŰĲШĤǃШƚƽŔƣĦőŔŰŊШ
ĦőƖŸůŸƚŸůĲƚќШ ŊĲŰĲƚШ ŔŰШ ƚŔŰŊũĲШ ŸƖШ ůƨũƣŔƓũĲШ ƓŸŔŰƣƚ  яΝΤΣѐЮШ ÉŔŰŊũĲрƓŸŔŰƣШ ĦƖŸƚƚŸƻĲƖШ
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ΟΟ 
 

ƚƽŔƣĦőĲƚШĦőƖŸůŸƚŸůĲШŊĲŰĲƚШĤĲŉŸƖĲоШċŉƣĲƖШŸŰĲШƓŸŔŰƣЯШƽőĲƖĲċƚШůƨũƣŔрƓŸŔŰƣШĦƖŸƚƚŸƻĲƖШ
ǰŔƓƚШĦőƖŸůŸƚŸůĲШŊĲŰĲƚШċƣШůƨũƣŔƓũĲШũŸĦċƣŔŸŰƚЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΠЮΡЮШÑőĲШůƨũƣŔр
ƓŸŔŰƣШĦƖŸƚƚŸƻĲƖШŔƚШůŸƖĲШĲǭĲĦƣŔƻĲШċŰĬШĦŸůůŸŰũǃШƨƚĲĬШяΝΠΦѐЮШÑőĲШŔŰŔƣŔċũШĦőƖŸůŸƚŸůĲƚШ
ċƖĲШĦċũũĲĬШƓċƖĲŰƣƚЯШċŰĬШƣőĲШŰĲƽШƚŸũƨƣŔŸŰƚШыĦőƖŸůŸƚŸůĲƚьШċƖĲШĦċũũĲĬШŸǭƚƓƖŔŰŊЮШ
?ĲƚƓŔƣĲШƣőĲШĦƖŸƚƚŸƻĲƖШƣĲĦőŰŔƕƨĲШƨƚĲĬШыƚŔŰŊũĲоШůƨũƣŔƓũĲьЯШƣőĲШƓċƖĲŰƣƚќШŊĲŰĲƚШƚƽŔƣĦőШ
ыĦƖŸƚƚŸƻĲƖьШŸŰũǃШŔŉШƣőĲШĦƖŸƚƚŸƻĲƖШƓƖŸĤċĤŔũŔƣǃШыÂĦьШŔƚШƣƖƨĲШыÂĦӂШƖьЮШÖƚƨċũũǃЯШÂĦШƻċũƨĲШ
ƖċŰŊĲƚШĤĲƣƽĲĲŰШΜЮΤрΝЯШċŰĬШƖШŔƚШƖċŰĬŸůШŰƨůĤĲƖШĤĲƣƽĲĲŰШΜШċŰĬШΝШШяΝΠΦѐЮ 

 
[ŔŊƨƖĲЮΧдΨЮ]ĲŰĲƣŔĦЮċũŊŸƖŔƣőůЮƚŔŰŊũĲцЮċŰĬЮůƨũƣŔцƓŸŔŰƣЮĦƖŸƚƚŸƻĲƖдЮ 

ΡЮ ~ƨƣċƣŔŸŰаШŉƣĲƖШƣőĲШĦƖŸƚƚŸƻĲƖШƚƣċŊĲЯШƣőĲШŰĲƽШƚĲƣШŸŉШĦőƖŸůŸƚŸůĲƚШĦőċŰŊĲƚШŉƨƖƣőĲƖШĤǃШ
ůƨƣċƣŔŸŰЮШ~ƨƣċƣŔŸŰШŔƚШċŰŸƣőĲƖШŸƓĲƖċƣŔŸŰШƣőċƣШƚĲĲťƚШƣŸШĦƖĲċƣĲШŰĲƽШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШ
ыĦőƖŸůŸƚŸůĲьШĤǃШƖċŰĬŸůũǃШĦőċŰŊŔŰŊШƣőĲШƚŸũƨƣŔŸŰѣƚШƻċƖŔċĤũĲƚШыŊĲŰĲƚьЮШfƣШŔƚШŸŰũǃШĬŸŰĲШ
ŔŉШƣőĲШůƨƣċƣŔŸŰШƓƖŸĤċĤŔũŔƣǃШыÂůьШŔƚШƣƖƨĲШыÂůШӂШƖьЮШÂůЮƻċũƨĲЮƣǃƓŔĦċũũǃШƖċŰŊĲƚШŉƖŸůШΜЮΜΜΝШ
рШΜЮΜΡШяΝΠΦѐЮШ fŰШ ĦŸŰƣƖċƚƣШ ƣŸШ ĦƖŸƚƚŸƻĲƖЯШ ƣőĲШ ůƨƣċƣŔŸŰШ ƓƖŸĦĲƚƚШ ŸĦĦƨƖƚШ ŉŸƖШ ĲċĦőШ
ĦőƖŸůŸƚŸůĲШƚĲƓċƖċƣĲũǃЮ  
 

ΣЮ ÂŸƓƨũċƣŔŸŰШÅĲƓũċĦŔŰŊаШŉƣĲƖШƣőĲШůƨƣċƣŔŸŰШƓőċƚĲЯШƣőĲШŰĲƽШƚĲƣШŸŉШĦőƖŸůŸƚŸůĲƚШ
ыƓŸƓƨũċƣŔŸŰьШƖĲƓũċĦĲƚШƣőĲШŔŰŔƣŔċũШŸŰĲЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШ
ĤǃШΝЮШÖŰƣŔũШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔƚШůĲƣЯШƣőĲШ] ШƓƖŸĦĲĬƨƖĲШŔƚШƖĲƓĲċƣĲĬШ
ŉƖŸůШΞШƣŸШΣЮ 

ΠЮΝЮΠ ÂċƖƣŔĦũĲШÉƽċƖůШ§ƓƣŔůŔǍċƣŔŸŰШыÂÉ§ь 

ÂÉ§ШŔƚШċŰШċũŊŸƖŔƣőůШƣőċƣШƚŔůƨũċƣĲƚШĤŔƖĬоǯƚőШŉŸƖċŊŔŰŊШĤĲőċƻŔŸƨƖЯШċŰĬШŔƣШƽċƚШĬĲƻĲũŸƓĲĬШĤǃШ
uĲŰŰĲĬǃШċŰĬШEĤĲƖőċƖƣШыΝΦΦΡьШяΝΤΤѐЮШfƣШŔƚШċШƓŸƓƨũċƣŔŸŰрĤċƚĲĬШċũŊŸƖŔƣőůШŔŰШƽőŔĦőШċШŰƨůĤĲƖШŸŉШ
ƓċƖƣŔĦũĲƚШċƖĲШŊĲŰĲƖċƣĲĬШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲЮШ7ǃШƚőċƖŔŰŊШ
ŔŰŉŸƖůċƣŔŸŰШċĤŸƨƣШƣőĲШĬŔƚĦŸƻĲƖĲĬШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШыƕƨċũŔƣǃШċŰĬШũŸĦċƣŔŸŰШŔŰШƣőĲШƚĲċƖĦőШ
ƚƓċĦĲьЯШƓċƖƣŔĦũĲƚШĦċŰШĦŸŰƻĲƖŊĲШƣŸƽċƖĬƚШŸƓƣŔůċũШƚŸũƨƣŔŸŰƚЮШШÂÉ§ШŔƚШċШǰĲǂŔĤũĲШяΝΠΦѐШċŰĬШƚŔůƓũĲШ
ċũŊŸƖŔƣőůШċŰĬШŔƣШĦċŰШĤĲШĲċƚŔũǃШŔůƓũĲůĲŰƣĲĬШĦŸůƓċƖĲĬШƣŸШŸƣőĲƖШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШ
яΝΠΦЯΝΤΥѐЮШcŸƽĲƻĲƖЯШŔŰШċШőŔŊőрĬŔůĲŰƚŔŸŰċũШƚĲċƖĦőШƚƓċĦĲЯШÂÉ§ШƚũŸƽũǃШĦŸŰƻĲƖŊĲƚШƣŸƽċƖĬШƣőĲШ
ŸƓƣŔůċũШƚŸũƨƣŔŸŰЯШċŰĬШƣőĲШƕƨċũŔƣǃШŸŉШŔƣƚШƖĲƚƨũƣƚШĬĲĦƖĲċƚĲƚШяΝΤΦЯΝΥΜѐЮШÂÉ§ШċũŊŸƖŔƣőůШőċƚШĤĲĲŰШ

утср

поср

утнм

понм

утср

уонр

птсм

понм

{ƛƴƎƭŜπǇƻƛƴǘ ŎǊƻǎǎƻǾŜǊ

ƳǳƭǘƛπǇƻƛƴǘ ŎǊƻǎǎƻǾŜǊ
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ƨƚĲĬШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШΝьШ fШƣƖċŔŰŔŰŊШяΝΥΝѐЯШΞьШƓŸƽĲƖШƚǃƚƣĲůШяΝΥΞѐЯШΟьШĦũƨƚƣĲƖŔŰŊ  

яΝΥΟѐЯШΠьШÑƖċŰƚƓŸƖƣċƣŔŸŰШяΝΥΠѐЯШΡьШŔůċŊĲШƓƖŸĦĲƚƚŔŰŊШяΝΥΡѐЯШΣьШfŰĬƨƚƣƖǃШяΝΥΣѐЯШΤьШ[ċƖůŔŰŊШяΝΥΤѐЯШ
ċŰĬШΥьШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШяΤЯΦΦЯΝΟΣѐЮШĦĦŸƖĬŔŰŊШƣŸШяΝΥΥѐЯ  ƣőĲШÂÉ§ШċũŊŸƖŔƣőůШŉŸũũŸƽƚШ
ƚƣĲƓƚаШ 

ΝЮ fŰŔƣŔċũŔǍċƣŔŸŰаШċШƓŸƓƨũċƣŔŸŰШŸŉШƓċƖƣŔĦũĲƚШŔƚШŊĲŰĲƖċƣĲĬШċŰĬШƖċŰĬŸůũǃШĬŔƚƣƖŔĤƨƣĲĬШŔŰШƣőĲШ
ƓƖŸĤũĲůШƚĲċƖĦőШƚƓċĦĲШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΝ)ЮШEċĦőШũŸĦċƣŔŸŰШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲШ
ŔŰĬŔĦċƣĲƚШċШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰЮШ ƚШċШƖĲƚƨũƣЯШƓċƖƣŔĦũĲƚШƖĲƓƖĲƚĲŰƣШƣőĲШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШ
ŸŉШƣőĲŔƖШƓŸƚŔƣŔŸŰƚЮШ 
 

ΞЮ ÖƓĬċƣŔŰŊаШÑőĲШ ƕƨċũŔƣǃШ ыǯƣŰĲƚƚьШ ŸŉШ ƣőĲƚĲШ ƓċƖƣŔĦũĲƚШ ыƓŸƚƚŔĤũĲШ ƚŸũƨƣŔŸŰьШ ŔƚШ ƣőĲŰШ
ĦċũĦƨũċƣĲĬЮШ7ċƚĲĬШŸŰШƓċƖƣŔĦũĲƚќШǯƣŰĲƚƚЯШƣőĲШƓċƖƣŔĦũĲШƓĲƖƚŸŰċũШĤĲƚƣШыƓĤĲƚƣьШċŰĬШŊũŸĤċũШ
ĤĲƚƣШыŊĤĲƚƣьШŔƚШƖĲƓĲċƣĲĬũǃШĬĲƣĲƖůŔŰĲĬШŔŰШĲċĦőШŔƣĲƖċƣŔŸŰЮШƓĤĲƚƣШŔƚШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШĲƻĲƖШ
ŉŸƨŰĬШĤǃШƣőĲШƚċůĲШƓċƖƣŔĦũĲЯШƽőŔũĲШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШĲƻĲƖШŉŸƨŰĬШĤǃШċũũШƓċƖƣŔĦũĲƚШŔƚШƣőĲШ
ŊĤĲƚƣЮШ 

 

ΟЮ ÑƖċƻĲũũŔŰŊаШƓċƖƣŔĦũĲƚШƻĲũŸĦŔƣǃШċŰĬШũŸĦċƣŔŸŰШċƖĲШĬĲƣĲƖůŔŰĲĬоШƨƓĬċƣĲĬШŔŰШƣőŔƚШƚƣċŊĲЮШÑŸШ
ǯŰĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЯШƣőĲШƓċƖƣŔĦũĲƚШůŸƻĲШŔŰШƣőĲШƚĲċƖĦőШƚƓċĦĲЯШ
ŔŰƻĲƚƣŔŊċƣŔŰŊШŰĲƽШũŸĦċƣŔŸŰƚШыŔЮĲЮЯШƓŸƣĲŰƣŔċũШƚŸũƨƣŔŸŰƚьЮШÂċƖƣŔĦũĲƚќШƣƖċƻĲũũŔŰŊШĬĲƓĲŰĬƚШŸŰШ
ƣőĲŔƖШƻĲũŸĦŔƣǃЯШƓĤĲƚƣШċŰĬШŊĤĲƚƣеЮċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШ4.6ЮШÖƓĬċƣŔŰŊШƓċƖƣŔĦũĲƚШƻĲũŸĦŔƣǃШċŰĬШ
ũŸĦċƣŔŸŰШĦċŰШĤĲШĬŸŰĲШƨƚŔŰŊШEƕƨċƣŔŸŰƚШыΠЮΝΜ)ШċŰĬШыΠЮΝΝ)Ю 

 

 

Figure 4.6  Representation of updating particle location based and on gbest, pbest and velocityЮѕΤΨΣі .  

 

ὢ ὢ ὠ (4.10 ) 

±ŜƭƻŎƛǘȅ ό±ƛύ

/ǳǊǊŜƴǘ 
ƭƻŎŀǝƻƴ ό·ƛύ

Dƭƻōŀƭ ōŜǎǘ

tŜǊǎƻƴŀƭ ōŜǎǘ

bŜȄǘ 
ƭƻŎŀǝƻƴ ό·ƛǘҌмύ

LƴƅǳŜƴŎŜǎ
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ὠ  ‫ὠ ὅὶὴὦὩίὸὢ  ὅὶὫὦὩίὸὢ  (4.11 ) 
 

‫ ‫
‫ ‫

ὍὸὩὶ
ὍzὸὩὶ (4.12 ) 

ƽőĲƖĲЯШñШŔƚШƣőĲШŰĲƽШƓŸƚŔƣŔŸŰЯШñΣЮŔƚШƣőĲШĦƨƖƖĲŰƣШыŔŰŔƣŔċũьШƓŸƚŔƣŔŸŰЯШéШŔƚШƣőĲШŰĲƽШƻĲũŸĦŔƣǃЯШ
éΣШŔƚШƣőĲШĦƨƖƖĲŰƣШыŔŰŔƣŔċũьШƻĲũŸĦŔƣǃЯШ9ΤШċŰĬШ9ΥШċƖĲШƣőĲШċĦĦĲũĲƖċƣŔŸŰШŉċĦƣŸƖƚЯШƖΤШċŰĬШƖΥШċƖĲШ
ƖċŰĬŸůШŰƨůĤĲƖШĤĲƣƽĲĲŰШΜрΝЯШШͦŔƚШƣőĲШŔŰĲƖƣŔċШƽĲŔŊőƣЯШůͦċǂЮċŰĬЮͦ ůŔŰШċƖĲШŔŰŔƣŔċũШċŰĬШǯŰċũШ
ƽĲŔŊőƣƚШƖĲƚƓĲĦƣŔƻĲũǃЯШfƣĲƖůċǂЮŔƚШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚЯШċŰĬШfƣĲƖаШŔƚШĦƨƖƖĲŰƣШ
ŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚЮШÑǃƓŔĦċũũǃЯШƣőĲШƻċũƨĲШŸŉШƣőĲШůͦċǂЮċŰĬЮͦ ůŔŰШċƖĲШΜЮΦШċŰĬШΜЮΠЯШ
ƖĲƚƓĲĦƣŔƻĲũǃШяΝΥΦѐЮШìőĲƖĲċƚШƣőĲШƻċũƨĲШŸŉШ9ΤШċŰĬШ9ΥЮċƖĲШΞШяΝΦΜѐЮ 
 

ΠЮ ÑĲƖůŔŰċƣŔŸŰаШÑőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШĤǃШŸŰĲЮШfŉШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШ
ƖĲċĦőĲƚШfƣĲƖůċǂЯШƣőĲШÂÉ§ШƚĲċƖĦőШƚƣŸƓƚШċŰĬШŊĤĲƚƣЮŔƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШƣőĲШ
ŊŔƻĲŰШƓƖŸĤũĲůЮШ§ƣőĲƖƽŔƚĲШÂÉ§ШƚƣĲƓƚШΞрΠШċƖĲШƖĲƓĲċƣĲĬШƨŰƣŔũШƣőĲШƚƣŸƓƓŔŰŊШĦƖŔƣĲƖŔŸŰШŔƚШ
ůĲƣЮ 

ΠЮΝЮΡ ÉŔůƨũċƣĲĬШ ŰŰĲċũŔŰŊШыÉ ь 

É ШŔƚШċŰШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШĬĲƻĲũŸƓĲĬШĤǃШuŔƖťƓċƣƖŔĦťШĲƣШċũЮШыΝΦΥΟьШяΝΦΝѐЮШfƣШŔƚШċШƚŔŰŊũĲр
ĤċƚĲĬШċũŊŸƖŔƣőůЯШƽőĲƖĲШŔƣШŊĲŰĲƖċƣĲƚШŸŰĲШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШċŰĬШŔƣĲƖċƣŔƻĲũǃШŸƓƣŔůŔǍĲƚШƣŸШĦƖĲċƣĲШ
ƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŉŸƖШƣőĲШŊŔƻĲŰШƓƖŸĤũĲůЮШÑŸШċƻŸŔĬШƣőĲШƣƖċƓШŸŉШũŸĦċũШŸƓƣŔůċũШƚŸũƨƣŔŸŰЯШĤŸƣőШ
ĤĲƣƣĲƖШ ċŰĬШ ƽŸƖƚĲШ ƚŸũƨƣŔŸŰƚШ ċƖĲШ ċĦĦĲƓƣċĤũĲЮШ É Ш ƽċƚШ ĬĲƚŔŊŰĲĬШ ƣŸШ ƚŔůƨũċƣĲШ ċŰŰĲċũŔŰŊШ
ƓƖŸĦĲƚƚĲƚЯШƽőĲƖĲШƣőĲШůĲƣċũШŔƚШőŔŊőũǃШőĲċƣĲĬШċŰĬШƚũŸƽũǃШĦŸŸũĲĬШƣŸШĦőċŰŊĲШŔƣƚШƓƖŸƓĲƖƣŔĲƚЮШ
ÉŔůŔũċƖũǃЯШÉ ШċũŊŸƖŔƣőůШƚƣċƖƣƚШƽŔƣőШċШőŔŊőШƣĲůƓĲƖċƣƨƖĲШƻċũƨĲЯШƽőŔĦőШċũũŸƽƚШŔƣШƣŸШċĦĦĲƓƣШƽŸƖƚĲШ
ƚŸũƨƣŔŸŰƚбШċƚШƣőĲШƣĲůƓĲƖċƣƨƖĲШƻċũƨĲШĬĲĦƖĲċƚĲƚЯШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШċĦĦĲƓƣŔŰŊШƓŸŸƖШƚŸũƨƣŔŸŰƚШ
ĬĲĦũŔŰĲƚЮШÉ ШŔƚШċШǰĲǂŔĤũĲШċũŊŸƖŔƣőůШяΝΦΞѐШƽŔƣőШƣőĲШĦċƓċĦŔƣǃШƣŸШċƻŸŔĬШũŸĦċũШŸƓƣŔůċШƣƖċƓШĤǃШ
ċĦĦĲƓƣŔŰŊШƣőĲШƽŸƖƚĲШƚŸũƨƣŔŸŰШяΝΠΦѐЮШcŸƽĲƻĲƖЯШƚũŸƽШĦŸŰƻĲƖŊĲŰĦĲШŔƚШƖĲƕƨŔƖĲĬШŔŰШÉ ШƣŸШŸĤƣċŔŰШ
ƣőĲШ ċĦƣƨċũШ ŸƓƣŔůċũШ ƚŸũƨƣŔŸŰШяΝΠΦЯΝΣΠЯΝΦΟѐЮШ fŰШ ċĬĬŔƣŔŸŰЯШ ŔƣШ ŔƚШ ċШ ƚŔŰŊũĲШ ƚŸũƨƣŔŸŰрĤċƚĲĬШ
ċũŊŸƖŔƣőůЯШƽőĲƖĲШŸŰũǃШŸŰĲШƚŸũƨƣŔŸŰШŔƚШŊĲŰĲƖċƣĲĬШċŰĬШŸƓƣŔůŔǍĲĬШŉƖŸůШũŸĦċũШƚĲċƖĦőШяΝΠΦѐЮШÉ Ш
ċũŊŸƖŔƣőůШőċƚШĤĲĲŰШƨƚĲĬШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШŔьШfŰĬƨƚƣƖǃШяΝΦΠѐЯШŔŔьШĦũƨƚƣĲƖŔŰŊШяΝΦΡѐЯШ
ŔŔŔьШÑƖċŰƚƓŸƖƣċƣŔŸŰШяΝΦΣѐЯШŔƻьШŔůċŊĲШƓƖŸĦĲƚƚŔŰŊШяΝΦΤѐЯШƻьШÉĲĦƨƖŔƣǃШяΝΦΥѐЯШƻŔьШìċƣĲƖШƚǃƚƣĲůШяΝΦΦѐЯШ
ċŰĬШ ƻŔŔьШ ] ÉÉШ ƚċƣĲũũŔƣĲШ ƚĲũĲĦƣŔŸŰШяΦΦЯΝΟΣѐЮШĦĦŸƖĬŔŰŊШ ƣŸШяΞΜΜЯΞΜΝѐЯШ É Ш ĦċŰШ ĤĲШ ĲċƚŔũǃШ
ŔůƓũĲůĲŰƣĲĬШƨƚŔŰŊШƣőĲШŉŸũũŸƽŔŰŊШƚƣĲƓƚаШ 
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Figure 4.7 Schematic representation of SA algorithm procedure ѕΤΨΣі.  

 

ΝЮ fŰŔƣŔċũŔǍċƣŔŸŰаШÑőĲШċũŊŸƖŔƣőůШƓċƖċůĲƣĲƖƚШċŰĬШŔŰŔƣŔċũШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШŔƚШĬĲƣĲƖůŔŰĲĬШ
ŔŰШƣőŔƚШƚƣċŊĲЮШÑőƖĲĲШƓċƖċůĲƣĲƖƚШŰĲĲĬĲĬШƣŸШĤĲШƚĲƣаШыΝьШŔŰŔƣŔċũШƣĲůƓĲƖċƣƨƖĲШыÑΣьЯШыΞьШƣőĲШ
ǯŰċũШƣĲůƓĲƖċƣƨƖĲШыÑŉьЯШыΟьШĦŸŸũŔŰŊШŉċĦƣŸƖШыь͎ЯШċŰĬШыΟьШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШ
ыfƣĲƖůċǂьЮШ ĦĦŸƖĬŔŰŊШƣŸШяΞΜΞѐЯШƣőĲШÑΣЮċŰĬШƣőĲШШ͎ċƖĲШƻĲƖǃШŔůƓŸƖƣċŰĦĲШƓċƖċůĲƣĲƖƚШŔŰШÉ ЮШ
7ĲĦċƨƚĲШ ƣőĲШŔŰŔƣŔċũШ ƣĲůƓĲƖċƣƨƖĲШĬĲƣĲƖůŔŰĲƚШ ƽőĲƣőĲƖШ ŰŸŰрŊŸŸĬШ ƚŸũƨƣŔŸŰƚШ ċƖĲШ
ċĦĦĲƓƣċĤũĲШŸƖШŰŸƣЮШfŉШŔƣШŔƚШƣŸŸШũŸƽЯШƽĲċťШƚŸũƨƣŔŸŰƚШċƖĲШƖċƖĲũǃШċĦĦĲƓƣĲĬЮШfŰШĦŸŰƣƖċƚƣЯШŔŉШŔƣШ
ŔƚШ ƣŸŸШ őŔŊőЯШ ċũũШ ĦőċŰŊĲƚЯШ ŊŸŸĬШ ŸƖШ ĤċĬЯШ ċƖĲШ ċĦĦĲƓƣĲĬЮШ ÑőƨƚЯШ ċШ ƚƨŔƣċĤũĲШ ŔŰŔƣŔċũШ
ƣĲůƓĲƖċƣƨƖĲШ ŔƚШ ŰĲĲĬĲĬЮШ ìőŔũĲШ ƣőĲШ ĦŸŸũŔŰŊШ ŉċĦƣŸƖШƖĲƚƓŸŰƚŔĤũĲШ ŉŸƖШ ũŸƽĲƖŔŰŊШ ƣőĲШ
ƣĲůƓĲƖċƣƨƖĲШƻċũƨĲШĬƨƖŔŰŊШƚŔůƨũċƣŔŰŊЮШÑőĲШƻċũƨĲШŸŉШƣőĲШĦŸŸũŔŰŊШŉċĦƣŸƖШƨƚƨċũũǃШƖċŰŊĲƚШ
ŉƖŸůШΜЮΤрΜЮΦΦЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШŔŰŔƣŔċũШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШŔƚШŊĲŰĲƖċƣĲĬШŔŰШƣőŔƚШƓőċƚĲЮШfƣШ
ĦƖĲċƣĲƚШċƣШƖċŰĬŸůШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΝ)ЮШ~ŸƖĲŸƻĲƖЯШƣőĲШƚŸũƨƣŔŸŰШƕƨċũŔƣǃШŔƚШĬĲƣĲƖůŔŰĲĬЮ 
 

ΞЮ  ĲƽШÉŸũƨƣŔŸŰаШШŰĲƽШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰШŔƚШĦőŸƚĲŰШċƣШƖċŰĬŸůШŉƖŸů  ƣőĲШĦƨƖƖĲŰƣũǃШ
ĦőŸƚĲŰШƚŸũƨƣŔŸŰШŰĲŔŊőĤŸƨƖőŸŸĬЮШfƣƚШǯƣŰĲƚƚШŔƚШĦċũĦƨũċƣĲĬЮШfŉШƣőĲШŰĲƽШƚŸũƨƣŔŸŰШǯƣŰĲƚƚШ
ƽċƚШĤĲƣƣĲƖШƣőċŰШĦƨƖƖĲŰƣШыŔŰŔƣŔċũьШŸŰĲЯШƣőĲШŰĲƽШƚŸũƨƣŔŸŰШċĦĦĲƓƣĲĬЯШŔЮĲЮЯШƖĲƓũċĦĲШƣőĲШ
ĦƨƖƖĲŰƣШŸŰĲЮШ§ƣőĲƖƽŔƚĲЯШƣőĲШŰĲƽШƚŸũƨƣŔŸŰШŔƚШċĦĦĲƓƣĲĬШŔŉШƣőĲШƓƖŸĤċĤŔũŔƣǃШыÂЮӈЮƖьШŔƚШƣƖƨĲЮШ
ÂШŔƚШĦċũĦƨũċƣĲĬШċƚШŉŸũũŸƽƚа 
 

ὖ ÅØÐЎὪȾὝ  (4.13 ) 
 

ƽőĲƖĲЯШÂШŔƚШƣőĲШƓƖŸĤċĤŔũŔƣǃШĬĲŰƚŔƣǃШŉƨŰĦƣŔŸŰЯШƖШŔƚШċШƖċŰĬŸůШŰƨůĤĲƖШĤĲƣƽĲĲŰШΜрΝЯШӕŉ ŔƚШ
ƣőĲШǯƣŰĲƚƚШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШĦƨƖƖĲŰƣШċŰĬШŰĲƽШƚŸũƨƣŔŸŰƚЮШÑťШŔƚШƣőĲШƣĲůƓĲƖċƣƨƖĲШ
ċƣШƣőĲШĦƨƖƖĲŰƣШŔƣĲƖċƣŔŸŰЮ 
 

ΟЮ ÑĲƖůŔŰċƣŔŸŰа  ÑőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШĤǃШŸŰĲЯШƽőŔũĲШƣőĲШƣĲůƓĲƖċƣƨƖĲШƻċũƨĲШ
ĬĲĦƖĲċƚĲƚШƨƚŔŰŊШEƕƨċƣŔŸŰШыΠЮΝΠ)ЮШfŉШċШƚƣŸƓƓŔŰŊШĦƖŔƣĲƖŔŸŰШŔƚШůĲƣЯШƚƨĦőШċƚШƖĲċĦőŔŰŊШƣőĲШ
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ΟΤ 
 

ůċǂŔůƨůШŰƨůĤĲƖШŸŉШ ŔƣĲƖċƣŔŸŰƚШ ŸƖШ ƣőĲШůŔŰŔůƨůШŰƨůĤĲƖШ ŸŉШƣĲůƓĲƖċƣƨƖĲƚЯШ ƣőĲШ
ċũŊŸƖŔƣőůШƚƣŸƓƚШŔƣƚШƚĲċƖĦőШŉŸƖШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШċŰĬШĦŸŰƚŔĬĲƖƚШƣőĲШĦƨƖƖĲŰƣШƚŸũƨƣŔŸŰШ
ƣőĲШĤĲƚƣЮШ§ƣőĲƖƽŔƚĲЯШÉ ШƚƣĲƓƚШΞрΟШċƖĲШƖĲƓĲċƣĲĬШƨŰƣŔũШƣőĲШƚƣŸƓƓŔŰŊШĦƖŔƣĲƖŔŸŰШŔƚШůĲƣЮ 
 

Ὕ Ὕ ‌z (4.14 ) 
 

ƽőĲƖĲШÑťӂΤШŔƚШƣőĲШŰĲƽШƣĲůƓĲƖċƣƨƖĲЯШÑťШŔƚШƣőĲШĦƨƖƖĲŰƣШƣĲůƓĲƖċƣƨƖĲЯШċŰĬШШ͎ŔƚШƣőĲШĦŸŸũŔŰŊШ
ŉċĦƣŸƖЮШ 

ΠЮΞ 9ŸůƓċƖŔƚŸŰШŸŉШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШŉŸƖШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ 

ÑőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьШċƖĲШƨŰŔƕƨĲũǃШĬĲƚŔŊŰĲĬЯШ
ũĲċĬŔŰŊШƣőĲůШƽŸƖťШĬŔǭĲƖĲŰƣũǃШƨƚŔŰŊШĬŔǭĲƖĲŰƣШƣǃƓĲƚШŸŉШƓċƖċůĲƣĲƖƚЮШÑőŔƚШůċťĲƚШĲċĦőШŸŉШƣőĲůШ
ůŸƖĲШƚƨŔƣċĤũĲШŉŸƖШĬŔǭĲƖĲŰƣШƣǃƓĲƚШŸŉШƓƖŸĤũĲůƚЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲŔƖШƓċƖċůĲƣĲƖШƻċũƨĲƚШċƖĲШ
ċǭĲĦƣŔŰŊШƣőĲŔƖШƖĲƚƨũƣШƕƨċũŔƣǃШяΞΜΟЯΞΜΠѐЮШcĲŰĦĲЯШƣőĲШƻċũƨĲШŸŉШċũŊŸƖŔƣőůШƓċƖċůĲƣĲƖƚШƚőŸƨũĬШĤĲШ
ĦċƖĲŉƨũũǃШċĬŢƨƚƣĲĬШƣŸШǯƣШƣőĲШƓƖŸĤũĲůЮШÑőŔƚШĦċŰШĲǂƓũċŔŰШƽőǃШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШĦŸůƓċƖĲĬШƣŸШĲċĦőШŸƣőĲƖШĦőċŰŊĲĬШŉƖŸůШƚƣƨĬǃШƣŸШċŰŸƣőĲƖШыŔЮĲЮЯШŉƖŸůШ
ŸŰĲШƓƖŸĤũĲůШƣŸШċŰŸƣőĲƖьЯШċƚШƚőŸƽŰШŔŰШÑċĤũĲШΠЮΝЮШ  

Table 4.1 Comparison between optimization algorithms in different problems/studies 

Algorithms Problem  Best Reference 

ABC vs. GA 
Benchmark functions ABC [205] 

Optimizing Heterogeneous wireless networks (HWNs) GA [206] 

ABC vs. PSO 
Benchmark functions ABC [207] 

Maximum power point tracking (MPPT) system  PSO [208] 

GA vs. PSO 
Optimizing Heterogeneous wireless networks (HWNs) GA [206] 

Timetabling problem PSO [209] 

PSO vs. SA 
Satellite selection PSO [99] 

Multi-Objective Land Allocation (MOLA) SA [210] 

 
ÑőĲƖĲŉŸƖĲЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƚőŸƨũĬШĤĲШĦŸŰƚŔĬĲƖĲĬШŉƖŸůШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůƚЮШÑőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьШ
ƽĲƖĲШƨƚĲĬШƣŸШĦőŸŸƚĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШŔŰШƻċƖŔŸƨƚШƚƣƨĬŔĲƚЮШcŸƽĲƻĲƖЯШůŸƚƣШŸŉШƣőĲƚĲШ
ƚƣƨĬŔĲƚШőċƻĲШċƓƓũŔĲĬШŸŰũǃШŸŰĲШŸŉШƣőĲƚĲШċũŊŸƖŔƣőůƚЮШ§ŰũǃШƣőƖĲĲШƚƣƨĬŔĲƚШяΦΞЯΦΦЯΝΜΣѐШƽĲƖĲШ
ŉŸƨŰĬШƣőċƣШĦŸůƓċƖĲĬШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮ 

ƓċƖƣШŸŉШ 9§ЯШ~ŸƚċƻŔШċŰĬШÉőŔƖŸŔĲШяΝΜΣѐШĦőŸƚĲШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШ]ÂÉШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ
]?§ÂШƨƚŔŰŊШƣőĲШƖĲůċŔŰŔŰŊШŉŸƨƖШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲШƚĲũĲĦƣŔŸŰШƖĲƚƨũƣƚЯШ
ƣőĲШŉŸƨƖШċũŊŸƖŔƣőůƚШƽĲƖĲШĦŸůƓċƖċĤũĲШŔŰШƣĲƖůƚШŸŉШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШċŰĬШċĦĦƨƖċĦǃШыŔЮĲЮЯШ
ůċƣĦőŔŰŊШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚьЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲŔƖШƖĲƚƨũƣƚЯШ 79ШƽċƚШƣőĲШůŸƚƣШ
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ƚƨƓĲƖŔŸƖШċƚШŔƣШƽċƚШƣőĲШůŸƚƣШċĦĦƨƖċƣĲШċŰĬШƚĲĦŸŰĬШŉċƚƣĲƚƣШċũŊŸƖŔƣőůЮШÑőĲШŉċƚƣĲƚƣШċũŊŸƖŔƣőůШ
ƽċƚШÉ ЯШĤƨƣШŔƣШƽċƚШċũƚŸШƣőĲШũĲċƚƣШċĦĦƨƖċƣĲЮШ 

ñŔċШĲƣШċũЮШяΝΜΣѐШĦőŸƚĲШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШ7ĲŔ?ŸƨШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШƨƚŔŰŊШ 9§ШċŰĬШ
ůŸĬŔǯĲĬШ 79ЮШÑŸШŔůƓƖŸƻĲШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШ 79ЯШƣőĲǃШĦŸůĤŔŰĲĬШ 79ШƽŔƣőШċŰŸƣőĲƖШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШыÑċĤƨШċũŊŸƖŔƣőůьЮШÑőŔƚШĦŸůĤŔŰċƣŔŸŰШƽċƚШĦċũũĲĬШÑċĤƨШÉĲċƖĦőШ ƖƣŔǯĦŔċũШ
7ĲĲШ9ŸũŸŰǃШыÑÉ 79ьЮШ9ŸůƓċƖŔŰŊШƣŸШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШĬĲƖŔƻĲĬШŉƖŸůШÑ~ШыEǂőċƨƚƣШ
ÉĲċƖĦőьЯШƣőĲШÑÉ 79ШŸƨƣƓĲƖŉŸƖůĲĬШ 9§Ю 
 

?ƨШĲƣШċũЮШяΦΞѐШĦőŸƚĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŉƖŸůШůƨũƣŔр] ÉÉШы]ÂÉШċŰĬШ7ĲŔ?ŸƨьШƨƚŔŰŊШ
ƣőĲШůŔŰŔůƨůШ]?§ÂШƻċũƨĲШы~]éьЯШŔЮĲЮЯШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШƨƚŔŰŊШÑ~ЮШfŰШ
ċĬĬŔƣŔŸŰЯШƣőĲǃШĦőŸƚĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШì]?§ÂШƨƚŔŰŊШ] ЯШ 9§ЯШċŰĬШůŸĬŔǯĲĬШ
9§ЯШċŰĬШ ƖƣŔǯĦŔċũШŰĲƨƖċũШŰĲƣƽŸƖťШы   ьЮШÑŸШŔůƓƖŸƻĲШ 9§ЯШƣőĲǃШĦŸůĤŔŰĲĬШŔƣШƽŔƣőШƓŸũċƖŔǍĲĬШ
ŉĲĲĬĤċĦťШы 9§рÂ[ьЮШEƖƖŸƖгШÅĲŉĲƖĲŰĦĲШƚŸƨƖĦĲШŰŸƣШŉŸƨŰĬЮШƚőŸƽƚШƣőĲШƚĲũĲĦƣŔŸŰШƖĲƚƨũƣƚШŸŉШƣőĲШċ
ũŊŸƖŔƣőůƚЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲŔƖШƖĲƚƨũƣƚЯШ 9§ШĦőŸƚĲШĤĲƣƣĲƖШƚċƣĲũũŔƣĲƚШƣőċŰШ] ЯШċƚШƣőĲŔƖШċƻĲƖċŊĲШ
ì]?§ÂШċŰĬШÅ~ÉШƽċƚШĤĲƣƣĲƖЮШcŸƽĲƻĲƖЯШ] ШƽċƚШŉċƚƣĲƖШƣőċŰШ 9§ШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮ 

ĦĦŸƖĬŔŰŊũǃЯШƣőĲШƚƨŔƣċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĦċŰŰŸƣШĤĲШƻĲƖŔǯĲĬЮШ
ÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲƖĲШċƖĲШŰŸƣШċĬĲƕƨċƣĲШĦŸůƓċƖŔƚŸŰƚШĤĲƣƽĲĲŰШƣőĲůШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ƓƖŸĤũĲůЮШ§ŰũǃШƣőƖĲĲШƚƣƨĬŔĲƚШĦŸůƓċƖĲĬШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ§ŰĲШŸŉШƣőĲƚĲШƚƣƨĬŔĲƚШĦŸůƓĲƖĲĬШŉŸƨƖШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ] ЯШ
ÂÉ§ЯШċŰĬШÉ ьЮШÑőĲШƖĲůċŔŰŔŰŊШƚƣƨĬŔĲƚШĦŸůƓċƖĲĬШƣƽŸШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШfŰШċĬĬŔƣŔŸŰЯШ
ŸŰĲШŸŉШƣőĲůШƽċƚШĲŰőċŰĦĲĬЯШũĲċĬŔŰŊШƣŸШċŰШƨŰŉċŔƖШĦŸůƓċƖŔƚŸŰЮ 

ΠЮΟ ÉƨůůċƖǃШ 

ÑőŔƚШĦőċƓƣĲƖШƓƖĲƚĲŰƣĲĬШƣőĲШĦŸŰĦĲƓƣЯШƓƖŸƚЯШĦŸŰƚЯШċƓƓũŔĦċƣŔŸŰƚЯШċŰĬШŔůƓũĲůĲŰƣċƣŔŸŰШƚƣĲƓƚШŸŉШ
ǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьЮШ ũũШŸŉШƣőĲůШċƖĲШĦŸŰƚŔĬĲƖĲĬШƖŸĤƨƚƣШ
ċŰĬШǰĲǂŔĤũĲШċƚШƣőĲǃШƽĲƖĲШċĬċƓƣĲĬШƣŸШĬŔǭĲƖĲŰƣШƣǃƓĲƚШŸŉШƓƖŸĤũĲůƚЮШcŸƽĲƻĲƖЯШƣőĲƚĲШċũŊŸƖŔƣőůƚШ
ƽĲƖĲШƨŰŔƕƨĲũǃШĬĲƚŔŊŰĲĬШċŰĬШƽŸƖťШĬŔǭĲƖĲŰƣũǃЮШÑőƨƚЯШƣőĲǃШĦŸƨũĬШĤĲШůŸƖĲШƚƨŔƣċĤũĲШŉŸƖШŸŰĲШ
ƓƖŸĤũĲůШƣőċŰШċŰŸƣőĲƖЮШfŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůЯШƣőĲǃШőċƻĲШŰŸƣШĤĲĲŰШċĬĲƕƨċƣĲũǃШ
ĦŸůƓċƖĲĬЮШÑŸШǯŰĬШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƣőĲШǯƻĲШ
ċũŊŸƖŔƣőůƚШƚőŸƨũĬШĤĲШƣĲƚƣĲĬШŔŰШƚċƣĲũũŔƣĲШƚċƣĲũũŔƣĲƚЮШ 
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Chapter 5 ~ĲƣőŸĬŸũŸŊǃШƣŸШǯŰĬШƣőĲШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲШŉŸƖШÂÂÂр
ƚĲũĲĦƣŔŸŰ 

ÑőŔƚШĦőċƓƣĲƖШĬŔƚĦƨƚƚШƣőĲШůĲƣőŸĬŸũŸŊǃШƣőċƣШĦċƖƖŔĲĬШŸƨƣШƣŸШĬĲƻĲũŸƓШċШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ůĲƣőŸĬШŉŸƖШÂÂÂЯШƻċƖŔŸƨƚШƚƣĲƓƚШƽĲƖĲШĦċƖƖŔĲĬШŸƨƣЮШ~ċŔŰũǃЯШƣőĲǃШĦċŰШĤĲШĦũċƚƚŔǯĲĬШŔŰƣŸШƣőƖĲĲШ
ƚƣċŊĲƚаШΝьШ?ĲǯŰĲШƣőĲШƚƨŔƣċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůЯШΞьШ?ĲǯŰĲШƣőĲШĦƖŔƣĲƖŔċШċŰĬШƓƖŸĦĲƚƚШŉŸƖШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШċŰĬШΟьШEǂƓĲƖŔůĲŰƣċũШĲƻċũƨċƣŔŸŰШŸŉШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬЮШÑőŔƚШĦċŰШĤĲШ
ƚĲĲŰШŔŰШ[ŔŊƨƖĲШΡЮΝЮШ 

EċĦőШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШĦŸŰƚŔƚƣƚШŸŉШƣƽŸШĦŸůƓŸŰĲŰƣƚаШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲЮШÑőĲШ
ĦƖŔƣĲƖŔŸŰШŔƚШƣőĲШŉċĦƣŸƖШĤċƚĲĬШŸŰШƽőŔĦőШƚċƣĲũũŔƣĲƚШċƖĲШƚĲũĲĦƣĲĬЯШƽőŔũĲШƣőĲШƣĲĦőŰŔƕƨĲШŔƚШċŰШ
ċƓƓƖŸċĦőШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲШĦƖŔƣĲƖŔŸŰЮШÑőƨƚЯШƣĲĦőŰŔƕƨĲШƓĲƖŉŸƖůċŰĦĲШŔƚШ
ŔůƓŸƖƣċŰĦĲШŉŸƖШĦƖŔƣĲƖŔŸŰШĲǭŔĦŔĲŰĦǃШƣőċƣШŔŰĬŔĦċƣĲШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЮШ
ÑőĲƖĲŉŸƖĲЯШŔŰШƣőĲШǯƖƚƣШƚƣċŊĲШŸŉШƣőĲШƓƖŸŢĲĦƣШůĲƣőŸĬŸũŸŊǃЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШыƣĲĦőŰŔƕƨĲƚьШƽċƚШĲƻċũƨċƣĲĬШƣŸШǯŰĬШƣőĲŔƖШĤĲƚƣШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШfŰШƣőĲШƚĲĦŸŰĬШ
ƚƣċŊĲШŸŉШƣőĲШƓƖŸŢĲĦƣШůĲƣőŸĬŸũŸŊǃЯШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШĦƖŔƣĲƖŔŸŰШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШ
ĬĲǯŰĲЮШfƣШĦċŰШĤĲШċШĦŸůĤŔŰċƣŔŸŰШŸŉШĦƖŔƣĲƖŔċШƚƨĦőШċƚШì]?§ÂШŔŰĦũƨĬŔŰŊШƚċƣĲũũŔƣĲШƚŔŊŰċũШƚƣƖĲŰŊƣőШ
ċŰĬШ ŊĲŸůĲƣƖǃЮШcĲŰĦĲЯШ ƣőĲШ ċƓƓƖŸƓƖŔċƣĲШ ĦƖŔƣĲƖŔŸŰыƚьШ ċŰĬШ ĦŸůĤŔŰċƣŔŸŰШ ƓƖŸĦĲƚƚШ ƽĲƖĲШ
ĬĲƣĲƖůŔŰĲĬШĤǃШƣĲƚƣŔŰŊШĬŔǭĲƖĲŰƣШĦƖŔƣĲƖŔċШċŰĬШĦŸůĤŔŰċƣŔŸŰШůĲƣőŸĬƚШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ
xċƚƣũǃЯШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШƓƖĲƻŔŸƨƚШƣƽŸШƓőċƚĲƚШƽĲƖĲШƨƚĲĬШƣŸШŉŸƖůШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ůĲƣőŸĬШƣőċƣШƽĲƖĲШĲƻċũƨċƣĲĬШŔŰШƚĲƻĲƖċũШĦċƚĲШƚƣƨĬŔĲƚШŔŰШƣőĲШƣőŔƖĬШƚƣċŊĲШŸŉШƣőĲШƓƖŸŢĲĦƣШ
ůĲƣőŸĬŸũŸŊǃЮ 

ŰċũǃƚŔŰŊШƚċƣĲũũŔƣĲШĬċƣċШĤĲĦŸůĲƚШůŸƖĲШĦŸůƓũĲǂШċƚШŔƣШŊĲƣƚШŰŸŔƚŔĲƖШĬƨĲШƣŸШ] ÉÉШĲƖƖŸƖШƚŸƨƖĦĲƚШ
ŔŰĦũƨĬŔŰŊШƖĲĦĲŔƻĲƖШŰŸŔƚĲЮШÑŸШŉċĦŔũŔƣċƣĲШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЯШ] ÉÉШ
ĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШŉƖŸůШŊĲŸĬĲƣŔĦШ] ÉÉШƖĲĦĲŔƻĲƖƚШċŰĬШċŰƣĲŰŰċƚЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲǃШ
ƓƖŸƻŔĬĲШƖĲƚƨũƣƚШƽŔƣőШũŸƽĲƖШŰŸŔƚĲШũĲƻĲũƚШƣőċŰШũŸƽрĦŸƚƣШƖĲĦĲŔƻĲƖƚШċŰĬШċŰƣĲŰŰċƚШяΞΝΝѐЮШ] ÉÉШ
ĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШŉƖŸůШxĲŔĦċШ]ÅΝΜШċŰĬШ]ÉΝΜШƖĲĦĲŔƻĲƖƚШċŰĬШ ÅΞΡЮÅΠШċŰĬШ ÉΝΜШċŰƣĲŰŰċƚЮШ
ÑőĲШċŰƣĲŰŰċƚШċŰĬШƖĲĦĲŔƻĲƖƚШƽĲƖĲШĬĲƚŔŊŰĲĬШƣŸШƣƖċĦťШċŰĬШƖĲĦŸƖĬШƓƖĲĦŔƚĲШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШŸŉШ
ůƨũƣŔƓũĲШƚǃƚƣĲůƚЮШcŸƽĲƻĲƖЯШƣőĲШxĲŔĦċШƖĲĦĲŔƻĲƖШы]ÅΝΜьШċŰĬШċŰƣĲŰŰċШы ÅΞΡЮÅΠьШċƖĲШőĲċƻǃШċŰĬШ
ƚƨŔƣċĤũĲШŉŸƖШƓĲƖůċŰĲŰƣШŢŸĤƚШƚƨĦőШċƚШƚƣċƣŔŸŰƚЮШìőĲƖĲċƚШƣőĲШxĲŔĦċШƖĲĦĲŔƻĲƖШы]ÉΝΜьШċŰĬШ
ċŰƣĲŰŰċШыÉΝΜьШċƖĲШũŔŊőƣƽĲŔŊőƣЯШċŰĬШĲċƚǃШƣŸШĦċƖƖǃЯШůċťŔŰŊШŔƣШƚƨŔƣċĤũĲШŉŸƖШǯĲũĬШƽŸƖťƚЮШ~ŸƖĲШ
ŔŰŉŸƖůċƣŔŸŰШċĤŸƨƣШƣőĲƚĲШxĲŔĦċШƖĲĦĲŔƻĲƖƚШċŰĬШċŰƣĲŰŰċШċƖĲШƚőŸƽŰШŔŰШƣőĲШƣċĤũĲƚШĤĲũŸƽЮ 
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Table 5.1 Features of Leica GR10 and GS10 receivers 

Receiver Sat System Frequency Channel  Recording rate Reference 

Leica GR10  
GPS L1, L2, L5 

120 Up to 1 Hz [212] GLONASS L1, L2 

Galileo E1, E2a, E2ab 

Leica GS10  

GPS L1, L2, L5 

120 Up to 20 Hz [213] 
GLONASS L1, L2 

Galileo E1, E2a, E2ab 

BeiDou B1, B2 
 

Table 5.2 Features of Leica AR25.R4 and AS10 antennas  

Antenna Sat System Frequency 
Amplifier 

Gain 
Noise 
figure  

Design Reference 

Leica  
AR25.R4 

GPS L1, L2, L5 

40 dB < 1.2 dB  3D  
choke ring 

[214] 

GLONASS L1, L2, L3, L5 

Galileo E1, E5a, E5b, E5ab, E6 

BeiDou B1, B2, B3 

QZSS L1, L2, L5, L5 

IRNSS L5 

Leica 
AS10  

GPS L1, L2, L5 

29 ±3 dB Not 
specified 

Compact  [213] 
GLONASS Not specified 

Galileo Not specified 

BeiDou Not specified 
 

ÅÑuxf7ШыĬĲůŸΡШĤΟΠĬьШƽċƚШƨƚĲĬШŉŸƖШƓƖŸĦĲƚƚŔŰŊШ] ÉÉШĬċƣċЮШÅÑuxf7ШŔƚШċŰШŸƓĲŰрƚŸƨƖĦĲШ
ƚŸŉƣƽċƖĲШĬĲƻĲũŸƓĲĬШĤǃШÑċťċƚƨШċŰĬШòċƚƨĬċШыΞΜΜΣь  ŉŸƖШ] ÉÉЮШfƣШŔƚШċШŉƨũũШƓċĦťċŊĲШŸŉШ] ÉÉШ
ƚŸŉƣƽċƖĲЯШŔŰĦũƨĬŔŰŊШ] ÉÉШĬċƣċШĦŸŰƻĲƖƚŔŸŰШыÅÑu9§ éьЯШƓũŸƣƣŔŰŊШыÅÑuÂx§ÑьЯШċŰĬШƓƖŸĦĲƚƚŔŰŊШ
ыÅÑuÂ§ÉÑьЮШÅÑuxf7ШĦċŰШƓƖŸĦĲƚƚШ] ÉÉШĬċƣċШŔŰШůƨũƣŔƓũĲШůŸĬĲƚШƚƨĦőШċƚШÉÂÂЯШ?] ÉÉЯШċŰĬШ
ÂÂÂЮШEŰŸƖůŸƨƚШŰƨůĤĲƖШŸŉШƚƣƨĬŔĲƚШőċƻĲШƨƚĲĬШÅÑuxf7ШƓƖŸƻŔŰŊШŔƣƚШĲǭŔĦŔĲŰĦǃЮШfŰШċĬĬŔƣŔŸŰЯШ
ÅÑuxf7ШŔƚШőŔŊőũǃШǰĲǂŔĤũĲШċŰĬШƣƖċŰƚƓċƖĲŰƣШċƚШŔƣƚШĦŸĬĲЯШƓƖŸĦĲƚƚŔŰŊШĦŸŰǯŊƨƖċƣŔŸŰƚЯШċŰĬШĬĲĤƨŊШ
ƣƖċĦĲШǯũĲƚШċƖĲШċĦĦĲƚƚŔĤũĲЮШÑőƨƚЯШŔƣШŔƚШƚƨŔƣċĤũĲШŉŸƖШƣőŔƚШƓƖŸŢĲĦƣЯШċƚШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШ
ƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĦċŰШĤĲШƣƖċĦťĲĬШċŰĬШĲƻċũƨċƣĲĬЮШéċƖŔŸƨƚШƻĲƖƚŔŸŰƚШŸŉШÅÑuxf7ШőċƻĲШĤĲĲŰШ
ƖĲũĲċƚĲĬШƚŔŰĦĲШΞΜΜΣЮШÅÑuxf7ШƻĲƖƚŔŸŰШĬĲůŸΡШĤΟΠĬШƽċƚШƨƚĲĬШċƚШŔƣШƽċƚШƣőĲШũċƣĲƚƣШƽőĲŰШƣőŔƚШ
ƓƖŸŢĲĦƣШƚƣċƖƣĲĬЮ 

cŔŊőШÂĲƖŉŸƖůċŰĦĲШ9ŸůƓƨƣŔŰŊШыcÂ9ьШŸŉШƣőĲШÖŰŔƻĲƖƚŔƣǃШŸŉШ ŸƣƣŔŰŊőċůШƽċƚШƨƚĲĬШŉŸƖШƚĲũĲĦƣŔŰŊШ
ƚċƣĲũũŔƣĲƚЮШcÂ9ШŔŰĬŔĦċƣĲƚШĦŸůĤŔŰċƣŔŸŰШŸŉШĦŸůƓƨƣŔŰŊШƖĲƚŸƨƖĦĲƚШƣŸШċĦőŔĲƻĲШőŔŊőĲƖШĦŸůƓƨƣŔŰŊШ
ƓĲƖŉŸƖůċŰĦĲШƣőċƣШŔƚШĬŔǭŔĦƨũƣШŸƖШŔůƓŸƚƚŔĤũĲШƣŸШċĦőŔĲƻĲШƨƚŔŰŊШƚƣċŰĬċƖĬШĦŸůƓƨƣĲƖƚШċŰĬШ
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ΠΝ 
 

ũċƓƣŸƓƚЮШfƣШŔƚШċƻċŔũċĤũĲШƣŸШċŰǃШƖĲƚĲċƖĦőШƚƣƨĬĲŰƣШċŰĬШċĦċĬĲůŔĦШŉċĦƨũƣǃШůĲůĤĲƖШŉƖŸůШċŰǃШ
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Figure 5.1 Flowchart of the project methodology 

ΡЮΝ ?ĲǯŰĲШƣőĲШƚƨŔƣċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőů 

ÑŸШǯŰĬШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШċŰĬШƖĲũŔċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƣőĲШ
ƓĲƖŉŸƖůċŰĦĲШŸŉШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьШƽċƚШƣĲƚƣĲĬШŔŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑőĲŔƖШċũŊŸƖŔƣőůƚШƽĲƖĲШůŸĬŔǯĲĬШƣŸШǯƣШƣŸШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůЯШ
ƽőŔũĲШƣőĲŔƖШĦŸůůŸŰШƓċƖċůĲƣĲƖШƻċũƨĲƚШƽĲƖĲШċĬŢƨƚƣĲĬШċŰĬШĬĲǯŰĲĬШƨŰŔŉŸƖůũǃЮШÑőĲǃШƽĲƖĲШ



9őċƓƣĲƖШΡШ~ĲƣőŸĬŸũŸŊǃШƣŸШǯŰĬШƣőĲШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲШŉŸƖШÂÂÂрƚĲũĲĦƣŔŸŰ 
 

 

ΠΞ 
 

ċƓƓũŔĲĬШŔŰШƚĲƻĲƖċũШƚĦĲŰċƖŔŸƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŉŸƖШƻċƖŔŸƨƚШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШċŰĬШ
ĦŸŰĬŔƣŔŸŰƚЮШfŰШċũũШƣőĲШĦċƚĲƚЯШƣőĲШĦŸƚƣрŉƨŰĦƣŔŸŰШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽċƚШƣőĲШ
9 Åрì]?§ÂШƓċƖċůĲƣĲƖЯШŸŉШƽőŔĦőШƣőĲШůŔŰŔůƨůШƻċũƨĲШƽŸƨũĬШŔŰĬŔĦċƣĲШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШ
ŸƓƣŔůċũШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЮШÑőĲШĲƻċũƨċƣŔŸŰШŸŉШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽċƚШĤċƚĲĬШŸŰШ
ĦŸůƓċƖŔŰŊШƣőĲШ9 Åрì]?§ÂШƻċũƨĲШŸŉШƣőĲŔƖШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШƣőċƣШŸŉШƣőĲШċĦƣƨċũШ
ŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĬĲƖŔƻĲĬШŉƖŸůШƣőĲШÑ~ЮШÑőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽŔƣőШƣőĲШĤĲƚƣШ
ƖĲƚƨũƣƚШŔŰШƣĲƖůƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШƚƓĲĲĬШƽċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШċƓƓƖŸƓƖŔċƣĲШ
ċũŊŸƖŔƣőůШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƽőŔĦőШƣőĲŰШƽċƚШċƓƓũŔĲĬШŉŸƖШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ
ůĲƣőŸĬŸũŸŊǃШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШыƚƣċŊĲШΞьШċŰĬШƣőĲШƻċƖŔŸƨƚШĦċƚĲШƚƣƨĬŔĲƚШċƓƓũŔĦċƣŔŸŰƚШыƚƣċŊĲШ
ΟьЮШ 

ΡЮΝЮΝ ĬŢƨƚƣШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚ 

] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔƚШċШĬŔƚĦƖĲƣĲШƓƖŸĤũĲůШώмнтϐЯШƽőŔũĲШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШ
ċƖĲШŰŸƣШĲǂƓũŔĦŔƣũǃШĬĲƚŔŊŰĲĬШŉŸƖШƣőŔƚШƣǃƓĲШŸŉШƓƖŸĤũĲůЮШÑőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŉŸũũŸƽШ
ċŰШŔƣĲƖċƣŔƻĲШƚĲċƖĦőШƓƖŸĦĲƚƚŔŰŊШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЮШ ƣШƣőĲШĲŰĬШŸŉШĲċĦőШ
ŔƣĲƖċƣŔŸŰЯШŰĲƽШƚŸũƨƣŔŸŰыƚьШċƖĲШŊĲŰĲƖċƣĲĬЮШ 79ШċŰĬШÂÉ§ШċũŊŸƖŔƣőůƚШŊĲŰĲƖċƣĲШƚŸũƨƣŔŸŰыƚьШƽŔƣőШ
ċШŉƖċĦƣŔŸŰċũШƻċũƨĲШċƚШƣőĲǃШƽĲƖĲШĬĲƚŔŊŰĲĬШŉŸƖШƣőĲШĦŸŰƣŔŰƨŸƨƚШƓƖŸĤũĲůЮШcŸƽĲƻĲƖЯШŸŰũǃШċŰШ
ŔŰƣĲŊĲƖШŰƨůĤĲƖШŔƚШċĦĦĲƓƣĲĬШŔŰШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůЮШÑőŔƚШŔƚƚƨĲШĦċŰШĤĲШŸƻĲƖĦŸůĲШ
ĤǃШĦőċŰŊŔŰŊШƣőĲШċũŊŸƖŔƣőůШĬĲƚŔŊŰШŉŸƖШċШĬŔƚĦƖĲƣĲШƓƖŸĤũĲůШώмнтΣнмрΣнмсϐЯШŸƖШƚŔůƓũǃШƖŸƨŰĬŔŰŊШ
ƚŸũƨƣŔŸŰШƻċũƨĲƚШяΞΝΡЯΞΝΤѐЮШÑŸШƖĲĬƨĦĲШĦŸůƓũĲǂŔƣǃЯШƣőĲШŊĲŰĲƖċƣĲĬШƚŸũƨƣŔŸŰƚШŉƖŸůШ 79ШċŰĬШÂÉ§Ш
ƽĲƖĲШƖŸƨŰĬĲĬШƣŸШƣőĲШŰĲċƖĲƚƣШŔŰƣĲŊĲƖШŔŰШĲċĦőШŔƣĲƖċƣŔŸŰЮ 

fŰШċĬĬŔƣŔŸŰЯШƣőĲШŉŸƨƖШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШыċƓċƖƣШŉƖŸůШ 9§ьШĦċŰШƓƖŸƻŔĬĲШƖĲƚƨũƣƚШƽŔƣőШ
ĬƨƓũŔĦċƣĲШƻċũƨĲƚЮШfŰШƣőĲШĦċƚĲШŸŉШƣőĲШ] ÉÉШƚċƣĲũũŔƣĲШƓƖŸĤũĲůЯШƣőŔƚШƽŸƨũĬШůĲċŰШƣőċƣШƣőĲШƚċůĲШ
ƚċƣĲũũŔƣĲШĦŸƨũĬШĤĲШĦőŸƚĲŰШƣƽŔĦĲШŔŰШƣőĲШƚŸũƨƣŔŸŰШŸŉШƣőĲШŸƓƣŔůŔǍĲĬШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰЮШÑŸШ
ċĬĬƖĲƚƚШƣőŔƚШƓƖŸĤũĲůШƽŔƣőШũĲƚƚШŔŰƣĲƖŉĲƖĲŰĦĲШŔŰШƣőĲШċũŊŸƖŔƣőůШĬĲƚŔŊŰЯШƣőĲШċũŊŸƖŔƣőůШƚŸũƨƣŔŸŰШ
ƽċƚШĦőĲĦťĲĬШċƣШƣőĲШĲŰĬШŸŉШĲċĦőШŔƣĲƖċƣŔŸŰЮШfŉШƣőĲШƚŸũƨƣŔŸŰШĦŸŰƣċŔŰĲĬШċШĬƨƓũŔĦċƣĲĬШƻċũƨĲЯШŔƣШƽċƚШ
ƖĲŢĲĦƣĲĬЯШċŰĬШċШŰĲƽШƚŸũƨƣŔŸŰШƽċƚШŊĲŰĲƖċƣĲĬШƽŔƣőŸƨƣШĦŸŰƚƨůŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШƚĲċƖĦőŔŰŊШ
ŔƣĲƖċƣŔŸŰЮШ 

fŰШƣőŔƚШƚƣƨĬǃЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƽĲƖĲШĦőŸƚĲŰШĤċƚĲĬШŸŰШƣőĲШĦƖŔƣĲƖŔŸŰШŸŉШůŔŰŔůŔƚŔŰŊШ
ƣőĲШ9 Åрì]?§ÂШƽőŔĦőШŔŰĬŔĦċƣĲƚШƣőĲШĤĲƚƣШƓŸƣĲŰƣŔċũШ] ÉÉШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰШŉŸƖШƣőĲШ
ŊŔƻĲŰШċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲƚЮШÑőċƣШĦċŰШĤĲШĬŸŰĲШƽŔƣőŸƨƣШċĬŢƨƚƣůĲŰƣШĤǃШċũũШċũŊŸƖŔƣőůƚШ
ĲǂĦĲƓƣШŉŸƖШ 9§ЮШ 9§ШŸƖŔŊŔŰċũũǃШƽċƚШĬĲƚŔŊŰĲĬШƣŸШƚŔůƨũċƣĲШƣőĲШŉŸƖċŊŔŰŊШĤĲőċƻŔŸƨƖШŸŉШċŰƣƚЯШ
ƽőĲƖĲШċŰƣƚШƚĲċƖĦőШŉŸƖШƣőĲШƚőŸƖƣĲƚƣШƓċƣőШŉŸƖШƣőĲШŉŸŸĬШƚŸƨƖĦĲЮШ?ƨĲШƣŸШƣőċƣШ 9§ШǯŰĬƚШƣőĲШ
ŸƓƣŔůċũШƚŸũƨƣŔŸŰШĤċƚĲĬШŸŰШƣƽŸШĦƖŔƣĲƖŔċаШыŔьШƚŸũƨƣŔŸŰШƕƨċũŔƣǃШċŰĬШыŔŔьШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШ
ƚŸũƨƣŔŸŰШůĲůĤĲƖƚШяΝΡΟѐЮШÑőĲШƽĲŔŊőƣШŸŉШƣőĲШƣƽŸШĦƖŔƣĲƖŔċШыƚŸũƨƣŔŸŰШƕƨċũŔƣǃШċŰĬШĬŔƚƣċŰĦĲШ
ĤĲƣƽĲĲŰШƚŸũƨƣŔŸŰШůĲůĤĲƖƚьШŸŰШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШĦċŰШĤĲШĬĲƣĲƖůŔŰĲĬШƣőƖŸƨŊőШƣőĲШ
ƻċũƨĲƚШŸŉШċũƓőċШы͈ьШċŰĬШĤĲƣċШы͉ьШƓċƖċůĲƣĲƖƚЯШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШƣőŔƚШƓƖŸĤũĲůЯШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШ
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ΠΟ 
 

9 Åрì]?§ÂШċŰĬШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƚċƣĲũũŔƣĲƚШŔŰШċШĦŸŰƚƣĲũũċƣŔŸŰШƖĲƓƖĲƚĲŰƣШƣőĲШ
ƚŸũƨƣŔŸŰШ ƕƨċũŔƣǃШ ċŰĬШ ƣőĲШ ĬŔƚƣċŰĦĲШ ĤĲƣƽĲĲŰШ ƚŸũƨƣŔŸŰШ ůĲůĤĲƖƚЮШ ÑŸШ ƚĲũĲĦƣШ ƣőĲШ ŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ9 Åрì]?§ÂШŸŰũǃЯШƣőĲШ͉ШƻċũƨĲШƽċƚШƚĲƣШƣŸШǍĲƖŸШяΝΡΟѐЮШ 

ΡЮΝЮΞ ?ĲǯŰĲШƣőĲШƻċũƨĲƚШŸŉШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůШƓċƖċůĲƣĲƖƚ 

ÑőĲШƻċũƨĲƚШŸŉШƣőĲШċũŊŸƖŔƣőůШƓċƖċůĲƣĲƖƚШċƖĲШĦƖŔƣŔĦċũШċƚШƣőĲǃШĬŔƖĲĦƣũǃШċǭĲĦƣШƣőĲШċũŊŸƖŔƣőůШ
ŸƨƣƓƨƣШ ċŰĬШ ƓĲƖŉŸƖůċŰĦĲШяΞΜΟЯΞΜΠѐЮШ 9őŸŸƚŔŰŊШ ƣőĲШ ċƓƓƖŸƓƖŔċƣĲШ ƻċũƨĲШ ŉŸƖШ ċũŊŸƖŔƣőůШ
ƓċƖċůĲƣĲƖƚШĦċŰШĤĲШĬŔǭŔĦƨũƣШĬƨĲШƣŸШƣőĲŔƖШƽŔĬĲШƖċŰŊĲ  яΝΠΦЯΞΜΟѐЯШƽőĲƖĲċƚШőŸůŸŊĲŰĲŔƣǃШ
ĤĲƣƽĲĲŰШƣőĲƚĲШƻċũƨĲƚШƚőŸƨũĬШĤĲШĦŸŰƚŔĬĲƖĲĬШяΝΠΦѐЮШfŰШƣőŔƚШƚƣƨĬǃЯШƓċƖċůĲƣĲƖШƻċũƨĲƚШƽĲƖĲШ
ĦőŸƚĲŰШĤċƚĲĬШŸŰШƣőĲŔƖШƚƣċŰĬċƖĬƚШċŰĬШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШыÑċĤũĲШΡЮΟьЮШcŸƽĲƻĲƖЯШƣőŔƚШĬŸĲƚШŰŸƣШ
ŊƨċƖċŰƣĲĲШƣőċƣШƣőĲШƻċũƨĲШŸŉШƣőĲƚĲШƓċƖċůĲƣĲƖƚШŔƚШƣőĲШĤĲƚƣШŉŸƖШƣőŔƚШƓƖŸĤũĲůЮШ 

ÑŸШőċƻĲШċŰШŸĤŢĲĦƣŔƻĲШĦŸůƓċƖŔƚŸŰШŸŉШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƣőĲШ
ċũŊŸƖŔƣőůƚќШĦŸůůŸŰШƓċƖċůĲƣĲƖƚШƽĲƖĲШƚƣċŰĬċƖĬŔǍĲĬЮШfŰШÑċĤũĲШΡЮΟЯШƣőĲШƓċƖċůĲƣĲƖƚШŸŉШƣőĲШǯƻĲШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċƖĲШƓƖĲƚĲŰƣĲĬЯШċŰĬШŔƣШŔƚШŸĤƚĲƖƻĲĬШƣőċƣШƣőĲШŸŰũǃШĦŸůůŸŰШƓċƖċůĲƣĲƖƚШ
ƽĲƖĲШƣőĲШƚĲċƖĦőŔŰŊШŔƣĲƖċƣŔŸŰШċŰĬШƓŸƓƨũċƣŔŸŰШƚŔǍĲЮШÑőĲШƻċũƨĲƚШŸŉШĤŸƣőШƓċƖċůĲƣĲƖƚШƽĲƖĲШƚĲƣШƣŸШ
ΝΜΜЯШƽőŔĦőШŔƚШĦŸŰƚŔĬĲƖĲĬШċШƖĲċƚŸŰċĤũĲШƻċũƨĲШċŰĬШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШыÑċĤũĲШ
ΡЮΟьЮШcŸƽĲƻĲƖЯШƣőĲШÉ ШċũŊŸƖŔƣőůШƽċƚШŸƖŔŊŔŰċũũǃШĬĲƚŔŊŰĲĬШƣŸШőċƻĲШċШƚŔŰŊũĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲЮШÑŸШ
ůċťĲШ ƨƓ ŉŸƖШ ƣőŔƚШ ƖĲƚƣƖŔĦƣŔŸŰШ ŸŉШ ƣőĲШ ƓŸƓƨũċƣŔŸŰШ ƚŔǍĲШ ŔŰШ É Ш ċũŊŸƖŔƣőůЯШ ƣőĲШ ŰƨůĤĲƖШ ŸŉШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШ ŔƣĲƖċƣŔŸŰƚШ ƽċƚШ ŔŰĦƖĲċƚĲĬШ ƽŔƣőШ ƖĲƚƓĲĦƣШ ƣŸШ ƣőĲШ ŸƣőĲƖШ ŉŸƨƖШ ŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШċŰĬШĬĲǯŰĲĬШƣŸШΝΜΜΜШяΞΝΥѐЮШÑőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШŉŸƖШƣőĲШÉ ШċũŊŸƖŔƣőůШĬĲƖŔƻĲĬШ
ĤċƚĲĬШŸŰШƣĲƚƣƚШċƚƚĲƚƚŔŰŊШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШÉ ШċũŊŸƖŔƣőůШƣŸШƖĲċĦőШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШ
ƽőŔũĲШċũƚŸШƖĲƣċŔŰŔŰŊШƣőĲШÉ ШŔƣĲƖċƣŔŸŰƚШƣŸШċШƚŔůŔũċƖШũĲƻĲũШŸŉШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШŸƣőĲƖШŉŸƨƖШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċƚШĬĲǯŰĲĬШĤǃШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚШċŰĬШƓŸƓƨũċƣŔŸŰШƚŔǍĲЮШШ 
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ũŊŸƖŔƣőů  ŸƣċƣŔŸŰ ~ĲċŰŔŰŊ éċũƨĲ ÅĲŉĲƖĲŰĦĲƚ 

79 

? 
ÑőĲШƓƖŸĤũĲůШĬŔůĲŰƚŔŸŰƚЯШŔŰĬŔĦċƣŔŰŊШƣőĲШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲ 

  

ůċǂfƣĲƖ ÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚ ΝΜΜ яΝΜΣЯΝΜΤЯΝΞΤЯΞΝΦѐ 
ƓÉŔǍĲ ÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲ ΝΜΜ яΦΞЯΝΞΤЯΝΠΦЯΞΞΜѐ 
ũŔůŔƣ ÑőĲШċĤċŰĬŸŰůĲŰƣШũŔůŔƣ ?ШҾШƓÉŔǍĲ яΝΡΝѐ 

9§ 

ůċǂfƣĲƖ ÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚ ΝΜΜ Ш 
ƓÉŔǍĲ ÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲ ΝΜΜ Ш 

 ͘ ÑőĲШĲƻċƓŸƖċƣŔŸŰШƖċƣĲ ΜЮΡ 

яΦΞЯΝΠΦЯΝΡΟѐ 
 ͈ ÑőĲШƖĲũċƣŔƻĲШŔůƓŸƖƣċŰĦĲШŸŉШƣőĲШƣƖċŔũ Ν 
 ͉ ÑőĲШƖĲũċƣŔƻĲШŔůƓŸƖƣċŰĦĲШŸŉШƣőĲШƻŔƚŔĤŔũŔƣǃ Μ 
Ä ÑőĲШƕƨċŰƣŔƣǃШŸŉШƣƖċŔũƚШũċŔĬШĤǃШċŰƣƚ ΝΜΜ 

]  

ůċǂfƣĲƖ ÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚ ΝΜΜ  

ƓÉŔǍĲ ÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШ ΝΜΜ  

ÂĦ ÑőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШĦƖŸƚƚŸƻĲƖ ΜЮΥ 
яΝΜΤЯΝΠΦѐ 

Âů ÑőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШůƨƣċƣŔŸŰ ΜЮΝΞ 

ÂÉ§ 

ůċǂfƣĲƖ ÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚ ΝΜΜ  

ƓÉŔǍĲ ÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШ ΝΜΜ  

ìůċǂ ÑőĲШŔŰŔƣŔċũШƽĲŔŊőƣƚ ΜЮΦ 

яΝΟΣЯΝΠΦЯΞΝΦѐ 
ìůŔŰ ÑőĲШǯŰċũШƽĲŔŊőƣƚ ΜЮΠ 
9Ν ÑőĲШƓĲƖƚŸŰċũШċĦĦĲũĲƖċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣ Ξ 
9Ξ ÑőĲШƚŸĦŔċũШċĦĦĲũĲƖċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣ Ξ 

É  

ůċǂfƣĲƖ ÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰƚ ΝΜΜΜ 

яΝΠΦЯΞΝΥѐ 
ƓÉŔǍĲ ÑőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШ Ν 
ÑΜ ÑőĲШŔŰŔƣŔċũШƣĲůƓĲƖċƣƨƖĲ ΞΜΜΜ 
3Í 3ÏÌɯŗÕÈÓɯÛÌÔ×ÌÙÈÛÜÙÌ ƔȭƔƕ 

 ͈ ÑőĲШĦŸŸũŔŰŊШŉċĦƣŸƖ ΜЮΦΤΡ 
 

ΡЮΝЮΟ ] ÉÉШ?ċƣċ 

ÑőĲШΞΠрőŸƨƖШ] ÉÉШĬċƣċШƽċƚШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШ7f][Шы7ƖŔƣŔƚőШfƚũĲƚШĦŸŰƣŔŰƨŸƨƚШ] ÉÉШ[ċĦŔũŔƣǃьШ
ƚƣċƣŔŸŰШũŸĦċƣĲĬШŸŰШƣőĲШƖŸŸŉШŸŉШƣőĲШ ŸƣƣŔŰŊőċůШ]ĲŸƚƓċƣŔċũШfŰƚƣŔƣƨƣĲШĤƨŔũĬŔŰŊШы[ŔŊƨƖĲШΡЮΞьЯШÑőĲШ
] ÉÉШƚƣċƣŔŸŰШŔƚШĲƕƨŔƓƓĲĬШƽŔƣőШċШĦőŸťĲрƖŔŰŊШċŰƣĲŰŰċШxĲŔĦċШ ÅΞΡЮÅΠШċŰƣĲŰŰċШƽŔƣőШƚƣƖŸŰŊШ
ůƨũƣŔƓċƣőШƖĲŢĲĦƣŔŸŰШŔŰƚƣċũũĲĬШŸŰШƣőĲШƓŔũũċƖШŸŉШĦŸŰƣƖŸũШƓŸŔŰƣШы ]7ΞьШċŰĬШċШxĲŔĦċШ]ÅΝΜШƖĲĦĲŔƻĲƖШ
ƽŔƣőШ ƣőĲШ ĦċƓċĦŔƣǃШ ŸŉШ ƖĲĦŸƖĬŔŰŊШ ůƨũƣŔр] ÉÉШ ƚŔŊŰċũƚШ ы]ÂÉЯШ ]ċũŔũĲŸЯШ ]x§ ÉÉьЮШ §ŰШ ΞΜШ
ÉĲƓƣĲůĤĲƖШΞΜΞΝЯШ] ÉÉШĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШƽŔƣőШċШΟΜрƚĲĦШƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШ
ĲũĲƻċƣŔŸŰШ ůċƚťЮШ Ш ƣŸƣċũШ ŸŉШ ΝΥрΟΝШ ƚċƣĲũũŔƣĲƚШ ƽĲƖĲШ ƖĲĦŸƖĬĲĬШ ŔŰĦũƨĬŔŰŊШ ΤрΝΟШ ]ÂÉЯШ ΠрΝΜШ
]x§  ÉÉЯШċŰĬШΡрΝΜШ]ċũŔũĲŸШƚċƣĲũũŔƣĲƚШы[ŔŊƨƖĲШΡЮΟьЮШШ 
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ΠΡ 
 

 
 

[ŔŊƨƖĲЮΨдΥЮёũĲŉƣђЮéŔĲƽЮċƣЮƣőĲЮƖŸŸŉЮŸŉЮ ]fЮĤƨŔũĬŔŰŊеЮƽŔƣőЮƣőĲЮũŸĦċƣŔŸŰЮŸŉЮĦŸŰƣƖŸũЮƓŸŔŰƣЮ ]7ΥЮċŰĬЮ
ёƖŔŊőƣђЮƣőĲЮ] ÉÉЮċŰƣĲŰŰċЮŔŰƚƣċũũĲĬЮŸŰЮƣőĲЮƣŸƓЮŸŉЮƣőĲЮƓŔũũċƖЮŸŉЮ ]7ΥЮѕΤΨΣіЮдЮ 

 
 
 

 
 

[ŔŊƨƖĲЮΨдΦЮ ƨůĤĲƖЮŸŉЮċƻċŔũċĤũĲЮ] ÉÉЮƚċƣĲũũŔƣĲƚЮċƣЮ ]7ΥЮ] ÉÉЮƚƣċƣŔŸŰЮŉŸƖЮƣőĲЮΥΧцőŸƨƖЮƓĲƖŔŸĬЮ
ŸŰЮΥΣЮÉĲƓƣĲůĤĲƖЮΥΣΥΤЮѕΤΨΣідЮ 

 
ΡЮΝЮΠ ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШfůƓũĲůĲŰƣċƣŔŸŰШ 

ÑŸШĲƻċũƨċƣĲШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƣőĲǃШƚőŸƨũĬШĤĲШċƓƓũŔĲĬШŉŸƖШċШũŸŰŊШƓĲƖŔŸĬШŸŉШ
] ÉÉШŸĤƚĲƖƻċƣŔŸŰЯШƽőĲƖĲШыŔьШƣőĲШ] ÉÉШƚċƣĲũũŔƣĲƚШƚǃƚƣĲůƚШыŔЮĲЮШ]ÂÉЯШ]x§  ÉÉЯШ]ċũŔũĲŸЯШĲƣĦЮьЯШ
ыŔŔьШƣőĲШŰƨůĤĲƖШŸŉШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШ] ÉÉШƚċƣĲũũŔƣĲƚЯШċŰĬШыŔŔŔьШƣőĲШƓŸƚŔƣŔŸŰШŸŉШƣőĲШ] ÉÉШ
ƚċƣĲũũŔƣĲƚШыċǍŔůƨƣőЯШĲũĲƻċƣŔŸŰьШ ƻċƖŔĲƚШƽŔƣőШƣŔůĲЮШÑőĲƖĲŉŸƖĲЯШċШΞΠрőŸƨƖШƓĲƖŔŸĬШŸŉШ] ÉÉШ
ŸĤƚĲƖƻċƣŔŸŰƚШƽĲƖĲШƨƚĲĬЮШÑőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШċƓƓũŔĲĬШƣŸШƚĲũĲĦƣШƣőĲШŸƓƣŔůċũШ
] ÉÉШƚċƣĲũũŔƣĲƚШƚƨĤƚĲƣШŉŸƖШƚƓĲĦŔǯĦШƣŔůĲШŔŰƣĲƖƻċũƚШƽőĲƖĲШƣőĲШĦőċŰŊĲШŸŉШƣőĲШ] ÉÉШƚċƣĲũũŔƣĲƚШ
ƓŸƚŔƣŔŸŰШыċǍŔůƨƣőШċŰĬШĲũĲƻċƣŔŸŰьШŔƚШċĬĲƕƨċƣĲШƣŸШċǭĲĦƣШƣőĲШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШŊĲŸůĲƣƖǃЮШ
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ΠΣ 
 

[ŸƖШƣőĲШŊŔƻĲŰШũŸĦċƣŔŸŰШŸŉШƣőĲШ] ÉÉШƚƣċƣŔŸŰШыŔЮĲЮШ ŸƣƣŔŰŊőċůШ]ĲŸƚƓċƣŔċũШfŰƚƣŔƣƨƣĲЯШ ŸƣƣŔŰŊőċůьШ
ċŰĬШċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲƚШыŔЮĲЮШ]ÂÉЯШ]ċũŔũĲŸЯШ]x§  ÉÉьЯШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШŉŸƖШĲċĦőШ] ÉÉШ
ƚċƣĲũũŔƣĲШƣŸШůŸƻĲШŸŰШŔƣƚШŸƖĤŔƣШĤǃШŸŰĲШĬĲŊƖĲĲШƽċƚШċŰċũǃƚĲĬЮШ[ŔŊƨƖĲШΡЮΠШĬŔƚƓũċǃƚШƣőĲШƖĲƕƨŔƖĲĬШ
ƣŔůĲШŸŉШĲċĦőШċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲШƣŸШůŸƻĲШĤǃШŸŰĲШĬĲŊƖĲĲЯШƽőĲƖĲШƣőĲШůċǂŔůƨůШƖĲƕƨŔƖĲĬШ
ƣŔůĲШƖĲċĦőĲƚШƨƓШƣŸШΟШůŔŰƨƣĲƚЮШfŰШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШяΝΜΤЯΝΝΤѐЯШΝΜШůŔŰƨƣĲƚШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ŔŰƣĲƖƻċũШƽċƚШƨƚĲĬЮШcŸƽĲƻĲƖЯШŔŰШƣőĲШĦƨƖƖĲŰƣШƚƣƨĬǃЯШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰƣĲƖƻċũШƽċƚШƚĲƣШƣŸШΡШ
ůŔŰƨƣĲƚШƣŸШƖĲĬƨĦĲШƣőĲШĦŸůƓƨƣċƣŔŸŰШũŸċĬШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽőŔũĲШůċŔŰƣċŔŰŔŰŊШċШũċƖŊĲШ
ŰƨůĤĲƖШŸŉШĲƓŸĦőƚШŉŸƖШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШcĲŰĦĲЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƽĲƖĲШ
ƚĲũĲĦƣĲĬШŉŸƖШΞΥΥШĲƓŸĦőƚЯШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШΝШĲƓŸĦőШƓĲƖШΡрůŔŰƨƣĲШŔŰƣĲƖƻċũЯШŉŸƖШƣőĲШΞΠрőŸƨƖШ
] ÉÉШĬċƣċƚĲƣЮШ 

 

[ŔŊƨƖĲЮΨдΧЮÑŔůĲцƓĲƖŔŸĬЮŸŉЮƚċƣĲũũŔƣĲƚЮůĲċŰЮůŸƻĲůĲŰƣЮĤǃЮŸŰĲЮĬĲŊƖĲĲеЮĦŸŰƚŔĬĲƖŔŰŊЮƚċƣĲũũŔƣĲЮċǍŔůƨƣőЮ
ċŰĬЮĲũĲƻċƣŔŸŰЮċŰŊũĲƚд 

ÑŸШĦőŸŸƚĲШƣőĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƣőĲШ9 Åрì]?§ÂЯШƨƚŔŰŊШƣőĲШEƕƨċƣŔŸŰШыΟЮΝΜ)ЯШŔƣШŔƚШ
ŰĲĦĲƚƚċƖǃШƣŸШĲǂƣƖċĦƣШыŔьШƚċƣĲũũŔƣĲШƓƚĲƨĬŸƖċŰĬŸůШŰŸŔƚĲШыÂÅ ьЯШыŔŔьШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰШƣŔůĲЯШ
ыŔŔŔьШĲũĲƻċƣŔŸŰШċŰŊũĲƚЯШыŔƻьШċǍŔůƨƣőШċŰŊũĲƚЯШċŰĬШыƻьШƣőĲШ9 ÅШƻċũƨĲƚЮШÑőĲШƖċƽШƚċƣĲũũŔƣĲШĬċƣċШ
ыƖċŰŊĲШŸĤƚĲƖƻċƣŔŸŰƚШċŰĬШŰċƻŔŊċƣŔŸŰШĬċƣċьШƽĲƖĲШŔŰƣƖŸĬƨĦĲĬШŔŰШÅÑuxf7ШыĬĲůŸΡШĤΟΠĬьШƚŸŉƣƽċƖĲШ
ƣŸШĬĲǯŰĲШƣőĲШĲũĲƻċƣŔŸŰШċŰĬШċǍŔůƨƣőШŸŉШĲċĦőШƚċƣĲũũŔƣĲЯШĲǂƣƖċĦƣШƣőĲШƖĲƕƨŔƖĲĬШƖĲůċŔŰŔŰŊШ
ŔŰŉŸƖůċƣŔŸŰШыƚċƣĲũũŔƣĲШÂÅ ЯШŸĤƚĲƖƻċƣŔŸŰШƣŔůĲШċŰĬШ9 ÅьШċŰĬШƚċƻĲШƣőĲШŔŰŉŸƖůċƣŔŸŰШŔŰШċШǯũĲЯШċƚШ
ƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΡЮШÖƚŔŰŊШ~ Ñx 7ШыÅΞΜΞΞĤьШƚŸŉƣƽċƖĲШŔŰШcÂ9ШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШ
ƽċƚШƚĲũĲĦƣŔŸŰШĤǃШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШÑőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШĦċƖƖŔĲĬШŸƨƣШ
ĲƻĲƖǃШǯƻĲШůŔŰƨƣĲƚЮШÑőĲǃШƽĲƖĲШƚĲũĲĦƣĲĬШƚĲƕƨĲŰƣŔċũũǃШƨƚŔŰŊШƣőĲШƚƣċŰĬċƖĬШƚĲƖŔċũШŉŸƖШũŸŸƓЮ 
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ΠΤ 
 

 

[ŔŊƨƖĲЮΨдΨЮÉċůƓũĲЮŸŉЮƣőĲЮǯũĲЮŸŉЮƣőĲЮ]ÂÉЮĬċƣċЮŔŰŉŸƖůċƣŔŸŰеЮƽőŔĦőЮŔŰĦũƨĬĲƚЮёŔђЮĬċƣĲцƣŔůĲеЮёŔŔђЮƚċƣĲũũŔƣĲЮ
ÂÅ еЮёŔŔŔђЮċǍŔůƨƣőеЮёŔƻђЮĲũĲƻċƣŔŸŰЮċŰŊũĲЮċŰĬЮёƻђЮ9 ÅЮёŔŰЮĬ7цcǍђЮѕΤΨΣідЮ 

IƻǿŜǾŜǊΣ ǘőĲШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤĲĦŸůĲƚШůŸƖĲШĦőċũũĲŰŊŔŰŊШċƚШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШ
ƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШŔŰĦƖĲċƚĲƚЯШƽőŔĦőШŸĦĦƨƖƚШƽőĲŰШƣőĲƖĲШŔƚШċШũċƖŊĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШ
] ÉÉШƚċƣĲũũŔƣĲƚШŔŰШƖĲũċƣŔŸŰШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƚƨĤƚĲƣЮШÑőŔƚШĦċŰШĤĲШĬĲƚĦƖŔĤĲĬШ
ůŸƖĲШĦũĲċƖũǃШƽŔƣőШEƕƨċƣŔŸŰШыΡЮΝьа 

ὧ
ὲȦ

ὶȦὲ ὶȦ
 (5.1) 

ƽőĲƖĲШὧШŔƚШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШ] ÉÉШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШĲǂƓƖĲƚƚĲĬШċƚШŉċĦƣŸƖŔċũШ
ŉƨŰĦƣŔŸŰШŸŉШὲЯШƣőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲƚЯШċŰĬШὶЯШƣőĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШ
ŔŰШƣőĲШƚƨĤƚĲƣШыƚƨĤƚĲƣШƚŔǍĲьЮ 

cĲŰĦĲЯШĤǃШŔŰĦƖĲċƚŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚЯШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШ
ĦŸůĤŔŰċƣŔŸŰƚШŔŰĦƖĲċƚĲШ ĬƖċůċƣŔĦċũũǃЯШ ůċťŔŰŊШ ƣőĲШ ĲƻċũƨċƣŔŸŰШ ŸŉШ ƣőĲШ ǯƻĲШ ŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШůŸƖĲШĦŸůƓũĲǂЮШfŰШƣőŔƚШƚƣƨĬǃЯШƚċƣĲũũŔƣĲШĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШŉƖŸůШůƨũƣŔƓũĲШƚċƣĲũũŔƣĲШ
ƚǃƚƣĲůƚШы]ÂÉЯШ]x§  ÉÉЯШċŰĬШ]ċũŔũĲŸьЮШÑőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШĲǂĦĲĲĬШΞΜШы[ŔŊƨƖĲШ
ΡЮΟьЯШ ƖĲƚƨũƣŔŰŊШŔŰШċШũċƖŊĲШŰƨůĤĲƖШŸŉШ ƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШůċťŔŰŊШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШůŸƖĲШĬŔǭŔĦƨũƣЮШfŰШ[ŔŊƨƖĲШΡЮΣЯШƣőĲШŰƨůĤĲƖШŸŉШċũũШƓŸƚƚŔĤũĲШĦŸůĤŔŰċƣŔŸŰƚШŉŸƖШ]ÂÉШ
ĦŸŰƚƣĲũũċƣŔŸŰШċŰĬШůƨũƣŔр] ÉÉШĦŸŰƚƣĲũũċƣŔŸŰШċƖĲШĬĲƓŔĦƣĲĬЮШÑőĲШŊƖċƓőƚШŔũũƨƚƣƖċƣĲШƣőĲШƓŸƣĲŰƣŔċũШ
ĦŸůĤŔŰċƣŔŸŰƚШŉŸƖШċШŰƨůĤĲƖШŸŉШŊŔƻĲŰШƣƖċĦťċĤũĲШƚċƣĲũũŔƣĲƚЮШfƣШŔƚШĲƻŔĬĲŰƣШƣőċƣШƣőĲШƓŸƚƚŔĤũĲШ
ƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШĦŸůĤŔŰċƣŔŸŰШŔŰĦƖĲċƚĲƚШƚŔŊŰŔǯĦċŰƣũǃШƽŔƣőШƣőĲШŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШ
ƚċƣĲũũŔƣĲƚЮШìŔƣőШΥШ]ÂÉШƚċƣĲũũŔƣĲƚШċƻċŔũċĤũĲЯШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШΠрƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШ
ŔƚШΤΜЯШƽőĲƖĲċƚШŔŰШƣőĲШĦċƚĲШ ŸŉШ ΝΟШċƻċŔũċĤũĲШ]ÂÉШƚċƣĲũũŔƣĲƚЯШƣőĲШ ůċǂŔůƨůШŰƨůĤĲƖШŸŉШ
ĦŸůĤŔŰċƣŔŸŰƚШŔƚШΝΤΝΣШċŰĬШŸĦĦƨƖƚШŉŸƖШ]ÂÉШƚƨĤƚĲƣƚШŸŉШΣШċŰĬШΤШƚċƣĲũũŔƣĲƚЮШ[ŸƖШƣőĲШĦċƚĲШŸŉШƣőĲШ
ůƨũƣŔр] ÉÉШĦŸŰƚƣĲũũċƣŔŸŰЯШƽőĲƖĲШƣőĲШċƻċŔũċĤũĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚЯШƣőĲШŰƨůĤĲƖШ
ŸŉШƓŸƚƚŔĤũĲШĦŸůĤŔŰċƣŔŸŰƚШŔŰĦƖĲċƚĲƚШĬƖċůċƣŔĦċũũǃЮШÅĲƓƖĲƚĲŰƣċƣŔƻĲШŸŉШƣőŔƚШŔƚШƣőĲШĦċƚĲШŸŉШΟΝШ
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ΠΥ 
 

ċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲƚЯШŉŸƖШƽőŔĦőШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШĦŸůĤŔŰċƣŔŸŰƚШŔƚШ
ΟΜΜЯΡΠΜЯΝΦΡШċŰĬШŸĦĦƨƖƚШŉŸƖШůƨũƣŔр] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŸŉШΝΡШċŰĬШΝΣШƚċƣĲũũŔƣĲƚЮ 

 

[ŔŊƨƖĲЮΨдΩЮÑőĲЮƓŸƚƚŔĤũĲЮĦŸůĤŔŰċƣŔŸŰƚЮŸŉЮƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰƚЮŉŸƖЮёũĲŉƣђЮ]ÂÉцŸŰũǃЮŉŸƖЮƣőĲЮĦċƚĲƚЮŸŉЮΫЮ
ċŰĬЮΤΦЮċƻċŔũċĤũĲЮ]ÂÉЮƚċƣĲũũŔƣĲƚеЮċŰĬЮёƖŔŊőƣђЮůƨũƣŔц] ÉÉЮƚċƣĲũũŔƣĲƚЮĦŸŰƚƣĲũũċƣŔŸŰеЮŉŸƖЮƣőĲЮĦċƚĲЮŸŉЮΤΫЮ

ċŰĬЮΦΤЮċƻċŔũċĤũĲЮ] ÉÉЮƚċƣĲũũŔƣĲƚЮѕΤΨΣід 

 

ÑőĲƖĲŉŸƖĲЯШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШŸŉШƣőĲШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШƓĲƖŉŸƖůĲĬШŔŰШƣƽŸШƚƣċŊĲƚаШыŔьШŉŸƖШ
]ÂÉрŸŰũǃШ ƚċƣĲũũŔƣĲШ ĦŸŰƚƣĲũũċƣŔŸŰШ ċŰĬШ ыŔŔьШ ŉŸƖШ ůƨũƣŔр] ÉÉШ ƚċƣĲũũŔƣĲШ ĦŸŰƚƣĲũũċƣŔŸŰШ ы]ÂÉЯШ
]x§  ÉÉШ ċŰĬШ ]ċũŔũĲŸьЮШ 7ċƚĲĬШ ŸŰШ ƣőĲƚĲШ ƣƽŸШ ĦċƚĲШ ƚƣƨĬŔĲƚЯШ ŔƣШ ŔƚШ ĲƻċũƨċƣĲĬШ őŸƽШ ƣőĲШ
ƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚЮШfŰШ
ƣőĲШǯƖƚƣШƚƣċŊĲЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽċƚШĲƻċũƨċƣĲĬШĤǃШ
ŸƓƣŔůŔǍŔŰŊШ]ÂÉШƚƨĤƚĲƣƚШŔŰШĬŔǭĲƖĲŰƣШƚŔǍĲƚШƣŸШĦőċŰŊĲШƚĲũĲĦƣŔŸŰШĦŸŰĬŔƣŔŸŰƚЮШ7ċƚĲĬШŸŰШƣőĲШǯƖƚƣШ
ƚƣċŊĲШŸŉШĲƻċũƨċƣŔŸŰЯШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽŔƣőШĤĲƚƣШƓĲƖŉŸƖůċŰĦĲЯШŔŰШƣĲƖůƚШŸŉШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШĦŸůƓƨƣċƣŔŸŰШƣŔůĲШƖĲƕƨŔƖĲůĲŰƣЯШƽċƚШĦőŸƚĲŰЮШfŰШƣőĲШƚĲĦŸŰĬШƚƣċŊĲЯШ
ŸŰũǃШƣőĲШĤĲƚƣрƓĲƖŉŸƖůĲĬШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШċƓƓũŔĲĬШċŰĬШĲƻċũƨċƣĲĬШƣŸШŸƓƣŔůŔǍĲШ
ĬŔǭĲƖĲŰƣШƚŔǍĲƚШŸŉШůƨũƣŔр] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƨŰĬĲƖШůŸƖĲШĦőċũũĲŰŊŔŰŊШĦŸŰĬŔƣŔŸŰƚШċƚШƣőĲШ
ŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШ] ÉÉШƚċƣĲũũŔƣĲƚШŔƚШƚŔŊŰŔǯĦċŰƣũǃШőŔŊőЯШƖĲƚƨũƣŔŰŊШŔŰШċШũċƖŊĲШŰƨůĤĲƖШŸŉШ
ƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚЮШfŰШċĬĬŔƣŔŸŰЯШċƣШƣőĲШƚĲĦŸŰĬШƚƣċŊĲЯШċШƓċƖċůĲƣƖŔĦШċŰċũǃƚŔƚШŸŉШ
ƣőĲШĤĲƚƣрƓĲƖŉŸƖůĲĬШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШĦŸŰĬƨĦƣĲĬШƣŸШĲƻċũƨċƣĲШƣőĲШŔůƓċĦƣШŸŉШƣőĲШ
ƻċƖŔŸƨƚШ ƚĲƣƣŔŰŊƚЯШ ƚƨĦőШ ċƚШ ƣőĲШ ŰƨůĤĲƖШ ŸŉШ ŔƣĲƖċƣŔŸŰƚШ ċŰĬШ ƣőĲШ ƓŸƓƨũċƣŔŸŰШ ƚŔǍĲЯШ ŸŰШ ƣőĲШ
ƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůЮШ 

ĦĦŸƖĬŔŰŊũǃЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔŰШŸƓƣŔůŔǍŔŰŊШ]ÂÉШƚċƣĲũũŔƣĲШ
ƚƨĤƚĲƣƚШŸŉШΠЯШΡЯШΣЯШċŰĬШΤШƚċƣĲũũŔƣĲƚШƽċƚШĲǂċůŔŰĲĬЮШÑőĲШůŸƚƣШƚƨŔƣċĤũĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШ
ƽċƚШĦőŸƚĲŰШĤċƚĲĬШŸŰШŔƣƚШŸƻĲƖċũũШƓĲƖŉŸƖůċŰĦĲЮШfƣШƽċƚШƣőĲŰШƣĲƚƣĲĬШŉŸƖШŸƓƣŔůŔǍŔŰŊШůƨũƣŔр] ÉÉШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŸŉШΠЯШΥЯШΝΞЯШċŰĬШΝΡШƚċƣĲũũŔƣĲƚШƨƚŔŰŊШƻċƖŔŸƨƚШċũŊŸƖŔƣőůШƓċƖċůĲƣĲƖШƻċũƨĲƚЮШfŰШ
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ΠΦ 
 

ċũũШċĤŸƻĲШƣĲƚƣƚЯШƣőĲШċũŊŸƖŔƣőůƚШƕƨċũŔƣǃШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШĲƻċũƨċƣĲĬШĤǃШĦŸůƓċƖŔŰŊШƣőĲŔƖШ
ƚĲũĲĦƣŔŸŰШƽŔƣőШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚЯШƽőŔĦőШċƖĲШŔĬĲŰƣŔǯĲĬШĤǃШÑ~Ю 

ÑőĲШÑ~ШĦőĲĦťƚШƣőĲШì]?§ÂШƻċũƨĲШŸŉШċũũШƓŸƚƚŔĤũĲШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƣŸШĬĲǯŰĲШƣőĲШŸƓƣŔůċũШ
] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШƣőĲШũŸƽĲƚƣШì]?§ÂШƻċũƨĲЮШÑőƨƚЯШŔƣШƓƖŸƻŔĬĲƚШƣőĲШċĦƣƨċũШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚЮШcŸƽĲƻĲƖЯШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŸŉШΝΡШƚċƣĲũũŔƣĲƚШƽőĲŰШΟΝШ
ƚċƣĲũũŔƣĲƚШċƻċŔũċĤũĲШƖĲƕƨŔƖĲƚШĦőĲĦťŔŰŊШΟΜΜЯΡΠΜЯΝΦΡШĤǃШÑ~ЮШfŰШ~ Ñx 7ЯШċШƻċƖŔċĤũĲШƽŔƣőШŸŰĲШĦĲũũШ
ĦŸƚƣƚШΥШĤǃƣĲƚЮШÑőĲƖĲŉŸƖĲЯШůŸƖĲШƣőċŰШΠΜШ]7ШŸŉШĦŸůƓƨƣĲƖќƚШÅ ~ШŔƚШƖĲƕƨŔƖĲĬШƣŸШŊĲŰĲƖċƣĲШŸŰũǃШ
ΟΜΜЯΡΠΜЯΝΦΡШ ŸŉШ ƚċƣĲũũŔƣĲШ ƚƨĤƚĲƣƚЮШ ƚШ ċШ ƖĲƚƨũƣЯШ cŔŊőШ ÂĲƖŉŸƖůċŰĦĲШ 9ŸůƓƨƣŔŰŊШ ыcÂ9ьШ
 ŸƣƣŔŰŊőċůШÖŰŔƻĲƖƚŔƣǃШƽċƚШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШĤǃШÑ~ШċŰĬШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮ 

ΡЮΝЮΡ EƻċũƨċƣŔŸŰШŸŉШƣőĲШŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůƚ 

ÑőĲШ ƓĲƖŉŸƖůċŰĦĲШ ŸŉШ ŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůƚШ ƽċƚШ ĲƻċũƨċƣĲĬШ ĤċƚĲĬШ ŸŰШ ƣƽŸШ ĦƖŔƣĲƖŔċаШ ŔьШ
ƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШŔŔьШƚĲũĲĦƣŔŸŰШƚƓĲĲĬЮШÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШ
ƽċƚШĦŸůƓċƖĲĬШƽŔƣőШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚЯШĬĲƖŔƻĲĬШŉƖŸůШÑ~ЮШÑőĲШì]?§ÂШƻċũƨĲШ
ŸŉШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШыŔЮĲЮЯШċũũШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚьШƽċƚШĬĲƣĲƖůŔŰĲĬЯШċŰĬШƣőĲŰШ
ƣőĲШ ĤĲƚƣШ ƚċƣĲũũŔƣĲШ ĦŸůĤŔŰċƣŔŸŰШ ƽŔƣőШ ũĲċƚƣШ ì]?§ÂШ ƻċũƨĲШ ƽċƚШ ĬĲǯŰĲШ ċƚШ ƣőĲШ ŸƓƣŔůċũШ
ĦŸůĤŔŰċƣŔŸŰЮШÑőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШĦŸŰƚŔĬĲƖƚШƣŸШĤĲШċĦĦƨƖċƣĲШƽőĲŰШƣőĲШì]?§ÂШƻċũƨĲШ
ŸŉШŔƣƚШƚĲũĲĦƣĲĬШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĲǂċĦƣũǃШůċƣĦőĲƚШƣőĲШì]?§ÂШƻċũƨĲШŸŉШƣőĲШÑ~ШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШċŰĬШĦŸŰƚĲƕƨĲŰƣũǃЯШƣőĲШċĦĦƨƖċĦǃШĲǂƓƖĲƚƚĲƚШőŸƽШĦũŸƚĲũǃЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШ
ƣőĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШŔƚШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШƖĲƕƨŔƖĲĬШŉŸƖШǯŰŔƚőŔŰŊШƣőĲШ
ĲŰƣŔƖĲШƚĲũĲĦƣŔŸŰШыΞΥΥШƚĲũĲĦƣŔŸŰƚьЮШfƣШƽċƚШĬĲƣĲƖůŔŰĲĬШĤǃШ~ Ñx 7ЯШƽőŔĦőШƽċƚШƨƚĲĬШƣŸШƓĲƖŉŸƖůШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤǃШÑ~ШċŰĬШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШ 

ΡЮΞ ?ĲǯŰĲШƣőĲШĦƖŔƣĲƖŔċШċŰĬШƓƖŸĦĲƚƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƚƨĤƚĲƣ 

fŰШƚĲĦƣŔŸŰШΟЮΣЯШì]?§ÂрÅ f~ШƽċƚШƓƖŔůċƖŔũǃШĦőŸƚĲŰШċƚШƣőĲШċƓƓƖŸƓƖŔċƣĲШĦƖŔƣĲƖŔċШŉŸƖШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЮШÑŸШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŉƨƖƣőĲƖЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШì]?§Âр
Å f~ШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШĲƻċũƨċƣĲĬШċũŸŰŊШƽŔƣőШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċŰŊũĲШыEũĲьШċŰĬШŔƻьШ
uċũůċŰШ[ŔũƣĲƖШŔŰŰŸƻċƣŔŸŰШƣőƖĲƚőŸũĬШыu[fÑcьЮШÑőĲǃШƽĲƖĲШŔůƓũĲůĲŰƣĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰШ
ĬŔǭĲƖĲŰƣШĦŸůĤŔŰċƣŔŸŰƚШċŰĬШŸƖĬĲƖЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШŔŰШċũũШ
ƓŸƚƚŔĤũĲШƚƨĤƚĲƣШƚŔǍĲƚШĤǃШì]?§ÂрÅ f~ШŔŰШċũũШĦŸůĤŔŰċƣŔŸŰƚЮШÑőĲШĲƻċũƨċƣŔŸŰШŸŉШì]?§ÂрÅ f~Ш
ƚĲũĲĦƣŔŸŰШĦŸůĤŔŰċƣŔŸŰƚШƽċƚШĤċƚĲĬШŸŰШыŔьШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЯШыŔŔьШ
ƓŸƚŔƣŔŸŰŔŰŊШċƻċŔũċĤŔũŔƣǃЯШыŔŔŔьШƣőĲШŰƨůĤĲƖШŸŉШċĦƣƨċũШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШ
ƚŸũƨƣŔŸŰЯШċŰĬШыŔƻьШƣőĲШĦŸŰƣŔŰƨŔƣǃШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЮШÑőĲШƚĲũĲĦƣŔŸŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШ
ƣőĲШĤĲƚƣШƖĲƚƨũƣƚШŔŰШċĤŸƻĲШĲƻċũƨċƣŔŸŰШĦƖŔƣĲƖŔċШĦŸŰƚŔĬĲƖĲĬШƣőĲШċƓƓƖŸƓƖŔċƣĲШŸŰĲШŉŸƖШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЮШ 
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ΡЮΞЮΝ ?ĲǯŰĲШÂŸƚƚŔĤũĲШÉĲũĲĦƣŔŸŰШ[ċĦƣŸƖƚШƽŔƣőШì]?§ÂрÅ f~ 

ÑőĲƖĲШċƖĲШůċŰǃШŉċĦƣŸƖƚШƣőċƣШċǭĲĦƣШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШ9ŸŰƚŔĬĲƖŔŰŊШċƚШůċŰǃШċƚШƓŸƚƚŔĤũĲШŸŉШ
ƣőĲƚĲШŉċĦƣŸƖƚШĦċŰШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚЮШì]?§ÂШĦŸŰƚŔĬĲƖƚШƣőĲШƚċƣĲũũŔƣĲШ
ŊĲŸůĲƣƖǃШċŰĬШƚŔŊŰċũШƕƨċũŔƣǃЯШƽőŔĦőШċƖĲШƣőĲШůŸƚƣШŔůƓŸƖƣċŰƣШƓŸƚŔƣŔŸŰŔŰŊШŉċĦƣŸƖƚЮШìőĲƖĲċƚШ
Å f~ШĦŸŰƚŔĬĲƖƚШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃЯШƚŔŊŰċũШƕƨċũŔƣǃЯШċŰĬШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰЮШ ƚШċШƖĲƚƨũƣЯШ
ì]?§ÂрÅ f~ШĦŸƨũĬШĤĲШƣőĲШůŸƚƣШċƓƓƖŸƓƖŔċƣĲШĦƖŔƣĲƖŔŸŰШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮ 

cŸƽĲƻĲƖЯШÉċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШы]?§ÂьШŔůƓƖŸƻĲƚШƽŔƣőШƣőĲШƨƚĲШŸŉШũŸƽШĲũĲƻċƣŔŸŰШƚċƣĲũũŔƣĲƚЯШƚŸШƣőĲШ
]?§Âоì]?§ÂрĤċƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƣĲŰĬƚШƣŸШĦőŸŸƚĲШũŸƽШĲũĲƻċƣŔŸŰШƚċƣĲũũŔƣĲƚЮШ
ÉċƣĲũũŔƣĲШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊĲũƚШыΜр҄ΝΡ҄ьШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШƣŸШċƣůŸƚƓőĲƖŔĦШċŰĬШůƨũƣŔƓċƣőШ
ĲƖƖŸƖƚЮШÑőƨƚЯШƨƚŔŰŊШĦƨƣрŸǭШĲũĲƻċƣŔŸŰШċŰŊũĲШы9E ьШůċǃШŔůƓƖŸƻĲШƣőĲШƚĲũĲĦƣŔŸŰШƕƨċũŔƣǃШŸŉШ
ì]?§ÂрÅ f~ЮШ[ƨƖƣőĲƖůŸƖĲЯШƨƚŔŰŊШ9E ШƽŔũũШƖĲĬƨĦĲШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬЮШ
9ŸŰƚĲƕƨĲŰƣũǃЯШ ƣőĲШ ŰƨůĤĲƖШ ŸŉШ ƓŸƚƚŔĤũĲШ ƚċƣĲũũŔƣĲƚШ ĦŸůĤŔŰċƣŔŸŰШ ƽŔũũШ ƖĲĬƨĦĲЯШũĲċĬŔŰŊШ ƣŸШ
ĬĲĦƖĲċƚĲШƣőĲШĬŔǭŔĦƨũƣǃШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШÅ f~ШƽċƚШĲƚƚĲŰƣŔċũũǃШĬĲƚŔŊŰШŉŸƖШÉŔŰŊũĲШÂŸŔŰƣШÂŸƚŔƣŔŸŰŔŰŊШыÉÂÂьШƣőċƣШőċƚШ
ũŸƽШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШыůĲƣĲƖШũĲƻĲũьЯШƽőĲƖĲШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƨƚĲĬШƣŸШ
ĬĲƣĲƖůŔŰĲШċШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰШŉŸƖШĲċĦőШĲƓŸĦőШƚĲƓċƖċƣĲũǃШыĲƓŸĦőрĤǃрĲƓŸĦőьШĤǃШũĲċƚƣШ
ƚƕƨċƖĲƚШыxÉьЮШfŰШĦŸŰƣƖċƚƣЯШÂÂÂШƓƖŸƻŔĬĲƚШƓƖĲĦŔƚĲШƓŸƚŔƣŔŸŰŔŰŊШыĦĲŰƣŔůĲƣƖĲШũĲƻĲũьЯШƽőĲƖĲШĤŸƣőШ
ƓƚĲƨĬŸрƖċŰŊĲШċŰĬШĦċƖƖŔĲƖШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƨƚĲĬШƣŸШċШƚĲƕƨĲŰƣŔċũШƓŸƚŔƣŔŸŰŔŰŊШƨƚŔŰŊШ
ĬċƣċШƓƖŸĦĲƚƚŔŰŊШċƓƓƖŸċĦőШƚƨĦőШċƚШuċũůċŰШ[ŔũƣĲƖШыu[ьЮШƚШċШƖĲƚƨũƣЯШÅ f~ШŔƚШŰŸƣШĬĲƚŔŊŰĲĬШŉŸƖШ
ÂÂÂШĬċƣċШƓƖŸĦĲƚƚШώннмΣнннϐЮШÉĲƻĲƖċũШƚƣƨĬŔĲƚШώмноΣнноςннрϐШőċƻĲШƓƖŸƓŸƚĲĬШċШŰĲƽШÅ f~Ш
ċũŊŸƖŔƣőůШƣőċƣШǯƣШ ƣőĲШu[ќƚШƚĲƖŔċũШƓŸƚŔƣŔŸŰŔŰŊШƖĲƚŔĬƨċũƚШыu[ШŔŰŰŸƻċƣŔŸŰьЮШÉŔŰĦĲШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШŔƚШŉŸƖШÂÂÂЯШu[рÅ f~ШƚőŸƨũĬШĤĲШƨƚĲĬШƽŔƣőШì]?§ÂШƣŸШŔůƓƖŸƻĲШƚĲũĲĦƣŔŸŰШƕƨċũŔƣǃЮШ 

cŸƽĲƻĲƖЯШÅÑuxf7ШыƻĲƖƚŔŸŰШĬĲůŸΡШĤΟΠĬьЯШƨƚĲĬШƚŸŉƣƽċƖĲЯШőċƚШƣőĲШƣƖċĬŔƣŔŸŰċũШÅ f~ШċŰĬШŰŸƖůċũШ
u[ШŔŰŰŸƻċƣŔŸŰШƣőƖĲƚőŸũĬƚШяΝΝΥЯΝΝΦѐЮШfŰШÅÑuxf7ЯШƣőĲШu[ШŔŰŰŸƻċƣŔŸŰШƣőƖĲƚőŸũĬШŔƚШƚĲƣШůċŰƨċũũǃЯШ
ċŰĬШċŰǃШƖĲƚŔĬƨĲШĲǂĦĲĲĬŔŰŊШŔƣШŔƚШƖĲŢĲĦƣĲĬШяΝΝΥЯΝΝΦѐЮШÑŸШƓĲƖŉŸƖůШċШĦŸůƓƖĲőĲŰƚŔƻĲШĲƻċũƨċƣŔŸŰШ
ŸŉШì]?§ÂрÅ f~ШĤċƚĲĬШŸŰШÅÑuxf7ѣƚШƣƖċĬŔƣŔŸŰċũШÅ f~ШċŰĬШƚƣċŰĬċƖĬШu[ШŔŰŰŸƻċƣŔŸŰШƣőƖĲƚőŸũĬЯШ
ƚċƣĲũũŔƣĲƚШ ƽĲƖĲШ ƚĲũĲĦƣĲĬШ ĤċƚĲĬШ ŸŰШ ì]?§ÂрÅ f~Ш ƽŔƣőШ ŸƖШ ƽŔƣőŸƨƣШ ƣőĲШ u[Ш ŔŰŰŸƻċƣŔŸŰШ
ƣőƖĲƚőŸũĬЮ 

ΡЮΞЮΞ ?ĲǯŰĲШƣőĲШƚƨŔƣċĤũĲШƚĲũĲĦƣŔŸŰШŸƖĬĲƖШŉŸƖШì]?§ÂрÅ f~ 

fŰШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШяΝΠЯΝΞΝЯΝΞΠѐЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШĦőŸƚĲŰШĤċƚĲĬШŸŰШ]?§ÂШċŰĬШÅ f~ЮШÑőŔƚШ
ƚĲũĲĦƣŔŸŰШƽċƚШůċĬĲШƚĲƕƨĲŰƣŔċũũǃЮШÑőĲǃШĦőŸƚĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШ]?§ÂШċŰĬШƣőĲŰШƨƚĲĬШÅ f~Ш
ƣŸШĲŰƚƨƖĲШƣőĲШŔŰƣĲŊƖŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШfŰШƣőĲƚĲШƣƽŸШƚƣƨĬŔĲƚШяΝΞΝЯΝΞΠѐЯШƚċƣĲũũŔƣĲƚШ
ƽĲƖĲШƚĲũĲĦƣĲĬШċŊċŔŰШĤċƚĲĬШŸŰШ]?§ÂЮШÑőƨƚЯШƣőĲŔƖШƚĲũĲĦƣŔŸŰШƽċƚШ]?§ÂрÅ f~р]?§ÂЮШÑőŔƚШ
ƚĲũĲĦƣŔŸŰШ ŸƖĬĲƖШ ĦċŰШ ĤĲШ ƨƚĲĬШ ƽŔƣőШ ì]?§ÂШ ƣŸШ ĤĲШ ċƚШ ŉŸũũŸƽƚаШ ì]?§ÂрÅ f~рì]?§ÂЮШ
cŸƽĲƻĲƖЯШƣőŔƚШƚĲũĲĦƣŔŸŰШŸƖĬĲƖШőċƚШċШůċŢŸƖШũŔůŔƣċƣŔŸŰШĲƚƓĲĦŔċũũǃШŉŸƖШÂÂÂШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШ
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9ŸůƓċƖĲĬШƣŸШÉÂÂЯШÂÂÂШƖĲƕƨŔƖĲĬШƻċƖŔŸƨƚШŰƨůĤĲƖШŸŉШĦŸƖƖĲĦƣŔŸŰƚШƚƨĦőШċƚШƚċƣĲũũŔƣĲШƓƖĲĦŔƚĲШ
ŸƖĤŔƣШċŰĬШĦũŸĦťЯШċƚШƽĲũũШċƚШƚċƣĲũũŔƣĲШċŰĬШƖĲĦĲŔƻĲƖШƓőċƚĲШċŰƣĲŰŰċЮШì]?§ÂрĤċƚĲĬШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШŔŊŰŸƖĲƚШÂÂÂШĦŸƖƖĲĦƣŔŸŰШĤĲĦċƨƚĲШŔƣШŸŰũǃШĦŸŰƚŔĬĲƖƚШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШċŰĬШƚŔŊŰċũШ
ƓŸƽĲƖЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШÅ f~ШĦŸŰƚŔĬĲƖƚШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰƚШƽőĲŰШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚЮШ
ƚШċШƖĲƚƨũƣЯШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШì]?§ÂШǯƖƚƣШůċǃШƖĲƚƨũƣШŔŰШĦőŸŸƚŔŰŊШŔŰċƓƓƖŸƓƖŔċƣĲШ
ƚċƣĲũũŔƣĲƚШŉŸƖШÂÂÂЮШÑőĲƖĲШŔƚШŰŸШŊƨċƖċŰƣĲĲШƣőċƣШƨƚŔŰŊШÅ f~ШũċƣĲƖШƽŔũũШŔůƓƖŸƻĲШƣőŔƚШƚĲũĲĦƣŔŸŰЯШ
ĲƚƓĲĦŔċũũǃШŔŉШŔƣШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽċƚШƚůċũũЯШċƚШƚċƣĲũũŔƣĲƚШőċƻĲШċũƖĲċĬǃШĤĲĲŰШ
ǯũƣĲƖĲĬШĤǃШì]?§ÂШƚĲũĲĦƣŔŸŰЮШ[ƨƖƣőĲƖůŸƖĲЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШì]?§ÂШƣŸШ
ůĲĲƣШċШƖĲƕƨŔƖĲĬШũĲƻĲũШŸŉШŊĲŸůĲƣƖǃбШƖĲůŸƻŔŰŊШƚŸůĲШŸŉШƣőĲƚĲШƚċƣĲũũŔƣĲƚШƨƚŔŰŊШÅ f~ШůċǃШŔůƓċĦƣШ
ƣőĲŔƖШŊĲŸůĲƣƖǃЮШ 

fŰШĦŸŰƣƖċƚƣЯШƨƚŔŰŊШÅ f~ШǯƖƚƣШƽŔũũШĦőĲĦťШƣőĲШŔŰƣĲŊƖŔƣǃШŸŉШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚЯШĦŸŰƚŔĬĲƖŔŰŊШ
ƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰƚЮШÑőŔƚШƽŔũũШŔůƓƖŸƻĲШì]?§ÂШƚĲũĲĦƣŔŸŰШũċƣĲƖШĤĲĦċƨƚĲШƣőĲШŔŰƣĲŊƖŔƣǃШŸŉШ
ƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШì]?§ÂШŉŸƖШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШőċƚШĤĲĲŰШƓƖŸƻĲĬЮШ[ƨƖƣőĲƖůŸƖĲЯШŉĲƽШ
ŰƨůĤĲƖШŸŉШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽŔũũШĤĲШƖĲŢĲĦƣĲĬШĤǃШÅ f~ШƽőĲŰШŔƣШƨƚĲĬШċŊċŔŰЮШÑőƨƚЯШ
Å f~рì]?§ÂрÅ f~Ш ŔƚШ ĤĲƣƣĲƖШ ƚĲũĲĦƣŔŸŰШ ŸƖĬĲƖЮШ ÑŸШ ƻĲƖŔŉǃШ ƣőĲШ ċĦĦƨƖċĦǃШ ŸŉШ ƣőĲШ ċĤŸƻĲШ
őǃƓŸƣőĲƚĲƚЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤǃШƣĲŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċƚĲƚЯ ċƚШƚőŸƽŰШ
ŔŰШƣőĲШÑċĤũĲШΡЮΠЮШ 

Table 5.4  Ten satellite selection cases 

 

 

ΡЮΞЮΟ ] ÉÉШ?ċƣċ 

ÑŸШĲƻċũƨċƣĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШƣĲŰШĦċƚĲƚЯШƚċƣĲũũŔƣĲƚШƚőŸƨũĬШĤĲШƚĲũĲĦƣĲĬШĤǃШƣőĲůШůƨũƣŔƓũĲШ
ƣŔůĲƚЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШƚċƣĲũũŔƣĲƚШƚőŸƨũĬШĤĲШƚĲũĲĦƣĲĬШŉŸƖШċШũŸŰŊШƓĲƖŔŸĬШŸŉШ] ÉÉШĬċƣċЮШÉċƣĲũũŔƣĲШ
ƚŔŊŰċũƚШċƖĲШċǭĲĦƣĲĬШĤǃШƻċƖŔŸƨƚШƣǃƓĲƚШŸŉШĲƖƖŸƖШƚŸƨƖĦĲƚЯШƽőŔĦőШƖĲĬƨĦĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЯШ
ƚƨĦőШċƚШŔŸŰŸƚƓőĲƖĲЯШƣƖŸƓŸƚƓőĲƖĲЯШċŰĬШůƨũƣŔƓċƣőЮШ9ŸůƓċƖĲĬШƣŸШŸƣőĲƖƚЯШůƨũƣŔƓċƣőШĲǭĲĦƣƚШ
ĦċŰŰŸƣШĤĲШůŔƣŔŊċƣĲĬШĤǃШůŸĬĲũƚЮШÑŸШƖĲĬƨĦĲШŔƣƚШĲǭĲĦƣƚЯШċǭĲĦƣĲĬШƚċƣĲũũŔƣĲШƚŔŊŰċũƚШƚőŸƨũĬШĤĲШ
ůŔŰŔůŔǍĲĬШĤǃШċƻŸŔĬŔŰŊШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣƚШċŰĬШƨƚŔŰŊШƚƓĲĦŔċũШċŰƣĲŰŰċƚШыĲЮŊЮЯШĦőŸťĲШƖŔŰŊШ

Case Selection technique 

1 WGDOP

2 Ele + WGDOP

3 WGDOP + RAIM

4 WGDOP + RAIM +KFITH

5 RAIM + WGDOP

6 RAIM + KFITH + WGDOP

7 Ele + RAIM + WGDOP

8 Ele + RAIM + KFITH + WGDOP

9 Ele + RAIM + WGDOP + RAIM + KFITH

10 Ele + RAIM + KFITH + WGDOP + RAIM + KFITH
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ċŰƣĲŰŰċьЮШ ƚШċШƖĲƚƨũƣЯШŉŸƨƖШĬċǃƚШыΞΜШÉĲƓƣĲůĤĲƖЯШΞΞШÉĲƓƣĲůĤĲƖЯШΞΤШÉĲƓƣĲůĤĲƖЯШċŰĬШΜΝШ
§ĦƣŸĤĲƖШΞΜΞΝьШŸŉШƚċƣĲũũŔƣĲШĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШƨƚŔŰŊШĦőŸťĲШƖŔŰŊШċŰƣĲŰŰċШŉƖŸůШŸƓĲŰрƚťǃШ
ĲŰƻŔƖŸŰůĲŰƣЮ 

] ÉÉШĬċƣċШƽċƚШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШƚċůĲШ7f][ШƚƣċƣŔŸŰ  ы ]7ΞьШũŸĦċƣĲĬШŸŰШƣőĲШƖŸŸŉШŸŉШƣőĲШ ]fШ
ĤƨŔũĬŔŰŊШы[ŔŊƨƖĲШΡЮΞьЮШ[ŔŊƨƖĲШΡЮΤШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬШƽŔƣőШċШΟΜрƚĲĦШ
ƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШĲũĲƻċƣŔŸŰШůċƚťЮ 

ÑŸШ ĬĲƣĲƖůŔŰĲШ ƣőĲШ ƣƖƨĲШ ĦŸŸƖĬŔŰċƣĲƚШ ŸŉШ ]7ΞЯШ ΝΡШ ĬċǃƚШ ŸŉШ ƖĲũċƣŔƻĲШ ƓŸƚŔƣŔŸŰŔŰŊШ ƽċƚШ
ŔůƓũĲůĲŰƣĲĬЮШ] ÉÉШĬċƣċШƽċƚШŸĤƣċŔŰĲĬШŉƖŸůШ ]7ΞШċŰĬШƣőĲШĦũŸƚĲƚƣШǯƻĲШ7f][ШƚƣċƣŔŸŰƚШ
ыuĲǃƽŸƖƣőЯШxŔĦőǯĲũĬЯШxŔŰĦŸũŰЯШ9őƨƖĦőШxċƽŉŸƖĬЯШÂĲƣĲƖĤŸƖŸƨŊőьЮШÑőĲǃШċƖĲШΜЮΝΞШƣŸШΣΠЮΞΝШťůШ
ċƽċǃШŉƖŸůШ ]7ΞЯШċƚШƚőŸƽŰШŔŰШÑċĤũĲШΡЮΡЮШÑőĲŔƖШΝΡШĬċǃƚШŸŉШ] ÉÉШĬċƣċШƽċƚШŸĤƣċŔŰĲĬШŉƖŸůШΞΜШ
ÉĲƓƣĲůĤĲƖШƣŸШΜΠШ§ĦƣŸĤĲƖШΞΜΞΝЮ 

 

 

Figure 5.7  Number of GNSS satellites tracked at NGB2 GNSS station for a 24 h period on the four 
days: 20 September, 22 September, 27 September, and 1 October 2021. 
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Table 5.5 Information of the closest five BIGF stations to NGB2 

 

ΡЮΞЮΠ ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШfůƓũĲůĲŰƣċƣŔŸŰШ 

ƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖЯШŔŰШċĬĬŔƣŔŸŰШƣŸШì]?§ÂШċŰĬШÅ f~ЯШEũĲШċŰĬШu[fÑcШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШŔŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑŸШĲƻċũƨċƣĲШƣőĲШŔůƓċĦƣШŸŉШÅ f~ЯШEũĲЯШċŰĬШu[fÑcШŸŰШì]?§ÂШƚĲũĲĦƣŔŸŰЯШƣĲŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċƚĲƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШыÑċĤũĲШΡЮΠьЮШÑŸШŔůƓƖŸƻĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƕƨċũŔƣǃЯШ
ƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШEũĲЯШÅ f~ЯШċŰĬШu[fÑcШƚőŸƨũĬШĤĲШĤĲŉŸƖĲШì]?§ÂЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШEũĲШ
ƚĲũĲĦƣŔŸŰШƚőŸƨũĬШĤĲШĤĲŉŸƖĲШÅ f~ШċŰĬШu[fÑcЮШìőĲƖĲċƚШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШÅ f~ШċŰĬШ
u[fÑcШŔƚШĬŸŰĲШƚŔůƨũƣċŰĲŸƨƚũǃШƨƚŔŰŊШÅÑuxf7ЮШ[ŔŊƨƖĲШΡЮΥШƚőŸƽƚШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸƖĬĲƖШ
ƨƚŔŰŊШƣőĲШŉŸƨƖШƚĲũĲĦƣŔŸŰШŉċĦƣŸƖƚЮ 

 

Figure 5.8 Satellite selection order using the Ele, RAIM, KFITH, and WGDOP. 

рΦнΦпΦм ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ7ċƚĲĬШŸŰШEũĲ 
ÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШĲũĲƻċƣŔŸŰШċŰŊũĲƚШыEũĲьШŔƚШĦŸůůŸŰũǃШƨƚĲĬШƣŸШƖĲůŸƻĲШƚċƣĲũũŔƣĲШ
ƚŔŊŰċũƚШċƣШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚШƣőċƣШƖċŰŊĲƚШŉƖŸůШΜШрΝΡШĬĲŊƖĲĲƚЯШċƚШƣőĲǃШċƖĲШůŸƖĲШƻƨũŰĲƖċĤũĲШ
ƣŸШċƣůŸƚƓőĲƖŔĦШċŰĬШůƨũƣŔƓċƣőШĲƖƖŸƖƚЮШEũĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċŰШĤĲШŔůƓũĲůĲŰƣĲĬШƽŔƣőШΡЯШΝΜЯШ
ċŰĬШΝΡШĬĲŊƖĲĲƚЮШcŸƽĲƻĲƖЯШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШŔůƓċĦƣШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤǃШEũĲШƽŔƣőШƣőĲШũĲċƚƣШ

# Receiver Antenna 

1 Keyworth (KEYW) SEPT POLARX5 LEIAR25 0.12 km

2 Lichfield (LICF) TRIMBLE ALLOYLEIAR25 52.98 km

3 Lincoln (LINO) TRIMBLE ALLOYLEIAR25 55.73 km

4 Church Lawford(CLAW) SEPT POLARX5 LEIAR25 60.40 km

5 Peterborough (PETE) SEPT POLARX5 LEIAR10 64.21 km

Distance  Station name

ÉċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШ

EũĲ

Å f~ШѼШu[fÑc

ì]?§Â

ÖƚŔŰŊШĲũĲƻċƣŔŸŰШ
ċŰŊũĲШƣőƖĲƚőŸũĬ

ÖƚŔŰŊШÅÑuxf7

ÖƚŔŰŊШ79
ċũŊŸƖŔƣőů

§ƨƣĦŸůĲƚ



9őċƓƣĲƖШΡШ~ĲƣőŸĬŸũŸŊǃШƣŸШǯŰĬШƣőĲШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲШŉŸƖШÂÂÂрƚĲũĲĦƣŔŸŰ 
 

 

ΡΠ 
 

ŰƨůĤĲƖШŸŉШƣƖŔċũƚоƚƣĲƓƚЯШƣőĲШůċǂŔůƨůШƣőƖĲƚőŸũĬШыΝΡШĬĲŊƖĲĲƚьШƽċƚШƨƚĲĬШŸŰũǃЮШÑőŔƚШŔƚШƚƨŔƣċĤũĲШ
ĤĲĦċƨƚĲШŔƣШĦċŰШƚőŸƽШƣőĲШůċǂŔůƨůШĲǭĲĦƣШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤǃШEũĲШŸŰШì]?§ÂШƚĲũĲĦƣŔŸŰЮ 

EũĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШĦċƖƖŔĲĬШŸƨƣШǯƻĲШƣŔůĲƚаШŸŰĦĲШƽŔƣőШì]?§ÂШŸŰũǃШыĦċƚĲШΞьЯШċŰĬШƣőĲШ
ƖĲůŔŰĲШƽŔƣőШÅ f~оШÅ f~рu[fÑcШыĦċƚĲƚШΤтΝΜьЯШċƚШƚőŸƽŰШŔŰШÑċĤũĲШΡЮΠЮШfŰШĦċƚĲШΞЯШEũĲШƚĲũĲĦƣŔŸŰШ
ƽċƚШƓĲƖŉŸƖůĲĬШƨƚŔŰŊШ~ Ñx 7ШыÅΞΜΞΞĤьШƚŸŉƣƽċƖĲШĤĲŉŸƖĲШì]?§ÂШƚĲũĲĦƣŔŸŰШƨƚŔŰŊШƣőĲШ 79Ш
ċũŊŸƖŔƣőůШŔŰШ~ Ñx 7ЮШìőĲŰШƚċƣĲũũŔƣĲШĦőċƖċĦƣĲƖŔƚƣŔĦƚШǯũĲШы[ŔŊƨƖĲШΡЮΡьШƽċƚШƨƓũŸċĬĲĬШƣŸШ
~ Ñx 7ЯШċŰǃШƚċƣĲũũŔƣĲƚШƽŔƣőШĲũĲƻċƣŔŸŰШċŰŊũĲƚШũĲƚƚШƣőċŰШΝΡШĬĲŊƖĲĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬЮШfŰШŸƣőĲƖШ
ĦċƚĲƚЯШEũĲШƚĲũĲĦƣŔŸŰШƽċƚШĬŸŰĲШƨƚŔŰŊШÅÑuxf7ѣƚШĦƨƣрŸǭШĲũĲƻċƣŔŸŰШċŰŊũĲШы9E ьЯШċƚШÅÑuxf7ШƽŔũũШ
ĤĲШƨƚĲĬШŉŸƖШÅ f~оШÅ f~ШċŰĬШu[fÑcШƚĲũĲĦƣŔŸŰЯШƽőŔĦőШƖĲƕƨŔƖĲШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰШċŰĬШ
ŰċƻŔŊċƣŔŸŰШǯũĲƚЮШ 

рΦнΦпΦн ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ7ċƚĲĬШŸŰШÅ f~ШċŰĬШu[fÑc 
Å f~ШċŰĬШu[fÑcШĲǂĦũƨĬĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШƖĲƚŔĬƨċũЯШƽőŔĦőШċƖĲШƣőĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШƣőĲШ
ŸĤƣċŔŰĲĬоĲǂƓĲĦƣĲĬШċŰĬШĦŸůƓƨƣĲĬШůĲċƚƨƖĲůĲŰƣƚЮШÑőƨƚЯШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШÅ f~ШċŰĬШ
u[fÑcШƖĲƕƨŔƖĲШċŰШŔŰŔƣŔċũШƓŸƚŔƣŔŸŰŔŰŊЮШÅÑuxf7ШыĬĲůŸΡШĤΟΠĬьШƽċƚШƨƣŔũŔǍĲĬШƣŸШƓĲƖŉŸƖůĲĬШÅ f~Ш
ċŰĬШu[fÑcШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÅÑuxf7ШŔƚШĲƕƨŔƓƓĲĬШƽŔƣőШƣőĲШƣƖċĬŔƣŔŸŰċũШÅ f~ЯШƽőŔĦőШĬĲċũƚШƽŔƣőШ
ƓƚĲƨĬŸрƖċŰŊĲШыĦŸĬĲьШůĲċƚƨƖĲůĲŰƣƚЮШcĲŰĦĲЯШÅ f~ќƚШƖĲƚŔĬƨċũƚШŔƚШƣőĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШ
ŸĤƣċŔŰĲĬШċŰĬШĦŸůƓƨƣĲĬШƓƚĲƨĬŸрƖċŰŊĲШůĲċƚƨƖĲůĲŰƣƚЮШÅÑuxf7ќƚШÅ f~ШƨƚĲƚШĦőŔрƚƕƨċƖĲШƣĲƚƣЮШ
fŉШŔƣШŔƚШŉċŔũĲĬЯШÅ f~ШƖĲůŸƻĲШƣőĲШƚċƣĲũũŔƣĲƚШƣŸШŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШÑőĲШĦőŔрƚƕƨċƖĲШƣĲƚƣШ
ŔƚШƚőŸƽŰШŔŰ EƕƨċƣŔŸŰШыΟЮΝΣьЮ 

[ƨƖƣőĲƖůŸƖĲЯШÅÑuxf7ШőċƚШċШƣőƖĲƚőŸũĬШƣőċƣШĲǂĦũƨĬĲШƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШuċũůċŰШǯũƣĲƖШŔŰŰŸƻċƣĲЯШ
ƽőŔĦőШ ŔƚШ ƣőĲШ ĬŔǭĲƖĲŰĦĲШ ĤĲƣƽĲĲŰШ ƣőĲШ ĲǂƓĲĦƣĲĬШċŰĬШ ĦŸůƓƨƣĲĬШ ůĲċƚƨƖĲůĲŰƣƚЮШ ÑőĲƚĲШ
ůĲċƚƨƖĲůĲŰƣƚШ ċƖĲШ ŉŸƖШ ĤŸƣőШ ĦŸĬĲШ ċŰĬШ ƓőċƚĲШ ůĲċƚƨƖĲůĲŰƣƚЮШuċũůċŰШ ǯũƣĲƖШ ŔŰŰŸƻċƣĲШ
ƣőƖĲƚőŸũĬШыu[fÑcьШŔƚШċШƚŔůƓũĲШċŰĬШƚƣƖċŔŊőƣŉŸƖƽċƖĬШƣőƖĲƚőŸũĬЯШƽőĲƖĲШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШ
ĲǂĦũƨĬĲШŔŉШŔƣƚШƖĲƚŔĬƨċũШыĦŸĬĲоƓőċƚĲьШĲǂĦĲĲĬĲĬШƣőĲШƨƚĲƖШƓƖĲрĬĲƣĲƖůŔŰĲĬШƣőƖĲƚőŸũĬЮШÑőĲШĦŸĬĲШ
ċŰĬШƓőċƚĲШƣőƖĲƚőŸũĬƚШċƖĲШĬŔǭĲƖĲŰƣШĤƨƣШƚƣŔũũШĦŸŰŰĲĦƣĲĬШŔŰШÅÑuxf7ШыĬĲůŸΡШĤΟΠĬьЮШÑőĲШƓőċƚĲШ
ƣőƖĲƚőŸũĬШŔƚШĬĲƣĲƖůŔŰĲĬШŔŰШůĲƣĲƖШĤǃШƣőĲШƨƚĲĬЯШċŰĬШŔƣШůƨũƣŔƓũŔĲĬШĤǃШƣőĲШĦŸĬĲоƓőċƚĲШĲƖƖŸƖШƖċƣŔŸШ
ƣŸШŊĲŰĲƖċƣĲШƣőĲШĦŸĬĲШƣőƖĲƚőŸũĬШяΝΝΥѐЮШ7ċƚĲĬШŸŰШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШяΝΟЯΞΞΣѐШċŰĬШƣőĲШĬĲŉċƨũƣШ
ƻċũƨĲШяΝΝΥЯΝΝΦѐЯШƣőĲШƓőċƚĲШƣőƖĲƚőŸũĬШƽċƚШƚĲƣШƣŸШΟΜШůĲƣĲƖƚЮШÑőĲШĦŸĬĲоƓőċƚĲШĲƖƖŸƖШƖċƣŔŸШŔƚШċШ
ƓċƖċůĲƣĲƖШĬĲǯŰŔŰŊШőŸƽШůƨĦőШċĦĦƨƖċƣĲШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШƣőċŰШĦŸĬĲЮШÑőĲШĦŸĬĲоƓőċƚĲШ
ĲƖƖŸƖШƖċƣŔŸШƽċƚШΟΜΜШƨƚŔŰŊШƣőĲШĬĲŉċƨũƣШƻċũƨĲШяΝΝΥѐЮ 

ƚШůĲŰƣŔŸŰĲĬШĲċƖũǃЯШÅ f~ШċŰĬШu[fÑcШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦŸŰƚŔĬĲƖШƓŸƚŔƣŔŸŰŔŰŊШĦŸƖƖĲĦƣŔŸŰШċƚШ
ƣőĲǃШ ĦőŸƚĲШ ƚċƣĲũũŔƣĲШ ĤċƚĲĬШ ŸŰШ ƖĲƚŔĬƨċũƚЯШ ƽőŔĦőШ ċƖĲШ ƣőĲШ ĬŔǭĲƖĲŰƣШ ĤĲƣƽĲĲŰШ ƣőĲШ
ŸĤƣċŔŰĲĬоĲǂƓĲĦƣĲĬШċŰĬШĦŸůƓƨƣĲĬШůĲċƚƨƖĲůĲŰƣƚЮШÑőƨƚЯШċŰШŔŰŔƣŔċũШƓŸƚŔƣŔŸŰŔŰŊШŔƚШƖĲƕƨŔƖĲĬШŉŸƖШ
Å f~ШċŰĬШu[fÑcШƚĲũĲĦƣŔŸŰЮШÑŸШĦŸŰƚŔĬĲƖШƣőĲШƖĲƕƨŔƖĲĬШÂÂÂШĦŸƖƖĲĦƣŔŸŰƚШċŰĬШċƓƓũŔĲĬШÅ f~ШċŰĬШ
u[fÑcШƚĲũĲĦƣŔŸŰЯШÅÑuxf7ШƽċƚШŔůƓũĲůĲŰƣĲĬШƽŔƣőШŉŸũũŸƽŔŰŊШĦŸŰǯŊƨƖċƣŔŸŰƚа 
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Table 5.6 PPP configurations  

Settings  Options  

Position mode  PPP static 

Satellite system  GPS, GLONASS, and Galileo 

Frequency L1/G1/E1, L2/G2/E5b, and L5/E5a 

Filter type  Combined  

Ocean tides loading GOT4.7 

Ionosphere correction  Ionosphere-free  

Troposphere correction  Estimate ZTD (zenith total delay)  

Satellite Ephemeris/Clock  Precise (final) 

Satellite antenna PCV (phase centre variation) igs14.atx 

Receiver antenna PCV  igs14.atx 

Phase windup correction (PhWindup) ON 

Reject eclipse ON 

Differential code bias (DCB) correction  ON 

Integer Ambiguity Resolution  Continuous  

RAIM   ON 

KFITH of phase  30 meters 

Code/phase error ratio 300 

 

рΦнΦпΦо ì]?§ÂШÉĲũĲĦƣŔŸŰ 
ì]?§ÂШŔƚШċШƓċƖċůĲƣĲƖШƣőċƣШŔŰĬŔĦċƣĲƚШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШƽőŔũĲШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШƕƨċũŔƣǃШŸŉШ
ƚċƣĲũũŔƣĲШ ůĲċƚƨƖĲůĲŰƣƚЯШ ĲŔƣőĲƖШ ƣőƖŸƨŊőШ ƓƚĲƨĬŸрƖċŰŊĲШ ĲƖƖŸƖШ ыÖEÅEьШ ŸƖШ ƚŔŊŰċũШ ƓŸƽĲƖШ
ыÉ Åо9 ÅьЮШ9ŸůƓċƖĲĬШƣŸШÖEÅEЯШÉ ÅШċŰĬШ9 ÅШċƖĲШůƨĦőШĲċƚŔĲƖШƣŸШŸĤƣċŔŰШċƚШƣőĲǃШċƖĲШ
ĦŸůƓƨƣĲĬШĤǃШƣőĲШƖĲĦĲŔƻĲƖЮШ ƚШċШƖĲƚƨũƣЯШì]?§ÂШĤċƚĲĬШŸŰШ9 ÅШƽċƚШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЮШì]?§ÂШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċŰШĤĲШĦũċƚƚŔŉǃШŔŰƣŸШƣƽŸШůċŔŰШƚƣċŊĲƚаШыΝьШì]?§ÂШ
ĬĲƣĲƖůŔŰċƣŔŸŰШċŰĬШыΞьШì]?§ÂШƚĲũĲĦƣŔŸŰЮШ 

¶ ì]?§ÂШ?ĲƣĲƖůŔŰċƣŔŸŰШ 

ƚШĬŔƚĦƨƚƚĲĬШŔŰШÉĲĦƣŔŸŰШΟЮΠЯШì]?§ÂШĦċŰШĤĲШĦŸůƓƨƣĲĬШĲŔƣőĲƖШƣőƖŸƨŊőШƣőĲШƣƖċĬŔƣŔŸŰċũШ
ůĲƣőŸĬШыÑ~ьШŸƖШĦũŸƚĲĬрŉŸƖůШŉŸƖůƨũċЮШũƣőŸƨŊőШŔƣШĦċŰШĤĲШĦċũĦƨũċƣĲĬШŉċƚƣĲƖШƨƚŔŰŊШƣőĲШĦũŸƚĲĬШ
ŉŸƖůШŉŸƖůƨũċЯШƣőĲШƣƖċĬŔƣŔŸŰċũШůĲƣőŸĬШƽċƚШƨƚĲĬШŉŸƖШĦũċƖŔƣǃШċŰĬШƚŔůƓũŔĦŔƣǃЮШfŰШƣőĲШÑ~ЯШƣőĲШ
ŊĲŸůĲƣƖǃШůċƣƖŔǂШыcьШċŰĬШƣőĲШƽĲŔŊőƣĲĬШůċƣƖŔǂШыìьШċƖĲШƖĲƕƨŔƖĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШì]?§ÂШƨƚŔŰŊШ
ƣőĲШŔŰƻĲƖƚĲШůċƣƖŔǂЯШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШыΟЮΝΜьЮШÑőĲШcШĦċŰШĤĲШĦŸůƓƨƣĲĬШƽŔƣőŸƨƣШċŰĬШƽŔƣőШ
ƣőĲШƣŔůĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚШƨƚŔŰŊШEƕƨċƣŔŸŰƚШыΟЮΤьШċŰĬШыΟЮΥьЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ
fŰШůƨũƣŔр] ÉÉЯШŔƣШŔƚШĦƖƨĦŔċũШƣŸШĦŸŰƚŔĬĲƖШƣőĲШƣŔůĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚШƣŸШ
ŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШώнпϐЮШcĲŰĦĲЯШĦŸŰƚŔĬĲƖŔŰŊШƣőŔƚШƣŔůĲШĬŔǭĲƖĲŰĦĲШŔƚШŔůƓŸƖƣċŰƣШ
ƽőĲŰШƚĲũĲĦƣŔŰŊШůƨũƣŔр] ÉÉШƚċƣĲũũŔƣĲƚШƣŸШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШċŰĬШ
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ƣőĲŰШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШяΝΠѐЮШÑőĲƖĲŉŸƖĲЯШƣőĲШŊĲŸůĲƣƖǃШůċƣƖŔǂШыcьШƽċƚШĦŸůƓƨƣĲĬШƽŔƣőШƣőĲШ
ƣŔůĲШĬŔǭĲƖĲŰĦĲШĦŸŰƚŔĬĲƖċƣŔŸŰШƨƚŔŰŊШEƕƨċƣŔŸŰШыΟЮΥьЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШìЮůċƣƖŔǂШĦŸŰƣċŔŰƚШ
ƣőĲШ9 ÅШƻċũƨĲШŸŉШƣőĲШƚċƣĲũũŔƣĲƚШĬŔċŊŸŰċũũǃЯШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШыΟЮΝΝьЮ 

ÑŸШĦċũĦƨũċƣĲШì]?§ÂШĤċƚĲĬШŸŰШ9 ÅШƨƚŔŰŊШƣőĲШċĤŸƻĲШƣőƖĲĲШĲƕƨċƣŔŸŰƚШыΟЮΝΜьЯШыΟЮΥьЯШċŰĬШыΟЮΝΝьЯШ
ǯƻĲШƚċƣĲũũŔƣĲШŔŰŉŸƖůċƣŔŸŰШŔƚШƖĲƕƨŔƖĲĬаШыΝьШƚċƣĲũũŔƣĲШÂÅ ЯШыΞьШŸĤƚĲƖƻċƣŔŸŰШƣŔůĲЯШыΟьШĲũĲƻċƣŔŸŰШ
ċŰŊũĲƚЯШыΠьШċǍŔůƨƣőШċŰŊũĲƚЯШċŰĬШыΡьШ9 ÅШƻċũƨĲƚЮШÑőĲƚĲШƚċƣĲũũŔƣĲШĬċƣċШƽĲƖĲШŸĤƣċŔŰĲĬШƨƚŔŰŊШ
ÅÑuxf7ШыĬĲůŸΡШĤΟΠĬьЮШÑőĲШƖċƽШƚċƣĲũũŔƣĲШĬċƣċШыŸĤƚĲƖƻċƣŔŸŰƚШċŰĬШŰċƻŔŊċƣŔŸŰШĬċƣċьШƽċƚШ
ŔůƓŸƖƣĲĬШ ŔŰШ ÅÑuxf7ѣƚШÂx§ÑШ ƣŸШ ĬĲƣĲƖůŔŰĲШċŰĬШĲǂƣƖċĦƣШ ƣőĲШ ƖĲƕƨŔƖĲĬШƣőĲШ ǯƻĲШ ƚċƣĲũũŔƣĲШ
ŔŰŉŸƖůċƣŔŸŰЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΡЮШcŸƽĲƻĲƖЯШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰШĬċƣċШƽĲƖĲШƨƚĲĬШ
ŔŰШƣőĲШƣĲŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċƚĲƚЮШ 

ƚШƚőŸƽŰШŔŰШÑċĤũĲШΡЮΠЯШƣőĲƖĲШċƖĲШƣĲŰШĦċƚĲƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШfŰШƣőĲШǯƖƚƣШŉŸƨƖШĦċƚĲƚШ
ì]?§ÂШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШĬŸŰĲШċũŸŰĲЯШċŉƣĲƖШEũĲЯШċŰĬШĤĲŉŸƖĲШÅ f~ШċŰĬШĤĲŉŸƖĲШÅ f~р
u[fÑcЯШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШƣőĲƚĲШĦċƚĲƚЯШƣőĲШŸƖŔŊŔŰċũШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻċƣŔŸŰШĬċƣċШŸĤƣċŔŰĲĬШŉƖŸůШ
ƖĲĦĲŔƻĲƖШƽĲƖĲШƨƚĲĬШƣŸШŊĲŰĲƖċƣĲШƣőĲШƚċƣĲũũŔƣĲШĦőċƖċĦƣĲƖŔƚƣŔĦШǯũĲШƨƚŔŰŊШÅÑuxf7ЮШÑőĲШƚċƣĲũũŔƣĲШ
ĦőċƖċĦƣĲƖŔƚƣŔĦШǯũĲШƽċƚШŔůƓŸƖƣĲĬШƣŸШ~ Ñx 7ШŉŸƖШì]?§ÂШƚĲũĲĦƣŔŸŰЮШcŸƽĲƻĲƖЯШƣőĲШƚċƣĲũũŔƣĲШ
ĦőċƖċĦƣĲƖŔƚƣŔĦШǯũĲШƽċƚШǯũƣĲƖĲĬШǯƖƚƣШƣŸШƖĲůŸƻĲШċŰǃШƚċƣĲũũŔƣĲƚШƽŔƣőШċŰШĲũĲƻċƣŔŸŰШċŰŊũĲШũĲƚƚШƣőċŰШ
ΝΡШĬĲŊƖĲĲƚШĤĲŉŸƖĲШì]?§ÂШƚĲũĲĦƣŔŸŰШŔŰШĦċƚĲШΞЮ 

fŰШƣőĲШũċƚƣШƚŔǂШĦċƚĲƚЯШì]?§ÂШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШƓĲƖŉŸƖůĲĬШċŉƣĲƖШÅ f~ШŸƖШÅ f~рu[fÑcШ
ċũŸŰŊШƽŔƣőШEũĲШŔŰШƚŸůĲШŸŉШƣőĲůЮШfŰШƣőĲƚĲШĦċƚĲƚЯШċШůŸĬŔǯĲĬШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰШǯũĲШƽċƚШƨƚĲĬШ
ƣŸШŊĲŰĲƖċƣĲШƣőĲШƚċƣĲũũŔƣĲШĦőċƖċĦƣĲƖŔƚƣŔĦШǯũĲЮШÅ f~ШŸƖШÅ f~рu[fÑcШƚĲũĲĦƣŔŸŰШƽċƚШŔůƓũĲůĲŰƣĲĬШ
ĤĲŉŸƖĲШì]?§ÂЮШ ШƓŸƚŔƣŔŸŰŔŰŊШŔƚШŔůƓũĲůĲŰƣĲĬШċŉƣĲƖШÅ f~ШƚĲũĲĦƣŔŸŰЮШ ŉƣĲƖШÅ f~ШƚĲũĲĦƣŔŸŰШ
ыŔЮĲЮЯШĲǂĦũƨƚŔŸŰьЯШƣőĲШƖĲůċŔŰŔŰŊШƚċƣĲũũŔƣĲƚШċƖĲШƣőĲŰШƨƚĲĬШŉŸƖШŰĲƽШƓŸƚŔƣŔŸŰŔŰŊШĬĲƣĲƖůŔŰċƣŔŸŰЮШ
ƚШċШƖĲƚƨũƣЯШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƚƣċƣƨƚШǯũĲШƽċƚШĦőĲĦťĲĬШƣŸШǯŰĬШƽőŔĦőШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШĤǃШ
Å f~ШċŰĬШŸƣőĲƖƚШыEũĲШċŰĬШu[fÑcьЮШÑőĲƚĲШƚċƣĲũũŔƣĲƚШƽĲƖĲШƣőĲŰШĲǂĦũƨĬĲĬШŉƖŸůШƣőĲШƚċƣĲũũŔƣĲШ
ŸĤƚĲƖƻċƣŔŸŰШǯũĲШƨƚŔŰŊШ~ Ñx 7ЮШÑőŔƚШůŸĬŔǯĲĬШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰШǯũĲШƽŔƣőШƣőĲШŰċƻŔŊċƣŔŸŰШ
ůċƚƚċŊĲШƽĲƖĲШŔůƓŸƖƣĲĬШŔŰƣŸШÅÑuxf7ќƚШÂx§ÑШƣŸШŸĤƣċŔŰШƣőĲШƚċƣĲũũŔƣĲШĦőċƖċĦƣĲƖŔƚƣŔĦШǯũĲШŉŸƖШ
ì]?§ÂШƚĲũĲĦƣŔŸŰЮ 

¶ ì]?§ÂШÉĲũĲĦƣŔŸŰ 

ÉĲƻĲƖċũШƣĲĦőŰŔƕƨĲƚЯШċƚШÑ~ЯШ   ЯШċŰĬШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƽĲƖĲШƨƚĲĬШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĤċƚĲĬШŸŰШì]?§ÂШƻċũƨĲЮШÑőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШƣőĲШ
ůŸƚƣШƚƨŔƣċĤũĲШƣĲĦőŰŔƕƨĲШŉŸƖШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШƣőĲŔƖШőŔŊőШƖĲƚƨũƣШƕƨċũŔƣǃШċŰĬШ
ĦŸůƓƨƣċƣŔŸŰШƚƓĲĲĬЯШċƚШĬŔƚĦƨƚƚĲĬШŔŰШÉĲĦƣŔŸŰШΟЮΟЮШÑőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьШƽċƚШĲƻċũƨċƣĲĬШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰШ9őċƓƣĲƖШΣЮШ
ÑőĲШĤĲƚƣрƓĲƖŉŸƖůŔŰŊШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШƨƚĲĬШŉŸƖШì]?§ÂрĤċƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ŔŰШƣőĲШƣĲŰШĦċƚĲƚЮ 
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ÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШì]?§Âо]?§ÂШĦċŰШĤĲШĬŸŰĲШĤǃШƣƽŸШƽċǃƚаШΝьШǯǂШƚƨĤƚĲƣШƚŔǍĲШċŰĬШ
ΞьШǯǂШ]?§Âоì]?§ÂШƻċũƨĲЮШÑőĲШǯǂШƚƨĤƚĲƣШƚŔǍĲШŔƚШċŰШċƓƓƖŸċĦőШƣőċƣШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲƚШ ŉŸƖШ ċШ ǯǂШ ƚƨĤƚĲƣШ ƚŔǍĲШ ыŔЮĲЮЯШ ǯǂШ ŰƨůĤĲƖШ ŸŉШ ƚċƣĲũũŔƣĲƚШ ŔŰШ ƣőĲШ ƚƨĤƚĲƣьЮШ ÑőĲШ ǯǂШ
]?§Âоì]?§ÂШƻċũƨĲШŔƚШċŰШċƓƓƖŸċĦőШƣőċƣШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШƣőĲШũĲċƚƣШ
ƚŔǍĲШƣőċƣШƖĲċĦőШƣőĲШƓƖĲĬĲƣĲƖůŔŰĲĬШ]?§Âоì]?§ÂШƻċũƨĲЮШÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĤċƚĲĬШ
ŸŰШì]?§Âо]?§ÂШƽċƚШŉŸƨŰĬШŉŸƖШċШǯǂШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƨƚŔŰŊШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЮШÑŸШ
ŔůƓƖŸƻĲШ ƓŸƚŔƣŔŸŰŔŰŊШ ċĦĦƨƖċĦǃШ ƽŔƣőШ ƣőĲШ ũŸƽĲƚƣШ ŰƨůĤĲƖШ ŸŉШ ƚċƣĲũũŔƣĲƚЯШ ƣőĲШ ŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШƽĲƖĲШĦċƖƖŔĲĬШŸƨƣШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШǯǂШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƖċŰŊĲƚШ
ĤĲƣƽĲĲŰШΠШтШΝΥШыÑċĤũĲШΡЮΤьЮШ 

Table 5.7 Number of selected satellites using optimization algorithms in previous studies 

NSAT selected  Reference 

4 [101,105] 
6 [107] 
8 [106] 

6, 8, 10, and 12 [7,117] 
5 -18 [104] 

 

ÑőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔƚШŔůƓŸƖƣċŰƣШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШĤĲĦċƨƚĲШŔƣШŔŰĦƖĲċƚĲƚШċƚШƣőĲШ
ŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƖŔƚĲƚЮШÑŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШĲǭĲĦƣШŸŉШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŸŰШƚĲũĲĦƣŔŸŰШ
ċŰĬШƓŸƚŔƣŔŸŰŔŰŊЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШƽŔƣőШċũũШƓŸƚƚŔĤũĲШƚƨĤƚĲƣШƚŔǍĲƚЮШìőĲŰШ
ƨƚŔŰŊШŸŰĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůЯШċƣШũĲċƚƣШŉŸƨƖШƚċƣĲũũŔƣĲƚШċƖĲШƖĲƕƨŔƖĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊЮШÑőŔƚШůŔŰŔůƨůШ
ŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШыΠьШŔŰĦƖĲċƚĲƚШĤǃШŸŰĲШċƚШƣőĲШŰƨůĤĲƖШŸŉШƨƚĲĬШƚċƣĲũũŔƣĲƚШƚǃƚƣĲůШŔŰĦƖĲċƚĲƚЮШ
ÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШƣŔůĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƚċƣĲũũŔƣĲШƚǃƚƣĲůШяΞΞѐЮШfŰШƣőŔƚШƓƖŸŢĲĦƣЯШƚċƣĲũũŔƣĲШ
ĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШŉƖŸůШƣőƖĲĲШƚċƣĲũũŔƣĲƚШƚǃƚƣĲůƚаШ]ÂÉЯШ]x§  ÉÉЯШċŰĬШ]ċũŔũĲŸЮШÑőƨƚЯШƣőĲШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШċƓƓũŔĲĬШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШΣШтШůċǂŔůƨůШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬЮ 

ũƣőŸƨŊőШ] ÉÉШĬċƣċШƽĲƖĲШĦŸũũĲĦƣĲĬШŉŸƖШΞΠШőŸƨƖƚШƽŔƣőШΟΜрƚĲĦШŔŰƣĲƖƻċũШыŔЮĲЮЯШΞΥΥΜШĲƓŸĦőƚьЯШƣőĲШ
ŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШũċƖŊĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƽċƚШƚĲũĲĦƣĲĬШŔŰШŉĲƽШŰƨůĤĲƖƚШŸŉШĲƓŸĦőƚШũĲƚƚШ
ƣőċŰШΞΥΥΜЮÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШǰƨĦƣƨċƣĲШŸƻĲƖШƣŔůĲЯШċƚШƣőĲШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚШ ƣőĲШ ƚőŸƖƣШ ŔƣШ ũċƚƣЮШ ÑőĲШ ƚċƣĲũũŔƣĲƚШ ƚĲũĲĦƣŔŸŰШ ĤċƚĲĬШ ŸŰШ ì]?§ÂШ ƽċƚШ
ŔůƓũĲůĲŰƣĲĬШƓĲƖШĲƓŸĦőЮШ[ŸƖШĲċĦőШĲƓŸĦőЯШfƣШƽċƚШŸŰũǃШċƓƓũŔĲĬШŔŉШċŰШĲƓŸĦőШőċƚШċШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШŊƖĲċƣĲƖШŸƖШĲƕƨċũШƣŸШƣőĲШƓƖĲĬĲƣĲƖůŔŰĲĬШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŉŸƖШƚĲũĲĦƣŔŸŰЮ 

ì]?§ÂрĤċƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔƚШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШ
ы]?§ÂьШċŰĬШƚŔŊŰċũШƓŸƽĲƖШы9 ÅьЮШÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШŉŸƖШůƨũƣŔр] ÉÉШы]ÂÉЯШ
]x§  ÉÉЯШċŰĬШ]ċũŔũĲŸьЮШEċĦőШŸŰĲШŸŉШƣőĲƚĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůШĤƖŸċĬĦċƚƣƚШƣőĲŔƖШƚŔŊŰċũШŔŰШ
ůƨũƣŔƓũĲШŉƖĲƕƨĲŰĦŔĲƚЯШċƚШƚőŸƽŰШŔŰШÑċĤũĲШΞЮΝЮШcŸƽĲƻĲƖЯШŸŰũǃШƚċƣĲũũŔƣĲШxΝШŉƖĲƕƨĲŰĦŔĲƚШƽĲƖĲШ
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ĦŸŰƚŔĬĲƖĲĬШŔŰШì]?§ÂШƚĲũĲĦƣŔŸŰЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШƣőƖĲĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůƚШőċƻĲШĬŔǭĲƖĲŰƣШ
ŰƨůĤĲƖШċŰĬШĤċŰĬШŸŉШŉƖĲƕƨĲŰĦŔĲƚШыÑċĤũĲШΞЮΝьЮ 

ΡЮΞЮΡ ÅĲƚƨũƣƚШEƻċũƨċƣŔŸŰ 

ÑőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШƣĲŰШĦċƚĲƚШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċŰШĤĲШĲƻċũƨċƣĲĬШĤċƚĲĬШŸŰШƣőĲŔƖШ
ƚĲũĲĦƣĲĬШ ƚċƣĲũũŔƣĲШƓŸƚŔƣŔŸŰŔŰŊШ ƕƨċũŔƣǃЯШ ƽőŔĦőШ ŔŰĦũƨĬĲƚШ ƓŸƚŔƣŔŸŰŔŰŊШ ċĦĦƨƖċĦǃЯШ ƓƖĲĦŔƚŔŸŰЯШ
ĲƓŸĦőƚЯШċŰĬШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƨƚĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШŸŉШƣőĲШƚĲũĲĦƣĲĬЮШÑőĲШƚĲũĲĦƣŔŸŰШĦċƚĲШ
ƽŔƣőШƣőĲШĤĲƚƣШƖĲƚƨũƣƚШŔŰШċĤŸƻĲШĲƻċũƨċƣŔŸŰШĦƖŔƣĲƖŔċШĦŸŰƚŔĬĲƖĲĬШƣőĲШċƓƓƖŸƓƖŔċƣĲШŸŰĲШŉŸƖШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰЮШcŸƽĲƻĲƖЯШ ŉŸƨƖШ ƚƣĲƓƚШ ċƖĲШ ƖĲƕƨŔƖĲĬШ ƣŸШ ŔůƓũĲůĲŰƣШ ƓŸƚŔƣŔŸŰŔŰŊШ ċŰĬШ ĲƚƣŔůċƣĲШ
ƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΦ 

 

 

Figure 5.9 Flowchart of Implementing PPP positioning with the selected satellites and 
determine its accuracy  

¶ ~ŸĬŔŉǃШÅf Eñ 

ÉċƣĲũũŔƣĲƚШƣƖċƻĲũШċƖŸƨŰĬШƣőĲШEċƖƣőЯШƚŸШ] ÉÉШƖĲĦĲŔƻĲƖШƣƖċĦťШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲƚШŸƻĲƖШƣŔůĲЮШ ƚШċШ
ƖĲƚƨũƣЯШĬŔǭĲƖĲŰƣШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƚőŸƨũĬШĤĲШƚĲũĲĦƣĲĬШŉŸƖШĬŔǭĲƖĲŰƣШƓĲƖŔŸĬƚШŸŉШƣŔůĲЮШÅÑuxf7ЯШ
ƽőŔĦőШƽċƚШƨƚĲĬШŉŸƖШÂÂÂШƓŸƚŔƣŔŸŰŔŰŊЯШĦċŰШĲǂĦũƨĬĲШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲƚШŉŸƖШĲċĦőШĲƓŸĦőЮШ
ÑőĲƖĲŉŸƖĲЯШƣőĲШŸƖŔŊŔŰċũШÅf EñЯШŸĤƣċŔŰĲĬШŉƖŸůШƖĲĦĲŔƻĲƖЯШƽċƚШůŸĬŔǯĲĬЮШfƣШƽċƚШŔůƓŸƖƣĲĬШƣŸШ
~ Ñx 7ШƣŸШƖĲůŸƻĲШƨŰƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŉŸƖШĲċĦőШĲƓŸĦőШcĲŰĦĲЯШƣőĲШÅf EñШǯũĲШƽċƚШůŸĬŔǯĲĬШ
ŉŸƖШĲƻĲƖǃШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣĲĬШŔŰШĲċĦőШĦċƚĲЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΝΜЮ 
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Figure 5.10 Sample modified RINEX files for 6 and 7 satellites selected from cases 6 and 8. They 
show L1 frequency in the first three epochs of the selected satellites (6 and 7). Left: satellites were 

selected from case 6, Right: satellites were selected from case 8. 

¶ ÂÂÂШ9ŸŰǯŊƨƖċƣŔŸŰШċŰĬШfůƓũĲůĲŰƣċƣŔŸŰ 

ŉƣĲƖШĦƖĲċƣŔŰŊШċШÅf EñШǯũĲШŉŸƖШĲƻĲƖǃШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƣĲŰШĦċƚĲƚЯШÅÑuxf7Ш
ƽċƚШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШÂÂÂШƓŸƚŔƣŔŸŰŔŰŊШŉŸƖШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШÑőĲШƓƖĲƻŔŸƨƚШÂÂÂШ
ĦŸŰǯŊƨƖċƣŔŸŰƚЯШƽőŔĦőШƽċƚШƨƚĲĬШŉŸƖШƣőĲШŔŰŔƣŔċũШÂÂÂШƓŸƚŔƣŔŸŰŔŰŊШыÑċĤũĲШΡЮΣьЯШƽċƚШƨƚĲĬШċŊċŔŰЮШ
cŸƽĲƻĲƖЯШÅ f~ШċŰĬШu[fÑcШƽĲƖĲШĬŔƚċĤũĲĬШŔŰШÂÂÂШƓŸƚŔƣŔŸŰŔŰŊШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŉƖŸůШ
ċũũШĦċƚĲƚШĲǂĦĲƓƣШŉŸƖШƣőŸƚĲШŔŰШĦċƚĲƚШΦШċŰĬШΝΜЮШÑőŔƚШŔƚШƣŸШċƓƓũǃШÅ f~рu[fÑcШƚĲũĲĦƣŔŸŰШċŉƣĲƖШ
ì]?§ÂШƚĲũĲĦƣŔŸŰЮШfŰШÅÑuxf7ЯШÅ f~ШŔƚШƣƨƖŰШŸŰШċŰĬШŸǭШƻŔċШƣŔĦťŔŰŊЮШìőĲƖĲċƚШu[fÑcШĦċŰШĤĲШ
ĬŔƚċĤũĲĬШĤǃШŔŰĦƖĲċƚŔŰŊШƣőĲШƣőƖĲƚőŸũĬЯШċŰĬШŔƣШƽċƚШŔŰĦƖĲċƚĲĬШŉƖŸůШΟΜШƣŸШΝΜΜΜШůĲƣƖĲƚЮ 

¶ 9ŸŸƖĬŔŰċƣĲƚШÑƖċŰƚŉŸƖůċƣŔŸŰ 

ÑőĲШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰШƽĲƖĲШĬĲƣĲƖůŔŰĲĬШŔŰШĦċƖƣĲƚŔċŰШĦŸŸƖĬŔŰċƣĲШƚǃƚƣĲůШыñòüьЮШfŰШċĬĬŔƣŔŸŰЯШ
ƣőĲШƚŸũƨƣŔŸŰШĦŸŸƖĬŔŰċƣĲƚШƽĲƖĲШŸĤƣċŔŰĲĬШĤċƚĲĬШŸŰШƣőĲШƚċƣĲũũŔƣĲШĲƓőĲůĲƖŔƚѣШƖĲŉĲƖĲŰĦĲШŉƖċůĲШ
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ĤĲĦċƨƚĲШŔƣШƽċƚШÂÂÂШƚŸũƨƣŔŸŰЮШcŸƽĲƻĲƖЯШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШĲƖƖŸƖƚШƽĲƖĲШĲƻċũƨċƣĲĬШŔŰШƣőĲШĲċƚƣЯШ
ŰŸƖƣőЯШċŰĬШƨƓШĬŔƖĲĦƣŔŸŰƚШŸŉШƣőĲШ7ƖŔƣŔƚőШ ċƣŔŸŰċũШ]ƖŔĬШы7 ]ьЮШÑőŔƚШƣƖċŰƚŉŸƖůċƣŔŸŰШƽċƚШůċĬĲШƣŸШ
ƓƖŸƻŔĬĲШĤĲƣƣĲƖШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШƓŸƚŔƣŔŸŰŔŰŊШĲƖƖŸƖƚЮ 

ĦĦŸƖĬŔŰŊШƣŸШEũрÅċĤĤċŰǃШяΟΜѐЯШƚċƣĲũũŔƣĲШĲƓőĲůĲƖŔƚШĦŸŰƣċŔŰƚШƚċƣĲũũŔƣĲШĦŸŸƖĬŔŰċƣĲƚШŔŰШƣőĲШ
ìŸƖũĬШ]ĲŸĬĲƣŔĦШÉǃƚƣĲůШΝΦΥΠШыì]ÉΥΠьЮШfŉШƓƖĲĦŔƚĲШƚċƣĲũũŔƣĲШĲƓőĲůĲƖŔƚШƽċƚШƨƚĲĬЯШƣőĲШƚŸũƨƣŔŸŰШ
ĦŸŸƖĬŔŰċƣĲƚШƽŔũũШĤĲШĤċƚĲĬШŸŰШŔƣƚШƖĲŉĲƖĲŰĦĲШŉƖċůĲЮШfƣШƽċƚШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШÑĲƖƖĲƚƣƖŔċũШ
ÅĲŉĲƖĲŰĦĲШ[ƖċůĲШыfÑÅ[ьШŸŉШΞΜΝΠЮШÑŸШĦŸŰƻĲƖƣШƣőĲШƚŸũƨƣŔŸŰШĦŸŸƖĬŔŰċƣĲƚШŉƖŸůШfÑÅ[ΞΜΝΠШƣŸШ7 ]Ш
ĤċƚĲĬШ ŸŰШ §ÉÑ ΝΡЯШƽċƚШ ůċĬĲШ ƣőƖĲĲШƣƖċŰƚŉŸƖůċƣŔŸŰƚаШ ŔьШ fÑÅ[ШĦŸŰƻĲƖƚŔŸŰЯШ ŔŔьШ ĬċƣƨůШ
ĦŸŰƻĲƖƚŔŸŰЯШŔŔьШ7 ]ШĦŸŰƻĲƖƚŔŸŰЮШÑőĲƚĲШƣƖċŰƚŉŸƖůċƣŔŸŰƚШċƖĲШĤċƚĲĬШŸŰШŸŰũŔŰĲШƚĲƖƻŔĦĲƚЮШÑőĲШ
ǯƖƚƣШƣƽŸШĤċƚĲĬШŸŰШEÑÅ[оfÑÅ[Ш9ŸŸƖĬŔŰċƣĲШÑƖċŰƚŉŸƖůċƣŔŸŰЯШƽőŔũĲШƣőĲШũċƚƣШŸŰĲШŔƚШĤċƚĲĬШŸŰШ
§É]7ΟΣШŰċƣŔŸŰċũШŊƖŔĬШĦŸŸƖĬŔŰċƣĲƚЮ 

¶ ÅĲŉĲƖĲŰĦĲШ9ŸŸƖĬŔŰċƣĲƚШ 

ÑŸШĬĲƣĲƖůŔŰĲШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЯШƣőĲŔƖШƓŸƚŔƣŔŸŰŔŰŊШƖĲƚƨũƣƚШ
ƽĲƖĲШĦŸůƓċƖĲĬШƣŸШƣƖƨƣőЮШÑőĲШƣƖƨƣőШƽċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШƖĲƚƨũƣƚШŸŉШƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊШŉŸƖШΝΡШ
ĬċǃƚШыΞΜШÉĲƓƣĲůĤĲƖШƣŸШΜΠШ§ĦƣŸĤĲƖШΞΜΞΝьЮШ[ŔƻĲШ7f][ШƚƣċƣŔŸŰƚШыÑċĤũĲШΡЮΡьШƽĲƖĲШƨƚĲĬШċƚШ
ƖĲŉĲƖĲŰĦĲШƚƣċƣŔŸŰƚЮШfŰШċĬĬŔƣŔŸŰЯШƣőŔƚШƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊШƽċƚШШŔůƓũĲůĲŰƣĲĬШƻŔċШxĲŔĦċШƚŸŉƣƽċƖĲШ
ƽŔƣőШŉŸũũŸƽŔŰŊШĦŸŰǯŊƨƖċƣŔŸŰƚаШШ 

Table 5.8 Relative positioning configurations via Leica infinity 

Setting  Options 

Units of Lat/Long DMS [0.00001] 

Coordinate System OSGB36(15) 

Cut Off Angle 15-degree 

Sample Rate 30-sec   

Satellite System  GPS, GLONNAS, and Galileo 

Ephemeris Type Precise 

Antenna Phase igs14.atx 

Solution Type Phase Fixed 

Tropospheric Model Computed 

Ionospheric Model Automatic 

Frequency  Automatic 

 

ΡЮΟ EǂƓĲƖŔůĲŰƣċũШĲƻċũƨċƣŔŸŰШŸŉШÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШ~ĲƣőŸĬ 

?ŔǭĲƖĲŰƣШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċŰĬШì]?§ÂрÅ f~ШĦċƚĲƚ  ыĦŸůĤŔŰċƣŔŸŰƚьШƽĲƖĲШƣĲƚƣĲĬШ
ы9őċƓƣĲƖШΣШċŰĬШΜьШШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƚƨŔƣċĤũĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЮШ] ÉÉШĬċƣċЯШƽőŔĦőШ
ƽċƚШĦŸũũĲĦƣĲĬШƚƣċƣŔĦċũũǃШŉƖŸůШŸƓĲŰрƚťǃШĲŰƻŔƖŸŰůĲŰƣЯШƽċƚШƨƚĲĬШŔŰШƣőĲƚĲШĲƻċũƨċƣŔŸŰƚЮШÑŸШƣĲƚƣШ
ƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯŰċũШƓƖŸƓŸƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬЯШŔƣШƽċƚШŔůƓũĲůĲŰƣĲĬШƣŸШ



9őċƓƣĲƖШΡШ~ĲƣőŸĬŸũŸŊǃШƣŸШǯŰĬШƣőĲШĦƖŔƣĲƖŔŸŰШċŰĬШƣĲĦőŰŔƕƨĲШŉŸƖШÂÂÂрƚĲũĲĦƣŔŸŰ 
 

 

ΣΝ 
 

ƚĲũĲĦƣШƚċƣĲũũŔƣĲƚШŉƖŸůШ] ÉÉШĬċƣċШĦŸũũĲĦƣĲĬШŔŰШƣőƖĲĲШĬŔǭĲƖĲŰƣШƚĦĲŰċƖŔŸƚЮШÑőĲШǯƖƚƣШƚĦĲŰċƖŔŸШŸŉШ
ĬċƣċШĦŸũũĲĦƣŔŸŰШŔƚШƚƣċƣŔĦШŸƓĲŰШƚťǃШĲŰƻŔƖŸŰůĲŰƣЯШƽőŔĦőШŔƚШƣőĲШƚċůĲШĬċƣċШƨƚĲĬШĤĲŉŸƖĲЮШÑőŔƚШŔƚШ
ƣŸШĲƻċũƨċƣĲШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШċŉƣĲƖШƣőĲШĲŰőċŰĦĲůĲŰƣШůċĬĲШĤċƚĲĬШŸŰШƣőĲШ
ƚƨŊŊĲƚƣŔŸŰыƚьШĬĲƖŔƻĲĬШŉƖŸůШ9őċƓƣĲƖШΣШċŰĬШΜЮШÑőĲШƚĲĦŸŰĬШƚĦĲŰċƖŔŸШŸŉШĬċƣċШĦŸũũĲĦƣŔŸŰШŔƚШ
ťŔŰĲůċƣŔĦШŸƓĲŰШƚťǃШĲŰƻŔƖŸŰůĲŰƣЮШÑőĲШũċƚƣШƚĦĲŰċƖŔŸШŔƚШƚƣċƣŔĦШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣЮШ 

ÑŸШĲƻċũƨċƣĲШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƓƖŸƓŸƚċũШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШŉŸƖШÂÂÂЮШÑőĲШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƽċƚШŔůƓũĲůĲŰƣĲĬШŔŰШĬŔǭĲƖĲŰƣШƚĦĲŰċƖŔŸƚЮШÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШ
ƚĲũĲĦƣĲĬШŔŰШċũũШƓŸƚƚŔĤũĲШƚƨĤƚĲƣШƚŔǍĲƚЮШÑőĲШĲƻċũƨċƣŔŸŰШŸŉШŔƣƚШƚĲũĲĦƣŔŸŰШƽċƚШĤċƚĲĬШŸŰШƣőĲШ
ƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸŉШƣőĲŔƖШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЯШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚŔƣŔŸŰŔŰŊШĲƓŸĦőƚЯШƣőĲШ
ŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЯШċŰĬШƣőĲШĦŸŰƣŔŰƨŔƣǃШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲШ
ƚƨĤƚĲƣЮШ 

ΡЮΟЮΝ ] ÉÉШ?ċƣċ 

¶ ÉƣċƣŔĦШ§ƓĲŰрÉťǃШEŰƻŔƖŸŰůĲŰƣ 
ÑőĲШƚċůĲШ] ÉÉШĬċƣċШŸŰШƣőĲШΞΜƣőШŸŉШÉĲƓƣĲůĤĲƖШΞΜΞΠШƣőċƣШƽċƚШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШƚċůĲШ
7f][ШƚƣċƣŔŸŰ  ы ]7ΞьШũŸĦċƣĲĬШŸŰШƣőĲШƖŸŸŉШŸŉШƣőĲШ ]fШĤƨŔũĬŔŰŊШы[ŔŊƨƖĲШΡЮΞьЮШ[ŔŊƨƖĲШΡЮΟШƚőŸƽƚШ
ƣőĲШŰƨůĤĲƖШŸŉШ] ÉÉШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬШƽŔƣőШċШΟΜрƚĲĦШƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШ
ĲũĲƻċƣŔŸŰШůċƚťЮШÑőĲШƣƖƨĲШĦŸŸƖĬŔŰċƣĲƚШŸŉШ ]7ΞШƽĲƖĲШĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШΝΡШĬċǃƚШŸŉШ
ƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊЯШƨƚŔŰŊШƣőĲШĦũŸƚĲƚƣШǯƻĲШ7f][ШƚƣċƣŔŸŰƚШыÑċĤũĲШΡЮΡьЮШ 
 

¶ uŔŰĲůċƣŔĦШ§ƓĲŰрÉťǃШEŰƻŔƖŸŰůĲŰƣ 
§ŰШΞΣШ ƓƖŔũШΞΜΞΟЯШ] ÉÉШĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШťŔŰĲůċƣŔĦċũũǃЮШ§ŰШƣőĲШƖŸŸŉШŸŉШƣőĲШ ŸƣƣŔŰŊőċůШ
]ĲŸƚƓċƣŔċũШfŰƚƣŔƣƨƣĲШĤƨŔũĬŔŰŊЯШċШƣƖċŔŰШƽċƚШĲƕƨŔƓƓĲĬШƽŔƣőШxĲŔĦċШÉΝΜШċŰƣĲŰŰċШŔŰƚƣċũũĲĬШŸŰШ
ċШƓŔũũċƖШыΝΥШĦůьШċŰĬШċШxĲŔĦċШ]ÉΝΜШƖĲĦĲŔƻĲƖШƽŔƣőШƣőĲШĦċƓċĦŔƣǃШŸŉШƖĲĦŸƖĬŔŰŊШůƨũƣŔр] ÉÉШ
ƚŔŊŰċũƚШы]ÂÉЯШ]ċũŔũĲŸЯШ]x§  ÉÉЯШċŰĬШ7ĲŔ?ŸƨьЮШ[ŸƖШŸŰĲрőŸƨƖШыΝΟаΝΣаΠΡШтШΝΠаΝΣаΠΡьШ] ÉÉШ
ĬċƣċШ ƽĲƖĲШ ĦŸũũĲĦƣĲĬШ ƽőŔũĲШ ƣőĲШ ƣƖċŔŰШ ůŸƻŔŰŊШ ы[ŔŊƨƖĲШΡЮΝΝьЮШ ÑŸШ ĬĲƣĲƖůŔŰĲШ ƣőĲШ ƣƖƨĲШ
ĦŸŸƖĬŔŰċƣĲƚШŸŉШƣƖċŔŰќƚШƓċƣőЯШ] ÉÉШĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШŉƖŸůШ ]7ΞШƚƣċƣŔŸŰШŉŸƖШƣőĲШƚċůĲШ
ƓĲƖŔŸĬЮШÑőŔƚШŔƚШƣŸШċƓƓũǃШŸŰĲрőŸƨƖШƖĲũċƣŔƻĲШƓŸƚŔƣŔŸŰŔŰŊШƨƚŔŰŊШ ]7ΞШƚƣċƣŔŸŰШċƚШċШƖĲŉĲƖĲŰĦĲЮШ
ÉŔŰĦĲШ ]7ΞШƚƣċƣŔŸŰШĦŸũũĲĦƣĲĬШŸŰũǃШ]ÂÉЯШ]ċũŔũĲŸЯШċŰĬШ]x§  ÉÉШƚċƣĲũũŔƣĲШĬċƣċЯШƚċƣĲũũŔƣĲШ
ĬċƣċШŸŉШƣőĲƚĲШƚǃƚƣĲůƚШƽĲƖĲШĦŸũũĲĦƣĲĬШƽŔƣőШċШΝрƚĲĦШƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШ
ĲũĲƻċƣŔŸŰШůċƚťШĤǃШƣőĲШƣƖċŔŰШċŰĬШ ]7ΞШƖĲĦĲŔƻĲƖƚЮШ[ŔŊƨƖĲШΡЮΝΞШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШ]ÂÉЯШ
]ċũŔũĲŸЯШċŰĬШ]x§  ÉÉШƚċƣĲũũŔƣĲƚШĦŸũũĲĦƣĲĬШŉŸƖШŸŰĲрőŸƨƖШĤǃШ ]7ΞШċŰĬШƣƖċŔŰШƖĲĦĲŔƻĲƖƚЮШ 
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Figure 5.11 (left) The train and its path on the roof of NGI building, (right) the GNSS receiver and 
antenna on train collecting GNSS data.   

 

Figure 5.12 Number of GNSS satellites collected by NGB2 (left) and train (right) receivers for 1-hour 
period on April 26th, 2023. 

¶ ÉƣċƣŔĦШ~ƨũƣŔƓċƣőШEŰƻŔƖŸŰůĲŰƣ 
ÑŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШŰĲƽШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШƨŰĬĲƖШůƨũƣŔƓċƣőШ
ĲŰƻŔƖŸŰůĲŰƣЯШŔƣШƽċƚШŔůƓũĲůĲŰƣĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔŰШƣőƖĲĲШũŸĦċƣŔŸŰƚШƽŔƣőШũŸƽШċŰĬШ
őŔŊőШůƨũƣŔƓċƣőШũĲƻĲũЮШÑőĲШǯƖƚƣШũŸĦċƣŔŸŰШőċƚШũŸƽШůƨũƣŔƓċƣőШĲǭĲĦƣЯШċŰĬШŔƣШŔƚШŔŰШƣőĲШsƨĤŔũĲĲШ
ĦċůƓƨƚШŰĲǂƣШƣőĲШƣĲŰŰŔƚШĦŸƨƖƣЮШÑőĲШƚĲĦŸŰĬШċŰĬШƣőĲШƣőŔƖĬШũŸĦċƣŔŸŰƚШċƖĲШƣőĲШĦŸŰƣƖŸũШƓŸŔŰƣƚШ
 ]7ШΝΝШċŰĬШ ]7ШΜΦШũŸĦċƣĲĬШŉŸƖƣШċŰĬШĤĲőŔŰĬШƣőĲШ ]fШĤƨŔũĬŔŰŊЮШ7ŸƣőШũŸĦċƣŔŸŰƚШċƖĲШ
ƚƨƖƖŸƨŰĬĲĬШĤǃШƖŔƚĲШĤƨŔũĬŔŰŊШĦƖĲċƣŔŰŊШőŔŊőШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣЮШÑőĲШ] ÉÉШĬċƣċШŔŰШƣőĲƚĲШ
ũŸĦċƣŔŸŰƚШċƖĲШƚőŸƽŰШĤĲũŸƽЮ 
 
§ŰШΜΥШ§ĦƣŸĤĲƖШΞΜΞΠЯШ] ÉÉШĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШƚƣċƣŔĦċũũǃШċƣШsƨĤŔũĲĲШĦċůƓƨƚШŰĲǂƣШƣőĲШ
ƣĲŰŰŔƚШĦŸƨƖƣЮШÑƖŔƓŸĬЯШxĲŔĦċШ ÉΝΜШċŰƣĲŰŰċƚШċŰĬШxĲŔĦċШ]ÉΝΜШƖĲĦĲŔƻĲƖШƽĲƖĲШƨƚĲĬШƣŸШĦŸũũĲĦƣШ
] ÉÉШĬċƣċЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΝΟЮШÑőĲШ] ÉÉШĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШŉŸƖШŉŸƨƖШőŸƨƖƚШ

ÑƖċŔŰ
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ыΜΦаΠΜаΜΜШтШΝΟаΠΜаΜΜьШƽŔƣőШċШΟΜрƚĲĦШƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШĲũĲƻċƣŔŸŰШůċƚťЮШ[ŔŊƨƖĲШ
ΡЮΝΠШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШ]ÂÉЯШ]ċũŔũĲŸЯШċŰĬШ]x§  ÉÉШƚċƣĲũũŔƣĲƚШĦŸũũĲĦƣĲĬШŉƖŸůЮШ 
 

 

[ŔŊƨƖĲЮΨдΤΦЮёũĲŉƣђЮÑőĲЮƖĲĦĲŔƻĲƖЮũŸĦċƣŔŸŰЮċƣЮsƨĤŔũĲĲЮĦċůƓƨƚЮŰĲǂƣЮƣŸЮƣőĲЮƣĲŰŰŔƚЮĦŸƨƖƣЮċŰĬЮёƖŔŊőƣђЮƣőĲЮ
] ÉÉЮƖĲĦĲŔƻĲƖЮċŰĬЮċŰƣĲŰŰċЮĦŸũũĲĦƣŔŰŊЮ] ÉÉЮĬċƣċЮċƣЮƣőĲЮũŸĦċƣŔŸŰд 

 

 

Figure 5.14 Number of GNSS satellites collected at Jubilee campus next to the tennis court for 4-
hour period on October 08, 2024. 

§ŰШΝΞШsƨũǃШΞΜΞΟЯШ] ÉÉШĬċƣċШƽċƚШĦŸũũĲĦƣĲĬШƚƣċƣŔĦċũũǃШŉƖŸůШƣƽŸШĦŸŰƣƖŸũШƓŸŔŰƣƚШы ]7ΦШċŰĬШ
 ]7ΝΝьШċƖŸƨŰĬШƣőĲШ ŸƣƣŔŰŊőċůШ]ĲŸƚƓċƣŔċũШfŰƚƣŔƣƨƣĲШĤƨŔũĬŔŰŊШы[ŔŊƨƖĲШΡЮΝΡьЮШÑőĲƚĲШĦŸŰƣƖŸũШ
ƓŸŔŰƣƚШċƖĲШŔŰШůƨũƣŔƓċƣőШĲŰƻŔƖŸŰůĲŰƣЯШċƚШƣőĲǃШƚƨƖƖŸƨŰĬĲĬШĤǃШĤƨŔũĬŔŰŊЮШÑƖŔƓŸĬƚЯШxĲŔĦċШ ÉΝΜШ
ċŰƣĲŰŰċƚШċŰĬШċШxĲŔĦċШ]ÉΝΜШƖĲĦĲŔƻĲƖƚШƽĲƖĲШƨƚĲĬШы[ŔŊƨƖĲШΡЮΝΣьШƣŸШĦŸũũĲĦƣШ] ÉÉШĬċƣċШŉŸƖШ
ŉŸƨƖШőŸƨƖƚШыΝΝаΜΝаΞΝтШΝΡаΜΝаΞΝьШƽŔƣőШċШΟΜрƚĲĦШƚċůƓũŔŰŊШƖċƣĲШċŰĬШǍĲƖŸрĬĲŊƖĲĲШĲũĲƻċƣŔŸŰШ
ůċƚťЮШ[ŔŊƨƖĲШΡЮΝΤШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШ]ÂÉЯШ]ċũŔũĲŸЯШċŰĬШ]x§  ÉÉШƚċƣĲũũŔƣĲƚШĦŸũũĲĦƣĲĬШ
ŉƖŸůШĤŸƣőШũŸĦċƣŔŸŰƚШы ]7ΦШċŰĬШ ]7ΝΝьЮШ 
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Figure 5.15 The location of NGB9 and NGB11, where GNSS data was collected. 

 

 

[ŔŊƨƖĲЮΨдΤΩЮÑőĲЮ] ÉÉЮƖĲĦĲŔƻĲƖеЮċŰƣĲŰŰċеЮĦŸũũĲĦƣŔŰŊЮ] ÉÉЮĬċƣċЮŸŰ  ]7ΤΤЮёũĲŉƣђЮċŰĬЮ ]7άЮёƖŔŊőƣђеЮ
ƽőŔĦőЮċƖĲЮŉƖŸŰƣЮċŰĬЮĤĲőŔŰĬЮ ]fЮĤƨŔũĬŔŰŊеЮƖĲƚƓĲĦƣŔƻĲũǃд 

 

 

Figure 5.17 Number of GNSS satellites collected on NGB11 (left) and NGB9 (right) for 4-hour period 
on 12 July 2023. 
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ΡЮΟЮΞ ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШfůƓũĲůĲŰƣċƣŔŸŰШ 

ÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШůĲƣőŸĬШĦŸŰƚŔƚƣƚШŸŉШƣƽŸШƓċƖƣƚаШŔьШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲƚШċŰĬШŔŔьШƚĲũĲĦƣŔŸŰШ
ĦƖŔƣĲƖŔŸŰЮШÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲШƽċƚШĲƻċũƨċƣĲĬШŔŰШ9őċƓƣĲƖШΣЯШċƚШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШƽĲƖĲШƣĲƚƣĲĬЮШÑőĲШĤĲƚƣрƓĲƖŉŸƖůŔŰŊШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůШƽċƚШƨƚĲĬШŉŸƖШì]?§Âр
ĤċƚĲĬШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШìőĲƖĲċƚШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦƖŔƣĲƖŔċШƽĲƖĲШĲƻċũƨċƣĲĬШŔŰШ
9őċƓƣĲƖШΤЯШċŰĬШƣőĲШŸŰĲШƽŔƣőШƣőĲШĤĲƚƣШƓĲƖŉŸƖůċŰĦĲШƽċƚШƨƚĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑŸШċƓƓũǃШ
ƣőĲШĤĲƚƣрƓĲƖŉŸƖůĲĬШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲШċŰĬШĦƖŔƣĲƖŔŸŰЯШƚĲƻĲƖċũШƚƣĲƓƚШƽĲƖĲШŔůƓũĲůĲŰƣĲĬЯШ
ƽőŔĦőШċƖĲШƣőĲШƚċůĲШƚƣĲƓƚШŔŰШƚĲĦƣŔŸŰШΡЮΞЮΠЮ 

ΡЮΟЮΟ ÅĲƚƨũƣƚШEƻċũƨċƣŔŸŰ 

ÑőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŰШůĲƣőŸĬШĦċŰШĤĲШĲƻċũƨċƣĲĬШĤċƚĲĬШŸŰШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШ
ċĦĦƨƖċĦǃШŸŉШŔƣƚШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШ[ŸƨƖШƚƣĲƓƚШċƖĲШƖĲƕƨŔƖĲĬШƣŸШċƓƓũǃШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШċŰĬШĲƚƣŔůċƣĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΡЮΦЮШÑőĲƚĲШŉŸƨƖШƚƣĲƓƚШ
ƽĲƖĲШĲǂƓũċŔŰĲĬШŔŰШƚĲĦƣŔŸŰШΡЮΞЮΡЮ 
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Chapter 6 §ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШÂĲƖŉŸƖůċŰĦĲ 

ΣЮΝ ÅĲƚƨũƣƚШċŰĬШ?ŔƚĦƨƚƚŔŸŰ 

ΣЮΝЮΝ ]ÂÉШ§ƓƣŔůċũШÉċƣĲũũŔƣĲƚ 

ÑőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШċƓƓũŔĲĬШŉŸƖШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШŸŉШ]ÂÉрŸŰũǃШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰƚШŸŉШΠЯШΡЯШΣЯШċŰĬШΤШ]ÂÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚШŉŸƖШƣőĲШΞΠрőŸƨƖШ]ÂÉШĬċƣċЮШ
§ƓƣŔůċũШ]ÂÉШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĲƻĲƖǃШǯƻĲШůŔŰƨƣĲƚбШőĲŰĦĲШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШ
ƚĲũĲĦƣĲĬШŸƓƣŔůċũШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШŉŸƖШΞΥΥШĲƓŸĦőƚШыŔЮĲЮШŸŰĲШĲƓŸĦőШƓĲƖШΡШůŔŰƨƣĲƚьШŔŰШƣőĲШ
ΞΠрőŸƨƖШƓĲƖŔŸĬЮШ[ŔŊƨƖĲШΣЮΝШƚőŸƽƚШыŔьШƣőĲШƕƨċũŔƣǃШŸŉШůċƣĦőШŸŉШƣőĲШ]ÂÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШ
ƚĲũĲĦƣĲĬШĤǃШƣőĲШċũŊŸƖŔƣőůƚЯШƽőŔĦőШƽċƚШĬĲƣĲƖůŔŰĲĬШĤǃШĦŸůƓċƖŔŰŊШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ƖĲƚƨũƣƚШŸŉШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽŔƣőШƣőŸƚĲШŸŉШÑ~ЯШċŰĬШыŔŔьШƣőĲШƚĲũĲĦƣŔŸŰШƣŔůĲШƣőċƣШƽċƚШ
ƣċťĲŰШĤǃШƣőĲШċũŊŸƖŔƣőůƚШŉŸƖШƣőĲШ]ÂÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸƻĲƖШΞΥΥШĲƓŸĦőƚЮШ 

 

[ŔŊƨƖĲЮΩдΤЮёũĲŉƣђЮÑőĲЮƕƨċũŔƣǃЮŸŉЮůċƣĦőЮёċĦĦƨƖċĦǃђЮŸŉЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮƣőĲЮŸƓƣŔůċũЮ]ÂÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮ
ĤǃЮƣőĲЮŸƓƣŔůŔǍċƣŔŸŰЮċũŊŸƖŔƣőůƚЮƽŔƣőЮƖĲƚƓĲĦƣЮƣŸЮƣőĲЮċĦƣƨċũЮŸƓƣŔůċũЮ]ÂÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮĬĲƖŔƻĲĬЮĤǃЮ
ƣőĲЮÑ~дЮёƖŔŊőƣђЮÑőĲЮƖĲƕƨŔƖĲĬЮƣŔůĲЮŸŉЮƣőĲЮÑ~ЮċŰĬЮƣőĲЮŸƓƣŔůŔǍċƣŔŸŰЮċũŊŸƖŔƣőůƚЮŉŸƖЮƣőĲЮŸƓƣŔůċũЮ]ÂÉЮ

ƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮƚĲũĲĦƣŔŸŰѕΤΨΣід 

ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΣЮΝЯШċũũШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШĲǭĲĦƣŔƻĲũǃШƚĲũĲĦƣĲĬШƣőĲШŸƓƣŔůċũШ]ÂÉШ
ƚċƣĲũũŔƣĲƚЯШĲǂĦĲƓƣШŉŸƖШƣőĲШÉ ШċũŊŸƖŔƣőůЮШ~ŸƖĲШƚƓĲĦŔǯĦċũũǃЯШŉŸƖШƣőĲШĦċƚĲƚШŸŉШċШ]ÂÉШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰШŸŉШΠЯШΡЯШΣЯШċŰĬШΤШƚċƣĲũũŔƣĲƚЯШƣőĲШŉŸƨƖШċũŊŸƖŔƣőůƚШ 79ЯШ 9§ЯШ] ШċŰĬШÂÉ§ШċĦőŔĲƻĲĬШ
ċШ]ÂÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШŸƻĲƖШΦΦӖЯШƽŔƣőШƣőĲШċũŊŸƖŔƣőůƚШ 79ШċŰĬШ] ШċĦőŔĲƻŔŰŊШƣőĲШ
ĤĲƚƣШ]ÂÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċƚШƣőĲǃШőċĬШΝΜΜӖШůċƣĦőШƽŔƣőШƣőĲШ]ÂÉШŸƓƣŔůċũШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰШċƚШĬĲƖŔƻĲĬШĤǃШƣőĲШÑ~ЮШfŰШĦŸŰƣƖċƚƣЯШÉ ШőċĬШƣőĲШũŸƽĲƚƣШċĦĦƨƖċĦǃШŔŰШĦőŸŸƚŔŰŊШƣőĲШ
ŸƓƣŔůċũШ]ÂÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШƽŔƣőШċШůċƣĦőШƖċŰŊŔŰŊШĤĲƣƽĲĲŰШΥΟӖШċŰĬШΦΟӖЮШcŸƽĲƻĲƖЯШ
ƣőĲШÉ ШƓƖŸƻĲĬШƣŸШĤĲШƣőĲШŉċƚƣĲƚƣШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċůŸŰŊШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШ
ĤƨƣШŔƣШƽċƚШƚƣŔũũШƚũŸƽĲƖШƣőċŰШÑ~ЮШÑőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŔƚШƣőĲШƣŔůĲШƖĲƕƨŔƖĲĬШƣŸШǯŰŔƚőШƣőĲШ
ƚĲũĲĦƣŔŸŰШƚĲƚƚŔŸŰЯШƽőŔĦőШŔŰƻŸũƻĲƚШĬĲƣĲƖůŔŰŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƚĲƕƨĲŰƣŔċũũǃШŉƖŸůШ
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ΞΥΥШĲƓŸĦőƚШŉŸƖШċШƚƓĲĦŔǯĦШƚƨĤƚĲƣШƚŔǍĲЮШfƣШƽċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШƣċťĲŰШĤǃШ
~ Ñx 7ШŔŰШcÂ9ЮШÑőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШċŰĬШĦŸŰƚĲƕƨĲŰƣũǃШƣőĲШƕƨċũŔƣǃШ
ŸŉШƣőĲŔƖШƖĲƚƨũƣƚЯШĦċŰШĤĲШċǭĲĦƣĲĬШĤǃШƣőĲШƻċũƨĲШŸŉШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚќШƓċƖċůĲƣĲƖƚЮШ
cŸƽĲƻĲƖЯШƣőĲШůċŔŰШƖĲċƚŸŰШŉŸƖШũŸƽĲƖШÉ ШƕƨċũŔƣǃШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŔƚШŔƣƚШĬĲƚŔŊŰШċŰĬШ
ƚƓĲĦŔǯĦċũũǃШƣőĲШƣĲĦőŰŔƕƨĲШŸŉШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰЮШ 79ЯШ 9§ЯШ] ЯШċŰĬШÂÉ§ШċƖĲШ
ƓŸƓƨũċƣŔŸŰрĤċƚĲĬШċũŊŸƖŔƣőůƚЯШƽőŔĦőШůĲċŰШƣőċƣШƣőĲǃШƨƚĲШŊƖŸƨƓƚШŸŉШŔŰĬŔƻŔĬƨċũƚШƣŸШǯŰĬШƣőĲШ
ŸƓƣŔůċũШ ƚŸũƨƣŔŸŰШяΝΠΦѐЮШ fŰШ ƣőŔƚШ ƓƖŸŢĲĦƣЯШ ƣőĲШ ƓŸƓƨũċƣŔŸŰШ ƚŔǍĲШ ŸŉШ ƣőĲƚĲШ ċũŊŸƖŔƣőůƚШ ƽċƚШ
ĬĲƣĲƖůŔŰĲĬШċƚШΝΜΜЮШfŰШĦŸŰƣƖċƚƣЯШÉ ШƽċƚШŸƖŔŊŔŰċũũǃШĬĲƚŔŊŰĲĬШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШƚŸũƨƣŔŸŰШĤǃШċШ
ƚŔŰŊũĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲЮШÉŔŰĦĲШŔŰĦƖĲċƚŔŰŊШƣőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШĦċŰШŔůƓƖŸƻĲШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШ
ċũŊŸƖŔƣőůƚѣШƖĲƚƨũƣƚШяΝΠΦѐШЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШÉ ШƽċƚШŰĲŊċƣŔƻĲũǃШċǭĲĦƣĲĬШĤǃШŔƣƚШũŸƽШ
ƓŸƓƨũċƣŔŸŰЮ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШŔƣШĦċŰШĤĲШƚĲĲŰШƣőċƣШƣőĲШŉŸƨƖШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШċŰĬШÂÉ§ьШċƖĲШ
ĲƕƨċũũǃШċĦĦƨƖċƣĲШŔŰШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚЮШÑőĲƚĲШċũŊŸƖŔƣőůƚШċĦőŔĲƻĲĬШůŸƖĲШƣőċŰШΦΦӖШċĦĦƨƖċĦǃШ
ŔŰШƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůċũШ]ÂÉШƚƨĤƚĲƣƚШŸŉШΠЯШΡЯШΣШċŰĬШΤШƚċƣĲũũŔƣĲƚЮШ 79ШċŰĬШ] ШĦŸŰƚƣċŰƣũǃШ
ƚĲũĲĦƣĲĬШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽŔƣőШċШƕƨċũŔƣǃШŸŉШΝΜΜӖШŔŰШċũũШĦċƚĲƚЮШìőĲƖĲċƚШ 9§ШċŰĬШÂÉ§Ш
őċĬШũĲƚƚШċĦĦƨƖċƣĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШыΦΦЮΟӖьШŔŰШŸŰĲШċŰĬШƣƽŸШĦċƚĲƚЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÉŔŰĦĲШĲċĦőШ
ĦċƚĲШŔŰĦũƨĬĲĬШΞΥΥШĲƓŸĦőƚШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШŸŉШΦΦЮΟӖШůĲċŰƚШƣőċƣШƣőĲШŸƓƣŔůċũШ
]ÂÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШůŔƚƚрƚĲũĲĦƣĲĬШŔŰШƣƽŸШĲƓŸĦőƚЮШ 

[ŔŊƨƖĲШΣЮΞШƚőŸƽƚШƣőĲШǯƣŰĲƚƚШƻċũƨĲШы9 Åрì]?§ÂьШŸŉШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƽŔƣőШƣőĲШŉŸƨƖШ
ƚƨĤƚĲƣШƚŔǍĲƚШыΠЯШΡЯШΣЯШċŰĬШΤьШŸƻĲƖШƣŔůĲШыΞΥΥШĲƓŸĦőƚьЯШƽőĲƖĲШƣőĲǃШĬĲƖŔƻĲĬШŉƖŸůШÑ~ЮШÑőŔƚШŔƚШ
ƓƖĲƚĲŰƣĲĬШċƚШċШĤũƨĲШũŔŰĲШƣőċƣШĦŸƖƖĲƚƓŸŰĬƚШƣŸШũŔŉĲШǃрċǂŔƚЮШÑőĲШǯŊƨƖĲќƚШƖŔŊőƣШǃрċǂŔƚШƓƖĲƚĲŰƣƚШƣőĲШ
ĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШǯƣŰĲƚƚШŸŉШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШċŰĬШƣőċƣШŸŉШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШыĬ 79ЯШĬ 9§ЯШĬ] ЯШĬÂÉ§ЯШċŰĬШĬÉ ьЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲШ[ŔŊƨƖĲШΣЮΞЯШŰŸШƚŔŊŰŔǯĦċŰƣШ
ĬŔǭĲƖĲŰĦĲШĦċŰШĤĲШŉŸƨŰĬШĤĲƣƽĲĲŰШƣőĲШ 9§ШċŰĬШÂÉ§ШƖĲƚƨũƣƚШċŰĬШƣőĲШÑ~ШƖĲƚƨũƣƚШыċĦƣƨċũШ
ƖĲƚƨũƣƚьЮШÑőŔƚШŔŰĬŔĦċƣĲƚШƣőċƣШ 9§ШċŰĬШÂÉ§ШŉċũũШċƣШċШũŸĦċũШŸƓƣŔůƨůШƣőċƣШƽċƚШƣŸŸШĦũŸƚĲШƣŸШƣőĲШ
ĤĲƚƣШƚŸũƨƣŔŸŰШыŔЮĲЮШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰьШĲƻĲƖШŉŸƨŰĬШŔŰШƣőĲШƣƽŸШĲƓŸĦőƚЮШ 9§ШċŰĬШÂÉ§ШůŔƚƚр
ƚĲũĲĦƣĲĬШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШΠШƚċƣĲũũŔƣĲƚШŔŰШƣƽŸШĲƓŸĦőƚЮШfŰШ[ŔŊƨƖĲШΣЮΟШċŰĬШ[ŔŊƨƖĲШΣЮΠЯШƣőĲШ
ċĦƣƨċũШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШΠШƚċƣĲũũŔƣĲƚЯШĬĲƖŔƻĲĬШĤǃШÑ~ЯШċŰĬШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШ
ĤǃШ 9§ШċŰĬШÂÉ§ШċƖĲШĬŔƚƓũċǃĲĬЮШÑőĲШƕƨċũŔƣǃШŸŉШƣőĲƚĲШċũŊŸƖŔƣőůƚШůċǃШƻċƖǃШŉƖŸůШŸŰĲШƣƖŔċũШƣŸШ
ċŰŸƣőĲƖЯШƽőŔĦőШĦŸƨũĬШĤĲШĬƨĲШƣŸШƣőĲШŉċĦƣШƣőċƣШƣőĲƚĲШċũŊŸƖŔƣőůƚШƚƣċƖƣШƖċŰĬŸůũǃШяΝΠΦѐЯШƽőŔĦőШ
ċǭĲĦƣƚШƣőĲŔƖШƖĲƚƨũƣƚШяΝΣΠЯΝΣΡѐЯШŸƖШĤĲĦċƨƚĲШƣőĲШĦőŸƚĲŰШƻċũƨĲƚШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШƓċƖċůĲƣĲƖƚШ
ƽőŔĦőШĦċŰШċũƚŸШċǭĲĦƣШƣőĲШċũŊŸƖŔƣőůƚќШƖĲƚƨũƣƚЮШcŸƽĲƻĲƖЯШƣőĲШŉŸƨƖШċũŊŸƖŔƣőůƚШы 79ЯШ 9§ЯШ] ЯШ
ċŰĬШÂÉ§ьШĦċŰШŊĲŰĲƖċũũǃШĤĲШĦŸŰƚŔĬĲƖĲĬШċƚШĲƕƨċũũǃШċĦĦƨƖċƣĲШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑőŔƚШċũŔŊŰƚШ
ƽŔƣőШƣőĲШƖĲƚƨũƣƚШƓƖĲƚĲŰƣĲĬШŔŰШяΦΦѐЯШƽőĲƖĲШ 79ЯШ] ЯШċŰĬШÂÉ§ШƓƖŸƻŔĬĲĬШċƓƓƖŸǂŔůċƣĲũǃШƣőĲШ
ƚċůĲШőŔŊőШũĲƻĲũШŸŉШċĦĦƨƖċĦǃШŔŰШ]ÂÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƽőŔũĲШÉ ШƓƖŸƻŔĬĲĬШƚũŔŊőƣũǃШũŸƽĲƖШ
ċĦĦƨƖċĦǃШŔŰШƣőĲШƚĲũĲĦƣŔŸŰЮ 
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[ŔŊƨƖĲЮΩдΥЮÑőĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƓĲƖŉŸƖůċŰĦĲЮŸŉЮƣőĲЮŸƓƣŔůŔǍċƣŔŸŰЮċũŊŸƖŔƣőůƚЮƽŔƣőЮƖĲƚƓĲĦƣЮƣŸЮÑ~еЮ
ĲǂƓƖĲƚƚĲĬЮċƚЮƣőĲЮĬŔǭĲƖĲŰĦĲЮĤĲƣƽĲĲŰЮƣőĲЮ9 Åцì]?§ÂЮŸŉЮƣőĲЮŸƓƣŔůċũЮƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰЮŸŉЮ
ĲċĦőЮŸƓƣŔůŔǍċƣŔŸŰЮċũŊŸƖŔƣőůЮċŰĬЮƣőĲЮĦŸƖƖĲƚƓŸŰĬŔŰŊЮ9 Åцì?]§ÂЮŸŉЮÑ~дЮÑőĲЮƖĲƚƨũƣƚЮŸŉЮƣőĲЮŉŸƨƖЮ
ĦċƚĲƚЮŸŉЮ]ÂÉЮƚċƣĲũũŔƣĲƚЮĦŸŰƚƣĲũũċƣŔŸŰƚЮёΧеЮΨеЮΩЮċŰĬЮΪЮƚċƣĲũũŔƣĲƚђЮċƖĲЮƓƖĲƚĲŰƣĲĬдЮ§ŰЮƣőĲЮũĲŉƣцċǂŔƚеЮƣőĲЮ
9 Åцì]?§ÂЮƻċũƨĲЮŸŉЮƣőĲЮŸƓƣŔůċũЮƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰЮĤċƚĲĬЮŸŰЮƣőĲЮÑ~ЮŔƚЮƓƖĲƚĲŰƣĲĬеЮċŰĬЮŸŰЮƣőĲЮ
ƖŔŊőƣцċǂŔƚЮƣőĲЮĬŔǭĲƖĲŰĦĲЮĤĲƣƽĲĲŰЮĲċĦőЮŸŉЮƣőĲЮŸƓƣŔůŔǍċƣŔŸŰЮċũŊŸƖŔƣőůЮċŰĬЮƣőĲЮÑ~дЮÅĲƓƖŔŰƣĲĬЮŉƖŸůЮ

ѕΤΨΣідЮЮ 
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ΣΦ 
 

 

[ŔŊƨƖĲЮΩдΦЮÑőĲЮƚťǃЮƓũŸƣƚЮŸŉЮĲƓŸĦőЮΨΨЮёũĲŉƣђЮċŰĬЮĲƓŸĦőЮΤΫΧЮёƖŔŊőƣђЮƓƖĲƚĲŰƣŔŰŊЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮƣőĲЮ
ŸƓƣŔůċũЮ]ÂÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮĤǃЮƣőĲЮ 9§ЮċŰĬЮƣőĲЮÑ~еЮċŰĬЮƚőŸƽŔŰŊЮƣőĲЮĦŸůůŸŰũǃЮƚĲũĲĦƣĲĬЮƚċƣĲũũŔƣĲƚЮ
ёĤũƨĲђЮĤǃЮƣőĲЮƣƽŸЮůĲƣőŸĬƚеЮĤƨƣЮċũƚŸЮƣőŸƚĲЮƽőŸЮƽĲƖĲЮĬŔǭĲƖĲŰƣũǃЮƚĲũĲĦƣĲĬЮĤǃЮ 9§ЮёǃĲũũŸƽђЮċŰĬЮÑ~Ю

ёŸƖċŰŊĲђЮѕΤΨΣід 

 

[ŔŊƨƖĲЮΩдΧЮÉċůĲЮċƚЮ[ŔŊƨƖĲЮΤΦеЮƓƖĲƚĲŰƣŔŰŊЮƣőĲЮƚťǃЮƓũŸƣƚЮŉŸƖЮƣőĲЮĲƓŸĦőЮΫΤЮёũĲŉƣђЮċŰĬЮĲƓŸĦőЮΥΤΨЮёƖŔŊőƣђеЮ
ċŰĬЮĬŔǭĲƖĲŰĦĲƚЮĤĲƣƽĲĲŰЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮƣőĲЮŸƓƣŔůċũЮ]ÂÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮŉŸƖЮÂÉ§ЮċŰĬЮÑ~ЮѕΤΨΣідЮЮ 

fŰШƣĲƖůƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬЯШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШƚũŸƽШŔŰШƚĲũĲĦƣŔŰŊШƣőĲШ
ŸƓƣŔůċũШ]ÂÉШƚċƣĲũũŔƣĲƚЮШ[ŔŊƨƖĲШΣЮΝШƖĲƓƖĲƚĲŰƣƚШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШ ċŰĬШ Ñ~Ш ƣŸШ ǯŰĬШ ƣőĲШ ŸƓƣŔůċũШ ]ÂÉШ ƚċƣĲũũŔƣĲШ ƚĲũĲĦƣŔŸŰШ ŉŸƖШ ċũũШ ΞΥΥШĲƓŸĦőƚаШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШƚĲũĲĦƣŔŸŰШŸŉШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŸŉШΝрĲƓŸĦőШƓĲƖШΡрůŔŰƨƣĲШŔŰƣĲƖƻċũЯШŉŸƖШ
ƣőĲШΞΠрőŸƨƖШ] ÉÉШĬċƣċШƚĲƣЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲШǯŊƨƖĲЯШÑ~ЯШƽőŔĦőШĦőĲĦťƚШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШ
ĦŸůĤŔŰċƣŔŸŰƚЯШƽċƚШŉċƚƣĲƖШƣőċŰШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔŰШǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШ
ƚƨĤƚĲƣЮШÑ~ШƚĲũĲĦƣĲĬШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽŔƣőŔŰШċĤŸƨƣШΞШůŔŰƨƣĲƚШŔŰШċũũШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ
ĦċƚĲƚЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƣŸŸťШůŸƖĲШƣőċŰШΞШůŔŰƨƣĲƚШŔŰШċũũШĦċƚĲƚЯШ
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ΤΜ 
 

ƽŔƣőШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШƻċƖǃŔŰŊШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШŰƨůĤĲƖШŸŉШƣőĲШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШĦŸŰƚƣĲũũċƣŔŸŰЮШ
fŰШŊĲŰĲƖċũЯШÉ ШƽċƚШƣőĲШŉċƚƣĲƚƣШċũŊŸƖŔƣőůШċůŸŰŊШƣőĲШǯƻĲЯШƽőĲƖĲċƚШ] ШƽċƚШƣőĲШƚũŸƽĲƚƣЮШ 79ЯШ
9§ЯШċŰĬШÂÉ§ШċũŊŸƖŔƣőůƚШƽĲƖĲШƚŔůŔũċƖШŔŰШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШыΡШůŔŰьШƣŸШĦŸůƓũĲƣĲШƣőĲШƚċƣĲũũŔƣĲШ
ŸƓƣŔůŔǍċƣŔŸŰЮ 

ÖŰũŔťĲШÑ~ЯШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШĬŸШŰŸƣШƖĲƕƨŔƖĲШċШĦŸůƓũĲƣĲШŔŰƻĲƚƣŔŊċƣŔŸŰШŸŉШƓŸƚƚŔĤũĲШ
ƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůƨůЮШcŸƽĲƻĲƖЯШÑ~ШƽċƚШŉċƚƣĲƖШŔŰШǯŰĬŔŰŊШƣőĲШĤĲƚƣШ
]ÂÉШƚċƣĲũũŔƣĲƚЯШċƚШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċƖĲШĦŸůƓƨƣċƣŔŸŰċũũǃШőĲċƻǃШŉŸƖШљƚůċũũњШ
ƓƖŸĤũĲůƚШĤǃШŉŸũũŸƽŔŰŊШŔŰĬŔƖĲĦƣШċƓƓƖŸċĦőĲƚШƣőċƣШƖĲƕƨŔƖĲШċĬĬŔƣŔŸŰċũШƓƖŸĦĲƚƚŔŰŊШƣŔůĲЮШ[ŸƖШċШ
ƚůċũũШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƣőċƣШĦċŰШĤĲШƓƖŸƻŔĬĲĬШĤǃШċШƚŔŰŊũĲШƚǃƚƣĲůШыĲЮŊЮШ]ÂÉьЯШƣőŔƚШċĬĬŔƣŔŸŰċũШ
ƓƖŸĦĲƚƚŔŰŊШċĬĬƚШƨŰŰĲĦĲƚƚċƖǃШĤƨƖĬĲŰШƣŸШƣőĲШƓƖŸĤũĲůЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШÑ~ШƽċƚШŉċƚƣĲƖШŔŰШ
ǯŰĬŔŰŊШƣőĲШŸƓƣŔůċũШ]ÂÉШƚċƣĲũũŔƣĲƚЯШƽőŔĦőШċũŔŊŰƚШƽŔƣőШƣőĲШŸƨƣĦŸůĲШŔŰШяΦΞѐЯШċƚШƣőĲШÑ~ШŔƚШ
ƚƨŔƣċĤũĲШŉŸƖШƚĲũĲĦƣŔŰŊШƚċƣĲũũŔƣĲƚШŉƖŸůШŸŰĲШƚǃƚƣĲůЮ 

EǂĦĲƓƣШŉŸƖШ] ЯШƣőĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŸŉШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШŔƚШŊĲŰĲƖċũũǃШĦŸůƓċƖċĤũĲЮШ
ÑőĲǃШƣŸŸťШċĤŸƨƣШΡШůŔŰƨƣĲƚШƣŸШĦőŸŸƚĲШƚċƣĲũũŔƣĲƚШŔŰШċũũШƚĲũĲĦƣŔŸŰШĦċƚĲƚЮШcŸƽĲƻĲƖЯШ] ШƣŸŸťШ
ůƨĦőШũŸŰŊĲƖЯШƖċŰŊŔŰŊШŉƖŸůШΝΠШƣŸШΞΠШůŔŰƨƣĲƚЮШÑőŔƚШĦŸŰƣƖċƚƣƚШƽŔƣőШƽőċƣШƽċƚШƚƣċƣĲĬШŔŰШяΝΣΠѐЯШ
ƽőĲƖĲШ] ШŔƚШċШŉċƚƣШċũŊŸƖŔƣőůЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШĦŸŰƣƖċĬŔĦƣƚШƣőĲШƖĲƚƨũƣƚШƓƖĲƚĲŰƣĲĬШĤǃШ?ƨШĲƣШċũЮШ
яΦΞѐЯШƽőŸШƚőŸƽĲĬШƣőċƣШ] ШŸƨƣƓĲƖŉŸƖůĲĬШ 9§ШŔŰШƣĲƖůƚШŸŉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬЮШ] ШƣŸŸťШ
ŸŰũǃШΞШƚĲĦŸŰĬƚЯШƽőŔũĲШ 9§ШƣŸŸťШΠЮΟΤШƚĲĦŸŰĬƚШƣŸШĦŸůƓũĲƣĲШŸŰĲШƚĲũĲĦƣŔŸŰЮШ[ƨƖƣőĲƖůŸƖĲЯШŔŰШ
яΦΦѐЯШ] ШƽċƚШċƚШŉċƚƣШċƚШ 79ШċŰĬШÂÉ§ШŔŰШƚĲũĲĦƣŔŰŊШ]ÂÉШƚċƣĲũũŔƣĲƚЯШĦŸůƓũĲƣŔŰŊШċƓƓƖŸǂŔůċƣĲũǃШ
ƣőĲШƚċůĲШŰƨůĤĲƖШŸŉШƚĲċƖĦőШŔƣĲƖċƣŔŸŰƚШƽŔƣőŔŰШΝЯШΝЮΡЯШċŰĬШΞШƚĲĦŸŰĬƚЮШÑőĲШůċŔŰШƖĲċƚŸŰШŉŸƖШƣőŔƚШ
ƨŰĲǂƓĲĦƣĲĬШĬĲũċǃШŔŰШƣőĲШƚƓĲĲĬШŸŉШ] ШƚĲũĲĦƣŔŸŰШŔƚШƣőĲШċũŊŸƖŔƣőůШůŸĬŔǯĦċƣŔŸŰЮШ]ШǯŰĬƚШƣőĲШ
ŸƓƣŔůċũШƚŸũƨƣŔŸŰШĤǃШŔƣĲƖċƣŔƻĲũǃШŊĲŰĲƖċƣŔŰŊШĤĲƣƣĲƖШŰĲƽШƚŸũƨƣŔŸŰƚЮШcŸƽĲƻĲƖЯШŔƣШůċǃШĦƖĲċƣĲШ
ƚŸũƨƣŔŸŰƚШƽŔƣőШċШĬƨƓũŔĦċƣĲШƻċũƨĲЯШƽőŔĦőШŔƚШƨŰċĦĦĲƓƣċĤũĲШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑőƨƚЯШƣőĲШ
ƚŸũƨƣŔŸŰƚШƽŔƣőШċШĬƨƓũŔĦċƣĲШƻċũƨĲШƽĲƖĲШƖĲŢĲĦƣĲĬЯШċŰĬШŰĲƽШƚŸũƨƣŔŸŰƚШƽĲƖĲШŊĲŰĲƖċƣĲĬШƨŰƣŔũШŰŸШ
ĬƨƓũŔĦċƣĲƚШċƓƓĲċƖĲĬЮШ§ĤƻŔŸƨƚũǃЯШƣőŔƚШŔƚШƣŔůĲрĦŸŰƚƨůŔŰŊЮШ ũƣőŸƨŊőШƣőĲШƚċůĲШůŸĬŔǯĦċƣŔŸŰШ
ƽċƚШċƓƓũŔĲĬШƣŸШ 79ЯШÂÉ§ЯШċŰĬШÉ ЯШƣőĲƚĲШċũŊŸƖŔƣőůƚШƣŸŸťШůƨĦőШũĲƚƚШƣŔůĲШƣőċŰШ] ЮШÑőŔƚШŔƚШ
ĤĲĦċƨƚĲШ] ШĦƖĲċƣĲƚШŰĲƽШƚŸũƨƣŔŸŰƚШĤǃШƚƽċƓƓŔŰŊШƣőĲШƻċƖŔċĤũĲƚШŸŉШƣƽŸШŊŸŸĬШƚŸũƨƣŔŸŰƚЮШ ƚШ] Ш
ƚŸũƨƣŔŸŰƚШĦŸŰƻĲƖŊĲЯШƣƽŸШŰĲċƖũǃШŔĬĲŰƣŔĦċũШƚŸũƨƣŔŸŰƚШċƖĲШƚĲũĲĦƣĲĬШƣŸШĦƖĲċƣĲШċШŰĲƽШƚŸũƨƣŔŸŰЯШ
ƽőŔĦőШƚƨĤƚĲƕƨĲŰƣũǃШũĲċĬƚШƣŸШůŸƖĲШĬƨƓũŔĦċƣŔŸŰЮ 

7ċƚĲĬШŸŰШEƕƨċƣŔŸŰШыΡЮΝьЯШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚШĦőċŰŊĲƚШĬƨĲШƣŸШƣőĲШ
ŰƨůĤĲƖШŸŉШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШыΥШċŰĬШΝΟбШ[ŔŊƨƖĲШΡЮΣьШċŰĬШƣőĲШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲƚШыΠЯШΡЯШΣЯШċŰĬШ
ΤбШ[ŔŊƨƖĲШΡЮΣьЮШ9ŸůƓċƖĲĬШƣŸШŸƣőĲƖƚЯШƣőĲШƚƨĤƚĲƣШŸŉШΣШ]ÂÉШƚċƣĲũũŔƣĲƚШőċƚШƣőĲШőŔŊőĲƚƣШŰƨůĤĲƖШŸŉШ
ƓŸƚƚŔĤũĲШĦŸůĤŔŰċƣŔŸŰƚЯШƽőŔĦőШŔƚШċШƣŸƣċũШŸŉШΝΤΠΠЮШ ƚШċШƖĲƚƨũƣЯШÑ~ЯШƽőŔĦőШŔƚШĦőĲĦťŔŰŊШċũũШ
ƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШƣŸŸťШƚũŔŊőƣũǃШũŸŰŊĲƖШƣŔůĲШыΝΟШƚĲĦьШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШ]ÂÉШ
ƚƨĤƚĲƣШŸŉШΣШƚċƣĲũũŔƣĲƚШƣőċŰШŸƣőĲƖƚЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΣЮΝЮШfŰШĦŸŰƣƖċƚƣШƣŸШÑ~ЯШƣőĲШǯƻĲШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċƖĲШƨŰċǭĲĦƣĲĬШĤǃШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШċƚШ
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ƣőĲŔƖШŰƨůĤĲƖШŸŉШƚĲċƖĦőŔŰŊШŔƣĲƖċƣŔŸŰƚШŔƚШƓƖĲĬĲƣĲƖůŔŰĲĬЮШ ũƣőŸƨŊőШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůƚШ ƽĲƖĲШ ĲǂĲĦƨƣĲĬШ ƽŔƣőШ ƣőĲШ ƚċůĲШ ŰƨůĤĲƖШ ŸŉШ ŔƣĲƖċƣŔŸŰƚШ ыΝΜΜьШ ċƣШ ċũũШ ƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲƚШыΠЯШΡЯШΣЯШċŰĬШΤьЯШƣőĲШƚĲũĲĦƣŔŸŰШƣŔůĲШŉŸƖШĲċĦőШċũŊŸƖŔƣőůШƻċƖŔĲĬШŉƖŸůШŸŰĲШ
ƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲШƣŸШċŰŸƣőĲƖЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΣЮΝЯШĬƨĲШƣŸШƣőĲШċĬŢƨƚƣůĲŰƣШŸŉШ
ĬƨƓũŔĦċƣŔŸŰШŔŰШƣőĲШŉŸƨƖШċũŊŸƖŔƣőůƚШы 79ЯШ] ЯШÂÉ§ШċŰĬШÉ ьЮШcŸƽĲƻĲƖЯШƣőĲШĬŔǭĲƖĲŰĦĲШŔŰШ 9§Ш
ƓƖŸĦĲƚƚŔŰŊШƣŔůĲШĦċŰШĤĲШĬƨĲШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШ]ÂÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚЮШfŰШ 9§ЯШƣőĲШ
ƓőĲƖŸůŸŰĲШƖċƣĲШŸŰШƣőĲШƓċƣőƚШŔŰǰƨĲŰĦĲƚШƣőĲШċŰƣƚќШƓċƣőШĦőŸŔĦĲЯШƽőŔĦőШŔƚШƚƣŸƖĲĬШŔŰШċШ
ƓőĲƖŸůŸŰĲШůċƣƖŔǂШĦŸŰƣċŔŰŔŰŊШƣőĲШƓőĲƖŸůŸŰĲШƖċƣĲƚШŸŉШċũũШƓŸƚƚŔĤũĲШƓċƣőƚЮШÉŔŰĦĲШƣőĲШƚŔǍĲШ
оĤƨƖĬĲŰШŸŉШƣőĲШƓőĲƖŸůŸŰĲШůċƣƖŔǂШĬĲƓĲŰĬƚШŸŰШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƓċƣőƚЯШƽőŔĦőШŔƚШĲƕƨċũШ
ƣŸШƣőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШƣőĲШ 9§ШƚĲũĲĦƣŔŸŰШƣŔůĲШĦőċŰŊĲĬШƽŔƣőШ
ĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲƚШыΠЯШΡЯШΣЯШΤьЯШċƚШƣőĲǃШőċƻĲШĬŔǭĲƖĲŰƣШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰƚЮ 

ůŸŰŊШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚЯШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШŸŰĲШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĦċŰШĤĲШ
ĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШƣőĲŔƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШƚƓĲĲĬЮШÉ ШċŰĬШ] ШċƖĲШŰŸƣШ
ƚƨŔƣċĤũĲШ ŉŸƖШ ƚċƣĲũũŔƣĲШ ƚĲũĲĦƣŔŸŰШ ĤĲĦċƨƚĲШ ŸŉШ ƣőĲŔƖШ ũŸƽШ ƚĲũĲĦƣŔŸŰШ ƕƨċũŔƣǃШ ċŰĬШ ƚƓĲĲĬЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШ 79ЯШ 9§ЯШċŰĬШÂÉ§ШƚőŸƽĲĬШĲƕƨŔƻċũĲŰƣШũĲƻĲũƚШŸŉШƚĲũĲĦƣŔŸŰШ
ƕƨċũŔƣǃШċŰĬШƚƓĲĲĬЮШcŸƽĲƻĲƖЯШƣőĲШ 79ШċũŊŸƖŔƣőůШƽċƚШĦŸŰƚŔĬĲƖĲĬШċƚШƣőĲШƚƨŔƣċĤũĲШċũŊŸƖŔƣőůШ
ŉŸƖШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣŔŸŰЯШċƚШŸŰũǃШƣőƖĲĲШƓċƖċůĲƣĲƖƚШőċƻĲШƣŸШĬĲƣĲƖůŔŰĲĬЮШШШ 

ΣЮΝЮΞ ~ƨũƣŔр] ÉÉШ§ƓƣŔůċũШÉċƣĲũũŔƣĲƚ 

7ċƚĲĬШ ŸŰШ ƣőĲШ ĲƻċũƨċƣŔŸŰШ ŸŉШ ƣőĲШ ŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůƚШ ŉŸƖШ ƣőĲШ ]ÂÉрŸŰũǃШ ƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰЯШƣőĲШ 79ШċũŊŸƖŔƣőůШƓƖŸƻĲĬШƣŸШĤĲШƣőĲШůŸƚƣШċĦĦƨƖċƣĲШċŰĬШƚƨŔƣċĤũĲШŉŸƖШƣőĲШ
ŸƓƣŔůŔǍċƣŔŸŰШŸŉШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚЮШÑőĲШŰĲǂƣШƚƣĲƓШƽċƚШƣŸШċƓƓũǃШċŰĬШĲƻċũƨċƣĲШƣőĲШ 79Ш
ċũŊŸƖŔƣőůШŉŸƖШƣőĲШŸƓƣŔůŔǍċƣŔŸŰШŸŉШůƨũƣŔр] ÉÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰЮШÑőĲШƚċůĲШůĲƣőŸĬŸũŸŊǃШ
ċƚШƣőċƣШŉŸƖШŔĬĲŰƣŔŉǃŔŰŊШƣőĲШ]ÂÉрŸŰũǃШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШƽċƚШŉŸũũŸƽĲĬЯШĤǃШƚĲũĲĦƣŔŰŊШƣőĲШ
ŸƓƣŔůċũШ] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĲƻĲƖǃШǯƻĲШůŔŰƨƣĲƚЮШ]ÂÉЯШ]x§  ÉÉШċŰĬШ]ċũŔũĲŸШƚċƣĲũũŔƣĲƚШ
ƽĲƖĲШŔŰĦũƨĬĲĬШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШċŰĬШŉŸƨƖШĦċƚĲƚШŸŉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƚŔǍĲƚШыΠЯШΥЯШΝΞШċŰĬШΝΡШ
ƚċƣĲũũŔƣĲƚьШƽĲƖĲШĲǂċůŔŰĲĬЮШ 79ШƽċƚШċƓƓũŔĲĬШƣőƖĲĲШƣŔůĲƚШŉŸƖШĲċĦőШƚŔǍĲШŸŉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШƽŔƣőШ
ĬŔǭĲƖĲŰƣШƻċũƨĲƚШŉŸƖШƣőĲШƓċƖċůĲƣĲƖƚШŸŉШыŔьШŰƨůĤĲƖШŸŉШŔƣĲƖċƣŔŸŰШċŰĬШыŔŔьШƓŸƓƨũċƣŔŸŰШƚŔǍĲШыÑċĤũĲШ
ΣЮΝьЯШƣŸШĲƻċũƨċƣĲШƣőĲŔƖШŔůƓċĦƣШŸŰШċũŊŸƖŔƣőůШƓĲƖŉŸƖůċŰĦĲШċŰĬШĬĲƣĲƖůŔŰĲШƽőŔĦőШƓċƖċůĲƣĲƖƚШ
ƓƖŸƻŔĬĲШƣőĲШĤĲƚƣШƖĲƚƨũƣƚЮ 

ÑőĲШ 79ШċũŊŸƖŔƣőůШƖĲƕƨŔƖĲƚШƣőĲШƚĲƣƣŔŰŊШŸŉШƣőƖĲĲШƓċƖċůĲƣĲƖƚаШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШ
ŔƣĲƖċƣŔŸŰƚШыůċǂfƣĲƖьЯШƓŸƓƨũċƣŔŸŰШƚŔǍĲШыƓÉŔǍĲьЯШċŰĬШċĤċŰĬŸŰĲĬШũŔůŔƣШыũŔůŔƣьЮШfŰШƣőĲШĦċƚĲШŸŉШƣőĲШ
]ÂÉрŸŰũǃШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰЯШƣőĲШůċǂfƣĲƖЯШƓÉŔǍĲЯШċŰĬШũŔůŔƣШƻċũƨĲƚШƽĲƖĲШƚĲƣШƣŸШΝΜΜЯШΝΜΜЯШ
ċŰĬШƣőĲШƓƖŸĬƨĦƣШŸŉШƓƖŸĤũĲůШĬŔůĲŰƚŔŸŰƚШċŰĬШƓŸƓƨũċƣŔŸŰШƚŔǍĲШыὈ ὴὛὭᾀὩьЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШ
ƻċũƨĲШŸŉШċĤċŰĬŸŰĲĬШũŔůŔƣШыὈ ὴὛὭᾀὩьШŔƚШċШĬǃŰċůŔĦШƻċũƨĲШƣőċƣШċƨƣŸůċƣŔĦċũũǃШċĬċƓƣƚШƣŸШƣőĲШ
ƓƖŸĤũĲůШƚŔǍĲШяΝΡΝѐбШőĲŰĦĲШŔƣШĬŸĲƚШŰŸƣШŰĲĲĬШƣŸШĤĲШċĬŢƨƚƣĲĬЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШőŔŊőĲƖШƻċũƨĲƚШ
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ŸŉШƓŸƓƨũċƣŔŸŰШƚŔǍĲШыƓÉŔǍĲьШċŰĬШŔƣĲƖċƣŔŸŰШыůċǂfƣĲƖьШĦċŰШũĲċĬШƣŸШĤĲƣƣĲƖШƖĲƚƨũƣƚЯШĤƨƣШƣőĲǃШůċǃШ
ĦċƨƚĲШƚũŸƽШĦŸŰƻĲƖŊĲŰĦĲШыũŸŰŊĲƖШƓƖŸĦĲƚƚŔŰŊШƣŔůĲƚьШяΝΠΦЯΞΞΤѐЮШfŰĦƖĲċƚŔŰŊШƣőĲШƻċũƨĲШŸŉШĤŸƣőШ
ƓÉŔǍĲШċŰĬШůċǂfƣĲƖШĦŸƨũĬШĤĲШƨŰŰĲĦĲƚƚċƖǃШċƚШƣőĲШċũŊŸƖŔƣőůШƖĲƚƨũƣƚШĦċŰШĤĲШŔůƓƖŸƻĲĬШƽŔƣőШ
őŔŊőĲƖШƓÉŔǍĲШċŰĬШũŔůŔƣĲĬШůċǂfƣĲƖШяΞΞΤѐЮШ7ċƚĲĬШŸŰШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШƓÉŔǍĲШƨƓШƣŸШΞΜΜШŔƚШ
ƖĲĦŸůůĲŰĬĲĬШяΝΠΦѐЮШ ƚШċШƖĲƚƨũƣЯШƓÉŔǍĲШċŰĬШůċǂfƣĲƖШƽĲƖĲШƚĲƣШƣŸШƣőĲШƻċũƨĲƚШƚőŸƽŰШŔŰШÑċĤũĲШ
ΣЮΝЮ 

ÑċĤũĲЮΩдΤЮЮ79ЮƓċƖċůĲƣĲƖЮƻċũƨĲƚЮЮѕΤΨΣідЮЮ 

Setting  maxIter  pSize limit  

1 100 100 D × pSize  

2 100 200 D × pSize  

3 200 200 ?ШҾШƓÉŔǍĲШ 
 

[ŔŊƨƖĲШΣЮΡШƚőŸƽƚШƣőĲШċĦĦƨƖċĦǃШŸŉШƣőĲШ 79ШċũŊŸƖŔƣőůШŔŰШƣőĲШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШƽőŔĦőШ
ƽċƚШĬĲƣĲƖůŔŰĲĬШĤǃШĦŸůƓċƖŔŰŊШ 79ШŸƓƣŔůċũШ] ÉÉШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽŔƣőШƣőĲШċĦƣƨċũШыÑ~Ш
ƚĲũĲĦƣŔŸŰьЯШŉŸƖШĲċĦőШĦċƚĲШŸŉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƚŔǍĲШыΠЯШΥЯШΝΞШċŰĬШΝΡьШċŰĬШŉŸƖШĲċĦőШĦċƚĲШŸŉШ
ƓċƖċůĲƣĲƖƚШƚĲƣƣŔŰŊЮШfŰШċĬĬŔƣŔŸŰЯШ[ŔŊƨƖĲШΣЮΡШŔũũƨƚƣƖċƣĲƚШƣőĲШƚƓĲĲĬШŸŉШƣőĲШ 79ШċũŊŸƖŔƣőůШċŰĬШÑ~ЯШ
ĲǂƓƖĲƚƚĲĬШċƚШƣőĲШƖĲƕƨŔƖĲĬШƚĲũĲĦƣŔŸŰШƣŔůĲШŉŸƖШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШŸŉШċũũШΞΥΥШĲƓŸĦőƚШ
ы] ÉÉШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣŔŸŰШƓĲƖШΡШůŔŰƨƣĲƚШŉŸƖШƣőĲШΞΠрőŸƨƖШ] ÉÉШĬċƣċƚĲƣьЮШfƣШŔƚШŸĤƚĲƖƻĲĬШƣőċƣШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤĲĦŸůĲƚШůŸƖĲШĦőċũũĲŰŊŔŰŊШĬƨĲШƣŸШƣőĲШƚŔǍĲШŸŉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШƖĲƕƨŔƖŔŰŊШ
őŔŊőĲƖШƓċƖċůĲƣĲƖШƻċũƨĲƚШċŰĬШũŸŰŊĲƖШĦŸůƓƨƣċƣŔŸŰШƣŔůĲЮШ 79ШƚőŸƽĲĬШĤĲƣƣĲƖШċĦĦƨƖċĦǃШŔŰШ
ƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůƨůШΠШ] ÉÉШƚċƣĲũũŔƣĲƚШƚƨĤƚĲƣШĦŸůƓċƖĲĬШƣŸШƣőĲШŸƣőĲƖШƚŔǍĲƚШŸŉШƚċƣĲũũŔƣĲШ
ĦŸŰƚƣĲũũċƣŔŸŰШыΥЯШΝΞЯШΝΡьШƨƚŔŰŊШƣőĲШǯƖƚƣШƣƽŸШĦċƚĲƚШŸŉШƓċƖċůĲƣĲƖШƚĲƣƣŔŰŊƚЮШÑőŔƚШŔƚШĬƨĲШƣŸШƣőĲШ
ƚŔŊŰŔǯĦċŰƣШŔŰĦƖĲċƚĲШŸŉШƣőĲШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚЯШƽőŔĦőШŉŸũũŸƽƚШƣőĲШŔŰĦƖĲċƚĲШŸŉШƣőĲШ
ŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШĦŸŰƚƣĲũũċƣŔŸŰШыŉƖŸůШΠШƣŸШΥЯШΝΞШċŰĬШΝΡьШы[ŔŊƨƖĲШΡЮΣьЮШ7ǃШŔŰĦƖĲċƚŔŰŊШ
ƣőĲШƻċũƨĲШŸŉШƣőĲШƓÉŔǍĲШċŰĬШůċǂfƣĲƖШƣŸШΞΜΜЯШ 79ШċĦĦƨƖċƣĲũǃШыΝΜΜӖьШĬĲƣĲƖůŔŰĲĬШƣőĲШŸƓƣŔůċũШ
] ÉÉШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŉŸƖШċũũШƚŔǍĲƚЮШcŸƽĲƻĲƖЯШƣőĲШƣŔůĲШƖĲƕƨŔƖĲĬШŉŸƖШƚĲũĲĦƣŔŸŰШŔŰĦƖĲċƚĲĬШĤǃШ
ċĤŸƨƣШΟЮΣШƣŔůĲƚЯШƽŔƣőШƖĲƚƓĲĦƣШƣŸШƣőĲШǯƖƚƣШƚĲƣƣŔŰŊШĦċƚĲШƨƚŔŰŊШΝΜΜШŉŸƖШĤŸƣőШƓÉŔǍĲШċŰĬШůċǂfƣĲƖЮШ
ÑőĲƖĲŉŸƖĲЯШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤĲĦŸůĲƚШůŸƖĲШĦőċũũĲŰŊŔŰŊШĬƨĲШƣŸШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲЮШÑőŔƚШ
ƖĲƕƨŔƖĲƚШőŔŊőĲƖШƻċũƨĲƚШŸŉШƓŸƓƨũċƣŔŸŰШƚŔǍĲШċŰĬШŔƣĲƖċƣŔŸŰЯШƽőŔĦőШũĲċĬƚШƣŸШũŸŰŊĲƖШƣŔůĲШŸŉШ
ĦŸůƓƨƣċƣŔŸŰЮШÑőŔƚШŔƚШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƽőċƣШƽċƚШƖĲƓŸƖƣĲĬШŔŰШяΝΠΦЯΞΞΤѐЯШċƚШũŸƽĲƖШƓÉŔǍĲШċŰĬШ
ůċǂfƣĲƖШƓƖĲƻĲŰƣШċĦőŔĲƻŔŰŊШƣőĲШĤĲƚƣШƚŸũƨƣŔŸŰШŔŰШĦŸůƓũĲǂШƓƖŸĤũĲůƚЯШƽőĲƖĲċƚШŔŰĦƖĲċƚŔŰŊШƣőĲШ
ƻċũƨĲШŸŉШƣőĲƚĲШƓċƖċůĲƣĲƖƚШŔŰĦƖĲċƚĲƚШƣőĲШƓƖŸĦĲƚƚŔŰŊШƣŔůĲЮ 
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ΤΟ 
 

 

[ŔŊƨƖĲЮΩдΨЮЮёũĲŉƣђЮÑőĲЮċĦĦƨƖċĦǃЮŸŉЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮƣőĲЮŸƓƣŔůċũЮ] ÉÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮŸŉЮ 79ЮƽŔƣőЮ
ƖĲƚƓĲĦƣЮƣŸЮÑ~еЮŉŸƖЮƣőĲЮƻċƖŔŸƨƚЮĦċƚĲƚЮŸŉЮƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰƚЮċŰĬЮƓċƖċůĲƣĲƖƚЮƚĲƣƣŔŰŊƚЮċŰĬЮёƖŔŊőƣђЮ
ƣőĲЮƖĲƕƨŔƖĲĬЮƣŔůĲЮŸŉЮƣőĲЮÑ~ЮċŰĬЮ 79ЮċũŊŸƖŔƣőůЮŉŸƖЮƣőĲЮĦŸůƓƨƣċƣŔŸŰЮŸŉЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮŸƓƣŔůċũЮ
] ÉÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣдЮÅĲƓƖŔŰƣĲĬЮŉƖŸůЮũũƨőċǃĤŔЮĲƣЮċũдЮЮѕΤΨΣіеЮũŔĦĲŰƚĲĬЮƨŰĬĲƖЮ99Ю7òЮΧдΣдЮЮ 

ÑőĲШŰƨůĤĲƖШŸŉШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШŸŉШΥШċŰĬШΝΞШƚċƣĲũũŔƣĲƚрƚƨĤƚĲƣƚШŔƚШũĲƚƚШƣőċŰШ
ƣőċƣШŉŸƖШΝΡШƚċƣĲũũŔƣĲƚЯШċŰĬШĦŸŰƚĲƕƨĲŰƣũǃШƣőĲШƚĲũĲĦƣŔŸŰШŸŉШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШ
ƚőŸƨũĬШĤĲШĲċƚŔĲƖШƣőċŰШƣőĲШΝΡШƚċƣĲũũŔƣĲƚЮШcŸƽĲƻĲƖЯШ 79ШƽċƚШƖĲũċƣŔƻĲũǃШůŸƖĲШċĦĦƨƖċƣĲШŔŰШ
ƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůċũШΝΡШƚċƣĲũũŔƣĲƚШƣőċŰШΥШċŰĬШΝΞШƚċƣĲũũŔƣĲƚШƨƚŔŰŊШƣőĲШǯƖƚƣШƓċƖċůĲƣĲƖШƚĲƣƣŔŰŊШ
ы[ŔŊƨƖĲШΣЮΡьЮШÑőĲШċĦĦƨƖċĦǃШŸŉШĦőŸŸƚŔŰŊШƣőĲШŸƓƣŔůċũШΥЯШΝΞШċŰĬШΝΡШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШŔƚШΥΠӖЯШ
ΤΦЮΡӜШċŰĬШΥΠЮΤӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÉŔŰĦĲШƚŔůŔũċƖШƓċƖċůĲƣĲƖШƻċũƨĲƚШƽĲƖĲШƨƚĲĬШŉŸƖШƣőĲШƣőƖĲĲШ
ƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШ ƚŔǍĲƚЯШŔƣШŔƚШƣőĲШŔŰŔƣŔċũШƖċŰĬŸůũǃШŊĲŰĲƖċƣĲĬШƚŸũƨƣŔŸŰШĤǃШ ƣőĲШ 79Ш
ċũŊŸƖŔƣőůШƽőŔĦőШŔŰǰƨĲŰĦĲƚШƣőĲШƓƖŸĬƨĦĲĬШƚŸũƨƣŔŸŰƚШяΝΣΡѐЮ 

fŰШƣĲƖůƚШŸŉШƚƓĲĲĬЯШƣőĲШÑ~ШƖĲƕƨŔƖĲĬШċŰШŸƻĲƖċũũШũŸŰŊĲƖШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШƣŸШǯŰĬШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲƚШƣőċŰШƣőĲШ 79ШċũŊŸƖŔƣőůЯШċƚШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШŉŸƖШƣőĲШÑ~ШŔŰĦƖĲċƚĲƚШƚŔŊŰŔǯĦċŰƣũǃШƽŔƣőШ
ƣőĲШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲШыŔŰĦƖĲċƚĲĬШŉƖŸůШΠШƣŸШΝΡьЯШƚŔŰĦĲШÑ~ШĦőĲĦťƚШċũũШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШ
ĦŸůĤŔŰċƣŔŸŰƚШƽőŔĦőШŔŰĦƖĲċƚĲШƽŔƣőШƣőĲШƚŔǍĲШŸŉШƣőĲШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰЮШfƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШ
ƣőċƣШƣőĲШÑ~ШƖĲƕƨŔƖĲĬШƣŔůĲШŉŸƖШƣőĲШĦċƚĲШŸŉШΝΞШċŰĬШΝΡШ] ÉÉШƚċƣĲũũŔƣĲƚШĦŸŰƚƣĲũũċƣŔŸŰШĲǂĦĲĲĬƚШ
ΝΡΜШůŔŰƨƣĲƚШыŔЮĲЮШӂΟΜШƚĲĦŸŰĬƚШƓĲƖШĲƓŸĦőьЮШ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШƚƓĲĲĬШŸŉШ 79ШƻċƖŔĲƚШĤċƚĲĬШŸŰШƣőĲШƓċƖċůĲƣĲƖƚќШƚĲƣƣŔŰŊƚЮШ[ŸƖШƣőĲШĦċƚĲШ
ŸŉШƣőĲШǯƖƚƣШƚĲƣШŸŉШƓċƖċůĲƣĲƖƚШыůċǂfƣĲƖШċŰĬШƓÉŔǍĲШĲƕƨċũШƣŸШΝΜΜьЯШƣőĲШ 79ШċũŊŸƖŔƣőůШƖĲƕƨŔƖĲĬШ
ċƓƓƖŸǂŔůċƣĲũǃШƣőĲШƚċůĲШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШыŔЮĲЮШċĤŸƨƣШΠЮΟШůŔŰƨƣĲƚбШΜЮΦШƚĲĦŸŰĬƚШƓĲƖШĲƓŸĦőьШŉŸƖШ
ƣőĲШŉŸƨƖШĦċƚĲƚШŸŉШƚċƣĲũũŔƣĲƚШĦŸŰƚƣĲũũċƣŔŸŰƚШыΠЯШΥЯШΝΞШċŰĬШΝΡьЯШŔŰĬŔĦċƣŔŰŊШƣőċƣШƣőĲШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰƚШĬŸĲƚШŰŸƣШċǭĲĦƣШƚƓĲĲĬШŸŉШƣőĲШ 79ШċũŊŸƖŔƣőůЮШ[ŸƖШƣőĲШŸƣőĲƖШƣƽŸШƚĲƣƣŔŰŊƚШ
ċŰШ ŔŰĦƖĲċƚĲĬШ ƓƖŸĦĲƚƚŔŰŊШ ƣŔůĲШ ƽċƚШ ŸĤƚĲƖƻĲĬШ ĦċƨƚĲĬШ ĤǃШƣőĲШ ŰƨůĤĲƖШ ŸŉШ ƓŸƓƨũċƣŔŸŰШ
ƚŔǍĲоŔƣĲƖċƣŔŸŰƚШƽőŔĦőШƽċƚШŔŰĦƖĲċƚĲĬШƣŸШΞΜΜЮШcŸƽĲƻĲƖЯШƚŸůĲШƚũŔŊőƣШĬŔǭĲƖĲŰĦĲШŸŉШƣőĲШƖĲƕƨŔƖĲĬШ
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ΤΠ 
 

ƓƖŸĦĲƚƚŔŰŊШƣŔůĲШŉŸƖШƣőĲШƻċƖŔŸƨƚШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚШыΠЯШΥЯШΝΞШċŰĬШΝΡьШŔƚШƖĲċƚŸŰĲĬШĤǃШƣőĲШ
ċĬŢƨƚƣůĲŰƣШŸŉШĬƨƓũŔĦċƣŔŸŰШŸŉШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƚŸũƨƣŔŸŰƚЮШÑőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШ]ÂÉЯШ]x§  ÉÉЯШ
ċŰĬШ]ċũŔũĲŸШƚċƣĲũũŔƣĲƚШƖĲċĦőĲĬШΟΝЯШƓƖŸƻŔĬŔŰŊШůŸƖĲШƣőċŰШΟΜΜШůŔũũŔŸŰШƓŸƚƚŔĤũĲШƚċƣĲũũŔƣĲШ
ĦŸůĤŔŰċƣŔŸŰƚШы[ŔŊƨƖĲШΡЮΣьЮШcŸƽĲƻĲƖЯШ 79ШƓƖŸƻŔĬĲƚШŊŸŸĬШƖĲƚƨũƣƚШƖĲŊċƖĬũĲƚƚШŸŉШƣőĲШƚĲƣƣŔŰŊШ
ƨƚĲĬЮШ ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΣЮΡЯШ 79ШċĦőŔĲƻĲĬШċШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШŸŉШΝΜΜӖШƨƚŔŰŊШƚĲƣƣŔŰŊШΟЯШ
ċŰĬШŔƣƚШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШƽċƚШŰŸШũĲƚƚШƣőċŰШΥΜӖШƽŔƣőШŸƣőĲƖШƚĲƣƣŔŰŊƚЮШ[ŔŊƨƖĲШΣЮΣШƚőŸƽƚШƣőĲШ
ǯƣŰĲƚƚШƻċũƨĲШы9 Åрì]?§ÂьШŸŉШƣőĲШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƽŔƣőШƣőĲШŉŸƨƖШƚƨĤƚĲƣШƚŔǍĲƚШыΠЯШΥЯШ
ΝΞШċŰĬШΝΡьШŸƻĲƖШƣŔůĲШыΞΥΥШĲƓŸĦőƚьЯШċƚШƣőĲǃШŸĤƣċŔŰĲĬШŉƖŸůШÑ~ЮШÑőŔƚШŔƚШƓƖĲƚĲŰƣĲĬШċƚШċШĤũƨĲШũŔŰĲШ
ƣőċƣШĦŸƖƖĲƚƓŸŰĬƚШƣŸШũŔŉĲШǃрċǂŔƚЮШÑőĲШƖŔŊőƣШǃрċǂŔƚШŸŉШƣőĲШǯŊƨƖĲШƓƖĲƚĲŰƣƚШƣőĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШ
ƣőĲШǯƣŰĲƚƚШŸŉШċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШċŰĬШƣőċƣШŸŉШ79ШƽŔƣőШƣőƖĲĲШƚĲƣƣŔŰŊƚШыĬÉĲƣΝЯШ
ĬÉĲƣΞЯШċŰĬШĬÉĲƣΟьЮШ7ǃШƖĲƻŔĲƽŔŰŊШƣőĲШƚĲũĲĦƣŔŸŰШƕƨċũŔƣǃШƓĲƖШĲƓŸĦőШŔŰШ[ŔŊƨƖĲШΣЮΣЯШŔƣШĦċŰШĤĲШƚĲĲШ
ƣőċƣШƣőĲШǯƣŰĲƚƚШы9 Åрì]?§ÂьШŸŉШƣőĲШůŔƚƚрƚĲũĲĦƣĲĬШŸƓƣŔůċũШ] ÉÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚШ
ĬŔǭĲƖƚШĤǃШŰŸШůŸƖĲШƣőċŰШΜЮΜΜΣΟШŔŰШċũũШĦċƚĲƚШыŔЮĲЮШƚĲƣƣŔŰŊƚШċŰĬШĦŸŰƚƣĲũũċƣŔŸŰШƚŔǍĲьШŉƖŸůШƣőŸƚĲШ
ŸŉШƣőĲШċĦƣƨċũШŸƓƣŔůċũШ] ÉÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰƚШĬĲƣĲƖůŔŰĲĬШĤǃШÑ~Шы[ŔŊƨƖĲШΣЮΣьЮШÑőĲШ
ũċƖŊĲƚƣШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШƕƨċũŔƣǃШыŔЮĲЮШ9 Åрì]?§ÂьШŸŉШ 79ШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċŰĬШƣőĲШ
ċĦƣƨċũШыÑ~ьШŸĦĦƨƖƖĲĬШŔŰШƣőĲШƚĲũĲĦƣŔŸŰШŸŉШƣőĲШŉŸƨƖШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШŔŰШƚĲƣƣŔŰŊШΝЮШ[ŔŊƨƖĲШΣЮΤШ
ƚőŸƽƚШƣőĲШƚťǃШƓũŸƣƚШŸŉШƣőĲШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣĲĬШĤǃШ 79ШƚĲƣƣŔŰŊШΝШċŰĬШÑ~ШċƣШĲƓŸĦőƚШΞΜШċŰĬШΥΥЯШ
ƽőŔĦőШċƖĲШƣőĲШĲƓŸĦőƚШƽŔƣőШƣőĲШũċƖŊĲƚƣШĬŔǭĲƖĲŰĦĲШŸŉШƣőĲШ9 Åрì]?§ÂШƻċũƨĲƚШĤĲƣƽĲĲŰШ 79Ш
ƚĲƣƣŔŰŊШΝШċŰĬШÑ~бШΜЮΜΜΡΦШċŰĬШΜЮΜΜΣΟЯШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШĲƓŸĦőШΞΜЯШƣőĲШƚĲũĲĦƣŔŸŰШŸŉШ 79ШƚĲƣƣŔŰŊШ
ΝШĬŔǭĲƖĲĬШŉƖŸůШÑ~ШŔŰШŸŰĲШƚċƣĲũũŔƣĲбШƣőĲШƣƽŸШĬŔǭĲƖĲŰƣШƚċƣĲũũŔƣĲƚШŸŉШ 79ШċŰĬШÑ~ШċƖĲШŸŉШƚŔůŔũċƖШ
ĲũĲƻċƣŔŸŰШċŰŊũĲШċŰĬШƖŸƨŊőũǃШƚǃůůĲƣƖŔĦċũШƽŔƣőШƖĲƚƓĲĦƣШċǍŔůƨƣőЮШfŰШĲƓŸĦőШΥΥЯШ 79ШƚĲƣƣŔŰŊШΝШ
ƚĲũĲĦƣĲĬШƣőƖĲĲШƚċƣĲũũŔƣĲƚШĬŔǭĲƖĲŰƣШŉƖŸůШƣőŸƚĲШŸŉШÑ~ЮШÉŔůŔũċƖШƣŸШĲƓŸĦőШΞΜЯШƣőĲШƚŔǂШĬŔǭĲƖĲŰƣШ
ƚċƣĲũũŔƣĲƚШŸŉШ 79ШċŰĬШÑ~ШċƖĲШŸŉШƚŔůŔũċƖШĲũĲƻċƣŔŸŰШċŰŊũĲШċŰĬШƖŸƨŊőũǃШƚǃůůĲƣƖŔĦċũШƽŔƣőШƖĲƚƓĲĦƣШ
ċǍŔůƨƣőЮШcĲŰĦĲЯШĲƻĲŰШŉŸƖШƣőĲШĲƓŸĦőƚШƽőĲƖĲШ 79ШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƽċƚШŰŸƣШƣőĲШċĦƣƨċũШ
ŸƓƣŔůċũЯШŔƣƚШŊĲŸůĲƣƖǃШƽċƚШƻĲƖǃШĦũŸƚĲШƣŸШƣőĲШċĦƣƨċũШыċƚШĬĲǯŰĲĬШĤǃШÑ~ьЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΣЮΤЮШ
ƚШċШƖĲƚƨũƣЯШƣőĲШ 79ШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШőċĬШċШƻĲƖǃШƚŔůŔũċƖШ9 Åрì]?§ÂШƻċũƨĲШĦŸůƓċƖĲĬШƣŸШƣőĲШ
ċĦƣƨċũШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЮ 
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[ŔŊƨƖĲЮΩдΩЮЮÑőĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƓĲƖŉŸƖůċŰĦĲЮŸŉЮƣőĲЮ 79ЮċũŊŸƖŔƣőůЮŉŸƖЮƣőĲЮƣőƖĲĲЮƚĲƣƚЮŸŉЮƓċƖċůĲƣĲƖЮ
ƚĲƣƣŔŰŊƚЮƽŔƣőЮƖĲƚƓĲĦƣЮƣŸЮÑ~еЮĲǂƓƖĲƚƚĲĬЮċƚЮƣőĲЮĬŔǭĲƖĲŰĦĲЮĤĲƣƽĲĲŰЮƣőĲЮ9 Åцì]?§ÂЮŸŉЮƣőĲЮŸƓƣŔůċũЮ
ƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰЮŸŉЮĲċĦőЮ 79ЮƓċƖċůĲƣĲƖЮƚĲƣƣŔŰŊЮċŰĬЮƣőĲЮĦŸƖƖĲƚƓŸŰĬŔŰŊЮ9 Åцì?]§ÂЮŸŉЮÑ~дЮ
§ŰЮƣőĲЮũĲŉƣцċǂŔƚЮƣőĲЮ9 Åцì]?§ÂЮƻċũƨĲЮŸŉЮƣőĲЮŸƓƣŔůċũЮƚċƣĲũũŔƣĲЮĦŸŰƚƣĲũũċƣŔŸŰЮĤċƚĲĬЮŸŰЮƣőĲЮÑ~ЮŔƚЮ
ƓƖĲƚĲŰƣĲĬеЮċŰĬЮŸŰЮƣőĲЮƖŔŊőƣцċǂŔƚЮƣőĲЮĬŔǭĲƖĲŰĦĲЮĤĲƣƽĲĲŰЮĲċĦőЮŸŉЮƣőĲЮ 79ЮƓċƖċůĲƣĲƖЮƚĲƣƣŔŰŊЮċŰĬЮƣőĲЮ

Ñ~ЮѕΤΨΣідЮЮ 
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ΤΣ 
 

 

[ŔŊƨƖĲЮΩдΪЮÉťǃЮƓũŸƣƚЮŸŉЮĲƓŸĦőƚЮΥΣЮёũĲŉƣђЮΫΫЮёƖŔŊőƣђЮƓƖĲƚĲŰƣŔŰŊЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮƣőĲЮƚĲũĲĦƣŔŸŰЮŸŉЮŸƓƣŔůċũЮ
] ÉÉЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮĤĲƣƽĲĲŰЮ 79ЮƚĲƣƣŔŰŊЮΤЮċŰĬЮƣőĲЮċĦƣƨċũцÑ~еЮĤǃЮƚőŸƽŔŰŊЮƣőĲЮĦŸůůŸŰЮƚċƣĲũũŔƣĲƚЮ

ёĤũƨĲђЮċŰĬЮƣőĲЮĬŔǭĲƖĲŰĦĲƚЮŸŉЮƣőĲЮ 79ЮёǃĲũũŸƽђЮċŰĬЮÑ~ЮёŸƖċŰŊĲђЮƚċƣĲũũŔƣĲЮƚĲũĲĦƣŔŸŰѕΤΨΣід 

ƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖЯШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŔƚШƣőĲШƖĲƕƨŔƖĲĬШƣŔůĲШƣŸШĦŸůƓũĲƣĲШƣőĲШ
ƚĲũĲĦƣŔŸŰШƚĲƚƚŔŸŰШŸŉШΞΥΥШƚĲũĲĦƣŔŸŰШŉŸƖШċШƚŔŰŊũĲ  ƚƨĤƚĲƣШƚŔǍĲЮШÑőĲƚĲШΞΥΥШƚĲũĲĦƣŔŸŰƚШƽĲƖĲШĬŸŰĲШ
ƚĲƕƨĲŰƣŔċũũǃШƨƚŔŰŊШƣőĲШƚƣċŰĬċƖĬШƚĲƖŔċũШŉŸƖШũŸŸƓШŔŰШ~ Ñx 7ЮШ?ĲƚƓŔƣĲШƣőĲШċũŊŸƖŔƣőůШыÑ~ШŸƖШ
ŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚьЯШŔƣƚШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШĦċŰШĤĲШŔůƓƖŸƻĲĬШĤǃШĦőŸŸƚŔŰŊШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШƓċƖċũũĲũũǃШƨƚŔŰŊШƣőĲШƓċƖċũũĲũШŉŸƖШũŸŸƓШыƓċƖŉŸƖьШŔŰШ~ Ñx 7ЮШcŸƽĲƻĲƖЯШƣőŔƚШ
ƖĲƕƨŔƖĲĬШůŸƖĲШƖĲƚŸƨƖĦĲƚЯ ŔŰĦũƨĬŔŰŊШůŸƖĲШ9ÂÖШĦŸƖĲƚШċŰĬШÅ ~ШĦċƓċĦŔƣǃЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШ
ƚĲũĲĦƣŔŸŰШƚƓĲĲĬоƣŔůĲШĦċŰШĤĲШŔůƓƖŸƻĲĬШĤǃШƨƚŔŰŊШĦŸůƓŔũĲĬШũċŰŊƨċŊĲƚШыĲЮŊЮЯШ9ҼҼьЯШċƚШƣőĲǃШċƖĲШ
ŉċƚƣĲƖШƣőċŰШ~ Ñx 7ШыŔŰƣĲƖƓƖĲƣĲĬШũċŰŊƨċŊĲьШяΞΞΥѐЮ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШċƚШƖĲƻĲċũĲĬШŸŰШƣőĲШƖĲƚƨũƣƚШċĤŸƻĲЯШÑ~ШőċƚШċĤƚŸũƨƣĲШċĦĦƨƖċĦǃШыΝΜΜӖьШŔŰШ
ƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШċŰĬШƣőĲШőŔŊőĲƚƣШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŔŰШƚŔŰŊũĲр] ÉÉШƚĲũĲĦƣŔŸŰЮШÑőŔƚШƖċŔƚĲƚШċШ
ƕƨĲƚƣŔŸŰЮШ9ċŰШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƕƨċũŔƣǃШċŰĬШƚƓĲĲĬШŸŉШůƨũƣŔр] ÉÉШĤĲШŔůƓƖŸƻĲĬШĤǃШ
ƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŉƖŸůШĲċĦőШƚċƣĲũũŔƣĲШƚǃƚƣĲůШŔŰĬŔƻŔĬƨċũũǃШĤǃШÑ~ШċŰĬШƣőĲŰШ
ĦŸůĤŔŰŔŰŊШƣőĲůШƣŸШŉŸƖůШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŉŸƖШůƨũƣŔр] ÉÉе 

ÑőĲШƚƓĲĲĬШŸŉШƣőĲШůƨũƣŔр] ÉÉШƚĲĦƣŔŸŰШƽŔũũШĦĲƖƣċŔŰũǃШŔŰĦƖĲċƚĲШŊƖĲċƣũǃШĤĲĦċƨƚĲШƣőĲШÑ~ШŔƚШƚŸШŉċƚƣШ
ŔŰШƚŔŰŊũĲр] ÉÉШƚĲũĲĦƣŔŸŰЮШcŸƽĲƻĲƖЯШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣŔŸŰШŔƚШŰŸƣШŊƨċƖċŰƣĲĲĬЮШÑ~ШƚĲũĲĦƣƚШ
ƚċƣĲũũŔƣĲƚШĤċƚĲĬШŸŰШì]?§ÂЯШŔЮĲЮЯШŔƣШĦőŸŸƚĲƚШċШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШċƣШƣőĲШƚċůĲШƣŔůĲШƽŔƣőШƣőĲШ
ĤĲƚƣШƚŔŊŰċũШƓŸƽĲƖШċŰĬШĬŔƚƣƖŔĤƨƣŔŸŰШыì]?§ÂШƻċũƨĲьЮШÉŔŰĦĲШÑ~ШĲǂċůŔŰĲƚШċũũШƓŸƚƚŔĤũĲШƚŸũƨƣŔŸŰƚШ
ƣŸШĬĲƣĲƖůŔŰĲШƣőĲШŸƓƣŔůċũШŸŰĲЯШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШƚċƣĲũũŔƣĲƚШĬĲƖŔƻĲĬШŉƖŸůШĲċĦőШƚǃƚƣĲůШ
ƨƚŔŰŊШÑ~ШŔƚШŊƨċƖċŰƣĲĲĬЮШcŸƽĲƻĲƖЯШůĲƖŊŔŰŊШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŉƖŸůШĬŔǭĲƖĲŰƣШ
ƚǃƚƣĲůƚШĬŸĲƚШŰŸƣШċũƽċǃƚШƓƖŸƻŔĬĲШƣőĲШĤĲƚƣШƚƨĤƚĲƣШŸŉШůƨũƣŔрШ] ÉÉШƚċƣĲũũŔƣĲƚЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШ
ƚċƣĲũũŔƣĲƚШŉƖŸůШƣƽŸШŸƖШůŸƖĲШ] ÉÉШƚǃƚƣĲůƚШĦċŰШĤĲШĦũŸƚĲШƣŸШĲċĦőШŸƣőĲƖШũĲċĬŔŰŊШƣŸШũĲƚƚШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШĬŔƚƣƖŔĤƨƣŔŸŰЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΣЮΥЮШ 
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[ŔŊƨƖĲЮΩдΫЮÉťǃЮƓũŸƣƚЮŸŉЮΤΥЮůƨũƣŔц] ÉÉЮƚċƣĲũũŔƣĲƚЮƚĲũĲĦƣĲĬЮĤǃЮÑ~ЮŉƖŸůЮƣőĲЮƚĲĦŸŰĬЮĲƓŸĦőдЮxĲŉƣеЮΧЮ
ƚċƣĲũũŔƣĲƚЮƽĲƖĲЮƚĲũĲĦƣĲĬЮŉƖŸůЮĲċĦőЮƚǃƚƣĲůЮё]ÂÉеЮ]x§  ÉÉеЮċŰĬЮ]ċũŔũĲŸђЮŔŰĬŔƻŔĬƨċũũǃдЮÅŔŊőƣеЮΤΥЮ

ƚċƣĲũũŔƣĲƚЮƽĲƖĲЮƚĲũĲĦƣĲĬЮŉƖŸůЮůƨũƣŔц] ÉÉЮĬċƣċЮĬŔƖĲĦƣũǃдЮ 

ΣЮΞ ÉƨůůċƖǃШ 

ÑőŔƚШĦőċƓƣĲƖШŉŸĦƨƚĲĬШŸŰШĲƻċũƨċƣŔŰŊШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШы 79ЯШ
9§ЯШ] ЯШÂÉ§ЯШċŰĬШÉ ьШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШŸŰĲЯШƽőŔĦőШƽċƚШ
ƣőĲŰШŉƨƖƣőĲƖШĲǂċůŔŰĲĬШŔŰШůŸƖĲШĦŸůƓũĲǂШƚĦĲŰċƖŔŸƚШƣŸШĬĲƣĲƖůŔŰĲШŔƣƚШƓĲƖŉŸƖůċŰĦĲШċŰĬШ
ƚƨŔƣċĤũĲШƓċƖċůĲƣĲƖƚќШƻċũƨĲЮШÑőĲШĲƻċũƨċƣŔŸŰШƽċƚШĤċƚĲĬШŸŰШƣőĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШċŰĬШƚƓĲĲĬЮШ
ÑőĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШŔƚШőŸƽШĦũŸƚĲũǃШƣőĲШ9 Åрì]?§ÂШƻċũƨĲШŸŉШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШ
ƚĲũĲĦƣĲĬШ ĤǃШ ŸƓƣŔůŔǍċƣŔŸŰШ ċũŊŸƖŔƣőůƚШ ůċƣĦőĲƚШ ƣőċƣШ ŸŉШ ƣőĲШ ċĦƣƨċũШ ŸƓƣŔůċũШ ƚƨĤƚĲƣЯШ ċƚШ
ĬĲƣĲƖůŔŰĲĬШĤǃШƣőĲШÑ~ЮШÑőĲШƚĲũĲĦƣŔŸŰШƚƓĲĲĬШŔƚШƣőĲШƖĲƕƨŔƖĲĬШƓƖŸĦĲƚƚŔŰŊШƣŔůĲШƣŸШǯŰŔƚőШƣőĲШ
ƚĲũĲĦƣŔŸŰШƚĲƚƚŔŸŰШŸŉШΞΥΥШƚĲũĲĦƣŔŸŰƚЮШÑőĲШŔůƓŸƖƣċŰĦĲШŸŉШƣőŔƚШƚƣƨĬǃШŔƚШыŔьШƣőĲШŸƻĲƖċũũШĲƻċũƨċƣŔŸŰШ
ŸŉШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШƣőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШċŊċŔŰƚƣШĲċĦőШŸƣőĲƖШċŰĬШÑ~ШůĲƣőŸĬЯШ
ċŰĬШыŔŔьШƣőĲШŔŰƻĲƚƣŔŊċƣŔŸŰШŸŉШőŸƽШƣőĲШċũŊŸƖŔƣőůƚќШƓƖŔŰĦŔƓũĲƚШċŰĬШƓċƖċůĲƣĲƖƚШƚĲƣƣŔŰŊШċǭĲĦƣШƣőĲŔƖШ
ƓĲƖŉŸƖůċŰĦĲЮ 

ÑőĲШǯƻĲШŸƓƣŔůŔǍċƣŔŸŰШċũŊŸƖŔƣőůƚШƽĲƖĲШŔůƓũĲůĲŰƣĲĬШƣŸШĦőŸŸƚĲШƣőĲШŸƓƣŔůċũШ]ÂÉШƚċƣĲũũŔƣĲƚШ
ƽŔƣőШĬŔǭĲƖĲŰƣШŉŸƨƖШƚƨĤƚĲƣШƚŔǍĲƚШыΠЯШΡЯШΣЯШċŰĬШΤьЮШĦĦŸƖĬŔŰŊШƣŸШƣőĲШĲƻċũƨċƣŔŸŰШƖĲƚƨũƣƚЯШƣőĲШ 79ЯШ
9§ЯШċŰĬШÂÉ§ШċũŊŸƖŔƣőůƚШőċĬШƣőĲШőŔŊőĲƚƣШċĦĦƨƖċĦǃШŔŰШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЯШċŰĬШƣőĲǃШƽĲƖĲШ
ĲǭŔĦŔĲŰƣШŔŰШƣĲƖůƚШŸŉШĦŸůƓƨƣċƣŔŸŰШƣŔůĲЮШcŸƽĲƻĲƖЯШƣőĲШ 79ШċũŊŸƖŔƣőůШŔƚШůŸƖĲШƓƖċĦƣŔĦċũШƽŔƣőШ
ƣőĲШŉĲƽĲƚƣШƓċƖċůĲƣĲƖƚШƣŸШċĬŢƨƚƣЮШÑőĲШĲƻċũƨċƣŔŸŰШŸŉШƣőĲШ 79ШċũŊŸƖŔƣőůШŔŰШƣőĲШůŸƖĲШĦŸůƓũĲǂШ
ƓƖŸĤũĲůШƽŔƣőШůƨũƣŔр] ÉÉШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШċŰĬШĲƻĲŰШƨƓШƣŸШΟΝШċƻċŔũċĤũĲШƚċƣĲũũŔƣĲƚШ
ƖĲƻĲċũĲĬШƣőċƣШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШċĦĦƨƖċĦǃШŸŉШ 79ШċũŊŸƖŔƣőůШŔůƓƖŸƻĲƚШƚŔŊŰŔǯĦċŰƣũǃШĤǃШ
ŔŰĦƖĲċƚŔŰŊШƣőĲШƻċũƨĲƚШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШƚŔǍĲШċŰĬШŔƣĲƖċƣŔŸŰЯШƽőŔĦőШőċƚШƣőŸƨŊőШċŰШĲǭĲĦƣШŸŰШƣőĲШ
ƖĲƕƨŔƖĲĬШĦŸůƓƨƣċƣŔŸŰШƣŔůĲ ыƚĲũĲĦƣŔŸŰШƚƓĲĲĬьЮШ 



9őċƓƣĲƖШΣШ§ƓƣŔůŔǍċƣŔŸŰШ ũŊŸƖŔƣőůƚШÂĲƖŉŸƖůċŰĦĲ 
 

 

ΤΥ 
 

ũƚŸЯШŔƣШƽċƚШƚőŸƽŰШƣőċƣШƣőĲШÑ~ШŔƚШƚƣŔũũШƣőĲШůŸƚƣШĲǭŔĦŔĲŰƣШċũŊŸƖŔƣőůШŉŸƖШƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰШŉƖŸůШċШƚŔŰŊũĲШƚċƣĲũũŔƣĲрƚǃƚƣĲůШƚǃƚƣĲůШыŔЮĲЮШ]ÂÉрŸŰũǃьЮШcŸƽĲƻĲƖЯШƣőŔƚШŔƚШ
ŰŸƣШƣőĲШĦċƚĲШŉŸƖШůƨũƣŔр] ÉÉШĦŸŰƚƣĲũũċƣŔŸŰƚШƽŔƣőШůŸƖĲШƚŔůƨũƣċŰĲŸƨƚũǃШƣƖċĦťĲĬШƚċƣĲũũŔƣĲƚШ
ċƻċŔũċĤũĲЯШůċťŔŰŊШƣőĲШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШƓƖŸĤũĲůШƣŸŸШĦŸůƓũĲǂШċŰĬШƣŔůĲШĦŸŰƚƨůŔŰŊШŉŸƖШƣőĲШ
Ñ~ЮШ 
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Chapter 7 ?ĲǯŰĲШƣőĲШĦƖŔƣĲƖŔċШċŰĬШƓƖŸĦĲƚƚШŉŸƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШ 

ΤЮΝ ÅĲƚƨũƣƚШċŰĬШ?ŔƚĦƨƚƚŔŸŰ 

ÑőĲШċŰċũǃƚŔƚШŸŉШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШì]?§ÂШŔŰШƚĲũĲĦƣŔŰŊШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣШŸŉШƚċƣĲũũŔƣĲƚШƽċƚШ
ĤċƚĲĬШŸŰШĬċƣċШƚĲũĲĦƣĲĬШŸŰШΞΜƣőШÉĲƓƣĲůĤĲƖЯШΞΞŰĬШÉĲƓƣĲůĤĲƖЯШΞΤƣőШÉĲƓƣĲůĤĲƖЯШċŰĬШΝƚƣШ§ĦƣŸĤĲƖШ
ΞΜΞΝЮШÑőĲШƖĲƚƨũƣƚШĤċƚĲĬШŸŰШƣőĲШċŰċũǃƚŔƚШŸŉШΞΜƣőШÉĲƓƣĲůĤĲƖШΞΜΞΝШċƖĲШƓƖĲƚĲŰƣĲĬШŔŰШƣőŔƚШĦőċƓƣĲƖШ
ċƚШƖĲƓƖĲƚĲŰƣċƣŔƻĲШŸŉШƣőĲШĲŰƣŔƖĲШċŰċũǃƚŔƚШƓƖŸĦĲƚƚЯШƽőĲƖĲċƚШƣőĲШĬċƣċШŸŉШƣőĲШŸƣőĲƖШƣőƖĲĲШĬċǃƚШ
ċƖĲШƓƖĲƚĲŰƣĲĬШŔŰШƣőĲШċƓƓĲŰĬŔǂЮ 

ΤЮΝЮΝ ƻċŔũċĤŔũŔƣǃШ 

ÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШì]?§ÂШŔŰШƣĲŰШĦċƚĲƚШыÑċĤũĲШΡЮΠьЮШEǂĦĲƓƣШŉŸƖШ
ƣőĲШǯƖƚƣШĦċƚĲЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШĦőŸƚĲŰШĤċƚĲĬШŸŰШì]?§ÂШƽŔƣőШċĬĬŔƣŔŸŰċũШƚĲũĲĦƣŔŸŰШ
ŉċĦƣŸƖƚЮШ?ĲƚƓŔƣĲШƣőĲШċĬĬŔƣŔŸŰċũШƚĲũĲĦƣŔŸŰШŉċĦƣŸƖШыEũĲЯШÅ f~ЯШŸƖШu[fÑcьЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШůċŔŰũǃШ
ƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШì]?§ÂЮШÉċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰШĤċƚĲĬШŸŰШEũĲЯШÅ f~ШċŰĬШu[fÑcШƽĲƖĲШƨƚĲĬШƣŸШ
ĲŰőċŰĦĲШì]?§ÂШƚĲũĲĦƣŔŸŰШыŔьШĤĲŉŸƖĲШƣőĲШċƓƓũŔĦċƣŔŸŰШŸŉШì]?§ÂШыĦċƚĲƚШΞЯШċŰĬШΡШтШΥьЯШыŔŔьШċŉƣĲƖШ
ƣőĲШì]?§ÂШыĦċƚĲƚШΟШċŰĬШΠьЯШċŰĬШыŔŔŔьШĤŸƣőЯШĤĲŉŸƖĲШċŰĬШċŉƣĲƖШƣőĲШċƓƓũŔĦċƣŔŸŰШŸŉШì]?§ÂШыĦċƚĲƚШ
ΦШċŰĬШΝΜьЮШÑőĲШƕƨċũŔƣǃШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШì]?§ÂШŔŰШƣőĲШΝΜШĦċƚĲƚШĦċŰШĤĲШĲƻċũƨċƣĲĬШĤǃШ
ĦőĲĦťŔŰŊШƣőĲШŰƨůĤĲƖШƚċƣĲũũŔƣĲƚШŔŰŔƣŔċũũǃШƚĲũĲĦƣĲĬШŉŸƖШƣőĲШƚŸũƨƣŔŸŰШƽŔƣőШƣőċƣШƽĲƖĲШċƓƓũŔĲĬШŉŸƖШ
ƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰЮШfŰШƓŸƚŔƣŔŸŰŔŰŊЯШƽĲċťШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƖĲŢĲĦƣĲĬШĤǃШ
ŔŰƣĲŊƖŔƣǃШŉƨŰĦƣŔŸŰƚШыĲЮŊЮЯШÅ f~ьШƣŸШŔůƓƖŸƻĲШƓŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃЮШfŉШċũũШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШ
ƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЯШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĦċŰШĤĲШĦŸŰƚŔĬĲƖĲĬШőŔŊőШċŰĬШƻŔƚШ
ƻĲƖƚċЮШ 

[ŔŊƨƖĲƚШΤЮΝЯШΤЮΞЯШċŰĬШΤЮΟШƚőŸƽШƣőĲШċƻċŔũċĤŔũŔƣǃШƖĲƚƨũƣƚЯШŔŰĦũƨĬŔŰŊШƚĲũĲĦƣŔŸŰШĲƓŸĦőƚШċƻċŔũċĤŔũŔƣǃШ
ыÉE ƻċьЯШƓŸƚŔƣŔŸŰŔŰŊШċƻċŔũċĤŔũŔƣǃШыÂ ƻċьЯШċŰĬШŸƓƣŔůċũШƓŸƚŔƣŔŸŰŔŰŊШċƻċŔũċĤŔũŔƣǃШы§Â ƻċьЮШÑőĲШ
ŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĲƻĲƖǃШΟΜШƚĲĦŸŰĬƚШŉŸƖШΞΠШőŸƨƖƚЯШƚŸШƣőĲǃШƽĲƖĲШĦőŸƚĲŰШŉƖŸůШ
ΞΥΥΜШĲƓŸĦőƚШŸƻĲƖШΞΠШőŸƨƖƚЮШ ƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖШŔŰШÉĲĦƣŔŸŰШΡЮΞЮΠЯШÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШ
ƽĲƖĲШĦőŸƚĲŰШĤċƚĲĬШŸŰШì]?§ÂШŉŸƖШċШǯǂĲĬШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŉƖŸůШΣШƣŸШůċǂŔůƨůШŰƨůĤĲƖШ
ŸŉШŸĤƚĲƖƻĲĬШƚċƣĲũũŔƣĲƚЮШÑőĲǃШƽĲƖĲШƚĲũĲĦƣĲĬШƚĲƓċƖċƣĲũǃШŉŸƖШĲċĦőШĲƓŸĦőШŸƻĲƖШƣőĲШĲŰƣŔƖĲШƣŔůĲЮШ
cŸƽĲƻĲƖЯШƣőĲШŰƨůĤĲƖШŸŉШŸĤƚĲƖƻĲĬШƚċƣĲũũŔƣĲƚШǰƨĦƣƨċƣĲƚШŸƻĲƖШƣŔůĲЮШÑőĲƖĲŉŸƖĲЯШƚċƣĲũũŔƣĲШ
ƚĲũĲĦƣŔŸŰШƽċƚШŔůƓũĲůĲŰƣĲĬШŉŸƖШƚƓĲĦŔǯĦШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƽőĲŰШƣőĲШŰƨůĤĲƖШŸŉШŸĤƚĲƖƻĲĬШ
ƚċƣĲũũŔƣĲƚШŔŰШċŰШĲƓŸĦőШŔƚШŊƖĲċƣĲƖШƣőċŰШŸƖШĲƕƨċũШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣŔŰŊЮ 

§ƨƣШŸŉШΞΥΥΜШĲƓŸĦőƚЯШƣőĲШÉEƻċШŔŰĬŔĦċƣĲƚШƣőĲШƖċƣĲШŸŉШĲƓŸĦőƚШŉƖŸůШƽőŔĦőШƚċƣĲũũŔƣĲƚШƽĲƖĲШ
ƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШì]?§ÂЮШÑőĲƚĲШĲƓŸĦőƚШƽŔũũШĤĲШĦċũũĲĬШì]?§ÂШƚĲũĲĦƣŔŸŰШĲƓŸĦőƚЮШÑőĲШ
Â ƻċШƓƖĲƚĲŰƣƚШƣőĲШƖċƣĲШŸŉШì]?§ÂШƚĲũĲĦƣŔŸŰШĲƓŸĦőƚШŸƨƣШŸŉШΞΥΥΜШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЮШ
ìőĲƖĲċƚШƣőĲШ§ÂƻċШŔŰĬŔĦċƣĲƚШƣőĲШƖċƣĲШŸŉШì]?§ÂШƚĲũĲĦƣŔŸŰШĲƓŸĦőƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШŸƨƣШ
ŸŉШΞΥΥΜШƽŔƣőŸƨƣШũŸƚŔŰŊШŸŰĲШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲЮШ~ŸƖĲŸƻĲƖЯШƣőĲШǂрċǂŔƚШŸŉШ[ŔŊƨƖĲШΤЮΝШ
ƖĲƓƖĲƚĲŰƣƚШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŸƨƣШŸŉШΟΝЯШƽőŔĦőШŔƚШƣőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШŸĤƚĲƖƻĲĬШ
ƚċƣĲũũŔƣĲƚШŸƻĲƖШΞΠШőŸƨƖƚЮШ 
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Figure 7.1 Comparison between satellite selection availability (SEAva), positioning availability 
(PAva), and optimal positioning availability (OPAva) from selection cases 1, 2, 3, and 4. 
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Figure 7.2 Comparison between satellite selection availability (SEAva), positioning availability 
(PAva), and optimal positioning availability (OPAva) from selection cases 5, 6, 7, and 8. 
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Figure 7.3 Comparison between satellite selection availability (SEAva), positioning availability 
(PAva), and optimal positioning availability (OPAva) from selection cases 9 and 10 

ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲƚШΤЮΝЯШΤЮΞЯШċŰĬШΤЮΟЯШƚċƣĲũũŔƣĲШċƻċŔũċĤŔũŔƣǃШƽċƚШŔŰĦŸŰƚŔƚƣĲŰƣШŔŰШƣőĲШƣĲŰШ
ƚĲũĲĦƣŔŸŰШĦċƚĲƚЮШÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔƚШƣőĲШũċƖŊĲƚƣШŔŰШĦċƚĲƚШΝЯШΟЯШΠШ
ċŰĬШΡШƽŔƣőШΟΝШƚċƣĲũũŔƣĲƚЯШƽőŔũĲШŔƣШŔƚШƣőĲШũŸƽĲƚƣШŔŰШĦċƚĲƚШΤЯШΥШċŰĬШΝΜШƽŔƣőШΞΟШƚċƣĲũũŔƣĲƚЮШÑőĲШ
ůċǂŔůŔŰШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔƚШΞΠШŔŰШĦċƚĲШΞЯШƽőŔũĲШŔƣШŔƚШΟΜШŔŰШĦċƚĲƚШΣШċŰĬШΦЮШ
[ƨƖƣőĲƖůŸƖĲЯШÉEƻċШƽċƚШċũƚŸШŔŰĦŸŰƚŔƚƣĲŰƣШŉŸƖШƣőĲШƚċůĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƣĲŰШ
ĦċƚĲƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШÉEƻċШŉŸƖШƣőĲШƚŔǂШƚċƣĲũũŔƣĲƚШƽċƚШΝΜΜӖШыΞΥΥΜШĲƓŸĦőƚьШŔŰШǯƖƚƣШŉŸƨƖШ
ĦċƚĲƚЯШƽőŔũĲШŔƣШƽċƚШΦΥЮΦΦӖШыΞΥΡΝШĲƓŸĦőƚьЯШΦΥЮΤΡӖШыΞΥΠΠШĲƓŸĦőƚьЯШΦΦЮΞΤӖШыΞΥΡΦШĲƓŸĦőƚьЯШ
ΦΦЮΟΥӖШыΞΥΣΞШĲƓŸĦőƚьЯШΦΥЮΤΡӖШыΞΥΠΠШĲƓŸĦőƚьЯШċŰĬШΦΦЮΟΥӖШыΞΥΣΞШĲƓŸĦőƚьШŉŸƖШĦċƚĲƚШΡЯШΣЯШΤЯШ
ΥЯШΦШċŰĬШΝΜЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШƻċƖŔċƣŔŸŰШĤĲƣƽĲĲŰШĦċƚĲƚШŔƚШƣőĲШƚċƣĲũũŔƣĲШĬċƣċШ
ƨƚĲĬШŔŰШì]?§ÂШƚĲũĲĦƣŔŸŰЯШċƚШŔƣШƽĲƖĲШǯũƣĲƖĲĬШĬŔǭĲƖĲŰƣũǃШŔŰШĲċĦőШĦċƚĲШƽŔƣőШƣőĲШŸƣőĲƖШƚĲũĲĦƣŔŸŰШ
ŉċĦƣŸƖƚШыEũĲЯШÅ f~ЯШċŰĬШu[fÑcьЮШ7ĲĦċƨƚĲШƣőĲШƚċƣĲũũŔƣĲШĬċƣċШőċƚШŰŸƣШĤĲĲŰШǯũƣĲƖĲĬШĤǃШƣőĲůШ
ĤĲŉŸƖĲШì]?§ÂШƚĲũĲĦƣŔŸŰШŔŰШĦċƚĲƚШΝЯШΟЯШċŰĬШΠЯШÉE ƻċШŔŰШƣőĲƚĲШĦċƚĲƚШƽċƚШĲǂċĦƣũǃШƣőĲШƚċůĲЮШ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШƖċƣĲШŸŉШÉE ƻċШĬĲĦƖĲċƚĲĬШċƚШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ŔŰĦƖĲċƚĲƚШŔŰШƣőĲШƚċůĲШƚĲũĲĦƣŔŸŰШĦċƚĲЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШƻċũƨĲШŸŉШÉEƻċШŉŸƖШΣШċŰĬШΞΡШƚċƣĲũũŔƣĲƚШ
ŔŰШĦċƚĲШΝШŔƚШΝΜΜӖШыΞΥΥΜШĲƓŸĦőƚьШċŰĬШΡΞЮΡΤӖШыΝΡΝΠШĲƓŸĦőƚьЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШ
ƣőĲШŰƨůĤĲƖШŸŉШŸĤƚĲƖƻĲĬШƚċƣĲũũŔƣĲƚШǰƨĦƣƨċƣĲƚШŸƻĲƖШƣŔůĲЮШÑőƨƚЯШċШƚůċũũШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШ
ĦċŰШĤĲШĦőŸƚĲŰШůŸƚƣШŸŉШƣőĲШƣŔůĲЯШŔŉШŰŸƣШċũũЮШìőĲƖĲċƚШċШũċƖŊĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШĦċŰШĤĲШ
ƚĲũĲĦƣĲĬШŸŰũǃШŉŸƖШƚőŸƖƣШƓĲƖŔŸĬƚЮ 

Â ƻċШƖĲŉĲƖƚШƣŸШƣőĲШƖċƣĲШŸŉШì]?§ÂШƚĲũĲĦƣŔŸŰШĲƓŸĦőƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЮШfŰШċũũШĦċƚĲƚЯШŔƣШĦċŰШ
ĤĲШƚĲĲŰШċШƚůċũũШƻċƖŔċƣŔŸŰШĤĲƣƽĲĲŰШƣőĲШƖċƣĲШŸŉШĲƓŸĦőƚШŔŰƓƨƣШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШыÉE ƻċьШċŰĬШƣőŸƚĲШ
ƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШыÂƻċьЮ fŰШĦċƚĲШΣЯШÂ ƻċШŔƚШůŸƚƣũǃШċũŔŊŰĲĬШƽŔƣőШÉEƻċШŔŰШċũũШƚĲũĲĦƣĲĬШ
ƚċƣĲũũŔƣĲƚЮШfŰШƣőĲШƖĲůċŔŰŔŰŊШĦċƚĲƚЯШƣőĲШÂ ƻċШŔƚШŊĲŰĲƖċũũǃШċũŔŊŰĲĬШƽŔƣőШÉEƻċШŔŰШċũũШƚĲũĲĦƣĲĬШ
ƚċƣĲũũŔƣĲƚШĲǂĦĲƓƣШŉŸƖШƣőŸƚĲШŸŉШΣШċŰĬШΤШƚċƣĲũũŔƣĲƚЮШÑőĲШċũŔŊŰůĲŰƣШĤĲƣƽĲĲŰШÂ ƻċШċŰĬШÉEƻċШ
ůĲċŰƚШƣőċƣШċũũШĲƓŸĦőƚШŔŰƓƨƣШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШƽĲƖĲШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲШ
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ΥΟ 
 

ƖĲĬƨĦƣŔŸŰШŸŉШÂ ƻċШĦŸůƓċƖĲĬШƣŸШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШÉEƻċШůĲċŰƚШƣőċƣШċШŰƨůĤĲƖШŸŉШĲƓŸĦőƚШ
őċƻĲШĤĲĲŰШĲǂĦũƨĬĲĬШŉƖŸůШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШĬĲƣĲƖůŔŰċƣŔŸŰЮШШ 

ÑőĲƖĲШċƖĲШƣƽŸШƖĲċƚŸŰƚШŉŸƖШÂ ƻċШƖĲĬƨĦƣŔŸŰЯШŔЮĲЮЯШũŸƚŔŰŊШĲƓŸĦőƚШŔŰШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰЮШÑőĲШ
ǯƖƚƣШƖĲċƚŸŰШŔƚШƚŸũƨƣŔŸŰШƻċũŔĬċƣŔŸŰЮШ7ŸƣőШĦŸĬĲШċŰĬШƓőċƚĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƨƚĲĬШŔŰШÂÂÂЮШfŰШ
ÅÑuxf7ЯШƣőĲШƕƨċũŔƣǃШŸŉШĦŸĬĲШƚŸũƨƣŔŸŰШŔƚШĦőĲĦťĲĬШƓĲƖШĲƓŸĦőШƨƚŔŰŊШĦőŔрƚƕƨċƖĲШƣĲƚƣШŉŸƖШƣőĲШ
ƚŸũƨƣŔŸŰШĲƻċũƨċƣŔŸŰШяΝΝΥЯΝΝΦѐЮШfŉШƣőĲШĦőŔрƚƕƨċƖĲШƣĲƚƣШŉŸƖШċŰШĲƓŸĦőќƚШƚŸũƨƣŔŸŰШŉċŔũƚЯШƣőĲШĲƓŸĦőќƚШ
ƚŸũƨƣŔŸŰШŔƚШƖĲůŸƻĲĬШƽőĲŰШÅ f~ШŔƚШĬŔƚċĤũĲЮШcŸƽĲƻĲƖЯШƽĲċťШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШ
ƖĲůŸƻĲĬШƽőĲŰШÅ f~ШŔƚШċĦƣŔƻċƣĲĬЮШÑőŔƚШũĲċĬƚШƣŸШƣőĲШƚĲĦŸŰĬШƖĲċƚŸŰШŉŸƖШÂ ƻċШƖĲĬƨĦƣŔŸŰШƣőċƣШŔƚШ
ƚċƣĲũũŔƣĲШĲǂĦũƨƚŔŸŰЮШÑŸШůċŔŰƣċŔŰШċŰĬШŔůƓƖŸƻĲШċŰШĲƓŸĦőШƚŸũƨƣŔŸŰЯШŰƨůĤĲƖШŸŉШƽĲċťШƚċƣĲũũŔƣĲШ
ůĲċƚƨƖĲůĲŰƣƚШċƖĲШƖĲůŸƻĲĬШĤǃШŉƨŰĦƣŔŸŰƚШƚƨĦőШċƚШÅ f~ШċŰĬШu[fÑcЮШ ĲƻĲƖƣőĲũĲƚƚЯШƣőĲШĲƓŸĦőШ
ƚŸũƨƣŔŸŰШŔƚШƖĲŢĲĦƣĲĬШƽőĲŰШƣőĲШŰƨůĤĲƖШŸŉШƣőĲШƖĲůċŔŰŔŰŊШƚċƣĲũũŔƣĲƚШŔƚШũĲƚƚШƣőċŰШŉŸƨƖШƚċƣĲũũŔƣĲƚЮШ 

ÑőĲШÂ ƻċШƖĲĬƨĦƣŔŸŰШĬƨĲШƣŸШƣőĲШƚĲĦŸŰĬШƖĲċƚŸŰШĦċŰШĤĲШůŸƖĲШċǭĲĦƣĲĬШƽŔƣőШƚůċũũШŰƨůĤĲƖШŸŉШ
ƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШыĲЮŊЮЯШΣШċŰĬШΤьЯШċƚШƣőĲŔƖШƖĲůċŔŰШĦċŰШĲċƚŔũǃШĤĲШũĲƚƚШƣőċŰШŉŸƨƖШƚċƣĲũũŔƣĲƚЮШ
cĲŰĦĲЯШƣőĲШũċƖŊĲƖШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШċƖĲШũĲƚƚШċǭĲĦƣĲĬШĤǃШƣőĲШƚĲĦŸŰĬШƖĲċƚŸŰШŸŉШ
Â ƻċШƖĲĬƨĦƣŔŸŰЮШ ƚШċШƖĲƚƨũƣЯШŔƣШĦċŰШĤĲШċƚƚƨůĲĬШƣőċƣШƣőĲШũċƖŊĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ƽċƚШċǭĲĦƣĲĬШŸŰũǃШĤǃШƣőĲШǯƖƚƣШƖĲċƚŸŰШŉŸƖШƣőĲШÂ ƻċШƖĲĬƨĦƣŔŸŰЮШÑőŔƚШĦċŰШĲǂƓũċŔŰШƽőǃШΣШċŰĬШΤШ
ƚċƣĲũũŔƣĲƚШőċƻĲШůŸƖĲШÂ ƻċШƖĲĬƨĦƣŔŸŰШƣőċŰШŸƣőĲƖƚЮШ 

ìĲċťШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƖĲŢĲĦƣĲĬШĤǃШÅ f~ШċŰĬШu[fÑcШŔŰШÅÑuxf7ЮШfŰШĦċƚĲШΠЯШĤŸƣőШ
ƽĲƖĲШŸŰũǃШŔůƓũĲůĲŰƣĲĬШĤĲŉŸƖĲШì]?§ÂШƚĲũĲĦƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШÂ ƻċШƖĲĬƨĦƣŔŸŰШƽċƚШƚĲĲŰШŔŰШ
ůŸƖĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШыΣШтШΝΠьШŔŰШĦċƚĲШΠШĦŸůƓċƖĲĬШƣŸШŸƣőĲƖШĦċƚĲƚЮШ 

fŰШĦŸŰƣƖċƚƣШƣŸШÂ ƻċЯШ§Â ƻċШŔŰĬŔĦċƣĲƚШƣőĲШƖċƣĲШŸŉШĲƓŸĦőƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШƽŔƣőŸƨƣШũŸƚŔŰŊШ
ƚċƣĲũũŔƣĲƚЯШƽőŔĦőШƽĲƖĲШƚĲũĲĦƣĲĬШĤǃШì]?§ÂЮШcĲŰĦĲЯШƣőĲШƖĲĬƨĦƣŔŸŰШŸŉШ§Â ƻċШĦŸůƓċƖĲĬШƣŸШƣőĲШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШÂ ƻċШŔŰĬŔĦċƣĲƚШƣőċƣШċШŰƨůĤĲƖШŸŉШĲƓŸĦőƚШƽĲƖĲШƨƚĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШċŉƣĲƖШ
ĲǂĦũƨĬŔŰŊШċШŰƨůĤĲƖШŸŉШƣőĲŔƖШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШÑőĲƚĲШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲůŸƻĲĬШĬƨĲШ
ƣŸШƣőĲŔƖШŰĲŊċƣŔƻĲШŔůƓċĦƣШŸŰШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰЮШ ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΤЮΝЯШƣőĲƖĲШŔƚШċШƻċƖŔċƣŔŸŰШ
ĤĲƣƽĲĲŰШ§Â ƻċШċŰĬШÂ ƻċШŔŰШƣőĲШƣĲŰШƚĲũĲĦƣŔŸŰШĦċƚĲƚШƽŔƣőШĬŔǭĲƖĲŰƣШƖċƣĲЮШfŰШƣőĲШǯƖƚƣШŉŸƨƖШĦċƚĲƚЯШ
ƣőĲШ§Â ƻċШƽċƚШƚŔŊŰŔǯĦċŰƣũǃШũĲƚƚШƣőċŰШÂ ƻċШŔŰШċũũШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШыΣШтШůċǂŔůƨůШŰƨůĤĲƖШ
ŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚьЮШfŰШŊĲŰĲƖċũЯШƣőĲШƻċƖŔċƣŔŸŰШĤĲƣƽĲĲŰШ§Â ƻċШċŰĬШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШÂ ƻċШ
ƽċƚШƣőĲШũċƖŊĲƚƣШŔŰШĦċƚĲШΠЯШċŰĬШƣőĲШũĲċƚƣШŔŰШĦċƚĲШΞЮШìőĲƖĲċƚШŔƣШƽċƚШƣőĲШƚċůĲШŔŰШĦċƚĲШΝШċŰĬШΟЮШ
ÑőĲШƻċƖŔċƣŔŸŰШŔŰШ§Â ƻċШƖċƣĲƚШĤĲƣƽĲĲŰШƣőĲШŉŸƨƖШĦċƚĲƚШŔƚШċĦĦĲƓƣĲĬШĤĲĦċƨƚĲШĬŔǭĲƖĲŰƣШƚĲũĲĦƣŔŸŰШ
ŉċĦƣŸƖƚШыEũĲЯШÅ f~ЯШċŰĬШu[fÑcьШƽĲƖĲШƨƚĲĬШŔŰШƣőĲůЮШ ũƣőŸƨŊőШÅ f~ШƽċƚШƨƚĲĬШŔŰШĦċƚĲШΟШċŰĬШŰŸƣШ
ŔŰШĦċƚĲШΝЯШƣőĲŔƖШ§Â ƻċШƽċƚШŔĬĲŰƣŔĦċũЮШÑőŔƚШŔƚШƨŰċĦĦĲƓƣċĤũĲЯШċŰĬШŔƣШůĲċŰƚШƣőċƣШÅ f~ШŔƚШŰŸƣШ
ƽŸƖťŔŰŊЮШÑőŔƚШŔƚШċũŔŊŰĲĬШƽŔƣőШ ŰŊƖŔƚċŰŸШĲƣШċũЮШяΞΞΣѐШŸƨƣĦŸůĲƚЯШƽőĲƖĲШŰŸШƚċƣĲũũŔƣĲƚШƽĲƖĲШ
ƖĲŢĲĦƣĲĬШĤǃШÅ f~ШŔŰШÂÂÂЯШƨƚŔŰŊШÅÑuxf7ШыƻЮΞЮΠЮΞьЮШfƣШċũƚŸШƚƨƓƓŸƖƣƚШƽőċƣШüőċŰŊШċŰĬШìċŰŊШяΞΞΞѐШ
ƚƣċƣĲĬЯШƣőċƣШÅ f~ШŔƚШŰŸƣШůċƣƨƖĲШĲŰŸƨŊőШŉŸƖШÂÂÂЮ 

?ĲƚƓŔƣĲШƣőĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШƣőĲШǯƖƚƣШŉŸƨƖШĦċƚĲƚШŔŰШ§Â ƻċЯШƣőĲШƖċƣĲШŸŉШ§Â ƻċШĬĲĦƖĲċƚĲƚШ
ċƚШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШŊƖŸƽƚЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШƣőĲШŰƨůĤĲƖШŸŉШĲƓŸĦőƚШƽŔƣőШƖĲŢĲĦƣĲĬШ
ƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚШƽŔƣőШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЮШ[ŸƖШĲǂċůƓũĲЯШŔŰШĦċƚĲШΝЯШ§Â ƻċШ
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ΥΠ 
 

ƖċƣĲШƽċƚШċĤŸƨƣШΥΤӖЯШΠΡӖЯШċŰĬШΟӖШŉŸƖШƣőĲШΣЯШΝΣЯШċŰĬШΞΥШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ
cĲŰĦĲЯШƣőĲШƖċƣĲШŸŉШƣőĲŔƖШĲƓŸĦőƚШƽŔƣőШƖĲŢĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШċĤŸƨƣШΦӖЯШΡΡӖЯШċŰĬШΤΟӖШŸƨƣШŸŉШ
ƣŸƣċũШŰƨůĤĲƖШŸŉШĲƓŸĦőƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШΞΤΟΣЯШΞΥΥΜШċŰĬШΟΝΣЮΥШыÂ ƻċаШΦΡӖЯШΝΜΜӖЯШċŰĬШ
ΝΝӖьЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШċШǯǂĲĬШŰƨůĤĲƖЯШ
ƽőŔĦőШŉŸƖĦĲƚШƣőĲШƚĲũĲĦƣŔŸŰШċũŊŸƖŔƣőůШы 79ьШƣŸШƓƖŸƻŔĬĲШċШƚċƣĲũũŔƣĲШĦŸŰƚƣĲũũċƣŔŸŰШĦŸŰƣċŔŰŔŰŊШƣőĲШ
ĲǂċĦƣШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚЮШ ƚШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚЯШůŸƖĲШƚċƣĲũũŔƣĲƚШ
ƽŔƣőШƽĲċťШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƚĲũĲĦƣĲĬШċŰĬШƽŔũũШĤĲШƖĲŢĲĦƣĲĬШũċƣĲƖЯШĦŸŰƚĲƕƨĲŰƣũǃЯШ§Â ƻċШƖċƣĲШ
ĬĲĦƖĲċƚĲƚЮШ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШ§ÂƻċШƽċƚШċũůŸƚƣШċũŔŊŰĲĬШƽŔƣőШÂ ƻċШŔŰШċũũШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰШĦċƚĲƚШ
ΡШƣŸШΥЮ  fŰШƣőĲƚĲШĦċƚĲƚЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШì]?§ÂШċũŸŰŊШƽŔƣőШEũĲЯШÅ f~ЯШċŰĬШ
u[fÑcЮШÑőĲШì]?§ÂШƚĲũĲĦƣŔŸŰШƽċƚШċƓƓũŔĲĬШċƚШƣőĲШũċƚƣШƓċƖċůĲƣĲƖШŸŉШƣőĲШůĲƣőŸĬЮШÑőŔƚШŔƚШƣőĲШ
ůċŔŰШƖĲċƚŸŰШŉŸƖШůċŔŰƣċŔŰŔŰŊШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŉƖŸůШƖĲŢĲĦƣŔŸŰЯШŔЮĲЮЯШŔŰĦƖĲċƚŔŰŊШ
§Â ƻċШƖċƣĲƚЮШ ƓƓũǃŔŰŊШì]?§ÂШƚĲũĲĦƣŔŸŰШǯƖƚƣШƽŔũũШũĲċĬШƣŸШƖĲŢĲĦƣШŔƣƚШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШƣőĲШ
ũċƣĲƖШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲШыÅ f~ШŸƖШu[fÑcьЮШÑőŔƚШĦċŰШĤĲШƚĲĲŰШŔŰШĦċƚĲƚШΟЯШΠЯШΦЯШċŰĬШΝΜШƽőĲŰШ
Å f~ШŸƖШÅ f~рu[fÑcШƚĲũĲĦƣŔŸŰШƽĲƖĲШƓĲƖŉŸƖůĲĬШċŉƣĲƖШì]?§ÂШƚĲũĲĦƣŔŸŰЮШfŰШċĬĬŔƣŔŸŰЯШì]?§ÂШ
ƚĲũĲĦƣŔŸŰШƨƚĲƚШƚċƣĲũũŔƣĲƚќШƖċƽШŔŰŉŸƖůċƣŔŸŰШŸĤƣċŔŰĲĬШŉƖŸůШÅf EñШǯũĲЯШċŰĬШŔƣШŔƚШŰŸƣШĦŸŰƚŔĬĲƖŔŰŊШ
ċũũШƓŸƚŔƣŔŸŰŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚЮШ ƚШċШƖĲƚƨũƣЯШƚŸůĲШŸŉШŔƣƚШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШŉƖŸůШ
ƓŸƚŔƣŔŸŰŔŰŊШĲƻĲŰШƽŔƣőŸƨƣШċШũċƣĲƖШƚċƣĲũũŔƣĲШƚĲũĲĦƣŔŸŰЮШÑőŔƚШĦċŰШĤĲШƚĲĲŰШŔŰШĦċƚĲШΝШċŰĬШΞЯШƽőĲŰШ
ƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚŸŰШŸŰШì]?§ÂрŸŰũǃШċŰĬШEũĲрì]?§ÂЯШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШƣőĲƚĲШ
ĦċƚĲƚЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШĲǂĦũƨĬĲĬШĤǃШƣƽŸШůċŔŰШŉċĦƣŸƖƚаШŔьШċĤƚĲŰƣШŸŉШƚċƣĲũũŔƣĲƚШĬċƣċШċŰĬШŔŔьШƓŸƚƣр
ǯƣШƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬЮШ 

ÑőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШĲǂĦũƨĬĲĬШŉƖŸůШƓŸƚŔƣŔŸŰŔŰŊШĤĲĦċƨƚĲШŸŉШƣőĲШċĤƚĲŰĦĲШŸŉШƚŸůĲШŸŉШ
ƣőĲŔƖШĬċƣċЯШƽőŔĦőШƽĲƖĲШĬƨĲШƣŸШƓƖĲĦŔƚĲШƚċƣĲũũŔƣĲШĬċƣċШċŰĬШĦǃĦũĲШƚũŔƓЮШÂƖĲĦŔƚĲШƚċƣĲũũŔƣĲШŸƖĤŔƣШċŰĬШ
ĦũŸĦťШĬċƣċШċƖĲШƖĲƕƨŔƖĲĬШŉŸƖШÂÂÂЯШċŰĬШƣőĲǃШƽĲƖĲШĦŸũũĲĦƣĲĬШŉƖŸůШ ƣőĲШ9ĲŰƣƖĲШŉŸƖШ§ƖĤŔƣШ
?ĲƣĲƖůŔŰċƣŔŸŰШŔŰШEƨƖŸƓĲШы9§?EьЯШƽőŔĦőШŔŰĦũƨĬŔŰŊШƚċƣĲũũŔƣĲШĬċƣċШŉƖŸůШċĤŸƨƣШΞΥΜШƚƣċƣŔŸŰƚШ
яΞΞΦѐЮШcŸƽĲƻĲƖЯШƣőĲШƓƖĲĦŔƚĲШƚċƣĲũũŔƣĲШĬċƣċШŉƖŸůШ9§?EШĬŔĬШŰŸƣШĦŸŰƣċŔŰШċШƓƖĲĦŔƚĲШŔŰŉŸƖůċƣŔŸŰШ
ŉŸƖШĲƻĲƖǃШƚċƣĲũũŔƣĲШƣƖċĦťĲĬШĤǃШƣőĲШ] ÉÉШƖĲĦĲŔƻĲƖШŸŰШ ]7ΞЮШÑőŔƚШũĲĬШƣŸШƖĲŢĲĦƣШƣőĲƚĲШƚċƣĲũũŔƣĲƚШ
ŉƖŸůШƓŸƚŔƣŔŸŰŔŰŊЯШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΤЮΠЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƚŸůĲШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ƽĲƖĲШƖĲŢĲĦƣĲĬШĬƨĲШƣŸШƣőĲШċĤƚĲŰĦĲШŸŉШƣőĲŔƖШĦũŸĦťШĬċƣċЯШƽőŔĦőШƽċƚШĦċƨƚĲĬШĤǃШĦǃĦũĲШƚũŔƓЯШċƚШ
ƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΤЮΠЮШ 

 

Figure 7.4 Sample of the debug trace file of 15-sat from case 1, showing four selected satellites 
were rejected. The first satellite (42) was excluded due to the absence of precise information, while 

the remaining were removed due to an ephemeris outage (i.e., cycle slip). 
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[ƨƖƣőĲƖůŸƖĲЯШƚŸůĲШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШċƚШƣőĲǃШƽĲƖĲШŸƨƣũŔĲƖƚЯШċƚШƚőŸƽŰШ
ŔŰШ[ŔŊƨƖĲШΤЮΡЮШfŰШÅÑuxf7ЯШÂÂÂШŸƨƣũŔĲƖƚШĬĲƣĲƖůŔŰĲШĤǃШƓƖĲрǯƣШċŰĬШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚќШƣĲƚƣƚШяΞΟΜѐЮШ
Å f~ШċŰĬШu[fÑcШċƖĲШŸŰũǃШĲũŔůŔŰċƣŔŰŊШƣőĲШƓƖĲрǯƣШŸƨƣũŔĲƖƚШяΝΝΦЯΞΟΝѐЮШÉŔŰĦĲШÅ f~ШċŰĬШu[fÑcШ
ƽĲƖĲШĬŔƚċĤũĲĬШŔŰШĦċƚĲƚШΝШċŰĬШΞЯШƣőĲШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬШƽċƚШƣőĲШůċŔŰШƖĲċƚŸŰШŉŸƖШ
ƣőĲƚĲШŸƨƣũŔĲƖƚќШƖĲŢĲĦƣŔŸŰШы[ŔŊƨƖĲШΤЮΡьЮШfŰШĦċƚĲƚШΡШтШΥЯШì]?§ÂШƚĲũĲĦƣŔŸŰШƽĲƖĲШŔůƓũĲůĲŰƣĲĬШ
ƣőĲШũċƚƣЯШċŉƣĲƖШÅ f~ШŸƖШÅ f~рu[fÑcЮШ ĲƻĲƖƣőĲũĲƚƚЯШŉĲƽШŰƨůĤĲƖƚШŸŉШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШ
ŉƖŸůШƓŸƚŔƣŔŸŰŔŰŊЯШũĲċĬŔŰŊШƣŸШ§Â ƻċШƖĲĬƨĦƣŔŸŰЮШÑőŔƚШĦċŰШĤĲШĦũĲċƖũǃШƚĲĲŰШŔŰШƣőĲШƚĲũĲĦƣĲĬШΣШċŰĬШ
ΤШƚċƣĲũũŔƣĲƚЮШìőĲŰШÅ f~ШċŰĬШÅ f~рu[fÑcШƚĲũĲĦƣŔŸŰШƽĲƖĲШƓĲƖŉŸƖůĲĬЯШĤŸƣőШƓĲƖрǯƣШċŰĬШƓŸƚƣрǯƣШ
ƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬƚШƽĲƖĲШŔůƓũĲůĲŰƣĲĬЯШũĲċĬŔŰŊШƣŸШĲǂĦũƨĬĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƽŔƣőШƽĲċťШ
ůĲċƚƨƖĲůĲŰƣƚЮШcŸƽĲƻĲƖЯШŉĲƽШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШĬƨĲШƣŸШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚШċŊċŔŰШċŉƣĲƖШ
ì]?§ÂШƚĲũĲĦƣŔŸŰЮШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШƚƣċƣƨƚШŸŉШƚċƣĲũũŔƣĲШĬċƣċШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШĦőċŰŊĲШ
ċŉƣĲƖШì]?§ÂШƚĲũĲĦƣŔŸŰЯШƚƨĦőШċƚШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲШůĲċƚƨƖĲůĲŰƣƚЮШfŰШĦċƚĲƚШΦШċŰĬШΝΜЯШ
ƣőĲШƚĲũĲĦƣŔŸŰШŸŉШÅ f~ЯШu[fÑcЯШċŰĬШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬШƽĲƖĲШŔůƓũĲůĲŰƣĲĬШĤĲŉŸƖĲШċŰĬШ
ċŉƣĲƖШì]?§ÂЮШÉŔůŔũċƖũǃЯШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƽĲƖĲШĲǂĦũƨĬĲĬШĤǃШƣőĲШċŉƣĲƖШƚĲũĲĦƣŔŸŰШŸŉШÅ f~ЯШ
u[fÑcЯШċŰĬШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬШĬƨĲШƣŸШƣőĲШĦőċŰŊĲШŸŉШƚċƣĲũũŔƣĲШƚƣċƣƨƚЮШÑőĲШƓŸƚƣрǯƣШ
ƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬШŔƚШċǭĲĦƣĲĬШĤǃШƣőĲШĦċƖƖŔĲƖШƓőċƚĲШĲƖƖŸƖƚЯШƽőŔĦőШƽċƚШΜЮΜΜΟЮШÑőĲШĦċƖƖŔĲƖШ
ƓőċƚĲШĲƖƖŸƖƚШŔƚШƣőĲШĤċƚĲШƣĲƖůШŸŉШĲƖƖŸƖƚШŸŉШĦċƖƖŔĲƖШƓőċƚĲШяΝΝΥѐЮШfŰĦƖĲċƚŔŰŊШŔƣƚШƻċũƨĲШƽŔũũШ
ŔŰĦƖĲċƚĲШƣőĲШƓŸƚƣрǯƣШƖĲƚŔĬƨċũƚќШƣőƖĲƚőŸũĬШċŰĬШƓƖĲƻĲŰƣШƚċƣĲũũŔƣĲƚШƖĲĬƨĦƣŔŸŰЮШ[ŔŊƨƖĲШΤЮΣШƚőŸƽƚШ
ƣőĲШŰƨůĤĲƖШŸŉШƨƚĲĬШƚċƣĲũũŔƣĲƚШŔŰШƓŸƚŔƣŔŸŰŔŰŊШƽőĲŰШƨƚŔŰŊШΜЮΜΜΟШċŰĬШΜЮΜΜΣШůĲƣĲƖƚШŸŉШĦċƖƖŔĲƖШ
ƓőċƚĲШŸĤƚĲƖƻċƣŔŸŰƚШƻċƖŔċƣŔŸŰЮШfƣШƓƖĲƚĲŰƣƚШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƨƚĲƚШŔŰШƓŸƚŔƣŔŸŰŔŰŊШŸƻĲƖШ
ΞΠШőŸƨƖƚШŸƨƣШŸŉШΣШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŉƖŸůШĦċƚĲШΤЯШƽőŔĦőШőċƚШƣőĲШũċƖŊĲƚƣШƚċƣĲũũŔƣĲШƖĲĬƨĦƣŔŸŰШ
ċůŸŰŊШƣőĲШũċƚƣШŉŸƨƖШĦċƚĲƚЮШ 

 

Figure 7.5 Sample of the debug trace file of 15-ƚċƣЮŉƖŸůЮĦċƚĲЮΤеЮŔŰĦũƨĬŔŰŊЮƚċƣĲũũŔƣĲƚѢЮĦŸĬĲЮёÂΤђЮċŰĬЮ
phase (L1) residuals. Satellite 36 was rejected because its phases residual was considered an 

outlier. 
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Figure 7.6  Comparison of the number of satellites used for 24-hour positioning out of six selected 
satellites from case 7. Top: the carrier phase error was set to 0.003 m, bottom: the carrier phase 

error was set to 0.006 m.   

ĦĦŸƖĬŔŰŊШƣŸШÑċĤũĲШΡЮΠЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤǃШƣĲŰШĦċƚĲƚЮШ[ŔŊƨƖĲƚШΤЮΤЯШΤЮΥЯШċŰĬШΤЮΦШƚőŸƽШ
ƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШŉŸƖШċũũШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШƣĲŰШĦċƚĲƚЮШ
ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲƚШΤЮΤЯШΤЮΥЯШċŰĬШΤЮΦЯШƣőĲШŰƨůĤĲƖШŸŉШƖĲůŸƻĲĬШƚċƣĲũũŔƣĲƚШƽċƚШũċƖŊĲШŔŰШƣőĲШǯƖƚƣШ
ŉŸƨƖШĦċƚĲƚШĦŸůƓċƖĲĬШƣŸШƣőĲШŸƣőĲƖƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШůĲċŰШċŰĬШůĲĬŔċŰШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШ
ƨƚĲĬШŉŸƖШƓŸƚŔƣŔŸŰŔŰŊШƽċƚШŸŉƣĲŰШũĲƚƚШƣőċŰШƣőĲШŰƨůĤĲƖШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШĤǃШŸŰĲШƚċƣĲũũŔƣĲЮШ
ìőĲƖĲċƚШŉĲƽШŰƨůĤĲƖƚШŸŉШƚċƣĲũũŔƣĲƚШƽĲƖĲШĲǂĦũƨĬĲĬШŔŰШĦċƚĲƚШΡШƣŸШΝΜЮШÑőƨƚЯШƣőĲШĲǂċĦƣШŰƨůĤĲƖШ
ŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽċƚШůŸƚƣũǃШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊЮШ ƓċƖƣШŉƖŸůШĦċƚĲШΠЯШƣőĲШůċǂŔůƨůШ
ŰƨůĤĲƖШŸŉШũŸƚŔŰŊШƚċƣĲũũŔƣĲƚШĦċŰШƖĲċĦőШƣŸШΤШƚċƣĲũũŔƣĲƚЮШ[ŔŊƨƖĲШΤЮΝΜШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШ
ƚċƣĲũũŔƣĲƚШƨƚĲĬШŔŰШΞΠШőŸƨƖƚШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰШŸƨƣШŸŉШΝΜЯШΝΡЯШċŰĬШΞΜШƚċƣĲũũŔƣĲƚШƚĲũĲĦƣĲĬШŉƖŸůШ
ċũũШĦċƚĲƚЮШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШůŸƚƣũǃШƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШŔŰШĦċƚĲƚШΡШтШΥШĤĲĦċƨƚĲШ
ƣőĲШì]?§ÂШƚĲũĲĦƣŔŸŰШƽċƚШƣőĲШũċƚƣШƚĲũĲĦƣŔŸŰЮШ 
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Figure 7.7  Number of satellites used in the 24-hour positioning solution from the selected satellites 
with all subset sizes. The satellites are chosen by the selection cases 1,2, 3, and 4. 
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Figure 7.8 Number of satellites used in the 24-hour positioning solution from the selected satellites 
with all subset sizes. The satellites are chosen by the selection cases 5, 6, 7, and 8. 
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Figure 7.9 Number of satellites used in the 24-hour positioning solution from the selected satellites 
with all subset sizes. The satellites are chosen by the selection cases 9 and 10. 

 

Figure 7.10 Time series of number of satellites used in 24 hours positioning solution from 10, 15, 
and 20 selected satellites from the ten cases. 

ΤЮΝЮΞ ÉċƣĲũũŔƣĲШÉĲũĲĦƣŔŸŰШÉƣċƣƨƚ 

ÂŸƚŔƣŔŸŰŔŰŊШċĦĦƨƖċĦǃШŔƚШċǭĲĦƣĲĬШĤǃШƻċƖŔŸƨƚШŉċĦƣŸƖƚШƚƨĦőШċƚШƣőĲШƕƨċũŔƣǃШŸŉШƚċƣĲũũŔƣĲШŊĲŸůĲƣƖǃШ
ы]?§ÂьШċŰĬШůĲċƚƨƖĲůĲŰƣШыĦŸĬĲоƓőċƚĲьЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШƚǃƚƣĲůШŸŉШƨƚĲĬШƚċƣĲũũŔƣĲƚШĦċŰШċũƚŸШ
ċǭĲĦƣШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШĤĲŉŸƖĲШĲƻċũƨċƣŔŰŊШƣőĲШƓŸƚŔƣŔŸŰŔŰŊШƕƨċũŔƣǃШŸŉШƣőĲШ
ƚĲũĲĦƣĲĬШ ƚċƣĲũũŔƣĲƚЯШ ƣőĲŔƖШ ]?§ÂШ ċŰĬШ ì]?§ÂШ ƻċũƨĲШ ƽĲƖĲШ ĲƻċũƨċƣĲĬЮШ fŰШ ċĬĬŔƣŔŸŰЯШ ƣőĲШ
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ĦŸŰƣŔŰƨŔƣǃ  ŸŉШƣőĲШƚĲũĲĦƣĲĬШ ƚċƣĲũũŔƣĲШĦŸůĤŔŰċƣŔŸŰЯШ ƽőŔĦőШ ċǭĲĦƣŔŰŊШ ƣőĲШ ĦċƖƖŔĲƖрƓőċƚĲѣƚШ
ċůĤŔŊƨŔƣǃШƖĲƚŸũƨƣŔŸŰШƽĲƖĲШċũƚŸШŔŰƻĲƚƣŔŊċƣĲĬЮШ[ŔŰċũũǃЯШƣőĲШƚǃƚƣĲůШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽċƚШ
ĬŔƚƓũċǃĲĬЮШƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖЯШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤǃШĬŔǭĲƖĲŰƣШƚĲũĲĦƣŔŸŰШŉċĦƣŸƖƚШŔŰШƣĲŰШ
ĦċƚĲƚШċũƣőŸƨŊőШƣőĲǃШƽĲƖĲШĦőŸƚĲŰШůċŔŰũǃШĤċƚĲĬШŸŰШì]?§ÂЮШcŸƽĲƻĲƖЯШũċƖŊĲШŰƨůĤĲƖШŸŉШ
ì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШƖĲŢĲĦƣĲĬШŔŰШΣШĦċƚĲƚШыΝрΠШċƚШƽĲũũШċƚШΦШċŰĬШΝΜьЮШÑőƨƚЯШ
ƓƖĲƚĲŰƣŔŰŊШƣőĲШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚќШƚƣċƣƨƚШы]?§ÂЯШì]?§ÂЯШĦŸŰƣŔŰƨŔƣǃЯШƚċƣĲũũŔƣĲШ
ƚǃƚƣĲůьШŔƚШůĲċŰŔŰŊũĲƚƚШŉŸƖШƣőĲƚĲШĦċƚĲƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШƚƣċƣƨƚШŸŉШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШ
ƽċƚШƚőŸƽŰШŸŰũǃШŉŸƖШƣőĲШŉŸƨƖШĦċƚĲƚШΡШƣŸШΥЯШƽőĲƖĲШƣőĲШì]?§ÂШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШůŸƚƣũǃШ
ƨƚĲĬШŔŰШƓŸƚŔƣŔŸŰŔŰŊШƚŸũƨƣŔŸŰЮШ 

тΦмΦнΦм ]?§Âоì]?§Â 
ÑőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣƚШŸŉШΣШƣŸШůċǂрŸĤƚĲƖƻĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШŉŸƖШΞΥΥΜШĲƓŸĦőƚЯШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШΝШĲƓŸĦőШƓĲƖШΟΜрƚĲĦШŔŰƣĲƖƻċũЯШŉŸƖШƣőĲШΞΠШőŸƨƖƚЮШÑőĲШƕƨċũŔƣǃШŸŉШì]?§ÂШ
ŔůƓƖŸƻĲƚШċƚШŔƣƚШƻċũƨĲШĬĲĦƖĲċƚĲƚЯШĤƨƣШŰŸШƚƣċŰĬċƖĬƚШŔŰĬŔĦċƣĲШőŸƽШŊŸŸĬШƣőĲШì]?§ÂШƻċũƨĲШŔƚЮШ
ƚШċШƖĲƚƨũƣЯШƣőĲШ]?§ÂШƻċũƨĲШŸŉШƣőĲШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШƽĲƖĲШƓƖĲƚĲŰƣĲĬШŔŰШ[ŔŊƨƖĲШΤЮΝΝЮ   

 

[ŔŊƨƖĲШΤЮΝΝШ~ĲċŰЮċŰĬЮƚƣċŰĬĲƖЮĬĲƻŔċƣŔŸŰЮŸŉЮƣőĲЮ]?§ÂЮċŰĬЮì]?§ÂЮŸŉЮƣőĲЮƚĲũĲĦƣĲĬЮƚċƣĲũũŔƣĲƚЮƽŔƣőЮċũũЮ
ƓŸƚƚŔĤũĲЮƚƨĤƚĲƣЮƚŔǍĲƚЮŉŸƖЮΥΧЮőŸƨƖƚЮ] ÉÉЮĬċƣċЮёΦΣЮƚĲĦЮŔŰƣĲƖƻċũђЮĦŸũũĲĦƣĲĬЮŸƻĲƖЮ ]7ΥЮŸŰЮΥΣЮ
ÉĲƓƣĲůĤĲƖЮΥΣΥΤдЮÑőĲЮƻċũƨĲЮŸŉЮƚĲũĲĦƣĲĬЮƚċƣĲũũŔƣĲЮŉƖŸůЮĦċƚĲƚЮΨеЮΩеЮΪЮċŰĬЮΫЮċƖĲЮŸŰũǃЮƓƖĲƚĲŰƣĲĬд 
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[ŔŊƨƖĲШΤЮΝΝЯШƓƖĲƚĲŰƣƚШƣőĲШůĲċŰШċŰĬШƣőĲШƚƣċŰĬĲƖШĬĲƻŔċƣŔŸŰШыƚƣĬьШŸŉШì]?§ÂШċŰĬШ]?§ÂШŉŸƖШƣőĲШ
ƚĲũĲĦƣĲĬШƚƨĤƚĲƣƚШŸŉШƚŔǂШƣŸШůċǂŔůƨůШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŸĤƚĲƖƻĲĬЮШfŰШƣőĲШƚĲũĲĦƣŔŸŰШĦċƚĲƚШыΡШ
тШΥьЯШƣőĲШċƻĲƖċŊĲШċŰĬШƚƣĬШŸŉШ]?§ÂШċŰĬШì]?§ÂШőċƻĲШċШƚŔůŔũċƖШƓċƣƣĲƖŰШċƚШƣőĲǃШŔůƓƖŸƻĲШ
ыĬĲĦƖĲċƚĲьШƽŔƣőШƣőĲШƚċůĲШƖċƣĲШċƚШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲƚЮ  ũƣőŸƨŊőШƚċƣĲũũŔƣĲШĬċƣċШ
ƽĲƖĲШĬŔǭĲƖĲŰƣШŔŰШĲċĦőШĦċƚĲЯШƣőĲШċƻĲƖċŊĲШċŰĬШƚƣĬШŸŉШ]?§ÂШċŰĬШì]?§ÂШŉŸƖШƣőĲШƚċůĲШŰƨůĤĲƖШ
ŸŉШƚċƣĲũũŔƣĲƚШċƖĲШċũůŸƚƣШƣőĲШƚċůĲШŔŰШĦċƚĲƚШΡЯШċŰĬШΣЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШƽċƚШƣőĲШƚċůĲШŔŰШĦċƚĲƚШΤЯШ
ċŰĬШΥЮШÑŸШŔũũƨƚƣƖċƣĲЯШŔŰШĦċƚĲƚШΡШċŰĬШΣЯШƣőĲШċƻĲƖċŊĲШƻċũƨĲШŸŉШ]?§ÂШċŰĬШì]?§ÂШŉŸƖШƣőĲШŸƓƣŔůċũШ
ƚƨĤƚĲƣƚШŸŉШΣШƣŸШΟΜоΟΝШƚċƣĲũũŔƣĲƚШĬĲĦƖĲċƚĲШŉƖŸůШċĤŸƨƣШΝЮΥШƣŸШΝЮΝШċŰĬШŉƖŸůШΜЮΞΤШƣŸШΜЮΝΣЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШĦċƚĲƚШΤШċŰĬШΥЯШƣőĲШċƻĲƖċŊĲШƻċũƨĲШŸŉШ]?§ÂШċŰĬШì]?§ÂШŉŸƖШƣőĲШŸƓƣŔůċũШ
ƚƨĤƚĲƣƚШŸŉШΣШƣŸШΞΟШĬĲĦƖĲċƚĲШŉƖŸůШċĤŸƨƣШΞЮΡШƣŸШΝЮΡШċŰĬШŉƖŸůШΜЮΟΤШƣŸШΜЮΞΞЯШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШ
ƣĲƖůƚШŸŉШ]?§ÂШċŰĬШì]?§ÂШƚƣĬЯШŔƣШƽċƚШůŸƚƣũǃШƣőĲШƚċůĲШŉŸƖШĦċƚĲƚШΡШċŰĬШΣЯШċƚШƽĲũũШċƚШŉŸƖШ
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Figure 7.12 The number and the rate of continuous selection epochs from the selection cases 5, 6, 
7, and 8 using 24 hours GNSS data collected on 20 September 2021. 
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Figure 7.13 Comparison of selecting 8 satellites with (left) and without (right) considering the time 
difference between satellite systems.  
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ĤĲƣƣĲƖШƽőĲŰШŔƣШĬĲĦƖĲċƚĲƚЮШÑőƨƚЯШƣőĲШǯƣŰĲƚƚШŸŉШĦƨƖƖĲŰƣШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШŔƚШĤĲƣƣĲƖШ
ƣőċŰШƣőĲШŸũĬШŔŉШƣőĲШƚƨĤƣƖċĦƣŔŸŰШƖĲƚƨũƣШŔƚШƓŸƚŔƣŔƻĲШċŰĬШƻŔĦĲШƻĲƖƚċЮ 
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Figure 7.14 9ŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮƣőĲЮĦƨƖƖĲŰƣЮċŰĬЮƓƖĲƻŔŸƨƚЮĲƓŸĦőƚѢЮŸƓƣŔůċũЮƚƨĤƚĲƣ of 15 selected 
satellites in their WGDOP value, using ƣőĲЮĦƨƖƖĲŰƣЮĲƓŸĦőѢƚЮƚċƣĲũũŔƣĲЮŔŰŉŸƖůċƣŔŸŰдЮÑőĲЮì]?§ÂЮƻċũƨĲЮ
ŸŉЮƣőĲЮĦƨƖƖĲŰƣЮĲƓŸĦőѢƚЮŸƓƣŔůċũЮƚċƣĲũũŔƣĲЮƚƨĤƚĲƣЮƽċƚЮƚƨĤƣƖċĦƣĲĬЮŉƖŸůЮƣőċƣЮŸŉЮƣőĲЮƓĲƖƻŔŸƨƚЮĲƓŸĦőд  

ĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΤЮΝΠЯШƣőĲШĦƨƖƖĲŰƣШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĦőċŰŊĲĬШŉƖŸůШƣőĲШ
ƓƖĲƻŔŸƨƚШĬƨĲШƣŸШŉŸƨƖШƖĲċƚŸŰƚаШ 

Νь ũŸƚŔŰŊШƓƖĲƻŔŸƨƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШ 

Ξь ƖĲĬƨĦƣŔŸŰШƣőĲШǯƣŰĲƚƚШŸŉШƓƖĲƻŔŸƨƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣЯШ 

Οь ƖĲƓũċĦŔŰŊШƓƖĲƻŔŸƨƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШċŰШĲƕƨŔƻċũĲŰƣШŸŰĲЯШ 

Πь ůŔƚƚрƚĲũĲĦƣŔŸŰЮШ 

ÑőĲШƓƖĲƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШůŔƚƚŔŰŊШŔŰШƣőĲШũċƣĲƖШĲƓŸĦőЯШũĲċĬŔŰŊШƣŸШ
ĦőŸŸƚĲШċŰŸƣőĲƖШƚƨĤƚĲƣШċƚШƣőĲШŸƓƣŔůċũЮШÉŔŰĦĲШŰĲƽШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĦċŰШĤĲШĦƖĲċƣĲĬШĤǃШ
ĦőċŰŊŔŰŊШŸŰĲШƚċƣĲũũŔƣĲШŔŰШċШƚƨĤƚĲƣЯШũŸƚŔŰŊШƓƖĲƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШĦċŰШĤĲШĬƨĲШƣŸШ
ƣőĲШũŸƚƚШŸŉШŸŰĲШƚċƣĲũũŔƣĲЮШÑőƨƚЯШƣőĲШŰĲƽШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĦŸƨũĬШĬŔǭĲƖШŉƖŸůШƣőĲШƓƖĲƻŔŸƨƚШ
ĤǃШŸŰũǃШŸŰĲШƚċƣĲũũŔƣĲЮШ§ƻĲƖШƚĲũĲĦƣŔŸŰЯШƣőĲШƓĲƖƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШ
ůŔƚƚŔŰŊШũĲƚƚШƣőċŰШΝΜӖШŔŰШĦċƚĲƚШΡШċŰĬШΤЯШƽőŔũĲШŔƣШƽċƚШċƖŸƨŰĬШΞΜШӖШŔŰШĦċƚĲƚШΣШċŰĬШΥЮШu[fÑcШ
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ƽċƚШċƓƓũŔĲĬШŔŰШĤŸƣőШĦċƚĲƚШΣШċŰĬШΥЮШÑőŔƚШĦŸƨũĬШĤĲШƣőĲШůċŔŰШƖĲċƚŸŰШƽőǃШƣőĲШůŔƚƚŔŰŊШƖċƣĲШŸŉШƣőĲШ
ƓƖĲƻŔŸƨƚШƚƨĤƚĲƣШŸŉШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔŰĦƖĲċƚĲĬШƣŸШċĤŸƨƣШΝΜӖЮ 

ШÉċƣĲũũŔƣĲƚШƣƖċƻĲũШŸƻĲƖШƣŔůĲЯШũĲċĬŔŰŊШƣŸШĦőċŰŊĲШƣőĲŔƖШũŸĦċƣŔŸŰШċŰĬШƚŔŊŰċũШƓŸƽĲƖШƣőƖŸƨŊőШƣŔůĲЮШ
ÑőƨƚЯШƣőĲШǯƣŰĲƚƚШыì]?§ÂьШƻċũƨĲШŸŉШƣőĲШƚċůĲШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƻċƖŔĲƚШŸƻĲƖШƣŔůĲЮШÑőĲШǯƣŰĲƚƚШ
ыì]?§ÂьШŸŉШƓƖĲƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШŰŸƣШƣőĲШĤĲƚƣШŔŰШƣőĲШũċƣĲƖШĲƓŸĦőЯШ
ƚŸШċŰŸƣőĲƖШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽŔƣőШĤĲƣƣĲƖШǯƣŰĲƚƚШƽċƚШĦőŸƚĲŰШƣőĲШŸƓƣŔůċũЮШÑőŔƚШŸĦĦƨƖƖĲĬШůŸƚƣШ
ŸŉШƣőĲШƣŔůĲШĬƨƖŔŰŊШƣőĲШƚĲũĲĦƣŔŸŰШŔŰШĦċƚĲƚШΡШċŰĬШΣЯШċƚШŔƣШőċƓƓĲŰĲĬШůŸƖĲШƣőċŰШΠΠӖЮШfŰШƣőĲШŸƣőĲƖШ
ƣƽŸШĦċƚĲƚШΤШċŰĬШΥЯШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĦőċŰŊĲƚШŉƖŸůШƣőĲШƓƖĲƻŔŸƨƚШĬƨĲШƣŸШĬĲĦƖĲċƚĲШ
ƚƨĤƚĲƣШǯƣŰĲƚƚШƽŔƣőШũĲƚƚШƖċƣĲШΞΣЮΟШċŰĬШΞΥЮΡӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőŔƚШŔƚШĬƨĲШƣŸШƣőĲШƨƚĲШŸŉШċШΝΡ҄Ш
ĲũĲƻċƣŔŸŰШůċƚťШŔŰШĦċƚĲƚШΤШċŰĬШΥЯШƽőĲƖĲШƚċƣĲũũŔƣĲƚШƽŔƣőШũŸƽШĲũĲƻċƣŔŸŰШċŰŊũĲƚЯШƽőŔĦőШċƖĲШůŸƖĲШ
ƻƨũŰĲƖċĤũĲШƣŸШůƨũƣŔƓċƣőШċŰĬШċƣůŸƚƓőĲƖŔĦШĲƖƖŸƖƚЯШƽĲƖĲШŰŸƣШĦŸŰƚŔĬĲƖĲĬЮШ 

ÉŔŰĦĲШ ƚċƣĲũũŔƣĲƚШ ƽĲƖĲШƚĲũĲĦƣĲĬШ ĤċƚĲĬШ ŸŰШ ì]?§ÂШ ƽŔƣőŸƨƣШ ĦŸŰƚŔĬĲƖŔŰŊШ ĦŸŰƣŔŰƨŔƣǃЯШ ƣőĲШ
ƓƖĲƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШƖĲƓũċĦĲĬШĤǃШċŰŸƣőĲƖШƚƨĤƚĲƣШőċƚШċŰШĲƕƨŔƻċũĲŰƣШ
ǯƣŰĲƚƚШыì]?§ÂьШƻċũƨĲЮШШÑőŔƚШŸĦĦƨƖƖĲĬШŸŰũǃШŔŰШĦċƚĲƚШΡШċŰĬШΣШƽŔƣőШŉĲƽШƖċƣĲƚШыΜЮΝӖьЮШ 

[ŔŰċũǃЯШƣőĲШĦƨƖƖĲŰƣШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƽĲƖĲШůŔƚƚрƚĲũĲĦƣĲĬЮШ ũƣőŸƨŊőШƣőĲШƓƖĲƻŔŸƨƚШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣШőċĬШĤĲƣƣĲƖШǯƣŰĲƚƚШыì]?§ÂьШƻċũƨĲЯШũĲƚƚШƕƨċũŔƣǃШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƽċƚШĦőŸƚĲŰШ
ċƚШƣőĲШŸƓƣŔůċũЮШ§ƻĲƖШƚĲũĲĦƣŔŸŰЯШƣőŔƚШőċƓƓĲŰĲĬШΝΡЮΞӖЯШΤЮΦӖЯШΝЮΟӖЯШċŰĬШΝЮΝӖШŔŰШĦċƚĲƚШΡШтШΥЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШůċŔŰШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШĲǭŔĦŔĲŰĦǃШŸŉШƚĲũĲĦƣŔŸŰШƣĲĦőŰŔƕƨĲЯШŔЮĲЮЯШŸƓƣŔůŔǍċƣŔŸŰШ
ċũŊŸƖŔƣőůШы 79ьЮШÑőĲШƖċƣĲШŸŉШůŔƚƚрƚĲũĲĦƣŔŸŰШƽċƚШƚŔŊŰŔǯĦċŰƣũǃШũŸƽĲƖШŔŰШƣőĲШũċƚƣШƣƽŸШĦċƚĲƚШΤШ
ċŰĬШΥШĤĲĦċƨƚĲШƣőĲШƚĲũĲĦƣŔŸŰШĬŔǭŔĦƨũƣǃШƽċƚШũĲƚƚЮШfŰШĤŸƣőШĦċƚĲƚШΝΡрĬĲŊƖĲĲШĲũĲƻċƣŔŸŰШůċƚťШƽċƚШ
ƨƚĲĬШƣőŔƚШũĲċĬШƣŸШƖĲĬƨĦĲШƣőĲШƣŸƣċũШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚЯШĦŸŰƚĲƕƨĲŰƣũǃЯШĬĲĦƖĲċƚĲШƣőĲШƚĲũĲĦƣŔŸŰШ
ĬŔǭŔĦƨũƣǃЮШ 

ƚШůĲŰƣŔŸŰĲĬШĲċƖũŔĲƖЯШƣőĲШƓƖĲƻŔŸƨƚШĲƓŸĦőќƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШĦŸƨũĬШĤĲШũŸƚƚШċŰĬШ
ĦőċŰŊĲШĤǃШŸŰĲШƚċƣĲũũŔƣĲЮШ[ŔŊƨƖĲШΤЮΝΡШƚőŸƽƚШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŔŰШƚƨĤƚĲƣШƣőċƣШĬŔǭĲƖШŉƖŸůШ
ƣőĲШƓƖĲƻŔŸƨƚШĲƓŸĦőѣƚШŸƓƣŔůċũШƚċƣĲũũŔƣĲƚШƚƨĤƚĲƣЮШĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΤЮΝΡЯШƣőĲШŰƨůĤĲƖШŸŉШ
ĦőċŰŊĲĬШƚċƣĲũũŔƣĲƚШŔŰШƣőĲШŉŸƨƖШĦċƚĲƚШŔƚШċĤŸƨƣШƣőĲШƚċůĲЮШfƣШŔƚШŊĲŰĲƖċũũǃШŰŸШůŸƖĲШƣőċŰШΞШŔŰШċũũШ
ŉŸƨƖШĦċƚĲƚЮШÑőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШĦőċŰŊĲĬШƚċƣĲũũŔƣĲƚШŔƚШċƖŸƨŰĬШΥШƚċƣĲũũŔƣĲƚШŉŸƖШƣőĲШůŸƚƣШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƚŔǍĲƚШŔŰШƣőĲШŉŸƨƖШĦċƚĲƚЮШ 

 ŸŰĲƣőĲũĲƚƚЯШƣőĲШŰƨůĤĲƖШŸŉШĦőċŰŊĲĬШƚċƣĲũũŔƣĲƚШŔŰШĦċƚĲƚШΡШċŰĬШΣШŔƚШƚũŔŊőƣũǃШőŔŊőĲƖШƣőċŰШƣőċƣШ
ŔŰШĦċƚĲƚШΤШċŰĬШΥШĤǃШŉĲƽШƚċƣĲũũŔƣĲƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШůĲċŰШŰƨůĤĲƖШŸŉШĦőċŰŊĲĬШƚċƣĲũũŔƣĲƚШŸŉШΝΟШ
ƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔƚШΟЯШΞЯШΝЯШċŰĬШΝШŔŰШĦċƚĲƚШΡЯШΣЯШΤЯШċŰĬШΥЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШůċǂŔůƨůШŰƨůĤĲƖШ
ŸŉШĦőċŰŊĲĬШƚċƣĲũũŔƣĲƚШŸŉШΝΟШƚĲũĲĦƣĲĬШƚċƣĲũũŔƣĲƚШŔƚШΝΜЯШΝΜЯШΣЯШċŰĬШΤШŔŰШŔŰШĦċƚĲƚШΡЯШΣЯШΤЯШċŰĬШΥЯШ
ƖĲƚƓĲĦƣŔƻĲũǃЮ 
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Figure 7.15 The number of satellites changed in the selected optimal subset over selection from the 
selection cases 5, 6, 7, and 8 using 24 hours GNSS data collected on 20 September 2021. 

 

тΦмΦнΦо ÉċƣĲũũŔƣĲШÉǃƚƣĲůШÖƚĲĬ 

ÑőƖĲĲШ ƚċƣĲũũŔƣĲШ ƚǃƚƣĲůƚШ ы]ÂÉЯШ ]x§  ÉÉЯШ ċŰĬШ ]ċũŔũĲŸьШ ƽĲƖĲШ ƣƖċĦťĲĬШ ĬƨƖŔŰŊШ ƣőĲШ ĬċǃШ
ыΞΜоΜΦоΞΜΞΝьЮШ[ŔŊƨƖĲШΤЮΝΣШŔũũƨƚƣƖċƣĲƚШƣőĲШŸƻĲƖċũũШƖĲũŔċŰĦĲШŸŰШĲċĦőШƚǃƚƣĲůШƣŸШŉŸƖůШƣőĲШŸƓƣŔůċũШ
ƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŔŰШƣőĲШŉŸƨƖШƚĲũĲĦƣŔŸŰШĦċƚĲƚЮШÑőĲШǯŊƨƖĲШƓƖĲƚĲŰƣƚШƣőĲШċƻĲƖċŊĲШċŰĬШƚƣċŰĬċƖĬШ
ĬĲƻŔċƣŔŸŰШŸŉШƣőĲШŰƨůĤĲƖШŸŉШƚċƣĲũũŔƣĲƚШŉƖŸůШĲċĦőШƚǃƚƣĲůШы]ÂÉЯШ]x§  ÉÉЯШċŰĬШ]ċũŔũĲŸьШƣőċƣШ
ƽĲƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШŸƓƣŔůċũШƚƨĤƚĲƣƚШŸƻĲƖШΞΥΥΜШĲƓŸĦőƚЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШŔŰĬŔĦċƣĲƚШƣőĲШ
ƓĲƖĦĲŰƣċŊĲШŸŉШƨƚŔŰŊШƣőĲШƚċƣĲũũŔƣĲШƚǃƚƣĲůШƣŸШŉŸƖůШƣőĲШŸƓƣŔůċũШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШŸƻĲƖШƣőĲШƣŸƣċũШ
ŰƨůĤĲƖШŸŉШĲƓŸĦőƚШыƚĲũĲĦƣŔŸŰьШŉŸƖШĲċĦőШƚċƣĲũũŔƣĲШƚƨĤƚĲƣШƚŔǍĲЮШÑőĲШĦŸŰƣƖŔĤƨƣŔŸŰШŸŉШƣőĲШƚċƣĲũũŔƣĲШ
ƚǃƚƣĲůШĦŸŰƚŔĬĲƖĲĬШĤǃШŸŰĲШƚċƣĲũũŔƣĲЮ 










































































































































































