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ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʨʠʝʤʥʠʢʘ ʚ ʩʠʩʪʝʤʝ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝ-

ʥʠʝʤ ʩʬʝʨ ʦʪ ʨʘʟʥʳʭ ʩʧʫʪʥʠʢʦʚ. ʈʘʜʠʫʩʳ ʩʬʝʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʪʦʯʥʦ ʠʟ-ʟʘ ʠʦʥʦʩʬʝʨʥʦʡ ʠ 

ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʝʢ, ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʵʬʬʝʢʪʘ ʧʨʠʝʤʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɹʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʨʨʝʢʮʠʡ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 30-50ʤʝʪʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʠʦʥʦ-

ʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ IONEX ʦ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʩʬʝʨʳ. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʨʚʝʨʘʭ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʠʥʝʨʮʠʘʣʴʥʳʝ MEMS-ʜʘʪʯʠʢʠ (ʘʢʩʝʣʝʨʦʤʝʪʨ, ʛʠʨʦʩʢʦʧ, ʤʘʛʥʠʪʦʤʝʪʨ). ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ɼʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ ʧʨʠʙʦʨʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ. 
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ʢʦʚ. 
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Location of the receiver in the GNSS is calculated by the intersection of the spheres from different 

satellites. The radii of the spheres are determined inaccurately because of the ionospheric and tropo-

spheric delays, the relativistic effect, the effect of the reception of the reflected signal, and other factors. 

Without any corrections positioning accuracy is about 30-50 meters. Here considered the model which 

takes into account the maximum number of additional data for error corrections. For ionospheric delay 

correction ionosphere state data IONEX is used, for satellite positions and clock errors corrections pre-

cise satellite ephemeris (final ephemerides) are used. All used data is stored on the international servers. 

For positioning accuracy increasing inertial sensors MEMS-sensors (accelerometer, gyroscope, magne-

tometer) are used. The kinematical point precise positioning method is considered in this paper. To 

minimize errors of satellite navigation devices and inertial sensors Kalman filter is used. 
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ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʩʦʜʝʨʞʠʪ ʥʝ ʤʝʥʝʝ 24 ʩʧʫʪʥʠʢʦʚ. 

ʉʧʫʪʥʠʢʠ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʜʘʶʪ ʧʘʢʝʪʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʢʦʜʠʨʦʚʘʥʦ ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ 

ʠ ʢʦʦʨʜʠʥʘʪʳ ʩʧʫʪʥʠʢʘ ʚʦ ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʘ 

- ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʘʢʝʪʘ ʧʨʠʝʤʥʠʢ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʚʳʯʠʪʘʷ ʠʟ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ. 

ɿʥʘʯʠʪ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʧʫʪʥʠʢʘ (ʚ ʤʦʤʝʥʪ ʦʪʧʨʘʚʢʠ) ʜʦ ʧʨʠʸʤʥʠʢʘ (ʚ ʤʦʤʝʥʪ 

ʧʦʣʫʯʝʥʠʷ) ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʩʢʦʨʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʝʤʥʠʢ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʣʶʙʦʡ ʪʦʯʢʝ ʩʬʝʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʜʠʫʩʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯ-

ʢʝ, ʛʜʝ ʥʘʭʦʜʠʣʩʷ ʩʧʫʪʥʠʢ ʚʦ ʚʨʝʤʷ ʦʪʧʨʘʚʢʠ. ɽʩʣʠ ʜʦʙʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩʦ 

ʚʪʦʨʦʛʦ ʩʧʫʪʥʠʢʘ, ʪʦ ʧʨʠʝʤʥʠʢ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʩʬʝʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʠʚ ʝʱʝ ʦʜʠʥ ʠʟʣʫʯʘʪʝʣʴ, ʤʳ ʥʘʡʜʸʤ ʪʦʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. 

 

 
ʈʠʩ. 1. ʃʠʥʝʡʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʟʘʩʝʯʢʘ 

 

 

ʆʜʥʘʢʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘʡʪʠ ʪʦʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ ʧʨʠʸʤʥʠʢʘ ʥʘʡʜʝʥʦ 

ʥʝ ʪʦʯʥʦ: ʚ ʧʦʜʩʯʸʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʥʝʫʯʪʸʥʥʳʝ ʦʰʠʙʢʠ ʠ ʟʘʜʝʨʞʢʠ. 

ʇʦʜ ʦʰʠʙʢʦʡ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʩʜʚʠʛ ʢʦʦʨʜʠʥʘʪ ʩʧʫʪʥʠʢʘ ʠʣʠ 

ʯʘʩʦʚ ʧʨʠʸʤʥʠʢʘ ʠ ʩʧʫʪʥʠʢʦʚ. ɿʘʜʝʨʞʢʘ ī ʵʪʦ ʦʰʠʙʢʘ, ʧʦ ʧʨʠʯʠʥʝ ʢʦʪʦʨʦʡ ʠʟ-

ʤʝʥʠʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʫʯʘʩʪʢʝ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ 

ʧʨʠy ʤʥʠʢʘ.  

ʅʘ ʨʠʩ. 2 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʦʰʠʙʢʠ ʠ ʠʭ ʧʦʨʷʜʢʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʰʠʙʢʘʭ ʠ ʤʝʪʦʜʘʭ ʠʭ ʠʩʢʣʶʯʝʥʠʡ ʤʦʞʥʦ ʥʘʡʪʠ, ʢ ʧʨʠʤʝʨʫ, ʚ 

[1, 2]. 
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ʈʠʩ. 2.  ʆʰʠʙʢʠ ʠ ʠʭ ʧʦʨʷʜʢʠ 

 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ [3]. ʆʩ-

ʥʦʚʥʳʝ ʠʜʝʠ ʵʪʦʛʦ ʤʝʪʦʜʘ:  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ [4, 5] ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʝʨʠʠ ʥʘʙʣʶ-

ʜʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ; 

- ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʴʶʪʦʥʦʚʩʢʫʶ ʤʝʭʘʥʠʢʫ; 

- ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʧʨʠʙʦʨʘ ʩʦ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʧʨʠʸʤʥʠʢʘ (ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ) ʠ ʜʘʥʥʳʝ ʩ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ;  

- ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ʙʫʜʝʪ ʚ ʩʝʙʷ ʚʢʣʶʯʘʪʴ 15 ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ: ʢʦʦʨ-

ʜʠʥʘʪʳ, ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ, ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʠ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ;  

- ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʚ ʩʝʙʷ ʚʢʣʶʯʘʪʴ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ, ʫʛ-

ʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ;  

- ʢʦʚʘʨʠʘʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʙʫʜʫʪ ʜʠʘʛʦʥʘʣʴʥʳʤʠ, ʪ.ʢ. ʚʩʝ ʚʝʣʠʯʠʥʳ ʩʯʠ-

ʪʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʙʣʠʦʪʝʢʠ GPSTk, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʩʝ ʧʘʨʘʤʝʪ-

ʨʳ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ [6]. ʇʩʝʚʜʦʜʘʣʴʥʦʩʪʠ ʚ ʚʝʢʪʦʨʝ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʨʝʢʪʠʨʦʚʘ-

ʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʠ ʦʰʠʙʢʘʤʠ ʠ ʟʘʜʝʨʞʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ 

(ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ). ʀʦʥʦʩʬʝʨʥʘʷ ʟʘʜʝʨʞʢʘ ʧʦʜʩʯʠʪʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʤʦ-

ʜʫʣʷ IonexModel. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʷʪʴ ʚ ʣʶʙʦʡ ʩʧʫʪʥʠ-

ʢʦʚʦʡ ʩʠʩʪʝʤʝ, ʪ.ʢ. ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪ ʦʙʱʠʡ ʬʦʨʤʘʪ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ 

RINEX (receiver independent exchange).  

ʕʂʉʇɽʈʀʄɽʅʊʓ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʙʦʨʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴ-
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ʟʦʚʘʥ Ublox Antaris LEA-6T. ɺ ʢʘʯʝʩʪʚʝ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʙʳʣ ʠʩʧʦʣʴʟʦ-

ʚʘʥ IMU Sparkfun 9DOF (ʨʠʩ. 3 ʠ 4).  

 
ʈʠʩ. 3. ʇʨʠʸʤʥʠʢ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ Ublox AntarisLEA-6T  

ʠ ʠʥʝʨʮʠʘʣʥɹʳʡ ʜʘʪʯʠʢ Sparkfun 9DOF 

 

 

 
ʈʠʩ. 4. ʂʦʤʧʣʝʢʩ GPS+IMU, ʦʜʥʦʯʘʩʪʦʪʥʘʷ ʘʥʪʝʥʥʘ  

ʠ ʜʚʫʭʯʘʩʪʦʪʥʘʷ ʘʥʪʝʥʥʘ ʥʘ ʢʨʳʰʝ ʘʚʪʦʤʦʙʠʣʷ 

 

 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ ʜʨʫʛʦʝ ʨʝʰʝʥʠʝ ʨʘʟʥʦʩʪʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʧʨʠʸʤʥʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳ-

ʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʤʝʪʦʜʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʯʘʩʪʦʪʥʦʡ ʘʧʧʘʨʘ-

ʪʫʨʳ Trimble 5700. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ, ʟʘ-

ʷʚʣʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ 50-60 ʤʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʚʳʝʟʜ ʧʦ ʧʫʪʠ, ʜʣʠʥʦʡ 48 ʢʠʣʦʤʝʪʨʦʚ. ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪ ʨʝʰʝʥʠʷ, ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʧʨʠʸʤʥʠʢʘ, ʩʦʩʪʘʚʠʣʦ 72.2 ʩʘʥʪʠʤʝʪʨʘ. 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʰʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʮʠ-

ʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʧʨʠʸʤ-
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ʥʠʢʘ, ʩʦʩʪʘʚʠʣʦ 96.4 ʩʘʥʪʠʤʝʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  

ɺʓɺʆɼʓ: 

1. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ 
ʩʣʫʯʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʸʤ-

ʥʠʢʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ. 

2. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʜʝʚʷʪʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤʠ ʩ ʧʨʠʙʦʨʦʚ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ.  

3. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʸʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʟʝʤʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʤʝʞʝʚʘʥʠʠ ʟʝʤʝʣʴ,  ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʪʘʭʝʦʤʝʪʨʦʚ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ GPS ï ʧʨʠʝʤʥʠʢʦʚ ʚ ʨʘʡʦʥʘʭ 

ʧʣʦʪʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʢʦʛʜʘ ʟʘʪʨʫʜʥʝʥ ʧʨʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʛʥʘ-

ʣʦʚ ʦʪ ʀʉɿ, ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦ-

ʚʳʭ ʧʨʠʝʤʥʠʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʩʲʝʤʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʜʘʯʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪ-

ʥʠʢʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʠʩʪʝʤʘʭ GPS ʠ ɻʃʆʅɸʉʉ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʘʭ.  

ʇʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʦʧʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʩʲʝʤʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS ʧʨʠʝʤʥʠʢʦʚ ʠ ʪʘʭʝʦʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳ-

ʚʘʪʴ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʠʭ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʣʠʰʴ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʨʘʙʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ 

ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦ 

ʥʘʙʦʨʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʡ ʠʭ ʦʙʨʘʙʦʪʢʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. 
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ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ  ˉ 471-ʧʘ ʦʪ 25 

ʜʝʢʘʙʨʷ 2009 ʛ. ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʄʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʨ-

ʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ [1], ʘ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ˉ 608-ʧ ʦʪ 28 ʜʝʢʘʙʨʷ 

2011 ʛ. ʦʥʘ ʚʚʝʜʝʥʘ ʚ ʜʝʡʩʪʚʠʝ [2].  ʎʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʄʉʂ ʅʉʆ ʷʚʣʷʝʪʩʷ 
çʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ (ʧʨʷʤʦ ʠ 

ʦʙʨʘʪʥʦ) ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ (ʉʂ-95) ʚ ʨʝʛʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʅʦʚʦ-

ʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʛʝʦ-

ʜʝʟʠʯʝʩʢʠʭ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʤʝʞʝʚʘʥʠʠ ʟʝʤʝʣʴ, ʚʝʜʝ-

ʥʠʠ ʢʘʜʘʩʪʨʦʚ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ɻʃʆʅɸʉʉ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠè.  

mailto:alexanik88@mail.ru
mailto:nica.nsk@mail.ru
mailto:alexanik88@mail.ru
mailto:nica.nsk@mail.ru
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C 2011 ʛʦʜʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʝʪʴ ʧʦʩʪʦ-

ʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ-GPS ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʉʆ (ʜʘ-

ʣʝʝ ʇɼɹʉ-ʅʉʆ). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʘʶʪ 19 ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʫʜʘʣʝʥʠʠ ʧʨʠʤʝʨʥʦ 40-80 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ,  ʚ 

ʨʘʡʦʥʥʳʭ ʦʙʣʘʩʪʥʳʭ ʮʝʥʪʨʘʭ [3]. 

 ʕʪʠ ʜʚʘ ʩʦʙʳʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʛʨʘʥʠʮ ʟʝʤʝʣʴ-

ʥʳʭ ʫʯʘʩʪʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘ-

ʙʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʩʪʥʦʛʦ ʩʝʛʤʝʥʪʘ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝ-

ʤʳ ɻʃʆʅɸʉʉ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʅʦʚʦʩʠʙʠʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠ 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʄʉʂ ʅʉʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʦʝ ʢʦʦʨʜʠ-

ʥʘʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ, ʨʘʚʥʦ ʢʘʢ ʧʦʟʚʦʣʷʝʪ  ʜʝʣʘʪʴ ʧʝʨʝ-

ʭʦʜ ʥʘ ʝʜʠʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʥʦʚʫ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ. ʈʘʟʚʝʨʥʫʪʘʷ ʩʝʪʴ 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ-GPS ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʉʆ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ  ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʛʝʦʜʝʟʠʩʪʦʚ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʄʉʂ ʅʉʆ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, ʛʣʘʚʥʘʷ ʠʟ ʢʦʪʦʨʳʭ ʜʝ-

ʬʦʨʤʘʮʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʠ ʉʂ-95. ʉʫʱʝʩʪʚʫʶʱʠʡ ʦʛʨʦʤʥʳʡ ʪʦʧʦ-

ʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ  ʚʳʧʦʣʥʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʷʚ-

ʣʷʶʱʠʤʠʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʉʂ-42, ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʫʥʢʪʳ ʧʣʘʥʦʚʦʡ ʩʝʪʠ, ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʉʂ-42.  ʂʨʦʤʝ ʪʦʛʦ ʚ ʩʠʣʫ ʨʝ-

ʞʠʤʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʉʂ-95 ʠ ʉʂ-42, ʘ ʪʘʢʞʝ 

ʢʣʶʯʝʡ ʧʝʨʝʭʦʜʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʩʪʘʥʦʚʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʨʝʞʠʤʘ RTK ʧʨʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ. 

ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ,  

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ (ɻɻʉ).  

ʆʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ɻɻʉ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʝʚʦʜʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʢʦʦʨʜʠʥʘʪ ʢʘʢʠʭ-ʣʠʙʦ 

ʦʙʲʝʢʪʦʚ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʉʂ-42 ʚ  ʄʉʂ 

ʅʉʆ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʉʂ-95 ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʤʝʞʜʫ ʉʂ-42 ʠ 

ʉʂ-95, ʠʥʘʯʝ ʛʦʚʦʨʷ ʦʧʨʝʜʝʣʠʪʴ ʣʦʢʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʠʩʪʝʤʳ ʉʂ-42 ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʉʂ-95.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ ʜʚʫʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʪʨʝʙʫʝʪʩʷ ʥʘʣʠ-

ʯʠʝ ʧʫʥʢʪʦʚ (ʪʦʯʝʢ), ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ ʙʳʣʠ ʚʟʷʪʳ 16 ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʭ ʪʦʯʝʢ ʨʘʙʦʯʠʭ ʮʝʥʪʨʦʚ ʢʘʨʢʘʩʥʦʡ ʩʝʪʠ ʇɼɹʉ ʛʦʨʦʜʘ. ʕʪʠ ʧʫʥʢʪʳ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʧʦ ʧʝʨʠʤʝʪʨʫ ʛʦʨʦʜʘ.  ɺ ʋʧʨʘʚʣʝʥʠʠ ʈʦʩʨʝʝʩʪʨʘ ʧʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ  ʧʫʥʢʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʉʂ-42 ʠ ʉʂ-95. 

ɼʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʝ ʊʈɸʅʉʂʆʈ, ʢʦʤʧʘʥʠʠ çʂʨʝʜʦ-ɼʠʘʣʦʛè, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 
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ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʂ-42 ʠ ʉʂ-95 ʧʦ ʜʘʥʥʳʤ ʪʦʯʢʘʤ ʤʝ-

ʪʦʜʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʦʡ ʤʝʪʦʜ, ʩʦʛʣʘʩʥʦ çʈʫʢʦʚʦʜʩʪʚʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʉʂ-95è [4],  ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʤʝʥʴʰʠʤ ʦʙʱʠʤ ʩʤʝʱʝʥʠʷʤ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʥʘʠʤʝʥʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʉʂ-42 ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʉʂ-95. ʂʦʦʨʜʠʥʘʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʫʥʢʪʦʚ, ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʩʯʝʪʘ ʠ 

ʜʨʫʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʭʨʘʥʷʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʪʯʝʪʝ ʚ  ʨʝʞʠʤʥʦʤ 

ʦʪʜʝʣʝ ʆʆʆ çʅʀʎʘè. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ ʉʂ-95 ʠ ʉʂ-42 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ  

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʠ ʉʂ-95 

 

 

ʀʤʝʷ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʉʂ-42 ʠ ʉʂ-95 ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ çʥʘʧʨʷʤʫʶè ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʷʚʣʷʶ-

ʠɦʤʠʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʵʪʠʭ ɻʉʂ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʥʝ 

ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ, ʘ ʪʘʢ ʞʝ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, 

ʧʣʘʥʰʝʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʨʘʩʪʨʦʚʦʤ ʚʠʜʝ. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠ-

ʥʘʪ ʦʙʲʝʢʪʦʚ ʚ ʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʉʂ-95, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 2.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʚ 

ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʄʉʂ ʅʉʆ.  ʊʘʢ ʢʘʢ ʦʥʘ ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʉʂ-95, 

ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ɺʩʪʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ ʤʝʞʜʫ ʉʂ-

ʇʘʨʘʤʝʪʨʳ ʩʚʷ-

ʟʠ  

ʛ/ʮ ʩʠʩʪʝʤ 
 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʉɺʗɿʀ (ʜʝʬʦʨ-

ʤʘʮʠʡ) 

ʇʆ ʊʈɸʅʉʂʆʈ 
 

ʉʂ-95 
ʢʦʦʨ-ʪʳ ʧʫʥʢʪʦʚ ɸ, B, .., N 

ʉʂ-42 
ʢʦʦʨ-ʪʳ ʧʫʥʢʪʦʚ ɸ, B, .., N 
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95 ʠ ʄʉʂ ʅʉʆ. ɸʥʘʣʦʛʠʯʥʦ ʩʭʝʤʝ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʙʳʣʠ ʥʘʡʜʝʥʳ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʫʥʢʪʳ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʘ ʥʝʢʦʪʦ-

ʨʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʚʟʷʪʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʈʦʩʨʝʝʩʪʨʘ ʚ ʩʠʩʪʝ-

ʤʘʭ ʉʂ-95 ʠ ʉʂ ʅʉʆ. ʈʘʟʣʠʯʠʝ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠ-

ʥʘʪ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ (ʘ ʥʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤʠ): ʉʂ-95 ʠ ʄʉʂ ʅʉʆ. ʇʨʦʛʨʘʤʤ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʊʈɸʅʉʂʆʈ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʛʦʪʫ ʦʩʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ 

ʠ ʩʜʚʠʛ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʥʘʯʘʣʘ ʄʉʂ ʅʉʆ. ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ [1], 

ʠʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʘʤʠ ʧʝʨʝʭʦʜʘ ʢ ʄʉʂ ʅʉʆ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʇʦʩʪʘʥʦʚʣʝʥʠʠ  ʫʢʘʟʘʥʦ, ʯʪʦ ʄʉʂ ʅʉʆ ʨʘʟʜʝʣʝʥʘ ʥʘ 4 ʦʜʠʥʘʢʦʚʳʝ ʪʨʝʭʛʨʘ-

ʜʫʩʥʳʝ ʟʦʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʜʚʠʛʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʥʘʯʘʣʘ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, 

ʪʦ ʙʝʟ ʪʨʫʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩ ʉʂ-95 ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʟʦʥ. 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʉʂ-42  

ʚ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʉʂ-95 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʤʝʷ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ʢʦʦʨʜʠʥʘʪʳ 

ʧʫʥʢʪʦʚ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʉʂ-42, ʤʳ ʤʦʞʝʤ ʧʝʨʝʚʝʩ-

ʪʠ ʠʭ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʄʉʂ ʅʉʆ. ɺʳʧʦʣʥʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ 

ʚʳʜʘʯʘ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʰʣʳʭ ʣʝʪ, ʩʚʦ-

ʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1. ʉʦʟʜʘʪʴ ʩʲʝʤʦʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇɼɹʉ, ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ (ʣʫʯʰʝ ï ʥʝʩʢʦʣʴʢʠʭ ʩʨʘʟʫ) ʠ ʚʳʧʦʣʥʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʟʤʝʨʝʥʠʷ (ʩʲʝʤʢʫ); 

2. ʆʙʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʄʉʂ ʅʉʆ, ʫʨʘʚʥʷʪʴ ʨʝ-

ʟʫʣɹʪʘʪʳ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʧʫʥʢʪʦʚ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʦʯʢʠ ʚ ʄʉʂ ʅʉʆ; 

3. ɽʩʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʠʟʳʩʢʘʥʠʡ ʠʤʝʶʪʩʷ ʢʘʨʪʤʘʪʝʨʠʘʣʳ ʧʨʦʰʣʳʭ ʣʝʪ ʚ 
ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʝ (ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ï ʚ ʩʠʩʪʝʤʝ NSK), ʪʦ ʩʣʝʜʫʝʪ 

ʧʝʨʝʚʝʩʪʠ ʠʭ ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʄʉʂ ʅʉʆ; 

4. ʉʦʛʣʘʩʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ 
ʩʲʝʤʦʢ (ʧʦʜʥʷʪʴ ʧʦʜʟʝʤʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʧʨʦʯ.) 

ʇʨʦʚʝʜʷ ʦʧʠʩʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʥʘʡʜʷ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʜʣʷ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʉʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ RTK (Real Time Kinematic) ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʉʂ-42 
ʠ ʉʂ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʪ 

ʥʝʝ (ʉʂ ʅʉʂ, ʉʂ 

ʄʉʂʈ605, ʉʂ63 ʠ ʜʨ.) 

 

ʉʂ-95 
ʠ ʉʂ, ʦʙʨʘʟʦʚʘʥ- 

ʥʳʝ ʦʪ ʥʝʸ  

(ʉʂ ʅʉʆ) 
 

ʇʘʨʘʤʝʪʨʳ 

ʩʚʷʟʠ ʛ/ʮ ʩʠʩ-

ʪʝʤ 
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ʇɼɹʉ-ʅʉʆ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʚʘʪʴ ʧʦ-

ʧʨʘʚʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ GPRS 

(ʙʝʩʧʨʦʚʦʜʥʦʡ ʤʦʙʠʣʴʥʳʡ ʠʥʪʝʨʥʝʪ). ɺ ʣʶʙʦʤ ʢʦʥʪʨʦʣʣʝʨʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʆʩʪʘʝʪʩʷ ʣʠʰʴ ʚʚʝʩʪʠ ʚ ʢʦʥʪʨʦʣʣʝʨ ʚʳʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʤʝʩʪʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʉʂ, ʟʘʪʝʤ ʟʘʜʘʪʴ ʩʚʷʟʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʬʝʨʝʥʮʥʦʡ ʉʂ ʠ 

ʩʠʩʪʝʤʦʡ WGS-84, ʠ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʙʦʪʳ, ʙʫʜʴ ʪʦ ʚʳʥʦʩ ʚ ʥʘʪʫʨʫ 

ʠʣʠ ʩʲʝʤʢʘ ʩʠʪʫʘʮʠʠ ʠ ʨʝʣʴʝʬʘ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʨʝʞʠʤʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʭʦʜʘ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʢʦʥʪʨʦʣʣʝʨ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʚʦʜʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩ ʩʠʩʪʝʤʦʡ ʉʂ-95 

(ʠʣʠ ʉʂ-42), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʝʢʨʝʪʥʦʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ. ʇʦ ʥʘʡʜʝʥʥʳʤ ʧʘ-

ʨʘʤʝʪʨʘʤ ʩʚʷʟʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ 

ʧʝʨʝʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ ʩʥʘʯʘʣʘ ʚ ʩʠʩʪʝʤʫ ʉʂ-95. ɿʘʪʝʤ, 

ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ WGS-84 ʠ ʉʂ-95. ɺ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʅʉʆ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʦʨ-

ʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʇɼɹʉ-ʅʉʆ ʚ ʵʪʠʭ ʜʚʫʭ ʩʠʩʪʝʤʘʭ. 

ʅʘʡʜʷ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ WGS-84 ʠ ʉʂ-95, ʤʳ ʤʦʞʝʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝ-

ʚʝʩʪʠ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʦʚ ʫʞʝ ʠʟ ʣʶʙʦʡ ʤʝʩʪʥʦʡ ʉʂ ʅʦʚʦʩʠʙʠʨʩʢʘ ʚ ʩʠʩʪʝʤʫ 

WGS-84. 

ɿʘʬʠʢʩʠʨʦʚʘʚ ʢʦʦʨʜʠʥʘʪʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʚ ʩʠʩʪʝʤʝ WGS-84, ʤʳ ʧʦʣʫ-

ʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʥʦʩʠʪʴ ʚ ʥʘʪʫʨʫ ʦʙʲʝʢʪʳ ʚ ʨʝʞʠʤʝ RTK. 

ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʥʝʩʪʠ ʚ ʥʘʪʫʨʫ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʚ ʛ. ʅʦʚʦʩʠʙʠʨ-

ʩʢʝ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ NSK. ɺ ʨʝʞʠʤʥʦʤ ʦʪ-

ʜʝʣʝ ʤʳ ʧʝʨʝʚʦʜʠʤ ʵʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚ ʉʂ-42, ʟʘʪʝʤ ʚ ʉʂ-95, ʟʘʪʝʤ ʚ WGS-84, 
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Existing methods shortcomings and facilities for determining the flatness of the road surface 

were examined. Universal Road Curvometer (URC "Rovnost") is presented. It was developed in 

Siberian State University of Railways based on the coordinate method for determining the geomet-

rical parameters. 
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ɺʳʧʨʘʚʢʘ ʧʫʪʠ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʸʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ, ʪʘʢ ʢʘʢ ʦʪ ʢʘʯʝʩʪʚʘ ʚʳʧʨʘʚʢʠ ʧʫʪʠ ʟʘʚʠʩʷʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ, ʩʢʦʨʦʩʪʴ ʠ ʪ.ʜ.), ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, 

ʟʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʩʦʜʝʨʞʘʥʠʝ. ɺʳʧʨʘʚʢʘ ʧʫʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ 

ʚʩʝʭ ʚʠʜʘʭ ʨʝʤʦʥʪʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺʳʧʨʘʚʢʘ ʧʫʪʠ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʣʴʩʦʚʳʭ ʥʠʪʝʡ 

ʨʝʣʴʩʦ-ʰʧʘʣʴʥʦʡ ʨʝʰʝʪʢʠ  (ʈʐʈ) ʚ ʧʦʧʝʨʝʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʧʫʪʠ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʟ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʤʦʛʦ ʦʪʩʪʫʧʣʝʥʠʷʤʠ ʦʪ ʜʦʧʫʩʢʦʚ ʠ ʥʦʨʤ ʩʦʜʝʨʞʘʥʠʷ, ʚ ʜʨʫʛʦʝ, ʪʘʢʞʝ ʥʘ-

ʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʦʪʩʫʪʩʪʚʠʝʤ ʫʢʘʟʘʥʥʳʭ ʦʪʩʪʫʧʣʝʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʥʘʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʫʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʥʘʣʠʯʠʝʤ ʥʝʨʦʚʥʦʩʪʝʡ (ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ), ʦʧʨʝʜʝʣʷʝ-

ʤʳʭ ʢʘʢ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʧʫʪʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʣʴʩʦʚʳʭ ʥʠʪʝʡ ʚ ʚʝʨ-

mailto:vvs@stu.ru
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ʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʠʥʠʝʡ (ʧʨʷʤʦʡ, ʧʝʨʝʭʦʜ-

ʥʦʡ ʠʣʠ ʢʨʫʛʦʚʦʡ ʢʨʠʚʦʡ); 

- ʥʘʣʠʯʠʝʤ ʦʙʱʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʣʴʩʦʚʳʭ ʥʠʪʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʨʦʝʢʪʥʦʛʦ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʥʦʨʤʠʨʫʶʪʩʷ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ, 

ʧʣʘʥʝ, ʧʦ ʫʨʦʚʥʶ ʠ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʨʝʣʴʩʦʚʳʤʠ ʥʠʪʷʤʠ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʊʕ 

(ʧʨʘʚʠʣʘʤʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʎʈɹ-756), ʉʊʅ-ʎ-1-95 (ʉʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʥʦʨʤʳ ʄʇʉ ʈʌ ɾʝʣʝʟʥʳʝ 

ʜʦʨʦʛʠ ʢʦʣʝʠ 1520ʤʤ), ʠʥʩʪʨʫʢʮʠʷʤʠ ʎʇ-774 (ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʪʝʢʫʱʝʤʫ ʩʦʜʝʨ-

ʞʘʥʠʶ ʧʫʪʠ) ʠ ʎʈɹ-393 (ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʫʩʪʨʦʡʩʪʚ, ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝ-

ʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʦʙʨʘʱʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ). ʇʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʠ ʧʫʪʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʩʨʝʜʥʠʭ 

(ʨʘʩʯʸʪʥʳʭ) ʣʠʥʠʡ ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʚʘʛʦʥʘʤʠ ʚʳʷʚʣʷʶʪʩʷ ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ 

ʥʦʨʤ ʩʦʜʝʨʞʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ.  

ʎʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʚʳʧʨʘʚʢʠ ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ, ʧʦʢʘʟʘʥʥʦʡ ʫʩ-

ʣʦʚʥʦ ʣʠʥʠʝʡ (ʨʠʩ. 1), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʩʤʝʱʝʥʠʠ ʚ ʩʝʯʝʥʠʷʭ ʩ ʟʘʜʘʥʥʳʤ çʰʘ-

ʛʦʤè ʚʜʦʣʴ ʧʫʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʥʘ ʚʝʣʠʯʠʥʳ, ʧʦʢʘʟʘʥʥʳʝ ʩʪʨʝʣʢʘʤʠ, ʜʦ ʧʦ-

ʣʦʞʝʥʠʷ ʣʠʥʠʠ 3. ʇʨʠ ʪʘʢʦʤ ʩʤʝʱʝʥʠʠ: ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ 

ʧʦʣʦʞʝʥʠʷ 1 ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʛʦ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 2 

ʠ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʦʩʝʜʥʠʭ 

ʚʜʦʣʴ ʧʫʪʠ ʩʝʯʝʥʠʷʭ. ʇʦʚʳʰʘʝʪʩʷ ʧʣʘʚʥʦʩʪʴ ʚ ʧʦʣʦʞʝʥʠʠ ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ 

ʚʜʦʣʴ ʧʫʪʠ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʚʳʧʨʘʚʢʠ ʧʫʪʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʝʝ ʩʤʝʱʝʥʠʝ 

ʩʨʝʜʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʟ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʧʦʣʦʞʝʥʠʝ 2 (ʨʠʩ. 1) ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ, 

ʥʘʟʳʚʘʶʪ ʩʛʣʘʞʠʚʘʥʠʝʤ. ɽʩʣʠ ʪʘʢʦʝ ʩʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ ʩʜʚʠʛʦʤ, ʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ - ʧʦʜʲʝʤʢʦʡ 

(ʜʚʠʞʝʥʠʝ ʚʚʝʨʭ) ʠʣʠ ʦʩʘʞʠʚʘʥʠʝʤ (ʜʚʠʞʝʥʠʝ ʚʥʠʟ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʘʣʣʘʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ). ʇʨʠ ʩʤʝʱʝʥʠʠ ʥʘʪʫʨʥʦ-

ʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʣʴʩʦʚʦʡ ʥʠʪʠ ʠʟ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʧʦʣʦʞʝʥʠʝ 3 (ʨʠʩ. 1) ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʧʦʩʪʘʥʦʚʢʘ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. 
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ʈʠʩ. 1. ʄʝʪʦʜʳ ʚʳʧʨʘʚʢʠ ʧʫʪʠ 
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ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʚʳʧʨʘʚʢʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʢʫʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʧʨʘʚʢʘ ʧʫʪʸʤ ʩʛʣʘʞʠ-

ʚʘʥʠʷ, ʪ.ʝ. ʨʝʣʴʩʦʚʘʷ ʥʠʪʴ ʩʤʝʱʘʝʪʩʷ (ʨʠʩ. 1) ʠʟ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʥʘ-

ʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 2. ʇʨʠ ʵʪʦʤ ʥʘʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 2, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʧʨʦʝʢʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 3. ɺ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʥʝ ʫʜʝʣʷʣʦʩʴ ʜʦʣʞʥʦʛʦ ʚʥʠ-

ʤʘʥʠʷ ʥʘ çʫʚʦʜè ʧʫʪʠ ʩ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʚʥʦʩʪʠ ʭʦʜʘ. ʊʘ-

ʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʸʣ ʧʫʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʨʘʜʠ-

ʫʩʥʳʝ ʢʨʠʚʳʝ, ʜʣʠʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʚ ʧʣʘʥʝ (ʟʘʚʦʜʠʥʳ), ʜʣʠʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʚ 

ʧʨʦʬʠʣʝ (ʣʦʱʠʥʳ). ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʧʨʘʚʢʠ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʨʝʤʦʥʪʘʭ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʨʘʙʦʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʠ. ʊʘʢ, 

ʜʣʠʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʚ ʧʣʘʥʝ ʠ ʧʨʦʬʠʣʝ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʨʦʡʩʪʚʘ ʧʫʪʠ ʠ ʠʟʥʦʩʫ ʨʝʣʴʩʦʚ, ʫʩʠʣʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʥʘ ʣʦ-

ʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʨʘʜʠʫʩʥʳʝ ʢʨʠʚʳʝ ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʠʥʥʳʝ ʥʝ-

ʨʦʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʩʩʪʨʦʡʩʪʚʘ ʧʫʪʠ, ʙʦʣʝʝ ʫʩʢʦʨʝʥʥʦʛʦ ʠʟʥʦʩʘ 

ʨʝʣʴʩʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʥʦʨʤʠʨʫʶʱʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʥʝʧʦʛʘʰʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʠ ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝʛʘ-

ʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʛʘʙʘʨʠʪʦʚ ʧʨʠʙʣʠʞʝʥʠʷ ʩʪʨʦʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʩʛʣʘʞʠʚʘʶʱʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ, ʪ.ʢ. ʦʛʨʘ-

ʥʠʯʠʚʘʶʪ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʮʝʣʦʤ ʠ ʙʝʟ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ 

ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʨʘʚʢʦʡ ʧʫʪʠ, ʩʦʟʜʘʥʥʳʤʠ ʥʘ ʙʘʟʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʝ-

ʪʦʜʦʚ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝ ʵʬʬʝʢʪʠʚʥʳ ʠ ʥʝ ʠʤʝʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʧʘʨʢ ʚʳ-

ʧʨʘʚʦʯʥʳʭ ʤʘʰʠʥ ʪʠʧʘ ɺʇʈ, ɺʇʆ, ɼʫʦʤʘʪʠʢ ʠ ʜʨʫʛʠʝ ʦʩʥʘʱʝʥ ʭʦʨʜʦʚʳʤʠ 

(ʩʛʣʘʞʠʚʘʶʱʠʤʠ) ʩʠʩʪʝʤʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ,  ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʳʝ ʚʘʛʦʥʳ ʪʠʧʘ 

ʂɺʃʇ ʠ ʎʅʀʀ-4 ʪʘʢʞʝ ʦʩʥʘʱʝʥʳ ʭʦʨʜʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʟʤʝʨʝʥʠʡ. 

ɺʪʦʨʦʡ ʪʠʧ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚʳʧʨʘʚʢʠ ʧʫʪʠ  ʦʩʥʦʚʘʥ  ʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʥʝʧʦʜʚʠʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʫʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ. ʉʠʩʪʝʤʳ, ʨʝʘʣʠ-

ʟʫʶʱʠʝ ʤʝʪʦʜʳ ʚʳʧʨʘʚʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʦʜʚʠʞʥʳʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʫʪʠ ʙʘʟ - ʣʠʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ ʩʠʩʪʝʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʦ 

ʤʝʪʦʜʫ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ, ʠʣʠ ʩʠʩʪʝʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ 

ʧʦ ʤʝʪʦʜʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ. ʅʝʧʦʜʚʠʞʥʘʷ ʙʘʟʦʚʘʷ ʣʠʥʠʷ ʚʠʟʠʨʦʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ 

ʚ ʚʠʜʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʣʘʟʝʨʥʦʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ (ʠʣʠ) 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʫʯʘ ʠ ʪ.ʜ.  ɺʳʧʨʘʚʢʘ ʧʫʪʠ ʧʦ ʧʨʷʤʦʡ ʥʝʧʦʜʚʠʞʥʦʡ 

ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʦʪʯʸʪʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʠ ʫʩʪ-

ʨʘʥʠʪʴ ʜʣʠʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʚ ʧʣʘʥʝ (ʟʘʚʦʜʠʥʳ) ʠ ʧʨʦʬʠʣʝ (ʣʦʱʠʥʳ). 

ʄʝʪʦʜʳ ʠ ʉʋɺʇ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʙʘʟʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʢʘʢ ʚ ʨʝʞʠʤʝ ʩʛʣʘʞʠʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ. ɽʩʣʠ ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʠʣʠ ʣʘʟʝʨʥʳʡ ʧʦʩʪʨʦʠʪʝʣʴ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʠʚʷʟʘʥ 

ʢ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʧʨʦʝʢʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʪʦ ʚʳʧʨʘʚʢʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʥʘʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 2 (ʨʠʩ. 1). ɽʩʣʠ 
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ʣʘʟʝʨʥʳʝ ʧʦʩʪʨʦʠʪʝʣʠ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠʤʝʶʪ ʛʝʦʜʝ-

ʟʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʦʝʢʪʘ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʫʪʠ ʠʟ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʥʘʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 3 (ʨʠʩ. 1). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʛʣʘʞʠʚʘʶʱʠʭ ʤʝʪʦʜʦʚ ʥʘ ʧʦʜʚʠʞʥʦʡ ʭʦʨʜʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʧʦʷʚʣʝʥʠʷ ʜʣʠʥʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʧʣʘʥʝ ʠ ʧʨʦʬʠʣʝ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʚʳʧʨʘʚʢʝ ʧʫʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ɽʄ- SAT. ʕʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫ-

ʨʘ ʩʠʩʪʝʤʳ EM-SAT ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʚʘʛʦʥʝ ʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʘʤʦʭʦʜʥʦʡ ʪʝʣʝʞʢʝ. ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥ ʥʘ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛʘʭ ɻʝʨʤʘʥʠʠ (DBAG), ɸʚʩʪʨʠʠ ʠ  ʚ ʀʪʘʣʠʠ. 

ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʧʨʦ-

ʬʠʣʠʨʦʚʘʥʠʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ ʙʫʣʴʜʦʟʝʨʘʭ, ʘʚʪʦʛʨʝʡʜʝʨʘʭ, ʵʢʩʢʘʚʘʪʦʨʘʭ ʠ 

ʜʨ. ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. ʇʨʦʙʣʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʆɸʆ çʈɾɼè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʝʢʪʳ ʩʦʟʜʘʶʪʩʷ ʚ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦ-

ʜʦʤ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʷʤʠ ʚʳʧʨʘʚʣʷʝʤʦʛʦ ʠ ʩʦʩʝʜʥʝʛʦ ʧʫʪʠ ʩ ʧʨʦʝʢʪʥʳ-

ʤʠ ʜʘʥʥʳʤ ʠʟ ʵʧʶʨʳ ʨʠʭʪʦʚʦʢ, ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʨʘʟʥʦʩʪʠ ʠ ʩʜʚʠʞʢʠ ʧʫʪʠ 

ʥʘ ʵʪʫ ʨʘʟʥʦʩʪʴ, ʪ.ʝ. ʧʨʦʝʢʪʥʫʶ ʚʝʣʠʯʠʥʫ. ʅʝʜʦʩʪʘʪʢʠ ʦʯʝʚʠʜʥʳ, ʦʥʠ ʩʚʷʟʘʥʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʜʣʠʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʚ ʧʣʘʥʝ ʠ ʚ 

ʧʨʦʬʠʣʝ, ʪ.ʢ. ʨʠʭʪʦʚʦʯʥʳʡ ʧʫʪʴ (ʨʝʣʴʩʦʚʘʷ ʥʠʪʴ), ʦʪ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ-

ʤʝʨʝʥʠʷ, ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʅʘ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʡ ʧʫʪʴ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ   ʚ ʧʝʨʠʦʜ  ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ.  ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʚʳʩʦ-

ʢʠʤ ʢʘʯʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʝʪʦʜʦʚ. ʉʫʱʥʦʩʪʴ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʳ-

ʧʨʘʚʣʷʝʤʦʛʦ ʧʫʪʠ ʩ ʧʨʦʝʢʪʥʳʤ. ʉʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠʣʠ 

ʜʠʩʢʨʝʪʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʉɸʋ ʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ  ʚʳʧʨʘʚ-

ʢʠ ʧʫʪʠ.  ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ ʢʦʦʨʜʠʥʘʪ-

ʥʳʡ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ  ʦʧʦʨʥʦʡ ʣʠʥʠʠ 

ʚʜʦʣʴ ʨʝʤʦʥʪʠʨʫʝʤʳʭ ʧʫʪʝʡ  ʚ ʚʠʜʝ ʢʦʧʠʨ-ʩʪʨʫʥʳ (ʩʤ. ʨʠʩ. 2). 

ʂʦʧʠʨ-ʩʪʨʫʥʘ ʥʘʪʷʛʠʚʘʝʪʩʷ ʥʘ ʜʝʨʞʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʝʦʜʝʟʠʯʝʩʢʫʶ 

ʧʨʠʚʷʟʢʫ ʢ ʧʫʥʢʪʘʤ ʨʝʧʝʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ 

10 ï 50 ʤ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʤʝʪʦʜ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ ʠ ʟʘʪʨʘʪʥʳʡ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʉɻʋʇʉ) ʚ 

ʩʝʥʪʷʙʨʝ 2008 ʛ. ʚʧʝʨʚʳʝ ʚ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʣ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʆʇʄʉ- 19. ʧʨʦʚʝʣ 

ʠʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʨʘʚʢʦʡ ʧʫʪʠ (ʉʋɺʇ) ʥʘ ʙʘʟʝ ɻʅʉʉ (ɻʃʆ-

ʅɸʉʉ/GPS). ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʕʃɹ-4ʉ, ʘ ʥʘ ʨʠʩ. 4 ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉɸʋ ʕʃɹ-4ʉ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

ʉɻʋʇʉ ʉɸʋ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ  ʥʘʣʠʯʠʝ 



18 

ʩʠʩʪʝʤ  ʢʦʥʪʨʦʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ  ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʇʈʋ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʘ ʩʧʫʪʥʠʢʦʚʦʡ ʘʥʪʝʥʥʳ. 

 

 

ʈʠʩ. 2. ʂʦʧʠʨ-ʩʪʨʫʥʘ 

 

 

 

ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨʘ ʕʃɹ -4ʉ 

 

 

 

ʈʠʩ. 4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ  ʕʃɹ-4ʉ 
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ʉɸʋ ʪʘʢʦʛʦ ʪʠʧʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʉɸʋ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʥʘʧʨʠʤʝʨ ʉɸʋ ʙʫʣʴʜʦʟʝʨʘ. 

ɺʩʝʛʦ ʉɻʋʇʉ ʨʘʟʨʘʙʦʪʘʣ, ʠʟʛʦʪʦʚʠʣ ʠ ʠʩʧʳʪʘʣ ʜʚʘ ʪʠʧʘ ʉɸʋ ʥʘ ʯʝʪʳʨʝ  

ʧʫʪʝʚʳʝ ʤʘʰʠʥʳ, ʚʢʣʶʯʘʷ ʪʨʠ ʱʝʙʥʝʦʯʠʩʪʠʪʝʣʴʥʳʝ ʠ ʦʜʥʫ ʚʳʧʨʘʚʦʯʥʫʶ ʤʘ-

ʰʠʥʫ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʩ ʥʘʨʘʩʪʘʶʱʝʡ ʜʠʥʘʤʠʢʦʡ. ʆʧʳʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʉʋɺʇ ʥʘ ʙʘʟʝ ɻʅʉʉ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ ʧʫʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʨʘʙʦʪ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʩʲʝʤʦʢ.   

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʱʝʙʥʝʦʯʠʩʪʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ RM 2002 ʠ 

ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉɸʋ. ʄʘʰʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʣʫʙʦʢʦʡ 

ʚʳʨʝʟʢʠ ʙʘʣʣʘʩʪʘ, ʉɸʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʝʟʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ, 

ʚʢʣʶʯʘʷ ʛʣʫʙʠʥʫ ʚʳʨʝʟʢʠ  ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʠ ʧʨʦʝʢʪʥʳʤ  ʚʳʩʦʪʥʳʤ ʦʪʤʝʪʢʘʤ, 

ʧʣʘʥʠʨʦʚʢʫ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʫʢʣʦʥʘʤ ʠʪʜ. 

 

 

ʈʠʩ. 5. ɺʥʝʰʥʠʡ ʚʠʜ ʱʝʙʥʝʦʯʠʩʪʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʉɸʋ 
 
 

 

ʈʠʩ. 6. ʉɸʋ ʑʆʄ ʥʘ ʙʘʟʝ ɻʅʉʉ 



20 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʉʋɺʇ ʥʘ ʙʘʟʝ ɻʅʉʉ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʧʨʘʚʢʠ ʧʫʪʠ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʙʘʟʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʨʘʚʢʦʡ ʧʫʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʧʫʪʝʚʳʭ ʤʘʰʠʥʘʭ, ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʦʪʢʘʟ ʦʪ ʨʘʟʙʠʚʦʯʥʳʭ ʨʘʙʦʪ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʚʦʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ (ʤʦʜʝʨʥʠʟʘʮʠʠ) ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. ʇʦ ʪʦʯ-

ʥʦʩʪʠ ʉʋɺʇ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʙʘʟʝ ɻʅʉʉ (ɻʃʆʅɸʉʉ/GPS), ʧʦʢʘ ʫʩʪʫʧʘʶʪ ʣʘʟʝʨ-

ʥʳʤ ʧʦʩʪʨʦʠʪʝʣʷʤ ʧʣʦʩʢʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦ ʉʋɺʇ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʧʠʨïʩʪʨʫʥʫ, 

ʧʨʠ ʵʪʦʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʤʝʶʪ  ʣʫʯʰʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ.  ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʛʣʘʚʥʦʝ ʦʢʥʦ ʦʧʝʨʘʪʦʨʘ ʑʆʄ. 

 

 

ʈʠʩ. 7. ɻʣʘʚʥʦʝ ʦʢʥʦ ʦʧʝʨʘʪʦʨʘ ʑʆʄ 

 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ  ʚʠʜʥʦ, ʯʪʦ ʢʨʦʤʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʉɸʋ 

ʥʘ ʙʘʟʝ ɻʅʉʉ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʦʨʘ ʤʘʰʠʥʳ ʜʘʥʥʳʤʠ ʦ ʛʘʙʘʨʠʪʘʭ ʧʨʠʙʣʠ-

ʞʝʥʠʷ ʩʪʨʦʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʧʫʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʝʟʠʜʝʥʪʘ ʢʦʤʧʘʥʠʠ 

ɺ.ʀ.ʗʢʫʥʠʥʘ ˉ2511 ʦʪ 03.12.2010 ʛ. çʆ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè ʆɸʆ 

çʈɾɼè  ʧʝʨʝʭʦʜʠʪ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʤʦʥʪʦʚ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʨʘʟʨʘʙʦʪʢʠ  ʉɸʋ ʥʘ ʙʘʟʝ ɻʅʉʉ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 

ʉɻʋʇʉ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ. 

 
                                                                                         É ɺ.ɺ. ʑʝʨʙʘʢʦʚ, 2013 
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ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʠ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʦʞʝʥʠʡ ʧʫʥʢʪʦʚ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʇɼɹʉ ʅʉʆ) ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ (ʉʂ-95) ʠ ʚʳʩʦʪ (ɹʉɺ-77), ʦʙʨʘʟʫʶʱʠʭ ʬʨʘʛʤʝʥʪ ʠʟ 19 ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʨʝ-

ʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʚʳʩʦʪʥʦʡ ʧʨʠʚʷʟʢʠ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʡ ʛʝʦʜʝ-

ʟʠʯʝʩʢʦʡ ʩʝʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʛʝʦʠʜʘ. ʇʨʝʜʣʦ-

ʞʝʥ ʚʘʨʠʘʥʪ ʝʜʠʥʦʛʦ ʢʣʶʯʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ITRF2005 ʢ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʝ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ (ʇɼɹʉ),  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʉʂ-95 ʠ ʚʳʩʦʪ ɹʉɺ-77, ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨ-

ʜʠʥʘʪ ITRF2005,  ʢʣʶʯ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʫʯʘʩʪʦʢ.  
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Calculation and accuracy assessment was made for points location of stationary base stations  

(CPHC) on Novosibirsk region territory in national coordinate (CK-95) and height (ɹ-1977) system. 

The author offers the uniform key for this fragment of the geodetic network. It provides transition 

from the global reference system (ITRF) to the national coordinate and height system. 
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and height (ɹ-1977) system, geodetic coordinate system ITRF2005, key of the transformation coor-

dinates, region calibration. 

 

ʉ 1 ʷʥʚʘʨʷ 2012 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚʚʝʜʝʥʘ ʥʦʚʘʷ 

ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʄʉʂ ʅʉʆ). ʅʦʚʘʷ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʟʚʘʥʘ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʦʩʥʦʚʫ 

ʄʉʂ ʅʉʆ ʧʦʣʦʞʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-95. ɺ ʢʘʯʝʩʪʚʝ  

ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʥʦʚʦʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʦʥʘ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʪʴ ʧʫʥʢʪʦʚ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʉʈʅʉ 

(ʇɼɹʉ ʅʉʆ). ʇʝʨʚʘʷ ʦʯʝʨʝʜʴ ʠʟ 19 ʇɼɹʉ ʫʞʝ ʨʘʟʚʝʨʥʫʪʘ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ. 

ɺʪʦʨʘʷ ʦʯʝʨʝʜʴ ʠʟ 12 ʧʫʥʢʪʦʚ  ʙʫʜʝʪ ʚʚʝʜʝʥʘ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ɺ ʩʚʷʟʠ ʩ 
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ʵʪʠʤ ʠ ʚʦʟʥʠʢʘʝʪ, ʩʦʙʩʪʚʝʥʥʦ, ʚʦʧʨʦʩ ʦ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʜʘʥʥʦʡ ʩʝʪʠ 

ʧʫʥʢʪʦʚ ʇɼɹʉ ʚ ʉʂ-95, ʘ ʪʘʢʞʝ ʠʭ ʚʳʩʦʪ ʚ ɹʉɺ-77. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟ 

ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʣʩʷ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʩʝʪʠ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʇɼɹʉ ʅʉʆ [1], ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1.    ʉʭʝʤʘ  ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʇɼɹʉ ʅʉʆ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ 

           

 

ɼʣʷ ʧʫʥʢʪʦʚ ʇɼɹʉ ʜʘʥʥʦʡ ʩʝʪʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʚ 

ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ ʩ ʙʣʠʞʥʠʭ ʧʫʥʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

(ɻɻʉ). ʇʨʠʚʷʟʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʨʘʜʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʊʦʯʥʦʩʪʴ ʧʨʠʚʷʟʢʠ ʧʫʥʢ-

ʪʦʚ ʇɼɹʉ ʢ ʩʝʪʠ ɻɻʉ  ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʘ  

Ñ0.009õ0.059 ʤʝʪʨʘ (ʩʤʦʪʨʠ ʧʨʠʣʦʞʝʥʠʝ 1).  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ (ʵʪʘʧʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ): 

1. ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʇɼɹʉ ʅʉʆ ʠʟ ʘʥʘʣʠʟʘ ʚʘ-

ʨʠʘʥʪʦʚ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʛʝʦʠʜʘ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ; 

2. ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʨʘʚʥʠʚʘʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʬʘʢʪʠ-

ʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʢ ʧʫʥʢʪʘʤ ɻɻʉ; 

3. ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʢʣʶʯʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʠʟ 
ʩʠʩʪʝʤʳ ITRF2005 ʢ ʉʂ-95 ʠ ɹ-1977 (ʤʝʪʦʜʠʢʘ ˉ1); 

4. ʩʦʟʜʘʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠʟ 19 ʇɼɹʉ 
ʅʉʆ (ʤʝʪʦʜʠʢʘ ˉ2); 

5. ʩʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ  ʇɼɹʉ 
ʅʉʆ ʠʟ ʩʠʩʪʝʤʳ ITRF2005 ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ-95) ʠ 

ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ʚʳʩʦʪ 1977 ʛʦʜʘ, ʚʳʧʦʣʥʝʥʥʳʤ ʧʦ ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. 

6. ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʵʪʘʧʘʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʘʨʠʘʥʪʳ ʫʨʘʚʥʠʚʘʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ ʩ ʬʠʢʩʘʮʠʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ 3-ʭ (ɹʦʣʦʪʥʦʝ (BOLO), ʉʫ-

ʟʫʥ (SUZU), ɹʘʨʘʙʠʥʩʢ (BARA)) ʠ 4-ʭ (ɹʦʣʦʪʥʦʝ, ʄʘʩʣʷʥʠʥʦ (MASL), ʂʨʘʩʥʦ-

ʟʝʨʩʢʦʝ (KRAS), ɹʘʨʘʙʠʥʩʢ) ʧʫʥʢʪʦʚ ʇɼɹʉ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ. ɼʣʷ ʵʪʠʭ ʚʘ-

ʨʠʘʥʪʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʤʦʜʝʣʷʤʠ ʛʝʦʠʜʦʚ, ʘ ʠʤʝʥʥʦ: ʙʝʟ ʤʦ-

ʜʝʣʠ ʛʝʦʠʜʘ, ʠ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʛʝʦʠʜʘʤʠ DMA10x10, OSU91A, EGM-96, 

EGM2008-25 ʠ EGM2008-1. ʅʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳ-

ʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 2 ʠ 3.  
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 1 ʠ 2 ʵʪʘʧʦʚ ʧʦʢʘʟʘʣ ʯʪʦ:   

- ʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʭʦʜʠʤʦʩʪʠ ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ ʩ ʨʘʟʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟ 

ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʩ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʟ ʧʨʠ-

ʚʷʟʢʠ ʢ ʧʫʥʢʪʘʤ ɻɻʉ (ʩʤ. ʧʨʠʣʦʞʝʥʠʷ 2 ʠ 3) ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʚʝʣʠʯʠʥ 

Ñ0.02õ0.05 ʤʝʪʨʘ; 

- ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʛʝʦʠʜʘ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦʢʘ-

ʟʘʣʦ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʪʤʝʪʦʢ ʚʳʩʦʪ ʧʫʥʢʪʦʚ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʘʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʠ ʵʪʦʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ  ʭ, y (ʚ 

ʧʣʘʥʝ) ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ (ʧʨʠʤʝʨ ʜʣʷ ʤʦʜʝʣʠ DMA10x10 

ʩʤ. ʚ ʪʘʙʣ.1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʠʟ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʜʣʷ ʤʦʜʝʣʝʡ EGM2008-25 ʠ EGM2008-1. ʈʘʩʭʦʞʜʝʥʠʷ 

ʜʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʛʝʦʠʜʘ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ñ0.001õ0.002 ʤʝʪʨʘ. 

ʅʘ 3 ʠ 4 ʵʪʘʧʘʭ ʨʘʩʯʝʪʦʚ ʚʩʝʛʜʘ ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʜʝʣʴ ʛʝʦʠʜʘ EGM2008-25. 

 

ʊʘʙʣʠʮʘ 1 

 ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ  

ʙʝʟ ʤʦʜʝʣʠ ʛʝʦʠʜʘ ʠ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʛʝʦʠʜʘ  

ˉ 

ʧ/ʧ 

 

ʀʤ ̫

ʪʦʯʢʠ 

ɺ ʧʣʘʥʝ (ʤ) ʇʦ ʚʳʩʦʪʝ (ʤ) 

DMA 

10x10 

DMA 

10x10 
EGM-96 

EGM08-

25 
EGM08-1 SU91A 

dX dY dH dH dH dH dH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

BARA 

BOLO 

CHER 

CHUL 

DOVO 

ISKT 

KARG 

KOCH 

KOCK 

KOLV 

KRAS 

MASL 

MHKV  

NSKW 

ORDN 

SUZU 

TOGU 

UBIN 

ZDVI  

-0.001 

-0.001 

-0.003 

-0.002 

0.002 

-0.001 

-0.001 

-0.001 

0.002 

-0.001 

0.003 

-0.001 

-0.002 

-0.001 

0.000 

-0.005 

-0.002 

-0.001 

0.002 

0.000 

0.010 

0.014 

0.004 

0.004 

0.013 

0.004 

0.000 

0.000 

-0.001 

0.002 

-0.003 

0.007 

0.008 

0.005 

-0.004 

-0.007 

0.001 

0.001 

0.528 

-0.444 

0.439 

-0.139 

0.612 

0.168 

-0.161 

-0.114 

0.429 

-0.304 

1.206 

0.374 

-0.265 

-0.076 

0.354 

0.727 

-0.179 

0.036 

0.939 

-0.188 

-1.131 

-0.685 

0.125 

-0.053 

-0.318 

-0.335 

-0.155 

-0.016 

-0.666 

-0.327 

-0.788 

-0.872 

-0.542 

-0.152 

-0.582 

-0.494 

-0.502 

-0.313 

-0.091 

-0.843 

-0.386 

0.438 

-0.171 

-0.178 

-0.061 

0.335 

0.035 

-0.438 

-0.358 

-0.526 

-0.392 

-0.065 

-0.019 

-0.622 

-0.221 

-0.280 

-0.151 

-0.091 

-0.843 

-0.387 

0.437 

-0.170 

-0.177 

-0.060 

0.335 

0.035 

0.437 

-0.356 

-0.524 

-0.392 

-0.065 

-0.017 

-0.622 

-0.221 

-0.279 

-0.152 

0.920 

-0.426 

-0.148 

0.600 

0.807 

0.043 

0.409 

0.071 

0.924 

-0.274 

0.733 

-0.316 

-0.483 

-0.173 

0.246 

-0.164 

-0.088 

0.329 

0.465 

Min= 

Max= 

Med= 

Sko= 

-0.005 

0.003 

-0.001 

0.002 

-0.007 

0.014 

0.003 

0.006 

-0.444 

1.206 

0.217 

0.456 

-1.131 

0.125 

-0.421 

0.321 

-0.843 

0.438 

-0.210 

0.306 

-0.843 

0.437 

-0.210 

0.306 

-0.483 

0.924 

0.183 

0.462 
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ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʦ ʤʝʪʦʜʠʢʝ ʘʚʪʦʨʘ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʝʜʠʥʦʛʦ 

ʢʣʶʯʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  ITRF2005 ʚ 

ʉʂ-95  ʠ ɹʉɺ-77 ʥʘ ʚʝʩʴ ʬʨʘʛʤʝʥʪ ʠʟ 19 ʇɼɹʉ ʅʉʆ. ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʦʪʥʝʩʝʥʳ 

ʢ 14-ʦʡ ʰʝʩʪʠʛʨʘʜʫʩʥʦʡ ʟʦʥʝ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʂʨʘ-

ʩʦʚʩʢʦʛʦ. ʂʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʩʝʪʠ ʇɼɹʉ ʅʉʆ  ʚ ITRF2005 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʤʠʥʠʤʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʩ ʬʠʢʩʘʮʠʝʡ ʢʦʦʨʜʠʥʘʪ ʚ ʧʣʘʥʝ ʠ ʧʦ 

ʚʳʩʦʪʝ ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ NSKW (ʅʦʚʦʩʠʙʠʨʩʢ). ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʡ 

ʧʫʥʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ITRF2005 ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʧʦʨʷʜʢʘ Ñ0.010õ0.015 

ʤʝʪʨʘ [1]. ʂʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʧʫʥʢʪʦʚ ʇɼɹʉ ʅʉʆ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝ-

ʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʚʟʷʪʳ ʧʦ ʬʘʢʪʫ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʜʣʷ 12 ʧʫʥʢ-

ʪʦʚ ʇɼɹʉ ʅʉʆ. ʅʘ ʩʭʝʤʝ ʩʝʪʠ (ʩʤ. ʨʠʩ. 1) ʥʘʟʚʘʥʠʷ ʵʪʠʭ ʧʫʥʢʪʦʚ ʜʦʧʦʣʥʝʥʳ 

ʩʠʤʚʦʣʦʤ ç*è. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʢʣʶʯʫ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʧʨʠʚʷʟʢʠ ʢ ʧʫʥʢʪʘʤ ɻɻʉ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʜʣʷ 

18 ʧʫʥʢʪʦʚ ʩʝʪʠ ʇɼɹʉ ʅʉʆ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣ. 2. ʀʟ ʥʠʭ 6 ʧʫʥʢʪʦʚ (ʚ 

ʦʙʦʟʥʘʯʝʥʠʷʭ ʥʘ ʩʭʝʤʝ ʵʪʦ ʧʫʥʢʪʳ ZDVI , DOVO, ORDN, KOCH, KOLV, CHER) 

ʥʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʚʳʯʠʩʣʝʥʠʠ ʢʣʶʯʘ ʠ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʧʫʥʢʪʘʤʠ.  ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ ʚʳʙʦʨʢʠ ʠʟ 18 ʧʫʥʢʪʦʚ ʚ 

ʮʝʣʦʤ ʩʦʩʪʘʚʠʣʘ ʚ ʧʣʘʥʝ Ñ0.061 ʤʝʪʨʘ, ʧʦ ʚʳʩʦʪʝ Ñ0.049 ʤʝʪʨʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʘʤʧʣʠʪʫʜʳ ʚ ʨʘʟʥʦʩʪʷʭ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʝʜʝʣʘʭ Ñ0.09 ʤʝʪʨʘ ʠ  ʚʳʩʦʪ Ñ0.12 ʤʝʪʨʘ.  

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ 

ʜʣʷ ʜʘʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʇɼɹʉ ʅʉʆ, ʪʦ ʝʩʪʴ, ʘʥʘʣʦʛʠʯʥʘʷ ʵʪʘʧʫ 3, ʥʦ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʩʨʝʜʝ ʇʆ çTrimble Business Centerè. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʪʘ-

ʧʦʤ 3 ʟʜʝʩʴ ʪʘʢʞʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʨʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʤʝʞʜʫ ʬʘʢʪʠ-

ʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʫʯʘʩʪʢʫ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʦ 3 ʠ 4 ʵʪʘʧʘʤ ʩʚʝʜʝʥʳ ʚ ʦʙʱʫʶ ʪʘʙʣʠʮʫ 2. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦ ʦʙʝʠʤ 

ʤʝʪʦʜʠʢʘʤ ʩʦʛʣʘʩʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʣʩʷ ʤʘʩʰʪʘʙ ʜʣʷ ʜʣʠʥ ʣʠʥʠʡ ʛʝʦʜʝ-

ʟʠʯʝʩʢʦʡ ʩʝʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʢʣʶʯʫ ʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʢʘʢ  ʧʦ ʟʥʘ-

ʯʝʥʠʷʤ ʨʘʟʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʜʣʷ ʧʫʥʢʪʦʚ ʩʝʪʠ ʇɼɹʉ, ʪʘʢ ʠ ʧʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ ʚʝʣʠʯʠʥ: 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʨʘʟʙʨʦʩʘ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʤʝʜʠʘʥʳ, ʧʦ ʩʨʝʜʥʠʤ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ  (Sko), ʢʘʢ ʧʦ ʦʜʥʦʤʝʨʥʳʤ 

ʚʳʙʦʨʢʘʤ, ʪʘʢ ʠ ʚ ʦʙʦʙʱʝʥʥʦʤ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (3D). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʥʦʩʪʝʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʚʳʩʦʪʘʤ  ʜʣʷ 6 ʢʦʥ-

ʪʨʦʣʥɹʳʭ ʧʫʥʢʪʦʚ ʇɼɹʉ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʧʦ ʟʥʘʢʫ, ʥʦ ʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʨʘʟʥʦ-

ʩʪʝʡ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʘʢ ʚ ʩʘʤʦʡ ʚʳʙʦʨʢʝ, ʪʘʢ ʠ  

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦ ʜʚʫʤ ʨʘʟʥʳʤ ʤʝʪʦʜʠʢʘʤ.  

ɺʩʸ, ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʳʝ  ʚʳʚʦʜʳ 

ʦ ʪʦʯʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʇɼɹʉ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʉʂ-95 ʠ 

ʩʠʩʪʝʤʳ ʚʳʩʦʪ ɹʉɺ-77, ʘ ʟʥʘʯʠʪ ʠ ʥʦʚʦʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  ʄʉʂ 

ʅʉʆ. ʇʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʄʉʂ ʅʉʆ ʜʣʷ ʩʝʪʠ ʇɼɹʉ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ  Ñ0.05õ0.06 ʤʝʪʨʘ (ʉʂʇ) ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʧʦ ʚʳʩʦʪʝ.  ʅʦ ʪʘ-

ʢʘʷ ʪʦʯʥʦʩʪʴ ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ, ʢʦʪʦʨʳʤʠ 
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ʷʚʣʷʶʪʩʷ ʧʫʥʢʪʳ ʇɼɹʉ ʅʉʆ, ʷʚʣʷʝʪʩʷ ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯ-

ʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʵʪʦʡ ʩʝʪʠ ʜʦ ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ ITRF.  

ʀ ʵʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤʦʡ. ɼʣʷ ʵʪʦʛʦ ʚ ʄʉʂ ʅʉʆ ʩʣʝʜʫʝʪ 

ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʚʤʝʩʪʦ ʉʂ-95, ʩʠʩʪʝʤʫ ITRF, ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ ʥʘ ʥʝʢʦʪʦ-

ʨʫʶ ʵʧʦʭʫ ʠ ʨʝʜʫʮʠʨʦʚʘʥʥʫʶ ʥʘ ʵʣʣʠʧʩʦʠʜ ʂʨʘʩʦʚʩʢʦʛʦ [1, 2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʄʉʂ ʅʉʆ ʤʦʞʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʪʘʪʴ ʵʪʘʣʦʥʦʤ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦ-

ʦʨʜʠʥʘʪ ʚ ʈʦʩʩʠʠ. 

 

ʊʘʙʣʠʮʘ 2 

 ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ,  

ʧʦ ʢʣʯʁʫ ʠ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʫʯʘʩʪʢʫ   

ˉ ʧ/ʧ ʀʤ ̫ʪʦʯʢʠ 

ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ (ʤ) 

ʇʦ ʢʣʶʯʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʇʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʫʯʘʩʪʢʫ 

dX dY dH dX dY dH 

1 BARA*  -0.085 -0.044 0.038 -0.093 -0.041 -0.017 

2 BOLO* -0.085 0.090 -0.029 -0.103 0.085 -0.002 

3 CHER 0.039 0.011 0.031 0.030 0.004 0.069 

4 CHUL*  0.035 -0.040 -0.008 0.028 -0.045 -0.025 

5 DOVO -0.022 0.017 0.021 -0.030 0.010 -0.002 

6 ISKT* 0.022 0.011 0.001 0.018 0.006 0.028 

7 KARG*  0.003 -0.014 0.115 -0.007 -0.016 0.089 

8 KOCH 0.053 0.027 -0.008 0.045 0.026 -0.002 

9 KOCK*  0.033 0.021 0.043 0.026 0.013 0.030 

10 KOLV -0.032 0.067 -0.024 -0.042 0.065 -0.017 

11 KRAS* -0.024 -0.002 0.049 -0.031 -0.007 0.024 

12 MASL*  0.033 -0.023 -0.018 0.023 -0.032 0.032 

13 Mhkv*  -0.053 0.056 -0.070 -0.063 0.053 -0.051 

14 NSKW* 0.016 -0.031 0.033 -0.008 -0.032 0.041 

15 ORDN 0.034 0.012 0.017 0.033 0.009 0.027 

16 SUZU* 0.080 0.003 -0.108 0.074 -0.004 -0.085 

17 UBIN*  -0.014 -0.017 -0.023 -0.022 -0.016 -0.065 

18 ZDVI  -0.075 -0.013 0.034 -0.082 -0.018 -0.011 

19 UBIN* -0.014 -0.017 -0.023 -0.022 -0.016 -0.065 

Min= 

Max= 

Med= 

Sko= 

 

-0.085 

0.080 

-0.002 

0.049 

-0.044 

0.090 

0.007 

0.036 

-0.108 

0.115 

0.005 

0.049 

-0.103 

0.074 

-0.011 

0.051 

-0.045 

0.085 

0.003 

0.036 

-0.085 

0.089 

0.003 

0.044 

3D Sko=  0.078 0.076 

ʇʨʠʤʝʯʘʥʠʝ. ʉʠʤʚʦʣʦʤ ç * è  ʧʦʤʝʯʝʥʳ ʠʩʭʦʜʥʳʝ ʧʫʥʢʪʳ ʇɼɹʉ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʣʶʯʘ ʠ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ.  
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ʇʨʠʣʦʞʝʥʠʝ 1 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʇɼɹʉ ʅʉʆ ʢ ʧʫʥʢʪʘʤ ɻɻʉ  

ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʭʦʜʠʤʦʩʪʠ ʨʘʜʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʅʦʤʝʨ 

ʧ/ʧ 

ʀʤ ̫

ʪʦʯʢʠ 

ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ (ʤ) 

ʏʠʩʣʦ ʠʩʭʦʜʥʳʭ 

ʧʫʥʢʪʦʚ ɻɻʉ 

mx my mH ɺ ʧʣʘʥʝ ʇʦ ʚʳʩʦʪʝ 

1 

2 

3 

4 
5 

6 

7 
8 

9 

10 

11 
12 

13 

14 
15 

16 

17 
18 

BARA 

BOLO 

CHER 

CHUL 
DOVO 

ISKT 

KARG 
KOCH 

KOCK 

KOLV 

KRAS 
MASL 

mhkv 

NSKW 
ORDN 

SUZU 

UBIN 
ZDVI  

0.017 

0.019 

0.018 

0.024 
0.015 

0.023 

0.035 
0.026 

0.040 

0.027 

0.043 
0.020 

0.018 

0.022 
0.011 

0.039 

0.024 
0.009 

0.017 

0.019 

0.018 

0.024 
0.015 

0.022 

0.035 
0.025 

0.039 

0.027 

0.043 
0.020 

0.017 

0.022 
0.011 

0.039 

0.024 
0.090 

0.016 

0.025 

0.019 

0.027 
0.017 

0.034 

0.029 
0.030 

0.033 

0.059 

0.037 
0.020 

0.015 

0.023 
0.014 

0.038 

0.021 
0.010 

12 

6 

12 

9 
12 

9 

12 
5 

12 

7 

10 
10 

9 

17 
11 

10 

11 
12 

10 

5 

12 

10 
12 

9 

12 
5 

12 

7 

9 
10 

9 

17 
10 

8 

11 
12 

Min= 
Max= 

Med= 

Sko= 

0.009 
0.043 

0.024 

0.010 

0.009 
0.043 

0.024 

0.010 

0.010 
0.059 

0.026 

0.012 

5 
17 

10.3 

 

5 
17 

10.0 

 

 

ʇʨʠʣʦʞʝʥʠʝ 2 

ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʠ ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ 

ʩ ʤʦʜʝʣʴʶ ʛʝʦʠʜʘ dma10x10 ʩ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ  ʧʦ ʯʠʩʣʫ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ 

ʅʦʤʝʨ 

ʧ/ʧ 

ʀʤ ̫

ʪʦʯʢʠ 

ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ (ʤ) 

ʋʨʘʚʥʠʚʘʥʠʝ ʩ 3 ʀʇ ʋʨʘʚʥʠʚʘʥʠʝ ʩ 4 ʀʇ 

dX dY dH dX dY dH 

1 

2 
3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

BARA 

BOLO 
CHUL 

ISKT 

KARG 

KOCK 
KRAS 

MASL 

mhkv 
NSKW 

SUZU 

UBIN 

0.000 

0.000 
0.049 

0.029 

0.027 

0.035 
-0.003 

0.049 

-0.026 
0.027 

0.000 

0.033 

0.000 

0.000 
-0.065 

0.007 

-0.029 

-0.005 
-0.047 

-0.020 

0.030 
-0.041 

0.000 

-0.035 

0.000 * 

0.000 * 
-1.297 

-0.495 

-0.674 

-0.616 
0.379 

-0.058 

-0.492 
-0.686 

0.000* 

-0.360 

0.000 

0.000 
0.066 

0.049 

0.037 

0.065 
0.000 

0.000 

-0.029 
0.041 

0.109 

0.033 

0.000 

0.000 
-0.045 

0.011 

-0.007 

0.020 
0.000 

0.000 

0.035 
-0.032 

0.005 

-0.012 

0.000 * 

0.000 * 
-1.398 

-0.537 

-0.767 

-0.839 
0.000 * 

0.000 * 

-0.447 
-0.716 

-0.226 

-0.459 

Min= 

Max= 
Med= 

Sko= 

-0.026 

0.049 
0.018 

0.023 

-0.065 

0.030 
-0.017 

0.027 

-1.297 

0.379 
-0.358 

0.448 

-0.029 

0.109 
0.031 

0.039 

-0.045 

0.035 
-0.002 

0.021 

-1.398 

0.000 
-0.449 

0.436 

ʇʨʠʤʝʯʘʥʠʝ. ʉʠʤʚʦʣʦʤ ç * è ʧʦʤʝʯʝʥʳ ʠʩʭʦʜʥʳʝ ʧʫʥʢʪʳ ʇɼɹʉ (ʀʇ). 



27 

ʇʨʠʣʦʞʝʥʠʝ 3  

ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ  

ʠ ʠʟ ʫʨʘʚʥʠʚʘʥʠʷ ʩ ʤʦʜʝʣʴʶ ʛʝʦʠʜʘ EGM2008-25 ʠ ʚʘʨʠʘʥʪʘʤʠ   

ʧʦ ʯʠʩʣʫ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ 

ʅʦʤʝʨ 

ʧ/ʧ 

ʀʤ ̫

ʪʦʯʢʠ 

ʈʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ (ʤ) 

ʋʨʘʚʥʠʚʘʥʠʝ ʩ 3 ʀʇ ʋʨʘʚʥʠʚʘʥʠʝ ʩ 4 ʀʇ 

dX dY dH dX dY dH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

BARA 

BOLO 

CHUL 

ISKT 

KARG 

KOCK 

KRAS 

MASL 

mhkv 

NSKW 

SUZU 

UBIN 

0.000 

0.000 

0.052 

0.028 

0.030 

0.039 

-0.001 

0.044 

-0.027 

0.027 

0.000 

0.036 

0.000 

0.000 

-0.065 

0.006 

-0.029 

-0.001 

-0.037 

-0.027 

0.033 

-0.040 

0.000 

-0.038 

0.000 * 

0.000 * 

0.012 

0.075 

0.119 

0.094 

0.098 

0.082 

-0.027 

0.083 

  0.000 * 

-0.034 

0.000 

0.000 

0.074 

0.054 

0.043 

0.073 

0.000 

0.000 

-0.024 

0.048 

0.121 

0.037 

0.000 

0.000 

-0.052 

0.008 

-0.014 

0.017 

0.000 

0.000 

0.038 

-0.035 

-0.005 

-0.020 

0.000 * 

0.000 * 

-0.018 

0.011 

0.098 

0.016 

0.000 * 

0.000 * 

-0.049 

0.042 

-0.122 

-0.045 

Min= 

Max= 

Med= 

Sko= 

-0.027 

0.052 

0.019 

0.024 

-0.065 

0.033 

-0.017 

0.027 

-0.034 

0.119 

0.042 

0.055 

-0.024 

0.121 

0.035 

0.042 

-0.052 

0.038 

-0.005 

0.023 

-0.122 

0.098 

-0.006 

0.053 

ʇʨʠʤʝʯʘʥʠʝ. ʉʠʤʚʦʣʦʤ ç * è  ʧʦʤʝʯʝʥʳ ʠʩʭʦʜʥʳʝ ʧʫʥʢʪʳ ʇɼɹʉ (ʀʇ). 
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ɺ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʈʦʩʩʠʠ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ, ʥʝʪ  ʯʝʪ-

ʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʥʷʪʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ çReference Systemè ʠ  

çReference Frameè. ʊʝʨʤʠʥ çReference Systemè,  ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʚʦʜʠʪʴ ʢʘʢ çʩʠʩʪʝʤʘ ʦʪ-

ʩʯʝʪʘè, ʦʟʥʘʯʘʶʱʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʝ (ʜʝʢʣʘʨʘʪʠʚʥʦʝ) ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʭʨʦ-

ʥʦʤʝʪʨʠʠ. ʊʝʨʤʠʥ çReference Frameè ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʚʦʜʠʪʴ ʢʘʢ çʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘè, ʢʦʪʦ-

ʨʘʷ ʤʘʪʝʨʠʘʣʠʟʫʝʪ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ (Reference System) ʯʝʨʝʟ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. çʉʠʩʪʝʤʘ ʢʦ-

ʦʨʜʠʥʘʪè - ʦʜʥʘ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦʥʷʪʠʷ çʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘè. ʊʝʨʤʠʥ çʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩ-

ʥʦʚʘè - ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ çʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʳè. 
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In Russian geodetic practice is not single translation, clear separation, and application of con-

cepts and terminology çReference Systemè and  çReference Frameè. Term of çReference Systemè 

offered to translate as çReference Systemè meaning a theoretical description of geometry space and 

timing. Term of çReference Frameè  offered to translate as çReference Frameè which materialized 

as Reference System through real object. çCoordinate systemè is one composite part of  term çRef-

erence Systemè. Term of  çcoordinate frameè is one composite part of  term çReference Frameè. 

 

Key words: geodesy, reference system, reference frame, coordinate system, coordinate frame.  

 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʝʨʤʠʥ Reference System ʪʨʘʢʪʫʝʪʩʷ ʚ ʘʩʪʨʦʥʦʤʠʠ [1], [4, 

ʩ. 44], ʬʠʟʠʢʝ [2, ʩ. 11] ʠ ʤʝʭʘʥʠʢʝ [3, ʩ. 11] - ʢʘʢ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ, ʪʘʢ ʠ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ï ʢʘʢ ʘʙʩʪʨʘʢʪʥʘʷ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè ʚ ʚʠʜʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (ʜʝʢʣʘʨʘ-

ʪʠʚʥʦʛʦ) ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʭʨʦʥʦʤʝʪʨʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʆʥ 

ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʧʦʥʷʪʠʷ çʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪè (ʛʝʦʤʝʪʨʠʶ) ʠ çʩʠʩʪʝʤʫ ʚʨʝʤʝ-

ʥʠè (ʭʨʦʥʦʤʝʪʨʠʶ) ʚ ʦʜʥʦ ʦʧʨʝʜʝʣʝʥʠʝ çʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘè (ʨʠʩ. 1) [2, 3].  
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ʈʠʩ. 1. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (Reference System) 

 

 

ɺ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʝ [2], ʚ ʵʬʝʤʝʨʠʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ [4] çʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥ-

ʪʠʥʫʫʤ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ [3] ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ çʘʙʩʦʣʶʪʥʳè ʠ ʧʦ-

ʥʷʪʠʷ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʠ çʩʠʩʪʝʤʘ ʚʨʝʤʝʥʠè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʊʝʨʤʠʥ çʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘè (Reference Frame) ʪʨʘʢʪʫʝʪʩʷ ʚ [1], [4, ʩ. 44] ʢʘʢ  

ʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʦʚʘ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ʌʠʟʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

 

 

ʆʜʥʘʢʦ, ʚ ʵʬʝʤʝʨʠʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʝʨʤʠʥʳ çReference 

Systemè ʠ çReference Frameè ʧʝʨʝʚʦʜʷʪʩʷ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʥʘ ʨʫʩʩʢʠʡ ʢʘʢ çʩʠʩʪʝ-

ʤʘ ʢʦʦʨʜʠʥʘʪè ʠ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè [4, ʩ. 44, 45]. ʆʜʥʘʢʦ ʵʪʦʪ ʧʝʨʝʚʦʜ ʚʚʦʜʠʪ 

ʢʦʣʣʠʟʠʶ ʚ ʪʝʨʤʠʥʦʣʦʛʠʶ ʤʝʞʜʫ ʬʠʟʠʢʦʡ [2] ʠ ʤʝʭʘʥʠʢʦʡ [3] ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʠ ʵʬʝʤʝʨʠʜʥʦʡ ʘʩʪʨʦʥʦʤʠʝʡ [4] ʠ ʛʝʦʜʝʟʠʝʡ ʩ ʜʨʫʛʦʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʵʪʦʡ ʢʦʣʣʠʟʠʠ ʪʝʨʤʠʥ çReference Systemè ʣʫʯʰʝ ʧʝʨʝʚʦʜʠʪʴ ʢʘʢ çʩʠʩʪʝʤʘ ʦʪ-

ʩʯʝʪʘè, ʯʝʤ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʢʘʢ ʚ [4], ʪ.ʝ., ʪʘʢ, ʢʘʢ ʦʥ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʬʠ-

ʟʠʢʝ ʠ ʤʝʭʘʥʠʢʝ [2, 3], ʛʜʝ ʪʝʨʤʠʥ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦ-

ʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʪʝʨʤʠʥʘ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè (ʨʠʩ. 1). ʊʝʨʤʠʥ çReference Frameè 

ʧʨʘʚʠʣʴʥʝʝ ʧʝʨʝʚʦʜʠʪʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʘʢ çʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘè, 

ʯʝʤ ʢʘʢ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ [4]. ʇʦʩʢʦʣʴʢʫ ʚ ʘʩʪʨʦʥʦʤʠʠ [1], 

ʬʠʟʠʢʝ [2] ʠ ʤʝʭʘʥʠʢʝ [3] ʪʝʨʤʠʥ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ - Reference Systemè ʫʞʝ ʟʘ-

ʥʷʪ: ʦʥ ʦʟʥʘʯʘʝʪ  ʘʙʩʪʨʘʢʪʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ (ʨʠʩ. 1).  

ʊʝʨʤʠʥ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʦʟʥʘʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʦʣʞʥʦ 

ʚʢʣʶʯʘʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʦʨʠʝʥ-

ʪʠʨʦʚʢʫ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʠ ʚʠʜ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3).  

ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ (Reference System) 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ  

(ʛʝʦʤʝʪʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ) 

ʉʠʩʪʝʤʘ ʚʨʝʤʝʥʠ  

(ʭʨʦʥʦʤʝʪʨʠʷ) 

ʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ  ʐʢʘʣʘ ʚʨʝʤʝʥʠ  

ʆʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ (Reference Frame) 
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ʈʠʩ. 3. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  

 

 

ʊʝʨʤʠʥ ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ ʦʟʥʘʯʘʝʪ ʤʘʪʝʨʠʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ, ʠʣʠ ʠʥʘʯʝ, ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ çʦʪ-

ʩʯʝʪʥʦʡ ʦʩʥʦʚʳè. ʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ ï ʵʪʦ ʥʝʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʤʥʦʞʝ-

ʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʦ-

ʩʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʈʠʩ. 4).  

 

 

ʈʠʩ. 4. ʌʠʟʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ï ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ 

 

 

ʌʠʟʠʯʝʩʢʠʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʥʘʧʨʠʤʝʨ, ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʷʚʣʷ-

ʶʪʩʷ ʮʝʥʪʨʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʦʤ ɿʝʤʣʠ. ʂʦʩʤʠ-

ʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʂɸ) ɻʃʆʅɸʉʉ/GPS ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʩʠʪʝʣʷʤʠ ʟʝʤ-

ʥʦʡ (ʦʨʙʠʪʘʣʴʥʦʡ) ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ï ʝʩʣʠ ʵʬʝʤʝʨʠʜʳ ʂɸ ʜʘʶʪʩʷ ʚ ʟʝʤ-

ʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ɺ ʥʝʙʝʩʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʝ ʥʦʩʠʪʝʣʷʤʠ ʢʦʦʨʜʠʥʘʪ 

ʷʚʣʷʶʪʩʷ ʢʚʘʟʘʨʳ, ʟʚʝʟʜʳ ʠ ʪʝʣʘ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʢʦʦʨʜʠʥʘʪ 

ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʤʦʜʝʣʴ, ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʤʦʜʝʣʠ. ʅʘʧʨʠ-

ʤʝʨ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʘʪʘʣʦʛʠ ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʪʘʪʠʯʝ-

ʩʢʫʶ ʠʣʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʢʦʦʨʜʠʥʘʪ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ (ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ - 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʫʥʢʪʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʵʧʦʭʠ ʢʘʪʘʣʦʛʘ 

(ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥ ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ ʷʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʤ, ʯʝʤ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʨʤʠʥ ʢʦ-

ʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ.  

ʇʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ 

ʆʨʠʝʥʪʠʨʦʚʢʘ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ) 

ɺʠʜ  

ʢʦʦʨʜʠʥʘʪ 

ʌʠʟʠʯʝʩʢʠʝ ʥʦʩʠʪʝʣʠ ʢʦʦʨʜʠʥʘʪ ʄʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ 

ʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʜʝʣʠ  

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
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ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʪʝʨʤʠʥ çʦʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè (ʆɿʉʂ) ʵʢʚʠʚʘ-

ʣʝʥʪʝʥ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʨʤʠʥʘ çʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ - Ter-

restrial Reference System (TRS)è, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʝʨ-

ʤʠʥʦʣʦʛʠʠ ʵʬʝʤʝʨʠʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ [1, 4, 5]. ʆʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ʚʚʦʜʠʪʩʷ ʚ ʛʝʦʜʝʟʠʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦ-

ʛʦ ʩʦʶʟʘ (ʄɸʉ) [1] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʢʦʥʮʝʧʮʠʝʡ çʅʝʙʝʩʥʦʛʦ ʠ ʟʝʤʥʦʛʦ ʵʬʝʤʝ-

ʨʠʜʥʳʭ ʥʘʯʘʣè (Celestial and Terrestrial Ephemeris Origins, CEO and TEO) ʠʣʠ 

ʢʨʘʪʢʦ ʢʦʥʮʝʧʮʠʝʡ çʥʝʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʯʘʣʘè (Non-rotating origin, NRO) [1, 4, 

5]. 

ʅʝʙʝʩʥʦʝ CEO ʠ ʟʝʤʥʦʝ TEO ʵʬʝʤʝʨʠʜʥʳʝ ʥʘʯʘʣʘ ʚʚʦʜʷʪʩʷ ʩʦʚʤʝʩʪʥʦ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ (ʄɼɿ). ʆʙʘ ʥʘʯʘʣʘ CEO ʠ TEO ʟʘʜʘʶʪʩʷ ʥʘ ʥʝ-

ʙʝʩʥʦʡ ʠ ʟʝʤʥʦʡ ʩʬʝʨʘʭ ʜʚʫʤʷ ʧʘʨʘʤʠ ʪʦʯʝʢ. ʅʝʙʝʩʥʘʷ ʩʬʝʨʘ ï ʵʪʦ ʝʜʠʥʠʯʥʘʷ 

ʩʬʝʨʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ çʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʝʪʘè ï Celestial Reference System (CRS). ɿʝʤʥʘʷ ʩʬʝʨʘ ï ʵʪʦ ʝʜʠʥʠʯʥʘʷ ʩʬʝʨʘ, 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

(TRS). ɺ ʦʧʨʝʜʝʣʝʥʠʝ CEO ʚʢʣʶʯʘʝʪʩʷ ʥʝʙʝʩʥʳʡ ʵʬʝʤʝʨʠʜʥʳʡ ʧʦʣʶʩ P(CEO) 

ʠ çʥʝʧʦʜʚʠʞʥʘʷè ʪʦʯʢʘ ů(CEO) ʥʘ ʧʦʜʚʠʞʥʦʤ ʵʢʚʘʪʦʨʝ Q ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʪʝ-

ʢʫʱʝʡ ʵʧʦʭʠ t. ɺ ʦʧʨʝʜʝʣʝʥʠʝ TEO ʚʚʦʜʠʪʩʷ ʟʝʤʥʦʡ ʵʬʝʤʝʨʠʜʥʳʡ ʧʦʣʶʩ 

p(TEO) ʠ çʥʝʧʦʜʚʠʞʥʘʷè ʪʦʯʢʘ ɤ(TEO) ʥʘ ʵʪʦʤ ʞʝ ʧʦʜʚʠʞʥʦʤ ʵʢʚʘʪʦʨʝ Q ʟʝʤ-

ʥʦʡ ʩʬʝʨʳ ʵʧʦʭʠ t. ʅʝʙʝʩʥʳʡ ʵʬʝʤʝʨʠʜʥʳʡ ʧʦʣʶʩ P(CEO) ʠ ʟʝʤʥʦʡ ʵʬʝʤʝʨʠʜ-

ʥʳʡ ʧʦʣʶʩ p(TEO) ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ ʩ ʥʝʙʝʩʥʦʡ ʠ ʟʝʤʥʦʡ ʩʬʝʨʘʤʠ. ʇʦʜʚʠʞʥʳʡ ʵʢʚʘʪʦʨ Q ʵʧʦʭʠ t ʝʜʠʥ ʜʣʷ 

CEO ʠ TEO. 

ɺ ʆɿʉʂ ʥʘʯʘʣʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʮʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ. ʆʨʠʝʥʪʠʨʦʚʢʘ ʆɿʉʂ ʚʚʦ-

ʜʠʪʩʷ ʪʨʝʤʷ ʤʘʣʳʤʠ ʫʛʣʘʤʠ xp(T), yp(T), s̀ (T)  ʦʪʥʦʩʠʪʝʣʴʥʦ TEO ï ʪʦʯʝʢ 

p(TEO) ʠ ɤ(TEO) ʥʘ ʟʝʤʥʦʡ ʩʬʝʨʝ. ʆʩʴ ʘʧʧʣʠʢʘʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ çʥʝʧʦʜʚʠʞ-

ʥʳʡè ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ ɿʝʤʣʠ ʧʦʣʶʩ p`(TEO), ʟʘʜʘʚʘʝʤʳʡ ʥʘ ʟʝʤʥʦʡ ʩʬʝʨʝ 

ʪʨʝʤʷ ʫʛʣʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ xp(T), yp(T), s̀ (T) ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʛʦ ʵʬʝʤʝ-

ʨʠʜʥʦʛʦ ʥʘʯʘʣʘ TEO. ʅʫʣʝʚʦʡ ʤʝʨʠʜʠʘʥ ʆɿʉʂ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ 

ʟʝʤʥʦʡ ʧʦʣʶʩ p`(TEO) ʠ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ ɤ`(TEO) ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʟʝʤʥʦʤ 

ʵʢʚʘʪʦʨʝ. ʊʦʯʢʘ ɤ`(TEO) ʚʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʥʘʯʘʣʘ 

TEO ʜʚʫʤʷ ʫʛʣʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ s̀ (T) ʠ xp(T). ʄʘʣʳʝ ʫʛʣʳ xp(T), yp(T), s̀ (T) 

ʷʚʣʷʶʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʠ ʥʝ ʤʦʜʝʣʠʨʫʶʪʩʷ. ʆʥʠ ʦʮʝʥʠ-

ʚʘʶʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʄʉɺɿ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘ-

ʙʣʶʜʝʥʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ ʩʨʝʜʩʪʚʘʤʠ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʢʚʘʟʘʨʦʚ, 

ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʃʫʥʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ, ɻʃʆʅɸʉʉ/GPS-

ʠʟʤʝʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʚʦʜʠʪʩʷ, ʢʘʢ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʘʷ  ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ TRS, ʯʝʨʝʟ ʥʝʙʝʩʥʫʶ ʩʠʩʪʝʤʫ ʦʪ-

ʩʯʝʪʘ CRS (ʚʳʧʦʣʥʷʶʱʫʶ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʬʫʥʢʮʠʶ ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ), ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʄɼɿ ʠ ʟʝʤʥʫʶ ʩʠʩʪʝʤʫ 

ʦʪʩʯʝʪʘ TRS (ʨʠʩ. 5). ʄʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʚʢʣʶʯʘʝʪ ʤʦʜʝʣʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-

ʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 
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ʪʝʣ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʜʝʣʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʢʣʶʯʘʝʪ ʧʨʝʮʝʩʩʠʦʥʥʦ-

ʥʫʪʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʟʚʝʟʜʥʳʡ ʫʛʦʣ (stellar angle), ʩʦʙ-

ʩʪʚʝʥʥʫʶ ʥʫʪʘʮʠʶ ʷʜʨʘ ɿʝʤʣʠ, ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʥʫʪʘʮʠʶ ʠ ʜʚʠʞʝʥʠʝ ʧʦʣʶʩʘ. 

ʄʦʜʝʣʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ 

ʙʘʨʠʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ CRS) ʠ ʩʤʝʱʝʥʠʝ (ʩʜʚʠʛ) 

ʦʨʠʝʥʪʘʮʠʠ CRS ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ ʠ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʢʚʘʪʦ-

ʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʜʘʨʪʥʦʡ ʵʧʦʭʠ 2000.0 ʠ ʚʭʦʜʠʪ ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʴʶ ʚ ʤʦʜʝʣʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʯʝʨʝʟ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɿʝʤʣʠ, 

ʃʫʥʳ, ʉʦʣʥʮʘ ʠ ʧʣʘʥʝʪ. 

 

 

ʈʠʩ. 5. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʆɿʉʂ)  

ʯʝʨʝʟ ʥʝʙʝʩʥʫʶ (CRS) ʠ ʟʝʤʥʫʶ (TRS) ʦʪʩʯʝʪʥʳʝ ʩʠʩʪʝʤʳ 

 

 

ʊʝʨʤʠʥ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʪʘʪʴʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʪʘʢʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʧʦʥʷʪʠʷʤ ʢʘʢ ʦʙʱʝʟʝʤʥʘʷ, ʨʝʬʝʨʝʥʮʥʘʷ ʠ ʤʝʩʪʥʘʷ ʩʠʩʪʝ-

ʤʳ ʢʦʦʨʜʠʥʘʪ (ʆɿʉʂ, ʈʉʂ, ʄʉʂ), ʚ ʢʦʪʦʨʳʭ ʜʝʢʣʘʨʠʨʫʝʪʩʷ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʪʝʣʘ 

ɿʝʤʣʠ ʥʘʭʦʜʷʪʩʷ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʢʘʢ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʠ ʢʘʢʦʛʦ 

ʚʠʜʘ ʚʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ. ɺ ʛʝʦʜʝʟʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʟʝʤʥʳʭ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: ʦʙʱʝʟʝʤʥʘʷ, ʨʝʬʝʨʝʥʮʥʘʷ, ʤʝʩʪʥʘʷ ʠ ʜʨ. (ʈʠʩ.6). 

 

 

ʈʠʩ. 6. ʅʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʟʝʤʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʛʝʦʜʝʟʠʠ 

 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʝʬʝʨʝʥʮʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʈʉʂ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʥʩʬʦʨʤʠ-

ʨʦʚʘʥʠʷ: ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʜʚʠʛʘ, ʪʨʝʤʷ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʠ ʤʘʩʰʪʘʙʦʤ.  

ʊʨʘʜʠʮʠʦʥʥʘʷ ʈʉʂ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ ɿʝʤʣʠ 

ʠʩʭʦʜʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʜʘʪʘʤʠ ʚ ʠʩʭʦʜʥʦʤ ʧʫʥʢʪʝ ʩʝʪʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʠ ʧʦ-

ʆʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ (ʆɿʉʂ) 

ʈʝʬʝʨʝʥʮʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ (ʈʉʂ) 

ʅʝʢʦʪʦʨʳʝ ʟʝʤʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʄʝʩʪʥʳʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ (ʄʉʂ) 

ʅʝʙʝʩʥʘʷ 

ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ 

(CRS) 

ʄʦʜʝʣʴ 

ʜʚʠʞʝʥʠʷ 

ɿʝʤʣʠ 

(ʄɼɿ) 

ʆʙʱʝʟʝʤʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦ-

ʦʨʜʠʥʘʪ 

(ʆɿʉʂ) 

ɿʝʤʥʘʷ 

ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ 

(TRS) 

ɻʝʦʮʝʥʪʨʠʯʝʩʢʦʝ 

ʢʦʦʨʜʠʥʘʪʥʦʝ 

ʚʨʝʤʷ 

(GCT) 
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ʣʠʛʦʥʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʜʦʣʛʦʪʘʤʠ, ʰʠʨʦʪʘʤʠ ʠ ʘʟʠʤʫʪʘʤʠ 

ʥʘ ʧʫʥʢʪʘʭ ʃʘʧʣʘʩʘ. 

ʄʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʄʉʂ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʨʝʬʝʨʝʥʮʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ, çʢʣʶʯʘʤʠ ʧʝʨʝʭʦʜʘè. 

ʌʠʟʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʆɿʉʂ, ʈʉʂ ʠ ʄʉʂ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦ-

ʛʠʝʡ, ʚʚʝʜʝʥʥʦʡ ʚʳʰʝ (ʨʠʩ. 4), ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʦʙʱʝʟʝʤʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩ-

ʥʦʚʘ (ʆɿʂʆ), ʨʝʬʝʨʝʥʮʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ (ʈʂʆ) ʠ ʤʝʩʪʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ 

ʦʩʥʦʚʘ (ʄʂʆ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʝʢʦʪʦʨʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʙʱʝʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʆɿʂʆ 

ʷʚʣʷʶʪʩʷ: 

- ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʥʦʚʣʷʝʤʳʭ ʚʝʨʩʠʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʝʤ-

ʥʦʡ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʳ ITRF (International Terrestrial Reference Frame) ʄʉɺɿ, 

- ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʥʦʚʣʷʝʤʳʭ ʚʝʨʩʠʡ ʉʠʩʪʝʤʳ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ çʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ 1990 ʛʦʜʘè (ʇɿ-90) ʈʦʩʩʠʠ
*)
, 

- ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʥʦʚʣʷʝʤʳʭ ʚʝʨʩʠʡ ʄʠʨʦʚʦʡ ʛʝʦʜʝʟʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ 1984 ʛʦʜʘ çWord Geodetic System 1984è (WGS-84) ʉʐɸ (ʇɿ-90 ʠ 

WGS-84 ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʦʩʥʦʚʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫ-

ʶʪ ʚʥʝʰʥʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ), 

- ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 2011 ʛʦʜʘ (ɻʉʂ-2011) ʈʦʩʩʠʠ [6], [7]. 

ʕʪʠ ʨʘʟʣʠʯʥʳʝ ʆɿʂʆ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʜʠʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ 

ʆɿʉʂ, ʝʜʠʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣ ʩʦʣ-

ʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʨʘʟʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʥʦʩʠʪʝʣʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʟʥʳʤʠ ʤʦʜʝ-

ʣʷʤʠ ʵʚʦʣʶʮʠʠ ʦʙʱʝʟʝʤʥʳʭ ʢʦʦʨʜʠʥʘʪ.  

ʅʦʩʠʪʝʣʷʤʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ITRF ʷʚʣʷʶʪʩʷ ʦʢʦʣʦ ʧʦʣʫʪʳʩʷʯʠ ʧʫʥʢ-

ʪʦʚ ʄʉɺɿ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʣʘʥʝʪʘʨʥʦ ʩ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦ ʚʩʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʄʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʢʦʦʨʜʠʥʘʪ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ï ʚ ʢʘʪʘʣʦʛʝ 

ʢʘʞʜʳʡ ʧʫʥʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʤʴʶ ʧʘʨʘʤʝʪʨʘʤʠ (Xo, Yo, Zo, Vx, Vy, Vz, To): ʪʨʝ-

ʤ̫  ʢʦʦʨʜʠʥʘʪʘʤʠ Xo, Yo, Zo ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ, ʪʨʝʤʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʝʛʦ ʩʢʦʨʦʩʪʠ Vx, Vy, Vz ʠ ʵʧʦʭʦʡ ʢʘʪʘʣʦʛʘ To. ʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩ-

ʥʦʚʘ ITRF, ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʝʘʣʠʟʘʮʠʡ ʆɿʉʂ, ʠʤʝʝʪ ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ (ʥʘ 

ʫʨʦʚʥʝ ʧʝʨʚʳʭ ʤʠʣʣʠʤʝʪʨʦʚ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ ʧʫʥʢʪʦʚ ʄʉɺɿ ʠ ʢʦʦʨ-

ʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʠʤʝʶʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʯʝʨʝʟ Internet. ʏʝʪʳʨʝ ʬʘʢʪʦʨʘ: ʧʣʘ-

ʥʝʪʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ, ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʢʘʪʘʣʦʛʫ ʢʦʦʨʜʠʥʘʪ ï ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ITRF ʤʘʩʩʦʚʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ. 

ʅʦʩʠʪʝʣʷʤʠ ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʇɿ-90 ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʯʠʩʣʦ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʄʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʢʦʦʨ-

ʜʠʥʘʪ ʩʪʘʪʠʯʝʩʢʘʷ ï ʚ ʢʘʪʘʣʦʛʝ ʢʘʞʜʳʡ ʧʫʥʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʢʦʦʨʜʠʥʘʪʘ-

ʤʠ X, Y, Z ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʵʧʦʭʫ ʢʘʪʘʣʦʛʘ ʊʦ. ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʇɿ-90 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ITRF ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ITRF, ʦʛ-

ʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʥʘʟʝʤʥʳʤ ʧʫʥʢʪʘʤ, ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʵʪʠʭ ʧʫʥʢ-

ʪʦʚ, ʢ ʢʘʪʘʣʦʛʫ ʢʦʦʨʜʠʥʘʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ çʧʨʠʚʷʟʘʪʴʩʷè ʢ ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʦʩʥʦʚʝ ʇɿ-90 ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 
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ʇʨʦʙʣʝʤʘ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʙʠʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩ-

ʥʦʚʳ ʇɿ-90, ʥʦʩʠʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʂɸ) ɻʃʆ-

ʅɸʉʉ ʩ ʙʦʨʪʦʚʳʤʠ ʵʬʝʤʝʨʠʜʳ ʚ ʆɿʉʂ. ʅʦ ʪʦʯʥʦʩʪʴ çʧʨʠʚʷʟʢʠè ʥʘʟʝʤʥʳʭ 

ʧʫʥʢʪʦʚ ʢ ʇɿ-90 ʥʠʟʢʘʷ: ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʵʬʝʤʝʨʠʜ, ʠʟ-

ʟʘ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʦʙʨʘʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʣʠʥʝʡʥʦʡ ʟʘʩʝʯʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʨʙʠʪʳ ʥʘ ʥʘʟʝʤʥʳʡ ʧʫʥʢʪ. 

ʅʦʩʠʪʝʣʝʤ ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ WGS-84 ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʦʛʨʘʥʠ-

ʯʝʥʥʦʝ ʯʠʩʣʦ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ (ʦʢʦʣʦ ʜʚʫʭ ʜʝʩʷʪʢʦʚ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʵʢʚʘ-

ʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʥʠʤʠ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. 

ʊʦʯʥʦʩʪʴ ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ WGS-84 ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʪʦʯʥʦʩʪʠ ITRF (ʧʦʢʘ ʜʦ ʫʨʦʚʥʷ ʦʜʥʦʛʦ-ʜʚʫʭ ʩʘʥʪʠʤʝʪʨʦʚ). ʅʦ ʜʦʩʪʫʧʘ, ʥʠ ʢ 

ʧʫʥʢʪʘʤ WGS-84, ʥʠ ʢ ʢʦʦʨʜʠʥʘʪʘʤ, ʥʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʵʪʠʭ ʧʫʥʢ-

ʪʦʚ, ʫ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʪ. ʇʦʵʪʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ çʧʨʠʚʷʟʢʘè ʦʧʨʝ-

ʜʝʣʷʝʤʦʛʦ ʥʘʟʝʤʥʦʛʦ ʧʫʥʢʪʘ ʢ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʝ WGS-84 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʚʦʟʤʦʞʥʘ.  

ʂʦʩʚʝʥʥʘʷ çʧʨʠʚʷʟʢʘè ʢ ʩʠʩʪʝʤʝ WGS-84 ʚʦʟʤʦʞʥʘ ʯʝʨʝʟ ʦʨʙʠʪʘʣʴʥʫʶ ʢʦ-

ʦʨʜʠʥʘʪʥʫʶ ʦʩʥʦʚʫ WGS-84, ʥʦʩʠʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘ-

ʨʘʪʳ GPS ʩ ʙʦʨʪʦʚʳʤʠ ʵʬʝʤʝʨʠʜʳ ʚ ʆɿʉʂ. ʊʦʯʥʦʩʪʴ ʪʘʢʦʡ ʢʦʩʚʝʥʥʦʡ ʧʨʠʚʷʟ-

ʢʠ ʥʠʟʢʘʷ. ʇʨʠʯʠʥʳ ʪʝ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʢʦʩʚʝʥʥʦʡ ʧʨʠʚʷʟʢʠ  ʢ ʇɿ-90 ʯʝʨʝʟ ʂɸ 

ɻʃʆʅɸʉʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʆɿʉʂ ʯʝʨʝʟ ʇɿ-90 ʠ WGS-84 ʩ ʪʦʯʥʦʩʪʴʶ, ʩ ʢʘʢʦʡ ʦʥʠ ʩʦʟʜʘʥʳ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷ ʚ ʧʨʦʝʢʪʘʭ ʢ ʛʝʦʜʝʟʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʦʙʲʝʢʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʇɿ-90 

ʠʣʠ WGS-84 ʷʚʣʷʶʪʩʷ ʥʝ ʚʩʝʛʜʘ ʦʙʦʩʥʦʚʘʥʥʳʤʠ. ɺʳʭʦʜ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʜʠʥ ï ʦʙʲʝʢʪʳ çʧʨʠʚʷʟʳʚʘʪʴè ʢ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʥʦʚʘʤ ITRF ʠʣʠ ɻʉʂ-2011. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 2011 ʛʦʜʘ ɻʉʂ-2011 ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʬʠʟʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʆɿʂʉ. ʇʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʝʨ-

ʤʠʥʦʣʦʛʠʝʡ ʝʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʥʘʟʚʘʪʴ çɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʦʡ 

2011 ʛʦʜʘè ʠ ʩʦʢʨʘʱʝʥʥʦ ʦʙʦʟʥʘʯʠʪʴ ɻʂʆ-2011. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʨʝʘʣʠʟʫʝ-

ʤʘʷ ɻʂʉ-2011, ʫʞʝ ʚʭʦʜʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ɻʂʉ-2011, ʢʘʢ 

ʦʜʥʘ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ɻʂʉ-2011 (ʨʠʩ. 4). ʕʪʦʪ ʬʘʢʪ, ʦʯʝʨʝʜʥʦʡ ʨʘʟ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʈʦʩʩʠʠ ʥʝʪ ʯʝʪʢʦʛʦ ʨʘʟʜʝ-

ʣʝʥʠʷ ʠ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʦʥʷʪʠʡ çʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘè ʠ çʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦ-

ʚʘè. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʪʝʨʤʠʥʘ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè 

ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴ ʠ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʥʦʚʫ. ʇʦʥʠʤʘʪʴ 

ʦ ʯʝʤ ʠʜʝʪ ʨʝʯʴ (ʦ ʩʠʩʪʝʤʝ ʠʣʠ ʦʙ ʦʩʥʦʚʝ) ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʢʦʥʪʝʢʩʪʫ. 

ʅʦʩʠʪʝʣʷʤʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ɻʉʂ-2011 ʷʚʣʷʶʪʩʷ ʧʫʥʢʪʳ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʡ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʌɸɻʉ) - 50 ʧʫʥʢʪʦʚ, ʚʳʩʦʢʦʪʦʯʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ɺɻʉ) - 300 ʧʫʥʢʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 1 

ʢʣʘʩʩʘ (ʉɻʉ-1) - ʧʦʨʷʜʢʘ 4Ā10
3
 ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. ɺ ʩʦʩʪʘʚ ʧʫʥʢʪʦʚ ɻʉʂ-2011 ʚʦʰʣʦ ʪʘʢʞʝ ʦʢʦʣʦ 350 ʪʳʩʷʯ ʧʫʥʢʪʦʚ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ɻɻʉ) 1 ï 4 ʢʣʘʩʩʦʚ ʧʫʪʝʤ ʫʨʘʚʥʠʚʘʥʠʷ ɻɻʉ 

ʩ ʦʧʦʨʦʡ ʥʘ ʧʫʥʢʪʳ ʌɸɻʉ, ɺɻʉ ʠ ʉɻʉ-1 [5]. ʄʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʢʦʦʨʜʠʥʘʪ ʩʪʘ-
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ʪʠʯʝʩʢʘʷ ï ʚ ʢʘʪʘʣʦʛʝ ʢʘʞʜʳʡ ʧʫʥʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʢʦʦʨʜʠʥʘʪʘʤʠ X, Y, Z 

ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʵʧʦʭʫ ʢʘʪʘʣʦʛʘ ʊʦ. ʀʟ ʧʷʪʠʜʝʩʷʪʠ ʧʫʥʢʪʦʚ ʌɸɻʉ ʦʢʦʣʦ ʪʨʠ-

ʜʮʘʪʠ ʧʫʥʢʪʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ï ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʢʦ-

ʪʦʨʳʝ  ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʄʉɺɿ. ʂ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʵʪʠʭ ʘʢʪʠʚʥʳʭ ʧʫʥʢ-

ʪʦʚ ʠ ʢʦʦʨʜʠʥʘʪʘʤ ʠʤʝʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʦʚʳʭ ʧʫʥʢʪʦʚ ʚ ʆɿʉʂ ʯʝʨʝʟ ʧʫʥʢʪʳ ɻʉʂ-

2011, ʢ ʩʦʞʘʣʝʥʠʶ, ʩ ʥʝʢʦʪʦʨʳʤ ʧʦʥʠʞʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʫʜʘʣʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʫʥʢʪʘ ʦʪ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ɻʉʂ-2011.  

ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʝʬʝʨʝʥʮʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʈʂʆ ʚ ʈʦʩʩʠʠ ʷʚʣʷ-

ʶʪʩʷ: 

- ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1942 ʛʦʜʘ (ʉʂ-42), 

- ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1995 ʛʦʜʘ (ʉʂ-95). 

ʕʪʠ ʈʂʆ ʩʣʝʜʦʚʘʣʦ ʙʳ ʥʘʟʳʚʘʪʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʝʨʤʠ-

ʥʦʣʦʛʠʝʡ, ʢʘʢ çʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ 1942 ʛʦʜʘè ʠ çʂʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘ 1995 

ʛʦʜʘè ʠ ʦʙʦʟʥʘʯʘʪʴ ʂʆ-42 ʠ ʂʆ-95. ʆʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚʭʦʜʷʱʝʝ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦ-

ʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ (ʨʠʩ. 4). ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʥʦʚʳ ʉʂ-42 ʠ ʉʂ-95 ʨʘʟʣʠʯʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʥʦʩʠʪʝʣʝʡ ʢʦʦʨʜʠʥʘʪ, ʤʝʪʦʜʘʤʠ ʨʘʟʚʠʪʠʷ ʠ 

ʫʨʘʚʥʠʚʘʥʠʷ, ʚʝʣʠʯʠʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʦʨʜʠ-

ʥʘʪ.  

ʈʝʬʝʨʝʥʮʥʳʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʥʦʚʳ ʉʂ-42 ʠ ʉʂ-95 ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝ-

ʙʠʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʶʪ ʜʚʫʭʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʷ ʜʦʩʪʫʧʥʳ ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ (x, y ï ʧʣʦʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ) ʠ ʥʦʨʤʘʣʴʥʳʝ ʚʳʩʦʪʳ H
ɔ
 ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʜʦʩʪʫʧʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʳʩʦʪʳ ʢʚʘʟʠʛʝʦʠʜʘ ɕ`. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʦʡʢʘ 

ʯʠʩʝʣ x, y, H
ɔ
 ʢʘʢʦʛʦ-ʣʠʙʦ ʧʫʥʢʪʘ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʥʝ ʦʙʨʘʟʫʝʪ ʝʜʠʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʘʪʴ ʧʦ x, y, H
ɔ
 ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ X`, Y`, Z` ʵʪʦʛʦ 

ʧʫʥʢʪʘ ʚ ʈʉʂ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʉʂ-42 ʠ ʉʂ-95 ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʠ.  

ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʤʝʩʪʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʄʂʆ ʚ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ, ʛʦʨʦʜʦʚ, 

ʨʘʡʦʥʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ. ʀʭ ʩʣʝʜʦʚʘʣʦ ʙʳ ʥʘʟʳʚʘʪʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ ʧʨʠʤʝʥʷʷ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʤʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʦʩʥʦ-

ʚʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʣʠʰʴ ʦʜʥʘ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʢʦ-

ʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ (ʨʠʩ. 4). ʅʦʩʠʪʝʣʷʤʠ ʄʂʆ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 

ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʫʙʲʝʢʪʘ ʬʝʜʝʨʘʮʠʠ, ʛʦʨʦʜʘ, ʨʘʡʦʥʘ ʠʣʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʧʣʦʱʘʜʢʠ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʄʂʆ ʪʦʪ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʈʂʆ ï ʦʥʠ 

ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʜʚʫʭʤʝʨʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʥʦʚʫ. ɺ ʚʝʢ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝ-

ʜʦʩʪʘʪʢʦʤ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʫʢʘʞʝʤ, ʯʪʦ ʚ ʩʪʘʪʴʝ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʣʣʠʟʠʶ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʪʝʨʤʠʥʦʚ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʠ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè ʚ ʬʠʟʠʢʝ ʠ 

ʤʝʭʘʥʠʢʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʚ ʵʬʝʤʝʨʠʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʠ ʛʝʦʜʝʟʠʠ ʩ ʜʨʫʛʦʡ. 
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ʅʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʘʢʠʭ ʧʦʥʷʪʠʡ ʢʘʢ Reference System ʠ Reference 

Frame ʢ ʪʝʨʤʠʥʘʤ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè ʠ çʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘè, ʘ ʪʘʢʞʝ  ʧʨʦʠʟʚʦʜ-

ʥʳʭ ʦʪ ʥʠʭ ʪʘʢʠʭ ʧʦʥʷʪʠʡ ʢʘʢ çʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪè ʠ çʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʥʦʚʘè. 
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CHECK OF RELEVANCE OF PROJECTS ON TRACK REPAIR WITH  
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Use of the satellite geodetic equipment at verification of projects for repair of a track allows 

to check relevance of the design decision. The results received in the course of control of design 

decisions, show need for reduction of the period of time between researches, design and implemen-

tation of the design decision. 

 

Key words: railroad, project. 

 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʚ ʜʣʷ ʮʝʣʝʡ ʨʝʤʦʥʪʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʦʛʦ ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʜʦ ʤʦʤʝʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ ʥʘ-

ʪʫʨʝ, ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ 0.5 ʛʦʜʘ ʜʦ 1.5 ʣʝʪ. ʇʨʠ ʵʪʦʤ, ʧʦʩʣʝ ʧʨʦʚʝʜʝ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʠʭ 

ʥʘʛʨʫʟʦʢ ʧʫʪʴ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 
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ʚʝʣʠʯʠʥʝ ʩʤʝʱʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʫʪʠ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʩ 

ʤʦʤʝʥʪʘ ʩʲʝʤʢʠ ʧʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ɺ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʤ ʜʦʨʦʞʥʦʤ ʮʝʥʪʨʝ ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ʑʝʨʙʘʢʦʚʘ ʧʨʠ ʫʯʘʩʪʠʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʦʧʳʪʥʦʡ ʧʫʪʝʚʦʡ ʤʘʰʠʥʥʦʡ ʩʪʘʥʮʠʠ ˉ19 ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʦʛʦ ʧʫʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʎʝʣʴʶ ʠʩʧʳʪʘʥʠʡ ʩʪʘʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʩʲʝʤʦʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʩʲʝʤʢʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ 

ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ.  

ʇʝʨʚʦʝ ʯʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʵʪʦ ʩʦʭʨʘʥʥʦʩʪʴ ʧʫʥʢʪʦʚ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩ-

ʥʦʚʘʥʠʷ. ɿʘ ʧʝʨʠʦʜ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʝʡ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʧʫʥʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60 ʧʨʦʮʝʥʪʦʚ. ʉʲʝʤʢʘ ʧʫʥʢʪʦʚ 

ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʛʝʦʜʝʟʠ-

ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʤʝʱʝ-

ʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʦʪ ʩʚʦʝʛʦ ʠʩʭʦʜʥʦʛʦ, ʧʨʦʝʢʪʥʦʛʦ, 

ʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 12 ʩʤ, ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʇʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʫʪʠ ʜʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜ ʨʝʤʦʥʪʦʤ 

 

 

ʉʲʝʤʢʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʚ ʉʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʘʧʧʘ-

ʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʇʂ çʇʨʦʬʠʣʴè, ʨʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʝ-
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ʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʠ ʚʢʣʶʯʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦ ʢʦʪʦʨʳʤ ʚʳʯʠʩʣʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʫʪʠ.  

 

 

ʈʠʩ. 2.  ɸʇʂ çʇʨʦʬʠʣʴè 

 

 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʝʬʝʨʝʥʮʥʳʝ ʩʪʘʥʮʠʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʝ ʧʦʧʨʘʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ 

ʠ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʩʫʙʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʦ-

ʧʨʘʚʢʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʨʝʬʝʨʝʥʮʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʨʘʜʠʦʢʘʥʘʣʘʤ 

(ʋʂɺ-ʜʠʘʧʘʟʦʥ, GSM-ʜʠʘʧʘʟʦʥ, ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʚʷʟʴ ʠ ʪ.ʜ.).  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮʳ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʛʣʦʙʘʣʴ-

ʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ  ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʥʦʚʫ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘ ʫʯʘʩʪʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʜʘʥ-

ʥʳʭ ʠʟ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʫʪʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʠʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʪʦʯʝʢ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ. ʇʫʥʢʪʘʤʠ ʢʘʣʠʙʨʦʚʢʠ ʙʳʣʠ ʨʝʧʝʨʘ, 

ʠʤʝʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ 

ʫʯʘʩʪʢʘ ʧʫʪʠ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʚʳʙʨʘʥʥʳʭ ʨʝʧʝʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʳʩʦʢʦʪʦʯʥʳʝ 

ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ.  
 

É ʀ.ɸ. ɹʫʥʮʝʚ, ɺ.ʄ. ɾʠʜʦʚ, 2013 
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Developed at the Siberian state university of means of communication the control system of 

an electroballasting machine allows to increase productivity of the works connected with repair and 

reconstruction of a track. The system is most integrated with onboard devices of bearing of a way. 
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In the course of tests on several sites of a track of West Siberian Railway positive results of tests are 

received. 

 

Key words: railroad, the electroballasting machine. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʧʦʚʳʰʝʥʠʷ ʩʢʦ-

ʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ. ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞ-

ʥʦ ʙʝʟ ʥʘʣʠʯʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʫʪʠ. ʇʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʫʪʠ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʫʪʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʜʦʨʦʞ-

ʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʣʶʙʦʛʦ ʨʝʤʦʥʪʘ ʧʫʪʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʦʜʝʨʞʘʥʠʷ 

ʧʫʪʠ ï ʧʦʜʜʝʨʞʘʥʠʝ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʨʦ-

ʝʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çɼʠʘʛʥʦʩʪʠʢʘ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ 

ʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘè ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙ-

ʱʝʥʠʡ (ʉɻʋʇʉ) ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʚʳʧʦʣʥʷʶʱʝʡ ʢʦʤʧʣʝʢʩ 

ʨʘʙʦʪ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ʉɸʋ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʱʝʙʥʝʦʯʠʩʪʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ, ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨ ʠ ʜʦʫʤʘʪ. 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪ ʥʘ ʢʘʞʜʦʡ ʤʘʰʠʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ/GPS. 

ʐʪʘʪʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʩʛʣʘʞʠʚʘʥʠʝ 

ʧʫʪʠ ʠ ʚʳʩʪʘʚʣʷʪʴ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝ ʠʤʝ-

ʶʪ ʧʨʠʚʷʟʢʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʫʪʠ. ʐʪʘʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨʘ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʥʦʚʢʫ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʚʫʭʧʫʪʥʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦ-

ʞʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʧʫʪʠ ʠ ʦʧʦʨ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ɺ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʨʘʙʦʪ ʠʤʝʝʪʩʷ 

ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ 

ʧʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʩʘʤʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʥʘʪʫʨʝ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʦʙʘ ʧʫʪʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ɺʳʧʦʣʥʷʷ ʧʦʜʛʦʪʦʚ-

ʢʫ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʢ ʨʘʙʦʪʝ ʚ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ, ʚʳʷʚʣʷʣʠʩʴ ʫʯʘʩʪʢʠ ʩʦʩʝʜʥʝʛʦ ʧʫʪʠ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ 

ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʦʪ ʧʨʦʝʢʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 10 ʩʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʝʤʦʥʪʫ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʫʪʠ ʧʦʣʫʯʘʝʤ ʫʩʪʘʨʝʚʰʝʝ 

ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʧʫʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʙʣʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ, 

ʪʘʢ ʠ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦ-

ʮʝʩʩ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨʘ, ʠ ʧʝʨʝʡʪʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʦʧʨʦʩʘ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʠʤʝʶʱʠʤʩʷ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʙʫʤʘʞʥʦʡ ʦʩʥʦʚʝ, ʛʜʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʝʪ ʧʨʠʚʷʟʢʫ ʢ 

ʧʠʢʝʪʘʤ ʠ ʦʧʦʨʘʤ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʉɸʋ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʦʧʳʪʥʳʭ 

ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʷʭ ʢʘʢ ʥʘ 

ʜʚʫʭʧʫʪʥʳʭ, ʪʘʢ ʠ ʥʘ ʦʜʥʦʧʫʪʥʳʭ ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ, ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 10 ʢʤ. 

ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝ-

ʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʨʦʚ ʤʝʞʜʫʧʫʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʜʚʫʭʧʫʪʥʳʭ ʫʯʘʩʪ-

ʢʘʭ ʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʧʨʦʝʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʅʘ ʦʜʥʦʧʫʪʥʳʭ ʫʯʘʩʪ-

ʢʘʭ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ ʧʫʪʠ ʠ 

ʩʨʘʚʥʝʥʠʝʤ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ ʧʫʪʠ. ʊʘ-

ʢʦʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʭʦʜʘ ʪʝʭʥʠʢʠ. ʅʝʩʢʦʣʴʢʦ ʧʨʦ-

ʭʦʜʦʚ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʪʘʥʦʚʢʘ ʧʫʪʠ ʚ ʧʨʦʝʢʪʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ 2-3 ʩʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʉɸʋ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʯʘʩʪʢʝ ɹʝʣʦʚʦ-ɹʦʯʘʪʳ, I ʧʫʪʴ ʦʪ 

239 ʢʤ ʜʦ 241.9 ʢʤ ʥʘʧʨʘʚʣʝʥʠʷ ʖʨʛʘ-ʊʘʰʪʘʛʦʣ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʠʤʝʨ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʙʘʣʣʘʩʪʝʨʘ 

ɼʘʥʥʳʝ ʧʦ ʧʨʦʝʢʪʫ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʨʘʙʦʪʘ ʕʃɹ 

ʧʠʢʝʪ ʄʝʞʜʫʧʫʪʴʝ 

(ʧʦ ʥʝʨʘʙʦʯʠʤ 

ʛʨʘʥʷʤ) 

ʄʝʞʜʫʧʫʪʴʝ  

(1 ʧʨʦʭʦʜ ʕʃɹ) 

ʄʝʞʜʫʧʫʪʴʝ 

(2 ʧʨʦʭʦʜ ʕʃɹ)  

ʄʝʞʜʫʧʫʪʴʝ 

(3 ʧʨʦʭʦʜ ʕʃɹ) 

239067.86 5.05 5.03 5.01 5.03 

239130.64 3.37 3.38 3.38 3.37 

239373.99 2.98 3.02 2.97 3.00 

239424.18 3.19 3.20 3.22 3.19 

239474.08 3.28 3.30 3.29 3.28 

239991.31 2.74 2.75 2.74 2.74 

240095.30 2.96 3.01 2.88 2.95 

240147.25 3.05 3.03 3.02 3.04 

240198.58 2.91 2.93 2.95 2.90 

240246.35 2.75 2.82 2.91 2.77 

240297.66 2.65 2.69 2.67 2.65 

241257.20 2.69 2.69 2.68 2.70 

241318.33 2.66 2.68 2.66 2.68 

 
É ɺ.ʄ. ɾʠʜʦʚ, ɸ.ʉ. ʇʠʢʘʣʦʚ, ʇ.ʄ. ʉʝʢʘʯʝʚ, 2013 
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ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʠʩʧʦʣʴʟʫʶʪ ʤʝ-

ʪʘʣʣʠʯʝʩʢʫʶ ʨʫʣʝʪʢʫ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʩʦʩʪʘʚʣʷʝʪ 1/1000. ɺ ʧʨʦʮʝʩ-

ʩʝ ʠʟʤʝʨʝʥʠʡ ʨʫʣʝʪʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʨʝʧʣʷʪʴ ʛʨʘʥʠʮʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ. 

ɺ ʪʘʢʠʭ ʤʝʩʪʘʭ ʙʳʚʘʶʪ çʧʨʦʙʨʦʩʳè, ʚʳʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʧʣʝʪʠ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʚʘʨʥʳʭ ʧʨʦʚʦʣʦʢ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʟʳʚʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʫʯʘʩʪʢʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥ-
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ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ. ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʨʝʥʠ-

ʷʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çɼʠʘʛʥʦʩʪʠʢʘ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ 

ʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘè ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙ-

ʱʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʧʨʝʜʣʦʞʝʥʘ ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʪʝʣʝʞʢʘ, ʦʩʥʘʱʝʥʥʘʷ ʜʚʫʤʷ ʢʦʤʧʣʝʢʪʘʤʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ Trimble R7. ʇʨʠʥʠʤʘʶʱʠʝ ʘʥʪʝʥʥʳ ʩʧʫʪʥʠʢʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ ʟʘʢʨʝʧ-

ʣʝʥʳ ʧʦ ʦʩʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʠ ʥʘʜ ʦʜʥʦʡ ʠʟ ʛʦʣʦʚʦʢ ʨʝʣʴʩʦʚ. ʊʘʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʠʮʳ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ ʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ 

ʨʝʣʴʩʦʚ, ʨʘʩʩʯʠʪʘʪʴ ʚʦʟʚʳʰʝʥʠʝ ʨʝʣʴʩʦʚ ʚ ʢʨʠʚʳʭ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʢʘʞʜʦʡ ʧʣʝ-

ʪʠ. ʈʘʩʧʦʣʘʛʘʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʚʳʧʦʣ-

ʥʠʪʴ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʧʫʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʢʦʣʠʯʝʩʪ-

ʚʦʤ ʧʝʨʝʚʝʟʝʥʥʳʭ ʦʙʲʝʤʦʚ ʛʨʫʟʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʦʞʝʥʠʝ ʧʫʪʠ ʚ ʧʣʘʥʝ ʠ ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ. 

ɺ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ 2012 ʛʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ 

ʧʣʝʪʝʡ ʙʝʩʩʪʳʢʦʚʦʛʦ ʧʫʪʠ ʥʘ ʫʯʘʩʪʢʝ ɹʘʨʥʘʫʣ ï ʈʫʙʮʦʚʩʢ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 212 ʢʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʟʘʥʷʣʦ ʤʝʥʴʰʝ ʤʝʩʷʮʘ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʧʦʪʨʘʯʝʥʘ ʥʘ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʧʦʣʝʚʦʡ ʢʦʥʪʨʦʣʴ ʠ ʚʳʷʚʣʝʥʠʝ ʨʘʟʥʦʛʣʘʩʠʡ ʤʝʞʜʫ ʠʤʝʶʱʠʤʠʩʷ ʤʘʪʝ-

ʨʠʘʣʘʤʠ ʚ ʜʠʩʪʘʥʮʠʠ ʧʫʪʠ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʨʝʜʩʪʚʘʤʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʚ ʪʨʝʙʫʝʤʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʠʩʢʣʶ-

ʯʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʘʣʦʞʝʥʠʷ ʠ ʧʦʚʪʦʨʳ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʘʥʥʳʭ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝ-

ʥʳ ʩʨʘʚʥʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝʪʝʡ 

ʇʠʢʝʪ ˉ ʧʣʝʪʠ 
ɼʣʠʥʘ ʧʣʝʪʠ, ʤ 

ʈʘʩʭʦʞʜʝʥʠʝ 
ʧʦ ʧʨʦʝʢʪʫ ʧʦ  ʬʘʢʪʫ 

247807.15 24811 800.00 797.53 2.47 

248657.37 24891 800.00 800.27 -0.27 

249244.92 24971 550.00 550.14 -0.14 

249532.51 25031 262.50 262.60 -0.10 

249807.46 25071 200.00 200.11 -0.11 

250657.75 25091 800.00 800.17 -0.17 

251207.94 25171 512.50 512.80 -0.30 

252057.87 25231 800.00 799.97 0.03 

252595.38 25311 500.00 500.08 -0.08 

253445.72 25371 800.00 800.21 -0.21 

254182.46 25451 700.00 699.16 0.84 

254507.75 25531 300.00 300.23 -0.23 

255358.87 25561 799.60 801.23 -1.63 

256314.50 25641 912.94 918.17 -5.23 

257165.04 25741 799.60 800.44 -0.84 
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ʅʘ ʛʨʘʬʠʯʝʩʢʠʭ ʦʪʯʝʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

¶ ʇʠʢʝʪʘʞʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʣʝʪʠ. 

¶ ʇʦʣʦʞʝʥʠʝ çʨʫʙʦʢè ʧʣʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʧʣʝʪʠ ʠ ʠʭ ʜʣʠʥʘ. 

¶ ʇʦʣʦʞʝʥʠʝ ʠ ʜʣʠʥʘ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʨʝʣʴʩʦʚ. 

¶ ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʟʦʣʠʨʫʶʱʠʭ ʩʪʳʢʦʚ. 

¶ ʉʠʪʫʘʮʠʷ. 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʝʣʴʩʦʚʳʤ ʧʣʝʪʷʤ 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪ-

ʥʠʢʦʚʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ ʨʝʣʴʩʦʚʳʭ ʧʣʝ-

ʪʝʡ. ʇʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʠ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʦʪʯʝʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʥʘʛʣʷʜʥʦʩʪʴ. 

 
É ɺ.ɺ. ʑʝʨʙʘʢʦʚ, ɺ.ʄ. ɾʠʜʦʚ, 2013 



46 

ʋɼʂ 629.783:528.2 

 

ʇʈʀɺɽɼɽʅʀɽ ɻʅʉʉ-ʀɿʄɽʈɽʅʀʁ ʂ ʎɽʅʊʈʋ ʇʋʅʂʊɸ ʇʆʉʈɽɼʉʊɺʆʄ  
ʈɽʐɽʅʀʗ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ ɻɽʆɼɽɿʀʏɽʉʂʀʍ ɿɸɼɸʏ  
 

ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ ɽʣʘʛʠʥ 

ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, 630108, ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ,  
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ɺʙʣʠʟʠ ʧʫʥʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʷ, cʧʫʪʥʠʢʦʚʳʤ 

ʧʨʠʝʤʥʠʢʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʪʦʯʝʢ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ B, L, 

H. ɺ ʪʦʯʢʝ 1, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʞʝ ʢ ʧʫʥʢʪʫ, ʪʘʭʝʦʤʝʪʨʦʤ ʠʟʤʝʨʷʶʪʩʷ: ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ 2 ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʮʝʥʪʨ ʧʫʥʢʪʘ, ʟʝʥʠʪʥʳʝ ʨʘʩ-

ʩʪʦʷʥʠʷ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʥʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ ʜʦ ʮʝʥʪʨʘ ʧʫʥʢʪʘ. ʀʟ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʠ 

ʧʨʷʤʦʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʫʥʢʪʘ. 

       

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʣʠʧʩʦʠʜ, ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʫʢʣʦʥʝʥʠʝ ʦʪ-

ʚʝʩʥʦʡ ʣʠʥʠʠ.  

 

REDUCING GNSS-MEASUREMENTS TO THE CENTER OF THE POINTS  
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Near point at which it is impossible to perform GNSS ï measurements the satellite receiver 

determinate position two points in geodetic coordinate system B, L, H. On point the first at which 

located near the point to perform measurement the horizontal angles between direction on point the 

second and direction on point the first, zenith distances this direction and slant distance of center 

points by tachymeter. Resolving forward and reverse geodetic problems calculation coordinate cen-

ter point.  

 

Key words: ellipsoid, forward and reverse geodetic problems, plump deviation. 

 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʳ ʅ.ɸ. ʊʝʣʝʛʘʥʦʚʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ 

ʠ ʦʙʨʘʪʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʠ ʬʦʨʤʫʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʢ ʮʝʥʪʨʫ ʧʫʥʢʪʘ. 
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ɺʙʣʠʟʠ ʧʫʥʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʷ, ʦʧ-

ʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʨʠʸʤʥʠʢʘ ʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʪʦʯʝʢ ʚ ʛʝʦ-

ʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 222111 ,,,,, HLBHLB . ɺ ʪʦʯʢʝ 1, ʢʦʪʦʨʘʷ ʨʘʩʧʦ-

ʣʦʞʝʥʘ ʙʣʠʞʝ ʢ ʧʫʥʢʪʫ, ʪʘʭʝʦʤʝʪʨʦʤ ʠʟʤʝʨʷʶʪʩʷ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʛʦʣ ïb
~
ʤʝ-

ʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘ ʪʦʯʢʫ 2 ʠ ʮʝʥʪʨ ʩ, ʟʝʥʠʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ï cZZ 112

~
,

~
 ʠ ʥʘ-

ʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ ʜʦ ʮʝʥʪʨʘ ʧʫʥʢʪʘ ï cD1 . ʏʪʦʙʳ ʪʦʯʥʝʝ ʧʨʠʚʝʩʪʠ ɻʅʉʉ-

ʠʟʤʝʨʝʥʠʷ ʢ ʮʝʥʪʨʫ ʧʫʥʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚ ʪʦʯʢʝ 1 ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʢʣʦʥʝ-

ʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ (ʋʆʃ) x ʠ h. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʘʟʠʤʫʪʘʣʴʥʳʝ ʥʘ-

ʧʨʘʚʣʝʥʠʷ 1-2 ʠ 1-ʩ ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ, ʧʨʠʯʝʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ 

ʥʘʧʨʘʚʣʝʥʠʷ 1-ʩ ʤʝʥʴʰʝ ʘʟʠʤʫʪʘ 1-2. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, 

ʧʦʣʫʯʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ ʥʦʨʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ï 12A : 

2,1,
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2
2 sinsin BeNBeN -=D ; 
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÷
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arctg

BHN
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g-=¡ 22 BB ; 
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ø
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è

-¡-¡
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=

122121

212
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coscossinsincos

cossin
arctg

LLBBBB

BLL
A , 

ʛʜʝ  
2, ea   ï  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ ʢʚʘʜʨʘʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʵʣ-

ʣʠʧʩʦʠʜʘ. 

ʇʦʧʨʘʚʢʠ ʟʘ ʋʆʃ ʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

b
~~

121 -=AcA ; 

( )12121212

~
ctgsincos ZAAxhd-= ;     ( )cZcAcAc 1111

~
ctg

~
sin

~
cosxhd-= . 

ɺʚʝʜʸʤ ʧʦʧʨʘʚʢʫ ʟʘ ʋʆʃ ʚ ʫʛʦʣ ʠ ʚʳʯʠʩʣʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʮʝʥʪʨ: 

( )c112

~ ddbb -+= ;  b-=121 AcA . 

ʆʧʨʝʜʝʣʠʤ ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ cZ1 , ʦʪʩʯʠʪʳʚʘʝʤʦʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨ-

ʤʘʣʠ ʢ ʵʣʣʠʧʩʦʠʜʫ ʚ ʪʦʯʢʝ 1, ʚʚʝʜʷ ʧʦʧʨʘʚʢʫ ʟʘ ʋʆʃ: 

cAcAc 111 sincoshxJ += ;      ccZcZ 111

~
J+= . 
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ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʣʶʩʦʤ ʚ ʪʦʯʢʝ 1 ʚʝ-

ʣʠʯʠʥʳ cZcDcA 111 ,,  ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ ʧʫʥʢʪʘ. ʊʝ-

ʧʝʨʴ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʷʤʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʟʘʜʘʯʠ. 

ʆʧʨʝʜʝʣʠʤ ʧʨʠʙʣʠʞʸʥʥʫʶ ʰʠʨʦʪʫ c
B¡ʠ ʜʦʣʛʦʪʫ c

L ʮʝʥʪʨʘ ʧʫʥʢʪʘ ʧʦ ʬʦʨ-

ʤʫʣʘʤ: 
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arcsin

B

cAL
c
L
s
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ʉ ʟʘʜʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ e ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝ-

ʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: 
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c
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tgarctg1

; 

ʝʩʣʠ e>-+ i
c
Bi

c
B1

, ʪʦʛʜʘ 1+=ii ; ʧʝʨʝʡʪʠ ʥʘ ʤʝʪʢʫ met. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʮʝʥʪʨʘ ʧʫʥʢʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

i

i c
N

c
B

c
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c
H -

¡
=
+1

1
cos

cos

. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʳ ʠʩʢʦʤʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʫʥʢʪʘ c
H

c
L

c
B ,, . 

ɽʩʣʠ ʟʘʜʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

222111 ,,,,, ZYXZYX  ʪʦʯʝʢ 1 ʠ 2, ʪʦ ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʘʤʠ       

ɺ.ʇ. ʄʦʨʦʟʦʚʘ [2]. 

ɺʥʘʯʘʣʝ ʥʘʭʦʜʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 1: 
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()11 arctg+= itB ;     öö
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ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚʪʦʨʦʡ ʪʦʯʢʠ ʧʝʨʝʚʳʯʠʩʣʠʤ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨ-

ʜʠʥʘʪZYX ,, , ʚ ʢʦʪʦʨʦʡ ʦʩʴ X  ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʤʝʨʠʜʠʘʥʘ ʧʝʨʚʦʡ ʪʦʯʢʠ ʩ ʵʢʚʘʪʦʨʦʤ, ʦʩʴ Z  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧ-

ʩʦʠʜʘ, ʘ ʦʩʴ Y  ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ: 

12122 sincosLYLXX += ;    12122 cossin LYLXY +-= ;   22 ZZ = . 

ʇʨʝʦʙʨʘʟʫʝʤ ʵʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ: 

() 1211
2
122 sincossin BXBBeNZX -+=¡ ; 

22 YY =¡ ; 

()()111211
2
122 cossinsin HNBXBBeNZZ +-++=¡ ; 

ɺʳʯʠʩʣʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ ʥʘʧʨʘʚʣʝʥʠʷ 1 ï 2 ʠ ʧʨʠʙʣʠʞʸʥʥʳʡ ʛʝʦ-

ʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ ʥʘʧʨʘʚʣʝʥʠʷ 1 ï ʩ: 

öö
÷

õ
ææ
ç

å

¡

¡
=

2

2
12

X

Y
arctgA ;     b

~
121 -=AcA . 

ɺʚʝʜʸʤ ʧʦʧʨʘʚʢʫ ʚ ʠʟʤʝʨʝʥʥʳʡ ʫʛʦʣ ʟʘ ʫʢʣʦʥʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ: 

( )12121212

~
 ctgsincos ZAAxhd-= ;  ( )ʩZʩAʩAʩ 1111

~
 ctgsincosxhd-= ; 

( )c112

~ ddbb -+= . 

ʋʪʦʯʥʠʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʟʠʤʫʪ ʥʘʧʨʘʚʣʝʥʠʷ 1 ï ʩ: 

b-=121 AAC . 

ɺʚʝʜʸʤ ʧʦʧʨʘʚʢʫ ʟʘ ʫʢʣʦʥʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚ ʠʟʤʝʨʝʥʥʦʝ ʟʝʥʠʪʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ: 

cAcAc 111 sincoshxJ += ;    ccZcZ 111

~
J+= .  

ɺʳʯʠʩʣʠʤ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʫʥʢʪʘ: 

cAcZʩDʩX 111 cossin=¡ ;    cAcZcDcY 111 sinsin=¡ ;    cZcDcZ 11cos=¡ . 
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ʇʨʝʦʙʨʘʟʫʝʤ ʵʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ZYX ,, : 

() 1111 sincosBcXBcZHNcX ¡-¡++= ; 

cYcY ¡= ; 

() 1
2
11111 sincossin BeNBcXBcZHNʩZ -¡+¡++= . 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʚʳʯʠʩʣʠʤ ʚ ɻʨʠʥʚʠʯʩʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ZYX ,, : 

11 sincosLʩYLʩXʩX -= ;  11 cossin LʩYLʩXʩY += ;   ʩZʩZ = . 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʚʫʤ ʪʠʧʘʤ ʬʦʨʤʫʣ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʷ-

ʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʳʣ ʧʨʦʩʯʠʪʘʥ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʝʩʪʦʚʳʡ 

ʧʨʠʤʝʨ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ: 

000,6378136=a ʤ;  0066943662,02=e ;  5,29¡¡=x ;   1,51¡¡=h ; 

0000,0000551 ¡¡¡=AB ;  0000,0000831 ¡¡¡=AL ;  000,1501=H ʤ; 

0500,0000552 ¡¡¡=AB ;  0000,1400832 ¡¡¡=AL ;  000,1652=H ʤ; 

832386
~
12 ¡¡¡=AZ ; 112588

~
1 ¡¡¡=ACZ ;  701.251=cD ʤ; 5,130442

~
¡¡¡=Ab . 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ ɺ.ʇ. ʄʦʨʦʟʦʚʘ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ 1 ʠ 2 ʙʳʣʠ ʧʝʨʝʚʳʯʠʩʣʝʥʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ: 

758,4468551=X ʤ,   098,36393481=Y ʤ,  629,52015051=Z ʤ; 

246,4466082=X ʤ,  388,36393742=Y ʤ,  785,52015262=Z ʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ ʅ.ɸ. ʊʝʣʝʛʘʥʦʚʘ, ʧʦʣʫʯʝʥʳ ʛʝʦʜʝ-

ʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʫʥʢʪʘ: 

06000,000055 ¡¡¡=A
c
B ,  00000,010083 ¡¡¡=A

c
L ,  5000,150=cH ʤ. 

ʇʦ ʬʦʨʤʫʣʘʤ ɺ.ʇ. ʄʦʨʦʟʦʚʘ ʚʳʯʠʩʣʝʥʳ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥ-

ʪʨʘ ʧʫʥʢʪʘ: 

297,446836=cX ʤ,  463,3639335=cY ʤ,  681,5201516=cZ ʤ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʬʦʨʤʫʣʘʤ  

ʅ.ɸ. ʊʝʣʝʛʘʥʦʚʘ, ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. ʆʥʠ ʩʦʚʧʘʣʠ 

ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʘʤ ɺ.ʇ. ʄʦʨʦʟʦʚʘ. 




