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ʄʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ GOCA (GNSS/LPS/LS-based Online Control and Alarm 

System) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʦʙʲʝʢʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ GNSS/GPS, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ (LPS), ʦʙʳʯʥʳʭ ʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʥʠʚʝʣʠʨʦʚ, ʠ ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ (LS). GOCA ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʧʣʦʪʠʥ) ʠ ʟʜʘʥʠʡ. 

ʉʠʩʪʝʤʘ GOCA ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩʝʥʩʦʨʦʚ ʚ 3 ʵʪʘʧʘ, ʚʳʧʦʣʥʷʝʪ ʫʨʘʚʥʠʚʘʥʠʝ ʠ ʘʥʘʣʠʟ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ ʚʳʯʠʩʣʷʝʪ ʧʦʣʦʞʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʚ ʝʜʠʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʫʨʘʚʥʠʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʦʮʝʥʢʠ ʠ ʘʣʛʦʨʠʪʤʳ. ɺʘʞʥʝʡʰʠʤʠ ʵʪʘʧʘʤʠ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʡ ʷʚʣʷʶʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʪʨʝʭʤʝʨʥʘʷ ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚʦ-

ʚʪʦʨʳʭ, ʬʠʣʴʪʨʘʮʠʷ ʂʘʣʤʘʥʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʘ 

ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʠ ʦʧʦʚʝʱʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʩʤʝʱʝʥʠʷʭ. 

ʀʥʪʝʨʬʝʡʩʳ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ GOCA ʠʤʝʶʪ ʦʪʢʨʳʪʳʡ ʬʦʨʤʘʪ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ɺʩʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 

GOCA ʤʦʛʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤʘʭ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ, 

ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʤʦʜʝʣʴ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ FEM. 
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The real-time multi-sensor system GOCA (GNSS/LPS/LS based Online Control and Alarm 

System) applies GNSS/GPS, terrestrial sensors (LPS) e.g. total stations, leveling and hydrostatic 

leveling instruments and local sensors (LS) for a deformation monitoring and analysis. GOCA is 

designed for monitoring of natural hazards, geotechnical structures, constructions and buildings, 

and for dams. The GOCA-software is responsible for the further processing of the sensor data in a 

three steps sequential real-time adjustment and deformation analysis procedure, where GOCA 

provides displacements, velocities and accelerations in a unique three-dimensional coordinate-

system. The respective mathematical models of a geodetic monitoring, which are based on the 

classical standard of a geodetic network adjustment, as well as the respective estimation principles 

and algorithms, are presented. A first focus concerning the deformation analysis is set on the 3D 

online displacement estimation. A second focus is due to the Kalman-Filtering, which provides 

additionally also the object-point state vector of the velocities and accelerations, and includes a 

respective forecasting, and an alarm-setting. The input data interface of the GOCA-system is open 



for all kind of monitoring data, and the output data interface is again open for all above state vectors 

computed by the GOCA-software. So all GOCA output data is useable as input for integrated 

system analysis approaches in structural monitoring, such as e.g. FEM analysis software. A GOCA 

example is presented with respect to a dam monitoring project. Finally the geomonitoring chain is 

pointed out. In the GOCA-system it is realized by the software packages 

GNSSControl/TPSControl, GOCA deformation-analysis software, GOCAEarth and GOCA-Alarm, 

and for planning of geomonitoring arrays by the software VirtualGOCA. 

 

Key words: Online geomonitoring, network adjustment, deformation analysis, Kalman 

filtering, displacement-estimation, alarm-management, reporting, data-communication, early 

warning, robust estimation, GNSS, total stations, levelling, geomonitoring chain, virtual sensor-data 

simulation, planning of geomonitoring networks, integrated analysis, FEM. 

 

ɺʚʝʜʝʥʠʝ 

ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ GOCA ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

GNSS/GPS-ʧʨʠʝʤʥʠʢʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʭʝʦʤʝʪʨʳ ʠ ʥʠʚʝʣʠʨʳ, ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʡ y(t), ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ʦʙʲʝʢʪʘ 

(ʩʤ.ʨʠʩ.1, [5]-[8], [10]-14], www.goca.info). ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʡ [5] ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʦʢʘʣʴʥʳʝ ʩʝʥʩʦʨʳ (LS), ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ ʥʘʪʷʞʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʠʩʪʝʤʘ GOCA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʣʝʝ 30 ʢʨʫʧʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ [4]. ɼʘʥʥʳʝ GNSS ʠ LPS-ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʝʬʦʨʤʘʮʠʷʤʠ 

([6], [10]), ʫʨʘʚʥʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ, ʚ ʨʝʞʠʤʝ online. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʩʦʩʪʦʠʪ ʠʟ 

ʩʪʘʙʠʣʴʥʦʡ ʦʙʣʘʩʪʠ Rx  ʠ ʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t(0x  (ʨʠʩ. 1). ɺʳʯʠʩʣʝʥʠʷ 

ʧʦʟʠʮʠʡ  Rx  ʠ )t(0x  ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ 1-ʤ ʠ 2-ʤ
 
ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʠʩʪʝʤʝ GOCA. ʋʨʘʚʥʝʥʥʳʝ ʥʘ 2-ʤ
 
ʵʪʘʧʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ (t)Ox  (ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ *.FIN, ʩʤ. ʨʠʩ. 2) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ )t(xC  ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʜʣʷ ʦʮʝʥʢʠ ʚʝʢʪʦʨʦʚ ʩʤʝʱʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (t),Ou  

ʩʢʦʨʦʩʪʠ (t)Ou#  ʠ ʫʩʢʦʨʝʥʠʷ (t)Ou##  ʪʦʯʝʢ ʦʙʲʝʢʪʘ.  3-ʡ  ʵʪʘʧ ï ɻ ʪʘʧ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʡ ʚ GOCA ï ʧʨʦʭʦʜʠʪ  ʧʘʨʘʣʣʝʣʴʥʦ 2-ʤʫ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ: ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʧʦ 

ʩʢʦʣʴʟʷʱʝʤʫ ʩʨʝʜʥʝʤʫ (MVE), ʢʣʘʩʩʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʡ (SHT) ʠ 

ʬʠʣʴʪʨʘʮʠʷ ʂʘʣʤʘʥʘ (KAL, VHS) (ʨʠʩ. 2). 

ɼʘʥʥʳʝ )t(l  ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ (LS) ʤʦʛʫʪ  ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ  ʥʘ 3-ʝʤ ʵʪʘʧʝ 

ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʷʷ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ MVE, SHT ʠ KAL 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʝʢʪʦʨʫ ʩʤʝʱʝʥʠʡ y(t), ʢʦʪʦʨʳʡ ʤʦʜʝʣʠʨʫʝʪ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠ 

ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦʜʭʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʠ ([4], [8], [9]). ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠʣʠ "ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʣʴ" 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʨʘʙʦʪʢʠ  ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʦʚ ï ʘ ʠʤʝʥʥʦ, (t),Ou  (t)Ou#  ʠ (t)Ou## , ʜʘʥʥʳʭ )t(l  ʣʦʢʘʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ (ʥʘʧʨʠʤʝʨ, ʠʥʢʣʠʥʦʤʝʪʨʳ) ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ (ʥʘʧʨʠʤʝʨ, 



ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ) (LS), ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ p ʦʙʲʝʢʪʘ.  ʉʭʝʤʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ GOCA ʠ ʠʭ ʠʥʪʝʨʬʝʡʩʳ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. ʂʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʥʩʦʨʘʤʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʤʘʩʩʠʚ ʩʝʥʩʦʨʦʚ ʩʠʩʪʝʤʳ GOCA. ɼʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʡ GNSS/LPS/LS-ʩʝʥʩʦʨʦʚ ʩ ʦʪʤʝʪʢʦʡ ʚʨʝʤʝʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʦʪʢʨʳʪʦʤ ʬʦʨʤʘʪʝ *.GKA [4]. ɼʘʥʥʳʝ ʚ *.GKA ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʪʠʧʘʤ 

ʩʦʦʙʱʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ. ʉʪʨʫʢʪʫʨʘ GKA-ʬʘʡʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ 

ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ GNSS (ʙʘʟʦʚʳʝ ʣʠʥʠʠ ʠ ʩʝʩʩʠʠ), ʩʪʘʥʜʘʨʪʫ LPS-ʥʘʙʣʶʜʝʥʠʡ 

(ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʨʦʣʦʞʝʥʠʝ, ʫʛʦʣ ʥʘʢʣʦʥʘ, ʧʨʝʚʳʰʝʥʠʝ) 

ʠ ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ (LS). 

 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ. ʆʧʦʨʥʳʝ ʪʦʯʢʠ Rx ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʥʳʤʠ ʪʦʯʢʘʤʠ )t(Ox  

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ, RINEX-

ʬʘʡʣʳ GNSS-ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʧʨʦʛʨʘʤʤʫ GOCA, ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʝʥʩʦʨʘʤʠ (ʨʠʩ. 2). ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ RINEX-

ʬʘʡʣʦʚ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʬʦʨʤʘʪ GKA. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ 

ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 3-ʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ GOCA ̫ ʚʣʷʝʪʩʷ 



ʥʘʩʪʨʦʡʢʘ ʦʧʦʚʝʱʝʥʠʷ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (t),Ou (t)Ou# , (t)Ou## , ʚʳʯʠʩʣʝʥʥʳʭ ʚʦ ʚʨʝʤʷ MVE, 

SHT ʠ KAL-ʦʮʝʥʠʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʩʦʦʙʱʝʥʠʷ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ *.ALR. ʇʨʦʛʨʘʤʤʘ ʘʚʘʨʠʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ 

GOCA ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʙʦʷʭ ʩʝʥʩʦʨʦʚ (ʪʦʞʝ ʚ 

ʬʦʨʤʘʪʝ *.ALR), ʩʦʟʜʘʝʪ ʠ ʧʦʩʳʣʘʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, SMA). 

ɿʘʘʨʭʠʚʠʨʦʚʘʥʥʳʝ ʬʘʡʣʳ ʬʦʨʤʘʪʦʚ *.FIN, *.ʄVE, *.SHT, *.KAL *,VHS 

ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ  ʦʪʢʨʳʪʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ, 

ʦʧʦʚʝʱʝʥʠʝ, GIS ʠ ʚʝʙ-ʘʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʢ ʧʨʠʤʝʨʫ, ʚ Google-Earth), 

ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʡ. 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʠ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʚ ʇʆ GOCA 

 

ʂʆʅʎɽʇʎʀʗ ɸʅɸʃʀɿɸ ɼɽʌʆʈʄɸʎʀʁ ɺ ʇʆ GOCA. 

ʇʨʠʥʮʠʧʳ ʦʮʝʥʢʠ ʚ ʩʠʩʪʝʤʝ ʦʥʣʘʡʥ ï ʤʦʥʠʪʦʨʠʥʛʘ 

ʆʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ yĔ (ʠʩʭʦʜʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʩʤʝʱʝʥʠʝ ʠ ʪ.ʧ.), ʢʘʢ ʬʫʥʢʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʝʥʩʦʨʦʚ 

)(yll=  ʠ ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ lC ,  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ GOCA ʚ 

ʪʨʠ ʵʪʘʧʘ (ʨʠʩ. 2). ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʄ-ʦʮʝʥʢʠ 



[6] ʚ ʤʦʜʝʣʠ  ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ [3]. ʆʩʥʦʚʦʡ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ  ʷʚʣʷʶʪʩʷ 

ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʠ. ʈʘʩʩʤʦʪʨʠʤ: 

)~(
~

ylŮll =-=    ʠ  lC    (1a,b) 

ɿʥʘʢ ñ~ò, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʦʟʥʘʯʘʝʪ ʪʘʢ ʥʘʟʳʚʝʤʦʝ ʦʞʠʜʘʝʤʦʝ ʠʣʠ 

ñʠʩʪʠʥʥʦʝò ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ l ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʳ ʩ ʫʯʝʪʦʤ 

ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ Ů (1a). ʇʝʨʚʳʡ ʵʪʘʧ M-ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ y ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ l  ʪʨʝʙʫʝʪ  ʣʠʥʝʘʨʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ (1a). 

ʃʠʥʝʘʨʠʟʘʮʠʷ  ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 0y . ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʦʰʠʙʦʢ ʥʘʙʣʶʜʝʥʠʡ, ʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ v ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʥʝʚʷʟʦʢ, 

ʠ ʤʳ ʧʦʣʫʯʘʝʤ ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ [3]. ʈʘʩʩʤʦʪʨʠʤ 

)(yĔd 0ylAvl +Ö=+    ʛʜʝ  
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yĔdyĔ o+=y      (1d) 

ʛʜʝ yĔ ï ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɿʘ ʣʠʥʝʘʨʠʟʘʮʠʝʡ ʩʣʝʜʫʝʪ  ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʤʦʜʝʣʠ (ʧʨʠʚʝʜʝʥʠʝ ʢ 

ʦʜʥʦʨʦʜʥʦʩʪʠ) [3]: 
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ʄ-ʦʮʝʥʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʬʫʥʢʮʠʠ 

ʦʮʝʥʢʠ )v(r , ʫʩʨʝʜʥʝʥʥʦʡ ʦʰʠʙʢʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ v (1e), ʩ ʫʯʝʪʦʤ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʯʘʩʪʠ ʧʘʨʘʤʝʪʨʘ yĔd . ʈʘʩʩʤʦʪʨʠʤ ʄ-ʦʮʝʥʢʫ [3]: 
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ʦʮʝʥʢʫ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʠʩʪʠʥʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ ʦʰʠʙʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 
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i . ʇʨʠʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʩʪʨʦʝʢ ʜʣʷ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4, ʩʧʨʘʚʘ. ʋʩʪʦʡʯʠʚʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʝʥʩʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʤʤʘʨʥʦʡ   ʧʦʛʨʝʰʥʦʩʪʠ lÐ  

ʟʘʜʘʥʘ - ʦʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʣʠʷʥʠʷ lÐ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʧʘʨʘʤʝʪʨʦʚ yĔ (1d) - ʝʩʣʠ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ vd/)v(d)v( r=y  

ʦʛʨʘʥʠʯʝʥʘ, ʘ ʠʤʝʥʥʦ, ʝʩʣʠ 
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ʏʠʩʣʦʚʦʝ ʨʝʰʝʥʠʝ ʄ-ʦʮʝʥʢʠ (1f) ʧʦ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ (1c, d) ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʥʘʟʘʜ ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʦʮʝʥʢʝ  ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [3] ʩ 

ʧʦʤʦʱʴʶ ʫʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ (1ʝ), ʛʜʝ ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ ʚ ʤʝʪʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ [3]. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ ʠʟʤʝʨʝʥʠʷʤ l ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ, (ʨʠʩ. 1) ʄ-ʦʮʝʥʢʘ (1a-h) ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʦʮʝʥʢʫ 

ʧʘʨʘʤʝʪʨʦʚ )(yĔyĔ l=  ʚ ʣʶʙʦʝ ʚʨʝʤʷ t ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ. 

ʄ-ʦʮʝʥʢʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ yCĔ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʠʤʝʶʪ ʧʦʣʥʫʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩ ʫʯʝʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ y(t), ʥʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʩʪʨʦʡʢʠ ʦʧʦʚʝʱʝʥʠʷ 

(ʨʠʩ. 4), ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʙʘʟʦʚʳʭ ʪʦʯʝʢ [5] ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ, 

ʦʢʦʣʦ 0,3% ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʘʥʳ ʩ ʛʨʫʙʳʤʠ 

ʦʰʠʙʢʘʤʠ, ʥʘʣʠʯʠʝ ʥʘʜʝʞʥʦʡ ʄ-ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ (1f) ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʣʠʷʥʠʷ )v(y , ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʥʣʘʡʥ 

ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʮʝʥʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʜʝʞʥʘʷ ʄ-ʦʮʝʥʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʣʦʞʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʛʨʫʙʳʭ ʦʰʠʙʢʘʭ. ɺ 

ʮʝʣʦʤ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ. 

ʕʊɸʇʓ ʈɸɹʆʊʓ ʇʆ GOCA 

1-ʡ ʠ 2-ʡ ʵʪʘʧʳ ʨʘʙʦʪʳ ʇʆ GOCA 

ʂʦʥʮʝʧʮʠʷ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʝʣʷʭ 

GOCA, ɻ ʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʡ 

[4], ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝʜʝʥ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʦʥʣʘʡʥ-ʨʝʞʠʤ[1]. 

ʂʦʥʮʝʧʮʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʨʘʚʥʠʚʘʥʠʠ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʚ ʚʠʜʝ ʄ-ʦʮʝʥʢʠ (1f), ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʝʤʠʜʝʩʷʪʳʝ 

ʛʦʜʳ [10]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʮʝʧʮʠʷ (1f) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʥʣʘʡʥ ʩʠʩʪʝʤʳ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ, ʪ.ʢ. ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʢ  ʝʜʠʥʦʦʙʨʘʟʠʶ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʰʠʙʦʢ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʮʝʥʢʝ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ y, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʡ. ʃʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ 

ʜʣʷ ʨʘʟʥʳʭ ʵʧʦʭ ʥʘʙʣʶʜʝʥʠʡ it  ʠ jt  ʥʘ 1-ʤ ʠ 2-ʤ ʵʪʘʧʘʭ ʨʘʙʦʪʳ GOCA 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ (ʨʠʩ. 1.): 

)(t)(t iOOiRiRiii xAxAvl Ö+Ö=+    ʠ  liC    (2a) 



)(t)(t jOOjRjRjjj xAxAvl Ö+Ö=+    ʠ  ljC .   (2b) 

ʉʠʤʚʦʣʦʤ ɸ ʟʜʝʩʴ ʦʙʦʟʥʘʯʝʥʘ ʤʘʪʨʠʮʘ ʧʣʘʥʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ (1c,d), ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ GNSS ʠ LPS, ʠ ʩʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ l. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ y ʚ (2a,b), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʬʦʨʤʫ  ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 

(ʨʠʩ. 1), ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʙʘʟʦʚʳʭ ʪʦʯʝʢ Rx  ʠ  ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ 0x . ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ l,  ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʦʙʱʥʦʩʪʠ (ʩʤ. ʬʦʨʤʫʣʳ (3a)-(3e)). 

ʇʦʩʪʦʷʥʩʪʚʦ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ (ʨʠʩ. 1) ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʟʘʜʘʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʢʦʦʨʜʠʥʘʪ RRjRi xxx ==  ʜʣʷ ʚʩʝʭ ʵʧʦʭ ʠʟʤʝʨʝʥʠʡ, ʚ 

ʪʦ ʚʨʝʤʷ, ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʙʲʝʢʪʘ Oix  ʠ Ojx  ʚʳʯʠʩʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ 

ʵʧʦʭʠ it  ʠ jt  [6]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʧʦʨʥʳʭ ʪʦʯʝʢ Rx  ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʩ 

ʧʦʤʦʱʴʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ, ʩʚʷʟʘʥʥʦʡ ʩ 

(2a,b) ʠ ʩʪʨʦʛʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʝʡ [1]. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʧʦʭ it  ʠ jt  ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʘ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 

ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ tD. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 

ʠʥʪʝʨʚʘʣʫ ʚʟʷʪʠʷ ʦʪʩʯʝʪʦʚ ʩʝʥʩʦʨʘʤʠ TD, ʠʣʠ ʧʨʝʚʳʰʘʪʴ ʝʛʦ. ʆʪʤʝʪʢʘ ʚʨʝʤʝʥʠ 

ʵʧʦʭʠ it  ʠ jt  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʨʝʜʠʥʘʤ ʧʦʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʚʘʣʦʚ tD. GNSS- ʠ  

LPS-ʥʘʙʣʶʜʝʥʠʷ l (2a, b), ʚʟʷʪʳ ʠʟ GNSS ʠ LPS ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ 

ʫʨʘʚʥʠʚʘʥʠʷ ʩʝʪʠ ʚ ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ (2a,b) ʤʦʞʝʪ 

ʣʝʛʢʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʥʠʚʝʣʠʨʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ (2ʘ, ʙ), ʷʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʤʠ ʠʣʠ ʦʜʥʦʤʝʨʥʳʤʠ GNSS-

ʠʟʤʝʨʝʥʠʷʤʠ ʙʘʟʦʚʳʭ ʣʠʥʠʡ. ʂ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ LPS, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ (2ʘ, ʙ), ʦʪʥʦʩʷʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʨʦʣʦʞʝʥʠʝ sij, ʫʛʦʣ ʥʘʢʣʦʥʘ 

rij ʠ ʧʨʝʚʳʰʝʥʠʝ ȹHij. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʨʘʚʥʝʥʠʝ 

ʥʘʙʣʶʜʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʢʦʥʮʝʧʮʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʇʆ 

GOCA, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ([4], [8]): 
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ʇʦʤʠʤʦ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪ (hĔ|yĔ,xĔ ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ 

ʥʘ ʦʧʦʨʥʳʝ ʪʦʯʢʠ Rx  ʠ ʪʦʯʢʠ ʦʙʲʝʢʪʘ 0x ʩʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ (ʨʠʩ. 1), 



ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ y(t) ʷʚʣʷʶʪʩʷ  ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ s ʠ  

hs  ʚ ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ, ʥʝʠʟʚʝʩʪʥʳʡ ʫʛʦʣ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʣʠʥʠʠ io , ʠ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 
T
m20011000

T
m ,.....)a|aĔ,aĔ|aĔ(gĔ =     (3f) 

ʚ ʦʙʣʘʩʪʠ m. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ mĔg  ʬʦʨʤʠʨʫʝʪ ʚʳʩʦʪʥʫʶ ʤʦʜʝʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʤʦʩʪʠ (ʛʝʦʠʜ) ʚ m-ʡ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ (ʩʤ. 

www.dfhbf.de). ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ʧʣʘʥʘ ʜʣʷ ʨʝʟʫʣʴʪʘʪʘ 

ʠʟʤʝʨʝʥʠʷ ij,terrHD  ʩʦʜʝʨʞʠʪ ʨʘʟʥʦʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʚʝʢʪʦʨʦʚ ɺʘʥʜʝʨʤʦʥʜʘ: 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ  ʚ ʦʙʣʘʩʪʠ m. ʋʯʠʪʳʚʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ ʚ GOCA ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ 

m. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʩ 

ʨʘʟʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʝʜʠʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

Rx  (3f). ɺ  ʇʆ GOCA ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʝʣʝʥʘ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʦʙʣʘʩʪʠ (ʨʠʩ. 1) [4]. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ, ʘ ʠʤʝʥʥʦ 1-ʡ ʵʪʘʧ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʫʨʘʚʥʠʚʘʥʠʠ 

ʫʯʘʩʪʢʘ ʩʝʪʠ ʜʣʷ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (L2-ʥʦʨʤʘ)  ʩ 

ʧʦʤʦʱʴʶ GNSS- ʠ LPS-ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ ɻʘʫʩʩʘ-ʄʘʨʢʦʚʘ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ (2a,b). ɺʳʧʦʣʥʝʥʠʝ 1-ʛʦ ʵʪʘʧʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (3a-e) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʦʙʣʘʩʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

Rx  ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ (ʨʠʩ.1). ʇʘʨʘʤʝʪʨʳ y ɻ ʪʘʧʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʟʘʚʠʩʷʪ ʦʪ  ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʠʧʦʚ ʩʝʥʩʦʨʦʚ. ʅʘʩʪʨʦʡʢʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (1f) 

ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ l ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʵʧʦʭʠ, ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʠ ʠʥʪʝʨʚʘʣʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʢʘ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʛʜʝ 
2

ii v
2

1
)v( =r , ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʦʙʘʩʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʛʨʫʙʳʭ ʦʰʠʙʦʢ lD ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʪʝʨʘʮʠʦʥʥʦʡ 

ʧʨʦʮʝʜʫʨʦʡ ʩʣʝʞʝʥʠʷ ʟʘ ʜʘʥʥʳʤʠ (data snooping) [3]. 

2-ʡ ʵʪʘʧ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʚ GOCA ʩʚʷʟʘʥ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʩʝʪʠ (2a, b), 

ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (3a-e), ʠ ʠʭ ʦʮʝʥʢʦʡ ʧʦ ʬʦʨʤʫʣʝ (1f). 2-ʡ 

ʵʪʘʧ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʨʠʚʷʟʢʫ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ )t(Ox  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ Rx  (ʨʠʩ. 1). ɺʳʧʦʣʥʝʥʠʝ 2-ʛʦ 

ʵʪʘʧʘ: ʦʮʝʥʢʘ ʧʦʟʠʮʠʡ ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t(Ox , ʩʦʟʜʘʥʠʝ ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ(t)OC , ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

)t(Ox  ʠ (t)OC    (4a,b) 

ʚ ʝʞʝʜʥʝʚʥʳʭ FIN-ʬʘʡʣʘʭ (ʨʠʩ. 2), ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʢʦʦʨʜʠʥʘʪ x (ʟʝʣʝʥʳʡ), y (ʩʠʥʠʡ) ʠ h 

(ʢʨʘʩʥʳʡ) ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t(Ox , ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.3. ʂʦʦʨʜʠʥʘʪʳ ʠʩʭʦʜʥʳʭ 

ʧʫʥʢʪʦʚ Rx , ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʙʣʶʜʝʥʠʡ s, hs  ʠ mĔg  (ʢʨʦʤʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʫʛʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷio) 
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ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ 2 ʵʪʘʧʝ ʢʘʢ ʬʠʢʩʠʨʦʚʘʥʥʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ  1-ʛʦ 

ʵʪʘʧʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʨʘʥʷʝʪʩʷ ʣʶʙʦʝ ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʝʪʴ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ Rx , ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʨʠʩʢ ʦʰʠʙʦʯʥʦʛʦ 

ʘʚʘʨʠʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ. ʂʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ y ʪʝʤ ʥʝ ʤʝʥʝʝ ʩʪʨʦʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

(t)OC  (4b) ʠ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʣʘʩʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ Rx  

ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ. 

 

 

ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʢʦʦʨʜʠʥʘʪ )t( iOx  ʢʘʢ ʨʝʟʫʣʴʪʘʪ 2-ʛʦ ʵʪʘʧʘ. ʊʦʣʩʪʳʤʠ 

ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʦ ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ (MVE) (3-ʡ ʵʪʘʧ) 

 

3-ʡ ʵʪʘʧ ʨʘʙʦʪʳ GOCA ï ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʡ 

ʅʘ 3-ʤ ʵʪʘʧʝ ʨʘʙʦʪʳ GOCA, ʘ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ, 

ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ y(t) ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ, ʪʘʢ ʞʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ (1f). ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʦʥʣʘʡʥ ʨʝʞʠʤʝ, ʧʘʨʘʣʣʝʣʴʥʦ 2-ʤʫ ʵʪʘʧʫ. ɺʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (l(t),)t(lC

) ʦʩʥʦʚʘʥ ʥʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t(Ox  ʠ (t)OC  (4a,b), 

ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʚʠʜʝ FIN-ʬʘʡʣʦʚ ʚ ʧʨʦʝʢʪʝ GOCA (ʨʠʩ. 2). 

ʆʮʝʥʢʘ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʇʝʨʚʦʡ, ʠ ʧʨʦʩʪʝʡʰʝʡ, ʬʫʥʢʮʠʝʡ y(t) ʠʟʤʝʨʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʚ ʇʆ GOCA, ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (MVE), ʛʜʝ )t(Ox  ʠ (t)OC  ̫ ʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʩ ʫʯʝʪʦʤ ʧʦʟʠʮʠʠ MVE ))t(h),t(y),t(x()t( T =y ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟʤʝʨʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʊʦʣʩʪʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩ. 3 ʦʙʦʟʥʘʯʘʶʪ ʩʛʣʘʞʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʮʝʥʢʠ MVE )t(y . MVE-ʦʮʝʥʢʘ ʚ GOCA ʚʢʣʶʯʘʝʪ 

ʥʘʩʪʨʦʡʢʠ ʦʧʦʚʝʱʝʥʠʷ (ʨʠʩ. 2) ʧʨʠ ʢʨʠʪʠʯʝʩʢʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʢʫʱʠʤʠ, 

ʩʤʝʱʝʥʠʷʭ )t()t()t( 0Oxyu -= , ʧʦʣʫʯʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʧʦʟʠʮʠʡ 

ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t( 0Ox . ɼʘʥʥʳʝ ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ l(t) (ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʦʚ 

ʥʘʪʷʞʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʥʢʣʠʥʦʤʝʪʨʦʚ) ʠ ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ 

ʤʘʪʨʠʮʘ )t(lC , ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ (MVE). 

 



ʆʥʣʘʡʥ-ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʷ 

ɺʪʦʨʦʡ ʬʫʥʢʮʠʝʡ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʠ 3-ʛʦ ʵʪʘʧʘ GOCA ̫ʚʣʷʝʪʩʷ ʦʥʣʘʡʥ-ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʷ (SHT) (ʩʤ. 

ʨʠʩ. 2) ʤʝʞʜʫ ʨʘʟʥʳʤʠ ñʜʣʠʪʝʣʴʥʳʤʠ ʵʧʦʭʘʤʠò 0t  ʠ it . ɺʳʨʘʞʝʥʠʝ 

ñʜʣʠʪʝʣʴʥʳʝ ʵʧʦʭʠò ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʚʝ ʵʧʦʭʠ 0t  ʠ it  ʥʘʯʘʣʠʩʴ ʚ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ 0t  ʠ it , ʠ ʧʨʦʜʦʣʞʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ otD ʠ itD , ʥʘʧʨʠʤʝʨ,  1 

ʯʘʩ (ʨʠʩ. 4). ʅʘʯʘʣʦʤ ʧʝʨʚʦʡ ʵʧʦʭʠ 0t  ʤʦʞʝʪ ʙʳʪʴ ʤʦʤʝʥʪ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (1-ʡ 

ʵʪʘʧ). ɸʣʴʪʝʨʥʘʪʠʚʥʦ 0t  ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʨʦʝʢ ʚ ʇʆ GOCA 

(ʨʠʩ. 4), ʣʠʙʦ ʧʨʦʠʟʚʦʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʝʤʦʡ 

ʚʨʝʤʝʥʥʦʡ ʤʘʨʢʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ 

ʪʦʯʝʢ ʦʙʲʝʢʪʘ: 
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T
i000 )]t,t(Ĕ),t(Ĕ[Ĕ uxy=  .    (5b) 

ɼʚʝ ʛʨʫʧʧʳ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 
0t

l ʠ 
it

l  ʠ ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

ʚʟʷʪʳ ʠʟ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ()t(Ox , (t)OC ) (4a,b) (ʩʤ. ʨʠʩ. 

3, ʪʦʥʢʠʝ ʣʠʥʠʠ). ɺʝʣʠʯʠʥʘ v ʦʙʦʟʥʘʯʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (1c). 

ʇʘʨʘʤʝʪʨʘʤʠ ʜʝʬʦʨʤʘʮʠʠ )t(Ĕy  ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʫʨʘʚʥʝʥʥʘʷ ʧʦʟʠʮʠʷ T
00 ]hĔ|yĔ,xĔ[)t(Ĕ =x ʥʘ ʵʧʦʭʫ 0t  ʠ 3D-ʩʤʝʱʝʥʠʷ 

T
t,thyxi0 i0

]u|u,u[)t,t(Ĕ =u  ʤʝʞʜʫ 0t  ʠ it . ʄʘʪʨʠʮʳ ʧʣʘʥʘ 1E   ʠ 2E  ï ɻ ʪʦ 

ʩʪʦʣʙʮʦʚʳʝ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʴʶ 3 x 

3  ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ )t(Ox  ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʥʪʝʨʚʘʣʘʭ ʵʧʦʭ 0tD  ʠ itD .   ʈʠʩ. 4 ʧʦʢʘʟʳʚʘʝʪ ʥʘʩʪʨʦʡʢʠ ʇʆ GOCA ʜʣʷ ʦʥʣʘʡʥ 

ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (5a,b). ʅʘʩʪʨʦʡʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʦʭʠ ʜʣʷ ʦʮʝʥʢʠ 

ʩʤʝʱʝʥʠʷ, ʥʘʩʪʨʦʝʢ ʫʨʘʚʥʠʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʦʝʢ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʦʚʝʱʝʥʠʷ (ALR-ʬʘʡʣʳ, ʨʠʩ. 2).  

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ñʜʣʠʪʝʣʴʥʳʤʠ 

ʵʧʦʭʘʤʠò )t(t iD  (ʥʘʧʨʠʤʝʨ, 3 ʯʘʩʘ)  ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ  ʚ ʦʜʥʦʤ ʠʟ 3ʭ 

ʨʝʞʠʤʦʚ, ʘ ʠʤʝʥʥʦ 

- 1-ʷ ʵʧʦʭʘ = ʩʪʘʪʠʯʥʘʷ, ʟʘʜʘʥʘ ʚʦ ʚʨʝʤʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (1-ʡ ʵʪʘʧ ʨʘʙʦʪʳ 

GOCA). 2-ʷ ʵʧʦʭʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ (ʥʘʧʨʠʤʝʨ, ʢʘʞʜʳʝ 24 ʯʘʩʘ). 

- 1-ʷ ʵʧʦʭʘ = ʩʪʘʪʠʯʥʘʷ, ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 2-ʷ ʵʧʦʭʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ. 

- 1-ʷ ʵʧʦʭʘ =  ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ,  ʢʘʢ ʠ 2-ʷ ʵʧʦʭʘ. 

 



 

ʈʠʩ. 4. ʅʘʩʪʨʦʡʢʠ ʦʥʣʘʡʥ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ (SHT) ʠ ʦʧʦʚʝʱʝʥʠʷ 

ʚ ʩʠʩʪʝʤʝ GOCA 

 

 

 

ʈʠʩ. 5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ T
i000 )]t,t(Ĕ),t(Ĕ[Ĕ uxy=  ʥʘ 3-ʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʧʦ GOCA 

 

ʅʘ ʨʠʩ. 5 ʪʦʣʩʪʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ ʩʣʝʚʘ ʧʦʢʘʟʘʥʘ ʦʮʝʥʢʘ )t(Ĕ 00x  

(5a,b) ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ )t( iOx (4a), ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʥʘʯʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 0t  ʩ ʠʥʪʝʨʚʘʣʦʤ ʦʮʝʥʠʚʘʥʠʷ )t(t 0D . ʊʦʣʩʪʘʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʩʧʨʘʚʘ ʧʦʢʘʟʳʚʘʝʪ ʦʮʝʥʸʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

)t,t(Ĕ)t(Ĕ)t(Ĕ i000i uxx +=  ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ it . ʊʦʣʩʪʘʷ ʩʪʨʝʣʢʘ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʧʝʨʝʤʝʱʝʥʠʝ )t,t(Ĕ i0u  ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʆʧʷʪʴ 



ʞʝ, ʜʣʷ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ (SHT) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʣʦʢʘʣʴʥʳʭ 

ʩʝʥʩʦʨʦʚ (LS). 

ʌʀʃʔʊʈɸʎʀʗ ʂɸʃʄɸʅɸ ɺ ʇʆ GOCA. ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʀ 

ʉɺʆɽɺʈɽʄɽʅʅʆɽ ʇʈɽɼʋʇʈɽɾɼɽʅʀɽ 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ï ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʪʨʝʪʴʝʤ ʰʘʛʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ GOCA. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʧʝʨʝʭʦʜʘ )t(T  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ y(t). ɼʣ̫ 

ʧʝʨʝʭʦʜʘ ʦʪ ʩʤʝʱʝʥʠʷ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ( tt D- ) ʢ ʩʤʝʱʝʥʠʶ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ t , ʠʤʝʝʤ 

ȹt)(t(t)(t) -Ö= yTy , ʛʜʝ      (6a) 
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T)]t(),t(),t([)t( uuuy ###=    (6c) 

ɺʝʢʪʦʨ ʩʤʝʱʝʥʠʷ y(t) ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʝʭʤʝʨʥʦʝ 

ʩʤʝʱʝʥʠʝ )t(u , ʩʢʦʨʦʩʪʴ )t(u#  ʠ ʫʩʢʦʨʝʥʠʝ )t(u##  ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ )t(Ox  

ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ tD. 

ʄʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (6a, b, c) ʷʚʣʷʝʪʩʷ ʨʷʜʦʤ ʊʵʡʣʦʨʘ 

ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʩʤʝʱʝʥʠʡ )t(u , ʫ ʢʦʪʦʨʦʛʦ ʦʪʙʨʦʰʝʥʳ ʚʩʝ ʯʣʝʥʳ ʧʦʩʣʝ 

ʚʪʦʨʦʛʦ (ʧʦʩʪʦʷʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ), ʠ ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ ʠ ʜʚʠʞʝʥʠʡ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʦʧʦʣʟʥʝʡ ʠ ʪ.ʧ. [1]. 

ʂʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ yC  ʧʨʦʛʥʦʟʘ y(t) (6b, c) ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʝʜʳʜʫʱʝʛʦ 

ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ )tt( D-y  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʳʜʫʱʠʭ ʠʪʝʨʘʮʠʡ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ l(t) ʠ ʠʭ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʂʘʣʤʘʥʘ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʪʝʤ ʞʝ ʚʝʢʪʦʨʦʤ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ (6c), ʷʚʣʷʶʪʩʷ  ʚʳʯʠʩʣʝʥʥʳʤʠ GOCA ʩʤʝʱʝʥʠʷʤʠ )t(u  ʚ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ tD. ʋʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ l(t) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

)t()t((t):(t))l( (t) 0OO xxuyl -=== ,   (6d) 

)t()t( 0xxl OO
CCC += .     (6e) 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ )t(l (6d) ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʩʪʦʷʱʠʤ ʧʦʣʦʞʝʥʠʝʤ 

ʪʦʯʢʠ ʦʙʲʝʢʪʘ  )t(Ox  (4a), ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ 2-ʤ ʵʪʘʧʝ GOCA (FIN-ʬʘʡʣ) ʚʦ  

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ]tt,t[ D- , ʠ ʠʩʭʦʜʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ )t( 0Ox , 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʥʘʯʘʣʝ ʬʠʣʴʪʨʘʮʠʠ ʂʘʣʤʘʥʘ. ʉʘʤ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʵʢʚʠʚʘʣʝʥʪʝʥ 

ʦʙʱʝʡ ʦʮʝʥʢʝ (1f) ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ )t(y  (6c) ʠ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ))t((yl  ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t (6d). 

ʆʙʱʘʷ ʄ-ʦʮʝʥʢʘ (1f) ʧʘʨʘʤʝʪʨʦʚ )t(Ĕy  ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʙʣʶʜʝʥʠʷ 



(6a) ʠ (6d) ʠ ʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ yC  ʠ lC  ʤʦʞʝʪ ʙʳʪʴ ʠʪʝʨʘʮʠʦʥʥʦ 

ʚʳʯʠʩʣʝʥʘ, ʢʘʢ: 

))t(()t(()t()t(Ĕ )j()j(
yllKyy -Ö+= , ʛʜʝ   (6d) 

))(
)j(
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1)j(
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)j(

yy
)j( 2

1
2
1

WAAWACWCK Ö+= ---
  (6e) 

ʊʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʘʪʨʠʮʘ ʂʘʣʤʘʥʘ )j(
K  ʚʳʯʠʩʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦ (j=j-ʡ 

ʰʘʛ). ʅʘ j-ʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʜʠʘʛʦʥʘʣʴʥʳʝ ʚʝʩʦʚʳʝ ʤʘʪʨʠʮʳ )j(
yW  ʠ )j(

lW  ʚ 

ʨʘʤʢʘʭ )j(
K  ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ (1h). ʊʘʢ ʞʝ, ʢʘʢ ʦʥʣʘʡʥ ʦʮʝʥʢʘ 

ʩʤʝʱʝʥʠʡ SHT (5a, b), ʬʠʣʴʪʨʘʮʠʷ ʂʘʣʤʘʥʘ ʚ ʩʠʩʪʝʤʝ GOCA ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (1f), ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠʣʠ ʨʦʙʘʩʪʥʦʡ ʦʮʝʥʢʠ L1. ʈʝʟʫʣʴʪʘʪʳ ))t(),t(Ĕ( yĔCy  

ʩʦʭʨʘʥʷʶʪʩʷ ʢʘʢ ʬʘʡʣʳ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʚ ʬʦʨʤʘʪʝ KAL VHS, ʩʤ. ʨʠʩ. 2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ  (l(t),)t(lC ) ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ʋʨʘʚʥʝʥʠʝ (6b) ʧʦʟʚʦʣʷʝʪ  

ʧʨʝʜʩʢʘʟʘʪʴ ʚʨʝʤʷ ȹt, ʟʘ ʢʦʪʦʨʦʝ ʙʫʜʫʪ ʜʦʩʪʠʛʥʫʪʳ ʟʘʜʘʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ y(t) (6c). ʕʪʦ ʧʦʟʚʦʣʷʝʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ GOCA ʢʘʢ 

ʩʠʩʪʝʤʫ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ. 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ: ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠ ʥʘʫʯʥʳʡ ʚʢʣʘʜ ʩʠʩʪʝʤʳ 

GOCA 

ɺ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ ʷʩʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ 

(5a, b) ʠ/ʠʣʠ ʬʠʣʴʪʨʘʮʠʶ ʂʘʣʤʘʥʘ (6a, b, c), ʘ ʠʤʝʥʥʦ )t(u , )t(u# ʠ )t(u## , ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ l(t) ʣʦʢʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ (LS) 

ʚ ʦʙʱʫʶ ʤʦʜʝʣʴ ([2], [5]).  ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʬʫʥʢʮʠʡ 

ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʶʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

(ʥʘʧʨʠʤʝʨ, ʜʘʤʙʳ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʠʥʪʝʛʨʘʮʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ. ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ, ʪ.ʝ. 

çʯʝʨʥʳʡè, çʩʝʨʳʡè ʠʣʠ çʙʝʣʳʡ ʷʱʠʢè, ʤʦʜʝʣʴ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (FEM) 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʠʧʫ çʙʝʣʳʡ ʷʱʠʢè ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ p, ʚʝʢʪʦʨʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʚʝʢʪʦʨʦʤ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

(ʨʠʩ.2) (t),Ou (t)Ou# , (t)Ou## ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ([1], [5], [6], [14]). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, FEM ̫ʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʫʶʱʝʡ  ʜʘʥʥʳʝ GNSS, LPS ʠ  LS 

ʩʝʥʩʦʨʦʚ. ʂʦʤʧʣʝʢʩʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ FEM-ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʟʜʘʪʝʣʷʤʠ 

GOCA, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ [9]. ʆʜʥʘʢʦ, 

ʜʠʥʘʤʠʯʝʩʢʘʷ FEM-ʤʦʜʝʣʴ, ʪʘʢʞʝ ʩʦʟʜʘʥʥʘʷ ʢʦʤʘʥʜʦʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ GOCA 

[1], ʚʩʝ ʝʱʝ ʞʜʝʪ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ [2]. 

ʇʈʀʄɽʈ ʄʆʅʀʊʆʈʀʅɻɸ ɼɸʄɹʓ ʉ ʇʆʄʆʑʔʖ ʉʀʉʊɽʄʓ 

GOCA 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʜʘʤʙʦʡ ʂʦʧʩ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʳʩʦʢʦ ʚ ɸʣʴʧʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʚʩʪʨʠʠ, ʩ ʧʦʤʦʱʴʶ  ʩʠʩʪʝʤʳ GOCA ʥʘ ʦʩʥʦʚʘʥʠʠ  ʜʘʥʥʳʭ GNSS ʚʝʣʦʩʴ ʦʢʦʣʦ 



ʛʦʜʘ (ʨʠʩ.7). ʇʝʨʚʳʡ ʠʟ ʪʨʝʭ ʦʜʥʦʯʘʩʪʦʪʥʳʭ GPS ʧʨʠʝʤʥʠʢʦʚ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʤʙʳ ʩʦ ʩʢʘʣʦʡ,  ʢʘʢ ʪʦʯʢʘ 

ʦʙʲʝʢʪʘ )t(Ox . ɺʪʦʨʦʡ GPS-ʨʦʚʝʨ ʫʩʪʘʥʦʚʠʣʠ ʚ ʮʝʥʪʨʝ ʜʘʤʙʳ ʪʦʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʯʢʠ ʦʙʲʝʢʪʘ )t(Ox  (ʨʠʩ. 7 ʠ 8). 

ʊʨʝʪʠʡ GPS-ʨʦʚʝʨ ʫʩʪʘʥʦʚʠʣʠ ʢʘʢ ʦʧʦʨʥʫʶ ʪʦʯʢʫ Rx  ʥʘ ʫʩʪʦʡʯʠʚʦʤ 

ʦʙʲʝʢʪʝ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ 500 ʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʘʤʙʳ (ʨʠʩ. 9). ɼʣʠʥʳ 

ʙʘʟʦʚʳʭ ʣʠʥʠʡ, ʟʘ ʢʦʪʦʨʳʤʠ ʚʝʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ, ʙʳʣʠ ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

198 ʤ ʠ 500 ʤ (ʨʠʩ. 8). ʏʘʩʪʦʪʘ ʚʟʷʪʠʷ ʦʪʩʯʝʪʦʚTD GNSS/GPS-ʧʨʠʝʤʥʠʢʘʤʠ 

ʩʦʩʪʘʚʣʷʣʘ 2 ʤʠʥʫʪʳ. 

ʅʘ ʨʠʩ. 10 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʦʯʢʠ )t(Ox  ʚ 

ʮʝʥʪʨʝ ʜʘʤʙʳ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʜʘʤʙʝ, ʚʳʯʠʩʣʝʥʥʦʝ 

ʧʦ ʜʘʥʥʳʤ GPS (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ï ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʣʦʪʦʤ ʚ ʪʝʣʝ ʜʘʤʙʳ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ) ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ. 

ʉʠʥʝʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ. ʉʤʝʱʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ GPS-ʧʨʠʝʤʥʠʢʦʚ ʩ ʧʦʤʦʱʴʶ MVE-ʦʮʝʥʢʠ GOCA, ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʠʣʣʠʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʥʠʷʤ ʩʤʝʱʝʥʠʷ ʣʦʪʘ. 

ʇʦʩʢʦʣʴʢʫ GPS-ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 8 ʤ ʚʳʰʝ ʣʦʪʘ (ʨʠʩ. 9, 

ʩʧʨʘʚʘ), ʠʭ ʛʨʘʬʠʢʠ ʪʦʞʝ ʨʘʩʭʦʜʷʪʩʷ. 

ʅʘ ʨʠʩ. 11 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʂʘʣʤʘʥʘ ʇʆ GOCA ʟʘ ʪʦʪ ʞʝ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʯʪʦ ʥʘ ʨʠʩ. 10, ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ y(t),ʪ.ʝ 

ʩʤʝʱʝʥʠʷ )t(u , ʩʢʦʨʦʩʪʠ )t(u#  ʠ ʫʩʢʦʨʝʥʠʷ )t(u## ʧʫʥʢʪʘ )t(Ox , ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʮʝʥʪʨʝ ʜʘʤʙʳ. ʆʨʘʥʞʝʚʳʝ ʪʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʪʦʯʝʢ ʦʙʲʝʢʪʘ )t(u (6d) ʚ ʩʠʩʪʝʤʝ GOCA. 

 

 

ʈʠʩ. 7.  ʀʥʩʪʘʣʣʷʮʠʷ ʩʠʩʪʝʤʳ GOCA: ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʦʚ ʦʙʲʝʢʪʘ )t(Ox  ʥʘ 

ʜʘʤʙʝ ʂʦʧʩ, ɸʚʩʪʨʠʷ 



 

ʈʠʩ. 8. ʀʥʩʪʘʣʣʷʮʠʷ ʩʠʩʪʝʤʳ GOCA: ʩʭʝʤʘ ʙʘʟʦʚʳʭ ʣʠʥʠʡ. ʉʪʘʙʠʣʴʥʘʷ ʪʦʯʢʘ 

Rx (ʩʣʝʚʘ), ʚ ʨʝʞʠʤʝ  ʨʦʚʝʨʘ. ʊʦʯʢʠ ʦʙʲʝʢʪʘ )t(Ox  ʚ ʨʝʞʠʤʝ ʨʦʚʝʨʘ (ʮʝʥʪʨ), ʠ 

GPS-ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ʩʧʨʘʚʘ) 

 

 

 

   

ʈʠʩ. 9. ʋʩʪʘʥʦʚʢʘ ʦʧʦʨʥʦʡ ʪʦʯʢʠ Rx  (ʩʣʝʚʘ) ʠ ʪʦʯʢʠ ʦʙʲʝʢʪʘ )t(Ox  ʚ ʤʝʩʪʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʘʤʙʳ ʩʦ ʩʢʘʣʦʡ (ʩʧʨʘʚʘ) 

 


