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ȺɡɢŬɟɘůŰɑŮɠ: 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ, Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ ˊɞɡ ɐŰŬɜ ŭɑˊɚŬ ɛɞɡ əŬɗôɧɚɖ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ. ɄɟɩŰɞɜ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ 

əŬɗɖɔɐŰɖ ɛɞɡ, ə. ȹŮɚɖəŬɟɎɞɔɚɞɡ ȹɖɛɐŰɟɘɞ ɔɘŬ Űɖɜ ůŰɐɟɘɝɐ Űɞɡ, Űɖɜ əŬɗɞŭɐɔɖůɐ Űɞɡ, 

Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ əŬɘ Űɖɜ ůɡɜŮɟɔŬůɑŬ əŬŰɎ Űɖɜ ˊɞɟŮɑŬ Űɖɠ Ůəˊɧɜɖůɐɠ Űɖɠ. Ⱥˊɑůɖɠ 

Űɞɜ əŬɗɖɔɖŰɐ ə. ɄŬɟɢŬɟɑŭɖ ȽůŬɎə ˊɞɡ ɐŰŬɜ ŮəŮɑɜɞɠ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ Űɞ ŭɟɧɛɞ Űɖɠ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ Űɖɠ ŬɚŰɘɛŮŰɟɑŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ űɏɟɤ Ůɘɠ ˊɏɟŬɠ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ 

ɛɞɡ. ȷəɧɛɖ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɗɖɔɖŰɐ  əɨɟɘɞ ȹɞɡɚɎɛɖ ɁɘəɧɚŬɞ əŬɘ Űɖɜ 

ŭɘŭɎəŰɤɟ ɀŬɟɑŬ ȾŬůŮɚɑɛɖ, ˊɞɡ ɛŮ ɓɞɐɗɖůŬɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůɤ Űɖɜ ɘŭɏŬ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ. 

 

ȷəɧɛɖ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ȺɡɟɤˊŬɥəɐ ɈˊɖɟŮůɑŬ ȹɘŬůŰɐɛŬŰɞɠ (ESA: 

European Space Agency) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞɡɠ əɨɟɘɞɡɠ Jerome Benveniste əŬɘ 

Marco Restano, ˊɞɡ ɓɞɐɗɖůŬɜ ůŮ ŬˊɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ, ŬɚɚɎ 

əŬɘ ɛɞɡ ɏŭɤůŬɜ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ˊŬɟŬůŰɩ ůŰɞ ɗŮɟɘɜɧ ůɢɞɚŮɑɞ ůŰɖɜ ȽŰŬɚɑŬ Űɞ 2018 ɛŮ 

ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ɗŮɛŬŰɘəɐɠ Űɞɡ, Űɖɜ ȷɚŰɘɛŮŰɟɑŬ. 

 

ɇɏɚɞɠ, ŬɚɚɎ ˊɞɚɨ ůɖɛŬɜŰɘəɞɑ ɐŰŬɜ ɞɘ Ɏɜɗɟɤˊɞɘ Ŭˊɧ Űɞ ɞɘəɞɔŮɜŮɘŬəɧ əŬɘ űɘɚɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ ɛɞɡ, ˊɞɡ ɛŮ ůŰɐɟɘɝŬɜ ůŰɘɠ ˊɟɞůˊɎɗŮɘŮɠ ɛɞɡ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 

ůŰŬŭɘɞŭɟɞɛɑŬɠ ɛɞɡ. ŪŬ ɐɗŮɚŬ ɜŬ ŬɜŬűɏɟɤ Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ ũɘɩɟɔɞ əŬɘ ɀŬɟəɏɚɚŬ, 

əŬɗɩɠ əŬɘ ŰŬ ŬŭɏɟűɘŬ ɛɞɡ ȹɖɛɐŰɟɖ əŬɘ ɀɘɢɎɚɖ ˊɞɡ Űɞɡɠ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ. 
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ȷȾɅɋɁɈɀȽȷ: 

ADT= Absolute Dynamic Topography 

ALBICOCCA=ALtimeter-Based Investigations in COrsica, Capraia and Contiguous 

Areas 

AMIC= Atlantic Meridional Overturning Circulation 

ASCII= American Standard Code for Information Interchange 

ATSR= Along Track Scanning Radiometer  

Aviso+ = Archiving, Validation and Interpretation of Satellite Oceanographic data 

CNES= Centre National dô£tudes Spatiales 

COASTALT= ESA Development of COASTal ALTimetry 

CTOH= Center for Topographic studies of the Ocean and Hydrosphere 

DORIS= D®termination dôOrbite et Radiopositionement Integr® par Satellite 

ENSO= El Nino (ɁɧŰɘŬ ɇŬɚɎɜŰɤůɖ) 

ERM= Exact Repeat Orbit  

ERS= European Remote Sensing 

ESA= European Space Agency 

FOSS =Free and Open Source Software  

GCOS= Global Climate Observing System 

GEOS= Geodynamic Experimental Ocean Satellite 

GEOSAT= Geodetic Geophysical Satellite 

GIS = Geographic Information System 

GNSS= Global Navigation Satellite Systems 

GOCE= Gravity and Ocean Circulation Explorer (ESA) 

GOME= Global Experiment Monitorinh Ozone 

GOOS= The Global Ocean Observing System 

GPS= Global Positioning System 

GRACE= Gravity Recovery and Climate Experiment 

IPCC= Intergovernmental Panel on Climate Change 

ISI= Institute for Scientific Information 

MDT= Mean Dynamic Topography 

MSS= Mean Sea Surface 

NASA= National Aeronautics and Space Administration 

netCDF= network Common Data Form (http://www.unidata.ucar.edu/software/netcdf/) 
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NOAA= National Oceanic and Atmospheric Administration 

NRT = Near Real Time 

OGC = Open Geospatial Consortium 

OSGEO= Open Source Geospatial Foundation 

OSTST= Ocean Surface Topography Science Team 

PISTACH= CNES Development of ñPrototype Innovant de Syst¯me de Traitement 

pour les Applications C¹ti¯res et lôHydrologieò 

RECOSETO= REgional COastal SEa level change and sea surface Topography from 

altimetry, Oceanography, and tide gauge stations in Europe 

SAMOSA= ESA development of SAR altimetry mode studies and applications over 

ocean, coastal zones and inland water 

SAR= Synthetic Aperture Radar 

SARAL= Satellite with ARgos and ALtika 

SIRAL= SAR/Interferometric Radar ALtimete 

SRAL= SAR Radar Altimeter 

SLA= Sea Level Anomaly 

SSA= Singular spectrum Analysis 

SSH= Sea Surface Height 

SWH= Significant Wave Height 

SWOT= Surface Water Ocean Topography mission 

TOPEX= Topography Experiment 

WCS = eXtensive Coverage Service (ɈˊɖɟŮůɑŬ ŭɘəŰɨɞɡ coverage) 

WEB-GIS= Geographic Information System on Web 

WFS = Web Feature Service (ɈˊɖɟŮůɑŬ ŭɘəŰɨɞɡ ɞɜŰɧŰɖŰŬɠ) 

WGS84= World Geodetic System 1984 

WMS = Web Map Service (ɈˊɖɟŮůɑŬ ŭɘəŰɨɞɡ ɉɎɟŰɖ) 

UNFCCC= United Nations Framework Convention on Climate Change 

ɆũɄ = ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ 
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ɄȺɅȽȿȼɊȼ: 

ȼ ŭɘˊɚɤɛŬŰɘəɐ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ůɨůŰɖɛŬ Ɇ.ũ.Ʉ. ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ 

Űɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ Űɞɡ əɚɑɛŬŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, 

ɧˊɞɡ ŮɑɜŬɘ ɖ ɀŮůɧɔŮɘɞɠ ŪɎɚŬůůŬ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ɡɚɞˊɞɑɖůɖ ɛɘŬɠ ŮűŬɟɛɞɔɐɠ, ɛŮ Űɖɜ 

ɞˊɞɑŬ ɞ ɢɟɐůŰɖɠ ɗŬ ŮɑɜŬɘ ɘəŬɜɧɠ ɜŬ ůɡɛɓɎɚɚŮɘ ůŰɖ ɛŮɚɏŰɖ Űɖɠ ɛŬəɟɞˊɟɧɗŮůɛɖɠ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ ɗɎɚŬůůŬɠ, ůŰɘɠ ŮˊɞɢɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ əŬɘ ůŰɘɠ ɛŮɚɏŰŮɠ 

ůɢŮŰɘəɏɠ ɛŮ Űɞ əɚɑɛŬ ŭɑɜɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɏɛűŬůɖ ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ, 

ůɡɔəɟɑɜɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬˊɞůŰɞɚɏɠ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ. 

 

ȼ ŮűŬɟɛɞɔɐ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ůɡɚɚɞɔɐ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ Ůɝɐɠ ŬɚŰɘɛŮŰɟɘəɩɜ 

ŬˊɞůŰɞɚɩɜ Topex, Jason-1, Jason-2, Jason-3, Saral/Altika, Envisat, Geosat Follow-on, 

Sentinel-3a, Sentinel-3b, ŬɚɚɎ əŬɘ Űɞɡɠ ɢɎɟŰŮɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SSALTO/DUACS  

Ŭˊɧ Űɞ ůɡɜŭɡŬůɛɧ ŬɚŰɘɛŮŰɟɘəɩɜ ŬˊɞůŰɞɚɩɜ, ˊɞɡ ɛŬɕɑ ŬˊɞŰŮɚɞɨɜ Űɖɜ ɔŮɤɔɟŬűɘəɐ 

ȸɎůɖ ȹŮŭɞɛɏɜɤɜ. 

 

ɇɞ ůɨůŰɖɛŬ ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɚɐ əŬɘ ůɢŮŰɘəɎ Ůɨəɞɚɖ ůŰɖɜ ɢɟɐůɖ ŮűŬɟɛɞɔɐ, ɧɢɘ ɛɧɜɞ 

ɔɘŬ Űɞɡɠ ŮɛˊŮɘɟɞɔɜɩɛɞɜŮɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɞɡɠ Ŭˊɚɞɨɠ ɢɟɐůŰŮɠ. ȼ ŮűŬɟɛɞɔɐ ŮɑɜŬɘ 

ůɢŮŭɘŬůɛɏɜɖ ɩůŰŮ ɜŬ əŬɚɨˊŰŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɢɟɖůŰɩɜ, Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɖ 

ɜɞɛɞɗŮůɑŬ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŰɟŮɢɧɜŰɤɜ əŬɘ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŭɑɜŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ɢɟɐůŰɖ ɜŬ ˊɟɞɓŮɑ ůŮ əɎˊɞɘŬ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ 

əɡɟɑɤɠ ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɀŮůɞɔŮɑɞɡ. ȼ ɛŮɚɏŰɖ Űɖɠ ɛɏůɖɠ ůŰɎɗɛɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ ůŰɞɜ ˊŬɟɎəŰɘɞ ɢɩɟɞ ŮɑɜŬɘ ɓŬůɘəɧɠ ŭŮɑəŰɖɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ 

(IPCC, 2013). 

 

ɆŰɞ ɛɏɚɚɞɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŮűŬɟɛɞɔɐ əŬɘ ɔɘŬ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ 

ɛŮɚɏŰɖɠ. ȼ ŮűŬɟɛɞɔɐ ɢɟɖůɘɛɞˊɞɘŮɑ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ (ɚɞɔɘůɛɘəɧ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ). 

ɄŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ŬˊɞŰɏɚŮůŮ, Űɞ ɚɞɔɘůɛɘəɧ Geoserver. Ⱥˊɞɛɏɜɤɠ, 

ɛŮɚɚɞɜŰɘəɐ ˊɟɧəɚɖůɖ ŬˊɞŰŮɚŮɑ ɖ ɓŮɚŰɑɤůɖ Űɖɠ əŬɘ ɖ Ůɜɖɛɏɟɤůɖ Űɖɠ, ɧɢɘ ɛɧɜɞ ɧůɞ 

ŬűɞɟɎ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ŬɚɚɎ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ȹɘŬŭɘəŰɡŬəɐ ŮűŬɟɛɞɔɐ, ȷɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ, ȺɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ, 

ɄŬɟɎəŰɘŬ ȷɚŰɘɛŮŰɟɑŬ, ȾɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ 
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ABSTRACT:  

This study, presents an online GIS system to monitor the variability of sea level and 

climate of the study area, where the Mediterranean Sea is. The purpose is to implement 

an application that will enable the user to contribute to the study of long-term variability 

of the sea, its seasonal fluctuation and climate studies, while also emphasizing on 

coastal areas, by comparing different altimeter missions. 

 

The application, is based on the satellite data collection of the following satellite 

missions: Topex, Jason-1, Jason-2, Jason-3, Saral / Altika, Envisat, Geosat Follow-on, 

Sentinel-3a, Sentinel-3b and satellite maps of SSALTO / DUACS program, which is 

the combination of altimeter missions, and finaly, all together, they form the 

geographical database. 

 

The system is a simple and relatively easy-to-use application, not only for experts but 

also for ordinary users. The application is designed to meet user requirements, 

environment and legislation. The combination of current and historical data enables the 

user to find conclusions about the interaction of sea level and the effects of climate 

change, mainly on the coastal areas of the Mediterranean. The study of mean sea level 

in coastal areas is a key indicator of climate variability (IPCC, 2013). 

 

In the future the application could also be used for other study areas. The application 

uses free software (open source). The application development environment was 

software, Geoserver. So the future challenge is to improve and update it, not only by 

exctending the study area, but also in the type of data it contains. 

 

 

Key words: Web-GIS, altimetry data, Coastal zone altimetry 
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1ɞ ȾŮűɎɚŬɘɞ: ȺɘůŬɔɤɔɐ 

ɇɞ ŰŮɚŮɡŰŬɑɞ ŰɏŰŬɟŰɞ Űɞɡ ŬɘɩɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɘŭɘŬɑŰŮɟɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɘɠ 

ɛŬəɟɞˊɟɧɗŮůɛŮɠ ŬɚɚŬɔɏɠ Űɤɜ ɤəŮɎɜɘɤɜ ůɡůŰɖɛɎŰɤɜ. Ƀɘ ɤəŮŬɜɞɑ ŮɑɜŬɘ ɕɤŰɘəɐɠ 

ůɖɛŬůɑŬɠ əŬɗɩɠ ˊɟɞůűɏɟɞɡɜ ŰɟɧűɘɛŬ, ŮɜɏɟɔŮɘŬ əŬɘ Űɞ ɐɛɘůɡ Űɞɡ ɞɝɡɔɧɜɞɡ ůŰɞɜ 

ˊɚŬɜɐŰɖ. ȺɑɜŬɘ əŬɑɟɘŬɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɞɜ əɨəɚɞ Űɞɡ ɜŮɟɞɨ, Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ əŬɘ ŰŬ 

ɞɘəɞůɡůŰɐɛŬŰŬ Űɞɡ əɧůɛɞɡ (Lenoir ə.Ɏ, 2011). ȾŬɗɩɠ əŬɘ ɔɘŬ ˊɞɚɚɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

Űɞɡ Ŭɜɗɟɩˊɞɡ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɛŮŰŬűɞɟɏɠ, Űɞ Ůɛˊɧɟɘɞ əŬɘ ɎɚɚŮɠ ɞɘəɞɜɞɛɘəɏɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ (OECD, 2016). Ƀɘ ɤəŮŬɜɞɑ ɛŬɠ, ɤůŰɧůɞ, ɓɟɑůəɞɜŰŬɘ ɡˊɧ ŬˊŮɘɚɐ ɚɧɔɤ 

Űɖɠ ŬɚɚŬɔɐɠ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ Űɖɠ ˊɑŮůɖɠ Űɤɜ Ŭɜɗɟɤˊɑɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ, Ůˊɞɛɏɜɤɠ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɛɘŬ ˊɟɞůɏɔɔɘůɖ ŬŮɘűɧɟɞɡ əŬɘ ŮˊɘůŰɖɛɞɜɘəɐɠ ŬɜŬűɞɟɎɠ 

(UN, 2017). ȷˊŬɘŰŮɑŰŬɘ əŬɚɨŰŮɟɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɗŬɚŬůůɩɜ ɛŬɠ, ˊɞɡ ɞŭɖɔɞɨɜ ůŮ 

ɛŬəɟɞˊɟɧɗŮůɛɖ, ůɡɜŮɢɐ əŬɘ ůŰŬɗŮɟɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Ŭˊɧ Űɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ ůŰŬ 

ɞɘəɞůɡůŰɐɛŬŰŬ əŬɘ Ŭˊɧ Űɖ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ ůŮ Űɞˊɘəɏɠ əɚɑɛŬəŮɠ. 

 

ɇɞ ůɨůŰɖɛŬ ŬŰɛɧůűŬɘɟŬ əŬɘ ɤəŮŬɜɧɠ ůɡɛɓɎɚɚɞɡɜ ůɡɜŭɡŬůŰɘəɎ ůŰɖɜ ŬɚɚŬɔɐ Űɞɡ 

əɚɑɛŬŰɞɠ əŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ əŬɘɟɞɨ (von Schuckmann, ə.Ɏ., 2016a). ȼ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɟɞɐɠ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ ɤəŮŬɜɞɨɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ 

Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ůŰɞɡɠ ɤəŮŬɜɞɨɠ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ, ɔɘŬ ŬɡŰɧ əŬɘ ŮɚɏɔɢŮŰŬɘ ůŮ ůɖɛŮɑŬ 

Űɞɡ ɤəŮŬɜɞɨ ɔɜɤůŰɎ ɤɠ choke points. Ƀɘ ŬɚɚŬɔɏɠ ůŰɞ ˊɎɜɤ ůŰɟɩɛŬ Űɖɠ ɗŬɚɎůůɖɠ, 

ɞűŮɑɚɞɜŰŬɘ ůŰɘɠ ɛŮŰŬəɘɜɐůŮɘɠ ɗŮɟɛɧŰɖŰŬɠ. ȳůɞ ŬűɞɟɎ Űɖɜ ɓŬɗɨŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

ɤəŮŬɜɩɜ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɗŮɟɛɞəɚɘɜɏɠ əŬɘ Ŭˊɧ ˊɞɚɚɩɜ Ůɘŭɩɜ ŭɡɜŬɛɘəɞɨɠ 

ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ Ůɝɑůɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ (ˊŬɟŬŭŮɑɔɛŬŰŬ 

Forget əŬɘ Wunsch, 2007; Roemmich, ə.Ɏ., 2015; Riser, ə.Ɏ., 2016). ȯɚɚɞɠ ɏɜŬ 

ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ Űɤɜ ŮˊɘŭɟɎůŮɤɜ ɤəŮŬɜɞɨ əŬɘ ŬŰɛɧůűŬɘɟŬɠ ŮɑɜŬɘ ɞɘ 

ŮɝŬŰɛɐůŮɘɠ əŬɘ ɞɘ əŬɗɘɕɐůŮɘɠ. ũŮɜɘəɧŰŮɟŬ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ˊŬɔəɧůɛɘŬɠ əŬɘ Űɖɠ 

ŮɡɟɤˊŬɥəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɤəŮŬɜɞɨɠ, ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ əŬɗɩɠ 

ɞɘ ŬɚɚŬɔɏɠ Űɖɠ ŮˊɖɟŮɎɕɞɡɜ Ůˊɘˊɚɏɞɜ Űɖ ŭɘŬůŰɟɤɛɎŰɤůɖ, ŰŬ ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ, Űɖ 

ɗŮɟɛɘəɐ ɛɜɐɛɖ (Hansen, ə.Ɏ., 2011), Űɞ ɚɘɩůɘɛɞ Űɤɜ ˊɎɔɤɜ (Polyakov, ə.Ɏ., 2017), ŰŬ 

əɚɘɛŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ (Dieng, ə.Ɏ, 

2017), Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŬɏɟŬ-ɗɎɚŬůůŬɠ əŬɗɩɠ əŬɘ ŰŬ ɗŬɚɎůůɘŬ ɞɘəɞůɡůŰɐɛŬŰŬ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ Ŭɜɗɟɩɘ́ɜŬ ɛɏůŬ ŭɘŬɓɑɤůɖɠ (Doney, ə.Ɏ., 2012). 
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ɀŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɖɠ əɚɘɛŬŰɘəɐɠ 

ŬɚɚŬɔɐɠ əŬɘ Űɤɜ ɤəŮŬɜɩɜ Ŭˊɧ Űɖɜ ȰəɗŮůɖ ɔɘŬ Űɞɜ Ⱦɧůɛɞ Űɞɡ ɋəŮŬɜɞɨ ɔɘŬ Űɞ 2018, 

ŮɑɜŬɘ ŰŬ Ůɝɐɠ (Marine Service Ocean State Report, 2018): 

-ȼ ́ŬɔəɧůɛɘŬ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ ŬɡɝɎɜŮŰŬɘ ɛŮ ɟɡɗɛɧ 3 ɢɘɚɘɞůŰɧɛŮŰɟɤɜ ŮŰɖůɑɤɠ 

(Ablain et al., 2015). ɀŮŰɎ Ŭˊɧ ɛɘŬ ŰŬɢŮɑŬ Ŭɨɝɖůɖ Űɞ 2015, ɞ ɟɡɗɛɧɠ Ŭɨɝɖůɖɠ 

ˊŬɟɞɡůɑŬůŮ ŮɚŬűɟɎ ŬˊɞŭɡɜɎɛɤůɖ Űɞ 2016 ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ El Ni¶o. ɆŰɖ 

ŭɘɎɟəŮɘŬ Űɞɡ 2016, ɡˊɐɟɝŬɜ ˊŬɟŬŰɖɟɐůŮɘɠ ɛŮ ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ ŬɜɤɛŬɚɑŮɠ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ůŰɖ ȸŬɚŰɘəɐ ŪɎɚŬůůŬ əŬɘ Űɖ ɀŮůɧɔŮɘɞ (IPCC, 2013). 

-ȼ Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ůŰɘɠ ŮɡɟɤˊŬɥəɏɠ ɗɎɚŬůůŮɠ ŬɡɝɎɜŮŰŬɘ ůŮ 

ˊɞůɞůŰɧ 2,5 ɏɤɠ 4 ɢɘɚɘɞůŰɧɛŮŰɟŬ ŮŰɖůɑɤɠ. 

-ȾŬŰɎ Űɞ ŰŮɚŮɡŰŬɑɞ ŰɏŰŬɟŰɞ Űɞɡ ŬɘɩɜŬ, ɞ ˊŬɔəɧůɛɘɞɠ ɤəŮŬɜɧɠ əŬɘ ɞɘ ŮɡɟɤˊŬɥəɏɠ 

ɗɎɚŬůůŮɠ ɗŮɟɛŬɑɜɞɜŰŬɘ, ɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ ŬɡɝɎɜŮŰŬɘ əŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ 

ůɖɛŮɘɩɗɖəŬɜ ŬɟəŮŰɎ ŬəɟŬɑŬ ɔŮɔɞɜɧŰŬ. 

-ɄŮɟɑˊɞɡ Űɞ 30-40% ŬɡŰɐɠ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

steric ŬɜɤɛŬɚɑŬ (ŮɑɜŬɘ ɖ ŬɜɤɛŬɚɑŬ Ůɘŭɘəɞɨ ɧɔəɞɡ ˊɞɡ ɗŬ ɡűɑůŰŬŰɞ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ 

ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůɖɛŮɑɞ, Ŭɜ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ŮɟɢɧŰŬɜ ɘůɞɗŮɟɛɘəɎ ůŮ ˊɑŮůɖ ɛɘŬɠ 

ŬŰɛɧůűŬɘɟŬɠ). 

-ȼ ˊŬɔəɧůɛɘŬ ɗŮɟɛɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŰɞɜ ɤəŮŬɜɧ (ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ 

Űɞɜ ɤəŮŬɜɧ) ŬɡɝɐɗɖəŮ ůŮ ˊɞůɞůŰɧ 8 watts ŬɜɎ ŰŮŰɟŬɔɤɜɘəɎ ɛɏŰɟŬ. ɄŮɟɑˊɞɡ Űɞ 93% 

Űɖɠ ˊɚŮɞɜɎɕɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ůŰɖ ũɖ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞɜ ɤəŮŬɜɧ. 

-ɆŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷɟəŰɘəɐɠ, ɖ ɏəŰŬůɖ Űɞɡ ˊɎɔɞɡ Űɖɠ ɗɎɚŬůůŬɠ ɛŮɘɩɜŮŰŬɘ ůŮ ˊɞůɞůŰɧ 

6,2% ŬɜɎ ŭŮəŬŮŰɑŬ, Ůɜɩ ɞ ɧɔəɞɠ Űɞɡ ˊɎɔɞɡ ůŰɖ ɗɎɚŬůůŬ ɏɢŮɘ ɛŮɘɤɗŮɑ ůŮ ˊɞůɞůŰɧ 

15,4% ŬɜɎ ŭŮəŬŮŰɑŬ. ȷəɧɛɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞ ˊŬɔəɧůɛɘɞɠ ˊɎɔɞɠ Űɖɠ ɗɎɚŬůůŬɠ 

ɚɘɩɜŮɘ ɛŮ ɟɡɗɛɧ ˊɞɚɨ ˊɘɞ ɔɟɐɔɞɟɞ Ŭˊɧ Űɞ ɟɡɗɛɧ ɞ́ɡ ˊŬɟŬŰɖɟɐɗɖəŮ Ŭˊɧ ŰŬ ˊɟɩŰŬ 

ŬɟɢŮɑŬ ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ '80. 

-ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1990 ˊŬɟŬŰɖɟɐɗɖəŮ ůɢŮŰɘəɎ ůŰŬɗŮɟɐ ˊɟɧůɚɖɣɖ 

ɎɜɗɟŬəŬ ůŰɞɜ ˊŬɔəɧůɛɘɞ ɤəŮŬɜɧ əŬɘ ŬˊɧŰɞɛɖ Ŭɨɝɖůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɎɜɗɟŬəŬ Ŭˊɧ 

Űɞɜ ɤəŮŬɜɧ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 2000. 

-ȿɧɔɤ Űɖɠ ɛŬəɟɞˊɟɧɗŮůɛɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ əŬɘ ɧɢɘ Űɖɠ ůɡɜŮɢɘɕɧɛŮɜɖɠ ŰɎůɖɠ, ɖ ɘůɢɨɠ 

Űɞɡ AMIC (Atlantic Meridional Overturning Circulation) ɏɢŮɘ ŮɝŬůɗŮɜɐůŮɘ Ŭˊɧ Űɞ 

2005 əŬɘ ɖ ɟɞɐ Űɞɡ Ⱦɧɚˊɞɡ ŮˊɘɓɟŬŭɨɜɗɖəŮ ŰŬ ŰŮɚŮɡŰŬɑŬ 25 ɢɟɧɜɘŬ. 
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-ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭɨɞ ŭŮəŬŮŰɑŮɠ, ɖ ɢɚɤɟɞűɨɚɚɖ Űɤɜ ɤəŮŬɜɩɜ ɏɢŮɘ ŬɡɝɖɗŮɑ ůŮ ɛŮɔɎɚŬ 

ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ əŬɘ ůŰɘɠ ŮɡɟɤˊŬɥəɏɠ ɗɎɚŬůůŮɠ (ŮəŰɧɠ Ŭˊɧ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ) əŬɘ 

ɏɢŮɘ ɛŮɘɤɗŮɑ ůŰɞɜ Űɟɞˊɘəɧ ɤəŮŬɜɧ. 

-ɄŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɞɝɡɔɧɜɤůɖ Űɤɜ ɤəŮŬɜɩɜ, ŰŬ ŰŮɚŮɡŰŬɑŬ 60 ɢɟɧɜɘŬ. 

-ȼ ˊŬɔəɧůɛɘŬ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ɗŮɟɛɎɜɗɖəŮ Űɖ ˊŮɟɑɞŭɞ Űɞɡ 

1993-2015 ɛŮ ɟɡɗɛɧ 0,016 Ñ 0,002 Á C / ɏŰɞɠ (Roquet ə.Ɏ., 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 1.1: ɉɟɞɜɘəɐ ůŮɘɟɎ ɗŮɟɛɞəɟŬůɑŬɠ: Ⱦɞɟɡűɐ: ɉɟɞɜɞɚɞɔɘəɏɠ ůŮɘɟɏɠ ɛɖɜɘŬɑɤɜ 

ɛɏůɤɜ (ɚŮˊŰɐɠ ɔɟŬɛɛɐɠ) əŬɘ 12ɛɖɜɖɠ űɘɚŰɟŬɟɘůɛɏɜɖɠ (ˊŬɢɘɎɠ ɔɟŬɛɛɐɠ) ɗŮɟɛɞəɟŬůɑŬɠ 

ɗŬɚɎůůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɑɞŭɞ 1993-2014 ůŰɘɠ ŮɡɟɤˊŬɥəɏɠ ɗɎɚŬůůŮɠ. ȼ ŰɎůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ɗɎɚŬůůŬɠ ɛŬɕɑ ɛŮ Űɞ ŭɘɎůŰɖɛŬ ŮɛˊɘůŰɞůɨɜɖɠ 95% (Á C / ɏŰɞɠ). 

ȾɎŰɤ: ɇɛɐɛŬŰŬ ɓɎɗɞɡɠ / ɢɟɧɜɞɡ ɡˊɞŰɟɞˊɘəɩɜ ŬɜɤɛŬɚɘɩɜ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ ɛɏůɞ 

ɧɟɞ ɔɘŬ Űɘɠ ŮɡɟɤˊŬɥəɏɠ ɗɎɚŬůůŮɠ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 1993-2016 əŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

əɚɘɛŬŰɞɚɞɔɘəɐ ˊŮɟɑɞŭɞ 1993-2014. ȼ ŰɎůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ɗɎɚŬůůŬɠ 

ŮəŰɘɛɐɗɖəŮ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ Ůˊɞɢɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŬɟɛɞɔɐɠ ɉ-11 (́ .ɢ., Pezzulli 

ə.Ɏ., 2005 əŬɘ ŬɜŬűɞɟɏɠ ůŮ ŬɡŰɧ) əŬɘ Űɖ ɛɏɗɞŭɞ Sen (Sen, 1968). 
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ȷəɧɛɖ ɛŮɟɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɏɠ ɔɘŬ Űɖɜ əŬŰɎůŰŬůɖ-ɡɔŮɑŬ əŬɘ 

Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɤəŮɎɜɘɤɜ ůɡɜɗɖəɩɜ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ŮɑɜŬɘ 

ɖ ɏəŰŬůɖ Űɞɡ ˊɎɔɞɡ Űɖɠ ɗŬɚɎůůɖɠ, ɖ ŬɚŬŰɧŰɖŰŬ (ˊŬɟŬŭŮɑɔɛŬŰŬ Yu ə.Ɏ 2017; Durack 

ə.Ɏ., 2016)., ŰŬ ɗɟŮˊŰɘəɎ ůŰɞɘɢŮɑŬ (ˊ.ɢ. Űɞ űɡŰɞˊɚŬəŰɧɜ), ɖ ɟɞɐ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ, ŰŬ ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ, ɞ ŮˊɘűŬɜŮɘŬəɧɠ ɎɜŮɛɞɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ 

əŬɘ ŭɡɜŬɛɘəɎ űŬɘɜɧɛŮɜŬ (ˊ.ɢ. El Ni¶o-ɁɧŰɘŬ ŰŬɚɎɜŰɤůɖ (ENSO)) . ɆŰɧɢɞɠ Űɞɡ 

ȹɘŮɗɜɞɨɠ ɆɡůŰɐɛŬŰɞɠ ɄŬɟŬəɞɚɞɨɗɖůɖɠ Űɖɠ ŪɎɚŬůůŬɠ (GOOS) ŮɑɜŬɘ ɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɓŬůɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ Űɤɜ ɤəŮŬɜɩɜ, ɧˊɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɖɠ ŮɟɔŬůɑŬɠ Űɖɠ ɆɨɛɓŬůɖɠ ɄɚŬɘůɑɞɡ Űɤɜ ȼɜɤɛɏɜɤɜ 

Ⱥɗɜɩɜ ɔɘŬ Űɖɜ ȷɚɚŬɔɐ Űɞɡ ȾɚɑɛŬŰɞɠ əŬɘ Űɖɠ ȹɘŬəɡɓŮɟɜɖŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ ɔɘŬ Űɖɜ 

ȷɚɚŬɔɐ Űɞɡ ȾɚɑɛŬŰɞɠ (IPCC) əŬɘ ˊɞɚɚɩɜ ɗŬɚɎůůɘɤɜ ɓɘɞɛɖɢŬɜɘɩɜ əŬɘ ɡˊɖɟŮůɘɩɜ. 

 

ɋůŰɧůɞ, ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ŮɑɜŬɘ ɛŮɔɎɚɞɠ 

ůɡɜŮɘůűɏɟɤɜ ůŰɖɜ ŬɚɚŬɔɐ Űɞɡ əɚɑɛŬŰɞɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɧůɞ Űɖ 

ɗɏɟɛŬɜůɖ Űɞɡ ɤəŮŬɜɞɨ, ɧůɞ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɚɘɩůɘɛɞɡ Űɤɜ ˊɎɔɤɜ (IPCC, 2013). 

ȼ ˊŮɟɘűŮɟŮɘŬəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ ůŮ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ˊɘɏůŮɘɠ (Meyssignac ə.Ɏ., 2012). 

ɆŰɞɜ ŬɜɞɘəŰɧ ɤəŮŬɜɧ, ɞɘ ŰɎůŮɘɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ ŮɑɜŬɘ 

ɞɡůɘŬůŰɘəɎ ůɢŮŰɘəɏɠ ɛŮ Űɘɠ ɗŮɟɛɞ-ůŰŮɟɘəɏɠ ŮˊɘŭɟɎůŮɘɠ (Legeais ə.Ɏ., 2016). ȷˊɧ Űɖɜ 

Ɏɚɚɖ ɖ Űɞˊɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ, ŰŬ ɟŮɨɛŬŰŬ 

Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɘɠ ˊŮɟɘűŮɟŮɘŬəɏɠ ŬɚɚŬɔɏɠ Űɤɜ Ŭɜɏɛɤɜ. ȷəɧɛɖ ůŰɘɠ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ, ɖ ɞɟɔɎɜɤůɖ əŬɘ ɖ ŮɝɎˊɚɤůɖ Űɤɜ əɡɛɎŰɤɜ ůɡɛɓɎɚɚɞɡɜ Ůˊɑůɖɠ ůŰɖɜ Űɞˊɘəɐ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ (Melet ə.Ɏ., 2016). ȷɜŬɔəŬɑŬ ŮɑɜŬɘ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡ 

Ůˊɘˊɏŭɞɡ Űɖɠ ɗŬɚɎůůɘŬɠ ůŰɎɗɛɖɠ, ɖ ɞˊɞɑŬ Ŭˊɧ Űɞ 1993 əŬɘ ɏˊŮɘŰŬ ˊŬɟŬəɞɚɞɡɗŮɑŰŮ ɛŮ 

ŬəɟɑɓŮɘŬ əŬɘ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ɓŮɓŬɘɧŰɖŰŬ Ŭˊɧ Űɖɜ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ (Legeais 

ə.Ɏ., 2016; Ablain ə.Ɏ., 2017). ɄŬɟɧɚŬ ŬɡŰɎ, ɖ  ůŬűɐ ŬˊɎɜŰɖůɖ Űɤɜ ɤəŮŬɜɩɜ ůŰɖɜ 

ŬɚɚŬɔɐ Űɞɡ əɚɑɛŬŰɞɠ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮɑɜŬɘ ɗɏɛŬ ůɡɕɐŰɖůɖɠ. ũɘŬ ŬɡŰɧ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɖ ŮɜŬůɢɧɚɖůɖ ɛŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɕɐŰɖɛŬ, ŬɚɚɎ əŬɘ 

ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘɜɞɨɟɘŮɠ ŬˊɞůŰɞɚɏɠ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ. 
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1.1 ɆŰɧɢɞɠ ȺɟɔŬůɑŬɠ: 

ȸŬůɘəɧɠ ůŰɧɢɞɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ, ŮɑɜŬɘ ɖ Ŭɝɘɞˊɞɑɖůɖ ŬɚŰɘɛŮŰɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ, ŭɘŬűɞɟŮŰɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ 

ɗɎɚŬůůŬɠ. ɆŰɞ ˊɟɩŰɞ ɛɏɟɞɠ Űɤɜ ɡɚɞˊɞɘɖɗɏɜŰɤɜ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɨɔəɟɘůɖ Űɤɜ 

ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŭɘɎűɞɟɤɜ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ, ɔɘŬ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ. ɆŰɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ɡɚɞˊɞɘŮɑŰŬɘ ŭɘŬɢɟɞɜɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ SLA (sea level anomalies) ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1993 ɏɤɠ 2019. ɇŮɚɘəɧ ůŰɎŭɘɞ 

ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŭɘŬŭɘəŰɡŬəɐɠ ŮűŬɟɛɞɔɐɠ, ɧ́ ɞɡ ɞ ɢɟɐůŰɖɠ ɗŬ ɏɢŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊɘɚɏɔŮɘ ŰŬ ŮˊɑˊŮŭŬ-layers Ŭˊɧ əɎɗŮ ŭɞɟɡűɧɟɞ Űɖɠ ɚɑůŰŬɠ, ˊɞɡ ŮˊɘɗɡɛŮɑ 

əŬɘ ɗŬ ŰŬ ɞˊŰɘəɞˊɞɘŮɑ ůŮ ɢɎɟŰɖ.  ɀŮ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ Ůˊɘˊɏŭɤɜ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖɜ 

ŮɡəŬɘɟɑŬ ɜŬ ůɡɔəɟɑɜŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ ŭɞɟɡűɧɟɞɡɠ, ɛŮŰŬɝɨ Űɞɡ sentinel-

3 əŬɘ Űɤɜ ŭɞɟɡűɧɟɤɜ Űɖɠ əɞɘɜɞˊɟŬɝɑŬɠ Űɞɡ x-track Űɖɠ Aviso (Jason-1, 

Topex/Poseidon əɚˊ.). ȱ Ŭəɧɛɖ ɗŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɡɔəɟɑɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɘŭɑɞɡ ŭɞɟɡűɧɟɞɡ ůŮ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. ȼ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ əŬɘ ɘŭɑɤɠ ɖ ɢɟɧɜɘŬ ˊŬɟŬəɞɚɞɨɗɖůɖ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ 

Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. 

 

ȷəɧɛɖ ůəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɔɑɜŮɘ ɛɘŬ ŬɜŬűɞɟɎ ůŰɞɡɠ Űɨˊɞɡɠ Űɤɜ ɜɏɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ 

ŭɞɟɡűɞɟɘəɐɠ ŬɚŰɘɛŮŰɟɑŬɠ əŬɘ ůŰɞɡɠ ɢɎɟŰŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ 

ŬɚŰɘɛŮŰɟɘəɞɨɠ ŭɞɟɡűɧɟɞɡɠ, ɧˊɤɠ Űɞɜ Sentinel-3 əŬɘ ˊŬɚŬɘɧŰŮɟɞɡɠ ŭɞɟɡűɧɟɞɡɠ ɧˊɤɠ 

ɞ Jason-1, o Topex Poseidon əŬɘ ˊɞɚɚɞɑ Ɏɚɚɞɘ. 
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1.2 ɆŰɟŬŰɖɔɘəɐ ˊɟɞůɏɔɔɘůɖ ŮɟɔŬůɑŬɠ: 

ȼ ůŰɟŬŰɖɔɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɓŬůɑɕŮŰŬɘ: ůŰɘɠ ɗŮɛŮɚɘɩŭŮɘɠ Ŭɟɢɏɠ Űɖɠ 

ŬɚŰɘɛŮŰɟɑŬɠ, ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ˊɟŬəŰɘəɩɜ ɕɖŰɖɛɎŰɤɜ əŬɘ Űɤɜ ŰŮɢɜɘəɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ, əŬɘ ůŰɖɜ 

ˊŬɟɞɡůɑŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. 

 

ɆɡɔəŮəɟɘɛɏɜŬ ůŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ, ɞ ůŰɧɢɞɠ əŬɘ ɖ ŮɘůŬɔɤɔɐ ɔɘŬ Űɖɜ ɛŮɟɘəɐ əŬŰŬɜɧɖůɖ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɖɠ 

ŭɘŬŰɟɘɓɐɠ. 

 

ɇɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ɓŬůɘəɧ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ ŭɞɟɡűɞɟɘəɐɠ 

ŬɚŰɘɛŮŰɟɑŬɠ. ȷɚɚɎ əŬɘ ŰŬ ůűɎɚɛŬŰŬ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȷəɧɛɖ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɚŬɘɏɠ, ůɨɔɢɟɞɜŮɠ ŬɚɚɎ əŬɘ ɛŮɚɚɞɜŰɘəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŬˊɞůŰɞɚɏɠ. 

ȽŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ŭɑɜŮŰŬɘ ůŰɖɜ ŬɚŰɘɛŮŰɟɘəɐ ŬˊɞůŰɞɚɐ Űɞɡ ŭɞɟɡűɧɟɞɡ Sentinel 3, 

ɚɧɔɤ Űɤɜ ɜɏɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ŬɚɚɎ əŬɘ Űɤɜ əŬɘɜɞŰɞɛɘɩɜ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ˊŬɚŬɘɧŰŮɟŮɠ ŬɚŰɘɛŮŰɟɘəɏɠ ŬˊɞůŰɞɚɏɠ. 

 

ɆŰɞ əŮűɎɚŬɘɞ ŰɏůůŮɟŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɧˊɞɡ ŮɑɜŬɘ ɖ ɀŮůɧɔŮɘɞɠ 

ŪɎɚŬůůŬ,  əŬɗɩɠ əŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ. 

 

ɇŬ əŮűɎɚŬɘŬ ŰɟɑŬ əŬɘ ˊɏɜŰŮ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ŭɘŬŭɞɢɘəɎ ůŰɎŭɘŬ Ůˊɘɚɞɔɐɠ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȾŬɗɩɠ əŬɘ ɞɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. ȷɚɚɎ əŬɘ 

ŰŬ ŭɘɎűɞɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŬɜ ůŮ ɛɞɟűɐ ɢŬɟŰɩɜ əŬɘ ůŰŬŰɘůŰɘəɩɜ 

ɔɟŬűɖɛɎŰɤɜ. 

 

ȷˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŭɘŬŭɘəŰɡŬəɐɠ 

ŮűŬɟɛɞɔɐɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ Űɖɠ ɛŮɚɏŰɖɠ. 

 

ɆŰɞ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ Ŭəɟɘɓɩɠ ˊɟɘɜ Ŭˊɧ Űɞ ˊŬɟɎɟŰɖɛŬ, ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ, ɖ ɛŮɚɚɞɜŰɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɗɩɠ əŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ. 
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2ɞ ȾŮűɎɚŬɘɞ: ȹɞɟɡűɞɟɘəɐ ȷɚŰɘɛŮŰɟɑŬ: 

 

2.1 ȺɘůŬɔɤɔɐ: 

ɆŰɖ ũɖ, ɞɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ůɡɜŭɏɞɡɜ Űɞ ɜŮɟɧ əŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ɗŮɛŮɚɘɩŭŮɘɠ əŬɘ 

ŬˊɞŰŮɚɞɨɜ ˊɟɞəɚɐůŮɘɠ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɞɡ əɚɑɛŬŰɞɠ ůɐɛŮɟŬ. ȼ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ɛŮŰŬɓɞɚɐɠ Űɤɜ ɡŭɎŰɘɜɤɜ ˊɧɟɤɜ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɛŬɕɩɜ Űɖɠ ũɖɠ ůŮ ɞɚɧəɚɖɟɞ 

Űɞɜ ˊɚŬɜɐŰɖ, ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŬɚɚŬɔɩɜ ůŰŬ űɨɚɚŬ ˊɎɔɞɡ əŬɘ ůŰɞɡɠ ˊŬɔŮŰɩɜŮɠ, 

ɖ ɔɜɩůɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ůŮ ɛŮɔɎɚŮɠ ɚɑɛɜŮɠ əŬɘ ˊɞŰɎɛɘŬ, 

əŬɗɩɠ əŬɘ ɞɘ ŬɚɚŬɔɏɠ ůŰɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ŰŬ ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ ɛŬɠ ŭŮɑɢɜɞɡɜ 

ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ˊŬɔəɧůɛɘŬ Ɏˊɞɣɖ ɔɘŬ Űɞ ˊɩɠ ŮɝŮɚɑůůŮŰŬɘ ɞ əɨəɚɞɠ Űɞɡ ɜŮɟɞɨ əŬɘ 

Űɞ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ Űɖɠ ũɖɠ, ɛŮ ůɖɛŬɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɔɘŬ Űɖɜ əŬɗɖɛŮɟɘɜɐ ɕɤɐ. 

ȾŬɗɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ, ɛŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Ůˊɘɟɟɞɐɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ əɚɑɛŬŰɞɠ 

ŬˊɞŰŮɚɞɨɜ ɞɘ ůɨɜŰɞɛŮɠ əŬɘ ɓɟŬɢɡˊɟɧɗŮůɛŮɠ ŬɚɚŬɔɏɠ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ ɤəŮŬɜɩɜ. 

ȸŬůɘəɧ ɛɏůɞ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ɨɣɞɡɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (SSH-

sea surface height), ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ ŮɑɜŬɘ ɖ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ.  

 

ȼ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ əŬɗɘŮɟɤɛɏɜɖ ɛɏɗɞŭɞ ŰŬ ŰŮɚŮɡŰŬɑŬ 40 ɢɟɧɜɘŬ 

əŬɘ ɓɞɖɗɎ ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ Űɤɜ ɤəŮŬɜɩɜ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮɚɏŰŮɠ ˊɞɡ 

ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭˊɧ Űɞɡɠ Fu əŬɘ Chelton, 2001; Morrow əŬɘ Le Traon, 2012), 

Űɖɠ əɡəɚɞűɞɟɑŬɠ Űɤɜ ɟŮɡɛɎŰɤɜ Űɞɡɠ, ŬɚɚɎ əŬɘ Űɖɜ ɓŬɟɨŰɖŰŬ Űɖɠ ũɖɠ. Ƀɘ ɛŮɚɏŰŮɠ 

ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ˊɟɧŰɡˊŬ Űɤɜ ŰɎůŮɤɜ əŬɘ Űɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ 

ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ, ˊɞɡ ŬɟəŮŰɏɠ űɞɟɏɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɛɞɜŰɏɚŬ ˊɟɧɓɚŮɣɖɠ əŬɘ 

ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ əɚɑɛŬŰɞɠ. ȼ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ ůɡɜŬɜŰɎ Űɖɜ ˊɟŬəŰɘəɐ ůŮ ɛŮɚɏŰŮɠ 

ˊɞɡ ˊɟɞůˊŬɗɞɨɜ ɜŬ ɚɨůɞɡɜ ɕɖŰɐɛŬŰŬ ɧˊɤɠ ŰŬ ŬəɟŬɑŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ, Űɖ ɜŬɡŰɘɚɑŬ, 

Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɟɨˊɤɜ, Űɖ ŭɘɎɓɟɤůɖ Űɤɜ ŬəŰɩɜ, Űɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ ůŰɘɠ ˊɚɖɛɛɨɟŮɠ 

Űɤɜ ˊŬɟɎəŰɘɤɜ ˊŮɟɘɞɢɩɜ, Űɖ ˊɟɧɓɚŮɣɖ əɚɘɛŬŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ ɧˊɤɠ Űɞ El Nino əŬɘ 

La Nina əɚˊ. (Harley ə.Ɏ., 2006). ɉɎɟɖ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɧŰɖŰŬ, Űɖɜ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ 

əŬɘ Űɖɜ ɛŬəɟɞˊɟɧɗŮůɛɖ ŭɘɎɟəŮɘŬ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ŬɜŰɘɛŮŰɩˊɘůɖ  əŬɘ ˊɟɧɓɚŮɣɖ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ˊɟɞɓɚɖɛɎŰɤɜ. 

 

Ƀɘ ŬɚɚŬɔɏɠ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ŮˊɖɟŮɎɕɞɡɜ ůɐɛŮɟŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ˊɞŰɏ ɏɜŬ 

ůɖɛŬɜŰɘəɧ ɢɩɟɞ Ŭɜɗɟɤˊɑɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ, ˊɞɡ ŮɑɜŬɘ ɞɘ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ. Ƀ 

ˊŬɟɎəŰɘɞɠ ɢɩɟɞɠ ůɡɔəŮɜŰɟɩɜŮɘ ˊɞɘəɑɚŮɠ əɞɘɜɤɜɘəɏɠ əŬɘ ɞɘəɞɜɞɛɘəɏɠ ŬɜɗɟɩˊɘɜŮɠ 
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ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɛŮŰŬɝɨ Ɏɚɚɤɜ əŬɘ Űɖ ɓŬůɘəɐ əŬŰɞɘəɑŬ (Dangendorf ə.Ɏ., 2012). 

Ⱥˊɞɛɏɜɤɠ ɖ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ ŬˊɞŰŮɚŮɑ ŰŮɢɜɘəɐ ˊɞɡ ůɡɜŮɘůűɏɟŮɘ ůŰɖɜ 

ˊɟɧɔɜɤůɖ, ŭɘŬɢŮɑɟɘůɖ əŬɘ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞɓɚɖɛɎŰɤɜ ůŰɞɜ ˊŬɟɎəŰɘɞ ɢɩɟɞ əŬɘ 

ɔŮɜɘəɧŰŮɟŬ ůŰɞɜ ˊŬɔəɧůɛɘɞ ˊɚɖɗɡůɛɧ əŬɘ Űɖɜ ɞɘəɞɜɞɛɑŬ (Church əŬɘ White, 2011). 

 

ȷˊɧ ŰŬ ɛɏůŬ Űɞɡ 1970 ɖ ˊŬɟɞɢɐ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ůɡɜŮɢɐɠ, ɔŮɔɞɜɧɠ 

ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘŬɟəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɖɜ ŮəŰŮɜɐ ɏɟŮɡɜŬ Ŭˊɧ 

Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ, Ŭəɧɛɖ əŬɘ ůŮ ˊŮŭɑŬ ŮəŰɧɠ Űɤɜ ɗŬɚŬůůɩɜ (ůŮ ɚɑɛɜŮɠ əŬɘ 

ˊɞŰɎɛɘŬ). Ⱥˊɑůɖɠ ɖ ŬɜŬɜɏɤůɖ əŬɘ Ůɜɖɛɏɟɤůɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ŭɞɛɞɨɜ Űɖɜ 

ŬɚŰɘɛŮŰɟɑŬ, ˊɟɞůűɏɟŮɘ ɞɚɞɏɜŬ əŬɘ ŬəɟɘɓɏůŰŮɟŬ əŬɘ ůŰŬɗŮɟɎ ŭŮŭɞɛɏɜŬ. ȸŬůɘəɧɠ 

ůŰɧɢɞɠ Űɖɠ ŬɚŰɘɛŮŰɟɑŬɠ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ɗŬɚŬůůɩɜ, Űɖɠ ɡŭɟɧůűŬɘɟŬɠ əŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ. Ⱥˊɞɛɏɜɤɠ ɓɟɑůəŮɘ 

ŮűŬɟɛɞɔɏɠ ůŮ ŮˊɘůŰɐɛŮɠ ɧˊɤɠ ɖ ɢŬɟŰɞɔɟŬűɑŬ, ɖ ɛŮŰŮɤɟɞɚɞɔɑŬ, ɖ ɔŮɤŭŬɘůɑŬ, ɞɘ 

ŮˊɘůŰɐɛŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ əŬŰŬůŰɟɞűɩɜ (Rosmorduc ə.Ɏ., 2011). 

 

Ƀɘ ŬɚŰɘɛŮŰɟɘəɞɑ ŭɞɟɡűɧɟɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŰŮɢɜɘəɐ ɛɏŰɟɖůɖɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ Űɖɠ 

ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. ȳˊɞɡ Űɞ ɧɟɔŬɜɞ Űɞɡ ŭɞɟɡűɧɟɞɡ əŬŰŬɔɟɎűŮɘ Űɞɜ Ŭɛűɑŭɟɞɛɞ 

ɢɟɧɜɞ Űɖɠ ŬˊɧůŰŬůɖɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ůɐɛŬŰɞɠ Ŭˊɧ Űɖɜ əŮɟŬɑŬ Ůəˊɞɛˊɐɠ ɤɠ 

Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ. ɇɞ ůɢɐɛŬ Űɞɡ ŬɜŬəɚɩɛŮɜɞɡ ůɐɛŬŰɞɠ, ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ 

"əɡɛŬŰɞɛɞɟűɐ" ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ɢɟɧɜɞɡ Űɖɠ ŬɜŬəɚɩɛŮɜɖɠ ɘůɢɨɞɠ, 

əŬɗɩɠ ɞ ˊŬɚɛɧɠ Űɞɡ ɟŬɜŰɎɟ ɢŰɡˊɎ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. 

 

ȺəŰŮɜɏůŰŮɟŬ Űɞ ŭɞɟɡűɞɟɘəɧ ŬɚŰɘɛŮŰɟɘəɧ ɧɟɔŬɜɞ ŮəˊɏɛˊŮɘ ɏɜŬ ˊŬɚɛɧ ɛɘəɟɞəɡɛŬŰɘəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ (radar) ŬɚɚɎ ɓɟŬɢŮɑŬɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ ˊɟɞɠ Űɞ ůɖɛŮɑɞ ɜŬŭɑɟ Űɖɠ 

ɗɏůɖɠ Űɞɡ ŭɞɟɡűɧɟɞɡ (Űɞ ůɖɛŮɑɞ ˊɞɡ ɓɟɑůəŮŰŬɘ Ŭəɟɘɓɩɠ əɎŰɤ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ). Ƀ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧɠ ŬɡŰɧɠ ˊŬɚɛɧɠ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɖ ɗŬɚɎůůɘŬ ŮˊɘűɎɜŮɘŬ əŬɘ ɛɏɟɞɠ 

Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŮˊɘůŰɟɏűŮɘ ůŰɞɜ ŭɞɟɡűɧɟɞ, əŬŰŬɔɟɎűŮŰŬɘ əŬɘ 

ŬɜŬɚɨŮŰŬɘ. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ 

ɛɏɢɟɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗŬɚɎůůɖɠ. Ⱥˊɘˊɚɏɞɜ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ɖ əɡəɚɞűɞɟɑŬ Űɤɜ ɟŮɡɛɎŰɤɜ, ŬɚɚɎ əŬɘ Űɞ ɨɣɞɠ 

Űɤɜ əɡɛɎŰɤɜ Űɖɠ.  

 

ɆŰɘɠ ˊŬɟɎəŰɘŮɠ ɕɩɜŮɠ Űɞɡ ɤəŮŬɜɞɨ, ɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɖ ŮɟɛɖɜŮɑŬ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ 

ŭɞɟɡűɞɟɘəɐɠ ŬɚŰɘɛŮŰɟɑŬɠ ˊɟɞəŬɚɞɨɜ Ůɘŭɘəɏɠ ŭɡůəɞɚɑŮɠ, ɚɧɔɤ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ 
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ůɐɛŬŰɞɠ ɟŬɜŰɎɟ ɛŮ Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɖɠ ɔɖɠ, Űɘɠ ŬɜŬəɟɑɓŮɘŮɠ ůŮ ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ 

ɔŮɤűɡůɘəɏɠ ŭɘɞɟɗɩůŮɘɠ (ˊ.ɢ. ɡɔɟɐ ŰɟɞˊɧůűŬɘɟŬ, ɘɞɜɧůűŬɘɟŬ, ɗŬɚɎůůɘŬ əŬŰɎůŰŬůɖ 

ɛŮɟɞɚɖɣɑŬ, ŬɜŰɑůŰɟɞűɞ ɓŬɟɧɛŮŰɟɞ, űŬɘɜɧɛŮɜɞ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ 

əŬɘ ˊŬɚɑɟɟɞɘŮɠ),  əŬɘ Űɘɠ ɔɟɐɔɞɟŮɠ ŬɚɚŬɔɏɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ (Deng et al., 

2006) əŬɘ ůŰŬ ɟɖɢɎ ɜŮɟɎ (ˊ.ɢ. Andersen and Scharroo, 2011). ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ 

ůɖɛŮɘɤɗŮɑ ɛŮɔɎɚɖ ˊɟɧɞŭɞɠ ůŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŮɟɔŬɚŮɑŬ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ Ŭɚɔɧɟɘɗɛɞɘ 

ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŭɘɞɟɗɩůŮɘɠ (Vignudelli et al., 2011;   Pascual et al., 2015). ũɘŬ Űɖɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɚɖɟɧŰɖŰŬɠ əŬɘ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ Űɞ ɨɣɞɠ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ ůŰɘɠ 

ˊŬɟɎəŰɘŮɠ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ Ůɘŭɘəɧ ɚɞɔɘůɛɘəɧ ɛŮŰŬ-

ŮˊŮɝŮɟɔŬůɑŬɠ, Űɞ ɞˊɞɑɞ ɞɜɞɛɎɕŮŰŬɘ X-TRACK, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ Ŭˊɧ Űɞ ȾɏɜŰɟɞ 

ɇɞɞ́ɔɟŬűɑŬɠ Űɞɡ ɋəŮŬɜɞɨ əŬɘ Űɖɠ ɈŭɟɧůűŬɘɟŬɠ ůŰɖɜ ɇɞɡɚɞɨɕɖ (Center of 

Topography of the Ocean and Hydrosphere) əŬɘ ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ 

ŭɞɟɡűɧɟɤɜ Sentinel-3 A əŬɘ B. ɇŬ ŭŮŭɞɛɏɜŬ Űɤɜ Ůɝɐɠ ŬˊɞůŰɞɚɩɜ, ŮɑɜŬɘ 

ˊɟɞůŬɟɛɞůɛɏɜŬ ɔɘŬ Űɖɜ ŮˊɏəŰŬůɖ Űɖɠ ɢɟɐůɖɠ ŭŮŭɞɛɏɜɤɜ ŬɚŰɘɛŮŰɟɑŬɠ ůŰɘɠ ŮűŬɟɛɞɔɏɠ 

Űɤɜ ˊŬɟɎəŰɘɤɜ ɤəŮŬɜɩɜ əŬɘ ˊŬɟɏɢɞɡɜ ŮɚŮɨɗŮɟŬ ŭɘŬɗɏůɘɛŬ əŬŰɎ ɛɐəɞɠ ȺˊɑˊŮŭŬ 

ɗŬɚɎůůɘŬɠ ŬɜɤɛŬɚɑŬɠ (SLA) ˊɞɡ əŬɚɨˊŰɞɡɜ ůɐɛŮɟŬ ɧɚɞɡɠ Űɞɡɠ ˊŬɟɎəŰɘɞɡɠ 

ɤəŮŬɜɞɨɠ. ɀŮ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɘɠ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ, ŮˊŮəŰŮɑɜɞɡɛŮ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ əŬɘ Űɞ ˊŮŭɑɞ Űɤɜ ɗŬɚɎůůɘɤɜ ŮűŬɟɛɞɔɩɜ. 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ Ůˊɘɟɟɞɐɠ Űɖɠ ŬɚŰɘɛŮŰɟɑŬɠ ůŰɖɜ 

ɤəŮŬɜɞɔɟŬűɘəɐ əɞɘɜɧŰɖŰŬ, ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ŬˊɞŰŮɚŮɑ ɕɐŰɖɛŬ ˊɞɚɚɩɜ ŮɟŮɡɜɩɜ əŬɘ 

ŬɜŬűɞɟɩɜ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɞɘ ɞɘ ŮɝŮɘɟŮŰɘəɎ ɚŮˊŰɞɛŮɟŮɑɠ ŬɜŬűɞɟɏɠ ŮɟŮɡɜɩɜ ůŰɞ 

ɓɘɓɚɑɞ Űɤɜ Fu əŬɘ Cazenave Satellite Altimetry and Earth Sciences (2001). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ŬɜŬɕɖŰɩɜŰŬɠ ɏɔɔɟŬűŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɚŰɘɛŮŰɟɑŬ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ 

ɓɘɓɚɘɞɗɐəɖ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊŮɟɘɞŭɘəɩɜ ISI (ȽɜůŰɘŰɞɨŰɞ ȺˊɘůŰɖɛɞɜɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ) 

ŬɜŬəŬɚɨˊŰɞɡɛŮ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 6.000 ɏɔɔɟŬűŬ. ȷəɧɛɖ ɛɘŬ Ŭˊɚɐ ŬɜŬɕɐŰɖůɖ ɔɘŬ Űɞɜ 

ŭɞɟɡűɧɟɞ "TOPEX" ůŰɞ Google Scholar ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŰɞɡɚɎɢɘůŰɞɜ 15.000 ŮɔɔɟŬűɏɠ. 

ȷˊɞŭŮɘəɜɨŮŰŬɘ  ɖ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɖ ŮɜŬůɢɧɚɖůɖ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ 

ɛŮ Űɖɜ ŬɚŰɘɛŮŰɟɑŬ, ɛŮ ˊŮɟɘůůɧŰŮɟɞ ůɨɜɖɗŮɠ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ ŭɘŬɢɏɘɟɘůɖɠ Űɖɠ 

ˊɟɧɓɚŮɣɖɠ Űɤɜ ɤəŮŬɜɩɜ. 
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2.2 ȸɘɓɚɘɞɔɟŬűɘəɐ ȷɜŬůəɧˊɖůɖ: 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ɖ ɤəŮŬɜɞɔɟŬűɘəɐ əɞɘɜɧŰɖŰŬ ɏɢŮɘ ŬůɢɞɚɖɗŮɑ ŬɟəŮŰɎ ɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɖɠ ŭɞɟɡűɞɟɘəɐɠ ŬɚŰɘɛŮŰɟɑŬɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ˊŬɟɎəŰɘɤɜ 

ˊŮɟɘɞɢɩɜ, ɧˊɞɡ ŮəŮɑ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ˊɞɚɚɏɠ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. ɄŬɟŬəɎŰɤ 

ɗŬ ŬɜŬűŮɟɗɞɨɛŮ, ůŮ ɛŮɟɘəɎ ɏɟɔŬ-ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭˊɧ 

ɛŮɛɞɜɤɛɏɜŬ ɎŰɞɛŬ əŬɘ ɞɛɎŭŮɠ, ŬɚɚɎ əŬɘ ɏɢɞɡɜ ɢɟɖɛŬŰɞŭɞŰɖɗŮɑ Ŭˊɧ űɞɟŮɑɠ Űɞɡ 

ŭɘŬůŰɐɛŬŰɞɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɞɟɡűɞɟɘəɎ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ. 

 

ɀɘŬ Ŭˊɧ Űɘɠ ɔɜɤůŰɏɠ ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖɜ ɛŮɚɏŰɖ ɢɟɞɜɞůŮɘɟɩɜ 

ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ əɡəɚɞűɞɟɑŬ Űɞɡ ɜŮɟɞɨ 

ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ Ŭˊɧ Űɖɜ ɞɛɎŭŬ Űɞɡ Korotaev Űɞ 2001. ȰˊŮɘŰŬ ɖ ŮˊɘůŰɖɛɞɜɘəɐ 

əɞɘɜɧŰɖŰŬ űŬɑɜŮŰŬɘ ɜŬ ŮůŰɘɎɕŮɘ ůŰɖɜ ɛŮɚɏŰɖ Űɖɠ ȷɚŰɘɛŮŰɟɑŬɠ ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ. 

ɄɟɞɓɚɐɛŬŰŬ ɧɛɤɠ ůɡɜŬɜŰɩɜŰŬɘ ɛŮ ŰŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ. 

ɀŮɟɘəɏɠ ˊɟɩŰŮɠ ŮɟɔŬůɑŮɠ ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ ŮɑɜŬɘ Űɤɜ Crout Űɞ 

1997, Űɖɠ ɞɛɎŭŬɠ Űɞɡ Anzenhofer Űɞ 1999 əŬɘ Űɖɠ ɞɛɎŭŬɠ Űɞɡ Vignudelli Űɞ 2000.  

 

ɄɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɖɜ ɛŮɚɏŰɖ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ: Űɤɜ Iglesias, I., Lorenzo, M.N., 

L§zaro, C., Fernandes, M.J., Bastos, L., ɧˊɞɡ ůŰɞ ůɨɔɔɟŬɛɛɎ Űɞɡɠ ŮůŰɘɎɕɞɡɜ ůŰɖ 

ɛŬəɟɞˊɟɧɗŮůɛɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ əŬɘ ŬɜŰŬˊɧəɟɘůɖ ůŰŬ ˊɟɧŰɡˊŬ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ Űɞɡ 

ȸɞɟŮɘɞŬŰɚŬɜŰɘəɞɨ ȷŰɚŬɜŰɘəɞɨ, ŮɝŮŰɎɕɞɜŰŬɠ Űɖɜ ŬɜɤɛŬɚɑŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ 

ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1993-2013. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɚɏŰɖɠ ŬˊɏŭŮɘɝŬɜ 

ɛɘŬ ɘůɢɡɟɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ˊɟɞŰɨˊɤɜ əŬɘ Űɞɡ SLA, əŬɗɩɠ əŬɘ Űɘɠ 

ɏɜŰɞɜŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ůŮ ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. Ⱥˊɑůɖɠ ɞɘ 

ŮɟŮɡɜɖŰɏɠ Landerer, F.W. əŬɘ Volkov, D.L. ůŰɞ ůɨɔɔɟŬɛɛŬ Űɞɡɠ çȼ ŬɜŬŰɞɛɑŬ Űɤɜ 

ˊɟɧůűŬŰɤɜ ɛŮɔɎɚɤɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ůŰɖ ɀŮůɧɔŮɘɞ 

ŪɎɚŬůůŬè Űɞ 2013, ŬˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɖ ŬɚɚŬɔɐ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ŬˊɞŰŮɚŮɑ 

ɓŬůɘəɧ ŭŮɑəŰɖ Űɞɡ əɚɑɛŬŰɞɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɞɟɡűɞɟɘəɎ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ 

Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ Ůˊɞɢɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ Űɖɠ ɀŮůɞɔŮɑɞɡ, ɛŮ Űɖ ŰŮɢɜɘəɐ ŬɡŰɧɛŬŰɖɠ 

ŮɝŬɔɤɔɐɠ ůɐɛŬŰɞɠ (SSA-Singular spectrum analysis). 
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ȷˊɧ Űɖɜ ɛŮɟɑŬ Űɞɡɠ ɞɘ ɞɟɔŬɜɘůɛɞɑ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ, űŬɑɜŮŰŬɘ ɜŬ ˊɟɞůˊŬɗɞɨɜ əŬɘ 

ŮəŮɑɜɞɘ ɜŬ ɚɨůɞɡɜ ŰŬ ɕɖŰɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ůŰɘɠ 

ˊŬɟɎəŰɘŮɠ ɕɩɜŮɠ. ɄɟɩŰɖ űɞɟɎ ůɡɕɖŰŮɑŰŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

ŭɞɟɡűɧɟɞ, ůŰɞ ůɡɜɏŭɟɘɞ Űɞɡ Williamstown Űɞ 1969. ũɘŬ ŬɡŰɧ Űɞ 2001 ɝŮəɘɜŬɏɘ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ ALBICOCCA, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ˊɟɧŭɟɞɛɞ Űɞɡ 

ŮɡɟɤˊŬɥəɞɨ ɏɟɔɞɡ INTAS ALTICORE (2007-2008).  ȷəɧɛɖ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɨɞ 

ŮˊɘůŰɖɛɞɜɘəɏɠ ɞɛɎŭŮɠ ȼ PISTACH əŬɘ COASTALT. ɇɞ ɏɟɔɞ PISTACH ñPrototype 

Innovant de Syst¯me de Traitement pour les Applications C¹ti¯res et lôHydrologieò 

ɝŮəɑɜɖůŮ Űɞ Ɂɞɏɛɓɟɘɞ Űɞɡ 2007 əŬɘ ɢɟɖɛŬŰɞŭɞŰɐɗɖəŮ Ŭˊɧ Űɖ ũŬɚɚɘəɐ ȹɘŬůŰɖɛɘəɐ 

Ɉ́ ɖɟŮůɑŬ (CNES), ɛŮ ůəɞˊɧ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ,ɔɘŬ Űɖɜ 

ˊŬɟɎəŰɘŬ ˊŮɟɘɞɢɐ, Űɞɡ ŭɞɟɡűɧɟɞɡ Jason-2 (Aviso, 2018). ɄŬɟɎɚɚɖɚŬ ɘŭɟɨŮŰŬɘ Ŭˊɧ 

Űɞɜ ȺɡɟɤˊŬɥəɧ ɃɟɔŬɜɘůɛɧ ȹɘŬůŰɐɛŬŰɞɠ (ESA) Űɞ ɏɟɔɞ COASTALT "ESA 

development of COASTal ALTimetry", Űɞ ɞˊɞɑɞ ŮůŰɘɎɕŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ŬɚŰɘɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ ɔɘŬ Űɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ ɔɘŬ Űɞ ŭɞɟɡűɧɟɞ Envisat 

(Cipollini, 2010). Ƀɘ ˊɟɞůˊɎɗŮɘŮɠ ůɡɜŮɢɑɕɞɜŰŬɘ ɛŮ ɢɟɖɛŬŰɞŭɞŰɞɨɛŮɜŬ ɏɟɔŬ ɧˊɤɠ Űɞ 

RECOSETO əŬɘ ɛŮɟɘəɎ ɏɟɔŬ, ɧˊɤɠ Űɞ OSTST (Viqnudelli, 2011). ȰˊŮɘŰŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ X-TRACK ɛŮ ŰŬ ˊŮɟɘűŮɟŮɘŬəɎ ˊɟɞɥɧɜŰŬ, Ŭˊɧ Űɖɜ 

ɔŬɚɚɘəɧ əɏɜŰɟɞ ŮɟŮɡɜɩɜ CTOH, ˊɞɡ ɓɞɖɗɎ ɏɜŬ ɛŮɔɎɚɞ ɧɔəɞ ŮűŬɟɛɞɔɩɜ ɧˊɤɠ Űɖɜ 

ˊŬɟɎəŰɘŬ əɡəɚɞűɞɟɑŬ Űɤɜ ɤəŮŬɜɩɜ, Űɖ ŭɡɜŬɛɘəɐ Űɖɠ ɛŮůɞəɚɑɛŬəŬɠ, Űɖɜ Ůˊɘəɨɟɤůɖ 

Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ əŬɘ ˊŬɚɘɟɟɞɘŬəɞɨ ɛɞɜŰɏɚɞɡ, Űɘɠ ˊŬɚɑɟɟɞɘŮɠ, Űɖɜ ŬɜɎˊŰɡɝɖ ɐ Űɖɜ 

Ůˊɘəɨɟɤůɖ Űɤɜ ɜɏɤɜ ŮˊŮɝŮɟɔŬůɘɩɜ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ. ɇŬ ˊɟɞɥɧɜŰŬ X-TRACK 

ŭɘŬɜɏɛɞɜŰŬɘ ŮɚŮɨɗŮɟŬ, ˊŬɟɏɢɞɜŰŬɠ ˊɟɞɥɧɜŰŬ ɔɘŬ ˊŬɟɎəŰɘŮɠ əŬɘ ˊŮɟɘűŮɟŮɘŬəɏɠ 

ŮűŬɟɛɞɔɏɠ. ɀŮɟɘəɏɠ ŮɟɔŬůɑŮɠ ˊɞɡ ɏɢɞɡɜ ŭɖɛɞůɘŮɡŰŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɜɏɜŬ X-

TRACK ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ Durand ə.Ɏ., 2009; Birol ə.Ɏ., 2010; Cancet ə.Ɏ., 2012; Passaro 

ə.Ɏ., 2014. 

 

ɀŮɔɎɚɖ əŬɘɜɞŰɞɛɑŬ ůɐɛŮɟŬ ɔɘŬ Űɖɜ ȷɚŰɘɛŮŰɟɑŬ əŬɘ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ˊŬɟɎəŰɘɤɜ 

ˊŮɟɘɞɢɩɜ, ŬˊɞŰŮɚŮɑ ɖ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ Sentinel-3. ȳˊɞɡ ɚɧɔɤ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŮɑɜŬɘ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ. 
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2.3 ȷɟɢɏɠ ȹɞɟɡűɞɟɘəɐɠ ȷɚŰɘɛŮŰɟɑŬɠ 

ȷˊɧ Űɞ 1973 ɧˊɞɡ ŰɏɗɖəŮ ůŮ ŰɟɞɢɘɎ ɞ ˊɟɩŰɞɠ ŬɚŰɘɛŮŰɟɘəɧɠ ŭɞɟɡűɧɟɞɠ Skylab ɛɏɢɟɘ 

ůɐɛŮɟŬ, ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŮɑɜŬɘ ɛɘŬ ůɡɜŮɢɧɛŮɜɖ ˊɟɞůˊɎɗŮɘŬ, ɧˊɞɡ 

ˊŬɟŬŰɖɟɞɨɛŮ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Ŭˊɧ Űɘɠ ŬɚŰɘɛŮŰɟɘəɏɠ ŬˊɞůŰɞɚɏɠ 

əŬɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ əŬɚɨˊŰɞɡɜ. çɄɚɏɞɜ ˊɟɞůŭɘɞɟɑɕɞɡɛŮ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ ɛŮ ŬəɟɑɓŮɘŬ ŮəŬŰɞůŰɞɨ əɎɗŮ 1s (ɐ əŬɘ ɛŮ ɟɡɗɛɞɨɠ 20-

40 űɞɟɏɠ ůŮ 1s, ɛŮ ŰŬɢɨŰɖŰŬ ŭɖɚŬŭɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 20-40Hz) əŬɘ Ŭˊɧ ɨɣɞɠ ˊŮɟɑˊɞɡ 

800-1300 km ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠè (ɀŮɟŰɑəŬɠ, 2016). ɄŬɚɘɏɠ ŭɞɟɡűɞɟɘəɏɠ 

ŬˊɞůŰɞɚɏɠ ŮɑɜŬɘ ɞ GEOSAT (1985), ɞ ERS-1 (1991), ɞ ERS-2 (1995), ɞ TOPEX/ 

Poseidon (T/P, 1992), ɞ GFO (1998), ɞ Jason-1 (2001), ɞ ENVISAT (2002), ɞ Jason-2 

(2008), ɞ HY-2 (2010), ɞ Cryosat-2 (2010), ɞ Saral (2013), ɞ Sentinel-3 (2016, 2018), 

əŬɘ ɞ Jason-3 (2016). ɀŮɚɚɞɜŰɘəɏɠ ŬˊɞůŰɞɚɏɠ ŮɑɜŬɘ ɞ Jason-CS/ Sentinel-6 əŬɘ ɞ Swot 

ɞ́ɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɧŰɘ ɗŬ ŮəŰɞɝŮɡɗɞɨɜ Űɞ 2020.  

 

ȼ ŭɞɟɡűɞɟɘəɐ ȷɚŰɘɛŮŰɟɑŬ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɐ ˊɞɡ ɛŮŰɟɎ Űɖɜ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɞɡ ŭɞɟɡűɧɟɞɡ əŬɘ Űɖɠ ŬɜɩŰŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ũɖɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ɝŮəɘɜɎ, ɛŮ Űɖ ɛŮŰɎŭɞůɖ ˊŬɚɛɩɜ ɟŬɜŰɎɟ (ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ 1700 ˊŬɚɛɞɨɠ ŬɜɎ 

ŭŮɡŰŮɟɧɚŮˊŰɞ) Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ ɛŮ əŬŰŬəɧɟɡűɖ ŭɘŮɨɗɡɜůɖ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ũɖɠ. ȰˊŮɘŰŬ Űɞ ůɐɛŬ ŬɜŬəɚɎŰŬɘ Ŭˊɧ ŮˊɘűɎɜŮɘŮɠ ɧˊɤɠ ɞɘ ɤəŮŬɜɞɑ, ɞɘ ɚɑɛɜŮɠ, ŰŬ ˊɞŰɎɛɘŬ 

əŬɘ ɞ ˊɎɔɞɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɘůŰɟɏűŮɘ ůŰɞɜ ŭɏəŰɖ ɛɘəɟɞəɡɛɎŰɤɜ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ, 

ɧˊɞɡ əŬɘ əŬŰŬɔɟɎűŮŰŬɘ ɤɠ çəɡɛŬŰɞɛɞɟűɐè. ȼ ŬɜŬəɚɩɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ ˊŮɟɘɏɢŮɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɧˊɤɠ Űɞ ɨɣɞɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ, ɞ ŮˊɘűŬɜŮɘŬəɧɠ ɎɜŮɛɞɠ əŬɘ ŰŬ 

ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ. ɇɞ Ůɨɟɞɠ-ŬˊɧůŰŬůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɡŰɧɛŬŰŬ ůŰɞɜ ŭɞɟɡűɧɟɞ Ŭˊɧ 

ɏɜŬɜ ɘɢɜɖɚɎŰɖ Ůˊɑ Űɞɡ ůəɎűɞɡɠ (Chelton et al., 2001). ɀŮŰɎ Ŭˊɧ əŬŰɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ ŬűŬɑɟŮůɖɠ Űɡɢɩɜ ŬŰɛɞůűŬɘɟɘəɩɜ əŬɘ Ɏɚɚɞɡ Ůɑŭɞɡɠ ůűŬɚɛɎŰɤɜ, 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɢɟɞɜɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ Ůəˊɞɛˊɐɠ əŬɘ əŬŰŬɔɟŬűɐɠ Űɞɡ ůɐɛŬŰɞɠ 

ȹt. ȼ ŬˊɧůŰŬůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ŭɖɚŬŭɐ Űɞ Ůɨɟɞɠ 

halt, ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

  

 

ɧ́ ɞɡ c ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɨɣɞɠ Űɞɡ ŭɞɟɡűɧɟɞɡ (H) ůŮ ůɢɏůɖ ɛŮ Űɞ ŮəɎůŰɞŰŮ ŮˊɑˊŮŭɞ 

ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ɔɜɤůŰɧ (ɧˊɞɡ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɏɜŬ ŮɚɚŮɘɣɞŮɘŭɏɠ ŬɜŬűɞɟɎɠ), ŰɧŰŮ Űɞ 

ɕɖŰɞɨɛŮɜɞ ɨɣɞɠ Űɖɠ ɗɎɚŬůůŬɠ (h) ɘůɞɨŰŬɘ ɛŮ : h=H-R. ȳůɞ ŬűɞɟɎ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ 

ŰɞˊɞɔɟŬűɑŬ (h), ŮəŮɑɜɖ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɧˊɞ əŬɘ Űɞ ɢɟɧɜɞ. ūɡůɘəɞɑ űŬɑɜŮŰŬɘ ɜŬ 

ŮɑɜŬɘ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɧɟɞɡɠ, ɏɜŬɠ Ŭˊɧ ŬɡŰɞɨɠ ŮɑɜŬɘ 

əŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ɓŬɟɨŰɖŰŬɠ, ɧˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ɏɜŬ ɏɜŬ ɛɞɜŰɏɚɞ 

ɔŮɤŮɘŭɞɨɠ (ESA, 2018). 

 

ȯɚɚɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ŰɞˊɞɔɟŬűɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ 

ůŰɘɔɛɘŬɑɞ ˊŬɚɘɟɟɞɥəɧ ɨɣɞɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ, Űɖɜ əɑɜɖůɖ Űɖɠ ɗɎɚŬůůŬɠ ɐ Űɖ 

ɗŬɚɎůůɘŬ ŭɡɜŬɛɘəɐ ŰɞˊɞɔɟŬűɑŬ əŬɘ Űɖɜ Űɞˊɘəɐ ŬɜŰŬˊɧəɟɘůɖ Űɞɡ ɤəŮŬɜɞɨ ůŰɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ əŬŰŬɜɞɛɐ ˊɑŮůɖɠ ŮˊɎɜɤ Ŭˊɧ Űɞɜ ɤəŮŬɜɧ (ESA, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.1: ȷɟɢɐ ŭɞɟɡűɞɟɘəɐɠ ŬɚŰɘɛŮŰɟɑŬɠ (ˊɖɔɐ: AVISO, ́ ɟɧůɓŬůɖ: 25/10/2018) 

 

ȼ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŮˊɘůŰɐɛŮɠ ɧˊɤɠ ɖ ɋəŮŬɜɞɔɟŬűɑŬ, ɖ 

ũŮɤŭŬɘůɑŬ əŬɘ ɖ ɀŮŰŮɤɟɞɚɞɔɑŬ, ɔɘŬ ɜŬ ɚɨůŮɘ ɕɖŰɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɛɏůɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ, Űɞɡ ˊŮŭɑɞɡ Űɖɠ ɗŬɚɎůůɘŬɠ ɓŬɟɨŰɖŰŬɠ 

(Chelton ə.Ɏ., 2001), Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɞɡ ɗŬɚɎůůɘɞɡ ˊɡɗɛɏɜŬ  (ESA, 2014), Űɖɜ əɑɜɖůɖ 

Űɤɜ ŰŮəŰɞɜɘəɩɜ ˊɚŬəɩɜ, Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ űŬɘɜɞɛɏɜɤɜ ɧˊɤɠ Űɞ ŰůɞɡɜɎɛɘ ɐ Űɞ 
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ŭɡɜŬɛɘəɧ űŬɘɜɧɛŮɜɞ El Ni¶o, Ŭəɧɛɖ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ Ŭɜɧŭɞɡ Űɖɠ ůŰɎɗɛɖɠ 

Űɖɠ ɗɎɚŬůůŬɠ, ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ (IPCC, 2013). 

 

 

 

 

  

 

 

 

 

ȺɘəɧɜŬ2.2:ȼ ŰɎůɖ Űɖɠ ɛɏůɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞ 1992 ɏɤɠ Űɞ 2016 (Ʉɖɔɐ: 

http://www.star.nesdis.noaa.gov/sod/lsa/SeaLevelRise/LSA_SLR_timeseries.php, 

ˊɟɧůɓŬůɖ: 26/10/2018) 

 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ŮɟŮɡɜɖŰɏɠ ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ 

ŮɝŮŰɎůɞɡɜ ŮˊɞɢɘŬəɎ űŬɘɜɧɛŮɜŬ ɧˊɤɠ Űɞ El Nino əŬɘ La Nina, Űɞɡɠ ɛɞɡůɩɜŮɠ, Űɞ ˊɎɢɞɠ 

Űɤɜ ˊɎɔɤɜ, ŰŬ ɔŮɤůŰɟɞűɘəɎ ɟŮɨɛŬŰŬ, Űɖ ŰŬɚɎɜŰɤůɖ Űɞɡ ȸɧɟŮɘɞɡ ȷŰɚŬɜŰɘəɞɨ (ɁȷɃ), 

Űɘɠ ˊŬɚɑɟɟɞɘŮɠ ɐ Űɘɠ ŭŮəŬŮŰɐɠ ŭɘŬəɨɛŬɜůŮɘɠ ə.Ɏ. ȸɏɓŬɘŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ 

əŬɘ Ŭˊɧ ŰŬ ɑŭɘŬ ŰŬ ɛŮŰŬŭŮŭɞɛɏɜŬ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɗɏůɖ 

Űɞɡ ŬɚŰɘɛŮŰɟɘəɞɨ ŭɞɟɡűɧɟɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ ɓɎůɖ ɛɘŬ ŬɡɗŬɑɟŮŰɖ ŮˊɘűɎɜŮɘŬ Űɞ 

ŮɚɚŮɘɣɞŮɘŭɏɠ (AVISO, 2018). ȼ ůɡɜŮɢɧɛŮɜɖ ŰɟɞɢɘɎ Űɞɡ ŭɞɟɡűɧɟɞɡ, ɛˊɞɟŮɑ ɜŬ ɛŬɠ 

ɞŭɖɔɐůŮɘ Ŭəɧɛɖ əŬɘ ůŮ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɞ ŮɚɚŮɘɣɞŮɘŭɏɠ ɐ Űɞ ɔŮɤŮɘŭɏɠ ŬɜŰɑůŰɞɘɢŬ. 

 

2.4 ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɖɜ ȷɚŰɘɛŮŰɟɑŬ: 

-ȼ ɀɏůɖ ɆŰɎɗɛɖ Űɖɠ ŪɎɚŬůůŬɠ (Mean Sea Surface (MSS)): 

ȼ ɀɏůɖ ɆŰɎɗɛɖ Űɖɠ ŪɎɚŬůůŬɠ (ɀ.Ɇ.Ū.) ŮɑɜŬɘ ɛɘŬ ŮˊɘűɎɜŮɘŬ ɘŭŮŬŰɐ, ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ əŬɘ ŬɚɚɎɕŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŭɘɎűɞɟŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ŬűŬɘɟɩɜŰŬɠ 

Űɘɠ Ůˊɞɢɘəɏɠ əŬɘ ɣŮɡŭɐɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ɨɣɞɡɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ ŮɑɜŬɘ Űɞ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ũŮɤŮɘŭɞɨɠ əŬɘ Űɖɠ ɀɏůɖɠ ȹɡɜŬɛɘəɐɠ 

ɇɞˊɞɔɟŬűɑŬɠ Űɖɠ ȺˊɘűɎɜŮɘŬɠ Űɖɠ ŪɎɚŬůůŬɠ (ɀŮɟŰɑəŬɠ, 2016). ɇŬ űŬɘɜɧɛŮɜŬ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɀ.Ɇ.Ū ŮɑɜŬɘ Űɞ ɚɘɩůɘɛɞ Űɤɜ ˊɎɔɤɜ, ɎɟŬ əŬɘ ɖ Ɏɜɞŭɞɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ, ɞɘ ˊŬɚɑɟɟɞɘŮɠ, ɞɘ ˊɘɏůŮɘɠ ɚɧɔɤ Űɤɜ Ŭɜɏɛɤɜ əŬɘ ɞɘ ɓŬɟɞɛŮŰɟɘəɏɠ ŬɚɚŬɔɏɠ. ȼ 

ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɀ.Ɇ.Ū. ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ ɛɘŬɠ 

http://www.star.nesdis.noaa.gov/sod/lsa/SeaLevelRise/LSA_SLR_timeseries.php
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ɔŮɤɔɟŬűɘəɐɠ ŭɘŬŭɟɞɛɐɠ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ɛɘŬɠ ŮˊɘűɎɜŮɘŬɠ ŬɜŬűɞɟɎɠ, ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬɜɤɛŬɚɘɩɜ ɓŬɟɨŰɖŰŬɠ əŬɘ ˊɞɚɚɎ ɎɚɚŬ (ESA, 2018). ȽŭɘŬɑŰŮɟɖ 

ˊɟɞůɞɢɐ ůŰɞ ɛɏɚɚɞɜ, ɗŬ ŭɞɗŮɑ ůŰɖɜ ŬɜŬɜɏɤůɖ Űɤɜ ɓŬɟɡŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ. ɆŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ, ŬˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ ɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ůɐɛŬŰɞɠ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ɖ 

ɛŮɑɤůɖ Űɞɡ ɗɞɟɨɓɞɡ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ (ESA, 2018). 

 

-ȼ ɀɏůɖ ȹɡɜŬɛɘəɐ ɇɞˊɞɔɟŬűɑŬ (Mean Dynamic Topography (MDT)): 

ȼ ɀɏůɖ ȹɡɜŬɛɘəɐ ɇɞˊɞɔɟŬűɑŬ (ɀȹɇ) ŮɑɜŬɘ ɛɘŬ ɛɧɜɘɛŬ ůŰŬɗŮɟɐ ŮˊɘűɎɜŮɘŬ əŬɘ ɞɟɑɕŮɘ 

Űɖɜ ŭɡɜŬɛɘəɐ Űɤɜ ɤəŮŬɜɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ 

ɗɎɚŬůůŬɠ ˊɎɜɤ Ŭˊɧ Űɖɜ əŬŰɎůŰŬůɖ ŬɜɎˊŬɡůɖɠ (ESA, 2018). Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

ɀȹɇ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮɚɏŰɖ Űɖɠ əɡəɚɞűɞɟɑŬɠ Űɞɡ ɤəŮŬɜɞɨ əŬɘ ˊɟɞůŭɘɞɟɑɕŮɘ ŰŬ 

ůɡɜŭŮŭŮɛɏɜŬ ɔŮɤůŰŬŰɘəɎ ɟŮɨɛŬŰŬ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ɟɨɗɛɘůɖ Űɞɡ 

əɚɑɛŬŰɞɠ Űɖɠ ũɖɠ. ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ əɡəɚɞűɞɟɑŬɠ Űɤɜ ɤəŮŬɜɩɜ ŮɑɜŬɘ ŬɟəŮŰɎ 

ůɨɜɗŮŰɖ əŬɘ ŮˊɖɟŮɎɕŮɘ ŭɘŬűɞɟŮŰɘəɎ Űɘɠ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɗŬɚŬůůɩɜ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ŭɡŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɤəŮŬɜɩɜ ŮˊɖɟŮɎɕɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŬɡŰɞɨ 

Űɞɡ Ůɑŭɞɡɠ Űɘɠ ɛŮŰŬɓɚɖŰɧŰɖŰŮɠ. ɀŮɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ ŰŬ 

ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ Űɞɡ Ⱦɧɚˊɞɡ ůŰɞɜ ȸɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ, Űɞ ɟŮɨɛŬ Malvinas ůŰɞɜ ɁɧŰɘɞ 

ȷŰɚŬɜŰɘəɧ əŬɘ Űɞ ɟŮɨɛŬ Kuroshio ůŰɖɜ ȽŬˊɤɜɑŬ. ȷəɧɛɖ ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ əɎˊɞɘŬ 

ŭɡɜŬɛɘəɎ űŬɘɜɧɛŮɜŬ ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ɤəŮŬɜɩɜ əŬɘ ɖ ŬɚŬŰɧŰɖŰŬ. 

 

-ɇɞ ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (Sea Surface Height (SSH)): 

ɋɠ ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (SSH), ɞɟɑɕŮŰŬɘ ɖ ŬˊɧůŰŬůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ 

ɗɎɚŬůůŬɠ Ŭˊɧ ɏɜŬ ŮɚɚŮɘɣɞŮɘŭɏɠ ŬɜŬűɞɟɎɠ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ GRS80, WGS84). ɇɞ 

ŮˊɑˊŮŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ əŬɘ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ɛɏŰɟɖůɖɠ (ŬɜɎəɚŬůɖɠ Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ). Ⱥˊɞɛɏɜɤɠ ɔɘŬ Űɞ 

ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗŬɚɎůůɖɠ ,ɧˊɤɠ ɓɚɏˊɞɡɛŮ əŬɘ ůŰɖɜ ŮɘəɧɜŬ Űɖɠ ůŮɚɑŭŬɠ 22 

ˊɟɞəɨˊŰŮɘ ɖ Ůɝɐɠ ůɢɏůɖ (AVISO, 2018): 

SSH= S ï R 

ɇɞ ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ŭŮɜ ŮɑɜŬɘ ɞɛŬɚɧ. Ɉɔɟɏɠ əɞɘɚɎŭŮɠ əŬɘ ɚɧűɞɘ 

Ŭˊɞəɚɑɜɞɡɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ŬɜŬűɞɟɎɠ (ɁɃȷȷ, 2019). ȷˊɧ ŰŬ SSH ŭŮŭɞɛɏɜŬ, 

ˊɟɞəɨˊŰɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɘɠ ˊŬɚɑɟɟɞɘŮɠ, ŰŬ ɓɟŬɢɏŬ əɨɛŬŰŬ əŬɘ Űɖɜ Űɞˊɘəɐ 

ŭɡɜŬɛɘəɐ ŰɞˊɞɔɟŬűɑŬ. Ʉɞɡ ɛˊɞɟɞɨɜ ɜŬ ɓɟɞɨɜ ˊɟŬəŰɘəɏɠ ůŰɖɜ ɔŮɤŭŬɘůɑŬ, Űɖɜ Űɞˊɘəɐ 

ɜŬɡŰɘɚɑŬ, Ŭəɧɛɖ əŬɘ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ŬˊɞůŰɞɚɩɜ Ɏɚɚɤɜ ɟŬɜŰɎɟ. 
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-ȼ ŬɜɤɛŬɚɑŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ (Sea Level Anomaly (SLA)): 

ȼ ŬɜɤɛŬɚɑŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ɨɣɞɡɠ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (SSH) əŬɘ Űɖɠ ɛŬəɟɞˊɟɧɗŮůɛɖɠ ɀɏůɖɠ ɆŰɎɗɛɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ (ɀ.Ɇ.Ū.). ȷˊɧ Űɖɜ ŬɜɤɛŬɚɑŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ (SLA) ˊɟɞəɨˊŰɞɡɜ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɖɜ ɛŬəɟɞˊɟɧɗŮůɛɖ əŬɘ ɓɟŬɢɡˊɟɧɗŮůɛɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ 

ɤəŮɎɜɘŬɠ ůɡɛˊŮɟɘűɞɟɎɠ, ŬɚɚɎ əŬɘ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ əɡəɚɞűɞɟɑŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ 

ɓɞɖɗɎ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊɑŮůɖɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ, Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ əŬɘ 

Űɖɠ ŮˊɑŭɟŬůɖ Űɤɜ Ŭɜɏɛɤɜ. Ⱥˊɞɛɏɜɤɠ Űɞ SLA, ŮɑɜŬɘ ɏɜŬɠ əŬɚɧɠ ŭŮɑəŰɖɠ ɔɘŬ Űɘɠ 

ɛŮŰŬɓɞɚɏɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɨŭŬŰɞɠ Űɤɜ ɤəŮŬɜɩɜ əŬɘ ůŰɖ 

əɡəɚɞűɞɟɑŬ Űɤɜ ɤəŮŬɜɩɜ, əŬɗɩɠ Ůˊɑůɖɠ ŮɑɜŬɘ ˊɞɚɨ ŮɡŬɑůɗɖŰɞɠ ŭŮɑəŰɖɠ Űɖɠ əɚɘɛŬŰɘəɐɠ 

ŬɚɚŬɔɐɠ əŬɘ Űɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ (Ablain ə.Ɏ., 2015). ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ůŰɎɗɛɖɠ 

Űɖɠ ɗɎɚŬůůŬɠ (ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ) ŮɑɜŬɘ əɎˊɞɡ ɛŮŰŬɝɨ 2-3 

cm əŬɘ 60 cm, ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ŮɜɏɟɔŮɘŬɠ ůŮ ŭɘɎűɞɟŬ ɛɏɟɖ Űɞɡ ɤəŮŬɜɞɨ (ESA, 

2018). 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ SLA ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

Sea level anomaly (ŬɜɤɛŬɚɑŬ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ) = orbital altitude (Űɞ ɨɣɞɠ 

Űɖɠ ŰɟɞɢɘɎɠ) ï altimeter range (Űɖɠ ŬˊɧůŰŬůɖɠ Űɞɡ ŬɚŰɑɛŮŰɟɞɡ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɖɠ 

ɗɎɚŬůůŬɠ) - dry tropospheric correction (ŭɘɧɟɗɤůɖ Űɖɠ ɝɖɟɐɠ ŰɟɞˊɧůűŬɘɟŬɠ) - wet 

tropospheric correction (ŭɘɧɟɗɤůɖ Űɖɠ ɡɔɟɐɠ ŰɟɞˊɧůűŬɘɟŬɠ) - ionospheric correction 

(ŭɘɧɟɗɤůɖ ůŰɖɜ ɘɞɜɧůűŬɘɟŬ) - sea state bias (ŭɡɜŬɛɘəɐ əŬŰɎůŰŬůɖ Űɖɠ ɗɎɚŬůůŬɠ) ï 

tides (ˊŬɚɑɟɟɞɘŮɠ) - dynamic atmospheric correction (ŭɘɧɟɗɤůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ŬŰɛɧůűŬɘɟŬɠ) - mean sea surface height (ɛɏůɞ ɨɣɞɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ) 

 

 

 

 

ȺɘəɧɜŬ 2.3: ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ Űɖɠ ȷɚŰɘɛŮŰɟɑŬɠ (Ʉɖɔɐ: DUACS, 2018) 
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ȺɘəɧɜŬ 2.4: ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ Űɖɠ ȷɚŰɘɛŮŰɟɑŬɠ (Ʉɖɔɐ: DUACS, 2018) 

 

 

 

-ɆɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ȺˊɘűŬɜŮɘɩɜ ȷɜŬűɞɟɎɠ: 

Ⱥŭɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŮˊɘűŬɜŮɘɩɜ 

ŬɜŬűɞɟɎɠ ˊɞɡ ɞɟɑůɗɖəŬɜ ˊŬɟŬˊɎɜɤ. ũɘŬ ɚɧɔɞɡɠ ŮɝɞɘəŮɑɤůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ 

ůɡɜŰɞɛɞɔɟŬűɑŮɠ Űɤɜ ŮˊɘűŬɜŮɘɩɜ (ESA, 2014): 

h= MSS + SLA + H, ɧˊɞɡ: h Űɞ ɔŮɤɛŮŰɟɘəɧ ɡɣɧɛŮŰɟɞ əŬɘ  H  Űɞ ɞɟɗɞɛŮŰɟɘəɧ ɡɣɧɛŮŰɟɞ 

MSS = Geoid + MDT 

MDT = MSS ï Geoid  

ADT= MDT + SLA 

SSH = MSS + SLA/SSHA = Geoid +MDT + SLA/SSHA 
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2.5 ɄŬɚɛɧɠ, ȾɡɛŬŰɞɛɞɟűɐ əŬɘ ȷˊɞŰɨˊɤɛŬ: 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.5: ȼ ŭɘɎŭɞůɖ Űɤɜ ˊŬɚɛɘəɩɜ əɡɛɎŰɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, Űɞ ŬˊɞŰɨˊɤɛŬ Űɞɡɠ 

(footprint) ůŰɖ ɗŬɚɎůůɘŬ ŮˊɘűɎɜŮɘŬ əŬɘ ɖ əɡɛŬŰɞɛɞɟűɏɠ (waveform) ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Űɖɜ ŬɜɎəɚŬůɖ Űɞɡ ˊŬɚɛɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɤəŮŬɜɩɜ. 

(Ʉɖɔɐ: Coastalt, 2018) 

 

ɇɞ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ ŮəˊɏɛˊŮɘ ɏɜŬ ůɨɜŰɞɛɞ ˊŬɚɛɧ ɛɘəɟɞəɡɛɎŰɤɜ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɗɎɚŬůůŬɠ, ɏˊŮɘŰŬ ɞ ŭɏəŰɖɠ Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ 

ŭɏɢŮŰŬɘ Űɞ ˊɟɩŰɞ ɛɏɟɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɗɧɟɡɓɞ ůŰɖɜ ŬɜɎɚɡůɖ. Ƀ 

ɗɧɟɡɓɞɠ ŬɡŰɧɠ, ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŬɜŬəɚɎůŮɘɠ ɚɧɔɤ Űɖɠ ɘɞɜɧůűŬɘɟŬɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ. ȳŰŬɜ ɖ Ŭɘɢɛɐ Űɞɡ ˊŬɚɛɞɨ (pulse leading edge) űŰɎůŮɘ Űɖɜ ŬɜŬəɚɩɛŮɜɖ 

ŮˊɘűɎɜŮɘŬ ɝŮəɘɜɎ ɖ ˊɟŬɔɛŬŰɘəɐ ŮˊɘůŰɟɞűɐ Űɞɡ ůɐɛŬŰɞɠ ůŰɞɜ ŭɏəŰɖ. Ƀ ŮəˊŮɛˊɧɛŮɜɞɠ 

ˊŬɚɛɧɠ ŭɘŮɡɟɨɜŮŰŬɘ ɔɟŬɛɛɘəɎ ŭɘŬɛɞɟűɩɜɞɜŰŬɠ ɏɜŬɜ əɡəɚɘəɧ ŭɑůəɞ ɛŮ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧɛŮɜɖ ŬəŰɑɜŬ, ɏɤɠ Űɞ ŬˊɩŰŬŰɞ Ɏəɟɞ (pulse trailing edge). ȼ əɤɜɘəɐ ŬɡŰɐ ŭɏůɛɖ 

ɞɜɞɛɎɕŮŰŬɘ ŬˊɞŰɨˊɤɛŬ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɞɡ ˊŬɚɛɘəɞɨ əɨɛŬŰɞɠ ˊɎɜɤ 

ůŰɖ ɗŬɚɎůůɘŬ ŮˊɘűɎɜŮɘŬ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɧ ŬɚɚɎ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɖɠ ŰɟɞɢɘɎɠ 

Űɞɡ ŭɞɟɡűɧɟɞɡ (R), Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ ˊŬɚɛɞɨ (ɚ) əŬɘ Űɖ ŭɘɎɛŮŰɟɞ 

Űɖɠ əŮɟŬɑŬɠ (d), ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (Lee Fueng Fu əŬɘ Cazenave 2001): 
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ȳˊɞɡ: r ŮɑɜŬɘ ɖ ŬəŰɑɜŬ Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ, ə ůŰŬɗŮɟɎ əŬɘ ɔ Űɞ ˊɚɎŰɞɠ Űɖɠ ŭɏůɛɖɠ Űɖɠ 

əŮɟŬɑŬɠ əŬɘ ŮɑɜŬɘ ɑůɞ ɛŮ 2tan-1(r/R) əŬɘ ɔɘŬ ɛɘŬ ůŰŮɜɐ ŭɏůɛɖ əŮɟŬɑŬɠ ɘůɞɨŰŬɘ ɛŮ 2r/R. 

ɆŮ əɎɗŮ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ ɞɘ Űɘɛɏɠ R, ɚ, d ŮɑɜŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ, ɞˊɧŰŮ Űɞ ɛɏɔŮɗɞɠ 

Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ, ɖ ŬəŰɑɜŬ Űɞɡ ˊŬɚɛɞɨ ɧɛɤɠ ŬɡɝɎɜŮŰŬɘ ŬɜɎɚɞɔŬ 

ɛŮ Űɖɜ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ɢɟɧɜɞɡ, Ŭˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ɖ Ŭɘɢɛɐ Űɞɡ ˊŬɚɛɞɨ ŬɔɔɑɝŮɘ 

Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɏˊŮɘŰŬ (Lee Fueng Fu and Cazenave 2001). 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.6: ȾŬɗɩɠ ɞ ɢɟɧɜɞɠ ŬɡɝɎɜŮŰŬɘ, ŬɡɝɎɜŮŰŬɘ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ 

Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. (Ʉɐɔɖ: ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2012) 

 

 

ɇɞ ůɐɛŬ ˊɞɡ ŮˊɘůŰɟɏűŮɘ ŰŮɚɘəɎ ůŰɞɜ ŭɏəŰɖ əŬŰŬɔɟɎűŮɘ Űɖɜ ɢɟɞɜɞůŮɘɟɎ ŭɘŬűɞɟŮŰɘəɩɜ 

əɡɛŬŰɞɛɞɟűɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘɎŰŬɝɐ Űɞɡɠ ůŰɞɜ ɢɟɧɜɞ əŬɘ Űɞɜ ɢɩɟɞ. ɋɠ əɡɛŬŰɘůɛɧɠ 

ɞɟɑɕŮŰŬɘ əɎɗŮ ˊŮɟɘɞŭɘəɐ ɖ ɛɖ ˊŮɟɘɞŭɘəɐ ŭɘŬŰŬɟŬɢɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ 

 

ɆɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ůŮ ɛɘŬ ɐɟŮɛɖ ɗɎɚŬůůŬ Űɞ ˊɚɎŰɞɠ Űɞɡ əɨɛŬŰɞɠ Pu 

ŬɡɝɎɜŮŰŬɘ ŬˊɧŰɞɛŬ. Ⱥɜɩ ůŮ ɛɘŬ ɗɎɚŬůůŬ ɛŮ ŰŬɟŬɢɐ, ɞ ˊŬɚɛɧɠ ŬɟɢɘəɎ ůɡɜŬɜŰɎ Űɖɜ 

əɞɟɡűɐ Űɞɡ ˊɘɞ ɣɖɚɞɨ əɨɛŬŰɞɠ əŬɘ ɏˊŮɘŰŬ Űɘɠ əɞɟɡűɏɠ Űɤɜ Ɏɚɚɤɜ əɡɛɎŰɤɜ, ɧˊɤɠ 

ɓɚɏˊɞɡɛŮ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 

 

 

 

 

 

 



 ȾŬɟŬɜŰɕɘɎ ɀ.                                                                                                              ůŮɚɑŭŬ 39 Ŭˊɧ 241 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.7 : ɄɟɧůˊŰɤůɖ ˊŬɚɛɘəɞɨ əɨɛŬŰɞɠ ůŮ ŰŬɟŬɢɩŭɖ ɗŬɚɎůůɘŬ ŮˊɘűɎɜŮɘŬ. 

(Ʉɖɔɐ: ESA, 2014) 

 

 

 

ɄɎɜɤ Ŭˊɧ ɛɘŬ ɤəŮɎɜɘŬ ŮˊɘűɎɜŮɘŬ, ɖ ɖɢɩ (echo) Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ ɏɢŮɘ ɏɜŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ůɢɐɛŬ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ŬɜŬɚɡŰɘəɎ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ Brown. 

Ƀɘ ŬɜɞɛɞɘɞɔŮɜŮɑɠ ŮˊɘűɎɜŮɘŮɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ ŬůɡɜɏɢŮɘŮɠ ɐ ůɖɛŬɜŰɘəɏɠ əɚɑůŮɘɠ, 

ɧˊɤɠ ɛŮɟɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɖɠ (ˊ.ɢ. ˊɎɔɞɘ), ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ Ŭəɟɘɓɐ ŮɟɛɖɜŮɑŬ, ŬɚɚɎ 

ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ ŬɡŰɏɠ, ɎɚɚŬ ŮɜŭɘŬűɏɟɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɆŰɘɠ ŮŰŮɟɞɔŮɜŮɑɠ 

ˊŮɟɘɞɢɏɠ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɚŰɘɛŮŰɟɘəɐ ŬɜɎɚɡůɖ, ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ Ůˊɘˊɚɏɞɜ 

ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ çretrackingè (AVISO, 2018).  
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ȺɘəɧɜŬ 2.8 : ȷˊŮɘəɧɜɘůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ 

Brown. (Ʉɖɔɐ: AVISO, 2018) 

 

 

ȳˊɞɡ:  

SWH ŮɑɜŬɘ Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ. ɇɞ ɨɣɞɠ əɡɛɎŰɤɜ ŬɡɝɎɜŮŰŬɘ ɧůɞ ɖ əɚɑůɖ Űɖɠ 

əŬɛˊɨɚɖɠ ˊɞɡ ŬɜŬˊŬɟɘůŰɎ Űɞ ˊɚɎŰɞɠ Űɞɡ Ŭɝɘɞˊɞɘɐůɘɛɞɡ ůɐɛŬŰɞɠ Pu ɛŮɘɩɜŮŰŬɘ. 

 

ȷəɧɛɖ ɤɠ ů, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɖɠ ɞˊɘůɗɞůəɏŭŬůɖɠ (backscatter 

coefficient) ɐ Ŭɚɚɘɩɠ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ, ɞ ɞˊɞɑɞɠ ŬɚɚɎɕŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

əŬŰɎůŰŬůɖ Űɞɡ ɜŮɟɞɨ (ˊ.ɢ. ɧŰŬɜ ŮɑɜŬɘ ˊɎɔɞɠ). 
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2.6 ɇɨˊɞɘ ȷɚŰɘɛŮŰɟɑŬɠ: 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɓŬůɘəɞɑ Űɨˊɞɘ ȷɚŰɘɛŮŰɟɑŬɠ ˊɞɡ ŭɘŬűɏɟɞɡɜ ůŰɞɜ Űɟɧˊɞ ŭɘɎŭɞůɖɠ Űɞɡ 

ˊŬɚɛɞɨ, ɞ ɏɜŬɠ ɞɜɞɛɎɕŮŰŬɘ ɆɡɛɓŬŰɘəɐ ȷɚŰɘɛŮŰɟɑŬ (Conventional Altimetry) əŬɘ ɞ 

Ɏɚɚɞɠ ȷɚŰɘɛŮŰɟɑŬ ȾŬɗɡůŰɏɟɖůɖɠ Doppler ɆɡɜɗŮŰɘəɞɨ ɅŬɜŰɎɟ (Delay Doppler 

Synthetic Aperture Radar (SAR) Altimetry) ɐ Ůɜ ůɡɜŰɞɛɑŬ Delay-Doppler (SAR) 

ȷɚŰɘɛŮŰɟɑŬ. ȼ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ŭɞɟɡűɧɟɤɜ űŬɑɜŮŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɚɏɞɜ 

ˊŮɟɘůůɧŰŮɟɞ ŰŬ ɟŬɜŰɎɟ ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ (SAR), ɚɧɔɤ Űɤɜ ˊɞɚɡɎɟɘɗɛɤɜ 

ˊɚŮɞɜŮəŰɖɛɎŰɤɜ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɆɡɛɓŬŰɘəɐ ȷɚŰɘɛɏŰɟɑŬ. 

 

-ɆɡɛɓŬŰɘəɐ ȷɚŰɘɛŮŰɟɑŬ: 

ȼ ɆɡɛɓŬŰɘəɐ ȷɚŰɘɛŮŰɟɑŬ ɢɤɟɑɕŮŰŬɘ ůŰɖɜ ȹŮůɛɘəɎ ɄŮˊŮɟŬůɛɏɜɖ ȷɚŰɘɛŮŰɟɑŬ (Beam-

limited) əŬɘ ůŰɖɜ ɄŬɚɛɘəɎ ɄŮˊŮɟŬůɛɏɜɖ ȷɚŰɘɛŮŰɟɑŬ (Pulse-Limited). ȼ ɄŬɚɛɘəɎ 

ɄŮˊŮɟŬůɛɏɜɖ ȷɚŰɘɛŮŰɟɑŬ ɏɢŮɘ ɛɘŬ Ůɡɟɨ ɔɤɜɘŬəɐ ŭɏůɛɖ, ŬɚɚɎ ɞɘ ŬɚŰɘɛŮŰɟɘəɏɠ 

ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛɧɜɞɜ ŮɜŰɧɠ Űɞɡ ŭɞɟɡűɞɟɘəɞɨ ˊŬɚɛɞɨ. Ⱥɜɩ ůŰɖ 

ȹŮůɛɘəɎ ɄŮˊŮɟŬůɛɏɜɖ ȷɚŰɘɛŮŰɟɑŬ ɖ ŭɘɎŭɞůɖ Űɤɜ ˊŬɚɛɩɜ ɔɑɜŮŰŬɘ ůŮ ůŰŮɜɐ ŭɏůɛɖ 

(ɀŮɟŰɑəŬɠ, 2016).  ũŮɜɘəɧŰŮɟŬ ůŰɖ ůɡɛɓŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ, ɞ ŭɞɟɡűɧɟɞɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ɢɟɧɜɞ əŬɗɡůŰɏɟɖůɖɠ Űɤɜ ŬɜŬəɚɩɛŮɜɤɜ ůɖɛɎŰɤɜ Űɖɠ 

ŮˊɘűŬɜŮɑŬɠ, ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ (ɀŮɟŰɑəŬɠ, 

2016). ȾŬɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ɚɞɔɘəɏɠ ɧɛɤɠ ŭŮɜ ŬˊɞŰɟɏˊŮɘ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ɖˊŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȯɚɚŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ŰŮɢɜɘəɐɠ ŮɑɜŬɘ ɖ óɡˊŮɟůˊŬŰɎɚɖô ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɖɜ Ůəˊɞɛˊɐ Űɞɡ ůɐɛŬŰɞɠ, ŰŬ 

ůűɎɚɛŬŰŬ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ ɚɧɔɤ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɧˊɞɡ ˊŬɟŬŰɖɟɏɘŰŬɘ ɖ əŬŰŬɔɟŬűɐ ɛɘŬɠ ɡˊŮɟɡɣɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ əŬɘ 

ɏˊŮɘŰŬ ɛɘŬɠ Ɏɚɚɖɠ ůŮ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɐ ɗɏůɖ ůŰɧɢɞ (ŭɘŬůŰɞɚɐ Űɞɡ ŮˊɑɔŮɘɞɡ ɑɢɜɞɡɠ) 

əŬɘ Űɏɚɞɠ ɖ ɛɖ əŬŰŬɔɟŬűɐ Ůɜɧɠ ůɖɛŮɑɞɡ, ɚɧɔɤ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŭɏůɛɖ Űɞɡ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ (ɀŮɟŰɑəŬɠ, 2016). 

 

- ȷɚŰɘɛŮŰɟɑŬ SAR ɐ ŬɚŰɘɛŮŰɟɑŬ ɛŮ ɛŮŰɟɐůŮɘɠ Űɖɠ əŬɗɡůŰŮɟɐůɖɠ Doppler: 

çȼ ŰŮɢɜɘəɐ ŬɡŰɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɧɚɞɡ Űɞɡ ɘůŰɞɟɘəɞɨ Űɤɜ ůɖɛɎŰɤɜ 

ŮˊɘůŰɟɞűɐɠ, əŬŰɎ ɛɐəɞɠ Űɖɠ ŰɟɞɢɘɎɠ ůŮ ɧɚɞ Űɞ Ůɨɟɞɠ Űɞɡ ɞˊŰɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ŭɏůɛɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ. ɆɡɜŮɘůűɏɟŮɘ ůŰɞɜ ŬɜŰɑůŰɞɘɢɞ ˊɟɞůŭɘɞɟɘůɛɧ ɡɣɞɛɏŰɟɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɗɏůŮɘɠ ŮɜŰɧɠ Űɞɡ ɞˊŰɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ŭɏůɛɖɠ əŬɘ ŭŮɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ɛɧɜɞ ůŮ ɏɜŬ ɡɣɧɛŮŰɟɞ 

ŮɜŰɧɠ Űɞɡ ɞˊŰɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ŭɏůɛɖɠè (ɀŮɟŰɑəŬɠ, 2016). Ƀ Űɟɧˊɞɠ ŭɘɎŭɞůɖɠ Űɞɡ 

ˊŬɚɛɞɨ, ɖ Ŭəɟɘɓɐ ɢɟɞɜɞɛɏŰɟɖůɖ, ɖ ůɡɜɞɢɐ Űɤɜ ůɖɛɎŰɤɜ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 
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ůɖɛɎŰɤɜ, ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɎ Ŭˊɧ ɧŰɘ ůŰɖɜ ɆɡɛɓŬŰɘəɐ 

ȷɚŰɘɛŮŰɟɑŬ. Ⱥŭɩ, Űɞ ˊɟɞůˊɑˊŰɞɜ ůɐɛŬ ŮɑɜŬɘ ˊɞɚɚɞɑ əŬɘ ɔɟɐɔɞɟɞɘ ŭɘŬŭɞɢɘəɞɑ ˊŬɚɛɞɑ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɖ ɢɤɟɘəɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɧˊɤɠ əŬɘ ŮɑɜŬɘ ˊɚɏɞɜ 

ůɑɔɞɡɟɖ ɖ əŬŰŬɔɟŬűɐ ɧɚɤɜ Űɤɜ ůɖɛŮɑɤɜ. ȼ ɘəŬɜɧŰɖŰŬ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɚŮˊŰɞɛŮɟɐ 

ˊŬɟŬəɞɚɞɨɗɖůɖ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Doppler ɔɘŬ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ Űɤɜ 

ůɖɛŮɑɤɜ-ůŰɧɢɤɜ. ȷɡŰɧ ˊɟɞɦˊɞɗɏŰŮɘ, Űɖɜ ůɡɜŮɢɐ əŬɘ ŬˊɧɚɡŰŬ ɟɡɗɛɘůɛɏɜɖ ůɡɢɜɧŰɖŰŬ 

Űɤɜ ˊŬɚɛɩɜ (ůɡɜɞɢɐ ůɐɛŬŰɞɠ), ˊɞɡ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ Űɞ ɟɞɚɧɘ Űɞɡ ŭɞɟɡűɧɟɞɡ. ɀŮ 

ŬˊɞŰɏɚŮůɛŬ ɖ ůɨɔɢɟɞɜɖ ŰŮɢɜɞɚɞɔɑŬ ɛŮŰɟɐůŮɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ, ɜŬ ˊɟɞůűɏɟŮɘ ŭŮŭɞɛɏɜŬ ɡɣɖɚɐɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ɚɐɣɖɠ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭəɧɛɖ əŬɘ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ (ůŮ ɚɑɛɜŮɠ əŬɘ 

ˊɞŰɎɛɘŬ), ŬɚɚɎ əŬɘ ůŰɖɜ ˊŬɟɎəŰɘŬ ˊŮɟɘɞɢɐ,  ɧˊɞɡ ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ ɐŰŬɜ ŬŭɨɜŬŰɞ. 
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2.7 ɆɡɢɜɧŰɖŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ȷɚŰɘɛŮŰɟɘəɞɨɠ ȹɞɟɡűɧɟɞɡɠ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.9: ɇɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ Űɤɜ ȷɚŰɘɛŮŰɟɘəɩɜ ȹɞɟɡűɧɟɤɜ (Ʉɖɔɐ: 

AVISO, ˊɟɧůɓŬůɖ 2/02/2019) 

ũɘŬ əɎɗŮ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ ŮˊɘɚɏɔɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ 

Ŭˊɧ Űɞɜ ůŰɧɢɞ Űɖɠ ŬˊɞůŰɞɚɐɠ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ. ūɡůɘəɎ ɖ əɎɗŮ ůɡɢɜɧŰɖŰŬ ɏɢŮɘ 

ˊɟɞŰŮɟɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ Ůɜ ůɡɜŰɞɛɑŬ ˊŬɟŬəɎŰɤ (ESA, 

2016): 

 

-Ku band (13.6 GHz) 

ȼ Ku band ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ůɡɢɜɧŰŮɟŮɠ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ 

ŬɚŰɘɛŮŰɟɘəɏɠ ŬˊɞůŰɞɚɏɠ. ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ŬˊɞůŰɞɚɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖ ůɡɢɜɧŰɖŰŬ 

Ku band ŮɑɜŬɘ ɞɘ Ůɝɐɠ: Envisat, Topex / Poseidon əŬɘ Jason-1. ȼ ɛˊɎɜŰŬ Ku ́ ɚŮɞɜŮəŰŮɑ 

ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ ůɡɢɜɧŰɖŰŮɠ, ůŮ ɧŰɘ ŬűɞɟɎ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ 

ŭɘŬŰŬɟŬɢɩɜ əŬɘ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ Űɖɠ ɘɞɜɧůűŬɘɟŬɠ. ȰɜŬ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ůɡɢɜɧŰɖŰŬɠ 

ŬɡŰɐɠ ŮɑɜŬɘ ɧŰɘ ůŰŬ 10 GHz ŮɑɜŬɘ ɖ əɞɟɡűɐ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ɡɔɟɩɜ ɛɞɟɑɤɜ Űɞɡ ɜŮɟɞɨ, 

ɚɧɔɤ ɢŬɚɎɟɤůɖɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ.  
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-C band (5.3 GHz) 

ȼ C band ŬˊɞŰŮɚŮɑ ɓɞɖɗɖŰɘəɐ ůɡɢɜɧŰɖŰŬ Űɖɠ Ku əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŬəɟɘɎ Űɖɠ ɔɘŬ 

ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůɤůŰɎ. ȼ ůɡɢɜɧŰɖŰŬ C ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɖ ůŰɘɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ 

ŬŰɛɞůűŬɘɟɘəɩɜ ɡŭɟŬŰɛɩɜ, Ŭˊɧ ɧŰɘ ɖ ůɡɢɜɧŰɖŰŬ Ku əŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰɖ ůŰɖɜ 

ɘɞɜɞůűŬɘɟɘəɐ ŭɘŬŰŬɟŬɢɐ. ȸŬůɘəɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ɖ ŭɘɧɟɗɤůɖ Űɖɠ əŬɗɡůŰɏɟɖůɖɠ 

ůŰɖɜ ɘɞɜɧůűŬɘɟŬ. ũɘŬ ŬɡŰɧ əŬɘ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜɖ ɓɟɞɢɐ 

əŬɘ Ɏɚɚɤɜ ɏɜŰɞɜɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ. 

 

-S band (3.2 GHz) 

ȼ S band ɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɧŰɡˊŬ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ȼɚŮəŰɟɞɚɧɔɤɜ əŬɘ 

ȼɚŮəŰɟɞɜɘəɩɜ ɀɖɢŬɜɘəɩɜ (ȽȺȺȺ: Institute of Electrical and Electronics Engineers). 

ȷ́ ɞŰŮɚŮɑ ɓɞɖɗɖŰɘəɐ ůɡɢɜɧŰɖŰŬ Űɖɠ Ku əŬɘ ɚŮɘŰɞɡɟɔŮɑ ɧˊɤɠ ɖ C band. 

 

-Ka band (35 GHz) 

ȼ Ka band ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɞ Ůɨɟɞɠ ɕɩɜɖɠ ůŰɞ űɎůɛŬ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ, 

ɔɘŬ ŬɡŰɧ əŬɘ ŭɘŬɗɏŰŮɘ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ ůɡɢɜɧŰɖŰŮɠ, ɘŭɘŬɑŰŮɟŬ ůŰɘɠ 

ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ əŬɘ Űɞɡɠ ˊɎɔɞɡɠ. ɇɞ ˊɟɞŰɏɟɖɛŬ ŬɡŰɧ, Űɖɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ 

əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ Űɤɜ əɡɛɎŰɤɜ, Űɖɠ ɓɟɞɢɐɠ, Űɞɡ ˊɎɔɞɡ ŬɚɚɎ əŬɘ Űɤɜ ŭɘɎűɞɟɩɜ 

ɛŬɕɩɜ (ˊ.ɢ. ŭɎůɖ). ɋůŰɧůɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɝŬůɗɏɜɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɧŰŬɜ ɞɘ 

ɡŭɟŬŰɛɞɑ ůŰɖɜ ŰɟɞˊɧůűŬɘɟŬ ŮɑɜŬɘ ɡɣɖɚɞɑ əŬɘ ɧŰŬɜ ɖ ɓɟɞɢɧˊŰɤůɖ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ 

Ŭ́ ɧ 1,5 mm / h. 

 

-ȷɚŰɑɛŮŰɟɞ ŭɘˊɚɐɠ ůɡɢɜɧŰɖŰŬɠ 

ɇɞ ŬɚŰɑɛŮŰɟɞ ŭɘˊɚɐɠ ůɡɢɜɧŰɖŰŬɠ ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ əŬɚɨŰŮɟɖ 

ŮəŰɑɛɖůɖ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ əŬɘ ɘŭɘŬɑŰŮɟŬ, əŬɚɨŰŮɟɖ ŮəŰɑɛɖůɖ Űɖɠ əŬɗɡůŰɏɟɖůɖɠ Űɖɠ 

ŬˊɧůŰŬůɖɠ R, ɚɧɔɤ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ůŰɖɜ ȽɞɜɧůűŬɘɟŬ. 
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2.8 ɇŬ ůűɎɚɛŬŰŬ Űɤɜ ȷɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ: 

ɀŮɟɘəɎ Ŭˊɧ ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭɞɟɡűɞɟɘəɎ ɧɟɔŬɜŬ, ŮɑɜŬɘ 

ɞɘ ɔŮɤűɡůɘəɏɠ ŮˊɘŭɟɎůŮɘɠ (ɧˊɤɠ ɞɘ ˊŬɚɑɟɟɞɘŮɠ, ɖ ɓŬɟɨŰɖŰŬ, ɖ ŭɘŬəɡɛɎɜůŮɘɠ ɚɧɔɤ Űɤɜ 

ŬŰɛɞůűŬɘɟɘəɩɜ ˊɘɏůŮɤɜ), ɞɘ əŬɗɡůŰŮɟɐůŮɘɠ ɚɧɔɤ Űɖɠ ɘɞɜɧůűŬɘɟŬɠ, ůűɎɚɛŬŰŬ Űɞɡ 

ɔŮɤŮɘŭɞɨɠ əŬɘ ůűɎɚɛŬŰŬ ɚɧɔɤ Űɤɜ ŮɟɔŬɚŮɑɤɜ Űɞɡ ŭɞɟɡűɧɟɞɡ. ŪŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ 

ɢɤɟɑůɞɡɛŮ ŰŬ Ůɑŭɖ ůűŬɚɛɎŰɤɜ ůŮ ŰɏůůŮɟɘɠ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ. 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.10: Ɇɨɜɞɚɞ Űɤɜ ŭɘɞɟɗɩůŮɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ Ůˊɘɓɚɖɗɞɨɜ ůŰɘɠ ŬɚŰɘɛŮŰɟɘəɏɠ 

ɛŮŰɟɐůŮɘɠ (Ʉɖɔɐ: ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2005) 

 

 

ɋəŮɎɜɘŮɠ ŮˊɘŭɟɎůŮɘɠ 

ɇŬ ůűɎɚɛŬŰŬ Űɤɜ ɤəŮɎɜɘɤɜ ŮˊɘŭɟɎůŮɤɜ, ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ 

ŬŰɛɞůűŬɘɟɘəɏɠ ˊɘɏůɖɠ, ůŰɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ əŬɘ ůŰɖɜ ŮůűŬɚɛɏɜɖ əŬŰŬɔɟŬűɐ 

Űɖɠ ɗŬɚɎůůɘŬɠ əŬŰɎůŰŬůɖɠ (Sea state bias). ȳůɞ ŬűɞɟɎ Űɘɠ ˊŬɚɑɟɟɞɘŮɠ, ŮəŮɑɜŮɠ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: ɞɘ ˊŬɚɑɟɟɞɘŮɠ Űɞɡ ůŰŮɟŮɞɨ űɚɞɘɞɨ Űɖɠ ũɖɠ, 

ɞɘ ɤəŮɎɜɘŮɠ ˊŬɚɑɟɟɞɘŮɠ, ɞɘ ˊŬɚɑɟɟɞɘŮɠ ɚɧɔɤ Űɖɠ əɑɜɖůɖɠ Űɤɜ ˊɧɚɤɜ əŬɘ ɞɘ ˊŬɚɑɟɟɞɘŮɠ 

ˊɞɡ űɞɟŰɑɕɞɡɜ Űɞɜ ɤəŮɎɜɘɞ ˊɡɗɛɏɜŬ. ȼ Ůˊɘɟɟɞɐ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ ŭɘɞɟɗɩɜŮŰŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ ˊŬɚɘɟɟɞɘŬəɩɜ ɛɞɜŰɏɚɤɜ (Cipollini, 2015). 

 

Ⱥˊɑůɖɠ ɏɜŬ Ɏɚɚɞ ůűɎɚɛŬ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ɗŬɚɎůůɘŬɠ 

əŬŰɎůŰŬůɖɠ, ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŭɘŬűɞɟŮŰɘəɐ ŬɜɎəɚŬůɖ Űɞɡ ˊŬɚɛɞɨ ůŰɘɠ əɞɑɚŮɠ əŬɘ əɡɟŰɏɠ 

ŮˊɘűɎɜŮɘŮɠ Űɖɠ. ɇŬ əɞɑɚŬ ŰɛɐɛŬŰŬ Űɤɜ əɡɛɎŰɤɜ ŰŮɑɜɞɡɜ ɜŬ ŬɜŰŬɜŬəɚɞɨɜ Űɞɡɠ 

ŬɚŰɘɛŮŰɟɘəɞɨɠ ˊŬɚɛɞɨɠ əŬɚɨŰŮɟŬ Ŭˊɧ ŰŬ əɨɟŰŬ ŰɛɐɛŬŰŬ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, Űɞ 

əŮɜŰɟɘəɧ ůɖɛŮɑɞ Űɖɠ ɛɏůɖɠ ŬɜŬəɚɩɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮŰŬŰɞˊɑɕŮŰŬɘ ˊɟɞɠ ŰŬ əɞɑɚŬ 
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ŰɛɐɛŬŰŬ Űɤɜ əɡɛɎŰɤɜ, ɛŮ ŬˊɞŰɏɚůɛŬ Űɖ ɚŬɜɗŬůɛɏɜɖ ŮəŰɑɛɖůɖ Űɞɡ ɨɣɞɡɠ Űɖɠ 

ůŰɘɔɛɘŬɑŬɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůűɎɚɛŬ ŭɘɞɟɗɩɜŮŰŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ ŮɛˊŮɘɟɘəɩɜ ŮəŰɘɛɐůŮɤɜ. 

 

ȺˊɘŭɟɎůŮɘɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ 

ɇɞ ůɐɛŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɞɜ ŬɚŰɘɛŮŰɟɘəɧ ŭɞɟɡűɧɟɞ ˊɟɏˊŮɘ ɜŬ ˊŮɟɎůŮɘ Ŭˊɧ Űɖɜ 

ŬŰɛɧůűŬɘɟŬ Űɖɠ ũɖɠ ɔɘŬ ɜŬ əŬŰŬɔɟŬűŮɑ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞɜ ŭɏəŰɖ. Ƀ 

ˊŬɚɛɧɠ ŮˊɖɟŮɎɕŮŰŬɘ ůŰɖɜ ɘɞɜɧůűŬɘɟŬ Ŭˊɧ ŰŬ ŮɚŮɨɗŮɟŬ ɖɚŮəŰɟɧɜɘŬ, ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖ ůɡɢɜɧŰɖŰŬ. ɆŰɖɜ ɝɖɟɐ ŰɟɞˊɧůűŬɘɟŬ Ŭˊɧ ŰŬ ɛɧɟɘŬ Űɞɡ ɞɝɡɔɧɜɞɡ, əŬɘ ůŰɖɜ ɡɔɟɐ 

ŰɟɞˊɧůűŬɘɟŬ Ŭˊɧ Űɞɡɠ ɡŭɟŬŰɛɞɨɠ (ŭɖɚŬŭɐ ŰŬ ůɨɜɜŮűŬ əŬɘ Űɖ ɓɟɞɢɐ), ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Űɞ ůɐɛŬ Űɞɡ ŬɚŰɘɛŮŰɟɘəɞɨ ɟŬɜŰɎɟ ɜŬ ŮˊɘɓɟŬŭɨɜŮŰŬɘ (Cipollini, 

2015). ũŮɜɘəɧŰŮɟŬ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ Ůɨɟɞɡɠ ɛŮ 

Űɖɜ ŮɚɎŰŰɤůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ůɐɛŬŰɞɠ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ, Űɖɜ ˊɑŮůɖ 

əŬɘ Űɖɜ ɡɔɟŬůɑŬ. ȼ ŮˊɑŭɟŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ŭɘɞɟɗɩɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ 

ŬŰɛɞůűŬɘɟɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ ɘɞɜɧůűŬɘɟŬ, Űɖɜ ɝɖɟɐ ŰɟɞˊɧůűŬɘɟŬ əŬɘ Űɖɜ ɡɔɟɐ 

ŰɟɞˊɧůűŬɘɟŬ. 

 

ɆűɎɚɛŬŰŬ ɚɧɔɤ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ 

ɃűŮɑɚɞɜŰŬɘ ůŰɖɜ ɔŮɤɛŮŰɟɑŬ Űɤɜ ŮɟɔŬɚŮɑɤɜ əŬɘ ůŮ ɎɚɚŮɠ ŮˊɘˊŰɩůŮɘɠ. ɀŮɟɘəɏɠ Ŭˊɧ 

ŬɡŰɏɠ ŮɑɜŬɘ ŰŬ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ Űɞɡ ˊŬɚɛɞɨ (Tracker Bias), Űɞ ůűɎɚɛŬ 

əŬŰŮɨɗɡɜůɖɠ Űɞɡ ɟŬɜŰɎɟ (Pointing Errors), Űɞ ůűɎɚɛŬ Űɞɡ ůɢɐɛŬŰɞɠ Űɞɡ ŬɜŬəɚɩɛŮɜɞɡ 

ˊŬɚɛɞɨ (Waveform Sampler Gain Calibration Bias) əŬɘ ɞɘ ɗɧɟɡɓɞɘ Ŭˊɧ Űɖɜ ŬɜɎəɚŬůɖ 

Űɖɠ ɛɞɟűɐɠ Űɞɡ ˊŬɚɛɞɨ əŬɘ ɢɟɞɜɘəɏɠ ŬɓŮɓŬɘɧŰɖŰŮɠ (Average Pulse Shape Uncertainty 

and Time Tas Bias). ȷəɧɛɖ ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůűɎɚɛŬŰŬ ɚɧɔɤ Űɖɠ ŰɟɞɢɘɎɠ 

Űɤɜ ŭɞɟɡűɧɟɤɜ (ɨɣɞɡɠ  əŬɘ ɔŮɤɛŮŰɟɑŬɠ ŰɟɞɢɘɎɠ), ŰŬ ɞˊɞɑŬ ɤűŮɚɞɨɜ Űɖɜ ŭɘŬŰɎɟŬɝɖ 

Űɖɠ ŮɚɚŮɘˊŰɘəɐɠ ŰɟɞɢɘɎɠ Űɤɜ ŭɞɟɡűɧɟɤɜ ˊɞɡ ŬɜŬɚɨɞɡɜ ŰŬ ȾŮˊɚɏɟɘŬ ůŰɞɘɢŮɑŬ. ɇɞ 

ŰɟɞɢɘŬəɧ ůűɎɚɛŬ, ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬŰŮɚɐ ɔɜɩůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ Űɖɠ ũɖɠ, ůŰŬ ůűɎɚɛŬŰŬ 

Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ŮˊɑɔŮɘɤɜ ůŰŬɗɛɩɜ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ŭɞɟɡűɧɟɤɜ əŬɘ ůŰɘɠ 

ŭɡɜɎɛŮɘɠ ɏɚɝɖɠ əŬɘ Űɞ ŬɜŰɑɗŮŰɞ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ũɖ (ȷɟŬɛˊɏɚɞɠ, 2007).  

ũŮɜɘəɎ ɖ ůɡɜɞɚɘəɐ ŮˊɑŭɟŬůɖ Űɤɜ ůűŬɚɛɎŰɤɜ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ɛŮ 

ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ŬɚŰɘɛɏŰɟɞɡ, ɛŮ ɛŮŰɟɐůŮɘɠ ůŮ ˊŮɟɘɞɢɏɠ ɔɜɤůŰɐɠ ŭɡɜŬɛɘəɐɠ 

ɗŬɚɎůůɘŬɠ ŰɞˊɞɔɟŬűɑŬɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ɛŮ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɔŮɤűɡůɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ůŰɘɠ ŮɔɔɟŬűɏɠ. 

 



 ȾŬɟŬɜŰɕɘɎ ɀ.                                                                                                              ůŮɚɑŭŬ 47 Ŭˊɧ 241 

 

ɆűɎɚɛŬŰŬ Űɞɡ ɔŮɤŮɘŭɞɨɠ 

ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɞɟɘůɛɏɜɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɔɜɩůɖ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, Ůˊɞɛɏɜɤɠ əŬɘ Űɞɡ ɔŮɤŮɘŭɞɨɠ. ȾŬɗɩɠ ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖ 

ŰɞˊɞɔɟŬűɑŬ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ ŬˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ ɖ ɔɜɩůɖ Űɞɡ ɔŮɤŮɘŭɞɨɠ, Űɞ 

ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ ˊɚɐɟɤɠ ɛŮ ŬəɟɑɓŮɘŬ, ɔɘŬ ŬɡŰɧ əŬɘ ŬˊɞŰŮɚŮɑ ɚɧɔɞɠ 

ŭɖɛɘɞɡɟɔɑŬɠ ůűŬɚɛɎŰɤɜ (Cipollini, 2015). ȿɨůɖ ůŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖ 

ɛɖ Ŭəɟɘɓɐ ɔɜɩůɖ Űɞɡ ɔŮɤŮɘŭɞɨɠ, ŮɑɜŬɘ ɖ ɢɟɐůɖ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ 

ŮˊŬɜŬɚɖˊŰɘəɐɠ ŰɟɞɢɘɎɠ əŬɘ ɖ ɢɟɐůɖ Űɖɠ ŬɜŮɟɢɧɛŮɜɖɠ əŬɘ Űɖɠ əŬŰŮɟɢɧɛŮɜɖɠ ŰɟɞɢɘɎɠ, 

ŭɘɧŰɘ ůŰɖɜ Űɞɛɐ Űɤɜ Űɟɞɢɘɩɜ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ˊŬɟŬŰɐɟɖůɖ 

Űɤɜ ɢɟɞɜɘəɩɜ ŬɚɚŬɔɩɜ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɖɠ ɗɎɚŬůůŬɠ. 

 

 

ɆŮ ɛɘŬ ɔŮɜɘəɐ Ůɝɑůɤůɖ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɨɣɞɡɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůɡɜŰɎůŮŰŬɘ ɤɠ Ůɝɐɠ: 
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2.9 ɄŬɟŮɚɗɧɜ, ɄŬɟɧɜ əŬɘ ɀɏɚɚɞɜ Űɤɜ ȷɚŰɘɛŮŰɟɘəɩɜ ȷˊɞůŰɞɚɩɜ: 

ȷˊɧ Űɖɜ Ŭɟɢɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ ɐŰŬɜ ŮɛűŬɜɐ ɖ ŬɜɎɔəɖ 

ɢɟɐůɖɠ Űɞɡɠ, ɔɘŬ Űɖ ůɡɜŮɢɧɛŮɜɖ əŬɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɤəŮŬɜɩɜ, ŬɚɚɎ əŬɘ Űɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Ůɜɧɠ 

ůɖɛŮɑɞɡ ůŰɖ ũɖ. ȷəɧɛɖ ɛŮɔɎɚŬ ˊɟɞɔɟɎɛɛŬŰŬ ɧˊɤɠ Űɞ WOCE, WCRP, Clivar əŬɘ Űɞ 

Mercator ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ɤəŮɎɜɘɤɜ ůɡůŰɖɛɎŰɤɜ əŬɘ Űɖɠ 

əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ, ŬˊŬɘŰɞɨɜ Űɖɜ ɢɟɐůɖ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Ɏɚɚɞɡ Ůɑŭɞɡɠ ŭŮŭɞɛɏɜŬ (AVISO, 2018).  

 

ȷˊɞůŰɞɚɏɠ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ 

ȼ NASA ɝŮəɘɜɎ Űɞ ɀɎɥɞ Űɞɡ 1973, ɛŮ Űɖɜ ŮəŰɧɝŮɡůɖ Űɞɡ ˊɟɩŰɞɡ ŬɛŮɟɘəɎɜɘəɞɡ 

ˊŮɘɟŬɛŬŰɘəɞɨ ŭɘŬůŰɖɛɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ, Űɞ SKYLAB, ɛŮ ůŰɧɢɞɡɠ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ũɖɠ, Űɖɠ ɢɏɟůŬɠ əŬɘ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ, ŬɚɚɎ əŬɘ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ. ɄŮŰɞɨůŮ ůŮ ɡɣɧɛŮŰɟɞ 435 ɢɚɛ., ɛŮ əɚɑůɖ 50 ɛɞɘɟɩɜ. ȹɘɏɗŮŰŮ ɏɜŬ 

ˊŬɗɖŰɘəɧ ɛɘəɟɞəɡɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ S193 ́ ŬɟɎɚɚɖɚŬ ɛŮ ɏɜŬ ŮɜŮɟɔɖŰɘəɧ (RADSCAT), 

ɟŬɜŰɎɟ ŬɚŰɑɛŮŰɟɞ, Űɞ ɞˊɞɑɞ ɐɚŮɔɢŮ əɡɟɑɤɠ Űɖɜ ɞˊɘůɗɞůəɏŭŬůɖ Űɞɡ ɟŬɜŰɎɟ, Űɖ 

ɟŬŭɘɞɛŮŰɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ űɤŰŮɘɜɧŰɖŰŬɠ ɛŮ ɏɜŬɜ Ŭɟɘɗɛɧ Űɟɧˊɤɜ ůɎɟɤůɖɠ, 

ˊɟɤŰɑůŰɤɠ ɛŮ ůəɞˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ Ŭɜɏɛɤɜ əŬɘ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ 

ˊɎɜɤ Ŭˊɧ Űɞɡɠ ɤəŮŬɜɞɨɠ əŬɘ Űɖɜ ˊŬɟɞɢɐ ŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɢɟɐůɖ 

əŬɘ ůɢŮŭɘŬůɛɧ Űɤɜ ŬɚŰɘɛɏŰɟɤɜ ŭɘŬůŰɖɛɘəɞɨ ɟŬɜŰɎɟ. ȼ ɢɤɟɘəɐ ŬɜɎɚɡůɖ ˊɞɡ ŭɘɏɗŮŰŮ 

Űɞ ŬɚŰɑɛŮŰɟɞ ɐŰŬɜ Űɖɠ ŰɎɝɖɠ Űɤɜ 16 ɢɘɚɘɧɛŮŰɟŬ (əɡəɚɘəɧ ŬˊɞŰɨˊɤɛŬ ůŰɞ nadir). 

ɀɖɢŬɜɘəɐ ůɎɟɤůɖ ˊŬɟŬɓɞɚɘəɐɠ əŮɟŬɑŬɠ (ŬɜŬəɚŬůŰɐɟŬɠ ŭɘŬɛɏŰɟɞɡ 1,15 ɛɏŰɟŬ) ɛŮ 

ŭɘˊɚɐ ˊɧɚɤůɖ əŬɘ 2 Á FOV (Ůɨɟɞɠ ˊɚɎŰɞɡɠ = 180 ɢɘɚɘɧɛŮŰɟŬ). ȼ əŮɟŬɑŬ ɐŰŬɜ 

ŬɜŬˊɞŭɞɔɡɟɘůɛɏɜɖ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ůɎɟɤůɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŬŭɟɞɛɐɠ (along-track) 

əŬɘ əŬŰɎ Űɖɜ ŭɘŬůŰŬɨɟɤůɖ (cross-track) . ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ˊŬɚɛɧ ˊɚɎŰɞɡɠ 0,1 ɛs 

ŬɡŰɧ Űɞ ůɨůŰɖɛŬ ɐŰŬɜ ůŮ ɗɏůɖ ɜŬ əŬŰŬɔɟɎűŮɘ ɛŮ ŬɜɎɚɡůɖ 15 ɛɏŰɟɤɜ. ȿŮɘŰɞɡɟɔɞɨůŮ 

ɛɧɜɞ ůŮ ůɨɜŰɞɛŬ ŰɟɞɢɘŬəɎ ŰɛɐɛŬŰŬ, ŬɚɚɎ ɐŰŬɜ ůŮ ɗɏůɖ ɜŬ ŬˊɞŭŮɑɝŮɘ Űɖ ɛɏŰɟɖůɖ Űɤɜ 

ɢɞɜŭɟɞŮɘŭɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ɗŬɚɎůůɘɞɡ ɔŮɤŮɘŭɞɨɠ ɧˊɤɠ Űɘɠ ɛŮɔɎɚŮɠ ɤəŮɎɜɘŮɠ 

ŰɎűɟɞɡɠ (ESA, 2018). 

 

ȰˊŮɘŰŬ ɞ ŭɞɟɡűɧɟɞɠ GEOS-3 (Geodynamic Experimental Ocean Satellite) ɧˊɞɡ 

ŮəŰɞɝŮɨɗɖəŮ ůŰɘɠ 9 ȷˊɟɘɚɑɞɡ Űɞɡ 1975, ŬˊɞŰŮɚŮɑ Űɖɜ ˊɟɩŰɖ ŮɝŮɘŭɘəŮɡɛɏɜɖ ɔŮɤŭŬɘŰɘəɐ 

ŬˊɞůŰɞɚɐ Űɖɠ NASA, ɤɠ ŭɞɟɡűɞɟɘəɧ ŬɚŰɑɛŮŰɟɞ. ȳˊɞɡ ɏəŬɜŮ əŬɘ Űɖɜ Ŭɟɢɐ ɔɘŬ 

ˊɟɞɔɟɎɛɛŬŰŬ ɧˊɤɠ Űɞ Ⱥɗɜɘəɧ ȹɞɟɡűɞɟɘəɧ ũŮɤŭŬɘŰɘəɧ ɄɟɧɔɟŬɛɛŬ (NGSP) əŬɘ Űɞ 
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ɄɟɧɔɟŬɛɛŬ ȺűŬɟɛɞɔɐɠ ūɡůɘəɐɠ ũɖɠ əŬɘ ɋəŮŬɜɞɨ. ȿŮɘŰɞɨɟɔɖůŮ ɤɠ Űɞ 1978, ůŮ 

ŰɟɞɢɘɎ ůŰŬ 840 ɢɘɚɘɧɛŮŰɟŬ, ɛŮ əɚɑůɖ 115 ɛɞɑɟŮɠ. Ƀɘ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ 

ɐŰŬɜ C-band, Ku-band əŬɘ S-band ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨɠ ůəɞˊɞɨɠ. ȸŬůɘəɐ Űɞɡ ɚŮɘŰɞɡɟɔɑŬ 

ɐŰŬɜ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ ɤəŮŬɜɞɔɟŬűɘəɩɜ əŬɘ ɔŮɤűɡůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, əŬɗɩɠ əŬɘ ɖ 

ŭɞɟɡűɞɟɘəɐ ŬɚŰɘɛŮŰɟɑŬ. ɆɡɔəŮəɟɘɛɏɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮəŰɘɛɐůŮɘɠ Űɞɡ 

ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ, ɔŮɤɛŮŰɟɘəɏɠ, ɓŬɟɡɛŮŰɟɘəɏɠ əŬɘ ɎɚɚŮɠ ɔŮɤŭŬɘŰɘəɏɠ 

ɏɟŮɡɜŮɠ. ȷəɧɛɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ˊɟɩŰŮɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ Ŭɜɏɛɤɜ 

ɛŮ ŭŮŭɞɛɏɜŬ ŬɚŰɑɛŮŰɟɞɡ (ESA, 2018). ȳˊɤɠ əŬɘ ɖ ˊŬɟɞɢɐ Űɞɡ ˊɟɩŰɞɡ ůɡɜɧɚɞɡ 

ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɤəŮŬɜɩɜ Űɞɡ ˊɚŬɜɐŰɖ.  ɇŬ 

ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ GEOS-3, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŬɟɔɧŰŮɟŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Űɤɜ ɓŬɟɡŰɘəɩɜ ɛɞɜŰɏɚɤɜ GEM-T3, JGM-1 əŬɘ JGM-2. 

 

ɇɞɜ ȷɨɔɞɡůŰɞ Űɞɡ 1978 ŬəɞɚɞɨɗɖůŮ ɖ ŮəŰɧɝŮɡůɖ Űɞɡ SEASAT Ŭˊɧ Űɖɜ NASA/JPL, 

Űɞɡ ˊɟɩŰɞɡ ŮɘŭɘəɎ ŬűɘŮɟɤɛɏɜɞɡ ɔɘŬ ɤəŮŬɜɞɔɟŬűɘəɞɨɠ ůəɞˊɞɨɠ ŭɞɟɡűɧɟɞɡ, ɞ ɞˊɞɑɞɠ 

ɛŮŰɏűŮɟŮ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ ɛŮ ŬəɟɑɓŮɘŬ Űɖɠ ŰɎɝɖɠ +-10cm, ŬɜŬəɚŬůŰɐɟŮɠ ɚɏɘɕŮɟ 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡ ɛŮ ŬəɟɑɓŮɘŬ Űɖɠ ŰɎɝɖɠ +-50cm, ɟŬɜŰɎɟ 

ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ (SAR), ůəŮŭŬůɑɛŮŰɟɞ ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ɟŬŭɘɧɛŮŰɟɞ 

(ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2005). ȱŰŬɜ ůŮ ŰɟɞɢɘɎ óɡɣɞɡɠ 800 ɢɘɚɘɞɛɏŰɟɤɜ ɛŮ əɚɑůɖ 108 ɛɞɑɟŮɠ. 

ȸŬůɘəɧɠ Űɞɡ ůəɞˊɧɠ ɐŰŬɜ ɜŬ ŭŮɑɝŮɘ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ɤəŮŬɜɞɔɟŬűɘəɩɜ űŬɘɜɞɛɏɜɤɜ Űɖɠ ũɖɠ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ Ŭˊɧ Űɞ ŭɘɎůŰɖɛŬ 

ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ, ɜŬ ˊŬɟɏɢŮɘ ɏɔəŬɘɟŬ ɤəŮŬɜɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ ůŮ ŮˊɘůŰɐɛɞɜŮɠ 

ˊɞɡ ɛŮɚŮŰɞɨɜ ɗŬɚɎůůɘŬ űŬɘɜɧɛŮɜŬ əŬɘ ɜŬ ˊɟɞůŭɘɞɟɑɕŮɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Ůɜɧɠ ŮˊɘɢŮɘɟɖůɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ɤəŮŬɜɩɜ ˊɚɐɟɞɡɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ (ESA, 2018). ɆŰɘɠ 105 ɖɛɏɟŮɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ, ůɡɜɏɚŮɝŮ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɡɠ ɤəŮŬɜɞɨɠ Ŭˊɧ ɧŰɘ ŮɑɢŬɜ ŬˊɞəŰɖɗŮɑ ŰŬ 

ˊɟɞɖɔɞɨɛŮɜŬ 100 ɢɟɧɜɘŬ ŮˊɑɔŮɘŬɠ ɏɟŮɡɜŬɠ. 

 

ȯɚɚɞɠ ɏɜŬɠ ŭɞɟɡűɧɟɞɠ ˊɞɡ ůɨɚɚŮɝŮ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɐŰŬɜ ɞ GEOSAT 

(Geodetic/Geophysical Satellite). ȺəŰɞɝŮɨɗɖəŮ ůŰɘɠ 12 ɀŬɟŰɑɞɡ Űɞɡ 1985 əŬɘ 

ɚŮɘŰɞɨɟɔɖůŮ ɏɤɠ Űɞ 1990. ɇɞ ɨɣɞɠ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡ ɐŰŬɜ ůŰŬ 785 ɢɘɚɘɧɛŮŰɟŬ, ɛŮ 

ŰɟɞɢɘŬəɐ əɚɑůɖ 108 ɛɞɑɟŮɠ. ȱŰŬɜ ŭɞɟɡűɧɟɞɠ Űɞɡ ɜŬɡŰɘəɞɨ Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ 

ȷɛŮɟɘəɐɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ ŭɨɞ űɎůŮɘɠ ɛŮŰɟɐůŮɤɜ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. ȼ 

ˊɟɩŰɖ űɎůɖ ŭɘɐɟəɖůŮ Ŭˊɧ Űɞ 1985 ɏɤɠ Űɘɠ 30 ɆŮˊŰŮɛɓɟɑɞɡ Űɞɡ 1986 əŬɘ ŮɑɢŮ ɤɠ ůəɞˊɧ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɗŬɚɎůůɘɞɡ ɔŮɤŮɘŭɞɨɠ (Geodetic Mission) ɔɘŬ Űɞ ɄɞɚŮɛɘəɧ 
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ɁŬɡŰɘəɧ Űɤɜ ȼɄȷ. ɆŰɖ ŭŮɨŰŮɟɖ űɎůɖ ŬˊɞůŰɞɚɐɠ Űɞɡ, Ŭˊɧ Űɞɜ ɃəŰɩɓɟɘɞ 1986, ɞ 

GEOSAT ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ɛɘŬ ŬɡůŰɖɟɎ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŰɟɞɢɘɎ (Exact Repeat 

Orbit) ŭɘɎɟəŮɘŬɠ 17 ɖɛŮɟɩɜ, ɧˊɞɡ ɏɛŮɘɜŮ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Űɞ 1990 

(ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2005). ɇɞ ERM ˊŬɟŮɑɢŮ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŰɟɑŬ ɢɟɧɜɘŬ Ŭəɟɘɓɐ 

ŬɚŰɘɛŮŰɟɘəŬ ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ɐŰŬɜ ŭɘŬɗɏůɘɛŬ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɛɏůɤ 

Űɖɠ Ⱥɗɜɘəɐɠ ȹɘɞɑəɖůɖɠ ɋəŮŬɜɩɜ əŬɘ ȷŰɛɧůűŬɘɟŬɠ Űɤɜ ȼ.Ʉ.ȷ. (National 

Oceanographic and Atmospheric Administration (NOAA)). Ƀ GEOSAT ɐŰŬɜ ɖ ˊɟɩŰɖ 

ˊɞɚɡŮŰɐɠ ŬˊɞůŰɞɚɐ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ɨɣɞɡɠ Űɞɡ ɏɢɞɡɜ ůɡɛɓɎɚŮɘ 

ůɖɛŬɜŰɘəɎ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ űɡůɘəɐɠ ɤəŮŬɜɞɔɟŬűɑŬɠ, Űɖɠ ɔŮɤŭŬɘůɑŬɠ, Űɖɠ ɔŮɤűɡůɘəɐɠ 

əŬɘ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɤɜ ˊɎɔɤɜ. ɄŬɟŬɛɏɜŮɘ ɛɞɜŬŭɘəɐ ŬˊɞůŰɞɚɐ, Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ 

ˊɡəɜɐɠ ɢɤɟɘəɐɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɖɠ ũŮɤŭŬɘŰɘəɐɠ ȷˊɞůŰɞɚɐɠ, əŬɗɩɠ ɐŰŬɜ ɞ ɛɞɜŬŭɘəɧɠ 

ŬɚŰɘɛŮŰɟɘəɧɠ ŭɞɟɡűɧɟɞɠ ́ ɞɡ ɚŮɘŰɞɡɟɔɞɨůŮ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ '80 əŬɘ ˊŬɟɐɔŬɔŮ ŭŮŭɞɛɏɜŬ 

ɔɘŬ əɎˊɞɘŬ ɗŬɚɎůůɘŬ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ Űɞ El Nino Űɞɡ 1987 əŬɘ ŬˊɏŭŮɘɝŮ ŰŬ ɞűɏɚɖ ɛɘŬɠ 

ɛŬəɟɎɠ ůŮɘɟɎɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮůŰɑŬɕŬɜ ůŮ ɛŮŰɟɐůŮɘɠ ɛŮ ŬəɟɑɓŮɘŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 5 

cm (Sailor əŬɘ LeSchack, 1987). 

 

ȷˊɧ Űɞ 1985 ɏɤɠ Űɞ 1996 ɚŮɘŰɞɨɟɔɖůŮ ɛɘŬ ůŮɘɟɎ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ ɟɤůɘəɐɠ 

ˊɟɞɏɚŮɡůɖɠ ɛɏɟɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ GEOIK, ɧˊɞɡ ŭɘɏɗŮŰŬɜ ŬɚŰɑɛŮŰɟɞ. 

ɇɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ŰɟɞɢɘɎ ůŰŬ 1.500 ɢɚɛ. ɛŮ əɚɑůɖ 74Á ɐ 83Á. ɇɞ ŬɚŰɑɛŮŰɟɞ Űɞɡɠ 

ɚŮɘŰɞɡɟɔɞɨůŮ ůŰɖ ůɡɢɜɧŰɖŰŬ 9,5 GHz əŬɘ ŭɘɏɗŮŰŮ ŭɘŬůŰɖɛɘəɎ ɔŮɤŭŬɘŰɘəɎ ɧɟɔŬɜŬ 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ Doppler əŬɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɟŬŭɘɞŮˊɘəɞɘɜɤɜɘɩɜ. ȸŬůɘəɧɠ ůəɞˊɧɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ˊɞɡ ɐŰŬɜ 

ɛɏɟɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Kosmos ɐŰŬɜ ɖ ɛŮɚɏŰɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ Űɖɠ ũɖɠ. ɉɎɟɖ ůŰŬ 

ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ŬɡŰɩɜ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰŬ ɔŮɤ -

ɛɞɜŰɏɚŬ EP-90 (ɛɏɢɟɘ 36Á) əŬɘ ȺɅ-200 (ɛɏɢɟɘ 200Á) əŬɘ ɏɜŬ ɗŬɚɎůůɘɞ ɔŮɤŮɘŭɏɠ. ȷɟɢɘəɎ 

ŰŬ ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŬˊɞůŰɞɚɩɜ ŭŮɜ ɐŰŬɜ ŭɘŬɗɏůɘɛŬ ůŰɞ Ůɡɟɨ əɞɘɜɧ. ɇɞ 

1992 ůŰŬɛɎŰɖůŬɜ ɜŬ ŮɑɜŬɘ ŬˊɧɟɟɖŰŬ əŬɘ ŭɧɗɖəŬɜ ůŰɘɠ ɞɟɔŬɜɩůŮɘɠ Űɖɠ Ʌɤůɘəɐɠ 

ȷəŬŭɖɛɑŬɠ ȺˊɘůŰɖɛɩɜ (Vingudelli ə.Ɏ., 2011). 

 

Ƀ ŭɞɟɡűɧɟɞɠ ERS-1 (European Remote-Sensing Satellite-1) ŬˊɞŰŮɚŮɑ Űɞɜ ˊɟɩŰɞ 

ŭɞɟɡűɧɟɞ Űɖɠ ȺɡɟɤˊŬɥəɐɠ ɈˊɖɟŮůɑŬɠ ȹɘŬůŰɐɛŬŰɞɠ, ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ůŰɞ űɎůɛŬ Űɤɜ ɛɘəɟɞəɡɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ ŮəŰɞɝŮɨɗɖəŮ Űɞɜ Ƚɞɨɚɘɞ 

Űɞɡ 1991, ɛŮ ůəɞˊɧ Űɖɜ ŰŬəŰɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɤɜ 

ɤəŮɎɜɘɤɜ ŮˊɘűŬɜŮɘɩɜ, ɔɘŬ ŬɜɑɢɜŮɡůɖ ŬɚɚŬɔɩɜ. ɆɡɜŭɨŬɕŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ɟŬɜŰɎɟ 
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ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ (SAR) əŬɘ Ůɜɧɠ ɟŬɜŰɎɟ ŭɘŬůəɞɟˊɘůɛɞɨ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

Ŭɜɏɛɤɜ (Wind Scatterometer) əŬɘ Űɞɜ ˊŬɗɖŰɘəɧ ɟŬŭɘɞɛŮŰɟɘəɧ ůŬɟɤŰɐ ATSR (Along 

Track Scanning Radiometer), ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ɗɎɚŬůůŬɠ. Ɇəɞˊɧɠ Űɞɡ, ɐŰŬɜ ɖ əɎɚɡɣɖ Ůɜɧɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ əɚɎŭɤɜ əŬɘ ɗŮɛɎŰɤɜ, 

ɧˊɤɠ ɖ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ɤəŮŬɜɩɜ, ɞ ́ɞɚɘəɧɠ ˊɎɔɞɠ, ɖ ɞɘəɞɚɞɔɑŬ Űɖɠ ɔɖɠ, ɖ ɔŮɤɚɞɔɑŬ, 

ɖ ŭŬůɞəɞɛɑŬ, ŰŬ əɨɛŬŰŬ, ɖ ŬŰɛɞůűŬɘɟɘəɐ űɡůɘəɐ, əŬɘ ɖ ɛŮŰŮɤɟɞɚɞɔɑŬ. ɇɞ ɨɣɞɠ 

ˊŰɐůɖɠ Űɞɡ ɐŰŬɜ 785 ɢɘɚɘɧɛŮŰɟŬ, ɖ əɚɑůɖ Űɞɡ 98.52Á əŬɘ ɖ ˊŮɟɑɞŭɞɠ ŰɟɞɢɘɎɠ Űɞɡ 

ˊŮɟɑˊɞɡ 100 ɚŮˊŰɎ (ESA, 2018). ɉɎɟɖ ůŰɞɜ ŭɞɟɡűɧɟɞ ERS-1 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɓŬůɘəɏɠ ŬɜŬəŬɚɨɣŮɘɠ ɔɘŬ Űɞɡɠ ɤəŮŬɜɞɨɠ əŬɘ Űɖɜ ŬŰɛɧůűŬɘɟŬ, ˊŬɟŬŰɖɟɐɗɖəŬɜ: ŰŬ 

Ŭ́ɔəɧůɛɘŬ ˊŮŭɑŬ Ŭɘɞɚɘəɩɜ əŬɘ əɡɛŬŰɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ůŮ ɡɣɖɚɐ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ 

ŬɜɎɚɡůɖ, ɖ ́ŬɔəɧůɛɘŬ ŭɡɜŬɛɘəɐ Űɤɜ ɤəŮŬɜɩɜ əŬɘ ɞɘ əɚɘɛŬŰɘəɏɠ ŬůŰɎɗŮɘŮɠ, ɖ 

ŬɜŬɔɜɩɟɘůɖ ˊɟɞɖɔɞɨɛŮɜɤɜ ŬɓɏɓŬɘɤɜ űɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ɤəŮŬɜɞɨ əŬɘ ɞɘ 

ŮˊɘűŬɜŮɘŬəɏɠ ŮəŭɖɚɩůŮɘɠ ŬŰɛɞůűŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ. ȼ ŬˊɞůŰɞɚɐ ERS-1 

ɞɚɞəɚɖɟɩɗɖəŮ ůŰɘɠ 10 ɀŬɟŰɑɞɡ 2000 Ŭˊɧ Űɖɜ ŬˊɞŰɡɢɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ 

ɗɏůɖɠ Ůˊɑ Űɞɡ ůəɎűɞɡɠ. 

 

Ƀ ŭɞɟɡűɧɟɞɠ ERS-2 (European Remote-Sensing Satellite-2) ŬˊɞŰŮɚŮɑ ůɡɜɏɢŮɘŬ Űɞɡ 

ERS-1 əŬɘ ŮɑɢŮ ŰŬ ɑŭɘŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɀŮ ˊɟɧůɗŮŰɞ ɏɜŬ ɜɏɞ ɧɟɔŬɜɞ 

ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ɢɖɛɘəɐɠ ůɨɜɗŮůɖɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ, ɛŮ Űɞ 

ɧɜɞɛŬ GOME (Global Experiment Monitoring Ozone) (ESA, 2018). ɇɏɗɖəŮ ůŮ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɜ ȷˊɟɑɚɘɞ Űɞɡ 1992 əŬɘ ɏɤɠ Űɞɜ Ƚɞɨɜɘɞ Űɞɡ 1996 ŮɑɢŮ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ 

35ɐɛŮɟɖ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŰɟɞɢɘɎ, əɘɜɞɨɛŮɜɞɠ 20 ɚŮˊŰɎ ɛˊɟɞůŰɎ Ŭˊɧ Űɞɜ ERS-1, 

ŮˊɘŰɟɏˊɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɚɚɖɚɞɦˊɞůŰɖɟɘɕɧɛŮɜɖ ɢɟɐůɖ Űɤɜ ŭɨɞ ŭɞɟɡűɧɟɤɜ ɔɘŬ Űɖɜ 

ŮəŰɏɚŮůɖ ɛɘŬɠ ůŮɘɟɎɠ ŭɘŮɟɔŬůɘɩɜ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ŮˊŬɚɐɗŮɡůɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ 

ŬɚŰɑɛŮŰɟɞɡ ERS-2 (ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2005). ɆŰɧɢɞɠ Űɞɡ ɐŰŬɜ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ũɖɠ, Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɞɡ ŬɏɟŬ. ɇɞ ŬɚŰɑɛŮŰɟɞ Űɞɡ ŭɞɟɡűɧɟɞɡ ERS-1 ŮɑɢŮ ŬəɟɑɓŮɘŬ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 5 cm, Ůɜɩ Űɞ ŬɜŰɑůŰɞɘɢɞ Űɞɡ ŭɞɟɡűɧɟɞɡ ERS-2 Űɖɠ ŰɎɝɖɠ Űɤɜ 3 cm. ȼ 

ŬˊɞůŰɞɚɐ Űɞɡ ERS-2 ɚɧɔɤ ɛɖɢŬɜɘəɩɜ ɓɚŬɓɩɜ ŰŮɟɛŬŰɑůŰɖəŮ ůŰɘɠ 6 Ƚɞɡɚɑɞɡ Űɞɡ 2011. 

 

Ƀ ŮˊɧɛŮɜɞɠ ŭɞɟɡűɧɟɞɠ ˊɞɡ ɐŰŬɜ ůɢŮŰɘəɧɠ ɛŮ Űɖɜ ŬɚŰɘɛŮŰɟɑŬ, ɐŰŬɜ ˊɟɞɥɧɜ ůɡɜŮɟɔŬůɑŬɠ 

Űɖɠ NASA əŬɘ Űɖɠ ũŬɚɚɘəɐɠ ɈˊɖɟŮůɑŬɠ ȹɘŬůŰɐɛŬŰɞɠ (Centre National d'Etudes 

Spatiales-CNES), ɞɜɞɛɎůŰɖəŮ TOPEX/Poseidon Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɟɞɔɟɎɛɛŬŰŬ 

Topography Experiment əŬɘ Poseidon. Ɇəɞˊɧɠ ɐŰŬɜ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɞɟɡűɧɟɞɡ ɛŮ 

ɚŮɘŰɞɡɟɔɑŬ ɛŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ əŬɘ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ, ɧˊɞɡ ɗŬ ůɡɚɚɏɔŮɘ ŭŮŭɞɛɏɜŬ 
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ůɢŮŰɘəɎ ɛŮ Űɖ ɓŬɟɨŰɖŰŬ Űɖɠ ũɖɠ əŬɘ Űɖɜ ɤəŮɎɜɘŬ ůɡɛˊŮɟɘűɞɟɎ. ɆɡɔəŮəɟɘɛɏɜŬ ůɨɚɚŮɝŮ 

ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɜŬűŮɟɧɜŰɞɡůŬɜ ůŰŬ ɨɣɞɘ Űɞɡ ɔŮɤŮɘŭɞɨɠ əŬŰɎ ɛɐəɞɠ Űɤɜ 

Űɟɞɢɘɩɜ, ŰŬ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ (ˊ.ɢ. ɅŮɨɛŬ Űɞɡ Ⱦɧɚˊɞɡ Űɞɡ ɀŮɝɘəɞɨ), ŰŬ ɛŮɔɎɚɖɠ 

əɚɑɛŬəŬɠ űŬɘɜɧɛŮɜŬ Űɤɜ ɤəŮŬɜɩɜ (ˊ.ɢ. ŰŬ ŰŬ əɨɛŬŰŬ Rossby əŬɘ Kelvin), Űɖ ŭŮəŬŮŰɐ 

ŰŬɚɎɜŰɤůɖ Űɞɡ Ⱥɘɟɖɜɘəɞɨ (Pacific Decadal Oscillation ï PDO) əŬɘ ɛŮŰŮɤɟɞɚɞɔɘəɎ 

űŬɘɜɧɛŮɜŬ (ˊ.ɢ. Űɞ űŬɘɜɧɛŮɜɞ El Ni¶o əŬɘ La Ni¶a). ɇɞˊɞɗŮŰɐɗɖəŮ ůŮ ŰɟɞɢɘɎ Űɞɜ 

ȷɨɔɞɡůŰɞ Űɞɡ 1992, ůŮ ɨɣɞɠ 1335 ɢɘɚɘɧɛŮŰɟŬ əŬɘ ŰɟɞɢɘŬəɐ əɚɑůɖ ˊŮɟɑˊɞɡ 660 ɛɞɑɟŮɠ, 

ɛŮ 10ɐɛŮɟɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŰɟɞɢɘɎ. Ƀ T/P ɏɢŮɘ ɡɣɖɚɏɠ ŬəɟɑɓŮɘŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ŰɟɞɢɘɎɠ ɚɧɔɤ Űɤɜ Űɟɘɩɜ ůɡůŰɖɛɎŰɤɜ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ: 

ŬɜŬəɚŬůŰɐɟŮɠ ɔɘŬ ŭɞɟɡűɞɟɘəɎ ŰɖɚɏɛŮŰɟŬ SLR əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ ŮɜŰɞˊɘůɛɞɨ DORIS 

əŬɘ GPS (ȹŮɚɖəŬɟɎɞɔɚɞɡ, 2005). ȼ ŭɞɟɡűɞɟɘəɐ ŬˊɧůŰɞɚɐ ŭɘɏɗŮŰŮ ŭɨɞ ɟŬɜŰɎɟ 

ŬɚŰɑɛŮŰɟŬ ɏɜŬ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨůŮ ɛŮ Ku-band əŬɘ ɏɜŬ ɛŮ C-band. ɇŬ ŭɨɞ ŬɚŰɑɛŮŰɟŬ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ Űɖɜ ɑŭɘŬ əŮɟŬɑŬ ɚɐɣɖɠ, Ůˊɞɛɏɜɤɠ ŭŮɜ ɐŰŬɜ ŭɡɜŬŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ 

ŰŬɡŰɧɢɟɞɜŬ. ɆŰɘɠ 18 ȽŬɜɞɡŬɟɑɞɡ 2006 ŰŮɟɛɎŰɘůŮ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɞɟɡűɧɟɞɡ. ȳɛɤɠ ɖ 

ůɡɜŮɘůűɞɟɎ Űɞɡ ŭɞɟɡűɧɟɞɡ TOPEX/Poseidon ɐŰŬɜ ˊɞɚɨ ɛŮɔɎɚɖ, əŬɗɩɠ ˊŬɟɐɢɗɖůŬɜ 

ŬəɟɘɓŮɑɠ ˊŬɔəɧůɛɘɞɘ ɢɎɟŰŮɠ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ əŬɘ ɏɔɘɜŮ ˊɘɞ Ůɨəɞɚɖ ɖ ɛŮɚɏŰɖ Űɖɠ 

ˊŬɔəɧůɛɘŬɠ ɓŬɟɨŰɖŰŬɠ. ȷəɧɛɖ, ɏɜŬɠ ˊɚɞɨŰɞɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ɏɟŮɡɜŬɠ ŭɖɛɞůɘŮɨɗɖəŮ 

ůŰɞ JGR Oceans 2 ɢɟɧɜɘŬ ɛŮŰɎ Űɖɜ Ŭɟɢɐ Űɖɠ Ůɘŭɘəɐɠ ɏəŭɞůɖɠ Űɞɡ JGR ɔɘŬ Űɞ 

TOPEX/Poseidon (Fu ə.Ɏ., 1994). 

 

Ƀ ŭɘɎŭɞɢɞɠ Űɞɡ GEOSAT ŮəŰɞɝŮɨɗɖəŮ ůŰɘɠ 10 ūŮɓɟɞɡŬɟɑɞɡ Űɞɡ 1998. ȱŰŬɜ 

ŭɖɛɘɞɨɟɔɖɛŬ Űɞɡ ɁŬɡŰɘəɞɨ Űɤɜ ȼ.Ʉ.ȷ., ŭɘɞɘəɞɨɜŰŬɜ Ŭˊɧ Űɞ ũɟŬűŮɑɞ ɄɟɞɔɟɎɛɛŬŰɞɠ 

METOC (ɀŮŰŮɤɟɞɚɞɔɘəɧɠ / ɋəŮŬɜɞɔɟŬűɘəɧɠ) Űɞɡ SPAWAR (ȹɘɞɑəɖůɖ ɆɡůŰɖɛɎŰɤɜ 

ȹɘŬůŰɖɛɘəɞɨ əŬɘ ɁŬɡŰɘəɞɨ Ʉɞɚɏɛɞɡ) ůŰɞ ɆŬɜ ɁŰɘɏɔəɞ əŬɘ ɞɜɞɛɎůŰɖəŮ GFO 

(GEOSAT Follow-On Satellite). ɄŮŰɞɨůŮ ůŮ ŰɟɞɢɘɎ ůŰŬ 800 ɢɘɚɘɧɛŮŰɟŬ ɛŮ əɚɑůɖ 108Á. 

ȼ ŬˊɞůŰɞɚɐ GFO ˊŮɟɘŮɚɎɛɓŬɜŮ Űɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ ŬɚŰɘɛŮŰɟɑŬɠ ɔɘŬ Űɞɜ 

ˊŬɟŬɗŬɚɎůůɘɞ ɤəŮŬɜɞɔɟŬűɘəɧ ɢɩɟɞ, Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ɛɏůɖɠ əɚɑɛŬəŬɠ Űɖɠ 

ɗŬɚɎůůɘŬɠ ůɡɛˊŮɟɘűɞɟɎɠ (ˊ.ɢ. ɗŬɚɎůůɘɤɜ ɛŮŰɩˊɤɜ) əŬɘ Űɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ 

ˊŬɔəɧůɛɘŬɠ əɚɑɛŬəŬɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɤəŮɎɜɘɤɜ ɛɞɜŰɏɚɤɜ (ESA, 2018). ɇŬ 

ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŬˊɞůŰɞɚɐɠ ŭɘŬŰɑɗŮɜŰŬɘ ɛɏůɤ Űɖɠ ɁɃȷȷ. ȼ 

ŬˊɞůŰɞɚɐ Űɞɡ ŭɞɟɡűɧɟɞɡ GFO ŰŮɟɛŬŰɑůŰɖəŮ ůŰɘɠ 26 ɁɞŮɛɓɟɑɞɡ 2008. 

 

ȹɘɎŭɞɢɞɠ Űɞɡ TOPEX/Poseidon ŮɑɜŬɘ ɖ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ Jason-1, ɧˊɞɡ ŮɑɜŬɘ 

ŭɖɛɘɞɨɟɔɖɛŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ Űɞɡ CNES əŬɘ Űɖɠ NASA. Ɇəɞˊɧɠ ɐŰŬɜ ɜŬ ŬɜŬəŬɚɡűɗŮɑ 
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ɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ, ɜŬ ɓŮɚŰɘɤɗɞɨɜ ɞɘ ˊŬɔəɧůɛɘŮɠ 

ˊɟɞɓɚɏɣŮɘɠ ɔɘŬ Űɞ əɚɑɛŬ əŬɘ ɜŬ ˊŬɟŬəɞɚɞɡɗɐůɞɡɜ ɔŮɔɞɜɧŰŬ ɧˊɤɠ ɞɘ ůɡɜɗɐəŮɠ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ El Ni¶o. ɇɞˊɞɗŮŰɐɗɖəŮ ůŮ ŰɟɞɢɘɎ ůŮ ɨɣɞɠ 1300 ɢɘɚɘɧɛŮŰɟŬ, ɛŮ əɚɑůɖ 

66.04Á. ɇŬ ɓŬůɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɞɡ 

TOPEX/Poseidon, ŭɘɏɗŮŰŮ ˊɏɜŰŮ ɓŬůɘəɎ ɧɟɔŬɜŬ: Űɞ ɟŬɜŰɎɟ ŬɚŰɑɛŮŰɟɞ , Űɞ ɟŬŭɘɧɛŮŰɟɞ 

ɡŭɟŬŰɛɩɜ əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ DORIS, GPS əŬɘ SLR ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ŰɟɞɢɘɎɠ Űɞɡ. ɆŰɘɠ 3 Ƚɞɡɚɑɞɡ Űɞɡ 2013 ɢɎɜŮŰŬɘ ɖ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ Űɞɜ ŭɞɟɡűɞɟɘəɧ ůəɎűɞɠ 

əŬɘ ŬɜŬůŰɏɚɚŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. ȼ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ Jason-1 ɢɎɟɘůŮ ŬɟəŮŰɎ 

ŬɚŰɘɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ Űɖɠ AVISO (Archivage, Validation et 

Interpretation des donnees des Satellites Oceanographiques), ɖ ɞˊɞɑŬ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ 

Űɞ CNES əŬɘ Űɞ PODAAC (Physical Oceanography Distributed Archive Center) ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖ NASA. 

 

ȰˊŮɘŰŬ ɤɠ ŭɘɎŭɞɢɞɠ Űɞɡ ERS-1 əŬɘ ERS-2, ŮəŰɞɝŮɨɗɖəŮ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ ɈˊɖɟŮůɑŬ 

ȹɘŬůŰɐɛŬŰɞɠ (European Space Agency-ESA) ɖ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ Envisat 

(Environmental Satellite), ɧˊɞɡ ɓŬůɘəɧɠ Űɞɡ ůəɞˊɧɠ ɐŰŬɜ ɖ ˊŬɟŬŰɐɟɖůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɇɏɗɖəŮ ůŮ ɖɚɘɞůɨɔɢɟɞɜɖ ŰɟɞɢɘɎ ůŰɘɠ 1ɖ ɀŬɟŰɑɞɡ Űɞɡ 2002 ůŮ ɨɣɞɠ 

800 ɢɘɚɘɧɛŮŰɟŬ, ɛŮ əɚɑůɖ 98.55 ɛɞɘɟɩɜ. ȹɘɏɗŮŰŮ ŭɏəŬ ɧɟɔŬɜŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɏɜŬ 

ɟŬɜŰɎɟ ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ (ȷSAR), ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ ŬəɟɑɓŮɘŬɠ ˊŮɟɑˊɞɡ 2 

cm əŬɘ Űɞ ůɨůŰɖɛŬ ŮɜŰɞˊɘůɛɞɨ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡ ŭɞɟɡűɧɟɞɡ DORIS (Benveniste ə.Ɏ., 

2001) . ɆŰɘɠ 8 ȷˊɟɘɚɑɞɡ Űɞɡ 2012 ɢɎɜɞɜŰŬɘ ɞɘ ŮˊŬűɏɠ ɛŮ Űɞɜ ŭɞɟɡűɧɟɞ, ɚɧɔɤ ɎɔɜɤůŰɤɜ 

ŬɘŰɘɩɜ əŬɘ ŰŮɟɛŬŰɑɕŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ˊŬɟɎ Űɘɠ ˊɞɚɚɏɠ ˊɟɞůˊɎɗŮɘŮɠ Űɖɠ 

ŮɟŮɡɜɖŰɘəɐɠ ɞɛɎŭŬɠ ɔɘŬ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ESA, 2018). 
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ɇɟɏɢɞɡůŮɠ ŬˊɞůŰɞɚɏɠ 

ɆŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ OSTM (Ocean Surface Topography Mission), əŬɘ ɤɠ 

ŭɘŬŭɞɢɘəɧɠ ŭɞɟɡűɧɟɞɠ Űɞɡ Jason-1 ŮəŰɞɝŮɨɗɖəŮ ůŰɘɠ 20 Ƚɞɡɜɑɞɡ Űɞɡ 2008, ɞ 

ŭɞɟɡűɧɟɞɠ Jason-2. ȷˊɞŰŮɚŮɑ ˊɟɞɥɧɜ ůɡɜŮɟɔŬůɑŬɠ Űɤɜ NASA, CNES əŬɘ NOAA. 

ȸŬůɘəɧɠ ůŰɧɢɞɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɞɟɡűɞɟɘəɐɠ ŬˊɞůŰɞɚɐɠ, ŮɑɜŬɘ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ 

əŬɚɨŰŮɟŬ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɑůɤ Ŭˊɧ Űɘɠ ˊŬɔəɧůɛɘŮɠ ŬɚɚŬɔɏɠ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ ɜŬ 

ˊɟɞɓɚɏɣɞɡɛŮ ŮˊɞɢɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ ůŰɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ɛŮ ɓɎůɖ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ 

Űɤɜ ɤəŮŬɜɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ ůəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ɜŬ ŮˊŮəŰŮɑɜɞɡɜ Űɖ 

ɢɟɞɜɞůŮɘɟɎ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɤəŮŬɜɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɜŬ ŬˊɞəŰɞɨɜ 

ůɡɜŮɢɐ əŬŰŬɔɟŬűɐ ˊŬɟŬŰɖɟɐůŮɤɜ (ůŮ ůɡɜŭɘŬůɛɧɠ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŬˊɞůŰɞɚɏɠ), 

ɜŬ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɤəŮɎɜɘŬɠ əɡəɚɞűɞɟɑŬɠ ůŮ ŭŮəŬŭɘəɏɠ ɢɟɞɜɘəɏɠ 

əɚɑɛŬəŮɠ Ŭˊɧ Űɖ ůɡɜŭɡŬůɛɏɜɖ əŬŰŬɔɟŬűɐ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞɡɠ T/P əŬɘ Jason, Űɖ 

ɓŮɚŰɑɤůɖ Űɞɡ ɛɏŰɟɞɡ Űɖɠ ɛɏůɖɠ ɤɟɘŬɑŬɠ əɡəɚɞűɞɟɑŬɠ Űɤɜ ɤəŮŬɜɩɜ, Űɖ ɓŮɚŰɑɤůɖ Űɖɠ 

ɛɏŰɟɖůɖɠ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ 

ŬɜɞɘɢŰɩɜ ɛɞɜŰɏɚɤɜ ˊŬɚɑɟɟɞɘŬɠ Űɤɜ ɤəŮŬɜɩɜ (ESA, 2018). ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ŰɟɞɢɘɎɠ Űɞɡ ɐŰŬɜ ɑŭɘŬ ɛŮ Űɞɡ Jason-1, ŭɖɚŬŭɐ ɓɟɘůəɧŰŬɜ ůŮ ŰɟɞɢɘɎ ůŰŬ 1336 ɢɘɚɘɧɛŮŰɟŬ 

ɛŮ əɚɑůɖ 66.038 ɛɞɑɟŮɠ. ȹɘŬɗɏŰŮɘ Űɞ ŬɚŰɑɛŮŰɟɞ POSEIDON-3 əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ 

DORIS əŬɘ GPS Payload ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡ. ɇɞ ŬɚŰɑɛŮŰɟɞ ŮɑɜŬɘ ɏɜŬ 

ůɡɛˊŬɔɏɠ, ɢŬɛɖɚɐɠ ɘůɢɨɞɠ, ɢŬɛɖɚɐɠ ɛɎɕŬɠ ɧɟɔŬɜɞ ˊɞɡ ˊɟɞůűɏɟŮɘ ɡɣɖɚɧ ɓŬɗɛɧ 

ŬɝɘɞˊɘůŰɑŬɠ. ɇɞ Poseidon-3 ŮɑɜŬɘ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ ˊɞɡ ŮəˊɏɛˊŮɘ ˊŬɚɛɞɨɠ ůŮ ŭɨɞ 

ůɡɢɜɧŰɖŰŮɠ (13,6 əŬɘ 5,3 GHz, ɖ ŭŮɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ) əŬɘ ŬɜŬɚɨŮɘ Űɞ ůɐɛŬ ŮˊɘůŰɟɞűɐɠ 

ˊɞɡ ŬɜŬəɚɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ (AVISO, 2018). ɇɞɜ Ƚɞɨɚɘɞ Űɞɡ 2017, ɞ Jason-2 

ɝŮəɑɜɖůŮ ɛɘŬ ɜɏŬ ŬˊɞůŰɞɚɐ ŮˊɘůŰɐɛɖɠ ɧŰŬɜ ɛŮŰŬəɘɜɐɗɖəŮ ůŮ ɛɘŬ ŮɚŬűɟɩɠ ɢŬɛɖɚɧŰŮɟɖ 

ŰɟɞɢɘɎ. ɆŮ ŬɡŰɐ Űɖ ɜɏŬ ŰɟɞɢɘɎ, ɞ Jason-2 ůɡɔəŮɜŰɟɩɜŮɘ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ɛɏůɖ 

ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɛŮ ˊɞɚɨ ŬəɟɑɓŮɘŬ əŬɘ ɡɣɖɚɐ ŬɜɎɚɡůɖ. ȼ ɏɚɝɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ 

Ŭˊɧ ŰŬ ɡˊɞɓɟɨɢɘŬ ɓɞɡɜɎ əŬɘ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɗŬɚɎůůɘɞɡ ˊɡɗɛɏɜŬ, ɓɞɖɗɎ ůŰɖ 

ŭɘŬɛɧɟűɤůɖ Űɖɠ ɛɏůɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ. ȷɡŰɏɠ ɞɘ ɜɏŮɠ ɛŮŰɟɐůŮɘɠ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɐŭɖ Ŭˊɧ Űɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ɔɘŬ ɜŬ 

ɓŮɚŰɘɩůɞɡɜ Űɞɡɠ ɢɎɟŰŮɠ Űɞɡ ůɢɐɛŬŰɞɠ əŬɘ Űɞɡ ɓɎɗɞɡɠ Űɞɡ ɗŬɚɎůůɘɞɡ ŭŬˊɏŭɞɡ. Ƀɘ ɜɏɞɘ 

ɢɎɟŰŮɠ ɗŬ ŮˊɘŰɟɏɣɞɡɜ Ůˊɑůɖɠ Űɖɜ ˊɟɧɞŭɞ ůŰɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ɤəŮŬɜɩɜ, Űɖ 

ŭɡɜŬɛɘəɐ Űɖɠ ũɖɠ əŬɘ Űɤɜ ɏɚŮɔɢɞ Űɤɜ ɜŬɡŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ 

ŭɞɟɡűɧɟɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ, ɏɢŮɘ ˊɟɞůűɏɟŮɘ ˊɞɚɚɎ ůŰɖɜ ɐŭɖ ŭŮəŬŮŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əŬɘ 

ůɡɜŮɢɑɕŮɘ. 
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ɇɞ ˊɟɧɔɟŬɛɛŬ Cryosat ɘŭɟɨɗɖəŮ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ ɈˊɖɟŮůɑŬ ŭɘŬůŰɐɛŬŰɞɠ 

(European Space Agency-ESA) ɤɠ ɛɏɟɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Living Planet, ɛŮ ůəɞˊɧ 

Űɖ ɛŮɚɏŰɖ Űɤɜ ˊɞɚɘəɩɜ ˊŮɟɘɞɢɩɜ. ɆɡɔəŮɟɘɛɏɜŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞ ˊɎɢɞɠ Űɞɡ ˊɎɔɞɡ ůŰɘɠ 

ɖɛŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ůŰɖ ɗɎɚŬůůŬ ŬɚɚɎ əŬɘ Űɖɜ ɚɏˊŰɡɜůɖ Űɤɜ ˊɎɔɤɜ ůŰɞɡɠ ˊɧɚɞɡɠ 

ɚɧɔɤ Űɖɠ ɡˊŮɟɗɏɟɛŬɜůɖɠ Űɞɡ ˊɚŬɜɐŰɖ (AVISO, 2018). O ŭɞɟɡűɧɟɞɠ CryoSat-2 

ŬɜŰɘəŬŰɏůŰɖůŮ Űɞɜ CryoSat, ɞ ɞˊɞɑɞɠ əŬŰŬůəŮɡɎůŰɖəŮ Űɞ 1999 əŬɘ ɏˊŮɘŰŬ,  ŬɚɚɎ 

ɢɎɗɖəŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬˊɞŰɡɢɑŬɠ Űɖɠ ŮəŰɧɝŮɡůɖɠ Űɞɡ ůŰɘɠ 8 ɃəŰɤɓɟɑɞɡ 2005. 

ɄɏɜŰŮ ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ ůŰɘɠ 8 ȷˊɟɘɚɑɞɡ Űɞɡ 2010, ŮəŰɞɝŮɨɗɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ ɞ CryoSat 

2 ůŮ ŰɟɞɢɘɎ ůŰŬ 717 ɢɘɚɘɧɛŮŰɟŬ, ɛŮ əɚɑůɖ 88ɞ. Ƀ ŭɞɟɡűɧɟɞɠ əŬɚɨˊŰŮɘ ůɢŮŭɧɜ ɧɚɞ Űɞ 

Ůɨɟɞɠ Űɤɜ ˊɞɚɘəɩɜ ˊŮɟɘɞɢɩɜ. Ɇəɞˊɧɠ Űɞɡ ŮɑɜŬɘ ɜŬ ˊŬɟŬəɞɚɞɡɗŮɑ Űɞ ˊɎɢɞɠ Űɞɡ ˊɎɔɞɡ 

Űɖɠ ɔɖɠ əŬɘ Űɞɡ ˊɎɔɞɡ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ɜŬ ɓɞɖɗɐůŮɘ ɜŬ ŮɝɖɔɖɗŮɑ ɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ 

Űɐɝɖɠ Űɞɡ ˊɞɚɘəɞɨ ˊɎɔɞɡ əŬɘ Űɖɠ Ŭɨɝɖůɖɠ Űɤɜ Ůˊɘˊɏŭɤɜ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ˊɩɠ ŬɡŰɧ 

ůɡɛɓɎɚɚŮɘ ůŰɖɜ ŬɚɚŬɔɐ Űɞɡ əɚɑɛŬŰɞɠ. ȹɘŬɗɏŰɖ ˊŬɟɧɛɞɘŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ 

Űɞɜ CryoSat.  Ƀ Cryosat-2 űɏɟŮɘ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ/ůɡɛɓɞɚɧɛŮŰɟɞ ŰŮɢɜɞɚɞɔɑŬɠ 

Siral, Űɞ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ ůŰɖ Ku-band. Ⱥˊɑůɖɠ, ŭɘŬɗɏŰŮɘ ůɨůŰɖɛŬ ŮɜŰɞˊɘůɛɧ DORIS, 

ŬɚɚɎ ŭŮ ŭɘŬɗɏŰŮɘ ɟŬŭɘɧɛŮŰɟɞ (Rosmorduc ə.Ɏ., 2011). 

 

ȯɚɚɖ ɛɘŬ ůŮɘɟɎ ŭɞɟɡűɧɟɤɜ ˊɞɡ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɤəŮŬɜɩɜ ŮɑɜŬɘ 

ɞɘ Haiyang, ɞɘ ɞˊɞɑɞɘ ůɢŮŭɘɎůŰɖəŬɜ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Ŭˊɧ Űɖɜ Ⱦɘɜɏɕɘəɖ 

ȷəŬŭɖɛɑŬ Űɖɠ ȹɘŬůŰɖɛɘəɐɠ ɇŮɢɜɞɚɞɔɑŬɠ (CAST-Chinese Academy of Space 

Technology). ȼ ůŮɘɟɎ ŬɡŰɐ ŭɘɏɗŮŰŮ ŭɨɞ ŭɞɟɡűɧɟɞɡɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨůŬɜ ůŰɞ ˊŬɟŮɚɗɧɜ 

Űɞɡɠ Haiyang 1ȷ (HY-1ȷ) əŬɘ ȼɈ-1ȸ, ˊɞɡ ŮůŰɑŬɕŬɜ ůŰɖɜ ɛɏŰɟɖůɖ Űɞɡ ɢɟɩɛŬŰɞɠ əŬɘ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɤəŮŬɜɞɨ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɞɟŬŰɧ əŬɘ ɡˊɏɟɡɗɟɞ ŬɘůɗɖŰɐɟŬ. 

Ⱥˊɑůɖɠ ŭɘŬɗɏŰɞɡɜ Űɖ ůŮɘɟɎ HY-2 ɖ ɞˊɞɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞ ɗŬɚɎůůɘɞ ŭɡɜŬɛɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ, ɛŮ ŬɘůɗɖŰɐɟŮɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɖ ɗɎɚŬůůŬ, Űɞɡ ɨɣɞɡɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (Rosmorduc ə.Ɏ., 2011). Ƀ ŭɞɟɡűɧɟɞɠ HY-2A 

ŮəŰɞɝŮɨɗɖəŮ ůŰɘɠ 15 ȷɡɔɞɨůŰɞɡ Űɞɡ 2011 ůŮ ŰɟɞɢɘɎ ůŰŬ 971 km əŬɘ əɚɑůɖ 99.3ɞ. 

ȹɘŬɗɏŰŮɘ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɛŮ ŭɘˊɚɐ ůɡɢɜɧŰɖŰŬ Ku əŬɘ C band. ȷɜŰɑůŰɞɘɢŬ əŬɘ ɞ 

ŭɞɟɡűɧɟɞɠ HY-2B ˊɞɡ ŮəŰɞɝŮɨɗɖəŮ 24 ɃəŰɤɓɟɑɞɡ Űɞɡ 2018, ŭɘŬɗɏŰŮɘ ˊŬɟɧɛɞɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȷɜŬɛɏɜŮŰŬɘ Űɞ 2019 əŬɘ ɏˊŮɘŰŬ ɜŬ ɛˊɞɡɜ ůŮ ŰɟɞɢɘɎ Ɏɚɚɞɘ ŭɨɞ 

ŭɞɟɡűɧɟɞɘ ŬɡŰɐɠ Űɖɠ ůŮɘɟɎɠ ɞ HY-2C əŬɘ ɞ HY-2D. 
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Ƀ ŮˊɧɛŮɜɞɠ ŬɚŰɘɛŮŰɟɘəɧɠ ŭɞɟɡűɧɟɞɠ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɏɤɠ ůɐɛŮɟŬ ɞɜɞɛɎɕŮŰŬɘ SARAL 

Ŭˊɧ Űɞ Satellite with ARgos and AltiKa. ȺɑɜŬɘ ˊɟɞɥɧɜ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ Űɞɡ Ƚɜŭɘəɞɨ 

ɃɟɔŬɜɘůɛɞɨ ȹɘŬůŰɐɛŬŰɞɠ ȰɟŮɡɜŬɠ (ISRO-Indian Space Research Organization) əŬɘ 

Űɖɠ CNES. ɇɏɗɖəŮ ůŮ ŰɟɞɢɘɎ ůŰɘɠ 25 ūŮɓɟɞɡŬɟɑɞɡ 2013, ůŮ ɡɣɧɛŮŰɟɞ ˊŮɟɑˊɞɡ 800 

ɢɘɚɘɞɛɏŰɟɤɜ əŬɘ əɚɑůɖ 98.55 ɛɞɘɟɩɜ (AVISO, 2018). ɇɞˊɞɗŮŰɐɗɖəŮ ůŮ ŰɟɞɢɘɎ 

ŬɜŰɑůŰɞɘɢɖ Űɞɡ Envisat (ȷɚŰɘˊŬɟɛɎəɖ, 2017). ȹɘŬɗɏŰŮɘ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ˊɞɡ ɚŮɡŰɞɡɟɔŮɑ 

ɛŮ Ka-band: 35 GHz, ɧˊɞɡ ɓɞɖɗɎ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɞɡ ˊɎɔɞɡ, Űɖɠ ɓɟɞɢɐɠ, Űɤɜ 

ˊŬɟɎəŰɘɤɜ ɕɤɜɩɜ, Űɤɜ ɛŬɕɩɜ (ŭɎůɖ ə.ɚˊ.) əŬɘ Űɤɜ ɡɣɩɜ Űɤɜ əɡɛɎŰɤɜ. ɇɞɜ 

ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2018, ɖ ŬˊɞůŰɞɚɐ SARAL / AltiKa ɞɚɞəɚɐɟɤůŮ ˊɏɜŰŮ ɢɟɧɜɘŬ ůŮ 

ŰɟɞɢɘɎ. ȷˊɧ Űɞɜ ɀɎɟŰɘɞ Űɞɡ 2015, ŰŮɢɜɘəɎ ɕɖŰɐɛŬŰŬ ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ əŬɘ ŬɡŰɧ 

ɞŭɐɔɖůŮ ůŰɖɜ ŬˊɧűŬůɖ Űɖɠ ɢŬɚɎɟɤůɖɠ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɛŮŰɎ Űɘɠ 4 

Ƚɞɡɚɑɞɡ 2016, ɖ SARAL / AltiKa ɎűɖůŮ Űɖɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŰɟɞɢɘɎ Űɖɠ, 

ɝŮəɘɜɩɜŰŬɠ ɛɘŬ ɜɏŬ űɎůɖ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ "SARAL Drifting Phase" (SARAL-DP 

Phase). ȼ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ əŬɗɩɠ əŬɘ ɖ ɚŬɜɗɎɜɞɡůŬ əŬŰɎůŰŬůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŭŮɜ ɏɢɞɡɜ ŬɚɚɎɝŮɘ. ȷˊɧ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ŬɡŰɐ, ɞ ŭɞɟɡűɧɟɞɠ SARAL ˊŮŰɎŮɘ 

ɢɤɟɑɠ Ůɚɘɔɛɞɨɠ ůŰɞ ůŰŬɗɛɧ, ˊɟɎɔɛŬ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ɛŮŰŬŰɧˊɘůɖ ɛŮŰŬɝɨ 

ŭɘŬŭɞɢɘəɩɜ ɔŮɘŰɞɜɘəɩɜ ŭɘŬŭɟɞɛɩɜ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ˊɚɏɞɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ. 

 

Ƀ Jason-3 ŮɑɜŬɘ ŭɘɎŭɞɢɞɠ Űɞɡ Jason-2, ŮəŰɞɝŮɨɗɖəŮ ůŰɘɠ  17 ȽŬɜɞɡŬɟɑɞɡ Űɞɡ 2016 əŬɘ 

ŬˊɞŰŮɚŮɑ ŬˊɞůŰɞɚɐ ůɡɜŮɟɔŬůɑŬɠ Űɤɜ CNES, NASA, Eumetsat (European Organisation 

for the Exploitation of Meteorological Satellites) əŬɘ NOAA. ȸŬůɘəɧɠ Űɞɡ ůəɞˊɧɠ ŮɑɜŬɘ 

ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ əɚɑɛŬŰɞɠ, Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ɤəŮŬɜɞɔɟŬűɑŬɠ əŬɘ Űɤɜ 

ŮˊɞɢɘŬəɩɜ ˊɟɞɓɚɏɣŮɤɜ. ɇɏɗɖəŮ ůŮ ŰɟɞɢɘɎ ůŰŬ 1336 km ɛŮ əɚɑůɖ 66Á. ȹɘŬɗɏŰŮɘ Űɞ 

ŬɚŰɑɛŮŰɟɞ Poseidon-3B əŬɘ ɖ ŰɟɞɢɘɎ Űɞɡ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ GPS RECEIVER 

(GPSP), DORIS (DOPPLER LOCATION) əŬɘ LRA (LASER TRACKING). ɇɞ  

ŬɚŰɑɛŮŰɟɞ Poseidon-3B, ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɖɜ CNES, ŮɑɜŬɘ Űɞ əɨɟɘɞ ɧɟɔŬɜɞ Űɖɠ 

ŬˊɞůŰɞɚɐɠ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŬɚŰɑɛŮŰɟŬ Jason-1 əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Jason-2. 

ȺˊɘŰɟɏˊŮɘ Űɖ ɛɏŰɟɖůɖ Űɞɡ Ůɨɟɞɡɠ (Űɖɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɞ ŭɞɟɡűɧɟɞ ɏɤɠ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ũɖɠ), Űɞɡ ɨɣɞɡɠ Űɤɜ əɡɛɎŰɤɜ əŬɘ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ (ESA, 2018). 

 

O ŮˊɧɛŮɜɞɠ ŭɞɟɡűɧɟɞɠ ŬɜɐəŮɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ GMES (Global Monitoring for 

Environment and Security) Űɖɠ ȺɡɟɤˊŬɥəɐɠ ɈˊɖɟŮůɑŬɠ ȹɘŬůŰɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ 

ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ɤəŮŬɜɩɜ, 

Űɖɠ ɔɖɠ əŬɘ Űɤɜ ˊɎɔɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ůŮ ŭɘɎůŰɖɛŬ ˊŮɟɑˊɞɡ 20 ŮŰɩɜ. ȼ 
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ŭɞɟɡűɞɟɘəɐ ŬɡŰɐ ŬˊɞůŰɞɚɐ ŮɑɜŬɘ ɖ Copernicus Sentinel-3 əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ 

ŰŬɡŰɧůɖɛɞɡɠ ŭɞɟɡűɧɟɞɡɠ ůŰɖɜ ɑŭɘŬ ŰɟɞɢɘɎ ˊɞɡ Ŭˊɏɢɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ əŬŰɎ ˊŮɟɑˊɞɡ 180 

ɛɞɑɟŮɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ˊŬɟɞɢɐ ɛŬəɟɞˊɟɧɗŮůɛɤɜ ŮˊɘɢŮɘɟɖůɘŬəɩɜ ɡˊɖɟŮůɘɩɜ 

ɗŬɚɎůůɘŬɠ əŬɘ ɢŮɟůŬɑŬɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ (ESA, 2018). Ƀ ˊɟɩŰɞɠ ŭɞɟɡűɧɟɞɠ ŰɏɗɖəŮ 

ůŮ ŰɟɞɢɘɎ Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2016 əŬɘ ɞ ŭŮɨŰŮɟɞɠ Űɞɜ ȷˊɟɑɚɘɞ Űɞɡ 2018. ɇɏɗɖəŬɜ ůŮ 

ˊɞɚɘəɐ ŰɟɞɢɘɎ ůŰŬ 815 ɢɘɚɘɧɛŮŰɟŬ ɛŮ əɚɑůɖ 98.645589 ɛɞɑɟŮɠ. ȹɘŬɗɏŰɞɡɜ ɏɜŬ 

ŬɚŰɑɛŮŰɟɞ Synthetic Aperture Radar Altimeter (SRAL) ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ůŮ ůɡɢɜɧŰɖŰŬ 

Ku-band əŬɘ C-band. ȿŮɘŰɞɡɟɔɞɨɜ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ (ɛɏɟŬ ɐ ɜɨɢŰŬ) əŬɘ 

ůŮ ɞˊɞɘŬŭɐˊɞŰŮ əŬɘɟɘəɐ ůɡɜɗɐəɖ. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŬˊɞůŰɞɚɐɠ 

Sentinel-3 ůɡɜɞɣɑɕŮŰŬɘ ůŰŬ Ůɝɐɠ: ɄŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ɤəŮɎɜɘɞɡ əŬɘ ɖˊŮɘɟɤŰɘəɞɨ 

ɢɟɩɛŬŰɞɠ, ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɤəŮɎɜɘŬɠ əŬɘ ɢɏɟůŬɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ əŬŰŬɔɟŬűɐ Űɖɠ 

ˊŬɔəɧůɛɘŬɠ ŰɞˊɞɔɟŬűɑŬɠ. ũŮɜɘəɧŰŮɟŬ ɞ Sentinel-3 ɏɢŮɘ ŬˊŬůɢɞɚɐůŮɘ ˊɞɚɨ Űɖɜ 

ɤəŮŬɜɞɔɟŬűɘəɐ əɞɘɜɧŰɖŰŬ əŬɗɩɠ ɢɎɟɖ ůŮ ŬɡŰɧɜ ɏɢɞɡɜ ɚɡɗŮɑ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ˊŬɟŬŭɞůɘŬəɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ Űɤɜ ˊŬɟɎəŰɘɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

 

Ƀ CFOSAT ŮɑɜŬɘ ɛɘŬ əɞɘɜɐ ŬˊɞůŰɞɚɐ Űɤɜ əɘɜŮɕɘəɩɜ (CNSA) əŬɘ Űɤɜ ɔŬɚɚɘəɩɜ 

(CNES) ŭɘŬůŰɖɛɘəɩɜ ɞɟɔŬɜɘůɛɩɜ ɛŮ ůŰɧɢɞ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɗŬɚɎůůɘɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ Ŭɜɏɛɤɜ əŬɘ Űɤɜ əɡɛɎŰɤɜ əŬɘ Űɖɜ ˊŬɟɞɢɐ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ Űɘɠ 

ůɢŮŰɘəɏɠ ɤəŮɎɜɘŮɠ əŬɘ ŬŰɛɞůűŬɘɟɘəɏɠ ŮˊɘůŰɐɛŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ. Ƀ ˊɟɤŰŬɟɢɘəɧɠ ůŰɧɢɞɠ 

Űɞɡ CFOSAT ŮɑɜŬɘ ɜŬ ˊŬɟŬəɞɚɞɡɗŮɑ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ Űɞɜ ɎɜŮɛɞ əŬɘ ŰŬ əɨɛŬŰŬ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɤəŮŬɜɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɓŮɚŰɘɩůŮɘ: Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Ŭɜɏɛɞɡ əŬɘ 

əɨɛŬŰɞɠ ɔɘŬ Űɖ ɗŬɚɎůůɘŬ ɛŮŰŮɤɟɞɚɞɔɑŬ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ůɞɓŬɟɩɜ 

ůɡɛɓɎɜŰɤɜ), Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ ˊɟɧɓɚŮɣɖ Űɖɠ ŭɡɜŬɛɘəɐɠ Űɤɜ ɤəŮŬɜɩɜ, Űɘɠ 

ɔɜɩůŮɘɠ ɛŬɠ ɔɘŬ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ Űɘɠ ɗŮɛŮɚɘɩŭŮɘɠ ɔɜɩůŮɘɠ ůɢŮŰɘəɎ 

ɛŮ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ɎɜŮɛɞ əŬɘ ŰŬ əɨɛŬŰŬ. 

ȺəŰɞɝŮɨɗɖəŮ ůŰɘɠ 29 ɃəŰɤɓɟɑɞɡ Űɞɡ 2018 ůŮ ŰɟɞɢɘɎ ˊŮɟɑˊɞɡ 500 ɢɘɚɘɞɛɏŰɟɤɜ ɛŮ 

əɚɑůɖ 90 ɛɞɘɟɩɜ. ȹɘŬɗɏŰŮɘ scatterometer, SWIM (Surface Waves Investigation and 

Monitoring instrument), ŭɖɚŬŭɐ ɏɜŬ ŬɚŰɑɛŮŰɟɞ ɟŬɜŰɎɟ ůɡɢɜɧɜŰɖŰŬɠ Ku-band (AVISO, 

2018). 
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ɀŮɚɚɞɜŰɘəɏɠ ŬˊɞůŰɞɚɏɠ: 

ɆŰŬ ɛŮɚɚɞɜŰɘəɎ ůɢɏŭɘŬ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŭɨɞ ŬˊɞůŰɞɚɏɠ: ɖ SWOT (SWOT-Surface Water and Ocean Topography) əŬɘ ɖ Jason-

CS/SENTINEL-6. ȼ Jason-CS/SENTINEL-6 ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ ɗŬ ŮɑɜŬɘ 

Ŭəɧɚɞɡɗɖ Űɖɠ ŭɞɟɡűɞɟɘəɐɠ ŬˊɞůŰɞɚɐɠ Jason-3. ȼ Jason-CS/SENTINEL-6 ŬˊɞůŰɞɚɐ 

ŮɑɜŬɘ ɛɏɟɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Copernicus əŬɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ 

ɛŮŰŬɝɨ Űɤɜ Esa, Eumetsat, European Union, Noaa, Cnes əŬɘ Nasa/JPL. Ƀ ˊɟɩŰɞɠ 

ŭɞɟɡűɧɟɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɜŬ ŮəŰɞɝŮɡɗŮɑ Űɞ 2020, Ůɜɩ ɞ ŭŮɨŰŮɟɞɠ Űɞ 2025. ȼ ŰɟɞɢɘɎ Űɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ůŰŬ 1336 ɢɘɚɘɧɛŮŰɟŬ ɛŮ əɚɑůɖ 66 ɛɞɑɟŮɠ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɘɠ 

ɎɚɚŮɠ ŬˊɞůŰɞɚɏɠ ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖɜ ŰɞˊɞɔɟŬűɑŬ (AVISO, S018). ȷˊɧ Űɖɜ Ɏɚɚɖ, 

ůŰɧɢɞɠ Űɖɠ ŬˊɞůŰɞɚɐ SWOT ŮɑɜŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ Űɖɜ ˊɟɩŰɖ ˊŬɔəɧůɛɘŬ ŮɟŮɡɜɖŰɘəɐ 

ˊɟɞůˊɎɗŮɘŬ ɛŮɚɏŰɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ ɧˊɤɠ Űɤɜ ɤəŮŬɜɩɜ, Űɤɜ ɚɘɛɜɩɜ, Űɤɜ 

ˊɞŰŬɛɩɜ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɖ ɛŮɚɏŰɖ Űɤɜ ˊɚɖɛɛɡɟɩɜ. ɀŮɚŮŰɩɜŰŬɠ Űɖ ŰɞˊɞɔɟŬűɑŬ Űɖɠ 

ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ɤəŮŬɜɩɜ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɖ ɛŮůɞəɚɑɛŬəŬ əŬɘ Űɖ 

əɡəɚɞűɞɟɑŬ Űɞɡ ɤəŮŬɜɞɨ əɎŰɤ Ŭˊɧ Űɖ ɛŮůɞəɚɑɛŬəŬ) əŬɘ Űɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ɢŮɟůŬɑɤɜ ɡŭɎŰɤɜ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ (Morrow ə.Ɏ. 2012). ȼ ˊɟɞůˊɎɗŮɘŬ Űɖɠ 

ŬˊɞůŰɞɚɐɠ SWOT ɡˊɞɚɞɔɑɕŮŰŬɘ ɜŬ ɡɚɞˊɞɘɖɗŮɑ Ŭˊɧ ɏɜŬ ŭɞɟɡűɧɟɞ ˊɞɡ ɗŬ ŮɑɜŬɘ 

Ůɝɞˊɚɘůɛɏɜɞɠ ɛŮ ɏɜŬ SIRAL ŬɘůɗɖŰɐɟŬ Ku ůɡɢɜɧŰɖŰŬɠ ɛŮɔɎɚɞɡ Ůɨɟɞɡɠ, ɛŮ ˊɞɚɚŬˊɚɎ 

ɧɟɔŬɜŬ, ɛŮ  SAR əŬɘ InSAR ŰŮɢɜɞɚɞɔɑŮɠ, ɘəŬɜɧ ɔɘŬ ɜŬŭɑɟ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɔɖɠ, ˊɞɡ 

Űɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ əŬɚɨŰŮɟɖ ŬˊɧəŰɖůɖ ŭŮŭɞɛɏɜɤɜ Ŭəɧɛɖ əŬɘ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ. 

 

ȳůɞ ŬűɞɟɎ Űɖ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ SWOT ɡˊɞɚɞɔɑɕŮŰŬɘ ŰŬ ɡɚɞˊɞɘɖɗŮɑ Űɞ 2021 ɤɠ 

ˊɟɧɔɟŬɛɛŬ ůɡɜŮɟɔŬůɑŬ Űɤɜ NASA, CNES, Canadian Space Agency əŬɘ UK Space 

Agency. Ɇəɞˊɧɠ Űɞɡ ɗŬ ŮɑɜŬɘ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ Ɉŭɟɞɚɞɔɘəɐɠ əŬɘ 

ɋəŮŬɜɞɔɟŬűɘəɐɠ əɞɘɜɧŰɖŰŬɠ. ŪŬ ŮɑɜŬɘ ůŮ ŰɟɞɢɘɎ ůŰŬ 890 km ɛŮ əɚɑůɖ 77.6Á (AVISO, 

S018). 

 

ɄɞɚɚŬˊɚɐ ɢɟɐůɖ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ: 

ȺˊŮɘŭɐ ɛɘŬ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ ŬəɞɚɞɡɗŮɑ ɞɟɘůɛɏɜŮɠ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ Űɟɞɢɘɏɠ, 

əŬɚɨˊŰŮɘ ɛŮɟɘəɎ ůɖɛŮɑŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ. ũɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɛɑŬ ˊŮɟɘɞɢɐ Ůˊɞɛɏɜɤɠ 

ɢɟŮɘɎɕŮŰŬɘ ɖ ɢɟɐůɖ ŬɟəŮŰɩɜ ŭɞɟɡűɧɟɤɜ. 

 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɞɟɡűɧɟɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůɡɛˊɚɖɟɤɛŬŰɘəɎ ɞ ɏɜŬɠ ɛŮ Űɞɜ Ɏɚɚɞ, 

ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ multimission Duacs ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ Ŭˊɧ Űɞɜ ūŮɓɟɞɡɎɟɘɞɡ Űɞɡ 2012 
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əŬɘ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ Jason-1, Envisat, Jason-2 əŬɘ Cryosat-2. 

ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ůɡɚɚɞɔɐ ˊŮɟɘůůɧŰŮɟɤɜ ŭŮŭɞɛɏɜɤɜ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ, ɡɣɖɚɧŰŮɟɖ ŬɜɎɚɡůɖ ɢŬɟŰɩɜ ɛŮůŬɑŬɠ əɚɑɛŬəŬɠ ˊɞɚɚŬˊɚɩɜ 

ŬˊɞůŰɞɚɩɜ əŬɘ əŬɚɨŰŮɟɖ ŬɜɗŮəŰɘəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊŬɟŬŰɐɟɖůɖɠ ˊɞɚɚŬˊɚɩɜ 

ŬˊɞůŰɞɚɩɜ ŮɎɜ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɠ ɏɜŬɠ ˊŬɚɘɧɠ ŬɚŰɘɛŮŰɟɘəɧɠ ůŰŬɗɛɧɠ (AVISO, 

2018). 

 

ɇɞɡɚɎɢɘůŰɞɜ ŭɨɞ ŭɞɟɡűɧɟɞɘ ŬɚŰɘɛŮŰɟɑŬɠ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɞɡ 

ɤəŮŬɜɞɨ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ əɘɜɐůŮɩɜ Űɞɡ, ɘŭɘŬɑŰŮɟŬ ůŮ əɚɑɛŬəŮɠ Űɤɜ 100 

ɏɤɠ 300 ɢɘɚɘɞɛɏŰɟɤɜ (ɛŮůŬɑŬ əɚɑɛŬəŬ). ɀŮ ŰɏůůŮɟɘɠ ŭɘŬɗɏůɘɛɞɡɠ ŬɚŰɘɛŮŰɟɘəɞɨɠ 

ŭɞɟɡűɧɟɞɡɠ  (Jason-1 + Jason-2 + Envisat + Crysaot-2 Ŭˊɧ Űɞ 2012, ɐ Jason-1, Envisat 

ɐ ERS-2, Topex / Poseidon əŬɘ GFO ɛŮŰŬɝɨ 2002-2005), ɞɘ ɛŮŰɟɐůŮɘɠ ɓŮɚŰɘɩɜɞɜŰŬɘ 

ůɖɛŬɜŰɘəɎ. ȷˊŬɘŰɞɨɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŰɟŮɘɠ ŭɞɟɡűɧɟɞɘ ɔɘŬ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ 

űŬɘɜɧɛŮɜŬ ůŰɟɞɓɘɚɘůɛɞɨ əŬɘ ɛŮůɞəɚɑɛŬəŬɠ. 

 

 

ȸŮɚŰɘɩůŮɘɠ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ȷɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɖ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɖ ŬɜɎɔəɖ ɢɟɐůɖɠ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ ŭɘŬűɧɟɤɜ ŮűŬɟɛɞɔɩɜ, ŮˊɘɢŮɘɟɖůɘŬəɩɜ əŬɘ ɛɖ. 

Ⱥˊɞɛɏɜɤɠ əŬɗɑůŰŬŰŬɘ ŬɜŬɔəŬɑŬ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ɢɤɟɘəɐɠ əŬɘ ɢɟɞɜɘəɐɠ əɎɚɡɣɖɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ. ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ əŬɘɜɞŰɞɛɑŮɠ ˊɞɡ ůɡɕɖŰɞɨɜŰŬɘ ɧůɞ ŬűɞɟɎ Űɖɜ 

ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ŬɚŰɘɛŮŰɟɘəɩɜ ŭɞɟɡűɧɟɤɜ ŮɑɜŬɘ ɧŰɘ ɏɜŬɠ ŬɚŰɘɛŮŰɟɘəɧɠ ŭɞɟɡűɧɟɞɠ ɗŬ 

ɏɢŮɘ ˊɞɚɚɎ ŬɚŰɑɛŮŰɟŬ, ˊɞɡ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ ŰŬɡŰɧɢɟɞɜŬ ɛŮŰɟɐůŮɘɠ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ əɎɚɡɣɖ Űɖɠ ˊŮɟɘɞɢɐɠ. Ⱥˊɑůɖɠ ůɡɕɖŰɘɏŰŬɘ ɖ ɚɐɣɖ ŬɜŬəɚɩɛŮɜɤɜ ůɖɛɎŰɤɜ 

ˊɞɡ ɛŮŰŬŭɑŭɞɜŰŬɘ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ ůŰɞ ɄŬɔəɧůɛɘɞ ȹɞɟɡűɞɟɘəɧ ɆɨůŰɖɛŬ Ʉɚɞɐɔɖůɖɠ 

(GNSS), əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Ŭˊɧ Űɞ GPS (Global Positioning System) əŬɘ Űɞ ŮɡɟɤˊŬɥəɧ 

ɞɛɧɚɞɔɧ Űɞɡ Galileo. ɀŮ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŮˊɘůŰɟŮűɧɛŮɜɤɜ ůɖɛɎŰɤɜ ɗŬ ɡˊɞɚɞɔɑɕŮŰŬɘ 

Űɞ ɨɣɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ (AVISO, 2018). 
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2.10 ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭɞɟɡűɧɟɞɡ Sentinel 3 əŬɘ ɞɘ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ 

ȼ ŭɞɟɡűɞɟɘəɐ ŬˊɞůŰɞɚɐ Sentinel-3 ŬɜɐəŮɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ Űɖɠ ɄŬɔəɧůɛɘŬɠ 

ɄŬɟŬəɞɚɞɨɗɖůɖɠ Űɞɡ ɄŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɖɠ ȷůűɎɚŮɘŬɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ 

(GMES-Global Monitoring for Environment and Security) əŬɘ ɏɢŮɘ ůəɞˊɧ Űɖ ˊŬɟɞɢɐ 

ŭɘŬűɧɟɤɜ ɡˊɖɟŮůɘɩɜ ˊŬɟŬəɞɚɞɡɗɩɜŰŬɠ Űɖ ũɖ, ɧˊɞɡ ɛɏůŬ ůŮ ŬɡŰɏɠ ŮɑɜŬɘ əŬɘ ɞɘ 

ɤəŮŬɜɞɔɟŬűɘəɏɠ ɡˊɖɟŮůɑŮɠ. 

 

Ƀ ŭɞɟɡűɧɟɞɠ Sentinel-3 ŭɘŬɗɏŰŮɘ ŬɚŰɘɛŮŰɟɘəɎ ɧɟɔŬɜŬ C əŬɘ Ku ůɡɢɜɧŰɖŰŬɠ, ɔɘŬ Űɖɜ 

əɎɚɡɣɖ ŬɜŬɔəɩɜ ɧˊɤɠ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɤəŮŬɜɩɜ, ŬɚɚɎ əŬɘ Űɖɜ ɜɏŬ ŬɜɎɔəɖ 

Űɖɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ŮůɤŰŮɟɘəɩɜ əŬɘ Űɤɜ ˊŬɟɎəŰɘɤɜ ɡŭɎŰɤɜ. ɉɟɖůɘɛɞˊɞɘŮɑ 

ŰŮɚŮɡŰŬɑŬɠ ŰŮɢɜɞɚɞɔɑŬɠ ˊɞɚɚŬˊɚɎ ɧɟɔŬɜŬ ŬɜɑɢɜŮɡůɖɠ, ɧˊɤɠ Űɤɜ ɅŬŭɘɞɛŮŰɟɖŰɐ 

ɛɘəɟɞəɡɛɎŰɤɜ  (MWR- Micro-Wave Radiometer), Űɞɜ ɗŮɟɛɞəɟŬůɘŬəɧ ɅŬŭɘɞɛŮŰɟɖŰɐ 

ɗŬɚɎůůɖɠ əŬɘ ɝɖɟɎɠ (SLSTR-Sea and Land Surface Temperature Radiometer), Űɞ 

ɧɟɔŬɜɞ ɏɔɢɟɤɛɞɡ űɤŰɘůɛɞɨ ɔɘŬ ɝɖɟɎ əŬɘ ɗɎɚŬůůŬ (OLCI-Ocean and Land Colour 

Instrument) əŬɘ űɡůɘəɎ Űɞ ŬɚŰɑɛŮŰɟɞ SRAL.  

 

Ƀɘ ŭɞɟɡűɞɟɘəɏɠ ŬˊɞůŰɞɚɏɠ Sentinel-3 ɝŮəɑɜɖůŬɜ Űɞ 2016, ɛŮ Űɖɜ ŮəŰɧɝŮɡůɖ Űɞɡ 

ŭɞɟɡűɧɟɞɡ Sentinel-3 ȷ əŬɘ ůɡɜɏɢɘůŬɜ ɛŮ Űɖɜ ŮəŰɧɝŮɡůɖ Űɞɡ ŭŮɨŰŮɟɞɡ ŭɞɟɡűɧɟɞɡ, 

Űɞɜ ȷˊɟɑɚɘɞ Űɞɡ 2018. ȷɜŬɛɏɜŮŰŬɘ ɜŬ ŮəŰɞɝŮɡɗɞɨɜ əŬɘ Ɏɚɚɞɘ ŭɞɟɡűɧɟɞɘ Űɖɠ ůŮɘɟɎɠ 

Sentinel-3 Űɞ 2021.  

 

Ƀɘ ŭɞɟɡűɧɟɞɘ Sentinel-3 ŭɘŬɗɏŰɞɡɜ ŬɜɘɢɜŮɡŰɘəɎ ɧɟɔŬɜŬ ˊɡəɜɐɠ əŬɘ ˊŬɔəɧůɛɘŬɠ 

əɎɚɡɣɖɠ, ŰŮɚŮɡŰŬɑŬɠ ŰŮɢɜɞɚɞɔɑŬɠ. Ƀɘ ŬɘůɗɖŰɐɟŮɠ Űɞɡɠ ůɡɚɚɏɔɞɡɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɢɟɩɛŬŰɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ, ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɖɠ 

ɗŬɚɎůůɘŬɠ ŰɞˊɞɔɟŬűɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, Űɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗŬɚɎůůɘŬɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ (SWH). 

 

Ƀɘ ŭɞɟɡűɧɟɞɘ ɔɘŬ ŬɡŰɞɨɠ Űɞɡɠ ůəɞˊɞɨɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɞɚɚŬˊɚɎ ɧɟɔŬɜŬ ŬɜɑɢɜŮɡůɖɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ Űɖɠ ɗɎɚŬůůŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ 

ɧɟɔŬɜɞ-ŬɚŰɑɛŮŰɟɞ SAL Altimeter / SRAL. ɇɞ ŬɚŰɑɛŮŰɟɞ SRAL ŮɑɜŬɘ ɏɜŬ ɜŬŭɑɟ ɟŬɜŰɎɟ, 

ˊɞɡ ŭɘŬɗɏŰŮɘ ůɡɛɓŬŰɘəɧ ɟŬɜŰɎɟ ɟɡɗɛɞɨ ɢŬɛɖɚɐɠ ŬɜɎɚɡůɖɠ (LRM), ˊɞɡ əŬŰŬɔɟɎűŮɘ 

ŭŮŭɞɛɏɜŬ ŬɜɎ 7 ɢɘɚɘɧɛŮŰɟŬ əŬɘ ɟŬɜŰɎɟ SAR əŬŰɎůŰŬůɖɠ, ɔɘŬ along-track ɛŮŰɟɐůŮɘɠ. 

ȹɘŬɗɏŰɞɡɜ Ŭəɧɛɖ, ůɐɛŬŰŬ ŭɘˊɚɐɠ ůɡɢɜɧŰɖŰŬɠ ůŰɞ Ůɨɟɞɠ ɕɩɜɖɠ Ku (13.575 GHz, 

Ůɨɟɞɡɠ = 350 ɀȼz) əŬɘ C-band (5.41 GHz, Ůɨɟɞɡɠ  = 320 ɀȼz), ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ 
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ɗŬɚɎůůɘɤɜ ŮˊɘűŬɜŮɘɩɜ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɨɞ ɕɤɜɩɜ, Ku əŬɘ C ɛˊɎɜŰŬɠ ˊɟɞůűɏɟɞɡɜ 

ůŰɞɡɠ ŭɞɟɡűɧɟɞɡɠ ɡɣɖɚɐ ɢɤɟɘəɐ ŬɜɎɚɡůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 300 ɛɏŰɟɤɜ. 

 

ȼ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ˊŬɟŬəɞɚɞɡɗŮɑ ůŰŮɜɎ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ ˊɞɡ 

ˊɟɞůɏűŮɟŬɜ ɞɘ ŭɞɟɡűɧɟɞɘ Sentinel-3 əŬɘ ˊɟɞŮŰɞɘɛɎɕɞɜŰŬɘ ɔɘŬ ɛŮɚɚɞɜŰɘəɏɠ 

ŭɞɟɡűɞɟɘəɏɠ ŬˊɞůŰɞɚɏɠ ɧˊɤɠ ɖ Swot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2.11: ɇŬ ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ Űɞɡ Sentinel 3  

(Ʉɖɔɐ: ESA, 2019) 
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3ɞ ȾŮűɎɚŬɘɞ:  ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ ȹɘŬŭɘəŰɡŬəɞɨ ɆɡůŰɐɛŬŰɞɠ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ 

(WebGis) 

 

3.1 ȺɘůŬɔɤɔɐ:  ȹɘŬŭɘəŰɡŬəɧ ɆɨůŰɖɛŬ ũŮɤɔɟŬűɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ (WebGis) 

ɇɞ ȹɘŬŭɘəŰɡŬəɧ ůɨůŰɖɛŬ ˊɚɖɟɞűɞɟɘɩɜ (WebGis) ɏɢŮɘ ɛŮŰŬŰɟŬˊŮɑ ůŮ ɏɜŬ űɗɖɜɧ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧ Űɟɧˊɞ ŭɘɎŭɞůɖɠ ɔŮɤɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ əŬɘ 

ŮɟɔŬɚŮɑɤɜ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ (Alesheikh ə.Ɏ., 2002). ȼ ŭɘŬŭɘəŰɡŬəɐ 

ɢŬɟŰɞɔɟɎűɖůɖ ŮɑɜŬɘ əɎŰɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɛɑŬ Ŭˊɚɐ ɢŬɟŰɞɔɟɎűɖůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ, 

ŮɑɜŬɘ ɛɘŬ ɡˊɖɟŮůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɚɏɝɞɡɜ Űɘ ɗŬ ŭŮɑɝŮɘ ɞ ɢɎɟŰɖɠ 

əŬɘ ɎɟŬ Űɘ ɗŬ Űɞɡɠ ˊɟɞůűɏɟŮɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ ŭɘŬŭɟŬůŰɘəɞɨ ɢɎɟŰɖ (Newman, 

2007). ɇɞ ŭɘŬŭɘəŰɡŬəɧ ɆũɄ ŮɑɜŬɘ ɏɜŬ ɣɖűɘŬəɧ ůɨůŰɖɛŬ, ɘəŬɜɧ ɜŬ ŮɜůɤɛŬŰɩůŮɘ, 

ŬˊɞɗɖəŮɨůŮɘ, ˊɟɞůŬɟɛɧůŮɘ, ŬɜŬɚɨůŮɘ əŬɘ ˊŬɟɞɡůɘɎůŮɘ ɔŮɤɔɟŬűɘəɎ ůɡůɢŮŰɘůɛɏɜŮɠ 

(geographically referenced) ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ɡˊɎɟɢɞɡůŮɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ (Lee ə.Ɏ., 

2008). 

 

Ƀ ůɡɜŭɡŬůɛɧɠ Űɞɡ ŭɘŬŭɘəŰɨɞɡ əŬɘ Űɤɜ ɆɡůŰɖɛɎŰɤɜ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ 

ɝŮəɑɜɖůŮ ɛɘŬ ůŮɘɟɎ ˊɟɞŰŮɟɖɛɎŰɤɜ ɛŮŰŬɝɨ ŬɡŰɩɜ, ɛŮŰɏɓŬɚɚŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ɞ ɢɟɐůŰɖɠ 

ɏɢŮɘ ˊɟɧůɓŬůɖ, ɛɞɘɟɎɕŮŰŬɘ əŬɘ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ŰŬ ɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ (spatial data), 

ˊŬɟɏɢɞɜŰŬɠ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ůɡɜŮɢɩɠ ŬɜŬˊŰɡůůɧɛŮɜɖ ŰŮɢɜɞɚɞɔɑŬ 

(Alesheik ə.Ɏ., 2002). ȼ ɢɟɐůɖ Űɤɜ ɆũɄ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬɜɎɔəŮɠ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Ůɜɧɠ 

Ůɡɟɨ əɞɘɜɞɨ, ɧˊɤɠ ˊŬɟŬɔɤɔɞɨɠ əŬɘ ɢɟɐůŰŮɠ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛɏɢɟɘ ɘŭɘɤŰɘəɞɨɠ əŬɘ 

ŭɖɛɧůɘɞɡɠ űɞɟŮɑɠ. 

 

Ⱥˊɘˊɚɏɞɜ ɖ Ŭɨɝɖůɖ Űɖɠ ɕɐŰɖůɖɠ əŬɘ Űɖɠ ɢɟɐůɖɠ Űɖɠ ɔŮɤɔɟŬűɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

ɞŭɐɔɖůŮ ůŰɖɜ ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŮɨɢɟɖůŰŬ, ɛɏůɤ 

Ůɜɧɠ űɡɚɚɞɛŮŰɟɖŰɐ, ŬəɧɛŬ əŬɘ ůŰɞɜ Ŭˊɚɧ ɢɟɐůŰɖ Űɞɡ ŭɘŬŭɘəŰɨɞɡ.  

 

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ, ˊŬɟɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜŬɔɜɩɟɘůɖɠ ŭŮŭɞɛɏɜɤɜ ůŮ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ɛɞɟűɧŰɡˊɞɡɠ Ŭˊɧ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬɚŰɘɛŮŰɟɘəɏɠ ŬˊɞůŰɞɚɏɠ. ȾŬɘ  

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, əŬɗɩɠ əŬɘ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ. ȷˊɞŰŮɚɞɨɜ, ŭɖɚŬŭɐ, ɏɜŬ ˊɚɐɟŮɠ ˊŬəɏŰɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

ŬɚŰɘɛŮŰɟɘəɩɜ ɕɖŰɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ ɜŬ ɚɨůɞɡɜ ɗŬɚɎůůɘŬ űŬɘɜɧɛŮɜŬ. 
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3.2 ȸɘɓɚɘɞɔɟŬűɘəɐ ȷɜŬůəɧˊɖůɖ:  

ɇɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɛŮɔɎɚɖ Ŭɨɝɖůɖ ůŰɖ ɢɟɐůɖ Űɤɜ Web GIS ůŮ 

ŰɞɛŮɑɠ ɧˊɤɠ ɖ ŮəˊŬɑŭŮɡůɖ, ɞɘ ɛŮŰŬűɞɟɏɠ, ɖ ŮɔəɚɖɛŬŰɞɚɞɔɑŬ, ɖ ŭŬůɞˊɟɞůŰŬůɑŬ, Űɞ 

Ůɛˊɧɟɘɞ, ɖ əɞɘɜɤɜɘɞɚɞɔɑŬ, ɞɘ ŮˊɘɢŮɘɟɐůŮɘɠ əŬɘ ɖ ŬˊɞəŬŰɎůŰŬůɖ əŬŰŬůŰɟɞűɩɜ (Khan 

əŬɘ Adnan, 2010). ȼ ůɡɜŮɢɐ ŬɜɎˊŰɡɝɖ Űɞɡ ŭɘŬŭɘəŰɨɞɡ əŬɘ ɖ ŬɜɎɔəɖ Űɤɜ Ŭɜɗɟɩˊɤɜ ɔɘŬ 

ŭɘŮɡəɧɚɡɜůɖ ůŮ əɎɗŮ ŰɞɛɏŬ, ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɚɩɜ ŮűŬɟɛɞɔɩɜ. ɇŬ 

WebGIS ŮɑɜŬɘ ɖ ŭɘŬŭɘəŰɡŬəɐ ŮűŬɟɛɞɔɐ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɞɜ ɢɩɟɞ ɛŮ ŰŬ ɔŮɤɢɤɟɘəɎ 

ŭŮŭɞɛɏɜŬ əŬɘ ŭɑɜŮɘ Űɖɜ ŮɡəŬɘɟɑŬ ůŮ ɏɜŬɜ Ŭˊɚɧ ɢɟɐůŰɖ Űɞɡ ŭɘŬŭɘəŰɨɞɡ, ɜŬ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘ ɛŮ ŬɡŰɎ. ɄŬɟŬəɎŰɤ ɗŬ ŬɜŬűŮɟɗɞɨɛŮ ůŮ ɛŮɟɘəɏɠ ŭɖɛɞűɘɚŮɑɠ 

ŭɘŬŭɘəŰɡŬəɏɠ ŮűŬɟɛɞɔɏɠ ɢŬɟŰɩɜ, əŬɗɩɠ əŬɘ ůŮ ɛŮɟɘəɏɠ ŮűŬɟɛɞɔɏɠ WebGIS Űɞɡ 

ˊŬɟŮɚɗɧɜŰɞɠ. 

 

ɀɘŬ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ŮűŬɟɛɞɔɏɠ WebGIS ́ ɞɡ ɗŬ Űɞ ɢŬɟŬəŰɖɟɑɕŬɛŮ əŬɘ ɤɠ ůɡɛɛŮŰɞɢɘəɧ 

ˊɟɧɔɟŬɛɛŬ, ŮɑɜŬɘ ɖ OpenStreetMap. çɇɞ OpenStreetMap ŬˊɞŰŮɚŮɑ ɏɜŬɜ ŭɤɟŮɎɜ, 

ŮˊŮɝŮɟɔɎůɘɛɞ ˊŬɔəɧůɛɘɞ ɢɎɟŰɖ. ȰɢŮɘ űŰɘŬɢŰŮɑ Ŭˊɧ Ŭɜɗɟɩˊɞɡɠ ůŬɜ əɘ ŮůɏɜŬè (OSM, 

2009). Ɇəɞˊɧɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ůɡɛɛŮŰɞɢɐ ɞˊɞɘɞɡŭɐˊɞŰŮ ɢɟɐůŰɖ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɚŮɨɗŮɟɞɡ ɢŬɟŰɞɔɟŬűɘəɞɨ ɡˊɞɓɎɗɟɞɡ ˊɞɡ ɗŬ əŬɚɨˊŰŮɘ ɧɚɖ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ. ɇɞ OpenStreetMap ŮɛűŬɜɑůŰɖəŮ ˊɟɩŰɖ űɞɟɎ Űɞ 2003. ɇŬ ŭŮŭɞɛɏɜŬ 

ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ ɞɘ ɞˊɞɑɞɘ ŰŬ ůɡɚɚɏɔɞɡɜ, ŰŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ əŬɘ ŰŬ 

ŭɖɛɞůɘɞˊɞɘɞɨɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ, űɞɟɖŰɞɨɠ ŭɏəŰŮɠ GPS əŬɘ əɎɗŮ 

ɛɞɟűɐ ŮɚŮɨɗŮɟɖɠ ́ ɖɔɐɠ ˊɚɖɟɞűɞɟɑŬ ɚɧɔɤ ŮɜŰɞˊɘɧŰɖŰŬɠ. ɇɞ ɡɚɘəɧ Űɞɡ OpenStreetMap 

ŭɘŬŰɑɗŮŰŬɘ ɛŮ Űɖɜ ɎŭŮɘŬ Űɖɠ Creative Commons əŬɘ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ Ŭˊɧ Űɞɡɠ 

ŮɝɡˊɖɟŮŰɖŰɏɠ Űɞɡ OpenStreetMaps, ůŮ ɛɞɟűɧŰɡˊɞ OSM XML. ɄɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ, ŮɑɜŬɘ Űɞ ɢŬɛɖɚɧ əɧůŰɞɠ (əŬɗɩɠ ɖ ůɡɛɛŮŰɞɢɐ ŮɑɜŬɘ 

ŮɗŮɚɞɜŰɘəɐ) əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɋɠ ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɧŰɘ ɞɘ 

ˊɚɖɟɞűɞɟɑŮɠ ŭŮɜ ŭɖɛɞůɘŮɨɞɜŰŬɘ Ŭˊɧ Ůɘŭɘəɞɨɠ ůŰɖ ůɡɚɚɞɔɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ɏŰůɘ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ ŭɘɎűɞɟŮɠ ŬɜŬəɟɑɓŮɘŮɠ. 

 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ Ɏɚɚɖɠ ŭɘŬŭɘəŰɡŬəɐɠ ŮűŬɟɛɞɔɐɠ GIS ŮɑɜŬɘ ɖ ɖ ŮűŬɟɛɞɔɐ Miyun. 

Ɇəɞˊɧɠ Űɖɠ ŮɑɜŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ, ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ŭɘŬɢŮɑɟɖůɖ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ 

ŭɘɎɓɟɤůɖɠ əɞɜŰɎ ůŰɞ ɄŮəɑɜɞ ɛŮ ŮɟɛɖɜŮɑŬ Ůɘəɧɜɤɜ Landsat TM (Huang ə.Ɏ., 2004). 

 

ȰˊŮɘŰŬ, ɔŮɤˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ ɡɔɟɞŰɧˊɞɡɠ 

Űɖɠ ūɚɧɟɘɜŰŬ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ ůŰɞ GIS Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɖɠ ūɚɧɟɘɜŰŬ. 
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ɆɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ŭŮŭɞɛɏɜŬ ɧˊɤɠ ŰŬ űɡůɘəɎ, ɢɖɛɘəɎ əŬɘ ɓɘɞɚɞɔɘəɎ ŮŭɎűɖ, ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɢɟɐůɖɠ ɔɖɠ (Mathiyalagan ə.Ɏ., 2005). 

 

ɇɞ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2005 ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ůŮ ɧɚɞɡɠ ɛŬɠ, ɔɜɤůŰɐ ŮűŬɟɛɞɔɐ Google 

maps. ȼ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ŭɡůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɢɩɟɞɡ.  ȷˊɞŰŮɚŮɑ ɏɜŬ ɆũɄ 

ˊɞɡ ˊŬɟɏɢŮɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬˊŮɘəɧɜɘůɖɠ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ɘəŬɜɐɠ ŮɡəɟɑɜŮɘŬɠ, 

ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ, ɢɎɟŰŮɠ ŭɟɧɛɤɜ, ˊŬɜɞɟŬɛɘəɐ ɗɏŬůɖ ůŮ ŭɟɧɛɞɡɠ 360 Á (Street View), 

ůɡɜɗɐəŮɠ əɡəɚɞűɞɟɑŬɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ (Google Traffic) əŬɘ ůɢŮŭɘŬůɛɧ 

ŭɘŬŭɟɞɛɩɜ ɔɘŬ ˊɞŭɐɚŬŰŬ, ŬɡŰɞəɑɜɖŰŬ əŬɘ ŰŬ ˊɧŭɘŬ ɐ ŰŬ ɛɏůŬ ɛŬɕɘəɐɠ ɛŮŰŬűɞɟɎɠ, 

Ŭəɧɛɖ ŮɛűŬɜɑɕŮɘ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ ŮˊɘɢŮɘɟɐůŮɤɜ, ɞɟɔŬɜɘůɛɩɜ ə.Ŭ.. Ƀ ɢɟɐůŰɖɠ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɏɢŮɘ ŮɚŮɨɗŮɟɖ ˊɟɧůɓŬůɖ ůŰɖ ˊɚɖɟɞűɞɟɑŬ ɛɏůɤ űɡɚɚɞɛŮŰɟɖŰɐ, ůŮ 

ɞɞ́ɘɞŭɐˊɞŰŮ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ (ˊ.ɢ. mobile). ȺəŰɧɠ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ŮɜŭŬűɏɟɞɜŰɞɠ 

ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ɖ ŮűŬɟɛɞɔɐ ŭɘŬɗɏŰŮɘ əŬɘ ŭɘŬűɞɟŮŰɘəɎ ɢŬɟŰɞɔɟŬűɘəɎ 

ɡˊɧɓŬɗɟŬ, ɧˊɤɠ Űɞ satellite (ŭɞɟɡűɧɟɞɠ) Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ 

əŬɘ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ, Űɞ Terrain (ȰŭŬűɞɠ) ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ əŬɘ ŬɜŬˊŬɟɘůŰɎ Űɞ 

ŬɜɎɔɚɡűɞ əŬɘ Űɞ Hybrid (Ɉɓɟɑŭɘɞ), ɧˊɞɡ ɔɑɜŮŰŬɘ ŮˊɑɗŮůɖ ɢŬɟŰɞɔɟŬűɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

(ˊ.ɢ. ɞɜɧɛŬŰŬ ɞŭɩɜ) ůŮ ŭɞɟɡűɞɟɘəɧ ɡˊɧɓŬɗɟɞ. ȼ ŮˊɘŰɡɢɑŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ŮűŬɟɛɞɔɐɠ ɞűŮɑɚŮŰŬɘ ůŰɖ ŰŬɢŮɑŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Ŭˊɧŭɞůɖ Űɤɜ ŬˊŮɘəɞɜɑůŮɤɜ Űɤɜ 

ŬˊŬɜŰɐůŮɤɜ Űɤɜ ŮɟɤŰɖɛɎŰɤɜ Űɞɡ ɢɟɐůŰɖ. 

 

ɇɞ 2005 ŭɖɛɞůɘɞˊɞɘŮɑŰŬɘ ůŰɞ əɞɘɜɧ ɛɘŬ ŮűŬɟɛɞɔɐ ˊɞɡ ɞɜɞɛŬɕɧŰŬɜ Windows Live 

Local (ɛŮ ˊɚŬŰűɧɟɛŬ Űɖ Virtual Earth). ȷˊɞŰŮɚɞɨůŮ Űɖɜ Ŭɟɢɘəɐ Ůəŭɞɢɐ Űɖɠ ŮűŬɟɛɞɔɐɠ 

Microsoft Bing Maps əŬɘ ɓŬůɘɕɧŰŬɜ ůŰɘɠ ŰŮɢɜɞɚɞɔɑŮɠ Űɖɠ Microsoft, ɧˊɤɠ ɖ MapPoint 

əŬɘ ɖ TerraServer. ȷɟɔɧŰŮɟŬ ɖ ŮűŬɟɛɞɔɐ, ɞɜɞɛɎůŰɖəŮ Live Search Maps əŬɘ ɐŰŬɜ 

ɛɏɟɞɠ Űɞɡ ˊŬəɏŰɞɡ ɡˊɖɟŮůɘɩɜ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŬɕɐŰɖůɖɠ Live Search.ɇɞɜ Ƚɞɨɜɘɞ Űɞɡ 

2009 ɖ ŮűŬɟɛɞɔɐ ɛŮŰɞɜɞɛɎɕŮŰŬɘ ůŮ Bing Maps əŬɘ ɖ ˊɚŬŰűɧɟɛŬ ůŮ Bing Maps for 

Enterprise. ȼ ŮűŬɟɛɞɔɐ ŰɧŰŮ ŬɟɢɑɕŮɘ əŬɘ ɛɞɘɎɕŮɘ ůŰɖɜ ɔɜɤůŰɐ ŮűŬɟɛɞɔɐ Google Earth. 

ȵůˊɞɡ Űɞɜ ȷɨɔɞɡůŰɞ Űɞɡ 2010 ɖ ŮűŬɟɛɞɔɐ, ˊŬɑɟɜŮɘ Űɖ ɔɜɤůŰɐ Űɖɠ ɛɞɟűɐ, ˊɞɡ ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜŬɓɎɗɛɘůɖɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮəŮɑɜɖ Űɖɜ ˊŮɟɑɞŭɞ. ȼ ɏɓŭɞɛɖ 

Ůəŭɞɢɐ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɞɜ ȹŮəɏɛɓɟɘɞ Űɞɡ 2010, ɏɢŮɘ Űɖ ɛɞɟűɐ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůɐɛŮɟŬ ůŮ əɎɗŮ űɡɚɚɞɛŮŰɟɖŰɐ (browser) əŬɘ əŬɚɨˊŰŮɘ ŬɟəŮŰɏɠ ŬɜɎɔəŮɠ 

Űɤɜ ɢɟɖůŰɩɜ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

-ȼ ŭɡůŭɘɎůŰŬŰɖ, ŰɟɘůŭɘɎůŰŬŰɖ ɗɏŬůɖ əŬɘ ɖ ŬˊŮɘəɧɜɘůɖ ɡˊɧ ɔɤɜɑŬ (birdôs view). 
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-ȼ ŬˊɞɗɐəŮɡůɖ ůɖɛŮɑɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɖ əŬŰŬɔɟŬűɐ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɩɜ ɛŮ ŬɡŰɎ 

əŬɘ ɖ əŬŰŬɢɩɟɖůɖ ůɡɜŭɏůɛɞɡ URL əŬɘ ŮɘəɧɜŬɠ. 

-ȼ ŭɡɜŬŰɧŰɖŰŬ ˊŬɜɞɟŬɛɘəɐɠ (360ɞ) ɗɏŬůɖɠ ˊŮɟɘɞɢɩɜ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ŭɟɧɛɞɡ 

(StreetSide view), ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. 

-ȼ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɢŬɟŰɞɔɟŬűɘəɞɨ ɡˊɞɓɎɗɟɞɡ ɔɑɜŮŰŬɘ ŬɡŰɧɛŬŰŬ ŬɜɎɚɞɔŬ Űɖɜ 

əɚɑɛŬəŬ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. 

-ȼ ŭɡɜŬŰɧŰɖŰŬ ˊɚɞɐɔɖůɖɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɓɏɚŰɘůŰɖ ŭɘŬŭɟɞɛɐ, ˊɞɡ ɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ ŰŬ ůɖɛŮɑŬ ɏɜŬɟɝɖɠ əŬɘ ˊɟɞɞɟɘůɛɞɨ Űɖɠ ŭɘŬŭɟɞɛɐɠ əŬɘ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ Űɖ 

ɢɘɚɘɞɛŮŰɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ŬˊɧůŰŬůɖ ŬɚɚɎ əŬɘ Űɖ əɡəɚɞűɞɟɘŬəɐ ůɡɛűɧɟɖůɖ. 

-ȹɡɜŬŰɧŰɖŰŬ ŭɘŬɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɛŮŰŬɝɨ əŬɘ Ɏɚɚɤɜ ŮűŬɟɛɞɔɩɜ. 

-ɇɏɚɞɠ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮɜŰɞˊɘůɛɞɨ ůɖɛŮɑɤɜ ŮŭɜɘŬűɏɟɞɜŰɞɠ ɛŮ Űɖɜ ŬɜŬɕɐŰɖůɖ 

Űɞɡ Ŭəɟɘɓɞɨɠ ɞɜɧɛŬŰɧɠ Űɞɡɠ. ɆŮ ɛŮɟɘəɏɠ ŮɔɔɟŬűɏɠ ɡˊɎɟɢŮɘ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ˊŮɟɘɔɟŬűɐ 

Ŭˊɧ Űɖɜ ŮɔəɡəɚɞˊŬɑŭŮɘŬ Wikipedia. 

 

ɀɘŬ Ŭəɧɛɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ əŬɘ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ WebGIS ɡˊɎɟɢŮɘ ɔɘŬ 

Űɖɜ ȺɚɓŮŰɑŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎəŰɖůɖ, ŬɜɎɚɡůɖ əŬɘ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ůɢŮŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, ɧˊɤɠ ŰŬ ˊɞɚɨɔɤɜŬ ɓɘɞŰɧˊɤɜ, ˊŬɟŬŰɖɟɐůŮɘɠ ůŰɖɜ 

ˊŬɜɑŭŬ, ůŰɞɡɠ ɛɨəɖŰŮɠ, ůŰŬ ɓɟɨŬ əŬɘ ůŰɘɠ ɚŮɘɢɐɜŮɠ (Frehner əŬɘ Brandli 2006). 

 

ȯɚɚɞ ɏɜŬ ůɨůŰɖɛŬ WebGIS, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŰɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ, ůŰɖ 

ŭɖɛɘɞɡɟɔɑŬ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ůŰɖɜ Ůɨəɞɚɖ ŭɖɛɞůɘɞˊɞɑɖůɐ 

Űɞɡɠ ɛɏůɤ Űɞɡ ŭɘŬŭɘəŰɨɞɡ ŮɑɜŬɘ Űɞ WebGIS ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɔɘŬ Űɖ ˊŮɟɘɞɢɐ Tidal 

Creek Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷəŰɐɠ Űɤɜ ȼ.Ʉ.ȷ. (White ə.Ɏ., 2009). 

 

ȰɜŬɠ ŰɞɛɏŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɧɟɞɜ ŰŬ ŭɘŬŭɘəŰɡŬəɎ ɆɡůŰɐɛŬŰŬ 

ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ, ŮɑɜŬɘ űɡůɘəɎ əŬɘ ɞ ŰɞɛɏŬɠ ŭɘŬɢŮɑɟɘůɖɠ űɡůɘəɩɜ 

əŬŰŬůŰɟɞűɩɜ (Mansourian ə.Ɏ., 2006). ɄŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ Űɞ ůɨůŰɖɛŬ Ŭˊɧ Űɞ 

USGS (United States Geological Survey), ˊɞɡ ˊŮɟɘɏɢŮɘ ŭɡɜŬɛɘəɞɨɠ əŬɘ ɞɚɞɏɜŬ əŬɘ ˊɘɞ 

ŮɜɖɛŮɟɤɛɏɜɞɡɠ ɢɎɟŰŮɠ ůɢŮŰɘəɎ ɛŮ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ɧˊɤɠ ɞɘ ůŮɘůɛɞɑ, ɞɘ ŭŬůɘəɏɠ 

ˊɡɟəŬɔɏɠ, ɞɘ ŰɡűɩɜŮɠ əŬɘ ɞɘ ˊɚɖɛɛɨɟŮɠ. Ɇəɞˊɧɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ɖ ɏɔəŬɘɟɖ əŬɘ 

ɔɟɐɔɞɟɖ Ůɜɖɛɏɟɤůɖ Űɤɜ ˊɞɚɘŰɩɜ ɩůŰŮ ɜŬ Űɞɡɠ ˊɟɞŮɘŭɞˊɞɘɐůŮɘ ɔɘŬ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ 

ŰŬ ɔŮɔɞɜɧŰŬ (Fu əŬɘ Sun, 2010). 
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ɆɡɜŭɘŬůɛɧɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ əŬɘ Web ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ 

ůŰɖɜ ŮűŬɟɛɞɔɐ WaldIS. ȺɑɜŬɘ ɛɘŬ ŮűŬɟɛɞɔɐ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖ 

ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ, Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɖɠ ɢɤɟɘəɐɠ əŬɘ ůŰŬŰɘůŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

ŭŬůɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖ ũŮɟɛŬɜɑŬ. ɉɎɟɖ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞɓɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ 

ŭŬůɩɜ, ɔɘŬ Űɖɜ ɏɟŮɡɜŬ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ űɡɚɚɤɛɎŰɤɜ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

əŬŰɎůŰŬůɖɠ Űɞɡ ŮŭɎűɞɡɠ (Aden ə.Ɏ., 2010). 

 

ȰɜŬ Ɏɚɚɞ ˊŬɟɎŭŮɘɔɛŬ GIS ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ȹɘŬŭɑəŰɡɞ, ŮɑɜŬɘ Űɞ WebGIS ˊɞɡ ɛŮɚŮŰɎ 

Űɞɡɠ Űɞɡɠ əɘɜŭɨɜɞɡɠ əŬŰɞɚɑůɗɖůɖɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ɏɢɞɡɜ ˊɚɖɔŮɑ Ŭˊɧ ŰɡűɩɜŮɠ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɟɞɔɜɤůŰɘəɎ ɛɞɜŰɏɚŬ Űɖɠ ɏɜŰŬůɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ŮɚɏɔɢɞɜŰŬɠ Űɖ 

ɔŮɤɛɞɟűɞɚɞɔɑŬ, Űɖ ɔŮɤɚɞɔɑŬ, Űɖ ɓɚɎůŰɖůɖ əŬɘ Űɖɜ ɘůŰɞɟɑŬ Űɤɜ əŬŰɞɚɘůɗɐůŮɤɜ ůŰɖɜ 

ȾɑɜŬ (Zhang ə.Ɏ.. 2011). 

 

ȳůɞ ŬűɞɟɎ Űɖɜ ȺɚɚɎŭŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ȹɐɛɞɘ ˊɟɞůˊŬɗɞɨɜ ɜŬ ɞɟɔŬɜɩůɞɡɜ Űɖ 

ɢɤɟɘəɐ ˊŮɟɘɔɟŬűɘəɐ ˊɚɖɟɞűɞɟɑŬ -ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɡɠ ȹɐɛɞɡɠ- ůŮ ůɡůŰɐɛŬŰŬ 

WebGIS, ɩůŰŮ ɜŬ ŮɑɜŬɘ Ůɨəɞɚɖ ɖ ˊɟɧůɓŬůɖ Űɤɜ ˊɞɚɘŰɩɜ ůŮ ŬɡŰɐ, ŬɚɚɎ əŬɘ ɜŬ ɛˊɞɟɞɨɜ 

ɜŬ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ Ůɜɖɛɏɟɤůɖ Űɖɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ɧˊɤɠ ŬɜŬűɏɟɞɡɜ ɞ ɉɘɩŰɖɠ 

ə.Ŭ. (2010), ŬɜŬˊŰɨůůɞɜŰŬɠ ñWeb GIS ŮűŬɟɛɞɔɐ ɖ ɞˊɞɑŬ ŭɑɜŮɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎəŰɖůɖɠ, ˊɟɞɓɞɚɐɠ, ŮˊŮɝŮɟɔŬůɑŬɠ, ŬɜɎɚɡůɖɠ əŬɘ ŮəŰɨˊɤůɖɠ Űɞɡ 

ůɡɜɧɚɞɡ Űɖɠ ɢɤɟɘəɐɠ əŬɘ ˊŮɟɘɔɟŬűɘəɐɠ ˊɞɚŮɞŭɞɛɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ ŭɐɛɞɡ, ɛɏůɤ 

Ůɜɧɠ ɚŮɘŰɞɡɟɔɘəɞɨ, ŮɨɢɟɖůŰɞɡ əŬɘ űɘɚɘəɞɨ ˊɟɞɠ Űɞ ɢɟɐůŰɖ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮɟɔŬůɑŬɠò. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɞɜ ȹɐɛɞ Űɞɡ ɉŬɥŭŬɟɑɞɡ, ɞɘ ˊɞɚɑŰŮɠ ɛˊɞɟɞɨɜ ɛɏůɤ Űɞɡ Web GIS Űɞɡ 

ȹɐɛɞɡ, ɜŬ ŬɜŬűɏɟɞɡɜ ŰŬ ůɖɛŮɑŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ űɤŰɘɏɠ, 

ŬˊɞɟɟɑɛɛŬŰŬ əŬɘ ɢŬɚŬůɛɏɜɞɘ ŭɟɧɛɞɘ.  

 

ɇɏɚɞɠ ɓɟɑůəŮŰŬɘ ɡˊɧ ŬɜɎˊŰɡɝɖ ɖ WebGIS ŮűŬɟɛɞɔɐ ñȺɗɜɘəɧ ɄŬɟŬŰɖɟɖŰɐɟɘɞ ȹŬůɩɜ 

(ȺɄŬȹ)ò ˊɞɡ ůəɞˊŮɨŮɘ ůŰɖ əŬŰŬɔɟŬűɐ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭɘŬɢŮɘɟɘůŰɘəɩɜ ɛŮɚŮŰɩɜ 

ůɢŮŰɘəɩɜ ɛŮ ŰŬ ɔŮɤɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ ŭŬůɩɜ, əŬɗɩɠ əŬɘ ůŰɖ ůɡɔəɏɜŰɟɤůɖ əŬɘ 

ŭɘŬŭɘəŰɡŬəɐ ŭɘɎɗŮůɐ Űɞɡɠ ˊɟɞɠ əɎɗŮ ŮɜŭɘŬűŮɟɧɛŮɜɞ űɞɟɏŬ.  
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3.3 ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ 

Ʉɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ŮˊŮɝɐɔɖůɖ Űɞɡ ŭɘŬŭɘəŰɡŬəɞɨ ɆɡůŰɐɛŬŰɞɠ ũŮɤɔɟŬűɘəɩɜ 

Ʉɚɖɟɞűɞɟɘɩɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɛŮ ůŮ ŭɨɞ Ŭˊɧ Űɞɡɠ ɞɟɘůɛɞɨɠ Űɞɡ Ŭˊɚɞɨ 

ɆɡůŰɐɛŬŰɞɠ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɞɟɘůɛɧ Űɞɡ Goodchild Űɞ 

1985, çɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ ŮɑɜŬɘ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ 

ůɡɚɚɞɔɐɠ, ŬˊɞɗɐəŮɡůɖɠ, ŭɘŬɢŮɑɟɘůɖɠ, ŬɜɎɚɡůɖɠ əŬɘ ŬˊŮɘəɧɜɘůɖɠ ˊɚɖɟɞűɞɟɘɩɜ 

ůɢŮŰɘəɩɜ ɛŮ ɕɖŰɐɛŬŰŬ ɔŮɤɔɟŬűɘəɐɠ űɨůɖɠè. ȯɚɚɞɠ ɏɜŬɠ ɞɟɘůɛɧɠ ˊɞɡ ŭɧɗɖəŮ Ŭˊɧ Űɞɜ 

Carter Űɞ 1989, ŮɑɜŬɘ ɧŰɘ ɏɜŬ ɆɨůŰɖɛŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ ŮɑɜŬɘ çɧɚŬ ŮəŮɑɜŬ 

ŰŬ ˊɚɖɟɞűɞɟɘŬəɎ ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮůŰɘɎɕɞɡɜ ůŮ ɢɤɟɘəɎ ŮɜŭɘŬűɏɟɞɜŰŬ əŬɘ 

űŬɘɜɧɛŮɜŬ ůŮ əɚɑɛŬəŮɠ Ŭˊɧ ɧɚɖ Űɖ ũɖ ɛɏɢɟɘ Űɖ ɛɞɜŬŭɘŬɑŬ ɘŭɘɞəŰɖůɑŬ (land parcel). ɇŬ 

ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ ɏɢɞɡɜ ŰŬ ɑŭɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɨˊŬɟɝɖɠ 

Űɖɠ ɢɤɟɘəɐɠ ŭɘɎůŰŬůɖɠ. ȷəɧɛɖ ɡˊɎɟɢŮɘ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Ɇ.ũ.Ʉ., ˊɞɚɚɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ɔɜɤůŰɎ ɛŮ ɎɚɚŬ ɞɜɧɛŬŰŬè. 

 

ȹɘŬŭɘəŰɡŬəɐ ɢŬɟŰɞɔɟŬűɑŬ 

ɋɠ ŭɘŬŭɘəŰɡŬəɐ ɢŬɟŰɞɔɟŬűɑŬ ɞɟɑɕɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɠ ɡɚɞˊɞɑɖůɖɠ 

Űɤɜ ɢŬɟŰɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŰɞɜ 

ɄŬɔəɧůɛɘɞ ȽůŰɧ. ɄŬɟɧɚɞ ˊɞɡ ɖ ŭɘŬŭɘəŰɡŬəɐ ɢŬɟŰɞɔɟŬűɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ɗŮɤɟɑŬ 

Űɖɠ ɢŬɟŰɞɔɟŬűɑŬɠ ɧˊɤɠ əŬɘ ŰŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ, ŭŮɜ ŬˊɞŰŮɚŮɑ 

ŰŬɡŰɧůɖɛɞ Űɞɡ ɧɟɞɡ Űɤɜ ŭɘŬŭɘəŰɡŬəɩɜ ɆɡůŰɖɛɎŰɤɜ ũŮɤɔɟŬűɘəɐɠ ɄɚɖɟɞűɞɟɑŬɠ (Web 

GIS). ȼ ɞɛɞɘɧŰɖŰŬ Űɤɜ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜɤɜ ɧɟɤɜ ɞűŮɑɚŮŰŬɘ əɡɟɘɩɠ ůŰɖɜ ŭɡɜŬŰɧŰɖŰŬ 

Űɞɡ ɢɟɐůŰɖ ɜŬ ŮˊŮɝŬɟɔɎɕŮŰŬɘ əŬɘ ɜŬ ŬɜŬɚɨŮɘ ɔŮɤɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ. ȼ ŭɘŬŭɘəŰɡŬəɐ 

ɢŬɟŰɞɔɟɎűɖůɖ ŮɑɜŬɘ əɎŰɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɛɑŬ Ŭˊɚɐ ɢŬɟŰɞɔɟɎűɖůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ, 

ŮɑɜŬɘ ɛɘŬ ɡˊɖɟŮůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɚɏɝɞɡɜ Űɘ ɗŬ ŭŮɑɝŮɘ ɞ ɢɎɟŰɖɠ 

əŬɘ ɎɟŬ Űɘ ɗŬ Űɞɡɠ ˊɟɞůűɏɟŮɘ (Newman, 2007).  

 

ȼ ŬɚɛŬŰɩŭɖɠ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ɖ ɟŬɔŭŬɑŬ Ůɝɏɚɘɝɖ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ 

ŮˊɖɟɏŬůŮ, ɧˊɤɠ ŮɑɜŬɘ űɡůɘəɧ, əŬɘ Űɞɜ ŰɞɛɏŬ Űɖɠ ȹɘŬŭɘəŰɡŬəɐɠ ɉŬɟŰɞɔɟŬűɑŬɠ. 

ȹɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŬɜɎɔəɖ ɔɘŬ ŬɜɎˊŰɡɝɖ ɢŬɟŰɩɜ ɛŮ ɛŮɔɎɚɞɠ Ůɨɟɞɠ ŬˊɞŰɡˊɤɛɏɜɤɜ 

ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ɛˊɞɟɞɨůŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢŬɟŰɩɜ ůŰɞ ŭɘŬŭɑəŰɡɞ 

əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ ɢɟɐůŰɖ ɜŬ ŮɛűŬɜɑɕŮɘ əɎɗŮ űɞɟɎ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮˊɘɗɡɛŮɑ. ɆŮ 

ˊɟɩŰɞ ůŰɎŭɘɞ ɖ ȹɘŬŭɘəŰɡŬəɐ ɉŬɟŰɞɔɟŬűɑŬ ŬˊɞŰŮɚɞɨůŮ ɛɘŬ Ŭˊɚɐ ˊŬɟɞɡůɑŬůɖ ɢŬɟŰɩɜ 

ůŰɞ ŭɘŬŭɑəŰɡɞ ˊɞɡ ŮɑɢŬɜ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ ɏɜŬ ɚɞɔɘůɛɘəɧ ɆũɄ. Ƀ ɢɟɐůŰɖɠ ŮɑɢŮ ɛɧɜɞ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬˊɞɗɖəŮɨůŮɘ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɞɡůɑŬůɖ ůŮ ɣɖűɘŬəɐ ɛɞɟűɐ əŬɘ 
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ɜŬ Űɖɜ ŮəŰɡˊɩůŮɘ. ȾɎˊɤɠ ɏŰůɘ ɎɟɢɘůŮ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ ɖ ȹɘŬŭɘəŰɡŬəɐ ɉŬɟŰɞɔɟŬűɑŬ 

(Web Mapping) (Newman, 2007). 

 

ɆŰɞ ůɢɐɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ 

ɢŬɟŰɩɜ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɞ ȹɘŬŭɑəŰɡɞ (Kraak MJ. and Brown A., 2001): 

-ɆŰŬŰɘəɞɑ ɉɎɟŰŮɠ (Static Maps) əŬŰô ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɘɠ ůŰŬŰɘəɏɠ ɘůŰɞůŮɚɑŭŮɠ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ůűô ɎˊŬɝ əŬɘ ůˊŬɜɑɤɠ ŰɡɔɢɎɜɞɡɜ Ůɜɖɛɏɟɤůɖɠ. 

-ȹɡɜŬɛɘəɞɑ ɉɎɟŰŮɠ (Dynamic maps) ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɡɜŬɛɘəɎ, ɛɏůɤ ŭɡɜŬɛɘəɩɜ 

ˊɖɔɩɜ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. ȸȹ), ůŮ əɎɗŮ ŮˊŬɜŬűɧɟŰɤůɖ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ. 

-ȷɜŬɚɡŰɘəɞɑ (analytic web maps): ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŬɜɎɚɡůɖɠ ŮɟɔŬɚŮɑɤɜ ɆũɄ. 

-ȾɘɜɞɨɛŮɜɞɘ (animated web maps): ˊɟɞůűɏɟɞɜŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ ɔɟŬűɘəɩɜ ɐ 

ɢɟɞɜɘəɩɜ ɛŮŰŬɓɞɚɩɜ. 

-ɆɡɜŮɟɔŬŰɘəɞɑ (collaborative web maps): ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ůɡɜŮɟɔŬůɑŬɠ əɞɘɜɧŰɖŰŬɠ 

ɢɟɖůŰɩɜ 

-ɄɟɞůŬɟɛɧůɘɛɞɘ (customizable web maps): ˊɟɞůűɏɟŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬűɧɟŰɤůɖɠ 

Űɞɡɠ ůŮ ɎɚɚŬ ˊŮɟɘɓɎɚɚɞɜŰŬ (ůɡɜɐɗɤɠ ɛɏůɤ APIôs). 

-ȾŬŰŬɜŮɛɖɛɏɜɞɘ (distributed web maps): ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ əɚɐůŮɤɜ ůŮ əŬŰŬɜŮɛɖɛɏɜŮɠ 

ˊɖɔɏɠ ŭŮŭɞɛɏɜɤɜ. 

-ȹɘŬŭɟŬůŰɘəɞɑ (interactive web maps): ˊɟɞůűɏɟɞɜŰŬɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

Űɞɡ ɢɟɐůŰɖ ɛŮ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ. 

-ȺɝŬŰɞɛɘəŮɡɛɏɜɞɘ (personalized web maps): ɞ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ ůɡɛɓɞɚɘůɛɞɨɠ, 

ɛɞɟűɞˊɞɘɐůŮɘɠ Ůˊɑ Űɞɡ ɢɎɟŰɖ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ˊɟɞůɤˊɘəɏɠ Űɞɡ ˊɟɞŰɘɛɐůŮɘɠ. 

-ɄɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ (real time web maps): ˊɟɞůűɏɟɞɜŰŬɘ ɔɘŬ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 

Ŭˊɧ ŬɘůɗɖŰɐɟŮɠ əŬɘ ɎɛŮůɖ ŬˊŮɘəɧɜɘůɖ ŬɡŰɧɛŬŰŬ, ŮɑŰŮ əŬŰɧˊɘɜ ŬɘŰɐůŮɤɠ. 

 

ȾɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ ɡˊɞŭɘŬɘɟŮɑŰŬɘ ůŮ: 

-View Only maps 

-Interactive maps 
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ȺɘəɧɜŬ 3.1: ȾŬŰɖɔɞɟɑŮɠ ɢŬɟŰɩɜ ˊɞɡ ůɡɜŬɜŰɞɨɛŮ ůŰɞ Internet (Ʉɖɔɐ: 

http://kartoWeb.itc.nl/Webcartography/Webmaps/static/s -view.htm, ɄɟɧůɓŬůɖ: 

20/01/2019) 

 

ɇɞ əɞɘɜɧŰŮɟɞ Ůɑŭɞɠ ɢɎɟŰɖ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɞ Internet ŮɑɜŬɘ ɞ ůŰŬŰɘəɧɠ (static) əŬɘ ɞ 

view only ɢɎɟŰɖɠ. Ƀɘ ůɡɔəŮəɟɘɛɏɜɞɘ ɢɎɟŰŮɠ ŮɑɜŬɘ ůəŬɜŬɟɘůɛɏɜɞɘ ɢɎɟŰŮɠ ˊɞɡ ɏɢɞɡɜ 

ŭɖɛɞůɘɞˊɞɘɖɗŮɑ ůŰɞ ɑɜŰŮɟɜŮŰ əŬɘ ŮɑɜŬɘ ůɡɜɐɗɤɠ Űɖɠ ɛɞɟűɐɠ .jpg ɐ .bmp. ȿɧɔɤ Űɞɡ ɧŰɘ 

ɞɘ ɢɎɟŰŮɠ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ŮɑɜŬɘ Ŭˊɚɞɑ, ůɡɜɐɗɤɠ ůəŬɜŬɟɘůɛɏɜɞɘ əŬɘ ŭŮɜ ˊŮɟɘɏɢɞɡɜ 

ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ. Ⱥɜ ɔɏɜɖ, ŭŮɜ ŬˊɞŰŮɚɞɨɜ ɢɎɟŰŮɠ ˊɞɡ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɔɘŬ Űɞ 

ȲɜŰŮɟɜŮŰ. 

 

Ƀɘ ɢɎɟŰŮɠ ˊɞɡ ŮɑɜŬɘ ůŰŬŰɘəɞɑ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ əŬɘ ˊɘɞ ŭɘŬŭɟŬůŰɘəɞɑ (interactive). ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɡˊɎɟɢɞɡɜ ɞɘ ɢɎɟŰŮɠ ˊɞɡ ɛŮ ɏɜŬ əɚɘə, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓŮɑ ůŮ ɎɚɚŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ, ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ŭɘŬŭɑəŰɡɞ. ɄɚɖɟɞűɞɟɑŮɠ ɧˊɤɠ ŮɘəɧɜŮɠ, 

ɘůŰɞůŮɚɑŭŮɠ ɐ əŬɘ Ɏɚɚɞɘ ɢɎɟŰŮɠ. Ƀɘ ɢɎɟŰŮɠ Űɞɡ Ůɑŭɞɡɠ ŬɡŰɞɨ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ 

ñclickableò. ɆŮ ɏɜŬɜ ŭɘŬŭɟŬůŰɘəɧ ɢɎɟŰɖ, ůɡɜɐɗɤɠ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ɛŮŰŬəɑɜɖůɖɠ ɐ əŬɘ ŮůŰɑŬůɖɠ. ȷəɧɛɖ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊŮɜŮɟɔɞˊɞɑɖůɖɠ 

əŬɘ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ Ůˊɘˊɏŭɤɜ ˊɚɖɟɞűɞɟɑŬɠ, ˊɞɡ ŭɘŬɗɏŰŮɘ ɞ ɢɎɟŰɖɠ ɐ əŬɘ ˊɘɗŬɜɎ ɜŬ 

ɏɢɞɡɜ Űɖɜ ŮɡɢɏɟŮɘŬ ɜŬ ŬɚɚɎɕɞɡɜ Űɞɡɠ ůɡɛɓɞɚɘůɛɞɨɠ əŬɘ ŰŬ ɢɟɩɛŬŰŬ.  

 

ȰɜŬɠ Űɟɧˊɞɠ ŬɜŬˊŬɟɎůŰŬůɖɠ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ɢŬɟŰɩɜ ŮɑɜŬɘ ɛɏůɤ animation. ȳˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɑɜŮŰŬɘ ɖ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ əŬɗɖɛŮɟɘɜɎ. ũɘŬ ɜŬ 

ŬɜŬˊŬɟŬůŰŬɗɞɨɜ ˊɘɞ ŭɘŬŭɟŬůŰɘəɞɑ ɢɎɟŰŮɠ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ 

ɖɛŮɟɐůɘɞɡ əŬɘɟɞɨ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ media players, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ MPEG, 

QuickTime format əŬɘ AVI . ɀˊɞɟɞɨɜ ɜŬ ˊɟɞůŰŮɗɞɨɜ əŬɘ ŭɘɎűɞɟŬ plug ins, ŰŬ ɞˊɞɑŬ 

ˊɟɞůűɏɟɞɡɜ ůŰɞ ŭɘŬŭɟŬůŰɘəɧ ɢɎɟŰɖ backward əŬɘ forward, ɐ əŬɘ ɏɜŬ Ŭˊɚɧ pause. ũɘŬ 

ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɞɘ ŭɡɜŬɛɘəɞɑ ɢɎɟŰŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ JavaScript, Java ɐ əŬɘ 

Ůɘəɞɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ɧˊɤɠ Virtual Reality Modeling Language (VRML), ɐ QuickTime 

http://kartoweb.itc.nl/Webcartography/Webmaps/static/s%20-view.htm

