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"Sea Level Anomaly and Mean Dynamic Ocean Topography analytical 

ŎƻǾŀǊƛŀƴŎŜ ŦǳƴŎǘƛƻƴ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǘƻ ƳƻŘŜƭ ǎŜŀ ƭŜǾŜƭ ǾŀǊƛŀǘƛƻƴǎέ 

Extended Summary 

 This MSc. diploma thesis under the title "Sea level anomaly and mean dynamic ocean topography 

Analytical covariance function determination to model sea level variations" was elaborated by Dimitrios A. 

Natsiopoulos in partial fulfillment for the degree of Master Dipl. Eng. at the Department of Geodesy and 

Surveying School of Rural and Surveying Engineering (RSE), Faculty of Engineering, Aristotle University of 

Thessaloniki (AUTH). 

 The main focus of this work is on studying the SLA (Sea Level Anomaly) spectral characteristics 

based on empirically derived properties. Monitoring and understanding of sea level change at various 

spatial and temporal scales have been the focus of many studies during the past decades. The advent of 

satellite altimetry and the realization of the GRACE/GOCE missions offer new opportunities for the 

estimation of sea level trends with heterogeneous data combination methods. In related studies, even 

though the data combination and processing strategies have been carried out carefully with proper control, 

error propagation through analytical data variance-covariance matrices has been given little attention. The 

latter is of importance since it can provide reliable estimates of the output signal error. This is especially 

evident in e.g., least-squares collocation (LSC), where analytical covariance function models for the 

disturbing potential, its second order derivatives and geoid heights are used. No analytical models are 

available for altimetric sea level anomalies making their incorporation in LSC-based combination schemes 

problematic. This work presents some new ideas and results on the determination of analytical covariance 

functions for the sea level anomalies in the Mediterranean Sea. The focus is based on single-mission 

altimetry data from ENVISAT for the entire duration of the satellite mission (2002-2011). The estimation of 

the analytical covariance functions is performed using 2nd and 3rd order Gauss-Markov models, exponential 

ones, as well as a kernel similar to that of the disturbing potential. 

 The present study is focused in the entire Mediterranean basin, within the region bounded between 

30o Җ ˒ Җ рлo and -10o Җ ˂ Җ плo. In this region, the statistical characteristics of the SLA have been studied 

using altimetric observations from ENVISAT for the entire duration its mission (2002-2011). The ENVISAT 

data are SLAs values relative to the EGM2008 geopotential model. All geophysical and instrumental 

corrections have been applied, so that corrected SLAs would be available. 

 The first chapter is dedicated to the problem statement and the objectives that this works needs to 

address. The goals and the reasoning for such a survey to be undertaken in the specific region are given 

while a general description of each diploma's chapter is given too in this chapter. 

 The second chapter summarizes the fundamental theory and measurement principles of satellite 

altimetry. At the beginning of the chapter recent altimetry history, applications and goals of the satellite 

missions are presented, while another part of the chapter is dedicated to the detailed description of the 

Envisat mission. A detailed analysis of empirical and analytical covariance functions is given. In order to 

study the statistical characteristics of the SLA, first the empirical covariance models were derived. Given a 
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set of observations for the functional () under consideration, in our case the SLA (hSLA), the empirical 

covariances for a given spherical distance  ̞is: 

( ) { }SLA SLA SLA SLA

i j i j ɣ
h ,h ,ɣ M h h=C

, 

where, M denotes the mean value operator and i, j the SLA observations at two points in the area under 

study with a distance ̞ . In order to determine some analytical model for the SLA covariance function 

various options have been tested. The first class of analytical models, refers to exponential ones, where six 

choices were examined, with varying number of parameters to be determined. The other class of analytical 

models tested, refers to 2nd and 3rd order Gauss-Markov ones while finally, an analytical model similar to the 

one for the disturbing potential has been used. Prediction with LSC is described while the chapter ends with 

the data description.  

 The third chapter deals with the two main sets of tests that have been carried out for the 

estimation of SLA analytical covariance functions. The first one refers to the use of a single pass of the 

satellite, in order to study the stochastic characteristics of the SLA in the along-track (1D) direction. For that 

case, the longest pass available in the Mediterranean Sea (pass 444) has been used in order to utilize as 

many as possible SLA observations without any interruptions from dry-land areas (islands, isles, etc.). The 

second test refers to the use of the entire set of ENVISAT passes for the Mediterranean Sea so that the SLA 

variability will be studied in both the along- and cross-track (2D) direction. Prediction is carried out with LSC 

in order to evaluate the accuracy that they offer. Three tests are performed, the first one by omitting the 

first 20 records of the track and using the rest for the prediction, the second by omitting the last 20 points 

and the third by omitting every second point and using the rest for the prediction. The tests cases are also 

depicted with the boxes in Fig. 3, where the SLA for August 2005 and the sub-satellite points for pass 444 

are displayed. 

 In the forth chapter, the main results of the study are summarized. Sea level anomaly values at 

monthly intervals between 2005-2009 are presented and commented, while all the statistical results are 

pointed out in matrix form. The empirical covariance functions derived for the ENVISAT SLA data along pass 

444 for all consecutive months within each year between 2005 and 2009 are presented. Given the 35-day 

exact repeat period of ENVISAT the collection of monthly SLA empirical covariance functions is not equal to 

twelve but varies between ten and eleven months for each year. In any case, for each month, only data 

falling in the specific time period have been used. The chapter continues with the total inverse barometer 

correction on the raw data of 2008. Additionally, as far as the 2D case is concerned, the empirical 

covariance functions for all cycles of year 2008 (cycles 65-74) are presented while an  inner window was 

selected for the area bounded between (32o Җ ˒ Җ осo and 15o Җ ˂ Җ нлo) is depicted too. The same analysis 

has been carried out for the DOT model of Rio. Analytical covariance functions for all cases are described 

and commented. The chapter continues with the calculation of errors prediction with LSC and ends with the 

investigation of any possible correlations, between the ENVISAT SLA variances for pass 444 for the period 

between 2005 and 2010 with the SOI, NAO and MOI indexes. 

 Finally, in chapter five, the main results of the study are summarized and some proposals for future 

investigations are presented. 
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ʃʶˊʾ˂ʹ˕ʹ 

 ɶ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʰˎˍʺ ʵʽʰˍˊʽʲʺ ˃ʶ ˍʾˍ˂ˇ Ϧʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌ ʴʽʰ ˍʹ˄ ˋˍʰˍʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌϦ ʶˁˉˇ˄ʺʻʹˁʶ ʰˉˈ ˍˇ 

˃ʶˍʰˉˍˎ˔ʽʰˁˈ ˒ˇʽˍʹˍʺ ɿʰˍˋʽˈˉˇˎ˂ˇ ɮΦ ɲʹ˃ʺˍˊʽˇ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍ˖˄ ˎˉˇ˔ˊʶ˗ˋʶ˖˄ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ 

ˋˉˇˎʵ˗˄ ˋˍˇ ˃ʶˍʰˉˍˎ˔ʽʰˁˈ ˉˊˈʴˊʰ˃˃ʰ ˋˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɮʴˊˇ˄ˈ˃˖˄ ˁʰʽ ʆˇˉˇʴˊʱ˒˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ 

όʆɮʆɾύ ˍʹˌ ʃˇ˂ˎˍʶ˔˄ʽˁʺˌ ʅ˔ˇ˂ʺˌ ˍˇˎ ɮʃɸ ˋˍʹ˄ ʶʽʵʾˁʶˎˋʹ ˍʹˌ ɱʶ˖ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˋˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍ˖˄ 

ʅˏʴ˔ˊˇ˄˖˄ ɱʶ˖ʵʰʽˍʽˁ˗˄ ɳ˒ʰˊ˃ˇʴ˗˄Φ ʅˍˈ˔ˇˌ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ 

ʻʰ˂ʱˋˋʽʰˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ʴʽʰ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ 

 ɶ ˃ʶ˂ʷˍʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰˉˇˋˍˇ˂ʺˌ ˍˇˎ Envisat ʴʽʰ 

ˇ˂ˈˁ˂ʹˊʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʰˉˈ ˍˇ нллн ˖ˌ ˍˇ нлммΦ ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶˁʻʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˃ˇ˄ˍʷ˂ʰ Gauss-

Markov ʵʶˎˍʷˊˇˎ ˁʰʽ ˍˊʾˍˇˎ ʲʰʻ˃ˇˏ ˁʰʻ˗ˌ ˁʰʽ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄Φ ʆʰ ˈˊʽʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ˇ ʶˎˊˏˍʶˊˇˌ ˔˗ˊˇˌ ˍʹˌ ɾʶˋˇʴʶʾˇˎ ˃ʶ ʴʶ˖ʴˊʰ˒ʽˁˈˌ ˉ˂ʱˍˇˌ 30o Җ ˒ Җ рлo ˁʰʽ 

ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ -10o Җ ˂ Җ плoΦ ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ʴʶ˖ʵˎ˄ʰ˃ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ EGM 2008 ʁ ˄˗ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇˋˍʶʾ ˈ˂ʶˌ ˇʽ ʴʶ˖˒ˎˋʽˁʷˌ 

ʵʽˇˊʻ˗ˋʶʽˌ ʰ˂˂ʱ ˁʰʽ ˇʽ ʵʽˇˊʻ˗ˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ ʰ˂ˍʾ˃ʶˍˊˇΦ 

 ʅˍˇ ˉˊ˗ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇˎˌ ˂ˈʴˇˎˌ ˁʰʽ ˍˇˎˌ ˋˍˈ˔ˇˎˌ ˉˇˎ ʶˉʽʲʱ˂˂ˇˎ˄ ˍʹ˄ 

ʶˁˉˈ˄ʹˋʹ ˃ʽʰˌ ˍʷˍˇʽʰˌ ˃ʶ˂ʷˍʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΣ ˍʰ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶ˄˗ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ ˃ʽʰ 

ˋˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˁʱʻʶ ˁʶ˒ʰ˂ʰʾˇˎΦ 

   ʅˍˇ ʵʶˏˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇ ˅ʶˁʽ˄ʱ ˃ʶ ʶʽˋʰʴ˖ʴʺ ˋˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌΦ 

ʃʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʰ˂ˍʽ˃ʶˍˊʽˁʷˌ ʰˉˇˋˍˇ˂ʷˌ ˍˇˎ ˉʰˊʶ˂ʻˈ˄ˍˇˌΣ ˇʽ ʶ˒ʰˊ˃ˇʴʷˌ ˁʰʽ ˇʽ ˋˍˈ˔ˇʽ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˍʶ˔˄ʽˁʺˌ ʶ˄˗ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʹ ʰ˂ˍʽ˃ʶˍˊʽˁʺ ʰˉˇˋˍˇ˂ʺ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ Envisat. 

ɱʾ˄ʶˍʰʽ ʶˁˍʶ˄ʺˌ ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ ʶ˃ˉʶʽˊʽˁʷˌ ˁʰʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌΣ ˋˍʰ ˃ˇ˄ˍʷ˂ʰ 

ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ 

ˋʹ˃ʶʽʰˁʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌΦ 

 ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʵˏˇ ˍˏˉˇʽ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄Φ ʁ ʷ˄ʰˌ 

ʰ˄ʰ˒̫́ʶˍʰʽ ˋˍʹ ˔ˊʺˋʹ ˃ʽʰ ʵˇˊˎ˒ˇˊʽˁʺˌ ʵʽʱʲʰˋʹˌ ˁʰʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˋˎ˄ʱˊˍʹˋʹˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ 

ˋˍʹ ˃ʾʰ ʵʽʱˋˍʰˋʹ (along track). ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ʵʽʱʲʰˋʹ ппп ʹ ˇˉˇʾʰ ʵʽʰˋ˔ʾʸʶʽ 

ˍʹ ɾʶˋˈʴʶʽˇ ˔˖ˊʾˌ ˄ʰ ʵʽʰˁˈˉˍʶˍʰʽ ʰˉˈ ˁˇ˃˃ʱˍʽʰ ˅ʹˊʱˌΦ ʁ ʵʶˏˍʶˊˇˌ ʰ˒ˇˊʱ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ˔˗ˊˇ ˍʹˌ ɾʶˋˇʴʶʾˇˎ ˁʰʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˍʽˌ ʵˏˇ 

ʵʽʰˋˍʱˋʶʽˌ όcross track). ʆʷ˂ˇˌΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˇʽ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁˇʾ ʷ˂ʶʴ˔ˇʽ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ 

˃ʷˋ˖ ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌΣ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˋˍʰ ʶʾˁˇˋʽ ˉˊ˗ˍʰ ˋʹ˃ʶʾʰ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʵʽʱʲʰˋʹˌΣ 

ˋˍʰ ʶʾˁˇˋʽ ˍʶ˂ʶˎˍʰʾʰ ˁʰʽ ˍʷ˂ˇˌ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʰ˄ʱ ʷ˄ʰ ˋʹ˃ʶʾˇ ˍʹˌ ʵʽʱʲʰˋʹˌΦ 

 ʅˍˇ ˍʷˍʰˊˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʃʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ 

ˍʹˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нллр-нллф ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶ˃ˉʶʽˊʽˁʷˌ 

ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ʴʽʰ ˍˇ ʾʵʽˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɳ˅ʶˍʱʸʶˍʰʽ ˁʰˍʱ ˉˈˋˇ ʶˉʹˊʶʱʸʶʽ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʰ˄ˍʾˋˍˊˇ˒ʹˌ ʲʰˊˇ˃ʶˍˊʽˁʺˌ ʵʽˈˊʻ˖ˋʹˌ ʶ˄˗ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʵˏˇ 



vi 
 

ʵʽʰˋˍʱˋʶ˖˄ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˁˏˁ˂ˇˎˌ ˍˇˎˌ ʷˍˇˎˌ нллуΣ ʴʽʰ ˃ʽʰ ˉʶˊʽˇ˔ʺ ˃ʶ 

ʴʶ˖ʴˊʰ˒ʽˁʱ ˈˊʽʰ 32o Җ ˒ Җ осo and 15o Җ ˂ Җ нлo ˁʰʽ ˍʷ˂ˇˌ ʴʽʰ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌΦ ɱʽʰ ˈ˂ʶˌ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˁʰʽ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˋˎ˄ʶ˔ʾʸʶʽ ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌΦ 

ʆʷ˂ˇˌΣ ʶ˅ʶˍʱʸʶˍʰʽ ˉʽʻʰ˄ʺ ˋˎˋ˔ʷˍʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄ ˁʰʽ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʶʽˁˍ˗˄ SOI, NAO ˁ ʰʽ ɾʁɹΦ 

 ʅˍˇ ˉʷ˃ˉˍˇ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ˉʰˊʱʻʶˋʹ ˍ˖˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˍʹ˄ 
ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʶ˄˗ ʵʾ˄ˇ˄ˍʰʽ ˁʰʽ ˁʱˉˇʽʰ ˔ˊʺˋʽ˃ʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʷ˔ˇˎ˄ ˋˁˇˉˈ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˋˎʸʺˍʹˋʹ 
ˁʰʽ ˄ʰ ʵ˗ˋˇˎ˄ ʽʵʷʶˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ˋˍˇ ʾʵʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ  
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ɳˎ˔ʰˊʽˋˍʾʶˌ 

 ɴ˔ˇ˄ˍʰˌ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽ ˍʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ˃ˇˎ ʶˊʴʰˋʾʰΣ ˉˇˎ ˋʹ˃ʰˍˇʵˇˍʶʾ ˁʰʽ ˍˇ ˉʷˊʰˌ ˍ˖˄ 

˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˃ˇˎ ˋˉˇˎʵ˗˄ ˋˍˇ ɮʃɸΣ ˄ʽ˗ʻ˖ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʰ˄ʻˊ˗ˉ˖˄ ˉˇˎ ˃ʶ 

ʲˇʺʻʹˋʰ˄ ˈ˔ʽ ˃ˈ˄ˇ ˋˍʹ˄ ʶˁˉˈ˄ʹˋʹ ʰˎˍʺˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʰ˂˂ʱ ˁʰʽ ˋʶ ˈ˂ʹ ˍʹ˄ ˉˇˊʶʾʰ ˍ˖˄ ˃ʷ˔ˊʽ ˍ˗ˊʰ 

ˋˉˇˎʵ˗˄ ˃ˇˎΦ ɸʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˈ˂ˇˎˌ ˈˋˇˎˌ ʺˍʰ˄ ˁˇ˄ˍʱ ˃ˇˎ ˁʰʽ ˃ʶ ˍʹ ʵʽʰˊˁʺ ˎˉˇˋˍʺˊʽ˅ʹ ˁʰʽ 

ˋˎ˃ˉʰˊʱˋˍʰˋʺ ˍˇˎˌ ˄ʰ ˇ˂ˇˁ˂ʹˊ˗ˋ˖ ˃ʶ ˍˇ˄ ˁʰ˂ˏˍʶˊˇΣ ʻʷ˂˖ ˄ʰ ˉʽˋˍʶˏ˖Σ ʵˎ˄ʰˍˈ ˍˊˈˉˇ ʰˎˍʺ ˃ˇˎ ˍʹ˄ 

ˉˊˇˋˉʱʻʶʽʰΦ ʂˋˇ ʰ˒ˇˊʱ ˋˍˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ˃ʷˊˇˌ ˍʹˌ ˉˇˊʶʾʰˌ ˃ˇˎ ˋˍˇ ʆɮʆɾ ʶˎ˔ʰˊʽˋˍ˗ ʻʶˊ˃ʱ ˍˇ˄ 

ɳˉʾˁˇˎˊˇ ɼʰʻʹʴʹˍʺ ˁ Φ ɱʶ˗ˊʴʽˇ ʅΦ ɰʷˊʴˇΦ  

 ɳˎ˔ʰˊʽˋˍ˗ ʻʶˊ˃ʱ ˍˇ˄ ɳˉʾˁˇˎˊˇ ɼʰʻʹʴʹˍʺ ˁΦ ɱʶ˗ˊʴʽˇ ʅΦ ɰʷˊʴˇ ʴʽʰˍʾ ˃ˇˎ ʶ˃ˉʽˋˍʶˏˍʹˁʶ ˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶ˂ʷˍʹΦ ɶ ˋˎ˄ʶ˔ʺˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹΣ ʶ˄ʻʱˊˊˎ˄ˋʹ ˁʰʽ ʶˉˇˉˍʶʾʰ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˃ˇˎ ʰˉˈ ˃ʷˊˇˌ 

ˍˇˎ ˇʵʺʴʹˋʶ ˋˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌΦ ɶ ˋˎ˄ʶ˔ʺˌ ˍˇˎ ˋˎ˃ʲˇ˂ʺ ˁʰʽ ˋˎ˃ˉʰˊʱˋˍʰˋʹ ˃ˇˎ 

ʷʵ˖ˋʰ˄ ʰˎˍˇˉʶˉˇʾʻʹˋʹ ˁʰʽ ˃ʶ ʰˉʷˍˊʶ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶʴˁʰˍʱ˂ʶʽ˕ʹ ˍʹˌ ˉˊˇˋˉʱʻʶʽʰˌΦ ɱʽʰ ˈˍʽ ʷˁʰ˄ʶ ʴʽʰ ˃ʷ˄ʰΣ 

ʴʽʰ ˈ˂ʰ ˍʰ ʶ˒ˈʵʽʰ ˁʰʽ ˍʽˌ ʴ˄˗ˋʶʽˌ ˉˇˎ ʰˉ˂ˈ˔ʶˊʰ ˃ˇˎ ˉˊˇˋʷ˒ʶˊʶ ʻʰ ʺʻʶ˂ʰ ʴʽʰ ʱ˂˂ʹ ˃ʽʰ ˒ˇˊʱ ˄ʰ ˍˇ˄ 

ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱΦ 

 ɸʰ ʺʻʶ˂ʰ ʶˉʾˋʹˌ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˁʰʽ ˍˇ˄ ˁʰʻʹʴʹˍʺ ɶ˂ʾʰ ɿΦ ʆʸʽʰʲˈ ʴʽʰ ˍʹ ʲˇʺʻʶʽʰΣ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ 

ˁʰʽ ˍʽˌ ˋʹ˃ʰ˄ˍʽˁʷˌ ˎˉˇʵʶʾ˅ʶʽˌ ˍˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʷˊʶˎ˄ʰˌΦ  

 ʁ˒ʶʾ˂˖ ʶˎ˔ʰˊʽˋˍʾʶˌ ˁʰʽ ˋˍʽˌ ˋˎ˃˒ˇʽˍʺˍˊʽʶˌ ˃ˇˎ ɮ˒ˊˇʵʾˍʹ ɼʰˍˋʰʵˇˏˊˇˎ ˁʰʽ ɳʽˊʺ˄ʹ ɼˇ˂ˎʲʱˁʹ ˃ʶ 

ˍʽˌ ˇˉˇʾʶˌ ˃ˇʽˊʱˋˍʹˁʰ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˃ˇˎ ˋˉˇˎʵ˗˄Φ ɴ˄ʰ ˃ʶʴʱ˂ˇ ʶˎ˔ʰˊʽˋˍ˗ ˁʰʽ 

ˋˍ̌˄ ɿʾˁˇΣ ˋˍˇ˄ ʋˊʺˋˍˇΣ ˋˍʹ˄ ɰʱˋ˖Σ ˋˍʹ ɸˇʵ˗ˊʰΣ ˋˍˇ ʅˍʷ˂ʽˇ ˁʰʽ ˍˇ˄ ʋʱˊʹ  ˉˇˎ ˁʰʻ' ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ 

ʵˏˇ ʰˎˍ˗˄ ˔ˊˈ˄˖˄ ʺˍʰ˄ ʵʾˉ˂ʰ ˃ˇˎΦ 

 ʆʷ˂ˇˌΣ ˃ˇˎ ʶʾ˄ʰʽ ʰʵˏ˄ʰˍˇ ˄ʰ ˃ʹ˄ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇˎˌ ʴˇ˄ʶʾˌ ˃ ˇˎ ɮˊʴˏˊʹ ˁʰʽ ʊʽ˂ʽ˗Σ ˍʹ˄ ʰʵʶˊ˒ʺ ˃ˇˎ 

ɱʶ˖ˊʴʾʰ ˁʰʽ ˍˇˎˌ ˉʰˉˉˇˏʵʶˌ ˃ˇˎ. ɶ ʲˇʺʻʶʽʰ ˁʰʽ ʹ ˋˎ˃ˉʰˊʱˋˍʰˋʹ ˍˇˎˌ ˋʶ ˈ˂ʹ ˍʹ ˃ʷ˔ˊʽ ˍ˗ˊʰ ʸ˖ʺ ˃ˇˎ ˁʰʽ 

ˍʰ ʶ˒ˈʵʽʰ ˍʰ ˇˉˇʾʰ ˃ˇˎ ʷʵ˖ˋʰ˄ ˃ʶ ʷˁʰ˄ʰ˄ ʽˁʰ˄ˈ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋ˖ ˈˋʶˌ ʵˎˋˁˇ˂ʾʶˌ ˃ˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽΦ 

ʆˇˎˌ ʶˎ˔ʰˊʽˋˍ˗ ʴʽʰ ˈ˂ʰ. 
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ɶ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ɻ ʽʰˍˊʽʲʺ ˎˉˇʲ˂ʺʻʹˁʶ ˋˍˇ ʆҡʺҡʰ ɮʴˊˇ˄ˈҡ˖˄ ˁʰʽ ʆˇˉˇʴˊʱ˒˖˄ 

ɾʹ˔ʰ˄ʽˁ˗˄ ˍˇˎ ɮˊʽˋˍˇˍʶ˂ʶʾˇˎ ʃʰ˄ʶˉʽˋˍʹҡʾˇˎ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌΦ  ɶ ˍˊҡ̔ʶ˂ʺˌ ʶ˅ʶˍʰˋˍʽˁʺ 

ʶˉʽˍˊˇˉʺ ʶʾ˄ʰʽΥ  

мΦ ɶ˂ʾʰˌ ʆʸʽʰʲˈˌΣ ɼʰʻʹʴʹˍʺˌ ɮʃɸΣ ʶˉʽʲ˂ʷˉ˖˄ 

2. ɱʶ˗ˊʴʽˇˌ ɰʷˊʴˇˌ, ɳˉʾˁˇˎˊˇˌ ɼʰʻʹʴʹˍʺˌ ɮʃɸΣ ʶˉʽʲ˂ʷˉ˖˄ 

3. ʋˊʽˋˍˈ˒ˇˊˇˌ ɼ˖ˍˋʱˁʹˌΣ ɮ˄ʰˉ˂ʹˊ˖ˍʺˌ ɼʰʻʹʴʹˍʺˌ ɮʃɸΣ ˃ʷ˂ˇˌ ˍˊʽ˃ʶ˂ʺˌ ʶˉʽˍˊˇˉʺˌ 

 

 

 

   

         ɸʶˋˋʰ˂ˇ˄ʾˁʹΣ ɿˇʷ˃ʲˊʽˇˌ нлмн 

         ɿʰˍˋʽˈˉˇˎ˂ˇˌ ɮΦ ɲʹ˃ʺˍˊʽˇˌ 
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St    ɾʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ ҡʷˊˇˌ ˍʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ 

N   ʇ˕ˈ˃ʶˍˊˇ ɱʶ˖ʶʽʵˇˏˌ 

˅   ɾʺˁˇˌ ʅˎˋ˔ʷˍʽˋʹˌ 

C0   ɾʶˍʰʲ˂ʹˍˈˍʹˍʰ 

˒   ɱʶ˖ʵʰʽˍʽˁˈ ˉ˂ʱˍˇˌ 

 ˂   ɱʶ˖ʵʰʽˍʽˁˈ ҡʺˁˇˌ 

Pn(cos̒ ύ ʃˇ˂ˎ˗˄ˎ˃ʰ Legendre 

T   ɮ˄ʱˋˍˊˇ˒ˇˌ ˉʾ˄ʰˁʰ 

-1  ɮ˄ˍʾˋˍˊˇ˒ˇˌ ˉʾ˄ʰˁʰ 
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ɳɹʅɮɱʍɱɶ-ɮɿʆɹɼɳɹɾɳɿʁ ɾɳɽɳʆɶʅ 
 

1.1 ɳʽˋʰʴ˖ʴʺ  

 

ɶ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽʰˍˊʽʲʺ ʶˉʽ˔ʶʽˊʶʾ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ʰˉˈ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ 9ƴǾƛǎŀǘ ˁʰʽ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ̩ˍˇˎˌΦ 

ɮˊ˔ʽˁʱΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʰˊ˔ʺ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌ ˁʰʽ ˇʽ ˈˊˇʽ ˍʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʵʽʶʻ˄˗ˌΦ ɱʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʰˉˇˋˍˇ˂˗˄ ˍˇˎ ˉʰˊʶ˂ʻˈ˄ˍˇˌΣ ˉʶˊʽʴˊʱ˒ʶˍʰʽ 

ʰ˄ʰ˂ˎˍʽˁʱ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰˉˇˋˍˇ˂ʺ ˍˇˎ 9ƴǾƛǎŀǘ, ʶ˄˗ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍˏˉˇʽ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˃ʶˍʰʲˇ˂˗˄Φ 

ɳˁˍʶ˄ʺˌ ʰ˄ʰ˒ˇˊʱ ʴʾ˄ʶˍʰʽ ˋˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˁʰʽ ˋˍˇˎˌ 

ʰ˂ʴˈˊʽʻ˃ˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ʵʽʰ˒ˈˊ˖˄ ̄ ʰˊʰ˃ʷˍˊ˖˄Φ ɮ˒ˇˏ ˉʶˊʽʴˊʰ˒ˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 

ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʽ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ 

ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʶ˃ˉʶʽˊʽˁ˗˄ ˁʰʽ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˁʰʽ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ 

ˍʽ˃˗˄Φ ʆʷ˂ˇˌΣ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʽ̩  ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ˋˍʱʻ˃ʹˌ 

ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ʶ˅ʶˍʱʸʶˍʰʽ ˉʽʻʰ˄ʺ ˋˎˋ˔ʷˍʽˋʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˃ʶ ʵʽʱ˒ˇˊʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˁʰʽ ˁ˂ʽ˃ʰˍʽˁʱ 

˒ʰʽ˄ˈ˃ʶ˄ʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶ˃ˉʶʽˊʽˁʷˌ ˁʰʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˉˇˎ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˊˈʴ˄˖ˋʹˌΦ ɶ ˂ˇʴʽˁʺ ˋˍ́ ˄ˇˉˇʾʰ 

ʲʰˋʾʸʶˍʰʽ ʹ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽʰˍˊʽʲʺ ʶʾ˄ʰʽ ʹ ˃ʶˍʱʲʰˋʹ ʰˉˈ ˍˇ ʴʶ˄ʽˁˈ ˋˍˇ ʶʽʵʽˁˈΣ ʰˉˈ ˍʽˌ ʲʰˋʽˁʷˌ 

ʻʶ˖ˊʹˍʽˁʷˌ ʶʽˋʰʴ˖ʴʽˁʷˌ ʷ˄˄ˇʽʶˌ ˁʰʽ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰΣ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˎˍ˗˄ ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ʅˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʶ˅ʰʴ˖ʴʺ ˔ˊʺˋʽ˃˖˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ˋˍʰˍʽˋˍʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˁʰʽ ˍʹ ˄ˉʽʻʰ˄ʺ ˔ˊʺˋʹ ʰˎˍʺˌ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʵʽʰ˒ˈˊ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˃ ʷˋ˖ ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ʺ ʱ˂˂˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˉˊˈʴ˄˖ˋʹˌΦ 

1.2 ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁʰʽ ˋˍˈ˔ˇʽ ˍʹˌ ˉʰˊˇˏˋʰˌ ˃ʶ˂ʷˍʹˌ 

 

ɶ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋʶ ʵʽʱ˒ˇˊʶˌ ˔˖ˊʽˁʷˌ ˁʰʽ 

˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ʰˉˇˍʷ˂ʶˋʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˇ˂˂˗˄ ˃ʶ˂ʶˍ˗˄ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ ʵʶˁʰʶˍʾʶˌΦ ʁʽ ˃ʶˍʰʲˇ˂ʷˌ ʰˎˍʷˌ 

ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˉʰˊʰʴˈ˄ˍ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍˇ ˋˏˋˍʹ˃ʰ ɱʹΦ ɮˎˍʷˌ ˇʽ ˒ˎˋʽˁʷˌ 

ʵʽʶˊʴʰˋʾʶˌ ˉʹʴʱʸˇˎ˄ ʰˉˈ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ ʻʰ˂ʱˋˋʽˇˎ ˄ʶˊˇˏ ˁʰʽ ʰˉˈ ˍʹ ˃ʶˍʰ˒ˇˊʱ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ˃ʰʸ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ˍ˖˄ ʹˉʶʾˊ˖˄ ˁʰʽ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ʆˈˋˇ ˇʽ ʶˎˋˍʰˍʽˁʷˌ (eustatic) 

ˈˋˇ ˁʰʽ ˇʽ ˃ʹ ʶˎˋˍʰˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ (steric) ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎˌ 

ʵʽʰʵˊʰ˃ʰˍʾʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˈ˔ʽ ˃ˈ˄ˇ ˋˍʽˌ ˖ˁʶʰ˄ˇʴˊʰ˒ʽˁʷˌ ʰ˂˂ʱ ˁʰʽ ˋˍʽˌ ʴʶ˖ʵʰʽˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ 

όɿʰˍˋʽˈˉˇˎ˂ˇˌΣ нлмлύΦ ʁʽ ˉˊ˗ˍʶˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ ʰ˂ʰˍˈˍʹˍʰ ˁʰʽ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʶ˄˗ ˇʽ 

ʵʶˏˍʶˊʶˌ ˋˍʽˌ ʰˉˇˊˊˇʷˌ ˍ˖˄ ˉˇˍʰ˃˗˄Σ ˋˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ˃ʱʸʰˌ ˍ˖˄ ˉʱʴ˖˄ ˁʰʽ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˍʹˌ 

ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˋʶ ˎʵˊʰˍ˃ˇˏˌΦ ɶ ˁʰˍʱ˂˂ʹ˂ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʺ ˍˇˎˌ ʴʽʰ ˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ 

˃ʶˍʱʵˇˋʹ ˋ˒ʰ˂˃ʱˍ˖˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍˇ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰ ̩ˍˇˉˇʴˊʰ˒ʾʰˌ ˁʰʽ ˍˇˎ 



2  ɳɹʅɮɱʍɱɶ 
 

 
 

ʴʶ˖ʶʽʵˇˏˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʰˉʷˁˍʹˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˋʹ˃ʰˋʾʰ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʵʶˁʰʶˍʾʰ ˃ʶ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ 

ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˇʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ʰˉˇˋˍˇ˂ʷˌ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ˉʶʵʾˇˎ ʲʰˊˏˍʹˍʰˌ όDw!/9 ˁʰʽ Dh/9) ˉˇˎ 

ʶˉʽˍˊʷˉˇˎ˄ ˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ˉʶʵʾˇˎ ʲʰˊˏˍʹˍʰˌ ˃ʶ ʰ˂ˍʽ˃ʶˍˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ʴʽʰ ˍʹ 

˃ʶ˂ʷˍʹ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ   

ɮˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ улΣ ʹ ˔ˊʺˋʹ ʰ˂ˍʽ˃ʷˍˊ˖˄ ˋˍˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌ ʶʾ˔ʶ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 

ʵʽʱʻʶˋʹ ˎ˕˗˄ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰ ˃ʶ ʶ˄ʽʰʾ hʰˁˊʾʲʶʽʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹΦ ɶ 

ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˉˇˎ ˉʰˊʷ˔ʶʽ ˃ʶ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹΣ 

ʶ˅ˎˉʹˊʶˍˇˏ˄ ˋˍˇ˄ ʰˁˊʽʲʺ ˁʰʻˇˊʽˋ˃ˈ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˔˖ˊʾˌ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ 

ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ɶ ʶʽˁˇˋʰʶˍʺˌ ˉ˂ʷˇ˄ ˁʰˍʰʴˊʰ˒ʺ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʴʽʰ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ 

ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄ Dw!/9 ˁʰʽ Dh/9 ˉˊˇˋ˒ʷˊˇˎ˄ ˄ʷʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ʴʽʰ ˍʹ˄ 

ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˍʱˋʶ˖˄ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˋʶ ˍˇˉʽˁʷˌ ˁʰʽ ˉʰʴˁˈˋ˃ʽʶˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ʶˉˇ˔ʽʰˁ˗˄ 

ˋʹ˃ʱˍ˖˄ (Vergos et al., 2012,a)Φ ɮ˄ ˁʰʽ ˋʶ ˉʰˊˈ˃ˇʽʶˌ ˃ʶ˂ʷˍʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋˍˇ ˉʰˊʶ˂ʻˈ˄Σ ˇ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌ ʵʽʶ˅ʺ˔ʻʹ ˉˊˇˋʶˁˍʽˁʱ ˁʰʽ ˃ʶ ˍˇˎˌ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶ˂ʷʴ˔ˇˎˌΣ 

ʵʶ ʵˈʻʹˁʶ ʹ ʰ˄ʱ˂ˇʴʹ ˉˊˇˋˇ˔ʺ ˋˍʹ ˃ʶˍʱʵˇˋʹ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˃ʷˋʰ ʰˉˈ ʰ˄ʰ˂ˎˍʽˁˇˏˌ ˉʾ˄ʰˁʶˌ 

˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄-ˋˎ˃˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʃˊˈˋ˒ʰˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍʷˍˇʽ˖˄ ˃ʶ˂ʶˍ˗˄ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ʴʽʰ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶˍʰ˅ˏ 

ɱˊˇʽ˂ʰ˄ʵʾʰˌ ˁʰʽ ɶ˄˖˃ʷ˄ˇˎ ɰʰˋʽ˂ʶʾˇˎ (Knudsen et al., 2004). ɶ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ˁʰʽ ˍ˖˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˉʰʾʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ʶˍʶˊˇʴʶ˄˗˄ ʵʶʵˇ˃ʷ˄˖˄, ˁʰʻ˗ˌ 

ʹ ˃ʶˍʱʵˇˋʹ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋʶʽ ʰ˅ʽˈˉʽˋˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˍˇˎ ʶ˅ʰʴˈ˃ʶ˄ˇˎ 

ˋʺ˃ʰˍˇˌΦ ɮˎˍˈ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾˇ ˋʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ˒ˎˋʽˁʺ ʴʶ˖ʵʰʽˋʾʰΣ ˈˉ˖ˌ ˉΦ˔Φ ʹ 

˃ʷʻˇʵˇˌ ˍ˖˄ ʁ˂ ʰ˔ʾˋˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄, ˈˉˇˎ ˇʽ ˉʾ˄ʰˁʶˌ ˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄-ˋˎ˃˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇʽ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˋʹ˃ʱˍ˖˄Φ  

ʂˍʰ˄ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ˋˍʱʻ˃ʹˌ ʺ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌ ʰˉˈ ˋˎ˄ʵˎʰˋ˃ˈ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄ Dw!/9/GOCE, 

ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ˉˊˇˋʵʽˇˊʽˋʻˇˏ˄ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ʴʽʰ ˍˇ ʵʽʰˍʰˊʰˁˍʽˁˈ 

ʵˎ˄ʰ˃ʽˁˈ ˁʰʽ ˍʽˌ ˉʰˊʰʴ˗ʴˇˎˌ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ, ̍ ˉ˖ˌ ʶˉʾˋʹˌ  ˁ ʰʽ ʴʽʰ ˍʰ ˎ˕ˈ˃ʶˍˊʰ ˍˇˎ ʴʶ˖ʶʽʵˇˏˌ (Vergos et 

al., 2012,b). ɮ˄ˍʾʻʶˍʰΣ ˇˏˍʶ ˍˇˉʽˁʱ ˇˏˍʶ ˉʰʴˁˈˋ˃ʽʰ ˃ˇ˄ˍʷ˂ʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ ˍʽˌ ʰ˂ˍʽ˃ʶˍˊʽˁʷˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ, ˁʰʻʽˋˍ˗˄ˍʰˌ ʷˍˋʽ ˉˊˇʲ˂ʹ˃ʰˍʽˁʺ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ 

ˋʶ ʰ˄ʱ˂ˇʴˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌΦ ɶ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʶˋˍʽʱʸʶˍʰʽ ˋˍʹ˄ ˁʰˍʱ˂˂ʹ˂ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ 

ʵʽʰʻʷˋʽ˃˖˄ ˍʽ˃˗˄ ˍʹˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ (Sea Level Anomaly) ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ˁʰʻˇˊʽˋˍˇˏ˄ ʶ˃ˉʶʽˊʽˁʷˌ ˁʰʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ (ʅʅύ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 

ʰˁˇ˂ˇˏʻ˖ˌ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˃ʷˋ˖ ˍʹˌ ˃ʶʻˈʵˇˎ ˍ˖˄ ʶ˂ʰ˔ʾˋˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄Φ ɮˉˈ ˍʽˌ ʰ˄ʰ˂ˎˍʽˁʷˌ 

ˋˎ˄ʰˊˍʺˋʶʽˌ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˉʾ˄ʰˁʶˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ˉʰˊˇˏˋʰ 

˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽʰˍˊʽʲʺ ʶˋˍʽʱʸʶʽ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˍˇˎ 9ƴǾƛǎŀǘ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʶˋˇʴʶʾˇˎ ʴʽʰ 

ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ όнллн-2011). ɮ˄ʰ˂ˏʻʹˁʰ˄ ˍˈˋˇ ʹ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˃ʾʰˌ ʵʽʱˋˍʰˋʹˌ 

(along-track, 1D) ˈˋˇ ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍ˖˄ ʵˏˇ ʵʽʰˋˍʱˋʶ˖˄ (cross-track, 2D)Σ ʶˊ˃ʹ˄ʶˏˇ˄ˍʰˌ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌΦ ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋʺ˃ʰˍˇˌ 

ˍʹˌ SLA ˃ʶ˂ʶˍʺʻʹˁʰ˄ ˋʶ ˃ʹ˄ʽʰʾʶˌΣ ʶˉˇ˔ʽˁʷˌ ˁʰʽ ʶˍʺˋʽʶˌ ˁ˂ʾ˃ʰˁʶˌΦ ɶ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌΣ ʷʴʽ˄ʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˉ˂ʱ ʶˁʻʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʵʶˏˍʶˊʹˌ 

ˁʰʽ ˍˊʾˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ Dŀǳǎǎ-Markov ˁʰʽ ˍʷ˂ˇˌ ʷ˄ʰ ˃̌˄ˍʷ˂ˇ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄ 

ˋˎ˄ʰˊˍʺˋʶ˖˄Φ ɰʱˋʹ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ʰˎˍ˗˄ ˉˊˇ˔˖ˊʺˋʰ˃ʶ ˋʶ ˃ʶʻˈʵˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ˍʽ˃˗˄ ʶ˄˗ 



ɼɳʊɮɽɮɹʁ мˇ   3 
 

 
 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˁʰʽ ˍˇ ˃ʺˁˇˌ ˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʶˍʺˋʽʰ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍʹˌ 

SLA ̄ ˊˈˁʶʽˍʰʽ ˄ʰ ʰ˄ʰ˂ˎʻˇˏ˄Φ 

 

 

1.3 ɲʽʱˊʻˊ˖ˋʹ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˍʹˌ ˃ʶ˂ʷˍʹˌ 

 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˉˊˇˋˉʱʻʶʽʰ ˋˎ˄ˇ˂ʽˁʺˌ ˉʰˊˇˎˋʾʰˋʹˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ  

ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˁʰʽ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌΦ ɶ ʵˇ˃ʺ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹ: 

ʅˍˇ ˉˊ˗ˍˇ ʶʽˋʰʴ˖ʴʽˁˈ ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁʰʽ ˋˍˇˎˌ ˋˍˈ˔ˇˎˌ ˍʹˌ ˉʰˊˇˏˋʹˌ 

˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʵʽʰˍˊʽʲʺˌ ʶ˄˗ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˁ˂ʶʾ˄ʶʽ ˃ʶ ˍʹ˄ ʰ˄ʰ˂ˎˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˍʹˌ 

˃ʶ˂ʷˍʹˌΦ 

ʅˍˇ ʵʶˏˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʰˉʰˊʰʾˍʹˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʶ˔˄ʽˁ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽʰˍˊʽʲʺΦ ɱʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ 

ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌ ˁʰʽ ˍˇˎˌ ˈˊˇˎˌ ˍʹˌ ˇʽ ˇˉˇʾˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʽʶʻ˄˗ˌΦ ʆˇ ˁʶ˒ʱ˂ʰʽˇ ˋˎ˄ʶ˔ʾʸʶʽ 

˃ʶ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʰˉˇˋˍˇ˂˗˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ, ʶ˄˗ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʰ 

ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰˉˇˋˍˇ˂ʺ ˍˇˎ 9ƴǾƛǎŀǘ. ʁʽ ʰ˄˖˃ʰ˂ʾʶˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ʹ 

ʵˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰ ʰˁˇ˂ˇˎʻˇˏ˄ ʴʽʰ ˄ʰ ˉʶˊʱˋˇˎ˃ʶ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ˄ ʶˁˍʶ˄ʺ ʰ˄ʰ˒ˇˊʱ ˍʹˌ 

ʶ˃ˉʶʽˊʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˁʰʽ ˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ʻʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Φ ʆˇ ˁʶ˒ʱ˂ʰʽˇ ˁ˂ʶʾ˄ʶʽ ˃ʶ ˍʹ˄ 

ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʷˋ˖ ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˁʰʽ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽʰˍˊʽʲʺΦ 

ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʹ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʁʽ ʲʰˋʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌΣ ˍʰ 

ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʽ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ʴʽʰ ˍˇ ˄ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʶ˃ˉʶʽˊʽˁ˗˄ ʅʅ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ʰ˄ʰ˂ˎˍʽˁʱ ˍˈˋˇ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶˉʾ όˁʰˍʱ ˃ʺˁˇˌ) ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ʾ˔˄ˇˎˌ όalong-track) ˈˋˇ ˁʰʽ ʴʽʰ ˍʹ˄ 

ʶʴˁʱˊˋʽʰ ˁʰˍʶˏʻˎ˄ˋʹ ˉˊˇˌ ˍˇ ʵˇˊˎ˒ˇˊʽˁˈ ʾ˔˄ˇ ̩(cross-track)Φ ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ʵʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ 

ˁʰʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌΦ ʃʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˂ˇʴʽˁʺ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ʹ ʰˉˈʵʶʽ˅ʹ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˋ˔ʷˋʶ˖˄Φ ʆʷ˂ˇˌΣ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍˏˉˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌ. 

ʆˇ ˍʷˍʰˊˍˇ ˁʰʽ ʶˁˍʶ˄ʷˋˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɮˊ˔ʽˁʱ 

ʵʾ˄ˇ˄ˍʰʽ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ SLA ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˃ʺ˄ʶˌ ˍ˖˄ ʶˍ˗˄ нллр-нллф ʴʽʰ ˍʹ ʵʽʱʲʰˋʹ όcycle) ппп ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ 9ƴǾƛǎŀǘ. ɳ˅ʶˍʱʸʶˍʰʽ ˉʽʻʰ˄ʺ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ SLA ˃ʶˍʱ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ʰ˄ˍʾˋˍˊˇ˒ʹˌ ʲʰˊˇ˃ʶˍˊʽˁʺˌ ʵʽˈˊʻ˖ˋʹˌ ˍˈˋˇ ˋʶ ʶˉʾˉʶʵˇ ˍʽ˃˗˄ ˍʹˌ SLA ˈˋˇ ˁʰʽ ˖ˌ ˉˊˇˌ ˍʹ ˋˎ˄ʱˊˍʹˋʹ 

ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌΦ ɱʽʰ ˍʹ˄ ŀƭƻƴƎ ǘǊŀŎƪ ˉʶˊʾˉˍ˖ˋʹ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶ˃ˉʶʽˊʽˁʷˌ ʅʅ ʴʽʰ 

ˍʹ ʵʽʱʲʰˋʹ ппп ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˃ʺ˄ʶˌ ˍ˖˄ ʶˍ˗˄ нллр-нллфΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʴʽʰ ˍʹ˄ ŎǊƻǎǎ-track ˉʶˊʾˉˍ˖ˋʹΣ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʶ˃ˉʶʽˊʽˁʷˌ ʅʅ ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˁˏˁ˂ˇˎˌ ʶ˄ˈˌ ʷˍˇˎˌ όнллуύ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ʷ˄ʰ ˉʰˊʱʻˎˊˇ 

ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˈˊʽʰΦ ʍˌ cross track ʅʅ, ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ 

ˁʰʽ ʹ ʶ˃ˉʶʽˊʽˁʺ ʅʅ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ ̱ ʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʻʰ˂ʱˋˋʽʰˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ Rio (Rio et 
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al.,2007). ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˍʽˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ʅʅΦ ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ 

ˁʰˍʰ˄ˈʹˋʹ ˁʰʽ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍʹˌ ʷˁˍʰˋʹˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʶˉʽ˂ʷ˔ʻʹˁʶ ˃̔h  ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʱʲʰˋʹ 

ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ Envisat, ʴʽʰ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˇˉˇʾˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ʰ˄ʰ˂ˎˍʽˁʷˌ ʅʅ ˃ʶ ʷ˅ʽ 

ʶˁʻʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ Dŀǳǎǎ-Markov ˁʰʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄Φ ɱʽʰ ˍʹ˄ ŎǊƻǎǎ-track 

ˉʶˊʾˉˍ˖ˋʹΣ ʶˉʽ˂ʷ˅ʰ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ʶ˄ˈˌ ˁˏˁ˂ˇˎ όтпύ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ʵʹ˃ʽˇˎˊʴʺˋʰ˃ʶ ʰ˄ʰ˂ˎˍʽˁʷˌ 

ˋˎ˄ʰˊˍʺˋʶʽˌ ˃ʶ ˈ˂ʰ ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˃ˇ˄ˍʷ˂ʰ ˉ˂ʹ˄ ʰˎˍˇˏ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄Φ ɮ˄ˍʾˋˍˇʽ˔ʹ 

ʵʽʰʵʽˁʰˋʾʰ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˁʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˉʰˊʱʻˎˊˇˎ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʶˍʱ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ 

ʰ˄ʰ˂ˎˍʽˁ˗˄ ʅʅ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˋˎ˄ʶ˔ʾʸʶʽ ˃ʶ ˍʹ˄ ˉʰˊʱʻʶˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌΦ ɳ˅ʶˍʱˋˍʹˁʰ˄ 

ˍˊʶʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʽʰ ˍʹ˄ ŀƭƻƴƎ track ˉʶˊʾˉˍ˖ˋʹ ˁʰʽ ˃ʽʰ ʴʽʰ ˍʹ˄ cross-track. ʆˇ ˁʶ˒ʱ˂ʰʽˇ ˁ˂ʶʾ˄ʶʽ ˃ʶ ˍʹ˄ 

ʶ˅ʷˍʰˋʹ ˉʽʻʰ˄ʺˌ ˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍˇˍʺˍ˖˄ ˍʹˌ SLA ˁʰʽ ˍʽ˃˗˄ ʵʽʰ˒ˈˊ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʶʽˁˍ˗˄Φ 

ʆʷ˂ˇˌΣ ˍˇ ˉʷ˃ˉˍˇ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ ˁʶ˒ʱ˂ʰʽˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˍʹˌ ʵʽʰˍˊʽʲʺˌ, ˈˉ˖ˌ 

ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˉˇˎ ʷʴʽ˄ʶ ˋˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ˁʶ˒ʱ˂ʰʽʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ʽʵʷʶˌ ˁʰʽ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ˁʰʽ ˃ʶ˂ʷˍʹ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʶʵʾˇ ʶ˒ʰˊ˃ˇʴ˗˄Φ 

  

 



 
 

ɼɳʊɮɽɮɹʁ нˇ  

 

ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

нΦм ɳʽˋʰʴ˖ʴʺ 

 

 ɾʶ ˍʹ˄ ˁʰˍʱˁˍʹˋʹ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ, ˇ ʱ˄ʻˊ˖ˉˇˌ ʵʽʶˏˊˎ˄ʶ ˍˇˎˌ ˇˊʾʸˇ˄ˍʶˌ ˍˇˎΣ ˅ʷ˒ˎʴʶ ʰˉˈ ˍʰ 

ˋˍʶ˄ʱ ˈˊʽʰ ˍʹˌ ʴʹˌ ˁʰʽ ʵʽʰˉʾˋˍ˖ˋʶ ˈˍʽ ʷ˄ʰ ˄ʷˇ ˉʶʵʾˇ ʷˊʶˎ˄ʰˌ ˁʰʽ ʶ˒ʰˊ˃ˇʴ˗˄  ʰ˄ˇʽʴˈˍʰ˄ ˃ˉˊˇˋˍʱ ˍˇˎΦ  ˃ʶ 

ˍʹ˄ ʷ˂ʶˎˋʹ ˍʹˌ ʵʽʰˋˍʹ˃ʽˁʺˌ ʶˉˇ˔ʺˌ ˉˇˎ ʰˉˇˍʷ˂ʶˋʶ ˍˇ ʷ˄ʰˎˋ˃ʰ ʴʽʰ ˍʹ˄ ʷˊʶˎ˄ʰΣ ˃ʶˍʰ˅ˏ ˍ˖˄ ʱ˂˂˖˄Σ ˍ˖˄ 

˖ˁʶʰ˄˗˄ ˁ ʰʽ ˍʹˌ ˎʵˊˈˋ˒ʰʽˊʰˌ ʴʶ˄ʽˁˈˍʶˊʰ.  

 ɶ ˃ʶ˂ʷˍʹ ˍˇˎ ˎʴˊˇˏ ˋˍˇʽ˔ʶʾˇˎ ʷʴʽ˄ʶ ʵˎ˄ʰˍʺ ˃ʶ ˍʹ˄ ʶˉʽ˄ˈʹˋʹ ˃ʽʰˌ ˄ʷʰˌ ʵʽʰˋˍʹ˃ʽˁʺˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ 

ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌΦ ʅˁˇˉˈˌ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌ ʶʾ˄ʰʽ ʹ ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ 

ʻʰ˂ʱˋˋʽˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ˗ˋˍʶ ˃ʶ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˄ʰ ˉʰˊʰˍʹˊʹʻˇˏ˄ 

ˁʰʽ ˄ʰ ˃ʶ˂ʶˍʹʻˇˏ˄ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˈˉ˖ˌ ʹ ˃ʷˋʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˇʽ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍ˖˄ ˉʱʴ˖˄Σ ˍˇ ˏ˕ˇˌ 

ˍ˖˄ ˁˎ˃ʱˍ˖˄Σ ʹ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ʰ˄ʷ˃˖˄Σ ʹ ʰ˂ʰˍˈˍʹˍʰ ˍ˖˄ ˖ˁʶʰ˄˗˄, .ˁ˂ˉΦ ʆˇ ˉʶʵʾˇ ʶ˒ʰˊ˃ˇʴ˗˄ ʵʶ ˄ˋˍʰ˃ʰˍʱ 

ʶʵ˗ ˁʰʻ˗ˌ ʷ˃˃ʶˋʰΣ ˃ʷˋ˖ ʶʽʵʽˁ˗˄ ˍʶ˔˄ʽˁ˗˄Σ ʰˉˇˁˍˇˏ˃ʶ ʴ˄˗ˋʹ ʴʽʰ ˍˇ ˉʶʵʾˇ ʲʰˊˏˍʹˍʰˌ ˁʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ 

ˍ˖˄ ˉʰ˂ʽˊˊˇʽ˗˄Φ   

 ɶ ʰˉˈˁˍʹˋʹ ʴ˄˗ˋʶ˖˄ ʴʽʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʴʶ˖ʵʰʽˋʾʰ όˉʶʵʾˇ ʲʰˊˏˍʹˍʰˌΣ 

ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˁΦ˂ˉΦύ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ˃ʶˍʱ ʰˉˈ ˁʰˍʱ˂˂ʹ˂ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ 

ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ʁʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˎˍʷˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʽˌ ˖ˁʶʱ˄ʽʶˌ ʶˁˍʱˋʶʽˌΣ ˋʶ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ˃ʶˊʽˁʱ 

˔ˊˈ˄ʽʰ ˉˊʽ˄ ʺˍʰ˄ ʵˎ˄ʰˍʺ ʹ ʴ˄˗ˋʹ ˍʷˍˇʽ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ˈ˄ˇ ˃ʷˋ˖ ˃ʶˍˊʺˋʶ˖˄ ʲʰˊˏˍʹˍʰˌ ˋˍʹ ʻʱ˂ʰˋˋʰΣ 

˃ʶˍˊʺˋʶ˖˄ ʰˊˁʶˍʱ ʵʰˉʰ˄ʹˊ˗˄Σ ˔ˊˇ˄ˇʲˈˊ˖˄ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ʰˁˊʾʲʶʽʰˌ ˋʶ ˋˏʴˁˊʽˋʹ ˉʱ˄ˍˇˍʶ ˃ʁ  ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˋʺ˃ʶˊʰ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰ όɿʰˍˋʽˈˉˇˎ˂ˇˌΣ нлмлύΦ  

 ɶ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˈ˔ʽ ˃ˈ˄ˇ ʵʶ˄ ʶʾ˄ʰʽ ˋˍʰʻʶˊʺΣ ʰ˂˂ʱ ʰ˄ˍʾʻʶˍʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˋˎ˄ʶ˔˗ˌΦ ʁʽ 

ʰʽˍʾʶˌ ʴʽʰ ˍʽˌ ʰ˄ˇʵʽˁʷˌ ʺ ˁʰʻˇʵʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʽˋˍˇˏ˄ ˋʶ ʵˏˇ 

˃ʶʴʱ˂ʶˌ ˁʰˍʹʴˇˊʾʶˌΥ 

¶ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όeustatic) 

¶ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˍˇˉʽˁʱ (steric) 

 ɮ˄ˍʽˋˍˇʾ˔˖ˌΣ ˇʽ ʵˏˇ ˉʰˊʰˉʱ˄˖ ˁʰˍʹʴˇˊʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˔˖ˊʽˋˍˇˏ˄ ˋʶ ʶˉʽ˃ʷˊˇˎˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ 

˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋʶ ̄h ʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ 

ʵʽʱ˒ˇˊʶˌ ʰʽˍʾʶˌΥ 

ü ˁ˂ ʽ˃ʰˍʽˁʷˌ, ̄ ˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˍʺ˅ʹ ˁʰʽ ˉʺ˅ʹ ˍ˖˄ ˉʱʴ˖˄ ˁʰʽ ˉʰʴʶˍ˗˄˖˄ 

ü ˍʶˁˍˇ˄ʽˁʷˌ, ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˖ˁʶʱ˄ʽ˖˄ ˂ʶˁʰ˄˗˄ ˁʰʽ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ ˄̒ ʶ˖ˊʾʰ ˍ˖˄ ˉ˂ʰˁ˗˄ 

ü ʽʸʹ˃ʰˍˇ˂ˇʴʽˁʷˌ, ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ʰˊʴʺ ˉ˂ʺˊ˖ˋʹ ˍ˖˄ ˖ˁʶʱ˄ʽ˖˄ ˂ʶˁʰ˄˗˄ ˃ʶ ʽʸʺ˃ʰˍʰ όˉʶˊʾˉˇˎ 

3mmκ млл ʷˍʹύ 



6                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

ü ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ, ˉˇˎ ˃ʶˍʰʲʱ˂ˇˎ˄ ˍˇ˄ ˈʴˁˇ ˍˇˎ όʱ˄ˇʵˇˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

ˁʰˍʱ м° C  ̒ ʰ ʰ˄ˎ˕˗ˋʶʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʰ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˉʶˊʾˉˇˎ ˁʰˍʱ ʵˏˇ ˃ʷˍˊʰύ 

  

ʁ̔  ˍˇˉʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ̄ ʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌΥ 

 

ü ʽˋˇˋˍʰˍʽˁʷˌ ˁʽ˄ʺˋʶʽˌ, ʵʹ˂ʰʵʺ ʶˉʰ˄ʰ˒ˇˊʱ ˍʹˌ ˔ʷˊˋˇˎ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ˏ˕ʹ ˃ʶ ˍʹ˄ ˎˉˇ˔˗ˊʹˋʹ ˍ˖˄ 

ˉʰʴʶˍ˗˄˖˄ ʺ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˎʵʱˍ˖˄ ˋˍʽˌ ˖ˁʶʱ˄ʽʶˌ ˂ʶˁʱ˄ʶˌ 

ü ˍˇˉʽˁʷˌ  ̱ ʶˁˍˇ˄ʽˁʷˌ ˁ ʽ˄ʺˋʶʽˌ, ɻ ʹ˂ʰʵʺ ʰ˄ˇʵʽˁʷˌ ʺ ˁʰʻˇʵʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ˍʶˁˍˇ˄ʽˁ˗˄ ˋ˔ʹ˃ʰˍʽˋ˃˗˄ 

 

ʅ˔ʺ˃ʰ нΦ1: ɼ˂ʽ˃ʰˍʽˁʷˌ ˁʰʽ ʻʰ˂ʱˋˋʽʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍʰ ˍʶ˂ʶˎˍʰʾʰ слл ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ˊˈ˄ʽʰ όwww.speleogicalsociety.gr) 

 ʁʽ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ˉˇˊʶʾ ˄ h ˔˖ˊʽˋˍˇˏ˄ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˁʰˍʹʴˇˊʾʶˌΦ 

ɲ̔ ʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˉʶˊʽˇʵʽˁʷˌ ˁʰʽ ˃ʹ ˉʶˊʽˇʵʽˁʷˌ. ʁʽ ˉʶˊʽˇʵʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˁˎ˃ʰˍʽˋ˃ˇˏˌ 

(ˎ˕ʹ˂ʷˌ ˋˎ˔˄ˈˍʹˍʶˌ), ˋʶ ˃ʷˋʶˌ ˉʶˊʽˇʵʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ - ʰˋˍˊˇ˄ˇ˃ʽˁʺ ˉʰ˂ʽˊˊˇʽʰˁʺ ˋˎ˄ʽˋˍ˗ˋʰ - ˉˇˎ 

ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ʷ˂˅ʹ ˍˇˎ ʺ˂ʽˇˎ ˁʰʽ ˍʹˌ ˋʶ˂ʺ˄ʹˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ˍˇˎ 

ˋˍʶˊʶˇˏ ˒˂ˇʽˇˏ ˍʹˌ ʴʹˌ, ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ʶˉʾʵˊʰˋʹˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʱʴ˂ˎ˒ˇˎ ˍˇˎ ʲˎʻˇˏ 

(ʹ˃ʶˊʺˋʽʶˌ ˁʰʽ ʹ˃ʽ-ʹ˃ʶˊʺˋʽʶˌ ˉʶˊʾˇʵˇʽ). ɮˁˈ˃ʹΣ ˎˉʱˊ˔ˇˎ˄ ˃ʶˍʰʲˇ˂ʷˌ ˃ʶʴʱ˂ʹˌ ˉʶˊʽˈʵˇˎ ˉˇˎ ˇ˒ʶʾ˂ˇˎ˄ 

ˍʹ˄ ˏˉʰˊ˅ʺ ˍˇˎˌ ˋʶ ʹ˂ʽʰˁʷˌ ʵˊʱˋʶʽˌ. ʁʽ ˃ʹ ˉʶˊʽˇʵʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ ʶˉʾʵˊʰˋʹ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʰ˂˂ʱ ˁʰʽ ʶˎˋˍʰˍʽˁʷˌ (eustatic) ˃ʶˍʰʲˇ˂ʷˌ (ˍʺ˅ʹ ˉʰʴʶˍ˗˄˖˄) ʺ ˃ʶˍʰʲˇ˂ʷˌ 

˂ˈʴ˖ ˍʶˁˍˇ˄ʽˁ˗˄ ʵˊʱˋʶ˖˄ όʆˋʰ˃ˉˇˎˊʱˁʹ-ɼˊʰˇˎ˄ʱˁʹΣ 2008-ɰʷˊʴˇˌΣ нлллύΦ 

 

 ɰʷʲʰʽʰΣ ʽʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˎˉʱˊ˔ʶʽ ˁʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ 

ˍʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰΦ ʁʽ ˃ʷʻˇʵˇʽ ʰ˄ʱ˂ˎˋʹˌ  ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˁʰˍʰ˄ˇʹˍʷˌ ˋʶ 

ʲʱʻˇˌ, ʷˍˋʽ ˗ˋˍʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʶˊ˃ʹ˄ʶˎˍˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋ˖ˋˍʱΦ ɾʽʰ ˃ʷʻˇʵˇˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊˏˍʰˍʰ ʶʾ˄ʰʽ ʹ ˋˍʰˍʽˋˍʽˁʺΦ ɶ 

ˋ̱ ʰˍʽˋˍʽˁʺ ˉˊˇˋˉʰʻʶʾ ˄ʰ ʶˊ˃ʹ˄ʶˏˋʶʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˁˈˋ˃ˇˎ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ˇˎ˄ 



ɼɳʊɮɽɮɹʁ нʁ   7 
 

 
 

˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˁʰʽ ʰʲʶʲʰʽˈˍʹˍʰΦ ɳ˒ʰˊ˃ˈʸʶʽ ˃ʶʻˈʵˇˎˌ ˋˎ˂˂ˇʴʺˌΣ ˇˊʴʱ˄˖ˋʹˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹˌ ʰˊʽʻ˃ʹˍʽˁ˗˄ 

ˁʰˍʱ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˁ˂ʱʵˇˎˌ ˍʹˌ ʶˉʽˋˍʺ˃ʹˌ.  

 ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ˉˇ˂˂ˇˏˌ ˋˁˇˉˇˏˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Σ ʾˋ˖ˌ ˇ ˍʶ˂ʶˎˍʰʾˇˌ ʰ˂˂ʱ ˈ˔ʽ ˇ ˂ʽʴˈˍʶˊˇ 

ˋʹ˃ʰ˄ˍʽˁˈˌ ʶʾ˄ʰʽ ʹ ˉˊˈʴ˄˖ˋʹ ˍʽ˃˗˄Φ ɲʶ˄ ʶʾ˄ʰʽ ˍˎ˔ʰʾʶˌ ʶ˅ʱ˂˂ˇˎ ˇʽ ʰˉˈ˕ʶʽˌ ˉˇ˂˂˗˄ ˃ʶʴʱ˂˖˄ ʶˉʽˋˍʹ˃ˈ˄˖˄ 

ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉˊˈʴ˄˖ˋʹΥ  Ϧɶ ˉˊˈʴ˄˖ˋʹ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ʹΣ ʽʵʾ˖ˌ ˈˍʰ˄ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˃ʷ˂˂ˇ˄" (Mark 

Twain/Nils Bohr-ɮ˃ʶˊʽˁʰ˄ˈˌ ˋˎʴʴˊʰ˒ʷʰˌκɲʰ˄ˈˌ ˒ˎˋʽˁˈˌ), "ɳʾ˄ʰʽ ˉˇ˂ˏ ˁʰ˂ˏˍʶˊˇ ˄ʰ ˉˊˇʲ˂ʷˉʶʽ ˁʰ˄ʶʾˌ 

˔˖ˊʾˌ ʲʶʲʰʽˈˍʹˍʰ ʰˉˈ ˍˇ ˄ʰ ˃ʹ˄ ˉˊˇʲ˂ʷˉʶʽ ˁʰʻˈ˂ˇˎ" (Henri Poincareκɱʱ˂˂ˇˌ ˃ʰʻʹ˃ʰˍʽˁˈˌ). ɮ˄ ˇʽ ˍʽ˃ʷˌ 

ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˁʱˉˇʽʰ ˉˊʰˁˍʽˁʱ ʰ˂˂ʱ ˁʰʽ ʻʶ˖ˊʹˍʽˁʱ ˁˊʽˍʺˊʽʰ ˍˈˍʶ ʹ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ʶʾ˄ʰʽ ʶˉʽˍˎ˔ʺˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ʶˉʰ˄ʶ˅ʷˍʰˋʹ ˈ˂˖˄ ˍ˖˄ ˋˍʰʵʾ˖˄ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ 

(ʆʸʽˊʰ˂ʺˌΣ нллсύ  

 

нΦмΦм ɶ ʰˊ˔ʺ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌ ˁʰʽ ˇˊʽˋ˃ˇʾ 

 

 ɶ ʰ˂ˍʽ˃ʶˍˊʾʰ ʰ˄ʰˁˇʽ˄˗ʻʹˁʶ ˖ˌ  ̄ ˊ˖ˍʰˊ˔ʽˁˈˌ ˋˁˇˉˈˌ ˋˍˇ ˋˎ˃ˉˈˋʽˇ ˍʹˌ NASA ̀ ˍˇ Williamstown ̱ ˇ 

мфсфΦ ɶ ˉˊ˗ˍʹ ʰˉˈ ˍʽˌ ˍʷˋˋʶˊʽˌ ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ-ˉˊˇˍʱˋʶʽˌ ˍˇˎ ˋˎ˃ˉˇˋʾˇˎ ʺˍʰ˄ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵˇˊˎ˒ˈˊ˖˄ 

ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ʰ˂ˍʾ˃ʶˍˊˇ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏˋʶ ˃ʶˍˊʺˋʶʽˌ ˃ʶ ʰˁˊʾʲʶʽʰ ʵʷˁʰ ʶˁʰˍˇˋˍ˗˄Φ ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ 

ʹ ˃ʷˋʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍˇ ʴʶ˖ʵˎ˄ʰ˃ʽˁˈ ˍʹˌ ɱʹˌ ʻʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˃ʶ ʶˉʰˊˁʺ ʰˁˊʾʲʶʽʰ ʷˍˋʽ 

˗ˋˍʶ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ ʹ ˉʰʴˁˈˋ˃ʽʰ ˖ˁʶʱ˄ʽʰ ˁˎˁ˂ˇ˒ˇˊʾʰΦ ʆʹ ʵʶˁʰʶˍʾʰ ˍˇˎ Ψтл ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˃ʶʴʱ˂ʹ 

ʶ˅ʷ˂ʽ˅ʹ ˋˍʰ ʰˁˊʽʲʺ ʵˇˊˎ˒ˇˊʽˁʱ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˃ʶ ˍˇ ʵˇˊˎ˒ˈˊˇ Skylab, ˇ ˇˉˇʾˇˌ ˍˊˇ˒ˇʵˈˍʹˋʶ 

ˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˃ʶ ˍʽˌ ˉˊ˗ˍʶˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍˇˎ ʻʰ˂ʰˋˋʾˇˎ ʴʶ˖ʶʽʵˇˏˌ ˁʰʽ ˍˇˎˌ 

ʵˇˊˎ˒ˈˊˇˎˌ GEOS-3 ˁʰʽ Seasat ˍ˖˄ ˇˉˇʾ˖˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʽʰ˄ʷ˃ˇ˄ˍʰ˄ ʵ˖ˊʶʱ˄ ˋʶ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ 

ʶˉʽˋˍʹ˃ˈ˄˖˄ ˉʰʴˁˇˋ˃ʾ˖ˌ ʲʱʸˇ˄ˍʰˌ ˍʽˌ ʲʱˋʶʽˌ ʴʽʰ ˃ʾʰ ˄ʷʰ ʴʶ˄ʽʱ ˖ˁʶʱ˄ʽ˖˄ ʵˇˊˎ˒ˈˊ˖˄ όɿɮSA, 1970).  

 

ʅ˔ʺ˃ʰ нΦ2: ʆˇ ˋ˒ʱ˂˃ʰ ˍˊˇ˔ʽʱˌ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄ ˁʰʽ ʹ ˖ˁʶʱ˄ʽʰ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ όƘǘǘǇΥκκǿǿǿΦŀƭǘƛƳŜǘǊȅΦƛƴŦƻύ 



8                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

 ɮˉˈ ˍˇ ʅ˔ʺ˃ʰ (2.2) ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʺˌ ʹ ʲʶ˂ˍʾ˖ˋʹ ˉˇˎ ˋʹ˃ʶʽ˗ʻʹˁʶ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ 

ˁʰʻ˗ˌ ˍˇ ˋ˒ʱ˂˃ʰ ˍˊˇ˔ʽʱˌ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄Σ ˍˇ ˇˉˇʾˇ ʶˉʹˊʶʱʸʶʽ ˁˎˊʾ˖ˌ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ 

˃ʶˍˊʺˋʶ˖˄Σ ʷ˔ʶʽ ˃ʶʽ˖ʻʶʾ ˉʶˊʾˉˇˎ ˁʰˍʱ ʷ˄ʰ ˃ʷˍˊˇ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ ʵʶˁʰʶˍʾʶˌΦ ɳʾ˄ʰʽ ʶ˃˒ʰ˄ʷˌΣ ˉ˖ˌ ʰ˄ ˁʰʽ ˇ 

GEOS-3 ʁ ʾ˔ʶ ˋ˒ʱ˂˃ʰ ˍˊˇ˔ʽʱˌ ˉʶˊʾˉˇˎ мm, ˋˍʽˌ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ ʰˉˇˋˍˇ˂ʷˌ, ˉΦ˔Φ JASON, ENVISAT, ˍˇ ˋ˒ʱ˂˃ʰ 

ʰˎˍˈ ʷ˔ʶʽ ˉʶˊʽˇˊʽˋˍʶʾ ˋʶ ˃ʶˊʽˁʱ ʶˁʰˍˇˋˍʱΦ  

 ɶ ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ˋˍʰ ˔ʷˊʽʰ ˍ˖˄ ʶˉʽˋˍʹ˃ˈ˄˖˄ ˁʰʽ ʶʾ ˄ʰʽ  

˃ʾʰ  ʰˉˈ  ˍʽˌ  ˋˏʴ˔ˊˇ˄ʶˌ ʴʶ˖ʵʰʽˍʽˁʷˌ  ˍʶ˔˄ʽˁʷˌ  ʴʽʰ ˍʹ ˋˎ˄ʶ˔ʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ˃ʷˋʹˌ 

ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όɾʅɸύΦ ʆˇ ʰ˂ˍʾ˃ʶˍˊˇ ʶ˄ˈˌ ʵˇˊˎ˒ˈˊˇˎ ˃ʶˍˊʱ ˍˇ˄ ˔ˊˈ˄ˇ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰ˂˃ʽˁˈ 

ˁˏ˃ʰ ˉˇˎ ʶˁˉʷ˃ˉʶˍʰʽ ˁʰˍʱ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʶˏʻˎ˄ˋʹ ˉˊˇˌ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ 

ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˁʶˊʰʾʰ ʰ˂ˍʽ˃ʷˍˊˇˎ - ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ - ʵʷˁˍʹˌ ʰ˂ˍʽ˃ʷˍˊˇˎΦ ʁʽ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ 

ʰ˂ˍʽ˃ʷˍˊˇˎ ˋˎ˄ʵˎʰˋ˃ʷ˄ʶˌ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʺ ʻʷˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΣ ˉʰˊʱʴˇˎ˄ ˎ˕ˈ˃ʶˍˊʰ 

ʴʶ˖ʶʽʵˇˏˌ ʴʽʰ ˍʽˌ ʻʰ˂ʱˋˋʽʶˌ ˉʶˊʽˇ˔ʷˌΦ ɮˌ ʵˇˏ˃ʶ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ˍˇˎˌ ˈˊˇˎˌ ˁʰʽ ˍˇˎˌ ˇˊʽˋ˃ˇˏˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʽʶʻ˄˗ˌ ˋˍʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰΦ ʍˌ ʰˉˈˋˍʰˋʹ όǊŀƴƎŜ)Σ ʹ ˃ʷˍˊʹˋʹ ˉˇˎ ˃ʰˌ ʵʾ˄ʶʽ ˍˇ 

ʰ˂ˍʾ˃ʶˍˊˇΣ ˇˊʾʸʶˍʰʽ ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˃ʱʸʰˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ όƳŀǎǎ centre of the satellite) ˃ ʷ˔ˊʽ ˍʹ 

ˋˍʽʴ˃ʽʰʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ (instantaneous sea surface)Φ ʍˌ ˎ˕ˈ˃ʶˍˊˇ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ όŀƭǘƛǘǳŘŜ), 

ˇˊʾʸʶˍʰʽ ʹ ʰˉˈˋˍʰˋʹ ˍˇˎ ˁʷ˄ˍˊˇˎ ˃ʱʸʰˌ ˍˇˎ ʰˉˈ ˍˇ ʶ˂˂ʶʽ˕ˇʶʽʵʷˌ ʰ˄ʰ˒ˇˊʱˌ όˉΦ˔ Dw{80, WGS84) ˁ ʰˍʱ ˍʹ 

ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʰʻʷˍˇˎΦ ɳ˅ʰˊˍʱˍʰʽ ʰˉˈ ʵʽʱ˒ˇˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ όˉΦ˔Φ ̱ ʹ˄ ˁ˂ʾˋʹ  ́  ˇˉˇʾʰ ɻ ʾ˄ʶʽ ˍˇ ˎ˕ʹ˂ˈˍʶˊˇ 

ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˋˍˇ ˇˉˇʾˇ ˇ ʵˇˊˎ˒ˈˊˇˌ ˃ˉˇˊʶʾ ˄ʰ ˉʱˊʶʽ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ, ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʷ˂˅ʹΣ ˍʽˌ 

ʵˎ˄ʱ˃ʶʽˌ ʲʰˊˏˍʹˍʰˌ ˉˇˎ ʶ˄ʶˊʴˇˏ˄ ˋˍˇ ʵˇˊˎ˒ˈˊˇΣ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˁˈˋ˃ˇˎ ˉˇˎ ˔ʰˊˍˇʴˊʰ˒ʶʾˍʰʽ ˁΦ˂ˉΦύΦ ʁ 

ʵˇˊˎ˒ˈˊˇˌ ˃ˉˇˊʶʾ ˄ʰ ʰˁˇ˂ˇˎʻʹʻʶʾ ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˍˊˈˉˇˎˌ ˗ˋˍʶ ˄ʰ ˃ʶˍˊʹʻʶʾ ˍˇ ˏ˕ˇˌ ˍˇˎ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ 

ʵˎ˄ẖ̋  hˁˊʾʲʶʽʰ ˁʰʽ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ ʷˍˋʽ ʹ ʰˁˊʽʲʺˌ ˍˊˇ˔ʽʱ ˍˇˎΦ ʆʰ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʶʾ˄ʰʽ ˍʰ ʶˉʾʴʶʽʰ ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ 5hwL{ ˁʰʽ {[w ˁʰʻ˗ˌ ˁʰʽ ˍˇ 

ʵˇˊˎ˒ˇˊʽˁˈ ˋˏˋˍʹ˃ʰ Dt{.  ɴˍˋʽΣ ˇʽ ʰ˂ˍʽ˃ʶˍˊʽˁˇʾ ʵˇˊˎ˒ˈˊˇʽ ʶʾ˄ʰʽ ʶ˒ˇʵʽʰˋ˃ʷ˄ˇʽ ˃ʶ ˍˇˎˌ ˁʰˍʱ˂˂ʹ˂ˇˎˌ 

ʵʷˁˍʶˌ ʴʽʰ ˍʰ ˋˎˋˍʺ˃ʰˍʰ Dt{ ˁʰʽ 5hwL{ ˁʰʽ ˍˇˎˌ ʰˉʰˊʰʾˍʹˍˇˎˌ ʰ˄ʰˁ˂ʰˋˍʺˊʶˌ ʴʽʰ ˍˇ ˋˏˋˍʹ˃ʰ {[w.  ʆ ̌

ˏ˕ˇˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ό{Ŝŀ Surface Height, SSHύΣ ʶʾ˄ʰʽ ʹ ʰˉˈˋˍʰˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˋʶ ˃ʽʰ 

ʵʶʵˇ˃ʷ˄ʹ ˋˍʽʴ˃ʺ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ (ɳ˅Φ 2.1),(ɿʰˍˋʽˈˉˇˎ˂ˇˌΣ нлмлύ. 

ˏ˕ˇˌҐˎ˕ˈ˃ʶˍˊˇψʵˇˊˎ˒ˈˊˎ-ʵʽˇˊʻψʰˉˈˋˍʰˋʹ       (2.1) 
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ʅ˔ʺ˃ʰ нΦ3:  ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˈˊ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʽʶʻ˄˗ˌ ˋˍʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰ˂ˍʽ˃ʶˍˊʾʰ όʅ˔ʺ˃ʰ ʰˉˈ !±L{hύ 

2.2 ɲˇˊˎ˒ˇˊʽˁʷˌ ʰˉˇˋˍˇ˂ʷˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ 

 

 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˍʰ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ 

ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄  ʰˉˇˋˍˇ˂˗˄ ʰˉˈ ˍˇ˄ D9h{!¢ ˁʶʽ ˃ʶˍʱΣ ʶ˄˗ ʽʵʽʰʾˍʶˊʹ ʰ˄ʰ˒ˇˊʱ ʻʰ ʴʾ˄ʶʽ ˋˍˇ˄ ʰ˂ˍʽ˃ʶˍˊʽˁˈ 

ʵˇˊˎ˒ˈˊˇ ɳƴǾƛǎŀǘΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˇˉˇʾˇˎ  ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ  ˍʹˌ  ˉʰˊˇˏˋʰˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ 

ʶˊʴʰˋʾʰˌΦ 

нΦнΦм ɮˉˈ ˍˇ˄ GEOSAT ̀ ˍˇ˄ Jason 2 

 

 ʁ ʰ˂ˍʽ˃ʶˍˊʽˁˈˌ ʵˇˊˎ˒ˈˊˇˌ D9h{!¢ ʺˍʰ˄ ˇ ˉˊ˗ˍˇˌ ˉˇˎ ˉʰˊʶʾ˔ʶ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˉʰʴˁˈˋ˃ʽʰ 

ʵʶʵˇ˃ʷ˄ʰΦ ʁ D9h{!¢ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˍˇ ɳˊʴʰˋˍʺˊʽˇ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹˌ ɱʶ˖˒ˎˋʽˁʺˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ 

Johns ɶƻǇƪƛƴǎ ˍ˖˄ IʃɮΣ ˎˉˈ ˍʹ˄ ʶˉˇˉˍʶʾʰ ˍˇˎ ɿʰˎˍʽˁˇˏ ˍˇˎ ʾʵʽˇˎ ˁˊʱˍˇˎˌΦ ɳˁˍˇ˅ʶˏˍʹˁʶ ˋˍʽˌ мн ɾʰˊˍʾˇˎ 

мфур ˁʰʽ ˇ˂ˇˁ˂ʺˊ˖ˋʶ ˍʹ˄ ʰˉˇˋˍˇ˂ʺ ˍˇˎ р ˔ˊˈ˄ʽʰ ʰˊʴˈˍʶˊʰΣ ˍˇ˄ ɹʰ˄ˇˎʱˊʽˇ ˍˇˎ мффлΦ ʁ ʵˇˊˎ˒ˈˊˇˌ ʷ˒ʶˊʶ 

ʷ˄ʰ ʰ˂ˍʾ˃ʶˍˊˇ ˍˇ ˇˉˇʾˇ ˃ʶˍˊˇˏˋʶ ˍʹ ˋˍʽʴ˃ʽʰʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ʶ ˃ʽʰ ʰˁˊʾʲʶʽʰ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ р 

ŎƳ ʶ˄˗ ʶʾ˔ʶ ʶˉʾˋʹˌ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ˁʰˍʰʴˊʱ˒ʶʽ ˍˇ ˏ˕ˇˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ʰ˄ʷ˃˖˄Φ 

ɳˁˍʷ˂ʶˋʶ ʵˏˇ ˒ʱˋʶʽˌ ˃ʶˍˊʺˋʶ˖˄Σ ˍʹ˄ ʴʶ˖ʵʰʽˍʽˁʺ ˒ʱˋʹ όDŜƻŘŜǘƛŎ Mission-GM) ˁʰʽ ˍʹ˄ ʰˁˊʽʲ˗ˌ 

ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹ ό9ȄŀŎǘ Repeat Mission-ERM) ˒ ʱˋʹΦ ɶ ʴʶ˖ʵʰʽˍʽˁʺ ˒ʱˋʹ ʵʽʺˊˁʹˋʶ мΦр ˔ˊˈ˄ˇ όʰˉˈ ˍʽˌ ол 

ɾʰˊˍʾˇˎ мфур ˖ˌ ˁʰʽ ˍʽˌ ол ʅʶˉˍʶ˃ʲˊʾˇˎ мффлύΣ ˍˇ ˏ˕ˇˌ ˉˍʺˋʹˌ ʺˍʰ˄ улл ƪƳ ˁʰʽ ʹ ˁ˂ʾˋʹ ˉ˂ʹˋʾʰʸʶ ˍʽˌ 

108°Φ ɶ ˍˊˇ˔ʽʱ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʺˍʰ˄ ˋ˔ʶʵˈ˄ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ˃ʶ ˉʶˊʾˇʵˇ но ʹ˃ʶˊ˗˄ ˁʰʽ ˍʰ ʾ˔˄ʹ ˍ˖˄ 

ʵʽʰ˒ˈˊ˖˄ ˉʶˊʽˋˍˊˇ˒˗˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌ ʶʾ˔ʰ˄ ʰˉˈˋˍʰˋʹ пƪƳΦ  
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ʅ˔ʺ˃ʰ нΦ4: ʁ ʵˇˊˎ˒ˈˊˇˌ D9h{!¢ όʅ˔ʺ˃ʰ ʰˉˈ www.grdl.noaa.gov) 

 ɾʶˍʱ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ʴʶ˖ʵʰʽˍʽˁʺˌ ˒ʱˋʹˌ ʰˁˇ˂ˇˏʻʹˋʶ ʹ ʰˁˊʽʲ˗ˌ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹΣ ʹ ˇˉˇʾʰ 

ˁʰˍʷˋˍʹ ʵˎ˄ʰˍʺ ˃ʶ ˃ʽʰ ʰ˂˂ʰʴʺ ˋˍʹ˄ ˍˊˇ˔ʽʱ ˁʰʽ ˅ʶˁʾ˄ʹˋʶ ˋˍʽˌ у ɿˇʶ˃ʲˊʾˇˎ мфусΦ ʅʶ ʰˎˍʺ˄ ˍʹ ˍˊˇ˔ʽʱ ˇ 

ʵˇˊˎ˒ˈˊˇˌ ˉʶˊ˄ʱ ʰˉˈ ˍˇ ʾʵʽˇ ˋʹ˃ʶʾˇ ˋˍʹ ɱʹ ˁʱʻʶ мтΦлр ʹ˃ʷˊʶˌΣ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʷˍˋʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 

ˁʰʻˇˊʽˋˍʶʾ ʹ ˃ʷˋʹ ˋˍʱʻ˃ʹ ʻʱ˂ʰˋˋʰˌ ˋʶ ʰˎˍʱ ˍʰ ˋʹ˃ʶʾʰΣ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˍˇˉʽˁʺ 

ʲʰˊˏˍʹˍʰ ˁʰʽ ˍʹ˄ ˖ˁʶʱ˄ʽʰ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰΣ ʰ˂˂ʱ ˁʰʽ ˄ʰ ˃ʶ˂ʶˍʹʻʶʾ ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍ˖˄ ʻʰ˂ʰˋˋ˗˄Φ ɾʶˍʱ 

ˍˇ ˍʷ˂ˇˌ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˁʰˍʰˋˍˊˇ˒ʺˌ ˁʰʽ ˍ˖˄ ʵˏˇ ˍʰʽ˄ʽ˗˄ ˁʰˍʰʴˊʰ˒ʺˌ ˉˇˎ ˎˉʺˊ˔ʰ˄ ˋˍˇ 

ˋˁʱ˒ˇˌΣ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ˍˊʾʰ ˔ˊˈ˄ʽʰ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˎ˕ʹ˂ʺˌ ʰˁˊʾʲʶʽʰˌ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ ˋˍʹ˄ 

ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΦ ʁʽ ˃ʶ˂ʷˍʶˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ʰˁˈ˃ʹ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ D9h{!¢ ʶʾ˄ʰʽ ˉˇ˂ˎʱˊʽʻ˃ʶˌ ˁʰʽ ˇ ʵˇˊˎ˒ˈˊˇˌ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ 

ˋˍʹ ʵˇˊˎ˒ˇˊʽˁʺ ˖ˁʶʰ˄ˇʴˊʰ˒ʾʰ ˁʰʽ ʴʶ˖ʵʰʽˋʾʰ (http://ibis.grdl.noaa.gov). 

 ʆʹ˄ ʰˉˇˋˍˇ˂ʺ ˍˇˎ D9h{!¢ ʰˁˇ˂ˇˏʻʹˋʶ ʰˎˍʺ ˍˇˎ ɳˎˊ˖ˉʰʿˁˇˏ ʵˇˊˎ˒ˈˊˇˎ 9w{-1 ( European 

Remote-Sensing Satellite 1) ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ʇˉʹˊʶˋʾʰ ɲʽʰˋˍʺ˃ʰˍˇˌ ό9{!-European {ŀǘŜƭƭƛǘŜ !ƎŜƴŎȅύΦ ʁ 

ʵˇˊˎ˒ˈˊˇˌ ʶˁˍˇ˅ʶˏˍʹˁʶ ˋˍʽˌ мт ɹˇˎ˂ʾˇˎ мффм ˁʰʽ ˇʽ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎ όмнƳ x 12m x нΣрƳ ˁʰʽ ʲʱˊˇˌ нплл ƪƎύ 

ˍˇ˄ ˁʰʻʽˋˍˇˏˋʰ˄ ˍˇ˄ ˉʶˊʽˉ˂ˇˁˈˍʶˊˇ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʵˇˊˎ˒ˈˊˇ ˉˇˎ ʶʾ˔ʶ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˃ʷ˔ˊʽ ˍˈˍʶ ˋˍʹ˄ 

ɳˎˊ˗ˉʹΦʅˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˎˉʺˊ˔ʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˇˊʴʱ˄˖˄ ˁʰʽ ʰʽˋʻʹˍʺˊ˖˄ ˉˇˎ ˍˇˎ ʶˉʷˍˊʶˉʶ 

ʰˁˊʽʲʶʾˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˉʰ˄ˍˈˌ ˁʰʽˊˇˏ ˋʶ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ нп˗ˊˇˎΦ ʃˊ˖ˍʰˊ˔ʽˁˈˌ ˋˁˇˉˈˌ ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ ʺˍʰ˄ ʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ʹ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˉʱʴ˖˄Σ ʹ ˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍ˖˄ 

ʻʰ˂ʰˋˋ˗˄ ˁʰʽ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ ˍ˖˄ ʰ˄ʷ˃˖˄Φ  ʁ 

ʵˇˊˎ˒ˈˊˇˌ ʺˍʰ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ˇˌ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ʴʽʰ ʵˏˇ ˃ˈ˄ˇ ˔ˊˈ˄ʽʰ ʰ˂˂ʱ ˋˎ˄ʷ˔ʽˋʶ ˄ʰ ˁʰˍʰʴˊʱ˒ʶʽ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˃ʷ˔ˊʽ ˁʰʽ ˍˇ мффс ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍˇˎ ʵʽʰʵˈ˔ˇˎ 

ˍˇˎ 9w{-2 ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰΦ ʁ 9w{-1 ʲˊʽˋˁˈˍʰ˄ ˋʶ ˃ʽʰ ˉˇ˂ʽˁʺ ʹ˂ʽˇˋˏʴ˔ˊˇ˄ʹ ˍˊˇ˔ʽʱ ˃ʶ 

ˁ˂ʾˋʹ фуΦр° ˁʰʽ ˃ʷˋˇ ˏ˕ˇˌ тулƪƳΦ ɳˁˍʷ˂ʶˋʶ т ˒ʱˋʶʽˌ ˍʽˌ !, B, C, D, E, F  ˁʰʽ ɳΦ ɶ ˉˊ˗ˍʹ ˒ʱˋʹ ʰ˄ʰ˒ʶˊˈˍʰ˄ 

ˋˍˇ˄ ʷ˂ʶʴ˔ˇ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ ˇˊʴʱ˄˖˄Σ ʹ ɰ ˋˍʹ˄ ˉˊ˗ˍʹ ˒ʱˋʹ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺˌ ˍ˖˄ ˉʱʴ˖˄Σ ʹ / ʺˍʰ˄ ʹ ˉˊ˗ˍʹ ʰˁˊʽʲ˗ˌ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹ ˍˊˇ˔ʽʱ 

όɳwa)Σ ʹ 5 ʺˍʰ˄ ʹ ʵʶˏˍʶˊʹ ˒ʱˋʹ ˁʰˍʰʴˊʰ˒ʺˌ ˍ˖˄ ˉʱʴ˖˄Σ ʹ ɳ ʺˍʰ˄ ʹ ˉˊ˗ˍʹ ʴʶ˖ʵʰʽˍʽˁʺ ʰˉˇˋˍˇ˂ʺ ˁʰʽ ʹ C ʹ 

ʵʶˏˍʶˊʹ ʶ˄˗ ʹ ɳ ʺˍʰ˄ ʹ ʵʶˏˍʶˊʹ ˒ʱˋʹ ˍʹˌ ʰˁˊʽʲ˗ˌ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹˌ ˍˊˇ˔ʽʱˌ ˉˇˎ ʷʴʽ˄ʶ ˉʰˊʱ˂˂ʹ˂ʰ ˃ʶ 

ʰˎˍʺ ˍˇˎ 9w{-2. ɶ ʰˉˇˋˍˇ˂ʺ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ˋˍʽˌ мл ɾʰˊˍʾˇˎ ˍˇˎ нлмл ˁʰʽ ˃ʾʰ 



ɼɳʊɮɽɮɹʁ нʁ   11 
 

 
 

ʶ˄ˍˎˉ˖ˋʽʰˁʺ ˇ˃ˇʽˇʴʶ˄ʺˌ ˁʰʽ ˋˎ˄ʶ˔ʺˌ ˉˇˋˈˍʹˍʰ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 

ʻʱ˂ʰˋˋʰˌ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ʵʽʰʻʷˋʽ˃ʹ όhttp://www -aviso.cnes.fr). 

 

ʅ˔ʺ˃ʰ нΦ5: ʁ ʵˇˊˎ˒ˈˊˇˌ 9w{-м όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκǿǿǿΦƎŀΦƎƻǾΦŀǳύ 

 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˇ ʵˇˊˎ˒ˈˊˇˌ TOPEX/tƻǎŜƛŘƻƴ ʰˉˇˍʷ˂ʶˋʶ ˃ʽʰ ˁˇʽ˄ʺ ˉˊˇˋˉʱʻʶʽʰ ˍʹˌ NASA (National 

Aeronautics and Space Administration ɳʻ˄ʽˁˈˌ ʁˊʴʰ˄ʽˋ˃ˈˌ ɮʶˊˇ˄ʰˎˍʽˁʺˌ ˁʰʽ ɲʽʰˋˍʺ˃ʰˍˇˌ ˍ˖˄ ɶʃɮ) ˁʰʽ 

ˍˇˎ CNES (Central Nationale d' Etudes Speciales) ˋˍˇ ˄ hˁʰˍʰˋˁʶˎʱˋˇˎ˄ ʷ˄ʰ ʵˇˊˎ˒ˈˊˇ ˉˇˎ ˉʰˊʷ˔ʶʽ 

ˎ˕ʹ˂ʷˌ ʰˁˊʾʲʶʽʶˌ ˁʰʽ ʻ  hʷ˔ʶʽ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΦ ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ʵˏˇ 

ʰ˂ˍʽ˃ʷˍˊ˖˄ ˉˇˎ ˒ʷˊʶʽΦ ʆˇ ʷ˄ʰ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˍʹ ɿɮ{! ˁʰʽ ˇ˄ˇ˃ʱˋˍʹˁʶ ¢htƻƎǊŀǇƘƛŎ EXperiment 

(TOPEX) ˁʰʽ ˍˇ ʱ˂˂ˇ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˍˇ /b9{ ˁʰʽ ˇ˄ˇ˃ʱˋˍʹˁʶ th{9L5hb. ʁ ʵˇˊˎ˒ˈˊˇˌ ʶˁˍˇ˅ʶˏˍʹˁʶ 

ˋˍʽˌ мл ɮˎʴˇˏˋˍˇˎ ˍˇˎ мффн ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ 

ʃʶˊʽˋˍˊʶ˒ˈˍʰ˄  ˋʶ ˏ˕ˇˌ моос ƪƳ ˃ʶ ˁ˂ʾˋʹ ссΦлп° ˁ ʰʽ ˍˊˇ˔ʽʱ ˋ˔ʶʵˈ˄ ˁˎˁ˂ʽˁʺΦ ɶ ˉʶˊʾˇʵˇˌ ˍˇˎ ʺˍʰ˄ ммн min 

ˁʰʽ ˍˇ ʾ˔˄ˇˌ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈˍʰ˄ ˃ʶ ʰˁˊʾʲʶʽʰ мƪƳΦ ɼʱʻʶ мл ʹ˃ʷˊʶˌ ˉʰˊʶʾ˔ʶ ˍʹ˄ ˖ˁʶʱ˄ʽʰ 

ˍˇˉˇʴˊʰ˒ʾʰ ʺ ˍˇ ˏ˕ˇˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ʶ ˉˊ˖ˍˇ˒ʰ˄ʺ ʰˁˊʾʲʶʽʰ ˋˎ˃ˉ˂ʹˊ˗˄ˇ˄ˍʰˌ ʷˍˋʽ ʵʽʱ˒ˇˊʰ 

˖ˁʶʰ˄ˇʴˊʰ˒ʽˁʱ ˁʰʽ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰΦ ʁ ˍʶˊʱˋˍʽˇˌ ˈʴˁˇˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ˃ʶˍʱ ʰˉˈ 

мо ˔ˊˈ˄ʽʰ ʶˉʽˍˎ˔ˇˏˌ ʰˉˇˋˍˇ˂ʺˌ ˁʰʽ ˉʶˊʾˉˇˎ снллл ˍˊˇ˔ʽ˗˄ ʴˏˊ˖ ʰˉˈ ˍʹ ɱʹΣ ˁʰˍʷˋˍʹˋʶ ʵˎ˄ʰˍʺ ˍʹ ˃ʶ˂ʷˍʹ 

ˁʰʽ ʱ˂˂˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ˉʷˊʰ ˍ˖˄ ˁ˂ʰˋˋʽˁ˗˄ ˉˇˏ ʶʾ˔ʰ˄ ˉʰˊʰˍʹˊʹʻʶʾ ˋˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʰ˂ˍʽ˃ʶˍˊʽˁʷˌ 

ʰˉˇˋˍˇ˂ʷˌΦ ɴˍˋʽ ʹ ˁʾ˄ʹˋʹ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˊʶˎ˃ʱˍ˖˄ ˁʰʽ ˉʰ˂ʽˊˊˇʽ˗˄Σ ʹ ʷ˄ˍʰˋʹ ˁʰʽ ˇʽ ˋˎ˄ʷˉʶʽʶˌ  ʱ˂˂˖˄ 

ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁ˗˄ ˒ʰʽ˄ˈ˃ʶ˄˖˄ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʶ˄˗  ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʰˎˍʺˌ  ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ 

ʰˋ˒ʰ˂ʺ ˄ʰˎˋʽˉ˂ˇˀʰΣ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ʰ˂ʽʶʾʰˌΣ ˍʹ˄ ʷˊʶˎ˄ʰ ˍ˖˄ ʻʰ˂ʰˋˋʾ˖˄ ʻʹ˂ʰˋˍʽˁ˗˄ ˁʰʽ ʱ˂˂ʶˌ 

ʶ˒ʰˊ˃ˇʴʷˌΦ  ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʾˋˇˎ˃ʶ ˈˍʽ ˇʽ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʰˉˇˋˍˇ˂ʷˌ ʵʶ˄ ʶʾ˔ʰ˄ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʰˁˊʽʲˇˏˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ˍˊˇ˔ʽʱˌ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍ˖˄ 

ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɮ˄ˍʾʻʶˍʰΣ ˋˍˇ ʵˇˊˎ˒ˈˊˇ ¢ht9· ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ˍˊʾʰ ˋˎˋˍʺ˃ʰˍʰ 



12                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ-ʶ˄ˍˇˉʽˋ˃ˇˏ ʻʷˋʹˌ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˍˊˇ˔ʽʱˌ ˃ʶ ˃ʽʰ ʰˁˊʾʲʶʽʰ ˍʹˌ 

ˍʱ˅ʹˌ ˍ˖˄ м-н ŎƳΦ ʁʽ ˍˊʶʽˌ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʰˎˍʷˌ ˍʶ˔˄ʽˁʷˌ ʶʾ˄ʰʽ ˍˇ ʃʰʴˁˈˋ˃ʽˇ ɲˇˊˎ˒ˇˊʽˁˈ ʅˏˋˍʹ˃ʰ 

ʃˊˇˋʵʽˇˊʽˋ˃ˇˏ ɸʷˋʹˌ όDƭƻōŀƭ Positioning System GPS), ˍˇ ˋˏˋˍʹ˃ʰ 5hwL{ (Doppler Orbitography and 

Radiolocation Integrated by Satellite) ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰ ǊŀŘŀǊ SLR.  ɶ ˉˊ˖ˍˇˉˇˊʽʰˁʺ ʰˁˊʾʲʶʽʰ ˍˇˎ 

ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎΣ ˇʵʺʴʹˋʶ ˋˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍˇˎ ¢ht9·/POSEIDON ˋʰ˄ ʵˇˊˎ˒ˈˊˇˎ 

ʰ˄ʰ˒ˇˊʱˌ ˋˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˁʰʽ ʵʽˈˊʻ˖ˋʹ ˍʹˌ ˍˊˇ˔ʽʱˌ ˁʰʽ ʱ˂˂˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄ 

(http://www.aviso.oceanobs.com). 

 

ʅ˔ʺ˃ʰ 2.6: ʁ ʵˇˊˎ˒ˈˊˇˌ ¢ht9· tƻǎŜƛŘƻƴ όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκǿǿǿΦŀǾƛǎƻΦŎƴŜǎΦŦǊύ 

 O ʵˇˊˎ˒ˈˊˇˌ GFO (Geosat Follow-On) ʰˉˇˍʷ˂ʶˋʶ ˃ʽʰ ˉˊ˖ˍˇʲˇˎ˂ʾʰ ˍˇˎ ɮ˃ʶˊʽˁʱ˄ʽˁˇˎ ɿʰˎˍʽˁˇˏ 

(US Navy) ʴʽʰ ˄ʰ ˋˎ˄ʶ˔ʽˋˍˇˏ˄ ˇʽ ʶˉʽˍˎ˔ʹ˃ʷ˄ʶˌ  ʰ˂ˍʽ˃ʶˍˊʽˁʷˌ ʰˉˇˋˍˇ˂ʷˌ ˉˇˎ ʱˊ˔ʽˋʰ˄ ˃ʶ ˍʹ˄ ʶˉʽˍˎ˔ʺ 

ʰˉˇˋˍˇ˂ʺ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ Geosat.  ɳˁˍˇ˅ʶˏˍʹˁʶ ˋˍʽˌ млκнκмффу ˁʰʽ ˍˇ ˏ˕ˇˌ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʺˍʰ˄ туп 

˔ʽ˂ʽˈ˃ʶˍˊʰΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˉʰˊˇˎˋʾʰˋʶ ˉˇ˂˂ʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ˃ˈ˂ʽˌ ˔ˊˈ˄ʽʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎΦ ʁʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˉˇˎ ʲˊʽˋˁˈˍʰ˄ ˋˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˉʰˊˇˎˋʾʰˋʰ˄ 

ˉˊˇ̡˂ ʺ˃ʰˍʰ, ˍʰ ˇˉˇʾʰ ˅ʶˉʶˊʱˋˍʹˁʰ˄ ˃ʶˍʱ ˍʰ ʵˏˇ ˉˊ˗ˍʰ ˔ˊˈ˄ʽʰ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʆˇ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇ ˈ˃˖ˌ 

ˉˊˈʲ˂ʹ˃ʰ ʺˍʰ˄ ˇʽ п ʵʷˁˍʶˌ GPS ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ʺˍʰ˄ ʶ˒ˇʵʽʰˋ˃ʷ˄ˇˌ ˇ ʵˇˊˎ˒ˈˊˇˌ ˁʰʽ ˇʽ ˇˉˇʾˇʽ ʵʶ 

˂ʶʽˍˇˏˊʴʹˋʰ˄ ˉˇˍʷΦ ʂ˃˖ˌΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʰ ˋˎˋˍʺ˃ʰˍʰ SLR ˁʰʽ Doppler ʶˉ̫ˍˊʶ˕ʰ˄ ˍˇ˄ ʰˁˊʽʲʺ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˁʰʽ ʵʽʷˋ˖ˋʰ˄ ˍʹ˄ ʰˉˇˋˍˇ˂ʺΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˉˇ˂˂ʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˁˎˊʾ˖ˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʱ˂˂˖˄ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ʰˉˇˋˍˇ˂˗˄Φ ɶ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ʰ˄ʶ˃ˇˋˍˊˈʲʽ˂˖˄Σ ʹ ʰˉʶʽˁˈ˄ʽˋʹ ˋʶ ˋ˔ʶʵˈ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ 

ˈˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ ˉˊˇʲ˂ʷ˕ʶʽˌ ˍˎ˒˗˄˖˄ ʶʾ˄ʰʽ ˃ʶˊʽˁʷˌ ʰˉˈ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʶ˄˗ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˍʹˌ 

ˍˊˇ˔ʽʱˌ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˃ˇ˄ˍʷ˂˖˄ ʲʰˊˏˍʹˍʰˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ GRACE. O ʵˇˊˎ˒ˈˊˇˌ ˋˍʰ˃ʱˍʹˋʶ 

ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˍʽˌ нр ʅʶˉˍʶ˃ʲˊʾˇˎ ˍˇˎ нллу ˁʰʻ˗ˌ ʹ ʹ˂ʽˁʾʰ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ˁʰʽ ʱ˂˂˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ 
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ˉˇˎ ˎˉʺˊ˔ʰ˄ ˋˍˇ ʵˇˊˎ˒ˈˊˇ ʷˁʰ˄ʰ˄ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˁʰʽ ˍʹ˄ ʶˉʽˋˍˊˇ˒ʺ ˋˍʽˌ ˁʰ˄ˇ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ʰʵˏ˄ʰˍʶˌ όƘǘǘǇΥκκŜŀǊǘƘΦŜǎŀΦƛƴǘύΦ  

 

ʅ˔ʺ˃ʰ нΦ7: ʁ ʵˇˊˎ˒ˈˊˇˌ DCh όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκƛōƛǎΦƎǊŘƭΦƴƻŀŀΦƎƻǾύ 

 O ʵʶˏˍʶˊˇˌ ʶˎˊ˖ˉʰʿˁˈˌ ʵˇˊˎ˒ˈˊˇˌ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ όERS-2) ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˍʹ˄ ɳSA ˁʰʽ  

ˍʷʻʹˁʶ ˋʶ ˍˊˇ˔ʽʱ ˋˍʽˌ нм ɮˉˊʽ˂ʾˇˎ мффрΦ ɮˉˇˍʶ˂ʶʾ ˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ERS-1 ˁʰʽ ˋ˔ʶʵʽʱˋˍʹˁʶ ʴʽʰ ˄ʰ ʵ˗ˋʶʽ 

ʰˉʰ˄ˍʺˋʶʽˌ ˋʶ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ʶˊ˖ˍʺ˃ʰˍʰΦ ɶ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʺˍʰ˄ ʶ˅ˇˉ˂ʽˋ˃ʷ˄ʹ 

˃ʶ ˍʰ ʾʵʽʰ ˈˊʴʰ˄ʰ ˉˇˎ ʶʾ˔ʶ ˁʰʽ ˇ ˉˊˇˁʱˍˇ˔ˈˌ ˍˇˎ, ʶ˄˗ ˉˊˇˋˍʷʻʹˁʶ ˁʰʽ ʷ˄ʰ ʰˁˈ˃ʹ ˒ʰˋ˃ʰˍˈ˃ʶˍˊˇ ˍˇ GOME 

(Global Ozone Monitoring Experiment). ʆo ˈˊʴʰ˄ˇ ʰˎˍˈ ˃ʶˍˊʱ ˍˇ ˒˖ˌ ˋˍʹ˄ ˎˉʶˊʽ˗ʵʹ ˁʰʽ ˇˊʰˍʺ ˉʶˊʽˇ˔ʺ 

ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ˁʰʽ ˋ˔ʶʵʽʱˋˍʹˁʶ ʴʽʰ ˄ʰ ˃ʶˍˊʺˋʶʽ ˍʹ˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˋʶ ˈʸˇ˄Φ 



14                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

 

ʅ˔ʺ˃ʰ нΦ8: ʁ ʵˇˊˎ˒ˈˊˇˌ ɳw{-н όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκǿǿǿΦƎǳŀǊƴƛŜǊƻΦƴƭύ 

 ɾʶˍʱ ˍʹ˄ ˁʰˍʰˋˍˊˇ˒ʺ, ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˁˍˈ˅ʶˎˋʹˌ, ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ /Ǌȅƻǎŀǘ ˋˍʽˌ у 

ʁˁˍ˖ʲˊʾˇˎ ˍˇˎ нллрΣ ʱˊ˔ʽˋʰ˄ ʰ˃ʷˋ˖ˌ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ʰˉˇˋˍˇ˂ʺˌ ˉˇˎ ʻʰ 

ʰ˄ˍʽˁʰʻʽˋˍˇˏˋʶ ʰˎˍʺ˄ ˍˇˎ /Ǌȅƻǎŀǘ. ʁ ɻˇˊˎ˒ˈˊˇˌ /Ǌȅƻǎŀǘ-2 ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˂ˇʽˉˈ˄Σ ˃ʶ ˋˍˈ˔ˇ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˂˂ʰʴ˗˄ ˋˍˇ ˎ˕ˈ˃ʶˍˊˇ ˁʰʽ ˍˇ ˉʱ˔ˇˌ ˍ˖˄ ˉʱʴ˖˄ ˋˍʹ˄ ˅ʹˊʱ ˁʰʽ ˍʹ˄ ʻʱ˂ʰˋˋʰΦ ʁ 

ʵˇˊˎ˒ˈˊˇˌ ʻʰ ʵ˗ˋʶʽ ʰˉʰ˄ˍʺˋʶʽˌ ˋʶ ʷ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˉˇ˂ˎˋˎʸʹˍʹ˃ʷ˄ʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍˇ˂ˇʴʽˁʱ ʻʷ˃ʰˍʰ ˍʹˌ 

ʶˉˇ˔ʺˌ ˃ʰˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʻʰ ˁʰʻˇˊʾˋˇˎ˄ ʰ˄ ˇʽ ˃ʱʸʶˌ ˉʱʴˇˎ ˂ʶˉˍʰʾ˄ˇˎ˄ ʺ ˈ˔ʽΣ ˂ˈʴ˖ ˍʹˌ 

ˉʰʴˁˈˋ˃ʽʰˌ ʰˏ˅ʹˋʹˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˂ˈʴ˖ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ ɱʽʰ ˍʹ˄ 

ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰ˅ʽˈˉʽˋˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʶˉʱ˄˖ ʰˉˈ ˍʽˌ ˉˇ˂ʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ˇ /Ǌȅƻǎŀǘ-н ˉˊʷˉʶʽ ˄ʰ 

ʰˁˇ˂ˇˎʻʺˋʶʽ ˃ʾʰ ʰˋˎ˄ʺʻʽˋˍʹ ˍˊˇ˔ʽʱ ˉˇˎ ˒ˍʱ˄ʶʽ ʰˁˈ˃ʹ ˁʰʽ ˍʽˌ уу° ˋʶ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍˈˋˇ ˋˍˇ ɰˇˊˊʱ 

ˈˋˇ ˁʰʽ ˋˍˇ ɿˈˍˇΦ ɶ ˍˊˇ˔ʽʱ ʰˎˍʺ ʻʰ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʷˁʻʶˋʹ ˈ˂˖˄ ˍ˖˄ ˃ʶˊ˗˄ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˋʶ 

ˉˇ˂ˏ ʵˎ˄ʰˍʺ ʽˋ˔ˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʻʶˊ˃ˈˍʹˍʰˌ, ʶ˄˗ ˋʶ ʱ˂˂ʰ ˋʹ˃ʶʾʰ ˇ ˃ʽˋˈˌ ʵˇˊˎ˒ˈˊˇˌ ʻʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋʶ 

ˉ˂ʺˊʹ ˋˁʽʱ ʴʽʰ ʶʲʵˇ˃ʱʵʶˌΦ ɮ˄ˍʾʻʶˍʰ ˃ʶ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌΣ ˇ /Ǌȅƻǎŀǘ-2 ʵʶ˄ ʷ˔ʶʽ ˁʽ˄ˇˏ˃ʶ˄ʰ 

˃ʷˊʹ ʶˁˍˈˌ ʰˉˈ ˃ʶˊʽˁʷˌ ʲʰ˂ʲʾʵʶˌ ˋˍˇ ˋˏˋˍʹ˃ʰ ˉˊˇ˗ʻʹˋʹˌΦ ɮˎˍˈ ʰˉˇ˒ʷˊʶʽ ˃ʽʰ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ 

ˁˈˋˍˇˎˌ ʰ˂˂ʱ ʵʹ˃ʽˇˎˊʴʶʾ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ˄ ˉʰˊˇ˔ʺ ʶˉʰˊˁˇˏˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ʵˇˊˎ˒ˈˊˇ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ 

ʰˋˎ˄ʺʻʽˋˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎΦ ʆʰ ʹ˂ʽʰˁʱ ˉ˂ʰʾˋʽʰ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ʰ ʱˁʰ˃ˉˍʰ ʶˉʱ˄˖ ˋˍˇ ˋ˗˃ʰ ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ ˎˉˈ ˍʷˍˇʽʰ ʴ˖˄ʾʰ ˗ˋˍʶ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ʶˉʰˊˁʺˌ ʶ˄ʷˊʴʶʽʰ ˁʰʻΩ ̍˂ ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˍˊˇ˔ʽʱˌΦ 

ʁ ʵˇˊˎ˒ˈˊˇˌ ʁ ˁˍˇ˅ʶˏˍʹˁʶ ˋˍʽˌ у ɮˉˊʽ˂ʾˇˎ ˍˇˎ нлмл όƘǘǘǇΥκκǿǿǿΦƎǳŀǊƴƛŜǊƻΦƴƭύΦ   

 

ʅ˔ʺ˃ʰ нΦ9Υ ʁ ʵˇˊˎ˒ˈˊˇˌ /Ǌȅƻǎŀǘ όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκƎƛȊƳƻŘƻΦŎƻƳύ 
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 ʁ ʵˇˊˎ˒ˈˊˇˌ Wŀǎƻƴ-мΣ ʰˉˇˍʶ˂ʶʾ ˁˇʽ˄ʺ ˉˊˇˋˉʱʻʶʽʰ ˍʹˌ ɿɮ{! ˁʰʽ ˍˇˎ /b9{ ˁʰʽ ʶˁˍˇ˅ʶˏˍʹˁʶ ˋˍˇ 

ʵʽʱˋˍʹ˃ʰ ˋˍʽˌ т ɲʶˁʶ˃ʲˊʾˇˎ нллм ʰˉˇˍʶ˂˗˄ˍʰˌ ˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ¢ʁʄɳʋ/Poseidon.  ɶ ˇ˄ˇ˃ʰˋʾʰ 

ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ˄˃ ˎʻʽˁˈ ʺˊ˖ʰ ɹʱˋ˖˄ʰΦ 

 

ʅ˔ʺ˃ʰ нΦ10: ʁ ʵˇˊˎ˒ˈˊˇˌ Wŀǎƻƴм ˁʰʽ ˍʰ ˈˊʴʰ˄ʰ ˍˇˎ όʅ˔ʺ˃ʰ ʰˉˈ ǿǿǿΦŀǾƛǎƻΦƻŎŜŀƴƻōǎΦŎƻƳύ 

 ʁʽ ̱̀ ˈ˔ˇʽ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʷ˔ˇˎ˄ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ʶ˒ʰˊ˃ˇʴ˗˄ ˋˍʹ˄ ˖ˁʶʰ˄ˇʴˊʰ˒ʾʰΣ ˍʹ 

˃ʶˍʶ˖ˊˇ˂ˇʴʾʰΣ ˍʹ˄ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰ ˁʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʴʶ˖ʶˉʽˋˍʹ˃˗˄Φ ɱʶ˄ʽˁˈˍʶˊʰΣ ʹ ˖ˁʶʱ˄ʽʰ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ 

ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˁʶ˄ˍˊʽˁˈ ˋˍˈ˔ˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʰˉˇˋˍˇ˂ʺˌΦ  ɶ ˍˊˇ˔ʽʱ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˁʰ˂ˏˉˍʶʽ ˍˇ фл҈ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ʻʰ˂ʰˋˋ˗˄Σ ˉˇˎ ʵʶ˄ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˉʱʴˇˎˌΣ ˁʱʻʶ мл ʹ˃ʷˊʶˌΦ ɶ ˉʰˊʱʵˇˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰʻʽˋˍʱ ʵˎ˄ʰˍʺ ˍʹ˄ ʷˁʵˇˋʹ ˖ˁʶʱ˄ʽ˖˄ ʵʶ˂ˍʾ˖˄ ˃ʶ ˍˇ˄ ʾʵʽˇ ˋ˔ʶʵˈ˄ ˍˊˈˉˇ ˉˇˎ 

ʴʾ˄ˇ˄ˍʰʽ ˇʽ ˁʰʽˊʽˁʷˌ ˉˊˇʲ˂ʷ˕ʶʽˌΦ ʆʰ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʵʾ˄ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʸ˖ˍʽˁʺˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍʹ 

˃ʶ˂ʷˍʹ ˁʰʽ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ ˁʰʽ ˁˎˊʾ˖ˌ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˈˉ˖ˌ ˍˇ ɳƭ NiñoΦ ɶ 

ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ Jason ˄ʰ ˃ʶˍˊʱ ˍʹ ˃ʷˋʹ ˋˍʱʻ˃ʹ ʻʱ˂ʰˋˋʰˌ ˃ʶ ʰˁˊʾʲʶʽʰ ƳƳ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˃ʶʴʱ˂ˇ 

ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʰ˂˂ʰʴʺˌ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌΦ ʅʶ ˈ,ˍʽ ʰ˒ˇˊʱ ˍʹ ʻʰ˂ʱˋˋʽʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰΣ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʰ ˏ˕ʹ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ʰ˄ʷ˃˖˄Σ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ˃ʷˋʰ 

ˋʶ о ˗ˊʶˌΦ  ɮˎˍʷˌ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʻʰ ʲˇʹʻʺˋˇˎ˄ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ ˄ʰ ˁʰˍʰ˄ˇʺˋˇˎ˄ ˁʰ˂ˏˍʶˊʰ ˁʰʽ ˄ʰ 

ˉˊˇʲ˂ʷ˕ˇˎ˄ ˍʽˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶˉʱ˄˖ ʰˉˈ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΦ ʆʷ˂ˇˌΣ ˍˇ ʲʰˊˎˍʽˁˈ ˉʶʵʾˇ ˍʹˌ ɱʹˌ ʶˉʹˊʶʱʸʶʽ 

ˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ ɾʶ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˖ˁʶʱ˄ʽʰˌ ˍˇˉˇʴˊʰ˒ʾʰˌΣ ˄ʷʰ ˋˍˇʽ˔ʶʾʰ ˉˊˇˁˏˉˍˇˎ˄ 

ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ˍ˖˄ ˍʶˁˍˇ˄ʽˁ˗˄ ˉ˂ʰˁ˗˄Σ ˍʹ˄ ˎˉˇʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰΣ ˍʽˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍˇˎ ʴʺʽ˄ˇˎ ˃ʰ˄ʵˏʰ 

ˁʰʽ ʱ˂˂ʰ ʴʶ˖˒ˎˋʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ 

 ɶ ʶˉʽˍˎ˔ʾʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ Jason-1 ʁ ʾ˔ʶ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˄ʷʰˌ ˉˊˇˋˉʱʻʶʽʰˌ ˉˇˎ 

ˎ˂ˇˉˇʽʺʻʹˁʶ ˃ʶ ˍʹ˄ ʶˁˍˈ˅ʶˎˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ Jason-2. H Ocean Surface Topography Mission ˍˇˎ Jason-2 

(OSTM-ʰˉˇˋˍˇ˂ʺ ʴʽʰ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ˖ˁʶʰ˄˗˄ύ, ʶʾ˄ʰʽ ˃ʾʰ ʵʽʶʻ˄ʺˌ ʵˇˊˎ˒ˇˊʽˁʺ 

ʰˉˇˋˍˇ˂ʺ ˉˇˎ ʻʰ ʶˉʶˁˍʶʾ˄ʶʽ ˍʹ ˋˎ˄ʶ˔ˈ˃ʶ˄ʹ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋˍʹ˄ 

ʶˉˈ˃ʶ˄ʹ ʵʶˁʰʶˍʾʰΦɮˉˇˍʶ˂ʶʾ ˍ ̌ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˋˎ˄ʶˊʴʰˋʾʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ NASA (National Aeronautics and 

Space Administration) ˍʹˌ ɿʁɮɮ (National Oceanic and Atmospheric Administration) ˍʹˌ CNES (Centre 
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National d'Etudes Spatiales) ˁʰʽ ˍʹˌ EUMETSAT (European Organisation for the Exploitation of 

Meteorological Satellites). ɶ ˍˊˇ˔ʽʱ ˍˇˎ ʶʾ˄ʰʽ ʾʵʽʰ ˃ʶ ʰˎˍʺ˄ ˍˇˎ ˉˊˇˁʱˍˇ˔ˇˏ ˍˇˎ Jason-1 ̀ ˍʰ мΣоос km ˋˍˇ 

ʾʵʽˇ ʶˉʾˉʶʵˇ ˁ˂ʾˋʹˌ ˍ˖˄ сс° ˖ˌ ˉˊˇˌ ˍˇ˄ ɹˋʹ˃ʶˊʽ˄ˈΦ ɴ˔ʶʽ ˉʶˊʾˇʵˇ ʵʷˁʰ ʹ˃ʶˊ˗˄ ˁʰʽ ˁʰ˂ˏˉˍʶʽ ˍˇ фр҈ ˍʹˌ 

ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ 

 ɶ ʰˉˇˋˍˇ˂ʺ ʻʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˖ˌ ʴʷ˒ˎˊʰ ˃ʶˍʱʲʰˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˉʰʴˁˈˋ˃ʽʶˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˉˊˈʴ˄˖ˋʹˌ ˍˇˎ ˁʰʽˊˇˏ ˁʰʽ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ ˉˇˎ ʻʰ ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˄ ʴʽʰ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʶˌ ˁʰʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʶˌ ˉˊˇʴ˄˗ˋʶʽˌΦ ɳˉʾˋʹˌΣ ʻʰ ʵ˗ˋʶʽ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˊˎʻ˃ˈ 

ʰˏ˅ʹˋʹˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όлΦо cm/year ʲʱˋʹ ˋˍˇʽ˔ʶʾ˖˄ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ 

ʰˉˇˋˍˇ˂˗˄) ˁʰʽ ˍʽˌ ˈˉˇʽʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ˋʶ ʶˍʺˋʽʰ ʲʱˋʹΦ ɳ˅ʱ˂˂ˇˎΣ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˉˊˈˁʶʽˍʰʽ ˄ʰ 

ˋˎ˄ʵˎʰˋˍˇˏ˄ ˃ʶ ʰˎˍʱ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ Grace ʵʶʾ˔˄ˇ˄ˍʰˌ ˁʰˍʱ ˉˈˋˇ ˍˇ ˂ʽ˗ˋʽ˃ˇ ˍ˖˄ ˉʱʴ˖˄ ˁʰʽ ʹ 

ˎˉʶˊʻʷˊ˃ʰ˄ˋʹ ˍ˖˄ ˖ˁʶʰ˄˗˄ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ʱ˄ˇʵˇ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ ʆʷ˂ˇˌΣ ʹ ʰˉˇˋˍˇ˂ʺ ʻʰ 

ʰˉˇˍʶ˂ʷˋʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ˋˍʰ ˔ʷˊʽʰ ˍ˖˄ ʶˉʽˋˍʹ˃ˈ˄˖˄ ʴʽʰ ˄ʰ ˃ʶ˂ʶˍʺˋˇˎ˄ ˁʰ˂ˏˍʶˊʰ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ 

ˍ˖˄ ˖ˁʶʰ˄˗˄ ˄ʰ ʰˉˇʻʹˁʶˏˇˎ˄ ʻʶˊ˃ˈˍʹˍʰ ˁʰʽ ˄ʰ ʰ˄ʰ˂ˏˋˇˎ˄ ˃ʶʴʱ˂ʰ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˈˉ˖ˌ ˍˇ  El 

Niño ˁ ʰʽ ʹ La Niña (http://www. altimetry.info). 

 

ʅ˔ʺ˃ʰ нΦ11: ʁ ʵˇˊˎ˒ˈˊˇˌ Jason н όʅ˔ʺ˃ʰ ʰˉˈ ŜǳƳŜǘǎŀǘΦƛƴǘύ 

 ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʰˉˇˋˍˇ˂˗˄ ˍˇˎ 

ˉʰˊʶ˂ʻˈ˄ˍˇˌΣ ʰˎˍ˗˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʶ˅ʷ˂ʽ˅ʹ ˁʰʻ˗ˌ ˁʰʽ ʰˎˍ˗˄ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʶˁˍˈ˅ʶˎˋʹ ʷ˔ʶʽ 

ʰ˄ʰˁˇʽ˄˖ʻʶʾ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Φ ʁʽ ˉˊ˗ˍʶˌ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ Ψтл ˁʰʻ˗ˌ ˁʰʽ ʰˎˍʷˌ ˉˇˎ 

ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˃ʷ˔ˊʽ ˁʰʽ ˍˇ нлнлΦ ɳʾ˄ʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉ˖ˌ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˇ˄ˇ˃ʰˋʾʶˌ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄ 

ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ ˋˍˈ˔ˇ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ, ʶ˄˗ ˍʰ ˉˊ˖ˍʶʾʰ ˋˍʽˌ ʰˉˇˋˍˇ˂ʷˌ ˁʰˍʷ˔ˇˎ˄ ʹ ɳˎˊ˖ˉʰʿˁʺ 

ʇˉʹˊʶˋʾʰ ɲʽʰˋˍʺ˃ʰˍˇˌ (European Space Agency) ˁʰʽ ʹ ɳʻ˄ʽˁʺ ʇˉʹˊʶˋʾʰ ɮʶˊˇ˄ʰˎˍʽˁʺˌ ˁʰʽ ɲʽʰˋˍʺ˃ʰˍˇˌ 

ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ʃˇ˂ʽˍʶʽ˗˄ ɮ˃ʶˊʽˁʺˌ  όNational Aeronautics and Space Administration).   
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ʃʾ˄ʰˁʰˌ нΦ1: ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄ 

ʋʄʁɿʁʅ 
ɮʃʁʅʆʁɽɶʅ 

ʁɿʁɾɮ 
ɲʁʄʇʊʁʄʁʇ 

ɶɾκbL! 
ɳɼʆʁʀɳʇʅɶʅ ʇʃɳʇɸʇɿɶ ʇʃɶʄɳʅɹɮ 

ʅʆʁʋʁʅ 
ɮʃʁʅʆʁɽɶʅ 

ʃ
ɮ
ʄ
ɳ
ɽ
ɸ
ʁ
ɿ

 

Skylab 14/05/1973 NASA ʹ˂ʽʰˁʺ ʰˋˍˊˇ˄ˇ˃ʾʰ  

GEOS 3 09/04/1975 NASA 

ʰ˄˖˃ʰ˂ʾʶˌ 
ʲʰˊˏˍʹˍʰˌ ˁʰʽ 
˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍ˖˄ 
˖ˁʶʰ˄˗˄ 

Seasat 26/06/1978 NASA 
˃ʶ˂ʷˍʹ ˍʹˌ ɱʹˌ ˁʰʽ 
ˍ˖˄ ʻʰ˂ʰˋˋ˗˄ ˍʹˌ 

Geosat 10/03/1985 US Navy 

ˉʶˊʽʴˊʰ˒ʺ 
ʻʰ˂ʱˋˋʽˇˎ 
ʴʶ˖ʶʽʵˇˏˌ 

ERS-1 17/07/1991 ESA 

ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ 
ɱʹˌ ˁʰʽ ˍˇˎ 
ˉʶˊʽʲʱ˂˂ˇ˄ ˍʹˌ 

Topex/Poseidon 10/08/1992 NASA/Cnes 

˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ʻʱ˂ʰˋˋʰˌ 

GFO 10/02/1998 US Navy /Noaa 

˃ʷˍˊʹˋʹ ˍʹˌ 
˖ˁʶʱ˄ʽʰˌ 
ˍˇˉˇʴˊʰ˒ʾʰˌ 

ERS-2 21/04/1995 ESA 

ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ 
ɱʹˌ ˁʰʽ ˍˇˎ 
ˉʶˊʽʲʱ˂˂ˇ˄ ˍʹˌ 

Envisat 01/03/2002 ESA 

ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ 
ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ɱʹˌ 

ʃ
ɮ
ʄ
ʁ
ɿ

 

HY-2A 15/08/2011 

1. China Acad. of Space 
Tech. 

ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ 
˖ˁʶʱ˄ʽ˖˄ 
ˊʶˎ˃ʱˍ˖˄ 

Cryosat-2 08/04/2010 ESA 
ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ 
ˉˈ˂˖˄ 

JASON-1 07/12/2001 NASA/Cnes 

˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ʻʱ˂ʰˋˋʰˌ 

JASON-2 20/06/2008 Cnes/NASA/Eumetsat/Noaa 

˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ʻʱ˂ʰˋˋʰˌ 

ɾ
ɳ
ɽ
ɽ
ʁ
ɿ

 

Saral 2012 Isro/Cnes 
ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ 
˖ˁʶʰ˄˗˄ 

Sentinel-3 2014 ESA 

ˉʰˊˇ˔ʺ 
˂ʶʽˍˇˎˊʴʽˁ˗˄ ˎˉʹˊΦ 
ˋˍˇˎˌ ˔ˊʺˋˍʶˌ 
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Jason-3 

 
 
April 2014 

 
 
ESA 

 
 
˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ʻʱ˂ʰˋˋʰˌ 

Jason-CS end  2017 Cnes/NASA/Eumetsat/Noaa 

˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ 
ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ 
ʻʱ˂ʰˋˋʰˌ 

SWOT 2020 Cnes/NASA 
ʇʵˊˇ˂ˇʴʾʰ ˁʰʽ 
ʍˁʶʰ˄ˇʴˊʰ˒ʾʰ 

 

нΦнΦн ɶ ʵˇˊˎ˒ˇˊʽˁʺ ʰˉˇˋˍˇ˂ʺ ɳnvisat 

 

 ʆˇ ɾʱˊˍʽˇ ˍˇˎ нллн ʶˁˍˇ˅ʶˏˍʹˁʶ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ʇˉʹˊʶˋʾʰ ɲʽʰˋˍʺ˃ʰˍˇˌΣ ˇ 

ɳNVISAT (ENVIronmental SATellite-ʃʶˊʽʲʰ˂˂ˇ˄ˍˇ˂ˇʴʽˁˈˌ ʵˇˊˎ˒ˈˊˇˌύΦ ʁ ʵˇˊˎ˒ˈˊˇˌ  ʰˉˇˍʶ˂ʶʾ ˍ́  ˋˎ˄ʷ˔ʶʽʰ 

ˍ˖˄ ERS-м ˁʰʽ 9w{-н ˁʰʽ ʵʽʰʴˊʱ˒ʶʽ ˃ʽʰ ʹ˂ʽˇˋˏʴ˔ˊˇ˄ʹ ˉˇ˂ʽˁʺ ˍˊˇ˔ʽʱ ˋʶ ˏ˕ˇˌ улл km ˃ ʁˉʶˊʾˇʵˇ ор 

ʹ˃ʶˊ˗˄Φ ʅ˔ʶʵʽʰˋ˃ʷ˄ˇˌ ʴʽʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍˇ˂ˇʴʽˁʷˌ ˃ʶ˂ʷˍʶˌΣ ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˁʰʽ ʰˉˈ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ ˍˇˎΣ 

ʰˉˇˋˍˇ˂ʺ ˍˇˎ ʶʾ˄ʰʽ ʹ ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ ʴʺʽ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˃ʶ ʰˉ˗ˍʶˊˇ ˋˁˇˉˈ ˍʹ ˃ʶ˂ʷˍʹ 

ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ. ʁ ʵˇˊˎ˒ˈˊˇˌ ˒ʷˊʶʽ ʷ˄ʰ ʰˊˁʶˍʱ Ϧ˒ʽ˂ˈʵˇ˅ˇϦ ˁʰʽ ˁʰʽ˄ˇˍˈ˃ˇ ˖˒ʷ˂ʽ˃ˇ ˒ˇˊˍʾˇ ˉˇˎ 

ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ʰˉˇˋˍˇ˂˗˄ 9w{ ˍʹˌ ESA. 

 ʁ ENVISAT ˒ʷ́ʶʽ ʵʷˁʰ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˈˊʴʰ˄ʰ ʴʽʰ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˉˇʽˁʾ˂ˇˎ˄ 

ʰˉˈ ˍˇ ʻʰ˂ʱˋˋʽˇ ʴʶ˖ʶʽʵʷˌ ˖ˌ ˁʰʽ ʶˁˉˇ˃ˉʷˌ ʰʶˊʾ˖˄ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌΦ ɴˍˋʽΣ ʶˁˍˈˌ ʰˉˈ ˍˇ ʰ˂ˍʾ˃ʶˍˊˇΣ ˍˇ 

ˊʰʵʽˈ˃ʶˍˊˇ ˁʰʽ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ʶ˄ˍˇˉʽˋ˃ˇˏ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍˇ ʵˇˊˎ˒ˈˊˇ JasonΣ ˇ Envisat ʷ˔ʶʽ ˁʰʽ ʱ˂˂ʰ 

ˈˊʴʰ˄ʰ ˉˇˎ ʵʽʶˎˊˏ˄ˇˎ˄ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍˇˎΦ ɴ˄ʰ ˊʰ˄ˍʱˊ SAR ˍˇ ASAR (ˊʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁˇˏ ʵʽʰ˒ˊʱʴ˃ʰˍˇˌ) 

ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶʽˁˈ˄˖˄ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ˍˇ ˒ʰˋ˃ʰˍˈ˃ʶˍˊˇ MERIS ˉˇˎ ˃ʶˍˊʱ ˍʽˌ 

ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˒˖ˍˈˌ ˋˍˇ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁˈ ˒ʱˋ˃ʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˍˇ AATSRΣ ʷ˄ʰ ˊʰʵʽˈ˃ʶˍˊˇ ˋʱˊ˖ˋʹˌ ˁʰˍʱ 

˃ʺˁˇˌ ˍʹˌ ˍˊˇ˔ʽʱˌ, ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ˋˎ˄ʷ˔ʶʽʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ, ˃ʶ ˍˇ ˒˖ˍˈ˃ʶˍˊˇ GOMOS ˄ʰ ˃ʶˍˊʱ ˍʹ˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍ˖˄ 

ˋˎˋˍʰˍʽˁ˗˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ʆʷ˂ˇˌΣ ˍˇ ˋˎ˃ʲˇ˂ˈ˃ʶˍˊˇ MIPAS ˁʰʽ ˍˇ ˒ʰˋ˃ʰˍˈ˃ʶˍˊˇ SCIAMACHY ˃ʶˍˊˇˏ˄ 

ˁʰʽ ʰ˄ʰ˂ˏˇˎ˄ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ʰʶˊʾ˖˄ ˋˍʹ˄ h ˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˍˊˇˉˈˋ˒ʰʽˊʰ-ˋˍˊʰˍˈˋ˒ʰʽˊʰ ʰ˄ˍʾˋˍˇʽ˔ʰ. 
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ʅ˔ʺ˃ʰ нΦ12: ʁ ʵˇˊˎ˒ˈˊˇˌ Envisat ˁ ʰʽ ˍʰ ˈˊʴʰ˄ʰ ˍˇˎ όʅ˔ʺ˃ʰ ʰˉˈ ƘǘǘǇΥκκŜǎŀƳǳƭǘƛƳŜŘƛŀΦŜǎŀΦƛƴǘύ 

 ɼˏˊʽˇ ˋˍˈ˔ˇ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʰˉˇˍʶ˂ʶʾ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹ˂ʶˋˁˇˉʽˁ˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍʹˌ ɱʹˌ ʰˉˈ 

ˍˇ ʵʽʱˋˍʹ˃ʰ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ʵˎ˄ʰˍˈˍʹˍʰ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ɱʹˌ ˁʰʽ ˍˇˎ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˈˌ ̱ ʹˌΦ ɰʷʲʰʽʰΣ ˖ˌ ˉˊ˖ˍʰˊ˔ʽˁˇˏˌ ˋˍˈ˔ˇˎˌ ʵʶ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˉʰˊʰ˂ʶʾ˕ˇˎ˃ʶ ˁʰʽ ˍˇˎˌ ˉʰˊʰˁʱˍ˖Υ 

 

¶ ˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˉˇˎ ˅ʶˁʾ˄ʹˋʰ˄ ˃ʶ ˍˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌ ERS   

¶ ˍʹ˄ ʰ˄ʱʵʶʽ˅ʹ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˍˇˎ ERS, ̔ ʵʾ˖ˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ˖ˁʶʰ˄˗˄ ˁ ʰʽ ˍ˖˄ ˉʱʴ˖˄ 

¶ ˍʹ ʵʽʶˏˊˎ˄ˋʹ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʴʽʰ ˍˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄  

¶ ˍʹ ˋˎ˄ʶʽˋ˒ˇˊʱ ˋˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˃ʶ˂ʷˍʶˌΣ ˁˎˊʾ˖ˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ˔ʹ˃ʶʾʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ 

ˍʹˌ ˃ʶ˂ʷˍʹˌ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ 

¶ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˉˈˊ˖˄ ˍʹˌ ɱʹˌ 

¶ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˍʹˌ ɱʹˌ 

 



20                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

 

 

ʅ˔ʺ˃ʰ нΦ13: ɳʽˁˈ˄ʰ ʰˉˈ ˍˇ ʵˇˊˎ˒ˈˊˇ ɳƴǾƛǎŀǘ ˈˉˇˎ ˒ʰʾ˄ʶˍʰʽ ˇ ˁʰˉ˄ˈˌ ʰˉˈ ˍʹ˄ ˉˎˊˁʰʴʽʱ ˋˍˇ ɱˊʰ˃˃ʰˍʽˁˈ ˍˇ˄ ɮˏʴˇˎˋˍˇ лф 
(http://spacegizmo.livingdazed.com) 

 ʍˋˍˈˋˇΣ ˂ʾʴʶˌ ʶʲʵˇ˃ʱʵʶˌ ˃ʶˍʱ ˍˇ˄ ʶˇˊˍʰˋ˃ˈ ʴʽʰ ˍʰ ʵʷˁʰ ˔ˊˈ˄ʽʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΣ ʹ ʶˉʰ˒ʺ ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ ˃ʶ ˍʹ ɱʹ ˔ʱʻʹˁʶ ˅ʰ˒˄ʽˁʱ ˋˍʽˌ у ɮˉˊʽ˂ʾˇˎ нлмнΦ ɾʶˍʱ ʰˉˈ ʷ˄ʰ ˃ʺ˄ʰ ˋˎ˄ʶ˔ˈ˃ʶ˄˖˄  

ʰˉˇˍˎ˔ʹ˃ʷ˄˖˄ ˉˊˇˋˉʰʻʶʽ˗˄ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʰ˄ʰˁˍʹʻʶʾ ʹ ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶ ˍˇ ʵˇˊˎ˒ˈˊˇΣ ˇʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ 

ʰ˄ʰˁˇʾ˄˖ˋʰ˄ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˋˍʽˌ ф ɾʰˀˇˎΦ ɮ˄ ˁʰʽ ˍˇ ˉ˂ʱ˄ˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ Envisat ʺˍʰ˄ ˉʷ˄ˍʶ 

˔ˊˈ˄ʽʰΣ ˇ ʵˇˊˎ˒ˈˊˇˌ ˍˊˇ˒ˇʵˈˍʹˋʶ ˍˇˎˌ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˃ʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ʵʷˁʰ ˔ˊˈ˄ʽʰΦ ʋʽ˂ʽʱʵʶˌ terabytes 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˅ʹˊʱΣ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌ ˁʰʽ ˍʰ ˉʰʴˈʲˇˎ˄ʰ ʶʾ˄ʰʽ 

ˉ˂ʷˇ˄ ʵʽʰʻʷˋʽ˃ʰΦ  

 

 

ʅ˔ʺ˃ʰ нΦ14: ɶ ˍʶ˂ʶˎˍʰʾʰ ʶʽˁˈ˄ʰ ˉˇˎ ˃ʶˍʰʵˈʻʹˁʶ ʰˉˈ ˍˇ ʵˇˊˎ˒ˈˊˇ EnvisatΦ ɶ ˂ʺ˕ʹ ʷʴʽ˄ʶ ʰˉˈ ˍˇ ASAR ̱ ˇˎ ʵˇˊˎ˒ˈˊˇˎ ˁʰʽ 
ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʽˌ ɼʰ˄ʱˊʽʶˌ ɿʺˋˇˎˌΦόƘǘǘǇΥκκǿǿǿΦǎǇŀŎŜΦŎƻƳκмрслу-huge-satellite-envisat-dead-space.html) 
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нΦо ɮ˄˖˃ʰ˂ʾʶˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ʵˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰ 

 

 ʃˊʽ˄ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍʽˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ 

ˍˇˉˇʴˊʰ˒ʾʰ ˁˊʾ˄ʶˍʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˅ʰ˄ʱ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌΦ ʆˇ 

ˋˏ˄ˇ˂ˇ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍˇˎ ʰ˂ˍʽ˃ʷˍˊˇˎ ʰˉˇʵʾʵʶʽ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˋˁʱ˒ˇˎˌ ˁʰʽ 

ˍʹˌ ʅˍʽʴ˃ʽʰʾʰˌ ɳˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ɸʱ˂ʰˋˋʰˌ-ʅɳɸ όLƴǎǘŀƴǘŀƴŜƻǳǎ {Ŝŀ {ǳǊŦŀŎŜ ¢ƻǇƻƎǊŀǇƘȅύ. 

 

ʅ˔ʺ˃ʰ нΦ15Υ ɶ ʰˊ˔ʺ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ ʰ˂ˍʽ˃ʶˍˊʾʰˌ όɼʰˍˋʰʵˇˏˊˇˎΣ нлмнύ 

нΦоΦм ɮ˄˖˃ʰ˂ʾʶˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ  

 

 ɶ ʰˉˈˋˍʰˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍʹ ˋˍʽʴ˃ʽʰʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όʅɳɸ-instantaneous sea surface) ˁʰʽ 

ˍʹ ˃ʷˋʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όɾʅɸ-mean sea surfaceύ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˉˇ˂˂ˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ, ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˇˉˇʾ˖˄ ˇʽ ʴʺʽ˄ʶˌ ˉʰ˂ʾˊˊˇʽʶˌΣ ˍʰ ʻʰ˂ʱˋˋʽʰ ˊʶˏ˃ʰˍʰ ˁʰʽ ˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ I ʴʹ, ˂ˈʴ˖ ˍ˖˄ 

ʶ˂ʰˋˍʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽΣ ˃ˉˇˊʶʾ ˄ʰ ˔ʰˊʰˁˍʹˊʽˋʻʶʾ ˋʰ˄ ʷ˄ʰ ʶ˂ʰˋˍʽˁˈ ˋ˗˃ʰΦ ʆ̌  ʶ˂ʰˋˍʽˁˈ 

ʰˎˍˈ ˋ˗˃ʰ ˎ˒ʾˋˍʰˍʰʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˂ˈʴ˖ ˍ˖˄ ˉʰ˂ʽˊˊˇʽ˗˄ ˍˈˋˇ ˍˇˎ ˋˍʶˊʶˇˏ ˒˂ˇʽˇˏ ˌ ˈˋˇ ˁʰʽ ˍ˖˄ 

ʻʰ˂ʰˋˋ˗˄Φ ʁ̔  ˉʰ˂ʾˊˊˇʽʶˌ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ʵˎ˄ʱ˃ʶ˖˄ ˉˇˎ ʰˋˁˇˏ˄ˍʰʽ ˋˍʹ ʴʹ ʰˉˈ ˍʹ ˋʶ˂ʺ˄ʹ ˁʰˍʱ 

ˁˏˊʽˇ ˂ˈʴˇ ˁ ʰʽ ˍˇ˄ ʺ˂ʽˇ ʰ˂˂ʱ ˁʰʽ ʵʽʱ˒ˇˊʰ ʱ˂˂ʰ ʰˋˍˊʽˁʱ ˋ˗˃ʰˍʰΦ ʁ̔  ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍˇˎ ʴʺʽ˄ˇˎ ˋ˗˃ʰˍˇˌΣ 

ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊˇ˃ˇʽʰˋˍˇˏ˄ ˃ʶ ˋˎ˃ˉʽʷˋʶʽˌΣ ʽˋˇʵˎ˄ʰ˃ˇˏ˄ ˃ʶ ˁʽ˄ʺˋʶʽˌ ˁʱˉˇʽ˖˄ ˃ʰʸ˗˄Σ ˇʽ ˇˉˇʾʶˌ 

ˉ́ ˇˁʰ˂ˇˏ˄ ʷ˄ʰ ʵˎ˄ʰ˃ʽˁˈΣ ˍˇ ˉʰ˂ʽˊˊˇʿˁˈ ʵˎ˄ʰ˃ʽˁˈ (tidal potential). ɮ˄  ʻʷ˂ˇˎ˃ʶ ˄ʰ ʰˉˇ˃ˇ˄˗ˋˇˎ˃ʶ ˍʽˌ 

ˉʰ˂ʾˊˊˇʽʶˌ ˍ˖˄ ʻʰ˂ʰˋˋ˗˄ ʰˉˈ ˍʽˌ ˉʰ˂ʾˊˊˇʽʶˌ ˍˇˎ ˋˍʶˊʶˇˏ ˒˂ˇʽˇˏ ˍʹˌ ʴʹˌΣ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˉʱ˂ʽ ˋˍʽˌ 

ʾʵʽʶˌ ʴʶ˄ʶˋʽˇˎˊʴʷˌ ʵˎ˄ʱ˃ʶʽˌΣ ʵʹ˂ʰʵʺ ˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˋʶ˂ʺ˄ʹˌ ˁʰʽ ʺ˂ʽˇˎ ʶˉʱ˄˖ ˋˍʰ ʶˉʽ˒ʰ˄ʶʽʰˁʱ ˏʵʰˍʰ ˍʹˌ 

ʴʹˌΣ ˉˇˎ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ˉʽʷʸˇˎ˄ ˍʽˌ ˋˍʶˊʶʷˌ ʶ˂ʰˋˍʽˁʷˌ ˃ʱʸʶˌΦ I ʵʽʰ˒ˇˊʱ ʶʾ˄ʰʽ ˈˍʽ ˇʽ ˉʰ˂ʾˊˊˇʽʶˌ ˍ˖˄ 

ʻʰ˂ʱˋˋʽ˖˄ ˎʵʱˍ˖˄ ʶʾ˄ʰʽ ʷ˄ʰ ˉʽˇ ˋˏ˄ʻʶˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇΣ ʶˉʶʽʵʺ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˁʰʽ ʰˉˈ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ 

˒ʰʽ˄ˈ˃ʶ˄ʰ όʱ˄ʶ˃ˇʽύ ˁʰʽ ʰˉˈ ˍʹ˄ ˉʾʶˋʹ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˃ʰʸ˗˄Σ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʱ˂˂ʰ ʶˉʽ˒ʰ˄ʶʽʰˁʱ 
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ˊʶˏ˃ʰˍʰΦ ɶ ʶˉʾʵˊʰˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍ˖˄ ˉʰ˂ʽˊˊˇʽ˗˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ ˄˄ʰ ˉˊˇˋʶʴʴʽˋˍʶʾ ˃ʷˋ˖ ˋˎ˄ʶ˔˗ˌ 

ʲʶ˂ˍʽˇˏ˃ʶ˄˖˄ ˃ˇ˄ˍʷ˂˖˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˁ˂ʾ˃ʰˁʶˌΦ όɿʰˍˋʽˈˉˇˎ˂ˇˌΣ нлм0) 

 

ʅ˔ʺ˃ʰ нΦ16: ʃˊˈʲ˂ʶ˕ʹ ʴʽʰ ˍˇ ʶˏˊˇˌ ˋʶ ŎƳ ˍʹˌ ˁˏˊʽʰˌ ˋʶ˂ʹ˄ʽʰˁʺˌ ˉʰ˂ʾˊˊˇʽʰˌ ˋˍʹ ɾʶˋˈʴʶʽˇ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ /9Cah όʅ˔ʺ˃ʰ ʰˉˈ 
AVISO). 

 

нΦоΦн ɶ ʵˎ˄ʰ˃ʽˁʺ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ 

 

     ɮ˄ ˁʰʽ ʻʶ˖ˊʹˍʽˁʱ ʹ ɾʷˋʹ ʅˍʱʻ˃ʹ ˍʹˌ ɸʱ˂ʰˋˋʰˌ όʶˉʽ˒ʱ˄ʶʽʰ ˃ʹʵʶ˄ʽˁˇˏ ˏ˕ˇˎˌ ȊŜǊƻ-height 

ǎǳǊŦŀŎŜύΣ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ ʴʶ˖ʶʽʵʷˌ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˃ˇ˄ˍʷ˂˖˄ ˍˇˎ ʴʶ˖ʶʽʵˇˏˌΣ ˋˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʰˎˍˈ ʵʶ˄ ʽˋ˔ˏʶʽ, ˈˍʰ˄ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ʰˁˊʾʲʶʽʰˌ ʰˎ˅ʱ˄ˇ˄ˍʰʽΦ ʆˇ ʴʶ˖ʶʽʵʷˌ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ʽˋˇʵˎ˄ʰ˃ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ʹ ˇˉˇʾʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˔˖ˊʽˁʱ ˁʰʽ ˔ˊˇ˄ʽˁʱΣ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍˇˎ ʴʺʽ˄ˇˎ 

ʲʰˊˎˍʽˁˇˏ ˉʶʵʾˇˎΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰˌ ʰˉˇ˔ʷˌ ʰˉˈ ˍʹ˄ ɾʷˋʹ ʅˍʱʻ˃ʹ ˍʹˌ ɸʱ˂ʰˋˋʰˌΣ ˁʰʽ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʷˋ˖ 

ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˃ʶ ʰ˄ʰ˂ˎˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΣ ˎˉˇʻʷˋʶʽˌ ˁʰʽ ˉʰˊʰʵˇ˔ʷˌΦ ɶ ʰˉˇ˔ʺ 

ʰˎˍʺ ˍʹˌ ɾʷˋʹˌ ʅˍʱʻ˃ʹˌ ˍʹˌ ɸʱ˂ʰˋˋʰˌ ʰˉˈ ˍˇ ʴʶ˖ʶʽʵʷˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ʵˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰ 

(DOT-5ȅƴŀƳƛŎ hŎŜŀƴ ¢ƻǇƻƎǊŀǇƘȅύ ʺ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ό{{¢-Sea Surface 

¢ƻǇƻƎǊŀǇƘȅύΦ ʁʽ ʰˉˇ˔ʷˌ ˍˇˎ ʴʶ˖ʶʽʵˇˏˌ ʰˉˈ ˍʹ˄ ɾʷˋʹ ʅˍʱʻ˃ʹ ˍʹˌ ɸʱ˂ʰˋˋʰˌ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰ ʶʾ˄ʰʽ 

ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ тлŎƳ ʷ˖ˌ -нΦнƳ όɮ˄ˍʰˊˁˍʽˁʺύ ˃ʶ ˃ʽʰ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ҕснŎƳ όYƻōƭƛƴǎƪȅ Ŝǘ ŀƭΦ мфффύ, ʶ˄˗ 

ʴʶ˄ʶˋʽˇˎˊʴʷˌ ʰʽˍʾʶˌ ˍ˖˄ ʰˉˇ˔˗˄ ʰˎˍ˗˄ ʰˉˇˍʶ˂ˇˏ˄ ˍʰ ʵˎ˄ʰ˃ʽˁʱ ˖ˁʶʱ˄ʽʰ ˒ʰʽ˄ˈ˃ʶ˄ʰΣ ˍʰ ˇˉˇʾʰ 

ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ ʰˉˈ ˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ όʱ˄ʶ˃ˇʽΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹύ ˁʰʽ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˄ʶˊˇˏ όʻʶˊ˃ˇˁˊʰˋʾʰΣ ˉˎˁ˄ˈˍʹˍʰΣ ʰ˂ʰˍˈˍʹˍʰύΦ  
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ɶ ɻ ˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰ ʵʽʰˁˊʾ˄ʶˍʰʽ ˋʶ ʵˏˇ ˋˎ˄ʽˋˍ˗ˋʶˌΥ 

1. ʆˇ ˋ˔ʶʵˈ˄ ˋˍʱˋʽ˃ˇ ˃ʷˊˇˌ ▼╬ όʅʅʆɳɸΣ ˋ˔ʶʵˈ˄-ˋˍʱˋʽ˃ʹ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌύ Σ 

ˍˇ ˇˉˇʾˇ ʵʶ˄ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˍˇ ˔ˊˈ˄ˇΣ ˁʰʽ 

2. ʆˇ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ ˃ʷˊˇˌ ▼◄ όʋɾʆɳɸΣ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌύΣ ˍˇ ˇˉˇʾˇ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˍˇ ˄ ˔ˊˈ˄ˇ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ʵˎ˄ʰ˃ʽˁ˗˄ 

˖ˁʶʱ˄ʽ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Φ  

    ʅˏ˃˒˖˄ʰ ˂ˇʽˉˈ˄ ˃ʶ ˈˋʰ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ʹ ˋ˔ʷˋʹ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ ˎ˕ˇ˃ʷˍˊ˖˄ ˍˇˎ 

ʴʶ˖ʶʽʵˇˏˌ όɿύΣ ˍ˖˄ ˎ˕ˇ˃ʷˍˊ˖˄ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ό{{I- {Ŝŀ {ǳǊŦŀŎŜ IŜƛƎƘǘ ʺ Ƙaltύ ˁʰʽ ˍʹˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ό{{¢-{Ŝŀ {ǳǊŦŀŎŜ ¢ƻǇƻƎǊŀǇƘȅύ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌ (ɳ.˅ 2.2): 

SSH N SST= +                                                                                                                                                           (2.2)                                                

ʺ  

alth N s= +,                                                  (2.3) 

ˈˉˇˎ 

c ts s s= +                       (2.4)
 

ʶʾ˄ʰʽ ʹ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰΣ ˖ˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ʵˎˇ ˋˎ˄ʽˋˍ˖ˋ˗˄Σ ˍʹˌ ˋ˔ʶʵˈ˄ ˋˍʱˋʽ˃ʹˌ ˋˎ˄ʽˋˍ˗ˋʰˌ ˍʹˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍʹˌ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ 

ɶ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ʶʾˍʶ ʱ˃ʶˋʰ ʰˉˈ ˖ˁʶʰ˄ˇʴˊʰ˒ʽˁʷˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌΣ ˍʰ˔ˏˍʹˍʰˌ ˊʶˎ˃ʱˍ˖˄ ˁʰʽ ʰ˄ʷ˃˖˄Σ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˉˎˁ˄ˈˍʹˍʰˌ ˁʰʽ 

ʰ˂ʰˍˈˍʹˍʰˌ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˃ʷˋ˖ ˖ˁʶʰ˄ˇʴˊʰ˒ʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˉˊˇˋʵʽˇˊʽʸˈ˃ʶ˄˖˄ ʰˉˈ ˔ˊˈ˄ʽʶˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʶʾˍʶ ˃ʷˋ˖ ʴʶ˖ʵʰʽˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ˇ˄ˍʷ˂ʰ ʴʶ˖ʶʽʵˇˏˌΦ  

    ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍʹˌ ˋ˔ʶʵˈ˄ ˋˍʱˋʽ˃ʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˃ʷˋ˖ 

ʴʶ˖ʵʰʽˍʽˁ˗˄ ˃ʶʻˈʵ˖˄, ʹ ʅʅʆɳɸ ˉˊˇˁˏˉˍʶʽ ˖ˌ ʹ ʵʽʰ˒ˇˊʱ ʶ˄ˈˌ ʰ˂ˍʽ˃ʶˍˊʽˁˇˏ ˁʰʽ ʶ˄ˈˌ ʲʰˊˎˍʽ˃ʶˍˊʽˁˇˏ 

˃ˇ˄ˍʷ˂ˇˎ ʴʶ˖ʶʽʵˇˏˌ. ʆʰ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʴʶ˖ʶʽʵˇˏˌ ʷ˔ˇˎ˄ ˖ˌ ʶˉʽ˒ʱ˄ʶʽʰ ʰ˄ʰ˒ˇˊʱˌ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ʻʱ˂ʰˋˋʰˌΣ ʴʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˔ˊʺˋʹ ˁʱˉˇʽˇˎ ˉʰʴˁˈˋ˃ʽˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ ʆɳɸ ˃ʶ ˋˁˇˉˈ 

ˍʹ˄ ʰ˄ʰʴ˖ʴʺ ˍ˖˄ ˎ˕ˇ˃ʷˍˊ˖˄ ˋˍˇ ʴʶ˖ʶʽʵʷˌΦ ɰʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍ˖˄ ʰ˄ʰʴ˖ʴ˗˄ ʰˎˍ˗˄ ʰˉˇˍʶ˂ʶʾ ʹ 

ˋʹ˃ʰ˄ˍʽˁʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʰˁˊʾʲʶʽʰ ˋˍʽˌ ˁ˂ʶʽˋˍʷˌ ʻʱ˂ʰˋˋʶˌΣ  ʰ˒ˇˏ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˍʹˌ ʆɳɸ 

ʰ˒ˇˊʱ ˁˎˊʾ˖ˌ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ ɳ˄ʰ˂˂ʰˁˍʽˁʱ, ʹ ʅʅʆɳɸ 

˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˃ʷˋ˖ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ˎ˕ˇ˃ʷˍˊ˖˄ ˍʹˌ ʆɳɸ ˁʰʽ ʶ˄ˈˌ ʴʶ˖ʵˎ˄ʰ˃ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ 

˔ʰ˃ʹ˂ˇˏ ʲʰʻ˃ˇˏ ʰ˄ʱˉˍˎ˅ʹˌΦ ɼʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ʅʅʆɳɸ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˔ˊʺˋʹ 

ʰ˄ʰˉˍˎʴ˃ʱˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ʰˊ˃ˇ˄ʽˁ˗˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄Φ  ʁ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˋˎ˄ʶˉ˗ˌ ˍʹˌ ˋˍʱˋʽ˃ʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ 

ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈˌ ˍˈˋˇ ʴʽʰ ˍʹ ʴʶ˖ʵʰʽˋʾʰ ˈˋˇ ˁʰʽ ˍʹ˄ ˖ˁʶʰ˄ˇʴˊʰ˒ʾʰΣ ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ 

ʴʶ˖ʶʽʵˇˏˌ ˃ʶ hˁˊʾʲʶʽʰ  ±1cm. 

    ɶ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹ ʆɳɸ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʽʰ˒ˈˊ˖˄ ˍʶ˔˄ʽˁ˗˄, ˈˉ˖ˌ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄˖˄ ˍˊˇ˔ʽʰˁ˗˄ ʽ˔˄˗˄ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄ ˁʰʽ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ, ˁʰʽ 

ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ, ˍʹˌ ʋɾʆɳɸ ʰˉˈ ˍʰ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ, ʺ ˃ʶ ˍʹ˄ ˎˉˈʻʶˋʹ ˈˍʽ ʰˉˇˍʶ˂ʶʾ 



24                                                                            ʃɮʄɮɼʁɽʁʇɸɶʅɶ ʆʍɿ ʍɼɳɮɿʍɿ ɼɮɹ ʆʍɿ ɾɳʆɮɰʁɽʍɿ ʆʁʇʅ 
 

 
 

˃ʷˊˇˌ ˍˇˎ ʻˇˊˏʲˇˎ ˍ˖˄ ʰ˂ˍʽ˃ʶˍˊʽˁ˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍˇ ˇˉˇʾˇ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ˁʰˍʱ ˍʹ ˋˎ˄ˈˊʻ˖ˋʹ ˋˍʽˌ 

ˍˇ˃ʷˌ ˍ˖˄ ˍˊˇ˔ʽʰˁ˗˄ ʽ˔˄˗˄Φ ʅˍˇ ʅ̝ ʺ˃ʰ (2.17) ˒ʰʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰ˃ʽˁʺ ʻʰ˂ʱˋˋʽʰ ˍˇˉˇʴˊʰ˒ʾʰ, ˈˉ˖ˌ 

ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʰˉˈ ʵˇˊˎ˒ˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ Grace.  

 
ʅ˔ʺ˃ʰ нΦ17: ɾʷˋʹ ʵˎ˄ʰ˃ʽˁʺ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˍʹ˄ ˉʶˊʾˇʵˇ мффо-мффф ʰˉˈ ʰ˂ˍʽ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ 

ʰˉˇˋˍˇ˂ʺˌ Grace όʅ˔ʺ˃ʰ ʰˉˈ http://www.aviso.oceanobs.com) 

 

 

нΦп ʅˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˁʰʽ ˋʹ˃ʶʽʰˁʺ ˉˊˇˋʰˊ˃ˇʴʺ 

 

 ɶ ˂ˏˋʹ ʰˊˁʶˍ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʴʶ˖ʵʰʽˋʾʰΣ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˁʰʽ ʱ˂˂ʶˌ 

ʶˉʽˋˍʺ˃ʶˌ, ˁʰʻ˗ˌ ˁʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍˇˎˌ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ 

ˋˎ˄ʰˊˍʺˋʶ˖˄ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˃ʶʻˈʵˇˎˌ ˈˉ˖ˌ ʹ ˋʹ˃ʶʽʰˁʺ ˉˊˇˋʰˊ˃ˇʴʺ ʴʽʰ 

ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˁʰʽ ˉˊˈʴ˄˖ˋʹ. ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ 

ˋˍʰˍʽˋˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˃ʶʴʶʻ˗˄ ˁʰʽ ˉʰˊʷ˔ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ʲʰʻ˃ˈ 

ʰ˂˂ʹ˂ʶ˅ʱˊˍʹˋʺˌ ˍˇˎˌ όɲʶˊ˃ʱ˄ʹˌΣ мфусύΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉʶˊʽʴˊʱ˕ˇˎ˄: 

¶ ˍʹ ˋˎˋ˔ʷˍʽˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ˋʺ˃ʰˍʰ ˍʹˌ ʾʵʽʰˌ ˉˊˇʷ˂ʶˎˋʹˌ όˋˎ˄ʰˊˍʺˋʶʽˌ 

ʰˎˍˇˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ - auto-covariance functions, .̄ .̝, ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍ˖˄ 

ˎ˕ˇ˃ʷˍˊ˖˄ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ) ˁ ʰʽ 

¶  ̱ ʹ ˋˎˋ˔ʷˍʽˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ˋʺ˃ʰˍʰ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌ όˋˎ˄ʰˊˍʺˋʶʽˌ 

ʵʽʰˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ - cross-covariance functions ˉΦ˔Φ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍʹˌ ʲʰˊˏˍʹˍʰˌ 

ɲƎ ˁ ʰʽ ˍ˖˄ ˎ˕ˇ˃ʷˍˊ˖˄ ˍˇˎ ɱʶ˖ʶʽʵˇˏˌ ɿύΦ όɰʷˊʴˇˌΣ нллсύ 

 




























































































































































































































































































