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ʃɳʄɹɽɶʌɶ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰ ʷʴʽ˄ʶ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ʵʽʶˊʶˎ˄ʹʻˇˏ˄ ˇʽ ˒ˎˋʽˁʷˌ 

ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˃ʷˋ˖ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʺˌ ˍˇˎˌ ˃ʶ ˍˇ 

ʰˊʽʻ˃ʹˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ɾɹɼɳ нм FM ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ˉʶˊʽˇ˔ʺˌ ˍʹˌ 

ɮˎ˂ʾʵʰˌ ˋˍˇ ɿˈˍʽˇ ɳˎʲˇʿˁˈΦ ʃʰˊʱ˂˂ʹ˂ʰ ˋˍˈ˔ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʺˍʰ˄ ʹ ɻ ʽʶˊʶˏ˄ʹˋʹ ˋ˔ʶʵʽʰˋ˃ˇˏ 

ʷˊʴ˖˄ ˉˊˇˋˍʰˋʾʰˌ ˍʹˌ ʰˁˍʺˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽʰˍʱ˅ʶ˖˄ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰ˄ʱˉ˂ʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

˃ʶ˂ʷˍʹˌΣ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍ˖˄ ˎˉˇʵˇ˃˗˄ ˁʰʽ ˍʹ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˋˍʹ˄ ʰˁˍʺ ˗ˋˍʶ 

˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌΦ 

ɶ ʶˉʽˍˈˉʽʰ ʰˎˍˇ˕ʾʰ ˁʰʽ ʹ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˁʰˍʷʵʶʽ˅ʰ˄ 

ˍʽˌ ʷ˄ˍˇ˄ʶˌ ʶˉʽʵˊʱˋʶʽˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹΦ ʁ ʶ˄ˍˇˉʽˋ˃ˈˌ 

ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʵʽʱʲˊ˖ˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˁʰʽ ˃ʷˋ˖ ˋˎʴˁˊʽˍʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ 

ʰʶˊˇ˒˖ˍˇʴˊʰ˒ʽ˗˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌΦ ɼʰˍʱ ˍʹ 

ʵʽʶ˅ʰʴ˖ʴʺ ˍʹˌ ʰˎˍˇ˕ʾʰˌ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ʰˋˍˇ˔ʾʶˌ ˋʶ ʷˊʴʰ ˎˉˇʵˇ˃ʺˌ ˈˉ˖ˌ ˁʰˍʱˊˊʶˎˋʹ 

ˍ˃ʹ˃ʱˍ˖˄ ˉˊˇˋˍʰˍʶˎˍʽˁˇˏ ˍˇʽ˔ʾˇˎΣ ˁʰʻʽʸʺˋʶʽˌ ˁˊʹˉʽʵ˖˃ʱˍ˖˄Σ ˎˉʶˊˉʺʵʹˋʹ ˍ˖˄ ʷˊʴ˖˄ 

ˉˊˇˋˍʰˋʾʰˌ ˁʰʽ ˁʰˍʱˁ˂ˎˋʹ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏΣ ˎˉˇˋˁʰ˒ʷˌ ˁΦʰΦ ɶ ʰ˄ʱʵʶʽ˅ʹ ˍ˖˄ ʰˋˍˇ˔ʽ˗˄ 

ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˁʰˍʷˋˍʹˋʶ ʰ˄ʰʴˁʰʾʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˂ˏˋʶ˖˄ ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 

ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌΦ  

ɶ ʰ˄ʱʴˁʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ 

ˁʰˍʰ˄ˇʹˍʺ ʹ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˁʰʽ ʹ ʵˊʱˋʹ ˍˇˎˌ ˋˍˇ ˉʰˊʱˁˍʽˇ ˃ʷˍ˖ˉˇ ˁʰʽ ˄ʰ ˉˊˇˍʰʻˇˏ˄ ˍʰ 

ˁʰˍʱ˂˂ʹ˂ʰ ʷˊʴʰ ˉˊˇˋˍʰˋʾʰˌ ʷ˔ʶʽ ˖ˌ ˉˊˇːˉˈʻʶˋʹ ˍʹ ˋˎ˂˂ˇʴʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʰ˄ʶ˃ˇ˂ˇʴʽˁ˗˄ ˁʰʽ ˁˎ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ 

ʰ˄ʰ˒ʶˊʻʶʾ ˉ˖ˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʽʵʽʰʽˍʶˊˈˍʹˍʰˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ ˍʹ˄ ʰˎ˅ʹ˃ʷ˄ʹ ˉʰ˂ʽˊˊˇʽʰˁʺ 

ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ʶ˅ʰʽˍʾʰˌ 

ˍʹˌ ˉʰ˂ʾˊˊˇʽʰˌΦ  

ɱʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˈ˂˖˄ ˈˋ˖˄ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˁʰʽ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ˁʰʽ 

ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍˇ 

ʽˋˇʵˏ˄ʰ˃ˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˋˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ 

˔́ ʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʰˊ˔ʽˁʱ ˍˇ ˃ ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ MIKE 21Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˍʱʻʹˁʰ˄ 

ˍʷˋˋʶˊʽˌ ʵʽʰˍʱ˅ʶʽˌ ʷˊʴ˖˄ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶˁ ˄ʷˇˎ 

˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎ˃ʰˍʽˁ˗˄Σ ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ˋˎ˄ʻʹˁ˗˄ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΦ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˍʷ˂ˇˌ ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˍʶˋˋʱˊ˖˄ 

ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵʽʰˍʱ˅ʶ˖˄ ˗ˋˍʶ ˄ʰ ˁʰˍʰʴˊʰ˒ˇˏ˄ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ 

ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹˌΦ  
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EXTENDED ABSTRACT 

1. Introduction 

Waves significantly affect the coastal zone and cause erosion. The necessity of simulating the 

natural processes of the coastal zone is enormous especially in countries with a long coastline 

like Greece, in order to understand their sequence and their effect on the coastal front and 

to propose appropriate protection projects.  

The purpose of this thesis is to examine wave propagation processes, currently occurring in 

the area around !ǾƭƛŘŀΩǎ ōŜŀŎƘ and the impact that alternative critical interventions may 

have. Specifically, the study includes the development of a mathematical simulating model 

applied to the wider area of Southern Evia and focuses on the critical areas of Avlida so that 

important wave parameters can be examined like the significant wave height, the velocity of 

currents and sediment transport. Coastal armoring and interventional methods aim to 

prevent coastal erosion.  

MIKE 21, a numerical wave model developed by DHI, has been applied to predict wave 

characteristics and hydrodynamic parameters in the nearshore and coastal regions. Four 

alternative coastal protection methods are proposed and simulated. Furthermore, a 

comparative assessment of the four alternatives takes place so as to evaluate the advantages 

and disadvantages of each method. 

2. Case study 

Avlida is sited in the Region of Evia, Greece and numbers 9306 inhabitants (Census of 2011). 

The total area is estimated at 16.8 km2 and the length of the coastline, which is the case study, 

is estimated to approximately 6.5 km. The investigated area includes the Port of Avlida and 

the adjacent coastal area from north to south. During the on-site autopsy in the area a fishing 

shelter, a beach formation, man-made interventions as groins, coastal stairways and a 

protective vertical wall were recorded. At some spots the wall and the groins were ineffective.  

 

Figure 2.1: The location of the investigated study 
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Subsequently a comparative evaluation of aerial photographs for the years 2004, 2010 and 

2015 takes place. The locations of erosion and deposition have been recorded and are shown 

in Figure 2.2: 

  

 

Figure 2.2: The comparison of the coastline between 2004 and 2015 

Simulation of the natural processes at the coastal zone requires the collection and processing 

of wind and wave data for the study area. It must be noted that because of the increased tidal 

activity of this particular area, data on sea level change is also collected. The frequency of 

each wave direction is shown in Figure 2.3a where N wind is proved the most frequent and S 

the least.  

The data, which define the wave characteristics at the entrance of the study area (deep water 

offshore), is the wind speed U, the fetch F and the duration of wind D. The wave 

characteristics which are the wave height (Hs), the period (Ts) and the length (L) of the 

significant wave in deep water area, are calculated for each relevant wind direction according 

to the SMB model (Etemad Shahidi et al, 2009). Wave climate conditions are simulated for 48 

h using the average annual equivalent waves per wind direction for the most critical directions 

(Karabas et al.,2010), which in this case refer to the Northeast, East and Southeast winds. The 

characteristics of the equivalent annual waves are shown in Table 2.1.  

Furthermore, the oceanographic sector of the Navy Hydrographic Service provided daily sea 

level values for the period between September 2010 and March 2011, which are taken into 

account during the simulation. The elevation of the free surface is plotted as a result of time 

2004 

2004 

2015 

2015 
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series analysis as shown in figure 2.3b. Finally, the bathymetric curves of the study area are 

the result of the digitization of the sonar map which is included at Navionics electronic 

application and it is shown in figure 2.3c. 

Table 2.1: Characteristics of equivalent annual waves  

Direction ɶe (m) Te (s) Frequency 

 f (%) 

Northeast 0,42 2,33 2,35 

East 0,64 3,11 0,28 

Southeast 0,73 3,04 0,46 

 

Figure 2.3: a) Mean annual wind direction b) The elevation of the free surface c) Bathymetry 

as shown on MIKE 21 

3. Model application 

In this thesis, the MIKE 21/3 Coupled Model FM program is used in order to simulate the wave 

and hydrodynamic field as well as the sediment transport at the area of Avlida. Specifically, 

the Spectral Waves Module is used to calculate the wave characteristics in the study area, the 

Hydrodynamic Module for the calculation of wave current and the Sand Transport Module 

for the estimation of the sediment transport and the bottom erosion.  

ɰŀǘƘȅƳŜǘǊȅ ƛǎ ŀǇǇƭƛŜŘ ƛƴǘƻ ǘƘŜ ǇǊƻƎǊŀƳ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ǘǊƛŀƴƎǳƭŀǊ ŦƭŜȄƛōƭŜ ƳŜǎƘΦ ¢Ƙƛǎ ǘȅǇŜ ƻŦ 

mesh is chosen because it allows densification depending on the need for precision. 

Additionally, the flexible mesh makes it possible to plot various port and coastal stuctures 
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without requiring any change as it easily adapts to bathymetric data. 

The densification chosen is at 100x100m2 for the grid in the open sea and at 10x10m2 for the 

grid close to the coastline. The boundaries of the area are also chosen and determined 

whether they are close or reflective boundary or open boundary with wave parameters as 

shown in figure 3.1: 

  

Figure 3.1: Flexible mesh with boundaries 

4. Results and discussion 

The results of the evaluation for the evolution of the significant wave height in the current 

situation shows that there is an increase in the wave characteristics as the wave approaches 

the coast at some critical points of the shoreline. It is clear that the phenomenon concerns all 

the points where a vertical wall has been constructed. The existence of a vertical wall implies 

a very low permeability coefficient for construction and a very high reflection coefficient 

(Goda et al, 1967). The incident waves are reflected and their contribution to the upcoming 

causes a stationary wave and therefore intensifies the wave energy while increasing the 

elevation of the free surface. The hydrodynamic circulation is characterized by coastal current 

that is intensified at the part of the coastline where the vertical wall is constructed. The 

confluence of two currents with opposite orientation across the coastline diverts the flow 

towards the open sea by means of a rip current. The vectors of sediment transport generally 

follow the hydrodynamic circulation. Particularly they follow the currents across the coastline 

as the creation of the rip current. The results of the most critical area are shown in figure 4.1
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Figure 4.1: Results of the current situation 
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Four alternatives structures are proposed In order to protect the area that receives the 

heaviest loads. The coastal protection structures aim at the armoring of the coastal front in 

order to avoid further erosion to the front of the coastal road. Additionally they also aim to 

eliminate the underground excavations identified in the seating of the coastal wall, which are 

responsible for the damage in construction, and protect the coast from erosion. The 

alternatives considered for the protection of the coastal system are shown in table 4.1: 

Table 4.1: Characteristics of alternative coastal protection structures 

Alternative 
Solutions 

Type 
Length 

(m) 

Distance 
between 

structures (m) 
Height (m) 

1 Armoring & Groins 30 60 1,50 
2 Armoring & Groins 60 120 1,50 

3 Armoring & Breakwaters 90 28 0,40 

4 
Armoring & Waterline 

Breakwaters 
90 28 0,00 

According to the results a comparative evaluation of the four alternatives takes place in order 

to select the one with the most advantages and higher efficiency in terms of the wave and 

hydrodynamic characteristics of the study area as well as on the basis of the sediment 

transport. Initially the comparison holds in terms of wave characteristics based on the type of 

structure about the selection of structures parallel to the coastline or vertical. Regarding the 

wave characteristics, and more specifically the wave height, as shown in Figure 4.2, both 

structures combined with the coast armoring appear to be efficient. In the case of groins in 

combination with armoring, they have helped to eliminate the reflection process created in 

the current situation, which provoke an increase of the wave heights near the coast. In the 

shade of the groins, the waves have a lower height due to diffraction. In the case of 

breakwaters they act as a barrier to the propagation of the waves, the wave heights 

downstream of the structures show a significant reduction. Consequently, in both cases the 

structures contribute to the reduction of high values in the significant wave height close to 

the coastline.  

ʆƘŜ ŎƻƳǇŀǊƛǎƻƴǎ ōŜǘǿŜŜƴ ǎǘǊǳŎǘǳǊŜǎ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ ǎŀƳŜ ŎŀǘŜƎƻǊȅ reveal that long groins 

are considered to be more efficient as they are initially placed over longer distance and as a 

result they provide protection over a longer shoreline while adequately covering the entire 

breaking zone creating calm conditions to a greater extent than groins with shorter length. 

For structures parallel to the coastline, higher breakwaters are more efficient as they absorb 

a higher percentage of wave energy. 
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Figure 4.2: Results of alternative solutions- Significant wave height 
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Regarding the wave currents as shown in Figure 4.3, the choice between the two types of 

structures, the vertical and the parallel structures to the shoreline, is in conjunction with the 

analysis of the current situation. Consequently, the characteristics of the existing situation 

determine the choice of the most efficient structure as currents along the coast are mainly 

recorded in the current situation. The presence of the groins reduces the vertical velocity of 

the currents, diverts them from the coast and directs them to the open sea. Turbines are 

created in the shade of the groins, which are characterized by relatively slow velocity. The 

type of parallel structure on the coastline is more efficient in the case of vertical currents, 

which are not represented in the results of this investigation. About the comparison between 

the structures of different dimensions, the long groins are considered more efficient. Apart 

from their advantage of protecting a longer coastline, it is observed after the evaluation of 

Figure 4.3 that the longer groins do not contribute to the creation of a rip current, which 

diverts the currents towards the open sea with the risk of erosion. 

The interaction of structures with the currents also determines the phenomenon of sediment 

transport, which is the most critical and is shown in figure 4.4. Hence, in the case of vertical 

groins, coastal sediment transport parallel to the coast is interrupted and the sediments are 

deposited upstream of the groins. There is a risk of corrosion in the downstream. In the case 

of breakwaters along the coastline, the currents created by the break of waves increase 

sediment transport and the sediment is deposited where there is relative calmness. It causes 

a change in the morphology of the coast by initially forming a salient, which can result in 

tombolo formation if the breakwater is near the coast. We also see the formation of rip 

currents that divert the sediment.  

About the comparison between the groins of different dimensions, the longer groins are more 

efficient as the short groins while preventing the corrosion downstream do not provide 

adequate protection as they marginally cover the width of the breaker zone. 

In conjunction with the above, constructions along the shoreline have a higher cost. 

Additionally, the fact that the design of the structures is near the port of Avlida can cause 

problems in maritime transport as the restructuring of the study area aims to attract boats. 

In this case, the parallel breakwaters as they are designed in deeper water can create an 

obstacle to navigation.
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Figure 4.3: Results of alternative solutions- Current vectors 
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Figure 4.4: Results of alternative solutions- Sediment transport
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5. Conclusions 

The coastal zone of Avlida come up against serious damages because of the erosion process, 

which is provoked by the effect of the waves. The singularity of this area is that there is 

increased tidal activity. The simulation of the study area, which is based on climate and wave 

conditions, gives results about the evolution of significant wave height, currents and sediment 

transport. Because of the necessity of coastal protection structures four different alternative 

scenarios are recommended. The simulation of these structures led to the conclusion that 

longer groins are more efficient than the other proposals. These groins protect a larger wide 

of coastal zone, they are not so expensive and finally they are more appropriate according to 

the hydrodynamic conditions which are characterized by currents across the coastline. The 

aim of these intentions is also to give access to the sea and to enhance the value of the overall 

region.  
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1.ɳɹʅɮɱʍɱH 

1.1 ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁʰʽ ˋˁˇˉˈˌ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰˌ 

ʁʽ ʻʰ˂ʱˋˋʽˇʽ ˁˎ˃ʰˍʽˋ˃ˇʾ ʰˋˁˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʶˉʽʵˊʱˋʶʽˌ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹΣ ʱ˂˂ˇˍʶ 

ˉˊˇˁʰ˂˗˄ˍʰˌ ʵʽʱʲˊ˖ˋʹ ˁʰʽ ʱ˂˂ˇˍʶ ˉˊˇˋ˔˗˄ˇ˄ˍʰˌ ˍʹΦ ɶ ʰ˄ʱˉˍˎ˅ʹ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˋˍʹ 

ʻʱ˂ʰˋˋʰ ˃ʶˍʰʲʱ˂˂ʶʽ ˍʰ ˍˇˉʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍ˖˄ ˄ʶˊ˗˄ ˃ʶ ˋˎ˄ʷˉʶʽʶˌ 

ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ʾʵʽˇˎ ˍˇˎ ʷˊʴˇˎΦ ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʹ ʰ˄ʻˊ˗ˉʽ˄ʹ ˉʰˊʷ˃ʲʰˋʹ 

ˋˍˇ˄ ˉʰˊʱˁˍʽˇ ˔˗ˊˇ ʷ˔ʶʽ ʶ˄ˍʰʻʶʾ ˂ˈʴ˖ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ˁʰʽ ˁˇʽ˄˖˄ʽˁ˗˄ ˉʽʷˋʶ˖˄Σ ˉʰˊʱ˂˂ʹ˂ʰ 

ˈ˃˖ˌ ˁʰʽ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʰ˄ʱʴˁʹˌ ˉˊˇˋˍʰˋʾʰˌ ˉʰˊʱˁˍʽ˖˄ ˎˉˇʵˇ˃˗˄ ̋  ʰˁˈ˃ʰ ˁʰʽ ˍ˖˄ ʾʵʽ˖˄ ˍ˖˄ 

ʰˁˍ˗˄Φ 

ɹʵʽʰʾˍʶˊʰ ˋˍʹ ˔˗ˊʰ ˃ʰˌ ˃ʶ ˍʹ˄ ˍʶˊʱˋˍʽʰ ʷˁˍʰˋʹ ʰˁˍˇʴˊʰ˃˃ʺˌ ˁʰʽ ˃ʶ ˍˇ ˋˎ˄ˍˊʽˉˍʽˁˈ ˉˇˋˇˋˍˈ 

ˍʹˌ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ˁʰʽ ˁˇʽ˄˖˄ʽˁʺˌ ʵˊʰˋˍʹˊʽˈˍʹˍʰˌ ˍʹˌ ˔˗ˊʰˌ ˄ʰ ˋˎ˄ʵʷʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʹ˄ 

ˉʰˊʱˁˍʽʰ ʸ˗˄ʹΣ ˇʽ ˉʽʷˋʶʽˌ ʴʽʰ ˉʰˊʶ˃ʲʱˋʶʽˌ ˋˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʶˌΦ ʃˊˇˋʲʱˋʶʽˌ 

ˋˍʹ ʻʱ˂ʰˋˋʰΣ ˉʰˊʱˁˍʽʶˌ ʰˋˍʽˁʷˌ ʵˇ˃ʷˌ ˁʰʽ ˇʵʽˁʷˌ ˇʵʶˏˋʶʽˌΣ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˕ˎ˔ʰʴ˖ʴʾʰˌΣ ˁʰʽ 

ˍˇˎˊʽˋ˃ˇˏΣ ˁˍʹˊʽʰˁʷˌ ˁʰʽ ˂ʽ˃ʶ˄ʽˁʷˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌΣ ʻʰ˂ʱˋˋʽʶˌ ʶˁ˃ʶˍʰ˂˂ʶˏˋʶʽˌ ʰˉˇˍʶ˂ˇˏ˄ 

˃ʽʰ ˉˊ˗ˍʹ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˉˇ˂ˎ-ˉˇʽˁʽ˂ˈˍʹˍʰˌ ˍʹˌ ˋ˔ʷˋʹˌ ʰ˄ʻˊ˗ˉˇˎ ˁʰʽ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌΦ 

ʁʽ ʶˉʶ˃ʲʱˋʶʽˌ ˋˍˇ ˉʰˊʱˁˍʽˇ ˃ʷˍ˖ˉˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶˉʽ˒ʷˊˇˎ˄ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʰ˂˂ˇʾ˖ˋʹ ˍˇˎ 

˃ʶˍ˗ˉˇˎΣ ˄ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ʰ˂˂ʱ ˄ʰ ˃ʹ˄ ˍˊˇˉˇˉˇʽˇˏ˄ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍ˖˄ ˄ʶˊ˗˄Σ ˄ʰ 

ʵʾʵˇˎ˄ ˍʹ˄ ʰ˄ʰʴˁʰʾʰ ˂ˏˋʹ ˋˍˇ ˍˇˉʽˁˈ ʸʺˍʹ˃ʰΣ ʰ˂˂ʱ ˄ʰ ˃ʹ˄ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰ˂˂ˇʾ˖ˋʹ ˁʰʽ ˍʹ˄ 

ʶˉʽʲʱˊˎ˄ˋʹ ˉʰˊʰˉ˂ʺˋʽ˖˄ ˉʶˊʽˇ˔˗˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ˋˎ˄ʺʻʹˌ ʶʽˁˈ˄ʰ ʰˉˈ ʶˉʶ˃ʲʱˋʶʽˌ ˋˍʹ˄ 

ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˈ˂˖˄ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˍʹˌ ˔˗ˊʰˌΦ 

ɶ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ʶ˅ʶˍʱʸʶʽ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʵʽʱʵˇˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ 

ˍʹˌ ˉʰˊʰ˂ʾʰˌ ɮˎ˂ʾʵʰˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˎˉʱˊ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˉˇˎ ˃ˉˇˊˇˏ˄ 

˄ʰ ʷ˔ˇˎ˄ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˋ˔ʶʵʽʱˋʶʽˌ ˁˊʾˋʽ˃˖˄ ʶˉʶ˃ʲʱˋʶ˖˄Φ 

ɶ ˃ʶ˂ʷˍʹ ˋˎ˄ʾˋˍʰˍʰʽ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʰʻʹ˃ʰˍʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ 

ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ɿˈˍʽˇˎ ɳˎʲˇʿˁˇˏ ˁʰʽ ˋˍʹ˄ ʶˉʽˁʷ˄ˍˊ˖ˋʹ ˋˍʽˌ ˁˊʾˋʽ˃ʶˌ ˉʶˊʽˇ˔ʷˌ 

ˍʹˌ ˉʰˊʰ˂ʾʰˌ ɮˎ˂ʾʵʰˌ ʶ˅ʶˍʱʸˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌ ˍˇ ˏ˕ˇˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Σ 

ʹ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ ˁʰʽ ʵ̔ ʶˊʶˎ˄˗˄ˍʰʽ ʶˉʾˋʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˃ʶˍʰ˒ˇˊʱˌ ʽʸʹ˃ʱˍ˖˄ ʰˉˈ ˍʹ˄ 

ˇˉˇʾʰ ʵʽʶˊʶˏ˄ʹˋʹ ˉˊˇˁˏˉˍˇˎ˄ ˍˎ˔ˈ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵʽʱʲˊ˖ˋʹˌ ʰˁˍ˗˄ ʺ ˋˎˋˋ˗ˊʶˎˋʹˌ 

ʽʸʹ˃ʱˍ˖˄ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ˇʽ ˉʰˊʶ˃ʲʱˋʶʽˌ ˗ˋˍʶ ˄ʰ ʰˉˇ˒ʶˏʴˇ˄ˍʰʽ 

ʰ˄ʶˉʽʻˏ˃ʹˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ. 
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1.2 ɲʽʱˊʻˊ˖ˋʹ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰ 

ɶ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˉʰˊˇˏˋʰ ʶʽˋʰʴ˖ʴʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʱ˂˂ʰ ˇˁˍ˗ 

ˁʶ˒ʱ˂ʰʽʰ ˍʰ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʽʱˊʻˊ˖ˋʹΥ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ н ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʰˉʰˊʰʾˍʹˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ʴˏˊ˖ ʰˉˈ ˍˇˎˌ 

ˁˎ˃ʰˍʽˋ˃ˇˏˌΣ ˍʰ ˊʶˏ˃ʰˍʰΣ ˍʹ˄ ˉʰˊʱˁˍʽʰ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʰʻ˗ˌ ˁʰʽ ˋˎ˄ˇˉˍʽˁʱ ʻʶ˖ˊʹˍʽˁʱ 

ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʰ ʷˊʴʰ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ о ʴʾ˄ʶˍʰʽ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ˄ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˍʹˌ ʰˁˍʺˌ ˃ʶ˂ʷˍʹˌΦ ʅˎ˄ˇˉˍʽˁʱ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʰ 

ʰ́ ʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ ˉʰˁʷˍˇ ˂ˇʴʽˋ˃ʽˁˇˏ ɾɹɼɳ нмΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍˇ ˒ʰˋ˃ʰˍʽˁˈ Spectral Waves FM, ˍˇ ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ Flow model FM 

Hydrodynamic Module ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ Flow Module FM Sand Transport 

Module. ʃʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇ ˁʰʽ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ п ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʰˁˍʺ ˃ʶ˂ʷˍʹˌ ˃ʷˋ˖ ˒˖ˍˇʴˊʰ˒ʽˁʺˌ ʰˉˇˍˏˉ˖ˋʹˌ ˍ˖˄ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ʰˋˍˇ˔ʽ˗˄ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ʰˎˍʺ ˏˋˍʶˊʰ ʰˉˈ ʶˉʽˍˈˉʽʰ ʰˎˍˇ˕ʾʰ. 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ р ʴʾ˄ʶˍʰʽ ˉˊˇˋˉʱʻʶʽʰ ˁʰˍʰʴˊʰ˒ʺˌ ˍʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ ʰˁˍʺˌ ˃ʶ˂ʷˍʹˌ 

˃ʷˋ˖ ˋˎʴˁˊʽˍʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʰʶˊˇ˒˖ˍˇʴˊʰ˒ʽ˗˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ с ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰ˄ʶ˃ˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌΣ  ̱ ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˍˇˎ ˁˎ˃ʰˍʽˁˇˏ ˁ˂ʾ˃ʰˍˇˌ ˁʰʽ ˋˍˇʽ˔ʶʾʰ ʰ˄ˏ˕˖ˋʹˌ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶ˅ʰʽˍʾʰˌ ˍˇˎ 

˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˉʰ˂ʾˊˊˇʽʰˌ ˉˇˎ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ т ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˍˇ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˈ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ˍˈˋˇ ʴʽʰ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ 

ˁʰˍʱˋˍʰˋʹ ˈˋˇ ʴʽʰ ˍʷˋˋʶˊʰ ˋʶ˄ʱˊʽʰ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵʽʰˍʱ˅ʶ˖˄ ʷˊʴ˖˄ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌ 

ˉˇˎ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˁˍʺ ˃ʶ˂ʷˍʹΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ у ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ ˍʶ˂ʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ 

ˍʶˋˋʱˊ˖˄ ʵʽʰˍʱ˅ʶ˖˄ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ   
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2. ɰɹɰɽɹʁɱʄɮʊɹɼɶ ɮɿɮʅɼʁʃɶʅɶ ɰɮʅɹɼʍɿ ɳɿɿʁLʍɿ 

2.1 ʃʰˊʱˁˍʽʰ ʸ˗˄ʹ 

ʍˌ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˇ˄ˇ˃ʱʸʶˍʰʽ ʹ ʸ˗˄ʹ ʶˁʶʾ˄ʹ ˍʹˌ ʰˁˍʺˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ʻʰ˂ʱˋˋʽˇ ˁʽ 

ʷ˄ʰ ˔ʶˊˋʰʾˇ ˍ˃ʺ˃ʰ ˁʰʻ˗ˌ ˁʰʽ ˍʹ ʴˊʰ˃˃ʺ ˉˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˍˇ˃ʺ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ ˍʹ˄ ˅ʹˊʱΥ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΦ ʆˇ ʻʰ˂ʱˋˋʽˇ ˍ˃ʺ˃ʰ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʰˁˍˇʴˊʰ˃˃ʺ ˃ʷ˔ˊʽ ˍʹ˄ ʽˋˇʲʰʻʺ ˋˍʹ˄ ˇˉˇʾʰ ʴʾ˄ʶˍʰʽ ʰʽˋʻʹˍʺ ʹ ʶˉʾʵˊʰˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ʶ˄˗ 

ˍ̌  ˔ʶˊˋʰʾˇ ˍ˃ʺ˃ʰ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ʷ˖ˌ ʷ˄ʰ ˎ˕ˈ˃ʶˍˊˇ ˉˇˎ ˇˊʾʸʶˍʰʽ ˁʰˍʱ 

ˉʶˊʾˉˍ˖ˋʹ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ˋˍʰ˃ʰˍʱ ˄ʰ ʶˉʽˁˊʰˍʶʾ ʹ ʵˊʱˋʹ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ 

ʵʽʶˊʴʰˋʽ˗˄Φ  

ɶ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˃ʶ ʲʱˋʹ ˍʰ ˃ˇˊ˒ˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˁˊʾ˄ʶˍʰʽ: 

¶ ˋˍʹ˄ ʁ ˉʽ-ˉʰˊʱ˂ʽʰ ʸ˗˄ʹ όbackshore),  

¶ ˋˍˇ ˃ʷˍ˖ˉˇ ˍʹ ̩̄ ʰˊʰ˂ʾʰˌ όforeshore zoneύ ˁʰʽ  

¶ ˋ̱ ʹ˄ ʶ˄ʵˇ-ˉʰˊʱ˂ʽʰ ʸ˗˄ʹ ʺ ʶˉʱˁˍʽʰ όinshore zone).  

ʆˇ ˈˊʽˇ ˃ʶˍʰ˅ˏ ˍʹˌ ʶˉʱˁˍʽʰˌ ˁʰʽ ˍʹˌ ˉˊˇʱˁˍʽʰˌ ʸ˗˄ʹˌ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍʹ ʴˊʰ˃˃ʺ ˍʹˌ 

ˁʰˍ˗ˍʰˍʹˌ ˊʹ˔ʾʰˌΦ 

ɾʶ ˁˊʽˍʺˊʽˇ ˍˇ˄ ˍˏˉˇ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋˍʰ ʶˉʽ˃ʷˊˇˎˌ ˍ˃ʺ˃ʰˍʰ 

ʹ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ (Komar,1998): 

¶ ʆʹ ʲʰʻˏˍʶˊʹ ʸ˗˄ʹ ʺ ʸ˗˄ʹ ˉˊʽ˄ ʰˉˈ ˍʹ ʻˊʰˏˋʹ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˇʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ 

ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˉˇˎ ˍʶ˂ʽˁʱ ˇʵʹʴˇˏ˄ ˋˍʹ ʻˊʰˏˋʹΦ 

¶ ʆʹ ʸ˗˄ʹ ʻˊʰˏˋʹˌ όbreaker zoneύ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˁʰʽ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˇ ˒ˎˋʽˁˈˌ 

˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˇ ˇˉˇʾˇˌ ʰˉˇˍʶ˂ʶʾ ˍˇ ʴʶ˄ʶˋʽˇˎˊʴˈ 

˃ʹ˔ʰ˄ʽˋ˃ˈ ̱ ˖˄ ˉʶˊʽˋˋˈˍʶˊ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˍʹˌ ʰˁˍˇ˃ʹ˔h ˄ʽˁʺˌΦ 

¶ ʆʹ ʸ˗˄ʹ ˃ʶˍʱ ˍʹ ʻˊʰˏˋʹ όafter breaker zoneύ ʹ ˇˉˇʾʰ ˎˉˇʵʽʰʽˊʶʾˍʰʽ ˋˍʹ˄ ʸ˗˄ʹ 

ʰˉˈˋʲʶˋʹˌ όsurf zone) ˈˉˇˎ ʶˁˍˇ˄˗˄ʶˍʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˍˇ 

ʻˊʰˎˋ˃ʷ˄ˇˎ ˁˏ˃ʰˍˇˌ όˍˏˊʲʹΣ ʻʶˊ˃ˈˍʹˍʰ ˁˍ˂Φ) ˁʰʽ ˋˍʹ ʸ˗˄ʹ ʵʽʰʲˊˇ˔ʺˌ όswash zone) 

ʹ ˇˉˇʾʰ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˁʰˍ˗ˍʶˊʹ ˁʰʽ ˍʹ˄ ʰ˄˗ˍʶˊʹ ʻʷˋʹ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ ʺˌΦ ʆˇ ʶˏˊˇˌ 

ˍˇˎˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁˎ˃ʱˍ˖˄Σ ˍʹ ˒ʱˋʹ ˍʹˌ ˉʰ˂ʾˊˊˇʽʰˌ ˁʰʽ ˍʹ˄ 

ˁ˂ʾˋʹ ˍˇˎ ˉˎʻ˃ʷ˄.h 
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ɳʽˁˈ˄ʰ нΦ1Υ ʇˉˇʵʽʰʾˊʶˋʹ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌ ˋʶ ʶˉʽ˃ʷˊˇˎˌ ˍ˃ʺ˃ʰˍʰ (ɼʰˊˏ˃ˉʰ˂ʹˌ ɸΦΣ 

2010) 

2.2  ɸʰ˂ʱˋˋʽʰ ˁˏ˃ʰˍʰ 

ʁ ˁˎ˃ʰˍʽˋ˃ˈˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ 

ˉˇˎ ʵˊˇˎ˄ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹΦ ʆʰ ʻʰ˂ʱˋˋʽʰ ˁˏ˃ʰˍʰ ʶʾ˄ʰʽ ˉʶˊʽˇʵʽˁʷˌ ˍʰ˂ʰ˄ˍ˗ˋʶʽˌ ˍ˖˄ 

˃ˇˊʾ˖˄ ˍˇˎ ʻʰ˂ʱˋˋʽˇˎ ˄ʶˊˇˏ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ˃ʶˍʰ˒ʷˊʶˍʰʽ ʶ˄ʷˊʴʶʽʰ ʹ ˇˉˇʾʰ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ 

ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽ ˃ʶ ˍʹ ʻˊʰˏˋʹ ˍˇˎˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌΦ ɴ˔ˇˎ˄ ʴʾ˄ʶʽ ˉˇ˂˂ʷˌ ˉˊˇˋˉʱʻʶʽʶˌ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶʽʵ˗˄ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˁˎ˃ẖ ʽˋ˃˗˄ ˃ʶ ʲʱˋʹ ˍʰ ʵʽʱ˒ˇˊʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ̱ ˇˎˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Phillips 1977, LeBlond ˁ ʰʽ Mysak 1978 ̌ ʽ ˁˎ˃ʰˍʽˋ˃ˇʾ 

ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ʶ˅ʺ ̩ˁ ʰˍʹʴˇˊʾʶˌΥ 

¶ ɳˉʽ˒ʰ˄ʶʽʰˁʱ ˁˏ˃ʰˍʰ όsurface wavesύ ˍʰ ˇˉˇʾʰ ʵʽʰʵʾʵˇ˄ˍʰʽ ˋˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʁ ˉʽ˒ʱ˄ʶʽʰ 

ˍˇˎ ˎʴˊˇˏ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁˎˊʾ˖ˌ ˍʰ ʰ˄ʶ˃ˇʴʶ˄ʺ όwind wavesύΣ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʵʹ˂ʰʵʺ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍʽˌ ʰˉˇʻʰ˂ʰˋˋʽʷˌ όswell). 

¶ ɳˋ˖ˍʶˊʽˁʱ ˁˏ˃ʰˍʰ όinternal wavesύ ˍʰ ˇˉˇʾʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʵˎˇ 

ˋˍˊ˖˃ʱˍ˖˄ ʻʰ˂ʱˋˋʽˇˎ ˄ ʶˊˇˏ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˉˎˁ˄ˈˍʹˍʰˌΦ 

¶ ɱˎˊˇˋˁˇˉʽˁʱ ˁˏ˃ʰˍʰ όgyroscopic or inertial wavesύ ˍʰ ˇˉˇʾʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ 

ˉʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹ ˍ˖˄ ˎʴˊ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˁʰʽ ˃ʶˍʰʵʾʵˇ˄ˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ 

ˎʴˊˇˏΦ 

¶ ʃ˂ʰ˄ʹˍʽˁʱ ˁˏ˃ʰˍʰ όplanetary or Rossby waves) ˍʰ ˇˉˇʾʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ ˋ˔ʶˍʽˁʺ 

ˁʾ˄ʹˋʹ ˍ˖˄ ˉ˂ʰ˄ʹˍ˗˄ ˁʰʽ ˍʹˌ ɱʹˌ 

¶ ʃʰ˂ʾˊˊˇʽʶˌ (tides) ̄ ˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ ʲʰˊˎˍʽˁʺ ʷ˂˅ʹ ˍʹˌ ʅʶ˂ʺ˄ʹˌ ˉʱ˄˖ ˋˍʹ ɱʹΦ 

¶ ɮˁˇˎˋˍʽˁʱ ˁˏ˃ʰˍʰ (hydroacoustic waves) ̀ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ˎʵʱˍʽ˄ʹˌ ˃ʱʸʰˌΦ 

ɳ˅ʶˍʱʸˇ˄ˍʰˌ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ˍˇˎˌ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏˌ ʻʰ˂ʱˋˋʽˇˎˌ ˁˎ˃ʰˍʽˋ˃ˇˏˌΣ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˇʽ 

ʶ˅ʺˌ ˁˏˊʽʶˌ ˁʰˍʹʴˇˊʾʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰʾˍʽˇ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎˌΥ 

¶ ɮ˄ʶ˃ˇʴʶ˄ʶʾˌ ˁˎ˃ʰˍʽˋ˃ˇʾ όwind wavesύ ˁʰʽ ʰˉˇʻʰ˂ʰˋˋʽʷ̩ όswellύΣ ˇʽ ˇˉˇʾˇʽ 
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ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˍ˃ʺ˃ʰ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ̄ ˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˉʶˊʽˈʵˇˎˌ ʰˉˈ 

T Ґм ǎŜŎ ʷ˖ˌ ʆ Ґнл ǎŜŎ ʷ˖ˌ нр ǎŜŎΦ 

¶ ɼˏ˃ʰˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰˉˈ ˁʽ˄ʺˋʶʽˌ ʶˉʽˉ˂ʶˈ˄ˍ˖˄ ʹ ʲˎʻʽˋ˃ʷ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ όbody 

generated wavesύ ˍʰ ˇˉˇʾʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ʾʵʽʶˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ ˍˇˎˌ ʰ˄ʶ˃ˇʴʶ˄ʶʾˌ 

ˁˎ˃ʰˍʽˋ˃ˇˏˌΦ 

¶ ɼˏ˃ʰˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰˉˈ ʴˊʺʴˇˊʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌ όseiches) 

˃ʶ ˉʶˊʽˈʵˇˎˌ ʰˉˈ T =1 min ̫ ˖ˌ ʆ Ґпл ƳƛƴΦ 

¶ ʅʶʽ̀˃ˇʴʶ˄ʶʾˌ ˁˎ˃ʰˍʽˋ˃ˇˏˌ όtsunamisύ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ʶʴʱ˂ˇ ˃ʷˊˇˌ ˍˇˎ 

˒ʱˋ˃ʰˍˇˌ ˃ʶ ˉʶˊʽˈʵˇˎˌ ʰˉˈ T =4 min ̫ ˖ˌ ʆ ҐнΦр h ̄ ʶˊʾˉˇˎΦ 

 

ʅ˔ʺ˃ʰ 2.1Υʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ʻʰ˂ʱˋˋʽ˖˄ ˁˎ˃ʱˍ˖˄ όɾʷ˃ˇˌ ɼΦΣнлмсύ 

ʆʰ ˁˏ˃ʰˍʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˁʰʽ ʵʽʰʵʾʵˇ˄ˍʰʽ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˄ʶˊˈ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ 

ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˁˇˊˎ˒˗˄ ˁʰʽ ˁˇʽ˂ʾ˖˄ ˁʰʽ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˁʱˉˇʽʰ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˈˉ˖ˌ ˍˇ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ɶΣ ʹ ˉʶˊʾˇʵˇˌ ʆ ˁʰʽ ˍˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌ LΦ ʆʰ ˃ʶʴʷʻʹ ʰˎˍʱ ʴʽʰ ˉʶˊʽˇ˔ʷˌ 

ʲʰʻʽ˗˄ ˄ʶˊ˗˄ όd >0.5Lύ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʱ ˁʰʻ˗ˌ ʶˁʶʾ ˇʽ ˍˊˇ˔ʽʷˌ ˍ˖˄ ˎʴˊ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

ʶʾ˄ʰʽ ˁˎˁ˂ʽˁʷˌΦ ɮ˄ˍʾʻʶˍʰΣ ˋˍʰ ʶ˄ʵʽʱ˃ʶˋʰ ˁʰʽ ˊʹ˔ʱ ˄ʶˊʱ όd<0.5 Lύ ˇʽ ˍˊˇ˔ʽʷˌ ˍʶʾ˄ˇˎ˄ ˄ʰ ʴʾ˄ˇˎ˄ 

ˉʶˊʾˉˇˎ ʶ˂˂ʶʽˉˍʽˁʷˌ ˁʰʽ ˋ˔ʶˍʽˁʱ ˉʶˉ˂ʰˍˎˋ˃ʷ˄ʶˌ ˁʰʽ ʹ ʶˉʾʵˊʰˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʻʾˋˍʰˍʰʽ 

ˇ˂ˇʷ˄ʰ ˁʰʽ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˄ʰ ʰˉˇˁ˂ʾ˄ˇˎ˄ ʰˉˈ ˍʹ ʴˊʰ˃˃ʽˁˈˍʹˍʱ 

ˍˇˎˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰˋˉˇˊʱΦ 

ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ʶ˄ʵʽʱ˃ʶˋ˖˄ ˁʰʽ ˊʹ˔˗˄ ˄ʶˊ˗˄ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˈ˂ʰ ˍʰ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁˎ˃ʰˍʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΥ 

¶ ʰ˄ʱˁ˂ʰˋʹ όreflectionύ ˁʰʽ ʵʽʱʻ˂ʰˋʹ όrefraction) ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Σ ˁʰʻ˗ˌ ˁʰʽ 

ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ˉ˂ʱˍˇˎˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˂ˈʴ˖ ˊʺ˔˖ˋʹˌ όshoaling) 

¶ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶ ˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ʲʰʻˎ˃ʶˍˊʾʰ ˁʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉʶˊʾʻ˂ʰˋʹˌ ʺ 

ˋˁʷʵʰˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ όdiffraction) 

¶ ʵʽʰˋˉˇˊʱ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ όŘƛǎǇŜǊǎƛƻƴύ 
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¶ ˍˊʽʲʺ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ʶ˅ʰˋʻʷ˄ʹˋʹ ˍʹˌ ˊˇʺˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ όbottom friction 

and wave energy dissipation) 

¶ ˃ʹ ʴˊʰ˃˃ʽˁʷˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˁˎ˃ʰˍʽˁ˗˄ ˋˎ˄ʽˋˍ˖ˋ˗˄Σ ˁʰʽ 

˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ˃ʽʰ ʰˊ˔ʽˁʺ ʸ˗˄ʹ ˋˎ˔˄ˇˍʺˍ˖˄ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ˍ˖˄ 

ˁˎ˃ʰˍʽˋ˃˗˄ ˉˊˇˌ ˃ʽˁˊˈˍʶˊʶˌ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˋˎ˔˄ˈˍʹˍʶˌ όnon-linear interactions) 

¶ ʵʹ˃ʽˇˎˊʴʾʰ ˁˎ˃ʰˍˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄ όwave induced currentsύ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ˃ʱʸʰˌ 

¶ ʻˊʰˏˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˁˇ˄ˍʱ ˋˍʹ˄ ʰˁˍʺ όwave breaking). 

ʅˍʹ ʸ˗˄ʹ ʻˊʰˏˋʶ˖ˌ ˁʰʽ ˋˍʹ ʸ˗˄ʹ ˃ʶˍʱ ˍʹ ʻˊʰˏˋʹ ʹ ʷ˄ˍʰˋʹ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ 

ˍʹˌ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ ʰˉˈ ʰˎˍʷˌ Σʶʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹΣ ˁʰʻ˗ˌ ʶˁ˂ˏˇ˄ˍʰʽ ˍʶˊʱˋˍʽʶˌ ˉˇˋˈˍʹˍʶˌ ʶ˄ʷˊʴʶʽʰˌ ˇʽ ˇˉˇʾʶˌ 

ʵʽˇ˔ʶˍʶˏˇ˄ˍʰʽ ˋˍʹ˄ ʰˁˍʺ ˁʰʽ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ˎ˂ʽˁˇˏ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ 

2.3 ʃʰˊʱˁ̱ ʽʰ ˊʶˏ˃ʰˍʰ 

ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʰ ˁˏ˃ʰˍʰ ˍʰ ʻʰ˂ʱˋˋʽʰ ˊʶˏ˃ʰˍʰ ˋʶ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ 

ˉˊˇʲ˂ʶ˒ʻˇˏ˄ ˃ʶ ˁʱˉˇʽʰ ʰ˅ʽˇˉʽˋˍʾʰΦ ɼʰʽ ˍˇˏˍˇ ˂ˈʴ˖ ˍ˖˄ ˉˇ˂˂˗˄ ʶˉʾ ˃ʷˊˇˎˌ ˋˎ˄ʽˋˍ˖ˋ˗˄ 

ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ ˇʽ ˁˏˊʽʶˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ʶʾ˄ʰʽΥ 

¶ ʆʰ ˖ˁʶʱ˄ʽʰ ˊʶˏ˃ʰˍʰ 

¶ ʆʰ ˊʶˏ˃ʰˍʰ ˂ˈʴ˖ ˉʰ˂ʾˊˊˇʽʰˌ 

¶ ʆʰ ʰ˄ʶ˃ˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰ 

¶ ʆʰ ˊʶˏ˃ʰˍʰ ˂ˈʴ˖ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌ 

¶ ʆʰ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰ 

ʆʰ ˖ˁʶʱ˄ʽʰ ˊʶˏ˃ʰˍʰ ˁʰʽ ˍʰ ˊʶˏ˃ʰˍʰ ˂ˈʴ˖ ˉʰ˂ʾˊˊˇʽʰˌ ʰ˒ˇˊˇˏ˄ ˃ʶʴʱ˂ʶˌ ʴʶ˖ʴˊʰ˒ʽˁʷˌ 

ˉʶˊʽˇ˔ʷˌΣ ˍʰ ʰ˄ʶ˃ˇʴʶ˄ʺ ˁʰʽ ˍʰ ˊʶˏ˃ʰˍʰ ˂ˈʴ˖ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˍˇˉʽˁʱ 

˒ʰʽ˄ˈ˃ʶ˄ʰ ʶ˄˗ ˍʰ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˃ʶ ʰˎ˅ʹ˃ʷ˄ʹ ˋˉˇˎʵʰʽˈˍʹˍʰ ˋˍʰ ˊʹ˔ʱ 

˄ʶˊʱΦ ɶ ʷ˄ˍʰˋʹ ˍ˖˄ ʰ˄ʶ˃ˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ н-о҈ ˉʶˊʾˉˇˎ ˍʹˌ 

ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶˉʱ˄˖ ʰˉˈ ˍˇ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰΣ ʶ˄˗ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˁˎ˃ʰˍˇʴʶ˄ʺ 

ˊʶˏ˃ʰˍʰ ʶʾ˄ʰʽ ˁʱˉ˖ˌ ʰˋʻʶ˄ʷˋˍʶˊʰΦ ɶ ˒ˇˊʱ ˍ˖˄ ˁʰʻʰˊʱ ʰ˄ʶ˃ˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄ ʵʽʰ˒ʷˊʶʽ 

ʰˉˈ ˍʹ ˒ˇˊʱ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍˇ ʲʱʻˇˌΣ ʰ˂˂ʱ ˍʶʾ˄ʶʽ ˄ʰ ˉ˂ʹˋʽʱʸʶʽ 

ˉˊˇˌ ˍʹ ˒ˇˊʱ ˍˇˎ ʰ˄ʷ˃ˇˎ ˈˋˇ ˍʰ ˄ʶˊʱ ʴʾ˄ˇ˄ˍʰʽ ˉʽˇ ˊʹ˔ʱΦ ɮ˄ˍʾʻʶˍʰ ʹ ˒ˇˊʱ ˍ˖˄ ˁˎ˃ʰˍˇʴʶ˄˗˄ 

ˊʶˎ˃ʱˍ˖˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍʹ ˒ˇˊʱ ˃ʶˍʱʵˇˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˁʰʽ ˍˇˎ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ʰʽˍʾˇˎ 

ˍˇˎ ʰ˄ʷ˃ˇˎΦ 

ɾʽʰ ʱ˂˂ʹ ʰʽˍʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˊʶˏ˃ʰˍʰ ʶʾ˄ʰʽ ʹ ˏˉʰˊ˅ʹ ʶˁʲˇ˂ʺˌ 

ˉˇˍʰ˃ˇˏ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˁʰʽ ʹ ʶʽˋˊˇʺ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˋˍʹ ʻʱ˂ʰˋˋʰ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ 

ˊʶˏ˃ʰˍʰ ˉˎˁ˄ˈˍʹˍʰˌΦ 

ʆʰ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʵˏˇ ˃ʶʴʱ˂ʶˌ ˁʰˍʹʴˇˊʾʶˌ ʁ ˅ʰʽˍʾʰˌ ˍʹˌ ˃ˇˊ˒ʺˌ ˁʰʽ ˍʹˌ 

ʵʽʶˏʻˎ˄ˋʹˌ ˉˇˎ ʵˊˇˎ˄Υ ˍʰ ˊʶˏ˃ʰˍʰ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ όlongshore currentsύ ˁʰʽ ˍʰ 

ʲʶ˂ˇʶʽʵʺ ́ ʶˏ˃ʰˍʰ όrip currents)Φ ɶ ˍˊʽʲʺ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰΣ ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ 

ʹ ʻˊʰˏˋʹ ˁˎ˃ʰˍʽˋ˃˗˄ ˎˉˈ ˁ˂ʾˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʰˁˍʺ ʶʾ˄ʰʽ ˇʽ ʴʶ˄ʶˋʽˇˎˊʴʾʶˌ ʰʽˍʾʶˌ ˍ˖˄ 
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ˊʶˎ˃ʱˍ˖˄ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ όˁ˃ʰύΦ ɶ ˋˎ˃ʲˇ˂ʺ ʵˏˇ ˊʶˎ˃ʱˍ˖˄ ˁ˃ʰ ʰ˄ˍʾʻʶˍʹˌ ˒ˇˊʱˌ 

ʶˁˍˊʷˉʶʽ ˍʹ ˊˇʺ ˉˊˇˌ ˍʰ ʲʰʻʽʱΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˄ʷˇˎ ˊʶˏ˃ʰˍˇˌΣ ̱ ˇ ˇˉˇʾˇ 

ˁʰ˂ʶʾˍʰʽ ̡ ʶ˂ˇʶʽʵʷˌ ˊʶˏ˃ʰΦ ʆˇ ˊʶˏ˃ʰ ʰˎˍˈ ʶʾ˄ʰʽ ˋˍʶ˄ˈ ˁʰʽ ʷ˄ˍˇ˄ˇΣ ʵʽʰˋ˔ʾʸʶʽ ˍʹ ʸ˗˄ʹ ʻˊʰˏˋʹˌ 

ˁʰʽ ʶˁ˒ˎ˂ʾʸʶˍʰʽ ˋˍʹ ʸ˗˄ʹ ˉˊʽ˄ ʰˉˈ ˍʹ ʻˊʰˏˋʹΣ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ʽˋ˔ˎˊʺ ˉˇˋˈˍʹˍʰ 

˃ʱʸʰˌ ʰˉˈ ˍʰ ˊʹ˔ʱ ˋˍʰ ʲʰʻʽʱ ˄ʶˊʱΦ ʆˇ ˊʶˏ˃ʰ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʶˉʾˋʹˌ ˂ˈʴ˖ 

ˍˇˉˇʴˊʰ˒ʽˁʺˌ ʰ˄˖˃ʰ˂ʾʰˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ʆˇ ʲʶ˂ˇʶʽʵʷˌ ˊʶˏ˃ʰ ʷ˔ʶʽ ˁʱʻʶˍʹ ˋ˔ʶʵˈ˄ ʵʽʶˏʻˎ˄ˋʹ 

˖ˌ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΣ ˃ˈ˄ˇ ˈˍʰ˄ ˍʰ ʵˏˇ ˉʰˊʱ˂˂ʹ˂ʰ ˊʶˏ˃ʰˍʰ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ʶʾ˄ʰʽ 

ˉʰˊˈ˃ˇʽʰˌ ʷ˄ˍʰˋʹˌΦ ʅʶ ʰ˄ˍʾʻʶˍʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇ ʲʶ˂ˇʶʽʵʷˌ ˊʶˏ˃ʰ ʶˁˍˊʷˉʶˍʰʽ ˃ʶ ˁ˂ʾˋʹ 

˃ʽˁˊˈˍʶˊʹ ˍʹˌ ˁʰʻʷˍˇˎ ˁʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰʽ ʹ ˍʰ˔ˏˍʹˍʱ ˍˇˎΦ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ ˁ˃ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ˎʵˊʰˎ˂ʽˁʷˌ ʲʰʻ˃ʾʵʶˌ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ 

ʰˉˈ ˍʹ˄ ʰ˄ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ˁˏ˃ʰˍˇˌ ˋˍʹ ʸ˗˄ʹ ʻˊʰˏˋʶ˖ˌΣ ʰ˂˂ʱ ˁʰʽ ˋˍʹ˄ 

ˁ˂ʾˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ ʻˊʰˏˋʶ˖ˌ όɾˇˎˍʸˇˏˊʹˌΣ нллрύΦ ɳˉʽ˃ʺˁʹ ˊʶˏ˃ʰˍʰ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ˁʰˍʱ ˃ʺˁˇˌ ʶˎʻˏʴˊʰ˃˃˖˄ ʰˁˍ˗˄Φ ɶ ˒ˇˊʱ ʰˎˍ˗˄ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ ˁʰʻˇˊʾʸʶˍʰʽ 

ʰˉˈ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ ˁʰʽ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍ˖˄ ˉˊˇˋˉʽˉˍˈ˄ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɶ 

ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ʲʱʻˇˎˌ ʻˊʰˏˋʶ˖ˌ db ̱ ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Σ 

ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ TΣ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʴ˖˄ʾʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ ʴˊʰ˃˃ʺˌ ʻˊʰˏˋʶ˖ˌ ˁʰʽ ˍʹˌ 

ʰˁˍʺˌΣ ˁʰʽ ˍʷ˂ˇˌΣ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˁ˂ʾˋʹˌ ˍ˖˄ ˉˊʰ˄˗˄ ˍʹˌ ʰˁˍʺˌΦ ʆˎˉʽˁʷˌ ˍʽ˃ʷˌ ˉʰˊʱˁˍʽ˖˄ 

ˊʶˎ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʰˉˈ лΣо ʷ˖ˌ ˁʰʽ м m/s ʁ ˄˗ ˍˇ ˍʰ˔ˏˍʶˊˇ ˉˇˎ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ 

ˍ˖˄ н m/s 
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2.4 ʃʰˊʱˁˍʽʰ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ 

ʅʶ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ˎˉʰˊ˅ʾʰˌ ˁˎ˃ʰˍʽˋ˃˗˄ ˁʰʽ ˊʶˎ˃ʱˍ˖˄ ʵʶ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˃ʶˍʰ˒ˇˊʱ 

ˁˇˁˁ˗ʵˇˎˌ ˎ˂ʽˁˇˏ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ɶ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˁˇ˄ˍʱ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰΣ ˈˍʰ˄ 

ˎˉʱˊ˔ˇˎ˄ ˁˎ˃ʰˍʽˋ˃ˇʾ ʺ ˊʶˏ˃ʰˍʰ ʺ ˁʰʽ ˍʰ ʵˏˇΣ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˇˎˋʽʰˋˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰ 

ʰˉˇˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍ˖˄ ˁˈˁˁ˖˄ ˍ˖˄ ʽʸʹ˃ʱˍ˖˄Φ ʆʰ ʶˉʽ˒ʰ˄ʶʽʰˁʱ ʽʸʺ˃ʰˍʰ ʲˊʾˋˁˇ˄ˍʰʽ ʶʾˍʶ ˋʶ 

ʵˎ˄ʰ˃ʽˁʺ ʽˋˇˊˊˇˉʾʰ ˃ʶ ˍʽˌ ˒ˇˊˍʾˋʶʽˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶʾˍʶ ˋʶ ˁʾ˄ʹˋʹ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ʴʾ˄ʶˍʰʽ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ʺ ˋˍʰ ʰ˄˗ˍʶˊʰ ˋˍˊ˗˃ʰˍʰ ˍˇˎ ˎʵʱˍʽ˄ˇˎ ˋ˗˃ʰˍˇˌΦ ʁʽ ʵʽʱ˒ˇˊʶˌ 

ˋˎ˄ʽˋˍ˗ˋʶˌ ˉˇˎ ʵˊˇˎ˄ ˉʱ˄˖ ˋʶ ʷ˄ʰ ˁˈˁˁˇ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ʵʹ˂ʰʵʺ ˇʽ ˇˊʻʷˌ 

ˁʰʽ ʵʽʰˍ˃ʹˍʽˁʷˌ ˍʱˋʶʽˌ ʰˉˈ ˍˇ ˁʽ˄ˇˏ˃ʶ˄ˇ ˄ʶˊˈΣ ʹ ʰ˄ˍʾʵˊʰˋʹ ˋˍʺˊʽ˅ʹˌ ˋʶ ʱ˂˂ˇˎˌ ˁˈˁˁˇˎˌΣ ˇʽ 

ˎʵˊˇʵˎ˄ʰ˃ʽˁʷˌ ˎˉˇˉʽʷˋʶʽˌ ˂ˈʴ˖ ʵʽʺʻʹˋʹˌ ˁʰʽ ˇ̔  ʵˎ˄ʱ˃ʶʽˌ ˉˊˈˋˁˊˇˎˋʹˌ ʱ˂˂˖˄ ˁˈˁˁ˖˄Σ 

ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˄ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ʵˎ˄ʰ˃ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʰˉˇˁˈ˂˂ʹˋʹˌ ˍ˖˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˁˈˁˁ˖˄Φ ɶ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˃ʶˍʰ˒ˇˊʱˌ ʽʸʹ˃ʱˍ˖˄ ˇˊʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍˇ 

˃ʷʴʶʻˇˌ ˍ˖˄ ˁˈˁˁ˖˄ ˍˇˎ ʶʵʰ˒ʽˁˇˏ ˎ˂ʽˁˇˏ ˁʰʽ ˍʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ˉˇˎ ʰˋˁʶʾ ʹ ˊˇʺ ˋΩ ʰˎˍˈ. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˈˍʽ ʹ ʻʶ˗ˊʹˋʹ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶˍʰ˅ˏ ˁˎ˃ʱˍ˖˄ ˁʰʽ 

ˊʶˎ˃ʱˍ˖˄ ʷ˔ʶʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʷ˖ˌ ˁʰʽ ˍˇ ʵʽˉ˂ʰˋʽʰˋ˃ˈ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʵʽʰˍ˃ʹˍʽˁʺˌ 

ˍʱˋʹˌ ˉˎʻ˃ʷ˄ʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰˉˇʵʶʽˁ˄ˏʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ όwƻǎŀƭŜǎ Ŝǘ ŀƭΦΣнллтύΦ 

ɾʶˍʱ ˍʹ˄ ʰˉˇˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍ˖˄ ˁˈˁˁ˖˄ ʹ ˁʾ˄ʹˋʺ ˍˇˎˌ ʴʾ˄ʶˍʰʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌΥ όʰύ ʹ ˁʾ˄ʹˋʹ 

ˍ˖˄ ˁˈˁˁ˖˄ ʴʾ˄ʶˍʰʽ ˃ʶ ˁˏ˂ʽˋʹ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ʺ ʵʽʰʵˇ˔ʽˁʱ ʱ˂˃ʰˍʰ ˉˇˎ ˋˎ˄ʶˉʱʴˇ˄ˍʰʽ 

ˉʶˊʽˇʵʽˁʺ ʶˉʰ˒ʺ ˃ʶ ˍˇ˄ ˉˎʻ˃ʷ˄ʰΣ ˍˈˍʶ ʹ ˃ʶˍʰ˒ˇˊʱ ˒ʶˊˍ˗˄ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˋʰ˄ ˒ˇˊˍʾˇ 

ˉˎʻ˃ʷ˄ʰ όʅ˔ʺ˃ʰ нΦнύ ʲύ ˇʽ ˁˈˁˁˇʽ ˍ˖˄ ʽʸʹ˃ʱˍ˖˄ ʲˊʾˋˁˇ˄ˍʰʽ ˋ˔ʶʵˈ˄ ˋˎ˄ʷ˔ʶʽʰ ˋʶ ʰʽ˗ˊʹˋʹ ˋˍʹ 

ˋˍʺ˂ʹ ˍˇˎ ˄ʶˊˇˏ ˂ˈʴ˖ ˍʹˌ ˍˏˊʲʹˌΣ ˍˇˎ ˇˊʽʰˁˇˏ ˋˍˊ˗˃ʰˍˇˌ ˁʰʽ ˍ˖˄ ʻˊʰˎˈ˃ʶ˄˖˄ 

ˁˎ˃ʰˍʽˋ˃˗˄Σ ˍˈˍʶ ʹ ˃ʶˍʰ˒ˇˊʱ ˒ʶˊˍ˗˄ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˋʰ˄ ˒ˇˊˍʾˇ ˋʶ ʰʽ˗ˊʹˋʹΦ όʅ˔ʺ˃ʰ нΦо) 

 

ʅ˔ʺ˃ʰ 2.2Υʊˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ όɼʰˊʰ˃ˉʱˌ ɸΦΣ ˁΦʰΦΣ нлмрύ 
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ʅ˔ʺ˃ʰ 2.3Υʊˇˊˍʾˇ ˋʶ ʰʽ˗ˊʹˋʹ όɼʰˊʰ˃ˉʱˌ ɸΦΣ ˁΦʰΦΣ нлмр 

ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁˈˁˁ˖˄Σ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˁʰʽ ˍ˖˄ ˁˎ˃ʰˍˇʴʶ˄˗˄ 

ˊʶˎ˃ʱˍ˖˄Σ ˁˎˊʽʰˊ˔ʶʾ ˍˇ ʷ˄ʰ ʰˉˈ ˍʰ ʵˏˇ ˒ˇˊˍʾʰΦ ʃˊˇ˒ʰ˄˗ˌΣ ˈˋˇ ˉʽˇ ˃ʶʴʱ˂ʹ ʶʾ˄ʰʽ ʹ 

ʵʽʱ˃ʶˍˊˇˌ ˍ˖˄ ˁˈˁˁ˖˄ ˍˈˋˇ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰΦ ɶ ˋˎ˄ˇ˂ʽˁʺ ˉʰˊˇ˔ʺ qt 

ˍˇˎ ˒ˇˊˍʾˇˎ ˒ʶˊˍ˗˄ ˎ˂˗˄ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ˉʰˊˇ˔ʺˌ ʵˏˇ ʶˉʽ˃ʷˊˇˎˌ ˒ˇˊˍʾ˖˄Σ ˍˇˎ 

˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ qb ˁ ʰʽ ˍˇˎ ˒ˇˊˍʾˇˎ ˋʶ ʰʽ˗ˊʹˋʹ qs: qt=qb+qs όɼʰˊʰ˃ˉʱˌ ɸΦ ˁΦʰΦΣ нлмрύΦ 

ɳˉʽˉ˂ʷˇ˄ ʹ ˁʾ˄ʹˋʹ ˍ˖˄ ʽʸʹ˃ʱˍ˖˄ ˋˍʹ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ʰ˄ʰ˂ˏʶˍʰʽ ˋʶ ʵˏˇ ˋˎ˄ʽˋˍ˗ˋʶˌΥ мύ 

ˁʱʻʶˍʰ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ όˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʱʻʶˍʰ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ʺ ʰˉ˂ʱ 

ˁʱʻʶˍʹ ˃ʶˍʰ˒ˇˊʱύ ˁʰʽ нύ ˉʰˊʱ˂˂ʹ˂ʰ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ όˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʰˍʱ ˃ʺˁˇˌ 

ˍʹˌ ʰˁˍʺˌ ʺ ʰˉ˂ʱ ˉʰˊʱ˂˂ʹ˂ʹ ˃ʶˍʰ˒ˇˊʱύΦ ɶ ʻʷˋʹ ˈˉˇˎ ˇʽ ʵˎ˄ʱ˃ʶʽˌ ˉˇˎ ʰˋˁˇˏ˄ˍʰʽ ˋˍˇ˄ 

ˁˈˁˁˇ όʲʰˊˏˍʹˍʰ ˂ˈʴ˖ ˍˇˎ ˁʶˁ˂ʽ˃ʷ˄ˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˁˎ˃ʰˍʽˁʺ ʵˏ˄ʰ˃ʹύ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

ʽˋˇˊˊˇˉʾʰΣ ˇ˄ˇ˃ʱʸʶˍʰʽ ˇˎʵʷˍʶˊʹ ʴˊʰ˃˃ʺΦ ɶ ʻʷˋʹ ˍʹˌ ˇˎʵʷˍʶˊʹˌ ʴˊʰ˃˃ʺˌ ʶʾ˄ʰʽ ˋˎ˄ʱˊˍʹˋʹ 

ˍʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˁˎ˃ʱˍ˖˄Σ ˖ˋˍˈˋˇ ˉʱ˄ˍʰ 

ʲˊʾˋˁʶˍʰʽ ˉˊˇˌ ˍʰ ʰ˄ˇʽ˔ˍʱ ˍʹˌ ʸ˗˄ʹˌ ʻˊʰˏˋʹˌΦ ʆʰ ʽʸʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʰ ˉʽˇ ʲʰʻʽʱ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˇˎʵʷˍʶˊʹ ʴˊʰ˃˃ʺ ˁʽ˄ˇˏ˄ˍʰʽ ˉˊˇˌ ˍʰ ʰ˄ˇʽ˔ˍʱΣ ʶ˄˗ ˍʰ ʽʸʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 

ˉʽˇ ˊʹ˔ʱ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˁʰˍʶˏʻˎ˄ˋʹ ˍʹ˄ ʰˁˍʺΦ  
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2.4.1 ʅˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʰˍʱ ˃ʺˁˇˌ ̱ ʹˌ ʰˁˍʺˌ 

ɶ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ ʻˊʰˏˋʹ ˁˎ˃ʱˍ˖˄ ˎˉˈ ʴ˖˄ʾʰ 

˃ʶ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΦ ɶ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˋˍʹ ʸ˗˄ʹ ˉˊʽ˄ ʰˉˈ ˍʹ ʻˊʰˏˋʹ ʶʾ˄ʰʽ ʰˋʺ˃ʰ˄ˍʹ ˂ˈʴ˖ 

ˍʹˌ ˃ʽˁˊʺˌ ˋˎ˄ʽˋˍ˗ˋʰˌ ˁʽ˄ʺˋʶ˖ˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌΦ ʆ hʽʸʺ˃ʰˍʰ ʵʽʰˍʰˊʱˋˋˇ˄ˍʰʽ ˁʰʽ 

ˍʾʻʶ˄ˍʰʽ ˋʶ ʰʽ˗ˊʹˋʹ ʰˉˈ ˍʰ ʻˊʰˎˈ˃ʶ˄ʰ ˁˏ˃ʰˍʰΦ ɶ ˃ʶˍʰˍˈˉʽˋʺ ˍˇˎˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ 

ʴʾ˄ʶˍʰʽ ʰˉˈ ˍʹ ˋˎ˄ʽˋˍ˗ˋʰ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˁʰʽ ˍʰ ˊʶˏ˃ʰˍʰ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌΣ 

ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˉˈ ˍʰ ʻˊʰˎˈ˃ʶ˄ʰ ˁˏ˃ʰˍʰΦ ɶ ˉʰˊˇ˔ʺ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ 

ˍʹ ʴ˖˄ʾʰ ˉˊˈˋˉˍ˖ˋʹˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ʶ˄ʷˊʴʶʽʰ ˍˇˎˌΦ ɾʶʴʽˋˍˇˉˇʽʶʾˍʰʽ ʴʽʰ ʴ˖˄ʾʶˌ 

ˉˊˈˋˉˍ˖ˋʹˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ прΣ̌ ˇˉˈˍʶ ˁʰʽ ˃ʶʴʽˋˍˇˉˇʽʶʾˍʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ˄ˇˎ 

ˊʶˏ˃ʰˍˇˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌΦ  

ɶ ˉh́ ˇ˔ʺ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰˍʱ ˃ʺˁˇˌ ˃ʽʰˌ ʰˁˍʺˌ ʶʾ˄ʰʽ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍˇ 

ˋ˔ʶʵʽʰˋ˃ˈ ˋ˔ʶʵˈ˄ ˈ˂˖˄ ˍ˖˄ ˉʰˊʱˁˍʽ˖˄ ʷˊʴ˖˄Φ ʁʽ ˃ʷʻˇʵˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

¶ ɾʶˍˊʺˋʶʽˌ ˋˍʹ˄ ʰˁˍʺ ˎˉˈ ˃ʶ˂ʷˍʹ ʺ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇΦ 

¶ ʃˊˇˋʰˊ˃ˇʴʺ ˃ʽʰ ʴ˄˖ˋˍʺˌ ˍʽ˃ʺˌ ˋˍʶˊʶˇˉʰˊˇ˔ʺˌ ʰˉˈ ˃ʽʰ ʴʶʽˍˇ˄ʽˁʺ ʰˁˍʺΣ ʰ˒ˇˏ 

˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˇʽ ˍˇˉʽˁʷˌ ʽʵʽˇ˃ˇˊ˒ʾʶˌΦ 

¶ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˉʰˊˇ˔ʺˌ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ˔ˊˇ˄ʽˁ˗˄ ˃ʶˍʰʲˇ˂˗˄ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌΦ 

¶ ɳ˒ʰˊ˃ˇʴʺ ʶ˃ˉʶʽˊʽˁ˗˄ ʺ ʹ˃ʽʶ˃ˉʶʽˊʽˁ˗˄ ˁʰʻˇˊʽˋˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄κ ˃ʶʻˈʵ˖˄Φ 

ʆʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˁˈˊˇ˄ ˉʰʴˁˇˋ˃ʾ˖ˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˊˇʺˌ ʶ˄ʷˊʴʶʽʰˌ 

ˁʰʽ ˋʶ ˊˇʺˌ ˇˊ˃ʺˌΦ ɶ ˃ʷʻˇʵˇˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˖ˌ ʶˉʾ ˍ˖ ˉ˂ʶʾˋˍ˖˄ ˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ 

ʰ˒ˇˊʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˋˍʶˊʶˇˉʰˊˇ˔ʺˌ ʶʾ˄ʰʽ ʹ ˃ʷʻˇʵˇˌ CERC (Corps of Engineers 

Research CenterύΣ ʹ ˇˉˇʾʰ ˇ˒ʶʾ˂ʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋʶ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ 

ʰˁˍʺˌ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˒ˇˊˍʾˇˎ ʰʽ˖ˊʺˋʶ˖ˌ ˉˇˎ ʵʽʰˁʽ˄ʶʾˍʰʽ 

ˋˍʽˌ ʸ˗˄ʶˌ ʻˊʰˏˋʶ˖ˌ ˁʰʽ ʰˉˇˋʲʷˋʶ˖ˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ʰˎˍʺ ˇ ˊˎʻ˃ˈˌ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˉʰˊʱ˂˂ʹ˂ʰ ˋˍʹ˄ ʰˁˍʺ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌΥ 

ὗ ὖ                                                                                                                 (2.1) 

ʂˉˇˎ Pl ́  ˊˇʺ ʶ˄ʷˊʴʶʽʰˌ ˖ˌΥ  

ὖ ”ὫὌὅ ίὭὲςὥ                                                                                                                           (2.2) 

ʅˍʽˌ ˉʰˊʰˉʱ˄˖ ˋ˔ʷˋʶʽˌΥ 

Ql ́  ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ ˋʶ m3 κʷˍˇˌ  

Pl ́  ˊˇʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍʺˌ ˋʶ J/m/s  

K ʁ ˃ˉʶʽˊʽˁˈˌ ʰʵʽʱˋˍʰˍˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ  

ś ( =2650 kg/m3 ύ ʹ ˃ʷˋʹ ˉˎˁ˄ˈˍʹˍʰ ʽʸʺ˃ʰˍˇˌ  

ˊ ό Ґ млнр kg/m3 ύ ʹ ˃ʷˋʹ ˉˎˁ˄ˈˍʹˍʰ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ 

 g ( = 9,81 m/s2 ύ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌ  
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n ό Ғ лΣпл ύ ˍˇ ˉˇˊ˗ʵʶˌ ˍˇˎ ʽʸʺ˃ʰˍˇˌ  

ɶb ̱ ˇ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ˋˍʹ ʻˊʰˏˋʹ όˋʶ m)  

bh ́  ʴ˖˄ʾʰ ʻˊʰˏˋʹˌ  

Cgb ( = (gdb)0.5ύ ʹ ˍʰ˔ˏˍʹˍʰ ˇ˃ʱʵʰˌ ˁˎ˃ʰˍʽˋ˃˗˄ ˋˍʹ ʻˊʰˏˋʹ ˋʶ m/s 

2.4.2 ʅˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʱʻʶˍʰ ˋˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ 

ɶ ˃ʶˍʰ˒ˇˊʱ ʽʸʹ˃ʱˍ˖˄ ˁʱʻʶˍʰ ˋˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ˇ˒ʶʾ˂ʶˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˋˍˇˎˌ 

ˁˎ˃ʰˍʽˋ˃ˇˏˌΣ ˍʰ ʶʴˁʱˊˋʽʰ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰΣ ˍˇˎˌ ʰ˄ʷ˃ˇˎˌ ˁʰʽ ˍʽˌ ˉʰ˂ʾˊˊˇʽʶˌΦ ɶ 

ʶʴˁʱˊˋʽʰ ˋˎ˄ʽˋˍ˗ˋʰ ˍʹˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰʻˇˊʾʸʶʽ ˍˇ ˉˊˇ˒ʾ˂ ˍʹˌ ʰˁˍʺˌ ˁʰʻ˗ˌ 

˃ʶˍʰʲʱ˂˂ʶʽ ˍʹ ʲʰʻˎ˃ʶˍˊʾʰ ˍʹˌ ˁʰʽ ˍˇ ˏ˕ˇˌ ˍ˖˄ ʷ˅ʰ˂˖˄ ˍ˃ʹ˃ʱˍ˖˄ ʰˎˍʺˌΦ  

ɶ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˁʱʻʶˍʰ ˋˍʹ˄ ʰˁˍʺΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˉʰˊʱ˂˂ʹ˂ʹ ˋˎ˄ʽˋˍ˗ˋʰΣ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇˁʰ˂ʷˋʶʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ ˃ˇˊ˒ʺ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌΦ ʁʽ 

˃ʶˍʰʲˇ˂ʷˌ ʰˎˍʷˌ ʶˁʵʹ˂˗˄ˇ˄ˍʰʽ ˁʰˍʱ ˍˇˎˌ ˔ʶʽ˃ʶˊʽ˄ˇˏˌ ˁʰʽ ˍˇˎˌ ʻʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌ ˖ˌ 

˃ʶˍʰʲˇ˂ʷˌ ˋˍʰ ʶʴˁʱˊˋʽʰ ˉˊˇ˒ʾ˂ ˍʹˌ ʰˁˍʺˌ όɾˇˎˍʸˇˏˊʹˌΣ нллрύΦ ɮˎˍʺ ʹ ʵʽʰ˒ˇˊʱ ˇ˒ʶʾ˂ʶˍʰʽ 

ˋˍˇ ʵʽʰ˒ˇˊʶˍʽˁˈ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ˉˇˎ ʶˉʽˁˊʰˍʶʾ ˋˍʹ˄ ʻʰ˂ʱˋˋʽʰ ˉʶˊʽˇ˔ʺ ˋˍʽˌ ʵˏˇ ˉʶˊʽˈʵˇˎˌ 

ʶ˄ˈˌ ʷˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˍʰ ʵˎˇ ʶˉˇ˔ʽʰˁʱ ˉˊˇ˒ʾ˂ ό˔ʶʽ˃ʶˊʽ˄ˈ ˁʰʽ ʻʶˊʽ˄ˈύΦ  

¶  ʋʶʽ˃ʶˊʽ˄ˈ ˉˊˇ˒ʾ˂Υ ʁʽ ʽˋ˔ˎˊˇʾ ˁˎ˃ʰˍʽˋ˃ˇʾ ˉˊˇˁʰ˂ˇˏ˄ ʵʽʱʲˊ˖ˋʹ ˋˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ 

ʰˁˍʺˌ ˁʰʽ ˋʶ ˍ˃ʺ˃ʰ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁˇ˄ˍʱ ˋˍʹ ʸ˗˄ʹ ʻˊʰˏˋʶ˖ˌ ˉˊˇˁʰ˂˗˄ˍʰˌ 

˃ʶˍʰˁʾ˄ʹˋʹ ʽʸʺ˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʶˉʽ˃ʺˁˇˎˌ 

ˏ˒ʰ˂ˇˎ ʰ˄ʰʲʰʻ˃ˇˏ ˉʰˊʱ˂˂ʹ˂ˇˎ ˋˍʹ˄ ʰˁˍʺ όˈˍʰ˄ ʹ ˉˊˈˋˉˍ˖ˋʹ ʴʾ˄ʶˍʰʽ ˋ˔ʶʵˈ˄ 

ˁʱʻʶˍʰύΦ ɶ ʻʷˋʹ ˁʰʽ ʹ ʵʽʰˍˇ˃ʺ ˍˇˎˌ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ ʸ˗˄ʹ ʻˊʰˏˋʶ˖ˌΦ ʆˇ ˃ʺˁˇˌ 

ʰˎˍˇˏ ˍˇˎ ʰ˄ʰʲʰʻ˃ˇˏ ˃ˉˇˊʶʾ ˄ʰ ˒ˍʱˋʶʽ ˍʽˌ ˍʱ˅ʶʽˌ ˃ʶˊʽˁ˗˄ ʵʶˁʱʵ˖˄ ˔ʽ˂ʽˇ˃ʷˍˊ˖˄Φ 

ʅˎ˄ʺʻ˖ˌΣ ʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ʰ˄ʰʲʰʻ˃ˇˏ ʵʽʰˁˈˉˍʶˍʰʽ ʰˉˈ ˍʹ ˊˇʺ ʲʶ˂ˇʶʽʵ˗˄ ˊʶˎ˃ʱˍ˖˄ 

ˁʰʽ ʰ˄ʰ˒ʷˊʶˍʰʽ ˇˊʻ˗ˌ ˖ˌ ˋˏˋˍʹ˃ʰ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˄ʰʲʰʻ˃˗˄Φ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶʾ˄ʰʽ 

ˈˍʽ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˅ʶʽ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˉʰˊʱ˂˂ʹ˂˖˄ ʰ˄ʰʲʰʻ˃˗˄Φ 

ɱʶ˄ʽˁ˗ˌΣ ˇ ʰˊʽʻ˃ˈˌ ˍˇˎˌ ʰˎ˅ʱ˄ʶʽ ˈˋˇ ˃ʶʽ˗˄ʶˍʰʽ ʹ ˁ˂ʾˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ʰˎ˅ʱ˄ʶˍʰʽ 

ʹ ˁʰ˃ˉˎ˂ˈˍʹˍʰ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɶ ˏˉʰˊ˅ʹ ˍˇˎ ʰ˄ʰʲʰʻ˃ˇˏ ʷ˔ʶʽ ʶˎʶˊʴʶˍʽˁʷˌ 

ʶˉʽʵˊʱˋʶʽˌ ˋˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍʹˌ ʰˁˍʺˌ ˁʰʻ˗ˌ ʵˊʰ ˖ˌ ʰ˄ʰˋˍʰ˂ˍʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˋˍʹ 

ʵ́ ʱˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Σ ˁʰʽ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʵʽʱʵˇˋʹ ˁˎ˃ʱˍ˖˄ ˃ʽˁˊˈˍʶˊʹˌ 

ˁʰ˃ˉˎ˂ˈˍʹˍʰˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ʶˍʰˍˇˉʾʸʶʽ ˍʹ ʻˊʰˏˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˉˊˇˌ ˍʰ ʰ˄ˇʽˁˍʱ 

ʶ˒ˈˋˇ˄ ʰ˂˂ʱʸʶʽ ʹ ʲʰʻˎ˃ʶˍˊʾʰ ˍʹˌ ʰˁˍʺˌΦ 

¶  ɸʶˊʽ˄ˈ ˉˊˇ˒ʾ˂Υ ʅʶ ˉʶˊʽˈʵˇˎˌ ˃ʶ ʹˉʽˈˍʶˊʰ ˁˏ˃ʰˍʰ ˃ʽˁˊˈˍʶˊʹˌ ˁʰ˃ˉˎ˂ˈˍʹˍʰˌΣ 

˃ʁ ʴʱ˂ˇ ˃ʷˊˇˌ ˍ˖˄ ʽʸʹ˃ʱˍ˖˄ ˍˇˎ ˏ˒ʰ˂ˇˎ ʰ˄ʰʲʰʻ˃ˇˏ ˃ʶˍʰˍˇˉʾʸʶˍʰʽ ˉˊˇˌ ˍʹ˄ ʰˁˍʺΣ 

ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ˁ˂ʾˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ʶ˅ˇ˃ʰ˂ˏ˄ʶʽ ˍˇ ʰ˄ʱʴ˂ˎ˒ˇΦ ɼʰˍʱ ˋˎ˄ʷˉʶʽʰ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽΣ ʷ˄ʰˌ ʷ˅ʰ˂ˇˌ ʰ˄ʰʲʰʻ˃ˈˌ ˋˍʹ˄ ʰˁˍʺ ʶ˃ˉ˂ˇˎˍʾʸˇ˄ˍʱˌ ˍʹ ˃ʶ ˎ˂ʽˁˈ ˁʰʽ ʹ 

ʸ˗˄ʹ ʻˊʰˏˋʹˌ ˃ʶˍʰˍˇˉʾʸʶˍʰʽ ˁʰʽ ˉʱ˂ʽ ˋˍʰ ˉʽˇ ˊʹ˔ʱΦ 

2.5 ɴˊʴʰ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌ 

ɶ ʵʽʱʲˊ˖ˋʹ ˍ˖˄ ʰˁˍ˗˄Σ ʹ ˃ʹ ʰ˄ʰˋˍˊʷ˕ʽ˃ʹ ʵʹ˂ʰʵʺ ˇˉʽˋʻˇ˔˗ˊʹˋʹ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌΣ ʶʾ˄ʰʽ 

˃ʽʰ ˒ˎˋʽˁʺ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ʰˉʶʽ˂ʺ ˃ʶ ˉˇ˂˂ʷˌ ʰˊ˄ʹˍʽˁʷˌ ˁˇʽ˄˖˄ʽˁˈ-
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ˇʽˁˇ˄ˇ˃ʽˁʷˌ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ʴʽʰ ʰˊˁʶˍʷˌ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌΦ ʆʰ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ʵʽʱʲˊ˖ˋʹ ˍ˖˄ ˉʰˊʱˁˍʽ˖˄ ˉʶˊʽˇ˔˗˄ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˍʹ˄ 

ʰ˄ʱʴˁʹ ʰ˄ʰʸʺˍʹˋʹˌ ˍˊˈˉ˖˄ ˉˊˇˋˍʰˋʾʰˌΦ ɱʽʰ ˍʹ˄ ʰ˄ʱʴˁʹ ˉʶˊʽˇˊʽˋ˃ˇˏ ˁʰʽ ˊˏʻ˃ʽˋʹˌ ˍʹˌ 

ˉʰˊʱˁˍʽʰˌ ʵʽʱʲˊ˖ˋʹˌ ʷ˔ˇˎ˄ ˎʽˇʻʶˍʹʻʶʾ ʰˉˈ ˍˇˎˌ ʶˁʱˋˍˇˍʶ ˃ʶ˂ʶˍʹˍʷˌ ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ʷˊʴ˖˄ 

ˉˇˎ ˉʶˊʽˇˊʾʸˇˎ˄ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇΣ ˁʰʻʷ˄ʰˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈΣ ʰ˄ʱ˂ˇʴʰ ˍʽˌ ʰ˄ʱʴˁʶˌ 

ˍʹˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˋˎ˄ʷˉʶʽʶˌ ˍˇˎ ʷˊʴˇˎ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹΦ ʆʰ ˉʰˊʱˁˍʽʰ 

ˍʶ˔˄ʽˁʱ ʷˊʴʰ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ʷ˄ʰ˄ˍʽ ʵʽʱʲˊ˖ˋʹˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΣ όʰύ ˍʰ 

ˋˎ˃ʲʰˍʽˁʱ ˁʰʽ όʲύ ˍʰ ʺˉʽʰΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˉˇˎ ʰ˒ʺ˄ˇˎ˄ ˋˍˇ˄ 

ˉʰˊʱˁˍʽˇ ˔˗ˊˇΦ ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍˇˎ 

ʵʽʰ˃ʺˁˇˎˌ ʱ˅ˇ˄ʱ ˍˇˎˌ ˁʰʽ ˍʹ˄ ʰˉˈˋˍʰˋʺ ˍˇˎˌ ʰˉˈ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ˋˍʰ ʶ˅ʺˌΥ 

¶ ɸ˖́ ʱˁʽˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˍʹˌ ʰˁˍʺˌ ʺ ʷˊʴʰ ˋˍʹ˄ h ˁˍʺ 

¶ ɴˊʴʰ όˋ˔ʶʵˈ˄ύ ˉʰˊʱ˂˂ʹ˂ʰ ˁʰʽ ˋʶ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΣ ˇʽ ˁ ˎ˃ʰˍˇʻˊʰˏˋˍʶˌ 

¶ ɴˊʴʰ όˋ˔ʶʵˈ˄ύ ˁʱʻʶˍʰ ʺ ˎˉˈ ʴ˖˄ʾʰ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΣ ˋʶ ʶˉʰ˒ʺ ˃ʶ ʰˎˍʺΣ ˇʽ 

ˉˊˈʲˇ˂ˇʽ 

¶ ɮ˄ʰˉ˂ʺˊ˖ˋʹ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌ ˃ʶ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˃ʶ̒ˈʵˇˎˌ 

ʆʰ ʷˊʴʰ ʻ˖ˊʱˁʽˋʹˌ ˍʹˌ ʰˁˍʺˌΣ ˇʽ ʷ˅ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ ˁʰʽ ˇʽ ˉˊˈʲˇ˂ˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ 

ˋˎ˃ʲʰˍʽˁʷˌ ˁʰˍʰˋˁʶˎʷˌΦ ʆʰ ʷˊʴʰ ʰ˄ʰˉ˂ʺˊ˖ˋʹˌ ˍʹˌ ʰˁˍʺˌ ˃ʶ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΣ ˈˉ˖ˌ 

ˁʰʽ ˁʱʻʶ ʶʾʵˇˎˌ ˏ˒ʰ˂ʹ ˁʰˍʰˋˁʶˎʺ όˏ˒ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌΣ ʰ˄ʰʲʰʻ˃ˇʾΣ ˁ˂ˉΦύΣ 

˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ˖ˌ ʺˉʽʶˌ ˃ˇˊ˒ʷˌ ʷˊʴ˖˄ ˉˊˇˋˍʰˋʾʰˌΣ ʰ˒ˇˏ ʷ˔ˇˎ˄ ʶ˃˒ʰ˄˗ˌ ˂ʽʴˈˍʶˊʶˌ 

ʶˉʽˉˍ˗ˋʶʽˌ ˋˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

2.5.1 ɼˎ˃ʰˍˇʻˊʰˏˋˍʶˌ 

ʁʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ ʶʾ˄ʰʽ ʶˉʽ˃ʺˁʹ ʷˊʴʰ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ʺ ˃ʶ ˃ʽˁˊʺ 

ˁ˂ʾˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ˁʰʽ ˋʶ ˁʱˉˇʽʰ ʰˉˈˋˍʰˋʹ ʰˉˈ ʰˎˍʺΦ ʅˁˇˉˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ 

ˉˊˇˋˍʰˋʾʰ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ ʰˉˈ ˍʹ ʵʽʱʲˊ˖ˋʹ ˁʰʽΣ ʴʶ˄ʽˁˈˍʶˊʰΣ ˍʹ ʵˊʱˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ 

ʅˎ˄ʺʻ˖ˌΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʰˁˍʷˌ ˂ʶˉˍˈˁˇˁˁˇˎ ʽʸʺ˃ʰˍˇˌ ˃ʶ ʰ˄ˇʽ˔ˍˈ ˃ʷˍ˖ˉˇ ˋˍˇ 

ˉʷ˂ʰʴˇˌΣ ʴʽʰ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ʵʽʱʲˊ˖ˋʹ ˁʰʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˍˇ ˉ˂ʱˍˇˌ ˍʹˌ ʰˁˍʺˌΦ ʅˎ˄ʺʻ˖ˌ 

ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ʰˉˈ  

¶ ˒ˎˋʽˁˇˏˌ ˇʴˁˈ˂ʽʻˇˎˌ ˁʰʽ ˂ʾʻˇˎˌΣ  

¶ ˍʶ˔˄ʹˍˇˏˌ ˇʴˁˈ˂ʽʻˇˎˌ ʰˉˈ ˋˁˎˊˈʵʶ˃ʰ ˁʰʽ ˒ˎˋʽˁˇˏˌ ˂ʾʻˇˎˌ 

¶ ˋˎ˄ʵˎʰˋ˃ˈ ˍ˖˄ ˉʰˊʰˉʱ˄˖ 

ɶ ʵˊʱˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˃ʶʽ˗˄ʶˍʰʽ ˃ʷˋ˖ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˍʹˌ ʻˊʰˏˋʹˌ ˍˇˎˌ 

ˋˍˇ ˉˊʰ˄ʷˌ ˍˇˎ ʷˊʴˇˎΣ ̱́ˌ ʰ˄ʱˁ˂ʰˋʹˌ ˁʰʽ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ˁˎ˃ʰˍʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˍʰ˄ ʷ˄ʰˌ ˁˎ˃ʰˍʽˋ˃ˈˌ ˉˊˇˋˉʾˉˍʶʽ ˋˍˇ ˉˊˇˋʺ˄ʶ˃ˇ ˃ʷˍ˖ˉˇ 

ʶ˄ˈˌ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹΣ ʷ˄ʰ ˃ʷˊˇˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ʰ˄ʰˁ˂ʱˍʰʽ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷ˄ʰ 

ʶˉʽˋˍˊʷ˒ˇ˄ ˁˏ˃ʰ ˋˍʰ ʰ˄ˇʽ˔ˍʱΦ ɳˉʾˋʹˌΣ ˉˇˋˇˋˍʱ ʶ˄ʷˊʴʶʽʰˌ ʻʰ ˁʰˍʰˋˍˊʰ˒ˇˏ˄ ˋʶ 

ˋˎʴˁˊˇˏˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ˇˊʾ˖˄Σ ˁʰʻ˗ˌ ʰˁˇ˂ˇˎʻˇˏ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍˊˇ˔ʽʷˌ ʴˏˊ˖ ʰˉˈ ˍʰ 

ˎ˂ʽˁʱ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎ˄ʰ˄ˍʽˇˏ˄ˍʰʽΣ ˁʰʽ ˋʶ ˍˊʽʲʷˌ 
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˃ˇˊʾ˖˄ ˉʱ˄˖ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˉˊʰ˄ˇˏˌ ˍˇˎ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹΦ ɴ˄ʰ ʱ˂˂ˇ ˃ʷˊˇˌ ˍʹˌ 

ʶ˄ʷˊʴʶʽʰˌ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ ˃ʱʸʰ ˍˇˎ ˄ʶˊˇˏ ˉˇˎ ˃ˉʰʾ˄ʶʽ ˃ʷˋʰ ˋˍʰ ˁʶ˄ʱ ˍˇˎ ˋ˗˃ʰˍˇˌ ˍˇˎ 

ˁˎ˃ʰˍˇʻˊʰˏˋˍʹ ˁʰʽ ʵʽʰʲʽʲʱʸʶˍʰʽ ˋˍʹ˄ ˎˉʺ˄ʶ˃ʹ ˉ˂ʶˎˊʱΦ ʆʷ˂ˇˌΣ ˍˇ ˎˉˈ˂ˇʽˉˇ ˉˇˋˇˋˍˈ ʻʰ 

ʰˉˇʻʹˁʶˎˍʶʾ ˋˍʹ ˃ʱʸʰ ˍˇˎ ˁˏ˃ʰˍˇˌ ˉˇˎ ʻʰ ˎˉʶˊˉʹʵʺˋʶʽ ˍˇ˄ ˁˎ˃ʰˍ̌ʻˊʰˏˋˍʹΦ 

ʂ˂ʹ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ˉʶˊʽʶʴˊʱ˒ʹˁʶ ̄ ʰˊʰˉʱ˄˖ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˍʹ˄ ˎˉʺ˄ʶ˃ʹ ˉ˂ʶˎˊʱ 

ˍˇˎ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹ ˄ʰ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹˉʽˈˍʶˊˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰΣ ˉˇˎΣ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎΣ 

˃ʶʽ˗˄ʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˁʾ˄ʹˋʹˌ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˉʾˋ˖ ʰˉˈ ˍˇ˄ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹΦ ʃˊˇ˒ʰ˄˗ˌΣ ʹ 

˃ʶˍʱʵˇˋʹ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ʹ ˃ʶˍʰ˒ˇˊʱ ˃ʱʸʰˌ ˄ʶˊˇˏ ˁʰʽ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˃ʶʴʷʻʹ ˈˉ˖ˌ ˍˇ ˏ˕ˇˌ ˋˍʷ˕ʹˌ ˍˇˎ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹΣ ˍˇ 

ˉ˂ʱˍˇˌ ˍˇˎΣ ˍˇ ˏ˕ˇˌ ˍˇˎ ˉˊˇˋˉʾˉˍˇ˄ˍˇˌ ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˍˇ˄ ˍˏˉˇ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ʷˊʴˇˎΣ ˍʹ˄ 

ˁ˂ʾˋʹ ˍˇˎ ˉˊʰ˄ˇˏˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˁʰʽ ˍˇ ˎ˂ʽˁˈ ˁʰˍʰˋˁʶˎʺˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ̀ ˍˊ˗ˋʶ˖˄Φ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇˋˉʰˋ˃ʷ˄˖˄ ˁˎ˃ʰˍˇʻˊʰˎˋˍ˗˄ ˉˇˎ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ 

ˍʹˌ ʰˁˍʺˌ ʰˉˈ ˍʹ ʵʽʱʲˊ˖ˋʹΣ ˋˍʹ ˋˁʽʱ ˍˇˎ ʷˊʴˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˎˋˋ˗ˊʶˎˋʹ ʽʸʺ˃ʰˍˇˌ 

ˁʰʻ˗ˌ ˃ʶʽ˗˄ʶˍʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˊˇʺˌ ˁʰʽ ˁʰʻʽʸʱ˄ʶʽ ˍˇ ˎ˂ʽˁˈΣ ˂ˈʴ˖ ˍʹˌ ʹˉʽˈˍʶˊʹˌ ˁˎ˃ʰˍʽˁʺˌ 

ʵˊʱˋʹˌ ˉˇˎ ˉˊˇˁʰ˂ʶʾ ˇ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹˌΦ ɴˍˋʽΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶ˄ ʴʷ˄ʶʽ ʵˏˇ ˍˎˉʽˁˇʾ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇʾ ʽʸʺ˃ʰˍˇˌΥ 

¶ SalientΣ ˈˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˉˊˇʶ˅ˇ˔ʷˌ ˁ˖˄ˇʶʽʵˇˏˌ ˃ˇˊ˒ʺˌ ˋˍʹ ˋˁʽʱ ˍ˖˄ ʷˊʴ˖˄ ˋˍʹ˄ 

ʰˁˍʺ 

¶ TomboloΣ ˈˉˇˎ ˍˇ ˋˎˋˋ˖ˊʶˎ˃ʷ˄ˇ ʾʸʹ˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˍ˃ʺ˃ʰ ˅ʹˊʱˌ ʰ˃˃˗ʵˇˎˌ 

ˋˏˋˍʰˋʹˌ ˋˍʹ˄ ˎˉʺ˄ʶ˃ʹ ˉ˂ʶˎˊʱ ˍˇˎ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹΣ ʹ ˇˉˇʾʰ ˍˇ˄ ˋˎ˄ʵʷʶʽ 

ˇˎˋʽʰˋˍʽˁʱ ˃ʶ ˍʹ˄ ʰˁˍʺ ˁʰʽ ʵʽʰˁˈˉˍʶʽ ˍʹ ˊˇʺ ˄ʶˊˇˏ ˉʾˋ˖ ʰˉˈ ˍˇ ̫ ˊʴˇ 

 

ɳʽˁˈ˄ʰ 2.2: ʅ˔ʹ˃ʰˍʽˋ˃ˇʾ salient ˁ ʰʽ tombolo (Miller et al., 2016) 
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2.5.2 ʈ˒ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ 

ʆʰ ʷˊʴʰ ʲˎʻʽˋ˃ʷ˄ʹˌ ˋˍʷ˕ʹˌΣ ˈˉ˖ˌ ˇʽ ˏ˒ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ ˁʰʽ ˇʽ ˍʶ˔˄ʹˍˇʾ ʰ˄ʰʲʰʻ˃ˇʾ 

ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʶ˒ʰˊ˃ˈˋʽ˃ʰ ˖ˌ ˃ʷˍˊʰ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌ ό˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ 

ʺ ˁʰʽ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʶ˔˄ʹˍʺ ʰ˄ʰˉ˂ʺˊ˖ˋʹ ʰˁˍʺˌύ ʴʽʰ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˔ˊʺˋʶʽˌ 

ˁʰˍˇʽˁʾʰˌ ˁʰʽ ʰ˄ʰ˕ˎ˔ʺˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˃ʶʽ˖˃ʷ˄ʹˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ ˁʰʽ ˇˉˍʽˁʺˌ ˈ˔˂ʹˋʹˌ 

(Ahmadian., 2016). ʁ ˋˁˇˉˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˎʵˊˇʵˎ˄ʰ˃ʽˁˇˏ ˒ˇˊˍʾˇˎ ˋʶ ʷ˄ʰ 

ʶˉʽʻˎ˃ʹˍˈ ʶˉʾˉʶʵˇΣ ˗ˋˍʶ ˄ʰ ʵʽʰˍʹˊʶʾˍʰʽ ˍˇ ʽˋˇʸˏʴʽˇ ˒ʶˊˍ˗˄ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌΦ ɱʽʰ ˄ʰ 

ʶˉʽˍʶˎ˔ʻʶʾ ˇ ˋˍˈ˔ˇˌ ʰˎˍˈˌΣ ˇʽ ˏ˒ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ˗ˋˍʶ ˄ʰ ʶˉʽˍˊʷˉˇˎ˄ 

˃ʶˍʱʵˇˋʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉˇˋˇˏ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ɱʽʰ ˍˇˎˌ ʷ˅ʰ˂˂ˇˎˌ ʰˎˍˈ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˎˉʶˊˉʺʵʹˋʹ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˃ʶ ˃ʶˊʽˁʺ ˃ʶˍʱʵˇˋʹ ˃ʷˋ˖ 

ˍ˖˄ ˉˈˊ˖˄ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍˇˎˌ ˏ˒ʰ˂ˇˎˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʻˊʰˏˋʹ 

ˁˎ˃ʰˍʽˋ˃˗˄ ˁʰʽ ˍʹ˄ ˁʰˍʰˋˍˊˇ˒ʺ ʶ˄ˈˌ ˃ʷˊˇˎˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˂ˈʴ˖ ˍʹˌ ˊʺ˔˖ˋʹˌ ˍʹˌ ̀ ˍʷ˕ʹˌ. 

ʁʽ ˏ˒ʰ˂ˇʽ ˁˎ˃ʰˍˇʻˊʰˏˋˍʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʶˉʽˍˎ˔ʾʰ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʹ 

ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ ˉʰ˂ʾˊˊˇʽʰˌ ʶʾ˄ʰʽ ˃ʽˁˊʺΦ 

 

ɳʽˁˈ˄ʰ 2.3: ʈ˒ʰ˂ˇˌ ˁˎ˃ʰˍˇʻˊʰˏˋˍʹˌ (Arnouil, 2008) 

2.5.3 ʃ́ ˈʲˇ˂ˇʽ 

ʁʽ ʲˊʰ˔ʾˇ˄ʶˌ ʺ ˉˊˈʲˇ˂ˇʽ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʷˌ ˁʰˍʰˋˁʶˎʷˌ ˁʱʻʶˍʶˌ ˋˍʹ˄ ʰˁˍʺΦ ʅˎ˄ʺʻ˖ˌ 

ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˉˇ˂˂ˇʾ ˃ʰʸʾ ʵʽʰʵˇ˔ʽˁʱ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ, ˁʰʽ ˋˁˇˉˈ ʷ˔ˇˎ˄ ˍʹ 

ˋˎʴˁˊʱˍʹˋʹ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍ˖˄ ʰ˃˃˖ʵ˗˄ ʰˁˍ˗˄Φ ʆˇ ˃ʺˁˇˌ ˍ˖˄ ˉˊˇʲˈ˂˖˄ 

˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶʾ˄ʶˍʰʽ ˋʶ ˈ˂ˇ ˍˇ ˉ˂ʱˍˇˌ ˍʹˌ ʸ˗˄ʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˉˊˇˁʰ˂˗˄ˍʰˌ 

˃ʶˊʽˁʺ ʺ ˇ˂ʽˁʺ ʵʽʰˁˇˉʺ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΦ H ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ 

ʵʽʰʵˇ˔ʽˁ˗˄ ˉˊˇʲˈ˂˖˄ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˉˇ˂ˏ ˍˊʽˉ˂ʱˋʽʰ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎˌ ˁʰʽ ʹ ˋˍʷ˕ʹ ˍˇˎˌ 

ʲˊʾˋˁʶˍʰʽ ˋˍˇ лΣр- м ˃ʷˍˊˇ ˉʱ˄˖ ʰˉˈ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όɼˇˎˍʾˍʰˌΣ мффуύΦ 

ɼʰˍʰˋˁʶˎʱʸʶˍʰʽ ˁʱʻʶˍʰ ˋˍʹ˄ ʰˁˍʺ ʺ ˃ʶ ˃ʽˁˊʺ ˁ˂ʾˋʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹΦ 

ɶ ˁʰˍʰˋˁʶˎʺ ˍ˖˄ ˉˊˇʲˈ˂˖˄ ˁʰʽ ʹ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍˇˎˌ ˃ʶ ˍˇ ˉʰˊʱˁˍʽˇ ˊʶˏ˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ 

ʰˊˁʶˍʱ ˋˎ˔˄ʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋʶ ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ɳ˄˗ ˍˇ ʾʸʹ˃ʰ ˉʰʴʽʵʶˏʶˍʰʽ ˁʰʽ 
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ʰˉˇˍʾʻʶˍʰʽ ˋˍʹ ˃ʾʰ ˉ˂ʶˎˊʱ ˍˇˎ ˉˊˇʲˈ˂ˇˎ, ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ˍˇˎ ˉ˂ʶˎˊʱ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ 

ʵʽʱʲˊ˖ˋʹΦ ʍˌ ʶˁ ˍˇˏˍˇˎ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ʲˊʰ˔ʾˇ˄ʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʰˍʶˏˋˇˎ˄ ʰˉˈ ˍʹ˄ 

ʵʽʱʲˊ˖ˋʹ ˍʹ˄ ʱ˃ʶˋʹ ˉʶˊʽˇ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˃ ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʰʽʴʽʰ˂ˇˏ 

˃ʶʴʰ˂ˏˍʶˊˇˎ ˉ˂ʱˍˇˎˌΣ ˉˊˇˁʰ˂ʶʾ ˈ˃˖ˌ ʵʽʱʲˊ˖ˋʹ ˍʹˌ ˉʰˊʰˁʶʾ˃ʶ˄ʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ. 

 

ɳʽˁˈ˄ʰ 2.4: ɶ ˂ʶʽˍˇˎˊʴʾʰ ʶ˄ˈˌ ˉˊˇʲˈ˂ˇˎ (http:// oceanica.cofc.edu) 

2.5.4 ɸ˖ˊʱˁʽˋʹ ˃ ʶˍ˗ˉˇ ˎh ˁˍʺˌ 

ʆʰ ʷˊʴʰ ʻ˖ˊʱˁʽˋʹˌ ˍʹˌ ʰˁˍʺˌ ʶʾ˄ʰʽ ʷˊʴʰ ˉˇˎ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ ʰˁˍʺˌΣ ˋʶ 

ʶˉʰ˒ʺ ˃ʶ ʰˎˍʺ ˁʰʽ ˋˁˇˉˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ˉˊˇˋˍʰˋʾʰ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ ʷ˄ʰ˄ˍʽ ʵʽʰʲˊ˗ˋʶ˖ˌΦ ʆʽˌ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˒ˇˊʷˌ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˃ʶ ʶˉʷ˄ʵˎˋʹ ˍʹˌ ˉˊˇˋʲʰ˂˂ˈ˃ʶ˄ʹˌ ʰˁˍʺˌ ˃ʶ 

ˇʴˁˈ˂ʽʻˇˎˌΣ ˉ˂ʱˁʶˌΣ ʺ ˋˍˇʽ˔ʶʾʰ ʶʽʵʽˁʺˌ ˃ˇˊ˒ʺˌΦ ɶ ʶˉʷ˄ʵˎˋʹ ʰ˄ʻʾˋˍʰˍʰʽ ˋˍʹ ʻʰ˂ʱˋˋʽʰ 

ʵˊʱˋʹ ˁˎˊʾ˖ˌ ˃ʶ ˍˇ ʾʵʽˇ ʲʱˊˇˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʻ˖ˊʰˁʾˋʶ˖ˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ʲʷʲʰʽʰ ˃ʶ ˍʹ˄ 

ˉ˂ˇˁʺ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɴ˄ʰ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˔ˊʺʸʶʽ ʽʵʽʰʾˍʶˊʹˌ ˉˊˇˋˇ˔ʺˌ ˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ʶʾ˄ʰʽ ˉ˖ˌ ʹ 

ʻ˖ˊʱˁ̔ ˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶʾ˄ʰʽ ʶˎʰʾˋʻʹˍʹ ˋʶ ˎˉˇˋˁʰ˒ʺ ˋˍˇ˄ ˉˈʵʰ ˍˇˎ ʷˊʴˇˎ ˁʰʽ ˋʶ 

ʵʽʱʲˊ˖ˋʹ ˋˍʰ ʰ˃ʷˋ˖ˌ ˁʰˍʱ˄ˍʹΣ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ ˃ʶʴʱ˂ʹ ʵʽʰʲˊ˖ˍʽˁʺ 

ʽˁʰ˄ˈˍʹˍʰ ˋˍʰ ˋʹ˃ʶʾʰ ʰˎˍʱΦ 

ɶ ʻ˖ˊʱˁʽˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˃ʾʰˌ ʰˁˍʺˌ ʴʾ˄ʶˍʰʽ ˃ʶΥ  

¶ ʷˊʴʰ ˃ʶ ˁ˂ʾˋʹ όʶˉʷ˄ʵˎˋʹ ˃ʶ ˇʴˁˈ˂̔ ʻˇˎˌ ˉˇˎ ʶˎ˄ˇˇˏ˄ ˍʹ ʻˊʰˏˋʹύΣ 

¶ ʷˊʴʰ ˃ʶ ˁʰˍʰˁˈˊˎ˒ˇ ˃ʷˍ˖ˉˇ όʶˉʷ˄ʵˎˋʹ ˃ʶ ˉ˂ʱˁʶˌύΣ 

¶ ʶʽʵʽˁˇˏˌ ˍˏˉˇˎˌ ʻ˖ˊʰˁʾˋʶ˖ˌ. 
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3 ɸɳʍʄɶʆɹɼʁ ɼɮɹ ɽʁɱɹʅɾɹɼʁ ʇʃʁɰɮɸʄʁ ɮʄɹɸɾɶʆɹɼʍɿ ɾʁɿʆɳɽʍɿ 

3.1 ɮˊʽʻ˃ʹˍʽˁʺ ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ˍˇ ʃˊˈʴˊʰ˃˃ʰ MIKE 21 DHI 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ɾɹɼɳ нм/3 Coupled 

Model FM ˃ʶ ˍˇ ˇˉˇʾˇ ˉˊˇˋˇ˃ˇʽ˗ʻʹˁʰ˄ ˋˍˇ˄ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˎˉˇ˂ˇʴʽˋˍʺ ˍˇ ˁˎ˃ʰˍʽˁˈ ˁʰʽ 

ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˉʶʵʾˇ ˁʰʻ˗ˌ ˁʰʽ ʹ ˉʰˊʱˁˍʽʰ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱΣ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˎ˂ʾʵʰˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍˇ ˃ˇ˄ˍʷ˂ˇ Spectral Waves Module 

ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΣ ˍˇ 

ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ Hydrodynamic Module ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˁˎ˃ʰˍˇʴʶ˄ˇˏˌ 

ˊʶˏ˃ʰˍˇˌ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ Sand Transport Module ɹ ʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ 

ˍˇˎ ˒ˇˊˍʾˇˎ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ˉˊˈʴˊʰ˃˃ʰ ˃ ʶ ˍʹ˄ ˁʰˍʱ˂ʹ˅ʹ FM (flexible mesh) ʁ ˉʽˍˊʷˉʶʽ ̱ ʹ˄ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʲʰʻˎ˃ʶˍˊʾʰˌ ˋʶ 

ˍˊʽʴ˖˄ʽˁˈ ˁʱ˄ʰʲˇ Flexible MeshΦ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ˁʰʽ ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄ ̄ ˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʽˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ ʶˍʺˋʽˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ˁˎ˃ʰˍʽˁˇˏ ˁ˂ʾ˃ʰˍˇˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ р. 

3.1.1 ʃˊˈʴˊʰ˃˃ʰ MIKE 21 SW (Spectral Waves) 

ɱʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ʆˇ ɾɹɼɳ нм SW ʶʾ˄ʰʽ ʷ˄ʰ ˍˊʾˍʹˌ ʴʶ˄ʽʱˌ ˒ʰˋ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˁˎ˃ʱˍ˖˄ ˁʰʽ ʰ˄ʷ˃˖˄Σ ˍˇ ˇˉˇʾˇ 

ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹΣ ˍʹ˄ ʰˉˈˋʲʶˋʹ ˁʰʽ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍ˖˄ ʰ˄ʶ˃ˇʴʶ˄˗˄ 

ˁˎ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ Swell ̀ ˍʹ ʸ˗˄ʹ ˍ˖˄ ʲʰʻʷ˖˄ ˄ʶˊ˗˄ ˁʰʽ ˍʽˌ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌ Φ ʆˇ ˃ˇ˄ˍʷ˂ˇ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˎˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶʾʵʹ ˋˏ˄ʻʶˋʹˌΥ 

¶ ʃ˂ʺˊ˖ˌ ˒ʰˋ˃ʰˍʽˁʺ ʰ˄ʱˉˍˎ˅ʹ 

¶ ɼʰˍʶˎʻˎ˄ˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

ɶ ˉ˂ʺˊ˖ˌ ˒ʰˋ˃ʰˍʽˁʺ ʰ˄ʱˉˍˎ˅ʹ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ 

ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇ˄ Komen (1994). ɶ ˁʰˍʶˎʻˎ˄ˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ 

ʵˊʱˋʹˌΦ ɶ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ʰˎˍʺ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍˇ˄ ˔˗ˊˇ ˍ˖˄ ˋˎ˔˄ˇˍʺˍ˖˄ 

ʶʽˋʱʴˇ˄ˍʰˌ ˍʹ ˃ʹʵʶ˄ʽˁʺ ˁʰʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˋˍʽʴ˃ʺ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʰ˄ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ. 

ʆʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ˎˉʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍˇˎ MIKE 21 SW ʁ ʾ˄ʰʽΥ  

¶ ɶ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ʰˉˈ ˍʹ ʵˊʱˋʹ ˍ˖˄ ʰ˄ʷ˃˖˄ 

¶ ɶ ˃ʹ ʴˊʰ˃˃ʽˁʺ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍ˖˄ ˁˎ˃ʱˍ˖˄ 

¶ ɶ ʵʽʰˋˉˇˊʱ ˂ˈʴ˖ ˍʹˌ ʻˊʰˏˋʹˌ ˋˍʹ˄ ʰ˄ˇʽ˔ˍʺ ʻʱ˂ʰˋˋʰ 

¶ ɶ ʵʽʰˋˉˇˊʱ ˂ˈʴ˖ ˍʹˌ ˍˊʽʲʺˌ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ  

¶ H ɻ ʽʰˋˉˇˊʱ ˂ˈʴ˖ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄  

¶ ɶ ʵʽʱʻ˂ʰˋʹ ˁʰʽ ˊʺ˔˖ˋʹ 

¶ ɶ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˁˏ˃ʰˍˇˌ ˁʰʽ ˊʶˏ˃ʰˍˇˌ  

¶ ɶ ʶˉʾʵˊʰˋʹ ˍˇˎ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇˎ ʲʱʻˇˎˌ ˍˇˎ ˄ʶˊˇˏ  

¶ ɶ ʶˉʾʵˊʰˋʹ ˍˇˎ ˉʱʴˇˎ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍ˖˄ ˁˎ˃ʱˍ˖˄ 
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ʆˇ MIKE 21 SW ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˁˎ˃ʰˍʽˁˇˏ ˁ˂ʾ˃ʰˍˇˌ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍ˖˄ 

ʲʰʻʷ˖˄ ˎʵʱˍ˖˄ ˁʰʽ ˋˍʽˌ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌ ˋʶ hindcast ˁʰʽ forecast ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΦ ʆˇ 

˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˋˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ʷˊʴ˖˄ ʰ˄ˇʽˁˍʺˌ ʻʰ˂ʱˋˋʹˌ ˁʰʻ˗ˌ ˁʰʽ 

ˉʰˊʱˁˍʽ˖˄ ˁʰʽ ˂ʽ˃ʶ˄ʽˁ˗˄ ʷˊʴ˖˄ ˈˉˇˎ ʹ ʰˁˊʽʲʺˌ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ˒ˇˊˍʾ˖˄ ʰˉˇˍʶ˂ʶʾ 

ˎ˕ʾˋˍʹˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍˇ˄ ʰˋ˒ʰ˂ʺ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈ ʰˎˍ˗˄ ˍ˖˄ ˁʰˍʰˋˁʶˎ˗˄Φ 

ɳˉʽˉ˂ʷˇ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ʱ˂˂ʰ ˃ˇ˄ˍʷ˂ʰ ˍˇˎ MIKE нм ʴʽʰ ˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΣ ʹ ˇˉˇʾʰ ˁʰʻˇˊʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍʽˌ ˁˎ˃ʰˍʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍʰ ˁˎ˃ʰˍˇʴʶ˄ʺ ˊʶˏ˃ʰˍʰΦ 

ʆʰ ʲʰˋʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʶʾ˄ʰʽ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʶˌ ˁˎ˃ʰˍʽˁʷˌ 

ˉʰˊʱ˃ʶˍˊˇʽΣ ˈˉ˖ˌ ˍˇ ˋʹ˃ʰ˄ˍʽˁˈ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ όHm0ύΣ ʹ ˉʶˊʾˇʵˇˌ ʰʽ˔˃ʺˌ όʆpύΣ ʹ ˃ʷˋʹ 

ˉʶˊʾˇʵˇˌ όT01ύΣ ʹ ˃ʷʴʽˋˍʹ ˁʰʽ ˃ʷˋʹ ˁʰˍʶˏʻˎ˄ˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ όp̒ ˁʰʽ m̒ ʰ˄ ˍʾˋˍˇʽ˔ʰύΣ ʹ 

ˁʰˍʶˎʻˎ˄ˍʽˁʺ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ όύ̀ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˇʽ ˍʱˋʶʽˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όSxx, Sxy, Syyύ ˇʽ 

ˇˉˇʾʶˌ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ˁˎ˃ʰˍˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄Φ  

ɸʶ˖ˊʹˍʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˃ˇ˄ˍʷ˂ˇˎ 

ʅˍˇ ˃ˇ˄ˍʷ˂ˇ MIKE 21 SWΣ ˍʰ ʰ˄ʶ˃ˇʴʶ˄ʺ ˁˏ˃ʰˍʰ ʰ˄ʰˉʰˊʾˋˍʰ˄ˍʰʽ ʰ̄ ˈ ˍʹ ˒ʰˋ˃ʰˍʽˁʺ 

ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ɿόˋΣʻύΦ ʍˌ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ʷ˔ˇˎ˄ ʶˉʽ˂ʶ˔ʻʶʾ ʹ 

ˋ˔ʶˍʽˁʺ ʴ˖˄ʽʰˁʺ ˋˎ˔˄ˈˍʹˍʰ όˋҐнˉf) ˁʰʽ ʹ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ˉˊˇˋˉʾˉˍˇ˄ˍˇˌ ˁˎ˃ʰˍʽˋ˃ˇˏ .̒ H 

ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˋ˔ʶˍʽˁʺˌ ʴ˖˄ʽʰˁʺˌ ˋˎ˔˄ˈˍʹˍʰˌ ˁʰʽ ˍʹˌ ʰˉˈ˂ˎˍʹˌ ʴ˖˄ʽʰˁʺˌ ˋˎ˔˄ˈˍʹˍʰˌ ˖ 

ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹ ʵʽʰˋˉˇˊʱˌΥ 

„ ὫὯÔÁÎÈὯὨ ‫ ὯϽὟ                                                                                                    (3.1) 

ʂˉˇˎ g ʶʾ˄ʰʽ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌΣ d ˍˇ ʲʱʻˇˌ ˍˇˎ ˄ʶˊˇˏ, Ὗ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ˍʹˌ 

ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˁʰʽ Ὧ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ˍˇˎ ˁˏ˃ʰˍˇˌ ˃ʶ ˃ʷˍˊˇ k ˁʰʽ ʵʽʶˏʻˎ˄ˋʹ Φ̒ ɶ 

ˉˎˁ˄ˈˍʹˍʰ ʵˊʱˋʹˌ NόˋΣʻύ ̀ ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ɳόˋΣʻύ ˃ ʷˋ˖ ˍʹˌ ˋ˔ʷˋʹˌΥ 

ὔ                                                                                                                                        (3.2) 

ü ʃ˂ʺˊ˖ˌ ʊʰˋ˃ʰˍʽˁʺ ʰ˄ʱˉˍˎ˅ʹ  

ɶ ʶ˅ʾˋ˖ˋʹ ˉˇˎ ʵʽʷˉʶʽ ˍˇ MIKE 21 SW ʶʾ˄ʰʽ ʹ ʶ˅ʾˋ˖ˋʹ ʽˋˇˊˊˇˉʾʰˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ˋʶ 

ˁʰˊˍʶˋʽʰ˄ʷˌ ʺ ˋ˒ʰʽˊʽˁʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΦ ʅˍʽˌ ˇˊʽʸˈ˄ˍʽʶˌ ˁʰˊˍʶˋʽʰ˄ʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΣ ʹ 

ʶ˅ʾˋ˖ˋʹ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌΥ 

Ͻɳ’Ӷὔ                                                                                                                               (3.3) 

ˈˉˇˎ ´ ὼӶȟ„ȟ—ȟὸ ʶʾ˄ʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ʵˊʱˋʹˌΣ t ˇ ˔ˊˈ˄ˇˌΣ ὼӶ ὼȟώ ʶʾ˄ʰʽ ˇʽ ˁʰˊˍʶˋʽʰ˄ʷˌ 

ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΣ ὺӶ ὧȟὧȟὧȟὧ  ʁ ʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ʵʽʱʵˇˋʹˌ ˇ˃ʱʵʰˌ ˁˎ˃ʱˍ˖˄ ˋʶ ˍʶˋˋʱˊ˖˄ 

ʵʽʰˋˍʱˋʶ˖˄ ˔˗ˊˇΣ S ʹ ˉʹʴʺ ʴʽʰ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ʽˋˇˊˊˇˉʾʰˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΣ  ɳ o 

ˍʶˋˋʱˊ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ʵʽʰ˒ˇˊʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ˋˍˇ ˔˗ˊˇ ὼӶ, ̀ Σ ʻΦ ʁʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ 

ʵʽʱʵˇˋʹˌ ɻ ʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʴˊʰ˃˃ʽˁʷˌ ˁʽ˄ʹ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌΥ  

ὧȟὧ
Ӷ
ὧӶ Ὗ ρ Ὗ                                                                   όоΦпʰύ 
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ὧ ὟϽɳ ӶὨ ὧὯϽ                                                                                        (3.4̡ ύ 

ὧ ὯϽ                                                                                                        όоΦпʴύ 

ˈˉˇˎ s ʶʾ˄ʰʽ ʹ ˔˖ˊʽˁʺ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʹ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ  ̒ ˍˇˎ ˁˎ˃ʰˍʽˋ˃ˇˏΣ m ʶʾ˄h̔ ʹ 

ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʹ ˁʱʻʶˍʹ ˋˍˇ s, ɳ Ӷ ʁ ʾ˄ʰʽ ˇ ʵʽˋʵʽʱˋˍʰˍˇˌ ʵʽʰ˒ˇˊʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ˋˍˇ ˔˗ˊˇ ὼӶ.  

ü ɳ˅ʾˋ˖ˋʹ ˉʹʴʺˌ 

ʁ ˈˊˇˌ ˍʹˌ ˉʹʴʺˌ ˋˍˇ ʲ˘ ˃ʷ˂ˇˌ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ʵʾ˄ʶˍʰʽ ʰˉˈ 

ˍʹ ˋ˔ʷˋʹΥ 

Ὓ Ὓ Ὓ Ὓ Ὓ Ὓ                                                                                                (3.5) 

ˈˉˇˎ ˍˇ Sin h ˄ʰˉʰˊʽˋˍʱ ˍʹˌ ˋˍʽʴ˃ʽʰʾʰ ˃ʶˍʱʵˇˋʹ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ ˍ˖˄ 

ˁˎ˃ʱˍ˖˄Σ Snl ʹ ˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ  ˂ˈʴ˖ ˍʹˌ ˃ʹ ʴˊʰ˃˃ʽˁʺˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄Σ 

Sds ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˂ˈʴ˖ ˍʹˌ ʻˊʰˏˋʹˌ ˍʹˌ ˁˇˊˎ˒ʺˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˋˍʰ 

ʲʰʻʽʱΣ Sbot  ʹ ʵʽʰˋˉˇˊʱ ˂ˈʴ˖ ˍʹˌ ˍˊʽʲʺˌ ˋˍˇ ˉˎʻ˃ʷ˄ʰ ˁʰʽ Ssurf  ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ˂ˈʴ˖ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ 

ü ɼʰˍʶˎʻˎ˄ˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

ɶ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ˇʵʹʴʶʾ ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ 

ʶ˅ʽˋ˗ˋʶʽˌΥ 

Ὕ                                                                                     (3.6) 

Ὕ                                                                                     (3.7) 

ʂˉˇˎ m0(x,yΣʻύ ˁʰʽ m1(x,yΣʻύ ʶʾ˄ʰʽ ʹ ˃ʹʵʶ˄ʽˁʺ ˁʰʽ ʹ ʰˊ˔ʽˁʺ ˋˍʽʴ˃ʺ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ʵˊʱˋʹˌ 

ɿόx,yΣˋΣʻύΣ ʆ0(x,yΣʻύ ˁʰʽ ʆ1(x,yΣʻύ ʶʾ˄ʰʽ ˇʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉʹʴʺˌ ˋˍˇ ˒ʱˋ˃ʰ ʵˊʱˋʹˌΦ ʆʰ 

ˋˍʽʴ˃ʽˈˍˎˉʰ mn(x,yΣʻύ ˇˊʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˋ˔ʷˋʹΥ 

ά ὼȟώȟ— ᷿ ‫ ὔὼȟώȟ‫ȟ—Ὠ(3.8)                                                                                          ‫ 

ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉʹʴʺˌ ʆ0 ˁʰʽ ʆ1  ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʽ˄ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍ˖˄ 

ˍˇˉʽˁ˗˄ ʰ˄ʷ˃˖˄ όʴʽʰ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ stationaryҐˋˍʱˋʽ˃˖˄ ˁˎ˃ʱˍ˖˄ύ ˁʰʽ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ 

ʶ˄ʷˊʴʶʽʰˌ ˂ˈʴ˖ ˍʹˌ ˍˊʽʲʺˌ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɳˉʽˉˊˈˋʻʶˍʰ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄-ˊʶˎ˃ʱˍ˖˄Φ ʁʽ 

ˋˎ˄ʰˊˍʺˋʶʽˌ ˉʹʴʺˌ ʴʽʰ ˍʹ˄ ˍˇˉʽˁʺ ʵʹ˃ʽˇˎˊʴʾʰ ʰ˄ʷ˃˖˄ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʷˌ 

ˋ˔ʷˋʶʽˌ ʶ˅ʷ˂ʽ˅ʹˌ Johnson (1998). 

ɰʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ʶʽˋˈʵˇˎ 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˍʹ˄ ˇˊʻˈˍʹˍʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ˋ˔ʷˋʹ ˃ʶ 

ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʵˇʻʶʾ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ˋˍʽˌ ʶ˅ʺˌ 

ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˁʰʽ ˍʰ ʲʰˋʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎΦ ɮˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋˍʽˌ ʶ˅ʺˌ ˇ˃ʱʵʶˌΥ 

¶ ʃʶʵʾˇ ɾʶ˂ʷˍʹˌ ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ 
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- ɼʱ˄ʰʲˇˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ 

- ʆˏˉˇˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ όˁʰˊˍʶˋʽʰ˄ʷˌ ʺ ˋ˒ʰʽˊʽˁʷˌύ 

- ʋˊˈ˄ˇˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ 

¶ ɳ˅ʽˋ˗ˋʶʽˌΣ ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ ˁʰʽ ˃ʷʻˇʵˇˌ ʶˉʾ˂ˎˋʹˌ 

- ɾʷʻˇʵˇˌ ˋˏ˄ʻʶˋʹˌ 

- ʅˎ˔˄ˈˍʹˍʰ ˁʰʽ ˁʰˍʶˎʻˎ˄ˍʽˁʺ ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ 

- ɮˊʽʻ˃ˈˌ ˇ˃ʱʵ˖ ˄̝ ˊˇ˄ʽˁ˗˄ ʲʹ˃ʱˍ˖˄ 

¶ ɼʽ˄ʹˍʺˊʽʶˌ ʃʰˊʱ˃ʶˍˊˇʽ  

- ɲʶʵˇ˃ʷ˄ʰ ˋˍʱʻ˃ʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

- ɲʶʵˇ˃ʷ˄ʰ ˊʶˎ˃ʱˍ˖˄ 

- ɲʶʵˇ˃ʷ˄ʰ ʰ˄ʷ˃˖˄ 

- ɲʶʵˇ˃ʷ˄ʰ ˁʱ˂ˎ˕ʹˌ ˉʱʴˇˎ 

¶ ʃʰˊʱ˃ʶˍˊˇʽ ʅˎ˄ʰˊˍʺˋʶ˖˄ ʃʹʴʺˌ 

- ɾʹ ʴˊʰ˃˃ʽˁʺ ˃ʶˍʱʵˇˋʹ ʶ˄ʷˊʴʶʽʰˌ 

- ɸˊʰˏˋʹ ˁˎ˃ʰˍʽˋ˃˗˄ όˊʹ˔ʱ ˄ʶˊʱύ 

- ʆˊʽʲʺ ˉˎʻ˃ʷ˄ʰ 

¶ ɮˊ˔ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 

¶ ʁˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ 

- ɼ˂ʶʽˋˍʱ ˈˊʽʰ 

- ɮ˄ˇʽ˔ˍʱ ˈˊʽʰ όˉʶˊʽʴˊʰ˒ʺ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˁˎ˃ʰˍʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋˍˇ 

ʰ˄ˇʽ˔ˍˈ ˈˊʽˇύ 

 ɳ˒ʰˊ˃ˇʴʺ ɾˇ˄ˍʷ˂ˇˎ 

ɶ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʴʾ˄ʶˍʰʽ ˋʶ ˍˊʾʰ ʲʺ˃ʰˍʰ. 

1. ʆˇ˃ʷʰˌ ˃ʶ˂ʷˍʹˌ όDomain)  

ʅˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʶʽˋʱʴʶˍʰʽ ʹ ʲʰʻˎ˃ʶˍˊʾʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˋʶ ʰˊ˔ʶʾˇ mesh ˃ʶ 

ʴʶ˖ʰ˄ʰ˒ˇˊʱ ˍˇ ˇˉˇʾˇ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˃ʷˋ˖ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ MIKE Zero Mesh GeneratorΦ ʅˍˇ 

ʰˊ˔ʶʾˇ ʰˎˍˈ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ʹ ʲʰʻˎ˃ʶˍˊʾʰ ˋʶ ˍˊʽʴ˖˄ʽˁˈ ˁʱ˄ʰʲˇ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˏˁ˄˖ˋʹ 

ˁˇ˄ˍʱ ˋˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺ ˁʰʻ˗ˌ ʶˉʽʵʽ˗ˁʶˍʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˋˍˇ ˋˍʱʵʽˇ 

ʰˎˍˈ ˃ˉˇˊˇˏ˄ ˄ʰ ˇˊʽˋˍˇˏ˄ ˁʱˉˇʽʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ mesh ˈˉ˖ˌ ˇ ʶˉʰ˄ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˍ˖˄ ˁˈ˃ʲ˖˄ ˍˇˎ ˁʰ˄ʱʲˇˎΣ ʹ ʰ˂˂ʰʴʺ ˋʹ˃ʶʾˇˎ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ 

ʲʱʻˇˌ ˋˍˇ ˇˉˇʾˇ ˉʶˊʽˇˊʾʸʶˍʰʽ ˇ ˁʱ˄ʰʲˈˌ ˃ʰˌΦ ʅˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʰˌ ˂ʺ˒ʻʹˁʶ ˎˉˈ˕ʽ˄ ˇ 

ʶˉʰ˄ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʴʽʰ ˍʰ ˎˉˈ˂ˇʽˉʰ ˁʰʻ˗ˌ 

ʶʽˋʺ˔ʻʹˋʰ˄ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˁʰˍʱ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ mesh.  

2. ʋˊˈ˄ˇˌ όTime)  

ʆˇ ʵʶˏˍʶˊˇ ʲʺ˃ʰ ʰ˒ˇˊʱ ˍˇ˄ ˔ˊˈ˄ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˍˇ˄ ˇˉˇʾˇ ʶʽˋʱʴʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

˔ˊˇ˄ʽˁ˗˄ ʲʹ˃ʱˍ˖˄ ˍ˖˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁ˗˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˁˎ˃ʰˍʽˁˇˏ 

ˁ˂ʾ˃ʰˍˇˌΣ ˍˇ ʲʺ˃ʰ ˍˇˎˌ ˁʰʽ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎˌΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ ˍˇ ˍʷ˂ˇˌ ˍʹˌ 

ˈˉˇˎ ˃ˉˇˊʶʾ ˁʰ˄ʶʾˌ ˄ʰ ʶ˂ʷʴ˅ʶʽ ˍʹ˄ ˇˊʻˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ. 
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3. ɳ˄ˈˍʹˍʰ ˒ʰˋ˃ʰˍʽˁˇˏ ˁˏ˃ʰˍˇˌ όSpectral wave module)  

ʆˇ ˍˊʾˍˇ ʲʺ˃ʰ h ˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мс ʶ˄ˈˍʹˍʶˌ ̍ ˉˇˎ ʶ̔ ˋʱʴˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽΣ ˁʰʻ˗ˌ 

ˁʰʽ ʹ ˃ʷʻˇʵˇˌ ʰ˄ʱ˂ˎˋʹˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʶˉʶ˅ʹʴʺʻʹˁʰ˄ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ  

ʅˍʹ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˇ ˍˏˉˇˌ ˍʹˌ ˁh ˍʶˎʻˎ˄ˍʽˁʺ ̩

ʰ˄ʱ˂ˎˋʹ ̩ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ʶˉʶʽʵʺ ˍˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ʻʶ˖ˊʺʻʹˁʶ ˖ ̩

ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˁˎ˃ʰˍʽˁ˗˄ ʴʶʴˇ˄ˈˍ˖˄ ʶˉʽ˂ʷ˔ʻʹˁʶ ˇ ˍˏˉˇˌ ˍ˖˄ ˋ˔ʶʵˈ˄ ˋˍʰˍʽˁ˗˄ ˁˎ˃ʰˍʽˋ˃˗˄ 

(quasi-stationary formulation). ɱʽʰ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ʶʽˋʺ˔ʻʶʽ ˇ hˊʽʻ˃ˈ ̩ˍ˖˄ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʴ˖˄ʽ˗˄ ˉˊˈˋˉˍ˖ˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɶ ʰ˄ʱ˂ˎˋʹ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ 

ʷʴʽ˄ʶ ˃ʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ low order, fast algorithm ̍ ˉˇˎ ʶ˂ʷʴ˅ʰ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ 

ˁʰʽ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ relaxation factor ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʶˉʽˍˊʶˉˍʱ ˈˊʽʰ ˍˇˎ ˇʵʹʴˇˏ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎΦ 

ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʽˌ ʶ˄ˈˍʹˍʶˌ ʴʽʰ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄ 

ʵ̍ ʻʹˁʶ ʹ ʶ˄ˍˇ˂ʺ ˄ʰ ˂ʹ˒ʻˇˏ˄ ʰˉˈ ˍˇ ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶ˄˗ ʴʽʰ ˍˇˎˌ ʰ˄ʷ˃ˇˎˌ ʶʽˋʺ˔ʻʹ 

ʹ ʁ ˉʰ˂˂ʹ˂ʾʰ ˍ˖˄ ʰ˄ʶ˃ˇ˂ˇʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉˇˎ ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˍʰ ʶˍʺˋʽʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ ɱʽʰ ˍʹ˄ ˁʱ˂ˎ˕ʹ ˉʱʴˇˎ ʵʶ˄ ˉˊˇˋˍʷʻʹˁʰ˄ ʰˊ˔ʶʾʰ. ʅʁ  

ˈΣˍʽ h ˒ˇˊʱ ˍʽˌ ˁʰˍʰˋˁʶˎʷˌ ˋˍʹ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ̄ ˊˇˋˍʷʻʹˁʰ˄ ˁʱʻʶ ˒ˇˊʱ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˍʹˌ ʶˁʱˋˍˇˍʶ ˂ˏˋʶʽˌ ˉˇˎ ˉˊˇˍʱʻʹˁʶ . ɱʽʰ ˍʽˌ ʶ˄ˈˍʹˍʶˌ ˍʹˌ ˉʶˊʾʻ˂ʰˋʹˌΣ ˍʹˌ ˃ʶˍʱʵˇˋʹˌ ˍʹˌ 

ʶ˄ʷˊʴʶʽʰˌΣ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Σ ˍʹˌ ˍˊʽʲʺˌ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˍʹˌ ʻˊʰˏˋʹˌ ˍʹˌ 

ˁˇˊˎ˒ʺˌ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˋˍʰ ʲʰʻʽʱ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 

ɼʰʻˇˊʽˋˍʽˁˈ ˋʹ˃ʶʾˇ ˋˍʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰˉˇˍʶ˂ʶʾ ˇ ˇˊʽˋ˃ˈˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˁʰʽ ˇˊʽʰˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʁ ˉʽʻˎ˃ˇˏ˃ʶ ˖ˌ ʵʶʵˇ˃ʷ˄ʰ 

ʶ˅ˈʵˇˎΦ ʍˌ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍˇ ˋʹ˃ʰ˄ˍʽˁˈ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ όHm0ύΣ ˍˇ ˃ʷʴʽˋˍˇ ˏ˕ˇˌ 

ˁˏ˃ʰˍˇˌ HmaxΣ ʹ ˉʶˊʾˇʵˇˌ ʰʽ˔˃ʺˌ TpΣ ʹ ˃ʷˋʹ ʵʽʶˏʻˎ˄ˋʹ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ʻm ˁʰʽ ˇʽ ˍʱˋʶʽˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ Sxx, Syy, Sxy. 

3.1.2 ʃˊˈʴˊʰ˃˃ʰ MIKE 21 Flow Model FM ς Hydrodynamic Module 

 ɱʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇ ˎ

ʆˇ ɾɹɼɳ нм Flow Model FM ʶʾ˄ʰʽ ʷ˄ʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʵʽˋʵʽʱˋˍʰˍ˖˄ 

ˊˇ˗˄ ˃ʶ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇ ˇˉˇʾˇ ʲʰˋʾʸʶˍʰʽ ˋˍˇ ˔˖ˊʽˁˈ ˉ˂ʷʴ˃ʰ Flexible MeshΦ ʆˇ 

˃ˇ˄ˍʷ˂ˇ ʲˊʾˋˁʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˎʵˊʰˎ˂ʽˁ˗˄ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ˋʶ ˂ʾ˃˄ʶˌΣ ʶˁʲˇ˂ʷˌ ˉˇˍʰ˃˗˄Σ ˉʰˊʱˁˍʽʶˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ˋˍʹ˄ ʰ˄ˇʽ˔ˍʺ ʻʱ˂ʰˋˋʰΦ ɶ 

ʵˎ˄ʰˍˈˍʹˍʰ ˉˇˎ ʵʾ˄ʶʽ ˋˍˇ ˔ˊʺˋˍʹ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ʰˎˍˇˏ ˍˇˎ ʶʾʵˇˎˌ ˍˊʽʴ˖˄ʽˁˇˏ ˁʰ˄ʱʲˇˎ 

ˁʰ˂ˏˉˍʶʽ ˍʹ˄ ʰˎ˅ʹ˃ʷ˄ʹ ʸʺˍʹˋʹ ʴʽʰ ˊʶʰ˂ʽˋˍʽˁʷˌ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ʴʽʰ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰ˂˂ʹ˂ʷ˄ʵʶˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ 

ʆˇ ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ όɶDύ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ MIKE 21 Flow Model FM 

ˁʰʻ˗ˌ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˄ʶˊˇˏ ˁʰʽ ˍʹ ˊˇʺΣ ˉʰˊʱʴˇ˄ˍʰˌ ˋˍˇʽ˔ʶʾʰ 

ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ʱ˂˂ʰ ʰˎˍˈ˄ˇ˃ʰ ˃ˇ˄ˍʷ˂ʰΦ ɾʶˍʰ˅ˏ ʱ˂˂˖˄Σ ˃ˉˇˊʶʾ ˄ʰ 

ʶ˒ʰˊ˃ˇˋʻʶʾ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʰ˄ʶ˃ˇʴʶ˄˗˄ ˁʰʽ ˁˎ˃ʰˍˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄ ˋʶ ˃ʽʰ 
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ˉʰˊʱˁˍʽʰ ˉʶˊʽˇ˔ʺΣ ˍ˖˄ ˁˎ˃ʰˍʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʰʽ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˉʰ˂ʽˊˊˇʽ˗˄Φ  

ʅˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʰˎˍˇˏ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹΥ  

¶ ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ όbottom shear stress)  

¶ ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ʰˉˈ ˍˇ˄ ʱ˄ʶ˃ˇ όwind shear stress)  

¶  ̌ ʽ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ʲʰˊˇ˃ʶˍˊʽˁʺˌ ˉʾʶˋʹˌ όBarometric pressure gradients)  

¶  ́  ʵˏ˄ʰ˃ʹ /ƻǊƛƻƭƛǎ ό/ƻǊƛƻƭƛǎ ŦƻǊŎŜύ  

¶  ́  ʵʽʰˋˉˇˊʱ ˍʹˌ ˇˊ˃ʺˌ όmomentum dispersion)  

¶  ̌ ʽ ˉʰˊˇ˔ʷˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ όsources and sinks)  

¶  ́  ʶ˅ʱˍ˃ʽˋʹ όevaporation)  

¶  ̌ ʽ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όflooding and drying)  

¶  ̌ ʽ ˍʱˋʶʽˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όwave radiation stresses)  

ʆʰ ʲʰˋʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ Flow Model FM Hydrodynamic module 

ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍˇˎ Mesh ˁʰʽ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ʶʾ˄ʰʽ ˍˇ ʲʱʻˇˌ ˄ʶˊˇˏΣ ʹ ˋˍʱʻ˃ʹ ˍʹˌ 

ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˇʽ ˉˎˁ˄ˈˍʹˍʶˌ ˊˇʺˌ ˁʰˍʱ ˔ ˁʰʽ y (P flux ˁ ʰʽ Q flux h ˄ˍʾˋˍˇʽ˔ʰύ ˁʰʻ˗ˌ 

ˁʰʽ ˇʽ ˍʰ˔ˏˍʹˍʶˌ ˁʰˍʱ ˔ ˁʰʽ y (U ˁ ʰʽ V h ˄ˍʾˋˍˇʽ˔ʰύΦ  

ɸʶ˖ˊʹˍʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˃ˇ˄ˍʷ˂ˇˎ 

ʆˇ ɾɹɼɳ нм Flow Model FM ̡ ʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ˂ˏˋʹ ˍʹˌ ʵʽˋʵʽʱˋˍʰˍʹˌκˍˊʽˋʵʽʱˋˍʰˍʹˌ 

ˁʰˍʱ Reynolds ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ ʶ˅ʾˋ˖ˋʹˌ Navier-Stokes ʰˋˎ˃ˉʾʶˋˍʹˌ ˊˇʺˌ ˉˇˎ ˎˉʰˁˇˏˇˎ˄ 

ˋˍʽˌ ˉʰˊʰʵˇ˔ʷˌ ˍˇˎ Boussinesq ˁʰʽ ˍʹˌ ˎʵˊˇˋˍʰˍʽˁʺˌ ˉʾʶˋʹˌΦ ʅˎ˄ʶˉ˗ˌΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˅ʽˋ˗ˋʶʽˌ ˋˎ˄ʷ˔ʶʽʰˌΣ ˇˊ˃ʺˌΣ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ʰ˂ʰˍˈˍʹˍʰˌ ˁʰʽ ˉˎˁ˄ˈˍʹˍʰˌ ˁʰʽ 

ˉˊˇˋʶʴʴʾʸʶˍʰʽ ʰˉˈ ˃ˇ˄ˍʷ˂ʰ ˍˏˊʲʹˌ όˍʱˋʶʽˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌύ ˉˇˎ ʶˉʽ˂ˏˇˎ˄ ˍˇ άˁ˂ʶʾˋʽ˃ˇέ ˍʹˌ 

ʶ˅ʾˋ˖ˋʹˌ Navier Stokes (turbulent closure schemeύΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ʵʶ˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ 

ˉʾʶˋʹΣ ʰ˂˂ʱ ˃ˈ˄ˇ ʰˉˈ ˍʹ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ˍʹ˄ ʰ˂ʰˍˈˍʹˍʰΦ ɶ ʶ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌ 

ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

Ὓ                                                                                                                            (3.9) 

ˁʰʽ ˇʽ ʵˎˇ ˇˊʽʸˈ˄ˍʽʶˌ ʶ˅ʽˋ˗ˋʶʽˌ ˇˊ˃ʺˌ ˁʰˍʱ ˔ ˁʰʽ y h ˄ˍʾˋˍˇʽ˔ʰΦ 

ʁʽ ʶ˅ʽˋ˗ˋʶʽˌ ʵʽʰˍʺˊʹˋʹˌ ˉˇˋˈˍʹˍʰˌ ˁʾ˄ʹˋʹˌ ˁʰˍʱ ˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʶˏʻˎ˄ˋʹΣ 

ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

Ὢ’Ὣ ᷿ Ὠᾀ  Ὂ

’ όὛ                                                                                             (3.10) 

Ὢό Ὣ ᷿ Ὠᾀ Ὂ

’ ’Ὓ                                                                                                                             (3.11) 
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ˈˉˇˎ  

tΥ ˇ ˔ˊˈ˄ˇˌ όˋʶ s) 

x, y, zΥ ˇʽ ˁʰˊˍʶˋʽʰ˄ʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ  

ʹόx,y,tύΥ ʹ ʰ˄ˏ˕˖ˋʹ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ όˋʶ m) 

dΥ ˍˇ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˍˇˎ ˄ʶˊˇˏ όˋʶ m) 

hΥ όҐ ʹҌdύ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ʲʱʻˇˌ ˄ʶˊˇˏ όˋʶ m)  

u, v, wΥ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʱ ˔Σ y, z 

fΥ όҐнʍsin˒ ύ ʹ ˉʰˊʱ˃ʶˍˊˇˌ Coriolis   

gΥ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌ όˋʶ m/s2) 

ẃΥ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ όˋʶ kg/m3) 

sxx, sxy, syx, syy: ̌ ʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍˇˎ ˍʰ˄ˎˋˍʺ ˍ˖˄ ˍʱˋʶ˖˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

vtΥ ˁʽ˄ʹ˃ʰˍʽˁˈ ʽ˅˗ʵʶˌ όm2/s) 

paΥ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ όˋʶ kg/m/s2) 

ˊ̌Υ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ  

SΥ ˍˇ ˃ʷʴʶʻˇˌ ˒ˈˊˍʽˋʹˌ ˂ˈʴ˖ ˍ˖˄ ˋʹ˃ʶʽʰˁ˗˄ ˉʹʴ˗˄ 

us, vsΥ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˍˇ ˄ʶˊˈ ʶˁ˔ʷʶˍʰʽ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˄ʶˊˈ 

ʁʽ ˈˊˇʽ ˍ˖˄ ˇˊʽʸˈ˄ˍʽ˖˄ ˍʱˋʶ˖˄ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˉʰˊʰˁʱˍ˖ ˋ˔ʷˋʶʽˌΥ 

Ὂ ςὃ ὃ                                                                                (3.12) 

Ὂ ὃ ςὃ                                                                                   (3.13) 

ˈˉˇˎ ɮ ʶʾ˄ʰʽ ʹ ˇˊʽʸˈ˄ˍʽʰ ˍˎˊʲ˗ʵʹˌ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰΦ 

ʁʽ ˋˎ˄ʻʺˁʶˌ ʴʽʰ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ˍˇ˄ ˉˎʻ˃ʷ˄ʰ ʴʽʰ ˍʽˌ u, v, w ʁ ʾ˄ʰʽ  

ü ʅˍˇ ȊҐʹ 

ό ’ ύ πȟ    ȟ †ȟ†                                                  (3.14) 

ü ʅˍˇ ȊҐ-d  

ό ’ ύ πȟ    ȟ † ȟ†                                                               (3.15) 

ˈˉˇˎ ό ˍsxΣ ˍsyύ ˁʰʽ όˍbxΣ ˍbyύ ʶʾ˄ʰʽ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˁʰˍʱ ˔ ˁʰʽ y ˍ˖˄ ˍʱˋʶ˖˄ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍʹ˄ 

ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ˍ˖˄ ˍʱˋʶ˖˄ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 
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ʅˍˇ ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʴʽʰ ˍʹ˄ ˃ʶˍʰ˒ˇˊʱ ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ʆ ˁʰʽ ˍʹˌ 

ʰ˂ʰˍˈˍʹˍʰˌ s ʰˁˇ˂ˇˎʻˇˏ˄ ˍʹ˄ ʴʶ˄ʽˁʺ ʶ˅ʾˋ˖ˋʹ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʱ˔ˎˋʹˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ 

ʰˉˈ ˍʽˌ ˋ˔ʷˋʶʽˌΥ 

Ὂ Ὀ Ὄ ὝὛ                                                         (3.16) 

Ὂ Ὀ ίὛ                                                                 (3.17) 

ˈˉˇˎ 

Dv: ̌  ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˁʱʻʶˍʹˌ ˍˎˊʲ˗ʵˇˎˌ ʵʽʱ˔ˎˋʹˌ 

ῷΥ ˈˊˇˌ ˉʹʴʺˌ ˂ˈʴ˖ ˃ʶˍʱʵˇˋʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ 

ʆs ˁ ʰʽ ssΥ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ʹ ʰ˂ʰˍˈˍʹˍʰ ˍʹˌ ˉʹʴʺˌ 

ʁ ˈˊˇˌ F h ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ʵʽʱ˔ˎˋʹ ˁʰʽ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

ὊȟὊ Ὀ Ὀ Ὕȟί                                                                                 (3.18) 

ˈˉˇˎ Dh ʁ ʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˇˊʽʸˈ˄ˍʽʰˌ ʵʽʱ˔ˎˋʹˌΦ 

ɰʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ʶʽˋˈʵˇˎ 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˉˊˇˋʷʴʴʽˋʹ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ʴʽʰ ˍʹ˄ ˇˊʻˈˍʹˍʰ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 

ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˁʰʽ ˍʰ ʲʰˋʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɮˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋˍʽˌ ʶ˅ʺˌ ˇ˃ʱʵʶˌΥ 

¶ ʃʶʵʾˇ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ  

- ʇˉˇ˂ˇʴʽˋˍʽˁˈ ˉ˂ʷʴ˃ʰ ˁʰʽ ʲʰʻˎ˃ʶˍˊʾʰ 

- ɲʽʱˊˁʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ 

¶ ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ 

- ɮ˄ˍʾˋˍʰˋʹ ˉˎʻ˃ʷ˄ʰ 

- ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʰˋˉˇˊʱˌ ˇˊ˃ʺˌ  

- ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ ʰ˄ʷ˃ˇˎ 

¶ ɮˊ˔ʽˁʷˌ ʅˎ˄ʻʺˁʶˌ  

- ɳˉʾˉʶʵˇ ʻʰ˂ʱˋˋʽʰˌ ˋˍʱʻ˃ʹˌ 

- ʅˎ˄ʽˋˍ˗ˋʶˌ ˍʰ˔ˏˍʹˍʰˌ  

¶ ʁˊʽʰˁʷˌ ʅˎ˄ʻʺˁʶˌ  

- ɼ˂ʶʽˋˍʷˌκɮ˄ˇʽ˔ˍʷˌ 

- ʅˍʱʻ˃ʹ ˏʵʰˍˇˌ 

¶ ɯ˂˂ʶˌ ˁʽ˄ʹˍʺˊʽʶˌ ʵˎ˄ʱ˃ʶʽˌ 

- ʆʰ˔ˏˍʹˍʰ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ 

- ʃʰ˂ʾˊˊˇʽʰ 

- ʃʹʴʷˌ 

- ʆʱˋʶʽˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ˁ ˎ˃ʱˍ˖˄ 
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ɳ˒ʰˊ˃ˇʴʺ ɾˇ˄ˍʷ˂ˇˎ 

ɶ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ̀ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʴʾ˄ʶˍʰʽ ˋʶ 

ˍʷˋˋʶˊʰ ʲʰˋʽˁʱ ʲʺ˃ʰˍʰ.  

1. ʃʶʵʾˇ ɾʶ˂ʷˍʹˌ ό5ƻƳŀƛƴύ 

ʅˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʶʽˋʱʴʶˍʰʽ ʹ ʲʰʻˎ˃ʶˍˊʾʰ ˍʹˌ ˉʰˊʱˁˍʽʰˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽΣ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍˇ˄ ˍˊʽʴ˖˄ʽˁˈ ˁʱ˄ʰʲˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶΣ ʹ ˉˊˇʲˇ˂ʺ ˍ˖˄ 

ˋʹ˃ʶʾ˖˄ ˋˍˇ ˔ʱˊˍʹΣ ˁʰʽ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ʰ˄ʰʵʽʱˍʰ˅ʹ ˍ˖˄ ˁˈ˃ʲ˖˄ ˁʰʽ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ˁʰ˄ʱʲˇˎ 

ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄Φ  

2. ʋˊˈ˄ˇˌ ό¢ƛƳŜύ 

ʆˇ ʵʶˏˍʶˊˇ ʲʺ˃ʰ ʰ˒ˇˊʱ ˍˇ˄ ˔ˊˈ˄ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˍˇ˄ ˇˉˇʾˇ ʶʽˋʱʴʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

˔ˊˇ˄ʽˁ˗˄ ʲʹ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ˍˇ ʲʺ˃ʰ ˖ˌ 

˃ʷʴʶʻˇˌ ˋʶ ʵʶˎˍʶˊˈ˂ʶˉˍʰ ˁʰʽ ʹ ʷ˄ʰˊ˅ʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ 

ˍˇ ˍʷ˂ˇˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˈˉˇˎ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶ˂ʷʴ˅ʶʽ ˍʹ˄ ˇˊʻˈˍʹˍʰ ̱ ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˉˇˎ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΦ ɱʽʰ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˄ʱ ˃ʽʰ ˗ˊʰΦ 

3. ɳˉʽ˂ˇʴʺ ɾˇ˄ˍʷ˂ˇˎ όaƻŘǳƭŜ {ŜƭŜŎǘƛƻƴύ 

ʅˍˈ˔ˇˌ ˍʹ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ 

4. ʇʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ  

ʆ ̱̌ ˊʾˍˇ ʲʺ˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ нл ˎ ˉˇʶ˄ˈˍʹˍʶˌ ˈˉˇˎ ʶʽˋʱʴˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽΥ 

ʅˍʹ ˉˊ˗ˍʹ ˎˉˇʶ˄ˈˍʹˍʰ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ ˃ʷʻˇʵˇ ʶˉʾ˂ˎˋʹˌ ʶˉʽ˂ʷʴˇˎ˃ʶ low order ̟ ˌ ˉˊˇˌ 

ˍˇ˄ ˔ˊˈ˄ˇ ˁʰʽ ˍˇ ˔˗ˊˇΦ ɶ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ʴʽʰ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ ˋˍʰ ˊʹ˔ʱ ˄ʶˊʱ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ˊʹˍˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ ʍˋˍˈˋˇ ˂ˈʴ˖ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˋˍʰʻʶˊˈˍʹˍʰˌ 

ˇ ʰʵʽʱˋˍʰˍˇˌ ˉʰˊʱʴˇ˄ˍʰˌ CFL ̄ ˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˁʱˍ˖ ʰˉˈ мΦ ʁ ʰˊʽʻ˃ˈˌ Courant-Friedrich-Levy 

(CFLύ ʴʽʰ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ ˋˍʰ ˊʹ˔ʱ ˄ʶˊʱ ˃ʶ ˁʰˊˍʶˋʽʰ˄ʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˇˊʾʸʶˍʰʽ ˖ˌΥ 

ὅὊὒ ὫὬ ȿόȿ ὫὬ ȿ’ȿ                                                                        (3.19) 

ʂˉˇˎ ˍˇ h ʁ ʾ˄ʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ʲʱʻˇˌ ˄ʶˊˇˏΣ u ˁ ʰʽ v ̌ ʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʱ ˔ ˁʰʽ y, g ́  

ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌ ˁʰʽ ɲx ˁ ʰʽ ɲy ʁ ʾ˄h̔ ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˃ʺˁˇˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰˍʱ ˔ ˁʰʽ 

y ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ɲt ˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰΦ ʆˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˃ʺˁˇˌ ˁ˂ʾ˃ʰˁʰˌ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˃ʽˁˊˈˍʶˊʹ ʰʽ˔˃ʺ ˁ˂ʾ˃ʰˁʰˌ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ʰˉˈ ˍˇ ʲʱʻˇˌ ˄ʶˊˇˏ 

ʶ˄˗ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʰ˔ˏˍʹˍʶˌ ʶˁˍʽ˃˗˄ˍʰʽ ˋˍˇ ˁʷ˄ˍˊˇ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎΦ  

ʅˍʹ ˉʰˊˇˏˋʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʵʶ ˂ʺ˒ʻʹˁʰ˄ ˎˉˈ˕ʹ ˍʰ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ˍʽˌ ˎˉˇʶ˄ˈˍʹˍʶˌ ʴʽʰ ˍˇ 

ʲʱʻˇˌΣ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˍʹ˄ ˉʰʴˇˁʱ˂ˎ˕ʹΣ ̱ ʽˌ ˁʰˍʰˁˊʹ˃˄ʾˋʶʽˌ-ʶ˅ʱˍ˃ʽˋʹΣ ˍʽˌ ˉʹʴʷˌΣ 

ˍʽˌ ˁʰˍʰˋˁʶˎʷˌ ˁʰʽ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˃ʶˍʰ˅ˏ ʲʰˋʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˊˇʺˌ ˁʰʽ ˉˊˈˋʻʶˍ˖˄Φ ɰʰˋʽˁˈˌ 

˂ˈʴˇˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˎˍʱ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ ˈˍʽ ʴʽʰ ˍʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ 

ʰˎˍ˗˄ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʵʶʵˇ˃ʷ˄ʰΣ ˍʰ ˇˉˇʾʰ ˖ˋˍˈˋˇ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˁʰʻˇˊʽˋˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ 

ʴʽʰ ˍʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ ɳˉʽˉˊˈˋʻʶˍʰ ˁʱˉˇʽʰ ʰˉˈ ʰˎˍʱ ˈˉ˖ˌ ˉΦ˔Φ ˇʽ ˁʰˍʰˋˁʶˎʷˌ ˁʰʽ ʹ 

ˉʰʴˇˁʱ˂ˎ˕ʹ ʵʶ˄ ˎ˒ʾˋˍʰ˄ˍʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ 
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ʅˍʹ˄ ˎˉˇʶ˄ˈˍʹˍʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʽ˄ ˍʹ˄ ˉh ˂ʾˊˊˇʽ hʷ˔ʶʽ ʶʽˋʰ˔ʻʶʾ ʰˊ˔ʶʾˇ ˃ʶ ˖ˊʽʰʾʶˌ 

ˁʰˍʰʴˊʰ˒ʷˌ ˋˍˇʽ˔ʶʾ˖˄ ʰ˄ˏ˕˖ˋʹˌ ˁʰʽ ˁʰˍʰʲˏʻʽˋʹˌ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΦ ɱʽʰ ˍʹ˄ 

ʲʰˊˏˍʹˍʰ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˎˉˇʶ˄ˈˍʹˍʰ ̒ ʶ˖ˊʺˋʰ˃ʶ ʲʰˊˇˍˊˇˉʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʴʽʰ 

ˍʹ˄ ˍˎˊʲ˗ʵʹ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ ˇˊʾˋʰ˃ʶ ˍʹ ˃ʷʻˇʵˇ Smagorinsky ˃ ʶ ˍʽˌ ˋˍʰʻʶˊʷˌ ˍʽ˃ʷˌ ˉˇˎ ʷ˔ʶʽ 

˖ˌ ʵʶʵˇ˃ʷ˄ʶˌ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ʅˍʹ˄ ˎˉˇʶ˄ˈˍʹˍʰ ʴʽʰ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ʻʶ˖ˊʺˋʰ˃ʶ 

˖ˌ ˍˏˉˇ ˉʶˊʽʴˊʰ˒ʺˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ Manning ʵʽʰˍʹˊ˗˄ˍʰˌ ˋˍʰʻʶˊʺ ˍʹ ˍʽ˃ʺ ˍˇˎ όɾҐон 

m1/3/ sύΦ ɳ˄˗ ʵʶ˄ ʷ˔ʶʽ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ɻ ˏ˄ʰ˃ʹ Coriolis. 

ʅˍʹ˄ ˎˉˇʶ˄ˈˍʹˍʰ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ʶʽˋʱʴʶˍʰʽ ˍˇ ʰˊ˔ʶʾˇ ˍ˖˄ 

ˍʱˋʶ˖˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˃ʷˋ˖ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˃ˇ˄ˍʷ˂ˇˎ Spectral 

Waves FM ʴʽʰ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˁˎ˃ʰˍʽˁˈ ˁ˂ʾ˃ʰΦ ʅˍʽˌ ʰˊ˔ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

ʰˁˈ˂ˇˎʻʹ ˎˉˇʶ˄ˈˍʹˍʰ ʁ ˉʽ˂ʷʴʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˋˍʰʻʶˊʷˌ ˃ʶ ˍʰ ʰˊ˔ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉʶˊʾ ˍʰ˔ˎˍʺˍ˖˄ 

˄ʰ ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʱ ˁ ʰʽ ʻʰ˂ʱˋˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ̀ ˍˇ м ˃ʷˍˊˇΦ ʆʷ˂ˇˌ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ 

ˍʰ ˈˊʽʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ˋˎ˄ʻʺˁʶˌ Land (zero normal velocity) ˁʰʻ˗ˌ ˇʽ 

ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʰ˔ˏˍʹˍʰˌ ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʷˌΦ 

ʍˌ ˉˊˇˌ ˍʹ˄ ˎˉˇʶ˄ˈˍʹˍʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˅ˈʵˇˎ ˄ʰ 

ˁʰ˂ˏˉˍˇˎ˄ ˈ˂ʹ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˉˇˎ ʶʾ˄ʰʽ ˁʰ˂ˎ˃˃ʷ˄ʹ ˃ʶ ˄ʶˊˈΣ˃ʶ ˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˉˇˎ 

ˇˊʾˋˍʹˁʶ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʶˉʽʻˎ˃ˇˏ˄ˍʰʽ ˄ʰ 

˃ʶ˂ʶˍʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ʹ ˋˍʱʻ˃ʹ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶʽˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ʹ ˊˇʺ ˁʰˍʱ ˔ ˁʰʽ y ʰ˄ˍʾˋˍˇʽ˔ʰ ˁʰʽ ʹ ˍʰ˔ˏˍʹˍʰ 

ˁʰʽ ʹ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌΦ 

3.1.3 ʃˊˈʴˊʰ˃˃ʰ aLY9 нм Cƭƻǿ aƻŘŜƭ Ca ς Sand Transport Module 

ɱʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ʆˇ Mɹɼɳ нм FM Sand Transport Module (STύ ʶʾ˄ʰʽ ʷ˄ʰ ʰˊʽʻ˃ʹˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ 

Mɹɼɳ нм FM ˉˇˎ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇˎˌ ˊˎʻ˃ˇˏˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˃ʹ ˋˎ˄ʶˁˍʽˁ˗˄ ʽʸʹ˃ʱˍ˖˄ 

όʱ˃˃ˇˌύ ˁʰʽ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ʰˊ˔ʽˁ˗˄ ˊˎʻ˃˗˄ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˋʶ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʰ˃ʽʴˇˏˌ ˊʶˏ˃ʰˍˇˌ ʺ ˋʶ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ʵˊʱˋʹ ˊʶˏ˃ʰˍˇˌ ˁʰʽ ˁˏ˃ʰˍˇˌΦ ʆˇ ɾɹɼɳ нм 

FM Sʆ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇˎˌ ˊˎʻ˃ˇˏˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ ˔˖ˊʽˁˈ ˉ˂ʷʴ˃ʰ flexible mesh, 

ʲʰˋʽʸˈ˃ʶ˄ʰ ˋʶ ˎʵˊˇʵˎ˄ʰ˃ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʰ ˇˉˇʾʰ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ MIKE 21 FM HD  ˁʰʽ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ ʾʸʹ˃ʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ ɳˉʽˉ˂ʷˇ˄ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ʹ ʰ˄ʱʵˊʰˋʹ ˃ʶˍʰ˅ˏ 

ʲʰʻˎ˃ʶˍˊʾʰˌ ˁʰʽ ˍˇˎ ˊˎʻ˃ˇˏ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ˃ˇˊ˒ˇ˂ˇʴʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ ST ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ʰˊˁʶˍʷˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʁʽ ˉʽˇ 

ˋˎ˄ʹʻʽˋ˃ʷ˄ʶˌ ʶʾ˄ʰʽ ˇʽ ʁ ˅ʺˌΥ  

¶ ɲʽʰ˔ʶʾˊʽˋʹ ˉʰˊʱˁˍʽʰˌ ʸ˗˄ʹˌ  

¶ ɰʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʵʽʰˍʱ˅ʶ˖˄ ˂ʽ˃ʷ˄ʰ  

¶ ɴˊʴʰ ˉˊˇˋˍʰˋʾʰˌ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ  

¶ ɳˎˋˍʱʻʶʽʰ ˂ˈʴ˖ ˉʰ˂ʽˊˊˇʽʰˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ 

¶ ɮˉˈʻʶˋʹ ʽʸʺ˃ʰˍˇˌ ˋʶ ʲˎʻˇˁˇˊʺˋʶʽˌ ˁʰʽ ʶʽˋˈʵˇˎˌ ˂ʽ˃ʷ˄˖˄ 
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¶ ɲʽʱʲˊ˖ˋʹ ˎˉˇʻʰ˂ʱˋˋʽ˖˄ ʰʴ˖ʴ˗˄ 

¶ ɾˇˊ˒ˇ˂ˇʴʾʰ ˉˇˍʰ˃˗˄ 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋʶ ʵˏˇ ʶʾʵʹΣ ˍˇ ˊˎʻ˃ˈ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˍʽˌ ˃ˇˊ˒ˇ˂ˇʴʽˁʷˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍʰ ʲʰˋʽˁʱ 

ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˔˖ˊʽˁˇˏ ˉ˂ʷʴ˃ʰˍˇˌ 

flexible mesh ʁ ʾ˄ʰʽ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰΣ ˍˇ ˒ˇˊˍʾˇ ˍˇˎ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ ˁʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ˁʰˍʱ ˔ ˁʰʽ y ˁ ʰʻ˗ˌ ˁʰʽ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍˇˎ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ όSSCύΣ ˇ ˊˎʻ˃ˈˌ ˃ʶˍʰʲˇ˂ʺˌ 

ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ʹ ʰ˂˂ʰʴʺ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˁʰʽ ʹ ˋˍʽʴ˃ʽʰʾʰ ˋˍʱʻ˃ʹ ˉˎʻ˃ʷ˄ʰΦ 

ɸʶ˖ˊʹˍʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˃ˇ˄ˍʷ˂ˇˎ 

ʅˍˇ ˃ˇ˄ˍʷ˂ˇ Mɹɼɳ нм Sʆ FM ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ˉʷ˄ˍʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʶ˖ˊʾʶˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΣ ˋʶ ˋˎ˄ʻʺˁʶˌ ʰ˃ʽʴˇˏˌ ˊʶˏ˃ʰˍˇˌΦ  

ü ɸʶ˖ˊʾʰ ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄ Engelund & Hansen  

ʆˇ ˃ˇ˄ˍʷ˂ˇ ˍ˖˄ Engelund ˁʰʽ Hansen όмфстύ ʶʾ˄ʰʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ˇ˂ʽˁˈ 

˒ˇˊˍʾˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˔ˊʶʽʱʸʶˍʰʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ ˍˇ ˔ˊʺˋˍʹ ʴʽʰ ˄ʰ ʵʽʰ˔˖ˊʾˋʶʽ ˍˇ 

˒ˇˊˍʾˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˋʶ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ʰʽ˖ˊʺˋʶ˖ˌΦ ʁʽ ˊˎʻ˃ˇʾ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ 

ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˋ˔ʷˋʶʽˌΥ 

Ὓ ὯϽὛ                                                                                                                                     (3.20) 

Ὓ ὯϽὛ                                                                                                                                       (3.21) 

ˈˉˇˎ ˍˇ ˇ˂ʽˁˈ ˒ˇˊˍʾˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

Ὓ ππȢυ — ί ρὫὨ                                                                                                         (3.22) 

ɶ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʽˋˇˊˊˇˉʾʰˌ ˇˊʾʸʶˍʰʽ ˖ˌ ˍˇ ˒ˇˊˍʾˇ ʰʽ˗ˊʹˋʹˌ ʵʽʰʽˊˇˏ˃ʶ˄ˇ ʰˉˈ ˍʹ ˊˇʺ ˄ʶˊˇˏ 

ˁʰʽ ˃ʶˍʰˍˊʷˉʶˍʰʽ ʰˉˈ ˇʴˁˇ˃ʶˍˊʽˁʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˋʶ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˃ʱʸʰˌ ʰˉˈ ˍˇ˄ ˍˏˉˇΥ 

ὧ
Ͻ
ϽίϽρπ                                                                                                                               (3.23) 

ü ɸʶ˖ˊʾʰ ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄ Engelund & FredsǄe  

ɳˉʾˋʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʻʶ˖ˊʾʰ ˍˇˎ ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄ Engelund & FredsǄe. 

ʁ ˊˎʻ˃ˈˌ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ όqtύ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍˇˎ ˒ˇˊˍʾˇˎ 

ˉˎʻ˃ʷ˄ʰ όqbύ ˁʰʽ ˍˇˎ ˒ˇˊˍʾˇˎ ˋʶ ʰʽ˗ˊʹˋʹ όqsύΣ ʺˍˇʽ qt= qb
 
+ qsΦ ɱʾ˄ʶˍʰʽ ʹ ʻʶ˗ˊʹˋʹ ˈˍʽ ʹ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˋʶ ʷ˄ʰ ˋˍˊ˗˃ʰ ˉʱ˔ˇˎˌ ʾˋˇ ˃ʶ ˍʹ ʵʽʱ˃ʶˍˊˇ ˍ˖˄ 

ˁˈˁˁ˖˄ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˁʰʽ ʹ ˋˍʶˊʶˇˉʰˊˇ˔ʺ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

ή υὴЍ— πȢπχ— ί ρὫὈ                                                                                          (3.24) 

ˈˉˇˎ p ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˈ˂ˇʽ ˇʽ ˁˈˁˁˇʽ ˋʶ ˁʱˉˇʽˇ ˋˍˊ˗˃ʰ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˁʾ˄ʹˋʹΣ ʻϥ ʹ 

ʰʵʽʱˋˍʰˍʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ όˉʰˊʱ˃ʶˍˊˇˌ Shieldsύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˍˊʽʲʺ ˍʹˌ 

ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ˊʶˎˋˍˇˏ-ˋˍʶˊʶˇˏ όskin frictionύ ˁʰʽ ʻc ʹ ˁˊʾˋʽ˃ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ˉˎʻ˃ʷ˄ʰ ʴʽʰ 

ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ˁʾ˄ʹˋʹˌΦ H ʰʵʽʱˋˍʰˍʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʱˋʹ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˍˊʽʲʺ 

ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ˊʶˎˋˍˇˏ-ˋˍʶˊʶˇˏ όskin frictionύ ʻϥ ˁʰʽ ʹ ˉʽʻʰ˄ˈˍʹˍʰ p ʵʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ 
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ʰˁˈ˂ˇˎʻʶˌ ˋ˔ʷˋʶʽˌΥ 

—                                                                                                                   (3.25) 

ὴ ρ

Ȣ

                                                                                          (3.26) 

ˈˉˇˎ U f̆  ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʰ˔ˏˍʹˍʰ ˋ˔ʶˍʽʸˈ˃ʶ˄ʹ ˃ʶ ˍʹ˄ ˍˊʽʲʺ ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ˊʶˎˋˍˇˏ-

ˋˍʶˊʶˇˏ όskin frictionύ ˁʰʽ ʲf  ˇ ʵˎ˄ʰ˃ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌΦ ʆˇ ˒ˇˊˍʾˇ ˋʶ ʰʽ˗ˊʹˋʹ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌΥ 

ή ρρȟφὟ ὧὥὍÌÎ Ὅ                                                                                                  (3.27) 

ˈˉˇˎ cb ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇˎ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌΣ ʰҐнd ˍˇ ʶˉʾˉʶʵˇ 

ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ cb, Iм ˁʰʽ Iн ˍʰ ˇ˂ˇˁ˂ʹˊ˗˃ʰˍʰ ˍˇˎ Einstein, d ˍˇ ʲʱʻˇˌ ˍˇˎ ˄ʶˊˇˏ ˁʰʽ 

kN=2,5D ʹ ʽˋˇʵˏ˄ʰ˃ʹ ˍˊʰ˔ˏˍʹˍʰ ˍˇˎ NikuradseΦ ʆʰ ˇ˂ˇˁ˂ʹˊ˗˃ʰˍʰ Iм ˁʰʽ Iн ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ 

ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ʰʵʽʱˋˍʰˍˇˎ ʶˉʽˉʷʵˇˎ ʰ˄ʰ˒ˇˊʱˌ ɮҐr/d ˁ ʰʽ ˍˇˎ ʰˊʽʻ˃ˇˏ Rouse z*=WfκUˁf,wc, 

˃ʶ Wf ˄ ʰ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʻʾʸʹˋʹˌ ˍˇˎ ʰʽˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌΣ ˁҐлΣп ʹ ˋˍʰʻʶˊʱ ˍˇˎ 

Von Karman ˁʰʽ Uf,wc ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʰ˔ˏˍʹˍʰ ˎˉˈ ˍʹ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ʵˊʱˋʹ ˊʶˏ˃ʰˍˇˌ ˁʰʽ 

ˁˏ˃ʰˍˇˌ ˁʰʽ ʷ˔ˇˎ˄ ˈˊʽʰ ˍˇ ʵʽʱˋˍʹ˃ʰ όʰΣdύΣ ˈˉˇˎ ˍˇ y ˃ ʶˍˊʱˍʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˋˍʰʻʶˊˈ ʶˉʾˉʶʵˇ 

ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ʅˍˇ ʶˉʾˉʶʵˇ ʰ˄ʰ˒ˇˊʱˌ ʰҐнd ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ cb ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʰˁˈ˂ˇˎʻʹ ˋ˔ʷˋʹΥ 

ὧ
ȟ

Ⱦ
                                                                                                               (3.28) 

ˈˉˇˎ ˂ ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ˋ˔ʷˋʹΥ 

‗
Ⱦ

ȟ
 ,  ɹ ʽʰ ʻ˘ҔʻcҌp̄ʲκс                                                                                 (3.29) 

ɽˈʴ˖ ˍˇˎ ˈˍʽ ʹ ʻʶ˖ˊʾʰ ˍ˖˄ Engelund & FredsǄe ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʲʱˋʶʽ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˉʶʽˊʱ˃ʰˍʰ ˃ʶ ʰ˃˃˗ʵʶˌ ˎ˂ʽˁˈ ˉˎʻ˃ʷ˄ʰΣ ʹ ʻʶ˖ˊʾʰ ʽˋ˔ˏʶʽ ˃ˈ˄ˇ ˋʶ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ˍˇ ˎ˂ʽˁˈΣ ˉˇˎ ʶʽˋʱʴʶˍʰʽ ˖ˌ ʵʶʵˇ˃ʷ˄ˇΣ ʷ˔ʶʽ ʵʽʱ˃ʶˍˊˇ ˁˈˁˁ˖˄ 

ˉʰˊˈ˃ˇʽʰ ˃ʶ ˍʹˌ ʱ˃˃ˇˎΦ 

ü ɸʶ˗ˊʹ˃ʰ ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎ Van-Rijn 

O Van-Rijn όмфупύ ˉˊˈˍʶʽ˄ʶ ˃ʽʰ ˄ʷʰ ʻʶ˖ˊʾʰ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ 

ʰʽ˖ˊʺˋʶ˖ˌ ˅ʶ˔˖ˊʽˋˍʱΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

Ὓ πȢπυσ
Ȣ

ᶻ
Ȣ ί ρὫὨ                                                                                                       (3.30) 

ˈˉˇˎ ʆ ʶʾ˄ʰʽ ʹ ʰʵʽʱˋˍʰˍʹ ˉʰˊʱ˃ʶˍˊˇˌ ˍˇˎ ʲʰʻ˃ˇˏ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ  ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ 

ˍˇ˄ ˍˏˉˇ  

Ὕ
ȟ

ρ                                                                                                                       (3.31) 
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ˈˉˇˎ ˍˇ Uf˘ ʶʾ˄ʰʽ ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʰ˔ˏˍʹˍʰ ˉˎʻҡʷ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ҡʶ ˍʹ˄ ˁˇˁˁˇҡʶˍˊʾʰ ˍˇˎ 

ˎ˂ʽˁˇˏ ̱ ˇˎΣ ˁʰʽ Uf,c  ʁ ʾ˄ʰʽ ʹ ˁˊʾˋʽ˃ʹ ʵʽʰˍ˃ʹˍʽˁʺ ˍʰ˔ˏˍʹˍʰ ˉˎʻҡʷ˄ʰΦ 

ɳˉʽˉ˂ʷˇ˄ ˇ ˈˊˇˌ Dϝ ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˍˇˎ Van-Rijn ̌ ˊʾʸʶˍʰʽ ˖ˌΥ 

Ὀz Ὠ                                                                                                                 (3.32) 

ˈˉˇˎ ˄  ʶʾ˄ʰʽ ʹ ˁʽ˄ʹ˃ʰˍʽˁʺ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ  

ɶ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˃ʶ ʰʽ˗ˊʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ˉ˂ʹˊʶʾˍʰʽ ʷ˄ʰ ʰˉˈ ˍʰ ʶˉˈ˃ʶ˄ʰ 

ˁˊʽˍʺˊʽʰΥ 

ό
ᶻ

 ,   ɹ ʽʰ D*<10                                                                                                                   όоΦооʰύ 

ό πȢτύ,   ɹ ʽʰ D*>10                                                                                                              όоΦопʲύ 

ʆˇ ʶˉʾˉʶʵˇ ʰ˄ʰ˒ˇˊʱˌ ˋˍˇ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʽʸʺ˃ʰˍˇˌ ˋˍˇ ˉˎʻ˃ʷ˄ʰ 

ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ  

ὥ ÍÁØ
πȢπρὬ
ςὨ

                                                                                                                             (3.35) 

ɶ ˇʴˁˇ˃ʶˍˊʽˁʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˉˎʻ˃ʷ˄ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

ὧ πȢπρυϽ
Ȣ 

ᶻ
Ȣ                                                                                                                        (3.36) 

ɴ˄ʰˌ ʵʽˇˊʻ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ˄ ˎʵˊˇʵˎ˄ʰ˃ʽˁˈ ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽʱ˔ˎˋʹˌ ʷˍˋʽ 

˗ˋˍʶ ˄ʰ ˍˇ˄ ˃ʶˍʰˍˊʷ˕ʶʽ ˋʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽʱ˔ˎˋʹˌ ʴʽʰ ˍˇ ʰʽ˖ˊˇˏ˃ʶ˄ˇ ʾʸʹ˃ʰΥ 

‍ ρ ς                                                                                                                                 (3.37) 

ʁ Van Rijn ˇˊʾʸʶʽ ʶˉʾˋʹˌ ʷ˄ʰ˄ ʵʽˇˊʻ˖ˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰ ʴʽʰ ˍˇ ˉˊˇ˒ʾ˂ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍˇˎ 

ʽʸʺ˃ʰˍˇˌ ˉˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

•
Ȣ Ȣ

                                                                                                                      (3.38) 

ʆˇ co ʁ ʾ˄ʰʽ ʹ ˃ʷʴʽˋˍʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʽʸʺ˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ лΦсрΦ 

ɳ˒ʰˊ˃ˈʸˇ˄ˍʰˌ ˍˇˎˌ ʵʽˇˊʻ˖ˍʽˁˇˏˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ʰ˄˖ˍʷˊ˖Σ ˉˊˇˁˏˉˍʶʽ ʹ 

ˉʰˊʱ˃ʶˍˊˇˌ Z ɹ ʽʰ ˍˇ ʶ˄ʰʽ˗ˊʹ˃ʰΥ 

ὤ •                                                                                                                          (3.39) 

ʆʶ˂ʽˁ˗ˌ ˍˇ ˒ˇˊˍʾˇ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ ˉˇˎ ʶʾ˄ʰʽ ʶ˅ʰˊˍ˗˃ʶ˄ˇ ʰˉˈ ˍˇ ʲʱʻˇˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

ʰˉˈ ˍˇ˄ ʶ˅ʺˌ ˍˏˉˇΥ  

Ὓ ὪϽὧϽὠϽὬ                                                                                                                              (3.40) 

ˈˉˇˎ ˇ ʵʽˇˊʻ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʴʽʰ ˍˇ ʰʽ˖ˊˇˏ˃ʶ˄ˇ ʾʸʹ˃ʰ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 
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Ὢ

Ȣ

Ȣ
                                                                                                                              (3.41) 

ü ɸʶ˖ˊʾʰ ˃ʶˍʰ˒ˇˊʱˌ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˍ˖˄ Meyer-Peter & MǸller  

ɼʰˍʱ ˍʹ ʻʶ˖ˊʾʰ ʰˎˍʺΣ ˇ ʰʵʽʱˋˍʰˍˇˌ ˊˎʻ˃ˈˌ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

˖ˌΥ 

  ψ— — Ȣ                                                                                                                          (3.42) 

                                                                                                                        (3.43) 

ʃˊʷˉʶʽ ˄ʰ ʰ˄ʰ˂ˇʴʽˋʻʶʾ ˁʰ˄ʶʾˌ ˈˍʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ˍˇ ʾʸʹ˃ʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˂ʶˉˍˈˁˇˁˁˇ ˁʰʽκʺ 

ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˃ʶʴʱ˂ʹΣ ˃ʶ ˍʹ ˒ˈˊ˃ˇˎ˂ʰ ʰˎˍʺ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˃ʽˁˊˈˍʶˊˇʽ ˊˎʻ˃ˇʾ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ʰˉˈ ˍˇˎˌ ˉˊʰʴ˃ʰˍʽˁˇˏˌΣ ˁʰʻ˗ˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʽ˄ ˃ˈ˄ˇ ʹ ˋˎ˄ʶʽˋ˒ˇˊʱ 

ˍˇˎ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰΦ 

ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ʰˉˈ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ʵˊʱˋʹ ˁˎ˃ʱˍ˖˄ ˁʰʽ ˊʶˎ˃ʱˍ˖˄Σ ʰˎˍʺ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˍˇˎ ˒ˇˊˍʾˇˎ ʰʽ˖ˊʺˋʶ˖ˌΦ ʅˍˇ 

˃ˇ˄ˍʷ˂ˇ STPQ3D ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ ˍ˖˄ Engelund ˁʰʽ FredsǄeΣ ˈˉˇˎ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋˍʽʴ˃ʽʰʾʰ ˉʰˊʱ˃ʶˍˊˇ ˍˇˎ ShieldsΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˒ˇˊˍʾˇ 

ˉˎʻ˃ʷ˄ʰ ʶʾ˄ʰʽ ˔ˇ˄ʵˊˈˁˇˁˁˇ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˁˊˇˁʱ˂˖˄ ˎ˒ʾˋˍʰˍʰʽ ˃ˈ˄ˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ ˁʰʽ ˇ 

ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈˌ ʰˉˈ ʰˎˍˈ˄ ˍʹˌ ʱ˃˃ˇˎΦ 

ɶ ˁʰˍʰˁˈˊˎ˒ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍˇˎ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ 

ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˁʰˍʰˁˈˊˎ˒ʹˌ ʵʽʱ˔ˎˋʹˌ ʴʽʰ ʰʽ˖ˊˇˏ˃ʶ˄ˇ ʾʸʹ˃ʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ FredsǄe et al 

όмфурύΦ ɶ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˍˇˎ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʹ ʰˉˈˍˇˁˇˌ ˍʹˌ ˋˍʽʴ˃ʽʰʾʰˌ 

ˍʰ˔ˏˍʹˍʰˌ ˊˇʺˌ ˁʰʽ ˍʹˌ ˋˍʽʴ˃ʽʰʾʰˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ʽʸʺ˃ʰˍˇˌΦ 

ή ᷿᷿ όὧὨᾀὨὸ                                                                                                           (3.44) 

ɶ ˔ˊˇ˄ʽˁʺ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ʵʽʱ˔ˎˋʹˌ ʴʽʰ ˍˇ ʰʽ˖ˊˇˏ˃ʶ˄ˇ ʾʸʹ˃ʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ 

ʶ˖ˌ ˈˍˇˎ ˉˊˇˁˏ˕ʶʽ ˃ʽʰ ˉʶˊʽˇʵʽˁʺ ˂ˏˋʹΦ 

ʍˌ ˉˊˇˌ ˍʹ ˃ˇˊ˒ˇ˂ˇʴʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ˇ ˁʰʻˇˊʽˋˍʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ʶʾ˄ʰʽ ˇ ˊˎʻ˃ˈˌ 

ʰ˂˂hɹ ʺˌ ˍˇˎ  ̀ ʶ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˁʰ˄ʱʲˇˎΦ ɮˎˍʺ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ 

˃ʶ ˉˇ˂˂ˇˏˌ ˍˊˈˉˇˎˌΣ ʰ˂˂ʱ ʴʶ˄ʽˁ˗ˌ ˈ˂ʶˌ ˇʽ ˃ʷʻˇʵˇʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹ Exner ˉˇˎ 

ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˁʰʽ ʶˁ˒ˊʱʸʶˍʰʽ ˃ʶ ˍˇ˄ ˍˏˉˇΥ 

ρ ὲ ῳὛ                                                                                                          (3.45) 

ˈˉˇˎ  

nΥ ˍˇ ˉˇˊ˗ʵʶˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰ 

zΥ ʹ ˋˍʱʻ˃ʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ 

tΥ ˇ ˔ˊˈ˄ˇˌ 
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SxΥ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ ʺ ˍˇ ̌ ˂ʽˁˈ ˒ˇˊˍʾˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˔ 

SyΥ ˍˇ ˒ˇˊˍʾˇ ˉˎʻ˃ʷ˄ʰ ʺ ˍˇ ˇ˂ʽˁˈ ˒ˇˊˍʾˇ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ y 

ɲSΥ ˍˇ ˒ˇˊˍʾˇ ˉʹʴʺˌ ʽʸʺ˃ʰˍˇˌ 

ʁ ˉˎʻ˃ʷ˄ʰˌ ʰ˄ʰ˄ʶ˗˄ʶˍʰʽ ˋˎ˄ʶ˔˗ˌ ˁʰˍʱ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˃ˇˊ˒ˇ˂ˇʴʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ όˋˍˇ 

ʲʺ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ HDύ ʲʰˋʽʸˈ˃ʶ˄ˇ ˋˍˇˎˌ ʶˁˍʽ˃ʹ˃ʷ˄ˇˎˌ ˊˎʻ˃ˇˏˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ 

ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΦ ʁʽ ˄ʷʶˌ ʰˎˍʷˌ ˍʽ˃ʷˌ ʶˁˍʽ˃˗˄ˍʰʽ ˋʶ ˁʱʻʶ ˄ʽˇˋˍˈ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˍˇˎ HD 

Σ ˈˉˇˎ ɿ ʶʾ˄ʰʽ ˇ ˔ˊˇ˄ʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˉˇˎ ʶʽˋʱʴʶˍʰʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ ʁʽ ˄ʷʶˌ ˋˍʱʻ˃ʶˌ ˍˇˎ 

ˉˎʻ˃ʷ˄ʰ ˉˊˇˁˏˉˍˇˎ˄ ˃ʶ ˃ʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ˒ʱˋʹˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

ᾀ ᾀ ῳὸ                                                                                                                 (3.46) 

ɰʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ʶʽˋˈʵˇˎ 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˉˊˇˋʷʴʴʽˋʹ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ʴʽʰ ˍʹ˄ ˇˊʻˈˍʹˍʰ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 

ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˁʰʽ ˍʰ ʲʰˋʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɮˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋˍʽˌ ʶ˅ʺˌ ˇ˃ʱʵʶˌΥ 

¶ ʃʶʵʾˇ ˃ʶ˂ʷˍʹˌ  

- ɰʰʻˎ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ όŦƭŜȄƛōƭŜ ƳŜǎƘύ 

- ɴˁˍʰˋʹ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ 

¶ ʇʵˊˇʵˎ˄ʰ˃ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ  

- ɰʱʻˇˌ ˄ʶˊˇˏ ˁʰʽ ˉʶʵʾʰ ˊˇʺˌ όˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ HD) 

¶ ɼˎ˃ʰˍʽˁʱ ɲʶʵˇ˃ʷ˄ʰ όʶ˒ˈˋˇ˄ ʰˉʰʽˍˇˏ˄ˍʰʽύ 

- ʈ˕ˇˌ ˁˏ˃ʰˍˇˌΣ ˉʶˊʾˇʵˇˌ ˁʰʽ ʵʽʶˏʻˎ˄ˋʹ όˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ SW) 

¶ ɹʵʽˈˍʹˍʶˌ ɹʸʺ˃ʰˍˇˌ  

- ɾʷʴʶʻˇˌ ˁʰʽ ʵʽʰʲʱʻ˃ʽˋʹ ˍˇˎ ˎ˂ʽˁˇˏ ˍˇˎ ˉˎʻ˃ʷ˄ʰ 

¶ ʃʰˊʱ˃ʶˍˊˇʽ ˃ˇˊ˒ˇ˂ˇʴʾʰˌ 

- ʅˎ˔˄ˈˍʹˍʰ ˋˎʴ˔ˊˇ˄ʽˋ˃ˇˏ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ˂ˈʴ˖ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹˌ ʵˊʱˋʹˌ ˁˏ˃ʰˍˇˌ 

ˊʶˏ˃ʰˍˇˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˖ˌ ʵʶʵˇ˃ʷ˄ˇ ʶʽˋˈʵˇˎ ʷ˄ʰˌ ˉʾ˄ʰˁʰˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΣ ˇ ˇˉˇʾˇˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ʰˊʽʻ˃ˈ ˊˎʻ˃˗˄ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ 

ˉʰˊʶ˃ʲˇ˂ʺ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʁ ˉʾ˄ʰˁʰˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉʰˊʰ˔ʻʶʾ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ MIKE 21 Toolbox ΨGeneration of Q3D Sediment TablesΩΦ 

ɶ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ˊˎʻ˃˗˄ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ ˉʾ˄ʰˁʰ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ˋ˔ʶʵˈ˄ 

ˍˊʽˋʵʽʱˋˍʰˍʹ ˉˊˇˋʷʴʴʽˋʹΣ ˈˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʽ˄ ˇʽ ˍˇˉʽˁʷˌ ˁˎ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˍʰ 

ˉˊˇ˒ʾ˂ ˍ˖˄ ˁˎ˃ʰˍˇʴʶ˄˗˄ ˊʶˎ˃ʱˍ˖˄ ˁʰʽ ˇʽ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˁˈˁˁˇˎ ˍˇˎ ʽʸʺ˃ʰˍˇˌΦ ɳˉʽˉ˂ʷˇ˄ 

˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻˇˏ˄ ˋˍˇ ˉʾ˄ʰˁʰ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʽ˄ ˇʽ ʶˉʽʵˊʱˋʶʽˌ ˍ˖˄ ʶ˅ʺˌ 

ˉʰˊʰ˃ʷˍˊ˖˄Υ  

¶ ʆʹˌ ʴ˖˄ʾʰˌ ʵʽʱʵˇˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ˊˇʺˌ 

¶ ɶ ʰˉ˗˂ʶʽʰ ʶ˄ʷˊʴʶʽʰˌ ˂ˈʴ˖ ˍʹˌ ʻˊʰˏˋʹˌ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄ 
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¶ ʁʽ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʽʸʺ˃ʰˍˇˌ 

¶ ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʰ˃˃ˇˁˎ˃ʱˍ˖˄ ˋˍˇ ʻʰ˂ʱˋˋʽˇ ˉˎʻ˃ʷ˄ʰ 

¶ ɶ ˁ˂ʾˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰ 

¶ ʆʰ ˎˉˈʴʶʽʰ ˊʶˏ˃ʰˍʰ 

¶ ɶ ˁˎ˃ʰˍʽˁʺ ʰˋˎ˃˃ʶˍˊʾʰ 

¶ ʆʰ ˊʶˏ˃ʰˍʰ 

 

ɳ˒ʰˊ˃ˇʴʺ ɾˇ˄ˍʷ˂ˇˎ 

ɶ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ST ʴʾ˄ʶˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇ ˉˇˎ ʶʽˋʱʴˇ˄ˍʰʽ ˁʰʽ ˇʽ 

ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ˎʵˊˇʵˎ˄ʰ˃ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ HD ̀ ˍˇ ̡ ʺ˃ʰ Module SelectionΣ ˈˉˇˎ ʶˉʽ˂ʷʴʶˍʰʽ 

ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ ʹ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ όSand TransportύΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʰˎˍˈ˃ʰˍʰ ʷ˄ʰˌ ʰˊʽʻ˃ˈˌ ʶ˄ˇˍʺˍ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˃ʶ ˍʹ ˋʶʽˊʱΥ 

ü ʁˊʽˋ˃ˈˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ όModel Definition)  

ʅʶ ˉˊ˗ˍʹ ˒ʱˋʹΣ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ h ˎˍʺ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶˉʽ˂ʷʴʶˍʰʽ ʰ˄ ˍˇ ʶʾʵˇˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ 

ʻʰ ʶʾ˄ʰʽ ˃ʶ˂ʷˍʹ ʰ˃ʽʴˇˏˌ ˊʶˏ˃ʰˍˇˌ ʺ ˋˎ˄ʵˎʰˋ˃ˈˌ ˁˏ˃ʰˍˇˌ ˁʰʽ ˊʶˏ˃ʰˍˇˌΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ 

˃ʶ˂ʷˍʹ ʽˋ˔ˏʶʽ ˉˊˇ˒ʰ˄˗ˌ ʹ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹΦ ɳˉʽˉ˂ʷˇ˄Σ ʶʽˋʱʴʶˍʰʽ ˇ ˉʾ˄ʰˁʰˌ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˉˇˎ ˉʰˊʱ˔ʻʹˁʶ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ MIKE 21 Toolbox.  

ʁ ˉˊˇʰ˄ʰ˒ʶˊʻʺˌ ˉʾ˄ʰˁʰˌ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶˉʽ˂ˇʴʺˌ Generation of Q3D 

Sediment Tables ˍʹˌ ʶ˄ˈˍʹˍʰˌ Sediments ˍˇˎ Mɹɼɳ нм Toolbox. ɮˊ˔ʽˁʱΣ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʴʶ˄ʽˁʷˌ 

ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ˃ʶ˂ʷˍʹΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʹ ˋ˔ʶˍʽˁʺ ˉˎˁ˄ˈˍʹˍʰ s Ґ ˊ
s
κˊ Ґ нΣср όˊ

s 

Σ ˊ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ʽʸʺ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ˄ʶˊˇˏ ʰ˄ˍʾˋˍˇʽ˔ʰύ ʴʽʰ ʱ˃˃ˇΣ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˄ʶˊˇˏ 

ʻҐмсϲCΣ ʹ ʰˁˊʾʲʶʽʰ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍʹˌ ˍʽ˃ʺˌ ˍ˖˄ 

ˋˎʴˁʶ˄ˍˊ˗ˋʶ˖˄ ʽʸʹ˃ʱˍ˖˄ όмл
-4
ύΣ ˇ ˃ʷʴʽˋˍˇˌ ʰˊʽʻ˃ˈˌ ˉʶˊʽˈʵ˖˄ ˁˏ˃ʰˍˇˌ όмолύ ˁʰʽ ʹ ˁˊʾˋʽ˃ʹ 

ˍʽ˃ʺ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ Shields 
c̒ 
Ґ лΣлпрΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˃ʽʰ ʰʵʽʱˋˍʰˍʹ ʷˁ˒ˊʰˋʹ ˍʹˌ 

ʵʽʰˍ˃ʹˍʽˁʺˌ ˍʱˋʹˌ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˉˇˎ ˇˊʾʸʶʽ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˁʾ˄ʹˋʹˌ ʶ˄ˈˌ ˁˈˁˁˇˎ ʽʸʺ˃ʰˍˇˌΦ 

ɳˉʾˋʹˌΣ ʶˉʽ˂ʷʴʶˍʰʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʽ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰ ˉˍˎ˔˗ˋʶʽˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˉˈ 

ˍʰ ˁˏ˃ʰˍʰ όwave generated ripplesύΣʹ ˁ˂ʾˋʹ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˊʶˎ˃ʱˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ 

ˍˇ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ όEngelund & FredsǄeΣ мфтсύ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ 

ʽʸʺ˃ʰˍˇˌ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ˁˎ˃ʰˍʽˁʺ ʻʶ˖ˊʾʰ ˍˇˎ Stokes 5ʹ ̩̱ ʱ˅ʹˌ ˁʰʽ 

ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ ʻˊʰˏˋʹΣ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʻˊʰˏˋʶ˖ˌ ʴ
1 
Ґ м ˁʰʽ ʴ

2 
Ґ лΣуΦ ʆʷ˂ˇˌΣ 

ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˇ ˉʾ˄ʰˁʰˌ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ʶʽˋʱʴˇ˄ˍʰˌ ˍʽˌ ʰˊ˔ʽˁʷˌ ˍʽ˃ʷˌΣ ˍˇ ʲʺ˃ʰ ˁʰʽ ˍˇ 

ˉ˂ʺʻˇˌ ˍ˖˄ ˍʽ˃˗˄ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ˉʾ˄ʰˁʰ ʴʽʰ ˍʹ˄ 

ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˊʶˏ˃ʰˍˇˌ VΣ ˍˇ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ɶΣ ˍʹ˄ ˉʶˊʾˇʵˇ ʆΣ ˍˇ ˂ˈʴˇ ˍˇˎ ˏ˕ˇˎˌ ˁˏ˃ʰˍˇˌ 

ˉˊˇˌ ˍˇ ʲʱʻˇˌ ˄ʶˊˇˏ H
rms

/dΣ ˍˇ ˃ʷʴʶʻˇˌ ˁˈˁˁˇˎ D
50 
Σ ˍʹ ʵʽʰʲʱʻ˃ʽˋʹ ˍˇˎ ʶʵʰ˒ʽˁˇˏ ˎ˂ʽˁˇˏ ˋ

g
. 

ɼʱʻʶ ˄ʷʰ ˍʽ˃ʺ j
n ˎ
ˉˇ˂ˇʴʾʸʶˍʰʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ j

n-1 ̟
ˌ j

n
= j

n-1
Ҍʲʺ˃ʰΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ 

ˍˇ ˃ʷʴʶʻˇˌ ˁˈˁˁˇˎ ʴʽʰ ˍˇ ˇˉˇʾˇ ʽˋ˔ˏʶʽ ˁʰˍʱ ʰ˄ˍʽˋˍˇʽ˔ʾʰ j
n
= j

n-1
ϝʲʺ˃ʰΦ ɱʶ˄ʽˁʺ ʰˊ˔ʺ ʶʾ˄ʰʽ ˈˍʽ 

ˉˊʷˉʶʽ ˍʰ ˃ʶʴʷʻʹ ˍˇˎ ʵʹ˃ʽˇˎˊʴʹʻʷ˄ˍˇˌ ˉʾ˄ʰˁʰ ˄ʰ ʶʾ˄ʰʽ ˋʶ ˁʱʻʶ ʲʺ˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˃ʶʴʰ˂ˏˍʶˊʰ ʰˉˈ ˍʰ ɻ ʶʵˇ˃ʷ˄ʰ ˍʹˌ ˃ʶ˂ʷˍʹˌΦ  
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ü ʋˊˇ˄ʽˁʷˌ ʃʰˊʱ˃ʶˍˊˇʽ ό¢ƛƳŜ ǇŀǊŀƳŜǘŜǊǎύ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˖ˌ ˔ˊˈ˄ˇˌ ʰˊ˔ʺˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇ ʷ˄ʰ ˁʰʽ ˖ˌ ˔ˊˇ˄ʽˁˈ 

ʲʺ˃ʰ ˍˇ ʷ˄ʰΦ 

ü ɹʵʽˈˍʹˍʶˌ ʽʸʺ˃ʰˍˇˌ ό{ŜŘƛƳŜƴǘ tǊƻǇŜǊǘƛŜǎύ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʶʽˋʱʴˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍˇ ʾʸʹ˃ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˈˉ˖ˌ ˍˇ 

ˉˇˊ˗ʵʶˌ ˃ʶ ˍʹ˄ ˍʽ˃ʺ лΣпΣ ʹ ʵʽʱ˃ʶˍˊˇˌ ʽʸʺ˃ʰˍˇˌ ˉˇˎ ʶʾ˄ʰʽ лΣн2mm ˁʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 

ʵʽʰʲʱʻ˃ʽˋʹˌ ˇ ˇˉˇʾˇˌ ʶʾ˄ʰʽ ʾˋˇˌ ˃ʶ мΣнр. 

ü ɲˊʱˋʶʽˌ όCƻǊŎƛƴƎǎύ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ h ˎˍʺ ʶʽˋʱʴˇ˄ˍʰʽ ˍʰ ˁˎ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ˃ˇ˄ˍʷ˂ˇΦ ʁˊʾʸˇ˄ˍʰʽ ˖ˌ ˉʰˊʱ˃ʶˍˊˇʽ 

ˍ̌  ˋʹ˃ʰ˄ˍʽˁˈ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ˁʰʽ ʹ ˉʶˊʾˇʵˇˌ ʰʽ˔˃ʺˌ ˁʰʽ ʶʽˋʱʴʶˍʰʽ ˍˇ ʰˊ˔ʶʾˇ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

ʰˉˈ ˍˇ SW FM. 

ü ɾˇˊ˒ˇ˂ˇʴʾʰ όaƻǊǇƘƻƭƻƎȅύ 

ʅˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʶˉʽ˂ʷʴʶˍʰʽ ˖ˌ ˃ʷʴʽˋˍʹ ˃ʶˍʰʲˇ˂ʺ ˉˎʻ˃ʷ˄ʰ ˍʰ м m/day ˁʰʽ ˖ˌ 

ˉʰˊʱʴˇ˄ˍʰˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˍˇ мΦ ɼʰʻˇˊʽˋˍʽˁˈ ˋʹ˃ʶʾˇ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ʰ˄ʱʵˊʰˋʹˌ ˃ʶˍʰ˅ˏ 

ˍˇˎ ˎʵˊˇʵˎ˄ʰ˃ʽˁˇˏΣ ˍˇˎ ˁˎ˃ʰˍʽˁˇˏ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌΦ ʍˌ ˔ˊˈ˄ˇˌ 

ʷ˄ʰˊ˅ʹˌ ʶˉʽ˂ʷʴʶˍʰʽ ˁʰʽ ˉʱ˂ʽ ˍˇ ̫ ˄ʰ ɹ ʽʰ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍʹˌ ˃ˇˊ˒ˇ˂ˇʴʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌΦ ɳˉʶʽʵʺ ʹ ʰˁˍʺ 

ˍʹˌ ɮˎ˂ʾʵʰˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ʺˉʽʰˌ ˁ˂ʾˋʹˌ ʵʶ˄ ʶˉʽ˂ʷ˔ʻʹˁʶ ˍˇ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

˂ˈʴ˖ ʰˉˈˍˇ˃ʹˌ ˁ˂ʾˋʹˌΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˋˍʽˌ ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˇˊʾˋˍʹˁʶ 

˖ˌ ʶˉʽ˂ˇʴʺ ʹ zero sediment flux gradient ɻ ʹ˂ʰʵʺ ˃ʹʵʶ˄ʽˁʺ ˃ʶˍʰ˒ˇˊʱ ʽʸʺ˃ʰˍˇˌΦ 

ü ɲʶʵˇ˃ʷ˄ʰ ʶ˅ˈʵˇˎ όhǳǘǇǳǘǎύ 

ɳˉʽ˂ʷ˔ʻʹˁʶ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ʵʽˋʵʽʱˋˍʰˍʹ ʰˉʶʽˁˈ˄ʽˋʹ ʴʽʰ ˈ˂ʰ ˍʰ ˋʹ˃ʶʾʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ʲʺ˃ʰ ˍˇˎ ˁˎ˃ʰˍʽˁˇˏ ʴʶʴˇ˄ˈˍˇˌΣ ˍˇ ˇˉˇʾˇ ʶˉʽ˂ʷʴʶˍʰʽ 

ʾʵʽˇ ˃ʶ ʰˎˍˈ ˍˇˎ HD. T̫ ˂ˇˌ ˖ˌ ʵʶʵˇ˃ʷ˄ʰ ʶ˅ˈʵˇˎ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˒ˇˊˍʾˇ 

ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱˌ ˁʰˍʱ ˔ ˁʰʽ yΣ ˇ ˊˎʻ˃ˈˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ʹ ʰ˂˂ʰʴʺ ˍʹˌ 

ˋˍʱʻ˃ʹˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˁʰʻ˗ˌ ˁʰʽ ʹ ˋˍʽʴ˃ʽʰʾʰ ˋˍʱʻ˃ʹ ˉˎʻ˃ʷ˄ʰ. 
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4 ɮɼʆɶ ɾɳɽɳʆɶʅ  

ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɿˈˍʽˇˎ ɳˎʲˇʿˁˇˏ ˁʰʽ ʰˉʷ˔ʶʽ ˉʶˊʾˉˇˎ мл 

˔ʽ˂ʽˈ˃ʶˍˊʰ ˄ˈˍʽʰ ʰˉˈ ˍʹ ʋʰ˂ˁʾʵʰΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ɹ ʶ˖ʴˊʰ˒ʽˁʱ ˋˍˇ ʰˉˈˋˉʰˋ˃ʰ ˍˇˎ ˔ʱˊˍʹΣ ˉˇˎ 

ʷ˔ʶʽ ˂ʹ˒ʻʶʾ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ Google EarthΣ ˍˇˎ ʅ˔ʺ˃ʰˍˇˌ 4.1.  

ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʵʽˇʽˁʹˍʽˁʱ ʰˉˇˍʶ˂ʶʾ ˍ˃ʺ˃ʰ ˍˇˎ ɲʺ˃ˇˎ ʋʰ˂ˁʽʵʰʾ˖˄ ˍʹˌ ʃʶˊʽ˒ʶˊʶʽʰˁʺˌ 

ɳ˄ˈˍʹˍʰˌ ɳˏʲˇʽʰˌ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˃ʽʰ ʰˉˈ ˍʽˌ ˉʷ˄ˍʶ ʃʶˊʽ˒ʶˊʶʽʰˁʷˌ ɳ˄ˈˍʹˍʶˌ ˍʹˌ ʅˍʷˊʶʰˌ 

ɳ˂˂ʱʵʰˌΦ ʅˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ˋˎ˄ˇˊʶˏʶʽ ˃ʶ ˍˇ ɲʺ˃ˇ ʁˊ˔ˇ˃ʶ˄ˇˏΣ ˋˍˇ ˄ˇˍʽˇʵˎˍʽˁˈ ˃ʶ ˍˇ 

ɲʺ˃ˇ ɸʹʲʰʾ˖˄ ˁʰʽ ˋˍˇ ˄ˈˍʽˇ ˃ʶ ˍˇ ɲʺ˃ˇ ʆʰ˄ʱʴˊʰˌΦ ɶ ɲʹ˃ˇˍʽˁʺ ʶ˄ˈˍʹˍʰ ɮˎ˂ʾʵʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ ʵˏˇ ɲʹ˃ˇˍʽˁʷˌ ɼˇʽ˄ˈˍʹˍʶˌ όɲΦɼΦύ ˁʰʽ ʵˏˇ ʆˇˉʽˁʷˌ ɼˇʽ˄ˈˍʹˍʶˌ όʆΦɼΦύΥ ɲΦɼΦ ɰʰʻʷˇˌΣ ɲΦɼΦ 

ʃʰˊʰ˂ʾʰˌ ɮˎ˂ʾʵʰˌΣ ʆΦɼΦ ɼʰ˂ˇ˔˖ˊʾˇˎ-ʃʰ˄ˍʶʽ˔ʾˇˎ ˁʰʽ ʆΦɼΦ ʊʱˊˇˎ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˃ˈ˄ʽ˃ˇ 

ˉ˂ʹʻˎˋ˃ˈ фΦолс ˁʰˍˇʾˁˇˎˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʰˉˇʴˊʰ˒ʺ ˍˇˎ нлммΦ ʁ ˔ʰˊʰˁˍʺˊʰˌ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʷ˔ˊʽ ˍˇ мфсл ʺˍʰ˄ ˁʰʻʰˊʱ ʰʴˊˇˍʽˁˈˌΦ ʅʺ˃ʶˊʰ ˈ˃˖ˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ 

ˍˇˎˊʽˋˍʽˁʺ ʰ˄ʱˉˍˎ˅ʹ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ˍˇˎˊʽˋˍʽˁʺˌ ˁʰˍˇʽˁʾʰˌΦ  

ɶ ˋˎ˄ˇ˂ʽˁʺ ʷˁˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˎ ˉˇ˂ˇʴʾʸʶˍʰʽ ˋˍʰ мсΣу ̱ ʶˍˊʰʴ˖˄ʽˁʱ ˔ʽ˂ʽˈ˃ʶˍˊʰ ˃ʶ ˍʹ˄ ʰˁˍʺ 

˃ʶ˂ʷˍʹˌ ˄ʰ ʶˁˍʶʾ˄ʶˍʰʽ ˉʶˊʾˉˇˎ ˋˍʰ с,5 ̝ ʽ˂ʽˈ˃ʶˍˊʰΦ 

 

ʅ˔ʺ˃ʰ пΦмΥ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ h ˁˍʺˌ ˃ʶ˂ʷˍʹˌ 
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ɶ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʰˁˍʺˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˏˋˍʶˊʰ ʰˉˈ ˎˉˇʵʽʰʾˊʶˋʺ ˍʹˌ ˋʶ ʶˉʽ˃ʷˊˇˎˌ 

ʵʽʰʵˇ˔ʽˁʱ ˍ˃ʺ˃ʰˍʰ ˃ʶ ˁˊʽˍʺˊʽˇ ˍˇ˄ ˇˊʽˋ˃ˈ ˉʰˊʱˁˍʽ˖˄ ˒ˎˋʽˇʴˊʰ˒ʽˁ˗˄ ˃ˇ˄ʱʵ˖˄ ˋˍʽˌ ˇˉˇʾʶˌ 

ʹ ˋˍʶˊʶˇ˃ʶˍʰ˒ˇˊʱ ʶ˅ʶ˂ʾˋˋʶˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʹ˄ ˎˉˈ˂ˇʽˉʹ ˉʶˊʽˇ˔ʺ όɼˇˎˍʾˍʰˌΣ ʋΦΣмффуύ. 

ʅˍʰ ˍ˃ʺ˃ʰˍʰ ʰˎˍʱ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˉʹʴʷˌ ˁʰʽ ˉʰʴʾʵʶˌ ˒ʶˊˍ˗˄ ˎ˂ʽˁ˗˄Φ 

ʃˊˇˁˏˉˍˇˎ˄ ʷˍˋʽ ʵˏˇ ʰˁˍˇ˃ʹ˔ʰ˄ʽˁʷˌ ̄ ʶˊʽˇ˔ʷˌΦ ɶ ˉˊ˗ˍʹ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ʲˇˊʶʽˈˍʶˊˇ ʱˁˊˇ 

ʷ˖ˌ ˍˇ ʰˁˊ˖ˍʺˊʽ ˍˇˎ ʊʱˊˇˎ ˖ˌ ˒ˎˋʽˁˈ ˋˍʶˊʶˈ ˈˊʽˇ ˁʰʽ ʹ ʵʶˏˍʶˊʹ ʷ˖ˌ ˍˇ ʰˁˊ˖ˍʺˊʽ ˍʹˌ 

ʃˇˏ˄ˍʰˌ ˇ˃ˇʾ˖ˌ ˖ˌ ˒ˎˋʽˁˈ ˋˍʶˊʶˈ ˈˊʽˇΦ ɶ ʵʶˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ʶˉʽ˂ʷʴʶˍʰʽ ˄ʰ ˔˖ˊʽˋˍʶʾ ʴʽʰ 

ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ ˉʰˊˇˎˋʾʰˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ˍˊʶʽˌ ʶˉʽ˃ʷˊˇˎˌ 

ˉʶˊʽˇ˔ʷˌ ˃ʶ ʲʱˋʹ ˍʰ ˁˇʽ˄ʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʶ ˁʱʻʶ ˃ʾʰ ʰˉˈ ʰˎˍʷˌ. ɶ 

ˎˉˇʵʽʰʾˊʶˋʹ ˍʹˌ ʰˁˍʺˌ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˈˋʰ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ 

ʅ̝ ʺ˃ʰ п.2. 

¶ ɶ ˉʶˊʽˇ˔ʺ м ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ɰʰʻˏ ʷ˖ˌ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʊʱˊˇˌΦ ʅˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ʵʶ˄ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ʶˁˍˈˌ ʰˉˈ 

ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰ˂ʽʶˎˍʽˁˇˏ ˁʰˍʰ˒ˎʴʾˇˎΦ  

¶ ɶ ˉʶˊʽˇ˔ʺ н ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʊʱˊˇˌ ʷ˖ˌ ˁʰʽ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʃˇˏ˄ˍʰ ˈˉˇˎ 

ʶʾ˄ʰʽ ˍˇ ˉʷˊʰˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍˊʶʽˌ ˎˉˇˉʶˊʽˇ˔ʷˌ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ ʅ˔ʺ˃ʰ пΦнΦ ɶ ˎˉˇˉʶˊʽˇ˔ʺ ɹ ̝ ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʺˉʽʶˌ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ 

ˉʰˊʶ˃ʲʱˋʶʽˌ ˃ʶ ˁˏˊʽˇ ʴ˄˗ˊʽˋ˃ʰ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˉʰˊʰ˂ʾʰˌΦ ɶ ˎˉˇˉʶˊʽˇ˔ʺ ɹɹ 

˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˉˊˇˋˍʰˍʶˎˍʽˁˇˏ ˁʰˍʰˁˈˊˎ˒ˇˎ ˍˇʽ˔ʾˇˎΣ 

ˉʰˊʰʻʰ˂ʱˋˋʽ˖˄ ˁ˂ʽ˃ʱˁ˖˄ ˁʰʽ ˁʱʻʶˍ˖˄ ˉˊˇʲˈ˂˖˄ ˉʰˊʱˁˍʽʰˌ ˉˊˇˋˍʰˋʾʰˌ ˁʰʻ˗ˌ ˁʰʽ 

ˁˊʹˉʽʵ˖˃ʱˍ˖˄ ˃ʶ ˇʽˁˇ˄ˇ˃ʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰΦ ʅˍʹ˄ ˎˉˇˉʶˊʽˇ˔ʺ ɹɹ ˋˎ˄ʰ˄ˍʱˍʰʽ ˁʰʽ ˇ 

˂ʽ˃ʶ˄ʾˋˁˇˌ ɮˎ˂ʾʵʰˌΦ ɶ ˎˉˇˉʶˊʽˇ˔ʺ ɹɹɹ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ˉʷˊʰˌ ˍˇˎ ˂ʽ˃ʷ˄ʰ ˋˍʹ 

ˉʰˊʰ˂ʾʰ ɮˎ˂ʾʵʰˌ ʷ˖ˌ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʃˇˏ˄ˍʰ ˃ʶ ˃ʽˁˊʷˌ ʰ˄ʻˊ˗ˉʽ˄ʶˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ˈˉ˖ˌ 

ˊʱ˃ˉʶˌ ʴʽʰ ˉˊˇˋʷ˂ˁˎˋʹ ˋˁʰ˒˗˄ ˁʰʽ ˉʰˊʰʻʰ˂ʱˋˋʽʶˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʻ˗ˌ ˁʰʽ ˉʰˊʱˁˍʽˇ 

ˍˇʽ˔ʾˇ ˋˍʰ ˋʹ˃ʶʾʰ ˈˉˇˎ ˇ ˉʰˊʰʻʰ˂ʱˋˋʽˇˌ ʵˊˈ˃ˇˌ ʴʶʽˍ˄ʽʱʸʶʽ ˃ʶ ˍʹ˄ ʰˁˍˇʴˊʰ˃˃ʺΦ 
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4.1 ʃʶˊʽˇ˔ʺ м 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ ʲˇˊʶʽˈˍʶˊˇ ˍ˃ʺ˃ʰ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌΦ ʆˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʶ˄ ˂ˈʴ˖ ˉʶˊʽˇ˔ʺˌ 

ʰˉˇˍʶ˂ʶʾ ʶʾˋˇʵˇ ˋˍˇ˄ ˈˊ˃ˇ ɾʶʴʱ˂ˇ ɰʰʻˏΦ ʅˍˇ ʾʵʽˇ ˋʹ˃ʶʾˇ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ʷ˔ʶʽ 

ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʰ˂ʽʶˎˍʽˁˈ ˁʰˍʰ˒ˏʴʽˇ ˍˇ ˇˉˇʾˇ ʵʽʰʻʷˍʶʽ ˉˊˇˋʺ˄ʶ˃ˇ ˁʰʽ ˎˉʺ˄ʶ˃ˇ ˃ˈ˂ˇ ˁ ʰʻ˗ˌ 

ˁʰʽ ˁˊʹˉʽʵ˗˃ʰˍʰ όɳʽˁˈ˄ʰ 4.1ύΦ ʅˍʹ ʵʽʰʵˊˇ˃ʺ ˉˊˇˌ ˍʰ ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ʰˁˍˇʴˊʰ˃˃ʺˌ ˎˉʱˊ˔ʶʽ 

ˉʰˊʰ˂ʾʰ ˃ʶ ˃ʽʰ ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˃ˈ˂ˎ˄ˋʹˌ ʰˉˈ ʰˉˇˊˊʾ˃˃ʰˍʰ όɳʽˁˈ˄ʰ пΦнύΦ ɶ ˁ˂ʾˋʹ ˍˇˎ 

ʻʰ˂ʱˋˋʽˇˎ ˉˎʻ˃ʷ˄ʰ ʶʾ˄ʰʽ ˃ʽˁˊʺ ˃ʶ ˉʰˊˇˎˋʾʰ ˂ʽʲʰʵʽ˗˄ ʰˉˈ ˒ˏˁʹ όɳʽˁ̍˄ʰ пΦсύ ʶ˄˗ ˋˍˇ 

˔ʶˊˋʰʾˇ ˍ˃ʺ˃ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰ˂ˎˁ˗˄ όɳʽˁ̍˄ʰ пΦрύΦ ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ 

ˁʰˍʰˋˁʶˎʷˌ ˇ˔ʶˍ˗˄ ʴʽʰ ˍʹ ʵʽˈʵʶˎˋʹ ˍ˖˄ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ όɳʽˁ̍˄ʰ пΦп). 

 

ɳʽˁˈ˄ʰ пΦм: ʂ˕ʹ ˍˇˎ ˉˊˇˋʺ˄ʶ˃ˇˎ ˃ˈ˂ˇˎ ̱ ˇˎ ˂ʽ˃ʶ˄ʾˋˁˇˎ ˁʰʽ ʶ˃˒ʰ˄ʺˌ ʹ ʶˉʾʵˊʰˋʹ ˍʹˌ 

ˁˎ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌ ̀ ˍʹ ʵʽʱʲˊ˖ˋʹ ˍˇˎ ˉʰˊʰ˂ʽʰˁˇˏ ˃ ʶˍ˗ˉˇˎΦ 
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ɳʽˁˈ˄ʰ пΦн: ʅˏˋˍʰˋʹ ʽʸʺ˃ʰˍˇˌΣ ʰˉˇʻʷˋʶʽˌ ʰˉˈ ˒ˏˁʹ ˁʰʽ ʶ˄ʵʶʾ˅ʶʽˌ ˊʾ˕ʹˌ ʰˉˇˊˊʽ˃˃ʱˍ˖˄ 

ɼʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˉʰˊʱˁˍʽˇˎ ˃ʶˍ˗ˉˇˎ ˁˎˊʾ˖ˌ ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ 

ˋʹ˃ʶʾʰ ˍʰ ˇˉˇʾʰ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ ʵʽʱʲˊ˖ˋʹ ˍˈˋˇ ˋˍʹ˄ ʰˁˍʺ ˈˋˇ ˁʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ˍˇˎ 

ˉʰˊʰ˂ʽʰˁˇˏ ʵˊˈ˃ˇˎ όɳʽˁˈ˄ʰ пΦо). 

 

ɳʽˁˈ˄ʰ пΦо: ʊʻˇˊʱ ˍˇˎ ˇʵˇˋˍˊ˗˃ʰˍˇˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ 



 

63 

 

 

ɳʽˁˈ˄ʰ пΦпΥ ʂ˕ʹ ˇ˔ʶˍˇˏ ˈ˃ʲˊʽ˖˄ ˎ ʵʱˍ˖˄ ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

 

ɳʽˁˈ˄ʰ пΦр: ʅ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰ˂ˎˁ˗˄ 
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ɳʽˁˈ˄ʰ пΦс: ɽʽʲʱʵʽʰ ʰˉˈ ˒ˏˁʹ 

ʅˍˇ ˔ʶˊˋʰʾˇ ˍ˃ʺ˃ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˉʷˊʽ˅ ˍˇˎ ˒ʱˊˇˎ ˍˇˎ ʃˇ˂ʶ˃ʽˁˇˏ ɿʰˎˍʽˁˇˏ ʶ˄ˍˇˉʾʸʶˍʰʽ 

ˉ˂ʱˍ˖˃ʰ ˃ʶ ʶˏˊˇˌ ʽˁʰ˄ˈ ʴʽʰ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰ˄ʰ˕ˎ˔ʺΦ ʅʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

ʰˉˇˍʶ˂ʶʾ ˁʱʻʶˍˇˌ ˉˊˈʲˇ˂ˇˌ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇˌ ˉˊˇ плʶˍʾʰˌ ˇ ˇˉˇʾˇˌ ʷ˔ʶʽ ʰˋˍˇ˔ʺˋʶʽ όɳʽˁˈ˄ʰ 

4.7). ʅˍʹ ˄ˈˍʽʰ ˉʰˊʶʽʱ ˍˇˎ ˉˊˇʲˈ˂ˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈʻʶˋʹ ʽʸʺ˃ʰˍˇˌΦ  

 

ɳʽˁˈ˄ʰ пΦт: ʂ˕ʹ ˍˇˎ ˁʱʻʶˍˇˎ ˉˊˇʲˈ˂ˇˎ ˉʷˊʽ˅ ˍˇˎ ʊʱˊˇˎΦ ɳ˃˒ʰ˄ʺˌ ʹ ʰˋˍˇ˔ʾʰ ˍʹˌ 

ˁʰˍʰˋˁʶˎʺˌ 
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4.2 ʃʶˊʽˇ˔ʺ н 

ɶ ˉʶˊʽˇ˔ʺ н ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍˊʶʽˌ ˎˉˇˉʶˊʽˇ˔ʷˌ ˃ʶ ʲʱˋʹ ˍʰ ʽʵʽʰʾˍʶˊʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ 

ˁʰʻʶ˃ʾʰˌΦ 

4.2.1 ʇˉˇˉʶˊʽˇ˔ʺ ɹ 

ɶ ˎˉˇˉʶˊʽˇ˔ʺ ɹ ʰˉˇˍʶ˂ʶʾ ˉˈ˂ˇ ʷ˂˅ʹˌ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˁˎˊʾ˖ˌ ˁʰˍʱ ˍˇˎˌ ʻʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌ 

ˁʰʻ˗ˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʰˊʰ˂ʾʰ ʰ˄ʰ˕ˎ˔ʺˌ όɳʽˁˈ˄ʰ п.8). ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʺˉʽʶˌ 

ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ ˉʰˊʶ˃ʲʱˋʶʽˌΦ 

 

ɳʽˁˈ˄ʰ пΦу: ʂ˕ʹ ˍˇˎ ˉʰˊʰ˂ʽʰˁˇˏ ˃ʶˍ˗ˉˇˎ 

4.2.2 ʇˉˇˉʶˊʽˇ˔ʺ ɹɹ 

ʁʽ ˎˉˇˉʶˊʽˇ˔ʷˌ ɹɹ ˁʰʽ ɹɹɹ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˉʽˇ ˁˊʾˋʽ˃ʹ ʷˁˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˁʰʻ˗ˌ 

ʰ˒ˇˊˇˏ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˍ˃ʺ˃ʰ ˍˇˎ ˉʰˊʱˁˍʽˇˎ ˃ʶˍ˗ˉˇˎ ˍˇˎ ɲʹ˃ˇˍʽˁˇˏ ɲʽʰ˃ʶˊʾˋ˃ʰˍˇˌ ˍʹˌ 

ɮˎ˂ʾʵʰˌ ˈˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˉ˂ʺʻˇˌ ˇʽˁˇ˄ˇ˃ʽˁ˗˄Σ ˇʽˁʽˋˍʽˁ˗˄Σ ˁʰʽ ˉˇ˂ʽˍʽˋˍʽˁ˗˄ 

ʵ́ ʰˋˍʹˊʽˇˍʺˍ˖˄Φ ʅˍʹ˄ ˎˉˇˉʶˊʽˇ˔ʺ ɹɹ ˇʽ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˉˊˇˋˍʰˍʶˎˍʽˁˇˏΣ 

ʰ˄ʰˁ˂ʰˋˍʽˁˇˏ ˍˇʽ˔ʾˇˎ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˉʰˊʱˁˍʽˇˎ ˃ʶˍ˗ˉˇˎ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ 

ˉʰˊʰ˂ʽʰˁˇˏ ʵˊˈ˃ˇˎ ˁʰʽ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ όɳʽˁˈ˄ʰ п.9ύ ɱʽʰ ˍˇ˄ ʾʵʽˇ ˂ˈʴˇ ʷ˔ʶʽ 

ʶˉʾˋʹˌ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʰˁʰ˄ˈ˄ʽˋˍˇ ˋˏˋˍʹ˃ʰ ˁʱʻʶˍ˖˄ ˉˊˇʲˈ˂˖˄Φ ɶ ˉˊˈˋʲʰˋʹ ˋˍʹ ʻʱ˂ʰˋˋʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˋˏˋˍʹ˃ʰ ˉʰˊʱˁˍʽ˖˄ ˁ˂ʽ˃ʱˁ˖˄ όɳʽˁˈ˄ʰ п.10). 
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ʈˋˍʶˊʰ ʰˉˈ ʶˉʽˍˈˉʽʰ ʰˎˍˇ˕ʾʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʰˋˍˇ˔ʽ˗˄ ˉˇˎ 

ʷ˔ˇˎ˄ ˉˊˇˁ˂ʹʻʶʾ ˋˍʹ˄ ˉʰˊʱˁˍʽʰ ʸ˗˄ʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ˎʵˊˇʵˎ˄ʰ˃ʽˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʶˉʶ˃ʲʱˋʶʽˌΣ ʷ˔ʶʽ ˉˊˇˁ˂ʹʻʶʾ ˁʰˍʱˊˊʶˎˋʹ 

ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ˉˊˇˋˍʰˍʶˎˍʽˁˇˏ ̱ ˇʽ˔ʾˇˎ όɳʽˁ̍˄ʰ пΦмм, ɳʽˁ̍˄ʰ пΦмнύ ˁʰʽ ʰˋˍˇ˔ʾʰ ˍ˃ʹ˃ʱˍ˖˄ ˍ˖˄ 

ˉˊˇʲˈ˂˖˄ όɳʽˁ̍˄ʰ пΦмо- ɳʽˁ̍˄ʰ пΦмрύΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ʶˉʾˋʹˌ ʰˉˈʻʶˋʹ ʽʸʹ˃ʱˍ˖˄ ˋˍʽˌ ˉʰˊʶʽʷˌ 

ˍˇˎˌ όɳʽˁ̍˄ʰ пΦмсύ ˁʰʻ˗ˌ ˁʰʽ ˎˉˇˋˁʰ˒ʷˌ ˋˍʹ˄ ʷʵˊʰˋʹ ˍˇˎ ˍˇʽ˔ʾˇˎ όɳʽˁ̍˄ʰ пΦмт).  

 

ɳʽˁˈ˄ʰ пΦмм: ɼʰˍʱˊˊʶˎˋʹ ˉˊˇˋˍʰˍʶˎˍʽˁˇˏ ˍˇʽ˔ʾˇˎ 
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ɳʽˁˈ˄ʰ п.17: ʇˉˇˋˁʰ˒ʷˌ ˋˍʹ˄ ʷʵˊʰˋʹ ˍˇˎ ˍˇʽ˔ʾˇˎ 
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ʅ̱ ʹ˄ ˎˉˇˉʶˊʽˇ˔ʺ ɹɹ ˎˉʱˊ˔ʶʽ ʶˉʾˋʹˌ ˃ʽˁˊˈˌ ˂ʽ˃ʷ˄ʰˌ ˉˇˎ ʵʽʰʻʷˍʶʽ ˉˊˇˋʺ˄ʶ˃ˇ ˃ˈ˂ˇ ˁʰʽ 

ˁˊʹˉʽʵ˗˃ʰˍʰ όɳʽˁ̍˄ʰ пΦнлύΦ ʆʰ ˁˊʹˉʽʵ˗˃ʰˍʰ ʴʶʽˍˇ˄ʽˁʱ ˍˇˎ ˂ʽ˃ʶ˄ʾˋˁˇˎ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ 

ˋˁˇˉˈ ˍʹ˄ ʰ˄ʰ˕ˎ˔ʺ ʰˉˈ ˍˇˎˌ ˁʰˍˇʾˁˇˎˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ (ɳʽˁ̍˄ʰ пΦмуύΦ ɮˉˈ ʶˉʽˍˈˉʽʰ ʰˎˍˇ˕ʾʰ 

ʴʽʰ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰʻʽʸʺˋʶʽˌ ˋˍʰ ˁˊʹˉʽʵ˗˃ʰˍʰ 

ˁʰʽ ˍ˃ʹ˃ʰˍʽˁʺ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎˌ όɳʽˁ̍˄ʰ пΦмф).  

 

ɳʽˁˈ˄ʰ пΦму: ɮ˅ʽˇˉˇʾʹˋʹ ˁˊʹˉʽʵ˖˃ʱˍ˖˄ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰ˄ʰ˕ˎ˔ʺ 
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ɳʽˁˈ˄ʰ пΦнл: ʂ˕ʹ ˍˇˎ ˂ʽ˃ʶ˄ˇʲˊʰ˔ʾˇ˄ʰ ˍʹˌ ɮˎ˂ʾʵʰˌ 

ɳʾ˄ʰʽ ʶ˃˒ʰ˄ʺˌ ʶˉʾˋʹˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʷ˄ˍˇ˄˖˄ ʰ˄ʶ˃ˇ˂ˇʴʽˁ˗˄ ˁʰʽ ˁˎ˃ʰˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ 

ˁˎˊʾ˖ˌ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ˊʶˎ˃ʱˍ˖˄Σ ˁˎ˃ʰˍʽˁʺ ˎˉʶˊˉʺʵʹˋʹ ̱ ˇˎ ˁʱʻʶˍˇˎ ˃ʶˍ˗ˉˇˎ ˁʰʽ ˁʰˍʱˁ˂ˎˋʹ 

ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ ˋˍˇ ˔ʶˊˋʰʾˇ ˉʰˊʱˁˍʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ˇʵˇˏ όɳʽˁ̍˄ʰ пΦнм). ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍ˖˄ 

ɳʽˁˈ˄ʰ пΦмф: ɼʰʻʾʸʹˋʹ ˁˊʹˉʽʵ˖˃ʱˍ˖˄ ˁʰʽ ˈ˕ʹ ˍˇˎ ˂ʽ˃ʶ˄ˇʲˊʰ˔ʾˇ˄ʰ ɮˎ˂ʾʵʰˌ 








































































































































































































