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                                                              ABSTRACT 

            The presence of residual subduction zone under Kuril island arc makes a region of 
Kuril ridge islands be potential seismic-danger since underwater earthquakes in subduction 
zone with magnitude  М > 6 are usually tsunamigenic. Potential strong earthquakes near the 
Kuril-Kamchatka trench passes along Kuril island, and tsunami generated by them carry a 
greater risk while passing through Bussol and Krusenstern straits for all Okhotsk seashore 
including the Sakhalin coast where now taking place a rising of infrastructure development 
connected with development an oil and gas industry. In the history, a few occasions of 
tsunami generation near the Sakhalin coast, caused by earthquakes in Kuril ridge region had 
been recorded (see, e.g. [1]).  

Such occasion taken place while strongest earthquake occurs recently near the 
Simushir island (15 November 2006). This earthquake and tsunami were predicted half of 
year before the event: while marine expedition clarified structure and size of possible 
undersea source in the area of seismic gap in Middle Kuril region. Then, the numerical 
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simulation of tsunami generation and propagation was performed using keyboard model of 
an earthquake. Since not all seismic gap area was activated, it’s interesting to perform a 
numerical modeling of potential catastrophic earthquake and tsunami in residual seismic gap 
of Middle Kuril and compare results with similar scenario of earthquake and tsunami for 
hypothetical source placed in inactive part of seismic gap.  In this paper, such modeling was 
performed based on keyboard model of tsunamigenic earthquakes [2]. Calculation was 
performed using nonlinear shallow water equations and considering bottom dissipation. 
Spectral analysis of tsunami wave field in this model gives new possibilities for 
determination of energy characteristics of tsunami in the whole modeling area. 

1. INTRODUCTION                    

Currently, there are several seismic gaps, where earthquake did not happen for a long time. 
These include Aleutian, and Shumagin seismic gaps, and residual seismic gap in the area of 
middle Kuriles. The seismic gap of the Middle Kuril Islands [3] until 30 September 2006 
was one of these "zones of silence." The hypothetical earthquake source in this area was 
determined by two Russian expeditions of the Shirshov Institute of Oceanology of the 
Russian Academy of Sciences, conducted in 2005 and 2006. This center was schematically  
represented as 8-keyboard blocks [4]. After the earthquake of September 30, 2006 and 
tsunamigenic earthquake November 15, 2006, seismic gap has been in fact halved. It is now 
possible to talk about a potential earthquake with a source, localized in the Pacific against 
the Kruzenshtern Strait, which is now presented by the remaining four blocks. Preliminary 
calculation performed before the events of 30 September and 15 November 2006 [4.5] for a 
full 8-block area of source in the middle Kuriles, has shown that the strong earthquake with 
a magnitude of more than 7.5 - 8 catastrophic tsunami on the coasts of the settlement area 
are possible. The occurred six months after these preliminary calculations of earthquake 
simulation in the area of the Kuril chain in September 30, 2017 with a magnitude of M = 
7.1, does not cause catastrophic consequences, while earthquake 15 November.2006 with 
magnitude M = 8.3 caused a tsunami that confirm the preliminary calculation [4]. As known, 
on Sakhalin Island, there are numerous mining and processing of oil, and there are numerous 
settlements. For any significant earthquake and subsequent tsunami attacking the Sakhalin 
coast an enormous damage, both human and material is possible. In this regard, we now 
discuss in detail the wave energy distribution in the Sea of Okhotsk in different variants of 
its arrival in the Pacific Ocean. To analyze the process of generation and propagation of 
tsunami waves before and after the passage of the Bussole and Kruzenshtern straits in the 
water area synthetic tide gauges at given points were placed. At the propagation of tsunami 
waves both the amplitude characteristics of the wave field and distribution of energy over 
the frequencies are determined not only by bathymetry basin, depending not only on the 
direction of propagation, but also on a form of tsunami source and its evolution during the 
formation tsunami. Numerical modeling of tsunami generation and thus the formation of his  
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Fig. 1. Location of virtual tide gauges calculated: points B1, B2 correspond to 
input and output of wave flow through Bussole strait; points 1,8,15 correspond to 

centers of considered regions of the basin; points 2-7, 9-14, 16-21 indicate location 
of computed (synthetic) tide gauges. 

source using the proposed keyboard block model of underwater seismic source [4-6] allows 
one to calculate the structure of the wave field in coastal area in more detail, which is 
important for practical applications [7]. 

2. STATEMENT OF THE PROBLEM  

To simulate potential catastrophic earthquakes with a magnitude of 8.2, two hypothetical 
earthquake sources were selected, about 230 km long and 100 km wide, located in front of 
the Bussole strait (SCENARIO 1) (Fig. 1) and the Kruzenshtern strait  (SCENARIO 2) (Fig. 
2). To estimate the wave energy directivity of the given seismic sources the synthetic tide 
gauges have been placed at the inlet and outlet passages, and in the Sea of Okhotsk, where 
they are grouped into six "point clouds". Such an arrangement of synthetic tide gauges 
allows us to keep track of what part of the wave energy is transferred from the Pacific Ocean 
to the Okhotsk Sea through the Bussole and the  Kruzenshtern straits, respectively, and how, 
for both scenarios, wave energy are distributed on the Sea of Okhotsk. Data from these 
gauges are analyzed using time-frequency analysis [8-12]. 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Fig.2. Location of virtual tide gauges: points K1,K2 correspond to input and output of wave 
flow through Kruzenshtern strait; points1,8,15 correspond to centers of considered regions of 
the basin; points 2-7, 9-14, 16-21 indicate location of computation synthetic tide gauges.  

3. MATHEMATICAL MODEL USED FOR COMPUTATION 

Simulation of the process of generation and propagation of tsunami wave was carried 
out in the framework of nonlinear shallow water equations (see, e.g. [3,4,13,14]               

"                    (1) 

where x and y are the spatial coordinates; t is the time, "  is the velocity of the particle; 
u (x, y, t),v (x, y, t) are the velocity components; η   is the water surface disturbance with 
respect to its initial level; H is the depth of the basin, В(x,y,t) is the change in the seabed 
(considering the dynamic characteristics of the seismic source); g is the gravitational 
acceleration. Here,  

( )( )⎪⎩

⎪
⎨
⎧

=−++

=⋅+⋅+

tt

t

BUBHdiv

FgradgUgradUU
!

!!!!

ηη

η

),( vuU
!

"  4
Vol 36. No. 4, page 246 (2017) 

Krusenstern strait



" ;   where "  ,   "    determine the 

bottom friction, and "  - Shezy coefficient, and sh is the roughness 

coefficient function, " describes the variation of the sea bottom in the area of the 
seismic source. The computational domain is shown in Fig.1 and Fig.2.  

Of the variety of difference schemes approximating equations (1), we chose the 
scheme proposed in [15] because of its high algorithmic versatility. The scheme is based on 
a divided difference and, in conjunction with the central difference approximation of spatial 
derivatives, simplifies the numerical implementation of boundary conditions. 
For the numerical calculations it was used bathymetric map, compiled by Svarichevsky (see, 
e.g. [16]) with section isobaths from 100 to 250 m. When knowing step by coordinates, the 
best time step for the whole area was found. The distance between adjacent nodes on the 

parallel in meters calculated from the ratio " , step at a time, in 
seconds, was obtained it turns out, on the basis of the conditions of stability of the difference 

scheme " , where "  is the absolute value of the maximum 

depth of the water area under consideration  " .  

4. RESULTS OF THE NUMERICAL SIMULATION 

In Figs.3,4, examples of realization of generation and propagation of tsunami waves for the 
two scenarios are presented. It is clearly seen that the ridge Vityaz and the Kuril Islands 
hinder the passage of the wave in the direction of the Sea of Okhotsk. In this part, the wave 
energy is reflected from the islands to the ocean, but the main part of the wave passes 
through the deep of Krusenstern and Bussole straits, which act as natural waveguides. After 
passing the Kurile chain these straits serve as two point sources being primary sources 
reradiating energy of waves. Wave fronts are generated as a function of time, speed and 
vertical position  of moving keyboard blocks on the bottom. 

           In Fig.3, results of numerical simulation of generation and propagation of tsunami 
waves, when the seismic source is located in front of the Bussole strait (Scenario 1) are 
presented. The figure shows the position of the wave fronts for the 9 time points of wave 
propagation through the Bussole strait and propagation of tsunami waves across the Sea of 
Okhotsk. On the top left panel, t = 16 min wave passes through the strait. It is clearly seen 
that the wave front has a rounded shape, which is then slightly elongated toward the  
Deriugina Trough and is directed along the Kurile basin toward Sakhalin Island and 
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Hokkaido (Japan). It should be noted that the wave propagates at a relatively high speed 
(600 km / h), due to considerable depth (3300 m) of the basin. Intensely moving to the 
south-east of Sakhalin Island, the wave front for almost 3 hours evenly spread in the waters 
to the north, in the direction of the mainland (middle panel). It is only when reaching the 
middle of Sakhalin, the wave becomes pronounced acute form (third panel). This type of 
directional pattern is associated with the consideration of the work of one source (one 
Strait). In the case where the length of the seismic source, located in the middle part of 
Kuriles, is considerably more, so that the wave passes through both straits simultaneously, 
the radiation pattern is close to isotropic. Further, it is clearly seen that the wave front 
becomes almost flat. 

 

Fig.3. Position of wave fronts for 9 time moments for scenario 1.  

Fig.4 shows results of simulation of the Scenario 2, when the seismic source is located 
in front of the of Kruzenshtern strait. The figure shows the position of the fronts of waves 
during the passage of the Kruzenshtern strait (upper panel) and return to the Sea of Okhotsk 
to 9 points in time. On the top left panel, t = 22 min wave passes through the strait, and the 
wave front passing through the Kruzenshtern strait has a distinctive acute form, and only 60 
minutes to get a flat (middle panel). 
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                                    Fig.4. Position of wave fronts for 9 time moments for scenario 2. 

5. SPECTRAL ANALYSIS 

Using the above results of simulation of the generation and propagation of tsunami 
waves in the basin it was carried out the one-dimensional and two-dimensional (wavelet) 
spectral analysis and obtained spectral characteristics of tsunami waves in the Sea of 
Okhotsk for the potential strong underwater earthquakes with sources located in the seismic 
gap of middle Kuriles before Bussol and Kruzenshtern straits. 

         To analyze the energy distribution in the Sea of Okhotsk, two approaches were used: 
amplitude logarithmic transfer functions and amplitude wavelet-spectrogram. From each tide 
gauge records there were sampled segments of a length of N = 35,000 counts (about 5 RTC) 
[11-13]. The transfer functions of the amplitude spectra demonstrate the correlation between 
the absolute values of energies (the energy in our case is a quantity proportional to the 
square of the amplitude of the wave) in the two points of observation. For each set of tide-
gauge data it was calculated spectral density of signal power received by the periodogram 
method   

                                                                                                                                                
        

                    (2)

 

 , , 

as well as the value 
                                                                                                 (3) 
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where T is the tide gauge record sampling interval,   is the signal received from a 

synthetic tide gauge,     is the number of spectral estimation segments,   is the number of 

samples in the segment ,   is the start time of observation,   is the end time of 

observation,   is the weighting function. 

The transfer functions for the points with numbers m and n are as the ratio of the spectral 
density of the signal modules in the corresponding points [12]: 

              

                        (4) 

Spectrogram is the most obvious way to understand how to change over time, the frequency 
distribution of wave energy. Amplitude spectra were calculated using a filter set based on a 
Gaussian function for different 
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 ,   for different .                                                            (5) 

200 filters  were used with same Q-factor and central frequency, linearly distributed 
from 0.1 to 8 cph. 

6. IMPLEMENTATION OF SCENARIOS I AND II 

6.1 Analysis of the implementation scenario I.  

Fig.5 shows the wave and power characteristics for the tsunami wave that came from the 
Pacific Ocean to the Bussole strait (see Fig.1, B1). Fig.5.1 shows the calculated tide gauge 
record with synthetic tide gauge located at the entrance to the strait. Built to it, using the 
formulas (2) - (5) wavelet-spectrogram is shown in Fig.5.3. The figure which clearly shows 
that the main wave energy to an entry point in the Strait is concentrated in the area of almost 
triangular in shape for the interval from 20 to 70 minutes, and the frequency in the range of 
1-4 cph, which corresponds to T ~ 15-60 min waves. The intensity is of about 50 dB. This is 
reflected on the energy curve (Fig.5.4) as a peak at a given interval. It can be seen that the 
maximum concentration of energy is typical for the time range of 20-70 min (Fig.5.2). 
Energy for the exit of the Strait (Fig.6.3) is distributed more evenly over the entire range of 
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observation, that can be well seen in the graph of wavelet-spectrogram. The highest intensity 
of the wave to 45 dB in the frequency range of 3.1 cph is observed in the range of 30 to 80  

min. In the interval of 110 to 170 min in the same frequency range 3.1 cph, less intensity of 
up to 35 dB is obtained (Fig.6.3). At the energy curve (Fig.6.4) this range corresponds to a 
region of increasing functions. One can also see that the maximum concentration of energy 
is typical for the time range T ~ 30-80 min (Fig.6.2). The peak on the energy curve (Fig.6.2) 
is in the time interval T ~ 20-50 min. Comparing the peaks of the input points in the Strait of 
(B1) (Fig.5.4) and exit the Strait (B2) (Fig.6.4) in the plot of the instantaneous power, it can 
be concluded about the time of the passage of a wave of strait T ~ 20-30 min. Relevant 
frequency range for point B2 (out of the Strait) is wider than B1 (the entrance to the Strait) is 
1.5 times that can be clearly seen from the graphs of the frequency distribution of energy 
(Fig.5.4, Fig.6.4). 

"  
Fig.5. Wave and energy characteristics of tsunami before enter to Bussol strait: (1)- tide gauge 

record, (2)- short time power for wave front, (3)- wavelet-spectrogram, (4) - estimation of spectrum 
of energy.  
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!  

Fig.6. Wave and energy characteristics of tsunami at output from the Bussol strait: 1) tide gauge 
record, (2)- short time for wave front, (3)- wavelet spectrogram, (4) - estimation of spectrum of 

energy.  

Speaking about the transfer of energy through the strait, it should be noted that the 
wave loses its energy much with the greatest loss was for long waves (up to 20 dB and a 
maximum of 7 dB on average) (see Fig.7). The attenuation for frequencies are 0.6, 2.5, 4.2, 
7.5 cph i.e., for periods of T = 100 min, 25 min, 14 min, 8 min, most intense observed 
attenuation, although local maxima at the frequencies f = 1.5, 3.5, 6.5 cph (T = 40 min, 17 
min, 6 min) are visible.  

"  
Fig.7. Logarithmic transfer function input-output for Bussol strait. 

  
6.2 Analysis of the implementation of the II scenario.  

Fig.8 and Fig.9 show the energy wave characteristics, at the entrance to the Strait of 
Kruzenshtern and after outcome the wave of the Strait. Fig.8.3 clearly shows that the 
spectrum contains three areas of signal amplification corresponding to the frequencies f ≈  

"  10
Vol 36. No. 4, page 252 (2017) 



1-3,5 cph (period T = 17-60 min). Analysis of the data shows that the amplification exists in 
range of T ~ 20-50 min, 125-175 min and 200-280 min with the greatest intensity to 45 dB. 
For the time range at the instantaneous power plot (Fig.8.2) the uniform energy distribution 
is characteristic  with a peak at around 18 min. 

"  
Fig.8. Wave and energy characteristics of tsunami before enter to Kruzenshtern strait:  

  1) tide gauge record, 2) instant power for wave front, 3) wavelet-spectrogram, 4) frequency 
characteristics of wave energy.  

In Fig.9.3 it can be clearly seen that in spectrum it is present almost permanent component 
with a frequency of f ~ 1-2 cph (during 30-60min) with an intensity of > 50 dB. As follows 
from the instantaneous power plot (Fig.9.2), under the passage of the waves through the 
Strait Kruzenshtern part of the wave energy (up 2.5 times) is also lost. In the wave train at 
outcome from the Kruzenshtern Strait the long-wavelength component prevails what is 
reflected in the characteristic form of a graph of the frequency distribution (Fig.9.4). 

"  

Fig.9. Wave and energy characteristics of tsunami after passing to Kruzenshtern strait: (1)- tide 
gauge record, (2)- short time power for wave front, (3)- wavelet-spectrogram, (4) -estimation of 

spectrum of energy 
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For Kruzenshtern Strait (Fig.10) it is clearly seen the amplification of the signal at the output 
for the low frequency range in the interval 1.5 4 cph. The transfer function quite changeable 
– in the plot there are present in the average much pronounced resonance regions, the most 
intense gain up to 15 dB is observed for frequencies of 1.5, 2.0, 4.0 cph, i.e. for periods T = 
40 min, 30 min, 15 min, although there is a local minimum at a frequency f = 0,5 cph. 

"  
Fig.10. Logarithmic transfer function input-output for Kruzenshtern strait.   

           

Consider now the propagation of wave energy in the Sea of Okhotsk and make analysis of 
the direction of its gain for Scenario 1. It can be seen that in comparison with the output of 
the Bussole strait (p.B2) component of the low-frequency waves, which came into the center 
of the "cloud 1" p.1 almost retains its energy (Fig.11.2). For the center of the "cloud II» (p.8) 
part of the low-frequency energy is transferred into the high-frequency range, while the 
center of the "cloud III»  p.15, the low-frequency component prevails again. 

!               
Fig. 11. Wavelet-spectrograms for scenario I :  1) p. B2; 2) p. 1; 3) p. 8: 4) p. 15 (see Fig. 1).   
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For a more detailed analysis of the propagation of wave energy on the Sea of Okhotsk, there 
were built transfer functions, with the smoothed cubic spline (Fig.12). Thus, Fig.12.1 shows 
the transfer functions for the points described in the wavelet-spectrograms in Fig.11. It is 
clearly seen that the attenuation of the wave energy is characteristic for the entire frequency 
range and in all directions. The lowest energy loss is for the low-frequency range up to 3.5 
cph for a direction from p.B2 to p.1 (see Fig.1). For higher frequency bands 5-6 and 6.8-7.5 
cph, i.e., duration of 10-12 min and 8-9 min, the waves with the least loss of energy, will be 
the direction of the exit of the Strait Bussol to points 8 and 15, respectively. In Figs.
12.2-12.4 there are presented transfer functions of the localization centers "point clouds" - 
gauges 1,8,15, to the points on the circle of the "cloud", where the synthetic gauges (see Fig.
1) were placed. 

"  

 Fig.12. Logarithmic transfer functions: 1) for output from Bussol strait to centers of «clouds» of 
virtual tide gauges, 2)-4) from centers of «clouds» (pp.1,8,15) to points at the circle.       

Choosing only three of the six areas, presented at the circles of "clouds" on Fig.1, connected 
with the preliminary analysis of the data of synthetic tide gauges, which allowed us to select 
the direction with the greatest intensity of wave energy. Fig.12.2 shows the transfer 
functions from the center of a "cloud I» to the pp.2,5,7; Fig.12.3 shows the transfer functions 
from the center of the "cloud II» (p.8) to pp.9,11,13 and Fig.12.4 shows the transfer 
functions from the center of the "cloud III» (p.15) to the pp.16,20,21 at the circles, in which 
the synthetic tide gauges are placed (the direction is indicated in the upper left corner of each 
block). For the "cloud I» it is characteristic a more uniform distribution of wave energy with 
a predominance in the direction of p.5 (direction to Sakhalin island). Considering the "cloud 
II», we come to the conclusion that a large part of the wave moves to the Terpeniya Gulf and 
a little less in the direction of "cloud III» (see Fig.1).  

Consider now the propagation of wave energy in the Sea of Okhotsk for Scenario 2. 
As described above, when wave come from the output of the Kruzenshtern Strait, permanent 
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component with a frequency of 1-2 cph, period (60-30 minutes) is present in its spectrum 
with an intensity of up to 50 dB. It is clearly seen that most of the wave energy is 
concentrated in the range of 30 to 200 min (Fig. 13.1). 

!  

 Fig. 13. Wavelet-spectrograms for scenario II :  1) p. K2; 2) p. 1; 3) p. 8; 4) p.5   (see Fig. 2). 

It can be seen that in comparison with the outcome of the Strait (p.K2) low-frequency 
component of the wave, which came in p.1, is concentrated only in the range of ≈ 20-80 
min, with low energy loss up to 35-40 dB (Fig. 13.2). It is clearly seen that for p.8 (Fig. 
13.3) the low-frequency energy in the interval 170-300 min are considerably weakened, and 
for the third "cloud" center of p.15 (Fig.13.4), for the low-frequency component is a some 
amplification for frequencies of 1.5-3 cph, shifted in the time interval 200-300min.  

For a more detailed analysis of the propagation of wave energy in the water area for 
Scenario II  construct transfer functions, smoothed with cubic spline. Choosing only three of 
the six areas, presented on the circles of "clouds" on Fig.2, related to the preliminary 
analysis of the data of synthetic gauges, which allowed us to select the direction with the 
greatest intensity of wave energy. Fig.14.1 shows the transfer functions from the exit of the 
Kruzenshtern strait K1 in the "clouds" centers (IV, V, VI). It is clearly seen that the general 
weakening of the signal, with the exception of the direction to "cloud I» the center, and then 
the "cloud III». It is clearly seen that the wave intensity for the direction of the "cloud III», 
significantly less than in the first two directions. 
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"  
Fig.14. Logarithmic transfer functions: 1) for output from Kruzenshtern strait to centers of  «clouds» 

of virtual tide gauges, 2)-4) from centers of «clouds» (pp.1,8,15) to points at the circle.  

This leads to the conclusion that the main flow of the wave energy is turn to on 
Sakhalin. Fig.14.2 shows the transfer functions from the center of the "cloud IV» to the pp.
2,5,7; Fig.14.3 shows the transfer functions from the center of the "cloud V» to pp.9,13,14 
and Fig.14.4 shows the transfer functions from the center of the "cloud VI» to pp.19,20,21 at 
the circles, at which synthetic tide gauges are placed (the directionis  indicated in the upper 
left corner of each block). In Fig.14.2 we can see that in the "cloud IV» gauges (see Fig.2) is 
dominated by the energy in the direction of p.5 in the frequency range up to 2.3 cph, with a 
fairly sharp turn to the islands along the Deriugina Trough. One can see almost uniform 
energy distribution from 2.3 to 3,6 cph in all three directions (to the pp.2, 5 and 7, with a 
slight increase in the intensity to 2 (in the direction of Kamchatka). 

         For cloud V» (Fig.14.3) it is well seen practically uniform energy distribution with a 
predominance of direction to p.9, which is then in this direction, it decreases significantly. 
There are clearly seen energy peaks for frequencies of 3.5 cph and 6 cph (17 min and 10 min 
waves) for directions to pp.13 and 14 (north-east Sakhalin). 

For the "cloud VI» (Fig.14.4) in the range of up to 2.2  cph (wavelength of 27 min) to the 
predominant direction of p.21 (northeast Sakhalin), a significant increase in energy towards 
the p.19 for the frequency 2 5 cph and 6  cph (24 min and 10 min wavelength) is observed. 
For a frequency of 1.8 cph (for 33 min waves) a significant decline in energy in the direction 
of p.20 (the middle of Sakhalin), then for frequencies 3-4,8 cph (20 to 12 min waves) 
uniform energy distribution for pp.19,20; for the frequency of 7.2  cph (8 min waves) a 
significant decline in energy. 

7. DISCUSSION  
Thus, the tsunami waves generation analysis of seismic sources located about Boussole 
Strait [7], as well as seismic sources other configurations (see, e.g, [17-21]), confirmed that 
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an abnormally weak manifestations of tsunami waves 15 November 2006 in Sea of Okhotsk, the 
northern and southern parts of the Pacific coasts of the islands of the Kuril island arc and the 
Japanese islands, with a strong earthquake with a magnitude of 8.3, is not a random event, but a 
natural consequence of the "work" only of one - Boussole Strait, actively extinguishing energy 
suitable to the strait waves. It also shows that at a given location of the earthquake source, the 
greatest wave heights can be achieved only in the southern part of Sakhalin Island. In the middle of 
the Sakhalin gain achieved probably due to the effect of trapped waves (cf. [22,23].  At that time, in 
the case of the location of the seismic source near the Kruzenshtern Strait, signal amplification will 
be observed for all low-frequency range, and can lead to more serious consequences on the Okhotsk 
coast of our islands, especially in the north-eastern coast of Sakhalin Island and on the Pacific Coast 
of Kamchatka and the islands of Hokkaido and Honshu (Japan).  

Fig. 15 compares the results of the presented calculations with the data of [24]. It is 
clearly seen that the direction of the energy flows from the Bussol Strait and the Krusenstern 
Strait coincides with the data of [24]. However, the direction of energy flows in more limited 
areas, where synthetic gauges are localized, differs somewhat from the data of the work 
[24]. For example, in Fig.15a, b, a turn of energy flows to Sakhalin Island is clearly seen, 
and when the wave passes through the Bussol Strait the flow goes to the middle part of 
Sakhalin, and when the wave passes through the Kruzenshtern Strait, the energy flow 
"attacks" the north-eastern part of Sakhalin Island. 

                                a)                                                                                b) 

Fig. 15. Comparison of the synthetic energy fluxes for tsunami, generated by the November 2006 
earthquake obtained in the present work with the data of the energy fluxes from the work of 

Rabinovich, et al. (2008) [24]. Red and black points indicate the location of virtual tide gauges of 
computed. The blue arrows show the direction of the propagation of energy flows from the Bussol 

Strait (a) and the Kruzenstern Strait (b). 
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8. CONCLUSION  

Thus, from the analysis above, it follows that: 
• Wave front, leaving the Boussole Strait in the Sea of Okhotsk, takes place on a broad front 
in the direction of the south-eastern tip of Sakhalin, as well as starting the movement to the 
northwest, is in the direction of the middle part of Sakhalin 
• Bussol Strait actively dampens the energy of a suitable wavelength to the strait, in the first 
place, the low-frequency part of the spectrum; 
• When comparing the graphs of transfer functions B1-B2 (input-output of the Bussole 
Strait) and K1-K2 (input-output of the Kruzenshtern Strait), the most intense attenuation for 
Boussole Strait is for frequencies of 0.6, 2.5, 4.2, 7.5 cph (signal attenuation interval); signal 
amplification intervals for Boussole Strait are slightly expressed, while as for Kruzenshtern 
Strait signal amplification was observed for all the low frequency band in the range of 10-18 
cph; 
• For Kruzenshtern Strait transfer functions are changeable enough - in the plots in the 
average a lot of distinct resonance regions is present; amplification of the signal is observed 
for all the low-frequency range; 
• for waves coming from the Kruzenshtern Strait amplification of wave energy is significant 
in the areas of the middle and north-eastern regions of Sakhalin. 
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