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The mathematical model of instability of the finite-amplitude wave in non-linear 

medium is constructed using the Lighthill equation. The interactions between modes 

of arising instability spectrum are taken into account. The correctness of the created 

mathematical model is shown. In order to make the analysing process more effective 

the special program algorithms and mathematical methods are applied. 

1.  !"#$ %&'(#)&*+# ,#-#./ / 00 #+(1#23)&'(3 

I'"@(+"1('#0#$0 $#10#"$)#F< %)'?$5+#+<(+5'1$60"%$< )+.# ) "(07'< " 

%/J$60"%+; #0.$#0;#+"1*8, @($)+7$1 % ('?)$1$8 5+7/.3-$+##F< 

#0/"1+;6$)+"10; [1] $ "+@(+)+K7'01"3 )+?J/K70#$05 J+%+)F< "@0%1(+) 

)+?5/L0#$; [1,2]. M"+JF; $#10(0" @(07"1').381 (0K$5F )+?J/K70#$3 

7+"1'1+6#+ @.+1#F< "@0%1(+) )+?5/L0#$;, (0?/.*1'1+5 %+1+(F< 5+K01 JF1* 

@+3).0#$0 ) #0.$#0;#+; "(070 +J.'"10; " '#+5'.*#+ J+.*N+; $#10#"$)#+"1*8 

)+.#+)+,+ @+.3. B.3 -0.0; 10<#$60"%+,+ #'?#'60#$3 $ $"".07+)'#$3 (0'.*#F< 

+JO0%1+) $ 3).0#$; @(07"1').301 ?#'6$10.*#F; @('%1$60"%$; $#10(0" 

+@(070.0#$0 $< <'('%10(#F< ('?50(+), 5'%"$5'.*#+; $#10#"$)#+"1$ $ 6'"1+1F 

@+3).0#$3.   6'"1#+"1$, (0?/.*1'1F '#'.$?' ('?('J'1F)'05F< 5+70.0; 5+,/1 

+%'?'1*"3 @+.0?#F @($ ('?('J+1%0 "$"105 1('#"@+(1$(+)%$ 2 P Q#0(,$$ $ 

.'?0(#+,+ $?./60#$3 ) +@1$60"%$< )+.#+)+7'< [3]. C'% $?)0"1#+ [4], )"@.0"%$ 

5+7/.3-$$ 5+,/1 $501* $#10#"$)#+"1*, #' @+(37+% @(0)+"<+73L/8 

$#10#"$)#+"1* ('"@(+"1('#38L0,+ $?./60#$3. >#+5'.*#F0 )"@.0"%$ )+.#+)+,+ 

@+.3 5+,/1 JF1* @($6$#+; ('?(/N0#$3 @+7+J#F< )+.#+)+7+) $ "@+"+J#F 

+@(070.31* Q::0%1F "'5+5+7/.3-$$ )+.#+)F< @'%01+). B(/,$5 @($50#0#$05 

5+70.$ 5+K01 JF1* @(+,#+?$(+)'#$0 @+3).0#$3 '#+5'.*#+; 5+7/.3-$$ 

)+.#+)+,+ @+.3 @($ ('"@(+"1('#0#$$ )+.# ) ('?.$6#F< #0.$#0;#F< "(07'< [5], 

) 6'"1#+"1$ #' @+)0(<#+"1$ K$7%+"1$ [6,7].    

  ('J+1'< [8,9,10,11] ('""5'1($)'.'"* @(+"1'3 5+70.* @(+-0""' ('"@'7' 

)+.#F J+.*N+; '5@.$1/7F ) @(07@+.+K0#$$ J.$?+"1$ "$"105F % @+(+,/ 

#0/"1+;6$)+"1$, <'('%10($?/8L0;"3 )F"+%$5 /(+)#05 7$""$@'-$$. B'##+0 

+,('#$60#$0 @+?)+.$.+ $"%.86$1* $? ('""5'1($)'05+; 5+70.$ )?'$5+70;"1)$0 

5+7 "@0%1(' )+?5/L0#$; ))$7/ $< 5'.+"1$ @+ "(')#0#$8 " '5@.$1/7+; 

+"#+)#+; )+.#F. I'""5+1(0#$0 @(07.+K0##+; ) [11] 5+70.$ @($ J+.00 "$.*#+5 

@(0)FN0#$$ @+(+,' #0/"1+;6$)+"1$ #'<+7$1"3 ?' ,('#$-0; 00 @($50#$5+"1$, 

1'% %'% $#10,('.*#'3 $#10#"$)#+"1* 5+7 )+?J/K7'05+,+ "@0%1(' )+?5/L0#$; 

5+K01 +%'?'1*"3 "(')#$5+; " $#10#"$)#+"1*8 +"#+)#+; )+.#F. 
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R0.*8 7'##+; ('J+1F 3).301"3 @+"1(+0#$0 $ '#'.$? /1+6#0##+; 

5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$, %+1+('3 )F70.301 +"#+)#F0 

:$?$60"%$0 Q::0%1F @($ ('"@'70 (#0/"1+;6$)+"1$) )+.# J+.*N+; '5@.$1/7F. 

A1+6#0#$0 5+70.$ @+ "(')#0#$8 " 5+70.*8, @(07.+K0##+; ) [10,11] "+"1+$1 ) 

/6010 #'$J+.00 Q::0%1$)#F< )?'$5+70;"1)$;, %+1+(F0 @(+$"<+731  50K7/ 

"$5501($6#F5$ (@+ +1#+N0#$8 % +"#+)#+;  )+.#0) 5+7'5$ "@0%1('. S1+ 

@+?)+.301 $"".07+)'1* Q::0%1F #0/"1+;6$)+"1$ @($ 5'.F< /(+)#3< 

@+,.+L0#$3, ' 1'%K0 @(+)0"1$ )0($:$%'-$8 @($)070##F< ) ('J+1'< [10,11] 

@($J.$K0#$;.  

B.3 '#'.$?' $ +@1$5$?'-$$ 5+70.$ @($50#0# (37 501+7+) 5'105'1$60"%+,+ 

5+70.$(+)'#$3 $ +JO0%1#+-+($0#1$(+)'##+,+ @(+,('55$(+)'#$3, +@$"'##F0 ) 

7'##+; ('J+10, ('?('J+1'#+ @(+,('55#+0 +J0"@060#$0, (0'.$?/8L00 @(+-0"" 

5+70.$(+)'#$3 $ ')1+5'1$?$(/8L00 @(+-0"" '#'.$?' 7'##F<, @+./60##F< ) 

@(+-0""0 )F6$".$10.*#F< Q%"@0($50#1+). 

 

2. 4&'(5&0)/0 6&-02/ 

 )0705 +J+?#'60#$3, $"@+.*?/05F0 ) ('""5'1($)'05+; 5+70.$.  

I'""5+1($5 /(')#0#$0 )+.#+)F< )+?5/L0#$; T';1<$..' [1]:  
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,70   – 70%(050#1 ?'1/<'#$3 %+.0J'#$;,  G  – )#0N#$; $"1+6#$%, 

@+770(K$)'8L$; 5+#+<(+5'1$60"%/8 )+.#/  %+#06#+; '5@.$1/7F. 

 E+ '#'.+,$$ " [10] @(07"1')$5 @+.0 %'% "/55/ J+.*N+,+ 6$".' 5+7 " 

('?#F5$ )+.#+)F5$ 6$".'5$ $ +7#+; 6'"1+1+;.  
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E E t ikx i t%" & #'       (2) 

,70 0%  – 6'"1+1', k – )+.#+)+0 6$".+, t  – #+(5$(+)'##+0 )(053, x  – 

#+(5$(+)'##'3 %++(7$#'1', exp{ }k k kE u i(" &  – %+5@.0%"#'3 '5@.$1/7' )+.#F, 

" )+.#+)F5 6$".+5 k  $ "+70(K'L'3 :'?/ k(  $ )0L0"1)0##/8 '5@.$1/7/  ku . 

E+./60#$0 7$::0(0#-$'.*#F< /(')#0#$; @(+$?)+7$1"3 @+ 501+7/, 

@($)070##+5/ ) [10], @($#$5'3 )+ )#$5'#$0 7+@+.#$10.*#F0 )?'$5+70;"1)$3 

50K7/ 5+7'5$  "@0%1(', )+.#+)F0 6$".' %+1+(F< +@(070.381"3 )F('K0#$05 

S S n nk k k k# #$ " $  $ #0 $"@+.*?/3 "$5501($6#+"1* ?'7'6$. 

U'501$5, 61+ #0+J<+7$5F5 /".+)$05 ('?)$1$3 #0/"1+;6$)+"1$ ) 

@+,.+L'8L0; "(070 3).301"3 #'.$6$0 $"1+6#$%' Q#0(,$$ G , @+770(K$)'8L0,+ 

+"#+)#/8 )+.#/. 

E(+70.') #0+J<+7$5F0 )F6$".0#$3, @+./6'05 "$"105/ /(')#0#$;, 

+@$"F)'8L/8 @(+-0"" #0/"1+;6$)+"1$ )+.#F %+#06#+; '5@.$1/7F ) 5+70.$ 

)+.#+)F< )+?5/L0#$; T';1<$..': 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 5 
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,70 0 0; 2 ; ; , [ , ]; , 0;sn s n n n n s sK k k s n N N n s( ( (#, "+ #+ + " # # " # " - # *Z  

V'6'.*#F0 /".+)$3, $"<+73 $? :$?$60"%$< "++J('K0#$;,  +@(070.381"3 

".07/8L$5$ )F('K0#$35$: 
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,70 ( *, )N uF .  – "./6';#'3 )0.$6$#', ('"@(070.0##'3 @+ #+(5'.*#+5/ ?'%+#/  " 

@'('501('5$ *u  $ . , #' %+1+(/8 #'.+K0#F +,('#$60#$3 
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#)  $ 
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MFN ; [0;2 )RF /  – "./6';#'3 )0.$6$#', (')#+50(#+ ('"@(070.0##'3 

#' +1(0?%0 [0;2 )/ . 

 +.#+)F0 6$".' nk  )FJ$('81"3 1'%$5 +J('?+5, 61+JF  

2(1 1 ) (1 1 )nK  # # 4 4 $ # ,       (5) 

+J0"@06$)'3 @($ Q1+5 /601 )"0< )+?5+K#F< 5+7 #0/"1+;6$)+"1$. 

E+.0 %+.0J'#$; )+.#+)+,+ @(+-0""', +@$"F)'8L00 5+7/.$(+)'##/8 )+.#/ 

/7+J#+ @(07"1').31* ) 7)$K/L0;"3 "+ "%+(+"1*8 )+.#F "$"1050 

%++(7$#'1 ,t5  [11]:  
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3. 7&550+()&'(3 6&-02/. 

I'""5+1($5 5+70.* (3) #' "++1)01"1)$0 +JL0@($#31F5 /".+)$35 

%+((0%1#+"1$ 5+70.0;, ' $50##+, 7+%'K05 "/L0"1)+)'#$0 $ 07$#"1)0##+"1* 

(0N0#$3, ' 1'%K0 @(+)0705 '#'.$? /"1+;6$)+"1$ 5+70.$. 

  ('J+10 [12] @+%'?'#+, 61+ ('?#+"1* '5@.$1/7 5+7 " "$5501($6#F5$ 

$#70%"'5$, )+.#+)F0 6$".' %+1+(F< /7+).01)+(381 /".+)$8 (5), 

Q%"@+#0#-$'.*#+ "1(05$1"3 % #/.8, @($605 $< "/55' @($ Q1+5 ('"101. W? 60,+ 

".07/01, 61+ 6'"1#+0 '5@.$1/7 "$5501($6#F< 5+7, @($"/1"1)/8L00 ) 601)0(1+5 

/(')#0#$$ "$"105F (3) "1'#+)$1"3 (')#F5 07$#$-0, 61+ @+71)0(K7'01"3 

5#+,+%('1#F5 6$".0##F5 Q%"@0($50#1+5, @(+)070##F5 " ('?.$6#F5$ 

#'6'.*#F5$ ?#'60#$35$ '5@.$1/7 5+7.  

B.3 7+%'?'10.*"1)' "/L0"1)+)'#$3 (0N0#$3 @+%'K05, 61+ "$"105' (3) 

/7+).01)+(301 /".+)$35 10+(05F 2.6 [13]  ("/L0"1)+)'#$3).  
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7.3 .8J+,+ [ , ]n N N0 - #Z . M60)$7#+, 61+ +"1'.*#F0 :/#%-$$, "1+3L$0 ) 

@(')+; 6'"1$ /(')#0#$; "$"105F (3) #0@(0(F)#F )50"10 "+ ")+$5$ 6'"1#F5$ 

@(+$?)+7#F5$ @+ )"05 @0(050##F5 "$"105F. 2+,.'"#+ 10+(050 2.6 [13] "$"105' 

(3) $5001 (0N0#$0 $ +#+ 07$#"1)0##+ ) +J.'"1$ 2 3N $
R   

 

4. 89./'2/(023)9: ;+'%05/60)(. 

4+70.* (3) @(07"1').301 "+J+; "$"105/ $? 2 2N $  7$::0(0#-$'.*#F< 

/(')#0#$; @0()+,+ @+(37%', %+1+('3 5+K01 JF1* (0N0#' 501+7+5 I/#,0-C/11'.  

 
7('.1.  8*0/*'(&*%'0# '9/$0"! */.'0%):(&%'0( 9"( "!5,(:*%1  

$%,(:/'0&/ '0/9/*/) '&%;%<- 

 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 7 

E(+)0(%' /"1+;6$)+"1$ )F6$".$10.*#+,+ '.,+($15' 5+K01 JF1* @(+)070#' 

@/105 "(')#0#$3 $#10,('.*#F< @+%'?'10.0; (0N0#$3 @($ ('?.$6#F< #'6'.*#F< 

/".+)$3< [14]. V' ($". 1 @($)070#F ?#'60#$3 $#10#"$)#+"1$ 5+7 )+?J/K7'05+,+ 

"@0%1(' @($ ('?.$6#+5 %+.$60"1)0 "10@0#0; ")+J+7F. 

W? ($". 1 )$7#+, 61+ (0N0#$0 ".'J+ 50#301"3 @($ $?50#0#$$ #'6'.*#F< 

7'##F<. >#'.+,$6#'3 %'(1$#' #'J.87'01"3 @($ 5'.+5 $?50#0#$$ @'('501('  . 

E($ Q1+5 5+K#+ 70%.'($(+)'1* /"1+;6$)+"1$ "$"105F (3), @+%'?'##/8 ) 

(0?/.*1'10 5#+,+%('1#+,+ 6$".0##+,+ Q%"@0($50#1'. 

P'"1$6#/8 @(+)0(%/ 5+70.$ #' '70%)'1#+"1* 5+K#+ )F@+.#$1*, @(+)0($) 

+60)$7#F0 @(070.*#F0 "./6'$. Y'%, #'@($50(, $? :$?$60"%+; $#10(@(01'-$$ 

5+70.$ $ 10+(01$60"%$< ('""/K70#$; ".07/01, 61+ @($ +1%.860#$$ )#0N#0,+ 

$"1+6#$%' Q#0(,$$ @(+-0"" " #0#/.0)F5 @+,.+L0#$05 Q#0(,$$ 7+.K0# /,'"#/1*. 

V' ($". 2, @($)070# ,(':$% "/55'(#+; $#10#"$)#+"1$ )"0; "1(/%1/(F +1 

)(050#$, @+./60##F; ) (0?/.*1'10 Q%"@0($50#1', )+ )(053 %+1+(+,+ )#0N#$; 

$"1+6#$% JF. +1%.860# ( : 0G " ) #' )(050#$ 406 " . C'% )$7#+ $? $..8"1('-$$, 

@+".0 +1%.860#$3 )#0N#0,+ $"1+6#$%', "/55'(#'3 $#10#"$)#+"1* /"1(05.301"3 

% #/.8, 61+ "+,.'"/01"3 " +K$7'#$35$. 

 
7('. 2.8*0/="!,#*-) 9%$!5!0/,# (*0/*'(&*%'0( '('0/1-  

' %0$,>:/**-1 &*/?*(1 ('0%:*($%1 & 0%:$/ t=40 

 

 1+(F5 @(070.*#F5 "./6'05 5+K01 "./K$1* $"%.860#$0 @($1+%' $ +11+%' 

Q#0(,$$. E($ Q1+5 ('""5'1($)'05'3 +1%(F1'3 "$"105' "1'#01 %+#"0()'1$)#+;, ', 

".07+)'10.*#+, 00 )#/1(0##33 Q#0(,$3 +J3?'#' +"1')'1*"3 #0$?50##+;, <+13 

@0(0('"@(070.0#$0 Q#0(,$$ 50K7/ "1(/%1/('5$ 5+K01 $501* 50"1+. V' ($". 3 

%($)F5$ @+%'?'#' +JL'3 $#10#"$)#+"1*, $#10#"$)#+"1* +"#+)#+; )+.#F $ 

$#10#"$)#+"1* "@0%1('. E($ 406 "  JF.+ @(+$?)070#+ +1%.860#$0 )#0N#0; 

#'%'6%$ +7#+)(050##+ " +1%.860#$05 )#/1(0##0,+ @+,.+L0#$3. W? 

$..8"1('-$$ )$7#+, 61+ "/55'(#'3 Q#0(,$3 +"1'.'"* #0$?50##+;.    1+K0 )(053 

#'J.87'01"3 @0(0('"@(070.0#$0 Q#0(,$$ +1 +"#+)#+; )+.#F, .$)N0;"3 

Q#0(,01$60"%+; @+770(K%$, % Q#0(,$$ "@0%1(' @+J+6#F< %+.0J'#$;. 

E($)070##+0 #'J.870#$0 ,+)+($1 + #0@(+1$)+(06$)+"1$ 5+70.$ ?'%+#/ 

"+<('#0#$3 Q#0(,$$, %+1+(F; 3).301"3 $#10,('.+5 "$"105F. U'501$5, 61+ 
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7'##F; @(070.*#F; "./6'; 3).301"3 $70'.$?$(+)'##F5 $ "./K$1 7.3 @(+)0(%$ 

5'105'1$60"%$< )F%.'7+%.  

 
7('. 3. @%A"!*/*(/ &*.0"/**/) B*/"=(( '('0/1- 9"(  %0$,>:/*(( 

 &*/?*/=% ('0%:*($! B*/"=(( ( 9%=,%C/*(D '"/<- & 1%1/*0 &"/1/*( t=40. 

 

A6$1F)'3, 61+ #'6'.*#F0 /".+)$3 "$"105F ?'7'#F ) )$70 "./6';#F< 

)0.$6$#, 7.3 Q::0%1$)#+,+ $"".07+)'#$3 5+70.$(/05+,+ @(+-0""' #0+J<+7$5 

(0@(0?0#1'1$)#F; +JO05 "1'1$"1$60"%$< 7'##F<, 61+ ) ")+8 +60(07* ")3?'#+ " 

5#+,+%('1#F5 @+)1+(0#$05 )F6$".0#$;.   7'##F< /".+)$3< )+@(+" +J 

Q::0%1$)#+"1$ @(+-0""' )F6$".0#$; "1'#+)$1"3 105 '%1/'.*#00, 605 J+.*N00 

%+.$60"1)+ /(')#0#$; ?'70;"1)+)'#+ ) "$"1050.  ".07"1)$0 /601' 

)?'$5+70;"1)$3 5+7 )+?J/K7'05+,+ "@0%1(' 7(/, " 7(/,+5, «)F6$".$10.*#'3 

"1+$5+"1*» (@+#$5'05'3 %'% %+.$60"1)+ Q.050#1'(#F< 5'105'1$60"%$< 

+@0('-$;, %+1+(F0 #0+J<+7$5+ )F@+.#$1*) 7'##+; 5+70.$ ('"101 %'% %)'7('1 

6$".' 5+7. Y'%, #'@($50(, %+.$60"1)+ /5#+K0#$; )0L0"1)0##F< 6$"0. 

"+"1').301 @+(37%' 28N  #' %'K7+5 N',0 5+70.$(+)'#$3. 2 -0.*8 /50#*N0#$3 

)(050#$, ?'1('6$)'05+,+ #' @(+)070#$0 +7#+,+ Q%"@0($50#1', JF. @($50#0# $ 

@(+)0(0# 501+7 $"%.860#$3 #0'%1$)#F< 5+7, @+7(+J#+ +@$"'##F; ) [10]. 

 

5. <*(&6#(/,#=/$ %5&=0''# %&21.0)/$ '(#(/'(/.0'+/> -#))9> 

E+./60#$0 7+"1'1+6#+,+ %+.$60"1)' "1'1$"1$60"%$< 7'##F< @($ )'($'-$$ 

@'('501(+) ")3?'#+ " 5#+,+%('1#F5 @+)1+(0#$05 )F6$".$10.*#+,+ 

Q%"@0($50#1'. B.3 ')1+5'1$?'-$$ 7'##+,+ @(+-0""' JF.' @+"1').0#' ?'7'6' 

('?('J+1%$ '.,+($15' 7.3 ')1+5'1$60"%+,+ "J+(' 7'##F<, @+?)+.38L0,+ .0,%+ 

+"/L0"1).31* #'J+( 7'##F< ) "./6'0 5#+,+%('1#+ @+)1+(38L$<"3 

Q%"@0($50#1+) $.$ "0($; $? 5#+,+%('1#+ @+)1+(38L$<"3 Q%"@0($50#1+).  

B.3 (0N0#$3 @+"1').0##+; ?'7'6$ JF. "@(+0%1$(+)'# N'J.+# 5+7/.3 "J+(' 

"1'1$"1$%$ ) )$70 J'?+)+,+ %.'""' TCustomStatCollector, @(07+"1').38L0,+ 

#'J+( )$(1/'.*#F< 501+7+) 7.3 )?'$5+70;"1)$3 50K7/ 5+7/.05 "J+(' 

"1'1$"1$%$ $ )F6$".$10.*#F5 5+7/.05 $ #'J+( #0+J<+7$5F< @+.0;-/%'?'10.0; 

7.3 7+"1/@' % 7'##F5 )F6$".$10.*#+,+ 5+7/.3. H'?+)F5 %.'""+5 1'%K0 

@(07+"1').381"3 1'%$0 +JL$0 501+7F %'%: Q%"@+(1 @+./60##+; $#:+(5'-$$ ) 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 9 

+JL0@($#31F0 :+(5'1F (.xls, .csv), )#/1(0##00 )(050##+0 <('#$.$L0 7'##F< $ 

+JL$0 501+7F ('J+1F " #$5.  $(1/'.*#F0 501+7F $5081 (0'.$?'-$8 ) J'?+)+5 

%.'""0 ) )$70 «?',./N0%» 7.3 @(07+1)('L0#$3 "J+0) @($ +1"/1"1)$$ (0'.$?'-$$ 

501+7' ) %.'""0-@+1+5%0. B$',('55' J'?+)+,+ %.'""' @(07"1').0#' #' ($". 4. 

C.'"" "J+(' $/$.$ +J('J+1%$ 7'##F<, +J3?'# 3).31*"3 @+1+5%+5 J'?+)+,+ 

%.'""', $ 5+K01 @0(0%(F)'1* #0+J<+7$5F0 05/ :/#%-$$ J'?+)+,+ %.'""', 7.3 

(0'.$?'-$$ #0+J<+7$5+; @(+,('55#+; .+,$%$ "J+(' 7'##F<. MJO0%1 "J+(' 

$5001 @+.#F; 7+"1/@ % 7'##F5 )F6$".$10.*#+,+ 5+7/.3 @+"(07"1)+5 ""F.+% #' 

'7(0"' 7'##F<. A"1'#+)%' ?#'60#$; /%'?'10.0; @(+$?)+7$1"3 )F6$".$10.*#F5 

5+7/.05 @($ "+?7'#$$ Q%?05@.3(' %.'""'. Y'%+; @+7<+7 @(07+"1').301 

+J('J+16$%/ )+?5+K#+"1* %+#1(+.$(+)'1* $ @($ #0+J<+7$5+"1$ $?50#31* 

@'('501(F )F6$".0#$;, )#+"$1* @+@(')%$ % 7'##F5 $.$, #'@($50(, )#+"$1* 

N/5+)F0 Q::0%1F. I$"%, ")3?'##F; " @(07+"1').0#$05 @+.#+,+ 7+"1/@' % 

7'##F5 +@(')7F)'01"3 +1%(F)'8L$5$"3 @($ Q1+5 )+?5+K#+"135$ $ 7+.K0# 

JF1* @($#31 )+ )#$5'#$0 ('?('J+16$%+5.  

  1+5 "./6'0, 0".$ ) "<050 +J('J+1%$ #01 #0+J<+7$5+"1$ $?50#0#$3 

)F6$".$10.*#F< 7'##F<, ('?('J+16$% 5+K01 #'".07+)'1* ")+; %.'"" +1 %.'""' 

TProtectedCustomStatCollector, %+1+(F; 3).301"3 @+1+5%+5 J'?+)+,+ %.'""'.   

7'##+5 %.'""0 (0'.$?+)'#' $#%'@"/.3-$3 )F6$".$10.*#F< 7'##F< $ 

@(07+"1').0#F 501+7F 7.3 7+"1/@' % #$5 ) (0K$50 «1+.*%+ 610#$0» S1+1 

@+7<+7 3).301"3 J+.00 ?'L$L0##F5, +7#'%+ #0+J<+7$5+ @($#31* )+ )#$5'#$0, 

61+ @($ J+.*N+5 %+.$60"1)0 +J('L0#$; % $"<+7#F5 7'##F5 )F?+) 501+7+) 

5+K01 @+).$31* #' "%+(+"1* +J('J+1%$. 

 
7('.4. @0".$0."! ;!5%&%=% $,!''! ';%"! '0!0('0($(.  

 



10 G.  . H0.%$#  

 ?'$5+70;"1)$0 )F6$".$10.*#+,+ 5+7/.3 " +JO0%1+5 %+#%(01#+,+ %.'""' 

"J+(' 7'##F< +"/L0"1).301"3 @/105 )F?+)' #' +@(070.0##F< Q1'@'< 

5+70.$(+)'#$3 501+7+) J'?+)+,+ %.'""', "++1)01"1)/8L$< 7'##+5/ Q1'@/. 

 ".07"1)$0 )$(1/'.*#+"1$ 501+7+) J'?+)+,+ %.'""' J/701 )F?)'# 501+7 %.'""'-

@+1+5%', 0".$ ) #05 JF.+ (0'.$?+)'#+ @0(0%(F1$0.  

H'?+)F; %.'"" 1'%K0 @(07+"1').301 /@(').38L/8 "1(/%1/(/, @+"(07"1)+5 

%+1+(+; +@(070.301"3 #'J+( 501+7+), ?'70;"1)+)'##F< ) %+#%(01#+; (0'.$?'-$$ 

%.'""'-@+1+5%'. 21(/%1/(' "+?7'#' " -0.*8 $"%.860#$3 #0#/K#F< )F?+)+) 

)$(1/'.*#F< 501+7+), @+"%+.*%/ %'K7F; 1'%+; )F?+) ?'#$5'01 )(053. 

21(/%1/(' 7+.K#' JF1* ?'@+.#0#' @($ "+?7'#$$ Q%?05@.3(' %.'""'. E+ 

/5+.6'#$8 )"0 )F?+)F +1%.860#F.   1+5 "./6'0, 0".$ ('?('J+16$% @+ %'%+;-

.$J+ @($6$#0 ?'70;"1)/01 501+7, %+1+(F; #0 J/701 (0'.$?+)'# ) 7'##+5 %.'""0, 

) "++1)01"1)$$ " @(')$.'5$ @+.$5+(:$?5' J/701 )F?)'# 501+7 %.'""'-@(07%' 

)@.+1* 7+ J'?+)+,+ %.'""'.  

W"@+.*?+)'#$0 @(07.+K0##+,+ %.'""' @+?)+.301 ('?('J'1F)'1* #+)F0 

5+7/.$ +J('J+1%$ 7'##F<, #0 (0'.$?+)F)'3 @($ Q1+5 50<'#$?5 ")3?$ " 

'.,+($15+5 ('"601+), 1'% %'% Q1$ 50<'#$?5F @(07+"1').381"3 %.'""+5. Y05 

"'5F5 "#$K'81"3 1(/7+?'1('1F #' (0'.$?'-$8 #+)F< 5+7/.0;. 

C 1'%$5 5+7/.35 5+K#+ +1#0"1$, #'@($50(, 5+7/.* @+$"%' $ %.'""$:$%'-$$ 

)"@.0"%+) @+.3, %+1+(F;, +@0($(/3 J+.*N$5 +JO05+5 $"<+7#F< 7'##F<, ) 

(0?/.*1'10 @($50#0#$3 )"1(+0##F< '.,+($15+) )F7'01 #' )F<+70 @(+"1/8 

"1'1$"1$60"%/8 $#:+(5'-$8 + #';70##F< )"@.0"%'<.  

M@$"'##'3 "<05' 1'%K0 7'01 )+?5+K#+"1* ')1+5'1$?$(+)'1* 5#+,+%('1#+0 

@+)1+(0#$0 Q%"@0($50#1+) " -0.*8 #'J+(' "1'1$"1$%$, ")073 % 5$#$5/5/ 

)50N'10.*"1)+ $"".07+)'10.3 ) @(+-0"". 

 

6. <*(&6#(/,#=/$ &!)#51?0)/$ #)&6#23)9> *'%20'+&* 

I0?/.*1'1+5 ('?)$1$3 "@0%1(' #0/"1+;6$)+"1$ 3).301"3 5+7/.3-$3 @+.3 

+"#+)#+; )+.#F, @($ %+1+(+5 ) #0%+1+(F< "./6'3< 5+,/1 #'J.87'1*"3 )"@.0"%$ 

'#+5'.*#+; '5@.$1/7F. B.3 Q::0%1$)#+,+ $?/60#$3 )+?5+K#F< @($6$# 

3).0#$3 #0+J<+7$5+ @+./6$1* "1'1$"1$60"%+0 ('"@(070.0#$0 '5@.$1/7 

5'%"$5'.*#F< )"@.0"%+) @+.3. 

B.3 Q::0%1$)#+,+ @+$"%' $ .+%'.$?'-$$ 5'%"$5'.*#+,+ )"@.0"%' @+.3 

@(07.','01"3 7)/<Q1'@#F; 501+7 '#'.$?' ('"601#F< 7'##F<. V' @0()+5 Q1'@0 

@($ @+5+L$ ('"601#F< :+(5/. $ "(')#$)'8L$< '.,+($15+) +1F"%$)'01"3 

)+?5+K#'3 +J.'"1* .+%'.$?'-$$ )"@.0"%'. V' )1+(+5 – @(+)0(381"3 /?%$0 

+J.'"1$ @+.3, %+1+(F0 JF.$ +@(070.0#F #' @0()+5 Q1'@0, #' @(07501 #'.$6$3 ) 

#$< )"@.0"%+), ' 1'%K0 $?50(0#$0 ('?5'<' '5@.$1/7F #';70##F< Q::0%1+). 

E0()F; Q1'@ (0'.$?+)'# $"<+73 $? @(07@+.+K0#$3 + 1+5, 61+ )"@.0"%$ 5+,/1 

#'J.87'1*"3 ) 50"10 "+)@'70#$3 :'?F 7)/< $ J+.*N0 5+7 $508L$< ?#'6$5/8 

'5@.$1/7/. U#'6$5'3 '5@.$1/7' @+#$5'01"3 %'% '5@.$1/7', @(0)FN'8L'3 

"(07#00 #'6'.*#+0 ?#'60#$0 *u  J+.00 605 ) 2 ('?'. X'?' n-+; 5+7F n7  ) 

7)$K/L0;"3 "$"1050 %++(7$#'1 ( ,t5 ) +@(070.301"3 ".07/8L$5 )F('K0#$05:  

0 0[( ) 2 ]n n n nK K k t7 5 ( (" # $ # # &        (8) 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 11 

Y+,7', @($#$5'3 )+ )#$5'#$0 /".+)$3 "+)@'70#$3 7)/< :'? 1 27 7" , @+./6'05 

1+6%/ "+)@'70#$3 1,25  

2 1 0 1 2
1,2

2 1

( ) 2 ( )k t K K

K K

( (
5

# $ #
"

#
      (9) 

V' +"#+)'#$$ )F('K0#$3 (9) @+./6'05 1+6%$ "+)@'70#$3 7.3 )"0< @'( 

?#'6$5F< 5+7.  

 1+(+; Q1'@ +"#+)F)'01"3 #' J+.00 1L'10.*#+5 '#'.$?0 +J.'"1$ )+?5+K#+; 

.+%'.$?'-$$. B.3 Q1+,+ ('""5'1($)'81"3 $#10()'.F , ,

0 0

2 2
[ ; ]m n m n

k k

/ /
5 5# $  $ " 

5'.F5 N',+5 
0

2
100

k

/
58 4 , +J0"@06$)'8L$5 '#'.$? 100 1+60% ) +J.'"1$ +7#+; 

7.$#F )+.#F (61+ 3).301"3 7+"1'1+6#F5 7.3 +@(070.0#$3 @+.+K0#$3 @$%' ) 

7'##+; ?'7'60), ('""6$1F)'81"3 ?#'60#$3 )+.#+)+,+ @+.3 (6) ) ?'7'##+5 

$#10()'.0. E+./60##F0 ?#'60#$3 ('?5'<' '5@.$1/7F "(')#$)'81"3 " 

@(07F7/L$5$ 5'%"$5'.*#F5$ ?#'60#$35$.   "./6'0 0".$ #';70##F; )"@.0"% 

3).301"3 5'%"$5'.*#F5 @+ Q%"@0($50#1/ $.$ @+ "0($$ Q%"@0($50#1+), /".+)$3, 

@($ %+1+(F< +# JF. @+./60#, "+<('#381"3, +J0"@06$)'3 105 "'5F5 

)+?5+K#+"1* $"".07+)'10.8 )$?/'.$?$(+)'1* @+.0 ) +%(0"1#+"1$ )"@.0"%'. 

B'##F5 5+7/.05 @'('..0.*#+ )0701"3 "1'1$"1$%' 6'"1+1 @+3).0#$3 )"@.0"%+) 

+@(070.0##+; '5@.$1/7F.  

 )$7/ +1#+"$10.*#+; ".+K#+"1$ )F6$".0#$3 )F('K0#$3 (6) 7)/<Q1'@#F; 

501+7 @(07"1').301 "/L0"1)0##F; )F$,(FN ) "%+(+"1$ @+ "(')#0#$8 " @(35F5 

@+N',+)F5 '#'.$?+5 @+.3, +"+J0##+ ) "./6'0 J+.*N+,+ 6$".' "10@0#0; ")+J+7F 

N . Y'%, '#'.$? @+.3 @/105 @+.#+,+ @+1+606#+,+ )F6$".0#$3 $ "(')#0#$3 

?#'60#$; :/#%-$$ (6) ) "./6'0 100N "  ?'#$5'01 0.08 "0%/#7, 1+,7' %'% 

@($50#0#$0 7)/<Q1'@#+,+ 501+7' @+?)+.301 )F@+.#$1* 1'%+; K0 '#'.$?, 

$"@+.*?/3 10 K0 )F6$".$10.*#F0 "(07"1)' ?' 0.0017 "0%/#7, 61+ +J0"@06$)'01 

)F$,(FN ) "%+(+"1$ J+.00 605 ) 40 ('?. HF.+ @(+)070#+ 50 Q%"@0($50#1+), @($ 

%+1+(F< "(')#$)'.$"* (0?/.*1'1F @+1+606#+,+ 501+7' $ )FN0+@$"'##+,+ 

7)/<Q1'@#+,+ 501+7'. E+./60##F0 1+6%$ 5'%"$5'.*#F< )"@.0"%+) @+.3 (6) 

"+)@'7'.$ " 1+6#+"1*8 7+ 4 58  ) 100% "./6'0), 61+ ,+)+($1 + @($50#$5+"1$ 

7)/<Q1'@#+,+ 501+7' 7.3 ?'7'6$ @+$"%' )"@.0"%+) ) 5+70.$(+)'#$$ 

5+7/.3-$+##+; #0/"1+;6$)+"1$ 

A"%+(0#$0 @(+-0""' '#'.$?' @+?)+.$.+ @(+$?)+7$1* @+$"% )"@.0"%+) )+ 

)(053 5+70.$(+)'#$3, )F?F)'3 @(+-07/(/ 60(0? ?'7'##+0 %+.$60"1)+ 

)(050##F< N',+). P'"1+1' )F?+)' ?')$"$1 +1 #0+J<+7$5+; 1+6#+"1$ @+$"%'. 

W"@+.*?+)'#$0 ('?('J+1'##+,+ 501+7' @+?)+.$.+ ?':$%"$(+)'1* Q::0%1, 

@(07"1').0##F; #$K0 #' ($". 6. 

 

7. @0,123(#(9 6&-02/5&*#)/$, )#!2A-#0690 ;BB0+(9  

V' ($". 5 @($)070#F 7)0 @'(F %($)F<, $..8"1($(/8L$< @+)070#$0 

$#10#"$)#+"1$ )+?J/K70##+,+ "@0%1(' ) ('?#F< 5+70.3< (" /601+5 

)?'$5+70;"1)$3 5+7 "@0%1(' #0/"1+;6$)+"1$ $ J0? #0,+) 7.3 7)/< ?#'60#$; 

0.9 " (#$K#33 @'(') $ 0.4 " ()0(<#33 @'(') 



12 G.  . H0.%$#  

W? ,(':$%' )$7#+, 61+ @($ ".'J+5 @(0)FN0#$$ @+(+,' #0/"1+;6$)+"1$ 

( 0.9 " ) ) /".+K#0##+; 5+70.$ #0 #'J.87'01"3 %'60"1)0##F< $?50#0#$; ) 

@+)070#$3 @(+-0""' ("@.+N#'3 %($)'3), @+ "(')#0#$8 " /@(+L0##+; 5+70.*8 

(@/#%1$(#'3 %($)'3). B'##+0 #'J.870#$0 @+71)0(K7'01 %+((0%1#+"1* 

@($50#0##F< ) /@(+L0##+; 5+70.$ @($J.$K0#$;.  

  +J.'"1$ ?'501#+,+ @(0)FN0#$3 @+(+,' #0/"1+;6$)+"1$ ( 0.4 " ), 

/".+K#0##'3 5+70.* @+?)+.301 )$701* %'60"1)0##+ #+)F0 Q::0%1F @+ 

"(')#0#$8 " /@(+L0##+; 5+70.*8, ,('#$-0; @($50#$5+"1$ %+1+(+; 

70%.'($(+)'.+"* ?#'60#$0 0.8 ) . W? @+./60##+,+ (0?/.*1'1' )$7#+, 61+ 7.3 

%+((0%1#+,+ $?/60#$3 @+)070#$3 @(+-0""' @($ ?#'6$10.*#+5 @(0)FN0#$$ 

@+(+,' #0/"1+;6$)+"1$ #0+J<+7$5+ /6$1F)'1* )?'$5+70;"1)$3 5+7 

)+?J/K70##+,+ "@0%1('. 

 
7('. 5. @"!&*/*(/ "/5.,#0!0%& 1%</,("%&!*(D ' .:/0%1 &5!(1%</)'0&(D  

1%< '9/$0"! ( ;/5 0!$%&%=% <,D <&.A "!5,(:*-A 5*!:/*() 9!"!1/0"!  . 

 

B.3 ('""5+1(0#$3 @+.3 %+.0J'#$; )+.#+)+,+ @(+-0""' )+"@+.*?/05"3 

)F('K0#$05 (6).  

E($ 5#+,+%('1#+5 5+70.$(+)'#$$ @(+-0""' JF.+ +15060#+, 61+ #' 

#'6'.*#+; "1'7$$ ('?)$1+; 5+7/.3-$+##+; #0/"1+;6$)+"1$ )+?5+K#+ 

@+3).0#$0 ?#'6$10.*#F< )"@.0"%+) '5@.$1/7F +"#+)#+; )+.#F (($"  6).  

E'('501(F )F6$".0#$;: 100N " , 0.4 " , 0.4g " , 6.576 " . 4'%"$5'.*#F; 

('?5'< '5@.$1/7F )+.#F 3.8maxE8 9 , "(07#00 ?#'60#$0 ('?5'<' ) +%(0"1#+"1$ 

5'%"$5'.*#+,+ )"@.0"%' 1.4averE8 9 . M1#+N0#$0 2,71max

aver

E

E

8
9

8
. 

 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 13 

 
7('. 6. 2'9,/'$ &%,*%&%=% 9%,D, :(',/**-) B$'9/"(1/*0  

 

 
7('. 7.  E*%1!,#*!D !19,(0.<! &%,*- & %$/!*/ (5!F($'("%&!*! '9.0*($%1 ESR-2, 

20.08.1996, 22:51:17) [15] 

 

 
7('. 8. 2"/1/**!D '/"(D $%,/;!*() ."%&*D %$/!*!, 9%,.:/**!D '  ,!5/"*-A  

<!0:($%& $%19,/$'! Ekofisk (25.10.1998, 15:40-17:40) [16] 

 



14 G.  . H0.%$#  

V' ($". 7, 8 @(07"1').0#F 7'##F0, +@/J.$%+)'##F0 ) ('5%'< +1601+)  

@(+0%1' MaxWave [15,16].  F6$".$10.*#F; Q%"@0($50#1 @+%'?F)'01 

)+?5+K#+"1* :+(5$(+)'#$3 '#+5'.*#F< )"@.0"%+) @(0)FN'8L$< +JL$; 

)+.#+)+; :+# J+.00 605 ) 2.5 ('?'. 2<+7#F0 +1#+N0#$3 5'%"$5'.*#+; 

'5@.$1/7F % "(07#05/ ?#'60#$8 '5@.$1/7F #'J.87'81"3 ) ,(':$%'< @+%'?'#$; 

7'16$%+), :$%"$(/8L$< /(+)0#* +%0'#' ) +J.'"1$. V' +"#+)'#$$ Q1+,+ "<+7"1)' 

5+K#+ )F7)$#/1* ,$@+10?/, + 1+5, 61+ :$?$60"%$0 @(+-0""F, @+.+K0##F0 ) 

+"#+)/ ('""5'1($)'05+; 5+70.$ 5+,/1 JF1* ) +@(070.0##+; 50(0 +1)01"1)0##F 

?' '#+5'.*#F0 )"@.0"%$ )+.#+)+,+ @+.3, %+1+(F0 #'J.87'81"3 ) (0'.*#F< 

:$?$60"%$< "$"105'<. 

 

8. 89*&-9 

E+"1(+0#' 5'105'1$60"%'3 5+70.* #0/"1+;6$)+"1$ )+.#F %+#06#+; 

'5@.$1/7F, /6$1F)'8L'3 )?'$5+70;"1)$3 50K7/ 5+7'5$ "@0%1(' 

#0/"1+;6$)+"1$. E(+)070# '#'.$? @+./60##+; 5+70.$, %+1+(F; @+%'?'. 00 

'70%)'1#+"1* $ #0@(+1$)+(06$)+"1* +"#+)#F5 :$?$60"%$5 ?'%+#'5. 

I'?('J+1'#F $ @($50#0#F "@0-$'.*#F0 '.,+($15$60"%$0 $ @(+,('55#F0 

(0N0#$3, /6$1F)'8L$0 +"+J0##+"1$ 7'##+; 5+70.$ $ @+)FN'8L$0 

Q::0%1$)#+"1* $"".07+)'#$3. C 1'%$5 (0N0#$35 5+K#+ +1#0"1$: 501+7$%/ 

7$#'5$60"%+,+ /50#*N0#$3 )F6$".$10.*#+; "1+$5+"1$ #' Q1'@0 )F6$".0#$;, 

5+7/.* /@(').0#$3 ')1+5'1$60"%$5 @+./60#$05 "1'1$"1$60"%$< 7'##F<, 

N'J.+# 7.3 JF"1(+,+ )#07(0#$3 5+7/.0;-'#'.$?'1+(+) $ 5+7/.0;-%+..0%1+(+) 

7'##F<, +@1$5$?$(+)'##F; 501+7 @+$"%' $ :$%"'-$$ )"@.0"%+), @(+,('55#F; 

'.,+($15, (0'.$?/8L$; @+$"% Q::0%1+) 5+7/.3-$$ ) "0($$ $? 5#+K0"1)' 

Q%"@0($50#1+). 

  (0?/.*1'10 $"".07+)'#$3 5+70.$ JF.$ +J#'(/K0#F Q::0%1F, "<+7#F0 " 

Q::0%1'5$, #'J.87'05F5$ ) (0'.*#F< :$?$60"%$< +JO0%1'<. V' +"#+)0 7'##+,+ 

"<+7"1)' )F7)$#/1' ,$@+10?' + 1+5, 61+ @($(+7' Q1$< 3).0#$; 5+K01 

+@(070.31*"3 @(+-0""+5, @+.+K0##F5 ) +"#+)/ 5'105'1$60"%+; 5+70.$, ' 

$50##+ – 5+7/.3-$+##+; #0/"1+;6$)+"1*8 )+.#F %+#06#+; '5@.$1/7F ) 

#0.$#0;#+; "(070. V0.$#0;#F0 +1%(F1F0 "$"105F 6'"1+ 3).381"3 

#0+1O05.05+; 6'"1*8 10<#$60"%$< "$"105, #'@($50( – "(07' @0(0#+"' 7.3 

+@1$60"%$< )+.#+)+7+), @+)0(<#+"1* +%0'#' 7.3 "/7+) $ #0:107+JF)'8L$< 

@.'1:+(5 $ 1.@.   Q1+; ")3?$ $"".07+)'#$3, #'@(').0##F0 #' @+#$5'#$0 $ 

+JO3"#0#$0 @($(+7F '#+5'.*#F< )+.#+)F< Q::0%1+), 3).381"3 '%1/'.*#F5$ $ 

5+,/1 JF1* @+.0?#F @($ %+#"1(/$(+)'#$$ #+)F< $.$ 5+70(#$?'-$$ 

"/L0"1)/8L$< 10<#$60"%$< "$"105.  

 

TWYGI>YAI> 

 

1. M. J.  Lighthill. Contribution to the theory of waves in nonlinear dispersive system 

//  J. Inst. Math. Appl. – 1965 – V.1, D.2. p.269-306.  

2. Zakharov V.G. Stability of nonlinear waves in dispersive media. // J Teor. Prikl. 

Fiz., 51  –   1966), p. 668-671. 

3. T'#7' E.2. >)1+%+.0J'#$3 ) ('"@(070.0##F< "$"105'<. – 4.: V'/%'. Z.')#'3 

(07. :$?.-5'1. .$1., 1983. – 320 ". 



 E+"1(+0#$0 $ '#'.$? 5'105'1$60"%+; 5+70.$ #0/"1+;6$)+"1$ … 15 

4. Zakharov V.G. Statistical theory of gravity and capillary waves on the surface of a 

finite-depth fluid. Three-dimensional aspects of air-sea interaction. // Eur. J. Mech.  

Fluids   – 1999 – D18(3), pp. 327-344. 

5. C'(@5'#  .W. V0.$#0;#F0 )+.#F ) 7$"@0(,$(/8L$< "(07'< – 4. V'/%'. 

1973. – 175 ". 

6. Dyachenko AI, Zakharov V.E. Modulation instability of stokes wave - Freak wave 

// JETPLett – 2005 – D 81(6), pp. 255–259. 

7.  G. J. Komen, L. Cavaleri, M. Donelan and oth.  Dynamics and modelling of 

ocean waves // Cambridge University Press – 1994. 

8.   +(+J*0)  .4., C/%.$#  .4. // E$"*5' ) [YX. – 1987 –  1.13, D22. – 

c. 1354- 1360. 

9. Kuklin V. M., Panchenko I. P., Vorob’ev V. M. Space dissipative Structures // 

Nonlinear World. – 1990. – Vol. 2 (IV International Workshop on Nonlinear and 

Turbulent Processes in Physics, 1989, Singapore). – I. 776-803. 

10.H0.%$# G.  . Z/L$# W. . >#'.$? 6$".0##+; 5+70.$ 5+7/.3-$+##+; 

#0/"1+;6$)+"1$ )+.#F %+#06#+; '5@.$1/7F ) #0.$#0;#+; "(070 //  !"#$% 

&VA !5.  .V.C'('?!#'. – 20(. 4'105'1$6#0 5+70.8)'##3. 9#:+(5'-!;#! 

10<#+.+,!=. >)1+5'1$?+)'#! "$"105$ /@(').!##3. – 2008 – D 809 (9). c. 20-31. 

11.H0.%$# G.  . 4+70.$(+)'#$0 ('?)$1$3 5+7/.3-$+##+; #0/"1+;6$)+"1$ 

)+.#F %+#06#+; '5@.$1/7F ) #0.$#0;#+; "(070./ H0.%$# G. ., C/%.$#  .4.// 

 !"#$% &VA !5.  .V.C'('?!#'.. – 20(. \7(', 6'"1$#%$, @+.3. – 2008. – D 794, 

)$@/"% 1 (37). ". 51-56. 

12.H0.%$# G. ., C$($6+% >. ., C/%.$#  .4. MJ $#10(:0(0#-$$ ) 5#+,+5+7+)F< 

(0K$5'<  5+7/.3-$+##F< #0/"1+;6$)+"10; //  +@(+"F '1+5#+; #'/%$ $ 

10<#$%$ ( >VY) 20(. «E.'?50##'3 Q.0%1(+#$%' $ #+)F0 501+7F /"%+(0#$3. 

– 2008. – D  4 (6). c. 222-227 

13.Y$<+#+) >.V.  '"$.*0)' >.H., 2)0N#$%+) >.Z. B$::0(0#-$'.*#F0 

/(')#0#$3 – 4.: V'/%', 1980. – 231 ". 

14.4FN%$" >. B. S.050#1F 10+($$ 5'105'1$60"%$< 5+70.0;. W?7. 3-0, 

$"@(').0##+0. – 4.: C+5C#$,', 2007. – 192 ". 

15. Rosenthal W.  MaxWave Rogue waves – Forecast and impact on marine structures 

// Workpackages of MaxWave project 

http://coast.gkss.de/projects/maxwave/workp/WP1.pdf  – p. 7. 

16. A.D. Jenkins, A.K. Magnusson, A. Niedermeier and oth.   Rougue waves and 

extreme events in measures time-series – Norwegian Meteorological Institute – 

Research Report N138 WP2/1 from the MaxWave project 

http://coast.gkss.de/projects/maxwave/wp2_rep138_pages1-93.pdf   p.37 
 

V'7!;N.' / @0(N!; (07'%-!= 12.04.2009, ) +"1'##!; - 17.04.2009.


