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  !"!#$! 

 

 !"#$%&'()"& "*+$",!, ,))%*-(.$',/ 

 !"#$%&'#% #("%)*%)+,%")#$%&'#% ,%"+-. #/,%)%(#0 -12(+ !)#,%(3-

4"&3 2 (15'% # "%6(#'%. 7&!%8(+% )1/2#"#% 2+9+'+((+0 +!"#'# !)#2%9+ ' 

!+329%(#4 +&+:+;+ '91&&1 #("%)*%)+,%")+2 – 2+9+'+((+-+!"#$%&'#6 #("%)-

*%)+,%")+2, +:91-14<#6 =%9., )3-+, +&+:%((+&"%0 # 5(#'19>(.6 &2+0&"2. 

?+329%(#% 2+9+'+((.6 #("%)*%)+,%")+2 &"#,59#)+219+ )1/2#"#% (+2+;+ 

(1!)129%(#3 +!"#$%&'#6 #/,%)#"%9>(.6 5&")+0&"2 # &#&"%,, !%)&!%'"#2(.6 

-93 !)1'"#$%&'+;+ 2(%-)%(#3, )1/)1:+"'5 (+2.6 @**%'"#2(.6 ,%"+-+2 

!)#%,1 # +:)1:+"'# #("%)*%)%(=#+((.6 &#;(19+2.     

A%/'#0 2&!9%&' #("%)%&1 ' "%,1"#'% 2+9+'+((+-+!"#$%&'#6 #("%)*%)+-

,%")#$%&'#6 #/,%)%(#0 2 80-% ;+-. !)+89+;+ &"+9%"#3 :.9 &23/1( & 2.&+-

'#,#, $1&"+ -1B% )%'+)-(.,#, !)%-&'1/.21%,.,# 5)+2(3,# )1/)%814<%0 

&!+&+:(+&"#, 2 &+$%"1(## & !)#29%'1"%9>(.,# +&+:%((+&"3,# 2+9+'+((+-

+!"#$%&'#6 "%6(+9+;#0. C+9+'+((.% ")1'". #,%4" ,19.% !+"%)#, ,19.% ;1-

:1)#". # 2%&, $52&"2#"%9>(.% &2%"+2+-. !)# :+9>8+0 -9#(% ,+;5" :."> 2.-

!+9(%(. '1' 2 )1&!)%-%9%((+,, "1' # 2 &+&)%-+"+$%((+, 2#-%. C+9+'+((.% 

5&")+0&"21 !)1'"#$%&'# (%$52&"2#"%9>(. ' @9%'")+,1;(#"(., !+,%61, # 

!+2.8%((+0 )1-#1=##, ,+;5" )1:+"1"> 2 1;)%&&#2(.6 # 2/).2++!1&(.6 &)%-

-16. C+9+'+((.% &6%,. (% &+/-14" @9%'")+,1;(#"(.6 !+,%6, $"+ -%91%" #6 

!)#29%'1"%9>(.,# -93 )1/9#$(.6 &!%=#19>(.6 !)#,%(%(#0 #9# &!%=#*#$%-

&'#6 (15$(.6 @'&!%)#,%("+2.  

D%&,+")3 (1 1'"#2(.% #&&9%-+21(#3, !+/2+9#28#% 5B% ' 90-, ;+-1, !)+-

89+;+ 2%'1 !+-)+:(+ )1/)1:+"1"> +:<#% !)#(=#!. +!#&1(#3 # !+&")+%(#3 

2+9+'+((+-+!"#$%&'#6 #("%)*%)+,%")#$%&'#6 -1"$#'+2 (!)#(=#!. &+/-1(#3  

$52&"2#"%9>(.6 @9%,%("+2, ,%"+-. +:)1:+"'# #("%)*%)%(=#+((+;+ &#;(191, 

!)#(=#!. )%19#/1=## -#&"1(=#+((.6 # !1&&#2(.6 #("%)*%)%(=#+((.6 

&6%, # -1B% +&(+2. ,59>"#!9%'&#)+21(#3 #("%)*%)+,%")#$%&'#6 -1"$#'+2), 

!)1'"#$%&'+% 2(%-)%(#% "1'#6 5&")+0&"2 2%&>,1 (%/(1$#"%9>(+. E+&"#B%(#% 

2.&+'#6 !+"%(=#19>(.6 2+/,+B(+&"%0 !)# !)1'"#$%&'+0 )%19#/1=## #("%)-

*%)+,%")#$%&'#6 #/,%)#"%9%0 +'1/19+&> (% !)+&"+0 /1-1$%0, ")%:54<%0 #&-

!+9>/+21(#3 &9+B(.6 # -+)+;+&"+3<#6 @9%,%("+2. F)+,% "+;+, )%19#/1=#3 

(1-%B(+ *5('=#+(#)54<#6 #("%)*%)+,%")#$%&'#6 5&")+0&"2, +&+:%((+ 

!+9(+&">4 2+9+'+((.6, !1&&#2(.6 # -#&"1(=#+((.6 #("%)*%)+,%")+2 ")%-

:5%" )%8%(#3 )3-1 -+!+9(#"%9>(.6 (15$(+-"%6(#$%&'#6 2+!)+&+2, (% 5$#".-

214<#6&3 (1 @"1!% @'&!%)#,%("+2 !+'1/.214<#6 2+/,+B(+&"# "1'#6 #/,%-

)#"%9%0.  -(1 #/ '94$%2.6 !)+:9%,, 2+/(#'14<#6 !)# !)1'"#$%&'+0 )%19#-

/1=## # 2(%-)%(#3 "1'#6 5&")+0&"2 – 29#3(#% !+93)#/1=#+((.6 @**%'"+2, 

&23/1((.6 & )1&&+;91&+21(#3,# !+93)#/1=## #("%)*%)#)54<#6 2+9( # 2.-

/.214<#%  *%-#(; # #&'1B%(#% &#;(191 #("%)*%)+,%")1.  &(+2(+0 ,%"+- 

)%8%(#3 @"+0 !)+:9%,. -93 -#&"1(=#+((.6 !1&&#2(.6 2+9+'+((.6 #("%)-

*%)+,%")+2 – !)#,%(%(#% EG? &2%"+2+-+2 -93 +:%&!%$%(#3 9#(%0(+-

!+93)#/+21((+;+ #/95$%(#3 (1 2&%6 5$1&"'16 &6%,.. D+ !)#,%(%(#% EG? 

&2%"+2+-+2 5&9+B(3%" !)+=%&& &+/-1(#3 # (1&")+0'# 2+9+'+((+0 #("%)*%-
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)+,%")#$%&'+0 &6%,. # 1(19#/ !)+=%&&+2, !)+#&6+-3<#6 2 "1'+, #("%)*%-

)+,%")%. H!+&+:(+&"> )%19>(+;+ 1(#/+")+!(+;+ 2+9+'(1 5-%)B#21"> !+&"+-

3((+% &+&"+3(#% !+93)#/1=## "1' B% #,%%" +;)1(#$%(#3.     

I%, (% ,%(%%, #("%)%& ' "%,1"#'% 2+9+'+((+-#("%)*%)+,%")#$%&'#6 -1"-

$#'+2 (% #&$%/19 2 "%$%(#% 2&%6 !)+8%-8#6 9%", :+9%% "+;+ 2 !+&9%-(%% 2)%-

,3 @"+" #("%)%& +!3"> /1,%"(+ 2+/)+&. C&9%-&"2#% 1'"#2(+;+ 2(%-)%(#3 (+-

2.6 #/,%)#"%9>(.6 "%6(+9+;#0 2+ 2&% (+2.% +")1&9# !)1'"#$%&'+0 -%3"%9>-

(+&"#, $"+ 2&% $1<% +'1/.214"&3 2+&")%:+21((.,# 61)1'"%)(.% 5(#'19>(.% 

!)%#,5<%&"21, &2+0&"2%((.% #,%((+ 2+9+'+((+-+!"#$%&'#, #/,%)#"%9>(., 

5&")+0&"21,. J91;+-1)3 )1/2#"#4 2&%0 +:91&"# 2+9+'+((+-+!"#$%&'#6 "%6-

(+9+;#0 /(1$#"%9>(+ &+2%)8%(&"254"&3 @9%,%("., (%+:6+-#,.% -93 #("%)-

*%)+,%")#$%&'#6 #/,%)#"%9>(.6 5&")+0&"2, 2 "+, $#&9% # -2595$%!)%9+,-

934<#% 2+9+'(1. D+ "%!%)> #("%)%& 2./.214", !)%B-% 2&%;+, "% #&&9%-+21-

(#3 # )1/)1:+"'# !+ "%,1"#'% 2+9+'+((+-+!"#$%&'#6 #("%)*%)+,%")#$%&'#6 

#/,%)#"%9%0, '+"+).% (1!)129%(. (1 +:%&!%$%(#% @**%'"#2(+&"# # (1-%B-

(+&"# #/,%)#"%9%0 -93 !)1'"#$%&'+;+ !)#,%(%(#3. ?)#,%)+, "1'+;+ #("%)%-

&1 ' )1/)1:+"'1, 2+9+'+((+-+!"#$%&'#6 -1"$#'+2 ,+;5" :."> )3- 5'1/1((.6 

(#B% -+;+2+)(.6 DKA # DK FA, #&!+9(3%,.6 &+")5-(#'1,# 91:+)1"+)## 

2+9+'+((+0 +!"#'# H?:L?7.  

C+/)1&"14<#0 2 !+&9%-(#% ;+-. #("%)%& ' !+93)#/1=#+((., 329%(#3, 2 

2+9+'+((+-+!"#$%&'#6 5&")+0&"216, 2 +&(+2(+, (1!)129%( (1 #/5$%(#% 

&2+0&"2 ?ME # !+-+:(.6 !)+:9%, 2 "%9%'+,,5(#'1=#+((.6 &#&"%,16.  --

(1'+ #&&9%-+21(#3, !+/2+934<#% 1(19#/#)+21"> +&+:%((+&"# !)#,%(%(#3 2 

2+9+'+((.6 #/,%)#"%9>(.6 #("%)*%)+,%")16 1(#/+")+!(.6 &2%"+2+-+2, 

!)1'"#$%&'# +"&5"&"254" (#&'94$%(#% &+&"12934" #&&9%-+21(#3 -93 2+9+-

'+((+;+ #("%)*%)+,%")1 H1(>3'1 # ;#)+&'+!+2 (1 %;+ +&(+2%, )%/59>"1". '+-

"+).6 ")5-(+ #&!+9>/+21"> -93 #("%)*%)+,%")+2 -)5;#6 "#!+2).  D%3&(., 

+&"19&3 2+!)+& + "+,, '1' )1&&$#".21"> #9# +=%(#21"> 29#3(#% 2+/,+B(.6 

!+93)#/1=#+((.6 )1&&+;91&+21(#0 2 &6%,% (1 )1:+"+&!+&+:(+&"> -#&"1(=#-

+((+;+ #/,%)#"%9>(+;+ #("%)*%)+,%")1 # %;+ !1)1,%").. N'"519>(.,# 32-

934"&3 !+#&' +)#;#(19>(.6 @**%'"#2(.6 2+9+'+((.6 #("%)*%)%(=#+((.6 

&6%,, #&!+9>/54<#6 2+/,+B(+&"# &+2)%,%((.6 EG? &2%"+2+-+2, ,%"+-+2 

#/,%)%(#0 !+93)#/1=#+((.6 !1)1,%")+2 2+9+'+((.6 @9%,%("+2.        

I1'13 &#"51=#3 &-%)B#21%" 2+/,+B(+&"# )1/)1:+"'# @**%'"#2(.6 !)1'-

"#$%&'#6 2+9+'+((+-+!"#$%&'#6 #("%)*%)+,%")#$%&'#6 #/,%)#"%9%0 # +:5-

&9129#21%" 1'"519>(+&"> #&&9%-+21(#0, !)#2%-%((.6 2 -#&&%)"1=#+((+0 )1-

:+"%.                 

 

0*%& , 1$-$2, ,))%*-(.$',/ 

 &(+2(13 =%9> -#&&%)"1=## – )1/)1:+"1"> "%+)#4 # ,%"+-. )1&$%"1  !+93-

)#/1=#+((.6 @**%'"+2 2 2+9+'+((.6 #("%)*%)+,%")16 & -2595$%!)%9+,-

934<#,# &2%"+2+-1,#, ,%"+-. @'&!%)#,%("19>(+;+ '+(")+93 !1)1,%")+2 

2+9+'+((.6 @9%,%("+2,  !+/2+934<#% 5$#".21"> 29#3(#% !+93)#/1=#+((.6 

)1&&+;91&+21(#0 !)# &+/-1(## 2+9+'+((.6 #("%)*%)+,%")#$%&'#6 #/,%)#-

"%9%0 & 1(#/+")+!(.,# &2%"+2+-1,#. 
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E93 -+&"#B%(#3 !+&"129%((+0 =%9# (%+:6+-#,+ )%8#"> &9%-54<#% +&-

(+2(.% /1-1$#:   

1. A1/)1:+"1"> "%+)%"#$%&'#% ,+-%9# 1(#/+")+!(+;+ &2%"+2+-1 2 &6%,16 & 

2.&+'+'+;%)%("(., #&"+$(#'+, #/95$%(#3, 1-%'21"(+ 5$#".214<#% #("%)-

*%)%(=#+((.% @**%'". &23/# ,+- (1 +-(+0, -256, (%&'+9>'#6 #9# ,(+B%&"2% 

(%+-(+)+-(+&"%0.  !)%-%9#"> 2+/,+B(.% 1,!9#"5-(.% # *1/+2.% &++"(+-

8%(#3 !)3,.6 # !%)%')%&"(.6 '+,!+(%(" !+93)#/1=#+((.6 ,+- (1 2.6+-% 

2+9+'(1 (!1)1,%"). ,1")#=. EB+(&1 &2%"+2+-1), !)+1(19#/#)+21"> 2+/,+B-

(+&"> #6 *95'"51=#0 !)# #/,%(%(## 2(%8(#6 5&9+2#0. E93 21)#1("1 ,(+;+-

$#&9%((.6 &95$10(.6 (%+-(+)+-(+&"%0 +!)%-%9#"> &"1"#&"#$%&'#% !1)1,%"-

). '+@**#=#%("+2 ,1")#=. EB+(&1 &2%"+2+-1, )1/)1:+"1"> &!+&+:. ,+-%-

9#)+21(#3 *95'"51=#0 '+@**#=#%("+2 ,1")#=. !)# #/,%(%(## 2(%8(#6 5&-

9+2#0 # !)+1(19#/#)+21"> &2+0&"21 @"#6 *95'"51=#0.   

2. H 5$%"+, &2+0&"2 &+2)%,%((.6 -2595$%!)%9+,934<#6 &2%"+2+-+2 #/5-

$#"> 2+/,+B(+&"> &+/-1(#3 (+2.6, ,+-#*#=#)+21((.6 2+9+'+((.6 #("%)-

*%)%(=#+((.6 &6%,, :+9%% @**%'"#2(.% -93 !)#,%(%(#3 2 #/,%)#"%9>(.6 

5&")+0&"216, $%, ")1-#=#+((.% 2+9+'+((.% #("%)*%)+,%")..   

3. A1/)1:+"1"> "%+)%"#$%&'#% ,+-%9# &#;(19+2 2+9+'+((.6 #("%)*%)+-

,%")+2, 5$#".214<#% !+93)#/1=#+((.% @**%'". 2 2+9+'+((.6 @9%,%("16 # 

!+93)#/1=#+((.% )1&&+;91&+21(#3 2 &+%-#(%(#36 @"#6 @9%,%("+2. ?)+1(19#-

/#)+21"> 29#3(#% !+93)#/1=#+((.6 )1&&+;91&+21(#0 (1 !1)1,%"). #("%)*%-

)%(=#+((+;+ &#;(191.   

4. A1/)1:+"1"> ,%"+-. )1&$%"1 61)1'"%)#&"#' 2+9+'+((.6 #/,%)#"%9>(.6 

5&")+0&"2 (1 +&(+2% #("%)*%)+,%")+2 & &#9>(+ -2595$%!)%9+,934<#,# &2%-

"+2+-1,#, !+/2+934<#% 5$#".21"> !+93)#/1=#+((.% @**%'"., 2./21((.% 

!)+#/2+9>(.,# '+,:#(1=#3,# !+93)#/1=#+((.6 )1&&+;91&+21(#0 2 2+9+-

'+((+0 &6%,%. ?)+2%&"# 1(19#/ 2+/,+B(+&"# !)1'"#$%&'+0 )%19#/1=## "1'#6 

#/,%)#"%9%0. 

5. D10"# @**%'"#2(.% ,%"+-. #/,%)%(#3 !1)1,%")+2 1(#/+")+!(.6 &2%-

"+2+-+2, #&!+9>/54<#% !+93)#/1=#+((.% # #("%)*%)%(=#+((.% @**%'". 2 

-2595$%!)%9+,934<#6 &2%"+2+-16. ?)+1(19#/#)+21"> +&+:%((+&"# # !)%-

#,5<%&"21 #("%)*%)%(=#+((.6 !)#(=#!+2 #/,%)%(#0 !+93)#/1=#+((.6 !1-

)1,%")+2 -2595$%!)%9+,934<#6 &2%"+2+-+2 !+ &)12(%(#4 & ")1-#=#+((.,# 

,%"+-1,#.  

6. O'&!%)#,%("19>(+ !+-"2%)-#"> 2.2+-. "%+)%"#$%&'+;+ 1(19#/1, )%19#-

/+212 -#&"1(=#+((.% 2+9+'+((+-+!"#$%&'#% #("%)*%)+,%")#$%&'#% #/,%)#-

"%9# & 1(#/+")+!(.,# &2%"+2+-1,#, !)+2%&"# "%&"#)+21(#%, !+-"2%)B-14-

<%% #6 @**%'"#2(+&"> # (1-%B(+&">.    

   

3(.,1'$ 

I%+)%"#$%&'#% # @'&!%)#,%("19>(.% #&&9%-+21(#3, !)%-&"129%((.% 2 )1-

:+"% +:91-14" (15$(+0 (+2#/(+0, !+&'+9>'5 2!%)2.% !+95$%(. )%/59>"1".:  

–  !)%-%9%(. &"1"#&"#$%&'#% &2+0&"21 1,!9#"5- # *1/ !%)%')%&"(.6 

'+,!+(%(" !+93)#/1=#+((.6 ,+- (1 2.6+-% EG? &2%"+2+-1 & )1&!)%-%9%(-

(+0 &#&"%,+0 (%+-(+)+-(+&"%0 # #6 *95'"51=#0 !)# #/,%(%(## 2(%8(#6 5&-
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9+2#0 ("%,!%)1"5)1, -129%(#%), -)%0*% $1&"+". +!"#$%&'+;+ #/95$%(#3 '+;%-

)%("(+;+ #&"+$(#'1.      

– A1/)1:+"1(1 ,1"%,1"#$%&'13 ,+-%9> #("%)*%)%(=#+((+;+ &#;(191 -#&-

"1(=#+((+;+ #("%)*%)+,%")1 M161-P%(-%)1 & EG? &2%"+2+-1,#, 5$#".-

214<13  29#3(#% 2+/,+B(.6 !+93)#/1=#+((.6 )1&&+;91&+21(#0 2 &6%,%, # 

&!+&+: )1&$%"1 2.6+-(+;+ &#;(191 #/,%)#"%93 (1 +&(+2% "1'+;+ #("%)*%)+-

,%")1.   

– ?)%-9+B%(1 2+9+'+((13 &6%,1 & EG? &2%"+2+-1,# – &6%,1  #("%)*%)+-

,%")1 & !+93)#/1=#+((., )1/-%9%(#%, '1(19+2 (K?AF), +:91-14<13 !)%-

#,5<%&"21,# !+ &)12(%(#4 & ")1-#=#+((., -#&"1(=#+((., #/,%)#"%9>-

(., #("%)*%)+,%")+, M161-P%(-%)1. A1/)1:+"1(1 ,1"%,1"#$%&'13 ,+-%9> 

#("%)*%)%(=#+((+;+ &#;(191 K?AF, 5$#".214<13  29#3(#% !+93)#/1=#+(-

(.6 )1&&+;91&+21(#0 2 &6%,%, # &!+&+: )1&$%"1 2.6+-(+;+ &#;(191 #/,%)#"%-

93 (1 +&(+2% "1'+;+ #("%)*%)+,%")1.     

– ?)%-9+B%(, !+-)+:(+ "%+)%"#$%&'# !)+1(19#/#)+21( # @'&!%)#,%(-

"19>(+ 1!)+:#)+21( +)#;#(19>(.0 #("%)*%)%(=#+((.0 ,%"+- #/,%)%(#3 

!+93)#/1=#+((.6 !1)1,%")+2 EG? &2%"+2+-1.   

– H !)#,%(%(#%, EG? &2%"+2+-+2 )%19#/+21(. ,1'%". -1"$#'+2 ,#')+-

!%)%,%<%(#0, (1 +&(+2% -#&"1(=#+((.6 !1&&#2(.6 #("%)*%)+,%")+2 M161-

P%(-%)1 # K?AF, !)+-%,+(&")#)+2128#% 2.&+'54 @**%'"#2(+&"> # (1-%B-

(+&">.     

 

4()"(.*5'()"& 

E+&"+2%)(+&"> )%/59>"1"+2, !+95$%((.6 2 -#&&%)"1=#+((+0 )1:+"%, :1/#-

)5%"&3 (1 "+,, $"+:  

– ?)# !)+2%-%(## #&&9%-+21(#0 !)#,%(39#&> #/2%&"(.% +:<%!)#(3".% 

&!+&+:. "%+)%"#$%&'+;+ 1(19#/1 329%(#0 2 2+9+'+((+-+!"#$%&'#6  5&")+0&"-

216 # ,%"+-. @'&!%)#,%("19>(.6 #/,%)%(#0.  

– A%/59>"1". #&&9%-+21(#0 &+;91&54"&3 & #/2%&"(.,# -1((.,# 2+ 2&%6 

&95$136, '+;-1 2+/,+B(+ "1'+% &+!+&"129%(#%. 

–  &(+2(.% 2.2+-. "%+)%"#$%&'#6 #&&9%-+21(#0 + 29#3(## !+93)#/1=#-

+((.6 )1&&+;91&+21(#0 2 2+9+'+((+0  &6%,% & EG? &2%"+2+-1,# (1 )1:+"5 

#("%)*%)+,%")#$%&'+;+ #/,%)#"%93 !+-"2%)B-%(. 2 6+-% &+/-1(#3 # #&!.-

"1(#0 (%&'+9>'#6 ,1'%"+2 2+9+'+((.6 #("%)*%)+,%")#$%&'#6 -1"$#'+2.      

–  &(+2(.% )%/59>"1". "%+)%"#$%&'+;+ 1(19#/1 #("%)*%)%(=#+((+;+ ,%-

"+-1 #/,%)%(#3 !1)1,%")+2 EG? &2%"+2+-+2 !+9(+&">4 !+-"2%)B-%(. !)# 

@'&!%)#,%("19>(+0 1!)+:1=## -1((+;+ ,%"+-1.  

 

3$#2'$6 , 75$!",2*)!$6 8*''()"& 

?)1'"#$%&'13 =%((+&"> )%/59>"1"+2 #&&9%-+21(#0 -#&&%)"1=#+((+0 )1:+-

". &+&"+#", !)%B-% 2&%;+, 2 &9%-54<%,:  

– ?+95$%((.% )%/59>"1". + &2+0&"216 1,!9#"5- # *1/ !%)%')%&"(.6 '+,!+-

(%(" !+93)#/1=#+((.6 ,+- (1 2.6+-% EG? &2%"+2+-1 & &#&"%,+0 (%+-(+)+--

(+&"%0 21B(. (% "+9>'+ -93 1(19#/1 329%(#0 2 2+9+'+((.6 #("%)*%)+,%"-
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)16, (+ # !)%-&"12934" &1,+&"+3"%9>(.0 (15$(.0 #("%)%& -93 1-%'21"(+;+ 

+!#&1(#3 !+93)#/1=#+((.6 329%(#0 2 EG? 2+9+'(16.  

– A1/)1:+"1((.% *#/#'+-,1"%,1"#$%&'#% ,+-%9# # &!+&+:. )1&$%"1 29#3(#3 

!+93)#/1=#+((.6 )1&&+;91&+21(#0 (1 !1)1,%"). 2+9+'+((.6 #/,%)#"%9>-

(.6 #("%)*%)+,%")+2 ,+;5" (%!+&)%-&"2%((+ !)#,%(3">&3 !)# )1/)1:+"'% # 

&+/-1(## !)1'"#$%&'#6 #/,%)#"%9>(.6 5&")+0&"2.   

– ?)%-9+B%((.0 #("%)*%)%(=#+((.0 ,%"+- #/,%)%(#3 !1)1,%")+2 EG? 

&2%"+2+-+2, !+95$#9 !+-)+:(+% "%+)%"#$%&'+% +:+&(+21(#%, 5$#".214<%% 

2&% +&(+2(.% *1'"+)., 29#34<#% (1 61)1'"%)#&"#'# #/,%)#"%93 !+-+:(+;+ 

"#!1, 1 "1' B% @'&!%)#,%("19>(+ 1!)+:#)+21(. ?)#,%(%(#% ,%"+-1 !+/2+93%" 

"%&"#)+21"> # (1&")1#21"> 2+9+'+((.% @9%,%(". 2 !)+=%&&% )1/)1:+"'# # #/-

;+"+29%(#3 2+9+'+((.6 #("%)*%)+,%")#$%&'#6 #/,%)#"%9%0 (1 +&(+2% EG? 

2+9+'+(. M%"+- ,+B%" :."> !+9+B%( 2 +&(+25 !)#:+)+2 -93 #/,%)%(#3 !1-

)1,%")+2 EG? &2%"+2+-+2, 1'"519>(.6 -93 !)+#/2+-#"%9%0 1(#/+")+!(.6 

2+9+'+( # (15$(.6 #&&9%-+21(#0 &2+0&"2 -2595$%!)%9+,934<#6 2+9+'+(.     

– A1&&,+")%((.% "%+)%"#$%&'# # !)1'"#$%&'# )%19#/+21((.% 2 2#-% ,1'%"+2 

&6%,. 2+9+'+((.6 #/,%)#"%9>(.6 #("%)*%)+,%")+2 +:91-14" 2.&+'+0 @*-

*%'"#2(+&">4 # (1-%B(+&">4 # ,+;5" (10"# !)#,%(%(#% 2 )1/(.6 +:91&"36 

(15'# # "%6(#'#.  

 

9'*-5*',* 5*1#%&"$"(. 5$:("; 

E#&&%)"1=#+((13 )1:+"1 2.!+9(391&> 2 H?:?I7 2 "%$%(#% ,(+;#6 9%". 

A%/59>"1"., !+95$%((.% 2 ,1"%)#1916 -#&&%)"1=##, #&!+9>/+21(. !)# 2.-

!+9(%(## 6+/. -+;+2+)(.6 DKA «J#'21)=-JD?-AC », «J#'21)=-JD?-AC -

2», «J#'21)=-JD?-AC -3», «J%9#/(1», DK FA «C H?LKH», # -).   

A3- (15$(.6 )%/59>"1"+2 #&!+9>/+21( 2 9%'=#+((.6 '5)&16, 5!)1B(%(#-

36 # '5)&+2+, !)+%'"#)+21(## (1 &"1)8#6 '5)&16 &++"2%"&"254<#6 &!%=#-

19>(+&"%0. 

 

<)'(.';* 7(%(=*',6, .;'(),+;* '$ 1$>,"# 

1. A1/)1:+"1((.% "%+)%"#$%&'+% +!#&1(#% # ,%"+-. )1&$%"+2 !+/2+934" 

(1 +&(+2% #(*+),1=## + '+9#$%&"2%, "#!% # 2%9#$#(% 2+/,5<%(#0 &#9>(+-

-2595$%!)%9+,94<%;+ &2%"+2+-1, +=%(#"> *95'"51=## 1,!9#"5-. # *1/. 

!%)%')%&"(.6 '+,!+(%(" !+93)#/1=#+((.6 ,+- (1 2.6+-% 2+9+'(1 ((%-#1;+-

(19>(.6 !1)1,%")+2 ,1")#=. EB+(&1 &2%"+2+-1). 

2. A1/)1:+"1((.% *#/#'+-,1"%,1"#$%&'#% ,+-%9# 2+9+'+((+-+!"#$%&'#6 

#("%)*%)+,%")+2 (1 +&(+2% 1(#/+")+!(.6 &2%"+2+-+2 (#("%)*%)+,%")1 M1-

61-P%(-%)1 # #("%)*%)+,%")1 & !+93)#/1=#+((., )1/-%9%(#%, '1(19+2), !+-

/2+934" )1&&$#"1"> &(#B%(#% 1,!9#"5-. # #&'1B%(#% #("%)*%)%(=#+((+;+ 

&#;(191, 2./21((.% !+93)#/1=#+((.,# )1&&+;91&+21(#3,# 2 &6%,%.   

3. K/,%)#"%9>(.% 5&")+0&"21 (1 :1/% #("%)*%)+,%")+2 & 1(#/+")+!(.,# 

&2%"+2+-1,# (& 5)+2(%, *95'"51=#0 1,!9#"5-. # #&'1B%(#0, &23/1((.6 & 

1(#/+")+!(+0 $1&">4 1);5,%("1, ,%(%% 10%) ,+;5" :."> )%19#/+21(. !)# 

5&9+2#36: '+@**#=#%(". !+93)#/1=#+((+0 @'&"#('=## 2+9+'+((.6 @9%,%(-

"+2 :+9%% 15 -J, &+;91&+21(#% !+93)#/1=#+((.6 +&%0 &2%"+2+-+2 !)# &+%-#-
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(%(#36 ,%(%% 10
0
, $"+ !+-"2%)B-1%" !)1'"#$%&'54 )%19#/5%,+&"> "1'#6 5&"-

)+0&"2. 

4. A1/)1:+"1((.0 #("%)*%)%(=#+((.0 ,%"+- #/,%)%(#3 '+@**#=#%("1 

!+93)#/1=#+((+0 @'&"#('=##   -2595$%!)%9+,934<#6 &2%"+2+-+2, +"9#$1-

%"&3 +" #/2%&"(.6 &!+&+:+2 "%,, $"+ !+/2+93%" #/,%)3"> /(1$%(#3   ,(+;+ 

:+9>8#%, $%, !+93)#/1=#+((13 @'&"#('=#3 @9%,%("+2 #/,%)#"%9>(+0 &6%,. 

(!)%B-% 2&%;+, 26+-(+;+ !+93)#/1"+)1 # 1(19#/1"+)1), 1 "1' B% "%,, $"+ !)# 

#/,%)%(## :+9>8#6 /(1$%(#0   &(#B14"&3 ")%:+21(#3 ' -#(1,#$%&'+,5 

-#1!1/+(5 &#&"%,. )%;#&")1=## &2%"1 (-93 ")1-#=#+((.6 ,%"+-+2 (%+:6+-

-#, -#(1,#$%&'#0 -#1!1/+( Q!  , -93 #("%)*%)%(=#+((+;+ ,%"+-1 Q  ). 

5. ?)%-9+B%((.0 !)#(=#! !+&")+%(#3 (1 +&(+2% -2595$%!)%9+,934<#6 

&2%"+2+-+2 -#&"1(=#+((+;+ !1&&#2(+;+ 2+9+'+((+;+ #("%)*%)+,%")1 & !+93-

)#/1=#+((., )1/-%9%(#%, '1(19+2, !+/2+93%" 5&")1(#"> 29#3(#% *95'"51-

=#0 $1&"+". 91/%)1.   

6.  H+/-1((.% !)# #&!+9>/+21(## )1/)1:+"1((.6 ,%"+-+2 )1&$%"1 # @'&-

!%)#,%("19>(+;+ '+(")+93 !+93)#/1=#+((.6 )1&&+;91&+21(#0 #/,%)#"%9>-

(.% 5&")+0&"21 & -#&"1(=#+((.,# #("%)*%)+,%")1,# (1 1(#/+")+!(.6 &2%-

"+2+-16, !)+-%,+(&")#)+219# 2.&+'54 @**%'"#2(+&"> ()%;#&")1=#3 1'5&"#-

$%&'#6 2+/-%0&"2#0 & )1/)%814<%0 &!+&+:(+&">4 -+ 2 ,'?1/L=
1/2

) # &"1-

:#9>(54 )1:+"+&!+&+:(+&"> !)# "%!9+2.6 ((1;)%2 (1 -%&3"'# ;)1-5&+2) # 

,%61(#$%&'#6 (2#:)1=##) 2+/,5<%(#36 2+9+'+((.6 @9%,%("+2.  

 

 75(:$8,6 5$:("; 

 &(+2(.% !+9+B%(#3 # )%/59>"1". ,1"%)#19+2 -#&&%)"1=## -+'91-.21-

9#&> # +:&5B-19#&> (1 (15$(.6 &%,#(1)16 # '+(*%)%(=#36: 

– DIF «K((+21=#+((.% # (15'+%,'#% "%6(+9+;## -93 A+&&##». H.-

?%"%):5);,1995. 

– III M%B2%-+,&"2%((13 DIF «?)+:9%,(.% 2+!)+&. &:+)1 # +:)1:+"'# 

#(*+),1=## 2 &9+B(.6 )1-#+"%6(#$%&'#6 &#&"%,16».H.-?%"%):5);,1997. 

– DIF «R5(-1,%("19>(.% #&&9%-+21(#3 2 "%6(#$%&'#6 5(#2%)&#"%"16». 

H-?%"%):5);, #4(> 1998. 

– V ,%B-5(1)+-(13 DIF «A1-#+9+'1=#3, (12#;1=#3, &23/>», C+)+(%B, 

1999. 

– DI &%,#(1) «H+2)%,%((.% ,%"+-. # &)%-&"21 2+&!)+#/2%-%(#3 # !%)%-

-1$# )1/,%)+2 %-#(#= -9#(. # !9+&'+;+ 5;91», H.-?%"%):5);, L7? CDKKM 

#,. E.K.M%(-%9%%21, 2000. 

– III 2&%)+&&#0&'13 (15$(+-!)1'"#$%&'13 '+(*%)%(=#3 «N'"519>(.% !)+-

:9%,. /1<#". # :%/+!1&(+&"#», H.-?%"%):5);, 2000.  

– VI )%;#+(19>(13 '+(*%)%(=#3 !+ )1&!)+&")1(%(#4 )1-#+2+9(, H.-

?%"%):5);, +'"3:)> 2000. 

– V 2&%)+&&#0&'13 DIF «R5(-1,%("19>(.% #&&9%-+21(#3 2 "%6(#$%&'#6 

5(#2%)&#"%"1, H.-?%"%):5);, #4(> 2001. 

– VII )%;#+(19>(13 '+(*%)%(=#3 !+ )1&!)+&")1(%(#4 )1-#+2+9(, H.-

?%"%):5);, +'"3:)>–(+3:)> 2001. 
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– M%B25/+2&'13 DIF “C+%((13 )1-#+@9%'")+(#'1: +!." #&!+9>/+21(#3 # 

!)+:9%,., !+-;+"+2'1 &!%=#19#&"+2”, ?%")+-2+)%=, H.-?%"%):5);, *%2)19> 

2001. 

– 12-13 ,%B25/+2&'13 DIF “C+%((13 )1-#+@9%'")+(#'1: +!." #&!+9>/+21-

(#3 # !)+:9%,., !+-;+"+2'1 &!%=#19#&"+2”, H.-?%"%):5);, 2001. 

2 "+, $#&9%, (1 ,%B-5(1)+-(.6 '+(*%)%(=#36 # &#,!+/#5,16: 

– Int. Workshop NDTCS-1997, St.-Petersburg, Russia. 

– Int. Workshop NDTCS-2000, St.-Petersburg, Russia.  

– Int. Conference on Lasers for Measurements and Information Transfer, June 

2000, St.-Petersburg, Russia.  

– Int. Conference on Lasers for Measurements and Information Transfer, June 

2004, St.-Petersburg, Russia.  

– Int. Conference on Lasers for Measurements and Information Transfer, June 

2005, St.-Petersburg, Russia.  

 

?#:%,!$8,, 

?+ ,1"%)#191, -#&&%)"1=## +!5:9#'+21(+ 28 )1:+". 

 

<:@*+ 5$:("; 

E#&&%)"1=#3 #/9+B%(1 (1 333 &")1(#=16, +&(+2(+0 "%'&" &+-%)B#" 246 

&")., 2'94$13 108 )#&5('+2, 8 "1:9#=. H!#&+' 9#"%)1"5). (1 11  &")1(#=16 

&+-%)B#" 161  (1#,%(+21(#0. 

 

 

A"5#!"#5$ 5$:("; 

A1:+"1 &+-%)B#" 8%&"> )1/-%9+2.  

?%)2.0 )1/-%9 (+&#" +:/+)(.0 61)1'"%) # &+-%)B#" &2%-%(#3 + -2595$%-

!)%9+,934<#6 2+9+'(16, #6 !1)1,%")16, + 2+9+'+((.6 #("%)*%)+,%")16 # 

!)#(=#!16 !+&")+%(#3 #/,%)#"%9%0 *#/#$%&'#6 2%9#$#( (1 +&(+2% 2+9+'+(-

(.6 #("%)*%)+,%")+2. C(#,1(#% 5-%9%(+ !)+:9%,1, &+/-1(#3 2+9+'+((.6 

#("%)*%)+,%")#$%&'#6 #/,%)#"%9%0, &23/1((.6 & !+93)#/1=#+((.,# @**%'-

"1,# # )1&&+;91&+21(#3,# @9%,%("+2 &6%,..  

C"+)+0 )1/-%9 !+&23<%( )1&&,+")%(#4 !+93)#/1=#+((.6 @**%'"+2 2 

-2595$%!)%9+,934<%, 2+9+'+((+, @9%,%("%, &+-%)B1<%, 9+'19>(.% (%+--

(+)+-(+&"#. A1&&,1")#21%"&3 2+!)+& + (16+B-%(## ,1")#=. EB+(&1 "1'+;+ 

&2%"+2+-1 # &2+0&"216 '+@**#=#%("+2 @"+0 ,1")#=. !)# 5&9+2## '+;%)%("-

(+;+ 2+/:5B-%(#3 # & 5$%"+, #("%)*%)%(=#+((.6 *95'"51=#0 !%)%')%&"(.6 

'+,!+(%(" !+93)#/1=#+((.6 ,+- (1 2.6+-% &2%"+2+-1. 

I)%"#0 )1/-%9 !+&23<%( )1&&,+")%(#4 2+9+'+((+;+ #("%)*%)+,%")1 M1-

61-P%(-%)1 & 1(#/+")+!(.,# 2+9+'(1,#. A1&&,1")#214"&3 &!+&+:. )1&$%"1 

#/,%(%(#3 1,!9#"5-. # #&'1B%(#3 1);5,%("1 #("%)*%)%(=#+((+;+ &#;(191, 

2./21((.% !+93)#/1=#+((.,# )1&&+;91&+21(#3,# 2 &6%,%.     

C $%"2%)"+, )1/-%9% )1&&,+")%( 2+9+'+((.0 #("%)*%)+,%") & !+93)#/1-

=#+((., )1/-%9%(#%, '1(19+2, '+"+).0 #,%%" /(1$#"%9>(.% !)%#,5<%&"21 

!+ &)12(%(#4 &+ &6%,+0 M161-P%(-%)1 !)# !+&")+%(## -#&"1(=#+((.6 #/-
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,%)#"%9%0. A1&&,+")%(. &!+&+:. )1&$%"1 #/,%(%(#3 1,!9#"5-. # #&'1B%(#3 

1);5,%("1 #("%)*%)%(=#+((+;+ &#;(191, 2./21((.% !+93)#/1=#+((.,# )1&-

&+;91&+21(#3,# 2 -1((+0 &6%,% #("%)*%)+,%")1.     

 ?3".0 )1/-%9 !+&23<%( &!+&+:1, #/,%)%(#3 !+93)#/1=#+((.6 !1)1,%"-

)+2 @9%,%("+2 2+9+'+((.6 #("%)*%)+,%")#$%&'#6 &6%,.  &+:+% 2(#,1(#% 

5-%9%(+ #("%)*%)%(=#+((+,5 ,%"+-5 #/,%)%(#3 '+@**#=#%("1 @'&"#('=## 

1(#/+")+!(+;+ &2%"+2+-1, '+"+).0 +:91-1%" )3-+, !)%#,5<%&"2 !+ &)12(%-

(#4 & ")1-#=#+((.,# &!+&+:1,# "1'#6 #/,%)%(#0. 

C 8%&"+, )1/-%9% )1&&,1")#21%"&3 @'&!%)#,%("19>(13 )%19#/1=#3 2+9+-

'+((.6 #("%)*%)+,%")#$%&'#6 #/,%)#"%9%0 & -2595$%!)%9+,934<#,# &2%-

"+2+-1,# (1 +&(+2% &6%,. M161-P%(-%)1 # &6%,. & !+93)#/1=#+((., )1/-%-

9%(#%, '1(19+2. 
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 !"#$% 1. &'"() %*+$)!+,)- 

 

1.1.  !./)(.+)!0$0*$ .1$+! 1 #1,%,2$/)$%(3%456*7 (89:) .1$+(1(#!7 

1.1.1.  !"  !"!#$% 
 !"!#!$$%& '(&)!(!*% !+",*,-) .&"%/ 01*!/ *!')!2$')( (%*&"1-324 

24 #,# !5&$6 788&#)2($9- '0&*9 *"1 0,':0!')0,$&$21 2;"95&$21 2 

:!')0!&$21 0,;"25$%4 9')0!<')( 2 '2')&/ $, 24 !'$!(& [1-4]. = ),#2/ 

'(!<')(,/ !)$!'1):  

– >,"%& :!)&02 (!+&':&52(,-) (!;/!?$!')6 0,+!),)6 ' :0!)1?&$$%/2 

(!"!#$,/2). 

– >,"%& 0,;/&0% 2 /,'',. 

– @2+#!')6 (!+&':&52(,&) :02*,$2& $&!+4!*2/!< 8!0/% )0,&#)!022 

0,':0!')0,$&$21, (!;/!?$!')6 $&!+4!*2/!< 9#",*#2 '(&)!(!*, ( )0,#)&, 

(!;/!?$!')6 !)$!'2)&"6$! /,"%4 A,+,02)!( (!"!#!$$!A! 7"&/&$), :02 

+!"6B!< *"2$& '(&)!(!*,). 

– C"&#)0!/,A$2)$,1 $&<)0,"6$!')6 ((!"!#$! $&59(')(2)&"6$! # ($&B$2/ 

7"&#)0!/,A$2)$%/ :!/&4,/ 2 ',/! $& '!;*,&) ($&B$24 7"&#)0!/,A$2)$%4 

2;"95&$2<). 

D*&,"6$!& !:)25&'#!& (!"!#$! ('(&)!(!*) 1("1&)'1 .2"2$*025&'#2/ 

*27"&#)025&'#2/ (!"$!(!*!/ !:)25&'#!A! *2,:,;!$,. E,0,#)&0 

0,':0!')0,$&$21 !:)25&'#!A! 2;"95&$21 ( ),#!/ '(&)!(!*& ( !+3&/ '"95,& 

*!'),)!5$! '"!?&$. F&!021 0,':0!')0,$&$21 '(&), ( !:)25&'#24 (!"!#$,4 

4!0!B! 0,;0,+!),$,. D;"95&$2& 0,':0!')0,$1&)'1 :0&2/93&')(&$$!  ( 

'&0*.&(2$&. =,# (!"$!(!*% *09A24 )2:!(, (!"!#!$$%< '(&)!(!* /!?&) 

0,+!),)6 ( !*$!/!*!(!/ 2"2 /$!A!/!*!(!/ 0&?2/&.   '"95,& 

/$!A!/!*!(!A! 0&?2/, 0,':0!')0,$1&/!& 2;"95&$2& :0&*'),("1&)'1 ( (2*& 

#!$&5$!A! $,+!0, /!*, #!)!0%& 0,;"25,-)'1 :!:&0&5$%/ 0,':0&*&"&$2&/ 

,/:"2)9*% 2 :!"102;,.22 :!"1, :!')!1$$%/2 0,':0!')0,$&$21 2 *0. 

4,0,#)&02')2#,/2 0,':0!')0,$&$21. G!*0!+$%< ,$,"2; (!;/!?$!A! 

/!*!(!A! '!'),(, !:)25&'#24 (!"$!(!*!( :02(&*&$ ( [5-8].   

.2"2$*025&'#!/ '(&)!(!*& /!A9) 0,':0!')0,$1)6'1 ).$. «52')%&» /!*% Eik 2 

Hik )2:,, , ),# ?& «A2+02*$%&» /!*% EHik 2 HEik, A*& *(, 2$*&#', 

'!!)(&)')(9-) :&02!*25$!')2 2;/&$&$21 :,0,/&)0!( :!"1 /!*% :! 

:!:&0&5$%/ #!!0*2$,),/   2 !. G02 !+H&*2$&$22 /!* ' +"2;#2/2 

:!')!1$$%/2 0,':0!')0,$&$21 :!"95,-) '2')&/9 !+!+3&$$%4 /!*!(%4 

A09:: ' !+!+3&$$%/ $!/&0!/.      

I,2/&$6B9- :!')!1$$9- 0,':0!')0,$&$21 2/&&) ).$. «!'$!($,1» /!*, 

HE01. J'),"6$%& /!*% – «(%'B2&» /!*% – 2/&-) *"2$% (!"$ !)'&5#2 (&'"2 

*"2$% (!"$% $2?& *"2$% (!"$% !)'&5#2, )! ),#,1 /!*, $& 

0,':0!')0,$1&)'1). G02 !:0&*&"&$$%4 '!!)$!B&$214 *"2$% (!"$% 

2;"95&$21 2 :,0,/&)0!( (!"$!(!*, ( $&/ /!?&) 0,':0!')0,$1)6'1 )!"6#! 

!*$, «!'$!($,1» /!*,, (%'B2& /!*% $& 0,':0!')0,$1-)'1.  

  +!"6B2$')(& '!(0&/&$$%4 :0,#)25&'#24 ;,*,5 !*$!/!*!(%< 0&?2/ 

0,+!)% '(&)!(!*, 1("1&)'1 +!"&& :0&*:!5)2)&"6$%/ (!)'9)')(9&) 

;$,52)&"6$%< 8,#)!0 !A0,$25&$21 :!"!'% :0!:9'#,$21 – /!*!(,1 *2':&0'21 
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[3-4], 2'#"-5,-)'1 1("&$2& /!*!(!A! B9/, 2 ). :. 788&#)%, '(1;,$$%& '! 

'"!?$%/ 4,0,#)&0!/ /$!A!/!*!(!A! 0,':0!')0,$&$21 2;"95&$21 ( 

'(&)!(!*&. G!7)!/9 (:"!)6 *! :!'"&*$&A! (0&/&$2 ,#)2($! (&*9)'1 

2''"&*!(,$21 2 0,;0,+!)#2, $,:0,("&$$%& $, '!(&0B&$')(!(,$2& 

'93&')(9-324 )2:!( 2 '!;*,$2& $!(%4 !*$!/!*!(%4 (!"!#!$, 788&#)2($%4 

( 0,;"25$%4 '2')&/,4, :0&?*& ('&A!, #!//9$2#,.2!$$%4 [3, 5]. =,# :0,(2"!, 

!*$!/!*!(%& '(&)!(!*% 2/&-) ')9:&$5,)%< :0!82"6 :!#,;,)&"1 

:0&"!/"&$21, 4!)1 *"1 :!"95&$21 !:0&*&"&$$%4 *2':&0'2!$$%4 '(!<')( 

2':!"6;9-)'1 +!"&& '"!?$%& :0!82"6$%& ;,(2'2/!')2: )0&9A!"6$,1, W-

!+0,;$,1 2 *0. [9, 10].    

J'$!($,1 /!*, .2"2$*025&'#!A! !:)25&'#!A! '(&)!(!*, ' (%'!#!< 

')&:&$6- )!5$!')2 "2$&<$! :!"102;!(,$,, ' :!5)2 !*2$,#!(%/ 

$,:0,("&$2&/ :!"102;,.22 ( 0,;$%4 )!5#,4 '&0*.&(2$% [6, 8].    

J'!+%/ )2:!/ '(&)!(!*!( 1("1-)'1 '(&)!(!*%, ( #!)!0%4 #09A!(,1 

'2//&)021 :!:&0&5$!< ')09#)90% *27"&#)025&'#!A! (!"$!(!*, $,09B&$,. 

G02 7)!/ !+%5$! 2':!"6;9-) "2+! $&#09A"9- A&!/&)02- '&0*.&(2$% 

(!"!#$,, "2+! !+&':&52(,-) /&4,$25&'#!& $,:01?&$2& #09A"!< '&0*.&(2$%, 

'!;*,(,&/%& ( :0!.&''& 2;A!)!("&$21 '(&)!(!*,. C)!) ':&.2,"6$%< #",'' 

'(&)!(!*!( $,;%(,-) «*(9"95&:0&"!/"1-32/2» (KLG), «,$2;!)0!:$%/2» 

2"2 «:!"102;,.2!$$!-9*&0?2(,-32/2» '(&)!(!*,/2.   ),#24 (!"!#$,4 

!'$!($,1 /!*, 0,'3&:"1&)'1 $, *(& ).$. :!"102;,.2!$$%4 /!*%, #!)!0%& 

:!"102;!(,$% !0)!A!$,"6$! 2 2/&-) 0,;$%& :!')!1$$%& 0,':0!')0,$&$21. 

E!)1 ( KLG '(&)!(!*& 0,':0!')0,$1-)'1 *(& :!"102;,.2!$$%& /!*%, ),#2& 

'(&)!(!*% 0,''/,)02(,-) #,# !'!+%< )2: !*$!/!*!(%4 (!"!#!$.  !:0!'% 

)&!022 KLG (!"!#!$ 2 :0!+"&/% 24 :0,#)25&'#!A! 2;A!)!("&$21 :!*0!+$! 

2''"&*!(,$% ( /$!A!52'"&$$%4 0,+!),4, /!?$! !)/&)2)6 ),#2& 5,')! 

.2)209&/%& 0,+!)% #,# [11-15] 2 $,2+!"&& 9:!/2$,&/%& !+;!0$%& '),)62 

[16-17]. 

 I,2+!"&& 0,':0!')0,$&$% ,$2;!)0!:$%& '(&)!(!*% ' "2$&<$%/ 

*("95&:0&"!/"&$2&/. K"1 8!0/20!(,$21 ),#24 (!"!#!$ ( $,')!13&& (0&/1 

5,3& ('&A! 2':!"6;9-)'1 ')09#)90%, :!#,;,$$%& $, 02'9$#& 1.1.  

    

 
M2'9$!# 1.2. N)09#)90, :!:&0&5$!A! '&5&$21 :0!')!A! (!"!#$, 2 

*("95&:0&"!/"1-324 '(&)!(!*!(.  

 

G!"102;,.2!$$%& /!*% ),#24 '(&)!(!*!( "2$&<$! :!"102;!(,$% ( 

!0)!A!$,"6$%4 $,:0,("&$214, '(1;,$$%4 ' ).$. :!"102;,.2!$$%/2 !'1/2 
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'(&)!(!*, X 2 Y ('!!)(&)')(&$$! /!*% $,;%(,-) Ex 2 Ey). G!"102;,.2!$$%& 

/!*% KLG (!"!#$, 2/&-) 0,;$%& :!')!1$$%& 0,':0!')0,$&$21 "x 2 "y 

(0,;$%& 788&#)2($%& :!#,;,)&"2 :0&"!/"&$21 nx, ny). G02 7)!/ 5,')! 

9:!)0&+"1&)'1 )&0/2$% «+%')0,1» 2"2 «/&*"&$$,1» :!"102;,.2!$$,1 /!*,, , 

),# ?& «+%')0,1» 2"2 «/&*"&$$,1» :!"102;,.2!$$,1 !'6 '(&)!(!*,. G02 

0,''/!)0&$22 0,':0!')0,$&$21 '(&), ( KLG '(&)!(!*,4 9*!+$! (%*&"2)6 

0,;$!')6 :!')!1$$%4 0,':0!')0,$&$21 :!"102;,.2!$$%4 /!* 2 '0&*$-- 

:!')!1$$9- 0,':0!')0,$&$21      

  xy "#"$" , 
2

0

xy "%"
$" .    (1.1) 

  #,5&')(& !'$!($%4 :,0,/&)0!(, 4,0,#)&02;9-324 0,':0!')0,$&$2&  

:!"102;,.2!$$%4 /!* ( KLG '(&)!(!*&, 2':!"6;9-) (&"252$9  

*(9"95&:0&"!/"&$21 B 2 *"2$9 +2&$2< :!"102;,.2!$$%4 /!* & 

"
'
(

$#$
2

yx nnB , 
B

02 (
$

"
'

$& .    (1.2) 

G02 0,':0!')0,$&$22 ( (!"!#$& *"2$!< l :!"102;,.2!$$%& /!*% 

:02!+0&),-) 0,;$%& 8,;!(%& ;,*&0?#2 )x 2 )y 

ly,xy,x *"$) .     (1.3) 

G02 7)!/ 5,')! 9*!+$! 0,''/,)02(,)6 '0&*$-- ) 8,;9 2 0,;$!')$9- 8,;9 + 

(2;!)0!:$9- 2 ,$2;!)0!:$9-) :!"102;,.2!$$%4 /!*  

lxy
0

2
"$

)%)
$) ,  lyx "$)#)$+ .    (1.4) 

O,')! 0,;*&"1-) '",+!- 2 '2"6$!*(9"95&:0&"!/"1-32& (!"!#$,, ( 

#!)!0%4 *"2$, +2&$2< &< 1 '/, "2+! &>> 1 '/ '!!)(&)')(&$$!. 

=0!/& !)/&5&$$%4 '(&)!(!*!( ' "2$&<$%/ *(9"95&:0&"!/"&$2&/ 

0,;0,+!),$% 2 *09A2& (!"!#$,, ( #!)!0%4 :!"102;,.2!$$%& /!*% 

:!"102;!(,$% .20#9"10$! 2"2  7""2:)25&'#2, 01* ':&.2,"6$%4 )&4$!"!A2< 

*"1 '!;*,$21 '",+!*(9"95&:0&"!/"1-324 '(&)!(!*!( ' +!"6B2/2 

;$,5&$21/2 *"2$% +2&$2< (& >>100 /) [16-17], , ),# ?& *09A2& )2:% 

(!"!#!$, '! ':&.2,"6$%/2 :!"102;,.2!$$%/2 '(!<')(,/2 [18]. N"&*9&) 

:!*5&0#$9)6, 5)! 0,''/,)02(,&/%& ( *,$$!< *2''&0),.22 '(&)!(!*% ( 

'!'),(& (!"!#!$$%4 2$)&08&0!/&)025&'#24 '4&/ – 

&'"($!) *"*+,-.,"!/"012', & ,3! !)4 & "'$,5$4/ 678. 

N"&*9&) !)/&)2)6, 5)! *(9"95&:0&"!/"&$2& '(&)!(!*,, 2, #,# '"&*')(2&,   

0,;$!')6 8,; :!"102;,.2!$$%4 /!* +, /&$1&)'1 :02 2;/&$&$22 ($&B$24 

9'"!(2<, :0&?*& ('&A!, )&/:&0,)90% ((#",* 2;/&$&$21 A&!/&)025&'#!< 

*"2$% '(&)!(!*, ( '*(2A + ;$,52)&"6$! /&$6B&, 5&/ !) 2;/&$&$21 

*(9"95&:0&"!/"&$21).  D;/&$&$2& B 2 !)$!'2)&"6$%< '*(2A 0,;$!')2 8,; +, 

('"&*')(2& 2;/&$&$21 )&/:&0,)90% !:2'%(,-) :!A!$$%/ #!7882.2&$)!/ KT   

, - TlKT T .**$.+. .    (1.5) 
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=!7882.2&$) KT ;,(2'2) !) ')0!&$21 KLG (!"!#$,. I, :0,#)2#& 7)!) 

#!7882.2&$) '!'),("1&) :02/&0$! &*2$2.% 0,*2,$/(/·
0
N) [4, 16, 19, 20].  

K09A!< 8,#)!0 '/&3&$21 0,;$!')2 8,; + – 2;/&$&$2& 5,')!)% 2')!5$2#, 

/0.   !+3&/ '"95,&, *(9"95&:0&"!/"&$2& /&$1&)'1 ' *"2$!< (!"$% 

2')!5$2#,, 4!)1 7), ;,(2'2/!')6 1("1&)'1 !)$!'2)&"6$! '",+!< [17, 21]. K"1 

!:)25&'#24 '4&/ '! '),+2"6$%/ (%'!#!#!A&0&$)$%/ ",;&0!/, ("21$2&/ 

),#!A! 2;/&$&$21 *(9"95&:0&"!/"&$21 /!?$! :0&$&+0&56. F!A*, #!"&+,$21 

+, $,(&*&$$%&  8"9#)9,.21/2 5,')!)% 2')!5$2#, /!?$! !.&$2)6 ( 

:0&*:!"!?&$22 82#'20!(,$$%4 nx 2 ny 5&0&; :!A!$$%< #!7882.2&$) 

59(')(2)&"6$!')2 # /0      

K0 = (1/l)d+/d0=2'&/c( .    (1.6) 

=0!/& ).$. «($9)0&$$&A!» («'!+')(&$$!A!») *(9"95&:0&"!/"&$21 

'(&)!(!*,, #!)!0!& !:0&*&"1&)'1 ,'2//&)02&< ')09#)90%, '!;*,$$!< :02 

2;A!)!("&$22 0,''/,)02(,-) «$,(&*&$$!&» *(9"95&:0&"!/"&$2&, #!)!0!& 

(!;$2#,&) ('"&*')(2& ($&B$&A! /&4,$25&'#!A! (!;/93&$21 (!"!#$, (2;A2+, 

'?,)2&, '#09)#, 2 ).*.). G02 (!;/93&$22 '(&)!(!*,, #!)!0%< 2/&&) 

'!+')(&$$!& *(9"95&:0&"!/"&$2&, $,(&*&$$!& *(9"95&:0&"!/"&$2& 

*&<')(9&) ,**2)2($! ' «($9)0&$$2/» (4,0,#)&0 '9//,0$!A! 

*(9"95&:0&"!/"&$21 ;,(2'2) !) )2:, ($9)0&$$&A! 2 $,(&*&$$!A! KLG) [16]. 

I,(&*&$$!& *(9"95&:0&"!/"&$2& :02 (!;/93&$22 '(&)!(!*, /!?&) +%)6 

2':!"6;!(,$! #,# :!"&;$%< 788&#), $,:02/&0, *"1 !'93&')("&$21 

/!*9"1.22 0,;$!')2 8,; :!"102;,.2!$$%4 /!* + ( *,)52#!(%4 9')0!<')(,4 

[4]. J*$,#! 5,3& ($&B$2& /&4,$25&'#2& (!;/93&$21 (!"!#$, 1("1-)'1 

:0252$!< :,0,;2)$%4 788&#)!(. G025&/ :!*!+$%& (!;/93&$21 :02(!*1) $& 

)!"6#! # :,0,;2)$%/ 8"9#)9,.21/ B 2 +, $! 2 # :!1("&$2- ). $. «'(1;2 /!*», 

#!)!0,1 !+'9?*,&)'1 $2?&.        

  ;,#"-5&$2& #0,)#!A! !:2',$21 !+3&A! :02$.2:, ')0!&$21 2 

89$#.2!$20!(,$21 *(9"95&:0&"!/"1-324 '(&)!(!*!( !)/&)2/, 5)! 

0,':0!')0,$&$2& 2;"95&$21 ( ),#24 (!"!#$,4 $& '"&*9&) 0,''/,)02(,)6 ( 

0,/#,4 B20!#! 2;(&')$%4 :!*4!*!( !:)2#2 ,$2;!)0!:$%4 2 

*(9"95&:0&"!/"1-324 '0&* [22, 23]. G02 ,$,"2;& 0,':0!')0,$&$21 '(&), ( 

,$2;!)0!:$!< '0&*& A",($%/ !+0,;!/ 2;95,&)'1 ;,(2'2/!')6 ("21$21 

:!"102;,.22 (!"$% $, '#!0!')6 && 0,':0!')0,$&$21 !) $,:0,("&$21 

0,':0!')0,$&$21.   '"95,& (!"!#!$$!A! '(&)!(!*, (!"$, 0,':0!')0,$1&)'1 ( 

(!"$!(!*$!< ')09#)90&, A*& (!;/!?$!& $,:0,("&$2& 0,':0!')0,$&$21 

!*$!;$,5$! ;,*,$! (( KLG (!"!#$,4 ' $&#09A"!< '&0*.&(2$!< '0&*% 

'&0*.&(2$% 2 !+!"!5#2 (!!+3& 1("1&)'1 2;!)0!:$!<, , ,$2;!)0!:21 

(!"$!(!*, *!')2A,&)'1 ;, '5&) $&'2//&)025$!< 8!0/%). G!7)!/9 2;(&')$%& 

0&;9"6),)% 9#,;,$$%4 )&!02<, '(1;,$$%& ' 0,''/!)0&$2&/ )&$;!0, 

*27"&#)025&'#!< :0!$2.,&/!')2, 7""2:'!2*, "95&(%4 '#!0!')&<, 

$,4!?*&$2&/ A",($%4 !:)25&'#24 !'&< '0&*%, , ),# ?& /$!A!52'"&$$%& 

1("&$21, '(1;,$$%& ' 0,':0!')0,$&$2&/ !+%#$!(&$$%4 2 $&!+%#$!(&$$%4 

"95&< )09*$! :02/&$2)6 # (!"!#$,/. G02 '0,($&$22 ' 4,0,#)&0$%/2 

!+H&#),/2 ,$2;!)0!:$%4 !:)25&'#24 '0&*, !)0&;!# *(9"95&:0&"!/"1-3&A! 
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'(&)!(!*, 1("1&)'1 ,$,"!A!/ 8,;!(!< :",')2$#2 (:02 $!0/,"6$!/ 9A"& 

:,*&$21 $, :!(&04$!')6) ' 0,;$!')6- 8,; !+%#$!(&$$!A! 2 $&!+%#$!(&$$!A! 

"95&<, 0,($!< +. J*$,#! ( !:)25&'#24 '2')&/,4 ' ,$2;!)0!:$%/2 '0&*,/2 

(!;/!?$, '2)9,.21, #!A*, )0,&#)!021 0,':0!')0,$&$21 (!"$% !:0&*&"&$,, 

:!:&0&5$!& 0,':0&*&"&$2& :!"1  $, (4!*& 2 (%4!*& '2')&/% ),# ?& ;,*,$!, , 

2$)&0&' :0&*'),("1&) ("21$2& (4!*$!A! '!')!1$21 :!"102;,.22 $, 

!'",+"&$2& 2 :!"102;,.2- (%4!*$!A! 2;"95&$21. K"1 ),#24 ;,*,5 0,;(2)% 

:!*4!*% 0,''/!)0&$21 2 !:2',$21 ,$2;!)0!:$%4 !:)25&'#24 '2')&/ [24-26], 

#!)!0%& /!A9) :02/&$1)6'1 2 :02/&$1-)'1 *"1 !:2',$21 1("&$2< ( 

*(9"95&:0&"!/"1-324 '(&)!(!*,4 ('/. ),# ?& :. 1.1.3, 2 :02"!?&$2& 1.1).  

 

1.1.2. 8!"0.'9%:'!$$4, ;<<,#34   678 & ,3! !)%= 
G!'#!"6#9 ( 2*&,"6$!/ .2"2$*025&'#!/ !*$!/!*!(!/ '(&)!(!*& 

:!')!1$$,1 0,':0!')0,$&$21 !'$!($!< /!*% $& ;,(2'2) !) $,:0,("&$21 

:!"102;,.22 2;"95&$21, )!, #,# '"&*')(2&, ),#!& (!"!#!$ *!"?$! '!40,$1)6 

'!')!1$2& :!"102;,.22 ($, (%4!*& '(&)!(!*, '!')!1$2& :!"102;,.22 *!"?$! 

+%)6 2*&$)25$! '!')!1$2- :!"102;,.22 $, (4!*& (!"!#$,). J*$,#! ( 

0&,"6$%4 !*$!/!*!(%4 (!"!#$,4 '!40,$&$2& '!')!1$21 :!"102;,.22 

!+&':&52(,&)'1 :02 !5&$6 #!0!)#24 *"2$,4 '(&)!(!*!( (( :0&*&",4 &*2$2. 

/&)0!(). G0!)1?&$$%& !*$!/!*!(%& '(&)!(!*% $& '!40,$1-) :!"102;,.2- 

0,':0!')0,$1&/!A! 2;"95&$21. C)! '(1;,$! ' )&/, 5)! ( 0&,"6$%4 '(&)!(!*,4 

:02'9)')(9&) $&2;+&?$!& $,(&*&$$!& *(9"95&:0&"!/"&$2&, '(1;,$$!& ' 

($9)0&$$2/2 2 ($&B$2/2 8,#)!0,/2 (!;/93&$21 2*&,"6$!< ')09#)90% 

'(&)!(!*,. P,#)25&'#2 0&,"6$%& !*$!/!*!(%& '(&)!(!*% !#,;%(,-)'1 

'",+!*(9"95&:0&"!/"1-32/2 '(&)!(!*,/2 ' *"2$!< +2&$2< /!* !) &*2$2. 

*! *&'1)#!( /&)0!( [4, 16, 17]. G025&/ $,(&*&$$!& *("95&:0&"!/"&$2& 

'"95,<$%/ !+0,;!/ !02&$)20!(,$!, 5)! :02(!*2) $& )!"6#! # 0,;$!')2 8,; 

(!;$2#,-324 $, 95,')#,4 '(&)!(!*, :!"102;,.2!$$%4 /!*, $! 2 

:&0&0,':0&*&"&$2- /!3$!')&< 2;"95&$2< 7)24 /!*.   2)!A& :02 "-+!/ 

'!')!1$22 :!"102;,.22 $, (4!*& :0!)1?&$$!A! !*$!/!*!(!A! '(&)!(!*,, ( 

0&;9"6),)& 0,':0!')0,$&$21 '(&), :0!2'4!*2) $&:0&*'#,;9&/,1 :0!2;(!"6$,1 

)0,$'8!0/,.21 '!')!1$21 :!"102;,.22. =0!/& )!A!, '!')!1$2& :!"102;,.22 

'(&), $, (%4!*& '(&)!(!*, /!?&) /&$1)6'1 !) ($&B$24 9'"!(2< (:0&?*& 

('&A!, )&/:&0,)90%) 2"2 2;/&$&$214 ( «9#",*#&» '(&)!(!*,.   :0!')%4 

)&"&#!//9$2#,.2!$$%4 '2')&/,4 '!')!1$2& :!"102;,.22 0,':0!')0,$1&/!A! 

( '(&)!(!*& '(&), 2 &A! 8"9#)9,.22 $& (,?$%. J*$,#! ( :!'"&*$&& (0&/1 

2$)&0&' # :0!+"&/& 8"9#)9,.2< :!"102;,.22 ( !*$!/!*!(%4 '(&)!(!*,4 

;$,52)&"6$! (%0!' (2''"&*!(,$2& G>K – «:!"102;,.2!$$!< /!*!(!< 

*2':&0'22» – 2 *0. (!:0!'!(, ,#)9,"6$%4 *"1 '!(&0B&$')(!(,$21 

(!"!#!$$%4 #!//9$2#,.2!$$%4 )&4$!"!A2< [26-28]).  

  '"95,& KLG (!"!#$, 4,0,#)&0 )0,$'8!0/,.22 :!"102;,.22 2;"95&$21 

*09A!<.   '!(0&/&$$!/ ,$2;!)0!:$!/ '(&)!(!*& *"2$!< *! $&'#!"6#24 

&*2$2. 2"2 *,?& $&'#!"6#24 *&'1)#!( #2"!/&)0!(, 2;"95&$2& 

0,':0!')0,$1&)'1 5&0&; *(, 8,#)25&'#2 $&;,(2'2/%4 "2$&<$!-

:!"102;!(,$$%4 #,$,", – *(& :!"102;,.2!$$%& /!*% – +&; ;$,52)&"6$!A! 
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!+/&$,  /!3$!')6-. C)! $& ;$,52), 5)! (!"!#$! '!40,$1&) '!')!1$2& 

:!"102;,.22, $,!+!0!), ('"&*')(2& $,"2521 0,;$!')2 :!')!1$$%4 

0,':0!')0,$&$21 :!"102;,.2!$$%4 /!* " 2 8!0/20!(,$22 0,;$!')2 8,; +  

'!')!1$2& :!"102;,.22 :0&)&0:&(,&) 0&A9"10$!& 2;/&$&$2& (*!"6 (!"!#$, ' 

:0!')0,$')(&$$%/ :&02!*!/ &, 02'9$!# 1.2. G!'#!"6#9 :02 2;/&$&$22 

)&/:&0,)90%, :02 *0&<8& 5,')!)% !:)25&'#!A! 2')!5$2#, 0,;$!')6 8,; + 

/!?&) ;$,52)&"6$! /&$1)6'1, )! (%4!*$,1 :!"102;,.21 :0&)&0:&(,&) 

,$,"!A25$%& 2;/&$&$21. J*$,#! KLG '(&)!(!* :0&*'),("1&) '!+!< *(, 

A&!/&)025&'#2 '!(/&3&$$%4 #,$,",, #!)!0%& :&0&*,-) *(& (!"$% ' 

!0)!A!$,"6$%/2 "2$&<$%/2 :!"102;,.21/2. G!7)!/9 :02 0,;*&"&$22 

2;"95&$21 :!"102;,.2!$$%4 /!* 2"2 (%*&"&$22 2;"95&$21 !*$!< 2; /!* $, 

(%4!*& (;, '5&) '!A",'!(,$21 !02&$),.22 :!"102;,)!0, 2 :!"102;,.2!$$!A! 

*&"2)&"1 ' $,:0,("&$2&/ :!"102;,.2!$$%4 !'&< (!"!#$,), /!?$! :&0&*,)6 

:! KLG '(&)!(!*9 2$8!0/,.2- ! (4!*$!< :!"102;,.22.  

 
M2'9$!# 1.2. D;/&$&$21 '!')!1$21 :!"102;,.22 2;"95&$21 (*!"6 KLG 

'(&)!(!*, ("2+! $, (%4!*& :02 2;/&$&$22 +).  

 

K!'),)!5$! 0,':0!')0,$&$$!< 2 ,#)9,"6$!< ;,*,5&< 1("1&)'1 :&0&*,5, 

"2$&<$! :!"102;!(,$$!A! 2;"95&$21 ' '!40,$&$2&/ '),+2"6$!A! '!')!1$21 

:!"102;,.22 (NG).   !)"252& !) !+%5$%4 !*$!/!*!(%4 '(&)!(!*!(, 

:02/&$&$2& KLG (!"!#$, :!;(!"1&) 0&B2)6 7)9 :0!+"&/9, &'"2 $,:0,("&$2& 

"2$&<$! :!"102;!(,$$!A! 2;"95&$21 $, (4!*& '!(/&')2)6 ' :!"102;,.2!$$!< 

!'6-, 02'9$!# 1.3.   7)!/ '"95,& (!"!#$! 0,+!),&) ( 0&?2/& 

0,':0!')0,$&$21 !*$!< :!"102;,.2!$$!< /!*%. G02 :02/&$&$22 ( 

(!"!#!$$%4 '2')&/,4 KLG '(&)!(!*!( 5,3& ('&A! :!*0,;9/&(,&)'1 

2':!"6;!(,$2& 2/&$$! ),#!A! 0&?2/,.  

                          

 
M2'9$!# 1.3. G&0&*,5, "2$&<$! :!"102;!(,$$!A! 2;"95&$21 5&0&; KLG 

(!"!#$! (0&?2/ 0,':0!')0,$&$21 !*$!< :!"102;,.2!$$!< /!*%). 
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Q'"2 95&')6 #!$&5$9- B202$9 ':&#)0,"6$!< "2$22 .( 0&,"6$%4 

2')!5$2#!( '(&),, )! ( 0&;9"6),)& 0,':0!')0,$&$21 :!"102;,.2!$$%4 /!* 

5&0&; KLG (!"!#$! !$2 :02!+0&),-) 0,;$!')6 4!*& 2 )&01-) #!A&0&$)$!')6. 

  0&;9"6),)& :0!2'4!*2) 1("&$2& *&:!"102;,.22 – '$2?&$21 ')&:&$2 

:!"102;,.22 '(&), $, (%4!*& '(&)!(!*, [6, 29, 30–33]. G02 7)!/ 2;"95&$2& 

#,?*!< /!*% /!?&) !'),)6'1 :!"102;!(,$$%/, $! 2$)&A0,"6$!& '!')!1$2& 

:!"102;,.22 2;"95&$21 '$2?,)6'1 (&'"2 /!3$!')2 :!"102;,.2!$$%4 /!* 

0,($%, )! (!;/!?$, :!"$,1 *&:!"102;,.21). G0!1("&$2& *,$$!A! 788&#), 

;,(2'2) !) '(!<')( *(9"95&:0&"!/"&$21 2 ':&#)0,"6$!< B202$% 2')!5$2#, 

.0. G02 7)!/ ((!*1) ).$. *"2$9 *&:!"102;,.22 ld, :!'"& :0!4!?*&$21 #!)!0!< 

2;"95&$21 :!"102;,.2!$$%4 /!* !#,;%(,-)'1 $&#!A&0&$)$%/2 2 $& '!;*,-) 

2$)&08&0&$.2!$$%& 788&#)%, , :02 0,($!/ (!;+9?*&$22 :!"102;,.2!$$%4 

/!* $, (4!*& (%4!*$!& 2;"95&$2& /!?&) +%)6 :!"$!')6- *&:!"102;!(,$!  

ld = (/(.( B) 1                (1.7) 

G0&*'),("&$2& ! :!"$!')6- $&;,(2'2/!/ 0,':0!')0,$&$22 *(94 

:!"102;,.2!$$%4 /!* ( KLG '(&)!(!*,4 1("1&)'1 2*&,"2;,.2&<. E!0!B! 

2;(&')$! 0,''/!)0&$2& ("21$21 ($&B$&A! /&4,$25&'#!A! (!;/93&$21  

')09#)90% «2*&,"6$!A!» '(&)!(!*, $, *(9"95&:0&"!/"&$2&.   '"95,& 

(!"!#$, ' '2"6$%/ KLG ),#2& (!;/93&$21 :02(!*1) #,# # /!*9"1.22 B 2 +, 

),# 2 # 1("&$2- «'(1;2 /!*» – :0&!+0,;!(,$21 5,')2 2;"95&$21 2; !*$!< 

:!"102;,.2!$$!< /!*% ( ,"6)&0$,)2($9- /!*9.  ! /$!A24 '"95,14 7)! 

1("&$2& !A0,$252(,&) (!;/!?$!')2 9')0,$&$21 :,0,;2)$%4 

:!"102;,.2!$$%4 1("&$2< ( (!"!#!$$%4 '2')&/,4 ;, '(&) :02/&$&$21 KLG 

'(&)!(!*!(.  

J*2$ 2; !'$!($%4 :!*4!*!( # 0,''/!)0&$2- '(1;2 /!*, $,(&*&$$!< 

($&B$2/ (!;/93&$2&/ – !:2',$2& "!#,"6$!< '(1;2 /!* ( '&5&$22 '(&)!(!*, 

$&#!)!0%/ #!/:"&#'$%/ #!7882.2&$)!/ '(1;2 k 2 0,''/!)0&$2& ).$. 

90,($&$2< '(1;,$$%4 /!* [6, 16, 32, 33]. N2')&/, 90,($&$2< '(1;,$$%4 /!* 

2/&&) (2* 

, - , - , -
, - , - , - zj

xy

zj
yx

ezcz*jkdzzdc

ezczjkdzzdc
"#

"

*$

*$
     (1.8) 

A*& cx,y – #!/:"&#'$%& ,/:"2)9*% :!"102;,.2!$$%4 /!*. 

K"1 ),#24 )2:!(%4 (!;/93&$2<, #,# :!:&0&5$!& '*,("2(,$2&, 2;A2+, 

2;A2+ ' $,)1?&$2&/ 2 '#0952(,$2&, :!#,;,$$%4 $, 02'9$#& 1.4, #!7882.2&$) 

'(1;2 /!?$! :0&*'),(2)6 (%0,?&$21/2 [16]  

k = " ·sin(2) )/2,   k = – j2 /2,    (1.9) 

A*& )  – 9A!" /&?*9 /&*"&$$!< !'6- '(&)!(!*, 2 $,:0,("&$2&/ (!;/93&$21 

(:!:&0&5$!< '2"%, 2;A2+,), , #!7882.2&$) "  *"1 '"95,&( :!:&0&5$!A! 

'*,("2(,$21 ' :!A!$$!< '2"!< f [I//], 2;A2+, ' 0,*29'!/ R, $,)1?&$21 :02 

2;A2+& ' '2"!< F, "2+! #!7882.2&$) 2  :02 '#09)#& '! '#!0!')6- #095&$21 3 
[!+//] ;,*,-)'1 ( (2*&    
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fC fÂ *$" , 
2

1

R
CRÂ *$" , 

R

F
CRFÂ *$" , 3*$2 3CÂ .   (1.10) 

=!$'),$)% Cf, CR, CRF, C3  ( (1.7) !:0&*&"1-)'1 A&!/&)025&'#2/2 2 

/&4,$25&'#2/2 :,0,/&)0,/2 '(&)!(!*,: Cf =4C/'rE, CR= C r2
/2, CRF = C(2–

3vP)/(1–vP)'rE, > – /!*9"6 R$A, (!"!#$,, ? 2 C3 ;,*,&)'1 5&0&; 

#!7882.2&$)% 9:09A!-!:)25&'#!A! )&$;!0, 2 #!7882.2&$) G9,''!$, vP. K"1 

#(,0.&(!A! '(&)!(!*, E =7·10
10

 I//
2
, ? =2·10

6
 /

–1
, vP =0,17 C3= 0,146. 

 

2r

f

2r

R

2r

F F
R

2;A2+ 2;A2+ ' $,)1?&$2&/:!:&0&5$!& '?,)2& '#09)#,  
M2'9$!# 1.4. E,0,#)&0$%& (2*% (!;/93&$21 '(&)!(!*, (%;%(,-32& 

$,(&*&$$!& *(9"95&:0&"!/"&$2& 2 '(1;6 /!* 

 

  '"95,&, &'"2 !)0&;!# '(&)!(!*, :!*(&0A$9) 0,($!/&0$!/9 (!;/93&$2-, 

0&B&$2& '2')&/% 90,($&$2< '(1;,$$%4 /!* 2/&&) (2*   

, -

, -
4
4

5

6

7
7

8

9
4
5

6
7
8

9 %":%":
%":

#4
5

6
7
8

9 %":*$

4
4

5

6

7
7

8

9
4
5

6
7
8

9 %":#":
%":

%4
5

6
7
8

9 %":*$

":

":
#

lkkEc
k

j
lkcec

lkkEc
k

j
lkcec

xyy

l
j

y

yxx

l
j

x

22

0022

22

0
2

22

0022

22

0
2

4
2

1
sin2

4
4

2

1
cos

4
2

1
sin2

4
4

2

1
cos

      (1.11) 

A*& "' = " + " ·cos(2) ). C)2 0&B&$21 !+%5$! 0,''/,)02(,-)'1 )!"6#! ' 

)!5#2 ;0&$21 $,4!?*&$21 !)$!'2)&"6$!< /!3$!')2 «:&0&#0&')$!<» 

'!'),("1-3&<.   :0&*:!"!?&$22, 5)! $, (4!*& (!;+9?*&$, )!"6#! !*$, 

/!*,, $,:02/&0 Ex ( ).&. Py0=0) !)$!'2)&"6$%< 90!(&$6 /!3$!')2 

:&0&#0&')$!< (Pxy = Py) '!'),("1-3&< $, (%4!*& Py(z)/(Py+ Py) 2/&&) (2* [16]   

, -
4
5

6
7
8

9 *":%*
":%

$
%

zk
k

k

PP

zP

yx

y 222

22

2

4
2

1
sin

4

4
.   (1.12) 

C)! ;$,52), 5)! &'"2 #!7882.2&$) '(1;2 !)$!'2)&"6$! /," (k << "), )! 

!)$!'2)&"6$,1 /!3$!')6 :&0&#0&')$!< #!/:!$&$)% #!"&+"&)'1 ( 

!A0,$25&$$%4 :0&*&",4.  

G02 0,''/!)0&$22 '",+%4 (!;/93&$2<, #!A*, " , 2  << ", /!?$! :!",A,)6 

"' = ("'
2
 + 4k2

)
1/2

=", ).&. :0&$&+0&56 :!:0,(#!< $, 8,;!(%& ;,*&0?#2 /!* ( 

'(&)!(!*&, (%;(,$$%& '(1;6- /!*.  %0,?&$21 (1.8) 2 (1.9) :02 ),#!/ 

:02+"2?&$22 +9*9) '93&')(&$$! :0!3&, 90!(&$6 :&0&#0&')$!< '(1;2 /!* 

+9*&) ;,*,(,)6'1 !)$!B&$2&/ k/".     

F,# ?& ( "2)&0,)90& 9*&"1&)'1 ($2/,$2& '"95,- :&02!*25&'#!A! 

2;/&$&$21 #!7882.2&$), '(1;2 (*!"6 '(&)!(!*,, $,:02/&0 A,0/!$25&'#2/ 

;,(2'2/!')1/ k(z) 2 ).:. [16]. J'!+&$$!')6 *,$$!A! '"95,1 '!')!2) ( )!/, 5)! 
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&'"2 :&02!* (!;/93&$21 '),$!(2)'1 #0,)$%/ *"2$& +2&$2< &, (!;$2#,&) 

+%')0%< 0!') :&0&#0&')$!A! !+/&$, /!3$!')6- /&?*9 /!*,/2 ' 

(!;/!?$!')6- :!"$!A! :&0&4!*, /!3$!')2 2; !*$!< /!*% ( *09A9-.  

  !+3&/ '"95,& 0,':0&*&"&$2& #!7882.2&$), '(1;2 ;,*,&)'1 $&#!)!0!< 

:0!2;(!"6$!< #!/:"&#'$!< 89$#.2&< k(z), , 0&B&$2& 90,($&$2< '(1;,$$%4 

/!* :0&*'),("1&)'1 ( (2*& 2$)&A0,"!( !) ),#!< 89$#.22 [16, 34]. 

Q3& !*$!< ,#)9,"6$!< ;,*,5&<, 2;95,&/!< ( "2)&0,)90&, 1("1&)'1 '(1;6 

:!"102;,.2!$$%4 /!* $, /$!A!52'"&$$%4 0,':0&*&"&$$%4 

$&!*$!0!*$!')14. G!'#!"6#9 ( 0&,"6$!/ KLG '(&)!(!*& $&2;+&?$! 

:02'9)')(9-) '!+')(&$$%& 8"9#)9,.22 :,0,/&)0!(, )! ,$,"2; 

0,':0&*&"&$$!< '"95,<$!< '(1;2 /!* (,?&$ *"1 0,''/!)0&$21 :0&*&"6$!< 

':!'!+$!')2 '(&)!(!*, :&0&*,(,)6 "2$&<$!& NG '(&),. J+/&$ 7$&0A2&< 

/&?*9 :!"102;,.2!$$%/2 /!*,/2 ( 7)!/ '"95,& ;,*,&)'1 2$)&A0,",/2 !) 

'"95,<$!< 89$#.22 k(z) 2 !:2',$2& 0&;9"6),), :&0&#0&')$!< '(1;2 

:!"102;,.2!$$%4 /!* !#,;%(,&)'1 *!'),)!5$! '"!?$%/. G!7)!/9 :02 

,$,"2;& *,$$!< ;,*,52 :&0&4!*1) # 0,''/!)0&$2- )!"6#! !)$!B&$21 '0&*$24 

/!3$!')&< :01/!< 2 :&0&#0&')$!< #!/:!$&$) /!*. J*2$ 2; !'$!($%4 

/&)!*!( ),#!A! 0,''/!)0&$21 – '2')&/, 90,($&$2< '(1;,$$%4 /!*. C), 

'2')&/, 90,($&$2< 2 && 0&B&$2& ( '"95,& (!;+9?*&$21 $, (4!*& )!"6#! /!*% 

Ex ().&. Py0 = 0, Py = Pxy) 2/&-) (2* [16, 35] 

, - , -
, - , -;<

;
=
>

#*$

#*$

yxy

xyx

PPhdzzdP

PPhdzzdP
  , , -hl

P
yx

y
e

PP

P

y

2

0

1
2

1

0

#

$

#$
%

,  (1.13) 

A*& h – :,0,/&)0 '(&)!(!*, ().$. h-:,0,/&)0 2"2 :,0,/&)0 9*&0?,$21 

:!"102;,.22), #!)!0%< ;,*,&)'1 '),)2')25&'#2/2 '(!<')(,/2 (!;/93&$2<, 

). &. !) '),)2')25&'#24 :,0,/&)0!( '"95,<$!< 89$#.22 k(z), $,:02/&0, /!?&) 

+%)6 (%0,?&$ 5&0&; 9'0&*$&$$%< /!*9"6 ':&#)0,"6$!< :"!)$!')2 /!3$!')2  

:0!')0,$')(&$$!A! ':&#)0, k(z) [16]. K"2$, l = h–1
 ;,*,&) $&#!)!09-  

4,0,#)&0$9- *"2$9 '(&)!(!*, l'(, :02 *!')2?&$22 #!)!0!< !+/&$ 7$&0A2&< 

/&?*9 /!*,/2 $&"6;1 :!",A,)6 '",+%/. =0!/& )!A!, :02 9'"!(22 l << h–1
 

;,(2'2/!')6 (1.13) '),$!(2)'1 "2$&<$!< !) *"2$%, 2 h-:,0,/&)0 8,#)25&'#2 

;,*,&) :!A!$$%< !)$!'2)&"6$%< 90!(&$6 '0&*$&< :&0&#0&')$!< /!3$!')2 

:!"102;,.2!$$%4 /!*. 

J)/&)2/, 5)! *"1 #!00&#)$!A! 0,''/!)0&$21 h-:,0,/&)0, *"2$, l $& 
*!"?$, +%)6 '"2B#!/ /,",, !$, *!"?$, ;$,52)&"6$! :0&(%B,)6 *"2$9 

#!00&"1.22 ;,(2'2/!')2 k(z) ().&. 4,0,#)&0$!A! :0!')0,$')(&$$!A! :&02!*, 

0,':0&*&"&$$%4 $&!*$!0!*$!')&<). F,# ?& !)/&)2/, 5)! !:0&*&"&$2& h-

:,0,/&)0, 2 ,$,"2; '2')&/% '(1;,$$%4 /!3$!')&< :!*0,;9/&(,&) 

(!;/!?$!')6 *(!1#!A! 9'0&*$&$21. N !*$!< ')!0!$%, 7)! 9'0&*$&$2&, 

'(1;,$$!& ' 0,;"25$%/2 0&,"2;,.21/2 8"9#)9,.2< k(z) ().&. 8,#)25&'#2 :! 

,$',/+"- (!"!#!$ ' !*2$,#!(%/2 '),)2')25&'#2/2 '(!<')(,/2 

$&!*$!0!*$!')&<). N *09A!< ')!0!$%, ( !)"252& !) ,$,"2;, 0,':0!')0,$&$21 

( (!"!#$&  /!$!40!/,)25&'#!A! '(&),, 0,''/!)0&$2& '(1;,$$%4 /!3$!')&< 

:!*0,;9/&(,&) 9'0&*$&$2& :! (!;/!?$%/ 8,;!(%/ '!!)$!B&$21/ :02 
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'9:&0:!;2.22 !+0,;!(,$$%4 ( 0,;$%4 )!5#,4 '(&)!(!*, :&0&#0&')$%4 

#!/:!$&$) /!* (8,#)25&'#2 /!?&) 2':!"6;!(,)6'1 9'0&*$&$2& :! " 

2$)&0:0&)209&/!& #,# '"&*')(2& $&/!$!40!/,)25$!')2 2')!5$2#, 2"2 

8"9#)9,.2< )&/:&0,)90%). C)! !;$,5,&), 5)! ),#!< :!*4!* 2'#"-5,&) 95&) 

2$)&08&0&$.2!$$%4 1("&$2<.  

 

1.1.3. @,3!)4 !-'&%$'0 -!"0.'9%:'!$$4= ;<<,#3!    &'&3,/%= & 678 
& ,3! !)%/' 
J+3&2;(&')$! !:2',$2& 5,')25$! :!"102;!(,$$!A! '(&), :!'0&*')(!/ 

'2')&/% 5&)%0&4 :,0,/&)0!( N)!#', [23, 24, 26], 2; #!)!0%4 )02 1("1-)'1 

$&;,(2'2/%/2 2 ;,*,-) NG. Q'"2 '(&) :!"$!')6- :!"102;!(,$, )! '2')&/, 

:,0,/&)0!( ')!#', (!!+3& A!(!01 2;+%)!5$,. G!"102;!(,$$,1 

/!$!40!/,)25&'#!& 2;"95&$2& /!?&) +%)6 :0&*'),("&$! #,# '9//, *(94 

(!"$ Ax 2 Ay ' $&#!)!0%/2 !0)!A!$,"6$%/2 +,;2'$%/2 :!"102;,.21/2, 

!+!;$,5&$$%/2 x 2 y (( :0!')&<B&/ '"95,& 7)! /!A9) +%)6 (!"$% "2$&<$!-

:!"102;!(,$$%& (*!"6 :&0:&$*2#9"10$%4 !'&< X 2 Y) 2, :!7)!/9, :!"$!')6- 

!:2'%(,&)'1 #!/:"&#'$%/2 ,/:"2)9*,/2 7)24 (!"$ [23], ). &. 5&)%06/1 

$&;,(2'2/%/2 (&3&')(&$$%/2 :,0,/&)0,/2. Q'"2 2'#"-52)6 2$8!0/,.2-, 

;,*,-39- ,/:"2)9*9 (!"$% 2 $,5,"6$9- 8,;9, )! *"1 !:2',$21 )!"6#! NG 

*!'),)!5$! *(, (&3&')(&$$%4 :,0,/&)0,, 4,0,#)&02;9-324 7""2:)25$!')6 2 

!02&$),.2- NG. F. &. *!'),)!5$! !)$!B&$21 ,/:"2)9* 2 0,;$!')2 8,; (!"$ 

Ax 2 Ay.   '(1;2 ' 7)2/ 0,;(2)% 0,;$%& '2')&/% :0&*'),("&$21 NG 

#!/:"&#'$%/ 52'"!/ 2 &A! !)!+0,?&$21 )!5#!< $, #!/:"&#'$!< :"!'#!')2 

[24]. G!:9"10$%/ $,A"1*$%/ (,02,$)!/ :0&*'),("&$21 '!')!1$21 

:!"102;,.22 1("1&)'1 /&)!* '8&0% G9,$#,0& [16, 24, 26], #!A*, !:0&*&"&$$!& 

'!')!1$2& :!"102;,.22 '!!)(&)')(9&) )!5#& $, '8&025&'#!< :!(&04$!')2. 

G!*!+$%& ':!'!+% 9*!+$% *"1 $,A"1*$!A! :0&*'),("&$21 !:0&*&"&$$!A! NG 

2;"95&$21 2 :0&*'),("&$21 )0,$'8!0/,.22 NG (!"$% (! (0&/&$2.  

S$,"2; :!"102;,.2!$$%4 788&#)!( :02 :0!4!?*&$22 5&0&; $&#!)!0%< 

!:)25&'#2< 7"&/&$), $,:02/&0, KLG '(&)!(!* )0&+9&) !+!+3&$$!A! 

!:2',$21 :0&!+0,;!(,$21 :0!2;(!"6$!A! (4!*$!A! NG ( NG $, (%4!*&. G02 

7)!/ $,2+!"&& 788&#)2($%/ /&)!*!/ !:2',$21 2 ,$,"2;, '2')&/% 

:0&*'),("1&)'1 8!0/,"2;/ K?!$', [24-26, 33, 36-38]. J'$!($%/2 !+H&#),/2 

7)!A! 8!0/,"2;/, 1("1-)'1 (&#)!0, 2 /,)02.% K?!$',, 2/&-32& (2* 
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A*& #!/:"&#'$%& #!7882.2&$)% (&#)!0, !:2'%(,-) NG (#!7882.2&$)% xa&  2 

ya&  – #!/:"&#'$%& ,/:"2)9*% (!"$ Ax 2 Ay). G02 7)!/ 2$8!0/,.2- ! NG 

8,#)25&'#2 $&'9) )!"6#! *(, (&3&')(&$$%4 :,0,/&)0,: '!!)$!B&$2& 

,/:"2)9* 2 0,;$!')6 8,; x- 2 y-'!'),("1-324 (&#)!0,. K"1 )!A!, 5)!+% 

(&#)!0 K?!$', 4,0,#)&02;!(," )!"6#! 2$8!0/,.2- ! NG, 5,')! 2':!"6;9-) 

0,;"25$%& '2')&/% 9'"!(2< ;,*,$21 (&#)!0,. I,:02/&0, 9'"!(2& xa& =1, )!A*, 

NG !:0&*&"1&)'1 #!/:"&#'$%/ 52'"!/ ya& , ;,*,-32/ ,/:"2)9*$%< 90!(&$6 



22 

2 8,;!(%< '*(2A y-'!'),("1-3&< :! !)$!B&$2- # x-'!'),("1-3&< [24]. 

O,')! 2':!"6;9-) (&#)!0 K?!$',, ( #!)!0!/ 
2

1 yx aa && #$ 2 arg( xa& )=–arg( ya& ). 

F!A*, | xa& | 2 | ya& | (%0,?,-)'1 5&0&; sin(2) 2 cos(2), A*& 2 – ,0#),$A&$'  

!)$!B&$21 ,/:"2)9* x- 2 y-'!'),("1-324, , 24 0,;$!')6 8,; 2arg( xa& ) [24, 37, 

38]. G02 $&!+4!*2/!')2 :!"$!A! !:2',$21 (!"$%, (&#)!0 K?!$', 

«':&.2,"6$!A!» )2:, /!?$! *!:!"$2)6 !+32/ #!/:"&#'$%/ /$!?2)&"&/, 

952)%(,-32/ 8,#)25&'#9- ,/:"2)9*9 2 $,5,"6$9- 8,;9 (!"$%.  

>,)02., K?!$', T (2*, (1.14) !:2'%(,&) '(1;6 #!/:!$&$) (&#)!0!( 

K?!$', $, (4!*& 2 (%4!*& '2')&/% E(%4 = T·E(4. C), /,)02., :0&*'),("1&) 

!:&0,)!0 )0,$'8!0/,.22 NG '2')&/!< 2 1("1&)'1 '!+')(&$$!< 

4,0,#)&02')2#!< "2$&<$!< !:)25&'#!< '2')&/%. O,')! 2':!"6;9-) 

«$!0/20!(,$$%&», «'2//&)02;!(,$$%&» 8!0/% /,)02. K?!$',, #!A*, 2; 

/,)02.% (%$&'&$ #!/:"&#'$%< /$!?2)&"6, !)0,?,-32< :!)&02 /!3$!')2 2 

8,;!(9- ;,*&0?#9 2;"95&$21 ( '2')&/& $& ;,(2'132& !) :!"102;,.22 

2;"95&$21. =,# :0,(2"!, (!'&/6 (&3&')(&$$%4 :,0,/&)0!(, ;,*,(,&/%4 

5&)%06/1 #!/:"&#'$%/2 #!7882.2&$),/2 /,)02.%, $& 1("1-)'1 

$&;,(2'2/%/2. J*$,#! ( !)"252& !) (&#)!0, K?!$',, $,"252& !:0&*&"&$$%4 

(;,2/!'(1;&< ( ,/:"2)9*,4 2 8,;,4 #!7882.2&$)!( 2 «2;+%)!5$!')6» 

5&)%0&4 #!/:"&#'$%4 #!7882.2&$)!( '(1;,$, $& ' 9'"!(21/2 ;,:2'2 

/,)02.%, , '! '(!<')(,/2 '2')&/%. M,;9/&&)'1, (2* #!$#0&)$%< (&#)!0, 

K?!$', '(&)!(!< (!"$% 2 /,)02.% K?!$', !:)25&'#!< '2')&/% ;,(2'2) !) 

(%+0,$$%4 +,;2'$%4 :!"102;,.2<.   

P!0/,"2;/ K?!$', :!;(!"1&) ,$,"2;20!(,)6 89$*,/&$),"6$%& '(!<')(, 

2 (!;/!?$!')2 )0,$'8!0/,.22 NG :0!2;(!"6$!< '2')&/!<. I, !'$!(& 7)!A! 

8!0/,"2;/, '"!?2",'6 B20!#! 2':!"6;9&/,1 !+!+3&$$,1 #",''282#,.21 

!:)25&'#24 '2')&/ 2 7"&/&$),/ :! :!"102;,.2!$$%/ '(!<')(,/ 2 :02$.2:% 

!:2',$21, ,$,"2;,, 2 )0,#)!(#2 :!"102;,.2!$$%4 788&#)!( ( !:)25&'#24 

'2')&/,4.  (2*9 ,#)2($!A! 2':!"6;!(,$21 ( *,$$!< 0,+!)& )&0/2$!"!A22, 

:02$.2:!( !:2',$21, , ),# ?& !+!+3&$$%4 (%(!*!(  0,''/!)0&$21 

!:)25&'#24 '2')&/ $, !'$!(& 8!0/,"2;/, K?!$',, ( G02"!?&$22 1.1 #0,)#! 

2;"!?&$% !'$!($%& :02$.2:% 2 :!"!?&$21 *,$$!A! 8!0/,"2;/,.   

#!$)&#')& !:2',$21 KLG '(&)!(!*!( ( 0,/#,4 8!0/,"2;/, K?!$', /!?$! 

!)/&)2)6, 5)! !)0&;!# (!"!#$, ),#!A! )2:, :02 9'"!(22 :0&$&+0&?2/! /,"%4 

:!)&06 1("1&)'1 '2')&/!< ' 8,;!(!< ,$2;!)0!:2&<. G02 (%+!0& +,;2', (*!"6 

$,:0,("&$2< :!"102;,.2!$$%4 !'&< '(&)!(!*, 2*&,"6$!& KLG (!"!#$! 

'!!)(&)')(9&) 8,;!(!< :",')2$#& ' 0,;$!')6- 8,; +. M1* +!"&& #!$#0&)$%4 

9'"!(2< :! ;,*,$2- /,)02.% K?!$', 2*&,"6$!A! 2 $& 2*&,"6$!A! KLG 

'(&)!(!*, +9*9) 0,''/!)0&$% ( 0,;*&"& 2, :. 2.1.  

 N"&*9&) :!*5&0#$9)6, 5)! ( #",''25&'#!/ (2*& 8!0/,"2;/ K?!$', 

:0&*:!",A,&) !:2',$2& :!"$!')6- :!"102;!(,$$!A! ( :0&*:!"!?&$22, 5)! 

2;"95&$2& $, (4!*& (%4!*& !:)25&'#!< '2')&/% #!A&0&$)$%.   '"95,&, #!A*, 

),#2& 9'"!(21 $& (%:!"$1-)'1 $&!+4!*2/! 2':!"6;!(,)6 !+!+3&$$%< 

8!0/,"2;/ /,)02. >-""&0,, 2':!"6;!(,$2& /,)02.% #!A&0&$)$!')2 [23] 2  
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:&0&4!* # /,)025$%/ '(1;1/ /&?*9 /!3$!')1/2 +,;2'$%4 :!"102;,.2< 2 

). :. :02&/%. J*$,#! :02 !:2',$22 2$)&08&0!/&)025&'#24 '2')&/ (' 

(%'!#!#!A&0&$)$%/ ",;&0$%/ 2')!5$2#!/ '(&), 2 !)$!'2)&"6$! #!0!)#2/2 

KLG '(&)!(!*,/2) ( *,$$!< 0,+!)& /!?$! :!",A,)6, 5)! ('&4 9'"!(21 *"1 

:02/&$&$21 8!0/,"2;/, K?!$', ( #",''25&'#!/ (2*& (%:!"$1-)'1.     

 
1.1.4.  8%.%/,3.4, =%.%#3,.'9*12', -!"0.'9%:'!$$!, *),.A%$', 678 
& ,3! !)!  ' '= '9/,.,$', 
K"1 )!A! 5)!+% !4,0,#)&02;!(,)6 '(!<')(, :0,#)25&'#24 KLG '(&)!(!*!(, 

( :&0(9- !5&0&*6 2':!"6;9-) ),#2& :,0,/&)0%, #,# *(9"95&:0&"!/"&$2& B 2 

*"2$9 +2&$2< &. J*$,#! *"1 /$!A24 ;,*,5, $,:02/&0, #!A*, 

'2"6$!*(9"95&:0&"!/"1-32& '(&)!(!*% 2':!"6;9-)'1 ( 0&?2/& 

0,':0!')0,$&$21 !*$!< *"1 :&0&*,52 "2$&<$! :!"102;!(,$$!A! 2;"95&$21 

7)2 :,0,/&)0% ',/2 :! '&+& $& (,?$%, :!'#!"6#9 !)0,?,-) ':!'!+$!')6 

9*&0?,$21 "2$&<$! :!"102;!(,$$!A! 2;"95&$21 )!"6#! #!'(&$$!.    7)!/ 

'"95,& +!"&& (,?$% :,0,/&)0%, 4,0,#)&02;9-32& !+/&$ 7$&0A2&< /&?*9 

/!*,/2, $,(&*&$$%< '!+')(&$$%/2 $&!*$!0!*$!')1/2 '(&)!(!*,. = ),#2/ 

4,0,#)&02')2#,/, 5,3& ('&A!, !)$!'1) 9#,;,$$%< (%B& h-:,0,/&)0 '(&)!(!*,. 

F,# ?& 5,')! 2':!"6;9-) #!7882.2&$) :&0&#0&')$!< '(1;2 :! /!3$!')2 

Kcrosstalk, :!* #!)!0%/ :!*0,;9/&(,-) !)$!B&$2& /!3$!')&< 

:!"102;,.2!$$%4 /!* $, (%4!*& (!"!#$, !:0&*&"&$$!< *"2$% l, :02 9'"!(22 

(!;+9?*&$21 $, (4!*& (!"!#$, )!"6#! !*$!< /!*%. F,# ?& 2':!"6;9-) 

#!7882.2&$) :!"102;,.2!$$!< 7#')2$#.22 ?', #!)!0%< 1("1&)'1 (&"252$!< 

!+0,)$!< # Kcrosstalk (),#!< :,0,/&)0 4,0,#)&0&$ *"1 )0,*2.2!$$%4 9')0!<')( 

:!"102;,.2!$$!< !:)2#2: :!"102;,)!0!(, 8,;!(%4 :",')2$!# 2 ).:.). 

G!'"&*$2< :,0,/&)0 0&*#! 2':!"6;9-) #,# 4,0,#)&02')2#9 ',/!A! '(&)!(!*,, 

$! 5,')! :02/&$1-) #,# :,0,/&)0 (!"!#!$$!A! 7"&/&$),, :!*0,;9/&(,1 

$,"252& ;,/&)$!< $,(&*&$$!< '(1;2 :!"102;,.2!$$%4 /!* ('"&*')(2& 

0,;"25$%4 :0252$ (')%#2 2 '!&*2$&$21, /&4,$25&'#2& (!;/93&$21 :02 

#0&:"&$214, (#"&<#& 2 ).*., !#!$.!(#, #!$$&#)!0,/2), , 2$!A*, 2 :0!')! #,# 

4,0,#)&02')2#9 8,#)25&'#!< $&)!5$!')2 (!;+9?*&$21 !*$!< 

:!"102;,.2!$$!< /!*% ( (!"!#$&. N!!)(&)')(&$$! B20!#! :02/&$1-)'1 

:,0,/&)0%, ((&*&$$%& '"&*9-32/ !+0,;!/ 

00 $
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.  (1.15) 

N"&*9&) :!*5&0#$9)6, 5)! 9#,;,$$%& :,0,/&)0% 4,0,#)&02;9-) '!!)$!B&$2& 

9'0&*$&$$%4 /!3$!')&<. C)! !+')!1)&"6')(! $& 2/&&) ;$,5&$21 *"1 /$!A24 

;,*,5, !'!+&$$! #!A*, l >> ld, 2 l >> l& = h–1
, 5)! 5,')! (%:!"$1&)'1 *"1 

:0,#)25&'#24 (!"!#!$$%4 '2')&/. G02 7)!/ 8,#)25&'#,1 /!3$!')6 

:&0&#0&')$%4 #!/:!$&$) /!* /,"! !)"25,&)'1 !) 9'0&*$&$$!< (9'0&*$&$2& 

:0!2'4!*2) ,()!/,)25&'#2 :02 0,':0!')0,$&$22 5&0&; +!"6B!& #!"25&')(! 

'"95,<$%4 $&!*$!0!*$!')&< 2 ('"&*')(2& 8"9#)9,.2< 0,;$!')2 8,; /!*, 

$,(&*&$$%4 B9/,/2 5,')!)% 2')!5$2#,). J*$,#! :!*5&0#$&/, 5)! :02 
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0,''/!)0&$22 2$)&08&0!/&)025&'#24 '4&/ ( *,$$!< 0,+!)& :!*0,;9/&(,&)'1 

(%:!"$&$2& #,# 0,; )&4 9'"!(2<, :02 #!)!0%4 :!"$!')6- :0!1("1-)'1  

2$)&08&0&$.2!$$%& 788&#)% (l << ld, l << l&  = h–1
  2 ). :.). G!7)!/9 

2':!"6;!(,$2& 9#,;,$$%4 :,0,/&)0!( '(&)!(!*!( 2 :0!2;(&*&$21 h·l 
:!;(!"1&) !.&$2)6 )!"6#! 9'0&*$&$$%<  90!(&$6 :&0&#0&')$!< #!/:!$&$)% 

:!"102;,.2!$$%4 /!* 2 $& :!;(!"1&) !.&$2)6 8,#)25&'#2< 90!(&$6 

(!;/!?$!A! :&0&#0&')$!A! !+/&$, 7$&0A2&< /&?*9 :!"102;,.2!$$%/2 

/!*,/2 KLG '(&)!(!*, ( $&#!)!0%< /!/&$) (0&/&$2. I&:!'0&*')(&$$%< 

90!(&$6 :&0&#0&')$%4 #!/:!$&$), ')0!A! A!(!01, ;,*,&)'1 #!7882.2&$)!/ 

7#')2$#.22 ?, 2/&-32/ (2* (1.15), $! +&; 9'0&*$&$21 (7)!) :,0,/&)0 /!?$! 

'(1;,)6 ,/:"2)9*!< $&*2,A!$,"6$!A! 7"&/&$), /,)02.% K?!$', '(&)!(!*,, 

5)! +9*&) 0,''/!)0&$! ( :. 2.1).      

K"1 :0,#)25&'#24 KLG '(&)!(!*!( (%'!#!A! #,5&')(, )2:25$%< 90!(&$6 

(&"252$% h-:,0,/&)0, '!'),("1&) 10
–5

 – 10
–6

 1// [12, 16, 21, 26, 39-44]. 

J*$,#! *"1 '!(0&/&$$%4 /,''!(! (%:9'#,&/%4 #!//&05&'#24 '(&)!(!*!( 

($,:02/&0, #!/:,$2< “Fujikura”, “3M”, “Nufern”), #,# :0,(2"!, 9#,;%(,&)'1 

$&'#!"6#! 49*B2< *2,:,;!$ ;$,5&$2< h-:,0,/&)0,: 10
–5

 – 10
–6

 1// [45-47]. 

L2$&<$,1 ;,(2'2/!')6 :&0&#0&')$!< '(1;2 /!3$!')&< :!"102;,.2!$$%4 /!* 

4!0!B! :!*)(&0?*,&)'1 7#':&02/&$),"6$! *"1 *"2$ (!"!#!$ :!01*#, 10 / 2 

+!"&& [48].  

J'$!($%/2 8,#)!0,/2, !A0,$252(,-32/2 :!"102;,.2!$$!-

9*&0?2(,-32& '(!<')(, '!(0&/&$$%4 (!"!#!$, '52),-)'1 8"9#)9,.22 

:,0,/&)0!(, '8!0/20!(,$$%& :02 2;A!)!("&$22. = $2/ !)$!'1) 8"9#)9,.22 

A&!/&)022 :!:&0&5$!< ')09#)90% 2 8"9#)9,.22 /&4,$25&'#24 $,:01?&$2<, , 

!*$2/ 2; !'$!($%4 :!*!+$%4 8,#)!0!( 5,')! :!",A,-) '#0952(,$2& 

'(&)!(!*, :02 (%)1?#& [16, 39-40]. J*$,#! #0!/& )&4$!"!A25&'#24 8,#)!0!(, 

0,''/,)02(,-)'1 2 ).$. «89$*,/&$),"6$%&» :0&*&"% [14, 41-43], $,:02/&0, 

!A0,$25&$2&, '(1;,$$!& ' ,$2;!)0!:2&< 0&"&&('#!A! 0,''&1$21 2;"95&$21 ( 

:",("&$!/ #(,0.&, ("21$2& )&:"!(%4 8"9#)9,.2<, (!;+9?*&$2& 2 

0,':0!')0,$&$2& !+!"!5&5$%4 /!* ( #!0!)#24 '(&)!(!*,4. G02 

2':!"6;!(,$22 KLG (!"!#!$ /!?&) !#,;,)6'1 ;$,52/%/ !A0,$25&$2&, 

(%;(,$$!& $& (;,2/!*&<')(2&/ /!*, , '",+%/2 !)#"!$&$21/2 :!"102;,.22 

:!"1 /!*% !) :!"102;,.2!$$!< !'2 (!"!#$, :02'9)')(9-3&/9 ( ')0!A!/ 

0,''/!)0&$2- /!*!(%4 89$#.2< KLG '(&)!(!*, [14, 43, 44].            

N"&*9&) !)/&)2)6, 5)! :02 2':!"6;!(,$22 KLG '(&)!(!*!( ( 

:0,#)25&'#24 9')0!<')(,4 5,')! (,?$% 4,0,#)&02')2#2 :!"102;,.2!$$!A! 

9*&0?,$21 $& ',/!A! 2'4!*$!A! '(&)!(!*,, , 8,#)25&'#!A! (!"!#!$$!A! 

7"&/&$), ' 95&)!/ 0,;"25$%4 8,#)!0!( (%;%(,-324 '(1;6 :!"102;,.2!$$%4 

/!*. C)! /!?&) +%)6 $,"252& 0,;H&/$%4 2"2 '(,0$%4 '!&*2$&$2<, ( #!)!0%4 

:0!2'4!*2) 9A"!(!& 0,''!A",'!(,$2& :!"102;,.2!$$%4 !'&<, #,+&"6$,1 

;,*&"#, '(&)!(!*, [49, 50], &A! !#!$.!(#, (2"#,/2 !:)25&'#24 0,;H&/!( 

[51, 52] 2 *0. 8,#)!0%, (!;$2#,-32& :02 9'),$!(#& '(&)!(!*, ( #!$')09#.2- 

$&#!)!0!A! 9')0!<')(,.   0&;9"6),)& *,?& :02 2':!"6;!(,$22 ( :0,#)25&'#24 

9')0!<')(,4 !)$!'2)&"6$! #!0!)#24 (:!01*#, 1 /) B$90!( 2; KLG 

'(&)!(!*!(, #!A*, '!+')(&$$,1 :&0&#0&')$,1 :!/&4, 2/&&) 90!(&$6 10
–5

 2 
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/&$&&, /!?&) +%)6 (:!"$& ,#)9,"6$%/ ,$,"2; 8,#)!0!( :!"102;,.2!$$%4 

0,''!A",'!(,$2< ( (!"!#!$$%4 7"&/&$),4 2 '!&*2$&$214 2 95&) 24 ("21$21 

$, 0,+!)9 9')0!<')(, [51-53].   

  '(1;2 '! '#,;,$$%/ :02 '!;*,$22 9')0!<')( $, !'$!(& KLG '(&)!(!*!(, 

#,# :0,(2"!, (!;$2#,&) ;,*,5, 7#':&02/&$),"6$!A! #!$)0!"1 #!7882.2&$), 

:!"102;,.2!$$!< 7#')2$#.22 (!"!#!$$%4 7"&/&$)!(, , ),# ?& '(1;,$$,1 ' 

7)!< :0!+"&/!< ;,*,5, )!5$!A! !:0&*&"&$21 $,:0,("&$2< :!"102;,.2!$$%4 

$, #!$.,4 (!"!#!$$!A! 7"&/&$),. D$!A*, /!?&) +%)6 ,#)9,"6$, ;,*,5, 

)!5$!A! !:0&*&"&$21 '!!)$!B&$21 /!3$!')&< (!;+9?*&$$%4 ( '(&)!(!*& 

:!"102;,.2!$$%4 /!*.   +!"6B2$')(& '"95,&( *"1 :0!(&*&$21 ),#24 

2;/&0&$2< 2':!"6;9-) )0,*2.2!$$%<, «#",''25&'#2<» :02$.2:, '!A",'$! 

#!)!0!/9 $, (4!* '(&)!(!*, :!*,&)'1 "2$&<$! :!"102;!(,$$%< '(&) 2 ;, '5&) 

!02&$),.22 $,:0,("&$21 :!"102;,.22 '(&), (*!"6 :!"102;,.2!$$!< !'2 

!+&':&52(,&)'1 (!;+9?*&$2& ( '(&)!(!*& )!"6#! !*$!< :!"102;,.2!$$!< 

/!*%, $,:02/&0 /!*% Ex ()!A*, Py0 =0). I, (%4!*& '(&)!(!*, 2':!"6;9&)'1 

,$,"2;,)!0, (0,3,1 #!)!0%< 2;/&01-) ;,(2'2/!')6 (%4!*$!< /!3$!')2 !) 

9A", :!(!0!), ,$,"2;,)!0,, , '!!)$!B&$2& 7#')0&/9/!( 7)!< ;,(2'2/!')2 

(7)! Px 2 Py = Pxy), ( '!!)(&)')(2& ' (1.15) *,&) 2'#!/%< #!7882.2&$). 

G!"!?&$21 7#')0&/9/!( '!!)(&)')(9-) $,:0,("&$21/ :!"102;,.2!$$%4 

!'&< $, (%4!*& '(&)!(!*,.  G!*!+$%< )0,*2.2!$$%< :!*4!* (:! ,$,"!A22 

2;/&0&$21/2 :!"102;,.2!$$%4 !:)25&'#24 7"&/&$)!( &A! /!?$! $,;(,)6 

$,;%(,-) /&)!*!/ «'#0&3&$$%4 :!"102;,)!0!(») # 2;/&0&$2- 

#!7882.2&$), 7#')2$#.22 2':!"6;9&)'1, $,52$,1 ' 2'4!*$%4 7),:!( 

2''"&*!(,$2< KLG '(&)!(!*!( [16, 33] 2 *,"&& *! $,')!13&A! (0&/&$2 [48, 

54-58], (#"-5,1 :0!(&*&$2& ':&.2,"6$%4 (%'!#!)!5$%4 2;/&0&$2< [43]. 

J)/&)2/, 5)! ( ),#24 2;/&0&$214 2':!"6;9&)'1 $&#!A&0&$)$%< 2')!5$2# 

'(&),, 5)! 2'#"-5,&) 2$)&08&0&$.2!$$%& 788&#)% 2 !+&':&52(,&) 

9'0&*$&$2&, :0&*9'/,)02(,&/!& '!A",'$! (1.15).   :0!)2($!/ '"95,& (:02 

#!A&0&$)$!/ 2')!5$2#&) $, (%4!*& ,$,"2;,)!0, (!;/!?$% 

2$)&08&0&$.2!$$%& #!"&+,$21 2$)&$'2($!')2, !:0&*&"1&/%& 0,;$!')6- 8,; 

:!"102;,.2!$$%4 /!* +. F,#2& 788&#)% !+%5$! 0,''/,)02(,-) #,# 

:,0,;2)$%&, )0&+9-32& *!:!"$2)&"6$!A! 9'"!?$&$21 ,"A!02)/, 2;/&0&$2< 

*"1 2'#"-5&$21 24 ("21$21 [59]. J'$!($!< /!*282#,.2&< *,$$!A! :02$.2:, 

2;/&0&$2< '),"! 2':!"6;!(,$21 *"1 2''"&*!(,$21 '(1;2 /!* ( :0!)1?&$$%4 

KLG '(&)!(!*,4 2 G>K ( !*$!/!*!(%4 (!"!#$,4 :02$.2:!( (!"!#!$$!< 

0&8"&#)!/&)022, :!;(!"1-3&< 2;/&01)6 :0!')0,$')(&$$!& 0,':0&*&"&$2& 

'(1;2 /!* [60-63]. I&'/!)01 $, 0,;"25$%& (!;/!?$%& (,02,$)% 

$&:!'0&*')(&$$!< !0A,$2;,.22 2;/&02)&"6$!< '4&/% 2 ,"A!02)/, 

2;/&0&$2<, :02$.2: «'#0&3&$$%4 :!"102;,)!0!(» !:0&*&"&$$%/2 

:02$.2:2,"6$%/2 !'!+&$$!')1/2 2; #!)!0%4 /!?$! :!*5&0#$9)6 

'"&*9-32&:            

1) I, (4!*& '(&)!(!*, )0&+9&)'1 2')!5$2# $&#!A&0&$)$!A! 2;"95&$21. 

2) D;"95&$2& 2')!5$2#, *!"?$! +%)6 "2$&<$! :!"102;!(,$! ' (%'!#!< 

')&:&$6- )!5$!')2. 
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3) I&!+4!*2/, (!;/!?$!')6 (%'!#!)!5$!< 0&A9"20!(#2 (;,2/$!< 

!02&$),.22 :!"102;,.22 2')!5$2#, 2 :!"102;,.2!$$!< !'2 '(&)!(!*, $, 

(4!*& (!"!#$,.   

4) D':!"6;9&/%& ($&B$2& :!"102;,.2!$$%& 7"&/&$)% (:!"102;,)!0 2 

,$,"2;,)!0, 8,;!(%& :",')2$#2, &'"2 2':!"6;9-)'1 2 ).:.) *!"?$% 2/&)6 

*!'),)!5$9- '!+')(&$$9- :!"102;,.2!$$9- 7#')2$#.2- ("95B&, 5&/ 9 

)&')209&/!A! !)0&;#, '(&)!(!*,). 

5)   '"95,& #!7882.2&$) 7#')2$#.22 (!"!#!$$!A! 7"&/&$), ' 

$&'#!"6#2/2 (2"2 0,':0&*&"&$$%/2) $&!*$!0!*$!')1/2  /!?&) /&$1)6'1 ;, 

'5&) 2;/&$&$21 8,;!(%4 '!!)$!B&$2< :&0&#0&')$%4 #!/:!$&$) /!*, 

)0,*2.2!$$%< /&)!* 2;/&0&$2< :!;(!"1&) 2;/&02)6 '0&*$&& ;$,5&$2& 

:!"102;,.2!$$!< 7#')2$#.22 ?' = <?>. 

 %'!#,1 )!5$!')6, !)/&5&$$,1 ( :!;2.214 2–4 *!"?$, '!!)(&)')(!(,)6 

2;/&01&/!< :!"102;,.2!$$!< 7#')2$#.22, ).&. 5&/ «"95B&» )&')209&/%< 

(!"!#!$$%< 7"&/&$), )&/ ?&')5& )0&+!(,$21 # $,')0!<#,/ 2 7"&/&$),/. 

J)/&)2/, 5)! (! /$!A24 #!$#0&)$%4 ;,*,5,4, '(1;,$$%4 ' 0,;0,+!)#!< 2 

2;A!)!("&$2&/ 9')0!<')( ' KLG '(&)!(!*,/2, #!A*, $&!+4!*2/! 

#!$)0!"20!(,)6 :!"102;,.2!$$9- 7#')2$#.2- (!"!#!$$!A! 7"&/&$),, 

9#,;,$$%& !'!+&$$!')2 )0,*2.2!$$!A! ':!'!+, 2;/&0&$21 /!A9) !#,;,)6'1 

)09*$!(%:!"$2/%/2.  

N *09A!< ')!0!$% 788&#)%, '(1;,$$%& ' 2$)&08&0&$.2&< '(&)!(%4 (!"$ 

0,;$%4 :!"102;,.2!$$%4 /!* '(&)!(!*, '!*&0?,) 2$8!0/,.2- ! /!*,4. 

G!*!+$%& 788&#)% ,#)2($! 2':!"6;9-)'1 :02 2;/&0&$22 

*(9"95&:0&"!/"&$21 B, " 2 *"2$% +2&$2< &. F&')209&/%< '(&)!(!* 

(#"-5,-) ( :"&5& 2$)&08&0!/&)0!(, :!"102/&)0!(, 2':!"6;9-) #,# 

2$)&08&0!/&)025&'#2< 5,')!)$%< *2'#02/2$,)!0, '!;*,-32< 

:&02!*25&'#9- 2;0&;,$$!')6 2'4!*$!A! ':&#)0, B20!#!:!"!'$!A! 2')!5$2#, 

[16, 9-11, 64, 65]. N 2':!"6;!(,$2&/ :02$.2:!( «+&"!'(&)$!<» 2"2 

«$2;#!#!A&0&$)$!<» 2$)&08&0!/&)022 [66] 0,;(2) &3& !*2$ 

2$)&08&0&$.2!$$%< :!*4!* # ),#2/ 2;/&0&$21/ [67-70].   

J*$,#! 2':!"6;!(,$2& 2$)&08&0&$.22 :!"102;,.2!$$%4 /!* 2 

:&0&#0&')$%4 #!/:!$&$) :!"102;,.2!$$%4 /!* :0,#)25&'#2 $& 2':!"6;9&)'1 

*"1 2;/&0&$21 :&0&#0&')$!< '(1;2 :!"102;,.2!$$%4 /!* ( '(&)!(!*,4.   

#,5&')(& 0&*#24 2'#"-5&$2< /!?$! !)/&)2)6 :!*4!*%, 0,''/,)02(,&/%& ( 

[71-74].   [71-73] :0&*",A,&)'1 (!;+9?*,)6 $, (4!*& '(&)!(!*, )!"6#! !*$9 

:!"102;,.2!$$9- /!*9 (Px0=P0, Py0=0), $! 2':!"6;!(,)6 #!A&0&$)$%< 

2')!5$2# 2 !'93&')("1)6 (':!/!A,)&"6$9- /!*9"1.2- 0,;$!')2 8,; + 

($,A0&(,1 )&')209&/!& (!"!#$!). I, (%4!*& 0&A2')0209-)'1 #!"&+,$21 NG 

2;"95&$21 (%;(,$$%& /!*9"1.2&<, #!)!0%& 1("1-)'1 '"&*')(2&/ 

'9:&0:!;2.22 2;"95&$22 :01/!< 2 :&0&#0&')$!< /!* (Ex 2 Ey=Exy) :!;(!"1-) 

!.&$2(,)6 :!"102;,.2!$$9- 7#')2$#.2-. J)/&)2/, 5)! 7)!) :02$.2: 

2;/&0&$21 '!40,$1&) !'$!($%& !'!+&$$!')2 )0,*2.2!$$!A! /&)!*,, 

:&0&52'"&$$%& (%B&, ;, 2'#"-5&$2&/, #!$&5$!, :!;2.2< 1 2 5.  

O0&;(%5,<$! 2$)&0&'&$ /&)!*, !:2',$$%< ( [74], A*& :0&*",A,&)'1 

2':!"6;!(,)6 #!A&0&$)$%< 2')!5$2#, (!;+9?*,)6 $, (4!*& '(&)!(!*, !+& 
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:!"102;,.2!$$%& /!*% (Px0= Py0= P0/2) 2 !'93&')("1)6 (':!/!A,)&"6$9- 

/!*9"1.2- 0,;$!')2 8,; + ($,A0&(,1 )&')209&/!& (!"!#$!). I, (%4!*& 

:!'0&*')(!/ ,$,"2;,)!0, (%*&"1&)'1 2;"95&$2& !*$!< 2; :!"102;,.2!$$%4 

/!* 2 0&A2')0209-)'1 #!"&+,$21 /!3$!')2 2;"95&$21 (%;(,$$%& 

/!*9"1.2&<, #!)!0%& 1("1-)'1 '"&*')(2&/ '9:&0:!;2.22 2;"95&$22 :01/!< 

2 :&0&#0&')$!< #!/:!$&$) /!*% (Ex 2 Eyx) 2 :!;(!"1-) !.&$2(,)6 

:!"102;,.2!$$9- 7#')2$#.2-. F,#!< :02$.2: :02("&#,)&"&$ )&/, 5)! $& 

:0&*:!",A,&) $2 !*$!A! 2; 9#,;,$$%4 (%B& !A0,$25&$2<, '(1;,$$%4 ' 

0&,"2;,.2&< )0,*2.2!$$!A! /&)!*,.  

I&'/!)01 $, 7#':&02/&$),"6$9- ,:0!+,.2- ('&4 9#,;,$$%4 

2$)&08&0&$.2!$$%4 ':!'!+!( 2;/&0&$21 :!"102;,.2!$$!< 7#')2$#.22 

(!"!#!$$!A! 7"&/&$), :02(&*&$$%< ( :9+"2#,.214 )&!0&)25&'#2< ,$,"2; 

!5&$6 #0,)!# 2 $& *,&) :!*0!+$!A! !+!'$!(,$21 ,"A!02)/, 2;/&0&$2<, 

/&)0!"!A25&'#24 :0!+"&/, !'!+&$$!')&< 2 :0&2/93&')(. T!"&& )!A!, 0,+!)%  

[71] 2 [74] 2'4!*$! !02&$)20!(,$% $, 2;/&0&$2& h-:,0,/&)0, KLG (!"!#$,, 

).&. '"95,- 0,':0&*&"&$$!< '(1;2 /!* $, '!+')(&$$%4 $&!*$!0!*$!')14, 5)! 

!+9'",("2(,&) ;$,52)&"6$%& !'!+&$$!')2, :! '0,($&$2- ' !+!+3&$$%/ 

'"95,&/ $,(&*&$$!< :,0,;2)$!< '(1;2 /!*. I&#!)!0%< *!:!"$2)&"6$%< 

,$,"2; [71] 2 [74]  :02(&*&$ ( [75], !*$,#! 7)!) ,$,"2; 0,''/,)02(,&) )!"6#! 

!A0,$25&$21/ $, :,0,/&)0% '(&)!(!*!(, )0&+9&/%& *"1 #!00&#)$!A! 

:02/&$&$21 2$)&08&0&$.2!$$!A! :!*4!*, 2;/&0&$21 h-:,0,/&)0,.        

  (2*9 (,?$!')2 #!$)0!"1 :!"102;,.2!$$%4 :,0,/&)0!( (!"!#!$$%4 

7"&/&$)!( *"1 0,;0,+!)#2 2 '!;*,$21 (!"!#!$$%4 2$)&08&0!/&)0!( ' KLG 

'(&)!(!*,/2 9:!/1$9)%& (%B& )0,*2.2!$$%< 2 2$)&08&0&$.2!$$%& 

:02$.2:% 2;/&0&$2< +!"&& :!*0!+$! 0,''/!)0&$% (! ((&*&$22 # 0,;*&"9 5 2 

( G02"!?&$22 5.1.  

 

1.2.  !"!#!$$%& '$(&)*&)!+&()% ' ',+&)'(&"' $- '. !/$!0&  

 

G!'"& !'$!($!A! $,:0,("&$21 :0,#)25&'#!A! 2':!"6;!(,$21 (!"!#!$$!-

!:)25&'#24 '2')&/ – (!"!#!$$%& #!//9$2#,.2!$$%& '2')&/% – '"&*9-32/ 

:02("&#,)&"6$%/ $,:0,("&$2&/ 2':!"6;!(,$21 (!"!#!$$!< !:)2#2 1("1&)'1 

:!')0!&$2& 2;/&02)&"6$%4 9')0!<')( 2 *,)52#!(. S#)2($%& 2''"&*!(,$21, 

$,:0,("&$$%& $, 0,;0,+!)#9 2 '!;*,$2& (!"!#!$$!-!:)25&'#24 *,)52#!( 

0,;"25$%4 82;25&'#24 (&"252$, (&*9)'1 ' $,5,", 80-4 A!*!( :0!B"!A! 

')!"&)21 2 2$)&0&' # 7)!< !+",')2 '!40,$1&)'1 *! $,')!13&A! (0&/&$2. K"1 

'!;*,$21 *,)52#!(%4 9')0!<')( $, !'$!(& (!"!#$, 2':!"6;9-) 

0,;$!!+0,;$%& 1("&$21 2 /&4,$2;/%, #!)!0%& 2;/&$1-) :,0,/&)0% 

0,':0!')0,$1-3&A!'1 :! '(&)!(!*9 2;"95&$21 :!* *&<')(2&/ ($&B$24 

(!;/93&$2<. J)*&"6$!& $,:0,("&$2& (!"!#!$$!-!:)25&'#24 *,)52#!( – 

2$)&08&0!/&)025&'#2& (8,;!(%&) (!"!#!$$%& *,)52#2, #!)!0%& !'$!(,$% $, 

/!*9"1.22 8,;!(!< ;,*&0?#2 '(&), ( (!"!#$&, *"1 0&A2')0,.22 #!)!0!< 

)0&+9&)'1 2$)&08&0!/&)025&'#,1 '4&/,.        
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1.2.1. B!"!#!$$4, '$3,.<,.!/,3.4 ' '9/,.'3,"' $% '= !&$! ,  
 !"!#!$$%& 2$)&08&0!/&)0% 1("1-)'1 ,$,"!A!/ #",''25&'#24 

2$)&08&0!/&)0!(, , +,;!(%/2 (,02,$),/2 (!"!#!$$%4 

2$)&08&0!/&)025&'#24 '4&/ 1("1-)'1 ,$,"!A2 #",''25&'#24 '4&/ >,4,-

U&$*&0,, >,<#&"6'!$,, P,+02-G&0!, N,$61#,, 02'9$!# 1.4. C)2 '4&/% 2/&-) 

'(!2 *!')!2$')(, 2 :0&2/93&')(,, ( ;,(2'2/!')2 !) ;,*,52, *"1 0&B&$21 

#!)!0!< !$2 :02/&$1-)'1. J+32< :02$.2: :02/&$&$21 2$)&08&0!/&)0, *"1 

2;/&0&$21 ($&B$24 (!;*&<')(2< !'$!(,$ $, )!/, 5)! $&#!)!0!& (!;*&<')(2& 

$, '(&)!(!*% 2$)&08&0!/&)0, V 2;/&$1&) 0,;$!')6 8,;!(%4 ;,*&0?&#, 5)! 

/&$1&) 2$)&$'2($!')6 $, (%4!*& '4&/%, 0&A2')0209&/9- 8!)!:02&/$2#!/. 

G02$.2:% 89$#.2!$20!(,$21 (!"!#!$$%4 2$)&08&0!/&)025&'#24 

2;/&02)&"&< !:2',$% (! /$!A24 !+;!0$%4 /!$!A0,8214 :! (!"!#!$$!-

!:)25&'#2/ *,)52#,/, $,:02/&0 [76-90].   !'$!($!/ :02 0,+!)& (!"!#!$$%4 

*,)52#!( ' 2$)&08&0!/&)0,/2 >,4,-U&$*&0,, >,<#&"6'!$,, P,+02-G&0! 

2':!"6;9&)'1 )&:"!(!& 2 /&4,$25&'#!& (#,# :0,(2"!, 0,')1A2(,-3&&) 

(!;*&<')(2& $, '(&)!(!*%, *"1 0&A2')0,.22 7"&#)0!/,A$2)$%4 :!"&< 

:02/&$1-) '!!)(&)')(9-32& :0&!+0,;!(,)&"2. N :02/&$&$2&/ ),#24 

2$)&08&0!/&)0!( *!')2A$9)% 9':&42 ( '!;*,$22 2;/&02)&"&< )&/:&0,)90$%4 

#!"&+,$2<, ,#9')25&'#24 2 A2*0!,#9')25&'#24 '2A$,"!(, (2+0,.2< 2 

9'#!0&$2<, /,A$2)$%4 :!"&< [83, 85, 86, 91].  '"&*')(2& ':&.2825&'#24 

'(!<')( 2$)&08&0!/&)0, N,$61#, (!*$!(!"!#!$$%< ',/!'!A",'!(,$$%< 

2$)&08&0!/&)0), 9')0!<')(, $, &A! !'$!(& :0&*'),("1-) !)*&"6$!& 

$,:0,("&$2& 2;/&02)&"6$%4 9')0!<')(, :0&?*& ('&A! 7)! (!"!#!$$%& 

A20!'#!:% 2 2;/&02)&"2 )!#, [83, 85, 89].   

 %0,?&$21 *"1 (%4!*$!< 2$)&$'2($!')2 (!"!#!$$%4 

2$)&08&0&$.2!$$%4 '4&/ ( ;,(2'2/!')2 !) :,0,/&)0!( 7"&/&$)!( :!*0!+$! 

0,''/!)0&$%, $,:02/&0 ( [88]. K"1 *(94:"&5&(%4 2$)&08&0!/&)0!( (%4!*$,1 

2$)&$'2($!')6 /!?&) +%)6 :0&*'),("&$, (%0,?&$2&/   

I = I0 + Im·cos(.)),    (1.16) 

A*& .) – 0,;$!')6 8,;!(%4 ;,*&0?&# )A, )2 '(&)!(!< (!"$% ( (!"!#!$$%4 

:"&5,4 2$)&08&0!/&)0,. =!7882.2&$)% I0 2 Im – ). $. ,**2)2($,1 

'!'),("1-3,1 2 ,/:"2)9*, 2$)&08&0&$.2!$$!A! '2A$,", ;,(2'1) !) 

:,0,/&)0!( *&"2)&"&< 2 :!)&014 !:)25&'#!< /!3$!')2 ( '(&)!(!*,4 

(:!'"&*$2< :,0,/&)0 ;,(2'2) ),# ?& !) ')&:&$2 #!A&0&$)$!')2 2')!5$2#,).   

2*&,"6$!/ '"95,& ,**2)2($,1 '!'),("1-3,1 2 ,/:"2)9*, 

2$)&08&0&$.2!$$!A! '2A$,", 0,($% 2 :!')!1$$%, , 2;/&$&$21 (%4!*$!< 

2$)&$'2($!')2 I(t) '(1;,$% )!"6#! ' 2;/&$&$2&/ .)(t). J*$,#! ( 0&,"6$%4 

9')0!<')(,4 7)2 9'"!(21 /!A9) $,09B,)6'1 ('"&*')(2& 8"9#)9,.2< 

:,0,/&)0!( 2')!5$2#, 2"2 :,0,;2)$%4 ,/:"2)9*$%4 (!;/93&$2< '(&)!(!*,4 

[85, 88].      

C88&#)2($!')6 2;/&02)&"&< $, !'$!(& (!"!#!$$%4 2$)&08&0!/&)0!( 

4,0,#)&02;9-) ),#2/2 ?& :,0,/&)0,/2, #,# 2 2;/&02)&"2 2"2 2;/&02)&"6$%& 

:0&!+0,;!(,)&"2 (*,)52#2) *09A24 )2:!(. = ),#2/ :,0,/&)0,/, :0&?*& ('&A!, 

!)$!'1) 59(')(2)&"6$!')6, 0,;0&B,-39- ':!'!+$!')6, *2$,/25&'#2< 

*2,:,;!$, 0,+!52< *2,:,;!$ 5,')!). J*$,#! :02 0,;0,+!)#& (!"!#!$$%4 
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2$)&08&0!/&)025&'#24 2;/&02)&"&< 2':!"6;9-) 2 ':&.2825&'#2& 

:,0,/&)0%, $,:02/&0 8,;!(9- 59(')(2)&"6$!')6 K)=d.)/dV 2 8,;!(9- 

0,;0&B,-3,1 ':!'!+$!')6 )min (:02 7)!/ Vmin=)min /K)). 

 

 
M2'9$!# 1.4. J'$!($%& (!"!#!$$%& 2$)&08&0&$.2!$$%& '4&/% (Y 2 X – (!"!#!$$%& 

0,;(&)(2)&"2 '!!)(&)')(9-3&A! )2:,, V – ;&0#,"6$%& 7"&/&$)%). 

 

M,;0,+!)#, :0,#)25&'#!A! 2;/&02)&"6$!A! 9')0!<')(, $, !'$!(& 

(!"!#!$$!A! 2$)&08&0!/&)0, :!*0,;9/&(,&) $& :0!')! 2;A!)!("&$2& 

(!"!#!$$!-!:)25&'#!< 2$)&08&0&$.2!$$!< '4&/%, , )0&+9&) 0&B&$21 

#!/:"&#', $,95$%4 2 )&4$25&'#24 :0!+"&/.   7)!/ #!/:"&#'& /!?$! 

(%*&"2)6 '"&*9-32< 01* )2:25$%4 #"-5&(%4 :0!+"&/:   

1) N!;*,$2& #!$')09#.22 (!"!#!$$!A! :0&!+0,;!(,)&"1 – #!$')09#.22, 

#!)!0,1 '!*&0?2) (!"!#!$$%& :"&52 2$)&08&0!/&)0, 2 !+&':&52(,&) 

788&#)2($!& :0&!+0,;!(,$2& 2;/&$&$21 2;/&01&/!< (&"252$% V ( 

2;/&$&$2& 0,;$!')2 8,; .).  !"!#!$$%< :0&!+0,;!(,)&"6 1("1&)'1 !'$!(!< 

59(')(2)&"6$!A! 7"&/&$), 2;/&02)&"1. =,# :0,(2"!, 2/&$$! (!"!#!$$%< 

:0&!+0,;!(,)&"6 ;,*,&) 8,;!(9- 59(')(2)&"6$!')6 2$)&08&0!/&)025&'#!A! 

2;/&02)&"1 K) (#!)!0,1 $,:01/9- ("21&) $, 0,;0&B,-39- ':!'!+$!')6 

2;/&02)&"1) 2 &A! SOE. J:2',$2& 0,;$%4 :!*4!*!( # :!')0!&$2- 

(!"!#!$$!-!:)25&'#24 :0&!+0,;!(,)&"&< *"1 2$)&08&0!/&)025&'#24 

2;/&02)&"&< '!*&0?2)'1 ( :9+"2#,.214 [91-104]. N"&*9&) !)/&)2)6, 5)! :02 

'!;*,$22 :0&!+0,;!(,)&"&< *"1 :0,#)25&'#24 (!"!#!$$%4 

2$)&08&0!/&)025&'#24 2;/&02)&"&< 5,3& ('&A! 2':!"6;9-) $,/!)#9 

(!"!#!$$!A! :"&5, $, :!(&04$!')6 «!:!0$!A!» .2"2$*0, 2"2 *2'#,. G02 

7)!/, #,# :0,(2"!,  ')0&/1)'1, 5)!+% 2;/&01&/!& (!;/93&$2&, :02"!?&$$!& 

# :0&!+0,;!(,)&"- (,#9')25&'#,1 2"2 A2*0!,#9')25&'#,1 (!"$,, (2+0,.21, 
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9'#!0&$2& 2 ).:.) !+&':&52(,"! :0!*!"6$!& 0,')1?&$2& '(&)!(!*, #,# 

$,2+!"&& 788&#)2($%< /&4,$2;/ /!*9"1.22 8,;!(!< ;,*&0?#2 

0,':0!')0,$1-3&A!'1 '(&), [1, 4, 91, 92]. T!"&& #!$#0&)$%& *,$$%& ! 

:02/&$&$22 ),#24 #!$')09#.2< *"1 '!;*,$21 2;/&02)&"&< 0,;"25$%< 

(&"252$ '!*&0?,)'1 ( 0,+!),4 :! 2''"&*!(,$21/ :0&!+0,;!(,)&"&< 2 

0,;0,+!)#,/ 2;/&02)&"&< [91-104].    

2) K09A2/ #"-5&(%/ (!:0!'!/ :02 '!;*,$22 :0,#)25&'#!A! 

2;/&02)&"6$!A! 9')0!<')(, $, !'$!(& (!"!#!$$!A! 2$)&08&0!/&)0, 1("1&)'1 

(%+!0 /&)!*, !+0,+!)#2 2$)&08&0&$.2!$$!A! '2A$,",. G0!+"&/, '!')!2) ( 

)!/, 5)! 2;/&01&/!& (!;/93&$2&, #,# :0,(2"!, "2$&<$! '(1;,$! ' 

2;/&$&$2&/ ,0A9/&$), .), ( )! (0&/1 #,# $, (%4!*& 8!)!:02&/$!A! 

9')0!<')(, 0&A2')0209&)'1 #!"&+,$2& (2*, (1.16). N!A",'$! (1.16), "2$&<$,1 

'(1;6 $,+"-*,&/!A! '2A$,", I(t) ' 2;/&$&$2&/ .)(t), '!*&0?,32/ 

2$8!0/,.2- ! (!;*&<')(22 :02'9)')(9&) )!"6#! :02 9'"!(22 .) W '/2. 

G!7)!/9 *"1 «(%*&"&$21» 2$8!0/,.22 !+ 2;/&$&$22 .)(t) 2; 

2$)&08&0&$.2!$$!A! '2A$,", I(t) $&!+4!*2/! :0&*9'/,)02(,)6 

!:0&*&"&$$%& /&0% !0A,$2;,.22 2;/&02)&"6$!< 2$)&08&0&$.2!$$!< '4&/% 

2 !+0,+!)#2 0&A2')0209&/!A! 2$)&08&0&$.2!$$!A! '2A$,",. 

K"1 !0A,$2;,.22 !+0,+!)#2 2$)&08&0&$.2!$$!A! '2A$,", /!?$! 

:!:%),)6'1 2':!"6;!(,)6 :02$.2: «:,''2($!<» !+0,+!)#2, #!A*, $, 

(&"252$9 .) $& !#,;%(,&)'1 #,#!A!-"2+! *!:!"$2)&"6$!A! (!;*&<')(21. 

S"6)&0$,)2(, – «,#)2($,1» !+0,+!)#,, #!A*, ((!*2)'1 .&"&$,:0,("&$$!& 

*!:!"$2)&"6$!& ((':!/!A,)&"6$!&) 2;/&$&$2& .). G,''2($%< :02$.2: 

0&A2')0,.22 ,0A9/&$), .) (!;/!?&$ 8,#)25&'#2 )!"6#! $, !'$!(& 

:02/&$&$21 ':&.2,"6$%4 0,;(&)(2)&"&<, !+&':&52(,-324 8!0/20!(,$2& 

*(94 2"2 )0&4 2$)&08&0&$.2!$$%4 '2A$,"!( (2*, (1.16), $! '  82#'20!(,$$!< 

0,;$!')6- $,5,"6$%4 8,; )Bi, '!;*,(,&/!< 0,;(&)(2)&"&/. Q'"2 0,;$!')2 

$,5,"6$%4 8,; )Bi 2;(&')$%, )! '!(/&')$,1 0&A2')0,.21 )&#93&A! ;$,5&$21 

2$)&08&0&$.2!$$%4 '2A$,"!( :!;(!"1&) $,<)2 .) [78, 85].  

T!"&& 0,':0!')0,$&$ :!*4!* # !+0,+!)#& 2$)&08&0&$.2!$$!A! '2A$,",, 

:0&*:!",A,-32< (!;*&<')(2& $, 2$)&08&0!/&)0, $,:02/&0, :!'0&*')(!/ 

:6&;!#&0,/25&'#!A! /!*9"1)!0, [78, 85, 86]. N :!/!36- !+0,)$!< '(1;2 

/!?$! !'93&')(2)6 #(,;2'),)25&'#9- '),+2"2;,.2- «0,+!5&< )!5#2» 

2$)&08&0&$.2!$$!A! '2A$,", $, "2$&<$!/ '#"!$& (.)0 W '/2). J*$,#! +!"&& 

788&#)2(&$ :!*4!*, 2':!"6;9-32< !+0,)$9- '(1;6 *"1 '),+2"2;,.22 

0,+!5&< )!5#2 ( *2,:,;!$& 5,')!), :&0&#0%(,-3&/ 5,')!)% 2;/&01&/%4 

(!;*&<')(2< ' #!/:&$',.2&< 2$8!0/,.2!$$%4 '*(2A!( .). F!A*, 

2$8!0/,.2!$$!& #!"&+,$2& ,**2)2($! (4!*2) ( #!/:&$'209-32< '2A$,", 

:!*,(,&/%< $, /!*9"1)!0. 

D, $,#!$&., $,2+!"&& 788&#)2($%& /&)!*%, 5,3& ('&A! :02/&$1&/%& *"1 

:0,#)25&'#!A! 2;/&02)&"6$%4 '2')&/, :!*0,;9/&(,-) 2':!"6;!(,$2& 

(':!/!A,)&"6$!< /!*9"1.22 )mod ( +!"&& (%'!#!5,')!)$!/ *2,:,;!$&, 5&/ 

2;/&01&/%& (!;*&<')(21.   ),#!/ '"95,& 2$)&08&0&$.2!$$%< '2A$," /!?$! 

:0&*'),(2)6 ( (2*&    
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I = I0 + Im·cos()N(t) +C)mod(t)),   (1.17) 

A*& )N(t) – 2;/&$&$2& .), $&'93&& 2$8!0/,.2- ! (!;*&<')(22 2 $& '(1;,$$!& 

' :0&*$,/&0&$$! ((&*&$$!< *"1 !+0,+!)#2 (':!/!A,)&"6$!< /!*9"1.2&< 

)mod(t). G0!')&<B2/ (,02,$)!/ (':!/!A,)&"6$!< /!*9"1.22 1("1&)'1 

/!*9"1.21 A,0/!$25&'#2/ '2A$,"!/ )mod(t) = )m·sin(2'f0·t). G02 

;$,52)&"6$%4 2$*&#',4 A,0/!$25&'#!< /!*9"1.22 )m '2A$," I(t) 
:0&*'),("1&) '!+!< #!"&+,$2& '"!?$!< 8!0/% ' ,/:"2)9*!< Im, ':&#)0 

#!)!0!A! '!*&0?2) A,0/!$2#2, #0,)$%& f0, , 8!0/, ?&')#! '(1;,$, ' )&#932/ 

;$,5&$2&/ )N(t) [78, 85, 86]. K"1 (%*&"&$21 :!"&;$!< 2$8!0/,.22, :0&?*& 

('&A!, +%" 2':!"6;!(,$ )!) 8,#), 5)! ,/:"2)9*% 5&)$%4 2 $&5&)$%4 

A,0/!$2# 2$)&08&0&$.2!$$!A! '2A$,", ' A,0/!$25&'#!< (':!/!A,)&"6$!< 

/!*9"1.2&< ;,(2'1) )N  #(,*0,)90$!    

Im
($& 5&)$.)

~ sin()N(t)), Im
(5&).) 

~ cos()N(t)).    (1.18) 

K"1 (%*&"&$21 )N(t) /!?$! $,4!*2)6 ,/:"2)9*% :&0(!< 2 ()!0!< A,0/!$2# 

'2A$,", ('2$40!$$!& *&)&#)20!(,$2&) 2 '!;*,(,)6 ':&.2,"6$%& '4&/% 

!+0,+!)#2 :!"95&$$%4 #(,*0,)90$%4 '2A$,"!( *"1 !:0&*&"&$21 )N. 

M,;(2)2&/ ),#!A! :!*4!*, 1("1&)'1 :02$.2: «'2$)&;20!(,$$!A! A&)&0!*2$,» 

[105, 106], #!A*, ;, '5&) 82"6)0,.22 A,0/!$2# 2$)&08&0&$.2!$$!A! '2A$,", 

2 :0&!+0,;!(,$21 24 5,')!)% 8!0/209&)'1 '2A$," $&'93&< 5,')!)% f$ (2*, 

u(t) = um·cos(2'fI·tC% )N(t)).    (1.19) 

C)!) '2A$," 2*&$)25&$ '2A$,"9 0,;$!')$!< 5,')!)% ( 2$)&08&0!/&)0& '! 

'*(2A!/ !:)25&'#!< 5,')!)% ( !*$!/ :"&5&, ). &. ( A&)&0!*2$$!< 

2$)&08&0&$.2!$$!< '4&/& [2, 106]. K,"&& *"1 (%*&"&$21 :!"&;$!< 

'!'),("1-3&< *!'),)!5$! :02/&$&$21 8,;!(!A! *&)&#)!0,. F,#!< /&)!* 

!#,;,"'1 *!'),)!5$! :02("&#,)&"6$%/ ( :0,#)25&'#!/ :02/&$&$22, 

!'!+&$$! ' :!1("&$2&/ (!;/!?$!')2 .280!(!< !+0,+!)#2 '2A$,"!( [107, 

108], !*$,#! &A! $&*!'),)#!/ !'),&)'1 !)$!'2)&"6$! '"!?$,1 !+0,+!)#, 

'2A$,", 8!)!*&)&#)!0, ' 5,')!)$%/2 :0&!+0,;!(,)&"1/2. T%"2 0,;(2)% 2 

*09A2& /!*282.20!(,$$%& (,02,$)% !+0,+!)#2 ' 8!0/20!(,$2&/ 

8,;!/!*9"20!(,$$!< $&'93&< 5,')!)%. N 2':!"6;!(,$2&/ :2"!!+0,;$!< 

(':!/!A,)&"6$!< /!*9"1.22 [86, 88] 2"2 «*(945,')!)$!<» /!*9"1.22 [109-

112], '2A$," (2*, (1.19) /!?$! '8!0/20!(,)6 +!"&& :0!')%/ !+0,;!/, 

*!'),)!5$! 2':!"6;!(,)6 $, (%4!*& 8!)!:02&/$2#, :!"!'!(!< 82"6)0. 

>&)!*% «*(945,')!)$!<» 2"2 «:2"!!+0,;$!<» /!*9"1.22 *,-) ;$,52)&"6$!& 

9:0!3&$2& «7"&#)0!$$!<» !+0,+!)#2 '2A$,", 8!)!:02&/$2#,. I! !$2 

:!*0,;9/&(,-) 9'"!?$&$2& )0&+!(,$2< # (':!/!A,)&"6$!< /!*9"1.22, 

:!'#!"6#9 !'93&')(2)6 *(945,')!)$9- 2, )&/ +!"&&, :2"!!+0,;$9- 

/!*9"1.2- ,0A9/&$), 2$)&08&0&$.2!$$!A! '2A$,", +!"&& '"!?$!, 5&/ 

A,0/!$25&'#9-.       

 '& 9#,;,$$%& :!*4!*% # !0A,$2;,.22 !+0,+!)#2 2$)&08&0&$.2!$$!A! 

'2A$,", 2/&-) !'!+&$$!')2 ( '"95,& :02/&$&$21 *"1 )&4 2"2 2$%4 

2;/&02)&"6$%4 ;,*,5, 2$)&08&0&$.2!$$%4 '4&/, '(!2 *!')!2$')(, 2 
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$&*!'),)#2. J) ':!'!+, !+0,+!)#2 ;,(2'2) ("21$2& $, 0&;9"6),) 2;/&0&$2<  

0,;$%4 2')!5$2#!( B9/!( 2 8"9#)9,.2<. I! '"&*9&) !)/&)2)6, 5)! ('& 

/&)!*% $,.&"&$% $, *&)&#)20!(,$2& .)(t) ("2+! )N(t)) 2 2'#"-5&$2& 

;,(2'2/!')2 7)!< :0!.&*90% !) (&"252$% 2 2;/&$&$21 '!'),("1-324 I0 , Im. 

3) J*$2/ 2; A",($%4 :,0,/&)0!(, !:0&*&"1-324 788&#)2($!')6 

2$)&08&0&$.2!$$!< 2;/&02)&"6$!< '2')&/%, 1("1&)'1 8,;!(,1 0,;0&B,-3,1 

':!'!+$!')6 )min. C), (&"252$, !A0,$252(,&)'1 *!')2A,&/%/ !)$!B&$2&/ 

(N/X)= Im/IX, A*& IX – B9/% $, (%4!*& 8!)!:02&/$2#, ( 0,+!5&/ *2,:,;!$& 

5,')!), :02(&*&$$%& # (4!*$!< 2$)&$'2($!')2.   :0,#)25&'#24 9')0!<')(,4, 

'$2?&$2& (&"252$% )min 5,3& ('&A! !A0,$252(,&)'1 B9/,/2, '(1;,$$%/2 ' 

2')!5$2#!/.   ;,(2'2/!')2 !) 2$)&08&0&$.2!$$!< '4&/% 2 /&)!*, 

!+0,+!)#2 '2A$,", !'$!($%/2 /!A9) +%)6 B9/% 2$)&$'2($!')2 "2+! 

8"9#)9,.22 5,')!)% ",;&0, [79, 85, 86, 112]. =,# :0,(2"!, ( 

2$)&08&0!/&)025&'#24 2;/&02)&"14 2':!"6;9-)'1 (%'!#!A&0&$)$%& 

",;&0$%& 2')!5$2#2, 2/&-32& *"2$9 #!A&0&$)$!')2 ;$,52)&"6$! +!"6B9-, 

5&/ 0,;$!')6 4!*, 2$)&08&0!/&)0, .l. F,#!< 2')!5$2# !+&':&52(,&) 

/,#'2/,"6$%< #!$)0,') 2$)&08&0&$.22, $! (#",* B9/!( 5,')!)% ( B9/% 

2$)&08&0&$.2!$$!A! '2A$,", :0!:!0.2!$,"&$ .l. G!7)!/9 5,')! ( 

:0,#)25&'#24 (!"!#!$$%4 2$)&08&0!/&)025&'#24 9')0!<')(,4 ('"&*')(2& 

$,"2521 !'),)!5$!< 2"2 :0&*$,/&0&$$!< 0,;$!')2 4!*, .l, 5,')!)$%& B9/% 

",;&0$!A! 2')!5$2#, 1("1-)'1 !'$!($%/ 8,#)!0!/ B9/!(, !A0,$252(,-324 

8,;!(9- 0,;0&B,-39- ':!'!+$!')6 [79, 85, 86]. I, 4,0,#)&0 (#",*, ( )min 

B9/!( 0,;$!A! )2:,, (!!+3& A!(!01, ("21&) /&)!* !+0,+!)#2 '2A$,",.   01*& 

'"95,&(, :02 !+0,+!)#& 2$)&08&0&$.2!$$!A! '2A$,",, /!?$! !0A,$2;!(,)6 

,#)2($!& :!*,("&$2& B9/!( 2$)&$'2($!')2 ",;&0, [85].     

4) G02 :02/&$&$22 (!"!#!$$%4 2$)&08&0!/&)0!( *"1 :0,#)25&'#24 

2;/&02)&"6$%4 ;,*,5, 5,')! +%(,&) $&!+4!*2/!, , ( +!"6B2$')(& '"95,&( 

?&",)&"6$!, !'93&')(2)6 ). $. *2'),$.2!$$9- 2;/&02)&"6$9- '4&/9 2"2 

2;/&02)&"6 ' 9*,"&$$%/ :,''2($%/ 59(')(2)&"6$%/ 2$)&08&0!/&)0!/ [85, 

86, 113-120]. C)! ;$,52), 5)! (!"!#!$$,1 '4&/, *!"?$, (#"-5,)6 

:0!)1?&$$%< :!*(!*132< )0,#) ()0,#) ' (4!*$%//(%4!*$%/ 

'(&)!(!*!///2), '!&*2$1-32< !:)!7"&#)0!$$%< /!*9"6 2;/&02)&"1 ' 

$&:!'0&*')(&$$! (!"!#!$$%/ 2$)&08&0!/&)0!/. =0!/& )!A!, 

2$)&08&0!/&)025&'#2< 59(')(2)&"6$%< 7"&/&$) *!"?&$ +%)6 «:,''2($%/» 

(:!"$!')6- (!"!#!$$%/), ). &. $& *!"?&$ '!*&0?,)6 /!*9"1)!0!( 2 

). :. 7"&/&$)!(, )0&+9-324 :!*,52 7"&#)025&'#24 '2A$,"!(. G02 7)!/ 

*!"?$! !)'9)')(!(,)6 ("21$2& $, 2;/&0&$21 (!;*&<')(2< $, :!*(!*132< 

)0,#).   

N !*$!< ')!0!$%, :02 '!;*,$22 :!*!+$%4 '4&/ $,2+!"&& .&"&'!!+0,;$! 

!02&$)20!(,)6'1 $, :02/&$&$2& !+0,+!)#2 '! (':!/!A,)&"6$!< /!*9"1.2&< 

,0A9/&$), 2$)&08&0&$.2!$$!A! '2A$,", 2  2':!"6;!(,$2&  :02&/, !*$2/ 

*&)&#)!0!/ (/&)!*% ' 2':!"6;!(,$2&/ *(94 2"2 $&'#!"6#24 (%4!*!( 

2$)&08&0!/&)025&'#2& '4&/% /!A9) +%)6 )09*$!:02/&$2/%). N *09A!< 

')!0!$% *"1 !+&':&5&$21 (':!/!A,)&"6$!< /!*9"1.22 ,0A9/&$), 
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2$)&08&0&$.2!$$!A! '2A$,", ( '4&/,4 ' 9*,"&$$%/ 2 :,''2($%/ 

2$)&08&0!/&)0!/ :024!*2)'1 :02/&$1)6 /!*9"1.2- 5,')!)% 2')!5$2#, 2 

2':!"6;!(,)6 0,;+,",$'20!(,$$%& 2$)&08&0!/&)025&'#2& '4&/% (.l Y0) [85, 

86, 113-121]. J)$!'2)&"6$! ($&B$24 (!;/93&$2< :!*(!*13&A! )0,#), /!?$! 

!)/&)2)6, 5)! (!;/93&$21 8,;!(!< ;,*&0?#2 '(&), ( (!"!#$& :02 

!:0&*&"&$$%4 9'"!(214, !+%5$! (%:!"$1&/%4 $, :0,#)2#& (+!"&& :!*0!+$! 

( 0,;*&"& 3, :. 3.1) $& ("21-) $, 2$)&08&0&$.2!$$%< '2A$,", , ("21$2& 

,/:"2)9*$%4 8"9#)9,.2< /!?$! ;$,52)&"6$! '$2;2)6 ;, '5&) :02 !+0,+!)#& 

'2A$,",. C88&#)2($%& «:'&(*!A&)&0!*2$$%&» /&)!*% (%*&"&$21 )N(t) 
:!;(!"1-) 2'#"-52)6 ("21$2& $& )!"6#! #(,;2'),)25&'#24 2;/&$&$2< 

:,0,/&)0!( I0 2 Im, $! 24 8"9#)9,.2< ( *2,:,;!$& 5,')!) 2;/&01&/%4 

(!;*&<')(2< [119].               

D, $,#!$&., &3& !*$!< '"!?$!< ;,*,5&< 0,;(2)21 2;/&02)&"&< $, !'$!(& 

(!"!#!$$%4 2$)&08&0!/&)0!(, (,?$!< *"1 :0,#)25&'#!A! ($&*0&$21 

1("1&)'1 /9"6)2:"&#'20!(,$2& (!"!#!$$%4 2$)&08&0!/&)0!( ( &*2$9- 

'2')&/9. >9"6)2:"&#'20!(,$$%& (!"!#!$$%& 2$)&08&0!/&)025&'#2& 

2;/&02)&"6$%& '2')&/%  '"!?$% 2 #,# :0,(2"! !'$!(,$% $, '!5&),$22 

)!:!"!A25&'#!A! *&"&$21, 0,;*&"&$21 :! *"2$& (!"$% 2 (0&/&$$!A! 

/9"6)2:"&#'20!(,$21 [122].  

 

1.2.2. 8!"0.'9%:'!$$4, ;<<,#34    !"!#!$$4= '$3,.<,.!/,3.%= 
  :02(&*&$$!/ #0,)#!/ !:2',$22 :02$.2:!( '!;*,$21 (!"!#!$$%4 

2$)&08&0!/&)025&'#24 2;/&02)&"&< $& ;,)0,A2(,",'6 :0!+"&/, 

:!"102;,.2!$$!A! '!A",'!(,$21 2$)&08&0209-324 "95&< ( '4&/&. J5&(2*$!, 

5)! /,#'2/,"6$%< #!$)0,') !+&':&52(,&)'1 :02 2*&$)25$!/ NG 

2$)&08&0209-324 "95&< 2, $,!+!0!), ( '"95,& !0)!A!$,"6$!')2 24 

:!"102;,.2< 2$)&08&0&$.21 !)'9)')(9&). =,# 9?& A!(!02"!'6, ( !+%5$%4 

!*$!/!*!(%4 '(&)!(!*,4 :0!2'4!*2) $&:0&*'#,;9&/,1 )0,$'8!0/,.21 

(4!*$!A! NG. C)! !+')!1)&"6')(! 1("1&)'1 :0252$!< $&:0&*'#,;9&/!A! 2 

$&#!$)0!"209&/!A! *0&<8, :,0,/&)0!( 2$)&08&0&$.2!$$!A! '2A$,", ( 

:0!.&''& 89$#.2!$20!(,$21 2;/&02)&"1. G02 0,''/!)0&$22 *,$$!A! 

(!:0!',, :0&?*& ('&A!, 9*&"1-) ($2/,$2& :0!+"&/& (!;/!?$!A! '$2?&$21 

,/:"2)9*% 2$)&08&0&$.2!$$!A! '2A$,",, 5)!, !5&(2*$!, $,:01/9- 

!)0,?,&)'1 $, 0,;0&B,-3&< ':!'!+$!')2 2;/&02)&"1. J+3&& 0,''/!)0&$2& 

("21$21 )0,$'8!0/,.22 NG ( '(&)!(!*,4 2$)&08&0!/&)0, $, #!$)0,') 

2$)&08&0&$.22 2 ,/:"2)9*9 Im, 0,''/!)0&$! (! /$!A24 !+;!0$%4 0,+!),4, 

$,:02/&0, ( [83, 85, 86, 123].   $&#!)!0%4 :9+"2#,.214 :0!(!*2)'1 

)&!0&)25&'#2< (' 2':!"6;!(,$2&/ 52'"&$$%4 0,'5&)!( 2 /!*&"20!(,$21) 2 

7#':&02/&$),"6$%< ,$,"2; '),)2')25&'#24 '(!<')( 8"9#)9,.2< ,/:"2)9*% 

2$)&08&0&$.2!$$!A! '2A$,",, (%;(,$$%4 8"9#)9,.21/2 :!"102;,.22 

'(&)!(!*,4 [124-126]. J*$,#! :!$1)$!, 5)! *"1 :!')0!&$21 788&#)2($%4 2 

$,*&?$%4 :0,#)25&'#24 2;/&02)&"6$%4 '4&/ ' (!"!#!$$%/2 

2$)&08&0!/&)0,/2 $&!+4!*2/! :02$2/,)6 ':&.2,"6$%& /&0% *"1 

9')0,$&$21 2"2 '$2?&$21 ("21$21 )0,$'8!0/,.2&< 2 8"9#)9,.21/2 NG 

'(&), :02 &A! 0,':0!')0,$&$22 ( (!"!#$,4.    
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K"1 :0&!*!"&$21 :0!+"&/% :!"102;,.2!$$!A! 8&*2$A, ( (!"!#!$$%4 

2$)&08&0!/&)0,4 2 2;/&02)&"14 $, 24 !'$!(& 2':!"6;9-) 0,;"25$%& 

':!'!+%, #!)!0%& /!?$! 0,;*&"2)6 $, 5&)%0& :!*4!*, [83, 127]:   

1) D':!"6;!(,$2& ( (!"!#!$$!< 5,')2 '4&/% KLG '(&)!(!*!(, 

0,+!),-324 ( 0&?2/& 0,':0!')0,$&$21 !*$!< :!"102;,.2!$$!< /!*%, ). &. ( 

0&?2/& 0,':0!')0,$&$21 "2$&<$!-:!"102;!(,$$!A! 2;"95&$21 [98, 100, 101, 

120].  

2) D':!"6;!(,$2& (!"!#!$$!A! 2$)&08&0!/&)0, >,<#&"6'!$, ' ;&0#,",/2 

$, !'$!(& «8,0,*&&('#24 (0,3,)&"&<». G02 ),#!/ ;&0#,"&, :!"102;,.21 

2;"95&$21, :0!B&*B&A! 5&0&; (!"!#!$$!& :"&5! ( :01/!/ 2 !+0,)$!/ 

$,:0,("&$22 :!()!01&) (4!*$9- :!"102;,.2-, 5)! :!;(!"1&) !+&':&52)6 

:!"102;,.2!$$!& '!A",'!(,$2& 2$)&08&0209-324 "95&< [128, 129].    

3) D':!"6;!(,$2& (%4!*$!A! 0,;(&)(2)&"1 ' $&'#!"6#2/2 (!+%5$! )0&/1) 

(%(!*,/2, 2/&-32/2 0,;"25$%& :!"102;9-32& '(!<')(,. Z'"!(21 

:!"102;,.2!$$!A! :0!:9'#,$21 #,?*!A! (%(!*, 0,;"25$% 2 ;$,52)&"6$!& 

'$2?&$2& ,/:"2)9*% 2$)&08&0&$.2!$$!A! '2A$,", *"1 ('&4 (%4!*!( 

!*$!(0&/&$$! :0,#)25&'#2 $&(!;/!?$!, ;, '5&) 5&A! 8!0/209&)'1 

2$)&08&0&$.2!$$%< '2A$," +&; 8&*2$A, [130-131].   

4) G02/&$&$2& '#,$20!(,$21 2"2 9:0,("1&/!< '2')&/!< '(1;2 

0&A9"20!(#2 NG $, (4!*& (!"!#!$$!< 5,')2 '2')&/%. N#,$20!(,$2& (4!*$!< 

:!"102;,.22 2'#"-5,&) (!;/!?$!')6 «!'),$!(#2» 2$)&08&0&$.2!$$!< 

'4&/% ( «)!5#& 8&*2$A,». J0A,$2;,.21 !+0,)$!< '(1;2 ' #!$)0!"&/ 

,/:"2)9*% 2$)&08&0&$.2!$$!A! '2A$,", 2 9:0,("1&/!< 0&A9"20!(#!< NG $, 

(4!*& 2$)&08&0!/&)0, :!;(!"1&) '),+2"2;20!(,)6 +"2;#2< # /,#'2/9/9 

90!(&$6 #!$)0,'), 2$)&08&0&$.22 [132-135]. 

 '& 7)2 :!*4!*% 2/&-) '(!2 $&*!'),)#2 2 :0&2/93&')(,. K"1 0&,"2;,.22 

(!"!#!$$%4 2;/&02)&"&< 0,;$!A! $,;$,5&$21 ' *2'),$.2!$$%/ 2 :,''2($%/ 

(!"!#!$$%/ 59(')(2)&"6$%/ 2$)&08&0!/&)0!/ ((!;/!?$! 0,;$!A! )2:,), 

8,#)25&'#2 :02A!*$% :&0(%< 2 :!'"&*$2< :!*4!*%.   *,$$!< *2''&0),.22 

:!*0,;9/&(,&)'1 2':!"6;!(,$2& :&0(!A! /&)!*,. J+3,1 2*&!"!A21 

:02/&$&$21 KLG (!"!#!$ *"1 2'#"-5&$21 *&<')(21 :!"102;,.2!$$%4 

788&#)!( :0!'), 2 :!$1)$,. N4&/, $, !'$!(& KLG (!"!#!$ *!"?$, 

!+&':&52)6 '),+2"6$9- /,#'2/,"6$9- ,/:"2)9*9 2$)&08&0&$.2!$$!A! 

'2A$,", +&; *!:!"$2)&"6$!< '"!?$!< !+0,+!)#2 2 :!*')0!<#2 '2A$,",. = 

!'$!($%/ $&*!'),)#,/ !)$!'1), :0&?*& ('&A!, )09*$!')2 && :02/&$&$21 ( 

'2')&/,4 ' +!"6B!< :0!)1?&$$!')6- (!"!#!$$!A! )0,#),. G0!)1?&$$!')6 

(!"!#$, !A0,$252(,&)'1 #!$&5$%/2 :!"102;,.2!$$!-9*&0?2(,-32/2 

'(!<')(,/2. F,# ?& '#,;%(,&)'1 '!40,$1-3,1'1 (%'!#,1 ')!2/!')6 '2"6$! 

*(9"95&:0&"!/"1-324 '(&)!(!*!(. K"1 :0,#)25&'#!< 0&,"2;,.22 

(!"!#!$$!A! 2$)&08&0!/&)0, $, !'$!(& KLG '(&)!(!*!(, $, (4!*& '4&/%, ( 

0,;(&)(2)&"14 2 (! ('&4 '!&*2$&$214 $&!+4!*2/! !+&':&52)6 

:!"102;,.2!$$!& '!A",'!(,$2& *"1 (!;+9?*&$21 ( '(&)!(!*,4 )!"6#! !*$!< 

:!"102;,.2!$$!< /!*% 2 '!A",'!(,$21 $,:0,("&$2< "2$&<$!-

:!"102;!(,$$%4 "95&< $, (%4!*& '4&/%.  
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G!$1)$!, 5)! 0&,"2;!(,)6 $, :0,#)2#& (!"!#!$$%< 2$)&08&0!/&)0 ' KLG 

'(&)!(!*,/2, !+&':&52(,-32/2 0&?2/ 0,':0!')0,$&$21 "2$&<$!-

:!"102;!(,$$!A! 2;"95&$21 2 :!"$!A! '!A",'!(,$21 2$)&08&0209-324 

"95&< :! :!"102;,.22 /!?$! ' !A0,$25&$$!< )!5$!')6-.   0&,"6$!< '4&/& 

$&2;+&?$! :02'9)')(2& :!"102;,.2!$$%4 0,''!A",'!(,$2< 0,;$!A! )2:, 2 

(&"252$%. F,#2/2 :!"102;,.2!$$%/2 0,''!A",'!(,$21/2, :0&?*& ('&A!, 

'"&*9&) !)$&')2 9A"!(%& 0,''!A",'!(,$21 ( !02&$),.22 :!"102;,.2!$$%4 

!'&< (!"!#!$ :02 '!&*2$&$22 *09A ' *09A!/, ' "2$&<$! :!"102;!(,$$%/ 

2')!5$2#!/ 2 ( 0,;(&)(2)&"14. F,# ?& :!"102;,.2!$$%& 0,''!A",'!(,$21 

($!'2) #!$&5$,1 :!"102;,.2!$$,1 7#')2$#.21 '(&)!(!*!( ('"&*')(2& 

($9)0&$$&< 2"2 $,(&*&$$!< ($&B$2/2 (!;/93&$21/2 '(1;2 

:!"102;,.2!$$%4 /!*. I9 2 $,#!$&. /!A9) +%)6 (,?$% ),#2& 8,#)!0%, #,# 

7""2:)25$!')2 NG 2')!5$2#,, )0,$'8!0/,.21 NG 2;"95&$21 ( 0,;(&)(2)&"14 

2 ). :. =,# '"&*')(2&, ( '(1;2 ' :0,#)25&'#!< 0,;0,+!)#!< (!"!#!$$%4 

2$)&08&0!/&)0!( $, !'$!(& KLG '(&)!(!*!( (!;$2#,&) ,#)9,"6$,1 ;,*,5,: 

,$,"2; ("21$21 :!"102;,.2!$$%4 0,''!A",'!(,$2< ( '4&/& $, 

2$)&08&0&$.2!$$%< '2A$," 2 0,+!)9 2$)&08&0!/&)025&'#!A! 2;/&02)&"1. 

N"&*9&) !)/&)2)6, 5)! :!*!+$%& (!:0!'% *!'),)!5$! :!*0!+$! 

0,''/,)02(,"2'6 *"1 0,;$!!+0,;$%4 (,02,$)!( (!"!#!$$!A! 2$)&08&0!/&)0,  

N,$61#, 2 A20!'#!:!( $, &A! !'$!(&. K"1 '4&/ ' :02/&$&$2&/ '",+! 2 

'2"6$!*((9"95&:0&"!/"1-324 '(&)!(!*!( 0,''/,)02(,"!'6 ("21$2& 

:!"102;,.2!$$%4 0,''!A",'!(,$2< #,# ( '(&)!(!*&, ),# 2 :02 ')%#!(#& ' 

0,;(&)(2)&"&< $, :,0,;2)$%< '*(2A :!#,;,$2< A20!'#!:, [34, 136-138]. = 

'!?,"&$2-, ( '2"9 ':&.282#2 2$)&08&0&$.2!$$!< '4&/% N,$61#,, , ),# ?& 

!)'9)')(2- ( 9#,;,$$%4 :9+"2#,.214 !)*&"6$!A! ,$,"2;, '(!<')( 

7#')2$#.22 ',/24 '(&)!(!*!( ( '"95,& #!A&0&$)$!A! 2;"95&$21, )09*$! 

2':!"6;!(,)6 0&;9"6),)% :!"95&$$%& *"1 (!"!#!$$%4 A20!'#!:!( # ,$,"2;9 

2;/&02)&"&< )&:"!(%4 2 /&4,$25&'#24 (!;*&<')(2< 2;/&02)&"&< $, !'$!(& 

2$)&08&0!/&)0, >,4,-.&$*&0,, >,<#&"6'!$, 2 ).:. '4&/.        

G02 2':!"6;!(,$22 KLG '(&)!(!*!( ( )2:!(%4 2$)&08&0!/&)025&'#24 

'4&/,4 *"1 :0&!*!"&$21 :0!+"&/% '(1;,$$%4 ' 8"9#)9,.2&< NG ( 

'(&)!(!*,4 :!*0,;9/&(,&)'1 0,+!), '(&)!(!*!( ( 0&?2/& :&0&*,52 !*$!< 

:!"102;,.2!$$!< /!*%, ). &. :&0&*,52 "2$&<$!-:!"102;!(,$$!A! 2;"95&$21. 

J*$,#! KLG '(&)!(!* '!5&),&) ( '&+& *(, $&;,(2'2/%4 #,$,", :&0&*,52 

!0)!A!$,"6$! "2$&<$!-:!"102;!(,$$%4 (!"$. C)!) 0&?2/ 0,+!)% KLG 

'(&)!(!*!( 2':!"6;9&)'1 :02 0,;0,+!)#& ':&.2825&'#!A! $,:0,("&$21 

(!"!#!$$%4 *,)52#!( – (!"!#!$$%4 :!"102/&)0!(, +"2;#24 :! :02$.2:9 

*&<')(21 # 2$)&08&0!/&)025&'#2/ [83, 85, 139, 140].   :!*!+$%4 '4&/,4 

0!"6 "95&< :0!B&*B24 5&0&; 0,;$%& :"&52 2$)&08&0!/&)0, (%:!"$1-) 

2;"95&$21 :!"102;,.2!$$%4 /!*% '(&)!(!*,, :02!+0&),-32& 0,;$!')6 8,;, 

$&'939- 2$8!0/,.2- ! (!;*&<')(22. J*$,#! 9#,;,$$,1 KLG (!"!#$, 

'!5&),)6 *(, #,$,",, #!)!0%& /!?$! ;,)&/ 0,;*&"2)6 :!"102;,.2!$$%/ 

*&"2)&"&/, /!?&) :02/&$1)6'1 *"1 '!;*,$21  /!*282.20!(,$$%4 

*(94:"&5&(%4 2$)&08&0!/&)025&'#24 '4&/, #,# 7)! +9*&) 0,''/!)0&$! ( 

*2''&0),.22.      
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  ;,#"-5&$2& !)/&)2/, 5)!, #,# 2 0,;"25$%& 1("&$21 ( !*$!/!*!(%4 

(!"!#$,4, '(1;,$$%& ' $,"252&/ '"95,<$!A! 2"2 :0&*$,/&0&$$!A! 

*(9"95&:0&"!/"&$21 2 0,':0!')0,$&$21 2;"95&$21 ( (2*& *(94 

:!"102;,.2!$$%4 /!*, !+9'"!("&$$%& 7)2/2 :0252$,/2 8"9#)9,.22 

:,0,/&)0!( 2$)&08&0&$.2!$$!A! '2A$,", '(1;,$% ' :!$1)2&/  

:!"102;,.2!$$%& 788&#)%. K"1 2$)&08&0&$.2!$$%4 *,)52#!( B20!#! 

2':!"6;9&)'1 ),# ?& )&0/2$ «:!"102;,.2!$$%< 8&*2$A» 

2$)&08&0&$.2!$$!A! '2A$,",, :!'#!"6#9 2/&$$! 8&*2$A '2A$,", – !'$!($!& 

:0!1("&$2& «:!"102;,.2!$$%4 788&#)!(» ( 2$)&08&0!/&)0,4, !'!+&$$! ( 

'4&/,4 ' !+%5$%/2 '(&)!(!*,/2. G!'#!"6#9 ( *,$$!< *2''&0),.22 :02 

0,''/!)0&$22 2$)&08&0!/&)0!( $, !'$!(& KLG '(&)!(!*!( ,$,"2;209&)'1 $& 

)!"6#! :0!+"&/, 8"9#)9,.2< ,/:"2)9*% '2A$,", 2 &A! 2'#,?&$21 (!'!+&$$! 

2'#,?&$21 ,0A9/&$),), )! 2':!"6;9&)'1 +!"&& B20!#2< )&0/2$ 

«:!"102;,.2!$$%& 788&#)%».      

 

1.3. 1!23"45'4 )-,$!/(' *-, 6!"4)',-5'!$$%. +!2 0 789 0!"!#$-.  

 

G02 0,''/!)0&$22 0,+!)% (!"!#!$$%4 2$)&08&0!/&)0!( ( !)'9)')(22 

:!"102;,.2!$$%4 788&#)!( (2"2 ( :0&$&+0&?&$22 2/2), *"1 ,$,"2;, 

2$)&08&0&$.2!$$!A! '2A$,", $&!+4!*2/!  95&')6 8,;!(9- ;,*&0?#9 '(&), ) 

( #,?*!/ '(&)!(!*& 2 && 2;/&$&$2& ( 0&;9"6),)& (!;*&<')(2< $, '(&)!(!*. 

 !:0!' ! 59(')(2)&"6$!')2 ) # )&:"!(%/ 2 /&4,$25&'#2/ (!;*&<')(21/ 

1("1&)'1 !5&$6 (,?$%/ *"1 :!')0!&$21 788&#)2($%4 #!$')09#.2< 

:0&!+0,;!(,)&"&< (!"!#!$$%4 2$)&08&0!/&)0!( [91]. Q'"2 2$)&08&0!/&)0 

(%:!"$&$ $, !'$!(& KLG (!"!#!$, 0,+!),-324 ( 0&?2/& 0,':0!')0,$&$21 

!*$!< /!*%, )!, '!A",'$! ((&*&$$%/ (%B& !+!;$,5&$2&/, '"&*9&) 952)%(,)6 

8,;!(9- ;,*&0?#9 () + +-C"2+! () – +-, ( ;,(2'2/!')2 !) )!A!, #,#,1 

:!"102;,.2!$$,1 /!*, 0,':0!')0,$1&)'1 ( (!"!#$&. G02 +!"&& :!"$!/ 

,$,"2;& '"&*9&) 95&')6 (!;/!?$!')6 0,':0!')0,$&$21 ( (!"!#!$$%4 

7"&/&$),4  ()!0!< :!"102;,.2!$$!< /!*%, (%;(,$$!< 0,;"25$%/2 

:!"102;,.2!$$%/2 0,''!A",'!(,$21/2.   7)!/ '"95,& '(!<')(, 

0&;9"6)209-3&A! (%4!*$!A! '2A$,", 2$)&08&0!/&)0, +9*9) !:0&*&"1)6'1 $& 

)!"6#! !+32/2 (2;!)0!:$%/2) 8,;!(%/2 ;,*&0?#,/2 ) :!"102;,.2!$$%4 

/!*, $! 2 0,;$!')6- (,$2;!)0!:$!< '!'),("1-3&<) 8,; :!"102;,.2!$$%4 

/!* +. 

G!7)!/9 (,?$%/ (!:0!'!/ *"1 ,$,"2;, 0,+!)% (!"!#!$$%4 

2$)&08&0!/&)0!( $, !'$!(& KLG '(&)!(!*!( 1("1&)'1 (!:0!' ! /!*9"1.22 

0,;$!')2 8,; :!"102;,.2!$$%4 /!* + ( 0&;9"6),)& ($&B$24 (!;/93&$2< 

'(&)!(!*,. O9(')(2)&"6$!')6 # )&:"!(%/ 8"9#)9,.21/, ('&A*, ( +!"6B&< 2"2 

/&$6B&< ')&:&$2 '!:0!(!?*,-32/ 0,+!)9 2$)&08&0!/&)0,, !:0&*&"1&)'1 

')0!&$2&/ '(&)!(!*, 2,  #,# 9?& A!(!02"!'6, !+%5$! "&?2) ( :0&*&",4 

&*2$2. 0,*2,$/(
0
N·/). T!"&& '"!?$%/ (!:0!'!/ 1("1&)'1 ,$,"2; 

59(')(2)&"6$!')2 # /&4,$25&'#2/ (!;/93&$21/ '(&)!(!*,.  !"!#!$$%& 

7"&/&$)% 2$)&08&0&$.2!$$!< '4&/% /!A9) :!*(&0A,)6'1 :,0,;2)$%/ 
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/&4,$25&'#2/ (!;/93&$21/ 0,;"25$!A! 0!*, (:!:&0&5$!& '?,)2&, 2;A2+%, 

,#9')25&'#!& (!;/93&$2&, (2+0,.22 2 ). :.). G0&*$,/&0&$$! '!;*,(,&/!& 

(!;/93&$2& (!"!#!$ 2$)&08&0!/&)0, 2;/&01&/%/ (!;*&<')(2&/ (!+%5$! 

2':!"6;9-) :0!*!"6$!& 0,')1?&$2& (!"!#!$$!A! :"&5,) ),# ?& /!?&) ("21)6 

$, +.        

 ! /$!A24 0,+!),4 ($,:02/&0, ( [16]) 0,''/,)02(,&)'1 59(')(2)&"6$!')6 + 

# '2"& :0!*!"6$!A! $,)1?&$21, :!A!$$!< :!:&0&5$!< '*,("2(,-3&< '2"&, 

($,)1?&$21 ' 2;A2+!/), # 2;/&$&$2- 0,*29', 2;A2+,. I,(&*&$$!& :02 ),#24 

(!;/93&$214 :020,3&$2& 0,;$!')2 8,; :!"102;,.2!$$%4 /!* /+ /!?$! 

;,:2',)6 ( (2*& 

/+ = l·" ·sin(2) )/2,  /+ = – l·2 /2,   (1.20) 

A*& )  – 9A!" /&?*9 /&*"&$$!< !'6- '(&)!(!*, 2 $,:0,("&$2&/ (!;/93&$21 

(:!:&0&5$!< '2"%, 2;A2+,), l – *"2$, (!;/93&$$!A! 95,')#,,  , #!7882.2&$) 

"  *"1 '"95,&( :!:&0&5$!A! '*,("2(,$21 ' :!A!$$!< '2"!< f [I//], 2;A2+, ' 

0,*29'!/ R, $,)1?&$21 :02 2;A2+& ' '2"!< F, "2+! #!7882.2&$) 2  :02 

'#09)#& ;,*,-)'1 (%0,?&$21/2 (1.10). K"1 /$!A24 ;,*,5 +!"&& 9*!+$%/ 

1("1&)'1 ,$,"2; 2 '!:!'),("&$2& 59(')(2)&"6$!')2 + # (&"252$& 

A&!/&)025&'#!< *&8!0/,.22 '(&)!(!*, ( 0&;9"6),)& /&4,$25&'#24 

(!;*&<')(2< 2"2 '0,($&$2& 7$&0A&)25&'#!< 788&#)2($!')2 ),#!< /!*9"1.22 

[140-143].  

Q'"2 2':!"6;!(,)6 !.&$#2, :!"95&$$%& ( :02(&*&$$%4 2 *09A24 0,+!),4, 

)! /!?$! '*&",)6 ;,#"-52)6, 5)! 788&#)2($!')6 /!*9"1.22 + ($&B$2/2 

/&4,$25&'#2/2 (!;/93&$21/2, #,# :0,(2"!, !5&$6 /,", ($,:02/&0, :! 

'0,($&$2- ' /!*9"1.2&< (&"252$% )). K"1 :!"95&$21 ;$,52)&"6$!< 

(&"252$% 59(')(2)&"6$!')2 + # (!;*&<')(2- :024!*2)'1 :0&*:02$2/,)6 01* 

':&.2,"6$%4 /&0: !523,)6 (!"!#$! !) :!#0%)21, :!*+20,)6 !:0&*&"&$$%< 

9A!" :02"!?&$21 '*,("2(,-3&< '2"% !)$!'2)&"6$! :!"102;,.2!$$!< !'2, 

$,/,)%(,)6 '(&)!(!* $, !:!0$%< .2"2$*0 ' !02&$),.2&< :!"102;,.2!$$!< 

!'2 ( :"!'#!')2 2;A2+,, 2':!"6;!(,)6 $,/!)#9 '(&)!(!*, ' /,"%/ 0,*29'!/ 2 

). :. Q'"2 ?& :!",A,)6, 5)! ( (!"!#!$$!/ 7"&/&$)& 2$)&08&0!/&)025&'#!< 

'4&/% $& :0&*:02$1)% :0&*$,/&0&$$! /&0% *"1 :!(%B&$$!< 

59(')(2)&"6$!')2 + # (!;*&<')(21/, (!"!#$! 0,':!"!?&$! +&; 0&;#24 

2;A2+!(, 2, )&/ +!"&&, $,4!*2)'1 ( #,+&"6$!< ;,*&"#&, )! ("21$2&/ 

:,0,;2)$%4 (2+0,.2<, ,#9')25&'#24 (!;/93&$2< 2 ). :. (!;*&<')(2< $, 

#!"&+,$21 + /!?$! :0&$&+0&56.      

I&'#!"6#! '"!?$&& *&"! !+')!2) ' (!"!#$,/2 :"&5 2$)&08&0!/&)0, 

9'),$!("&$$%4 ( :0&!+0,;!(,)&"& 59(')(2)&"6$!A! 7"&/&$),. C)2 (!"!#$, 

!+%5$! '(!+!*$% !) #,+&"6$!< ;,*&"#2, ?&')#! ;,#0&:"&$% ( #!$')09#.22 

:0&!+0,;!(,)&"1 (5,')! 7)! $,/!)#, ' $,)1?&$2&/ $, !:!0$%< .2"2$*0) 2 

$,/&0&$$! :!*(&0A,-)'1 ;$,52)&"6$!/9 (!;/93&$2-, '(1;,$$!/9 ' 

2;/&01&/%/ (!;*&<')(2&/. J*$,#! 2 ( *,$$!/ '"95,& 2;/&$&$2& + !+%5$! $, 

*(, :!01*#, /&$6B&, 5&/ 2;/&$&$2& 2;!)0!:$!< 5,')2 8,;!(!< ;,*&0?#2 ) 

[140, 144].  
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J)$!'2)&"6$! '",+,1 (&"252$, /!*9"1.22 0,;$!')2 8,; :!"102;,.2!$$%4 

/!* + ( KLG (!"!#$,4 1("1&)'1 (,?$%/ 8,#)!0!/, ("21-32/ $, ,$,"2; 

0,+!)% 2$)&08&0!/&)0!( $, !'$!(& ),#24 '(&)!(!*!(.     

 

1.4. :"&+&$($-4 ;-,- c 789 /0&(!0!2-+' 

 

G02 ,$,"2;& (!"!#!$$%4 2$)&08&0!/&)0!( $, !'$!(& KLG '(&)!(!*!( 

'"&*9&) 2/&)6 ( (2*9 $,"252& '),$*,0)$%4 (!"!#!$$%4 7"&/&$)!( 2 

)&4$!"!A2<, !02&$)20!(,$$%4 $, 2':!"6;!(,$2& ( (!"!#!$$%4 '2')&/,4 ' 

),#2/2 '(&)!(!*,/2. N !*$!< ')!0!$% $,"252& 2 '!(&0B&$')(!(,$2& ),#24 

7"&/&$)!( 2 )&4$!"!A2< !+9'",("2(,&) (!;/!?$!')2 :0,#)25&'#!A! 

2;A!)!("&$21 2$)&08&0!/&)0!( ' ,$2;!)0!:$%/2 (!"!#$,/2, ' *09A!< 

')!0!$% :!"102;,.2!$$%& 4,0,#)&02')2#2 0&,"6$! '93&')(9-3&< 

7"&/&$)$!< +,;% *&/!$')0209-) :0,#)25&'#2< 90!(&$6 (!;/!?$%4 

:!"102;,.2!$$%4 0,''!A",'!(,$2< ( '4&/&. = !'$!($%/ 7"&/&$),/ 2 

)&4$!"!A21/, $&!+4!*2/%/ *"1 :0,#)25&'#!A! '!;*,$21 (!"!#!$$%4 

2$)&08&0!/&)0!( ' KLG '(&)!(!*,/2, :0&?*& ('&A!, /!?$! !)$&')2 

)&4$!"!A2- 0,;H&/$%4 2 '(,0$%4 '!&*2$&$2< 2 (!"!#!$$%& 0,;(&)(2)&"2 ' 

'!40,$&$2&/ :!"102;,.22.   

  $,')!13&& (0&/1 :!"952"2 0,':0!')0,$&$2& ':&.2,"6$%& 0,;H&/$%& 

'!&*2$&$21 *"1 KLG '(&)!(!*!(, ,$,"!A25$%& '),$*,0)$%/ 0,;H&/$%/ 

'!&*2$&$21/ (!"!#!$ [45, 55]. J'$!($,1 !'!+&$$!')6 7"&/&$)!( ),#24 

'!&*2$2)&"&< '!')!2) ( )!/, 5)! :!"!?&$2& «#"-5,» (!"!#!$$!< (2"#2, 

+"!#209-32< (0,3&$2& '(&)!(!*, ( '!&*2$2)&"6$!< 0!;&)#& ')0!A! 

'!!)(&)')(9&) $,:0,("&$2- :!"102;,.2!$$!< !'2 '(&)!(!*, ('),$*,0)$%< 

(,02,$) – $,:0,("&$2- «/&*"&$$!<» :!"102;,.2!$$!< !'2.), 5)! )0&+9&) 

':&.2,"2;20!(,$$!<, 9'"!?$&$$!< )&4$!"!A22 ;,*&"#2 #!$.!( '(&)!(!*, ( 

'),$*,0)$%& (2"#2. D$!A*, :0!2;(!*2)&"2 (!"!#!$$%4 B$90!( ' KLG 

'(&)!(!*,/2 2':!"6;9-) (2"#2 ' 9(&"25&$$!< B202$!< $,:0,("1-3&A! 

#"-5,, *"1 )!A!, 5)!+% 9/&$6B2)6 9A"!(!< "-8) ( '!&*2$2)&"6$!< 0!;&)#&. 

J'$!($%/ «:!"102;,.2!$$%/» :,0,/&)0!/ ),#24 '!&*2$&$2< 1("1&)'1 

(!;/!?$!& 9A!" 0,''!A",'!(,$21 :!"102;,.2!$$%4 !'&< ')%#9&/%4 

'(&)!(!*!( 2 2 '!!)(&)')(9-32< #!7882.2&$) :!"102;,.2!$$!< 

7#')2$#.22, !+9'"!("&$$%< '!&*2$&$2&/   ? = tg(2)
–2

.   *!:!"$&$2& # 

'#,;,$$!/9 /!?$! !)/&)2)6, 5)! ( :!'"&*$&& (0&/1 :0!2;(!*2)&"2 

!*$!5,')!)$%4 :!"9:0!(!*$2#!(%4 ",;&0!( ' (!"!#!$$%/ (%(!*!/ ),# ?& 

:0&*",A,-) (,02,$) 9'),$!(#2 KLG '(&)!(!*, ' '!!)(&)')(9-3&< (2"#!<. 

G02 7)!/ $,:0,("&$2& :!"102;,.2!$$!< !'2 '(&)!(!*, +9*&) '!A",'!(,$, ' 

$,:0,("&$2&/ "2$&<$!< :!"102;,.22 2')!5$2#, 2 ' :!"!?&$2&/ #"-5, $, 

(2"#&. F2:25$%& ;$,5&$21 :!"102;,.2!$$!< 7#')2$#.22 *"1 0,;H&/$%4 

'!&*2$&$2< (!"!#!$$%4 B$90!( '!'),("1-) ~ 20 *T.  

K09A2/ ,#)9,"6$%/ $, :0,#)2#& (,02,$)!/ '!&*2$&$21 (!"!#!$$%4 

'(&)!(!*!( 1("1&)'1 )&4$!"!A21 '(,0#2 (!"!#!$. = $,')!13&/9 (0&/&$2 

#09:$%& :0!2;(!*2)&"2 ,()!/,)25&'#24 '(,0!5$%4 ,::,0,)!( ($,:02/&0, 

#!/:,$22 «Fujikura», «Ericsson» [45, 57, 58]) ( '),$*,0)$!/ ,''!0)2/&$)& 
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:0!*9#.22 :0&*",A,-) ,()!/,)25&'#2& '(,0!5$%& ,::,0,)%, (#"-5,-32& ( 

$,+!0 (%:!"$1&/%4 89$#.2< '(,0#9 KLG '(&)!(!*!(. =!$')09#.21 ),#24  

,::,0,)!( :!;(!"1&) ( :0!.&''& :0&*(,02)&"6$!< $,')0!<#2 (0,3,)6 

'(&)!(!*% (!#09A '(!&< !'2 2 '!A",'!(,$2& !02&$),.22 :!"102;,.2!$$%4 

!'&< ' :!/!36- ':&.2,"6$%4 ,"A!02)/!( !+0,+!)#2 )&$&(%4 2;!+0,?&$2< 

[58]. D$)&0&'$! !)/&)2)6, 5)! ),#2& ,::,0,)% :!;(!"1-) '(,02(,)6 (!"!#$, ' 

((&*&$2&/ ;,*,$$!A! 9A"!(!A! 0,''!A",'!(,$21 $,:0,("&$2< 

:!"102;,.2!$$%4 !'&< '(&)!(!*!(. F,#2& ,::,0,)% /,"! !)"25,-)'1 !) 

!+%5$%4 :! A,+,02),/, /!A9) 0,+!),)6 ( «:!"&(%4» 9'"!(214. J'$!($%/ 

:,0,/&)0!/ :!"102;,.2!$$!A! 0,''!A",'!(,$21 '(,0$!A! '!&*2$&$21 

1("1&)'1 #!7882.2&$) 7#')2$#.22 ?, !+9'"!("&$$%< '!&*2$&$2&/. N!A",'$! 

*,$$%/ 2':%),$2< [57, 58] )2:!(!< *2,:,;!$ ;$,5&$2< #!7882.2&$), 

7#')2$#.22 *"1 '(,0$%4 '!&*2$&$2< '!'),("1&) !) 25 *! 35 *T.        

K"1 8!0/20!(,$21 (!"!#!$$!A! 2$)&08&0!/&)0, ' KLG '(&)!(!*,/2 

#"-5&(%/ 7"&/&$)!/ 1("1&)'1 (!"!#!$$%< 0,;(&)(2)&"6 c «'!40,$&$2&/ 

:!"102;,.22» ((!"!#!$$%& (%(!*% $, !'$!(& KLG '(&)!(!*!(, 2;"95&$2& 

:!"102;,.2!$$%4 /!* (4!*$!A! (!"!#$, 0,;*&"1&)'1 :! /!3$!')2 2 

$,:0,("1&)'1 ( '!!)(&)')(9-32& /!*% (%4!*$%4 '(&)!(!*!( +&; 

:&0&#0&')$!A! !+/&$,). = $,')!13&/9 (0&/&$2 +!"6B!& #!"25&')(! 820/ 

(«OZ Optics», «JDS Uniphase», «EXFO», «Connet Fiber Optics», «Go4Fiber», 

«Rayscience Optoelectronic Innovation», «AFW Technologies» 2 /$!A2& *09A2&) 

:0&*",A,&) !)$!'2)&"6$! B20!#2< ':&#)0 0,;(&)(2)&"&< 2 !)(&)(2)&"&< 

),#!A! )2:,.   :&0(9- !5&0&*6  0,;(&)(2)&"2 ),#!A! )2:, '),"2 (%#9',)6 ' 

:02/&$&$2&/ «!+H&/$!-!:)25&'#24» #!$')09#.2<, ( #!)!0%4 2':!"6;9&)'1 

$& (!"!#!$$%< *&"2)&"6$%< 7"&/&$). N"&*9&) !)/&)2)6, 5)! ),#2& 

#!$')09#.22 '&<5,' /!A9) +%)6 *!'),)!5$! /,"!A,+,02)$% ($&'#!"6#! // ( 

:!:&0&5$2#& 2 &*2$2. '/ *"2$!<). =0!/& )!A! $, !'$!(& #!$')09#.22 ' $& 

(!"!#!$$%/ *&"2)&"&/ (%:9'#,-) $& )!"6#! Y 2 X-0,;(&)(2)&"2, $! 2 

(!"!#!$$%& :!"102;,.2!$$%& *&"2)&"2 (0,;*&"1-) 2;"95&$2& 

:!"102;,.2!$$%4 /!* (4!*$!A! '(&)!(!*, 2 $,:0,("1-) 24 ( 0,;$%& 

(!"!#!$$%& (%(!*% ' (!;+9?*&$2&/ :0&2/93&')(&$$! !*$!< 

:!"102;,.2!$$!< /!*% ( (4!*$%4 '(&)!(!*,4). G!"$!')6- (!"!#!$$%& 

0,;(&)(2)&"2 (#!$')09#.21 «B"28!(,$$!A!» 2"2 «':",($!A!» )2:,) 

:!1(2"2'6 ( :0!2;(!*')(& ;$,52)&"6$! :!;?& (1("&$21 ( '(1;,$$%4 KLG 

'(&)!(!*,4 *!'),)!5$! '"!?$% [145] 2 )&4$!"!A21 2;A!)!("&$21 )0&+9&) 

!'!+%4 9'"!(2<, '(1;,$$%4 ' )!5$!< !02&$),.2&< :!"102;,.2!$$%4 !'&< 

'(&)!(!*!( $, 95,')#& '(1;2 [146, 147]). J*$,#! $, *,$$%< /!/&$) 

(%:9'#,&)'1 0,;$!!+0,;$%& (,02,$)% «':",($%4» 2 «B"28!(,$$%4» 

(!"!#!$$%4 0,;(&)(2)&"&< ' '!40,$&$2&/ :!"102;,.22 Y 2 X )2:,, ' 

0,;$%/2 #!7882.2&$),/2 !)(&)("&$21 /!3$!')2 (1, 5, 10, 20, 30, 40 2 50%). 

 '& :0!2;(!*2)&"2 4,0,#)&02;9-) '(!<')(, «'!40,$&$21 :!"102;,.22» 

0,;(&)(2)&"&< 7)!A! )2:, #!7882.2&$)!/ :!"102;,.2!$$!< 7#')2$#.22.   

+!"6B2$')(& '"95,&( &A! ;$,5&$2& "&?2) ( *2,:,;!$& 18–20 *T.  

 

 



40 

 

1.5. <-#"=>&$'& 

V,(&0B,1 !+;!0$%< 0,;*&", '"&*9&) !)/&)2)6, 5)! 2''"&*!(,$21, 

!:2',$$%& ( *,$$!< *2''&0),.22, :0!(!*2"2'6 $& )!"6#! 2'4!*1 2; $,95$!A! 

2$)&0&', # :0!+"&/,/ *,$$!A! $,:0,("&$21 (!"!#!$$!< )&4$2#2. 

G02(&*&$$%< *,"&& ,$,"2; ')2/9"20!(,"'1 0,+!),/2 :! '!;*,$2- 

:0,#)25&'#24 (!"!#!$$%4 2;/&02)&"&< (,#9')25&'#24 2 A2*0!,#9')25&'#24 

'2A$,"!(, (2+0!/&)0!( 2 2;/&02)&"&< )&:"!(%4 #!"&+,$2<) ( 0,/#,4 01*, 

4!;*!A!(!0$%4 :0!&#)!(, 9#,;,$$%4 (! ((&*&$22. J02&$),.21 $, 0,;0,+!)#9 

:0,#)25&'#24 788&#)2($%4 2 $,*&?$%4 9')0!<')( $, !'$!(& 9*,"&$$%4 

:,''2($%4 (!"!#!$$%4 2$)&08&0!/&)0!( :!)0&+!(,"! :02$1)6 /&0% :! 

'$2?&$2-  ("21$21 :!"102;,.2!$$%4 788&#)!( 2 :02/&$1)6 KLG 

'(&)!(!*%.   :0!.&''& $,95$!A! 09#!(!*')(, 2 '!:0!(!?*&$21 0,;0,+!)#2 

2;/&02)&"&<, (%0,+!)#2 )0&+!(,$2< # 7"&/&$),/ 2 # )&4$!"!A22 

2;A!)!("&$21 2 '+!0#2, (%1'$2",'6 $&!+4!*2/!')6 :0!(&*&$21 #!/:"&#'$!A! 

)&!0&)25&'#!A! ,$,"2;, 2 0,'5&)!( ("21$21 0,;"25$%4 :!"102;,.2!$$%4 

0,''!A",'!(,$2< ( (!"!#!$$%4 7"&/&$),4 2 24 '!&*2$&$214. M,+!), $,* 

'!;*,$2&/ :0,#)25&'#24 9')0!<')( :!#,;,", ,#)9,"6$!')6 :!2'#, 

*!:!"$2)&"6$%4 /&)!*!( *"1 #!$)0!"1 :!"102;,.2!$$%4 :,0,/&)0!( 

7"&/&$)!( 2 24 '!A",'!(,$21, :!2'#, /!*282.20!(,$$%4 '4&/, 

2':!"6;9-324 (!;/!?$!')2 KLG '(&)!(!*!( *"1 9"95B&$21 4,0,#)&02')2# 

2;/&02)&"&<.    

J)'9)')(2& ( 2;(&')$!< "2)&0,)90& /,)&02,"!(, :!;(!"1-324 :!"952)6 

!)(&)% $, (!:0!'%, (,?$%& *"1 #!$#0&)$%4 :0!&#)!( :! '!;*,$2- 

:0,#)25&'#24 (!"!#!$$!-2$)&08&0!/&)025&'#24 2;/&02)&"&<, !+9'"!(2"! 

$,:0,("&$$!')6 )&!0&)25&'#24 2 7#':&02/&$),"6$%4 2''"&*!(,$2<. 

Z#,;,$$%& :0!&#)%, 2 0,;0,+!),$$%& 9')0!<')(, :!("21"2 2 $, (%+!0 

!:0&*&"&$$%4 9'"!(2< 2 '4&/, #!)!0%& +%"2 :!*(&0A$9)% :!*0!+$!/9 

)&!0&)25&'#!/9 ,$,"2;9.         

  ;,#"-5&$2& /!?$! &3& 0,; :!*5&0#$9)6 !'$!($%& 9'"!(21, #!)!0%& 

:!*0,;9/&(,-)'1 ( 4!*& )&!0&)25&'#24 2 7#':&02/&$),"6$%4 2''"&*!(,$2<, 

2;",A,&/%4 ( !'$!($!< 5,')2 *2''&0),.22:    

– M,''/,)02(,-)'1 '2"6$!*(9"95&:0&"!/"1-32& (!"!#!$$%& '(&)!(!*% 

' "2$&<$%/ *(9"95&:0&"!/"&$2&/. 

– M,''/,)02(,-)'1 !)$!'2)&"6$! #!0!)#2& (~100 /) !)0&;#2 KLG 

'(&)!(!*!( ( 0&?2/& '",+!< :&0&#0&')$!< '(1;2 /!* (h·l << 1, #!7882.2&$) 

7#')2$#.22 ? >> 1). 

– G!*0,;9/&(,&)'1 #(,;2-/!$!40!/,)25&'#2<, :!"$!')6- 

:!"102;!(,$$%< 2')!5$2# 2;"95&$21.  

– G0&?*& ('&A!, 0,''/,)02(,&)'1 2$)&08&0!/&)0 >,4,-U&$*&0, 2 

/!*282.20!(,$$%& (,02,$)% 7)!< '4&/%. 
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2.  !"#$%!& '() $!*%"!"+"! $ ,-*%". $!/01 ."+ 231 4"5*3*6%6". 

!"07,8+*611 

 

  !"#$!%& '"("$"&, )*+'"!!%& ) ,!-./0./12.-/,$.)3,2, #)-/14)-*"2, !" 

1)!1*. 567 )*.-1*1(1* (!"8/,2./, ,'2./,-.9:!%. ,!-./0./.!;,1!!%. 

)&.2%, /"))2"-/,*".2%. * )9.(#<=,& /"'(.9"&) *">!%2 ?9.2.!-12 "!"9,'" 

+*9+.-)+ 2"-/,;" 5>1!)" 567 *1913!", *&1(+=.@1 * )1)-"* #)-/14)-*", 

31-1/"+ 18,)%*".- )*+': 819.4 819+/,'";,1!!%& 21( !" *&1(. , *%&1(. 

)*.-1*1(".    

  ("!!12 /"'(.9. "!"9,',/#<-)+ )*14)-*" 2"-/,;% 5>1!)" 567 

)*.-1*1(" ) !.1(!1/1(!1)-+2, 8/, 31@./.!-!12 ,'9#$.!,,, "3-,*!1 

,)819:'#.214 * 81)9.(#<=,& /"'(.9"&, @(. ,'#$"<-)+ *19131!!1-

18-,$.)3,. ,!-./0./.!;,1!!%. )&.2%. A!"9,' !";.9.! !" 819#$.!,. 1;.!13 

(9+ 31?00,;,.!-1* 2"-/,; 5>1!)" )*.-1*1(1* * )1)-"*. ,!-./0./.!;,1!!14 

)&.2%. B!1@,. *%/">.!,+ , 1C1'!"$.!,+, 31-1/%. **1(+-)+ * 8. 2.1 

+*9+<-)+ C"'1*%2, !. -19:31 (9+ ("!!1@1 /"'(.9", !1 , (9+ 1)-"9:!%& 

/"'(.91* ("!!14 (,))./-";,,.      

 

2.1.  !"#$ %&'&($)#* # %&+,-)&./- %0&!'$12 

B"-/,;" 5>1!)" 1-/.'3" «,(."9:!1@1» 567 )*.-1*1(", * 31-1/12 

1-)#-)-*#<- !.1(!1/1(!1)-,, *%'%*"<=,. )*+': 21(, " -"3 >. 8/, 

8/.!.C/.>.!,, 2"9%2, 81-./+2,, ,2..- *,(    

      !"#
$

$
#

%
&&
&

'

(

))
)

*

+
, j
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i

e

e

e

2

2

D

0

0
T ,                                    (2.1) 

@(. $ – /"'!1)-: 0"' 819+/,'";,1!!%& 21(, " " – 1C="+ 0"'1*"+ '"(./>3" 

819+/,'";,1!!%& 21( * )*.-1*1(. 

     - . llxx %/,%/#/,$ ,         - . 2lxx %/0/," .                          (2.2) 

B!1>,-.9: * 3*"(/"-!%& )31C3"&, )1(./>"=,4 " 01/2"9:!1 )9.(#.- 

*39<$,-: * 2"-/,;# 5>1!)", &1-+ 1! !. )*+'"! ) 819+/,'";,1!!%2, 

)*14)-*"2, )*.-1*1(". 719+/,'";,1!!%. ?00.3-% ,(."9:!1@1 567 *1913!" 

18,)%*".- *.9,$,!" , *1'21>!%. 319.C"!,+ -19:31 1(!1@1 0"'1*1@1 

8"/"2.-/" $.  .9,$,!" $ 8/1)-%2 1C/"'12 1;.!,*".-)+ $./.' (9,!# 567 

)*.-1*1(" , '"*,)+=,4 1- (*#9#$.8/.9129.!,+ 8"/"2.-/ /. D'9#$.!,+ 21( 

,(."9:!1@1 567 *1913!" ) (,"@1!"9:!14 2"-/,;.4 5>1!)" (2.1) 

/")8/1)-/"!+<-)+ !.'"*,),21, C.' 1C2.!" ?!./@,.4. 

B"-/,;" 5>1!)" 567 )*.-1*1(", ) #$.-12 +*9.!,+ )*+', 21( !" 

/"'9,$!%& !.1(!1/1(!1)-+&, * 1C=.2 )9#$". ,2..- *,(  
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42 

@(. (9+ #8/1=.!,+ *,(" *%/">.!,4 **.(.!1 1C1'!"$.!,. 21 rR 0, . E"3"+ 

01/2" 2"-/,;% )11-*.-)-*#.- 2"-/,;. 5>1!)" 8/1,'*19:!14 18-,$.)314 

),)-.2% ) 0"'1*14 "!,'1-/18,.4, -... 21>.- 18,)%*"-: 9<C1. 1(!121(1*1. 

*1913!1 C.' (,&/1,'2". 7/,!;,8,"9:!"+ 1)1C.!!1)-: *1913!" ) ),9:!%2 

(*#9#$.8/.9129.!,.2 (567 )*.-1*1(") )1)-1,- * -12, $-1 *%819!+<-)+ 

#)91*,+ 

     .rrRr 1211           ;1 22 2020,33                                    (2.4) 

F)9, !. /"))2"-/,*"-: 1C=,4 !"C.@ 0"'% ", 2"-/,;" (2.3) ,2..- -/, 

!.'"*,),2%& 8"/"2.-/", &"/"3-./,'#<=,& 819+/,'";,1!!%. )*14)-*" 

*1913!": "289,-#(!%4 8"/"2.-/ r , (*" 0"'1*%& 8"/"2.-/" $ , 1.  

7/, *%819!.!,, #)91*,4 (2.4) -... )9"C14 )*+', 819+/,'";,1!!%& 21( , 

1-!1),-.9:!1 !.C19:G14 (9,!. *1'2#=.!!1@1 #$")-3" (#$")-31*) 21>!1 

813"'"-:, $-1 *.9,$,!" 8"/"2.-/" $ , .@1 ,'2.!.!,+ 8/.!.C/.>,21 2"91 

1-9,$"<-)+ 1- )9#$"+ 1-)#-)-*,+ )*+', 21(. H-1 '!"$,-, $-1 (,"@1!"9:!%. 

?9.2.!-% * /.'#9:-"-. 81+*9.!,+ )9"C14 )*+', 21( 8/"3-,$.)3,  !. 

2.!+<-)+.  E"3,2 1C/"'12, 2"-/,;" 5>1!)" /."9:!1@1 567 )*.-1*1(" 8/, 

1-!1),-.9:!1 2"914 )*+', 21( 1-9,$".-)+ 1- 2"-/,;% ,(."9:!1@1 *1913!" 

0"3-,$.)3, -19:31 !"9,$,.2 !.(,"@1!"9:!%& ?9.2.!-1* 2"914 "289,-#(%.  

I"3 #>. @1*1/,91):, )2%)9 2"-/,;% 5>1!)" 567 *1913!" )1)-1,- * 

-12, $-1 1!" 18,)%*".- 8/.1C/"'1*"!,. ,'9#$.!,+ 819+/,'";,1!!%& 21( !" 

*&1(. )*.-1*1(" * ,'9#$.!,+ 819+/,'";,1!!%& 21( !" *%&1(.. J"8,G.2 

*.3-1/ 5>1!)" 819+/,'1*"!!1@1 ,'9#$.!,+ !" *&1(. )*.-1*1(" * *,(. 
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E ,                              (2.5) 

@(. )1)-"*9+<=,. *.3-1/" E0x , E0y  18,)%*"<- "289,-#(% 819+/,'";,1!!%& 

21(, "0 – /"'!1)-: 0"' 819+/,'";,1!!%& 21( !" *&1(. )*.-1*1(".  .3-1/ 

5>1!)" ,'9#$.!,+ !" *%&1(. *1913!" 18,)%*".-)+ 8/1,'*.(.!,.2 
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.                                     (2.6) 

K #$.-12 )-/#3-#/% 2"-/,;% 5>1!)" 819+/,'";,1!!%. 21(% !" *%&1(. 

21>!1 8/.()-"*,-: 3"3 )#8./81',;,< &"/"3-./!%& )1)-"*9+<=,&, 

)*+'"!!%& ) (,"@1!"9:!%2, , !.(,"@1!"9:!%2, ?9.2.!-"2, 2"-/,;% 

5>1!)" 
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E .                                   (2.7) 

K1)-"*9+<=,. xxE , yyE '"8,)%*"<-)+ * *,(. 
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 ,                          (2.8) 
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, ,2.<- )2%)9 31281!.!-% *%&1(!14 819+/,'";,1!!14 21(% Ex ,9, Ey, 

31-1/"+ ,)&1(!1 (1- !"$"9" *1913!") /")8/1)-/"!+9"): * *,(. ?-14 >. 

819+/,'";,1!!14 21(%.   ?-12 )2%)9. 31281!.!-% xxE , yyE C#(.2 !"'%*"-: 

«8/+2%2,» 31281!.!-"2, *%&1(!%& 819+/,'";,1!!%& 21(.     

K1)-"*9+<=,. xyE , yxE  '"8,)%*"<-)+ $./.' 31?00,;,.!-% 2"-/,;% * 

*,(.  

     0
2

0

x

i

xy EerE %%#,
"#1

 ,  0
2

0

y

i

yx EerE %%,
"#1

#
 .                          (2.9) 

H-, 31281!.!-% ,2.<- )2%)9 31281!.!-% *%&1(!14 819+/,'";,1!!14 

21(% Ex ,9, Ey, 31-1/"+ ,)&1(!1 (* !"$"9. *1913!") /")8/1)-/"!+9"): * *,(. 

"9:-./!"-,*!14 819+/,'";,1!!14 21(% , C%9" 8/.1C/"'1*"!" * ("!!#< 21(# 

* /.'#9:-"-. )*+', 21( (8./*%4 ,!(.3) 1C1'!"$".- -,8 ,)&1(!14 21(%, " 

*-1/14 ,!(.3) – -,8 *%&1(!14 21(%).   ?-12 )2%)9. )1)-"*9+<=,. xyE , 

yxE – C#(.2 !"'%*"-: «8./.3/.)-!%2,» 31281!.!-"2,.  

       ,(."9:!12 *1913!. Exx=Ex0, Eyy=Ey0, " Exy=Eyx= 0, " * «/."9:!12» *1913!. 

)1 )9"C14 )*+':< 21(, ) #$.-12 (2.4), Exx >> Eyx, Eyy >> Exy. K #$.-12 

)3"'"!!1@1, "289,-#(!%4 31?00,;,.!- r 2"-/,;% 5>1!)" '"(".- 

)11-!1G.!,. "289,-#( «8/+214» , «8./.3/.)-!14» 31281!.!- 1- 1(!14 

,)&1(!14 21(% 
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.                          (2.10) 

L-2.-,2, $-1 )11-!1G.!,. «8/+214» , «8./.3/.)-!14» 31281!.!- * 

,'9#$.!,, *%&1(!14 819+/,'";,1!!14 21(% (-... )11-!1G.!,. Eyx/Exx 9,C1 

Exy/Eyy) 21>.- C%-: 9<C%2 , '"*,),- 1- )11-!1G.!,+ E0x/E0y.  

M"'1*%4 8"/"2.-/ $ 18,)%*".- /"'!1)-: 0"' (*#& «8/+2%&» 31281!.!- 

819+/,'";,1!!%& 21(, " 8"/"2.-/ 1 – (*#& «8./.3/.)-!%&» 31281!.!- 

819+/,'";,1!!%& 21( (,& /"'!1)-: 0"' )1)-"*9+.- 1 + 4). N"'!1)-: 0"' 

2.>(# «8/+214» , «8./.3/.)-!14» 31281!.!-14 *%&1(!14 819+/,'";,1!!14 

21(% '"(".-)+ $./.' /"'!1)-: ($ – 1).  

 ">!%4 1C=.8/,!+-%4 8"/"2.-/, 31-1/%4 &"/"3-./,'#.- #/1*!: )*+', 

819+/,'";,1!!%& 21( , )81)1C!1)-: )*.-1*1(" )1&/"!+-: 9,!.4!#< 

819+/,'";,< ,'9#$.!,+, /")8/1)-/"!+<=.@1)+ 81 *1913!# – 31?00,;,.!- 

819+/,'";,1!!14 ?3)-,!3;,, *1913!" 
*)

. LC%$!1 .@1 18/.(.9+<- * 3"3 

)11-!1G.!,. *%&1(!14 21=!1)-, 1(!14 819+/,'";,1!!14 21(% 3 *%&1(!14 

21=!1)-, (/#@14 8/, #)91*,,, $-1 !" *&1(. *1'C#>(.!" -19:31 8./*"+ 21("  
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.                      (2.11) 

                                                 

*
)
 $")-1 ,)819:'#.-)+ 8"/"2.-/ «8./.3/.)-!14 )*+',» («cross talk»), 31-1/%4 

&"/"3-./,'#.- *.9,$,!#, 1C/"-!#< 31?00,;,.!-# ?3)-,!3;,, (-... 5–1
), 8/,$.2, 3"3 

8/"*,91, * (O 1-!1),-.9:!1 1.     
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K #$.-12 **.(.!!%& 1C1'!"$.!,4 31?00,;,.!- ?3)-,!3;,, '"(".-)+ 

3*"(/"-12 "289,-#(!1@1 31?00,;,.!-" r 2"-/,;% 5>1!)"  
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.                            (2.12) 

F)9, /"))2"-/,*"-: )1*/.2.!!%4 567 )*.-1*1( C.' *!.G!,&  

*1'2#=.!,4, 8/,*1(+=,& 3 !"*.(.!!14 )*+', 21(, *&1(+=,4 * )1)-"* 

,!-./0./.!;,1!!1@1 #)-/14)-*", 8/, (9,!. *1913!" (1 )1-.! 2.-/1*, .@1 

21>!1 819"@"-: 8/"3-,$.)3, ,(."9:!%2 ((9+ )1*/.2.!!%& *19131! 8/, 

(9,!. * 8/.(.9"& 100 2 1;.!3" 31?00,;,.!-" ?3)-,!3;,, )1)-"*9+.- C19.. 

10
3
, )2. /"'(.9 1, 8. 1.1).   -"312 )9#$". 8/, "!"9,'. ,!-./0./.!;,1!!14 

)&.2% (9+ 18,)"!,+ )*.-1*1(1* 21>!1 ,)819:'1*"-: 2"-/,;% 5>1!)" 

,(."9:!1@1 *1913!" (2.1) , #$,-%*"-: !"9,$,. -19:31 «8/+2%&» 31281!.!- 

819+/,'";,1!!%& 21(, 8/.!.C/.@"+ «8./.3/.)-!%2,» )1)-"*9+<=,2,. 

L(!"31, (">. .)9, 31!)-/#3;,+ 18-,$.)314 )&.2% !. 8/.(819"@".- 

!.1C&1(,21)-: )#=.)-*.!!%& 8/.(!"2./.!!%& *!.G!,& *1'2#=.!,4 567 

*1913!" ('!"$,-.9:!%4 ,'@,C, )3/#-3", !"-+>.!,. , -.(.), 2.&"!,$.)3,. 

*1'2#=.!,+ *). /"*!1 21@#- *1'!,3"-: 8/, 21!-">. )&.2%. 718./.$!1. 

)("*9,*"!,. *1'!,3".- 8/, '"(.93. 31!;1* *19131! * !"31!.$!,3, ((9+ 

81()1.(,!.!,4 *19131! (/#@ 3 (/#@# ,9, 3 ?9.2.!-"2 )&.2%), 8/, 39..*14 

0,3)";,, , @./2.-,'";,, *19131!!%& *%*1(1* 8/.1C/"'1*"-.9+ 

$#*)-*,-.9:!1@1 ?9.2.!-". 7/, !"21-3. *19131!!%& 3"-#G.3, * )9#$". 

«8./.&9.)-"» *,-31* *1913!" 8/1,)&1(+- 2,3/1,'@,C%.   &1(. #3"'"!!%& 

18./";,4, " -"3>. 8/, 3"C.9:!14 '"(.93. )*.-1*1(1* 21>.- 8/1,'14-, 

)3/#-3" , -.(. I"3 8/"*,91, -"3,. *1'2#=.!!%. #$")-3, )*.-1*1(" ) 

!"*.(.!!14 «)*+':< 21(» +*9+<-)+ 1-!1),-.9:!1 31/1-3,2,, ,& (9,!" 9,C1 

2.!:G., 9,C1 )181)-"*,2" ) (9,!14 C,.!,4 )*.-1*1(" , '!"$,-.9:!1 2.!:G. 

1C=.4 (9,!% *1913!". E.2 !. 2.!.., * /.'#9:-"-. )*+', 21( * 2.)-"& 

*1'2#=.!,+ )*.-1*1(" 21@#- 01/2,/1*"-:)+ '!"$,-.9:!%. 81 *.9,$,!. 

«8./.3/.)-!%.» 31281!.!-% 819+/,'";,1!!%& 21( , -"3,. *1913!" )9.(#.- 

18,)%*"-: 2"-/,;.4 5>1!)" «/."9:!1@1» 567 *1913!" (2.3).   )9#$". 

*19131! C19:G14 8/1-+>.!!1)-, (!"8/,2./, 81/+(3" 1 32 , C19..) 

31?00,;,.!- ?3)-,!3;,, 21>.- )-"-: !.C19:G,2 !. *)9.()-*,. *!.G!,& 

*1'2#=.!,4, " * /.'#9:-"-. )*+', 21( !" )1C)-*.!!%& *!#-/.!!,& 

!.1(!1/1(!1)-+& )*.-1*1(". K3"'"!!1. ,99<)-/,/#.- /,)#!13 2.1. 

E"3,2 1C/"'12, *1'!,3".- /+( *18/1)1*, )*+'"!!%4 )1 )*14)-*"2, 

31?00,;,.!-1* 2"-/,; 5>1!)" /."9:!%& 567 *19131!, 31-1/%. )1(./>"- 

1(,!, !.)319:31 ,9, 2!1@1 *1'2#=.!!%& #$")-31* )1 )*+':< 21(, ,9, 

2!1@1$,)9.!!%. (* -12 $,)9. 3*"',-/")8/.(.9.!!%.) #$")-3, 21(1*14 )*+',. 

P.9"-.9:!1 '!"-:, 3"3 /"))$,-"-: ,9, &1-+ C% 1;.!,-: *1'21>!#< *.9,$,!# 

8"/"2.-/1* r , 1 2"-/,;% 5>1!)" )*.-1*1(" $./.' 8"/"2.-/% 2.&"!,$.)31@1 

*1'2#=.!,+ )*.-1*1(", 3"3 1;.!,-: ,& *1'21>!%. ,'2.!.!,+ 1- *!.G!,& 

#)91*,4 )*.-1*1(", !"8/,2./, -.28./"-#/% ,9,, !"8/,2./, 1- 09#3-#";,4 

$")-1-% ,'9#$.!,+ 18-,$.)31@1 ,)-1$!,3".  
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N,)#!13 2.1. M1/2,/1*"!,. 31281!.!- ,'9#$.!,+ 819+/,'";,1!!%& 21( !" 

*%&1(. 567 )*.-1*1(". ") – )9#$"4 ,(."9:!1@1 567 )*.-1*1(", C.' 

!.1(!1/1(!1)-.4, *%'%*"<=,& )*+': 21(  C) – 567 )*.-1*1( ) 

*1'2#=.!,+2,, 8/,*1(+=,2, 3 +*9.!,< )*+', 21(.     

 

  ,'*.)-!%& 8#C9,3";,+& 81 -.2"-,3. *19131!!1-18-,$.)3,& 

,!-./0./12.-/,$.)3,& ("-$,31* -"3,. *18/1)% 81(/1C!1 !. 

/"))2"-/,*"<-)+, 8/1C9.2% 819+/,'";,1!!%& +*9.!,4 , 8/,2.!.!,+ 567 

*19131! (9+ ,& /.G.!,+ 1C%$!1 18,)%*"<-)+ !" 3"$.)-*.!!12 #/1*!. C.' 

)-/1@1@1 "!"9,'". 7/,2./% /"))21-/.!,+ 8/1C9.2% 819+/,'";,1!!1@1 

0.(,!@" * *19131!!%& ,!-./0./.!;,1!!%& )&.2"& ) 319,$.)-*.!!%2, 

1;.!3"2, , 8/,2.!.!,.2 $,)9.!!1@1 21(.9,/1*"!,+ [124, 125] 8/1*1(+-)+ 

(9+ )9#$"+ 1C%$!%& 3122#!,3";,1!!%& (-... )9"C1(*#9#$.8/.9129+<=,&) 

1(!121(1*%& *19131!. D)39<$.!,.2 +*9+.-)+ !"8/"*9.!,. ,))9.(1*"!,4, 

81)*+=.!!%& *19131!!%2 ,!-./0./12.-/"2 K"!:+3" , 81)-/1.!,< !" ,& 

1)!1*. ("-$,31* #@91*1@1 */"=.!,+ (@,/1)3181*).   /"C1-"& 81 ?-12# 

!"8/"*9.!,< 8/1*1(,-)+ #$.- 819+/,'";,1!!%& ?00.3-1* * )*.-1*1("& 

)&.2%, * -12 $,)9. , (9+ )9#$"+ 8/,2.!.!,+ 567 *19131! (!"8/,2./ [34, 

138]). L(!"31 * ?-,& 8#C9,3";,+& "!"9,' , /")$.-% !"8/"*9.!% !" ,'#$.!,. 

)*14)-* 8"/"2.-/1* ,!-./0./.!;,1!!1@1 ),@!"9" , !. "!"9,',/#<-)+ 

)*14)-*" 31?00,;,.!-1* 2"-/,;% 5>1!)" )*.-1*1(". I/12. -1@1, 
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819"@".-)+, $-1 )*+': 21( 1C#)91*9.!" -19:31 )1C)-*.!!%2, 

/")8/.(.9.!!%2, )9#$"4!%2, !.1(!1/1(!1)-+2, )*.-1*1(".     

K (/#@14 )-1/1!%, *)9.()-*,. 1-!1),-.9:!1 #'314 )8.;,0,3, ("!!1@1 

*18/1)", * 9,-./"-#/. 81)*+=.!!14 567 *1913!"2 , 819+/,'";,1!!%2 

+*9.!,+2 * -"3,& *1913!"&  -"3 >. 1-)#-)-*#.- 81(/1C!%4 "!"9,' 

!.81)/.()-*.!!1 )*14)-*  31?00,;,.!-1* 2"-/,; 5>1!)" 567 *1913!" ) 

1(!,2, !.)319:3,2, ,9, 2!1@,2, 913"9:!%2, #$")-3"2, !"*.(.!!14 )*+', 

21(.   8#C9,3";,+& 81 ("!!14 -.2. (* 3"$.)-*. 1(!14 ,' «C"'1*%&» )-"-.4 

21>!1 #3"'"-: /"C1-# [16]) "!"9,',/#<-)+ )*14)-*" 567 )*.-1*1(", 

81(*./@!#-1@1 /"*!12./!12# ,9, 8./,1(,$.)312# *1'2#=.!,<. H-, 

/.'#9:-"-% 21>!1 ,)819:'1*"-: (9+ "!"9,'" )*14)-* B"-/,;% 5>1!)" 

)*.-1*1(" ) *!.G!,2, *1'2#=.!,+2,. LC=,4 )9#$"4 *1'2#=.!!1@1 

)*.-1*1(" 8/.()-"*9+.-)+ $./.' ,!-.@/"9% 1- 31289.3)!%& /")8/.(.9.!,4 

31?00,;,.!-" )*+', 21( *(19: )*.-1*1(".  K9#$", !"9,$,+ !.)319:3,& 

*1'2#=.!!%& #$")-31* )8.;,"9:!1 !. /"))2"-/,*"<-)+. K9.(#.- 1-2.-,-:, 

$-1 * 9,-./"-#/. #(.9+.-)+ C19:G1. *!,2"!,. )*+', 21( !" ),)-.2. 

/")8/.(.9.!!%& )9#$"4!%& !.1(!1/1(!1)-.4, -.3. ?-1- *18/1) )*+'"! ) 

1@/"!,$.!,.2 *1'21>!1)-, 8./.("-: 81 *1913!# ,'9#$.!,. ) )1&/"!.!,.2 

9,!.4!14 819+/,'";,,. L(!"31 8/, ?-12 8/,2.!+<- #8/1=.!!%4 "!"9,', 

3"3 8/"*,91, 1/,.!-,/1*"!!%4 !" 1;.!3# )/.(!.4 21=!1)-, «8./.3/.)-!%&» 

31281!.!- 819+/,'";,1!!%& 21( !" *%&1(. )*.-1*1(" ()2. /"'(.9 1, 8. 1.1.2). 

I1!3/.-!%. /.'#9:-"-% (9+ -"31@1 )9#$"+, )*1(+-)+ 3 18,)"!,< )/.(!.@1 

'!"$.!,+ 31?00,;,.!-" ?3)-,!3;,,, 31-1/%4 21!1-1!!1 /")-.- 

8/181/;,1!"9:!1 (9,!. )*.-1*1(", $-1 81'*19+.- **.)-, (9+ 567 *19131! 

81@1!!%4 8"/"2.-/ «#(./>"!,+ 819+/,'";,,» ,9, 81@1!!#< «cross-talk» 

*.9,$,!# – h-8"/"2.-/. D)819:'#.2%. 8/, -"312 "!"9,'. 2.-1(%, !. 

/"))2"-/,*"<- ,!-./0./.!;,1!!%. ?00.3-% (!"8/,2./, 2.-1( #/"*!.!,4 

)*+'"!!%& 21=!1)-.4) 81?-12# 1!, 31//.3-!1 &"/"3-./,'#<- 

819+/,'";,1!!%. +*9.!,+ * )&.2"& ) 1-!1),-.9:!1 )9"C131@./.!-!%2 

(l >> l5) 819+/,'1*"!!%2 ,)-1$!,312 *&1(!1@1 ,'9#$.!,+. 7/, 31@./.!-!12 

18-,$.)312 ,'9#$.!,, «8./.3/.)-!%.» 31281!.!-% Exy, Eyx 21@#- 

8/.-./8.*"-: 319.C"!,+ 8/, ,'2.!.!,, (9,!% )*.-1*1(" , 8/, ,'2.!.!,, 

*!.G!,& #)91*,4, $-1 )*+'"!1 ) ,!-./0./.!;,1!!%2, ?00.3-"2,. L(!"31 

)*14)-*" -"3,& 319.C"!,4, ,& (,"8"'1! * ,'*.)-!14 9,-./"-#/. !. 

"!"9,',/#.-)+. E"3 >. * 9,-./"-#/. !. /"))2"-/,*"<-)+ )*14)-*" ,2.<- 

)/.(!.. '!"$.!,. , 319.C"!,+ 0"'1*1@1 8"/"2.-/" 1 (,9, )#22"//"'!1)-: 

$ ± 1).           

  )*+', ) *%G.)3"'"!!%2, * ("!!12 /"'(.9. /"))21-/.! 1C=,4 *,( , 

$")-!%. *"/,"!-% 2"-/,; 5>1!)" (9+ *19131! ) 1(!,2 , (*#2+ 913"9:!%2, 

#$")-3"2, !"*.(.!!14 )*+', 21( (* 81)9.(!.2 )9#$". 8/1+*9+.-)+ 

*1'21>!1)-: ,!-./0./.!;,1!!%& 319.C"!,4 8"/"2.-/1* 2"-/,;%). Q" 

1)!1*. 819#$.!!%& *%/">.!,4 8/1*.(.! "!"9,' )*14)-* 31?00,;,.!-1* 

2"-/,;% 5>1!)". 59+ *1913!" ) 2!1@1$,)9.!!%2, 913"9:!%2, ,9, 

/")8/.(.9.!!%2, )9#$"4!%2, !.1(!1/1(!1)-+2, /"'*,-" )8.;,"9:!"+ 

21(.9:, 81'*19+<="+ "!"9,',/1*"-: )*14)-*" 2"-/,;% 5>1!)" -"31@1 
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*1913!" 8#-.2 $,)9.!!%& /")$.-1*. L-(.9:!1 /"))21-/.! )9#$"4 !.)319:3,& 

*1'2.=.!!%& #$")-31*.  

L-2.-,2, $-1 2!1>,-.9: * 3*"(/"-!%& )31C3"& * *%/">.!,+& (9+ 2"-/,; 

5>1!)", )1(./>"=,4 1C=,4 0"'1*%4 !"C.@ 819+/,'";,1!!%& 21( " , !. 

)*+'"!!%4 ) 819+/,'";,1!!%2, ?00.3-"2,, ("9.. * ?-12 /"'(.9. C#(.2 

18#)3"-:. 

 

2.2. 345 +.$,&.&6 + &6)#1 '&/-'7)21 89-+,/&1 +& +.*:7; 1&6 

 

2.2.1.  !"#$%! &'()*! &+, $ -(.//$%$0)" 1(23#$4!%$())(5 

.-*"$)-%$$ *60"(6(7! * (7)$8 2(-!29):8 ;<!*"-(8 *634$ 8(7 

N"))21-/,2 )*.-1*1(, )1(./>"=,4 31/1-3#< 1C9")-: (9,!14 lK , @(. 

,2..- 2.)-1 *1'2#=.!,. )-/#3-#/% )*.-1*1(" , )*+': 21(. R$")-3, (1 , 

81)9. ?-14 1C9")-, ,2.<- (9,!% l1 , l2 , 819"@"<-)+ #$")-3"2, 

«,(."9:!1@1» 567 *1913!".    

 

 
N,)#!13 2.2. 567 )*.-1*1( ) 1(!,2 913"9:!%2 #$")-312 )1 )*+':< 21( 

 

J"8,G.2 8"/"2.-/% 2"-/,;% 5>1!)" *).@1 -"31@1 *19131!!1@1 ?9.2.!-".  

D!-.@/"9:!"+ 2"-/,;" )*.-1*1(" <  18/.(.9+.-)+ 8/1,'*.(.!,.2 2"-/,; 

#$")-31* , ,2..- *,( 

     

- .

- .
&
&
&

'

(

)
)
)

*

+

%%#

%%
,%%, $0$0$$#$#1

$#$#1
#

$0$0$
#

22

22

1K 2 2121

2121

 ! !

 ! !

i

 !

i

 !

i

 !

i

 !

eRer

ereR
TTTT .                            (2.13) 

E"3,2 1C/"'12, 8"/"2.-/% /.'#9:-,/#<=.4 2"-/,;% *%/">"<-)+ $./.' 

8"/"2.-/% #$")-31* * *,(.  

  
.      ,

,       ,

1221 $#$01,1$0$0$,$

,,

 ! !

 ! ! rrRR
             (2.14) 

71!+-!1, $-1 #$")-3, l1 , l2 81*9,+9, -19:31 !" 0"'1*%. 8"/"2.-/% 

/.'#9:-,/#<=.4 2"-/,;%. D' (2.14) )9.(#.-, $-1 31?00,;,.!- ?3)-,!3;,, 

*).@1 *1913!" /"*.! 31?00,;,.!-# ?3)-,!3;,, #$")-3" )1 )*+':< 21(  

 
- .2

1

 !

C!
r

,5,5 .                    (2.15) 
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E"3,2 1C/"'12, 8"/"2.-/% ,!-.@/"9:!14 2"-/,;% )*.-1*1(" !.)91>!1 

*%/"',-: $./.' 8"/"2.-/% #$")-3" )1 )*+':< 21(, " ?-, 8"/"2.-/% * )*1< 

1$./.(:, 21>!1 819#$,-: !" 1)!1*. ,'*.)-!%& /.G.!,4, !"8/,2./ ,' [16].   

59+ 18/.(.9.!!1)-, 8/,*.(.2 C19.. 31!3/.-!%4 *,( 2"-/,; 5>1!)" (9+ 

(*#& &"/"3-./!%& *"/,"!-1* !.1(!1/1(!1)-,, *%'%*"<=.4 )*+': 21(  

1) 718./.$!1. )>"-,. 913"9:!1@1 #$")-3" )*.-1*1(". 

7/, 818./.$!12 )>"-,, 913"9:!1@1 #$")-3" )*.-1*1(", ) #$.-12 /.G.!,+ 

#/"*!.!,4 )*+'"!!%& 21( [16, 6, 32], 2"-/,;# 5>1!)" #$")-3" 21>!1 

'"8,)"-: * *,(. (7/,91>.!,. 2.15) 
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'

(
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'
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'
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'

(
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'

(

)
)

*
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4
sin

42

4
cos

2

4
sin

4

2

2

4
sin

4

2

2

4
sin

42

4
cos

K 

22

22

K 

22

K 

22

22

K 

22

22

K 

22

22
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22
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k

kjlk
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j
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T
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 (2.16) 

&
&
&
&

'

(

)
)
)
)

*

+

&
'

(
)
*

+ $
/

&
'

(
)
*

+ $
/2 /%6

$
#

2K 

K 2

K 

2
sin

2

2
sin

2K 

l
j

j

e
kj

kj
e

T , 

@(. k – !"*.(.!!%4 31?00,;,.!- )*+', 21(, 31-1/%4, )1@9")!1 ("!!%2, 

8/,*.(.!!%2 8.1.1.4 )*+'"! ) 81@1!!14 ),914 818./.$!1@1 )("*9,*"!,+ f , 

#@912 )("*9,*"!,+ 1-!1),-.9:!1 819+/,'";,1!!14 1), *1913!" " 

)9.(#<=,2 1C/"'12 k = Cf·f ·sin(2")/2, , ("9.. C#(.- 1C1'!"$"-:)+ kf.  -1/14 

*"/,"!- 2"-/,;% +*9+.-)+ 8/,C9,>.!,.2, )8/"*.(9,*%2 8/, k << /, 8/, 

?-12 ,)819:'1*"!1 /lK =7$K . 719"@"+, $-1 (9,!" #$")-3" -"3 >. 

1-!1),-.9:!1 !.*.9,3" , $K   <<4, 819#$,2 .=. C19.. 8/1)-14 *,( 2"-/,;% 

 

     
&
&
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'
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+
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&
&
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(

)
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+
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22

22
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K  !

 !

 !

 !

ii

 !f

i

 !f

i

i

 !f

 !f

i

eelk

elke

elkj

lkje
T .                 (2.17) 

 

I"3 !.-/#(!1 *,(.-:, 1C1C=.!!%. 8"/"2.-/% 1-/.'3" )1 )*+':< ,2.<- *,(  

  .
k

k
llkrR

f

f

 ! ! ! !f ! !
89

8
:
;

34

<4#
,1%/2$%22

 0 8/, ,

0 8/, ,
   ,      ,   1,             (2.18) 

59+ 8"/"2.-/1* /.'#9:-,/#<=.4 2"-/,;% )*.-1*1(" 819#$".2 

  12      ,      ,   ,1 $#$04,1%/2$%22 !llkrR  !f ,           (2.19) 

@(. l = l1 + l2+ lK  – (9,!" *).@1 *1913!", '!"3 8./.( 4 8/1-,*18191>.! '!"3# 

kf. D!-.@/"9:!"+ 2"-/,;" )*.-1*1(" ,2..- *,(  
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- .

- .
&
&
&

'

(

)
)
)

*

+

%%%#

%%%
, $$#$

#

$#$$
#

22

22

 21

21

ii

 !f

i

 !f

i

eelkj

elkje
T .                     (2.20) 

I1?00,;,.!- ?3)-,!3;,, *%/">".-)+ 01/2#914 

     - .2
2

1

 !f lkr

R

%
2&

'

(
)
*

+,5 .                            (2.21) 

 

2) K-%3 )*.-1*1(1* ) #@91*%2 /"))1@9")1*"!,.2 

  )9#$". )-%3", 8/.1C/"'1*"!,. 21( 8/1,)&1(,- * ).$.!,, )-%3", -... 

#$")-13 )1 )*+':< 21( *%/1>(.! 81 (9,!.. B"-/,;" 5>1!)" 2.)-" )*+', ?-1 

2"-/,;" 81*1/1-" (7/,91>.!,. 1.1)  

     
- . - .
- . - .&

&
'

(
))
*

+
==#

==
,

cossin

sincos
K T ,                             (2.22) 

-... 1C1C=.!!%. 8"/"2.-/% )-%3" )1 )*+':< ,2.<- *,(  

  - . - . .
k

k
rR

f

f

 ! ! ! !
89

8
:
;

34

<
,1,$=,=,

 0 8/, ,2

0 8/, ,0
   ,0   ,sin   ,cos             (2.23) 

59+ 8"/"2.-/1* /.'#9:-,/#<=.4 2"-/,;% )*.-1*1(" 819#$".2 

  - . - .  ! 1221 2M      ,       ,sin   ,cos $#$04,1$0$,$=,=, rR ,           (2.24) 

@(. M(x) – 0#!3;,+ S.*,)"4(" (1 8/, x T 0 , 0 8/, x < 0) " )"2" 2"-/,;" 

,2..- *,(  

     
- . - .

- . - . &
&
&

'

(

)
)
)

*

+

%=%=#

%=%=, $$#$
#

$#$$
#

22

22

 

cossin

sincos
21

21

ii

ii

ee

ee
T ,                             (2.25) 

@(. 8"/"2.-/ $=$1+$2=/·l.      

I1?00,;,.!- ?3)-,!3;,, *%/">".-)+ 01/2#914 

     - .=,&
'

(
)
*

+,5 2

2

ctg
r

R
.                            (2.26) 

  "3-#"9:!12 !" 8/"3-,3. )9#$". 2"91@1 /"))1@9")1*"!,+, 31@(" =<<1  

     
&&
&

'

(

))
)

*

+

%=#

%=2 $$#$
#

$#$$
#

22

22

 21

21

ii

ii

ee

ee
T ,                              (2.27) 

=22 rR    ,1 , 2#=25 .             (2.28) 

B1>!1 81(%-1>,-:, $-1 * /"))2"-/,*".212 )9#$". 1(!1@1 #$")-3" ) 

/"*!12./!%2 *1'2#=.!,.2 "289,-#(!%4 8"/"2.-/ 2"-/,;% 5>1!)" r , 

31?00,;,.!- ?3)-,!3;,, )*.-1*1(" 819!1)-:< 18/.(.9+<-)+ "289,-#(!%2 

8"/"2.-/12 2"-/,;% , 31?00,;,.!-12 ?3)-,!3;,, *1'2#=.!!1@1 #$")-3". 
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7/,*.(.!!%. *%/">.!,+ (9+ 31?00,;,.!-" ?3)-,!3;,, (2.21) , (2.26), 

'"("*".2%. ?3)-,!3;,.4 #$")-3" ) 31!3/.-!%2 2.&"!,'212 )*+', 21(, 

21>!1 *)-/.-,-: * 8#C9,3";,+& 8/, 1C)#>(.!,, 31!.$!14 ?3)-,!3;,, 

/."9:!1@1 567 )*.-1*1(".     

M"'1*%4 8"/"2.-/ 1, 3"3 *,(!1 ,' (2.14), '"*,),- 1- 8191>.!,+ 

*1'2#=.!!1@1 #$")-3". F)9, 1! /")8191>.! * )./.(,!., -1 1 '"(".-)+ -19:31 

)(*,@12 0"', 8/1,)&1(+=,2 8/, *'",21(.4)-*,, 21( !" !.1(!1/1(!1)-,, " 

(1C"*3" 8/, /")8/1)-/"!.!,, ,'9#$.!,4 21( * ,(."9:!%& #$")-3"& 

)*.-1*1(" /"*!" !#9<. F)9, *1'2#=.!!%4 #$")-13 !"&1(,-)+ * C9,',  

*&1(!1@1 ,9, *%&1(!1@1 3/"+ )*.-1*1(", -1 (1C"*3" 3 )(*,@# 0"' * 2.)-. 

*'",21(.4)-*,+ )-"!1*,-)+ ±$.  H-1 )9.()-*,. ,' (2.14) 819!1)-:< 

)11-*.-)-*#.- 0,',$.)312# )2%)9# /")8/1)-/"!.!,+ «8/+2%&» , 

«8./.3/.)-!%&» 31281!.!- *(19: )*.-1*1(", $-1 81+)!+.- /,)#!13 2.3. 

 

2.2.2. =2;-";!%$$ 1!#!80"#(6 8!"#$%: &'()*! *60"(6(7! $ 

-(.//$%$0)"! .-*"$)-%$$ 1(7 62$3)$08 6)0>)$? ;*2(6$5.   

K #$.-12 913"9:!1)-, *1'2#=.!!1@1 #$")-3" , 8/.(819"@".214 

1(!1/1(!1)-, , )9"C1)-, *1'2#=.!,+ *.9,$,!% r , 5 21>!1 819"@"-: !. 

2.!+<=,2,)+ 1-  *!.G!,& #)91*,4 (319.C"!,+ -.28./"-#/" , -.8.) ,9, 

09#3-#";,4 $")-1-% 9"'./!1@1 ,)-1$!,3".  )9.()-*,. (/.40" ?-,& #)91*,4 

2.!+<-)+ 0"'1*%. 8"/"2.-/%, $-1 -"3 >. "3-#"9:!1 8/, "!"9,'. 

,!-./0./.!;,1!!%& )&.2 ) 567 )*.-1*1("2,.  

7/.>(. *).@1, /"))21-/,2 *9,+!,. 09#3-#";,, -.28./"-#/%. E.891*%. 

*1'2#=.!,+ )*.-1*1(" 8/,*1(+- 3 ,'2.!.!,< /"'!1)-, 0"'1*%& '"(./>.3 

819+/,'";,1!!%& 21(. U#*)-*,-.9:!1)-: -"31@1 )2.=.!,+ /"'!1)-, 0"' 3 

-.28./"-#/. '"(".-)+ 81@1!!%2 31?00,;,.!-12   

T

l

lTTl
KT >

>/
0

>
/>

,
>
$>

%,
1

.               (2.29) 

7./*1. )9"@".21. (".- 8/.,2#=.)-*.!!%4 *39"(, 81 )/"*!.!,< )1 *-1/%2. 

E,8,$!%4 #/1*.!: *.9,$,!% 31?00,;,.!-" KT (9+ 567 )*.-1*1(1* ~1 

/"(,"!/(
0
K·2). L-2.-,2, $-1 ?3)8./,2.!-"9:!1 ,'2./,-: 31?00,;,.!- KT, 

*11C=. @1*1/+, 1-!1),-.9:!1 !.)91>!1. 

59+ 8/1)-1-% , 18/.(.9.!!1)-, C#(.2 819"@"-: /"*!12./!%4 !"@/.* 

*).@1 )*.-1*1(", $-1, 3"3 8/"*,91, *819!. )11-*.-)-*#.- 8/"3-,$.)314 

),-#";,, 8/, ?3)89#"-";,, ?9.2.!-1* *19131!!1-18-,$.)3,& #)-/14)-* !" 

C"'. 567 )*.-1*1(1*.   -"312 )9#$". (/.40 /"'!1)-, 0"' «8/+2%&» 

31281!.!- 819+/,'";,1!!%& 21( i-@1 #$")-3" *1913!" )1)-"*,-7 

  iTi lTK %?%,$? ,            (2.30) 

@(. li – (9,!" i-@1 #$")-3" )*.-1*1(".   

I19.C"!,+ /"'!1)-, 0"' 1 * 1C=.2 )9#$". 18/.(.9+<-)+ C19.. )91>!%2, 

0#!3;,+2,. K1@9")!1 (2.14) * 1C=.2 )9#$". -.891*14 )(*,@ 8"/"2.-/" 1 

,2..- *,(   
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- . - .- . TllKT T ! ?%#%0??1,?1 12 ,            (2.31) 

, )91>!1)-: )1)-1,- * 1C1C=.!!12 8/.()-"*9.!,,  )9"@".21@1 ?1K (?T).  

 

 

 
 

N,)#!13 2.3. M1/2,/1*"!,. 0"'1*%& )(*,@1* «8/+2%&» , «8./.3/.)-!%&» 

31281!.!- 819+/,'";,1!!%& 21(.   *./&# – *1'2#=.!!%4 #$")-13 ($./!%4 

8/+21#@19:!,3) * 31!;. )*.-1*1(", * )/.(,!. , *!,'# – *1'2#=.!,. * 

)./.(,!. , * !"$"9. )*.-1*1(". K-/.93, #)91*!1 ,'1C/">"<- 31281!.!-% 

819+/,'";,1!!%& 21( * !"$"9. , * 31!;. )*.-1*1(", " -"3 >. (1 , 81)9. 

2.)-" )*+', 21( (2.)-1 *%(.9.!1 '!"$312 «x»). V*.- )-/.913 81($./3,*".- 

,)&1(!#< *&1(!#< 21(#, ,'9#$.!,. 31-1/14 )1'(".- ("!!#< 31281!.!-#. 

W1/,'1!-"9:!1. )2.=.!,. )-/.913 #)91*!1 813"'%*".- *1'!,3"<=,4 

0"'1*%4 )(*,@ 2.>(# 31281!.!-"2, 21(.         

 

L(!"31 * )9#$". )9"C14 )*+', 21( , 31/1-31@1 *1'2#=.!!1@1 #$")-3" 

(2.!:G. ,9, )181)-"*,21@1 ) (9,!14 C,.!,4) 21>!1 813"'"-:, $-1 1 

0"3-,$.)3, +*9+.-)+ 31!)-"!-14 '"*,)+=.4 1- 2.&"!,'2" )*+', , *.9,$,!% 

*1'2#=.!,+ (* 8/,*.(.!!12 8/,2./. ) 818./.$!%2 )>"-,.2 ?-1 31!)-"!-" 4, 

* (/#@,& *"/,"!-"& *1'2#=.!,+ 21>.- C%-: (/#@1. '!"$.!,., !1 -"3 >. 

81)-1+!!1. 8/, 0,3),/1*"!!14 *.9,$,!. 913"9:!1@1 *1'2#=.!,+). 71?-12# 

21>!1 819"@"-: 

- . 0,1
>
>

 !
T

,  ?1K  X 0.            (2.32) 

  /.'#9:-"-. (9+ 0"'1*%& 8"/"2.-/1* 2"-/,;% 5>1!)" )*.-1*1(", 

'"("*".2%& * (2.14) 819#$,2  

TlKT ?%%,$? ,   - . TllKT ?%#%,?1 12 .            (2.33) 
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D'2.!.!,. $ 8/1,)&1(,- -"3>., 3"3 , * ,(."9:!12 )*.-1*1(.. A 

,'2.!.!,. 1, 3"3 , ,)&1(!1. '!"$.!,., '"*,),- )11-!1G.!,+ l1 , l2, -... 1- 

8191>.!,+ 2.)-" *1'2#=.!,+ )*.-1*1(". F)9, *1'2#=.!!%4 #$")-13 

!"&1(,-)+ * )./.(,!. )*.-1*1(" (l1 X l2), -1 ?1 X 0, .)9, !" 3/"+& )*.-1*1(", 

-1 ?1 X ± ?$.   

 

2.3. 345 +.$,&.&6 + 6.81* '&/-'7)21# 89-+,/-1# +& +.*:7; 1&6 

O19.. )91>!"+ ),-#";,+ *1'!,3".- .)9, !" 1-/.'3. )*.-1*1(" ,2..-)+ (*" 

,9, !.)319:31 #$")-31*, 8#)-: , 913"9:!%&, !" 31-1/%& 8/1,)&1(,- )*+': 

21(. E"3"+ ),-#";,+ 8/"3-,$.)3, !. /"))2"-/,*".-)+ * 9,-./"-#/. (9,C1 C.' 

)-/1@1@1 1C1)!1*"!,+ 8/,*1(+-)+ )11-!1G.!,+, )8/"*.(9,*%. * 

(.4)-*,-.9:!1)-, 8/, 1-)#-)-*,, ,!-./0./.!;,1!!%& ?00.3-1*).   

 

2.3.1  !"#$%! &'()*! $ 1(23#$4!%$())!3 .-*"$)-%$3 &+, *60"(6(7! 6 

*2;<!0 76;? 2(-!29):? ;<!*"-(6 *( *6349@ 8(7 

N"))21-/,2 )*.-1*1(, )1(./>"=,4 (*" 913"9:!%& *1'2#=.!!%& 

#$")-3", /,)#!13 2.4. R$")-3, )1 )*+':< 21( ,2.<- (9,!% lK 1 , lK 1 , 

18,)%*"<-)+ 2"-/,;"2, <K 1 , <K 2  *,(" (2.3). R$")-3, «,(."9:!1@1» 

*1913!" l1, l2 , l3 18,)%*"<-)+ 2"-/,;"2, 5>1!)" <1, <2, <3 *,(" (2.1).   

 
N,)#!13 2.4. 567 )*.-1*1( ) (*#2+ 913"9:!%2, #$")-3"2, )1 )*+':< 21( 

 

N.'#9:-,/#<="+ 2"-/,;" )*.-1*1(" ,2..- *,( 8/1,'*.(.!,+ 2"-/,; 

8+-, 81)9.(1*"-.9:!%& #$")-31*  
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&
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'
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)
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+
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'
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)
)
*

+
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)
)
*

+
#

,

,%%%%,

$0$#$01#1$0$0$0$0$$#$0$0$01$#$#$0$#1

$#$#$0$#1
#

$#$0$0$01
#

$0$#$01#1
#

$0$0$0$0$
#

2
21

2
21

2
12

2
21

2
21

2
12

2
21

2
21

1K 12K 23 

32112321211232112312

12312123213211232121

 ! ! ! ! ! ! ! !

 ! ! ! ! ! ! ! !

iiii

iiii

erreRRerRerR

erRerRerreRR

TTTTTT

 

(2.34)  

L-C/")%*"+ *). )9"@".2%., ,2.<=,. *-1/14 ,9, C19.. *%)13,4 81/+(13 

2"91)-, 81 8"/"2.-/# r, 819#$,2  
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&
&
&
&
&

'

(

)
)
)
)
)

*

+

&
&
'

(
)
)
*

+
0#

&
&
'

(
)
)
*

+
0

2
$0$0$0$0$$#$$#$#1$0$01

$#$
#

$#$#1
#

$0$01
#

$0$0$0$0$
#

222
2

2
1

22
2

2
1

2

 
3212113212221

1321222132121

 ! ! ! ! ! !

 ! ! ! ! ! !

iiii

iiii

eeerer

eerere

T  (2.35) 

A289,-#(" !.(,"@1!"9:!1@1 ?9.2.!-" 2"-/,;% C#(.- ,2.-: *,( 

  
- . - .

&
'

(
)
*

+
$0

$0$01#1
%00, 2

1221
21

2

2

2

1
2

cos2  ! ! ! !rrrrr             (2.36) 

N"'!1)-: 0"' 1 * 1C=.2 )9#$". 18,)%*".-)+ 01/2#914 

  - .13
2

2
2

1

212221

arg $#$0&
&
'

(
)
)
*

+
0,1

$#$#1$0$01  ! ! ! ! ii

erer            (2.37) 

I1?00,;,.!- ?3)-,!3;,, 1-/.'3" )*.-1*1(" 21>!1 !"4-, 81 01/2#9. 

  
- . - . 1

2
1221

21

2

2

2

1
2

cos2

#

&&
'

(
))
*

+
&
'

(
)
*

+ $0
$0$01#1

%00,5  ! ! ! !rrrr           (2.38) 

L-2.-,2, $-1 *%/">.!,. (2.36) (9+ r , *%/">.!,. (2.38) (9+ 5 819!1)-:< 

)11-*.-)-*#<- *%/">.!,+2 (9+ "289,-#(% , ,!-.!),*!1)-, ,'9#$.!,+ 8/, 

,!-./0./.!;,, (*#& 9#$.4 ) ,!-.!),*!1)-+2, I1, I2 , /"'!1)-:< 0"' @     

  
- . - .

2
12212

22

2

11
2

     ,     , $0
$0$01#1

,@,,  ! ! ! !rIrI .           (2.39) 

E"3,2 1C/"'12, 8"/"2.-/% !.(,"@1!"9:!1@1 ?9.2.!-" B"-/,;% 5>1!)" r 

, 1 01/2,/#<-)+ * /.'#9:-"-. ,!-./0./.!;,, «8./.3/.)-!%&» 31281!.!-, 

8/.1C/"'1*"!!%& !" /"'!%& #$")-3"& )1 )*+':< 21(. 71?-12# 1!, '"("<-)+ 

!. -19:31 &"/"3-./,)-,3"2, 1C9")-.4 )1 )*+':< 21(, !1 , /"'!1)-:< 0"' 21( 

$2 !" #$")-3. 2.>(# !,2,. H-1 1'!"$".- !. -19:31 1-!1),-.9:!1 )91>!#< 

'"*,),21)-: r , 1 1- 8"/"2.-/1* rK 1, rK 2, 1K 1, 1K 2, $K 1, $K 2 , $2. 

D!-./0./.!;,1!!%4 2.&"!,'2 01/2,/1*"!,+ r , 1 1'!"$".- -"3 >. 

*1'21>!1)-: 09#3-#";,4 ?-,& 8"/"2.-/1* 1- *!.G!,& #)91*,4, 8/.>(. *).@1 

-.891*%&, *)9.()-*,. ,'2.!.!,+ 0"'% $2 (8"/"2.-/% 913"9:!%& 1C9")-.4 

)*+', 8/, 2"914 *.9,$,!. )*+', , 2"914 (9,!. #$")-3", 3"3 #>. @1*1/,91):, 

21>!1 )$,-"-: 0,3),/1*"!!%2,).      

N"))21-/.!!1. +*9.!,+ 01/2,/1*"!,+ «8./.3/.)-!14» 31281!.!-% 

819+/,'";,1!!14 21(% 3"3 )#8./81',;,, , ,!-./0./.!;,, (*#& 

)1)-"*9+<=,& 1- 3">(1@1 ,' *1'2#=.!!%& #$")-31* 81+)!+.- /,)#!13 2.5 

((9+ #8/1=.!,+ /,)#!3" 813"'"!% )1)-"*9+<=,. )*+'"!!%. -19:31 ) 1(!14 

819+/,'";,1!!14 21(14 Ex0, *1'C#>(.!!14 !" *&1(. )*.-1*1("). N,)#!13 

,99<)-/,/#.- -1- 0"3-, $-1 /"'!1)-: 0"' 2.>(# 31281!.!-"2, Exy1 , Exy2, 

*1'!,3"<=,2, !" )11-*.-)-*#<=,& *1'2#=.!!%& #$")-3"& )*.-1*1(" , * 

)#22. 01/2,/#<=,& ,-1@1*#< )1)-"*9+<=#< Exy, )1'(".-)+ '" )$.- #$")-3" 

2.>(# !.1(!1/1(!1)-+2, , /"*!" /"'!1)-, 0"' 819+/,'";,1!!%& 21( !" 

?-12 #$")-3. $2.    
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N,)#!13 2.5. M1/2,/1*"!,. )#8./81',;,, «8./.3/.)-!%&» 31281!.!- 

819+/,'";,1!!14 21(% * )*.-1*1(. ) (*#2+ !.1(!1/1(!1)-+2, ($./!%. 

8/+21#@19:!,3,). K-/.93, ,'1C/">"<- 31281!.!-% 819+/,'";,1!!%& 21( * 

!"$"9. , 31!;. )*.-1*1(", " -"3 >. (1 , 81)9. 2.)-" )*+', 21( (*%(.9.!1 

'!"$312 «x»). W1/,'1!-"9:!1. )2.=.!,. )-/.913 #)91*!1 813"'%*".- 

*1'!,3"<=,4 0"'1*%4 )(*,@ 2.>(# 31281!.!-"2,.  

          

  3"$.)-*. 813"'"-.9:!1@1 8/,2./" 21>!1 '"8,)"-: *%/">.!,+ (9+  

1(,!"31*1@1 81 *.9,$,!. "289,-#(!1@1 8"/"2.-/" * 1C1,& *1'2#=.!!%& 

#$")-3"&, 31@(" r1 =7r2 = r0.   ?-12 )9#$". ,' (2.36), (2.38) 819#$,2 

  - .- .20 cos12 $0%%, rr , 
- .- .2

0

cos12 $0%
5

,5 ,           (2.40) 

@(. 50 = r0
–2

. E"3,2 1C/"'12, 8/, ,'2.!.!,, $2 ?3)-,!3;,+ *).@1 1-/.'3" 

21>.- 319.C"-:)+ 1- !",&#(G.@1 '!"$.!,+ 50/4 , (1 Y. 

F)9, >.  r1 Z7r2, -1 8/, ,'2.!.!,, $2 /.'#9:-,/#<=,4 31?00,;,.!- 

?3)-,!3;,, 319.C9.-)+ *13/#@ )/.(!.@1 '!"$.!,+ 5KN * 8/.(.9"& 1- 5max (1 

5min
*)

, 31-1/%. *%/">"<-)+ $./.' 8"/"2.-/% ?3)-,!3;,, *1'2#=.!!%& 

#$")-31* )9.(#<=,2 1C/"'12   

  

- .

- . - .      .
2

      ,
2

,                                       

2121

21
2

21

2121

21
2

21

21

21
12

2

2

1CN

5%5#505

5%5
,#,5

5%50505

5%5
,0,5

505
5%5

,,0,5

##

#

rrrr

rr

maxmin

  (2.41) 

59+ 1-2.$.!!1@1 *%G. )9#$"+ /"*!%& ?3)-,!3;,4 *1'2#=.!!%& #$")-31* 

5KN=50/2 , 8/, 319.C"!,+& 2,!,2"9:!"+ ?3)-,!3;,+ )1)-"*9+.- 5KN/2. 

 %/">.!,+ (2.36), (2.38), (2.40) , (2.41), &"/"3-./,'#<=,. 

,!-./0./.!;,1!!%. 319.C"!,+ 31?00,;,.!-" ?3)-,!3;,, )*.-1*1(" ) (*#2+ 

913"9:!%2, *1'2#=.!!%2, #$")-3"2,  ,99<)-/,/#.- /,)#!13 2.6 (* )*+', ) 

!.#(1C)-*12 ,'1C/">.!,+ C.)31!.$!%& '!"$.!,4 ?3)-,!3;,, !" /,)#!3. 

813"'"!% @/"0,3, (9+ 5–1
).  

J"*,),21)-, !" /,)#!3. 2.6 !"@9+(!1 (.21!)-/,/#<-, $-1 (">. 

1-!1),-.9:!1 C19:G"+ ?3)-,!3;,+ 1(!1@1 #$")-3" )*+', 21( 81 1-!1G.!,< 3 

(/#@12# #$")-3#, 8/,*1(,- 3 '"2.-!%2 319.C"!,+2 /.'#9:-,/#<=.4 

?3)-,!3;,,. H-1 "!"91@ ,'*.)-!1@1 «?00.3-"» * 18-,$.)314 ,!-./0./.!;,,, 

31@(" 1-!1),-.9:!1 C19:G"+ *.9,$,!" 31!-/")-" ,!-./0./.!;,1!!%& 

                                                 
*)  *.(.!!1. '(.): )/.(!.. '!"$.!,. ,2..- )2%)9 )/.(!.@1 "/,02.-,$.)31@1 '!"$.!,+ ?3)-/.2#21* 

319.C"!,+ (9+ *.9,$,!% 1C/"-!14 31?00,;,.!-# ?3)-,!3;,,: 5KN
–1=7(51

–1+752
–1)/2.  
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319.C"!,4 (1)-,@".-)+ !.)21-/+ !" -1, $-1 1(,! ,' ,!-./0./,/#<=,& 9#$.4 

!"2!1@1 2.!:G. (/#@1@1.      

 

 
N,)#!13 2.6. I19.C"!,+ 31?00,;,.!-" ?3)-,!3;,, )*.-1*1(" 8/, )2.=.!,, 

/"'!1)-, 0"' 819+/,'";,1!!%& 21( $2 (9+ /"'!%& )11-!1G.!,4 

31?00,;,.!-1* ?3)-,!3;,, *1'2#=.!!%& #$")-31*  

 

1) 718./.$!1. )>"-,. 913"9:!1@1 #$")-3" )*.-1*1(". 

7"/"2.-/% !.(,"@1!"9:!1@1 ?9.2.!-" 2"-/,;% *1913!" 21>!1 1;.!,-: ) 

#$.-12 *.9,$,!% 31?00,;,.!-" )*+', k, !"*.(.!!1@1 )>"-,.2  

  

- . - . - .- .

- . - .
- .

- ..elkelkarg

llllkklklkr

 ! ! l
i

 !f

l
i

 !f

 ! ! ! !ff !f !f

13
22

22
22

11

2212121

2

22

2

11

2121

,cos2

$#$0&
&
'

(
)
)
*

+
0,1

$00/%A0,

$0/#4A$0/04A           (2.42) 

  8./*12 *%/">.!,, 8./.2.!!%4 '!"3 )11-*.-)-*#.- «+» .)9, kf1 , kf2 ,2.<- 

1(,!"31*%4 '!"3 ,  «–» * 8/1-,*!12 )9#$"..  1 *-1/12 *%/">.!,, '!"3, * 

"/@#2.!-"& )9"@".2%& ) kf1 , kf2 8/1-,*18191>!% 81 '!"3# 

)11-*.-)-*#<=.2#  31?00,;,.!-#. H3)-,!3;,+ *1913!" )*+'"!" ) kf1 , kf2 

)9.(#<=,2 1C/"'12 

- . - . - .- .B C 1

2212121

2

22

2

11 cos2
#

$00/%A0,5  ! ! ! !ff !f !f llllkklklk  .         (2.43) 

 %/">.!,+ (2.42) , (2.43) 819!1)-:< )11-*.-)-*#<- (*#&9#$.*14 

,!-./0./.!;,, ) ,!-.!),*!1)-+2, 9#$.4 (kf1lK 1)
2
, (kf2lK 2)

2
 ,  /"'!1)-:< 0"' 

{/(lK 1+lK 2) +$2}. F)9, |kf1lK 1| =7Dkf2lK 2| = kflK  819#$,2 50 = (kflK )
–2

. E1@(" 

8/, ,'2.!.!,, $2 ?3)-,!3;,+ *).@1 1-/.'3" 21>.- 9,C1 )-/.2,-:)+ 3 Y, 9,C1 

)!,>"-:)+ (1 !",&#(G.@1 '!"$.!,+ 1/4(kflK )
2
.  

 

2) K-%3 ) #@91*%2 /"))1@9")1*"!,.2. 

7"/"2.-/% !.(,"@1!"9:!1@1 ?9.2.!-" 2"-/,;% *1913!" 21>!1 1;.!,-: ) 

#$.-12 #@91* /"))1@9")1*"!,+ !" )-%3"& 
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- . - . - . - . - .

- . - . - ..eearg

r

ii

13
2

2

22
1

2

2212

2

1

2

22

sinsin

,cossinsin2sinsin

$#$0&&
'

(
))
*

+
=0=,1

$%=%=0=0=,
$#$           (2.44) 

H3)-,!3;,+ *1913!" )*+'"!" ) #@9"2, =1 , =2 )9.(#<=,2 1C/"'12 

- . - . - . - . - .B C 1

2212

2

1

2 cossinsin2sinsin
#

$%=%=0=0=,5  .              (2.45) 

 %/">.!,+ (2.44) , (2.45) )11-*.-)-*#<- (*#&9#$.*14 ,!-./0./.!;,, ) 

,!-.!),*!1)-+2, 9#$.4 - .1

2sin = , - .2

2sin =  , /"'!1)-:< 0"' $2.   )9#$". 

|=1| =7D=2| =7= 819#$,2 50 = arcctg
–2

(=) X =–2
. E1@(" 8/, ,'2.!.!,, $2 

?3)-,!3;,+ *).@1 1-/.'3" 21>.- 9,C1 )-/.2,-:)+ 3 Y, 9,C1 )!,>"-:)+ (1 

!",&#(G.@1 '!"$.!,+ 1/4=2
.  

L-2.-,2 -"3 >., $-1 8/, 1-)#-)-*,, ,!-./0./.!;,, (,)39<$.!,, 

,!-./0./.!;,1!!1@1 )9"@".21@1) /.'#9:-,/#<="+ ?3)-,!3;,+ )*.-1*1(" 

C#(.- ,2.-: 18/.(.9.!!1. '!"$.!,. 

  

1

21

KN

11
#

&&
'

(
))
*

+

5
0

5
,5,5 .              (2.46) 

H-1 $")-1 *)-/.$".21. * 8#C9,3";,+& 8/"*,91 «)91>.!,+» 31?00,;,.!-1* 

?3)-,!3;,, #$")-31* )*.-1*1(" [51, 55, 58], 31-1/1. )8/"*.(9,*1 * )9#$". 

1-)#-)-*,+ ,!-./0./.!;,1!!%& +*9.!,4, !.-/#(!1 1C1C=,-: !" )9#$"4  

C19:G.@1 319,$.)-*" #$")-31* )1 )*+':< 21(.  

  

1

KN

1
#

&&
'

(
))
*

+

5
,5,5 E

i i

.              (2.47) 

 

2.3.2. A(20B!)$3 1!#!80"#(6 8!"#$%: &'()*! *60"(6(7! $ 

-(.//$%$0)"! .-*"$)-%$$ 1(7 62$3)$08 6)0>)$? ;*2(6$5   

N"))21-/,2 319.C"!,+ 8"/"2.-/1* 2"-/,;% 5>1!)" )*.-1*1(" ) (*#2+ 

*1'2#=.!!%2, #$")-3"2, 8/, ,'2.!.!,, *!.G!,& #)91*,4 (-.28./"-#/%). 

I19.C"!,+ 0"'1*1@1 8"/"2.-/" $ 3"3 , /"!.. 18/.(.9+<-)+ *%/">.!,.2 

(2.30). I19.C"!,+ 31?00,;,.!-" ?3)-,!3;,, , /"'!1)-, 0"' 1 18/.(.9+<-)+ 

C19.. )91>!%2, 0#!3;,+2,. D' (2.36), (2.37) *,(!1, $-1 -.891*%. 319.C"!,+ 

r , 31?00,;,.!-" ?3)-,!3;,, 5 )*+'"!% ) "/@#2.!-12 @ 0#!3;,, «cos», 

*&1(+=.4 * *%/">.!,+. D'2.!.!,. ?-1@1 "/@#2.!-" 1- -.28./"-#/% 

)*.-1*1(" * 1C=.2 )9#$". 18,)%*".-)+ 01/2#914   

  - . - .- . TlKT ! ! ! ! ?%%0$?0$?0?1#?1,?@ 21221
2

1
.           (2.48) 

59+ )(*,@" /"'!1)-, 0"' 1 21>!1 '"8,)"-: "!"91@,$!1. *%/">.!,.   

- .
&
&

'

(

)
)

*

+
?%#%0&

&
'

(
)
)
*

+
&
&
'

(
)
)
*

+
0?,?1

$#$#1$0$01

TllKerer T

ii  ! ! ! !

13
2

2
2

1

212221

arg            (2.49) 
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L(!"31, 3"3 #>. 1-2.$"91):, 8/, 18/.(.9.!!%& /"'#2!%& (18#=.!,+& 

21>!1 819"@"-: 8"/"2.-/% *1'2#=.!!%& #$")-31* 0,3),/1*"!!%2,. E1@(", 

)1@9")!1 (2.32) *2.)-1 (2.48) 21>!1 '"8,)"-: 8/1)-1. *%/">.!,.   

  - . TKlll T ! ! ?%%&
'

(
)
*

+ 00,?@ 212
2

1
.             (2.50) 

I/12. -1@1, ) #$.-12 913"9:!1)-, #$")-31* )*+', 21( 91@,$!1 819"@"-:, $-1 

l1,2,3 >> lK 1, K 12 ,, )9.(1*"-.9:!1, $-1 $K 1, K 1 << $1,2,3. 7/, ?-12 #)91*,,, 

(/.40 0"' @ , 1 * 1)!1*!12 C#(.- '"("*"-:)+ !"@/.*12 8/1-+>.!!%& 

#$")-31* )*.-1*1(". D' (2.50) 819#$,2   

TKl T ?%%2?@ 2 ,              (2.51) 

-.. 319.C"!,+ 31?00,;,.!-" ?3)-,!3;,, )*.-1*1(" 18/.(.9+<-)+ !"@/.*12 

1-/.'3" 2.>(# #$")-3"2, )1 )*+':< 21( , !. '"*,),- 1- -.891*1@1 

*1'2#=.!,+ #$")-31* l1 , l3. U,)91 319.C"!,4 31?00,;,.!-" ?3)-,!3;,, 8/, 

,'2.!.!,, -.28./"-#/% !" ?T 21>!1 1;.!,-: 81 01/2#9. 

4?%%, 22 TlKN T .              (2.52) 

D'2.!.!,. /"'!1)-, 0"' 1 81( (.4)-*,.2 -.28./"-#/% '"*,),- !. -19:31 

1- 8/1-+>.!!1)-, #$")-3" l2, !1 , 1- /"'!1)-, (9,! !"$"9:!1@1 , 31!.$!1@1 

#$")-3" ,(."9:!1@1 *1913!". 7/, *).& #3"'"!!%& #8/1="<=,& #)91*,+& 

819#$,2  

- . - .- . - . TllKerrargerrarg T

iTlKi T ?%#%00#0,?1 $#?%%0$#
132121

222 .           (2.53) 

   

2.4. =.$,&.&6 + 1)&>&9#+'$))21# +'89-?)21# )$&6)&0&6)&+,*1#  

L)1C%4 )9#$"4 – 312C,!";,+ 2!1@1$,)9.!!%& 913"9:!%& #$")-31* 

81(*./@!#-%& /"'!%2 *1'2#=.!,+2 ,9,, (/#@14 C9,'3,4 *"/,"!- – 

/")8/.(.9.!!"+ !"*.(.!!"+ )*+': 21( * )*.-1*1(.. K 1(!14 )-1/1!% ?-1- 

)9#$"4 !",C19.. )91>.! (9+ )-/1@1@1 "!"9,'". K (/#@14 )-1/1!% 

/"))21-/.!,. /")8/.(.9.!!14 )9#$"4!14 )*+', 21( 1$.!: "3-#"9:!1 -.3. 

,2.!!1 )*+': 21( !" *!#-/.!!,& )9#$"4!%& /")8/.(.9.!!%& 

!.1(!1/1(!1)-+& 18,)%*".- 1@/"!,$.!,. 819+/,'";,1!!1-#(./>,*"<=,& 

)*14)-* 567 *19131!, 81?-12# -"314 )9#$"4 /"))2"-/,*"9)+ * 8#C9,3";,+& 

81 -.2. #(./>"!,+ 819+/,'";,, * 567 *1913!"&.    

K-/1@,4 81(&1( 3 "!"9,'# "!,'1-/18!1@1 )*.-1*1(" )1 )9#$"4!14 

/")8/.(.9.!!14 )*+':< 21( 8/,*1(,- 3 ,!-.@/"9:!12# 8/.()-"*9.!,< 

/.G.!,+ (9+ 2"-/,;% 5>1!)" )*.-1*1(" *,(" [16] 

- . - .

- . - .

- . - .FF

F F

F F

/#G/

//#

/#/

//

/
#

/
#

%,%,

2%%#,

2%%#,

&
&
&

'

(

)
)
)

*

+
,

l

zj

l

zj

l x

xjzj*

l x

xj*zj

l
j

l
j

l
j

l
j

,dzezkr,dzezkr

,dzdxexkezkr

,dzdxexkezkr

erer

erer

0

21

0

12

0 0

22

0 0

11

2
22

2
21

2
12

2
11

 

    

11

  11

      ,

  

 

 

  

  
T    (2.54) 
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@(. k(z) – '"*,),21)-: 31289.3)!1@1 31?00,;,.!-" )*+', 21( *(19: *1913!", 

31-1/"+, +*9+.-)+ )9#$"4!14, 81)319:3# '"(".-)+ )9#$"4!%2, 09#3-#";,+2, 

@.12.-/,$.)3,& , 2.&"!,$.)3,& 8"/"2.-/1* )*.-1*1(".  %/">.!,+ (2.54) 

)8/"*.(9,*% (9+ )9#$"+ 31@./.!-!1@1 ,)-1$!,3" , #$,-%*"<- 

,!-./0./.!;,1!!%. ?00.3-%. R8/1=.!,+ )*+'"!% ) 8/.!.C/.>.!,.2 

?00.3-"2, )*+', *-1/1@1 , C19.. *%)13,& 81/+(31*, " -"3 >. #$.-12 

8/.(819"@".214 2"91)-, ,!-.@/"9:!1@1 "289,-#(!1@1 8"/"2.-/" r. 

A!"9,-,$.)31. ,'#$.!,. )*14)-* 31?00,;,.!-1* r , $ * -"312 ,!-.@/"9:!12 

8/.()-"*9.!,, '"-/#(!,-.9:!1. H-1 1C)-1+-.9:)-*1 – 1(!" ,' 8/,$,! 

8./.&1(" 3 /.G.!,< (9+ )/.(!.4 21=!1)-, 8./.3/.)-!%& 31281!.!- 

819+/,'";,1!!%& 21( 8/, /"))21-/.!,, ?-1@1 )9#$"+ * 9,-./"-#/. 

(!"8/,2./ [16]). B1(.9,/1*"!,. 31?00,;,.!-1* 2"-/,;% 5>1!)" 

*%/">.!!%& ,!-.@/"9"2, 1- )9#$"4!%& 0#!3;,4 k(z) 8#-.2 $,)9.!!%& 

/")$.-1* -"3 >. )91>!"+ '"("$".  

5"9.. /"'*,-" 21(.9: 8/.()-"*9.!,+ 2"-/,;% 5>1!)" )*.-1*1(" )1 

)9#$"4!14 )*+':< 21(, 31-1/"+ 81'*19+.- )#=.)-*.!!1 #8/1)-,-: "!"9,' , 

8/1*.(.!,. $,)9.!!1@1 21(.9,/1*"!,+, " -"3 >. )(.9"-: /+( *%*1(1* 1 

)*14)-*"& 31?00,;,.!-1* 2"-/,;% 5>1!)" )*.-1*1(" (9+ *1913!" ) 

2!1@1$,)9.!!%2, 913"9:!%2, *1'2#=.!,+2,.   31!;. /"'(.9" 

/"))2"-/,*".-)+ , )9#$"4 !.)319:3,& 913"9:!%& *1'2#=.!,4 )*.-1*1(". 

 

2.4.1. ,#07*"!620)$3 -(.//$%$0)"(6 8!"#$%: &'()*! &+, *60"(6(7! 

*( *2;<!5)(5 *6349@ 8(7 $ !)!2$4 $? *"!"$*"$<0*-$? *6(5*"6 

  1)!1*# 21(.9, 8191>.!" 8/1)-"+ , $")-1 ,)819:'#.2%4 (9+ 

21(.9,/1*"!,+ 819+/,'";,1!!%& +*9.!,4 * *19131!!%& )*.-1*1("& 2.-1(, 

31@(" )*.-1*1( 8/.()-"*9+.-)+ * *,(. !"C1/" 81)9.(1*"-.9:!%& #$")-31*, " 

2"-/,;" 5>1!)" )*.-1*1(" $./.' 8/1,'*.(.!,. 2"-/,; ?-,& #$")-31*. E"314 

8/,.2 8/,2.!+<- 8/, "!"9,'. 3122#!,3";,1!!%& ),)-.2 ) 1(!121(1*%2, 

*1913!"2, ("!"9,' *9,+!,+ 819+/,'";,1!!%& ?00.3-1* !" 8191)# 

8/18#)3"!,+ *1913!", 7B5) [28, 63], " -"3 >. 8/, /"))21-/.!,, *19131!!%& 

@,/1)3181* !" 1)!1*. ,!-./0./12.-/" K"!:+3" [137, 138]. L(!"31 /.'#9:-"-% 

81(1C!%& ,))9.(1*"!,4  !. #(".-)+ 8/,2.!,-: (9+ /.G.!,+ '"("$, 

/"))2"-/,*".2%& * ("!!14 /"C1-.. J(.): ?-1- 81(&1( 8/,2.!.! (9+ "!"9,'" 

"289,-#(!%& , 0"'1*%& )11-!1G.!,4 31?00,;,.!-1* ,!-.@/"9:!14 

2"-/,;% 5>1!)" ),9:!1 (*#9#$.8/.9129+<=.@1 )*.-1*1(" 8/, 

*%)13131@./.!-!12 ,)-1$!,3.. 

7/.()-"*,2 8/1-+>.!!%4 )*.-1*1( (9,!14 l * *,(. ),)-.2% ,' n 

81)9.(1*"-.9:!%& #$")-31* (9,!14  6li. B"-/,;" 5>1!)" )*.-1*1(" '"(".-)+ 

8/1,'*.(.!,.2 

H
,

,
n

i

i

1

 TT ,     (2.55) 

@(. Ti – 2"-/,;% #$")-31*. L)!1*!14 )2%)9 8/.()-"*9.!,+ )*.-1*1(" * *,(. 

),)-.2% #$")-31*, " 2"-/,;% )*.-1*1(" * *,(. 8/1,'*.(.!,+ 2"-/,; 

#$")-31* )*+'"! ) 8./.&1(12 1- /"))21-/.!,+ ,!-.@/"91* )9#$"4!%& 

0#!3;,4 3 )#22"2 !.'"*,),2%& )9#$"4!%& *.9,$,!, $-1 '!"$,-.9:!1 
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#8/1=".- 819#$.!,. , -.1/.-,$.)3,& *%/">.!,4 , $,)9.!!1. 

21(.9,/1*"!,..  

O#(.2 819"@"-:, $-1 !.1(!1/1(!1)-, 3">(1@1 *%(.9.!!1@1 #$")-3" 

18,)%*".-)+ !.31-1/14 2"-/,;.4 5>1!)" ?-1@1 #$")-3" *,("    

&
&
&

'

(

)
)
)

*

+

%#

%
, $1

1
#

$
#

22

22

ii

ii

ii

i

i

i

i

i

eer

ere
T ,     (2.56) 

@(. ri – )9#$"4!%4 '!"318./.2.!!%4 31?00,;,.!-, &"/"3-./,'#<=,4 

*.9,$,!# (, !"8/"*9.!,.) !"*.(.!!14 )*+', 21(, " $i , 1i – 0"'1*%. 

8"/"2.-/% 8/+214 , 8./.3/.)-!14 31281!.!- !" i-12 #$")-3..  

B1>!1 813"'"-:, $-1 8/1,'*.(.!,. (2.55) 2"-/,; *,(" (2.56), 8/, 

1-C/")%*"!,, $9.!1* C19.. *%)131@1 81/+(3" 2"91)-,, $.2 r, 

«)*1/"$,*".-)+» * 2"-/,;# *,("   

&&
&
&
&
&

'

(

))
)
)
)
)

*

+

E
&
&
'

(
)
)
*

+
%

&
&
'

(
)
)
*

+
%

E

2%%%,

,

,

$

,

@

,

@
#

$
#

E

E
n

i

i
i

i

n

i

i

jn

i

j

i

n

i

j

i

j

n

eer

ere

1

1

2

1

2

1

22

12 ... TTTT , i

n

ik

k

i

k

ki 10$0$#,@ EE
0,

#

, 1

1

1

 (2.57) 

K#22% !.(,"@1!"9:!%& $9.!1* 2"-/,;% (2.58) 18,)%*"<- )#8./81',;,< 

«8./.3/.)-!%&» 31281!.!- 819+/,'";,1!!14 21(%, 31-1/%. C%9, 

)01/2,/1*"!% !" /"'!%& #$")-3"& )*.-1*1(", /,)#!13 2.7. 7/, ?-12 0"'1*"+ 

'"(./>3" 1-(.9:!14 «8./.3/.)-!14» )1)-"*9+<=.4 '"*,),- 1- 2.)-" .. 

01/2,/1*"!,+ ((1 , 81)9. «8/.1C/"'1*"!,+» * "9:-./!"-,*!#< 21(# 

,'9#$.!,. «!"C,/".-» '"(./>3# /"'!1@1 '!"3"), $-1 1-/">".- 01/2#9" (9+ @i. 

  

 

 
 

N,)#!13 2.7. M1/2,/1*"!,. 8./.3/.)-!%& 31281!.!- 819+/,'";,1!!%& 21( 

* )9#$". !.)319:3,& (#)91*!1 813"'"!% $.-%/.) #$")-31* ) !.1(!1/1(-

!1)-+2,. V*.- )-/.913 81($./3,*".- ,)&1(!#< *&1(!#< 21(#, ,'9#$.!,. 

31-1/14 )1'(".- ("!!#< 31281!.!-#. W1/,'1!-"9:!1. )2.=.!,. )-/.913 

#)91*!1 813"'%*".- *1'!,3"<=,4 0"'1*%4 )(*,@ 2.>(# 31281!.!-"2, 21(.   
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K9.(#.- )(.9"-: !.31-1/%. 81+)!.!,+ 81 81*1(# *,(" 2"-/,;% #$")-3".  

1) 7/, 9<C12 -,8. 2"-/,; #$")-31*, 819"@"+, $-1 )*+': 21( 2"9" C#(.2 

)$,-"-:, $-1 /"'!1)-: 0"' 8/+2%& 31281!.!- !. '"*,),- 1- )*+', $i = /·6li.     

7/, ?-12 !.-/#(!1 *,(.-:, $-1 )#22" * 813"'"-.9. (,"@1!"9:!%& ?9.2.!-1* 

/"*!" $,  -... (,"@1!"9:!%. 31?00,;,.!-% 2"-/,;% 5>1!)" 21>!1 )$,-"-: 

-"3,2, >., 3"3 , 8/, 1-)#-)-*,, )*+', 21(. H-1 1C%$!1. 8/,C9,>.!,. 8/, 

#$.-. 2"91)-, )*+', 21( , 8/.!.C/.>.!,, «*%)G,2, 81/+(3"2,» )*+',  

(!"8/,2./, * (2.54)). 

2) K!"$"9" C#(.2 819"@"-:, $-1 !" #$")-3"& ,2.<- 2.)-1 *1'2#=.!,+ 

1(,!"31*1@1 -,8" (&1-+ *.9,$,!" *1'2#=.!,+ )9#$"4!") , 1i = 10. 

Q"8/,2./, (9+ 1(!1@1 ,' )"2%& "3-#"9:!%& (9+ ?9.2.!-1* *19131!!%& 

,!-./0./12.-/1* *,(1* *1'2#=.!,+ )*.-1*1(" «818./.$!1. )>"-,.» 

10 , 4/2. B1>!1 813"'"-: (7/,91>.!,. 2.2), $-1 .)9, *2.)-1 #$")-31* ) 

/")8/.(.9.!!14 !.1(!1/1(!1)-:< -,8" «818./.$!1. )>"-,.» 8/.(819"@"-: 

913"9:!%. !.1(!1/1(!1)-, * *,(. )1.(,!.!,4 (/"'[.2% ,9, )*"/3,) )1 

)9#$"4!%2, #@91*%2, /"))1@9")1*"!,+2,, -1 819#$,-)+ 819!1)-:< 

?3*,*"9.!-!1. 81 )*14)-*"2 8/1,'*.(.!,. 2"-/,; #$")-31* ((9+ )-%3" ) 

#@91*%2 /"))1@9")1*"!,.2 10 , 0). H-1 1C)-1+-.9:)-*1 21>!1 1C1C=,-: , !" 

C19.. 1C=,4 -,8 2"-/,; !"*.(.!!14 )9#$"4!14 )*+', 21(.     

3) K!"$"9" C#(.2 /"))2"-/,*"-: )9#$"4 #$")-31* /"*!14 (9,!% 6li=6l.   

)9#$". /")8/.(.9.!!%& )9#$"4!%& *1'2#=.!,4 ?-1 .)-.)-*.!!1. 

8/.(8191>.!,., 81)319:3# *%C1/ #$")-31* /"'C,.!,+ #)91*.!.   

8/.(8191>.!,, 913"9:!%& *1'2#=.!,4 ?-1 )11-*.-)-*#.- 18/.(.9.!!14 !. 

)9#$"4!14 ),)-.2. /")8191>.!,+ ?-,& *1'2#=.!,4, $-1 21>.- *)-/.$"-:)+ 

!" 8/"3-,3., 1)1C.!!1 (9+ *19131!!%& 89.$ ,!-./0./12.-/", #)-"!1*9.!!%& 

* 31!)-/#3;,, 8/.1C/"'1*"-.9+ $#*)-*,-.9:!1@1 ?9.2.!-". R3"'"!!1. 

#)91*,. 81'*19+.- #8/1)-,-: *%/">.!,+, &1-+ "!"9,'" )-"-,)-,$.)3,& 

)*14)-* 31?00,;,.!-1* 2"-/,;% 5>1!)" * -"312 )9#$". !. +*9+.-)+ C19.. 

8/1)-%2, $.2 8/, #$")-3"& )9#$"4!14 (9,!%.       

4) D)819:'1*"!,. C19.. 1C=,& )-/#3-#/ 2"-/,; #$")-31*, * -12 $,)9. 

/"'!1-,8!%&, " -"3 >. #$")-31* !./"*!14 (9,!% , *9,+!,. ?-,& 1C1C=.!,4 

!" /.'#9:-"-% "!"9,'" C#(.- 1C)#>("-:)+ * 8. 2.4.4.    

 

2.4.1.1  "#$%"%& ' ()'*(#&#+#,,-./ '+01)2,-./ "%3.04#,/5./  
7/, )1'("!,, 8/"3-,$.)3,& #)-/14)-* ) ,!-./0./12.-/"2, !" 1)!1*. 

567 )*.-1*1(1* !"*.(.!!"+ )9#$"4!"+ )*+': 21( 21>.- *1'!,3"-: 8/, 

39..*12 '"3/.89.!,, *19131!!1@1 89.$" !" 181/!12 ;,9,!(/..   )9#$"., 

31@(" !"*.(.!!%. *1'2#=.!,+ 1-)#-)-*#<-, )*+': 21( 1@/"!,$,*".-)+ 

)1C)-*.!!%2, !.1(!1/1(!1)-+2, )*.-1*1(", 31-1/%. -"3 >. +*9+<-)+ 

/")8/.(.9.!!%2, )9#$"4!%2, *1'2#=.!,+2, ,(."9:!1@1 567 *1913!". 

7/, "!"9,'. ?-14 ),-#";,, /"'C,.!,. !" #$")-3, 21>.- C%-: 

8/1,'*19:!%2 (,2..-)+ 1@/"!,$.!,. )!,'#, 31-1/1. C#(.- 1)#>("-:)+ ("9..), 

81?-12# 819"@".2, $-1 *). #$")-3, 6li = 6l, $,)91 1-/.'31* n = l /6l. 71?-12# 
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/"'!1)-, 0"' 819+/,'";,1!!%& 21( !" #$")-3"& -"3 >. /"*!% $i = 6$. E1@(" 

*%/">.!,. (2.57) (9+ 0"' @i #8/1=".-)+ 

- .- . - . 000

1

1

1

121 100#%6$,10###%6$,10$0$#,@ EE
0,

#

,

iniin
n

ik

k

i

k

ki ,  (2.58) 

" 2"-/,;" 5>1!)" )*.-1*1(" 8/,!,2".- *,(   

- .

- .

&
&
&
&
&

'

(

)
)
)
)
)

*

+

&
&
'

(
)
)
*

+
%%#

&
&
'

(
)
)
*

+
%%

,
$

,

6$
%0#

1

,

6$
%0##

1
#

$
#

E

E

2

1

2
12

2

1

2
12

22

 
0

0

jn

i

inj

i

j

n

i

inj

i

jj

eere

eree

T .  (2.59) 

 %/">.!,. (2.59) 21>!1 ,!-./8/.-,/1*"-: 3"3 21(.9: 2"-/,;% 5>1!)" 

),9:!1 (*#9#$.8/.9129+<=.@1 )*.-1*1(", * 31-1/14 ,!-.@/"9:!%. 

!.(,"@1!"9:!%. 8"/"2.-/% 2"-/,;% *%/">.!% $./.' )#22% ) 

!.(,"@1!"9:!%2, 8"/"2.-/"2, 2"-/,; #$")-31*, )1)-"*9+<=,& )*.-1*1(.     

A289,-#(!%4 8"/"2.-/ 2"-/,;% 5>1!)" 567 )*.-1*1(", 

&"/"3-./,'#<=,4 *.9,$,!# )*+', 21( M"'1*%4 8"/"2.-/ )*+', 21( 1 , 

31?00,;,.!- 819+/,'";,1!!14 ?3)-,!3;,, *%/">"<-)+ 01/2#9"2, 

- .
E
,

6$
%0#

&&
'

(
))
*

+
%,

n

i

inj

i err
1

2
12

, 
- .

0

1

2
12

10&
&
'

(
)
)
*

+
&&
'

(
))
*

+
%,1 E

,

6$
%0#n

i

inj

i erjarg ,  
- .

2

1

2
12

#

,

6$
%0#

E &&
'

(
))
*

+
%,5

n

i

inj

i er . (2.60) 

5"9.. )9.(#.- #3"'"-: 8/.(8191>.!,+ 1 *.9,$,!"& ri, 9.>"=,. * 1)!1*. 

"!"9,'" 31?00,;,.!-1* 2"-/,;% 5>1!)" )*.-1*1(" )1 )9#$"4!14 )*+':< 21( 

!" 1)!1*. ("!!14 21(.9, 2"-/,;%.  

1) 7/, ("9:!.4G.2 /"))21-/.!,, 8/.(819"@".-)+, $-1 ri +*9+<-)+ 

!.'"*,),2%2, )9#$"4!%2, *.9,$,!"2,.  

  )9#$". /")8/.(.9.!!%& *!.G!,& (,9, )1C)-*.!!%&) *1'2#=.!,4 

*1913!" ?-1 1'!"$".-, $-1 *.9,$,!" 6l (19>!" 8/.*%G"-: 31//.9+;,1!!#< 

(9,!# (9+ /."9:!%& 09#3-#";,4 /")8/.(.9.!!14 )*+', 21( *(19: *1913!". 

59+ 1C=.@1 "!"9,'" ?-1- 0"3- 1@/"!,$,*".- -19:31 *1'21>!1)-: 8./.&1(1* 3 

C.)31!.$!1 2"9%2 '!"$.!,+2. Q1 (9+ $,)9.!!1@1 21(.9,/1*"!,+ 

8/"3-,$.)3,& ),-#";,4 ) 31!3/.-!%2, 8"/"2.-/"2, *1913!", *11C=. @1*1/+, 

)9.(#.-  **1(,-: 1@/"!,$.!,. )!,'# !" *%C1/ *.9,$,!% 6l. O19.. 31!3/.-!%. 

#)91*,+ *%C1/" '!"$.!,4 6l C#(#- 3/"-31 1C)#>(.!% * 8. 2.4.  

2) 61@,$!1 8/.(8191>,-:, $-1 )9#$"4!%. *.9,$,!% ri ,2.<- 1(,!"31*1. 

/")8/.(.9.!,.. 71?-12# 8/, 21(.9,/1*"!,, '!"$.!,+ ri 21>!1 819#$"-: 3"3 

*%C1/3# ,' n ?9.2.!-1* )9#$"4!14 *.9,$,!% ) '"("!!%2 /")8/.(.9.!,.2.   

3) 59+ /")8/.(.9.!!14 )9#$"4!14 )*+', 21( 91@,$!1 8/.(8191>,-: 

)9#$"4!%. 09#3-#";,, )*+', 21(, 3"3 81 *.9,$,!., -"3 , 81 '!"3#. 71?-12# * 

3"$.)-*. 8/1)-1@1 , "(.3*"-!1@1 /")8/.(.9.!,+ /"'#2!1 *%C/"-: 

/")8/.(.9.!,. ri ) !#9.*%2 )/.(!,2. 5,)8./),+ 2

ir
I  C#(.- &"/"3-./,)-,314 

«*1'2#=.!!1)-,», «!.3"$.)-*.!!1)-,» *19131!!1@1 ?9.2.!-" ) -1$3, '/.!,+ 

&"/"3-./" , *.9,$,!% !.1(!1/1(!1)-.4, *%'%*"<=,& )*+': 21(.   
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K9.(#.- 1-2.-,-:, $-1 819#$.!!1. 8/.()-"*9.!,. !.(,"@1!"9:!1@1 

?9.2.!-" 2"-/,;% 5>1!)" )*.-1*1(" ) /")8/.(.9.!!14 )9#$"4!14 )*+':< 

21( C9,'31 3 ,'*.)-!14 39")),$.)314 21(.9, )#22% )9#$"4!%& 0"'1/1* 

[145], [146].   ?-14 21(.9, ,))9.(#.-)+ )#22" )9#$"4!%& 31289.3)!%& 

*.9,$,! (0"'1/1*) *,(" 

E
,

"%,
n

i

j

i
ieax

1

.    (2.61) 

LC%$!1 (9+ -"314 21(.9, ,)819:'#<-)+ -/, 1)!1*!%& ,)&1(!%& 

8/.(8191>.!,+.  1-8./*%&, 819"@"<-, $-1 8191>,-.9:!"+ )9#$"4!"+ 

"289,-#(" ai , )9#$"4!"+ 0"'" "i i-@1  )9"@".21@1 (0"'1/") )-"-,)-,$.)3, 

!.'"*,),2% (/#@ 1- (/#@", " -"3 >. 1- )9#$"4!%& "289,-#( , 0"' *).& (/#@,& 

?9.2.!-"/!%& 0"'1/1*.  1-*-1/%&, 819"@".-)+, $-1 *). )9#$"4!%. "289,-#(% 

ai ,2.<- 1(,!"31*1. /")8/.(.9.!,. )1 )/.(!,2 < ai >. D, *--/.-:,&, 

)9#$"4!%. 0"'% )9"@".2%& 819"@"<-)+ /")8/.(.9.!!%2, /"*!12./!1 !" 

,!-./*"9. 24. 7./*1. -/.C1*"!,. !",C19.. *">!1, *-1/1. , -/.-:. 21@#- 

C%-: )2+@$.!% 8/, !.31-1/%& 818/"*3"& * 31!.$!%& /.'#9:-"-"&.  

  21(.9, )#22% )9#$"4!%& 0"'1/1* ,)819:'#.-)+ 8/.()-"*9.!,. 

/.'#9:-,/#<=.4 31289.3)!14 )9#$"4!14 *.9,$,!% $./.' .. "289,-#(# , 

0"'# 

 "%, jeax .     (2.62) 

7/, ?-12 (13"'%*".-)+, $-1 8/, (1)-"-1$!1 C19:G,& n, /")8/.(.9.!,+ 

)9#$"4!%& *.9,$,! a , " C#(#- /.9..*)3,2 , /"*!12./!%2 )11-*.-)-*.!!1    

- .

8
8
9

88
:

;

3

<&
&
'

(
)
)
*

+

I
#

I,

0 8/,     ,0

0 8/,  ,
2

exp
2

2

2

a

a
aa

aw , - .
8
9

8
:

; 4J"34
4,"

)9#$"+&(/#@,&  *     ,0

- 8/,  ,
2

1

w .  (2.63) 

7"/"2.-/ I – 8"/"2.-/ /.9..*)31@1 /")8/.(.9.!,+, $./.' 31-1/%4 21>!1 

*%/"',-: )/.(!.. , (,)8./),< )9#$"4!14 *.9,$,!% a  

I%
4

,
2

a ,   
- . 22

2

4
I%

4#
,Ia .    (2.64) 

 ">!%2 )*14)-*12 21(.9, )#22% )9#$"4!%& 0"'1/1* +*9+.-)+ )*+': 

8"/"2.-/1* )#22"/!1@1 0"'1/" ) 8"/"2.-/"2, /")8/.(.9.!,+ 1-(.9:!1@1 

0"'1/". 713"'"!1, $-1 !.'"*,),21 1- /")8/.(.9.!,+ *.9,$,!% ai, 8/, 

C19:G,& n *%819!+.-)+ )11-!1G.!,. 

 
2

2

2 ian %
,I .     (2.65) 

D, !"31!.;, 1-2.-,2, $-1 3*"(/"- 1- )9#$"4!14 *.9,$,!% ) /.9..*)3,2 

/")8/.(.9.!,.2 x = a
2
 (-... «21=!1)-:» )#22"/!1@1 0"'1/") ,2..- 

?3)81!.!;,"9:!1. /")8/.(.9.!,. 
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- .
- .

89

8
:
;

3

<%K#%K
,

0 8/,     ,0

0 8/,  ,exp

x

xx
xw , 22

1
I,

K
,I, xx ,   (2.66) 

 !"   – #$%$&"'% %$(#%"!")"*+,, -.%$'*/0 1 (%"!*"&2 + 

(%"!*"13$!%$'+4"(1-&2 -'1)-*"*+5 !x + %$3*/0 2!3-"**-&2 #$%$&"'%2 ! 

%$(#%"!")"*+, 6")",.  

78 (2.62) + (2.63) 3+!*-, 4'- ('%21'2%$ (2&& 3 *"!+$ -*$)9*-& :)"&"*'" 

&$'%+;/ <=-*($ -4"*9 .)+81$ 1 &-!")+ (2&&/ ()24$0*/> ?$8-%-3. @)$3*-" 

-')+4+" (-('-+' 3 '-&, 4'- ?$8/ ()$ $"&/>, ('%- -  -3-%,, *" ,3),5'(, 

()24$0*/&+. A!*$1- *"'%2!*- 3+!"'9, 4'- "()+ 3")+4+*$ "l *" 1%$'*$ !)+*" 

.+"*+0 # +, 1 '-&2 =" 1- !$ "l > #, '- #-)24$"&/0 %" 2),%*/0 *$.-% ?$8 $ 

()$ $"&/> #-()" #%+3"!"*+, 1 +*'"%3$)2 2% ?$1'+4"(1+ ('$*-3+'(, 

13$8+()24$0*/&. B-)"" '- -, ()24$0*/" +8&"*"*+, 8*$1$ 3")+4+*/ ri ("()+ ri 

()24$0*$, 3")+4+*$ ( *2)"3/& (%"!*+&) ?$1'+4"(1+ -8*$4$5' ()24$0*/" 

(1$41+ ?$8 ()$ $"&/> *$ %. C %"82)9'$'" "('9 -(*-3$*+, #-)$ $'9, 4'- ( 

24"'-& 13$8+()24$0*- - >$%$1'"%$ *$.-%$ $% 2&"*'-3 ()$ $"&/> 3 (2&&$> 

(2.62) + (2.63), ('$'+('+4"(1+" (3-0('3$ +'- -3/> 3")+4+* r + & .2!2' 

>-%-D- (--'3"'('3-3$'9 %"82)9'$'$& &-!")+ (2&&/ ()24$0*/> ?$8-%-3. C 

(3,8+ ( :'+& -'&"'+&, 4'- "()+ !), r 3/#-)*,5'(, (3-0('3$ 1)$((+4"(1-0 

(2&&/ ()24$0*/> ?$8-%-3, '- (--'*-D"*+" (2.68) -8*$4$"' 4'- (%"!*"" 

8*$4"*+" 1-:??+;+"*'$ :1('+*1;++ <'( -.%$'*- #%-#-%;+-*$)9*$ 4+()2 n, 

+, ()"!-3$'")9*-, !)+*" (3"'-3-!$ l. E'- #-)*-('95 (- )$(2"'(, ( 

-.F"+83"('*/&+ '"-%"'+4"(1+&+ + :1(#"%+&"*'$)9*/&+ %"82)9'$'$&+ !), 

#%-',="**/> <GH (3"'-3-!-3. 

 

2.4.1.2.  !"#$!$% & '$()'*+,-. &'/0)1+,-. !$2-/3"+.4-.  

6$((&$'%+3$, $)9'"%*$'+3*/0 #- -'*-D"*+5 1 #. 2.4.1.1 ()24$0, .2!"& 

#-)$ $'9, 4'- 3 3-)-1*-& :)"&"*'" +*'"%?"%-&"'%$ #%+(2'('325' )-1$)9*/" 

3-8&2F"*+,, 1- !$ !)+*$ 3-8&2F"**- - 24$('1$ lICi &$)$ #- (%$3*"*+5 ( 

%$(('-,*+,&+ &"=!2 *"-!*-%-!*-(',&+.  

H2('9 +&""'(, n 3-8&2F"*+0 ( 1--%!+*$'$&+ li (i &"*,"'(, -' 1 !- n). 

H%"!('$3+& %$8.+"*+" (3"'-3-!$ *$ (n +1) 24$('1-3 '$1, 4'-  %$*+;/ i- - 

24$('1$ {li-1; li,}, !)+*$ 24$('1-3 "li= li – li-1 (i &"*,"'(, -' 1 !- n+1, l0=0 + 

ln+1=l,).    

J4+'/3$, lICi << "li, 3 -')+4+" -' #%"!/!2F" - %$((&-'%"*+, 3 #. 2.4.1.1 –

1$=!/0 3/!")"**/0 24$('-1 (-('-+' +8 -'%"81$ +!"$)9*- - (3"'-3-!$, 

8$1$*4+3$5F" -(, )-1$)9*-0 *"-!*-%-!*-('95. K- !$, "()+ (3,89 &-! *$ 

)-1$)9*-0 *"-!*-%-!*-('+ >$%$1'"%+82"'(, #$%$&"'%$&+ ri + &i, '- &$'%+;/ 

24$('1-3  3 -.F"& ()24$" ((- )$(*- (2.13), #%+ )1=)i, )2= 0) +&"5' 3+! 

*
*
*

+

,

-
-
-

.

/

01

0
2 )&3)

&3)
1

)
1

22

22

iii

iii

ii

i

i

i

i

i

eer

ere
T .    (2.67) 
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I*$4$)$, 1$1 + %$*"", #%"!#-)-=+&, 4'- 3(" 24$('1+ "li %$3*/. C--#"%3/>, 

'$1$, (+'2$;+, +*'"%"(*$ '. 1. -*$ $*$)- +4*$ ()24$5 %$((&-'%"**-&2 3 

#%"!/!2F"& #2*1'" #.2.4.1.1. C--3'-%/>, #-!-.*$, (+'2$;+, &-="' +&"'9 

&"('- *$ #%$1'+1" (*$#%+&"%, #%+ 1%"#)"*++ 3-)-1*$ *$ -#-%*-& ;+)+*!%" + 

'. #. 1-*('%21;++ #2'"& #%+=+&*-0 #)$*1+ +)+ #%-1)"01+ «#-)-(-0» 

#-#"%"1 3+'1-3 3-)-1*$). I)24$0, 1- !$ "li *" %$3*/ .2!"' %$((&-'%"* 3 

2.4.4.2, $ '$1 =" 3 *"1-'-%/> !%2 +> #2*1'$>. 

<), %$3*/> 24$('1-3 "li="l, 1$1 + %$*"" #-)24+& )i=)=4"l, $ 2#%-F"**$, 

&-!")9 &$'%+;/ 3-)-1*$ .2!"' +&"'9 3+! (2.59), *-  

5 6 00

11

2 &310")7&3")3")17$ 88
377

in
n

ik

i

k

i  .   (2.68) 

C (2&&$> *"!+$ -*$)9*/> 4)"*-3 &$'%+;/ ((- )$(*- (2.59)) '-)91- n 

()$ $"&/>, #-(1-)912 #-()"!*+0 24$('-1 -' *"-!*-%-!*-('+ ( 1--%!+*$'-0 

ln !- 1-*;$ (3"'-3-!$ *" 3*-(+' 31)$! #"%"1%"('*25 (3,89 &-!. C/%$="*+, 

!), #$%$&"'%-3 &$'%+;/ <=-*($ (3"'-3-!$ r, & + 1-:??+;+"*'$ :1('+*1;++ 

' .2!2' +&"'9 3+! 

5 6
8
7
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+

,
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.

/
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n

i
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i err
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, 
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+
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/
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+
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+
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i erjarg
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.    (2.69) 

K$1+& -.%$8-&, !), ()24$, %$3*/> 24$('1-3 &"=!2 3-8&2F"*+,&+ 

-')+4+" -' &-!")+ !), %$(#%"!")"**/> ()24$0*/> 3-8&2F"*+0 '-)91- 3 

8$&"*" (n +1) *$ n 3 ?$8$> ()$ $"&/>. K$1-" -')+4+" *" 3)+,"' *$ 

('$'+('+4"(1+" (3-0('3$ 1-:??+;+"*'-3 &$'%+;/ <=-*($, 3(" %"82)9'$'/ 

!$)9*"0D" - $*$)+8$ #2'"& 4+()"**/> %$(4"'-3 !), -.-+> :'+> 

#%"!('$3)"*+0 -!+*$1-3/, #-:'-&2 !$)"" %$8)+4+" (2.60) + (2.69) *" 

3/!"),"'(,. 

 

2.4.2.  !"#$% &'"'$&'$()&*$+ &,-.&', /"0"1)'0-, 234 &,)'-,-5" & 

1!-6-($&#)!!71$ &#8(".!71$ ,-%189)!$:1$ /8')1 ($&#)!!7+ 0"&()'-,  

2.4.2.1. 5)6)-"#6, . )'7$6.#- 86$!"%"+.4 6)&0"#$! 
1) H%+ *"#-(%"!('3"**-& #%-3"!"*++ %$(4"'-3 *"-.>-!+&- +(#-)98-3$'9 

1-*1%"'*/" 8*$4"*+, %,!$ +(>-!*/> #$%$&"'%-3: #$%$&"'% 4 ()+.- !)+*$ 

.+"*+0 #), !)+*$ 24$('1$ 3-)-1*$ "l, 1-)+4"('3- 24$('1-3 n. H%-+83-!*/& 

#$%$&"'%-& ,3),"'(, !)+*$ (3"'-3-!$ l = n·"l. 

H%+ %$(4"'$> +(#-)98-3$)-(9 8*$4"*+" #= 6 && (#%-3-!+)+(9 %$(4"'/ + ( 

!%2 +&+ 8*$4"*+,&+, *- :'- 3)+,)- *$ %"82)9'$'/), #%+ :'-& 3")+4+*/ n + "l 

&"*,)+(9 3 #%"!")$> 50 – 5000 + 0,05 – 5 &, (--'3"'('3"**- (#%+ :'-& 

(-4"'$*+" #$%$&"'%-3 3/.+%$)-(9 '$1, 4'- !)+*$ (3"'-3-!$ -('$3$)$(9 3 

#%"!")$> 1 – 1000 &). 

 <), $*$)+8$ ('$'+('+4"(1+> (3-0('3 #-(%"!('3-& 4+()"**- - 

&-!")+%-3$*+, ()24$0*/> 3")+4+* 3$=*/& #$%$&"'%-& ,3),"'(, 1-)+4"('3- 

M 3/4+(),"&/> %"$)+8$;+0 3")+4+* r, ' + &, #- 1-'-%/& *$>-!,'(, (%"!*"" 
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8*$4"*+", !+(#"%(+,, -;"*+3$"'(, %$(#%"!")"*+". C #%- %$&&" !), %$(4"'-3 

3 -(*-3*-& 3/.+%$)-(9 8*$4"*+" M = 1000. 

2) C$=*/& 2()-3+"& %$(4"'-3 ,3),"'(, +(#-)982"&/" (3-0('3$  

()24$0*/> 3")+4+* ri. H-)$ $"'(,, 4'- 3(" ri +&"5' -!+*$1-3-" 

%$(#%"!")"*+". H-:'-&2 #%+ &-!")+%-3$*++, 8*$4"*+, ri &-=*- #-)24$'9 1$1 

3/.-%12 n :)"&"*'-3 ()24$0*-0 3")+4+*/ ( 8$!$**/& %$(#%"!")"*+"&. H%+ 

:'-& *"-.>-!+&- +(#-)98-3$'9 1-*1%"'*/0 3$%+$*' %$(#%"!")"*+, 

()24$0*-0 3")+4+*/ ri. <), %$(#%"!")"**-0 (3,8+ &-!, 3/83$**-0 

()24$0*/&+ 3*2'%"**+&+ *"-!*-%-!*-(',&+ (3"'-3-!$, 3 1$4"('3" #%-('- - 

+ $!"13$'*- - %$(#%"!")"*+, ./)- 3/.%$*- *-%&$)9*-" %$(#%"!")"*+" ( 

*2)"3/& (%"!*+&. 

5 6 *
*
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,
-
-
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2
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r
rw .     (2.70) 

C '$1-& ()24$" $&#)+'2!/ ()$ $"&/> 3 (2&&$> (2.62), (2.63) %$3*/ 

$.(-)5'*/& 8*$4"*+,& ()24$0*/> 3")+4+* ri, '.". +&"5' %$(#%"!")"*+" 

5 6
9
9
:

99
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=
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*
+

,
-
-
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/

!
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.0 #%+                          ,0
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r
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rw ii
.    (2.71) 

L-=*- *$0'+ (H%+)-="*+" 2.3), 4'- (%"!*"" 8*$4"*+" '$1-0 3")+4+*/ %$3*-  

%
0!7

2
irir .     (2.72) 

K$1+& -.%$8-&, 2%-3"*9 %$(#%"!")"**-0 ()24$0*-0 (3,8+ &-! <GH 3-)-1*$ 

>$%$1'"%+82"' #$%$&"'% 
ir

! . H%+ %$(4"'$> 8*$4"*+" #$%$&"'%$ 
ir

! 3/.+%$)-(9 

'$1+& -.%$8-&, 4'-./ %"82)9'+%25F$, 3")+4+*$ <r> -('$3$)$(9 <<1.  

<), #%-3"%1+ 3)+,*+, 3/.%$**- - %$(#%"!")"*+, *$ %"82)9'$'/ $*$)+8$ 

./)+ #%-3"!"*/ %$(4"'/ + !), !%2 +> %$(#%"!")"*+0, 4'- -.(2=!"*- 3 

#. 2.4.2.4. 

3) M) -%+'& -!*- - ;+1)$ #%-3"!"*+, %$(4"'$ 3/.-%1+ 8*$4"*+0 r, ' + & 

(-('-+' +8 ()"!25F+> D$ -3:       

– «@"*"%$;+,» 3/.-%1+ n ()24$0*/> 8*$4"*+0 ri ( %$(#%"!")"*+"& (2.70), 

1-'-%$, -.%$82"' +(>-!*/0 ()24$0*/0 *$.-%, -#+(/3$5F+0 

%$(#%"!")"**25 ()24$0*25 (3,89 &-! 3 (3"'-3-!".  

– H- +(>-!*-&2 ()24$0*-&2 *$.-%2, (- )$(*- (2.60) ()+.- (2.69)) 

3/4+(),"'(, %"$)+8$;+, #$%$&"'%$ r, 1-:??+;+"*'$ :1('+*1;++ ' + ?$8-3- - 

#$%$&"'%$ &.     

– H-3'-%"*+"& #"%3/> !32> #2*1'-3 %$((4+'/3$5'(, 9 %"$)+8$;+0 

21$8$**/> '%"> #$%$&"'%-3. H- #-)24"**/& 3/.-%1$& 3/4+(),5'(, (%"!*+" 

8*$4"*+,, !+(#"%(++ + %$(#%"!")"*+, ( +('- %$&&/) 3")+4+* r, ' + &.   

K$1+& -.%$8-&, 3 ;+1)" %$(4"'$ +(#-)982"'(, M +(>-!*/> *$.-%-3, '.". 

M·n ()24$0*/> 8*$4"*+0 ri. 
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2.4.2.2. 56.-"6, 6"2/'*#)#$! 6)&0"#$! 

N$ %+(2*1" 2.8 #%+3"!"* '+#-3-0 #%+&"%  %$?+1-3, #-)24"**/> 3 

%"82)9'$'" -!*- - ;+1)$ %$(4"'$ 1000 %"$)+8$;+0 #$%$&"'%-3 3")+4+* r, ' + 

&. H%+3"!"**/" #%+&"%/ #-)24"*/ #%+ "l O 11,5 (&, n = 500. 

I--'3"'('3"**- l O 57 &. C")+4+*$ %$8.%-($ ri ./)$ 3/.%$*$ 
ir

! =1,772·10
–3

 

('$1-0 3/.-% #-,(*"* *+="). H%+ #-('%-"*++  +('- %$&& -.)$('9 8*$4"*+0, 

#-)24"**/> 3 %$(4"'$>, ./)$ %$8!")"*$ *$ 25 24$('1-3. 

C %"82)9'$'" ;+1)$ 3/4+()"*+, *" '-)91- ('%-+)+(9 #-1$8$**/" 

!+$ %$&&/, *- + -#%"!"),)(, %,! ('$'+('+4"(1+> #$%$&"'%-3 3/.-%-1 r, ' + 

&. E'- '$1+" #$%$&"'%/ 1$1 (%"!*"", !+(#"%(+,, (%"!*"13$!%$'+4"(1+0 

%$8.%-(, &$1(+&$)9*-" + &+*+&$)9*-" 8*$4"*+", #$%$&"'%/ '"-%"'+4"(1+> 

%$(#%"!")"*+0, 1-'-%/" #%"!#-)$ $5'(, !), :'+> 3")+4+* (%")""3(1-" + 

:1(#-*"*;+$)9*-"), (%"!*+" + !+(#"%(++, *-%&+%-3$**/" *$ n  + '.#. <$)"" 

3/,(*,)(, >$%$1'"% +8&"*"*+, :'+> #$%$&"'%-3 -' n, "l,       

I)"!2"' -'&"'+'9, 4'- #%+ #-3'-%"*++ ;+1)$ 3/4+()"*+0, 21$8$**/" 

#$%$&"'%/ %$((4+'$**/> 3/.-%-1 +8&"*,)+(9, #-(1-)912 +8&"*,)+(9 

+(>-!*/" *$.-%/ ()24$0*/> 3/.-%-1 ri. <), M = 1000 :'+ +8&"*"*+, *" 

#%"3/D$)+ "!+*+; % (!), #$%$&"'%-3 3/.-%1+ & !- 10 %) + :'-' 2%-3"*9 

?)21'2$;+0 ?$1'+4"(1+ *" 8$3+(") -' +8&"*"*+, n +)+ "l 3 21$8$**/> 3/D" 

#%"!")$> (#%+ (*+="*++ )+.- 23")+4"*++ M 3")+4+*$ ?)21'2$;+0 

(--'3"'('3"**- 23")+4+3$)$(9 + (*+=$)$(9).   

C >-!" &*- -4+()"**- - #%-3"!"*+, '$1+> 3/4+()"*+0 ( %$8*--.%$8*/&+ 

3$%+$*'$&+ 8*$4"*+0 n + "l 3 21$8$**/> 3/D" #%"!")$>, #-)24$)+(9  %$?+1+ 

'-4*- '$1- - =" >$%$1'"%$ 1$1 3 #%+3"!"**-& #%+&"%" *$ %+(2*1" 2.8 ( '$1+& 

=" «1$4"('3-&» (- )$(-3$*+, ( '"-%"'+4"(1+&+ 1%+3/&+ %$(#%"!")"*+,.  

7(1)54"*+"&, #%+ 1-'-%-& *$.)5!$)+(9 8*$4+'")9*/" «-'1)-*"*+,» 

#$%$&"'%-3 %$((4+'/3$"&/> 3/.-%-1 -' '+#-3/> ,3),)+(9 ()24$+ 281+> 

-.)$('"0 8*$4"*+0 "l, 1%$'*/> #, #-(1-)912 #%+ '$1-& 3/.-%" (2&&$ 

('$*-3+'(, (2&&-0 (+*?$8*/> ()$ $"&/>.  

2.4.2.3. :+)'.2 6"2/'*#)#$! 6)&0"#$! 

– 6$(4"'/ #-1$8$)+, 4'- 3")+4+*$ r +&""' %$(#%"!")"*+" 6")",. P%-&" 

>-%-D" - (-3#$!"*+, 3+!$  +('- %$&& ( %$(#%"!")"*+"& (2.66), *$#%+&"%, 

 +('- %$&&/ *$ %+(2*1" 2.8, #%-('/& 1-)+4"('3"**/& 1%+'"%+"& ./)- 

(-3#$!"*+" !32> -;"*-1 #$%$&"'%$ !, (--'3"'('325F+& ?-%&2)$& (2.67), 

#-)24"**/& 4"%"8 (%"!*"" + !+(#"%(+5 %$((4+'$**-0 3/.-%1+     

r0
%

7!
2

1 ,  
5 6

22

2
4

2
r!%1

7! .    (2.73) 

C- 3("> #%-3"!"**/> 3/4+()"*+,> :'+ !3" -;"*1+ -')+4$)+(9 *" .-)"" 

4"& *$ "!+*+;/ %. C #%+&"%" %$(4"'$,  %$?+1+ 1-'-%- - #%+3"!"*/ *$ 

%+(2*1" 2.8, !), 3/.-%1+ 8*$4"*+0 r !3" -;"*1+ #$%$&"'%$ %$(#%"!")"*+, 

6")", (-('$3+)+: !1=1,695·10
–2

 + !1=1,72·10
–2

, %$8*-('9 (-('$3),"' 1%.   
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C")+4+*$ (1/') +&""' :1(#-*"*;+$)9*-" %$(#%"!")"*+" (?$1'+4"(1+ :'- 

#%,&-" &$'"&$'+4"(1-" ()"!('3+" '- -, 4'- (1/') – 13$!%$' 3")+4+*/, 

%$(#%"!")"**-0 #- 6")"5). 
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6+(2*-1 2.8. H%+&"%  +('- %$&& !), 3/.-%-1 (1000 8*$4"*+0) #$%$&"'%-3 r 

(33"%>2 ()"3$), ' (33"%>2 (#%$3$) + & (3*+82), !), -!*- - ;+1)$ %$(4"'$. 

H2*1'+% – (%"!*+" 8*$4"*+, 3/.-%1+. Q"%*$, (#)-D*$, )+*+, – 

'"-%"'+4"(1+" %$(#%"!")"*+,: 33"%>2 ()"3$ %$(#%"!")"*+" 6")", (2.66), 

#$%$&"'% ! 8$!$* 4"%"8 <r> #- (2.67), 3"%>2 (#%$3$ :1(#-*"*;+$)9*-" 

%$(#%"!")"*+" (2.69) 8$!$**-" 4"%"8 <r>
2
, 3*+82 – %$3*-&"%*-" 

%$(#%"!")"*+" 3 +*'"%3$)" [-%, %].  

 

– 6$(4"'/ #-1$8$)+, 4'- 8*$4"*+" & %$(#%"!")"*- %$3*-&"%*-. C -')+4+" 

-' r,  +('- %$&&/ !), & +&"5' 8*$4+'")9*- .-)9D+" *"-!*-%-!*-('+ -' 

'"-%"'+4"(1-0 ?2*1;++ !), %$3*-&"%*- - %$(#%"!")"*+, (%+(2*-1). A!*$1- 

:'+ *"-!*-%-!*-('+ &"*,5'(, #%+ #-3'-%"*++ %$(4"'$ + ,3),5'(, *" 

8$1-*-&"%*/&+, $ ()24$0*/&+.   

– 6$(4"'/ #-1$8$)+, 4'- (%"!*"" <r> #%-#-%;+-*$)9*- n
–1/2

. H%+ 

+8&"*"*++ n 3 D+%-1+> #%"!")$> (50–5000) + ?+1(+%-3$**/> !%2 +> 

#$%$&"'%$>, +8&"*"*+" -'*-D"*+, {<r>/n
–1/2

} 1-)".$)-(9 3 #%"!")$> "!+*+; 

%, #%+4"& :'+ 1-)".$*+, +&")+ &"('- + #%+ #-3'-%"*++ ;+1)$ %$(4"'-3 ."8 

+8&"*"*+, n. 

J1$8$**/" (3-0('3$ #-)*-('95 (--'3"'('325' %"82)9'$'$& 1)$((+4"(1-0 

&-!")+ (2&&/ ()24$0*/> ?$8-%-3. P$1 2="  -3-%+)-(9, -'1)-*"*+, 

#$%$&"'%-3, #-)24$"&/> #%+ %$(4"'$>, -' %"82)9'$'-3 &-!")+ (2&&/ 

()24$0*/> ?$8-%-3 *$>-!,'(, 3 #%"!")$> "!+*+; % + ,3),5'(, #%-,3)"*+"& 
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()24$0*/> 1-)".$*+0 -;"*-1 ('$'+('+4"(1+> #$%$&"'%-3 3/4+(),"&-0 

3/.-%1+ r. R!+*('3"**-" ,3*-" -')+4+" -' &-!")+ (2&&/ ()24$0*/> 

?$8-%-3 ()"!25F"" +8 %"82)9'$'-3 %$(4"'-3 (-('-+' 3 *".-)9D-& 

-'1)-*"*++ -' (--'*-D"*+, (2.68). 6$(4"'/ #-1$8$)+, 4'- (%"!*"" 8*$4"*+" 

<r> $&#)+'2!/ (2&&$%*- - ?$8-%$ + (%"!*" - 8*$4"*+, $&#)+'2!*- - 

#$%$&"'%$ &$'%+; 24$('1-3 +&""' 3+!    

2

2

2

24 ir

i n
gn

r
gr !007%007 ,    (2.74) 

 !" g = 1,36. I 24"'-& (2.67), (2.68) + (2.72) 3 %$&1$> 1)$((+4"(1-0 &-!")+ 

(2&&/ ()24$0*/> ?$8-%-3, #%+ )5.-& %$(#%"!")"*++ $&#)+'2! ?$8-%-3 

#-)24$"'(, $*$)- +4*-" (--'*-D"*+" ( g = 4/%=1,273. H%-3"!"**/" %$(4"'/ 

*$ -(*-3" &-!")+ &$'%+;/ <=-*($ (3"'-3-!$ !$5' *".-)9D-0, *- 8$&"'*/0 

#-#%$3-4*/0 1-:??+;+"*'. H%+4"& :'-' 1-:??+;+"*' &"*,"'(, #%+ 

+8&"*"*++ '+#$ %$(#%"!")"*+, ri ((&. #. 2.4.2.4). A.S,(*"*+" !$**- - 

%$8)+4+, (3,8$*- ( '"&, 4'-, 1$1 2="  -3-%+)-(9, +(#-)982"&$, &-!")9 

:)"&"*'$ &$'%+;/ <=-*($ (-!"%=+' ?$8-%/ ( $% 2&"*'$&+, 1-'-%/" (-8!$5' 

13$8+-()24$0*/" *$.-%/ + *" !-)=*$ ('%- - (--'3"'('3-3$'9 1)$((+4"(1-0 

&-!")+ (2&&/ ()24$0*/> ?$8-%-3.      

H-(1-)912 l = n·"l, +8 (2.74) ()"!2"' 3/3-!, 4'- (%"!*"" 8*$4"*+" <'> 

#$!$"' -.%$'*- #%-#-%;+-*$)9*- !)+*" (3"'-3-!$ l. E'- #-)*-('95 

(- )$(2"'(, ( *" %$8 2#-&,*2'/&+ %"82)9'$'$&+ '"-%"'+4"(1- - 

%$((&-'%"*+, :1('+*1;++ <GH 3-)-1-* (."8 24"'$ +> +*'"%?"%"*;+-**/> 

1-)".$*+0) + :1(#"%+&"*'$)9*/&+ !$**/&+. H%+ :'-& -.F"#%+*,'- 

>$%$1'"%+8-3$'9 2(%"!*"**/0 1-:??+;+"*' :1('+*1;++ <GH (3"'-3-!$ 

4"%"8 #- -**/0 h-#$%$&"'%: <'–1
> = <r

2
>

 
= h·l. I 24"'-& (2.74) *"'%2!*- 

#-)24+'9 (3,89 &"=!2 >$%$1'"%+('+1-0 %$(#%"!")"*+, 
ir

!  ()24$0*- - 

#$%$&"'%$ 3-8&2F"*+0 *$ 24$('1$> + :13+3$)"*'*- - h-#$%$&"'%$ 3-)-1*$ h' 

(- ()24$0*/&+ %$(#%"!")"**/&+ +)+ )-1$)9*/&+ 3-8&2F"*+,&+.   

g

lh

ng

lh

ng

r

ir

"0?
7

0

?
77! 22

2
2

2  .    (2.75) 

C #%+3"!"**-& 3/D" #%+&"%" %"82)9'$'-3 %$(4"'$ 3/.%$**-" 8*$4"*+" 
ir

!  

(--'3"'('3-3$)- 8*$4"*+5 h' = 10
–5

 1/&.  

 

2.4.2.4. ;'.4+." 6)&86"%"'"+.4 &'/0)1+,< !"'.0.+ ri. 
J1$8$**/" 3 #. 2.4.2.3 %"82)9'$'/ ./)+ #-)24"*/ #%+ +(#-)98-3$*++ !), 

#$%$&"'%-3 &$'%+; 24$('1-3 *-%&$)9*- - %$(#%"!")"*+, ( *2)"3/& (%"!*+&, 

1-'-%-" ./)- 3/.%$*- +8 -.F+> %$82&*/> (--.%$="*+0. N- 3 #%$1'+4"(1+> 

(+'2$;+,> 3-8&-=*- ?-%&+%-3$*+" *"-!*-%-!*-('"0 ( !%2 +&+ 

%$(#%"!")"*+,&+. C-8*+1$"' 3-#%-( - '-&, *$(1-)91- #-)24"**/" 

%"82)9'$'/ (->%$*,5'(, !), !%2 +> %$(#%"!")"*+0 ri. H-:'-&2 ./) #%-!")$* 

$*$)- +4*/0 4+()"**/0 $*$)+8 ( !%2 +&+ 3$%+$*'$&+ %$(#%"!")"*+0 ri.  
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<), %$3*-&"%*- - %$(#%"!")"*+, ri 3 !+$#$8-*" [–r0; r0], '.". ( *2)"3/& 

(%"!*+& %"82)9'$'/ ./)+ #-)*-('95 $*$)- +4*/ -#+($**/& 3 #.2.4.2.3. 

N$.)5!$"&-" 3 %$(4"'$> -')+4+" -' ()24$, %$(#%"!")"*+, (2.70) ./)- 3 '-&, 

4'- #-#%$3-4*/0 1-:??+;+"*' 3 (2.74) +&""' 8*$4"*+" g = 2,4 (3 !$**-& 

()24$" 3 8$3+(+&-('+ (2.74) <|ri|> = r0/2).    

B/)+ #%-3"!"*/ %$(4"'/ + !), %$(#%"!")"*+0, 1- !$ (%"!*"" ri *" %$3*- 

*2)5. <), %$3*-&"%*- - %$(#%"!")"*+, 3 !+$#$8-*" [0; r0] + !), 

*-%&$)9*- - %$(#%"!")"*+, ( <ri>=
ir

!  3*-39 3(" %"82)9'$'/ ./)+ 

$*$)- +4*/&+, #-#%$3-4*/" 1-:??+;+"*'/ (-('$3+)+  g = 2,4 + g = 0,74 

(--'3"'('3"**-.     

A!*$1- +8&"*"*+" 21$8$**/> 3/D" (3-0('3 *$.)5!$"'(,, "()+ (*+=$'9 

%$8.%-( 8*$4"*+0 ri #- -'*-D"*+5 1 <ri>. K$1, *$#%+&"%, "()+ !), 

*-%&$)9*- - %$(#%"!")"*+, ri 3/.%$'9 
ir

! = 0.5 <ri>, '- (3-0('3$ #$%$&"'%-3 

%"82)9'+%25F"0 &$'%+;/ "F" .)+81+ 1 -#+($**/& 3/D", *- #%+ 
ir

! =0.1 <ri> 

(--'3"'('3+" r %")""3(1-&2 %$(#%"!")"*+5 "F" (->%$*,"'(,, *- & +&""' 

4"'1- *"%$3*-&"%*-" %$(#%"!")"*+". H%+ 
ir

! =0.01 <ri> %$(#%"!")"*+, (-3("& 

*" (--'3"'('325' -#+($**/& %$*"". K$1-0 :??"1' #-*,'"*, 3"!9 "()+ 

ir
! << <ri>, '- :'- 8*$4+', 4'- %$3*/" 24$('1+ 3-)-1*$ +&"5' #%+&"%*- 

-!+*$1-3/" &$'%+;/, 4'- .)+81- 1 ()24$5 *"1-'-%- - %$3*-&"%*- - *" 

()24$0*- - %$(#%"!")"**- - + %"D"*+, !), :'-0 (+'2$;++ +83"('*/ + +&"5' 

(-3("& !%2 +" (3-0('3$ #- (%$3*"*+5 ( (+'2$;+"0  ()24$0*-0 

%$(#%"!")"**-0 (3,8+.  

 

2.4.3.  !"#$% ;#8*'8"<$. /"0"1)'0-, 234 &,)'-,-5" &- &#8(".!-. 

&,:%=> 1-5 /8')1 ($&#)!!7+ 0"&()'-, !" -&!-,) 1-5)#$ 1"'0$<7 

2?-!&"  

H-)24"**/" 3 #.2.4.2.3 %"82)9'$'/ #-!'3"%=!$5' + -.S,(*,5' +83"('*/0 

?$1' - 3-8&-=*-('+ 8*$4+'")9*/> ?)21'2$;+0 $&#)+'2!*- - #$%$&"'%$ r 

&$'%+;/ <=-*($ <GH (3"'-3-!$ ( %$(#%"!")"**-0 ()24$0*-0 (3,895 &-! 

+)+ 1-:??+;+"*'$ :1('+*1;++ :'- - (3"'-3-!$ ' (+ !), %$(#%"!")"*+, 6")", 

+ !), :1(#-*"*;+$)9*- - %$(#%"!")"*+, (%"!*"" + !+(#"%(+, %$3*/). I 

#%$1'+4"(1-0 '-41+ 8%"*+, '$1$, 3-8&-=*-('9 -8*$4$"', 4'- !), !32> 

-'%"81-3 (3"'-3-!$ -!+*$1-3-0 !)+*/ +)+ #%+ -'*-(+'")9*- *".-)9D-& 

+8&"*"*++ !)+*/ -'%"81$ (3"'-3-!$ &/ &-="& #-)24+'9 *"#%"!(1$82"&-" 

8*$4+'")9*-" -')+4+" 1-:??+;+"*'-3 :1('+*1;++, *"(&-'%, *$ '-, 4'- 

(%"!*"" 8*$4"*+" :1('+*1;++ -!+*$1-3-. C :'-& (&/()" 8*$*+" 1-*1%"'*/> 

('$'+('+4"(1+> (3-0('3 + %$(#%"!")"*+, :'+> #-)-=+'")9*/> #$%$&"'%-3 

>-', + #-)"8*-, *- &$)- 4'- !-.$3),"' 1 %"82)9'$'$&, #-83-),5F+& 

-;"*+3$'9 (%"!*"" 8*$4"*+" #%+ #-*+&$*++, 4'- -'1)-*"*+, (-#-('$3+&/ (- 

(%"!*+& 8*$4"*+"&.       

N- "('9 !%2 -0 3$=*/0 #%$1'+4"(1+0 $(#"1'. H%+4+*-0 #%-,3)"*+, '$1+> 

?)21'2$;+0 ,3),"'(, +*'"%?"%"*;+, «#"%"1%"('*/>» 1-&#-*"*' +8)24"*+, 

#-),%+8$;+-**-0 &-!/ (?-%&+%-3$**/> *$ %$8*/> 24$('1$> (3"'-3-!$. 
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H-:'-&2 #$%$&"'%/ &$'%+;/ <=-*($ (3"'-3-!$ &"*,5'(, 3()"!('3+" 

+8&"*"*+, ?$1'-%-3, 3)+,5F+> *$ ?$8-3/" (--'*-D"*+,, *$#%+&"%, #%+ 

+8&"*"*++ '"&#"%$'2%/ T +)+ !%"0?" 4$('-'/ -#'+4"(1- - +('-4*+1$ @. 

C-8*+1$"' 3-#%-(, 1$1 1-)+4"('3"**- (3,8$'9 ?)21'2$;++ #$%$&"'%-3 r (+)+ 

') c +8&"*"*+,&+ 2()-3+0? L-=*- )+ #%+ +83"('*-0 !)+*", (3-0('3$> 

3-8&2F"*+0 + !32)24"#%")-&)"*++ (3"'-3-!$ + 8$!$**-& +8&"*"*++ T +)+ @ 

-;"*+'9, 3 1$1+> #%"!")$> .2!"' +8&"*,'9(, 1-:??+;+"*' :1('+*1;++, 

&-=*- )+ #-)$ $'9 " - #-('-,**/&? P$1 .2!"' +8&"*,'9(, ?$8-3/0 

1-:??+;+"*' & + #$%$&"'%/ ()+&) +)+ ()–&). P$1 2="  -3-%+)-(9, 3 

+83"('*/> )+'"%$'2%*/> +('-4*+1$> '$1+" 3-#%-(/ #-!%-.*- *" 

%$8S,(*,5'(, + #-)24"**/" 3 #. 2.4.2 %"82)9'$'/ #--#%"=*"&2 *" !$5' 

-'3"'$ *$ :'-' 3-#%-(. A!*$1- 3-8&-=*- #%-$*$)+8+%-3$'9 !$**25 #%-.)"&2 

*$ -(*-3" 4+()"**/> %$(4"'-3 ( #%+&"*"*+"& %$83+'-0 %$*"" &-!")+ 

&$'%+;/ <=-*($ (3"'-3-!$ (- ()24$0*/&+ %$(#%"!")"**/&+ 

*"-!*-%-!*-(',&+.        

<), 1-*1%"'*-('+ .2!"& %$((&$'%+3$'9 #%+&"%/ ( +8&"*"*+"& 

'"&#"%$'2%/ (3"'-3-!$. C$=*/&+ +(>-!*/&+ #-)-="*+,&+ !), 

#-()"!25F" - $*$)+8$ ,3),"'(, #%"!#-)-="*+" - '-&, 4'- #%+ +8&"*"*++ 

'"&#"%$'2%/ $&#)+'2!*/" #$%$&"'%/ &$'%+; 24$('1-3 ri (+)+ 1-:??+;+"*'/ 

:1('+*1;++ -'!")9*/> 24$('1-3 "l) &-=*- (4+'$'9 #-('-,**/&+. 

M!"13$'*-('9 :'- - #%"!#-)-="*+, .2!"' !-#-)*+'")9*- -.(2=!"*$ *+=". 

K- !$ +8&"*"*+" '"&#"%$'2%/ #%+3"!"' 1 (&"F"*+5 ?$8 ") &$'%+; 24$('1-3, 

#%-#-%;+-*$)9*-&2 '"&#"%$'2%" ( 1-:??+;+"*'-& KT ((&. #. 2.29). I- )$(*- 

(2.30), ?$8/ ()$ $"&/> (2.60) .2!2' (&"F"*/ *$ 3")+4+*2  

5 6 TinlKTi A0310"07A$ 12 ,   (2.76) 

'.". 3(" «13$8+-()24$0*/"» ?$8/ ()$ $"&/> #%"'"%#"3$5' -!+*$1-3-" 

-'*-(+'")9*-" #%+%$F"*+". A'&"'+&, 4'- (&"F"*+" 4$('-'/ +('-4*+1$ 

#%+3"!"' 1 $*$)- +4*-&2 :??"1'2, *- ( (--'3"'('325F+& 1-:??+;+"*'-& 

423('3+'")9*-('+ K@ ((&. (1.6)).  

C 1$4"('3" 2*+3"%($)9*- - #$%$&"'%$ !), %$(4"'-3 2!-.*- +(#-)98-3$'9 

-'*-(+'")9*-" +8&"*"*+" ?$8-3/> 8$!"%="1  

%
#0A0

7
A0

7
")

A0"0
7

$
A$

7B
2

VK

B

VKVlK VVV

i

i ,   (2.77) 

 !" AV – +8&"*"*+" 3*"D*" - #$%$&"'%$ ('"&#"%$'2%/, 4$('-'/ +8)24$'"), + 

'.!.), $ KV – #- -**$, 423('3+'")9*-('9 %$8*-('+ ?$8 #-),%+8$;+-**/> &-! 1 

:'-&2 #$%$&"'%2. B"8%$8&"%*$, 3")+4+*$ B >$%$1'"%+82"' -'*-(+'")9*-" 

2!)+*"*+" %$8*-('+ ?$8 #-),%+8$;+-**/> &-! *$ !)+*" (3"'-3-!$, 

3/83$**-" +8&"*"*+"& 3*"D*" - 2()-3+, V. <), -.-.F"*+, %"82)9'$'-3 

2!-.*- '$1 =" +(#-)98-3$'9 "F" -!+* #$%$&"'% 3*"D*" - 3-8&2F"*+, – 

(!3+  %$8*-('+ ?$8 #-),%+8$;+-**/> &-! (3"'-3-!$ ), *-%&+%-3$**/0 *$ 2%    

5 6
%
A)A

7
%

0A0
7

#
0B

7C
22

VlVKl V .    (2.78) 
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78&"*"*+" ."8%$8&"%*-0 3")+4+*/ CD*$ "!+*+;2 -8*$4$"', 4'- (&"F"*+" AV 

#%+3")- 1 (!3+ 2 %$8*-('+ ?$8 #-),%+8$;+-**/> &-! 3 (3"'-3-!" ) *$ 2%. 

J()-3+, 4+()"**/> %$(4"'-3 ?)21'2$;+0 #$%$&"'%-3 &$'%+;/ <=-*($ -' 

+8&"*"*+, 3*"D*" - #$%$&"'%$ #-3'-%,5' 2()-3+,, 21$8$**/" 3 #. 2.3.2.1. 

M) -%+'& ;+1)$ 4+()"**- - %$(4"'$ (-('-,) 3 ()"!25F"&:  

– «@"*"%$;+,» 3/.-%1+ n ()24$0*/> 8*$4"*+0 ri ( %$(#%"!")"*+"& (2.70), 

1-'-%$, -.%$82"' +(>-!*/0 ()24$0*/0 *$.-%, -#+(/3$5F+0 

%$(#%"!")"**25 ()24$0*25 (3,89 &-! 3 (3"'-3-!".  

– H- +(>-!*-&2 ()24$0*-&2 *$.-%2, (- )$(*- (2.62) + (2.63) 3/4+(),"'(, 

?2*1;+, #$%$&"'%$ r, 1-:??+;+"*'$ :1('+*1;++ ' + ?$8-3- - #$%$&"'%$ & 

-' #$%$&"'%$ -'*-(+'")9*- - (&"F"*+, B. H%+ :'-& 3 (2&&$> (2.62) + (2.63) 

3&"('- 3/%$="*+, !), ?$8 (2.60) +(#-)982"'(, 3/%$="*+", 24+'/3$5F"" +> 

(&"F"*+"     

5 6 5 65 6B3310")7B$ 112ini .    (2.79) 

– 6$((4+'$**$, ?2*1;+, ,3),"'(, ?2*1;+"0 ()24$0*/> $% 2&"*'-3 ri, 

#-:'-&2 "" 3+! '$1 =" *-(+' ()24$0*/0 >$%$1'"%. <), )24D"0 !"&-*('%$;++ 

-.F+> (3-0('3 1-)".$*+0 3 ;+1)" 3/4+()"*+0 %$((4+'/3$)-(9 *"(1-)91- 

%"$)+8$;+0 r(B), '(B) + &(B) *$ -(*-3" %$8*/> +(>-!*/> 3/.-%-1 8*$4"*+0 ri. 

<), 2*+?+1$;++ 3+!$ 8$3+(+&-('"0 -'*-(+'")9*-" (&"F"*+" B 
#"%"(4+'/3$)-(9 3 *-%&+%-3$**/0 #$%$&"'%  C. 

I- )$(*- '$1-&2 #%+*;+#2 ./)- 3/#-)*"*- &*- - %$(4"'-3. <$)"" 

#%+3"!"*/ >$%$1'"%*/" #%+&"%/ %"82)9'$'$ %$(4"'$ !), ?2*1;+0 '–1
(C) + 

&(C) (8$3+(+&-('9 r(C) ,3),"'(, 1-%*"& -' '–1
(C), #-:'-&2 !), 1%$'1-('+ *$ 

%+(2*1$> *" #%+3"!"*$). C #%+3"!"**/> #%+&"%$> %$(4"'-3 #$%$&"'% 

%$(#%"!")"*+, 3/.+%$)(, (- )$(*- (2.75) +(>-!, +8 8*$4"*+, :13+3$)"*'*- - 

#$%$&"'%$ 2!"%=$*+, #-),%+8$;++ h'=10
–5

.  

N$ %+(2*1$> 2.9 + 2.10 #%+3"!"*/ #%+&"%/ ?2*1;+0, #-)24"**/" !), 

-'*-(+'")9*- *".-)9D+> #%+%$F"*+0 *-%&+%-3$**- - 2!)+*"*+, C. C :'+> 

#%+&"%$> -'*-(+'")9*- *".-)9D+" 3")+4+*/ "l. N$ %+(2*1$> 2.10 + 2.11 

#%+3"!"*/ #%+&"%/ ?2*1;+0, #-)24"**/" !), 8*$4+'")9*/> #%+%$F"*+0 

*-%&+%-3$**- - 2!)+*"*+, C. H-:'-&2 3 :'+> #%+&"%$> 23")+4"*/ "l + n.  

H- %"82)9'$'$& %$(4"'-3 +, 3 4$('*-('+, +8 #%+3"!"**/> #%+&"%-3 &-=*- 

(!")$'9 ()"!25F+" 3/3-!/:   

1) 78 #%+3"!"**/> + &*- +> !%2 +> %$(4"'*/> 8$3+(+&-('"0 3+!*-, 4'- 

?)21'2$;++ '–1
 +&"5' 3+! 1-)".$*+0, $&#)+'2!$ 1-'-%/> &"*,"'(, 

8*$4+'")9*- (-' *2), + !- 2%-3*, 3 *"(1-)91- %$8 .-)9D" h'·l) + !-('$'-4*- 

./('%- (8*$4+'")9*/" +8&"*"*+, -' -!*- - 1-)".$*+, !- ()"!25F" -). 

A!*$1- :'+ 1-)".$*+, +&"5' >$%$1'"%*/0 !+$#$8-* #"%+-!-3 #- D1$)" C. 

<), 3("> 8$3+(+&-('"0 (->%$*,"'(, (--'*-D"*+" 4+()$ 1-)".$*+0 1 

#$%$&"'%2 (!3+ $ C ('.". 1 A)EF%) #%+&"%*- 3 !+$#$8-*" 0,5–1. H-:'-&2 

+8&"*"*+" '"&#"%$'2%/ 3-)-1*$,  4$('-'/ (3"'$ + '.#. +8&"*"*+" 2()-3+0 

&-=*- (-#-('$3),'9 ( *"1-'-%/& #-%- -3/& 2%-3*"&, 1-'-%/0 ,3),"'(, 

#$%$&"'%-& (3"'-3-!$  
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lK
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0 ,  
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#
7B0 .    (2.80) 
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6+(2*-1 2.9. H%+&"% %$(4"'$ 8$3+(+&-('"0 '–1
 (C) + &(C), #,'9 %"$)+8$;+0. 

H2*1'+% *$ 3"%>*"&  %$?+1" – (%"!*+0 2%-3"*9 h'·l, *$ *+=*"& – 2%-3*+ ±%. 

N$ -!*-0 +8 %"$)+8$;+0 #-1$8$*/ ?$1'+4"(1+ %$((4+'$**/" '-41+. 
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2 >10
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4 >10
4

h L0

-1
l=2.55 (&, =6 &&, n=500 (l=12.73 &),

=0 …. 0.003 (50 D$ -3)

 
6+(2*-1 2.10. H%+&"% %$(4"'$ 8$3+(+&-('"0 '–1

 + & -'  C (#,'9 %"$)+8$;+0). 

H2*1'+% *$ 3"%>*"&  %$?+1" – (%"!*+0 2%-3"*9 h'·l, *$ *+=*"& – 2%-3*+ ±%.  
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6+(2*-1 2.11. H%+&"% %$(4"'$ 8$3+(+&-('"0 '–1
 + & -' *-%&+%-3$**- - 

+8&"*"*+, 3*"D*" - 2()-3+, C (#,'9 %"$)+8$;+0). H2*1'+% *$ 3"%>*"& 

 %$?+1" – 2%-3"*9 h'·l, *$ *+=*"&  %$?+1" –±%.  
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6+(2*-1 2.12. H%+&"% %$(4"'$ 8$3+(+&-('"0 '–1
 + & -' C (#,'9 %"$)+8$;+0). 

H2*1'+% *$ 3"%>*"&  %$?+1" – 2%-3"*9 h'·l, *$ *+=*"&  %$?+1" – ±%.  
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R()+ 3*"D*"" +8&"*"*+" AV << AV0,  '- 3/83$**-" +& +8&"*"*+" :1('+*1;++ 

3-)-1*$ .2!"' *"8*$4+'")9*-. R()+  3-8&2F"*+" AV (-#-('$3+&- ( 

«#-%- -&» '- -*- &-="' #%+3"('+ 1 (2F"('3"**-&2 +8&"*"*+5 :1('+*1;++ 

(3 !+$#$8-*" -' T !- 2%-3*, 3 *"(1-)91- %$8 &"*9D" 1/h'·l). I&"F"*+"   

AV >> AV0 #%+3"!"' 1 &*- -1%$'*-&2 1-)".$*+5 :1('+*1;++, #%+4"& 

(%"!*"" 4+()- 1-)".$*+0 N )"=+' 3 !+$#$8-*"   

N ~ (0.5÷1) ·AV /AV0 ~ 5 6 V
lKV A0

%
0

G
2

15.0  .  (2.81) 

<), 1-*1%"'*- - #%+&"%$ %$((&-'%+& 3)+,*+" +8&"*"*+, '"&#"%$'2%/ 

3-)-1*$. C-89&"& !), -;"*1+ '+#+4*/0 2%-3"*9 KT = 1 %$!+$*/
0
I·&. K- !$ 

!), 3-)-1*$ ( '$1+& KT + !)+*-0 5 & + 200 & #-%- -3/" 2%-3*+ AT0 (-('$3,' 

1,2 
0
I + 0,03 

0
I (--'3"'('3"**-. U*$4+' #%+ +8&"*"*++ '"&#"%$'2%/ 3 

#%"!")$> 0,1
0
I !), #"%3- - 3-)-1*$ ' &-=*- (4+'$'9 #-('-,**/&, $ 

1-:??+;+"*' :1('+*1;++ !)+**- - (3"'-3-!$ &-="' &"*,'9(,. R()+ =" 

'"&#"%$'2%$ (!3+*2)$(9 10
0
I, '- 1-:??+;+"*' :1('+*1;++ -.-+> (3"'-3-!-3 

.2!"' (-3"%D$'9 &*- - 1-)".$*+0.   

A;"*1+ #-%- -3- - 2%-3*, #- (!3+ 2 4$('-'/ )$8"%$ ((- )$(*- (1.6) !), 

!)+*/ 3-)*/  =1,5 &1& + #=5 && #-)24+& K@ ~10
–4

 (&·@;)
–1

) (-('$3,' !), 

3-)-1-* !)+*-0 5 & + 200 & (--'3"'('3"**- 200 @@; + 5 @@;. 

2) C *"1-'-%/> #2*1'$> ()"!25F+> %$8!")$> 3$=*/& #$%$&"'%-& 

,3),"'(, (2&&$%*- %$8*-('*/" 1-&.+*$;++ (& + )) + (& – )). I :'-0 '-41+ 

8%"*+, +8 #%+3"!"**/> 8$3+(+&-('"0 + 24"'" A)=2%C 3+!*-, 4'- #%+ C>>1, 

?$8$ & (&"F$"'(, 8*$4+'")9*- &"*9D", 4"& ). V$1'+4"(1+ 3- 3("> #%+&"%$>  

A& < 0,1A). H%+ :'-& *$#%$3)"*+" +8&"*"*+, & &-="' 1$1 (-3#$!$'9, '$1 + 

*" (-3#$!$'9 ( *$#%$3)"*+"& +8&"*"*+, %$8*-('+ ?$8 #-),%+8$;+-**/> &-! 

A). C :'-& (&/()" &-=*- 8$#+($'9 ()"!25F+" -;"*1+ !), +8&"*"*+, &, 

(& + )) + (& – )) #%+ C>>1 

A&(V) << A)(V),  5 6 5 6 5 6VVV )AH2)AHA& .  (2.82) 

A!*$1- 3 8$3+(+&-(',> "('9 )-1$)9*/" 24$('1+ -'*-(+'")9*- «%"81+>» 

(&"F"*+0 &, *$ 1-'-%/> (1-%-('9 +8&"*"*+, A& + A) #%+&"%*- -!+*$1-3$. 

<), :'+> -.)$('"0 #%+.)+="*+" (2.82) *" 3/#-)*,"'(,. I !%2 -0 ('-%-*/, +8 

)5.-0 #%+3"!"**-0 8$3+(+&-('+ >-%-D- 3+!*-, 4'- :'+ -.)$('+ «%"81+>» 

+8&"*"*+0 & 4"'1- (--'3"'('325' -.)$(',& «8$*2)"*+,» r + '–1
(:'-' ?$1' *" 

2!+3+'")"* + +&""' #-*,'*/0 ?+8+4"(1+0 (&/(), *- !), 1%$'1-('+ 

+8)-="*+, &$'"%+$)$ -(2=!$'9 " - *" .2!"&). C 1-*'"1('" 3)+,*+, 

#"%"1%"('*-0 (3,8+ &-! *$ %$.-'2 +*'"%?"%-&"'%-3, %$((&$'%+3$"&25 3 

!$**-0 %$.-'", '$1+" -.)$('+ (--'3"'('325' &+*+&$)9*/& +(1$="*+,&, 

*$3"!"**/& (3,895 #-),%+8$;+-**/> &-!. N$ 24$('1$>,  !" 8*$4"*+" r + '–1
 

!-('+ $"' +)+ #%"3/D$"' (%"!*+0 2%-3"*9, & &"*,"'(, #)$3*- + A& <<A). 

A4"3+!*-, 4'- !), 24"'$ 3)+,*+, #"%"1%"('*-0 (3,8+ #-),%+8$;+-**/> &-! 

*$ %$.-'2 +*'"%?"%-&"'%-3, 3 #"%325 -4"%"!9 #%"!('$3),5' +*'"%"( '" 

24$('1+ 1-)".$*+0 r + '–1
, 1- !$ ,3),5'(, .-)9D+&+ (1- !$ #%-,3),5'(, 
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*$+.-)"" 8*$4+'")9*/" +(1$="*+,). I 24"'-& :'+> 8$&"4$*+0 + - -3-%-1, 

!$)"" 3 ()"!25F+> %$8!")$> !), -;"*1+ +8&"*"*+, (& + )) +)+ (& – )) &-=*- 

+(#-)98-3$'9 (--'*-D"*+, (2.82).        

3) 7 #-()"!*+0 3-#%-(, #%"!('$3),5F+0 +*'"%"( 3 (3,8+ ( +8&"*"*+,&+ 

8*$4"*+, $&#)+'2!*- - 1-:??+;+"*'$ r &$'%+;/ <=-*($ #%+ +8&"*"*++ 

3*"D*+> 2()-3+0, :'- 3-#%-( - %$(#%"!")"*++ 8*$4"*+0 r + ', 3 

8$3+(+&-(',> r(C), '–1
(C) + &(C) #-)24$"&/> 3 >-!" %$(4"'-3, -#+($**/> 3 

!$**-& #2*1'". <), 3/,(*"*+, !$**- - 3-#%-($, -#+($**/0 3/D" %$(4"' 

./) !-#-)*"* #-('%-"*+"&  +('- %$&& #- 3("& 3/4+()"**/& '-41$& 

8$3+(+&-('"0 r(C), '–1
(C) + &(C). K+#+4*/0 #%+&"% '$1+>  +('- %$&& 

#%+3"!"* *$ %+(2*1" 2.13. N$ :'-& %+(2*1" #%+3"!"* #%+&"%  +('- %$&& !), 

-!*-0 +8 %"$)+8$;+0, 1- !$ #$%$&"'%/ ./)+ 3/.%$*/ '$1 =" 1$1 3 ()24$", 

#-1$8$**-& *$ %+(2*1" 2.12 (-')+4+" '-)91- 3 23")+4"**-& 3!3-" !+$#$8-*" 

+8&"*"*+, C). P$1 3+!*- +8 #%+3"!"**/> %+(2*1-3 + !%2 +> #-)24"**/> #%+ 

&-!")+%-3$*++  +('- %$&&, %$(#%"!")"*+, 8$3+(+&-('"0 -' C (-(-."**- !), 

#$%$&"'%-3 r + '–1
) >-%-D- (--'3"'('325' %$(#%"!")"*+,&, #-)24"**/& 3 

#. 2.4.4.            

H-)24"**/0 %"82)9'$' &-=*- '%$1'-3$'9 ()"!25F+& -.%$8-&. R()+ 

%$((&$'%+3$'9 ?)21'2$;++ r(C), '(DC), )(DC) 1$1 ?%$ &"*'/ (--'3"'('325F+> 

()24$0*/> #%-;"((-3 (%"$)+8$;++ #%-;"(($ :'- 8$3+(+&-('+ -' C 

-.%$8-3$**/" #- %" 2),%*-&2 8$1-*2 #%-#-%;+-*$)9*- - #%+%$F"*+, ?$8 

(2.79), *- 1$=!$, %"$)+8$;+, >$%$1'"%+82"'(, (3-"0 3/.-%1-0 8*$4"*+0 n 

()24$0*/> 3")+4+* ri), '- #-)24"**/0 %"82)9'$' !"&-*('%+%2"' (3-0('3- 

:% -!+4*-('+ '$1+> ()24$0*/> #%-;"((-3. 

 

0 0.02 0.04 0.06 0.08 0.1
0

5

10

15

20

25
l

0 0.002 0.004 0.006 0.008
0

100

200

300

400

500
l

3 2 1 0 1 2 3
0

0.1

0.2

0.3

0.4
l

l = 22.55 (&, =6 &&, n =1000 (l = 225.5 &), =0-0.001 (500 D$ -3)

r

(r)

 
6+(2*-1 2.13. H%+&"%  +('- %$&& !), 8*$4"*+0 %$((4+'$**/> 8$3+(+&-('"0 

r(C) (()"3$), '(C) (3 ("%"!+*") + &(C) ((#%$3$). H2*1'+% – (%"!*+" 8*$4"*+, 

3/.-%1+. Q"%*$, (#)-D*$, )+*+, – '"-%"'+4"(1+" %$(#%"!")"*+, 

(%$(#%"!")"*+" 6")",, + :1(#-*"*;+$)9*-" %$(#%"!")"*+"), 3 1-'-%/> 

(%"!*+" 8*$4"*+, 8$!$*/ 4"%"8 (2.74). 
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2.4.4. @)%8#='"'7 5#: -A-A9)!!7+ 8&#-,$. 

2.4.4.1.  '/0)1 -)#6.= /0)&#($!  6)2+$7$ #.8) 

C #.2.4. 1 #-)$ $)-(9, 4'- !), 3("> 24$('1-3 &i = &0. B-)"" -.F+0 ()24$0 –

"()+ 3(" &i %$8*/" + ()24$0*/". K- !$  

5 6

8
7

IJ

K
LM

N &3
")
031

*
*

+

,

-
-

.

/
07

'
7

n

i

inj
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i

err
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, 
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*
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+
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/
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/
07& 8

7

IJ
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LM

N &3
")
031n

i

inj

i

i

erarg
1

2
12

.  (2.84) 

I '-41+ 8%"*+, ('$'+('+4"(1+> #$%$&"'%-3 3 ?$8$> ()$ $"&/> :'+> (2&& 

'"#"%9 .2!2' #%+(2'('3-3$'9 ()24$0*/" !-.$31+, 4'- !-)=*- #%+3"('+ 1 

#-)*-&2 (- )$(+5 ( 1)$((+4"(1-0 &-!")95 (2&&/ ()24$0*/> ?$8-%-3, ."8 

-'1)-*"*+0 3 1-:??+;+"*'" g. H-:'-&2 3(" -(*-3*/" 3/3-!/ #. 2.3.2 

(->%$*,5'(,. N" ('-)9 -4"3+!*-, 1$1 +8&"*,'(, %"82)9'$'/ %$(4"'-3 

?)21'2$;+0, 3/83$**/> +8&"*"*+"& 3*"D*+> 2()-3+0, -#+($**/" 3 #. 2.4.3, 

-!*$1- %$(4"'/ ( 33"!"*+"& ()24$0*/> #-)-="*+0 *"-!*-%-!*-('"0 

(#. 2.4.4.2), #-1$8$)+, 4'- %"82)9'$'/ -1$8/3$5'(, #-)*-('95 :13+3$)"*'*/ 

#-)24"**/& %$*"" (g O1.3).   

 

2.4.4.2.  '/0)1 6)2>."+.4 &!"#$!$%) +) /0)&#(. 6)2+$1 %'.+, 
C #%"!/!2F+> #2*1'$> %$((&$'%+3$)(, ()24$0, 1- !$ 3(" 24$('1+ li  

%$3*/. A4"3+!*-, 4'- #%+ %$((&-'%"*++ (3"'-3-!$ ( *$3"!"**/&+  

()24$0*/&+ )-1$)9*/&+ *"-!*-%-!*-(',&+ '$1$, (+'2$;+, &-="' *" 

3/#-)*,'9(,. C -.F"& ()24$" 3(" li + 3(" )i=4"li &- 2' ./'9 %$8*/". N- (2.59) 

3/#-)*,"'(,. C :'-& ()24$" 2#%-F"**$, &$'%+;$ <=-*($ +&""' 3+! (2.57), 

*- ?$8/ ()$ $"&/> 3 (2&&$>, 8$!$5F+> *"!+$ -*$)9*/" :)"&"*'/ &-=*- 

#%"!('$3+'9 4"%"8 #-8+;++ li 3 3+!" 

5 65 6 iiiii
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ki llllll 41&3)713147&3*
+

,
-
.

/
"3"147&3)3)17$ 8888

377377

2
1111

. (2.85) 

C %"82)9'$'" &-!")+, #%"!('$3),5F+" 1-:??+;+"*'/ &$'%+;/ <=-*($ r 

+ &, $ '$1=" 1-:??+;+"*' :1('+*1;++ ' .2!2' +&"'9 3+!  

8
7

41&3)
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+

,
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.

/
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err
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+
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+
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erjarg
1

2 .    (2.86) 

H%"!('$3)"*+" (2.86) #%+*;+#+$)9*- -')+4$"'(, -' (2.60) + (2.69) '"&, 4'- 

(-!"%=+' #$%$&"'%/ &$'%+;/ <=-*($ 3/%$="*/ *" '-)91- 4"%"8 *$.-% 

()24$0*/> 3")+4+* ri, *- '$1 =" + 4"%"8 3/.-%1+ ()24$0*/> 3")+4+* li + &i. 

H%+ -.-.F"**-& %$((&-'%"*++ 3$=*-, 4'- ()$ $"&/" 3 (2&&$> 3 (2.86) 

+&"5' ()24$0*/" (-('$3),5F+" ?$8 (&i – 4li), #-:'-&2 #%+ $*$)+8" (3-0('3 

:'+> #%"!('$3)"*+0 !$)"" .2!"& #-)$ $'9 *$)+4+" '-)91- ()24$0*/> li. 

N$ -(*-3" #%"!('$3)"*+, (2.86) ./)- #%-3"!"*- 4+()"**-" 

&-!")+%-3$*+", #%+ 1-'-%-& %$((4+'/3$)+(9 3/.-%1+ #$%$&"'%-3 r, ', &. 

M) -%+'& %$(4"'-3 #-3'-%,) $) -%+'&, #%+3"!"**/0 3 #. 2.3.2.1, *- ( 

33"!"*+"&  ()"!25F+> +8&"*"*+0: 
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– N$ :'$#" « "*"%$;++» 3/.-%1+ n ()24$0*/> 8*$4"*+0 ri,  "*"%+%2"'(, '$1 

=" 3/.-%1$ ()24$0*/> 8*$4"*+0 "i ( %$3*-&"%*/& %$(#%"!")"*+"& 3 

+*'"%3$)" [0, L/n].  

– N$ :'$#" %$(4"'$ %"$)+8$;++ 3")+4+* r, ', & +(#-)982"'(, 3/%$="*+" 

(2.86),  !" li = "i + iL/n.  

 H-)24"**/" 3 >-!" %$(4"'-3 %"82)9'$'/ #-)*-('95 (- )$(25'(, ( 

#-)24"**/&+ %$*"" +, 1$1 + ()"!-3$)- -=+!$'9, !"&-*('%+%25' #-)*-" 

(--'3"'('3+" ( %"82)9'$'$&+ !), 1)$((+4"(1-0 &-!")+ (2&&/ ()24$0*/> 

?$8-%-3. 

P$1 ()"!2"' +8 (-#-('$3)"*+, 3/%$="*+0 + +8 %"82)9'$'-3 %$(4"'-3 3 

!$**-& #2*1'" + 3 #. 2.4.6.3, !), -;"*-1 (2.80), (2.81) 3 %$((&$'%+3$"&-& 

()24$", 3--.F"  -3-%,, *$!- 8$&"*+'9 !)+*2 (3"'-3-!$ l *$ l' = ln – l1. A!*$1- 

"()+ )-1$)9*/" 3-8&2F"*+, &*- -4+()"**/ + %$3*-&"%*- %$(#%"!")"*/ 

3!-)9 (3"'-3-!$, '- l' O l + :'- 2'-4*"*+" &-=*- *" 24+'/3$'9. 

 

2.4.4.3. ?&'$!." &#)>.'*+$&#. )-8'.#/%+,< ($@AA.=."+#$! -)#6.= 

/0)&#($!  
C #. 2.4.3 ./)- +(#-)98-3$*- 3$=*-" +(>-!*-" #%"!#-)-="*+" - '-&, 4'- 

$&#)+'2!*/" 1-:??+;+"*'/ &$'%+; 24$('1-3 ri (+(>-!*/0 *$.-% 1-'-%/> 

,3),"'(, ()24$0*/&) #%+ +8&"*"*++ '"&#"%$'2%/ +)+ 4$('-'/ +('-4*+1$ 

&-=*- #-)$ $'9 #-('-,**/&. C-8*+1$"' 3-#%-( - '-&, *$(1-)91- $!"13$'*- 

'$1-" #%"!#-)-="*+" 3 ()24$" %$(#%"!")"**-0 ()24$0*-0 (3,8+ &-!. H%+ 

:'-& &-=*- 24"('9 #-)24"**/0 1-*"4*/0 %"82)9'$', (- )$(*- 1-'-%-&2 !), 

-'%"81$ (3"'-3-!$ !)+*-0 l %"82)9'+%25F+0 1-:??+;+"*' r &-=*- (4+'$'9 

#-('-,**/&, "()+ *-%&+%-3$**$, 3")+4+*$ 3-8&2F"*+, 2!-3)"'3-%,"' 

2()-3+5 C << 1.  I :'-0 '-41+ 8%"*+, &-=*- #-)$ $'9, 4'- !), 24$('1$ "l 

3/#-)*,"'(, $*$)- +4*-" 2()-3+". C +'- " &-=*- 8$1)54+'9, 4'- 

+(#-)98-3$**-" #%"!#-)-="*+" $!"13$'*- (--'3"'('32"' #-)24"**-&2 *$ " - 

-(*-3" %"82)9'$'2, "()+ *-%&+%-3$**$, 3")+4+*$ 3-8!"0('3+, C, 

-#%"!")"**$, 4"%"8 (2.78)        

Ci =C/n << 1, +)+  C << n.    (2.87) 

<), -'*-(+'")9*- - 23")+4"*+, %$8*-('+ ?$8 #-),%+8$;+-**/> &-! B, 
3/83$**- - 3-8!"0('3+"& +)+ ($&-0 3")+4+*/ 3-8!"0('3+, AV - %$*+4"*+" 

(2.88) &-=*-, ( 24"'-& (2.78) 8$#+($'9 3+!"   

l

n0#
==B ,  

lK

n
V

V 0
0%

==A
2

    (2.88) 

C #%-'+3*-& ()24$", '.". "()+ #%+ %$(4"'" 33-!+'(, (!3+  3*"D*+> 2()-3+0 ( 

3")+4+*-0 (C/n) (%$3*+&-0 ( "!+*+;"0 + .-)"", '- %"82)9'$'/ %$(4"'$ &- 2' 

./'9 *" 1-%%"1'*/, #-(1-)912 *"' -(*-3$*+0 #-)$ $'9 4'- 3/#-)*,"'(, 

8$)-="**-" 3 %$(4"'/ +(>-!*-" #%"!#-)-="*+" - *"+8&"**-('+ 8*$4"*+0 ri. 

A'&"'+&, 4'- 3- 3("> #%+3"!"**/> #%+&"%$> %$(4"'-3, #- 1-'-%/& 

#%-3-!+)(, $*$)+8 2()-3+" (2.87) 3/#-)*,)-(9 ( 8$#$(-& .-)"" 4"& *$ 

#-%,!-1. 
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C ()24$" ()24$0*/> )-1$)9*/> *"-!*-%-!*-('"0 '%".-3$*+" 

('$.+)9*-('+ 1-:??+;+"*'-3 ri #%+ *$ %"3" (3"'-3-!$ (+ !%. #-!-.*/> 

+8&"*"*+,> 3*"D*+> 2()-3+0) (3,8$*- ( - %$*+4"*+"& +8&"*"*+" ?$8-3/> 

8$!"%="1 *$ 24$('1$> lICi, '.". !-)=*- 3/#-)*,'9(, 2()-3+" (2.88)  ( 8$&"*-0 l 

*$ lICi.  

 

2.4.4.4. B76)+.0"+." +) %'.+/ /0)&#() "l 86. 6)&86"%"'"++,< &'/0)1+,< 

+"$%+$6$%+$&#4<   
A(*-3-0 #%+&"*"*+, &-!")+ &$'%+;/ <=-*($ 3 #. 2.4.1.1 ,3),"'(, 

('$'+('+4"(1$, *"8$3+(+&-('9 ()24$0*/> 1-:??+;+"*'-3 ri. <), ()24$0*-0 

%$(#%"!")"**-0 (3,8+, 1$1 2="  -3-%+)-(9, :'- 8*$4+', 4'- 3")+4+*$ "l 

!-)=*$ #%"3/D$'9 *"1-'-%25 1-%%"),;+-**25 !)+*2 lCOR ?)21'2$;+0 (3,8+ 

&-! 3!-)9 3-)-1*$. H%+ #%-3"!"*++ $.('%$1'*- - $*$)+8$ (3-0('3 

%"82)9'+%25F"0 &$'%+;/ <=-*($, :'- - %$*+4"*+", 3--.F"  -3-%,, &-=*- 

*" 24+'/3$'9, #-)$ $,, 4'- 1-%%"),;+-**$, !)+*$ !-('$'-4*- &$)$. A!*$1- 

#%+ #%-3"!"*++ #%$1'+4"(1+> -;"*-1 +)+ &-!")9*/> %$(4"'-3 

«#%+3,8$**/>» 1 #%$1'+4"(1+& ()24$,&, *"-.>-!+&- +&"'9 #%"!('$3)"*+" - 

3-8&-=*/> 8*$4"*+,> 3")+4+*/ lCOR. <%2 +&+ ()-3$&+ &-=*- (1$8$'9, 4'- 

#%+3"!"**/" 3/D" -.F+" %"82)9'$'/ $*$)+8$ + -;"*1+ )24D" #%+&"*,'9 !), 

-'%"81-3 (3"'-3-!$ !)+*-0 #-%,!1$ l >> lCOR. C ()24$" .-)"" 1-%-'1+> 

-'%"81-3 3-)-1-* #-)24"**/" %"82)9'$'/ &- 2' *"1-%%"1'*- -#+(/3$'9 

('$'+('+4"(1+" (3-0('3$ 1-:??+;+"*'-3 L$'%+;/ <=-*($ + +> ?)21'2$;++ 

#%+ +8&"*"*++ 3*"D*+> 2()-3+0.   

A'&"'+&, 4'- #%+ 2()-3++ -'(2'('3+, 8*$4+&/> 3*"D*+> 3-8&2F"*+0,  

(3,89 #-),%+8$;+-**/> &-! <GH 3-)-1*$ -.2()-3)"*$ (-.('3"**/&+ 

%$(#%"!")"**/&+ ()24$0*/&+ *"-!*-%-!*-(',&+. C :'-& ()24$" 21$8$**/" 

(3-0('3$ #"%"1%"('*-0 (3,8+ &-! &- 2' *$%2D$'9(,, "()+ !)+*$ 3-)1*$ 

l (-#-('$3+&$ +)+ &"*9D" lCOR, 8$!$3$"&-0 >$%$1'"%-& ?)21'2$;+0 

(-.('3"**/> *"-!*-%-!*-('"0 3!-)9 3-)-1*$. C :'-0 (3,8+ +*'"%"(*- 

-'&"'+'9 !$**/" - 3")+4+*" 1-:??+;+"*'$ :1('+*1;++ (1-:??+;+"*' 

#"%"1%"('*-0 (3,8+ – «cross talk coefficient») !), %$8*-0 !)+*/ 3-)-1*$, 

1-'-%/" &-=*- 3('%"'+'9 3 #$(#-%'*/> !$**/> *$ 3-)-1*$ +)+ 3 -.8-%*/> 

&$'"%+$)$> ((&. !$**/" %$8!")$ 1 +)+ 8$3+(+&-('+, #%+3"!"**/" 3 [48]). 78 

:'+> !$**/> 3+!*-, 4'- >$%$1'"%*$, )+*"0*$, 8$3+(+&-('9 (')
–1

 -' l ('%- - 

3/#-)*,"'(, #%+ l >10 &. <), &"*9D+> !)+* #$!"*+" (')
–1 

( 2&"*9D"*+"& 

!)+*/ 8$&"!),"'(,. R()+ 24"('9, 4'- 3 %$((&-'%"**-0 3/D" &-!")+ '$1$, 

)+*"0*$, (3,89 3/#-)*,"'(, #%+ n >> 1 &-=*- #-)$ $'9, 4'- !), %"$)9*/> 

(3"'-3-!-3 lCOR << 10 &.  

 

2.4.5. B<)!*" 60"!$< 5$"/"%-!" $%1)!)!$. /"0"1)'0" r $ 

*-C;;$<$)!'" C*&'$!*<$$ &,)'-,-5" & 1!-6-($&#)!!71$ &#8(".!71$ 

!)-5!-0-5!-&':1$  

<$**$, %$.-'$, #%"=!" 3(" -, *$;")"*$ *$ $*$)+8 +*'"%?"%"*;+-**/> 

(>"&, (-8!$**/> *$ .$8" <GH (3"'-3-!-3. C ()"!25F+> %$8!")$> 
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%$((&$'%+3$"'(, 3)+,*+" -')+4*/> -' *2), $&#)+'2!*/> 1-:??+;+"*'-3 

&$'%+; <=-*($ 3-)-1-**/> :)"&"*'-3 *$ +(1$="*+, +*'"%?"%"*;+-**- - 

(+ *$)$. I !%2 -0 ('-%-*/, 3 #%+3"!"**-& 3/D" $*$)+8" #-1$8$*-, 4'- 3 

()24$" 1- "%"*'*- - +('-4*+1$ (4'- *"-.>-!+&- !), 3-)-1-**/> 

+*'"%?"%-&"'%+4"(1+> +8&"%+'")9*/> 2('%-0('3) 3 %"82)9'$'" +8&"*"*+0 

'"&#"%$'2%/, 3)+,*+, +8&"%,"&/> 3-8&2F"*+0, &"*,5F+> ?$8-325 

8$!"%=12 3-)-1-**/> #)"4 + '.#. ?$1'-%-3, .2!2' #%-+(>-!+'9 1-)".$*+, 

1-:??+;+"*'-3 r + & &$'%+; <=-*($ 3-)-1-**/> :)"&"*'-3 (>"&/. 

H$%$&"'% r &-="' &"*,'9(, 3 !+$#$8-*" -' *2), !- *"1-'-%- - 2%-3*,, 

8$!$3$"&- - #+1$&+ 8$3+(+&-('+ r(C) ($*$)- +4*/& -.%$8-& 1-:??+;+"*' 

:1('+*1;++ &"*,"'(, -' T !- *"1-'-%- - &+*+&$)9*- - 2%-3*,). H%+4"& *$ 

#%$1'+1" 3 .-)9D+*('3" ()24$"3 :'+ 3")+4+*/ &- 2' #%"'"%#"3$'9 

&*- -1%$'*/" 1-)".$*+, ("()+ 38,'9 3-)-1-**/0 :)"&"*' !)+*-0 '-)91- 10 

& + #-)$ $'9, 4'- '"&#"%$'2%$ +8&"*,"'(, 3 !+$#$8-*" '-)91- 10
0
I, '- '$1+" 

'"#)-3/" 2()-3+, .2!2' -8*$4$'9 (!3+ + AC .-)"" 100). 

M*$)+8 3)+,*+, *"!+$ -*$)9*/> 1-:??+;+"*'-3 &$'%+; <=-*($ 

(3"'-3-!-3 *$ +*'"%?"%"*;+-**/0 (+ *$) ( 24"'-& +> ()-=*/> + 1 '-&2 =" 

*"%" 2),%*/> 8$3+(+&-('"0 -' 3*"D*+> 2()-3+0 ('$*-3+'(, 1%$0*" '%2!*-0 

8$!$4"0. B-)"" %"$)9*- #%-3-!+'9 $*$)+8, #-)$ $, *"1-'-%/" -#%"!")"**/" 

#-('-,**/" 8*$4"*+, r + &. I :'-0 '-41+ 8%"*+, !), -;"*1+ >2!D+> 

3-8&-=*/> +(1$="*+0 +*'"%?"%"*;+-**- - (+ *$)$ #%"!('$3),"'(, 

;")"(--.%$8*/& +(#-)98-3$'9 &$1(+&$)9*/0 2%-3"*9 rmax (!), 1-:??+;+"*'$ 

:1('+*1;++ 'min=(rmax)
–2

) !-('+ $"&/0 #%+ 1-)".$*+,> r(C). N$#%+&"%, !), 

8$3+(+&-('"0, #%+3"!"**/> *$ %+(2*1" 2.11, &$1(+&$)9*/0 2%-3"*9 '–1
 

&-=*- -;"*+'9 8*$4"*+"& 0.004 ((--'3"'('3"**- rmax O 0.06, $ 'min O 250). H%+ 

#$%$&"'%$>, !), 1-'-%/> %$((4+'$*/ 8$3+(+&-('+ *$ %+(2*1" 2.12 3"%>*+0 

2%-3"*9 '–1
 &-=*- -;"*+'9 8*$4"*+"& 0.01 (rmax O 0.1, $  'min O 100). 

7(#-)98-3$*+" ?+1(+%-3$**- - $&#)+'2!*- - #$%$&"'%$ &$'%+;/ <=-*($ 

%$3*- - rmax #-83-),"' %$((&-'%"'9 >2!D+" 3-8&-=*/" +(1$="*+,, 

-.2()-3)"**/" #-),%+8$;+-**/&+ :??"1'$&+ 3 3-)-1*$>. C (3,8+ (- 

(1$8$**/& 3-8*+1$"' 8$!$4$ *$>-=!"*+, -;"*-1 !), rmax + 'min 4"%"8 

#$%$&"'%/ 3-8&2F"*+0 (3"'-3-!$. <), :'- - 3-8&-=*/ !3$ #-!>-!$: 

1) C--#"%3/>, 8$!$42 - #-)24"*++ -;"*1+ &$1(+&$)9*/> %"$)+82"&/> 

8*$4"*+0 rmax +  'min  &-=*- %"D$'9 ( 24"'-& #-)24"**-0 3 >-!" 

#%+3"!"**- - 3/D" $*$)+8$ +*?-%&$;++ - %$(#%"!")"*+,> r + '–1
 (:'- 

%$(#%"!")"*+" 6")", (2.63) + #-1$8$'")9*-" %$(#%"!")"*+" (2.66) 

(--'3"'('3"**-). H%+ $*$)+8" 3"%-,'*-('+ !-('+="*+, .-)9D+> 8*$4"*+0 

3")+4+*, +&"5F+> '$1+" %$(#%"!")"*+, 1$1 (2.63) + (2.66), 4$('- 

%$((&$'%+3$5' 3"%-,'*-('9 #%"3/D"*+, 2%-3*,, *-%&+%-3$**- - *$ 

#$%$&"'% !. C !$**-& ()24$" .-)"" ;")"(--.%$8*- #-)24+'9 2%-3"*9, 

*-%&+%-3$**/0 *$ (%"!*"" 8*$4"*+" +, 8$'"& *$ 3")+4+*2 
ir

! .  

7*'" %+%2, ?2*1;++ %$(#%"!")"*+, (2.63), (2.66) *"'%2!*- #-)24+'9 

+83"('*/" 3/%$="*+, [147] !), 3"%-,'*-('"0  P1, P2 #%"3/D"*+, 8$!$**- - 
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2%-3*, !), %")""3(1- - + #-1$8$'")9*- - %$(#%"!")"*+, (--'3"'('3"**-. I 

24"'-& *-%&+%-31+ *$ (%"!*"" 8*$4"*+" #-)24+& 

5 6
2

0

4

01

*
*
+

,
-
-
.

/%
1

( x

x

e~xxP ,  5 6 *
*
+

,
-
-
.

/
1

( y

y

e~yyP

0

02 .   (2.89) 

C 1-*'"1('" %$((&$'%+3$"&- - ()24$, 3")+4+*/ x=r + /='–1
=r

2
 (3,8$*/ y=x

2
. 

78 (2.64) + (2.66) ()"!2"' (3,89 *-%&+%-3$**/> 2%-3*"0 

5 620

11

0 250 rr. 0%7'' 11 , #%+ 3/#-)*"*++ 1-'-%-0 3"%-,'*-('+ P1 + P2 

(-3#$!$5'. <), *"(1-)91+> *-%&+%-3$**/> 2%-3*"0 r0 3 ;")-" 4+()- %$8 

#%"3/D$5F+> <r>, 3 '$.)+;" 2.1 #%+3"!"*/ 3"%-,'*-('+ '- -, 4'- 

$&#)+'2!*/0 1-:??+;+"*' &$'%+;/ <=-*($ r -1$="'(, 3/D", $ :1('+*1;+, 

' *+=" *-%&+%-3$**- - 2%-3*, (8*$4"*+, P 3/4+()"*/ #- (2.89)). I 24"'-& 

:'+> 8*$4"*+0 3"%-,'*-('"0, #%"3/D"*+" 2%-3*, 3<r> (!), ' – (*+="*+" 

*+=" <'>/7) &-=*- +*'"%#%"'+%-3$'9 1$1 &$)-3"%-,'*-", %"!1-" (-./'+", $ 

#%"3/D"*+" 2%-3*, 4<r> ((*+="*+" *+=" <'>/12.5) 2=" 1$1 *"3"%-,'*-", 

*"%"$)+82"&-" (-./'+".  

K$.)+;$ 2.1. C"%-,'*-('+ #%"-!-)"*+, r + ' *-%&+%-3$**- - 2%-3*, 

N-%&+%-3$**/0 2%-3"*9 P(r > r0) = P(' < '0) 

r0 = 2<r>,  '0
–1

 O 3<'–1
> P  O 0,04 

r0 = 3<r>,  '0
–1

 O 7<'–1
> P O 10

– 3
 

r0 = 4<r>,  '0
–1

 O 12.5<'–1
> P O 3·10

– 6
 

r0 = 5<r>,  '0
–1

 O 20<'–1
> P O 3·10

– 9
 

 

2) <%2 -0 #-!>-! 1 #-+(12 -;"*-1 !), rmax + 'min  :'- #%+&"*"*+" 

4+()"**- - &-!")+%-3$*+, #- $) -%+'&2, -#+($**-&2 3 #. 2.4.3 ( 

3/4+()"*+"& &$1(+&$)9*- - -'*-D"*+, r/<r> ()+.- '/<'>) #-)24$"&-0 

8$3+(+&-('+ r(C). C (3,8+ ( :'+&, &-=*- -'&"'+'9, 4'- #%+  &*- -1%$'*/> 

(!"(,'1+ %$8) %$(4"'$> 3/.-%-1 3")+4+* r + '–1
 3 #. 2.4.3 (3 1$=!-& %$(4"'" 

3/.-%1$ (-!"%=$)$ M=1000 8*$4"*+0) !), -'*-D"*+, &$1(+&$)9*/> 

8*$4"*+0 r + '–1
 1 (%"!*+& 8*$4"*+,& #- 3("0 3/.-%1+ *"-!*-1%$'*- 

*$.)5!$)-(9 #%"3/D"*+" 2%-3*, 3 + 7 (--'3"'('3"**- + *" *$.)5!$)-(9 

#%"3/D"*+" 2%-3*"0 4 + 12. 

K$1+& -.%$8-&, 4+()"**-" &-!")+%-3$*+" +))5('%+%2"' + #-!'3"%=!$"' 

3/3-!, (!")$**/0 *$ -(*-3" -;"*-1 3"%-,'*-('"0 #%"3/D"*+, r + '–1
 

*-%&+%-3$**- - 2%-3*,. C +'- " !), -;"*-1 3"%>*"0  %$*+;/ 1-)".$*+0 r + 

'–1
  &-=*- #%+*,'9 (--'*-D"*+,  

r~rmax 04 ,  5 6 11 12 11 '' ~max .    (2.90) 

7(#-)982, (2.64) – (2.66), $ '$1 =" (2.72) &-=*- +8 -;"*1+ (2.90) #-)24+'9 

-;"*12 r + '–1
 4"%"8 1-)+4"('3- *"-!*-%-!*-('"0 n + %$8.%-( #"%"1%"('*/> 

1-:??+;+"*'-3 &$'%+; *"-!*-%-!*-('"0 
ir

! . <), (%"!*+> 8*$4"*+0 r + '–1
 

#-)24+&  
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ii rr n.
n

r !007!07 7070
2

,  2221 640
2

ii rr n.nr !002!00
%

77'1 , (2.91) 

H-!('$3+3 (2.91) 3 (2.90) #-)24+& -;"*12 !-('+ $"&/> 2%-3*"0 r, '–1
 + '  

irmax n~r !008 , 5 6 21 8
irmax n~ !00'1 ,  5 6281

irmin n~ !00'   (2.92) 

P%-&" '- -, 24+'/3$, 33"!"**/0 %$*"" !), (3"'-3-!$ ( &*- -4+()"**/&+ 

()24$0*/&+ 3-8&2F"*+,&+ #$%$&"'% h' ($*$)-  h-#$%$&"'%$ (3"'-3-!$, 

24+'/3$5F+0 %$(#%"!")"**25 (3,89 &-! *$ (-.('3"**/> ()24$0*/>  

*"-!*-%-!*-(',>) &-=*- #%"-.%$8-3$'9 (2.92) 3 3+!" -;"*-1 4"%"8 h'. 78 

(2.75) + (2.92) #-)24+&    

lh.n
ir

0?02!0 612  lh~rmax 0?012  5 6lh~min 0?0' 121 ,  (2.93) 

4'- (- )$(2"'(, ( (2,90), "()+ 24"('9, 4'- #- -#%"!")"*+5 <'–1
> = h'·l. H%+ 

-'(2'('3++ 3*"D*+> 3-8&2F"*+0 3 3-)-1-**-& :)"&"*'", !), -;"*-1 (2.93) 

()"!2"' +(#-)98-3$'9 h-#$%$&"'% (3"'-3-!$, +8 1-'-%- - 3/#-)*"* 

3-)-1-**/0 :)"&"*'. A'&"'+&, 4'- #-)24"**$, -;"*1$ *+=*"0  %$*+;/ 

1-:??+;+"*'$ :1('+*1;++ *$ #-%,!-1 &"*9D", 4"& 2(%"!*"**/0 2%-3"*9 

:1('+*1;++, 8$!$3$"&/0 #%-+83"!"*+"&  h·l. 

C 1-*'"1('" $*$)+8$ 3)+,*+, #"%"1%"('*-0 (3,8+ &-! 3 3-)-1-**-& 

:)"&"*'" +*'"%?"%-&"'%$ *$ #$%$&"'%/ +*'"%?"%"*;+-**- - (+ *$)$, 

%$((&$'%+3$"&-0 3 ()"!25F+> %$8!")$>, 3/%$="*+, (2.92) +)+ (2.93) 

,3),5'(, -!*+& +8 -(*-3*/> %"82)9'$'-3 + &- 2' +(#-)98-3$'9 !), -;"*1+ 

1-:??+;+"*'$ r &$'%+;/ <=-*($ 3-)-1-**- - :)"&"*'$ +*'"%?"%"*;+-**-0 

(>"&/.      

 

2.5.  !"#$!$% & $%'$(, %!)*+ , '"&-$./-,*, &.)01('2*, .$-1./'2*, 

'"$%'$3$%'$&#+*, 

 

C #. 2.4.5 #-)24"*/ 3/%$="*+,, #-83-),5F+" -;"*+'9 *$+.-)9D+0 

#%$1'+4"(1+ !-('+ $"&/0 $&#)+'2!*/0 1-:??+;+"*' r (*$+&"*9D+0 

1-:??+;+"*' :1('+*1;++ ') !), (3"'-3-!$ ( &*- -4+()"**/&+ ()24$0*/&+ 

*"-!*-%-!*-(',&+. A!*$1- *$ #%$1'+1" !), 3-)-1-**/> :)"&"*'-3 

+*'"%?"%"*;+-**/> (>"& 4$F" &-="' ./'9 $1'2$)"* ()24$0, 1- !$ 

1-)+4"('3- *$3"!"**/> *"-!*-%-!*-('"0 (('/1+ +)+ %$8S"&*/" (-"!+*"*+,, 

'-41+ 1%"#)"*+, + '.#.) *" 3")+1-. H-:'-&2 =")$'")9*- #-)24+'9 -;"*1+ !), 

rmax #%+ *".-)9D+> n. B-)"" '- -, 3 ()24$,> n =1 + n =2 3 #%"!#-)-="*++ - 

()24$0*-('+ #$%$&"'%-3 *"-!*-%-!*-('+ '$1 =" 3-8*+1$"' 8$!$4$ -. 

-#%"!")"*++ #%$1'+4"(1+ !-('+ $"&- - 2%-3*, rmax, $*$)- +4*- - 

33"!"**-&2 3 #. 2.4.5. <$)"" %$((&-'%"*$ :'$ 8$!$4"*$ + #-)24"*/ '%".2"&/" 

-;"*1+.  

 

2.5.1. D-#-*-!!7. C#)1)!' & -5!-. &#8(".!-. !)-5!-0-5!-&'=>  

I3"'-3-! ( -!*-0 )-1$)9*-0 *"-!*-%-!*-('95 (n =1) ./) %$((&-'%"* 3 

#. 2.2. C :'-& ()24$" 8*$4"*+" $&#)+'2!*- - 1-:??+;+"*'$ &$'%+;/ <=-*($ 
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3-)-1*$ -#%"!"),"'(, *"#-(%"!('3"**- $&#)+'2!*/& 1-:??+;+"*'-& 

&$'%+;/ 3-8&2F"**- - 24$('1$  r = rIC (:1('+*1;+, ' = 'IC) + *" &"*,"'(, -' 

3*"D*+> 2()-3+0. A!*$1- 3 #. 2.2 #$%$&"'% rIC #-)$ $"'(, 8$!$**/& + *" 

$*$)+8+%2"'(, 3$%+$*', 1- !$ -* #%"!('$3),"'(, ()24$0*-0 3")+4+*-0. 

N"-.>-!+&-('9 %$((&-'%"*+, ()24$0*- - 8*$4"*+, (rIC +)+ 'IC) (3,8$*$ ( 

$1'2$)9*-0 *$ #%$1'+1" (+'2$;+"0, 1- !$ '$1 +)+ +*$4" #-!%$82&"3$"'(, 

3-8&-=*-('9 #-)24"*+, %$8*/> %"$)+8$;+0 +8 $*($&.), 3-8&-=*/>. 

N$#%+&"%, 1- !$ 1-*1%"'*-" 8*$4"*+" 8$%$*"" rIC *"+83"('*-, *- +83"('*/ 

('$'+('+4"(1+" (3-0('3$ #$%$&"'%$ rIC *"-!*-%-!*-('+. 7)+ 3 ()24$", 1- !$ 

1-*1%"'*$, %"$)+8$;+, &-="' &"*,'9(,, *$#%+&"%, "()+ #%"!2(&-'%"*$ 

&*- -1%$'*$, %$8.-%1$ + (.-%1$ 3-)-1-**- - :)"&"*'$ ( %$8S"&*/& 

(-"!+*"*+"&, 1- !$ 1$=!/0 %$8 #-)24$"& *-3-" 8*$4"*+" 2 )-3- - 

%$((- )$(-3$*+,. H%+ :'-& 3-8*+1$"' 8$!$4$ #-)24"*+, -;"*1+ !), 

*"1-'-%- - &$1(+&$)9*- - !-('+ $"&- - 2%-3*, rmax (#-!-.*- - 33"!"**-&2 

3 #. 24.5) ( 24"'-& ()24$0*-('+ 3")+4+*/ rIC. 

C ()24$" <GH (3"'-3-!$ ( -!*-0 ()24$0*-0 *"-!*-%-!*-('95, -4"3+!*-, 

3-8&-=*-('9 #%"3/D"*+, 1-:??+;+"*'-& r *"1-'-%- - 8$!$**- - 2%-3*, 

-#%"!"),"'(, %$(#%"!")"*+"& O(r). H%"!#-)-=+&, 4'- +(>-!*/0 

*"!+$ -*$)9*/0 :)"&"*' r1 &$'%+;/ <=-*($ 24$('1$ ( *"-!*-%-!*-('95 

+&""'  *-%&$)9*-" %$(#%"!")"*+" (2.70), $  O(r), (--'3"'('3"**-, 

%$(#%"!")"*+" (2.71). 7*'" %+%2, (2.70) +)+ (2.71) *"'%2!*- *$0'+ 

3"%-,'*-('9 P #%"3/D"*+, 2%-3*, 1%$'*- - 
1r

! ('$.)+;$ 2.2).  

K$.)+;$ 2.2. C"%-,'*-('+ #%"3/D"*+, 2%-3*, 

N-%&+%-3$**/0 2%-3"*9 P(r > r0) = P(' < '0) 

r0 = 2
1r

! ,  '0 = 1/4 2

1r
!  P  O 0,046 

r0 = 3
1r

! ,  '0 = 1/9 2

1r
!  P O 2.7·10

– 3
 

r0 = 4
1r

! ,  '0 = 1/16 2

1r
!  P O 6.3·10

– 5
 

 

7(>-!, +8 8*$4"*+0, #%+3"!"**/> 3 '$.)+;" 3 1$4"('3" -;"*1+ !), rmax 

&-=*- 3/.%$'9 2%-3*+ 3
1r

! +)+ 4
1r

! . I '-41+ 8%"*+, 8*$4"*+, 3"%-,'*-('+, 

2%-3"*9 4
1r

! .-)"" (--'3"'('32"' 3/.-%2 3 (2.90). I !%2 -0 ('-%-*/ 2%-3"*9 

3
1r

! (--'3"'('32"' -.F"#%+*,'-&2 1%+'"%+5 «'%"> (+ &», + #- ?-%&" )24D" 

(-3#$!$"' ( -;"*1-0 (2.92) #%+ n = 1. H-(1-)912, (- )$(*- #-('$3)"**-0 

8$!$4" '%".2"'(, #%+.)+="**$, -;"*1$ !), rmax, '- !), #-)24"*+, 

2*+3"%($)9*- - 3/%$="*+, ;")"(--.%$8*- #%+*,'9       

 

irmax ~r !03 , 5 6 21 9
irmax ~ !0'1 ,  5 6291

irmin ~ !0'    (2.94) 

 

2.5.2. D-#-*-!!7. C#)1)!' & 5,81: &#8(".!71$ !)-5!-0-5!-&':1$ 

C #. 2.3 ./) %$((&-'%"* ()24$0 3-)-1*$ ( !32&, 3-8&2F"**/&+ 

24$('1$&+ (n = 2), &$'%+;/ <=-*($ 1-'-%/> +&")+ *"1-'-%/" 8$!$**/" 

$&#)+'2!*/" #$%$&"'%/ r1 + r2. H%+4"& 3 :'-& ()24$" $&#)+'2!*/0 
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#$%$&"'% r 3(" - 3-)-1*$ &-="' 8*$4+'")9*- &"*,'9(, -' 3*"D*+> 2()-3+0 

(#. 2.3.2). <), ?+1(+%-3$**/> 3$%+$*'-3 *"-!*-%-!*-('"0 !-('+ $"&/0 

&$1(+&2& r ,3),"'(, 3#-)*" -#%"!")"**-0 3")+4+*-0, %$3*-0 |r1|+|r2|, '$1 =" 

1$1 + !-('+ $"&/0 &+*+&2& :1('+*1;++. A!*$1-, 1$1 + 3 #%"!/!2F"& 

()24$" 3-8&-=*$ (+'2$;+,, 1- !$ 1-*1%"'*/" 8*$4"*+, r1 + r2,  *"+83"('*/, $ 

+83"('*/ '-)91- ('$'+('+4"(1+" (3-0('3$ #$%$&"'%$ rIC *"-!*-%-!*-('+. C 

'$1-0 (+'2$;++ -#,'9 3-8*+1$"' 8$!$4$ *$>-=!"*+, -;"*1+ !), 3")+4+*/ 

rmax, (--'3"'('325F"0 &$1(+&$)9*-0 %"$)+82"&-0 (2&&" |r1|+|r2| !32> 

*"8$3+(+&/> ()24$0*/> 3")+4+* r1 + r2. <), %"D"*+, !$**-0 8$!$4+ &-=*- 

*$0'+ %$(#%"!")"*+" 3"%-,'*-('+ !), (2&&/ &-!2)"0 !32> ()24$0*/> 

*"8$3+(+&/> 3")+4+*, -!*$1- #%+.)+="**25 -;"*12 .-)"" #%-('- #-)24+'9 

3 %$&1$> 4+()"**- - &-!")+%-3$*+,, %"82)9'$'/ 1-'-%- - #%+3"!"*/ *+=".    

 

2.5.3. D-#-*-!!7. C#)1)!' & !)&*-#=*$1$ &#8(".!71$ !)-5!-0-5!-&':1$ 

C ()24$", 1- !$ n > 2, !$=" !), ?+1(+%-3$**/> 8*$4"*+0 r1, r2, … rn 

8*$4"*+" rmax, !-('+ $"&-" #%+ ?)21'2$;+,> r 3()"!('3+" '"&#"%$'2%*/> +)+ 

'.#. +8&"*"*+,> 3*"D*+> 2()-3+0 *$0'+ *" #%-('-, #-(1-)912 -*- 8$3+(+' -' 

?$8-3/> (--'*-D"*+0 #"%"1%"('*/> 1-&#-*"*', 3-8*+1$5F+> *$ 1$=!-0 

*"-!*-%-!*-('+. H-,(*+& #-!%-.*"" ?+8+4"(1+0 (&/() +8&"*"*+0 

#%-+(>-!,F+> 3 8$3+(+&-(',> r(C) + '–1
(C) #%+ %-('" n. K"-%"'+4"(1+ 

#%"!")9*/0 3-8&-=*/0 #+1 $&#)+'2!*- - 1-:??+;+"*'$ &$'%+;/ <=-*($ 

rH (3"'-3-!$ +&"5F" - n *"-!*-%-!*-('"0 -#+(/3$"&/> 1-:??+;+"*'$&+ ri 

(+)+ #$%$&"'%$ '–1 
= r

2
) -#%"!"),5'(, (2&&$&+  

8
7

7
n

i

irr
1

H , 
2

1

1-

H *
+

,
-
.

/
7' 8

7

n

i

ir ,    (2.95) 

'.". %$('"' #%-#-%;+-*$)9*- n (!), '–1
 #%-#-%;+-*$)9*- n

2
). N- :'- 

#%"!")9*-" 8*$4"*+" ?$1'+4"(1+ !-('+ $"'(, '-)91- 3 ()24$" -!+*$1-3/> (3 

+*'"%3$)" [0 – 2%P) ?$8 ()$ $"&/> 3 (2.60), (2.69), (2.86) – '.". #%+ 

!-('+="*++ ?$8-3- - (+*>%-*+8&$ #"%"1%"('*/> 1-&#-*"*' %$8*/> 

24$('1-3 (3,8+ (3(" %$8*-('+ ?$8 $i %$3*/ ;")-&2 4+()2 2%). K$1-0 

(+*>%-*+8& 3(" !$ 3-8&-="* #%+ n = 2, 1- !$ 8$3+(+&-('9 r(C) +&""' 3+! 

 $%&-*+4"(1+> 1-)".$*+0, &+*+&2&/ (--'3"'('325' «#%-'+3-?$8*-('+» 

#"%"1%"('*/> 1-&#-*"*' %$8*/> 24$('1-3 (3,8+, &$1(+&2&/ – ?$8-3-&2 

(+*>%-*+8&2. R()+ n %$('"', '- 8$3+(+&-('+ r(C) ('$*-3,'(, .-)"" ()-=*/&+ 

+ *"%" 2),%*/&+. U*$4+'")9*/" #+1+ :'+> 8$3+(+&-('"0 3-8*+1$5' *$ 

24$('1$> «2(+)"*+,» ?$8-3- - (+*>%-*+8&$ #"%"1%"('*/> 1-&#-*"*' %$8*/> 

24$('1-3 (3,8+, -!*$1- 3-8&-=*$, ('"#"*9 '$1- - 2(+)"*+, #$!$"' ( %-('-& 

n. K- "('9 #%+ #-3/D"*++ n #%-;"((  +#-'"'+4"(1+ 3-8&-=*- - %-('$ r 

1-&#"*(+%2"'(, (*+="*+"& %"$)+82"&-0 (( %$82&*-0 3"%-,'*-('95) ('"#"*+ 

?$8-3- - (+*>%-*+8&$ ()$ $"&/>, ?-%&+%25F+> #"%"1%"('*25 (3,89 &-! 

(3"'-3-!$. I 24"'-& %"82)9'$'-3, -#+($**/> 3 #. 2.4.5, 3+!*-, 4'- #%+ n >> 1 

(--'*-D"*+" rmax/<rH> #$!$"' 1$1 1/n
1/2

.  
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N"'%2!*- 3+!"'9, 4'- $*$)+8 ?$1'+4"(1+ %"$)+82"&- - 8*$4"*+, rmax 3 

8$3+(+&-('+ -' n + 
ir

! #2'"& $*$)+'+4"(1- - #-+(1$ %$(#%"!")"*+, 

3"%-,'*-('+ !), &$1(+&2&$ %"$)+8$;+0 r(C) + -;"*1+ 3"%-,'*-('+ 

#%"3/D"*+, *"1-'-%- - 2%-3*, ,3),"'(, 1%$0*" ()-=*/&. U*$4+'")9*- 

#%-F" *$0'+ #%+.)+8+'")9*/0 -'3"' *$ #-('$3)"**/0 3-#%-(, +(#-)982, 

4+()"**-" &-!")+%-3$*+" *$ -(*-3" #%"!('$3)"*+, (2.86). 

H%+ '$1-& &-!")+%-3$*++ +(#-)98-3$)(, $) -%+'& %$(4"'$ 8$3+(+&-('"0 

r(C) #-)*-('95 $*$)- +4*/0 +(#-)98-3$**-&2 %$*"", 1- !$ +(>-!*- 

 "*"%+%-3$)+(9 3/.-%1+ n *"8$3+(+&/> 8*$4"*+0 ri (*-%&$)9*-" 

%$(#%"!")"*+") + li (%$3*-&"%*-" %$(#%"!")"*+" *$ 24$('1$> !)+*-0 l/n), $ 

8$'"& %$((4+'/3$)+(9 8$3+(+&-('+ r(C) ( 24"'-& #%"!('$3)"*+, (2.86) + 

)+*"0*- - %-('$ -'*-(+'")9*- - #%+%$F"*+, +(>-!*/> ?$8 ()$ $"&/> 3 

(2&&$> (2.86).   

6$(4"'/ #%-3-!+)+(9 !), %$8)+4*/> 8*$4"*+0 l, #%+ n =2, 3, 4, 5, 6, 8, 10, 

15 + 20. H%+&"%/ %"$)+8$;+0 8$3+(+&-('+ '–1
(AC) #-1$8$*/ *$ %+(2*1" 2.14. 

<), #%+3"!"**/> *$ %+(2*1" #%+&"%-3 l = 50  &, -'*-(+'")9*-" #%+%$F"*+" 

?$8 B=0–0.005 (:'- (--'3"'('32"' #%+%$F"*+5 '"&#"%$'2%/ *$ 1
0
I), 4'- 

#%+3-!+' 1 *-%&+%-3$**-&2 #%+%$F"*+5 C ~ 20 – 40 (%$8)+4+" (3,8$*- ( 

'"&, 4'- %$(('-,*+, &"=!2 1%$0*+&+ *"-!*-%-!*-(',&+ l` &"*9D" !)+*/ 

3-)-1*$ l + -')+4$5'(, !), %$8*/> %"$)+8$;+0, -(-."**- #%+ &$)/> n).   

L-=*- -'&"'+'9, 4'- #%+ &$)/> n %$8*/" %"$)+8$;++ 8*$4+'")9*- 

-')+4$5'(, #- 2%-3*5 1-)".$*+0 (#%-;"(( r(AC) *" #%-,3),"' (3-0('3$ 

:% -!+4*-('+). H%+ %-('" n >$%$1'"% + 2%-3"*9 %$8*/> %"$)+8$;+0 

8$3+(+&-('"0 ('$*-3+'(, .-)"" #->-=+& (#%-;"(( r(AC) #%+-.%"'$"' 

(3-0('3$ :% -!+4*-('+).  

C #. 2.4.5 !), .-)9D+> n ./)+ #-)24"*/ -;"*1+, 3 1-'-%/> rmax + ('–1
)max 

%$('2' #%-#-%;+-*$)9*- n
1/2

 + n (--'3"'('3"**-. H-:'-&2 )- +4*- ./)- 

#%"!#-)-=+'9 $*$)- +4*/" 8$3+(+&-('+ + #%+ &$)/> 8*$4"*+,> n. <), 

#%-3"%1+ !$**- - #%"!#-)-="*+,, #%+ %$(4"'" 1$=!-0 %"$)+8$;++ 

8$3+(+&-('+ r(C) + '–1
(C)  3/4+(),)+(9 &$1(+&2&/ 8$3+(+&-('+, $ '$1 =" 

-'*-D"*+, K = (max[r(C)]/n 2

ir
! )

2
 (+)+ -'*-D"*+" K= max['(C)]/n 2

ir
! ). H%+ 

&-!")+%-3$*++, !), 1$=!- - n 3/4+(),)+(9 '/(,4+ %"$)+8$;+0 8$3+(+&-('"0 

r(C) + '–1
(C). N" $*$)+8+%2, -(-."**-('+ + %$8)+4+, %"82)9'$'-3  3/4+()"*+0 

3 8$3+(+&-('+ -' #$%$&"'%-3 %$(4"'-3 + n, -'&"'+& -.F+" 8$1-*-&"%*-('+, 

*$.)5!$"&/" !), 3("> n. <), )5./> n -'*-D"*+" K 4$('- #%"3/D$)- 

2%-3"*9 5 – 7 (:'- 3+!*-, 3 4$('*-('+ #- #%+&"%$& *$ %+(2*1" 2.14, 

(-!"%=$F+& #- #,'9 *"8$3+(+&/> %"$)+8$;+0 8$3+(+&-('"0 '–1
(C)), 

!-('$'-4*- %"!1- 3")+4+*$ K ('$*-3+)$(9 .)+81-0 1 10 + 3 *"1-'-%/> 1%$0*" 

%"!1+> ()24$,> *"&*- - #%"3/D$)$ 10 (!-('+ $)$ 12–13). E'-' -.F+0 

%"82)9'$' +&") &"('- #%+ 3("> 8*$4"*+,> n, !), 1-'-%/> #%-3-!+)-(9 

&-!")+%-3$*+" (3 '-& 4+()", !), n = 2).  
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6+(2*-1 2.14. H%+&"% %$(4"'$ 8$3+(+&-('"0 '–1

 (C) !), n=3, 5, 10 + 20 (3 

1$=!-& ()24$" #,'9 %"$)+8$;+0). @-%+8-*'$)9*/& #2*1'+%-& #-1$8$* 

2%-3"*9 n 2

ir
! . 
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A'&"'+&, 4'- :'+ %"82)9'$'/ >-%-D- (- )$(25'(, ( (--'*-D"*+,&+ 

(2.92), #-)24"**/&+ 3 #. 2.4.5 !), .-)9D+> n,  !" K=8 (*"8*$4+'")9*-" 

(*+="*+" *$.)5!$"&- - &$1(+&2&$, 3"%-,'*-, (3,8$*- ( -')+4+"& 2()-3+0 

&-!")+%-3$*+,, %"82)9'$'/ 1-'-%/> +(#-)98-3$*/ 3 2.4.5). H-(1-)912 

'%".2"'(, #%-('$, #%+.)+="**$, -;"*1$ !), rmax 3 8$3+(+&-('+ -' 1-)+4"('3$ 

*"-!*-%-!*-('"0 + !+(#"%(+5 2

ir
! , ( 24"'-& #-)24"**/> %"82)9'$'-3 (3 '-& 

4+()" + %"82)9'$'-3 #. 2.4.6.1 !), n=1)  2!-.*- 3/.%$'9 K = 10. K- !$ !), 

)5./> n -;"*1+ 2%-3*, 3"%>*"0  %$*+;/ !+$#$8-*$ 1-)".$*+0 $&#)+'2!*- - 

#$%$&"'%$ &$'%+;/ <=-*($ rmax 3-)-1*$ (- ()24$0*/&+ *"-!*-%-!*-(',&+ + 

2%-3*, '–1
max ()+.- 2%-3*, (*+="*+, 1-:??+;+"*'$ :1('+*1;++) +&"5' 3+!       

irmax n~r !0010 , 5 6 21 10
irmax n~ !00'1 , 

210

1

ir

min
n

~
!00

'   (2.96) 

 

2.6. 41-.50"'," 

 

1) A#%"!")"*/ + #%-$*$)+8+%-3$*/ &$'%+;/ <=-*($ (+)9*- 

!32)24"#%")-&),5F" - (3"'-3-!$, (-!"%=$F" - -!+* + !3$ )-1$)9*/> 

24$('1$ ( *"-!*-%-!*-(',&+, 3/8/3$5F+&+ (3,89 #-),%+8$;+-**/> &-!. 

H%+ :'-& #-!%-.*- %$((&-'%"*/ *" '-)91- $&#)+'2!*/" (#$%$&"'% r), *- + 

?$8-3/" (--'*-D"*+, #%,&/> + #"%"1%"('*/> 1-&#-*"*' #-),%+8$;+-**/> 

&-! *$ 3/>-!" 3-)-1*$ (#$%$&"'%/ ) + &), $ '$1 =" 3-8&-=*-('9 ?)21'2$;+0 

#$%$&"'%-3 #%+ +8&"*"*++ 3*"D*+> 2()-3+0.  

N$ #%+&"%" (3"'-3-!$, (-!"%=$F" - !3$ )-1$)9*/> 24$('1$ ( 

*"-!*-%-!*-(',&+, #-1$8$*-, 4'- +*'"%?"%"*;+-**/" :??"1'/ #%+3-!,' 1 

'%2!*- #%"!(1$82"&/& + ?$1'+4"(1+ *"1-*'%-)+%2"&/& *$ #%$1'+1" 

'"12F+& 8*$4"*+,& ?$8-3/> + $&#)+'2!*/> #$%$&"'%-3 &$'%+;/ <=-*($ 

(3"'-3-!$ + 1 1-)".$*+,& :'+> #$%$&"'%-3 ($ '$1 =" 1-:??+;+"*'$ 

#-),%+8$;+-**-0 :1('+*1;++ 3-)-1*$) -' 3*"D*+> 2()-3+0. H-)24"*/ 

3/%$="*+,, #-83-),5F+" %$((4+'/3$'9 !+$#$8-* 21$8$**/> 1-)".$*+0 + 

$*$)+8+%-3$'9 (3,89 ?)21'2$;+0 ( +8&"*"*+"& 3*"D*+> 2()-3+0 (#%"=!", 

3(" - '"&#"%$'2%/) #%+ 8$!$**/> (3-0('3$> 3-8&2F"*+0 *$ 24$('1$> ( 

*"-!*-%-!*-(',&+.    

2) H-)24"*/ 2#%-F"**/" #%"!('$3)"*+, #$%$&"'%-3 &$'%+;/ <=-*($ 

(+)9*- !32)24"#%")-&),5F" - (3"'-3-!$, (-!"%=$F" - &*- -4+()"**/" 

%$(#%"!")"**/" +)+ )-1$)9*/"  24$('1+ (- ()24$0*-0 (3,895 &-!, 3 1-'-%/> 

*"!+$ -*$)9*/" :)"&"*'/ &$'%+;/ #%"!('$3)"*/ 3 3+!" (2&&, ()$ $"&/" 

1-'-%/> 31)54$5' #$%$&"'%/ &$'%+; <=-*($ )-1$)9*/> 24$('1-3 ( 

*"-!*-%-!*-(',&+. K$1-" #%"!('$3)"*+" 2#%-F$"' $*$)+8 #$%$&"'%-3 

%"82)9'+%25F"0 &$'%+;/ + 4+()"**-" &-!")+%-3$*+" #-),%+8$;+-**/> 

:??"1'-3 3 (3"'-3-!" ( &*- -4+()"**/&+ 24$('1$&+ (3,8+ &-!.   

3) N$ -(*-3" 33"!"**-0 2#%-F"**-0 &-!")+ &$'%+;/ <=-*($ (+)9*- 

!32)24"#%")-&),5F" - (3"'-3-!$ ( &*- -4+()"**/&+ 24$('1$&+ ()24$0*-0 

(3,8+ &-!,  #%-$*$)+8+%-3$*/ 3-8&-=*/" ?)21'2$;++ #$%$&"'%-3 &$'%+;/ r 
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+ & ($ '$1 =" #-),%+8$;+-**-0 :1('+*1;++ '), (3,8$**/" 1$1 ( %$8)+4*/&+ 

%"$)+8$;+,&+ ()24$0*/> #$%$&"'%-3 *"-!*-%-!*-('"0, '$1 + 1-)".$*+,&+ 

#%+ ?+1(+%-3$**-& *$.-%" *"-!*-%-!*-('"0, 3/83$**/&+ +8&"*"*+"& 

'"&#"%$'2%/, (&"F"*+"& 4$('-'/ +('-4*+1$ + '. #. ?$1'-%-3. I 

+(#-)98-3$*+"&  $*$)+'+4"(1- - %$((&-'%"*+, + 4+()"**- - &-!")+%-3$*+,, 

*$0!"*/ %$(#%"!")"*+, 3"%-,'*-('+ 1-:??+;+"*'-3 %"82)9'+%25F"0 

&$'%+;/ <=-*($ 3-)-1*$ (%")""3(1-" + %$3*-&"%*-" %$(#%"!")"*+, 

$&#)+'2!*- - r + ?$8-3- - & #$%$&"'%-3 &$'%+;/, :1(#-*"*;+$)9*-" 

%$(#%"!")"*+"  3")+4+*/ '–1
), (3,89 #$%$&"'%-3 :'+> %$(#%"!")"*+0 ( 

#$%$&"'%$&+ %$(#%"!")"*+0 ()24$0*/> 1-:??+;+"*'-3 &$'%+; 24$('1-3 ( 

*"-!*-%-!*-(',&+.   

5)  6"82)9'$'/ $*$)+8$ ('$'+('+4"(1+> (3-0('3 #$%$&"'%-3 &$'%+;/ 

<=-*($ (+)9*- !32)24"#%")-&),5F" - (3"'-3-!$ #%+ 1- "%"*'*-& 

3-8.2=!"*++ (- ()24$0*/&+ *"-!*-%-!*-(',&+ #%+&"*"*/ !), #-)24"*+, 

#%-('/> #%+.)+="**/> -;"*-1 3"%>*"0  %$*+;/ rmax 1-)".$*+0 

$&#)+'2!*- - #$%$&"'%$ r. H-)24"**/" 3/%$="*+, #-83-),5' -;"*+'9 rmax ( 

24"'-& 1-)+4"('3$ ()24$0*/> *"-!*-%-!*-('"0 (3"'-3-!$, + !+(#"%(++ 

()24$0*/> #$%$&"'%-3 (3,8+ *$ *"-!*-%-!*-(',>. U*$4"*+" rmax &-="' ./'9 

+(#-)98-3$*- 3 3/%$="*+,>, -#+(/3$5F+> +(1$="*+, (+ *$)-3 3-)-1-**/> 

+*'"%?"%-&"'%-3, 3/83$**/> #-),%+8$;+-**/&+ :??"1'$&+ 3 (3"'-3-!$> 

!), -;"*1+ *$+>2!D+> +(1$="*+0 *$3"!"**/> !$**-0 (+('"&-0 

*"-!*-%-!*-('"0.    

6) P%$'1+0 (3-! %"82)9'$'-3, #-)24"**/> 3 %$8*/> 4$(',> !$**- - 

%$8!")$ + 3$=*/0 !), +(#-)98-3$*+, 3 !%2 +> %$8!")$>, #%"!('$3)"* 3 

+'- -3-0 '$.)+;" 2.3.  
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 !"#$% 3.  !"#$%&!'%%() !%#*+,*+'-*#+ .$/$-0*%1*+$  

%$ '"%'2*  34 "2*#'2'1'2 

 

52*1*%!* 

 !""#$ %!&'() *+,-./(" %!,,0+1%("23 +'"+$ 2& 1%!'242+""#5 

-+)+6+""#5 2"1(%7(%+0(1%28(,625 ,5(0 – ,5(0( 9!5!-:("'(%!. ;%2 <1+0 

%!,,0!1%2-!(1,. '2,1!"42+""#$  -+)+6+""#$ 2"1(%7(%+0(1% 9!5!-:("'(%! 

"! +,"+-(  =; ,-(1+-+'+-, 6!6 +'2" 25 "!2>+)(( *%2-)(6!1()?"#5 

-!%2!"1+- '). *+,1%+("2. *%!6128(,625 2"1(%7(%+0(1%28(,625 

2&0(%21()($. 

@,*+)?&+-!"2( '!""+$ ,5(0# ,  =; -+)+6"!02 2 *%(',1!-)(""#( '!)(( 

0(1+'# !"!)2&! -)2."2. -+&0+A"#5 *+).%2&!42+""#5 %!,,+B)!,+-!"2$ - 

,5(0( "! %!>+1C 2&0(%21(). >!&2%C(1,. "! +,+>(""+,1.5 0+'C).422 %!&"+,12 

7!& *+).%2&!42+""#5 0+'  =; ,-(1+-+'+-, +10(8(""#5 - *. 1.3. 

D!,,0!1%2-!(0!. ,5(0! *%(',1!-).(1 *%!6128(,62$ 2"1(%(, *%2 

%!&%!>+16( "+-#5 <77(612-"#5 2&0(%21()($ %!&"+B+ "!&"!8("2.. ;+'+>"#( 

,5(0# *%2-)(6!1()?"# '). ,+&'!"2. -#,+6+8C-,1-21()?"#5 2&0(%21()($ 

!6C,128(,625 2 B2'%+!6C,128(,625 ,2B"!)+-, 6-!&2,1!128(,625 6+)(>!"2$ 

1(0*(%!1C%# 2 '!-)("2., ! *%2  *%20("("22 ,*(42!)?"#5 *%(+>%!&+-!1()($ 

– '). 2&0(%21()($ 0!B"21"#5 *+)($ 2 1. *. E!A"+ +10(121?, 81+ *%2 <1+0 

-+&"26!31 2&0(%21()?"#( &!'!82 ,+-(%F(""+ %!&"+B+ 12*!. E +'"25 ,)C8!.5 

2&0(%21()? '(1(612%C(1 2"7+%0!423, &!)+A(""C3 - 7+%0( *(%(0(""+B+ 

,2B"!)!, "!*%20(% &-C6+-#( 6+)(>!"2.. E 1!625 ,2,1(0!5 *%('G.-).31,. 

-#,+62( 1%(>+-!"2. "! %!&%(F!3/C3 ,*+,+>"+,1?, ! 1!6 A( 1%(>+-!"2. 

(+>#8"+ '+,1!1+8"+ C0(%(""#() "! )2"($"#( 2 "()2"($"#( 2,6!A("2. 

,2B"!)!. E '%CB25 &!'!8!5, "!*%20(% %(B2,1%!42. 6-!&2,1!128(,625 ,'-2B+- 

1(0*(%!1C%# 2 '!-)("2., -!A"! "(*+,%(',1-(""+ *+B%(F"+,1? 2&0(%("2. 

-+&0C/("2.. E "(6+1+%#5 &!'!8!5 7+%0! 2&0(%.(0+B+ ,2B"!)! &!%!"(( 

2&-(,1"! 2 "(+>5+'20+ 2&0(%("2( (B+ , -#,+6+$ 1+8"+,1?3 !0*)21C'#, 2 1.'.  

H!6 CA( +10(8!)+,? +'"! 2& *%+>)(0, 6%!$"( !61C!)?"#5 '). 

*%!6128(,6+$ %!&%!>+162 1!625 2&0(%21()($ – <1+ *%+>)(0! +*%('()("2. 

-)2."2. "! %!>+1C 2&0(%21(). *+).%2&!42+""#5 %!,,+B)!,+-!"2$ - 

-+)+6+""#5 <)(0("1!5 ,5(0#. I1+1 -+*%+, *%(',1!-)(" - )21(%!1C%( *+ 

'!""+$ 1(0!126( +8("? +B%!"28("+, - +,"+-"+0, "! C%+-"( 6!8(,1-(""+B+ 

+*2,!"2. .-)("2. *+).%2&!42+""+B+ 7('2"B! ,2B"!)! - -+)+6+""#5 

2"1(%7(%+0(1%!5 "! >!&( +>#8"#5 +'"+0+'+-#5 ,-(1+-+'+-. H+"6%(1"#( 

2,,)('+-!"2. -)2."2. *+).%2&!42+""#5 .-)("2$ - 2"1(%7(%+0(1%28(,625 

,5(0!5 "! +,"+-(  =; -+)+6+" - )21(%!1C%( 7!6128(,62 +1,C1,1-C31. E 

,-.&2 , <120 !61C!)?"+$ .-).(1,. &!'!8! 1(+%(128(,6+B+ 2&C8("2. -#5+'"+B+ 

,2B"!)! '2,1!"42+""+B+ 2"1(%7(%+0(1%! 9!5!-:("'(%! "! +,"+-(  =; 

,-(1+-+'+- , C8(1+0 -+&0+A"#5 *+).%2&!42+""#5 %!,,+B)!,+-!"2$ - ,5(0( 2 

-)2."2. <125 %!,,+B)!,+-!"2$ "! %!>+1C ,5(0# - 6!8(,1-( 2&0(%21(). 

-"(F"25 -+&'($,1-2$ "! 2"1(%7(%+0(1%.  

:()? *%(',1!-)(""#5 - '!""+0 %!&'()( 1(+%(128(,625 2,,)('+-!"2$ 

,+,1+21 - %!&%!>+16( 72&26+-0!1(0!128(,6+B+ +*2,!"2. -#5+'"+B+ ,2B"!)! 
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2"1(%7(%+0(1%! 2 %!&%!>+16( 0(1+'+- (B+ !"!)2&!, *+&-+).3/25 '). 

6+"6%(1"+$ 2&0(%21()?"+$ &!'!82 +*%('().1? -)2."2( )3>#5 

*+).%2&!42+""#5 %!,,+B)!,+-!"2$ - <)(0("1!5 ,5(0# "! %!>+1C 2&0(%21(). 

2 2,6!A("2. -#5+'"+B+ ,2B"!)! '!1826!. ;%2 <1+0, 6+"(8"+, *%(',1!-).(1,. 

-!A"#0 *+ -+&0+A"+,12 "!B).'"+ *+6!&!1? 5!%!61(% *%+.-)("2. %!&"#5 

7!61+%+- *+).%2&!42+""#5 %!,,+B)!,+-!"2$, 2&C821? 0(5!"2&0# -)2."2. 

%!,,+B)!,+-!"2$ "! -#5+'"+$ ,2B"!) 2&0(%21()., *%+'(0+",1%2%+-!1? 

%!>+1C *%20(".(0#5 0(1+'+- +*2,!"2. 2 %!,8(1! '). !"!)2&! 1!625 

-+)+6+""#5 C,1%+$,1-.     
 

 

 

3.1.  !"#$%&!'%%$6 2'7'8'%%'-!%#*+,*+'-*#+!9*"8$6  

"/*-$ .$/$-0*%1*+$  

 

J1%C61C%"!. ,5(0! 2&0(%21(). , '2,1!"42+""#0 -+)+6+""#0 

2"1(%7(%+0(1%+0 9!5!-:("'(%! *+6!&!"! "! %2,C"6( 3.1.  

 

 
D2,C"+6 3.1. J1%C61C%"!. ,5(0! 2&0(%21(). "! >!&( '2,1!"42+""+B+ 

-+)+6+""+B+ 2"1(%7(%+0(1%! 9!5!-:("'(%! 

 

J-(1 +1 -#,+6+6+B(%("1"+B+ )!&(%"+B+ 2,1+8"26! (=) %!,*%+,1%!".(1,. 

8(%(& *+'-+'./2$ ,-(1+-+' EJ1. ;(%-#$ Y-%!&-(1-21()? %!&'().(1 ,-(1+-+$ 

*+1+6 *+*+)!0 2 "!*%!-).(1 (B+ - -+)+6+""#( *)(82 2"1(%7(%+0(1%! – 

,-(1+-+'# EJ21 2 EJ22. E1+%+$ Y-%!&-(1-21()? "!*%!-).(1 2&)C8("2. 

,-(1+-+'+- *)(8 - -#5+'"+$ (+1-+'./2$) ,-(1+-+' EJ3. ;%2 <1+0 

*%+2,5+'21 2"1(%7(%("42. ,-(1+-#5 -+)" -+)+6+""#5 *)(8 2"1(%7(%+0(1%! 

2 7+%02%C(1,. 2"1(%7(%("42+""#$ ,2B"!). ;+,)( %!,*%+,1%!"("2. ,-(1! 

8(%(& ,-(1+-+' EJ3 7+1+*%2(0"26 (K;L) %(B2,1%2%C(1 2"1(%7(%("42+""#$ 

,2B"!) I(t). J-(1+-+'# EJ1 2 EJ3 *%(',1!-).31 ,+>+$ 1.". *+'-+'./2$ 

-+)+6+""#$ 1%!61, Y-%!&-(1-21()2 2 ,-(1+-+'# EJ21 2 EJ22 7+%02%C31 

"(*+,%(',1-(""+ -+)+6+""#$ 2"1(%7(%+0(1% 2 -5+'.1 - ,+,1!- *!,,2-"+B+ 

8C-,1-21()?"+B+ <)(0("1!, 6+1+%#$ 1!6 A( *+'%!&C0(-!(1 "(6+1+%C3 

6+",1%C6423 -+)+6+""+B+ 2"1(%7(%+0(1%28(,6+B+ *%(+>%!&+-!1(). [1.1]. 

;+'%!&C0(-!(1,., 81+ ,-(1+-+'# EJ1, EJ21 2 EJ22 .-).31,. 

'-C)C8(*%()+0).3/202 2 %!>+1!31 - %(A20( %!,*%+,1%!"("2. +'"+$ 

*+).%2&!42+""+$ 0+'#. J-(1+-+' EJ3 +>#8"+ 2'("128(" +,1!)?"#0, 5+1. 

(B+ *+).%2&!42+""+-C'(%A2-!3/2( ,-+$,1-! "( -!A"#. E"(F"(( 
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-+&0C/("2( - +>)!,12 8C-,1-21()?"+B+ <)(0("1! , C8(1+0 '($,1-2. 

*%(+>%!&+-!1(). -#&#-!(1 0+'C).423 %!&"+,12 7!&+-#5 &!'(%A(6 2&)C8("2. 

- -+)+6+""#5 *)(8!5 2 2"1(%7(%("42+""#( 6+)(>!"2. -#5+'"+$  

2"1(",2-"+,12.  ). 7+%02%+-!"2. )2"($"+B+ +1+>%!A("2. -+&0C/("2. 

*+'%!&C0(-!(1,. *%20("("2( -,*+0+B!1()?"+$ 0+'C).422 2 +>%!>+162  

2"1(%7(%("42+""+B+ ,2B"!)!, +,C/(,1-).(0+( >)+6+0 +>%!>+162 (MN). E 

0!1(%2!)!5 '!""+B+ %!&'()!, *%2 "(+>5+'20+,12 6+"6%(12&!422, 

%!,,0!1%2-!(1,. %(B2,1%!42. "! +,"+-( '-C58!,1+1"+$ -,*+0+B!1()?"+$ 

0+'C).422, ,0. %!&'() 1 2 2, 1.6. 20(""+ 1!6+$ 0(1+' 2,*+)?&+-!),. - 

<6,*(%20("1!)?"#5 0!6(1!5 (%!&'() 6). ;%2 <1+0 *+'%!&C0(-!(1,. 

*%20("("2( +>#8"+B+ '). *+'+>"#5 ,5(0 *%2"42*!  +,C/(,1-)("2. 

-,*+0+B!1()?"+$ 0+'C).422 – 2,*+)?&+-!"2( %!&>!)!",2%+-!""+$ 

2"1(%7(%("42+""+$ ,5(0# 2 0+'C).422 8!,1+1# )!&(%"+B+ 2,1+8"26! [1.2–

1.5].   

 

3.1.1.  !"#$!"#%#&'(!)*+, $#-!%. )'&"+%+ -')/+"0'#""#&# 1#%#*#""#&# 

'"/!23!2#$!/2+ 4+5+-6!"-!2+ ('7#/2#8"9: 1+2'+"/).   

;%(A'( 8(0 *%2,1C*21? 6 *+'%+>"+0C %!,,0+1%("23 -+&0+A"#5 

7!61+%+- *+).%2&!42+""+B+ %!,,+B)!,+-!"2. - ,5(0( '2,1!"42+""+B+ 

2"1(%7(%+0(1%! 9!5!-:("'(%! 2 ,1%+21? 0+'()2 '). %!,8(1! ,2B"!)! 

2"1(%7(%+0(1%! 4()(,++>%!&"+ 2&)+A21? 0+'()? +*2,!"2. 2"1(%7(%+0(1%! 

'). 2&+1%+*"+B+ ,)C8!., "! +,"+-( 6+1+%+$ 0+A"+ +>+>/21? %!,,0+1%("2( , 

C8(1+0 *+).%2&!42+""#5 .-)("2$ -  =; ,-(1+-+'!5. E )21(%!1C%(, 6!6 

*%!-2)+, *%2-+'.1,. C*%+/(""#( -#%!A("2. '). 2"1(%7(%("42+""+B+ 

,2B"!)! - -+)+6+""#5 2"1(%7(%+0(1%28(,625 ,5(0!5, >(& C6!&!"2. C,)+-2$ 2 

+B%!"28("2$, +>(,*(82-!3/25 6+%%(61"+,1? 1!625 -#%!A("2$. ;%20(% 

*+'%+>"+B+ %!,,0+1%("2. «7("+0("+)+B28(,6+$» 0+'()2 2"1(%7(%+0(1%! 

9!5!-:("'(%! ("( '2,1!"42+""+B+) *%2-('(" - [1.1].  ). ,)C8!. 

'2,1!"42+""+B+ 2"1(%7(%+0(1%! 2&+1%+*"!. 0+'()? %!,,0!1%2-!)!,? - [1.6]. 

 !)(( *%2-('(0 *+ -+&0+A"+,12 6%!16+ 2&)+A("2( 2&+1%+*"+$ 

7("+0("+)+B28(,6+$ 0+'()2 '2,1!"42+""+B+ -+)+6+""+B+ 2"1(%7(%+0(1%! 

9!5!-:("'(%!, 81+># &!1(0 "! (( +,"+-( *%+-(,12 +>+>/(""+( %!,,0+1%("2( 

, C8(1+0 *+).%2&!42+""#5 .-)("2$ - '!""+$ 2"1(%7(%+0(1%28(,6+$ ,5(0( , 

 =; ,-(1+-+'!02. 

 

3.1.1.1.  !"#$%&' (%)*%+(,%#+)- $(+)&%.(#%%#/# ,#0#1#%%#/# (%)*2-

3*2#4*)2& 5&"&-6*%$*2& 

 ). "!5+A'("2. -#5+'"+$ 2"1(",2-"+,12 2"1(%7(%("42+""+$ ,5(0# 

%!,,0+1%20 6+0*)(6,"#( !0*)21C'# *+). - %!&"#5 1+86!5 ,5(0# 

(,6!).%"#(, *+,6+)?6C *+)!B!(1,., 81+ -+ -,(5 8!,1.5 ,5(0# -#*+)".)2,? 

C,)+-2. *+).%2&!42+""+B+ ,+B)!,+-!"2.). ;+)( - ,(8("22 -+)+6+""+B+ 

,-(1+-+'! *%(',1!-).(1,. - -2'(  !  !  !y,xAtEt,y,xE "#  , B'(   !tE  - 

6+0*)(6,"!. !0*)21C'!, A(",7) – "+%02%+-!""!. 0+'+-!. 7C"642. 

+*128(,6+B+ -+)+6"!. O,)2 - ,5(0( 2,*+)?&C31,. +'2"!6+-#( -+)+6"!, 1+ 
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0+'+-#( 7C"6422 "! -,(5 C8!,16!5 +'2"!6+-#. E *%+12-"+0 ,)C8!( 

"(+>5+'20+ C8(,1? '+*+)"21()?"#( *+*%!-62 *+1(%? 2 6+<77242("1+- 

'()("2. - %!&-(1-21().5.  

E#%!A("2., +*2,#-!3/2( 2"1(%7(%+0(1% ,+'(%A!1 B(+0(1%28(,62( 

')2"# -,(5 C8!,16+- ,5(0# l1, l21, l22, l3 2 ,++1-(1,1-C3/2( 6+<77242("1# 

&!1C5!"2. $1, $21, $22, $3. E '!""+0 2&)+A("22 0+'()2, '). C*%+/("2. 

-#%!A("2$, *+,1+.""!. %!,*%+,1%!"("2. % *+)!B!(1,. +'2"!6+-+$ '). -,(5 

,-(1+-+'+-. ;%+2&-('("2( %·l +*%('().(1 7!&+-C3 &!'(%A6C ,-(1! - -+)+6"(. 

 +*+)"21()?"#( 2&0("("2. 7!&+-+$ &!'(%A62, "!-('(""#( -"(F"202 

-+&'($,1-2.02, +>+&"!8("# 6!6 F(t). ;%('*+)!B!(0 -+&0+A"+,1? 

"(&!-2,20#5 "!-('(""#5 7!&+-#5 &!'(%A(6 -+ -,(5 ,-(1+-+'!5 

2"1(%7(%("42+""+$ ,5(0# F1(t), F21(t), F22(t), F3(t). J6!&!""+( 2))3,1%2%C(1 

%2,C"+6 3.2. 

 

 
 

D2,C"+6 3.2. 

 

H%+0( 1+B+, '). *+)C8("2. %(&C)?12%C3/25 -#%!A("2$ *%2 

%!,,0+1%("22 ,)('C(1 C8(,1? (/( %.' -()282". E-('(0 &!'(%A62 *%2 

%!,*%+,1%!"("22 2&)C8("2. - ,-(1+-+'!5: t21=l21/V/2, t22=l22/V/2, t3=l3/V/2, B'( 

V/2 – B%C**+-!. ,6+%+,1? - -+)+6"( (- '!""+0 2&)+A("22 >C'(0 *+)!B!1?, 81+ 

B%C**+-!. ,6+%+,1? +'2"!6+-! '). -,(5 ,-(1+-+'+-). 

E *%+,1($F(0 ,)C8!( -"(F"2( 7!&+-#( -+&'($,1-2. *+)!B!(0 

)+6!)?"#02 , 6++%'2"!1!02 z1, z21, z22, z3 (<1+ %!,,1+."2. +1 "!8!)! 

,++1-(1,1-C3/(B+ ,-(1+-+'! '+ 1+862 -+&0C/("2.). E 1!6+0 ,)C8!(  

&!'(%A62 %!,*%+,1%!"("2. --('(""+B+ -+&0C/("2. ,+,1!-).31 &1= (l1 –

 z1)/V/2, &21= (l21 – z21)/V/2, &22= (l22 – z22)/V/2, &3= (l3 – z3)/V/2.  

Y-%!&-(1-21()2 ,821!(0 «1+8(8"#02», ,++1"+F("2( 2"1(",2-"+,1($ "! 

-#5+'( -+)+6+""+B+ %!&-(1-21(). , *%("(>%(A20+ 0!)#02 -"C1%(""202 

*+1(%.02 0+A"+ +*2,!1? +'"20 6+<77242("1+0 +1-(1-)("2. k [1.7, 1.1] (k 

*%2"20!(1 &"!8("2. +1 0.5 '+ 1, (,)2 "! -5+'( %!&-(1-21(). 2"1(",2-"+,1? 

20((1 &"!8("2( I0, 1+ - «*%.0+0» -#5+'( 2"1(",2-"+,1? k·I0, ! - 

«+1-(1-).3/(0» (1-k)·I0).  ). ,#0#1#%%!" 2"1(%7(%+0(1%28(,625 ,5(0 , 

4()?3 ,+6%!/("2. -#%!A("2$ 2 >(& ,"2A("2. +>/"+,12, 726,2%+-!""#02 

7!&+-#02 &!'(%A6!02 ,-(1+-#5 -+)" - %!&-(1-21().5 0+A"+ *%("(>%(8?. 
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E %(&C)?1!1( C8(1! C6!&!""#5 7!61+%+- *+)( "! -#5+'( ,5(0# 0+A"+ 

*%(',1!-21? - -2'( 

 !  !  ! ! !  !  ! !

 ! !  !  ! !
}11            

{

3222232211222222

321213211121212133313311

11

2103

ttFtttFljl

ttFtttFljltFlljll

eekk

eekkeEtE

'&'(''&'(%'$'

'&'(''&'(%'$'&'(("%($($'

"''(

(""#
 

(3.1) 

@"1(",2-"+,1? ,-(1! "! -#5+'( -+)+6+""+$ ,5(0# "!5+'21,. *+ +>/(0C 

*%!-2)C (-()282"! I0 ~ E0
2
/2 20((1 ,0#,) -5+'"+$ 2"1(",2-"+,12) 

 !
 !  ! ! !

 ! !  !

 !  !
 !  !]}                                                         

cos[  

112             

11{

2

1

3222232121

32211321112221

2121

2

21

2

21

2

0

333

22222121

222221213311

ttFttF

tttFtttFll

ekkkk

ekkekkeI

EEtI

ll

llll

*

'&'''&'(

(''&''''&'(%'%"

""''"(

''(#

#"#

$($'

$'$'$($'

  (3.2) 

J)('C(1 +10(121?, 81+ - *%2-('(""+0 -#%!A("22 --('("+ 

7!&+0+'C)2%C3/(( -+&'($,1-2( - 6!A'+0 2& ,-(1+-+'+-, *%28(0 )+6!)?"+(. 

9+A"+ &!*2,!1? >+)(( +>/C3 7+%0C -#%!A("2. (3.2), - 6+1+%+0 --(,12 

)+6!)?"#( -+&0C/("2. *+1(%? +*128(,6+$ 0+/"+,12 - ,-(1+-+'!5 2)2 

2&0("("2. 6+<77242("1+- %!&-(1-21()($.    

 H%+0( 1+B+, (,)2 - ,-(1+-+'( *%2,C1,1-C(1 "(,6+)?6+ %!&"(,(""#5 *+ 

')2"( -+&0C/("2$, %(&C)?1!1 0+A"+ *%(',1!-21? 6!6  ,C*(%*+&2423, 2)2 

+>/(0 ,)C8!(, --(,12 %!,*%('()(""+( -+&0C/("2( 7!&# F(t, z) 2)2 *+1(%? 

$(t, z). N'"!6+ - '!""+0 2&)+A("22 +B%!"2820,. +1"+,21()?"+ *%+,1#0 

-#%!A("2(0 (3.2), *+,6+)?6C '!)(( +"+ *+&-+)21 %!,,0+1%(1? -6)!' 

-+&0C/("2$ 7!&# 2 *+1(%? - ,-(1+-+'!5 '). "!2>+)(( !61C!)?"#5 '). 

*%!61262 -!%2!"1+- ,++1"+F("2$ *!%!0(1%+- 2"1(%7(%("42+""+$ ,5(0#.  

 

3.1.1.2. 8)271)72& +(/%&0& $(+)&%.(#%%#/# ,#0#1#%%#/# (%)*23*2#4*)2& 

5&"&-6*%$*2& 

J 4()?3 C*%+/("2. &!*2,2 2 C'+>,1-! !"!)2&! -#%!A("2. (3.2) 

4()(,++>%!&"+ ,'()!1? (/( %.' *%(+>%!&+-!"2$ 2 *(%(+>+&"!8("2$. 

@,*+)?&C(0 1.". “%!&"+,1? 5+'!” )C8($ 2"1(%7(%("42+""+$ 

,5(0# 2221 lll '#) , ,C00!%"!. 2 %!&"+,1"!. -%(0(""#( &!'(%A62 ,-(1+-#5 

-+)" t*=&1+t3+t2 (B'( t2 = (t21+ t21)/2), )t =t21–t22 =)l/V/2. E-('(0 6+<77242("1#, 

20(3/2( ,0#,) 6+<77242("1+- *%+*C,6!"2. (*+ 0+/"+,12) C8!,16+- ,5(0# 

   ,   ,   , 222221213311 2

22

2

21

2

3

2

1

llll
eKeKeKeK

$'$'$'$' #### .     

E %(&C)?1!1( -#%!A("2( (3.2) '). 2"1(",2-"+,12 ,-(1! "! -#5+'( 

C'!)(""+B+ 2"1(%7(%+0(1%! 9!5!-:("'(%! *%(+>%!&C(1,. 6 1%!'242+""+$ 

,1%C61C%(   

 !+)(# cos0 mAAI ,     (3.3) 
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B'( ,+,1!-).3/2( A0 2 Am >C'(0 "!&#-!1? '!)(( 8#)/#,""#: )#)/+1%,;<!: 

2 +$8%'/=-#: 2"1(%7(%("42+""+B+ ,2B"!)!, ! ,+,1!-).3/C3 )+ – 

+2&=$!"/#$ 2)2 3+7#: 2"1(%7(%("42+""+B+ ,2B"!)!. 

 ;+,1+.""!. ,+,1!-).3/!. 2 !0*)21C'! 2"1(%7(%("42+""+B+ ,2B"!)! 

+*%('().31,. -#%!A("2.02 

 ! ! !
 ! ! .KKkkkkKKIA

KkkKkkKKIA

m   112

       , 11

22212121310

222121213100

"''""#

''(""#
   (3.4) 

P%BC0("1 ,2B"!)! 2"1(%7(%+0(1%! 20((1 -2'  

   !  !322223212111
22

ttFttF
t

ttF
t

ttFL '&'''&'(,
-

.
/
0

1 )
''',

-

.
/
0

1 )
('()%#+) ** .  (3.5) 

 

3.1.1.3. 92/74*%) (3&:&) +(/%&0& $(+)&%.(#%%#/# ,#0#1#%%#/# 

(%)*23*2#4*)2& 5&"&-6*%$*2& 

Q!2>+)(( -!A"+$ 8!,1?3 2"1(%7(%("42+""+B+ ,2B"!)!, ,+'(%A!/($ 

*+)(&"C3 2"7+%0!423 +> 2&0(%.(0+0 -+&'($,1-22, .-).(1,. !%BC0("1 

(7!&!). ;%20("("2( ,*(42!)?"+$ +>%!>+162 ,2B"!)!, -,*+0+B!1()?"+$ 

0+'C).422 2 1.*. 0(1+'+- - 2"1(%7(%+0(1%28(,625 '!1826!5 +>#8"+ 

"!4()("# "! %(B2,1%!423 2"7+%0!12-"+$ ,+,1!-).3/($ !%BC0("1! 2 

2,6)38("2( -)2."2. '%($7! 2 6+)(>!"2$ !''212-"+$ ,+,1!-).3/($ 2 

!0*)21C'# "! -#5+'"+$ ,2B"!) '!1826!. ;+<1+0C -!A"($F20 -+*%+,+0 

.-).(1,. -+*%+, + 1+0, 6!62( 7!61+%# 2 6!620 +>%!&+0 -)2.31 "! 6+)(>!"2. 

7!&# 2"1(%7(%("42+""+B+ ,2B"!)!. 

;%2 '(1!)?"+0 !"!)2&( -#%!A("2. (3.5) '). !%BC0("1! 

2"1(%7(%("42+""+B+ ,2B"!)!, (B+ 0+A"+ &!*2,!1? - -2'( "(,6+)?6+ 

,+,1!-).3/25  

 !  !  !  !tttt 210 2+(2+(2+(+#+)       (3.6) 

B'( "!8!)?"!. (*%2 +1,C1,1-22 -+&0C/("2$) %!&"+,1? 7!& ,-(1+-#5 -+)" - 

*)(8!5 +>+&"!8("! +0, ,)!B!(0+(, ,-.&!""+( , -+&0C/("2.02 7!&# ,-(1! - 

*)(8!5 2"1(%7(%+0(1%! F21 2 F22 +>+&"!8("+ 6!6 2+(t), ! ,)!B!(0+(, 

+*%('().(0+( -+&0C/("2(0 7!&# ,-(1! F1 - *(%-+0 ,-(1+-+'( +>+&"!8("+ 

2+1(t), ! ,)!B!(0+(, -#&-!""+( 6+)(>!"2.02 8!,1+1# +*128(,6+B+ 2,1+8"26! – 

6!6 2+2.  

R!,1+1"#$ '2!*!&+" -+&'($,1-2$, -#&#-!3/25 -+&0C/("2. 7!&# 2 

8!,1+1# ,-(1! (F 2 3) 2&)C8!1(). +B%!"28(" "(6+1+%+$ -(%5"($ 8!,1+1+$ fE. 

 ). >+)?F2",1-! *%!6128(,625 ,21C!42$ ("!*%20(%, 6+B'! )L "( *%(-#F!(1 

"(,6+)?625 0(1%+-, ! fE "(,6+)?625 ,+1(" 6S4) -#*+)".(1,. C,)+-2(: 

E

2221

1

f
ttt 44'#) .      (3.7) 

H%+0( 1+B+, "! *%!6126(, 6!6 *%!-2)+, -#*+)".(1,. C,)+-2(  
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E

2221
2

3
3

1
1

1

2 f

tt
t,

V

l
t,

V

l
t

/2/2

44,
,
-

.
/
/
0

1 (
###     (3.8) 

;%2 -#*+)"("22 <1+B+ C,)+-2., -%(0(""#02 &!'(%A6!02 *%2 *%+5+A'("22 

,5(0# 0+A"+ *%("(>%(8? 2 %!,,0!1%2-!1? “+'"+0+0("1"#(” 2"1(B%!)?"#( 

-+&0C/("2. 7!&# ,-(1! "! C8!,16!5: 

 !  !

 !  !  !  !

 !  !  !  !  !5

5

#'#2+

#
)

"
6

6
#2+

)
"2372+

21

1

0

2221222122212221

0

111
1

1

2

   , 

      ,  

L

,,,

L

/2

/2

dzz,tFtFtFtFt

;dzz,tFtF
V

l

t

tF
t

V

l
tt

   (3.9) 

3.1.1.4. 9$$()(,%&' +#+)&,0';<&' ( &4=0()7$& (%)*23*2*%.(#%%#/# 

+(/%&0& $(+)&%.(#%%#/# (%)*23*2#4*)2& 5&"&-6*%$*2& 
E-('(""#( -#F( !''212-"!. ,+,1!-).3/!. 2 !0*)21C'! 

2"1(%7(%("42+""+B+ ,2B"!)!, +>+&"!8(""#( A0 2 Am, 1!6A( 0+BC1 0(".1?,. 

-+ -%(0("2 - %(&C)?1!1( 2&0("("2. 0+/"+,12 2,1+8"26! 2)2 -+&'($,1-2$ "! 

,-(1+-+'#, -#&#-!3/25 7)C61C!422 2"1(",2-"+,12 ,-(1!. T+1. 1!62( 

-+&0C/("2. "( "(,C1 *+)(&"+$ 2"7+%0!422 (*+'%!&C0(-!(1,., 81+ 

2&0(%.(0+( -+&'($,1-2( 2&0(".(1 %!&"+,1? 7!&+-#5 &!'(%A(6 *)(8 

-)2.3/25 1+)?6+ - !%BC0("1 ,2B"!)!), "+ +"2 0+BC1 -)2.1? "! %!>+1C 

'!1826!, -"+,21? -6)!' - FC0# -#5+'"+B+ ,2B"!)! '!1826!. ;+<1+0C !"!)2& 

7!61+%+-, 6+1+%#( +*%('().31 7)C61C!422 A0 2 Am 1!6 A( -!A(".  

;+)!B!., 81+ '). -+&0C/("2$, -#&#-!3/25 6+)(>!"2. 6+<77242("1! 

*%+*C,6!"2. -+)+6+"  -#*+)".31,. C,)+-2., !"!)+B28"#( (3.7) 2 (3.8) 0+A"+ 

*%(',1!-21? 6+0*+"("1# -#%!A("2$ (3.4) - -2'( 

 !  ! !  !  ! !
 !  ! !,1

  ,1 , 1

222122212221

313131000

tbKtK

tbKtKtbItI

,,,

,,,

("8

("8("8
  (3.10) 

B'( 6+<77242("1# b &!'!31 +1"+,21()?"#$ C%+-("? 6+)(>!"2. 

6+<77242("1+- *%+*C,6!"2. ,++1-(1,1-C3/25 ,-(1+-+'+-.   

E 2"1(%7(%("42+""#5 ,5(0!5 9!5!-:("'(%!, 6!6 *%!-2)+, $21U9$22, 

)l<<l21, l22. ;+<1+0C 2,5+'"#( *+1(%2 0+/"+,12 - *)(8!5 2"1(%7(%+0(1%! 

*%2 +1,C1,1-22 -+&'($,1-2$ 0+A"+ *+)!B!1? +'2"!6+-#02. O,)2 <1+ 1!6, 1+    

 !  ! !tbKtK ,, 222122221 1("8 , B'( K2
 

– 6+<77242("1 *%+*C,6!"2. (*+ 

0+/"+,12) "(-+&0C/(""+B+ *)(8! 2"1(%7(%+0(1%!.  

E %(!)?"#5 '2,1!"42+""#5 2"1(%7(%+0(1%28(,625 ,5(0!5, +,+>(""+ , 

-+)+6+""#02 *+'-+'./20 2 +1-+'./20 C8!,16!02, %!&C0"+ *%('*+)+A21?, 

81+ 7)C61C!422 2"1(",2-"+,12, -+&"26!3/2( 2&-&! FC0+- 2,1+8"26! 2 

-"(F"25 -+&'($,1-2$ "! C8!,162 ,5(0# 0!)# 

1)( 44tb       (3.11) 
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O,)2 *+',1!-21? (3.10) - (3.4), C8(,1? C6!&!""#( *%2>)2A("2. 2 +1>%+,21? 

,+,1!-).3/2( -1+%+B+ *+%.'6! 0!)+,12 *+ -()282"( b, 1+ *+)C820 

*%2>)2A(""+( -#%!A("2( '). *+,1+.""+$ ,+,1!-).3/($ 2 !0*)21C'( 

,2B"!)! 2"1(%7(%+0(1%!. I12 -#%!A("2. 0+A"+ ,'()!1? (/( *%+/(, (,)2 

*%('*+)+A21? k1 U k2 U 0.5 (+>#8"+ 20(""+ 1!6+$ ,)C8!$ ,1!%!31,. 

%(!)2&+-!1? "! *%!6126(). E 1!6+0 ,)C8!( *+)C820 

 !  !  !  !  !  !

 !  !  !  !  !  !
.

tbtb
tbtbtbKKKtA

,
tbtb

tbtbtbKKKItA

m  
2

1
2

1

 
2

1
2

1

21
310321

21
31032100

,
-

.
/
0

1 (
(((("7

,
-

.
/
0

1 (
(((("7

 (3.12) 

3.1.1.5. >2&)1(? &%&0(: +,#?+), (:#)2#=%#? 3*%#4*%#0#/(@*+1#? 4#$*0( 

$(+)&%.(#%%#/# (%)*23*2#4*)2& 5&"&-6*%$*2& 
E '!""+0 %!,,0+1%("22 2,1+8"26 2&)C8("2. *+)!B!(1,. 

-#,+6+6+B(%("1"#0 2 "(0+"+5%+0!128"+,1? %(!)?"+B+ 2,1+8"26! 

C821#-!(1,. 8(%(& %!,,0+1%("2( 7)C61C!42$ 8!,1+1# )!&(%!. 9+'()? 

.-).(1,. 2&+1%+*"+$, 1.(. *+).%2&!42. ,-(1+-#5 -+)" -+ -,(5 C8!,16!5 ,5(0# 

*+)!B!(1,. +'2"!6+-+$ *+ 12*C 2 ,+B)!,+-!""+$ *+ +%2("1!422. H%+0( 1+B+, 

- *%2-('(""+0 -!%2!"1( -#%!A("2$ 7("+0("+)+B28(,6+$ 0+'()2 ,'()!"# 

*%('*+)+A("2. +> 2'("128"+,12 "(6+1+%#5 5!%!61(%2,126 ,-(1+-+'+- 

,5(0#, C*%+/!3/2( 6+"(8"#( -#%!A("2. 2 "( ,"2A!3/2( +>/"+,12 

+,"+-"#5 -#-+'+-.  

;+'8(%6"(0 %.' -!A"#5 7!61+%+-, +*%('().3/25 %!>+1C '2,1!"42+""+$ 

2"1(%7(%+0(1%28(,6+B+ 2&0(%21(). "! +,"+-( %!,,0!1%2-!(0+$ 

2"1(%7(%+0(1%28(,6+$ ,5(0#. 

1) E 2"1(%7(%("42+""+0 ,2B"!)( +1"+,21()?"#(  7)C61C!422 !''212-"+$ 

,+,1!-).3/($ 2 !0*)21C'# 2"1(%7(%("42+""+B+ ,2B"!)! +*%('().31,., 

,+B)!,"+ (3.12), 7)C61C!42.02 0+/"+,12 2,1+8"26! b0(t), 2 7)C61C!42.02 

2"1(",2-"+,12 ,-(1! *%2 *%+5+A'("22 C8!,16+- +*128(,6+B+ 1%!61! - b1(t), 

b3(t), b21(t), b22(t) (-,( 7)C61C!422 "+%02%+-!"# "! ,%('"(( &"!8("2( 2 

*+)!B!31,. 0!)#02). N10(120, 81+ 7)C61C!422 0+/"+,12 2,1+8"26!, ! 1!6 

A( -+&'($,1-2., -#&#-!3/2( 6+)(>!"2. 2"1(",2-"+,12 ,-(1!, %* ,0(';) %& 

&2/74*%) (%)*23*2*%.(#%%#/# +(/%&0&. 

2) E()282"C !%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)! 4()(,++>%!&"+ 

%!,,0!1%2-!1? 6!6 ,C*(%*+&2423 "(,6+)?625 ,+,1!-).3/25 – -#%!A("2( 

(3.6). N,"+-"#( ,+,1!-).3/2( – *(%-#( '-! ,)!B!(0#5 7!&# 

2"1(%7(%("42+""+B+ ,2B"!)! (3.6): +0 2 2+(t) – %!&"+,1? 7!&+-#5 &!'(%A(6 

,-(1+-#5 -+)" *%2 *%+5+A'("22 *)(8 2"1(%7(%+0(1%!. ;+,1+.""!. -()282"! 

+0 +*2,#-!(1 2,5+'"C3 %!&"+,1? 7!& 2"1(%7(%2%C3/25 *+)($ *%2 

+1,C1,1-22 -+&'($,1-2$ 2 &!'!(1 1.". %!>+8C3 1+86C 2"1(%7(%+0(1%!. 

J)!B!(0+( 2+(t) +1%!A!(1 2&0("("2( %!&"+,12 7!& 2"1(%7(%2%C3/25 *+)($ - 

%(&C)?1!1( -"(F"25 -+&'($,1-2$ "! 2"1(%7(%+0(1% 2 "(,(1 2"7+%0!423 +> 

<125 -+&'($,1-2.5. E+ 0"+B25 ,)C8!.5, 0(')(""+( 2&0("("2( -"(F"25 

C,)+-2$ 2"1(%7(%+0(1%! (1(0*(%!1C%#, '!-)("2. 2 1.'.) %!,,0!1%2-!31 6!6 
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*!%!&21"#( 2 "(2"7+%0!12-"#( 2&0("("2. *+ ,%!-"("23 , >+)(( 

“>#,1%#02” -+&'($,1-2.02 (!6C,128(,62( 2 B2'%+!6C,128(,62( *+)., 

-2>%!422 2 1.'.), *+')(A!/202 2&0(%("23. ;%2 <1+0 *+)!B!31, 81+ 

-()282"! +0 *+'-(%A("! 0(')(""#0 6-!&2,1!128(,620 2&0("("2.0 ('%($7C) 

+1 -"(F"25 C,)+-2$, ! 2+(t) +*%('().31 1+)?6+ 8(%(& -"(F"2( -+&'($,1-2. - 

2"7+%0!12-"+$ *+)+,( 8!,1+1. 

V%(1?( ,)!B!(0+( !%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)! – 2+1(t), 

+*%('().(1,. -+&'($,1-2.02 "! *+'-+'./2$ ,-(1+-+', -#&#-!3/202 ,'-2B 

7!&# ,-(1+-+$ -+)"# F1(t). I1! ,+,1!-).3/!. C821#-!(1 -+&0+A"+,1? 

-)2."2. "! %(&C)?1!1 2&0(%("2$ -+&'($,1-2$ "! *+'-+'./2$ (*(%-#$) 

,-(1+-+', ! 1!6A( -+&0+A"+,1? -,*+0+B!1()?"+$ 0+'C).422 !%BC0("1! 

2"1(%7(%+0(1%28(,6+B+ ,2B"!)! *+,%(',1-+0 0+'C).422 7!&# ,-(1! - 

*+'-+'./(0 ,-(1+-+'(. ;%2 -#*+)"("22 C,)+-2. (3.7) <1! ,+,1!-).3/!. 

&!'!(1,. *%+2&-+'"+$ *+ -%(0("2 +1 2"1(B%!)?"+B+ 7!&+-+B+ ,'-2B! ,-(1! - 

*(%-+0 ,-(1+-+'( (3.9).   

R(1-(%1+( ,)!B!(0+( - (3.6) +*2,#-!(1 -)2."2( "! !%BC0("1 

2"1(%7(%("42+""+B+ ,2B"!)! 7)C61C!42$ 8!,1+1# 2&)C8("2. 2,1+8"26!. N"+  

+1%!A!(1 0(5!"2&0 -)2."2. 8!,1+1"#5 FC0+- 2,1+8"26! 2 -+&0+A"+,1? 

-,*+0+B!1()?"+$ 0+'C).422 7!&# 2"1(%7(%("42+""+B+ ,2B"!)! *+,%(',1-+0 

8!,1+1"+$ 0+'C).422 2,1+8"26!. @0(""+ *+,)('"2$ -!%2!"1 0+'C).422 

8!/( -,(B+ *%20(".(1,. '). ,+&'!"2. '2,1!"42+""#5 2"1(%7(%+0(1%28(,625 

2&0(%21()($ [1.2-1.7].  

N10(120 1!6 A(, 81+ -)2."2( CB)+-+$ 0+'C).422 (0+'C).422 7!&# 2)2 

8!,1+1#) ,-(1+-+$ -+)"# "! -5+'( ,5(0# 2 - *+'-+'./(0 C8!,16( 

+*%('().(1,. 1!6A( 0"+A21()(0 )l/VB%. L0("?F("2( )l *+&-+).(1 C,1%!"21? 

-)2."2( 7)C61C!42$ 8!,1+1# 2 7!&# ,-(1! "! C8!,16!5 *(%(' 

2"1(%7(%+0(1%+0, +'"!6+ 2,6)38!(1 -+&0+A"+,1? '2,1!"42+""+$  

-,*+0+B!1()?"+$ 0+'C).422 7!&# 2"1(%7(%("42+""+B+ ,2B"!)!. 

H%+0( 1+B+, ,)('C(1 +10(121?, 81+ 7)C61C!422 7!&# ,-(1+-+$ -+)"# *%2 

*%+5+A'("22 +1-+'./(B+ (1%(1?(B+) C8!,16! "( -)2.31 "! 

2"1(%7(%("42+""#$ ,2B"!). 

3) ;%2 *%+1.A(""#5 C8!,16!5 +*128(,6+$ ,5(0# -+&0+A"+ "(-#*+)"("2( 

C,)+-2. (3.8). E <1+0 ,)C8!( *%2-('(""#$ -#F( !"!)2& - 4()+0 +,1!(1,. 

,*%!-(')2-#0, +'"!6+ - -#%!A("2.5 '). 7)C61C!42$ *!%!0(1%+- ,-(1+-+$ 

-+)"# *%2 *%+5+A'("22 +*128(,6+B+ 1%!61! ,)('C(1 '+*+)"21()?"+ 

C821#-!1? ,++1-(1,1-C3/2( -%(0(""#( &!'(%A62.  

E "(6+1+%#5 ,)C8!.5 *%2 -#,+625 8!,1+1!5 0+'C)2%C3/25 -+&'($,1-2$ 

-+&0+A"+ "(-#*+)"("2( C,)+-2. (3.7). E <1+0 ,)C8!( -#%!A("2. '). -6)!'+- 

+1 <125 -+&'($,1-2$ - !0*)21C'C 2 7!&C 2"1(%7(%("42+""+B+ ,2B"!)! >C'C1 

+1)28!1?,. +1 -#F(C6!&!""#5. Q!*%20(%, - [1.8], *+)C8("# 1!62( -#%!A("2. 

'). -6)!'! +1 7)C61C!42$ 7!&# ,-(1! - *(%-+0 ,-(1+-+'(. N'"!6+ +>/2$ 

!"!)2& <1+B+ ,)C8!. 1%(>C(1 +1'()?"+B+ %!,,0+1%("2.. 
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3.1.2. >%',"'! 8#%,2'7+0'#""95 ,1%!"': 1 #-"#$#-#195 )1!/#1#-+5 

H!6 CA( %!,,0!1%2-!)+,? - %!&'()( 1, *. 1.1, +>#8"#( 6+00C"26!42+""#( 

+'"+0+'+-#( -+)+6+""#( ,-(1+-+'# +1"+,21()?"+ >+)?F+$ ')2"# (10-62 

0(1%+- 2 >+)(() "( .-).31,. 2&+1%+*"#02. N"2 +>)!'!31 0!)+$ ,+>,1-(""+$ 

!"2&+1%+*2($ ,+ ,)C8!$"#02 *!%!0(1%!02, ! 1!6 A( *+'-(%A("# 

&"!821()?"+0C -)2."23 !"2&+1%+*22, "!-('(""+$ -"(F"202 -+&0C/("2.02 

*%2 2&B2>!5, ,6%C16(, ,'!-)2-!"23 2 1.*. 7!61+%!02 -+&0C/("2.. E 21+B( 

*%+1.A(""#$ ,-(1+-+' 0+A"+ %!,,0!1%2-!1? 6!6 ,)+A"C3 ,1%C61C%C 

,+('2"(""#5 C8!,16+- ,+ ,)!>#0 (6!6 *%!-2)+, )2"($"#0) 

'-C)C8(*%()+0)("2(0.  )2"# C8!,16+-, -()282"! '-C)C8(*%()+0)("2. 2, 

81+ -!A"+, +%2("1!42. *+).%2&!42+""#5 +,($ 7!6128(,62 ,)C8!$"# 2 0+BC1 

2&0(".1?,. -+ -%(0("2. E 21+B( *+)C8!(1,., 81+ 1!6+( -+)+6"+ +1"+,21,. 6 

C,1%+$,1-!0 , 7!&+-+$ !"2&+1%+*2($, 6+1+%+( 20((1, - +>/(0 ,)C8!(, '-( 

<))2*128(,62( ,+>,1-(""#( *+).%2&!422 – *+).%2&!42+""#( 0+'#.  )2"! 

>2("2$ 20((1 *+%.'+6 +1 "(,6+)?625 0(1%+- '+ "(,6+)?625 '(,.16+- 0(1%+-. 

;%2 <1+0 <))2*128"+,1? 2 +%2("1!42. *+).%2&!422 2&)C8("2. 1!625 

«2"1(B%!)?"#5» *+).%2&!42+""#5 0+' 0+A(1 &"!821()?"+ 2&0(".1?,. *+' 

'($,1-2(0 -"(F"25 C,)+-2$ 2 -+&0C/("2$ (6!6 0(5!"28(,625 1!6 2 

1(*)+-#5). O,)2 %!,,0!1%2-!1? ,-.&? *+).%2&!42+""#5 0+' -5+'"+B+ 2 

-#5+'"+B+ C8!,16! -+)+6"!, 1+ *+)C820, 81+ 1!6!. ,2,1(0! +>)!'!(1 

"(*%(',6!&C(0#02 2 "(6+"1%+)2%C(0#02 %!&"+,1?3 7!& *+).%2&!42+""#5 

0+' 2 ,-.&?3 *+).%2&!42+""#5 0+' (,++1"+F("2( «*%.0#5» 2 «*%.0"#5» 

6+0*+"("1 *+).%2&!42+""#5 0+' 0+A(1 *%2"20!1? &"!8("2.,  ,%!-"20#( , 

('2"24($). 

J C8(1+0 '!""#5 +>,1+.1()?,1- 0+A"+ ,'()!1? -#-+' + 1+0, 81+ *%2 

')2"!5 -+)+6"! CA( - "(,6+)?6+ 0(1%+- ,+,1+."2( *+).%2&!422 "! -#5+'( 

+>#8"+B+ +'"+0+'+-+B+ -+)+6"! 0+A(1 &"!821()?"+ +1)28!1?,. +1 ,+,1+."2. 

*+).%2&!422 "! -5+'(. O,)2 ')2"! -+)+6"! ,+,1!-).(1 "(,6+)?6+ '(,.16+- 

2)2 ,+1"3 0(1%+-, 1+ - %(&C)?1!1( 2&0("("2. -"(F"25 C,)+-2$ ,+,1+."2( 

*+).%2&!422 "! -#5+'( ,-(1+-+'!, *%2 )3>+0 -5+'"+0 ,+,1+."22 

*+).%2&!422, 0+A(1 0(".1?,. 7!6128(,62 *%+2&-+)?"+.       

 !""+( +>,1+.1()?,1-+ +>C,)!-)2-!(1 2&-(,1"+( .-)("2( 1.". 

*+).%2&!42+""+B+ 7('2"B! 2"1(%7(%("42+""+B+ ,2B"!)!, *+,6+)?6C 

"(,+B)!,+-!""+,1? *+).%2&!422 2"1(%7(%2%C3/25 )C8($ *%2-+'21 6 

,"2A("23 6+"1%!,1! 2"1(%7(%("422, *)+1? '+ *+)"+B+ +1,C1,1-2. 

2"1(%7(%("42+""#5 6+)(>!"2$ - ,)C8!(, (,)2 ,+,1+."2. *+).%2&!422 

2"1(%7(%2%C3/25 )C8($ +%1+B+"!)?"#. 

V!6 A( ,)('C(1 +10(121? (/( +'"+ +>,1+.1()?,1-+ *+).%2&!42+""+B+ 

7('2"B!, 8!,1+ "( %!,,0!1%2-!(0+(. L6!&!""#( .-)("2. "(6+"1%+)2%C(0+B+ 

2&0("("2. ,+,1+."2. *+).%2&!422, ,-.&!""+B+ , ,+>,1-(""#0 2 "!-('(""#0 

,)C8!$"#0 '-C)C8(*%()+0)("2(0, *%2-+'.1 2 6 ,++1-(1,1-C3/20 

7)C61C!42.0 7!&+-+$ &!'(%A62 ,-(1! - -+)+6"(, 81+ 1!6 A( -)2.(1 "! ,2B"!) 

2"1(%7(%+0(1%! 2 %!>+1C 2"1(%7(%+0(1%28(,6+B+ 2&0(%21()..  

L6!&!""#( 7!61+%# *%2-+'.1 6 1+0C, 81+ ,2B"!) 2"1(%7(%("42+""#5 

,5(0, - 1.8. ,5(0# 9!5!-:("'(%!, %(!)2&+-!""#5 "! +,"+-( +>#8"#5 
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+'"+0+'+-#5 ,-(1+-+'+- *+'-(%A(" &"!821()?"#0 7)C61C!42.0. I1+, - 

,-+3 +8(%('?, *%2-+'21 6 "(-+&0+A"+,12 +>(,*(821? "!'(A"C3 

*%+'+)A21()?"C3 %!>+1C 2"1(%7(%+0(1%28(,625 2&0(%21()?"#5 C,1%+$,1- 

>(& *%20("("2. '+*+)"21()?"#5 0(% *+ *%(+'+)("23 *+).%2&!42+""+B+ 

7('2"B!. 

 

3.2.  !"#$%&!'%%$6 !%#*+,*+'-*#+!9*"8$6 "/*-$ .$/$-0*%1*+$  

%$ '"%'2*  34 "2*#'2'1'2 

 

D!,,0+1%(""!. -#F( 2&+1%+*"!. 7("+0("+)+B28(,6!. 0+'()? 

2"1(%7(%("42+""+B+ ,2B"!)! *+'%!&C0(-!)! +1,C1,1-2( *+).%2&!42+""#5 

<77(61+- -,)(',1-2( ,+B)!,+-!""+,12 ,+,1+."2. *+).%2&!422 "! -,(5 

C8!,16!5 ,5(0#. E-2'C 1+B+, 81+ %(!)?"#( -+)+6+""#( ,-(1+-+'# "( 

.-).31,. 2&+1%+*"#02 +*128(,6202 <)(0("1!02, 1!6+( C,)+-2( "( >C'(1 

-#*+)".1?,. *%2 2,*+)?&+-!"22 - 2"1(%7(%("42+""+$ ,5(0( +>#8"#5 

-+)+6+""#5 ,-(1+-+'+- &"!821()?"+$ ')2"# (+1 "(,6+)?625 0(1%+- 2 >+)((). 

 ). C,1%!"("2. -)2."2. *+).%2&!42+""#5 <77(61+- 2 *+).%2&!42+""+B+ 

7('2"B! 2"1(%7(%("42+""+B+ ,2B"!)! "(+>5+'20+ *%2".12( 

'+*+)"21()?"#5 0(%. E 6!8(,1-( 0(1+'! +>(,*(8("2. *+).%2&!42+""+B+ 

,+B)!,+-!"2. 2"1(%7(%+0(1%28(,6+$ ,5(0#, 6+1+%#$ *+)+A(" - +,"+-C 

'!""+$ %!>+1#, %!,,0+1%20 *%20("("2( - ,5(0(  =; ,-(1+-+'+-, 

%!>+1!3/25 - %(A20( *(%('!82 )2"($"+-*+).%2&+-!""+B+ 2&)C8("2..   

;%('*+)+A20, 81+ "!,1%+$6! -&!20"+$ +%2("1!422 *+).%2&!42+""#5 

+,($ *%2 ,1#6+-6!5 ,-(1+-+'+- EJ1, EJ21, EJ22 '%CB , '%CB+0 2 , )2"($"+-

*+).%2&+-!""#0  2,1+8"26+0 2'(!)?"!, <6,12"642. ,-(1+-+'+- '+,1!1+8"+ 

-#,+6! ('+). 0+/"+,12, *(%(F('F($ 2& +'"+$ *+).%2&!42+""+$ 0+'# - 

'%CBC3 *%("(>%(A20+ 0!)!), 1!6 A( *%("(>%(A20+ 0!)! '25%+28"+,1? 

(%!&"+,1? *+1(%? *+).%2&!42+""#5 0+') 2 '()21()2 ,-(1+-+B+ *C86! "( 

-)2.31 "! *+).%2&!423 ,-(1!. ;%2 -#*+)"("22 1!625 C,)+-2$,  =; 

,-(1+-+'# EJ1, EJ21, EJ22 ,5(0# 2"1(%7(%+0(1%! 9!5-:("'(%! >C'C1 

%!>+1!1? - %(A20( C'(%A!"2. ,+,1+."2. )2"($"+$ *+).%2&!422. I1+ &"!821, 

81+ -+ -5+'"+0 ,-(1+-+'( 2 - ,-(1+-+'!5 *)(8, -+&>CA'!(1,. 2 

%!,*%+,1%!".(1,. 2&)C8("2( 1+)?6+ +'"+$ *+).%2&!42+""+$ 0+'#. 

Q!*+0"20, 81+ 6!6 7!&+-#(, 1!6 2 *+).%2&!42+""#( <77(61# - ,-(1+-+'( 

EJ3 "( %!,,0!1%2-!31,., *+,6+)?6C +"2 "( -)2.31 "! -#5+'"C3 

2"1(",2-"+,1? 2 2"1(%7(%("42+""#$ ,2B"!) (*+)!B!(0, 81+ 

*+).%2&!42+""!. 8C-,1-21()?"+,1? 7+1+*%2(0"26! *%("(>%(A20+ 0!)!). E 

1!6+0 %(A20( %!>+1# 2"1(%7(%("42+""!. ,5(0! 2 -#5+'"+$ ,2B"!) 

7!6128(,62 +*2,#-!(1,. *%2-('(""+$ -#F( 7("+0("+)+B28(,6+$ 0+'()?3. 

N'"!6+ , C8(1+0 ,*(42728"#5 ,-+$,1-  =; ,-(1+-+'+- ,)('C(1 

6+"6%(12&2%+-!1? +*2,!"2( 7!&+-+$ &!'(%A62 %!,*%+,1%!".3/($,. 

*+).%2&!42+""+$ 0+'#. 

O,)2, 6!6 2 - *%('#'C/(0 %!&'()( *+)!B!1?, 81+ +>+&"!8("2. +1, +21 2 +22 

,++1-(1,1-C31 ,%('"($ 7!&+-+$ &!'(%A6( *+).%2&!42+""#5 0+' %·l1, %·l21 2 

%·l22, ! %!&)282( 7!&+-#5 &!'(%A(6 *+).%2&!42+""#5 0+' - ,-(1+-+'!5 
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+*2,#-!31,. -()282"!02 :1, :21 2 :22, 1+ ,1%C61C%C !%BC0("1! 

2"1(%7(%("42+""+B+ ,2B"!)! (3.5) "!'+ ,6+%%(612%+-!1?. V(*(%? 

2"1(%7(%("42+""#$ ,2B"!) &!*2F(0 - -2'(     

I(t) = A0+Am·cos(;(t)),     (3.13) 

B'( ,6+%%(612%+-!""#$ '). ,)C8!.  =; ,-(1+-+'+- !%BC0("1 20((1 -2' 

;=)+ ± (:21 ± :22)/2.     (3.14) 

W"!62 «+» 2)2 «–» - <1+0 -#%!A("22 &!-2,.1 +1 1+B+ 6!6!. 

*+).%2&!42+""!. 0+'! («>#,1%!.» 2)2 «0(')(""!.» %!,*%+,1%!".(1,. - 

6!A'+0 2& ,-(1+-+'+- *)(8). 

 !)(( '). +*%('()(""+,12 *%2 -#-+'( 6+"6%(1"#5 -#%!A("2$ '). 

2"1(%7(%("42+""+B+ ,2B"!)! >C'(0 *+)!B!1?, 81+ - ,)C8!( 2'(!)?"+$ 

"!,1%+$62 ,5(0# - ,-(1+-+'!5 EJ1, EJ2 2 EJ3 %!,*%+,1%!".(1,. 2&)C8("2( 

, «-(%126!)?"+$» )2"($"+$ *+).%2&!42($, 1.(. *+).%2&!42+""!. 0+'! EY 

(%2,C"+6 3.3),  ! 1!6 A(, *+-*%(A"(0C, *+)!B!1? %X > %Y (- *. 3.6 +>,CA'!(1,. 

,*%!-(')2-+,1? +,"+-"#5 %(&C)?1!1+- !"!)2&! 2 '). '%CB25 -!%2!"1+-). 

 %CB202 ,)+-!02 <1+ +&"!8!(1, 81+ -+ -,(5 ,-(1+-+'!5 (EJ1, EJ2 2 EJ3) 

%!,*%+,1%!".(1,. «>#,1%!.» *+).%2&!42+""!. 0+'!. J C8(1+0 <125 >+)(( 

6+"6%(1"#5 C,)+-2$ ,1%C61C%! !%BC0("1! >C'(1 20(1? -2'  

;= )+ – (:21–:22)/2 = )+ – ):/2,     (3.15) 

B'( --('("+ +>+&"!8("2( ):=:21– :22.  !)(( >C'(0 *(%-+( ,)!B!(0+( - (3.14), 

(3.15) 2"1(%*%(12%+-!1? 6!6 «(:#)2#=%7;», ! -1+%+( 6!6 «&%(:#)2#=%7;» 

8!,1? !%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)!. 

 

 
D2,C"+6 3.3. J5(0! -+)+6+""+B+ 2&0(%21(). "! +,"+-( '2,1!"42+""+B+ 

2"1(%7(%+0(1%! 9!5!-:("'(%! - %(A20( )2"($"+-*+).%2&+-!""+B+ 

2&)C8("2. («>#,1%+$» *+).%2&!42+""+$ 0+'#) -  =; ,-(1+-+'!5 

 

 ). 2&+1%+*"+$ 0+'()2 2"1(%7(%("42+""+B+ ,2B"!)!, (B+ !%BC0("1 >#) 

*%(',1!-)(" - -2'( "(,6+)?625 ,+,1!-).3/25 20(3/25 %!&"#( 0(5!"2&0# 

7+%02%+-!"2. – -#%!A("2( (3.6). J6+%%(612%+-!""C3 '). ,)C8!.  =; 
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,-(1+-+'+- 7+%0C !%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)! 1!6 A( 0+A"+ 

*%(',1!-21? - 1!6+0 -2'(  

 !  !  !  !  !  !  !
<=

>
?@

A 2:
'2+(<=

>
?@

A 2:
'2+(<=

>
?@

A 2:
'2+(<=

>
?@

A :
'+#;

2222

2
2

1
1

0
0

t
t

t
t

t
tt ,    (3.16) 

W'(,? -,( -()282"#, +>+&"!8(""#( 8(%(& +, &!'!31,. 1!6 A(, 6!6 2 %!"((. :0 – 

6-!&2,1!128(,6!., ! 2:(t) – *(%(0(""!. 8!,12 %!&"+,12 7!& *+).%2&!42+""#5 

0+' ,-(1+-+'+- *)(8. «P"2&+1%+*"#(» '+>!-62 -+ -1+%+0 2 1%(1?(0 

,)!B!(0+0 ,-.&!"# , 0+'C).42($ %!&"+,12 7!& *+).%2&!42+""#5 0+' -+ 

-5+'"+0 ,-(1+-+'( :1 2 7)C61C!42.02 8!,1+1# )!&(%!. 

9+A"+ *+6!&!1? (;%2)+A("2( 3.1), 81+  

 !  !

 !  ! ,
V

V
ltt

V

l

t

t
t

/2

/2

/2

22

1
1

2

,  

"

)
")"2372:

)
"

6
:6

72:

     (3.17) 

B'( )V/2 = VX/2 – VY/2 %!&"+,1? B%C**+-#5 ,6+%+,1($ *+).%2&!42+""#5 0+', 

V/2 = (VX/2 + VX/2)/2 – ,%('".. B%C**+-!. ,6+%+,1?, ! 1!6 A( C81("+, 81+ )V/2<< 

V/2. 

Q! +,"+-!"22 *%2-('(""#5 -#%!A("2$ 0+A"+ +10(121?, 81+ &"!820+,1? 

'+>!-62 2:1(t) &!-2,21 +1 1+B+, "!,6+)?6+ <77(612-(" 0(5!"2&0 0+'C).422 

!"2&+1%+*22, *%2,C1,1-C3/($ - *+'-+'./(0 ,-(1+-+'(. P -6)!' 

,+,1!-).3/($ 2:2(t), 6!6 -2'"+ 2& ,%!-"("2. (3.9) 2 (3.17), -,(B'! 

*%("(>%(A20+ 0!) *+ ,%!-"("23 , 2+2(t).   

O,)2 "( C821#-!1? ,*(42!)?"C3 -,*+0+B!1()?"C3 0+'C).423 

2"1(%7(%("42+""+B+ ,2B"!)!, ! 1!6 A( *+)!B!1? +1,C1,1-2( (2)2 

*%("(>%(A20+ 0!)#$ C%+-("?) FC0+- 2 *+0(5, ,-.&!""#5 , CB)+-+$ 

0+'C).42($ 2&)C8("2. '+ 2"1(%7(%+0(1%!, 1+ ,1%C61C%! !%BC0("1! 

2"1(%7(%("42+""+B+ ,2B"!)! >C'(1 ,+'(%A!1? '-( +,"+-"#( ,+,1!-).3/2(: 

*+,1+.""!. (2)2 6-!&2,1!128(,6!.) ,+,1!-).3/!., +*%('().3/!. 1(6C/C3 

«%!>+8C3 1+86C» 2"1(%7(%+0(1%! 2 *(%(0(""#( 6+)(>!"2. !%BC0("1! 

 !  !  !
<=

>
?@

A 2:
'2+(<=

>
?@

A :
'+#;

22

0
0

t
tt .      (3.18) 

Q! '!""#$ 0+0("1 '2,1!"42+""#( -+)+6+""#( 2&0(%21()?"#( 

2"1(%7(%+0(1%# -#&#-!31 2"1(%(,, - *(%-C3 +8(%('?, '). ,+&'!"2. 

'!1826+- !6C,128(,625 2)2 B2'%+!6C,128(,625 ,2B"!)+-, -2>%+0(1%+-, 

!6,()(%+0(1%+- 2 1. *. 2&0(%21()($. E ,)C8!( 1!625 2&0(%21()($ *(%-+( 

,)!B!(0+( (3.18) 0+A"+ *+)!B!1? "(2"7+%0!12-"+$ ,+,1!-).3/($ !%BC0("1!, 

6+1+%!. 0+A(1 *%(1(%*(-!1? &"!821()?"#( "(6+"1%+)2%C(0#( 

6-!&2,1!128(,62( 2&0("("2., ,-.&!""#( , 1(0*(%!1C%+$ '!-)("2(0 2 1.*. 

-"(F"202 C,)+-2.02. E1+%+( – «*(%(0(""+(» ,)!B!(0+( - (3.18) "(,(1 

2"7+%0!423 +> 2&0(".(0+0 *(%(0(""+0 -+&'($,1-22.  
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I77(612-"+,1? 0+'C).422 -()282"# 2+ 2 2: -+&'($,1-2(0 (7!&+-!. 

8C-,1-21()?"+,1? 2"1(%7(%+0(1%!) +*%('().(1,. 6+",1%C642($ 

8C-,1-21()?"+B+ <)(0("1!. H!6 CA( +10(8!)+,?, - 12*+-#5 -!%2!"1!5 

6+",1%C642$ RI -+)+6+""#5 2"1(%7(%+0(1%28(,625 '!1826+- [1.9], 

+>(,*(82-!3/25 -#,+6C3 8C-,1-21()?"+,1? 6 2&0(%.(0#0 -+&'($,1-2.0, 

+>#8"+ &!'($,1-+-!"# <77(612-"#( 0(5!"2&0# 0+'C).422 2+(t). ;%2 <1+0 

0+'C).42. !"2&+1%+*"+$ ,+,1!-).3/($ +>#8"+ 0!)! 2, - +>/(0 ,)C8!(, 

0+A(1 %!,,0!1%2-!1?,. 6!6 ,)!>#$ *!%!&21"#$ <77(61 [1.10]. H%+0( 1+B+, "! 

-()282"C 2 7!&C "!-('(""+B+ 2&0(%.(0#0 -+&'($,1-2(0 6+)(>!"2. 2:(t) 

-)2.(1 %!,*+)+A("2(  =; ,-(1+-+'! - 6+",1%C6422 RI 2 1+, 6!62( 12*# 

*+).%2&!42+""#5 0+' («0(')(""#(» 2)2 «>#,1%#(») %!,*%+,1%!".31,. - 

,-(1+-+'!5 *)(8. E ,)C8!(, (,)2 2"7+%0!12-"#( 6+)(>!"2. 2+(t) 2 2:(t) 

>C'C1 7!&2%+-!""#02, !"2&+1%+*"!. ,+,1!-).3/!. 1+)?6+ C-()282-!(1 

*+)(&"C3 ,+,1!-).3/C3 !%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)!. O,)2 

!"2&+1%+*"!. ,+,1!-).3/!. *%+12-+7!&"! 2&+1%+*"+$, 1+ +"! >C'(1 

'+>!-6+$, +,)!>).3/($ 2"7+%0!12-"C3 ,+,1!-).3/C3 - ,2B"!)( 

2"1(%7(%+0(1%!. 

J C8(1+0 ,6+%%(612%+-!""+B+ -2'! !%BC0("1! 2"1(%7(%("42+""+B+ 

,2B"!)! (3.18) 2 ,'()!""#5 &!0(8!"2$ *+ *+-+'C K(t), %(&C)?1!1# 2 -#-+'#, 

,-.&!""#( , *+,1%+("2(0 2 !"!)2&+0 «2&+1%+*"+$» 7("+0("+)+B28(,6+$ 

0+'()2 ,2B"!)! 2"1(%7(%+0(1%! 9!5!-:("'(%!, ,+5%!".31,. '). ,)C8!. 

*+,1%+("2. '!""+$ 2"1(%7(%("42+""+$ ,5(0# "! >!&(  =; ,-(1+-+'+- - 

*%('*+)+A("22 2'(!)?"+B+ ,+B)!,+-!"2. -&!20"+$ +%2("1!422 -+)+6+" 2 

2'(!)2&!422 *+).%2&!42+""#5 *!%!0(1%+- ,!025 ,-(1+-+'+- 2 '()21()?"#5 

<)(0("1+-. J6+%%(612%+-!""!. 0+'()?, 1!6 A( 6!6 2 2,5+'"#$ 2&+1%+*"#$ 

-!%2!"1, *+)"+,1?3 ,+B)!,C(1,. , +>/(2&-(,1"#02 7+%0!02 +*2,!"2. 

2"1(%7(%+0(1%28(,625 2 -+)+6+""#5 2"1(%7(%+0(1%28(,625 C,1%+$,1-. 

;%2-('(""#( -#%!A("2. 0+BC1 >#1? +,"+-+$ '). +*2,!"2. 2 !"!)2&! ,5(0 

2"1(%7(%+0(1%28(,625 '!1826+- (- 1+0 82,)( '2,1!"42+""#5), 0(1+'+- 

*%2(0! 2 +>%!>+162 2"1(%7(%("42+""+B+ ,2B"!)!, 7+%02%+-!"2. 

"(+>5+'20+$ -,*+0+B!1()?"+$ 0+'C).422 2 1.*. -+*%+,+-, -!A"#5 '). 

*%!6128(,6+$ %(!)2&!422 1!625 '!1826+-. N'"!6+ '!""#( -#%!A("2. 

+*2,#-!31 2'(!)2&2%+-!""#( C,)+-2. *+ *+).%2&!42+""#0 *!%!0(1%!0 

<)(0("1+- ,5(0# 2 25 -&!20"+$ +%2("1!422.   

;%20("("2( %!,,0!1%2-!(0+$ ,5(0# '2,1!"42+""+B+ -+)+6+""+B+ 

2"1(%7(%+0(1%! 9!5!-:("'(%! "! +,"+-(  =; ,-(1+-+'+- *+'%!&C0(-!(1 

+,C/(,1-)("2( -,*+0+B!1()?"+$ 0+'C).422 2"1(%7(%+0(1%! &! ,8(1 

0+'C).422 8!,1+1# )!&(%"+B+ 2,1+8"26!. E <1+0 ,)C8!( - 2&+1%+*"+$ 8!,12 

!%BC0("1! 2"1(%7(%("42+""+B+ ,2B"!)! >C'(1 *%2,C1,1-+-!1? 

'+*+)"21()?"!. ,+,1!-).3/!. +mod, "(+>5+'20!. '). 7C"642+"2%+-!"2. 

,5(0# +>%!>+162 (,0. %!&'() 1. *. 1.2), ! -#5+'"+$ ,2B"!) ,5(0# +>%!>+162, - 

+>/(0 ,)C8!(, '+)A(" >#1? *%+*+%42+"!)(" ,2B"!)C (3.18). 

;%2 ,+&'!"22 *%!6128(,625 -+)+6+""#5 2"1(%7(%+0(1%+- 9!5!-:("'(%! 

"! +,"+-(  =; ,-(1+-+'+- --2'C %!&)28"#5 7!61+%+- *+).%2&!42+""+B+ 
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%!,,+B)!,+-!"2. - <)(0("1!5 *%+2,5+'.1 +16)+"("2( +1 2'(!)?"+B+ %(A20! 

%!,*%+,1%!"("2. +'"+$ *+).%2&!42+""+$ 0+'# - -+)+6"!5 2 2'(!)?"+B+ 

,+B)!,+-!"2. 2"1(%7(%2%C3/25 )C8($ *+ *+).%2&!422. E+&"26!(1 -+*%+,, 

6!6 *+-)2.31 -+&0+A"#( *+).%2&!42+""#( %!,,+B)!,+-!"2. "! *!%!0(1%# 

2"1(%7(%("42+""+B+ ,2B"!)!. MC'(1 )2 *%+2,5+'21? 2,6!A("2( 

2"7+%0!42+""+$ ,+,1!-).3/($ - !%BC0("1( 2"1(%7(%("42+""+B+ ,2B"!)!. 

J+5%!".1,. )2 7!61+%#, +>(,*(82-!3/2( -+&0+A"+,1? '2,1!"42+""+$ 

0+'C).422 2 ,*(42!)?"+$ +>%!>+162 '). '(1(612%+-!"2. -+&'($,1-2.. I12 

-+*%+,# %!,,0+1%("# - ,)('C3/25 *C"61!5 '!""+B+ %!&'()!. 

 

 

3.3. :9*# +$""';7$"'2$%!6 '+!*%#$&!! <'76+!=$&!'%%(/ '"*) 

"2*#'2'1'2 

 

N'"20 2& ,C/(,1-(""#5 7!61+%+- *+).%2&!42+""+B+ %!,,+B)!,+-!"2. *%2 

*%!6128(,6+$ %(!)2&!422 2"1(%7(%+0(1%! 9!5!-:("'(%! "! +,"+-(  =; 

,-(1+-+'+- .-).(1,. %!,,+B)!,+-!"2( +%2("1!422 *+).%2&!42+""#5 +,($ 

,-(1+-+'+- ,5(0# *%2 25 ,1#6+-6( - %!&-(1-21().5. 

V!6!. *+,1!"+-6! *%+>)(0# *+'%!&C0(-!(1, 81+ 2,*+)?&C(0#(  =; 

-+)+6"! 0+A"+ *+)!B!1? 2'(!)?"#02 (6+"(8"+,1?3 *+).%2&!42+""+$ 

<6,12"6422 0+A"+ *%("(>%(8?), -+ -5+'"+0 2 -#5+'"+0 %!&-(1-21()( 

2,*+)?&C(1,. "( -+)+6+""#$ *+)C*%+&%!8"#$ '()21()? ,-(1+-+B+ *+1+6!, "( 

0(".3/2$ ,+,1+."2( *+).%2&!422 +1%!A(""+B+ 2 *%+F('F(B+ )C8($ 

("(-#*+)"("2( '!""#5 C,)+-2$ %!,,0!1%2-!(1,. - *.3.5). E *(%-+0 '()21()( 

2&)C8("2(, -#5+'./(( 2& ,-(1+-+'! EJ1, %!&'().(1,. *+)C*%+&%!8"#0 

<)(0("1+0 2 --+'21,. - ,-(1+-+'# *)(8. E+ -1+%+0 '()21()( -#5+'"#( 

2&)C8("2. ,-(1+-+'+- *)(8 EJ21 2 EJ22 ,+-0(/!31,. "! *+)C*%+&%!8"+0 

'()21()?"+0 <)(0("1(. N8(-2'"+, 81+ '). +>(,*(8("2. %!,*%+,1%!"("2. -+ 

-,(5 <125 ,-(1+-+'!5 +'"+$ *+).%2&!42+""+$ 0+'# 2 +>(,*(8("2. 

2'(!)?"+B+ *+).%2&!42+""+B+ ,+B)!,+-!"2. "! -#5+'( 2"1(%7(%+0(1%! 

"(+>5+'20! +'2"!6+-!. +%2("1!42. *+).%2&!42+""#5 +,($ ,-(1+-+'+- EJ1, 

EJ21 2 EJ22 - *(%-+0 %!&-(1-21()( 2 +'2"!6+-!. +%2("1!42. 

*+).%2&!42+""#5 +,($ ,-(1+-+'+- EJ21 2 EJ22 -+ -1+%+0 %!&-(1-21()( 

(20((1,. - -2'C +%2("1!42. *+).%2&!42+""#5 +,($ - +>)!,12 -#5+'"+B+ 

1+%4! ,-(1+-+'!), %2,C"+6 3.4. V+ A( +1"+,21,. 2 6 C,)+-2.0 *+'6)38("2. 

*+'-+'./(B+ ,-(1+-+'! 6 )2"($"+-*+).%2&+-!""+0C 2,1+8"26C 

(*+).%2&!42+""!. +,? ,-(1+-+'! '+)A"! >#1? ,+B)!,+-!"! , !&20C1+0 

*+).%2&!422 -5+'"+B+ 2&)C8("2.). N%2("1!42. *+).%2&!42+""#5 +,($ 

,-(1+-+'! EJ3 "( -!A"!, *+,6+)?6C, 6!6 CA( +10(8!)+,?, '). <1+B+ ,-(1+-+'! 

"( 1%(>C(1,. %(A20! ,+5%!"("2. )2"($"+$ *+).%2&!422 2 %!,*%+,1%!"("2. 

1+)?6+ +'"+$ *+).%2&!42+""+$ 0+'#. 
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5>1

5>35>21 5>22

5>21 5>22

X

Y

X

Y

X

Y

X

Y

X

YY1

Y2

EJ21

EJ22

Y1 Y2

E
0 EJ1 EJ3

2"1(%7(%+0(1%

 
 

D2,C"+6 3.4. ;+.,"("2( C,)+-2. -&!20"+B+ ,+B)!,+-!"2. +%2("1!422 

*+).%2&!42+""#5 +,($ ,-(1+-+'+- '2,1!"42+""+$ 2"1(%7(%("42+""+$ 

,5(0#. 

 

N'"!6+ - *%!6128(,625 C,1%+$,1-!5, 1+8"+,1? ,+-*!'("2. +%2("1!422 

*+).%2&!42+""#5 +,($ ,-(1+-+'+- - %!&-(1-21()( +B%!"28("!. W!'!8! 

+,)+A".(1,. 1(0 +>,1+.1()?,1-+0, 81+, 6!6 *%!-2)+,  =; ,-(1+-+' 20((1 

6%CB)+( *+*(%(8"+( ,(8("2( 2 +%2("1!423 *+).%2&!42+""#5 +,($ 1%C'"+ 

«-2&C!)2&2%+-!1?» , -#,+6+$ 1+8"+,1?3.   !A( *%2 *%2)+A("22 

&"!821()?"#5 C,2)2$ *+ +%2("1!422 &! ,8(1 -+&0+A"+,12 026%+*+-+%+1+- 

,-(1+-+'! -+6%CB ,-+($ +,2 -%.' )2 0+A"+ %!,,821#-!1? "! B!%!"12%+-!""C3 

1+8"+,1? ,+B)!,+-!"2. 0("?F( +'"+B+ B%!'C,!. O,)2 *%2 0+"1!A( 

%!&-(1-21()($ "(1 -+&0+A"+,12  *+,)('+-!1()?"+$ 0"+B+F!B+-+$ 

*+',1%+$62, *C1(0 026%+*+-+%+1+- ,-(1+-+'+- 2 2&0(%("2. 

*+).%2&!42+""#5 *!%!0(1%+-, 1(0 >+)(( *%2 ,+&'!"22 %!&-(1-21()($ , 

%!&G(0"#0 *+'6)38("2(0 ,-(1+-+'+-, -*+)"( -(%+.1"# -()282"# CB)+-#5 

%!,,+B)!,+-!"2$ +%2("1!422 *+).%2&!42+""#5 +,($ ,-(1+-+'+- "(,6+)?625 

('2"24 2)2 '!A( '(,.16! B%!'C,+-.  

;+".1"+, 81+ C6!&!""#( +16)+"("2. +1 2'(!)?"#5 C,)+-2$ >C'C1 

"!%CF!1? %(A20, *%2 6+1+%+0 -+ -,(5 ,-(1+-+'!5 %!,*%+,1%!".(1,. 1+)?6+ 

+'"! *+).%2&!42+""!. 0+'! 2 0+BC1 *%2-+'21? 6 2,6!A("2.0 

2"1(%7(%("42+""+B+ ,2B"!)! *+ ,%!-"("23 , 2'(!)2&2%+-!""+$ 0+'()?3, 

%!,,0+1%(""+$ - *. 3.2.  

J C8(1+0 ,6!&!""+B+ 0+A"+ --(,12 - %!,,0+1%("2( 1%2 -+&0+A"#5 

7!61+%! CB)+-#5 %!,,+B)!,+-!"2$ +%2("1!422 *+).%2&!42+""#5 +,($ 

,-(1+-+'+- - ,5(0( 2"1(%7(%+0(1%! 9!5!-:("'(%!. 
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1) ;%2 ,1#6+-6( ,-(1+-+'! EJ1 , 2,1+8"26+0 )2"($"+ *+).%2&+-!""+B+ 

2&)C8("2. E0 *+).%2&!42+""!. +,? -+)+6"! 0+A(1 >#1? *+-(%"C1! 

+1"+,21()?"+ !&20C1! *+).%2&!422 -5+'"+B+ 2&)C8("2. "! "(6+1+%#$ CB+) 

$0. 

2) E *(%-+0 %!&-(1-21()( ,)('C(1 C8(,1? -+&0+A"#( CB)# *+-+%+1! 

*+).%2&!42+""#5 +,($ ,-(1+-+'+- *)(8 EJ21 2 EJ22 +1"+,21()?"+ 

*+).%2&!42+""#5 +,($ *+'-+'./(B+ ,-(1+-+'! EJ1 – CB)# $21 2 $22 

,++1-(1,1-(""+. 

3) E+ -1+%+0 %!&-(1-21()( -+&0+A"+ ,0(/("2( "!*%!-)("2. 

*+).%2&!42+""#5 +,($  -+)+6+""+B+ ,-(1+-+'! EJ21 +1"+,21()?"+ +,($  

-+)+6"! EJ22 "! "(6+1+%#$ CB+) $3. 

L6!&!""#( 12*# %!,,+B)!,+-!"2. 2))3,1%2%C(1 %2,C"+6 3.5. 

J)('C(1 +10(121?, 81+ - '!""+$ *+,1!"+-6( *%+>)(0# *%('*+)!B!(1,., 81+ 

'()21()?"#$ <)(0("1 (*+)C*%+&%!8"+( &(%6!)+) - %!&-(1-21().5 "( 2,6!A!(1 

,+,1+."2( *+).%2&!422. ;+<1+0C -!A"+ 1+)?6+ "!*%!-)("2( 

*+).%2&!42+""#5 +,($ ,-(1+-+'+- EJ21 2 EJ22 +1"+,21()?"+ 

*+).%2&!42+""#5 +,($ EJ1. ;%2 C8(1( 2,6!A("2. ,+,1+."2. *+).%2&!422  

'()21()?"#0 <)(0("1+0, - +>/(0 ,)C8!(, "(+>5+'20+ %!,,0!1%2-!1? 

+%2("1!423 *+).%2&!42+""#5 +,($ ,-(1+-+'+- +1"+,21()?"+ '()21()?"+B+ 

<)(0("1!.  

H%+0( 1+B+, - %!,,0!1%2-!(0#5 ,5(0!5 0+BC1 *%20(".1?,. ,*(42!)?"#( 

-+)+6+""#( %!&-(1-21()2 «F)27+-!""+B+» 12*!, "! +,"+-( 2"1(B%!)?"+$ 

+*128(,625 6+",1%C642$ 2 1. *. -!%2!"1#, - 6+1+%#5 %!&-(1-21()? +>%!&+-!" 

>(&%!&%#-"#02 -+)"+-+'"#02 ,1%C61C%!02, +>)!'!3/202 &"!821()?"+$ 

+*128(,6+$ ,-.&?3. ;%2 2,*+)?&+-!"22 1!625 C,1%+$,1- 2"1(%*%(12%+-!1? 

%!,,+B)!,+-!"2( 2-B+ 2 3-B+ -2'! 0+A"+ 6!6 %!,,+B)!,+-!"2. +%2("1!422 

*+).%2&!42+""#5 +,($ - 0(,1!5 ,+('2"("2. -+)+6+" EJ21 2 EJ22 , 

-+)+6+""#02 -#-+'!02 %!&-(1-21()($. Q+ - <1+0 ,)C8!( -+&0+A"+ 

!"!)+B28"+( %!,,+B)!,+-!"2( *%2 ,+('2"("22 %!&-(1-21(). ,+ ,-(1+-+'+0 

EJ1, ! 1!6 A( -+&0+A"# "!%CF("2. 2'(!)?"+B+ *+).%2&!42+""+B+ 

,+B)!,+-!"2. -"C1%2 ,!0+B+ %!&-(1-21().. E,( <12 -+*%+,# >C'C1 

%!,,0+1%("# - *.3.5 2 *.3.7. 

 

3.3.1. ?+)(!/ '"/!23!2!"0'#""#&# )'&"+%+ $!/#-#$ @A#")+ 

 ). !"!)2&! ,2,1(0#, - +>/(0 ,)C8!(, >C'(0 2,*+)?&+-!1? 0(1+'  A+",! 

(%!&'() 1, *. 1.1.3.). ;%2 <1+0 +1%(&62  =; ,-(1+-+'+- %!,,0!1%2-!31,. 6!6 

<)(0("1# , 7!&+-+$ !"2&+1%+*2($ 12*! «)2"($"!. 7!&+-!. *)!,12"6!». 

J+>,1-(""#( ,+,1+."2. *+).%2&!422 )2"($"#( 2 +%1+B+"!)?"#(, 

"!*%!-)("2. ,++1-(1,1-C3/2( "!*%!-)("2.0 *+).%2&!42+""#5 +,($ 

,-(1+-+'!.   
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E,( *%2(0# *%20("("2. 7+%0!)2&0! -(61+%+- 2 0!1%24  A+",! '). 

!"!)2&! ,2,1(0# !"2&+1%+*"#5 <)(0("1+- 2,*+)?&C31,. +>/(*%2".1#0 

,1!"'!%1"#0 +>%!&+0. E 6!8(,1-( +,+>(""+,12 0+A"+ +10(121?, 81+ - 

+1)282( +1 ,2,1(0 , «+>G(0"#02» +*128(,6202 <)(0("1!02, - ,)C8!( 

-+)+6+" "(1 "(+>5+'20+,12 %!,,0!1%2-!1? ('2"#$ *+).%2&!42+""#$ >!&2, - 

('2"+$ *%+,1%!",1-(""+$ ,2,1(0( 6++%'2"!1 (,0. ;%2)+A("2( 1.1). E 

6!A'+$ 1+86( ,1#6+-62 -+)+6+" '+,1!1+8"+ -#>%!1? >!&2,"+( "!*%!-)("2( 2 

2,*+)?&+-!1? «+'"+6%!1"C3» 0!1%24C *+-+%+1!, (,)2 +,2 !"2&+1%+*"+B+ 

<)(0("1! *+-(%"C1# +1"+,21()?"+ <1+B+ "!*%!-)("2.. H%+0( 1+B+, 6!6 CA( "( 

%!& +10(8!)+,?, 0+A"+ *+)!B!1?, 81+ 2&0("("2. ,+,1+."2. *+).%2&!422 - 

+1-+'./(0 ,-(1+-+'( EJ3 "( -)2.31 "! 2"1(",2-"+,1? -#5+'"+B+ 

2&)C8("2.. ;+<1+0C - '!""+$ &!'!8( '+,1!1+8"+ %!,,0!1%2-!1? 1+)?6+ 

,-(1+-+'# EJ1, EJ21 2 EJ22 2 +*%('()21? 2"1(",2-"+,1? "! -#5+'( 

2"1(%7(%+0(1%! (*+,)( -#5+'"+B+ %!&-(1-21().).  

 ). +*%('()(""+,12 -#>(%(0 ,2,1(0# 6++%'2"!1 - 0(,1!5 ,1#6+-62 

-+)+6+" ,)('C3/20 +>%!&+0:  

– - 0(,1( *+'6)38("2. ,5(0# 6 2,1+8"26C +,? Y -#>%((0 ,+-*!'!3/($ , 

"!*%!-)("2(0 )2"($"+$ *+).%2&!422 2&)C8("2. 2,1+8"26!; 

– - *(%-+0 %!&-(1-21()( "!*%!-)("2( +,($ 6++%'2"!1 XY -#>(%(0 

,+-*!'!3/202 , ,++1-(1,1-C3/202 +,.02 ,-(1+-+'! EJ1; 

– -+ -1+%+0 %!&-(1-21()( "!*%!-)("2( +,($ 6++%'2"!1 XY -#>(%(0 

,+-*!'!3/202 , ,++1-(1,1-C3/202 +,.02 ,-(1+-+'! EJ22; 

E(61+%  A+",! '). )2"($"+ *+).%2&+-!""+$ ,-(1+-+$ -+)"# "! -5+'( 

-+)+6+""+B+ 1%!61! ,)('C(1 &!*2,!1? - -2'( 

 !
 !,

,
-

.
//
0

1

$

$
"#,,

-

.
//
0

1

0

0

0

0

0

cos

sin
E

E

E

Y

X ,      (3.19) 

B'( - *%!-+$ 8!,12 %!-(",1-! -(61+%  A+",! *%(',1!-)(" - -2'( 

*%+2&-('("2. !0*)21C'# -+)"# E0 –  2 "+%02%+-!""+B+ -(61+%!  A+",!, ! $B 

CB)+-+( %!,,+B)!,+-!"2( 0(A'C !&20C1+0 *+).%2&!422 -5+'"+B+ 2&)C8("2. 2 

*+).%2&!42+""+$ +,?3 Y ,-(1+-+'! EJ1. 

E(61+%  A+",! "! -#5+'( i-B+ ,-(1+-+'! >C'(0 +>+&"!8!1? ,,
-

.
//
0

1

Yi

Xi

E

E
. 

9!1%24!  A+",! '). +1%(&6!  =; ,-(1+-+'! (>(& *+1(%? 2 , "(+B%!"28(""+$ 

<6,12"642($) 20((1 -2' 

 !

 !
i

i

i

ii

ii

j

j

j

j

j

i e
e

e

e

e +'

:

:'

:(+'

:(+'

",,
-

.
//
0

1
#,,

-

.
//
0

1
#

/2

/2

/2

/2

0

0

0

0
T ,   (3.20) 

B'( - *%!-+$ 8!,12 %!-(",1-! 0!1%24! ,-(1+-+'! *%2-('("! - -2'( 

«,200(1%2%+-!""+$» 0!1%24# , 7!&+-#0 ,+0"+A21()(0, +>/20 '). +>(25 

*+).%2&!42+""#5 0+'.  

 ). C8(1! CB)+-+B+ ,0(/("2. *+).%2&!42+""#5 +,($ ,1#6C(0#5 

,-(1+-+'+- "(+>5+'20+ 2,*+)?&+-!1? 0!1%24C *+-+%+1!  
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 !  !
 !  !,

,
-

.
//
0

1
$$

$$
#

ii

ii

i
cossin-

sincos
;T .     (3.21) 

@,*+)?&C. 7+%0!)2&0  A+",! 0+A"+ &!*2,!1? -(61+%! ,-(1+-+$ -+)"# - 

-+)+6+""#5 ,-(1+-+'!5 ,5(0#. Q! -#5+'( ,-(1+-+'! EJ1 *+)C820 

 !
 !,

,
-

.
//
0

1

$

$
"",,

-

.
//
0

1
"#,,

-

.
//
0

1
"#,,

-

.
//
0

1 +'

:

:'

0

0

/2

/2

0

0

0

1

1

1

cos

sin

0

0
1

1

1

j

j

j

Y

X

Y

X
e

e

e
E

E

E

E

E
T .  (3.22) 

Q! -#5+'( ,-(1+-+'+- EJ21 2 EJ22  

 !  !
 !  ! ,,

-

.
//
0

1
",,

-

.
//
0

1
$$

$$
"",,

-

.
//
0

1
"#,,

-

.
//
0

1
"""#,,

-

.
//
0

1 +'

:

:'

1

1

22

22

/2

/2

1

1

;2i2

2

2

cossin-

sincos

0

0

2

1

2

1
2

2i

2i

Y

X

ii

iij

j

j

Y

X

i

iY

iX

E

E
e

e

e

E

E

E

E
iTT , 

 (3.23) 

B'( 0"+A21()?  21  ,-.&!" , '()("2(0 0+/"+,12 - %!&-(1-21()(, 2"'(6, i – 

1 '). EJ21 2 2 '). EJ22. 

Q! -5+'( 1%(1?(B+ ,-(1+-+'!  

 !  !
 !  ! ,

,
-

.
/
/
0

1
,,
-

.
//
0

1
(,,

-

.
//
0

1
",,

-

.
//
0

1
$$

$$
"#,

,
-

.
/
/
0

1
,,
-

.
//
0

1
(,,

-

.
//
0

1
""#,,

-

.
//
0

1

22

22

21

21

33

33

22

22

21

21

;3

3

3

cossin-

sincos

2

1

2

1

Y

X

Y

X

Y

X

Y

X

Y

X

E

E

E

E

E

E

E

E

E

E
T .    (3.24) 

@"1(",2-"+,1? ,-(1! "! -#5+'( 2"1(%7(%+0(1%! *+)!B!(0 %!-"+$ 

2"1(",2-"+,12 "! -5+'( EJ3 2 "!5+'20 - ,++1-(1,1-2( , 7+%0!)2&0+0 

 A+",! 6!6 

 !
C

,,
-

.
//
0

1
"#,,

-

.
//
0

1
#

3

3

33

2

3

3

2

1

2

1

Y

X

YX

Y

X

E

E
EE

E

E
I .     (3.25) 

J C8(1+0 (3.22) – (3.24) *+)C8!(0 ,1%C61C%C -#%!A("2. '). 

2"1(",2-"+,12 "! -#5+'( 2"1(%7(%+0(1%! 

 !
 !
 !

2

0

0

1;2222;2121;3
0

cos

sin

4 ,,
-

.
//
0

1

$

$
"""(""# TTTTTT

I
I ,   (3.26) 

B'( *+'%!&C0(-!(1,. I0 =E0
2
/2. 

9!1%24# T;21, T;22 2 T;3 ,+'(%A!1 CB)# %!,,+B)!,+-!"2. $21, $22 2 $3, ! 

0!1%24# ,-(1+-+'+- T1 , T21, 2 T22 – 7!&+-#( &!'(%A62  -+1 ± :1,  -+21 ± :21  2 -

+22 ± :22 *+).%2&!42+""#5 0+' - ,-(1+-+'!5. E-('. &"!8("2. CB)+-#5 

%!,,+B)!,+-!"2$ 2 &!'!- &!-2,20+,12 2&0("("2. 7!&+-#5 &!'(%A(6 + 2 : +1 

-%(0("2, , *+0+/?3 (3.26) 0+A"+ %!,,821!1? 2"1(%7(%("42+""#$ ,2B"!). 

V!62( %!,8(1# *+&-+).1 - 6!A'+0 6+"6%(1"+0 ,)C8!( +*%('()21?, 6!6 

2&0(".(1,. -2' 2 !0*)21C'! 2"1(%7(%("42+""+B+ ,2B"!)! «2'(!)?"+$» 

,5(0# *%2 --('("22 CB)+-#5 %!,,+B)!,+-!"2$, ! 1!6 A( 6!6 2&0(".(1,. 

-)2."2( 0+'C).422 7!&+-#5 &!'(%A(6 0+' *+'-+'./(B+ ,-(1+-+'! EJ1 "! 

-#5+'"C3 2"1(",2-"+,1? 2, - 6+"(8"+0 ,8(1( *%+!"!)2&2%+-!1? -+*%+, + 

1+0, 6!62( 2,6!A("2. 0+BC1 -+&"26"C1? - -#5+'"+0 ,2B"!)( -,(B+ 

-+)+6+""+-2"1(%7(%+0(1%28(,6+B+ 2&0(%21().. N>,CA'("2( *%20("("2. 

%!,8(1+- 2"1(%7(%("42+""+B+ ,2B"!)! *+ +>+>/(""#0 -#%!A("2.0 '). 
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!"!)2&! -)2."2. 2,6!A("2$ "! %!>+1C ,+&'!-!(0+B+ 2"1(%7(%+0(1%28(,6+B+ 

*%2>+%! 2 *%20(%#, 2))3,1%2%C3/2( %!,8(1# 2"1(%7(%("42+""+B+ ,2B"!)! 

, C8(1+0 %!,,+B)!,+-!"2$, +>,CA'!31,. - *. 3.7. 

H ,+A!)("23, +>+>/(""#$ !"!)2& ,-+$,1- 2"1(%7(%("42+""+B+ ,2B"!)! , 

C8(1+0 --('(""#5 *%+2&-+)?"#5 CB)+-#5 %!,,+B)!,+-!"2$ *+).%2&!422 

*%(',1!-).(1,. &!1%C'"21()?"#0. O,)2 *+)C821? -#%!A("2( '). 

2"1(%7(%("42+""+B+ ,2B"!)!, «%!,6%#-» (3.26) , C8(1+0 F(,12 *!%!0(1%+-, 

+1%!A!3/25 7!&+-#( &!'(%A62 0+' - ,-(1+-+'!5, ! 1!6 A( 8(1#%(5 

*!%!0(1%+- CB)+-#5 %!,,+B)!,+-!"2$, *+)C821,. "(*%2(0)(0+( *+ 

B%+0+&'6+,12 -#%!A("2(. ;%28(0, 6!6 -,)(',1-2( B%+0+&'6+,12 *+'+>"+B+ 

-#%!A("2., 1!6 2 -,)(',1-2( ,)+A"+B+ «*(%(*)(1("2.» - "(0 *!%!0(1%+- - 

+>/(0 ,)C8!( &!1%C'"21()?"+ !"!)2&2%+-!1? 6!62(-1+ +*%('()(""#( 12*# 2 

-()282"C 2,6!A("2$ !0*)21C'# 2)2 !%BC0("1! 2"1(%7(%("42+""+B+ 

,2B"!)!, -#&-!""#( %!,,+B)!,+-!"2.02. H%+0( 1+B+, 4()("!*%!-)(""#$ 

!"!)2& 2,6!A("2$ 2"1(%7(%("42+""+B+ ,2B"!)! ,-.&!" , 6+"6%(1"#02 

0(1+'!02 *%2(0! 2 +>%!>+162 2"1(%7(%("42+""+B+ ,2B"!)!.  ). *+"20!"2. 

&"!820+,12 1(5 2)2 2"#5 2,6!A("2$ "!'+, -++>/( B+-+%., %!,,0!1%2-!1? 

6+"6%(1"#( -2'# -,*+0+B!1()?"+$ 0+'C).422 2"1(%7(%("42+""+B+ ,2B"!)! 

2 0(1+'# '(1(612%+-!"2. !%BC0("1!, *!%!0(1%# %(!)?"#5 *%20(".(0#5 

+*1+<)(61%+""#5 C,1%+$,1-.  

J '%CB+$ ,1+%+"#, "! *%!6126( CB)+-#( %!,,+B)!,+-!"2. - %!&"#5 0(,1!5 

,5(0# &!8!,1C3 "( +'2"!6+-#, 2 +'"202 -2'!02 %!,,+B)!,+-!"2$ 0+A"+ 

*%("(>%(8? *+ ,%!-"("23 , '%CB202. ;+<1+0C '). *+)C8("2. >+)(( 

+*%('()(""#5 *%(',1!-)("2$ +> -"+,20#5 %!,,+B)!,+-!"2.02 2,6!A("2.5 

2"1(%7(%("42+""+B+ ,2B"!)! 2 !"!)2&( 25 &"!820+,12 *%(',1!-).(1,. 

4()(,++>%!&"#0 %!,,0+1%(1? «*%+,1#(» -!%2!"1# %!,,+B)!,+-!"2$, 6+B'! 

20((1 0(,1+ "( -,(, ! 1+)?6+ +1'()?"#( 7!61+%# %!,,1%+$62. V!6+$ !"!)2& 

"!>+%! 8!,1"#5 ,)C8!(- CB)+-#5 *+).%2&!42+""#5 %!,,+B)!,+-!"2$ 

*+&-+)21 ,'()!1? >+)(( +*%('()(""#( -#-+'# +> 2,6!A("2.5 

2"1(%7(%("42+""+B+ ,2B"!)! 2 0+A(1 >#1? "(6+1+%+$ «2))3,1%!42($» 

*%20("("2. +>/25 -#%!A("2$ (3.22) – (3.26) '). *+)C8("2. 6+"6%(1"#5 

-#%!A("2$ 2"1(%7(%("42+""+B+  ,2B"!)! 2 25 !"!)2&!.      

 

3.3.2. B"+%'7 «82#)/95» /'8#1 2+))#&%+)#1+"': 17+'$"#: #2'!"/+0'' 

8#%,2'7+0'#""95 #)!: )1!/#1#-#1 '"/!23!2!"0'#""#: )5!$9  

@1!6, 0# 0+A(0 %!,,0!1%2-!1? 8(1#%( CB)+-#5 %!,,+B)!,+-!"2. 

-&!20"+$ +%2("1!422 +,($ ,-(1+-+'+- - 0(,1!5 25 ,1#6+-62 '%CB , '%CB+0 2 

, 2,1+8"26+0. ;!%!0(1%!02 %!,,+B)!,+-!"2. .-).31,. 8(1#%( CB)! $0, $21, 

$22 2 $3. E 6!8(,1-( «*%+,1+B+» -!%2!"1! %!,,+B)!,+-!"2. >C'(0 

%!,,0!1%2-!1? %!,,+B)!,+-!"2( 1+)?6+ *+ +'"+0C 2& <125 CB)+- –

 +'"+6%!1"#( %!,,+B)!,+-!"2. – 1.(. 6+B'! -,( +,1!)?"#( CB)#, 6%+0( +'"+B+ 

0+A"+ *+)!B!1? "C)(-#02.      

J C8(1+0 1+B+, 81+ 2& ,++>%!A("2$ ,200(1%22 ,0#,) <77(61+-, 

*%+2,5+'./25 *%2 %!,,+B)!,+-!"2( *+ CB)C $21 2 *+ CB)C $22, +'2"!6+-, 

'+,1!1+8"+ %!,,0+1%(1? 1+)?6+ +'2" 2& <125 -!%2!"1+-. E %(&C)?1!1( 
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*+)C8!(0 1%2 «*%+,1#5» -!%2!"1! CB)+-+B+ %!,,+B)!,+-!"2. "!*%!-)("2. 

*+).%2&!42+""#5 +,($ ,-(1+-+'+-, *%28(0 <12 -!%2!"1# %!,,+B)!,+-!"2. 

*%2-+'.1 6 +*%('()(""#0 5!%!61(%"#0 -!%2!"1!0 "!%CF("2.0 %(A20! 

%!,*%+,1%!"("2. +'"+$ *+).%2&!42+""+$ 0+'# - ,-(1+-+'!5: 

1. D!,,+B)!,+-!"2( "! -5+'( *+'-+'./(B+ ,-(1+-+'! $0X0, $21= $22 = $3=0. 

E %(&C)?1!1( %!,,+B)!,+-!"2. "! -5+'( ,5(0# - ,-(1+-+'!5 

%!,*%+,1%!".31,. '-( *+).%2&!42+""#5 0+'# EY (*%.0!.) 2 EX (*%.0!.). Q! 

-#5+'( 2"1(%7(%+0(1%! *+)C820 ,C*(%*+&2423 '-C5 ,+-"!*%!-)("#5 *+ 

*+).%2&!422 0+' EX21, EX22 2 *!%# +%1+B+"!)?"#5 20 0+' EY21 , EY22, %2,C"+6 

3.6. 

 
D2,C"+6 3.6. ;+).%2&!42+""#( 0+'# - ,-(1+-+'!5 *%2 CB)+-+0 

%!,,+B)!,+-!"22 "! -5+'( -+)+6+""+B+ 1%!61!. 

 

2. D!,,+B)!,+-!"2( +%2("1!422 -5+'"+B+ 1+%4! ,-(1+-+'! *)(8! 

2"1(%7(%+0(1%! $21X0, $0= $22 = $3=0, %2,C"+6 3.7. 

E %(&C)?1!1( %!,,+B)!,+-!"2. "! -5+'( -+)+6+""+B+ *)(8! EJ1 - <1+0 

,-(1+-+'( >C'(1 %!,*%+,1%!".1?,. 6!6 *+).%2&!42+""!. 0+'! EY21 (*%.0!.), 

1!6 2 EX21 (*%.0!.). Q! -#5+'( 2"1(%7(%+0(1%! 20((1 0(,1+ ,C*(%*+&242. ,+-

"!*%!-)(""#5 *+ *+).%2&!422 0+' EY21, EY22 2 +%1+B+"!)?"+ *+).%2&+-!""+$ 

0+'# EX21. 

 
D2,C"+6 3.7. N%2("1!42. *+).%2&!42+""#5 +,($ 2 *+).%2&!42+""#( 0+'# 

,-(1+-+'+- *%2 CB)+-+0 %!,,+B)!,+-!"22 - *(%-+0 %!&-(1-21()(. 

 

3. D!,,+B)!,+-!"2( +%2("1!422 -#5+'"#5 6+"4+- ,-(1+-+'+- *)(8 

2"1(%7(%+0(1%! $3X0, $0= $21 = $22=0, %2,C"+6 3.8. 
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D!,,+B)!,+-!"2( "!*%!-)("2$ *+).%2&!42+""#5 +,($ *)(8 - -#5+'"+0 

%!&-(1-21()( "( -)2.(1 "! %(A20 %!,*%+,1%!"("2( 1+)?6+ +'"+$ 

*+).%2&!42+""+$ 0+'# - EJ1, EJ2 2 EJ3, "+ "! -#5+'( >C'(1 ,C*(%*+&242. 

0+' EY21, EY22 !&20C1# *+).%2&!42$ 6+1+%#5 %!&-(%"C1# "! CB+) $3. 

 
D2,C"+6 3.8. N%2("1!42. *+).%2&!42+""#5 +,($ 2 *+).%2&!42+""#( 0+'# 

,-(1+-+'+- *%2 CB)+-+0 %!,,+B)!,+-!"22 -+ -1+%+0 %!&-(1-21()(. 

 

;%2-('(""!.  2"1(%*%(1!42. -)2."2. CB)+-#5 %!,,+B)!,+-!"2$ - -2'( 

%!,,0+1%("2. ,2,1(0# *+).%2&!42+""#5 0+' "! -#5+'( ,-(1+-+'+- EJ21, 

EJ22 *+)(&"! '). *+"20!"2. *%+2,5+'./25 <77(61+- 2 *+&-+).(1 

!"!)2&2%+-!1? -#5+'"+$ ,2B"!) 2"1(%7(%+0(1%! 6!6 %(&C)?1!1 +>#8"+$ 

)C8(-+$ 2"1(%7(%("422 ,++1-(1,1-C3/25 )C8($-0+', *%2,C1,1-C3/25 "! 

-#5+'( ,5(0#. H%+0( 1+B+, C8(1 «*%.0#5» 2 «*(%(6%(,1"#5» 6+0*!"("1 

*+).%2&!42+""#5 0+', %!,*%+,1%!".3/25,. - ,-(1+-+'!5, *+&-+).(1 

*%+-(,12 !"!)+B23 , '%CB202 -2'!02 *+).%2&!42+""#5 %!,,+B)!,+-!"2$ - 

,5(0( ("( ,-.&!""#5 , -&!20"+$ +%2("1!42($ *+).%2&!42+""#5 +,($ 

,-(1+-+'+- - %!&-(1-21().5).  

L6!&!""#( 1%2 -!%2!"1! «*%+,1#5» CB)+-#5 %!,,+B)!,+-!"2$ %!,,0+1%20 

*+ +1'()?"+,12. D!,,0+1%("2( >C'(0 *%+-+'21? "( - 1+$ *+,)('+-!1()?"+,12, 

- 6+1+%+$ <12 -!%2!"1# >#)2 *(%(82,)("# (+1 %!,,+B)!,+-!"2. "! -5+'( 6 

%!,,+B)!,+-!"23 "! -#5+'(), ! - +>%!1"+0 *+%.'6(, ,+B)!,"+ C-()28("23 

,)+A"+,12 *%+2,5+'./25 <77(61+-.  

 

3.3.2.1. A/0#,#* 2&++#/0&+#,&%(* , ,!"#$%#4 2&:,*),()*0* 
D!,,0+1%20 ,)C8!$, 6+B'! 20((1 0(,1+ 1+)?6+ %!,,+B)!,+-!"2( -&!20"+$ 

+%2("1!422 *+).%2&!42+""#5 +,($ -+)+6+" - -#5+'"+0 %!&-(1-21()( 

(+,1!)?"#( %!,,+B)!,+-!"2. +1,C1,1-C31). V+B'! "! -#5+'( 2"1(%7(%+0(1%! 

("! -5+'( +1-+'./(B+ ,-(1+-+'! EJ3) 0# *+)C820 '-( )2"($"+-

*+).%2&+-!""#( 0+'# ,+ ,0(/(""#02 !&20C1!02 *+).%2&!422, %2,C"+6 3.8.  

;!%!0(1% %!,,+B)!,+-!"2. $3=$9 *%2 <1+0 *+)!B!(0 $0= $21 = $22=0). 

E <1+0 ,)C8!( -5+'"+$ "+%02%+-!""#$ -(61+%  A+",! 2 0!1%24# 

*+-+%+1! 20(31 -2'   
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sin
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-

.
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0

1
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10
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;22;21 TT , 

 !  !
 !  !,

,
-

.
//
0

1
$$

$$
#

cossin-

sincos
;3T   (3.27) 

J C8(1+0 (3.27) -#%!A("2( (3.26) *%(+>%!&C(1,. 6 -2'C 

 !
 !

 !

 !  !

 !  !  !

 !
 !  !  ! .

ee

I

ee

eI

e
e

e
e

e
e

I
I

jjjj

j

j

j

j

j

j
j

2
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0

2
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0

2
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0

2222122122221221

1221
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22

22

12

12

21

cos

sin

4cos

sin

4

0

cos

sin

4

,,
-

.
//
0

1
("$

$
#,,

-

.
//
0

1

("$

"$
#

#",
,
-

.
/
/
0

1
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-

.
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0

1
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-

.
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0

1

"$

"$
#

:(+':(+':(+':(+'

:(+'

:(+'
:

+'

:

:
+'

         (3.28) 

J '%CB+$ ,1+%+"#, 0+A"+ *%+!"!)2&2%+-!1? '!""C3 ,21C!423 "( 1+)?6+ - 

%!06!5 7+%0!)2&0!  A+",!, ! "(*+,%(',1-(""+ 6!6 %(&C)?1!1 )C8(-+$ 

2"1(%7(%("422 "! -5+'( EJ3. E+&?0(0 &! +,"+-C *+).%2&!42+""C3 +,? Y 

,-(1+-+'! EJ21, 2 *%(',1!-20 2&)C8("2( 0+'# EY22 "! -#5+'( EJ2 - -2'( 

'-C5 +%1+B+"!)?"#5 )2"($"+ *+).%2&+-!""#5 ,+,1!-).3/25: ,+,1!-).3/($ 

E
'
Y22, *+).%2&+-!""+$ -'+)? "!*%!-)("2. +,2 Y ,-(1+-+'! EJ21 2 

,+,1!-).3/($ E
'
X22, *+).%2&+-!""+$  *+ "!*%!-)("23 +,2 X EJ21, %2,C"+6 

3.9.   

 
D2,C"+6 3.9. JC*(%*+&242. *+).%2&!42+""#5 0+' *%2 %!,,+B)!,+-!"22 

+%2("1!422 *+).%2&!42+""#5 +,($ ,-(1+-+'+- EJ21 2 EJ22 - -#5+'"+0 

%!&-(1-21()(. 

 

V+B'! 0# >C'(0 20(1? '-! 2"1(%7(%2%C3/25 )C8! , +'2"!6+-+$ 

*+).%2&!42($: 0+'! EY21 2 ,+,1!-).3/!. E
'
Y22. J+,1!-).3/!. E

'
X22 

*+).%2&+-!"! +%1+B+"!)?"+ 6 EY21 2 E
'
Y22. ;+<1+0C %(&C)?12%C3/!. 

2"1(",2-"+,1? 2"1(%7(%2%C3/25 )C8($ 2 2"1(",2-"+,1? 6+0*+"("1# E’X22 

,6)!'#-!31,.. V!6A( ,)('C(1 C8(,1?, 81+ 0+'# EY21 2 EY22 *%2+>%(1!31 

%!&"C3 7!&+-C3 &!'(%A6C - -+)+6+""#5 *)(8!5 2"1(%7(%+0(1%!: 0+'! EY21 

20((1 7!&+-C3 &!'(%A6C - EJ21: -+21 + :21/2, ! 0+'! EY22 7!&+-C3 &!'(%A6C - 

EJ22: -+22 + :22/2. J C8(1+0 C6!&!""#5 7!61+%+- 2 2&-(,1"+B+ -#%!A("2. '). 

'-C5)C8(-+$ 2"1(%7(%("422 "(1%C'"+ *+)C821? -#%!A("2( ').  

2"1(",2-"+,12 - EJ3 (*+,)( -#5+'"+B+ %!&-(1-21().)  

D E !2cos2
4

1
2122

2

21

2

22

2

22 :)'+)"F((F(F# YYYYX EEEEEI ,   (3.29) 
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B'( )+ = +21– +22, ! ): = :21– :22.  

;%2 <1+0 "!'+ C8(,1? +8(-2'"#( ,++1"+F("2. '). 2"1(",2-"+,1($ 

2,5+'"#5 0+' EY21 2 EY22 2 *%+(642$ E’Y22 2 E’X22    

2

2

02

21

E
EY # ,  !

2
cos

2

022

22

E
EY "$#F ,  !

2
sin

2

022

22

E
EX "$#F .   (3.30) 

E 21+B( 2& (3.29) 2 (3.30) *+)C820 %(&C)?1!1, 6+1+%#$ 1!6 A( 0+A"+ 

*+)C821?, %!,6%#- (3.28) – -#%!A("2( '). 2"1(%7(%("42+""+B+ ,2B"!)! 

 ! D E !2coscos1
2

0 :)'+)"$(#
I

I .    (3.31) 

H!6 -2'"+ 2& (3.31) %!,,1%+$6! "( *+-)2.)! "! !%BC0("1 

2"1(%7(%("42+""+B+ ,2B"!)!, <1+ *+-*%(A"(0C %!&"+,1? 7!&+-#5 &!'(%A(6 

*+).%2&!42+""#5 0+' (0+' EY) - *)(8!5 2"1(%7(%+0(1%! (3.15). N'"!6+ +"! 

-)2.(1 "! !0*)21C'C 2 6+"1%!,1 2"1(%7(%("42+""+B+ ,2B"!)!. 

 ($,1-21()?"+ 2& (3.31) *+)C8!(0 

 !$#
(
'

# cos
minmax

minmax

II

II
V ,     (3.32) 

Am= (I0/2)·cos($). 

V!620 +>%!&+0, %!,,0+1%(""+( %!,,+B)!,+-!"2( +%2("1!422 -+)+6+" - 

-#5+'"+0 %!&-(1-21()( "( -)2.(1 "! !%BC0("1 2"1(%7(%("42+""+B+ ,2B"!)!, 

"+ *%2-+'21 6 ,"2A("23 !0*)21C'# 2"1(%7(%("42+""+B+ ,2B"!)!. 

 

3.3.2.2. B&++#/0&+#,&%(* #2(*%)&.(( ,#0#1#%%#/# =0*@& , =*2,#4 

2&:,*),()*0* 

D!,,0+1%20 %(&C)?1!1 %!,,+B)!,+-!"2. +%2("1!422 +'"+B+ 2& -+)+6+" 

*)(8 -+ -5+'"+0 %!&-(1-21()( Y1.  ). *%20(%! %!,,0+1%20 %!,,+B)!,+-!"2( 

+%2("1!422 ,-(1+-+'! EJ21. E %(&C)?1!1( 1!6+B+ %!,,+B)!,+-!"2. - 

,-(1+-+'( EJ21 >C'C1 %!,*%+,1%!".1?,. '-( *+).%2&!42+""#( 0+'# 2 "! 

-#5+'( 2"1(%7(%+0(1%! >C'C1 *%2,C1,1-+-!1? '-( *+).%2&!42+""#( 0+'# 

+'"+B+ -+)+6+""+B+ *)(8! 2 +'"! *+).%2&!42+""!. 0+'! -1+%+B+ 

-+)+6+""+B+ *)(8!, %2,C"+6 3.7. ;!%!0(1% %!,,+B)!,+-!"2. $21=$9 *%2 <1+0 

*+)!B!(0 $0= $22 = $3=0). 
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    (3.35) 

H!6 2 - *%('#'C/(0 *C"61(, '!""#$ ,)C8!$ 0+A(1 >#1? %!,,0+1%(" 

"(*+,%(',1-(""+ - *%(',1!-)("22 )C8(-+$ 2"1(%7(%("422. ;%2 ,+-0(/("22 

)C8($ - -#5+'"+0 %!&-(1-21()( 0+'! EY21 (7!&+-!. &!'(%A6! - EJ21 

[-+21 + :21/2]) 2"1(%7(%2%C(1 , 0+'+$ EY22 (7!&+-!. &!'(%A6! - EJ22 

[-+22 + :22/2]), *+,6+)?6C +"2 20(31 )2"($"C3 *+).%2&!423 , +'2"!6+-#0 

!&20C1+0. 9+'! EY21 *+).%2&+-!"! +%1+B+"!)?"+ 2 (( 2"1(",2-"+,1? *%+,1+ 

,C002%C(1,. , 2"1(",2-"+,1?3 2"1(%7(%2%C3/25 -+)". E 21+B( -#5+'"!. 

2"1(",2-"+,1? 20((1 -2' 

 ! D E !2cos2
4

1
2221

2
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2

21

2

21 :)'+)"(((# YYYYX EEEEEtI .   (3.36) 

J++1"+F("2. 2"1(",2-"+,1($ 0+' 20(31 -2' 

EY21
2
 /2= cos

2
($)·E0

2
/2

 
, EX21

2
/2 = sin

2
($)·E0

2
/2.    (3.37) 

E 21+B( *+)C820 +6+"8!1()?"+( -#%!A("2( '). 2"1(",2-"+,12 "! -#5+'( 

2"1(%7(%+0(1%!, 6+1+%+( 1!6 A( 0+A"+ *+)C821?, %!,6%#- (3.35)   

 !  ! D E !2coscos1
2

0 :)'+)"$(#
I

tI .     (3.38) 

E#%!A("2( (3.38) *+)"+,1?3 <6-2-!)("1"+ 7+%0C)( (3.31), 1.(. '!""+( 

CB)+-+( %!,,+B)!,+-!"2( '($,1-C(1 2'("128"+ %!,,0+1%(""+0C - *. 3.3.2.1 

 

3.3.2.3. B&++#/0&+#,&%(* %& ,"#$* +"*4!.  
J+B)!,"+ *%('-!%21()?"+0C %!,,0+1%("23 «*%+,1#5» -!%2!"1+- CB)+-#5 

%!,,+B)!,+-!"2$, '!""#$ ,)C8!$ ,++1-(1,1-C(1 ,0(/("23 *+).%2&!42+""+$ 

+,2 EJ1 +1"+,21()?"+ !&20C1! *+).%2&!422 2&)C8("2. 2,1+8"26!. N'"!6+ - 

'!""+$ ,21C!422 0+A"+ %!,,0+1%(1? '-! -!%2!"1! %!,,+B)!,+-!"2., 

7!6128(,62 2'("128"#5 *+ %(&C)?1!1C. 

1) ;C,1? +,? *+).%2&!422 2,1+8"26! *+-(%"C1! +1"+,21()?"+ +,2 

*+).%2&!42+""+$ +,2 *+'-+'./(B+ ,-(1+-+'! EJ1 "! "(6+1+%#$  CB+) $0=$ 

("(1+8"+ +%2("12%+-!" -5+'"+$ %!&G(0 EJ1), *%2 <1+0 $3= $21 = $22=0. E  

-+)+6"( EJ1 2, ,)('+-!1()?"+ - -+)+6"!5 EJ21 2 EJ22, >C'C1 -+&>CA'("# 

+>( *+).%2&!42+""#( 0+'#, %2,C"+6 3.7.  
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2)  %CB20 -!%2!"1+0 %!,,+B)!,+-!"2., *%2-+'./20 6 %!,*%+,1%!"("23 

'-C5 *+).%2&!42+""#5 0+' - *)(8!5 .-).(1,. ,0(/("2( +%2("1!422 +>+25 

-+)+6+" *)(8 +1"+,21()?"+ *+)+A("2. +,($ EJ1, -,)(',1-2( ,0(/("2. 

+%2("1!422 ,-(1+-+'! EJ1 "! -5+'( %!&-(1-21().. T+1. '!""!. ,21C!42. 

-+&"26!(1 2&-&! ,0(/("2. +%2("1!422 1+)?6+ ,-(1+-+'! EJ1, 7+%0!)?"+ +"! 

&!'!(1,. C8(1+0 '-C5 *!%!0(1%+- CB)+-+B+ %!,,+B)!,+-!"2. $21=9$22=$ (*%2 

<1+0 $0= $3 = 0).  

D!"(( >#)+ +B+-+%("+ *+'%+>"+( %!,,0+1%("2( 1+)?6+ ,)C8!(- 

%!,,+B)!,+-!"2. *+ +'"+0C 2& *!%!0(1%+-. N'"!6+ +10(120 2 '!""#$ 

-!%2!"1 «'-+$"+B+» %!,,+B)!,+-!"2. 1.6. +" '!(1 %(&C)?1!1  *+)"+,1?3 

<6-2-!)("1"#$ ,)C8!3 1).   

@1!6, *C,1? %!,,+B)!,+-!"2( *%+2&+F)+ *%2 ,1#6+-6( ,-(1+-+'+- 

2"1(%7(%+0(1%! , *+'-+'./20 -+)+6"+0. ;+)!B!(0, 81+ ;N +>+25 

,-(1+-+'+- EJ21 2 EJ22 *+-(%"C1# "! "(6+1+%#$ CB+) $ +1"+,21()?"+ ;N 

*+'-+'./(B+ ,-(1+-+'! (,-(1+-+'# EJ21 2 EJ22 +%2("12%+-!"# +'2"!6+-+, 

"+ "(1+8"+ +%2("12%+-!" -#5+'"+$ %!&G(0 ,-(1+-+'! EJ1). 

J C8(1+0 C6!&!""+B+ %!,,+B)!,+-!"2., &!*2F(0 0!1%24# 2 -(61+%! 

 A+",! 2&)C8("2. '). %!&"#5 C8!,16+- 2 1+8(6 2"1(%7(%("42+""+$ ,5(0#. 
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 !
 ! ,,

-

.
//
0

1
#,,

-

.
//
0

1

$

$

1

0

cos

sin

0

0 , 
 !  !
 !  !,

,
-

.
//
0

1
$$

$$
##

cossin-

sincos
;22;21 TT ,   ,,

-

.
//
0

1
#

10

01
;3T .  (3.44) 

E(61+% "! -#5+'( ,-(1+-+'+- EJ21 2 EJ21 

 !  !
 !  !

 !
0

2

/2

/2

2

2
11

22

22

cos

sin

2

1
Ee

e

e

E

E
j

j

j

iY

iX

ii

ii

"",,
-

.
//
0

1

$"

$"
"#,,

-

.
//
0

1 :'+'

:'+'

:(+'

,           (3.45) 

E(61+% "! -5+'( EJ3 



116 

 !  ! !  !
 !  ! !  !

 !
0

/2

/2/2

/2/2

3

3
11

22222121

22222121

cos

sin

2

1
Ee

ee

ee

E

E
j

jj

jj

Y

X "",
,
-

.
/
/
0

1

$"(

$"(
"#,,

-

.
//
0

1 :'+'

:'+':'+'

:(+':(+'

.      (3.46) 
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H!6 2 %!"(( 0+A"+ +*2,!1? %(&C)?1!1 *C1(0 %!,,0+1%("2. )C8(-+$ 

2"1(%7(%("422.  ). %!,,0!1%2-!(0#5 -!%2!"1+- %!,,+B)!,+-!"2. X-0+'# - 

-+)+6+""#5 *)(8!5 >C'C1 20(1? +'2"!6+-C3 !0*)21C'C EX, ! Y-0+'# 

+'2"!6+-C3 !0*)21C'C EY. I12 !0*)21C'# 0+' "(1%C'"+ -#%!&21? 8(%(& 

!0*)21C'C -+&>CA'!3/(B+ 2&)C8("2. "! -5+'( EJ1 2 CB+) %!,,1%+$62 $ 

EX21
2

 = EX22
2

 = EX
2

 = (1/4)EX1
2
 = (1/4) sin

2
($)·E0

2 
       (3.48) 

   EY21
2
= EY22

2
= EY

2
= (1/4) EY1

2
 = (1/4) cos

2
($)·E0

2
 

E 21+B(, - +>+25 ,)C8!.5 %!,,+B)!,+-!"2., "! -#5+'( -+)+6+""#5 *)(8 0# 

*+)C820: 

– Y-0+'!: !0*)21C'! EY, 7!&+-!. &!'(%A6! - EJ2i –+2i + :2i/2,   

– X-0+'!: !0*)21C'!: EX, 7!&+-!. &!'(%A6! - EJ2i –+2 i – :2 i /2,   

J)('C(1 +10(121?, 81+ ,21C!422 1) 2 2) 20(31 +'"+ %!&)282(. E *(%-+0 

,)C8!( X-0+'# 2 Y-0+'# - -+)+6+""#5 *)(8!5 2"1(%7(%+0(1%! *+)C8!31 

'+*+)"21()?"C3 %!&"+,1? "!8!)?"#5 7!& :1, -,)(',1-2( %!&"#5 7!&+-#5 

&!'(%A(6 *+).%2&!42+""#5 0+' - EJ1. E ,)C8!( 2) 1!6+( +1)282( "!8!)?"#5 

7!& +1,C1,1-C(1. Q+ *+,6+)?6C "! -#5+'( 2"1(%7(%+0(1%! +,2 ,-(1+-+'+- 

,+B)!,+-!"# 2 *%+2,5+'21 "(&!-2,20!. 2"1(%7(%("42. X-0+' 2 Y-0+', 1+ - 

%!&"+,12 7!& 2"1(%7(%2%C3/25 -+)" :1 "( -+$'(1.   

;+,6+)?6C "! -#5+'( 2"1(%7(%+0(1%! >C'C1 *%2,C1,1-+-!1? '-( *!%# =; 

0+' +%1+B+"!)?"#( *+ *+).%2&!422, %(&C)?12%C3/!. 2"1(",2-"+,1? (,1? 

,C00! '-C5 2"1(%7(%("42+""#5 ,)!B!(0#5 
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V+ A( "(1%C'"+ *+)C821? 2& (3.43) 2 (3.47). 

 ). C'+>,1-! !"!)2&! -#%!A("2. (3.49), *%(+>%!&C(0 ,C00C 

6+,2"C,+2'!)?"#5 ,)!B!(0#5 - +'"C 6+,2"C,+2'!)?"C3 ,+,1!-).3/C3 

(;%2)+A("2( 3.2). V+B'! 0+A"+ *+)C821? -#%!A("2(, ,1%C61C%! 6+1+%+B+ 

>)2&6! 2,5+'"+0C -2'C 2"1(%7(%("42+""+B+ ,2B"!)!      
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  !"#$% &$'() *+'",)-./ 0$1)) 23$0-+ 31/ !$4$, 5!$0+ 63)1"!7 

-)#$!$'+) *+*$3+ $ 6*$%6!*"8 .-!)'&)')-9.$--$4$ 6.4-"1".   3"--$( 

6125") 6!'2#!2'" 6.4-"1" $!1.5")!6/ $! 6!'2#!2', :$125)--+8 * :. 3.3.2.1 . 

:. 3.3.2.2. ;!1.5.) -) !$17#$ * 0$1)) 61$,-$( *1./-.. 241" '"66$41"6$*"-./ 

-" "(:1.!232 6.4-"1", -$ . * !$(, 5!$ -" -)< *1./)! '"=-$6!7  !. >'$() !$4$, 

* "'42()-!) 6.4-"1" :'.62!6!*2)! -) :'$6!$ "-.=$!'$:-"/ 6$6!"*1/?@"/ 

 !/2, #"# * 6125") .3)"17-$% -"6!'$%#., " *8$3.! 0$1)) 61$,-"/ &2-#9./  !, 

="*.6/@"/ $! ". A"#.( $0'"=$(, )61. :'. '"0$!) .-!)'&)')-9.$--$% 68)(+, 

!"# .1. .-"5) ="3)%6!*$*"-" "-.=$!'$:-"/ 6$6!"*1/?@"/ "'42()-!", !$ 

:'.8$3.!6/ 25.!+*"!7, 5!$ '"66($!')--$) '"66$41"6$*"-.) :'.*$3.! # 

.6#",)-.? B!$% 6$6!"*1/?@)% :$ 6'"*-)-.? 6 .3)"17-$ -"6!'$)--$% 

68)($%. 

C" '.62-#) 3.10 :'.*)3)-+ 4'"&.#., .11?6!'.'2?@.) $!#1$-)-.) 

&2-#9.. !eff(", !), ="3"*")($% *+'",)-.)( (3.51) $! (– !/2), 

6$$!*)!6!*2?@)(2 $!62!6!*.? :$1/'.="9.$--+8 '"66$41"6$*"-.% * 68)(). D 

25)!$( !$4$, 5!$ * '"66("!'.*")(+8 *+6$#$!$5-+8 .-!)'&)'$()!'.5)6#.8 

.=()'.!)1/8 ')57 .3)! $0 .=()')-.. '"=-$6!. &"= .-!)'&)'.'2?@.8 125)% 6 

!$5-$6!7? 3$ !+6/5-+8 3$1)% '"3."- . *+E), !$, #"# *.3-$ .= 4'"&.#$*, * 

$0@)( 6125") .6#",)-./ ($42! 0+!7 62@)6!*)--+(..  
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0.4

 
F.62-$# 3.10. G6#",)-./ "-.=$!'$:-$% 5"6!. "'42()-!" 

.-!)'&)')-9.$--$4$ 6.4-"1", *+=*"--+) 241$*+( :$1/'.="9.$--+( 

'"66$41"6$*"-.)( ". D1)*" ="*.6.($6!7 B&&)#!.*-$% &"=+ !eff $! 

"-.=$!'$:-$% '"=-$6!.  !, 6:'"*" – $!#1$-)-.) ="*.6.($6!. !eff ( !) $! 

6125"/ .3)"17-$% -"6!'$%#. 68)(+     

 

H1/ 0$1)) $:')3)1)--+8 *+*$3$* $ *1./-.. B!.8 .6#",)-.% -" '"0$!2 

.-!)'&)')-9.$--$% 68)(+, '"66($!'.( 0$1)) #$-#')!-+) :'.()'+.  

1)  !"#$%&"&$'(%)$( $#*(+(+$, -"#+.%&(/ 0"# 1.2,-$#"3$.++45 *.6. 
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F"66($!'.( 6.!2"9.?, #$43" :)')()--+) *$=3)%6!*./ -) *1./?! -" 

'"=-$6!. &"= :$1/'.="9.$--+8 ($3. A$43"  ! :')!)':)*")! 1.E7 

#*"=.6!"!.5)6#.) .=()-)-./ (*61)36!*.) !)(:)'"!2'-+8 . !.:. .=()-)-.% 

*-)E-.8 261$*.%) . ($,-$ $0$=-"5.!7  !=!0. ;0@2? 31/ :$1/'.="9.$--+8 

($3 '"=-$6!7 &"= ($,-$ :')36!"*.!7 #"# 62((2 -).-&$'("!.*-$%  

#*"=.6!"!.5)6#$% 6$6!"*1/?@)% #0 . :)')()--$% 5"6!. $#(t), -"*)3)--$% 

.=()'/)(+( *$=3)%6!*.)(  

  #(t) = #0 + $#(t).     (3.52) 

 +'",)-.) 31/ .-!)'&)')-9.$--$4$ 6.4-"1" ($,-$ =":.6"!7 * *.3) 

% & % & % & ' ( % & % &' ())
*

+
,,
-

.
$#/!/#0!0"/"/"/1 t

I
I eff 000

2440 coscos2sin
2

1
cossin1

2
,    (3.53) 

43) !eff0 *+'",")!6/ 5)')= !0 6$41"6-$ (3.51). 

  ')=217!"!) "(:1.!23" . "'42()-! .-!)'&)')-9.$--$4$ 6.4-"1" 0232! 

:')!)':)*"!7 3$:$1-.!)17-+% ()31)--+% 3')%& :'. .=()-)-.. !0. A"#"/ 

:$:'"*#" * "'42()-!) -.#"# -) *1./)! -" :'.-9.:+ &2-#9.$-.'$*"-./ 

*$1$#$--$-.-!)'&)'$()!'.5)6#$4$ .=()'.!)1/ (-)#$-!'$1.'2)(+% ()31)--

-+% 3')%& '"0$5)% !$5#. – 8"'"#!)'-$) 6*$%6!*$ *$1$#$--+8 

.-!)'&)'$()!'$* [1.1]). I #$1)0"-./ "(:1.!23+ . #$-!'"6!" 

.-!)'&)')-9.$--$4$ 6.4-"1" ($42! 2823E"!7 $!-$E)-.) 6.4-"1/E2( . 

*1./!7 -" '"=')E"?@2? 6:$6$0-$6!7 .=()'.!)1/. J"#6.("17-+% #$-!'"6! 

.-!)'&)')-9.$--$4$ 6.4-"1" 3$6!.4")!6/ :'. 261$*.. !2 = n·23 (n – 9)1$) 

5.61$).   B!$( 6125") .-!)'&)')-9.$--+% 6.4-"1 .())! *.3 

% & % &' (% &t
I

tI eff $#/!/# /01 cos1
2

0 ,    (3.54) 

" #$-!'"6! . "(:1.!23" 6.4-"1" 

 Vmax = 1
/
4

minmax

minmax

II

II
1,    Am

max
= 

2

0I
            (3.55) 

J.-.(2( #$-!'"6!" 3$6!.4")!6/ :'. 261$*.. !2 = n·3 (n – -)5)!-$) 5.61$).   

B!$( 6125")  

% & % & % &' (% &t
I

tI eff $#/!/# 0"/01 cos2cos1
4

0 .       (3.56) 

A$43" :$125.( $9)-#. 31/ (.-.("17-+8 *)1.5.- #$-!'"6!" . "(:1.!23+ 

"-"1$4.5-+) (3.22), -$ 6 23*$)--+( "'42()-!$( #$6.-26" 

% &"1
/
4

1 2cos
minmax

minmax
min

II

II
V ,  Am

min
= % &"0 2cos

2

0I
.   (3.57) 

 

2) 7(-(*(++", %.%&"!2,89", -"#+.%&(/ 0"# 1.2,-$#"3$.++45 *.6. 

K')3:$1$,.(, 5!$ *-)E-)) :)')()--$) *$=3)%6!*.) *+=+*")! 

=-"5.!)17-2? ($321/9.? '"=-$6!)% &"= :$1/'.="9.$--+8 ($3 * 6*)!$*$3"8 

 D21 .  D22.   !"#$( 6125") * "-.=$!'$:-$% 6$6!"*1/?@)% '"=-$6!. &"= 
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:$1/'.="9.$--+8 ($3 61)32)! :$3'"=2()*"!7 -) !$17#$ #*"=.6!"!.5)6#2?, 

-$ . :)')()--2?, :'.5)( *$=($,-$ .-&$'("!.*-2?, #$(:$-)-!2  

 !(t) = !0 + $!(t).     (3.58) 

  "'42()-!) .-!)'&)')-9.$--$4$ 6.4-"1" L(t) :$125.( "-.=$!'$:-2? 

6$6!"*1/?@2? !"# ,) * *.3) #*"=.6!"!.5)6#$% . :)')()--$% 5"6!)% 

!eff(t) = !'0 + $!'(t).     (3.59) 

D"( .-!)'&)')-9.$--+% 6.4-"1 6 25)!$( '"=3)1)-./ -" #*"=.6!"!.5)6#.) 

. :)')()--+) &"=$*+) 6$6!"*1/?@.) ($,-$ =":.6"!7 * *.3) 

% & % & % & % & % &' ( 5 6 % & % &% &))
*

+
,
,
-

.
!7$/$#/!7/#0$!/!"/"/"/1 ttt

I
tI 000

2440 coscos2sin
2

1
cossin1

2
, 

 (3.60) 

K'$"-"1.=.'2)( 8"'"#!)' "'42()-!" L(t).  +'",)-.) * &.42'-+8 6#$0#"8 

– #*"=.6!"!.5)6#"/ #$(:$-)-!", 43) !'0 (!0, ") ="3")!6/ (3.51) . ($,)! 

62@)6!*)--$ $!1.5"!76/ $! 6125"/ «.3)"17-$%» -"6!'$%#., #$43" !'0=– !0/2. 

;3-"#$, #"# 2,) $!()5"1$67, #*"=.6!"!.5)6#"/ 5"6!7 "'42()-!" * 3"!5.#"8 

:)')()--+8 6.4-"1$* ("#26!.#", *.0'"9./ . !.:.) -) -)6)! .-&$'("9.., . )) 

.6#",)-./ -) *1./?! -" '"0$!2 .-!)'&)'$()!'.5)6#$4$ .=()'.!)1/. 

K)')()--"/ 6$6!"*1/?@"/ "'42()-!" .())! -).6#",)--2? :$ 6'"*-)-.? 

6 .3)"17-$% -"6!'$%#$% 68)(+ .=$!'$:-2? 5"6!7 $#(t) . .6#",)--2? 

"-.=$!'$:-2?. H$0"*#" $!'(t)=8$!'(!0,$!(t),") = !eff(",!0+$!(t))–8!eff(",!0), 43) 

!eff(", x) ="3")!6/ *+'",)-.)( (3.51), . :$-/!-$, 5!$ $!'(t) ($,)! =-"5.!)17-$ 

$!1.5"!76/ $! –$!(t)/2, 6$$!*)!6!*2?@)4$ $!62!6!*.? '"66!'$%#..  

A):)'7 $!()!.( 8"'"#!)' .=()-)-.% "(:1.!23+ .-!)'&)')-9.$--$4$ 

6.4-"1". >"# *.3-$ .= (3.60), 6$6!"*1/?@"/ $!(t) ($321.'2)! "(:1.!232 

.-!)'&)')-9.$--$4$ 6.4-"1" * :$1$6) 5"6!$! .-&$'("!.*-+8 *$=3)%6!*.% 

-" .-!)'&)'$()!'. M61. ()!$3+ $0'"0$!#. 6.4-"1" . 3)!)#!.'$*"-./ 

"'42()-!" :$3'"=2()*"?! 6!"0.17-2? "(:1.!232 .1. !$17#$ ()31)--+) 

.=()-)-./, !$ B!$ ($,)! :'.*)6!. # =-"5.!)17-$(2 .6#",)-.? ')=217!"!$* 

.=()')-.% . 3",) -"'2E)-.? '"0$!$6:$6$0-$6!. .=()'.!)1/. M61. 

6:)9."17-+) ()!$3+, $0)6:)5.*"?@.) 3)!)#!.'$*"-.) "'42()-!" 

-)="*.6.($ $! &12#!2"9.% "(:1.!23+ .-!)'&)')-9.$--$4$ 6.4-"1", !$ 

!)$')!.5)6#. *1./-.)( #$1)0"-.% "(:1.!23+ ($,-$ :')-)0')57. ;3-"#$  

:'"#!.5)6#.) 26!'$%6!*" *6)43" .()?! #$-)5-2? 52*6!*.!)17-$6!7 6.6!)(+ 

3)!)#!.'$*"-./ &"=+ # &12#!2"9./( "(:1.!23+. K$B!$(2 $9)-#. 2'$*-/ 

:"'"=.!-+8 &12#!2"9.% "(:1.!23+ .-!)'&)')-9.$--$4$ 6.4-"1" * 1?0$( 

6125") "#!2"17-+ 31/ $:')3)1)-./ =-"5.($6!. *1./-./ B!$4$ &"#!$'" -" 

'"0$!2 ')"17-$% 6.6!)(+.    

3) :"2", ;<2.!", -"%%&-./)". 

C" :'"#!.#) *",)- 6125"%, #$43" '"66$41"6$*"-.) ("1$ !.). " << 3. A$43" 

*+'",)-.) 31/ (.-.(2($* #$-!'"6!" . "(:1.!23+ .-!)'&)')-9.$--$4$ 

6.4-"1" 2:'$@"?!6/ 
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221 "49minV , Am
min

= % &20 21
2

"40
I

     (3.61) 

A"# ,) ($,-$ :$#"="!7 (K'.1$,)-.) 3.3), 5!$ :'. ("1+8 =-"5)-./8 " 

&$'(212 (3.51) ($,-$ 6 *+6$#$% !$5-$6!7? "::'$#6.(.'$*"!7 *+'",)-.)( 

% & % &! 0"/
! 

49"! ! sin
2

2,eff ,     (3.62) 

H1/ #*"=.6!"!.5)6#.8 .=()-)-.% '"=-$6!. &"= :$1/'.="9.$--+8 ($3 * 

:1)5"8 .-!)'&)'$()!'" 

 % & % &0

20
0 sin

2
!0"/

!
49!!eff .        (3.63) 8

A"#.( $0'"=$(, $!-$6.!)17-$) $!#1$-)-.) #*"=.6!"!.5)6#$% "-.=$!'$:-$% 

6$6!"*1/?@)% $! 6125"/ .3)"17-$% -"6!'$%#. 68)(+ -) :')*+E")! 2"2
. 

N$1)) 61$,-+% 6125"%, #$43" "-.=$!'$:-"/ 6$6!"*1/?@"/ "'42()-!" 

.-!)'&)')-9.$--$4$ 6.4-"1" 6$3)',.! «0+6!'2?» #$(:$-)-!2.   B!$( 

6125") .= (3.62) 61)32)! 

% & % & % &% &t
t

,eff $!/!0"/:;

<
=>

? $!
4

!
41"!! 0

20 sin
22

.        (3.64) 8

K)'*$) 61"4")($) :'"*$% 5"6!. (3.64), $5)*.3-$, 61)32)! $!-)6!. # 

#*"=.6!"!.5)6#$% 5"6!. "-.=$!'$:-$% 6$6!"*1/?@)% "'42()-!" !'0, " *!$'$) 

61"4")($) # :)')()--$% 5"6!. $!'(t). A')!7) ,) 61"4")($), #$!$'$) . 

$:.6+*")! $!#1$-)-.) $! 6125"/ .3)"17-$% -"6!'$%#., $!-$6.!6/ # $0).( 

6$6!"*1/?@.(. >"# 8$'$E$ .=*)6!-$ .= !)$'.. 6.4-"1$* 6 241$*$% 

($321/9.)%, 6!"!.5)6#"/ #$(:$-)-!" !')!7)4$ 61"4")($4$ ="*.6.! $! &$'(+ 

. "(:1.!23+ #$1)0"-./ $!(t). D2((" * #*"3'"!-+8 6#$0"8 6$$!*)!6!*2)! 

6125"? .3)"17-$% -"6!'$%#. (6$*:"3")! 6 "-.=$!'$:-$% 5"6!7? (3.18)).  

K'. B!$( .-!)')6)- *$:'$6, -"6#$17#$ =-"5.!)17-$ 6()@)-.) :)')()--$% 

(.-&$'("9.$--$%) #$(:$-)-!+, *-)6)--$) '"66!'$%#$% 68)(+ 6 ("1+( 

241$( ". G= (3.64) :$-/!-$, 5!$ :'. 0$17E.8 "(:1.!23"8 #$1)0"-./ $!(t), 

$!-$6.!)17-"/ *)1.5.-" :$:'"*#. ("1" *61)36!*.) ("1$6!. (-$,.!)1/ "2
. 

C$ 61)32)! $9)-.!7 $!-$6.!)17-2? *)1.5.-2 6()@)-./ 31/ 6125"/  ("1+8 

"(:1.!23 #$1)0"-./. K')$0'"=2)( (3.64) 6 25)!$( $!(t)<<1 

% & % & % & % &% & % & % &% &% &

% & % & % & % & .t
t

tt
t

,eff

:;

<
=>

? !0$!0"/
$!

4/:;

<
=>

? !0"/
!

49

9$!0!/$!0!0"/
$!

4
!

41"!!

0

2

0

20

00

20

cos
2

sin
2

           

sincoscossin
22

      (3.65) 8

>*"3'"!-+(. 6#$0#"(. $!3)1)-+ 6!"!.5)6#"/ !'0 . :)')()--"/ $!'(t) 5"6!. 

"-.=$!'$:-$% 6$6!"*1/?@)% "'42()-!" .-!)'&)')-9.$--$4$ 6.4-"1". G= 

(3.65) *.3-$, 5!$ $!-$6.!)17-$) 6()@)-.) :)')()--$% 6$6!"*1/?@)% :'. 

("1+8 "(:1.!23"8 6$6!"*1/)! 

% &% &
% &% &

% &0

20 2cos2
2

2
!0"041

$!4
$!44!7$
t

t
.        (3.66)  
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A"#.( $0'"=$(, *)1.5.-2 $!-$6.!)17-$4$ 6()@)-./ ($,-$ $9)-.!7 #"# 2"2
. 

C":'.()', :'. "=0.2 (!.). 11,5
0
), :)')()--"/ 5"6!7 "-.=$!'$:-$% 

6$6!"*1/?@)% "'42()-!" .6#",")!6/ :$ 6'"*-)-.? 6$ 6125")( .3)"17-$% 

-"6!'$%#. -) 0$1)) 5)( -" 8%. 

8  
3.3.3.  !"#$%& !&'()*#"#+ ",")%'" -)%.,%. (/)0-+1 !"220/)"20-",%3 4!% 

20&5%,&,%% -0)0$0, 21&6+ 7"1"-8&,5&!"  

K$125)--+) * :. 3.3.1, 3.3.2 ')=217!"!+ 3)($-6!'.'2?! *$=($,-$6!7 

:$125)-./ :$6')36!*$( :'.()-)-./ &$'("1.=(" H,$-6" /*-+8 . :'.4$3-+8 

31/ "-"1.=" *+'",)-.% 31/ .-!)'&)')-9.$--$4$ 6.4-"1" * 6125") :'$6!+8 

($3-$#'"!-+8) !.:$* 241$*+8 '"66$41"6$*"-.% $'.)-!"9.. :$1/'.="9.$--+8 

$6)% *$1$#$-  * 68)() J"8"-O)-3)'" -" $6-$*) HPK 6*)!$*$3$*. 

 F)=217!"!+ &$'("17-$ :$#"=+*"?! .68$3-$ :$-/!-+% &"#!, 5!$ 

:$1/'.="9.$--+) '"66$41"6$*"-./ -) .=()-/?! .=$!'$:-2? 6$6!"*1/?@2? 

"'42()-!"  #, 6$3)',"@2? '"=-$6!7 .=$!'$:-+8 #$(:$-)-! &"=$*+8 

="3)',)# * 6*)!$*$3"8 :1)5 .-!)'&)'$()!'", " !"# ,) ($321/9.$--2? 

6$6!"*1/?@2?, ="3"*")(2? ($321/9.)% 5"6!$!+ 1"=)'".    

;!'.9"!)17-+(. 61)36!*./(. :$1/'.="9.$--+8 '"66$41"6$*"-.% 

/*1/?!6/ 6-.,)-.) . &12#!2"9.. "(:1.!23+ .-!)'&)')-9.$--$4$ 6.4-"1", 

. .6#",)-./ "'42()-!" .-!)'&)')-9.$--$4$ 6.4-"1", #$!$'+% * ')=217!"!) 

3)%6!*./ 6.6!)(+ $0'"0$!#. 023)! $:')3)1/!7 *+8$3-$% 6.4-"1 .=()'.!)1/.  

  :'$6!)%E)( 6125") '"66$41"6$*"-.) (!$17#$ "3Q0, .1. !$17#$ "21Q0, 

1.0$ "22Q0) :'.*$3.! !$17#$ # &.#6.'$*"--$(2 .=()-)-.? "(:1.!23+ 

6.4-"1" . -) .=()-/)! )4$ "'42()-!.  

  0$1)) 61$,-+8 6125"/8 (-":'.()', "0Q0, 1.0$ "21 Q 0 . "22 Q0) "'42()-! 

.-!)'&)')-9.$--$4$ 6.4-"1" $!1.5")!6/ $! .68$3-$4$, :'.5)( .6#",)-./ 

="*.6/! #"# $! &.#6.'$*"--+8 241$* '"66$41"6$*"-./, !"# . $! !)#2@)4$ 

=-"5)-./ :)')()--$% '"=-$6!. &"= (@=  # + G("0, !), 1.0$ @=  # + G("21, 

"22,  !)) 

J$,-$ :$#"="!7, 5!$ * $0@)( 6125"), #$43" $3-$*')()--$ :'.62!6!*2)! 

-)6#$17#$ &"#!$'$* 241$*+8 :$1/'.="9.$--+8 '"66$41"6$*"-.%, .6#",)-./ 

"'42()-!" ($42! ="*.6)!7 . $! "-.=$!'$:-$% 5"6!. &"=$*$% ="3)',#. 

:$1/'.="9.$--+8 ($3 * 6*)!$*$3)  D1 – @=  # + G(", !, !1).  

 $ *6)8 *"'."-!"8, * 6125") ("1$6!. 241$*$4$ :"'"()!'" '"66$41"6$*"-./  

" $!-$6.!)17-+% 2'$*)-7 .6#",)-.% $:')3)1/)!6/ *)1.5.-$% "2
. 

;!()!.( #'"!#$ =-"5)-.) '"66("!'.*")(+8 .6#",)-.%. >"# -) '"= 

$!()5"1$67, )61. -) :')3:'.-.("!7 6:)9."17-+8 ()', !$ *1./-.) 

:)')()--+8 *$=(2@)-.% -" "-.=$!'$:-+) 6$6!"*1/?@.) &"=$*+8 ="3)',)# 

* 6*)!$*$3"8 $#"=+*"?!6/ :')-)0'),.($ ("1+, :$ #'"%-)% ()') ("1+ :$ 

6'"*-)-.? 6 #$1)0"-./(. .=$!'$:-$% '"=-$6!. &"=  #, -"*)3)--$% 

.=()'/)(+( *$=3)%6!*.)(. I -).=0),-+) =-"5.!)17-+) .=()-)-./  ! . !1, 

6*/="--+) !):1$*+(. . !.:. *-)E-.(. 261$*./(. ($,-$ 65.!"!7 

#*"=.6!"!.5)6#.(.. K$B!$(2 :"'"=.!-+) #$1)0"-./ "(:1.!23+ . :"'"=.!-+) 
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.=()-)-./ .6#","?@)% 3$0"*#. * "'42()-!) .-!)'&)')-9.$--$4$ 6.4-"1" 

($,-$ :$1"4"!7 #*"=.6!"!.5)6#.(.. 

 +=*"--+) '"66$41"6$*"-./(. 6-.,)-.) .1. #$1)0"-./ #$-!'"6!" 

.-!)'&)')-9.$--$4$ 6.4-"1" *1./?! -" '"=')E"?@2? 6:$6$0-$6!7 

.=()'.!)1/. I :$61)36!*./ .6#",)-.% "'42()-!" ="*.6/! $! !.:" 

.=()'/)($4$ *$=3)%6!*./. 

K'. 6$=3"-.. .=()'.!)1)% :)')()--+8 6.4-"1$* ("#26!.5)6#.8, 

*.0'"9.$--+8 . !.:.), 1?0+) #*"=.6!"!.5)6#.) 6$6!"*1/?@.) "'42()-!", #"# 

.68$3-+), !"# . 6*/="--+) 6 :$1/'.="9.$--+(. '"66$41"6$*"-./(. * 68)() 

-) *1./?! -" .=()')-.), !.#. -) :$:"3"?! * '"0$52? :$1$62 .=()'/)($4$ 

6.4-"1". K'. 6$=3"-.. .=()'.!)1/ #*"=.6!"!.5)6#.8 *$=(2@)-.%, -":'.()' 

!)(:)'"!2'+, 3"*1)-./ !"#.) .6#",)-./ :'.*$3/! # 3$:$1-.!)17-$% 

:$4')E-$6!. :$#"="-.%. K'.5)( -" -"1.5.) . .=()-)-./ B!$% :$4')E-$6!. 

($42! *1./!7 -) !$17#$ *$=3)%6!*./ -" 52*6!*.!)17-+% B1)()-!, -$ . 

*$=(2@)-./ 261$*.% * $01"6!. :$3*$3/@)4$ 6*)!$*$3". N$1)) :$3'$0-+% 

"-"1.= =-"5.($6!. $!()5)--$% :$4')E-$6!. .=()')-.% !')02)! $!3)17-$4$ 

'"66($!')-./ 31/ #$-#')!-+8 ="3"5.   '"(#"8 3"--$% '"0$!+ ("!)'."1+ :$ 

:'"#!.5)6#$% ')"1.="9.. *$1$#$--+8 .-!)'&)'$()!'.5)6#.8 .=()'.!)1)% 

$'.)-!.'$*"-+ -" ')"1.="9.? 3"!5.#$* :)')()--+8 6.4-"1$*.       

 

 

3.4.  !"# $%&'()*+,)%--./ (+00%1&+0%2+-)3 20&"40#2)" 5%-"!-%3 

$%&'()*+,)%--%3 650#)-5,)) 02"#%2%4%2 

 

>'$() '"66($!')--$4$ &"#!$'" *=".(-$% $'.)-!"9.. :$1/'.="9.$--+8 

$6)% 6*)!$*$3$* * '"=*)!*.!)1/8, 3'24.( =-"5.(+( &"#!$'$( 

:$1/'.="9.$--$4$ '"66$41"6$*"-./ .-!)'&)')-9.$--$% 68)(+, 

-"'2E"?@.( 261$*.) '"6:'$6!'"-)-./ $3-$% :$1/'.="9.$--$% ($3+ * 

6*)!$*$3"8 ($,)! $#"="!76/ #$-)5-"/ B#6!.-#9./ *$1$#$-.   

  '"=3)1) 2 0+1. '"66($!')-+ '"=1.5-+) &"#!$'+, $0261"*1.*"?@.) 

-"1.5.) #$-)5-$4$ #$B&&.9.)-!" :$1/'.="9.$--$% B#6!.-#9..  6*)!$*$3$*, 

. )4$ &12#!2"9...   ="*.6.($6!. $! :"'"()!'$* $:!.5)6#$% 

.-!)'&)')-9.$--$% 68)(+, 62@)6!*)--+(. ($42! 0+!7 #"# &"#!$'+ 

*-2!')--)4$ 8"'"#!)'" (6$06!*)--+) 6125"%-+) -)$3-$'$3-$6!. *$1$#-"), 

!"# . -"*)3)--+) *-)E-.(. *$=(2@)-./(. (-"($!#" * #"!2E#2, " !"# ,) 

63"*1.*"-.) . 6#'2!#") .1. 1$#"17-+(. -)$3-$'$3-$6!/(. (6!+#. 6 

'"66$41"6$*"-.)(  $'.)-!"9.. :$1/'.="9.$--+8, 26!"-$*1)--+) *.1#. 

*$1$#$--+8 '"=R)($* . !.:.).  6) :$3$0-+) &"#!$'+ :'.*$3/! # !$(2, 5!$, 

-)6($!'/ -" *$=02,3)-.) $3-$% :$1/'.="9.$--$% ($3+ -" *8$3) *$1$#-", 

5"6!7 )) .=125)-./ 023)! :')$0'"=$*"-$ * .=125)-.) "17!)'-"!.*-$% ($3+.   

$0@)( 6125") !"#$) /*1)-.) $:.6+*")!6/ 6$$!*)!6!*2?@)% ("!'.9)% 

H,$-6" 6 #$-)5-+(. -)3."4$-"17-+(. B1)()-!"(.. >"# :'"*.1$, ($,-$ 

:$1"4"!7, 5!$ !"#$% 6*)!$*$3, :$-:'),-)(2 /*1/)!6/ 6.6!)($% 6 &"=$*$% 

"-.=$!'$:.)% ., * $0@)( 6125") $:.6+*")!6/ 2-.!"'-$% ("!'.9)% (6(. 

'"=3)1 2). 
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F"66($!'.( *$:'$6 $ *1./-.. #$-)5-$% :$1/'.="9.$--$% B#6!.-#9.. -"  

6*$%6!*" .-!)'&)')-9.$--$4$ 6.4-"1".   3"--$( 6125") *6) 6$41"6$*"-./ 

6*)!$*$3$* :$ *=".(-$% $'.)-!"9.. :$1/'.="9.$--+8 $6)% :$1"4")( 

:$1-$6!7? *+:$1-)--+(. (("!'.9+ H,$-6", 25.!+*"?@.) :$*$'$!+ $6)% 
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*$1-+ -" *8$3) 6*)!$*$3" :1)5" 0+1 6*/="- 6 *)#!$'$( *$1-+ -" *+8$3) 

:$3*$3/@)4$ 6*)!$*$3" 5)')= (-$,.!)17 2K2 iT  (*+'",)-.) (3.23) . 

61)32?@.) .= -)4$ 3"1))). A"#.( $0'"=$(, 3)%6!*.) :)'*$4$ '"=*)!*.!)1/ 

$:.6+*"1$67 #$B&&.9.)-!$( 21  . ("!'.9)% :$*$'$!", " )3.-6!*)--+( 

&"#!$'$( :$1/'.="9.$--$4$ '"66$41"6$*"-./ 0+1$ 241$*$) '"66$41"6$*"-.) 

:$1/'.="9.$--+8 $6)% *8$3-$4$ #$-9" *$1$#$--$4$ :1)5" . *+8$3-$4$ 

#$-9" :$3*$3/@)4$ 6*)!$*$3". D*)3)-.) .-!)'&)'.'2?@.8 *$1- *$ *!$'$( 

'"=*)!*.!)1) 25.!+*"1$67 "-"1$4.5-+( $0'"=$( (*+'",)-.) (3.24)), -$ 6 

.6:$17=$*"-.)( $3-$% ("!'.9+ :$*$'$!", !.). 6 25)!$( !$17#$ *=".(-$4$ 

241$*$4$ '"66$41"6$*"-./ $6)% 6*)!$*$3$* :1)5. 
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K'. !"#$( '"66($!')-.., 6"( B1)()-! (:$12:'$='"5-"/ 3)1.!)17-"/ 

:1"6!.-#"), $0)6:)5.*"?@.% '"=3)1)-.) 6*)!$*$4$ :$!$#", :$1"4"16/ 

:$1-$6!7? .=$!'$:-+(.   ')"17-+8 26!'$%6!*"8 !"#$) :')3:$1$,)-.) 

($,)! *+:$1-/!76/ 6 $4'"-.5)--$% !$5-$6!7?. >'$() !$4$, * 6$*')()--+8 

.-!)'&)')-9.$--+8 68)("8 ($42! :'.()-/!76/ :$1-$6!7? *$1$#$--+) 

'"=*)!*.!)1. (6(. '"=3)1 1).   !"#.8 26!'$%6!*"8 $!62!6!*2)! 3)1)-.) 

6*)!$*$4$ :25#" :$12:'$='"5-+( B1)()-!$(, " '"=3)1)-.) :'$.68$3.! =" 

65)! $'4"-.="9.. 6*/=. ($3 * $01"6!. 601.,)-./ 6)'39)*.- 6*)!$*$3$* * 

'"=*)!*.!)1). > !"#.( *$1$#$--+( '"=*)!*.!)1/( !'23-$ :'.()-.!7 

:'$*)3)--$) * :. 3.3 '"66($!')-.) *=".(-$4$ '"66$41"6$*"-./ 

:$1/'.="9.$--+8 $6)% 6*)!$*$3$*.  

K$B!$(2 9)1)6$$0'"=-$ '"66($!')!7 *$:'$6 $ *$=($,-$ 0$1)) 61$,-$( 

25)!) :$1/'.="9.$--+8 '"66$41"6$*"-.% * ')"17-+8 '"=*)!*.!)1/8 

.-!)'&)')-9.$--$% 68)(+.   

G!"#, :$6#$17#2 * .-!)'&)')-9.$--$% 68)() :'.62!6!*2)! 3*" Y-

'"=*)!*.!)1/, 31/ .8 $:.6"-./ -)$08$3.(+ 5)!+') ("!'.9+ H,$-6"  
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*
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-
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T .    (3.103) 

J"!'.9+ TF1 $:.6+*"?! :)'*+% '"=*)!*.!)17 (:'. i =1 B!$ ("!'.9" 31/ 

.=125)-./, '"6:'$6!'"-/?@)4$6/ .=  D1 *  D21, :'.  i =2 – .=  D1 *  D22). 

J"!'.9+ TF2 $:.6+*"?! *!$'$% '"=*)!*.!)17 (:'. i =1 B!$ ("!'.9" 31/ 

.=125)-./, '"6:'$6!'"-/?@)4$6/ .=  D21 *  D3, :'.  i =2 – .=  D22 *  D3). 

>'$() !$4$, -.,-.) .-3)#6+ XiXj, YiYj, XiYj, YiXj !"# ,) -"41/3-$ 

3)($-6!'.'2?!, #"#.) ($3+ #"#$4$ 6*)!$*$3" 6*/=+*")! 3"--+% 

#$B&&.9.)-! :)')3"5. (*!$'$% .-3)#6 $0$=-"5")! ($32 * #$!$'2? :)')3"-$ 

5"6!7 .=125)-./ .= ($3+, 2#"="--$% * :)'*$( .-3)#6)).   

>$B&&.9.)-!+ ("!'.9  ; '"=*)!*.!)1/ (182), 6$8'"-/?@)4$ 

:$1/'.="9.?, $5)*.3-$ 23$*1)!*$'/?! 261$*./(     

| A | V1, | a | <<1,      (3.104) 

" 31/ .3)"17-$4$ '"=*)!*.!)1/ | A | =1, a  =0. >'$() !$4$, $0+5-$ *+:$1-/)!6/ 

261$*.)  

| XYa | V | YXa |      (3.105) 

>$(:1)#6-+) #$B&&.9.)-!+ ("!'.9 (3.103) -)62! .-&$'("9.? . $ 

&"=$*+8 63*.4"8 6*)!$*$% *$1-+, :'.$0')!")(+8 :'. :'$8$,3)-.. 

'"=*)!*.!)1/. C"1.5.) !"#.8 63*.4$* . .8 *)1.5.-" ="*.6.! $! :'.-9.:" 

')"1.="9.. '"=*)!*.!)1/. 

A"# ,) ($,-$ $!()!.!7, 5!$ B1)()-!+ '"66("!'.*")(+8 '"=*)!*.!)1)% 

$!-$6/!6/, * $0@)( 6125"), # B1)()-!"( 6$ 6()E"--$% "(:1.!23-$-&"=$*$% 

"-.=$!'$:.)%. K$B!$(2 ("!'.9+ (3.103), * $!1.5.) $! ("!'.9 H,$-6", 

$:.6+*"?@.8 6*)!$*$3+, ($42! -) 0+!7 2-.!"'-+(.. U"6!$ ($,-$ :$1"4"!7, 

5!$ 3)1.!)17-+% :$12:'$='"5-+% B1)()-! /*1/)!6/ #*"=.-6$6')3$!$5)--+( 

. $01"3")! !$17#$ "(:1.!23-$% "-.=$!'$:.)% 6 $'!$4$-"17-+(. 1.-)%-+(. 

6$06!*)--+(. 6$6!$/-./(. :$1/'.="9.. (5"6!.5-+) :$1/'.="!$'+).   B!$( 

6125") $:.6+*"?@.) .8 ("!'.9+ 3$1,-+ 0+!7 B'(.!$*+(. (6(. 
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K'.1$,)-.) 1.1) 6 *)@)6!*)--+(. #$B&&.9.)-!"(., !.). -)3."4$-"17-+) 

B1)()-!+ 3$1,-+ 0+!7 '"*-+.  

  #"5)6!*) :'.()'" :'$6!)%E.8 5"6!-+8 6125")* ("!'.9 (3.103), ($,-$ 

2#"="!7 ("!'.9+ :)')3"5. 2K2 iT  . 2K3T , #$!$'+) .6:$17=$*"1.67 * :. 3.3 

31/ $:.6"-./ '"=*)!*.!)1)% :'. ("1+8 241"8 '"66$41"6$*"-./ 

:$1/'.="9.$--+8 $6)% *$1$#$-. 

 

3.5.1. >=&# 40).!%'":%0,,+1 2-032#- 4&!-0/0 !"'-&#-%#&). 

  .-!)'&)')-9.$--$% 68)() :$3'"=2()*")!6/ .6:$17=$*"-.) 3*28 

$3.-"#$*+8 Y-'"=*)!*.!)1)%. ;3-"#$ $3.- .= -.8 '"0$!")! #"# '"=3)1.!)17 

6*)!$*$4$ :$!$#", " 3'24$% #"# «6$)3.-.!)17» 3*28 6*)!$*+8 *$1-. K$B!$(2 

$-. $:.6+*"?!6/ ("!'.9"(. (3.103) 6 $!1.5"?@.(.6/ :$ #$-#')!-$(2 

6(+612 #$B&&.9.)-!"(..  1./-.) '"66$41"6$*"-.% * B!.8 '"=*)!*.!)1/8 !"# 

,) '"=1.5-$, #"# *.3-$ 3",) .= '"66($!')-./ :. 3.4. A"#$) '"=1.5.) 

$0261$*1)-$, * !$( 5.61) . !)( $06!$/!)176!*$(, 5!$ :$1/'.="9.$--+) 

/*1)-./ :'. '"6:'$6!'"-)-.. ($3 * !')!7)( 6*)!$*$3) (43) 6*$3/!6/ 

.=1)5)-./ 6*)!$*$3$* :1)5 .-!)'&)'$()!'") -) *1./?! -" ')4.6!'.'2)(+% 

.-!)'&)')-9.$--+% 6.4-"1.   

  6*/=. 6$ 6#"="--+(, . 0$1)) :$3'$0-$) '"66($!')-.) :$1/'.="9.$--+8 

6*$%6!* '"=*)!*.!)1/, . '"66($!')-.) *1./-./ :$1/'.="9.$--$4$ 

'"66$41"6$*"-./ * '"=*)!*.!)1) -" .-!)'&)')-9.$--+% 6.4-"1 23$0-$ 

:'$*$3.!7 :$ $!3)17-$6!. 31/ :)'*$4$ (3)1.!)17-$4$) . *!$'$4$ 

($0R)3.-/?@)4$) '"=*)!*.!)1/.  

 

3.5.1.1. 7.2,-$#"3$.++4( -"%%.<2"%.!"+$, ! -"#!(&!$&(2( % 6(2$&(2=+4* 

>2(*(+&.* +" .%+.!( 1.2;1-.#-"'+.<. #(-)"2" 
F"66($!'.( #$-6!'2#9.? '"=*)!*.!)1/, $6-$*"--2? -" :'.-9.:) 

«$0R)(-$%» $:!.5)6#$% 6.6!)(+, 43) '"=3)1)-.) :$!$#" $62@)6!*1/)!6/ 

:$12:'$='"5-+( 3)1.!)17-+( B1)()-!$( *-) 6*)!$*$3$*, '.62-$# 3.11. 

K1$6#$6!7 241" :"3)-./, * #$!$'$% 1),"! $6. *6)8 !')8 6*)!$*$3$*, 

.=$0'",)-" 4$'.=$-!"17-$%, -$'("17 # :1$6#$6!. 241" :"3)-./ *)'!.#"17-". 

H1/ -"41/3-$6!. :$1/'.="9.$--"/ $67 Y C1 6*)!$*$3"  D1 :$#"="-" 

6()@)--$% $!-$6.!)17-$ -$'("1. # :1$6#$6!. 241" :"3)-./.  

N23)( :$1"4"!7 .6:$17=$*"-.) * #"5)6!*) 3)1.!)17-$4$ B1)()-!" 

3.B1)#!'.5)6#$4$ :$12:'$='"5-$4$ =)'#"1" 6 ("1+(. *-2!')--.(. 

:$!)'/(.. A"#$% B1)()-!, * $0@)( 6125"), /*1/)!6/ 3.8'$.5-+( B1)()-!$(, 

6$ 6*$%6!*"(. 5"6!.5-$4$ :$1/'.="!$'" [1.11]. D$06!*)--+) 6$6!$/-./ –

$'!$4$-"17-+) 1.-)%-+) :$1/'.="9.. $'.)-!.'$*"--+) :"'"11)17-$ . 

-$'("17-$ :1$6#$6!. :"3)-./ *$1-+ -" =)'#"1$. D$$!*)!6!*)--$ * 0"=.6) 6 

6$41"6$*"--+(. $'.)-!"9./(. $6)%, -":'.()' $67 X -":'"*1)-" * :1$6#$6!. 

:"3)-./, " $67 Y – :)':)-3.#21/'-$ :1$6#$6!. :"3)-./,  ("!'.9" H,$-6" 

!"#$4$ B1)()-!" (. * '),.() '"0$!+ -" :'$8$3 . * '),.() '"0$!+ -" 

$!'",)-.)) .())! 61)32?@2? 6!'2#!2'2 
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F.62-$# 3.11. D!'2#!2'" :)'*$4$ Y- '"=*)!*.!)1/ -" $6-$*) *-)E-)4$ 

:$12:'$='"5-$4$ 3)1.!)17-$4$ B1)()-!" (HT). >'"6-+) *)'!.#"17-+) 

:2-#!.'-+) 1.-.. :$#"=+*"?! $6., -$'("17-+) # :1$6#$6!. 241" :"3)-./. 

W$'.=$-!"17-"/ #'"6-"/ 1.-./ $#"=+*")! 6)5)-.) 3)1.!)17-$4$ B1)()-!" 

:1$6#$6!7? 241" :"3)-./.  >'"6-+(. . 6.-.(. #'2,#"(. :$#"="-+ !$5#., 

1),"@.) * :1$6#$6!. 241" :"3)-./.     
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HTT .    (3.106) 

F"*)-6!*$ #$B&&.9.)-!$* ("!'.9+ (3.106) 6 $3-$% 6!$'$-+ $=-"5")! 

3)1)-.) ($@-$6!. 6*)!$*$4$ :$!$#" :$:$1"(, ., 6 3'24$% 6!$'$-+, 

$0)6:)5.*")! 6$8'"-)-.) 6$6!$/-./ :$1/'.="9.. $!'",)--$% . :'$E)3E)% 

*$1-.    6125") .3)"17-$4$ :$12:'$='"5-$4$ .=$!'$:-$4$ 3)1.!)17-$4$ 

=)'#"1", )4$ ("!'.9" 3$1,-" .()!7 *.3 

))
*

+
,,
-

.
1

10

01

2

1
HTT  .     (3.107) 

C" :'"#!.#) !.:.5-+% *.3 31/ ="*.6.($6!. #$B&&.9.)-!$* ||a  . Ba * 

'),.() $!'",)-./ $! 3.B1)#!'.5)6#$4$ =)'#"1" 6 ("1+(. :$!)'/(. $! 241" 

:"3)-./ C .())! *.3, :$#"="--+% -" '.62-#) 3.12.  S"*.6.($6!7 

#$B&&.9.)-!$* 31/ :'$E)3E)% *$1-+ -)!'23-$ :')36!"*.!7 .68$3/ .= 

261$*./ ("1+8 *-2!')--.8 :$!)'7.  

  ("!'.9"8 (3.106) . (3.107) :$3'"=2()*"?!6/ *)@)6!*)--+) 

:$1$,.!)17-+) 3."4$-"17-+) B1)()-!+. D!'$4$ 4$*$'/, :'. 

$!'",)-../:'$:26#"-.. 6*)!$*$% *$1-+ 3.B1)#!'.5)6#.( =)'#"1$( 

*$=-.#"?! 6#"5#. &"=+ -" 180
0
 31/ $3-$% .1. $0$.8 #$(:$-)-! (* 

="*.6.($6!. $! :')*+E)-./ 241$( :"3)-./ 241" N'?6!)'" CN). >'$() !$4$, 

:'. $!'",)-.. *$=-.#")! «4)$()!'.5)6#.%» :$*$'$! -":'"*1)-./ 

:$1/'.="9.., 6*/="--+% 6 6.(()!'.5-+( :$*$'$!$( $!'",)--$4$ 

.=$0'",)-./ $!-$6.!)17-$ -$'("1. # :1$6#$6!. 241" :"3)-./ (:'. 

'"66($!')-.. :$ 8$32 '"6:'$6!'"-)-./ *$1-+).   6*/=. 6 B!.(, 5"@) *6)4$ 

.3)"1.=.'$*"--$) =)'#"1$ $:.6+*"?! ("!'.9)% H,$-6" 6 3."4$-"17-+(. 
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B1)()-!"(. «1» . «–1» (-":'.()' [1.11–1.13]). ;3-"#$ 31/ 2-.*)'6"17-$6!. 

*+'",)-.% :$ $!-$E)-.? # $!'",)--$(2 . :'$E)3E)(2 6*)!2 023)( 

:$1"4"!7 #$B&&.9.)-!+ 6$06!*)--$% ("!'.9+ H,$-6" 3)1.!)17-$4$ 

B1)()-!" :$1$,.!)17-+(., " B&&)#! 4)$()!'.5)6#$4$ '"=*$'$!" 

$!'",)--$4$ .=$0'",)-./ 25!)( :'. *+0$') -":'"*1)-./ $!65)!" 241$*. 

>'$() !$4$, 25.!+*"/, 5!$ 3"--+) *+'",)-./ 0232! .6:$17=$*"!76/ 31/ 

'"65)!" . "-"1.=" 6.4-"1" *$1$#$--$4$ .-!)'&)'$()!'" J"8"-O)-3)'", *6) 

&.#6.'$*"--+) &"=$*+) 63*.4. 6*)!$*+8 *$1- -) *1./?! -" 8"'"#!)' . 

*)1.5.-2 .6#",)-.% .-!)'&)')-9.$--$4$ 6.4-"1" (6(. :. 3.5.1.3). 
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F.62-$# 3.12. A.:.5-+% *.3 ="*.6.($6!. #$B&&.9.)-!$* $!'",)-./ 

3.B1)#!'.5)6#$4$ :$12:'$='"5-$4$ 3)1.!)17-$4$ B1)()-!" 6 ("1+(. 

:$!)'/(. $! 241" :"3)-./ (,.'-$% :2-#!.'-$% 1.-.)% :$#"="- 24$1 :"3)-./, 

$0)6:)5.*"?@.% !')02)(+% #$B&&.9.)-! 3)1)-./ 1/2). 

 

>'$() "-.=$!'$:-+8 6*$%6!* 3)1.!)17-$4$ B1)()-!", &"#!$'$( 

:$1/'.="9.$--$4$ '"66$41"6$*"-./ 68)(+ /*1/?!6/ !"# ,) $'.)-!"9.. 

:$1/'.="9.$--+8 $6)% 6*)!$*$3$*.   6125") .3)"17-$% -"6!'$%#. *6) 

:$1/'.="9.$--+) $6.  D 3$1,-+ 0+!7 6$-":'"*1)-+ . 6$41"6$*"-+ 6 

:1$6#$6!7? 241" :"3)-./ . -$'("17? # -)%.   B!$( 6125"), ("!'.9+ 

'"=*)!*.!)1/ 0232! $:.6+*"!76/ ("!'.9"(. (3.106) 6 -21)*+(. 

-)3."4$-"17-+(. B1)()-!"(.. T!$ =-"5.!, 5!$ )61.  * :$3*$3/@)( 6*)!$*$3) 

'"6:'$6!'"-/)!6/ !$17#$ $3-" :$1/'.="9.$--"/ ($3", !$ . * 6*)!$*$3"8 :1)5 

!"# ,) 023)! $0)6:)5)- '),.( '"6:'$6!'"-)-./ $3-$% :$1/'.="9.$--$% 

($3+. M61. 261$*.) 241$*+8 6$41"6$*"-.% *6)8 *$1$#$- . =)'#"1" 

-"'2E")!6/, !$ 3.8'$.5-$6!7 3)1.!)17-$4$ B1)()-!" . 241$*+) 

'"66$41"6$*"-./ :$1/'.="9.$--+8 $6)% 023)! :'.*$3.!7 # -"'2E)-.? 

'),.(" '"6:'$6!'"-)-./ $3-$% :$1/'.="9.$--$% ($3+ * 6*)!$*$3"8 :1)5. 

H1/ 25)!" 241$*+8 '"66$41"6$*"-.% 023)( '"66("!'.*"!7 241+ :$*$'$!" 

:$1/'.="9.$--+8 $6)% 6*)!$*$3$* $!-$6.!)17-$ :1$6#$6!. :"3)-./ 241" . 

-$'("1. # -)%. H1/ $:')3)1)--$6!. *+0)')( #$-#')!-+) -":'"*1)-./ 

$!65)!$* 241$* !"#, 5!$ 241+  D1 . *$1$#-", * #$!$'$) :$6!2:")! 6*)!, 

$!'",)--+% $! 3)1.!)17-$4$ B1)()-!", $!65.!+*"?!6/ $! -":'"*1)-./  

:1$6#$6!. 241" :"3)-./ (.1. -$'("1. # -)%) :'. '"66($!')-.. !$'9" 



132 

*$1$#-" 6$ 6!$'$-+ 6*)!$*$3". H1/  D * #$!$'+% :$6!2:")! 6*)!, 

:'$E)3E.% 5)')= 3)1.!)17-+% B1)()-! 24$1 $!65.!+*")!6/ :'. 

'"66($!')-.. !$'9" 6$ 6!$'$-+ 3)1.!)17-$4$ B1)()-!", '.62-$# 3.13.  

C" '.62-#) :'$E)3E"/ 3)1.!)17-+% B1)()-! *$1-" -":'"*1/)!6/ *  D21, 

" $!'",)--"/ $! 3)1.!)17-$4$ B1)()-!" *$1-" -":'"*1/)!6/ * 6*)!$*$3  D22. 

T!$ 6*/="-$ 6 -)$08$3.($6!7? $:')3)1)--$6!. :'. .=$0'",)-... ;3-"#$ 

:'. "-"1.=) :'$01)(+ *6) *+'",)-./ $0$0@)-+ . .8 *.3 -) ="*.6.! $! 

*+0$'" 6*)!$*$3$* :1)5 31/ $!'",)--$% . :'$E)3E)% *$1-+ ($! B!$4$ 

*+0$'" 0232! ="*.6)!7 #$-#')!-+) =-"5)-./ . =-"#. *)1.5.- #$B&&.9.)-!$* 

("!'.9).   

D 25)!$( 2#"="--$4$ :'"*.1" **)3)-./ 241$* ($,-$ =":.6"!7 

% & % &

% & % & % & % & % & % & % & % &
% & % & % & % &% & % & % & % & % &)
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-
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iXiiYiiYiiXi
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1111

1K1iKiP TTT

 (3.108) 

 *)3)( :"'"()!' '"66$41"6$*"-./ $, $:.6+*"?@.% 3.8'$.5-$6!7 

3)1.!)17-$4$ B1)()-!", :'. B!$(, 31/ $:')3)1)--$6!. 023)( :$1"4"!7, 5!$ 

31/ -":'"*1)-./ :)':)-3.#21/'-$4$ :1$6#$6!. :"3)-./ ($67 Y) ($@-$6!7 

6*)!$*$4$ :$!$#" 3)1.!6/ :$:$1"( (6(. '.62-$# 3.12) 

aYi= 1, aXi=(1– $i).    (3.109) 

K$6#$17#2 :$1"4")!6/, 5!$ 3)1.!)17-+% B1)()-! $01"3")! :')-)0'),.($ 

("1+(. *-2!')--.(. :$!)'/(., !$ :"'"()!'+ '"66$41"6$*"-./ $ 31/ 

$!'",)--$% $! 3)1.!)17-$4$ B1)()-!" *$1-+ . :'$E)3E)% *$1-+ 6*/="-+     

(1 – $1)
2 
+ (1 – $2)

2 
= 2.    (3.110) 

A$43" ("!'.9+ '"=*)!*.!)1/ (3.108) ($,-$ :)'):.6"!7 * *.3) 

% & % & % & % & % & % &
% & % & % &% & % & % & % &)

)
*

+
,,
-

.
"0"0$4"4""0"0$/"4"4

"0"0$4"4""0"0$4"4"
01

iiiiii

iiiiii

sinsincossincossin

cossinsincoscoscos
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  B!.8 ("!'.9"8 ($,-$ *+3)1.!7 !'. &"#!$'" :$1/'.="9.$--$4$ 

'"66$41"6$*"-./: &"#!$', 6*/="--+% 6 :"'"()!'$( $, 6 241$( "1 . '"=-$6!7?  

241$* ("1–"i). ;!()!.(, 5!$ B!" '"=-$6!7 $!-$6.!)17-$ :1$6#$6!. :"3)-./ 

6$$!*)!6!*2)!, 6$41"6-$ $4$*$')--$(2 '"-)) :'"*.12 $!65)!" -":'"*1)-.% 

241$*, 2412 (),32 *=".(-+(. -":'"*1)-./(. :$1/'.="9.$--+8 $6)% 

6*)!$*$3$*. L.=.5)6#.% 6(+61 :'$/*1)-./ B!.8 &"#!$'$* :$-/!)-: )61. 

:$1/'.="9.$--"/ $67  D1 -) 6$*:"3")! 6 -$'("17? # :1$6#$6!. 241" 

:"3)-./, !$ *61)36!*.) 3.8'$.5-$6!. 3)1.!)17-$4$ B1)()-!" 1.-)%-"/ 

:$1/'.="9./ :"3"?@)% *$1-+ (:'. '),.() '"6:'$6!'"-)-./ $3-$% 

:$1/'.="9.$--$% ($3+ *  D1) :')$0'"=2)!6/ * 1.-)%-2? :$1/'.="9.? 

$!'",)--$% . :'$E)3E)% *$1-+ 6 .=()-)-.)( "=.(2!". A.). :)'*+) 3*" 

&"#!$'" '"0$!"?! 6$*()6!-$. >"# 61)36!*.) *  D21 .  D22 ($42! 

*$=02,3"!76/ 2,) 3*) :$1/'.="9.$--+) ($3+, $3-"#$ 2'$*)-7 «:'/(-$%» 
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($3+ ($,)! ()-/!76/ .=-=" 3$:$1-.!)17-$4$ :$*$'$!" :$1/'.="9.$--$% $6. 

6*)!$*$3" :1)5".    
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S3)67 31/ #$(:"#!-$6!. . -"41/3-$6!. .6:$17=$*"- 24$1 "2i="1–"i, 

.()?@.%, #"# . * :. 3.3 6(+61 241$*$4$ '"66$41"6$*"-./ (),32 

-":'"*1)-.)( :$1/'.="9.$--+8 $6)% 6*)!$*$3" :1)5" . :$3*$3/@)4$ 

*$1$#-".   6')3-)% 5"6!. *+'",)-./ (3.112) $!0'$E)-+ #$(:$-)-!+ 0$1)) 

*+6$#$4$ :$'/3#" ("1$6!., 5)( #*"3'"! ("1$4$ :"'"()!'".   :'"*$% 5"6!. 

$6!"*1)-+ !$17#$ #$(:$-)-!+ :)'*$4$ :$'/3#" ("1$6!..    

G= *+'",)-.% (3.111) (. 6')3-)% 5"6!. (3.112)) *.3-$, 5!$ :"'"=.!-2? 

6$6!"*1/?@2?, 6*/="--2? 6 #$B&&.9.)-!$( :)')3"5. aY1Xi :'. -)-21)*+8 $i 

. "1 ($,-$ :$3"*.!7 =" 65)! 241" "2i. A.). 6#$(:)-6.'$*"!7 63*.4 

-":'"*1)-./ 1.-)%-$% :$1/'.="9.. :$61) 3)1)-./ *61)36!*.) 3.8'$.=(" 

:$*)'-2* :$1/'.="9.$--2? $67 6*)!$*$3" :1)5" *3$17 63*.-2!$4$ 

-":'"*1)-./.  
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M61. 3.8'$.=( $!62!6!*2)! (3)1.!)17-+% B1)()-! .=$!'$:-+%) . $=0, !$ 
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;!()!.( 3$:$1-.!)17-$ '"0$!2 &"#!$'$* '"66$41"6$*"-./, 6*/="--+8 

!$17#$ 6 '"=3)1)-.)( 6*)!$*$4$ :$!$#" -" :$12:'$='"5-$% :1"6!.-).  K26!7 

261$*.) (3.114) *+:$1-)-$ . :$1/'.="9.$--+) $6. 6*)!$*$3$* :1)5 

6$41"6$*"-+ 6 :$1/'.="9.$--+(. $6/(. :$3*$3/@)4$ 6*)!$*$3". A$43" 31/ 
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M61. :"'"()!'+ '"66$41"6$*"-./ :$1"4"!7 ("1+(., !$ (3.114) ($,-$ 

2:'$6!.!7, .6:$17=2/ .=*)6!-+) '"=1$,)-./ !'.4$-$()!'.5)6#.8 &2-#9.% . 

$!0'"6+*"/ 6$6!"*1/?@.) 0$1)) *+6$#.8 :$'/3#$* ("1$6!.. >'$() !$4$, 6 

25)!$( ("1$6!. $, 6$41"6-$ (3.110) ($,-$ .6:$17=$*"!7 $5)-7 :'$6!2? 6*/=7 
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L$'(" ("!'.9 H,$-6" (3.116) 8$'$E$ 3)($-6!'.'2)! 6$*()6!-$6!7  

3)%6!*./ &"#!$'" 3.8'$.5-$6!. . '"66$41"6$*"-.) $'.)-!"9.. 

:$1/'.="9.$--+8 $6)%  D1 $!-$6.!)17-$ :1$6#$6!. 241" :"3)-./ . -$'("1. 

# -)%. 

K'. ')"1.="9.. '"=*)!*.!)1/ 6 :$12:'$='"5-+( 3)1.!)17-+( B1)()-!$( 

:'.*1)#"!)17-" *$=($,-$6!7 6-.=.!7 :'$/*1)-.) &"#!$'$* '"66$41"6$*"-./ 

. 6-.=.!7 !')0$*"-./ # 241$*+( -"6!'$%#"( B1)()-!$*.   B!$( :1"-) 5"6!$ 

:'.()-/)!6/ #$-6!'2#9./ '"=*)!*.!)1/ $6-$*"--"/ -" .6:$17=$*"-.. 

«-21)*$4$ 241" :"3)-./». H)1$ * !$(, 5!$ 241$*+) ="*.6.($6!. 

#$B&&.9.)-!$* $!'",)-.//:'$:26#"-./ 31/ ||a  . Ba  :$12:'$='"5-$4$ 

B1)()-!" 68$3/!6/ * $01"6!. D=0 . D=90
0
, '.62-$# 3.12. S" 65)! *+0$'" 

$!'","?@)4$ :$#'+!./ ($,-$ $0)6:)5.!7 !"#2? 241$*2? ="*.6.($6!7 B!.8 

#$B&&.9.)-!$*, 5!$ 0+  !')02)($) =-"5)-.) 50% $0)6:)5.*"1$67 * 

-"5"17-$% !$5#) C=0.   B!$( 6125") ||a V Ba , :$B!$(2 $V0 ., 61)3$*"!)17-$, 

24$1 "1 ($,)! 0+!7 :'$.=*$17-+(. A$43" ("!'.9+ '"=*)!*.!)1/ ($,-$ 

:')36!"*.!7 *+'",)-.)( (3.113), :$125)--+( 31/ 6125"/ $!62!6!*./ 
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3.8'$.=(". C$ :$-:'),-)(2, 31/ :'"*.17-$% -"6!'$%#. 68)(+ !')02)!6/ 

!$5-"/ ?6!.'$*#" *=".(-+8 -":'"*1)-.% :$1/'.="9.$--+8 $6)% 6*)!$*$3$*.  

 

3.5.1.2. ?.2.).++4/ -"#!(&!$&(2= 
I17!)'-"!.*$% '"=*)!*.!)1? 6 6$8'"-)-.)( :$1/'.="9.., 

.=4$!$*1)--$(2 :$ !)8-$1$4.. «$0R)(-$%» $:!.#. 6 :$12:'$='"5-+( 

3)1.!)17-+( B1)()-!$( . $!3)17-+(. *$1$#$--+(. *+*$3"(., /*1/)!6/ 

«0)='"='+*-+%» *$1$#$--+% '"=*)!*.!)17 6 6$8'"-)-.)( :$1/'.="9.., * 

#$!$'$( '"=3)1)-.) $62@)6!*1/)!6/ =" 65)! !$4$, 5!$ * 9)-!'"17-$% 5"6!. 

'"=*)!*.!)1/ &$'(.'2?!6/ 261$*./ 31/ =-"5.!)17-$% 6*/=. .=125)-.% 3*28 

HPK 6*)!$*$3$* (6(. '"=3)1 1). 

  6125") 0)='"='+*-$4$ *$1$#$--$4$ '"=*)!*.!)1/ 6 6$8'"-)-.)( 

:$1/'.="9.., #"# . * 6125") *$1$#$--$4$ '"=*)!*.!)1/ 6 3)1.!)17-+( 

=)'#"1$(, *8$3-+(. . *+8$3-+(. 6.4-"1"(. /*1/?!6/ :$1/'.="9.$--+) 

($3+ * *$1$#$--+8 *+*$3"8 (3*) *8$3-+8 ($3+ . 5)!+') *+8$3-+8). D*/=7 

B!.8 E)6!. ($3, * $0@)(  6125") $:.6+*")!6/ 3*2(/ ("!'.9"(. H,$-6" *.3" 

(3.103). F"=*)!*.!)17, .3)"17-$ 6$8'"-/?@.% :$1/'.="9.?, .())! ("!'.9+ 

H,$-6" *.3" 
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F)"17-+) '"=*)!*.!)1. $:.6+*"?!6/ ("!'.9"(. 6 #$-)5-+(.  

*-)3."4$-"17-+(. B1)()-!"(., 8"'"#!)'.=2?@.(. :$1/'.="9.$--$)  

'"66$41"6$*"-.) * '"=*)!*.!)1). ;3-.( .= $6-$*-+8 &"#!$'$* 6$8'"-)-./ 

:$1/'.="9.. * !"#.8 '"=*)!*.!)1/8, /*1/)!6/ 6!'$4$) 6$41"6$*"-.) 

4)$()!'.5)6#$% $'.)-!"9.. :$1/'.="9.$--+8 $6)% 6*)!$*$3$* * $01"6!., 43) 

:'$.68$3.! *=".($3)%6!*.) '"6:'$6!'"-/?@.86/ * -.8 .=125)-.%. ;3-"#$ 

'"66($!')-.) B!$4$ . 3'24.8 &"#!$'$* :$1/'.="9.$--$4$ '"66$41"6$*"-./ . 

:$125)-.) $9)-$# 31/ #$B&&.9.)-!$* ("!'.9 H,$-6" '"=*)!*.!)1)% 

/*1/)!6/ =-"5.!)17-$ 0$1)) 61$,-$% ="3"5)%, 5)( 31/ 6125"/ 6 3)1.!)17-+( 

B1)()-!$(.   !"#$( '"=*)!*.!)1) "-"1.=2 :$3*)'4")!6/ 61$,-+) &.=.5)6#.) 

:'$9)66+ '"6:')3)1)--$4$ *=".($3)%6!*./ .=125)-.% ($3. >$B&&.9.)-!+ 

!"#$% 6*/=. $5)-7 61$,-$ ="*.6/! $! 6!'$)-./ 9)-!'"17-$% $01"6!. 

'"=*)!*.!)1/, !)8-$1$4.. )) .=4$!$*1)-./, $-. -) /*1/?!6/ *)@)6!*)--+(.. 

K$125")!6/, 5!$ * 6125") 0)='"='+*-$4$ *$1$#$--$4$ '"=*)!*.!)1/ !'23-$ 

$'.)-!.'$*"!76/ -" #"#.)-1.0$ $:')3)1)--+) $0$0@)--+) *+'",)-./ 31/ 

$9)-#. #$B&&.9.)-!$* ("!'.9 H,$-6" '"=*)!*.!)1/ 5)')= :"'"()!'+ 

#$-6!'2#9.., 25.!+*"?@.) :$1/'.="9.$--+) '"66$41"6$*"-./.  

A)( -) ()-)), :'. '"66($!')-.. 6$*')()--+8 0)='"='+*-+8 *$1$#$--+8 

'"=*)!*.!)1)%, 6$8'"-/?@.8 :$1/'.="9.?  ($,-$ 25.!+*"!7 2#"=+*")(+) 

:'$.=*$3.!)1/(. $!-$6.!)17-$ ("1+) *-2!')--.) :$!)'. (!.:$*$% 2'$*)-7 

~ 0,2 3N), #$B&&.9.)-! '"=*)!*1)-./ 01.=#.% # 50%  . *+6$#2? 

:$1/'.="9.$--2? '"=*/=#2 ($0+5-$ ~ 20 3N) 5!$ :$=*$1/)! .6:$17=$*"!7 :'. 

$9)-#"8 261$*./ (3.104). 
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 $$0@) 4$*$'/, 261$*.) $!62!6!*./ *-2!')--.8 :$!)'7 3$1,-$ 

-"#1"3+*"!7 $:')3)1)--+) ,)6!#.) *=".($6*/=. #$B&&.9.)-!$* ("!'.9 

'"=*)!*.!)1/, #$!$'+) !"# ,) ($41. 0+ 0+!7 25!)-+ :'. "-"1.=). ;3-"#$ 

2'$*)-7 ')"17-+8 ("1+8 *-2!')--.8 :$!)'7 '"=*)!*.!)1/ !"#$*, 5!$ $- 

6$:$6!"*.( 6 2'$*-)( 6*/=. :$1/'.="9.$--+8 ($3 . :$3$0-+) 261$*./ !"# 

,) -):'.()-.(+ 31/ :'"#!.5)6#.8 $9)-$#. D 3'24$% 6!$'$-+ 6$*')()--+) 

!)8-$1$4.. .=4$!$*1)-./ '"=*)!*.!)1. $0)6:)5.*"?! 3$6!"!$5-$ 8$'$E2? 

6.(()!'.5-$6!7 6.6!)(+ . :'. "-"1.=), :'. -)$08$3.($6!., ($,-$ 

:$1"4"!76/ -" *+:$1-)-.) 261$*./ (3.105).  
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*-$6.(+) B1)()-!"(. *$1$#$--$% .-!)'&)')-9.$--$% 68)(+ -) *1./?! -" 

$0@.) ')=217!"!+ "-"1.=" 6.4-"1" .-!)'&)'$()!'". 
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43) #$B&&.9.)-!  a – ="3")!6/ :"'"()!'$( :$1/'.="9.$--$% B#6!.-#9.. 

(:$1/'.="9.$--$% .=$1/9.., :$1/'.="9.$--$% '"=*/=#. . !.:.) '"=*)!*.!)1/, 

#$!$'+% *6)43" 2#"=+*")!6/ :'$.=*$3.!)1)( 31/ '"=*)!*.!)1)% 6 

6$8'"-)-.)( :$1/'.="9... 

 

3.5.1.3. ?2$,+$(  1.2,-$#"3$.++45 -"%%.<2"%.!"+$/ ! 1(-!.* -"#!(&!$&(2( 

G!"#, * $0@)( 6125") '"=*)!*.!)17 61)32)! '"66("!'.*"!7 6 

.6:$17=$*"-.)( $0$0@)--$% ("!'.9+ (3.103), #$B&&.9.)-!+ #$!$'$% 

23$*1)!*$'/?! 261$*./( (3.104). >$B&&.9.)-!+ ("!'.9+ -)62! 

.-&$'("9.? $0 "(:1.!23) #$B&&.9.)-!$* :)')3"5. .=125)-./ ($3  D1 * 

.=125)-./ ($3  D21 .  D22, " !"# ,) $ 3$:$1-.!)17-+8 &"=$*+8 63*.4"8, 

*-$6.(+8 :'. '"=*)!*1)-... D1)32)! ="()!.!7, 5!$ 3"--+) &"=$*+) 63*.4. 

($,-$ :$1"4"!7 &.#6.'$*"--+(.. A"# ,) -)!'23-$ :$#"="!7, 5!$ * 

*+'",)-./8 31/ .-!)'&)')-9.$--$4$ 6.4-"1" 3"--+) &"=$*+) 3$0"*#. 

!%(<6" 0232! *8$3.!7 "33.!.*-$ 6 &"=$*+(. 6$6!"*1/?@.(. #1, !1, #2i, !2i, 

(., *$=($,-$ c A1,8A2i), #$!$'+), #"# :$3'"=2()*")!6/ :'. "-"1.=), ($42! 

()-/!76/ 6 *-)E-.(. 261$*./(. * $5)-7 E.'$#.8 :')3)1"8, :'.-.("/ 

1?0+) =-"5)-./ * .-!)'*"1) [0;23]. K$B!$(2 ')=217!"!+ "-"1.=" 8"'"#!)'" . 

*)1.5.-+ .6#",)-.% .-!)'&)')-9.$--$4$ 6.4-"1" -.#"# -) .=()-/!6/ $! 

-"1.5./ .1. $!62!6!*./ 1?0+8 3$:$1-.!)17-+8 &.#6.'$*"--+8 (" !"# ,) . 

#*"=.6!"!.5)6#.8) 3$0"*$# # 2#"="--+( &"=$*+( 6$6!"*1/?@.(.      

D 25)!$( 6#"="--$4$, 31/ 6-.,)-./ 4'$($=3#$6!. *+'",)-.% 023)( 

.6:$17=$*"!7 ("!'.9+ H,$-6" '"=*)!*.!)1)% 6 *)@)6!*)--+(. 

#$B&&.9.)-!"(. 
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. (3.122) 

G-!)-6.*-$6!7 6*)!" -" *+8$3) .-!)'&)'$()!'" :$1"4")( '"*-$% 

.-!)-6.*-$6!. -" *8$3)  D3 *+'",")!6/ 6$41"6-$ &$'(21) 

% & % &

% & % &

2

/2

2

/2

1

/2

2

/2

10

22222121

22222121

4 )
)
*

+
,
,
-

.

0/0

0/0
1

!4#4!4#4

!/#4!/#4

jj

jj

eAeA

eaeaI
I .    (3.123) 

F"6#'+*"/ (3.123) :$125.( *+'",)-.) 31/ .-!)'&)')-9.$--$4$ 6.4-"1" 

% & % &' (2cos2cos
4

00
0 ! /# 07/7/! 4# 0/01 mm AAAA

I
I ,     (3.124) 

43) 
2

2

2

10 AAA /1 , 212 AAAm 1 , 
2

2

2

10 aaA /17 , 212 aaAm 17 . 

K')$0'"=2/, #"# . '"-)) *+'",)-.) (3.124) :$125.( *+'",)-.) 

% & ' ( ' (% &effmmmm AAAAAA
I

I !/# 0! 070/7//7/01 coscos2
4

22

00
0 ,    (3.125) 

* #$!$'$( -"41/3-$ *.3-" ="*.6.($6!7 "(:1.!23+ .-!)'&)')-9.$--$4$ 

6.4-"1" $!  !, " ="*.6.($6!7 "-.=$!'$:-$% 6$6!"*1/?@)% "'42()-!" 

.-!)'&)')-9.$--$4$ 6.4-"1" *+'",")!6/ 5)')=  ! 6$41"6-$ *+'",)-.?    

)
)
*

+
,
,
-

.
)
*

+
,
-

. ! 
0))
*

+
,,
-

.
7/

74
41!

2
tgarctg

mm

mm
eff

AA

AA
.     (3.126) 

G= (3.125) . (3.126) *.3-$, 5!$ &12#!2"9.. . .6#",)-./ 6$6!"*1/?@.8 

.-!)'&)')-9.$--$4$ 6.4-"1", *+=*"--+) :$1/'.="9.$--+(. 

'"66$41"6$*"-./(. * :)'*$( '"=*)!*.!)1), "-"1$4.5-+ '"66($!')--+( * 

:. 3.3.2 . :. 3.3.3.   5"6!-$6!., :'. a1=0 .1. a2=0 :$125.( *+'",)-.), 

B#*.*"1)-!-$) (3.3.8), . 6125"%, #$43" $!62!6!*2)! .6#",)-.) "'42()-!".  
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K'. -)#$!$'+8 6$5)!"-./8 :"'"()!'$* Ai . ai ($,-$ :$125.!7 *+'",)-.), 

"-"1$4.5-$) (3.49).   $0@)( 6125") #$-#')!-+) &2-#9.. 31/ &12#!2"9.% 

"(:1.!23+ 6.4-"1" .-!)'&)'$()!'" . .6#",)-.% "'42()-!" L, ="3"*")(+) 

(3.126) 0232! -)6#$17#$ $!1.5"!76/ $! :$125)--+8 * :. 3.3.2.2 . :. 3.3.2.3, 

:$6#$17#2 (3.126) 25.!+*")! 3$:$1-.!)17-+) &"#!$'+ '"66$41"6$*"-./ 

#'$() *=".(-$% $'.)-!"9.. :$1/'.="9.$--+8 $6)% 6*)!$*$3$*. ;3-"#$ 

$0@.% 8"'"#!)' &12#!2"9.% . .6#",)-.% . $9)-#. *)1.5.-+ .6#",)-.% . .8 

6$6!"*1/?@.8 (#*"=.6!"!.5)6#$% . :)')()--$%) :'. ("1+8 '"66!'$%#"8 

0232! "-"1$4.5-+.       

 

3.5.2. >=&# 40).!%'":%0,,+1 2-032#- -#0!0/0 !"'-&#-%#&). 

 !$'$% '"=*)!*.!)17 .4'")! '$17 -) '"=3)1.!)1/, " «6$)3.-.!)1/» 3*28 

6*)!$*+8 :$!$#$*. K$B!$(2 6(+61 #$B&&.9.)-!$* ("!'.9 H,$-6" *!$'$4$ 

'"=*)!*.!)1/ 6 !$5#. =')-./ .-!)'&)')-9.$--$% 68)(+ $!1.5")!6/ $! 6125"/ 

:)'*$4$ '"=*)!*.!)1/. H*) ("!'.9+ TF1i ="3"*"1. 6*/=7 $3-$% :"'+ 

«*8$3-+8» ($3 6 3*2(/ '"=-+(. :"'"(. «*+8$3-+8» ($3.  H*) ("!'.9+ TF2i 

$:.6+*"?! 6*/=7 3*28 '"=-+8 :"' «*8$3-+8» ($3 6 $3-$% . !$% ,) :"'$% 

«*+8$3-+8» ($3. ;3-"#$ 6!'$)-.) . 6$06!*)--+) 6*$%6!*" '"=*)!*.!)1)% . 

&"#!$'+ :$1/'.="9.$--$4$ '"66$41"6$*"-./ :$1-$6!7? "-"1$4.5-+, . 

#$B&&.9.)-!+ ("!'.9 H,$-6" ($42! 0+!7 :'$"-"1.=.'$*"-+ . $9)-)-+ 

!$5-$ !"# ,) #"# . 31/ :)'*$4$ '"=*)!*.!)1/. K$B!$(2 *6) ="()5"-./ :$ 

:$*$32 ("!'.9 H,$-6" 63)1"--+) * :. 3.5.1 . $!-$6/@.)6/ # -.( :$125)--+) 

')=217!"!+ :$1-$6!7? :'.()-.(+ . 31/ *!$'$4$ '"=*)!*.!)1/.    

D 25)!$( 6#"="--$4$, 31/ "-"1.=" *1./-./ !$17#$ *!$'$4$ '"=*)!*.!)1/, 

023)( 65.!"!7, 5!$ ("!'.9+ H,$-6" '"=*)!*.!)1/ TF2i .()?! *.3 (3.103), -$ 

#$B&&.9.)-!+, #"# . * :. 3.5.1 023)( 65.!"!7 *)@)6!*)--+(..  6) $6!"17-+) 

B1)()-!+ 68)(+ (* !$( 5.61) . :)'*+% '"=*)!*.!)17) $:.6+*")( ("!'.9"(. 

31/ .3)"1.=.'$*"--$4$ 6125"/ :'. $!62!6!*.. * -.8 :$1/'.="9.$--+8 

'"66$41"6$*"-.%. 

 )#!$' H,$-6" 6*)!$*$% *$1-+ -" *+8$3) 6*)!$*$3$*  D21 .  D22  

% &
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*

+
,,
-

.
001))

*

+
,,
-

.
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!4#/#4
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E
iT ,  (3.127) 

43) .3)"17-+% :)'*+% '"=*)!*.!)17 3)1.! ($@-$6!7 .=125)-./ :$:$1"( . 

$:.6+*")!6/ (-$,.!)1)(  21 .  

C" *8$3) !')!7)4$ 6*)!$*$3" *)#!$' H,$-6" 6*)!$*$% *$1-+ 023)! * *.3) 
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(3.128) 

G-!)-6.*-$6!7 6*)!" -" *+8$3) .-!)'&)'$()!'" :$1"4")( '"*-$% 

.-!)-6.*-$6!. -" *8$3)  D3  
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% & % &

% & % &

2
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2
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22222121

22222121
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)
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jj

jj

eAeA

eaeaI
I .   (3.129) 

  ')=217!"!) *+'",)-.) 31/ .-!)'&)')-9.$--$4$ 6.4-"1" .())! *.3 

% & % &' (2cos
4

00
0 ! 4# 07//7/01 mm AAAA

I
I ,     (3.130) 

43) .6:$17=$*"-+ **)3)--+) * :')3+32@)( :2-#!) $0$=-"5)-./ (*+'",)-.) 

(3.124)).  .3-$, 5!$, #"# . * 6125") '"66$41"6$*"-./ *$ *!$'$( '"=*)!*.!)1), 

'"66($!')--$( * :. 3.3.2.1 (*+'",)-.) (3.31)), "'42()-! .-!)'&)')-9.$--$4$ 

6.4-"1" -) .6#",)-, " #$-!'"6! . "(:1.!23" ($42! 6-.=.!76/ :$ 6'"*-)-.? 

6$ 6125")( .3)"17-$% -"6!'$%#. * ="*.6.($6!. $! 6$$!-$E)-.% 

#$B&&.9.)-!$* A1, A2 . a1, a2. 

 

 

3.6. 8%$%&-)#"&9-." :+5#%(. (+;%#. 0/"<. 

 

3.6.1. ?)(="3 ;))%4#%=&2$03 40).!%'":%% -105,0/0 %')(=&,%. 

  :'.*)3)--$( '"66($!')-.. -" *8$3) *$1$#$--$% 68)(+ :')3:$1"4"1"67 

1.-)%-$ :$1/'.=$*"--"/ *$1-" .6!$5-.#", " &"#!$'$( '"66$41"6$*"-./ 0+1 

24$1 a (),32 -":'"*1)-.)( 1.-)%-$% :$1/'.="9.. 6*)!$*$% *$1-+ . 

:$1/'.="9.$--$% $67? Y 6*)!$*$3"  D1.   $0@)( 6125") 61)32)! 25)6!7 . 

!"#$% &"#!$' #"# $!#1$-)-.) 6$6!$/-./ :$1/'.="9.. -" *+8$3) .6!$5-.#" $! 

1.-)%-$% :$1/'.="9... H1/ 25)!" B!$4$ 0$1)) $0@)4$ 6125"/ *)#!$' H,$-6" 

-" *8$3) *$1$#$--$4$ !'"#!" ($,)! 0+!7 =":.6"- * *.3)  

% &
% & )

)
*
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,
,
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.
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01))

*

+
,,
-

.
#4

#

2

0

2

0

0

0

0

0

0

cos

sin

j

j

Y

X

e

e
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E
,      (3.131) 

43) :"'"()!'+ "0 . #0 :$=*$1/?! $:.6"!7 :'$.=*$17-$) 6$6!$/-.) 

:$1/'.=$*"--$4$ .=125)-./.  )#!$' H,$-6" 6*)!$*$% *$1-+ -" *+8$3) 

6*)!$*$3"  D1 023)! .()!7 *.3 
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*
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-
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*
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*
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-
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  (3.132) 

C)!'23-$ *.3)!7, 5!$ 3"--+% *)#!$' H,$-6" :$1-$6!7? B#*.*"1)-!)- 

6125"?, '"66($!')--$(2 :. 3.3.2.3, )61. *()6!$ !1 :$6!"*.!7 62((2  !1 + #0. 

K$B!$(2 31/ 25)!" !$17#$ 3"--$4$ '"66$41"6$*"-./ ($,-$ .6:$17=$*"!7 *6) 

.!$4$*+) *+'",)-./, :$125)--+) * :. 3.3.2.3, 63)1"* * -.8 6$$!*)!6!*2?@2? 

="()-2. >'$() !$4$, :$6#$17#2 * 1?0$( 6125") :')3:$1"4")!6/, 5!$ '"=-$6!7 

&"= !1 ($,)! :')!)':)*"!7 =-"5.!)17-+) 63*.4. . :'.-.("!7 :'$.=*$17-+) 

=-"5)-./, !$ *6) $0@.) *+*$3+ . ="()5"-./ :. 3.3.2.3 $6!"?!6/ * 6.1). 
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 6) B!$ &"#!.5)6#. $=-"5")!, 5!$ :'. $!#1$-)-.. 6$6!$/-./ 

:$1/'.="9.. *8$3-$4$ .=125)-./ $! .3)"17-$4$ 6125"/ (1.-)%-"/ 

:$1/'.="9./, -":'"*1)--"/ *3$17 :$1/'.="9.$--$% $6. Y 6*)!$*$3") *",-$ 

6$$!-$E)-.) ($@-$6!)% *$=02,3")(+8 :$1/'.="9.$--+8 ($3 (B!$ ="3")! 

:"'"()!' "0), " -) -"5"17-"/ '"=-$6!7 &"= ($3 (:"'"()!' #0), :$6#$17#2 *6) 

6$=3"*")(+) &.#6.'$*"--+) '"=-$6!. &"= :$1/'.="9.$--+8 ($3 *$1$#$- -) 

*",-+ -" &$-) :'$.=*$17-$ ()-/?@.86/ &"=$*+8 ="3)',)# 6*/="--+8 6 

'"6:'$6!'"-)-.)( 6*)!" * 6*)!$*$3"8.  

 

3.6.2. @"24!02#!",&,%& - 2-&#0-05"1 605 !"',0/0 #%4" 

 6) :')3E)6!*2?@)) '"66($!')-.) 6.4-"1" *$1$#$--$4$ .-!)'&)'$()!'" 

J"8"-O)-3)'" -" $6-$*) HPK *$1$#$- :'$*$3.1$67 * :')3:$1$,)-.., 5!$ 

.68$3-$ (* :')-)0'),)-.. ("1+(. :$1/'.="9.$--+(. '"66$41"6$*"-./(.) 

*$ *6)8 6*)!$*$3"8 '"6:'$6!'"-/)!6/ :$1/'.="9.$--"/ ($3" EY. K'. B!$( *$ 

*6)8 6*)!$*$3"8 DX > DY, !.). ($3" EX /*1/)!6/ «()31)--$%», " ($3" EY –

«0+6!'$%». A"#$) :')3:$1$,)-.) :$=*$1.1$ '"66("!'.*"!7 *:$1-) 

#$-#')!-+) *+'",)-./ 31/ $:.6"-./ *6)8 "-.=$!'$:-+8 6$6!"*1/?@.8 &"=, 

.6:$17=2)(+8 :'. '"66($!')-... ;3-"#$ * $0@)( 6125") «.3)"17-$(2» 

'),.(2, #$43" *$ *6)8 *$1$#-"8 ( D1,  D21 .  D22) '"6:'$6!'"-/)!6/ 

!$17#$ $3-" :$1/'.="9.$--"/ ($3", ($42! 6$$!*)!6!*$*"!7 *"'."-!+ 6 

'"=1.5-+(. !.:"(. ($3. K$6#$17#2 $0$=-"5)-./ ($3 EX . EY 6$$!*)!6!*2?! 

4)$()!'.5)6#$% $'.)-!"9.. :$1/'.="9.$--+8 $6)%, !$ '"=-+) *"'."-!+ 

!.:$* '"6:'$6!'"-/?@.86/ ($3 :$125"?!6/ =" 65)! '"=-+8 *$=($,-+8 

6$$!-$E)-.% DX . DY * 6*)!$*$3"8.   :'"#!.5)6#$( 26!'$%6!*) B!. '"=-+) 

*"'."-!+ ($42! 0+!7 ')"1.=$*"-+ :$*$'$!"(. 6*)!$*$3$* -" 90
0
 *$#'24, 

6*$)% $6. !"#, 5!$ 0+ 1.-)%-$ :$1/'.=$*"--$) *8$3-$) .=125)-.) *$=023.1$ 

1.0$ «()31)--2?», 1.0$ «0+6!'2?» ($32 6*)!$*$3".  

K$6#$17#2 *$=($,)- *+0$' .= 3*28 !.:$* ($3 * !')8 6*)!$*$3"8, !$ *6)4$ 

:$125.( *$6)(7 *$=($,-+8 *"'."-!$*, :'.*)3)--+8 * !"01.9) 3.1. >'"!#$ 

:'$#$(()-!.'2)( *6) *$=($,-+) *"'."-!+. 

 

A"01.9" 3.1 

 EY  D1 EY  D21 EY  D22 

1 «0+6!'"/» «0+6!'"/» «0+6!'"/» 

2 «()31)--"/»  «0+6!'"/»  «0+6!'"/» 

3  «0+6!'"/» «()31)--"/» «()31)--"/» 

4 «()31)--"/» «()31)--"/» «()31)--"/» 

5  «0+6!'"/» «0+6!'"/» «()31)--"/» 

6 «()31)--"/» «0+6!'"/» «()31)--"/» 

7 «0+6!'"/» «()31)--"/» «0+6!'"/» 

8 «()31)--"/» «()31)--"/» «0+6!'"/» 
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1)  $ *6)8 6*)!$*$3"8 '"6:'$6!'"-/)!6/ «0+6!'"/» ($3". G()--$ B!$! 

6125"% 0+1 *=/! =" $6-$*2 :'. "-"1.=) .-!)'&)')-9.$--$% 68)(+ * 3"--$( 

'"=3)1). H1/ B!$4$ *"'."-!" :$125)-+ *6) *+'",)-./ -"5.-"/ 6 (3.15). 

2) J$3+ 6*)!$*$3$*: E1– «()31)--"/», E21 . E22– «0+6!'+)».  $ *6)8 

*+'",)-./8 -"3$ ="()-.!7 !E -" !E
(2)

      

!E
(2)

 = (DY – DX)l1= –8!E .    (3.133) 

3) J$3+ 6*)!$*$3$*: E1– «0+6!'"/», E21 . E22–«()31)--+)».  $ *6)8 

*+'",)-./8 -"3$ ="()-.!7 !21 . !22  -" !21
(3)

 . !22
(3) 

, .  ! -"  !(3)
 

!FE
(3)

 = (DY – DX)l21= –8!FE; !FF
(3)

 = (DY – DX)l22.=8!FF;  !
(3)

=8– !. (3.134) 

4) J$3+ 6*)!$*$3$*: E1, E21 . E22–«()31)--+)».  $ *6)8 *+'",)-./8 -"3$ 

63)1"!7 !"#.) ,) ="()-+ #"# * :. 2) . 3) 

!E
(4)

 = –8!E; !FE
(4)

 =–8!FE; !22
(4)

 =–8!22;  !
(4)

=8– !.  (3.135) 

5) J$3+ 6*)!$*$3$*: E1 .  E21 –«0+6!'+)», E22–«()31)--"/».  $ *6)8 

*+'",)-./8 -"3$ ="()-.!7 !22  -" !22
(5) 

, .  ! -"  !(5)
 

!22
(5)

 = –8!22;  !
(5)

= !FE+8!F2.   (3.136) 

6) M61. ($3+ 6*)!$*$3$*: E1 .  E22 –«0+6!'+)», E21–«()31)--"/».  $ *6)8 

*+'",)-./8 -"3$ 63)1"!7 ="()-+ .3)-!.5-$ :. 2) . 5) 

7) J$3+ 6*)!$*$3$*: E1 .  E22 –«0+6!'+)», E21–«()31)--"/». D.!2"9./ 

:$1-$6!7? "-"1$4.5-" 6125"? 5), )61. ="()-.!7 ()6!"(. -2()'"9.? * 

$0$=-"5)-.. 6*)!$*$3$* :1)5 21Y22. 

8) J$3+ 6*)!$*$3$*: E1 .  E22 –«()31)--+)», E21–«0+6!'+)». D.!2"9./ 

:$1-$6!7? "-"1$4.5-" 6125"? 6), )61. ="()-.!7 ()6!"(. -2()'"9.? * 

$0$=-"5)-.. 6*)!$*$3$* :1)5 21Y22. 

  1?0$( 6125") *+0$' !.:$* '"6:'$6!'"-/?@.86/ ($3 *1./)! -" =-"#. 

6$6!"*1/?@.8 !1, !21,8!22G8  *+'",)-./8 31/ .-!)'&)')-9.$--$4$ 6.4-"1" 

B!. 6$6!"*1/?@.) .1. .8 62((+/'"=-$6!. *8$3/! * *.3) "'42()-!$* 

!'.4$-$()!'.5)6#.8 &2-#9.%. K'. B!$( :$3'"=2()*"?!6/ *$=($,-$6!7 

:'$.=*$17-+8 #*"=.6!"!.5)6#.8 .=()-)-.% . $!62!6!*.) =-"5.(+8 

:)')()--+8 #$1)0"-.%. K$-/!-$, 5!$ * B!$( 6125") =-"#. =-"5)-./ -) 

.()?!, *+0$' !.:" ($3+ -) *1./)! -" ')=217!"!+, #"6"?@.)6/ 8"'"#!)'" . 

*)1.5.-+ #$1)0"-.% :"'"()!'$* .-!)'&)')-9.$--$4$ 6.4-"1", 

'"66($!')--+8 * :. 3.3 . :. 3.4., '"0$!$6:$6$0-$6!. 68)(+, $6-$*-+8 

:"'"()!'$* .=()'.!)1/. 

H'24"/ 6.!2"9./ *$=-.#")!, )61. .()?! ()6!$ =-"5.(+) :)')()--+) 

#$1)0"-./ "-.=$!'$:-+8 '"=-$6!)% &"= :$1/'.="9.$--+8 ($3 6*)!$*$3$* 

:1)5, *+=*"--+) .=()'/)(+( *$=3)%6!*.)( (1.0$ :"'"=.!-+(. 

*$=(2@)-./(. 52*6!*.!)17-$4$ B1)()-!").   !"#$( 6125"), $5)*.3-$, *+0$' 

!.:" ($3, '"6:'$6!'"-/?@.86/ *  D21 .  D22, ($,)! ()-/!7 *)1.5.-2 . 

=-"# 52*6!*.!)17-$6!. "-.=$!'$:-$% 6$6!"*1/?@)% "'42()-!" 

.-!)'&)')-9.$--$4$ 6.4-"1" # B!.( *$=(2@)-./(, " !"# ,) -" *)1.5.-2 

-"*)3)--+8 &12#!2"9.% "(:1.!23+ 6.4-"1" .-!)'&)'$()!'". K$B!$(2 

*$=($,-+ «$:!.("17-+)» 1.0$, -"$0$'$!, -)23"5-+) *"'."-!+ *+0$'" 

!.:$* '"6:'$6!'"-/?@.86/ ($3 6*)!$*$3$*  D21 .  D22. 
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I-"1$4.5-"/ 6.!2"9./ 023)! * 6125"), )61. .-&$'("!.*-$% /*1/)!6/ 

#*"=.6!"!.5)6#"/ 6$6!"*1/?@"/ '"=-$6!)% &"=.   !"#$( *"'."-!) *+0$' 

!.:$* '"6:'$6!'"-/?@.86/ ($3 !"# ,) ($,)! :$*1./!7 -" '"0$!2 . 

:"'"()!'+ .=()'.!)1/. 

 

3.7.  !"#$% &'()*& +#,-". /&#.0$%"1$&!!23 0"++&*#"+&4"!$5 4 

6$+7"!1$&!!&8 4&#&9&!!&8 $!7)0:)0&8)70) ;"3"-<)!6)0" !" &+!&4) 

=>? +4)7&4&6&4.  

 

3.7.1.  !"!#$%%"$ &'()*$%+$ ,-. ()/0$1"& +%1$(2$($%3+"%%"4" /+4%)-) 

 ! "#$"%& '()$*)'! %+,)#-&$). /&0"1"/ 23"$#!,  '() '(")4%"-5$+6 

4$!,&$)76 %#&6 '!(!/&0("% '"-7()4!*)"$$+6 (!##"8-!#"%!$). 

)$0&$#)%$"#05 $! %+6"1& %"-"9"$$". #6&/+ /"3&0 :+05 (!##,)0!$! '" 

%+(!3&$);  

 !
2
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0

1<1222<22<1121<21
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TTTTTTT .      (3.137) 

= 9!,&#0%& %&90"(! 23"$#! %6"1$"8" )4->,&$)7, % ":?&/ #->,!&, #-&1>&0 

)#'"-54"%!05 %&90"( (3.131) 81& "#$"%$+/ '!(!/&0("/ (!##"8-!#"%!$)7 

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

@!0()*+ 23"$#! T1, T21, T22, – /!0()*+ #%&0"%"1"% =A1, =A21 ) =A22 

#""0%&0#0%&$$"  – 4!1!;0#7 9!9 /!0()*+ 2BC #%&0"%"1! (3.70) . C(),&/ % 

":?&/ #->,!& #-&1>&0 >,)0+%!05, ,0" D!4+ ,i, -i /"8>0 '(&0&('&%!05 

'(")4%"-5$+& #1%)8), #%74!$$+& # %$&E$)/) >#-"%)7/) ) %"4/>?&$)7/), ! 

'!(!/&0(+ ri ) .i 0!9 3& /"8>0 /&$705#7 # %$&E$)/) >#-"%)7/). F("%&$5 

4$!,&$). %&-),)$+ r /!- ) '()/&($" "'(&1&-7&0#7 9"($&/ )4 '(")4%&1&$)7 

h-'!(!/&0(! #%&0"%"1! $! &8" 1-)$> ) >8-"%+/) (!##"8-!#"%!$)7/) % /&#0!6 

#"&1)$&$). "0(&49"% #%&0"%"1"% (:"-&& '"1(":$" #/. (!41&- 2). C() 

$&":6"1)/"#0) G0) /!0()*+ 1"-3$+ >,)0+%!05 >8-"%+& (!##"8-!#"%!$)7 

'"-7()4!*)"$$+6 "#&. % /&#0!6 #"&1)$&$). ,!#0&. #%&0"%"1"% )-) 

#"&1)$&$). # %"-"9"$$+/) %+%"1!/) (!4%&0%)0&-&..    

@!0()*+ T<1i ) TP2i – /!0()*+ 23"$#! (!4%&0%)0&-&. – )/&;0 #0(>90>(> 

(3.103). H"GDD)*)&$0+ /!0()*+ 4!%)#70 "0 9"$#0(>9*)) (!4%&0%)0&-7 ) 

D!90"("% '"-7()4!*)"$$+6 (!##"8-!#"%!$). %$>0() (!4%&0%)0&-7. I$!-)4 

9"GDD)*)&$0"% /!0()* '() (!4-),$+6 %!()!$0!6 (!##"8-!#"%!$). % 

'(!90),&#9"/ (!4%&0%)0&-& ) "*&$9) 4$!,&$). G0)6 9"GDD)*)&$0"% '()%&1&$ 

% '. 3.5.1.1 ) '. 3.5.1.2.  

H #"3!-&$);, 1!3& &#-) "1$"%(&/&$$" >,)0+%!05 $& %#&, ! 0"-59" 

$&#9"-59" )4 '!(!/&0("% '"-7()4!*)"$$+6 (!##"8-!#"%!$)., 0" 7%$+. %)1 

%+(!3&$)7 1-7 %+6"1$". )$0&$#)%$"#0), '"->,!&/"& '() (!#9(+0)) 

%+(!3&$)7 (3.137) #0!$"%)0#7 ,(&4%+,!.$" 8("/"419)/ ) $&'()8"1$+/ 1-7 

!$!-)0),&#9"8" )4>,&$)7 #%".#0% )$0&(D&(&$*)"$$"8" #)8$!-!. C"G0"/> 

%+(!3&$)& (3.137) # >,&0"/ '(&1#0!%-&$). %#&6 )#'"-54>&/+6 % $&/ /!0()* 

) %&90"(! 23"$#! %6"1$"8" )4->,&$)7 '(&1#0!%-7&0 #":". /"1&-5 1-7 



143 

,)#-&$$"8" (!#,&0! )$0&(D&(&$*)"$$"8" #)8$!-! # >,&0"/ '"-7()4!*)"$$+6 

(!##"8-!#"%!$). % #6&/&. 

 

3.7.2. 5",$-+("&)%+$ +%1$(2$($%3+"%%"4" /+4%)-) ,-. "3$%6+ 

7)()8$1("& 7()61+0$/6+9 8)6$1"& +:8$(+1$-$; 

H!9 "0/&,&$" %+E&, %+6"1$!7 )$0&$#)%$"#05 (!##/!0()%!&/". #6&/+ % 

":?&/ #->,!& '(&1#0!%-7&0 #":". #-"3$>; D>$9*); # :"-5E)/ ,)#-"/ 

'!(!/&0("% ) !(8>/&$0"%. J!#05 %&-),)$, "'(&1&-7;?)6 4$!,&$)& I, )/&;0 

#/+#- D)9#)("%!$$+6 '!(!/&0("% (9"GDD)*)&$0+ /!0()* (!4%&0%)0&-&., 

>8"- +0).  &9"0"(+& /"3$" '() !$!-)4& '"-!8!05 D)9#)("%!$$+/) 

($!'()/&(, '!(!/&0(+ /!0()* #%&0"%"1"% r, ) % (71& #->,!&% .). K, $!9"$&*, 

(71 %&-),)$, D!90),&#9) 7%-7;0#7 !(8>/&$0!/) D>$9*)) ) /"8>0 % '("*&##& 

(!:"0+ %"-"9"$$"8" 1!0,)9! '(")4%"-5$" /&$705#7 %#-&1#0%)& 1&.#0%)7 

)4/&(7&/+6 %"4/>?&$). )-) )4/&$&$)7 %$&E$)6 >#-"%). #%&0"%"1"% 

('!(!/&0(+ /!0()* #%&0"%"1"% , ) -).     

L%$+. %)1 D>$9*)), 4!1!;?&. I % ":?&/ #->,!& $&1"'>#0)/" 8("/"419). 

) $& '()8"1&$ 1-7 !$!-)0),&#9"8" )4>,&$)7, ) "#0!&0#7 %"4/"3$"#05 

)#'"-54"%!05 ,)#-&$$+& (!#,&0+ '" %+(!3&$); (3.137). M1$!9" %)1 

#)8$!-"% I(t), 9"0"(+& /"3$" '"->,!05 '"#(&1#0%"/ (!#,&0"% 4!%)#)0 $& 

0"-59" "0 0"8", 9!9)/) %+:(!$+ 4$!,&$)7 (!4$"":(!4$+6 '!(!/&0("% 

%6"17?)6 % %+(!3&$)7, $" ) "0 0"8", 9!9)/ %+:(!$ 4!9"$ )6 )4/&$&$)7 %" 

%(&/&$). 

<!##/"0()/ '()/&$&$)&, (!4(!:"0!$$". /"1&-) )$0&(D&(&$*)"$$"8" 

#)8$!-! # >,&0"/ (!4$"":(!4$+6 D!90"("% '"-7()4!*)"$$"8" 

(!##"8-!#"%!$)7 1-7 )4>,&$)7 %-)7$)7 G0)6 (!##"8-!#"%!$). # 

)#'"-54"%!$)&/ ,)#-&$$"8" /"1&-)("%!$)7 #)8$!-"%. C() (!4(!:"09& ) 

#"41!$)) '(!90),&#9)6 %"-"9"$$+6 )$0&(D&("/&0(),&#9)6 >#0(".#0% $! 

"#$"%& 2BC %"-"9"$ '(&1#0!%-7&0#7 *&-&#"":(!4$+/ )#'"-54"%!05 1%! 

'"16"1! !$!-)4! %-)7$)7 '"-7()4!*)"$$+6 (!##"8-!#"%!$). /&0"1"/ 

,)#-&$$+6 (!#,&0"% #)8$!-! I(t). C&(%+. '"16"1 – (!#,&0 

)$0&(D&(&$*)"$$"8" #)8$!-! # «%+#"9",!#0"0$".» 8!(/"$),&#9". 

/"1>-7*)&. (!4$"#0) D!4 /, ) «$)49",!#0"0$+/)» )4/&$&$)7/) 1(>8)6 

!(8>/&$0"%, %6"17?)6 % %+(!3&$)& 1-7 )$0&(D&(&$*)"$$"8" #)8$!-!. N!9)& 

(!#,&0+, '(&31& %#&8", '"4%"-7;0 )4>,)05 %-)7$)& '"-7()4!*)"$$+6 

(!##"8-!#"%!$). $! !/'-)0>1> )$0&(D&(&$*)"$$"8" #)8$!-!. F9!4!$$+. 

(&3)/ )$0&(D&(&$*)"$$"8" #)8$!-! -&89" '"->,)05 G9#'&()/&$0!-5$" % 

'("*&##& #:"(9) ) $!#0(".9) )$0&(D&(&$*)"$$". #6&/+, ,0" '"4%"-7&0 

GDD&90)%$" )#'"-54"%!05 #(!%$&$)& G9#'&()/&$0!-5$+6 ) (!#,&0$+6 

#)8$!-"% $! '(&1%!()0&-5$+6 G0!'!6 G9#'&()/&$0!-5$". (!4(!:"09)  

>#0(".#0%!.  

M1$!9", '"#9"-59> "#$"%$"& $!4$!,&$)& )4/&()0&-7 G0" 1&0&90)("%!$)& 

%$&E$&8" %"4/>?&$)7, 0" 1-7 )4>,&$)7 %-)7$)7 (!##"8-!#"%!$). $! 

(!:"0"#'"#":$"#05 1!0,)9! ) $! &8" 6!(!90&()#0)9) '()6"1)0#7 

)#'"-54"%!05 :"-&& #-"3$+. '"16"1. = >9!4!$$"/ /&0"1& )#'"-54>;0#7 
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(!#,&0+ )$0&(D&(&$*)"$$"8" #)8$!-! # %%&1&$$". %#'"/"8!0&-5$". 

/"1>-7*)&., ":&#'&,)%!;?&. D"(/)("%!$)& D!4"/"1>-)("%!$$". $&#>?&. 

,!#0"0+ ) )/)0!*)&. (!:"0+ D!4"%"8" 1&0&90"(!. = (&4>-50!0& /"3$" 

'("%"1)05 '(7/"& #"'"#0!%-&$)& )#'"-54>&/+6 % (!#,&0!6 )4/&$&$). 

!(8>/&$0"%, )/)0)(>;?)6 )$D"(/!0)%$"& %"4/>?&$)& # (!##,)0!$$+/ 

%+6"1$+/ #)8$!-"/ )4/&()0&-7. O!90),&#9) G0"0 '"16"1 '(&1#0!%-7&0 

)/)0!*); %#&6 G0!'"% '(&":(!4"%!$)7 #)8$!-"% % '(!90),&#9". #6&/& 

)4/&()0&-7 "0 )4/&$&$). D!4"%+6 4!1&(3&9 %"-"9"$, %+4%!$$+6 %$&E$)/) 

%"4/>?&$)7/), 1" (&8)#0(!*)) %+6"1$". )$0&$#)%$"#0) ) '(&":(!4"%!$)7 

#)8$!-! % :-"9& ":(!:"09).      

2!-&& ":#>1)/ '()/&$&$)& >9!4!$$+6 '"16"1"% 9 )4>,!&/". % 1!$$"/ 

(!41&-& #6&/& 1)#0!$*)"$$"8" %"-"9"$$"8" )$0&(D&("/&0(! '"1(":$&& ) 

'(")--;#0()(>&/ )6 '()/&(!/) (!#,&0"%.  

= (!#,&0!6 )#'"-54>;0#7 /!0()*+ (!4%&0%)0&-&. % %)1& (3.113), 0.&. 

>,)0+%!;0#7 %4!)/$+& >8-"%+& (!##"8-!#"%!$)7 '"-7()4!*)"$$+6 "#&. 

#%&0"%"1"%, #0+9>&/+6 % (!4%&0%)0&-& (0!9". %!()!$0 6"("E" #""0%&0#0%>&0 

(&!-5$"/> (!4%&0%)0&-; # '"->'("4(!,$+/ 1&-)0&-5$+/ G-&/&$0"/ '() 

«$>-&%"/» >8-& '!1&$)7 #%&0! $! 1&-)0&-5$+. G-&/&$0). A""0%&0#0%&$$" 

'!(!/&0(!/) >8-"%+6 (!##"8-!#"%!$). '() (!#,&0!6 7%-7-)#5 +0, +1, +21, +22, 

+3, r1, r21, r22. 

M0/&0)/ 0!9 3&, ,0" '() '(!90),&#9"/ '()/&$&$)) ,)#-&$$"8" 

/"1&-)("%!$)7 #)8$!-"% % (!##/!0()%!&/". )$0&(D&(&$*)"$$". #6&/& 

%!3$>; ("-5 )8(!;0 (&4>-50!0+ !$!-)4! ,!#0$+6 #->,!&% (!##"8-!#"%!$)7, 

(!##/"0(&$$+6 % '. 3.3.2, 3.4.2, 3.4.3, 3.5.1.3, 3.5.2. C() '"1#0!$"%9& % 

(!#,&0+ 0!9)6 3& 9"/:)$!*). $&$>-&%+6 '!(!/&0("% (!##"8-!#"%!$)7, 9!9 % 

G0)6 ,!#0$+6 #->,!76, #-&1>&0 >:&1)05#7, ,0" )#9!3&$)7 #%74!$$+& # 

!/'-)0>1". )$0&(D&(&$*)"$$"8" #)8$!-! ) # &8" !(8>/&$0"/ (%+6"1$+/ 

#)8$!-"/ D!4"/&0(!) ,&09" #""0%&0#0%>;0 !$!-)0),&#9)/ %+(!3&$)7/, 

'"->,&$$+/ % >9!4!$$+6 '!(!8(!D!6.  

 

3.7.2.1.  !"#$%%&$ '&($#!)&*+%!$ !%,$)-$)$%.!&%%/0 "!1%+#&* 2)! 

1+)'&%!3$"4&5 *"2&'&1+,$#6%&5 '&(7#8.!! +)17'$%,+  
M:+,$+. )$0&(D&(&$*)"$$+. #)8$!- (% $!E&/ #->,!& – #)8$!-! '() 

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

9(!09" /"3&0 $!8-71$" "0(!3!05 '!(!/&0(+ )$0&(D&(&$*)). C"1(":$"& 

(!##/"0(&$)& #%".#0% 0!9"8" #)8$!-! '()%&1&$" % [1.1]. P#-) !/'-)0>1! 

/"1>-7*)) D!4+ '(&%+E!&0 0/2, 0" $! 9!31"/ '&()"1& /"1>-)(>;?&8"  

#)8$!-! 1"#0)8!&0#7 /!9#)/!-5$"& ) /)$)/!-5$"& 4$!,&$)& )$0&$#)%$"#0). 

= (&4>-50!0& '" %)1> #)8$!-! $!8-71$" %)1$! %&-),)$! !/'-)0>1+ 

)$0&(D&(&$*)"$$"8" #)8$!-!, ! 0!93& $!-),)& ) %&-),)$! )4/&$&$). G0". 

!/'-)0>1+ '() )4/&$&$)) (!4-),$+6 D!4"%+6 !(8>/&$0"%. M#":!7 

$!8-71$"#05 #)8$!-! I(t) 1"#0)8!&0#7 '() !/'-)0>1& /"1>-7*)), :-)49". 

*&-"/> ,)#-> 0. = G0"/ #->,!& 4! #,&0 :-)4"#0) 4$!,&$). )$0&$#)%$"#0) % 

0.$. «0",9!6 '"%"("0!» #)8$!-! I(t), $! 8(!D)9& "$) #"41!;0 6"("E" %)1$+. 
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$! D"$& %+#"9",!#0"0$"8" 4!'"-$&$)7 «#-&1», 9"0"(+. "0(!3!&0 )4/&$&$)& 

!(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-! [91]. 

= '()%&1&$$+6 1!-&& '()/&(!6 '() (!#,&0!6 )#'"-54"%!-!#5 >#-"%$!7 

E9!-! %(&/&$) ) ,!#0"0+, % 9"0"(". ,!#0"0! 1)#9(&0)4!*)) #"#0!%-7&0 2000 

&1)$)*. «=+#"9",!#0"0$!7» /"1>-7*)7 )/)0)("%!-!#5 8!(/"$),&#9)/ 

9"-&:!$)&/ # *)9-),&#9". ,!#0"0". 20 &1)$)* (9(>8"%!7 ,!#0"0! 1=20·20), 

«$)49",!#0"0$+&» D->90>!*)) )/&-) 1)!'!4"$ ,!#0"0 /&$&& 1. 9+ *"$0 

2)!*$($%%/0 * :,&' 27%4,$ 1)+-!4+0 2& 1&)!;&%,+#! &,#&<$%& *)$'8 * 

7"#&*%/0 $(!%!.+0, + 2& *$),!4+#! – */0&(%+8 !%,$%"!*%&",6 * 

&,%&"!,$#6%/0 $(!%!.+0 ('() (!#,&0!6 '"-!8!-"#5 I0=1). 

K4"0("'$!7 (!4$"#05 D!4 %%"1)-!#5 % (!#,&0+ ,&(&4 4!%)#)/"#0) ,21(t), 

,22(t) #-&1>;?)/ ":(!4"/ 

,21(t) = – ,22(t)=,m sin(1t)/2,    (3.138) 

81& ,m =3,1 (!1)!$. 

H!9 ) #-&1>&0 )4 '("%&1&$$"8" %+E& !$!-)4!, (!#,&0+ '"9!4+%!;0, ,0" 

«$)49",!#0"0$+&» 1":!%9) % ,21(t), ,22(t) $& 1!;0 %9-!1 % !/'-)0>1> 

)$0&(D&(&$*)"$$"8" #)8$!-! $) '() 9!9)6 4$!,&$)76 '!(!/&0("% 

'"-7()4!*)"$$"8" (!##"8-!#"%!$)7. C"G0"/> (!##/"0()/ '()/&(+ #)8$!-"% 

1-7 /&1-&$$" /&$7;?)6#7 !$)4"0("'$+6 #"#0!%-7;?)6 D!4"%+6 4!1&(3&9 

#%&0"%"1"%.  

C()%&1&/ '()/&(+ #)8$!-"%, (!##,)0!$$+6 1-7 #->,!7 -22=2+0.5·t. 

C(&31& %#&8", (!##/"0()/ '()/&( )$0&(D&(&$*)"$$"8" #)8$!-! '() 

"0#>0#0%)) '"-7()4!*)"$$+6 (!##"8-!#"%!$). % #6&/&, ()#>$"9 3.14. H!9 

%)1$" )4 8(!D)9!, !/'-)0>1! #)8$!-! /!9#)/!-5$! ) $& /&$7&0#7. 

Q!(!90&($+. #-&1 "0(!3!&0 )4/&$&$)& (!:",&. 0",9) )$0&(D&("/&0(! 

%#-&1#0%)& #1%)8! -22. 
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<)#>$"9 3.14. K$0&(D&(&$*)"$$+. #)8$!-. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7 "0#>0#0%>;0. 

 

 ! ()#>$9& 3.15 '()%&1&$+ '()/&(+ (!##,)0!$$+6 #)8$!-"% '() $!-),)) 

>8-"%+6 '"-7()4!*)"$$+6 (!##"8-!#"%!$).. = "1$"/ #->,!& (!##"8-!#"%!$)7 

'()%"170 9 #$)3&$); !/'-)0>1+ #)8$!-!, % 1(>8"/ 9 && D->90>!*)7/ '() 

)4/&$&$)) /-. 
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M0/&0)/, ,0" % #->,!76, 9"81! >8-"%+& (!##"8-!#"%!$)7 #""0%&0#0%>;0 

,!#0$+/ #->,!7/ (!##"8-!#"%!$)., (!##/"0(&$$+6 % '. 3.3 ) 3.4, (!#,&0+ 

'"9!4+%!;0 )4/&$&$)& !/'-)0>1+, 0",$" #"%'!1!;?&& # #""0%&0#0%>;?)/) 

D"(/>-!/), '"->,&$$+/) 1-7 G0)6 #->,!&%. 

C()%&1&/ '()/&(+ (!#,&0"% )$0&(D&(&$*)"$$"8" #)8$!-! # >,&0"/ 

)4/&$&$)7 !$)4"0("'$". #"#0!%-7;?&. D!4"%". 4!1&(39) % '"1%"17?&/ 

#%&0"%"1&. = (!#,&0!6 >,)0+%!-)#5 -22=2 (!1)!$! ) -1(t)=0.5·t.  ! ()#>$9& 

3.16 '"9!4!$+ '()/&(+ 0!9)6 #)8$!-"%. = $&9"0"(+6 %!()!$0!6 '!(!/&0("% 

(!##"8-!#"%!$). %-)7$)& -1(t) "0#>0#0%>&0, % 1(>8)6 '("7%-7&0#7. = *&-"/ 

(!#,&0+ '"10%&(31!;0 %+%"1+ " $!-),)) %-)7$)7 -1(t), >9!4!$$+& % '. 3.3.3. 
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<)#>$"9 3.15. K$0&(D&(&$*)"$$+. #)8$!-. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +21=0.5, +21=–0.5 1-7 %&(6$&8" 8(!D)9! ) +21=+22=0.5 1-7 

$)3$&8" 8(!D)9!. 

 

C()%&1&$$+& '()/&(+ )--;#0()(>;0 %"4/"3$"#05 (!##,)0+%!05 ) 

!$!-)4)("%!05 %)1 #)8$!-! '() -;:+6 9"/:)$!*)76 '!(!/&0("% 

'"-7()4!*)"$$"8" (!##"8-!#"%!$)7 ) %"4/"3$"#05 6!(!90&()4"%!05 %-)7$)& 

'"-7()4!*)"$$+6 (!##"8-!#"%!$). 4$!,&$)&/ !/'-)0>1+ 

)$0&(D&(&$*)"$$"8" #)8$!-! ) 8->:)$". /"1>-7*)) !/'-)0>1+ '() 

D->90>!*)76 D!4"%+6 !(8>/&$0"%.  

="":?& 8"%"(7, '()%&1&$$+& 8(!D)9) )$0&(D&(&$*)"$$"8" #)8$!-! # 

8!(/"$),&#9". /"1>-7*)&. '() !/'-)0>1& :-)49". 9 0 '"4%"-7;0 

!$!-)4)("%!05 ) )4/&$&$)& !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-!. 

R$!,&$)& !(8>/&$0! 1-7 0&9>?&8" %(&/&$) t /"3$" "'(&1&-)05 '" 
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)$0&$#)%$"#0) % 0",9& '"%"("0! IC (&8" -&89" "*&$)05 '" #-&1> $! D"$& 

4!'"-$&$)7) ) 4$!,&$)76 Imax, Imin % G0"0 3& /"/&$0 %(&/&$)  

2 = – arcos[2IC – ( Imax+Imin)/( Imax–Imin)],   (3.139) 

81& 4$!9 «–» #%74!$ # 0&/, ,0" 0",9) '"%"("0! #/&?&$+ "0 #(&1$&8" 4! '&()"1 

/"1>-7*)) 4$!,&$)7 !(8>/&$0! $! 0. M1$!9" :"-&& *&-&#"":(!4$" )4>,!05 

%-)7$)& '"-7()4!*)"$$+6 (!##"8-!#"%!$). $! )4/&$&$)& !(8>/&$0!, 

)#'"-54>7 %0"(". '"16"1 # /"1&-)("%!$)&/ #)8$!-! '"#-& D!4"%"8" 

1&0&90"(!.  
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<)#>$"9 3.16. K$0&(D&(&$*)"$$+. #)8$!-. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +21=0.2, +21=–0.2 1-7 %&(6$&8" 8(!D)9! ) +0=+3=0.5 1-7 

$)3$&8" 8(!D)9!. 

 

 

3.7.2.2.  !"#$%%&$ '&($#!)&*+%!$ */0&(%&1& "!1%+#+ *&#&4&%%&1& 

!%,$)-$)&'$,)!3$"4&1& !;'$)!,$#8 

S"-&& %!3$+/ 1-7 )4>,&$)7 %-)7$)7 '"-7()4!*)"$$+6 (!##"8-!#"%!$). 

$! (!:"0> )4/&()0&-7 7%-7&0#7 '"16"1, '() 9"0"("/ (!##,)0+%!&0#7 $& 

#)8$!- $! %+6"1& )$0&(D&(&$*)"$$". #6&/+, ! /"1&-)(>&0#7 %+6"1$". 

#)8$!- )4/&()0&-7. 2!-&& (!##/"0()/ $&#9"-59" '()/&("% (!##,)0!$$+6 

%+6"1$+6 #)8$!-"% )4/&()0&-7, '"7#$7;?)6 '(&1-!8!&/+. '()$*)' 

)4>,&$)7 %-)7$)7 (!##"8-!#"%!$). $! (!:"0> )4/&()0&-7. 2-7 1&/"$#0(!*)) 

G0"8" '()$*)'! :>1&/ '"-!8!05 '()/&$&$)& 1%>6,!#0"0$". %#'"/"8!0&-5$". 
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/"1>-7*)) 4! #,&0 /"1>-7*)) ,!#0"0+ )#0",$)9!, 0.&. /"1>-7*)) )4"0("'$". 

#"#0!%-7;?&. !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-! (#/. [1.14 –1.16]). = 

)0"8& '() (!#,&0!6 )#'"-54>&0#7 #-&1>;?!7 D"(/! 1-7 )4"0("'$+6 

#"#0!%-7;?)6 D!4"%+6 4!1&(3&9 '-&,  

,21(t) = – ,22(t)=(,0(t) + ,(t) + {,m1 sin(1t)+3,m2 sin(21t)})/2        (140) 

81& #-!8!&/+& % D)8>($+6 #9":9!6 )/)0)(>;0 «%+#"9",!#0"0$>;» 

%#'"/"8!0&-5$>; /"1>-7*);, ! #-!8!&/+& ,0(t) ) ,(t) – 9%!4)#0!0),&#9>; ) 

'&(&/&$$>; #"#0!%-7;?)& )4"0("'$". (!4$"#0) D!4 '-&,.  

C() (!#,&0!6 )#'"-54"%!-!#5 >#-"%$!7 E9!-! %(&/&$) ) ,!#0"0+, % 

9"0"(". ,!#0"0! 1)#9(&0)4!*)) #"#0!%-7&0 2000 &1)$)*. C!(!/&0(+ 

%#'"/"8!0&-5$". /"1>-7*)): 1= 20·45; ,m1=2.13 (!1)!$; ,m2= 1.2 (!1)!$. 

« )49",!#0"0$+.» '&(&/&$$+. #)8$!- :+- %+:(!$ % %)1&  

,(t) = 0.5·sin(t) + 0.3·sin(2.5 t)    (3.141) 

2-7 )/)0!*)) 9%!4)#0!0),&#9)6 #"#0!%-7;?)6 )#'"-54"%!-)#5 -):" 

9"$#0!$0+, -):" -)$&.$"& #/&?&$)& D!4+ %" %(&/&$).  

2-7 (!#,&0"% :+- )#'"-54"%!$ !-8"()0/ (!:"0+ D!4"/&0(! % %)1&, 

(!##/"0(&$$"/ % C()-"3&$)) 3.5 C() G0"/ )#'"-54"%!-"#5 '(")4%&1&$)& 

D!4"/"1>-)("%!$$". $&#>?&. ('"->,&$$". '"#-& 1&.#0%)7 CO $! %+6"1$". 

#)8$!- )$0&(D&("/&0(!) ) "'"($"8" #)8$!-!, ! 4!0&/  J D)-50( 1-7 

%+1&-&$)7 %+6"1$"8" #)8$!-! (%&(6$77 ,!#0"0! f=) ) 1"'"-$)0&-5$+. =J 

D)-50( 1-7 %+1&-&$)7 '&(&/&$$". #"#0!%-7;?&. ($)3$77 ,!#0"0! f ). = 

(&4>-50!0& (!#,&0"% '"->,!&/ #)8$!-+ U%+6(t) – (!##,)0!$$+. %+6"1$". 

#)8$!- D!4"/&0(! ('"-"#! 0 – f=) )-) U'%+6(t) – '&(&/&$$!7 #"#0!%-7;?!7 

#)8$!-! D!4"/&0(! ('"-"#! f  – f=). = 1!$$+6 '()/&(!6 (!#,&0"% 

)#'"-54"%!-)#5 D)-50(!*)7 # f= = 0.1·f0 = 4.5, fH = 0.5. 

C"->,&$$+& (&4>-50!0+ #(!%$)%!-)#5 # #)8$!-!/), 9"0"(+& 1"-3$+ 

D"(/)("%!05#7 % #6&/& :&4 (!##"8-!#"%!$).. N!9". «)#0)$$+.» #)8$!- 

4!1!&0#7 D"(/>-".    

 !  !  ! ""
#

$
%%
&

'
45

6
78

9 -/
:,),

0
*

2
cosarsin

2
00 tttU ,   (3.142) 

81& 0()8"$"/&0(),&#9)& D>$9*)) '()/&$&$+ 1-7 )/)0!*)) 9>#",$"-

-)$&.$". 6!(!90&()#0)9) D!4"/&0(! (#/. C()-"3&$)& 3.5) = #->,!& !$!-)4!  

'&(&/&$$". #"#0!%-7;?&. % 9!,&#0%& )#6"1$"8" #)8$!-! )#'"-54"%!-!#5 

$&'"#(&1#0%&$$" $"(/)("%!$$!7 '&(&/&$$!7 #"#0!%-7;?!7 ,(t) 

 !  !; <ttU ,
0

*= 2
0     (3.143) 

9+ *"$0 2)!*$($%%/0 * :,&' 27%4,$ 1)+-!4+0 2& 1&)!;&%,+#! &,#&<$%& 

*)$'8 * 7"#&*%/0 $(!%!.+0. 9+ '%&1!0 )!"7%4+0 2)!*$($%& 2& (*+ 1)+-!4+: 

*$)0%!5 – ;+*!"!'&",6 U%+6(t), %!<%!5 – ;+*!"!'&",6 U'%+6(t), 2)!3$' :,! 

;+*!"!'&",! 2&4+;+%/ 4)+"%&5 #!%!$5.  $)%+8 #!%!8 – ;+*!"!'&",6 U0(t) %+ 

*$)0%!0 1)+-!4+0 ! ;+*!"!'&",6 U'0(t) %+ %!<%!0.   
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M')#!$$+. '()$*)' /"1&-)("%!$)7 %+6"1$"8" #)8$!-! )4/&()0&-7 

)--;#0()(>&0 ()#>$"9 3.17. 

<!##/"0()/ '()/&(+ (!##,)0!$$+6 #)8$!-"%.  !'()/&(, (!##/"0()/ 

#)0>!*);, 9"81! )/&&0 /&#0" 0"-59" )4/&$&$)& )4"0("'$". (!4$"#0) 

D!4"%+6 4!1&(3&9 '-&, ,0(t) + ,(t)= 0.06·t+ ,(t), 81& ,(t) 4!1!&0#7 (3.141), ! 

"#0!-5$+& D!4"%+& !(8>/&$0+ (!%$+ $>-;. = G0"/ #->,!& '() -;:+6 

9"/:)$!*)76 $&$>-&%+6 '!(!/&0("% (!##0(".9) '() (!#,&0!6 '"->,!&/ 

$&)#9!3&$$+. %+6"1$". #)8$!- U%+6(t)= U0(t). C()/&( 0!9"8" (!#,&0! 

'"9!4!$ $! ()#>$9& 3.1. J0" 9!#!&0#7 '&(&/&$$". #"#0!%-7;?&. %+6"1$"8" 

#)8$!-!, 0" && "0-),)& "0 )#6"1$". '&(&/&$$". #"#0!%-7;?&. 

,(t) '()#>0#0%>&0 0"-59" % ":-!#0) '&(&8):"% 6!(!90&()#0)9) D!4"/&0(!. = 

":-!#0) -)$&.$"8" #9-"$! G0". 6!(!90&()#0)9) U'%+6(t)=3 U'0(t) – ()#>$"9 

3.18, $)3$). 8(!D)9.  
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42-$+#)!$) 423&6!&*& +$*!"#" $%8)0$7)#.

sin( t)

 
<)#>$"9 3.17. A0(>90>($!7 #6&/! !-8"()0/! ,)#-&$$"8" /"1&-)("%!$)7 

%+6"1$"8" #)8$!-! )$0&(D&("/&0(),&#9"8" )4/&()0&-7 1-7 !$!-)4! 

)#9!3&$)., %+4%!$$+6 '"-7()4!*)"$$+/) (!##"8-!#"%!$)7/) % #6&/& 

 

 

P#-) 1(>8)& D!4"%+& !(8>/&$0+ (-1(t), -21(t), -22(t)) $& (!%$+ $>-;, 0", 9!9 

) #-&1>&0 )4 /!0&()!-"% '. 3.3.3, #)8$!-+ U%+6(t) ) U0(t) /"8>0 "0-),!05#7 % 

4!%)#)/"#0) "0 4$!,&$). '!(!/&0("% (!##0(".9), "1$!9" '&(&/&$$!7 

#"#0!%-7;?!7, 4!1!%!&/!7 9"-&:!$)&/ ,(t) % %+6"1$"/ #)8$!-& "#0!&0#7 

$&)#9!3&$$".. C()/&( 0!9". #)0>!*)) '"9!4!$ $! ()#>$9& 3.19, '() (!#,&0& 

%%&1&$ -)$&.$+. $!:&8 -22(t)= – 0.12·t, 9"0"(+. >1%!)%!&0 «/&1-&$$"& 

#/&?&$)&» !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-! '() )1&!-5$". 

$!#0(".9&. C" (!##,)0!$$"/> #)8$!-> /"3$" %)1&05, ,0" % >#-"%)76 

(!##"8-!#"%!$)7 /&1-&$$!7 #"#0!%-7;?!7 %+6"1$"8" #)8$!-! '(&0&('&%!&0 

)#9!3&$)&, ! '&(&/&$$!7 $&0.  
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2-7 :"-&& $!8-71$"8" '(&1#0!%-&$)7 )#9!3&$). /"3$" (!##/"0(&05 

'()/&(+ %+6"1$+6 #)8$!-"% '() )4/&$7;?)6#7 0"-59" !$)4"0("'$+6 

#"#0!%-7;?)6 ('() $>-&%". )4"0("'$". ,!#0) ,0 + ,(t)). C()/&( (!#,&0! '() 

%%&1&$$"/ -)$&.$"/ $!:&8& -22(t)=1+0.03·t '"9!4!$ $! ()#>$9& 3.20.  
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<)#>$"9 3.18. =+6"1$". #)8$!- )4/&()0&-7. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +0=+22=+3=0.2, r21= r22= 0.1 (,&($!7 -)$)7 – #)8$!- '() 

"0#>0#0%)) (!##"8-!#"%!$).) 
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<)#>$"9 3.19. =+6"1$". #)8$!- )4/&()0&-7. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +0=-0.3, +3=0.2 (,&($!7 -)$)7 – #)8$!- '() "0#>0#0%)) 

(!##"8-!#"%!$).). 
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<)#>$"9 3.20. =+6"1$". #)8$!- )4/&()0&-7. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +0=+22=-0.2, +3=0.2 (,&($!7 -)$)7 – #)8$!- '() "0#>0#0%)) 

(!##"8-!#"%!$).) 

 

P#-) % (!#,&0!6 )#'"-54"%!05 %!()!$0+ (!##"8-!#"%!$)., (!##/"0(&$$+& 

% '. 3.3.2.3, 3.4.2, 3.4.3 0" /"3$" >:&1)05#7, ,0" )#9!3&$)7 (!##,)0!$$+6 

#)8$!-"% '"-$"#05; #""0%&0#0%>;0 %+(!3&$)7/ (3.51), (3.87), (3.94).   

H!9 >3& "0/&,!-"#5, "01&-5$+. )$0&(&# '(&1#0!%-7&0 #->,!. %-)7$)7 $! 

%+6"1$". #)8$!- )4/&$&$). !$)4"0("'$". (!4$"#0) D!4 % '"1%"17?&/ 

#%&0"%"1& -1(t).  ! ()#>$9& 3.21 '"9!4!$ '()/&( %+6"1$"8" #)8$!-! % #->,!&, 

9"81! &#05 ) #/&?&$)& -22(t)=1+0.03·t, ) )4/&$&$)& -1(t)=-0.05·t. P#-) 

#(!%$)05 (&4>-50!0 # ()#>$9"/ 3.20, 0" %)1$", ,0" #/&?&$)& -1(t) %$"#)0 

1"'"-$)0&-5$+& )#9!3&$)7.  
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<)#>$"9 3.21. =+6"1$". #)8$!- )4/&()0&-7. C"-7()4!*)"$$+& 

(!##"8-!#"%!$)7: +0=+22= –2, +3=0.2 (,&($!7 -)$)7 – #)8$!- '() "0#>0#0%)) 

(!##"8-!#"%!$).) 

 

=+,)#-77 %+6"1$+& #)8$!-+ % #->,!& $!-),)7 )4/&$&$)7 -1(t) /"3$"  

>:&1)05#7, ,0" 0!9"& %-)7$)& '"7%-7&0#7 0"-59" % #->,!76 9"/:)$!*)) 

D!90"("% (!##"8-!#"%!$)7, >9!4!$$+6 % '. 3.3.3.  

J)#-&$$+& (!#,&0+, '()/&(+ 9"0"(+6 '()%&1&$+ %+E&, '"9!4+%!;0, ,0" 

'() %%&1&$)) #"%"9>'$"#0) (!##"8-!#"%!$). $& '(")#6"1)0 !11)0)%$"8" 

«$!9"'-&$)7» )#9!3&$). (:"-&& 0"8", /"3$" '"->,)05 '()/&(+, 9"81! 

%%&1&$)& 1"'"-$)0&-5$"8" (!##"8-!#"%!$)7 '"-$"#05; 9"/'&$#)(>&0 

)#9!3&$)& "0 %%&1&$$"8" (!$&&). = G0"/ #/+#-& 1-7 '()/&($". 

9"-),&#0%&$$".  "*&$9) )#9!3&$). /"3$" )#'"-54"%!05 !$!-)0),&#9)& 
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%+(!3&$)7, 1-7 "09-"$&$)7 !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-!, 

'"->,&$$+& % '. 3.3 – '. 3.5. 

N!9 3& /"3$" "0/&0)05, ,0" '() '("%&1&$)) 0!9)6 (!#,&0"% /"3&0 :+05 

'"-&4&$ $& 0"-59" (&4>-50!0 %+,)#-&$). %+6"1$"8" #)8$!-!, $" 0!9 3& 

'("/&3>0",$+. (&4>-50!0 (!#,&0"% – #)8$!- $&#>?&. ,!#0"0+. O"(/! G0"8" 

#)8$!-!, ! 0!9 3& D->90>!*)) &8" !/'-)0>1+ '() #1%)8& D!4"%+6 !(8>/&$0"% 

/"3&0 #"'"#0!%-705#7 # G9#'&()/&$0!-5$+/) #)8$!-!/), $!:-;1!&/+/) '() 

$!#0(".9& '(!90),&#9)6 #6&/.    

H"$&,$", '()%&1&$$+& '()/&(+ 1&/"$#0()(>;0 /&0"1 )4>,&$)7 %-)7$)7 

'"-7()4!*)"$$+6 (!##"8-!#"%!$). $! (!:"0> )$0&(D&("/&0(),&#9"8" 

)4/&()0&-7 ) &8" %+6"1$+& 6!(!90&()#0)9). M:#>31&$)& $! "#$"%& 

%)4>!-5$"8" $!:-;1&$)7 )#9!3&$). $! 8(!D)9!6 -)E5 )--;#0()(>;0 ":?)& 

#%".#0%! %-)7$)7 (!##"8-!#"%!$). '() )#'"-54"%!$$+6 %!()!$0!6 )4/&$&$). 

D!4"%+6 !(8>/&$0"% ), % "#$"%$"/, $!*&-&$+ $! #"'"#0!%-&$)& # 

(&4>-50!0!/) '. 3.3, 3.4.   

C() (!4(!:"09& '(!90),&#9)6 )4/&()0&-5$+6 >#0(".#0% $! :!4& 

%"-"9"$$+6 )$0&(D&("/&0("% # !$)4"0("'$+/) #%&0"%"1!/) (!4%)0+& % 

G0"/ (!41&-& /&0"1+ !$!-)4! %-)7$)7 '"-7()4!*)"$$+6 (!##"8-!#"%!$). 

#-&1>&0 '()/&$705 1-7 *&-&$!'(!%-&$$"8" )4>,&$)7 )#9!3&$). %+6"1$+6 

#)8$!-"% '()/&$)0&-5$" 9 9"$9(&0$". )4/&()0&-5$". 4!1!,), 1-7 9"0"(". 

(!4(!:!0+%!&0#7 1!0,)9. C() G0"/ *&-&#"":(!4$" %+:(!05 ) )#'"-54"%!05 % 

(!#,&0!6 6!(!90&($+& 1-7 1!$$". 4!1!,) %!()!$0+ )4/&$&$). !(8>/&$0"% 

D>$9*)) I(t), )/)0)("%!05 '-!$)(>&/+. !-8"()0/ ":(!:"09) #)8$!-! 

)$0&(D&("/&0(!, ) (!##/!0()%!05 )#9!3&$)7 %+6"1$"8" #)8$!-!, %+4%!$$+& 

(!##"8-!#"%!$)7/) '()/&$)0&-5$" 9 9"$9(&0$+/ 0(&:"%!$)7/ 9 

(!4(!:!0+%!&/"/> 1!0,)9>. = 4!%)#)/"#0) "0 0!9)6 0(&:"%!$). %-)7$)& 

)#9!3&$). /"3&0 "*&$)%!05#7 '" (!##,)0!$$+/ #)8$!-!/ % %)1& 

"'(&1&-&$$+6 9"-),&#0%&$$+6 '!(!/&0("%, %!3$+6 1-7 (&E!&/". 4!1!,) 

(/!9#)/!-5$"&, #(&1$&9%!1(!0),&#9"& ) 0.'. "09-"$&$)7 %+6"1$"8" #)8$!-! % 

#->,!& )1&!-5$". $!#0(".9) ) (!##"8-!#"%!$)7, "0$"#)0&-5$+& "09-"$&$)7, 

9"GDD)*)&$0 8!(/"$)9, )4/&$&$)& ,>%#0%)0&-5$"#0) ) 0.'.).  

 

 

@"9#A-)!$) 

 

1) = 1!$$"/ (!41&-& (!4%)0! D)4)9"-/!0&/!0),&#9!7 /"1&-5 

"')#+%!;?!7 #)8$!- 1)#0!$*)"$$"8" %"-"9"$$"8" )$0&(D&("/&0(! @!6!-

T&$1&(! $! "#$"%& 2BC #%&0"%"1"%, 9"0"(!7 '"4%"-7&0 >,&#05 (!4$"":(!4$+& 

'"-7()4!*)"$$+& (!##"8-!#"%!$)7 % G-&/&$0!6 #6&/+. N!9!7 /"1&-5 7%-7&0#7 

"#$"%". 1-7 !$!-)4! (!$!-)0),&#9"8" -):" $! "#$"%& ,)#-&$$"8" 

/"1&-)("%!$)7) '"8(&E$"#0&. ) )#9!3&$). % )4/&()0&-76 D)4),&#9)6 

%&-),)$ $! :!4& 1!$$". %"-"9"$$". )$0&(D&(&$*)"$$". #6&/+.    

2)  ! "#$"%& (!4%)0". /"1&-) #)8$!-! 1)#0!$*)"$$"8" %"-"9"$$"8" 

)$0&(D&("/&0(! @!6!-T&$1&(! # 2BC #%&0"%"1!/) (!##/"0(&$ (71 ,!#0$+6 

#->,!&% '(&1'"-!8!;?)6, ,0" 4$!,)/"#05 (!##"8-!#"%!$)7 "1$"8" 0)'! 
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4$!,)0&-5$" :"-5E&, ,&/ 1(>8)6. = #->,!76 >,&0! 0!9)6 «"1$"9(!0$+6» 

(!##"8-!#"%!$). '"->,&$+ 7%$+& %+(!3&$)7 1-7 )$0&(D&(&$*)"$$"8" 

#)8$!-! ) "*&$9) $!%&1&$$+6 (!##"8-!#"%!$)7/) "09-"$&$). %+6"1$"8" 

#)8$!-! )4/&()0&-7 $! :!4& )$0&(D&("/&0(! @!6!-T&$1&(! # !$)4"0("'$+/) 

#%&0"%"1!/) "0 «'(!%)-5$"8"» #)8$!-! '() "0#>0#0%)) (!##"8-!#"%!$).. 

M*&$9) '()%&1&$+ # (!##/"0(&$)&/ (!4$+6 0)'"% )4/&(7&/+6 #)8$!-"% 

('&(&/&$$+., 9%!4)#0!0),&#9).) ) "01&-5$" % '(&1'"-"3&$)) /!-"#0) 

(!##"8-!#"%!$)7. U0) ,!#0$+& #->,!) '(&1#0!%-7;0#7 )$0&(&#$+/) # 

/&0"1),&#9". 0",9) 4(&$)7, 0. 9. '"4%"-7;0 '("%&#0) '"-$"#05; 

!$!-)0),&#9). !$!-)4 ) 1&/"$#0()(>;0 /&6!$)4/+ 1&.#0%)& 

(!##"8-!#"%!$). $! #)8$!- )$0&(D&("/&0(! ) %+6"1$". #)8$!- 1!0,)9!.  ! 

'(!90)9& '"1":$+& #)0>!*)) 0!9 3& /"8>0 )/&05 /&#0" 9!9 (&4>-50!0 

4$!,)0&-5$". 0&6$"-"8),&#9". "E):9& % "1$"/ >4-&.  

3) A )#'"-54"%!$)&/ (!4%)0". /"1&-) )$0&(D&(&$*)"$$"8" #)8$!-! 

'("1&/"$#0()("%!$ /&0"1 !$!-)4! %-)7$)7 '"-7()4!*)"$$+6 

(!##"8-!#"%!$). $! %+6"1$+& #)8$!-+ )$0&(D&("/&0(),&#9"8" )4/&()0&-7, 

"#$"%!$$+. $! ,)#-&$$"/ /"1&-)("%!$)). C()%&1&$$+. $!:"( '()/&("% 

(!#,&0"% 9(!09" )--;#0()(>&0 6!(!90&($+& '("7%-&$)7 '"-7()4!*)"$$+6 

(!##"8-!#"%!$). % )#9!3&$)76 %+6"1$"8" #)8$!-!.   

4) C("%&1&$$+. !$!-)0),&#9). ) ,)#-&$$+. !$!-)4 %-)7$)7 

'"-7()4!*)"$$+6 (!##"8-!#"%!$). % G-&/&$0!6 #6&/+ $! %+6"1$". #)8$!- 

)$0&(D&("/&0(),&#9"8" )4/&()0&-7 '"4%"-7&0 #1&-!05 $&9"0"(+& ":?)& 

%+%"1+ " #%".#0%!6 0!9"8" %-)7$)7 '() (!4(!:"09& '(!90),&#9)6 1!0,)9"% .  

– C("%&1&$$"& (!##/"0(&$)& '"4%"-7&0 #1&-!05 %+%"1 " 0"/, ,0" '() 

'"#0("&$)) )4/&()0&-&. '&(&/&$$+6 #)8$!-"% ((!:",). 1)!'!4"$ ,!#0"0 "0 

$&#9"-59)6 V* ) %+E&, 0&'-"%". 1(&.D D!4"%+6 '!(!/&0("% #%&0"%"1"% 

/"3$" (!##/!0()%!05 9!9 9%!4)#0!0),&#9).) "0$"#)0&-5$" /!-+& 

'"-7()4!*)"$$+& (!##0(".9) D!90),&#9) %-)7;0 $! (!:"0> )$0&(D&("/&0(! 

0&/, ,0"  '()%"170 9 /&1-&$$+/ 9"-&:!$)7/ !/'-)0>1+ 

)$0&(D&(&$*)"$$"8" #)8$!-!. A$)3&$)& !/'-)0>1+ )$0&(D&(&$*)"$$"8" 

#)8$!-!, % #%"; ",&(&15 /"3&0 >6>1E!05 (!4(&E!;?>; #'"#":$"#05 

)4/&()0&-7 $! :!4& )$0&(D&("/&0(!. M1$!9" 1!3& '() "0$"#)0&-5$" 

$&%+#"9)6 0(&:"%!$)76 9 (!##"8-!#"%!$)7/ 0!9)& D->90>!*)) ",&$5 

$&4$!,)0&-5$+, $!'()/&(, >8-"%+& (!##"8-!#"%!$)7 ~ 10
0
 %+4+%!;0 

#$)3&$)7 !/'-)0>1+ )$0&(D&(&$*)"$$"8" #)8$!-! /&$&& ,&/ $! 10%. 

C"1":$+& )4/&$&$)7 (!4(&E!;?&. #'"#":$"#0) )4/&()0&-&. 7%-7;0#7 

$&#>?&#0%&$$+/) ) $& %-)7;0 $! (!:"0"#'"#":$"#05. 

– C() '"#0("&$)) )4/&()0&-&. 9%!4)#0!0),&#9)6 %&-),)$ (0&/'&(!0>(+, 

1!%-&$)7) #-&1>&0 >,)0+%!05, ,0" %#-&1#0%)& '"-7()4!*)"$$+6 

(!##"8-!#"%!$). % #6&/&, «/&1-&$$"&» )4/&$&$)& (!4$"#0) D!4 

'"-7()4!*)"$$+6 /"1, %$"#)0 6!(!90&($+& 9"-&:!0&-5$+& )#9!3&$)7 

'&(&1!0",$". D>$9*)) )4/&()0&-7. C() (!##"8-!#"%!$)76 ~ 10
0
, '"1":$+& 

)#9!3&$)7 !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-! )/&;0 >("%&$5 ~ 0.1 

(!1)!$. M1$!9", 9!9 '(!%)-", '() '"#0("&$)) $! :!4& %"-"9"$$+6 

)$0&(D&("/&0("% )4/&()0&-&. 0&/'&(!0>(+, 1!%-&$)7 ) 0.'. 1!0,)9"% 
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(!:",). 1)!'!4"$ )4/&$&$). !(8>/&$0! )$0&(D&(&$*)"$$"8" #)8$!-! % 

1&#709) ) #"0$) (!4 '(&%+E!&0 20 (,>%#0%)0&-5$"#05 )4"0("'$". 

#"#0!%-7;?&. D!4"%". 4!1&(39) #%&0"%"1! 9 0&/'&(!0>(& #"#0!%-7&0 ~100 

(!1)!$/
0
A /). H("/& 0"8", #/&?&$)& !$)4"0("'$". ,!#0) !(8>/&$0! #)8$!-! - 

% 1&#709) ) #"0$) (!4 /&$5E& #/&?&$)7 )4"0("'$". #"#0!%-7;?&..   

C"G0"/> %$"#)/!7 '"8(&E$"#05 :>1&0 $&4$!,)0&-5$! (<<1%).   

Q!(!90&($+/ D!90"("/ 7%-7&0#7 %-)7$)& $! %+6"1$". #)8$!- )4/&$&$). 

(!4$"#0) D!4 -1(t) % '"1%"17?&/ #%&0"%"1&, %"4/"3$"& '() $&9"0"(+6 0)'!6 

9"/:)$!*). '"-7()4!*)"$$+6 (!##"8-!#"%!$).. U0" "4$!,!&0 %"4/"3$"#05 

9"-&:!$). %+6"1$"8" #)8$!-! '() #0!:)-5$+6 >#-"%)76 ("0#>0#0%)) 

%"4/>?&$)7) % ":-!#0) ,>%#0%)0&-5$"8" G-&/&$0!.  ", 9!9 #-&1>&0 )4 !$!-)4! 

) (!#,&0"%, #"#0!%-7;?!7 -1(t) %6"1)0 % %+6"1$". )4/&()0&-7 #)8$!- $& 

!11)0)%$", ! %)1& !(8>/&$0! 4$!9"'&(&/&$$". D>$9*)) # "8(!$),&$$". 

!/'-)0>1".. C"G0"/>, &#-) (!##"8-!#"%!$)& "0$"#)0&-5$" /!-", 0" 1!3& 

4$!,)0&-5$+& )4/&$&$)7 -1(t) '()%"170 9 "8(!$),&$$+/ '!(!4)0$+/ 

9"-&:!$)7/ %+6"1$"8" #)8$!-!, #9-!1+%!;?)/#7 # #"#0!%-7;?&., 

%+4%!$$". %"4/>?&$)&/ ,>%#0%)0&-5$"8" G-&/&$0! ('() >8-"%+6 

(!##"8-!#"%!$)76 ~ 10
0
, %$"#)/+& D->90>!*)) !(8>/&$0! 

)$0&(D&(&$*)"$$"8" #)8$!-! $& '(&%+E!;0 0,05 (!1)!$).  

– @"3$" "0/&0)05, ,0" #0&'&$5 "0()*!0&-5$"8" %-)7$)7  

'"-7()4!*)"$$+6 (!##"8-!#"%!$). % G-&/&$0!6 #6&/+ $& "1)$!9"%!. J&/ 

/&$5E& (!##"8-!#"%!$)7 % $!,!-& #6&/+, 0&/ /&$&& 4$!,)/+ 

(!##"8-!#"%!$)7 % '"#-&1>;?)6 G-&/&$0!6 #6&/+. U0" ":#0"70&-5#0%" )/&&0 

4$!,&$)& 1-7 "(8!$)4!*)) #:"(9) ) 9"$0("-5$+6 )4/&(&$). '() 

)48"0"%-&$)) '(!90),&#9)6 >#0(".#0%. 

N!9)/ ":(!4"/, /"3$" '"-!8!05, ,0" 1-7 /$"8)6 '(!90),&#9)6 4!1!,, 

#%74!$$+6 # '()/&$&$)&/ 1)#0!$*)"$$". %"-"9"$$". 

)$0&(D&("/&0(),&#9". #6&/+ @!6!-T&$1&(!, %+'"-$&$)& 1!3& 

"0$"#)0&-5$" $&%+#"9)6 0(&:"%!$). 9 '"-7()4!*)"$$"/> #"8-!#"%!$); 

/"3&0 ":&#'&,)05 '()&/-&/+& >#-"%)7 (!:"0+ )4/&()0&-7 (#0!:)-5$!7 

(!:"0"#'"#":$"#05 $& $!(>E!&0#7, 6!(!90&()#0)9) $& >6>1E!;0#7, -):"  

$&4$!,)0&-5$").  
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 !"#$% 4. &'()!*+',**-. '"/$0')$%1*-. '*)$02$0,/$)0 ( 

3,%40'"!+',**-/ 0!"#$%$*'$/ 5!*!%,6 

 

 

76$#$*'$ 

  !"#$ %&#' %'("), *+&,'--.! * *",#'-/$0 1%'2)/3$*2/! #')3/2"+ 

%'**0')%/+'4"*5 /*1"45,"+'-/$ -$*2"452/! +'%/'-)"+ 0"#/6/7/%"+'--.! 

/-)$%6$%$-7/"--.! *!$0, 2")"%.$ 0"84/ "($*1$3/)5 )$ /4/ /-.$ 

1%$/09:$*)+' 1" *%'+-$-/; #/*)'-7/"--"< +"4"2"--"< *!$0"< ='!'-

>$-#$%'. ?'2 (.4/ 1%$#4"@$-. 2 /*1"45,"+'-/; *!$0' /-)$%6$%"0$)%' * 

1"4&%/,'7/"--.0 %',#$4$-/$0 2'-'4"+ (ABCD) [153–154] +"4"2"--.< 

+'%/'-) 2")"%"< %'**0")%$- + #'--"0 %',#$4$, ($,%',%.+-.$ #/*)'-7/"--.$ 

+"4"2"--.$ /-)$%6$%$-7/"--.$ *!$0. 1"4&%/0$)%/3$*2"8" )/1' * 

0"#94&7/$< '-/,")%"1-"< *"*)'+4&;:$< %',-"*)/ 6', 1"4&%/,'7/"--.! 0"# 

[140] / #%. 

  ")4/3/$ ") #%98/! +'%/'-)"+, *!$0' +"4"2"--"8" ABCD (.4' 

%$'4/,"+'-' + +/#$ 0'2$)' 9*)%"<*)+' (%',#$4 6) + %'02'! EAC «F$4/,-'».   

!"#$ %',%'(")2/ / /,8")"+4$-// G)"8" 0'2$)' +",-/2 %&# +"1%"*"+, #4& 

"("*-"+'--"8" %$H$-/& 2")"%.! )%$("+'4"*5 %',+/)5 )$"%$)/3$*2"$ 

"1/*'-/$ *!$0. * 93$)"0 1"4&%/,'7/"--.! G66$2)"+, %',%'(")')5 0$)"#. 

'-'4/,' +4/&-/& 1"4&%/,'7/"--.! %'**"84'*"+'-/< + ABCD -' %'(")9 

/,0$%/)$4& / $8" !'%'2)$%/*)/2/. C$,945)'). )$"%$)/3$*2/! /**4$#"+'-/< 1" 

G)"< 1%"(4$0$, 1"493$--.! 1" '-'4"8// * %'**0")%$-/$0 )%'#/7/"--"8" 

+"4"2"--"8" /-)$%6$%"0$)%' ='!'->$-#$%' 1%/+$#$-. + #'--"0 %',#$4$.  

 

4.1. 83)'9$(5!4 (:$/! '*)$02$0,/$)0! ( 3,%40'"!+',**-/  

0!"#$%$*'$/ 5!*!%,6 (;< =) 

 

I!$0' /-)$%6$%"0$)%' * 1"4&%/,'7/"--.0 %',#$4$-/$0 2'-'4"+ (ABCD) 

1%/+$#$-' -' %/*9-2$ 4.1. 

  7$4"0 *!$0' &+4&$)*& 0"#/6/7/%"+'--.0 +'%/'-)"0 /-)$%6$%"0$)%' 

='!'->$-#$%'. I+$) ") 1"4&%/,"+'--"8" /*)"3-/2' 1"*)91'$) -' 

1"4&%/,'7/"--.< #$4/)$45 (BJ), 2")"%.< -'1%'+4&$) *"*)'+4&;:/$, 

1"4&%/,"+'--.$ 4/-$<-" +#"45 "*$< #$4/)$4& + %',-.$ 14$3/ 

/-)$%6$%"0$)%'.  .!"#-"$ #$4/)$45-"$ ,$%2'4" (K3) *49@/) #4& *"+0$:$-/& 

/,493$-/< 1%"H$#H/! 14$3/ /-)$%6$%"0$)%'. B$%$# %',+$)+/)$4$0 

-$"(!"#/0" *"84'*"+')5 -'1%'+4$-/$ 4/-$<-" 1"4&%/,"+'--.! *+$)"+.! 

+"4- 14$3. B"*4$ +.!"#-"8" ,$%2'4' 6"%0/%9$)*& /-)$%6$%$-7/& /,493$-/< 

14$3. A-)$%6$%$-7/"--.< */8-'4 %$8/*)%/%9$)*& 6")"1%/$0-/2"0.   
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C/*9-"2 4.1. I)%92)9%' /-)$%6$%"0$)%' * 1"4&%/,'7/"--.0 %',#$4$-/$0 

/-)$%6$%/%9;:/! 2'-'4"+ 

 

J4& 1"493$-/& +.*"2"8" 2"-)%'*)' /-)$%6$%$-7// -$"(!"#/0", 3)"(. 

*+$)"+.$ +"4-. -' +.!"#$ 1"4&%/,'7/"--"8" #$4/)$4& (.4/ 1%/0$%-" 

%'+-..   *493'$ 4/-$<-" 1"4&%/,"+'--"8" /,493$-/& /*)"3-/2' G)" ",-'3'$), 

3)" -'1%'+4$-/$ 1"4&%/,'7// /,493$-/& /*)"3-/2' #"4@-" (.)5 

"%/$-)/%"+'-" 1"# 984"0 45
0
 2 "*/ #$4/)$4&.  

L*"($--"*)5 #'--"< *!$0. + )"0, 3)" +",09:$-/& -' 93'*)2$ 0$@#9 

/*)"3-/2"0 / 1"4&%/,'7/"--.0 #$4/)$4$0, 2")"%.$ +.,.+';) *#+/8/ 6', 

0$@#9 *"*)'+4&;:/0/ /,493$-/&, 1"4&%/,"+'--.0/ +#"45 1"4&%/,'7/"--.! 

"*$< #$4/)$4& 1%/+"#&) 2 1%&0"< 0"#94&7// '%890$-)' /-)$%6$%$-7/"--"8" 

*/8-'4'. M)") 6'2) &+4&$)*& 1%/3/-"< #4& +",0"@-.! 1'%',/)-.! 

6492)9'7/<  */8-'4' + )'2"< *!$0$, -", * #%98"< *)"%"-. "(9*4'+4/+'$) 

+",0"@-"*)5 "*9:$*)+4$-/& +*1"0"8')$45-"< 0"#94&7// */8-'4' -$ 

*+&,'--"< * 0"#94&7/$< 3'*)"). /*)"3-/2' / %',-"*)5; !"#' 

/-)$%6$%"0$)%'.      

L)0$)/0, 3)" )'2/$ *!$0. * 1"4&%/,'7/"--.0 %',#$4$-/$0 

/-)$%6$%/%9;:/! 2'-'4"+ /,+$*)-., -'1%/0$% + [151] %'**0')%/+';)*& %&# 

«"(N$0-.!» "1)/3$*2/! /-)$%6$%"0$)%/3$*2/! /,0$%/)$4$< -' "*-"+$ 

1"#"(-.! *!$0. D'2 1%'+/4", )'2/$ *!$0. "%/$-)/%"+'-. -' 1%/0$-$-/$ 

4',$%-.! /*)"3-/2"+ * "%)"8"-'45-" 1"4&%/,"+'--.0/ 0"#'0/, 4/(" 

/*1"45,"+'-/$ *4"@-.! G4$2)%""1)/3$*2/! 0"#94&)"%"+, "($*1$3/+';:/< 

*#+/8 3'*)"). 0$@#9 493'0/ + 14$3'!. A + )"0 / + #%98"0 *493'$ 

"($*1$3/+'$)*& *#+/8 3'*)"). /-)$%6$%/%9;:/! 493$< /, 2'2 *4$#*)+/$, 

8$)$%"#/--.< %$@/0 %'("). "1)/3$*2"< 3'*)/ /-)$%6$%"0$)%/3$*2"8" 

/,0$%/)$4&. 

  !"#$ %'(") 1" *",#'-/; +"4"2"--.! /-)$%6$%"0$)%/3$*2/! 

/,0$%/)$4$<, * 93'*)/$0 *")%9#-/2"+ 4'("%')"%// +"4"2"--"< "1)/2/ 

IBFOBP, *!$0' ABCD )'2 @$ +.,+'4' /-)$%$* *+"/0/ *+"<*)+'0/. A*!"#-" 

"-' %'**0')%/+'4'*5 #4& %$'4/,'7// -$ +"4"2"--"8" #/*)'-7/"--"8" 
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/,0$%/)$4& * 0'4"8'('%/)-.0 39+*)+/)$45-.0 "(N$0-.0 "1)/3$*2/0 

/-)$%6$%"0$)%"0 / +",#9H-.0 )%'2)"0 0$@#9 /-)$%6$%"0$)%"0 / 

"1)"G4$2)%"--"< 3'*)5;. B%"(4$0' %$'4/,'7// )'2"8" /-)$%6$%"0$)%' 

*"*)"&4' + )"0, 3)" "*9:$*)+/)5 +*1"0"8')$45-9; 0"#94&7/; 

/-)$%6$%$-7/"--"8" */8-'4' ,' *3$) 0"#94&7// 3'*)"). /*)"3-/2' (.4" 

,')%9#-/)$45-", ). 2. /-)$%6$%"0$)% /0$4 0'4.$ %',0$%. / "8%'-/3$--9; 

%',-"*)5 !"#'.   G)"0 *493'$ *!$0' ABCD 1",+"4&4' "*9:$*)+/)5 0"#94&7/; 

+ "(4'*)/ 1"#+"#&:$8" 93'*)2' * /*1"45,"+'-/$0 G4$2)%""1)/3$*2"8" 

0"#94&)"%'. 

B%/ %'**0")%$-// 1%/0$-$-/& JQB *+$)"+"#"+ #4& "($*1$3$-/& 

-'#$@-"8" 69-27/"-/%"+'-/& +"4"2"--.! /-)$%6$%"0$)%"+,  +",-/24' /#$& 

%'*1%"*)%'-/)5 /#$"4"8/; ABCD -' 1"4-"*)5; +"4"2"--9; 

/-)$%6$%"0$)%/3$*29; *!$09. B"#3$%2-$0, 3)" + ")4/3// ") 

/-)$%6$%"0$)%' ='!'->$-#$%', +"4"2"--.< +'%/'-) *!$0. ABCD 0"@$) 

(.)5 %$'4/,"+'- )"452" * 1%/0$-$-/$0 JQB *+$)"+"#"+!      

  #'--"0 *493'$, 1%/+4$2')$45-"*)5 ABCD *+&,'-' * )$0, 3)" 0"@-" 

/*1"45,"+')5 %'+-.$ +"4"2"--.$ 14$3/ / 0'2*/0'45-" *-/,/)5 1%"&+4$-/$ 

3'*)")-.! H90"+ 4',$%-"8" /*)"3-/2'. R -$"(!"#/09; +*1"0"8')$45-9; 

0"#94&7/; "*9:$*)+/)5 ,' *3$) 0"#94&7// %',-"*)/ 6', 1"4&%/,'7/"--.! 

0"# -' +!"#$ 1"#+"#&:$8" *+$)"+"#'. ?'2'& /-)$%6$%$-7/"--'& *!$0' (9#$) 

39+*)+/)$45-' 2 1'%',/)-.0 6492)9'7/&0 '-/,")%"1-"< 6',"+"< 

*"*)'+4&;:$< + 1"#+"#&:$0 +"4"2-$, "#-'2" #4& /,0$%$-/& 1$%$0$--.! 

0$!'-/3$*2/! +",#$<*)+/< )'2/$ 1"0$!/ 1%$-$(%$@/0" 0'4. (%',#$4 1. 1. 

1.2.3).    %$,945)')$ %'(") 1" %$'4/,'7// G)"< /#$/ (.4 *",#'- 0'2$) 

/,0$%/)$45-"8" 9*)%"<*)+' -' (',$ +"4"2"--"< #/*)'-7/"--"< *!$0. ABCD 

* JQB *+$)"+"#'0/ (*0. %',#$4 6), 2")"%.< 1"2','4 G66$2)/+-"*)5 

1%$#4"@$--"8" 1%/-7/1' 1"*)%"$-/& +"4"2"--"8" /-)$%6$%"0$)%/3$*2"8" 

/,0$%/)$4&.  

J'--.< %',#$4 *"#$%@/) 0')$%/'4. 1" )$"%$)/3$*2"09 %'**0")%$-/; 

#'--"< *!$0. / '-'4/,9 +4/&-/& 1"4&%/,'7/"--.! %'**"84'*"+'-/< -' 

%'(")"*1"*"(-"*)5 / !'%'2)$%/*)/2/ /,0$%/)$4& -' "*-"+$ ABCD. 

 

 

4.2. >:$/! ;< = *! ,(*,6$ &?< (6$),6,#,6.  $@'/ 3,%*,A, 

3,%40'"!+',**,A, (,A%!(,6!*'4 B%$/$*),6 

 

I)%92)9%-'& *!$0' /,0$%/)$4& * ABCD -' "*-"+$ JQB *+$)"+"#"+ 

1%/+$#$-' -' %/*9-2$ 4.2. L*-"+-.0/ G4$0$-)'0/ &+4&;)*& 4',$% (Q), 

0"#94&)"% (=), 1"4&%/,'7/"--.< #$4/)$45 (BJ) / Y-%',+$)+/)$45, 

*"!%'-&;:/< 1"4&%/,'7/;, JQB *+$)"+"#. 14$3 /-)$%6$%"0$)%'  I21 / 

 I22, 1"#+"#&:/< / ")+"#&:/< JQB *+$)"+"#.  I1 /  I3, 6")"1%/$0-"$ 

9*)%"<*)+", (4"2 "(%'(")2/ */8-'4"+.   
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C/*9-"2 4.2. I)%92)9%-'& *!$0' +"4"2"--"8" #/*)'-7/"--"8" /,0$%/)$4& -' 

"*-"+$ ABCD 

 

I+$)"+"#. 14$3  I21 /  I22 %',0$:$-. + 2"-*)%927// 

1%$"(%',"+')$4& / "(%',9;) 9#'4$--.< /-)$%6$%"0$)%/3$*2/< 

39+*)+/)$45-.< G4$0$-).  

B"#+"#&:/< )%'2) +24;3'$) + *$(& 1"4&%/,'7/"--.< 0"#94&)"% / 

1"#+"#&:/< (+!"#-"<) *+$)"+"#  I1. ="#94&)"% #"4@$- "($*1$3/+')5 

91%'+4&$0"$ /,0$-$-/$ %',-"*)/ 6', *"(*)+$--.! "%)"8"-'45-.! 4/-$<-.! 

1"4&%/,'7/<. E'/("4$$ )$!-"4"8/3-. +'%/'-). 0"#94&)"%"+ -' "*-"+$ 

)/1"+.! G4$2)%""1)/3$*2/! 2"-*)%927/<, 4/(" -' "*-"+$ G66$2)/+-.! 

2"-*)%927/< 0"#94&7// #+9493$1%$4"04$-/& JQB *+$)"+"#"+.   

I"*)"&-/$ 1"4&%/,'7// -' +!"#$ 0"#94&)"%' #"4@-" (.)5 )'2/0, 3)"(. 

*"(*)+$--.$ 0"#. 1"4&%/,'7/"--"8" 0"#94&)"%' /0$4/ %'+-.$ '014/)9#. 

(-'1%/0$%, #4& )/1"+"8" *493'& 4/-$<-" 1"4&%/,"+'--"8" /,493$-/& 

/*)"3-/2' -'1%'+4$-/$ 4/-$<-"< 1"4&%/,'7// #"4@-" (.)5 "%/$-)/%"+'-" 

1"# 984"0 45
0
 2 "*&0 0"#94&)"%'). B"4&%/,'7/"--.$ "*/ *+$)"+"#'  I1 + 

0$*)$ *).2"+2/ * 0"#94&)"%"0 #"4@-. (.)5 "%/$-)/%"+'-. )'2 @$, 2'2 / 

"*/ 0"#94&)"%', 3)" (. /,493$-/$ *"(*)+$--"< 1"4&%/,'7// 0"#94&)"%' EXM 

 !"#$"!%&'! $(')*+,$+ -!'."$(&/$!,,!0 #!12 EX1 3%+4!%!1& 561 $, 

&,&'!7$*,!, #!1& EYM  !"#$"!%&'& #!1) EY1. 5 "+()'84&4+ 1+034%$. 

#!1)'.4!"& -!'."$(&/$!,,2+ #!12, "&%,! %!(9):1&+#2+ % 3%+4!%!1+ 561 

-"$!9"+4&;4 ,&*&'8,); "&(,!348  &(  M, )-"&%'.+#); <'+=4"$*+3=$# 

3$7,&'!#, -!1&%&+#2# ,& #!1)'.4!". >"$ "&3-"!34"&,+,$. % 3%+4!%!1+ 561, 

-!'."$(&/$!,,2+ #!12 -"$!9"+4&;4 "&(,!348  &(  1. 5,+3+,,2+ -"$ 

"&3-"!34"&,+,$$ % -!1%!1.?+# 4"&=4+ $(!4"!-,2+ "&(,!34$  &( !M, !1 

!1$,&=!%2 1'. !9+$@ -!'."$(&/$!,,2@ #!1 ,& %2@!1+ 3%+4!%!1& 561. 
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>!'."$(&/$!,,20 1+'$4+'8 (>A) "&(1+'.+4 $(')*+,$. -!'."$(&/$!,,2@ 

#!1 -!1%!1.?+7! 3%+4!%!1& (-!'."$(&/$!,,2+ !3$ 1+'$4+'. % #+34+ 

342=!%=$ 3 -!1%!1.?$# %!'!=,!# 1!':,2 9248 !"$+,4$"!%&,2 4&= :+ =&= $ 

-!'."$(&/$!,,2+ !3$ 3%+4!%!1& 561) $ ,&-"&%'.+4 $@ % 3%+4!%!12 -'+* 

$,4+" +"!#+4"&. 6%+4!%!12 -'+* 1!':,2 9248 -!13!+1$,+,2 = 

-!'."$(&/$!,,!#) 1+'$4+'; 4&=, *4!92 ,&-"&%'+,$. -!'."$(&/$!,,2@ !3+0 

%!'!=!, 3!%-&1&'$ 3 ,&-"&%'+,$+# !3+0 1+'$4+'.. >"$ <4!# % 3%+4!%!1&@ 

9)1+4 %!(9):1+,& 4!'8=! !1,& -!'."$(&/$!,,&. #!1&. B& %2@!1+ 

$,4+" +"!#+4"& % Y-"&(%+4%$4+'+ 3!@"&,.;?+# -!'."$(&/$; $(')*+,$. $( 

%!'!=!,,2@ -'+* -!34)-&;4 % !4%!1.?$0 (%2@!1,!0) 3%+4!%!1 $ 

$,4+" +"$");4. >"$ 342=!%=+ 3%+4!%!1!% -'+* 3 "&(%+4%$4+'+# 1!':,! 9248 

!9+3-+*+,! 3!7'&3!%&,$+ -!'."$(&/$!,,2@ !3+0 1'. 4+@ 4$-!% #!1, =!4!"2+ 

%!(9):1+,2 % <4$@ 3%+4!%!1&@. >"$ "&3-"!34"&,+,$. % 3%+4!%!1&@ 5621 $ 

5622, 3%+4!%2+ %!',2 -"$!9"+4&;4 "&(,!348  &(, !-$32%&+#); 

3!!4%+434%);?$#$ $(!4"!-,2#$ (!21 $ !22) $ &,$(!4"!-,2#$ ( 21 $  22) 

3'&7&+#2#$.      

5 "+()'84&4+ "&3-"!34"&,+,$. 3%+4& % 4&=!0 3@+#+ -"$ 

$1+&'$($"!%&,,2@ -!'."$(&/$!,,2@ 3%!034%&@ <'+#+,4!% $ $1+&'8,!# 

3!7'&3!%&,$$ !"$+,4&/$$ %3+@ <'+#+,4!% ,+4")1,! %$1+48, *4! %2@!1,&. 

$,4+,3$%,!348 ($,4+" +"+,/$!,,20 3$7,&') 9)1+4 $#+48 %$1 34&,1&"4,!7! 

3$7,&'& 1%)@')*+%!0 $,4+" +"+,/$$    

I(t) = (I0/2)(1+cos("(t)).     (4.1) 

6=!""+=4$"!%&,,20 1'. 3')*&. AC> 3%+4!%!1!% &"7)#+,4 $#++4 34")=4)") 

"=#! ± ( 21 ±  22)/2±( 1+ D),   (4.2) 

& (,&=$ (&%$3.4 !4 4!7!, =&=!0 4$- -!'."$(&/$!,,!0 #!12 (#+1'+,,&. $'$ 

9234"&.) "&3-"!34"&,.+43. % 3%+4!%!1&@ 5621 $ 5622 $ % =&=!0 $( <4$@ 

3%+4!%!1!% ,&-"&%'.+43. $(')*+,$+ #!12 EX1, $ % =&=!0  $(')*+,$+ #!12 EY1 

3%+4!%!1& 561.  

A&'++ 1'. !-"+1+'+,,!34$ 9)1+# -!'&7&48, *4! % 3%+4!%!1&@ -'+* 

"&3-"!34"&,.+43. #!1& EY (=&= $ "&,++ -!1"&()#+%&+43., *4! $X > $Y). >"$ 

<4!# $(')*+,$+ #!12 EX1 3%+4!%!1& 561 -!34)-&+4 -!3'+ -!'."$(&/$!,,!7! 

1+'$4+'. % #!1) EY21 3%+4!%!1& 5621, & #!1& EY1 % #!1) EY22 3%+4!%!1& 5622. 

>"$ 4&=!# )3'!%$$ &"7)#+,4 $,4+" +"+,/$!,,!7! 3$7,&'& 9)1+4 $#+48 %$1 

"= #! – ( 21– 22)/2+ '1 = #! – # /2 +  1+ D,   (4.3) 

71+ $3-!'8(!%&,! %%+1+,,!+ "&,++ !9!(,&*+,$+ # = 21–  22. B& "$3),=+ 4.3 

)3'!%,! -!=&(&,2 "+:$#2 "&9!42 3%+4!%!1!% 3@+#2 E>FG, % 3!!4%+434%$+ 3 

)=&(&,,2#$ )3'!%$.#$ -!'."$(&/$!,,!7! 3!7'&3!%&,$. 3%+4!%!1!%.  
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F$3),!= 4.3. 64")=4)",&. 3@+#& %!'!=!,,!7! E>FG, "&3-"!34"&,+,$+ 

-!'."$(&/$!,,2@ #!1 % 3%+4!%!1&@ 3@+#2 

 

H?+ "&( -!1*+"=,+#, *4! % 1&,,!0 3@+#+ -!1"&()#+%&+43. %%+1+,$+ 

%3-!#!7&4+'8,!0 #!1)'./$$ (& 3*+4 1+034%$. -!'."$(&/$!,,!7! #!1)'.4!"& 

% -!1%!1.?+# 4"&=4+  D(t) =  D0 +  mod(t). 6!34&%'.;?&.  mod(t) -"$%!1$4 = 

 !"#$"!%&,$;  &(!#!1)'$"!%&,,!0 ,+3)?+0 *&34!42. >"$ <4!# 3@+#& 

!9"&9!4=$ $ 1+4+=4$"!%&,$. $,4+" +"+,/$!,,!7! 3$7,&'& % !9?+# 3')*&+ 

9)1+4 %21&%&48 ,& %2@!1+ 3$7,&' #! – # /2 +  1+  D0. >!'+(,&. $, !"#&/$. 

3!1+":$43. % =!#-!,+,4&@ #! – # /2, 3%.(&,,2@ 3 -'+*&#$ 

$,4+" +"!#+4"$*+3=!7! *)%34%$4+'8,!7! <'+#+,4&. 6!34&%'.;?$+  1+  D0, 

%!!9?+ 7!%!"., 3'+1)+4 "&33#&4"$%&48 =&= -!#+@). 5 <4!# 3#23'+ ,&$9!'++ 

-!,.4+, 3')*&0 -"$#+,+,$. 1&,,!0 3@+#2 1'. $(#+"$4+'. -+"+#+,,!7! 

%!(1+034%$. (&=)34$=&, %$9"&/$$ $ 4.-.), -!3=!'8=), =&= ):+ !4#+*&'!38, 

-&"&($4,2+ $(#+,+,$. 3!34&%'.;?+0 ( 1+  D0) % !3,!%,!# 3%.(&,2 3 

$(#+,+,$.#$ 4+-'!%2@ $ 4.-. )3'!%$0, $@ #!:,! -!'&7&48 =%&($34&4$*+3=$#$ 

$ ,+ -!-&1&;?$#$ % -!'!3) -!'+(,!7! 3$7,&'&.   

I&=$# !9"&(!#, % !4'$*$+ !4 3')*&. !92*,!0 3@+#2 D&@&-J+,1+"&, 3@+#& 

E>FG $3@!1,! *)%34%$4+'8,& = &,$(!4"!-,!0 "&(,!34$  &( % -!1%!1.?+# 

3%+4!%!1+. K4! 1+'&+4 1&,,); 3@+#) -"$#+,$#!0  &=4$*+3=$ 4!'8=! 1'. 

"+7$34"&/$$ -+"+#+,,2@ 3$7,&'!%. B! $#+,,! 4&=!+ )3'!%$+ -!(%!'.+4 

3!(1&48 %3-!#!7&4+'8,); #!1)'./$; "&(,!34$  &( -"$ "&%,!0 1'$,+ 

%!'!=!,,2@ -'+* $ $3=';*$48 !3,!%,!0  &=4!" L)#!% % 1$34&,/$!,,!0 

3@+#+ 3 "&(9&'&,3$"!%&,,2# $,4+" +"!#+4"!# D&@&-J+,1+"& – %'$.,$+ 

*&34!4,2@ L)#!% $34!*,$=&.     
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4.3.  !"#$% &'() * +,-./0 1/%23!4$5!/##67 3$**/"%$*/8$#!9 8 

/.:-%;#67 <%-0-#.$7 *7-06 

 

G"&4=! !-$3&,,&. %2L+ "&9!4& 3$34+#2 E>FG 3 $3-!'8(!%&,$+# AC> 

3%+4!%!1!% -!1"&()#+%&'& $1+&'$($"!%&,,2+ -!'."$(&/$!,,2+ 3%!034%& 

<'+#+,4!% $ $1+&'8,!+ 3!7'&3!%&,$+ %(&$#,!0 !"$+,4&/$$ <'+#+,4!% % 

#+34&@ 3!+1$,+,$0, "$3),!= 4.4. M1,&=! % -"&=4$*+3=$@ )34"!034%&@ 4&=$+ 

)3'!%$. ,+ %2-!',.;43..  

I&= :+ =&= $ % !92*,!0 %!'!=!,,!0 3@+#+ D&@&-J+,1+"&, % 3$34+#+ 

E>FG !1,$# $( !3,!%,2@  &=4!"!% -!'."$(&/$!,,!7! "&33!7'&3!%&,$. 

#!7)4 9248 )7'!%2+ "&33!7'&3!%&,$. ,&-"&%'+,$0 -!'."$(&/$!,,2@ !3+0 

3%+4!%!1!% % #+34&@ $@ 3!+1$,+,$. 3 -!'."$(&/$!,,2# 1+'$4+'+# $'$ % 

%2@!1,!# "&(%+4%$4+'+, +3'$ % ,+# -"$#+,+, %,+L,$0 ,+%!'!=!,,20 

1+'$4+'8,20 <'+#+,4. N7'!%2+ "&33!7'&3!%&,$. 9)1+# !-$32%&48 )7'&#$ %0, 

%1, %21, %22, %3, =!4!"2+ $#+;4 4!4 :+ 3#23' *4! $ "&,8L+. M1,&=! % 3@+#+ 

E>FG -"$3)434%)+4 1!-!',$4+'8,20 <'+#+,4 – #!1)'.4!" – -!<4!#) 1'. 

!-$3&,$. )7'!%!7! "&33!7'&3!%&,$. -!'."$(&/$!,,2@ !3+0 3%+4!%!1& 561 

-"$ 342=!%=+ 3 #!1)'.4!"!# 9)1+# $3-!'8(!%&48 )7!' %'&. 6=&(&,,!+ 

$'';34"$")+4 "$3),!= 4.5. 

E(-(& )7'!%2@ "&33!7'&3!%&,$0 -"$ 342=!%=+ %!'!=!, -'+* 3 1+'$4+'+# 

-"!$3@!1$4 ,&")L+,$+ "+:$#& "&3-"!34"&,+,$. !1,!0 -!'."$(&/$!,,!0 

#!12 % 5621 $ 5622. B& $,4+" +"+,/$!,,20 3$7,&' %'$.+4 )7'!%!+ 

"&33!7'&3!%&,$+ %!'!=!,,2@ -'+* ,& %2@!1+ $,4+" +"!#+4"&. M"$+,4&/$. 

-!'."$(&/$$ ,& %@!1+ 3$34+#2 4&= :+ %'$.+4 ,& 3!!4,!L+,$+ 

$,4+" +"$");?$@ ')*+0 $ -&"&#+4"2 $,4+" +"+,/$!,,!7! 3$7,&'&.  

N7'!%2+ "&33!7'&3!%&,$. -"$ 342=!%=+ 3%+4!%!1& 561 3 1+'$4+'+# $ 

#!1)'.4!"!# -"$%!1.4 = ,&")L+,$; )3'!%$. -!',!7! "&(1+'+,$. 

-!'."$(&/$!,,2@ #!1 -!1%!1.?+7! 4"&=4& $ $@ ,+(&%$3$#!7! ,&-"&%'+,$.  % 

-'+*$ $,4+" +"!#+4"&. I&= :+ $1+&'$($"!%&,,2+ )3'!%$. ,&")L&;43. 

4&=$#$ 3%!034%&#$ <'+#+,4!% =&= =!,+*,&. -!'."$(&/$!,,&. <=34$,=/$., 

1$@"!$(# $ 4.-.  

I&=$# !9"&(!#, .%'.+43. &=4)&'8,!0 (&1&*& !-"+1+'+,$. 

$,4+" +"+,/$!,,!7! 3$7,&'& % 3@+#+ E>FG 3 )*+4!# !3,!%,2@  &=4!"!%  

"&33!7'&3!%&,$0, -"$3)434%);?$@ % -"&=4$*+3=$@ )34"!034%&@ $ &,&'$(& 

%'$.,$. 1&,,2@  &=4!"!% ,& "&9!4) $(#+"$4+'. ,& 9&(+ E>FG $ ,& +7! 

@&"&=4+"$34$=$. A'. &,&'$(& "&33!7'&3!%&,$0 9)1+#, =&= $ "&,++, -"$#+,.48 

 !"#&'$(# A:!,3&. 
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4.3.1.  !"#$%"& #"#'&() *+,+-+%%+.+ /012 * 3&4"(& !+,%+.+ 

!+,53"6$7"+%%+.+ #+.,$#+*$%"5 %$ +#%+*& 8+3($,"6($ 94+%#$ 

 

6 4!*=$ ("+,$. -!'."$(&/$!,,2@ .%'+,$0 %!'!=!,,&. 3$34+#& E>FG 

.%'.+43. 9!'++ 3'!:,!0, *+# 3@+#& $,4+" +"!#+4"& D&@&-J+,1+"&. >!<4!#) 

1'. ,&*&'& !-$L+# 3$34+#) E>FG ,& !3,!%+  !"#&'$(#& A:!,3& % 3')*&+ 

!43)434%$. "&33!7'&3!%&,$0, "$3),!= 4.3, 4.4.  

A'. !-"+1+'+,,!34$, ,& %@!1+ #!1)'.4!"& 9)1+# -!1"&()#+%&48 

'$,+0,); -!'."$(&/$;, !"$+,4$"!%&,,); -!1 )7'!# 45
0
 = 

-!'."$(&/$!,,2# !3.# #!1)'.4!"& (% !9?+# 3')*&+ 3@+#& #!:+4 "&9!4&48 $ 

-"$ <''$-4$*+3=!0 -!'."$(&/$$ %@!1,!7! $(')*+,$., 3#. -.4.4). 5+=4!" 

A:!,3& %@!1,!7! $(')*+,$., #&4"$/2 #!1)'.4!"& $ 3%+4!%!1&  
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(
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e
T  (4.4) 

B& %2@!1+ -!1%!1.?+7! 3%+4!%!1& 561 -!')*$# %+=4!" A:!,3& 

1

1

1
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E

E

E
TT ,   (4.5) 

71+ 1'. )#+,8L+,$. 7"!#!(1=!34$ 1&,,2@ $ 1&'8,+0L$@ %2"&:+,$0 

%%+1+,2 !9!(,&*+,$. 1'.  &(!%2@ 31%$7!%, %,!3$#2@ % -!1%!1.?+# 4"&=4+: 

 '1=  1+ D 

!'1= !1+! D. 

6 4!*=$ ("+,$. -!'."$(&/$!,,!7! 1+034%$. ,& 3%+4!%); %!',),  

-!'."$(&/$!,,20 1+'$4+'8 <=%$%&'+,4+, 3$34+#+ 1%)@ !"4!7!,&'8,2@ 

-!'."$(&4!"!%. >!4+"$ -"!-)3=&,$. -!'."$(&4!"!% -!'&7&+# -"+,+9"+:$#! 

#&'2#$, 4&= :+ -"+,+9"+7&+# =!,+*,!0 <=34$,=/$+0 (<4!4  &=4!" 

1!-!',$4+'8,! "&33#!4"+, % -. 4.3.2). >!<4!#) 1'. !-$3&,$. 1+034%$. 

1+'$4+'. $3-!'8()+# 1%+ #&4"$/2 !"4!7!,&'8,! !"$+,4$"!%&,,2@ 

$1+&'8,2@ -!'."$(&4!"!%. I&= :+ )*4+#, *4! 1'. 4!7!, *4!92 % !9!$@ 

3%+4!%!1&@ -'+* "&3-"!34"&,.'&38 #!1& EY 4$-&, !1$, $( 3%+4!%!1!% -"$ 

342=!%=+ 3 1+'$4+'+# 1!':+, 9248 -!%+",)4 ,& 90
0
. H3'$ $(')*+,$+ #!12 

EX1 3%+4!%!1& 561 ,&-"&%'.+43. % 3%+4!%!1 5621, & #!12 EY1 % 3%+4!%!1 

5622, 4! -!%+",)4 1!':+, 9248 3%+4!%!1 5621. 6 )*+4!# 3=&(&,,!7!, 

#&4"$/2, !-$32%&;?$+ 1+'$4+'8 $#+;4 %$1   
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M4#+4$# 1!-!',$4+'8,! (,&*+,$+ (,&=& «–» % #&4"$/+ TA21 $, 3'+1);?$@ 

$( <4!7! !4"$/&4+'8,2@ =!#-!,+,4 1")7$@ %+=4!"!%. M4"$/&4+'8,20 (,&= 

$#++4 4!'8=! 7+!#+4"$*+3=$0 3#23', -!3=!'8=) -"$ -!%!"!4+ !"4!7!,&'8,2@ 

!3+0 9&($3& ,& 90
0
 ,!%&. !38 Y !=&(2%&+43. -"!4$%!,&-"&%'+,& $3@!1,!0 !3$ 

X. H3'$ %29"&48 -!%!"!4 ,& –90
0
, 4! !4"$/&4+'8,20 (,&= % (4.6) !43)434%!%&' 

92 (!1,&=! -!.%$'$38 92 3!!4%+434%);?$+ $(#+,+,$. (,&=!% % !9!9?+,,!0 

#&4"$/+, "&33#&4"$%&+#!0 ,$:+). 5 ';9!# %&"$&,4+ )*+4 -!1!9,2@ (,&=!%, 

=&= $ 1")7$@  $=3$"!%&,,2@  &(!%2@ 31%$7!%,  &=4$*+3=$ ,+3+4 

$, !"#&/$; ! ,&*&'8,!0  &(+ 3%+4!%!0 %!',2 $, =&= ):+ ,+3=!'8=! "&( 

!4#+*&'!38, ,+ %&:+, -"$ &,&'$(+ %!'!=!,,2@ $,4+" +"!#+4"$*+3=$@ 

$(#+"$4+'+0.     

5+=4!" A:!,3& %!',2 % 3%+4!%!1+ 563 %2*$3'.+43. -!  !"#)'+ 
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E,4+,3$%,!348 % 3%+4!%!1+ 563, !-"+1+'.;?&. $,4+" +"+,/$!,,20 3$7,&' 

%2*$3'.+43. 3!7'&3,! (3.25), $ 1'. %+=4!"&, (&1&%&+#!7! %2"&:+,$+# (4.8) 

3!34&%$4 

''
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+

,
45

6
78

9  03
 #

/!#/.. 1
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3
2

cos1
22

1 I
I E .       (4.9) 

N*4. $3-!'8(!%&,,!+ !9!(,&*+,$+  '1= 1+ D ,+4")1,! %$1+48, *4! 

-!')*+,,!+ %2"&:+,$+ $1+,4$*,!  !"#)'&# (4.1), (4.3). M4'$*$+ 3!34!$4 

4!'8=! % (,&=+ -+"+1 =!3$,)3!#, -"$*$,& =!4!"!7! 92'& -!.3,+,& %2L+ $ 

3#23' =!4!"!7! ,+ %&:+, 1'. &,&'$(& "&9!42 %!'!=!,,!7! 

$,4+" +"!#+4"$*+3=!7! $(#+"$4+'..   

 

4.3.2. :.,+*)& !+,53"6$7"+%%)& 3$##+.,$#+*$%"5 !3" !+;#+&;"%&%"5< 

#*&'+*+;+* !,&= 
G&= $ "&,++ -"+134&%'.+43. -!'+(,2# !41+'8,! "&33#!4"+48 %'$.,$+ 

-"!342@ «!1,!="&4,2@» "&33!7'&3!%&,$0 (4.+. 3')*&+%, =!71& 4!'8=! !1$, $( 

)7'!% "&33!7'&3!%&,$. !4'$*+, !4 ,)'.), -!3=!'8=) -"$ -"!342@ %&"$&,4&@ 

"&33!7'&3!%&,$0 #!:,! -!')*$48 .%,2+ %2"&:+,$. 1'. 

$,4+" +"+,/$!,,!7! 3$7,&'&, -"$+#'+#2+ 1'. &,&'$4$*+3=$+ &,&'$(&. 

5 <4!# 3')*&+ @!4+'!38 92 !4#+4$48, *4! -"$ $1+&'8,!# 

-!'."$(&/$!,,!# 3!7'&3!%&,$$ % -!1%!1.?+# 4"&=4+ $ ,& %@!1+ 1+'$4+'. 

1&'8,+0L&. *&348 3@+#2 E>FG (!4 %2@!1!% 1+'$4+'. 1! %2@!1&) "&9!4&+4 

-!',!348; $1+,4$*,! !92*,!0 3@+#+ D&@&-J+,1+"&. B+4")1,! -!=&(&48, *4! 

% )=&(&,,2@ )3'!%$.@ %+=4!" A:!,3& ,& %2@!1&@ 3%+4!%!1!% 5621 $ 5622 

9)1)4 $1+,4$*,2 3!!4%+434%);?$# %+=4!"&# % 3@+#+ D&@&-J+,1+"& 3 4!0 

'$L8 "&(,$/+0, *4! &,$(!4"!-,&. *&348  &(!%!0 (&1+":=$ % -!1%!1.?+# 

4"&=4+  '& %!01+4 % %+=4!"& "&(,2@ -'+* 3 "&(,2# (,&=!#. K4! "&('$*$+ 

-"$%+1+4 = 4!#), *4! % $,4+" +"+,/$!,,!# 3$7,&'+ %#+34! #! 9)1+4 

-"$3)434%!%&48 3)##& #! +: '&. 53+ !34&'8,2+ $(#+,+,$. % 

$,4+" +"+,/$!,,!# 3$7,&'+ 9)1)4 -!',!348; $1+,4$*,2 $(#+,+,$.# % 
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3@+#+ D&@&-J+,1+"&. >!<4!#) % 3')*&+, +3'$ !1$, $( )7'!% %21, %22 '$9! %3 

,+ "&%+, ,)';, 1'. $,4+" +"+,/$!,,!7! &,&'$(& 3$7,&'& #!:,! 

$3-!'8(!%&48 "+()'84&42, -!')*+,,2+ 1'. &,&'!7$*,2@ -!'."$(&/$!,,2@ 

"&33!7'&3!%&,$0 % "&(1+'+ 3, -. 3.3.2.1 $ -. 3.3.2.2. >"$ <4!# !4#+4$# 4&= :+, 

*4! $( &,&'$(& "+()'84&4!% )=&(&,,2@ -&"&7"& !% 3'+1)+4, *4! 1'. 

$(#+"$4+'+0 &=)34$*+3=$@, %$9"&/$!,,2@ $ 4.-. -+"+#+,,2@ 3$7,&'!%  

%'$.,$+ )=&(&,,2@ "&33!7'&3!%&,$0 %2"&:&+43. % -&"&($4,2@  ')=4)&/$.@ 

&#-'$4)12 3$7,&'&. E3=&:+,$. &"7)#+,4& -"!.%'.;43. 4!'8=! 1'. 

,+$, !"#&/$!,,!0 =%&($34&4$*+3=!0 +7! *&34$.  

O!'++ %&:,2# 1'. "&9!42 3@+#2 E>FG .%'.;43.  &=4!"2 

"&33!7'&3!%&,$., 3%.(&,,2+ 3 -!13!+1$,+,$+# 3%+4!%!1& 561 = #!1)'.4!") 

$ -!'."$(&/$!,,!#) 1+'$4+';, -!3=!'8=) !,$ -"$%!1.4 = 9!'++ 3+"8+(,2# 

4$-&# $3=&:+,$. $,4+" +"+,/$!,,!7! 3$7,&'&.  

F&33#!4"$# -!1"!9,++ %&:,20  &=4!" -!'."$(&/$!,,!7! 

"&33!7'&3!%&,$. 1&,,!0 3@+#2 – )7'!%!+ "&33!7'&3!%&,$+ -"$ 

-!13!+1$,+,$$ 3%+4!%!1& 561 = -!'."$(&/$!,,!#) 1+'$4+';.   

>"$ <4!# -!'&7&+# %!'!=,& 5621 $ 5622 «$1+&'8,2#$» $ 

-!13!+1$,+,,2#$ = -!'."$(&/$!,,!#) 1+'$4+'; 9+( "&33!7'&3!%&,$. (% ,$@ 

"&3-"!34"&,.+43. 4!'8=! !1,& -!'."$(&/$!,,&. #!1&). G"!#+ 4!7! 

-!1"&()#+%&+43., *4! -!1%+1+,$+ 3%+4& ,& %@!1+ 3$34+#2 $ +7! 

"&3-"!34"&,+,$+ *+"+( #!1)'.4!" $ 3%+4!%!1 561 4&= :+ -"!$3@!1$4 9+( 

-!'."$(&/$!,,2@ $3=&:+,$0. >"$ 4&=$@ )3'!%$.@ %+=4!" A:!,3& ,& %2@!1+ 

3%+4!%!1!% -'+* 5621 $ 5622 ,&@!1$43. -!  !"#)'+ 
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71+ $3-!'8();43. $1+&'$($"!%&,,2+ #&4"$/2 %!'!=!, T2i – %2"&:+,$. 

(3.20), $1+&'$($"!%&,,2+ #&4"$/2 1+'$4+'. TAi $#+;4 %$1 (4.6), %+=4!" 

A:!,3& ,& %2@!1+ 561 $#++4 %$1 (4.5), & )7!' %1 – )7!' #+:1) 

-!'."$(&/$!,,2#$ !3.#$ 3%+4!%!1& 561 $ !3.#$ -!'."$(&/$!,,!7! 

1+'$4+'.. N*4., *4! -"!$(%+1+,$+ #&4"$/ -!%!"!4& $ #&4"$/ 

-!'."$(&/$!,,!7! 1+'$4+'. $#++4 %$1  
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  (4.11) 

5+=4!" A:!,3& % %2@!1,!# 3%+4!%!1+ 563 $#++4 %$1 
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  (4.12) 

P $,4+,3$%,!348 3%+4!%!0 %!',2 % %2@!1,!# %!'!=,+ -!')*$# 3!7'&3,! 

(3.25) $ (4.12) % %$1+ 

1 2 ; < 1 2 ; <1 211

2

11

202

3 2coscos2cossin1
22

1
 03 #/!#-%/ 0/ #/!#-%3..

I
I E .     (4.13) 

G&= $ "&,++,  !"#) (4.13) #!:,! -"+!9"&(!%&48 = %$1) 

1 2 1 2 1 2 ; < 1 2; <''
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,
 0 3 #/!#- 0-%/%3%3. 111
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1

4

1

40 2cos2cos2sin
2

1
cossin1

2
eff

I
I ,     (4.14) 

71+ %%+1+,& <  +=4$%,&.  &(& (>"$'!:+,$+ 4.1)  

1 2 1 2
1 2'

'
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)
**
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,

%
 0

. 0 
1

1
1

2cos

tg
arctgeff .     (4.15) 

>!')*+,,&.  !"#& %2"&:+,$0 1'. $,4+" +"+,/$!,,!7! 3$7,&'& -!1!9,& 

-!')*&+#2# "&,++ % "&(1+'+ 3. M1,&=! % 1&,,!# 3')*&+ 3$4)&/$. 

3)?+34%+,,! !4'$*&+43.. E3=&:+,$+ &,$(!4"!-,!0 *&34$ &"7)#+,4& $ 

&#-'$4)12 3$7,&'& 3%.(&,2 3 3!34&%'.;?+0  '1, 3!1+":&?+0 -!34!.,,! 

-"$3)434%);?++ #!1)'./$!,,!+ =!'+9&,$+. >!<4!#), -"$ &,&'$(+ %'$.,$. 

"&33!7'&3!%&,$., %+'$*$,)  '1 (3$7,&'  '1(t)) ,+'8(. -!'&7&48 ,$ 

=%&($34&4$*+3=!0, ,$ #&'!0 (&#-'$4)1& %3-!#!7&4+'8,!0  &(!%!0 

#!1)'./$$ !92*,! $#++4 %+'$*$,) ~ 2=). G"!#+ 4!7!, !,& !-$32%&+4 ,+ 

4!'8=! $3=&:+,$. *&34$ &"7)#+,4&, 1+4+=4$")+#!0 3$34+#!0 !9"&9!4=$, ,! 

$3=&:+,$. %3-!#!7&4+'8,!0 #!1)'./$$ &"7)#+,4&, =!4!"2+ %'$.;4 ,& 

"&9!4!3-!3!9,!348 <4!0 3$34+#2 !9"&9!4=$. I!:+ =&3&+43. $ #!1)'./$$ 

&#-'$4)12 $,4+" +"+,/$!,,!7! 3$7,&'&, =!4!"&.  -"$ 1&,,!# 

"&33!7'&3!%&,$$ 9)1+4 #!1)'$"!%&483. 3$7,&'!# %3-!#!7&4+'8,!0 

#!1)'./$$.        

M1,&=! -"$ &,&'$(+ #!:,! -"+1-!'!:$48 #&'!348 )7'& "&33!7'&3!%&,$. 

%1. >"$ #&'2@ )7'&@ %2"&:+,$. (4.14) $ (4.15) -"+!9"&();43. (>"$'!:+,$+ 

4.1) = 9!'++ -"!34!#) %$1) 

; < 1 2; <1 2
1 2 1 2.

,
I

I

eff

eff

1

2

111

11

2

1

4

1
0

2sin

2cos2cos211
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 0-%3 0> 0 

 0 3 #/!#- 0-%-/%33.
,       (4.16) 

G&= %$1,! $( (4.14) 7')9$,& -&"&($4,!0 #!1)'./$$ &#-'$4)12 $#++4 

-!".1!= %1
2
, 4&= :+ =&= $ !4,!3$4+'8,&. %+'$*$,& $3=&:+,$0 &,$(!4"!-,!0 

*&34$ &"7)#+,4&  '1 

1 2
2

1

1

11 %?
 0

 0/ 0 eff .     (4.17) 
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>!')*+,,2+ %2"&:+,$. -!(%!'.;4 "&33*$4&48 3$7,&' $,4+" +"!#+4"& 3 

)*+4!# )7'!%2@ "&33!7'&3!%&,$0 -!'."$(&/$!,,2@ !3+0 %!'!=!,. >"!9'+#& 

%'$.,$. <4$@ "&33!7'&3!%&,$0 ,& "&9!4) $(#+"$4+'. ,& 9&(+ E>FG 9)1+4 

"&33#!4"+,& ,$:+.  

  

4.3.3. :=&' ;+!+,%"'&,>%)< 8$-'+3+* 3$##+.,$#+*$%"5 * 

!+,53"6$7"+%%+( ;&,"'&,& 

F&33#!4"+,,2+ % -. 4.3.2 3')*&$ «!1,!="&4,2@» "&33!7'&3!%&,$0 

,&-"&%'+,$0 -!'."$(&/$!,,2@ !3+0 %!'!=!, 561, 5621 $ 5622 -"$ $@ 

-!1=';*+,$$ = -!'."$(&/$!,,!#) 1+'$4+'; #!:,! $,4+"-"+4$"!%&48 =&= 

*&34,2+ %&"$&,42 &,&'$(& "&33!7'&3!%&,$0 % -!'."$(&/$!,,!# 1+'$4+'+.  

M1,&=! 1'. !9!9?+,,!7! &,&'$(& -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 % 

3@+#+ ,+!9@!1$#! "&33#!4"+48 %!-"!3 !9 )*+4+ =!#9$,$"!%&,,2@ 

"&33!7'&3!%&,$0 4&=!7! 4$-&, & 4&= :+ )*+4+ 1!-!',$4+'8,2@ -&"&($4,2@ 

 &=4!"!%, =!4!"2+ #!:+4 %,!3$48 "+&'8,20 -!'."$(&/$!,,20 1+'$4+'8.    

B& -"&=4$=+ -!'."$(&/$!,,20 1+'$4+'8 %2-!',.+43. ,& !3,!%+ 

%,+L,+7! ,+ %!'!=!,,!7! <'+#+,4&, =!4!"20 ,&-"&%'.+4 3!34&%'.;?$+ 

3%+4!%!0 %!',2, -!'."$(!%&,,2+ %1!'8 $ -!-+"+= -!'."$(&/$!,,!0 !3$ 

<'+#+,4&, -! "&(,2# 4"&+=4!"$.#, "$3),!= 4.6. 5 =&*+34%+ 4&=$@ <'+#+,4!% 

#!:,! -"$#+,.48 -"$(#2 $( 1%)')*+-"+'!#'.;?$@ ="$34&''!% (-"$(#2 

5!'!,734!,&, F!L+,&, Q'&,&), =!4!"2+ !9+3-+*$%&;4 %23!=); 

-!'."$(&/$!,,); <=34$,=/$;, #&'2+ -!4+"$ -"!-)3=&,$., "&9!4&;4 % 

L$"!=!# 1$&-&(!,+ 1'$, %!',. M1,&=! *&34! -"$#+,.;4 1+'$4+'8,2+ 

<'+#+,42, % =!4!"2@ $3-!'8()+43. !4"&:&;?&. -!%+"@,!348 3! 3-+/$&'8,2# 

-!="24$+#. >!'."$(&/$!,,2+ !3$ 4&=!7! 1+'$4+'. 3%.(&,2 3 ,&-"&%'+,$.#$ 

-&"&''+'8,2# $ !"4!7!,&'8,2# = -'!3=!34$ -&1+,$.. >!="24$+ 

!9+3-+*$%&+4 -!',!+ !4"&:+,$+ !1,!0 $ -"!-)3=&,$+ 1")7!0 '$,+0,! 

-!'."$(!%&,,!0 =!#-!,+,42 -&1&;?+0 %!',2. I&=$+ 1+'$4+'8,2+ <'+#+,42 

)34)-&;4 -! -&"&#+4"&# ="$34&''$*+3=$# -"$(#+,,2# )34"!034%&#, !1,&=! 

9!'++ 1+L+%2 $ #!7)4 9248 #&'!7&9&"$4,2#$.  

>!,.4,!, *4! -"$ "&3-"!34"&,+,$$ 3%+4& %,)4"$ 1+'$4+'. (4&= :+, =&= $ 

%,)4"$ "&(%+4%$4+'.) %!',& -"$!9"+4&+4 1!-!',$4+'8,2+ 34&4$*+3=$+ 

 &(!%2+ 31%$7$. M,$ 3%.(&,2 3 -"!34"&,34%+,,!0 -"!4.:+,,!348; )*&34=!% 

3%+4!%!0 4"&+=4!"$$ %,)4"$ 1+'$4+'. $, %!(#!:,! 3! 3=&*=&#$  &(2 -"$ 

!4"&:+,$$/-"!@!:1+,$$ !4/*+"+( -!%+"@,!34$ 1+'$4+'8,!7! <'+#+,4&. 

64"!7$0 )*+4 4&=$@  &(!%2@ 31%$7!% .%'.+43. -"!9'+#!0, -!3=!'8=) !,$ 

#!7)4 9248 "&(,2#$ 1'. "&(,2@ =!,34")=/$0 -!'."$(&/$!,,!7! 1+'$4+'. $ 

"&(,2@ 4$-!% 1+'$4+'8,!7! <'+#+,4&. M1,&=!, =&= $ "&,++ -"$ "&33#!4"+,$$ 

"&(%+4%$4+'+0, ,+ 9)1+# 34"+#$483. !9+3-+*$48 !9.(&4+'8,20 )*+4 %3+@ 

%!(#!:,2@  $=3$"!%&,,2@  &(!%2@ 31%$7!%, -!3=!'8=) !,$ ,+ -!%'$.;4 ,& 

"+()'84&42 &,&'$(&, .%'..38 &11$4$%,2#$ 1!9&%=&#$ = -"!$(%!'8,! 

#+,.;?$#3. =%&($34&4$*+3=$# 3!34&%'.;?$#  &(!%2@ (&1+":+= % 

3%+4!%!1&@.  

 

 



169 

 
F$3),!= 4.6. >"$,/$- 1+'+,$. ')*& -!'."$(&/$!,,2@ 1+'$4+'.@ (3'+%& – 

-"$(#& F!L+,&, -!3+"+1$,+ – -"$(#& 5!''!34!,&, 3-"&%& 1+'+,$+ ,& 

!4"&:&;?+0 -!%+"@,!34$) 

 

5&:,!0 @&"&=4+"$34$=!0 -!'."$(&4!"!% $, % *&34,!34$, 

-!'."$(&/$!,,!7! 1+'$4+'., .%'.+43. =!,+*,20 =!<  $/$+,4 <=34$,=/$$. 

A'. )*+4& =!,+*,!0 <=34$,=/$$ 3'+1)+4 %%+34$ % #&4"$/) -!'."$(&4!"& 

#&'20 -&"&#+4" h = @-1/2
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T  (4.18) 

D,!:$4+'8 (1– h)
1/2

 3 )*+4!# #&'!34$ h #!:,! $,4+"-"+4$"!%&48 =&= 

3'&9); -!-"&%=) = -!4+".# -"!-)3=&,$. -!'."$(&4!"&-1+'$4+'.. I&=$# 

!9"&(!#,  1'. )*+4& 1&,,!7! 3%!034%& "+&'8,!7! -!'."$(&/$!,,!7! 1+'$4+'. 

3'+1)+4 $3-!'8(!%&48 #&4"$/2 -!'."$(&/$!,,!7! 1+'$4+'. %$1&    
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TTT , (4.19) 

71+ h1 $ h2 – !9"&4,! -"!-!"/$!,&'8,2 =!<  $/$+,4&# <=34$,=/$$ 1+'$4+'. 

1'. !3+0 X $ Y  3!!4%+434%+,,!.  

G&= ):+ 7!%!"$'!38 %4!"2#, $ %!(#!:,! 9!'++ (,&*$#2#,  &=4!"!# 

-!'."$(&/$!,,!7! "&33!7'&3!%&,$. .%'.;43. )7'!%2+ "&33!7'&3!%&,$. 

#+:1) !3.#$ -!'."$(&/$!,,!7! 1+'$4+'. $ !3.#$ 3%+4!%!1!%. >"$#+"!# 

4&=!7! "&33!7'&3!%&,$. .%'.+43. )7'!%!+ 3#+?+,$.  3%+4!%!1& 561 

!4,!3$4+'8,! !3$ 1+'$4+'., %'$.,$+ =!4!"!7! ):+ 92'! "&33#!4"+,! %2L+, % 

-. 4.3.2. >"$ !9!9?+,,!# "&33#!4"+,$$ 3$34+#2 4&=$+ )7'!%2+ 

"&33!7'&3!%&,$. '!7$*,! !4,+34$ = 3%!034%&# 1+'$4+'. $ )*$42%&48 % 

#&4"$/&@, !-$32%&;?$@ 1+'$4+'8. O)1+# !43*$42%&48 )7!' 3#+?+,$. #+:1) 

!38; 3%+4!%!1& $ !38; 1+'$4+'. -! 4&=!#) :+ -"$,/$-), =&= -"$ 

"&33#!4"+,$$ -+"%!7! "&(%+4%$4+'. 4"&1$/$!,,!0 %!'!=!,,!0 3@+#2 D&@&-

J+,1+"&  % -. 3.5.1.1. I!71&, 3 )*+4!# (4.19), #&4"$/2 1+'$4+'. #!7)4 9248 

-!')*+,2 ,& !3,!%+ 3'+1);?$@ %2"&:+,$0  
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71+ %1 – )7!' #+:1) -!'."$(&/$!,,2#$ !3.#$ 1+'$4+'. $ 3%+4!%!1& 561, & 

%2i – )7!' #+:1) -!'."$(&/$!,,2#$ !3.#$ 1+'$4+'. $ -!'."$(&/$!,,2#$  

!3.#$ 3%+4!%!1!% -'+* 562i.  

6 )*+4!# %2='&1!=, -"$%+1+,,2@ % >"$'!:+,$$ 4.2, -!')*$# 

3'+1);?$+  !"#)'2 1'. #&4"$/ 1+'$4+'. 

1 21 2 1 21 2 1 21 2 1 21 2
1 21 2 1 21 2; < 1 21 2 1 21 2; <''(
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(4.21) 
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G&= %$1,! $( -!')*+,,2@  !"#)', <4$ #&4"$/2 -"$,/$-$&'8,! !4'$*&;43. 

!4 3')*&. "&(%+4%$4+'. (%2"&:+,$+ (3.111)), -!3=!'8=) 3!1+":&4  ),=/$$ ,+ 

4!'8=! "&(,!34$, ,! $ 3)##2 )7'!% %1, %2i. K4!4  &=4 -!=&(2%&+4, *4! 

"&33#&4"$%&48 3$4)&/$; 3 $1+&'8,!0 %(&$#,!0 !"$+,4&/$+0 !3+0 3%+4!%!1!% 

%1=%2i  (3#+?+, 4!'8=! 1+'$4+'8,20 <'+#+,4), =&= <4! 31+'&,! % -. 3.5.1.1 ,+ 

/+'+3!!9"&(,!. D&4"$/2 (4.21) 34&,)4 -"!?+, ,! %3+ "&%,! 9)1)4 (&%$3+48 !4 

(,&*+,$0 =&:1!7! $( )7'!%. 5 3')*&+ -!'."$(&/$!,,!7! 1+'$4+'. 

-"$,/$-$&'8,! %&:,2 "&33!7'&3!%&,$. 3%+4!%!1!% !4,!3$4+'8,! !3+0 

1+'$4+'., & ,+ !4,!3$4+'8,! 1")7 1")7&.  

  I+# ,+ #+,++, '!7$*,! "&33#!4"+48 -"$9'$:+,,20 %$1 #&4"$/ 

-!'."$(&/$!,,!7! 1+'$4+'. 1'. -"&=4$*+3=$ &=4)&'8,!7! 3')*&. #&'2@ 

-&"&#+4"!% "&33!7'&3!%&,$.. >"+:1+ %3+7!, "&33#!4"$# %&"$&,4 

-"+,+9"+:$#! #&'!7! =!<  $/$+,4& h (9+3=!,+*,!0 <=34$,=/$$), -!3=!'8=) 

% "+&'8,2@ )34"!034%&@, !3!9+,,! ,& !3,!%+ 1%)')*+-"+'!#'.;?$@ 

="$34&''!%, !, 1+034%$4+'8,! #!:+4 9248 !*+,8 #&' (S10
–6

). >!'&7&. h=0, $( 

(4.21) -!')*$# 

1 2 1 2 1 2 1 2
1 2 1 2 1 2 1 2

1 2 1 2 1 2 1 2
1 2 1 2 1 2 1 2

.
coscossincos

sincossinsin

,
cossincoscos

sinsinsincos

122122

221122

A2

211121

121211

A1

''
(

)
**
+

,
%-%%-%/

%-%/%-%
.

''
(

)
**
+

,
%-%/%-%/

%-%/%-%/
.

T

T

   (4.22) 

6 1")7!0 34!"!,2 #!:,! "&33#!4"+48 )3'!%$+ #&'!34$ =&= h, 4&= $ %. 

H3'$ % (4.21) -!'&7&48 h $ % #&'2#$ $ !34&%$48 3'&7&+#2+ 4!'8=! -+"%!7! 

-!".1=& #&'!34$, 4! -!')*$#  
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T .   (4.23) 

A$&7"&##& ,& "$3),=+ 4.7 $'';34"$")+4 <4$ #&4"$/2 $ -!.3,.+4, =&=); 

"!'8 $7"&;4 =!<  $/$+,42 -!')*+,,2@ #&4"$/ %  !"#$"!%&,$$ «-".#!0» 

(EY) $ «-+"+="+34,!0» (EX) -!'."$(&/$!,,2@ #!12 3%+4!%!1!% -'+*. >! 
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"$3),=) 9!'++ ,&7'.1,!, *+# -!  !"#)'&# %$1,!, *4! -!')*+,,2+ #&4"$/2 

(4.23) *+4=! 3!!4%+434%);4 1")7 1")7) $  $($*+3=!#) 3#23') <  +=4!% 

-"+!9"&(!%&,$. #!1 % -!'."$(&/$!,,!# 1+'$4+'+. 

  

 
F$3),!= 4.7. T!"#$"!%&,$+ -&"&($4,2@ -+"+="+34,2@ =!#-!,+,4 ,& %2@!1+ 

-!'."$(&/$!,,!7! 1+'$4+'.   

 

I&=$# !9"&(!#, % !4'$*$+ !4 3$4)&/$$ 3 "&(%+4%$4+'+# (3#. -. 3.5), % 

3')*&+ -!'."$(&/$!,,!7! "&(1+'+,$. %3+ 4"$ -&"&#+4"& 3'&9!7! 

"&33!7'&3!%&,$. ()7!' -&"&($4,!7! -!%!"!4& %@!1,!7! %!'!=,&, )7!' 

-!%!"!4& %!'!=,& -'+*& $ -&"&#+4" 1+'$4+'. h) 1+034%);4 ,+(&%$3$#! $ 

$7"&;4 «3%!;» "!'8 %  !"#$"!%&,$$ «-+"+="+34,2@» %!', % -'+*&@ 

$,4+" +"!#+4"&. 

I+# ,+ #+,++, %!(#!:,!, & 3 4!*=$ ("+,$. -"!%+"=$ "+()'84&4!% 1&:+ 

,):,!, 3!-!34&%$48 (4.23) 3 %2"&:+,$.#$, -!')*+,,2#$ 1'. "&(%+4%$4+'. % 

"&(1+'+ 3. A+034%$4+'8,!, "+&'8,20 "&(%+4%$4+'8 "&33#&4"$%&'3. =&= 

*&34$*,20 -!'."$(&4!" 3 #&'2# 1$@"!$(#!#, !1,&=! -"$ -"+1-!'!:+,$$ 

9!'8L!7! 1$@"!$(#& !, 1!':+, 34&48 -!1!9,2# -!'."$(&4!"). >"$ <4!# 

,&1! )*+348, *4! -!'."$(&/$!,,20 1+'$4+'8 ,+ .%'.+43. )34"!034%!# 9+( 

%,)4"+,,$@ -!4+"8 $ #!1+'8 3 1$@"!$(#!# "&(,!7! (,&=& 1'. "&(,2@ 

%2@!1!% ()3'!%$+ (3.110) $ 4.-.) % 3')*&+ -!'."$(&/$!,,!7! 1+'$4+'. 9)1+4 

,+=!""+=4,&. M1,&=! 1'. #&4"$/2 "&(%+4%$4+'. 3 -!1&%'+,$+# 

«-+"+="+34,!0» 3!34&%'.;?+0 (<4! #&4"$/& 1'. 3')*&. Ai > 0) -"$ -+"+@!1+ 

Ai U1 1!':,! 9248 3!!4%+434%$+ 3! 3')*&+# -!'."$(&/$!,,!7! 1+'$4+'.. 

>"$*+# -".#!+ 3!!4%+434%$+ 1!':,! 9248 1'. TA2, 4&= $#+,,! #&4"$/& TA2 

!-$32%&+4 -+"+1&*) #!12 EY 561 % EY 3%+4!%!1& -'+*&, =&= $ % 3')*&+ 

"&(%+4%$4+'.. E3-!'8().  !"#)') (3.112) 71+ )*4+,& #&'!348 4!'8=! )7'!%2@ 

"&33!7'&3!%&,$0 (4.+. A ,+ 3*$4&+43. #&'2#) $ -!'&7&. A=1–h, !49"&32%&. %3+ 

3'&7&+#2+ %2L+ -+"%!7! -!".1=& #&'!34$ (#&'2#$ -!'&7&;43. )7'2 $ h), & 

4&= :+ )*4. %'2i=%1–%2i, -!')*$# 
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B+4")1,! %$1+48, *4! <4! %2"&:+,$+ -!',!348; 3!%-&1&+4 3 (4.23) 
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4.3.4. ?+;@,5'+3 

B+!9@!1$#&. #!1)'./$. "&(,!34$  &( -!'."$(&/$!,,2@ #!1 -!1%!1.?+7! 

3%+4!%!1& #!:+4 9248 "+&'$(!%&,& 3 -"$#+,+,$+# %,+L,+7! -! !4,!L+,$; 

= %!'!=,) <'+=4"!!-4$*+3=!7! #!1)'.4!"& (KMD), '$9! (& 3*+4 

#+@&,$*+3=!7! %!(#)?+,$. 3%+4!%!1& [141]. 

 

4.3.1.  !"#$%&&'$()"*#(+ ,&-.!/$&%  

5 -+"%); !*+"+18 "&33#!4"$# $3-!'8(!%&,$+ % 3@+#+ KMD, -!3=!'8=) 

$#+,,! 4&=!0 #+4!1 92' -"$#+,+, -"$ 3!(1&,$$ -"&=4$*+3=!7! $(#+"$4+'. 

,& !3,!%+ E>FG ("&(1+' 6). 64")=4)"& 1&,,!7! <'+#+,4& 3@+#2 -!=&(&,& ,& 

"$3),=+ 4.8. M3,!%) KMD 3!34&%'.+4 <'+=4"!!-4$*+3=$0 ="$34&'' [156], 

-!'."$(&/$!,,2+ !3$ =!4!"!7! 1!':,2 9248 !"$+,4$"!%&,2 3 

-!'."$(&/$!,,2#$ !3.#$ AC> %!'!=!,,!7! %2%!1& $34!*,$=& $ 

-!1%!1.?+7! 3%+4!%!1&. 

 
F$3),!= 4.8. 64")=4)"& )*&34=& 3@+#2 E>FG 3 KMD (L4"$@!%=!0 %21+'+,2 

<'+=4"!12 ,& -!%+"@,!34$ <'+=4"!!-4$*+3=!7! ="$34&''&, 

L4"$@-),=4$",2#$ '$,$.#$ -!=&(&,2 -!'."$(&/$!,,2+ !3$ <'+#+,4!%) 

 

6 4!*=$ ("+,$. 1+034%$. ,& -"!@!1.?); *+"+( #!1)'.4!" 3%+4!%); 

%!',), <'+=4"!!-4$*+3=$0 #!1)'.4!" ,& !3,!%+ !1$,!*,!7! 

<'+=4"!!-4$*+3=!7! #!1)'. -"$ $1+&'8,!0 ,&34"!0=+ -"+134&%'.+4 3!9!0 

 &(!%); -'&34$,=) 3 <'+=4"$*+3=$ )-"&%'.+#!0  &(!%!0 (&1+":=!0 #+:1) 

3!934%+,,2#$ -!'."$(&/$!,,2#$ #!1&#$. G  &=4!"&# !4='!,+,$. !4 

"+:$#& $1+&'8,!7! -!'."$(&/$!,,!7! 3!7'&3!%&,$. % 3@+#+ #!:,! !4,+34$ 

=!,+*,!348 -!'."$(&/$!,,!0 <=34$,=/$$ <'+=4"!!-4$*+3=!0 *&34$ 

#!1)'.4!"& $ )7'!%2+ "&33!7'&3!%&,$. -"$ 342=!%=+ #!1)'.4!"& 3 

%!'!=,&#$ ,& %@!1+ $ %2@!1+.  

>!3=!'8=) !3,!%!0 4&=$@ )34"!034% .%'.+43. !-4$*+3=$0 ="$34&'' 

,+9!'8L!0 1'$,2, 4! -!'."$(&/$!,,&. <=34$,=/$. <'+=4"!!-4$*+3=!7! 

="$34&''& #!:,! -!'&7&48 1!34&4!*,! %23!=!0 !*+,8 %23!=& $ ++ %'$.,$+# 

#!:,! -"+,+9"+*8. V&"&=4+"$34$=!0 )7'!%2@ "&33!7'&3!%&,$0 -"$ 342=!%=+ 

3 %@!1,2# )34"!034%!# $ %2@!1,2# 3%+4!%!1!# 9)1+# -!'&7&48 )7!' %0 

#+:1) ,&-"&%'+,$+# '$,+0,!0 -!'."$(&/$$ ,& %@!1+ #!1)'.4!"& $ 

-!'."$(&/$!,,!0 !38; ="$34&''& #!1)'.4!"&, & 4&= :+ )7!' %'1 #+:1) 
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,&-"&%'+,$+# -!'."$(&/$!,,2@ !3+0 ="$34&''& #!1)'.4!"& $ ,&-"&%'+,$+# 

-!'."$(&/$!,,2@ !3+0 3%+4!%!1& 561 % #+34+ $@ 342=!%=$. 

>"!%+1+# &,&'$( %!-"!3& ! #&4"$/+ A:!,3& #!1)'.4!"& 3 )*+4!# 

)=&(&,,2@ )7'!%2@ "&33!7'&3!%&,$0, & 4&= :+ ! %'$.,$$ *&34,2@ 3')*&+% 

4&=$@ "&33!7'&3!%&,$0 ,& $,4+" +"+,/$!,,20 3$7,&'. B&-"&%'+,$. )7'!% 

9)1+# !43*$42%&48, -!'&7&. ,&9';1+,$+ -!-+"+*,!7! 3+*+,$. #!1)'.4!"& $ 

%!'!=!, -! @!1) "&3-"!34"&,+,$. 3%+4!%!0 %!',2. 5 <4!# 3')*&+ #&4"$/& 

A:!,3& #!1)'.4!"& #!:+4 9248 -!')*+,& 3 )*+4!# 1%)@ #&4"$/ -!%!"!4& 

(3#. 4&= :+ >"$'!:+,$+ 4.3)    
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   (4.25) 

71+ % =&*+34%+ #&4"$/2 T' $3-!'8(!%&,& #&4"$/& #!1)'.4!"& (4.4), 1'. 

$1+&'8,!7! 3')*&. 9+( )7'!%2@ "&33!7'&3!%&,$0. 5 =&*+34%+ &=4)&'8,!7! 

-"&=4$*+3=!7! 3')*&., )-"!?&;?+7! %$1 #&4"$/2 (4.25) #!:,! !4#+4$48 

%&"$&,4, =!71& -!'."$(&/$!,,2+ !3$ 3%+4!%!1& 561 $ ,&-"&%'+,$. '$,+0,!0 

-!'."$(&/$$ ,& %@!1+ #!1)'.4!"& 3!7'&3!%&,2 1")7 3 1")7!#, & 

-!'."$(&/$!,,2+ !3$ ="$34&''& 3#+?+,2, 4.+. %0=%'1=%. 5 <4!# 3')*&+ $( 

(4.25) -!')*$# 

1 2 1 2 1 2 1 2
1 2 1 2 1 2 1 2

M

MM

MM

2222

M

M

2222

D
cossin2sin2sin

2sin2sinsincos !/
  /

  /

-''
(

)
**
+

,

%3%%- -/

%- -/%3%
. j

jj

jj

e
eej

jee
T .  (4.26) 

K4) #&4"$/) ,+4")1,! -"+!9"&(!%&48 =  !"#+   
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T .     (4.27) 

M4#+4$#, *4! <4&  !"#& 4!*,! 3!%-&1&+4 3! 34")=4)"!0 #&4"$/2  &(!%!0 

-'&34$,=$, 3!934%+,,2+ !3$ =!4!"!0 -!%+",)42 ,& )7!' % !4,!3$4+'8,! 

9&($3& (3#. >"$'!:+,$+ 1.1).  

D&4"$/) (4.25) 4&= :+ #!:,! )-"!34$48, +3'$ $3-!'8(!%&48 %2-!',.+#!+ 

1'. -"&=4$*+3=$@ )34"!034% )3'!%$+ #&'!34$ )7'!% "&33!7'&3!%&,$.. 6 
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5 !4'$*$+ !4 $3@!1,!7! %$1& (4.25), )-"!?+,,20 %&"$&,4 (4.28) 9!'++ 

-"$+#'+# 1'. &,&'$4$*+3=!7! "&33#!4"+,$.. 5 =&*+34%+ @&"&=4+",2@ 

*&34,2@ 3')*&+% #!:,! -"$%+34$ 3'+1);?$0 ".1 -"$#+"!%. 
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1) F&33#!4"$# %'$.,$+ "&33!7'&3!%&,$., =!71& 3#+?+, 4!'8=! 3%+4!%!1 

561, 4.+. 3')*&0 %0=0. 5+=4!" A:!,3& %!',2 ,& %2@!1+ 561 ,&01+# 3!7'&3,! 

%2"&:+,$;  

''
(

)
**
+

,
--.''

(

)
**
+

,

1

1

2

0
M1

1

1 E

E

E

Y

X
TT ,     (4.33) 

% =!4!"!# $3-!'8()+# #&4"$/) #!1)'.4!"&, (&1&%&+#); % (4.31). >!')*$#  

1 2 1 2
1 2 ''

(

)
**
+

,

-3%0

-%0/
-

-
.''

(

)
**
+

,
--.''

(

)
**
+

,
   /

 /  /!3!/

/222

1

/22

1

2

0

1

1

M1

1

1

1MM

1MMM1

2
jjj

jjjj

Y

X

Y

X

eee

eeeeE

E

E

E

E
TT  .  (4.34) 

A&'++ )#,!:&. <4!4 %+=4!" ,& #&4"$/2 -!'."$(&/$!,,!7! 1+'$4+'. (4.6), 
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5 "+()'84&4+ 3'!:+,$. <4$@ %+=4!"!% $ -+"+7")--$"!%=$ 3'&7&+#2@ % Y-

3!34&%'.;?+0, %+=4!" A:!,3& %!',2 % 563 $#++4 %$1 
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B+4")1,! %$1+48, *4! -+"%2+ 1%& 3'&7&+#2@ % Y =!#-!,+,4+ %+=4!"& 

3!!4%+434%);4 %2"&:+,$; % 3')*&+ !43)434%$. "&33!7'&3!%&,$0, & 

3!34&%'.;?&. 3 3!#,!:$4+'+# %'1 (&1&+4 !4'$*$+ !4 %2"&:+,$. -"$ 

$1+&'8,!0 ,&34"!0=+. A&,,20 %+=4!" A:!,3& E3 $#++4 4!'8=! Y =!#-!,+,4) 

(4.=. -!1"&()#+%&+43. $1+&'8,!+ 3!7'&3!%&,$+ -!3'+ #!1)'.4!"&), ,! !,& 

3!1+":$4 *+42"+ 3'&7&+#2@. K4! (,&*$4, *4! -"$ ,&@!:1+,$$ $,4+,3$%,!34$ 

-! -"&%$') (3.25) #!:,! -!')*$48 7"!#!(1=!+ %2"&:+,$+, 3 *+42"8#. 

3'&7&+#2#$ % &11$4$%,!0 3!34&%'.;?+0 $ L+348; $,4+" +"+,/$!,,2#$ 

3'&7&+#2#$ (3#. >"$'!:+,$+ 4.4). M1,&=! %3'+134%$+ !-"+1+'+,,2@ 

3!!4,!L+,$0  &( $,4+" +"$");?$@ =!#-!,+,4, 1%+ -&"2 
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G&= $ "&,++,  !"#) (4.37) -"+!9"&()+# = %$1) 

; < 1 2 ''
(

)
**
+

,
45

6
78

9   3 3
 #

/!#- -%0/%03/%03. M1M

2

1

4

1

2

1
0

2
cos2cos211

2
eff

I
I ,    (4.38) 

71+ %%+1+,& <  +=4$%,&.  &(&  

1 2 1 2''
(

)
**
+

,
 -

%0/
%03

.  M2

1

2

1
M tg

1

1
arctgeff .    (4.39) 

N*$42%&. #&'!348 %, -!')*$# (-! &,&'!7$$ 3 %2='&1=&#$ % >"$'!:+,$$ 3.3) 
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I&=!0 "+()'84&4 %-!',+ 3!!4%+434%)+4  $($*+3=!#) 3#23') .%'+,$0 -"$ 

-"!@!:1+,$$ -!'."$(&/$!,,2@ #!1 *+"+( #!1)'.4!". >"$ )7'!%!# 

"&33!7'&3!%&,$$ ,& %2@!1+ #!1)'.4!"&, 3!934%+,,2+ #!12 EX  $ EY 

#!1)'.4!"& -"+!9"&();43. % EX $ EY #!12 3%+4!%!1& 561 3 1!9&%'+,$+# 

-+"+="+34,2@ 3!34&%'.;?$@. >!<4!#) -"$ #!1)'./$$ "&(,!34$  &( 

3!934%+,,2@ #!1 EX $ EY % #!1)'.4!"+, 0*'&,&12$"!34&" #&!"524(" 

%264&*$( 726 -!'."$(&/$!,,2@ #!1 % 3%+4!%!1+ 561 !=&(2%&+43. 

(*#28"449, $ 3!-"!%!:1&+43. 2,'!($.-4&+ ,&-.!/:("+ #!1. 

 

2) F&33#!4"$# $,4+" +"+,/$!,,20 3$7,&' % 3')*&+ )7'!%!7! 3#+?+,$. 

#!1)'.4!"&, =!71& %0=%'1=%. 5+=4!" A:!,3& %!',2 ,& %2@!1+ 561 

!-"+1+'.+43. $( (4.33) 3 $3-!'8(!%&,$+# #&4"$/2 #!1)'.4!"& (4.29). 5 

"+()'84&4+ -!')*$# 
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6'!:$% <4$ 1%& %+=4!"& $ -+"+7")--$"!%&% 3'&7&+#2+, & 4&= :+ )*4. 
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G&= $ % -"+121)?+# 3')*&+, %+=4!" $#++4 4!'8=! Y =!#-!,+,4) 3 

*+42"8#. 3'&7&+#2#$. B! $ % 1&,,!# 3')*&+ (& 3*+4 !-"+1+'+,,2@  &(!%2@ 

3!!4,!L+,$0 3'&7&+#2@ % (4.43), 1%+ -&"2 $,4+" +"+,/$!,,2@ 3'&7&+#2@ 
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5 /+'!# "+()'84&4 -!@!: ,& "+()'84&4 -"+121)?+7! 3')*&., !1,&=! $ 

(*#28"4(/ 0*'&,&12$"!34&+ ,&-.!/:(( 2%1.,"4$2 3$7,&'& $ 2,'!($.-42/ 
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,&-.!/:(/, 3%.(&,,2+ 3 3!34&%'.;?+0  M $#+; 9!'++ 3'!:,20 %$1. K4! 

3%.(&,! 3 4+#, *4! % 1&,,!# 3')*&+ = %2@!1,!#) "&33!7'&3!%&,$; 

1!9&%$'!38 %@!1,!+, & <4! -"$%!1$4 = $(#+,+,$; 3!!4,!L+,$. &#-'$4)1 

3!934%+,,2@ -!'."$(&/$!,,2@ #!1 #!1)'.4!"& $ 3'!:,!#) 

,+3$##+4"$*,!#) 3!!4,!L+,$; «-".#2@» $ «-+"+="+34,2@» =!#-!,+,4 #!1 

% 3%+4!%!1&@. I+-+"8 =!#-!,+,4& 3  M '%(*.$*$0."$ 0 $.4. «2--($(04&+» 
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G&= %$1$#, ,+3#!4". ,& 4!, *4! #&4"$/& #!1)'.4!"& (4.32) 92'& -! %$1) 

&,&'!7$*,& #&4"$/+ #!1)'.4!"& % -"+121)?+# 3')*&+, !1,&=! "+()'84&4 

-!')*$'3. (,&*$4+'8,! 9!'++ -"!34!0. B&01. $,4+,3$%,!348 %!',2 % 563, 

-!')*$# %2"&:+,$+ 1'. $,4+" +"+,/$!,,!7! 3$7,&'&  
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I&=$# !9"&(!#, -!%!"!4 -!'."$(&/$$ -+"+1 #!1)'.4!"!# ,+ $3=&:&+4 

&"7)#+,4 $,4+" +"+,/$!,,!7! 3$7,&'& -! 3"&%,+,$; 3! 3')*&+# $1+&'8,!0 

,&34"!0=$, ,! %'$.+4 ,& =!,4"&34 $ &#-'$4)1) $,4+" +"+,/$!,,!7! 3$7,&'&. 

I&=&. !3!9+,,!348 "&33#!4"+,,!7! 4$-& "&33!7'&3!%&,$. -!',!348; 

3!!4%+434%);4  $($*+3=!#) 3#23'), -!3=!'8=) -"$%!1$4 4!'8=! = 

$(#+,+,$;  3!!4,!L+,$. &#-'$4)1 3!934%+,,2@ X $ Y #!1 #!1)'.4!"& $ 

561, ,+ %'$.. ,& %,!3$#); #!1)'./$+0 "&(,!348  &( <4$@ #!1.   

 

4.3.2. A+,+-+%%)B (+;@,5'+3 
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G"!#+ %&"$&,4& <'+=4"!!-4$*+3=!7! #!1)'.4!"&, <  +=4$%,2# 

%&"$&,4!# "+&'$(&/$$ %3-!#!7&4+'8,!0 #!1)'./$$ % 3@+#+ E>FG #!:+4 

9248 $3-!'8(!%&,$+ -!',!348; %!'!=!,,!7! #!1)'.4!"&, % =!4!"!# 

!3)?+34%'.+43. ,&%+1+,,!+ '$,+0,!+ 1%)')*+-"+'!#!+,$+. B&$9!'++ 

-"!342# $ <  +=4$%,2# #+@&,$(#!# 4&=!0 #!1)'./$$ .%'.+43. -!-+"+*,!+ 

31&%'$%&,$+ 3%+4!%!1& [140, 143]. 64")=4)"& #!1)'.4!"& -"+134&%'.+4 3!9!0 

)*&34!= AC> 3%+4!%!1& (% 3@+#+ E>FG – )*&34!= % ,&*&'+ 3%+4!%!1& 561), 

!*$?+,,20 !4 -!="24$., =!4!"20 -!1%+"7&+43. )-"&%'.+#!#) 31&%'$%&,$; 

#+:1) 1%)#. :+34=$#$ -'!3=$#$ -'&34$,&#$, "$3),!= 4.9. 5 =&*+34%+ 

<'+#+,4&, !9+3-+*$%&;?+7! <'+=4"$*+3=$ "+7)'$")+#!+ 1&%'+,$+ ,& 

-'&34$,2, #!:,! -"$#+,$48 -8+(!=+"&#$=). 

I"+9!%&,$. = )7'!%!#) -!'."$(&/$!,,!#) 3!7'&3!%&,$; 

-!'."$(&/$!,,2@ !3+0 3%+4!%!1!% -"$ 342=!%=+ ,& %@!1+ $ %2@!1+ 

#!1)'.4!"& % 1&,,!# 3')*&+ !43)434%);4, -!3=!'8=) 4&=!0 #!1)'.4!" 

%2-!',+, 9+( "&("2%& 3%+4!%!1&. B! % <4!# 3')*&+ )3'!%$+# 

-!'."$(&/$!,,!7! 3!7'&3!%&,$. .%'.+43. )3'!%$+ !"$+,4&/$$ 3%+4!%!1& 

#+:1) -'&34$,&#$ 4&=$# !9"&(!#, *4!92 9234"&. !38 3%+4!%!1& 92'& 

-+"-+,1$=)'.",& -'!3=!34$ -'&34$,, "$3),!= 4.9. >"$ )3'!%$$ 4&=!7! 

3!7'&3!%&,$. -!-+"+*,!+ 1&%'+,$+ -"$%!1$4 = -".#!0 #!1)'./$$ 

1%)')*+-"+'!#'+,$. 31&%'+,,!7! )*&34=&, 4.+. #!1)'./$$ "&(,!34$  &( 

-!'."$(&/$!,,2@ #!1.   H3'$ -"$3)434%)+4 )7'!%!+ "&33!7'&3!%&,$+ %, 4! 

%!(,$=&+4 <  +=4 3%.($ #!1. I!*,2+ %2"&:+,$. 1'. #&4"$/2 A:!,3& 

#!1)'.4!"& % <4!# 3')*&+ #!:,! ,&04$ ,& !3,!%+ %2"&:+,$0, -"$%+1+,,2@ % 

[16], !1,&=! -"$ #&'!# (,&*+,$$ % #!:,! -!=&(&48, *4! #&4"$/& 9)1+4 

!-$32%&483. 3'+1);?$# -"$9'$:+,,2# %2"&:+,$+#    

     
1 2

1 2
M

M

M

2

M

M

2

D
2sin

2sin2 !/
 

 /

-''
(

)
**
+

,

%- -/

%- --/
> j

j

j

e
ej

je
T   (4.52) 

I&=$# !9"&(!#, -!')*&+# !4"+(!= %!'!=,&, -"+134&%'.;?$0 3!9!0  &(!%); 

-'&34$,=), -!%+",)4); ,& ,+=!4!"20 $3@!1,20 )7!' !4,!3$4+'8,! !3+0 

%,+L,$@ %!'!=!,. >+"+#+,,!+ 1&%'+,$+ %2(2%&+4 =&= %3-!#!7&4+'8,2+ 

=!'+9&,$. "&(,!34$  &( 3!934%+,,2@ #!1, 4&= $ =!'+9&,$. <=34$,=/$$ 

)*&34=& #+:1) -'&34$,&#$ ()7'& -!%!"!4& <=%$%&'+,4,!0  &(!%!0 

-'&34$,=$). M*+%$1,!, *4! @&"&=4+" $3=&:+,$. $,4+" +"+,/$!,,!7! 3$7,&'& 

-"$ 4&=!#  ),=/$!,$"!%&,$$ 9)1+4 3'!:,20, 3  !"#$"!%&,$+# "&('$*,!7! 

4$-& -&"&($4,2@ =!'+9&,$0 3 *&34!4!0 %3-!#!7&4+'8,!0 #!1)'./$$. 

F&33#!4"+,$+ .%,2@ %2"&:+,$0 1'. $,4+" +"+,/$!,,!7! 3$7,&'& -"$ %W0, 

1&:+ 3 )*+4!# 4!'8=! 3!34&%'.;?$@ -+"%!7! -!".1=& #&'!34$ -! ,&%+1+,,!0 

3%.($, -!')*&+43. 1!34&4!*,! 3'!:,2# 1'. &,&'$(&, $ <4!4 3')*&0 % 1&,,!0 

"&9!4+ -!1"!9,! "&33#&4"$%&48 ,+ 9)1+#, 4+# 9!'++ *4! 4&=!0 #!1)'.4!" ,+ 

-"$#+,.'3. -"$ $(7!4!%'+,$$ -"&=4$*+3=$@ #&=+4!%, !-$3&,,2@ ,$:+.  
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F$3),!= 4.9. D!1)'./$. "&(,!34$  &( -!'."$(&/$!,,2@ #!1 -!3"+134%!# 

!"$+,4$"!%&,,!7! -!-+"+*,!7! 31&%'$%&,$. 3%+4!%!1& 
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4.4. ?/1/%#!.-%;#6- @$A./36 3$B/.6 *7-06 

 

4.4.1. C,@=$B D,,"!'"=&#-+B !+,53"6$7"" *<+;%+.+ "6,@=&%"5 

5 -"$%+1+,,!# "&33#!4"+,$$ ,& %@!1+ %!'!=!,,!0 3@+#2 -"+1-!'&7&'&38 

'$,+0,! -!'."$(!%&,,&. %!',& $34!*,$=&, &  &=4!"!# "&33!7'&3!%&,$. 92' 

)7!' % #+:1) ,&-"&%'+,$+# '$,+0,!0 -!'."$(&/$$ 3%+4!%!0 %!',2 $ 

-!'."$(&/$!,,!0 !38; #!1)'.4!"&. 5 !9?+# 3')*&+ 3'+1)+4 )*+348 $ 4&=!0 

 &=4!" =&= !4='!,+,$+ 3!34!.,$. -!'."$(&/$$ ,& %2@!1+ $34!*,$=& !4 

'$,+0,!0 -!'."$(&/$$. A'. )*+4& <4!7! 9!'++ !9?+7! 3')*&. %+=4!" A:!,3& 

,& %@!1+ %!'!=!,,!7! 4"&=4& #!:+4 9248 (&-$3&, % %$1+  

1 2
1 2 '

'
(

)
*
*
+

,

-%0

-%0
-.''

(

)
**
+

,
!

!/

2

0

2

0

0

0

0

0

0

cos

sin

j

j

Y

X

e

e
E

E

E
,      (4.53) 

71+ -&"&#+4"2 %'0 $ !0 -!(%!'.;4 !-$3&48 -"!$(%!'8,!+ 3!34!.,$+ 

-!'."$(!%&,,!7! $(')*+,$., "&33#!4"+,,!#) "&,++ 3')*&; 3!!4%+434%);4 

%'0=45
0
 $ !0 = 0.  

5+=4!" A:!,3& 3%+4!%!0 %!',2 ,& %2@!1+ 3%+4!%!1& 561  

1 2 1 2

1 2 1 2
1

01

01

/2

0

/2

0

0

0

0

M1

1

1

cos

sin !0/

!3 0

!3 0/

-'
'
(

)
*
*
+

,

-%0

-%0
-.''

(

)
**
+

,
--.''

(

)
**
+

, j

j

j

Y

X

Y

X
e

e

e
E

E

E

E

E
TT .  (4.54) 

>"!&,&'$($")+# !4'$*$+ !4 -!')*+,,!7! "&,++ "+()'84&4& (4.5). 

>"+:1+ %3+7!, #!:,! !4#+4$48, *4! % (4.54)  &(& !0 .%'.+43. &11$4$%,!0 

1!9&%=!0 = -&"&#+4")  '1, =!4!"20, % 3%!; !*+"+18, 3!1+":$4 &,$(!4"!-,2+ 

 &(!%2+ 31%$7$ % #!1)'.4!"+ $ 3%+4!%!1+ 561 ,+=!,4"!'$")+#! 

#+,.;?$+3. % L$"!=$@ -"+1+'&@. 5 <4!# 3#23'+ ,+,)'+%!+ (,&*+,$+ 

-&"&#+4"& !0  ,+ %'$.+4 ,& "+()'84&42 &,&'$(& "&9!4!3-!3!9,!34$ 3@+#2 $ 

-&"&#+4" !0 #!:,! %=';*$48 %  '1, ,$=&= ,+ $(#+,$% 3)48 -"$%+1+,,!7! 

%2L+ "&33#!4"+,$. 3@+#2.    

5'$.,$+ -&"&#+4"& %'0 -"$%!1$4 = 4!#), *4! -!'."$(&/$!,,2+ #!12 ,& 

%2@!1+ 3%+4!%!1& 561 $#+;4 "&(,); #!?,!348 (-"$ $1+&'8,!0 ,&34"!0=+ 

%+=4!" (4.5) 3!!4%+434%)+4 !1$,&=!%2# #!?,!34.# -!'."$(&/$!,,2@ #!1). 

B+4")1,! -!,.48, *4! % "+()'84&4+ 4&=!7! !4='!,+,$. !4 3')*&. $1+&'8,!0 

,&34"!0=$ 1!':,2 3,$:&483. =!,4"&34 $ &#-'$4)1& $,4+" +"+,/$!,,!7! 

3$7,&'& 9+( $3=&:+,$. +7! &"7)#+,4&. K4! #!:,! -!=&(&48 3 )*+4!# 4!7!, *4! 

-!3'+ $3=';*+,$. $( "&33#!4"+,$.  $=3$"!%&,,!7! 3#+?+,$. "&(,!34$  &( 

-!'."$(&/$!,,2@ #!1 ,& %+'$*$,) !0 4&=&. 3$4)&/$. 34&,!%$43. 

<=%$%&'+,4,!0 3')*&; )7'!%!7! 3#+?+,$. ,&-"&%'+,$. -!'."$(&/$$ ,& 

%@!1+ #!1)'.4!"&, "&33#!4"+,,!7! % -. 4.3.1. A+034%$4+'8,!, +3'$ 

-"+134&%$48 %'0 % %$1+ %'0=45
0
 + %0 $ -!'&7&48 %0 << 1 4! 3 )*+4!# "&3="24$. 

4"$7!,!#+4"$*+3=$@  ),=/$0 $ )*4. sin(%0) X:%0, cos(%0) X 1 -!')*$# 
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(
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E

E
.  (4.55) 

G&= $ 3'+1!%&'! !:$1&48, <4! %2"&:+,$+ -!',!348; <=%$%&'+,4,! (4.48). 

I&=$# !9"&(!#, -"$ !4='!,+,$$ 3!34!.,$. -!'."$(&/$$ %@!1,!7! 

$(')*+,$. !4 $3-!'8(!%&,,!7! -"$ "&33#!4"+,$$  $1+&'8,!7! 3')*&. 

('$,+0,&. -!'."$(&/$., ,&-"&%'+,,&. %1!'8 -!'."$(&/$!,,!0 #!1)'.4!"&) 

%&:,! $(#+,+,$+ 3!!4,!L+,$. #!?,!34+0 %!(9):1&+#2@ -!'."$(&/$!,,2@ 

#!1 #!1)'.4!"& (<4! (&1&+4 -&"&#+4" %'0), $ ,+ %&:,& ,&*&'8,&. "&(,!348  &( 

#!1 (-&"&#+4" !0). E1+&'8,!0 ,&34"!0=+ 3@+#2 9)1+4 3!!4%+434%!%&48 ';9!+ 

 $=3$"!%&,,!+ 3!34!.,$+ -!'."$(&/$$ ,& %2@!1+ $34!*,$=& ($'$ %@!1+ 

#!1)'.4!"&) %+=4!" A:!,3& =!4!"!7! $#++4 %$1  

'
'
(

)
*
*
+

,
-.''

(

)
**
+

,
!

!/

2

2

0

0

0

0

0

2 j

j

Y

X

e

eE

E

E
.      (4.56) 

5+=4!" (4.56) !-$32%&+4 % !9?+# 3')*&+ 3!34!.,$+ -!'."$(&/$$ 3 ';9!0 

<''$-4$*,!348;, ,! !38 <''$-3& 1!':,& 9248 !"$+,4$"!%&,& 34"!7! -!1 

)7'!# 45
0
 = -!'."$(&/$!,,!0 !3$ #!1)'.4!"&. 5 3')*&+ =")7!%!0 

-!'."$(&/$$, =!71& !0 = 90
0
, !"$+,4&/$. ,+ 4"+9)+43.. H3'$ <4! )3'!%$+ 

,&")L&+43., 4! -!'."$(&/$!,,!+ "&33!7'&3!%&,$+ <=%$%&'+,4,! 3')*&; 

3$4)&/$$, "&33#!4"+,,!0  % -. 4.3.4, 3 -&"&#+4"!# "&33!7'&3!%&,$. %'0.     

 

4.4.2. 1$#!3+#'3$%&%"& * #*&'+*+;$< (+; 3$6%+.+ '"!$ 

53+ -"+1L+34%);?++ "&33#!4"+,$+ %!'!=!,,!7! E>FG -"!%!1$'!38 % 

-"+1-!'!:+,$$, *4! % -!1%!1.?+# 3%+4!%!1+ "&3-"!34"&,.;43. !9+ 

-!'."$(&/$!,,2+ #!12 (-"$#+",! !1$,&=!%2+ -! #!?,!34$), & % 3%+4!%!1&@ 

"&3-"!34"&,.+43. -!'."$(&/$!,,&. #!1& EY. >"$ <4!# %! %3+@ 3%+4!%!1&@ 

-"+1-!'&7&'!38 3!!4,!L+,$+ $X > $Y, 4.+. #!1& EX .%'.+43. «#+1'+,,!0», & 

#!1& EY –«9234"!0». I&=!+ -"+1-!'!:+,$+ -!(%!'$'! "&33#&4"$%&48 

=!,="+4,2+ %2"&:+,$. 1'. !-$3&,$. %3+@ &,$(!4"!-,2@ 3!34&%'.;?$@  &(, 

$3-!'8()+#2@ -"$ "&33#!4"+,$$. M1,&=! % !9?+# 3')*&+ «$1+&'8,!#)» 

"+:$#), =!71& % %!'!=,&@ 5621 $ 5622 "&3-"!34"&,.+43. 4!'8=! !1,& 

-!'."$(&/$!,,&. #!1&, #!7)4 3!!4%+434%!%&48 %&"$&,42 3 "&('$*,2#$ 

4$-&#$ #!1. >!3=!'8=) !9!(,&*+,$. #!1 EX $ EY 3!!4%+434%);4 

7+!#+4"$*+3=!0 !"$+,4&/$$ -!'."$(&/$!,,2@ !3+0, 4! "&(,2+ %&"$&,42 

4$-!% "&3-"!34"&,.;?$@3. #!1 -!')*&;43. (& 3*+4 "&(,2@ %!(#!:,2@ 

3!!4,!L+,$0 $X $ $Y % 3%+4!%!1&@. 5 -"&=4$*+3=!# )34"!034%+ <4$ "&(,2+ 

%&"$&,42 #!7)4 9248 "+&'$(!%&,2 -!%!"!4&#$ 3%+4!%!1!% ,& 90
0
 %!=")7, 

3%!+0 !3$ 4&=, *4! 92 '$,+0,! -!'."$(!%&,,!+ %@!1,!+ $(')*+,$+ %!(9)1$'! 

'$9! «#+1'+,,);», '$9! «9234");» #!1) 3%+4!%!1&.  
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>!3=!'8=) %!(#!:+, %29!" $( 1%)@ 4$-!% #!1 % 1%)@ 3%+4!%!1&@, 4! %3+7! 

-!')*$# *+42"+ %!(#!:,2@ %&"$&,4&, -"$%+1+,,2@ % 4&9'$/+ 4.1. G"&4=! 

-"!=!##+,4$")+# %3+ %!(#!:,2+ %&"$&,42. 

 

I&9'$/& 4.1 

 EY 5621 EY 5622 

1 «9234"&.» «9234"&.» 

2 «#+1'+,,&.» «#+1'+,,&.» 

3 «9234"&.» «#+1'+,,&.» 

4 «#+1'+,,&.» «9234"&.» 

 

1) 5 3%+4!%!1&@ "&3-"!34"&,.+43. «9234"&.» #!1&. E#+,,! <4!4 3')*&0 

92' %(.4 (& !3,!%) -"$ &,&'$(+ $,4+" +"+,/$!,,!0 3@+#2 % 1&,,!# "&(1+'+. 

A'. <4!7! %&"$&,4& -!')*+,2 %3+ %2"&:+,$. ,&*$,&. 3 (4.3). 

2) 5 3%+4!%!1&@ "&3-"!34"&,.;43. «#+1'+,,2+» #!12. 5! %3+@ 

%2"&:+,$.@ ,&1! (&#+,$48  21 $  22  ,&  21
(2)

 $  22
(2) 

, $ #  ,& # (2)
 

 B&
(2)

 = ($Y – $X)l21= –: B&;  BB
(2)

 = ($Y – $X)l22.=: BB; # 
(2)

=:–# . (4.57) 

3) D!12 3%+4!%!1!%: E21 – «9234"&.», E22 – «#+1'+,,&.». 5! %3+@ 

%2"&:+,$.@ ,&1! (&#+,$48  22  ,&  22
(3) 

, $ #  ,& # (3)
 

 22
(3)

 = –: 22; # 
(3)

=  B&+: B2.   (4.58) 

4) H3'$ #!12 3%+4!%!1!%: E22 –«9234"2+», E21–«#+1'+,,&.». 6$4)&/$. 

-!',!348; &,&'!7$*,& 3')*&; 3), +3'$ (&#+,$48 #+34&#$ ,)#+"&/$; % 

!9!(,&*+,$$ 3%+4!%!1!% -'+* 21R22. 

5 ';9!# 3')*&+ %29!" 4$-!% "&3-"!34"&,.;?$@3. #!1 %'$.+4 ,& (,&=$ 

3!34&%'.;?$@  21,: 22C:5 %2"&:+,$.@ 1'. $,4+" +"+,/$!,,!7! 3$7,&'& <4$ 

3!34&%'.;?$+ $'$ $@ 3)##2/"&(,!34$ %@!1.4 % %$1+ &"7)#+,4!% 

4"$7!,!#+4"$*+3=$@  ),=/$0. >"$ <4!# -!1"&()#+%&;43. %!(#!:,!348 

-"!$(%!'8,2@ =%&($34&4$*+3=$@ $(#+,+,$0 $ !43)434%$+ (,&*$#2@ 

-+"+#+,,2@ =!'+9&,$0. >!,.4,!, *4! % <4!# 3')*&+ (,&=$ (,&*+,$. ,+ 

$#+;4, %29!" 4$-& #!12 ,+ %'$.+4 ,& "+()'84&42, =&3&;?$+3. @&"&=4+"& $ 

%+'$*$,2 =!'+9&,$0 -&"&#+4"!% $,4+" +"+,/$!,,!7! 3$7,&'&, 

"&9!4!3-!3!9,!34$ 3@+#2, !3,!%,2@ -&"&#+4"!% $(#+"$4+'.. 

G&= $ % 3')*&+ 4"&1$/$!,,!0 3@+#2 D&@&-J+,1+"&, "&33#!4"+,,!0 % 

"&(1+'+ 3, +3'$ $#+;4 #+34! (,&*$#2+ -+"+#+,,2+ =!'+9&,$. &,$(!4"!-,2@ 

"&(,!34+0  &( -!'."$(&/$!,,2@ #!1 3%+4!%!1!% -'+*, %2(%&,,2+ 

$(#+".+#2# %!(1+034%$+# %29!" 4$-& #!1 % 5621 $ 5622 #!:+4 %'$.48 ,& 

"+()'84$");?); %+'$*$,) ,&%+1+,,!7! 3#+?+,$. &"7)#+,4&  

$,4+" +"!#+4"&. >!<4!#) %!(#!:,2 «!-4$#&'8,2+» '$9!, ,&!9!"!4, 

,+)1&*,2+ %&"$&,42 %29!"& 4$-!% "&3-"!34"&,.;?$@3. #!1 3%+4!%!1!% 

5621 $ 5622. P,&'!7$*,&. 3$4)&/$. 9)1+4 % 3')*&+, +3'$ $, !"#&4$%,!0 

.%'.+43. =%&($34&4$*+3=&. 3!34&%'.;?&. "&(,!34+0  &(. 5 4&=!# %&"$&,4+ 

%29!" 4$-!% "&3-"!34"&,.;?$@3. #!1 4&= :+ #!:+4 -!%'$.48 ,& "&9!4) $ 

-&"&#+4"2 $(#+"$4+'.. 
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4.5. C#$%!4 /BD-"/ *%+,$2 1/%23!4$5!/##67 3$**/"%$*/8$#!9 8 

:!*.$#5!/##/0 8/%/A/##/0 !#.-3@-3/0-.3- >$7$-E-#:-3$ #$ /*#/8- 

?F' *8-./8/:/8.  

 

4.5.1.  E+EF&%%+& *)3$4&%"& ;,5 3$#=&'+* "%'&38&3&%7"+%%+.+ #".%$,$ 

B& !3,!%+ -"$,/$-& %2*$3'+,$0 #+4!1!# A:!,3&,  -"$ -"!$(%!'8,2@ 

(,&*+,$.@ %3+@ -&"&#+4"!% -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 

$,4+,3$%,!348 ,& %2@!1+ %!'!=!,,!0 3@+#2 E>FG #!:+4 9248 "&33*$4&,& 

-! %2"&:+,$;  

1 2
2

0

0

D1A222F2A121F2
2

1
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*
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+

,
-----3--.

Y

X

E

E
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TTTTTTTT .        (4.59) 

5 =&*+34%+ %+=4!"& A:!,3& %@!1,!7! $(')*+,$., % !9?+# 3')*&+, 3'+1)+4 

$3-!'8(!%&48 %+=4!" (4.56). 

D&4"$/2 A:!,3& T1, T21, T22, – #&4"$/2 3%+4!%!1!% 561, 5621 $ 5622 

3!!4%+434%+,,!  – (&1&;43. =&= #&4"$/2 AC> 3%+4!%!1& 3 -&"&#+4"&#$ !i,  i, 

ri $ Di ()"!%+,8 (,&*+,$0 %+'$*$,2 r). K4$ #&4"$/2 )*$42%&;4 )7'!%2+ 

"&33!7'&3!%&,$. -!'."$(&/$!,,2@ !3+0 % #+34&@ 3!+1$,+,$0 *&34+0 

3%+4!%!1!% $'$ 3!+1$,+,$0 3 %!'!=!,,2#$ %2%!1&#$ "&(%+4%$4+'+0.    

D&4"$/2 TPi – #&4"$/2 A:!,3& %2@!1,!7! "&(%+4%$4+'. – $#+;4 

34")=4)") (3.103). G!<  $/$+,42 #&4"$/2 (&%$3.4 !4 =!,34")=/$$ 

"&(%+4%$4+'. $  &=4!"!% -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 %,)4"$ 

"&(%+4%$4+'.. P,&'$( =!<  $/$+,4!% #&4"$/ -"$ "&('$*,2@ %&"$&,4&@ 

"&33!7'&3!%&,$0 % -"&=4$*+3=!# "&(%+4%$4+'+ $ !/+,=$ (,&*+,$0 <4$@ 

=!<  $/$+,4!% -"$%+1+,2 % -. 3.5.1.1 $ -. 3.5.1.2.  

D&4"$/2 -!'."$(&/$!,,!7! 1+'$4+'. TAi % !9?+# 3')*&+ 3'+1)+4 

(&1&%&48 % %$1+ (4.21), 71+ -&"&#+4"&#$ "&33!7'&3!%&,$. .%'.;43. )7'!%2+ 

3#+?+,$. -!'."$(&/$!,,2@ !3+0 %!'!=!, %1, %21, %22 $ <=34$,=/$. 1+'$4+'. 

h.      

D&4"$/) #!1)'.4!"& TD % !9?+# 3')*&+ 3'+1)+4 (&1&%&48 % %$1+ (4.25). 

G!'+9&,$.  M(t) !-$32%&;4 3$7,&' %3-!#!7&4+'8,!0 #!1)'./$$, %'1 $ %0 – 

-&"&#+4"2 "&33!7'&3!%&,$..  

G&= $ % 3')*&+ 3 $,4+" +"!#+4"!# D&@&-J+,1+"&, % 3')*&+ )*+4&  

=!,+*,2@ (,&*+,$0 ,+3=!'8=$@ -&"&#+4"!% -!'."$(&/$!,,2@ 

"&33!7'&3!%&,$0, .%,20 %$1 %2"&:+,$. 1'. %2@!1,!0 $,4+,3$%,!34$, 

-!')*&+#!+ -"$ "&3="24$$ %2"&:+,$. (4.59) 34&,!%$43. *"+(%2*&0,! 

7"!#!(1=$# $ ,+-"$7!1,2# 1'. &,&'$4$*+3=!7! "&33#!4"+,$.. >!<4!#) 

%2"&:+,$+ (4.59) 3 )*+4!# -"+134&%'+,$0 %3+@ $3-!'8()+#2@ % ,+# #&4"$/ $ 

%+=4!"& A:!,3& %@!1,!7! $(')*+,$. -"+134&%'.+4 3!9!0 #!1+'8 1'. 

*$3'+,,!7! #!1+'$"!%&,$. 3$7,&'& E>FG 3 )*+4!# -!'."$(&/$!,,2@ 

"&33!7'&3!%&,$0 % 3@+#+. 

 



184 

4.5.2. ?+;&,"3+*$%"& "%'&38&3&%7"+%%+.+ #".%$,$ ;,5 +7&%-" 

!$3$(&'3+* !3$-'"=&#-"< ($-&'+* "6(&3"'&,&B 

>! &,&'!7$$ 3 '!7$=!0, $('!:+,,!0 % -. 3.7.3, "&33#!4"$# -"$#+,+,$+, 

"&("&9!4&,,!0 #!1+'$ $,4+" +"+,/$!,,!7! 3$7,&'& 3 )*+4!# "&(,!!9"&(,2@ 

 &=4!"!% -!'."$(&/$!,,!7! "&33!7'&3!%&,$. 1'. $()*+,$. %'$.,$. <4$@ 

"&33!7'&3!%&,$0 3 $3-!'8(!%&,$+# *$3'+,,!7! #!1+'$"!%&,$. 3$7,&'!%.  

5 "&3*+4&@ $3-!'8();43. #&4"$/2 "&(%+4%$4+'. % %$1+ (3.113), 4.+. 

)*$42%&;43. %(&$#,2+ )7'!%2+ "&33!7'&3!%&,$. -!'."$(&/$!,,2@ !3+0 

3%+4!%!1!%, 342=)+#2@ % "&(%+4%$4+'+ (4&=!0 %&"$&,4 @!"!L! 3!!4%+434%)+4 

"+&'8,!#) "&(%+4%$4+'; 3 -!')-"!("&*,2# 1+'$4+'8,2# <'+#+,4!# -"$ 

«,)'+%!#» )7'+ -&1+,$. 3%+4& ,& 1+'$4+'8,20 <'+#+,4).  

6!!4%+434%+,,! !3,!%,2#$ -&"&#+4"&#$ )7'!%2@ -!'."$(&/$!,,2@ 

"&33!7'&3!%&,$0 -"$ "&3*+4&@ .%'.'$38 %0, %'1, %1, %21, %22, %3. I&= :+ 

-&"&#+4"&#$ -!'."$(&/$!,,2@ "&33!7'&3!%&,$. .%'.;43. r1, r21, r22 $ h. P, 

-+"+#+,,2#$, %'$.;?$#$ ,& @&"&=4+" 3$7,&'&, .%'.;43.  &(!%2+ 

-&"&#+4"2 #!, # , !1, !D,  1,  D, D21, D21, D22, D1, DD -"$*+# -+"+#+,,2+ 

=!'+9&,$. -+"%!7! ('$9! -+"%!7! $ %4!"!7!) -&"&#+4"& ,+3)4 $, !"#&/$;, 

=!4!"); 1!':+, $ $(#+"$48 1&4*$=. 

 

4.5.2.1. ;(*!"44&" ,&-"!(%&024(" (4$"%7"%"4:(&449< *(142!&0 '%( 

12%,&4()"*#&+ 0*'&,&12$"!34&+ ,&-.!/:(( 2%1.,"4$2  

G&= $ -"$ *$3'+,,!# #!1+'$"!%&,$$ 3$7,&'& $,4+" +"!#+4"& D&@&-

J+,1+"& % -. 3.7.2.1, -"$%+1+# -"$#+"2 "&3*+4& 3$7,&'& E>FG -"$ 

7&"#!,$*+3=!0 #!1)'./$$ &"7)#+,4&. G&= ):+ !93):1&'!38 % "&(1+'+ 3, 

4&=!0 «-"!34!0» 4$- #!1)'$"!%&,,!7! $,4+" +"+,/$!,,!7! 3$7,&'& 

,&7'.1,! !4"&:&+4 !3,!%,2+ 3%!034%& $,4+" +"+,/$!,,2@ =!'+9&,$0 

(%+'$*$,) $ #+1'+,,2+  ')=4)&/$$ &11$4$%,!0 3!34&%'.;?+0 $ &#-'$4)12 

$,4+" +"+,/$!,,2@ =!'+9&,$0, #+1'+,,2+ $(#+,+,$. &"7)#+,4&) $ #!:+4 

<  +=4$%,! $3-!'8(!%&483. -"$ 39!"=+ $ ,&34"!0=+ "+&'8,2@ 

$,4+" +"+,/$!,,2@ 3@+#.  

5 -"$%+1+,,2@ 1&'++ -"$#+"&@ -"$ "&3*+4&@ $3-!'8(!%&'&38 )3'!%,&. 

L=&'& %"+#+,$ $ *&34!42, % =!4!"!0 *&34!4& 1$3="+4$(&/$$ 3!34&%'.+4 2000 

+1$,$/. «523!=!*&34!4,&.» #!1)'./$. $#$4$"!%&'&38 7&"#!,$*+3=$# 

=!'+9&,$+# 3 /$='$*+3=!0 *&34!4!0 20 +1$,$/ (=")7!%&. *&34!4& E=2=·20), 

«,$(=!*&34!4,2+»  ')=4)&/$$ $#+'$ 1$&-&(!, *&34!4 #+,++ 1. =2 0*"< 

'%(0"-"449< 0 >$&, '.4#$" 1%27(#2< '& 1&%(6&4$2!( &$!&8"4& 0%",/ 0 

.*!&049< "-(4(:2<, 2 '& 0"%$(#2!( – 09<&-42/ (4$"4*(04&*$3 0 

&$4&*($"!349< "-(4(:2< (-"$ "&3*+4&@ -!'&7&'!38 I0=1). 

Q&"#!,$*+3=&. #!1)'./$. %%!1$'&38 % "&3*+42 *+"+( -&"&#+4"  D(t) 

3'+1);?$# !9"&(!# 

 D= m sin(Et)/2,     (4.60) 

71+  m =3,1 "&1$&,. 
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>"$ !43)434%$$ "&33!7'&3!%&,$0 3$7,&' $#++4 %$1 «$1+&'8,!7!» 

$,4+" +"+,/$!,,!7! 3$7,&'& 3 #!1)'./$+0 &"7)#+,4& -!',!348; 

&,&'!7$*,20 -!=&(&,,!#) ,& "$3),=+ 3.14. 5%+1+,$+ «#+1'+,,2@» 

3#+?+,$0  &(!%2@ -&"&#+4"!% #+,.+4  !"#) «3'+1&» ,&  !,+ «5Y 

(&-!',+,$.», ,! ,+ #+,.+4 100% =!,4"&34& $,4+" +"+,/$$.   

>!14%+":1&. -"!%+1+,,20 %2L+ &,&'$(, "&3*+42 -!=&(2%&;4, *4! -"$ 

%%+1+,$$ "&33!7'&3!%&,$0 4!'8=! -! !1,!#) $( )7'!% %0, %3, %21 '$9! %22 

-"!$3@!1$4 3,$:+,$+ &#-'$4)12 (=!,4"&34&) $,4+" +"+,/$!,,!7! 3$7,&'&, 

-"$*+# <4! 3,$:+,$+ !-"+1+'.+43. 4!'8=! )7'!%2# -&"&#+4"!# $ ,+ (&%$3$4 

!4 «"&9!*+0 4!*=$», 4.+. !4 4+=)?$@ (,&*+,$0 #!, # . K4!4 "+()'84&4 

-!%4!".+4 3$4)&/$; 1'. $,4+" +"!#+4"& D&@&-J+,1+"&. >"$#+"2 ,& 

"$3),=+ 4.10. 
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F$3),!= 4.10. F&3*+4 3$7,&'& E>FG -"$ 7&"#!,$*+3=!0 #!1)'./$$  &(2, 

 2=2+0.5t, %+"@,$0 7"& $= – %0=0.3 "&1$&,, ,$:,$0 7"& $= – %21=0.5 "&1$&, 
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A")7!0 "+()'84&4 1&;4 «!1,!="&4,2+» "&33!7'&3!%&,$. -! )7'&# %'1 '$9! 

%1. 5 <4!# 3')*&+ &#-'$4)1& (=!,4"&34) $(#+,.;43. % (&%$3$#!34$ !4  

4+=)?$@ (,&*+,$0 #!, #  ('$9!  1, !1), -"$#+"2 ,& "$3),=+ 4.11. K4$ 3')*&$ 

3!!4%+434%);4 %2"&:+,$.# (4.14) $'$ (4.16) $ (4.38). G&= %$1,! $( 

%2"&:+,$0, -"!$3@!1$4 7&"#!,$*+3=&. #!1)'./$. ,+ 4!'8=!  &(2, ,! $ 

&#-'$4)12 3$7,&'&, -!<4!#) 3#+?+,$+ =%&($34&4$*+3=!0 3!34&%'.;?+0 

&"7)#+,4& $,4+" +"+,/$!,,!7! 3$7,&'& %2(2%&+4 $(#+,+,$. +7! &#-'$4)12.  
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F$3),!= 4.11. F&3*+4 3$7,&'& E>FG -"$ 7&"#!,$*+3=!0 #!1)'./$$  &(2, 

 2=2+0.5t,  1=1, %+"@,$0 7"& $= – %1=0.3 "&1$&,, ,$:,$0 7"& $= – %'1=0.3 

"&1$&, 

 

 

E,4+"+3,! !4#+4$48, *4! -"$ %%+1+,$$ 4!'8=! ,+,)'+%!7! (,&*+,$. 

-&"&#+4"& h &#-'$4)1& $,4+" +"+,/$!,,!7! =!'+9&,$. #+,.+43. % 

(&%$3$#!34$ !4 !F ("$3),!= 4.12) $ ,+ #+,.+43. -"$ 31%$7+ # . 
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F$3),!= 4.12. F&3*+4 3$7,&'& E>FG -"$ 7&"#!,$*+3=!0 #!1)'./$$  &(2, 

!0=0.5t,  1=1,  1=2 "&1$&,, h=0.2 

 

P,&'!7$*,2# !9"&(!# #!:,! "&33#!4"+48 %'$.,$+ =!,+*,2@ 

=!<  $/$+,4!% r $ 1")7$@ -&"&#+4"!%. 

5%+1+,$+ !1,!%"+#+,,! ,+3=!'8=$@ -&"&#+4"!% "&33!7'&3!%&,$. 

-"$%!1$4 = @&"&=4+",2# 3'!:,2# $3=&:+,$.# @&"&=4+"&  ')=4)&/$0 

&#-'$4)12 $ =!,4"&34& $,4+" +"+,/$!,,!7! 3$7,&'&, -"$#+" ,& "$3),=+ 

4.13.   
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F$3),!= 4.13. F&3*+4 3$7,&'& E>FG -"$ 7&"#!,$*+3=!0 #!1)'./$$  &(2, 

!0=t,  1=1,  1=2 "&1$&,, h=0.1, %1=0.2, %'1=0.3, %21=0.2, %0=–0.2, %3=0.3 

"&1$&,. 

 

 

>"$%+1+,,2+ -"$#+"2 $'';34"$");4 %!(#!:,!348 "&33*$42%&48 $ %$1 

3$7,&'& -"$ ';92@ =!#9$,&/$.@ -&"&#+4"!% -!'."$(&/$!,,!7! 

"&33!7'&3!%&,$. $ &,&'$($"!%&48 @&"&=4+",2+ $3=&:+,$.  !"#2 $ 

-!%+1+,$. 3$7,&'!% -"$ -!'."$(&/$!,,2@ "&33!7'&3!%&,$.@ 1'. 
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3!-!34&%'+,$. 3 <=3-+"$#+,4&'8,2#$ 3$7,&'&#$, ,&9';1&+#2#$ -"$ 39!"=+ 

$ ,&34"!0=+ -"&=4$*+3=$@ $,4+" +"+,/$!,,2@ 3@+#.  

 

4.5.2.2. ;(*!"44&" ,&-"!(%&024(" 09<&-4&1& *(142!2 0&!&#&44&1& 

(4$"%7"%&,"$%()"*#&1& (6,"%($"!/ 

A'. $()*+,$. %'$.,$. -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 ,& "&9!4) 

$(#+"$4+'. % /+'!# 9!'++ %&:,2# .%'.+43. -!1@!1, -"$ =!4!"!# 

"&33*$42%&+43. ,+ $,4+" +"+,/$!,,20 3$7,&', & %2@!1,!0 3$7,&' 

$(#+"$4+'. (-. 3.7.2).  

>"$%+1+# -"$#+"2 "&33*$4&,,2@ %2@!1,2@ 3$7,&'!% $(#+"$4+'., 

-!.3,.;?$@ -"+1'&7&+#20 -"$,/$- $()*+,$. %'$.,$. "&33!7'&3!%&,$0 ,& 

"&9!4) $(#+"$4+'.. O)1+# -!'&7&48 -"$#+,+,$+ -$'!!9"&(,!0 

%3-!#!7&4+'8,!0 #!1)'./$$ ([153–154]) (& 3*+4 #!1)'./$$ %+'$*$,2  M. 

I&=!0 %29!" 3!7'&3)+43. 3 -"$,/$-!# !3)?+34%'+,$. #!1)'./$$ % 

<=3-+"$#+,4&'8,!# #&=+4+ $(#+"$4+'. ,& !3,!%+ E>FG (3#. "&(1+' 6). 

>"$ "&3*+4&@ $3-!'8(!%&'&38 )3'!%,&. L=&'& %"+#+,$ $ *&34!42, % 

=!4!"!0 *&34!4& 1$3="+4$(&/$$ 3!34&%'.+4 4000 +1$,$/. P#-'$4)1&  

%3-!#!7&4+'8,!0 -$'!!9"&(,!0 #!1)'./$$ 92'& )34&,!%'+,& 6,25 "&1$&,.  

«B$(=!*&34!4,20» -+"+#+,,20 3$7,&' 92' %29"&, % %$1+  

!(t) = 0.3·sin(t) + 0.2·sin(2.5 t)    (4.61) 

E#$4&/$. =%&($34&4$*+3=$@ 3!34&%'.;?$@ 3!(1&%&'&38 %%+1+,$+# '$9! 

3!!4%+434%);?$@  &(!%2@ =!,34&,4, '$9! «#+1'+,,!7!» '$,+0,!7! 

3#+?+,$.  &( %! %"+#+,$.  

A'. "&3*+4!% 92' $3-!'8(!%&, &'7!"$4# "&9!42  &(!#+4"& % %$1+, 

"&33#!4"+,,!# % >"$'!:+,$$ 3.5 $ $3-!'8(!%&,,!# % -. 3.7.2. >"$ <4!# 

$3-!'8(!%&'!38 -"!$(%+1+,$+  &(!#!1)'$"!%&,,!0 ,+3)?+0 (-!')*+,,!0 

-!3'+ 1+034%$. >T ,& %2@!1,!0 3$7,&' $,4+" +"!#+4"&) $ !-!",!7! 

3$7,&'&, & (&4+# BY  $'84" 1'. %21+'+,$. %2@!1,!7! 3$7,&'& (%+"@,.. 

*&34!4& f5) $ 1!-!',$4+'8,20 5Y  $'84" 1'. $3=';*+,$. =%&($34&4$*+3=!0 

3!34&%'.;?+0 (,$:,.. *&34!4& fB). 5 "+()'84&4+ "&3*+4!% -!')*&+# 3$7,&' 

U%2@(t) – "&33*$4&,,20 %2@!1,!0 3$7,&'  &(!#+4"& (-!'!3& 0 – f5) $'$ 3$7,&' 

U'%2@(t). >!3=!'8=) $(#+"$4+'8 ,& 9&(+ E>FG -"+1)3#&4"$%&+4 $(#+"+,$+ 

4!'8=! -+"+#+,,2@ %!(1+034%$0, 4! %2@!1,2# 3$7,&'!# 1&4*$=& .%'.+43. 

-+"+#+,,&. 3!34&%'.;?&. 3$7,&'&  &(!#+4"& (-!'!3& fB – f5). 5 1&,,2@ 

-"$#+"&@ "&3*+4!% $3-!'8(!%&'$38  $'84"&/$. 3 f5 = 0.1·f0 = 4.5, fH = 0.5. 

>!')*+,,2+ "+()'84&42 3"&%,$%&'$38 3 3$7,&'&#$, =!4!"2+ 1!':,2 

 !"#$"!%&483. % 3@+#+ 9+( "&33!7'&3!%&,$0. I&=!0 -"!#+:)4!*,20 

«$34$,,20» 3$7,&'  &(!#+4"& (&1&+43.  !"#)'!0 (3.142). >"$ &,&'$(+ 

%2@!1,!7! -+"+#+,,!7! 3$7,&'& 1&4*$=&, % =&*+34%+ $3@!1,!7! 3$7,&'& 

$3-!'8(!%&'&38 ,+-!3"+134%+,,! ,!"#$"!%&,,&. -+"+#+,,&. 3!34&%'.;?&. 

!(t) 

1 2 1 2; <ttU !
=

.0 2
0     (4.62) 
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=2 0*"< '%(0"-"449< 0 >$&, '.4#$" 1%27(#2< '& 1&%(6&4$2!( &$!&8"4& 

0%",/ 0 .*!&049< "-(4(:2<. ?*!( >$& 4" &1&02%(02"$*/, $& 42 1%27(#2< 

#%2*4&+ !(4("+ &$&5%282"$*/ 09<&-4&+ *(142! U'%2@(t), )"%42/ !(4(/ – 

(*<&-42/ 620(*(,&*$3 U'0(t).  

M-$3&,,20 -"$,/$- #!1+'$"!%&,$. %2@!1,!7! 3$7,&'& $(#+"$4+'. 

$'';34"$")+4 "$3),!= 4.14. 
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F$3),!= 4.14. 64")=4)",&. 3@+#& &'7!"$4#& *$3'+,,!7! #!1+'$"!%&,$. 

%2@!1,!7! 3$7,&'& $(#+"$4+'. ,& 9&(+ %!'!=!,,!7! E>FG 1'. &,&'$(& 

$3=&:+,$0, %2(%&,,2@ -!'."$(&/$!,,2#$ "&33!7'&3!%&,$.#$ % 3@+#+ 

 

F&33#!4"$# -"$#+"2 "&33*$4&,,2@ 3$7,&'!%.  B& "$3),=+ 4.15 -"$%+1+, 

-"$#+" "&3*+4& %2@!1,!7! 3$7,&'& % 3')*&+, =!71& %3+ -&"&#+4"2 

"&33!7'&3!%&,$. -"$"&%,+,2 = ,)'; (% "&3*+42 %%+1+, '$,+0,20 31%$7 

$(!4"!-,!0 "&(,!34$  &( !0(t) = 0.06·t). 5 1&,,!# -"$#+"+ !4='!,+,$+ 

"&33*$4&,,!7! %2@!1,!7! 3$7,&'& !4 $3@!1,!7! %!(#)?+,$. (4.61) 3%.(&,& 

4!'8=! 3 -!7"+L,!348; %2*$3'+,$0 $ $3=&:+,$.#$, =!4!"2+ %,!3$4 

$#$4&/$.  $'84"&/$$ $  &(!#+4"$$. E(#+,+,$+ (,&*+,$0  &( !1, !D,  1,  D, 

D21, D21, D22 ,+ %,!3$4 $3=&:+,$0. H3'$ %#+34! 3#+?+,$. !0(t) %%+34$ 

«#+1'+,,!+» 3#+?+,$+ # (t) $'$  &(t), 4! <4! 4&= :+ ,+ %,!3$4 $3=&:+,$0.    

M4#+4$#, *4! -"$ %%+1+,$$ % "&3*+4 «!1,!="&4,!7!» "&33!7'&3!%&,$. -! 

)7') %0, %3, %21 ('$9! %22) "+()'84&4 "&3*+4& -!')*&+43. $1+,4$*,2#.     

E3=&:+,$. 3$7,&'& -!.%'.;43., +3'$ %%+34$ % "&3*+4 "&33!7'&3!%&,$+ -! 

)7'&#  %'1 '$9! %1, -"$#+"2 ,& "$3),=+ 4.16 (-"$ "&3*+4+ %%+1+,! 3#+?+,$+, 

!0=0.5·t), '$9! =!#9$,&/$$ "&33!7'&3!%&,$0. >"$#+" %2@!1,!7! 3$7,&'& -"$ 

3!*+4&,$$ ,+3=!'8=$@  &=4!"!% "&33!7'&3!%&,$. -"$%+1+, ,& "$3),=+ 4.17.  
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F$3),!= 4.15. F&3*+4 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& !3,!%+ E>FG -"$ 

!43)434%$$ "&33!7'&3!%&,$0 (*+",&. '$,$. – 3$7,&' -"$ !43)434%$$ 

"&33!7'&3!%&,$0). 

7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12

0.4

0.2
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0.4

0.2

0

0.2

0.4

 
F$3),!= 4.16. F&3*+4 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& !3,!%+ E>FG, 

%+"@,$0 7"& $= %1=0.3 "&1$&,, ,$:,$0 7"& $= %1=0.5 "&1$&, (*+",&. '$,$. 

– 3$7,&' -"$ !43)434%$$ "&33!7'&3!%&,$0)  
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F$3),!= 4.17. F&3*+4 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& !3,!%+, !0=0,06·t, 

 1=0,  1=2 "&1$&,, h=0.1, %1=0.3, %'1=-0.2, %22=-0.2, %0=0.1, %3=0.2 "&1$&, 

(*+",&. '$,$. – 3$7,&' -"$ !43)434%$$ "&33!7'&3!%&,$0).  
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M4,!3$4+'8,! ,&9';1&+#2@ ,& 7"& $=+ $3=&:+,$0 #!:,! !4#+4$48, *4! % 

/+'!# $@ #!:,! 3*$4&48 ,+(,&*$4+'8,2#$, @!4. %3+ (&%$3$4 !4 =!,="+4,!0 

$(#+"$4+'8,!0 (&1&*$, 1'. =!4!"!0 3!(1&+43. 1&4*$=. >"$*+# 1'. -!')*+,$. 

@!"!L! %$1,2@ %$()&'8,! $3=&:+,$0 %2@!1,!7! 3$7,&'& -"$@!1$43. 

%%!1$48  1!34&4!*,! (,&*$4+'8,2+ %+'$*$,2 )7'!%2@ "&33!7'&3!%&,$0. B& 

"$3),=+ 4.18 -"$%+1+, -"$#+" "&3*+4&, % =!4!"!# $3-!'8(!%&,& =!#9$,&/$. 

!4,!3$4+'8,! #&'2@, ,! %-!',+ 1!34$:$#2@ ,& -"&=4$=+ (,&*+,$0 

-&"&#+4"!% "&33!7'&3!%&,$0.      

10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20
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F$3),!= 4.18. F&3*+4 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& !3,!%+, !0=0,06·t, 

 1=0,  1=2, D1=1, D2=2, D3=3 "&1$&,, -&"&#+4"2 "&33!7'&3!%&,$. h=0.01, 

%1=0.1, %'1=-0.1, %21=0.1, %22=-0.1, %0=0.1, %3=0.1 "&1$&,, ri=0.02 (*+",&. 

'$,$. – 3$7,&' -"$ !43)434%$$ "&33!7'&3!%&,$0).  

 

G&= %$1,! $( "$3),=& =!#9$,&/$. "&33!7'&3!%&,$0 !4,!3$4+'8,! #&'!0 

%+'$*$,2 -"$%!1$4 =  &=4$*+3=$ ,+3)?+34%+,,2# $3=&:+,$.#, %! %3.=!# 

3')*&+, 1'. 4$-!%2@ (&1&*, 3%.(&,,2@ 3 "+7$34"&/$+0 (%)=!%2@ =!'+9&,$0, 

%$9"&/$0 $ 4.-.   

15 16 17 18 19 20 21 22 23 24 25
0.5

0

0.5

 
F$3),!= 4.19. F&3*+4 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& !3,!%+, !0=0,06·t, 

 1=0,  1=2, D1=1, D2=2, D3=3 "&1$&,, -&"&#+4"2 "&33!7'&3!%&,$. h=0.1, 

%1=0.5, %'1=-0.2, %22=-0.5, %0=0.1, %3=0.2 "&1$&,, (*+",&. '$,$. – 3$7,&' -"$ 

!43)434%$$ "&33!7'&3!%&,$0).  

 

6)1. -! -"$%+1+,,2# -"$#+"&#, #!:,! -"+1-!'!:$48, *4! 

-!'."$(&/$!,,2+ "&33!7'&3!%&,$. %!!9?+ #&'! %'$.;4 ,& $3=&:+,$. 

3$7,&'& $'$, -! ="&0,+0 #+"+, ,& $3=&:+,$.  !"#2 3$7,&'&. A+034%$4+'8,! 

% 3@+#+ E>FG #!:,! 92'! !:$1&48 ):+34!*+,$+ 4"+9!%&,$0 = 
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-!'."$(&/$!,,!#) 3!7'&3!%&,$;, !9+3-+*$%&;?$@ "&9!4!3-!3!9,!348 

$,4+" +"!#+4"&, ,! 3!7'&3,! -"!%+1+,,!#) &,&'$() <4$ !:$1&,$. ,+ 

-!14%+":1&;43.. M1,&=! <4! ,+ (,&*$4, *4! 3!7'&3!%&,$+ <'+#+,4!% 3@+#2 

-! -!'."$(&/$$ ,+ %&:,!. H3'$, ,&-"$#+", (,&*+,$. )7'!% "&33!7'&3!%&,$. 

%i["&1$&,] $ &#-'$4)1,2@ -&"&#+4"!% r #&4"$/ A:!,3& 3%+4!%!1!% %29$"&48 ~ 

0,5 $ 9!'++, 4! "+()'84&42 "&3*+4!% %2@!1,2@ 3$7,&'!% $(#+"$4+'. 

,&*$,&;4 1+#!,34"$"!%&48 (,&*$4+'8,2+ $3=&:+,$., -"!$3@!1.?$+ -"$ 

1"+0 + "&9!*+0 4!*=$ $,4+" +"!#+4"&, "$3),!= 4.19.          

 

GC)FHIJK&J 

1) >"+1'!:+,& !"$7$,&'8,&. %!'!=!,,&. $,4+" +"!#+4"$*+3=&. 3@+#& 

(E>FG), !3,!%&,,&. ,& 3%!034%&@ AC> 3%+4!%!1!%. 6@+#& .%'.+43. 

#!1$ $/$"!%&,,2# &,&'!7!# $,4+" +"!#+4"& D&@&-J+,1+"& 3 AC> 

3%+4!%!1&#$. 5 !4'$*$+ !4 4"&1$/$!,,!0 3@+#2, E>FG -!(%!'.+4 3!*+4&48 

1$34&,/$!,,); %3-!#!7&4+'8,); #!1)'./$; &"7)#+,4& 

$,4+" +"+,/$!,,!7! 3$7,&'& $ -"&=4$*+3=$ ,)'+%); "&(,!348 @!1& 

$,4+" +"!#+4"&. >!3'+1,++ !934!.4+'834%! -!(%!'.+4 $3=';*$48 %'$.,$+ 

!1,!7! $( !3,!%,2@ $34!*,$=!% L)#!% % 1$34&,/$!,,2@ 

$,4+" +"!#+4"$*+3=$@ 3@+#&@ – %'$.,$+  ')=4)&/$0 *&34!42 '&(+",!7! 

$34!*,$=&. M1,&=! 1&,,&. $,4+" +"!#+4"$*+3=&. 3@+#& -!1@!1$4 1'. 

-!34"!+,$. $(#+"$4+'+0 -+"+#+,,2@ %!(1+034%$0, ,+ %2(2%&;?$@ 

(,&*$4+'8,!0 #!1)'./$$ "&(,!34$  &( -!'."$(&/$!,,2@ #!1 % -!1%!1.?+# 

3%+4!%!1+ (1'. $(#+"+,$. &=)34$*+3=$@ %!(1+034%$0, %$9"&/$0 $ 4. -.).      

2) F&(%$4&  $($=!-#&4+#&4$*+3=&. #!1+'8 !-$32%&;?&. 3$7,&' E>FG, 

=!4!"&. -!(%!'.+4 )*+348 "&(,!!9"&(,2+ -!'."$(&/$!,,2+ "&33!7'&3!%&,$. 

% <'+#+,4&@ 3@+#2. 

3) B& !3,!%+ "&(%$4!0 #!1+'$ 3$7,&'& E>FG "&33#!4"+, ".1 *&34,2@ 

3')*&+% «!1,!="&4,2@» -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 % 3@+#+,  

-!')*+,2 .%,2+ %2"&:+,$. 1'. $,4+" +"+,/$!,,!7! 3$7,&'& $ !/+,=$ 

,&%+1+,,2@ "&33!7'&3!%&,$.#$ $3=&:+,$0 %2@!1,!7! 3$7,&'& $(#+"$4+'. ,& 

9&(+ E>FG !4 «-"&%$'8,!7!» 3$7,&'& -"$ !43)434%$$ "&33!7'&3!%&,$0. 

A!-!',$4+'8,! -!')*+,2 %2"&:+,$. 1'. $3=&:+,$0 % -"+1-!'!:+,$$ 

#&'!34$ "&33!7'&3!%&,$..  

4) >"+1'!:+, #+4!1 &,&'$(& %'$.,$. -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 

,& %2@!1,!0 3$7,&' $,4+" +"!#+4"$*+3=!7! $(#+"$4+'. 3 %!'!=!,,2#  

E>FG, !3,!%&,,20 ,& *$3'+,,!# #!1+'$"!%&,$$. >"$%+1+,,20 ,&9!" 

-"$#+"!% "&3*+4!% ="&4=! $'';34"$")+4 @&"&=4+",2+ -"!.%'+,$. 

-!'."$(&/$!,,2@ "&33!7'&3!%&,$0 % $3=&:+,$.@ %2@!1,!7! 3$7,&'&.   

5) F&3*+42 -!=&(&'$, *4! =&= $ 1'. 3@+#2 D&@&-J+,1+"&, -"$+#'+#2+ 1'. 

9!'8L$,34%& (&1&* $3=&:+,$. $,4+" +"+,/$!,,!7! 3$7,&'& (3,$:+,$+ 

&#-'$4)12 $ $3=&:+,$+ &,$(!4"!-,!0 *&34$ &"7)#+,4& <10% ) $#+;4 #+34! 

-"$ )"!%,+ )7'!%2@ -!'."$(&/$!,,2@ "&33!7'&3!%&,$0 <'+#+,4!% <10 

7"&1)3!% $ <=34$,=/$$ > 15 1O. M1,&=! -"$ (,&*$4+'8,!# -"+%2L+,$$ 

)=&(&,,2@ )"!%,+0 "&33!7'&3!%&,$0 %!(#!:,! ,+ 4!'8=! )%+'$*+,$+ 

$3=&:+,$0, ,! $ ,&")L+,$+ "&9!4!3-!3!9,!34$ $(#+"$4+'..   
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 !"#$% 5.  !"#$%$%"$ "%&$!'$!$%(")%%*+ ,''$-&). /01 "2#$!$%"1 

3)01!"24(")%%*+ 34!4#$&!). .)0)-)%%*+ ,0$#$%&). 

"%&$!'$!)#$&!"5$6-"+ 6+$# 

 

 

7.$/$%"$ 

  !"#$ %&'%&(")*+ ,%&*)+-$.*+! /"0"*"112! +1)$%3$%"4$)%+-$.*+! 

+'4$%+)$0512! 6.)%"7.)/, *&* ,%&/+0", 1$) 1$"(!"#+4".)+ *"1)%"0+%"/&)5 

)&*+$ ,&%&4$)%2 *&* #/606-$,%$0"4"$1+$ + #0+1& (+$1+7 + h-,&%&4$)%.  

81&1+$ +! )"-12$ '1&-$1+7 "(2-1" 1$ 9/09$).9 /&:124, *%"4$ )";", <)+ 

/$0+-+12 /.$;#& 6*&'2/&=).9 ,%"+'/"#+)$0$4.   

>"0$$ &*)6&05124+ ,%"(0$4&4+ #09 ,%"?$..& %&'%&(")*+ + +';")"/0$1+9 

,%&*)+-$.*+! +1)$%3$%"4$)%+-$.*+! 6.)%"7.)/ . @AB ./$)"/"#&4+ 

9/09=).9 ",%$#$0$1+$ 1&,%&/0$1+9 ,"09%+'&?+"112! ".$7 1& *"1?&! ")%$'*& 

./$)"/"#&, ",%$#$0$1+$ ."")1"C$1+9 4"D1".)$7 ,"09%+'&?+"112!, 

/"'(6:#$112! / ./$)"/"#$, +'4$%$1+$ 3&*)+-$.*"7 ,"09%+'&?+"11"7 

<*.)+1*?++ /"0"*"11";" <0$4$1)&, 6.)&1"/0$11";" / *"1.)%6*?+=, 

"*"1?"/&11";"  E /+0*"7, 0+(" ."$#+1$1+7 /"0"*"112! <0$4$1)"/. 

 

 

5.1. 8!4/"(")%%*9 3)/+)/ - -)%&!)0: 3)01!"24(")%%*+ 34!4#$&!). 

)3&"5$6-"+ 6.$&).)/). 

 

F&* ,%&/+0", #09 ")4$-$112! /2C$ +'4$%$1+7 +.,"05'6=) .!$42, 

,".)%"$112$ ," .)%6*)6%$, ,"*&'&11"7 1& %+.61*$ 5.1.   .!$4$ +.,"05'6$).9 

+.)"-1+* 0+1$71"-,"09%+'"/&11";" +'06-$1+9, 1&,%&/0$1+$ *")"%";" 

")1".+)$051" "%+$1)&?++ ./$)"/"#& 4":1" %$;60+%"/&)5. G& /2!"#$ 

./$)"/"#& +.,"05'6$).9 &1&0+'&)"%, +1)$1.+/1".)5 1& /2!"#$ *")"%";" 

%$;+.)%+%6$).9 3")"#$)$*)"%"4. H&*"7 «)%&#+?+"1127» ,%+1?+, 

<*.,$%+4$1)&051";" &1&0+'& ,"09%+'&?+"112! ,&%&4$)%"/ /"0"*"112! 

<0$4$1)"/ 1& ".1"/$ @AB ./$)"/"#"/ ,"#%&'64$/&$) 1&0+-+$ 0+1$71" 

,"09%+'"/&11";" ./$)& 1& /!"#$ ./$)"/"#& + ,"09%+'&)"%-&1&0+'&)"% 1& 

/2!"#$ ./$)"/"#& ,$%$# 3")"#$)$*)"%"4. B"<)"46 )%&#+?+"112$ 4$)"#2 

+'4$%$1+9, +.,"05'6=D+$ ,"#"(127 ,%+1?+, (6#$4 1&'2/&)5 4$)"#"4 

«.*%$D$112! ,"09%+'&)"%"/». I,"."(2 +'4$%$1+9 / ("05C+1.)/$ .06-&$/ 

,"#%&'64$/&=) &1&0+' /+#& '&/+.+4".)+ I(J), ."")1"C$1+$ <*.)%$464"/ 

<)"7 '&/+.+4".)+ + +! +'4$1$1+$ ") "%+$1)&?++ ,"09%+'&?++ 1& /!"#$ 

./$)"/"#&. I42.0 )&*+! .,"."("/ +'4$%$1+7 ("0$$ ,"#%"(1" ,"9.1$1 / 

,%+0":$1++ 5.1. B%&*)+-$.*&9 %$&0+'&?+9 )&*+! 4$)"#"/, *"1*%$)1&9 

"%;&1+'&?+9 ,%"?$..& +'4$%$1+7 4";6) (2)5 %&'124+, +.,"05'6=).9 

+'4$%$1+$ ,&%&4$)%"/ ,$%$4$112! .+;1&0"/ ,%+ (2.)%" /%&D&=D$4.9 

&1&0+'&)"%$, ,%+4$19=).9 %&'0+-12$ &/)"4&)+'+%"/&112$ .+.)$42, 

6,%&/09$42$ *"4,5=)$%"4 ,%"?$.. ,"/"%")"/ ,"09%+'&)"%"/ + %$;+.)%&?++ 

/2!"#12! .+;1&0"/ + ). ,.   
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F&* ,"*&'&1" / B%+0":$1++ 5.1 ,. B5.1.1, / )&*+! +'4$%$1+9! "(2-1" 

,%+4$19=) 1$*";$%$1)12$ +.)"-1+*+ ./$)&, #09 +.*0=-$1+9 ,%"9/0$1+9 

+1)$%3$%$1?+"112! <33$*)"/, *")"%2$ %&..4&)%+/&=) *&* ,&%&'+)12$. 

F";$%$1)127 ./$) ,%+/"#+) * ,"9/0$1+= #","01+)$0512! 306*)6&?+7 

(B%+0":$1+$ 5.1, ,. B5.1.2), +! 1&#" 6.%$#19)5, "($.,$-+/ #".)&)"-16= 

/$0+-+16 +'4$1$1+7 %&'1".)+ 3&' ,"09%+'&?+"112! 4"#.  

B"19)1", -)" ,"9/0$1+$ +1)$%3$%$1?+"112! *"0$(&1+7, /2'2/&$42! 

/"'46D$1+94+ (1&,%+4$%, )$,0"/24+) ./$)"/"#& + /$0+-+1& )&*+! 

*"0$(&1+7 4";6) ./+#$)$05.)/"/&)5 " ,%+.6).)/++ 1& /2!"#$ /"0"*1& #/6! 

,"09%+'&?+"112! 4"# + !&%&*)$%+'"/&)5 +! ."")1"C$1+$ (B%+0":$1++ 5.1, , 

B5.1.2). E#1&*" /" /.$!, #".)6,12! +' 0+)$%&)6%2 ",+.&1+9! 4$)"#"/ 

+'4$%$1+7 ,"#"(12! ,&%&4$)%"/ @AB ./$)"/"#"/, +1)$%3$%$1?+"112$ 

<33$*)2 ,%&*)+-$.*+ 1$ +.,"05'6=). K.*0=-$1+$ .".)&/09$) $#+1+-12$ 

%&(")2, "#1&*" + "1+  "%+$1)+%"/&12 1& +'4$%$1+$ h-,&%4$)%& ./$)"/"#& + 

+'0":$12 "-$15 *%&)*" (("0$$ ,"#%"(1" / B%+0":$1++ 5.1, , B5.1.3).    

 

 
 

L+.61"* 5.1. I!$4& #09 +'4$%$1+9 ,"09%+'&?+"112! ,&%&4$)%"/ /"0"*"112! 

./$)"/"#"/ )%&#+?+"1124+ 4$)"#&4+ 

 

H&*+4 "(%&'"4, !&%&*)$%1"$ ./"7.)/" )%&#+?+"112! 4$)"#"/ *"1)%"09 

,"09%+'&?+"112! ,&%&4$)%"/ /"0"*"112! ./$)"/"#"/ .".)"+) / )"4, -)" 

+1)$%3$%$1?+"112$ 9/0$1+9 1$ '&#$7.)/"/&12. A+(" +1)$%3$%$1?+"112$ 

9/0$1+9 ").6).)/6=) /.0$#.)/+$ ,%+4$1$1+9 1$*";$%$1)1";" +.)"-1+*&, 

0+(" +! #$7.)/+$ 1$7)%&0+'6=), *&* 4$C&=D$$.  

 

 

5.2. ;)%&!)0< 3)01!"24(")%%*+ 34!4#$&!). =>  6.$&).)/4 6 

"63)0<2).4%"$# "%&$!'$!$%(")%%*+ 1.0$%"9 

 

F&* 6:$ ;"/"%+0".5, +1)$%3$%$1?+"112$ <33$*)2 ,%+ +.,"05'"/&1++ 

*";$%$1)1";" ",)+-$.*";" +.)"-1+*&, / +'4$%+)$0512! .!$4&! «.*%$D$112! 

,"09%+'&)"%"/» + ,"#"(12! .!$4&! 4";6) !&%&*)$%+'"/&)5 ."")1"C$1+$ 

,"09%+'&?+"112! 4"# + (2)5 +1.)%64$1)"4 #09 +'4$%$1+9 

,"09%+'&?+"112! ,&%&4$)%"/ @AB ./$)"/"#&. E#1&*" «)%&#+?+"1127» 

,"#!"# * .&4"7 +#$$ +'4$%$1+9 – /"'(6#+)5 1& /!"#$ /"0"*1& )"05*" "#16 

,"09%+'&?+"116= 4"#6 + +'4$%+)5 ."")1"C$1+$ ,"09%+'&?+"112! 4"# 1& 

/2!"#$ – ",%$#$09$) /"'4":1".)+ )&*+! +'4$%$1+7.   

@&0$$ ,%$#0":$1, ,"#%"(1" )$"%$)+-$.*+ +'6-$1 + <*.,$%+4$1)&051" 

&,%"(+%"/&1 "%+;+1&05127 4$)"# +'4$%$1+9 ,"09%+'&?+"112! ,&%&4$)%"/ 
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@AB ./$)"/"#"/, 1& ".1"/$ +1)$%3$%$1?++ +'06-$1+7 ,"09%+'&?+"112! 4"# 

@AB ./$)"/"#& ,".0$ ,%"!":#$1+9 &1&0+'&)"%&. M$)"# ,%+1?+,+&051" 

")0+-&$).9 ") )%&#+?+"11";" ,"#!"#& * )&*+4 +'4$%$1+94, +4$$) 

"."($11".)+ + ,%$+46D$.)/& ," .%&/1$1+= . +.,"05'6$424+ 4$)"#&4+ 

+'4$%$1+7.  

 

5.2.1.  !"#$%&#'()*+ ,-#"* , %)&#$.#$#)/%#0 %!'12#)%0 

34'+$%!*/%4))5- "46 789 ,:#&4:46* 34,'# 3$4-4;6#)%+ 34'+$%!*&4$*. 

I!$4& 6.)&1"/*+ #09 +'4$%$1+9 ,"09%+'&?+"112! ,&%&4$)%"/ 

/"0"*"112! ./$)"/"#"/ +1)$%3$%$1?+"1124 4$)"#"4 ,"*&'&1& 1& %+.61*$ 

5.2. E1& ."#$%:+) +.)"-1+* ,"09%+'"/&11";" ",)+-$.*";" +'06-$1+9 . 

#".)&)"-1"7 .)$,$15= *";$%$1)1".)+ (K), )$.)+%6$4";" /"0"*"11";" 

./$)"/"#& ( I), ,"09%+'&)"%&-&1&0+'&)"%& 1& /2!"#$ ./$)"/"#& (B), 

3")"#$)$*)"%& (J@), *")"%27 %$;+.)%+%6$) +1)$1.+/1".)5 I 1& /2!"#$ 

&1&0+'&)"%& + 4"#609)"%& (M), %&.,"0":$11";" / 1&-&0$ ./$)"/"#&. 

M"#609)"% #"0:$1 "($.,$-+)5 .4$D$1+9 %&'1".)+ 3&'"/2! '&#$%:$* 

,"09%+'&?+"112! 4"# 1& /$0+-+16 1$ 4$1$$ 2 .   <*.,$%+4$1)&! #09 <)+! 

?$0$7 +.,"05'"/&0.9 ,%".)"7 + 6#"(127 .,"."(: )$,0"/"$ /"'#$7.)/+$ 1& 

*"%")*+7 (~ 10 .4) 6-&.)"* /"0"*1&. 

E)4$)+4, ,%+1?+,+&05127 3&*)"%, ,%+1+4&$427 #&0$$ #09 

+1)$%3$%$1?+"11"7 4$)"#+*+ " /"'4":1".)+ +.,"05'"/&1+9 ,%"+'/"051";" 

(1" 3+*.+%"/&11";") .".)"91++ ,"09%+'&?++ +'06-$1+9 +.)"-1+*&. N)" 

./9'&1" . )$4, -)", *&* (6#$) ,"*&'&1" #&0$$, #09 <33$*)+/1";" ,%+4$1$1+9 

+1)$%3$%$1?+"11";" 4$)"#& )%$(6$).9 /"'(6:#$1+$ ,%+4$%1" %&/12! 

4"D1".)$7 ,"09%+'&?+"112! 4"#, -)" 4":1" "($.,$-+)5 ,%+ 0=("4 )+,$ 

/!"#1"7 ,"09%+'&?++ '& .-$) $$ "%+$1)&?++
*
.  

@".)&)"-1&9 #0+1& *";$%$1)1".)+ +.)"-1+*& lF 4":$) (2)5 ,%+4$%1" 

"?$1$1& +' 6.0"/+9 
!
"
#$ ll , ;#$ l – #0+1& ./$)"/"#&. @09 ."/%$4$112! @AB 

./$)"/"#"/ ")1"C$1+$ "/! 4&0" (~ 0,001–0,0005) -)" "(6.0&/0+/&$) 

")1".+)$051" 1$/2."*+$ )%$("/&1+9 * *";$%$1)1".)+ +.)"-1+*&. @&:$ #09 

")1".+)$051" ,%")9:$112! ./$)"/"#"/ #0+1"7 / #$.9)*+ + .")1+ 4$)%"/, 

+1)$%3$%$1?+9 1& /2!"#$ &1&0+'&)"%& 4":$) ,%"9/09)5.9 ,%+ 

+.,"05'"/&1++ "#1"4"#"/2! ()$4 ("0$$ "#1"-&.)")12!) ,"06,%"/"#1+*"/2! 

0&'$%"/ + ).,. )+,"/2! +'06-&)$09! /"0"*"11"7 )$!1+*+.  

 B%+ 3+*.+%"/&11"4 ,"0":$1++ &1&0+'&)"%& (3+*.+%"/&11"4 6;0$ %) + 

%&(")&=D$4 4"#609)"%$ (6#6) 1&(0=#&)5.9 +1)$%3$%$1?+"112$ *"0$(&1+9 

/2!"#1"7 +1)$1.+/1".)+. M$)"# ,%$#,"0&;&$) %$;+.)%&?+= <*.)%$464"/ 

                                                 

* H%&#+?+"112$ 4$)"#2 / ("05C+1.)/$ .06-&$/ ,"#%&'64$/&=) 

"($.,$-$1+$ 4&*.+4&051" /"'4":1";" /"'(6:#$1+9 )"05*" "#1"7 

,"09%+'&?+"11"7 4"#2, -)" /"'4":1" )"05*" ,%+ ,%+4$1$1++ 0+1$71" 

,"09%+'"/&11";" /!"#1";" +'06-$1+9.     
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<)+! *"0$(&1+7, & ".1"/1"7 +13"%4&?+"11"7 '&/+.+4".)5= 9/09$).9 

'&/+.+4".)5 m(%) 

& '
minmax

minmax

II

II
m

(
)

$%  ,                    (5.1) 

;#$ Imax, Imin – <*.)%$4642 *"0$(&1+9 +1)$1.+/1".)+ I ,%+ 3+*.+%"/&11"4 

6;0$ % + +'4$1$1++ %&'1".)+ 3&' * ,"09%+'&?+"112! 4"# 4"#609)"%"4 / 

#+&,&'"1$ >2 .  

 

 
L+.61"* 5.2. .!$4& #09 +'4$%$1+9 ,"09%+'&?+"112! ,&%&4$)%"/ /"0"*"112! 

./$)"/"#"/ +1)$%3$%$1?+"1124 4$)"#"4 

 

F"<33+?+$1) m +4$$) .42.0 ;06(+12 4"#609?++ +1)$1.+/1".)+, 

/2'2/&$4"7 /"'#$7.)/+$4 + $;" 4":1" +1)$%,%$)+%"/&)5 *&* *"1)%&.) 

+1)$%3$%$1?+"11";" .+;1&0& I(*). 

E)4$)+4, -)" $.0+ (&'+%"/&)5.9 1& )%&#+?+"112! ,"#!"#&! 

+.*0=-&=D+! +.,"05'"/&1+$ +1)$%3$%$1?+"112! <33$*)"/, / *&-$.)/$ 

+13"%4&)+/1"7 '&/+.+4".)+ 4":1" /'9)5 .%$#1$$ '1&-$1+$ /2!"#1"7 

+1)$1.+/1".)+   

& ' & ' & '
2

CP

%(%
$% minmax II

I ,    (5.2) 

  <)"7 '&/+.+4".)+ /*0&# +1)$%3$%$1?++ 6.)%&1$1, "1& ,"01".)5= 

&1&0";+-1& 361*?+94, %&..4&)%+/&$424 / B%+0":$1++ B5.1, ,. B5.1-1.  

 

5.2.2. <4)&$4'( 1,'4:%0 :4!=1;6#)%+ 34'+$%!*/%4))5- "46 % 

)*3$*:'#)%0 34'+$%!*/%4))5- 4,#0 :4'4>)* 

@09 "(".1"/&1+9 ,%+4$1$1+9 ,%$#0":$11";" 4$)"#&, ,%"/$#$4 &1&0+' 

6*&'&11"7 /2C$ .!$42. L&..4")%+4 ",)+-$.*6= .+.)$46, ."#$%:&D6= 

,".0$#"/&)$051" %&.,"0":$112$: ,"09%+'"/&1127 ",)+-$.*+7 +.)"-1+* (K), 

+.,2)6$427 ")%$'"* @AB ./$)"/"#& (I) #0+1"7 L +  ,"09%+'&)"% 

(&1&0+'&)"%) (O), %+.61"* 5.3 (3&*)+-$.*+ <)") %+.61"* ,"/)"%9$)  .!$46  1& 

%+.61*$ 5.2 . ("0$$ 1&;09#124 +'"(%&:$1+$4 /'&+412! 6;0"/2! "%+$1)&?+7 

<0$4$1)"/).     

I1&-&0& #09 ,%".)")2 (6#$4 ,%$#,"0&;&)5 +#$&051"$ @AB /"0"*1" 

(+ P Q) ($' ,")$%5. B".*"05*6 ,"09%+'&?+"112$ 4"#2 1$ /'&+4"#$7.)/6=), 

)" /"0"*1" %&(")&$) *&* +#$&051&9 3&'"/&9 ,0&.)+1*&. I";0&.1" 4$)"#6 

@:"1.& ,%$"(%&'"/&1+$ .".)"91+9 ,"09%+'&?++ / )&*"7 .+.)$4$ 4":$) (2)5 

",+.&1" . +.,"05'"/&1+$4 /$*)"%& @:"1.& /!"#1";" +'06-$1+9 + 4&)%+? 
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@:"1.& /"0"*1& + &1&0+'&)"%&. B%"+'/"051"$ ,"09%+'"/&11"$ +'06-$1+$ 1& 

/!"#$ ./$)"/"#& (1& %+.61*$ 5.3 #09 1&;09#1".)+ 6.0"/1" +'"(%&:$1" 

0+1$71&9 ,"09%+'&?+9 +'06-$1+9 +.)"-1+*&) '&#&$).9 /$*)"%"4 @:"1.& E  

   
& '
& ' ,,

-

.
//
0

1

#2

#2
#$,

,
-

.
/
/
0

1

#

#
$

3

3)

3

3)

2

2

02

0

2

0

0

0

0

0

esin

ecos

e

e
i

i

i

y

i

x
E

E

E
E ,   & '2$$ 22

0

2

0 ctgyx EEK ,                 (5.3) 

;#$ Ex0, Ey0 – &4,0+)6#2 ,"09%+'&?+"112! 4"# 1& /!"#$ /"0"*1&, E0 – 

&4,0+)6#& ,"09, & 30 – %&'1".)5 3&' 4"# 1& /!"#$ ./$)"/"#&. B&%&4$)% 2 

,"'/"09$) '&,+.&)5 /$*)"%, 1"%4+%"/&1127 ," &4,0+)6#$. K – ."")1"C$1+$ 

4"D1".)$7 /"'(6:#$112! / /"0"*1$ ,"09%+'&?+"112! 4"#.   .06-&$ 

,%"+'/"051" ,"09%+'"/&11";" +'06-$1+9 1& /!"#$ ./$)"/"#& 30 + K (0+(" 2) 

",%$#$09=).9 3"%4"7 <00+,.& ,"09%+'&?++ + "%+$1)&?+$7 <00+,.& 

")1".+)$051" ,"09%+'&?+"112! ".$7 ./$)"/"#&.   .06-&$ 0+1$71"7 

,"09%+'&?++ /!"#1";" +'06-$1+9 30=0, &  ,&%&4$)% R +4$$) .42.0 &'+46)& 

,"09%+'&?++ +'06-$1+9 +.)"-1+*& ")1".+)$051" ,"09%+'&?+"11"7 ".+ X 

/"0"*1&.  

 

 
Fig.5.3. I!$4& #09 3"%4+%"/&1+9 .+;1&0& +1)$%3$%$1?++  +'06-$1+7 

,"09%+'&?+"112! 4"# @AB ./$)"/"#&.  

 

S.0+ ,%$1$(%$-5 "(D$7 1$+13"%4&)+/1"7 #09 #&11"7 "#1"/"0"*"11"7 

.+.)$42 3&'"/"7 '&#$%:*"7 ./$)&, )" 4&)%+?2 @:"1.& #09 @AB ./$)"/"#& + 

&1&0+'&)"%& +4$=) /+# (.4. B%+0":$1+$ 1.1, + %&'#$0 2) 

,,
,

-

.

//
/

0

1
$ *

*
)

2

2

 

0

0
i

i

e

e
T ,  

& ' & '
,,
-

.
//
0

1 %%
$

00

sincos
AT ,                    (5.5) 

;#$ *, *&* + %&1$$ %&'1".)5 3&'"/2! '&#$%:$* ,"09%+'&?+"112! 4"# / 

/"0"*1$,  J – 6;"0 ,"/"%")& &1&0+'&)"%& ")1".+)$051" ,"09%+'&?+"11"7 ".+ 

X ./$)"/"#&. E)4$)+4, -)" 4&)%+?& ,"09%+'&)"%& (5.5) 3"%4+%6$).9 

,%"+'/$#$1+$4 ."(.)/$11"7 4&)%+?2 +#$&051";" ,"09%+'&)"%& + 4&)%+?2 

,"/"%")& TB(J), -)" "(".1"/&1" / B%+0":$1++ 1.1. K.,"05'"/&1+$ ("0$$ 

%&.,%".)%&1$11"7 #09 ",+.&1+9 ,"/$%16)";" +#$&051";" ,"09%+'&)"%& 
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4&)%+?2 T,"0, ,%+/$#$11"7 / B%+0":$1++ 1.1, ,. B1.3, ,%+4$% 4), 

9/09=D$7.9 %$'605)&)"4 ,%"+'/$#$1+9 TB(–J)·T,"0·TB(J) 1$ +'4$19$) 

*"1$-12! /2%&:$1+7 ().*. ,".0$#199 4&)%+?& ,"/"%")& 1$ /0+9$) 1& 

%$'605)+%6=D6= +1)$1.+/1".)5), 1" ,%+/"#+) * ("0$$ .0":124 

,%"4$:6)"-124 ,%$"(%&'"/&1+94.   

I";0&.1" 4$)"#6 @:"1.&, %$'605)&) ,%"!":#$1+9 ./$)& -$%$' /"0"*1" + 

&1&0+'&)"% ",+.2/&$).9 ,%"+'/$#$1+$4 /$*)"%& E + 4&)%+? T  + TO. 

K1)$1.+/1".)5 1& /2!"#$ .+.)$42 1&!"#+).9 *&* */&#%&) 4"#609 

%$'605)+%6=D$;" /$*)"%& @:"1.&   

& ' & ' & '& '0

2202

 A cos2sinsincos
12

1
3(*#%#(%(%##

(
$##$ KK

K

I
I ETT .        (5.5) 

  (5.5) //$#$1& +1)$1.+/1".)5 +'06-$1+9 1& /!"#$ ./$)"/"#& I0 + 6-)$12 

"-$/+#12$ ."")1"C$1+9   

& ' & '
2

1

2

1

2

2

0
2

0

2

0

2

0

0

(#
$

(#
$

(
$

KE

K

KEEE
I

yxyx .         (5.6) 

S.0+ '&3+*.+%"/&)5 ,"0":$1+$ ,"09%+'&)"%& + ."")1"C$1+$ 4"D1".)$7 

4"# 1& /!"#$, )" +1)$1.+/1".)5 (6#$) *"0$(&)5.9 / '&/+.+4".)+ ") %&'1".)+ 

3&' * + 30. S.0+ sin(2J)>0, )" ,%+ * + 30 = 0 ,"06-+4 4&*.+4&0516= 

+1)$1.+/1".)5 Imax, & ,%+ * + 30= T – 4+1+4&0516= +1)$1.+/1".)5 Imin. N)+ 

*"0$(&1+9 4":1" +1)$%,%$)+%"/&)5 *&* "(2-16= #/6!06-$/6= 

+1)$%3$%$1?+= +'06-$1+7 ,"09%+'&?+"112! 4"# 1& /2!"#$ &1&0+'&)"%&. 

L&'1".)5 3&' #/6! +1)$%3$%+%6=D+! 06-$7 ",%$#$09$).9 %&'1".)5= 3&' 

,"09%+'&?+"112! 4"# 1& /2!"#$, & ."")1"C$1+$ +! /$0+-+1 '&/+.+) ") 

,&%&4$)%& K4 + ,"0":$1+9 &1&0+'&)"%& %.    %$'605)&)$ &##+)+/1&9 

.".)&/09=D&9 + &4,0+)6#& +1)$%3$%$1?+"112! *"0$(&1+7 '&/+.+) ") 6;0& J 

+ ,&%&4$)%& K, -)" #&$) /"'4":1".)5 #09 +! +'4$%$1+9 ,6)$4 %$;+.)%&?++ 

'&/+.+4".)+ ,&%&4$)%"/ +1)$%3$%$1?+"11";" .+;1&0& ") ,"/"%")& 

&1&0+'&)"%&. 

@09 ,%".)";" + ,"01";" ")%&:$1+9 +13"%4&?++ " /$0+-+1$ 

+1)$%3$%$1?+"112! *"0$(&1+7 (6#$4 +.,"05'"/&)5 )&*6= "(D$,%+19)6= 

!&%&*)$%+.)+*6 *&* *"1)%&.) +1)$%3$%$1?+"112! *"0$(&1+7 (.4. (5.2)), "1& 

6-+)2/&$) ."")1"C$1+$ + &4,0+)6#2 + &##+)+/16= .".)&/09=D6= 

+1)$%3$%$1?+"11";" .+;1&0&. K' (5.5) ,"06-&$4, -)" *"<33+?+$1) 

4"#609?++ (*"1)%&.) +1)$%3$%$1?++) m '&#&$).9 /2%&:$1+$4 

& '
& ' & ' Jsin + Jcos

2sinK
22#

%#
$

(
)

$
KII

II
m

minmax

minmax .                    (5.7) 

     B%+4$%2 ,".)%"$112! ," /2%&:$1+= (5.7) '&/+.+4".)$7 m(J) ,%+/$#$12 

1& %+.61*$ 5.4 ('&/+.+4".)+ 1$,".%$#.)/$11" %$;+.)%+%6$42! <*.)%$464"/ 

*"0$(&1+7 + &4,0+)6#2 *"0$(&1+7 ") 6;0& &1&0+'&)"%&, & )&* :$ 

*"44$1)&%++ ," ,"/"#6 /2("%& / *&-$.)/$ ".1"/1";" ,&%&4$)%& *"1)%&.)& 

*"0$(&1+7 ,%+/$#$12 / B%+0":$1++ 5.2). N)+ '&/+.+4".)+ ")%&:&=) 

+13"%4&?+= " ,&%&4$)%&! ,"09%+'&?+"112! 4"# ")%$'*& ./$)"/"#&. 
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J61*?+9 m(J) "(%&D&$).9 / 1"05 ,%+ J = 0,    +0+ J = ±  /2. B"<)"46 

,"0":$1+9 &1&0+'&)"%&, ,%+ *")"%2! m = 0 ",%$#$09=) 1&,%&/0$1+$ 

,"09%+'&?+"112! ".$7 ./$)"/"#&. F%"4$ )";", 3"%4& '&/+.+4".)+ m(J) 

./9'&1& . ."")1"C$1+$4 4"D1".)$7 ,"09%+'&?+"112! 4"# K. H&*+4 "(%&'"4, 

/ %$'605)&)$ <*.,$%+4$1)&051";" +'4$%$1+9 + "(%&(")*+ '&/+.+4".)+  m(J) 

4":1" ",%$#$0+)5 1&,%&/0$1+9 X, Y + /$0+-+16 K (,%+4$%2 

<*.,$%+4$1)&0512! +'4$%$1+7 ",+.&12 / ,. 5.4).  

0.5

1

0.5

1

 
L+.61"* 5.4. 8&/+.+4".)+ m(J) #09 K=1 (.0$/&) + K=0,1 (.,%&/&)  

 

B%+/$#$112$ /2%&:$1+9 (20+ ,"06-$12 / %&4*&! 3"%4&0+'4& @:"1.& 

#09 ."!%&1$1+9 "(D$;" ,"#!"#& + /"'4":1".)+ #&051$7C$;" "("(D$1+9 1& 

("0$$ .0":12$ .06-&+, *")"%2$ (6#6) %&..4")%$12 #&0$$. E#1&*", *&* 6:$ 

(20" ")4$-$1", %&..4&)%+/&$42 *"0$(&1+9 ,%$#.)&/09=) ."("7 %$'605)&) 

#/6!06-$/"7 +1)$%3$%$1?++, 3"%4+%6$4"7 +'06-$1+94+ ,"09%+'&?+"112! 

4"# ./$)"/"#&, ,%"C$#C+4+ ,"09%+'&)"%. N)" 4":1" ,%"+00=.)%+%"/&)5 

%+.61*"4 5.5, 1& *")"%"4 ,"*&'&1", -)" 4"#609)"% (+'4$19=D+7 *) ."'#&$) 

%&'1".)5 3&' #/6! 0+1$71"-,"09%+'"/&112! 06-$7 1& /2!"#$ &1&0+'&)"%&.   

./9'+ . <)+4 ,"#-$%*1$4, -)" ,"06-$112$ 3"%4602 4":1" /2/$.)+ +0+ 

+1)$%,%$)+%"/&)5 / %&4*&! +'/$.)12! /2%&:$1+7 #09 #/6! 

+1)$%3$%+%6=D+! 06-$7 . +1)$1.+/1".)94+ I1, I2 + %&'1".)5= 3&' 3. 

L$'605)+%6=D&9 +1)$1.+/1".)5 + *"1)%&.) +1)$%3$%$1?++ ",%$#$09=).9 

/2%&:$1+94+ [88] 

)cos(2 2121 3##(($ IIIII ,  
21

212

II

II
m

(

#
$    (5.8) 

  1&C$4 .06-&$, . 6-$)"4 )";", -)" *"<33+?+$1)2 ,%",6.*&1+9 

,"09%+'&)"%& ," 4"D1".)+ #09 4"# Ex + Ey "-$/+#1" +4$=) '1&-$1+9 cos
2
(J) 

+ sin
2
(J),  1$)%6#1" /+#$)5, -)" I1=cos

2
(J)·E

2
x0/2, I2= sin

2
(J)·E

2
y0/2, + 3=* + 30. 

H";#& +' (5.8) 1$.0":1" ,"06-+)5 /2%&:$1+$ #09 *"1)%&.)& (5.7), & . 6-$)"4 

."")1"C$1+7 (5.6) ,"06-+)5 /2%&:$1+$ #09 +1)$1.+/1".)+ (5.5).  

H&* :$ .0$#6$) 6-$.)5 $D$ "#1" "(.)"9)$05.)/".   ,%+/$#$112! /2C$ 

'&/+.+4".)9! +.,"05'"/&0.9 6;"0 J – 6;"0 4$:#6 ".5= &1&0+'&)"%& + 

,"09%+'&?+"11"7 ".5= X /"0"*1&. E#1&*", .";0&.1" %&..4&)%+/&$4"7 '&#&-$, 

,%+ ,%"/$#$1++ <*.,$%+4$1)&0512! +'4$%$1+7 "%+$1)&?+9 

,"09%+'&?+"112! 4"# ./$)"/"#& ,"0&;&$).9 1$+'/$.)1"7. B"<)"46 ,%+ 
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+'4$%$1+9! 6;"0 J (6#$) ",%$#$09)5.9 ")1".+)$051";" 1$*")"%";" 

3+*.+%"/&11";" (&'+.&, ./9'&11";" . <*.,$%+4$1)&051"7 6.)&1"/*"7. H";#& / 

'&/+.+4".)+ 1$"(!"#+4" //$.)+ 1$*")"%27 1$+'/$.)127 6;"0 J0 – 6;"0 

4$:#6 ,"09%+'&?+"11"7 ".5= ./$)"/"#& + 1&,%&/0$1+$4 (&'+.&. H&*+4 

"(%&'"4, <*.,$%+4$1)&051" %$;+.)%+%6$42$ '&/+.+4".)+ (5.5) + (5.7) (6#6) 

+4$)5 /+#      

& ' & ' & '& ' & '& '
& '& '

& ' & '
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K
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,KK
K

I
I

 Jsin + Jcos

2sinK

cos2sinsincos
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0

000

2

0

20
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%(%#

$

3(*#%(%#(%(%(%(%##
(

$
      (5.9) 

;#$ K + J0 – 1$+'/$.)12$ ,&%&4$)%2, *")"%2$ ,"#0$:&) +'4$%$1+=. 

  

X

Y

X

Y

X X

JJ

E
x0

E
y0

E
x

E
y

E
x0

E
y0

E
x

E
y

cos(J).E
x
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#)/?01&)!

4%40"24&)!

 
L+.61"* 5.5. J"%4+%"/&1+$ +1)$%3$%$1?+"112! *"0$(&1+7 +'06-$1+7 

,"09%+'&?+"112! 4"# 1& /2!"#$ &1&0+'&)"%&. I0$/& ,"*&'&1& .+)6&?+9 #" 

/1$.$1+9 3&'"/";" /"'46D$1+9 4"#609)"%"4, .,%&/& – ,".0$ ."'#&1+9 

%&'1".)+ 3&' 4"#609)"%"4.  F%&.124+ + .+1+4+ .)%$0*&4+ 6.0"/1" 

,"*&'&12 0+1$71"-,"09%+'"/&112$ /"012 4"# ()+, 4"#2 ,"#-$%*+/&$) ?/$) 

.)%$0"*, & 1&,%&/0$1+$ ,"09%+'&?++ – "%+$1)&?+9 .)%$0"*.). U$%124+ 

*%6:*&4+ 6.0"/1" ,"*&'&12 ;%&1+?2 "(0&.)+ 4"#609)"%&.   

 

K.!"#9 +' ,%+/$#$11";" )$"%$)+-$.*";" %&..4")%$1+9 ",)+-$.*"7 .!$42 

. *";$%$1)124 ,"09%+'"/&1124 +.)"-1+*"4, )$.)+%6$424 ./$)"/"#"4 + 

&1&0+'&)"%"4 4":1" .3"%460+%"/&)5 .0$#6=D+$ !"#$%&' (#)$*&+, 

&-,.*./&0:  

– I+.)$4& .)2*"/*+ +.)"-1+*& . /"0"*1"4 #"0:1& "($.,$-+/&)5 

.)&(+051".)5 .".)"91+9 ,"09%+'&?++ 1& /!"#$ ./$)"/"#& / ,%"?$..$ 

+'4$%$1+7. E#1&*" ,%+ 1$"(!"#+4".)+ 16:1" +'4$19)5 "%+$1)&?+= #09 

%$;60+%"/*+ ."")1"C$1+9 4"D1".)$7 ,"09%+'&?+"112! 4"# K. 

– M"#609)"% #"0:$1 "($.,$-+)5 6,%&/09$4"$ .4$D$1+$ %&'1".)+ 3&' 

,"09%+'&?+"112! 4"# ./$)"/"#& 1& /$0+-+16 ("0$$ 2 . B%+ <)"4 4"#609?+9 
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#/606-$,%$0"40$1+9 1$ ,%+/"#+)5 * 1&/$#$11"7 ./9'+ 4"#. I <)"7 )"-*+ 

'%$1+9 ,%+$40$424 4$!&1+'4"4 4"#609?++ 4":$) (2)5 )$,0"/"$ 

/"'46D$1+$ 6-&.)*& ./$)"/"#&.   

– G&+("0$$ ,%".)"7, !")9 + ")1".+)$051" 4$#0$1127 &0;"%+)4 +'4$%$1+7 

./"#+).9 * 1&(0=#$1+= +1)$%3$%$1?+"112! *"0$(&1+7 ,%+ 3+*.+%"/&11"4 

6;0$ &1&0+'&)"%& J + %$;+.)%&?++ <*.)%$464"/ *"0$(&1+7 Imax + Imin. K'4$%+/ 

'&/+.+4".)5 <*.)%$464"/ *"0$(&1+7 #09 %&'12! 6;0"/ J 4":1" ,$%$.-+)&)5 

<*.,$%+4$1)&0516= '&/+.+4".)5 m(J). O 4$)"#"4 &1&0+'& 3"%42 

'&/+.+4".)+ (1&,%+4$%, 4$)"#&4+ %$;%$..++ . 6-$)"4 /2%&:$1+9 (5.8)) 

4":1" 1&7)+ '1&-$1+9 J0 + K. B%+ #".)&)"-1" 4&0"4 C&;$ +'4$%$1+7 ," 

6;06 J + /2."*"4 %&'%$C$1++ .+.)$42 %$;+.)%&?++ *"0$(&1+7  

+1)$1.+/1".)+, 1&,%&/0$1+9 ,"09%+'&?+"112! ".$7 ./$)"/"#& 

1$,".%$#.)/$11" ."")/$).)/6=) 4+1+464&4 m(J). 

G& ")*0"1$1+9 <*.,$%+4$1)&051"7 '&/+.+4".)+ m(J) ") )$"%$)+-$.*+! 

/2%&:$1+7 (5.9) /0+9=) 1$ )"05*" .)&1#&%)12$ 3&*)"%2 ,";%$C1".)$7 

<*.,$%+4$1)&0512! +'4$%$1+7. I6D$.)/$1124+ 4";6) (2)5 

.+.)$4&)+-$.*+$ 3&*)"%2, ./9'&112$ . *"1$-124 *"<33+?+$1)"4 

<*.)+1*?++ ./$)"/"#&, ",)+4&05124 '1&-$1+$4 *"<33+?+$1)& K + 

,&%&4$)%&4+ &1&0+'&)"%&, *")"%2$ (6#6) %&..4")%$12 #&0$$.  V-$)"4 <)+! 

"(.)"9)$05.)/, ,%+ 1$"(!"#+4".)+ ",%$#$0$1+9 1&,%&/0$1+7 

,"09%+'&?+"112! 4"# . /2."*"7 )"-1".)5= .0$#6$) /2,"01+)5 

1$2$#/&+.#3/4. !"#$%&'.  

–  "-,$%/2!, 16:1" "($.,$-+)5 6.0"/+9 ,%+(0+'+)$051" %&/1";" 

."")1"C$1+9 4"D1".)$7 ,"09%+'&?+"112! 4"# K ~ 1. S.0+ K >> 1 +0+ 

K << 1, )" )"-1".)5 +'4$%$1+7 6!6#C&$).9 +'-'& .1+:$1+9 ")1"C$1+9 I/W 

(("0$$ ,"#%"(1" #&1127 3&*)"% %&..4")%$1 / ,. 5.3.3).  

–  "-/)"%2!, 4"#609)"%, ).$. 6-&.)"* ./$)"/"#&, ,"#/$%;&$427 

6,%&/09$424 )$,0"/24 /"'46D$1+94, #"0:$1 (2)5 ," /"'4":1".)+ 

*"%")*+7 + %&.,"0&;&)5.9 1& /2!"#1"4 *"1?$ ./$)"/"#& (#&11"$ 6.0"/+$ 

(6#$) "(".1"/&1" / ,. 5.3.4).  

 

5.2.3.  !"#$#)%# >4?..%/%#)&* ?>,&%)>/%% 789 ,:#&4:46*  

SD$ ("0$$ +1)$%$.1& /"'4":1".)5 +.,"05'"/&1+$ +1)$%3$%$1?+"112! 

<33$*)"/ #09 +'4$%$1+9 *"<33+?+$1)& ,"09%+'&?+"11"7  <*.)+1*?++ 

./$)"/"#&.   %&'#$0$ 2 (20+ //$#$12 ,&%&4$)%2 4&)%+?2 @:"1.& @AB 

./$)"/"#& (&4,0+)6#12$ R, r + 3&'"/2$ *, 5), ",+.2/&=D+$ «,%942$» + 

«,$%$*%$.)12$» *"4,"1$1)2 ,"09%+'&?+"112! 4"# Exx, Exy, Eyy, Eyx, 

*"<33+?+$1) ,"09%+'&?+"11"7 <*.)+1*?++ +, (20+ %&..4")%$12 /"'4":12$ 

306*)6&?++ <)+! ,&%&4$)%"/  %$&0512! ./$)"/"#&! ,%+ *";$%$1)1"4 ./$)$. I 

<)"7 )"-*+ '%$1+9, ,%+/$#$112$ /2C$ /2%&:$1+9 (4) (5) + (6) '&,+.&12 #09 

+#$&051";" /"0"*1& . ($.*"1$-1" ("05C+4 *"<33+?+$1)"4 <*.)+1*?++ 

(./9'5 ,"09%+'&?+"112! 4"# ").6).)/6$)).   .06-&$ 6-$)& *"1$-1";" 

*"<33+?+$1)& <*.)+1*?++ 4&)%+?& @:"1.& /"0"*1& (6#$) +4$)5 /+# (.4. 

%&'#$02 2, 3)   
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,,
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1
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-
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0

1
$ *5

5
)

*
)

22

22

2221

1211

 
ii

ii

eRer

ereR

rr

rr
T .                                   (5.10) 

G&,"41+4, -)" 4&)%+?& T  9/09$).9 *"4,0$*.1"7 61+)&%1"7 4&)%+?$7, #09 

*")"%"7 /2,"019=).9 ./"7.)/&: Det(T) = 1, r11=(r22)*, r12=–(r21)*. 

 1$#+&;"1&0512$ -0$12 r12, r21 6-+)2/&=) ./9'5 4"# – ,$%$*&-+/&1+$ 

4"D1".)+ ,"09%+'&?+"11"7 4"#2 / &05)$%1&)+/16= 4"#6. B%$#.)&/0$1+$ / 

,%&/"7 -&.)+ (5.10) '&,+.&1" . 6-$)"4 "("'1&-$1+7 |r11|=|r22|=R, |r12|=|r21|=r, 

R=(1–r
2
)

1/2 
+ . 6-$)"4 ."")1"C$1+9 &%;64$1)"/ #09 *"<33+?+$1)"/ 4&)%+?2 

@:"1.& .+.)$42 . 3&'"/"7 &1+'")%",+$7 (.4. %&'#$0 1 + ,%+0":$1+$ 1.1). 

 $0+-+1& *, *&* + %&1$$, – %&'1".)5 3&'"/2! '&#$%:$* ,"09%+'&?+"112! 4"#, 

& 5 – %&'1".)5 3&' .".)&/09=D+!, ,$%$C$#C+! +' "#1"7 4"#2 / #%6;6=. 

F"<33+?+$1) <*.)+1*?++ ./$)"/"#& /2%&:&$).9 -$%$' ."")1"C$1+$ 

*"<33+?+$1)"/ 4&)%+?2 T  .0$#6=D+4 "(%&'"4 

22

21

22

2

12

11 ,
-

.
/
0

1$$$+
r

R

r

r

r

r
.     (5.11) 

  %$'605)&)$ 6-$)& 4&)%+?2 (5.10) /2%&:$1+$ #09 '&/+.+4".)+ m(J) 

'1&-+)$051" 6.0":1+).9, ).*. 3&*)+-$.*+ (6#$) ",+.2/&)5 +1)$%3$%$1?+= 

6:$ -$)2%$! *"4,"1$1). E#1&*" #09 /"0"*1& . /2."*+4 *"<33+?+$1)"4 

<*.)+1*?++ R X 1, r X (+)
–1

<<1. B"<)"46 4":1" ,"*&'&)5, -)" ")*0"1$1+$ ") 

'&/+.+4".)+ (5.8) (6#$) 1$'1&-+)$051" (("0$$ ,"#%"(1" / ,. 5.3.4). G" 

/&:124 + +13"%4&)+/124 ,%"9/0$1+$4 <33$*)& ./9'+ 4"# 9/09$).9 )", -)" 

*";#& ".5 &1&0+'&)"%& 1&,%&/0$1& /#"05 ,"09%+'&?+"11"7 ".+ /"0"*1&, 

*"0$(&1+9 1$ (6#6) ,%",&#&)5, *"1)%&.) +1)$%3$%$1?++ 1$ (6#$) "(%&D&)5.9 

/ 1"05, %+.61"* 5.6. @$7.)/+)$051", $.0+ &1&0+'&)"% ."1&,%&/0$1 . ".5= X 

(*";#& J = 0,  ), +' ,%"+'/$#$1+9 |TA·T ·E|
2
 ,"06-+4   

6 7)cos(2 000

22

0

22

0 3)*)5#####(#($ rREErEREI yxyx

X
.  (5.12) 

N)" /2%&:$1+$ ,"*&'2/&$), -)" / #&11"4 ,"0":$1++ &1&0+'&)"%& 1& /2!"#$  

3"%4+%6$).9 ",9)5 :$ #/6!06-$/&9 +1)$%3$%$1?+9 .".)&/09=D$7 Exx=Ex0·R + 

.".)&/09=D$7 Eyx=Ey0·r. B$%/&9 .".)&/09=D&9 <)" #"09 +'06-$1+9, +.!"#1" 

%&.,%".)%&19/C&9.9 / ,"09%+'&?+"11"7 4"#$ Ex, /)"%&9 – -&.)5 +'06-$1+9, 

,$%$C$#C&9 / <)6 4"#6 +' "%)";"1&051"7 4"#2. F"1)%&.)1".)5 )&*"7 

+1)$%3$%$1?++ '&#&$).9 ."")1"C$1+$4 +1)$%3$%+%6=D+! .+;1&0"/, )" $.)5 

1$.$) +13"%4&?+= " +. I 6-$)"4 (5.11) +1)$%3$%$1?+"1127 .+;1&0 (5.12) 

4":1" ,%$"(%&'"/&)5 * /+#6   

6 7,,
-

.
//
0

1
3)*)5#

#+
#(

#+
(#

(
#8 )cos(

1
2

1
1

1

2
00

KKK

K
II X ,   (5.13) 

;#$ 41":+)$05 ,$%$# .*"(*&4+ ,%$#.)&/09$) ."("7 E
2

x0 (.4. (5.7)).   

/2%&:$1++ (5.13) +.,"05'"/&1 '1&* ,%+(0+:$1+9 «X». B%+(0+:$1+$ .".)"+) 

/ )"4, -)" #09 6,%"D$1+9 ,$%$# /2%&:$1+$4 ",6D$1 41":+)$05 R=(1–1/+)
1/2

, 
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*")"%27 (0+'"* * $#+1+?$.  O1&0";+-12$ /2%&:$1+9 4":1" .".)&/+)5 #09 

.06-&9 6.)&1"/*+ &1&0+'&)"%& /#"05 ".+  Y (J = ± 9:).  

6 7

6 7,,
-

.
/
/
0

1
3)*)5#

+
#(

+
(#

(
#8

83)*)5#####(($

)cos(21
1

2
                              

)cos(2

00

000

22

0

22

0

KK

K
I

rREErEREI yxxy

Y

,  (5.14) 

;#$ 41":+)$05 ,$%$# .*"(*&4+ ,%$#.)&/09$) ."("7 E
2

y0 (.4. (5.7)). 

 

 
L+.61"* 5.6. 8&/+.+4".)5 *"1)%&.)& +1)$%3$%$1?+"112! *"0$(&1+7 m(%) . 

6-$)"4 *"1$-1";" *"<33+?+$1)& <*.)+1*?++ /"0"*1&.  

 

K' /2%&:$1+7 #09 I
X
 + I

Y
 4":1" ,"06-+)5 /2%&:$1+9 #09 '1&-$1+9 

4+1+464"/ '&/+.+4".)+ m(%) 

      
1

2
)(

,0 (+#

#+#
$%$

 $% K

K
mmx ,   

K

K
mmy (+

#+#
$%$

 ;$%

2
)(

2/
.        (5.15) 

  ")0+-+$ ") 3"%460 (5.13) + (5.14) /2%&:$1+9 (5.15) 9/09=).9 )"-124+, ).*. 

",6D$112$ %&1$$ 41":+)$0+ / 1+! ."*%&D&=).9. 

H&*+4 "(%&'"4, +'4$%+/ '1&-$1+9 mx +0+ my, 42 4":$4 ",%$#$0+)5 

'1&-$1+9 + +, *%"4$ )";", $D$ + K .";0&.1" .0$#6=D+4 3"%460&4, 

,"06-&$424  +' (5.15) (.4. B%+0":$1+$ 5.3)  

& '
KmK

m

x

xX 1112
2

2

)
#

)(#
$+ ,  

& '
K

m

Km

y

yY )
#)(#

$+
2

2112
, ,

-

.
/
0

1 ()
#

$+
K

K
mm yx

XY 14
.        (5.16, &) 

2

4

x

X

mK #
8+ ,      

2

4

y

Y

m

K#
8+ ,    

yx

XY

mm #
8+

4
.     (5.16, () 

KK

K

m

m

y

x 1

1
8

(+#
(+

$ .     (5.16, /) 

  /2%&:$1+9! (5.16, () 6-)$1", -)" ,%+ + >> 1 + + >> K /2,"019$).9 

."")1"C$1+$ mx, my << 1.   /2%&:$1++ (5.16, /), *")"%"$ ,"'/"09$) "?$1+)5 

K, )&* :$ 6-)$1" ,"#%&'64$/&=D$$.9 ."")1"C$1+$ + >> K. L&'12$ /$%!1+$ 

+1#$*.2 *"<33+?+$1)"/ <*.)+1*?++ / (5.16, &) + (5.16, () "("'1&-&=) %&'12$ 

.,"."(2 ,$%$.-$)& '1&-$1+9 *"<33+?+$1)& <*.)+1*?++ -$%$' '1&-$1+9 mx + 
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my.   +#$&0+'+%"/&11"4 .06-&$ ().$. ($' 6-$)& 3&*)"%"/ ,";%$C1".)$7 

%$&0512! +'4$%$1+7) "1+ ,"01".)5= <*/+/&0$1)12 ," %$'605)&)6. 

E(%&)+4 /1+4&1+$, -)" #09 /2%&:$1+7 (5.16) /2,"019$).9 

«.+44$)%+-1".)5 ," *"<33+?+$1)6 K», ).$. '&4$1& K 1& 1/K, <*/+/&0$1)1& 

'&4$1$ +1#$*.& «x» 1& «y», & 1& 3"%4602 . +1#$*."4 «xy» )&*&9 '&4$1& 1$ 

/0+9$). H&*&9 .+44$)%+-1".)5 9/09$).9 "(9'&)$05124 ./"7.)/"4 /.0$#.)/+$ 

,%"+'/"051".)+ /2("%& "("'1&-$1+9 ".$7 ./$)"/"#&. 

S.0+ /!"#12$ &4,0+)6#2 ,"09%+'&?+"112! 4"# (0+'*+, )" K X 1 + 

/2%&:$1+$ (5.16, &) 6,%"D&$).9  

yxyx mmmm #
888+

444
22

 .              (5.16, .) 

E,9)5 :$ ,"#-$%*1$4, -)" / #&11"4 .06-&$ ,"06-$1127 %$'605)&) 4":1" 

,"01".)5= +1)$%,%$)+%"/&)5 *&* #$7.)/+$ #/6!06-$/"7 +1)$%3$%$1?++. 

G&,%+4$%, ,%+ J = 0,4  ,"09%+'&)"% ,%",6.*&$) #/& 06-&: *"4,"1$1)6 Exx 

+4$=D6= +1)$1.+/1".)5 I1=R
2
·E

2
x0/2 + *"4,"1$1)6 Eyx, +1)$1.+/1".)5 

*")"%"7 I2= r
2
·E

2
y0/2. L&'1".)5 3&' <)+! 06-$7 3=* – 5– 30 #"0:1& ,%+ 

+'4$%$1+9! *"1)%"0+%6$4" +'4$19)5.9 4"#609)"%"4. H";#&, . 6-$)"4 

(R/r)
2
=+, +' (5.9) 1&,%946= .0$#6=) /2%&:$1+$ #09 +1)$1.+/1".)+ (5.13) + 

3"%460& #09 *"1)%&.)& (5.15). N)") .06-&7 +00=.)%+%6$) %+.61"* 5.7. 

O1&0";+-1&9 .+)6&?+9 +4$$) 4$.)" #09 .06-&9 J = ± 9:, *";#& I1=R
2
·E

2
y0/2, & 

I2= r
2
·E

2
x0/2.    

#)/?01&)!

4%40"24&)!

X

Y

X

E
x0

E
y0

R.E
x0

R.E
y0

cos(J).R.E
x0

X

Y

X

E
x0

E
y0

r.E
x0

r.E
y0

sin(J).r.E
y0

 
L+.61"* 5.7. J"%4+%"/&1+$ +1)$%3$%$1?+"112! *"0$(&1+7 1& /2!"#$ 

&1&0+'&)"%& . 6-$)"4 *"1$-1"7 <*.)+1*?++ ./$)"/"#& (./9'+ 4"#). I0$/& 

,"*&'&1& .+)6&?+9 #" /1$.$1+9 3&'"/";" /"'46D$1+9 4"#609)"%"4, .,%&/& – 

,".0$ ."'#&1+9 %&'1".)+ 3&' 4"#609)"%"4.  B61*)+%1"7 C)%+!"/*"7 

/2#$0$12 .)%$0*+, 6.0"/1" +'"(%&:&=D+$ *"4,"1$1)2 Exy + Eyx. H+, 

&"5$1/$0 4"#2 ,"#-$%*+/&$) ?/$) .)%$0"*, & 1&,%&/0$1+$ ,"09%+'&?++ – 

"%+$1)&?+9 .)%$0"*. U$%124+ *%6:*&4+ 6.0"/1" ,"*&'&12 ;%&1+?2 "(0&.)+ 

4"#609)"%&.   
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K.!"#9 +' ,%+/$#$11";" &1&0+'& '&/+.+4".)+ *"1)%&.)& 

+1)$%3$%$1?+"112! *"0$(&1+7 ") 6;0& &1&0+'&)"%&, 4":1" .3"%460+%"/&)5 

.0$#6=D+$ !"#$%&' & (#)$*&+, &-,.*./&0: 

– B$%/&9 .)&#+9 +'4$%$1+7 #"0:1& ,%$#.)&/09)5 ."("7 ",%$#$0$1+$ 

1&,%&/0$1+7 ".+ &1&0+'&)"%&, ."/,&#&=D+! . 1&,%&/0$1+94+ 

,"09%+'&?+"112! ".$7 /"0"*1& (. /2."*"7 )"-1".)5=) + ",%$#$0$1+9 

*"<33+?+$1)& K, ).$. ,%"/$#$1+9 +'4$%$1+7 '&/+.+4".)+ m(J) + 1&!":#$1+$ 

$$ ,&%&4$)%"/ K + J0, %&..4")%$112$ / ,. 5.2.2.     

–  )"%&9 .)&#+9 +'4$%$1+7 ,%$#6.4&)%+/&$) 6.)&1"/*6 &1&0+'&)"%& / 

,"0":$1+$, ."/,&#&=D$$ . ,"09%+'&?+"1124+ ".94+ ./$)"/"#&, +'4$%$1+$ 

'1&-$1+7 *"1)%&.)& +1)$%3$%$1?+"112! *"0$(&1+7 mx, my / <)+! ,"0":$1+9! 

+  ,$%$.-$) *"<33+?+$1)& <*.)+1*?++ ./$)"/"#& + ," ."")1"C$1+94 (5.16).    

– I0$#6$) .#$0&)5 '&4$-&1+$ " /0+91++ '1&-$1+9 /$0+-+12 K. 

H$"%$)+-$.*+ +'4$%$1+9 4";6) ,%"/"#+)5.9 ,%+ 0=("4 K, /&:1" )"05*" 

'1&)5 $;" '1&-$1+$, *")"%"$, /,%"-$4, 4":1" ",%$#$0+)5 ($' &1&0+'& 3"%42 

'&/+.+4".)+ m(J) ," ")1"C$1+= mx/my .";0&.1" (5.16, /). E#1&*", *&* (6#$) 

,"*&'&1" #&0$$, 1& ,%&*)+*$ 1&+("0$$ /2;"#12$ 6.0"/+9 +'4$%$1+7 

."")/$).)/6=) '1&-$1+= K ~ 1. F%"4$ )";", ",%$#$0$1+$ '1&-$1+9 

*"<33+?+$1)& K ," 3"%4$ '&/+.+4".)+ m(J), 1$."41$11", 4":$) "($.,$-+)5 

("05C6= )"-1".)5, & 6-$) ."")1"C$1+9 mx/my 4":$) .06:+)5 

#","01+)$05124  3&*)"%"4 *"1)%"09 ,%&/+051".)+ ,%"/$#$1+9 +'4$%$1+7. 

K' .*&'&11";"  .0$#6$), -)" / +'4$%+)$051"7 6.)&1"/*$ :$0&)$051" 

"($.,$-+)5 /"'4":1".)5 +'4$1$1+9 "%+$1)&?++ ,"09%+'&?++ +'06-$1+9 1& 

/!"#$ /"0"*1& (/2."*&9 )"-1".)5 1$ )%$(6$).9) #09 "($.,$-$1+9 6.0"/+9 

K ~ 1.    

–  &:1$7C+4 3&*)"%"4 *"%%$*)1".)+ ,%"/$#$1+9 +'4$%$1+7 9/09$).9 

,"0":$1+$ 4"#609)"%&. N)") 3&*)"% +;%&)5 %"05 *&* 1& ,$%/"4 <)&,$, ,%+ 

1&!":#$1++ )%$(6$42! ,"0":$1+7 &1&0+'&)"%&, )&* + 1& /)"%"4 <)&,$, ,%+ 

+'4$%$1++ '1&-$1+7 mx, my. B%+ <)"4, *&* (6#$) ,"*&'&1" / ,. 5.2.4 + ,. 5.3.4, 

1& ,$%/"4 <)&,$ 1$"(!"#+4" %&.,"0":$1+$ 4"#609)"%& / *"1?$ ./$)"/"#&, & 

1& /)"%"4 <)&,$ +'4$%$1+7 – 1& /!"#$ ./$)"/"#&. N)" '1&-+), -)" #09 

%$&0+'&?++ +'4$%$1+7 . /2."*"7 )"-1".)5= / .!$4$ :$0&)$051" 

+.,"05'"/&)5 #/& 4"#609)"%& +0+, !")9 (2 "($.,$-+)5 /"'4":1".)5 

+'4$1$1+9 ,"0":$1+9 4"#60+%6=D$;" /"'#$7.)/+9.   

 

5.2.4. @'%+)%# 34'4;#)%# "461'+&4$* 

  ,%+/$#$11"4 /2C$ %&..4")%$1++ ,"0&;&0".5, -)" #09 1&(0=#$1+9 

+1)$%3$%$1?+"112! *"0$(&1+7 1& /2!"#$ .!$42 + ",%$#$0$1+9 +! 

*"1)%&.)&, 1& ./$)"/"# "*&'2/&$).9 /"'#$7.)/+$, 4"#60+%6=D$$ 3&'"/2$ 

,&%&4$)%2, /!"#9D+$ / &%;64$1) *".+16."+#&0512! 361*?+7 /2!"#1"7 

+1)$1.+/1".)+. B%+-$4 / ,. 5.2.2 ,"#%&'64$/&0".5, -)" 4"#609)"%  +'4$19$) 

.6446 {* + 30}, & / ,. 5.2.3 ,"#%&'64$/&0".5, -)" +'4$19$).9 {5 – * – 30}. 

E#1&*" #09 ".6D$.)/0$1+9 1$"(!"#+4"7 4"#609?++ )%$(6$).9 1$ )"05*" 

,%$#6.4")%$)5 4$!&1+'4, *")"%27 "($.,$-+/&$) +'4$1$1+$ #&112! 3&'"/2! 
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.".)&/09=D+!, 1" + ",%$#$0+)5 4$.)" ,"0":$1+9 4"#60+%6=D$;" 

/"'46D$1+9, *")"%"$ "($.,$-+/&$) )%$(6$427 <33$*). 

  *&-$.)/$ ,%&*)+-$.*";" 4$!&1+'4& ".6D$.)/0$1+9 /.,"4";&)$051"7 

4"#609?++ (6#$4 ,"#%&'64$/&)5 )$,0"/"$ /"'46D$1+$ 6-&.)*& ./$)"/"#&. 

>"05C+1.)/" )+,"/ @AB ./$)"/"#"/ +4$=) #".)&)"-1" /2."*6= 

-6/.)/+)$051".)5 * * +'4$1$1+= )$4,$%&)6%2 (~ %&#+&1 / 
0
I·4). B%+-$4 

)&*"$ +'")%",1"$ /"'46D$1+$ 1$ /2'2/&$) ./9'5 4"#, + ")1".+)$051" ,%".)" 

4":$) (2)5 %$&0+'"/&1" / /+#$ ,%&*)+-$.*";" 6.)%"7.)/& ($' *&*"7-)" 

.,$?+&051"7 &#&,)&?++ *"1.)%6*?++ ,"# *&:#27 *"1*%$)127 ./$)"/"# + ($' 

6;0"/"7 1&.)%"7*+ ,"0":$1+9 ./$)"/"#& / 4"#609)"%$.    

@&0$$ (6#$4 %&..4&)%+/&)5 0"*&051"$ ,".)%"$1+$ 4"#609)"%&, *";#& 

)$,0"/"46 /"'#$7.)/+= ,"#/$%;&$).9 ")1".+)$051" *"%")*+7 6-&.)"* 

./$)"/"#& (10–15 .4), *")"%27 . "-$15 /2."*"7 )"-1".)5= 4":1" ",+.2/&)5 

*&* «+#$&05127» @AB ./$)"/"#. H&*"$ «0"*&0+'"/&11"$» 3"%4+%"/&1+$ 

3&'"/";" /"'46D$1+9 ,"'/"09$) %&..4&)%+/&)5 *"1*%$)1"$ 4$.)" ,"0":$1+9 

4"#609)"%&, -)", *&* (6#$) ,"*&'&1" 1+:$, 9/09$).9 /&:124 #09 ,%&/+051"7 

"%;&1+'&?++ +'4$%$1+7. F%"4$ )";", )&*&9 *"1.)%6*?+9 4"#609)"%& . 

)$,0"/24 /"'46D$1+$4 *"%")*";" 6-&.)*& /"0"*1&, / 0=("4 .06-&$ ("0$$ 

6#"(1& ,%+ %$&0+'&?++ ,%&*)+-$.*+! +'4$%+)$0512! 6.)%"7.)/ 1& ".1"/$ 

#&11";" 4$)"#&. S.0+ 4"#609?+9 ".6D$.)/09$).9 1&;%$/"4 *"%")*";" 6-&.)*& 

./$)"/"#&, )" #$7.)/+$ 4"#609)"%& ",+.2/&$).9 .0$#6=D$7 4&)%+?$7   
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T ,                                   (5.17) 

;#$ /1".+4&9 %&'1".)5 3&' ,"09%+'&?+"112! 4"# *M '&/+.+) ") #0+12 

6-&.)*& + ,";"11"7 )$4,$%&)6%1"7 -6/.)/+)$051".)+ #/606-$,%$0"40$1+9 

./$)"/"#& (/1$#+&;"1&0512$ -0$12 4":1" /.$;#& .-+)&)5 160$/24+, 

,".*"05*6 #09 *"%")*"7 "#1"%"#1"7 -&.)+ +.,2)6$4";" ./$)"/"#& 

*"1$-1".)5= ,"09%+'&?+"11"7 <*.)+1*?++ 4":1" ,%$1$(%$-5). 

B%+ %&..4")%$1++ +#$&051";" @AB /"0"*1& . ($.*"1$-1"7 <*.)+1*?+$7 

(4&)$%+&0 ,. 5.2.2), 3"%4+%"/&1+$ 361*?++ m(J) "-$/+#1" 1$ '&/+.+) ") 

,"0":$1+9 4"#609)"%&. H%$(6$4"46 )$,0"/"46 /"'46D$1+= 4":$) 

,"#/$%;&)5.9 0=("7 6-&.)"* ./$)"/"#&, / ).-. /$.5 )$.)+%6$427 ./$)"/"#, 

/&:1" )"05*" /1$.)+ )%$(6$4"$ +'4$1$1+$ %&'1".)+ 3&' 1$'&/+.+42! 

,"09%+'&?+"112! 4"#. @09 %&..4&)%+/&$4";" .06-&9 0"*&051";" 6-&.)*& . 

4"#609)"%"4, <)" 4":1" #","01+)$051" 3"%4&051" ,%"#$4"1.)%+%"/&)5 . 

6-$)"4 ./"7.)/ #+&;"1&0512! 4&)%+? @:"1.& #09 +#$&051";" @AB ./$)"/"#& 

8  + 4"#609)"%& 8M. @$7.)/+)$051", %&..4")%+4 +.,2)6$427 ./$)"/"# / 

/+#$ #/6! ,".0$#"/&)$0512! 6-&.)*"/: 6-&.)"* 1 ") 1&-&0& ./$)"/"#& #" 

)"-*+ ,"0":$1+9 4"#609)"%& + 6-&.)"* 2 ") <)"7 )"-*+ #" *"1?& ./$)"/"#&. 

I 6-$)"4 )";", -)" 6-&.)"*, ,"#/$%;&$427 4"#609?++ "-$15 *"%")*+7, 4":1" 

,"0&;&)5, -)" 4&)%+?& ./$)"/"#& +.!"#1" ",+.2/&$).9 ,%"+'/$#$1+$4 4&)%+? 

6-&.)*"/  
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TTT .                         (5.18) 

 $0+-+12 *1+*2 '&/+.9) ") /$0+-+12 #/606-$,%$0"40$1+9 + #0+1 6-&.)*"/, 

).$. 4$.)& ,"0":$1+9 4"#609)"%&. E#1&*", *&* 1$)%6#1" /+#$)5, /.$;#& 

*=*1+*2. S.0+ 6-$.)5 #$7.)/+$ 4"#609)"%&, )" 4":1" '&,+.&)5 4&)%+?6 

/"0"*"11"7 -&.)+ .!$42 / /+#$ ,%"+'/$#$1+9 8 2·8M·8 1. G" ,".*"05*6 /.$ 

4&)%+?2 #+&;"1&0512 )" "-$/+#1", -)" 1$'&/+.+4" ")  ."")1"C$1+9 *1 + *2 

(6#$) +4$)5 4$.)" %&/$1.)/" 
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TTTTTTTT .                   (5.19) 

B%"+'/$#$1+9 8 ·8M + 8M·8  ",+.2/&=) ,"0":$1+$ 4"#609)"%& 1& /!"#1"4 

+ /2!"#1"4 *"1?$ ."")/$).)/$11". H&*+4 "(%&'"4, / 0=("4 .06-&$ 

4"#609)"% "#+1&*"/" /1".+) &##+)+/16= #"(&/*6 / %&'1".)5 3&' 

,"09%+'&?+"112! 4"#, *")"%&9 ,"#%&'64$/&0&.5 / ,. 52.2. 

  .06-&$ @AB ./$)"/"#& . *"1$-1"7 <*.)+1*?+$7 .+)6&?+9 "*&'2/&$).9 

("0$$ .0":1"7. B"<)"46 #&0$$ %&..4")%+4 /"'4":12$ .06-&+ %&.,"0":$1+9 

4"#609)"%& 1& ./$)"/"#$ ")#$051".   

 

5.2.4.1. 6$1!#'+$* /( %5$1/$, &#& %45$1/$, 7$/8. 

B6.)5 4"#609)"% %&.,"0":$1 1& /!"#1"4 *"1?$ ./$)"/"#&. H";#& 

+1)$1.+/1".)5 1& /2!"#$ .!$42 (6#$) ",+.2/&)5.9 /2%&:$1+$4 

2

M A
2

1
ETTT ###$I .                                   (5.20) 

S.0+ 6-$.)5, -)" ,%"+'/$#$1+$  8M·@ +4$$) /+# 

& '

& ' ,
,
-

.
/
/
0

1

#

#
$,

,
-

.
/
/
0

1

#

#
#
,,
,

-

.

//
/

0

1
$# *(3

*(3)

3

3)

*
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ET ,                            (5.21) 

)" "-$/+#1", -)" / /2%&:$1+9! (5.12)–(5.14) 42 ,"06-+4 ,"# *".+16."4 

&%;64$1) (5 – * –30–*M). N)" '1&-+), -)" ,%+ )&*"4 ,"0":$1++ 4"#609)"%& 

"1 2$#/$"+39 $"!:."+%#'.+ 1$"(!"#+46= 4"#609?+= +1)$%3$%$1?+"11";" 

.+;1&0&.  

S.0+ 4"#609)"% %&.,"0":$1 1& /2!"#1"4 *"1?$ ./$)"/"#&, )" /2!"#1&9 

+1)$1.+/1".)5 (6#$) ",+.2/&)5.9 /2%&:$1+$4 

2

 MA
2

1
ETTT ###$I .                                      (5.22) 

S.0+ 6-$.)5, -)" ,%"+'/$#$1+$  8M· 8  +4$$) /+# 
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TT ,          (5.23) 

)" 1$)%6#1" /+#$)5, -)" / /2%&:$1+9! (5.12)–(5.14), ,"# *".+16."4 &%;64$1) 

".)&1$).9 &%;64$1) (5 – * – 30), & .".)&/09=D&9 *M ."*%&)+).9. N)" '1&-+), 

-)" ,%+ )&*"4 ,"0":$1++ 4"#609)"%& "1 /. ;!1.+ /0+9)5 1& /2!"#16= 

+1)$1.+/1".)5 + /2'2/&)5 +1)$%3$%$1?+"112$ *"0$(&1+9, $.0+ &1&0+'&)"% 

1&,%&/0$1 /#"05 ".+ ./$)"/"#&. 

K' ,%+/$#$11";" %&..4")%$1+9 6:$ 4":1" .#$0&)5 /2/"# " )"4, -)" #09 

'&#&-+ ",%$#$0$1+9 1&,%&/0$1+9 ,"09%+'&?+"112! ".$7 ./$)"/"#& (+, / 

-&.)1".)+, 6.)&1"/*+ &1&0+'&)"%& /#"05 ,"09%+'&?+"11"7 ".+ /"0"*1&) 

,"#!"#+) %&.,"0":$1+$ 4"#609)"%& 1& %45$1. /"0"*1&. O #09 '&#&-+ 

+'4$%$1+9 *"<33+?+$1)& <*.)+1*?++ (,".0$ 6.)&1"/*+ ".+ &1&0+'&)"%& 

/#"05 ,"09%+'&?+"11"7 ".+ ./$)"/"#&) ,"#!"#+) %&.,"0":$1+$ 4"#609)"%& 

1& %5$1. /"0"*1&.  

 

5.2.4.2. 6$1!#'+$* % «".*.1&/.» %$#$7$//$)$ $+*.-7( 

  .06-&$ $.0+ 4"#609)"% 1&!"#+).9 1$ 1& *"1?&! ./$)"/"#&, %$'605)&) 

'&/+.+) ") ,%".)%&1.)/$11";" %&.,%$#$0$1+9 ,%"?$.."/ ./9'+ 4"#, 

",%$#$09=D+! +)";"/6= ,"09%+'&?+"116= <*.)+1*?+= ./$)"/"#&. @09 

&1&0+'& 4":1" %&..4")%$)5 #/$ .+)6&?++. 

1) L&..4")%+4 ")1".+)$051" ,%".)"7 /&%+&1), *";#& ./9'5 4"# / 

./$)"/"#$ ,%"+.!"#+), ,%$+46D$.)/$11" 1& 1$*")"%"4 ";%&1+-$11"4 

0"*&051"4 ,%".)%&1.)/$11"4 6-&.)*$ (4$.)" '1&-+)$051"7 

1$"#1"%"#1".)+/#$3$*)& / @AB ./$)"/"#$, 4$.)" 1$."/$%C$11"7  .)2*"/*+ 

+0+ ./&%*+ @AB ./$)"/"#&, 4$.)" /1$C1$;" 4$!&1+-$.*";" /"'46D$1+9, 

1&,%+4$%, .:&)+9 /"0"*1& + ).,.). M&)%+?6 /"0"*1& (5.10) 4":1" 

,%$#.)&/+)5 / /+#$ ,%"+'/$#$1+9   
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TTTT ,     (5.24) 

;#$ T 1 + T 2 – 4&)%+?2 @:"1.& 6-&.)*"/ ./$)"/"#& ($' ./9'+ 4"# . 

($.*"1$-1"7 <*.)+1*?+$7, & T 3 – 4&)%+?& 0"*&051";" 6-&.)*& ." ./9'5= 4"# 

+ *"1$-1"7 <*.)+1*?+$7.   

B" &1&0";++ . ,%"/$#$1124 %&1$$ %&..4")%$1+$4, ,%$#,"0&;&9 

%&.,"0":$1+$ 4"#609)"%& +0+ 1& ,$%/"4 6-&.)*$ +0+ 1& /)"%"4 6-&.)*$, 

.0$#6$) ,%$#.)&/+)5 ."")/$).)/6=D6= 4&)%+?6 (8 1 0+(" 8 2) / /+#$ 

,%"+'/$#$1+9 4&)%+? 6-&.)*"/ #" + ,".0$ 4"#609)"%& + 6-$.)5 4&)%+?6 8M. 

B%"#$0&/ <)" + 6-)9 ./"7.)/& ,%"+'/$#$1+9 #+&;"1&0512! 4&)%+? (* 

.":&0$1+=, #&112$ /2%&:$1+9 + +! ,%$"(%&'"/&1+9 ,"06-&=).9 /$.54& 

;%"4"'#*+4+, ,"<)"46 / #&11"4 +'0":$1++ +! ,%+/"#+)5 1$ (6#$4) 4":1" 

6($#+)5.9 / .0$#6=D$4 /2/"#$:  
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– S.0+ 4"#609)"% 1&!"#+).9 / 0=("4 4$.)$ «+#$&051";"» 6-&.)*& ./$)"/"#& 

#" "(0&.)+ ." ./9'5= 4"#, "1 (6#$) ,"01".)5= ".6D$.)/09)5 4"#609?+= 

&%;64$1)& +1)$%3$%$1?+"11";" .+;1&0&, '&#&/&$4";"  (5.12)–(5.14). 

 – S.0+ 4"#609)"% 1&!"#+).9 / 0=("4 4$.)$ «+#$&051";"» 6-&.)*& ./$)"/"#& 

,".0$ "(0&.)+ ." ./9'5= 4"# "1 1$ (6#$) /0+9)5 1& /2!"#16= +1)$1.+/1".)5 

+ /2'2/&)5 +1)$%3$%$1?+"112$ *"0$(&1+9 ($.0+ &1&0+'&)"% 1&,%&/0$1 /#"05 

".+ ./$)"/"#&). 

2) G&+("0$$ .0":$1 #09 3"%4&051";" &1&0+'& .06-&7, ./9'5 4"# 

,%+.6).)/6$) 1$ / 0"*&051"7 "(0&.)+, & %&.,%$#$0$1& #+.*%$)1" +0+ 

1$,%$%2/1" /#"05 ./$)"/"#&.   )&*"4 /&%+&1)$ /2!"#1&9 +1)$1.+/1".)5 

",+.2/&$).9 /2%&:$1+$4   

2

 1M 2A
2

1
ETTTT ####$I ,                                     (5.25) 

;#$ T 1 + T 2 – 4&)%+?2 6-&.)*"/ ./$)"/"#& #" + ,".0$ 4"#609)"%&, & 

,%"+'/$#$1+$ 8 2·8M·8 1 +4$$) .)%6*)6%6  

,
,
,

-

.

/
/
/

0

1

##)

##
#
,,
,

-

.

//
/

0

1
#
,
,
,

-

.

/
/
/

0

1

##)

##
$## *5

5
)

*
)

*

*
)

*5

5
)

*
)

2
1

2
1

2
1

2
1

2

2

2
2

2
2

2
2

2
2

 1M 2 11

11

M

M

22

22

0

0
ii

ii

i

i

ii

ii

eRer

ereR

e

e

eRer

ereR
TTT .          (5.26) 

8&/+.+4".)5 *"1)%&.)& +1)$%3$%$1?+"112! *"0$(&1+7 I
X
(*M) +0+ I

Y
(*M)   

&1&0+'+%"/&)5 1$ ,%".)".  "-,$%/2!, /2%&:$1+9 ,"06-&=).9 "-$15 

;%"4"'#*+4+.  "-/)"%2!, ,"06-&$42$ /2%&:$1+9 #09 ,%"+'/"051";" 

,"0":$1+9 4"#609)"%& (6#6) /.$;#& '&/+.$)5 ") *M + ."#$%:&)5 + ,&%&4$)%2 

R1, r1 + ,&%&4$)%2 R2, r2. G" .0":1".)5 .".)"+) / )"4, -)" .&4 

%$'605)+%6=D+7 *"<33+?+$1) <*.)+1*?++ ./$)"/"#& ,%+ +.!"#12! 

6.0"/+9! (*";#& 4&)%+?& @:"1.& ./$)"/"#& '&#&$).9 ,%"+'/$#$1+$4 8 2·8 1) 

")0+-&$).9 ") *"<33+?+$1)& <*.)+1*?++ ./$)"/"#& ,%+ #$7.)/++ 4"#609)"%& 

(*";#& 4&)%+?& @:"1.& ./$)"/"#& '&#&$).9 ,%"+'/$#$1+$4 8 2·8M·8 1). H&*"$ 

9/0$1+$ 306*)6&?++ *"<33+?+$1)& + ./$)"/"#& . *";$%$1)124 +.)"-1+*"4 

+' %&'%9#& %&..4")%$112! / %&'#$0$ 2, 6.0":19$) +1)$%,%$)&?+= /2%&:$1+7 

,"06-&$42! +' (5.25) ,%+ ,"#.)&1"/*$ (5.26). E#1&*" $.0+ ,%"&1&0+'+%"/&)5 

)", *&*+4 "(%&'"4 ,&%&4$)%2 R1, r1, R2, r2 /!"#9) / ,"06-&$42$ '&/+.+4".)+ + 

6-$.)5 ,%$#0":$1127 ,%+1?+, <*.,$%+4$1)&051";" +'4$%$1+9 mx, my + 

,$%$.-$)& +, )" 4":1" ,"*&'&)5, -)" ,%+ )&*+! +'4$%$1+9! /$0+-+1& mx, my 

3&*)+-$.*+ (6#$) ",%$#$09)5.9 '1&-$1+$4 r2. H.$. / %$'605)&)$ +'4$%$1+9 

(6#$) .#$0&1& "?$1*& *"<33+?+$1)& <*.)+1*?++ #09 6-&.)*& ,".0$ 

4"#609)"%&.  0+91+$ *"<33+?+$1)& <*.)+1*?++ 1& 6-&.)*$ #" 4"#609)"%& 

,%"9/09$).9 / /+#$ 4&02! ,",%&/"*. G$ (6#$4 ,%+/"#+)5 6*&'&1127 

;%"4"'#*+7 &1&0+', ,".*"05*6 .42.0 ",+.&11";" %$'605)&)& 4":1" ,"9.1+)5 

+.!"#9 +' ("0$$ ,%".)2! %&..6:#$1+7 " *"4,"1$1)&! ,"09%+'&?+"112! 4"#, 

-)" * )"46 :$ ,"'/"09$) "?$1+)5 ,";%$C1".)5, ./9'&116= . /0+91+$4 

6-&.)*& ,$%$# 4"#609)"%"4.                

@$7.)/+)$051", 1&(0=#&9 +1)$%3$%$1?+"112$ *"0$(&1+9 + +'4$%99 +! 

*"1)%&.), 42 ",%$#$09$4 ."")1"C$1+$ +1)$1.+/1".)$7 +1)$%3$%+%6=D+! 
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06-$7, 4$:#6 *")"%24+ ."'#&$).9 .#/+; 3&'. B"<)"46 «,%94&9» + 

«,$%$*%$.)1&9» .".)&/09=D+$ ,"09%+'&?+"11"7 4"#2 1& /2!"#$ 6-&.)*& 

./$)"/"#& #" 4"#609)"%& #&0$$ +;%&=) %"05 «$#+1";"» 06-&, 6-&.)/6=D$;" / 

+1)$%3$%$1?+"112! *"0$(&1+9!, ,".*"05*6 4"#609)"% 1$ ."'#&$) .#/+;& 3&' 

4$:#6 1+4+. N)" +00=.)%+%6=) %+.61*+ 5.8 + 5.9.  

 
L+.61"* 5.8. J"%4+%"/&1+$ +1)$%3$%$1?+"112! *"0$(&1+7 1& /2!"#$ 

&1&0+'&)"%&, 4"#609)"% #" "(0&.)+ /"'1+*1"/$1+9 ./9'+ 4"#. I0$/& – #" 

/1$.$1+9 3&'"/";" /"'46D$1+9, .,%&/& – ,".0$ ."'#&1+9 %&'1".)+ 3&' 

4"#609)"%"4. H+, &"5$1/$0 4"#2 ,"#-$%*+/&$) ?/$) .)%$0"*, & )$*6D$$ 

1&,%&/0$1+$ ,"09%+'&?++ – "%+$1)&?+9 .)%$0"*. U$%124+ *%6:*&4+ 6.0"/1" 

,"*&'&12 ;%&1+?2 "(0&.)+ 4"#609)"%&, '&C)%+!"/&1124+ *%6:*&4+ 6.0"/1" 

,"*&'&1" 4$.)", ;#$ ,%+.6).)/6$) ./9'5 4"# + /"'1+*&$) ,%$"(%&'"/&1+$ 

+'06-$1+9 "#1" 4"#2 / #%6;6=.   

 

 
L+.61"* 5.9. E).6).)/+$ +1)$%3$%$1?+"112! *"0$(&1+7 1& /2!"#$ 

&1&0+'&)"%& ,%+ %&.,"0":$1++ 4"#609)"%& ,".0$ "(0&.)+ /"'1+*1"/$1+9 

./9'+ 4"#.  
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I #%6;"7 .)"%"12 4":1" +1)$%,%$)+%"/&)5 .+)6&?+= +1&-$.  .$ 

,&%&4$)%2 /"0"*"11"7 -&.)+ #" 4"#609)"%& 4":1" ,"0&;&)5 .)&)+-$.*+4+ 

).*. 4"#609?+9 1& 1+! "-$/+#1" 1$ /0+9$). H";#& 4":1" .-+)&)5, -)" / )"-*$, 

;#$ 1&-+1&$).9 4"#609)"%, 42 +4$$4 /"016 . 3+*.+%"/&1124 .".)"91+$4 

,"09%+'&?++ + /$*)"%"4 @:"1.& E'           

,
,
-

.
/
/
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1
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#
#
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/
/
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1
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$#$< 3
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)
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1
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2
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 1
0

0

11
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e

e
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y

i

x
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E

E

eRer

ereR
ETE .          (5.27) 

E)4$)+4, -)" ")0+-+$ /$*)"%& E' ") +.!"#1";" /$*)"%& E 4&0" (,".*"05*6 

R >> r) + 3+*.+%"/&1". B"<)"46 ")1"C$1+$ K' #09 4"# 1& /!"#$ 4"#609)"%& 

(6#$) ,%+(0+'+)$051" )" :$, -)" + 1& /!"#$ ./$)"/"#& (/$0+-+1& <)";" 

%&'0+-+9 (6#$) "?$1$1& #&0$$). H";#& #09 ".)&051"7 -&.)+ /"0"*1&, 

/*0=-&=D$7 4"#609)"% + ,".0$#6=D+7 6-&.)"* ./$)"/"#& /$.5 ,%+1?+, 

+'4$%$1+9, ".1"/&1127 1& 3"%4+%"/&1++ ,".%$#.)/"4 4"#609)"%& 

+1)$%3$%$1?+"112! *"0$(&1+7 + +'4$%$1++ <*.)+1*?++ 6-&.)*& ,".0$ 

4"#609)"%& ().$. /$0+-+12 +2) ".)&=).9 ,"01".)5= .,%&/$#0+/24+. K' <)";" 

.0$#6$), -)" /0+91+$ 1& +'4$%$1+$ <*.)+1*?++ ,$%/";" 6-&.)*& .".)"+) 

)"05*" / +'4$1$1++ '1&-$1+9 K.   

H&*+4 "(%&'"4, 4":1" .#$0&)5 /2/"# " 1$"(!"#+4".)+ / "(D$4 .06-&$ 

.0$#"/&)5 6.0"/+=, 6*&'&11"46 / *"1?$ ,. 5.2.4.2: #09 '&#&-+ +'4$%$1+9 

*"<33+?+$1)& <*.)+1*?++ (,".0$ 6.)&1"/*+ ".+ &1&0+'&)"%& /#"05 

,"09%+'&?+"11"7 ".+ ./$)"/"#&) 16:1" %&.,"0":+)5 4"#609)"% 1& %5$1. 

/"0"*1&.  

 

5.2.5. 943$*:>* 6'+ ,44&)4A#)%+ "4B)4,&#0 34'+$%!*/%4))5- "46 K 

F&* (20" .*&'&1" / ,. 5.2.2 +, *&* (6#$) "(".1"/&1" / ,. 5.3.4, #09 

/2,"01$1+9 )"-1"7 6.)&1"/*+ ".+ &1&0+'&)"%& /#"05 ,"09%+'&?+"11"7 ".+ 

./$)"/"#& 1&#" 6.)&1"/+)5 &1&0+'&)"% / )"-*6 «'&160$1+9» 

<*.,$%+4$1)&051" 1&(0=#&$4"7  '&/+.+4".)+ m(J). B%+ <)"4 ," 3"%4$ 

1&(0=#&$4"7 '&/+.+4".)+ m(J) 4":1" .$#0&)5 "?$1*6 '1&-$1+9 ")1"C$1+9 

K. F%"4$ )";", *&* (6#$) ,"*&'&1" 1+:$ #09 )";", -)" (2 "($.,$-+)5 

4&*.+4&0516= )"-1".)5 6.)&1"/*+ &1&0+'&)"%& + 3"%42 m(J) 16:1", -)" (2 

,%+ +'4$%$1++ '&/+.+4".)+ m(J) %&(")&0 4"#609)"% 1& /2!"#1"4 *"1?$ 

./$)"/"#&. H&*+4 "(%&'"4, / #$7.)/+)$051".)+ (6#$) +'4$%$1" ")1"C$1+$ 

4"D1".)$7 ,"09%+'&?+"112! 4"# 1& /2!"#$ ./$)"/"#&, *")"%&9 (20& 

"("'1&-$1& *&* K'. I #%6;"7 .)"%"12, ,%+ +'4$%$1++ *"<33+?+$1)& 

<*.)+1*?++, #"0:$1 %&(")&)5 4"#609)"% 1& /!"#1"4 *"1?$ ./$)"/"#&, + ,%+ 

,$%$.-$)$ /$0+-+12 + ," /2%&:$1+94 (5.16) 16:1" +.,"05'"/&)5 /$0+-+16 

K.  

I0$#"/&)$051", /"'1+*&$) /",%". " )"4, 1&.*"05*" ")0+-&$).9 

*"<33+?+$1) K 1& /!"#$ ./$)"/"#&, *")"%27 16:1" +.,"05'"/&)5 ,%+ 

,$%$.-$)$ + ."")1"C$1+$ 4"D1".)$7 ,"09%+'&?+"112! 4"# K' 1& /2!"#$ 

./$)"/"#&, *")"%"$ ,"06-&$).9 +' '&/+.+4".)+ m(J) ,%+ %&(")$ 4"#609)"%& 

1& /2!"#$ ./$)"/"#&.  
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B"06-+4 /$0+-+16 <)"7 ,",%&/*+ . 6-$)"4 /$0+-+12 <*.)+1*?++ 

./$)"/"#&.  $*)"% @:"1.& +'06-$1+9 1& /2!"#$ ./$)"/"#& +4$$) /+# 
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/
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)
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)
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eREerE

erEeRE
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E

eRer

ereR
ETE .     (5.28) 

F&* 1$)%6#1" /+#$)5 /2!"#12$ &4,0+)6#2 ,"09%+'&?+"112! 4"# 

9/09=).9 %$'605)&)"4 .6,$%,"'+?++ «,%942!» + «,$%$*%$.)12!» 

.".)&/09=D+! + +! 4"D1".)+ '&/+.9) ") '1&-$1+9  %&'1".)+ 3&' 4$:#6 

<)+4+ .".)&/09=D+4+ (*+30)–(5–430) = *–5+4230. I#$0&$4 "?$1*+ #09 #/6! 

«*%&71+!» .06-&$/.  

1) I06-&7 *";#& «,%942$» + «,$%$*%$.)12$» .".)&/09=D+$ 

,"09%+'&?+"112! 4"# 3&'+%"/&12.   <)"4 .06-&$ ,%+ ,%+/$#$1++ * 

+1)$%/&06 [0; 2 ] %&'1".)5 3&' *–Q+4230=0.   4"#$ Ex ,%94&9 + 

«,$%$*%$.)1&9» *"4,"1$1)2 .*0&#2/&=).9, & / 4"#$ Ey – /2-+)&=).9. 

B"<)"46 &4,0+)6#& 4"#2 Ex 6/$0+-+/&$).9, & 4"#2 Ex0 – 64$15C&$).9, +, *&* 

.0$#.)/+$, K' >K. K' (5.28) ,"06-+4 

& '

& 'KRrRKr
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RrEERErEE

KRrrKR
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RrEErEREE
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.            (5.29) 

H";#& ."")1"C$1+$ 4"D1".)$7 ,"09%+'&?+"112! 4"# 1& /2!"#$ 

& '& ' & '& '+))+(+)((+$
<
<

$< 1121121
2

0

2

0 KKKK
E

E
K

y

x .       (5.30) 

E?$1+4 /$0+-+16 ,"06-$11"7 "?$1*+. L&1$$ 42 ,"#%&'64$/&0+, -)" 

<*.)+1*?+9 )$.)+%6$42! ")%$'*"/ ./$)"/"#"/ #"0:1& (2)5 /$0+*& +>>1. 

H$,$%5 #","01+)$051", (6#$4 6-+)2/&)5, -)" #&1127 4$)"# (.4. ,. 5.3.3) 

<33$*)+/$1 / .06-&$ *";#& K~1 ($.0+ K>>1 +0+ K<<1, )" 6.0"/+9 

,%&*)+-$.*+! +'4$%$1+7 %$'*" 6!6#C&=).9 ).*. .1+:&$).9 ")1"C$1+$ I/W). 

H";#& 4":1" ,"0&;&)5 -)" +>>K, +>>1/K (+0+, -)" )" :$ .&4"$ – +·K>>1 + 

+/K >> 1). I 6-$)"4 <)+! 6.0"/+7 (5.30) 4":1" 6,%".)+)5, ".)&/099 / .644&! 

("05C+$ .0&;&$42$ + ",6.*&9 4&02$ .0&;&$42$  

& 'K
K

KK 2
1

2 )+,,
-

.
//
0

1
(+8< .             (5.31) 

B%+ 6.0"/++ K=1 4":1" ,"06-+)5 $D$ ("0$$ ,%".)6= "?$1*6 

2

2
1 ,,

-

.
//
0

1
+

(8< KK .              (5.32) 

G$)%6#1" /+#$)5, -)" $.0+ <*.)+1*?+9 /$0+*&, )" . /2."*"7 )"-1".)5= K' XK. 

2) @%6;"7 ,%$#$05127 .06-&7, *";#& «,%942$» + «,$%$*%$.)12$» 

.".)&/09=D+$ ,"09%+'&?+"112! 4"# 3&'+%"/&12.   <)"4 .06-&$ ,%+ 
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,%+/$#$1++ * +1)$%/&06  [0; 2 ] %&'1".)5 3&' *–Q+4230= .   4"#$ Ex ,%94&9 + 

«,$%$*%$.)1&9» *"4,"1$1)2 /2-+)&=).9, & / 4"#$ Ey – .*0&#2/&=).9. 

B"<)"46 &4,0+)6#& 4"#2 Ex 64$15C&$).9, & 4"#2 Ex0 – 6/$0+-+/&$).9, +, *&* 

.0$#.)/+$, K' <K. K' (5.28) ,"06-+4 

& '

& 'KRrRKr
K
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RrEERErEE
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.           (5.33) 

H";#& ."")1"C$1+$ 4"D1".)$7 ,"09%+'&?+"112! 4"# 1& /2!"#$ 

& '& ' & '& '+)(+(+))(+$
<
<

$< 1121121
2

0

2

0 KKKK
E

E
K

y

x .           (5.34) 

I 6-$)"4 +>>K, +>>1/K 4":1" 6,%".)+)5 (5.34), ,"06-+4  

& 'K
K

KK 2
1

2 (+,,
-

.
//
0

1
)+8< .             (5.35) 

B%+ K=1 +' (5.35) ,"06-+4 

2

2
1 ,,

-

.
//
0

1
+

)8< KK .              (5.36) 

F&* /+#1" +' ,"06-$112! "?$1"* (5.31),(5.36) + +' /2%&:$1+7 (5.16), $.0+ 

+ >> 1, )" %&..4")%$1127 3&*)"% ")0+-+9 /$0+-+1 K + K' ."'#&$) 4&06= 

")1".+)$0516= ,";%$C1".)5 + / ("05C+1.)/$ .06-&$/ ("(2-1" + +4$$) 

,"%9#"* 100, 1000 + ("0$$) 4":$) 1$ ,%+1+4&)5.9 /" /1+4&1+$.   

 

 

5.3. A42!$B4:C41 63)6)D%)6&< "%&$!'$!$%(")%%)E) #$&)/4 "2#$!$%"1 

3)01!"24(")%%*+ 34!4#$&!). =>  6.$&).)/4 " 3!)D0$#* !$40"24("" 

"2#$!"&$0<%*+ ?6&!)96&. %4 D42$ /4%%)E) #$&)/4  

 

@09 0=(";" .,"."(& +'4$%$1+7 *&*+!-0+(" /$0+-+1 "#1+4 +' /&:1$7C+! 

/",%"."/ 9/09$).9 &1&0+' 3&*)"%"/, /1".9D+! ,";%$C1".)+ + 

";%&1+-+/&=D+! %&'%$C&=D6= .,"."(1".)5. H" $.)5 3&*)"%"/, ,%+/"#9D+! 

* ")*0"1$1+94 +'4$%$11";" '1&-$1+9 ") +.)+11";", +0+ ";%&1+-+/&=D+! 

/"'4":1".)5 %$;+.)%&?++ 4&02! '1&-$1+7, 0+(" 4&02! +'4$1$1+7 

+'4$%9$4"7 /$0+-+12. @09 +1)$%3$%$1?+"11";" ,%+1?+,& ",%$#$0$1+9 

1&,%&/0$1+7 ,"09%+'&?+"112! ".$7 ./$)"/"#& + +'4$%$1+9 *"<33+?+$1)& 

<*.)+1*?++ /"0"*1& )&* :$ 1$"(!"#+4" 4&*.+4&051" +..0$#"/&)5 <)") 

/",%".. E)4$)+4 )"05*", -)" *"<33+?+$1) <*.)+1*?++ ",%$#$0$1 *&* 

")1"C$1+9 4"D1".)+ ("05C"7 «,%94"7» .".)&/09=D$7 4"#2 * 4&0"7 

«,$%$*%$.)1"7» *"4,"1$1)$ + #09 +#$&051";" ./$)"/"#& "1 .)&1"/+).9 

($.*"1$-124.  .0$#.)/+$ )&*";" ",%$#$0$1+9, / ./9'+ . +'4$%$1+$4 

*"<33+?+$1)& <*.)+1*?++ ./$)"/"#& 6#"(1" ;"/"%+)5 1$ " %&'%$C&=D$7 
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.,"."(1".)+ / "(2-1"4 .42.0$ <)";" ,"19)+9, & "( ";%&1+-$1++ 1& 

4&*.+4&0516= /$0+-+16 +, *")"%6= 4":1" '&%$;+.)%+%"/&)5.           

 

5.3.1. 94C$#A)4,&( %!"#$#)%0 :,'#6,&:%# >4)#2)4C4 >4?..%/%#)&* 

?>,&%)>/%% *)*'%!*&4$* % 3$%"#)#)%+ 3$%='%;#))5- $*,2#&)5- 

.4$"1'. 

E#1& +' ,%"(0$4, /"'1+*&=D+! ,%+ +'4$%$1++ "-$15 ("05C+! 

*"<33+?+$1)"/ ,"09%+'&?+"11"7 <*.)+1*?++ )%&#+?+"1124 4$)"#"4 – 

1$"(!"#+4".)5 +.,"05'"/&1+9 /2."*"*&-$.)/$112! ,"09%+'&)"%& + 

&1&0+'&)"%&, ,".*"05*6 .)$,$15 0+1$71".)+ ,"09%+'&?++ +'06-$1+9 1& /!"#$ 

./$)"/"#& + <*.)+1*?+9 &1&0+'&)"%& #"0:12 (2)5 /2C$, -$4 +'4$%9$4&9 

<*.)+1*?+9 ./$)"/"#&.   ,%")+/1"4 .06-&$ ".1"/12$ <33$*)2, *")"%2$  

%$;+.)%+%6=).9 ," ,"#"(124 4$)"#+*&4 (B%+0":$1+$ 5.1) (6#6) 

"(6.0"/0$12 6:$ 1$ *"1$-1"7 <*.)+1*?+$7 )$.)+%6$4";" <0$4$1)&, & 1$ 

+#$&051".)5= ,"09%+'&)"%& + &1&0+'&)"%&. I"")/$).)/$11", +'4$%$1+9 . 

#&1124+ ",)+-$.*+4+ <0$4$1)&4+ .)&1"/9).9 1$/"'4":124+ +0+ )%$(6$).9 

.$%5$'12$ 6.0":1$1+9 4$)"#"/ %$;+.)%&?++ + ,$%$.-$)&.   

 B%+ %&..4")%$1++ +1)$%3$%$1?+"11";" 4$)"#& )&* :$ /"'1+*&$) /",%". 

" /0+91++ 1& +'4$%$1+9 1$ +#$&051".)+ &1&0+'&)"%& (0+1$71".)+ 

,"09%+'&?++ +'06-$1+9 +.)"-1+*& 1$ )%$(6$).9) + " )%$("/&1+9! * 

".1"/1"46 ,&%&4$)%6 &1&0+'&)"%&  – *"<33+?+$1)6 <*.)+1*?++ +A – #09 

"($.,$-$1+9  /"'4":1".)+ *"%%$*)12! +'4$%$1+7. 

I 6-$)"4 *"1$-1"7 <*.)+1*?++ ,"09%+'&)"%&, 4&)%+?2 @:"1.& 

&1&0+'&)"%& X

AT + Y

AT , *";#& "1 1&,%&/0$1 /#"05 ".+ X + ".+ Y ."")/$).)/$11" 

+4$=) /+#  

h

X

0

01
A $T ,   

10

0
A

hY $T ,    (5.37) 

;#$, *&* + %&1$$ 6-)$1 h-,&%&4$)% ,"09%+'&)"%&, "(%&)127 *"<33+?+$1)6 

<*.)+1*?++ &1&0+'&)"%& +A=1/h. S.0+ +.,"05'"/&)5 )&*+$ 4&)%+?2 #09 

1&!":#$1+9 +1)$1.+/1".)+ 1& /2!"#$ .!$42 ,%+ J=0 + J= /2, )" /4$.)" 

/2%&:$1+7 (5.13) – (5.14) ,"06-+4 ("0$$ .0":12$ /2%&:$1+9 

 

6 7
 );cos(2         

)cos(2

000

22

0

22

0000

22

0

22

0

3)*)5######(

(##(##(3)*)5)#####(#($

rRhEE

rhERhErREErEREI

yx

xyyxyx

X

 

 (5.38) 

6 7
).cos(2          
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J+'+-$.*+7 .42.0 6.0":1$1+9 #".)&)"-1" ,"19)$1: #09 I
X
 * 

+1)$%3$%$1?+"11"46 *"0$(&1+= .".)&/09=D+!, ,"09%+'"/&112! /#"05 ".+ 

X, ,%+(&/+0".5 ".0&(0$11"$ (. *"<33+?+$1)"4 h %&') 1" 1$ 160$/"$ 

+1)$%3$%$1?+"11"$ *"0$(&1+$ .".)&/09=D+!, ,"09%+'"/&112! /#"05 ".+ Y + 
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1&"("%").   B%$"(%&'69 #&112$ /2%&:$1+9 . ,%+4$1$1+$4 *"<33+?+$1)& K + 

*"<33+?+$1)& <*.)+1*?++ /"0"*1& +  (/ #&11"4 ,61*)$ <*.)+1*?+= /"0"*1& 

(6#$4 #","01+)$051" ,"#-$%*+/&)5 +1#$*."4 « ») +, & )&* :$ 6-)9 -)" 

+O=1/h 4":1" ,"06-+)5 /2%&:$1+9 #09 '1&-$1+7 *"1)%&.)& 

+1)$%3$%$1?+"112! *"0$(&1+7 #09 6.)&1"/*+ ".+ &1&0+'&)"%& /#"05 

,"09%+'&?+"112! ".$7 ./$)"/"#&  

& '
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& '
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          (5.39) 

S.0+ /2,"019=).9 6.0"/+9 + , +A >> 1, )" /2%&:$1+9 (5.39) ./"#9).9 * 

("0$$ ,%".)24 3"%460&4  

BABA
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x
K

K
m

+(+(++

+#+#
8

2
,          

& ' BABA

AB

y
K

K
m

++(+(+

+#+#
8

2
                 (5.40) 

@&0$$, #09 &1&0+'& /0+91+9 <*.)+1*?++ &1&0+'&)"%& 1& ,";%$C1".)5 

+'4$%$1+7 //$#$4 / %&..4")%$1+$  «+'4$%9$427» *"<33+?+$1) <*.)+1*?++ 

/"0"*1&. N)" ,"19)+$ ,"#%&'64$/&$), -)" ,".0$ +'4$%$1+9 '1&-$1+7 mx, my 

,$%$.-$) *"<33+?+$1)& <*.)+1*?++ ,%"/"#+).9 .";0&.1" ."")1"C$1+94 

(5.16). S.0+ /2%&:$1+9 (5.40) ,"#.)&/+)5 / ")1".+)$051" ,%".)2$ 3"%4602 

(5.16, () ,"06-+4, -)" %$'605)&)"4 +'4$%$1+9 .)&16) /$0+-+12  

& ' & '& '
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   (5.41) 

E)4$)+4, -)" &1&0+'+%69 (5.41) 1$)%6#1" 6($#+)5.9, -)" $.0+ +APQ, )" 

+K P + . F%"4$ )";", #09 (5.39) – (5.41) /2,"019$).9 «.+44$)%+-1".)5 ," 

*"<33+?+$1)6 K. 

F&* 6:$ 1$ %&' ")4$-&0".5, /&:124 ,%&*)+-$.*+4 .06-&$4 9/09$).9 

6.0"/+$ KX1. G$)%6#1" 6($#+)5.9, -)" $.0+ / /2%&:$1+9 (5.41) ,"#.)&/+)5 

K=1, )" /.$ "1+ ,%$"(%&'6=).9 * "#1"46 /2%&:$1+=  

& '
2

2

Y

AB

BABAXY

<<

X

< +#+
++(+(+

8+$+$+ .     (5.42) 

I 6-$)"4 //$#$11";" «+'4$%$11";"» '1&-$1+9 *"<33+?+$1)& <*.)+1*?++ 

/"0"*1& 1$)%6#1" ,$%$7)+ * %&..4")%$1+= ,";%$C1".)+ +'4$%$1+9. 

O(."0=)1&9 + ")1".+)$051&9 ,";%$C1".)+ = + >, "-$/+#1" /2%&:&=).9 

.0$#6=D+4 "(%&'"4  
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B< +)+$= ,        
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$> .    (5.43) 

B".*"05*6 3"%4602 (5.16) ,"#%&'64$/&=) %&'12$ /&%+&1)2 ,$%$.-$)& +  

-$%$' '1&-$1+9 mx, my, )" 4":1" %&..4&)%+/&)5 %&'12$ /&%+&1)2 

,";%$C1".)$7, / )"4 -+.0$  

B

B<X

+
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, 
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B Y

 
 ! 
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B XY
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.   (5.44) 

 ! (5.41) "#$%# &#'()*+, -'./(01*. 2345$.%*6, %5 #-%#25%** 7#+#438 

"#$%# &4#5%5'*!*4#25+, 85457+.4 2'*6%*6 7#%.)%#9 :7-+*%7;** 

5%5'*!5+#45 %5 &#<4.=%#-+, *!".4.%*9  
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   (5.45) 

 

>/%57#, 757 &#75!325.+ 5%5'*!, &4*".%6+, 2345$.%*6 (5.45) /'6 -+4#<#<# 

5%5'*!5 #+%#-*+.',%#9 &#<4.=%#-+* -'./(.+ - #-+#4#$%#-+,0. ?+* 

2345$.%*6 &#!2#'60+ &452*',%# &#75!5+, #-%#2%#9 &545".+4, 

#&4./.'601*9 &#<4.=%#-+,, * &#75!5+.', -+.&.%* /'6 :+#<# &545".+45, 

85457+.4 2'*6%*6 7#:@@*;*.%+5 K, #/%57# #;.%7* "#<(+ #75!5+,-6 

-".1.%%3"* &# &#-+#6%%#"( "%#$*+.'0. ?+# -26!5%# - +.", )+# 2 

*-&#',!#25%%38 2345$.%*68 &4*".%.%3 &4*A'*$.%%3. 2345$.%*6 (5.41). 

B4*".%.%%3. &4*A'*$.%*6 A.!(-'#2%# 7#44.7+%3, 7#</5 #%* &4*".%60+-6 

/'6 #;.%7* !%5).%*6 mx, my *   , #/%57# 2 2345$.%*68 /'6 #+%#-*+.',%#9 

&#<4.=%#-+* #%* "#<(+ &4*2#/*+, 7 -".1.%%#9 #;.%7. (:+#+ &4*".4 &#75!5% 

2 B4*'#$.%** 5.4). C4#". +#<#, &4./-+52'6.+ *%+.4.- %5-7#',7# 2'*6.+ %5 

&#<4.=%#-+,, 2%#-*"(0 %. */.5',%3" 5%5'*!5+#4#" &4*A'*$.%%3. 

2345$.%*6 (5.16, A) /'6 45-).+5 2.'*)*%3 :7-+*%7;** ).4.! !%5).%*6 m.  

B#'().%*. +#)%38 2345$.%*9 /'6 # - &4*".%.%*." (5.16, 5) * 

*-&#',!#25%*. +#)%38 2345$.%*9 (5.39) &4*2#/*+ 7 4.!7#"( (2.'*).%*0 

+4(/#."7#-+* 5%5'*!5 -'#$%38 <4#"#!/7*8 2345$.%*9. >/%57# 236-%*+, 

2#&4#- # 2'*6%** :7-+*%7;** 5%5'*!5+#45 %5 &#<4.=%#-+, "#$%# %5 #-%#2. 

5%5'*!5 !52*-*"#-+.9 #( B,  A K), &#'().%%38 &(+." &46"38 45-).+#2 - 

&4*".%.%*." 2345$.%*9 (5.39) /'6 23)*-'.%*6  mx, my * @#4"(' (5.16, 5) 

'*A# (5.16, A) /'6 45-).+5   . B4*2./." 4.!(',+5+3 +57#<# 5%5'*!5.        

1) D5--"#+4*" -'()59, 7#</5 23)*-'.%*6  B ).4.! "*%*"("3 mX * mY 

&4#*-8#/*+ - *-&#',!#25%*." -+4#<*8 @#4"(' (5.16, 5).  

E5 4*-(%758 5.10 – 5.12 &4*2./.%3 !52*-*"#-+* #( B,  A K) /'6 -'()5.2 

K=1, K=10 * K=0.1. 
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F :+#" -'()5. *! 5%5'*!5 <45@*7#2 %.+4(/%# 2*/.+,, )+# @57+*).-7* /'6 

'0A38 !%5).%*9  B *  B #-%#2%56 -#-+52'60156 &#<4.=%#-+* !52*-*+ 

+#',7# #+ :7-+*%7;** 5%5'*!5+#45 * 2.'*)*%3 K   

$ %
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Y
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X K
,

K

K

 
,

-#&
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(
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+ ,
 

-#
12

   
12

.     (5.46) 

>+7'#%.%*. #+ :+#9 #;.%7* &4#62'60+-6 +#',7# &4* #).%, %*!7#9 

:7-+*%7;** -2.+#2#/5 2 -#).+5%*6"* - -*',%3"* #+7'#%.%*6"* !%5).%*6 K 

#+ ./*%*;3, 7#</5 "#<(+ 2'*6+, -#-+52'601*. &#<4.=%#-+*, -#/.4$51*. 

&4#*!2./.%*6  G *  B. >/%57# &4*  B > 10 * 0.1 < K < 10, -##+%#=.%*6 (5.46) 

23&#'%60+-6 #).%, +#)%#.   

H'6 25$%#<# &457+*).-7#<# -'()56, 7#</5 K=1, *! (5.46) &#'()5." 

A

YX

 
-#"#

4
.      (5.47) 

B4* 23)*-'.%** :7-+*%7;**  XY
 &# @#4"('. (5.16, 5), -*+(5;*6 %.-7#',7# 

#+'*)5.+-6. >+'*)*. 23!25%# +.", )+# :+5 @#4"('5, 757 #+".)5'5-,, ($. 

62'6.+-6 &4*A'*$.%%#9, &#-7#',7( +#)%56 @#4"('5 #).%, <4#"#!/75. F 

4.!(',+5+. !%5)*"#-+,  G /'6 &#<4.=%#-+* !52*-*+ #+ 2.'*)*%3  F. F 

-'()5., 7#</5 ( F)
2
 >  G, #-%#2%#9 -#-+52'601.9 &#<4.=%#-+* -+5%#2*+-6 

7#"&#%.%+5, -26!5%%56 -  G -'./(01*" #A45!#"  

$ %
K

K

A

XY

2
11 ,

 
-# .      (5.48) 

B4*  G > ( F)
2
 27'5/ 5%5'*!5+#45 -+5%#2*+-6 A#'.. -'#$%3", #/%57# 

#-%#2%#9 -#-+52'601.9 &#<4.=%#-+* 2 :+#" -'()5. -+5%#2*+-6 7#"&#%.%+5, 

%. -26!5%%56 - 5%5'*!5+#4#" * *".0156 2*/  

2

1

B

XY

 
-# .      (5.49) 

F -'()5., 7#</5  K=1 &#'()50+-6 -'./(01*. #;.%7* 

. &4*  ,
1

           ; &4*  ,
4 2

A2A

2

B

B

XY

B

A

XY  . 
 

-# . 
 

-#   (5.50) 

2) I.&.4, 45--"#+4*" -'()59, 7#</5 &.4.-).+ 4.!(',+5+#2 *!".4.%*9  

&4#*!2#/6+-6 &# A#'.. &4#-+3" 2345$.%*6" (5.16, A). D5-).+%3. 

!52*-*"#-+* /'6 :+#<# -'()56 &4*2./.%3 %5 4*-(%758 5.13 – 5.15. 

C57 &#75!325.+ 5%5'*! !52*-*"#-+.9, 2 :+#" -'()5. 2'*6%*. 5%5'*!5+#45 

%5 &#<4.=%#-+, /'6 2-.8 +4.8 -&#-#A#2 &.4.-).+5 !52*-*+ #+ -##+%#=.%*6  G 

*  F. J-'* ( F)
2
 >  G #-%#2%#9 -#-+52'601.9 &#<4.=%#-+* -+5%#2*+-6 

7#"&#%.%+5, -26!5%%56 -  G  

$ %
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Y
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X K
,

K

K

 
,
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-# .   (5.51) 
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D*-(%#7 5.10. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=1. 



219 

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
6

1 010
5

1 010
4

1 010
3

0.01

0.1

1

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
5

1 010
4

1 010
3

0.01

0.1

1

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
5

1 010
4

1 010
3

0.01

0.1

1

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
8

1 010
7

1 010
6

1 010
5

1 010
4

1 010
3

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
7

1 010
6

1 010
5

1 010
4

1 010
3

0.01

0.1

10 100 1 010
3

1 010
4

1 010
5

1 010
6

1 010
8

1 010
7

1 010
6

1 010
5

1 010
4

1 010
3

0.01

0.1

K=10

B B B

X Y XY

X Y XY

A A A

A
=104

A
=106

A
=108

A
=104

A
=106

A
=108

A
=104

A
=106

A
=108

B
2

B
=104

B
=106

B
=108

B
=104

B
=106

B
=108

B
=104

B
=106

B
=108

A

AA

 
D*-(%#7 5.11. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=10. 
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D*-(%#7 5.12. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=1/10. 

 

B4*  G > ( F)
2
 2'*6%*. 5%5'*!5+#45 -+5%#2*+-6 A#'.. -'#$%3", #/%57# .<# 

2*/ %. 25$.%, &#-7#',7( &#<4.=%#-+* 2 :+#" -'()5. #&4./.'6.+-6 2 

#-%#2%#" :7-+*%7;*.9 -2.+#2#/5 

B

Y

B

X K
,

K  
-#
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2
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-# .    (5.52) 

H'6 -'()56 K=1 &#'()*" 

. &4*  ,
2

 

; &4*  ,
4

 

2
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XYYX
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XYYX

 . 
 

-#"#"#

 . 
 

-#"#"#

    (5.53) 
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I57*" #A45!#", *-&#',!#25%*. &4*A'*$.%%38 2345$.%*9 &4*2#/*+ 7 +#"(, 

)+# /'6 #X
 * #Y

 "#$.+ 2#!%*75+, -*+(5;*6, 7#</5 2'*6%*. %. */.5',%#<# 

5%5'*!5+#45 #75!325.+-6 ".%,=., )." 2'*6%*. *-&#',!#25%%38 

&4*A'*$.%*9. >+".+*", )+# /'6 #XY
, &.4.8#/ #+ (5.16, 5) 7 A#'.. &4#-+#"( 

2345$.%*0 (5.16, A) *!".%6.+ -+.&.%, 2'*6%*6 :7-+*%7;** -2.+#2#/5 %5 

&#<4.=%#-+,: 2".-+# 1/ 2
B 2 (5.49), (5.50) &#'()*'* 1/ B 2 (5.52), (5.53). L 

/4(<#9 -+#4#%3, *-&#',!#25%*. &4*A'*$.%%38 @#4"(' %. *!".%6.+ 

#<45%*).%*6 %5 *!".4.%*6 -26!5%%3. - 7#%.)%#9 :7-+*%7;*.9 5%5'*!5+#45: 

2345$.%*6 (5.46) * (5.48) */.%+*)%3 2345$.%*6" (5.51).    

>+".+*" +57 $., )+# /'6 57+(5',%38 &457+*).-7*8 *!".4*+.',%38 !5/5) 

#A3)%# 23&#'%6.+-6 (-'#2*.  G < ( F)
2
. E5&4*".4, .-'* &4*".%6+, &4* 

*!".4.%*68 &#'64*!5+#43 - :7-+*%7;*.9  A ~ 10
3
, +# (75!5%%3. #;.%7* /'6 

2'*6%*6 5%5'*!5+#45 A(/(+ -&452./'*23 /'6  F >30. B#:+#"(, 757 &452*'#, 

2'*6%*. :7-+*%7;** 5%5'*!5+#45 #&4./.'6.+-6 2345$.%*6"* (5.47), (5.48) * 

(5.51). >/%57#, .-'* *-&#',!#25+, 23-#7#75).-+2.%%39 &#'64*!5+#4 - 

 A ~ 10
6
, +# 2'*6%*. 5%5'*!5+#45 %5 &#<4.=%#-+, 62'6.+-6 #-%#2%#9 ($. 

+#',7# /'6  F > 1000.  

!"#$%&'' (")*+, (+(%- #. /0#('-'**%1% "*"&#." -#-+#*+ 2 +#", )+# 

:7-+*%7;*6 5%5'*!5+#45 #<45%*)*25.+ (4#2.%, %2*%3#2'&4*%, &#<4.=%#-+* 

*!".4.%*9 :7-+*%7;** -2.+#2#/5. ?+# !%5)*+, )+# /'6 2#!"#$%#-+* *!".4*+, 

23-#7*9 7#:@@*;*.%+ :7-+*%7;** 2#'#7%5 %. #A6!5+.',%# *-&#',!#25+, 

5%5'*!5+#4 - A#'.. 23-#7*" 7#:@@*;*.%+#" :7-+*%7;**. E5&4*".4, .-'* 

*-&#',!#25+, &#'64*!5+#4 -  A M 10
3
, +# "#$%# *!".46+, :7-+*%7;*0 #+4.!75 

-2.+#2#/5 '0A#<# (4#2%6 (10
4
, 10

5
 *'* 10

6
), &4*)." &#<4.=%#-+, *!".4.%*9, 

#A(-'#2'.%%56 %. */.5',%3" 5%5'*!5+#4#", &4* K M 1 2 '0A#" -'()5. (2%. 

!52*-*"#-+* #+ *!".46."#<# 7#:@@*;*.%+5  F) -#-+52'6.+ M 0,4%.  

F345$.%*6 (5.47), (5.48) * (5.51) &#'().%3 * #A#-%#25%3 &#-4./-+2#" 

45-).+#2 * 5%5'*!5 !52*-*"#-+.9 #( B,  A K). >/%57# 4.!(',+5+3 /'6 -'()56, 

7#</5 :7-+*%7;*6 5%5'*!5+#45 #+%#-*+.',%# %*!75 %5-+#',7# 25$%3, )+# 

&4*2./.%%#. #A#-%#25%*. &4*".45"* 45-).+%38 !52*-*"#-+.9 

;.'.-##A45!%# /#&#'%*+, 5%5'*+*).-7*" 232#/#". B4* (-'#2** 23&#'%.%*6 

-##+%#=.%*6  G >>  F * 2345$.%*9 (5.16, A) +57#9 232#/ &#75!5% 2 

B4*'#$.%** 5.4.   

D5--"#+4*" +57 $. «@*!*).-7*9 -"3-'» +57#<# #+%#-*+.',%# «-'5A#<#» 

2'*6%*6 7#%.)%#9 :7-+*%7;** 5%5'*!5+#45 2 2*/. #<45%*).%*6 +#',7# 

#+%#-*+.',%#<# (4#2%6 &#<4.=%#-+* *!".4.%*6 :7-+*%7;** -2.+#2#/5. B4* 

*/.5',%#" &#'64*!5+#4., (-+5%#2'.%%#" &# %5&452'.%*0 &#'64*!5;*#%%#9 

#-* X -2.+#2#/5 %5 28#/. &4*-(+-+2(0+ &#'64*!#25%%3. 2/#', #-* X 

-#-+52'601*. Exx * Eyx. L ().+#" 7#%.)%#9 :7-+*%7;** &#'64*!5+#45 %5 

238#/. &4*-(+-+2(0+ .1. /2. 7#"&#%.%+3 - #4+#<#%5',%#9 &#'64*!5;*.9 

2/#', #-* Y - 5"&'*+(/5"* h Eyy * h Exy. B4* :+#", .-'*  G <  F, +# 

&#".85 h Eyy "#$.+ #75!5+,-6 %5"%#<# A#',=., )." *%@#4"5+*2%56 

7#"&#%.%+5 Eyx, )+# * #<45%*)*25.+ 2#!"#$%#-+* *!".4.%*9 +45/*;*#%%3" 
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-&#-#A#" 5%5'*!5+#4#" -4./%.<# 75).-+25. >/%57# :+* &543 #4+#<#%5',%3 &# 

&#'64*!5;**. B4* *%+.4@.4.%;*#%%#" ".+#/. 25$%# -##+%#=.%*. 

7#"&#%.%+, 7#+#43. -/2*<50+-6 &# @5!. * @#4"*4(0+ *%+.4@.4.%;*#%%3. 

7#'.A5%*6. B4* /.9-+2** "#/('6+#45, -#-+52'601*. 2 75$/#9 &54. (Exx + Eyx 

* h Eyy + h Exy) -/2*<50+-6 &# @5!. /4(< #+%#-*+.',%# /4(<5. B4*)." 

*%+.4@.4.%;*6 *"..+ ".-+# +#',7# /'6 -#-+52'601*8 - #/*%57#2#9 

&#'64*!5;*.9. F 4.!(',+5+. &#'()5." -(""( /2(8 &4#+*2#@5!%38 

*%+.4@.4.%;*#%%38 -*<%5'#2 «&#'.!%#<#» (*%+.4@.4.%;*6 Exx * Eyx) * 

«".=501.<#» (*%+.4@.4.%;*6 h Eyy * h Exy), #+%#=.%*. * 5"&'*+(/ * 

7#%+45-+#2 7#+#438 !5/5.+-6 !%5).%*." h. B#:+#"( h #<45%*)*25.+ +#',7# 

#+%#-*+.',%(0 &#<4.=%#-+, *!".4.%*6.  
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D*-(%#7 5.13. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=1. 
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D*-(%#7 5.14. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=10. 
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D*-(%#7 5.15. K45@*7* !52*-*"#-+.9 #( B,  A K) &4* K=1/10. 

 

>+".+*" )+# &4* +45/*;*#%%#" -&#-#A. *!".4.%*9 %5 #-%#2. &4*%;*&5 

-74.1.%%38 &#'64*!5+#4#2 * &#/#A%38 &#/8#/#2 (B4*'#$.%*. 5.1) 

+4.A#25%*6 7 5%5'*!5+#4( * 28#/%#"( &#'64*!5+#4( (*'*, 2 7#%.)%#" -).+., 7 

'*%.9%#-+* &#'64*!5;** *!'().%*6 %5 28#/. -2.+#2#/5) -#2-." /4(<*.. C57 

745+7# &#6-%6.+-6 2 B4*'#$.%** 5.1, /'6 %#4"5',%#9 4.5'*!5;** *!".4.%*9 

%.#A8#/*"#, )+#A3 :7-+*%7;*6 28#/%38 &#'64*!(01*8 (-+4#9-+2 * 

5%5'*!5+#45 A3'* -(1.-+2.%%# 23=., )." *!".46."56 :7-+*%7;*6 -2.+#2#/5. 

 '*, *%5)., "#$%# -75!5+,, )+# 7#%.)%56 :7-+*%7;*6, %5&4*".4, 5%5'*!5+#45 

%.&#-4./-+2.%%# !5/5.+ &#<4.=%#-+,: 1 M  A. G%5'#<*)%5 * -*+(5;*6 /'6 

(-+4#9-+2 %5 28#/. -2.+#2#/5. L :+#9 +#)7* !4.%*6 *%+.4@.4.%;*#%%39 

-&#-#A *!".4.%*9 *"..+ &4*%;*&*5',%3. &4.*"(1.-+25 &.4./ 

+45/*;*#%%3". 
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 , %57#%.;, 45--"#+4*" 2'*6%*. %5 &#<4.=%#-+, 7#:@@*;*.%+5 K. N5 

*-7'0).%*." #/*%57#2#<# "%#$*+.'6 1/ G 2345$.%*6 (5.46), (5.48), (5.51) 

/'6 &#<4.=%#-+* -#/.4$5+ @(%7;**  

$ % $ % $ %12   
1

2 ,/"
,

/" KKf,
K

K
Kf YX , $ % $ %

K

K
KfXY

2
1,

" .   (5.54) 

 

K45@*7* :+*8 &4#-+38 @(%7;*9 &#75!5%3 %5 4*-(%7. 5.16.  -8#/6 *! 

2*/5 :+*8 @(%7;*9 &#'()5.+-6, )+# &4* &.4.-).+. !%5).%*6 7#:@@*;*.%+5 

:7-+*%7;** &# 2345$.%*0 /'6  X
, &#<4.=%#-+, "#$%# -%*!*+, &4* K >1. 

O*A#, .-'* (".%,=5+, K, +# "#$%# -%*!*+, -+.&.%, 2'*6%*6 :7-+*%7;** 

5%5'*!5+#45 /'6  Y
. ?+# #AP6-%6.+-6 +.", )+# (2.'*).%*. 28#/%#9 "#1%#-+* 

Ex &# -452%.%*0 - Ey 7 (2.'*).%*0 #+%#=.%*6 (&#"6%(+38 23=. 

«&#'.!%38» * «".=501*8» *%+.4@.4.%;*#%%38 7#'.A5%*9 &4* #4*.%+5;** 

&#'64*!5+#45 2/#', #-* X * %5#A#4#+. >/%57# 757 A(/.+ &#75!5%# %*$., 

!%5)*+.',%3. #+7'#%.%*6 K #+ 1 A(/(+ &4*2#/*+, 7 (8(/=.%*0 #+%#=.%*6 

L/Q * -%*$5+, 45!4.=501(0 -&#-#A%#-+, *!".4.%*9. B#:+#"( (75!5%%#. 

('()=.%*. *"..+ -"3-' /'6 -%*$.%*6 +#',7# #<45%*).%*6 -26!5%%#<# - 

5%5'*!5+#4#", .-'* .-+, !%5)*+.',%39 !5&5- &# +#)%#-+* 4.<*-+45;** 

*%+.4@.4.%;*#%%38 7#'.A5%*9. B#-7#',7( 75).-+2.%%3. &#'64*!5+#43 (- 

:7-+*%7;*.9 ~1000 *'* A#'..) #A.-&.)*250+ /#-+5+#)%# %*!7(0 

&#<4.=%#-+, (0,1% * ".%..), +# /'6 &457+*).-7*8 (-+4#9-+2, 2.4#6+%#, A(/(+ 

A#'.. 25$%3 /4(<*. @57+#43 &#".8 * #&+*"5',%3", 757 A(/.+ &#75!5%# 

/5'.., 62'6.+-6 2-. $. !%5).%*. KM1.  
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D*-(%#7 5.16. K45@*7* !52*-*"#-+.9 f(K), !5/525."38 @#4"('5"* (5.54) 

 

F !57'0).%*. /5%%#<# &545<45@5 #+".+*", )+# &4* 45--"#+4.%** A3'* 

&#'().%3 2345$.%*6, /."#%-+4*4(01*., 757 2'*6.+ %5 &#<4.=%#-+, 

*!".4.%*9 *-&#',!#25%*. &4* 45-).+58 (&4#1.%%38 @#4"(' (5.16, A). J-'* 

:7-+*%7;*6 5%5'*!5+#45 /#-+5+#)%# 2.'*75, * .. 2'*6%*." "#$%# 

&4.%.A4.),, +# #3/%&4.%("*#' 5/0%6'**+7 8%095& (5.16, A) (*%3#2 

/%10':*%324, %/#3+("'95; 8%095&"9# (5.52).   
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5.3.2.  !"#$%&'$%' "#("')#*+', -./-/0$/-1% 2-3'4-12%' /!"#$%&'$$/, 

1/&$/-1% "'!%-1"#5%% /.1%&'-6/, 7/+$/-1% ."% %(7'"'$%89. 

F '0A38 *!".4*+.',%38 -*-+."58, #/%*" *! @(%/5".%+5',%38 @57+#4#2, 

#<45%*)*2501*8 45!4.=501(0, -&#-#A%#-+, 62'60+-6 -#A-+2.%%3. =("3 * 

@'(7+(5;** %5 238#/. (-+4#9-+25. C57 *".%%# =("3 #<45%*)*250+ 

45!4.=501(0 -&#-#A%#-+,, !52*-*+ #+ ".85%*!"5 *8 @#4"*4#25%*6 * 

&4*%;*&5 #&4./.'.%*6 *!".46."#<# &545".+45. I57*. 2#&4#-3, A.!(-'#2%#, 

57+(5',%3 * /'6 *%+.4@.4.%;*#%%#<# &4*%;*&5 7#%+4#'6 * *!".4.%*6 

&#'64*!5;*#%%38 &545".+4#2 HOB -2.+#2#/#2.    

>+".+*", )+# /'6 #&+*).-7*8 *!".4*+.',%38 -*-+." 5%5'*! 2'*6%*6 

=("#2 2-.</5 #-'#$%6.+-6 +.", )+# %5 238#/. -*-+."3 4.<*-+45;** 

"#1%#-+* -2.+#2#<# &#+#75 "#<(+ &4*-(+-+2#25+, =("3 45!%38 +*&#2, 

(4#2.%, 7#+#438 ".%6.+-6 - *!".%.%*." "#1%#-+* -2.+5, &#-+(&501.<# %5 

@#+#/.+.7+#4. I57 =("3, -26!5%%3. - @'(7+(5;*6"* *%+.%-*2%#-+* '5!.45, 

A(/(+ &4#&#4;*#%5',%3 +.7(1.9 "#1%#-+* P %5 238#/. #&+*).-7#9 -8."3, 

/4#A#23. =("3 @#+#/.+.7+*4#25%*6 A(/(+ ".%6+,-6 &4#&#4;*#%5',%# P . 

H4#A#23. =("3 +."%#2#<# +#75 @#+#/.+.7+#45, 5 +57 $. -#A-+2.%%3. =("3 

(-+4#9-+2 (-*'.%*6 * 4.<*-+45;** -*<%5'5 &#-'. @#+#/.+.7+#45 #A3)%#  %. 

!52*-6+ #+ -2.+#2#<# &#+#75. F-. :+# #A(-'52'*25.+ -'#$%#-+, 2-.-+#4#%%.<# 

*!().%*6 &4#62'.%*6 =("#2 2 /5%%38 *!".4.%*68 * *8 2'*6%*6 %5 

45!4.=501(0 -&#-#A%#-+,. B#:+#"(, %. &4.+.%/(6 %5 &#'%#. 7#"&'.7-%#. 

*!().%*. /5%%#<# 2#&4#-5, 23A.4." #+%#-*+.',%# &4#-+#9, %# 2&#'%. 

57+(5',%39 /'6 &457+*).-7#9 4.5'*!5;** *%+.4@.4.%;*#%%#9 ".+#/*7* 

254*5%+ &4#62'.%*6 =("#2. R(/." &#'5<5+,, )+# -#A-+2.%%3. =("3 %5 

238#/. -8."3 4.<*-+45;** #&+*).-7#9 "#1%#-+* (*'* *%+.%-*2%#-+*) 

#&4./.'60+-6 +#',7# -8."#9 4.<*-+45;** * %. !52*-6+ #+ "#1%#-+* -2.+5, 

&#-+(&501.9 %5 @#+#/.+.7+#4. Q("3 +57#<# +*&5 !5/50+ #&4./.'.%%(0 

7#%.)%(0 45!4.=501(0 -&#-#A%#-+, -*-+."3 4.<*-+45;** *%+.%-*2%#-+* 

-2.+5.        

C4#". +#<#, %. A(/." 45--"5+4*25+, 2'*6%*. =("#2 %5 45!4.=501(0 

-&#-#A%#-+, #&4./.'.%*6 S0 * K %5 &.42#" :+5&. *!".4.%*9, &#-7#',7( :+5 

&4#A'."5 -26!5%5 - ".+#/5"* 4.<4.--** *'* 5&&4#7-*"5;** *!".4.%%#9 

!52*-*"#-+* m(S+S0) * +.&. @57+#45"* * *--'./#25+, 45--"5+4*25+, 

&#/#A%3. &4#A'."3 *"..+ -"3-' ($. &4* 45!45A#+7. * 4.5'*!5;** 

&457+*).-7*8 &4*A#4#2 * 23A#4. 5'<#4*+"#2 #A45A#+7* /5%%38. >/%57# 

&#%6+%#, )+# &4*".4%3. #;.%7* "#$%# -/.'5+, *-8#/6 *! #+%#=.%*6 L/Q %5 

238#/. -*-+."3 4.<*-+45;**. 

 !".4.%*. $. 7#:@@*;*.%+5 :7-+*%7;** -2.+#2#/5 A5!*4(.+-6 %5 

4.<*-+45;** *%+.4@.4.%;*#%%38 7#'.A5%*9 "5'#9 5"&'*+(/3 2 #A'5-+68 

"*%*"("#2 !52*-*"#-+* m(S+S0). F :+#" -'()5. =("3 * 7#%.)%56 

45!4.=50156 -&#-#A%#-+, -*-+."3 4.<*-+45;** *%+.%-*2%#-+* &4*2#/6+ 7 

7#%74.+%3" #<45%*).%*6" %5 2.'*)*%(  , 7#+#4(0 "#$%# *!".4*+,. F 

/5%%#" &(%7+. A(/(+ &#'().%3 #;.%7* /'6 +57*8 #<45%*).%*9, 5 +57 $. 

45--"#+4.% 2#&4#- # 2'*6%** &545".+45 K %5 45!4.=501(0 -&#-#A%#-+, 

*!".4.%*9.        
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B4.$/. 2-.<#, #+".+*" 2'*6%*. 2.'*)*%3 K %5 #+%#=.%*. L/Q &4* 

4.<*-+45;** *%+.4@.4.%;*#%%38 7#'.A5%*9. H'6 5"&'*+(/3 Im 

*%+.4@.4.%;*#%%38 7#'.A5%*9, 45--"5+4*25."38 2 &. 5.2.2 * 5"&'*+(/ X

mI , 
Y

mI   *%+.4@.4.%;*#%%38 7#'.A5%*9, 45--"5+4*25."38 2 &. 5.2.3 *! (5.13)–

(5.15) &#'()*" 

2/
,

/" 2sin
1

0
K

K
IIm

;      
 

/
,

/-"
K

K
III Y

m

X

m
1

4
0

.        (5.55) 

F #A.*8 -*+(5;*68 !52*-*"#-+, 5"&'*+(/3 %.&#-4./-+2.%%#<# 

4.<*-+4*4(."38 *%+.4@.4.%;*#%%38 7#'.A5%*9 #+ K !5/5.+-6 @(%7;*.9  

$ %
1,

"
K

K
Kf .           (5.56) 

T5457+.4 !52*-*"#-+* *''0-+4*4(.+ <45@*7 %5 4*-(%7. 5.17. U57-*"(" 

@(%7;** (452.% 0.5) *, -##+2.+-+2.%%# "57-*"(" #+%#=.%*6 L/Q /'6 

*%+.4@.4.%;*#%%38 7#'.A5%*9 /#-+*<5.+-6 &4* K=1. F /*5&5!#%. #+ K=1/4 

/# K=4 5"&'*+(/5 f(K) > 0.4, +... -%*$.%*. 5"&'*+(/3 #-+5.+-6 2 &4./.'58 

20%.   
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D*-(%#7 5.17. K45@*7* !52*-*"#-+*  f(K), !5/525."#9 @#4"('#9 (5.56) 

 

H'6 A#'.. 7#%74.+%#<# ().+5 2'*6%*6 =("#2 * &#".8 -*-+."3 

4.<*-+45;** %5 +#)%#-+, *!".4.%*9 22./." 2 45--"#+4.%*. 45!4.=501(0 

-&#-#A%#-+, -*-+."3 4.<*-+45;** #I – "*%*"5',%#. 4.<*-+4*4(."#. 

*!".%.%*. *%+.%-*2%#-+* %5 238#/. -2.+#2#/5. F A#',=*%-+2. -'()5.2 (2 

)5-+%#-+*, 7#</5 #-%#2%3"* @57+#45"* =("#2 62'60+-6 5"&'*+(/%3. =("3 

*-+#)%*75, -#A-+2.%%3. =("3 @#+#&4*."%*75 *'* &#-'./(01*8 

*!".4*+.',%38 &4*A#4#2) :+( 2.'*)*%( "#$%# &#'5<5+, 85457+.4*-+*7#9 - 

#&4./.'.%%3" 7#%74.+%3" !%5).%*.", !52*-61*" #+ &545".+4#2 :'.".%+#2 

-8."3, * @57+*).-7* %. !52*-61*" #+ +.7(1.<# (4#2%6 *%+.%-*2%#-+* %5 

238#/. +.-+*4(."#<# -2.+#2#/5. B#-7#',7( "57-*"5',%56 2.'*)*%5 

238#/%#9 *%+.%-*2%#-+* #<45%*).%5 !%5).%*." I0, +# (/#A%# *-&#',!#25+, 

#+%#-*+.',%(0 2.'*)*%(, *".01(0 -"3-' /*%5"*).-7#<# /*5&5!#%5 

-*-+."3 4.<*-+45;**    

I

I
D

#
" 0 .     (5.57) 
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D5--"#+4*" #<45%*).%*. %5 2#!"#$%(0 2.'*)*%( *!".46."#<# 

7#:@@*;*.%+5 :7-+*%7;** -2.+#2#/5, -26!5%%#. - 45!4.=501.9 

-&#-#A%#-+,0 -*-+."3 4.<*-+45;** *%+.%-*2%#-+*, 5 +57 $. 2'*6%*. 

2.'*)*%3 K.  

F 2345$.%*68 /'6 7#%+45-+5 *%+.4@.4.%;*#%%38 7#'.A5%*9 )*-'*+.', 

(Imax – Imin) 452.% (/2#.%%#9 5"&'*+(/. *%+.4@.4.%;*#%%#<# 7#'.A5%*6 2Im * 

.<# "*%*"5',%56 2.'*)*%5, #).2*/%#, #<45%*).%5 !%5).%*." #I. N%5".%5+.', 

(Imax + Imin), 757 %.+4(/%# &#%6+,, -##+2.+-+2(.+ (/2#.%%#9 5//*+*2%#9 

-#-+52'601.9 *%+.4@.4.%;*#%%#<# 7#'.A5%*6 * &4* .<# #;.%7. 7#%.)%3" 

45!4.=.%*." "#$%# &4.%.A4.),. I#</5 *! (5.13) "#$%# &#'()*+, 

$ % $ % $ %
DK

K

K
KI

KI

K
I

KI

II

I
m

minmax

x /
,
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&&
'
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00

.   (5.58) 

>;.%75 (5.58) 62'6.+-6 &4*A'*$.%%#9, #%5 7#44.7+%5 &4* 23&#'%.%** 

(-'#2*9   >> 1 * K  >> 1. GA-#'0+%# 5%5'#<*)%# - ().+#" (5.14) &#'()*", 

)+# &4* (-'#2*68   >> 1 *  /K >> 1 "*%*"5',%56 4.<*-+4*4(."56 2.'*)*%5 

7#%+45-+5 /'6 #-* Y -2.+#2#/5 -#-+52'6.+  

$ %
D

K
my

2

1,
-# .     (5.59) 

L ().+#" 2345$.%*9 /'6 &.4.-).+5 !%5).%*9 7#:@@*;*.%+5 :7-+*%7;** 

(5.16, A) &#'()*", )+# #;.%75 "57-*"5',%#<# 4.<*-+4*4(."#<# 7#:@@*;*.%+5 

:7-+*%7;** 2#'#7%5 2-'./-+2*. 7#%.)%#<# /*5&5!#%5 D (*'* 7#%.)%#<# 

45!4.=.%*6 4.<*-+45;** *%+.%-*2%#-+* #I) /'6 '0A#<# -&#-#A5 &.4.-).+5 

-#-+52'6.+   

$ %
2

2
1

16
D

K

KXY

max

Y

max

X

max /
,

/
- " " .    (5.60) 

I57*" #A45!#", /'6 #A.-&.).%*6 *!".4.%*9 7#:@@*;*.%+5 &#'64*!5;*#%%#9 

:7-+*%7;** 2#'#7%5, %.#A8#/*"# )+#A3 45!4.=50156 -&#-#A%#-+, *'* 

/*%5"*).-7*9 /*5&5!#% 4.<*-+45;** 238#/%#9 #&+*).-7#9 "#1%#-+* 

(/#2'.+2#46' (-'#2*6" 

$ %1
4

,
/ /

.
K

K
D ,  $ %

K

KI
I

/ /

,
3#

4

10  .   (5.61) 

 ! (5.60) '*A# (5.61) "#$%# -/.'5+, 232#/, )+# #&+*"5',%3" !%5).%*." 

7#:@@*;*.%+5 K 62'6.+-6 K=1. B4*).", 757 ($. A3'# &#75!5%# 23=.,  

*!".%.%*. K 2 &4./.'58 #+ ¼ /# 4 /5.+ (8(/=.%*. 2 &4./.'58 20%, +.#. 

/*5&5!#% ¼ < K < 4 "#$%# &#'5<5+, 74*+.4*." 23&#'%.%*6 $.'5+.',%#<# 

(-'#2*6 K~1. J-'* 28#/%#. *!'().%*. &#'64*!#25%# '*%.9%#, (75!5%%39 

/*5&5!#% *!".%.%*6 K -##+2.+-+2(.+ *!".%.%*0 /*5&5!#%( (<'#2 ".$/( 

%5&452'.%*." &#'64*!5;*#%%#9 #-* -2.+#2#/5 * %5&452'.%*0 &#'64*!5;** 

28#/%#<# *!'().%*6 #+ 27
0
 /# 63

0
.  
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H'6 K=1 2345$.%*6 (5.58) – (5.61) (&4#150+-6, 2 4.!(',+5+. ).<# 

&#'()*" 

24Dmax - ,       /. 2D ,    
 /

.#
2

0I
I .    (5.62) 

E5&4*".4, .-'* %.#A8#/*"# *!".46+, 7#:@@*;*.%+ :7-+*%7;** 2.'*)*%#9 

/# 10000 (/#'6 "#1%#-+* &4.#A45!#25%%#9 *! "#/3 2 "#/( 0,01%), +# 

-*-+."5 4.<*-+45;** 7#'.A5%*9 *%+.%-*2%#-+* -2.+5 /#'$%5 #A.-&.)*25+, 

/*%5"*).-7*9 /*5&5!#% %. 8($. 200 (#+%#-*+.',%56 45!4.=50156 

-&#-#A%#-+, %. 8($. 0,5%).  

B#'().%%3. 2345$.%*6 /."#%-+4*4(0+ &4.*"(1.-+25 45--"5+4*25."#<# 

*%+.4@.4.%;*#%%#<# ".+#/5 &# -452%.%*0 - +45/*;*#%%3"* -&#-#A5"*, 

#-%#25%%3"* %5 &4*%;*&. -74.1.%%38 &#'64*!5+#4#2. L#<'5-%# 745+7#"( 

#&*-5%*0 :+#<# &4*%;*&5 2 B4*'#$.%** 5.1  %.+4(/%# &#75!5+,, )+# 

-##+%#=.%*6 ".$/( /*%5"*).-7*" /*5&5!#%#" (45!4.=501.9 

-&#-#A%#-+,0) -*-+."3 4.<*-+45;** #&+*).-7#9 "#1%#-+* *".0+ 2*/   

Dmax - ,       .D ,    
 

.# 0I
I .    (5.63) 

 

5.3.3. :3%8$%' 1/&$/-1% ;-1#$/26% #$#3%(#1/"# 24/3< ./38"%(#5%/$$/, 

/-% -2'1/2/4#. 

J1. #/%*" 7'0).23" @57+#4#", 2'*601*" %5 &#<4.=%#-+, * 

45!4.=501(0 -&#-#A%#-+, 45--"5+4*25."#<# *%+.4@.4.%;*#%%#<# ".+#/5, 

62'6.+-6 +#)%#-+, (-+5%#27* 5%5'*!5+#45 2/#', %5&452'.%*6 

&#'64*!5;*#%%38 #-.9 -2.+#2#/5. H# -*8 &#4 2-. 2345$.%*6 ()*+32501*. 

7#%.)%(0 :7-+*%7;*0 -2.+#2#/5 * #&*-32501*. *!".4.%*. 7#:@@*;*.%+5 

:7-+*%7;** -2.+#2#/5 A3'* &#'().%3 /'6 (<'#2 S=0 * S=4/2. >/%57# &4* 

&457+*).-7*8 *!".4.%*68 (-+5%#2*+,  5%5'*!5+#4 2 :+* &#'#$.%*6 "#$%# - 

7#%.)%#9 +#)%#-+,0. B#<4.=%#-+, #4*.%+5;** 5%5'*!5+#45 "#$.+ A3+, 

-26!5%5 757 - 2'*6%*." =("#2 * &#<4.=%#-+* #A45A#+7* -*<%5'5 %5 &.42#" 

:+5&. *!".4.%*9. E#, - /4(<#9 -+#4#%3, 25$%3"* "#<(+ A3+, * /4(<*. 

@57+#43, 2 )5-+%#-+* 2#!"#$%#-+* ".85%*).-7#9 -*-+."3 (&452'.%*6 

&#'#$.%*." 5%5'*!5+#45. ?+# "#$.+ A3+, /*-74.+%39 =5< 2451.%*6 *'* 

45!4.=.%*. (&452'601.9 -*-+."3 2 52+#"5+*).-7*8 (-+4#9-+258 2451.%*6. 

E5 2#!"#$%#-+, &#2+#4%#<# 2#-&4#*!2./.%*6 %5&452'.%*6 &#'64*!5+#45 

2'*6.+ &#<4.=%#-+, -*-+."3 4.<*-+45;** (<'5 2 (-+4#9-+2. &#2#4#+5  * +.&. 

B4*)*%3 2#!"#$%38 #+7'#%.%*9 %5&452'.%*6 5%5'*!5+#45 #+%#-*+.',%# 

&#'64*!5;*#%%38 #-.9 -2.+#2#/5 * -2#9-+25 &545!*+%38 (<'#238 

@'(7+(5;*9 ;.'.-##A45!%# 5%5'*!*4#25+, #+/.',%# /'6 #&4./.'.%%#<# +*&5 

45!45A5+325."#<# *!".4*+.',%#<# (-+4#9-+25. >/%57# A#'.. #A1*9 85457+.4 

%#-*+ 2#&4#- # 2'*6%** +57*8 #+7'#%.%*9 %5 +#)%#-+, *!".4.%*6  . H'6 

5%5'*!5 /5%%#9 !5/5)* %.#A8#/*"# *!()*+, &#2./.%*. !52*-*"#-+* m(S) - 

().+#" !%5).%*6   %. +#',7# 2 +#)758 S=0 * S=4/2, %# * &4* #+7'#%.%** S 

#+ :+*8 !%5).%*9. G%5'*! :+#9 &4#A'."3 &4*2./.% /5'...  
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5.3.3.1. <"(#3#9%324 m(=) 3 5>'2%9 ?%*'>*%, @?32#*?A## 3('2%(%-" /0# 

/0%#.(%&4*%9 /%&%)'*## "*"&#."2%0". 

F #A1." -'()5., -#<'5-%# #&*-5%*0 %5 #-%#2. @#4"5'*!"5 H$#%-5, 

*%+.%-*2%#-+, %5 238#/. 5%5'*!5+#45 !5/5.+-6 2345$.%*." 

$ % $ % 2

FA
2

1
ETT / /2"I ,            (5.64) 

</. "5+4*;3 H$#%-5 :'.".%+#2 !5/50+-6 2 2*/. 
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sincos
AT .                (5.65) 

F345$.%*. (5.64) @57+*).-7* ($. &4*".%6'#-, 2 &4./3/(1*8 &(%7+58 

(%5&4*".4 (5.5)), #/%57# 2 /5%%#" -'()5. &#/45!(".25.+-6 /4(<#. 

-#/.4$5%*. -#-+52'601*8 :+#<# 2345$.%*6. F #+'*)*. #+ 45--"#+4.%*6 2 

&. 5.2, 2 /5%%#" -'()5. %($%# *-&#',!#25+, "5+4*;( -2.+#2#/5 - 7#%.)%#9 

:7-+*%7;*.9 2 2*/. (5.10) *'* (5.65), )+# &#/).47%(+# (75!5%*." 54<(".%+5 

 . F &. 5._ @57+*).-7* 2345$.%*. (5.64), #/%57# 5%5'*!*4#25'*-, +#',7# 

-'()5* S=0 *'* S=4/2, +... 234#$/.%%3. 254*5%+3 "5+4*;3 &#'64*!5+#45, 5 

+.&.4, +4.A(.+-6 45--"#+4.%*. &4* 45!%38 (<'58, )+# &#/).47%(+# (75!5%*." 

54<(".%+5 S. I.#. 2 /5%%#9 -*+(5;** %.#A8#/*" «&#'%39» 5%5'*! 

*%+.%-*2%#-+* (5.64).  

>+".+*", )+# 2 2345$.%*. (5.64) %. 27'0).%5 "5+4*;5 "#/('6+#45. ?+# 

#A(-'#2'.%# +.", )+#, 757 A3'# #A#-%#25%# 2 &. 5.2.4, &4* *!".4.%** 

7#:@@*;*.%+5 :7-+*%7;** -2.+#2#/5 "#/('6+#4 /#'$.% A3+, (-+5%#2'.% 2 

%5)5'. -2.+#2#/5. L /4(<#9 -+#4#%3, +5" $. A3'# &#75!5%#, )+# /.9-+2*. 

'#75',%#<# "#/('6+#45 %5 28#/%#" 7#%;. -2.+#2#/5 &#'%#-+,0 :72*25'.%+%# 

*!".%.%*0 50. B#:+#"( /5'.. A(/." &#/45!(".25+,, )+# "#/('*4(01.. 

2#!"(1.%*. #&*-325.+-6 *!".%.%*." &545".+45 50. 

B4#*!2./.%*. "5+4*; (5.65) &#-'. (&4#1.%*6 (B4*'#$.%*. 5.5) -2#/*+-6 

7 2*/( 
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ERrErR
ETT .  (5.66) 

L+4(7+(45 2345$.%*6 #+45$5.+ +#+ @57+, )+# "3 *".." -(&.4&#!*;*0 

).+34.8 '*%.9%#-&#'64*!#25%%38 7#"&#%.%+ (4*-(%#7 5.18) - 45!%3"* 

@5!#23"* !5/.4$75"*: /2. -#-+52'601*. – 2#'%3, 7#+#43. &4#='* 2.-, 

-2.+#2#/ 2 2*/. *!'().%*6 #/%#9 * +#9 $. &#'64*!5;*#%%#9 "#/3.  8 @5!3 

#&4./.'60+-6 %5)5',%#9 45!%#-+,0 50 * 45!%#-+,0 6, -26!5%%#9 - 

/2('().&4.'#"'.%*." * /'*%#9 2#'#7%5.  H2. /4(<*. -#-+52'601*. – :+# 

2#'%3, 7#+#43. -@#4"*4#25%3 *!'().%*.", &4.#A45!#25%%3" *! #/%#9 "#/3 

2 /4(<(0 2-'./-+2*. 7#%.)%#9 :7-+*%7;** -2.+#2#/5, +... -26!* "#/.  8 @5!3 

-26!5%3 - +#9 $. 45!%#-+,0 50 * &545".+4#" 7, 7#+#439 !5/5.+-6 %. +#',7# 
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/2('().&4.'#"'.%*.", %# * 45-&4./.'.%*." -26!* "#/ 2/#', -2.+#2#/5 (-". 

45!/.' 2). D5!%#-+, 50 ".%6.+-6 2 4.!(',+5+. /.9-+2*6 "#/('6+#45. G 

7#%74.+%3. !%5).%*6 6 * 7 62'60+-6 @57+*).-7* %.&4./-75!(."3"* 

&545".+45"*, * "#<(+ ".%6+,-6 2 =*4#7*8 &4./.'58 &#/ /.9-+2*." 2%.=%*8 

(-'#2*9 -2.+#2#/5 (-". 45!/.' 2).  

 

D*-(%#7 5.18. S#4"*4#25%*. -(&.4&#!*;** ).+34.8 2#'% %5 238#/. 

5%5'*!5+#45 

 

B#/-+52*2 (5.66) 2 (5.64) * ()+6 (5.3) * (5.6) &#'()*" 

$ %
$ % $ % $ % $ %

2

2222220
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eesinecoseesinecos
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iiiiii

RrrRK
K

I
I .      (5.67) 

J-'* 45-743+, :+# 2345$.%*., +#  &#'()*+-6 -'*=7#" <4#"#!/756 @#4"('5, 

85457+.4 7#+#4#9 @57+*).-7* %.2#!"#$%# 5%5'*!*4#25+,. >/%57# 

#+%#-*+.',%# %.-'#$%# &4#2#/*+, )*-'.%%3. 45-).+3 &# 2345$.%*0 (5.67). 

J-'* *-&#',!#25+, &4#;./(4( 45-).+5 I(50) &4* @*7-*4#25%%38 S, K, 6, 7 

/'6 50 2 *%+.425'. [0, 24] - #&4./.'.%*." :7-+4."("#2 :+#9 !52*-*"#-+* * 

&.4.-).+5 7#%+45-+5 m(S, K, 6, 7), +# "#$%# 45--)*+5+, -.".9-+25 

!52*-*"#-+.9 m(S), &545".+4#" 7#+#438 62'60+-6 2.'*)*%5 K, *, 757 2*/%# 

*! 45-).+#2 * 5%5'*!5 -(""5 (6 + 7). B4*".43 45-).+5 +57*8 !52*-*"#-+.9 

&#75!5%3 %5 4*-(%7. 5.19. E5 4*-(%7. &4*2./.%3 45-).+3 /'6  =100. I5756 

#+%#-*+.',%# %.23-#756 :7-+*%7;*6 23A45%5 /'6 +#<#, )+#A3 %5<'6/%# 

&#75!5+, 757 2'*6.+ 7#%.)%56 :7-+*%7;*6 -2.+#2#/5 %5 !52*-*"#-+, m(S). 

>+".+*" #-%#2%3. -2#9-+25 :+*8 !52*-*"#-+.9:  

1) B4* S=0 '*A# S=±4/2 (5%5'*!5+#4 %5&452'.% 2/#', &#'64*!5;*#%%38 

#-.9 -2.+#2#/5) 2-. 74*23. &.4.-.750+-6 (%5 4*-(%7. 5.20 :+* +#)7* 
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23/.'.%3 74($75"*), &4*)." !%5).%*6 7#%+45-+5 mx * my /'6 :+*8 +#).7 

&#'%#-+,0 -##+2.+-+2(0+ 2345$.%*6" (5.15).  

2) B4* #4*.%+5;*68 5%5'*!5+#45, %.-#2&5/501*8 - &#'64*!5;*#%%3"* 

#-6"* 85457+.4 !52*-*"#-+* m(S) ".%6.+-6 #+ 45!%#-+* (6 + 7). U#$%# 

#+".+*+, /25 7459%*8 -'()56. J-'* 6 + 7=4, +# ().+ :7-+*%7;** &4*2#/*+ 7 

&#/P."( 74*2#9 #+%#-*+.',%# !52*-*"#-+* /'6 */.5',%#<# 2#'#7%5. 

>+7'#%.%*. %5*A#'.. -(1.-+2.%%# 2 #A'5-+* SM0 * SM±4/2 * -+5%#2*+-6 

"5'3" &4* (/5'.%** #+ :+*8 #A'5-+.9. J-'* $. 6 + 7=0, +# @#4"5 

!52*-*"#-+* #-+5.+-6 +57#9 $., 757 * 2 -'()5. */.5',%#<# -2.+#2#/5, %# 

-".15.+-6 2/#', #-* S %5 2.'*)*%( ~  1  45/*5%. B4* &4#".$(+#)%38 

!%5).%*68 45!%#-+* 6 + 7 *"..+ ".-+# 7#"A*%5;*6 :@@.7+#2 «&#/P."5» * 

«-/2*<5». 

0 10 20 30 40 50 60 70 80 90 100

0.2

0.4

0.6

0.8

0 10 20 30 40 50 60 70 80 90 100

0.2

0.4

0.6

0.8

 

D*-(%#7 5.19. B4*".43 45-).+#2 !52*-*"#-+.9 m(S) - ().+#" 7#%.)%#9 

:7-+*%7;** -2.+#2#/5  =100. B(%7+*4#" &#75!5%5 !52*-*"#-+, /'6 

*/.5',%#<# -2.+#2#/5, -##+2.+-+2(0156 @#4"('. (5.7)  

 

B.42#. -2#9-+2# &#%6+%#, &#-7#',7( :+#+ -'()59 &#/4#A%# 45--"#+4.% 2 

&. 5.2. F :+*8 &#'#$.%*68 5%5'*!5+#45 *! ).+34.8 7#"&#%.%+ #-+50+-6 

+#',7# /2. (%5 4*-(%7. 5.18 :+# 745-%56 * -*%66 =+4*8#25%%56 -+4.'7* &4* 

S=0 *'* -*%66 * 745-%56 =+4*8#25%%56 -+4.'7*  &4* S=±4/2).  8 5"&'*+(/3 
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!52*-6+ #+ K * r, 5 %5)5',%56 45!%#-+, @5! (6 + 7) %. 2'*6.+ %5 7#%+45-+ m, 

&#-7#',7( 7#%+45-+ #&4./.'6.+-6 85457+.4#" *%+.4@.4.%;*#%%38 7#'.A5%*9 

&4* -".1.%** 45!%#-+* @5! (&4* "#/('*4(01." 2#!/.9-+2**) 2 *%+.425'. 

A#'.. 24. B#:+#"( &#'().%%3. 2345$.%*6 (5.15) %. !52*-6+ #+ (6 + 7).  

V+# $. 75-5.+-6 2'*6%*6 45!%#-+* (6 + 7) %5 2*/ !52*-*"#-+* m(S) &4* 

&#'#$.%*68 5%5'*!5+#45 %. -#2&5/501*8 - #-6"* -2.+#2#/5, +# !/.-, "#$%# 

-/.'5+, -'./(01*. &#6-%.%*6. E5 238#/. 5%5'*!5+#45 &4*-(+-+2(0+ ).+34. 

%.!52*-*"3. &# @5!. 2#'%3, %# &#-7#',7( "#/('6+#4 -#!/5.+ 45!%#-+, @5! 

".$/( &545"* 7#"&#%.%+ (%5 4*-(%7. 5.18 :+# -+4.'7*, 23/.'.%%3. 745-%3" 

* -*%*" ;2.+#"), +# 7#'.A5%*6 #+ "#/('*4(01.<# 2#!/.9-+2*6 "#$%# 

&4./-+52*+, 757 /2(8'().2(0 *%+.4@.4.%;*0. E# 75$/39 *! '().9, 2 -2#0 

#).4./,, -@#4"*4#25% *! /2(8 2#'%. W)*+3256 *!2.-+%3. * ($. %. 45! 

&4*".%62=*.-6 2345$.%*6 /'6 /2(8'().2#9 *%+.4@.4.%;** "#$%# !5&*-5+,       

$ %
$ %$ %

$ % $ % $ % $ % .RrE,rRKE

,EEEE
K

I
I

iiii

&&
'

(
))
*

+
2,2"&&
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!
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22
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011
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2

2

1
0

esinecos       esinecos

cos2
12

                    

   (5.68) 

I57#9 4.!(',+5+ "#$%# &#'()*+, * %5&46"(0 45-7432 (5.67), 8#+6 

&4.#A45!#25%*6, %.#A8#/*"3. /'6 &4*2./.%*6 7 @#4". (5.68) /#2#',%# 

<4#"#!/7*. B4* :+#" 7#%+45-+ *%+.4@.4.%;*#%%#<# 7#'.A5%*6 &4* -".1.%** 

50, A(/.+ #&*-325+,-6 -#<'5-%# (5.7) 2345$.%*."  

$ % .
E

I,
E

I,
II

II
m

2
    

2
    

2
                    

2

2
2

2

1
2

21
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"2      (5.69) 

E.+4(/%# 2*/.+,, )+# 5"&'*+(/3 *-8#/%38 7#"&#%.%+ 75$/#9 &543 !52*-6+ 

#+ 7#:@@*;*.%+#2 K, R, r * (<'5 S, 5 5"&'*+(/3 4.!(',+*4(01*8 

*%+.4@.4*4(01*8 7#"&#%.%+ * #+ 45!%#-+* (6 + 7).  

B4*2./." &4*".4, &(-+, (6 + 7)=0. L#<'5-%# (5.67) *'* *-8#/6 *! 

-+4(7+(43 "5+4*;3  F 2 (5.65) :+# !%5)*+, )+# *!'().%*. "#/3 EY * 

-#-+52'60156 &.4.=./=56 *! :+#9 "#/3 2 EX (-*%*. -+4.'7* %5 4*-(%7. 

5.19) %5 238#/. -2.+#2#/5 #75!3250+-6 -*%@5!%3. I#</5 &4* S<0 *8 

&4#.7;** A(/(+ &4#+*2#@5!%3 * &4* %.7#+#4#" %.A#',=#" (<'. S, 7#</5 

r·cos(S)= R·sin(S) (&4*".4%# +57#. -##+%#=.%*. &#75!5%# %5 4*-(%7. 5.18) 

#%* 2!5*"%# (%*)+#$5+,-6. F 4.!(',+5+. #/%5 *! 7#"&#%.%+ /2(8'().2#9 

*%+.4@.4.%;** *-).!5.+ * *%+.4@.4.%;*#%%3. 7#'.A5%*6 &4* "#/('6;** 

2#!%*75+, %. A(/(+. J-'* $. (75!5%%3. 7#"&#%.%+3 %5 238#/. -2.+#2#/5 

A3'* A3 &4#+*2#@5!%3 (:+# -##+2.+-+2(.+ (-'#2*0 6 + 7=24), +# +57#9 $. 

:@@.7+ &4#*!#=.' A3 &4* S>0. G 2#+ .-'* :+* 7#"&#%.%+3 -/2*%(+3 %5 90
0
 

(&4* 6 + 7=4), +# 7#"&.%-5;** %. &4#*-8#/*+ * 7#%+45-+ %* &4* 757#" S %. 

#A4515.+-6 2 %#',.   

B4*2./.%%39 5%5'*! 85457+.45 !52*-*"#-+* m(S) *"..+ -.4,.!%3. 

&#-'./-+2*6 /'6 ".+4#'#<*).-7*8 -2#9-+2 45--"5+4*25."#<# 2 /5%%#" 

45!/.'. ".+#/5 *!".4.%*9. L :+#9 +#)7* !4.%*6 &4./-+52'6.+ *%+.4.- &4.$/. 
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2-.<#, @#4"5 !52*-*"#-+* 2 #74.-+%#-+68 +#).7 S=0 * S=±4/2. F 2*/( 

25$%#-+* /5%%#<# 2#&4#-5 &#'()*" 62%3. 5%5'*+*).-7*. 2345$.%*6 m(S) 

/'6 :+*8 #A'5-+.9. J-'* S << 1, +# #-+52'66 +#',7# )'.%3 &.42#9 * 2+#4#9 

-+.&.%* S /'6 -#-+52'601*8 (5.68) &#'()*"  
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2
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, &4.%.A4.<56 "%#$*+.'." (1– r
2
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 * -#-+52'601*"* 
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.I,KI &
&
'

(
)
)
*

+
&
'

(
)
*

+ 7,6
/

 

2
,2,

 
-&

&
'

(
)
)
*

+
&
'

(
)
*

+ 7,6
/

 

2
,2!-

2
cos

21
       

2
cos

2
1 2

2

2

1
  (5.72) 

G%5'#<*)%3. 237'5/7* "#$%# &4#/.'5+, * /'6 (<'#2 (S–4)<<1.  

H5'.. - ().+#" (5.69) %.+4(/%# &#'()*+, 2345$.%*6 /'6 7#%+45-+5 

*%+.4@.4.%;**. B#-'. (&4#1.%*6 "#$%# &#75!5+, (B4*'#$.%*. 5.6) 
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 %/.7- x *'* y, 757 * 45%.. &#/).47*25.+, )+# 2345$.%*. 45A#+5.+ &4* 

&#'#$.%** 5%5'*!5+#45 A'*!7#" 7 %5&452'.%*0 #-* X *'* #-* Y 2#'#7%5, %# 

2 /5%%#" -'()5. 2#!"#$%# "5'#. #+7'#%.%*. &# (<'( S. H'6 %5<'6/%#-+* 2 

-'()5. !52*-*"#-+* my(S) 22./.% (<#' S' =S –4. E.+4(/%# (A./*+,-6, )+# 

&4* S=0 *'* S' =0 @#4"('3 (5.73) &4*2#/6+ 7 2345$.%*6", -#<'5-(01*"-6 

- (5.15) &4* K >>1 *  >>K.  

L ().+#" (5.73) "#$%# &4#/."#%-+4*4#25+, /25 #+".).%%38 45%.. 

7459%*8 -'()56. H.9-+2*+.',%#, &4* 6 + 7=4 *! (5.73) &#'()*" 
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F*/%#, )+# "*%*"5',%39 7#%+45-+ -##+2.+-+2(.+ +#)7. S=0, #+7'#%.%*. S 
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E.+4(/%# 2*/.+,, )+# &4* S=–  1  *'* S'=–  1 7#%+45-+ -+5%.+ %('.23". 

H4(<#9 254*5%+ 6 + 7=24. I#</5 2 2345$.%*68 2".-+# -(""3 A(/.+ 45!%#-+, 

* %('.2#9 7#%+45-+ m &#'()*+-6 &4* S=  1  *'* S'=  1 . 

E5 4*-(%7. 5.20 &4*2./.%3 &4*".43 45-).+#2 !52*-*"#-+.9 m(S), &# 

2345$.%*6" (5.73), -#2".1.%%3. - 45-).+5"* ).4.! (5.57) *! 7#+#438 2*/%# 

#).%, 8#4#=.. -#2&5/.%*. <45@*7#2 /'6 &4*A'*$.%%38 2345$.%*9 - 

4.!(',+5+5"* 45-).+#2 &# +#)%3" @#4"('5". 

 

5.3.3.2. B%10':*%324 #.9'0'*#C ?%@88#A#'*2" @?32#*?A## 3('2%(%-" 3 

5>'2%9 /%10':*%32# 532"*%(?# "*"&#."2%0". 

B452*',%#. *!".4.%*. :7-+*%7;** -2.+#2#/5, %. !52*-61.. #+ +.7(1.<# 

!%5).%*6 %.7#%+4#'*4(."38 @5!#238 &545".+4#2 6 * 7 "#$%# #A.-&.)*+,, 

.-'* 5%5'*!5+#4 (-+5%52'*25.+-6 -+4#<# 2/#', &#'64*!5;*#%%#9 #-* (#-.9) 

-2.+#2#/5. ?+5 &4#;./(45 23&#'%6.+-6 2 75).-+2. &.42#<# :+5&5 +57*8 

*!".4.%*9 * &#/45!(".25.+ 4.<*-+45;*0 !52*-*"#-+* m(S+S0) * 5%5'*! .. 

@#4"3 * -/2*<5 S0.  -8#/6 *! /5%%38, &4*2./.%%38 2 &. 5.3.3.1 &#%6+%#, )+# 

2 4.!(',+5+. 2'*6%*6 %.7#%+4#'*4(."#<# &545".+45 (6 + 7), 2 -'()5. 

«-".1.%*6» 85457+.4*-+*7* &4* (6 + 7) M 0 2#!"#$%5 #=*A75 #&4./.'.%*6 

&#'#$.%*6 &#'64*!5;*#%%38 #-.9. F.'*)*%5 (<'#2#<# -".1.%*6 "#$.+ 

-#-+52*+, ~ ( )
–1/2

 45/*5%. J-'* +4.A(.+-6 +#',7# #&4./.'*+, %5&452'.%*6 

#-.9, +# &4* A#',=#9 :7-+*%7;** -2.+#2#/5 #=*A75 -+5%#2*+-6 "5'5. >/%57# 

/'6 ;.'.9 *!".4.%*6 -5"#<# 7#:@@*;*.%+5 :7-+*%7;** +5756 +#)%#-+, 2-.</5 

%./#-+5+#)%5.  ".%%# &#:+#"( /'6 5'<#4*+"#2 &4#2./.%*6 :+#<# :+5&5 A3'# 

22./.%# (-'#2*. 45A#+3 "#/('6+#45 2 7#%;. -2.+#2#/5. F :+#" -'()5. 

:7-+*%7;*6 -2.+#2#/5 %. 2'*6.+ %5 *%+.4@.4.%;*0 * 2345$5.+-6 2 2*/. 

"5'#9 &#<4.=%#-+* 4.<*-+45;** !%5).%*6 K. I." %. ".%.. +#)%#-+, 

#&4./.'.%*6 -*-+."%#<# (<'#2#<# -".1.%*6 S0 * (-+5%#27* 5%5'*!5+#45 &# 

%5&452'.%*0 &#'64*!5;*#%%#9 #-* X *'* Y 7#%.)%5. F -*'( 45!%38 &4*)*%, 

2 4.!(',+5+. 7#%.)%#9 +#)%#-+* *!".4.%*9 %5 &.42#" :+5&. *'* 7#%.)%38 

2#!"#$%#-+.9 ".85%*).-7#9 -*-+."3 *"..+ ".-+# %.7#+#456 7#%.)%56 

%.7#+#456 &#<4.=%#-+, (-+5%#27* 5%5'*!5+#45 #S.    

L /4(<#9 -+#4#%3, %5 2+#4#" :+5&. %.#A8#/*"# &4#2#/*+, *!".4.%*6 - 

"#/('*4(01*" 2#!/.9-+2*." 2 %5)5'. -2.+#2#/5. N52*-*"#-+, m(S) 

#&4./.'6.+-6 2345$.%*6"* * <45@*75"*, 45--"#+4.%%3"* 2 5.3.3.1, 5 

-".1.%*. #S "#$.+ 2%#-*+, #=*A7( 2 *!".4.%*. mx, my *, -'./#25+.',%#, 2 

*!".4.%%#. !%5).%*.  . ?+# &#6-%6.+ 4*-(%#7 5.21. L :+#9 +#)7* !4.%*6 

%5*A#'.. «8#4#=56» -*+(5;*6 *"..+ ".-+# .-'* +.7(1.. !%5).%*. -(""3 (6 

+ 7) 452%# 4. I#</5 74*256 2 #74.-+%#-+68 +#).7 S=0 * S=4 62'6.+-6 

%5*A#'.. &#'#<#9. E5&4#+*2, 2 -'()5. 7#</5 (6 + 7) = 0 *'* 24, 74*256 *"..+ 

"57-*"5',%39 %57'#% – :+# %5*A#'.. «&'#856» -*+(5;*6. 

H'6 A#'.. 7#%74.+%#<# 5%5'*!5 2%#-*"#9 &#<4.=%#-+* *!".4.%*9, 

45--"#+4*" «7459%*.» -'()5* !%5).%*9 &545".+45 (6 + 7) &# #+/.',%#-+*.  
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1) L +#)7* !4.%*6 45--"5+4*25."#9 &#<4.=%#-+*, %5*8(/=*9 -'()59 

*"..+ ".-+#, .-'* +.7(1.. !%5).%*. @5!#238 -##+%#=.%*9 7#"&#%.%+ 

&#'64*!5;*#%%38 "#/ -##+2.+-+2(.+ (6 + 7)/2 = 0 *'* (6 + 7)/2 = 4. F :+#" 

-'()5. 2'*6%*. 7#%.)%#9 :7-+*%7;** -2.+#2#/5 %5 74*2(0 m(S) */.5',%#<# 

2#'#7%5 -2#/*+-6 7 -".1.%*0 !52*-*"#-+* %5 (<#' 1/( %9:;. B4*)." 

!52*-*"#-+, &#-&4.$%."( *"..+ "*%*"("3 452%3. %('0, 4*-(%#7 5.19. 

B4* +57#9 -*+(5;** /'6 (-&.=%#-+* *!".4.%*9 %.#A8#/*"# 23&#'%.%*. 

(-'#2*6 

 
 

32#
1 .       (5.76) 

   

F &4#+*2%#" -'()5. #+7'#%.%*. &# S "#$.+ &4*2.-+* 7 &#'().%*0 -7#', 

(<#/%# !523=.%%#<# !%5).%*6 :7-+*%7;**. ?+# (-'#2*. 23!325.+ 

!%5)*+.',%3. #<45%*).%*6. E5&4*".4, .-'* &#'5<5+,, )+# #=*A75 2 

(-+5%#27. #<45%*).%# *%+.425'#" 0.5
0
, +# 2#S M 0.009 45/*5% * #<45%*).%*. 

%5 (4#2.%, 2#!"#$%38 *!".46."38 !%5).%*9 7#:@@*;*.%+5 :7-+*%7;** 

-#-+52'6.+   < 5·10
4
. L/.'5." #;.%7* /'6 &#<4.=%#-+* *!".4.%*9 2 :+#" 

-'()5.. L#<'5-%# (5.75) #+7'#%.%*. #S &4*2./.+ 7 +#"(, )+# *!".4.%%3. 

!%5).%*6 mx * my -#-+526+ 
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    (5.77) 

B#/-+52*2 :+* !%5).%*6 2 (5.16, A) &#'()*", )+# *!".4.%%3. !%5).%*6 

:7-+*%7;** #;.%*250+-6 2345$.%*6"*  
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  (5.78) 

B#-'./%*9 254*5%+ &.4.-).+5 27'0)5.+ * #+7'#%.%*. 5%5'*!5+#45 #S 2 #+ 

%5&452'.%*6 #-* X 2#'#7%5 * #+7'#%.%*. #S' &# #-* Y. F !52*-*"#-+* #+ 

&4*4#/3 @#4"*4#25%*6 &#<4.=%#-+* :+* #+7'#%.%*6 "#<(+ A3+, * 

%.!52*-*"3 * -#<'5-#25%3. H'6 #&4./.'.%%#-+* &4* #;.%758 A(/." 

45--"5+4*25+, /25 -'()56: &.4239 -'()59 #S = #S', +... -".1.%*. #+ #A#*8 

#-.9 2 #/%#" %5&452'.%**, 2+#4#9 – #S = #S', +... #+7'#%.%*6 2 45!%38 

%5&452'.%*68. H'6 :+*8 -'()5.2 &#'()*" 
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.   (5.79) 

L ().+#" 2345$.%*9 /'6    %.+4(/%# #;.%*+, &#<4.=%#-+, *!".4.%*9. 

B#/-+52*2 (5.78) 2 (5.44) &#'()*"  
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K=3, + =m(S)

S, <45/(-3

m(S)

S, <45/(-3  
D*-(%#7 5.20. B4*".43 45-).+5 !52*-*"#-+* m(S) /'6 #A'5-+* S~0. L*%66 

74*256 – 45-).+3 &# &4*A'*$.%%#9 @#4"('. (5.73), 745-%56 74*256 – 45-).+3 

- &4*".%.%*." +#)%38 @#4"('.     
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D*-(%#7 5.21. >+7'#%.%*. 4.<*-+4*4(."#<# !%5).%*6 mx 2 4.!(',+5+. 

-".1.%*6 S #+ %('6. E5 4*-(%7. &4*2./.%3 +#)%3. 45-).+%3. 74*23. /'6 

K=1 *  =100, #A#!%5).% /*5&5!#% #+7'#%.%*6 (<'5 #S=5 <45/(-#2, &4* 

#+-(+-+2** #+7'#%.%*9 mx =0,2. 

 

B4* &#'().%** &4#-+#9 @#4"3 2345$.%*9 *-&#',!#25%# &4./&#'#$.%*. 

45!'#$.%*6 #S2 <1, 5 +57 $. 45!'#$.%*6 (1+a)
–2 

=1–2"+3"
2
…M1–2" * 

45!'#$.%*. (1– a)
–1 

=1+"+"
2
+"

3
+…M1=1+". 

J-'* #<45%*)*+, 2.'*)*%( #+%#-*+.',%#9 &#<4.=%#-+*, +# 2#!%*750+ 

-##+2.+-+2(01*. +4.A#25%*6 7 +#)%#-+* (-+5%#27* 5%5'*!5+#45 2/#', 

&#'64*!5;*#%%#9 #-* (#-.9) 2#'#7%5, !52*-61*. #+  0<B4./&#'5<56 #<<1, *! 

(5.80) &#'()*"   
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1 XY,Y,X#3 2# ,       2XY#3 2# .    (5.81)  

>;.%*" +57 $. 2.'*)*%( #+7'#%.%*6 -##+%#=.%*6 *!".46."38 !%5).%*9 

mx , my  #+ 2.'*)*%3 1/K (&4* +#)%#9 (-+5%#27. 5%5'*!5+#45  mx/my = 1/K)   
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W)*+3256 +4.A#25%*. #S( )
1/2

<1, 2*/%#, )+# 8#+6 2+#4#9 254*5%+, #).2*/%# 

&4*2#/*+ 7 A#'.. -(1.-+2.%%#"( #+7'#%.%*0 #+ #+%#=.%*6 1/K, #/%57# 2 

#A#*8 -'()568 &#&45275 #+%#-*+.',%# "5'5 * 246/ '* "#$.+ -'($*+, 

:@@.7+*2%3" 74*+.4*." &4#62'.%*6 /5%%#<# +*&5 &#<4.=%#-+*. 

2) H4(<#9 «7459%*9» -'()59 -##+%#=.%*6 @5! – (6 + 7)/2 = 4/2 62'6.+-6 

«%5*'()=*"», - +#)7* !4.%*6 2'*6%*6 &#<4.=%#-+* (-+5%#27* 5%5'*!5+#45. 

L/.'5." #;.%7* &#<4.=%#-+* &# 5%5'#<** - &4./3/(1*" 45--"#+4.%*.". 

 !".4.%%3. !%5).%*6 mx * my -#<'5-%# (5.74) -#-+526+ 
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B.4.-).+ 7#:@@*;*.%+5 :7-+*%7;** -2.+#2#/5 &# (5.16, A) /5.+ 
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.    (5.85) 

H'6 #+%#-*+.',%#9 &#<4.=%#-+* &#'()*"  

$ %  2#-!
 2#,

"# 2

2

,, 1
1

1XYYX .    (5.85) 

</. (&4#1.%%3. @#4"3 2 &452#9 )5-+* 2345$.%*6 -&452./'*23 &4* 

(-'#2*68 #S2 <<1, '*A# #S4 2
<<1.  

J-'* -(1.-+2(.+ #<45%*).%*. %5 &#<4.=%#-+,, +# 2 -'()5. #<<1 (-'#2*6 

/'6 #+7'#%.%*6 %5&452'.%*6 5%5'*!5+#45 *".0+ 2*/  

XYYX ,,#3 2#  .     (5.86) 

E.+4(/%# 2*/.+, )+# (5.86) #&*-325.+ !%5)*+.',%# ".%,=*. #<45%*).%*. 

%5 #+7'#%.%*. &# S, )." (5.81). 

R#'.. &#/4#A%(0 * +#)%(0 *%@#4"5;*0 # 2#!"#$%#9 #=*A7. &4* 

*!".4.%** !%5).%*9 mx, my *, 757 -'./-+2*. !%5).%*6   &4* '0A38 (6 + 7) 

"#$%# &#'()*+, 5%5'*!*4(6 %.&#-4./-+2.%%# !52*-*"#-+* m(S,  , 6, 7), 

&4*)." /'6 45-).+5 "#$%# *-&#',!#25+, #+%#-*+.',%# &4#-+3. 2345$.%*6 

(5.73) !5 *-7'0).%*." -*+(5;**, 7#</5  2#  -+5%#2*+-6 >> 1. H'6 &4*".45, 

%5 4*-(%7. 5.22 &4*2./.%5 /*5<45""5, 45--)*+5%%56 &# 2345$.%*6" (5.73) 

&4* K=1. E5 /*5<45"". &4*2./.%3 74*23. /'6 (6 + 7)=0, 4:=, 24:=, 4. C4*23. 

&4*2./.%3 - +57#9 %#4"*4#27#9 !%5).%*9 &# #-6", )+# <45@*7* %. ".%60+-6 

&4* *!".%.%** !%5).%*6  . B45256 * '.256 )5-+, 4*-(%75 #+'*)50+-6 +#',7# 

"5-=+5A#" ('.239 <45@*7 &4./-+52'6.+ -#A#9 (2.'*).%%(0 ;.%+45',%(0 

)5-+, &452#<#).  ! #A#!%5).%*9 %5 '.2#" <45@*7. (4#2%6 #+7'#%.%*6 m, 

-##+2.+-+2(01.. &#<4.=%#-+* 10%, %.+4(/%# 2*/.+,, )+# #<45%*).%*. %5 

%#4"*4#25%%#. (<'#2#. -".=.%*. &#'%#-+,0 -##+2.+-+2(.+ #;.%75" &# 

2345$.%*0 (5.81) –  2# < #/2=0,05 *  @#4"('. (5.86) –  2# < # = 0,31.   

C57 ($. <#2#4*'#-,, %5 &457+*7. &4* *!".4.%*68 #).%, 23-#7*8 

!%5).%*9 7#:@@*;*.%+5 :7-+*%7;** -2.+#2#/5  )5-+# 57+(5',%3 /5$. 

#;.%#)%3. *!".4.%*6, &#!2#'601*. #;.%*+, &#46/#7 2.'*)*%3  . F :+#" 

-'()5. (-'#2*. (5.76) *'* #<<1 %. 23&#'%60+-6 * 2345$.%*6 (5.81) * (5.86) 

%. 45A#+50+. >/%57# &# /*5<45"". 45--)*+5%%#9 &# @#4"('5" (5.73) %5 

&452#" <45@*7. %.+4(/%# #;.%*+, 2#!"#$%(0 &#<4.=%#-+, *!".4.%*6 (%5 

/*5<45"". 23/.'.%3 (4#2%* -##+2.+-+2(01*. &#<4.=%#-+* 50%, 

+4.A#25%*6 7 %#4"*4#25%%#"( (<'#2#"( #+7'#%.%*0  2#  -#-+52'6.+ #+ 0,3 

/'6 (6 + 7)=0 * 1 /'6 (6 + 7)=4). 
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    5.3.3.3. D*#)'*#' /%10':*%32# #.9'0'*#C ?%@88#A#'*2" @?32#*?A## 

3('2%(%-" (3&'-32(#' /%10':*%32# 532"*%(?# "*"&#."2%0". 

J-'*, %5&4*".4, /'6 #;.%7* &#'5<5+,, )+# 2 -*'( 45!%38 @57+#4#2 2 

&457+*).-7*8 (-+4#9-+258  (-+5%#275 5%5'*!5+#45 - &#<4.=%#-+,0 ".%.. 

<45/(-5 "#$.+ ($. 23!325+, -'#$%#-+*, +# @57+#4 &#<4.=%#-+*, 

45--"#+4.%%39 23=. 2 &. 5.3.3.2 -+5%#2*+-6 57+(5',%3" &4* *!".4.%*68 

:7-+*%7;** ~ 10
3
 * 23=..  

 

0.3 0.2 0.1 0 0.1 0.2 0.3
0.9

0.95

1

1.05

1

2 1.5 1 0.5 0 0.5 1 1.5 2
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$ %
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4

m

 2
 

D*-(%#7 5.22. E#4"*4#25%%3. 74*23. m(S) /'6 K=1. X*@45"* &#75!5%3 

!%5).%*6 (6 + 7). L'.25 «"5'39» @45<".%+ - #A#!%5).%%3"* #+7'#%.%*6"* 

&# m 2 10  45! ( 10  * 1/ 10 , #=10%). L&4525 «74(&%39» @45<".%+ - 

#A#!%5).%%3"* #+7'#%.%*6"* &# m 2 2 ( 2  * 1/ 2 , #=50%). 

 

B#:+#"( 2#!%*75.+ 2#&4#- # 2#!"#$%#-+* -%*!*+, 2'*6%*. (<'#2#<# 

#+7'#%.%*6 5%5'*!5+#45 %5 *!".4.%*. :7-+*%7;**. L :+#9 +#)7* !4.%*6 

&4./-+52'6.+-6 ;.'.-##A45!%3" &4./(-"#+4.+, 2#!"#$%#-+, *-7'0).%*6 

*!".4.%*6 :7-+*%7;** &4* (-'#2** (6 + 7)=0, +... 2 %5*A#'.. «&'#8#9» 2 

&'5%. &#<4.=%#-+* +#)7..  

N%5).%*. 45!%#-+* @5! (6 + 7) #+4.!75 -2.+#2#/5 2 "#".%+ *!".4.%*9 

62'6.+-6 2.'*)*%#9 %.&4./-75!(."#9. B#:+#"( /'6 -%*$.%*6 &#<4.=%#-+* 

*!".4.%*9 &4./-+52'6.+-6 ;.'.-##A45!%3" &4#2#/*+, /25 *!".4.%*6 (*'* 

%.-7#',7#) &4* -".1.%%#" !%5).%**  45!%#-+* (6 + 7). B4#-+.9=*" 

-&#-#A#"  7#%+4#'*4(."#<# *!".%.%*6 :+#9 45!%#-+* "#$.+ A3+, 

@*7-*4#25%%#. +.&'#2#. 2#!"(1.%*., 2%.-.%%#. "#/('6+#4#" %5 238#/. 

-2.+#2#/5. H.9-+2*+.',%#, 2 4.!(',+5+. @*7-*4#25%%#<# @5!#2#<# -/2*<5 6U, 

2%.-.%%#<# "#/('6+#4#", %58#/61*"-6  2 7#%;. -2.+#2#/5, @5!#23. 

&545".+43 "5+4*;3 H$#%-5 -2.+#2#/5 (*, -##+2.+-+2.%%# @5!#23. 

-##+%#=.%*6 7#"&#%.%+ &#'64*!5;*#%%38 "#/) *!".%60+-6 

 
&&
&

'

(

))
)

*

+

//!

//"
&&
&

'

(

))
)

*

+

//!

///
&&
&

'

(

))
)

*

+
"/"8 6,66,7

6,7
!

6,6
!

67

7
!

6
!

6

6
!

22

22

22

22

2

2

FMF

0

0
MM

MM

M

M

ii

ii

ii

ii

i

i

eRer

ereR

eRer

ereR

e

e
TTT .           (5.87) 

 !".%.%*. -(""3 (6 + 7), #&4./.'601.9 2'*6%*. &545!*+%#<# -".1.%*6 

&# (<'(, -#-+52'6.+   
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$7' +<6') =<$7 +<6%,;6M .    (5.88)<

I57*" #A45!#", -/2*<, 2%.-.%%39 «238#/%3"» "#/('6+#4#" &#!2#'6.+ 

*!".%6+, &545".+4 (6 + 7) * &(+." %.-7#',7*8 *!".4.%*9 - 45!%3"* 

!%5).%*6"* :+#<# &545".+45 *-7'0)*+, <4(A3. #=*A7*, 2#!"#$%3. &4* 

(6 + 7) M 4. 

 

5.3.4.  .1%7#3<$#8 "'#3%(#5%8 %(7'"%1'38  

L+4(7+(4%56 -8."5 (-+5%#27*, 4.5'*!(01*9 *%+.4@.4.%;*#%%39 

*!".4*+.', &#'64*!5;*#%%38 85457+.4*-+*7 HOB 2#'#7#%%38 :'.".%+#2 - 

().+#" (75!5%%38 23=. @57+#4#2 * 5'<#4*+"#2, &4*2./.%5 %5 4*-(%7. 5.23. 

>%5 /#'$%5 -#/.4$5+, #&+*).-7*9 *-+#)%*7 %5 #-%#2. 23-#7#7#<.4.%+%#<# 

'5!.45 - '*%.9%#-&#'64*!#25%%3" *!'().%*.", (-+4#9-+2# 22#/5 *!'().%*6 2 

2#'#7%#, #A.-&.)*2501.<# 2#!"#$%#-+, *!".%.%*6 %5&452'.%*6 

&#'64*!5;*#%%38 #-.9 -2.+#2#/5. I.-+*4(."39 -2.+#2#/ /#'$.% 

45-&#'5<5+,-6 2 -&.;*5',%#" +.4"#*!#'*4(01." 7#4&(-. /'6 -%*$.%*6 

2'*6%*6 2%.=%*9 +."&.45+(4%38 @'(7+(5;*9. W)5-+7* %5 28#/. * 238#/. 

-2.+#2#/5 /#'$%3 &4#8#/*+, ).4.! (&452'6."3. %5<4.25+.'*. F38#/%#9 

7#%.; 2#'#7%5 (-+5%52'*25.+-6 %5 "*74#&#!*;*#%.4. - 7#''*"*4(01*"* 

*'* @#7(-*4(01*"* #&+*).-7*"* :'.".%+5"*, #A.-&.)*2501*"* 

%5&452'.%*. 238#/%#<# *!'().%*6 2#'#7%5 %5 )(2-+2*+.',%(0 &'#15/7( 

@#+#&4*."%#<# (-+4#9-+25. F38#/%#. *!'().%*. 2#'#7%5 &4#8#/*+ 

5%5'*!5+#4, 7#+#439 24515.+-6 /2*<5+.'.". W-+4#9-+2# -*%84#%*!5;** 

#A.-&.)*25.+ «&4*26!7(» 4.<*-+4*4(."38 !%5).%*9 -*<%5'5 @#+#&4*."%#<# 

(-+4#9-+25 * (<'#2#<# &#'#$.%*6 5%5'*!5+#45. W&452'.%*. 45A#+#9 

:'.".%+#2 * 4.<*-+45;*6 -*<%5'#2 #-(1.-+2'6.+-6 7#"&,0+.4#". W75!5%%56 

-+4(7+(4%56 -8."5 "#$.+ A3+, 4.5'*!#25%5 2 2*/. 7#%-+4(7+*2%# ./*%#9 

-*-+."3, 2 7#+#4(0 (-+5%52'*25.+-6 +.-+*4(."#. 2#'#7%# * 7#+#456 

&#/7'0)5.+-6 7 7#"&,0+.4(.             

E5*A#'.. &#%6+%39 * &4#-+#9 - +#)7* !4.%*6 #4<5%*!5;** 

:7-&.4*".%+5',%#9 *!".4*+.',%#9 (-+5%#27* &#/8#/ 7 &4#2./.%*0 

*!".4.%*9 !52*-*"#-+.9 m(S) 2 45"758 45--"#+4.%%38 23=. 5'<#4*+"#2 

&#/45!(".25.+ -'./(01(0 &#-'./#25+.',%#-+, /.9-+2*9: -%5)5'5 

5%5'*!5+#4 (-+5%52'*25.+-6 2 %.7#+#4#.  @*7-*4#25%%#. &#'#$.%*., !5+." 

27'0)5.+-6 +4.A(."39 %5<4.25+.',-"#/('6+#4 * &# %5A'0/5."3" 

7#'.A5%*6" 238#/%#<# -*<%5'5 I(6$t%)|S=const @*7-*4(0+-6 !%5).%*6 

:7-+4."("#2. H5'.. +57*" $. #A45!#" &#-'./#25+.',%# *!".460+-6 

#-+5',%3. +#)7* !52*-*"#-+* m(S).  

E.-"#+46 %5 &4#-+#+( * &#%6+%#-+,, #).2*/%3" %./#-+5+7#" +57*8 

*!".4.%*9 62'6.+-6 23-#756 +4(/#."7#-+, * A#',=*. !5+45+3 24.".%*. 

B4*)." 24."6 *!".4.%*9 45-+.+ &4#&#4;*#%5',%# 7#'*).-+2( !%5).%*9  

(<'#2 S 2 :7-&.4*".%+5',%#9 !52*-*"#-+*. >+".+*" +57$., )+# %5*A#'.. 

*%.4;*#%%39 @57+#4 2 :+*8 *!".4.%*68 – "#/('*4(01.. +.&'#2#. 

2#!"(1.%*., #A.-&.)*2501.. -".1.%*. 45!%#-+* @5! &#'64*!5;*#%%38 "#/ 
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6 %5 2.'*)*%( A#'.. 4. B#:+#"( /5$. .-'* 52+#"5+*!*4#25+, &4#;.-- 

*!".4.%*9, A#',=#. 24."6 *!".4.%*9 #-+5%.+-6 -.4,.!%3" %./#-+5+7#".  

F -26!* - :+*" &4* -#!/5%** &457+*).-7*8 (-+4#9-+2, &4* m(S) 

:@@.7+*2%3" &4./-+52'6.+-6 *-&#',!#25%*. -*-+."3 - 5%5'*!5+#4#", 

7#+#439 %.&4.432%# 24515.+-6 - #+%#-*+.',%# 23-#7#9 -7#4#-+,0. F :+#" 

-'()5. 2 +.).%*. #/%#<# #A#4#+5 5%5'*!5+#45, !%5).%*. 45!%#-+* @5! 6 "#$%# 

&#'5<5+, @*7-*4#25%%3" * @#+#&4*."%#. (-+4#9-+2# !54.<*-+4*4(.+  

*!".%.%*. -*<%5'5 I(S$t%)|6=const. F &4#-+.9=." -'()5., !%5).%*6 238#/%#<# 

-*<%5'5 @#+#&4*."%#<# (-+4#9-+25, &#-+(&501*. 2 +.).%*. ;*7'5 45A#+3 

%5<4.25+.'6-"#/('6+#45 /#'$%3 A3+, -#845%.%3 2 &5"6+, BC. N5+." /'6 

&#-'./#25+.',%#-+* !%5).%*9, -##+2.+-+2(01*8 #/%#"( &#'#$.%*0 

"#/('6+#45, #&4./.'60+-6 "57-*"5',%#. * "*%*"5',%#. !%5).%*6, * 

%58#/*+-6 !52*-*"#-+, m(S). B4* %.#A8#/*"#-+* "#$%# #4<5%*!#25+, 

&.4"5%.%+%(0 #A45A#+7( &#-+(&501*8 #+ SBW /5%%38 * 845%*+, 2 &5"6+* 

+#',7# +.7(1*. :7-+4."5',%3. !%5).%*6 /'6 75$/#<# (<'5 5%5'*!5+#45.  

 

 
 

D*-(%#7 5.23. L+4(7+(4%56 -8."5 (-+5%#27* /'6 *!".4.%*6 &#'64*!5;*#%%38 

&545".+4#2 HOB 2#'#7#%%38 :'.".%+#2 

>  – #&+*).-7*9 *-+#)%*7  

WF – (-+4#9-+2# 22#/5 

E1, E2 –  %5<4.25+.'* 

IC – +.4"#*!#'*4(01*9 7#4&(- 

IL – +.-+*4(."39 -2.+#2#/ 

UB – "*74#&#!*;*#%.4 

G – 5%5'*!5+#4  

H – /2*<5+.', 

WL – (-+4#9-+2# -*%84#%*!5;** 

SBW – @#+#&4*."%#. (-+4#9-+2# 

BC – &.4-#%5',%39 7#"&,0+.4 

 

H'6 #A#-%#25%*6 4.5'*!5;** *!".4.%*9 !52*-*"#-+* m(S) "#$%# -/.'5+, 

%.7#+#43. #;.%7* &545".+4#2 *!".4.%*9. L ().+#" *".01.<#-6 #&3+5 

(&. 5.4), /'6 #-(1.-+2'.%*6 +4.A(."#<# ;*7'5 +.&'#2#<# 2#!/.9-+2*6 %5 

()5-+#7 HOB -2.+#2#/5 /'*%#9 ~10 -" /#-+5+#)%# &4*".4%# 1 "*%(+3. 

I57*" #A45!#", !5 1 - 2.'*)*%5 6 ".%6.+-6 &4*".4%# %5 6 <45/(-#2. B4* 

-7#4#-+* 2451.%*6 5%5'*!5+#45 10 #A/-, !5 #/*% #A#4#+ 6 ".%6.+-6 ".%.., 

)." %5 1 <45/(-. J-'* 4.<*-+4*4#25+, !%5).%*6 238#/%#<# -*<%5'5 &4* 

&#2#4#+. 5%5'*!5+#45 - =5<#" &# (<'( 5%5'*!5+#45 1 <45/(-, +# +4.A(."56 

)5-+#+5 /*-74.+*!5;** GXB -#-+52'6.+ (360
0
)·(10 #A/-) =3600 K;, +... ".%.. 4 
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7K;. >/%57# &4* :+#" 25$%3"* @57+#45"* 62'60+-6 452%#".4%#-+, 

2451.%*6 * 8#4#=56 -*-+."5 -*%84#%*!5;** (<'#2#9 =75'3. I57*" #A45!#", 

+4.A(."3. &545".+43 2&#'%. 4.5'*!(."3 * 24."6 *!".4.%*6 !52*-*"#-+* 

m(S) "#$.+ A3+, &#46/75 1 ". B#-7#',7( /'6 &#'%#<# ;*7'5 *!".4.%*9 

7#:@@*;*.%+5 :7-+*%7;** +4.A(.+-6 %.-7#',7# 45! *!".4*+, m(S), +# +57*. 

*!".4.%*6 !59"(+ %.-7#',7# "*%(+.   

 

5.3.6. ="#2$'$%' /-$/2$>9 -2/,-12 7'1/4# %(7'"'$%8 $# /-$/2' 

%$1'"?'"'$5%% %(3;&'$%, ./38"%(#5%/$$>9 7/4 $# 2>9/4' @AB 

-2'1/2/4# % 1"#4%5%/$$/!/ ."%$5%.# %(7'"'$%, 

I45/*;*#%%39 &4*%;*& *!".4.%*9 &#/#A%38 85457+.4*-+*7 (&4*%;*& 

«-74.1.%%38 &#'64*!5+#4#2») &#/45!(".25.+, )+# /'6 *!".4.%*9 %($%# 

/#A*+,-6 4.$*"5, 7#</5 %5 28#/. +.-+*4(."#<# 2#'#7#%%#<# :'.".%+5 

2#!A($/.%5 +#',7# #/%5 &#'64*!5;*#%%56 "#/5. ?+# #A-+#6+.',-+2# +4.A(.+ 

%. +#',7# -##+2.+-+2(01*8 :+5&#2 %5-+4#97* 2 5'<#4*+". *!".4.%*9, %# * 

+4.A(.+ 46/5 25$%38 (-'#2*9 #4<5%*!5;** *!".4.%*9.  

1) E.#A8#/*" *-+#)%*7 '*%.9%#-&#'64*!#25%%#<# *!'().%*6 (-+.&.%, 

'*%.9%#-+* +." 23=., )." A#',=. *!".46."56 :7-+*%7;*6).    

2) E.#A8#/*"5 2#!"#$%#-+, 4.<('*4#27* %5&452'.%*6 &#'64*!5;** 

*-+#)%*75 #+%#-*+.',%# &#'64*!5;*#%%#9 #-* 2#'#7%5 (+#)%#-+, 

4.<('*4#27* +." 23=., )." A#',=. *!".46."56 :7-+*%7;*6).  

C4#". +#<#, 757 ($. #+".)5'#-,, +45/*;*#%%39 &4*%;*& *!".4.%*9 

%57'5/325.+ $.-+7*. +4.A#25%*6 %5 &#'64*!5;*#%%(0 :7-+*%7;*0 

5%5'*!5+#45 (* :'.".%+#2, *-&#',!(."38 2 *-+#)%*7., .-'* #%* .-+,), 7#+#456 

/#'$%5 A3+, '()=., )." ( +.-+*4(."#<# :'.".%+5.   

L /4(<#9 -+#4#%3 "#$%# *-&#',!#25+, #+%#-*+.',%# &4#-+3. 

%.7#<.4.%+%3. *-+#)%*7*, 5 5'<#4*+" 7#%.)%#9 4.<*-+45;** #).%, &4#-+.   

D5--"#+4.%%39 *%+.4@.4.%;*#%%39 ".+#/ *"..+ /4(<*. -2#9-+25. B# LB 

*-+#)%*75 %.#A8#/*"5 +#',7# .<# -+5A*',%#-+,.  

E.#A8#/*" 4.$*" 2#!A($/.%*6 2 -2.+#2#/. #A.*8 &#'64*!5;*#%%38 "#/ 

(&4* 2#!A($/.%** #/%#9 "#/3 ".+#/ %.45A#+#-&#-#A.%). L +#)7* !4.%*6 

4.<('*4#27* %5&452'.%*6 28#/%#9 &#'64*!5;** /#-+5+#)%# <(A#9 

4.<('*4#27*, )+#A3 *!A.$5+, 2#!A($/.%*6 &4.*"(1.-+2.%%# #/%#9 "#/3.   

I4.A#25%*6 7 &#'64*!5;*#%%#9 :7-+*%7;** 5%5'*!5+#45 (* /4(<*8 

2%.=%*8 :'.".%+#2) !%5)*+.',%# "6<). (%. +4.A(.+-6 A#',=.9 :7-+*%7;**, 

)." ( +.-+*4(."#<# :'.".%+5).  

>+)5-+* +4.A#25%*6 7 +#)%#9 (<'#2#9 %5-+4#97. &.4.%#-6+-6 *! 28#/%#<# 

(!'5 2 238#/%#9, &#-7#',7( /'6 &4#2./.%*6 #7#%)5+.',%#<# :+5&5 *!".4.%*9 

+4.A(.+-6 +#)%56 #4*.%+5;*6 5%5'*!5+#45 2/#', %5&452'.%*6 

&#'64*!5;*#%%#9 #-* -2.+#2#/5. >/%57# &4* &4*%6+** (75!5%%38 ".4 

+4.A#25%*6 7 +#)%#-+* :+#9 %5-+4#97* "#<(+ A3+, !%5)*+.',%# -'5A.., )." 

/'6 28#/%#9 %5-+4#97* &4* +45/*;*#%%#" ".+#/. *!".4.%*9. 

B4* &4#)*8 452%38 (-'#2*68, *%+.4@.4.%;*#%%39 ".+#/ +4.A(.+ 

!%5)*+.',%# ".%,=.<# /*%5"*).-7#<# /*5&5!#%5 -*-+."3 4.<*-+45;**, )+# 

&#!2#'6.+ &#'()*+, !%5)*+.',%# A#'.. 23-#7#. 45!4.=.%*. &4* *!".4.%*68.     
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L /4(<#9 -+#4#%3, %.#A8#/*" 7#<.4.%+%39 *-+#)%*7 -2.+5, 5 5'<#4*+" 

&4#2./.%*6 *!".4.%*9 !%5)*+.',%# -'#$%...  

I57*" #A45!#", &4./'5<5."39 ".+#/ "#$.+ A3+, 757 5',+.4%5+*2#9 

+45/*;*#%%#"( 2 +.8 -*+(5;*68, 7#</5 757*.-'*A# *! &4*%;*&*5',%38 

(-'#2*9 +45/*;*#%%#<# &#/8#/5 #75!3250+-6 %.23&#'%*"3"* (%.',!6 

".%6+, %5&452'.%*. &#'64*!5;** %5 28#/. *'* *-&#',!#25+, '*%.9%# 

&#'64*!#25%%39 *-+#)%*7 * +. &.). L /4(<#9 -+#4#%3 *%+.4@.4.%;*#%%39 

".+#/ !5 -).+ (-'#$%.%*6 *!".4.%*9 "#$.+ #A.-&.)*+, -(1.-+2.%%3. 

&4.*"(1.-+25 &# ".+4#'#<*).-7*" 2#!"#$%#-+6"   

 

5.4 !"#$%&'(%)*+ 

F 45"758 &4#2./.%%38 :7-&.4*".%+5',%38 *--'./#25%*9 %. A3'# 

2#!"#$%#-+* *!<#+#2*+, &#'%#;.%%#. *!".4*+.',%#. (-+4#9-+2#, 

4.5'*!(01.. #&+*"5',%39 254*5%+ *!".4*+.'6, #&*-5%%39 23=.. B#:+#"( 

&4*2./.%%3. :7-&.4*".%+3 62'60+-6 &4./254*+.',%#9 :7-&.4*".%+5',%#9 

5&4#A5;*.9 &4./'#$.%%#9 ".+#/*7* *!".4.%*6 &#'64*!5;*#%%38 

&545".+4#2 HOB -2.+#2#/#2 * 2#'#7#%%38 :'.".%+#2 %5 #-%#2. 

5%*!#+4#&%38 -2.+#2#/#2. B4./-+52'.%%3. :7-&.4*".%+5',%3. /5%%3. 

#4*.%+*4#25%3, 2 &.42(0 #).4./,, %5 /."#%-+45;*0 2#!"#$%#-+* 

4.<*-+45;** %5&452'.%*9 &#'64*!5;*#%%38 #-.9 %5 238#/. -2.+#2#/5 * 

7#:@@*;*.%+5 :7-+*%7;** 2#'#7#%%#<# :'.".%+5. G +57 $., %5&452'.%%3. %5 

/."#%-+45;*0 :@@.7+#2, -26!5%%38 - &#'#$.%*." "#/('6+#45 * #=*A75"*, 

23!25%%3"* %.+#)%#9 (-+5%#27#9 5%5'*!5+#45 2/#', %5&452'.%*6 

&#'64*!5;*#%%#9 #-* 2#'#7%5.     

 

5.4.1. C6-.'"%7'$1#3<$>, -1'$4 

F-'./-+2*. #<45%*).%%38 4.-(4-#2 * #+-(+-+2*6 2#!"#$%#-+* 

4.5'*!5;** :7-&.4*".%+5',%#9 (-+5%#27* 2 +#" 2*/., 757 A3'# #&*-5%# 

5.3.4, :7-&.4*".%+5',%56 5&4#A5;*6 ".+#/5 &4#2#/*'5-, - *-&#',!#25%*." 

(&4#1.%%#<# 254*5%+5 *!".4*+.',%#9 -8."3 A.! 52+#"5+*!5;** *!".4.%*9. 

L8."5 (-+5%#27* &#75!5%5 %5 4*-(%7. 5.24. 

  
D*-(%#7 5.24. L8."5 :7-&.4*".%+5',%#<# -+.%/5 (K – <.%.45+#4 

&*'##A45!%#<# %5&46$.%*6, > – #AP.7+*2, >LX – #-;*''#<45@, F – 

2#',+".+4, #-+5',%3. :'.".%+3 +. $., )+# * %5 4*-(%7. 5.23) 
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 -&#',!#25'-6 #&+*).-7*9 *-+#)%*7 %5 #-%#2. &#'(&4#2#/%*7#2#<# 

'5!.4%#<# /*#/5 - 45-&4./.'.%%#9 #A45+%#9 -26!,0, /'*%5 2#'%3 1,55 "7". 

E5 2#'#7#%%39 232#/ '5!.45 A3' (-+5%#2'.% &#'64*!5;*#%%39 7#%+4#''.4, 

#A.-&.)*2501*9 -+5A*',%(0 23-#7(0 -+.&.%, '*%.9%#9 &#'64*!5;** %5 

238#/%#" 2#'#7#%%#" 45!P.". *-+#)%*75. F2#/ *!'().%*6 2 +.-+*4(."39 

-2.+#2#/ &4#2#/*'-6 - *-&#',!#25%*." -+5%/54+%38 &4.;*!*#%%38 

7.45"*).-7*8 2+('#7 /'6 %57#%.)%*7#2 2#'#7#%%38 45!P."#2. C#%.; 

-2.+#2#/5 &#/2.4<5'-6 &4#;./(4. -75'325%*6 (-&.;*5',%#9 "5=*%7#9), 

2-+52'6'-6 2 7.45"*).-7(0 2+('7( %57#%.)%*75 *, !5+." 2 238#/%#9 45!P." 

*-+#)%*75. F451.%*." 7.45"*).-7#9 2+('7* 2 45!P.". "#$%# A3'# ".%6+, 

#4*.%+5;*0 &#'64*!5;*#%%38 #-.9 -2.+#2#/#2 * 4.<('*4#25+, -##+%#=.%*. 

"#1%#-+.9 &#'64*!5;*#%%38 "#/, 2#!A($/.%%38 2 +.-+*4(."#" 2#'#7%..           

F 75).-+2. 5%5'*!5+#45 &4*".%6'-6 &#'64*!5;*#%%39 /.'*+.',%39 7(A*7 

(10810810 "") "%#<#-'#9%3" /*:'.7+4*).-7*" /.'*+.',%3" &#743+*.". F 

#+/.',%38 :7-&.4*".%+58 A3' *!".4.% 7#:@@*;*.%+ &#'64*!5;*#%%#9 

:7-+*%7;** +57#<# &#'64*!5+#45, 7#+#439 -#-+52*'  AM2·10
3
. G%5'*!5+#4 

A3' (-+5%#2'.% %5 &4.;*!*#%%#" &#2#4#+%#" (-+4#9-+2., &#!2#'601." 

(-+5%52'*25+, %5&452'.%*. &#'64*!5+#45 24()%(0 - +#)%#-+,0 M 1 <45/(-.    

H'6 4.<*-+45;** 238#/%#9 "#1%#-+* *-&#',!#25'-6 &4#-+#. 

@#+#&4*."%#. (-+4#9-+2# %5 #-%#2. <.4"5%*.2#<# @#+#/*#/5, /'6 7#%+4#'6 

* 4.<*-+45;** -*<%5'5 *-&#',!#25'*-, #-;*''#<45@ * ;*@4#2#9 2#',+".+4.    

H'6 "#/('6;** *-&#',!#25'-6 +.4"#4.<('6+#4 %5 #-%#2. :'.".%+#2 

B.',+,.. W-+4#9-+2# &#!2#'6'# &#-4./-+2#" (&452'601.<# %5&46$.%*6  

*!".%6+, +."&.45+(4( ".+5''*).-7#9 &'5-+*%3 (10810 -"). H'6 

#-(1.-+2'.%*6 +4.A(."#<# 2#!/.9-+2*6, ()5-+#7 +.-+*4(."#<# 2#'#7%5 

&4*$*"5'-6 7 &#2.48%#-+* &'5-+*%3. H'*%5 ()5-+75 -.+#2#/5 -#-+52'6'5 15–

20 -", +."&.45+(45 ".%6'5-, &# !57#%(, A'*!7#"( 7 &*'##A45!%#"( - 

&.4*#/#" ~ 1 "*%(+5, 2 A#',=*%-+2. -'()5.2 2 /*5&5!#%. 10 – 60 
0
L.   

B#'#$.%*. "#/('6+#45 (2 %5)5'. '*A# 2 7#%;. -2.+#2#/5) 4.<('*4#25'#-, 

+.", 757#9 ()5-+#7 (-+5%#2'.% %5 +.4"#4.<('*4(."#9 &'5-+*%., 4*-(%#7 

5.24.    

>-%#2%56 )5-+, +.-+*4(."#<# -2.+#2#/5 !574325'5-, &#-4./-+2#" 

&#4#'#%5 * &#'*:+*'.%5 /'6 -%*$.%*6 2'*6%*6 7#%2.7;*9 * @'(7+(5;*9 

#74($501.9 +."&.45+(43 %5 *!".4.%*6. 

C -#$5'.%*0, +57#9 (&4#1.%%39 254*5%+ 4.5'*!5;** *!".4*+.',%#9 

-8."3, #A(-'52'*25.+ #+%#-*+.',%# A#',=(0 +4(/#."7#-+, *!".4.%*9 *, )+# 

A#'.. 74*+*)%#, !%5)*+.',%#. 24."6, %.#A8#/*"#. /'6 *!".4.%*6 m(S). E# 

#-%#2%3. :+5&3 5'<#4*+"5 *!".4.%*9 +57*. $., 757 (75!5%# 2 &. 5.3.4.   

C4#". +#<#, !%5)*+.',%3" @57+#4#" &#<4.=%#-+* A3'* %*!7#)5-+#+%3. 

@'(7+(5;** *%+.%-*2%#-+* *-+#)%*75 *!'().%*6, 7#+#43. &#&5/5'* 2 &#'#-( 

4.<*-+4*4(."38 7#'.A5%*9 * #<45%*)*25'* /*%5"*).-7*9 /*5&5!#%. 

>+%#-*+.',%39 (4#2.%, &545!*+%38 @'(7+(5;*9 "#1%#-+* *-+#)%*75 %. 

&4.23=5' 2%, )+#, -#<'5-%# (5.60) -##+2.+-+2(.+ #<45%*).%*0 %5 

2#!"#$%#-+, *!".4.%*6 7#:@@*;*.%+5 :7-+*%7;**  <10
4
.    
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5.4.2. D'!%-1"%";'7>' -%!$#3> % (#2%-%7/-1% 

F 8#/. :7-&.4*".%+#2 2 #-%#2%#" 4.<*-+4*4#25'*-, !52*-*"#-+* m(S) 

/'6 45!'*)%38 %. */.5',%38 :'.".%+#2 - HOB -2.+#2#/5"*, &4* 

45-&#'#$.%** "#/('6+#45 2 7#%;. * 2 %5)5'. -2.+#2#/5. E5 4*-(%7. 5.25 

&4*2./.%3 /25 +*&#238 &4*".45 :7-&.4*".%+5',%38 !52*-*"#-+.9 m(S), 

&#'().%%38 &4* 45!%38 !%5).%*68 K. L&'#=%56 '*%*6 -##+2.+-+2(.+ 

-##+%#=.%*0 (5.9), 2 7#+#4#" &545".+43 S0 * K #&4./.'.%3 &# 

:7-&.4*".%+5',%3" +#)75" &(+." 4.<4.--**. B4*2./.%%3. &4*".43 

/."#%-+4*4(0+ 85457+.4%(0 @#4"( !52*-*"#-+.9 m(S) &4* 45!%38 K. E# 

/'6 &4#2./.%*6 *!".4.%*9 &(+." 4.<('*4#27* +.-+*4(."#<# -2.+#2#/5 2 

45!P.". *-+#)%*75 (/525'#-, /#A*+,-6 !%5).%*6 K A'*!7#<# 7 1, &#:+#"( 

!52*-*"#-+*, &4*2./.%%3. /5'.., A(/(+ &#)+* -*"".+4*)%3. 
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D*-(%#7 5.25. B4*".43 :7-&.4*".%+5',%38 !52*-*"#-+.9 m(S). 

 

I57 $. ;.'.-##A45!%# &4*2.-+* &4*".43 -5"*8 *%+.4@.4.%;*#%%38 

7#'.A5%*9, %52./.%%38 "#/('6+#4#" /'6 7#+#438 #;.%*25.+-6 7#%+45-+ m. F 

&4./'#$.%%#" ".+#/. *!".4.%*9 2# 2-.8 -'()568, &4* -+5A*',%38 (-'#2*68 

-2.+#2#/5, 7#</5 2#!/.9-+2*. 2%#-*+ +#',7# "#/('6+#4, 7#'.A5%*6 

*%+.%-*2%#-+* &#-'. 5%5'*!5+#45 /#'$%3 A3+, :72*25'.%+%3 /2(8'().2#9 

*%+.4@.4.%;**.  !".%.%*. *%+.%-*2%#-+* #+ +."&.45+(43 "#/('*4(."#<# 

()5-+75 /#'$%# A3+, <54"#%*).-7*" ()+# &4*%;*&*5',%# #+'*)5.+-6 #+ 

-'()56 =("#&#/#A%38 @'(7+(5;*9 2 &#8#/. 7 *!".4.%*0 h-&545".+45 HOB 

2#'#7#%, &4./'#$.%%#"( 2 [74]). E5 4*-(%7. 5.26 &4*2./.%3 !52*-*"#-+* 

-*<%5'5 @#+#/.+.7+#45 USH 2 !52*-*"#-+* #+ -*<%5'5 UE /5+)*75 

+."&.45+(43 %5 %5<4.25+.',%#9 &'5-+*%. "#/('6+#45 (&4* 4.<*-+45;** 

/5%%38 !52*-*"#-+.9 +."&.45+(4%39 /*5&5!#% A3' (2.'*).%, 5 &.4*#/ 

*!".%.%*9 +."&.45+(43 (2.'*).% &# -452%.%*0 - #-%#2%3" 4.$*"#", 

*-&#',!(."3" &4* *!".4.%*68). F 75).-+2. +.-+*4(."#<# 2#'#7%5 

*-&#',!#25'*-, /25 #+4.!75 HOB -2.+#2#/5 (- %5&46<501.9 #A#'#)7#9), 

-#./*%.%%3. 2 45!P."%#" -#./*%.%** - (<'#23" 45--#<'5-#25%*." ~ 10 

<45/(-#2,   ~ 30. B4*2./.%3 -*<%5'3, !54.<*-+4*4#25%%3. /'6 %5*A#'.. 

*%+.4.-%#<# 4.$*"5, 7#</5 5%5'*!5+#4 (-+5%#2'.% 2/#', #-* -2.+#2#/5. E5 

2.48%." 4*-(%7. &4*2./.%5 !52*-*"#-+, #A#*8 -*<%5'#2 #+ 24.".%* 

(2.4+*75',%3"* '*%*6"* #+".).%3 "#".%+3 -".%3 %5&452'.%*6 *!".%.%*6 

+."&.45+(43), %5 %*$%*8 <45@*758 &4*".43 !52*-*"#-+.9 -*<%5'#2 /4(< #+ 

/4(<5. E.-"#+46 %5 %.452%#".4%#-+, *!".%.%*6 +."&.45+(43 2#'#7%5 * 
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<*-+.4.!*- &4* .. 4.<*-+45;**, *! 4*-(%7#2 8#4#=# 2*/%#, )+# 

4.<*-+4*4(."3. @'(7+(5;** 8#4#=# -##+2.+-+2(0+ <54"#%*).-7#"( !57#%(. 

H5'.. A(/(+ &4*2./.%3 4.!(',+5+3 :7-&.4*".%+#2 %. +#',7# 

/."#%-+4*4(01*8 2#!"#$%#-+, *!".4.%*6 &545".+4#2 HOB -2.+#2#/5 

*%+.4@.4.%;*#%%3" ".+#/#", %# &#/+2.4$/501*. #-%#2%3. 232#/3 

+.#4.+*).-7#<# 5%5'*!5 /5%%#<# ".+#/5. 
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 !"#$%& 5.26 '()!"!*%"+, "!-$(.( /%+%01+1&+%2( U34 ! 0(+5!&( 

+1*612(+#27 UT %+ )21*1$! ()128$!9 2!"#$%&) ! 02#- %+ 02#-( ($!:$!1 

2!"#$&!) 

 

5.4.3.  !"!#!$$%& '"()($*, +!,(-./01& +2/-$!( +!(,1$($1( 345 

+2(*!2!,/ 

;2(+&% %6!<1* 21=#.,+(+7 >&"612!*1$+%) " %+21=&(*! 4?@ ")1+%)%0%) 

"%012:(A!8 $1%0$%2%0$%"+, ) )!01 ")(2$%-% "%10!$1$!B " #-.%)7* 

2(""%-.("%)($!1* ) *1"+1 "+7&(. C"6%.,=%)(."B "+($0(2+$79 4?@ ")1+%)%0 

«NUFERN-1550» (+!6 «Panda», 62%!=)%0!+1., «Nufern»). D)(2&( 

)76%.$B.(", 6%"210"+)%* ()+%*(+!51"&%-% ")(2%5$%-% (66(2(+( (/!2*( 

«Fujikura», *%01., FSM – 40 PM), 6%=)%.BEA1-% ")(2!)(+, 4?@ ")1+%)%07, ) 

+%* 5!".1 " #"+($%)&%9 #-.%)%-% 2(""%-.("%)($!B   $(62().1$!9 

6%.B2!=(F!%$$78 %"19 ) *1"+1 ")(2&!. G >&"612!*1$+(8 !"6%.,=%)(.!", 0)( 

+(&!8 )%.%&%$$78 >.1*1$+(, 0.!$( %+21=&%) 3 *, ")(2$%1 "%10!$1$!1 ) 

"1210!$1. G 612)%* ".#5(1 62! ")(2&1 H7.% #"+($%).1$%   = 5 -2(0#"%) 

("%-.("$% (2.26) "%%+)1+"+)#1+ >&"+!$&F!! !=130), )% )+%2%* –   = 10 

-2(0#"%) ("%%+)1+"+)#1+ >&"+!$&F!! !=32).  

'()!"!*%"+, m(3), 6%.#51$$(B 62! 2(H%+1 *%0#.B+%2( ) &%$F1 ")1+%)%0( 

612)%-% >.1*1$+(, 6%&(=($( $( 2!"#$&1 5.27, )128$!9 -2(/!&. I(62().1$!B 

6%.B2!=(F!%$$78 %"19 30x ! 30y (6% <&(.1 6%)%2%+( ($(.!=(+%2(), ( +(&:1 
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6(2(*1+2 %+$%<1$!B *%A$%"+19 6%.B2!=(F!%$$78 *%0 K 2(""5!+7)(.!", 6% 

/%2*1 =()!"!*%"+! m(3) 6#+1* 21-21""!! (6(2(*1+27 %H1"615!)(.! 

$(!*1$,<11 "210$1&)(02(+!51"&%1 %+&.%$1$!1 =$(51$!9 >&"612!*1$+(.,$78 

+%51& %+ =()!"!*%"+! (5.9)). D%-.("$% =()!"!*%"+!, #-.7 30x ! 30y 2()$7 8 ! 

98 -2(0#"%), "%%+$%<1$!1 KJ 1.3. I( $!:$!8 2!"#$&(8 6%&(=($7 

=()!"!*%"+! m(3) ) %&21"+$%"+! +%51& 8 ! 98 -2(0#"%), 62! 2(H%+1 

*%0#.B+%2( ) $(5(.1 ")1+%)%0(, -%2!=%$+(.,$7* 6#$&+!2%* $( >+!8 -2(/!&(8 

6%&(=($7 =$(51$!B mx ! my, 6%.#5(1*71 != (5.15) 0.B K=1.3 ! !=130. K2! 

62!)101$$78 &2!)78 "$B+7 ) 2(=$%1 )21*B, 62!51* H7.! 62!$B+7 *127 0.B 

%H1"6151$!B !=*1$1$!B +1*612(+#2$78 #".%)!9 ")1+%)%0(. 

D.10#1+ %+*1+!+,, 5+% 62! 3= 8 ! 98 -2(0#"%), 0.B )"18 +218 

=()!"!*%"+19 =$(51$!B mx ! my 62(&+!51"&! "%)6(0(E+, 8%+B ! $1"&%.,&% 

%+.!5(E+"B %+ %:!0(1*78 0.B  =5
0
. L+$%<1$!1 mx/my=1,2 (&%+%2%1, "%-.("$% 

(5.16, "), 0%.:$% H7+, 2()$% K), !=*121$$%1 "%-.("$% (5.16, () =$(51$!1 

!
XY

=100, ( #-%." =5,7
0
. 4.B )%.%&%$$%-% >.1*1$+( " #-.%)7* 

2(""%-.("%)($!1* 10 -2(0#"%) ) ")(2$%* "%10!$1$!! ($(.%-!5$71 

=()!"!*%"+! 6%&(=($7 $( 2!"#$&1 5.28. C= =()!"!*%"+! 62! 2(H%+1 

*%0#.B+%2( ) &%$F1 )%.%&$( ".10#1+, 5+% $(62().1$!B 6%.B2!=(F!%$$78 %"19 

"%%+)1+"+)#E+ #-.(* ($(.!=(+%2( –3
0
 ! 87

0
, ( K J 0.9. @2! 2(H%+1 *%0#.B+%2( 

) $(5(.1 ")1+%)%0( 6%.#51$% %+$%<1$!1 mx/my=0.98, 6121"5!+($$%1 6% (5.16, 

() =$(51$!1 !
XY

=38, 5+% "%%+)1+"+)#1+ #-.#  =9,2
0
. 
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 !"#$%& 5.27. '()!"!*%"+! m(3) 0.B )%.%&%$$%-% >.1*1$+( " #-.%)7* 

2(""%-.("%)($!1*  =5
0
 ) *1"+1 ")(2$%-% "%10!$1$!B ())128# – *%0#.B+%2 ) 

&%$F1 ")1+%)%0(, )$!=# – *%0#.B+%2 ) $(5(.1 ")1+%)%0()   
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 1=#.,+(+7 !=*121$!B >&"+!$&F!! 8%2%<% "%%+)1+"+)#E+ !"8%0$7* 

0($$7*, ) #-.%)%* >&)!)(.1$+1 2(""%-.("%)($!1 "%"+().B1+ 0%.! -2(0#"(. 

@2!51* ")(2%5$79 (66(2(+ -(2($+!2#1+ 621F!=!%$$#E #"+($%)&# #-.%)%-% 

2(""%-.("%)($!B 6%.B2!=(F!%$$78 %"19 61210 ")(2&%9, ( ) 21=#.,+(+1 ")(2&! 

>//1&+!)$%1 #-.%)%1 2(""%-.("%)($!1 ) "%10!$1$!! *%:1+ %+.!5(+,"B.    

K(& :1 )(:$%, 5+% 6%.#51$$71 >&"612!*1$+(.,$71 &2!)71 

01*%$"+2!2#E+ 8%2%<11 "%-.("!1 " >//1&+(*!, %6!"($$7*! ) 6. 5.3.3.1, ! 

!..E"+2!2%)($$7*! &2!)7*! $( 2!"#$&1 5.19. @%.$%-% "%%+)1+"+)!B 

0%H!+,"B +2#0$%, +.&. ) 62%F1""1 %+$%"!+1.,$% 0%.-!8 !=*121$!9 $1 

%H1"615!+, 0%"+(+%5$%9 "+(H!.,$%"+! +16.%)78 #".%)!9 ! $1!=*1$$%"+! 

6(2(*1+2( (#+$). @%>+%*# 21-!"+2!2#1*(B >&"612!*1$+(.,$(B =()!"!*%"+, 

*%:1+ %+&.%$B+,"B %+ +1%21+!51"&%9 &2!)%9, 6%"+2%1$$%9 0.B 

/!&"!2%)($$%-% (#+$). L0$(&% >&"612!*1$+ $(-.B0$% 6%0+)120!. #".%)!1 

6121"151$!B &2!)78 ) %0$%9 +%5&1, )%=*%:$%"+, 62!H.!:1$!B &2!)%9 & 

$#.E ) %H.("+!, "0)!$#+%9 %+$%"!+1.,$% $(62().1$!B 6%.B2!=(F!%$$%9 %"! 

$( )1.!5!$#   ("%-.("$% (2.26) ! ($(.!=( ) 6. 5.3.31). 

22 2 18 38 58 78 98 118 138 158
0

0.5

1

 

10 5 0 5 10
0

0.2

0.4

0.6

0.8

mx

3%

80 85 90 95 100
0

0.2

0.4

0.6

0.8

my

87

 
 !"#$%& 5.28. '()!"!*%"+! m(3) 0.B )%.%&%$$%-% >.1*1$+( " #-.%)7* 

2(""%-.("%)($!1* ) ")(2$%* "%10!$1$!!  =10
0
 ())128# – *%0#.B+%2 ) &%$F1 

")1+%)%0(, )$!=# – *%0#.B+%2 ) $(5(.1 ")1+%)%0() 

 

;2%*1 +%-%, H7.! 62%)101$7 >&"612!*1$+7 " 2(=M1*$7* "%10!$1$!1* 

")1+%)%0%), 0%6#"&(EA!* ))101$!1 #-.%)%-% 2(""%-.("%)($!B $(62().1$!9  

6%.B2!=(F!%$$78 %"19, =( ")1+ )2(A1$!B $(&%$15$!&%) ) "%10!$!+1.,$%9 

)+#.&1. G >+%* ".#5(1 6%.#5!.!", ($(.%-!5$71 21=#.,+(+7, 8%2%<% 

"%-.("#EA!1"B "% )"1*! )(:$7*! 21=#.,+(+(*! +1%21+!51"&%-% ($(.!=(.     

 



250 

5.4.4. 6#+7(-1)($*% + $(2!8)90($$%)1 !*-(8#/)1 345 2!"!#!$ 

G 02#-%9 "12!! >&"612!*1$+%) H7. 62%)101$ 2B0 !=*121$!9 0.B %+21=&%) 

4?@ ")1+%)%0%) 2(=$%-% +!6( ! 2(=$%9 0.!$7 (H1= ))101$!B 0%6%.$!+1.,$78 

)%=*#A1$!9). C"6%.,=%)(.!", )%.%&$( «NLC-4?@-3», «NLC-4?@-13» (4?@ 

")1+%)%07 " $(62B-(EA19 >..!6+!51"&%9 %H%.%5&%9) ! ")1+%)%0 «NUFERN-

1550» (62%!=)%0"+)% &%*6($!! «NUFERN», +!6 – «Panda»). D%-.("$% 

21=#.,+(+(* 2(=01.( 2, &%>//!F!1$+ >&"+!$&F!! ")1+%)%0%) " 

2("62101.1$$7*! ".#5(9$7*! $1%0$%2%0$%"+B*! *%:1+ *1$B+,"B. @%>+%*# 

) &(:0%* ".#5(1 62%)%0!.!", *$%-%&2(+$71 !=*121$!B ! H7.! )7H2($7 

"210$!1 )(2!($+7 =()!"!*%"+19. 

@%.#51$$71 6(2(*1+27 62!)101$7 ) +(H.!F1 5.1, ! 6121"5!+7)(."B 6% 

/%2*#.1 (5.16, H) &(& !
xy

. K(& :1 ) +(H.!F1 62!)101$% %+$%<1$!1 mx/my.   

 

K(H.!F( 5.1 
6% /%2*1 m(3) 6% *!$!*#*(* m(3)  

l 
30x/ 30y K mx my mx / my !"

1000 * 24.5
0
/114.5

0
 0.19 0.418 0.09 0.22 100  (20 0O) 

100 * 8
0
/98

0
 0.62 0.045 0.093 0.48 941 (29.8 0O) 1 

10 * -9.6
0
/80.4

0
 0.094 0.032 0.013 0.4 9785 (40 0O) 

2 100 * 55.3
0
/145.3

0
 0.18 0.067 0.022 0.32 2714 (34.3 0O) 

3 200 * 23.5
0
/113.5

0
 0.97 0.182 0.136 0.75 161 (22.1 0O) 

1 – )%.%&$% «NLC-4?@-3», h = 10
–5

 *
–1

; 2 – )%.%&$% «NLC-4?@-13», 

h ~ 2·10
–6

 *
–1

; 3 – )%.%&$% «NUFERN» !&'(("*) ~ 30 0O. 

 

 

5.4.5. :/*9;#/ 2!"!#!$$!<! 7"(=/ 1$*(->(-!)(*-/ 2 7-(!?-/8!2/*("(  

G =(&.E51$!1 *%:$% 62!)1"+! 62!*12 !=*121$!9 0.B &(+#<&! )%.%&$( 

(4?@ ")1+%)%0 «NLC-4?@-3»), 0.!$%9 50 *, $(*%+($$%9 " $(+B:1$!1* $( 

21=!$%)79 %6%2$79 F!.!$02 0!(*1+2%* 50 ** ) &(51"+)1 6.15( )%.%&%$$%-% 

!$+12/12%*1+2( P(8(-Q1$012( ) 0(+5!&1 *!&2%6121*1A1$!9 ("*. 2(=01. 6). 

D #51+%* h-6(2(*1+2( ")1+%)%0( (6% 0($$7* 62%!=)%0!+1.B) ! 21=#.,+(+%) 

!=*121$!9 %+21=&%) >+%-% :1 )%.%&$(, 62!)101$$78 ) 6. 5.4.4 ("*. +(H.!F# 

5.1), &%>//!F!1$+ >&"+!$&F!! 0.B 50-+! *1+2%) «")%H%0$%-%» ")1+%)%0( 

0%.:1$ H7+, H%.11 2000 (H%.11 33 0O). 

L0$(&% 62%)101$$71 6% #&(=($$%9 )7<1 *1+%0!&1 !=*121$!B 6%&(=(.! 

! J 200 (23 0O). K(&!* %H2(=%*, !=*121$!B 01*%$"+2!2#E+ "#A1"+)1$$%1 

#8#0<1$!1 &%>//!F!1$+( 6%.B2!=(F!%$$%9 >&"+!$&F!! )%.%&$( ) 21=#.,+(+1 

#"+($%)&! ")1+%)%0( ) &%$"+2#&F!E 621%H2(=%)(+1.B 

!$+12/12%*1+2!51"&%-% !=*12!+1.B. ;2%*1 +%-%, ) 8%01 6%0%H$78 !=*121$!9 

H7.! )7B).1$7 ".#5(! 0%6#A1$$78 =$(5!*78 62%*(8%) 62! )(:$%9 

%612(F!! #"+($%)&! «&.E5(» GL )!.&! (%+&.%$1$!B $(62().1$!B ) &%+%2%* 

=(/!&"!2%)($ «&.E5» %+ $(62().1$!B 6%.B2!=(F!%$$%9 %"!)  
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 !"#$%&'(& 

 

1) @210.%:1$ !$+12/121$F!%$$79 *1+%0 !=*121$!B 6%.B2!=(F!%$$78 

6(2(*1+2%) 4?@ ")1+%)%0%) ()%.%&%$$78 >.1*1$+%) $( %"$%)1 4?@ 

")1+%)%0%)): $(62().1$!B 6%.B2!=(F!%$$78 %"19 $( &%$F(8 ")1+%)%0%), 

"%%+$%<1$!B *%A$%"+19 )%=H#:01$$78 ) ")1+%)%01 6%.B2!=(F!%$$78 *%0, 

&%>//!F!1$+( 6%.B2!=(F!%$$%9 >&"+!$&F!!. P1+%0 !"6%.,=#1+ 

!$+12/121$F!E 6%.B2!=(F!%$$78 *%0, ( +(& :1 !$+12/121$F!E 62B*%9 ! 

6121&21"+$%9 &%*6%$1$+7 6%.B2!=(F!%$$%9 *%07 $( )78%01 ")1+%)%0(.    

2) @2%)101$ 6%02%H$79 +1%21+!51"&!9 ($(.!=, ) 8%01 &%+%2%-% 

%H%"$%)($7 %HA!9 62!$F!6 ! &%$&21+$79 (.-%2!+* !=*121$!9, 2(""*%+21$% 

).!B$!1 %"$%)$78 /(&+%2%) 6%-21<$%"+! ! %-2($!51$!9 62! !=*121$!B8 

().!B$!1 &%$15$%9 >&"+!$&F!! ($(.!=(+%2(, %-2($!51$$%9 2(=21<(EA19 

"6%"%H$%"+! "!"+1*7 21-!"+2(F!! !$+1$"!)$%"+!, &%$15$%9 +%5$%"+! 

#"+($%)&! ($(.!=(+%2( ! 02.).  

3) @%&(=($%, 5+%  !$+12/121$F!%$$79 *1+%0 !=*121$!9 !*11+ 

"#A1"+)1$$71 %"%H1$$%"+! ! 621!*#A1"+)( 6% "2()$1$!E " +2(0!F!%$$7* 

6%08%0%*. L$ *%:1+ !"6%.,=%)(+,"B ) #".%)!B8, &%-0( $1)%=*%:$% 

!"6%.,=%)(+, +2(0!F!%$$71 62!$F!67 !=*121$!9 !.! %H1"615!+, H%.11 

)7"%&!1 8(2(&+12!"+!&!.      

4) L"%H1$$%"+! ! 621!*#A1"+)( !$+12/121$F!%$$%-% *1+%0( 01.(E+ 1-% 

(&+#(.,$7* ! 62!).1&(+1.,$7* 0.B 62!*1$1$!B ) 8%01 62(&+!51"&%-% 

"%=0($!B )%.%&%$$78 !$+12/12%*1+2%) " 4?@ ")1+%)%0(*!.  
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 !"#$ 6. %&'()*+, + -,.-+/&0)*+, (+.-)*1+&**23 

+*-,/4,/&5,-/+6,.7+3 +'5,/+-,8,9 *) &.*&0, "$: .0,-&0&(&0 

 

;0,(,*+, 

 !" #$% &'(%)!*&+,, -++*%.&/!0-1, 23-/%.%004% / .!00&5 .-++%3'!6--, 

74*- +/18!04 + 3%9%0-%( 0!#)04: 23&7*%(, /&80-"!;<-: 23- 3!83!7&'"% - 

+&8.!0-- /&*&"&004: .-+'!06-&004: -0'%3=%3&(%'3-)%+"-: -8(%3-'%*%5. 

>! 23!"'-"% ?'- -++*%.&/!0-1 74*- +/18!04 + /42&*0%0-%( .&@&/&3&/ 

(>AB «C-"/!36-BDE-1,-2,-3», >AB «C%*-80!» - >AE B «DEFGHAF») 

0!23!/*%004: 0! +&8.!0-% 23!"'-)%+"-: -8(%3-'%*,04: #+'3&5+'/ '!"&@& 

'-2!. D :&.% #"!8!004: >AB 74*- 3!83!7&'!04, -8@&'&/*%04 - -+24'!04 '3- 

?"+2%3-(%0'!*,04: &73!86! /&*&"&004: (0! &+0&/% IJG +/%'&/&.&/) 

.-+'!06-&004: -0'%3=%3&(%'3-)%+"-: .!')-"&/ (-"3&2%3%(%<%0-5. I/! -8 

0-: 3%!*-8#;' +:%(# + .-+'!06-&004( -0'%3=%3&(%'3&( K!:!-L%0.%3! (+(. 

3!8.%* 3) - .!*%% 7#.#' 0!84/!',+1 (!"%'!(- «AKL-1» - «AKL-2», ! '3%'-5 

– +:%(# AGB  (+(. 3!8.%* 4), 2&?'&(# .!*%% &0 0!84/!%'+1 (!"%' «AGB ». D 

3!("!: >AE B «DEFGHAF» 3!7&'! 2& +&8.!0-; (!"%'&/ 

-0'%3=%3&(%'3-)%+"-: .!')-"&/ @-.3&!"#+'-)%+"-: +-@0!*&/, '%(2%3!'#34, 

.!/*%0-1 23&.&*$!%'+1.  

F&8.!004% #+'3&5+'/! 1/*1;'+1 -**;+'3!6-%5 23!"'-)%+"&5 3%!*-8!6-- 

/&*&"&004: .-+'!06-&004: -0'%3=%3&(%'3-)%+"-: .!')-"&/ 0! &+0&/% IJG 

+/%'&/&.&/, "&'&34% 3!++(!'3-/!*-+, / 3!8.%*!: 3 - 4.  3&(% '&@&, / 

"!)%+'/% &'/%'+'/%00&@& -+2&*0-'%*1 2&  .!004( >AB - +&&'/%'+'/#;<%(# 

3!8.%*# >AE B, !/'&3# .!00&5 .-++%3'!6-&00&5 3!7&'4 23-:&.-*&+, 

3%9!', 7&*,9&% "&*-)%+'/& 3!804: 23&7*%(, 0!#)0&@& - 0!#)0&-

'%:0-)%+"&@& :!3!"'%3!, 0% 3!++(!'3-/!%(4: -8@&'&/-'%*1(- ?*%(%0'&/ -*- 

+2%6-!*-+'!(-, &+#<%+'/*1;<-(- '%:0&*&@-)%+"#; +7&3"# (!"%'!.  

F3%.- "*;)%/4: /&23&+&/, '3%7&/!/9-: 0!#)0&-'%:0-)%+"&5 23&3!7&'"- 

/ :&.% -8@&'&/*%0-1 (!"%'&/, (&$0& /4.%*-', +*%.#;<-%: 

– D47&3 "&0+'3#"6-- - 23%./!3-'%*,0&% -8(%3%0-% 2!3!(%'3&/ /&*&"&00&@& 

23%&73!8&/!'%*1 .*1 )#/+'/-'%*,0&@& ?*%(%0'! (!"%'!. 

– M"+2%3-(%0'!*,0!1 &6%0"! #3&/01 )!+'&'04: 9#(&/ *!8%304: -+'&)0-"&/ 

/ 3!7&)%( .-!2!8&0% )!+'&' .!')-"!.  

– M"+2%3-(%0'!*,04% -8(%3%0-1 2!3!(%'3&/ (&.#*16-- )!+'&'4 *!8%30&@& 

-+'&)0-"! '&"&( -0$%"6--. 

– D*-10-% &73!'04: &'3!$%0-5 0! 9#(4 *!8%30&@& -+'&)0-"! - %@& 

3!7&'&+2&+&70&+', / -0'%3=%3&(%'3-)%+"&5 +:%(%.   

– N&)0&% -8(%3%0-% 3!80&+'- .*-0 /&*&"&004: 2*%) 23%&73!8&/!'%*1 

)#/+'/-'%*,0&@& ?*%(%0'!. 

– A8(%3%0-% "&?==-6-%0'! ?"+'-0"6-- /&*&"&004: ?*%(%0'&/ +:%(4.  

–  &0'3&*, +&@*!+&/!0-1 &3-%0'!6-- 2&*13-8!6-&004: &+%5 23- +'4"&/"% 

?*%(%0'&/ &2'-)%+"&5 )!+'- +:%(4, "&0'3&*, &3-%0'!6-- "*;)%5 

0!"&0%)0-"&/ / /&*&"&004: 90#3!:. 
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M'- - .3#@-% /&23&+4 '3%7&/!*- 23&/%.%0-1 0!#)04: -++*%.&/!0-5, 

3!+)%'&/, &3@!0-8!6-- +*&$04: -8(%3%0-5, &'3!7&'"- +2%6-!*,04: (%'&.&/ 

-8(%3%0-5 - '... 

 3&(% '&@&, 2&+*% -8@&'&/*%0-1 (!"%'! 74*& 0%&7:&.-(& 2& 

+&@*!+&/!004( (%'&.-"!( 23&/%+'- 2%3/-)04% -+24'!0-1 (!"%'! (.!*%% 

8!"!8)-" 23&/&.-* 2&/'&304% -+24'!0-1 0! +/&%5 -8(%3-'%*,0&5 7!8%) - 

23&.%(&0+'3-3&/!', 8!"!8)-"# :!3!"'%3-+'-"- (!"%'!, %@& 

3!7&'&+2&+&70&+', - 0!.%$0&+',.   

D 2. 6.2, / "!)%+'/% 23-(%3! &.0&@& -8 0!23!/*%0-5 ?"+2%3-(%0'!*,04: 

-++*%.&/!0-5 23-/%.%04, 3%8#*,'!'4 2& 2&.7&3# 23%&73!8&/!'%*%5 .*1 

(!"%'&/ .!')-"&/ !"#+'-)%+"-: - @-.3&!"#+'-)%+"-: +-@0!*&/. D 2. 6.3. .!0& 

"3!'"&% &2-+!0-% (!"%'&/ «AKL-1,-2» - «AGB » - 23-/%.%04 3%8#*,'!'4 -: 

-+24'!0-5. 

 

 

6.1. %&'()*+, + -,.-+/&0)*+, </)7-+6,.7+3 7&*.-/=71+9 0&8&7&**23 

</,&>/)'&0)-,8,9 (8? 6=0.-0+-,8@*23 A8,5,*-&0 0&8&7&**23 

+*-,/4,/&5,-/+6,.7+3 ()-6+7&0 

 

I*1 &2-+4/!%(4: / .!00&( 3!8.%*% (!"%'&/ .-+'!06-&004: /&*&"&00&-

&2'-)%+"-: -0'%3=%3&(%'3-)%+"-: .!')-"&/ (-"3&2%3%(%<%0-5 «AKL-1», 

«AKL-2» - «AGB », +&@*!+0& .&@&/&3%00&+'- + 8!"!8)-"!(-, &+0&/04% 

-+24'!0-1 23&/&.-*-+,, / 3%$-(% 3%@-+'3!6-- !"#+'-)%+"-: +-@0!*&/. M'& 

2&8/&*1*& -+2&*,8&/!', -8/%+'04% &7<%23-01'4% (%'&.4 -8(%3%0-5 - 

.&+'#204% 23-7&34 - #+*&/-1 -8(%3%0-5, .*1 '&@& )'&74 

23&.%(&0+'3-3&/!', 3!7&'# (!"%'&/ - &:!3!"'%3-8&/!', -: ?==%"'-/0&+',. F 

?'&5 '&)"- 83%0-1 (!"%'4 (&$0& #+*&/0& 3!++(!'3-/!', "!" (!"%'4 

(-"3&=&0&/ - -+2&*,8&/!', +&&'/%'+'/#;<-% 2!3!(%'34, :!3!"'%3-8#;<-% 

-: 3!7&'#. G&?'&(#, / :&.% 3!83!7&'"- (!"%'&/, /!$04( 0!23!/*%0-%( 

?"+2%3-(%0'!*,04: -++*%.&/!0-5 74*& '%+'-3&/!0-% 3!80&&73!804: 

"&0+'3#"6-5 23%&73!8&/!'%*%5 - /47&3 /!3-!0'! .*1 -+2&*,8&/!0-1 / 

(!"%'%.  

  ?'&5 $% '%(% (&$0& &'0%+'- 0%"&'&34% 3%8#*,'!'4 -++*%.&/!0-5 2& 

3!83!7&'"% /&*&"&004: -0'%3=%3&(%'3-)%+"-: @-.3&=&0&/, "&'&34% /%.#'+1 

/ 3!("!: >AE B «DEFGHAF». 

 

6.1.1.  !"#$"%$&'()*#$( +,&*-,./*".$&'&0 .1!#$%2&#1%3 % 

(4%5,*.1!#$%2&#1%3) #%4).'*" 

D&*&"&0045 23%&73!8&/!'%*, -0'%3=%3&(%'3-)%+"&@& .!')-"! 

!"#+'-)%+"-: (@-.3&!"#+'-)%+"-:) +-@0!*&/ 23%.+'!/*1%' +&7&5 

"&0+'3#"6-;, +&.%3$!<#; /&*&"&004% 2*%)- -0'%3=%3&(%'3!, "&'&3!1 

.&*$0! &7%+2%)-', ?==%"'-/0&% 23%&73!8&/!0-% -8(%31%(&@& /&8.%5+'/-1 / 

-8(%0%0-% =!84 -0'%3=%3%06-&00&@& +-@0!*! 23- !"#+'-)%+"&( 

(@-.3&!"#+'-)%+"&() /&8.%5+'/-- 0! 23%&73!8&/!'%*,. G3%&73!8&/!'%*, 
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1/*1%'+1 &.0-( -8 "*;)%/4: ?*%(%0'&/ -0'%3=%3&(%'3-)%+"&@& .!')-"!, 

&+0&/&5 )#/+'/-'%*,0&@& ?*%(%0'!.   

E+0&/04( 2!3!(%'3&( -0'%3=%3&(%'3-)%+"&@& 23%&73!8&/!'%*1 [91] 

1/*1%'+1 =!8&/!1 )#/+'/-'%*,0&+', KG, '.%. "&?==-6-%0' 23%&73!8&/!0-1 

8/#"&/&% .!/*%0-% – 3!80&+', =!8 -0'%3=%3-3#;<-: *#)%5   

 !  !tpKt "#$% G .       (6.1) 

F #)%'&( /&8(&$04: *-0%504: -+"!$%0-5 (-+"!$%0-5 OPQ), &+0&/0&5 

:!3!"'%3-+'-"&5 23%&73!8&/!'%*1 1/*1%'+1 )!+'&'0!1 8!/-+-(&+', =!8&/&5 

)#/+'/-'%*,0&+'- KG(f) 

 

 !
m

m

p
fK

$%
#G  ,       (6.2) 

@.% $%m !(2*-'#.! "&*%7!0-1 !3@#(%0'! -0'%3=%3%06-&00&@& +-@0!*!, 23- 

!"#+'-)%+"&( /&8.%5+'/-- + !(2*-'#.&5 8/#"&/&@& .!/*%0-1 pm.    

 !"#$#%!& '!(!)#*(+"#+)! ,(*$-(!.$/!#*0&, / $"%$/%$1 $,(*2*0&*# 

/+2 3 4 +%#*(5*($1*#(+6*")$7$ 2!#6+)!, ! 8($/*%9 5!.$/$: 

68/"#/+#*09%$"#+ K; %!,(&18< /0+&*# %! (!.(*=!<>8< ",$"$-%$"#9 

+.1*(+#*0& (+(. 2. 6.2.2).   

I*1 +3!/0%0-1 ?==%"'-/0&+'- "&0+'3#"6-- 23%&73!8&/!'%*%5 #.&70& 

-+2&*,8&/!', 2&@&00#; )#/+'/-'%*,0&+',, 23-/%.%00#; " %.-0-6% .*-04 

)#/+'/-'%*,04: /&*&"&004: 2*%) / 23%&73!8&/!'%*%  

l

K
K G
G #&  .      (6.3) 

 !"#$ %"&", '!( ")$*+,- (*%$&!,./*"0 122$+%(3*"4%( ,+54%(6$4+(- 

'!$"7!,8"3,%$.$0 (#(+!"2"*"3), +,+ '!,3(.", (4'"./859% %,+59 3$.(6(*5 

+,+ -,!,+%$!(4%(6$4+,: 6534%3(%$./*"4%/. ;.: (*%$!2$!"#$%!(6$4+"&" 

'!$"7!,8"3,%$.: ,+54%(6$4+(- 4(&*,."3 ,*,."&(6*<# "7!,8"# #"=*" 

(4'"./8"3,%/ -,!,+%$!(4%(6$4+59 6534%3(%$./*"4%/   

 !

n

fK

K

n

i

i

X

"
## 1

2

>

>  ,      (6.4) 

&?$ fi – )$*%!,./*<$ 6,4%"%< 4%,*?,!%*<- %!$%/"+%,3*<- '"."4, n – 

+".(6$4%3"  %!$%/"+%,3*<- '"."4 3 !,7"6$# ?(,',8"*$ 6,4%"%. 

 

6.1.2.  !"#$"%& %'()!'*#"+ ,'#()!-,$". %!*'/!01'20)*3*. 

;.: 2"!#(!"3,*(: 3"."+"**"&" '!$"7!,8"3,%$.: 3"."+"**"&" 

(*%$!2$!"#$%!(6$4+"&" (8#$!(%$.: ,+54%(6$4+(- 4(&*,."3 #"=*" 

(4'"./8"3,%/ !:? !,8.(6*<- '"?-"?"3 + '"4%!"$*(9 +"*4%!5+)(( 

'!$"7!,8"3,%$.: [91].   

@ +,6$4%3$ "4*"3*"0 +"*4%!5+)((, (4'"./85$#"0 '!( 4"8?,*(( #,+$%"3 

?,%6(+"3, (4'"./8"3,.4: 3,!(,*% 4 '".<# "'"!*<# 1.,4%(6*<# )(.(*?!"#, 
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((8 !$8(*<) *, 3*5%!$**99 ( *,!5=*59 7"+"359 '"3$!-*"4%/ +"%"!"&" 

*,#"%,*< +,%5A+( 3"."+"**<- '.$6 (*%$!2$!"#$%!,, !(45*"+ 6.1. B"!)$3<$ 

'"3$!-*"4%( )(.(*?!, '!(+.$$*< + &(7+(# +!<A+,#-#$#7!,*,#. @ %,+"0  

4-$#$ (?(22$!$*)(,./*,: 4-$#, «Push-pull» %(', [91]) '"? ?$04%3($# 

835+"3"&" ?,3.$*(: #$#7!,*< «4=(#,9%» )(.(*?!, 6%" '!(3"?(% + 

'!"%(3"2,8*<# +".$7,*(:# 122$+%(3*"&" !,?(54, 3"."+"**<- +,%5A$+ (, 

+,+ 4.$?4%3($, '!"?"./*"#5 5?.(*$*(9/4=,%(9 3"."+"* ( 

4""%3$%4%359C$#5 (8#$*$*(9 (- 2,8"3<- 8,?$!=$+, !(45*"+ 6.1.     

D.$?5$% "%#$%(%/, 6%" (8&"%"3.$*($ '"?"7*"0 +"*4%!5+)(( :3.:$%4: *$ 

%"./+" %!5?"$#+(# '!")$44"#, *" ( %!$75$% !,8!,7"%+( 4'$)(,./*"&" 

"7"!5?"3,*(:, '!(#$*$*(: 4'$)(,./*<- %$-*"."&(0. >"1%"#5 (8&"%"3.$*($ 

"7!,8)"3 '!$"7!,8"3,%$.$0 ?.: #,+$%"3 «EFG-1,-2» ( «E>H » '!"3"?(."4/ 

4 '"#"C/9 8,+,86(+,, +"%"!<0 (4'"./8"3,. 4'$)(,./*" !,8!,7"%,**"$ 

"7"!5?"3,*(: ( %$-*"."&(9 ?.: *,#"%+( 3"."+"**<- +,%5A$+ *, "'"!*<0 

)(.(*?! 4 (4'"./8"3,*($# +!$'.$*(: 1'"+4(?*<# +.$$#. I7!,8)< 

'!$"7!,8"3,%$.$0-&(?!"2"*"3 (8&"%,3.(3,.(4/ 3 4"%!5?*(6$4%3$ 4" 

4'$)(,.(4%,#( IJI «@I;BHJKD>HELIH», +"%"!<$ %,+ =$ '!(#$*:.( 

4'$)(,./*"$ "7"!5?"3,*($ ?.: *,#"%+( +,%5A$+ ( (4'"./8"3,.( (#$9C($4: 

5 *(- %$-*"."&(( .(%/: 1.$#$*%"3 (8 '".(5!$%,*,.   

 

 
 

1 – =$4%+"$ +"./)"-+"!'54, 

2 – &(7+($ +!<A+(-#$#7!,*<,  

3 – 1.,4%(6*<0 )(.(*?!,  

4 – 3"."+"**,: +,%5A+,,  

5 – 2(+4(!59C(0 +.$0 

d
2

d
1

d
2

d
1

 
 

H(45*"+ 6.1. I4*"3*"0 '!(*)(' '"4%!"$*(: 3"."+"**"&"  '!$"7!,8"3,%$.: 

?.: #,+$%"3 (*%$!2$!"#$%!(6$4+(- ?,%6(+"3.  

@3$!-5 – 4%!5+%5!, ('"'$!$6*<0 !,8!$8) +"*4%!5+)((, 3*(85 – '":4*$*(: 

'!(*)(', %!,*42"!#,)(( "'"!*"&" )(.(*?!, '!( $&" 4=,%((/!,4%:=$*(( 

#$#7!,*,#(. 
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6.1.3.  !"4*!& ,'#()!-,$". %!*'/!01'20)*3*. " "5 50!0,)*!"()", 

6.1.3.1.  !"#$!%&#'%(")* %+,-(*."-+*/ -*01%)#' (2*+!#3#14)  

1) @ !,#+,- '!$?3,!(%$./*<- (44.$?"3,*(0, '!( !,8!,7"%+$ #,+$%, 

(8#$!(%$.: «EFG-1» 7<.( (8&"%"3.$*< *$4+"./+" "7!,8)"3 

'!$"7!,8"3,%$.$0 (?,.$$ '!(3$?$*< !$85./%,%<, '".56$**<$ ?.: %!$- 

.56A(- "7!,8)"3). I7!,8)< 4"?$!=,.( %"./+" "?*" «4(&*,./*"$» 

3"."+"**"$ '.$6", ?.(*"0 20 #, *,#"%,**"$ *, 3*$A*99 4%"!"*5 "'"!*"&" 

)(.(*?!,, !(45*"+ 6.2. @4$ '!$"7!,8"3,%$.( (#$.( ?(,#$%! M100 ## ( 

3<4"%5 M 10 ##.  "./)" 3*$A*$&" +"!'54, ( +!<A+(-#$#7!,*< 7<.( 

4?$.,*< (8 4%$+."%$+4%".(%,. I7!,8)< "%.(6,.(4/ #,%$!(,."#, (8 +"%"!"&" 

3<'".*$* "'"!*<0 )(.(*?! (3*$A*(0 ?(,#$%! 70 ##, %".C(*, 4%$*+( 6 ##). 

>$!3<0 %,+"0 "7!,8$) «>-EFG-1-N1» (#$. "'"!*<0 )(.(*?! (8 =$4%+"0 

!$8(*< (#,!+( FLD), 3" 3%"!"# "7!,8)$ «>-EFG-N2» 7<. )(.(*?! (8 

+,'!"."*,, , 3 "7!,8)$ «>-EFG-1-N3» – (8 #$%,..,.       

    

        
 

H(45*"+ 6.2. D.$3, – +"*4%!5+)(: ('"'$!$6*<0 !,8!$8), 4'!,3, – 3*$A*(0 

3(? '!$?3,!(%$./*"&" "7!,8), '!$"7!,8"3,%$.$0 «>-EFG-1» ?.: 

%$4%(!"3,*(: 3 4-$#$ (*%$!2$!"#$%!, O,7!(->$!"     

 

I7!,8)< %$4%(!"3,.(4/ 3 "'%(6$4+"0 4-$#$ 4 3"."+"**<# 

(*%$!2$!"#$%!"# O,7!(->$!" *, 3"."+*$ '!$"7!,8"3,%$.:, 

!$&(4%!(!"3,.,4/ 6534%3(%$./*"4%/ '!$"7!,8"3,%$.: K>(f) 3 ?(,',8"*$ 200 –

1000 P).  

>!$"7!,8"3,%$./ «>-EFG-1-N4», +"%"!<0 7<. 54%,*"3.$* 3 #,+$% 

«EFG-1», 7<. 4?$.,* *, "4*"3$ «7,8"3"0» +"*4%!5+)(( (!(45*"+ 6.1) 4 

"'"!*<# )(.(*?!"# (8 !$8(*< (#,!+, FLD) 4 ?.(*"0 3"."+"**<- '.$6 30 # 

( 7<. '!"%$4%(!"3,* 3 #"?$!*(8(!"3,**"# (8#$!(%$./*"# 4%$*?$ 4 

(*%$!2$!"#$%!"# F,-,-G$*?$!,, 3 +"%"!<0 7<. 3+.96$* '!$"7!,8"3,%$./,  

3 ?(,',8"*$ 6,4%"% 0,3 – 10 +P).  

2) @ -"?$ !,8!,7"%+( #,+$%, «EFG-2», 4"3#$4%*" 4 8,+,86(+"# 7<.( 

(8&"%"3.$*< %!( "7!,8),  '!$"7!,8"3,%$.$0 4 )$./9 '!"3$!+( 

122$+%(3*"4%( !,8*<- 3,!(,*%"3 +"*4%!5+)(0, "%.(6,9C(-4: "% 

+"*4%!5+)((, (4'"./8"3,**"0 3 #,+$%$ «EFG-1». D 56$%"# !$85./%,%"3 

(8#$!$*(0 '!$?3,!(%$./*<- '!$"7!,8"3,%$.$0, 7<. 4?$.,* 6$%3$!%<0 

'!$"7!,8"3,%$./ 4 «(4-"?*"0» +"*4%!5+)($0, +"%"!<0 7<. (4'"./8"3,* 3 

?,%6(+$ «EFG-2». D%!5+%5!< +"*4%!5+)(0 "7!,8)"3 '!$"7!,8"3,%$.$0 

'"+,8,*< *, !(45*+$ 6.3. ;(,#$%! '!$"7!,8"3,%$.$0 100 ##, 3<4"%, 10 ##. 

 "./)" 3*$A*$&" +"!'54, 7<." #$%,..(6$4+(#, '.,4%(*<-#$#7!,*< 

4?$.,*< (8 4%$+."%$+4%".(%, %".C(*"0 3 ##.  
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I7!,8)< «>-EFG-2-N1» ( «>-EFG-2-N2» 4"?$!=,.( 3*$A*(0 ( 

3*5%!$**(0 "'"!*<$ )(.(*?!< (8 17"*(%, (?(,#$%!< 70 ## ( 58 ##, 

%".C(*, 4%$*"+ 4 ##, 8,8"! #$=?5 )(.(*?!,#(, 8,+!$'.$**<#( "?*(# 

%"!)"# ( '.,4%(*"0-#$#7!,*"0 ~1 ##). I7!,8$) «>-EFG-2-N3» 4"?$!=,. 

3*$A*(0 ( 3*5%!$**(0 "'"!*<$ )(.(*?!< (8 +,'!"."*, (3*$A*(0 ?(,#$%! 

70 ##, 3*5%!$**(0 60 ##, %".C(*, 4%$*"+ 3–5 ##). I7!,8$) «>-EFG-2-N4» 

4"?$!=,. "'"!*<$ )(.(*?! (8 '."%*"0 !$8(*< (!$8(*, FLD, 3*$A*(0 

?(,#$%! )(.(*?!, 70 ##, %".C(*, 6 ##).    

;.(*, 3"."+"* 3 +,=?"0 (8 ?35- +,%5A$+ 3 %!$- '!$?3,!(%$./*<- 

"7!,8),- '!$"7!,8"3,%$.$0 4"4%,3.:., 10 #. @ "7!,8)$ «>-EFG-2-N4» 

3"."+*, 3 +,%5A+,- (#$.( ?.(*5 60 #.   

 

 
 

 
H(45*"+ 6.3.  "*4%!5+)(( ( 3*$A*(0 3(? '!$"7!,8"3,%$.$0 ?,%6(+, 

,+54%(6$4+(- 4(&*,."3 «>-EFG-2», %$4%(!5$#<- '!( 4"8?,*(( #,+$%, 

«EFG-2»  

 

3) @ -"?$ !,7"% '" 4"8?,*(9 1+4'$!(#$*%,./*"&" #,+$%, *, "4*"3$ 

3"."+"**"&" E>H  (3 !,#+,- ?"&"3"!, «L$.(8*,») 4 (4'"./8"3,*($# 

%$-*"."&(6$4+(- 4!$?4%3 8,+,86(+, 7<.( (8&"%"3.$*< ( '!"%$4%(!"3,*< ?3, 

"7!,8), '!$"7!,8"3,%$.$0: «>-E>H -N1» ( «>-E>H -N2».   

D%!5+%5!, '!$"7!,8"3,%$.: «>-E>H -N1» '"3%"!:., 4%!5+%5!5, 

'!(#$*$**59 3 '!$"7!,8"3,%$.:- ?.: #,+$%"3 «EFG-1,-2». E4'"./8"3,* 

"'"!*<0 )(.(*?! (8 =$4%+"0 !$8(*<, +"!'54 (8 '!"6*"&" '.,4%(+, ( 

#$#7!,*< 3 3(?$ 4%$+."%$+4%".(%"3<- '.,4%(* (3 ##).  ,%5A+( 3"."+"**<- 

'.$6 *,#"%,*< *, 3*$A*99 ( 3*5%!$**99 '"3$!-*"4%( "'"!*"&" )(.(*?!,, 

!(45*"+ 6.4. >!$"7!,8"3,%$./ «>-E>H -N2» 7<. 3<'".*$* '" '!(*)('5 

«(8".(!"3,**"&" "'"!*"&" '.$6,», 3 1%"# 4.56,$ 3"."+*" "?*"&" (8 '.$6 

7<." 8,+!$'.$*" *, +"!'54$ 7$8 +"*%,+%, 4 1.,4%(6*<# "'"!*<# )(.(*?!"# 

«4(&*,./*"&"» '.$6,, !(45*"+ 6.4. 
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H(45*"+ 6.4. D%!5+%5!, ( 3*$A*(0 3(? '!$"7!,8"3,%$.$0 «>-E>H ». 

 

6.1.3.2.  !"#$!%&#'%(")* 0*5!#%+,-(*."-+*/ -*01%)#' (0*5!#3#14)  
;!5&(# ,+%5,./*<# 3,!(,*%"# '!$"7!,8"3,%$.: 3"."+"**"&" 

(*%$!2$!"#$%!(6$4+"&" ?,%6(+, :3.:$%4: '!$"7!,8"3,%$./ ?.: 

&(?!",+54%(6$4+(- 3"8?$04%3(0. ;,.$$ '!(3$?$*< !$85./%,%<, '".56$**<$ 3 

-"?$ (44.$?"3,*(0 '" %$#,%(+$ ?(4%,*)("**<- 3"."+"**<- (*%$!2$!"#$%-

!(6$4+(- &(?!"2"*"3 3 !,#+,- KEH «@ID>PED».  

@ -"?$ (8#$!$*(0 7<.( '!"%$4%(!"3,*< 6$%<!$ "7!,8), 

&(?!",+54%(6$4+"&" '!$"7!,8"3,%$.:. I7!,8)< 7<.( (8&"%"3.$*< 4 3 

4"%!5?*(6$4%3$ 4" 4'$)(,.(4%,#( IJI «@I;BHJKD>HELIH». @4$ "7!,8)< 

7<.( "!($*%(!"3,*< *, (4'"./8"3,*($ 3 4"4%,3$ (*%$!2$!"#$%!, F,-,-

G$*?$!,, *" 4"?$!=,.( %"./+" "?*" «4(&*,./*"$» 3"."+"**"$ '.$6" 

(*%$!2$!"#$%!,.  

I7!,8$) «P-EFG-N1» '!$?4%,3.:. 4"7"0 %,+ *,8<3,$#"$ «43"7"?*"$» 

3"."+*" (*$% 4'$)(,./*"0 +"*4%!5+)((, %!,*42"!#(!59C$0 ,+54%(6$4+"$ 

3"8?$04%3($ 3 '!"?"./*"$ *,%:=$*($ 3"."+*,). @ 1%"# 4#<4.$ (8#$!$*(: 4 

%,+(# 6534%3(%$./*<# 3"."+*"# :3.:9%4: ,*,."&"# (8#$!$*(0, "'(4,**<-, 

*,'!(#$!, 3 [109]. D'$)(2(+, *"3"&" 1+4'$!(#$*%, 4"4%"(% 3 %"#, 6%" 30 

#$%!"3<0 "%!$8"+ 6534%3(%$./*"&" 3"."+"**"&" '.$6, (*%$!2$!"#$%!, 7<." 

!,4'"."=$*" '" &"!(8"*%,./*"0 "+!5=*"4%( (?(,#$%! 2.5 #) 3"+!5& 

(8.56,%$.: (!(45*"+ 6.5, 33$!-5), +"%"!<0 (#$. +!5&"359 ?(,&!,##5 

*,'!,3.$**"4%( 3 &"!(8"*%,./*"0 '."4+"4%(. @ !$85./%,%$ 3"."+*" 

*,-"?(."4/ 3 54."3(:- #,+4(#,./*" 7.(8+(- + (8"%!"'*"#5 

&(?!"4%,%(6$4+"#5 4=,%(9. ;.: "7$4'$6$*(: %,+"&" !,4'"."=$*(: 7<." 

*$"7-"?(#" (4'"./8"3,%/ "'"!*59 #$%,..(6$4+59 !,#5.  

I7!,8)< «P-EFG-N2» ( «P-EFG-N3» 7<.( 3<'".*$*< 3 3(?$ 

4'$)(,./*<- +"*4%!5+)(0 4 "'"!*<# )(.(*?!"# (8 !$8(*< ('".(5!$%,*,). 

D%!5+%5!, '!$"7!,8"3,%$.$0 ( (- 3*$A*(0 3(? '"+,8,*< *, !(45*+$ 6.5 

(4!$?*(0 !(45*"+).  @ '$!4'$+%(3$ "7$ +"*4%!5+)(( #"&5% 4"?$!=,%/ ?3, 

'.$6, (*%$!2$!"#$%!, (3%"!"$ '.$6" #"=$% 7<%/ *,#"%,*" *, 3*5%!$**99 

4%"!"*5 '"."&" )(.(*?!,, 4"&.,4*" '!(*)('5 «push-pull» 4-$# [91]). 

;(,#$%! '!$"7!,8"3,%$.$0 4"4%,3.:. 100 ##, 3<4"%, 50 ##. D=(#,9C($ 

"'"!*<0 )(.(*?! +!<A+(-#$#7!,*< 7<.( #$%,..(6$4+($, %".C(*, 12 ##. 

B".4%"4%$**<0 "'"!*<0 )(.(*?! "7!,8), «P-EFG-N2» (#$. ?(,#$%! 74 

##. @ "7!,8)$ «P-EFG-N3» 7<. (4'"./8"3,* %"*+"4%$**<0 )(.(*?! 
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?(,#$%!"# 80 ##, 3*5%!$**(0 "7Q$# )(.(*?!, 7<. 8,'".*$* 3"?"0, 3 

!$85./%,%$ 6$&" 2"!#(!"3,.4: "4"7$**<0 #$-,*(8# '!$"7!,8"3,*(: 

3*$A*$&" 4=,%(: 3 !,4A(!$*($ ?(,#$%!, "'"!*"&" )(.(*?!, ( 3"."+"**"0 

+,%5A+(. >!( (8#$!$*(:- '!$"7!,8"3,%$.( !,4'".,&,.(4/ %,+(# "7!,8"#, 

6%" "4/ 4(##$%!(( 7<., *,'!,3.$*, *, (8.56,%$./. 

@ "7!,8)$ «P-EFG-N4» 7<., !$,.(8"3,*, +"*4%!5+)(: 4 '!:#<# 

?,3.$*($# *, 7"+"359 '"3$!-*"4%/ 1.,4%(6*"&" "'"!*"&" )(.(*?!, 4 

6534%3(%$./*"0 3"."+"**"0 +,%5A+"0 [91] (!(45*"+ 6.5, 3*(85). K, 

#$%,..(6$4+"# 4%$!=*$ 7<., *,?$%, !$8(*"3,: 3%5.+, ('".(5!$%,*), *, 

+"%"!"0 7<.( 4?$.,*< 3(*%""7!,8*<$ +,*,3+( ?.: *,#"%+( 3"."+"**"0 

+,%5A+(. ;.(*, +"*4%!5+)(( 40 4#. >"4.$ *,#"%+( 3?"./ +,*,3"+ 

3"."+"**"&" 43$%"3"?, (?(*, 3"."+*, 25 #, ?(,#$%! *,#"%+( 15 ##), 

+"*4%!5+)(: 7<., '"+!<%, 3*$A*(# 8,C(%*<# 4."$# '".(5!$%,*,. @ 

'$!4'$+%(3$ "'"!*"$ '.$6" #"=$% 7<%/ !,8#$C$*" 3 4#$=*"#, 

(8".(!"3,**"# "% ,+54%(6$4+"&" 3"8#5C$*(: "7Q$#$, .(7" #"=$% 7<%/ 

*,#"%,*" *$'"4!$?4%3$**" *, =$4%+(0 "'"!*<0 #$%,..(6$4+(0 4%$!=$*/ 

[91]. 

 

6.1.4. 6*1-37)0)& "14*!*#". 

E8#$!$*(: ',!,#$%!"3 "7!,8)"3 (*%$!2$!"#$%!(6$4+(- '!$"7!,8"3,%$.$0 

,+54%(6$4+(- 4(&*,."3 '!( !,8!,7"%+$ #,+$%"3 «EFG-1,-2» ( «E>H » 

'!"3"?(.(4/ 3 .,7"!,%"!(( 3"."+"**"0 "'%(+( D>7P>R. >!$"7!,8"3,%$.( 

&(?!",+54%(6$4+(- 4(&*,."3 %$4%(!"3,.(4/ 3 "'<%"3"# 7,44$0*, IJI 

«@I;BHJKD>HELIH». 

K, !(45*+$ 6.6 33$!-5 '"+,8,*< '!(#$!< -,!,+%$!(4%(+ K>(f), 

'".56$**<- ?.: ,+54%(6$4+(- (*%$!2$!"#$%!(6$4+(- '!$"7!,8"3,%$.$0, , *, 

!(45*+$ 6.6 3*(85 – ?.: &(?!",+54%(6$4+(- '!$"7!,8"3,%$.$0. 

;.: 4"'"4%,3.$*(: !$85./%,%"3 (8#$!$*(0, "4*"3*<$ ',!,#$%!< 

(8#$!$**<- -,!,+%$!(4%(+ '$!$46(%,*< 3 ',!,#$%!< '"&"**"0 

6534%3(%$./*"4%( (*, #$%! ?.(*< 6534%3(%$./*<- 43$%"3"?"3) ( '!(3$?$*< 3 

%,7.()$ 6.1. @ %,7.()$ 5+,8,*< #,+4(#,./*"$ 8,2(+4(!"3,**"$ 8*,6$*($ 

'"&"**"0 6534%3(%$./*"4%( K'>max, 4!$?*$$ 8*,6$*($ <K'>> ( 

-,!,+%$!(4%(6$4+,: '"&"**,: 6534%3(%$./*"4%/ K'>S.  

O,+%(6$4+($ 8*,6$*(: ',!,#$%!"3 6534%3(%$./*"4%( '!$"7!,8"3,%$.$0 

K>[!,?(,*/>,], #"&5% 7<%/ '".56$*< '5%$# 5#*"=$*(: '"&"**<- ',!,#$%!"3 (8 

%,7.()< *, ?.(*5 6534%3(%$./*"&" 3"."+*, (5+,8,*, !:?"# 4 *,83,*($# 

"7!,8),)  
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H(45*"+ 6.5.  "*4%!5+)(( "7!,8)"3 &(?!",+54%(6$4+(- '!$"7!,8"3,%$.$0  
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H(45*"+ 6.6. T,4%"%*<$ 8,3(4(#"4%( 6534%3(%$./*"4%( K>(f) 3"."+"**<- 

(*%$!2$!"#$%!(6$4+(- '!$"7!,8"3,%$.$0 ,+54%(6$4+(- (3$!-*($ &!,2(+() ( 

&(?!",+54%(6$4+(- (*(=*(0 &!,2(+) 3"8?$04%3(0. 

 

D?$.,$# +!,%+($ 3<3"?< (8 '!(3$?$**<- !$85./%,%"3  

1) >!$"7!,8"3,%$.( ,+54%(6$4+(- 4(&*,."3 

– @ %$- 1+4'$!(#$*%,-, &?$ #"=*" 4"'"4%,3(%/ !,8*<$ +"*4%!5+)((,  

.56A($ !$85./%,%< ?.: «7,8"3"0» +"*4%!5+)(( 4 "'"!*<# )(.(*?!"# (8 

!$8(*<. 

– ;.: #(+!"2"*"3 (8 !$8(*< '!(45%4%359% -,!,+%$!*<$ !$8"*,*4<. @ 

"4*"3*"# 43:8,*< 4 +".$7,%$./*"0 4(4%$#"0 +"!'54, ( 7<.( '!(#$!*" 

'!$?4+,8,*< (8&"%"3(%$.$#.   

– ;.: '!$"7!,8"3,%$.: «>-E>H », O,+%(6$4+( ?.: 34$- 6,4%"%, *, 

+"%"!<- '!"3"?(.(4/ (8#$!$*(:, 6534%3(%$./*"4%/ '!$"7!,8"3,%$.: >-

E>H -N1 '!(#$!*" 3 2 !,8, 3<A$, 6$# 6534%3(%$./*"4%/ '!$"7!,8"3,%$.: 

>-E>H -N2. S,!,+%$!(4%(6$4+($ 6534%3(%$./*"4%( "7!,8)"3 %,+ =$ 

"%.(6,9%4: 2,+%(6$4+( 3 ?3, !,8,. U%"% !$85./%,% '"?%3$!=?,$% 3,=*"$ 

'!$?'"."=$*($, 6%" 3"."+"**<$ '.$6(, *,#"%,**<$ *, 3*5%!$**$0 ( 

3*$A*$0 '"3$!-*"4%( !$8(*"3"&" "'"!*"&" )(.(*?!,, '".56,9% '!(#$!*" 

!,3*<$ '!"%(3"2,8*<$ '!(!,C$*(: 2,8"3<- 8,?$!=$+ '!( ?,3.$*(( *, 

4*"3,*(: )(.(*?!,.  
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B,7.(), 6.1 H$85./%,%< (8#$!$*(: 6534%3(%$./*"4%( '!$"7!,8"3,%$.$0 

,+54%(6$4+(- (&(?!",+54%(6$4+(-) 4(&*,."3 

  

"7!,8$) '!$"7!,8"3,%$.: 

K'>max,  

!,?(,*/>,·#  

<K'>>, 
!,?(,*/>,·#  

K'>S, 

!,?(,*/>,·#

«
#
(
+
!
"
2
"
*

»
 

«>-EFG-1-N1» (1-10 #) 0.22  (0.7 +P)) 0.12 0.12 *** 

«>-EFG-1-N2» (1-10 #) 0.11  (0.31 +P)) 0.06 0.06 *** 

«>-EFG-1-N3» (1-10 #) 2·10
–2

 (0.2 +P)) 1.2·10
–2

 1.5·10
–2

 ***

« -!"#-1-$4» (2-50 #)* 0,27 (0.7 +P)) 7.2·10
–2

 0,1 

«>-EFG-2-N1» (2-10 #) 2.5·10
–2

 (5; 7 +P)) – – 

«>-EFG-2-N2» (2-10 #) 5·10
–3

 (3 +P)) – – 

«>-EFG-2-N3» (2-10 #) 1·10
–2

 (1.5 +P)) – – 

« -!"#-2-$4» (2-60 #)* 7.4·10
–2

 (2.5 +P)) 1.8·10
–2

 2.5·10
–2

 

«>-E>H -N1» (2-60 #) 0.2  (3 +P)) 4.6·10
–2

 7·10
–2

 

« -! %&-$2» (2-60 #) * 0.12  (3 +P)) 2.4·10
–2

 3·10
–2

 

«
&(
?
!
"
2
" «>-PEFG-N1» (1-30 #) 6.7·10

–4
 (1 +P)**) 1.5·10

–4
 2.7·10

–4
 

«>-PEFG-N2» (1-50 #) 1.2·10
–2

 (1,5 +P)**) 4·10
–3

 8.6·10
–3

 

«>-PEFG-N3» (1-50 #) 5.8·10
–3

 (2 +P) **) 2.2·10
–3

 3.9·10
–3

 

«>-PEFG-N4» (1-25 #) 3.9·10
–3

 (1 +P) **) 2.5·10
–3

 2.8·10
–3

 

D$!<# 2"*"# 3<?$.$*< "7!,8)< 4 "'"!*<# )(.(*?!"# (8 !$8(*< (FLD). 

* – '!$"7!,8"3,%$.(, 54%,*"3.$**<$ 3 #,+$%< «EFG-1», «EFG-2», «E>H ».  

** – *(=*:: &!,*(), ?(,',8"*, 6,4%"% 8,2(+4(!"3,**<- 8*,6$*(0 K>   

*** – '"4+"./+5 (8#$!$*(: '!"3"?(.(4/ 3 ?(,',8"*$ ?" 1 +P), %" 

-,!,+%$!(4%(6$4+,: 6534%3(%$./*"4%/ #"=$% 7<%/ 45C$4%3$**" 8,3<A$*, 

?.: 4!,3*$*(: 4 '!$"7!,8"3,%$.:#(, '!"%$4%(!"3,**<#( 3 7".$$ A(!"+"# 

?(,',8"*$ 6,4%"% 

 

2) >!$"7!,8"3,%$.( &(?!",+54%(6$4+(- 4(&*,."3 

– @4$ "7!,8)< '"+,8,.( #"*"%"**<0 4',? 6534%3(%$./*"4%( '!( !"4%$ 

6,4%"%<. 

– D3"7"?*"$ 3"."+*" ("7!,8$) N1). @"8#"=*" 3.(:*($ +"*4%!5+)(( !,#< *, 

!$85./%,%< (8#$!$*(0. D"'"4%,3(%/ 4 !$85./%,%,#( (8 [109].  

– I7!,8)< «P-EFG-N2» ( «P-EFG-N3» ?$#"*4%!(!59% !$8+(0 4',? 4 

!"4%"# 6,4%"%< ('"6%( 60 ?L/?$+,?5). U%"% 4',?, 3$!":%*" 43:8,* 4 

(*$!)("**"4%/9 #$-,*(6$4+"0 4(4%$#< 4 #,44(3*<#( #$%,..(6$4+(#( 

+!<A+,#(-#$#7!,*,#(. 

–  "*4%!5+)(: 4 «'!:#<#» ?,3.$*($# *, 7"+"359 '"3$!-*"4%/ 1.,4%(6*"&" 

)(.(*?!, ("7!,8$) «P-EFG-N4») *,(7".$$ 43"7"?*, "% 4."=*<- 2,+%"!"3 

(*$!)("**"4%( #$-,*(6$4+(- 1.$#$*%"3. U%"% "7!,8$) '!"?$#"*4%!(!"3,. 

*,(7".$$ !,3*"#$!*59 6,4%"%*59 -,!,+%$!(4%(+5, -"%: "*, %,+ =$ (#$$% 

#"*"%"**<0 4',? (~ 12 ?L/?$+,?5).   

3) F"=*" "%#$%(%/, 6%" '".56$**<$ 3 !,8!,7"%,**<- 1+4'$!(#$*%,./*<- 

"7!,8),- '!$"7!,8"3,%$.$0 6534%3(%$./*"4%( 4""%3$%4%359% 5!"3*9 .56A(- 

',!,#$%!"3 '!$"7!,8"3,%$.$0, "'(4,**<- 3 .(%$!,%5!$ [91–102].   
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6.2. '()*+,-.+/0123/4+ .1(+04 5626(6//47 -/0+,8+,6.+0,-9+)(-7 

:109-(65 

 

 ,+ 5=$ &"3"!(."4/, '!(#$!,#( !$,.(8,)(( #,+$%"3 ?(4%,*)("**<- 

3"."+"**"-"'%(6$4+(- (*%$!2$!"#$%!(6$4+(- ?,%6(+"3 7<.( 4"8?,**<$ 3 

!,#+,- KEH «L(+3,!)-H@I-2», «L(+3,!)-H@I-3», «L$.(8*,» #,+$%< 

?,%6(+"3 #(+!"'$!$#$C$*(0 «EFG-1», «EFG-2» ( «E>H ». @ 

(8&"%"3.$*(( 1.$#$*%"3 ( 58."3 #,+$%"3, , %,+ =$ %$-*"."&(6$4+(- 

"'$!,)(:- '" 47"!+$ ( *,4%!"0+$ #,+$%"3 56,4%3"3,." !:? 2(!#-',!%*$!"3. 

I?*,+" 34$ *,56*"$ 4"'!"3"=?$*($ "45C$4%3.:."4/ 3 +"..$+%(3$ 

.,7"!,%"!(( 3"."+"**"0 "'%(+( D>7P>R, '"? !5+"3"?4%3"# ,3%"!, ?,**"0 

?(44$!%,)((  3 +,6$4%3$ "%3$%4%3$**"&" (4'".*(%$.: '" ?"&"3"!,#. K,56*"$ 

4"'!"3"=?$*($ '!")$44, (8&"%"3.$*(: #,+$%"3 3+.96,." A(!"+(0 +!5& 

8,?,6 "% !,8!,7"%+( %$-*(6$4+(- 8,?,*(0, 2"!#(!"3,*(: ( 4"&.,4"3,*(: 

%!$7"3,*(0 + 1.$#$*%,# ?" "!&,*(8,)((, , %,+ =$ '!"3$?$*(: 

'!$?3,!(%$./*<- ( +"*%!"./*<- (8#$!$*(0 -,!,+%$!(4%(+ 58."3 #,+$%,, 3 

-"?$ 47"!+( ( *,4%!"0+( #,+$%,, "7$4'$6$*($ !,7"%"4'"4"7*"4%( 

(8&"%"3.$**"&" #,+$%, ( $$ ?$#"*4%!,)(: (!,8!,7"%+, '!"&!,##< ( 

'!"3$?$*($ (4'<%,*(0 #,+$%,).   

 

6.2.1. 8(#'2#&* -13& " 93*4*#)&, 25':+;"* 2 ('()02 40,*)'2 

E8&"%"3.$*($ 58."3<- 1.$#$*%"3  

1) @" 34$- #,+$%,- (4'"./8"3,."4/ 4'$)(,./*" (8&"%"3.$**"$ ;V>  

3"."+*". @"."+*" (8&"%,3.(3,."4/ 3 «KEBEIF @KG «PIE (#. 

D. E. @,3(."3,» (,*(8"%!"'*"$ 3"."+*" 4 *,'!:&,9C$0 1..('%(6$4+"0 

"7"."6+"0, h ~10
–5

 1/# 4 56$%"# *,#"%+( 3 +,%5A+5 ?(,#$%!"# 10 4#).  

2) ;.: 4"8?,*(: "'%(6$4+(- (4%"6*(+"3 #,+$%"3 (4'"./8"3,.(4/ 

4%,*?,!%*<$ 4$!(0*" 3<'54+,$#<$ '".5'!"3"?*(+"3<$ .,8$!*<$ ?("?<. 

@ #,+$%$ «EFG-1» (4'"./8"3,* .,8$!*<0 #"?5./ *, "4*"3$ 

"?*"6,4%"%*"&" '".5'!"3"?*(+"3"&" DFB .,8$!*"&" ?("?, '!"(83"?4%3, 

«OBE-I'%!"*(+», D.->$%$!75!&, #"?$./ «LFO - 400/sl», 1996, ?.(*, 3".*< 

1,3 #+#.  

@ #,+$%$ «EFG-2» '!(#$*$* .,8$!*<0 #"?5./ *, "4*"3$ "?*"6,4%"%*"&" 

'".5'!"3"?*(+"3"&" DFB .,8$!*"&" ?("?, '!"(83"?4%3" «Fujikura», W'"*(:, 

#"?$./ «FU636SDF», 1995, ?.(*, 3".*< 1,5 #+#, 4 3"."+"**<# 3<3"?"# 

(4%,*?,!%*"$ IF 3"."+*"), 34%!"$**<0 %$!#"4%,7(.(8,%"! 4 1.$#$*%"# 

'$./%/$ ( 34%!"$**<0 "'%(6$4+(0 (8".:%"! (30 ?L).  

@ #,+$%$ E>H  7<. 54%,*"3.$* .,8$!*<0 #"?5./ *, "4*"3$ 

"?*"6,4%"%*"&" '".5'!"3"?*(+"3"&" .,8$!*"&" ?("?, 4 3*$A*$0 @ILH 

'!"(83"?4%3, +"#',*(( «K".,%$-», F"4+3,, #"?$./ «>IF-23», 1999, ?.(*, 

3".*< 1,5 #+#, 4 3"."+"**<# 3<3"?"# (4%,*?,!%*"$ IF 3"."+*") ( 

34%!"$**<# %$!#"4%,7(.(8,%"!"# 4 1.$#$*%"# >$./%/$.  

U%( .,8$!*<$ (4%"6*(+( 7<.( "%"7!,*< 3 !$85./%,%$ 1+4'$!(#$*%,./*<- 

(44.$?"3,*(0 !:?, .,8$!*<- (4%"6*(+"3.  
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3) @,=*<# 4'$)(,.(8(!"3,**<# 1.$+%!"**<# 7."+"# +,=?"&" (8 #,+$%"3 

7<. 1.$+%!"**<0 2,8"#$%!, +"%"!<0 3<?$.:. 3<-"?*"0 4(&*,. ?,%6(+, (8 

42"!#(!"3,**"0 3 (*%$!2$!$*)("**"# 4(&*,.$ 2,8"#"?5.(!"3,**"0 

*$45C$0 6,4%"%<.  

4) >!( (8&"%"3.$*(( #,+$%"3 %!$7"3,."4/ (8&"%,3.(3,%/ ( 4"7(!,%/ 3 

$?(*59 4-$#5 !:? 1.$#$*%"3 3"."+"**"-"'%(6$4+"0 6,4%( (!,8Q$#*<$ 

4"$?(*$*(:, !,83$%3(%$.(, '"?4"$?(*$*(: 3"."+"* 4 "'%"1.$+%!"**<#( 

1.$#$*%,#( ( %.?.). U%( "'$!,)(( 3<'".*:.(4/ +"*%!,&$*%,#(, "7.,?,9C(#( 

4""%3$%4%359C(# %$-*"."&(6$4+(# "7"!5?"3,*($# (3 4.56,$ #,+$%, «EFG-

1» %$-*"."&(: 47"!+( #,+$%, "45C$4%3.:.,4/ 4'$)(,.(4%,#( 

K>I «;,./43:8/», #,+$%< «EFG-2» ( «E>H » #"*%(!"3,.(4/ 

4'$)(,.(4%,#( XJI «>HIUV»).  

 

6.2.2. 8(#'2#&* %0!04*)!&, 50!0,)*!"1-<;"* !0/')- 40,*)'2 

D"&.,4*" ?"&"3"!$**"4%( 4 8,+,86(+,#(, "4*"3*<$ (4'<%,*(: #,+$%"3 

?,%6(+"3 '!"3"?(.(4/, 3 !$=(#$ !$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3. U%" 

'"83".:." (4'"./8"3,%/ (83$4%*<$ "7C$'!(*:%<$ #$%"?< (8#$!$*(0 ( 

")$*(3,$#<$ ',!,#$%!<, ?.: %"&" 6%"7< '!"?$#"*4%!(!"3,%/ !,7"%5 #,+$%"3 

( "-,!,+%$!(8"3,%/ (- 122$+%(3*"4%/. >"1%"#5 "4*"3*<#( 

-,!,+%$!(4%(+,#(, (8#$!:$#<#( '!( %$4%(!"3,*((, 7<.( -,!,+%$!(4%(+( 

6534%3(%$./*"4%( + ,+54%(6$4+"#5 4(&*,.5 ( -,!,+%$!(4%(+( !,8!$A,9C$0 

4'"4"7*"4%( ?,%6(+"3 3 !$=(#$ !$&(4%!,)(( 835+,.    

T534%3(%$./*"4%/ #,+$%"3 "'(4<3,.,4/ 6,4%"%*"0 8,3(4(#"4%/9 

6534%3(%$./*"4%( + ,+54%(6$4+"#5 4(&*,.5 K(f)  

 !
m

m

p

u
fK #  [@/>,],     (6.5) 

&?$ um – ,#'.(%5?, 3<-"?*"&" 4(&*,., #,+$%, 3<83,**"&" 3"8?$04%3($# 

&,!#"*(6$4+"&" ,+54%(6$4+"&" 4(&*,., 4 ,#'.(%5?"0 835+"3"&" ?,3.$*(: pm, 

, %,+ =$  -,!,+%$!(4%(6$4+"0 6534%3(%$./*"4%/9 KS [@/',], +"%"!,: 

"'!$?$.:$%4: (8 K(f) 4"&.,4*" (6.3).  

L".$$ 34$&" 3<8<3,.( (*%$!$4 ',!,#$%!< #,+$%"3, "%!,=,9C($ 

!,8!$A,9C59 4'"4"7*"4%/ (8#$!$*(: 835+"3"&" 4(&*,.,. @ +,6$4%3$ %,+(- 

-,!,+%$!(4%(+ (8#$!:.,4/ 4'$+%!,./*,: '."%*"4%/ #(*(#,./*"&" 

!$&(4%!(!5$#"&" 835+"3"&" ?,3.$*(: SPmin(f) ( 1+3(3,.$*%*"$ 835+"3"$ 

?,3.$*($, "754."3.$**"$ 4"74%3$**<#( A5#,#( ?,%6(+, Pmin. U%( 

-,!,+%$!(4%(+( 3<!,=,9%4: 6$!$8 K(f) ( 4'$+%! 4"74%3$**<- 3<-"?*<- 

A5#"3 #,+$%, SY(f) [@/(P))
1/2

] ('"?!,85#$3,$%4: +"!$*/ (8 4'$+%!,./*"0 

'."%*"4%( 4!$?*$0 #"C*"4%() (.( (*%$&!,./*<0 5!"3$*/ 4"74%3$**<- 

A5#"3 3 !,7"6$0 '"."4$ UY.  D'$+%!,./*,: '."%*"4%/ #(*(#,./*"&" 

!$&(4%!(!5$#"&" 835+"3"&" ?,3.$*(: SPmin(f) "'!$?$.:$%4: 3<!,=$*($#  

 !  !
 !fK

fS
fSP

Y
min #     [>,/(P))

1/2
].    (6.6) 
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T,4%" 5?"7*" (4'"./8"3,%/ 1%5 3$.(6(*5, '!(3$?$**59 + 5!"3*9 835+"3"&" 

?,3.$*(: 

 !  !
$
%

&
'
(

)
*

*#
+5

min
min

102
lg20

fS
fS P

L     [>,/(P))
1/2

].    (6.7) 

U+3(3,.$*%*"$ 835+"3"$ ?,3.$*($, "754."3.$**"$ 4"74%3$**<#( A5#,#(, 

8,?,$%4: 4""%*"A$*($#  

S

Y
min

K

U
P #     [>,],     (6.8) 

.(7" #"=*" (4'"./8"3,%/ 4""%3$%4%359C(0 5!"3$*/ 835+"3"&" ?,3.$*(: 

$$
%

&
''
(

)

*
*# +

] >, [
5

 ] >, [min

min
102

lg20
P

L     [?L].     (6.9) 

ZC$ "?*(# 3,=*<# ',!,#$%!"#, -,!,+%$!(859C(# 122$+%(3*"4%/ #,+$%,, 

:3.:$%4: ?(*,#(6$4+(0 ?(,',8"* N 

$$
%

&
''
(

)
*#

Y

maxlg20
U

U
N     [?L].    (6.10) 

 

6.2.3. ;109-(- 1(<)0-9+)(-7 )-=/1265 «!"#-1» - «!"#-2» 

6.2.3.1. 7-(!#8-('# 2%+"(% '#)#+#11#-#9(*."-+#0# *1("!3"!#2"(!*-

."-+#0# 5%(.*+% 2*+!#9"!"2":"1*8 «;<=-1» 
F,+$% ?,%6(+, 7<. 3<'".*$* *, "4*"3$ ?(4%,*)("**"&" 3"."+"**"&" 

(*%$!2$!"#$%!, F,-,-G$*?$!, 4 ;V> 43$%"3"?,#( (4#. '. 3.1). D%!5+%5!*,: 

4-$#, #,+$%, '"+,8,*, *, !(45*+$ 6.7. H,87,.,*4(!"3,**<0 (*%$!2$!"#$%! 

F,-,-G$*?$!, 2"!#(!5$%4: 4 '"#"C/9 ?35- '".:!(8,)("**"-

5?$!=(3,9C(- Y-!,83$%3(%$.$0, 3"."+"**<$ '.$6( (*%$!2$!"#$%!, 

!,8#$C$*< 3 4'$)(,./*"# '!$"7!,8"3,%$.$ ('!$"7!,8"3,%$./ «>-EFG-1-

N4», "'(4,**<0 3 '. 6.1). >"?3"?:C(0 43$%"3"? D1 ( 43$%"3"?< 3"."+"**<- 

'.$6 D2, D3 7<.( *,4%!"$*< 3 !$=(# !,4'!"4%!,*$*(: '!$(#5C$4%3$**" 

"?*"0 '".:!(8,)("**"0 #"?<. I'%(6$4+,: 6,4%/ #,+$%, 7<., 3<'".*$*, 3 

3(?$ $?(*"0 7$8!,8!<3*"0 4(4%$#<, $?(*4%3$**"$ !,8Q$#*"$ 4"$?(*$*($ – 

'"83".:." '"?4"$?(*:%/ ( "%4"$?(*:%/ "%3"?:C(0 43$%"3"? D4 "% 

2"%"'!($#*"&" 54%!"04%3,.   

;.: "7!,7"%+( (*%$!2$!$*)("**"&" 4(&*,., (4'"./8"3,*, ?35-6,4%"%*,: 

34'"#"&,%$./*,: #"?5.:)(: ,!&5#$*%,, '"4!$?4%3"# #"?5.:)(( 6,4%"%< 

.,8$!*"&" (4%"6*(+, (#"?5.:)(: %"+, (*=$+)(() ( 4'$)(,./*<0 7."+ 

"7!,7"%+(, "7$4'$6(3,9C($ !$,.(8,)(9 «'4$3?"&$%$!"?(**"&"» #$%"?,. D 

'"#"C/9 34'"#"&,%$./*"0 #"?5.:)(( '!( "7!,7"%+$ 2"!#(!"3,.4: 4(&*,. 

2,8"#"?5.(!"3,**"0 *$45C$0 6,4%"%< 30 +P).  

F,+$% 7<. +"*4%!5+%(3*" 3<'".*$* 3 3(?$ 4(4%$#< 4.$?59C(- 58."3: 

– U.$+%!"**<0 7."+ 5'!,3.$*(: .,8$!"# (!$&5.(!"3+, ( 4%,7(.(8,)(: 

%"+, (*=$+)(( .,8$!*"&" ?("?, ( %$#'$!,%5!< .,8$!*"&" #"?5.:, 

34'"#"&,%$./*,: #"?5.:)(: %"+, (*=$+)(().  
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– V,8$!*<0 #"?5./ ('/' .,8$!*<0 (4%"6*(+ DFB %(',) 3 +"!'54$-

!,?(,%"!$ 4 1.$#$*%,#( >$./%/$, 4'$)(,./*"$ 54%!"04%3" 33"?, 4 .(*8"0-

&!,?,*"#, 3"."+"**<0 "'%(6$4+(0 3$*%(./ 4 (8".:)($0 30 ?L).  

– @"."+"**"-"'%(6$4+"0 6,4%/. >"?3"?:C(0 ( "%3"?:C(0 43$%"3"?< 

?.(*"0 50 # +,=?<0, ?3, Y-!,83$%3(%$.: ( 3"."+"**<0 

(*%$!2$!"#$%!(6$4+(0 '!$"7!,8"3,%$./ «>-EFG-1-N4». ;.: "7$4'$6$*(: 

?(4%,*)("**"0 34'"#"&,%$./*"0 #"?5.:)(( 2,8< (*%$!2$!$*)("**"&" 

4(&*,., ('5%$# #"?5.:)(( 6,4%"%< .,8$!,) 7<., 4"8?,*, !,8*"4%/ ?.(* '.$6 

,L M 0,5 #.  

– >!($#*<0 "'%"1.$+%!"**<0 7."+, +"%"!<0 4"?$!=(% 2"%"'!($#*"$ 

54%!"04%3", '"."4"3"0 2(./%! *$45C$0 6,4%"%< ('"."4, 20 – 40 +P)),  

,*,."&"3<0 2,8"3<0 ?$%$+%"! ( 1.$+%!"**<$ '.,%< &$*$!,%"!, 

#"?5.(!59C$&" 4(&*,., (?35-6,4%"%*<0 4(&*,. 30 ( 60 +P) 4 !$&5.(!"3+"0 

,#'.(%5? 4"4%,3.:9C(- ( !,8*"4%( 2,8 #$=?5 *(#().  

;.: #,+$%, 7<.( (8&"%"3.$*< 4'$)(,./*<$ #,."&,7,!(%*<$ (5-10 ##) 

4"-!,*:9C($ '".:!(8,)(9 Y-!,83$%3(%$.(. @ +"!'54$ !,83$%3(%$.: 

!,4'"."=$*" ?$.(%$./*"$ 8$!+,." 4" 4'$)(,./*<# ?(1.$+%!(6$4+(# 

'"+!<%($#. D3$%"3"?<, '"?4"$?(*:$#<$ + +"!'545 7<.( '!$?3,!(%$./*" 

"+"*)"3,*< #$%,..(6$4+(#( *,+"*$6*(+,#( 4 +"..(#(!59C(#( 

42$!(6$4+(#( #(+!".(*8,#(. >$!$? 2(+4,)($0 *,+"*$6*(+"3 3 +"!'54$ 

!,83$%3(%$.: '!"3"?(.,4/ '!")$?5!, 4"&.,4"3,*(: "!($*%,)(( "4$0 

43$%"3"?"3 8, 46$% 3!,C$*(: *,+"*$6*(+, 3 *,'!,3.:9C$# "%3$!4%(( 

+"!'54,.  "*2(&5!,)(: !,83$%3(%$.: (4'"./85$% '!(*)(' #,."&" 5&., 

',?$*(: (4#. !,8?$. 3), '"1%"#5 *$ %!$75$%4: 3<4"+"0 %"6*"4%( "!($*%,)(( 

'".:!(8,)("**<- "4$0 43$%"3"?"3 3?"./ '."4+"4%( ',?$*(: 3".*< *, 

?$.(%$./*<0 1.$#$*%.  

@ '!")$44$ 47"!+( 3"."+"**"0 6,4%( #,+$%, '!"(83"?(.(4/ "'$!,)(( 

"!($*%,)(( '".:!(8,)("**<- "4$0 43$%"3"?"3 3 #$4%,- (- '"?4"$?(*$*(: + 

*$ 3"."+"**<# 58.,#. D7"!+, ( *,4%!"0+, '!"(4-"?(., '"4.$?"3,%$./*" "% 

.,8$!*"&" (4%"6*(+, + 3<-"?*"#5 !,83$%3(%$.9.  

D"&.,4*" ?,**<# (8#$!$*(0, ?".: #"C*"4%( «',!,8(%*"0» 

'".:!(8,)("**"0 #"?< '" "%*"A$*(9 + «"4*"3*"0» 3 3<-"?*"# 43$%"3"?$ 

*$ '!$3<A,., 10%.   
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6.2.3.2. 7-(!#8-('# 2%+"(% '#)#+#11#-#9(*."-+#0# *1("!3"!#2"(!*-

."-+#0# 5%(.*+% 2*+!#9"!"2":"1*8 «;<=-2» 

D%!5+%5!, #,+$%, 3"."+"**"-"'%(6$4+"&" (*%$!2$!"#$%!(6$4+"&" 

?,%6(+, #(+!"'$!$#$C$*(0 '"+,8,*, *, !(45*+$ 6.8. I7C(0 '!(*)(' 

54%!"04%3, #,+$%, '".*"4%/9 ,*,."&(6$* '"4%!"$*(9 #,+$%, «EFG-1». @ 

3"."+"**"0 6,4%( #,+$%, "4*"3*"$ 4%!5+%5!*"$ "%.(6($ "% '!$?<?5C$&" 

#,+$%, 3 %"#, 6%" "*, 4?$.,*, «!,87"!*"0», 43$%"3"?< 4"$?(*(%$./*"0 

%!,44< (D1 ( D4) ( 3"."+"**<$ '.$6( '!$"7!,8"3,%$.: '"?4"$?(*:9%4: + 

"4%,./*<# 1.$#$*%,# #,+$%, 6$!$8 3"."+"**<$ !,8Q$#<. @"."+"**,: %!,44,, 

4"$?(*:9C,: "'%"1.$+%!"**59 6,4%/ #,+$%, ( 6534%3(%$./*<0 1.$#$*%, 

(#$., ?.(*5 200 #.  !"#$ %"&", "'%(6$4+($ 1.$#$*%< 3 #,+$%$ «EFG-2» 

!,7"%,.( *, ?.(*$ 3".*< 43$%, 1,55 #+#, , 1.$+%!"**<$ 7."+( 7<.( 

#"?(2()(!"3,*< ?.: 7".$$ 5?"7*"&" ( 122$+%(3*"&" (4'"./8"3,*(:.  

I'%"1.$+%!"**,: 6,4%/ 3<'".*$*, 3 3(?$ ?35- *$8,3(4(#<- 

"'%"1.$+%!"**<- 7."+"3: '$!$?,9C$&" ( '!($#*"&". >$!$?,9C(0 7."+ 

4"?$!=(% '".5'!"3"?*(+"3<0 .,8$!*<0 (4%"6*(+ 4 3"."+"**<# 3<3"?"# ( 

34%!"$**<# (8".:%"!"#, 1.$+%!"**59 4-$#5, "7$4'$6(3,9C59 

4%,7(.(8,)(9 %"+, ( %$#'$!,%5!< .,8$!,, , %,+ =$ 34'"#"&,%$./*59 

#"?5.:)(9 %"+, .,8$!, (?35-6,4%"%*<0 4(&*,. 30 ( 60 +P))     

>!($#*<0 7."+ 4"?$!=(% 2"%"'!($#*"$ 54%!"04%3", '"."4"3"0 2(./%! 

?.: 3<?$.$*(: 2,8"#"?5.(!"3,**"&" 4(&*,., *$45C$0 6,4%"%< ( 2,8"3<0 

?$%$+%"!, +"%"!<0 '" '!(*)('5 !,7"%< 7<. ,*,."&(6$* ?$%$+%"!5 

'!$?<?5C$&" #,+$%,. I?*,+" 3 2,8"3"# ?$%$+%"!$ #,+$%, «EFG-2» 7<., 

'!$?54#"%!$*, !$&5.(!"3+, 6534%3(%$./*"4%(, ?.: 4"&.,4"3,*(: ?(,',8"*, 

!,7"6$&" ?$%$+%"!, 4 ?(,',8"*"#, 8,?,3,$#<# '".56$**<# "%*"A$*($# 

4(&*,./A5# *$45C$0.   

;.: 4"8?,*(: !,8Q$#*<- 4"$?(*$*(0 43$%"3"?"3 4-$#< ?!5& 4 ?!5&"# ( 

"'%"1.$+%!"**<#( 1.$#$*%,#(  (4'"./8"3,*< 4%,*?,!%*<$ "?*"#"?"3<$ 

4"$?(*(%$./*<$ !"8$%+(, , 3"."+"**<$ 3<3"?< 8,?$.<3,9%4: 3 4%,*?,!%*<$ 

3"."+"**<$ *,+"*$6*(+(, !(45*"+, (#$9C($ 4'$)(,./*<$ *,'!,3.:9C($ 

+.96(, 7."+(!59C($ 3!,C$*($ 43$%"3"?"3 3 !,8Q$#$. ;.: 4"&.,4"3,*(: 

"!($*%,)(( '".:!(8,)("**<- "4$0 4%<+5$#<- 43$%"3"?"3, *, 1%,'$ 8,?$.+( 

+"*), 3"."+*, 3 *,+"*$6*(+ !,8Q$#, 7<., '!$?54#"%!$*, 4'$)(,./*,: 

'!")$?5!, !$&5.(!"3+( '"."=$*(: *,'!,3.:9C(- +.96$0 *, *,+"*$6*(+,- 3 

"'!$?$.$**"$ =$4%+"$ '"."=$*($ '" "%*"A$*(9 + "4( ,*(8"%!"'*"&" 

43$%"3"?,. @ !$85./%,%$, ?.: 47"!+( #,+$%, 3<3"?< 3"."+"**<- 1.$#$*%"3 

'"?4"$?(*:9%4: 3 4%,*?,!%*<$ 3"."+"**<$ 4"$?(*(%$./*<$ !"8$%+( ( 

3-"?*59 !"8$%+5 O>R "7<6*<# "7!,8"#. 

D 56$%"# ?,**<-, '!(3$?$**<-  (8&"%"3(%$.$#, , %,+ =$ 4"&.,4*" ,*,.(85 

"'$!,)(0 '" '".:!(8,)("**"#5 4"&.,4"3,*(9, 5&."3<$ !,44"&.,4"3,*(: 

'".:!(8,)("**<- "4$0 3 4"$?(*$*(:- #"=*" ")$*(%/ 3$.(6(*"0 #$*$$ 10-15 

&!,?54"3. U%" "%*"4(%$./*,: 7"./A,: 3$.(6(*, 43:8,*, *$ 4 '"%$*)(,./*<#( 

3"8#"=*"4%:#( (8#$!$*(0 *,'!,3.$*(0 '".:!(8,)("**<-, , 4" 4."=*"4%/9 

%$-*"."&(( «'$!$*$4$*(:» !$85./%,%"3 %,+(- (8#$!$*(0 3 (8&"%"3.$**<$ 

3"."+"**<$ 1.$#$*%< ( 4"$?(*$*(:. @""7C$ &"3"!:, "7$4'$6$*($ 
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3<4"+"%"6*"&" 4"&.,4"3,*(: %!$75$% *$ %"./+" '!"3$?$*(: ?"'".*(%$./*<- 

"'$!,)(0, 43:8,**<- 4 "'!$?$.$**"0  "!($*%,)(( 43$%"3"?"3 '!( 

4"$?(*$*(:- ?!5& 4 ?!5&"# ( 4 58.,#( #,+$%,, 6%" 7<." 4?$.,*" '!( 

(8&"%"3.$*(( #,+$%"3 «EFG-1» ( «EFG-2». ;.: "7$4'$6$*(: 3<4"+"0 

%"6*"4%( "!($*%,)(( '".:!(8,)("**<- "4$0 *$"7-"?(#" !,8!,7"%+, 

4'$)(,./*"&" %$-*"."&(6$4+"&" "7"!5?"3,*(: ?.: 47"!+( 58."3 "'%(6$4+"0 

4-$#< ( #"?(2(+,)(( 4%,*?,!%*<- 1.$#$*%"3 4"$?(*$*(:, 6%" 7<." 

*$"45C$4%3(#" 3 !,#+,- '!"3"?(#<- KEH 3 43:8( "&!,*(6$**<#( 

3!$#$**<#( ( 2(*,*4"3<#( 3"8#"=*"4%:#(. 

         

6.2.3.3. >"-(*!#'%1*" 2%+"(#' «;<=» 
1) I4*"3*"$ %$4%(!"3,*($ #,+$%"3 «EFG» '!"3"?(."4/ 3 !$=(#$ 

!$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3. D%!5+%5!, (8#$!(%$./*"&" 4%$*?, 

(!(45*"+ 6.9) 3 "7"(- 4.56,:- 7<., 2,+%(6$4+( "?(*,+"3,. 

 !"#$ 1.$#$*%"3, 3-"?:C(- 3 4"4%,3 %$4%(!5$#"&" #,+$%,, +.96$3<#( 

1.$#$*%,#( 4%$*?, :3.:9%4: (4%"6*(+ &,!#"*(6$4+"&" 4(&*,., 

('$!$4%!,(3,$#<0 '" 6,4%"%<), (8.56,%$./ 835+,, %$4%"3<0 #(+!"2"* ( 

!$&(4%!,%"! ,#'.(%5?< 3<-"?*<- 4(&*,."3 #,+$%, ( %$4%"3"&" #(+!"2"*,. 

T534%3(%$./*"4%/ #,+$%, + ,+54%(6$4+"#5 4(&*,.5 "'!$?$.:$%4: '" 2"!#5.$ 

 ! TM

TM

K
u

u
fK

m

m *#  [@/>,],     (6.11) 

&?$ um ( umTM ,#'.(%5?< 3<-"?*<- 4(&*,."3 #,+$%, ( %$4%"3"&" #(+!"2"*,, 

KTM – 6534%3(%$./*"4%/ %$4%"3"&" #(+!"2"*,. J#'.(%5?< um ( umTM 

!$&(4%!(!"3,.(4/ 4 (4'"./8"3,*($# ,*,.(8,%"!, 4'$+%!,, 6%" "7$4'$6(." 

?"'".*(%$./*"$ 4*(=$*($ 3.(:*(: ,+54%(6$4+(- A5#"3 8, 46$% 2(./%!,)(( 

!$&(4%!(!5$#"&" 4(&*,.,.  

  @ !$85./%,%$ (8#$!$*(0 4 #,+$%"# «EFG-1» 7<.( '".56$*< "4*"3*<$ 

-,!,+%$!(4%(+( #,+$%,, '"+,8,**<$ *, !(45*+$ 6.10. S,!,+%$!(4%(6$4+,: 

6534%3(%$./*"4%/ (4"&.,4*" (6.4)) ( (*%$&!,./*<0 5!"3$*/ 4"74%3$**<- 

3<-"?*<- A5#"3 #,+$%, 3 ?(,',8"*$ "% 0,3 ?" 10 +P) 4"4%,3(.,  

KX = 82 @/>,. 

UY = 210 #@. 

K,(7".$$ (*%$!$4*<$ -,!,+%$!(4%(+( #,+$%, 43:8,*< 4 !,8!$A,9C$0 

4'"4"7*"4%/9 ?,%6(+,. D'$+%!,./*,: '."%*"4%/  #(*(#,./*"&" 

?$%$+%(!5$#"&" 835+"3"&" ?,3.$*(: '!(3$?$*, *, &!,2(+,- *, !(45*+$ 6.11.  
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H(45*"+ 6.9. D%!5+%5!*,: 4-$#, (33$!-5) ( 3*$A*(0 3(? 1+4'$!(#$*%,./*"&" 

4%$*?, ?.: %$4%(!"3,*(: #,+$%"3 «EFG-1» ( «EFG-2» 3 !$=(#$ 

!$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3 
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H(45*"+ 6.10. T,4%"%*,: 8,3(4(#"4%/ 6534%3(%$./*"4%( #,+$%, «EFG-1» 3 

."&,!(2#(6$4+"# (4.$3,) ( .(*$0*"# (4'!,3,) #,4A%,7$ 
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H(45*"+ 6.11. D'$+%!,./*,: '."%*"4%/ #(*(#,./*"&" ?$%$+%(!5$#"&" 

835+"3"&" ?,3.$*(: #,+$%, «EFG-1» 

 

U+3(3,.$*%*"$ 835+"3"$ ?,3.$*($ (5!"3$*/ 835+"3"&" ?,3.$*(:), 

"754."3.$**"$ 4"74%3$**<#( A5#,#(, 4"4%,3(.(   

 

Pmin = 2.6 #>,, 

Lmin = 42 ?L. 

 

D 56$%"# 5+,8,**<- ?,**<- ( #,+4(#,./*"0 ,#'.(%5?< 3<-"?*"&" 

4(&*,., Umax= 5 @, 3,=*<0 !,7"6(0 ',!,#$%! #,+$%, – ?(*,#(6$4+(0 

?(,',8"* 4"4%,3(.  

N = 28 ?L. 

 

2) H$85./%,%<, '".56$**<$ '!( (8#$!$*(( 6,4%"%*"0 8,3(4(#"4%( 

6534%3(%$./*"4%( #,+$%, «EFG-2» '"+,8,*< *, !(45*+$ 6.12.   

S,!,+%$!(4%(6$4+,: 6534%3(%$./*"4%/ ( (*%$&!,./*<0 5!"3$*/ 

4"74%3$**<- 3<-"?*<- A5#"3 #,+$%, 3 ?(,',8"*$ "% 0,3 ?" 10 +P) 4"4%,3(.(  

KX = 5.1 @/>,. 

UY = 18 #@. 

D'$+%!,./*,: '."%*"4%/  #(*(#,./*"&" ?$%$+%(!5$#"&" 835+"3"&" 

?,3.$*(: '!(3$?$*, *, !(45*+$ 6.13. U+3(3,.$*%*"$ 835+"3"$ ?,3.$*($ 

(5!"3$*/ 835+"3"&" ?,3.$*(:), "754."3.$**"$ 4"74%3$**<#( A5#,#(, 

4"4%,3(."   
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Pmin = 3.5 #>,, 

Lmin = 45 ?L. 

 

D 56$%"# 5+,8,**<- ?,**<- ( #,+4(#,./*"0 ,#'.(%5?< 3<-"?*"&" 

4(&*,., Umax= 3 @, #"=*" 4?$.,%/ 3<3"? 6%" ?(*,#(6$4+(0 ?(,',8"* 

4"4%,3.:$%  

 

N = 48 ?L. 
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H(45*"+ 6.12. T,4%"%*,: 8,3(4(#"4%/ 6534%3(%$./*"4%( #,+$%, «EFG-2» 
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H(45*"+ 6.13. D'$+%!,./*,: '."%*"4%/ #(*(#,./*"&" ?$%$+%(!5$#"&" 

835+"3"&" ?,3.$*(: #,+$%, «EFG-2» 

 

 

6.2.4. ;109-( 1(<)0-9+)(-7 )-=/1265 «! %&» 

 

6.2.4.1.  ?$:%@ -(!,+(,!% 2%+"(% 5%(.*+% 
F,+$% !$,.(85$% 4-$#5 ?,%6(+, 4 ?(4%,*)("**<# 3"."+"**<# E>H . 

D%!5+%5!*,: 4-$#, #,+$%, '"+,8,*, *, !(45*+$ 6.14. E>H  2"!#(!5$%4: 4 

'"#"C/9 '".:!(8,)("**"&" ?$.(%$.: ( '".:!(8,)("**"-5?$!=(3,9C$&" Y-

!,83$%3(%$.: ( 3"."+"**"&" (*%$!2$!"#$%!(6$4+"&" '!$"7!,8"3,%$.: («>-

E>H -N2»).   >"?3"?:C(0 43$%"3"? D1 !,7"%,$% 3 !$=(#$ !,4'!"4%!,*$*(: 
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?35- '".:!(8,)("**<- #"? (4 !,3*<#( ,#'.(%5?,#(). D3$%"3"?< 

3"."+"**<- '.$6 D2, D3 *,4%!"$*< 3 !$=(# !,4'!"4%!,*$*(: 

'!$(#5C$4%3$**" "?*"0 '".:!(8,)("**"0 #"?<. 

F,+$% '!$?54#,%!(3,$% 3"8#"=*"4%/ 47"!+5/!,87"!+5 3"."+"**"-

"'%(6$4+"0 6,4%( 4 (4'"./8"3,*($# !,8Q$#*<- 4"$?(*$*(0 43$%"3"?"3 

#,+$%, ?!5& 4 ?!5&"# ( 4 "'%"1.$+%!"**<#( #"?5.:#(.     

;.: "7!,7"%+( (*%$!2$!$*)("**"&" 4(&*,., (4'"./8"3,*, '(.""7!,8*,: 

34'"#"&,%$./*,: #"?5.:)(: ,!&5#$*%,, ( 4'$)(,./*<0 7."+ "7!,7"%+(, 

"7$4'$6(3,9C($ !$,.(8,)(9 «+3,8(&$%$!"?(**"&"» #$%"?, 4 

2,8"#"?5.(!"3,**"0 *$45C$0 6,4%"%"0 200 +P). ;.: 2"!#(!"3,*(: 

34'"#"&,%$./*"0 #"?5.:)(( (4'"./85$%4: 1.$+%!""'%(6$4+(0 #"?5.:%"! 

(UIF).   

F,+$% 7<. +"*4%!5+%(3*" 3<'".*$* 3 3(?$ ?35- "'%"1.$+%!"**<- 7."+"3 

('$!$?,9C(0 ( '!($#*<0), ( 3"."+"**"-"'%(6$4+"0 6,4%( (4"$?(*(%$./*<0 

3"."+"**<0 %!,+% (8 ?35- 43$%"3"?"3 50 # +,=?<0, 3"."+"**<$ '.$6( 

(*%$!2$!"#$%!, !,8#$C$**<$ 3 '!$"7!,8"3,%$.$, >; ( Y-!,83$%3(%$./). 

 "*)< 34$- 43$%"3"?"3 7<.( 4'$)(,./*<# "7!,8"# (4 "7$4'$6$*($# 

%!$75$#"0 "!($*%,)(( '".:!(8,)("**<- "4$0 3"."+"*) 8,?$.,*< 3 

*,+"*$6*(+( ?.: @I !,8Q$#*"&" 4"$?(*$*(:, +"%"!<$ 34%,3.:9%4: 3  

4""%3$%4%359C($ 3-"?< '".:!(8,)("**"&" ?$.(%$.: ( Y-!,83$%3(%$.:.   

;.: "!&,*(8,)(( 3"."+"**<- !,8Q$#*<0 4"$?(*$*(0, %,+ =$ +,+ ( 3 

#,+$%$ «EFG-2» (4'"./8"3,*< 4%,*?,!%*<$ "?*"#"?"3<$ 4"$?(*(%$./*<$ 

!"8$%+(, , 3"."+"**<$ 3<3"?< 8,?$.<3,9%4: 3 4%,*?,!%*<$ 3"."+"**<$ 

*,+"*$6*(+(, *,'!,3.:9C($ +.96( +"%"!<- 3 -"?$ 4'$)(,./*"0 '!")$?5!< 

"!($*%(!59%4: 3 4""%3$%4%3($ 4 *,'!,3.$*(:#( '".:!(8,)("**<- "4$0 

43$%"3"?,. >"4.$ 54%,*"3+( *, 3"."+"**<- 3<3"?,- UIF, '".:!(8,)("**"&" 

?$.(%$.:, Y-!,83$%3(%$.: ( '"?3"?:C$&" 43$%"3"?, 4""%3$%4%359C(- 

"!($*%(!"3,**<- !,8Q$#*<- *,+"*$6*(+"3, ?.: 47"!+( #,+$%, 3<3"?< 

3"."+"**<- 1.$#$*%"3 "7<6*<# "7!,8"# '"?4"$?(*:9%4: 3 4%,*?,!%*<$ 

3"."+"**<$ 4"$?(*(%$./*<$ !"8$%+( ( 3-"?*59 !"8$%+5 O>R. 

 "*4%!5+)(( '".:!(8,)("**"&" ?$.(%$.: ( !,83$%3(%$.: (?$*%(6*< '" 

4%!5+%5!$: 3 +"!'54$ !,8#$C$* +57(6$4+(0 ?$.(%$./*<0 1.$#$*%. 

@"."+"**<$ 3<3"?< 4 3*5%!$**$0 4%"!"*<, '"?4"$?(*$**"0 + +"!'545, 

"+"*)"3,*< 3 )(.(*?!(6$4+(0 *,+"*$6*(+ 4 A,!(+"3"0 #(+!".(*8"0. 

H,8*(), #$=?5 '".:!(8,)("**<# ?$.(%$.$# ( Y-!,83$%3(%$.$# 4"4%"(% 3 

%"#, 6%" 3 '$!3"# 4.56,$ ?$.(%$./*<0 1.$#$*% '!$?4%,3.:$% 4"7"0 

+57(6$4+(0 '".:!(8,)("**<0 ?$.(%$./, , 3" 3%"!"# 4.56,$ *, '"3$!-*"4%/ 

#$=?5 ?35#: '!(8#,#(, "7!,859C(#( ?$.(%$./*<0 +57, *,*$4$*" 

'".5'!"8!,6*"$ '"+!<%($. @ '!")$44$ 47"!+( '!$?54#"%!$*, '!")$?5!, 

*,4%!"0+( "!($*%,)(( '".:!(8,)("**<- "4$0 43$%"3"?"3 8, 46$% 3!,C$*(: 

*,+"*$6*(+"3 3"+!5& 43"$0 "4( 3 "%3$!4%(( +"!'54,, '"4.$ 6$&" "*( 

2(+4(!59%4:. @ '".:!(8,)("**"# ?$.(%$.$ "!($*%,)(: "4$0 43$%"3"?"3 

4"&.,4"3,*, 4 "4:#( ?$.(%$.:, , 3 !,83$%3(%$.$ "4( 43$%"3"?"3 4"&.,4"3,*< 

?!5& 4 ?!5&"# ( 4 '."4+"4%/9 43$%"?$.(%$./*"0 '"3$!-*"4%(.   
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>$!$? 54%,*"3+"0 3 #,+$% 3"."+"**"&" (*%$!2$!"#$%!(6$4+"&" 

'!$"7!,8"3,%$.: «>-E>H -N2» 7<., '!"3$?$*, 4'$)(,./*,: '!")$?5!, 

«3<!,3*(3,*(:» "'%(6$4+(- ?.(* 3"."+"*, 3 -"?$ +"%"!"0 (4'"./8"3,.,4/ 

4'$)(,./*" !,8!,7"%,**,: #$%"?(+, (8#$!$*(0 4 '$!$?,6$0 '" 43$%"3"?,# 

"'"!*<- @T 4(&*,."3 ("7C(0 '!(*)(' !,44#"%!$* 3 [161]). @ !$85./%,%$ 

5?,."4/ 47,.,*4(!"3,%/ 50-#$%!"3<$ 3"."+"**<$ '.$6( 4 %"6*"4%/9 ?" 

$?(*() 4,*%(#$%!"3.  

>$!$?,9C(0 "'%(6$4+(0 #"?5./ 4"?$!=(% "'%(6$4+(0 .,8$!*<0 

(4%"6*(+, 1.$+%!""'%(6$4+(0 #"?5.:%"! (UIF) ( ?!5&($ 3"."+"**"-

"'%(6$4+($ 1.$#$*%< ( 1.$+%!"**<$ '.,%<. F"?5.:%"! 3<'".*$* *, "4*"3$ 

,*(8"%!"'*"&" 1.$+%!""'%(6$4+"&" +!(4%,.., *("7,%, .(%(:, 3 +"%"!"# 

2"!#(!59%4: ?3$ "!%"&"*,./*" '".:!(8"3,**<$ #"?<, !,8*"4%/ 2,8"3<- 

8,?$!=$+ +"%"!<- 5'!,3.:$%4: 1.$+%!(6$4+(# *,'!:=$*($#.  !"#$ %"&", 

'$!$?,9C(0 "'%"1.$+%!"**<0 #"?5./ 4"?$!=(% 4'$)(,./*<$ 1.$+%!"**<$ 

7."+(, +"%"!<$ "7$4'$6(3,9% &$*$!,)(9 '(.""7!,8*"&" #"?5.(!59C$&" 

4(&*,., (7."+ PFD), 54(.$*(: 4(&*,.,, '"83".:9% "45C$4%3.:%/ !$&5.(!"3+5 

,#'.(%5?< '(.""7!,8*"&" *,'!:=$*(: *, 3-"?$ UIF (1%" *$"7-"?(#" ?.: 

*,4%!"0+( +3,8(-&$%$!"?(**"&" !$=(#,).     

>!($#*<0 "'%"1.$+%!"**<0 #"?5./ 4"?$!=(% 2"%"'!($#*"$ 54%!"04%3" 

(O>R) ( 1.$+%!"**<$ 7."+(, "7$4'$6(3,9C($ "7!,7"%+5 

(*%$!2$!$*)("**"&" 4(&*,., '!( +3,8(-&$%$!"?(**"# !$=(#$ !,7"%< 

4(4%$#< ( 2"!#(!"3,*($ 3<-"?*"&" 4(&*,., ?,%6(+,. O>R 3<'".*$*" *, 

"4*"3$ pin 2"%"?("?, ( 4'$)(,.(8(!"3,**"&" *(8+"A5#:C$&" 

'!$?54(.(%$.:. @<-"?*"0 4(&*,. O>R (4(&*,. *$45C$0 6,4%"%< 200 +P), 

#"?5.(!"3,**<0 '" 2,8$ (8#$!:$#<# 3"8?$04%3($#), 6$!$8 34'"#"&,%$./*<0 

'"."4"3"0 2(./%! (>O) 4 )$*%!,./*"0 6,4%"%"0 200 +P) ( '"."4"0 20 +P) 

'"4%5',$% *, "?(* (8 3-"?"3 2,8"3"&" ?$%$+%"!, (O;). K, 3%"!"0 3-"? O; 

'"4%5',$% "'"!*<0 4(&*,. "% 3<4"+"4%,7(./*"&" +3,!)$3"&" &$*$!,%"!,.  

K, 3<-"?$ O; 2"!#(!5$%4: 3<-"?*"0 4(&*,. ?,%6(+,. L."+ (#$$% 

?"'".*(%$./*<0 3<-"? ?.: '"?+.96$*(: &"."3*<- %$.$2"*"3, *, +"%"!<0 

4(&*,. '"4%5',$% 6$!$8 54(.(%$./ #"C*"4%(.  

 

6.2.4.2. >"-(*!#'%1*" 2%+"(% 5%(.*+% «; A6» 
1) H$&(4%!,)(: ,+54%(6$4+"&" 4(&*,.,  

D%!5+%5!*,: 4-$#, 4%$*?, ?.: (8#$!$*(: ',!,#$%!"3 #,+$%, «E>H » 3 

!$=(#$ !$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3 '!(3$?$*, *, !(45*+$ 6.15. 

E8#$!$*(: '!"3"?(.(4/ '!( &,!#"*(6$4+"# 3"8?$04%3((, +"%"!"$ 

"?*"3!$#$**" (8#$!:."4/ #,+$%"# «E>H » ( %$4%"3<# #(+!"2"*"#. 

H$&(4%!,)(: 4(&*,., (%,+ =$ +,+ ( 4"74%3$**<- 3<-"?*<- A5#"3 #,+$%,) 

'!"3"?(.,4/ '"4!$?4%3"# )(2!"3"&" ,*,.(8,%"!, 4'$+%!,.  

;.: '!"3$?$*(: (8#$!$*(0 3"."+"**<$ 3<3"?< (*%$!2$!"#$%!(6$4+"&" 

'!$"7!,8"3,%$.:, >; ( Y !,83$%3(%$./ (3+.96,: (- 3"."+"**<$ 3<3"?< ( 

4"$?(*(%$./*<$ !"8$%+() 7<.( '"#$C$*< 3 +"!"7+5 ( 8,+!<%< '"!"."*"#. 

D3$!-5 7<. !,8#$C$* *$'"4!$?4%3$**" 4,# +"!'54 '!$"7!,8"3,%$.:, , ?.: 

?"'".*(%$./*"0 (8".:)((, ?$#'2(!59C$0 3(7!,)(( 7<., '!"."=$*, 3,%,. 
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D2"!#(!"3,**<0 5+,8,**<# "7!,8"# 6534%3(%$./*<0 1.$#$*% 7<. 

!,8#$C$* *, "%?$./*"# 4%".$ *, «"%+!<%"#» '!"4%!,*4%3$ .,7"!,%"!((, 4%". 

7<. '"+!<% .(4%"# '"!"."*, (%".C(*"0 10 4#). K, !,44%":*(( 1 # *,? 

6534%3(%$./*<# 1.$#$*%"#, *, *,%:*5%<- !$8(*"3<- =&5%,- 7<. '"?3$A$* 

(8.56,%$./. H:?"# 4 '!$"7!,8"3,%$.$# 54%,*,3.(3,.4: %$4%"3<0 #(+!"2"*. 

I'%"1.$+%!"**<$ #"?5.( #,+$%, ( (8#$!(%$./*,: ,'',!,%5!, 7<., 

54%,*"3.$*, "%?$./*" *, '!(7"!*<- 4%"0+,- .,7"!,%"!((. @*$A*(0 3(? 

?,**<- 6,4%$0 (8#$!(%$./*"&" 4%$*?, '"+,8,* *, !(45*+$ 6.16.  

>!(#$!< "4)(.."&!,##, *,7.9?,$#<- '!( (8#$!$*(:-, '"+,8,*< *, 

!(45*+$ 6.17.  

E8.56,%$./

(4P;-36)
54(.(%$./

(B&K 2706  )

"4)(.."&!,2

(D1-83)

,*,.(8,%"!

(B&K 2032)

%$4%"3<0 #(+!"2"*
(CE   Digital Sound

Level Meter 8921/8922)

3"."+"**<0
%!,+%

6534%3(%$./*<0
1.$#$*%

+%1%) I

+%1%) II

'$!$?,9C(0
#"?5./

&$*$!,%"!

(P3-112)

'!($#*<0
#"?5./

 
H(45*"+ 6.15. D%!5+%5!*,: 4-$#, 1+4'$!(#$*%,./*"&" 4%$*?, ?.: (8#$!$*(: 

-,!,+%$!(4%(+ #,+$%, «E>H » 3 !$=(#$ !$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3   
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H(45*"+ 6.16. @*$A*(0 3(? 6,4%$0 (8#$!(%$./*"&" 4%$*?, ?.: %$4%(!"3,*(: 

#,+$%, «E>H » 3 !$=(#$ !$&(4%!,)(( ,+54%(6$4+(- 4(&*,."3 

 

@ !$85./%,%$ (4'<%,*(0 #,+$%, 7<.( 8,2(+4(!"3,*< "4*"3*<$ 

-,!,+%$!(4%(+( ?,%6(+,. T,4%"%*,: 8,3(4(#"4%/ 6534%3(%$./*"4%( ?,%6(+, ( 

4'$+%! 4"74%3$**<- A5#"3 '!(3$?$*< *, !(45*+,- 6.18 ( 6.19. T,4%"%*,: 

8,3(4(#"4%/ 6534%3(%$./*"4%( #,+$%, '!,+%(6$4+( '"3%"!:$% 6,4%"%*59 

8,3(4(#"4%/ 6534%3(%$./*"4%( '!$"7!,8"3,%$.:, '. 6.1.3. E*%$&!,./*<$ 

',!,#$%!< 3 !,7"6$0 '"."4$ (0,3 – 10 +P)): 

– S,!,+%$!(4%(6$4+,: 6534%3(%$./*"4%/  

KS =1,65 @/>,. 

– E*%$&!,./*<0 5!"3$*/ A5#, 
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UY= 1 #@. 

;(*,#(6$4+(0 ?(,',8"* '!( 54%,*"3.$**"# 8*,6$*(( 6534%3(%$./*"4%( 

2,8"3"&" ?$%$+%"!, '!($#*"&" #"?5.: (1 @/!,?(,*) 4"4%,3(. 

N = 70 ?L. 

 

 
 

H(45*"+ 6.17. O"%"&!,2(( "4)(.."&!,##, *,7.9?,$#<- 3 -"?$ (8#$!$*(0, 

'!( &,!#"*(6$4+"# ,+54%(6$4+"# 3"8#5C$*(( 4 6,4%"%"0 2,5 +P). D.$3, 

+"*%!"./*<0 4(&*,. *$45C$0 (6,4%"%, 200 +P)), #"?5.(!"3,**"0 '" 2,8$ 

,+54%(6$4+(# 3"8?$04%3($#. D'!,3, – 3<-"?*"0 4(&*,. #,+$%, (2,5 +P)). 
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H(45*"+ 6.18. T,4%"%*,: 8,3(4(#"4%/ 6534%3(%$./*"4%( #,+$%, «E>H » + 

,+54%(6$4+"#5 3"8?$04%3(9. 
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H(45*"+ 6.19. D'$+%! 4"74%3$**<- A5#"3 #,+$%, «E>H » (*, «3!$8+$» 

2"%"&!,2(: ?(4'.$: ,*,.(8,%"!, B&K 2032). 
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K, "4*"3$ '!(3$?$**<- !$85./%,%"3 (8#$!$*(0 #"=*" ")$*(%/ 

',!,#$%!<, -,!,+%$!(859C($ !,8!$A,9C59 4'"4"7*"4%/ #,+$%, «E>H ». 

D'$+%!,./*,: 8,3(4(#"4%/ #(*(#,./*"&" !$&(4%!(!5$#"&" 835+"3"&" 

?,3.$*(: SPmin(f) '"+,8,*, *, !(45*+$ 6.20. 
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H(45*"+ 6.20. D'$+%!,./*,: 8,3(4(#"4%/ #(*(#,./*"&" !$&(4%!(!5$#"&" 

835+"3"&" ?,3.$*(: 3 '"."4$ 1 P) 

 

U+3(3,.$*%*"$ 835+"3"$ ?,3.$*($, "754."3.$**"$ 4"74%3$**<#( A5#,#( 

?,%6(+, (( 4""%3$%4%359C(0 5!"3$*/ 835+"3"&" ?,3.$*(:) 4"4%,3(.( 

  

Pmin = 0,61 #>,,  

Lmin = 30 ?L. 

 

3) H,7"%"4'"4"7*"4%/ #,+$%, '!( (8#$*$*(( %$'."3<- 54."3(0 ( 

+"*2(&5!,)(( 3"."+"**"&" %!,+%, 

;.: '!"3$!+( *,?$=*"4%( #,+$%, +"*%!".(!"3,."4/ 4"-!,*$*($ $&" 

!,7"%"4'"4"7*"4%( 3 54."3(:- !,8.(6*<- 3"8#5C$*(0 3"."+"**<- 58."3.  

;.: "7$4'$6$*(: !,8*""7!,8*<- 3,!(,*%"3 «!,7"6$0 %"6+(» 

(*%$!2$!"#$%!,, !,8*<- 4"6$%,*(0 (8"%!"'*"0 ( ,*(8"%!"'*"0 

4"4%,3.:9C(- 2,8 3"."+"**<- '.$6 ( '"?3"?:C$&" 43$%"3"?,, ( (#(%,)(( 

(8#$*$*(0 3*$A*(- 54."3(0 '!"3"?(.(4/ *,7.9?$*(: 8, !,7"%"0 #,+$%, '!( 

*,&!$3$ 43$%"3"?"3 %!,44< ( '!$"7!,8"3,%$.: ((4'"./8"3,.,4/ "7<6*,: 

.,#', *,+,.(3,*(: 40 @%, !(45*"+ 6.21). >$!#,*$*%*,: (#(%,)(: 

(*2"!#,)("**"&" 3"8?$04%3(:  4"8?,3,.,4/ 4 '"#"C/9 %$.$2"*, B;D-131, 

54%,*"3.$**"&" *, '!$"7!,8"3,%$./ (#"?5.:)(: 2,8< (*%$!2$!$*)("**"&" 

4(&*,., 4 5!"3*$# ~ 1 !,?(,*), !(45*"+ 6.21.     

>!( *,&!$3$ '!$"7!,8"3,%$.:, '" "4)(.."&!,##$ 4(&*,., *$45C$0 6,4%"%< 

(200 +P)) -"!"A" *,7.9?,."4/ 8*,6(%$./*"$ (*, *$4+"./+" ?$4:%+"3 

'$!("?"3) 4#$C$*($ +3,8(4%,%(6$4+"0 4"4%,3.:9C$0 2,8< 4(&*,.,. B,+=$ 

*,7.9?,.(4/ "%*"4(%$./*" #$?.$**<$ ('" 4!,3*$*(9 4" 4?3(&"# *, 2,8< .) 

2.5+%5,)(( ,#'.(%5?< *$45C$0. >!( 1%"# *,7.9?,$#<0 (*?$+4 #"?5.:)(( 

*$45C$0 ( ,#'.(%5?, 3<-"?*"&" 4(&*,., #,+$%, "4%,3,.(4/ 4%,7(./*<#(. 
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H(45*"+ 6.21. K,&!$3 43$%"3"?"3 %!,44< ( '!$"7!,8"3,%$.: ?.: +"*%!".: 

!,7"%"4'"4"7*"4%( #,+$%,. 

 

>!( *,&!$3$ '"?3"?:C$&" 43$%"3"?, *,7.9?,."4/ '".*"4%/9 ,*,."&(6*"$ 

'"3$?$*($ 4(&*,."3, -"%: 4+"!"4%/ 4#$C$*(: 2,8< '"4.$ 3+.96$*(: 

*,&!$3,%$.: 7<., 8*,6(%$./*" #$*/A$, 6$# '!( *,&!$3$ '!$"7!,8"3,%$.:. 

>"4.$?*$$ "74%":%$./4%3" "7Q:4*:$%4: %$#, 6%" *,&!$3 '!$"7!,8"3,%$.: 

'!(3"?(% + !,8.(6*"#5 (8#$*$*(9 (8"%!"'*<- 4"4%,3.:9C(- 2,8"3<- 

8,?$!=$+ 43$%"3"?"3, (, 4.$?"3,%$./*", ,!&5#$*%, (*%$!2$!$*)("**"&" 

4(&*,.,. K,&!$3 '"?3"?:C$&" 3"."+*, 3.(:$% *, 2,85 4(&*,., 

(*%$!2$!"#$%!, %"./+" 8, 46$% (8#$*$*(: ,*(8"%!"'*"0 !,8*"4%( 2,8 #"? 

(4#. !,8?$. 4), +"%"!,: (#$$% "%*"4(%$./*" *(8+59 6534%3(%$./*"4%/ + 

%$#'$!,%5!$.      

K, !,7"%"4'"4"7*"4%/ #,+$%, *$ 3.(:." '$!$#$C$*($ 43$%"3"?"3 %!,+%,, 

(- 34%!:-(3,*($, (8&(7< ( 4+!56(3,*(: (+"*$6*", "%*"4(%$./*" 4.,7<$), 

'"'<%+( «!,8#"%,%/» 43$%"3"?< %!,44< !,4'"."=(%/ (- 3?"./ .,7"!,%"!(( 

(.( *,"7"!"%, 4+!5%(%/ (- 3 "%*"4(%$./*" +"#',+%*<$ +,%5A+( (+,+ 

'"+,8,*" *, '!(3$?$**<- !(45*+,-) ( %.'. #$-,*(6$4+($ 3"8#5C$*(:. 

;"'".*(%$./*" 7<. '!"3$?$* 1+4'$!(#$*% 4 *,7.9?$*($# +"*%!".: 

!,7"%"4'"4"7*"4%( 4-$#< 3 4.56,$ 33$?$*(( 8*,6(%$./*"0 '".:!(8,)("**"0 

!,44%!"0+( 3 "'%(6$4+"0 4-$#$. ;.: 1%"&" '"?3"?:C(0 43$%"3"? ( 

3"."+"**<0 3<3"? '".:!(8,)("**"&" ?$.(%$.: 7<.( 4"$?(*$*< *$ 3 

4%,*?,!%*"0 4"$?(*(%$./*"0 !"8$%+$, , 3 )(.(*?!(6$4+"0 4"$?(*(%$./*"0 

3%5.+$, '"83".:9C$0 3!,C,%/ 4"4%<+"3,**<$ 3"."+*,. >"4.$ 33$?$*(: 

!,44"&.,4"3,*(: (20-30 &!,?54"3) '!"3"?(.(4/ *,7.9?$*(: 4(&*,., *$45C$0 

6,4%"%< ( 3<-"?*"&" 4(&*,., #,+$%, '!( *,&!$3$ '!$"7!,8"3,%$.:. @ 1%"# 

4.56,$ '!( 4#$C$*(( 2,8< *$45C$0, '$!("?< *"!#,./*"0 !,7"%< ?,%6(+, 

4#$*:.(4/ "7.,4%:#( «*$+"!!$+%*"0» !,7"%< (.( '$!("?,#( '!,+%(6$4+( 

'".*"&" *,!5A$*(: '4$3?"&$%$!"?(**"&" !$=(#, ( "%45%4%3(: 3<-"?*"&" 

4(&*,.,. >!(#$!< 4(&*,."3 !,8*<- !$=(#"3 !,7"%< ('!( "?(*,+"3"# 

&,!#"*(6$4+"# 3"8#5C$*(( '!$"7!,8"3,%$.:) '"+,8,*< *, !(45*+$ 6.22.      
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H(45*"+ 6.22. >!(#$!< "4)(.."&!,## +"*%!"./*"&" 4(&*,., *$45C$0 

6,4%"%< (.$3<0 "4)(.."&!,2) ( 3<-"?*"&" 4(&*,., #,+$%, ('!,3<0 

"4)(.."&!,2) '"4.$ 33$?$*(: 3 4-$#5 '".:!(8,)("**"&" !,44"&.,4"3,*(:. 

@$!-*(0 !(45*"+ – #"#$*%, +"&?,  #,+$% !,7"%,$% *"!#,./*". I4%,./*<$ 

!(45*+( – 4(&*,.< 3 #"#$*%< *,!5A$*(: '!,3(./*"0 !,7"%< #,+$%,.  
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4) @.(:*($ 835+"3<- ( 3(7!,)("**<- 3"8#5C$*(0 *, '"?3"?:C(0 ( 

"%3"?:C(0 43$%"3"?<. 

@ -"?$ %$4%(!"3,*(: #,+$%, «E>H » 7<. '!$?'!(*:% !:? '"'<%"+ 

8,!$&(4%!(!"3,%/ 3.(:*($ ,+54%(6$4+(- 3"8?$04%3(0 3 "7.,4%( 3"."+"**"0 

%!,44< *, 3<-"?*"0 4(&*,. ?,%6(+, ( ")$*(%/ «!,83:8+5» %!,44< ( 

6534%3(%$./*"&" 1.$#$*%,. >!( 3"8?$04%3(( *, '!"%:=$**<0 56,4%"+  

%!,44<, 43$!*5%"0 3 +,%5A+5 (?.: 4"8?,*(: 8*,6(%$./*"0 «?.(*< 

38,(#"?$04%3(:» 835+"3"&" 4(&*,., ( 3"."+*,) #"=*" 7<." 57$?(%/4:, 6%" 

!$&(4%!(!5$#<$ 3<-"?*<$ 4(&*,.< ?,%6(+, "'!$?$.:.(4/, '!$=?$ 34$&", 

,+54%(6$4+"0 3".*"0, !,4'!"4%!,*:9C$04: + '!$"7!,8"3,%$.9 

6534%3(%$./*"&" 1.$#$*%,. F"=*" "%#$%(%/, 6%" '!( %$4%(!"3,*(( #,+$%, 3 

.,7"!,%"!(( 8,+,86(+, '!"3"?(.(4/ (8#$!$*(: 4 !,8#$C$*($# 

6534%3(%$./*"&" 1.$#$*%, 3 4'$)(,./*"0 8,&.5A$**"0 +,#$!$ ('!"(83"?4%3, 

2(!#< «B&K»). I?*,+" 8,2(+4(!"3,**"$ "%*"A$*($ 6534%3(%$./*"4%$0 

%!,44< ( '!$"7!,8"3,%$.: 4"4%,3(., 35 ?L, 6%" 4""%3$%4%35$% ',4'"!%*"0 

3$.(6(*$ ,+54%(6$4+"0 (8".:)(( 3*5%!$**$&" "7Q$#, +,#$!<. B,+(# 

"7!,8"#, 8,2(+4(!"3,%/ 3.(:*($ 835+"3"&" 3"8#5C$*(: %!,44< *, 3<-"?*"0 

4(&*,. ?,%6(+, *$ 5?,."4/.      

;!5&(# 3,!(,*%"# ?$#"*4%!,)(( «!,83:8+(» 6534%3(%$./*"&" 1.$#$*%, ( 

3"."+"**"0 %!,44< 7<." (4'"./8"3,*($ 3(7!,)("**"&" 3"8#5C$*(: 

4"8?,3,$#"&" #$#7!,*"0 &"."3*"&" %$.$2"*, B;D-131 (%$.$2"* (#$$% 

1.$+%!"?(*,#(6$4+59 +"*4%!5+)(9, 4 +"!'54, %$.$2"*, 7<., 4*:%, +!<A+, 

( "%+!<%, '"3$!-*"4%/ +".$7.9C$04: '.,4%(+"3"0 #$#7!,*<). K, %$.$2"* 

'"?,3,."4/ &,!#"*(6$4+"$ *,'!:=$*($, '!( +"%"!"# %$.$2"*, 

!,4'"."=$**<0 *, '!$"7!,8"3,%$.$ 3<8<3,$% 3<-"?*"0 4(&*,. 4 ,#'.(%5?"0 

7".$$ 0,2 @. X,%$# '"4!$?4%3"# )(2!"3"&" ,*,.(8,%"!, 4'$+%!, B&K 2032 

(8#$!:.(4/ 4(&*,.< *, 3<-"?$ ?,%6(+, '!( !,8#$C$*(( %$.$2"*, *, 

43$%"3"?,- 3"."+"**"0 %!,44<, !(45*"+ 6.23  

B,+"0 (4%"6*(+ 3"8#5C$*(: "7$4'$6(3,$% ."+,./*"4%/ 3"8?$04%3(:, *$ 

4"8?,$% 4"'!"3"=?,9C$0 ,+54%(6$4+"0 '"#$-(. >!( !,4'"."=$*(( %$.$2"*, 

!:?"# 4 3"."+*,#(, !$&(4%!(!5$#<0 5!"3$*/ 3<-"?*"&" 4(&*,., #,+$%, 

4"4%,3.:. '!(#$!*" 0,2 #@. @ 4.56,$ !,4'"."=$*(: (4%"6*(+, 3"8#5C$*(: 

*, 43$%"3"?< %,+, +,+ 1%" '"+,8,*" *, !(45*+$ 6.23 '"4!$?4%3"# ,*,.(8,%"!, 

4'$+%!, 7<." 8,2(+4(!"3,*" *,.(6($ 3<-"?*"&" 4(&*,., *, 6,4%"%$ 

(4%"6*(+, 4 5!"3*$# ?" *$4+"./+(- #@ '!( 3"8#5C$*(( '"?3"?:C$&" 

3"."+*,. >!( 3"8#5C$*(( "%3"?:C$&" 43$%"3"?,, *, 3<-"?$ 

!$&(4%!(!"3,.,4/ '"#$-, 4 5!"3*$# "+"." 1 #@. U%( 1+4'$!(#$*%< 

?$#"*4%!(!59% 4.,7"$ 3.(:*($ 3(7!,)("**"&" 3"8#5C$*(: 43$%"3"?"3 

4"$?(*(%$./*"0 %!,44< *, '"+,8,*(: ?,%6(+"3. >!( 1%"# 3.(:*($ 

3"8#5C$*(: '"?3"?:C$&" 43$%"3"?, 7".$$ 8*,6(#<, 6$# 3(7!,)(: 3 

"%3"?:C$# 43$%"3"?$, 6%" 4"&.,45$%4: 4 3<3"?,#( %$"!(( (!,8?$. 4).     
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H(45*"+ 6.23. H,8#$C$*($ (4%"6*(+, 3(7!,)("**"&" 3"8#5C$*(: *, 

'!$"7!,8"3,%$.$ (33$!-5 4.$3,), *, 43$%"3"?$ %!,44< (3*(85) ( !:?"# 4 

3"."+*,#( #,+$%,. 

 

5) >"4.$?59C($ '!"3$!+( !,7"%< #,+$%,  

D.$?5$% "%#$%(%/, 6%" '"4.$ '$!$?,6( #,+$%, 8,+,86(+5, '!"3"?(.(4/ 

'"3%"!*<$ (4'<%,*(: #,+$%, *, 7,8$ 8,+,86(+, ( (8#$!$*(: $&" 

-,!,+%$!(4%(+, +"%"!<$ '"?%3$!?(.( '!(3$?$**<$ 3<A$ !$85./%,%< ( 

'!"?$#"*4%!(!"3,.( !,7"%"4'"4"7*"4%/ ( *,?$=*"4%/ #,+$%,.   

>" (*2"!#,)(( 8,+,86(+,, 3 -"?$ (4'<%,*(0 3"."+"**,: 6,4%/ #,+$%, *$ 

!,8 '"?3$!&,.,4/ A%,%*"0 !,87"!+$ ( 47"!+$, (4'"./8"3,."4/ !,8*"$ 

!,4'"."=$*($ 3"."+"**<- 1.$#$*%"3. B  !"!#$! #!%&'()&$* (!   !"#$  %&'& 

(!) *+,&-.)&/!-+0 1-0 1# &%+$(!2** (!3&$4 /&-&"&%%&'& 1*+$!%2*&%%&'& 

*%$#(5#(& #$(*6#+"&'& 1!$6*"!  *"(&1#5&( !2*7, * /+#'1! 1# &%+$(*(&/!- 

%!1#8%&+$. * (!3&$&+,&+&3%&+$..  

 

6.2.5.  !"#$%$&% '"!"()%!&*)&( +"(%),#   

9+%&/%4# ,!(! #$(4 (!++ &$(#%%4:  !"#$&/  &8%& ,(#1+$!/*$. / /*1# 

+/&1%&7 $!3-*24 6.2  

;!3-*2! 6.2. 

 «<=>-1» «<=>-2» «<?@A» 

K* // UB  82 C/?! // 210  C 5.1 C/?! // 18  C 1.65 C/?! // 1 C 

Smin0  20  "?!/(D2)
1/2

 10  "?!/(D2)
1/2

 2· "?!/(D2)
1/2

 

<Smin>     100 ?!/(D2)
1/2

 150  "?!/(D2)
1/2

 20  "?!/(D2)
1/2

 

Pmin  // Lmin  2,6  ?!// 42 1E 3,5  ?!// 45 1E 0,61  ?!// 30 1E 

N 28 1E 48 1E 70 1E 

 

F(!/%*  ,!(! #$(4  !"#$&/.  

– G!+$&$%4# )!/*+* &+$* 6H/+$/*$#-.%&+$* * +,#"$(4  *%* !-.%&'& 

1#$#"$*(H# &'& )/H"&/&'& 1!/-#%*0 * #I$ +:&1%47 /*1, + :!(!"$#(%4  
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)%!6*$#-.%4  (#)&%!%+&  (1&3(&$%&+$. 0,2–0,3), &1%!"& 1-0  !"#$! «<=>-

1» (#)&%!%+%!0 6!+$&$! 3&-## %*)"!0 ~700 D2, ! /  !"#$!: «<=>-2» * 

«<?@A» 3&-## /4+&"!0 – ~3 "D2. J$* +/&7+$/! +/0)!%4 *+"-I6*$#-.%& + 

!"H+$& #:!%*6#+"* * +/&7+$/! * ,(#&3(!)&/!$#-#7, )!(#'*+$(*(&/!%%4# 

#K# / :&1# *: ,(#1/!(*$#-.%&'& $#+$*(&/!%*0 (+,#2*!-*+$4, 

*)'&$!/-*/!/L*# ,(#&3(!)&/!$#-* H"!)4/!-*, %& $& 6$& (#)&%!%+%!0 6!+$&$! 

1-0 «?-<=>-2» * «?-<?@A» 3H1H$ + #K#%4 //#(: ,& &$%&L#%*I " 

,(#&3(!)&/!$#-I «?-<=>-1».  

– <%$#'(!-.%4# ,!(! #$(4 (!)(#L!IK#7 +,&+&3%&+$*  !"#$&/ «<=>-1» 

* «<=>-2», ! $!" 8# %!*-H6L*7 (/ &3-!+$* (#)&%!%+!) * +(#1%*7 H(&/#%. 

+,#"$(!-.%&7 (!)(#L!IK#7 +,&+&3%&+$* ,(* #(%& &1*%!"&/4.  

– =!"#$ «<=>-1» * ##$ &6#%. %#3&-.L&7 1*%! *6#+"*7 1*!,!)&%. 

9+%&/%!0 ,(*6*%! – %#+&&$/#$+$/*# /4+&"&7 (!)(#L!IK#7 +,&+&3%&+$*, %! 

"&$&(HI 34- &(*#%$*(&/!% 5!)&/47 1#$#"$&( ((!)(#L#%*# 10
–4

 (!1*!% / 

(!3&6#7 ,&-&+# 10 "D2 + 1*%! *6#+"*7 1*!,!)&% 65 1E) * 5!"$*6#+"&'& 

H(&/%0 5!)&/4: LH &/ / *%$#(5#(#%2*&%%&  +*'%!-#, +/0)!%%&'& + LH ! * 

+*'%!-! %#+HK#7 6!+$&$4.   C  !"#$# «<=>-2» ,&-H6#%! 3&-.L!0 /#-*6*%! 

1*%! *6#+"&'& 1*!,!)&%!. J$& +/0)!%& +  &1*5*"!2*#7 5!)&/&'& 1#$#"$&(!, 

,&)/&-0IK#7 +%*8!$. #'& 6H/+$/*$#-.%&+$. 1-0 %!*-H6L#'& +&'-!+&/!%*0 

5!"$*6#+"*: 5!)&/4: LH &/ / *%$#(5#(#%2*&%%&  +*'%!-# * 1*!,!)&%! 

(!3&$4 !%!-&'&/&'& 5!)&/&'& 1#$#"$&(!.    

– C &3&*:  !"#$!: «<=>-1» * «<=>-2» (!)(#L!IK!0 +,&+&3%&+$. 

 !"#$&/ &'(!%*6*/!-!+. &$%&L#%*#  F/B %#+HK#7 6!+$&$4  %#+HK#7 

6!+$&$4 %! /:&1# 5!)& #$(!. A!" 34-& ,&"!)!%& %! &+%&/# $#&(#$*6#+"*: 

&2#%&" + H6#$&  (#)H-.$!$&/ ,(#1/!(*$#-.%4: *) #(#%*7 ,!(! #$(&/ 

M-# #%$&/  !"#$!, ! $!" 8# / (#)H-.$!$# ,(0 4: 1&,&-%*$#-.%4: 

M"+,#(* #%$&/ +  !"#$&  «<=>-2» &+%&/%&7 /"-!1 / LH 4 %#+HK#7 

6!+$&$4 /%&+*-* LH , /4)/!%%47 5-H"$H!2*0 * 6!+$&$4 -!)#(%&'& 

*+$&6%*"! / (!3&6#7 ,&-&+# 6!+$&$ 1!$6*"!.   

C 2#-& , /& /$&(&   !"#$# *%$#(5#(& #$(*6#+"&'& 1!$6*"! «<=>-2»  

H1!-&+. (#!-*)&/!$. H+&/#(L#%+$/&/!%%47 /!(*!%$ /&-&"&%%&7 6!+$* +:# 4, 

+1#-!/ ## (!)N# %&7, ! $!" 8# H-H6L*$. M-#"$(&%%HI 6!+$. + $&6"* )(#%*0 

H1&3+$/! *+,&-.)&/!%*0, '!3!(*$&/ * /&) &8%&+$* (#'H-*(&/!$. ,!(! #$(4 

5!)&/&'& 1#$#"$&(! ,(*# %&'& 3-&"! 1-0 +&'-!+&/!%*0 + ,!(! #$(! *, 

)!1!/!# 4 * &,$*6#+"* * M-# #%$! * +:# 4.     

– C  !"#$# «<?@A» H1!-&+. ,&-H6*$. -H6L*# :!(!"$#(*+$*"*, 6#  / 

 !"#$!: «<=>»: -H6L*# ,!(! #$(4 (!)(#L!IK#7 +,&+&3%&+$* * 3&-## 

/4+&"*7 1*%! *6#+"*7 1*!,!)&%. E&-## $&'&, ,& $#:%*6#+"*  ,(*6*%!  / 

 !"#$ 34- H+$!%&/-#% &3(!)#2 ,(#&3(!)&/!$#-0 + *)&-*(&/!%%4  &,&(%4  

,-#6& , "&$&(47 * #- 6H/+$/*$#-.%&+$. ,(* #(%& / 1/! (!)! %*8#, 6#  

/$&(&7 *+,4$!%%47 ,(#&3(!)&/!$#-. + 1/H 0 +*'%!-.%4 * ,-#6! *. O+-* 

*+,&-.)&/!$. 3&-## M55#"$*/%47 &3(!)#2 ,(#&3(!)&/!$#-0, $&  &8%& 34-& 

34 &8*1!$. H-H6L#%*0 (!)(#L!IK#7 +,&+&3%&+$* (Pmin = 0,3  ?!, 

Lmin = 24 1E) * H/#-*6#%*0 1*%! *6#+"&'& 1*!,!)&%! + ,&-%4  
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*+,&-.)&/!%*#  /&) &8%&+$#7 5!)&/&'& 1#$#"$&(! (!%!-&'&/47 5!)&/47 

1#$#"$&( * #- 1*%! *6#+"*7 1*!,!)&% &"&-& 80 1E).  

C "!6#+$/# &+%&/%4: 5!"$&(&/, &3#+,#6*/L*: +%*8#%*# +&3+$/#%%4: 

LH &/  !"#$! «<?@A» ,& +(!/%#%*I + ,(#141HK* *  !"#$! *,  &8%& 

&$ #$*$. 

– C43&( *+$&6%*"! +  #%.L*  H(&/%#  6!+$&$%4: 5-H"$H!2*7 (,(* #(%& / 2 

(!)!); 

– ?#(#:&1 " /&-&"&%%&7 +:# # <?@A, ,&)/&-*/L#7 ,(* #%*$. 1!%%47 

*+$&6%*" * ,(!"$*6#+"* %! ,&(01&" +%*)*$. (!)%&+$. :&1! *%$#(5#(& #$(! *, 

+-#1&/!$#-.%&, /-*0%*# 6!+$&$%4: LH &/ -!)#(!;   

– P%!6*$#-.%&# H/#-*6#%*# %#+HK#7 6!+$&$4, $.#. (!3&$! / &3-!+$* 3&-## 

%*)"*: LH &/ *%$#%+*/%&+$* -!)#(%&'& *+$&6%*"! * 5&$&1#$#"$&(!.    

 

-"(./0%$&% 

1) F&)1!%4 ,(!"$*6#+"*#  !"#$4 /&-&"&%%&-&,$*6#+"*: 

*%$#(5#(& #$(*6#+"*: *) #(*$#-#7 !"H+$*6#+"*: /&)1#7+$/*7 %! &+%&/# 

QR? +/#$&/&1&/. C H+$(&7+$/!: ,(* #%#%4 +:# 4 + H1!-#%%4  ,!++*/%4  

6H/+$/*$#-.%4  *%$#(5#(& #$(&  =!:!->#%1#(! * <?@A. C&-&"&%%!0 

+:# ! + H1!-#%%4  ,!++*/%4  <?@A (#!-*)&/!%! /,#(/4#.   

?(* (!)(!3&$"# * *)'&$&/-#%** 1!%%4: H+$(&7+$/ ,(* #%0-*+.  #$&14 

$#&(#$*6#+"*: (!+6#$&/ * M"+,#(* #%$!-.%4: *) #(#%*7, ,(*/#1#%%4# / 

,(#141HK*: (!)1#-!:.  

2) F&)1!%%4# *) #(*$#-.%4# H+$(&7+$/! ,&"!)!-* /4+&"HI 

M55#"$*/%&+$. / (#8* # (#'*+$(!2** !"H+$*6#+"*: /&)1#7+$/*7. 

Q&+$*'%H$4# ,!(! #$(4 ($!3-*2! 6.2.) +&&$/#$+$/HI$ -H6L*  ,(* #(!  

/&-&"&%%&-&,$*6#+"*: *%$#(5#(& #$(*6#+"*: 1!$6*"&/ !"H+$*6#+"*: * 

'*1(&!"H+$*6#+"*: +*'%!-&/.  

RH6L*# :!(!"$#(*+$*"* ,&-H6#%4 1-0 *) #(*$#-0 %! &+%&/# <?@A, 

,&+"&-."H M$! +:# ! ,&)/&-*-! )%!6*$#-.%& +%*)*$. /-*0%*# 5-H"$H!2*7 

6!+$&$4 -!)#(%&'& *+$&6%*"! %! (!)(#L!IKHI +,&+&3%&+$. *) #(*$#-0. 

3) F&)1!%%4# H+$(&7+$/! 34-* ,&1/#('%H$4 1&-'&/(# #%%& H 

$#+$*(&/!%*I / H+-&/*0: $#,-&/4: *  #:!%*6#+"*: /&) HK#%*7 /&-&"&%%4: 

M-# #%$&/. <) #(*$#-* ,(&1# &%+$(*(&/!-* %!1#8%HI * (!3&$H * 

+$!3*-.%&+$. :!(!"$#(*+$*", 6$& &3#+,#6*/!-&+. ,(* #%#%*#  QR? 

+/#$&/&1&/ * +&3-I1#%*#  ,&-0(*)!2*&%%&'& +&'-!+&/!%*0 M-# #%$&/ ,(* 

*)'&$&/-#%** H+$(&7+$/.    
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 !"#$%&'(& 

 !"#$%& '%(&!)"*+& %'*%,*-. !&/012#"#%, !"3%#- '%'#%+# , '1&(045&6:  

1. 7"/!"3%#"*- #&%!&#+8&'$+& 6%(&1+ (19 "*+/%#!%:*%;% ',&#%,%(" , '.&-

6". ' ,-'%$%$%;&!&*#*-6 +'#%8*+$%6 +/108&*+9, "(&$,"#*% 08+#-,"45+& 

+*#&!<&!&*=+%**-& ><<&$#- :!+ '1"3%? ',9/+ 6%( *" %(*%?, (,0., *&'$%12-

$+. +1+ 6*%)&'#,& *&%(*%!%(*%'#&?, :%/,%1945+& "*"1+/+!%,"#2 "6:1+-

#0(*-& + <"/%,-& '%%#*%@&*+9 :!96-. + :&!&$!&'#*-. $%6:%*&*# :%19!+-

/"=+%**-. 6%( *" ,-.%(& ,%1%$*" (:"!"6&#!- 6"#!+=- A)%*'" ',&#%,%(") + 

6%(&1+!%,"#2 +. <10$#0"=++ :!+ +/6&*&*++ ,*&@*+. 0'1%,+?. A19 6*%;%-

8+'1&**-. '108"?*-. *&%(*%!%(*%'#&? %:!&(&1&*- '#"#+'#+8&'$+& ',%?'#," 

:"!"6&#!%, 6"#!+=- A)%*'" ',&#%,%(". B%108&*- ,-!")&*+9, :%/,%1945+& 

*" %'*%,& +*<%!6"=++ % $%1+8&'#,&, ."!"$#&!& + ,&1+8+*& ,%/605&*+? 

'+12*%(,0108&:!&1%6145&;% ',&#%,%(", %=&*+#2 (+":"/%* + ."!"$#&! <10$-

#0"=+? "6:1+#0(- + <"/- :&!&$!&'#*-. $%6:%*&*# :%19!+/"=+%**-. 6%( *" 

,-.%(& ,%1%$*".   

2. 7"/!"3%#"*- #&%!&#+8&'$+& 6%(&1+ '+;*"1" ,%1%$%**%;% +*#&!<&!%-

6&#!" C"."-D&*(&!", 08+#-,"45+& ,1+9*+& :%19!+/"=+%**-. !"''%;1"'%-

,"*+? , ,%1%$%**-. >1&6&*#". '.&6- + +. '%&(+*&*+9.. A19 '108"&, «%(*%-

$!"#*-.» !"''%;1"'%,"*+? :%108&*- ,-!")&*+9 %:+'-,"45+& '*+)&*+& 

"6:1+#0(- + +'$")&*+& "!;06&*#" +*#&!<&!&*=+%**%;% '+;*"1". 7"/!"3%#"* 

':%'%3 "*"1+/" (*" %'*%,& 8+'1&**-. !"'8&#%,) ,1+9*+9 :%19!+/"=+%**-. 

!"''%;1"'%,"*+? *" :"!"6&#!- +/6&!+#&1&? *" %'*%,& ("**%? +*#&!<&!%6&#-

!+8&'$%? '.&6- ' AEB ',&#%,%("6+. 

3. B!&(1%)&*" '.&6" ,%1%$%**%;% +*#&!<&!%6&#!" ' :%19!+/"=+%**-6 

!"/(&1&*+&6 $"*"1%, (FB7 ). B!+*=+: :%'#!%&*+9 '.&6- :%/,%19&# +'$14-

8+#2 ,1+9*+& 8"'#%#*-. <10$#0"=+? 1"/&!*%;% +'#%8*+$" /" '8&# 3"1"*'" 

!"/*%'#+ .%(" +*#&!<&!+!045+. 108&?, *% '%.!"*+#2 ,%/6%)*%'#2 (+'#"*-

=+%**%? 6%(019=++ "!;06&*#" /" '8&# 6%(019=++ !"/*%'#+ <"/ :%19!+/"=+-

%**-. 6%( , :%(,%(95&6 ',&#%,%(&.   

4. A19 '.&6- ,%1%$%**%;% FB7  :%108&*- #&%!&#+8&'$+& 6%(&1+ '+;*"-

1", :%108&*- ,-!")&*+9 + !"/!"3%#"*- ':%'%3- 8+'1&**%;% "*"1+/" :%/,%-

1945+& 08&'#2 ,1+9*+& :%19!+/"=+%**-. !"''%;1"'%,"*+? *" :"!"6&#!- 

+/6&!+#&1&?, '%/)"**-. *" %'*%,& ("**%? +*#&!<&!%6&#!+8&'$%? '.&6-. 

5. B!%,&(&**-? "*"1+#+8&'$+? + 8+'1&**-? "*"1+/ ,1+9*+9 :%19!+/"=+-

%**-. !"''%;1"'%,"*+? , >1&6&*#". '.&6- *" ,-.%(*%? '+;*"1 +*#&!<&!%-

6&#!+8&'$%;% +/6&!+#&19 :%/,%19&# '(&1"#2 ,-,%( % !&"1+/0&6%'#+ ><<&$-

#+,*-. + *"(&)*-. :!"$#+8&'$+. +/6&!+#&1&? ' ,%1%$%**-6+ +*#&!<&!%-

6&#!"6+ *" (,0108&:!&1%61945+. ',&#%,%(". :!+ (%'#0:*-. #!&3%,"*+9. $ 

#%8*%'#+ :%19!+/"=+%**%;% '%;1"'%,"*+9 >1&6&*#%, (0;1%,-& !"''%;1"'%,"-

*+9 , '%&(+*&*+9. | |<10
0
, >$'#+*$=+9 ,%1%$%**-. >1&6&*#%, !>15 (G). 

6. B!&(1%)&*, #&%!&#+8&'$+ :!%"*"1+/+!%,"* + >$':&!+6&*#"12*% ":!%-

3+!%,"* +*#&!<&!&*=+%**-? 6&#%( +/6&!&*+9 :%19!+/"=+%**-. :"!"6&#!%, 

'+12*% (,0108&:!&1%61945+. ,%1%$%**-. ',&#%,%(%, (:!&)(& ,'&;%, $%><-

<+=+&*#" :%19!+/"=+%**%? >$'#+*$=++ ',&#%,%("), $%#%!-? +6&&# !9( /*"-
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8+#&12*-. :!&+605&'#, :% '!",*&*+4 ' #!"(+=+%**-6+ 6&#%("6+ :%(%3-

*-. +/6&!&*+?.  

7. H.&6- (+'#"*=+%**%;% ,%1%$%**%-%:#+8&'$%;% +*#&!<&!%6&#!" C"."-

D&*(&!" *" %'*%,& AEB ',&#%,%(%, + (+'#"*=+%**%;% ,%1%$%**%;% FB7  

!&"1+/%,"*- , ,+(& (&?'#,045+. 6"$&#%, ("#8+$%,, !"3%#"45+. , !&)+6& 

!&;+'#!"=++ "$0'#+8&'$+. ,%/(&?'#,+?. B!%(&6%*'#!+!%,"*- .%!%@+& ."-

!"$#&!+'#+$+ + '#"3+12*"9 !"3%#%':%'%3*%'#2 0'#!%?'#,. I"+108@+& :"!"-

6&#!- (%'#+;*0#- , +/6&!+#&1& *" %'*%,& FB7 .  
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 !"#$%&'"(  

 

 )*+,-./*0 1 )234.+5 1 

 

 )*+,-./*. 1.1. 6,)72+*37 ,8*92/*0 +*/.:/;< 2/*3,=),8/;< 

,8=*>.91*< 9*9=.7 /2 ,9/,?. ?.1=,),? * 72=)*@ A-,/92 

 !"!#!$$%& '()#' – *)+'$%& +",*)& "-$.&$!& !/'-*.+#!& +-+'.0%, 

/(.!1()2,34.& !/'-*.+#,3 5!"$, 5! «56!7$!0» +.*.$--  5 !/'-*.+#,3 

5!"$, 5 «5%6!7$!0» +.*.$--.   (.2,"8')'. ()+/(!+'()$.$-9 /!"):).'+9 

+!6()$.$-9 /!/.(.*$!& +'(,#',(% /!"9, $!  0!;.' 0.$9'8+9 -$'.$+-5$!+'8, 

<)2), +!+'!9$-. /!"9(-2)=--. >.#. +-+'.0) "-$.&$) - +5.' /!"9(-2!5)$, '! 

7"9 /(!-25!"8$%6 !('!:!$)"8$%6 1)2-+!5 +!+'!9$-& /!"9(-2)=-- $) 56!7. - 

5%6!7. (1)2-+!5 !('!:!$)"8$%6 "-$.&$!-/!"9(-2!5)$$%6 !('!5 EX - EY 5 

#!'!(%6 2)7).'+9 /!"9(-2)=-9 +5.'!5%6 5!"$) !$) <!(0)"8$! !/-+%5).'+9 

5.#'!()0- #!0/".#+$%6 )0/"-',7 - 0)'(-=.& #!0/".#+$%6 #!?<<-=-.$'!5 

/.(.7)*- ()20.(!0 2@2 – 5.#'!()0- - 0)'(-=.& A;!$+).  

  !14.0 +",*). 0!;$! 5%1-()'8 1)2-+% /(!-25!"8$!. B7$)#! 

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

7!/!"$-'."8$!& 0)'(-=.& /(.!1()2!5)$-9 (0)'(-=.& /!5!(!')), ) /(- 

-20.$.$-- '-/) 1)2-+) +/.=-)"8$!& 0)'(-=.& /(.!1()2!5)$-9 1)2-+).   

/!7)5"934.0 1!"8C-$+'5. +",*).5 $) 56!7. - 5%6!7. /(.7/!"):).'+9 

!7-$)#!5%& '-/ 1)2-+), ) ')# ;. )$)"-2-(,3'+9 5!20!;$%. /!5!(!'% 1)2-+). 

D!".. '!:!, *)4. 5+.:! -+/!"82,3' 1)2-+ 5 5-7. 75,6 !('!:!$)"8$%6 

"-$.&$%6 /!"9(-2)=-& (+!!'5.'+'5.$$! !('!:!$)"8$%6 !+.& X - Y).    

E(- !14-6 /!76!7)6 /(- ()2"!;.$-- /!"9 /! 1)2-+, - /!",*.$-- 

/(!.#=-& EX =E0X ·exp(j( t–!X)) - EY =E0Y ·exp(j( t–!Y)) 5.#'!( A;!$+) 

2)7).'+9 #!0/".#+$%0- )0/"-',7)0- /(!.#=-& /!"9  

""
#

$
%%
&

'
(

!)

!)

Y

X

j

Y

j

X

eE

eE

0

0
E .    (E1.1-1) 

F$!:7) ,7!1$! 5%7."-'8 $!(0-(!5)$$,3 *)+'8 5.#'!() 

* +
* + ""

#

$
%%
&

'

,-

,-
,(

!)

!)

Y

X

j

j

e

e
E

sin

cos
0E .    (E1.1-2) 

G)+'! ,7!1$! -+/!"82!5)'8 /(.7+')5".$-. 5.#'!() 5 5-7., +!7.(;)4.0 

'!"8#! ()2$!+'8 <)2 /(!.#=-& 

* + ""
#

$
%%
&

'
,( !)!)

!)

XY

X

j

Y

Xj

eE

E
e

0

0
E ,  ""

#

$
%%
&

'

,

,
,(

!.

!.)
!)

j

Y

j

Xj

eE

eE
e

0

00E ,  (E1.1-3) 

:7. !0= (!X + !Y)/2, .! = (!X – !Y)/2. 

G)+'! 0$!;-'."-, 5%$.+.$$%. 5 (E1.1-3) 2) +#!1#, 5.#'!() - $.+,4-. 

-$<!(0)=-3 !1 )1+!"3'$!& $)*)"8$!& <)2. !/,+#)3'+9. H!!'5.'+'5.$$! 

/(- )$)"-2. I)'(-=% A;!$+), +592%5)34.& 5.#'!() A;!$+) $) 56!7. - 

5%6!7. +-+'.0% ')# ;. !1%*$! ()++0)'(-5)3' *)+'8, +!7.(;)4,3 
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-20.$.$-. ()2$!+'.& <)2 #!0/!$.$' 5.#'!(!5 A;!$+), !/,+#)9 !14-& 

<)2!5%& +75-:.       

 

 1.1. !"#$%&'(()' $"$%"*(+* ,"-*.+/01++ 0(+/"%.",()2 $+$%'3 

J+"- +-+'.0) -2!'(!/$) ()$-2!'(!/-9 5%(!;7.$)), '! +!+'!9$-. 

/!"9(-2)=-- +5.') 5 (.2,"8')'. /(!6!;7.$-9 +-+'.0% 5+.:7) +!6()$9.'+9, ) 

-20.$.$-. -$'.$+-5$!+'- - <)2% $. 2)5-+9' !' +!+'!9$-9 /!"9(-2)=-- $) 

56!7.. J+"- ;. +!+'!9$-. /!"9(-2)=-- /(- /(!6!;7.$-- +-+'.0% 0!;.' 

0.$9'8+9, ) -20.$.$-9 <)2% - -$'.$+-5$!+'- 0!;.' 2)5-+.'8 !' +!+'!9$-9 

/!"9(-2)=-- 56!7$!& 5!"$%, '! +-+'.0) )$-2!'(!/$)9 (-0..' 

$.5%(!;7.$$,3 )$-2!'(!/-3). 

E(- !/-+)$-- - #")++-<-#)=-- ')#-6 +-+'.0 C-(!#! -+/!"82,3' )$)"-2 

0)'(-=% A;!$+) +-+'.0% 0.'!7!0 $)6!;7.$-9 +!1+'5.$$%6 *-+." - 

+!1+'5.$$%6 5.#'!(!5 0)'(-=%. H!1+'5.$$%. 5.#'!() 2)7)3' +!1+'5.$$%. 

+!+'!9$-9 /!"9(-2)=-- (+!1+'5.$$%. /!"9(-2)=--) +-+'.0%, #!'!(%. 

+!6()$93'+9 /(- /(!6!;7.$-- *.(.2 +-+'.0,.   !14.0 +",*). 0!;.' 1%'8 

75) *-+") /1,2   !"# "$%&'(# )*'+,#  1,2, !-. %'&'(/0 "/1'-+.$&,. 2,-'" $  

1,2211,2 !"#! ,T ,     -    $$
%

&
''
(

)

*

+
#

21

21

21

,

,

, ,   $$
%

&
''
(

)

*

+
!"#$$

%

&
''
(

)

*

+
!

21

21

21

21

21

,

,

,

,

,
T . (31.1-4) 

 1.1.1. !"#$%$&$'($ )*+),-$''./ 0()$& ( )*+),-$''./ "*&1#(234(5 

)(),$6. ) (2-$),'*5 63,#(4$5 78*')3 

4#&( 5# )*'+,# , ,&$6/: $$
%

&
''
(

)
#

2221

1211

aa

aa
T     (31.1-5) 

7#(#%&$( ,& 8$,%'$ 2(#"+$+ $:  0
2221

1211 #
",

",

aa

aa
   (31.1-6) 

9':,&"$++/$ 8 ,-#: - . 2,1

2,12112

2

221122112,1 4
/0!#!1,01#" j

eaaaaajaa .     (31.1-7) 

;61- &2!+/$ %'<== 5 $+&/ 1'%#>#&$-?+'@' 1($!,&#"-$+ . ,':,&"$++/0 

8 ,$- " (31.1-7) a1   a2 "$A$,&"$++/   1'-'* &$-?+/, '1($!$-.B& 

1('12,%#+ $ , ,&$6/ !-. ,':,&"$++/0 1'-.( >#5 C, ,266# / = /1+ /2 – 

=#>'"/C ,!" @ 6$*!2 ,':,&"$++/6  1'-.( >#5 .6 .  

3(   >"$,&+/0 ,':,&"$++/0 8 ,-#0 6'*+' '1($!$- &? ,''&+'D$+ $ 

%'61'+$+& ,':,&"$++/0 "$%&'('"   1('#+#- > ('"#&? ,':,&"$++/$ 

1'-.( >#5   +# ',+'"$ 2(#"+$+ C  

23

2
4
5

*!"#*!1+!

+!"#*!1+!

11122121

11121111

aa

aa
         

23

2
4
5

*!"#*!1+!

+!"#*!1+!

12222221

12221211

aa

aa
   (31.1-8) 

E&  2(#"+$+ . ,-$!2B&  > (31.1-4), !"# 2(#"+$+ .  > '!+'C , ,&$6/ 

."-.B&,. - +$C+' >#" , 6/6  (,'@-#,+' (31.1-6))   +$,2& '! +#%'"2B 

 +='(6#5 B ' ,''&+'D$+   *6  +.   

F ':A$6 ,-28#$ ,':,&"$++/$ 1'-.( >#5   #+ >'&('1+'C , ,&$6/  6$B& 

(#>+'$ 1('12,%#+ $, +$ ."-.B&,. - +$C+/6    +$ '(&'@'+#-?+/! G#,&' 

(#,,6#&( "#B&,. #+ >'&('1+/$ , ,&$6/,  6$BA $ '(&'@'+#-?+/$ 
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,':,&"$++/$ 1'-.( >#5  . F &#%'6 ,-28#$  1    2 ."-.B&,. '(&'@'+#-?+/6  

"$%&'(#6  0*

21

*

21 #*!*1+!+ .   

4#&( 5# #+ >'&('1+'@' <-$6$+&# 6'*$& :/&? 1( "$!$+# % ='(6$  

- .
- .

- . $$
%

&
''
(

)
*+",*+"*+*!","

++!","*+",*+"
!

*+,*+
#

1212122121

2121122111

1221

1
T .  (31.1-9) 

 

 1.1.2. 9(),$63 3'(2*,#*"'./ :&$6$',*- ( (/ "*-*#*,. (- +32()$ 

*#,*;*'3&<'./ &('$5'./ "*&1#(234(5) 

H#,,6#&( "#$6 '1 ,#+ $, %'@!# " %#8$,&"$ :#> ,'" +# "0'!$   "/0'!$ 

, ,&$6/ "/:(#+/ 1#(/ '(&'@'+#-?+/0 - +$C+/0 1'-.( >#5 C.  

1) 4#&( 5#, '1 ,/"#BA$$ 1($':(#>'"#+ $ "$%&'(# )*'+,# 1(  1'"'('&$ 

:#> ,# '(&'@'+#-?+/0 - +$C+' 1'-.( >'"#++/0 '(&'" +# 2@'- 7  6$$& " ! 

- . - . - .
- . - .$

$
%

&
''
(

)
77,

77
#7

cossin

sincos
3T .    (31.1-10) 

2) F ':A$6 ,-28#$ :#> ,+/$ ',  6'@2& :/&? ,".>#+/ , +$%'&'(/6  

,':,&"$++/6  , ,&$6#6  %''(! +#& +# "0'!$   +# "/0'!$ #+ >'&('1+'C 

'1& 8$,%'C ,0$6/. I+'@!# 2!':+' ,".>#&? <&  ',  , +$%'&'(/6 

+#1(#"-$+ $6, >#= %, ('"#++/6 '&+', &$-?+' ,#6'@' <-$6$+&# ("' "0'!+'C 

  "/0'!+'C 1-',%',&.0, +'(6#-?+/0 % +#1(#"-$+ B (#,1(',&(#+$+ . ,"$&#).   

J,-  ,"$& 1',-$!'"#&$-?+' 1('0'! & 8$($> , ,&$62 #+ >'&('1+/0 

<-$6$+&'", >#!#++/0 6#&( 5#6  T'i " '1($!$-$++/0 :#> ,#0 '(&'@'+#-?+/0 

',$C, &' !$C,&" $ ",$C , ,&$6/ '1($!$-.$&,. 6#&( 5$C )*'+,#, >#!#"#$6'C 

1(' >"$!$+ $6    

- . - . - . - .0311333 ...... 7!!78!78!7# TTTTTTTT iiNN ,   (31.1-11) 

@!$ 7i – 2@'- 6$*!2 ',.6  "/0'!+'@'/"0'!+'@' :#> ,'", " %'&'(/0 

'1($!$-$+/ 6#&( 5/ T' i-@'/(i+1)-@' <-$6$+&'". K@'- 70 – 2@'- 6$*!2 ',.6  

"0'!+'@' :#> ,# !-. 6#&( 5/ T   "0'!+'@' :#> ,#, " %'&'('6 '1($!$-$+# 

6#&( 5# T'1. K@'- 7N – 2@'- 6$*!2 ',.6  "/0'!+'@' :#> ,# !-. 6#&( 5/ T   

"/0'!+'@' :#> ,#, " %'&'('6 '1($!$-$+# 6#&( 5# T'N. 

3) 3(  (#,,6'&($+   6$0#+ 8$,%  *$,&% 0 #+ >'&('1+/0 <-$6$+&'", , 

- +$C+/6 +#1(#"-$+ $6 (#,1(',&(#+$+ . ,"$&#, 2!':+' "/: (#&? :#> ,/ +# 

"0'!$ <-$6$+&# (# &#% *$ +# "0'!$   "/0'!$ , ,&$6/ <-$6$+&'") 

'! +#%'"/6 , &.$. =#%& 8$,%   ,1'-?>'"#&? $! +/C :#> , !-. "0'!#   

"/0'!# " ':A$C 1(',&(#+,&"$++'C , ,&$6$ %''(! +#&.  

F &#%'6 ,-28#$, $,-   6#&( 5# T' <-$6$+&# :/-# >#!#+# " +$%'&'('6 

$! +'6 :#> ,$, 1'"$(+2&'6 '&+', &$-?+' &$%2A$@' +# 2@'- 7, &' 6#&( 5# 

<-$6$+&# T " &$%2A$6 :#> ,$ :2!$&  6$&? " !  

T=T3(–7)·T'·T3(7)     (31.1-12) 

G#,&' 6'*+' "/:(#&? &#%'C :#> ,, " %'&'('6 6#&( 5# T' <-$6$+&# 

."-.$&,. +# :'-$$ 1(',&'C. L'@!# @'"'(.& ' «,':,&"$++'6» :#> ,$ <-$6$+&# 

('+ ,".>#+ , '( $+&#5 $C <-$6$+&#), ' «,':,&"$++/0 ',.0» <-$6$+&#   ': 2@-$ 

1'"'('&$ <-$6$+&# (2@'- 6$*!2 «,':,&"$++/6 » ',.6    ',.6  &$%2A$@' 

:#> ,#). J,-  ,':,&"$++/$ 1'-.( >#5   - +$C+/   '(&'@'+#-?+/, &' 
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'8$" !+', 8&' ,':,&"$++/C :#> , ,'"1#!#$& , +#1(#"-$+ .6  ,':,&"$++/0 

1'-.( >#5 C, # 6#&( 5# <-$6$+&# " &#%'6 :#> ,$ ,&#+'" &,. ! #@'+#-?+'C. 

J,-  ,':,&"$++/$ 1'-.( >#5   +$ ."-.B&,. - +$C+/6    '(&'@'+#-?+/6 , 

&' 1'+.& $ ,':,&"$++/0 ',$C +$ &#% '!+'>+#8+'   2!':+'. F ,".>  ,' 

,%#>#++/6 8#,&' 1'!(#>26$"#B&, 8&' #+ >'&('1+/C <-$6$+& >#!#$&,. 

6#&( 5$C T' " ,':,&"$++'6 :#> ,$, # (31.1-12)  +&$(1($& (2$&,. %#% 

'1($!$-$+ $ 6#&( 5/ )*'+,# <-$6$+&#, 1'"$(+2&'@' +# 2@'- 7 '&+', &$-?+' 

',  X &$%2A$@' :#> ,#, 8$($> «1(',&$CD2B» 6#&( 52 )*'+,# <&'@' <-$6$+&# 

" , ,&$6$ «,':,&"$++/0» ',$C.  

)-. , ,&$6/ 1',-$!'"#&$-?+/0 <-$6$+&'" " ,-28#$ $! +'@' :#> ,# 6'*+' 

>#1 ,#&?  +&$@(#-?+2B 6#&( 52 )*'+,# " " !$ 1(' >"$!$+ . 

- . - . - . - . - . - .131133333 ....... 7!!7,7!8!7,7!8!7,# TTTTTTTTTT iiiNNN , (31.1-13) 

@!$ 7i – 2@'- 6$*!2 1'"'('&# «,':,&"$++/0» ',$C i-@' <-$6$+&# '&+', &$-?+' 

',$C &$%2A$@' :#> ,#, T'i – 6#&( 5# i-@' <-$6$+&# " :#> ,$ ,':,&"$++/0 ',$C.  

G#,&' 1( "'! 6/$ ,''&+'D$+ . (31.1-12)   (31.1-13) ."-.B&,. 8#,&+/6 

,-28#$6 ,''&+'D$+ . (31.1-11) !-. $! +'@' :#> ,#. E&' +$&(2!+' " !$&?, 

$,-  28$,&?, 8&' 2@'- 7i " "/(#*$+   (31.1-11) ,''&"$&,&"2$& (#>+',&  (7i+1 – 

7i) 2@-'" " "/(#*$+   (31.1-13), # &#% *$ 28$,&? ,"'C,&"' 6#&( 5 1'"'('&#  

T3(72)·T3(71) = T3(72+71).  

M!+#%' " , ,&$6#0, +$ ':-#!#BA 0 6$0#+ 8$,%'C *$,&%',&?B  -  

- +$C+'C ',?B (#,1(',&(#+$+ . ,"$&#, ,-$!2$& (2%'"'!,&"'"#&?,. 

1( +5 1'6 (31.1-11), &.%. "/(#*$+ . (31.1-12)   (31.1-13) +$ 1( 6$+ 6/ 

 -  1( 6$+ 6/ ,' ,1$5 #-?+/6  !'1'-+ &$-?+/6  '@'"'(%#6 , =#%& 8$,%  

'>+#8#BA 6   ,1'-?>'"#+ $ 1( +5 1# (31.1-11).  

 

 1.1.3. =&3))(>(?34(1 3'(2*,#*"'./ :&$6$',*- - #36?3/ >*#63&(263 

@3,#(4 78*')3  

3(  ':':A$++'6 #+#- >$ #+ >'&('1+/0 '1& 8$,% 0 , ,&$6 "/!$-.B& !"# 

0#(#%&$(+/0 %-#,,# , ,&$6: , ,&$6/ , =#>'"'C #+ >'&('1 $C (<-- 1& 8$,%'$ 

!"2-28$1($-'6-$+ $)   , ,&$6/ , #61- &2!+'C #+ >'&('1 $C 

(<-- 1& 8$,% C ! 0(' >6). E&2 %-#,, = %#5 B 2!':+'   <==$%& "+' 

',+'"/"#&? +# ,"'C,&"#0 6#&( 5 )*'+,#, 2,-'" .0, %'&'(/6 2!'"-$&"'(.B& 

,':,&"$++/$ 8 ,-#   ,':,&"$++/$ "$%&'(# 6#&( 5. M!+#%' ,-$!2$& 1'+ 6#&?, 

8&' " ':A$6 ,-28#$ #+ >'&('1+#. , ,&$6# 6'*$& +$ 1( +#!-$*#&? +  % 

'!+'62  > <& 0 !"20 & 1'", # '&+', &?,. % :'-$$ D ('%'62   ,-'*+'62 & 12 

#61- &2!+'-=#>'"'C #+ >'&('1  .    

 

 1.2. !"#$%&' # ()*+,+- )."*+$/+0"%- 

9 ,&$6/, !-. %'&'(/0 ,':,&"$++/$ 8 ,-# "1,2 = exp(–j/1,2), ,':,&"$++/$ 

"$%&'(# ,''&"$&,&"2B& *#,*;*'3&<'.6 :&&(",(0$)?(6 1'-.( >#5 .6.  
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4#&( 5# )*'+,# (:$> 6+'* &$-. ,($!+$@' =#>'"'@' +#:$@# !-. 

1('&.*$++/0 , ,&$6) 2+ &#(+#
*)

, 1( 8$6 det(T) = 1, ,&(2%&2(# 6#&( 5/ 

 6$$& " !  

$$
%

&
''
(

)
,1,

11
#$$

%

&
''
(

)
,

#
jbajdc

jdcjba

AB

BA
**

T     (31.1-14) 

A, B – %'61-$%,+/$, a, b, c, d –"$A$,&"$++/$. 

A(2(0$)?(5 )6.)&: 1(  1('0'*!$+   ,"$&# 8$($> , ,&$62 ,':,&"$++/$ 

,',&'.+ . 1'-.( >#5    6$B& '! +#%'"'$ >#&20#+ $   #32'BC =#>'"2B 

>#!$(*%2, &. $. 1( ':($&#B& ,!" @ =#> / = /1 – /2. I>6$+$+ $ =#>/   

,',&'.+ . 1'-.( >#5   1(  1('0'*!$+   1(' >"'-?+' 1'-.( >'"#++'@' 

,"$&# 8$($> , ,&$62 >#" , &, # "/0'!+#.  +&$+, "+',&? (>#&20#+ $ " , ,&$6$) 

+$ >#" , & '& "0'!+'C 1'-.( >#5  .   

G#,&' ",&($8#$6/$ & 1/ <-$6$+&'" , =#>'"'C #+ >'&('1 $C: =#>'"/$ 

1-#,& +%  ( -  - +$C+/$ =#>'"/$ 1-#,& +% ), !"2-28$1($-'6-.BA $ ,($!/ 

(:$> ! 0(' >6#), =#(#!$$",% $ "(#A#&$- , "(#A#&$-  , $,&$,&"$++'C 

#%& "+',&?B (5 (%2-.(+/$ =#>'"/$ 1-#,& +% ),  1'"'('& :#> ,+/0 

,',&'.+ C 1'-.( >#5     &.!.  

 

D3#3?,$#'.$ "#(6$#. 63,#(4 >32*-*5 3'(2*,#*"((: 

1) 
- . - .

- . - . $$
%

&
''
(

)
#$$

%

&
''
(

)
/,/

/1/
#$$

%

&
''
(

)
,

1
#$$

%

&
''
(

)
#

/

/,

j

j

e

e

j

j

jba

jba

A

A

0

0

sin 2cos0

0sin cos

0

0

0

0
*

T . 

7(3;*'3&<'31 6#&( 5# – =#>'"#. 1-#,& +%# (- +$C+#.). 9':,&"$++/$ 

,',&'.+ . 1'-.( >#5   &('$5'.$, '( $+& ('"#++/$ "!'-? ',$C :#> ,#. 9!" @ 

=#> !-. ,':,&"$++/0  1'-.( >#5 C 2/, @!$ / = [–arctg(b/a)].  

2) 
- . - . - . - . - .

- . - . - . - . - .$
$
%

&
''
(

)
7/,/7/

7/7/1/
#$$

%

&
''
(

)
,

1
#$$

%

&
''
(

)
#

2cossin 2cos2sinsin 

2sinsin 2cossin cos
* jj

jj

jbajc

jcjba

Ajc

jcA
T . 

4#&( 5# , 6'(6.6( -'$%(3;*'3&<'.6( %'<== 5 $+&#6  – =#>'"#. 

1-#,& +%# (- +$C+#.), ',  1'"$(+2&/ '&+', &$-?+' :#> ,#. 9':,&"$++/$ 

,',&'.+ . 1'-.( >#5   &('$5'.$ (+#1(#"-$+ . – ',  =#>'"'C 1-#,& +% ), 2/ 

– ,!" @ =#> !-. ,':,&"$++/0 ,',&'.+ C 1'-.( >#5   (/ = arcos(a)), 7 – 2@'- 

6$*!2 ,':,&"$++/6  ',.6    ',.6  :#> ,# (7 = [arctg(c/b)]/2).  

3)  $$
%

&
''
(

)
,

#
ab

ba
T =

- . - .
- . - .$

$
%

&
''
(

)
77,

77

cossin

sincos
.  

4#&( 5# , -$E$),-$''.6( %'<== 5 $+&#6  – "(#A#&$-? 1'-.( >#5   

(1(#"'"(#A#BA $, =#(#!$$",% $, #%& "+/$, 1'"'('& :#> ,#). 9':,&"$++/$ 

                                                 
*) 
 !"#$%!$& '$#%"($. N"#!(#&+#. 6#&( 5# NxN, ,&('%  ':(#>2B& '(&'+'(6 ('"#++2B 

, ,&$62 ti1(tk1)
*
 + … + tiN (tkN)

*
= 1 1(  i=k,   = 0 1(  iOk , ,&'-:5/ 2+ &#(+'C 6#&( 5/ &#% 

*$ ':(#>2B& '(&'+'(6 ('"#++2B , ,&$62. F ,-28#$ N=2: 

(t11)
2
 +(t12)

2 
= (t21)

2
 +(t22)

2 
= 1, t11 (t21)

*
 + t12 (t22)

* 
= t21 (t11)

*
 + t22 (t12)

*  
= 0,  

(t11)
2
 +(t21)

2 
= (t12)

2
 +(t22)

2 
= 1, t11 (t12)

*
 + t21 (t22)

* 
= t21 (t11)

*
 + t22 (t12)

*  
= 0.  

K+ &#(+#. 6#&( 5# 2!'"-$&"'(.$& 2,-'" .6: )
*
·) = )·)

*
 = E   )

*
=)

-1
 (1'! ,'1(.*$++/6  

6#&( 5#6  1'!(#>26$"#$&,. «<(6 &'"' ,'1(.*$+ $», &.$. &(#+,1'+ ('"#+ $ 6#&( 5/   

%'61-$%,+'$ ,'1(.*$+ $ <-$6$+&'"), det(T)=exp(j/). 
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,',&'.+ . 1'-.( >#5   ?#B;*-.$. P +$C+#. 1'-.( >#5 . 1'"'(#8 "#$&,. +# 

2@'- 7 (7 = arctg(b/a)). 4#&( 5# "(#A#&$-.  !$+& 8+# 6#&( 5$ 1'"'('&#.   

4)  $$
%

&
''
(

)
,,

1
#

jbac

cjba
T . 

4#&( 5# , -$E$),-$''.6( -'$%(3;*'3&<'.6( 8-$+#6 . E&' :'-$$ ,-'*+/C 

,-28#C. 4#&( 5# , ,&$6/ , =#>'"'C #+ >'&('1 $C, a
2
+b

2
+c

2
= 1. 9':,&"$++/$ 

8 ,-# 22

21 cbja, 10#" , 9''&+'D$+ $ %'61'+$+& "$%&'('" )*'+,# 

,':,&"$++/0 ,',&'.+ C 1'-.( >#5   

- .22
21 cbbj

c

, 1
#$$

%

&
''
(

)
*
+

 

 

F ':A$6 ,-28#$ ,':,&"$++/$ 1'-.( >#5   :&&(",(0$)?($, (#>+',&? =#> 

2/ = 2arccos(a). 

9-28#C - +$C+/0 ,':,&"$++/0 1'-.( >#5 C ( *+ =0  -  Q). H$D$+ $ $,&? 

&'-?%' 1(  c = 0 (&'@!# 6#&( 5# ,&#+'" &,. ! #@'+#-?+'C – - +$C+#. =#>'"#. 

1-#,& +%#). 

9-28#C %(2@'"/0 1'-.( >#5 C ( *+ =1). K(#"+$+ $ 22 cbbc 1#  , 

"$A$,&"$++'$ ($D$+ $ 1(  )O0 &'-?%' '!+' b=0 (&'@!# 6#&( 5# ,&#+'" &,. 

"$A$,&"$++'C 6#&( 5$C "(#A#&$-.). 

3'-$>+' '&6$& &?, 8&' = > 8$,% C 6$0#+ >6 ='(6 ('"#+ . =#>'"'@' 

,!" @# 6$*!2 "'-+#6  ,':,&"$++/0 1'-.( >#5 C 6'*$& :/&? (#>+/C. E&' 

6'*$& :/&? (#>+',&? =#>'"/0 >#!$(*$% "'>+ %#BA 0 1(  1('0'*!$+   

8$($> 1('&.*$++/C <-$6$+&. R > 8$,%  <&' ':2,-'"-$+' >#" , 6',&?B 

1'%#>#&$-. 1($-'6-$+ . '& 1'-.( >#5  , &#% $ >#!$(*%  >#" ,.& '& !- +/ 

<-$6$+&# " +#1(#"-$+   (#,1(',&(#+$+ .,   &#% $ ."-$+ . '&(#*#B&,. " " !$ 

%'61-$%,+/0 %'<== 5 $+&'" 6#&( 5/ )*'+,#.  

M!+#%'   " ,-28#$ '&,2&,&" . =#>'"/0 >#!$(*$%  -  (#>+',&  =#>'"/0 

>#!$(*$% ,"$&'"/0 "'-+, ,".>#++/0 , 1(',&(#+,&"$++'C 1('&.*$++',&?B 

#+ >'&('1+'@' <-$6$+&# (+#1( 6$(, %"#> 1-',% C <-$6$+&), 1(  

"$A$,&"$++/0 %'<== 5 $+&#0 6#&( 5/ )*'+,# "'-+/ ,':,&"$++/0 

1'-.( >#5 C 6'@2&  6$&? (#>+',&? =#>. L#%'C =#>'"/C ,!" @ ,".>#+ , &$6, 

8&' 1(  1('0'*!$+   #+ >'&('1+/0 <-$6$+&'" "'>6'*+/  +"$(,   

,',&#"-.BA 0 "$%&'(# )*'+,# "0'!+'C "'-+/, &.$. ,!" @  =#>/ +# 180
0
. E&' 

"/(#*#$&,. " " !$ (#>+/0 >+#%'" "$A$,&"$++/0 %'<== 5 $+&'" 6#&( 5/ 

)*'+,# (,6. 6#&( 52 )*'+,# "(#A#&$-.). F ($>2-?&#&$ 1('0'*!$+ . ,"$&# 

8$($> &#%'C ("'>6'*+' %"#> 1-',% C) <-$6$+& 1'-28#B&,.  %'6: +#5   

1(.6/0    +"$(& ('"#++/0 ,',&#"-.BA 0 "0'!+'C "'-+/, %'&'(/$ 

='(6 (2B& ,6$A$+ $ =#>/ ($>2-?& (2BA$C "'-+/. F -B:'6 ,-28#$ 

='(6 ('"#+ $ (#>+',&  =#> "'-+ ,':,&"$++/0 1'-.( >#5 C '&(#*#$&,. " 

" !$ +$+2-$"'@' #(@26$+&# %'61-$%,+/0 ,':,&"$++/0 8 ,$- 6#&( 5/. 

 

 1.3.  !"#$%&' # )&01"$23.+- )."*+$/+0"%-  

9':,&"$++/$ 8 ,-# 6#&( 5/ )*'+,# "1, "2  %$5),-(,$&<'.   +$(#"+/$ 

("1O"2 , 0< "1,2 < 1). 9':,&"$++/$ "$%&'(# " ':A$6 ,-28#$ <-- 1& 8$,% $   +$ 
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'(&'@'+#-?+/, (#>+',&? =#> 6$*!2 "'-+#6  ,':,&"$++/0 1'-.( >#5 C  

*,)B,),-B$,. E-$6$+&/ 6#&( 5/ )*'+,# !'-*+/ 2!'"-$&"'(.&? ,-'*+'C 

, ,&$6$ 2,-'" C (Im(a11+ a12)=0; Im(det(T))=0; (a11+ a22)
2
>4 det(T); det(T)>0; 

a11+ a22>0). 

J,-  ",$ <-$6$+&/ 6#&( 5/ )*'+,# !$C,&" &$-?+/   2!'"-$&"'(.B& 

2,-'" .6 (a11+ a22)
2
>4 det(T); det(T)>0; a11+a22>0, &' ,':,&"$++/$ 

1'-.( >#5   - +$C+/$ '$*#,*;*'3&<'.$. 

)-. &$0 ,-28#$", %'@!# ,':,&"$++/$ ,',&'.+ . 1'-.( >#5   *#,*;*'3&<'. 

6#&( 5# )*'+,# <(6 &'"#
**)

    6$$& ,&(2%&2(2  

$$
%

&
''
(

)
,

1
#$$

%

&
''
(

)
#

djcb

jcba

dB

Ba
*

T ,    (31.1-15) 

a, b   det(T) 1'-'* &$-?+/. 

A(2(0$)?(5 )6.)&: 1(  1('0'*!$+   ,"$&# 8$($> , ,&$62 ,':,&"$++/$ 

,',&'.+ . 1'-.( >#5    6$B& #32'*$ 23,B/3'($, +' '! +#%'"/$ =#>'"/$ 

,%'(',&  (:$> )%-(;3 >32). I>6$+$+ $ ,',&'.+ . 1'-.( >#5     "/0'!+#. 

 +&$+, "+',&? , ,&$6/ (>#&20#+ $ " , ,&$6$) >#" , & '& "0'!+'C 

1'-.( >#5  . 

 

D3#3?,$#'.$ "#(6$#. ,("*- 63,#(4 36"&(,B%'*5 3'(2*,#*"(( 
*#,*;*'3&<'.6( )*+),-$''.6( "*&1#(234(16(: 

1)  $$
%

&
''
(

)
,

#
ajc

jca
T .  

4#&( 5# , 6'(6.6( -'$%(3;*'3&<'.6( %'<== 5 $+&#6  – , ,&$6# , 

%(2@'"/6 ! 0(' >6'6 (a > 0, ,':,&"$++/$ 1'-.( >#5   *#,*;*'3&<'.$ 

?#B;*-.$). 

2)  $$
%

&
''
(

)
"

"
#$$

%

&
''
(

)
#

2

1

0

0

0

0

d

a
T .  

7(3;*'3&<'31 6#&( 5# – «8#,& 8+/C 1'-.( >#&'(», ,':,&"$++/$ 

1'-.( >#5   '(&'@'+#-?+/$ - +$C+/$, +#1(#"-$+/ "!'-? ',$C :#> ,# (',  

1'-.( >#&'(#), ,':,&"$++/$ 8 ,-# 6#&( 5/ "1,2 '&(#*#B& (#>+'$ >#&20#+ $ 

!-. ,':,&"$++/0 1'-.( >#5 C. J,-  '!+'  > ,':,&"$++/0 8 ,$- (#"+' 

+2-B:6"1 =0 (- :' "2 =0), &' 6#&( 5# '1 ,/"#$& « !$#-?+/C 1'-.( >#&'(».  

3) 
- . - . - . - .

- . - . - . - .$$
$
$

%

&

''
'
'

(

)

7"17"7!""

7!""7"17"
#$$

%

&
''
(

)
#

2

1

2

221

21

2

2

2

1

sincos2sin-
2

1

2sin-
2

1
sincos

db

ba
T . 

4#&( 5# , -$E$),-$''.6( %'<== 5 $+&#6    – «8#,& 8+/C 1'-.( >#&'(», 

,':,&"$++/$ 1'-.( >#5   '(&'@'+#-?+/$ - +$C+/$ (',  1'-.( >#&'(#), 

,':,&"$++/$ 8 ,-# 6#&( 5/ "1,2 '&(#*#B& (#>+'$ >#&20#+ $ !-. ,':,&"$++/0 

                                                 
**)

 *%'"#+,$ '$#%"($. 9#6','1(.*$++#. 6#&( 5# , %'61-$%,+/6  <-$6$+&#6 , 

T = T
*
, &.$. tik=(tki)

*
. ) #@'+#-?+/$ <-$6$+&/ "$A$,&"$++/, ,':,&"$++/$ 8 ,-# 

"$A$,&"$++/. J,-  <-$6$+&/ "$A$,&"$++/, &' 6#&( 5# ! #@'+#-?+'-

, 66$&( 8+#.. 
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1'-.( >#5 C. 7 – 2@'- 1'"'('&# 6$*!2 ',?B X :#> ,#   ,':,&"$++'C ',?B 

1'-.( >#&'(# !-. "1. 

4) 
- . - .

- . - . $$
$
$

%

&

''
'
'

(

)

77

77
#$$

%

&
''
(

) ,
#

2

2

sin2sin
2

1

2sin
2

1
cos1

ab

ba
T  – « !$#-?+/C 1'-.( >#&'(», ,':,&"$++/$ 

1'-.( >#5   '(&'@'+#-?+/$ - +$C+/$, "1 = 1, "2 = 0, 7 – 2@'- 6$*!2 ',?B X 

:#> ,#   ,':,&"$++'C ',?B !-. "1. 

  

 1.4. 45,",)1%.$.'% 61%&%.$' #"#$%&' )."*+$/+0.'7 2#$/+-#$,  

F ,-28#$ 1',-$!'"#&$-?+'@' 1('0'*!$+ . +$,%'-?% 0 #+ >'&('1+/0 

'1& 8$,% 0 , ,&$6 ($>2-?& (2BA#. 6#&( 5# )*'+,# >#!#$&,. 

1(' >"$!$+ $6 6#&( 5 28#,&%'". )-. <&'@' ,-28#. , 28$&'6 ,"'C,&" 6#&( 5 

)*'+,# (#>- 8+'@' & 1# 6'*+' ,!$-#&? (.! ':':A$++/0 "/"'!'",  

,='(62- ('"#&? &.+. &$'($6/  '1& 8$,%'C <%" "#-$+&+',& . 

 

 1.4.1. 9(),$63 "#*(2-*&<'./ :&$6$',*- >32*-*5 3'(2*,#*"(( 
– 3(' >"$!$+ $ !"20 6#&( 5 ,' ,&(2%&2('C (31.1-14) !#$& 2+ &#(+2B 

6#&( 52 (1(' >"$!$+ $ 2+ &#(+/0 6#&( 5 $,&? 2+ &#(+#. 6#&( 5#) , &#%'C 

*$ ,&(2%&2('C. 9-$!'"#&$-?+', )*-*?B"'*),< *",(0$)?(/ )(),$6 ) 

"#*(2-*&<'*5 >32*-*5 3'(2*,#*"($5 >*#6(#B$, )(),$6B ) >32*-*5 
3'(2*,#*"($5.  

 

 1.4.2. F'3&(2 )(),$6. &('$5'./ >32*-./ "&3),('*? ( -#3E3,$&$5 '3 

*)'*-$ ,$*#$6. *",(0$)?*5 :?-(-3&$','*),( 

L$'($6# '1& 8$,%'C <%" "#-$+&+',&  !-. , ,&$6/ - +$C+/0 =#>'"/0 

1-#,& +'%   "(#A#&$-$C: 9 ,&$6# 1(' >"'-?+'@' ,'8$&#+ . =#>'"/0 

1-#,& +'% (- +$C+/0)   "(#A#&$-$C <%" "#-$+&+# , ,&$6$  > '!+'C =#>'"'C 

1-#,& +%  (<%" "#-$+&+'C)   '!+'@'  "(#A#&$-. (<%" "#-$+&+'@'). 

3#(#6$&( <%" "#-$+&+'C 1-#,& +%  – (#>+',&? =#> ,':,&"$++/0 

1'-.( >#5 C 2/E, # <%" "#-$+&+'@' "(#A#&$-. – <%" "#-$+&+/C 2@'- 

"(#A$+ . 7E.   

F $! +'6 :#> ,$ 6#&( 5# , ,&$6/ 6'*$& :/&? 1($!,&#"-$+# " !"20 

"#( #+&#0:  

I)  T = T3(–70)·TE3P·T3(70)· TEFH = T3(–70)·TE3P·T3(70)·T3(7E) 

II) T = TEFH·T3(–70)·TE3P· T3(70)=T3(7E)·T3(–70)·TE3P·T3(70)     (31.1-16) 

 

F 1$("'6 ,-28#$ , ,&$6# >#6$+.$&,. <%" "#-$+&'6 "(#A#&$-?+1-#,& +%#, 

"' "&'('6 1-#,& +%#+"(#A#&$-?. F ':' 0 "#( #+&#0 2@'- 70 <&' 2@'- 

1'"'('&# ,':,&"$++/0 ',$C 1-#,& +%  '&+', &$-?+' :#> ,#.  

F'>6'*+' $A$ 1($!,&#"-$+ $ T = T3(–7')·TE3P·T3(7''), @!$ 7' = 7EFH – 70, 

7'' = 70 !-. 1$("'@' "#( #+&# 1($!,&#"-$+ .   7' =  – 70, 7'' = 7EFH – 70 !-. 

"&'('@' "#( #+&#.  

L#% 6 ':(#>'6, <%" "#-$+&+#. , ,&$6#  6$$& &(  1#(#6$&(#: /E, 7E   70.    



297 

3#(#6$&(/ <%" "#-$+&+'C , ,&$6/ >#" ,.& '& 1#(#6$&('" =#%& 8$,% 0 

<-$6$+&'", "0'!.A 0 " ,',&#" , ,&$6/  

/E = f(/i, 7j), 7E = g(/i, 7j), 70 = h(/i, 7j).   (31.1-17) 

R2+%5   f   g (#>+/$ !-. (#>+/0 "#( #+&'" 1($!,&#"-$+ .. 

;+#- > ':A 0 ,"'C,&" ,'"'%21+',&  =#>'"/0 1-#,& +'%   "(#A#&$-$C 

 6$$& :'-$$ 1(',&'C " !, $,-  1('"'! &? $@' " ,':,&"$++'6 :#> ,$ 

1-#,& +%  1-#,& +%  X', Y', &'@!# 70=0. J,-  " ':'>+#8$+ .0 1#(#6$&('" /E    

7E '12,& &?  +!$%,/ «E» &' 6#&( 5# , ,&$6/ 1-#,& +%#+"(#A#&$-? :2!$& 

 6$&? " ! 

- . - .
- . - .

- . - . - . - .
- . - . - . - . $$

%

&
''
(

)

,1,

11
#$$

%

&
''
(

)

7,71,

7,71
#$$

%

&
''
(

)

77,

77
#

/,/

/,/

jBAjDC

jDCjBA

jbajba

jbajba

ee

ee
jj

jj

cossin

sincos

cossin

sincos
T . 

(31.1-18) 

G ,-# a, b, A, B, C, D – "$A$,&"$++/$, A/C = –B/D,  

7 = –arctg(D/B) = arctg(C/A), / = arctg(B/A) = –arctg(D/C) 

9':,&"$++/$ 8 ,-# 6#&( 5/ T 

- . - . - . - . - . - . - .AjeAjAajaj cos2222

2,1 1cos1coscoscos1coscos 0#,0#7,07#7/,07/#" , 

|"1,2|=1, #+ >'&('1 . =#>'"#., 1'&$(? 6'A+',&  +$&. 

9':,&"$++/$ ,',&'.+ . 1'-.( >#5   " ':A$6 ,-28#$ :&&(",(0$)?($, 

*#,*;*'3&<'.$, (#>+',&? =#> 6$*!2 ,':,&"$++/6  ,',&'.+ .6  

- . - . - .- .7!/##/8 coscosarccosarccos A  

9''&+'D$+ $ %'61'+$+& "$%&'('" )*'+,# ,':,&"$++/0 ,',&'.+ C 

1'-.( >#5   

- . - . - . - .
- .

$
%

&
'
(

) /,
9

,$
%

&
'
(

) /,
9

,

!
,

#!
7

7!/,7!/
#$$

%

&
''
(

)
*
+ 2

2
2

22

21

1

sin

cossin1cossin jj

,

e
b

AA
e

  
 

 

M,':/$ ,-28# :  

– / = 0 – <%" "#-$+&+#. 1-#,& +%# "/('*!$+#, , ,&$6# ."-.$&,. 

"(#A#&$-$6, ,':,&"$++/$ 1'-.( >#5   ?#B;*-.$  

$$
%

&
''
(

)
0

#$$
%

&
''
(

)
*

+
#

j
,

,

1

21

21  

– 7 = 0 – <%" "#-$+&+/C "(#A#&$-? "/('*!$+, , ,&$6# ."-.$&,. =#>'"'C 

1-#,& +%'C, ,':,&"$++/$ 1'-.( >#5   &('$5'.$, +#1(#"-$+/ "!'-? ',$C 

<%" "#-$+&+'C 1-#,& +%  X'   Y', /#/8    

$$
%

&
''
(

)
#$$

%

&
''
(

)
#

1

0
    ,

0

1
21  

– / = 9/2 – <%" "#-$+&+#. 1-#,& +%# ."-.$&,. 1'-2"'-+'"'C, ",. , ,&$6# 

&#% *$ ."-.$&,. 1'-2"'-+'"'C =#>'"'C 1-#,& +%'C , 29#/8 , ,':,&"$++/$ 

1'-.( >#5   &('$5'.$, '( $+& ('"#++/$ 1'! 2@-#6  :1,2 % ',  

<%" "#-$+&+'C =#>'"'C 1-#,& +%  (:1 – :2 ",$@!# 9/2) 
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- .
- .7
7

#$$
%

&
''
(

)
*
+

sin

1cos

21

 

,

, 
- .
- . $$

%

&
''
(

)
7

7
#:

sin

1cos
arctg21

 

, . 

 1.4.3. 9(),$63 "#*(2-*&<'./ :&$6$',*- 36"&(,B%'*5 3'(2*,#*"(( 

– 3(' >"$!$+ $ !"20 6#&( 5 ,' ,&(2%&2('C (15) " ':A$6 ,-28#$ +$ !#$& 

<(6 &'"2 6#&( 52. 9-$!'"#&$-?+', )*-*?B"'*),< *",(0$)?(/ )(),$6 

36"&(,B%'*5 3'(2*,#*"(( ) *#,*;*'3&<'.6( )*+),-$''.6( )*),*1'(16( 

6*8$, '$ 1-&1,<)1 )(),$6*5  36"&(,B%'*5 3'(2*,#*"(( ) *#,*;*'3&<'.6( 
)*+),-$''.6( )*),*1'(16( ("'>6'*+/ ,-28#  ='(6 ('"#+ . #61- &2!+'-

=#>'"'C #+ >'&('1    -  =#>'"'C #+ >'&('1  , 1( 6$( :2!$& + *$, 

6$0#+ >6 ='(6 ('"#+ . (#>+',&  =#> ,':,&"$++/0 1'-.( >#5 C ,".>#+ , 

(#>+/6  >+#%#6  ,',&#"-.BA 0 " 6#&( 5#0 "(#A$+ .).  

– 3(' >"$!$+ $ 6#&( 5 8#,& 8+/0 1'-.( >#&'('" ,'0(#+.& ,&(2%&2(2 

'&!$-?+'C 6#&( 5/. 9-$!'"#&$-?+', )*-*?B"'*),< 03),(0'./ 

"*&1#(23,*#*- :?-(-3&$','3 03),(0'*6B "*&1#(23,*#B. 
 

 1.4.4. F'3&(2 )(),$6. 03),(0'./ "*&1#(23,*#*- ( -#3E3,$&$5 '3 *)'*-$ 

,$*#$6. *",(0$)?*5 :?-(-3&$','*),( 
L$'($6# '1& 8$,%'C <%" "#-$+&+',& : 9 ,&$6# 1(' >"'-?+'@' ,'8$&#+ . 

8#,& 8+/0 1'-.( >#&'('"   "(#A#&$-$C <%" "#-$+&+# , ,&$6$  > '!+'@' 

8#,& 8+'@' 1'-.( >#&'(# (<%" "#-$+&+'@')   "(#A#&$-. (<%" "#-$+&+'@'). 

3#(#6$&(/ <%" "#-$+&+'@' 1'-.( >#&'(# <&' %'<== 5 $+&/ 1('12,%#+ . 

,':,&"$++/0 1'-.( >#5 C pE1   pE2, # 1#(#6$&( <%" "#-$+&+'@' "(#A#&$-., 

%#%   (#+$$ 7E.   

F $! +'6 :#> ,$ 6#&( 5# , ,&$6/ 6'*$& :/&? 1($!,&#"-$+# " !"20 

"#( #+&#0:  

I)  T = T3(–70)·T*G3·T3(70)· TEFH = T3(–70)·TEG3·T3(70)·T3(7E) 

II) T = TEFH·T3(–70)·TEG3· T3(70)=T3(7E)·T3(–70)·TEG3·T3(70)       (31.1-19) 

F 1$("'6 ,-28#$ , ,&$6# >#6$+.$&,. <%" "#-$+&'6 

"(#A#&$-?+1'-.( >#&'(, "' "&'('6 1'-.( >#&'(+"(#A#&$-?. F ':' 0 

"#( #+&#0 2@'- 70 <&' 2@'- 1'"'('&# ,':,&"$++/0 ',$C 1'-.( >#&'(# 

'&+', &$-?+' :#> ,#.  

L#% 6 ':(#>'6, <%" "#-$+&+#. , ,&$6#  6$$& 8$&/($ 1#(#6$&(#: p1E, p2E, 

7E   70.    

pE1,2 = f1,2(/i, 7j), 7E = g(/i, 7j), 70 = h(/i, 7j).   (31.1-20) 

R2+%5   f   g (#>+/$ !-. (#>+/0 "#( #+&'" 1($!,&#"-$+ .. 

;+#- > ':A 0 ,"'C,&" ,'"'%21+',&  8#,& 8+/0 1'-.( >#&'('"   

"(#A#&$-$C  6$$& :'-$$ 1(',&'C " !, $,-  1('"'! &? $@' " ,':,&"$++'6 

:#> ,$ 1'-.( >#&'(# X', Y', &'@!# 70=0. J,-  " ':'>+#8$+ .0 1#(#6$&('" pE    

7E '12,& &?  +!$%,/ «E» &' 6#&( 5# , ,&$6/ 1-#,& +%#+"(#A#&$-? :2!$& 

 6$&? " ! 

- . - .
- . - . $$

%

&
''
(

)
,

#$$
%

&
''
(

)
77,

77
#

db

ca

pp

pp

cossin

sincos

21

21
T .     (31.1-21) 
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G ,-# a, b, c, d  – "$A$,&"$++/$ 1'-'* &$-?+/$, A/b = –d/c,  

7 = –arctg(b/a) = arctg(c/d). 

9':,&"$++/$ 8 ,-# 6#&( 5/ T 

- . - . - . - .
21

22

2121
2,1

2

cos

2

cos
pp

pppp
,

7!1
0

7!1
#" . 

L.'. ,"'C,&"# >#" ,.& '& >+#%# 1'!%'($++'@' "/(#*$+ .. 

1) cos
2
(7) > 4p1·p2/(p1+p2)

2
 (2@'- 7 6$+?D$ +$%'&'('@' %( & 8$,%'@' 

>+#8$+ . 7NH). L'@!# ,':,&"$++/$ 8 ,-# !$C,&" &$-?+/   (#>- 8+/, 

#+ >'&('1 . 36"&(,B%'31.  

- . - . - . - .
- .

!
7

,7!17!,
#$$

%

&
''
(

)
*
+

sin2p

4coscos

2

21

22

2121

2,1

pppppp  
 

9':,&"$++/$ 1'-.( >#5   &('$5'.$, '$*#,*;*'3&<'.$, (#>+',&? =#> 

'&,2&,&"2$&. 

2) cos
2
(7) = 4p1·p2/(p1+p2)

2
 (2@'- 7 (#"$+ 7NH). L'@!# ,':,&"$++/$ 8 ,-# 

'! +#%'"/ 2121 pp#"#" , 

- . - . 2121
pp#*+#*+  

9':,&"$++/$ 1'-.( >#5   ,'"1#!#B&, <&' &('$5'31 "*&1#(234(1 

'( $+& ('"#++#. 1'! 2@-'6 : #arctg((p1/p2)
1/2

) % ',  X' <%" "#-$+&+'@' 

1'-.( >#&'(#, (#>+',&? =#> '&,2&,&"2$&. 

3) cos
2
(7) < 4p1·p2/(p1+p2)

2
 (2@'- 7 :'-?D$ 7NH). L'@!# ,':,&"$++/$ 8 ,-# 

%'61-$%,+/$ - ./80#" jpp exp212,1 , @!$ 

- . - . $
$
%

&
'
'
(

)
,

7!1
#" 1

cos

4
arctg

22

21

21
2,1

pp

pp
 

;+ >'&('1 . =#>'"#., ,':,&"$++/$ 1'-.( >#5   <-- 1& 8$,% $, 

+$'(&'@'+#-?+/$,  6$B& '! +#%'"'$ 1('12,%#+ $ (1('12,%#+ $ ,':,&"$++'C 

1'-.( >#5   – 6'!2-? ,':,&"$++'@' 8 ,-#)   ,!" @ =#> 2/'. E-- 1,/ 

,':,&"$++/0 1'-.( >#5 C  6$B& '! +#%'"/$ #> 62&/   <-- 1& 8+',&?, +' 

"(#A#B&,. " (#>+/$ ,&'('+/.  

9 (',&'6 7 '& %( & 8$,%'@' >+#8$+ . % >+#8$+ B 9/2 (#>+',&? =#>   

<-- 1& 8+',&? ,':,&"$++/0 1'-.( >#5 C (#,&$& '& +2-. (- +$C+#. 

1'-.( >#5 .  1(  %( & 8$,%'6 2@-$). 3(  7 = 9/2 ,''&+'D$+ $ %'61'+$+& 

!',& @+$& 21 ppj0#*+ , $,-  p1 = p2 &' <&' :2!2& !"$ %(2@'"/0 1'-.( >#5   

('(&'@'+#-?+/0, &.%. (#>+/$ +#1(#"-$+ . "(#A$+ .).  

J,-  7 6$+.$&,. '& 9/2 % (9,7NH) 1(' ,0'! & «':(#&+#.» &(#+,='(6#5 . 

0#(#%&$(# ,':,&"$++/0 1'-.( >#5 C, # (#>+',&? =#> 1('!'-*#$& (#,&  !' 

>+#8$+ . 29. 

 

-%".+/0!"& 1 %$230.4 2 

-%".+/0!"0 2.1. 

3(  (#,,6'&($+   (#,1(',&(#+$+ . !"20 '(&'@'+#-?+' 1'-.( >'"#++/0 

6'! " , ,&$6$ , (#"+'6$(+'C (#,1($!$-$++'C ,".>?B %'61-$%,+/$ 
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#61- &2!/  >-28$+ C 6'! 9x(z), 9y(z) 1($!,&#"-.B&,. 8$($> 6$!-$++' 

6$+.BA $,. ("!'-? "'-'%+#) %'61-$%,+/$ %'<== 5 $+&/  

- . - .
- . - .23

2
4
5

!#

!#
:

:

zj

yy

zj

xx

y

x

ezczC

ezczC
      (32.1-1) 

I,1'-?>2B&,. ,($!+.. 1',&'.++#. (#,1(',&(#+$+ . :0   (#>+',&? 

1',&'.++/0 (#,1(',&(#+$+ .  : 

- .

2
3

2
4

5

:,:#:

:1:#:

:1:#::#:,:

2

2

2   

0

0

0

X

Y

XYXY ,

    (32.1-2) 

9 ,&$6# 2(#"+$+ C ,".>#++/0 6'! !-. c(z) 1( "'! & % ':':A$++/6 

($D$+ .6 !-. «1(.6'C»   «1$($%($,&+'C» ,',&#"-.BA 0 1'-.( >#5 '++'C 

6'!/ X " !# [16, 25] 

- .
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(
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2
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4
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1
sin

4
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4
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1
sin

4
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2

1
cos

,  (32.1-3) 

  #+#-'@ 8+/0 ,',&#"-.BA 0 " 6'!$ Y. N'<== 5 $+& ,".>  (" ':A$6 ,-28#$ 

%'61-$%,+/C) '1($!$-.$&,. " ,''&"$&,&"   , " !'6 "'>62A$+ .   ,".>#+ , 

$@' "$- 8 +'C   '( $+&#5 $C '&+', &$-?+' 1'-.( >#5 '++/0 ',$C "'-'%+# 

(,6. (#>!$- 1.2.2). 

3'-+#. 6#&( 5# )*'+,# :2!$&  6$&? " !  

- . - . - .
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# :;:;

::

zj
x

zj
y

zj

y

zj

x

yy
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zT     (32.1-4) 

3'!,&#" " (32-2)   (32-3) " (32-4) 1'-28 6  
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    (32.1-5) 

J,-  "/+$,&   > 6#&( 5/ ':A C «=#>'"/C» 6+'* &$-?, &' 1'-28 6 

"/(#*$+ $ , , 66$&( ('"#++'C 6#&( 5$C     
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-%".+/0!"0 2.2. 

)-. '1($!$-$++',&  1(  1('"$!$+   #+#- ># 1$($%($,&+/0 %'61'+$+& 

1'-.( >#5 '++/0 6'! " ,"$&'"'!$ , 6+'@'8 ,-$++/6  ,-28#C+/6  

+$'!+'('!+',&.6  " (.!$ ,-28#$" 1( + 6#$&,. "/:'( '1($!$-$++'@' & 1# 

6#&( 5 )*'+,# "'>62A$++/0 28#,&%'". S#1( 6$(, 1'-#@#$&,., 8&' <&' 

6#&( 5/ , %'61-$%,+' ,'1(.*$++/6  ! #@'+#-?+/6    6+ 6/6  +$ 

! #@'+#-?+/6  %'<== 5 $+&#6 . L#%'C & 1 6#&( 5/ ,''&"$&,&"2$& 28#,&%2 

)P3 ,"$&'"'!#, 1'!"$(@+2&'62 ,-#:'62 "'>62A$+ B " " !$ 1'1$($8+'@' 

,*#& . ((#>!$- 1, 1. 1.1).  3'%#*$6, 8&' 1'!':+/C "/:'( +$ '@(#+ 8 "#$& 

':A+',&? ',+'"+/0 1'-28$++/0 1(  #+#- >$ ($>2-?&#&'". 9 28$&'6 

6#&$( #-'" 3( -'*$+ . 1 (3.1.2) 6#&( 52 2%#>#++'@' & 1# 6'*+' 

1($!,&#" &? " " !$ 

- . - .
- . - .

- . - .
- . - . $

$
%

&
''
(

)

77

77
!$$

%

&
''
(

)
!$$

%

&
''
(

)

77

77
#$$

%

&
''
(

)

,

1
#

<

<,

cossin

sin-cos

0

0

cossin-

sincos
j

j

e

e

jbajc

jcjba
T ,      (32.2-1) 

@!$ < = arcos(a), 7 = [arctg(c/b)]/2. L. '., 1(  1'1$($8+'6 ,*#&   '&($>%# 

,"$&'"'!# ,'0(#+.$&,. - +$C+'$ !"2-28$1($-'6-$+ $, +' 1'-.( >#5 '++/$ 

',  1'"'(#8 "#B&,.. F/:'( 6#&( 5 &#%'@' & 1# !-. 6+'@'8 ,-$++/0 

-'%#-?+/0 +$'!+'('!+',&$C ,''&"$&,&"2$& , ,&$6$ 1',-$!'"#&$-?+/0 

28#,&%'", <%" "#-$+&+/0 =#>'"/6 1-#,& +%#6 (&.$. '&($>%'"  !$#-?+'@' )P3 

,"$&'"'!#), %#*!#.  > %'&'(/0 1'"$(+2&# '&+', &$-?+' :#> ,# +# +$%'&'(/C 

2@'-. H#>+',&? =#> i-'C 1-#,& +%  <i >#" , & '& !- +/ i-@' 28#,&%# ,'@-#,+' 

(2.2), # 2@'- 1'"'('&# 7i >#!#$&,. 1#(#6$&(#6  ,*#& . 28#,&%# (,6. 2.2.1). 

3(' >"$!$+ $ 6#&( 5 28#,&%'"  6$$& ,&(2%&2(2      

- . - . - .= > - . - . - .= > - . - . - .= >...... iiiiiiiii 131R3133R33131R313 ,,,111 7!<!7,7!<!7,7!<!7, TTTTTTTTT   

(32.2-2) 

K8 &/"#. T3(71)·T3(72) = T3(71+72)   ""$!. ':'>+#8$+ $ 7'i = 7i+1 – 7i, 

,&(2%&2(# (32.2-2) 1($':(#>2$&,. % " !2 

- . - . - . - . - . - . - ....... iiiiiii 231R313R331R313 ,,,11 78!<!78!<!78!<!78 TTTTTTT   . (32.2-3) 

9&(2%&2(# (32.2-3) ,''&"$&,&"2$& , ,&$6$ &#% 0 *$  !$#-?+/0 '&($>%'" )P3 

,"$&'"'!#, ,'$! +$++/0 , 2@-'"/6  ,6$A$+ .6  1'-.( >#5 '++/0 ',$C. 

K@'- 7'i – 2@'- 6$*!2 1'-.( >#5 '++/6  ',.6  " ,'$! +$+   i-@'   (i+1)-@' 

'&($>%'". 4'*+' 1('!$-#&?   ':(#&+'$ 1($':(#>'"#+ $. J,-   ,0'!+' 

"/:(#&? , ,&$62 '&($>%'" , 2@-'"/6  ,6$A$+ .6  7'i 1'-.( >#5 '++/0 ',$C 

6$*!2 i-6   (i+1)-6 '&($>%'6, &' "/:(#" 71 = 0  , !#-$$ 1'-#@#. 7i = 7i-1+7'i-1, 

$$ 6'*+' >#1 ,#&? " " !$ (32.2-2)    +&$(1($& ('"#&? %#% ,&(2%&2(2 

'&($>%'" 1'"$(+2&/0 '&+', &$-?+' $! +'@' :#> ,# +# 2@-/ 7i.  

J,-  1'-#@#&?, 8&' ,!#"- "#BA$$ "'>62A$+ $ ,-28#C+' 1' +#1(#"-$+ B 

% 1'-.( >#5 '++'C ',    1' "$- 8 +$  , ,''&"$&,&"$++', 2@-/ 7i ."-.B&,. 

+$>#" , 6/6  >+#%'1$($6$++/6  ,-28#C+/6  "$- 8 +#6 , &' '8$" !+', 8&' 

2@-'"/$ (#,,'@-#,'"#+ . 6$*!2 1'-.( >#5 '++/6  ',.6  7'i &#% *$ :2!2& 

+$>#" , 6/6  >+#%'1$($6$++/6  ,-28#C+/6  "$- 8 +#6 .  
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K8 &/"#. &$'($62 '1& 8$,%'C <%" "#-$+&+',&  (1. 31.4.2) 6'*+' 

':':A &? (#,,6'&($++/C 1( +5 1   +# , ,&$62 '&($>%'" ,"$&'"'!# ,' 

,-'*+/6  %'6: + ('"#++/6  "'>62A$+ .6 , %'&'(/$ 6'*+' 1($!,&#" &? 

<%" "#-$+&+/6  1#(#6  =#>'"#. 1-#,& +%# + "(#A#&$-?.   

L#% 6 ':(#>'6, !-. ':':A$++'@' #+#- ># "/:'( %'+%($&+'@' & 1# 6#&( 5 

"'>62A$++/0 28#,&%'" +$  6$$& >+#8$+ .. N'+$8+' 1(  +#- 8   

'1($!$-$++/0 !#++/0 ' 0#(#%&$($ "'>62A$+ C, 2!':+$$ "/: (#&? 6#&( 5/ 

,''&"$&,&"2BA$@' & 1#, 1',%'-?%2 " 1('& "+'6 ,-28#$ 1'&($:2$&,. 

(#,,6#&( "#&?, %#% ,&#& ,& 8$,% $ 1#(#6$&(/ =#%& 8$,% 0 "'>62A$+ C 

:2!2& 1($':(#>'"#+/ " ,&#& ,& 8$,% $ 1#(#6$&(/ <%" "#-$+&+'C , ,&$6/ 

"$- 8 + 7i. 

 

-%".+/0!"0 2.3. 

3(  (#"+'6$(+'C ,".>  6'! ri=r = k·?l. J,-  ""$,&  #+#-'@ %''(! +#&/ "!'-? 

',  ,"$&'"'!# z, &': 

i T z/?l,  

-L@?l) –2(l/?l) + A = (L –2l + ?l)/?l,  

</?l =:@B  

3'!,&#" " " (2.61) 1'-28 6 6#&( 52  
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3',%'-?%2 ,".>? (#"+'6$(+' 6'*+' 2,&($6 &? ?l % +2-B (# n % Q)   

1($':(#>2$6 ,266/ "  +&$@(#-/ 
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H#,,6'&( 6 +$! #@'+#-?+/C 8-$+ 
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– S#C!$6 #61- &2!2 3 1'-28$++'@' %'61-$%,+'@' ($>2-?&#&# 

- .- . - . - .- . - .2sin
2

cos12sincos1 22 :!
:

#:,!
:

#:1:,
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l
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a   (32.3-4) 

 

– L$1$(? +#C!$6 #(@26$+& /'. 3($':(#>2$6 (32.3-3) 

- . - .- . - . - . - .= >2cos2sin2sin
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sin1cos 2
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!, ::

lljl
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. (32.3-5) 

;(@26$+& "/(#*$+ . " = @2(+/0 ,%':%#0 
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= > - . - .
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2

2ctanarcctg
2
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2sin
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 (32.3-6) 

F  &'@$ 
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2

9
#$

%

&
'
(

) :1:,
9

#/8 ll     (32.3-7) 

S$&(2!+' " !$&?, 8&' (32.3-4)   (32.3-7) 1'-+',&?B ,'@-#,2$&,. , ($D$+ $6 

, ,&$6/ 2(#"+$+ C ,".>#++/0 6'! 1(  k << :. 

 

-%".+/0!"0 2.4. 

32,&? x  6$$& (#,1($!$-$+ $ w(x) >#!#++'$ "/(#*$+ $6 (2.71). 9($!+$$ 

>+#8$+ $ <&'C "$- 8 +/ '1($!$-.$&,. "/(#*$+ $6 

- .D
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dxxwxx .     (32.4-1) 

3'!,&#" " (2.71) 1'-28 6 
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I+&$@(#- " (32.4-2) ."-.$&,. 8#,&+/6 ,-28#$6 &#:- 8+'@'  +&$@(#-# 

(+#1( 6$( [150],  +&$@(#-/ '& 1'%#>#&$-?+/0 =2+%5 C ("  ,'8$&#+   , 

#-@$:(# 8$,% 6 , &( @'+'6$&( 8$,% 6    -'@#( =6 8$,% 6 )) 

2

0

2

2

2
exp

i

i

r

r

dx
x

x F#$
$
%

&
'
'
(

)

F
,!D

E

.    (32.4-3) 

F  &'@$ 1'-28#$6  

9
!F#

2
ir

x .      (32.4-4) 

  

-%".+/0!"& 1 %$230.4 3 

 

-%".+/0!"0 3.1. 

1) N#% :/-' (#,,6'&($+' " (#>!$-$ 1, "$- 8 +# !"2-28$1($-'6-$+ . 

($#-?+/0 )P3 ,"$&'"'!'" ."-.$&,. '&+', &$-?+' 6#-'C  

Gn= nX – nY << nX, nY. 

I>"$,&+' &#% *$ [6], 8&' @(211'"/$ ,%'(',&   >-28$+ . 6'! ,"$&'"'!# , 

"/,'%'C &'8+',&?B (1( 6$(+' !' &($&?$@' >+#%#) ,''&"$&,&"2B& 1(',&/6 

"/(#*$+ .6 

V;# T c/n T 29)/"0·:, 

@!$ c   "0 – ,%'(',&? ,"$&#   !- +# "'-+/  >-28$+ . " "#%226$, # :   n – 

1',&'.++#. (#,1(',&(#+$+ .   <==$%& "+/C 1'%#>#&$-? 1($-'6-$+ . 6'!/. 
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3'<&'62 !-. @(211'"/0 ,%'(',&$C 1'-.( >#5 '++/0 6'! ,"$&'"'!# 

"/1'-+.B&,. ,''&+'D$+ .  

VX;# T VY;# T V;#6,  GV;# = VX;# – VY;# << V;#.   (33.1-1) 

 

2) J,-  " ,"$&'"'!$ F91 ""$,&  &'-?%' 1( (#A$+ $ (#>+',&  =#> 

1'-.( >#5 '++/0 6'! <1, &' <&' >+#8 &, 8&' 1( (#A$+ $ =#>'"/0 >#!$(*$% 

6'! EX1   EY1  6$$& (#>+/C >+#% ('!+# =#># 2"$- 8 "#$&,., !(2@#. 

26$+?D#$&,.). E&'& =#%& ,".>#+ , "'>6'*+',&?B 6'!2-.5   &'-?%' <1, 1(  

'&,2&,&"   6'!2-.5   /1 ( -  "'>6'*+',&?B +$>#" , 6'C 1' <==$%& "+',&  

6'!2-.5    >'&('1+'C   #+ >'&('1+'C ,',&#"-.BA$C =#>'"/0 >#!$(*$%). 

9'@-#,+' (3.5) +#"$!$++/$ 1( (#A$+ $6 <1 (#>+',&  =#> 6'! ,',&#".&   

- .

- . - .
,

222
                                                   

2

2

2

2

11

11

1

Y;;

Y
Y

Y

Y
Y

Y
Y

Y

V

l

t

tt
t

t

tt

t
tt

t
tt

t

G
!

H
,<H

,IG
H
,<H,

I

I
$
%

&
'
(

) G
,,<,

,
$
%

&
'
(

) G
1,<,

#?/

JJ

JJ

        (33.1-2) 

- . - .
X;;

Y
X

V

l

t

tt
t

2

1
1

G
!

H
,<H

I?/ J .      (33.1-3) 

F  &'@$, , 28$&'6 (33.1-1), #+ >'&('1+#. ,',&#"-.BA#. #(@26$+&# 

 +&$(=$($+5 '++'@' , @+#-# "/>"#++#. 1( (#A$+ $6 <1 " ,"$&'"'!$ F91 

:2!$&  6$&? " ! 

- . - . - . - . - . - .
.

11

2

111
111

;#Y;;

Y

X;;

X
YX

V

l

t

t

Vt

tt

Vt

ttl
ttt

G
H
<H

I$
$
%

&
'
'
(

)

H
,<H

1
H
,<HG

I?/,?/#?< JJ  (33.1-4) 

3) 3( (#A$+ $ 8#,&'&/  ,&'8+ %# ?K "/>/"#$&  >6$+$+ $ 1( (#A$+ . =#> 

6'! EX   EY '! +#%'"'@' >+#%#. E&' '>+#8#$&, 8&' 6'!2-.5 . 8#,&'&/ 

 ,&'8+ %# ,'>!#$& 6'!2-.5 B ?<2(t) &'-?%' +# ='+$ 6'!2-.5   ?/2(t). J,-  

"/!$- &? &'-?%' 6'!2-.5 B #+ >'&('1+'C ,',&#"-.BA$C, &' !-. 

+#"$!$++'@' 1( (#A$+ . =#> 6'! +# "/0'!$  +&$(=$('6$&(# 1'-28 6 

- . - .
Y;;

YY
V

l
ttt

G
!,?KI?/ J2 , - . - .

X;;

XX
V

l
ttt

G
!,?KI?/ J2 .   (33.1-5) 

;+ >'&('1+#. ,',&#"-.BA#.  +&$(=$($+5 '++'@' , @+#-# :2!$&  6$&? " ! 

- . - . - . - . - .

- . - . - . .
11

2

112

$
$
%

&
'
'
(

) G
!G!?KI$

$
%

&
'
'
(

) ,
!G!?K#$

$
%

&
'
'
(

)
,!G!?KI

I
G

!,?K,
G

!,?KI?/,?/#?< JJ

;#

;#

Y;;X;;

X;;Y;;

Y;;X;;

Y;;
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X;;

XYX

V

V
lt

VV

VV
lt

VV
lt

V

l
tt

V

l
ttttt

  (33.1-6) 
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-%".+/0!"0 3.2.  

I>"$,&+', 8&' ,266# !"20 @#(6'+ 8$,% 0 =2+%5 C , (#>+/6  

#61- &2!#6    =#>#6  6'*$& :/&? 1($!,&#"-$+# '!+'C ($>2-?& (2BA$C 

@#(6'+ 8$,%'C =2+%5 $C. S#1( 6$( [150] 

 

- . - . - .L1/!#L1/!1L1/! coscoscos 2211 AAA , 

(33.2-1) 

- .1221

2

1

2

1 cos2A L,L11# AAAA , 
- . - .
- . - .$

$
%

&
''
(

)

L!1L!
L!1L!

#L
2211

2211

coscos

sinsin
arctg

AA

AA
. 

F "/(#*$+   (3.49)  6$$6 ,',&#"-.BA2B " !# 

- . M  ! " #  2cossin2coscos 22 $%&'%()&$%*'%()  

 !"!#$%&'(( )%**+, #!#$%&'(,-+, # (.3.2-1) "!'+/01 

A1=cos
2
()), A2=sin

2
()),  +1= –%$/2, +2= %$/2, 

0, #!2'%#*! (.3.2-1) 1!341 5%"0#%$6 

! " ! " ! " ! " ! " #  

! " ! " ! " #  $%()&)&),

,$%())&)&),-*-&&,

cos2sin
2

1
sincos                                      

cossincos2sincoscos2A

244

2244

1221

2

1

2

1 AAAA

 

(.3.2-2) 

! " ! "
! " ! "

! " ! " ! " ! "
! " ! " ! " ! "

! "
! "

! " ! "
! " ! "

! " ..
/

0
11
2

3
.
/

0
1
2

3 $%
()*,..

/

0
11
2

3

)&)
)&)

(
$%
$%

,

,..
/

0
11
2

3

$%()&$%()
$%()&$%()

,..
/

0
11
2

3

$%(&$%*(
$%(&$%*(

,-

2
tg2cosarctg

sincos

sincos-

2cos

2sin
arctg                         

2cossin2coscos

2sinsin2sincos-
arctg

2cos2cos

2sin2sin
arctg

22

22

22

22

21

21

AA

AA

 

  +/4$!1 (.3.2-2) 1!3*! 5%"0#%$6 &78%34*0( (3.50) 0 (3.51). 

 

 

 !"#$%&'"& 3.3.  

1) 9%##1!$801 :+*;<0, &0)% ! "xx (4&arctg . .48414**%( x 1!34$ 14*($6#( 

"8!05&!'6*!, % "%8%14$84 4 "!'%2%4$#( 1%'71 (4<<1). .80 #14-4*00 

%82+14*$% :+*;<00 !$ 0#=!)*!2! 5*%/4*0( 44 "808%-4*04 1!34$ >7$6 

"80>'034**! "84)#$%&'4*! )0::484*<0%'!1 

! " ! " ! "! " ! " 4((
&

&,4((&5(4& x
x

xxxxxx
'

x 21

1
arctgarctgarctgarctg   (.3.3-1) 

?$14$01, /$! #14-4*04 %82+14*$% 4·x 1!34$ 014$6 5*%/0$4'6*+, 

%>#!',$*+, &4'0/0*+ (& $./. >7$6 >>1), !)*%;! )0::484*<0%' :+*;<00 

>+)4$ !#$%&%$6#( 1%'71 0 "80>'034*04 (.3.3-1) "8%&0'6*71. @$! #&(5%*! # 

$41, /$! & !>'%#$0 >!'6A0= %>#!',$*7= &4'0/0* x, 2)4 #14-4*04 4·x 8%#$4$, 

:+*;<0( arctg #$%*!&0$#( "8%;$0/4#;0 ;!*#$%*$!B.       
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2) C78%34*04 (3.51) #!)4830$ #!#$%&'(,-+, ! " ..
/

0
11
2

3
.
/

0
1
2

3 $%
()

2
tg2cosarctg . .80 

1%'7= ) 44 1!3*! "80>'034**! "84)#$%&0$6 & &0)4 

! " ..
/

0
11
2

3
.
/

0
1
2

3 $%
()*.

/

0
1
2

3 $%
5..

/

0
11
2

3
.
/

0
1
2

3 $%
()

2
tg2

2
tgarctg

2
tg2cosarctg 2   (.3.3-2) 

 !2'%#*! (.3.3-1), &78%34*04 (.3.3-2) 1!3*! "84!>8%5!&%$6 ; &0)+ 

! " ! "! " ! "! " ! "
! "

! " ! " ! "$%()*
$%

,$%($%()*
$%

,

,)(
$%&

$%
*$%5$%()*$%

sin
2

2sin2cos2
2

        

2
2tg1

2tg
2tgarctg2tg22tgarctg

22

2

2

2

  (.3.3-3) 

D/0$7&%( "80>'034*0( (.3.3-2) 0 (.3.3-3), &78%34*04 (3.51) "80 1%'7= ) 

1!34$ >7$6 "84)#$%&'4*! & &0)4 (3.62). 

 

 !"#$%&'"& 3.4.  

C78%34*04 (3.94) 0144$ #$8+;$+8+ 

! " ! " ! "
! " ! " ! ".

.
/

0
11
2

3

(&(
(&(

*
yrx-r

yrx-r

coscos1

sinsin1
arctg

22

22

,   (.3.4-1) 

2)4 r – 1%'7B "%8%14$8, "48414**74 x 0 y 1!2+$ >7$6 ',>710. E84>+4$#( 

*%B$0 !$*!#0$4'6*! "8!#$+, "80>'034**+, :!81+ )'( F$!2! &78%34*0(. 

G'( F$!2! 34'%$4'6*! *%B$0 $%;!4 "84!>8%5!&%*04 &78%34*0( & #;!>;%=, 

/$!>7 #&4#$0 42! ; :+*;<00 tg. 

C&4)41 8%5*!#$6 z = y – x 0 "84!>8%5+41 %82+14*$ :+*;<00 arctg & (.3.4-1) 

! " ! " ! "
! " ! " ! "

! " ! " ! "! "
! " ! " ! "! "

! " ! " ! " ! " ! " ! "! "
! " ! " ! " ! " ! " ! "! "

! " ! " ! " ! " ! "! "
! " ! " ! "! "

! " ! "! "! " ! "
! "! " ! " ! "

.
xzrzr

zrzrx

xzzr

xgxgzzrx

xxzxzrx

xxzxzrx

xxzrx

xxzrx

yrx-r

yrx-r

tgsin1cos1

sin1cos1tg

1tgsincos1

ttcossintg
  

cossinsincoscoscos

sinsincoscossinsin
                   

coscoscos

sinsinsin

coscos1

sinsin1
               

22

22

2

2

2

2

2

2

22

22

((**(&
(&*(&(

,
*(*&
*(&&

,

,
*(*(&
*(&(&

,

,
*&(&
*&(&

,
(&(
(&(

 (.3.4-

2) 

H*%'0508+( &!51!3*74 5*%/4*0( $802!*!14$80/4#;0= :+*;<0B %82+14*$!& x 

0 z, 0 +/0$7&%( 1%'!#$6 r, 1!3*! "84*4>84/6 *4;!$!8710 1%'710 

#!#$%&'(,-010, #!)483%-010 r, % $%; 34 0#"!'65!&%$6 "80>'034*04  

r
2
·sin(z) I tg(r

2
·sin(z)) )'( "!'+/4*0( 34'%41!B :!817 &78%34*0( 

! " ! "! "! " ! "
! "! " ! " ! "

! " ! "
! " ! "

! " ! "! "
! "! " ! "! ".zrx
zr

zrx

xzr

zrx

xzrzr

zrzrx

sintg
sintg1

sintgtg
             

tgsin1

sintg

tgsin1cos1

sin1cos1tg

2

2

2

2

2

22

22

(&,
(*

(&
5

5
((*

(&
5

((**(&
(&*(&

   (.3.4-3) 

E%;01 !>8%5!1, (.3.4-1) 1!3*! +"8!#$0$6 & &0)4 
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! " ! " ! "
! " ! " ! "

! "yxrx
yrx-r

yrx-r
*(&*5..

/

0
11
2

3

(&(
(&(

* sin
coscos1

sinsin1
arctg 2

22

22

 ,  (.3.4-4) 

2)4 "!)8%5+14&%4$#(, /$! 5*%/4*04 :%57 x "80&4)4*! ; 0*$48&%'+ [0;26] $%;, 

/$! "8%&%( /%#$6 (.3.4-4) *%=!)0$#( & "84)4'%= [-6 /2;6/2]. 

J!884;$*!#$6 "!'+/4**!2! "80>'034*0( (;!884;$*!#$6 !$>8%#7&%*0( /%#$0 

#!#$%&'(,-0= # r
2
) 1!3*! "8!)41!*#$808!&%$6 "+$41 "8(17= 8%#/4$!& "! 

&78%34*0(1 (.3.4-1) 0 (..3.4-4). K% "80&4)4**!1 *034 28%:0;4 "!;%5%* 

"80148 $%;!2! 8%#/4$% )'( r=0.1 0 r=0.01 "80 0514*4*00 5*%/4*0B x !$ –6/2 

)! 6/2 0 y & )0%"%5!*4 !$ –6 )! 6. .! &48$0;%'0 !$'!34*% 8%5*!#$6 143)+ 

'4&!B 0 "8%&!B /%#$(10 &78%34*0( (.3.4-4). J%; &0)*! 05 28%:0;!&, 

8%#=!3)4*04 *4 "84&7A%4$ 1.5·r
4
 (& #%1!1 "80>'034*00 (.3.4-4) :02+808+4$ 

#!#$%&'(,-%(, "8!"!8<0!*%'6*%( r
2
). 

D/0$7&%( &&4)4**74 !>!5*%/4*0( (3.96) 0 (3.97) 1!3*! 5%"0#%$6 

! " ! " ! " ! "

! " ! "
2

22

22
    ,

222

0

00

t
yx

tt
y

tt
x

4&%
,$%*%7,*

74&7
,

%7
,

4$
&

$
,

$%
,

   (.3.4-4) 

C 845+'6$%$4 &78%34*04 (3.94)  

! " ! " ! "
! " ! " ! ".

.
/

0
11
2

3

%7(&$%(
%7(&$%(

*,$
2cos2cos1

2sin2sin1
arctg

22

22

r-r

r-r
eff .     

.80 1%'7= r 1!3*! "80>'034**! !"0#7&%$6 &78%34*041 (3.99) 

! " ! "
.
/

0
1
2

3 4&%
(&

4$
*

$
*,$

2
sin

22

020 t
r

t
eff .       

1.5 1 0.5 0 0.5 1 1.5
1.5 810

4

1 810
4

5 810
5

0

5 810
5

1 810
4

0

5.10-5

x, 8%)0%*

 =-1.5

 =-1

 =0

 =1

 =1.5

r =0.1 r =0.01

1.5.10-4

1.10-4

-5.10-5

-1.5.10-4

-1.10-4

0

5.10-9

1.5.10-8

1.10-8

-5.10-9

-1.5.10-8

-1.10-8

 =-3

 =3

 

 !"#$%&'"& 3.5  

?/4*6 ;8%$;! "!(#*01 "80*<0" "#4&)!24$48!)0**!2! "80*<0"% !>8%>!$;0 

0*$48:484*<0!**!2! #02*%'% # )&+=/%#$!$*!B (0'0 "0'!!>8%5*!B) 
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&#"!1!2%$4'6*!B 1!)+'(<04B. L*$48:484*<0!**7B #02*%' #! 

&#"!1!2%$4'6*!B )&+=/%#$!$*!B 1!)+'(<04B %82+14*$% 0144$ &0) 

! " ! " ! " ! "#  ! "mmmm tttIItI 02100 2sinsincos '&9('&9('&'&'&, ,  (.3.5-1) 

2)4 '0 0 '!t" – *%/%'6*%( #$%$0/4#;%( 0 "48414**%( (#&(5%**%( # 

&!5)4B#$&0(10 *% 0*$48:48!14$8) 8%5*!#$0 :%5 0*$48:4808+,-0= '+/4B, % 

#!#$%&'(,-%( & ;&%)8%$*7= #;!>;%= – )&+=/%#$!$*%( #!#$%&'(,-%( 

&#"!1!2%$4'6*!B 1!)+'(<00.  M#'0 8%#;87$6 0 "8!%*%'0508!&%$6 &78%34*04 

(.3.5–1), $! 1!3*! "!;%5%$6, /$! #02*%' >+)4$ 014$6 #'!3*7B #"4;$8, 

#!)483%-0B 2%81!*0;0, ;8%$*74 9   

! " ! " ! "! " ! " ! "! " ! " ! "! " ...tttItttItttIItI mmm &'&9(&'&9(&'&9(&, 3322110 3sin2sinsin (.3.5-2) 

M#'0 "8014*0$6 "!'!#!&!B :0'6$8, *%"80148 )'( &7)4'4*0( #!#$%&'(,-4B # 

/%#$!$!B 9, "!'+/01 #02*%' 

! " ! " ! "! "tttII~tu m 110 sin '&9(&    (.3.5-2) 

.80*<0" 14$!)% !>8%>!$;0 #!#$!0$ & $!1, #$! "80 &7>!84 !"84)4'4**7= 

"%8%14$8!& &#"!1!2%$4'6*!B 1!)+'(<00, *%"80148 'm1=2.13 8%)0%*, 'm2=1.2 

8%)0%*, '0m=0 "!'+/01  

! " ! "#  ! "ttII~tu m '&'&9(& 010 sin ,   (.3.5-3) 

$. 4. #02*%' # 5%)%**!B *4#+-4B /%#$!$!B 9, %1"'0$+)% ;!$!8!2! *4 

0514*(4$#(, % %82+14*$ #!)4830$ 05148(41!4 ;!'4>%*04 '(t). @$! %*%'!2 

#02*%'% "8!143+$!/*!B /%#$!$7 & #'+/%4 84%'05%<00 24$48!)0**!2! 84301% 

0*$48:484*<00. G'( !;!*/%$4'6*!2! &7)4'4*0( 0#;!1!2! ;!'4>%*0( #'4)+4$ 

0#"!'65!&%$6 :%5!14$8, *% !"!8*7B &=!) ;!$!8!2! "!)%4$#( 5%)%,-0B 

#02*%' sin(9t). N!'44 "!)8!>*! +;%5%**74 "84!>8%5!&%*0( (& $!1 /0#'4 )'( 

)8+20= "%8%14$8!& 1!)+'(<0!**!2! #02*%'% 0 *4#+-0= /%#$!$, ;8%$*7= 9), 

1!3*! *%B$0, *%"80148 & [109]. 

L5 &7A4#;%5%**!2! &0)*!, /$! &%3*71 F'414*$!1 )%**!2! 14$!)% 

!>8%>!$;0 (&'(4$#( :%5!14$8. .80 F$!1 1!3*! "8014*($6 ',>!B "80*<0" 

!82%*05%<00 :%5!&!2! )4$4;$!8%, "%8%14$87 ;!$!8!2! #!2'%#!&%*7 

=%8%;$480#$0;%10 #02*%'%  (.3.5-3) 0 ;!'4>%*0( '(t). ?)*%;! )'( 8%#/4$!& & 

".3.7.2.2 0#"!'65!&%'#( "8!#$4BA0B &%80%*$ 1%$41%$0/4#;!B 84%'05%<00 

:%5!&!2! )4$4;$08!&%*0(, !#*!&%**7B *% "4841*!34*00 0 0*$42808!&%*00       

! " ! " ! "dxxsinxutu

t

t

!" 9(5 :
;*

,   (.3.5-2) 

2)4 uOG – &7=!)*!B #02*%', % ; – "!#$!(**%( &8414*0 )4$4;$!8%. K4$8+)*! 

"!;%5%$6, /$! $%;%( !82%*05%<0( :%5!&!2! )4$4;$!8% "80&!)0$ ; 

«$84+2!'6*!B» "484)%$!/*!B =%8%;$480#$0;4 # )0%"%5!*!1 0 – 6., 80#+*!; 

.3.5-1. K% "8%;$0;4 /%#$! "8014*(,$#( "!=!304 "80417, *! # *41*!2! >!'44 

#'!3*710 &%80%*$%10 :!8108!&%*0( "!)0*$428%'6*!2! &78%34*0(. .80 
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90#+*!; .5.1-4. 

#5.1.2. 9+2-%5-%-+)(*++,- 8*:-;&+(< 4 36-0- «38%-=-++,6 

.*:<%(/&2*%*4»  

M#'0 & #=414 0#"!'65!&%$6 ;!2484*$*7B 0#$!/*0;, $! 0*$4*#0&*!#$6 *% 

&7=!)4 %*%'05%$!8% >+)4$ ;!'4>%$6#( & 5%&0#01!#$0 !$ 8%5*!#$0 :%5 

"!'(805%<0!**7= 1!). E%;01 !>8%5!1 & 5%&0#01!#$0 I(O, )) >+)+$ 

"80#+$#$&!&%$6 4-4 0 0*$48:484*<0!**74 ;!'4>%*0(, 80#+*!; .5.1-5.  

?$14$01, /$! #84)*44 5*%/4*04 0*$4*#0&*!#$0 "80 :0;#08!&%**7= O, ) 
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#!!$&4$#$&+4$ 5*%/4*0, & «*4;!2484*$*!1» #'+/%4. E.4. !)*01 05 #"!#!>!& 

0#;',/4*0( 0*$48:484*<0!**7= F::4;$!& (&'(4$#( +#84)*4*04, !)*%;! "80 

F$!1 )'( ;!884;$*!2! 845+'6$%$% *+3*! !>4#"4/0$6 )0%"%5!* :'+;$+%<0B 

8%5*!#$0 :%5 "!'(805%<0!**7= 1!), &757&%,-0= ;!'4>%*0(, >!'44 26.  

K4$8+)*! "!;%5%$6, /$! &#'4)#$&04 ;!*4/*!B F;#$0*;<00 #&4$!&!)% "80 

&!5>+3)4*00 $!'6;! !)*!B "!'(805%<0!**!B 1!)7 *% &=!)4 #&4$!&!)% ("80 

)=0 0 90
0
) %1"'0$+)% 0*$48:484*<0!**7= ;!'4>%*0B *% &7=!)4 #=417 *4 

!>8%-%4$#( & *!'6, $.;. *% &7=!)4 "80#+$#$&+4$ ;!1"!*4*$% &$!8!B 1!)7, 

!>8%5!&%&A%(#( 5% #/4$ "484;84#$*!B #&(50 1!). C 845+'6$%$4, 8420#$808+( 

5%&0#01!#$6 %1"'0$+)7 0*$48:484*<0!**7= ;!'4>%*0B 1!3*! "!'+/0$6 

0*:!81%<0, ! #!!$*!A4*00 1!-*!#$4B "!'(805%<0!**7= 1!), % "80 

!>4#"4/4*00 10*01%'6*!2! +8!&*( 0*$48:484*<0!**7= ;!'4>%*0B 5% #/4$ 

842+'08!&;0 *%"8%&'4*0( &=!)*!B "!'(805%<00 – 0*:!81%<0, ! 

;!F::0<04*$4 F;#$0*;<00.    

 E41 *4 14*44, "8014*(4174 #"!#!>7 051484*0B F;#$0*;<00, 

+;%57&%4174 & *%+/*7= "+>'0;%<0(=, & "!)%&'(,-41 >!'6A0*#$&4 *4 

0#"!'65+,$ 84301 0*$48:484*<0!**7= ;!'4>%*0B. L#;',/4*04 #!#$%&'(,$ 

1%$480%'7 *4#;!'6;0= "+>'0;%<0B, & ;!$!87= "80&!)($#( 0)40, :%;$0/4#;0 

"!)8%5+14&%,-04 0#"!'65!&%*04 0*$48:484*<0!**7= F::4;$!& "80 

051484*00 ;!F::0<04*$% F;#$0*;<00 &!'!;!**7= F'414*$!&. G%'44 !*0 

!"0#%*7 "!)8!>*44.  

10 0 10 20 30 40 50 60 70 80 90 100 110
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0.8

 

90#+*!; .5.1-5. 

#5.1.3. 93.*:>/*4&+(- (+2-%5-%-+)(*++,6 8*:-;&+(1 4 36-0- 

«38%-=-++,6 .*:<%(/&2*%*4» ':< (/0-%-+(< 8*755()(-+2& 7832(+8)((.  

C 8%>!$4 [72] !"0#%*7 845+'6$%$7 051484*0B "!'(805%<0!**!B 

F;#$0*;<00 !$845;!& &!'!;*%, !>+#'!&'4**!B ;!**4;$!8%10 *% ;!*<4. 

K%8()+ # «$8%)0<0!**71» 14$!)!1 051484*0B "! #=414 #;84-4**7= 

"!'(805%$!8!& (& )%**!B 8%>!$4 42! $%; 34 *%57&%,$ «polarizer/analyzer 

method») 0#"!'65!&%'#( $.*. «%'6$48*%$0&*7B» 14$!) («polarimetric» method) 

# ;!2484*$*71 0#$!/*0;!1, +;%5%*0B *% "8!0#=!3)4*04 0)40 0 ##7'!; *% 

)8+204 8%>!$7 & )%**!1 1%$480%'4 *4$. C #=414 0#"!'65+4$#( 1!)+'($!8, 

!;%57&%,-0B $4"'!&!4 &!5)4B#$&04 *% &!'!;*! )'( #14-4*0( 8%5*!#$0 :%5 

"!'(805%<0!**7= 1!) *% 26. C ;%/4#$&4 8420#$8%$!8% "8014*(4$#( 

051480$4'6  ., % 845+'6$%$ 1!)+'08+,-42! &!5)4B#$&0( 8420#$808+4$#( & 
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&0)4 :!8108!&%*0( ;8+2!&!B $8%4;$!800 *% #:484 .+%*;%84, !$8%3%,-4B 

)84B: #!#$!(*0( "!'(805%<00. P4$!) "!)8%5+14&%4$ 842+'08!&;+ 

*%"8%&'4*0( &=!)*!2! "!'(805%$!8% )'( )!#$034*0( 10*01%'6*!2! 8%)0+#% r 

$8%4;$!800 *% #:484 .+%*;%84, $.4. 10*01%'6*7= ;!'4>%*0B #!#$!(*0( 

"!'(805%<00 "80 1!)+'08+,-41 &!51+-4*00. P%$480%'7 [73] («application 

note» ;!1"%*00 «Optellios», %&$!87 1%$480%'% *4 +;%5%*7, ##7'!; *% )8+204 

8%>!$7 *4$) !"0#7&%,$ &!51!3*!4 "8014*4*04 "80>!8% «051480$4'6 

#!#$!(*0( "!'(805%<00 PS2000» (Optical Polarization Analyzer). ?"0#%*% 0)4( 

(«concept») 051484*0( F;#$0*;<00 *% !#*!&4 8420#$8%<00 :'+;$+%<0B 

#!#$!(*0( "!'(805%<00, &#'4)#$&04 0514*4*0( 8%5*!#$0 :%5 

"!'(805%<0!**7= 1!) "80 &*4A*41 1!)+'08+,-41 &!51+-4*00. E%; 34 

"!)8%5+14&%4$#( 8420#$8%<0( ;8+2!&!B $8%4;$!800 # 8%)0+#!1 r, ;!$!8+, 

!"0#7&%4$ "84)#$%&'4*04  . *% #:484 .+%*;%84.  

 !2'%#*! :!81+'%1, "80&4)4**71 & !>40= "+>'0;%<0(=, &78%34*04 )'( 

!<4*;0 ;!F::0<04*$% F;#$0*;<00 0144$ &0)  

2

2

11

11

r

r

**

*&
5@ .     (.5.1-4) 

C [72] 0)4( !"0#%*% ;8%$;!, >45 !>R(#*4*0B 0#"!'65+41!2! &78%34*0(, *! 

"80&4)4*7 845+'6$%$7 #4800 051484*0B ;!F::0<04*$!& F;#$0*;<00 

;!8!$;0= (2 1) &!'!;!**7= A*+8!&, !;!*<!&%**7= ;!**4;$!8%10 8%5*7= 

1%8!;. C [73] :%;$0/4#;0 !"0#7&%4$#( $!'6;! 0)4( 051484*0B, #=41% 

051484*0B *4 "80&!)0$#( 0 *4 !"0#7&%4$#(. G'( 0'',#$8%<00 "80&4)4*7  

05!>8%34*0( «F;#"48014*$%'6*7=» ;8+2!&7= $8%4;$!80B *% #:484 .+%*;%84 

>45 !"0#%*0( +#'!&0B 051484*0B.      

K4#1!$8( *% $!, /$! %&$!87 F$0= 1%$480%'!& *4 2!&!8($ !> 

0*$48:484*<0!**7= ;!'4>%*0(=, !/4&0)*!, /$! "!)!>*74 051484*0( $%; 0'0 

0*%/4 0#"!'65+,$ #+"48"!50<0, ;!2484*$*7= &!'* "!'(805%<0!**7= 1!) *% 

&7=!)4 #&4$!&!)% 0 0*$48:484*<0!**74 F::4;$7. M#'0 "!'%2%$6, /$! *% 

&=!)4 &!5>+3)4*% $!'6;! 1!)% Ex, $! 0#"!'65+4$#( 0*$48:484*<0( 05'+/4*0B 

Exx 0 Exy *% &7=!)4 #0#$417, 8%5*!#$6 :%5 ;!$!87= 14*(4$ 1!)+'($!8. G'( 

%*%'05% !#!>4**!#$4B $%;!2! #"!#!>% 051484*0B, *4!>=!)017 >!'44 

"!)8!>*74 $4!84$0/4#;04 !>!#*!&%*0(, %*%'05 &'0(*0( "!'!34*0( 

1!)+'08+,-42! &!5)4B#$&0(, ;!*4/*!B F;#$0*;<00 F'414*$!& #=417, 

$!/*!#$0 051480$4'( #!#$!(*0( "!'(805%<00 0 $.". J%/4#$&4**!4 

8%##1!$84*04 #=417 "!;%57&%4$, /$! +;%5%**7B "80*<0" 051484*0( 

&7(&'(4$ *%'0/04 "484;84#$*!B #!#$%&'(,-4B Exy *% &7=!)4 "80 

&!5>+3)4**!B 1!)4 Ex0 *% &=!)4  "80 +#'!&00, /$! 1!)+'08+,-44 

&!51+-4*04 8%>!$%4$ *% +/%#$;4 #&4$!&!)% "!#'4 !>'%#$0, 2)4 "8!0#=!)0$ 

#&(56 1!).  '4)+4$ !$14$0$6, /$! & 8%>!$4 [71], "!#&(-4**!B +=+)A4*0, 

"!'(805%<0!**!-+)4830&%,-0= #&!B#$& #&4$!&!)!& "80 *%1!$;4, 

0#"!'65+4$#( >'05;0B "! #17#'+ "80*<0" 051484*0B. C14#$! 051480$4'(  . 

0#"!'65!&%'#( &8%-%,-0B#( "!'(805%$!8, 5% #/4$ /42! 05148('%#6 

%1"'0$+)% ;!'4>%*0B F''0"$0/*!#$0  ..   
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M-4 >!'44 0*$484#*7B "80*<0" 051484*0B ;8%$;! !"0#%* & [74]. G'( 

051484*0( h-"%8%14$8% #&4$!&!)!& "84)'!34*% #=41% # ;!2484*$*71 

0#$!/*0;!1, 8%&*71 &!5>+3)4*041 "!'(805%<0!**7= 1!) *% &=!)4 

#&4$!&!)% 0 8420#$8%<04B 05'+/4*0( !)*!B "!'(805%<0!**!B 1!)7 *% 

&7=!)4. .80 $4"'!&!1 &!51+-4*00 #&4$!&!)% & 05'+/4*00 "!'(805%<0!**!B 

1!)7 *% &7=!)4 >+)+$ "80#+$#$&!&%$6 ;!'4>%*0(, )0#"48#0( ;!$!87= #&(5%*% 

# h-"%8%14$8!1 #&4$!&!)%. L#"!'65+( &&4)4**74 & 8%5)4'4 2 !>!5*%/4*0( 

1!3*! 0*$48"84$08!&%$6 F$0 ;!'4>%*0( ;%; 0*$48:484*<0, "8(1!B 0 

"484;84#$*!B ;!1"!*4*$7 "!'(805%<0!**!B 1!)7 ?xx 0 Eyx ('0>! 

0*$48:484*<0( ?yy 0 Exy).   )8+2!B #$!8!*7, ;%; >7'! "!;%5%*! & 8%5)4'4 2, 

"80 *%284&4 #&4$!&!)% "484;84#$*%( ;!1"!*4*$%, #&(5%**%( # 

8%#"84)4'4**710 #'+/%B*710 #!>#$&4**710 *4!)*!8!)*!#$(10, #%1% 

"!)&4834*% 5*%/0$4'6*71 :'+;$+%<0(1, /$! 0 "80&!)0$ ; A+1!"!)!>*71 

:'+;$+%<0(1 0$!2!&!B 1!-*!#$0 1!)7, =%8%;$4805+,-01 h-"%8%14$8.       

 '4)+4$ !$14$0$6, /$! "!#'4)*0B "!)=!) *%0>!'44 >'05;0B ; 14$!)+, 

8%##1!$84**!1+ & 8%5)4'4 5 )%**!B 8%>!$7. ?)*%;! !"0#%**7B & [74] 14$!) 

"! #"!#!>+ 1!)+'(<00 0 "80&4)4**71 &78%34*0(1 !804*$08!&%* *% 

051484*04 014**! h-"%8%14$8% #&4$!&!)%. J8!14 $!2!, !"0#%*% $!'6;! 0)4( 

051484*0(, *4 8%##1!$84* "!'*7B %'2!80$1 051484*0B, *4 "8!&!)0$#( %*%'05 

&'0(*0( F;#$0*;<00 %*%'05%$!8%, &'0(*0( *4$!/*!#$0 !804*$%<00 

%*%'05%$!8%. K4 8%##1%$80&%4$#( &'0(*04 *48%&*!2! &!5>+3)4*0( 

"!'(805%<0!**7= 1!) *% &=!)4 &!'!;*%. D;%57&%4$#(, /$! )%**7B "80*<0" 

051484*0B 0144$ "8401+-4#$&% # $!/;0 584*0( 051484*0( 1%'7= h, 

"!#;!'6;+ 8420#$808+4$#( #02*%', "8!"!8<0!*%'6*7B h, % *4 h
2
, ;%; & 

$8%)0<0!**7= 14$!)%=, *! >!'44 "!)8!>*!2! !>!#*!&%*0( *4 "80&!)0$#(. 

C 8%5)4'4 5 8%##1!$84* 0*$48:484*<0!**7B 14$!) 051484*0( 

%*%'!20/*!2! $0"%, !)*%;! !* !804*$08!&%* *% 051484*04 *4 h-"%8%14$8% 

(=%8%;$4805+,-42! +#84)*4**7B "! &!51!3*71 :'+;$+%<0(1 +8!&4*6 

"484;84#$*!B #&(50 "!'(805%<0!**7= 1!), !>+#'!&'4**7B #!>#$&4**710 

#'+/%B*710 *4!)*!8!)*!#$(10 & &!'!;*4), % :%;$0/4#;!2! ;!F::0<04*$% 

F;#$0*;<00. ?82%*05%<0( F;#"48014*$% "!)8%5+14&%4$ 0#"!'65!&%*04 

«)&+='+/4&!B» 0*$48:484*<00 ;!1"!*4*$ ?xx 0 Eyx ('0>! ;!1"!*4*$ ?yy 0 

Exy), % %*%'05 "!)8%5+14&%4$ ;!1"'4;#*!4 8%##1!$84*04 &!"8!#!&, #&(5%**7= 

# 14$8!'!20/4#;010 =%8%;$480#$0;%10 0 !#!>4**!#$(10 "8%;$0/4#;!B 

84%'05%<00 14$!)% 051484*0B.       

 

 !"#$%&'"& 5.2.  

C ". 5.2.2 "!'+/4*! &78%34*04 (5.5) )'( 0*$48:484*<0!**7= ;!'4>%*0B 

*% &7=!)4 #0#$417 # %*%'05%$!8!1. G%'44 & F$!1 0 "!#'4)+,-0= "+*;$%= & 

;%/4#$&4 !#*!&*!2! "%8%14$8%, =%8%;$4805+,-42! 0514*4*04 F$0= ;!'4>%*0B 

& 5%&0#01!#$0 !$ +2'% %*%'05%$!8% O 0#"!'65+4$#( ;!*$8%#$ 

0*$48:484*<0!**7= ;!'4>%*0B m (5.7). C )4B#$&0$4'6*!#$0 "80 051484*0(= 

8420#$808+,$#( 1%;#01+17 0 10*01+17 ;!'4>%*0B 0*$4*#0&*!#$0, 

&757&%417= 1!)+'08+,-01 &!51+-4*041. E! 4#$6 :%;$0/4#;0 
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*4"!#84)#$&4**! 05148(,$#( 5%&0#01!#$0 Imin 0 Imax !$ +2'% O (!$14$01, /$! & 

)%**!1 #'+/%4 !>!5*%/4*0( Imin 0 Imax 0#"!'65!&%*7 )'( F;#$841+1!& 

;!'4>%*0( "80 :0;#08!&%**7= O 0 K, & !$'0/04 !$ .80'!34*0( 5.1 2)4 $%; 

!>!5*%/4*7 F;#$841+17 5%&0#01!#$0 I(O)). G%'44 +)!>*! "484#/0$%$6 F$0 

5%&0#01!#$0 & !)*+ «F::4;$0&*+,» =%8%;$480#$0;+, !$8%3%,-+, +8!&4*6 

0*$48:484*<0!**7= ;!'4>%*0B. .843)4 &#42!, 1!3*! "84)'!30$6 

0#"!'65!&%$6 %1"'0$+)+ 0*$48:484*<0!**!2! ;!'4>%*0( Im 0'0 ;!*$8%#$ m. 

C!5*0;%4$ &!"8!#, )%4$ '0  &7>!8 014**! ;!*$8%#$% 0*$48:484*<0!**7= 

;!'4>%*0B "8401+-4#$&! "! #8%&*4*0, # 0#"!'65!&%*041 %1"'0$+)7 

;!'4>%*0B?    

K% 80#+*;4 ..5.2-1 "80&4)4*7 "801487 5%&0#01!#$4B Imin(O), Imax(O), 

Im(O), m(O) )'( )&+= 5*%/4*0B K. S)4#6 "80&!)($#( >458%5148*74 &4'0/0*7 I, 

*!8108!&%**74 *% &=!)*+, 0*$4*#0&*!#$6 I0. E%; 34, )'( #!"!#$%&'4*0( 

Im(O) 0 m(O), *% 80#+*;4 ..5.2.-2 "!;%5%*7 #414B#$&% F$0= 5%&0#01!#$4B !$ 

"%8%14$8% K. 

.80 0)4%'0508!&%**!1 &52'()4 *% 8%>!$+ 14$!)% "!*($*!, /$! !>4 

5%&0#01!#$0 Im(O) 0 m(O) *4#+$ !)*+ 0 $+ 34 0*:!81%<0,. ?*0 (&'(,$#( 

845+'6$%$!1 "484#/4$% 8420#$808+417= 5%&0#01!#$4B Imin(O), Imax(O) 0 

!$'0/%,$#( $!'6;! 14$!)!1 *!8108!&;0. ?)*%;! 8%5*%( *!8108!&;% 

"80&!)0$ ; 8%5*!1+ "8!(&'4*0, 0514*4*0( :!817 ;80&!B !$ "%8%14$8% K. 

S%&0#01!#$6 %1"'0$+)7 ;!'4>%*0B 0514*(4$#( "! +8!&*,, #!=8%*(( :!81+. 

S%&0#01!#$6 ;!*$8%#$% "84$48"4&%4$ =%8%;$48*74 0514*4*0( :!817, 

0514*((#6 !$ *+'( )! 4)0*0<7. .80 +#'!&00 K I 1, ;!$!8!4 "84)#$%&'(4$#( 

!"$01%'6*71 )'( 051484*0B "%8%14$8!& #&4$!&!)% 5%&0#01!#$0 Im(O) 0 m(O) 

&!!>-4 :%;$0/4#;0 #!&"%)%,$.          

J!*4/*!, 05-5% 8%5'0/*!B *!8108!&;0 1!34$ 0514*0$6#( &'0(*04 A+1!&, 

:'+;$+%<0B 0 )8. "%8%50$*7= :%;$!8!& *% $!/*!#$6 051484*0B.  )4'%$6 

!>!#*!&%**7B &7&!) ! $!/*!#$0 051484*0( *%"8%&'4*0B "!'(805%<0!**7= 

!#4B &!'!;*% 0'0 F;#$0*;<00 &!'!;*% &#'4)#$&04 A+1!& 0 ;!*4/*!B 

8%584A%,-4B #"!#!>*!#$6, #0#$417 8420#$8%<00 0*$4*#0&*!#$0 *4 $%; 

"8!#$!. E%;!4 8%##1!$84*04 )!'3*! +/0$7&%$6 &!51!3*74 8%5*74 14$!)7 

84284##00 F;#"48014*$%'6*7= 5%&0#01!#$4B 0 )8+204 %'2!80$10/4#;04 

!#!>4**!#$0.  

?)*%;! 4#'0 "8!&!)0$6 $%;04 051484*0( # &7#!;!B $!/*!#$6, 0 >!'6A01 

;!'0/4#$&!1 «$!/4;» *% A;%'4 O, $84>+4$#( !$*!#0$4'6*! >!'6A!4 &841( 

()'( ;%3)!2! "!'!34*0( %*%'05%$!8% O *4!>=!)01! &&4#$0 $4"'!&+, 

1!)+'(<0, 0 5%8420#$808!&%$6 5*%/4*0( F;#$841+1!& *%>',)%417= 

;!'4>%*0B 0*$4*#0&*!#$0). C $%;0= +#'!&0(= 0#"!'65!&%*04 ;!*$8%#$% 

;!'4>%*0B m 0144$ &%3*!4 "8401+-4#$&!. .80 "!'+/4*00 5*%/4*0( 

;!*$8%#$% 8%5*!#$6 F;#$841+1!& ;!'4>%*0B )4'0$#( *% 0= #+11+, $.4. 

*!8108!&;% "8!0#=!)0$ "! 5*%/4*0(1, 051484**71 "80 !)*!1 0 $!1 34 O. 
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