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567&89:;<=6; 76>;?@<6AB=@;  CD6E6 :<;=@F 

@. =. :,.$1,3, 7.  . 7G++(", 7.  . >!/$+,3 (=,3,+$H$'+") 

 !!"#$%&'()# *+#(), – %$(' )- &'.(#/0)1 2+%3"#4 !%&+#4#((%5% 4'0)(%-

!*+%#(),. 6 2%!"#$(## &+#4, ('78(9/ )(*#+#! : ;<<#:*)&(%47 4%$#")+%&'()= 2+%-

>#!!%& *+#(), &%-+%! & !&,-) ! *#4, 8*% 2+%#:*)+%&'()# ) +'-+'3%*:' &9!%:%*#1(%"%-

5)8(91 4#1'()8#!:)1 ) ;"#:*+%*#1()8#!:)1 7!*+%/!*& ($)!:%&%$9, !"#$,?)# 4#1'-

()-49 &9!%:%/ *%8(%!*), +%3%*9, 2(#&4'*)8#!:)# ) 5)$+'&")8#!:)# !)!*#49, '(*)-

3"%:)+%&%8(9# !)!*#49 *%+4%.#(),) *+#37=* 5"73%:)1 -('()/ -':%(%& *+#(),. 

@+#()# &:"=8'#* & !#3, 0)+%:)/ !2#:*+ 4'"%4'!0*'3(91 <)-)8#!:)1 ,&"#()/: 

;"'!*)8(9# ) 2"'!*)8#!:)# $#<%+4'>)), 4#1'():7 .)$:%!*#/ ) 5'-%&, +'!2+%!*+'(#()# 

&%"( ) $+. @+#()# – ;*% !7?#!*&#((% (#")(#/(%# !"%.(% <%+4'")-7#4%# ,&"#()#, 2%-

;*%47 #5% )!!"#$%&'()# '('")*)8#!:)4) 4#*%$'4) (#&%-4%.(%. 

6 +'3%*# )!!"#$7#*!, 4#1'()-4 !71%5% *+#(), 4#*%$%4 :%42A=*#+(%5% 4%$#")-

+%&'(), ! 2+)4#(#()#4 )(!*+74#(*'"A(91 !+#$!*&. 6 !7?#!*&7=?)1 !+#$'1 :%42A=-

*#+(%5% 4%$#")+%&'(), %5+'()8#(' !2#>)<):'>), !"%.(91 )#+'+1)8#!:)1 :'+* 2%&#-

$#(), ) !"%.(91 (#")(#/(91 -'&)!)4%!*#/, :%*%+94) <%+4'")-7=*!, 4#1'()-49 

*+#(),. B+#$"%.#( 4#1'()-4 !*+7:*7+(%-*#:!*%&%5% %2)!'(), & !%&%:72(%!*) ! )#+'+-

1)8#!:)4) :'+*'4) 2%&#$#(), 2+) 2%!*+%#()) 4%$#") *+#(), & )(!*+74#(*'"A(%/ !+#-

$#  CDE [10]. 

I(3$+$.,+)J +$1G +KL,0, )'!/$% ,) +",',+)$. B+) %2)!'()) ,&"#()/ !71%5% 

*+#(), & ('!*%,?## &+#4, (')3%"## 0)+%:% 2+)4#(,#*!, -':%( E4%(*%('–F7"%(', & 

:%*%+%4 )!2%"A-7#*!, 2%(,*)# :%;<<)>)#(*' *+#(), trk  :': %*(%0#(), !)"9 *+#(), : 

!)"# 2+).'*), *#"' : 2%&#+1(%!*) *+#(),: 

c trF k P !  .  (1) 

B+) ;*%4 :%;<<)>)#(*7 trk  2+)$'#*!, -('8#()# <)-)8#!:%/ :%(!*'(*9, 2%"(%-

!*A= %2+#$#",=?#/ !)"7 *+#(), $", "=3%/ 2'+9 :%(*':*)+7=?)1 4'*#+)'"%&. 

G$(':% 7.# & XIX &#:# &9,!()"%!A, 8*% 

:%;<<)>)#(* *+#(), (# ,&",#*!, 7()&#+!'"A-

(%/ 1'+':*#+)!*):%/. 6 8'!*(%!*), 39"% $%:'-

-'(%, 8*% !)"' !*'*)8#!:%5% *+#(), %*")8'#*!, 

%* !)"9 *+#(), 2+) $&).#()) [6]. 6 1902 5. 

(#4#>:)/ 78#(9/ H)1'+$ I*+)3#: %273"):%-

&'" $'((9#, !&)$#*#"A!*&7=?)# % *%4, 8*% & 

!"78'# !71%5% *+#(), !)"' *+#(), 2%!*#2#((% 

!().'#*!, %* -('8#(), !)"9 !*'*)8#!:%5% 

*+#(), $% :7"%(%&!:%/ !)"9 2% (#:%*%+%/ 

:+)&%/ (+)!. 1). J*% ,&"#()# 39"% ('-&'(% 

0*+)3#:-;<<#:*%4 [5].  

 

6-$+(/$! ,HM!")( $++1!2,3(/$%. 6 

:'8#!*&# %3K#:*' 4%$#")+%&'(), +'!!4'*-

+)&'#*!, !)!*#4' [2], !%!*%,?', )- 72+75%/ 

2%&#+1(%!*), +'-4#?#((%5% (' (#/ *#"' 4'!!%/ 

m ) 2+7.)(9 ! :%;<<)>)#(*%4 .#!*:%!*) k. 

D#.$7 *#"%4 ) 2%&#+1(%!*A= !7?#!*&7#* !71%# 

*+#()# (+)!. 2). 

<$+. 1. I(3$+$.,+)J +$1G +KL,0, 

)'!/$% ,) +",',+)$ + K*!),.  

N)'$H!"-OPP!")(  

(Fs – +$1( +)()$*!+",0, )'!/$%;  

Fc – "K1,/,3+"(% +$1() 

<$+. 2. 6HM!") $++1!2,3(/$% 
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G$)( :%(#> 2+7.)(9 2+):+#2"#( : *#"7, ' &*%+%/ 2#+#4#?'#*!, ! 2%!*%,((%/ !:%-

+%!*A= Vp. B+) +'!*,.#()) 2+7.)(9 &%-():'#* 72+75', !)"' k x! (x – +'!*,.#()# 2+7.)-

(9), !*+#4,?',!, &9&#!*) *#"% )- 2%"%.#(), 2%:%,. L% $&).#()# *#"' 2+%)!1%$)* *%"A:% 

2%!"# *%5%, :': !)"' 72+75%!*) 2+#&9!)* !)"7 !*'*)8#!:%5% *+#(), ( sk x F! " ), 2%!"# 8#5% 

*#"% ('8)('#* «!:%"A-)*A» !% !:%+%!*A= V 2% 2%&#+1(%!*). @#2#+A (' (#5% $#/!*&7#* !)"' 

!%2+%*)&"#(), !:%"A.#()=, :%*%+', 4#(A0# !)"9 !*'*)8#!:%5% *+#(),. 6%-():'#* 2%"%-

.)*#"A(', +'-(%!*A !)", +'-5%(,=?', *#"%. B+7.)(' ('8)('#* !.)4'*A!,, ' !%-$'&'#4', 

#= 72+75', !)"' – 74#(A0'*A!,. C:%+%!*A $&).#(), *#"' 74#(A0'#*!,, ) & )*%5# %(% %!*'-

('&")&'#*!, ) «2+)")2'#*» : 2%&#+1(%!*). @':)4 %3+'-%4, & !)!*#4# 2#+)%$)8#!:) !4#-

(,=*!, <'-9 «!:%"A.#(),» ) «2+)")2'(),». C"#$%&'*#"A(%, 2+)+%$' $&).#(), *#"' :%"#-

3'*#"A(',, 5$# 2#+)%$)8#!:) 4#(,=*!, !*'$)) 2%:%, ) $&).#(),. @':%# $&).#()# ('-9&'-

#*!,  !"#$"%&&'(" )*+%#%,-.)&"/(", *': :': %() 2%+%.$#(9 *+#()#4 ) ,&",=*!, &(7*-

+#(()4 !&%/!*&%4 !)!*#49. 6(#0(## &%-$#/!*&)# – 2%!*72'*#"A(%# $&).#()# *+%!' – (# 

,&",#*!, :%"#3'*#"A(94. G(% :%42#(!)+7#* 2%*#+) ;(#+5)) & :%(*':*# !:%"A.#(), ) 

%3#!2#8)&'#* (#-'*71'=?)# :%"#3'(),. 

@':)4 %3+'-%4, &9$#"#(9 <'-9 (!%!*%,(),) 2%:%, ) $&).#(), & 2+%>#!!# <7(:-

>)%()+%&'(), !)!*#49. M'-' $&).#(),, & !&%= %8#+#$A, $#")*!, (' $&).#()# & -%(# 

0*+)3#:-;<<#:*' 2+) 4'"91 !:%+%!*,1 ) $&).#()# & -%(# $#/!*&), -':%(' E4%(*%('–

F7"%(', *.#. "%5):' <7(:>)%()+%&'(), !)!*#49 )#+'+1)8#!:',. 6 !%%*&#*!*&)) ! ;*)4 

+'-+'3'*9&'#4', 4%$#"A $%".(' %*%3+'.'*A )#+'+1)8#!:7= !*+7:*7+7. 

7()!.()$*!+"(% .,2!1J. 6 +#.)4# 2%:%, *#"% (#2%$&).(%, ' 2+7.)(' +'!*,-

5)&'#*!, !% !:%+%!*A= Vp. @%5$' &9+'.#()# $", 7$")(#(), 2+7.)(9 x )4##* &)$ 

PV
t

x
 

d

d
. (2) 

C)!*#4' %!*'#*!, & 2%:%#, 2%:' !)"' 72+75%!*) 2+7.)(9 (# 2+#&9!)* !)"7 !*'-

*)8#!:%5% *+#(), sk x F! # , 2%!"# 8#5% *#"% ('8)('#* $&).#()# & ('2+'&"#()) !)"9 72-

+75%!*) 2+7.)(9. N+'&(#(), & +#.)4# $&).#(), 2+)()4'=* &)$ 

m

)V(F–xk

t

V

;V–V
t

x
P

!
 

 

d

d

d

d

,  (3) 

5$# F – !)"' *+#(),, ,&",#*!, <7(:>)#/ !:%+%!*). O'&)!)4%!*A F(V) 2+#$!*'&"#(' (' 

+)!. 1. 

P&).#()# 2+%$%".'#*!, $% *#1 2%+, 2%:' !:%+%!*A $&).#(), (# !*'(#* +'&(' (7-

"= 0V $ . 

6 +'3%*# *':.# 2+#$"'5'#*!, &92%"()*A ")(#'+)-'>)= (#")(#/(%/ 1'+':*#+)-

!*):) 0*+)3#:-;<<#:*' (+)!. 3). @%5$' !)!*#4' (3) 2+)4#* &)$ (4): 

%
%
%
%

&

%%
%
%

'

(

&
'
(

"

#!
 

!
 

 

.VV,F

;VV,VF–F
F

m

F–xk

t

V

;V–V
t

x

C

CS

P

0

0

d

d

d

d

  (4) 
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<$+. 3. ?$/!('$4(#$% 

N)'$H!"-OPP!")( 

 

&',0'(../,! ,H!+-!*!/$!. F': !"#$7#* )- %2)!'(),, 

%3K#:* 4%$#")+%&'(), 2+%,&",#* (#2+#+9&(9# ) $)!:+#*(9# 

'!2#:*9 2%&#$#(), [1].  !!"#$%&'()# 2+%>#!!' 2+%&%$)*!, & 

!)!*#4# :%42A=*#+(%5% 4%$#")+%&'(),  CDE, 2%-&%",=?#/ 

78)*9&'*A !2#>)<):7 4%$#")+%&'(), 5)3+)$(91 !)!*#4 (QC) 

[4]. C"#$7, !%&+#4#((94 *#($#(>),4 ('7:) :%42A=*#+(%5% 

4%$#")+%&'(),, &92%"(#(% +'!0)+#()# <%+4'")-4%& 2+#$-

!*'&"#(), 4%$#"#/ QC & +'4:'1 )(!*+74#(*'"A(%/ !+#$9 [8]. 

6&#$#( <%+4'")-4 :'+* 2%&#$#(),, 2%-&%",=?)/ & ('5",$(%/ 

<%+4# %*%3+'-)*A ) :%++#:*(% %2)!'*A $)!:+#*(9# '!2#:*9 2%&#$#(), 4%$#")+7#4%5% 

%3K#:*'. M+'54#(* 2+%5+'44(%/ 4%$#") *)2)8(%/ QC [7] & )(!*+74#(*'"A(%/ !+#$# ! 

)!2%"A-%&'()#4 (%&%5% <%+4'")-4' 2+)&#$#( (' +)!. 4, )""=!*+)+7=?#4 4(%5%&'+)-

'(*(%!*A 2%!*+%#(), 4%$#") QC. 

 

 
 

<$+. 4. &'$.!' -,+)',!/$% 0$H'$2/,Q .,2!1$ 3 @ 7B 

&,+)',!/$! -',0'(../,Q .,2!1$. B+%5+'44(', 4%$#"A ! )!2%"A-%&'()#4 (#-

")(#/(%5% -&#(' $", +#'")-'>)) 0*+)3#:-;<<#:*' (!4. +)!. 1) 2+#$!*'&"#(' (' +)!. 5. 

L#")(#/(', 1'+':*#+)!*):' -'$'#*!, %5+'()8#((94 ('3%+%4 *%8#:, 2% :%*%+%47 2+%-

&%$)*!, ")(#/(', '22+%:!)4'>),. 

 

 

<$+. 5. &',0'(../(% .,2!1J +$+)!.G )'!/$% 
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@':%/ &'+)'(* +#'")-'>)) 2+#$!*'&",#* 

!%3%/ (# 8*% )(%#, :': !)!*#47 '&*%4'*)8#!:%5% 

+#57")+%&'(), ! %3+'*(%/ !&,-A= [3], +#'")-%-

&'((7= (' !*+7:*7+(91 ;"#4#(*'1 3)3")%*#:) 

 CDE &9!%:%5% 7+%&(,, 5$# &#")8)(' !)"9 *+#-

(), 7!*'('&")&'#*!, '&*%4'*)8#!:) & -'&)!)4%-

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

6 !"78'# )!2%"A-%&'(), ")(#'+)-%&'((%/ 

4%$#") (4) :'.$%47 ")(#/(%47 78'!*:7 1'+':*#-

+)!*):) (!4. +)!. 3) 37$#* !%%*&#*!*&%&'*A (#2+#+9&(%# !%!*%,()# & 2+%5+'44(%/ 4%-

$#"). B+%5+'44(', 4%$#"A &  CDE ! 2+)4#(#()#4 <%+4'")-4' )#+'+1)8#!:)1 :'+* 

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

L' +)!. 6 &&#$#(9 %3%-('8#(),: 1 3 0pr , pr :V # , 2pr :k x Fs! " , 4 0pr :V V" , 

5 0pr :V V# . 

C)!*#49 7+'&(#()/ $", !%!*%,()/ «shtrib» ) «amonton», -'2)!'((9# (' ,-9:# 

Lisma [9], 2+#$!*'&"#(9 (' +)!. 7. 

 

   

 

<$+. 7. C'(3/!/$% 23$R!/$% /( %4G"! Lisma: 

) – & -%(# 0*+)3#:-;<<#:*', . – & -%(# -':%(' E4%(*%('–F7"%(' 

5,.-JS)!'/G! O"+-!'$.!/)G. B+) 2+%&#$#()) :%42A=*#+(91 ;:!2#+)4#(*%& 

)!2%"A-%&'"!, !"#$7=?)/ ('3%+ 2'+'4#*+%&: m = 1, k = 2, Vp = 2, k tr = 0,6, Fs = 5,88, 

V0 = 1. B%"78#((9# & !+#$#  CDE &+#4#((9# $)'5+'449 2+#$!*'&"#(9 (' +)!. 8. 

L' &+#4#((%/ -'&)!)4%!*) "%:'"A(%5% !%!*%,(), z %* &+#4#() -('8#()# 0 !%%*-

&#*!*&7#* !%!*%,()= «stick», 1 – !%!*%,()= «shtrib», 2 – !%!*%,()= «amonton». 

 

 
 

<$+. 8. A'!.!//G! 2$(0'(..G:  

x – +'!*,.#()# 2+7.)(9; V – !:%+%!*A $&).#(), *#"'; F – !)"' *+#(),; 

l – !4#?#()# *#"' %*(%!)*#"A(% ('8'"A(%/ :%%+$)('*9; z – "%:'"A(%# !%!*%,()# 

O'&)!)4%!*A !:%+%!*) $&).#(), *#"' %* +'!*,.#(), 2+7.)(9 2+#$!*'&"#(' (' 

+)!. 9. 

 )                                    !) 

<$+. 6. @!'('L$*!+"(% "(')(  

-,3!2!/$% 
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<$+. 9. I(3$+$.,+)J +",',+)$ 23$R!/$% )!1( ,) '(+)%R!/$% -'KR$/G 

6"),()# ")(#'+)-'>)) 0*+)3#:-;<<#:*' (' +#-7"A*'* 4%$#")+%&'(), 2%:'-'(% 

(' +)!. 10. 

 

 
 

<$+. 10. A'!.!//(% 2$(0'(..( +",',+)$ 23$R!/$% )!1(: 

1 – 2+) )!2%"A-%&'()) (#")(#/(%/ -'&)!)4%!*) 0*+)3#:-;<<#:*';  

2 – 2+) )!2%"A-%&'()) ")(#'+)-%&'((%/ -'&)!)4%!*) 

I("1S*!/$! 

6 +'3%*# +#0#(' -'$'8' <%+4'")-'>)) 4%$#") QC, %3"'$'=?#/ )#+'+1)8#!:%/ 

!*+7:*7+%/. H'-+'3%*'( ) +#'")-%&'( & +'4:'1 )(!*+74#(*'"A(%/ !+#$9  CDE 5+'<)-

8#!:)/ <%+4'")-4 )#+'+1)8#!:)1 :'+* 2%&#$#(),. 

P", )""=!*+'>)) 2+)4#(#(), <%+4'")-4' )!!"#$%&'(' !)!*#4' 2+#+9&)!*%5% 

*+#(),. L%&9/ <%+4'")-4 :%43)()+7#* 7$%3!*&% ) ('5",$(%!*A $)'5+'44 R'+#"' ! 

;<<#:*)&(%!*A= !)4&%"A(%5% !2%!%3' -'$'(), "%:'"A(91 (#2+#+9&(91 2%&#$#()/ 

5)3+)$(%/ !)!*#49. 

F%42A=*#+(9/ '('")- 4%$#") 2+#+9&)!*%5% !:%"A.#(), 2%:'-'" $%27!*)4%!*A 

")(#'+)-'>)) (#")(#/(%/ 1'+':*#+)!*):) 0*+)3#:-;<<#:*', 2%!:%"A:7 ## &"),()# (' 

+#-7"A*'*9 4%$#")+%&'(), ,&",#*!, (#-('8)*#"A(94. 

H#-7"A*'*9 :%42A=*#+(91 ;:!2#+)4#(*%& 2%"(%!*A= !%&2'$'=* ! )-"%.#((94) 

& ")*#+'*7+# 2%"%.#(),4), 8*% 2%$*&#+.$'#* !%!*%,*#"A(%!*A 2+#$"%.#((%5% 2%$1%$' 

2+) 4%$#")+%&'()) QC. 

6 2+%5+'44(%4 :%42"#:!#  CDE, & %*")8)# %* !%&+#4#((91 %*#8#!*&#((91 ) 

-'+73#.(91 '('"%5%&, 2%"A-%&'*#"= 2+#$%!*'&"#(' &%-4%.(%!*A &93%+' &'+)'(*' %2)-

!'(), 2+%5+'44(91 4%$#"#/ QC & &)$# *#:!*%&%/, 5+'<)8#!:%/ )") !*+7:*7+(%-

*#:!*%&%/ !2#>)<):'>)). H'-+'3%*'((9# & +'4:'1 BF  CDE <%+4'")-49, $%2%"(,=* 

!7?#!*&7=?)# !2%!%39 %2)!'(), QC. B+) ;*%4 )4#=*!, <7(:>)%('"A(9# 2+#)47?#-

!*&' :%42A=*#+(%5% '('")-' QC, %+)#(*)+%&'((9# (' 2+#$4#*(%5% 2%"A-%&'*#",. 
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