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 !" 620.178.151.6 

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

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

"--./012 3"/ -45674658 " -219-42 7 !3/."48) 

! 4/5" .12 !/4101! 3 31"30/34"512 3": 

 ").!+!/) &$$3!+).,/&! %,#/!3&-01 #,-!"&,3). #!-)+)# /!4"!"0./)() /,/)&/+!/-&")-
.,/&5 -"!1(",//)' 4&",#&+%)' 6!"%).&2,, & *$-,/).3!/0 $-"*%-*"/0! 7,%)/)#!"/)$-&. 

 

"#$%&'()*+#$$,- ./&-'+/0, + +12#&#30-$$,- +1 $+4 5-&/0+ ./6+$, 

&-4$#0#2+7-%)+- (10, + &.5. 3 8'#*-%%- 9)%80(/&/*++ $/4#5:&%: 3 8#%&#:$$#. 

)#$&/)&- .-;5( %#<#= + #)'(;/>?+.+ %'-5/.+, 8'-5.-&/.+ + 7/%&+*/.+ 

'/10+7$,4 3-?-%&3 + ./&-'+/0#3. @-'3#$/7/0A$#= %&/5+-= 3%-4 3+5#3 &/)#2# 

31/+.#5-=%&3+: &3-'5,4 &-0 (.-4/$+7-%)#-, .-4/$#4+.+7-%)#-, 2/0A3/$+7--

%)#-) :30:-&%: )#$&/)&+'#3/$+- 3 $-<#0A6#. )#0+7-%&3- &#7-), 8'#+%4#5+& 

&/) $/1,3/-.#- $/$#)#$&/)&$#- 31/+.#5-=%&3+-. B&+ &#7)+ 3#%8'+$+./>& $/ 

8-'3#$/7/0A$#= %&/5++ 3%> $/2'(1)(, 8#9&#.( .#;$# (&3-';5/&A, 7&# 8'#-

*-%%,, 8'#+%4#5:?+- $/ 9&+4 $/$#(7/%&)/4 3 8'+8#3-'4$#%&$,4 %0#:4, #8'--

5-0:>& 9)%80(/&/*+#$$,- %3#=%&3/ ./&-'+/0#3 + +15-0+=, / +.-$$# +1$#%#-

%&#=)#%&A, 4+.+7-%)(> + )/&/0+&+7-%)(> /)&+3$#%&A 8#3-'4$#%&+, %8#%#<-

$#%&A 3,5-';+3/&A (5/'$,- $/2'(1)+ [1]. 

C%$#3,3/:%A $/ 9&#. D/)&-, (7-$,-, %&'-.:?+-%: %#15/&A ./&-'+/0, 

% 3,%#)#= &3-'5#%&A>, #<'/&+0+%A ) $/$#%&'()&('+'#3/$+>, 7&#<, #<-%8-7+&A 

5#%&/&#7$#- )#0+7-%&3# 7/%&+* % 3,%#)+.+ .-4/$+7-%)+.+ %3#=%&3/.+ 3 8#-

3-'4$#%&$,4 %0#:4 ./&-'+/0/ +0+ 8#)',&+:. E/$#%&'()&('+'#3/$+> .#2(& 

<,&A 8#53-'2$(&, $- &#0A)# .-&/00, + 8#0+.-',, $# + %+0+)/&$,- ./&-'+/0,, 

&/)+- )/) )-'/.+)/, +0+ ./&-'+/0,, #&$#%:?+-%: ) 2'(88/. %&-)0##<'/1$,4, 

%&-)0#)'+%&/00+7-%)+4 + %0>5#)'+%&/00+7-%)+4. @'+.-'#. ./&-'+/0/, #&$#-

%:?-2#%: ) 2'(88- %&-)0#)'+%&/00+7-%)+4, :30:-&%: )/.$-0+&,- ./&-'+/0, [2]. 

"/.$-0+&,- ./&-'+/0, – 8'#5()& 3,%#)#&-.8-'/&('$#= 8-'-80/3)+ 

%,'A: .+$-'/0A$#2# (#%$#3$,- + (0A&'/#%$#3$,- 2#'$,- 8#'#5,) + &-4$#-

2-$$#2# (.-&/00('2+7-%)+- 60/)+, &#80+3$,- 1#0, + &.5.) 8'#+%4#;5-$+:, 

:30:-&%: ./&-'+/0#. $/ #%$#3- %+0+)/&#3, 8'-5%&/30:-& %#<#= %0#;$(> #)-

%+5$(> .$#2#)#.8#$-$&$(> %+%&-.(. F $/%&#:?-- 3'-.: 8'+.-$:-&%: 3 

8'#.,60-$$#%&+ 3 )/7-%&3- /<'/1+3#- + )#''#1+#$$#%&#=)#2# ./&-'+/0/, &/) 

)/) #<0/5/-& 3,%#)#= &3-'5#%&A> + 4+.+7-%)#= %&#=)#%&A>. "0/%%+7-%)+- 

.-&#5+)+ (8# G'+$-00>, 8# H#)3-00(), 8#13#0:>?+- +1(7/&A &3-'5#%&A $/ 
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./)'#('#3$- 8(&-. (%'-5$-$+: 4/'/)&-'+%&+) 8# 3%-= 8#3-'4$#%&+ )#$&/)&/, 

$- :30:>&%: 5#%&#3-'$,.+ 8'+.-$+&-0A$# ) )/.-$$#.( 0+&A>, / 8'+%3#-$+- 

</00/ &3-'5#%&+ 3 %##&3-&%&3+- %# 6)/0#= I##%/ $- 5/-& 8'-5%&/30-$+: 

# 8'+'#5- 9&#2# %3#=%&3/ [3, 4, 5]. 

J1(7-$+- %&'()&(', + %3#=%&3 )/.$-0+&#2# ./&-'+/0/, / &/);- $-#<4#-

5+.#%&A '/1'/<#&)+ #%$#3 %&'()&('##<'/1#3/$+: &'-<(>& 3#1.#;$#%&+ +%-

%0-5#3/&A + D+)%+'#3/&A 8'#*-%%, + 1$/7-$+: %3#=%&3 3 1#$/4 $/$#)#$&/)&/. 

C<#'(5#3/$+- 50: 8'#3-5-$+: &/)+4 +%%0-5#3/$+= + +1.-'-$+= 5#0;$# 0#-

)/0+1#3/$$# 3#15-=%&3#3/&A 3 $/$##<K-./4 + (7+&,3/&A <#0A6(> '/1$+*( 3 

.-4/$+7-%)+4 + 5'(2+4 %3#=%&3/4 ./&-'+/0/ 8'+ 8-'-4#5- #& ./)'#- ) $/$#-

./%6&/</.. 

L-2#5$: $/+<#0-- '/%8'#%&'/$-$$,. .-&#5#. +1.-'-$+: .-4/$+7-%)+4 

%3#=%&3 ./&-'+/0/ 3 $/$#./%6&/<- :30:-&%: .-&#5 $/$#+$5-$&+'#3/$+:. 

@'+$*+8+/0A$/: %4-./ 8'#3-5-$+: +%%0-5#3/$+= %3#=%&3 8#3-'4$#%&+ ./&--

'+/0/ .-&#5#. $/$#+$5-$&+'#3/$+: 8'-5%&/30-$/ $/ '+%. 1. 

0%&,;+
<=>=?=@=$;A

h t( )

-;B'(%A
A,=C+%
P t( )

7'$&>'BB=>

 

H+%. 1. @'+$*+8+/0A$/: %4-./ $/$#+$5-$&+'#3/$+: 8#3-'4$#%&+ 

M-#'-&+7-%)#= #%$#3#= 5/$$#= .-&#5+)+ :30:-&%: /$/0+&+7-%)#- '--

6-$+- &/) $/1,3/-.#= 1/5/7+ N-'*/, #$# 1/)0>7/-&%: 3 ./&-./&+7-%)#= .#-

5-0+, #8+%,3/>?-= 31/+.$,- 5-D#'./*++ 53(4 &3-'5,4 6/'#3 8'+ +4 %;/-

&++. B&/ .#5-0A 8'+.-$+./ ) #8+%/$+> 31/+.#5-=%&3+: +$5-$&#'/ + #<'/1-

*/, $# &#0A)# 3 &#. %0(7/-, )#25/ 8#3-'4$#%&$,- %+0, $+7&#;$# ./0, 8# 

%'/3$-$+> % %(../'$,.+ %+0/.+ 31/+.#5-=%&3+:, / '/5+(% 80#?/5+ )#$&/)-

&/ +$5-$&#'/ % #<'/1*#. %(?-%&3-$$# .-$A6- '/5+(%/ %/.#2# +$5-$&#'/ [1]. 

E/ 8'/)&+)- 3 8'#*-%%- +$5-$&+'#3/$+: 8'#+13#5+&%: +1.-'-$+- 1/3+-

%+.#%&+ 20(<+$, 8'#$+)$#3-$+: +$5-$&/ #& 8'+0#;-$$#= $/2'(1)+. @#%)#0A-

)( D#'./ +$5-$&/ 1/'/$-- +13-%&$/ (+$5-$&#' G-')#3+7/ – (%-7-$$/: &'-4-

2'/$$/: /0./1$/: 8+'/.+5)/), #8'-5-0:>&%: 0#)/0A$,- 1$/7-$+: &3-'5#%&+ 

+ .#5(0: O$2/ <-1 $-8#%'-5%&3-$$#2# +1.-'-$+: 80#?/5+ #&8-7/&)/. !0: #8-
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'-5-0-$+: +%%0-5(-.,4 3-0+7+$ +%8#0A1(-&%: '/%7-&$/: .-&#5+)/ C0+3-'/ – 

@/''/, #$/ 8#13#0:-& #8'-5-0+&A #<?(> 20(<+$( 3$-5'-$+: +$5-$&#'/ (htotal), 

20(<+$( 80/%&+7-%)#2# )#$&/)&/ (hplastic) + #%&/&#7$(> 20(<+$( (hfinal) ('+%. 2). 

F %##&3-&%&3++ % 9&+. .-&#5#. 1/3+%+.#%&A $/2'(1)+   #& 20(<+$, 3$-5'-$+: 

+$5-$&#'/ h + #%&/&#7$#2# #&8-7/&)/ #8+%,3/-&%: 1/3+%+.#%&A>: 

( )m

fP a h h ! , 

25- ! + m – )#$%&/$&,, 1/3+%:?+- #& D#'., +$5-$&/ [6]. 

N'/D+7-%)#- 3,'/;-$+- 9&#= 1/3+%+.#%&+ 8'-5%&/30-$# $/ '+%. 3. 

L

htotal plastic
final

h
h

 

H+%. 2. L4-./ 8'+0#;-$+: $/2'(1)+ + '/12'(1)+ 8'+ $/$#+$5-$&+'#3/$++ 

0

8
3
*
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&
/
,

:
&
3
,

;"!#5, t  

H+%. 3. P/3+%+.#%&+ (%+0+:   + 20(<+$, 8#2'(;-$+: h  

#& 3'-.-$+ 8'+ 3$-5'-$++ +$5-$&#'/ 

L#3'-.-$$,- (%&/$#3)+ 50: $/$#+$5-$&+'#3/$+: #%$/?-$, #8&+7--

%)+.+ .+)'#%)#8/.+ 3,%#)# '/1'-6-$+:, 8#13#0:>?+.+ #%(?-%&30:&A 3,-

<#' .-%&/ 8'#3-5-$+: 9)%8-'+.-$&/, #%(?-%&30:&A D#&#- + 3+5-#%K-.)(. @#-

1+*+#$+'#3/&A .-%&# +$5-$&+'#3/$+: 8#13#0:-& 3,%#)#&#7$,= 8'-*+1+#$-

$,= 53+2/&-0A. L(?-%&3(-& $-%)#0A)# .#5-0-= %#3'-.-$$,4 (%&/$#3#) 50: 

$/$#+$5-$&+'#3/$+:, 8'+$*+8 +4 '/<#&, #5+$/)#3,=, #&0+7/>&%: #$+ .-;-

5( %#<#= &-4$+7-%)+.+ 4/'/)&-'+%&+)/.+ + $/<#'#. D($)*+=. 
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F 5/$$#= '/<#&- '/%%./&'+3/>&%: '-1(0A&/&, +%%0-5#3/$+=, 8#0(7-$-

$,- % 8#.#?A> 8'+<#'/ NanoTest-600 (8'#+13#5+&-0A Micro Materials Ltd., 

F-0+)#<'+&/$+:).  %&'#=%&3# 5/$$#2# 8'+<#'/ 8'-5%&/30-$# $/ '+%. 4, #<-

?+= 3+5 – $/ '+%. 5. F %#%&/3 (%&/$#3)+ 34#5:&: 

!" .#5(0A +$5-$&+'#3/$+: % %+%&-.#= 8#55-';/$+: %&/*+#$/'$#= &-.-

8-'/&(',; 

!" <0#) (8'/30-$+:; 

!" .#$+&#', $/ )#&#',= 3,3#5+&%: +1#<'/;-$+- % .+)'#%)#8/; 

!" )#.8A>&-' % 8'#2'/..$,. #<-%8-7-$+-. [7]. 

 

<&%")&/+!/-)"

=,/)&/+!/-)"

63)% #&%")$%)4).

>!"?,-!3@ )9",7A).

B/+!/-)"0-#&%")$%)40

X

Y

Z

 

H+%. 4. L4-./ (%&/$#3)+ NanoTest-600 

 

H+%. 5. C<?+= 3+5 (%&/$#3)+ 
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L 8#.#?A> NanoTest-600 .#;$# 8'#3#5+&A $-%)#0A)# &+8#3 9)%8-'+-

.-$&#3: 

– +$5-$&+'#3/$+- ) $#'./0+ 8#3-'4$#%&+; 

– %)/$+'#3/$+- + */'/8/$A- (%)0-'#.-&'+:), 1/)0>7/>?--%: 3 $/$-%--

$+- */'/8+$, % 1/5/$$#= $/2'(1)#= +0+ $/ 1/5/$$(> 20(<+$( % 8#%0-5(>?-. 

+1.-'-$+-. + /$/0+1#. 8'#D+0: */'/8+$,; 

– +%8,&/$+: $/ (5/'$(> 3:1)#%&A. 

H/%%.#&'+. &-4$+7-%)+- 4/'/)&-'+%&+)+ (%&/$#3)+ NanoTest-600: 

M-4$+7-%)+- 4/'/)&-'+%&+)+ J1.-'-$+: 3 '-;+.- «$/$#&-%&» 

L+0/ $/2'(;-$+: #<'/1*/ 0,1–500 .E 

H/1'-6-$+- 8# $/2'(1)- < 30 .E 

N0(<+$/ +$5-$&+'#3/$+: 5# 50 .). 

M-.8-'/&('$,= 5+/8/1#$  5# 750 #L 

M#0?+$/ #<'/1*/ #& 20 $. 

@'+.-$:-., &+8 +$5-$&#'/ Berkovich 

H-)#.-$5(-.,= '/1.-' #<'/1*/ 1×1 %.
2
 

 

" #<'/1*( 50: $/$#+$5-$&+'#3/$+: #&%(&%&3(>& ;-%&)+- &'-<#3/$+:, 

8#9&#.( +%8,&/$+: .#2(& 8'#3#5+&%: $/ #<'/1*/4, 3,'-1/$$,4 +1 '/10+7$,4 

(7/%&)#3 )/.-$$#= #&0+3)+, 7&# 8#13#0:-& 8'+<0+1+&A%: ) (%0#3+:., 3#1$+-

)/>?+. 3 '-/0A$,4 .+)'#- + $/$#)#$&/)&/4, + %.#5-0+'#3/&A 8'+ 4#'#6# 

)#$&'#0+'(-.,4 (%0#3+:4 90-.-$&/'$,- 8'#*-%%, 3 #<0/%&:4, %+0A$# 5--

D#'.+'#3/$$,4 3,%#)#= 0#)/0A$#= $/2'(1)#=. 

@-'-5 8'#3-5-$+-. +1.-'-$+= 3 (8'/30:>?-= 8'#2'/..- 1/5/>& 8/-

'/.-&', +%8,&/$+:: $/2'(1)/, %)#'#%&A $/2'(;-$+:, 3'-.: 3,5-';)+ 8#5 

$/2'(1)#= + %)#'#%&A '/12'(;-$+:. H-2+%&'/*+: 1/3+%+.#%&+ %+0, %#8'#&+3-

0-$+:   #& %.-?-$+: (20(<+$, 8#2'(;-$+: h +0+ &/$2-$*+/0A$#2# 8-'-.--

?-$+: x) 8'#+%4#5+& $-8'-',3$#, 8#9&#.( $/$#+$5-$&+'#3/$+- 7/%&# $/1,-

3/>& $-8'-',3$,. +$5-&+'#3/$+-.. H-1(0A&/&, 8'-5%&/30:>&%: 3 3+5- 5+/-

2'/.., &+8+7$,= 3+5 5+/2'/.., 8'-5%&/30-$ $/ '+%. 6 [1]. 

F '/<#&- 8'#3#5+0+%A +%8,&/$+: #<'/1*#3 )/.$-0+&,4 ./&-'+/0#3, 

8#0(7-$$,4 +1 2#'$<0-$5+&/ % 5#</30-$+-. 4'#.#3#= '(5,. Q+.+7-%)+= 

%#%&/3 #<'/1*#3 8'-5%&/30-$ 3 &/<0+*- [4, 5]. 

 !"!#$%&!' %(%)*+ ,(-./0$.1!)(+(,( &*"$..(,( 0!)23 
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!#0:, ./%. % 47,3 12,5 9,5 10,9 8,3 3,4 2,3 2,1 0,5 0–20 
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H+%. 6. M+8+7$,- 5+/2'/.., «%+0/ – 8-'-.-?-$+-» 8'+ $/$#+$5-$&+'#3/$++: 

hmax(total) – ./)%+./0A$/: 20(<+$/ 8#2'(;-$+: +$5-$&#'/; 

h#%&(fin) – 20(<+$/ #&8-7/&)/, #%&/36-2#%: 8#%0- %$:&+: $/2'(1)+ 

@'#3-5-$+- $/$#+$5-$&+'#3/$+: )/.$-0+&#2# ./&-'+/0/ %3:1/$$# % 

#8'-5-0-$$,.+ #%#<-$$#%&:.+, 8'-;5- 3%-2#, % 3,<#'#. $/$#(7/%&)/ 50: 

8'+0#;-$+: $/2'(1)+. I+)'#%)#8+: )/.$-0+&#2# ./&-'+/0/ #<,7$# 8'#3#-

5+&%: 3 8'#4#5:?-. %3-&-, 8# -- '-1(0A&/&/. <,0+ 3,:30-$, )'+%&/00+7--

%)+- %&'()&('$,- %#%&/30:>?+-. "'+%&/00+7-%)/: %#%&/30:>?/: 3 2#'$<-

0-$5+&#3#. )/.-$$#. 0+&A- 8'-5%&/30:-&%: 53(.: D/1/.+, #5$/ +1 )#&#',4 

3+1(/0A$# +5-$&+D+*+'(-&%: )/) 4'#.68+$-0+5 ('+%. 7, " – &-.$,- )'+%&/0-

0, 8'/3+0A$#= D#'.,), / 5'(2/: – )/) )0+$#8+'#)%-$ ('+%. 7, " – )'+%&/00+-

7-%)+= #'-#0 3#)'(2 <(',4 )'+%&/00#3 4'#.68+$-0+5/). M/);- 8'#%0-;+3/-

-&%: 4/'/)&-' '/%8'-5-0-$+:: 8# 3%-= 3+5+.#%&+, #$ 1/3+%+& #& &-7-$+: '/%-

80/3/, )'+%&/00+1/*+#$$#= + 2'/3+&/*+#$$#= 0+)3/*++. Q+.+7-%)+= %#%&/3 

+ +5-$&+D+)/*+: )'+%&/00+7-%)+4 %&'()&('$,4 %#%&/30:>?+4 (%&/$#30-$, 

% 8#.#?A> .+)'#'-$&2-$#%8-)&'/0A$#2# .+)'#1#$5#3#2# /$/0+1/.  %&/$#3-

)+ $/$#+$5-$&+'#3/$+: 8#13#0:>& #%./&'+3/&A 8#3-'4$#%&A &#0A)# 3 #&'/-

;-$$#. %3-&-, 8#9&#.(, 7&#<, 8'#3#5+&A 9)%8-'+.-$&, $/ 3,:30-$$,4 8'-5-

3/'+&-0A$# )#$)'-&$,4 )'+%&/00+7-%)+4 %#%&/30:>?+4, %0-5#3/0# #'+-$&+-

'#3/&A%: 8# )#%3-$$,. 8'+1$/)/., / +.-$$# 8# )#$&'/%&$#%&+ + D#'.- 3+-

5+.,4 $/ 8#3-'4$#%&+ %&'()&('$,4 #<'/1#3/$+=. E/ '+%. 7 8'-5%&/30-$, 

D#&#2'/D++, 8#0(7-$$,- 8'+ .+)'#%)#8++ )/.$-0+&#2# ./&-'+/0/ 3 8'#4#-

5:?-. + #&'/;-$$#. %3-&-. "'#.- &#2#, 3 %+0( 3,%#)#= 6-'#4#3/&#%&+ 8#-

3-'4$#%&+ )/.$-0+&#2# ./&-'+/0/ %0-5, #& +$5-$&/ $- :30:>&%: #&7-&0+3,-

.+ ('+%. 8) [5]. 

L'-5+ 3%-4 8'#3-5-$$,4 $/.+ 9)%8-'+.-$&#3 $/ #<'/1*/4 )/.$-0+&#2# 

./&-'+/0/ $/+<#0-- +$&-'-%$,.+ 50: 5/0A$-=6-2# /$/0+1/ :30:>&%: '-1(0A-
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&/&,, 8#0(7-$$,- 8'+ +%%0-5#3/$++ )'+%&/00#3 4'#.68+$-0+5/ + 8+'#)%-$#-

3#2# #'-#0/ 3#)'(2 $+4, / &/);- 8'+ +%%0-5#3/$+- (7/%&)/, 25- 8'+%(&%&3#3/0+ 

%'/1( 3%- %#%&/30:>?+- (4'#.68+$-0+5,, )0+$#8+'#)%-$, + /.#'D$/: D/1/). 

  
! " 

H+%. 7. J1#<'/;-$+:, 8#0(7-$$,- 8'+ .+)'#%)#8++ )/.$-0+&#2# ./&-'+/0/:  

! – 3 #&'/;-$$#. %3-&- $/ (%&/$#3)- NanoTest-600; " – 3 8'#4#5:?-. %3-&- 

$/ #8&+7-%)#. .+)'#%)#8-, ×500 

  
! " 

H+%. 8. J1#<'/;-$+:, 8#0(7-$$,- 8'+ .+)'#%)#8++ )/.$-0+&#2# ./&-'+/0/: 

! – 5# +$5-$&+'#3/$+:; " – 8#%0- +$5-$&+'#3/$+:, ×1000 

J1#<'/;-$+- (7/%&)/, $/ )#&#'#. 8'#3#5+0+%A +%8,&/$+: )'+%&/00#3 

4'#.68+$-0+5/ + 8+'#)%-$#3#2# #'-#0/, 8'-5%&/30-$ $/ '+%. 9. 

E/2'(1)/, 8'+0#;-$$/: ) 5/$$#.( (7/%&)(, %#%&/30:0/ F = 100 .E, '/%-

8'-5-0-$+- 1$/7-$+= &3-'5#%&+ + 8'+3-5-$$#2# 0#)/0A$#2# .#5(0: (8'(2#-

%&+ 8# 80#?/5+ 5/$$#2# (7/%&)/ <,0+ 8#0(7-$, 8# 100 &#7)/., #<?+= 3+5 

5+/2'/.. 50: )/.$-0+&#2# ./&-'+/0/ 8'-5%&/30-$ $/ '+%. 10. H-1(0A&/&, <,-

0+ 3+1(/0+1+'#3/$, 3 3+5- &#8#2'/D+7-%)#= %4-.,, '-1(0A&/&, 8'-5%&/30--

$, $/ '+%. 11. 
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 7/%&#), $/ )#&#'#. 8'#3#5+0%: 9)%8-'+.-$& %'/1( 8# 3%-. &'-. 

%&'()&('$,. %#%&/30:>?+., 8'-5%&/30-$ $/ '+%. 12, #$ +.--& <#0-- 3,&:$(-

&(> D#'.(. 

 

H+%. 9.  7/%&#) 50: 8'#3-5-$+: +%8,&/$+= &3-'5#%&+ 7/%&+*  

4'#.68+$-0+5/ + )0+$#8+'#)%-$/, ×1000 

 

H+%. 10. M+8+7$,= 3+5 5+/2'/.., «%+0/ – 8-'-.-?-$+-»  

50: )/.$-0+&#2# ./&-'+/0/ 
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! " 

H+%. 11. M#8#2'/D+: '/%8'-5-0-$+: %3#=%&3 8# 80#?/5+ (7/%&)/ 9)%8-'+.-$&/: 

 ! – &3-'5#%&A (#, N@/); " – 8'+3-5-$$,= .#5(0A (8'(2#%&+ ($, N@/) 

 

H+%. 12.  7/%&#) 50: 8'#3-5-$+: +%8,&/$+= &3-'5#%&+ 

3%-4 %&'()&('$,4 %#%&/30:>?+4, ×2000 

E/2'(1)/, 8'+0#;-$$/: ) 5/$$#.( (7/%&)(, %#%&/30:0/ &/);- F = 100 .E, 

'/%8'-5-0-$+- 1$/7-$+= &3-'5#%&+ + 8'+3-5-$$#2# 0#)/0A$#2# .#5(0: (8'(2#-

%&+ 8# 80#?/5+ 5/$$#2# (7/%&)/ <,0+ 8#0(7-$, &/);- 8# 100 &#7)/.. H-1(0A-

&/&, 3+1(/0+1/*++ +%8,&/$+= 8'-5%&/30-$, $/ '+%. 13. 

R$/0+1 5/$$,4, 8#0(7-$$,4 3 4#5- %-'++ 9)%8-'+.-$&#3, 8#13#0+0 

(%&/$#3+&A, 7&# 3 %&'()&('- )/.$-0+&#2# ./&-'+/0/ 3%&'-7/>&%: $-)'(8-

$,- 7/%&+*, '/1.-'#. 10–20 .)., )#&#',- #<0/5/>& )'/=$- 3,%#)#= 

&3-'5#%&A> 8#':5)/ > 10 N@/. !0: %'/3$-$+:, )#$%&'()*+#$$/: %&/0A #<-

0/5/-& &3-'5#%&A> 1,5–2 N@/, 3 1/3+%+.#%&+ #& ./')+. M/);- (%&/$#30-$#, 

7&# 3 %&'()&('- 3%&'-7/>&%: %#%&/30:>?+- % )'/=$- $+1)#= &3-'5#%&A>, 

#$+ +.->& 3$-6$+= 3+5 3)0>7-$+= +, )/) 8'/3+0#, #)'(;-$, %'-5#= %# 

%'-5$+. 1$/7-$+-. &3-'5#%&+ 3 N@/. 
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! " 

H+%. 13. M#8#2'/D+: '/%8'-5-0-$+: %3#=%&3 8# 80#?/5+ (7/%&)/ 9)%8-'+.-$&/:  

! – &3-'5#%&A (#, N@/); " – 8'+3-5-$$,= .#5(0A (8'(2#%&+ ($, N@/) 

@#%)#0A)( )/.$-0+&#= ./&-'+/0 – #)%+5$,= ./&-'+/0, #<0/5/>?+= 

8'+'#5#=, <0+1)#= ) 8'+'#5- %+0+)/&#3, 50: <#0-- &#7$#= +5-$&+D+)/*++ 

9&+4 %&'()&('$,4 %#%&/30:>?+4 8# 8#)/1/&-0:. &3-'5#%&+ .#;$# 3#%8#0A-

1#3/&A%: (%&/$#30-$$,.+ '/$-- 31/+.#%3:1:.+ .-;5( &3-'5#%&A> + %&'()&(-

'#= .+$-'/0#3 3 2-#0#2++. L#20/%$# 9&+. 31/+.#%3:1:.: 

!" &3-'5#%&A &-. <#0A6-, 7-. .-$A6- '/1.-', /&#.#3 +0+ +#$#3; 

!" &3-'5#%&A (3-0+7+3/-&%: % (3-0+7-$+-. 3/0-$&$#%&+, +0+ 1/':5/ )/-

&+#$#3, 34#5:?+4 3 5/$$,= .+$-'/0; 

!" &3-'5#%&A 3#1'/%&/-& % (3-0+7-$+-. 80#&$#%&+ (8/)#3)+; 

!" 3 #)+%0/4 + %+0+)/&/4 $/+<#0A6/: &3-'5#%&A 8'+$/50-;+& %#-5+$--

$+:. &-4 )/&+#$#3, 50: )#&#',4 #&$#6-$+- '/5+(%/ )/&+#$/ ) '/5+(%( /$+#-

$/ #&3-7/-& $+;$-.( 8'-5-0( (%&#=7+3#%&+ )##'5+$/*+#$$#2# 7+%0/. @'+-

7-. 50: %+0+)/&#3, %#5-';/?+4 /0>.+$+= 3 6-%&-'$#= )##'5+$/*++, &3-'-

5#%&A 3,6-, 7-. 3 /0>.#%+0+)/&/4 % 7-&3-'$#= )##'5+$/*+-= /0>.+$+:; 

!" 8'+%(&%&3+- 3 %#-5+$-$++ 2+5'#)%+0A$,4 +#$#3 3#5, $-%)#0A)# 8#-

$+;/-& &3-'5#%&A. 

"/) %0-5%&3+- 9&+4 53(4 1/)#$#.-'$#%&-= 3,5-0:>& -?- 53-: 

!" &3-'5#%&A +1.-$:-&%: #<'/&$# 8'#8#'*#$/0A$# .-;/&#.$,. '/%-

%&#:$+:., / +.-$$# '/%%&#:$+-. .-;5( )/&+#$#. + /$+#$#.; 

!" &3-'5#%&A +1.-$:-&%: 8':.# 8'#8#'*+#$/0A$# 80#&$#%&+ 4+.+7--

%)+4 %3:1-=. F0+:$+- '/1.-'/ +#$/ 0-27- 3%-2# 8'#%0-5+&A $/ 8'+.-'- +1#-

.#'D$#= 2'(88,, 25- 3%- 3-?-%&3/ +.->& #5$( + &( ;- )'+%&/00+7-%)(> 

%&'()&('(. Q#'#6+. 8'+.-'#. .#;-& %0(;+&A &3-'5#%&A 2-./&+&/ (4,5) 

+ )#'($5/ (9,0). F0+:$+- 3/0-$&$#%&+, +0+ 1/':5/, 7-&)# 8'#:30:-&%: 8'+ 

%'/3$-$++ %#-5+$-$+= % #5+$/)#3#= %&'()&('#= + <0+1)+.+ '/1.-'/.+ +#$#3. 

M/)/: ;- 31/+.#%3:1A %(?-%&3(-& .-;5( &3-'5#%&A> + )#9DD+*+-$&#. 

80#&$#%&+ (8/)#3)+: 7-. 3,6- )#9DD+*+-$& 80#&$#%&+ (8/)#3)+, &-. &3-'-
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5#%&A 3,6-. E-3-'#:&$#, $# +$#25/, -%0+ )#9DD+*+-$& 80#&$#%&+ (8/)#3)+ 

<#0A6- 6, &# #<,7$# &3-'5#%&A .+$-'/0/ '/3$/ 6 +0+ <#0A6- (8# I##%(). 

J.->&%: + $-)#&#',- 3&#'#%&-8-$$,- 1/)#$#.-'$#%&+, $/8'+.-', 7-. 

$+;- &3-'5#%&A, &-. $+;- &#7)/ 80/30-$+:. "'#.- &#2#, &3-'5#%&A 8#3,6/-&-

%: % 8#$+;-$+-. &-.8-'/&(',; &/), &3-'5#%&A 0A5/ 8'+<0+;/-&%: ) 6 8'+ 

&-.8-'/&('- –40 °L. J13-%&$, &/);- $-)#&#',- /$#./0++ 3 +1.-$-$++ &3-'-

5#%&+, 3 7/%&$#%&+, -- 1$/7-$+: 50: 8'#.-;(&#7$,4 70-$#3 $-)#&#',4 ':5#3 

&3-'5,4 '/%&3#'#3 .#2(& <,&A $-%)#0A)# 3,6-, 7-. &3-'5#%&A #<#+4 )#$-7-

$,4 70-$#3 &/)+4 ':5#3 [9]. 

L#3.-%&+3 1$/7-$+: &3-'5#%&+ %# 31/+.#%3:1:.+, 3,:30-$$,.+ 3 2-#-

0#2++, + '-1(0A&/&/.+ '/$-- 8'#3-5-$$,4 '-$&2-$#%8-)&'/0A$,4 .+)'#1#$-

5#3,4 +%%0-5#3/$+=, ., 8'+60+ ) 3,3#5(, 7&# 7/%&+*,, #<0/5/>?+- $/+-

<#0A6-= &3-'5#%&A>, :30:>&%: )'+%&/00/.+ 4'#.68+$-0+5/, #<?/: %'-5/ %# 

%'-5$+. 8#)/1/&-0-. &3-'5#%&+ :30:-&%: /.#'D$#= %&'()&('$#= %#%&/30:>-

?-=, / $/+<#0-- «.:2)+-» %&'()&('$,- %#%&/30:>?+- 8'-5%&/30-$, 8+'#)-

%-$+&/.+ + )0+$#8+'#)%-$+&/.+ + #0+3+$#.. 

 7+&,3/: 5/$$,-, 8#0(7-$$,- $/.+ '/$-- 8'+ 8-&'#2'/D+7-%)+4 +%-

%0-5#3/$+:4 (.+)'#%)#8++ 3 8'#4#5:?-. %3-&-), .#;$# (&3-';5/&A, 7&# 7/%-

&+*, 4'#.68+$-0+5/ :30:>&%: #%$#3$,.+ %&'()&('$,.+ %#%&/30:>?+.+, 

#<-%8-7+3/>?+.+ #%$#3$#- 9)%80(/&/*+#$$#- %3#=%&3# )/.-$$#2# 0+&A: – 

+1$#%#%&#=)#%&A. E/0+7+- «.:2)+4» 7/%&+* 8+'#)%-$#3 %3+5-&-0A%&3(-& 

# &#., 7&# 3 8'#*-%%- '/<#&, 8'+ )#$&/)&- % /<'/1+3#. #$+ 3,)'/6+3/>&%:, 

&-. %/.,. #<-%8-7+3/-&%: (8'#7$-$+- )/.-$$#2# 0+&A: 3 8'#*-%%- '/<#&,, 

7&# #1$/7/-& #&%(&%&3+- %&/'-$+: + 5#02#3-7$#%&A. R.#'D$/: ./&'+*/ 

%# %'-5$+. 8#)/1/&-0-. &3-'5#%&+ + .#5(0: (8'(2#%&+ 8#13#0:-& )#.8-$%+-

'#3/&A 4'(8)#%&A #%$#3$,4 '/<#7+4 %&'()&('$,4 90-.-$&#3. 

@#0(7-$$,- 5/$$,- %3+5-&-0A%&3(>&, 7&# .-&#5 $/$#+$5-$+'#3/$+: 

:30:-&%: $/+<#0-- &#7$,. %8#%#<#. #8'-5-0-$+: D+1+)#-.-4/$+7-%)+4 

%3#=%&3 )/.$-0+&#2# ./&-'+/0/ + 5'(2+4 #)%+5$,4 + %+0+)/&$,4 ./&-'+/0#3 

% 3,%#)#2-&-'#2-$$#= %&'()&('#=. I-&#5 $/$#+$5-$&+'#3/$+: .#;-& <,&A 

+%8#0A1#3/$ 50: +1(7-$+: %&'()&(', )/.$-0+&#2# ./&-'+/0/, / %#3.-?/: 8#-

0(7-$$,- 5/$$,- % '-1(0A&/&/.+ +5-$&+D+)/*++ %&'()&('$,4 %#%&/30:>-

?+4, .#;$# (%&/$#3+&A <#0-- 8#5'#<$,- 31/+.#%3:1+: «%&'()&('/ S 9)%-

80(/&/*+#$$#- %3#=%&3# S &-4$#0#2+7-%)+= 8/'/.-&'».  
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