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 !" 699.83 

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

 !"#$#%# &'()*+, ,+-.!$/$ $,. 0.1. 2*$!"/(3( 405, 6("/7. 

3 456- -748 9:"-544 ;<:9 

3 : ="46 69>- 49;96 

 ""*+8%+#"9 .83+:$(!!.9 &'(;!("#< *+89!(= /('/$, !.,('(>+!!(= !. &(7+'-!("#< ?*+-

,+!#. /(!"#'%/@$=, 7 :.7$"$,("#$ (# %"*(7$= !. 3'.!$@+ /(!#./#., 7/*A;.9 "((#!(2+!$+ "87$3(-

7B- $ !(',.*<!B- !.&'9>+!$=, . #./>+ 7*$9!$+ )(/(7(3( "#+"!+!$9, 3+(,+#'$$ &(7+'-!("#$ $ 

.!#$.83+:$(!!(3( &(/'B#$9. C((#7+#"#7+!!( :.8.;+ $""*+8(7.!$9 &'+8*(>+!B ,+#(8$/$ $ %"#-

'(="#7. 8*9 $:,+'+!$9 .83+:$$ *<8. / 8'%3$, ,.#+'$.*.,, 7 ;."#!("#$ !. @$*$!8'$;+"/$- ()-

'.:@.-, 7 %"*(7$9- /(,)$!$'(7.!!(3( "87$3. (78(*< ("$ ()'.:@. $ 7 (/'%>!(, !.&'.7*+!$$). 

D(/.:.!(, ;#( !.*$;$+ 8.>+ ,.*(3( "87$3. 7 (/'%>!(, !.&'.7*+!$$ '+:/( "!$>.+# .83+:$(!!(+ 

"(&'(#$7*+!$+ &( (#!(2+!$A / ("+7(,% "87$3%.  ""*+8(7.!. .83+:$9 *<8. / '+.*<!(,% /(!"#-

'%/@$(!!(,% ?*+,+!#% #(/(!+"%E+3( /.)+*9 " .!#$.83+:$(!!B, &(/'B#$+, $ )+: &(/'B#$9. C8+-

*.!B 7B7(8B ( &'./#$;+"/(, &'$,+!+!$$ &(*%;+!!B- '+:%*<#.#(7. 

3$?@)2A) B$#21: .83+:$9 *<8. / #7+'8B, #+*.,; ,+#(8B $:,+'+!$9 $ %"#'(="#7.; !('-

,.*<!B+ $ "87$3(7B+ !.&'9>+!$9; .83+:$(!!.9 &'(;!("#<; )(/(7(+ "#+"!+!$+, *+89!.9 /('/.. 

 

 !"#"$%" 

#$%&'()%(*)+,%(- .,/(%, &)%01*$&'(2 ( 0))*$3-%(2 4*( %(5-
&(6 1-.4-*,1$*,6 %-*-7&) 0)4*)+)37,-108 (6 )9:-7-%-%(-., &)1)*)- 
.)3-1 4*(+)7(1; & +)5%(&%)+-%(< ,+,*(2%=6 ( &,1,01*)>(?-0&(6 0(-

1$,'(2. @9*=+= :(%(2 A:-&1*)4-*-7,?, %-7)4$01(.=- 4)7+(3&( )4)* 

.)01)+ ?-*-5 *-&( ( :-7)01)2&(6 4:,1>)*., 4)1-*8 6)7, 0$7,.( ( :--
7)&):,.(, ,+,*(2%=- 0(1$,'(( ( %-*,0?-1%=- *-3(.= %, ,44,*,1,6 

,A*)&)0.(?-0&)2 1-6%(&( ?,01) 8+:8<108 0:-701+(-. %,.-*5,%(8 :;7,. 
B) .-*- )0+)-%(8 *,2)%)+ 0 A&01*-.,:;%=. &:(.,1). +)5*,01,-1 ,&1$-

,:;%)01; 4*)9:-. 9)*;9= 0 )9:-7-%-%(-.. C*-7( *,5%))9*,5%=6 04)-

0)9)+ 0%(3-%(8 ,7D-5(( :;7, & *,5:(?%=. 4)+-*6%)018. A:-.-%1)+ 
&)%01*$&'(2 +-0;., A>>-&1(+%=.( +) .%)D(6 0:$?,86 )&,5=+,<108 
:-7)>)9%=- 4)&*=1(8. B).(.) 0%(3-%(8 ,7D-5(( 4)&*=1(8 .)D$1 5,-
.-7:(1; 4*)'-00 %,.)*,3(+,%(8 :;7, ( $.-%;/(1; -D) &):(?-01+). 

E,3%=- ,04-&1= 4*)9:-.= 9)*;9= 0 )9:-7-%-%(-. – )'-%&, ,7-

D-5()%%)2 4*)?%)01( D*,%(' :-7–.,1-*(,: (%)2 4*(*)7=, (00:-7)+,-
%(- .-6,%(5.)+ ,7D-5(( :;7,, *,5*,9)1&, 1-6%(?-0&(6 *-/-%(2 4) -- 
0%(3-%(<, , 1,&3- )'-%&, A>>-&1(+%)01( A1(6 *-/-%(2. 
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E+(7$ +,3%)01( $&,5,%%)2 4*)9:-.= 7)+):;%) 9):;/)- +%(.,-
%(- $7-:8:)0; + 4)0:-7%(- 7-081(:-1(8 A&04-*(.-%1,:;%=. (00:-7)-

+,%(8. ,7D-5(( :;7, & 4)+-*6%)018. *,5:(?%=6, D:,+%=. )9*,5). &)%-

01*$&'()%%=6, .,1-*(,:)+ [1–5]. B*-7:)3-% *87 06-. 4*)+-7-%(8 (0-
4=1,%(2 4) (5.-*-%(< ,7D-5(( :;7,. E 9):;/(%01+- 0:$?,-+ ,7D-5(< 

:;7, )4*-7-:8<1 + (04=1,%(86, + &)1)*=6 )0$F-01+:8-108 07+(D 4) 

D*,%('- :-7–&)%01*$&'()%%=2 .,1-*(,: 4)0*-701+). %,D*$3-%(8 :(-

9) 0,.)D) :;7,, :(9) )9*,5', &)%01*$&'()%%)D) .,1-*(,:,, %, &)1)*). 

4*-7+,*(1-:;%) %,.)*)3-% :-7 (0.., %,4*(.-* [2]). E )17-:;%=6 0:$-

?,86 (5.-*-%(- ,7D-5(( 4*)+)7(:)0; + $0:)+(86 &*$?-%(8 )9*,5', )1-
%)0(1-:;%) %,.)*)3-%%)D) :;7, [1]. E ?,01%)01(, + *,9)1- [2] (00:-7)-

+,%, 0*,+%(1-:;%,8 A>>-&1(+%)01; ?-1=*-6 *,5:(?%=6 4)&*=1(2 7:8 
0%(3-%(8 ,7D-5(( :;7,. 

 ?(1=+,8, ?1) + 9):;/(%01+- .,1-*(,:)+ ( 0)-7(%-%(2 $0:)+(8 
4*)?%)01( ( ,7D-5()%%)2 4*)?%)01( 4*( &).9(%(*)+,%%=6 %,D*$5&,6 

)1:(?,<108 )1 $0:)+(2, 0))1+-101+$<F(6 &,&).$-1) )7%).$ +(7$ %,-
D*$3-%(8, 4*-701,+:8-108 +,3%=. *,5*,9)1&, .-1)7(&( ( -- ,44,*,1-
%)2 *-,:(5,'(( 7:8 (5.-*-%(8 ,7D-5(( :;7, & &)%01*$&'()%%=. .,1--
*(,:,., + ?,01%)01( + $0:)+(86 &).9(%(*)+,%%)D) 07+(D,. G,&,8 .-1)-

7(&, 4*-7:)3-%, + %,01)8F-2 *,9)1-. 
H-)96)7(.)01; + 4)7)9%=6 (04=1,%(86 +)5%(&,-1, %,4*(.-*, 

4*( (5$?-%(( ,7D-5(( :;7, & 1)&)%-0$F(. &,9-:8. +)57$/%=6 :(%(2 

A:-&1*)4-*-7,?. ",9-:( (.-<1 0:)3%$< &*(+):(%-2%$< 4)+-*6%)01;, 
)9*,5)+,%%$< +(%1)+)2 $&:,7&)2 )17-:;%=6 4*)+)7)+ &,9-:8. E *--
5$:;1,1- 4*( 7-201+(( 07+(D)+)2 %,D*$5&( +7):; )0( &,9-:8 +)5%(&,-1 
( &*$18F(2 .).-%1, 1.-. %, 4)+-*6%)01( :-7–&,9-:; 7-201+$-1 0:)3-

%=2 07+(D (&).9(%,'(8 4*)7):;%)D) ( 4)4-*-?%)D) 07+(D,). 

1. &"'(#%)% *)+,"-%."$'/01$23 %++0"#(!/$%4  

% 5+'-(4+'!/ #06 %3 -"/0%7/8%% 

9:;")' %++0"#(!/$%4. I00:-7$-108 ,7D-5()%%,8 4*)?%)01; :--
78%)2 &)*&(, %,.)*)3-%%)2 %, 4)+-*6%)01; A:-.-%1, &)%01*$&'(2, + 
5,+(0(.)01( )1 $0:)+(2 %, D*,%('- &)%1,&1,, +&:<?,8 0))1%)/-%(- 
07+(D)+=6 ( %)*.,:;%=6 %,4*83-%(2, , 1,&3- +:(8%(- 9)&)+)D) 01-0-
%-%(8, D-).-1*(( 4)+-*6%)01( ( ,%1(,7D-5()%%)D) 4)&*=1(8. C))1+-1-
01+-%%) 5,7,?- (00:-7)+,%(8 *,5*,9)1,%= .-1)7= )4*-7-:-%(8 ,7D-5(-

)%%)2 4*)?%)01( :;7, & .-1,::(?-0&(. 4)+-*6%)018. &)%01*$&'()%-
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%=6 A:-.-%1)+ ( $01*)201+,, (6 *-,:(5$<F(-. E &,?-01+- )0%)+%)D) 

)9J-&1, (00:-7)+,%(2 +=9*,% &,9-:; +)57$/%=6 1)&)4*)+)78F(6 0--
1-2. H, *(0. 1 4)&,5,% A:-.-%1 .%)D)4*)+):)?%)D) &,9-:8 7(,.-1*). 

21,4 ... C:-+, %, *(0$%&- – A:-.-%1 &,9-:8 9-5 ,%1(,7D-5()%%)D) 4)-

&*=1(8, 04*,+, – 0 4)&*=1(-.. ",9-:; 4*-701,+:8-1 0)9)2 01,:-,:<-

.(%(-+=2 .%)D)4*)+):)?%=2 01,:;%)2 0-*7-?%(& (5 0-.( 01,:;%=6 

4*)+)7)+ (+ '-%1*- 0-?-%(8), )9+(1=2 7+$.8 0:)8.( (4) 10 ( 16 3(:) 
,:<.(%(-+)2 4*)+):)&(. E .-1)7(?-0&(6 '-:86 (04):;5)+,:( )9*,5'= 

( (%=6 >)*.: 4:)0&(- 4:,01(%= (7:8 ,%,:(5, +:(8%(8 4)&*=1(8 %, 
4*)'-00 %,.-*5,%(8 ( )'-%&( 4*)?%)01( %, )1*=+ (7(0&()), '(:(%7*(-

?-0&(- )9*,5'= + +(7- 4*8.)D) &*$D)+)D) '(:(%7*, (7:8 )'-%&( +:(8-
%(8 7)4):%(1-:;%)D) & )0-+).$ %,D*$3-%(< 07+(D). + )&*$3%). %,-
4*,+:-%((). 

 
 

K(0. 1. L:-.-%1 .%)D)4*)+):)?%)D) 

&,9-:8 7(,.-1*). 21,4 .. 

K(0. 2. C6-., $01*)201+, 7:8 (04=1,%(8 
4:)0&(6 )9*,5')+: 1 – :-7, 2 – 7(0&(, 3 – 

%,4*,+:8<F,8 +1$:&,, )%, 3- 1-*.)01,1(-

*$<F,8 )9):)?&,, 4 – 5,6+,1=.   – 0(:, 
*,0183-%(8 

<+'-(4+'!( #06 %+,2'/$%6 ,0(+)%3 (:-/78(!. !:8 )4*-7-:--
%(8 ,7D-5(( :;7, & 4:)0&(. 4:,01(%&,. *,5*,9)1,%) 4*(04)0)9:-%(- 
(*(0. 2). M-37$ %,4*,+:8<F-2 +1$:&)2 ( 7(0&,.( 4).-F-%) 1)%&)- 
>1)*)4:,01)+)- &):;') (%, *(0$%&- %- 4)&,5,%)). B*(04)0)9:-%(- 0)-
01)(1 (5 7+$6 0))0%) *,04):)3-%%=6 ,:<.(%(-+=6 7(0&)+ ( 4*(.)*)-
3-%%)2 .-37$ %(.( 4:,01(%= :;7,. G):F(%, :-78%)2 4:,01(%= 2,5 ... 

!(,.-1* *,9)?-2 4)+-*6%)01( 7(0&)+ 48 ... @1%)/-%(- 7(,.-1*, 
7(0&)+ & 1):F(%- )9*,5', )&):) 20, ?1) 0))1+-101+$-1 0)57,%(< )7%)-

*)7%)D) 4):8 %,4*83-%(2 +%$1*( :-78%)D) )9*,5', 4*( $0:)+(( -D) 

D).)D-%%)01(. 
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<+'-(4+'!( #06 %+,2'/$%4 =0/#)%3 8%0%$#-%>"+)%3 (:-/7-

8(! % (:-/78(! %7 '()($"+5?"=( )/:"06 $/ +#!%= ! 5+0(!%63 +'"+-

$"$%6. C6-., $01*)201+, 7:8 )4*-7-:-%(8 ,7D-5(( :;7,, 4*(.)*)3-%-

%)D) & )9*,5'$, 4)&,5,%, %, *(0. 3. N)&)+)- 01-0%-%(- :;7, 7)01(D,:)0; 
5,.)*,3(+,%(-. +)7= + 5,5)*- .-37$ +-*6%-2 %,4*,+:8<F-2 +1$:&)2 6 

( '(:(%7*(?-0&(. 01-*3%-. 8, 4*(?-. 1):F(%, 0+)7, :-78%)2 «&)*-

&(» 0)01,+:8:, 2,5 ... 

 
 

K(0. 3. C6-., $01*)201+,  
7:8 )4*-7-:-%(8 ,7D-5(( :;7,,  
4*(.)*)3-%%)D) & )9*,5'$: 1, 6 –  

%(3%88 ( +-*6%88 %,4*,+:8<F(- +1$:&(, 

2 – /,*)+,8 )4)*,, 3, 4 – 5,6+,1=, 5 – :-7, 

7 – 4)7/(4%(& 0&):;3-%(8, 8 – 01,:;%)2 

'(:(%7*(?-0&(2 01-*3-%; (:( A:-.-%1 
&,9-:8, 9 – )4)*%)- &):;') 

K(0. 4. C6-., $01*)201+, 7:8 (04=1,%(2 

+ $0:)+(86 0:)3%)D) 07+(D,: 1 – )4)*%,8 
+1$:&,, 2, 5 – 5,6+,1=, 3 – 01,:;%)2  

'(:(%7*(?-0&(2 01-*3-%; (:( A:-.-%1  
&,9-:8, 4 – $4)*%=2 /,*(&)4)7/(4%(&,  

6 – :-7, 7 – &)%(?-0&,8 +1$:&,,   – 0(:,,  
 1 1 – 4,*, 0(: 

<+'-(4+'!( #06 %+,2'/$%4 ! 5+0(!%63 +0(@$(=( +#!%=/. C6--
., $01*)201+, 4)&,5,%, %, *(0. 4. E*,F,1-:;%)- 7+(3-%(- :-78%).$ 

&):;'$ 4-*-7,+,:)0; ?-*-5 01-*3-%;, & &)1)*).$ 4*(&:,7=+,:( .)-

.-%1 !, 0)57,+,-.=2 4,*)2 0(:  1 + 4:)0&)01(, )*1)D)%,:;%)2 & )0( 

01-*3%8. G,&(. )9*,5)., %, D*,%('- &)%1,&1, :-7–01-*3-%; 7-201+)-

+,:( 07+(D)+=- %,4*83-%(8, 0)57,+,-.=- +%-/%-2 )0-+)2 0(:)2   ( 

&*$18F(. .).-%1). 4,*= 0(: !.  01*)201+) 4)5+):8-1 A&04-*(.-%-

1,:;%) 4*)+-*(1; +:(8%(- 7)4):%(1-:;%=6 07+(D)+=6 %,4*83-%(2 %, 
,7D-5()%%$< 4*)?%)01; %,.)*)3-%%)D) :;7,, 1.-. *-,:(5)+,1; $0:)+(8 
0:)3%)D) 07+(D, + :-78%)2 &)*&-, %,.)*)3-%%)2 %, '(:(%7*(?-0&(2 

01-*3-%;. 

 1  1 
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A7."-%'"01$/6 /)5+'%>"+)/6 0%$%6. !:8 (5.-*-%(8 6,*,&1-*(-

01(& ,&$01(?-0&)2 A.(00((, +)5%(&,<F-2 4*( ,7D-5()%%). *,5*$/-%(( 

&)%1,&1, :-7–.-1,::, (04):;5)+,:( (5.-*(1-:;%$< ,&$01(?-0&$< :(%(< 

()1 50 O' 7) 20 &O'). I5.-*(1-:;%,8 :(%(8 6,*,&1-*(01(& ,&$01(?-0&)2 

A.(00(( +&:<?,-1 4*(-.%(& 0(D%,:)+ ,&$01(?-0&)2 A.(00((, 4*-7$0(:(-

1-:; (1(4, USB SOUND PC CE), ,&$01(?-0&$< 4:,1$ + %)$19$&- ( ,%,:(-

5,1)* 04-&1*,. B*(-.%(& 0(D%,:)+ 0)01)(1 (5 4;-5)7,1?(&, (1(4 "E10 

(:( KD91), ,&$01(?-0&)D) +):%)+)7,, + &,?-01+- &)1)*)D) (04):;5)+,% 

01,:;%)2 01-*3-%; (0.., %,4*(.-*, *(0. 4 (3)), ( +=0)&)?,01)1%)D) &,9-:8, 
4) &)1)*).$ 0(D%,: 4)01$4,-1 %, 5+$&)+$< 4:,1$. 

&"'(#%)% *)+,"-%."$'/01$23 %++0"#(!/$%4. E 9):;/(%01+- 
0:$?,-+ )9:-7-%-%(- 4*)+)7)+ 4*)(06)7(1 + +)57$/%)2 ,1.)0>-*-, 
0)7-*3,F-2 &,4:( +)7=, 4*( 1-.4-*,1$*,6 )1 0 7) –25 °C. E)7, 4*( 

4)4,7,%(( %, 4)+-*6%)01; )6:,37-%%)D) &,9-:8 &*(01,::(5$-108, )9-

*,5$8 :-78%$< &)*&$. B*)'-00 >)*.(*)+,%(8 :-78%)2 &)*&( ( 01*$&-
1$*, )9*,5$<F-D)08 :;7,, +-*)81%), 5,+(081 )1 )0)9-%%)01-2 $0:)+(2 

%, D*,%('- &)%1,&1,. B)A1).$, ?1)9= 4)%81; +:(8%(- ,%1(,7D-5()%%)-

D) 4)&*=1(8 %, 4*)'-00 5,.)*,3(+,%(8 +)7=, 9=: +=4):%-% 0:-7$<-

F(2 A&04-*(.-%1. 
P01-01+-%%=2 4*)'-00 )9:-7-%-%(8 1)&)4*)+)78F-D) &,9-:8 

(.(1(*)+,:( 4*( 1-.4-*,1$*- –(13±1) °C. !:8 A1)D) + &*()01,1- $01,-
%,+:(+,:( ,:<.(%(-+=- 4:,01(%&( D,9,*(1,.( 90 ..×90 ..×1,5 .. 

(4:,&(*)+,%%=- ?(01=. ,:<.(%(-.), 9-5 4)&*=1(8 ( 0 ,%1(,7D-5()%-

%=. 4)&*=1(-. (0.. *(0. 2), 4*(?-. 4:,01(%&( 9=:( (5):(*)+,%= )1 
.-1,::(?-0&)D) &)*4$0, 0 4).)F;< 1-4:)(5):(*$<F(6 4*)&:,7)&. H, 
4:,01(%&( 4).-F,:( &,4:( +)7= )7(%,&)+)2 .,00= 0 4).)F;< 4(4-1-
&( ( (5.-*8:( +*-.8 (6 5,.)*,3(+,%(8. B*)'-00 >,5)+)D) 4-*-6)7, 
*-D(01*(*)+,:( (1 &,7*/0) 0 4).)F;< &(%)&,.-*= 0 '-:;< +=8+:-%(8 
+(5$,:;%=6 *,5:(?(2 7:8 *,00.,1*(+,-.=6 0:$?,-+ (0 4)&*=1(-. ( 9-5 
,%1(,7D-5()%%)D) 4)&*=1(8). 

!,:-- 0 4).)F;< $01*)201+, 7:8 (04=1,%(8 4:)0&(6 )9*,5')+ 
(0.. *(0. 2) +=4):%-% *87 A&04-*(.-%1)+, +&:<?,<F(6 )4*-7-:-%(- 
0(:= )1*=+, 7:8 0:-7$<F(6 $0:)+(2: 

1) )9*,5-' :;7, 4*(.)*)3-% .-37$ )9-53(*-%%=.( 4)+-*6%)-

018.( ,:<.(%(-+=6 7(0&)+; 
2) %, 4)+-*6%)01; )7%)D) 7(0&, %,%-0-%) ,%1(,7D-5()%%)- 4)-

&*=1(- (4*).=/:-%%,8 7+$6&).4)%-%1%,8 A4)&0(7%,8 D*$%1)+)?%,8 
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&*,0&, 7:8 ,:<.(%(-+=6 4)+-*6%)01-2 IHPKGQ BKQRMPK 5 (4*)(5-
+)7(1-:; &)%'-*% TEKNOS)). 

I04=1,%(8 4*)+)7(:( 0 4).)F;< .,/(%= 1(4, FM-1000 4*( 

0&)*)01( 4-*-.-F-%(8 D*$5)+=6 4:)F,7)& )&):) 0,064 0./0 + (%1-*+,-
:- 1-.4-*,1$* )1 –7 7) –21 °C. @0%)+%=- (5.-*8-.=- +-:(?(%= – .,&-
0(.,:;%,8 *,018D(+,<F88 0(:, ( (5.-%-%(- 0(:= +) +*-.-%(, &*).- 
1)D), (5$?,:,0; 4)+-*6%)01; )1*=+,. L&04-*(.-%1= A1)2 0-*(( (.-:( 

'-:;< + 4*)01). 0:$?,- 4:)0&)2 4)+-*6%)01( &)%1,&1, $01,%)+(1; &)-

:(?-01+-%%)- *,5:(?(- ,7D-5()%%)2 4*)?%)01( :;7, 7:8 +=9*,%%=6 

$0:)+(2 %,D*$3-%(8 ( )7(%,&)+)2 01*$&1$*= 4*(*)7%)D) :;7,. 
K,9)?,8 D(4)1-5, 0:-7$<F-2 0-*(( A&04-*(.-%1)+ 0)01)(1 + 1)., 

?1) + *-,:;%=6 $0:)+(86 *,5*$/-%(- %, D*,%('- :-7–&,9-:; 4*)(06)-

7(1 07+(D)., 4*(?-. *,5*$/-%(- :-78%)2 &)*&(, %,.)*)3-%%)2 %, 
1)%&)%-0$F(2 &,9-:;, 4*( 07+(D- 4*)(06)7(1 0 -- +*,F-%(-..  D): 

4)+)*)1, 5,7,% %,+(1=.( 4*)+)7,.( +-*6%-D) 0:)8 A:-&1*)4*)+)78F--
D) &,9-:8. C))1+-101+-%%) ,7D-5()%%$< 4*)?%)01; :-78%)2 &)*&( 0:--
7$-1 (04=1=+,1; %, 07+(D, )9*,F,8 +%(.,%(- %, .,:)(00:-7)+,%%=- 
*,%-- >,&1)*=, %,4*(.-* 9)&)+)- 01-0%-%(-, 0))1%)/-%(- 07+(D)+=6 ( 

%)*.,:;%=6 %,4*83-%(2, 7)4):%(1-:;%=- 07+(D)+=- %,4*83-%(8 + $0-
:)+(86 0:)3%)D) 07+(D,, &)1)*=-, +-*)81%), 7):3%= )&,5,1; 0$F-01+-%-

%)- +:(8%(- %, ,7D-5()%%$< 4*)?%)01; 0)-7(%-%(8 :;7, 0 4*)+)7).. 

!:8 (04=1,%(2 ,7D-5()%%)2 4*)?%)01( :-78%)2 &)*&(, %,.)*)3-%-

%)2 %, A:-.-%1 1)&)4*)+)78F-D) &,9-:8 0 ,%1(,7D-5()%%=. 4)&*=1(-. ( 

9-5 4)&*=1(8, (04):;5)+,:( $01*)201+) 7:8 (04=1,%(2 )9*,5')+ %, 07+(D + 
$0:)+(86 01-0%-%(8 (0.. *(0. 3) ( ,%,:)D(?%)- $01*)201+$, 4)&,5,%%).$ %, 
*(0. 4 (+.-01) &)%(?-0&)2 +1$:&( 7 (04):;5)+,:( 4:)0&$< /,29$, 4*(.)-
*)3-%%$< &) :;7$ – 6).  01*)201+) 4).-F,:)0; .-37$ D*$5)+=.( 4:)-
F,7&,.( (04=1,1-:;%)2 .,/(%= 1(4, FM-1000. E A1). 0:$?,- (5.-*8:( 

)0-+=- $0(:(8 &,& >$%&'(< +*-.-%( 4*( 0&)*)01( 0.-F-%(8 0,6 ../.(%. 

M).-%1 *,5*$/-%(8 ,7D-5()%%)D) &)%1,&1, )4*-7-:-% &,& 1)?&, 
7)01(3-%(8 4*-7-:;%)D) $D:, 4)+)*)1,, &)1)*)- 4*)(06)7(1 4*( .,&-
0(.,:;%)2 0(:- 07+(D,. B)0:- ?-D) *-,:(5$-108 0&):;3-%(- :-78%)2 

&)*&( 4) ,:<.(%(-+=. 4*)+)7,. &,9-:8. @7%,&) A1, D*,%(', .-37$ 

01,1(&)2 ( 7(%,.(&)2 07+(D, 9=+,-1 +=*,3-%, %-7)01,1)?%) 8+-
%)/*-5&), 4)A1).$ 9=: 4*(.-%-% .-1)7 ,&$01(?-0&)2 A.(00(( [6]. 

C A1)2 '-:;< *-D(01*(*)+,:( 0(D%,:= ,&$01(?-0&)2 A.(00(( + 7(,4,-
5)%- ?,01)1 )1 50 O' 7) 20 &O'. M,&0(.,:;%,8 ,.4:(1$7, 0(D%,:, 0+(-
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7-1-:;01+$-1 ) 6*$4&). *,5*$/-%(( ,7D-5()%%)D) &)%1,&1, %, D*,%('- 
:-7–.-1,::. M-1)7 7->)*.,'()%%)2 ,&$01(?-0&)2 A.(00(( 4)5+):8-1 
?-1&) )10:-3(+,1; (01(%%=2 .).-%1, 4*( &)1)*). 4*)(06)7(1 *,5*$-

/-%(- ,7D-5()%%)D) &)%1,&1, %,.-*5/-D) %, 4*)+)7 :;7, (, 0:-7)+,-
1-:;%), 7)01(D,-108 &*(1(?-0&(2 $D): 4)+)*)1,, (5.-*-%(- &)1)*)D) 

)0$F-01+:8:( )41(?-0&(. .-1)7). (4) 0.-F-%(< :,5-*%)D) :$?,, )1-
*,3-%%)D) )1 5-*&,:,, $01,%)+:-%%)D) %, )9*,5'-). 

2. B-(8"#5-/ %7=('(!0"$%6 (:-/78(! 

B*( )4*-7-:-%(( ,7D-5(( :;7, & 4:)0&(. 4:,01(%&,. (04):;5)+,% 

4*(*)7%=2 4*-0%)+)7%=2 :-7, &)1)*=2 +=*-5,:( (5 0*-7%-D) 4*)5*,?%)-
D) 0:)8 :-78%)D) 4)&*)+, 4*-0%)D) +)7)-., ( 7)01,+:8:( + :,9)*,1)*(<. 

S-7 (.-: 01*$&1$*$ 1(4, Q4 4) &:,00(>(&,'(( H.E. T-*-4,%)+, [7]. 

C1*$&1$*$ )4*-7-:8:( 4) .(&*)/:(>,. %, 01):(&- P.C. #-7)*)+,. B:)-
0&(- 4:,01(%&( :;7, 1,&)2 01*$&1$*= ++)7(:( + &)%1,&1 0 ,:<.(%(-+=.( 

7(0&,. 4*( 1-.4-*,1$*- )&):) 0 °C ( )6:,37,:( 7) 1-.4-*,1$*= (04=1,-
%(2 0) 0&)*)01;< 3 °C/?,0. 

B*( (00:-7)+,%(( +:(8%(8 9)&)+)D) 01-0%-%(8 :-7 %,.)*,3(+,:( 

%, A:-.-%1 1)&)%-0$F-D) &,9-:8 0 ,%1(,7D-5()%%=. 4)&*=1(-. ( 9-5 %--
D). !:8 %,.)*,3(+,%(8 (04):;5)+,:( 0J-.%=2 01,&,% (5 >1)*)4:,01,, 
4)0:)2%$< 5,:(+&$ 7(01(::(*)+,%%)2 +)7= + 5,5)* .-37$ +-*6%-2 %,-
4*,+:8<F-2 +1$:&)2 ( '(:(%7*(?-0&(. 01-*3%-. +=4):%8:( 0) 0&)*)-
01;< 2 .: ?-*-5 &,37=- 20 .(%$1. H-)96)7(.) )1.-1(1;, ?1) 4*)'-7$*= 

(5D)1)+:-%(8 ( 1-*.)01,1(*)+,%(8 )9*,5')+ (5-5, 0$F-01+-%%)D) *,5:(-

?(8 + 1-*.(?-0&(6 &)A>>('(-%1,6 *,0/(*-%(8 :;7, ( .-1,::, &*(1(?%, 
& D*,7(-%1$ 1-.4-*,1$*=, 4)A1).$ 7):3%= +=4):%81;08 + $0:)+(86, 
9:(5&(6 & *,+%)+-0%=.. @4=1%=. 4$1-. $01,%)+:-%), ?1) 7:8 4*-7+,*(-

1-:;%)D) 1-*.)01,1(*)+,%(8 )9*,5', 4*( 1-.4-*,1$*- (04=1,%(8 7)01,-
1)?%) 14–16 ?,0)+, 4*( .(%(.,:;%) +)5.)3%). 4-*-4,7- 1-.4-*,1$*= 

(.-%-- 1 °C/?). @9*,5'=, 4*-7%,5%,?-%%=- 7:8 (04=1,%(2 9-5 9)&)+)D) 
01-0%-%(8, (.-:( &)*&$ :;7, 0 1):F(%)2 0+)7, 20 ... 

B*( 4*(D)1)+:-%(( )9*,5')+, 4*-7%,5%,?-%%=6 7:8 (04=1,%(8 
%, 0:)3%=2 07+(D, %, &*$D:=2 D:,7&(2 01,:;%)2 01-*3-%; 7(,.-1*). 

20 .. %,.)*,3(+,:( 0:)2 :;7, 1):F(%)2 0+)7, 7 ... E *-5$:;1,1- 4)-

:$?,:( &):;') :;7, 0 +%-/%(. 7(,.-1*). 34 ... H(3%88 4)+-*6%)01; 
:-78%)D) &):;', (5%,?,:;%) )&,5=+,:,0; 4*(.)*)3-%%)2 & &)%(?--
0&)2 +1$:&- 7 (0.. *(0. 4), &)1)*,8 0%(5$ )4(*,:,0; %, +1$:&$ 1 ( )01,-
+,:,0; %-4)7+(3%)2 + 4*)'-00- (04=1,%(2. 
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3. C"7501'/'2 % /$/0%7 *)+,"-%."$'(! 

98"$)/ !0%6$%6 ,()-2'%6 $/ 3/-/)'"-%+'%)% 7/.(-/@%!/-

$%6. E A&04-*(.-%1,6 4) 5,.)*,3(+,%(< )7(%,&)+=6 4) *,5.-*$ &,-
4-:; +)7= %, 4)+-*6%)01( ,:<.(%(-+=6 4:,01(%)&, 9-5 4)&*=1(8 ( 0 
,%1(,7D-5()%%=. 4)&*=1(-., )9%,*$3-%, *,5%,8 4*)7):3(1-:;%)01; 
>,5)+)D) 4-*-6)7,. G,&, 4*( 5,.)*,3(+,%(( %, 4:,01(%- 9-5 4)&*=1(8 
4*( 1-.4-*,1$*- –13 ºC +*-.8 5,.)*,3(+,%(8 0)01,+(:) 7–10 0, , %, 
4:,01(%&- 0 4)&*=1(-. 42–50 0. I5 A1)D) 0:-7$-1, ?1) 4*(.-%-%(- 4)-

:(.-*%)D) ,7D-5(+, 0$F-01+-%%) (+ 481; *,5) $+-:(?(+,-1 +*-.8, %-)9-

6)7(.)- 7:8 )9:-7-%-%(8. H- +=5=+,-1 0).%-%(2, ?1) A1)1 4):)3(-

1-:;%=2 + 7,%%). 0:$?,- A>>-&1 0+85,% 0 %(5&)2 1-4:)- ( 1-.4-*,1$*)-
4*)+)7%)01;< 4)&*=1(8 ( (6 +:(8%(-. %, .-6,%(5. >,5)+)D) 4-*-6)7,. 
C:-7$-1 )3(7,1;, ?1) 4*)'-00 )9:-7-%-%(8 1)&)4*)+)78F(6 &,9-:-2 9-5 
4)&*=1(8 1,&3- 9$7-1 9):-- (%1-%0(+%=., ?-. 0 4)&*=1(-.. 

H-:;58 %- )1.-1(1;, ?1) 4*( 9=01*). 5,.-*5,%(( +)7= )9*,5$-1-
08 .,1)+=2 :-7 ((5-5, .(&*)+&:<?-%(2 4$5=*;&)+ +)57$6,), , 4*( .-7-

:-%%). 5,.-*5,%(( +)7= – 4*)5*,?%=2 :-7. L1)1 +,3%=2 7:8 4*,&1(&( 

1-*.)7(%,.(?-0&(2 ,04-&1 )9:-7-%-%(8 9=: $?1-% + .-1)7(&- 4*(D)-

1)+:-%(8 )9*,5')+ (0.. 4. 2). 

9,-"#"0"$%" +%02 ('-2!/. B*( 4*(.)*,3(+,%(( :-78%)2 4:,-
01(%&( & )9-53(*-%%=. 4)+-*6%)018. 7(0&)+ (:-7–,:<.(%(2) %,9:<7,-
:( 0.-/,%%=2 1(4 )1*=+, (*(0. 5). L>>-&1(+%)- 5%,?-%(- %,4*83-%(2 

)1*=+, *,00?(1=+,:( (5 0))1%)/-%(8 'A>>U / , 
k

P S  D7- 2

A>> 0V S R  ( 

0R  – *,7($0 7(0&,. !:8 0*-7%-D) 5%,?-%(8 0(:=   = 890 H (4*( 1-.4-*,-

1$*- –21 °C) 4):$?-%) A>>-&1(+%)- 5%,?-%(- U  
k

0,49 MB,. L1) 5%,?--

%(- %,6)7(108 .-37$ &)D-5()%%)2 ( ,7D-5()%%)2 4*)?%)01;< :;7, [8, 9]. 

 

K(0. 5. C.-/,%%=2 1(4 )1*=+, 
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E 0-*(( A&04-*(.-%1)+ 0 4:)0&(.( )9*,5',.(, &)D7, %, 4)+-*6-
%)01; )7%)D) (5 7(0&)+ %,%-0-%) ,%1(,7D-5()%%)- 4)&*=1(-, $01)2?(+) 

+)04*)(5+)7(108 ?(01) ,7D-5()%%=2 1(4 )1*=+, 4*( .,&0(.,:;%). 5%,-
?-%(( 0(:= 200 H, ?1) 0))1+-101+$-1 A>>-&1(+%).$ 5%,?-%(< ,7D-5(( 

:-7–4)&*=1(- )&):) 0,108 MB,. @7%,&), &,& 4)&,5,:( 7,:;%-2/(- A&04--
*(.-%1=, 4):$?-%%)- 5%,?-%(- ,7D-5()%%)2 4*)?%)01( 0$F-01+-%%) 5,-
+(0(1 )1 1-.4-*,1$*%)-+*-.-%%)D) *-3(., 4)7D)1)+&( )9*,5')+ & (04=-

1,%(8.. G,&, 4*( 4*(.)*,3(+,%(( :-78%)2 4:,01(%= & )6:,37-%%=. 7) 
–10 °C 7(0&,. ( .-7:-%%). )6:,37-%(( 7) –21 °C 0 4)0:-7$<F(.  

2-?,0)+=. 1-*.)01(*)+,%(-. 0*-7%-- 5%,?-%(- ,7D-5()%%)2 4*)?%)01( 

*,+%) (0,108! 0,008) MB,, , + 0:$?,- )13(D, ( 12-?,0)+)D) 1-*.)01,1(*)-
+,%(8 (0,22! 0,01) MB,. G,&)- 3- 5%,?-%(- +-:(?(%= ,7D-5()%%)2 4*)?-
%)01( (0,1"0,2 MB,) 4):$?-%) 7*$D(.( (00:-7)+,1-:8.( 7:8 0(01-.= 

:-7–4:,01.,00= [2, 3]. E-*)81%), 1-.4-*,1$*%)-+*-.-%%)2 *-3(. 4)7D)-
1)+&( )9*,5')+ +:(8-1 %, 4*)'-00 )9*,5)+,%(8 «481-% &)%1,&1,». L1) 

.)3-1 9=1; 0+85,%), %,4*(.-*, 0 *-:,&0,'(-2 %,4*83-%(2, +=5+,%-

%=6 *,5:(?(-. 1-.4-*,1$*%=6 &)A>>('(-%1)+ *,0/(*-%(8 :;7, 

( 273W 53 ·10 6# " 1# ) ( 01,:( ( 273W  10,86 ·10 6# " 1# ) [10]. 

G,&(. )9*,5)., 4).(.) (5+-01%)D) >,&1, +:(8%(8 *-3(., 5,.)-

*)5&( ( 1-*.)01,1(*)+,%(8 )9*,5')+ %, ,7D-5(< & .-1,::(?-0&(. 4)-

+-*6%)018. +=8+:-%) 1,&3-, ?1) %,%-0-%(- 4)&*=1(8 + *,5= 5,.-7:8-1 
0&)*)01; 5,.)*,3(+,%(8 +)7=. B)71+-*37-% >,&1 .-%;/-2 4*)?%)01( 

4*(:(4,%(8 :;7, & 4:)0&(. ,:<.(%(-+=. )9*,5',. 0 ,%1(,7D-5()%-

%=. 4)&*=1(-., ?-. 9-5 4)&*=1(8. !:8 $0:)+(2 4*)+-7-%%=6 A&04--
*(.-%1)+ (–21 °C) ,7D-5()%%,8 4*)?%)01; $.-%;/,-108 4)?1( + 481; 
*,5 ()1 0,48 7) 0,1 MB,). B):$?-%%=- 5%,?-%(8 0)4)01,+(.= 0) 5%,?--
%(8.(, )4$9:(&)+,%%=.( 7*$D(.( (00:-7)+,1-:8.(. G,&, -0:( %, ?(0-
1=- 4:)0&(- 01,:;%=- 7(0&( %,%-0-%) D(7*)>)9%)- 4)&*=1(-, 1) 0*-7-

%88 0(:, :-78%)D) 4*(.-*5,%(8 (–18 °C) $.-%;/,-108 + 4,2 *,5, [11]. 

L1) 4)71+-*37,-1 4-*04-&1(+%)01; 4*(.-%-%(8 ,%1(,7D-5()%%=6 4)-

&*=1(2 7:8 4*-7)1+*,F-%(8 )9:-7-%-%(8 1)&)%-0$F(6 &,9-:-2 +)5-
7$/%=6 :(%(2 A:-&1*)4-*-7,? (4,00(+%=2 04)0)9). !,:-- *,00.)1*(., 

&,& +:(8<1 %)*.,:;%=- ( 07+(D)+=- %,4*83-%(8 %, ,7D-5()%%$< 

4*)?%)01; :;7, & &)%01*$&'()%%).$ A:-.-%1$ *-,:;%)D) 1)&)%-0$F-D) 

&,9-:8 (,&1(+%=2 04)0)9). !:8 )4*-7-:-%(8 &):(?-01+-%%=6 6,*,&1--
*(01(& A1(6 5,+(0(.)01-2 9=:( 4*)+-7-%= 04-'(,:;%=- (00:-7)+,%(8. 
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 0%6$%" :()(!(=( +'"+$"$%6. H, *(0. 6 4)&,5,%= 7->)*.,'()%-

%=- 5,+(0(.)01( 4*( (04=1,%(( :;7, %, 07+(D 4*( –21 °C 7:8 4*-0%)+)7-

%)D) :;7,, %,.)*)3-%%)D) %, A:-.-%1 1)&)%-0$F-D) &,9-:8 0 ,%1(,7D-5(-

)%%=. 4)&*=1(-. (&*(+,8 1) ( 9-5 4)&*=1(8 (&*(+=- 2, 3). "*(+=- 1 ( 2 

(0.-F-%= )7%, )1%)0(1-:;%) 7*$D)2 4) /&,:- +*-.-%() 4):$?-%= + $0-
:)+(86 9)&)+)D) 01-0%-%(8 (0.. *(0. 3), , &*(+,8 3 – 9-5 9)&)+)D) 01-0%--
%(8 (0.. *(0. 4) 7:8 &)*&( :;7, 0 1):F(%)2 0+)7, 20 ... 

 

K(0. 6. !->)*.,'()%%=- 5,+(0(.)01(  

4*( (04=1,%(( :;7, %, 07+(D 

I5 *(0. 6 0:-7$-1, ?1), +)-4-*+=6, &*(+=- 1 ( 2 )7(%,&)+= 4) 

0+)(. 4,*,.-1*,.. G,&, .,&0(.,:;%)- %,4*83-%(- 07+(D, + )9)(6 0:$-

?,86 *,+%) ~ 1000 H ( $D:= %,&:)%, +)06)78F(6 +-1+-2 &*(+=6 + 4*--
7-:,6 1)?%)01( A&04-*(.-%1, )7(%,&)+=. E)-+1)*=6, ,.4:(1$7, &*(-

+)2 3 4)?1( + 7+, *,5, .-%;/- (480 H), 4*(?-. +)06)78F,8 +-1+; (.--1 
.-%;/(2 $D): %,&:)%,. K,5:(?(- &*(+=6 2 ( 3 )7%)5%,?%) 4)71+-*-

37,-1, ?1) %,9:<7,-.=2 A>>-&1 $+-:(?-%(8 4*)?%)01( :;7, )9$0:)+-
:-% (.-%%) 9)&)+=. 01-0%-%(-., , )7(%,&)+)01; &*(+=6 1 ( 2 0+(7--
1-:;01+$-1 ) 1)., ?1) A>>-&1 ,%1(,7D-5()%%)D) 4)&*=1(8 4-*-01,-1 
4*)8+:81;08 + $0:)+(86 9)&)+)D) 01-0%-%(8. L1( A&04-*(.-%1,:;%=- 
>,&1=, 4)-+(7(.).$, 4*-701,+:8<1 (%1-*-0 7:8 7,:;%-2/-D) (5$?-%(8 
.-6,%(5., ,7D-5(( + ?,01(, &,0,<F-208 +:(8%(8 %)*.,:;%=6 %,4*8-
3-%(2 %, 1*-%(- %, D*,%('- &)%1,&1,. 

B) A&04-*(.-%1,:;%=. 7,%%=. (&*(+=- 2 ( 3 %, *(0. 6), , 1,&3- 
0 $?-1). D-).-1*(( :-78%)2 &)*&(, %,.)*)3-%%)2 %, 4*)+)7 9-5 4)-

&*=1(8, .)3%) *,00?(1,1; 07+(D)+=- %,4*83-%(8 %, &)%1,&1- 0 4:)-

F,7;< 4)+-*6%)01( 12V S R h , D7- 1R  – *,7($0 1)&)4*)+)78F-D) &,-

1 2 

3 

E*-.8, 0 

C
(:
,,

 H
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9-:8 ( h  – +=0)1, :-78%)2 &)*&(. B)701,+:8-. + (5+-01%)- 0))1%)/--
%(- 1X / 2V 

S
P R h , D7- P = 480 H – A&04-*(.-%1,:;%) (5.-*-%%,8 0(:, 

07+(D,, 5%,?-%(8 0))1+-101+$<F(6 +-:(?(% ( %,6)7(. 5%,?-%(8 07+(-

D)+=6 %,4*83-%(2 %, D*,%('- &)%1,&1, :-7–&,9-:;: 1X / 2V 
S

P R h = 

= (480/2 V 0,0107 0,015$ $ ) = (0,48 02,0! ) MB, 7:8 &*(+)2 3 ( 7:8 &*(-

+)2 2 X  
S

 (1,0 05,0! ) MB,. G,&(. )9*,5)., ,7D-5()%%,8 4*)?%)01; 

4*( 9)&)+). 01-0%-%(( 4*( (04=1,%(( %, 07+(D 4*( 4*)?(6 *,+%=6 

$0:)+(86 A&04-*(.-%1, +)5*,01,-1, 4) &*,2%-2 .-*-, + 7+, *,5,. I5 A1)-

D) 0:-7$-1, ?1) 4*( *,5*,9)1&- .-1)7, (04=1,%(8 ,7D-5()%%)2 4*)?%)-

01( :;7, & 1+-*7=. 1-:,. %-)96)7(.) $?(1=+,1; +:(8%(- %)*.,:;%=6 

%,4*83-%(2 %, 9)&)+)2 4)+-*6%)01( :-78%)2 &)*&(, , 1,&3- %)*.,:;-
%=- %,4*83-%(8, +)5%(&,<F(- 4*( 1-.4-*,1$*%)2 $0,7&-. 

 0%6$%" /$'%/#="7%($$(=( ,()-2'%6. !:8 $1)?%-%(8 &):(?--
01+-%%=6 6,*,&1-*(01(& +=4):%-%= (00:-7)+,%(8 +:(8%(8 ,%1(,7D--
5()%%)D) 4)&*=1(8 %, ,7D-5()%%$< 4*)?%)01; 7:8 )9*,5')+ 0 4)&*=-

1(-. ( 9-5 4)&*=1(8 4*( (04=1,%(( %, 07+(D 9-5 01-0%-%(8. E%(.,%(- 
9=:) 0)0*-7)1)?-%) %, 7+$6 $0:)+(86. E)-4-*+=6, .).-%1 *,5*$/-%(8 
,7D-5()%%)D) &)%1,&1, )4*-7-:8:( 4) 0(D%,:$ ,&$01(?-0&)2 A.(00((, 

(, +)-+1)*=6, 7->)*.,'()%%$< &*(+$< 5,4(0=+,:( + "##$%&'()(* +&-

,( +%-&.( – /.#, 0#-#$#)( :-78%)2 &)*&( )1%)0(1-:;%) &,9-:8. P01-01-
+-%%), ?1) 4*( 4*)?(6 *,+%=6 $0:)+(86 1):F(%, 0+)7, :-78%)2 &)*&( 

( -- 7*$D(- *,5.-*= )01,+,:(0; )7(%,&)+=.(. ",& $3- )1.-?,:)0;, 
07+(D :-78%)2 &)*&( (&):;',) %, A:-.-%1- 1)&)%-0$F-D) &,9-:8 4*( 

4*(:)3-%(( )0-+)2 0(:=   (0.. *(0. 1 ( 4) 4*)(06)7(1 0 +*,F-%(-., 

&)1)*)- *-,:(5$-108 4*( 0&):;3-%(( :-78%)2 &)*&( 4) &,9-:<. M)-

.-%1 *,5*$/-%(8 ,7D-5()%%)D) &)%1,&1, )4*-7-:8:( 0 4).)F;< .-1)-

7, 7->)*.,'()%%)2 ,&$01(?-0&)2 A.(00(( [6]. L&04-*(.-%1,:;%=- 
5,+(0(.)01( 0(:= 07+(D, )1 $D:, 4)+)*)1, A:-.-%1, 1)&)%-0$F-D) &,-
9-:8 0 4)&*=1(-. (&*(+,8 1) ( 9-5 4)&*=1(8 (&*(+,8 2) 4*( 1):F(%- 
0+)7, :-78%)2 &)*&( 7 .. ( 1-.4-*,1$*- –21 °C 4)&,5,%= %, *(0. 7. B) 

+(7$ &*(+=6 .)3%) 4*-74):)3(1;, ?1) %,?,:;%=- $?,01&( (6 0))1+-1-
01+$<1 $4*$D(. 7->)*.,'(8. :;7,, , 4)0:-7$<F(2 $?,01)&, +4:)1; 7) 

%-&)1)*)D) 4*-7-:;%)D) $D:, 4)+)*)1, (~1,7°) – $4*)?%-%(< ,7D-5()%-

%)D) &)%1,&1,, 4)0:- ?-D) 4*)(06)7(1 4):%)- *,5*$/-%(- &)%1,&1%=6 

481-% %, D*,%('- :-7–4)7:)3&,. 
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K(0. 7. Y,+(0(.)01( 0(:= 07+(D, )1 $D:, 4)+)*)1,  
A:-.-%1, 1)&)%-0$F-D) &,9-:8 

I5 4):)3-%(8 &*(+=6 1 ( 2 %, *(0. 7 0:-7$-1, ?1) 4*( )10$101-
+(( 9)&)+)D) 01-0%-%(8 )1%)/-%(- ,7D-5()%%)2 4*)?%)01( %, 07+(D 
7:8 )9*,5')+ 9-5 4)&*=1(8 ( 0 4)&*=1(-. *,+%) 7+$.. C)4)01,+:88 
4):$?-%%=- 5%,?-%(8 ,7D-5()%%)2 4*)?%)01( 0 )4$9:(&)+,%%=.( 

5%,?-%(8.(, %-)96)7(.) )1.-1(1;, ?1) 9:(5&)- )1%)/-%(- (1,8 2,1)"  

4):$?-%), %,4*(.-*, + *,9)1- [2], 7:8 0(01-.= 01,:;–:-7 4*( *,5-
:(?%=6 D(7*)>)9%=6 4)&*=1(86. B)-+(7(.).$, 5,1*,1= A%-*D(( %, 
*,5*$/-%(- &)%1,&1, :-7–4)7:)3&, )4*-7-:8<108 %- 1):;&) +(7). 

%,4*83-%%)D) 0)01)8%(8, >)*.)2 D*,%(?%)2 4)+-*6%)01(, , 1,&3- 
0))1%)/-%(-. %)*.,:;%=6 ( 07+(D)+=6 %,4*83-%(2, 4*(?-. 9):;-
/-.$ 5%,?-%(< A1)D) )1%)/-%(8 0))1+-101+$<1 9):;/(- 5,1*,1= 

A%-*D((. 

!:8 1)D) ?1)9= )'-%(1; )1%)0(1-:;%)- +:(8%(- 07+(D, + )0-+). 

( )&*$3%). %,4*,+:-%(86 %, ,7D-5(< :;7,, 9=:( +=4):%-%= (04=1,-
%(8 '(:(%7*(?-0&(6 )9*,5')+ 0 :-78%)2 &)*&)2 4*( 0:)3%). 07+(D-. 
",& $3- )1.-?,:)0;, + A1)2 0-*(( A&04-*(.-%1)+ :-78%$< &)*&$ >)*-

.(*)+,:( %, D:,7&). '(:(%7*(?-0&). 01-*3%- (0.. *(0. 4). C:)3%=2 

07+(D %, ,7D-5()%%). &)%1,&1- 7)01(D,:08 4*(:)3-%(-. )0-+)2 0(:=   ( 

.).-%1, M = 0,25 H., 0)57,+,-.)D) 4)7 7-201+(-. 4,*= 0(:  1 1 + )*-

1)D)%,:;%)2 & )0-+)2 0(:- 4:)0&)01(. K-5$:;1,1= (5.-*-%(2 4*(+-7--
%= %, *(0. 8. !->)*.,'()%%,8 &*(+,8 1 4):$?-%, 4*( (04=1,%(86 %, 
«?(01=2» 07+(D 4*( M = 0, , &*(+,8 2 – %, 0:)3%=2 07+(D (M = 0,25 H.); 

)01,:;%=- $0:)+(8 1- 3- 0,.=- (1-.4-*,1$*, –21 °C, 0&)*)01; 4-*-.--

F-%(8 D*$5)+=6 4:)F,7)& 1,7 · 10 3# 0./0). 
 

<=(0 ,(!(-('/, =-/#.



 

 40

 

K(0. 8. !->)*.,'()%%=- &*(+=-  
4*( 0:)3%). 07+(D- '(:(%7*(?-0&(6 )9*,5')+ 

B*-7-:;%=- %,4*83-%(8 07+(D, )'-%(. 4) .,&0(.,:;%=. %,4*8-
3-%(8. 0(:= 07+(D, (&*(+=- 1 ( 2) ( D-).-1*(?-0&(. 4,*,.-1*,. :-78-
%)2 &)*&( ( 01-*3%8 

1 1X / 2V 
S

P R h = 440 H/2V 0,01.·0,015. = 0,47 MB,, 

2
X  

S
 0,25 MB,. I5 A1)D) 0:-7$-1, ?1) 4*(7,%(- +*,F,1-:;%)D) 7+(3--

%(8 :-78%)2 &)*&-, )9*,5)+,+/-208 + *-5$:;1,1- %,.-*5,%(8 %, A:-&-
1*(?-0&(2 &,9-:;, + 7+, *,5, 0%(3,-1 -- ,7D-5()%%)- 0)4*)1(+:-%(- 
07+(D$ +7):; )0( )9*,5',. 

D/)0E>"$%" 

K,5*,9)1,% .-1)7 7:8 (00:-7)+,%(8 ,7D-5(( :;7, & )6:,37-%%)2 

4)+-*6%)01( 1+-*7)D) 1-:, + $0:)+(86 &).9(%(*)+,%%)D) %,D*$3-%(8 
0 +)5.)3%)01;< %-5,+(0(.)D) (5.-%-%(8 %)*.,:;%)2 ( 07+(D)+=6 

&).4)%-%1)+ %,4*83-%(8. 
C 4).)F;< *,5*,9)1,%%)D) .-1)7, +=4):%-%= 0-*(( (04=1,%(2 

)9*,5')+ 0 ,%1(,7D-5()%%=. 4)&*=1(-. ( 9-5 %-D), (5 *-5$:;1,1)+ &)-

1)*=6 0:-7$-1, ?1) 4*(.-%-%(- 4)&*=1(8 ((5+-01%=2 4,00(+%=2 .-1)7 

5,F(1= )1 )9:-7-%-%(8) $.-%;/,-1 ,7D-5()%%$< 4*)?%)01; :-78%)2 

&)*&( & .-1,::$ + 7+, *,5,. E 7)4):%-%(- & 4,00(+%).$ .-1)7$ 5,F(1= 

)1 )9:-7-%-%(8 *,00.)1*-%, +)5.)3%)01; (04):;5)+,%(8 0:,9=6 07+(-

D)+=6 %,4*83-%(2, %,4*(.-* 4*(7,%(- &)*&- +*,F,1-:;%)D) 7+(3-%(8 
(,&1(+%=2 .-1)7 5,F(1= )1 )9:-7-%-%(8), ?1) 7)4):%(1-:;%) 0%(3,-1 
,7D-5()%%$< 4*)?%)01;, 4) &*,2%-2 .-*-, + 7+, *,5,. 

B):$?-%%=- *-5$:;1,1= .)D$1 9=1; 4*(.-%-%= 4*( *-/-%(( 

4*(&:,7%=6 5,7,? 4) $7,:-%(< %,.-*5/-D) :;7, 0 +)57$/%=6 A:-&-
1*(?-0&(6 &,9-:-2. 
 

E*-.8, 0 

C
(:
,,

 H
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