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1. ></6/32/

!" #$%&" '(&)*" +,-(+" ,-+.-" '+/(+, + 0$1.-& +2(34$51&6" ,(&78" +- ($09.:#8;"

0$<(*0#&#.6" . + ($=.+#$9>#+)" .,/+9>0+'$#.." /(.(+7#8; (&,3(,+'? !+0($,-$51$*"

/+-(&@#+,-> /(+)8%9&##8; /(&7/(.*-.6" ' '+7&" 79* -&;#.:&,2.; #347A ,+07$&-"

/(&7/+,892. 2 #&+@;+7.)+,-. /+'-+(#+<+" . +@+(+-#+<+ '+7+,#$@4&#.*? B-$ 0$7$:$"

(&%$&-,* 2+)/9&2,#+ , '+0'&7&#.&) 9+2$9>#8;" ,++(34&#.6 /+ +:.,-2&

/(+)8%9&##8;" ,-+:#8;" '+7?" C+" ,31&,-'35- -(37#++:.1$&)8& ,-+2., -$2.&" 2$2

,-+:#8&" '+78 9$2+2($,+:#+<+" /(+.0'+7,-'$, 2+-+(8&" -(37#+ +:.1$5-,* 7$4&" 7+

/$($)&-(+'" -&;#.:&,2+6 '+78. D+9.:&,-'+ ,-+:#8; '+7 /(+.0'+7,-'$" 9$2+2($,+:#8;

)$-&(.$9+'A '.78". 2+#=&#-($=.*"0$<(*0#*51.;"'+73"'&1&,-' 2+9&@95-,* '"%.(+2.;"

/(&7&9$; ." 0$'.,*-" +-" .0<+-$'9.'$&)+<+ /(+732-$" . )&-+7$" &<+ /+93:&#.*? E+,-$'"

0$<(*0#*51.; '&1&,-'" )#+<+2+)/+#&#-#86?"F-;+78 /(+.0'+7,-'$, /(&7+,-$'9&##8&

79* $#$9.0$, /(&7,-$'9*5-" ,+@+6 +,-$-2. ,8(>*A )$-&(.$9+' .9. /+93G$@(.2$-+'A

+@($0+'$'%.;,* /(. .0<+-+'9&#.."/(+732=.., $" -$24&"/(+732-8 G.0.2+-;.).:&,2+6

.9. )&;$#.:&,2+6 /&(&($@+-2. ,8(>*. !0'&%&##8&" '&1&,-'$ /(&7,-$'9*5- ,+@+6"

'8,+2+7.,/&(,#35":$,->" /.<)&#-+'" ," ($0)&($). :$,-.= 1–15 )2). F(.&#-.(+'+:#$*

,2+(+,-> .; +,$47&#.*" #& @+9&& 0,05–0,2 ))/,. H9* .#-&#,.G.2$=.. /(+=&,,$"

+,$47&#.* '0'&%&##8; '&1&,-'"'",-+:#8; '+7$;"9$2+2($,+:#+<+ /(+.0'+7,-'$"' (*7&"

,93:$&' =&9&,++@($0#+ .,/+9>0+'$->"I9&2-(+G9+-$=.+##35 +@($@+-23 [2].
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2. ?93)<:,5')1/99%,-./+*')0.)*%122

B9&2-(+G9+-$=.+##$* +@($@+-2$" *'9*&-,* +7#+6 .0 #$.@+9&&" IGG&2-.'#8; /(."

+:.,-2& '+78 +-" #&G-&/(+732-+'A -+#2+7.,/&(,#8; :$,-.=, ($,-'+(&##8;

+(<$#.:&,2.;",+&7.#&#.6. C$.@+9&&"'8,+2$* ,-&/&#> +:.,-2. ,-+:#8; '+7 7+,-.<$&-,*

'"I9&2-(+G9+-$=.+##8; $//$($-$;A .)&51.; #$(*73", G9+-$=.+##+6 2$)&(+6 2$)&(3"

I9&2-(+2+$<39*=..? "!" I-+)" ,93:$&" ,-+:#8&" '+78" /(&7'$(.-&9>#+" /+7'&(<$5-,*"

'+07&6,-'.5, 2$2 I9&2-(.:&,2+<+" /+9*A" -$2 . +@($0351.;,*" /(. +,31&,-'9&#..

/(+=&,,$" I9&2-(+2+$<39*=.. +2,.7+'")&-$99+'A" *'9*51.;,*" /(+732-$). ($,-'+(&#.*"

$#+7#8;" I9&2-(+7#8;" /9$,-.#?" M(. ($,-'+(&#.." $#+7$, .0<+-+'9&##+<+" .0"

75($95).#.*A" +@($03&-,* <.7(++2.,> $95).#.* ' '.7& ;9+/>&'A ,+(@.(351.;

:$,-.:8 0$<(*0#&#.*" ." + 7#+'(&)&##+" ,9./$51.;,*" , /308(>2$). '+7+(+7$ .

2.,9+(+7$.

! 2$)&(&" I9&2-(+G9+-$=.. /(+=&,, +:.,-2. +,#+'$# #$" ',/98-.. :$,-.=

7.,/&(,#+6 G$08 0$" ,:&-" /308(>2+' <$0+': '+7+(+7$ . 2.,9+(+7$. M(. ,+07$#..

+/(&7&9&##8;" 3,9+'.6 ' +:.1$&)+6" '+7& '87&9*&-,* @+9>%+& 2+9.:&,-'+

)&9>:$6%.; /308(>2+' <$0$, 2+-+(8& /(. ',/98-.." ,-$92.'$5-,* , :$,-.=$).

0$<(*0#&#.6 . 0$ ,:&- 7&6,-'.* )+9&239*(#8;" ." I9&2-(+,-$-.:&,2.; ,.9A

,/+,+@,-'351.; ,9./$#.5 :$,-.= 0$<(*0#&#.6 ,"<$0+'8)."/308(>2$)., /+7#.)$5-,*"

#$ /+'&(;#+,->.

3. @)9*%3)<+%,&%6%82

N$0($@+-$->" I9&2-(+G9+-$=.+##86" $//$($-" ," 2$)&(+6" I9&2-(+2+$<39*=.." 79*"

+:.,-2." ,-+2+'" ," '8,+2+3,-+6:.'8)." 0$<(*0#&#.*).A" #$6-." +/-.)$9>#+&" '(&)*"

/(&@8'$#.*"+:.1$&)+6"'+78"'"2$)&($;?

4. @')</6/32/,-+95/'2=/3*%

H9* /(+'&7&#.* '8%&+/.,$##+<+ )&;$#.0)$" +:.,-2. ,-+:#8; '+7 @89$ ,+07$#$"

9$@+($-+(#$* 3,-$#+'2$, ,+,-+*1$* .0 7'3;"2$)&(O 2$)&(8"I9&2-(+2+$<39*=.." PBDQ"."

2$)&(8" I9&2-(+G9+-$=.." PBKQ?" M(.#=./.$9>#$*" ,;&)$" 2$)&(8" I9&2-(++@($@+-2."

4.72+,-."/(&7,-$'9&#$"#$"(.,?"R?
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N.,?R?"E;&)$"2$)&(8"79*"I9&2-(++@($@+-2."4.72+,-.","'&(-.2$9>#8)"

($,/+9+4&#.&)"I9&2-(+7+'?

1 – 2+(/3,; 2 – $#+7S"T"– 2$-+7S"U"– )&4I9&2-(+7#+& /(+,-($#,-'+S"V"– .,-+:#.2

/+,-+*##+<+" -+2$; 6 – $)/&()&-(S" L" – '+9>-)&-( (79*" I9&2-(+2+$<39*=..:

)$-&(.$9"I9&2-(+7+'"- 75($95).#.6S"79*"I9&2-(+G9+-$=..: $#+7–<($G.-; 2$-+7"

– ,-$9>.)

D$)&($ 79*" I9&2-(++@($@+-2." 4.72+,-. ," '&(-.2$9>#8) ($,/+9+4&#.&)"

I9&2-(+7+'" ((.,. 1) ,+,-+.- .0" 2+(/3,$ . I9&2-(+7+'A /(+,-($#,-'+ )&473" 2+-+(8).

0$/+9#&#+ +:.1$&)+6 4.72+,->5. W$24&" 79*" +:.,-2." ,-+:#8;" '+7" I9&2-(+G9+-$=.&6" ."

I9&2-(+2+$<39*=.&6".,/+9>035-,*"2$)&(8","<+(.0+#-$9>#8)"($,/+9+4&#.&)"I9&2-(+7+'?

M(. /+7295:&#.. I9&2-(+7+' 2 .,-+:#.23" /.-$#.* /(+.,;+7.- '87&9&#.& <$0+' #$"

I9&2-(+7$;" (#$" $#+7&" – 2.,9+(+7A #$" 2$-+7&" - '+7+(+7). !" (&039>-$-&" /(.9./$#.*

'0'&%&##8;"."2+99+.7#8;":$,-.="2"/308(>2$)"<$0$"!" ."#", /(+.,;+7.-"G+().(+'$#.&"

G9+-+2+)/9&2,$" P:$,-.:2$" 0$<(*0#&#.*" ." /308(&2" <$0$Q" ." -($#,/+(-.(+'$#.&" &<+" #$"

/+'&(;#+,->"– '"/&##86",9+6?"

H9*" @+9&&" <93@+2+<+" .03:&#.*" /(+=&,,$" I9&2-(+G9+-$=.." -$24&" /(+'+7.9.,>"

+/8-8" /+" +,'&-9&#.5" .9+'+6" 4.72+,-." PXYQ" #$" 9$@+($-+(#+6 3,-$#+'2." ,"

<+(.0+#-$9>#8)"($,/+9+4&#.&)"I9&2-(+7+'"P(.,?"Z$A"Z@Q?
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C$"(.,. 2$A"Z@"/(&7,-$'9&#$"2$)&($ I9&2-(+2+$<39*=.. PBDQ 79* ($07&9&#.* '+78

. $2-.'#+<+ .9$ (2$ - .,;+7#$* XY 7+" I9&2-(+2+$<39*=.., 2@" – (&039>-$-" /+,9&

/(+'&7&#.*"I9&2-(+2+$<39*=...)

M+,2+9>23" '" 7$##+6" 9$@+($-+(#+6" 3,-$#+'2&" .,/+9>035-,*" I9&2-(+78" .0"

75($95).#.*A" -+ #$(*73" ," +,'&-9&#.&)" 4.72+,-." /(+.,;+7.-" ($,-'+(&#.&" $#+7$" ,"

+@($0+'$#.&)" <.7(++2.,." $95).#.*A" 2+-+($*" ,+(@.(3&-" :$,-.=8" 0$<(*0#&#.*" ,"

+@($0+'$#.&)";9+/>&'?"

[$@+($-+(#$*" 2$)&($" I9&2-(+G9+-$=.." P(.,?" T$A" 3@Q" ,+,-+.-" .0" 2+(/3,$" ,"

3,-$#+'9&##8)." '" 2$)&(&" I9&2-(+7$).: $#+7" .0" <($G.-$A" 2$-+7" .0" ,-$9.?" D$)&(3"

I9&2-(+G9+-$=.."0$/+9#*&)".,;+7#+6".9+'+6"4.72+,->5"."+,'&-9&##+6"4.72+,->5"PR:1)

," #$($@+-$##+6" <.7(++2.,>5 /+,9&" 2$)&(8" I9&2-(+2+$<39*=..?" M(." /(+/3,2$#.."

/+,-+*##+<+"I9&2-(.:&,2+<+"-+2$":&(&0"+:.1$&)35"4.72+,->"/(+.,;+7.-"'87&9&#.&"<$0+'"

#$"I9&2-(+7$;, ."/308(>2."'+7+(+7$"."2.,9+(+7$",9./$5-,*","+@($0351.).,*";9+/>*).A"

G9+-+2+)/9&2,8" ;9+/>*-/308(>2." <$0+'" /+7#.)$5-,*" ''&(;" ." +@($035-" /&##86" ,9+6?"

M&#$A" /+93:$&)$*" /(." I9&2-(+G9+-$=.." ," /(&7'$(.-&9>#+6" I9&2-(+2+$<39*=.&6" .)&&-"

'8,+235",-+62+,->"2"($0(3%&#.5?

N.,. 2$?"D$)&($"BD",".,;+7#+6"XY? N.,. 2@? D$)&($"BD"/+,9&"+,'&-9&#.*"
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N.,?"T$?"D$)&($"BK",".,;+7#+6"XY

 

N.,?"T@?"D$)&($"BK","/+,9&"+,'&-9&#.*"XY
 

! (&039>-$-&" /(+'&7&##8& .,/8-$#.*" I9&2-(+G9+-$=.+##+6" +@($@+-2." @.+)$,,8"

/+2$0$9., :-+ #$.'8,%$*"IGG&2-.'#+,-> +@&,/&:.'$&-,*"'"-&:&#.& 10-12 ).#3-"[1].

\#$9+<.:#+" +,'&-9&#.5" .9+'+6" 4.72+,-.A" @89." /(+'&7&#8" 9$@+($-+(#8&"

.,,9&7+'$#.* /+"I9&2-(+G9+-$=.+##+6 +@($@+-2& ,"/(&7'$(.-&9>#+6 I9&2-(+2+$<39*=.&6"

,-+:#8; '+7 9$2+2($,+:#+<+ /(+.0'+7,-'$ P[DMQ.
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C$" (.,. 4 /(&7,-$'9&#$ 2$)&($ I9&2-(+2+$<39*=.. 79* +:.,-2. ,-+:#8;" '+7

9$2+2($,+:#+<+"/(+.0'+7,-'$ ,"'&(-.2$9>#+"3,-$#+'9&##8)"/$2&-+)"75($95).#&'8;"

I9&2-(+7+'" ," @./+9*(#8)" '295:&#.&)?" M+7" 7&6,-'.&)" I9&2-(.:&,2+<+" -+2$"

#$@957$&-,*" .#-&#,.'#+&" ($,-'+(&#.&" $#+7$" . +@+<$1&#.&" '+78" <.7(+2,.7+)"

$95).#.*?"!"(&039>-$-&"+,31&,-'9*&-,*"/(+=&,,"2+$<39*=..A"$#$9+<.:#86"+@($@+-2&"

'+78",++-'&-,-'351.).",+9*)."$95).#.*A"-+9>2+"'"@+9&&":.,-+)"'.7&A"@&0"/(.)&,&6?"

N.,?"V$?"D$)&($"BK"7+"+:.,-2.",-+2+'"[DM N.,?"V@?"D$)&($"BK"/+,9&"+:.,-2.",-+2+' [DM

N.,. 4. D$)&($ BD 79*"+:.,-2. ,-+:#8;"'+7"[DM
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H$9&& #$($@+-$##35 <.7(++2.,>"/+)&1$&) '"I9&2-(+G9+-$=.+##35"2$)&(3 ((.,.

5$), <7&" /(+.,;+7.-" &&" ,)&%&#.& ," #&+:.1&##8). .,;+7#8)." ,-+2$).A" #$9./$#.&"

:$,-.:&2" 0$<(*0#&#.*" #$" ;9+/>*" <.7(++2.,." ." ,9.*#.&" +@($0+'$##8;" ;9+/>&'" /+7"

7&6,-'.&)" )+9&239*(#8;" ,.9" ," /308(>2$)." -+#2+7.,/&(<.(+'$##8;" '" '+7&" <$0+'" ." .;"

/+7]&)"#$"/+'&(;#+,->","+@($0+'$#.&)"/&##+<+",9+*?  

N&039>-$-8 .,/8-$#.6" I9&2-(+G9+-$=.+##+6" +@($@+-2. ," /(&7'$(.-&9>#+6

I9&2-(+2+$<39*=.&6" :$,-." 4.72+,-., /(+'&7&##8&" #$" ,-+:#8;" '+7$;" 9$2+2($,+:#+<+"

/(+.0'+7,-'$, /(&7,-$'9&#8 ' -$@9? 1 – 2.

X0" -$@9.=8" R" '.7#+A" :-+" #$.'8,%$*" IGG&2-.'#+,->" +:.,-2." '+78"

I9&2-(+2+$<39*=.&6"7+,-.<$&-,*"'"-&:&#.."RV").#3-A"#+"I-+<+"'(&)&#."#&"7+,-$-+:#+"79*"

+@($0+'$#.*" #&+@;+7.)+6" '" 2$)&(&" I9&2-(+G9+-$=.." <.7(++2.,.A" /+I-+)3" '(&)*"

=&9&,++@($0#+"3'&9.:.->"7+"Z^").#?

C!60$K!,<

N&039>-$-8".,/8-$#.6"2$)&(8"BD?

A
B)+,

C
pD<; pD<:;

NTU,
 

<;

NTU,
 

<:;

t,
 

=23
U, >

E0-*FG
 

%

1 6,4 7 8 2719 33 15 14,8 98

2 6,9 5 7,5 1990 1079 20 14,5 46

3 6,13 5 8 2318 1020 20 15,3 78

4 6,89 5 7,8 2606 1320 20 14 50

C!60$K!,L
N&039>-$-8".,/8-$#.6"2$)&(8"BK?

_
B)+,

C
pH<; pH<:;

NTU,

>;

NTU,

<:;

t,

=23
U, >

E0-*FG

%

1 1,5 5 6 1408 41 40 14,8 97

2 1,1 5 6 1270 27,6 40 15,5 98

3 1,9 5 5 1230 53 40 15,3 96

4 2 7 6,5 1240 66 30 14 95

F/-.)$9>#+&" '(&)*" I9&2-(+G9+-$=..A" /(." 2+-+(+6" 7+,-.<$&-,*" #$.'8,%&&"

0#$:&#.&"IGG&2-.'#+,-."+:.,-2.",-+:#8;"'+7"9$2+2($,+:#+<+"/(+.0'+7,-'$",+,-$'9*&-"U^"

).#3- P-$@9.=$ 2). C$" (.,?" `" /(&7,-$'9&#$" 7.$<($))$" I2,/&(.)&#-$9>#+6" 0$'.,.)+,-."
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IGG&2-.'#+,-." )+7&9." 2+)@.#.(+'$##+<+" I9&2-(+G9+-$=.+##+<+" $//$($-$" +-" '(&)&#."

($@+-8" P,+')&,-#+" ," 2$)&(+6" I9&2-(+2+$<39*=.." ." I9&2-(+G9+-$=..Q?" X0" 7.$<($))8"

'.7#+A":-+"'(&)*"+@($@+-2.",-+:#+6"'+78"[DM"'"2+)@.#.(+'$##+)"I9&2-(+G9+-$=.+##+)"

$//$($-&"7+94#+",+,-$'9*->"`^").#3-"79*"+@&,/&:&#.*"#$.'8,%&6"IGG&2-.'#+,-.?"

N.,?"`?"BGG&2-.'#+,->"($@+-8"2+)@.#.(+'$##+<+"I9&2-(+G9+-$=.+##+<+"$//$($-$

5. H%+.I8/32/

C$" +,#+'$#.. /(+'&7&##8; .,,9&7+'$#.6 @89 ($0($@+-$# . 0$/$-&#-+'$#"

I9&2-(+G9+-$=.+##86" $//$($-, <9$'#8)" +-9.:.&)" 2+-+(+<+ *'9*&-,* 7&9&#.&" /+-+2$"

+:.1$&)+6 '+78 #$ 2 :$,-., +7#$ .0 2+-+(8; /+7$&-,* ' 2$)&(3"I9&2-(+2+$<39*=... a7&"

#$($@$-8'$&-,*"<.7(++2.,>, 2+-+($*"/&(&;+7.- '"2$)&(3 I9&2-(+G9+-$=.. . ,)&%.'$&-,*

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

/308(>2. '+073;$. a.7(++2.,> +@9$7$&-" @+9>%&6 ,+(@=.+##+6" IGG&2-.'#+,->5" /+"

,($'#&#.5 , .0'&,-#8)., .,/+9>03&)8)." (&$<&#-#+) ;+0*6,-'&– I-+ 2+$<39*#- '

:.,-+)"'.7&, @&0 /(.)&,&6. ! (&039>-$-&"+@($035-,* /(+:#8&"G9+-+2+)/9&2,8A 2+-+(8&"

G9+-.(35-,* ' /&##86 ,9+6. F@($03&-,* /&#$" -+4& 3,-+6:.'$" 2 ($0(3%&#.5.

BGG&2-.'#+,-> +:.,-2. '+78 ' /(&7/+9$<$&)+) I9&2-(+G9+-$=.+##+) $//$($-&

,+,-$'9*&- 93-99 %A"$".0'&,-#+) P$#$9+<&) 89-90% /(.",++-'&-,-'&##+"37&9>#8;"0$-($-$;"

I9&2-(+I#&(<.. 0,8 – 1,U" '" /(&7/+9$<$&)+) . 2,1 – UAb" '" .0'&,-#+) [3]. M+I-+)3,

.,/+9>0+'$#.&" /(&7/+9$<$&)+<+ I9&2-(+G9+-$=.+##+<+ $//$($- /+0'+9*&-" ,31&,-'&##+"

/+'8,.->"IGG&2-.'#+,->"+:.,-2."'+78"/(.")&#>%.;"37&9>#8;"I#&(<+0$-($-$;?
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J529)+,295).F&)<%33:;,29*)832+)<

1. D,&#+G+#-+' c.E., D$/.-+#+'$ E?C?A c+#7$(&#2+ \?!. B9&2-(+G9+-$=.+##$*

+@($@+-2$" ,-+:#8; '+7" ).2(+@.+9+<.:&,2.; /(+.0'+7,-'" ddC$32$" ."

+@($0+'$#.&?"JaWe".)?"C?B?"c$3)$#$?"B9&2-(+##86"43(#$9"N+,,.*AZ^1R?"_"R^?"

N&4.) 7+,-3/$Ohttp://technomag.edu.ru/doc/223619.html.

(7$-$ +@($1&#.*OR^?^b?Z^RR).

2. D,&#+G+#-+'" c?E?" K9+-$=.+##$*" +@($@+-2$" '+78A" +-;+7+'" ." /+:'8?" J?O" C+'8&"

-&;#+9+<..A"Z^R^?-ZLZ",?

3. M$-&#- #$ /+9&0#35 )+7&9> - 111848 NKA B9&2-(+G9+-$=.+##86" $//$($-.//

D,&#+G+#-+'" c.E., D$/.-+#+'$ E?C?A" c+#7$(&#2+" \?!., E-$(+,-.# X?X?S"

/$-&#-++@9$7$-&9>" D,&#+G+#-+' c.E. - _" Z^RRRZLVR`S" 0$*'9?" ^`?^L?Z^RRA" +/3@9?"

27.12.2011. – 2 ,?


