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

123 504.05:622.323+504.064.4:606 

(.%. 0123452, ).-. !6127452 

4(!5%/'6 +"7'$+")*+86 '%%)(#$-"&()*%/'6  

9$)'&(:+';(%/'6 <+'-(!%'&(& 

$8$%+$-"+'( -$9:$0+$%&' ;$)<=(+',  

8'$%$!8(+&$- #), )'/-'#">''  

+(?&,+@A 9" !,9+(+'B ;!'!$#+@A $8C(/&$- 

= 9$%)(#+(( -!(5, #), $;'%&/' -$#8 ' 9$;-8 $& +(>&(9!$#</&$- ?'!$/$( 

9!'5(+(+'( 9$)<;')' @'$%$!@(+&8 — 9!(9"!"&8 #), @$!*@8 % +(>&,+85' A"0!,A-

+(+',5', 'A0$&$-)(++8( +" $%+$-( %$!@7'$++$0$ 5"&(!'")" % '55$@')'A$-"++8-

5' +" +(5 /)(&/"5' 5'/!$$!0"+'A5$-. B>>(/&'-+$%&* '%9$)*A$-"+', @'$%$!@(+-

&$-, A" %;(& "/&'-+$%&' 5'/!$$!0"+'A5$-, -8?( $@8;+8: 9!'!$#+8: 5"&(!'")$-. 

4!'-(#(+8 !(A<)*&"&8 9(!-$0$ .&"9" ./%9(!'5(+&")*+8: '%%)(#$-"+'6 9$ 9$)<-

;(+'C @'$%$!@7'$++8: 5"&(!'")$-. 
 

/DEFG5HG ID452: +(>&,+$( A"0!,A+(+'(, @'$&(:+$)$0';(%/'( %9$%$@8 $;'-

%&/', '55$@')'A"7', 5'/!$$!0"+'A5$-, @'$%$!@(+&8. 

 

D(>&* A"+'5"(& -(#<E(( 5(%&$ - 5'!$-$5 &$9)'-+$-.+(!0(-

&';(%/$5 9$&(+7'")(: #$), (( - $@E(5 9$&!(@)(+'' .+(!0$!(%<!-

%$- %$%&"-),(& 48 % [1]. 2$ %(!(#'+8 70-: 5'!$-", #$@8;" +(>&' 

<#-"'-")"%* 9!'5(!+$ /"F#$( #(%,&')(&'(, - #")*+(6?(5 &(598 

(( !$%&" A"5(#)')'%*. = G$%%'' #$@8;" +(>&' (F(0$#+$ <-()';'-

-"(&%, ' %$%&"-),(& @$)(( 450 000 &8%. &. 2$@8;" +(>&' - G$%%'' 

- 1998—2009 00. 9!(#%&"-)(+" +" !'%. 1. = 4(!5%/$5 /!"( (F(0$#-

+$ #$@8-"(&%, $/$)$ 10 5)+ & +(>&' [1]. 

4!' !"A-(#/(, #$@8;(, &!"+%9$!&'!$-/(, :!"+(+'' ' 9(!(-

!"@$&/( +(>&' ' +(>&(9!$#</&$- +('A@(F+$ -$A+'/"C& 9$&(!', 

$@<%)$-)(++8( "-"!'6+85' %'&<"7',5' ' $/"A8-"CE'( +(0"-

&'-+$( -$A#(6%&-'( +" $@H(/&8 $/!<F"CE(6 %!(#8. 

D" 9!')(0"CE': &(!!'&$!',: +(>&(9(!(0$++8: A"-$#$-, 

+(>&(:!"+')'E, +(>&(@"A, @(+A$/$)$+$/, "-&$:$A,6%&- ' /!<9-
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+8: "-&$%&$,+$/ $E<E"(&%, A"9": +(>&(9!$#</&$- - -'#( 9"!$- 

@(+A'+", " &"/F( 9!$#</&$- (0$ +(9$)+$0$ %0$!"+',. 

= "&5$%>(!+$5 -$A#<:( 9!'%<&%&-'( )(&<;': <0)(-$#$!$-

#$-, -:$#,E': - %$%&"- +(>&' ' +(>&(9!$#</&$-, $/%'#$- "A$&", 

9$# #(6%&-'(5 <)*&!">'$)(&$-$0$ 'A)<;(+', 9!$-$7'!<(& $@!"-

A$-"+'( %5$0". 

 

 

 !". 1. #$%&'( )*+,! -  $""!! - 1998–2009 ... 

D"'@$)(( +(0"&'-+85 -$A#(6%&-'(5 +(>&' ' +(>&(9!$#</-

&$- +" $/!<F"CE<C 9!'!$#+<C %!(#< ,-),(&%, A"0!,A+(+'( 

-$#+8: $@H(/&$-. D(>&* ' +(>&(9!$#</&8 %9$%$@+8 !"%&(/"&*%, 

9$ 9$-(!:+$%&' -$#8 &$+/'5 %)$(5, 9$/!8-", $0!$5+8( 9$-

-(!:+$%&'. 1 & +(>&' %9$%$@+" 9$/!8&* #$ 12 /52 9$-(!:+$%&' 

5$!, [2]. 

D(>&,+", 9)(+/" +"!<?"(& -%( >'A'/$-:'5';(%/'( 9!$-

7(%%8: 9$-8?"(&%, &(59(!"&<!" 9$-(!:+$%&+$0$ %)$, -$#8, 

<:<#?"(&%, 0"A$$@5(+, !8@" <:$#'& ')' 9$0'@"(&, +$ ' $%(-?", 

+" #+$ +(>&* #$)0$( -!(5, -!(#'& -%(5< F'-$5<. D"!<?"(&%, 

$@5(+ -$#+$0$ $@H(/&" % "&5$%>(!$6: .+(!0'(6, 0"A"5', &(9)$5 

' -)"0$6, - !(A<)*&"&( 9(!(%&"(& !"A5+$F"&*%, 9)"+/&$+ — $%-

+$-+$6 9!$#</& 9'&"+', 5$!%/': $@'&"&()(6. 

= !,#( %)<;"( &$)%&86 %)$6 +(>&(9!$#</&$- +" -$#+$6 9$-

-(!:+$%&' 5$F(& $/"A"&*%, $0+($9"%+85. KA-(%&+8 %)<;"' A"0$-

!"+', 9!<#$- $&%&$6+'/$- +" +(>&(9(!(!"@"&8-"CE': A"-$#":. 

3!$5( &$0$, +(>&(9!$#</&8 - -$#( $/"A8-"C& 9!,5$( &$/-

%';(%/$( #(6%&-'( +" !8@<, !(A/$ <:<#?"C& (( -/<%$-8( /";(-

%&-". 4)"-"CE'( #)'&()*+$( -!(5, 9$ -$#( F'-$&+8( ' 9&'78 
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A" %;(& &"/$6 9)(+/' 5$0<& %$@!"&* +" %(@( #$%&"&$;+$( /$)';(-

%&-$ +(>&(9!$#</&$-, ;&$@8 .&$ 9!'-()$ / %(!*(A+$5< A"0!,A+(-

+'C 5(:" ' 9(!*(-. 

= $&)';'( $& -$#8, +(>&*, /"/ 9!"-')$, +( $@!"A<(& @$)*-

?': !"%&(/"+'6 9$ 9$-(!:+$%&' 9$;-8. L9!(#()(++<C $9"%-

+$%&* 9!(#%&"-),(& -"!'"+& A"0$!"+', 9!$9'&"++8: +(>&*C ' 

+(>&(9!$#</&"5' 0!<+&$-. 

L%+$-+8( ./$)$0';(%/'( 9!$@)(58 9!' 9$9"#"+'' +(>&' 

+" A(5)C %-,A"+8 % 0!<+&$-85' -$#"5'. 4$%)( 9!$%";'-"+', #$ 

': 9$-(!:+$%&' +(>&* ' +(>&(9!$#</&8 +";'+"C& $@!"A$-8-"&* 

9)"-"CE'( +" -$#( )'+A8. B&' )'+A8 5$0<& 5'0!'!$-"&*, -8-

A8-", A"0!,A+(+'( -$#$A"@$!$-, 9$-(!:+$%&+8: -$#. 

M$-!(5(++8( 5(&$#8 $;'%&/' $& +(>&,+8: A"0!,A+(+'6 9$#-

!"A#(),C&%, +" 5(:"+';(%/'(, :'5';(%/'(, >'A'/$-:'5';(%/'( ' 

@'$)$0';(%/'(. 4!'5(+(+'( &$0$ ')' '+$0$ 5(&$#" - /"F#$5 /$+-

/!(&+$5 %)<;"( $9!(#(),(&%, '%&$;+'/$5 ' :"!"/&(!$5 A"0!,A+(-

+',, 9)$E"#*C A"0!,A+(+',, /$)';(%&-$5 +(>&' ' &.#. 

= +"%&$,E(( -!(5, #), $;'%&/' -$#8 ' 9$;-8 $& +(>&(-

9!$#</&$- +"'@$)(( 9(!%9(/&'-+85' 5(&$#"5' ,-),C&%, @'$-

&(:+$)$0';(%/'(, $%+$-"++8( +" '%9$)*A$-"+'' <0)(-$#$!$#-

$/'%),CE': 5'/!$$!0"+'A5$-. 

10)(-$#$!$#$/'%),CE'( 5'/!$$!0"+'A58 (1=LN) — 5'/-

!$$!0"+'A58, %9$%$@+8( "%%'5')'!$-"&* <0)(!$# 9<&(5 @'$:'-

5';(%/$6 &!"+%>$!5"7'' &$/%';+8: <0)(-$#$!$#$- - ./$)$0'-

;(%/' @(A-!(#+8( %$(#'+(+',, +( 9!(#%&"-),CE'( $9"%+$%&' 

#), A#$!$-*, ;()$-(/" ' $/!<F"CE(6 %!(#8. 

= +"%&$,E(( -!(5, 'A-(%&+$ @$)(( &8%,;' 5'/!$$!0"+'A-

5$-, %9$%$@+8: 9(!(!"@"&8-"&* <0)(-$#$!$#8 !"A)';+8: /)"%-

%$-. = ': ;'%)( @"/&(!'' 'A !$#$- Acinetobacter, Arthrobacter, 

Bacillus, Cytophaga, Clostridium, Corynebacterium, Flavobacteri-

um, Methanobacterium, Micrococcus, Mycobacterium, Nocardia, 

Rhodococcus, Pseudomonas, Vibrio, 5'7(")*+8( 0!'@8 !$#$- 

Aspergillus, Penicillium, Mucor, Fusarium, Trichoderma, #!$FF' — 

Candida, Endomyces, Rhodotorula, Saccharomycer, Torulopsis [3]. 

4!' '%9$)*A$-"+'' @'$&(:+$)$0';(%/': 5(&$#$- 5$0<& 

@8&* '%9$)*A$-"+8 5'/!$$!0"+'A58 - -'#( %<%9(+A'' /)(&$/ 

<0)(-$#$!$#$/'%),CE': 5'/!$$!0"+'A5$-, @'$9!(9"!"&8, " 

&"/F( @'$%$!@(+&8. 

4!' '%9$)*A$-"+'' %<%9(+A'' .>>(/&'-+$%&* 9!$7(%%" 

@'$#(%&!</7'' 1=LN A"-'%'& $& -+(?+': >"/&$!$-: 'A5(+(+'( 
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/$+7(+&!"7'' <0)(-$#$!$#$-, 'A5(+(+'( pH, &(59(!"&<!8, 
".!"7'', +")';', 9'&"&()*+8: -(E(%&- ' &.#. 

K%9$)*A$-"+'( @'$9!(9"!"&$- #), $;'%&/' +(>&,+8: A"-
0!,A+(+'6 &"/F( '5((& $9!(#()(++8( +(#$%&"&/'. K%/<%%&-(++$ 

/<)*&'-'!$-"++8( 5'/!$$!0"+'A58 - (%&(%&-(++8: <%)$-',: 

-(#<& %(@, +(9!(#%/"A<(5$. L%+$-+85' +(#$%&"&/"5' ,-),C&%,: 
+'A/", "#"9&'!<(5$%&* '%/<%%&-(++$ /<)*&'-'!$-"++8: 5'/!$-

$!0"+'A5$- - (%&(%&-(++8: <%)$-',:; +($@:$#'5$%&* 9(!'$#';(-
%/' #$@"-),&* 9!(9"!"& #), @$)(( .>>(/&'-+$6 #(%&!</7'' <0-

)(-$#$!$#$- +(>&' [4]. 

O/&'-+$%&* 5'/!$$!0"+'A5$- A+";'&()*+$ <-()';'-"(&%, 
9!' '55$@')'A"7'' +" &-(!#$>"A+$5 +$%'&()(. P"/!(9)(++8( 

/)(&/' 5'/!$$!0"+'A5$- 9$A-$),C& $%<E(%&-),&* %)$F+8( 
5+$0$%&"#'6+8( 9!$7(%%8, $@<%)$-)'-"C& )<;?<C A"E'E(+-

+$%&* /)(&$/ $& -$A#(6%&-', +(0"&'-+8: >"/&$!$- ' %$A#"C& 
-8%$/<C /$+7(+&!"7'C /)(&$/ +" 9$-(!:+$%&' +$%'&(),. 

Q'$%$!@(+& — 9!(9"!"& #), @$!*@8 % +(>&,+85' A"0!,A+(-

+',5', 'A0$&$-)(++86 +" $%+$-( %$!@7'$++$0$ 5"&(!'")" ' '5-
5$@')'A$-"++8: +" +(5 /)(&$/ 5'/!$$!0"+'A5$-. O/&'-+$%&* 

5'/!$$!0"+'A5$-, 9$ %!"-+(+'C % %<%9(+A'(6 /)(&$/, A+";'-
&()*+$ <-()';'-"(&%, 9!' '55$@')'A"7'' +" &-(!#$>"A+$5 +$-

%'&()(. P"/!(9)(+'( /)(&$/ 5'/!$$!0"+'A5$- 9$A-$),(& $%<E(-

%&-),&* %)$F+8( 5+$0$%&"#'6+8( 9!$7(%%8, $@<%)$-)'-"(& 
)<;?<C A"E'E(++$%&* /)(&$/ $& -$A#(6%&-', $&!'7"&()*+8: 

>"/&$!$- (A")9$-8( 9$%&<9)(+', A"0!,A+(+'6, 0'#!"-)';(%/", 
+"0!<A/", 'A5(+(+'( pH ' &(59(!"&<!8 ' &.#.), %$A#"(& -8%$/<C 

/$+7(+&!"7'C /)(&$/ +" 9$-(!:+$%&' +$%'&(),. 
L%+$-+85' %-$6%&-"5' @'$%$!@(+&$-, :"!"/&(!'A<CE'5' 

.>>(/&'-+$%&* ': !"@$&8, ,-),C&%, !"A5(! 9$! (5'/!$9$!8, 

5(A$9$!8, 5"/!$9$!8), %$!@7'$++", (5/$%&*, %9$%$@+$%&* %$!-
@'!$-"&* 5$)(/<)8 ' @"/&(!'")*+8( /)(&/' !"A+$0$ !"A5(!" ' 

5"%%8, +"%89+", ' '%&'++", 9)$&+$%&*, 9!$;+$%&* %$!@(+&" +" 
'%&'!"+'( ' #!$@)(+'( (&"@). 1). 

= +"%&$,E(( -!(5, '%9$)*A$-"+'( 5"&(!'")$- 9!'!$#+$0$ 

(%"F", <0$)*, &$!>, 7())C)$A", #!(-(%+", %&!<F/") ')' %'+&(-
&';(%/$0$ 9!$'%:$F#(+', (9$)'5(&')(+$-8(, 9$)'"5'#+8(, 9$-

)'.>'!+8( 9$)'5(!8) - /";(%&-( +$%'&(), ,-),(&%, #$-$)*+$ 
#$!$0$%&$,E'5 5(!$9!',&'(5. L#+'5 'A !(?(+'6 #"++$6 9!$-

@)(58 ,-),(&%, -$A5$F+$%&* 5$#'>'/"7'' <0)(-$#$!$#%$#(!-

F"E': $&:$#$- % 7()*C #")*+(6?(0$ '%9$)*A$-"+', - /";(%&-( 
5"&!'78, +" /$&$!$6 A"/!(9),C&%, 5'/!$$!0"+'A58. N"&!'7" 
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#$)F+" '5(&* %$$&-(&%&-<CE'( :"!"/&(!'%&'/' ' $&-(;"&* +'-
F(9(!(;'%)(++85 &!(@$-"+',5 [6]: 

  -8%$/", :'5';(%/", ' @'$)$0';(%/", %&$6/$%&*; 

  -8%$/", :'5';(%/", 9!$;+$%&*; 

  #$%&"&$;+", 9!$+'7"(5$%&* #), >(!5(+&" ' %<@%&!"&$-; 

  9$!'%&$%&*; 

  @$)*?", <#()*+", 9$-(!:+$%&*; 

  -$A5$F+$%&* 9$)<;(+', - -'#( <#$@+8: - &(:+$)$0';(-
%/$5 $&+$?(+'' >$!5 (0!"+<), 5(5@!"+); 

  )(0/", "/&'-"7',; 

  +'A/", 0'#!$>')*+$%&*; 

  +(-8%$/", %&$'5$%&*. 

I"@)'7" 1 

$I3453HG I54JIK52 LM4I4NLG3K45 [5] 

/ 

0/0 
4$/"A"&()* R"!"/&(!'%&'/" 9$/"A"&(), 

1 G"A5(! 9$! L& !"A5(!" 9$! A"-'%'& $@E", 9)$E"#*, /$&$-
!", -)',(& +" .>>(/&'-+$%&* !"@$&8 %$!@(+&": 
;(5 @$)*?( 9)$E"#*, &(5 -8?( .>>(/&'-+$%&* 

2 M$!@7'$++", *5-
/$%&* 

3$)';(%&-$ -(E(%&-", /$&$!$( 5$F(& 9$0)$&'&* 
%$!@(+& +" (#'+'7< %-$(6 5"%%8, %$$&-(&%&-(+-
+$, )'+(6+", A"-'%'5$%&* 

3 M9$%$@+$%&* %$!@'-
!$-"&* !"A+$0$ !"A-
5(!" ' 5"%%8 5$)(-
/<)8 ' @"/&(!'")*-
+8( /)(&/' 

S(5 -8?( %9$%$@+$%&* @'$%$!@(+&" %$!@'!$-"&* 
!"A+$0$ !"A5(!" ' 5"%%8 5$)(/<)8 ' @"/&(!'-
")*+8( /)(&/', &(5 -8?( (0$ .>>(/&'-+$%&* 

4 D"%89+", ' '%&'+-
+", 9)$&+$%&* 

4)$&+$%&* %$!@(+&" -)',(& +" -8@$! /$!9<%" 
#), >')*&!<CE(6 /$)$++8, (0$ $@H(5 ' 9!. 

5 4!$;+$%&* +" '%&'-
!"+'( ' #!$@)(+'( 

2"-)(+'( ' %/$!$%&* 9$&$/" -$#8, >!"/7'$+-
+86 %$%&"- %$!@(+&" $/"A8-"C& %')*+$( -)',-
+'( +" 9"!"5(&!8 9!$;+$%&', '%&'!"+', ' !"A-
#!$@)(+',. = A"-'%'5$%&' $& 9$/"A"&()(6 
9!$;+$%&' -8@'!"(&%, /$+/!(&+86 %$!@(+& 

 

M 7()*C <-()';(+', .>>(/&'-+$%&' %$!@7'$++8: 5"&(!'"-

)$- 9!' '%9$)*A$-"+'' - 9!'!$#$$:!"++8: &(:+$)$0',: +" 9$!'%-

&$6 9$-(!:+$%&' <0)(!$#+$6 5"&!'78 A"/!(9),C& <0)(-$#$!$#-

$/'%),CE'( 5'/!$$!0"+'A58. M<E(%&-<(& #-" $%+$-+8: 5(&$#" 

'55$@')'A"7'' 5'/!$$!0"+'A5$-: >'A';(%/'6 ')' :'5';(%/'6. 

4!' :'5';(%/$6 '55$@')'A"7'' >(!5(+& %-,A"+ % +$%'&(-
)(5 /$-")(+&+85' %-,A,5', ;&$ $@(%9(;'-"(& -8%$/<C 9!$;-
+$%&* $@!"A<CE(0$%, /$+HC0"&". 3!$5( &$0$, 9!' ?'!$/$5 
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-"!*'!$-"+'' &"/': <%)$-'6, /"/ !D ' &(59(!"&<!", @"/&(!'' 
5'/!$$!0"+'A5$- +( #(%$!@'!<C&%, %$ %)$, +$%'&(),. L#+"/$ 
'A-A" %)$F+$%&' ' #$!$0$-'A+8 9!$7(%%" :'5';(%/", '55$@'-
)'A"7', ,-),(&%, 5(+(( 9!'-)(/"&()*+$6. 

T'A';(%/", '55$@')'A"7', 5'/!$$!0"+'A5$- 9!(#%&"-),-
(& %$@$6 -/)C;(+'( @"/&(!'6 - &"/<C %!(#<, - /$&$!$6 #), +': 
#$%&<9+$6 ,-),(&%, )'?* $0!"+';(++", ;"%&* $@E(0$ $@H(5" 
+$%'&(),. M<E(%&-<(& ;(&8!( &'9" >'A';(%/$0$ -A"'5$#(6%&-', 
5'/!$$!0"+'A5$- %$ %)$(5 +$%'&(),: 

  "#%$!@7', +" +(!"%&-$!'58: +$%'&(),:; 

  -/)C;(+'( - 9$!8 0(),; 

  9!$%&!"+%&-(++$( $&#()(+'( @"/&(!'6 $& $%&")*+$0$ $@H-
(5" !("/7'$++$6 %'%&(58 % 9$5$E*C 9$)<9!$+'7"(5$6 9(!(0$-
!$#/' (5(5@!"+8); 

  -/)C;(+'( - #-<:>"A+<C %!(#<, 0#( 5'/!$$!0"+'A58 
!"%&-$!'58 ' 5$0<& +":$#'&*%, &$)*/$ - $#+$6 'A >"A. 

M9$%$@8 >'A';(%/$6 '55$@')'A"7'' 5'/!$$!0"+'A5$- 
9!(#%&"-)(+8 +" !'%. 2. 

 

 !". 2. 10$"$%& +!2!'*"3$4 !55$%!6!2(7!! 5!38$$8.()!25$-:  

  – (9"$8%7!: )( )*8(",-$8!5&; )$"!,*6:;; ! – -36<'*)!* - 0$8& .*6:;  

" – $,9*6*)!* +*85*),( " 0$5$=>< 0$6?08$)!7(*5$4 5*5%8()&;  

# – !"0$6>2$-()!* 9-?;+(2)$4 8*(37!$))$4 "8*9& [6] 

  ! 

" # 
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 !". 3. @6$3-";*5( 08$!2-$9",-( %!$"$8%*),$- 

Q)$/-%:(5" 9!$'A-$#%&-" @'$%$!@(+&$- 9!(#%&"-)(+" +"  

!'%. 3. 

= !(A<)*&"&( ./%9(!'5(+&")*+8: '%%)(#$-"+'6, 9!$-$#'-

58: +" /">(#!( $:!"+8 $/!<F"CE(6 %!(#8, - 9!$7(%%( /$5-

9)(/%+$6 9(!(!"@$&/' <0)(!$#%$#(!F"E': $&:$#$- @8)' 9$)<-

;(+8 !"A)';+8( $@!"A78 %$!@7'$++8: 5"&(!'")$-. 4$)<;(++8( 

5"&(!'")8 %!"-+')' %$ %&!</&<!"&$!$5 ;"%&$ '%9$)*A<(5$0$ - 

9!'!$#$$:!"++8: &(:+$)$0',: — #!(-(%+85 $9')$5. 

L@!"A(7 J 1 — /"!@$+'A"&, 9$)<;(++86 - !(A<)*&"&( +'A-

/$&(59(!"&<!+$0$ 9'!$)'A" 'A@8&$;+$0$ "/&'-+$0$ ')" @'$:'-

5';(%/': $;'%&+8: %$$!<F(+'6 9!(#9!',&'6 +(>&(:'5';(%/$-

0$ /$59)(/%" [7]. 

L@!"A(7 J 2 — 9$!'%&86 9$)'.&')(+$-86 /$59$A'&, 9$)<-

;(++86 - !(A<)*&"&( %5(?(+', ' &(!5';(%/$6 $@!"@$&/' 9$)'-

.&')(+$-8: $&:$#$-, 15%-+$0$ !"%&-$!" /!":5")", 0)'7(!'+" ' 

+(@$)*?$0$ /$)';(%&-" E()$;' [8]. 

L@!"A(7 J 3 — $9'), !"%9!$%&!"+(++86 -'# $&:$#$- )(%$-

9(!(!"@"&8-"CE(6 9!$58?)(++$%&'. 

D" !'%. 4 9!(#%&"-)(+8 9$)<;(++8( 'A <0)(!$#%$#(!F"E': 

$&:$#$- %$!@7'$++8( 5"&(!'")8. 
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 !". 4. 1$8%7!$))&* 5(,*8!(6&: "6*-( – 3(8%$)!2(,; "08(-( –  

0$6!A,!6*)$-&4 3$50$2!, 

3!"&/", :"!"/&(!'%&'/" ' %9$%$@8 9$)<;(+', 'A<;"(58: 

5"&(!'")$- 9!(#%&"-)(+8 - &"@). 2. 

I"@)'7" 2 

A2N27KGNMIKM72 M IO4I4LH O4D6FG3MP MQ6F2GRHS R2KGNM2D45 

R"!"/&(!'%&'/" L@!"A(7 / 1 L@!"A(7 / 2 L@!"A(7 / 3 
K%:$#+86 5"&(-
!'")  

KA@8&$;+86 "/&'--
+86 ') @'$:'5';(-
%/': $;'%&+8: %$$!<-
F(+'6 9!(#9!',&'6 
+(>&(:'5';(%/$0$ 
/$59)(/%" 

L&:$#8 — 9$)'-
.&')(+ +'A/$0$ 
#"-)(+', 

L&:$#8 7()-
)C)$A+$-@<-
5"F+$6 ' )(-
%$9(!(!"@"&8-
-"CE(6 9!$-
58?)(++$%-
&' — $9') 

M9$%$@ 9(!(!"@$&/' D'A/$&(59(!"&<!-
+86 9'!$)'A (&(59(-
!"&<!" 450—550 °M) 

I(!5';(%/$( 
$@(A-!(F'-"+'( 
(&(59(!"&<!"  
190 °M) 

— 

4$)<;(++86 %$!-
@(+&  

3"!@$+'A"& 4$)'.&')(+$-86 
/$59$A'& 

L9') 

T'A';(%/'( :"!"/&(!'%&'/' (&"@). 3) 'A<;"(58: 5"&(!'"-

)$- @8)' $9!(#()(+8 %$0)"%+$  LMI G 51641—2000 [9]. 

I"@)'7" 3 

?MQMFGI7MG S2N27KGNMIKM7M MQ6F2GRHS R2KGNM2D45 

R"!"/&(!'%&'/" L@!"A(7 / 1 L@!"A(7 / 2 L@!"A(7 / 3 
K%&'++", 9)$&-
+$%&*, 0/%53 

1,17995 0,2359 0,6882 

D"%89+", 9)$&-
+$%&*, 0/%53 0,4664 0,55 

= !8:)$5 %$%&$,+'' — 
0,1249, - <9)$&+(++$5  
%$%&$,+'' — 0,2105 

4<%&$&+$%&*, % 60,5 70 70—82 
=$#$9$0)$E(+'( 
5"&(!'")", % 

61,5 33,5 88 
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D" $%+$-"+'' 9!$-(#(++$0$ "+")'A" %$!@7'$++8: 5"&(!'"-

)$- 5$F+$ %#()"&* %)(#<CE'( -8-$#8. 4$)<;(++8( %$!@7'$+-

+8( 5"&(!'")8 ($@!"A(7 J 1, 2) '5(C& 9)$&+$%&* 5(+*?( 1, 

)(0;( -$#8. I"/'5 $@!"A$5, 5"&(!'") @<#(& +":$#'&*%, - 9)"-

-<;(5 %$%&$,+'', ;&$ 9$A-$)'& %$@!"&* $&!"@$&"++86 %$!@(+& 

>'A';(%/'5' %9$%$@"5'. 4<%&$&+$%&* $@!"A7" J 1 ' 2 +( <%&<-

9"(& $@!"A7< J 3, ;&$ (E( !"A 9$#&-(!F#"(& 9$!'%&<C %&!</&<-

!< 9$)<;(++8: 5"&(!'")$-. 

=$#$9$0)$E"CE", %9$%$@+$%&* $@!"A7" J 2 - $&)';'( $& 

+";")*+8: :"!"/&(!'%&'/ 9$)'.&')(+" +'A/$0$ #"-)(+', -8?( 

+" 33,5 %, ;&$ 9$#&-(!F#"(& 9$!'%&<C %&!</&<!< 9$)<;(++$0$ 

9$)'.&')(+$-$0$ /$59$A'&". =$#$9$0)$E(+'( $9')", - $&)';'( 

$& 9$)<;(++8: %$!@(+&$-, %$%&"-),(& 88 %, ;&$ $&!'7"&()*+$ 

%/"A8-"(&%, +" (5/$%&' %&!</&<!"&$!", 9$%/$)*/< ;"%&* 9$!$-$-

0$ 9!$%&!"+%&-" $/"A8-"(&%, A"+,&$6 -$#+$6 >"A$6. 

I"/'5 $@!"A$5, 9$)<;(++8( 'A <0)(!$#%$#(!F"E': $&:$-

#$- 5"&(!'")8 9$ %-$'5 :"!"/&(!'%&'/"5 +( <%&<9"C& $9')< — 

9!'!$#+$5< 5"&(!'")<, ;"%&$ '%9$)*A<(5$5< - 9!'!$#$$:!"+-

+8: &(:+$)$0',:. 

2), -8#()(+', 1=LN '%9$)*A$-")' 0!<+&8 % &(:+$)$0';(-

%/': 9)$E"#$/ 9!(#9!',&', «4!'!$#"-4(!5*». 3$+7(+&!"7', 

+(>&(9!$#</&$- +(>&(A"0!,A+(++8: 9$;- %$%&"-),)" 20—30 -(% %. 

4!' 9!$-(#(+'' 9$%(-" +" 9)$&+8( 9'&"&()*+8( %!(#8 @8-

)' -8#()(+8 1=LN. 10)(-$#$!$#$/'%),CE'( 5'/!$$!0"+'A58, 

-8#()'-?'(%, +" N4O ' +" 9'&"&()*+$6 %!(#( #), -8#()(+', 

1=LN, 9!(#%&"-)(+8 +" !'%. 5. 

 

 !". 5. B.6*-$9$8$9$3!"6:<=!* 5!38$$8.()!25&, -&9*6!-C!*": )( "8*9(;: 

"6*-( – )( DEF; "08(-( – )( 0!,(,*6>)$4 "8*9* 96: -&9*6*)!: BGHD 
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R"!"/&(!'%&'/" 5'/!$%/$9';(%/': /<)*&<!, -8#()(++", 

+" !"A)';+8: %!(#":, 9!(#%&"-)(+" - &"@). 4. 

I"@)'7" 4 

A2N27KGNMIKM72 RM7N4I74OMFGI7MS 76DTK6N,  
5H1GDG332P 32 N2QDMF3HS ING12S [3] 

4'&"&()*+", %!(#" #), -8#()(+', 1=LN 
(!"A-(#(+'( 103) 

R"!"/&(!'-
%&'/" 

M!(#" N4O 
(!"A-(#(+'( 

107) 1 2 3 

T$!5" 3!<0)", 3!<0)", 3!<0)", 3!<0)", 
2'"5(&!, 
55 

3—6 I1 1—2 3 

Q)(%/, 9!$-
A!";+$%&* 

D(9!$A!";+86, 
@)(%&,E'6 

D(9!$A!";-
+86 

4$)<9!$A!";-
+86 

D(9!$A!";+86 

U-(& L!"+F(-86 
N$)$;+$-
@()86 

4")(-$-
&()(%+86 

I()(%+86 

4$-(!:-
+$%&* 

 )"#/",  )"#/",  )"#/", Q<0!'%&", 

4!$>')* 4)$%/'6 4)$%/'6 4)$%/'6 KA$0+<&86 

3!"6  )"#/'6  )"#/'6  )"#/'6 =$)+'%&86 

M&!</&<!" L#+$!$#+", L#+$!$#+", L#+$!$#+", 
3!<9+$A(!+'-

%&", 

 

2")*+(6?'( '%%)(#$-"+', +"9!"-)(+8 +" 9$)<;(+'( +"/$-

9'&()*+$6 /<)*&<!8 <0)(-$#$!$#$/'%),CE': 5'/!$$!0"+'A-

5$-, ': >'A';(%/<C '55$@')'A"7'C +" 9$!'%&$6 9$-(!:+$%&' 

<0)(!$#+$6 5"&!'78 -8#()(++8: /<)*&<!, " &"/F( $7(+/< .>-

>(/&'-+$%&' '%9$)*A$-"+', 9$)<;(++8: @'$%$!@(+&$- - 9!'!$-

#$$:!"++8: &(:+$)$0',:. 

4!('5<E(%&-$ 9!(#)"0"(5$0$ %9$%$@" 9$)<;(+', @'$%$!-

@(+&$- A"/)C;"(&%, - '%9$)*A$-"+'' 5"&(!'")*+$0$ 9$&(+7'")" 

$@!"A<CE':%, $&:$#$- #), 9$)<;(+', +$-8: %$!@7'$++8: 5"-

&(!'")$-, " &"/F( '%9$)*A$-"+'( 9$)<;(++8: @'$%$!@(+&$- - 

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

!"A)'-": +(>&(9!$#</&$-, @'$!(5(#'"7', +(>&(A"0!,A+(++8: 

A(5()* ' &.#.). 

8MLDM4UN2VMFGI7MJ IOMI47 

1. ='/'9(#',. M-$@$#+", .+7'/)$9(#',. — URL: www/wikipedia. 

org/wiki/ (#"&" $@!"E(+',: 27.06.2011). 

2. B/$)$0';(%/'6 7(+&! [B)(/&!$++86 !(%<!%]. — URL: www.eco-

systema.ru (#"&" $@!"E(+',: 27.06.2011). 
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3. 4!"/&'/<5 9$ 5'/!$@'$)$0'': <;(@. 9$%$@'( #), %&<#. -8%?. <;(@. 

A"-(#(+'6 / 9$# !(#. O.K. D(&!<%$-". — N.: O/"#(5',, 2005. — 608 %. 

4. 3$59"+', LLL «4!$(/&8 ' !(?(+',»: [%"6&]. — URL: www.bio-

komfort74.ru (#"&" $@!"E(+',: 08.07.2011). 

5. M$!@(+&8 #), $;'%&/' -$#8 [B)(/&!$++86 !(%<!%]. — URL: 

www.a-filter.ru (#"&" $@!"E(+',: 20.04.2011). 

6. Q'$&(:+$)$0', [B)(/&!$++86 !(%<!%]. — URL: www.biotechno-

log.ru (#"&" $@!"E(+',: 07.02.2011). 

7. I(!5';(%/", <&')'A"7', 'A@8&$;+$0$ "/&'-+$0$ ')" 5<+'7'-

9")*+8: @'$)$0';(%/': $;'%&+8: %$$!<F(+'6 +" 9!'5(!( 0. 4(!5' / 

N.M. 2*,/$-, V.K. ="6%5"+, K.M.  )<?"+/$-", W.=. 3")'+'+" // B/-"&./—

2008: %@. #$/). 5(F#<+"!. /$+0!. «=$#": B/$)$0', ' &(:+$)$0',». — N., 

2008. 

8 X#"+$-" W.M., G<#"/$-" Y.=. =$A5$F+$%&* 9$)<;(+', @'$9$)'-

5(!+$6 /$59$A'7'' 'A /!":5")" ' 9$)'.&')(+" // L&:$#8: ./$)$0',, 

&(:+$)$0',, !(%<!%$%@(!(F(+'(: 5"&(!'")8 Z(%&$0$ 5(F#<+"!. >$!<5", 

N$%/-", 26—29 5", 2009 0. — N., 2009. — M. 108—110. 

9.  LMI G 51641—2000. N"&(!'")8 >')*&!<CE'( A(!+'%&8(. L@E'( 

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