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 !" 541.183.112 

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

2.3. 2"456#, 7.8. 9:14"%& 

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

892'3!;37<;= >'?(, @7AB=@)9))CD 

E9!2;(7F9)2)C  DB' ' , ! >' 'GHI  

 9F;'B7)27 )7 '!)'(9 8('J)'A' A;8B'3!;87 

 7A);=-7FI ;);= 

 !"# $%!&' (VI), (%)*+,*,-+. - (!/-0, !,%)1',023"! -2).-

4, "' %'*,),023"#0 !%5'")6&#. 7)&(,!&# ,!8*)/"!*,) $%!&' 

(VI) -"09"0 (%!.-2.4,*. - *"):0")) ,0&(!- %!*,' ) %'6-),). 

%'*,0");, +-.<'")) "'<60&"!; /'*,), (!-%0:<0")) 8!%"0-!; *)*-

,0&# ) $2!%!60 &!2!<#$ 2)*,30-. =%) (!('<'")) - ()>0-!; 1)82 

$%!& (VI) !8'6#-'0, !?>0,!8*)8!2!5)/0*8!0, "0@%!,!8*)/0*8!0 

) 50(',!,!8*)/0*8!0 <0;*,-)0 "' /02!-08' ) :)-!,"#$. =!8'6'"' 

-!6&!:"!*,3 * (!&!>34 &02)!%'",' "' !*"!-0 <-!;"!5! 5)<%!-

8*)<' &'5").-'24&)"). *"):',3 &!?)23"!*,3 )!"!- $%!&' (VI) 

- (!/-0 ) ,0& *'&#& +&0"39',3 )$ ?)!<!*,+("!*,3. A()*'" &0$'-

")6&, !?0*(0/)-'4>); (!"):0")0 &!?)23"!*,) )!"!- 7rO4
2-

.  

B*,'"!-20"! -2).")0 &02)!%'",' "' -!**,'"!-20")0 8','2'6"!; 

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

#$%&'()$* +*,&-.'* /0$12 32.'&'- $- *4$ .25*)-)$&-': 6*&-'.2-

5*)-)7, /0$1 4$023+$ -$%&'()** -0*/.25*)-)$4$ [1]. 8 $%09:2;<9; 

&0*+9 /0$1 (VI) =$&-9=2*- . 3)2('-*5>)7/ %$5'(*&-.2/ . 0*395>-2-* 

2)-0$=$4*))$, +*?-*5>)$&-'. @&)$.)7* '&-$()'%' *4$ =$&-9=5*)'? 

. $%09:2;<9; &0*+9 – 32.$+7 =$ =0$'3.$+&-.9 /0$1$.7/ &$*+')*)',, 

A*00$&=52.$., &-25', B*1*)-2, A2C0'%' =$ =*0*02C$-%* %$:, 2 -2%:* 

=0*+=0'?-'?, &:'42;<'* 94$5> ' )*A->. #2%, &$452&)$ [2] . D*0.$-

9025>&%* . 6521$-.252/ =0*+=0'?-'? EF@ «G9&&%', /0$1 1915» '1**--

&? 3306 - $-/$+$. =0$'3.$+&-.2, 3240?3)*))7/ %02,)* $=2&)71 6*&-'-

.25*)-)71 /0$1$1. @&)$.)$* =$&-9=5*)'* 6*&-'.25*)-)$4$ /0$12 

. .$+7 ' =$(.9 =0$'&/$+'- . 0*395>-2-* +0*)2:2 .$+ (*0*3 6521$)2%$-

='-*5'. H*&-'.25*)-)7, /0$1 32)$&'-&? . =$(.9 -2%:* .1*&-* & 32-

40?3)*))$, =75>;. I)A$012B'?, $=9C5'%$.2))2? . '&-$()'%* [3], 9%2-
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37.2*- )2 &5$:)9; &'-92B';, &5$:'.69;&? . J$.$-0$'B%* 

(@F@ «J$.$-0$'B%', 32.$+ /0$1$.7/ &$*+')*)',»), . @0&%*.  :*&-$-

(*)'* 32%$)$+2-*5>&-.2 . $C52&-' &C0$&2 $=2&)7/ 3240?3)?;<'/ .*-

<*&-. =$3.$5?*- )2+*?->&? )2 =0*%02<*)'* +25>)*,6'/ 3240?3)*)', 

$%09:2;<*, &0*+7 '$)21' /0$12 (VI). @+)2%$ =0' K-$1 -0*C9*-&? '&-

%2-> )$.7* 1*-$+7 .$&&-2)$.5*)'? 9:* 3240?3)*))7/ =$(.. @+)'1 '3 

.20'2)-$. -2%$4$ .$&&-2)$.5*)'? ?.5?*-&? &)':*)'* =$+.':)$&-' /0$-

12--'$)$. ' $402)'(*)'* '/ C'$+$&-9=)$&-' +5? 02&-*)',.  

8 +2))$, 02C$-* =$&-2.5*)2 32+2(2 '&=$5>3$.2-> +.$,)$, 124-

)',-25;1')'*.7, 4'+0$%&'+ . %2(*&-.* 0*24*)-2, .$&&-2)2.5'.2;<*4$ 

=$(.9, 3240?3)*))9; '$)21' /0$12 (VI). D0' K-$1 C75$ .2:)$ $=0*+*-

5'-> 1*/2)'31 &)':*)'? +.$,)71 4'+0$%&'+$1 =$+.':)$&-' . =$(.* 

/0$12--'$)$., 2 -2%:* =0$&5*+'->, %2% K-$ &)':*)'* =$+.':)$&-' '$-

)$. =$.5'?*- )2 .$&&-2)$.5*)'* =$(.7, . (2&-)$&-' )2 2%-'.)$&-> 

A*01*)-2 %2-25237. 

!.$,)7* 4'+0$%&'+7 1*-255$. &$ &5$'&-$, &-09%-90$, =0*+&-2.-

5?;- &$C$, &$*+')*)'? &$&-2.2 2 3

1 2 / 2(OH) H O
x x

m

x x x mM M X n
 !  !

!
" # " #$% & % & , 4+* 

C
2+

= Mg
2+

, Zn
2+

, Mn
2+

, …; M
3+

= Al
3+

, Cr
3+

, Fe
3+

, …; X
m– 

= CO3
2–

, NO3
–
, 

Cl
–
, OH

–
, SO4

2–
, …; 0,20 L x L 0,33. M-09%-902 +.$,)7/ 4'+0$%&'+$. &$-

&-$'- '3 =$5$:'-*5>)$ 320?:*))7/ 4'+0$%&'+)7/ &5$*. 

2 3

1 2(OH)
x

x xM M
   

!
" #% & ' 2)'$)$., )2/$+?<'/&? . 1*:&5$*.$1 =0$&-02)&--

.*. D$1'1$ 2)'$)$., . 1*:&5$*.$1 =0$&-02)&-.* $C7()$ =0'&9-&-.9;- 

52C'5>)7* 1$5*%957 .$+7. #2%9; &-09%-909 '1**- 4'+0$-25>%'- – 

=0'0$+)7, 1')*025 &$&-2.2 Mg1–xAlx(OH)2[(CO3)x/2·mH2O] (x = ~0,25, 

m = ~0,5). 

!.$,)7* 4'+0$%&'+7 1*-255$. &$ &-09%-90$, 4'+0$-25>%'-2 

. =$&5*+)'* 4$+7 .737.2;- =$.76*))7, ')-*0*& '&&5*+$.2-*5*, C52-

4$+20? C7&-0$ 02&6'0?;<'1&? $C52&-?1 '/ -*/)$5$4'(*&%$4$ =0'1*-

)*)'? . %2(*&-.* %2-25'32-$0$., '$))7/ =0$.$+)'%$., K5*%-0$/'1'(*-

&%'/ &*)&$0$., 2+&$0C*)-$., '$)$$C1*))'%$. [4], =0*%90&$0$. +5?  

=$59(*)'? +094'/ 12-*0'25$. [5].  

82:)71 &.$,&-.$1 +.$,)7/ 4'+0$%&'+$. ?.5?*-&? '/ &=$&$C-

)$&-> .7&-9=2-> . %2(*&-.* 2)'$)$$C1*))'%$.. M=$&$C)$&-> +.$,)7/ 

4'+0$%&'+$. =$45$<2-> 2)'$)7 1$:*- C7-> '&=$5>3$.2)2 . 0*6*)'' 

K%$5$4'(*&%'/ =0$C5*1, -2%'/ %2% 9-'5'32B'? -$%&'()7/ %$1=$)*)-$. 

'3 02&-.$0$. ' =$(.7. D0' K-$1 .$31$:)$&-> .7C$02 +5? &')-*32 +.$,-

)7/ 4'+0$%&'+$. -2%'/ %2-'$)$. 1*-255$., %$-$07* C*3$=2&)7 & K%$5$-
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4'(*&%$, -$(%' 30*)'?, =$3.$5?*- 02&6'0'-> $C52&-> =0'1*)*)'? K-'/ 

4'+0$%&'+$. . $C52&-' =0'%52+)$, K%$5$4''.  

8 )2&-$?<*, 02C$-* . %2(*&-.* 1*5'$02)-2 +5? &-2C'5'32B'' 

/0$12 (VI) . =$(.* C75 .7C02) +.$,)$, 4'+0$%&'+ 124)'?-25;1')'?. 

N4$ &')-*3 =0$.*+*) 1*-$+$1 &$$&2:+*)'? 4'+0$%&'+$. &'&-*17 

Mg(OH)2 – Al(OH)3 =0' )$0125>)7/ 9&5$.'?/. G2&-.$07 1,0 O 

Mg(NO3)2 ' 1,0 O Al(NO3)3 &1*6'.25' . 32+2))$1 &$$-)$6*)'' ' .5'-

.25' . 02&-.$0 1,0 O NaOH =0' ')-*)&'.)$1 =*0*1*6'.2)''. E)2(*)'* 

pH +$.$+'5' +$ 10. @&2+$% .7+*0:'.25' . 12-$()$1 02&-.$0* . -*(*-

)'* 24 (, =0$17.25' +'&-'55'0$.2))$, .$+$, ' =$+.*0425' 402)95'0$-

.2)'; 1*-$+$1 .7&96'.2)'? )2 .$3+9/* =0' -*1=*02-90* (295±2) ". 

M$&-2. &')-*3'0$.2))$4$ $C023B2 1$:*- C7-> .702:*) A$0195$, 

Mg0,85Al0,15(OH)2(NO3)0,15–mXm·nH2O, 4+* D = OH
–
, 1/2CO3

2–
. G*395>-2-7 =$-

-*)B'$1*-0'(*&%$4$ -'-0$.2)'? &')-*3'0$.2))$4$ $C023B2 9%237.2;- )2 

-$, (-$ &$+*0:2<'*&? . *4$ &$&-2.* 4'+0$%&'+7 $-5'(2;-&? =$ %'&5$-)$-

$&)$.)71 &.$,&-.21 $- A23 ')+'.'+925>)7/ 4'+0$%&'+$. 25;1')'? 

' 124)'? (0'&. 1). M =$1$<>; 0*)-4*)$A23$.$4$ 2)25'32 C75$ $=0*+*5*)$, 

(-$ K-2 A232 ?.5?*-&? &$*+')*)'*1 &$ &-09%-90$, -'=2 4'+0$-25>%'-2. 

2

3

4

5

6

7

8

9

10

11

0 0,2 0,4 0,6 0,8 1

1

2

3

V/V 0

pH

 
 G'&. 1. "0'.7* =$-*)B'$1*-0'(*&%$4$ -'-0$.2)'? Mg(OH)2 (1),  

Al(OH)3 (2) ' +.$,)$4$ Mg-Al 4'+0$%&'+2 (3) 

M$0CB'$))7* &.$,&-.2 +.$,)$4$ 4'+0$%&'+2 . $-)$6*)'' '$)$. 

/0$12 (VI) '39(25' . &-2-'(*&%'/ ' +')21'(*&%'/ 9&5$.'?/. I3$-*017 

&$0CB'' (295±2) " =$59(25' 1*-$+$1 $-+*5>)7/ =0$C. @+')2%$.7* )2-
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.*&%' &$0C*)-2 (0,2 4) ' =*0*1*))7* %$5'(*&-.2 02&-.$02 /0$12-2 %25'? 

=$1*<25' . 4*01*-'()7* &$&9+7. @CP*1 02&-.$02 . %2:+$, '3 )'/ +$-

.$+'5' +'&-'55'0$.2))$, .$+$, +$ 50 15. M$&9+7 =*0*1*6'.25' +$ 

9&-2)$.5*)'? 02.)$.*&'?. D$&5* K-$4$ -.*0+9; ' :'+%9; A237 . %2:-

+$, =0$C* 023+*5?5' A'5>-0$.2)'*1 ' 2)25'3'0$.25'. M$+*0:2)'* 

/0$12 (VI) . 02&-.$02/ $=0*+*5?5' 1*-$+$1 -'-0$.2)'?, 1257* %$5'(*-

&-.2 /0$12 (VI) $=0*+*5?5' A$-$1*-0'(*&%'1 1*-$+$1 & +'A*)'5%20-

C23'+$1 [6].  

@C02C$-%9 K%&=*0'1*)-25>)7/ +2))7/ =0$.$+'5' =$ 902.)*)'; 

'3$-*017 Q*)41;02 [7]: 

12%& ,
1

K 7
E E

K C

$
'

 $
 

4+* E12%& – *1%$&-> &$0C*)-2 =0' )2&7<*)'', 14 Cr(VI)/4 &$0C*)-2; K – 

%$)&-2)-2, /202%-*0'39;<2? &0$+&-.$ &$0C*)-2 % &$0C-'.9. 

I3$-*012 &$0CB'' '$)$. /0$12 (VI) =0'.*+*)2 )2 0'&.2. R75' 

.7('&5*)7 %$)&-2)-7 . 902.)*)'' Q*)41;02, %$-$07* '1*;- &5*+9;-

<'* 3)2(*)'?: E12%& = 20,6 14 Cr(VI)/4 &$0C*)-2; K = 0,019 5/1$5>. 

 

G'&. 2. I3$-*012 &$0CB'' '$)$. /0$12 (VI) 

I$)$$C1*))7* K%&=*0'1*)-7 =0$.$+'5' -2%:* . +')21'(*&%$1 

0*:'1*. @C023B7 +.$,)$4$ 4'+0$%&'+2 %2% &$0C*)-2 =$1*<25' . &-*%-

5?))7* %$5$)%' (+'21*-0 %$5$)%' 6 11, .7&$-2 &5$? &$0C*)-2 120 11). 

S*0*3 %$5$)%' & &$0C*)-$1 =0$=9&%25' 0,001 O 02&-.$0 K2CrO4 

(pH 02&-.$02 6,8). I$)7 !2

4CrO  =$45$<25'&> &$0C*)-$1. @=0*+*5*)'* 

.*5'(')7 pH . A'5>-02-* =$&5* %$5$)$% ' &$+*0:2)'? . )*1 '$)$. 

OH
– 
=$3.$5'5$ 02&&('-2-> K%.'.25*)-)$&-> $C1*)2 '$)$. !2

4Cr  ' OH
–
. 

G*395>-2-7 K%&=*0'1*)-2 =0*+&-2.5*)7 . -2C5. 1.  
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#2C5'B2  1 

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

J$1*0 

=0$C7 

@CP*1 

A'5>-02-2, 15 

D$45$-'5$&> 
!2

4CrO , 14-K%. 
87+*5'5$&> 

@J–, 14-K%. 

M$$-)$6*)'* 
!2

4CrO , 14-K%./ @J–, 14-K%. 

1 

2 

3 

83,0 

100,0 

65,0 

0,166 

0,196 

0,102 

0,063 

0,148 

0,091 

1/0,38 

1/0,76 

1/0,89 

 

 &-2)$.5*)$, (-$ . $C1*)* & '$)21' !2

4CrO  9(2&-.9;- '$)7 OH
–
, 

$+)2%$ $C1*) K-'/ '$)$. )* &$$-.*-&-.9*- &$$-)$6*)'; 1:2. T-$ &.'-

+*-*5>&-.9*- $ -$1, (-$ )20?+9 & OH
–
 . '$))$1 $C1*)* 9(2&-.9;- 

' +094'* 2)'$)7, ./$+?<'* . &$&-2. +.$,)$4$ 4'+0$%&'+2. J2'C$5** 

.*0$?-)$ 9(2&-'* . $C1*))$, 0*2%B'' -2%:* '$)$. NO3
–
, -2% $)' ./$-

+?- . &$&-2. +.$,)$4$ 4'+0$%&'+2 . =0$B*&&* *4$ &')-*32. D$K-$19 &-*-

/'$1*-0'? (2&-'()$ .702:2*-&? &$$-)$6*)'*1 !2

4CrO   (2 – $)OH
–
 + 

+ xNO3
–
.  

8 +')21'(*&%$1 0*:'1* =0$.*+*)$ 3 B'%52 &$0CB''-+*&$0CB''. 

M$0CB'; =0$.$+'5' '3 0,001 O 02&-.$02 K2CrO4, +*&$0CB'; $&9<*&--

.5?5' 1 O 02&-.$0$1 NaOH. E)2(*)'? +')21'(*&%$, $C1*))$, *1%$&-' 

=0*+&-2.5*)7 . -2C5. 2.  

#2C5'B2  2 

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

E)2(*)'? *1%$&-' &$0C*)-2 E, 14 Cr(VI)/4 &$0C*)-2 
J$1*0 B'%52 

&$0CB'? +*&$0CB'? 

1 

2 

3 

10,80 

8,45 

7,74 

9,42 

7,23 

6,65 

 

G*395>-2-7 K%&=*0'1*)-2 =$%237.2;-, (-$ +.$,)$, 4'+0$%&'+ &=$-

&$C*) $('<2-> 02&-.$0 $- /0$12--'$)$. +$ 90$.)? )':* D!" (%$)B*)-02-

B'? . =*0.7/ =$0B'?/ A'5>-02-2 1*)** 0,05 14/5). !*&$0CB'? =0$'&/$+'- 

)2 85–87 %, .*5'(')2 *1%$&-' 91*)>62*-&? . %2:+$1 =$&5*+9;<*1 B'%-

5*. @+)$ '3 $CP?&)*)', K-$4$ ?.5*)'? – )2&7<*)'* &$0C*)-2 '$)21' 
!2

3CO  )2 &-2+'' *4$ &')-*32 '5' =$45$<*)'* K-'/ 2)'$)$. '3 02&-.$02 

NaOH )2 &-2+'' +*&$0CB'' '$)$. !2

4CrO . G$5> '$)$. !2

3CO  . '$)$$C1*)-



 197 

)$1 =0$B*&&* 02)** C752 '39(*)2 )2 =0'1*0* +.$,)$4$ 4'+0$%&'+2 )2 $&-

)$.* &'&-*17 Mg-Mr(III) [5]. R75$ +$%232)$, (-$ '$)7 !2

3CO  .&-9=2;- 

. '$))7, $C1*) & OH-409==21' &5$*. &-09%-907: 

UO– OH + CO3
2–

  UO–@M@2
–
 + @J

–
. 

D0' K-$1 $C0239*-&? =0$()2? &.?3> O–@M@2
–
, (*1 ' $CP?&)?*-&? 

125$=$+.':)$* &$&-$?)'* %20C$)2--'$)$. . &$&-2.* +.$,)$4$ 4'+0$%&'+2. 

!$=$5)'-*5>)7, KAA*%- )*$C1*))$4$ =$45$<*)'? (2&-' /0$12--

'$)$. . B'%52/ &$0CB''-+*&$0CB'' 1$:)$ $CP?&)'-> =*0*/$+$1 '/ 

. )*$C1*))$* &$&-$?)'* 32 &(*- $C1*)2 & OH-409==21' &5$*. &-09%-907: 

UO– OH + CrO4
2–

  UO–@Mr@3
–
 + @J

–
. 

D$45$<*))7* -2%'1 =9-*1 /0$12--'$)7 9(2&-.9;- . %$1=*)&2-

B'' '3C7-$()$4$ =$5$:'-*5>)$4$ 320?+2 &5$*. &-09%-907 ' -*1 &2171 

91*)>62;- $C<** &$+*0:2)'* 1*:&5$*.7/ '$)$., &=$&$C)7/ 9(2&-.$-

.2-> . =$.-$0)$1 2)'$))$1 $C1*)*. @-1*(*))7* KAA*%-7 C524$=0'?--

)7 +5? &-2C'5'32B'' '$)$. /0$12 (VI) . =$(.*, *&5' '&=$5>3$.2-> 

+.$,)$, 4'+0$%&'+ 124)'?-25;1')'? . %2(*&-.* 1*5'$02)-2. 

T%&=*0'1*)-7 & =$(.$, =0$.$+'5' &5*+9;<'1 $C023$1. 8 $C-

023B7 -$0A?)$, =$(.7 12&&$, 30 4 ('5' 13,1 4 .$3+96)$-&9/$,) +$C2.-

5?5' 15 15 02&-.$02 /0$12-2 %25'? 0235'()$, %$)B*)-02B''. M$$-)$-

6*)'? 14 Cr(VI)/4 &9/$, =$(.7 .20>'0$.25' . =0*+*52/ 0,285–6,114. 

@C023B7 .7+*0:'.25' 2 &9-, )* +$=9&%2? .7&7/2)'?.  

@-17.%9 $C023B$. +5? $=0*+*5*)'? =$+.':)$, A$017 /0$12 

(VI) . =$(.* $&9<*&-.5?5' &5*+9;<'1' 02&-.$021': 

( +'&-'55'0$.2))$, .$+$,, =$+%'&5*))$, H2SO4 +$ pH 4,8; 

( 2B*-2-)$-211'2()71 C9A*0)71 02&-.$0$1 & pH 4,8; 

( 1 O 02&-.$0$1 HNO3. 

8 =0*+.20'-*5>)7/ $=7-2/ )2'C$5>6** &$+*0:2)'* /0$12 (VI) 

C75$ $C)209:*)$ . .$+)$, =$(.*))$, .7-?:%*, =$K-$19 +5? =$&5*-

+9;<'/ K%&=*0'1*)-$. '&=$5>3$.25' +'&-'55'0$.2))9; .$+9. 

@C023B7 3240?3)*))$, =$(.7 325'.25' =$+%'&5*))$, +'&-'55'-

0$.2))$, .$+$, ()2 30 4 .52:)$4$ $C023B2 150 15 02&-.$02) ' .&-0?/'-

.25' . -*(*)'* 45 1'). E2-*1 A'5>-0$.25' ' $=0*+*5?5' &$+*0:2)'* 

/0$12 (VI) . =$59(*))$1 02&-.$0*. G*395>-2-7 K%&=*0'1*)-2 =0'.*+*-

)7 . -2C5. 3. 

G*395>-2-7 K%&=*0'1*)-2 =$%237.2;-, (-$ =$(.2 &=$&$C)2 =$-

45$<2-> '$)7 /0$12 (VI). M 9.*5'(*)'*1 3240?3)*)'? .$302&-2*- %$5'-

(*&-.$ =$45$-'.6*4$&? /0$12 (VI), 2 -2%:* *4$ &$+*0:2)'* . .$+$02&-

-.$0'1$, A$01*, )2'C$5** -$%&'()$, +5? 02&-*)',. 
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#2C5'B2  3 

3)1&45$'#& 64)-$ (VI) " 7)1"#5')2 8)4-& 74# 4$9')-  

9$:409'&'## 7)/";  

J$1*0  

$C023B2 

E240?3)*)'* =$(.7 

Cr (VI), 14/4 

8$+$02&-.$0'12? A$012 Cr 

(VI), 14/4 

1 

2 

3 

4 

5 

6 

7 

8 

0,285 

0,714 

1,019 

1,427 

2,038 

3,057 

4,076 

6,114 

< 0,001 

< 0,001 

0,026 

0,054 

0,285 

0,619 

1,213 

2,391 

 
E2-*1 . $C023B7 & &$+*0:2)'*1 '$)$. /0$12 (VI) 1,0 ' 3,0 14/4 

=$(.7 .)$&'5' 1*5'$02)- & 9(*-$1 *4$ &$0CB'$))$, *1%$&-' =$ $-)$-

6*)'; % '$)21 /0$12 (VI). M=9&-? 2 &9- =0$.$+'5' $-17.%9 ' $=0*+*5?-

5' &$+*0:2)'* '$)$. /0$12 (VI) . 02&-.$0*. @C)209:*)$, (-$ =$45$<*-

)'* &$0C*)-$1 '$)$. /0$12 (VI) =0'.$+'- % 3)2('-*5>)$19 &)':*)'; 

*4$ %$)B*)-02B'' . =$(.* . .$+$02&-.$0'1$, A$01* (-2C5. 4).  

#2C5'B2  4 

<%#0'#& -&%#)4$'($ '$ *)1&45$'#& #)')" Cr (VI)  

" ")1)4$*(")4#-)2 8)4-& # !$($%$9'=> $!(#"')*(+ 7)/"; 

8$+$02&-.$0'12? A$012  

Cr (VI), 14/4 

"2-2523)2? 2%-'.)$&->, 

15 @2/(4·1')) 

E240?3)*)'* 

=$(.7 

Cr (VI), 14/4 =0$C2 =$(.7 

C*3 &$0C*)-2 

=0$C2 =$(.7 

& &$0C*)-$1 

=0$C2 =$(.7 

C*3 &$0C*)-2 

=0$C2 =$(.7 

& &$0C*)-$1 

0 

1,0 

3,0 

– 

0,026 

0,619 

– 

< 0,001 

0,026 

0,34 

0,13 

0,10 

0,34 

0,29 

0,28 

 

R'$5$4'(*&%', KAA*%- $- =0'&9-&-.'? . =$(.* /0$12 (VI) $B*)'-

.25' =$ 2%-'.)$&-' $+)$4$ '3 .2:)7/ =$(.*))7/ A*01*)-$. – %2-252-

37. F%-'.)$&-> %2-25237 . $C023B* =$(.7 C*3 3240?3)'-*5? &$&-2.5?*- 

0,34 15 @2/(4·1')), 2 . =$(.*, 3240?3)*))$, '$)21' /0$12, &)':2*-&? 

+$ 0,10–0,13 15 @2/(4·1')). !$C2.5*)'* &$0C*)-2 . 3240?3)*))9; =$(-

.9 =$3.$5?*- .$&&-2)$.'-> %2-2523)9; 2%-'.)$&-> =02%-'(*&%' +$ 

90$.)?, &$$-.*-&-.9;<*4$ ('&-$19 $C023B9 (C*3 3240?3)*)'? '$)21' 

/0$12 (VI)). 
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. =$(.*. 
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