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 !" 661.846.23 : 66.084.8 

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

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

.!"/)&'0' 0')12-")3(!$$'0' 3!4$%5!)&'0' 1$%(!")%3!3- 

234567 !"-85-8 9":;<7.!962!2=2  

!2.,4> ;!-8 57 ,- 04< 5?4  

@7<76;4<- ;-6- =-,<26 -,7 A7=5-8 

  !"#"$%& '()*+,"-" (,('.)(/"+( 0(1/.2 3453'*,4 )(6"-

,"#*+,"1/. .)#*,*,.5 1+*7,*-" +()#*+( 0(1/.2 -.7+"61.7( #(-,.5 

3 )(3.1.#"1/. "/ +*8.#( 9'%/+()396"3": ";+(;"/6.. <1/(,"3'*-

,", 0/" ,( +()#*+ 0(1/.2 -.7+"61.7( #(-,.5 19$*1/3*,,"* 3'.5,.* 

"6()43(*/ 6",2*,/+(2.5 .1="7,4= +*(-*,/"3, ";>*# ";+(;(/4-

3(*#": 1+*74, .,/*,1.3,"1/% . 7'./*'%,"1/% 9'%/+()396"3"-" 

3")7*:1/3.5. 

#$%&'()*( * *++%(,$-.)*( +-$/+0- -1+$2$,*+3(4+)15 3$4$62$- 

4.7%*')15 -(8(+0- 9-%9(0+9 $+)$-)1: ).34.-%()*(: +$-4(:())$/ 

).&2*. ;$-3(4-15, <0$ $=&+%$-%()$ 34.20*'(+2$/ )($=5$,*:$+0>? +$7-

,.)*9 )$-15 :.0(4*.%$-, '0$ - 49,( +%&'.(- -$7:$@)$ 0$%>2$ + *+3$%>-

7$-.)*(: 3$4$62$$$=4.7)15 +$+0.-%9?8*5; -$--0$415, 34$=%(:. *7&-

'()*9 $'()> :.%15 '.+0*A, $+$=())$ *:(?8*5 4.7:(41 :()(( 100 ):, 

9-%9(0+9 +$+0.-)$/ '.+0>? =$%(( $=8(/ B&),.:()0.%>)$/ $=%.+0* 7).-

)*9, +$=*4.0(%>)$ ).71-.(:$/ «).)$0(5)$%$C*9». 

D ,4&C$/ +0$4$)1, 4.7-*0*( :.%$0$)).@)$C$ 34$*7-$,+0-. 5*:*-

'(+2*5 34$,&20$- $34(,(%9(0 &+2$4()*( ).&')$-0(5)*'(+2$C$ 34$C4(+-

+. * 3$-16()*( 2.'(+0-. 34$,&2A** -$ :)$C*5 $04.+%95 34$:16%()-

)$+0* * +(%>+2$C$ 5$79/+0-.. E0$ - 3$%)$/ :(4( $0)$+*0+9 * 2 49,& $2-

+*,$- :(0.%%$-, =(7 *+3$%>7$-.)*9 2$0$415 )(-$7:$@)$ 34(,+0.-*0> 

+$-4(:())&? 34$:16%())$+0>. 

; +-97* + <0*: 4.+6*49?0+9 ).&')1( *++%(,$-.)*9, 3$+-98()-

)1( )$-1: $=%.+09: 34*:()()*9 * +3$+$=.: 3$%&'()*9 &%>04.,*+-

3(4+)15 * ).)$,*+3(4+)15 3$4$62$- [1–4]. F).'*0(%>)1/ *)0(4(+ 

- <0$/ $=%.+0* 34(,+0.-%9(0 $2+*, :.C)*9, 2$0$41/ *+3$%>7&(0+9 - 2.-

'(+0-( 2.0.%*7.0$4. 34* 5%$4*4$-.)** &C%(-$,$4$,$-, ,(+04&20*-)$C$ 

.,+$4=()0. 34* -7.*:$,(/+0-** + .%>,(C*,.:*, 2(0$).:* * +3*40.:* 
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[5], .)0*=.20(4*A*,)$C$ .C()0. [6], - =*$5*:*'(+2*5 *++%(,$-.)*95 

,%9 =$4>=1 + =*$%$C*'(+2*: $4&@*(: * 4.7%*')1:* =*$0$2+*2$%$C*-

'(+2*:* 7.=$%(-.)*9:*. G2+*, :.C)*9 ).5$,*0 6*4$2$( 34*:()()*( 

- 2.'(+0-( $C)(&3$4)$C$ * -1+$2$0(:3(4.0&4)$C$ *7$%9A*$))$C$ :.0(-

4*.%. [7], ,%9 ,(7.20*-.A** 5*:*'(+2$C$ $4&@*9 * =$(-15 $04.-%9?-

8*5 -(8(+0- [5], . 0.2@( *+3$%>7&(0+9 - 2.'(+0-( $C)(+0$/2$/ ,$=.-2* 

- @*,2$24*+0.%%*'(+2*5, 3%.7:())15 :$)*0$4.5 [8]. H.2*: $=4.7$:, 

$2+*, :.C)*9 34*-%(2.0(%() ,%9 B&),.:()0.%>)$/ * 34.20*'(+2$/  

$=%.+0* *++%(,$-.)*9. 

#$%&'()*( -1+$2$,*+3(4+)$C$ C*,4$2+*,. :.C)*9 + 2$)04$%*-

4&(:1:* B*7*2$-5*:*'(+2*:* +-$/+0-.:* 9-%9(0+9 )($=5$,*:$/ +0.-

,*(/ 3$%&'()*9 &%>04.,*+3(4+)$C$ $2+*,. :.C)*9. D&8(+0-&(0 :)$-

@(+0-$ +3$+$=$- 3$%&'()*9 &%>04.,*+3(4+)$C$ $2+*,. :.C)*9, -2%?-

'.9 C.7$B.7)1/ +*)0(7 [9], 7$%>-C(%>-:(0$, [10], 3%.7:$5*:*'(+2*/ 

+*)0(7 [11], :(5.)$+*)0(7 [12]. D4.-)*0(%>)1/ .).%*7 0(5)$%$C*/ 

+*)0(7. 3$2.71-.(0, '0$ +4(,* -+(5 :(0$,$- 3$%&'()*9 &%>04.,*+-

3(4+)$C$ $2+*,. :.C)*9 :(0$, $+.@,()*9 *7 2$%%$*,)15 4.+0-$4$- 

$=%.,.(0 ).*=$%(( -1+$2$/ +(%(20*-)$+0>?, +$'(0.(0 34$+0$0& * ,$+-

0&3)$+0> + <2$%$C*'(+2$/ =(7$3.+)$+0>? * -1+$2*: -15$,$: 34$,&2-

0.. " 0$:& @( ,.))1/ :(0$, 3$7-$%9(0 3$%&'.0> +0.=*%*7*4$-.))1( 

'.+0*A1 2$)04$%*4&(:$C$ 4.7:(4. + &72*: 4.+34(,(%()*(: 3$ 24&3-

)$+0* 7. +'(0 *+3$%>7$-.)*9 4.7%*')15 5*:*'(+2*5 :(0$,*2 * -.4>*-

4$-.)*9 &+%$-*/ 34$-(,()*9 34$A(++.. #$<0$:& ,.))1/ :(0$, 3$+%&-

@*% $+)$-$/ ,%9 *++%(,$-.)*9. 

I.+6*4*0> -$7:$@)$+0* :(0$,. 5*:*'(+2$C$ $+.@,()*9 * &%&'-

6*0> +-$/+0-. 3$%&'.(:15 34* <0$: 34$,&20$- 3$7-$%9(0 34*:()()*( 

,$3$%)*0(%>)15 B*7*2$-5*:*'(+2*5 -$7,(/+0-*/ ). 4(.2A*$))&? +4(-

,& - 34$A(++( +*)0(7.. #(4+3(20*-)1: 9-%9(0+9 *+3$%>7$-.)*( &%>04.-

7-&2$-$C$ -$7,(/+0-*9 - &+%$-*95 5*:*'(+2$C$ +*)0(7. [13]. 

J$8)1( &%>04.7-&2$-1( 2$%(=.)*9 – +4(,+0-$ .20*-)$C$ -$7-

,(/+0-*9 ). 0(3%$- * :.++$$=:())1( 34$A(++1 - @*,2$+0*, ). +04&20&-

4& * +-$/+0-. 0-(4,15 0(%, ). +2$4$+0> * 2.'(+0-$ 5*:*'(+2*5 4(.2A*/. 

#4* *7%&'()** - @*,2$+0> *)0()+*-)$/ &%>04.7-&2$-$/ -$%)1 

- @*,2$/ +4(,( -$7)*2.(0 9-%()*( 2.-*0.A** – 9-%()*( 4.741-. 2.-

3(%>)$/ @*,2$+0* 3$, ,(/+0-*(: 4.+09C*-.?8*5 ).349@()*/ - 3$%&-

3(4*$, 4.74(@()*9, 0.(. $=4.7$-.)*( 3$%$+0(/, 7.3$%)())15 C.7$:, 3.-

4$: *%* *5 +:(+>?. #4* +5%$31-.)** 2.-*0.A*$))15 3$%$+0(/ - 3$%&-

3(4*$, +@.0*9 - @*,2$/ +4(,( 4.7-*-.(0+9 &,.4).9 -$%)., 4.7-*-.?8.9 
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,.-%()*( 3$49,2. )(+2$%>2*5 .0:$+B(4 [14]. ;$7,(/+0-*( &%>04.7-&2. 

- )$4:.%>)15 &+%$-*95 0.2@( +$34$-$@,.(0+9 0.2*:* 9-%()*9:*, 2.2 

*)0()+*B*2.A*9 :.++$3(4()$+., ).C4(- $=4.=.01-.(:$/ +4(,1.  

K%.C$,.49 -16(3(4('*+%())1: 9-%()*9:, +*)0(7 $2+*,)15 B.7 

:$@(0 +$34$-$@,.0>+9 +%(,&?8*:* +3(A*B*'(+2*:* ,%9 &%>04.7-&2$-

-$C$ -$7,(/+0-*9 <BB(20.:*: +$7,.)*(: ,$3$%)*0(%>)15 A()04$- 7.4$-

,16($=4.7$-.)*9, -$7)*2.?8*5 ). 2.-*0.A*$))15 3&714>2.5, &-(%*-

'()*(: +2$4$+0* 4$+0. '.+0*A )$-$/ B.71 7. +'(0 &-(%*'()*9 <BB(2-

0*-)15 2$<BB*A*()0$- ,*BB&7** *$)$-, 4.74&6()*(: .C4(C.0$- 

'.+0*A 3$, ,(/+0-*(: &,.4)15 -$%). 

L+3$%>7$-.)*( :$8)$C$ &%>04.7-&2. 34* 34$*7-$,+0-( ).)$:.-

0(4*.%$- – =1+04$ 4.7-*-.?8((+9 * :)$C$$=(8.?8(( ).34.-%()*( ).-

&')15 *71+2.)*/, '0$ 3$,0-(4@,.(0+9 4$+0$: 2$%*'(+0-. 3&=%*2.A*/ 

3$ ,.))$/ 0(:.0*2(. #4*:()()*( &%>04.7-&2$-$C$ *7%&'()*9 -$ :)$C*5 

+%&'.95 ,.(0 7).'*0(%>)1( 34(*:&8(+0-., . *)$C,. 9-%9(0+9 (,*)+0-

-())1: <BB(20*-)1: 4(6()*(: 34$=%(:, +-97.))15 + +*)0(7$: * 3$-

+%(,&?8*: 34*:()()*(: ).)$'.+0*A. 

 !"#$%&'$()*+,(*- .*"),. M2&+0*'(+2.9 2.-*0.A*9 $+&8(+0--

%9%.+> - $02410$: +$+&,( *7 +0(2%. $=N(:$: 250 :%. L+0$')*2$: &%>0-

4.7-&2$-$C$ *7%&'()*9 =1% .33.4.0 LO100-6. I.=$'.9 '.+0$0. 34*=$4. 

(22±2,2) 2PA. 

 %>04.7-&2$-.9 &+0.)$-2. +$+0$9%. *7 %.=$4.0$4)$/ +0$/2*, 

&%>04.7-&2$-$C$ C()(4.0$4., :.C)*0$+04*2A*$))$C$ 34($=4.7$-.0(%9 

* 04(5 -$%)$-$,$--*7%&'.0(%(/. I(C&%*4$-2. :$8)$+0* * *+3$%>7$-.-

)*( 04(5 4.7%*')15 -$%)$-$,$--*7%&'.0(%(/ (+ 2$<BB*A*()0$: &+*%(-

)*9 1:0,5; 1:1 * 1:2) 3$7-$%*%* 3$%&'*0> 4.7%*')&? .:3%*0&,& &%>04.-

7-&2$-15 2$%(=.)*/ $0 0 ,$ 80 :2:. 

D A(%>? $34(,(%()*9 4.7:(4$- '.+0*A $=4.7A1 C*,4$2+*,. :.C-

)*9, 3$%&'())1( 34* 4.7%*')15 &+%$-*95 +*)0(7., .).%*7*4$-.%* + 3$-

:$8>? %.7(4)$C$ .).%*7.0$4. '.+0*A «Microsizer 201». 

; 5$,( 34$-(,()*9 $310$- *++%(,$-.%$+> -%*9)*( ). 4.7:(4 '.+-

0*A *+5$,)$/ 2$)A()04.A** 4.+0-$4$- )*04.0. :.C)*9 * $+.,*0(%9, 

:$8)$+0* &%>04.7-&2$-$C$ *7%&'()*9, .:3%*0&,1 2$%(=.)*/ * *)0()-

+*-)$+0* *7%&'()*9. 

/$01+,)*)2 & &3 45"167$(&$. !%9 *7&'()*9 -%*9)*9 2$)A()-

04.A** *+5$,)15 4(.C()0$- ). 4.7:(4 .C4(C*4$-.))15 '.+0*A Mg(OH)2 

*+3$%>7$-.%* 4.+0-$41 )*04.0. :.C)*9 + 2$)A()04.A*9:* 10, 20, 30 % 

* 4.+0-$41 C*,4$2+*,. .::$)*9 + 2$)A()04.A*9:* 10, 15, 22 %. !%*-
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0(%>)$+0> &%>04.7-&2$-$C$ -$7,(/+0-*9 +$+0.-%9%. 3 :*) 34* :$8)$-

+0* &%>04.7-&2$-$C$ $=%&'()*9 1500 ;0 + '.+0$0$/ 2$%(=.)*/ 22 2PA. 

; 4(7&%>0.0( :.0(:.0*'(+2$/ $=4.=$02* 4(7&%>0.0$- =1%. 3$%&'(). 

7.-*+*:$+0> +4(,)(C$ ,*.:(04. '.+0*A C*,4$2+*,. :.C)*9 $0 2$)A()-

04.A** *+5$,)15 4(.C()0$- (4*+. 1). 

 
I*+. 1. F.-*+*:$+0> +4(,)*5 7).'()*/ 4.7:(4$- '.+0*A $0 2$)A()04.A** 

4.+0-$4$- Mg(NO3)2 * NQ4OH 

#4* :.%15 2$)A()04.A*95 *+5$,)15 4(.C()0$- +2$4$+0> +$7,.-

)*9 3(4(+18()*9 :.%. * &%>04.7-&2$-$( -$7,(/+0-*( 34(390+0-&(0 

+%*3.)*? '.+0*A * *5 .C%$:(4.A**. D4(,)*/ ,*.:(04 '.+0*A +$+0.-%9-

(0 1,75 :2:. #4* &-(%*'()** 2$)A()04.A** 4(.C()0$- 34$*+5$,*0 3$-

-16()*( +2$4$+0* +$7,.)*9 3(4(+18()*9, '0$ +3$+$=+0-&(0 $=4.7$-.-

)*? =$%>6$C$ 2$%*'(+0-. .C4(C*4$-.))15 '.+0*A.  %>04.7-&2$-$( 

-$7,(/+0-*( 34* ,.))15 &+%$-*95 )( 3$7-$%9(0 34($,$%(0> +*%1 $=4.-

7&?8*5+9 +-97(/, +%(,+0-*(: '(C$ 9-%9(0+9 .C%$:(4.A*9 * .C4(C.A*9 

'.+0*A. 

!%9 ).5$@,()*9 $30*:.%>)15 3.4.:(04$- &%>04.7-&2$-$C$ 3$%9 

=1%* 34$-(,()1 <2+3(4*:()01 34* 4.7%*')15 *)0()+*-)$+095 * -4(-

:()* &%>04.7-&2$-$C$ -$7,(/+0-*9 + $A()2$/ +4(,)(C$ ,*.:(04. '.+-

0*A. !%9 *++%(,$-.)*9 -%*9)*9 ,.))15 3.4.:(04$- *+3$%>7$-.%*+> 

4.+0-$41 )*04.0. :.C)*9 + 2$)A()04.A*(/ 20 % * C*,4$2+*,. .::$)*9 

+ 2$)A()04.A*(/ 10 %. L++%(,$-.)*( 34$-$,*%$+> 34* :$8)$+0* &%>0-

4.7-&2$-$C$ *7%&'()*9 750 ;0. #$%&'())1( 4(7&%>0.01 34(,+0.-%()1 

). 4*+. 2, 3. 
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I*+. 2. F.-*+*:$+0> +4(,)*5 7).'()*/ 4.7:(4$- '.+0*A $0 -4(:()* 

&%>04.7-&2$-$C$ -$7,(/+0-*9 

D &-(%*'()*(: ,%*0(%>)$+0* &%>04.7-&2$-$/ $=4.=$02* +4(,-

)*/ ,*.:(04 '.+0*A &:()>6.(0+9. #$+%( 3 :*) &:()>6()*( 4.7:(-

4$- '.+0*A +:()9(0+9 -$74.+0.)*(:, '0$ +-97.)$ ).C4(-$: $=4.=.01-

-.(:$/ +4(,1. #4* &-(%*'()** 0(:3(4.0&41 +2$4$+0> %*)(/)$-

C$ 4$+0. 24*+0.%%$- ).'*).(0 34($=%.,.0> )., +2$4$+0>? 

7.4$,16($=4.7$-.)*9, 3$<0$:& ,*+3(4+)$+0> C*,4$2+*,. :.C)*9 

+)*@.(0+9. 

!%9 *++%(,$-.)*9 -%*9)*9 *)0()+*-)$+0* &%>04.7-&2$-$C$ *7%&-

'()*9 =1%* *+3$%>7$-.)1 -$%)$-$,1, 3$7-$%9?8*( 3$%&'*0> 4.7%*'-

)&? *)0()+*-)$+0> &%>04.7-&2$-15 2$%(=.)*/. #$%&'())1( 4(7&%>0.-

01 34(,+0.-%()1 ). 4*+. 3. 

 
I*+. 3. F.-*+*:$+0> +4(,)*5 7).'()*/ 4.7:(4$- '.+0*A 

$0 &,(%>)$/ *)0()+*-)$+0* &%>04.7-&2$-$C$ -$7,(/+0-*9 
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#4$.).%*7*4$-.- 3$%&'())1( ,.))1(, :$@)$ +,(%.0> -1-$,, '0$ 

&-(%*'()*( :$8)$+0* &%>04.7-&2$-$C$ -$7,(/+0-*9 * 3$-16()*(  

.:3%*0&,1 &%>04.7-&2$-15 2$%(=.)*/ +3$+$=+0-&?0 &:()>6()*? 

+4(,)(C$ ,*.:(04. '.+0*A.  -(%*'()*( *)0()+*-)$+0* +3$+$=+0-&(0 

3$-16()*? ,*+3(4+)$+0* '.+0*A C*,4$2+*,. :.C)*9. 

!%9 *++%(,$-.)*9 +$-:(+0)$C$ -%*9)*9 &%>04.7-&2$-15 2$%(=.-

)*/ * 3$-(45)$+0)$-.20*-)15 -(8(+0- 34$-$,*%* +(4*? <2+3(4*:()-

0$- + ,$=.-2$/ *7$=&0*%$-$C$ +3*40.. !%9 34$-(,()*9 $310.  

- 20%-/ 4.+0-$4 )*04.0. :.C)*9 --$,*%* ,$=.-2& +3*40. - 2$%*'(+0-( 

7 % $0 *+5$,)$/ :.++1 4.+0-$4. )*04.0. :.C)*9. L++%(,$-.)*( 34$-$-

,*%$+> 34* :$8)$+0* &%>04.7-&2$-$C$ *7%&'()*9 1500 ;0. I(7&%>0.01 

*++%(,$-.)*9 34*-(,()1 ). 4*+. 4. 

 

I*+. 4. I.+34(,(%()*( '.+0*A C*,4$2+*,. :.C)*9 34* +$-:(+0)$: 

 -%*9)** &%>04.7-&2. * #M;: 1 – =(7 &%>04.7-&2.; 2 – &%>04.7-&2+#M; 

L++%(,$-.)*9 3$2.7.%*, '0$ +$-:(+0)$( *+3$%>7$-.)*( &%>04.-

7-&2$-$C$ -$7,(/+0-*9 * 3$-(45)$+0)$-.20*-)15 -(8(+0- )( A(%(+$$=-

4.7)$. E0$ $=N9+)9(0+9 0(:, '0$ &%>04.7-&2 4.74&6.(0 «3%()2*», 2$0$-

41( $=4.7&?0+9 -$24&C '.+0*A 34* *+3$%>7$-.)** #M;. 

!%9 *++%(,$-.)*9 -%*9)*9 $=N(:. $=4.=.01-.(:$/ +4(,1 =1%* 

-1=4.)1 4.7%*')1( 4(.2A*$))1( $=N(:1 34* $,*).2$-$: +$$0)$6(-

)** 4(.C()0$-. L++%(,$-.)*( 34$-$,*%$+> 34* :$8)$+0* &%>04.7-&2$-

-$C$ *7%&'()*9 1500 ;0. I(7&%>0.01 34(,+0.-%()1 ). 4*+. 5. 
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I*+. 5. F.-*+*:$+0> +4(,)*5 7).'()*/ 4.7:(4$- '.+0*A $0 $=N(:. 

$=4.=.01-.(:$/ +4(,1 

L++%(,$-.)*9 3$2.7.%*, '0$ 34* &-(%*'()** $=N(:. $=4.=.01-

-.(:$/ +4(,1 <BB(20*-)$+0> &%>04.7-&2. &:()>6.(0+9. E0$ +-97.)$ 

+ 0(:, '0$ &,.4)1( -$%)1, 2$0$41( ,$%@)1 4.74&6.0> .C4(C.01 '.+0*A, 

C.+90+9 - $=N(:( +4(,1. 

H.2*: $=4.7$:, &%>04.7-&2$-$( -$7,(/+0-*( $2.71-.(0 7).'*-

0(%>)$( -%*9)*( ). +4(,)*/ 4.7:(4 '.+0*A C*,4$2+*,. :.C)*9. J.2+*-

:.%>)1/ <BB(20 $0 34*:()()*9 &%>04.7-&2$-$C$ &+04$/+0-. ,$+0*C.(0-

+9 34* -1+$2*5 2$)A()04.A*95 *+5$,)15 4(.C()0$-.  -(%*'()*( :$8-

)$+0* &%>04.7-&2$-$C$ -$7,(/+0-*9 * 3$-16()*( .:3%*0&,1 

&%>04.7-&2$-15 2$%(=.)*/ +3$+$=+0-&?0 &-(%*'()*? ,*+3(4+)$+0* 

'.+0*A C*,4$2+*,. :.C)*9. 
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