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 !" 621.791 

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

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

"!3"!5 6*! /)6 78*8 8229)7 :!;8< 

* "" 38 ;; = >26!9 268 2:!";?0 2 )78;);8= 

/!@826"!9A;?0 @!3 ;)B6)C" : 7 : 

34&$,/, #!-)+&%, &$$5!+).,/&6 %)"")7&)//)' *$-,5)$-& $.,"/01 $)!+&/!/&' #,(&$--
",58/01 (,7)/!9-!4").)+)..  "!+$-,.5!//,6 #!-)+&%, )-%"0.,!- .)7#):/)$-8 )4-&#&7,;&& 

"!:&#, -!"#&2!$%)' )<",<)-%& $.,"/01 $)!+&/!/&' $ ;!58= 4).0>!/&6 $)4")-&.5!/&6 *$-,5)-

$-& . *$5).&61 +!'$-.&6 %)"")7&)//01 $"!+. 

 

#$%&'( %)%*'+ ,%-'./*%&0$12 -%(3$45/46*3)373) 638%(1)%4/, 9/3 73 

50 % ).42 *%(*:;4$'+ 6*3'.237'/ '(-(% 83**3('' ,4/%&&%, 6*' </3, .:=4./-

)4$$%> 9%./0 6*'237'/.> $% .)%*$14 .347'$4$'>. ?/*:8/:*$%> $437$3*37-

$3./0 *%(&'9$12 :9%./83) .)%*$12 .347'$4$'+ /*:@, *%@3/%A='2 ) :.&3)'>2 

.&3B$3-3 $%6*>B4$$3-3 .3./3>$'> ', 8%8 6*%)'&3, ) %-*4..')$12 .*47%2, 

3@:.&3)&')%4/ $43@237',3./0 '..&473)%$'> 83**3('3$$3+ 63)*4B7%4,3./' 

6*4B74 ).4-3 </3-3 :9%./8%  1!. 

C3.83&08: :.&3)'> *%@3/1 -%(3$45/46*3)37$12 /*:@ 2%*%8/4*'(:A/.> 

D'8&'9$3./0A )3.6*'$',%4,3+ $%-*:(8', /3 @3&0;3+ '$/4*4. 6*47./%)&>4/ 

'..&473)%$'4 ./3+83./' .)%*$12 .347'$4$'+ ) :.&3)'>2 37$3)*4,4$$3-3 

)3(74+./)'> $% ,4/%&& D'8&'94.8'2 $%6*>B4$'+ ' 83**3('3$$12 .*47. C*' 

<8.6&:%/%D'' ) /%8'2 :.&3)'>2 6*3>)&>4/.> 83**3('3$$%> :./%&3./0, 83/3*%> 

',44/ 2%*%8/4*$14 3/&'9'> 3/ ,42%$'94.83+ (*'.. 1): 3/.:/./)'4 -3*'(3$-

/%&0$3-3 :9%./8% $% 8*')3+ :./%&3./'; $%&'9'4 ,$3-339%-3)3-3 *%(*:;4$'>, 

*%()')%A=4-3.> '( :9%./83) 83**3('3$$3-3 *%(*:;4$'>; @3&44 .'&0$%> (%)'-

.',3./0 3/ 9%./3/1 D'8&3)  2!. 

E%..,3/*', )&'>$'4 *%(&'9$12 5%8/3*3) $% .36*3/')&4$'4 :./%&3./' 

,4/%&&% .)%*$12 .347'$4$'+ ) :.&3)'>2 74+./)'> %-*4..')$12 .*47. F *%@3/4 

 3! 638%(%$3, 9/3 6*474& 3-*%$'94$$3+ )1$3.&')3./' :,4$0;%4/.> . :)4&'94-

$'4, %-*4..')$3./' .*471. #$%&'( %8/3) *%(*:;4$'+ ,%-'./*%&0$12 -%(3$45-

/46*3)373) 638%(1)%4/, 9/3 3.$3)$1, 8*'/4*'4, 83**3('3$$3+ %8/')$3./' 

,%-'./*%&0$12 -%(3$45/46*3)373) >)&>A/.> 83**3('3$$14 .)3+./)% 639)4$-

$12 -*:$/3), @3-%/12 .3&>,', *%./)3*1 83/3*12 3@*%(:A/ <&48/*3&'/1  4!. 

G@ </3, .)'74/4&0./):4/ /3/ 5%8/, 9/3 ,4./% (%*3B74$'> /*4='$ $%237>/.> 

6*4',:=4./)4$$3 ) $'B$4+ 9%./' /*:@1, -74 )4*3>/$3./0 )3(74+./)'> 639)4$-
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$3+ .*471 63)1;4$%. H%8, 2','94.8'+ %$%&'( 6*3@ -*:$/3) . ,4./ *%(*:;4$'> 

,%-'./*%&0$3-3 -%(36*3)37% 638%(%&, 9/3 ) '2 .3./%) )237>/ '3$1 Na+, ?%++, 

Mg++, Fe+++, %$'3$1 ?l–, SO4
– –, F –, NO3

–. ?&473)%/4&0$3, )&'>$'4 %-*4..')$3./' 

639)4$$3+ .*471 $% .36*3/')&4$'4 :./%&3./' ,3B4/ @1/0 '..&473)%$3 6:/4, 

63./*34$'> 8*')12 :./%&3./' 6*' '.61/%$'' ) %-*4..')$12 .*47%2, 6*47./%)-

&>A='2 .3@3+ *%./)3*1 :8%(%$$12 )1;4 '3$3) (3%-+ *%./)3* NaCl; 3%-+ *%.-

/)3* NaCl + 1 % FeCl + 0,5 % NaF; 3%-+ *%./)3* NaCl + 0,1 % H2SO4)  5!. 

I

N

1

2

I
N

 

E'.. 1. "*')14 :./%&3./' ,4/%&&% $% )3(7:24 (1)  

' ) 83**3('3$$3+ .*474 (2); " – $%6*>B4$'4,  

N – 9'.&3 D'8&3) $%-*:B4$'>, "N – 6*474& )1$3.&')3./' $% )3(7:24 

"%8 @1&3 3/,494$3 *%$44, .)%*$34 .347'$4$'4 6*47./%)&>4/ .3@3+ 

.&3B$:A ) ./*:8/:*$3, 3/$3;4$'' .'./4,:. H%8, ) *%@3/4  6! 638%(%$3, 9/3 

.)%*$3+ ;3) .3./3'/ '( 73./%/39$3 8*:6$12 ./3&@9%/12 8*'./%&&3), % ./*:8-

/:*% ;)% .374*B'/ 6*4',:=4./)4$$3 @4+$'/ ' .4/8: '( 6&%./'$ )'7,%$;/4/-

/3)% 54**'/%. J3$% /4*,'94.83-3 )&'>$'> .374*B'/ :(8:A ,%*/4$.'/3-

@4+$'/$:A 3@&%./0, 8*:6$3(4*$'./:A 64*4-*4/:A ./*:8/:*:, .3./3>=:A 

) 3.$3)$3, '( @4+$'/%, 64*48*'./%&&'(3)%$$:A 54**'/3-64*&'/$:A 3@&%./0. 

H%8%> ./*:8/:*$%> $437$3*37$3./0 3/*'D%/4&0$3 .8%(1)%4/.> $% .36*3/')&4-

$'' 83**3('3$$3,: *%./*4.8')%$'A 637 $%6*>B4$'4,. G/,494$3, 9/3 /4*,'-

94.8%> 3@*%@3/8% .)%*$12 .347'$4$'+ 63)1;%4/ .36*3/')&4$'4 ./%&' 83**3-

('3$$3,: *%./*4.8')%$'A, 9/3 .)'74/4&0./):4/ 3 D4&4.33@*%($3./' 44 6*3-

)474$'> 7&> /*:@ ,%-'./*%&0$12 -%(3$45/46*3)373). 

H%8', 3@*%(3,, .36*3/')&4$'4 :./%&3./' ) :.&3)'>2 74+./)'> 83**3-

('3$$12 .*47 36*474&>4/.>, -&%)$1, 3@*%(3,, .&47:A=',' 5%8/3*%,': %--

*4..')$3./0A .*471 ' ./*:8/:*$1, .3./%)3, *%(&'9$12 (3$ .)%*$12 .347'-

$4$'+. C*' </3, 37$', '( ,4/373) 63)1;4$'> 83**3('3$$3+ ./3+83./' $%-

*>7: . 6*',4$4$'4, '(3&>D'3$$12 638*1/'+ >)&>4/.> /4*,'94.8%> 3@*%@3/-

8% .)%*$12 .347'$4$'+ ,%-'./*%&0$12 -%(3$45/46*3)373). ?&473)%/4&0$3, 
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36/','(%D'> *4B',% /4*,'94.83+ 3@*%@3/8' ) (%)'.',3./' 3/ %-*4..')$3./' 

83**3('3$$3+ .*471 >)&>4/.> %8/:%&0$3+ ' )%B$3+. !&> *4;4$'> </3+ (%7%9' 

$%'@3&0;'+ '$/4*4. 6*47./%)&>A/ :.83*4$$14 ,4/371 36*474&4$'> 2%*%8/4-

*'./'8 :./%&3./'.  

F 6*3@&4,4 :.83*4$$3-3 36*474&4$'> 2%*%8/4*'./'8 .36*3/')&4$'> :.-

/%&3./' ).4 @3&44 %8/:%&0$1,' ./%$3)>/.> ,4/371, 3D4$')%A='4 '$7')'7:-

%&0$14 2%*%8/4*'./'8', /.4. .)37>='4.> 8 '.61/%$'A 37$3-3 3@*%(D%. F.4 37-

$33@*%(D3)14 ,4/371 :.83*4$$3-3 36*474&4$'> 2%*%8/4*'./'8 .36*3/')&4$'> 

:./%&3./' 7363&$'/4&0$3 8 63&:94$$1, 6*' '.61/%$'' *4(:&0/%/%, '.63&0-

(:A/ %6*'3*$:A '$53*,%D'A, )1/48%A=:A '( $%836&4$$12 7%$$12 3 (%83-

$3,4*$3./>2 :./%&3./$3-3 *%(*:;4$'>. F 37$'2 .&:9%>2 ) 8%94./)4 %6*'3*$3+ 

'$53*,%D'' @4*:/.> /%8 $%(1)%4,14 :.&3)$14 8*')14 :./%&3./', ) 7*:-'2 – 

83**4&>D'3$$14 .)>(' ,4B7: 6%*%,4/*%,' 8*')3+ :./%&3./', ) /*4/0'2 – (%)'-

.',3./0 *%(*:;%A=4-3 $%6*>B4$'> 3/ .83*3./' *3./% $3,'$%&0$3-3 @*://3-

$%6*>B4$'> 6*' '.61/%$'', ) 94/)4*/12 – (%)'.',3./0 3/$3;4$'> *%(*:;%A-

=4-3 $%6*>B4$'> 8 6*474&: )1$3.&')3./' 3/ .83*3./' *3./% $%6*>B4$'> [7]. 

G7$%83 394)'7$3, 9/3 6*',4$4$'4 6*' :.83*4$$12 '.61/%$'>2 53*.'-

*3)%$$12 .63.3@3) $%-*:B4$'>, .38*%=%A='2 )*4,> 6*4@1)%$'> '.61/1-

)%4,12 3@K48/3) (&%@3*%/3*$12 3@*%(D3), ,374&4+, $%/:*$12 74/%&4+) ) *%-

@394+ .*474, $46*'4,&4,3 '(-(% $463&$3-3 :94/% *3&' 83**3('3$$3-3 5%8/3-

*% ) 6*3D4..4 *%(*:;4$'>. C3.83&08: : 3@K48/3), *%@3/%A='2 ) %-*4..')$12 

.*47%2, 6*474& )1$3.&')3./' 3/.:/./):4/, D4&0A '.61/%$'+ ./%$3)'/.> 63-

&:94$'4 8*')3+ 83**3('3$$3+ :./%&3./', 83/3*%> 32)%/1)%&% @1 )4.0 *4%&0-

$1+ 7'%6%(3$ 73&-3)49$3./4+ D'8&3)3-3 $%-*:B4$'>. F .)>(' . </', .:=4./-

)4$$34 ($%94$'4 6*'3@*4/%4/ 53*,% 8*')3+ 83**3('3$$3+ :./%&3./' ' )1@3* 

*4B',% $%-*:B4$'> 6*' 6*3)474$'' :.83*4$$12 '.61/%$'+. 

C*373&B'/4&0$3./0 :.83*4$$12 '.61/%$'+ $% 83**3('3$$:A :./%-

&3./0 ) 64*):A 394*470 .)>(%$% . 83&'94./)3, '..&47:4,12 3@K48/3). G6/'-

,%&0$1, .&47:4/ .9'/%/0 ,4/37, 6*' 83/3*3, ,3B$3 3-*%$'9'/0.> ) <8./*4-

,%&0$12 .&:9%>2 '.61/%$'4, 37$3-3 3@K48/% ' 63&:9'/0 '$7')'7:%&0$:A 

8*'):A 83**3('3$$3+ :./%&3./'. L1&3 :./%$3)&4$3, 9/3 8*'):A :./%&3./' 

./%&0$12 3@K48/3) ) 83**3('3$$12 .*47%2 ,3B$3 36'.%/0 47'$1, ./464$-

$1, :*%)$4$'4, 

 Im N = 10c = const, (1) 

-74   ' N – /48:='4 $%6*>B4$'4 ' 9'.&3 D'8&3) 73 *%(*:;4$'>;  

! ' " – 6%*%,4/*1. 

M$7')'7:%&0$:A 8*'):A 83**3('3$$3+ :./%&3./' (8%8 ' 8*'):A :./%-

&3./' ) $4+/*%&0$12 .*47%2) 6*3=4 ).4-3 63./*3'/0, 4.&' '()4./$1 .)>(' 
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6%*%,4/*3) :*%)$4$'> (1) 7*:- . 7*:-3,. N/' .)>(' ,3B$3 .9'/%/0 &'$4+$1-

,'. O%6*',4*, .)>(0 "(!) 6*47./%)&>4/.> ) )'74 

 " =  ! + b, (2) 

-74   ' b – 83<55'D'4$/1, 2%*%8/4*'(:A='4 83$8*4/$:A .*47:. F%B$3, 9/3 

</' 83<55'D'4$/1 6*%8/'94.8' 3./%A/.> $4'(,4$$1,' 6*' :)4&'94$'' *%(-

,4*% 3@K48/%, '(,4$4$'' 4-3 53*,1 '&' ,%*8' ./%&', 9%./3/1 ' *4B',% $%-

-*:B4$'>. "*3,4 /3-3, 7&> %-*4..')$12 .*47 ) )'74 <&48/*3&'/3) </' 83<55'-

D'4$/1 &4B%/ ) :(8'2 6*474&%2, 9/3 63()3&>4/ 63&0(3)%/0.> :.*47$4$$1,' '2 

($%94$'>,'. F .*47$4, ,3B$3 6*'$>/0   = 2,5, b = 5,0, 6*' )1*%B4$'' $%6*>-

B4$'+ ) PC%. Q%./$14 ($%94$'> 83<55'D'4$/3) 7&> *%(&'9$12 .*47 63&:94$1 

6:/4, ./%/'./'94.83-3 %$%&'(% 8*')12 83**3('3$$3+ :./%&3./'  8!. 

G6'.%$$1+ )1;4 ,4/37 63./*34$'> 8*')3+ 83**3('3$$3+ :./%&3./' 

$%;4& 8*'/'94.8'+ 3/(1), 3.$3)%$$1+ $% /3,, 9/3 6*',4$4$'4 47'$3-3 ./4-

64$$3-3 :*%)$4$'> ,3B4/ 6*')4./' 8 (%$'B4$'A 63&:94$$12 *4(:&0/%/3) ) 

3@&%./' 73&-3)49$3./4+ N = 5#106 – 108 D'8&3). F *%@3/4  9! 6*47&%-%4/.> ,4-

/37 63./*34$'> 8*')3+ :./%&3./', .3./3>=4+ '( 7):2 )4/)4+ . /3983+ 64*4-

&3,% ) (3$4 73&-3)49$3./4+ N = 106 – 5#106 D'8&3) (*'.. 2). 

lg I

lg N

lg  =  –  lg N C m1 I1

lg  =  –  lg N C m2 I2

 

E'.. 2. M$7')'7:%&0$%> 8*')%> :./%&3./', 63./*34$$%> '( 7):2 )4/)4+ 

C3.83&08: D'8&'9$3./0 )3.6*'$',%4,12 $%-*:(38 6*' <8.6&:%/%D'' 

,%-'./*%&0$12 -%(3$45/46*3)373) .)>(%$% . 64*'37'9$3./0A 6:.83) ' 3./%-

$3)38 83,6*4..'3$$12 :./%$3)38, 3@=44 9'.&3 64*4,4$ $%6*>B4$'+, 8%8 

6*%)'&3, $4 6*4)1;%4/ 105 D'8&3)  10!, '$7')'7:&0$14 8*')14 83**3('3$$3+ 

:./%&3./' *%(&'9$12 (3$ .)%*$12 .347'$4$'+ ,%-'./*%&0$12 -%(3$45/46*3-

)373) ,3-:/ @1/0 36'.%$1 37$', ./464$$1, :*%)$4$'4, (1). 

H%8', 3@*%(3,, ,4/37 '..&473)%$'> 83**3('3$$3+ :./%&3./' .)%*$12 

.347'$4$'+ ,%-'./*%&0$12 -%(3$4/46*3)373) .)37'/.> 8 '.61/%$'A .)%*$12 
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.347'$4$'+ ) :.&3)'>2 :./%&3./$3-3 '(-'@% ' 74+./)'> 83**3('3$$12 .*47 

*%(&'9$3+ %-*4..')$3./' 6*' 63./3>$$3, $3,'$%&0$3, @*://3-$%6*>B4$'' " 

. 5'8.'*3)%$'4, 73&-3)49$3./' N 73 *%(*:;4$'>. O% 3.$3)%$'' 63&:94$$12 

*4(:&0/%/3) ./*3'/.> :*%)$4$'4 " = lg I + lg N ' 36*474&>4/.> 63&3B4$'4 '$-

7')'7:%&0$3+ 8*')3+ :./%&3./' 7&> (%7%$$3+ %-*4..')$3+ .*471 (*'.. 3). 

lg I

lg N  

E'.. 3. M$7')'7:%&0$%> 8*')%> :./%&3./' 7&> (%7%$$3+ %-*4..')$3+ .*471 

O4.,3/*> $% /3 9/3 '.61/%$'4 3/74&0$3-3 3@*%(D% ,3B4/ 7&'/0.> $4-

.83&083 .:/38, 6*',4$4$'4 7%$$3+ ,4/37'8' ($%9'/4&0$3 .38*%=%4/ 7&'-

/4&0$3./0 '.61/%$'+ ' 9'.&3 '.61/:4,12 3@*%(D3), 9/3 3/8*1)%4/ @3&0;'4 

)3(,3B$3./' 7&> 36/','(%D'' *4B',3) /4*,'94.83+ 3@*%@3/8' .)%*$12 .3-

47'$4$'+ ,%-'./*%&0$12 -%(3$45/46*3)373). 

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

1. Q4&1;4) F.F., L:*$>;4) M.M., "'*'94$83 F.F. GD4$8% 83**3('3$-
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4. M)%$D3) G.P. O%74B$3./0 ./*3'/4&0$12 83$./*:8D'+ ,%-'./*%&0-

$12 /*:@36*3)373): ,3$3-*. – P.: O47*%, 1985. – ?. 10–11. 

5. "3*3('3$$34 *%./*4.8')%$'4 637 $%6*>B4$'4, ./%&4+ ,%-'./*%&0-

$12 -%(3$45/46*3)373). III. G.3@4$$3./' 63)*4B74$'> /*:@ ) 383&3;3)$3+ 

(3$4 / #.T. P%/)'4$83 [' 7*.] // T'('8% ,4/%&&3) ' ,4/%&&3)474$'4. – 2000. – 

H. 90. – R 3. – ?. 104–112. 



 63

6. "3*3('3$$34 *%./*4.8')%$'4 637 $%6*>B4$'4, ./%&4+ ,%-'./*%&0-

$12 -%(3$45/46*3)373). II. G )(%',3.)>(' ,42%$'94.8'2 .)3+./) ' .63*3/')-
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$3-*. – "'4): O%:83)% 7:,8%, 1985. – ?. 25–30. 

8. G&4+$'8 O.F., "3$36&4) #.F. G6*474&4$'4 '$7')'7:%&0$12 2%*%8-
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9. P%$:8>$ S.#. O3)1+ ,4/37 :.83*4$$3-3 63./*34$'> 8*')3+ 83**3-

('3$$3+ :./%&3./' ./%&' // J%)37.8%> &%@3*%/3*'>. – 1991. – R 3. – ?. 37–38. 

10. U8:@3).8'+ F.F. N8.64*',4$/%&0$%> ' *%.94/$%> 3D4$8% $4.:=4+ 

.63.3@$3./' .)%*$12 .347'$4$'+ ./%&' 13VSPT ) 3@&%./' ,%&12 73&-3)49-
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