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 !" 621.791 

 .!. "#$%&'()&* 

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

 +,-"./01-/2+3415 "6+041 738"!/9 

 ,103:",-16// 0+-+ 188/2+34/; !48<2+0/9 

! "4"8"="!0"9 >"0+ 3!1,0?; 3"+./0+0/9 

0/>4"8+@/,"!100?; 3 18+9 

3,$$#)-"!/, -!"#)+&/,#&2!$%,4 #)+!56 +54 ",$2!-, -!#7!",-*"0 ",./).!$/)() $)$-)4-
/&4 #!8+* /!#!-,55&2!$%&#& .%592!/&4#& & -.!"+0# ",$-.)")#.  ").!+!/0 ",$2!-0 -!#7!",-
-*"0 ",./).!$&4 -,%&1 .%592!/&', %,% FeS, MnS, MnO, FeO, (Fe,Mn)O, (Fe,Mn)S . ,*$-!/&-! +54 
/&:%)5!(&").,//)' $-,5& 16;2<=. >7"!+!5!/, .!")4-/)$-6 ",$-.)"!/&4 /!#!-,55&2!$%&1 
.%592!/&' . )%)5)?)./)' :)/! 7"& $.,"%! /&:%)5!(&").,//01 $-,5!'. 

 

# $%&'()*+( ,%)- .&( /%'01(( .*+23*+( 4)('5(6&5 $%.-1(*+7 839(-

&6.3 &63'(:, %&%/(**% ;6% %6*%&+6&5 8 *+<8%'(,+=%.3**-2 &63'52, $=+2(*5(-

2-2 . &6=%+6('0&6.( 6=4/%$=%.%)%. *(>6+ + ,3<3, 3 638?( &%&4)%., =3/%637-

@+A $%) )3.'(*+(2. B6% .-<.3*% 6(2, 96% 839(&6.% &63'+, &%)(=?3*+( . *(: 

.=()*-A $=+2(&(:, (( >+<+9(&835 + A+2+9(&835 *(%)*%=%)*%&60 . <*39+6('0-

*%: &6($(*+ .'+576 *3 2(A3*+9(&8+( + &'4?(/*-( &.%:&6.3. C4@(&6.(**%( 

.'+5*+( *3 839(&6.(**-( $%83<36('+ &63'+ %83<-.376 *(2(63''+9(&8+( 

.8'79(*+5. D=%/'(23 .'+5*+5 *(2(63''+9(&8+A .8'79(*+: *3 &.%:&6.3 &63-

'+ $=+%/=(63(6 .&( /%'(( .3?*%( 6(%=(6+9(&8%( <*39(*+(, 638 838 $=%+&A%)+6 

$(=(%E(*83 $=()&63.'(*+: % $=+=%)( =3<=41(*+5 2(63''3: .&( /%'01(( $%)-

6.(=?)(*+( *3A%)+6 ,+$%6(<3 % <*39+6('0*%2 .'+5*++ )+&$(=&*-A + &4/)+&-

$(=&*-A *(2(63''+9(&8+A .8'79(*+: *3 A'3)%&6%:8%&60, .5<8%&60 =3<=41(-

*+5 $=+ %6=+E36('0*-A 6(2$(=364=3A, 4&63'%&6*-( &.%:&6.3. F38?( +<.(&6*% 

%6=+E36('0*%( .'+5*+( *(2(63''+9(&8+A .8'79(*+: *3 8%==%<+%**47 &6%:-

8%&60 &63'+ [1]. 

G3+/%'(( %6=+E36('0*%( .'+5*+( *3 &.%:&6.3 &63'+ %83<-.376 %8&+)-

*-(, &4'0>+)*-( + %8&+&4'0>+)*-( .8'79(*+5. HA &%&63., 8%'+9(&6.%, >%=-

23 + =3&$=()('(*+( %$=()('576&5 *( 6%'08% A+2+9(&8+2 &%&63.%2 &63'+, 

6(A*%'%,+(: .-$'3.8+ + =3<'+.8+, *% + $%&'()47@(: %/=3/%68%: )3.'(*+(2, 

& $%2%@07 8%6%=%: $%'49376 <3,%6%.8+. # $=%E(&&( 8=+&63''+<3E++ *(2(-

63''+9(&8+( .8'79(*+5 2%,46 %/=3<%.-.360&5 838 . =3&$'3.'(**%2 &%&6%5-

*++, 638 + . ).4A>3<*%: %/'3&6+ (=3&$'3.   6.(=)-: =3&6.%=) + . 6.(=)%2 &%-
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&6%5*++. # '+6(=364=( .&6=(93(6&5 )%&636%9*% 2*%,% )3**-A % 6(2$(=364=3A 

%/=3<%.3*+5 /%'01+*&6.3 *(2(63''+9(&8+A .8'79(*+:, *% %*+ %$=()('(*- 

$=+ %/=3<%.3*++ .8'79(*+: +< 9+&6-A 8%2$%*(*6%.. # =(3'0*-A &$'3.3A *3 

6(2$(=364=4 %/=3<%.3*+5 .8'79(*+: /4)(6 %83<-.360 .'+5*+( A+2+9(&8+: 

&%&63. + .<3+2%)(:&6.+( '(,+=47@+A ;'(2(*6%. + $=+2(&(: 2(?)4 &%/%:. 

"=%2( ;6%,%, .&6=(9376&5 )3**-( % .%<2%?*%&6+ 6=3*&>%=2+=%.3*+5 *(2(-

63''+9(&8+A .8'79(*+: + +<2(*(*++ +A =3<2(=%. + >%=2 $=+ =3<'+9*-A 

6(2$(=364=*-A + )(>%=23E+%**-A .%<)(:&6.+5A. F38, . =3/%6( [2] %62(93(6-

&5, 96% *3+/%'01(24 +<2(*(*+7 $=+ *3,=(.( + )(>%=2+=%.3*++ $%).(=?(*- 

&4'0>+)*-( .8'79(*+5, 96% %/4&'%.'(*% *3+/%'01(: )+>>4<+%**%: $%)-

.+?*%&607 36%2%. &(=-. # =3/%63A [3, 4] $%83<3*%, 96% =3&6.%=+2%&60 &(=- 

. !-Fe <*39+6('0*% *+?(, 9(2 . "-Fe + #-Fe $=+ &%%6.(6&6.47@+A 6(2$(=364=3A 

+ =3&&2%6=(*- 6(=2%)+*32+9(&8+( 3&$(86- $=%E(&&%. +<2(*(*+5 *(2(63''+-

9(&8+A .8'79(*+: $=+ ,%=59(: %/=3/%68( )3.'(*+(2 &63'(:. I.6%=32+ %62(-

93(6&5 .%<2%?*%&60 838 =3&6.%=(*+5 .8'79(*+: $=+ *3,=(.( $%) %/=3/%684 

)3.'(*+(2, 638 + +A 8%3'(&E(*E++. D=%E(&& .-)('(*+5 &4'0>+)*-A 93&6+E 

+)(6 . ).( &63)++, %6 &8%=%&6+ 8%6%=-A <3.+&+6 )+&$(=&*%&60 + %/J(2*35 

$'%6*%&60 =3&$=()('(*+5 .-)('57@+A&5 93&6+E. D(=.35 &63)+5 $=()&63.'5(6 

&%/%: &%/&6.(**% =3&$3) $(=(&-@(**%,% 6.(=)%,% =3&6.%=3 + <3.(=13(6&5 

.-)('(*+(2 +</-6%9*-A &4'0>+)%.. #6%=35 &63)+5 – 8%3'(&E(*E+5, =%&6 

/%'01+A $% =3<2(=4 93&6+E .-)('+.1(:&5 >3<- <3 &9(6 +&9(<*%.(*+5 93&6+E 

;6%: ?( >3<-. C8%=%&60 $=%E(&&%. =3&6.%=(*+5 + .-)('(*+5 &4'0>+)*-A 

.8'79(*+: '+2+6+=4(6&5 . %&*%.*%2 )+>>4<+%**-2+ $=%E(&&32+ + 2%?(6 

<3.+&(60 %6 &8%=%&6+ *3,=(.3, 6(2$(=364=- + &8%=%&6+ %A'3?)(*+5. D%;6%24 

. =(3'0*-A 4&'%.+5A 483<3**-( &63)++ 2%,46 *38'3)-.360&5 )=4, *3 )=4,3 [4]. 

F38?( $%.-1(*+( &6($(*+ )(>%=23E++ $=+ *3,=(.( 2%?(6 &$%&%/&6.%.360 4&-

8%=(*+7 =3&6.%=(*+5 .8'79(*+:, 638 838 .%<*+837@+( $=+ )(>%=23E++ )(-

>(86- 8=+&63''+9(&8%,% &6=%(*+5 %/'(,9376 )+>>4<+%**-( $=%E(&&- [5]. 

"=%2( $=%E(&&%. )(>%=2+=%.3*+5 $=+ *3,=(.(, .%<2%?*%&60 +<2(*(-

*+5 2%=>%'%,+9(&8%: &6=4864=- + 8%*>+,4=3E++ &4'0>+)*-A .8'79(*+: 

%62(93(6&5 + $=+ .&(A &$%&%/3A &.3=8+ . <%*( 6(=2+9(&8%,% .'+5*+5 [6]. 

# =3/%63A [7, 8] .-5.'(*% + 8%'+9(&6.(**% $%83<3*% +<2(*(*+( >%=2- + =3<-

2(=%. *(2(63''+9(&8+A .8'79(*+: . <%*( 6(=2+9(&8%,% .'+5*++ *+<8%'(,+-

=%.3**%: &63'+ $=+ %)*%$=%A%)*%: + 2*%,%&'%:*%: $%'43.6%236+9(&8%: 

&.3=8( . &=()( 4,'(8+&'%,% ,3<3 *3 4,'%.-A + &6-8%.-A &%()+*(*+5A. 

F38+2 %/=3<%2, . $=%E(&&( &.3=8+ 2%?(6 $=%+&A%)+60 +<2(*(*+( =3<-

2(=%. + >%=2- *(2(63''+9(&8+A .8'79(*+: . %8%'%1%.*%: <%*( $% &=3.*(-

*+7 & %&*%.*-2 2(63''%2, 638 838 *3 ;6%2 493&68( .&'()&6.+( 6($'%.%,% 

.%<)(:&6.+5 &.3=%9*%,% +&6%9*+83 *3,=(.3 2(63'' *3A%)+6&5 . 6(=2%)(>%=-
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23E+%**%2 &%&6%5*++ (6.(. +&$-6-.3(6 .%<)(:&6.+( .-&%8+A 6(2$(=364= 

+ .-&%8+: 4=%.(*0 *3$=5?(*+:). "=%2( ;6%,%, .-&%8+( 6(2$(=364=- &.3=8+ 

$'3.'(*+(2 %/4&'3.'+.376 /%'0147 &8%=%&60 =(38E+:, 96% %/(&$(9+.3(6 

/-&6=%( *3&64$'(*+( &%&6%5*+5, %9(*0 /'+<8%,% 8 =3.*%.(&*%24. D%;6%24 

. %8%'%1%.*%: <%*(, *3 493&68(, ,)( 2(63'' *3,=(.3(6&5 *+?( 6(2$(=364=- 

$'3.'(*+5, *% .-1( 6(2$(=364=- AC3, .%<2%?*- $=%E(&&- 838 =3&6.%=(*+5 

*(2(63''+9(&8+A .8'79(*+:, 638 + +A %/=3<%.3*+5, $%)%/*-( %$+&3**-2 

. =3/%63A [3, 4]. 

G3$=3.'(*+( A+2+9(&8+A =(38E+: + >3<%.-A $=(.=3@(*+: . 2(63''+-

9(&8+A &$'3.3A, &6($(*0 +A <3.(=1(**%&6+, 4&6%:9+.%&60 )%&6+,*46%,% &%-

&6%5*+5 %$=()('576&5 <38%*32+ A+2+9(&8%: 6(=2%)+*32+8+. F(=2%)+*32+83 

$%<.%'5(6 )%&636%9*% *3)(?*% %$=()('+60 =3.*%.(&*%( &%&6%5*+( &$'3.3 $=+ 

'7/-A 6(2$(=364=3A + &%&63.3A. C%%6.(6&6.(**%, .%<2%?*%&60 =3&6.%=(*+5 

*(2(63''+9(&8+A .8'79(*+: +'+, *3%/%=%6, %/=3<%.3*+5 +A +< =3&6.%=(**-A 

8%2$%*(*6%. . $=%E(&&( &.3=8+ . %8%'%1%.*%: <%*( 2%?(6 /-60 %$=()('(*3 

+< =3.*%.(&*%,% &%&6%5*+5 2(?)4 .8'79(*+(2 + 6.(=)-2 =3&6.%=%2. # $(=-

.%2 $=+/'+?(*++ 2%?*% +&$%'0<%.360 6(2$(=364=4 )3**%,% =3.*%.(&*%,% 

&%&6%5*+5. 

F(=2%)+*32+9(&8+( =3&9(6- )'5 6.(=)%,% &%&6%5*+5 %6'+9376&5 %6 

=3&9(6%. +< ?+)8%,% &%&6%5*+5 +&$%'0<%.3*+(2 &%%6.(6&6.47@+A 6.(=)%24 

&%&6%5*+7 &$'3.3 6(=2%)+*32+9(&8+A A3=386(=+&6+8 >3< + 93&6% & 49(6%2 

2*%,%>3<*%&6+ =3.*%.(&*%,% &%&6%5*+5. D%;6%24 )'5 =3&&2%6=(*+5 $=%E(&-

&%. =3&6.%=(*+5 *(2(63''+9(&8+A .8'79(*+: $=+ *3,=(.( . &63'+ +&$%'0<4(2 

%/-9*47 2(6%)+84 6(=2%)+*32+9(&8%,% =3&9(63 =3.*%.(&+5 )'5 &%%6.(6&6-

.47@+A =(38E+: & 49(6%2 +*6(=(&47@(,% 6(2$(=364=*%,% +*6(=.3'3 (%6 AC3 

)% 6(2$(=364=- $'3.'(*+5). 

#%<2%?*%&60 =3&6.%=(*+5 +'+ %/=3<%.3*+5 *(2(63''+9(&8+A .8'79(-

*+: . 6.(=)%2 =3&6.%=( +< =3&6.%=(**-A . 2(63''( 8%2$%*(*6%. . %/@(2 .+-

)( 2%?*% $=()&63.+60 . .+)( 4=3.*(*+5 

 Me R Me R ,m n m n$ %  (1) 

,)( K( – '+8.+=47@+: ;'(2(*6, 493&6.47@+: . %/=3<%.3*++ .8'79(*+:; R – 

*(2(63''+9(&8+: ;'(2(*6 (&(=3, 8+&'%=%)); m, n – &6(A+%2(6=+9(&8+( 8%;>-

>+E+(*6-. 

G3$=3.'(*+( A+2+9(&8%: =(38E++ (1) /4)(6 %$=()('560&5 +<2(*(*+(2 

;*(=,++ L+//&3. M3 &63*)3=6*%( &%&6%5*+( $=+2(2: )'5 =3&6.%=(**-A .(-

@(&6.   ,+$%6(6+9(&8+: +)(3'0*% =3</3.'(**-: 1%-: =3&6.%= ;'(2(*63 

. %&*%.( &$'3.3, )'5 +</-6%9*%: >3<-   9+&635 *(2(63''+9(&835 >3<3. # ;6%2 
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&'493( =(38E+7 (1) 2%?*% $=()&63.+60 838 &4224 6=(A =(38E+:   %/=3<%.3-

*+( A+2+9(&8%,% &%()+*(*+5 $=+ &63*)3=6*-A 4&'%.+5A . 6.(=)%2 &%&6%5*++, 

=3&6.%=(*+( Me + R . 6.(=)%2 =3&6.%=(: 

Me R Me R,m n m n$ %  
0 0

2 %/=.Me Rm nT TG G& $  &  [9, $=+'. 3], 

1%
Me Me$  

0

3 G&  [10, 63/'. D.5], 

1%
R R$  

0

4TG&  [10, 63/'. D.5], 

,)( 0

TG&  – ;*(=,++ L+//&3, !?, .('+9+*3 63/'+9*35. 

D=+.()(**-( 
0

 G&  $%<.%'576 $%'49+60 +<2(*(*+( ;*(=,++ L+//&3 

)'5 =(38E++ & 493&6+(2 =3&6.%=(**-A ;'(2(*6%. . ?('(<(: 

0 0 0 0
1 %/=.Me R 3 4m n T T Tm nG G G G& $  & % & % & , 

 0 Me R
1

Me R

ln ln

m n

m n

T

a a
RT K RTG

a

'
& $  $  , (2) 

,)(   – 6(2$(=364=3, "; R – ,3<%.35 $%&6%5**35, !?/2%'0·"; K – 8%*&63*63 

=3.*%.(&+5; ! – 386+.*%&60. 

H< (2) .-=3<+2 8%*&63*64 =3.*%.(&+5 + $(=(.()(2 . )(&56+9*-: '%,3=+>2: 

 
0

lg
2,3

TG
K

R T

 &
$

' '
. (3) 

!'5 ,+$%6(6+9(&8%,% +)(3'0*% =3</3.'(**%,% 1%-,% =3&6.%=3 ;'(2(*63 

. %&*%.( &$'3.3 386+.*%&60 =3&6.%=(**%,% 8%2$%*(*63 =(38E++ (1) 

%i i! i f$ ' , ,)( %i    $=%E(*6*%( &%)(=?3*+( 8%2$%*(*63 =(38E++ . &$'3.(, 

fi   8%;>>+E+(*6 386+.*%&6+ $% L(*=+. !'5 9+&6%: *(2(63''+9(&8%: >3<-, *( 

%/=3<47@(: =3&6.%=%. & )=4,+2+ >3<32+, 386+.*%&60 =3.*3 1. C 49(6%2 ;6%,% 

$=(%/=3<4(2 (3) + $%'49+2: 

 ( )
0

Me R
lg %Me %R lg lg

2,3

TG
m f n f

R T

 &
' $  '  '

' '
. (4) 

M3.+&+2%&60 8%;>>+E+(*6%. 386+.*%&6+ 
R

f  + 
Me

f  %6 6(2$(=364=- %$-

=()('5(6&5 $% 6(%=++ 8.3<+=(,4'5=*-A =3&6.%=%. &'()47@+2+ 4=3.*(*+52+: 

R R ,1873

2557
lg 0,365 lg ,f f

T

* +$  , -
. /

 
Me Me ,1873

2557
lg 0,365 lg ,f f

T

* +$  , -
. /
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,)( 
R ,1873

lg f  + 
Me ,1873

lg f  – 8%;>>+E+(*6- 386+.*%&6+ $% L(*=+ $=+ 6(2$(=364=( 

1873 ". !3**-( 8%;>>+E+(*6- %$=()('576&5 & 49(6%2 8%;>>+E+(*6%. .<3+2%-

)(:&6.+5 83?)%,% +< 8%2$%*(*6%. & )=4,+2+ =3&6.%=(**-2+ ;'(2(*632+ ( ):j

ie  

RR ,1873
lg %jf je$ '0 , 

MeMe ,1873
lg %jf je$ '0 , 

,)( R
j

e  + Me
j

e    .('+9+*- &$=3.%9*-( [10, $=+'. 1]; % j    $=%E(*6*%( &%)(=?3*+( 

;'(2(*6%. . &63'+. 

D%)&63.'55 $=+.()(**-( 4=3.*(*+5 . (4), $%'49+2: 

 

( )
0

R

Me

2557
lg %Me %R 0,365 %

2,3

2557
0,365 % .

jT

j

G
e j

R T T

e j
T

 & * +' $   ' '  , -' ' . /

* +  ' ', -
. /

0

0
 (5) 

 =3.*(*+( (5) &.5<-.3(6 6=+ $(=(2(**-( – %Me, %R +   – + %$+&-.3(6 

6(=2%)+*32+9(&8%( 4&'%.+( =3.*%.(&+5 2(?)4 *(2(63''+9(&8+2 .8'79(*+-

(2 + 2(63''+9(&8+2 &$'3.%2, . $=+*E+$(, '7/%,% &%&63.3. G3 %&*%.( ;6%,% 

4=3.*(*+5 2%?*% $=+ <3)3**-A %Me + %R .-9+&'+60 6(=2%)+*32+9(&847 

  *393'3 %/=3<%.3*+5 +'+ =3&6.%=(*+5 *(2(63''+9(&8%,% .8'79(*+5 .+)3 

Me Rm n  $=+ *3,=(.( &63'+ '7/%,% &%&63.3 (/(< 49(63 6=(/4(2%,% )'5 *393'3 

.-)('(*+5 Me Rm n  $(=(&-@(*+5). I 638?( $=+ %$=()('(**-A %Me + %R , 

  %$=()('+60 6(=2%)+*32+9(&847 .%<2%?*%&60 (+'+ *(.%<2%?*%&60) &4@(-

&6.%.3*+5 .8'79(*+5 Me Rm n  . &63'+, &=3.*+.35 .-9+&'(**%( <*39(*+( 

( )%Me %R'  & >386+9(&8+2. 

D=+ =3&&2%6=(*++ .%$=%&3 % .%<2%?*%&6+ =3&6.%=(*+5 *(2(63''+9(-

&8+A .8'79(*+: . 34&6(*+6( +'+, *3%/%=%6, %/=3<%.3*+5 +A +< =3&6.%=(*-

*-A ;'(2(*6%. . &$'3.( $=+ *3,=(.( &'()4(6 49+6-.360, 96% . &63'5A 8=%2( 

$=%&6-A *(2(63''+9(&8+A .8'79(*+: $=+&46&6.476 .8'79(*+5 + &'%?*%,% 

$(=(2(**%,% &%&63.3. !'5 6%,% 96%/- 2%?*% /-'% %$=()('+60 6(=2%)+*3-

2+9(&847 .(=%56*%&60 %/=3<%.3*+5 +'+ =3&6.%=(*+5 $%)%/*-A .8'79(*+: 

$=+ *3,=(.( . 34&6(*+6*47 %/'3&60, $=()&63.+2 *(2(63''+9(&8%( .8'79(-

*+( &'%?*%,% &%&63.3 838 +)(3'0*-: =3&6.%= ).4A .8'79(*+: $=%&6%,% &%-

&63.3, 6.(. 

MeN MeR 1,X X% $  

,)( " – 2%'0*35 )%'5; K( – '+8.+=47@+: ;'(2(*6, 493&6.47@+: . %/=3<%.3-

*++ .8'79(*+:; R + N   *(2(63''+9(&8+: ;'(2(*6 (&(=3, 8+&'%=%)). 
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F%,)3 %/=3<%.3*+( *(2(63''+9(&8%,% .8'79(*+5 &'%?*%,% &%&63.3 

2%?*% =3&&236=+.360 838 &+&6(24 ).4A =(38E+:: 

I. MeR Me R$ %  
0 0

9 1%/=.MeNT TG G& $  &  [9, $=+'. 3], 

1%
Me Me$  

0

10TG&  [10, 63/'. D.5], 

1%
N N$  

0

11TG&  [10, 63/'. D.5], 

II. MeN Me N$ %  
0 0

12 12%/=.MeRT TG G& $  &  [9, $=+'. 3], 

1%
Me Me$  

0

13TG&  [10, 63/'. D.5], 

1%
R R$  

0

14TG&  [10, 63/'. D.5]. 

H<2(*(*+( ;*(=,++ L+//&3 $=+ %/=3<%.3*++ *(2(63''+9(&8%,% .8'7-

9(*+5 &'%?*%,% &%&63.3 /4)(6 $=()&63.'560 &+&6(24 +<2(*(*+: ;*(=,+: L+/-

/&3 )'5 83?)%: =(38E++ & 493&6+(2 =3&6.%=(**-A ;'(2(*6%. . !-?('(<(: 

0 0 0 0

I 1%/=.MeN 10 11
,

T T T TG G G G& $  & % & % &  

0 0 0 0

II 12%/=.MeR 13 14
.

T T T TG G G G& $  & % & % &  

#-=3<+2 8%*&63*64 =3.*%.(&+5 83?)%: +< =(38E+: + $(=(.()(2 . )(&5-

6+9*-: '%,3=+>2: 

0

MeNI
I

Me N

lg lg ,
2,3

T
XG

K
R T a a

&
 $ $

' ' '
 

0

MeRII
II

Me R

lg lg ,
2,3

T
XG

K
R T a a

&
 $ $

' ' '
 

!('+2: 

MeN Me RI

II MeR Me N

.
X a aK

K X a a

' '
$

' '
 

N%,3=+>2+=4(2: 

MeN RI
I II

II MeR N

lg lg lg lg ,
X aK

K K
K X a

'
$ $  

'
 

%684)3 

MeN R
I II I II R N

MeR N

lg lg lg lg lg lg lg lg .
X a

K K K K a a
X a

$   $   %  
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C 49(6%2 

R R R,1873

2557
lg lg %R lg lg %R 0,365 % ,

j
a f j

T
e

* +$ % $ %  ' ', -
. /

0  

N N N,1873

2557
lg lg %N lg lg %N 0,365 %

j
a f j

T
e

* +$ % $ %  ' ', -
. /

0 . 

M3$+1(2 $(=.%( 4=3.*(*+( &+&6(2-: 

 

MeN
I II R,1873

MeR

0

N,1873

2557
lg lg lg lg %R 0,365 %

2557
lg %N 0,365 % .

jX
K K j

X T

j
T

e

e

* +$     ' ' %, -
. /

* +% %  ' ', -
. /

0

0
 (6) 

#6%=%( 4=3.*(*+( &+&6(2-:  

 MeN MeR 1.X X% $  (7) 

C+&6(23 +< ).4A $%&'()*+A 4=3.*(*+: %$+&-.3(6 6(=2%)+*32+9(&8%( 

4&'%.+( =3.*%.(&+5 2(?)4 *(2(63''+9(&8+2 .8'79(*+(2 &'%?*%,% &%&63.3 

+ 2(63''+9(&8+2 &$'3.%2. !3**35 &+&6(23 $%<.%'5(6 %$=()('+60 &%&63. 

&'%?*%,% .8'79(*+5 (XMeR + XMeN = 1 – XMeR) $=+ %$=()('(**-A  , 

%Me + %R . &63'+ '7/%,% &%&63.3. #%<2%?*% + =(1(*+( %/=36*%: <3)39+: 

%$=()('(*+( %6*%1(*+5 %Me %R  $=+ <3)3**%2 &%&63.( *(2(63''+9(&8%,% 

.8'79(*+5 (. 2%'0*-A )%'5A MeR + MeN) +  . C+&6(23 4=3.*(*+: 638?( $%-

<.%'5(6 %E(*+60 6(2$(=364=4   *393'3 %/=3<%.3*+5 +'+ =3&6.%=(*+5 *(2(-

63''+9(&8%,% .8'79(*+5 <3)3**%,% &%&63.3 . &$'3.( & +<.(&6*-2 &%)(=?3*+-

(2 R + N. 

C +&$%'0<%.3*+(2 $=()&63.'(**-A &A(2 =3&9(63 + 4=3.*(*+: (5) + (6), 

(7) /-'+ $%'49(*- .-=3?(*+5 6(=2%)+*32+9(&8%,% =3.*%.(&+5 2(?)4 &'(-

)47@+2+ *(2(63''+9(&8+2+ .8'79(*+52+ FeS, MnS, MnO, FeO, (Fe,Mn)O, 

(Fe,Mn)S + 6.(=)-2 =3&6.%=%2 $=+ *3,=(.( . 34&6(*+6*47 %/'3&60. O3&9(6- 

$=%.%)+'+&0 )'5 *+<8%'(,+=%.3**%: &63'+ 16L2IP, A+2+9(&8+: &%&63. &63-

'+ /=3'&5 . &%%6.(6&6.++ & LQCF 19282–73. G+?( $=+.()(*- 6(=2%)+*32+-

9(&8+( .('+9+*-, +&$%'0<4(2-( $=+ =3&9(63A. 

F3/'+E3 1 

 !"!#$%&!' %(%)*+ %)*,! 16-2./ (-012 19282–73) 

K3&&%.35 )%'5 ;'(2(*6%., % 

C Si Mn Cr Ni Cu V !=4,+A ;'(2(*6%. 

0,14–0,20 0,3–0,6 1,3–1,7  0,40 0,30  0,30 0,08–0,14 I<%6 0,015–0,025 
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F3/'+E3 2 

1)*34*5)3*6 73$58!6 -!99%* (95*:(+*3!6 %($4!3$3!' !: 7,$"$3)(+ 

(
0

,
T
G A BT& $ %  ;</"(,=) >5! )$">$5*)?5*@ 1800–2000 A [9] 

C%()+*(*+( # $ 

MnO –408400 90 

FeO –245000 53 

FeS(?) –135000 43,2 

MnS –276000 63 

 

F3/'+E3 3 

B5*+3$3!$ 4,6 5*%#$)* 
0

i
G&  (;</"(,=) >$5$@(4* i i

#!%) 1%
[ ]$  [10] 

B'(2(*6 
0

iG& , !?/2%'0 

Mn 5500–39,1T 

1/2O2 –117000–2,89T 

1/2S2 –72000–10,25T 

 

F3/'+E3 4 

A(7CC!D!$3)E +:*!"(4$'%)+!6 >$5+(8( >(564&* 7,$"$3)(+ 

+ <$,$:$ >5! 1873 A [10] (
j

i
ee )*9,

100' $ , ).$. 
j

i
ee )*9,

/ 100$ ) 

B'(2(*6 j 
B'(2(*6 i 

C Cr Mn N O S Si V 

Mn –7 – 0 –9,1 –8,3 –4,8 0 – 

O –45 –4 –2,1 5,7 –20 –13,3 –13,1 –30 

S 11 –1,1 –2,6 1 –27 –2,8 6,3 –1,6 

 

C $%2%@07 (5) + (7), 3 638?( 63/'+9*-A )3**-A (63/'. 2–4) /-'+ $%'4-

9(*- &'()47@+( .-=3?(*+5 )'5 %$=()('(*+5 6(2$(=364=- %/=3<%.3*+5 (=3&-

6.%=(*+5) *(2(63''+9(&8+A .8'79(*+: $=+ *3,=(.( . 34&6(*+6*47 %/'3&60 

)'5 &63'+ 16L2IP: 

– *(2(63''+9(&8+( .8'79(*+5 $=%&6%,% &%&63.3: 

Mn S

*39..-).MnS

Mn S

109,126 2557 lg 2557 lg
,

5,878 lg[%Mn%S] 0,365 lg 0,365 lg

f f
T

f f

% ' % '
$

 % ' % '
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Mn O

*39..-).MnO

Mn O

15533,93 2557 lg 2557 lg
,

6,906 lg[%Mn%O] 0,365 lg 0,365 lg

f f
T

f f

% ' % '
$

 % ' % '
 

Fe S

*39..-).FeS

Fe S

3296,186 2557 lg 2557 lg
,

2,797 lg[%Fe %S] 0,365 lg 0,365 lg

f f
T

f f

% ' % '
$

 ' % ' % '
 

Fe O

*39..-).FeO

Fe O

6697,013 2557 lg 2557 lg
;

2,924 lg[%Fe%O] 0,365 lg 0,365 lg

f f
T

f f

% ' % '
$

 % ' % '
 

– *(2(63''+9(&8+( .8'79(*+5 &'%?*%,% &%&63.3 

 

MnS

FeS

7664,94 2557

Fe,1873

2557

Mn,1873

lg( ) 3,081 lg %Fe ( 0,365) %

lg %Mn ( 0,365) % ,

jX

X T T

j

T

j

j

e

e

$     %

% %  

0
0

 

MnO

FeO

8836,917 2557

Fe,1873

2557

Mn,1873

lg( ) 3,982 lg %Fe ( 0,365) %

lg %Mn ( 0,365) % .

jX

X T T

j

T

j

j

e

e

$     %

% %  

0
0

 

H< ;6+A 4=3.*(*+: /-'3 =3&&9+63*3 =3.*%.(&*35 6(2$(=364=3 *393'3 

.-)('(*+5 *(2(63''+9(&8+A .8'79(*+: . &63'+ 16L2IP, =(<4'0636- =3&9(63 

$=()&63.'(*- . 63/'+E( 5 + 6. O3&9(6 $=%.%)+'+ & +&$%'0<%.3*+(2 236(236+-

9(&8%,% $=%,=322*%,% $38(63 Mathcad 13 Enterprise Edition. 

F3/'+E3 5 

2$">$5*)?5* (95*:(+*3!6 3$"$)*,,!#$%&!@ +&,F#$3!' 

>5(%)(8( %(%)*+*  

#+) *(2(63''+9(&8%-

,% .8'79(*+5 

 , ", & 2+*+23'0*-2 

&%)(=?3*+(2 ;'(2(*-

6%. . &63'+ 

 , " &% &=()*+2  

&%)(=?3*+(2  

;'(2(*6%. . &63'+ 

 , ", & 238&+23'0*-2 

&%)(=?3*+(2 ;'(2(*-

6%. . &63'+ 

FeO 2321 2315 2309 

MnO 1762 1763 1763 

FeS 1167 1365 1496 

MnS 1403 1492 1548 
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F3/'+E3 6 

2$">$5*)?5* (95*:(+*3!6 3$"$)*,,!#$%&!@ +&,F#$3!' %,(<3(8( 

%(%)*+* 

#+) *(2(63''+9(&8%,% 

.8'79(*+5 

 , ", & 2+*+23'0*-2 &%)(=-

?3*+(2 ;'(2(*6%. . &63'+ 

 , ", & 238&+23'0*-2 &%)(=-

?3*+(2 ;'(2(*6%. . &63'+ 

(Mn0,8Fe0,2)S 1374 1402 

(Mn0,5Fe0,5)S 1541 1577 

(Mn0,2Fe0,8)S 1754 1801 

(Mn0,8Fe0,2)O 1364 1388 

(Mn0,5Fe0,5)O 1504 1533 

(Mn0,2Fe0,8)O 1677 1714 

 

# =3&9(63A 49+6-.3'&5 =3</=%& A+2+9(&8%,% &%&63.3 &63'+ . $=()('3A 

LQCF3 + /-'+ $%'49(*- =3.*%.(&*-( 6(2$(=364=- *393'3 .-)('(*+5 *(2(-

63''+9(&8+A .8'79(*+: . &63'+ & 2+*+23'0*-2 + 238&+23'0*-2 &%)(=?3*+-

(2 '(,+=47@+A ;'(2(*6%. + $=+2(&(:. "=%2( ;6%,%, /-'% =3&&2%6=(*% .'+5-

*+( +<2(*(*+5 &%)(=?3*+5 %&*%.*-A '(,+=47@+A ;'(2(*6%. . &63'+ *3 6(2-

$(=364=4 %/=3<%.3*+5 *(2(63''+9(&8+A .8'79(*+:. 

H< $%'49(**-A =(<4'0636%. .+)*%, 96% 6(2$(=364=3 %/=3<%.3*+5 *(2(-

63''+9(&8+A .8'79(*+: %)*%,% + 6%,% ?( .+)3 . $=()('3A 23=%9*%,% A+2+9(-

&8%,% &%&63.3 &63'+ +<2(*5(6&5 . 1+=%8+A $=()('3A. !'5 *(8%6%=-A .8'79(-

*+: (. 93&6*%&6+, &4'0>+)%. FeS, MnS, (Mn,Fe)S + %8&+)%. (Mn,Fe)O) ;63 

6(2$(=364=3 *+?( 6(2$(=364=- &%'+)4& )'5 )3**%: &63'+. C'()%.36('0*%, 

. $=%E(&&( &.3=8+ &63'+ 16L2IP . <%*( 6(=2+9(&8%,% .'+5*+5, ,)( 2(63'' 

*3,=(.3(6&5 .-1( 6(2$(=364=- 1000 %C, /4)46 $=%+&A%)+60 $=%E(&&- 93&-

6+9*%,% +'+ $%'*%,% =3&6.%=(*+5 ;6+A *(2(63''+9(&8+A .8'79(*+:. 

1>!%(& ,!)$5*)?5E 

1. N4<,+* #.D., R'+<*78%. C.I., R'+<*78%. I.C. #'+5*+( $=+=%)- *(-

2(63''+9(&8+A .8'79(*+: *3 2(A3*+9(&8+( &.%:&6.3 6=4/*%: &63'+ 10L2RF // 

C63'0. – S 6. – 1995. – C. 21–26. 

2. N+.1+E N.C. K(63''%.()(*+( &.3=8+, 6(=2+9(&835 %/=3/%683 &.3=-

*-A &%()+*(*+:. – K.: K31+*%&6=%(*+(, 1989. – 336 &. 

3. F(=2%)+*32+83 &$'3.%. ?('(<3 / R.H. K%=,4*%. [+ )=.]. – K.: K(63'-

'4=,+5, 1984. – 208 &. 

4. P+<+9(&835 A+2+5 $=%E(&&%. %/=3/%68+ ;'(86=%6(A*+9(&8%: &63'+ / 

R.H. K%=,4*%. [+ )=.]. – K.: K(63''4=,+5, 1990. – 168 &. 

5. L4/(*8% C.H. F=3*&>%=23E+5 *(2(63''+9(&8+A .8'79(*+:. – K.: 

K(63''4=,+5, 1991. – 224 &. 
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6. L=+.*58 H. C.3=+.3(2%&60 &63'(:: $(=. &% &'%.3E. N.C. L%*93=(*8%; 

$%). =(). B.N. K383=%.3. – K.: K31+*%&6=%(*+(, 1984. – 216 &. 

7. Q'013*&835 F.#. G(2(63''+9(&8+( .8'79(*+5 . %8%'%1%.*%: <%*( 

&.3=*-A &.3=*-A &%()+*(*+: *+<8%'(,+=%.3**-A &63'(: // C.3=83. "%*6=%'0. 

O(*%.3E+5: 6-5 .&(=%&. *349.-6(A*. 8%*>. –  >3, 2007. – C. 70–76. 

8. H<2(*(*+( 2%=>%'%,++ *(2(63''+9(&8+A .8'79(*+: . &.3=*-A &%-

()+*(*+5A *+<8%'(,+=%.3**-A &63'(: / F.#. Q'013*&835 [+ )=.] // G3483 

+ $=%+<.%)&6.%  =3'3: 2(?=(,+%*3'0*. &/. *349. 6=.; G%.%6=%+E8. >+'+3' 

K%&8%.&8%,% +*&6+6463 &63'+ + &$'3.%.. – G%.%6=%+E8, GP KHC+C, 2007. – 

C. 33–35. 

9. B8&$(=+2(*63'0*-( =3/%6- $% 6(%=++ 2(63''4=,+9(&8+A $=%E(&&%. / 

D.D. I=&(*0(. [+ )=.]. – K.: K(63''4=,+5, 1989. – 288 &. 

10.  6%98+* #.#. P+<+8%-A+2+9(&8+( =3&9(6- . 6(%=++ &.3=%9*-A 

$=%E(&&%.: $=+2(=-, 2(6%)+8+ / D(=2. ,%&. 6(A*. 4*-6.   D(=20, 2004.   136 &. 
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