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]3>9+ABDA:?CA+>I549+4=+B<T5:K^4;+D:U43_`a4;+QD:9:5?>B+B+C?<D4+4+J_U_5:1++

!C5>B5>:+@>D4J:C?B>+;3>9<+73>4=B>I4?CA+_UD:3>I>?:394J:C@49+B>CC?<5>BD:54:9+

4+7>?3:SDA:?CA+B+B4I:+_UD:3>I4C?>U>+L:33>;3>9<1+%+?:;5>D>U44+:U>+73>4=B>IC?B<+

B<T5_`+ 3>DR+ 4U3<:?+ ?Bb3I>L<=5>:+ @<3S>?:394J:C@>:+ B>CC?<5>BD:54:+ T:D:=<+ 4+

;3>9<+ 4=+ 7343>I58;+ ;3>94?>B1+ !5>+ 73>?:@<:?+ B+ B:3;54;+ U>34=>5?<;

3_I>?:394J:C@4;+7:J:Kc+ C>73>B>TI<:?CA+>S3<=>B<54:9+@>97D:@C58;+@<3S4I>B+4+

734B>I4?+@+7>D_J:54`+_UD:3>I4C?>U>+C7D<B<1+/5<J:54:+73>6:CC>B+?Bb3I>L<=5>U>+

B>CC?<5>BD:54A+B>=3<C?<:?+B+CBA=4+C+3<C^43A`a:KCA+73<@?4@>K+?<@+5<=8B<:9>U>+

73:IB>CC?<5>BD:54Ac+ @>UI<+ 3_I58K+ 9<?:34<D+ B+ C9:C4+ C+ B>CC?<5>B4?:D:9+

5<U3:B<`?+I>+?:97:3<?_38+*GVV111*dVV e0+4+B8I:3T4B<`?+E111G+J<C<1+%+3:=_DR?<?:+

I>C?4U<:?CA+ B>CC?<5>BD:54:+ T:D:=<+ I>+ _3>B5A+ + fV % 4+ ;3>9<+ I>+ dV %c+ J?>+ B+

I<DR5:K^:9+ C54T<:?+ 7>?3:SD:54:+ QD:@?3>Q5:3U44+ B+ 3_I>?:394J:C@>K+ 7:J4+ 734+

B87D<B@:+L:33>;3>9<+g*h.

]3>9+ 4+ T:D:=>+ >SD<I<`?+ 7>D5>K+ B=<495>K+ 3<C?B>349>C?R`+ B+ ?B:3I>9+ 4+

T4I@>9+C>C?>A54A;1+0+_UD:3>I>9+;3>9+>S3<=_:?+73>J58:+@<3S4I8+Cr23C6, Cr7C3 4+

Cr3C2 C+?:97:3<?_3>K+7D<BD:54A+C>>?B:?C?B:55>+*ddVc+*ijV+4+*jfV e01+%+C4C?:9:+

Cr-Fe-C C_a:C?B_`?+IB>K58:+@<3S4I8+klmcnop23C6, (Cr,Fe)7C3 4+kCr,Fe)3C2.

0>B3:9:558K+ _3>B:5R+ 3<=B4?4A+ L:33>C7D<B5>K+ 73>98^D:55>C?4+

;<3<@?:34=_:?CA+ B>BD:J:54:9+ B+ CL:3_+ 9:?<DD_3U4J:C@>U>+ 7:3:I:D<+ 9:D@>K

L3<@644 k9:5::+ *V+ 99p+ ;3>9>B>K+ 3_I81+ % 943:+ I>S8B<:?CA+ *5…*j+ 9D51+ ?1+

;3>9>B8;+ 3_Ic B+ @>?>38;+ C>I:3T<54:+ L3<@644+ Vq*V+ 99+ C>C?<BDA:?+ id…80 %, 

>@>D> 30 r+3_I8+5<;>I4?CA+B+7>3>^@>B>9+4+I<T:+B+78D:B<?>9+B4I:1+$5<D>U4J5<A+

C4?_<64A+ CD>T4D<CR+ 4+ 5<+ )>5C@>9+ "!M:c+ >S:C7:J4B<`a:9+ >?:J:C?B:558:+

L:33>C7D<B58:+ =<B>I8+ ;3>9>B>K 3_I>K1+ ,:;5>D>U4A+ >@_C@>B<54A+ ;3>9>B8;+ 3_I+

:a:+I<D:@<+>?+C>B:3^:5C?B<+4+?3:S_:?+I<DR5:K^4;+4CCD:I>B<54K1+

%+ CBA=4+ C+ ID4?:DR5>K+ Q@C7D_<?<644+ )>5C@>U>+ "!M<+ kC+ *fGj+ U>I<p+ @<J:C?B>+

;3>9>B8;+ 3_I+ _;_I^<:?CA+ 7>+ BC:9+ 7>@<=<?:DA9c+ 4+ Q?>+ >S_CD>B4D>+ B@D`J:54:+ B+

7:3:I:D+ 3<=D4J58;+ ?:;5>U:558;+ >?;>I>B+ 734+ 73>4=B>IC?B:+ _UD:3>I4C?>U>+
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L:33>;3>9<1+ %+ @<J:C?B:+ >?;>I>B+ 9>U_?+ CD_T4?Rs+ ;B>C?8+ 734+ >S>U<a:544+

;3>9>B8;+3_I+4+@>D>^54@>B<A+78DR+734+B87D<B@: [2].

)>5C@4:+ ;3>9>B8:+ 3_I8+ + IDA+ 73>4=B>IC?B<+ L:33>C7D<B>B+ I>DT58+

C>>?B:?C?B>B<?R+ CD:I_`a49+ ?3:S>B<54A9s+ tWir+ Cr2O3; SiO2u*V %;    

uVcVVj+P; Cr2O3/FeO>3. 

2>3>^@>B8:+3_I8+4+ @>56:5?3<?8c+7>D_J:558:+734+>S>U<a:544+S:I58;+3_Ic+

5:+ BC:UI<+ 9>U_?+ S8?R+ QLL:@?4B5>+ 4C7>DR=>B<58+ IDA+ 7D<B@4c+ B>=54@<:?+

5:>S;>I49>C?R+73>B>I4?R+4;+>@_C@>B<54:1+,<@c+7349:5:54:+S34@:?>B+>S:C7:J4D>+

S>D::+ 3>B58K+ ;>I+ 7:J4+ 4+ 7>B8^:54:+ 73>4=B>I4?:DR5>C?4+ ::+ 7349:35>+ 5<+ 5 %. 

2349:5:54:+ CD<S>9:?<DD4=43>B<558;+ >@<?8^:K+ kVcWW % Fep+ >S:C7:J4D>+

7>B8^:54:+73>4=B>I4?:DR5>C?4+7:J4+C+iVcf+I> id+?vC_?1+(C7>DR=>B<54:+5<U3:?>K+

>@>9@>B<55>K+ ^4;?8+ 7>=B>DA:?+ C54=4?R+ 3<C;>I+ QD:@?3>Q5:3U44+ 5<+ *Wq27 r+ 4+

_B:D4J4?R+ 73>4=B>I4?:DR5>C?R+ 7:J4+ 5<+ 21,8…37 r1+ 23:IB<34?:DR5>:+

B>CC?<5>BD:54:+ ;3>9<+ 4+ T:D:=<+ B+ 3_I:+ B>+ B3<a<`a:KCA+ 7:J4+ 7:3:I+ 7D<B@>K+

7>=B>DA:?+B+IB<+3<=<+C>@3<?4?R+_I:DR58K+3<C;>I+QD:@?3>Q5:3U44c+C>>?B:?C?B:55>+

7>B8C4?R+73>4=B>I4?:DR5>C?R+7:J4+4+_D_J^4?R+_CD>B4A+73>4=B>IC?B<+B+=<@38?>K+

7:J4 [3].

%+ 9:?<DD_3U4J:C@>K+ 73<@?4@:+ 5<4S>DR^::+ 3<C73>C?3<5:54:+ 7>D_J4D4+ ?34

C7>C>S<+ >@_C@>B<54A+ 9:D@>I4C7:3C58;+ 9<?:34<D>Bs+ <UD>9:3<64Ac+ U3<5_DA64A

k>@>9@>B<54:p+ 4+ S34@:?43>B<54:1+ !C5>B5>K+ =<I<J:K+ >@_C@>B<54A+ ABDA:?CA

73>4=B>IC?B>+@<J:C?B:55>U>+>@_C@>B<55>U>+73>I_@?<c+>SD<I<`a:U>+5:>S;>I49>K

73>J5>C?R`+ IDA+ ?3<5C7>3?43>B@4+ 4+ =<U3_=@4+ B+ 7D<B4DR58K+ <U3:U<?c+ <+ ?<@+ - T:

C54T:54:+ 78D:-B85>C<+ 4+ D4@B4I<64A+ <B<34K58;+ C4?_<64K 734

743>9:?<DD_3U4J:C@>9+73>4=B>IC?B:1 07>C>S8+>@_C@>B<54A+9>T5>+7>I3<=I:D4?R+

5<+ IB:+ U3_778s B8C>@>?:97:3<?_358:+ 4+ ;>D>I58:1+ M+ B8C>@>?:97:3<?_3589+

C7>C>S<9+CD:I_:? >?5:C?4c+73:TI:+BC:U>c+<UD>9:3<64`c+B?>389+C7>C>S>9+ABDA:?CA+

>@<?8B<54:+ C 7>CD:I_`a49+ _73>J5A`a49+ >ST4U>91+ %+ >S>4;+ CD_J<A;+

5:>S;>I49<A+ 73>J5>C?R @_C@>B>U>+ 73>I_@?<+ I>C?4U<:?CA+ =<+ CJ:?+ B>=I:KC?B4A+

B8C>@4;+ ?:97:3<?_3c+ 734 @>?>38;+ 73>4C;>I4?+ J<C?4J5>:+ 7>I7D<BD:54:+ 4+
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?B:3I>L<=5>:+ C7:@<54: 9<?:34<D<1 "3_77_+ ;>D>I58;+ C7>C>S>B+ >@_C@>B<54A+

C>C?<BDA`?+ S34@:?43>B<54:+ 4    S:=->ST4U>B>:+ >@<?8B<54:1+%+ Q?4;+ CD_J<A;

5:>S;>I49<A+ 73>J5>C?R+ S34@:?>B+ >S:C7:J4B<:?CA+ BB:I:54:9+ B+ C>C?<B+

>@_C@>B8B<:9>U>+ 9<?:34<D<+ CBA=_`a4; B:a:C?B1 23>6:CC+ S34@:?43>B<54A+

9:D@>=:354C?8;+9<?:34<D>B+49::?+3AI 73:49_a:C?B+B+C3<B5:544+C+>@<?8B<54:9c+

<+49:55> [4–9]:

– S>D::+ B8C>@4:+ 73>J5>C?58:+ ;<3<@?:34C?4@4 4+ D_J^<A+ ?3<5C7>3?<S:DR5>C?R+

S34@:?>Bw

– S34@:?8+49:`? 5<4S>D:: >I45<@>B_`+73<B4DR5_`+L>39_+4+B:Cw

– S34@:?8+>SD<I<`?+S>D::+B8C>@49+_I:DR589+B:C>9c+@>56:5?343_`?+B 94549_9:+

>Sx:9<+9<@C49_9+7>D:=58;+@>97>5:5?>Bw

– B>=9>T5>C?R+ 7>D_J:54A+ @>97D:@C58;+ S34@:?>Bc+ C>C?>Aa4;+ 4= 5:C@>DR@4;+

@>97>5:5?>B+^4;?8+B+3<=D4J58;+73>7>364A;w

– B>=9>T5>C?R+ 4C7>DR=>B<54A I4C7:3C58:+ 9<?:34<D8 ^43>@>U>

U3<5_D>9:?34J:C@>U>+ C>C?<B<c+ B+ ?>+ B3:9A+ @<@+ IDA+ >@<?8B<54A 73:I7>J?4?:DR5>

4C7>DR=>B<54:+J<C?46+@3_75>C?R`+9:5::+iW+9@9w

– B>=9>T5>C?R+73>B:I:54A+73>6:CC<+734+7>B8^:558;+?:97:3<?_3<;+4D4 U>3AJ::+

S34@:?43>B<54:c+73:IC?<BDA`a::+C>S>K+C>B9:a:558K+73>6:CC S34@:?43>B<54A+4+

C7:@<54Ac+ 73>B>I498K+ 734+ ?:97:3<?_3:c+ C>C?<BDA`a:K 0,5…0,95 ?:97:3<?_38+

7D<BD:54A+>C5>B5>U>+@>97>5:5?<+9<?:34<D<+kI<558K C7>C>S _C7:^5>+3:<D4=>B<5+

5<+#:S:I45C@>9+"!M:p [10].

%+ I<55>K+ 3<S>?:+ >Sx:@?>9+ 4CCD:I>B<54A+ ABDA:?CA+ ;3>9>_U>DR58K+ S34@:?+

C>C?<B>9+ iVr+ ?:;5>U:55>:+ C83R:+ B B4I:+ 78D4+ U<=>>J4C?58;+ C>>3_T:54K+

73>4=B>IC?B< _UD:3>I4C?>U>+ L:33>;3>9<c+ EW r+ B>CC?<5>B4?:DRc+ B+ B4I:+

y<S_3@>DRC@>U>+_UDAc+<+?<@T:+z r+CBA=_`a:U>+B:a:C?B> – T4I@>:+C?:@D>c+C>C?<B+

78D4+73:IC?<BD:5+B+?<SD46:+*1

'4T:+73:IC?<BD:5<+?<SD46<+E+;494J:C@>U>+4+L<=>B>U>+C>C?<B<+>S3<=6>B+^D<@<+

_UD:3>I4C?>U>+L:33>;3>9<1
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,<SD46<+*
2:34>I+>?S>3<+

73>S+4+>J4C?@4+
U<=>>J4C?58;+
C>>3_T:544

H<CC<
?

H<CC>B<A+I>DAc+r

CaO MgO Al2O3 FeO Cr2O3 SiO2 C S

0+V*1Vd1EV*z+7>+
*V1Vd1EV*z+U>I<

6 1,54 17,38 4,77 7,89 29,87 8,92 7 1

0+*V1Vd1EV*z+7>+
EV1Vd1EV*z+U>I<

3,7 8,72 22,75 5,04 6,58 23,76 13,5 3 1

,<SD46<+E
{ ]494J:C@4K+C>C?<Bc+9<C+r .<=>B8K+C>C?<Bc+9<C1+r

Cr2O3 SiO2 Al2O3 FeO CaO MgO MnO H y . 0?
1 7,1 33,5 20,5 1,3 0,9 36,5 – 3,3 21,2 53,9 21,6

2 4,4 35,2 21,1 0,9 1,2 36,9 0,3 2,2 20,9 54,1 22,8

3 8,9 32,2 20,9 1,7 1,1 34,8 0,3 3,4 25,6 49,3 21,6

4 8,1 27,2 19,5 3,6 1,1 30,2 0,3 6,6 36,0 38,4 18,9

5 5,6 29,7 23,4 0,9 1,1 38,5 0,9 3,1 26,3 54,9 15,6

6 4,1 29,8 23,9 0,8 1,4 38,9 0,9 3,1 26,7 54,9 15,4
H–9:?<DD+ B+ 7:3:CJ:?:+ 5<+ >@C4I8w+ y– ^745:DRw+ .– L>3C?:34?w 0?– C?:@D>+ C>C?<B<

k9<C1+rp+Ec*q9,0 Cr2O3; 30,5…53,2 SiO2; 32,8…47,0 Al2O3; 4,5…9,1 CaOw+I>+*c*+FeO.

X8D+ 73>B:I:5+ 3AI+ Q@C7:349:5?>Bc+ CBA=<558K+ C+ ?B:3I>L<=589+

B>CC?<5>BD:54:9+;3>9<+4=+;3>9>_U>DR58;+S34@:?>Bc+C>C?>Aa4;+4=+?:;5>U:55>U>+

C83RA1+ X8D+ 4=_J:5+ 9:;<54=9+ B>CC?<5>BD:54Ac+ 73><5<D4=43>B<58+ >C>S:55>C?4+

B>CC?<5>B4?:DR5>U>+ 73>6:CC<+ ;3>9<+ 4=+ ;3>9>_U>DR58;+ S34@:?>B1+ 23>B:I:5+

C3<B54?:DR58K+ <5<D4=+ ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+ ;3>9<+ 4=+ S>U<?8;+ 3_I

M:9743CC<KC@>U>+9<CC4B<+3<=D4J5>U>+U:5:=4C<+4+;3>9<+4=+?:;5>U:55>U>+C83RA1
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*+,%&-)!.$/'!&+%!00,$'!%#&'(&

1.1 23456478+4+9:;<54=9+73>?:@<54A+B>CC?<5>BD:54A

H:?<DD_3U4A+ C?<D< >I549 4=+ >C5>B58;+ CL:3+ I:A?:DR5>C?4+ J:D>B:@<1+

!?5>C4?:DR5>+ 5:+ I<B5>+ 9:?<DD_3U4A+ B>C734549<D<CR+ ?>DR@>+ @<@+ 734@D<I5<A+ 4+

C>B:3^:55>+ 5:+ 49:`a<A+ >?5>^:54:+ @+ 5<_@:+ |3:9:CD>}1+ (=5<J<DR5>+ 5<_@<+ >+

9:?<DD_3U44+ 5:+ 9>UD<+ 73:ID>T4?R+ 54J:U>+ 5>B>U>+ 4+ 7>D:=5>U>c+ 5<+ 73>?AT:544+

5:@>?>3>U>+ 7:34>I<+ 5<_@<+ |5<SD`I<D<}+ =<+ 9:?<DD_3U4:K1+ YC>B:3^:5C?B>B<54A+

9:?<DD_3U4J:C@4;+ 73>6:CC>B+ B+ >C5>B5>9+ 73>4C;>I4D4+ =<+ CJ:?+ ?:;54J:C@4;+

9>I4L4@<64K.

%+ 5<C?>Aa::+ B3:9A+ 9:?<DD_3U4A+ I>C?4UD<+ B8C>@>U>+ _3>B5A+ 3<=B4?4A =<+ CJ:?+

5<_@4c+<+?>J5::+=<+CJ:?+;49441+(=_J:54:+7>B:I:54A+4+BD4A54A+?:97:3<?_38+5<+;>I+

;494J:C@>U>+ 73>6:CC<+ B+ C?<D:7D<B4DR5>K+ B<55:+ 7>=B>D4D>+ 5<9+ >73:I:D4?R+

|>7?49<DR58:}+ _CD>B4A+ B:I:54A+ 7D<B@41+ !73:I:D:54A+ BD4A54A+ 3<=D4J58;+

B>CC?<5>B4?:D:K+ 7>=B>D4D>+ 5<9+ 7>5A?R+ C_a5>C?R+ 4+ 7345647+ I:KC?B4A+

B>CC?<5>B4?:DA1+ !C5>B8B<ACR+ 5<+ 7>D_J:558:+ I<558:+ C>S3<558:+ 5:+ >I549+

I:CA?4D:?4:9+ S8D4+ 73:ID>T:58+ 4+ B8IB45_?8+ ?34+ >C5>B58:+ ?:>344s+ 7345647

$c$1+ X<K@>B<c+ <IC>3S64>55>-<B?>@<?<D4?4J:C@<A+ ?:>34A+ B>CC?<5>BD:54A+                   

"1(1+P_L<3>B<c+4+I4LL_=4>55>-@45:?4J:C@<A+?:>34A+01,1+->C?>B6:B<+[11h1+)<558:+

?:>344+ 49:`?+ 3AI+ 5:I>C?<?@>B1+ (=B:C?5>c+ 5<7349:3+ [11]c+ J?>+ B+ 3<9@4+

<IC>3S64>55>-<B?>@<?<D4?4J:C@>K+ ?:>344+ 5:+ _@D<I8B<:?CA+ 7>D>T4?:DR5>:+

BD4A54:+ ?:97:3<?_38+ 5<+ C@>3>C?R+ B>CC?<5>BD:54Ac+ 7>C@>DR@_+ C+ 7>B8^:54:9+

?:97:3<?_38+ <IC>3S64A+ _9:5R^<:?CAc+ ?:>34A+ 5:+ >SxAC5A:?+ B>CC?<5>BD:54A 3AI<+

9:?<DD>B+kAg, Cu, Mn 4+I31p+734+54=@4;+?:97:3<?_3<;c+@>UI<+3:<@64A+U<=4L4@<644+

_UD:3>I<+5:+4Ib?c+<+?<@T:+B>CC?<5>BD:54A+3AI<+<@?4B58;+9:?<DD>B+k0r, Ti, Zr, Nb

4+ I31pc+ IDA+ @>?>38;+ 0!+ ABDA:?CA+ 5:I>C?<?>J5>+ C4DR589+ B>CC?<5>B4?:D:91+ )DA+

73:>I>D:54A+ Q?4;+ 73>?4B>3:J4K+ 5<+ 3>DR+ @D`J:B>U>+ 3:<U:5?<c+ >?S43<`a:U>+

@4CD>3>I+_+9>D:@_D+>@C4I>Bc+ + 5:@>?>38:+ <B?>38+73:ID<U<`?+ C<T4C?8K+_UD:3>Ic+

7:3:5>C498K+J:3:=+U<=>B_`+L<=_c+3<=D4J58:+_UD:B>I>3>I58:+3<I4@<D8 [12].
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23:ID<U<`?CA+ 4+ I3_U4:+ B<34<5?8+ ?:>344+ ?Bb3I>L<=5>U>+ B>CC?<5>BD:54Ac+

>74C<54:+ @>?>38;+9>T5>+ 5<K?4c+ 5<7349:3c+ B+ 3<S>?<;+ g**c*Gh1+234+ Q?>9+ B>+ BC:;+

B<34<5?<;+ 7>D>T:54A+ ?:>344+ $1$1+ X<K@>B<c+ "1(1+ P_L<3>B<+ 4                 

01,1+ ->C?>B6:B<+ 5:+ 7>IB:3U<`?CA+ C>95:54`c+ 73:I734549<`?CA+ D4^R+ 7>78?@4+

|7349434?R}+4;+C+95>U>J4CD:55894+5:+_@D<I8B<`a494CA+B+Q?_+?:>34`+L<@?<941+

0D:I_:?+ ?<@T:+ >?9:?4?Rc+ J?>+ B+ 73:ID<U<:98;+ B<34<5?<;c+ @<@+ 4+ B+ C<9>K+

<IC>3S64>55>-<B?>@<?<D4?4J:C@>K+?:>344c+ +>SC_TI<:?CA+5:+C_?R+B>CC?<5>BD:54Ac+

=<@D`J<`a<ACA+ B+ 73:B3<a:544+ >@C4I<+ B+ 9:?<DDc+ <+ B5:^54:+ 7>+ >?5>^:54`+ @+

Q?>9_+ 73>6:CC_+ L<@?>38s+ @<@>K+ 49:55>+ B>CC?<5>B4?:DR+ >?S43<:?+ @4CD>3>I+ _+

9>D:@_D8+ >@C4I<c+ ?>+ :C?R+ J?>+ ABDA:?CA+ @>5@3:?589+ B>CC?<5>B4?:D:9c+ UI:+

73>?:@<:?+ 3:<@64A+ B=<49>I:KC?B4A+ B>CC?<5>B4?:DA+ C+ 9>D:@_D>K+ >@C4I<c+ @<@+ 4+ B+

@<@>K+L>39:+ B>CC?<5>B4?:DR+4D4+9>D:@_D8+>@C4I<+ I>C?<BDA`?CA+ @+ 3:<@64>55>K+

7>B:3;5>C?4c+ @<@>B<+ 7D>a<IR+ Q?>K+ 7>B:3;5>C?4+ 4+ ?1I1+ 2>C@>DR@_+ 5<S>3+ Q?4;+

L<@?>3>B+B+@<TI>9+@>5@3:?5>9+CD_J<:+9>T:?+C_a:C?B:55>+9:5A?RCAc+?>+4+J4CD>+

>SC_TI<:98;+ B<34<5?>B+ ?:>344+ B:D4@>1+ (=+ Q?>U>+ 5:>I5>@3<?5>c+ 5<7349:3+ g*W], 

I:D<D4CR+ B8B>I8+ >+ 5:B>=9>T5>C?4+ 4+ I<T:+ S:C7>D:=5>C?4+ >Sa:U>+ >74C<54A+

73>6:CC>B+@<3S>?:394J:C@>U>+B>CC?<5>BD:54A1+

'<+5<^:K+@<L:I3: 9>494+@>DD:U<94 S8D4+4=_J:58, 4C7>DR=_A+>34U45<DR58:+

9:?>I8+ Q@C7:349:5?>B+ B>CC?<5>BD:54A+ 9:?<DD<+ B+ 3<=D4J58;+ 9<?:34<D<;c+ B+ ?>9+

J4CD:+ @_C@>B8;+ 3_I<;+ 4+ 5:3_I58;+ 9<?:34<D>B+ C+ 4C7>DR=>B<54:9+ C>B3:9:558;+

9:?>I>B+ <5<D4=<c+ _I<D>CR+ 3<=>S3<?RCA+ B+ 9:?>I<;+ C:D:@?4B5>U>+ B>CC?<5>BD:54A+

9:?<DD>B+5:7>C3:IC?B:55> B+@34C?<DD4J:C@>K+3:^:?@:+>@C4I>B1+'<+>C5>B:+L4=4@4+

?B:3I>U>+?:D<c+L4=4@4 9:?<DD>Bc+5<+>C5>B:+3<C73:I:D:54A+QD:@?3>55>K+7D>?5>C?4+

B+ 9:?<DD<;+ 4+ 4>558;+ 7>D_73>B>I54@<;c+ 5<+ >C5>B:+ 7>=5<54K+ QD:@?34J:C@>K+

73>B>I49>C?4+ 4+ CB:3;73>B>I49>C?4+ B+ 9:?<DD4J:C@4;+ 4+ 4>558;+ 73>B>I54@<;+

3<=3<S<?8B<`?CA+ 5>B8:+ 5<_J58:+ 73456478 ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+

9:?<DD>B+ B+ @34C?<DD4J:C@>K+ 3:^:?@:+ >@C4I>B [15-17h1+ + %+ >C5>B:+ I<55>K+ ?:>344+

D:T4?+ 73:IC?<BD:54:+ >+ 9:;<54=9:+ B>CC?<5>BD:54A+ @<@+ >+ 73>6:CC:+ >S9:5<+

QD:@?3>5<94+9:TI_+B>CC?<5>B4?:D:9+4+@<?4>5<94+9:?<DD<+>@C4I>B1
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1.2 FD:9:5?<358:+<@?8+B>CC?<5>BD:54A

0_a:C?B_`a4:+73:IC?<BD:54A+>+9:;<54=9:+B=<49>I:KC?B4A+ +B>CC?<5>B4?:DAc+

B+ J<C?5>C?4+ _UD:3>I<c+ C+ >@C4I>9+ B>CC?<5<BD4B<:9>U>+ 9:?<DD<+ >C5>B8B<`?CA+ 5<+

73:I7>D>T:544+>+B=<49>I:KC?B44+QD:9:5?<358;+5>C4?:D:K+CB>KC?B+Q?4;+B:a:C?B+

– 9>D:@_D8+ >@C4I<+ 9:?<DD<+ 4+ <?>9<+ _UD:3>I<+ C+ >S3<=>B<54:9+ <?>9<+ 9:?<DD<+ 4+

9>D:@_D8+9>5>>@C4I<+_UD:3>I<+ C>UD<C5>+3:<@644+H:!+~+0+�+H:+~+0!1+!I5<@>+

?<@>:+ B=<49>I:KC?B4:+ B>=9>T5>+ ?>DR@>+ B+ U<=>B>K+ L<=:c+ B+ @>?>3>K+ I>7_C?49>+

C_a:C?B>B<54:+ >?I:DR58;+ <?>9>B+ 4+ 9>D:@_D1+ %+ ?Bb3I8;+ ?:D<;c+ ?:9+ S>D::+ B+

@>97D:@C58;+ 4+ S:I58;+ 3_I<;c+ 5<7349:3, B+ ;3>94?>B8;c+ @<?4>58+

B>CC?<5<BD4B<:98;+9:?<DD>B+5<;>IA?CA+B+7>3<;+7D>?5:K^:K+<54>55>K+_7<@>B@4+

CD>T58;+ C>:I45:54K (C91+ 34C_5>@ 1). %+ Q?>9+ CD_J<:+ @>5?<@?+ B>CC?<5>B4?:DA+ C+

|9>D:@_D>K}+ B>CC?<5<BD4B<:9>U> 9:?<DD<+ B+ 7345647:+ 5:B>=9>T:5c+ <+ @<?4>58+

B>CC?<5<BD4B<:98;+ 9:?<DD>B+ >?I:D:58+ >?+ B>CC?<5>B4?:DA+ @4CD>3>I>9c+

CBA=<5589c+ B+ ?>9+ J4CD:c+ B+ >@C4I8+ 5:B>CC?<5<BD4B<:98;+ 9:?<DD>B+ – @3:954Ac+

<D`9454A+4+9<U54A [18].

-4C_5>@ 1 – M34C?<DD4J:C@<A+3:^b?@<+^745:D4+L:334;3>974@<?4?<+       
(Mg2

m,+ Fe2
n

+)·[Fe3
x
+, Al3

y
+, Cr3

z
+]O4s+++7D>?5:K^<A+_7<@>B@<+<54>5>B+k<pc+

IB_;=<3AI58:+@<?4>58+B+?:?3<7>3<;+kSp+                                                                
4?3b;=<3AI58:+@<?4>58+kBp+B+<54>55>K+7>I3:^b?@:1+                                                                                         

/<J:35:58+B>CC?<5<BD4B<:98:+@<?4>58+T:D:=<+4+;3>9<.

2>Q?>9_+ B>CC?<5>B4?:DR+ B=<49>I:KC?B_:?+ 5:+ C+ 9>D:@_D>K+ >@C4I<+

B>CC?<5<BD4B<:9>U>+9:?<DD<c+<+C+@4CD>3>I>9+@34C?<DD4J:C@>K+3:^b?@4c+?>+:C?R+C+

<54>5>9c+ 5<7349:3+ 7>+ 3:<@644+0+ ~+ k!2-p+ + �+ �0!�+ ~+ kV<p+ ~+ kE�p1+ /I:CR+ @3_UD8:+

C@>S@4+ >?5>CA?CA+ @+ @>97>5:5?<9+ >@C4I5>K+ L<=8c+ L4U_358:+ – @+ U<=>B>K1+ + %+

3:=_DR?<?:+4=BD:J:54A+@4CD>3>I<+4=+3:^b?@4+>@C4I<+5<+9:C?:+7>@45_B^:U>+CB>:+
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9:C?>+ <54>5<+ >S3<=_:?CA+ <54>55<A+ B<@<5C4Ac+ <+ ?<@T:+ >C?<`?CA+ IB<+ C?<B^4;+

|D4^5494}+QD:@?3>5< (C91+34C_5>@ 2). 2>ABD:54:+|D4^54;}+QD:@?3>5>B+ABDA:?CA+

>SA=<?:DR589+ _CD>B4:9+ C>;3<5:54A+ 5:+ ?>DR@>+ D>@<DR5>K+ QD:@?3>5:K?3<DR5>C?4+

k3<B:5C?B<+J4CD<+QD:@?3>5>B+4+73>?>5>B+>@C4I5>K+L<=8+B+3<K>5:+>S3<=>B<B^:KCA+

B<@<5C44pc+ 5>+ 4+ B+ 9>D:@_D:+ 0!c+ <+ ?<@T:+ >@C4I<+ B+ 6:D>91+ 0>SD`I:54:+

QD:@?3>5:K?3<DR5>C?4+?3:S_:?+7>ABD:54A+|D4^54;}+4D4+|CB>S>I58;}+QD:@?3>5>B+

734+_I<D:544+@4CD>3>I<+4=+@34C?<DD4J:C@>K+3:^b?@4+>@C4I<+D`S89+C7>C>S>9+4+

5:=<B4C49>+ >?+ 734J45+ _I<D:54A+ – 4=BD:J:54A+ B>CC?<5>B4?:D:9c+ I4CC>64<644+

>@C4I<+ 734+ 7>B8^:544+ ?:97:3<?_38+ 4D4+ BCD:IC?B4:+ _9:5R^:54A+ 7<364<DR5>U>+

I<BD:54A [19].

-4C_5>@ 2 – !S3<=>B<54:+4+3<CC:4B<54:+<54>558; B<@<5C4K+4+|D4^54;}+

QD:@?3>5>B

)DA+4=_J:54A+I<55>K+?:>344+4C;>I4D4+4=+?>U>c+J?>+3:<@644+9:TI_+<?>9<94+4+

9>D:@_D<94+B>=9>T58+D4^R+B+U<=>B>K+L<=:1+%+@>5I:5C43>B<558;+L<=<;c+S_IR+?>+

9:?<DDc+ 4;+ >@C4I8+ 4D4+ C>D4c+ 5:?+ 54+ <?>9>Bc+ 54+ 9>D:@_D+ C>:I45:54Kc+ <+ :C?R+

@<?4>58+9:?<DD<+4+>?>3B<558:+>?+54;+|B<D:5?58:}+QD:@?3>581+%+9:?<DD4J:C@>K+

L<=:+ Q?4+ QD:@?3>58+ >S>Sa:C?BD:58+ BC:94+ @<?4>5<94+ 9:?<DD<c+ CBA=<55894+ B+

@34C?<DD4J:C@_`+ 3:^b?@_+ 9:?<DD4J:C@>K+ CBA=R`c+ B+ >@C4I<;+ ?:+ T:+ QD:@?3>58+

D>@<D4=>B<58+_+<?>9>B+@4CD>3>I<c+73:B3<a<A+4;+B+<54>58+4+CBA=8B<A+@<?4>58+4+

<54>58+B+@34C?<DD4J:C@_`+3:^b?@_+>@C4I<1+0D:I>B<?:DR5>c+C_?R+B>CC?<5>BD:54A+

=<@D`J<:?CA+ B+ 73:B3<a:544+ 4>55>K+ CBA=4+ B+ @34C?<DD4J:C@>K+ 3:^b?@:+ >@C4I<+ B+
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9:?<DD4J:C@_`+ CBA=R+ C+ >S3<=>B<54:9+ 4>55>K+ T:+ 3:^:?@4+ 9:?<DD<             

(C91 34C_5>@+3c+34C_5>@+4) [18].

-4C_5>@+3 – 2:3:3<C73:I:D:54:+QD:@?3>5>B+734+>@4CD:544+4+B>CC?<5>BD:544+

9:?<DD<

-4C_5>@ 4 – 2>CD:I>B<?:DR5>C?R+7>ABD:54A+<54>55>K+B<@<5C44+k<pc+

9:?<DD4J:C@>K+CBA=4+B+B<@<5C44+kSp+4+9:?<DD4J:C@>K+L<=8+B+>@C4I:+kBp

234+ B=<49>I:KC?B44+ C4DR5>U>+ B>CC?<5>B4?:DA+ C+ <54>5<94+ 3:^b?@4+ >@C4I<+

>I5>U>+9:?<DD<+B<@<5C44+>S3<=_`?CA+45?:5C4B5>+4+>Sx:I45A`?CA+5<+7>B:3;5>C?4+

>@C4I<1+ (=xA?4:+ <54>5>B+ 4=+ 3:^b?@4+ @>97D:@C5>U>+ >@C4I<c+ >S3<=>B<55>U>+

@<?4>5<94+ C+ 3<=589+ C3>IC?B>9+ @+ QD:@?3>5_c+ 734B>I4?+ @+ >S3<=>B<54`+ 5<+

7>B:3;5>C?4+ >@C4I<+ >?I:DR58;+ <54>558;+ B<@<5C4K1+ %CD:IC?B4:+ 3<=B4?>U>+

?:7D>B>U>+ IB4T:54A+ 734+ ?:97:3<?_3:+ B>CC?<5>BD:54A+ ?<@4:+ B<@<5C44+

3<CC:4B<`?CA+ B+ >Sxb9:+ >@C4I<1+ + -<CC:4B<54:+ B<@<5C4K+ >C_a:C?BDA:?CA+ 7_?b9+

7:3:C@>@>B+B+B<@<5C4`+D`S>U>+4=+>@3_T<`a4;+:b+<54>5>Bc+<+J<C?>?<+7:3:C@>@>B+
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>73:I:DA:?CA+J<C?>?>K+@>D:S<54A+4>5>B+B+@34C?<DD4J:C@>K+3:^b?@:1+%CD:IC?B4:+

Q?>U>+IB4T:54:+B<@<5C4K+73>4C;>I4?+5:C>4=9:349>+S8C?3::+I4LL_=44+<54>5>B1+

234+ 7:3:9:a:544+ B<@<5C44+ B9:C?:+ C+ 5:K+ >SA=<?:DR5>+ S_I_?+ 7:3:9:a<?RCA+ 4+

|D4^54:}+ QD:@?3>58c+ J?>+ CD:I_:?+ 4=+ C>SD`I:54A+ QD:@?3>5:K?3<DR5>C?4c+

7>C@>DR@_+ 7:3:9:a:54:+ D`S>K+ 4>55>K+ k<54>55>K+ 4D4+ @<?4>55>Kp B<@<5C44+ S:=+

C>>?B:?C?B_`a:U>+ =<3AI<+ 734B>I4D>+ S8+ @+ D>@<DR5>9_+ 5<3_^:54`+ S<D<5C<+

=<3AI>B1+ )B4T:54:+ @>97D:@C<+ |<54>55<A+ B<@<5C4A+ – QD:@?3>58}+ ?>TI:C?B:55>+

IB4T:54`+ @>97D:@C<+ |<54>55<A+ B<@<5C4A+ – IB<+ @<?4>5<+ _9:5R^:55>U>+ =<3AI<}+

4D4+ @>97D:@C<+ |<54>55<A+ B<@<5C4A+ – <?>9+ 9:?<DD<}c+ 5>+ S:=+ IB4T:54A+ C<94;+
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,<99<5< (C91+54T:+34C_5>@+9).

-4C_5>@+9 – 2:JR+,<99<5<s                                                                  

1 – 9_DR?49:?3w+E – ?:39>7<3<w+G – @>37_C+7:J4w+

4 – U3<L4?>B8K+?4U:DRw+d – 7>IC?<B@<w+z – ;3>9>_U>DR58K+S34@:?1

2.1.4%>CC?<5>B4?:DR58K+ >ST4U+ >S3<=6<+ 9<CC>K+ *VG+ U3<99+ B+ <?9>CL:3:+ 7:J4+

,<99<5<

%+ CD:I_`a:9+ Q@C7:349:5?:+ S8D+ B=A?+ 5<4S>D::+ 9<CC4B58K+ >S3<=:6+

;3>9>_U>DR5>U>+S34@:?<c+9<CC>K+*VG+U3<99c+C>;3<54B+U:>9:?34J:C@4:+7<3<9:?38+

k7<3<DD:D:747:Ip+ 4C;>I5>U>+ S34@:?<c+ 5>+ _9:5R^:558:+ 5<?_3<DR58:+ 3<=9:38+

4C78?_:9>U>+ >S3<=6<1+ '<U3:B+ >C_a:C?BDAD4+ I> 1400 e0c+ 7>CD:+ @>?>3>U>+

7>CD:I>B<D<+ 4=>?:394J:C@<A+ B8I:3T@<+ B+ ?:J:54:+ 7A?4+ J<C>Bc+ B+ <?9>CL:3:+ 7:J4+

,<99<5<+(C91+54T:+34C_5>@ 10).
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-4C_5>@+10 – 0549>@+4C78?_:9>U>+S34@:?<c+7>9:a:55>U>+B+U3<L4?>B8K+
?4U:DR+B+7:J4+,<99<5<

(C;>IA+ 4=+ B8^:C@<=<55>U>c+ 9>T5>+ ?<@T:+ =<9:?4?Rc+ U:>9:?34J:C@<A+ L>39<+ B+

6:D>9+5<7>945<:?+7<3<DD:D:747:Ic+?>+:C?R+4=5<J<DR5_`+U:>9:?34J:C@_`+L>39_c+

5>+ C+ _9:5R^:55894+ 5<?_3<DR5894+ 3<=9:3<941+ %+ @<J:C?B:+ 5<U3:B<?:DR5>U>+

QD:9:5?<+4C7>DR=>B<D4+U3<L4?>B_`+|?3_S@_}c+?<@T:+7:JR+S8D<+U:39:?4=43>B<5<c+

?>+ :C?R+ >S3<=:6+ 5<;>I4DCA+ B+ B>CC?<5>B4?:DR5>K+ <?9>CL:3:1+ 2>CD:+

B>CC?<5>B4?:DR5>U>+ 5<U3:B<c+ 4C78?_:98K+ >S3<=:6+ 734>S3:D+ 45_`+ L>39_c+

C>;3<54B+ 5:@>?>38:+ >J:3?<54A+ 4=5<J<DR58;+ L>391+ %+ 54T54;+ U>34=>5?<;+ 7:J4+

>78?5>U>+>S3<=6<+B+5:=5<J4?:DR5>9+@>D4J:C?B:+5<J<D<+B8I:DA?RCA+T4I@<A+L<=<1+

M<@+B4I5>+4=+I<55>U>+C549@<c+B:3;5AA+J<C?R+S34@:?<c+<+?>J5::+B:3;54K+_U>D+S8D+

4=5<J<DR5>+5<ID>9D:51+F?>+S8D>+CI:D<5>+C+>I5>K 6:DR`c+J?>S8+7>9:C?4?R+@>5:6+

?:39>7<38+@<@+9>T5>+SD4T:+@+=>5:+5<U3:B<+7:J4+,<99<5<1+

2>CD:+ 73>B:I:54A+ I<55>U>+ Q@C7:349:5?<c+ 4C78?_:98K >S3<=:6+ 7>?:3AD+ B+

9<CC:+� 30 r+>?+4=5<J<DR5>K+9<CC8+>S3<=6<c+?<@+T:+B4=_<DR5>+S8D+3<=I:D:5+5<+d+

3<=D4J58;+_J<C?@>B (C91+54T:+34C_5>@ 11)c+7>+BC:K+B4I49>C?4c+5<+@<TI>9+_J<C?@:+

>S3<=6<+ AB5>+ B83<T:5>+ B>=I:KC?B4:+ 3<=D4J58;+ ?:97:3<?_3+ >?+ =<ABD:55>K+

?:97:3<?_38+ *WVV e01+ '<+ _J<C?@:+ <5<D4=<+{+ G+ 4C78?_:9>U>+ >S3<=6<+ 9<3@:3>9+

B8I:D:5<+>SD<C?R+@>5?<@?<+?:39>7<38+C+4C78?_:989+>S3<=6>9 – ;3>9>_U>DR5>U>+

S34@:?

"3<L4?>B8K+
?4U:DR
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S34@:?<1+(C;>IA+4=+ B8^:C@<=<55>U>+9>T5>+ CI:D<?R+ B8B>Ic+ >+ ?>9c+ J?>c+ B+ I<55>K+

>SD<C?4+ C>734@>C5>B:54A+ ?:39>7<38+ C+ S34@:?>9+ 5<+ 73>?AT:544+ BC:U>+

Q@C7:349:5?<+ S8D<+ =<L4@C43>B<5<+ ?:97:3<?_3<+ 1400 e0c+ ?<@+ @<@+ =>5<+ 5<U3:B<+ B+

7:J4+ ,<99<5<+ 5<;>I4D<CR 54T:+ 5<+ 5:+ =5<J4?:DR5>9+ 3<CC?>A544c+ 9>T5>+

_?B:3TI<?Rc+J?>+B+54T54;+U>34=>5?<;+7:J4c+ <+49:55>+B+>SD<C?4+_J<C?@<+<5<D4=<+

{+E 4+{+*+?:97:3<?_3<+5<U3:B<+=5<J4?:DR5>+B8^:+=<ABD:55>K+4+C>>?B:?C?B:55>+

_J<C?@4+ <5<D4=<+ 4C78?_:9>U>+ S34@:?<+ {+ W+ 4+ {+ d+ 7>IB:3UD4CR+ S>D::+ 54=@>K+

?:97:3<?_35>K+5<U3_=@:1+

-4C_5>@+11 – C549>@+7>CD:+B>CC?<5>B4?:DR5>U>+>ST4U<+++++++                      

B+<?9>CL:3:+7:J4+,<99<5<1+'<5:C:58+3<=U3<54J:54A+B+CD:IC?B44+B>=I:KC?B4A+

3<=5>U>+U3<I4:5?<+?:97:3<?_3
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G+!2(0$'(&+FM02&-(H&',!%++

2>CD:+ 73>B:I:54A+ Q@C7:349:5?<+ ?Bb3I>L<=5>U>+ B>CC?<5>BD:54A+ ;3>9>B>K+

3_I8+ 734+ 1400 e0c+ S8D>+ =<L4@C43>B<5>+ >S3<=>B<54:+ B+ =:35:+ ;3>9^745:D4I<+

9:?<DD4J:C@>K+L<=8+(C91+54T:+34C_5>@+*E).

-4C_>@+12 – '>B>>S3<=>B<54:+B+=:35:+;3>9^745:D4I<+7>CD:+

B>CC?<5>B4?:DR5>U>+>ST4U<+734+?:97:3<?_3:+1400 e0+B+?:J:54:+*+J

]494J:C@4K+ C>C?<B+ L<= ;3>9>B>K+ 3_I8+ C+ I>7>D54?:DR5>K+ =<C87@>K+

B>CC?<5>B4?:DA+B+B4I:+_UDA 734+*WVVe0 73:IC?<BD:5+B+?<SD46: Gc+4=>?:394J:C@4K+

5<U3:B+73>;>I4D+B+?:J:54:+>I5>U>+J<C<+B+B:3?4@<DR5>K+7:J4+Nabertherm

,<SD46<+ 3

                                                                                                 %+<?>958;+73>6:5?<;
C O Na Mg Al Si Cr Fe

1 46,3 48,2 5,5

2 64,6 12,7 0,3 19,0 3,4

3 59,4 1,2 21,2 3,1 14,4 0,6

4 58,6 23,7 1,8 14,1 1,5 0,3
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'<+7>B:3;5>C?4+=:3:5+;3>9^745:D4I<+9:?<DD4J:C@4K+C7D<B+B=<49>I:KC?B_:?+

C+ _UD:3>I>9c+ ?:9+ C<989+ >S3<=_A+ @<3S4I8+ ;3>9<1+ 2>CD:+ >S3<=>B<54A+ C7D>^5>K+

>S>D>J@4+ @<3S4I>Bc+ 73>6:CC+ B>CC?<5>BD:54A+ B+ 5_?344+ =:35<+ =<9:IDA:?CAc+ 4+ C>+

B3:9:5:9+ 73:@3<a<:?CA1+ 2>CD:I>B<?:DR5>C?R+ >S3<=>B<54A+ @<3S4I5>K+ >S>D>J@4+

9>T5>+73>CD:I4?R+5<+C549@<;c+7>D_J:558;+7>CD:+73>B:I:54A+Q@C7:349:5?>B1+

23>6:CC+ L>3943>B<54A+ @<3S4I5>K+ >S>D>J@4+ 5<J45<:?CA+ 7>+ >?I:DR589+

@34C?<DD>U3<L4J:C@49+ B:3^45<9+ =:35<+ ;3>9^745:D4I<c+ @<@+ 7>@<=<5>+ 5<+

34C_5@:+13.

%+ =:35<;+ ;3>9>B>K+ 3_I8c+ @<@+ 73<B4D>c+ 3<=S4?>K+ 5<+ C:?@_+ ?3:a45c+

B>CC?<5>B4?:DR58K+ 73>6:CC+ S8C?3>+ >;B<?8B<:?+ B:CR+ >Sxb9+ @_C@<+ 3_I8c+

3<C73>C?3<5AACR+ 7>+ =<7>D5:5589+ 5:3_I5>K+ L<=>K+ ?3:a45<9++++++++++++++++++++

(C91+54T:+34C_5>@ 13) [32].

-4C_5>@ 13 – !S>=5<J:54:+>S3<=>B<54A+@<3S4I<+;3>9<+7>+

@34C?<DD>U3<L4J:C@49+B:3^45<94

2>CD:+ 73>B:I:54A+ 4CCD:I>B<54A+ 4C;>I5>U>+ 9<?:34<D<+ ;3>9>_U>DR5>U>+

S34@:?<+ 5<9+ _I<D>CR+ 7>I?B:3I4?R+ 3<5::+ 4=B:C?58:+ L<@?8c+ >+ C>C?<B:+ L<=+

;3>9>_U>DR5>U>+ S34@:?<1+ %+ C>C?<B+ @>?>3>U>+ B;>IA?+ ?<@4:+ L<=8+ @<@s+

;3>9^745:D4Iw+ >@C4I5<A+ J<C?R+ ^D<@>>S3<=_`a4;+ Q:D:9:5?>Bw+ 9:?<DD4J:C@4K+
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C7D<B+ 4+ @<3S4I+ 9:?<DD<c+ @>?>38K+ ABDA:?CA+ 7>I?B:3TI:54:9+ ?>U>c+ J?>+ B+ C>C?<B:+

;3>9>_U>DR5>U>+S34@:?<+734C_?C?B_:?+78DR+U<=>>J4C?58;++C>>3_T:54Kw+?B:3I8K+

B>CC?<5>B4?:DR+ k_U>DR+ y_S<3@>DRp1+ %+ ?<SD46:+ 4 734B:I:55>K+ 54T:c+ 7>@<=<5+

>Sxb9+73>S+4+;494J:C@4K+C>C?<B+78D4+U<=>>J4C?58;+C>>3_T:54K+5<+?:334?>344+

$@?`S45C@>U>+ =<B>I<+ L:33>C7D<B>Bc+ >?+ 73>4=B>IC?B<+ B8C>@>_UD:3>I4C?>U>+

L:33>;3>9<+k$/.p1

'<+ 34C_5@:+ *W 73:IC?<BD:5+ C>C?<B+ L<=+ 4C;>I5>U>+ ;3>9>_U>DR5>U>+ S34@:?<1+

]494J:C@4K+C>C?<B+L<=+4C;>I5>U>+;3>9>_U>DR5>U>+S34@:?<+734B:I:5+B+?<SD46:+W.

-4C_5>@ 14 – (C;>I58K+;3>9>_U>DR58K+S34@:?
,<SD46< 4

%+<?>958;+73>6:5?<;
C O Na Mg Al Si S Cr Fe

1 61,1 10,0 4,6 20,0 4,3

2 61,0 23,1 16,0

3 9,1 1,1 24,0 27,2 38,6

4 79,7 19,2 1,0 0,1

6 35,6 20,3 33,1 10,9

7 53,6 26,3 0,6 3,2 4,5 8,1 2,8 1,0

2>+ 4C?:J:54`+ 4=>?:394J:C@>K+ B8I:3T@4c+ 5<+ 7>B:3;5>C?4+ =:35<+

;3>^745:D4I<+>S3<=_`?CA+@<3S4I8+9:?<DD<1 !S3<=>B<54:+9:?<DD<+B+6:5?3:+=:35<+
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ABDA:?CA+ 7:3B4J589+ 73>I_@?>9+ @<3S>?:394J:C@>U>+ B>CC?<5>BD:54A                    

(C91+54T:+34C_5>@+*dp1

-4C_5>@+*d+– !S3<=>B<54:+B5_?34+=:35<+9:?<DD4J:C@>K+L<=8+4+>S3<=>B<54:+

@<3S4I5>K+>S>D>J@4+5<+7>B:3;5>C?4+=:35<+;3>9^745:D4I<+734 ?:97:3<?_3:+    

1400 e0 B+<?9>CL:3:+7:J4+Nabertherm

0>C?<B+L<=+=:35<+;3>9^745:D4I<+73:IC?<BD:5+B+?<SD46:+d.

,<SD46<+d
%+<?>958;+73>6:5?<;

O C Mg Al Si Cr Fe

1 49,2 42,8 8

2 59,7 9,7 4,5 21,5 4,6

3 56,8 27,9 0,2 14,7 0,4

4 57,6 24,5 1,9 15,7 0,3

5 1 40,4 58,7

(=_J<A+ 73>I_@?8+ @<3S>?:394J:C@>U>+ B>CC?<5>BD:54Ac+ 9>T5>+ >S5<3_T4?R+

>S3<=>B<54:+ CD>T58;+ @<3S4I>B1+ 234+ S>D::+ B8C>@4;+ ?:97:3<?_3<;+ 5:+
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I>C?4U<`a4:+?:97:3<?_3_+7D<BD:54Ac+>S3<=_`?CA+?<@+5<=8B<:98:+C4D4@>@<3S4I8+

(C91+54T:+34C_5>@+*z).

-4C_5>@+*z+– %8I:D:54:+CD>T58;+C4D4@>@<3S4I>B+734+?:97:3<?_3:+1550 e0 4+

?3b;J<C>B>K+B8I:3T@:+B+<?9>CL:3:+7:J4+,<99<5<1+

0>C?<B+L<= @+34C_5@_+*z 734B:I:5+B+?<SD46:+z1

,<SD46<+z
%+<?>958;+73>6:5?<;

C Si Cr Fe

1 41,2 5,5 37,5 15,8

2 41,1 0,2 50,4 8,3

3 49,1 12,5 5,4 33,0

4 55,9 37,7 6,4

5 49,0 10,7 31,8 8,5

     

'4T:+ 734B:I:58+ C549@4+ 7>CD:+ B>CC?<5>B4?:DR5>U> >ST4U<c >S3<=6<+ 9<CC>K+

*VG+ U3<99+B+ <?9>CL:3:+7:J4+,<99<5< C+4=>?:394J:C@>K+B8I:3T@>K+B+ ?:J:544+d+

J<C>B.
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'<+34C_5@:+*i+7>@<=<5+C549>@+_J<C?@<+;3>9>_U>DR5>U>+S34@:?<+7>IB:3U^4KCA+

5<4B8C^:9_+B>=I:KC?B4`+?:97:3<?_38+4=+BC:;+>C?<DR58;+54T:734B:I:558;1+M<@+

B4I5>+4=+C549@<+J<C?468+9:?<DD<+5<J45<`?+734>S3:?<?R+S>D::+>@3_UD8:+L>398c+

5<7>945<A+ CB>:U>+ 3>I<+ @<7D4+ 9:?<DD<1+ F?>+ S:=_CD>B5>+ U>B>34?+ >+ ?>9c+ J?>+ B+

I<55>K+J<C?4+4C78?_:9>U>+>S3<=6<+?:97:3<?_3<+S8D<+B8^:+1400 e0.

-4C_5>@+*i+– 23:IC?<BD:5+_J<C?>@+<5<D4=< { *c+7>IB:3U^4KCA+5<4S>DR^:9_+

U3<I4:5?_+?:97:3<?_3

0>C?<B+L<=+73:IC?<BD:5+B+?<SD46:+i.

,<SD46<+i
%+<?>958;+73>6:5?<;

C O Na Mg Al Si S Ca Cr Fe

1 38,3 53,4 8,4

2 37,0 13,0 39,6 10,5

3 37,8 4,9 44,6 12,8

4 59,4 26,8 13,2 0,3 0,2

5 37,7 34,1 5,0 18,6 4,6

6 56,5 0,5 8,3 10,3 19,1 0,9 4,3 0,1
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YJ<C?>@+<5<D4=<+{+E+7>CD:+@<3S>?:394J:C@>U>+B>CC?<5>BD:54A+7>IB:3U^4KCA+

S>D::+ B8C>@>9_+ B>=I:KC?B4`+ ?:97:3<?_38+ kB8^:+ 1400 e0)                                  

(C91+54T:+34C_5>@+*j).

-4C_5>@+*j+– 23:IC?<BD:5+_J<C?>@+<5<D4=< { Ec+7>IB:3U^4KCA+?:97:3<?_3:+

B8^:+1400 e0

0>C?<B+L<=+73:IC?<BD:5+B+?<SD46:+j1

,<SD46<+j
%+<?>958; 73>6:5?<;

C O Mg Al Si Ca Cr Fe

1 51,3 0,1 39,4 9,2

2 57,4 21,2 4,7 15,9 0,5 0,3

3 40,4 31,1 4,6 2,8 16,3 4,8

4 57,6 21,6 10,1 10,5 0,3

5 49,7 0,2 40,5 9,6

6 46,4 0,1 45,0 8,5

7 52,1 14,7 4,3 1,3 0,3 23,7 3,6

8 56,9 22,5 3,1 15,0 0,3 1,7 0,3
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M<@+ >?9:J<D>CR+ 3<5::c+ ;3>9>_U>DR58K+ S34@:?+ S8D+ 7>IB:3U5_?+ 3<=D4J5>9_+

U3<I4:5?_+ ?:97:3<?_3c+ 734+ Q?>9c+ 73>4=B>I4D<CR+ S>D::+ ?>J5<A+ L4@C<64A+

?:97:3<?_38+5<+_J<C?@:+<5<D4=<+{+G+(C91+54T:+34C_5>@ 19).

         

-4C_5>@+*f+– 23:IC?<BD:5+_J<C?>@+<5<D4=<+{+Gc+7>IB:3U^4KCA+?:97:3<?_3:+

1400 e0+B+<?9>CL:3:+7:J4+,<99<5<

0>C?<B+L<=+_J<C?@<+<5<D4=<+{+G+73:IC?<BD:5+B+?<SD46:+{+f                                                

,<SD46<+9
%+<?>958;+73>6:5?<;

C O Na Mg Al Si S Ca Cr Fe

1 45,9 0,2 44,2 9,7

2 59,6 3,1 6,0 9,7 19,9 0,2 1,3 0,2

3 45,8 44,5 9,6

4 54,4 16,4 0,5 25,0 3,7

M<@+ S8D>+ C@<=<5>+ B8^:c+ 49:55>+ _J<C?>@+ {+ G+ 7>IB:3UCA+ 4=>?:394J:C@>9_+

5<U3:B_c+ C+ L4@C43_:9>K+ ?:97:3<?_3>K+ 1400 e0. 23>6:CC+ B>CC?<5>BD:54A+ ;3>9<+

73>I>DT<:?CA+ 4+ =<@<5J4B<:?CA+ >S3<=>B<54:9+ B+ 6:5?3:+ ^745:DR5>U>+ =:35<+

9:?<DD4J:C@>U>+ C7D<B<+ C>B9:C?5>+ C+ >C?<?>J5>K+ >@C4I5>K+L<=>K+ B+ B4I:+9<U5:=44+

MgO 4+9<U5:=4<DR5>K+^745:D4+MgO·Al2O3.
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23>6:CC+ ?Bb3I>L<=5>U>+ B>CC?<5>BD:54A+ ?<@-T:c+ 73>CD:T4B<:?CA+ 4+ 5<+ _J<C?@:+

<5<D4=<+{+W1+M<@+S8D>+C@<=<5>+B8^:c+_J<C?@4+<5<D4=<c+5<;>IAa4:CA+B8^:+_J<C?@<+

<5<D4=<+ {+ Gc+ 7>IB:3UD4CR+ 5<49:5R^:9_+ U3<I4:5?_+ ?:97:3<?_31+ 2>+ I<5589+

7>D_J:5589+ C+ 94@3>C@>7<+ 9>T5>+ 73>CD:T4B<?R+ C?<I44+ 73>6:CC<+

@<3S>?:394J:C@>U>+ B>CC?<5>BD:54Ac+ ?<@ 4+ 5<+ _J<C?@:+ <5<D4=<+ {+ W+ 98+ B4I49+

@<3S4I5_`+ >S>D>J@_+ 4+ >S3<=>B<B^4KCA+ B5_?34+ =:35<+ 9:?<DD++++++++++++++

(C91+54T:+34C_5>@+EV).

-4C_5>@+EV+– 23:IC?<BD:5+_J<C?>@+<5<D4=<+Wc+7>IB:3U^4KCA+?:97:3<?_3:+54T:+

1400 e01
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0>C?<B+L<=+73:IC?<BD:5+B+?<SD46:+*V1                                          

,<SD46< 10

%+<?>958;+73>6:5?<;
C O Na Mg Al Si S K Ca Cr Fe

1 53,8 0,2 36,4 9,6

2 56,6 11,4 4,5 21,6 5,9

3 60,5 6,0 2,4 10,0 18,6 0,2 0,7 1,2 0,4 0,1

4 55,3 1,6 21,0 5,8 15,3 0,2 0,2 0,6 0,1

5 55,5 2,0 20,3 4,1 17,2 0,3 0,4 0,2

6 41,1 2,2 20,2 2,8 12,3 0,1 0,3 16,4 4,6

0<9>9_+ 5<49:5R^:9_+ ?:97:3<?_35>9_+ U3<I4:5?_+ 7>IB:3UCA+ _J<C?>@+ <5<D4=<+

{+d+ kC91+54T:+34C_5>@+E*pc+ @<@+B4I5>c+5<+ C549@:+4+7>+C>C?<B_+L<=+>S3<=>B<54:+

9:?<DD4J:C@>K+ J<C?4+ 5:+ 73>4C;>I4D>c+ 4+ 5:+ S8D>+ =<L4@C43>B<5>1+ '<+ I<55>9+

_J<C?@:+<5<D4=<+73>4=>^D<+=<@<D@<+4CCD:I_:9>U>+>S3<=6<1

-4C_5>@+E*+– 23:IC?<BD:5+_J<C?>@+<5<D4=< { dc+7>IB:3U^4KCA+?:97:3<?_3:+
54T:+1400e0.
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0>C?<B+L<= _J<C?@<+<5<D4=<+{+d 73:IC?<BD:5+B+?<SD46:+11. 

,<SD46<+**
%+<?>958;+73>6:5?<;

C O Na Mg Al Si Cr Fe

1 12,2 50,3 14,7 6,2 3,9 9,7 2,2 0,8

2 59,2 0,5 9,4 4,8 0,1 21,5 4,5

3 12,9 52,3 2,2 17,8 0,5 10,9 0,2 3,2

$5<D4=43_A+ Q@C7:349:5?+ C+ >78?589+ >S3<=6>9+ 9<CC>K+ *VG+ U3<99<c+ @>?>38K+

7>IB:3UCA+ 3<=5>9_+ U3<I4:5?_+ ?:97:3<?_3+ 7>+ BC:K+ ID45:c+ S8D>+ =<L4@C43>B<5<+

C?:7:5R+ B>CC?<5>BD:54A+ ;3>9<1+ H<@C49<DR5>:+ @>D4J:C?B>+ B>CC?<5>BD:55>U>+

;3>9<+C>C?<B4D>+jV r+>?+9<CC81+,<@T:+CD:I_:?+>?9:?4?Rc+5<+C549@<;c+7>D_J:558;+

C+ QD:@?3>55>U>+ 94@3>C@>7<+ S8D>+ =<L4@C43>B<5>+ C>I:3T<54:+ C:38+ 4+ @<D4Ac+

@>?>38:+ 4=5<J<DR5>+ 734C_?C?B>B<D4+ B+ =>D:+ _UDA1+ ,<@T:+ CD:I_:?+ >?9:?4?Rc+ J?>+

@<J:C?B:55>+ 3:=_DR?<?8+ 4I:5?4J58c+ ;>?A+ 49:`?CA+ @>D4J:C?B:558:+ >?D4J4Ac+ <+

49:55>+ + C?:7:5R+ B>CC?<5>BD:54A+ ;3>9<+ 4+ T:D:=<1+ ':=<B4C49>+ >?+ ?:97:3<?_3+

Q@C7:349:5?<c+>?+>?5>C4?:DR5>+54=@>K+k1400 e0p+4+I>+?:97:3<?_38+7D<BD:54Ac+5<+

7>B:3;5>C?4+3_I58;+J<C?46+B>+BC:;+CD_J<A;+L>3943>B<D<CR+^D<@>B<A+>S>D>J@<1+

'<D4J4:+ >S>D>J@4+ 5:+ ?>DR@>+ 5:+ B>C73:7A?C?B>B<D>+ 73>6:CC_+ B>CC?<5>BD:54Ac+ <+

5<>S>3>?+734B:D>+@+3:=@>9_+_B:D4J:54`+:U>+C@>3>C?4 [30].

'<+7>B:3;5>C?4+ +^D<@>B>K+>S>D>J@4+ C5<J<D<+ B+ B4I:+ >?I:DR58;+J<C?46c+ <+ 7>+

9:3:+_B:D4J:54A+4;+3<=9:3>B+4+CD4A54A+– B+B4I:+5:C7D>^5>K+ + U3_S>K+>S>D>J@4+

L>3943_:?CA+ @<3S4I5<A+ L<=<1+ 234+ _B:D4J:544+ 3<=9:3>B+ @<3S4I5<A+ L<=<+

734>S3:?<:?+ ;<3<@?:35_`+ IDA+ _UD:3>I4C?>U>+ L:33>;3>9<+ C?3_@?_3_+ – B+ 5:K+

>?Jb?D4B>+ B8ABDA`?CA+ @<3S4I8+ ;3>9<+ 4+ + @>97D:@C58:+ @<3S4I8c+ B+ =b35<;+

T:D:=>C>I:3T<a4;+ @<3S4I>B+ 734C_?C?B_`?+ 9:D@4:+ B8I:D:54A+ CD>T58;+

C4D4@>@<3S4I>B+ g31]. !S3<a<:?+ 5<+ C:SA+ B549<54:+ + >I5>B3:9:55>:+ B8I:D:54:+

9:?<DD<+ B+ >Sxb9:+ ^745:D4I<+ 4+ L>3943>B<54:+ @<3S4I5>K+ L<=8+ 5<+ 7>B:3;5>C?4+

C4D4@<?5>K+>S>D>J@4c+5>+73>CD:T4B<:?CA+AB5<A+=<@>5>9:35>C?Rs+C5<J<D<+B+>Sxb9:+

^745:D4I<+ B8I:DA:?CA+ 9:?<DDc+ @>?>38K+ =<?:9+ 3<C?B>3A:?CA+ B+ C4D4@<?5>K+

>S>D>J@:+ 4+ B8I:DA:?CA+ 5<+ :b+ B5:^5:K+ 7>B:3;5>C?4+ B+ B4I:+ @<3S4I>B1+
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!I5>B3:9:55>+ C+ 9:?<DD>9c+ 5>+ C+ 5:@>?>389+ >?C?<B<54:9c+ + B+ C4D4@<?5>K+ L<=:+

3<C?B>3A:?CA+ 4+ ^745:DR58K >C?<?>@1+ 234+ Q?>9+ 54@>UI<+ @<3S4I5<A+ L<=<+ 5:+

@>5?<@?43>B<D<+ 54+ C+ S:=_UD:3>I4C?89+ 9:?<DD>9c+ B8I:DA`a49CA+ B5_?34++

^745:D4I<c+ 54+ C+ C<949+^745:D4I>91+ !S3<=>B<B^4:CA+ @<3S4I8+ 5<+ 7>B:3;5>C?4

BC:UI<c+I<T:+B+CD_J<:+|73>3<C?<54A}+@<3S4I>B+C@B>=R+=b35<+^745:D4I<c+>?I:D:58

>?+ 54;+ CD>:9+ C4D4@<?5>K+ k^D<@>B>Kp+ L<=81+ F?>+ 7>I?B:3TI<:?+ 3<5::+

>?9:J<B^_`CA+ <@?4B5_`+ 3>DR+ C4D4@<?5>K+ L<=8c+ @>?>3<A+ 4U3<:?+ 3>DR+

|7>C3:I54@<}+ 9:TI_+ 3:<U:5?<94+ 4+ 73>I_@?<94+ 3:<@64K+ 4+ 734+ B>CC?<5>BD:544+

9:?<DD<c+4+734++>S3<=>B<544+@<3S4I>B [30].
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W+!X0YZ)&'(&+-&/Y#N,$,!%

(C;>IA+ 4=+ 7>D_J:558;+ Q@C7:349:5?<DR58;+ I<558;+ CD:I_:?c+ ?>+ J?>c+

7:3B4J589+ 73>I_@?>9+ ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+ ABDA:?CA+ S:=_UD:3>I4C?8K+

L:33>;3>9+ B+ C<9>9+ =:35:+ ;3>9^745:D4I<1+ ,<@T:+ CD:I_:?+ >?9:?4?R+

>I5>B3:9:55>:+ B>CC?<5>BD:54:+ >S>4;+ 9:?<DD>B–T:D:=<+ 4+ ;3>9<+ 4=+ =:35<+

;3>9^745:D4I<c+@<3S4I+;3>9<+ABDA:?CA+B?>3>C?:7:5589+73>I_@?>9+>S3<=>B<54A+

B+CD:IC?B44+@<3S>?:394J:C@>U>+B>CC?<5>BD:54A1

,<@T:+ 3<=3<S>?<558:+ <B?>3<94+ 7>D>T:54A+ ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+

7>I?B:3TI<`?CA+ <5<D4=>9+ 73>I:D<558;+ 5<94+ Q@C7:349:5?>B+               

[20, 26–28,15–17, 29–32]1+'<+>C5>B:+I<558;+?:>3:?4J:C@4;+7>C?3>:54K+CD:I_:?s

– 734+ ?B:3I>L<=5>9+ B>CC?<5>BD:544+ B>CC?<5>B4?:DR+ B=<49>I:KC?B_:?+ 5:+ C+

9>D:@_D>K+ >@C4I<c+ <+ C+ 4>55894+ @34C?<DD<94c+ >S3<=>B<55894+ 5:+ 9>D:@_D<94+ 4+

<?>9<94c+<+@<?4>5<94+4+<54>5<94;

– <SC>D`?5> B D`S>K+ C4C?:9:+ C>SD`I<:?CA+ 3<B:5C?B>+ QD:9:5?<358;+ J<C?46–

5>C4?:D:K+=<3AI>Bc+?>+:C?R+B+C4C?:9:+B+6:D>9+4+B+D`S>K+:b+J<C?4+J4CD>+QD:@?3>5>B+

3<B5>+J4CD_+73>?>5>B1

,<@+ @<@+ B+ @34C?<DD4J:C@>K+ 3:^:?@:+ @<?4>58+ B>CC?<5<BD4B<:98;+ 9:?<DD>B+

5<;>IA?CA+B+?:?3<– 4D4+>@?<QI34J:C@4;+7_C?>?<;+7D>?5>_7<@>B<55>K+7>I3:^:?@4+

<54>5>B+ @4CD>3>I<c+ 734J:9+ :a:+ 4+ B9:C?:+ C+ @<?4>5<94+ 5:B>CC?<5<BD4B<:98;+

9:?<DD>Bc+?>+>@4CD:54:+B>CC?<5>B4?:DA >C_a:C?BDA:?CA+7_?:9+QD:9:5?<35>U>+<@?<+

4=BD:J:54A+@4CD>3>I<+4=+@34C?<DD4J:C@>K+3:^:?@4+7>+3:<@644 0+~+k!2-p++�+�0!�+

+ (V<p+~+kE�p1+-:=_DR?<?>9+Q?>U>+ABDA:?CA+>S3<=>B<54:+B+@34C?<DD4J:C@>K+3:^:?@:+

>@C4I<+ 5:+ <?>9<+ 9:?<DD<c+ <+ <54>55>K+ B<@<5C44+ (C91+ 54T:+ 34C_5>@+ EE <) B+

3:=_DR?<?:+?:7D>B>U>+IB4T:54A+<54>5>B+B<@<5C44+7:3:9:a<`?CA+4+3<CC:4B<`?CA+

B+3:^:?@:+>@C4I<1
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-4C_5>@+EE+– 2>CD:I>B<?:DR5>C?R+k<–Bp+>S3<=>B<54A+++9:?<DD4J:C@>K+L<=8+B+

>@C4I:+734+B>CC?<5>BD:544

%+ CD:IC?B44+ C+ >?9:J:5589+ B8^:+ B?>389+ 7345647>9c+ @4CD>3>Ic+ 7>@4I<A+

@34C?<DD4J:C@_`+ 3:^:?@_+ >@C4I<c+ I>DT:5+ >C?<B4?R+ B+ >@C4I:+ IB<+ QD:@?3>5<c+

@>97:5C43_`a4;+=<3AI8+73>?>5>B+B+@<?4>5<;+>@C4I<1+

(C;>IA 4=+ B8^:C@<=<55>U>c+ 3:=_DR?<?>9+ QD:9:5?<35>U>+ <@?<+ B=<49>I:KC?B4A+

>I5>U>+<?>9<+_UD:3>I<+C+>@C4I>9+ABDA:?CA+4=BD:J:54:+4=+>@C4I<+<?>9<+@4CD>3>I<+

C+>S3<=>B<54:9+B+@34C?<DD4J:C@>K+3:^:?@:+<54>55>K+B<@<5C44+4+IB_;+|D4^54;}+

QD:@?3>5>B1+|#4^54:}+QD:@?3>58+9>U_?+5<;>I4?RCA+?>DR@>+B+<54>55>K+B<@<5C44c+

J?>+>S_CD>BD:5> 5:>S;>I49>C?R`+_T:+D>@<DR5>U>+3<B:5C?B<+=<3AI>B+B+>@3_T:544+

B<@<5C441+'>+ ?<@+ @<@+ QD:@?3>58+ B+ B<@<5C44+ >@3_T:58+ @<?4>5<94c+ ?>+ >54+9>U_?+

S8?R+D>@<D4=>B<58+5<+SD4T<K^4;+@+B<@<5C44+@<?4>5<;c+7>54T<A+4;+=<3AI+B7D>?R+

I>+ 5_D:B>U>1+ &CD4+ BC:+ SD4T<K^4:+ @<?4>58+ >SD<I<`?+ >I45<@>B89+ C3>IC?B>9+ @+

QD:@?3>5_c+ ?>+ QD:@?3>58+ 3<B5>B:3>A?5>+ 9>U_?+ S8?R+ D>@<D4=>B<58+ _+ D`S>U>+

@<?4>5<+4D4+D:U@>+7:3:;>I4?R+>?+>I5>U>+@<?4>5<+@+I3_U>9_c+5:+=<@3:7DAACR+54+_+

>I5>U>+4=+54; kC91 34C_5>@ EE+S) [30].  

!S>Sa:C?BDb558: 5:C@>DR@494+ @<?4>5<94+ QD:@?3>58+ ;<3<@?:34=_`?+

9:?<DD4J:C@4K+?47+;494J:C@>K+CBA=41+0D:I>B<?:DR5>c+|D4^54:}+QD:@?3>58+I<T:+

>I45>J5>K+<54>55>K+B<@<5C44+_T:+ABDA`?CA+5>C4?:DA94+9:?<DD4J:C@4;+CB>KC?Bc+

?>+:C?R+9>U_?+3<CC9<?34B<?RCA @<@+=<3>I8^+9:?<DD4J:C@>K+L<=8c+<+>@3_T<`a4:+

B<@<5C4`+ @<?4>58+ >SD<I<`?+ >I5>B3:9:55>+ 734=5<@<94+ 4+ 4>55>K+ 4+

9:?<DD4J:C@>K+CBA=41+(+?<@+@<@+|D4^54:}+QD:@?3>58+5:+9>U_?+S8?R+D>@<D4=>B<58+

<54>5<94+ S:=+ 7>C?_7D:54A+ I>7>D54?:DR58;+ <?>9>B+ >@4CD4?:DAc+ ?>+ B+
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B>CC?<5>B4?:DR58;+ _CD>B4A;+ Q?>+ 4C@D`J<:?+ B>=9>T5>C?R+ 4CJ:=5>B:54A+

k3<C?B>3:54Ap+9:?<DD4J:C@>U>+=<3>I8^<+I<T:+B+B4I:+>I5>K+=<3AT:55>K+<54>55>K+

B<@<5C441+ (=+ Q?>U>+ CD:I_:?+ =<@D`J4?Rc+ J?>+ B+ B>CC?<5>B4?:DR58;+ _CD>B4A;+ _+

9:?<DD4J:C@>U>+ =<3>I8^<+ 5:?+ @34?4J:C@>U>+ 3<=9:3<+ 4c+ CD:I>B<?:DR5>c+ IDA+

B8I:D:54A+9:?<DD4J:C@>K+L<=8+5:?+5:>S;>I49>C?4+7:3:C8a:54A+>@C4I<+<?>9<94+

9:?<DD<+ 4c+ S>D::+ ?>U>c+ >?C_?C?B_:?+ 5:>S;>I49>C?R+ >S3<=>B<54A+ I<T:+ <?>9>B1+

23:>S3<=>B<54:+4>55>K+ CBA=4+ B+9:?<DD4J:C@_`+73>4C;>I4?+7>C?:7:55>+7>+9:3:+

5<@>7D:54A+ |D4^54;}+ QD:@?3>5>B+ 4 CD4A54A+ <54>558;+ B<@<5C4K+                       

kC91 34C_5>@ 22 B) [30].

M<@+ _T:+ >?9:J<D>CRc+ IB4T:54:+ B<@<5C4K+ C>73>B>TI<:?CA+ 7:3:9:a:54:9+

QD:@?3>5>B+ >?+ >I5>U>+ @<?4>5<+ @+ I3_U>9_c+ J?>+ ?>TI:C?B:55>+ 7:3:9:a:54`+

@<?4>5>B+ 7>54T:55>U>+ =<3AI<+ 4D4+ I<T:+ <?>9>Bc+ >I5<@>+ S:=+ 7:3:9:a:54A+ C<94;+

@<?4>5>B+ 4+ <?>9>B1+ '>+ Q?>+ B>=9>T5>+ D4^R+ 734+ _CD>B44c+ J?>+ BC:+ @<?4>58+

>SD<I<`?+>I45<@>B>K+ Q5:3U4:K+B=<49>I:KC?B4A+ C+ QD:@?3>5<941+&CD4+T:+5<+7_?4+

IB4T:54A+ B<@<5C44+ BC?3:J<:?CA+ @<?4>5+ C+ S>D::+ C4DR589+ B=<49>I:KC?B4:9c+ ?>+

9:TI_+ 549+ 4+ QD:@?3>5<94+ B<@<5C44+ B>=54@<:?+ S>D::+ C4DR5<A+ CBA=Rc+ 4+ B<@<5C4A+

_BD:@<:?+k|S_@C43_:?}p+=<+C>S>K+?<@>K+@<?4>51+)B4T:54:+B<@<5C44+B+Q?>9+CD_J<:+

=<9:IDA:?CAc+ :b+ 9>U_?+ I>U>5A?R+ I3_U4:+ B<@<5C44c+ @>?>38:+ ?<@T:+ 9>U_?+

S_@C43>B<?R+ <5<D>U4J58:+ @<?4>58c+ <+ 734+ CD4A544+ B<@<5C4K+9>T:?+ >S3<=>B<?RCA+

9:?<DD4J:C@<A+ L<=<c+ >S3<=>B<55<A+ 3<CC:A55894+ B+ >@C4I:+ @<?4>5<94+ C+

>?5>C4?:DR5>+ B8C>@49+ C3>IC?B>9+ @+ QD:@?3>5_1+ 23>4C;>I4?+ C:D:@?4B5>:+

B>CC?<5>BD:54:+ @<?4>5>B+ B+ C>>?B:?C?B44+ C+ B:D4J45>K+ 4;+ Q5:3U44+ CBA=4+

k7>?:564<D>9+4>54=<644p+C+QD:@?3>5<94+       (C91+54T:+34C_5>@+EG <) [30].
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-4C_5>@ 23 – 0;:9<+73>6:CC>B+B8I:D:54A+4+3<C?B>3:54A+9:?<DD4J:C@>K+L<=8+

B+>@C4I:+734+B>CC?<5>BD:544+k<p+4+>S3<=>B<544+@<3S4I>B+kSp1
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/$M#[P&'(&

'<94+S8D+73>I:D<5+4 73><5<D4=43>B<5+3AI+Q@C7:349:5?>Bc+B+3:=_DR?<?:+J:U>+

9>T5>+CI:D<?R+CD:I_`a4:+B8B>I8+7>+3<S>?::

– 7:3B4J589+73>I_@?>9+?B:3I>L<=5>U>+B>CC?<5>BD:54A+;3>9<+4=+;3>9>_U>DR58;+

S34@:?>B+ABDA:?CA+S:=_UD:3>I4C?8K+L:33>;3>9w

– B 73>6:CC:+?B:3I>L<=5>U>+B>CC?<5>BD:54A+4+I<DR5:K^:U>+>S3<=>B<54A+@<3S4I>Bc+

_UD:3>I+_UDA+k^_S<3@>DRC@4K+_U>DRp+B8C?_7<:?+B+@<J:C?B:+B>CC?<5>B4?:DA+;3>9<+

4+T:D:=<c+>?549<A+<54>58+@4CD>3>I<+4=+@34C?<DD4J:C@>K+3:^:?@4+>@C4I<w

– C?:7:5R+B>CC?<5>BD:54A+T:D:=<+4+;3>9<+>73:I:DA:?CA+?:97:3<?_3>K+4+B3:9:5:9+

4=>?:394J:C@>K+B8I:3T@4w+

– S34@:?43>B<54:+ 5:+ >@<=8B<:?+ 54+ 7>D>T4?:DR5>U>+ 4+ 54+ >?346<?:DR5>U>+

B>=I:KC?B4A+5<+73>6:CC+ ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+;3>9<+4=+ ;3>9>_U>DR58;+

S34@:?>Bw+

– B CD:IC?B44+ 4=BD:J:54A+ <54>5<+ @4CD>3>I<+ 4=+ @34C?<DD4J:C@>K+ 3:^:?@4+

@>97D:@C5>U>+ >@C4I<+ >S3<=_:?CA+ <54>55<A+ B<@<5C4A+ C+ IB_9A+ |D4^5494}+

QD:@?3>5<94c+ ABDA`a494CA+ 5>C4?:DA94+ 9:?<DD4J:C@4;+ CB>KC?B1+

%>CC?<5>B4?:DR58K+ 73>6:CC+ B+ =:35:+ ;3>9^745:D4I<+ >C_a:C?BDA:?CA+

7:3:9:a:54:9+|D4^54;}+QD:@?3>5>B+4+<54>558;+B<@<5C4K+B+CD:IC?B44+5<U3:B<c+

>?+ 9:C?<+ 4;+ >S3<=>B<54A+ @+ 9:C?<9+ C?>@<+ B5_?34+ >@C4I5>K+ L<=8+ =:35<+

;3>9^745:D4I<c+ B+ CD:IC?B44+ J:U>+ B+ 9:C?<;+ C?>@<+ 5<J45<:?CA >S3<=>B<54:+

9:?<DD4J:C@>K+L<=8w++

– >S3<=>B<54:+ @<3S4I>B+ 73>4C;>I4?+ B+ CD:IC?B44+ 5<_UD:3<T4B<54A+ 7:3B4J5>U>+

9:?<DD<+5<+7>B:3;5>C?4+>@C4I<+;3>9^745:D4I<c+<+?<@T:+73>–I4LL_5I43>B<55>U>+

9:?<DD<+ C@B>=R+ ^D<@>B_`+ >S>D>J@_1+ + 2:3B4J5>:+ >S3<=>B<54:+ @<3S4I>B+

73>4C;>I4?+7>+B:3^45<9+@34C?<DD4J:C@>K+3:^:?@4 >@C4I<+;3>9^745:D4I<w

– >S3<=>B<54:+@<3S4I>B+7_?:9+4=BD:J:54A+@<?4>5>B+4=+>@C4I5>K+L<=8 CBA=<55>+C+

7:3:5>C>9+ @<?4>5>B+ >?+ 7>B:3;5>C?4+ 9:?<DD<+ @+ 7>B:3;5>C?4+ @<3S4I>Bc+ Q?>+

CBA=<55>+ C+ I4LL_=4>5589+ IB4T:54:9+ @<?4>5>B1+ 2>CD:+ >S3<=>B<54A+ C7D>^5>K+

@<3S4I5>K+>S>D>J@4+73>6:CC+S8C?3>+=<9:IDA:?CA+4+73<@?4J:C@4+73:@3<a<:?CA1



 

!"#$ %&'( )*+,-.#$ /,+0&'1 23(3

%&'(

41
22.04.02.2017.184.00.00 /4*

 

X(X#(!"-$.(P&0M(\+02(0!M

1. Pre-Reduction and Smelting Characteristics of Kazakhstan Ore Samples/

Cullough S., Hockaday S., Johnson C., Barcza N.A. – The Twelfth International

Ferroalloys Congress Sustainable Future. Helsinki, Finland. 2010. – 249 – 262 pp.

2. $SI_D<S:@>B, $1F1+ ,:>34A+ 4+ ?:;5>D>U4A+ ;3>94C?8;+ C7D<B>B+ v+                     

$1F1+$SI_D<BS:@>Bc+M1M1+M<C@45c+$1]1+'_3_9U<D4:B. – H1s+H:?<DD_3U4Ac+++++EV*V1++

– EjV+C1

3. FD:@?3>9:?<DD_3U4A+ C?<D4+ 4+ L:33>C7D<B>B1+ E-4=I<54:+ v+ 7>I+ 3:I<@64:K+

73>L1+ I>@?1+ ?:;51+ 5<_@+ )1O1+ 23B>D>6@>U>1+ )1O1+ 2>B>D>6@4Kc+ %1&1+ ->a45c+ H1$1+

-8CCc+$1(1+0?3>U<5>Bc+H1$1+O36:B1+H1s H:?<DD_3U4Ac+*fjW1

4. #_3R:, #1$1+ X34@:?43>B<54:+ B+ J:35>K+ 4+ 6B:?5>K+ 9:?<DD_3U44 /            

#_3R:+#1$1 –H1s+H:?<DD_3U4=I<?c 1963. – 324 C1+

5. )<54D>B<c+ [101+ 23>4=B>IC?B>+ T:D:=>3_I58;+ S34@:?>B / )<54D>B<+ [101c+

2:34C?8K+H1H1– 7:3C7:@?4B58K+C7>C>S+7>IU>?>B@4+9:?<DD_3U4J:C@4;+>?;>I>B+vv+

!;>3>5<+ 5<B@>D4^5R>U>+ C:3:I>B4a<+ ?<+ 3<6�>5<DR5:+ B4@>34C?<55A+ 7343>I54;+

3:C_3C�B1+ /S�3@<+ I>7>B�I:K+���+ %C:_@3<�5CR@>�+ 5<_@>B>�+ @>5L:3:56��<C7�3<5?�B+ �+

C?_I:5?�B1+,1*1+)>5:6R@s+)>5',Yc+)>5'Yc+– 2011. – 01 67 – 68.

6. ]>3>^<B45, #1+ H:?<DD_3U4J:C@4:+ S34@:?8+ 5>B>U>+ 7>@>D:54A+ C>@3<a<`?+

73>I>DT4?:DR5>C?R+ 7D<B@4+ 9:?<DD>B+ v+ #1+ ]>3>^<B45+ vv+ Y3<DRC@4K+ 385>@+

9:?<DD>B1+– 2006. –{i1+– C. 39 – 42.

7. M>?:5:Bc+ %1+ (1+ ,:;5>D>U4A+ 4+ Q@>5>94@<+ 73>4=B>IC?B<+ S34@:?>B+ 4=+

9:D@>I4C7:3C58;+>?;>I>B+9:?<DD_3U4J:C@4;+4+@>@C>;494J:C@4;+73>4=B>IC?B+IDA+

Q@>5>94J:C@4+ B8U>I5>K+ =<9:58+ 494+ ?3<I464>55>K+ ^4;?8+ C?<D:7D<B4DR5>U>c+

I>9:55>U>+4+L:33>C7D<B5>U>+7:3:I:D>B+4+C7>C>S+:U>+73>4=B>IC?B<+v %1(1+M>?:5:Bc+

&1[1 X<3C_@>B<+ vv+ i-K+H:TI_5<3>I58K+M>5U3:CC+ C?<D:7D<B4DRa4@>B1+– H>C@B<c+

EVVEc+*W+5>AS3A1+

8. !T>U45c+ %1%1+ X34@:?43>B<54:+ @<@+ 7>D5>73<B58K 9:?>I+ >@_C@>B<54A+

9:?<DD_3U4J:C@>U>+ C83RA+ v+ $1$1,>9<^c+ (1$1M>B<D:BC@4K+ vv+ H:?<DD_3U4J:C@4:+

73>6:CC8+4+>S>3_I>B<54:1+– 2005. –{E1+– 01+dW – 58.



 

!"#$ %&'( )*+,-.#$ /,+0&'1 23(3

%&'(

42
22.04.02.2017.184.00.00 /4*

 

9. !T>U45c+ %1%1+ !C5>B8+ ?:>344+ 4+ ?:;5>D>U44+ 4=9:DRJ:55>U>+

9:?<DD_3U4J:C@>U>+C83RA1+–H<34_7>DRs+2",Y1+– 2010. – 44E+01

10. [CL45c+ [101+ H:?<DD_3U4A+ T:D:=<1+ v+ 2<^@>B+ '1.1+ + – H1s+ (M�+

|$@<I:9@54U<}c+EVVi1+– WzW+01

11. -ASJ4@>Bc+ (1%1+ ]494=9+ B>CC?<5>BD:54A+ T:D:=<+ 4+ ;3>9<+ 4=+ >@C4I>B+

_UD:3>I>9+ v+ (1%1+ -ASJ4@>Bc+ %1"1H4=45c+ M1(1O3>B>K // 0?<DR1 – 2013.                                   

– {z1+– 01+GV-33. 

12. P:35>S3>B45c+ %121+ ,:>3:?4J:C@4:+ >C5>B8+ 73>6:CC>B+ 73>4=B>IC?B<+

_UD:3>I4C?>U>+ L:33>;3>9<+ 4=+ _3<DRC@4;+ 3_Is+ H>5>U3<L4A1+ v+                             

%121+ P:35>S3>B45c+ (1[12<^@::B c+ "1"1H4;<KD>B+ 4+ I31+ + – P:DAS45C@s+ (=I-B>+

[Y3"Y, 2004. – GWz+01+

13. M>DJ45c+ !121+ !+ 9:;<54=9<;+ B>CC?<5>BD:54A+ 9:?<DD>B+ 4=+ 4;+ >@4CD>B+

_UD:3>I>91 / M>DJ45+!121 vv+H:;<54=9+4+@45:?4@<+B>CC?<5>BD:54A+9:?<DD>Bs+ CS1+

5<_J51+?31+–H1s+'<_@<c+*fiV1+– 01+WV+– 48. 

14. ->a45c+%1&1+.4=4J:C@4:+>C5>B8+C:D:@?4B5>U>+B>CC?<5>BD:54A+9:?<DD>B+B+

@34C?<DD4J:C@>K+ 3:^b?@:+ @>97D:@C58;+ >@C4I>B+ v+ %1&1+ + ->a45c+ $1%1+ ->a45+ vv+

(=B:C?4A+B_=>B1+Pb35<A+9:?<DD_3U4A1 – 2013. –{d1+– 01 44– 54. 

15. ->a45c+ %1&1+ 0:D:@?4B5>:+ B>CC?<5>BD:54:+ 9:?<DD>B+ B+ 3:^b?@:+

@>97D:@C58;+ >@C4I>B+ v+ %1&1->a45c+ $1%1->a45+ vv+ H:?<DD81 – 2013,                                  

{E1+– 0. 12–20.  

16. ->a45c+ %1&1 .4=4@<+ ;494J:C@4;+ 3:<@64K+ >@4CD:54A+ 4+ B>CC?<5>BD:54A+

9:?<DD>B+B+?B:3I>K+L<=:+v+%1&1+->a45c+$1%1+->a45+/ 0>B3:9:558:+9:?<DD4J:C@4:+

9<?:34<D8+ 4+ ?:;5>D>U44+ k0HH,�EV*Gps+ ?3_I8+ 9:TI_5<3>I5>K+ 5<_J5>-

?:;54J:C@>K+@>5L:3:5644. – 07S1s+(=I-B>+2>D4?:;51+Y5-?<c 2013. – 01+EEd–231. 

17. ->a45, %1&1 .4=4J:C@<A+ 45?:373:?<64A+ ?:>344+

B>CC?<5>BD:54Av>@4CD:54A+9:?<DD>B+v+%1&1->a45c+$1%1->a45+vv+[T5>-Y3<DRC@4K+

U>C_I<3C?B:558K+_54B:3C4?:?+k'(Ypc+U1+P:DAS45C@+roshchinve@susu.ru



 

!"#$ %&'( )*+,-.#$ /,+0&'1 23(3

%&'(

43
22.04.02.2017.184.00.00 /4*

 

18. ->a45c+$1%1 )4LL_=4A+<54>5>B+4+@<?4>5>B+B+@34C?<DD4J:C@4;+3:^:?@<;+

>@C4I>B+734+B>CC?<5>BD:544+4+>@4CD:544+9:?<DD>B1+v+ %1&1+->a45c+$1%1+->a45++vv+

H:?<DD81++– 2003.–{*1+– 01+G – 8.  

19. ->a45c+ $1%1+ FD:@?34J:C@<A+ 73>B>I49>C?R+ 4+ @34C?<DD4J:C@<A+

3<=_7>3AI>J:55>C?R+ B+ >@C4I<;+ 734+ B>CC?<5>BD:544+ 4+ >@4CD:544+ 9:?<DD>B1+ v         

%1&1+->a45c+$1%1+->a45++vv+H:?<DD81+– 2003. –{E1+– 01+G+– 9.

20. ->a45c+ %1&1+ .4=4@<+ 73>6:CC>B+ >@4CD:54A+ 4+ B>CC?<5>BD:54A+ 9:?<DD>B+ B+

?B:3I>K+ L<=: v+ %1&1+ ->a45c+ $1%1->a45+ vv [T5>-Y3<DRC@4K+ U>C_I<3C?B:558K+

_54B:3C4?:?1+U1+P:DAS45C@1+

21. ->a45c $1%1 ,:39> – B>CC?<5>B4?:DR58:+ I4CC>64<644+ 4+ C_SD49<644–

Q?<78+7:3:C?3>K@4+3:^:?@4+>@C4I>B+B+3:^:?@_+9:?<DD>B+v+%1&1->a45c+$1%1->a45+

vv+H:?<DD81+– 2006. – {*1+– 01+G+– 10.   

22. ->a45c+ %1&1+ !S3<=>B<54:+ 4+ C_SD49<64A+ 73>9:T_?>J58;+ 73>I_@?>B+

B>CC?<5>BD:54A+ @3:954A+ 4=+ :U>+ I4>@C4I<+ v %1&1+ ->a45c+ $1%1 ->a45c+

$1$1X:3I54@>Bc+[1'+">K;:5S:3U+vv+H:?<DD81+– 2008. –{W1+– 01+*W+– 18. 

23. ->a45c+$1%1+M34C?<DD>;494J:C@4:+73:B3<a:54A+B+>@C4I<;+<D`9454A+734+

B>CC?<5>B4?:DR5>9+ 5<U3:B:+ v+ $1%1->a45c+ [1'1">K;:5S:3Uc+ $1"1-AS_;45+ vv+

(=B:C?4A+B_=>B1+P:35<A+9:?<DD_3U4A1+– 2006. –{j1+– 01 6–9. 

24. 2_?56:Bc+$101+0>C?<B+4+?>7>U3<L4A+B8I:D:54A+73>I_@?>B+?B:3I>L<=5>U>+

_UD:3>I>?:394J:C@>U>+ B>CC?<5>BD:54A+ @>97>5:5?>B+ 4=+ ;3>9>B8;+ 3_I1+

0>B3:9:558:+ 73>SD:98 QD:@?3>9:?<DD_3U44+ C?<D41+ H<?:34<D8+ XIV

9:TI_5<3>I5>K+@>5L:3:56441+ v+$1012_?56:Bc+$1%1->a45c+%1&1+->a45+vv+7>I+3:I1+

%1&1+->a45<1+P<C?R+*1+– P:DAS45C@s+(=I-B>+[Y3"Yc 2010. – 01+*G*+– 135. 

25. ->a45c+ %1&1+ ,B:3I>L<=5>:+ B>CC?<5>BD:54:+ ;3>9<+ 4=+ S:I58;+ ;3>9>B8;+

3_I v+ %1&1->a45c+ '1%1H<DR@>Bc+ $1%1->a45c+ $1%1+ -:J@<D>B<+ vv+

FD:@?3>9:?<DD_3U4A1+– 1999. –{+**1+– 01 22-30. 

26. ->a45c+ %1&1+ FD:@?3>;494J:C@4K+ 9:;<54=9+ 743>9:?<DD_3U4J:C@>U>+

B>CC?<5>BD:54A+ B@3<7D:558;+ ;3>94?>B8;+ 3_I1+ v+ %1&1+ ->a45c $1%1+ ->a45c              

'1%1+H<DR@>B+vv+FD:@?3>9:?<DD_3U4A1+– 2000. –{+z1+– 01+Gj+– 44. 



 

!"#$ %&'( )*+,-.#$ /,+0&'1 23(3

%&'(

44
22.04.02.2017.184.00.00 /4*

 

27. ->a45c+ $1%1+ .4=4J:C@4:+ <C7:@?8+ ?B:3I>L<=5>U>+ B>CC?<5>BD:54A+

9:?<DD>B+v+$1%1->a45c+%1&1->a45+vv+FD:@?3>9:?<DD_3U4A1+– 2009. – {*1– 01 13 –

22.

28. ->a45c+%1&1 H:;<54=9+4+7>CD:I>B<?:DR5>C?R+B>CC?<5>BD:54A+9:?<DD>B+B+

3:^b?@:+ ;3>9^745:D4I>B+ v %1&1->a45c+$1%1->a45c+M1,1+$;9:?>B+ vv+H:?<DD81+–

2014. –{G1+– 01+G+– 10. 

29. ->a45, %1&1 .>3943>B<54:+ 9:?<DD4J:C@>K+ 4+ @<3S4I58;+ L<=+ 734+

7>D_J:544+ _UD:3>I4C?>U>+ L:33>;3>9<s+ ?:>34A+ 4+ Q@C7:349:5? / ->a45+ $1%1c+

$;9:?>B+ M1,1c+ 2>B>D>6@4K+ %1)1c+ ">K;:5S:3U+ [1'1 // [T5>-Y3<DRC@4K+

U>C_I<3C?B:558K+_54B:3C4?:?+k'(Ypc U1+P:DAS45C@1+

30. M>C83:Bc+M1#1 M3:954K+4+_UD:3>I+ B+;3>94C?8;+ C7D<B<; v+M1#1+M>C83:Bc+

01&1+!DRC:5 // INFACON VII, 1995.  – 01+GEf-338. 

31. ->a45c+ %1&1+ FD:9:5?<358:+ <@?8+ B>CC?<5>BD:54A+ 4 73:B3<a:54A+

@34C?<DD4J:C@>K+ 3:^b?@4+ >@C4I>B+ B+ 9:?<DD4J:C@_`1+ 0>B3:9:558:+ 73>SD:98+

QD:@?3>9:?<DD_3U44+ C?<D41+ H<?:34<D8+ XV 9:TI_5<3>I5>K+ @>5L:3:5644+ /

%1&1->a45c+ $1%1->a45 // 2>I+ 3:I1+ %1&1+ ->a45<1+ P<C?R+ 1. – P:DAS45C@s+ + (=I-B>+

[Y3"Y, 2013 . – C. 13 – 21.

32. ->a45c+ %1&1 ,:>34A+ C:D:@?4B5>U>+ ?Bb3I>L<=5>U>+ B>CC?<5>BD:54A –

5<_J5<A+ >C5>B<+ IDA+ C>=I<54A+ ?:;5>D>U4K+ 7:3:3<S>?@4+ T:D:=>C>I:3T<a4;+

?:;5>U:558;+ >?;>I>B+ v+ %1&1+ ->a45c+ $1%1+ ->a45+ vv+ ,3_I8+ M>5U3:CC<+ C+

9:TI_5<3>I589+ _J<C?4:9+ 4+ QD:9:5?<94+ ^@>D8+ 9>D>I8;+ _Jb58;+

|._5I<9:5?<DR58:+ 4CCD:I>B<54A+ 4+ Q@C7:349:5?<DR58:+ 3<=3<S>?@4+ 73>6:CC>B+

7:3:3<S>?@4+ 4+ _?4D4=<644+ ?:;5>U:558;+ >S3<=>B<54K}1 – &@<?:345S_3Us+ Y3!+

-$'c 2014.  – C. 41 – 46.

 


