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   !"# $%&'()(*+ ,$-. !"/0 !  1234 *530 6,! 78 9  3:  

 !"#$$%&' ()*&+,) -./0 "1,2 -$3 .4$50 "&674&67 -8.+3 "19&0:; .37 "<=! - >*)?  

  !"#$ % &'( )*+,- ./01 21 234  

nsk-1221@yahoo.com 

>4"@A:  .567  89: /2/!    ;%  . 6< *:  5 =>    ?   <6;@ 0A5 B<*C =*#    : >D- 2E F;*4 %        ).2G7 H9#I 8<*J !;*K L%5 >

  . 5*: %/2+ MN =O 'M( =P*   *J *:  /H+/#Q    *J >: 1*M;@ F;*4 ?     !I  )8C R*S-  >D- 2E F;*4  .*9-/T *<U@ /V   *GN? 

    >"C  L 2W/XY Y,4 =B  .567 U*E /2/!   < 1*,-  5 Q 8N. .  XZI/5*[Y #:27 P*  5*:/&      G-.%HE  1 6G#( >:  5 Q   >G: 

  ![D-2   04    % 6    . 5*: % /2+ D7  =8 U /-672=R6   MN *:  5 =O ![D-     424 >: 0*N=\   .567 5.6W >: /2/!    U  BG$*K 

        'M( % 0).27 >E*]  1*M;@ F;*4 % >D- 2E F;*4=P*           .2^ 5 2GY4 )5*G:%. 8G<*J !;*K L%5 >: H9#I  G/8 . *G<U@/V 

    >"C  L 2W/XY %5 ?   -  B$*K . 6< R*S   *9- % >9E2^ /T *<U@ /V  *N? XRD  1*,-      Y,G4 )8#N.=B  )5*G:%.  ? 

 .567 U*E/2/!  *N*<. 5. ? *W =/O  24 < Q 8C*: . '7 P*_;=8?:         056G- 5*DGY-  0`*9DG/27 %2Y=< 0`*9D/27%27*<

!=M'/% 0?%58=D7 .  

B' (&$B'"4C:.567 /2/0!-.%HE  08<*J !;*K H9#I Q.  

1- #04=0  

   Q/*=M=GGC \GG=724 ? 5 . QGG"=[a !GG/2/.56718O5Si4Al2)Mg,Fe (    Q-*GG7 FGG/ bGGc % 5. % 8GGC*: QGG<

6#=<6;@   =#< P*Y='=I Q< &/H      >: !"=[a 5. >7 8C*:    Q< !E*/ P58-  .6C]1[ .      !G/2/.567 ? 2: >7 ?2+/. `6<2E

   Q< 5 2c ).*d9I  .56<    8#N.2SiO5.3O2Al2.MgO2          >GI &9D=I ?*NU*E O/29M3< U  QY/ eHJ >7 !I      Q/*G4

3O2Al-2SiO-MgO   Q< ?8#: >f[a   .6C]2[ .F=< 2I    >: Q9/2/.567 ?*N      Q45 2K g*D[-  \/2] O9C . !'( 

          ?. \/2] 0Q^.56h 2: 2: 5. .*/U Q/*=M=C P%*f< H=- % &7               i6GC 2G: 2: 5. j*G: !G<%*f< % O=/*GW F/29Y; 

      8G-5 . ?.*G/U ?*GN.2:5*7 Q45 2K .          QG#=k U  8G#45*[( 1@ ?*GN.2:5*7 U  QGh2:         5. ).*d9GI  0QGY/29Y;  ?*GN

!D=;*4*7             0 6N Q^.6;@ `29#7 56l#< >: B=:6<64  U%H^  ?56[-U >-j ?*NI   ̀ 8[< 5. ).*d9    QG45 2K ?*N   ? 2G:  

   )567 0?U*^ O=:564 ?*N5646<             ).*G< 1 6G#( >G: ).*d9GI  0Q9"#G$ ?*GN         >9DG: 5. U*G=- .56G< ?      ?*GN ?8G#:

C6W 0QY=-%29Y; V < 29D: % P H'E ?%5 U 8^2/. ?*NbM9S< ?*N5 8)2=m % ]1[.  

    ?*<. 5. !/2/.567°C1460         ̂ *- 56a >: 0b/*< ?*NU*E % !/j6< B=Y,4 *:   Q< n%o Q-*3  .6C .Q'W  p56<   ?*N

Q< 2==_4 2/U P56$ >: q'9r< ?*N*<. 5. !/2/.567 8#7:  

  !-            Q/*<. ).%8s< 5. b/2I 56'[4 U  >7 `*-6^ H+N 15*f4 *: !/2/.5671000   *4 °C1300  Q< .6J6:     % 8/@

!I  1@ 5 8/*W t6-. 

  "-         2/U ?*<. 5. >7 F=[<%5645%  5*9h*I *: !/2/.567°C 950    QG< B=Y,G4           ?*G<. *G4 % .6GC°C1350 

!I  5 8/*W. 

  µ- ?*<. 2/U F=[<%5645%  5*9h*I *: % !I  5 8/*W*- !;*K >7 !/2/.567°C925.5 . .6J% .]3%2[  

 ).%8s< !/2/.567          )8M( PuY,< U  QY/ >7 0.5 . QY/5*: 29#/U ?      F=< 2I 8=;64 5. 1@ ?     Q9/2/.56G7 ?*N

Q<  8C*: .     6v*7 U  >7 Q9/2/.567 5.6W wux<           1@ !rW ).%8s< 0!I  )8C >=34 *Y='=I % F;*4 0O;10   *4 °C 20 

Q< A*DK 5*=D: 18C 29#/U ?*<. >: !/2/.567 B=Y,4 Q#"/ 0!I  8C*:.]4[  

 1*,- P*f=fs4   !I  ). . ]6 % 5[           >#=,=: ?*<. >: 0H=k 2N U  B[c Qyh Q45 2K g*D[-  \/2]       18GC 29#/U ?

 .5 . Q+9D: .       2^  >7 !I  Q#"< O/8: O/   O=/*W 18C 29#/U            1 HG=< >: !/2/.567 0.6C R*S-  >#=3: ?*<. U  24

U  24j*: z#/29#/U BM( 2^  H=- % 8C 8N 6r- 8=;64 QE*7   >G: !/2/.567 U  ?2/.*f< 0.2=^ P56$ >#=3: ?*<.

   P*Y='=I % !/j6< U*E                     2={|G4 1@ QGyh QG45 2K g*DG[-  \/2G] 2: % 8C 8#N 6h B/8[4 5 8/*W*- &/H=#< ?*N
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<  !C }^ 8N 6h Qd# .>:             BI % 8<*J !;*K L%5 %. U  !/2/.567 H9#I ? 2: `6M"< 56a-      Q< ).*d9I  `~   .6C

   BI L%5 5. >7-     n6m2< `6�s< >: `~       .2G7 &=N 6h  8=W !I. ?24 ]8%7%3[ .       Q9"#G$ ?*GN.2:5*7 5. *G< 

V=:        Q< ).*d9I  8<*J !;*K L%5 U  24         =D7  0&/H=#< 8=D7  ?*N5.6W 1@ 5. >7 .6C     *: 16Y='=I % 0R6=#=<6;@ 8

        Q< 29#/U Q$6�r: ?*<. *4 % >9,^ g6'r< &N        >=;%  . 6< U  >Y#/  */ % 8-6C    Q< ).*d9I  ?        56Ga >: >7 ..2^

 A5 % F;*4 8#-*< Q"=[aB<*C 3O2 Al% 2 SiO % MgO8#C*:  ]10%9[>=;%  . 6< U  Qh2:    >G: H9#I 5. >7 ? 

      56< 16^*-6^ Pj*f< 5. 8<*J !;*K L%5   >9E2^ 5 2c QI52: .    U  8#45*[( !I ) :q;  (     % *Y='=GI 0F;*4 0O=;6v*7

*#=<6;@ ]11[) n (   !=#=;6v*7 % &/H=#< P*[=724 ]12[) � ( P*Y='=I6#=<6;@ >,=C         0O=;6v*G7 0Q7*Gh Q/*G='c ?*N

 % *#=<6;@ !/H=#<]13[) . (L  ?uE % )8C >#=D'7 ?*#=<6;@ 0F;*4 ]14[) ) (^ % !=#=;6v*7 A5 0F;*4 !=DG[= 

]15[) % (    &/H=#< 8=D7  % F;*4 0O=;6v*7 ]16[) U (          !=;6=ZGI % 5*ZGI8'E 0*Y='=GI 0O=;6v*G7 0FG;*4 ]17[   % )� (

F;*4 % O=;6v*7 ]18[.  

     >: !/2/.567 H9#I >;*f< O/  5.        >9E2^ 5 2c QI52: .56< 08<*J !;*K L%5  !I  .       2G+/. 5*: % 1*M;@ F;*4 5*[Y/

  >: 0>D- 2E F;*4    D- 2E A5 )%u(         )8C ).*d9I  0H9#I >=;%  . 6< 1 6#( >: *#=<6;@ % >  8-  .       2G{  0�G=fs4 >G< .  5.

             ). . 5 2c QI52: .56< 01@ ?U*E `6s4 % !/2/.567 B=Y,4 ?*<. 2:  5 Q-.%HE           8=DG7  % &/5*G: P*#:27 U  % 

 2N R6=-672/U                 G;6E56< % B=Y,G4 ?*<. % ).2: )23: Q-.%HE  1 6#( >: 0>-*^ 8J P56$ >: R 87   F=< 2GI ?~6

B=Y,4 )8C >D/*f< &N *: 0!;*K 2N 5. )8C !I .  

2- -B$D (&E8&0?F  

2-1- G8:8*7H' IJKL  

       BYC 5. Q'M( 5*7 q'9r< BK 2< F=4*MC 5 .6M-)1 (1*,-  ). .  )8C  !I  . >=;%  . 6<      )8GC n*Gr9-  ?    OG/  5. 

8#9DN 2/U >9I. %. B<*C >;*f<:  

)q;  (*#=<6;@ % >D- 2E A5 01*M;@ F;*4  

)n (E F;*4*#=<6;@ % >D- 2E A5 0>D- 2  

  
 !" 1-  !"# $%&'"()*+", $!- .+/01 23%41 5  



 

 

41

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

14
  
)2
3
4)
5 

13
8

7
 

#$%& 1- -4  )6!7# )")!589:% &%'1 ); <=># =&!?/@%   

>*&0 MH!  2SiO 3O2Al MgO 3O2Fe CaO 2TiO  O2Na+O2K 

1*M;@ F;*4  61,75  1,02  30,35  0,82  0,73  0,02  0,06  

>D- 2E F;*4  47,3  8,7  32,66  1,9  0  0,18  0  

>D- 2E A5  48,09  36,13  0,26  1,6  0,44  1,86  0,02  

*#=<6;@  0,2  99,96  0  0,02  0  0,007  0,1  

  >9I. g6'r< 5.6W    ?)q; (  0CG    >9I. g6'r< 5.6W %     ?)n(  0CF  )8C ?5 }+<*-   8-  .     F;*4 U  P*[=724 O/  5.

         >: A5 U  % &/H=#< 8=D7  >/}_4 b[#< 1 6#( >:     O=<|4  b[#< 56l#<  )8##7     . &=D='=I 8=D7  ?   ).*d9I  g6'r< 5

)8/.2^  !I  .      5. . 6< O/  Q/*=M=C \=724 )5*MC `%8J  ? )1 ( !I  )8<@ .           *G: >G=;%  . 6G<  89:  >9I. %. 2N 5.

   ?29<6=769I  ![D-2SiO5.3O2Al2.MgO2     8$5. *: XZI % >[I*s<          . 6G< U  Q�Gr,< Q-U% ?*N  0>G=;% 

  Q#"/46/36   >D- 2E F;*4   057      % >D- 2E A5 56/6     *G#=<6;@     g6G'r< 5.CF   % 073/40      01*GM;@ FG;*4 

15/44      % >D- 2E A5 12/15      g6'r< 5. *#=<6;@ CG  0 8-8C g6'r< )`%8J2 (  .56G< . 6<     ) 2GMN ).*d9GI  

         8-8C O+MN % )8/.2^ g6'r< &N *: wu<*7 2yf< n@ . ).*<@ . 6<       F,h U  XW 0)8C  18C>:      ?5.6GW P56G$

    % 8-8C ).5%@5.  *: 5   g6'r< 2yf< n@     XZI %      V< *: F;  U 60   8-8C ). . 56[(  . !I8: 5.6W      !Gs4 )8G<@

 F4 A2W   >: ?56s<   �2c P56$    ?*N6    2yc *: Q<2^mm15           P5 2GK >GJ5. 5. XZGI % 8GC ).5%@5.     ?*GN

1200   % 1300 % °C1400     1. .*<2^ !(2I *: 0°C/min 10     ?5 83+- 1*<U % 2        &M/H7*G< ?*G<. 5. !(*GI 

 8-8C !rW .�2c   !rW ?*N     \=424 >:  5 )8C CG12  0CG13  0CG14  0CF12  0CF13 %  CF14  ?5 }^87 

).6M-P*,/*<U@ !s4 %   XRDB=Y,4 ?*NU*E O=="4 ? 2:   ?5*9h*I H/5 QI52: % )8CSEM) Cambridge 

S360 ( 8#9E2^ 5 2c .    V/*<U@ R*S-  !3JSEM0  >-6M- Q<*M4   V=;6W *N            *G: F/56v6'E%58G=N 8=GI  5. % )8GC

 !l'm5 -8C �  8.  

#$%& 2-@A'14B )C' 9:% &%'1);D'+01 $& =># =&!?/@%  !E 

  !"#$CF)%&' ()*&+(   !"#$CG) %&' ()*&+( 

 !
"#$
% 
&

'()
  

 !
"#$
% *

+
  

(,-
./
'0

  1
(2
'0 
&

'()
  

 !
"#$
% *

+
  

(,-
./
'0

  

36,46  57  6,56  40,73  44,15  15,12  

2-2- ,-./012 3.&4 51672  

3 425'#+/678 9:; <"8=>%# 1#/,?  @ AB+(@ C(,@$D = E/-"/D$B3 F-!D# 3#FB8$G H8(I67# $B:  

)J'# (   K/LM. +8CG          N(OFP+8 +8 <"8=>%# 1#/,?  @ E/-"/D$B3 F-!D# 3#   <"3=2   Q4  = 6  H8(I67#   H8/2" 

K/LM. = R7F@ N(O  @ HF.0  S-)$)CGZ2 Q  CGZ4= CGZ6F"FT N+#UGFD .  

)V (   K/LM. +8CF         +8 <"8=>%# 1#/,?  @ AB+(@ C(,@$D 3#      <W"3= N(OFWP+82   Q4  = 6   6W7#   H8$WD H8(I  = 

K/LM. R7F@ N(O  @ HF.0  S-)$)CFB2 Q  CFB4=CFB6F"FT N+#UGFD .  

            FT E(X"#  6TUG Y#=+ 9:; RMZ = *$Z = (O+8/Z 18$D K/LM. C(-L2? .Y=F[)3 (    W"/2" N+#UWGFD     +8 (WO

<. 1(\" #+ JL6M. N(O(.8 FO8.  

    C(\B(.30 R]) >-" HFT H8(.0 N(O  "/2"XRD = SEM   (WO3(% <B(W7(,T RW^[  4-_\W) N    <W7+$@ = HFWT

F,6%$G +#$` Q+(6a(7>B+.  
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 !"# 3-  !"#$%&'( )*+ &'(',-  - .$/ 0123 &'($4 - '5 6 7812, &9-6:;! <=6'>1,   

1400  1300  1200  

     (.8 

            °CFP+8  

             <"8=>%#   

CGZ2-14  CGZ2-13  CGZ2-12  

CFB2-14  CFB2-13  CFB2-12  
2%  

CGZ4-14  CGZ4-13  CGZ4-12 

CFB4-14  CFB4-13  CFB4-12  
4%  

CGZ6-14  CGZ6-13  CGZ6-12  

CFB6-14  CFB6-13  CFB6-12  
6%  

2-3- 8*2/ 9!": 5+  !+&$ ;6<:6=$ >/?  

<,5B b#$@  c@#+ 9:; $@ d_B# /)$Z e#$Z N/f'#:  

)1(                                          ! sin.2dn "  

 <. 4_T         c@#+ gB# +8  D 8$-G!    =$% /)$Z h/. Y/;   QN8d        = b#$W@ C(]IP g-@  LP(%         /W)$Z g-W@  W@=#3 

<. 1(\" #+ $i"8+/.  ]IP = N8=$% FO8 .  

        R7# 8$%  @ $j],. QS-D$) $O d_B# /)$Z e#$Z N/f'# .       g-W-5) <LWP# kFWO Q<X,W7 e#$WZ lB(W.30 +8

 B=#3  ]IP  LP(% 18$D mM\. dn7 = &-Z $O  @ K/@$. N(O  <2)# N(O)+#Fo.d (<. FT(@ .  

 %$; 3#         $B3 <B(.8 H8=F]. +8 HFT 4-_\) RB$B8+/D <950          &W-:.=+/)+=# +(6a(W7 N#+#8 8#$WG <6"(7  [+8 

       N(.8 () +(6a(7 gB#  D R7#°C1350    F"(. <. +#FB(Z >-"  .           W"/2" 3# E#FWD $O +8 d_B# /)$Z e#$Z N/f'#    (WO

&-Z    D N/` N(O    1(\" p/q=  @ #+ RB$B8+/  <.          N/` &-Z  7  @ QC(:7(]. +8  D FO8  R7# 3(-" .     W@  [/)(@ 

 b#$@  c@#++#Fo.d V()3(@ C(]IP g-@  LP(%  @ K/@$.  c@#+  @  [/) (@ >-" = H8$D  :7(]. #+    b#$W@ HF,,D

<,5B Q T/G R7#+  _:T R@#/r =:  

)2(                           2

1

2

2

2

2

2

2

)(
1

c

l

b

k

a

h

d
##"  

dBF"# g6T#8 R78 +8 >-" =  C(]IP $L-. N(O) hkl(BdBF"#    C+(WD N=+ 3#  D  ]IP $L-. N(O  - !$9'1?@!

  AB*B- C% <. mM\.  8/T(Q         D FTFO#/a 4-_\) Y/^X.  7 =  '8(5.  7  <.   1#/)  10  L-7/@     _:T R@#/r 

       8/2"  :7(]. HFT >6,7 RB$B8+/D +(6a(7 +8 #+ .    R7#+ +(6a(7 N#+#8 RB+8+/D 1/s        AWXt dWZ QR7#  T/G

$; 3# >-" 10 Ft#= Y/L7 _:T R@#/r V$q 9B <.  :7(]. Q$fBF_B +8 10 N 88$G.  

3- 6@-ABC=+ /   

3-1- 6@-AB!DE2 F >2&G XRD  

4_T  (ON) 2 (  ())5 ( )$)  @-S   3(W% Cu/]) N 8+/D B$ WBR             W"8=>%# +/vWt 1=FW@ 1(W2'0 &W'() 3# 4WP(t <Q 

8+/DB$BR         W"8=>%# H=wW5@ 1(2'0 &'() (@ HFT >6,7 <  !WD# -F 3 B"/D$ W-E/   W@      +#FWo.2   Q4    = 6  # Q  N(W.8 3  

C° 1200 () C°1400   . 1(\" #+ < FO8 .4_T  (ON) 6 (  ())9 ("->  )$)  @ -S   Cu/]) 3(%N 8+/D B$BR   4WP(t 

     "8=>%# +/vt 1=F@  !"#$% &'() 3#<Q 8+/D B$BR          W"8=>%# H=wW5@  !W"#$% &'() (@ HFT >6,7 <    +(W@ C(W,@$D BA 

 @     +#FWo.2   Q4    = 6!Q   N(W.8 3#  C°1200    (W) C°1400  W. <  F,WT(@ .   H+(2WT   C+(WDPCPDF 8+/D B$ WBR  

0303-12 . < FT(@   Z 1(_. = -& 100  =+$@ 10 N   +/]. 2   QB,5< Z  W-&  >D(W.BA2 8+/D B$ WBR    +8 Q8+#F"(6W7# 

49/28.  [+8 < FT(@ .Z =8-&/` N8 B$f)$)  @ -S +8 35/10 = 71/21 +/]. $@  [+8 2 F"+#8 +#$` .  
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$%& 2- D'; =ECFG&- C% B*BA HI'G D! .-'>1@! '5 

J -  - K'LIM= !*N 0 '(&7812,   

$%& 3- D'; =ECFG&- C% B*BA HI'G D! .-'>1@! '5 

O%! '5 6 K'LIMP$D B9C%*PQC 2   -   

= !*N 0J - '(&7812,   

  

  

    
$%& 4-   HI'G D! .-'>1@! '5 AB*B- C% &D'; =ECFG

 QCP9C%*BD $PO%! '5 6 K'LIM4   -   

= !*N 0J - 7812, &'(  

  

$%& 5- ECFG= AB*B- C% &D';  '5I'G D! .-'>1@! H

 QCP9C%*BD $PO%! '5 6 K'LIM6   -   

= !*N 0J - 7812, &'(  
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$%& 6-  HI'G D! .-'>1@! '5 AB*B- C% &D'; =ECFG

= !*N 0J -  - 0O9!*; 7812, &'(  

  

$%& 7-  HI'G D! .-'>1@! '5 AB*B- C% &D'; =ECFG

='R5*% '5 6 0O9!*; SB '52 = !*N 0J -  -  7812, &'(  

  

  

  

   
$%& 8-  !"!#$%& '()* +,%-. /0). (1 2#)3451 )6 

+)76"& )6 8 9:;1"* <!$)64 +$1"= 9>$# $#  ?@4AB ')C  

  

 !" 9-  8 9:;1"* /0). (1 2#)3451 )6  !"!#$%& '()* D%-.

+)76"& )6 <!$)66 +$1"= 9>$# $#  ?@4AB ')C  
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    ! "#$%! "& '()*+,-            ./0 .1+2345 6+,78 97+: ;5 <=1'(& >3?4 @5AB "&  !+C?- 1(0      @(D 9EF "4 G<45

    @+!1 '1 1(H(!°C1200 I °C 1300       ./0 1+= 9EF "4 AB   G1'5/*+345 <=A=1'(&  ! JK)?!  /0+B     "LB "H(:+B I 

 9EF M/0      NEOP: <=A=1'(& 65>E! Q=A3PEB G+-        1I/$ @+!1 '1 5' ./0°C 1300       @+-+!1 "B Q3R' +B I "3051 

       ! S& <=A=1'(& ;+R 65>E! ;5 A:T+B  1(0 .    A=; /EU&5 61(,* "R+V5 +B         >3?L4 @+L!1 G L*1I>R5 65(?W "B X(E*(&
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CG13  7204/9  9643/16  3265/9 9/1537  06/1  

CG14  6895/9  1098/17  2800/9 5/1538  02/1  

CGZ2-12 7634/9  7416/16  3474/9 9/1527  70/1  

CGZ2-13  7146/9  2495/17  2950/9 6/1557  20/0  

CGZ2-14  7702/9  1365/17  2680/9 7/1551  17/0  

CGZ4-12  7484/9  0767/172920/9 8/1546  49/0  

CGZ4-13  8427/9  0160/17  2480/9 9/1548  36/0  

CGZ4-14  7064/9  5904/17  2492/9 2/1579  59/1  

CGZ6-12  7162/9  1663/17  2954/9 4/1550  26/0  
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CFB6-14  6588/9  1338/17  3640/9 7/1549  30/0  
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