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 !" #!$%&'( )*+ +, -!./0 12/!324( 5 !" 6!78'( '9:  

+:,+;8 <2=!$%&'( >!?=   

 !"#! $%&'(1)*+#&," -(./*  (20"#123 4567 -1   

1
  !"#$ %!&'()*+*),$ -./0 1 2,34 !5)1 678.+$9 )*):; %8<'()*   
2

  !"#$ %!&'()*+*),$ =34 ->?@A +BC"D %8<'()*  

dr_kaveh_arzani@yahoo.com  

89:;$:                     1 EB'FG H,F( H8IF&() H* J9BFK) L48M N9 @O 1 +A8P Q8CR SK)* H* TAH* U8V W8BI?@P *8X?) 

                 *1H +F$ H8YFA EFMZ6( [F(H *8X?) S$84 - \]  H* +08$ *8X?) @M %194 .           !FAH 1 S6&'F0 %,F/( EFCR8]$ )^FR

W8BI?@P                *8_BF ) *H,F$ E6R1) *),$ @6`80 1 8V W8BI?@P UH,( H8BaH ECR8]$ -Q8CR H* 8V       U)H)* Q8FCR TK8F  H* %

  T ) +()1)@a T6YV) .                    N),F"4 EFM U1H !6IFP) H*,FO 8FM H,M @b"4 U185 T(H8cI()@0 E?8O T?@a d6./0 e?) H*

        UZB"  U1H 78&636  W8BI?@P *8X?) +3D) S$84)T6Y3?1 (               @F`) 1 TFa@G H)@Ff %*8_BF ) *H,F$ EF?8O Q8CR H*

       : T6(8Y63P1 =?Z6"$ -=6I()@B ) - =?H8M U8V 78"M@P          TFAH* U8FV W8BIF?@P *8X?) H* N8X() W8BIF?@P1@P8$ (

          Ta@G H)@f + H@M *H,$ %!A EBgO Q8CR \]  H* U1H 78&636   .            U8FV W8BIF?@P !FAH EFP *)* N8'F( h?8B(

     U8$* H* U1H 78&636 1010  +R) C 1180               i,Fa U8F$* H* Q8FCR \]F  N*@P *@  E&?H,]M -T'G j1@A

  W8BI?@P1@&6$ *8X?) L48M  !A 8V .CR8]$              !FAH - Q8CR \]  H* +08$ kl  =?H8M 78"M@P *,Y( mg'$ i,a 78

                 **@G +$ N*@P *@  eYn 8V N; @6o&01  8V W8BI?@P 1@&6$ *8X?) :) p(8$ 1 8V W8BI?@P .   =6IF()@B ) 78"M@P

                *,A +$ N*@P *@  eYn 8V W8BI?@P 1@&6$ *8X?) S$841 W8BI?@P !AH -Q8CR \]  H* +08$ kl .  78F"M@P

  $ kl  =?Z6"$                @F6o&01 8V W8BI?@P 1@&6$ *8X?) S$84 1 =P)@B$ U8V W8BI?@P *8X?) -Q8CR \]  +?8l?:1 +08

       **@G +$ N*@P *@  eYn 8V N; k 8"$ .    =6I3P 7)@M q? N8X(: T6(8Y63P-  T ) =?Z6"$  .   H,M H)!.$ r?)Za)

            !AH N8&$) 1 Q)^$ :8a EB?:,&I?1 N!A =P L48M E?8O Q8CR k6P@0 H*     8V W8BI?@P @B'6M  *,FA +$ .  r?)ZFa)

                       1 !FV* +F$ N8'F( 8FV W8BIF?@P !FAH H* +_"$ @6`80 E?8O Q8CR k6P@0 H* =?Z6"$ 1 =6I3P H)!.$    j,FYX$ H*

!?8Y( +$ +a@C$ 78$ Q8CR !6R,0 H* k 8"$8( %*8$ q? N),"4 EM )H N8X(: T6(8Y63P .  

)' <&=>980: T6Y3?1 -U1H!6IP) -H,( H8I&() -W8BI?@P 1@&6$ -W8BI?@P1@P8$.  

1- ?78@7  

  )1 @s( :)t  Q8CR -+ 8"A %     J8_A U) E'6A u*8$ EM ) T(H8cI()@01
(  H!P 8? ) qO1)2

(         !F"?)@a +Fv EFP !F"?,G +$

   EM TgO   *8X?) H,s"$+Gw?1    SF6lf :) +?8V :                 1 TFM,vH @FM)@M H* U@?^FO x,F_(  2!F4 1 +?8Fl?: ...   \]F  H*

E(!M         T$8gn EM +'A,O S&A EM +&6$)@  U8V15/0   80 4/0  6lIy @BY636$         *8FX?) EF(!M \]F  EFM %!   %!FA

T )]1[.          UH!P T34 )H 2Z6(8&$ H8#y N),0 +$ +3P H,v EM3
   *@P +a@C$ Q8CR  .        H,zF5 :) +FA8( UH!FP So$

        r?)!{ :) +A8( UH!P -Q8CR H* 8V E()* [(H         Q8CR +"<YV 2!4 :) +A8( UH!P -Q8CR H* U:8a UH!P1   +A8( 

  8V:8G H,z5 :) H*  Q8CR  .   Q8CR UH!P 2Z6(8&$ H* U8V          W8BIF?@P N!FA )!F{ :) UH!P -e6R8BI?@P      28F<"V 8FV

   *,A +$ *8X?) !?@l0.    e?) U)@M            +R8BIF?@P U8V E(),{ 80 *@P =V)@a )H +08(8&$) !?8M H,s"$      *,F{1 EFM U*8F?:

!"?; . e6"y q?     7)Hx :) UH,3l0  n 8M qy,P        1 \n)1 U:8a U8V:@$ *8X?) L48M *8?: TI&A k?@   1 mg'$

   +$ H,( TK),"&? p?:,0 *,A .         M -|1H e?) H* Q8CR N*@P H!P U)@M }?)@A e?@B#M   %:)!() N*H1; T * E  k 8"$ 

   p?:,0 1  R8BI?@P 7)Hx k 8"$ T ) +                 SFD85 kF 8"$ !F?@l0 T4@F  1 Q)^F$ T6R86  -k6P@0 d?@v :) EP

+$ *,A ]2[.   W8BI?@P @G) e6"~YV    -%!A *8X?) U8V                  TYF  EFM SF/$ N; :) 1 EBIF&A )H Q)^F$ E6R1) \] 

                                                     
1 
Transparent  

2
 Opaque 

3 
opacity 
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E?� SK)*!(,A +$ Q8CR +{H8K \]  N!A 78$ EM @X"$ -!"P !AH ]3. [  

2- 0AB  <&*>&C7  

   Q80:8M -8V h" 9{ H*          **@FG +$ U@6G %:)!() rM80 E?1): N8YV T/0 H,(  .         7!FA U1H @FM EFP +?8FVH,BP8a

Q80:8M$ + 8&C() �    TIF&A k?@Fn 1 \]F  +a8FD -!(@` H,F(   !"BIFV Q8FCR  ]1 .[     +M8FCR \]F  H* +FBf1

W8BI?@P    rgO 8V      Q8CR �)Z{) e6M +3K)* :@$ -!"A8M %!A      Q8F0:8M H8Fy* !(),0 +$          Q8FCR +08F$ LF48M1 !(,FA 

+$  **@G . Q80:8M e?)    8M +'"P)@O   W8BI?@P E&(; �@a          !(,'( H1* S&A U) %@P TR85 :) 8V    U8F$ UH,�0 } ,0

 *,A +$ El 8/$]1 [. H*rM80 @`) H* -Q8CR UH!P TR85 e?)    ; *H,FK@M �FX6B( H* H,F( TI&A 1   7)Hx 8FM N

      !?; +$ *,{,M Q8CR H* *,{,$ %!"P)@O .  W8BI?@P     Q)^$ *),$ :) !"(),0 +$ 8V )  +&6B6"6P UH,�0 �8 )@M (    :) 8? 1 

 !(,A EBK8  8V:8G +B5 -8V W,3/$]4 [ .W8BI?@P *8X?)    !FA8M +F$ +F(: EF(),{ �8 ) @M 28I{) H*  ]5[ .  H*

        T ) Nt1@BV j,( :) +(: E(),{ +&6$)@  U8V Q8CR .H*                !F$8{ \]F  U1H @FM EF(),{ -Nt1@FBV +F(: EF(),{ 

           **@G +$ S6&'0 *,A +$ %!(),K E?8O @?: 28( EM EP +{H8K .       !A8M J@� U8V %H),?* T ) e&Y$ E?8O@?: e?) .

  S&A1             U!$8{ \]  U1H @M EP !V* +$ N8'( )H U) %Hx )E?8O@?: (           S6&'F0 TF ) pFf)1 p?8F$ SK)* H* EP

 T ) %!?*@G .E?1): ! EM  0 E?1):   T ) 2, ,$ �8Y .�066          i,Fa %Hx S6&'F0 @F`)H* *):; Ut@F() 7)@     �8F ) @FM 

E]M)H >?@C0 U)  T ) %!A]4 [.   

  
 !" 1-   !" #$% &'"( &)*+ ,-". /. 01 2$+*3 0)*4 2(/ 56 2/786 #/9 ,:;<=]1[   

2-1- D7!2E7 FG&H#1 AI2<&7 J&*> (>&.5,A'   

2-1-1-  0%# <&:9)9H K&.5,A')0L.MH F9/),%(  

U1H 78&636  U8V W8BI?@P UZB"  )6Y3?1T4 ( )H!FV,l$H UH8BK8  �8/R :)WW5  !"BIFV ]6 [  FM Q8FCR H* 1  8

R8BI?@P S&A +$@V p].$ EM E{,0   !F(H)* )H U*8F?: +R,v !AH !V* +$ S6&'0 EP +) FAS&2 .(   W8BIF?@P

 U1H 78&636         H* )^R !"P +$ !AH +B5)H EM N,y      W8BI?@P q? 78$ Q8CR *8X?)       !F?; +F$ H8Y'M Q,3]$  . H*

 U8V Q8CR  &636  U185     W8BI?@P -U1H 78          -!"BIV )H)* +R,v @V 8M )H !AH T63M8f 8V     q? 8#(; +n@4 !AH 8$)

T$8gn =V*:)1*T ) N8I() U,$ .  

                                                     
4
 Willmit Zn2SiO4 

 5
 Rhombohedral 
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 !" 2-   :>8)( ?*@A)51]6 [  

2-1-2-  NH&M7 ? 8O  

    �@v U1H @M E(!M [(H     W8BI?@P *8X?) :) SD85 U8V         TF ) H)^FG @F`) Q8CR H* .         !FAH E3FD85 78F6M@X0 8FM 

  W8BI?@P  1H @M 8V    A EBK8  U8V E(!M U              +F$ +bFR8K8( U)H)* U8FV E(!M :) @B#M -mR8K E6R1) *),$ :) %!    !FA8M

]4[ .      P !".a),$ EB&( e?) 8M ea SV) e?@Bl 8"$ E              F @O EF(!M e6R8BIF?@P Q8FCR W8FY4) U)@FM EF(!M    !Ff8a +(9

   T ) +<(H U8V +bR8K8( .            T ) E()* TAH* +?8"6$,R; 8? +I636  *),$ *,{1 T6YV) Z�85 EB&(    !F"(),0 +$ EP

            M L48M 1 !(,A 8VH,3M +(: E(),{ j1@A �8.( E(!M \]  U1H H*      W8BIF?@P U*8?: @?*8.$ N!$; *,{1 E  !F(*@G   

] 7[.   

2-1-3- 1 D9:P+ Q!LR! $8MS  

    BC81  D*E /. *F G*HD   ,+*% CD*@A)51 0)*4 2  )5I 6
         25JK). CL.(MI" ."7+ ( *;:8:! B2(/ $:A1"B

8I 2*F$:A1" ( *F N*O651 P" C-56 ,Q+  (  2M .....$%*6 C+ ]4 [.  

2-1-4- FTU  

                        H* EFP TFA)* EF{,0 !F?8M 8F$) !"BIFV @F0 k 8"$ +&?@B&R) U8V %H,P +V8<'?8$:; U8V TI0 28X() U)@M

%H,P          $@f [(H *8X?) !"(8$ +X?8B( EM N),0 +$ U:8G U8V     Ta8? T * Q8CR H* +I$ Z .   W8BIF?@P N,Fy    H* 8FV

Q8CR         * TR85 EM N!A *@  %H1* H* e6R8BI?@P U8V              eF?) H* 8F$* W@FB"P +<(,F<y )^R -!(,A +$ @6o&0 Z?H E() 

      W8BI?@P !AH +<(,<y 1 N)Z6$ H* %*1!/$  ( 8V    *H)* +?)Z  EM r. .   W8BI?@P -�8M U8$* H*      !F(H)* SF?8Y0 8V 

 7):),$ EM 1 !(,A S&A +(:,  W8BI?@P -8$* rV8P     !F""P +F$ !F6R,0 +(,G8F(,G U8V S&A 8V .  7H,FD H*

      )H 8$* N),0 +$ S?8Y0        1 TA)* %8<( TM8` E].( q? H*R8BI?@P          s"F$ N; +F3K)* H8BK8  EP *H1; T !M )H + =

       ?8V W8BI?@P -8$* @66�0 8M 8? 1 T )+      *@FP !6R,0 SG S&A EM  . �9FP    W8BIF?@P          U8FV Q8FCR H* *,F{,$ U8FV

!""P +$ !AH N!A *@  %H1* H* e6R8BI?@P . TC6lv H* -E3�I$ e?)    *H)* *,F{1 +4,F( EFM Z6( 8$ J)@v)]8 [. 

"M     W8BI?@P !AH H* + 8 ) EB&( e?)@M8         P T ) U!5 80 N!A *@  !(1H W@B"P -8V       !FAH U)@M %),gR* }?)@A E

R8BI?@P*,A SD85 8#]9 [ .U@s( 78CR8]$ EM E{,0 8MH,3M N; H* EP 2:� U8$* h(H    H* U1H 78&636F  U8FV

R%*1!/$ H* !"?8Y( +$ !AH EM j1@A Q8C 101080 1180)@<6B(8  E{H* T ) EB'G +a@C$ * ]10 [ .  

3- 0&S F9>&*V(OAW+   

    d6./0 e?) H*     T(H8cI()@0 E?8O T?@a)J8_A (     8M H,M @b"4 U185    U1H !6IP) H*,O        +3FD) SF$84 N),F"4 EFM

      UZB"  U1H 78&636  W8BI?@P *8X?))T6Y3?1(   H*   E?8O   f %*8_B ) *H,$ Q8CR       78F"M@P @F`) 1 TFa@G H)@   U8FV 

                                                     
 6 

Frit  
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 !"#$7 
 %&'( ) *+,(8

 -*./ ) !9
 012 3*,#410

   5#6,7            8&9: ;#<= >?' "@ A2" B#C*0*'  D#&+!%1 EF" "@  @"G/ 

  3H%I "(%J K'"%$.    E,2" "@   2 KL,GLM 8<=#?/    $ N0&9/ %O#.P %Q(    -*=#R,S T2" 7( #RU7#H VG, 2 #U7#H W*CXY %

A%Z.P   (XRF)A7#H -*=#,S T2" 2 (XRD) 2 #U"G0$ 8<=#?/ 3[\ )  #RU D#&+R!%1 (   A"GR, ]GCR'2%C*/ 7(

(F ^@#_&'E.  

3-1-  !"# $  %&$' (')*   

   ̂EF `+1 B#Pab( c#'(%$           E!#$ d*=#&+!%1 ;#<= #$ 5@(@ eFG: `'#./ A#U 8,E$ )8<\(%/ 7(      5#RC/( Ef #Y 

                        B%R: A("(@ ) KY#R.$%1 B#Rg*1%Y ERJ#H 5#RC/( ERf #Y )dUS E*+1( 2  *,#&*Y B#g*1%Y EJ#H )E*_' 39: A("(@

        @ h$#./ 7( d*/#Y W$#J  ) d*i#: KY"(%f               "@ K<*R'2 3R9: j," ^@2Ek/ A("(@ #U 8,E$ `*1%Y VG.Y 30<$ 2 K0l(

  ^@2Ek/1190   #Y 1230   E.F#$ @(%L*&,#' 8\"@  .            A#RU W4<=("G&R'@ c#R'(%$ 7#*, @"G/ A#U 8,E$ d*/#Y 3[\

          m#R&!#[, 3XRI e!#R/7S 2 Kf(%b DG/%H d!E.M KU#LX!#/7S            #R$ `R'#./ n(GRl A("(@ KU#LXR!#/7S oR,E$

 7( KbG09/ #p'E0H           )5#R6,7 q!ER' B#pR'E0H )5#6*=@ q*'#&:2 q!E' B K0C=#R$  )^@#R$S      2 rgRb d=Gi#R1 

3XI Kf(%b 5(E4U r*0*' .D2E\ "@ ^E/S Ki#*4*F `*1%Y A("(@ VG46/ "@ 81 )1 (@G$ .  

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

#UE*+1( SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O SO3 L.O.I 

EO"@  42/72  75/16  40/0  16/0  60/0  22/0  89/2  75/3  17/0  42/2  

3-2-  +,- .,/&  

5GM       VG, 7( ^@#_&'( @"G/ 8,E$       @%$"#1 A#/@ 81 3'( s7t 3'( K,a'%:   3!%H    5S `R'#./      @2ERf "@ 1180 

  EF#$ @(%L*&,#' 8\"@ .  (u=        D2E\ "@ ^E/S `*1%Y #$ K&!%H 7(2 )      D2E\ "@ @(G/ -*=#,S #$3    3g+, #$    %RI7  KRH%</

   D2E\"@ ^EF4  E!@%I ^@#_&'(.      3l#' A(%$ 3!%H d!( 7(  ;#<= #$  8!#:`*1%Y #$ K!#[, 50 )3R!%H K,72  25 %

   E*+1( K,72 2 A2"25K,72 EO"@ EF ^@#_&'( -Y"(G1   . 8!#: ;#<= d!("%HG0*,  "/#, ^E*EF  .   K!#*4*RF -*=#R,S

D2E\ "@ 5S5D2E\ "@ 5S %I7 DG/%H 2 63'( ^EF 8i("( .  

 !"# 2-/01234 %5 67 8 #0!9 :. 67 ;%+ #<21= 6!>& #*-8? 7?.   

0'12'  
 q!"G$ E*'(

8*1%Y  

  *'#&: B(%&*,

K.*M  

 q!E' B#p'E0H

5#.4' q*'#&:  

  !E' B#.$%1

K.*M  

 B#.$%1

  *+01

7"@GL*=(  

 d=Gi#1

5#'(%l  

 r*0*'

5(E4U  

"34( 9/3  7/1  6/19  4/20  8/9  1/1  4/43  

 !"# 3- /012 '(!)*+ ,*-!$. .  

"%56'  Al2O3 B2O3 CaO K2O Na2O SiO2 

"34(  7/3  6/2  3/6  3/2  3/15  8/69  

 !"# 4- /012 1=@ A3412.  

7+89  

RO2  R2O3 RO/R2O 

3/0315 SiO2 0/9450  Al2O3 0/2932 CaO 

  0/0968 B2O3 0/0638 K2O 

  0/6431 Na2O 

                                                     
7
 Witherit BaCO3 

8
 Strontianit SrCO3 

9
 Magnesit MgCO3 

10
 Colemanit 2CaO.3B2O3.5H2O 
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 !"# 5-  #0!9 B!C- '(!*)*+ ,*-!$.)123D*$( 

"%56'  ZnO SiO2 Na2O K2O CaO B2O3 Al2O3 

"3 4(  25  8/59  7/7  15/1  17/3  32/1  86/1  

 !"# 6- 1=@ A3412  B!C-  #0!9 )123D*$( 

  +,- .,/& )89):%!(  

RO2  R2O3 RO/R2O 

1/981 SiO2 0/036 Al2O3 0/1130  CaO 

  0/037 B2O3 0/0240 K2O 

  0/2470 Na2O 

  0/6160 ZnO 

3-3-  7;-  

39: A(%$ d*gYS KC!%&C=( ^"G17(  DE/AHT 64-16  EF ^@#_&'(.  5GM8,E$ KY#.$%1 B#g*1%Y%: #U  aR' K,

#,   )@G$ -*M  8$ A7#*, (u=    @Gg, 8,E$ 5@%1 3!GC+*$  .     d!%R&[$ @#6!( 2 8,G4, 39: A(%$ Ki#/@ j," d!%&[$ d*<Y 

                  5(GR&$ 39: j," d!( 5EF v9X/ #$ #Y 3H%!u: B"GO w"-$ A#U D#&+!%12%1#/ 8$ K$#*&'@ 3[\ 86*&,

  5@%1  1 #$     A#/@ "@ 8<?J A"#IE,#/ 5(-*/       5@%1 @%' #$ #! 2 K!#[,      #R/@ "@ 8<?J m#&<H@ A     7( `R'#./   5(-R*/

      2 8&'#1 #U D#&+!%1 EF" x.*&0H yE!E:11
  E.1 "G[z .   (u=   e!#/%I 8/#,%$ )   WCF3 (     #RY ^"GR1)   A#R/@1180 

 @(%L*&,#' 8\"@      3H%!u: s#6,( #U 8,G4, 84U A(%$ .      2 TG/#l ^"G1 rp'       #R/@ #Y K/("S 8$ 8<?J     %R!7 A200 

   EF q.l @(%L*&,#' 8\"@ .  $ 8\GY #$    2 8,E$ 8  ;#<=  8!#:          #$ 3R9:  R!{" d!( )eU2|: d!( "@ ^@#_&'( @"G/  }RP

F w"-$ A#U D#&+!%1 2%1#/ @#6!(E.  

  
$%& 3- /E9 'FGF4 B!C- #0!9#$%& H86 1&  '$IJ19 . 

3-4- <=!  ,> ?,@5+86 "A4 8# B:@;* C,D%!($19'  

  ;#<= (E&$( "@   8!#:" %HG0*,"  7( r: ) D#4P(   8,E$ A2"  &9: 8 EF  .!#&,   /  8<=#?/ j  WCRF "@ A"G, ]GC'2%C*4  

,        K,7G' 3F"@ K=#&+!%1 A#U 8&'@ 81 E.U@ K/ 5#X    hR!7GY A("(@ WCF      ̀ R=#\ 5(ER.M 8R,  @GR$  .  KR'"%$

%!GZY     KX$2" K,2%&C=( ]GC'2%C*/(SEM)     WCF "@ ^E/S 5          3Rl(G.C! %R*~ h!7GY 2 EF" ^Gk, ^E.UE,#X, 

  3'( #U D#&+!%1 .      D#&+!%1 d!( A7#H "(@G4, K'"%$  #U !( �%</    A-&.' D#&+!%1 A@#!7 "(E�/ @#6 0!2   2 3*4

=S A#U D#&+!%1 K41 %!@#�/3*12) 3*g=S 13B("G$ K+01 2 14
 3'()WCF6.(   

                                                     
11

 Felting 
12

 Alit Ca3SiO5  
13

 Albit Na[AlSi3O8] 
14 

Calciborate CaBa2O4 
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$%& 4- -!<K01L H63$ M3>J81>*4 103NO H!P

Q"?7 H86 R!>*D*J B!C- #0!9 )123D*$( #<E9.  

$%& 5-   103NO(SEM)  H!S A!<K01L@?  TU)S!$

;%+ Q*>VO67  B!C- #0!9)123D*$ (#<E9.  

f      E,2" %$ E*+1( V(G,( %*Q#Y K'"%$ 3[ XY           5@2-H( 8$ s(EJ( ;#<= "@ D#&+!%1 EF" 2 W*C    K.*M  !"#$ B#.$%1

    nG0l #$ ^-*,2%C*/99%             nGR0l #R$ KR,(%!( ^-R*,2%C*/  *+R,(%&'( B#.$%1 )99%  )    !-R*./ B#R.$%1   KR.*M

    nG0l #$ ^-*,2%C*/5/99 %012 5#6,7 3*,#4   Ki#*4*F -*=#,S #$    D2E\ "@ ^E/S 7 "@   5#+C! �!(%F ) 5   ERO"@ 

K,72 (@GF K/ 8&l(@%: #[,S %*Q#Y 8$ j!#&, 34+J "@ 81 EF %HG0*, 8!#: ;#<= 8$.  

  
$%& 6- 6?73)$  (XRD)  B!C- #0!9)123D*$(<E9 # 

 !"# 7-  :!W$@ /*$!)*DL '0!*)*+ ,*-!$..  

"%56' E,!  B2O3 SiO2 Al2O3 CaO MgO L.O.I 

  !"#%  1/48%  2/3%  8/1%  8/12%  2/9%  9/24  

4- $%&' ( )*+,  

4-1-  -*"+' .+/'01  

 !"#             $%  &'()*)+ $', -'./012 34  56'7 18!*)9 :0'; <'=> ? @0 '7 &'A712 BCD      1EF GH G?12 ?1+ I>% 

                       ? J?!K7  F?!KL17 I7!KL IM'N OF PQ'# <'=> R'AST % B4F39 UV!2 $', -'./012 1)W(M % ?'X0F  ? I9F3AV

  P(47       IY01ZM I0'SAD [7  ? ', -'./012 X150 N   39!4 IN \3,'C .   '7 &'A712 ]!SXN  ?    P)>? :7 @0  I0'9F!M

0F% ?'0O $', :9F!^ ?'X  '/(9F _01T G?!7 F F? ?O'+ IN F  UV!2 $', !*7 $%'# &'N <'=> `'7  !9.      
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 !" 7-  !"#$%& #'()*+,-(./ *-(0 1($2+34  5'+6)#7(.%0  ( "08"97:; 5  ;0<"='-+/ >+?/#@ AB -8. 

4-2-  -23$40,54 .+/'01  

F    56'7 @)/9F1.+F 3)/2            -'./012 34  $F17 F  BQ18 % 34 <FaN O'8 :.0O!(/0% b,'2   ?'KX0F 'K,     ?% ?1K2 

   >'./012 34  G'(NF :X).9'c                @,F1K8 3K9?!7 \F1S, UV!2 $', -'./012 ?'X0F '7 G34 ?1+ Id :2 e [7 $

34 .BCD <'=> _+'AN IM'N 56'7  ', -'./012 1)W(M  ) P(48.(  

  
 !" 8-  1($!"#$%& #'() 2+34 *+,-(./ *-(0 5'+6)#7(.%0( ;08"97: "5=%C0:#D!: >+?/#@ ;0<" AB -8   

4-3- .+/'01*62/7  -  

d        'f.9F ghL 17 b0'NOH i0F I  -'./012',j  I              ? :2 $F :9!D :7 34 P)(CM ?'0O @2F1M '7 k+!.N \OF39F  ?

 P(49?!4 IN \3,'CN  .S9 \!*^ 'Y0O % &'N 56'7 G34 ?1+ iST ', -'./012 1)W(M34 GH G?!.    

4-4- 81 92$+: ;+<$=  

        -'./012 P)(CM Bc^  ?  !7 &'Y)21M G!V', <'=>  ?3)lN 4'7 IN % 3A $%  3)/2F OF 3=7    bKZ9 i01.CK)7

   OF  !7 J39 F? F  *2   B)9'S )2CaO.3B2O3.5H2O (   B+F i)N'M P7'm .   G'X9O B)9'S*2     i0F  ?  !7 \3AA2 i)N'M

 ?!7 n)ZoM.   4F? :^!M 30'7  *2 :2 B  B)9'SG'X9O          BK+F @0[K)AN @)/K*2 &F17 U0   % PN'K4     :L'K410O I9'K2 

*2  B)+F !7% 3), p'A7 B)9'S15
 B+F  ]11[ .    FaK>                <H  ? GH IY/K9 -hKo9F p3K6 BK)9'S*2 OF \?'l.K+F i/K#

                                                     
15 

Hydroboracite MgCa[B3O4(OH)3]2 3H2O  
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IN  7 34'7       B8  IN  'f.9F   !7 1qA6 r2h8 B)Q'L :7 :^!M ' :2 :.0O!(/0% b,'2 56'7 B)9'S*2  % ??1KD 

 34  G'(NF  ', -'./012      ?!4 1M B#F. G?%[8F B)9'S*2     :7 G'X9O<'=>    :K0'; " 18!K*)9"        3K4  5K6'7 F3K.7F  ? 

 >'./012 IY/9c         34 :NF?F  ? 'c9H 34  sm!M % ')  P(410 .(             'K7 :Kt7F   ? GF!KM IN F  ', -'./012 34  ]%14

                   '7 :t7F   ? GF!M IN F  <'=> i0F  ? ', -'./012 34  sm!M % :0'; <'=> _)21M  ?  !7 b0F[8F     F3KZN b0F[8F

GF!A6 @0[)AN % @)/*212 GF!A6 <'=> B),'N 17 ', GH 1)E'M % ?   .  

    
 !" 9-  !"#$%& #'()*+,-(./ *-(0 1($2+34  

5'+6 )#7(.%0( "08"97: ; 5AB -8 ;0<" ='9%?& >+?/#@ .  

 !" 10- !"#$%& #'() *+,-(./ *-(0 1($ 2+34 

5'+6)#7(.%0(  "08"97:;  5 AB -8.@ ;0+@ ;0<"  E%0+F

G+H0<.  

5- >02? @<2,$  

                        $F F? J @K2 PKu*uM 'K7 I9hK+1; BKu; 3)l+ :937 Jn)ZoM i0F  ? i)>'./012 <'=> -'S6F _+'AN :937

:9F? ?!7 -!Ym P7'm I()9'(N vF!L '7 Jr)*)+ % 'A)N!>H B4 ? $',.  

                             ?'KX0F :K7  ?'Km _K+'AN 3)/K2F !"# G%3K7 % I0'KcAM :K7   !K7 1qKA6 $!K.oN i)>'./012 <'=> :0';

0','./0123A./)9 _+'AN w0O!M % \OF39F '7 I.  

  30'S9 IN _+'AN &'N % B4 ? $'c>'./012 ?'X0F @0 '7 &'A712.  

  ?O'+ IN @,F18 F  'c>'./012 34  BQ18 % \34 <FaN :.0O!(/0% b,'2 56'7 @)/9F1.+F &'A712 .  

        ?!4 IN 'c>'./012 34  56'7 @0[)AN &'A712 .         K, :9F? P(4 :7 G34 ?1+ Id 'c>'./012 i0F   UKV!2 $'

3A0'S9 IN ', -'./012 <!L w0O!M '7 'Y0O % &'N <'=> ?'X0F % \34 1)W(M.  

               ?!4 IN <'=>  ? @0[)AN % @)/*2 J !7 1qA6  F3ZN b0F[8F 56'7 G'X9O B)9'S*2 .    % @)/*2  F3ZN b0F[8F

      F3D1EF OF $1)D!*^ 56'7 _)21M  ? @0[)ANO        [)>'./012 B61+ :X).9  ?% ??1D IN  !7 1qA6 $ %H G!)+F

3,? IN b,'2 F .  
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