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 ! "#$%%"&"! %'( ") *+,-./0(-1 2$3, 4 5"+67$ *68 

9%:;-<$". %="+67$4"> *68. (1 %?+@  

 PbO-BaO-TiO2-B2O3-SiO2  

 !"#$%&  '()*(+,!+- .+/#0 1*!23(+4 "5+! 1"64 6 74 " 8+-$9:; 19< "= >:?#9  

  !"#$ % &'( )*+,- ./0 1-234 15 )%16   

S_Golezardi@yahoo.com  

@6AA"BC :  7.88/9:; <883= >88?  188@  /A BaO7 188B /7*CD*885>. E F88D % G1CHI  /88HJK 883L, – 

4 1532 *MG1CHI %1? / 8HJ (PT) PbTiO3. 5 7 83&CN PbO-BaO-TiO2-SiO2-B2O3  .7F84 

571BJ   !5  LC?16 7 1O  .NP 3Q 7*B /&  .*<4 *B /1 5  R10  %15  IF4 Q$7. J  K LB  83L, *S  8/L    Q8K ).%>8?   .

L-FT- *MG K 3L,- 4 15 32 :; ! 'T( 3U* 7 1V ;J        7 % Q8K LCD*85 )QK W1C#P / 7*CD*85>    E F8D % 

.G 1CHI /88HJ88571B .7F884 *88X-Y J!88?16 7 188O  . 188BG88571B J7 R7F88'Z; 7*88C?7 /7*CD*885> E F88D % 

.G 1CHI /HJ#H; [  32  *8MG XRD
1
 RDTA

2
 RSEM

3
 RICP % LCRmeter  Q8K ).*\C85   .  =8Z]

*C-/^ XRD *M[*? G    Q4*_ WF':4 PT  *M[*? % G ̀  31 1? 1CHI %/ 8HJ Pb2SiO4   % BaTi(BO3)2  7. 

  a*T;L-FT- *MG 'T( 3U* ;7 1V J  %*V )QK G NP  3Q 7*B /&  H,8; 3b    !85  )Q8K  . *8C-/^ XRD   0*,8- 

4J     >?  *B LP QM./A 4 30 > NP  3Q 7*B /&  5 7.  83R&CN  4 18B  830 >   [*8? 7F8'Z; BaTi(BO3)2  ).%>8?   

4J   #cTM % .FK39   H,; 1@  7. 3b     Q84*_ WF':4 PT   %Ba 6 1C;  I*8-F3CJ    AM*8P / L8C?*     dZ85 L8P 

7eS AM*P/5 >30F1f AM*P % /dgShF\- /1G. G1CHI  /HJ4 J ..16. 

1- D46E4  

L,3K -      J'S Q4*_ 2/ 234 15 W*CN/1P   G7F'B Q#i */              b8$*V L,83K )Q8K W1C#P 7F'Z; =/1] [  LP !5  

J4 .FK .   R. F4 [  )%16 9/     234 15 E FD )Q#M. Q-F3S                L,83K .18? L8B 1j8:#4 E F8D *8B )QK 1C#/[ G*M 

#CNMQ           ).*4 2/ 7. L_F; dI*_ % k'Cl4 U*3$FjD )Q##P 0*3B LP  J4   Q#K*B .   RL3X; L5%1S 0.FB ).*5   mF8#; 

  !3'B*O % U*Z3P1;    % 7*CD*5>/7 =3O. W1C#P         !8/>4 [  EFj8l4 G*M7*CD*85>/7 .*n/          7. L8_F; b8B*O G*8M

    234 15 L,3K !D*5 % JV 1]  J4 *M        E FD LB JB*3C5. 7. JTX4 A<- LP QK*B  7. oF'p4    J/*X- WFj:4

 J4 *\/ Q#P]1%2[ .   !/>4 [  JM*6Y *B       L,3K L_F; bB*O G*M–          !D*85 q%7 [  ).*\C5  % U*<3<:; *M 234 15 

G.-        L,3K GrFIF#H; L/*S 1B *M 2/1CHI  –        !85  L8C?16 7 1O L_F; .7F4 234 15 .  0[*8D     JH34 185 G*8M

             [  A3B *X-Y L-s*5 t1j4 LP Q#CNM U*"pO 9/  [  JTX4 AlB300   !5  L"pO .7*3'34 .    !38$*D k,P *B

     &/7*B U*-*C3; 7. LC3N/1CHI %1?    LM. 7. o15 U*-*C3; % 1940 LB R      18C67>B J8H/1CHI  G. !B F@    0[*8D 7.    *8M

 Q#C?*/ !5. .                   G*8M7*B >8P 14 07*8<; aQ8( [  JK*- J; h JH/1CHI  G*M JZpO %. .F_% R2/1CHI %1? . F4 7.

       AZpO u(*B QV % WF'5 7. J\#4 % !Zv4J4 *X-Y 7*CD*5 7. G.FD LB .FD  ..16 .    L8B .F8D AZ8pO *B =]*#4

          .FK J4 )Q34*- 0*4*5 RE*D JH/1CHI  J6Q3ZpO !X_ 2/ % G.FD .   . F4 7. G7F'B Q#i      98/  [  G15 2/ R

   JSFH5%1H34 JV F-)0*4*5  JH/1CHI %1? G*M (               J8ZpO %. R*8X-Y [  a Q8P 18M 0%7. 7. L8P Q-7 . .F_%    7. *8M

$*D G7F'B U*X_).1P G136 !X_ J Q-  . . F4 7. 9/ 1B*#BG7F'B Q#i!5  1\$ 1B 1B Q#/ 1B AZpO R]3[.  

        G7F'B 0*TCD*5 Ro15 U*-*C3; % &/7*B U*-*C3; ). F-*D 7.    !5  !/*H5%1S 7*CD*5 2/  .  J4 J; h AZpO   Q8- F;

                                                           
1
 X-Ray Diffraction analysis 

2
 Differential Thermal Analysis 

3
 Scanning Electron Microscope 
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7.          QK*B LCK . .F_% 7*CD*5 9/  G*MQV % WF'5 [  a QP 1M . 0*4*5 7*CD*5  1CHI %1? G*M  234 185 JH/   G*8M

   J4 )Q3c3S w*CZN- J;*-*C3; QK*B .J571B              [  JP*V )QK a*n-  &/7*B U*-*C3; )QK 1C#/[ 7*CD*5>/7 G%7 1B LP J/*M

            G7FP G*4. JI FV 7. ).*4 9/  QV % WF'5 7*CD*5 7. G.*"B  U 133x; mFO% °C)123= (Tc  QK*B J4  .   W*85 7.

1950  o15 U*-*C3;  (PbTiO3)   3ZK G7*CD*5 *B  LB L BaTiO3             L8P Q8K J8?1"4 J8H/1CHI %1? ).*84 0 F#( LB

    0Y G7FP G*4.493   !5  . 1+3C-*5 L_7.  .          7 28/1CHI  7*S J8Z"H4 !/*H5%1S 7*CD*5 G7FP G*4. Gs*B 7.

       J4 G7FP G*4. 1/[ LB JCO% % !5 7 .        .FK J4 b/QZ; 2/1CHI %1? W*-F6 1C; [*? LB Q57 .    LHZ8K 7. y*8_F( R 

   B U*-*C3; LB L3ZK     !5  0Y [  1C,3B *4  &/7*.       WF841? *8B *MQ3NP  [  G7*3NB ABO3    %1S 7*CD*85 G 7 .  !/*H85

J4                    28/1CHI %1? Q8#-*4 J8H3#H; G*8M.1B7*P !8X_ JZ85*#4 b3N8-*CS GQ3NP  . F4 L-F6 9/  LP Q#K*B   R*8M

!N3I*;*P     Q-7 . *M*-*571B  % *M7FN#5 R*M .        !5  L3I%  d"H4 2/ U7F$ LB !/*H5%1S J'P 7*CD*5   0F3;*P LP 

A  >P14 7.      % d"H4 9/  0F3;*P   G*MB 7.  LKF6              )F8_% >8P14 7. !5  0z3NP  d'`  LP 0F3-Y % d"H4 G*M

   !5  LC?16 7 1O d"H4 .   .Q( 9CK . *B 7*CD*5 J+/*NTM 6    0F3;*P G 1B B    .Q( % J+/*NTM 12    0F3;*8P G 1B 

A  J4 7 Q/*S  QK*B .  bHK1       J4 0*,-  7 !/*H5%1S 7*CD*5 [  JH3;*TK QM. .   m*"K !ZN- LP J4*+#M   J-F/ G*M

          J4 .*n/  y*_F(  LHZK 7. d'`  RQK*B LCK . GQ/QK teCD  7*CD*5        J8X_% !,M R!3"f% 9/  7. LP .FK 

BO6 m*"K teCD  b/Q"; G 1B J4 Ac3S 7*i. J-F/ G*M .FK]4.[  

  
 !" 1 -  !"# $%&'()*"+ ,'-.')  :/01 234 $567891 :'; :/01  <=>9 5>70'9 :';)B( ?) $ :/01 :';  

 "-@, 3 5>70'9 )A] (4.[  

              Q-F8K JM. !X_ RJ_7*D JH/1CHI  0 Q34 2/ {5F; Q#- F; J4 93#cTM JH/1CHI %1? G*M 0*4*5 .  W*8T( 

          J4 0 Q34 !X_ 7. AZpO G*M L\IF4 A/ >?  dZ5 J_7*D 0 Q34 .FK .7.       Q8/QS*- J; h AZpO G7FP G*4. 

J4 .FK .        J4 RJH/1CHI  G1/gShF\- G%7 J_7*D 0 Q34 13@*; *B *4       *;  7 AZpO 0 F;50  C-*5 L_7.    1;s*8B . 1+3

!K . G7FP G*4. [ ]3[.  

2/1CHI  G. !B*@ RJI*T(  0 Q34 A/ >?  *B ( P /  E)J4 A/ >?   QCB  7.     &X85 A/ >8?  *B 0Y [  |S RQB*/

 JZpO %.          J4 m*ZK  !I*V LB !/*X- 7. % LC?*/ AM*P R*M Q57 .        !8B*@ AM*8P u(*B 93#cTM |-*P1? A/ >? 

G.  J4 2/1CHI  ..16 .      JZpO %. 0QK LCl3+- 1B RU7F$ 9/  7.          13D*8; L8B |-*P1? A/ >?  *B RJH/1CHI  G*M

J4 QC? ]5.[            !3TM  >}*V 7*3NB b4*P % ~/15 &P 1; LB 0Q357 RJH3-%1CHI  U*"pO 7.        [  J8H/ )[%184  % !5  

q%7 0.1B 7*P LB b/s. 9/1CTX4        oF8'p4 &P 18; L8B 0Q3857 RU*8"pO 9/  Q3IF; 7. 234 15 8 L,3K G*M

J4 QK*B]6.[    0F/ LP *n-Y [  Pb
2+               7.  7 J8TX4 A8<- R!85  J/s*8B J8-%1CHI  G1/g8S AZpO !3'B*O G 7 . 

     Q#-*4 G7*n; 2/1CHI %1? . F4 [  G7*3NB Pb(Zr1/2Ti1/2) %  PbTiO3   % PbNb2O6   % Pb5Ge3O11    7 . J4   Q8K*B

       L�?*V % 2/1CHI %1/*S G*M1+NV 13�- J/*M.1B7*P G 7 . LP    J4 7 1? 13` G*M   Q#K*B]7[.      [  Q8/Q_ )%16 2/
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     L,3K a*- *B . F4– 234 15      t*\K 2/1CHI %1? G*M(TFGCs)
1          L8C?16 7 18O =83<:; % Q83IF; .7F4      L8P Q8- 

J4     . bHK J-*5Y LB Q#- F;                   R7F8- 1B 1B 7. JpD 13` U 1@  b3I. LB % Q-FK )Q3,P t*3I  U7F$ LB */ % )QK ). 

  LC?*/ JH3CS %1CHI  G*M.1B7*P Q-  .       L,3K 9/  G7F- E FD % JH/1CHI  G. E FD-  234 185       [  U%*8\C4 *8M

               !N83I*CN/1P )[ Q8-  [  J"B*8; % ).FB 2I*B U7F$ LB *X-Y JH/1CHI %1? G*M[*? E FD     L8#34[ 7. *8M   L,83K 

J4   QK*B]8%9[.    JC/*H5%1S o15 U*-*C3; 7F'Z; W1C#P (PbTiO3)   {5F; 7*B 93I%   � [18M 
2

   JPFC85  % 3
 ]1[  7. 

 W*51960&CN35 7.  SiO2 - Al2O3 – TiO2 - PbO QK q7 >6 .  98/  Rs*B 2/1CHI  G. !B*@ 9CK . dZ5 LB

L,3K- 234 15          .*X#,3S 0[*D 7. 2/1CHI  G. . F4 G*M.1B7*P !X_ *M Q-QK  .   W*5 7.1965    7F8'Z; Q8#/ 1?  

PbTio3      {5F; *M L,3K 7.bK 74
  0%161B % 5

 ]1[    !?16 7 1O L"I*p4 .7F4 .      1] [  J-[ L- F_ .*n/  LB *X-Y  =8/

  L,3K [*? A/ Q_-   Q-.1B JS L,3K . FBFPFP6
      W*5 7. A- 7*HTM %1969          |�85 % L,83K b3H,8; G%7 1B 

&CN35 7. R7F'Z; W1C#P SiO2 – Al2O3 – TiO2 - PbOQ-. . a*n-  J;*<3<:; . G. E FD W1C#P *X-Y  JH/1CHI 

L,3K- 234 15    G*MPbTiO3          L,3K !D*5 LB =?F4 % ). . 7 1O J571B .7F4  7 - 234 15       [*8? 7 Q<4 *B J/*M

G7F'B PbTiO3       Q-QK s*B 2/1CHI  G. !B*@ *B s*B .    2/1CHI  G. !B*@ 9/1C,3B 400-500  )[ Q-  G 1B    G*8M

G7F'B µm15/0 *;  µm25/0  Q4Y !5QB  .    L,3K !D*5 G 1B .7%*C5. 9/ - 234 15          E F8D *8B t*\8K G*8M

  B AlBQ/F- JH3CS %1CHI .F]1%10[.   .7 >/  % 9T5 16 
7

   L,3K 0F4 13S J;s*<4 -      J8H/1CHI %1? G*8M 234 15 

&CN35 7. PbO – BaO – TiO2 – B2O3          �I*8D [*8? 7F�8V .F8D U*8<3<:; 7. % Q8-.FB )Q-*857 �*8i L8B 

;    [*? 0 F#( LB  7 o15 U*-*C3; W*-F6 1CJ'$ L,3K -    WF8':4 [*8? 7F�8V LH3I*V 7. Q-.1P q7 >6 234 15 

Q4*_ (Pb, Ba)TiO3 7F�8V =/Qj; G 1B J"]*O b3I. JI% !?7 J4 7*�C-  &CN35 7.  PbTiO3   *8/ % �I*8D 

Q4*_ WF':4 (Pb, Ba)TiO3  !K Q- .F_%]11%12[.   

      ? b3H,; =3<:; 9/  a*n-  [  tQM     L,3K q%7 LB oF'p4 JH/1CHI %1? G*M[*-      1833x; 1@  J571B % 234 15

3P1;8  C?7 1B d8 'Z; 7*8     CHI  G. E F8D % 7F8 8/18  ,83K JH8L-58 834 18 ? G*XH8I %18 8/1CH8  5 7. JH8 CN838 &

PbO-BaO-TiO2-B2O3-SiO2 J4 QK*B .L-FT-  L,3K G*M-        J;7 1V U*3'T( !:; k'Cl4 U*Z3P1; *B 234 15 

   N35 7. )QK W1C#P                 L8C?16 7 1O J571B .7F4 *X-Y JH/1CHI  G. E FD % 7F'Z; 7*C?7 % )QK LCD*5 R7FPg4 &C

!5 .  

2-  !"#$% &'()* +#,  

                   !"#$ % &'( )#*#+,- % &'( )#*#+,- ./0! &1234 .5!'+567%'8 9#:;#8 <$ <=1- #$ >(#/4 <,6%7 ?714 &#@+*7

     A8'B )"1C ;#( <D,E F,GH7 % .      I;#( <D,E 9#:F,GH7 J#,4 ;7             +GK,( LK!7 97'K$ M,2,K( % "1K$ F,GH7

FE &#@+*7.  9N#$ O12P 97"7? <,6%7 ?714 <Q:99.5 FC"? F/E#$ .4. ?714;7 F/-"#RS <,6%7  :  

  K,*#+,- F,GKH7K  (TiO2 , Merck 1.00808)   "1K$ F,GKH%"F,: I(H3BO3 , Merck 1.00162)   &'K( F,GKH7 I

(Pb3O4 , Merck 6080) I  !"#$ )#/$'H)BaCO3 , Merck  1714(     9N#K$ O1K2P #K$ J7'R+K( M,2,( % 99 

FC"?.  

     AT? #$ ;#,* ?"14 <,6%7 ?714 01/0         F*FE U12@4 ./,V J%#: "? % WFE L!;1- X'B  .         YK! <K$ .$#,+K(? ;7 MKZ

         % WFE <+@!" .!#/,416[ <-1$ "? \18 ?714 IAP71/5! U12@4   .!#/,416[ ]1Z"? W7'Q:    "7'KT .K5!'+567 W"1H "? 

                                                           
1
 Transparent Ferroelectric Glass-Ceramics 

2
 Herczog 

3
 Stooky 

4
 Russell 

5
 Bergeron 

6
 Kokubo 

7
 Grossman, Isard 
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 F*FE W?7? .  <*1Q*     L,$ 9#4? "? #:1360   #- 1380            )F4 <$ #4? L!7 "? % WFE &%^ ?7'_,+*#( <="? 20   <K`,T? 

  F*FE <+E7? <_*.        "? aKC#b 9#: &7c4 Md(                 F*FKE ?'K( ;1GK* ?N1K8 M/K= ;7 a5KE a,3+GK4 .R6#KT. 

<*1Q*             )FK4 <$ >6#T ;7 e%'P ;7 F0$ 97 <D,E 9#:1       9#K4? "? AS#K( 400        F*FKE aK,*[ ?7'_,+*#K( <K="?  .

<03T   <D,E ;7 .!#:             YK67 ;7 % WFE &#,([ ./,V J%#: f(1- WF4[ A(? <$ 9#:    gK4 9#K: 35-30    gK4 %

270        h!" 9F/$ <*7? %? % WFE W?7? "1RS  )  '!;53   J%'5,4  (    AKE"? %)mm 6/0- 5/0 (  <DK,E ;7     \1K8 9#K:

 FE <,i- .            <D,E j#`+*7 9#4? L,,0- I<D,E k2+@4 )#R,H'- .-"7'b "#+8" .("'$ 97'$(Tg) - I   X'* 9#4? L,,0

 .BF*1E(Ts) <DK,E "12R- 9#4? L,,0- % (Tc)     .K-"7'b h,6#K*[ W#_+K(? ;7 STA 1400 polymer labratories 

 FE W?#l+(7 .      #l6[ W?#l+(7 ?"14 m='4 W?#4– Al2O3   <-1$ M/= %     ?1$ L,-nZ ;7 #: .    <K*1Q* g!#K4'B AS'(   #K:

10      FKE &#@+*7 <`,T? '$ ?7'_,+*#( <="?.      KC#b o!#K+* pKRq    7'b h,6#K*7 ;7 a         9%" 'K$ .K-"7'b )#K,2QS I.K-"

<*1Q*           FE X#r*7 71: 'lGQ-7 #$ % .5!'+567 W"1H f(1- \18 9#: .           #K! Y! )"1C <$ % Y6#$ a5E <$ #: <*1Q*

 <2b'4 %?    F*FE .-"7'b )#,2QS 97 .         f(% 9#4? 97 <2b'4 %? .-"7'b )#,2QS "?Tg   % Ts       9#K4? J71K/S <K$ 

FE <+8'B 's* "? .*; <*71=.  

    <D,E J?1$ t'4[ .("'$ 97'$               ]7'Z W#_+(? ;7 .-"7'b )#,2QS ;7 F0$ <+8#! "12R- 9#:;#8 h,6#*[ L,/uQ: % #:

 <0E7 o/(x (JEOL – JDX – 8030) #$ M4 v4N (  kacu = 1.5405)%  a5,* '+2,8FE W?#l+(7 .  

           <D,E "? L!"12$ 9#:;#8 9w1618'4 % #: <D,E 9;#8 g!7F= .("'$ Ai=  #,2QS 9#:        <K$ % WFKE .K-"7'b )

                  x15K(%'5,4 W#_+K(? ;7 .-"7'b )#,2QS ;7 F0$ % aRT <D,E k2+@4 )#R,H'- 9"#+P#(h!" .("'$ .2H "1q

.*%'+567.D$%"  PHILIPS – XL30 <$ hir4 EDSFE W?#l+(7 . <*1Q* (1- 7F+$7 Y6#$ 9#:   .GKH1Z7 LK!;" f

    Md( % WFE ?'( A*#4  W?#R/( #$  9#: 600-1200   FE W?; W?#R/(      W?"1P g,61Z yn4#H y#+!#i* % W     .z3K( #K- 

    <*1Q* 97'$ .2`,C % t#C   ?1E aC#b #:. <*1Q*     U12@4 #$ #:HF    As2{ #$ %5   % HNO3      AKs2{ #K$ %5   <K$ 

 )F450F*FE W?7? gE1Z nq ;7 .H;#* <!N f(1- Md( % F*FE |7 <,*#} .   

     Y,/5- ;7 W?#l+(7 #$ICP         E <+P#( <D,E "? "1$ % &'( ',@R- J7h,4     FK4[ A(? <$ WF.       "7FK`4 L,K,0- AKi=

.5!'+567 9? 9'!cZ ^1l* >!'~  r  .K5!'+567 9? )#Kl2- %  tan !  W#_+K(? ;7 LCR METER LCR – 800 

SERIES (GW  InsTek
R
)FE W?#l+(7  .<*1Q* a,3+G4 a5E <$ #:  A4#@~ <$ % 3.5  #K- 4.5 'K+Q,2,4   ]'K$ 

  W?"1P         7? .z3( % WFE g,61Z yn4#H <*1Q* �3( %? %W'!   '3T #$ 97 5/0      9%" 'K$ '+Q,+*#(    �3K( <K*1Q*   #K:

 nq �;#* <!N Y! f(1-F*FE 9"7cB AH#+/H W'`* ',QP %.  

 r  %tan !<*1Q* % <!#Z <D,E "?  FE .-"7'b )#,2QS 9#: M*#H'8 "? % f,z4 9#4? "? W100 KHz % 1KHz 

 w#+6% Az-1 A6% W;7F*7 FE 9',B.  

3- -.' / 01#23  

  #_D!#4;[ XFT L,6%7     <D,E <,i- "? .:– Y,47'(   #:    <D,E AP#( I >(#/4 <!#Z .4  FE#$.    <,6%7 >,H'- &#@+*7 

           .4 )"1C ;#( <D,E F,GH7 % &1234 .5!'+567%'8 9#:;#8 <$ <=1- #$  ?',B .      <DK,E 9#:F,GH7 �1* % FC"?

                        .$#,+K(? tFK: #K$ <DK,E <5RE "? "1Hc4  +G,( "? ?1=14 9#:F,GH7 ;7 Y! ': g`* <$ <=1- #$ ;#(  <K$

     A(7 WF!?'B &#@+*7 >(#/4 <!#Z <D,E .         <DK,E <5RE <$ .$#,+(? 97'$ ;#( <D,E F,GH7 "1�b    9"%'K~ 97

       +G,( "? #i*[ 9N#$ '!?#`4 #47 W?1$   .4 .5!'+567%'8 9#:             "? % &1234#K* 9#K:;#8 "1K2R- >K,{'- �S#$ F*71-

??'B .!#i* O71P k,0�- <r,+* . I"1s/4 L!7 <$ >,H'-C1)  j%F=1 (? <HJ[ " I ARGK* .61K4  PbO: TiO2 

'$7'$ 1:1 .4        FE k!'0- <,6%7 >,H'- J71/S <$ IFE#$ .      aC#b &7c4 <H FE WF:#D4  ?'( ;7 MZ  JFKE  "1K2R+4  

     ?"7F* 97 <D,E A6#b % WFE.               W?1K$ >K,H'- ',,�- <$ ;#,* 97 <D,E Y6#$ J?"%[ A(? <$ 97'$ MZ     ARGK* % 

 .614PbO/TiO2  >,H'- "? C1<$  25/1 I5/1 I75/1 % 2FE W?7? ',,�-  .   &%^ ;7 WFK4[ AK(? <K$ o!#+*   9#K:
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         H ?1$ J[ ;7 .H#b k2+@4 )#R,H'- L!7 <$ U1$'4  <  97'$ARG*   9#:PbO/TiO2    ;7 '+QH 2       WFKE <K,i- <K*F$ I

 <D,E A6#b   97      <*F$ "? "12R- ;7 .-7'}7 % <+E7F*    .4  DV <$ #:        ARG* 97'$ <H .!#= #- ?"1PPbO/TiO2   'K$7'$ 

  #$2I  '4 &7c4      >,H'- L!7 <$ U1$)>,H'- C5 "? j%F=1 (   �K*" ?"; AKP71/5! <DK,E <$ IJFE?'( ;7 MZ % 

t'4[ )    AT? Fb "?XRD(  FE a!FR- .  <D,E "?      #K$ 9;#K( <D,E <$ a!#Q- g!7h87 I ,*#+,- % &'( 9%#b 9#:

                 "1�b #$ "12R- % .*; <*71= A,2$#T g!7h87 #$ .8'q ;7 M,2,( "#/H "? &'( "1�bTi   _!? t'q ;7    A$#T" <$ '

 ?;7?'Z .4 .            ARG* g:#H #$ I&'( F,GH7 F!FE ',@R- '}7 <$ <=1- #$PbO/TiO2)     ;7 '+QH <$2(   F,GH7 "1�b I

       F*1,Z .!#`67 '}7 ?#r!7 % M,2,( "#/H "? &'(Si-O-Pb      <DK,E <K$ aK!#Q- <Kr,+* "? % <K+8#! g:#KH    9;#K(

 .4 g:#H F$#! . .8'q ;7  <D,E "?               <K$ .H#P .!#,2T % .!#,2T 'C#/S ./0! W?1$ 9F,(7 >,H'- 97"7? <H .!#:

 WF/:? J71/S           IF*"7F* ?1=%  +G,( "? .8#H "7F`4 <$ J�,GH7 9#:Si   I B %  Ti         <K$ J�,GKH7 J?"%[ AK(F$ "? 

 .4 A$#T"        .*1! J7F,4 )"FT J1V % F*;7?'ZTi +QH.4 '  IFE#$TiO2   % aK!#-%" )"1KC <$ >2{7 % WFE &12�4 

.4 "12R+4 ;#-#*[ ??'B]13[.  >,H'- L!7'$#/$ C5     FKH % FKE <K+8'B 'Ks* "? <!#Z �D,E J71/S <$B0    J[ 97'K$

F!?'B &#@+*7.  j%F= p$#342 J?%h87 #$ I BaO I<!#Z <D,E >,H'- <$ <D,E FE <+P#( k2+@4 9#:F*.  

 !"# 1 -   !"# $%&'() *+,' -./0' 1&234"5 6%&7 6839 :%&3;39 <34"5 =&0/>!  

  

 !"# 2 -4"5 ?%+&# @3A4!  B&C  &D 6839 :%&3;39 <3 

  

  
$%& 2 -  &D,EF! XRD6839 B 6%&7 6839    B&C  &D5 %(B5) G10%(B10) B 15%(B15)?%+&# @3A4! .  
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   a5E "?2   "7?1Q* XRD      <D,E % <!#Z <D,E <$ U1$'4            AK(7 WFKE W?"%[  !"#K$ F,GKH7 9%#b 9#: .  WF:#DK4

.4 <D,E <H ?1E  AT? Fb "? aC#b 9#:XRD .4 t'4[ F/E#$.  

            Y,/5- ;7 W?#l+(7 #$ "1$ F,GH7 % &'( F,GH7 ',@R- "7F`4ICP     '$7'$ >,-'- <$ %43   % %19.31   FK4[ A(? <$ .

 ARG* g!7h87 #$ I&'( F!FE ',@R- '}7 mT7% "? L!7'$#/$PbO: TiO2  AK(7 WFKE J7'R= >,H'- "?  .  a5KE3 

 <D,E % <!#Z <D,E "#+P#(h!" '!1�- #D* 7"  !"#$ F,GH7 9%#b 9#:.4 J F:? .    .!#KQ/B"h$ <K$ <K=1- #K$   9#K:

  '!%#�-SEM  .4 WF:#D4      <D,E "? <H ?1E   <!#Z #8 g!7F=       W?#K+87 \#Kl-7 9%'H a5E <$ 9;      g!7FK= LK!7 % 

    (#,`4 "? % F!FE 9;#8     A(7 WFE ?#r!7 �"h$ y#+RG* . .          <DK,E "#+P#K( hK!" '!1�K- <$ <=1- #$ B5   WF:#DK4 I

.4      "? <H ?1E   9;#8 g!7F= I<D,E L!7  1C <$  9%'H )" )   FE % .*; <*71= (%           "? <K!#Z <DK,E #K$ <GK!#`4 "? 

     A(7 W?#+87 \#l-7 h!" "#,G$ �#,`4 .     .*1! J7F,4 )"FT (Z/a
2
)     J1! ?"14 "? Ba

2+      J1K! 'K_!? <$ ARG*    9#K:

    A(7 '+QH  +G,( "? ?1=14 .J1!   9#:Si
4+   % B

3+   % Ti
4+    L,/uQ: % Pb

2+      .Ki=% "#KiV a,5D- 97'$    9#K:

   H7 <$ ;#,* "7F!#Z    J1,-#H L!7 % F*"7? J�,G  J�,GH7 I#:      ;7 7" X;N 9#:BaO  .4 A8#!"?  F//H .   "1�b "?BaO  <$ 

  WF//H 7F:7 J71/S    .i=%"#iV y#-FQS IJ�,GH7 9   9#:SiO4   % BO4      J[ ;7 F0$ % TiO4   % PbO4     FK:71P a,5DK- 

FE]13[.    >,-'- L!F$BaO       <$ JF*#(" 9"#! p!'q ;7 J1,-#H    9#:      K$ .*1K! J7F,4 )"FT #$     >GKH 97'K$ '-N#

   &1234 ._!#GQ: ?FS4.4 9;#8 g!7F= a!F0- >=14 % W?'H YQH <D,E <5RE X#rG*7 <$   ?1KE.  #K47   #K$

   J7h,4 g!7h87BaO     <$  +G,( "? 10%   I.614         % WFE '-F!FE 9;#8 g!7F=  <+8#! g!7F= .b71*     <K$ ARGK* 

  <D,EB5       WFE '/B"h$ ?#0$7 97"7? % '- �~7%  F*7.  <D,E "? B15 !7F= I            ?#K0$7 #K$ % 9%'KH )"1KC <$ 9;#8 g

   <$ '+B"h$ �@D4 "1q     .4 WF!? <D,E J%"? "?  ?1E .           ?"1K4 "? WFKE X#Kr*7 9"#+P#(h!" )#06#34 #$ L!7'!#/$

<D,E    9%#b 9#:BaO  <r,+* L,/V I      g!7h87 <H FE 9',BBaO            g!7FK= g:#KH �KS#$ 7FK+$7 "?  +G,( "? 

        g!7h87 #$ #47 WFE <D,E .+P71/5! g!7h87 % 9;#8   "7F`4 BaO         ?%FKb <K$  +GK,( "? 10%  1K4     I'+DK,$ % .6

  g!7h87 #$ <=714         ?1$  ,:71P  +G,( "? J[ F!FD- % 9;#8 g!7F= .      +G,( L!7 "? Ba
2+      J1KB'B? J71K/S <$ 

         .*1! J7F,4 )"FT % W?'H aQS <5RE ;#(Z/(R+R0)
2     J[ "? <H z       % J1,-#KH "#K$ R   % Ro       �#0KE >K,-'- <K$ 

    .4 J�,GH7 �#0E % J1,-#H  #$FE .   J1! 97'$Ba
2+       J1,-#KH '_!? .*1! J7F,4 )"FT ;7          <5RKE "? ?1K=14 9#K:

          .+$#KT" J71K- g!7h87 ./04 <$ L!7 % W?1$ '+D,$ <D,EBa
2+       <K$ .$#,+K(? 97'K$ "1K$ %  ,GK,2,( aK$#`4 "? 

<!#GQ: A(7 9;#8 g!7F= <$ a!#Q- g!7h87 <r,+* "? % .*�,GH7 '+D,$ 9#:.  

  
$%& 3 -   "%B&H5SEM9 +&/I&JK%+ (!  683B0)  :%&;LM+K#2000( GB5)  :%&;LM+K#60000( GB10)  :%&;LM+K#

100000 ( BB15)  :%&;LM+K#100000 .(  



 

 

46

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

16
 2

 
17

  
)3
4
&5

 
8

7
 /
)6
7 2

 
8

8
 

 :5+!"C K3F&>) N%&/>)DTA(B 6%&7 6839   &D 6839 B15, B10, B5 OP9 +* 4QJ! R@9 R*+B)  .

6S3/>  &D $%&'() DTAR@LL4 T&3# 6%&7 6839  !"# SC +,.25 6# ?/A3J @%@9 O%&;5 QJ! :; .

)6>,;>  !"# +,.25 U37  &'* VW/I! +*,7  &D 5 Q9+* 6>!* B K%+ 6>!*:' "XY Z&2%"[ @9&#(.  

  
$%& 4 -   &D+!*,;> DTA6%&7 6839 )B0 ( Q9+*  @L# 6>!* &# )0.5-0.6 mm(   K%+ B ) "%(53TB"P3'  ( B

6839   &D B15, B10, B5Q9+*  @L# 6>!* &# . 

 \B@] +*36839 ^%! :%&'* 1&H08' QJ! R@9 R*+B) &D .  *,9 :' R@D&8' 64 +,_ T&;D

  &D :L`L'DTA^%! 6# a,#"'  <D,E  Y! 97"7? #:Y,Z<D,E <$ j#`+*7 <,b#* <$ U1$'4 ',B#4'B  %? % 

 7;#4'B  Q!hH#4)J%"? "? "12R- WF!FZ �1T% WF/:? J#D* <H <D,E ;#8 F/+G: 97 (.4 F/E#$. .P'$ "? 

$ I7;#4'B Y,Z L,4%? I)#`,`z- #! '2H%',Z F/*#4 WFE a,5D- .5!'+567%'8 ',{ 9#:;#8 a!FR- <PT <RE 

A(7 WFE W?7? ARG* .+!#5(%'Z )#*#+,- .5!'+567%'8 9#:;#8 <$ .R054]14%15[ .  

 !"# 3- 6839 B 6%&7 6839 :%&'* 1&H08'   ?%+&# @3A4!  B&C  &D ):L`L' (! OY&C   &DDTA(  

  

<D,E "?  9%#b 9#:BaO 9#:#4? ITs, Tg N#$G!% g!7h87 a,6? <$ yN#Q+b7 <H W?1$ '- <DK,E <+!;15  'K}7 "? 

     I>,H'- "? &'( F,GH7 "7F`4 g:#H .4  FE#$.      J7hK,4 g!7h87 #$BaO     YK,Z I +GK,( "?          "? hK,* "1K2R- 9#K:

   WFE ':#� '-N#$ 9#:#4?  F*7 .       o!#+* pRq '$ I9F0$ <2b'4 "?DTA <*1Q* I  <D,E 9#:    F*FE .-"7'b )#,2QS 97 .

  L,_*#,4     <D,E <$ j#`+*7 9#4?(Tg)      .BF*1E X'* 9#4? % (Ts)     .*; <*71= 9#4? J71/S <$ )   <DK,E 97'$    9#K:

B5  IB10   % B15    #$ '$7'$ >,-'- <$458   % 475   % 466 .4   FE#$(. #@+*7     % FE &          J71K/S <K$ "1K2R- YK,Z 9#K4?

    &#@+*7 FE" 9#4?F!?'B.   "?  a5E5    h,6#*[ o!#+* XRD  <*1Q* 97'$       K-"7'b )#K,2QS 9#:    IWFKE .   WFKE W?"%[

A(7.  FH #$ #: <*1Q*BaHb_c   �@D4 a5E "?FEW 7F*. a .614 FC"? BaO I H  .K-"7'b )#,2QS ?#Q*  %b 

          % .*; <*71= 9#4? "? <*1Q* 9"7Fi_* J#4; ?#Q*c            AS#K( >GKb '$ FE" 9#4? "? <*1Q* 9"7Fi_* J#4; ?#Q* 

.4 FE#$.  

   <*1Q* "?B0H1-1   ;#8 PbTiO3   71/S <$ j#*1B7'+-   .2C7 ;#8 J "12R-       .5!'+567%'8 ',{ ;#8 % <+8#!Pb2SiO4   <KH 

          A(7 WFE ':#�  H y#+RG* )FE #$ IAG,* &1234 J7F/V ]"1�b .   "1�b #$BaO       FK4#= j1K2z4  +G,( "? 

           ;#8 "12R- L,/uQ: % WFE a,5D-  !"#$ % &'( )#*#+,-BaTi(BO3)2 \#l-7 W?#+87 A(7 .   ;#8Pb2SiO4    <KQ: "? 

   '`- #: <*1Q* L!7       AK(7 <+8#! "12R- J7h,4 Y! <$ y#R!.                  )FKE 'K$  +GK,( "?  !"#K$ F,GKH7 J7hK,4 g!7hK87 #K$

Y,Z     ;#8 9#:BaTi(BO3)2   A(7 WFE W?%h87  .             9#K:;#8 L!7 Fb ;7 g,$ "1�b % W?1$ Y!'+567%'8 ',{ ;#8 L!7
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            .4 .5!'+567 9? O71P "'~ <$ % W?1$ &1234 #*  +G,( "? .8#~7  FE#$ .   a5E "?5   h!" '!%#�K-   9"#+P#K(

<D,E-Y,47'( A(7 WFE W?"%[ WFE <+P#( 9#:.  

  
$%& 5 -  K3F&>) N%&/> XRD6>,;>  6839  &D-U3'!"J "%*&[' &# R@9 6/I&J  &D0 G5 G 10   B15 :F,' @Y+* 

BaOR@9  +!@bE> @9+  &'* +* Qc&J ! B :>( 6>!,]  &'* +* Qc&J ! 1@' 6# 64  @>!.  

  
$%& 6 -  "%B&H5 SEM6839 +&/I&JK%+ (! -U3'!"J    &D(a)B0H1-1 G(b)B5H1-1 G (c)B10H1-1 G

(d)B15H1-1.  

   "1�b #$BaO      A(7 WFE '-h!" "#+P#(h!"  +G,( "?  .  <*1Q* L!7 "?          )7"^ L,$ "? 97 <+(1,Z  : <$ )#zlC #:

W?1-    WFE "12R+4 a5E 97 F*7 .  W?1- )7"^ L!7    yN#Q+b7 97PT      <*1Q* "? <H W?1$ B0H1-1     "#KV? pq#/4 .�0$ "? 

7'87 FE"E .qWF F*7 . J7h,4 g!7h87 #$ <H A(7 <=1- >6#=BaO<zlC 9#:;#8 "12R- I  97  (BaTi(BO3)2) "? 

  .4 g!7h87  +G,(    F$#!)    o!#+* <H "13*#Q:XRD           ?1K$ W?'KH FK,!#- 7" >234 L!7 IL!7 ;7 g,Z h,*  .(. r  <DK,E 
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 W#_+(? f(1- <!#ZLCRmeter #$ '$7'$ 90F4[ A(? <$ . 

 j%F= "?467 9? O71P  <DK,E 9#: <*1Q* 97'$ .5!'+5-   M*#KH'8 "? Y,47'K(100 KHz   \#K-7 9#K4? % 

   A(7 WFE W?7? J#D* .    <H #r*[ ;7PbTiO3   % BaTiO3     .4 .5!'+567%'8 ;#8 %? ':       g!7h87 ;7 tF: IF/E#$BaO 

     <D,E 9#: <*1Q* AP#( I +G,( <$-           % &'K( .+!#5K(%'Z 9#Ki-#*#+,- .5!'+567%'8 9#:;#8 9%#b .5,47'(

 = j12z4                    <DK,E LK!7 .K5!'+567 9? O71KP % "1K2R- "#+8" '$ >,H'- ',,�- '}7 .("'$ %  !"#$ % &'( F4#– 

Y,47'( .4 #: FE#$.  

 !"# 4 - 6>,;>  !"# U%"/PF!  * d!,I   e>&4"f +* ?%+&# @3A4!  B&C  &D100KHzB  g&5!  &'*.  

tan !  r  !"#!  

24/0 , 21/0  1/256 , 8/253  B0H1-1 , B0H0-1  

65/0 , 43/0 20/238 , 93/201 B5H7-1 , B5H0-1 

63/0 , 92/0  54/153 , 22/166  B10H0-1 , B10H1-1  

04/0 , 03/0  78/130 , 01/149  B15H0-1 , B15H1-1  

  ! "#$%&!        '(#)! *+(,-( %. /0 123BaO           456( /57-%+ *$%0  8+978:( ;1 ;9+<=>2?@ A+9B CD7EF6 '1  .

  G2+Ba
+2      G2+ H+,I+%J #@(2K  ! Pb

+2 
 L%6 '1'%7 

PbTiO3 123  .             G25+ 978M250 N%O53 /5. /5J2K %5.Ba
+2  P

       G2+ /. 4QE@ GR 97S0 G2F6(,+'T=Pb
+2   7F:%@2U(97K)4QE@c/a (          H5+( P "1950 (#F= *$%0 /8Q3 '%7L%6 '1

               *$%0 /VF7@ '1 P  8+978:( G(#F! '2WX '1 "1%! '1 G2F6(,+'T= *$%0 YZ%. 12L r   5!   1195U .   [95\ ](

   ,F! *+(,-( %. 9I+1  G(BaO            58+978:(P9- 9F^ ]%- '2_QK G(,F! 9. CD7EF6 '1 BaTi(BO3)2       /50 "#53 "1P,5-( 

     *$%0 '1 ;9`a! *)@ r  43(1 #$(2L  .              "1'(P *b5K G(,5F! P "#@%SFc%. /&F3 ]%-  SVX #d'1 GR 9. "PTZ

          '(#)! 9. ,F@ e+978:(P9- ;%$'2_. 9. GR [9\ ]( r     5! 95`(    1'(<5U .       :%7E5+90 "](#5@( HF5SfK ;(95.4F     '1 %5$

/@2S@          ;%$2I:( g%6( 9. C"#3  K'(9X h%F_SZ ;%$XRD  /5@2S@             #5+19U "1%?756( '953 /5i.(' ]( C%5$ .  HF5FOK

         /O3( j(9= ;2I:( ]( "1%?76( %. /8Q3 ;%$97!('%=x   ! k%V@(   123 .      l%5@2U(97K /8Q3 ;%$97!('%= /Q6%m! ;(9.

 /i.(' ](sin
2
hkl!=("

2
/4a

2
)(h

2
+k

2
)+("

2
/4c

2
)l

2! "1%?76(   123.  

#       h%m?d /. n2.9! j(9= /+P(]hkl      P /J'1 AEX 9. "             kP97E5I@R AE5X 95. "#53 "#@%.%K /O3( o2! l2\

 ! #3%.]16[.lP#J '1 5 "#3 /Q6%m! /8Q3 ;%$97!('%= (a, c) #!%J l2_m! l%@2U(97K '2_. ;(9. PT P Ba '1 

/@2S@ /&F3 ;%$-46( "#3 "1'PR D+'%. #FE0( ;P%X eF!(96.  

 !"# 5 - $%&'()* +,-)%./$0 12'3!' 4 135  67)8&  965 :);  3&)< =">8& =)!"?'$%@ (">A :'$A );PT 4 Ba (B 

 !"#!  C,5 :);-D,&'$7.  

c
/a)  %,-)!"?'$%@ (  c (A

0
)  a (A

0
)  +,-)%./$0 12'3!' );(nm)  !"#!  

031/1  999/3  880/3  40 -35  B0H1-1 

030/1  997/3  880/3  25 -21  B5H1-1 

021/1  959/3  878/3  26-22  B10H1-1 

022/1  966/3  882/3  24 -21  B15H1-1 

  ! /pXT!       4F:%7E5+90 "](#5@( /0 123             ;25I:( g%56(9. "#53 /Q56%m! ;%5$XRD   /5@2S@ '1       ;P%5X ;%5$

   46( "198@ 9FFqK D+'%.#FE0( .     G(,F! *+(,-( %. %!(BaO            45.(2` P "1950 (#F= *$%0  7F:%@2U(97K C D7EF6 '1 

   l%@2U(97K /8Q3PT  K j2f761  "#3 9FFq               #5!%J l25_m! 1%5V+( r5F:1 /. st%S7X( /0 #@(PT   P Ba   5!    #53%. .

   G2+  b+,I+%JBa
+2     G2+ ;%J /. Pb

+2          !  7F:%@2U(97K *$%0 P /8Q3 G#3 978M20 AQ6    123.    95. "PTZ

   G2F6(,+'T= GRBa    /. 4QE@ Pb               GR uQK /. P  7F:%@2U(97K *$%0 ;(9. ;9I+1 r!%Z #@(2K  ! /0 "12. 97S0 

 *$%0 r119U .  
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4-  !"# $%"&'  

A6%b! AF09K /+%= /&F3 ;(9. B0 h'2d /.  46.67 PbO–23.33 TiO2 –20B2O3 –10SiO2  %) :2! (

#!R 461 /..  

 8+978:(P9- ]%-PbTiO3  ! '2_Q7! D7EF6 '1  _d( ]%- G(2bZ /.  7+%86P9=  123 . *+(,-(BaO  D7E5F6 '1 

   4F:%7E+90 "](#@( *$%0 AQ6     bvS$ P "#3 %$      #!%J l2_m! 1%V+( %. HFPT   P Ba      7F:%5@2U(97K *$%0 AQ6 C

             5!  8+978:( ;1 ;9+<=>2?@ A+9B *$%0 /VF7@ '1 P G2F6(,+'T= *$%0 P   1195U .   *+(,5-(BaO   AQ56 

      8+978:(P9- 9F^ ]%- '2_QKBaTi(BO3)2            /&F3  8+978:( ;1 w(2L '9B /. ]%- H+( '2WX P "#3 - eF!(96

 !  +%x@ #3%..  

()*!+  
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#!"%849(:  

 !"# $%&'(  

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

sabourya@metaleng.iust.ac.ir 

)$*+,:    2./3      41"5 *6 !7  )89 :;< =>%?@ A            B1< .162*CB 1C@ % )8C9 DEF*#C9 G HC-  I J*CK  % 

:%2 *>L   9 !F*7 M'EN5 ID, *>L 5%1BHE4 IO  DE7. 0 H#"6   L   &P5    *#C$ JQHRS5 T /U 9  CID, 

E@ IO   V )T%15  DB IM 7% I"A   9 G H-  T  ID,     5 16 2.  2 *>A WIX.1 5*W A        DCY 1C> 08-*7*#9 !PZ 2. 

6I1E, 9 ID, *>L 5%1BHE4IO  .H9 DE9 .16  .          T  ).*[EC7  % !F*7 *P#< D- DB 1Y C/3    2. JQHRCS5 

   *Z TH#> *5 2H,B/)*+ % /)? .*RE\  L  E"#$ % A   @  2 .HF I 8  7  ).1]-   E^ D]'6 X!A    4*CB !F*#C9 A  2. 

   .2H5/3       19 G H-  % .1]'_( )HS- XJQHRS5 /`     - *P-a .1B2*B % !F*7 Ib  .2 8- .HZ%  .   2./3  Dc*d5 

"7A .1W /)8      D$;F *< !7  L   *> :%2 T  L cH< I8 E"#$ A  dS< % I<*dA 9 ID,  *C> L    e%1BHCE4 )  *C6

B1<IJ*K  5Hca f% 8E5 I7%2H6H#I'I<*]A  B1< % IJ*K 8Z /1<8 (1g5     b5 .2H5 2. % h/*  *"5 %  C/i    :%2 1C> 

*d5 2HV D6/Dj  L..1W kS6  .  

-.%/0/0 *$(:9 IlD,5%1BHE4 IlOB1< Ii*> :%2 l*> L!F*7   

1- 12$32  

9ID, E@  IO   _'( !F*#9 m$*^ A   >*5 T  0*j-  I! 9 ID,   2*< % !7  /n "\ % A    0 H#"6 0a /O   mdEj5 !"#$ 

( 2. %I3_'( f*^ A6 01\ `7 %  T  I&Ej  )89 T*oa !7.  

1W   9 DY ID,  .HF D6 L   .HF /O 7% ID' 2H- L  c% X!7  A  2*"< 2. /M E"#$ A 9 ID, E@  IO  9 D6 ID,   L   DCE[W 

5A         0a *6 2H- .2HF16 e*+#> DB .H9 /O p< II1 /*       2H- 2. 2 . !PZ fHS< /*  9 2. ID,  W J2H$ I.1 . /3 p<  CII1 

5A   qrZ Xs*]"-  Xf*dE-  8- H< /*bt< /D6*NE-  A % 2H- /*2%a U_Z LX 8K</Hd< % m/! X2H-  C/*p<  CII1  8C#_-H-*\ 

5 2*EF*7I@H]7%1]A9 ID,89*6 ]1[ .  

1-1- 14*5 6*2780!9: (.;  

   DE7.L      9 2. DB 8#Ej> 1$*#( T  ID,  uH'B J2HR6 I8L      % )85a 2. /.*t  5 v-2 A          % )1Cd- % ;CV mCw5 8##B

x5 . /3 9 ID,      '_( % q%y T  x@ *> IJ* <2 1^ A 6 A   c% 8#Ej> v-2 A     .T =#< T  x@ A/    '_( e*t-  *6 % IJ* 

<2 1^A    J 2y XzHRN5 /*  *> D- HZ L 2H'6 L c*> I*>8    5 .HZH6 *P-a 2. A a /8#  % DB /W?A *>A/  K\ T  Im  1C{ /i 

 9 qrZID,  p<  2 II15 A 8#>. . /39 ID, 9 D6 *>ID, *>L8#4%1"5 2H- D6 s*j^  .9ID, *>A/  2HC- =6*< *6 DB 

 2 .L  uH'B J 2y I8L     % )89 /3  uH'B J 2y I8L   *6         c%  !Cc*^ DC6 )2*6%. X2H- =6*< Ug\ CID      |*[C9 % DE,CW16 

5A 9 X8-H9ID, *>L5%1BHE4 IO5*- I)85 AH9 8-].1[  

2. d^ I!d 9 ID, *>L 5%1BHE4 IO 9 ID, *>A/                 } HC5  =6*C< ~1C"5 2. 3E41CW 2 1C\ J2HC$ 2. DB 8#Ej> 

V*#p5%1E]c Ix   *> ).%8S5 2. L   z*F )    =[#6  14 % =[#6 QH_"5 (5I0 b    a 2HC- f*dE-         2HC- ).%8CS5 2. *CP-

u15A           Ug\ J2H$ 2. % ).1B !4  J89 D6 /3  5 =6*< I0 b    E(17 *6 2H- f*dE-  A  ZH< m6*\ D  c%  !c*^ D6 ID  1C6 

5A ..1W .    !C'( C/3 8@  C/)8       T . 8C"< 08C5a .HCZH6  C/.*L    C+-2 bCB 15 A  9 2.  CID,          } HC5  =6*C< 1C�  2. *C> 

c %1E]V*#p5IjA*6  6 T % )*<HB }H5 fHVI3 *P-a .8t5 3E42 !7  =6*< Ug\ T  x@].2[  
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1-2- 6*2780!9: (.; 14*5 <$5 =57  7 )8*>  .07?.@  

    D,I9 089 39%2 % )1I<    A5  2 e%1BHE4 L*>     �2H'6 089 bIcHE4 *6 0 H<        9 DC#I5T 2. DB )1d- 8Ic*> L*>  D,CI

 DVHo Aw#F     .H_- MI$H< !7  2% . �2H'6 3/             �1C[< iCZH5 0*#�-a 8-2 . A]YHB 2*Ij6 )T 8-  D]-a 1V*N6 *> 

A_- 2H-   16 *#6 8-H9A5 1�- D6 |*[9;5*B D,I9 3/ 872.  

  m]91       % =/ 2a A+-H+Y T  L8"6 %. =/*_-            1'B A[#5 % )1d- !Kw5 L*P-H/ A6%*#< 089 )8IY)   e1C6 *C/ ( 2.

    )1d- 8Ic*> 2H'6D,I9      A5 0*,-  2 e%1BHE4 L*>  8>. .     0HC/ 2H�^ m]9 3/  2.          2. xC5 ACEI41� OC/ L*C>

Kw5 U{  H5 T  AF16!A5 bI-  2 A-H/  .1B )8>*,5 0 H<]3[.  

  
 !" 1 -  !" #$%& '( )*+ #$,- !%./0 1/02345 ]3[  

A5 f*p9   2 A-HI<*B U{ H5 A5*_< )1d- L*> 0H/ % DE9 8- .HZ% ARc*F*- 3I#Y m5*B 2H'6 O/ 2. 8##B.  

      A4*B L�1-  *6 L2H- 1W )UV  A6a */  (    6*g5 86*E6 2H'6 L%2 16           1'B 0H/ T  8- H< A5 0%1E]c  O/ 1/T `6 %2 *6 �

 )1d- 0H/ D6.H9 mdE#5:  

)1(                                                                              

 
 

!"! eClhfCl 0

  

)2(                                                                                      
0AgAge "!

!
 

  

         -  X8#Ej> f.*"5 2H'6 mF . 2. A-HI<*B U{ H5 e*_< 0HY          D6 )1d- U{H5 O/ T  0%1E]c  !B1^ *6 &EjI7 L�1

   A_- 1IIp< 1+/. U{H5 8#B .                 AC5  bCt5 1C'B &C<  T   2 )1d- &<  L1�H5 2HV D6 0%1E]c  !B1^ 3/   .T*C7 .  1CW 

)1d- &<  D6 0%1E]c  &<  *6 DB 8716 L  A5 D'< D6 *t-a 2. X89*K- f.*"5 D]K9 A'F . U{ H5 )1d- L*> 8E4 ].3[  

 A5 x@   0 H<     0%1E]c  X2H- =6*< A@ 2. ![W  % *> 0H/   D]c )1d- L*>            iCZH5 e%1BHCE4 D,CI9 2.  2 )1Cd- L*>

A5 8-H9.  

        Dg6 2 |;F 16 DB !9 . DZH< 8/*61   D-H+�I> Cl
0           �2H'6 mF . 2. 8/1'B L*P-H/ e*_<  1/T .H9 A_- .*t/  

             DB AE\% &EjI7 L�1-  X8##B A5 f*p9   2 Ac.*"5 U{ H5 )1d- 8Ic*>Cl
0 /        D/*jC_> 8/1'B 0H/ T  0%1E]c  O

   A_- 1IIp< .1I+6 ~1\    % 8#BCl
0         A5 !B1^ D/*j_> U{H5 D6 D]K9 DIc%  U{H5 T   8#B .       DC6 )1C[^ DCB AE\%

      A5 AEI41� O/ x5 0H/ 2%*t5 A"{H5         0HI-a U{ H5 *6 DB .H6 8> HF A"{H5 2. X872       f.*C"5 1C+/. L*C>

         A5 D'< D6 *t-a 2. )1[^ 3/  16*#6 % !jI- 8E4  .               DCg6 2 *C6 �6*Cg5 ACEI41� OC/ x5 0H/ !dId^ 2.3   OC/ 

 D6 0%1E]c Cl
0A5 D/*j_>  A5 AEI41� %. % 8>. .H9:  
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)3(                                                                            
! !

!"!
20 CuClClCu  

             8#/ 14 % .H6 8> HF .*/T A'IF 8E4*I- D'< D6 1W  )1[^ �1S<4         H'B )2y �IC> DB .H6 8> HF U/17 28d-a   L8CIu

89 8> HN- )1I< D,I9 % )8,- mI],<:  

)4(                                                                              
! 

!"! AgClAgCl 00

  

               - 0H/ 1> L 16 AEI41� %. x5 0H/ O/ % Ac*F L*Z O/ 1�  3/  2.            2. |1RC< DC6 0%1CE]c  OC/ DCB )1d

A5       A5 !B2*,5 )1d- D]c 892 2. % .2%a A5 mI],< 8#B .H9 . A'B DtIE- `6 %21 % 2 % 3   DCg6 2 D'IC7H6 % 5 

A5 0*I6 .H9:  

)5(                                                                          
02 AgCuAgCu !"!

!!!

  

    *t#/  2. DBAg
0   &<  T  A]/      !7  )1d- D]c2. .HZH5 L*> .        XAC'K\ m]C9 2. 3/  16*#6Cu

2+    L*Ct6 Cl
0   1>*C� 

A5 .H9 .     A5 1>*� 0a 1V*N6 Ac*F L*>*Z   0H/ DB 8-H9 L*>               8C-.H6 3B*C7 UC{ H5 0a 2. ;KC\ DCB L  )1d- 

A5 L8IuH'B J 2y T  AE_j\ 0H#B  8#9*6.  

             A5 T*6 :.HF DIc%  39%2 !c*^ D6 e%1BHE4 D,I9 2H- =6*< 089 MI"{ *6 ..1W .        )1CI< !Cc*^ 3C/  2. x@

A5 1/r@ !,W16 089 89*6]3.[  

1-3- A+5  B <.CD*2 14*5 E3F =G%;.F H9I*@ (8*J  

 D,I9 ).%8S5  HE4 L*>       L.*/T . 8"<  1/T !7  UI7% 2*Ij6 3+_>*- e%1B 2H'6        .2 . .HCZ% 2HC- D6 s*j^ L*> .

A5 m],5 8##B qH72 0a 2. 8#- HE6 *>2H'6 DB AK7*#5 0*6bI5 3I5*< Xf*^ 3/  *6 89*6.  

       D,I9 D6 �H615 JQ*d5 % J*( 1EF  3Ic%  2.    A5 )2*9  e%1BHE4 L*>              GHC- 1C> 2. )1Cd- L*>8CIc*> DCB .HC9

D,I9   L    A5 0. . qH72 m6*\        &/87 GH- T  0*6bI5 D,I9 q*NE-  % 89*6- &I#I5HCca-      DC6 *41C$ J*]I'IC72H6

  A5 A#4 m/Q. 89*6].4 [     A5 DB !7  Ac*^ 2. 3/   D,I9 0 H<            *C6  2 )1Cd- 8Ic*> T*4 L%*^ |*[9 e%1BHE4 L*>

D#I5T  D,I9 L*>     D,I9 0H�_> A(H#E5 2*Ij6 L    D,I9 XA< 2H6 L*>   D,I9 XA<*[j4 L*>     )1Io % AE/2H'< L*>

 .1B DIP< .    0*6bI5 TH#> .HZ% 3/  *6         0a 0.1CB e%1BHCE4 DB 8-2 . .HZ% A/*>            xC5 % )1Cd- L*>8CIc*> *C6 *C>

 !7  ).HK- bI5a !Id4H5)0*6bI5 f*w5 0 H#"6 D,I9 L*>  8#-*5 L Na2O-SiO2 */ Na2O-CaO-SiO2](5.[  

     D,I9 0*6bI5 DB  2 !I"\ % 3/        8/*6 q r5 !c*^ 2. L         89*6 DE9 . 8Ic*> J*KIB1< L 16 A/Q*6 !Ic;^ !I'6*\

 A5  2        .H_- U{% e%1BHE4 !I$*F �dS< �19 0 H#"6 0 H< .           *C6 DEC7HI@*- J2HR6 % J89 D6 8/*6 !Ic;^ 3/ 

   86*/ =>*B *5. =>*B.           A5 0.1B .17 e*+#> D6 *>8Ic*> !Ic;^ =>*B m/Q. T  A]/ 8- H<    U/*C5 =/ 8CZ- 

*6 2 8/*@ D_I- U/*589].6[  

          A_- A4*B 0*6bI5 D,I9 L 16 2 8/*@ D_I- LT*4 =/ 8Z D6 m/*_< 89*6 .      A5 )89 ijB �/*E- D6 DZH< *6   *6 &I- .

    &/87 D,I9 &EjI7 D]-a .HZ%-          A5 2 8/*@ D_I- LT*4 =/ 8Z UI7% DI^*- O/ L 2 . A<*]I'I7       3C/  *C6 89*6

           7 3/  2. )1d- 8Ic*> 2H- D6 s*j^ L*>2H'6 qH72 0*]5  f*^       !7  ).H6 %16%2 !j]9 *6 f*S6 *< &EjI . 16*#6

   A5 1�- D6 3/                        *C5. =>*CB *C6 8CIc*> !CIc;^ DEC7HI@*- =>*CB mC5*( *P#< 2 8/*@ D_I- LT*4 =/ 8Z 872

A_- 89*6 .  

     A5 !Ic;^ A-*PW*- f%b- 1+/. m5*(      &<  A+/*j_> .8( 1IIp< D6 8- H<         8C9*6 �HC615 &I#I5HCca % 2H6 L*>].7 [

  2H6 !Kj- Dg6 2             A5 1IIp< 0 bI5 % !7  1IpE5 *5. *6 APZ% 2*PY % APZ% D7      16 �c*6 8- H<15 Ac  20 % 89*6  .

!7  1E,I6 APZ% D7 2H6 2 8d5 X89*6 1<Q*6 *5. DY 1>].8 [  

  A5 3/  16*#6  DtIE- 0 H<     D,I9 2. XDB .1B L1IW               =/ 8CZ 0 bCI5 2. 1CIIp< &C> XA<*]I'IC7%2H6 % A< 2H6 L*>

    2. 1IIp< &> % LT*4    A5 2H6 A+/*j_> .8(               L2HC'6 T*4 qH72 !/*P- 2. % 8Ic*> 089 G*K9  �H4 iZH5 8- H<

.H9 . ebI-*]5 3/     A5 %. 1> *>      �;dEj5 */ % &> *6 8#- H<      8##B !c*F. 3/2H'6 T*4 .*t/  2.  .      � 1CIF  f*Cw5 0 HC#"6
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              %1]I5 qH72 T  A9*- X2H- D6 s*j^ A<*]I'I7%2H6 D,I9 2. DB !7  )89 ). . 0*,- f*EjC/1B     8CIc*> L*C>

!7  DE41+- J2H$ LT*4 =/ 8Z D-H+�I> Xx5].9[  

                8-2 . 2H- D6 s*j^ T*4 qH72 2. A_P5 =d- D,I9 q r5 2. x5 % )1d- L*>8Ic*> !Ic;^ .0H/    )1Cd- L*>

 D,I9 2.      D,I9 1+/. T  =I6 A<*[j4 L*>       A5 !5%*d5 089 *I^  16 16 2. *>         *CP-a DIc%  !�'o 0 H< A5 % 8##B

*<  210.16 Q*6 D,I9 2. A51Z 8$2. ].10[  

1-4- K*08> L'!F' MFB7D:' E3F 7 B8C .0 8N (.; O!%P2 (.;  

QR'-)83F $S8/0   

      D,I9 D6 L.*/T DZH< 0H#B *< *5           !C7  )8C9 |Hg"5 )1d- 8/1'B L%*^ e%1BHE4 L*> .      mIc8C6 GHC{H5 3C/ 

       0�Hc*> 1+/. 3I6 2. 8/1'B 1E,I6 A<2 1^ L2 8/*@   A5 )1d- L*> 89*6 .-   :HZ DgdAgCl       DC/bt< DC]#/  0%8C6 

  .H91550   A5 . 1+IE-*7 DZ2.       DB A<2H$ 2. X89*6AgBr     L*C5. 2. 700       % . 1+IE-*C7 DCZ2. AgI    L*C5. 2. 

552. 1+IE-*7 DZ2.  A5 D/bt< 8-H9 .=>*B DB !7  )89 )8>*,5 1+/. A41V T  Ag / Cl   !(1C7 =/ bC4  

A6            !(17 DB A<2H$ 2. .2 . ) 1_> D6  2 089 v-2              3EF*C6 vC-2 !(1C7 T  A"6*C< .HCF DB AW8-H9 )1I<

A5 )8I�I@ U6*< `7H< 89*6 A5 3II"< L1< .H9].11[  

T-)83F $*28C   

           D,I9 T  ).*[E7  e*+#> D6 DB A'_( J;],5 T  L2*Ij6 m^ L 16          DC6 T*I- &IEj> DZ H5 0a *6 e%1BHE4 L*>

      }H5 fHV !_7 D6 !I7*j^ DKc f*dE-    A5 8#'6 L*> 89*6 .A7216      D,I9 DB !7  ). . 0*,- *>   1BHCE4 L*> e%

      }H5 fHV *< e16 L%*^500 H-*-   1E5)ev5/2 (      D,I9 !I7*j^ DB A<2H$ 2. 8-2 . !I7*j^       8C/ L%*C^ L*C>

 *< AE^600) ev1/2 (!7  1E5H-*-].11 [  

     D,I9 .2H5 2. )89 !K� J*( 1EF         D,I9 L 16  2 L.*/T J*KIB1< 0�%1E> e%1BHE4 L*>   'EN5 e%1BHE4 L*> M

 A5 A41"5 8#B .      D,I9 f%  D'^% 2. J*( 1EF  3/  2.    L%*^ L*>AgCl(Br)      D,I9 *P-a T  L1E,I6 . 8"< %    L*C>

  L%*^AgCl     ). . 2 1\ kS6 .2H5  2  8-  .  D,I9 1+/. |1VT     L%*^ L*>AgBr  D,I9 %           2. *C/ 8C/ L%*C^ L*C>

           89 A41"5 A/*<%. J*KIB1< `7H< */ % .2 8- .HZ% J*( 1EF  !K� A-*+/*6) 8-  .  AC5 3I#�_>       DCB !C[W 0 HC<

 )8_( J%*[<   D,I9 3I6 L     L%*^ L*>AgCl  A/*P-a %           .2 8C- .HCZ% 8#EjC> e1C6 L%*^ DB].11 [ ACW?/%   L*C>

     D,I9 !F*7 34 2. bI- A$HRN6    L%*^ L*>AgBr  .2 8- .HZ%  .     A-QHV 0*5T J85 % 1<Q*6 L*5.   J*I'_( 1<

   D,I9 L 16  2 A<2 1^    L%*^ L*>AgBr A5   By 0 H< .1B 1 .            8C/1'B L*CZ DC6 8CI516 A#/b+/*Z m]9 3I_> D6

              }H5 fHV 2. L2H- !I7*j^ =/ b4  X)1d- 089 *I^  1V*N6 )1d- |;<  =/ b4  D6 1t#5        % MCIV 8C#'6 L*C>

A5 A'B L2H- !I7*j^ =>*B .H9].12[  

U-V2 MFB7D:'   

              I9 HE4 z HF 16 L.*/T 1I�*< bI- 0*6bI5 D,I9 2. A-.%b4  GH- 1+/. A41V T   .2 . D,I9 A/*I_ .A5    DCB &I- .

            �g7 �/1V T  `d4 )1d- 8/1'B % 8I516 iI( &B % �c*F L*>2H'6       8#EjC> s*j^ 2H- D6 !Kj- 0*9 .   2. *C5 

   L*>2H'6 .2H5AgCl   % AgBr       ).1B 892  H> *6 s*_< 0%86 DB       0a �g7 A<2*K( D6 */ 8-       ARCc*F*- T  L2*( *>

Ag2OA5  a ).H< 2. D- % �g7 2. D- X89*6A_- !I7*j^ 2H- D6 !Kj- *P- 89*6].5[  

  D,I9 L2H- !I7*j^    A5  2 e%1BHE4 L*>            A5 k(*6  2 )1d- A/bZ �*I^  DB A/ bZ  0.1B D4*{  *6 0 H<   8-HC9

 . . =/ b4  .    D,I9 D6 2H�#5 3/  L 16           AC5 )8C##B *I^  3I/*@ L*5. 2. DB A'5 H( e%1BHE4 L*>    D4*C{  8#C9*6

A5 .H9.  

   H615 L*>2*B DI'B 2.  D,I9 D6 �     0H/ X)1d- 0�Hc*> e%1BHE4 L*>           !I7*jC^ .*Ct/  2. AC_P5 =d- x5 L*>

  A5 LT*6 L2H- 8##B .      A5 D4*{  L.%8S5 2*Ij6 2 8d5 D6 x5 .H9 .    D,I9 2.  2 e%1BHE4 z HF    x5 8\*4 L*>



 

 

54

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

16
 2

 
17

  
)3
4
&5

 
8

7
 /
)6
7 2

 
8

8
 

 A5 bI-           2H'6 b/2 )T 8-  !c*^ 3/  2. DY 1W X.H_- )8>*,5 0 H<          T%*CtE5 !jC/*6 AC5 )1d- 8Ic*> L*> T20-30 

 8#9*6 1E5H-*- . D,I9 3I#Y      8#Ej> f*@  L.*/T 2 8d5 D6 A/*> .     AC5 )T*CZ  x5 A-.%b4       D,CI9 DCB 8C>.   A/*C>

   1/T L*>2H'6 b/2 *6 |*[958/a !786 1E5H-*-  . D,CI9 3I#Y D6 x5 0.1B D4*{        qrCZ DCKc `Cd4 DC- A/*C>

   DIc%  D,I9)  )8,- A<2 1^ J*I'_( (    D,I9 qrZ DKc D]'6  2   *4 DB A/*>      2. �;KC\ 2H- D6 s*j^ T  *CP-a   qHC72

bI-  2 !7  ).1B A5 *t6*Z 8#B.  

 D,I9 OI5%1BHE4 z HF % A-HI<*B Ac*F L*Z !�'o A+Ej6 % Dj/*d5 *6    =Cd- XD,CI9 2. x5 2 8d5 D6 *>

            A5 D,I9 2.  2 )1d- 0�Hc*> L*>2H'6 b/2 L2H- !I7*j^ .*t/  2. x5   .H_- �N,5 0 H< .    DC- x5 A-.%b4 

  k(*6 *P#<A5 L2H- !I7*j^ =/ b4 .2 . ) 1_> D6 bI-  2 A-HI<*B Ac*F L*Z !�'o =>*B D]'6 .H9].13[  

--K*08>  8>$S$W (.;  

        D,I9 DY 1W  DB !7  ). . 0*,- A]IE#IB J*K7*S5          DC<H6 2. % A/*I^  1[j_<  !S< DB A<*]I'I7 L*>   L*C>

  )89 q%y AEI4 1W  A5 8-        Sc T   2 OI5%1BHE4 i7*#5 `/ 19 8#- H<             .HCF T  08C9 3C9%2 % )1CI< !(1C7 �*

 8#>. 0*,-]14[    D,I9 M"{ D-*[7*E5 *5  X    A+EjF )8/8@ 2HBr5 L*>1
           !C9rW T  xC@ DCB !7*P-a 2. L2H- 

        089 39%2 % )1I< !(17 16 A<85) OI5%1BHE4 !I'6*\ ( D,I9 3/     A5 A[#5 J 1I�*< *> .2 rW .   A"7 3/  16*#6

   D,I9 DB !7  )89     2H5 )1d- 8Ic*> 8\*4 L*>             0%8C6  2 OCI5%1BHE4 z HF 0 HE6 8/*9 *< 8-1IW 2 1\ D"c*g5 .

    .2%a !786 iI( 3/  2H�^ .               &EjCI7 .*C/T 2*IjC6 GH#< mIc86 % *#K5 D,I9 q*NE-  L 16 % 2H�#5 3/86   L*C>

D,I9          !7  3]_5 1Io *K/1d< % !N7 2*Ij6 =/*5Ta e*t-  XL  .       :2 bCW ACF16 DB A/*t-a T  *5      AC'K\ L*C>

  1IIp< T  !/*]^   D,I9 L2H- z HF               T  AC]/ 0 H#( D6 D,I9 3/  X!9 . A<*]I'I7 %2H6 eHI5.*B &EjI7 L*>

!7  )89 h1g5 OI5%1BHE4 D,I9 !F*7 `/ 19 A7216 !PZ i7*#5 L*> 8/8-*B].15 % 16[  

=/*5Ta        D,I9 3/  2. OI5%1BHE4 2*E42 .HZ% .8"E5 L*>              DC6 A6*IEC7. 2H�#5 D6 DB 89 !6*� % .1B8I/*<  2 *>

 19        0*C5T J85 *6 A'I-a `/ 19 QH_"5 e%1BHE4 `/      LQ*C6 L*C>5/42       L*C>*5. % !(*C7 550-700   DCZ2. 

!7  T*I- .2H5 . 1+IE-*7 .  

       D,I9 3/  2. DB !7  1By D6 eTQ                  DCB 8C9 8C> HF )8>*,C5 L.2T DC6 m/*5 v-1_B 2*Ij6 v-2 Q*_E^  *>

Q*6 q%y L*>*5. 1V*N6 eHI5.*B AubZ �*I^  T  A9*- !7  3]_5 )1400-1500. 1+IE-*7 DZ2.  (89*6.  

  
 !" 2 -   !"#$  %& #' ()* +),]15[  

B2O3(%)  :  25           20!          15"        10 #  

                                                           
1 Fatigue 
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 !" 3 -  -./301%2 3'  !"#$  %& #' ()* +),  SiO2/B2O3 #'4#' 1]15[  

55 #      60 !      65      :  CdO(%)  

    !"#$% &"'() $) *+     ,-./ 012 34 025( 0"6     &5.#7"8 9:;.< 0"6         1 =3>.? ,>8 @/ AB-# C?"D.E.< 1254

   ,-./ F!) G@/ F/12        H<) ,.I1) J.83? ,4 ,:;4)1 K@/ ,4 "6 .        L"D/) 27 ,MNO K25M ,4 P!":( F!)2   1 3 

H<) =@/ =721%.  

C# =@6"-# L"D/) ,4 ,Q5? "4 H4"R HS;( T! 27 ,8 75/ SiO2 / B2O3   ,:;>4)1 K@/ ,4 025( ,:.;()7 3..U?

  H<) J.83? ,4 . I"V 27              H;.( ,:;4)1 J.83? ,4 CE.O 025( ,:.;()7 &5.#7"8 @.;8) H4"R @M27 T! 27 ,8 C .

     :( ,4 ,Q5? "4 =1NW ,4> <@4 P!"> #% H>   !"#$% $) =@  >6>    6"-># 025>( 0">  >/ =@>    ->./ ,>8 @>    >.83? ">4 ,> J

60CdO-25B2O3-15SiO2H<) ,:/)XY  !"Z( ,4 )2 T.#1385:[ \)5O F!3:!5] ].15[  

    4 3.R"? F!) 34 =1NW  C(71^[) $) CO3     ,-./ F!) 01234 96 "6              T>Z8 ">4 P!">:( ,>8 ,:[3Y 2)3] C<234 725# "6

  L"D/)4   1 5   H<) =@/ G".4  .    C# =@!7 P!":( F!) _S`                F>!) 3:->.4 G@>/ =3>.? JS>< *># G71^[) ,8 75/

,-./ C# "6 75/.  

  
 !" 4 -  !"#$  %& #' ()* +), ]15[  

B2O3(%)    :    25           20!          15"          10 #  
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 !" 5 -   -./55* 674894 #!:3$ ]15[  

nil "            0.05 #             0.01         :    Cu(%)  

     ,-./ 9a# 2".;4 H!^# H!"a( 27              C?"D.E.>< 125>4 &5.#7">8 9:;.< K"S.83? $) =@/ ,:O"< T.#1385:[ 0"6

 bD/ 27 JEc# F!) ,8 H<"a(% 27 025( Cd:;O 2"R% =@6"-# &@W ,4 e543#6 G"-( H<) =@/ =7)7.  

  

 !" 6 - ;3.!<!=>?)' @)!*A3" B3C DE!/ ?A B?)2 FGH%I F=?#' ]15[ 

   C# =@6"-# ,8 25c("Z6      $) @f4 C:V 75/1250           75>Q54 ,->./ F>!) G@/ =3.? \)5O 27 03..U? g.6 bD.< 

H<) =@#".(.  

1-5-   !" #!$%&'( )*+, -./0 12'34 5/6  

178-9':0 ! #&0$4  !"   

h12      ,-./ HO"< C:i< 1 &5<3# 0"6             1 C>67 bD/ jk1l bV)3# b#"/ JEm) 2"n:O) ,4 T.#1385:[ 0"6

  =754 C?2)3V K".EZW      ,-./ J.?3? F!) ,4 ,8 @()           C# H<@4 To58 7"f4) "4 1 TI"4 K25M ,4 p5Zf# C!"6 @#% .

                0p">4 0">#7 27 ,->./ ,Di!) $) @f4 &1385:[ Kp5nq# 27 CE8 25c41400         1 @>/ k1l 7)3d.:(">< ,>Q27 

  jH[3Y bD/ *r<    L":;!3813D.# 25ES? 25si# ,4               0">6"#7 27 G73>8 b>.(% jFdZ6 ,-./ $) =3t( @.I"6 0"6

500-700      C# 2)3] =7"u:<) 725# 7)3d.:("< ,Q27  73.Y .   ,-./ HO"< F!) 34"i4    HB? 1 v2^4 0"61
   j07"n>:]) 

 C# HB< @/"4 .     7"u:<) G@/ 71@q# wW"4 JEc# F!)  ,-./ $) =    H<) =@/ T.#1385:[ 0"6 .  F.>Z6 ,4   b>.I7 

                                                           
1
 Flat 
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    h12 L"S(7 ,4 G"ttq# =$13#)     ,-./ HO"< 0)34 03?@!@Q 0"6          x>uV 3>4 =1NW "? @i:;6 T.#1385:[ 0"6

h12 27 y3c# KND-# jT.#1385:[ \)5O @/"4 =@/ z3`34 ^.( C:i< 0"6.  

 ;–<,&=  #!$%&'( 5/6  

  h12 ,EZQ $)    ,-./ HO"< 3?@!@Q 0"6     /5+ 7"'!) &1385:[ 0"6    38 b#"/ &1385:[ 0"6L":;!    @>.I"6 0"6

,!"+ 012 =3t( ,-./ 0"6 b< h12 ,E.<54 0)-C# L{ @/"4.  

   b< h12 $) =7"u:<)-    ,-./ ,.a? 0)34 L{    T.#)3< 1 "6    F.!"+ 0"6"#7 27 "6    h12 ,4 HS;( 3?     &5><3# 0">6

    J<"i# |!)3/ j3:i!$ 1 k1l     ,!p HO"< 0)34 )2 03?    3.m "! CI% 0"6   C# 96)3[ CI% 7$"< .   h12 G5>i8 "?  ">6 0

    /5+ ,.a? 0)34 CuE:B#     b< h12 $) T.#1385:[ 0"6-                F>!) CE>M) bD-># ">#) jH><) =@>/ y3>c# L{ 

 /5+       F/12 0)34 ,8 H<) F!) ^.( "6                     G@>/ F>/12 C>E8 25>` ,>4 1 @>(2)7 C>?2)3V K">.EZW ,4 $".( G@/

 i8)1      CZ( &"'() }"?) 0"#7 27 "6 75/ .     C# ,8 @/ AB-# "6@f4 "#)        G5>! G71^>[) ">4 G)5>?    ># 0">6   ,>4 *

754 @6)5O  i8)1 G738 5q# ,4 27"] ,!p F!) 96 }"?) 0"#7 27 C:V j /5+]17.[  

       ,-./ HO"< 3?@!@Q h12 L"~# T! G)5iW ,4         C# )2 C67  /5+ $) =7"u:<) "4 T.#1385:[ 0"6    F.>io G)5?

          C?"D.E.< x["q# ,!p T! )@:4) h12 F!) 27 ,8 738 �!3-?1
         C->O3o C>67  >/5+ h12 ,>4 2

    ,>!"+ 012 

/,-.   C# 7"'!) 0) 75/ .          71@V 27 H#"B� "4  /5+ F!) J.?3? F!) ,4nm80    G5! K3Q"a# $) �("#    0"6Ag
+ 

   ,-./ ,!"+ G127 ,4  C# 0) 75/ .    ,-./ $5i6 e"S?2) F!) 27     J<"i# G)5iW ,4 C?"D.E.< 0"6     725# 27 ,i!^Y F!3?

,-./ ,!"+ @i:;6 y3c# 0).  

         2 C-O3o C67  /5+ h12 ,8 H<) 38l ,4 &$p              N#">8 7">W k) ">4  >/5+ L"ZW) 0)34 _.]7 2".;4 C/1

C# =@/ L3:i8 @/"4 .C# HB+  /5+ 1 ,fc] b#"/ ,W5Z'# @f4 ,EV3# 27 @(73Y]18.[  

      ,!p C67  /5+ ,4 H45( ,#)7) 27    25( ,4 �";V 0)3
     H<) x["q# ,!p F!) 012  .   ";>V ,!p F!)     25>( ,>4 �

71@V 27 C:#"B� �p5Zf# µm 0/172)7 ]19.[  

"#)             H<) G% HB+ 0"#7 ,!p F!) 725# 27 9a# 2".;4 K"D( ,EZQ $)  . /5+          0p">4 27 =@>/ H>B+ 0"6300 

       C# 25( ,4 �";V 1 z"u/ 7)3d.:("< ,Q27            0">6 L":;>!3813D.# k5<2 b.I@4 JEc# F!) ,8 @(5/AgCl  27 

   H<"#7 F!) 27  /5+ .   L":;!38 ^!"< F.d(".# 2)@t#   0"6AgCl    >.Y =$)@>() $) =@/ ,S<"q# 03   0">6XRD 27 

300     71@V 7)3d.:("< ,Q27 nm20         ,4 HB+ 0"#7  !)^[) "4 ,8 H<) 450         71@>V ">? 7)3d.:(">< ,Q27 nm16 

H<) ,:["!  6"8]17.[  

    ,-./ 27 3d!7 C[3` $)    01"V 0"6AgCl-AgBr L":;!3813D.#         T>.#1385:[ K".M5n>O j@#"Q L5Eq# 0"6

         813D.# $) CD! 01"V |t[ ,8 C!"a(% $) )2 03:-.4L":;!3   0"6AgCl   "! AgBr     C# G"-( 75O $) @i:;6  @i67 .

      /5+ F!) ,4 &34 G71^[) F!)34"i4  H<) T.#1385:[ \)5O 75Sa4 HaQ 27 "6 .  bD>/7    G@>/ =3>.? C!)2">8 

 /5+ HS;( 3..U? "4 )2 "6 Br / Cl+BrC# G"-(  @67 .,!p HB+ 0"#7 2)75Z( F!) 27  25( ,4 �";V 0"6400 

754 7)3d.:("< ,Q27H<) = .  HS;>(  !)^>[) "4 H<) 75a-# ,825c("Z6   0">6Br 27 Br / Cl+Br   71@>V ">? 24 

     "? kXQ jCI5# @M2718/0  C#  !)^[)        L":;>!3813D.# 725>#27 1 @>4"!  0">6 Ag(Cl1-xBrx)       ,>8 C>S.83? ^>.( 

     H<)2)7 )2 G@/ =3.? |!)3/ F!3:a4 Ag(Cl037Br063)       "4 |t[ ,8 H<) =754 24      CI5># @>M27 Br   =7)7  >/5+  

 754 =@/ .                 @>/"4 ,-./ ,i.#$ 27 &34 1 3E8 03!X+ LNq() 27 K1"u? b.I@4 @!"/ ^.( Cdi6"Z6"( F!) HEW .  ,>8

  CE8 25` ,4      ,-./ ,i.#$ 27 &34 03!X+ LNq()      H<) 3E8 $) 3:Z8 0) .          27 C>q.Q3? K25>M ,>4 &34 F!)34"i4 1

L":;!3813D.# 0"6 Ag(Cl1-xBrx)H<) =@/ 72)1 ]17.[  

                                                           
1
 Buffer layer 

2
 Spin coating 

3
 Photosensitive layer 
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 !" 7 - J* )K LMN ?4O6/ 01%2 P4 FQ'3$ R4)SQ' 3C Br / (Cl+Br)6/)K ?A ]17[  

         2)@t# ,8 C:]1 JEc# F!) ,4 ,Q5? "4Br     0p"4  /5+ 27 40      CZ(  /5+ 3d!7 @/"4 CI5# @M27    z"u/ @()5?

C# 2@8 1 @("Z4 C]"4 75/.  

    /5+ ,o 3Y) "#)      F.4 =@/ HB+ 0"6300   "? 450  7)3d.:("< ,Q27       5?3+  4"? 3R) 27UV  @/ =3.? =  )    27 ">#) @(

�)7@'# }"?) 0"#7@(@-( F/12  .  

     hN? 96 J.W F!) �[2 0)34    H<) =@/ &"'() C!"6 .    ,-./ 27 25si# F!) ,4       2)@>t# 02">'? T.#1385:[ 0"6

  G5! $) CZ8  �25E4 bO)7 ,4 =@ii8 �";V b#"W G)5iW ,4 *# 0"6 C# =71^[) =3t( @.I"6 0"6  75>/ .  )@>:4) 27

   G5! ,8 @/ Cf<    M ,4 *# 0"6            G5>! G71^>[) ">#) j75/ ,["�) �";V ,!p ,4 9.t:;# K25       ,>4 *># 0">6

   =75? wW"4 ,.I1) L5Eq#     C# =3t( K)2l G@/ 0) @/ .        G5! G71^[) 0)34 03d!7 =)2 ,8 @/ hN? F!)34"i4   0">6

Cu
2+                        ,>8 @>/ y3c# C["�)  /5+ ,!p T! bD/ ,4 bV =)2 H!"a( 27 ,8 75/ )@.+ 25( ,4 �";V ,!p ,4 

   H;()5? C#           @/"4 ,:/)7 }"?) 0"#7 27  i8)1 G@/ F/12 27 CS<"i# 2".;4 3.R"? .     71@V 27 ,!p F!) H#"B�

nm100C#  @/"4]17.[  

  bD/8         ,!p &"Z? $) C�3W h34 T! T.?"Z/ 25` ,4        ,-./ ,!"+ 012 =@/ L"ZW)  /5+ 0"6     G"->( )2 0)

C# @67 .  

 

 !" 8 - 6/)K FT#U V#' W!$3X/ B3X2  YO/ +3XU4 @>#")H9 B3C]17[  
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  bD/9              01">V =@ii8 �";V ,!p "4 =@/ =3.?  /5+ G@/ F/122":[2 ^.( 5          G"->( )2 *># CI5># @>M27 

C# @67]17.[  

  
 !" 9 -  B>3& 6/)K Z3%& D7[ RO/ \/>? ?3H9? 5 5* F])* O^?A]17[ 

>-9?&@ A@&BC  !"   

  C(5! Ci!^d!"Q "! �!5f?1G5! G% 27 ,8 H<) C/12 k)X# &"ZV 27 ,-./    ># 27 75>Q5# 0^E[ 0"6  ,>4 k)X

G5! $) CO34 F!^d!"Q 1 l5u( ,-./ 2":O"< bO)7 C# ,-./ 0"6 @(73Y .  

    C` k)X# &"ZV $) C(5! �!5f? h1220     725># Cf.><1 K25>M ,>4 025( 0"62)^4) @.I5? 0)34 ,:/XY L"< 

   H<) ,:[3Y 2)3] =7"u:<) .  !"#$% ,'.:(              $) C(5>! �!5f? h12 CI"W 03!X+ 2)3D? H.E4"] $) C8"V 7@f:# 0"6

G5! 725# 27 \5nB4 j3s( 725# G5! HsEm 1 l5u( b.[13+ ="Y@!7 H<) =754 =3t( 0"6 .  

          G5! $) Cf.<1 �.` ,�)2) G"D#) HEW ,4 C(5! �!5f? h12        C>Z( k)X># h12 ,4 ,8 C!"6        ,>4 )2 ">a(% G)5>?

     H<) 073u4 3nqi# h12 71^[) ,-./ .      C# h12 F!) 3d!7 0"!)^# ,EZQ $)     !) z"cf() H.E4"] ,4 G)5?  h12 F

  G5! 725# 27              738 =2"/) �^Q 17 F!) J.83? 1 ,!"+ ,-./ �5( 1 =@(5/ �!5f? 0"6 .      03>d!7 9>a# 2".;4 ,:D(

12 F!) 27 ,8 ,8 H<) F!) 72)7 75Q1 hG"D#) *# 0"6 G5! H.[3� L3:i8 H<) 3!X+.  

               ? ,4 &1385:[ ,-./ G@/ =3.?  !)^[) 1 H.<";V G734 p"4 0)34 *# @.;8) 03!7"t# p5Zf#   ,->./ J.83

C# =71^[) 75/.  

  ^.I"(%XRD ,-./                     C>?2)3V K">.EZW ,-./ 27 )2 "6 L":;!38 }3u? 05dI) 75Q1 C(5! �!5f? $) @f4 1 bS] "6

  7)7 G"-( =@/ .     C># J>.?3? F!) ,4                       25>ES:# K">.EZW $) @>f4 ,->./ 27 CI":;>!38 $">[ T>! ,>8 H>uY G)5>?

C# 75/].20 [bD/10   3!5n? TEM     #5I% ,-./ ,(5Z( T! $)           G"->( )2 =@>/ C>?2)3V K">.EZW C?"D.E.<1345i.

C# @67 .           ^.I">(% 13>D.# 1 C>(13:DI) }3>u? ^.I"(%TEM                bD>/ 27 75>Q5# T>o58 =".>< K)2l ,>8 7)7 G"->( 

L":;!38   0"6AgX @i:;6  .      ,-./ 27 ,8 7)7 G"-( P!":( F!)            =@6"-># =3>t( H<) =75S( 0) =3t( 01"V ,8 0)

 H<) =@!73Y .   ,-./ ,!"+ G5o 1  "V 0)       L":;!38 C?2)3V K".EZW &"'() "4 j754 @.I"6 01      25>ES:# =3t( @.I"6 0"6

@(@!73Y].21[  

           G5! K3Q"a# JQ5# ,8 H<) h12 F!) 27 CZa# 25:8"[ C?2)3V K".EZW           ">4 G@>/ J>.83? 0)3>4 =3t( 0"6

G5! C# @.I"6 0"6 75/ .C#  !)^[) ^.( )2 G@/ &1385:[ bZW jC?2)3V K".EZW 0"#7  !)^[) @67]22[.  

                                                           
1
 Ion exchange 
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 !" 10 -    !"#TEM$%&'(")  *%+AgX ,(%-./012 34.5 67]21[  

                   !"#$% &'()*+ ,-./0-1" ,.2345 678 9*:4; &+ &<(= 9! !*>*; ,.2('?  2@ A*. ,B*. C.*$% A2;D ,E 9!

  A*. D"  F2G;    ,; H.IJ.2> K/LB  2@ !!/M .          ,N'O 9*NP+ F QN)" R2N('ST A2N;D F 2;! D" ,$+2% I(B U*7B VST

     2;! &O Q)" ,W.#+             &<(= &.2X ,.2;! Y/Z /(([% D" #.2+ 2;" \#=2+ ]2+ ,Z2O KD"#B" &+ #.2+       ,.2N;/M &N.I^% F  "

_SB              _NSB D" K!270N)" &+ &>*% 2+ F !*=  /(M*'> K#= `FU  2@            /N.D #N.2+ 2N;! ,N%"/0(B  2N@400   &N>9! 

#=2+ !"/J(0B2)]22.[  

              2NS8 9! K/LB Q:'a 2+ b)240; &<(= cP) 9! K/LB Q:'a ,'O 9*E &+      ,N; d."INZ" `"eN; Y  #N+2. .    /NM" 2N;"

          A*. D" ,5/+ #=2+ 9"/?/+ &<(= cP) 9! K#44O 2(8"  /7GS%"           &-Bf  2^+ F K#= 2(8" ,S%" Q128 &+ K/LB  2@

            ,N; gT2+ "9 &<(= /%92M#B2; A#= K/(% #@! d."IZ" "9 YF/O*0Z Q(h25  !*N= .         /7GNS%" /NM" /NJ.!  *N) D"

       % !*= &0="! &JB  #(GO" 2. ,345 R9*i+           ,N; _(;F/O*0Z /j" F K#B2; ,?2+ ,B*. Q128 &+ K/LB Y2S     2N+ #NB"*%

 Q:'a d."IZ"AgNO3#+2. d."IZ" _SB k+ 9! ]23.[  

2-  !"#$ % &'( )*"+  

1-    ,; &O #4l /@  &<(= A"*%                 &<N(=  2N@ &N4(;D 2N+ "9 K/NLB #(12@ D2Z  F28 m27= YF/O*0Z  2@   "

   &<(= A*nS@ ,T*40; 92(G+   &<(= \,%"9*+  2@  27GZ  2@ &<(= \,%         &N(W% K/N(a F ,0.9*N'%  2@

     A2+I(; D*4@ !*>F H." 2+ \!/O                 oN; F K/NLB  2@#N(12@ 2N+ 2WBf A!/O YF/O*0Z &O #B9"! !*>F ,.2@

Q)" K!*pB I(;f Q(LZ*;]4F5[. 

2-      &<(= &+ A*4O2% &O  !2.D &>*%              q(1#N+ 2Z/Nh QN)" K!*+ m*P$; K/LB #./'O  F28 YF/O*0Z  2@

   /'O /0<(+ ,%9"/8  9"#.2X    Ar*12@ /J.! H(+ 9! #.   ,; K/LB  2@ #=2+ .      Q()2GN8 &p1 s2L0B"  "/+ 2;"

   t*; s*E QS) &+          &<(= 9! I(B #. F Y/+ D" K!270)" #4'+  2@            &N0Z/M 9"/N? /N:B #N; YF/O*N0Z  2@

     &<(= 2+ &G.2L; 9! &O Q)"          ,B]*E A2;D R#; F /%]2+  2;! \/'O  F28 YF/O*0Z  2@    R2N('ST /%

   =  "/+ "9 ,%9"/8&<(     F28  2@AgBr ,;    !/O /OU A"*% .        2> &+ #(;/+ ,4.IJ.2> q-= H(S@ &+

                       s*NE 9!  9*NB Q()2GN8 d."INZ" \K/NLB A#N= 2N(8" /E2Nu+ K/LB mv%" d."IZ" &+ /^4; #./'O

t*; ,; ,'O  9*B Q()2G8 d@2O F w(E #4'+  2@ !*=]12F11[. 

3- &<(=          2)  "/+ K!270)" !9*; x()F 9*E &+ &O ,%2-('()  2@ &<(= Q5    ,; 9"/? YF/O*0Z  2@  #B/(M

,;                   Q'$+ I(B F #4@! A2<B !*5 D" ,p)24; QT/) 2+ "9 _(;F/O*0Z A#= H=F9 F K/(% y."/= #4B"*%

                QN)" K#N= zu<N; A*4O2N% A2<N052) &N)F/X D"  !2.D R2({I> 2WBf 2+ !/O92O Q;#?]14.[   2N;"

  &<(= w$| &B27)20;       2WBf 9!  9*B ,J0G5 K#.#X ,%2-('()  2@         /N+ ,%#N; Q=eM D" oX &O Q)

              ,N; ,N74; R"/(j2N% 2N@ &<(= H." A#= H=F9 F K/(% QT/)  !9"eNM .          zNLB HN." xNZ9  "/N+ 2N;"

H.IJ.2>   &<(= #4B2; ,.2@        #NB9"! !*N>F ,%2-('()F9*+ Y*(;!2O }0G()  2@ .     K!"! A2<NB R2NL(L~%
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      D" #$+ ,08 &O Q)"1250     *>*+ &<(= H." A#= K/(% �"*5 9!  /(([% k(@ q-()   QN)" K#;2(B !

             Q)" K#.!/M me8 YF/O*0Z  2@ &<(= D"  9*B ,J0G5 92jf /J.! R92pT &+ F .     /NJ.! ,Z/E D" 2;"

  &<(= H." 9!                   QN)" HN-S; &NO #N= #@"*5 K#@2<;  !9D &+ q.2; �B/SO 92(G+ �B9 ]2S08" 2@

=2BN  (8" D" ,N {I> �2N (;!2O ,N E2u+ Y*N ;! /N N@2N   N+ `FU  2N  ]2)1400-1500    (0B2N) &N>9! !"/J (

#=2+]14F15F16[. 

4- �F9      &<(= Q52) ,04) F Y*)/;  2@              F ,N@! q-N= \`FU qN8"/; q;2N= &O _(;F/O*0Z  2@

  ,; ,%9"/8 R2('ST             Af H./N0SW; &N'S> D" &NO #NB!*+ ,p.2$;  "9"! #=         Q52N) ,.2NB"*% Y#NT 2N@

&<(=     ,; m2h F �9I+  2@ #=2+ .   d=*X #4B2; ,=F9 2;"            D" K!270N)" 2N+ &NO YF/O*N%*Z  2@ �F9

q)-  ,; Y2^B" sr         Q)" K!/O m/E/+ "9 Rv-<; H."  !F#8 2% !*= .        HN." 9! ,N)2)" q-<N; 2;"

        QuX  ]2+  2@2;! &+ D2(B I(B �F9)   D" /%]2+300  !"/J(0B2) &>9!  (   &B*SB A!9Ff Q)#+  "/+   2@

         &N+ /N+ A2N;D F A"/NM  !F#8 2% �F9 H." \/J.! q8"/; &+ QuX &'8/; A!FIZ" 2+ &O Q)" m27=

,; /:B #)9 ]17[. 

5-               A*. D" ,$()F w(E &{"9" A2-;" Q'T &+ ,B*. C.*$% �F9 Y2B &+  /J.! �F9     �F9 &+ &O ,.2@

 ,SB `"e;          Q)"  !/7+ /i~4; �F9 !FIZ" &<(= &+ "9 2WBf A"*% .   �F9 HN." /NJ.!  2."I; &'S> D"

,;         A*. !9*; 9! �F9 H." m2P$B" Q('+2? &+ A"*%      &<(= �*B F K#B*= C.*$%  2@      bN(O/% F &N.2X 

             !/O K92=" &<(= YF/O*0Z �"*5  F9 b)24; s/04O ,.2B"*% I(B F �I> F! H." .      }NW; 92(GN+ &N0-B

 A*. Q(Z/� s/04O &O Q)" H." !9"! !*>F �F9 H." 9! &O  /J.!    QN)" /.eNX A2N-;" o;  2@ .

              24; U*7B VST H(;�%  "/+ ,%9"/8 R2('ST /%]2+  2@2;! &+ D2(B �F9 H." K#ST q-<;   QN)" b)

         _SB D" K!270)" &+ &>*% 2+ /J.! ,Z/E D" 2;"       /.D #.2+ 2;! ,%"/0(B  2@400     #N=2+ !"/J(0B2N) &>9!  .

    ,; /:B &+ H." /+24+         s2pB#N+ "9 ,%v-<N;  !F#N8 2N% b)24; ,%9"/8 R2('ST  2;! H0Z2. &O #)9

 #=2+ &0="! .           . C.*$% �F9  "/+ YD] ,%9"/8 R2('ST ,B]*E A2;D Af D" &0=eM   A"*4$+ !*5 ,B*

Q)" �/P; �F9 H." 9! /J.! ,'-<;.  
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