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 !" 123.456 

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

(.-. 0/1/*23&, '.(. '4,+*#&, 0.5. 67%/4#& 

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

")-89:;6: 8-<=>(?6'":>';)@) ?6)0'6?(  

=6=(;( A:=)?)A =:>A)@6?>)-6!( 

 !"#!$%&!' '%()* +,%+%$ +-'&."! /01&#!- - '!'%2-+,.#+'%3% 

TiO2 ,/&.4 &.#4%3-2#%0-"!, ,#%&.5!67.3% ,#- +8-3!'-- %#3!'%-

4-'.#!01')9 +#.2 ,#- '-"5-9 &.4,.#!&/#!9. :#%;.++ &.#4%3-2#%0--

"! %+'%(!' '! <==.5&. %$>.4'%3% 3%#.'-? %#3!'%-4-'.#!01')9 #!+-

&(%#%( ,#- -9 #!+,)0.'-- - ,%+0.2/67.4 (%+,0!4.'.'-- %$#!"/6-

7-9+? 4-5#%5!,.01 &/4!'! ( ,#-+/&+&(-- %&5#)&%3% -+&%@'-5! 

%3'?. A!0). #!"4.#) 4-5#%5!,.01, -4.67-9 $%01B/6 ,%(.#9'%+&1 

#!"2.0! =!", %$.+,.@-(!6& ()+%5/6 +5%#%+&1 ,#%;.++! &.#4%3-2#%-

0-"! -, +0.2%(!&.01'%, $%01B/6 ,%0'%&/ ,#%&.5!'-? ,#%;.++! ( /+-

0%(-?9 4!0)9 "'!@.'-* (#.4.'- ,#.$)(!'-? ( #.!5&%#.. :#-@.4 -"-

4.'.'-.4 2-+,.#+'%+&- 5!,.01 -+9%2'%3% %#3!'%-4-'.#!01'%3% #!+-

&(%#! 4%8'% #.3/0-#%(!&1 #!"4.# %$#!"/67-9+? @!+&-; TiO2. 

C#%4. &%3%, + ,%4%716 -"4.'.'-? &.4,.#!&/#) %$>.4'%3% 3%#.'-? 

- /+0%(-* !5&-('%3% ()2.0.'-? 3!"%%$#!"')9 ,#%2/5&%( &.#4-@.-

+5%3% #!"0%8.'-? -" %$#!"/67-9+? @!+&-; TiO2 4%8'% /,#!(0?&1 

,%#-+&%+&16 +-'&."-#/.4)9 4!&.#-!0%(.  

 !"#"$%". #$%$&'(), *)&'+,- ./'/0/1/ 2(324'&2 5)5/0)67$05--

7+, 7/18' 90/2(32': .()5'/(-$ ;<<$.'-, 90+ ./'/0-= <+6+*$&.+$ 

+ =+7+*$&.+$ &(/>&'() &+3:5/ 6)(+&2' /' 0)67$0) *)&'+,-. ?).+7 ($-

%$&'()7 8@$32$'&2 /&/A/$ (5+7)5+$, ) 5) +68*$5+$ 7$'/@/( 9/38*$5+2 

0)&=/@8$'&2 /10/75/$ ./3+*$&'(/ (0$7$5+ + &0$@&'(. B$ 2(32$'&2 +&-

.34*$5+$7 + @+/.&+@ '+')5) TiO2. 

C8%$&'(8$' A/3:D/$ ./3+*$&'(/ 7$'/@/( [1–4] 9/38*$5+2 5)5/-

@+&9$0&5/1/ 9/0/D.) TiO2. E@5+7 +6 9$0&9$.'+(5-= 7$'/@/( 2(32$'&2 

&9/&/A =+7+*$&./1/ 9)0/<)65/1/ /&)F@$5+2 (CVD-7$'/@) [2]. ?)., 

9/ 7$'/@8 CVD ( 0)A/'$ [3] ( .)*$&'($ +&=/@5/1/ ($%$&'() +&9/3:6/()-

3+ '$'0)=3/0+@ '+')5) (TiCl4), /.+&322 $1/ .+&3/0/@/7, ) ( 0)A/'$ [4] 

90+7$523+ 1+@0/3+6 TiCl4. EA%+7 ( @)55-= 0)A/')= A-3/ '/, *'/ +&-

=/@5/$ ($%$&'(/ &5)*)3) +&9)023+, ) 6)'$7 ( 5)10$'/7 0$).'/0$ 90/(/-
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@+3+ &+5'$6 TiE2. !)55-$ '$=5/3/1++ 9/ &0)(5$5+4 & 93)67$55/> 

+ 7$=)5/=+7+*$&./> '$=5/3/1+27+ +7$4' 7$5:D+$ ;5$01/6)'0)'- 

+ @/&')'/*5/ (-&/./90/+6(/@+'$3:5-.  

# 5)&'/2%$> 0)A/'$ +&&3$@/()3)&: (/67/F5/&': 9/38*$5+2 5)5/-

0)67$05-= *)&'+, @+/.&+@) '+')5) 5/(-7 7$'/@/7 '$07/1+@0/3+6) 

0)&'(/0) TiCl4 ( /01)5+*$&./7 0)&'(/0+'$3$ 90+ $1/ 0)&9-3$5++ 5) /'-

.0-'/$ 93)72, 5$ 9/@(/@2 @/9/35+'$3:5/1/ '$93) . 0$).'/08. !)55-> 

()0+)5' '$=5/3/1++ /A3)@)$' @/&'/+5&'()7+ 7$'/@) CVD + =)0).'$0+-

68$'&2 7$5:D+7+ ;5$01/6)'0)')7+. 

&'()"*%+"$,-./$-0 1-(,/. !32 9/38*$5+2 83:'0)@+&9$0&5/1/ 

9/0/D.) TiO2 +&9/3:6/()3+ 0)&'(/0 TiCl4 & ./5,$5'0),+$> 2,2 7/3:/3, 

. ./'/0/78 @/A)(323+ 5$/A=/@+7-> /AG$7 /01)5+*$&./1/ 0)&'(/0+'$-

32. C=$7) +&9/3:68$7/> 90+ 90/($@$5++ ;.&9$0+7$5'/( 8&')5/(.+ 

90$@&')(3$5) 5) 0+&. 1.  6$3 90+1/'/(3$5+2 /01)5/-7+5$0)3:5/1/ 0)&-

'(/0) (.34*)$' ( &$A2 $7./&':, +6 ./'/0/> 6) &*$' @)(3$5+2, &/6@)()$-

7/1/ ./790$&&/0/7, +&=/@5-> 0)&'(/0 9/@)$'&2 @32 0)&9-3$5+2 5) 

</0&85.8. !32 8($3+*$5+2 &'$9$5+ @+&9$01+0/()5+2 0)&'(/0) /5 90$@-

()0+'$3:5/ &7$D+()$'&2 & (/6@8=/7 @32 &/6@)5+2 (/6@8D5/-

F+@./&'5/> &7$&+, 9/&'89)4%$> 5$9/&0$@&'($55/ 5) </0&85.8-

0)&9-3+'$3:. H)&9-3$5+$ 0)&'(/0) 90/+6(/@+'&2 ( /AG$7 9/3/1/ ,+-

3+5@0+*$&./1/ 0$).'/0) +6 .()0,). #/&93)7$5$5+$ 0)&9-32$7/1/ 0)&-

'(/0) /&8%$&'(32$'&2 6) &*$' 93)7$5+ (/@/0/@5/> 1/0$3.+, 0)A/')4-

%$> ( 5$90$0-(5/7 0$F+7$. B) (=/@ ( 0$).'/0 9/@)$'&2 )'7/&<$05-> 

(/6@8=, &9/&/A&'(84%+> 9/35/78 &1/0)5+4 /01)5+*$&./1/ 0)&'(/0+-

'$32 + 5)90)(3$55/78 1)6/(/78 9/'/.8. ?$79$0)'80) ( 0$).'/0$ <+.&+-

08$'&2 & 9/7/%:4 '$07/9)0-. I)6//A0)65-$ + '($0@-$ 90/@8.'- '$0-

#/6@8= 

J/0&85.)-0)&9-3+'$3: 

 6$3 90+1/'/(3$5+2 0)&'(/0) 

E'=/@2%+$ 

1)6- 

H$).'/0 
 6$3 83)(3+()5+2 I/0$3.) 

 

"/790$&&/0 

?$07/9)0) 

H+&. 1. C=$7) 8&')5/(.+ 
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7/1+@0/3+6) 9/&'89)4' +6 0$).'/0) ( 86$3 83)(3+()5+2 + ./5&$0(),++ 

*)&'+, @+/.&+@) '+')5).  6$3 &/&'/+' +6 &'$.3/'.)5$(/1/ <+3:'0), 

83)(3+()4%$1/ '($0@84 <)68, + $7./&'+ &/ %$3/*5-7 0)&'(/0/7 @32 

)A&/0A,++ .+&3-= 1)6/( – 9/A/*5-= 90/@8.'/( 90/,$&&).  

H)67$0 + </078 9/38*$55-= *)&'+, 90/@8.') /90$@$323+ 5) &.)-

5+084%$7 ;3$.'0/55/7 7+.0/&./9$ S-3400N <+07- Hitachi (K9/5+2), 

& 90+&')(./> @32 0$5'1$5/&9$.'0)3:5/1/ )5)3+6) <+07- «L08.$0». E@-

5/(0$7$55/ &/ &G$7./> 90/(/@+3+ ./3+*$&'($55-> 0$5'1$5/&9$.'0)3:-

5-> )5)3+6 /A0)6,/( @32 /90$@$3$5+2 += =+7+*$&./1/ &/&')(). J)6/(-> 

&/&')( 9/38*)$7/1/ 90/@8.') /90$@$323+ & 9/7/%:4 0$5'1$5/<)6/(/1/ 

)5)3+6) 5) 0$5'1$5/(&./7 @+<0).'/7$'0$ XRD-7000 <+07- Shimadzu.  

?). .). @/9/35+'$3:5/1/ 9/@(/@) '$93) . 0$).'/08 5$ 90$@8-

&7)'0+()3/&:, '/ '$79$0)'80) ( 0$).'/0$ /A$&9$*+()3)&: '/3:./ 6) &*$' 

'$93), (-@$324%$1/&2 90+ &1/0)5++ &9+0'). # '/ F$ (0$72 90+ +&9/3:-

6/()5++ ( .)*$&'($ 0)&'(/0+'$32 /@5/1/ + '/1/ F$ &9+0'), 5/ & 0)65/> 

./5,$5'0),+$> ./79/5$5'/( ( 0)&'(/0$ '$79$0)'80) A8@$' 87$5:D)':-

&2 & 8($3+*$5+$7 &/@$0F)5+2 (/@- ( 0)&'(/0$, '). .). ;'/ A8@$' &5+-

F)': $1/ 1/04*$&':. !)55-$ 6)./5/7$05/&'+ 90$@&')(3$5- 5) 0+&. 2, !. 

E'7$'+7, *'/ 9/35/&':4 8@)3+': (/@8 +6 +&=/@5/1/ 0)&'(/0) 5$(/6-

7/F5/, '). .). /5) (5/&+'&2 & 0)&'(/0/7 =3/0+@) '+')5). "0/7$ '/1/, 

( 0$).'/0$ 5$/A=/@+7/ 9/@@$0F+()': @/&')'/*5/$ &/@$0F)5+$ 9)0/( 

(/@-, *'/A- /A$&9$*+': 9/35/'8 90/'$.)5+2 90/,$&&) '$07/1+@0/3+6). 

M'/ /A$&9$*+()$'&2 .). +&9)0$5+$7 (/@- +6 +&=/@5/1/ 0)&'(/0), '). 

+ /A0)6/()5+$7 9)0/( (/@- 90+ &1/0)5++ /01)5+*$&./1/ 0)&'(/0+'$32. 

 

! $ 

H+&. 2. N)(+&+7/&': &/@$0F)5+2 ( +&=/@5/7 0)&'(/0$ &9+0') + (/@- /' 

'$79$0)'80- 90/($@$5+2 90/,$&&) '$07/1+@0/3+6) (!) + 6)(+&+7/&': 

/&')'/*5/1/ =3/0) ( 90/@8.'$ /' '$79$0)'80- '$07/1+@0/3+6), % 9/ 7)&&$ ($) 
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"). (+@5/, 0)&'(/0- & (-&/./> ./5,$5'0),+$> &9+0') 9/6(/324' 

&/6@)': A/3$$ (-&/.84 '$79$0)'808 ( 0$).'/0$ + '$7 &)7-7 @/A+':&2 

A/3:D$> 9/35/'- 90/'$.)5+2 90/,$&&) '$07/1+@0/3+6). C'$9$5: 90$-

(0)%$5+2 TiCl4 ( TiO2 /90$@$323+ 9/ &/@$0F)5+4 /&')'/*5/1/ =3/0) 

( 90/@8.'$ (0+&. 2, $). "). (+@5/ 5) 0+&. 2, $, ( +5'$0()3$ '$79$0)'80 

(-D$ 600 
/
C 8F$ @/&'+1)4'&2 @/&')'/*5/ 5+6.+$ 65)*$5+2 ./5,$5'0)-

,++ =3/0) ( '($0@/> <)6$ (0,5 % 9/ 7)&&$ + 7$5$$), *'/ &(+@$'$3:&'(8$' 

/ (-&/./> 9/35/'$ 90/'$.)5+2 90/,$&&) '$07/1+@0/3+6). H$5'1$5/<)-

6/(-> )5)3+6 ').F$ 9/@'($0F@)$' @/&')'/*584 9/35/'8 90/,$&&) 1+@-

0/3+6) 90+ @)55-= '$79$0)'80)= (0+&. 3).  &')5/(3$5/, *'/ '($0@-$ 

<)6- &/@$0F)' &7$&: 08'+3) + )5)')6). E@5)./ ;'/ ').F$ 5$ +&.34*)$' 

90+&8'&'(+$ )7/0<5-= <)6 ( 90/@8.'$, (/67/F5/ &/@$0F)%+= /&')-

'/*5-> =3/0. !)55-$ 0$5'1$5/<)6/(/1/ )5)3+6) 9/@'($0F@)4'&2 +&-

&3$@/()5+27+ @081+= )('/0/(, &(+@$'$3:&'(84%+= / '/7, *'/ 9$0$=/@ 

)5)')65/> </07- ( 08'+3:584 90/+&=/@+' 90+ '$79$0)'80)= /./3/ 

700 ºC [5, 6].  

 

H+&. 3. H$5'1$5/10)77) 90/@8.') '$07/1+@0/3+6) @+/.&+@) '+')5), 

9/38*$55/1/ 90+ '$79$0)'80$ 800 ºC 

O/38*$55-$ 0$683:')'- 9/@'($0F@)4'&2 @)55-7+ '$07+*$&./1/ 

)5)3+6) 9/38*)$7/1/ 90/@8.') (0+&. 4). O/ =)0).'$08 '$07/10)(+7$'-

0+*$&./> .0+(/> 7/F5/ &@$3)': (-(/@ / '/7, *'/ 90/,$&& 1+@0/3+6) 

90/'$.)$' & @/&')'/*5/> 9/35/'/>, '). .). 90+ 5)10$()5++ 9/38*$55/-

1/ @+/.&+@) '+')5) 90).'+*$&.+ 5$ 5)A34@)$'&2 9/'$0+ 7)&&- (./'/0)2 

&/&')(32$' 90+ 500 
/
C 1,47 %). M.6/'$07+*$&.+$ ;<<$.'- ( /A3)&'+ 

'$79$0)'80 500–1000 ºC, ($0/2'5$$ (&$1/, 2(324'&2 &3$@&'(+$7 90/,$&-

&/( 9$0$.0+&')33+6),++ )7/0<5-= <)6, ) ').F$ 9/3+7/0<5/1/ 9$0$=/-
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@) )5)')6) ( 08'+3. H$683:')'- )5)3+6) 5$ 90/'+(/0$*)' &8%$&'(84%+7 

@)55-7 [6], 1@$ 8.)6-()4'&2 '$79$0)'805-$ +5'$0()3- </07+0/()5+2 

&'08.'80- )5)')6) 400–480 ºC + 9$0$=/@) )5)')6) ( 08'+3 680–740 ºC. 

O0+*$7 ;'/' 9/3+7/0<5-> 9$0$=/@ 90/'$.)$' ( @/(/3:5/ D+0/./7 

@+)9)6/5$, ( ./'/0/7 3+D: ;.&'0$787 5)=/@+'&2 ( 8.)6)55/7 (-D$ +5-

'$0()3$. B) .0+(/> !C" (&7. 0+&. 4) ;'/' ;.&'0$787 5$&./3:./ &7$%$5 

( /A3)&': (-&/.+= '$79$0)'80 + 90/2(32$'&2 90+ '$79$0)'80$ /./3/ 

860 ºC. M'/ &/13)&8$'&2 & @)55-7+, 90+($@$55-7+ ( 0)A/'$ [8], 1@$ @+-

/.&+@ '+')5), 9/38*$55-> & 9/7/%:4 &=/F$1/ & +&&3$@8$7-7 7$'/@) 

9)0/<)65/1/ =+7+*$&./1/ /&)F@$5+2 (CVD), +7$$' 7/@+<+.),+4 )5)-

')6) 90+ '$79$0)'80$ &+5'$6) @/ 1000 ºC.  

 

H+&. 4. ?$07/10)77) @+/.&+@) '+')5), 9/38*$55/1/ 90+ '$79$0)'80$ 800 ºC 

!32 )5)3+6) 0)67$0) + </07- 9/38*)$7-$ *)&'+,- TiO2 0)6@$3$-

5- 5) @($ <0).,++. H)67$0 7$3./> <0).,++ &/&')(32$' 7$5$$ 200 57 

(0+&. 5, 6). "0895-$ *)&'+,- +7$4' 90$+78%$&'($55/ &<$0+*$&.84 

</078 + 90$@&')(324' &/A/> 3+A/ +@$)3:5-> D)0 (0+&. 6, !), 3+A/ &<$-

08 & 0)6(+'/> 9/0+&'/> (58'0$55$> &'08.'80/> (0+&. 6, 3). #/67/F5/, 

9/&3$@5+$ /A0)6/()5- 6) &*$' (-@$3$5+2 1)6//A0)65-= 90/@8.'/( 1+@-

0/3+6) B2E + BC1 +6 *)&'+,, /A0)6/()(D+=&2 9/&3$ +&9)0$5+2 F+@./> 

<)6- +6 7+.0/.)9$3: 0)&9-32$7/1/ 0)&'(/0) TiCl4. 

C<$0- ( </07$ +@$)3:5/1/ D)0), (/67/F5/, </07+0/()3+&: 

9/ )5)3/1+*5/78 7$=)5+678 +&9)0$5+2 F+@./> <)6- +6 7+.0/.)9$3: 

+&=/@5/1/ 0)&'(/0). E@5)./ &./0/&': 90/,$&&) '$07/1+@0/3+6),  
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9/-(+@+7/78, A-3) 5$@/&')'/*5) @32 9/35/1/ 6)($0D$5+2 90/,$&&) 

1+@0/3+6), + (-@$3$5+$ 1)6/( +6 ')./> 90/7$F8'/*5/> *)&'+,- 5$ 90/-

+&=/@+3/.  

 

H+&. 5. SEM 7+.0/</'/10)<+2 90/@8.') 

O0+5+7)2 (/ (5+7)5+$ @)55-$ +&&3$@/()'$3$> [8, 9], ( ./'/0-= 

0)&&7)'0+()4'&2 90/,$&&-, 90/'$.)4%+$ 90+ </07+0/()5++ 5)5/@+&-

9$0&5-= *)&'+, @+/.&+@) '+')5) ( 9)0/1)6/(/> <)6$, 7/F5/ 6).34*+':, 

*'/ 7$3./@+&9$0&5-$ )10$1)'-, /A0)684%+$&2 90+ (-&/.+= '$79$0)'8-

0)= (0+&. 6, !), 2(324'&2 &3$@&'(+$7 90/,$&&/( ./)1832,++ + &/&'/2' +6 

5)5/0)67$05-= 9$0(+*5-= *)&'+,. "0/7$ '/1/, ( 90/($@$55-= ;.&9$-

0+7$5')= ').F$ 5)A34@)3/&: ).'+(5/$ /A0)6/()5+$ '($0@/> <)6- 5) 

9/($0=5/&'+ &'$5/. 0$).'/0), 1@$ /&)F@)3)&: 5)+A/3$$ 7$3./@+&9$0&-

5)2 <0).,+2. ?$7 5$ 7$5$$ 90+ 9/5+F$55-= '$79$0)'80)= 5)+A/3$$ 

90$@&')(+'$3:5/> <0).,+$> 2(323+&: 7+.0/0)67$05-$ 9/0+&'-$ 10)-

583-, 5) 9/($0=5/&'+ ./'/0-= 5)A34@)3&2 5)3$' +6 7$3.+= *)&'+,. ?)-

.+7 /A0)6/7, 7/F5/ 90$@9/3/F+':, *'/ 5)+A/3$$ 7$3.)2 <0).,+2 TiO2 

7/F$' A-': 9/38*$5) ( 0$683:')'$ 1$'$0/1$55/1/ 90/,$&&), 90+ ./'/-

0/7 </07+0/()5+$ *)&'+, 90/+&=/@+' 5$9/&0$@&'($55/ +6 1)6/(/> <)-

6-, ) 5$ ( 0$683:')'$ «7+.0/(60-()» A/3$$ .0895/> *)&'+,- 9/3890/-

@8.') 1+@0/3+6).  

J/07) + 0)67$0 *)&'+,, 9/38*$55-= ( 90/($@$55-= ;.&9$0+7$5-

')=, /90$@$323+&:, 90$F@$ (&$1/, '$79$0)'80/> 90/,$&&) 90+ 8&3/(++ 

@/&')'/*5/1/ (0$7$5+ 90$A-()5+2 *)&'+, ( 0$).'/0$. B)+7$5:D$$ ./-

3+*$&'(/ .0895-= *)&'+, + 5)+A/3:D$$ ./3+*$&'(/ 7$3./> <0).,++ 

5)A34@)3/&: 90+ +&9/3:6/()5++ A8')5/3)-1, ./'/0-> /A$&9$*+()3 (--

&/.+$ '$79$0)'80- 90/($@$5+2 90/,$&&). ?)., ( ;.&9$0+7$5'$ & 7).&+-

7)3:5-7 &//'5/D$5+$7 V(A8')5/3)-1)/V(0-0) TiCl4) .0895)2 <0).,+2 
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5$ /A0)6/(-()3)&:, /&)@/. 9/35/&':4 &/&'/23 +6 )13/7$0)'/( '/5./-

@+&9$0&5-= *)&'+,, 9/.0-()4%+= (&4 9/($0=5/&': 0$).'/0) ( (+@$ 

«./0)33/(» (&7. 0+&. 6). H)67$0 /'@$3:5-= *)&'+, 90+ ;'/7 A-3 7+5+-

7)3:5-> + 5$ 90$(-D)3 200 57.  

O0+ 7$5:D+= &//'5/D$5+2= V(A8')5/3)-1)/ V(0-0) TiCl4) +, .). 

&3$@&'(+$, 7$5:D+= '$79$0)'80)= 5)A34@)3/&: 9/2(3$5+$ .0895/> 

<0).,++ 5)02@8 & 7$3./>, ./'/0)2 90$@&')(323) &/A/> )10$1)'- *)&'+, 

@/ 100 7.7, 9/35/&':4 9/.0-'-$ 5)3$'/7 *)&'+, 7$3./> <0).,++.  

# ;.&9$0+7$5')= & /&')3:5-7+ &9+0')7+ <+.&+0/()3+&: 7$5:-

D+$ '$79$0)'80-, + 5)3+*+$ .0895/> <0).,++ 5)A34@)3/&: ( .)F@/7 

&38*)$.  

P$=)5+67 /A0)6/()5+2 *)&'+, TiO2 90+ '$07/1+@0/3+6$ '$'0)-

=3/0+@) '+')5) 9/.)6)5 5) 0+&. 6.  

   
! $ 

   

( 3 

H+&. 6. SEM 7+.0/</'/10)<++ *)&'+, TiO2 

O0+ '$07/1+@0/3+6$ 7/18' /A0)6/(-()':&2 &<$0+*$&.+$ *)&'+-

,- & 6).34*$55-7+ (58'0+ 7/3$.83)7+ (/@- + BC1 (&7. 0+&. 6, !). 

O0+ (-&/./> &./0/&'+ (-@$3$5+2 (/@- + BC1 +6 *)&'+, /5+ 7/18' 
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0)&.)3-()':&2 5) /'@$3:5-$ <0)17$5'- &<$0+*$&./> /A/3/*.+ 

(0+&. 6, $). ?)./> 90/,$&& 5/&+' =)0).'$0 (60-() *)&'+, ( '0$=7$05/7 

90/&'0)5&'($. 

O0+ 7)3/> &./0/&'+ 8@)3$5+2 7/3$.83 (/@- + BC1 /A0)684'&2 

&<$0+*$&.+$ *)&'+,- & 9/0+&'/> ./0./> (&7. 0+&. 6, (), *$0$6 9/0- ./-

'/0/> 90/+&=/@+' 8@)3$5+$ 1)6//A0)65-= 90/@8.'/( '$07/1+@0/3+6) 

+ 7/3$.83 (/@-. O0+ ;'/7 &'$5.) *)&'+,- /&')$'&2 5$0)608D$55/>, /5) 

90$@&')(32$' &/A/> )07+0/()5584 90/5+,)$784 /A/3/*.8. B) 9/($0=-

5/&'+ /A/3/*.+ (+@5/ 75/F$&'(/ @/7$5/(, &</07+0/()55-= +6 (/3/-

./5, /0+$5'+0/()55-= 9/-0)65/78 ( 0)63+*5-= @/7$5)=. P$F@8 (/3/.-

5)7+ &8%$&'(84' 98&'/'-, ./'/0-$ 9/ 0)67$0)7 7$5:D$, *$7 98&'/'- 

7$F@8 @/7$5)7+. M'+ 98&'/'- &38F)' .)5)3)7+ ('0)5&9/0'5-7+ 9/0)-

7+) @32 /'(/@) 90/@8.'/( '$07/1+@0/3+6). C3$@8$' /'7$'+':, *'/ 

)F805-$ )07+0/()55-$ &'$5.+ 5)A34@)4'&2 5$ '/3:./ 8 7+.0/*)&'+,, 

5/ + 8 .0895-= 7).0/*)&'+, @+)7$'0/7 9/02@.) 45–50 7.7 (0+&. 6, 3). 

!32 +68*)$7-= 8&3/(+> 90/,$&& '$07/1+@0/3+6) /01)5/-

7+5$0)3:5-= 0)&'(/0/( '$'0)=3/0+@) '+')5) & /A0)6/()5+$7 '/5./@+&-

9$0&5-= *)&'+, @+/.&+@) '+')5) 7/F5/ 90$@&')(+': ( (+@$ &3$@84%+= 

&')@+>: 

1. Q&9)0$5+$ (/@- + &9+0') & 9/($0=5/&'+ 0)&9-3$55-= 7+.0/-

.)9$3: /01)5+*$&./1/ 0)&'(/0) & /@5/(0$7$55/ 90/'$.)4%+7 90/,$&-

&/7 1+@0/3+6) '$'0)=3/0+@) '+')5) ( 7+.0/.)932= + &1/0)5+$7 9)0/( 

&9+0'). B) ;'/> &')@++ &9+0' &9/&/A&'(8$' &5+F$5+4 (26./&'+ 0)&9--

32$7/1/ 0)&'(/0), &5+F$5+4 0)67$0/( 7+.0/.)9$3:, 8&./0$5+4 90/-

,$&&) +&9)0$5+2 (/@- + 9/(-D$5+4 10)@+$5') '$79$0)'80 ( 90/&'0)5-

&'($, /.08F)4%$7 7+.0/.)93+, 8($3+*$5+4 &./0/&'+ '$93//A7$5).  

2. EA0)6/()5+$ +6 7+.0/.)9$3: '($0@-= &<$0+*$&.+= *)&'+, *)&-

'+*5/ 1+@0/3+6/()55/1/ '$'0)=3/0+@) '+')5). H)67$0 '($0@-= &<$0+-

*$&.+= *)&'+, 6)(+&+' /' 0)67$0) 7+.0/.)9$3:. O0+ ./)3$&,$5,++ 

7+.0/.)9$3: /A0)684'&2 .0895-$ &<$0+*$&.+$ *)&'+,-, ) +6 @+&9$01+-

0/()55-= .)9$3: /A0)684'&2 5)5/*)&'+,- *)&'+*5/ 1+@0/3+6/()55/1/ 

'$'0)=3/0+@) '+')5). 

3. O0/'$.)5+$ '$07/1+@0/3+6) (58'0+ '($0@-= &<$0+*$&.+= 5)-

5/*)&'+,, 8@)3$5+$ +6 *)&'+, 9)0/( (/@- + =3/0+&'/1/ (/@/0/@) 

+ </07+0/()5+$ ( &<$0+*$&.+= *)&'+,)= *)&'+*5/ 1+@0/3+6/()55/1/ 

'$'0)=3/0+@) '+')5) '0)5&9/0'5-= .)5)3/(, 98&'/', 9/3/&'$>. C./-

0/&': '$07/1+@0/3+6) (/60)&')$' & 9/(-D$5+$7 '$79$0)'80-, &5+F$-

5+$7 0)67$0) 7+.0/- + 5)5/*)&'+,.  
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4. H)60-( (5$D5$> &<$0- '($0@-= *)&'+, 5) /'@$3:5-$ <0)17$5-

'-. C./0/&': ;'/1/ 90/,$&&) /90$@$32$'&2 ($3+*+5/> '$79$0)'805/1/ 

10)@+$5'), /&')'/*5-7 &/@$0F)5+$7 ( *)&'+,)= (/@- + BC1, 0)67$0/7 

*)&'+,. O0+ (-&/.+= '$79$0)'80)= (/67/F5/ &'89$5*)'/$ 0)608D$5+$ 

<0)17$5'/( 5) (&$ A/3$$ 7$3.+$ &/&')(324%+$ 5)5/*)&'+,-. "/5$*5/> 

</07/> 9/38*)$7-= &)7-= 7$3.+= 5)5/*)&'+, 2(324'&2 &<$0+*$&.+$ 

*)&'+,-. O0+ 7$5:D+= '$79$0)'80)= <0)17$5'- 7/18' 0)&%$932':&2 

5$ 9/35/&':4 + </07) 9/38*)$7-= *)&'+, 7/F$' A-': ( (+@$ '/0), 

90+*8@3+(-= &5$F+5/., /&./3./( + '.@.  

5. EA0)6/()5+$ ('/0+*5-= *)&'+, ()13/7$0)'/() 6) &*$' &'/3.-

5/($5+> 9$0(+*5-= *)&'+, &/ &'$5.)7+ 0$).'/0), @081 & @081/7. Q5-

'$5&+(5/&': ;'/1/ 90/,$&&) 6)(+&+' /' 8&3/(+> /01)5+6),++ 9/'/./( 

( 0$).'/0$ + +5'$5&+(5/&'+ 9$0(+*5-= 90/,$&&/( </07+0/()5+2 

*)&'+,. 

 2!3#2: 

1. H)60)A/')5 5/(-> &9/&/A + 8&')5/(.) &+5'$6) 83:'0)- + 5)5/-

@+&9$0&5-= /.&+@/( 7$')33/( 98'$7 '$07/1+@0/3+6), 90/'$.)4%$1/ 

90+ &F+1)5++ /01)5/-7+5$0)3:5-= &0$@ 90+ 5+6.+= '$79$0)'80)=. 

O0/,$&& '$07/1+@0/3+6) /&5/()5 5) ;<<$.'$ /AG$75/1/ 1/0$5+2 /01)-

5/-7+5$0)3:5-= 0)&'(/0/( 90+ += 0)&9-3$5++ + 9/&3$@84%$7 (/&-

93)7$5$5++ /A0)684%+=&2 7+.0/.)9$3: '87)5) ( 90+&8'&'(++ /'.0--

'/1/ +&'/*5+.) /152.  

2. M.&9$0+7$5')3:5/ @/.)6)5/, *'/ +67$5$5+$7 &/&')(), '$79$0)-

'80- + @+&9$0&5/&'+ .)9$3: +&=/@5/1/ /01)5/-7+5$0)3:5/1/ 0)&'(/0) 

7/F5/ 0$183+0/()': 0)67$0, 9/0+&'/&':, =+7+*$&.+> + <)6/(-> &/&')( 

/A0)684%+=&2 *)&'+, /.&+@/( 7$')33/(. 

3. O/(-D$5+$ '$79$0)'80- &+5'$6) 98'$7 8($3+*$5+2 @/3+ &9+0-

') ( +&=/@5/7 0)&'(/0$, &5+F$5+$ 0)67$0) .)9$3: 0)&9-32$7/1/ /01)-

5/-7+5$0)3:5/1/ 0)&'(/0) '$'0)=3/0+@) '+')5) 90+(/@+' . 9/38*$5+4 

9/0/D./( 90/@8.') & 7+5+7)3:5-7 &/@$0F)5+$7 /&')'/*5/1/ =3/0), 

7+5+7)3:5-7 0)67$0/7 *)&'+, (7$5$$ 100 57). 

4. #-2(3$5/, *'/ @32 9/38*$5+2 @+/.&+@) '+')5) ( </07$ )5)')6) 

'$79$0)'80) &+5'$6) 5$ @/3F5) 90$(-D)': 680 
/
C.  

5. O0$@3/F$5 7$=)5+67 /A0)6/()5+2 *)&'+, @+/.&+@) '+')5), 

9/@'($0F@$55-> 7$'/@)7+ ;3$.'0/55/> 7+.0/&./9++, 0$5'1$5/<)6/-

(/1/ + '$07+*$&./1/ )5)3+6). 

H)A/') (-9/35$5) 9/ 1/&6).)68 I" 02.740.11.0254.  
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