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 !"!#$%&'()*+ "*+ ,$#-(.-$/+ .!# !"(.&"$+ ' "010'2+34+ 5016+7!(,8$/-&+#(9&+'*)*'()*+'+:;+#)+'01*<+09(1<+=0+
&.'0"*'9><+ '$1?$)@."0'&'()*<+ 9&%*)*<+  $9)>+  !"!,"*9.()$A(8$B+ A+#!.(-0)&+ 01!"2()*+;6C: 5+ DEFGH+ I!AI("'-*J+

,"*9.()$'+9 0)&,*+D3aH+A+K6 )6+3;4-1030L6+L !,."+MN7+1O+D <+#6P6HQ+R6SS+9<+R6TC+9+D4U<+VU2H<+R63C+11+DCO<+L6O4), 

T6F4+.+D3O<+LOH<+T6;S+11<+46ER+11+D4U< CH2H<+464E+9+DTO<+ -LO3H6+W-(/1!-0<+GQ+V+4R6T36+L10H12N4X6+XIP*9)!-0<+GQ+V+
27.43.

Y-()05$P-0+01!"2(-$+4-(A*10-3-("*)-(2-#!.*)H "0 (-(#$1*+3b, 4a,b -(+09-0'$+I"0#(#$1$'+1b, 2a,b.
 !"#$%"&$%

! Bräse S. Organic Azides - Syntheses and Applications / S. Bräse, K. Banert // Wiley, 2010. – 519 p.

! Z,0)@-*,+M6 L6+ [()05!-("*)*"0'(-*!+ -! "!1!)@-\J+ 90!1*-!-*/+ ("0#(.*P!9,*#*+ 1*(A090!1*-!-*>#*6+ ]]]^_6+
])0"("*)*"0'(-*!+ (,"*)(#*1(6+ Y#*1\+ ฀-J)0"-฀-("*) "0 *0-0'\J+ *+ ฀-("*)(,"*)0'\J+ ,*9)0.+ `+ M6 L6 Z,0)@-*,<+
Y6 a6 b0#I"0'9,*/<+c6 d6 7050'*,+``+e&"-()+0"5(-*P!9,0/+J*#**6+– 1967. – K6+C<+a\ 6 2. – L6+44F–231.

! Synthesis and Antimicrobial Activity of 2-Chloro(bromo)-(2-methyl)-3-arylpropionamides / B. D. Grishchuk,  R. V. 
Symchak, V. S. Baranovskii, S. I. Klimnyuk, E. V. Pokryshko // Pharmaceutical Chemistry Journal. – 2013. – Vol. 47, N. 6. – P.
307-309.
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 !"#$!%&'(()*%+'"#'$#+'&!,(!-*-'$,# !-*.#/' #"*0* !$#/(!1& 2* '$3(!-*

"# /'%(!-* !$#/2 *

f+ J("P0'$/+  "0#*9)0'09.$+ ("0#(.*A(.0"*+ g+ 01-$gh+ A+ '(2)*'*J+ 9,)(10'*J+  "*+ '*"0I-*8.'$+ #i>9-*J+ $+
,0'I(9-*J+'*"0I$'6+ jJ+A(9.09&'(-->+-(I&)0+%*"0,050+ 0%*"!-->+-(+9'$.0'0#&+"*-,&6 k!+9.()09>+'+"!A&)@.(.$+
 0>'*+ !"!10'*J+.!J-0)05$/<+>,$+ 0'i>A(-$+A+0."*#(-->#+J("P0'*J+ "01&,.$'+-(+09-0'$+ !"!"0I,*+9*"0'*-*6

]("P0'$+ ("0#(.*A(.0"*+ - 8!+ "!P0'*-*<+ >,$+ -(1(h.@+ #i>9-*#+  "01&,.(#+ 090I)*'$+ 9#(,0'$+ >,09.$<+
 0,"(=&h.@+("0#(.+$+"0I)>.@+/050+$-1*'$1&()@-*#6+l"*+."*'()0#&+AI!"$5(--$+$+."(-9 0".&'(--$+A( (J+.(+9#(,+
'*"0I$'+ #02&.@+  05$"%&'(.*9><+ ()!+ A('1>,*+ J("P0'*#+ ("0#(.*A(.0"(#+ '0-*+ A('21*+ I&1&.@+ A+  09*)!-*#+ $+
 $,(-.-*#+A( (J0#6

a("!-$+,0'I(9-$+'*"0I*+g+01-*#+$A+-(/I$)@%+'2*'(-*J+ "0#*9)0'*J+ "01&,.$'6+m!"!A+,0-,&"!-8$h<+>,(+
'*-*,)(+-(+9@0501-$%-$/+1!-@<+'*"0I-*,*+ "(5-&.@+ $1'*=*.*+>,$9.@+50.0'0B+ "01&,8$B6+b)>+.050<+=0I+ 0,"(=*.*+
0"5(-0)! .*P-$+  0,(A-*,*+ ,0'I(9-*J+ '*"0I$'+ '+  "08!9$+ .! )0'0B+ 0I"0I,*+ #n>9(<+ '*,0"*9.0'&h.@+ ("0#(.*P-$+
10I(',*6+W('1>,*+8*#+10I(',(#+'$1-0')hg.@9>+$+ 0,"(=&g.@9>+9#(,<+,0)$"+$+A( (J+ "01&,.&6

^9-&h.@+&-$'!"9()@-$+,0# )!,9-$+9#(,0'$+9&#$%$+1)>+'9$J+.* $'+'("!-*J+,0'I(9-*J+'*"0I$'6+a+9,)(1+8*J+
9&#$%!/+'J01>.@+-!+)*%!+."(1*8$/-$+9 !8$B+.(+9$)@<+(+/+9.(I$)$A(.0"*<+ $19*)h'(P$+9#(,&<+(-.*0,9*1(-.*6

f-$'!"9()@-*#+J("P0'*#+ "01&,.0#+'+>,09.$+=01!--050+'2*'(-->+g+'("!-$+,0'I(9-$+'*"0I*6+W(+9'0B#+
J$#$P-*#+9,)(10#+,0'I(9-$+'*"0I*+g+8$--*#+J("P0'*#+ "01&,.0#<+>,$+>')>h.@9>+01-*#+$A+9&..g'*J+12!"!)+I$),(+
'+J("P&'(--$+)h1*-*6

a("!-$+ ,0'I(9-$+ '*"0I*+– '*"0I*+ $A+ ,0'I(9-050+?("%&+ '+ 0I0)0-,(J<+=0+  $11(h.@9>+ 0I9#(2&'(--h+ $+
'("$--h6+b0+8*J+'*"0I$'+'$1-09>.@Q+,0'I(9*<+909*9,*<+9("1!)@,*+.0=0+o3<+c. 9].

a("!-$+,0'I(9*+>')>h.@+90I0h+9,)(1-*/+,0# )!,9+J$#$P-*J+"!P0'*-<+>+9,)(1+>,*J+'J01>.@+I$),*<+)$ $1*<+
'&5)!'01*<+ '$.(#$-*<+ #$-!"()@-$+ 90)$+ $+ '01(6+ p02-(+ 5"& (+ "!P0'*-+ '*,0-&g+  !'-$+ ?&-,8$B+ '+ 2*..g1$>)@-09.$+
0"5(-$A#&6+ a+  "08!9$+ 50.&'(-->+ B2$+ $-5"!1$g-.*<+%0+ 'J01>.@+ '+ -!B<+  $11(h.@9>+ I$0J$#$P-*#+ .(+?$A*,0- J$#$P-*#+
 !"!.'0"!-->#<+=0+9.'0"hh.@+9."&,.&"&<+9#(,<+A( (J+$+,0)$"+J("P0'*J+ "01&,.$'6+

b)>+.050<+=0I+'$1-0'*.*+.(+ 0,"(=*.*+,0)$"<+("0#(.<+9#(,+ "01&,.&+'+ "08!9$+.! )0'0B+0I"0I,*+#n>9(+
'*,0"*9.0'&h.@+9#(,0("0#(.*P-$+10I(',*6

Y"0#(.*P-$+10I(',*+ 01$)>h.@9>+-(Q+
! p0# )!,9-$+9#(,0("0#(.*P-$+10I(',*<+>,$+10A'0)>h.@+'*"0I-*,(#+'*I"(.*+50.0'&+,0# 0A*8$h+

P$.,0+'*A-(P!-050+9#(,&<+-( "*,)(1<+,0'I(9(+qc$,("9@,(r+.0=06+b(-$+10I(',*+',)hP(h.@+'+9!I!+?&-,8$0-()@-$+
,0# 0-!-.*6

! L#(,0("0#(.*P-$+10I(',*+>')>h.@+90I0h+I(5(.0,0# 0-!-.-$+9&#$%$+-(+09-0'$+("0#(.*A(.0"$'<+
9 !8$/<+!?$"-*J+0)$/+$+"$A-0#(-$.-*J+("0#(.*P-*J+10I('0,<+=0+10A'0)>g+9.'0"*.*+>,+ "09.$<+.(,+$+9,)(1-$+9#(,*6

! L#(,0("0#(.*P-$+10I(',*+-(+09-0'$+-(.&"()@-*J+9 !8$/+D#0-09#(,*H+"0A,"*'(h.@+#02)*'09.$+
1)>+9(#09.$/-050+9.'0"!-->+("0#(.*P-*J+,0# 0A*8$/ '$1 0'$1-0+10+$-1*'$1&()@-*J+ 0I(2(-@6

! Y"0#(.*A(.0"*+  "*+ #$-$#()@-*J+ A(,)(1,(J+ -(1(h.@+  "01&,.&+ P$.,0+ '*"(2!-*/+  "0?$)@<+
-( "*,)(1<+>)0'*P*-*+P*+9'*-*-*6

p0# )!,9-$+ 9#(,0("0#(.*P-$+ 10I(',*+ 9.'0"!-$+ -(+ 09-0'$+ !,9."(,.$'+ -(.&"()@-*J+ 9 !8$/<+ ''01>.@+ 8$+
10I(',*+-(+ !"%$/+9.(1$B+#n>90"&I)!-->6+a+9,)(1+,0# )!,9-*J+10I('0,+'J01>.@Q+9.(I$)$A(.0"*+– ?09?(.0'#$9-$+
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9&#$%$+ D $"0?09?(.*+ sC:;<+ ."*?09?(.*+ sC:3H<+  $19*)h'(P$+ 9#(,&+ D5)&.(#(.+ -(."$h+ sS43H<+ (-.*0,9*1(-.*+
DsT;;<+ sT3SH<+ 9$)@+ 9 !8$B+ $+ !,9."(,.*+ 9 !8$/6+ W('1>,*+ 10I(',(#+ ?0"#&g.@9>+ $-1*'$1&()@-*/+ 9#(,+ ,0'I(9*<+
9.(I$)$A&g.@9>+,0)$"+-(+A"$A$+ "01&,.&6

s,9."(,.*+-(.&"()@-*J+9 !8$/+ g+ 9&P(9-0h+()@.!"-(.*'0h+ ."(1*8$/-*#+#0)0.*#+9 !8$>#6+W(+ "(J&-0,+
101('(-->+!,9."(,.$'+9 !8$/+'("!-$+,0'I(9-$+'*"0I*+-(I&'(h.@+>9,"('0+'*"(2!-*/+9#(,+$+("0#(.+-(.&"()@-*J+
9 !8$/+ $+  ">-0=$'<+ '$1I&'(g.@9>+ A1!%!')!-->+  "01&,.&6+ k$+ 9 !8$B+ '-09>.@9>+ '+ ?("%+ '+ 9&J0#&+ '*5)>1$+ -(+
09.(--@0#&+!.( $+0I"0I,*+#n>9-0B+9*"0'*-* [3].

Y"0#(.*A(.0"*+ $+9#(,0("0#(.*P-$+10I(',*+9 "*>h.@+?0"#&'(--h+9#(,&+ $+("0#(.&+50.0'050+ "01&,.&+
 !'-0B+ 9 ">#0'(-09.$<+ 0."*#(--h+ 0 .*#()@-050+ 9#(,&+ $+ A( (J&+ 1)>+ #n>90 "01&,.$'<+ =0+ '*50.0')>h.@9>+ A(+
"!8! .(#*+ A+ '!)*,*#*+ A(#$-(#*+ #n>9-0B+ 9*"0'*-*<+ (+ .(,02+ A+ '*,0"*9.(-->#+ -*A@,090".-0B+ 9*"0'*-*<+
&9&-!-->#+9 !8*?$P-050+ "*9#(,&+'+50.0'0#&+ "01&,.$+D.(I)6+3H6

a+>,09.$+("0#(.*A(.0"$'+#n>9-*J+'*"0I$'+A(9.090'&h.@+"$A-0#(-$.-$+90)$+.(+$-%$+"!P0'*-*6
b09)$12!-->+J$#$P-050+9,)(1&+)!.hP0B+?"(,8$B+#n>9-*J+ "01&,.$'+J("P&'(--><+J$#$P-*J+ !"!.'0"!-@<+=0+

 "0.$,(h.@+ $1+P(9+,&)$-("-0B+0I"0I,*+#n>9(+$ '!1&.@+10+&.'0"!-->+"!P0'*-+A( (J&<+9#(,&<+ 09)&2*)*+ $19.('0h+
1)>+"0A"0I,*+9 090I$'+0."*#(-->+("0#(.*A(.0"$'+A+#n>9-*#+A( (J0#6+a+9,)(1+.(,*J+("0#(.*A(.0"$'+ !"!'(2-0+
'J01>.@+Ang1-(--><+=0+#$9.>.@9>+'+-(.&"()@-*J+ "01&,.(J6
7"89'/:);)
Y90".*#!-.+9#(,0("0#(.*P-*J+10I('0,

O(A'( X9-0'-*/+9,)(1 l"*A-(P!-->
t("I!,h
D%(%)*,H

L$)@<+ #()@.01!,9."*-<+ #0)0P-(+ 9*"0'(.,(<+ 8*I&)>+
9&%!-(<+  ( "*,(+ #0)0.(u+ -(.&"()@-$+ .(+ $1!-.*P-$+
-(.&"()@-*#+ 9#(,0("0#(.*P-$+ "!P0'*-*<+
("0#(.*A(.0"+ -(.&"()@-*/+ q#(9)09#0)*+  ( "*,*r<+
 $19*)h'(P+ 9#(,&+ .(+ ("0#(.&+ DsS43<+ sS4R<+ sST3H<+
8&,0"<+ (-.*0,*9)h'(P+ DsT;;H<+ -(.&"()@-$+ !,9."(,.*+
9 !8$/6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'<+ (%.!.$'6

t!,0- L$)@<+ #()@.01!,9."*-<+ 1"$2120'$+ !,9."(,.*<+
 $19*)h'(P+ 9#(,&+ .( ("0#(.&+ DsS43<+ sS4R<+ sST3Hu+
8&,0"<+ -(.&"()@-$+ .(+ $1!-.*P-$+ -(.&"()@-*#+
9#(,0("0#(.*P-$+ "!P0'*-*<+ -(.&"()@-$+ 9 !8$B+
D 0"0%0,+ ( "*,*H6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'6

Z*-,( L$)@<+ 1"$2120'$+ !,9."(,.*<+ -(.&"()@-$+ .(+ $1!-.*P-$+
-(.&"()@-*#+ 9#(,0("0#(.*P-$+ "!P0'*-*<+ 8&,0"<+
 $19*)h'(P$+ 9#(,&+ $+ ("0#(.&+ DDsS43<+ sS4R<+ sST3Hu+
#()@.01!,9."*-<+ 0)$>+ "09)*--(<+ 10I(',(<+ =0+
 !"!%,012(g+ A)!2&'(--h+ .(+ &.'0"!--h+ 5"&10,+
Ds::3H<+-(.&"()@-$+!,9."(,.*+9 !8$/6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'6

M)0'*P*-(+ N()@.01!,9."*-<+  $19*)h'(P+ 9#(,&+ DsS43H<+
1"$2120'$+ !,9."(,.*<+ "!5&)>.0"*+ ,*9)0.-09.$+ Ds4S4<+
s:R:H<+ -(.&"()@-$+ .(+ $1!-.*P-$+ -(.&"()@-*#+
9#(,0("0#(.*P-$+ "!P0'*-*<+ (-.*0,*)h'(P+ DsT;;H<+
9$)@u+ 0)$>+ "09)*--(<+ 10I(',(<+ =0+  !"!%,012(g+
A)!2&'(--h+.(+&.'0"!--h+5"&10,+Ds::3H<+-(.&"()@-$+
!,9."(,.*+9 !8$/6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
'*"0I$'<+)$'!"-*J+,0'I(96

p&",( N()@.01!,9."*-<+ 9$)@<+ 5)h,0A(<+ +  $19*)h'(P+ 9#(,&+
.(+ ("0#(.& DsS43H<+ I("'-*,*+ Ds3;;<+ s3:;d), 
-(.&"()@-$+ .(+ $1!-.*P-$+ -(.&"()@-*#+
9#(,0("0#(.*P-$+ "!P0'*-*<+ -(.&"()@-$+ 9 !8$B<+ 0)$>+
"09)*--(<+ "!5&)>.0"+ ,*9)0.-09.$+ Ds4S4Hu+ 10I(',(<+
=0+  !"!%,012(g+ A)!2&'(--h+ .(+ &.'0"!--h+ 5"&10,+
Ds::3H<+9.(I$)$A(.0"+,0)@0"&+DsF4;H6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'<+%*-,0'*J+
.(+ ,0 P!-*J+ '*"0I$'<+
 (%.!.$'<+)$'!"-*J+,0'I(96

Nn>90 N()@.01!,9."*-<+ 9$)@<+ 5)h,0A(<+ -(.&"()@-$+ .(+
$1!-.*P-$+ -(.&"()@-*#+ 9#(,0("0#(.*P-$+ "!P0'*-*<+
 $19*)h'(P+ 9#(,&+ .(+ ("0#(.&+ DsS43<+ sS4R<+ sST3H<+
1"$2120'*/+ !,9."(,.<+ 2*"+ "09)*--*/<+ 10I(',(<+ =0+
 !"!%,012(g+ A)!2&'(--h+ .(+ &.'0"!--h+ 5"&10,+
Ds::3H6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'6
s,0-0#-,)(96
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L'*-*-( L$)@<+ -(.&"()@-$+ .(+ $1!-.*P-$+ -(.&"()@-*#+
9#(,0("0#(.*P-$+ "!P0'*-*<+ 8&,0"<+ 1"$2120'$+
!,9."(,.*<+  $19*)h'(P$+ 9#(,&+ .(+ ("0#(.&+ DsS43<+
sST3<+ sS4RHu+ #()@.01!,9."*-<+ I("'-*,*+ Ds3;;<+
s3:;dH<+ 2*"+ "09)*--*/<+ 10I(',(<+ =0+  !"!%,012(g+
A)!2&'(--h+.(+&.'0"!--h+5"&10,+Ds::3H6

7!,0#!-1&g.@9>+
'*,0"*9.0'&'(.*+ 1)>+
'*50.0')!-->+ '9$J+ '*1$'+
,0'I(9-*J+'*"0I$'6

a*,0"*9.(-->+ 9#(,0("0#(.*P-*J+ 10I('0,+ '+ '("!-*J+ ,0'I(9-*J+ '*"0I(J+ 9 "*>g+  0,"(=!--h+
0"5(-0)! .*P-*J+ ')(9.*'09.!/+  "01&,.&<+ AI$)@%!--h+ (90".*#!-.&+ ,0'I(9-*J+ '*"0I$'+ A+ A(1(-*#*+
9#(,0("0#(.*P-*#*+')(9.*'09.>#*<+1(g+#02)*'$9.@+'*,0"*9.0'&'(.*+-*A@,090".-&+9*"0'*-&+o4<+c. 109].

a )*'+("0#(.*A(.0"$'+-(+2*'$+0"5(-$A#*+'*'P(h.@+-(+ "*,)(1$+Drosophila melanogaster6+Y12!<+A('1>,*+
9'0B#+&-$,()@-*#+')(9.*'09.>#<+(+9(#!Q+-!'!)*,*/+ !"$01+"0A'*.,&+D3;-3C+1-$'H<+'*90,(+ )01hP$9.@+D'$1+01-$gB+
 ("*+ 090I*-+ #02-(+ 0."*#(.*+ 3;;-3R:+ -(=(1,$'H<+ #()(+ ,$)@,$9.@+ J"0#090#+ D4n v+ EH<+ )!5,!+ "0A'!1!-->+ &+
)(I0"(.0"-*J+ &#0'(J<+ '!)*,(+ ,$)@,$9.@+ #0"?0)05$P-*J+ 0A-(,<+ A(+ >,*#*+ A"&P-0+ '!9.*+ 5!-!.*P-*/+ (-()$A<+
1"0A0?$)(+ "010'2&g+A()*%(.*9>+-!A(#$--*#+0Ing,.0#+1)>+ "0'!1!-->+ 5!-!.*P-*J+109)$12!-@<+=0+"0I*.@+ BB+
#01!)@-*#+ 0Ing,.0#+ 1)>+ '*'P!-->+ 9 !8$()$A0'(-*J+  *.(-@+ 5!-!.*,*<+ -( "*,)(1<+ '*'P!-->+ ' )*'&+ J("P0'*J+
("0#(.*A(.0"$'+-(+'*-*,-!-->+10#$-(-.-*J+)!.()@-*J+#&.(8$/6
 !"#$%"&$%

! Y-.* 0'(+c6+a6+N!.01\+*99)!10'(-*>+#>9(+*+#>9-\J+ "01&,.0'+`+c6+a6+Y-.* 0'(<+d6+Y6+[)0.0'(<+d6+Y6+7050'+``+*A1-
'0+qp0)09r+- 2001. – L6F6
! t&)1(,0'+Y6+L6+l*=!'\!+10I(',*Q+9 "('0P-*,6+LlI6Q+wx<+3FFS6+4C;+y6
! L*"0J#(-+d6+a6+K0'("0'!1!-*!+#>9(+*+#>9-\J+.0'("0'+`+d6+a6+L*"0J#(-< K6+[6+c0A0'(+``+p*!'+- 2009. 

 )*+,-.%&/(&

!"#$%&'()$*+,&-'$)–  +%<)=0)>0)?'."@0

('"#4!,3(()* '5"!!-*+3&'62 *0*('%2((2*73$(# !-*"068&0$*0*&3$(#4268%8"29*

#/6'%&2*

f+ "!A&)@.(.$+ 509 01("9@,0B+ 1$>)@-09.$+ )h1*-*+ #(g+ #$98!+ A(I"&1-!-->+ 10',$))>+ "$A-*#*+ J$#$P-*#*+
"!P0'*-(#*<+ >,$+ g+ -!'$1ng#-0h+ P(9.*-0h+ (5"0 "0#*9)0'050+ '*"0I-*8.'(<+ .'!"1*#*<+ "$1,*#*<+ 5(A0 01$I-*#*+
'$1J01(#*+ "0#*9)0'09.$<+0"5(-$P-*#*+'$1J01(#*+.'("*--*8@,*J+?!"#<+'!)*,*J+#$9.<+%.&P-*#*++"(1$0-&,)$1(#*<+
 "01&,.(#*+A50"(-->+ ()*'(<+.0=0+o33z6+X9.(--$#+P(90#+090I)*'0+-!I!A !P-*#*+A(I"&1-h'(P(#*+10',$))>+g+$0-*+
'(2,*J+#!.()$'+DaNH6+Y-."0 05!--!+-(1J012!-->+&+I$09?!"&+1!>,*J+90)!/+aN+&+ n>.@-1!9>.@+"(A$'+ !"!'*=&g+BJ-g+
 "*"01-!+ -(1J012!-->+ '-(9)$10,+ '*'$."h'(-->+ 5$"9@,*J+  0"$1+ $+ '*-!9!-->+ "$,(#*6+ f+ -(',0)*%-g+ 9!"!10'*=!+ A+
'*J)0 -*#*+5(A(#*+('.0#0I$)$'+ 0."( )>g+#(/2!+4:G+'*10I&.050+9'*-8h<+=0+&+F+"(A$'+I$)@%!<+ 0"$'->-0+A+.$gh+
,$)@,$9.h<+=0+ 09.& (g+&+I$0)05$P-*/+,0)00I$5+& "010'2+"0,&+oCz6+++

W(I"&1-!-->+ (5"0!,09*9.!#+ '(2,*#*+#!.()(#*+g+-(1A'*P(/-0+ '(2)*'0h+.(+ (,.&()@-0h+ "0I)!#0h+
9@0501!-->6+ O!I!A !,(+ BJ+ '*A-(P(g.@9>+ A1(.-$9.h+ -(,0 *P&'(.*9>+ &+ {"&-.$<+ ',)hP(.*9>+ &+ ."0?$P-$+ )(-8h5*+ .(+
 !"!1('(.*9>+-*#*+'$1+"09)*-+10+0"5(-$A#&+)h1*-*6+a(2,$+#!.()*+A+0"5(-$A#&+)h1*-*+'*'01>.@9>+1&2!+ 0'$)@-0+$+
A1(.-$+10+-(,0 *P!--><+ 50)0'-*#+P*-0#<+ &+-*",(J+ $+  !P$-8$<+ A+ 05)>1&+-(+=0<+"09)*--(+ "01&,8$><+ -('$.@+ $A+ 9)(I0+
A(I"&1-!-*J+ .!"*.0"$/<+ A1(.-(+ '*,)*,(.*+ ,&#&)>.*'-*/+ !?!,.+–  09.& 0'!+ AI$)@%!-->+ '#$9.&+ '(2,*J+#!.()$'+ &+
0"5(-$A#$+ )h1*-*+ o3z6+ K0#&+ ,0-."0)h'(-->+ '#$9.&+ '(2,*J+ #!.()$'+ &+ A!"-0'$/+  "01&,8$B+ -(I&'(g+ '(2)*'050+
A-(P!-->6

f+ "08!9$+!'0)h8$B+"09)*-*+'*"0I*)*+A1(.-$9.@+ 05)*-(.*+-!+)*%!+-!0IJ$1-$+1)>+"0A'*.,&+.(+ "08!9$'+
"09.&+ !)!#!-.*+ 2*')!--><+ ()!+ $+ .(,$<+ >,*J+ I$0)05$P-(+?&-,8$>+ g+ -!'$10#0h<+ (+ 9(#!Q+Cd, Cr, Pb, Co, Ag, Hg [3]. 
O!I!A !P-$9.@+'(2,*J+#!.()$'+A&#0')!-(+BJ-@0h+9.$/,$9.h+'+A0'-$%-@0#&+9!"!10'*=$<+"0AP*--$9.h+&+'01$<+90"I8$gh+
{"&-.0#+.(+"09)*-(#*6+a-(9)$10,+8@050+A(A-(P!-$+'*=!+!)!#!-.*+(,&#&)hh.@9>+'+0"5(-$A#(J+"09)*-+$+.'("*-6

a+ 09.(--$+ 1!9>.*)$..>+ 1!1()$+ I$)@%+ (,.&()@-0h+ &+ 9'$.$+ $+ f,"(B-$+ A0,"!#(+ 9.(g+  "0I)!#(+  "010'0)@P0B+
I!A !,*6+L'$.0'(+9 $)@-0.(+ "*+'*"$%!--$+1(-050+ *.(--><+'+ !"%&+P!"5&<+A'!".(g+&'(5&+-(+0I0'n>A,0'!+'"(J&'(-->+
!,0)05$P-050+(9 !,.&+– AI!"!2!-->+ "*"01-*J+"!9&"9$'<+#$-$#$A(8$h+' )*'&+-(+-(',0)*%-g+ "*"01-!+9!"!10'*=!<+
>,$9.@+ 10',$))><+ '*"0I-*8.'0+ >,$9-*J+ $+ I!A !P-*J+  "01&,.$'+ J("P&'(-->6+ f+ ,"(B-(J+ |L+ %*"0,0+ ' "0'(12&g.@9>+
#!.010)05$>+ 0."*#(-->+ >,$9-0B+ $+ I!A !P-0B+ 9$)@9@,0509 01("9@,0B+  "01&,8$B<+  "*-8* + >,0B+  !"!J$1+ '$1+ ,0-."0)h+
,$-8!'050+ "01&,.&+10+ "05-0A&'(-->+#02)*'*J+-!5(.*'-*J+' )*'$'+.(+&-*,-!-->+BJ+-(+9.(1$B+'*"0I-*8.'(+oFz6


