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MODELING OF THE PROCESSES IN THE ELECTRIC ARC DURING TIG WELDING 

eng. Alexander GECHEV, prof. dr. eng. Manahil TONGOV 

Technical university – Sofia, Faculty of industrial technology, Bulgaria 

 

Abstract: This work presents a mathematical model of an electric arc during TIG welding. 

The solution is in cylindrical coordinate system by combining electrical, thermal and fluid 

mechanics. The protective gas is argon with information about the thermodynamic and fluid 

characteristics covering the temperature range 293.15- 22000 K, the electrode is made out 

of tungsten and the workpiece is a disc made of S355 EN 10025 with a database covering 

the required temperature range. The submitted solution of the problem is stationary. In the 

work are presented the results of the fluid velocity, temperature and electrical fields in the 

pillar of the electric arc. 

Keywords: thermal processes, fluid processes, electrical processes, arc welding, TIG. 

 

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

2'-'&3-'(# 

456. '789:;5<=> 1#/#-, <?@. <-> 456.  ;5;A47 ,!(1!- 

,8A54B8:94 C54D8>:4E8E – +?F4G,  ;H455? – E8A5?7?I4B85 F;9C7E8E, J=7I;>4G 

 

;!7<5!:   !"#$%&'"$" (")%$" * +(*,#$"-*! ."$*."$/0*#1/ .%,*2 !" 

*2*1$(/0*#1" 3"-"(40!" ,45" +(/  67 3"-"(&-"!*. 8*9*!/*$% * - :/2/!,(/0!" 

1%%(,/!"$!" #/#$*." 0(*3 #40*$"-"!* !" *2*1$(/0*#1", $%+2/!!" / ;2</,!" 

3","0/. ="'/$!/&$ 5"3 * "(5%! # /!;%(.":/& 3" $*(.%,/!"./0!/ / ;2</,!/ 

>"("1$*(/#$/1/ +%1(/-"'/ $*.+*("$<(!/& ,/"+"3%! 293.15- 22000 ?, *2*1$(%," * 

-%2;(".%- " ,*$"@2" * ,/#1 /3(")%$*! %$ ."$*(/"2 S355 EN 10025 # )"3" ,"!!/ 

+%1(/-"'/ !<A!/& $*.+*("$<(*! ,/"+"3%!. B(*,#$"-*!% * #$":/%!"(!% (*9*!/* 

!" +(%)2*.".   (")%$"$" #" +(*,#$"-*!/ (*3<2$"$/ 3" #1%(%#$/$* !" ;2</,", 

$*.+*("$<(!%$% / *2*1$(/0*#1% +%2*$" - #$42)" !" ,45"$".  

=8<)(6- #$5-: $%+2/!!/ +(%:*#/, ;2</,!/ +(%:*#/, *2*1$(/0*#1/ +(%:*#/, 

*2*1$(%,45%-% 3"-"(&-"!*,  67. 

1 -0-#"#(%# 

 

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

0$,%, $"5.&!&)1-. 6&+1 4%&1+*&'0$*". 4%&7"0 &8,3" " *0" &9" 4&' 1.$".+1*.& %,+*1$1", 0 7"! 4&- 

.,$,$(3.& 4&'&8%-*,." ., %,+!13.1 ,04"#$1 #,$& 4%&1+*&'1$"!.&0$, #&.$%&! ., 4%&7"0, 1 #,3"0$*&. 

6,#1*, 4&'&8%".1- 0, 4&!"+.1 &$ 1#&.&/13"0#, 1 "#&!&)13., )!"'., $&3#,. :%&7"0($ ., 

"!"#$%&'()&*& +,*,%-*,." " 0!&;". +, /&'"!1%,.", $(2 #,$& *#!<3*, /.&)& )&!"/1 $"/4"%,$=%.1 

)%,'1".$1, 1.$".+1*.& 1+!(3*,." ., 0$(!8, ., '(),$,, 4%&7"01 * ,.&'.,$, 1 #,$&'.,$, &8!,0$1 1 '%. 

>,%,#$"%10$1#1$" ., /,$"%1,!1$", =3,0$*,91 * 4%&7"0, 01!.& +,*10-$ &$ $"/4"%,$=%,$,, #&"$& *&'1 

'& *10&#, ."!1."2.&0$ ., %"?,*,.1$" +,',31. @(!)& *%"/" 1+0!"'*,."$& /= " 81!& 8,+1%,.& ., 

"#04"%1/".$,!.1 /"$&'1 1 ,.,!1$13.1 %"?".1- +, &4%"'"!".1 3,0$.1 0!=3,1. @."0 8!,)&',%".1" ., 

+.,31$"!.1- .,4%"'(# .,4%,*". * 0A"%,$, ., 1+310!1$"!.,$, $"5.1#, 1 1+4&!+*,."$& 2 +, 310!".1$" 

/"$&'1 +, /&'"!1%,." ., +,*,%(3.1- 4%&7"0, "#04"%1/".$1$" /&),$ ', 8(',$ '&4(!.".1, +, ', 0" 
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'&0$1)." '& 4&-'(!8&#& 4&+.,*,." ., 4%&7"0,. 6,#(* 4%1/"% " 4%&/-.,$, ., /1#%&0$%=#$=%,$, ., 

/,$"%1,! 0 &4%"'"!".& $"%/13.& .,$&*,%*,." [1], .,/1%,." ., &0$,$(3.1$" .,4%";".1- 1 

'"A&%/,711 [2].  !"#$%13"0#,$, +,*,%(3., '(), 4%"'0$,*!-*, ),+&* %,+%-' /";'= ,.&' 1 #,$&'. :%1 

/&'"!1%,."$& ., "!"#$%13"0#,$, +,*,%(3., '(), 0" &3"%$,*,$ '*, 4&'5&',, #&1$& 0" %,+!13,*,$ 

)!,*.& 4& .,31., ., /&'"!1%,." ., 4%&7"01$" * 0$(!8, ., '(),$,. :(%*1-$ &$ $-5 0" 5,%,#$"%1+1%, 0 

$&*,, 3" 0" /&'"!1%,$ $&4!1..1, "!"#$%13"0#1 1 "!"#$%&/,).1$.1 4%&7"01 * 0$(!8, ., '(),$,, #,$& 

0" 1+4&!+*,$ $"%/&'1.,/13.1$" 5,%,#$"%10$1#1 ., ),+&*,$, 0%"', [3]. B $&+1 0!=3,2 &81#.&*".& 0" 

%"?,*,$ $"%/13., 1 "!"#$%13"0#, +,',3, 1 0" &$31$, "!"#$%&/,).1$.&$& 1+!(3*,.". C0&8".&0$$, ., 

*$&%1-$ 4&'5&' ", 3" 0" /&'"!1%,$ 4%&7"01$" ., 2&.1+,71- ., *+,1/&'"20$*1" ., "!"#$%&.1, 2&.1 1 

,$&/1 * 0$(!8, ., '(),$, [4]. 6"+1 '*, 4&'5&', +, /&'"!1%,." ., 0$(!8, ., '(),$, %"04"#$1*.& 

*&'-$ '& %,+!131- 4%1 /&'"!1%,."$& ., 4%&7"01$" * "!"#$%&'.1$" &8!,0$1. 

D"!$, ., .,0$&-91-$ '&#!,' " ', 0" 4%"'!&;1 /&'"! ., "!"#$%13"0#,$, +,*,%(3., '(), * 

=0!&*1-$, ., BEF +,*,%-*,.".  

2  !"#$ 

 

:%1 /&'"!1%,."$& ., "!"#$%13"0#,$, +,*,%(3., '(), %,+)!";',/" )!,*.& 4%&7"01$" * 0$(!8, ., 

'(),$, 1 * "!"#$%&'.1$" &8!,0$1. G,)%-*,."$& ., *&!A%,/&*1- "!"#$%&' &$ 4%&$13,91-$ $&# 1 

*+,1/&'"20$*1"$& /= 0(0 0$(!8, ., '(),$, " 0(9& $,#, ."&85&'1/& +,%,'1 4%&7"01$" * #,$&'.,$, 

&8!,0$. :& 0(91-$ .,31. " ."&85&'1/& ', 0" /&'"!1%, 1 .,)%-*,."$& ., +,*,%-*,.&$& 1+'"!1" +, 

&410*,." ., 4%&7"01$" * ,.&'.,$, &8!,0$. :%&7"01$" * +,*,%(3.,$, *,., .-/, ', 8(',$ /&'"!1%,.1 

1 ." 0, 7"! ., .,0$&-91-$ '&#!,'. 6&*, &+.,3,*,, 3" *(* *&!A%,/&*1- "!"#$%&' 1 +,*,%-*,.&$& 

1+'"!1" 0!"'*, ', 0" %,+)!";',$ 4%&7"01 ., $&4!&4%".,0-." 1 4%&$13,." ., "!"#$%13"0#1 $&#. B 

0$(!8, ., '(),$, * %"+=!$,$ ., 4%&$13,91-$ $&# 4%&$13,$ 4%&7"01 ., 2&.1+,71-, '"2&.1+,71- 1 

.,)%-*,.". B 0(9&$& *%"/" ."4%"#(0.,$&$& 4&',*,." ., +,91$". ),+ 0" &$%,+-*, *(%5= $&4!1..1$" 

4%&7"01 * 0$(!8, ., '(),$,. B %"+=!$,$ ., *10&#,$, $"/4"%,$=%, 1 3,0$13.,$, 2&.1+,71- ., 

+,91$.1- ),+ 0$(!8($ ., '(),$, " 1+$&3.1# ., 1.$".+1*.& "!"#$%&/,).1$.& 1+!(3*,.", *&'"9& '& 

.")&*&$& &5!,;',.". G,)%-*,."$& ., 0$(!8, ., '(),$, 0" %",!1+1%, )!,*.& &$ 4%&$13,."$& ., 

"!"#$%13"0#1 $&# 4& +,#&., ., @;,=!. B #,$&'.,$, &8!,0$ 0" 1+*(%?*, "/101- ., "!"#$%&.1 #,$& 

$&#($ ., "/101- " !1/1$1%,. * 0(&$*"$0$*1" 0 =%,*.".1"$& ., H13,%'0&. [5].  /101-$, ., "!"#$%&.1 

*&'1 '& &5!,;',." ., 4&*(%5.&0$.1- 0!&2 ., "!"#$%&', #,$& /&9.&0$$, ., $&+1 1+$&3.1# 0" 

&4%"'"!- &$ "."%)1-$, +, "/1$1%,." 1 4!($.&0$$, ., $&#,. B %"+=!$,$ ., 4%1*!13,."$& ., 2&.1 &$ 

#,$&', 0" A&%/1%, #,$&'.1-$ 4,' ., .,4%";".1"$&. 6&4!1..,$, /&9.&0$, #&-$& 0" &$'"!- * +&.,$, 

., #,$&'.1- 4,' ., .,4%";".1"$& *&'1 '& .,)%-*,." ., 2&.1+1%,.1-$ ),+ 1 #,$&',. B ,.&'.,$, 

&8!,0$ 0(9& 0" .,8!<',*, 4,' ., .,4%";".1"$&, #&2$& " 0*(%+,. 0 4&$".71,!, ., 2&.1+,71- ., 

+,91$.,$, 0%"', (* 0!=3,- Ar). 6&+1 4,' ., .,4%";".1"$& 0(9& *&'1 '& &$'"!-." ., $&4!1.., 

"."%)1-.  !"#$%&.1$" .,*!1+,91 * ,.&', &$',*,$ 0*&-$, "."%)1-, +,*10"9, &$ "."%)1-$, +, 

"/1$1%,.", #,$& )& .,)%-*,$. :& $,#(* .,31. * 0$(!8, ., '(),$, $%-8*, ', 8(',$ /&'"!1%,.1 

4%&7"01$" .,  '*1;".1" ., A!=1',, 4%&$13,." ., "!"#$%13"0#1 $&#, &$'"!-." ., $&4!1.,, 

$&4!&4%".,0-." 1 "!"#$%&/,).1$.& 1+!(3*,.".  

 

2.1 18$-#%& 7&#&)& 

 

I, &410,.1" ., '*1;".1"$& ., A!=1', (A1).1) 0" 1+4&!+*,$ =%,*.".1"$& ., G,*1"-J$&#0 (8"+ 

&$31$,." ., 01!1 %,+4%"'"!".1 4& &8"/,) 1 =%,*.".1"$& +, ."4%"#(0.,$&0$ ., A!=1',:  
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 !"# $%" & $# '()* + ,!$" + !$"%-% ( .
/,!$# "%*0 (1) 

12
13 + $ 4 ! "% & 5      (2) 

#('"$& u " *"#$&% ., 0#&%&0$$,; 

p – .,!-),."; 

K – 4!($.&0$; 

µ – '1.,/13". *10#&+1$"$.  

>,%,#$"%10$1#1$" ., /,$"%1,!,, *!1+,91 * $"+1 '*" 

=%,*.".1- 0, 4!($.&0$$, 1 '1.,/13.1-$ *10#&+1$"$. G, A1). 2 

0, 4&#,+,.1 +,*101/&0$1$" ., $"+1 *"!131.1 &$ $"/4"%,$=%,$,. 

:& )%,.171$" 1 (A1).1) " +,','".& )%,.13.& =0!&*1" 

&)%,.13,*,9& '*1;".1"$& ., A!=1',, , 4& )%,.171$" 2 – 

.,!-),." 1 [atm]. L!=1'($ " '"A1.1%,. #,$& 0*1*,"/. M,#$& " 

4&#,+,.& ., A1)=%,$, ,%)&.($ 4&0$(4*, * )&%.1-$ #%,2 ., 

1+0!"'*,.,$, &8!,0$ #,$& " +,','". '"81$ 6 [l/min]. 

N&'"!1%,.& " 4(%*&.,3,!.&$& 4%&'=5*,." 0 ,%)&. 1 0, =0$,.&*".1 0#&%&0$1$" ., A!=1', 4%"'1 

*(+8=;',."$& ., +,*,%(3.,$, '(), (A1).3) 

 
1-/.3. ;&73'!#!8!%-! %& >*('(>4-4! 6 7&?-4%&4& >'!#& 6 *'&. %& 3'(,!>& %& 3'(#$@6&%!, 

[m/s] 

1-/.1. A6-"!%-! %& +8$-#& 

T [K] 

!) 

T [K] 

b) 

1-/.2. B&6->-5(>4 %& 38:4%(>44& %& &'/(%& (&) - #-%&5-)%-. 6->*(7-4!4 (b) 6 7&6->-5(>4 
(4 4!53!'&4$'&4& 
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2.2 C8!*4'-)!>*& 7&#&)& 

 

6(2 #,$& * %,/#1$" ., %"?,*,.,$, +,',3, .-/, *($%"?.1 1+$&3.171 ., "!"#$%13"0#1 $&# * 

%,+)!";',.1$" &8"/1 1 ." 0" &$31$, *+,1/&'"20$*1"$& ., $&#, 0(0 0&80$*".&$& /= /,).1$.& 4&!" $& 

"!"#$%13"0#&$& 4&!" 0" &410*, 0 =%,*.".1-$,. 

)(.0  ! gradj
z

j

y

j

x

j zyx ""
#
#

$
#

#
$

#
#  

        (3) 

#('"$& j e 4!($.&0$$, ., $&#,; 

O – 4%&*&'1/&0$ ., 0%"',$,; 

  - 4&$".71,! ., "!"#$%13"0#&$& 4&!". 

 :%&*&'1/&0$$, ., ,%)&.,, *&!A%,/, 1 /,$"%1,!($ ., 1+'"!1"$& +,*10-$ &$ $"/4"%,$=%,$,. 

E+4&!+*,.,$, +,*101/&0$ ., "!"#$%13"0#,$, 4%&*&'1/&0$ ., ,%)&., &$ $"/4"%,$=%,$, " 4&#,+,., ., 

A1).4.  

I, "!"#$%13"0#,$, +,',3, 0" 

+,',*, )&!"/1.,$, ., +,*,%(3.1- $&# 

1 0" '"A1.1%, +,*,%-*,." ., 4%,*, 

4&!-%.&0$. :& 4&*(%5.&0$$, ., ,.&', 

1 #,$&', 0, +,','".1 ,.&'.1-$ 1 

#,$&'". 4,' ., .,4%";".1"$&. 

 #04"%1/".$1$" 4&#,+*,$, 3" 0=/,$, 

., ,.&'.1-$ 1 #,$&'". 4,' ., 

.,4%";".1"$& 4%1 BEF +,*,%-*,." " * 

)%,.171$" 9÷11[V] [6]. P.&'.1-$ 4,' 

4%1 +,*,%-*,." ., 0$&/,.1 " 6÷8[V].  

 /101-$, ., "!"#$%&.1 &$ #,$&', " 

&)%,.13"., #,$& " 1+4&!+*,. 

4&*(%5.&0$". 0!&2 0 &$.&01$"!.& 

"!"#$%13"0#& 0(4%&$1*!".1"  

 /101&..,$, 04&0&8.&0$ ., #,$&', * 

%"+=!$,$ ., $"%/&"!"#$%&..,$,  "/101- ": 

%%
&

'
((
)

* +
,"

Tk
ATj

B

C
TE exp2

          (4) 

 #('"$& LJ " %,8&$,$, +, "/1$1%,." ., "!"#$%&.1 &$ #,$&',; 

  P – #*,.$&* #&"A171".$, +, W " 0.7 [A/(mm2.K2]; 

  kB – #&.0$,.$, ., Q&!7/,..  

:(!.,$, "/101&.., 04&0&8.&0$ ., #,$&', "  

-"
S

TETE dSjI            (5) 

>14&$"+,$,, #&-$& " 1+4&!+*,., * .,0$&-9,$, %,8&$, ", 3" 4& 4&*(%5.&0$$, ., #,$&', 0" %",!1+1%, 

"'.,#*, 3,0$ &$ "/101&..,$, 04&0&8.&0$. 6&*, &+.,3,*,, 3" +,*,%(3.1-$ $&# " 

TEWTEW IIII "." //
          (6)

 

:!($.&0$$, ., $&#, 4%"+ 4&*(%5.&0$$, ., #,$&', ": 

 
1-/. 4. C8!*4'-)!>*& 3'(6(#-5(>4 %& &'/(%& 6 

7&6->-5(>4 (4 4!53!'&4$'&4&, [3] 
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TE

W
TETEC
I

I
jjj "" ./

          (7)

 

H,+)!";',2#1 0!&2 0 '"8"!1., R (R~0.01[mm]) 1 4!&9,'#, 0 4!&9 dS /&;" ', +,41?"/: 

01
0

1 S

TE

W
TESCC
I

I
j

dS
dSjU "" .

         (8)

 

:& $,#(* .,31. +, &$.&01$"!.&$& "!"#$%13"0#& 0(4%&$1*!".1" ., 4&*(%5.&0$.1-$ 0!&2 4&!=3,*,/":  

TE

TE

W

C
S

j

I

I

U

.0
1 "            (9) 

2.3 0(38-%%& 7&#&)& 

 

I, %"?,*,."$& ., $,+1 +,',3, 0" 1+4&!+*, =%,*.".1"$& ., $&4!&4%&*&'.&0$$,, #,$& * %,/#1$" ., 

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

2 3 QTk
t

T
CP  !!"

#

#
$                           (10) 

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

.&41#5 4!#0*'*"'/, *# /,+&,+!,0,)*,.//# .' +!')./#06 +, .&')*"6 *#1"*: 

% & QTkTuC
t

T
C pP  !!"! 

#

#
.$$                 (11) 

78)'/, Cp – /,+&"*'* 2#+#-"/'/ +!" +,./,6**, *#&6%#*'; 

2 – 2,'3"-"'*/ *# /,+&,+!,0,)*,./; 

u – 0'2/,! *# .2,!,.//#; 

Q – !#$+!')'&'* ,9':'* "$/,1*"2 *# /,+&"*# – 0 .&41#6 /,+&"**#/# :,;*,./, ,/)'&6*# +, 

$#2,*# *# <(#4&. 

=,;*,.//#, 2,6/, .' ,/)'&6 0 #*,)*#/# ,9&#./ ":# )0' .8./#06;". >/)'&6*#/# :,;*,./ 0 

#!%,*# ' j.UA, # ,/)'&6*#/# :,;*,./ 0 "$)'&"'/, ' j.( !+2kBT)/qe. ?*#&,%"1*, 0 2#/,)*#/# ,9&#./ .' 

,/)'&6 :,;*,./ 0 #!%,*# (j.U"), # .#:"6/ 2#/,) .' ,@&#()# . :,;*,./ j.( "+2kBT)/qe. A'$" /,+&"**" 

"$/,1*"-" .# !#$+,&,('*" .8,/0'/*, +, +,08!@*,.//# *# #*,)# " 2#/,)#. B#%!'/"6/ #!%,* "$&810# 

'*'!%"6, +!" 2,'/, .' ,@&#()#. A#$" '*'!%"6 ' +,2#$#*# *# 3"%.5. 
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2.4 "#$%&'($)*+ *) ,)-).)/). 

 

C$+,&$0#*#/# %',:'/!"6 *# 

$#)#1#/# $# :,)'&"!#*' " .":4&"!#*' 

*# +!,-'.# ' +,2#$#*# *# 3"%.6. 

D#)#1#/# .' !'E#0# 0 -"&"*)!"1*# 

2,,!)"*#/*# ."./':#, 2#/, .# 

,9')"*'*" !#$%&')#*"/' +,-%,!' 

3"$"1*" 3,!:4&"!,02".  ,.,1'*#/# 

%#$,0# )F$# ' 2'!#:"1*# " 41#./0# 

')"*./0'*, 0 /,+&"**#/# $#)#1#. G 

%,!*#/# 1#./ *# '&'2/!,)#, 2,5/, 

,9"2*,0'*, ' 0,),,@&#()#': ' 

$#)#)'*# 2,*./#*/*# /':+'!#/4!#. G 

!#$%&'()#*"6 .&41#5 "$)'&"'/, ' . 

)"#:'/8! 250[mm] " )'9'&"*# 15[mm]. 

B#&#%# .' "$+,&$0#*'/, *# /#2#0# %,&6:# )'9'&"*#, $#;,/, "$)'&"'/, " )8%#/# .# *'+,)0"(*", # .' 

/8!." ./#-",*#!*, !'E'*"' *# $#)#1#/#. H'$4&/#/"/', +,.,1'*" 0 /#$" !#9,/# .# $# $#0#!81'* /,2 

80[A]. D# +,-&'.*,, 2#2/, !81*, /#2# " #0/,:#/"1*,, !'E#0#*' *# 0#!"#*/" . !#$&"1*" "$@,)*" )#**" 

$#)#1#/# ' +#!#:'/!"$"!#*# 2#2/, +, ,/*,E'*"' *# %',:'/!"6/# /#2# " +, ,/*,E'*"' *# 

41#./0#;"/' 3"$"1*" 0'&"1"*". 

 
"(0.6. 12+%)/(.*# 3$+-4/)56*+ *) 

0+#%+/$(6/) 
 

 

 

 

 
"(0. 5 
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3 #$%&'(!() 

 

A':+'!#/4!*,/, +,&' 0 )8%#/# ' +!')./#0'*, 1!'$ "$,/'!:"1*" +,08!@*"*" (3"%.7), # 

'&'2/!"1'.2,/, +,&' '20"+,/'*-"#&*" +,08!@*"*" " /,2,0" &"*"" (3"%.8). 

 

"(0.7. !+%3+$)/&$*# 3#'+ 5 -70)/) 

 

B'+,.!')./0'*, +,) '&'2/!,)# .' ),./"%#/ *#5-0".,2"/' /':+'!#/4!" (134007) " +&8/*,./ *# 

/,2# 25[A/mm2], 2#/, "$2&F1": /#$" 0 '&'2/!,)#. G .#:"6/ '&'2/!,) +&8/*,.//# ),./"%# 37[A/mm2]. 

 !,:6*#/# *# /':+'!#/4!#/# +, ,./# *# )8%#/# ' +,2#$#*# *# 3"%.9.  #)8/ *# /':+'!#/4!#/# 0 

9&"$,./ ), '&'2/!,)# .' )8&(" *# ,@&#()#;,/, :4 )'5./0"'. 

 

 

"(0.8. 895(3#/+*:()'*( 3#57$2*(*( V [V] ( /#9#5( '(*(( 
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 !".9.#$%&'%()*+(,-#'-.%#/#01")*)#

 

!"#$%&'&(&)*&+, )" +&-$&%"+.%"+" $, $,/0%1),2++" )" 3"+,'" & $,3"#"), )" 4*5.10. 6"#* 

+&-$&%"+.%" ,$%&'&(7 &-*2*,))"+" 2$,2,8),2+ )" 3"+,'". 9" 4*5.11 & $,3"#")" $(0+),2++" )" +,3" 

$%&# $,/0%1)*)"+" )" /,(4%"-,/*7 &(&3+%,'. 

 

 
"(0.10. ;),3$+-+'+*(+ *) /+%3+$)/&$)/) 3# 3#57$2*#4//) *) 9)/#-)

 

 
 !".11.#2.1*,-3*#,)#*-4)#'(%5#'-/1(6,!,)*)#,)#%.%4*(-0)#
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9" 4*5.12 & $,3"#"), %"#$%&'&(&)*&+, )" +&-$&%"+.%*+& $, $,/0%1),2++" )" "),'". 

 
 !".12.#7)5'(%0%.%,!%#,)#*%&'%()*+(!*%#'-#'-/1(6,-3**)#,)#),-0)#

 

 #)8/ *# *#+!'('*"'/, +, ,./# *# .":'/!"6 ' +,2#$#* *# 3"%.13. <,9!' .' 0"()#/ #*,)*"6/ " 

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

*#!#./0# . +!"9&"(#0#*' 28: 2#/,)#. 

 
"(0.13. <)- *) *)3$+=+*(+/# 3# #4/) *) 4(%+/$(6 

 

 !,:6*#/# *# /':+'!#/4!*,/, .8./,6*"' *# #!%,*# .' ,/!#$60# 2#2/, *# +,&'/, *# .2,!,./"/' 

(3"%.14) /#2# " *# *'%,0#/# +&8/*,./ (3"%.15). 
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"(0.14. <#'+ *) 49#$#4/(/+ 

 

 
"(0.15. <'7/*#4/ *) )$0#*) 

 

4 %!*'+,$-)$ 

 

=,)'&8/ *# '&'2/!"1'.2#/# )8%# 02&F1"/'&*, " ,+".#*"'/, *# 2#/,)*#/# " #*,)*#/# ,9&#./ +!" 

GCI $#0#!60#*' ' 0 .8./,6*"' )# +!').2#(' +#)# *# *#+!'('*"'/,, +&8/*,.//# *# /,2#, 

/':+'!#/4!*,/, +,&' " +,0')'*"'/, *# 3&4")# +!" !#$&"1*# %,&':"*# *# /,2#. H'$4&/#/"/' 

+,&41'*" ,/ :,)'&# .# 0 ),9!, .8%&#."' . &"/'!#/4!*" )#**" 0 /#$" ,9&#./. G8$:,(*, ' +, ,/)'&*, 

)# .' "$.&')0# +#)# *# *#+!'('*"'/, 0 2#/,)*#/#, #*,)*#/# ,9&#./ " ./8&9# *# )8%#/#. 

C$.&')0#*"6 . :,)'&# ), :,:'*/# .# *#+!#0'*" $# +,2#$#*"/' :#/'!"#&" " %',:'/!"6. 

D#9'&6$0# .' "$2!"060#*' *# /,2,0"/' &"*"" *# 08!@# *# 2#/,)# 0 .&')./0"' *# %',:'/!"6/# :4, 

2,'/, 0,)" ), +,0"E#0#*' *# +&8/*,.//# *# /,2# (3"%.11).  , *#/#/81*" "$.&')0#*"6 ;' 98)#/ 

*#.,1'*" 28: ,+!')'&6*' *# 0&"6*"'/, *# )8&("*#/# *# )8%#/# " 3,!:#/# *# '&'2/!,)# 08!@4 

@#!#2/'!"./"2"/' *# )8%#/#. 
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.'!/01!#-0"() 

 

A!4)8/ ' .8$)#)'* . +,)2!'+#/# *# ),%,0,! J 152 <0025-05 3"*#*."!#* ,/ BCK +!" 

A'@*"1'.2" 4*"0'!."/'/ – K,3"6 

 

')($#!(&#! 
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