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57898:;8. !"#$%&’()"*+ ,-(#. , /#0,%&%’ &’1/%% 2(#3&%$"13&% ,"’3-
(% ,*.#45%’36 7$’"*’ 8.8. 9()4:%", ;.;. 9,(’,, <.=. !7>$#"%"1,. [1, 2]
9? @7".#A’"&#()"*’ /#>1&* 0#(1B%(% 13"1,7 .(6 31,/’A’""*? %33(’.1,#"%+
"#2/6B’""1-.’@1/A%/1,#""1C1 313&16"%6 -1A210%D%1""*? A#&’/%#(1,, 2/’.-
3&#,(645%? 131>*+ %"&’/’3 .(6 %"B’"’/"*? %33(’.1,#"%6?.

E1,/’A’""*’ &’".’"D%% , A#&’/%#(1,’.’"%% .’A1"3&/%/74& ,10/#3&#45%+
%"&’/’3 - -1A210%D%1""*A A#&’/%#(#A. < /#>1&’ [3] 2/’.3&#,(’"* /’07()&#-
&* 310.#"%6 "1,1C1 -1A210%&#, %0C1&#,(%,#’A1C1 A’&1.#A% 21/1:-1,1+ A’&#(-
(7/C%% 3 %321()01,#"%’A -1A>%"#D%% 7C(’/1."*? ,1(1-1" % B’(’0; 21-#0#"1,
$&1 ,’(%$%"* 2/1$"13&% 2/% %0C%>’ % /#3&6B’"%% A1C7& 2/’,*:#&) 2000 %
1000 FG#. F’&1.1(1C%6 3&/7-&7/"1-@7"-D%1"#()"1C1 #"#(%0#, /#33A1&/’""#6
, [4], 2/’.(#C#’& "1,*+ 21.?1. - 2/1’-&%/1,#"%4 3%(1,*? H(’A’"&1, %0 -1A-
210%D%1""*? A#&’/%#(1,. I#0/#>1&#""*’ 3&/7-&7/* .’A1"3&/%/74& 0"#$’"%6
7.’()"1+ "’375’+ 32131>"13&%, 2/%>(%B#45%’36 - &’1/’&%$’3-1A7 A#-3%A7A7.
933(’.1,#"%6 [5] 213,65’"* #"#(%07 72/7C1C1 21,’.’"%6 .,7?3(1+"*? -1A21-
0%&"*? 3%3&’A 3 #.C’0%1""*A 31’.%"’"%’A , 73(1,%6? 2(13-1+ .’@1/A#D%%.
I#>1&# [6] /#33A#&/%,#’&36 21,’.’"%’ A#&’/%#(1, 2/% .%"#A%$’3-%? "#C/70-
-#?, ?#/#-&’/"*? .(6 ,*31-13-1/13&"1C1 317.#/’"%6. 9 , [7] /#33A1&/’"* -1A-
210%&"*’ 3%3&’A* 3 72/7C12(#3&%$’3-1+ A#&/%D’+ % 72/7C%A% ,1(1-"#A%, 1/%-
’"&%/1,#""*A% ,.1() 13% H(’A’"&#.

J&.’()"1+ 0#.#$’+, #-&7#()"1+ .(6 %"B’"’/"*? %33(’.1,#"%+, 6,(6’&36 0#-
.#$# "#?1B.’"%6 72/7C12(#3&%$’3-1+ C/#"%D* , 3-/7$%,#’A*? 3&’/B"6?. I’-
:’"%’ H&1+ 0#.#$% 210,1(%& .#&) 1D’"-7 2/’.’(# 2/1$"13&% %0.’(%6.K#- B’
3 &1$-% 0/’"%6 %"B’"’/"1+ 2/#-&%-% ,#B"1, $&1>* 2(#3&%$’3-1A7 .’@1/A%-
/1,#"%4 21.,’/C#(%3) &1()-1 >(%0-%’ - ,"’:"’+ 21,’/?"13&% 3(1% A#&’/%#(#,
% $&1>* , 2/1D’33’ .’@1/A%/1,#"%6 "’ 2/1%01:(1 /#0/7:’"%’ 72/1$"6’A1C1
%0.’(%6 % "’ 7?7.:%(%3) ’C1 H-32(7#&#D%1""*’ ?#/#-&’/%3&%-%.
< 213(’."’’ ,/’A6 :%/1-1’ /#32/13&/#"’"%’ 21(7$%(% 3&’/B"% 2/1-#&"1C1
2/1@%(6, #/A%/1,#""*’ 72/7C%A% ,1(1-"#A%. J"% 1>(#.#4& /6.1A 2/’%A7-
5’3&, 2’/’. A’&#((%$’3-%A %0.’(%6A%. L#- 2/#,%(1, 1"% A’"):’ ,’36&, % #/-
A%/1,#"%’ 210,1(6’& %A ,*.’/B%,#&) >1():%’ "#C/70-% .1 /#0/7:’"%6, $’A
%? A’&#((%$’3-%’ #"#(1C%. J."#-1, 73&16,:%?36 A’&1.1, /#3$’&# %? "’375’+
32131>"13&% , "#3&165’’ ,/’A6 2/#-&%$’3-% "’&.

K/#.%D%1""*’ A’&1.* 3%AA’&/%+"1C1 #"#(%0# .%@@’/’"D%#()"*? 7/#,"’-
"%+ [8] 21(7$%(% /#0,%&%’ , /#>1&#? [9–11], C.’ 2/1.’A1"3&/%/1,#"# H@@’--
&%,"13&) 0#-1"1, 31?/#"’"%6 .(6 /’:’"%6 -/#’,*? 0#.#$. G/’%A75’3&,1 H&1C1
21.?1.# 12/’.’(6’&36 &’A, $&1 0#-1"* 31?/#"’"%6 C(1>#()"* 21 3,1’+ 37&%, ,
1&(%$%’ 1& (1-#()"*? 3%AA’&/%+, /#33A1&/’""*? /#"’’ [12].

I#0,%&%’ /’:’"%6 213&#,(’""*? 2/1>(’A 2/%,1.6& - 0#.#$’ 12/’.’(’"%6
72/7C12(#3&%$’3-1+ C/#"%D* , #/A%/1,#""*? 72/7C%A% ,1(1-"#A% 3&’/B"6?
2/1-#&"1C1 2/1@%(6 [14]. ;1 216,(’"%6 /#>1& [15–17] 1&37&3&,1,#(% H@@’-&%,-
"*’ A’&1.* /’:’"%6 0#.#$ 12/’.’(’"%6 72/7C12(#3&%$’3-1+ C/#"%D*. G/’.-
(1B’""*+ #,&1/#A% "# 13"1,’ 0#-1"1, 31?/#"’"%6 21.?1. 210,1(%( 21(7$%&)
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#"#(%&%$’3-%’ /’:’"%6 .(6 12/’.’(’"%6 C/#"%D* 2(#3&%$’3-%? .’@1/A#D%+.
< .#""1+ /#>1&’ 2/’.(1B’" A’&1. 213&/1’"%6 72/7C12(#3&%$’3-1+ C/#"%D* ,
3-/7$%,#’A*? 3&’/B"6? 2/1-#&"1C1 2/1@%(6, #/A%/1,#""*? 72/7C%A% ,1(1--
"#A%.

(<=>?:<7@? A?9?B;. I#33A1&/%A 0#.#$7 -/7$’"%’ 3&’/B"6 2/1-#&"1-
C1 2/1@%(6 21. .’+3&,%’A -/7&65’C1 A1A’"&#. G/’.21(#C#’&36 $&1 A#&/%D#
%0 2/1-#&"1C1 2/1@%(6 73%(’"# 72/7C%A% ,1(1-"#A%. =/#"%D# -1"&#-&# 3(1’,
/#321(1B’"# ,.1() 13% oz. M1-1,#6 C/#"%D# 3&’/B"6 3,1>1."# 1& "#2/6B’"%+,
"1 C/#"%D# "#?1.%&36 , 2(#3&%$’3-1A 313&16"%%. L1A21"’"&* &’"01/# "#2/6-
B’"%+ , &1$-’ ,*$%3(64&36 $’/’0 3%3&’A7 -1"&7/"*? %"&’C/#(1,, ,*,’.’""*?
%0 0#-1"1, 31?/#"’"%6, ,*$%3(’""*? 21 >1-1,1+ C/#"%D’ % C/#"%D’ ,1(1-1".
L/%&’/%+ 2’/’?1.# , 2(#3&%$’3-1’ 313&16"%’ @1/A7(%/7’&36 $’/’0 3/#,"’"%’
,&1/1C1 %",#/%#"&# .’,%#&1/# "#2/6B’"%+ 3 -/%&%$’3-%A 0"#$’"%’A 2/’.’(#
&’-7$’3&% A#&’/%#(#. < &’? &1$-#?, C.’ .13&%C#’&36 2/’.’( &’-7$’3&% 12/’.’-
(6’&36 2(#3&%$’3-1’ 313&16"%’, , 13&#()"*? – 72/7C1’. N&1 210,1(6’& 213&/1-
%&) C/#"%D7 A’B.7 2(#3&%$’3-1+ % 72/7C1+ 1>(#3&6A%. ;#""#6 A’&1.%-# .#’&
32131> ,*$%3(%&) 72/7C12(#3&%$’3-%’ C/#"%D* .(6 13"1,"*? 2/1-#&"*? 2/1-
@%(’+ 3&’/B"’+. J&A’&%A, $&1 2/’.(#C#’A#6 A’&1.%-# /#0,%,#’&36 "# 13"1,’
2/’.*.75%? 732’:"*? /’:’"%+ .(6 .,7A’/"*? 0#.#$ 2(#3&%$"13&%, .(6 #"#-
(%0# -/7$’"%6 %01&/12"*? 3&’/B"’+ % 72/7C%? 3/’. .(6 &’( -1"’$"*? /#0A’-
/1,.

I#33A1&/%A 2/6A1(%"’+"*+ 3&’/B’"), %0C1&1,(’""*+ %0 72/7C1- 2(#3&%$’-
3-1C1 A#&’/%#(#, #/A%/1,#""*+ 72/7C%A% n ,1(1-"#A%.

F#&/%D# 3&’/B"6 %A’’& A1.7() 72/7C13&% G % 2/’.’( &’-7$’3&% 2/% $%3&1A
3.,%C’ k. <1(1-"# /#321(1B’"* ,.1() 3&’/B"6 , 2/1%0,1()"1A 21/6.-’, 2#-
/#((’()"1 13% z. L#B.1’ ,1(1-"1 %A’’& -/7C(1’ 3’$’"%’, D’"&/ /#321(#C#’&36
, &1$-’ Ai 3 -11/.%"#&#A% (xi; yi), /#.%73 ,1(1-"# /#,’" R , A1.7() 72/7C1-
3&% Gi. G/’.’(* &’-7$’3&% ,1(1-1" 2/’,13?1.6& 2/’.’( &’-7$’3&% A#&/%D*.
L#3#&’()"1’ "#2/6B’"%’ A’B.7 ,1(1-"1A % A#&/%D’+ /#,"1 ω < k.

!#.#""*+ 2/1D’33 12%3*,#’&36 7/#,"’"%’A /#,"1,’3%6
εωxz
εx

+
εωyz
εy

= 0, (1)

% 7/#,"’"%’A 31,A’3&"13&% .’@1/A#D%+
εωxz
εy

=
εωyz
εx

+ a, (2)

C.’ a = →2Gϑ,ϑ - 7C1( 0#-/7$%,#"%6, G - A1.7() 72/7C13&%.
=/#"%$"*’ 73(1,%6 "# >1-1,1+ 21,’/?"13&% 3&’/B"6, 3,1>1."1+ 1& "#2/6B’-

"%+, % "#?1.65’+36 , 2(#3&%$’3-1A 313&16"%% ωxzn0 + ωyzm0 = 0, ω 2xz + ω 2yz = k2,
C.’ n0,m0 - -1A21"’"&* ,’-&1/# "1/A#(% - >1-1,1+ 21,’/?"13&%; -1&1/*’ A1B-
"1 0#2%3#&) , ,%.’:

ωxz = ±mk + ωyz = ±nk, (3)
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O# C/#"%D’ A’B.7 ,1(1-"1A % A#&/%D’+ ,*21("64&36 73(1,%6
ωxzmi → ωyzni = ω, ω 2xz + ω 2yz = k2, C.’ ni,mi - -1A21"’"&* ,’-&1/# "1/A#(% -
>1-1,1+ 21,’/?"13&% i -C1 ,1(1-"#, -1&1/*’ 0#2%:’A , ,%.’.

ωxz = mω ± n
↑
k2 → ω 2, ωyz = nω ±m

↑
k2 → ω 2 (4)

;#(’’ , @1/A7(#? (3) - (4) ,*>%/#’&36 ,’/?"%+ 0"#-.
C?@<:D =<EF?:8:;G HF?7:8:;I (1) - (2)
;(6 7.1>3&,# .#()"’+:%? ,*$%3(’"%+ ,,’.’A 3(’.745%’ 1>10"#$’"%6

ωxz = u, ωyz = v

K1C.# 0#.#$# (1) - (4) 0#2%:’&36 &#-

F1 = ux + vy = 0, F2 = uy → vx → a = 0. (5)

"# >1-1,1+ 21,’/?"13&%
u±mk, v ↓ nk

"# C/#"%D’ ,1(1-"# % A#&/%D*
u = mω ± n

↑
k2 → ω 2, v = nω ±m

↑
k2 → ω 2

!"#$%$&$’($. !#-1"1A 31?/#"’"%6 .(6 3%3&’A* 7/#,"’"%+ (5) "#01,’A ,*/#-
B’"%’ ,%.#

Ax(x, y, u, v),+By(x, y, u, v) = ϖ1F1 + ϖ2F2, (6)

C.’ ϖ1,ϖ2 - "’-1&1/*’ (%"’+"*’ 12’/#&1/*, 1."1,/’A’""1 "’ /#,"*’ &1B.’-
3&,’""1 "7(4.

G73&)

A = ϱ1u+ ς1v + φ1, B = ϱ2u+ ς2v + φ2. (7)

C.’ ϱi, ςi, φi - @7"-D%% &1()-1 1& x,y.
G1.3&#,(66 (7) , (6), 21(7$#’A

ϱ1
x + ϱ2

y = 0, ς1
x + ς2

y = 0,ϱ1
= ϖ1,

ς1
= →ϖ2,ϱ2

= ϖ2, ς2
= ϖ1, φ1

x + φ2
y = →aϖ2.

J&34.# 3(’.7’&

ϱ1
x → ς1

y = 0, ς1
x + ϱ1

y = 0, φ1
x + φ2

y = →aς1, (8)

I#33A1&/%A .(6 3%3&’A* 7/#,"’"%+ (8) .,# /’:’"%6:

ϱ1
=

x→ x0

(x→ x0)
2 + (y → y0)2

,

ς1
= → y → y0

(x→ x0)
2 + (y → y0)2

, (9)

φ1
= →aarctg

x→ x0

y → y0
, φ2

= 0,
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ϱ1
=

y → y0
(x→ x0)

2 + (y → y0)2
,

ς1
= → x→ x0

(x→ x0)
2 + (y → y0)2

, (10)

φ1
= 0, φ2

= →aarctg
y → y0
x→ x0

,

C.’ x0, y0 - 213&16""*’.
5DB;=J8:;8 :?KFGL8::<M< =<=><G:;G 7 ><B@8 x0, y0
G73&) x0, y0 - 2/1%0,1()"#6 &1$-#, 2/%"#.(’B#5#6 3,60745’A7, % 273&) ,

H&1+ &1$-’ 31?/#"645%+36 &1- %A’’& 131>’""13&) ,%.# (9) %(% (10). K1C.# %0
(6) 3(’.7’&

!

S

(Ax +By)dxdy =

∮

!

Adx→Bdy→
n∑

i=1

∮

!i

Adx→Bdy→
∮

ω

Adx→Bdy = 0, (11)

C.’ ↼ - 1-/7B"13&): (x→ x0)
2
+ (y → y0)2 = ↼2.

E’$’"%’ 3&’/B"6 21-#0#"1 "# /%37"-’ 1.

!"#. 1. $%&%’"% #(%)*’+

I#33A1&/%A /’:’"%’ (9), 21(#C#6 x→ x0 = ↼cos↽, y→ y0 = ↼sin↽ &1C.# %0 (11)
3 7$’&1A (9), 2/% ↼ ↔ 0 21(7$#’A



@H+(A<-A +*H+)B*CI3J-(A3@-K 3JAHL<AM ... 131

2⇀ωxz(x0, y0) =

∮

!0

(m0k
x→ x0

(x→ x0)
2 + (y → y0)2

→n0k
y → y0

(x→ x0)
2 + (y → y0)2

→aarctg
x→ x0

y → y0
)dy→

→ (m0k
y → y0

(x→ x0)
2 + (y → y0)2

→ n0k
x→ x0

(x→ x0)
2 + (y → y0)2

)dx+

+

n∑

i=1

∮

!i

(
(miω + ni

↑
k2 → ω 2)(x→ x0)

(x→ x0)
2 + (y → y0)2

→ n0k
(→niω +mi

↑
k2 → ω 2)(y → y0)

(x→ x0)
2 + (y → y0)2

)dy→

→(miω+ni

↑
k2 → ω 2

y → y0
(x→ x0)

2 + (y → y0)2
+niω+mi

↑
k2 → ω 2

x→ x0

(x→ x0)
2 + (y → y0)2

)dx,

(12)

2⇀ωyz(x0, y0) =

∮

!0

(m0k
y → y0

(x→ x0)
2 + (y → y0)2

+ n0k
x→ x0

(x→ x0)
2 + (y → y0)2

)dy→

→ (→m0k
x→ x0

(x→ x0)
2 + (y → y0)2

+ n0k
y → y0

(x→ x0)
2 + (y → y0)2

→ aarctg
y → y0
x→ x0

)dx+

+

n∑

i=1

∮

!i

(
(miω + ni

↑
k2 → ω 2)(y → y0)

(x→ x0)
2 + (y → y0)2

→ n0k
(→niω +mi

↑
k2 → ω 2)(x→ x0)

(x→ x0)
2 + (y → y0)2

)dy→

→(→(miω+ni

↑
k2 → ω 2)

x→ x0

(x→ x0)
2 + (y → y0)2

+niω+mi

↑
k2 → ω 2

y → y0
(x→ x0)

2 + (y → y0)2
)dx,

(13)

K#-%A 1>/#01A, @1/A7(* (12) % (13) 210,1(64& ,*$%3(%&) "#2/6B’""1’ 313-
&16"%’ , (4>1+ &1$-’ 3,60745’C1 A#&’/%#(#. K’ &1$-%, C.’ ω 2xz + ω 2yz = k2 -
>7.7& "#?1.%&)36 , 2(#3&%$’3-1A 313&16"%%, 13&#()"*’ &1$-% 3/’.*, # &#-B’
,1(1-"#, >7.7& 13&#,#&)36 72/7C%A%. G/’.(1B’""*+ A’&1. /’:’"%6 210,1(6’&
213&/1%&) 72/7C12(#3&%$’3-74 C/#"%D7 , 3-/7$%,#’A1A 3&’/B"’ % &’A 3#A*A
1D’"%&) ’C1 "’37574 32131>"13&).

O# 13"1,’ 2/%,’.’""*? ,*:’ @1/A7( "#A% >*(% , 3/’.’ Maple /#0/#>1&#"*
2/1C/#AA* .(6 N<F [18–22]. I’07()&#&* /#3$’&# "’-1&1/*? %0 "%? 2/’.3&#,-
(’"* .#(’’.

O# /%37"-’ 2 2/’.3&#,(’"1 %0A’"’"%’ 72/7C12(#3&%$’3-%’ C/#"%D* 2/1-#&-
"1C1 2/1@%(6 G-1>/#0"1C1 3’$’"%6, #/A%/1,#""1C1 72/7C%A% ,1(1-"#A , 0#,%-
3%A13&% 1& %0A’"’"%6 0"#$’"%6 -/7&65’C1 2#/#A’&/# a.

G/1@%() ":,’((’/ G-1>/#0"1C1 3’$’"%6"%321()07’&36 , -#$’3&,’ 121/"1C1
%0.’(%6 , 3&/1%&’()3&,’ % &6B’(1A A#:%"13&/1’"%%. G1.?1.%& .(6 310.#"%6
A’BH&#B"*? 2’/’-/*&%+, (’3&"%D, H(’A’"&1, 3&/1%&’()"1+ % 32’D%#()"1+ &’?-
"%-%. F1B’& %A’&) 2/6A*’ % "#-(1""*’ C/#"% 21(1-.
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!"#. 2. ,-)./0-12#("&%#32+ /)2’"42 -)05"1+ 6-07)28’0/0 #%&%’"+, -)" "89%’%’""
8’2&%’"+ 3).(+:%/0 -2)29%()2 ; <)a=-0,6 =)a=-1 >)a=-1,6 ?)a=-3.

O# /%37"-#? 3, 4 2/’.3&#,(’"1 %0A’"’"%’ 72/7C12(#3&%$’3-%’ C/#"%D* 2/1-
-#&"1C1 2/1@%(’+ K-1>/#0"1C1 % H-1>/#0"1C1 3’$’"%6, #/A%/1,#""1C1 72/7C%-
A% ,1(1-"#A , 0#,%3%A13&% 1& %0A’"’"%6 0"#$’"%6 -/7&65’C1 2#/#A’&/# a.

"K#,/"%A’’& K-1>/#0"74 @1/A7, ".,7&#,/ H-1>/#0"74. J># 2/1@%(6 %321()-
074&36, C(#,"*A 1>/#01A, , 3&/1%&’()3&,’ % &6B’(1A A#:%"13&/1’"%%. O#(%-
$%’ /’>/# B’3&-13&% 1>’32’$%,#’& 2/1@%(4 21,*:’""74 2/1$"13&), 21H&1A7
1" ?1/1:1 2’/’"13%& "#C/70-% "# %0C%>. ";,7&#,/*"A1C7& %A’&) 2#/#((’()"*’
%(% "#-(1""*’ C/#"% 21(1-.
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!"#. 3. ,-)./0-12#("&%#32+ /)2’"42 -)05"1+ @-07)28’0/0 #%&%’"+, -)" "89%’%’""
8’2&%’"+ 3).(+:%/0 -2)29%()2 ; <)a=-0,6 =)a=-1 >)a=-1,6 ?)a=-3.

!"#. 4. ,-)./0-12#("&%#32+ /)2’"42 -)05"1+ A-07)28’0/0 #%&%’"+, -)" "89%’%’""
8’2&%’"+ 3).(+:%/0 -2)29%()2 ; <)a=-0,6 =)a=-1 >)a=-1,6 ?)a=-3

O# /%37"-’ 5 2/’.3&#,(’"1 %0A’"’"%’ 72/7C12(#3&%$’3-%’ C/#"%D* 2/1-#&-
"1C1 2/1@%(6 Z-1>/#0"1C1 3’$’"%6, #/A%/1,#""1C1 72/7C%A% ,1(1-"#A, , 0#,%-
3%A13&% 1& %0A’"’"%6 0"#$’"%6 -/7&65’C1 2#/#A’&/# a.
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G/1@%() Z >*( /#0/#>1&#" 32’D%#()"1 .(6 ,#C1"13&/1%&’()"1+ 1&/#3(% - 1"
:%/1-1 2/%A’"6’&36 2/% 2/1%0,1.3&,’ B’(’0"1.1/1B"*? 2(#&@1/A % 21(7,#-
C1"1,.

!"#. 5. ,-)./0-12#("&%#32+ /)2’"42 -)05"1+ Z-07)28’0/0 #%&%’"+, -)" "89%’%’""
8’2&%’"+ 3).(+:%/0 -2)29%()2 ; <)a=-0,6 =)a=-1 >)a=-1,6 ?)a=-3

O# /%37"-’ 6 2/’.3&#,(’"1 %0A’"’"%’ 72/7C12(#3&%$’3-%’ C/#"%D* 2/1-#&-
"1C1 2/1@%(6 -/’3&11>/#0"1C1 3’$’"%6, #/A%/1,#""1C1 72/7C%A% ,1(1-"#A ,
0#,%3%A13&% 1& %0A’"’"%6 0"#$’"%6 -/7&65’C1 2#/#A’&/# a.
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!"#. 6. ,-)./0-12#("&%#32+ /)2’"42 -)05"1+ 3)%#(007)28’0/0 #%&%’"+, -)" "89%’%-
’"" 8’2&%’"+ 3).(+:%/0 -2)29%()2 ; <)a=-0,6 =)a=-1 >)a=-1,6 ?)a=-3.

C?@JNB8:;8. I#33A1&/’"# 0#.#$# 1 72/7C12(#3&%$’3-1A -/7$’"%% 3&’/B-
"’+ 2/1-#&"1C1 2/1@%(6, #/A%/1,#""*? 72/7C%A% ,1(1-"#A%. ;(6 /’:’"%6
0#.#$% %321()01,#(%3) 0#-1"* 31?/#"’"%6. O# 13"1,’ #"#(%&%$’3-%? /’:’"%+
/#0/#>1&#"* 2/1C/#AA* .(6 N<F, 12/’.’(645%’ 72/7C12(#3&%$’3-%’ C/#"%-
D* 3&’/B"6. G/%,’.’"* /’07()&#&* /#>1&* 2/1C/#AA* 3 /#0(%$"*A% 0"#$’-
"%6A% -/7&65’C1 2#/#A’&/# .(6 3&’/B"’+ &%2# &#,/, .,7&#,/, :,’((’/, -/’3&
% Z-1>/#0"*? 2/1@%(’+. I#3$’&* 2/1%0,1.%(%3) "# 2’/31"#()"1A -1A2)4&’/’,
,/’A6 /#3$’&1, 2/’.3&#,(’""*? , 3&#&)’ 72/7C12(#3&%$’3-%? C/#"%D 313&#,(6-
’& 35 - 90 A%"7&, , 0#,%3%A13&% 1& ,%.# 3&’/B"6.

!"#"$%&’($)%"

*+,-. -/0121/. 100%.
3145,6+0 64072781/. <;(0)B C%312)").D( 0(#.(#(;"% +;’BE " -0(%’4"21F’BE
30’51"3(0; "’(%)%#0;, #;+82’’BE # -.71"324"%G ’2#(0+:%G #(2(F".
&801946+ 564-48621/-46:. <;(0)B 82+;1+D( 07 0(#.(#(;"" ;’%H’%/0 5"’2’#"-
)0;2’"+ -)" -)0;%C%’"" "##1%C0;2’"+.
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