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,7898:;8. ! "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1 %+2*&-+3" 4#,".$# &
56).$# 7+)%’4#7&#. 8#,".&5 ,-&"+#",6 .&7#5+"&-#,.$# 7+)%’4#7&#, (%& .$"$-
%$5 (%$0#,, 7+)%’4#7&6 $,’9#,"1*6#",6 ($ :#;$%5+0&65, + 7+(%64#7&6 :$*4-
7< =<"> $(%#:#*#7< &2 ’%+17#7&? "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1. @6)-
.$# (,&*$1$#) 7+)%’4#7&# 1#:#",6 ($ 7+(%64#7&65, + :#;$%5+0&& 1<-&,*63"-
,6. A*6 B.,(#%&5#7"$1, 1<($*7#77</ (%& 4#,".$5 7+)%’4#7&&, 7+(%64#7&6
61*63",6 $".*&.$5 7+ 2+:+77’3 "%+#."$%&3 :#;$%5+0&?. C,*& ($*’-#77’3
"%+#."$%&3 7+(%64#7&? ,-&"+"> 2+:+77$?, "$ %+,-#" ($ "#$%&& ’(%’)$(*+,"&-
-#,.&/ (%$0#,,$1 :$*4#7 :+"> &,/$:7’3 "%+#."$%&3 :#;$%5+0&?. D+.$? %+,-#"
&5##" ,1$& $,$=#77$,"&, + 1 7#.$"$%</ ,*’-+6/ 1$$=9# 7# 5$4#" =<"> %#+*&2$-
1+7. E(%#:#*639## ,$$"7$F#7&# "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1, .$"$-
%$# &5##" 1&: )&($"#2< .$5(*+7+%7$,"& G. G. H*>3F&7+ [1–3] 7+&=$*## ’:$=7$
(%&5#76"> 1 (%+."&-#,.&/ %+,-#"+/ [4–7].

1. !<:=7:>8 ?=@ABC> D;E=F8G> H=AECI:I@:=<F; 7 :IE@JK8:;JL
; 98?=@AIM;JL. E=9## ,$$"7$F#7&# "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1
1 ;$%5# )&($"#2< .$5(*+7+%7$,"& G. G. H*>3F&7+ &5##" 1&: [1–3]

dω̄

ds
= N

dĪ
ds

+ (P →N)

ω̄ · dĪ
ds

ω2
ω̄, (1)

):# N , P – ;’7.0&$7+*< "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1, ω̄ – 1#."$%
7+(%64#7&?, ω – #)$ 5$:’*>, dĪ/ds – 1#."$% ,.$%$,"& :#;$%5+0&?, .+,+"#*>7<?
. "%+#."$%&& :#;$%5+0&?; dω̄/ds – 1#."$% ,.$%$,"& 7+(%64#7&?. J$$"7$F#7&#
(1) ’,"+7+1*&1+#" ,162> 5#4:’ :#?,"1’39&5& 7+(%64#7&65& & 7+(%+1*#7&65&
(%&%+9#7&? ’(%’)$(*+,"&-#,.&/ :#;$%5+0&?

K# 7+%’F+6 $=97$,"& +*)$%&"5+ 5$47$ %+,,5$"%#"> ,*’-+? (*$,.&/ "%+-
#."$%&? -#%#2 .$$%:&7+"< 1#."$%$1 7+(%64#7&? S1, S3 & :#;$%5+0&? I1, I3.
D$):+ ,$$"7$F#7&# (1) 1 ,.+*6%7$? ;$%5# 2+(&,<1+#",6 1 1&:# ,&,"#5< ’%+1-
7#7&?

dS1

ds
= N

dI1

ds
+ (P →N)

S1
dI1

ds
+ S3

dI3

ds
ω2

S1,

dS3

ds
= N

dI3

ds
+ (P →N)

S1
dI1

ds
+ S3

dI3

ds
ω2

S3. (2)

C,*& "%+#."$%&6 7+)%’4#7&6 2+:+7+ 1 (%$,"%+7,"1# 7+(%64#7&?, "$ $" &7-
"#)%&%$1+7&6 ($ :*&7# s "%+#."$%&& :#;$%5+0&& 7’47$ (#%#?"& . &7"#)%&%$-
1+7&3 ($ :*&7# ! "%+#."$%&& 7+(%64#7&?. L+5#7+ (%$&21$:7</ ($ ;$%5’*+5

dS1

ds
=

dS1

d!
· d!
ds

,
dI1

ds
=

dI1

d!
· d!
ds

, (3)

& "+. :+*##, (%&1$:&" ,&,"#5’ (2) . 1&:’
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dS1

d!
=

dI1

d!
+ (P →N)

S1
dI1

d!
+ S3

dI3

d!
ω2

S1,

dS3

d!
=

dI3

d!
+ (P →N)

S1
dI1

d!
+ S3

dI3

d!
ω2

S3. (4)

A*6 2+:+77$? "%+#."$%&& 7+(%64#7&? &21#,"7< 1#*&-&7<

S1, S3, ω =

√
S2
1 + S2

3 ,
dS1

d!
,
dS3

d!
,

($B"$5’ &2 ,&,"#5< (4) ,*#:’#" ,&,"#5+ ’%+17#7&? :*6 $(%#:#*#7&6 I1 & I3

[
N + (P →N)

S2
1

ω2

]
dI1

d!
+ (P →N)

S1S3

ω2
· dI3

d!
=

dS1

d!
,

(P →N)
S1S3

ω2
· dI1

d!
+

[
N + (P →N)

S2
3

ω2

]
dI3

d!
=

dS3

d!
. (5)

M*+17<? $(%#:#*&"#*> ,&,"#5< ’%+17#7&? (5) ($,*# (%#$=%+2$1+7&? (%&1$-
:&",6 . 1<%+4#7&3 P ·N .

J ’-#"$5 "$)$, -"$ S2
3 = ω2 → S2

1 , S2
1 = ω2 → S2

3 &2 (5) ,*#:’#"

dI1

d!
=

[
1

N
+

(
1

P
→ 1

N

)
S2
1

ω2

]
dS1

d!
+

(
1

P
→ 1

N

)
S1S3

ω2
· dS3

d!
,

dI3

d!
=

(
1

P
→ 1

N

)
S1S3

ω2
· dS1

d!
+

[
1

N
+

(
1

P
→ 1

N

)
S2
3

ω2

]
dS3

d!
. (6)

D+.$? 4# %#2’*>"+" ($*’-+#",6 7#($,%#:,"1#77$ &2 1<%+4#7&6 (1), .$"$%$#
5$47$ (%&1#,"& . 1&:’

dĪ
ds

=
1

N

dω̄

ds
→

(
P

N
→ 1

) ω̄ · dĪ
ds

ω2
ω̄. (7)

J.+*6%7$# ’57$4#7&# (1) 7+ 1#."$% 7+(%64#7&? ω̄ :+#" 1<%+4#7&#

ω̄ · dω̄
ds

= N ω̄ · dĪ
ds

+ (P →N)

ω̄
dĪ
ds
ω2

ω̄ · ω̄,

$".’:+

ω̄ · dĪ
ds

=
1

P
ω̄ · dω̄

ds
. (8)

D$):+ ($:,"+7$1.+ (8) 1 (7) (%&1$:&" . ,$$"7$F#7&3

dĪ
ds

=
1

N

dω̄

ds
+

(
1

P
→ 1

N

) ω̄ · dω̄
ds

ω2
ω̄, (9)
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&2 .$"$%$)$ 1 ,.+*6%7$? ;$%5# , ’-#"$5, -"$

ω̄ · dω̄
ds

= S1
dS1

ds
+ S3

dS3

ds

& (%#:,"+1*#7&6 (3) ,*#:’#" ,&,"#5+ ’%+17#7&? (6).
N%& -&,*#77$5 %#F#7&& ’%+17#7&? (6) 7’47$ ’-&"<1+">, -"$ ;’7.0&$7+-

*< N & P ’:$=7$ (%#:,"+1*6"> .+. ;’7.0&& 5$:’*6 1#."$%+ :#;$%5+0&&
I =

√
I2

1 + I2
3 & ’)*+ ε1 5#4:’ 1#."$%$5 7+(%64#7&6 & .+,+"#*>7$? . "%+-

#."$%&& :#;$%5+0&& dĪ/ds, 7+2<1+#5$)$ ’)*$5 ,=*&4#7&6, :*6 .$"$%$)$

cosε1 =
ω̄

ω
· dĪ
ds

=

S1
dI1

ds
+ S3

dI3

ds
ω

=

S1
dI1

d!
+ S3

dI3

d!

ω · ds
d!

, (10)

):#

ds

d!
=

∣∣∣∣
dĪ
d!

∣∣∣∣ =
∣∣∣∣
dĪ
ds

∣∣∣∣
ds

d!
=

√(
dI1

d!

)2

+

(
dI3

d!

)2

. (11)

N%& B"$5, :*6 2+:+77$? "%+#."$%&& 7+(%64#7&? .$$%:&7+"< 1#."$%+ :#;$%-
5+0&? & :*&7+ :’)& "%+#."$%&& :#;$%5+0&?

I1 =

!∫

0

dI1

d!
d!, I3 =

!∫

0

dI3

d!
d!, s =

!∫

0

ds

d!
d!. (12)

N%$&21$:7<# dI1/d!, dI3/d!, ds/d! $(%#:#*63",6 ($ ;$%5’*+5 (6) & (11),
&*& 7#($,%#:,"1#77$ &2 %#F#7&6 ,&,"#5< ’%+17#7&? (5).

O’7.0&$7+* P , 1 ,$$"1#","1&& , (8) & (10), 5$4#" =<"> 2+5#7#7 7+

dω

ds
= P cosε1 &*& P =

dω

ds

1

cosε1
. (13)

D$):+ &2 (13) & (10) ($*’-+#5

P =

S1
dS1

ds
+ S3

dS3

ds

S1
dI1

ds
+ S3

dI3

ds

=

S1
dS1

d!
+ S3

dS3

d!

S1
dI1

d!
+ S3

dI3

d!

. (14)

N$:,"+7$1.+ (6) 1 (14) (%&1$:&" . "$4:#,"1’ P = P .
H2 (14) ,*#:’#" ;$%5’*+

S1
dI1

d!
+ S3

dI3

d!
=

1

P

(
S1

dS1

d!
+ S3

dS3

d!

)
. (15)

D$" 4# %#2’*>"+" ($*’-+#",6 &2 ($:,"+7$1.& 1 *#1’3 -+,"> ;$%5’*< (15)
1<%+4#7&? (6). J ’-#"$5 (15) ;$%5’*+ (10) :*6 "%&)$7$5#"%&-#,.$? ;’7.0&&
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’)*+ ,=*&4#7&6 (%&7&5+#" 1&:

cosε1 =

S1
dS1

d!
+ S3

dS3

d!

Pω
ds

d!

. (16)

A&;;#%#70&%$1+7&# (10) ($ :*&7# "%+#."$%&& :#;$%5+0&& :*6 (*$,.$? "%+-
#."$%&& :+#" ;$%5’*’ [3]

dε1

ds
= ϑ1 →

N

ω
sinε1

&*&
N =

(
ϑ1 →

dε1

ds

)
ω

sinε1
=

(
ϑ1 →

dε1

d!
· d!
ds

)
ω

sinε1
, (17)

):# ϑ1 – .%&1&27+ (*$,.$? "%+#."$%&& :#;$%5+0&&.
O$%5’*< (11), (12), (13), (16), (17) ,162<1+3" ;’7.0&$7+*< N , P & 1<%+4+-

#5<# -#%#2 7&/
dω

ds
,
ds

d!
, ε1.

N%& B"$5 ;’7.0&$7+*< N & P :$*47< 2+:+1+">,6 "+., -"$=< $7& ,$$"1#"-
,"1$1+*& 2+:+77$? "%+#."$%&& 7+)%’4#7&6 & B.,(#%&5#7"+*>7$5’ $".*&.’ 1
1&:# "%+#."$%&& :#;$%5+0&? 7#2+1&,&5$ $" ;$%5< (%#:,"+1*#7&6 B.,(#%&-
5#7"+*>7</ %#2’*>"+"$1: S1 (!), S3 (!), I1 (!), I3 (!) &*& I1 (s), I3 (s), S1 (s),
S3 (s).

2. -CD=@;FA ;:F8D@;@=7I:;J B@I7:8:;N F8=@;; BE@BD=ECI<F;O8-
<H;L E@=M8<<=7 E= :IE@JK8:;JA. N%& %+,-#"# (%$0#,,+ 7+)%’4#7&6 ($
’%+17#7&65 (6) 1<-&,*#7&6 1<($*763",6 ($ ,*#:’39#5’ +*)$%&"5’ [8].

1. L+:+3",6 7+-+*>7<# 27+-#7&6

!
(0), I(0)

1 , I(0)
3 , S(0)

1 , S(0)
3 , ω(0)

=

√(
S(0)
1

)2

+

(
S(0)
3

)2

,
dS(0)

1

d!
,
dS(0)

3

d!
,

(%&-#5 :$*47$ 1<($*76">,6 ’,*$1&#
∣∣∣∣
dω̄

d!

∣∣∣∣ =

√√√√

dS(0)

1

d!

2

+


dS(0)

3

d!

2

= 1,

+ "+. 4# ;’7.0&$7+*< N , P ($ ;$%5’*+5, (%&76"<5 1 %+,,5+"%&1+#5$5 1+%&-
+7"# "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1. K+(%&5#%, :*6 7+-+*>7$)$ *&7#?7$
’(%’)$)$ ’-+,".+ "%+#."$%&& $7& %+17< ’:1$#77$5’ 5$:’*3 ’(%’)$,"& 1"$%$)$
%$:+ N = P = 2G.

N$ B"&5 2+:+77<5 27+-#7&65 , ’-#"$5 "+.4# 2+:+77$)$ 27+-#7&6 s(0) 7+/$-
:6",6 ($ ;$%5’*+5 (6) & (11)

dI(0)
1

d!
,

dI(0)
3

d!
,

ds(0)

d!
=

√√√√

dI(0)

1

d!

2

+


dI(0)

3

d!

2

,
dω

ds
=

S(0)
1

dS(0)
1

d!
+ S(0)

3

dS(0)
3

d!

ω(0)
ds(0)

d!

.
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2. A*6 .+4:$)$ F+)+ ”! ($ :*&7# "%+#."$%&& 7+)%’4#7&6 2+:+3",6
dS(i)

1

d!
&

dS(i)
3

d!
, (%& B"$5 $(6"> $=62+"#*>7<5 61*6#",6 ’,*$1&#

∣∣∣∣
dω̄

d!

∣∣∣∣ =

√√√√

dS(i)

1

d!

2

+


dS(i)

3

d!

2

= 1,

& 1<-&,*63",6 (%$)7$2&%’#5<# 27+-#7&6

!
(i)

= !
(i→1)

+”! (i = 1, 2, 3...) ,
dI(i)

1

d!
=

dI(i→1)
1

d!
,

dI(i)
3

d!
=

dI(i→1)
3

d!
,

ds(i)

d!
=

√√√√

dI(i)

1

d!

2

+


dI(i)

3

d!

2

,

S(i)
1 = S(i→1)

1 +
1

2


dS(i→1)

1

d!
+

dS(i)
1

d!


”!, S(i)

3 = S(i→1)
3 +

1

2


dS(i→1)

3

d!
+

dS(i)
3

d!


”!,

ω(i)
=

√(
S(i)
1

)2

+

(
S(i)
3

)2

,

I(i)
1 = I(i→1)

1 +
1

2


dI(i→1)

1

d!
+

dI(i)
1

d!


”!, I(i)

3 = I(i→1)
3 +

1

2


dI(i→1)

3

d!
+

dI(i)
3

d!


”!,

s(i) = s(i→1)
+

1

2

(
ds(i→1)

d!
+

ds(i)

d!

)
”!,

cosε1 =

S(i)
1

dI(i)
1

d!
+ S(i)

3

dI(i)
3

d!

ω(i)
ds(i)

d!

,
dω

ds
=

S(i)
1

dS(i)
1

d!
+ S(i)

3

dS(i)
3

d!

ω(i)
ds(i)

d!

.

!#*&-&7< ;’7.0&$7+*$1 N & P 1<-&,*63",6 ($ 2+:+77<5& ;$%5’*+5.
3. A*6 B"$)$ 4# F+)+ 1<-&,*63",6 .$%%#."&%’#5<# 27+-#7&6

dI(i)
1

d!
=



 1

N
+

(
1

P
→ 1

N

)
S(i)
1

ω(i)

2


 dS(i)
1

d!
+

(
1

P
→ 1

N

)
S(i)
1 S(i)

3

(ω(i))
2

dS(i)
3

d!
,

dI(i)
3

d!
=

(
1

P
→ 1

N

)
S(i)
1 S(i)

3

(ω(i))
2

dS(i)
1

d!
+



 1

N
+

(
1

P
→ 1

N

)
S(i)
3

ω(i)

2


 dS(i)
3

d!
,

ds(i)

d!
=

√√√√

dI(i)

1

d!

2

+


dI(i)

3

d!

2

,
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I(i)
1 = I(i→1)

1 +
1

2


dI(i→1)

1

d!
+

dI(i)
1

d!


”!, I(i)

3 = I(i→1)
3 +

1

2


dI(i→1)

3

d!
+

dI(i)
3

d!


”!,

s(i) = s(i→1)
+

1

2

(
ds(i→1)

d!
+

ds(i)

d!

)
”!,

cosε1 =

S(i)
1

dI(i)
1

d!
+ S(i)

3

dI(i)
3

d!

ω(i)
ds(i)

d!

,
dω

ds
=

S(i)
1

dS(i)
1

d!
+ S(i)

3

dS(i)
3

d!

ω(i)
ds(i)

d!

,

+ "+.4# 1#*&-&7< N & P.
4. A*6 ’-#"+ 1 %+,-#"# ,.$%%#."&%$1+77$)$ 1 (’7."# 3 27+-#7&6 cosε1 1<-

($*76#",6 ($1"$%7+6 .$%%#.0&6 ($ ;$%5’*+5 (%#:<:’9#? .$%%#.0&& (’7."+
3.

5. A*6 ($:)$"$1.& . ,*#:’39#5’ F+)’ 1<($*76#",6 (#%#$=$27+-#7&# 7+?:#7-
7</ :*6 :+77$)$ F+)+ 1#*&-&7 1 7+-+*>7<# 27+-#7&6 :*6 ,*#:’39#)$ F+)+

S(i→1)
1 = S(i)

1 , S(i→1)
3 = S(i)

3 , I(i→1)
1 = I(i)

1 , I(i→1)
3 = I(i)

3 , !
(i→1)

= !
(i), s(i→1)

= s(i).

6. !<1$:6",6 7+ B.%+7 .$5(>3"#%+ (7+ (#-+">, 1 ;+?*) 7+?:#77<# :*6 :+7-
7$)$ F+)+ 1#*&-&7<

!
(i), S(i)

1 , S(i)
3 , ω(i), s(i), I(i)

1 , I(i)
3 , cosε1, N, P,

dω

ds
.

7. A*6 ,*#:’39#)$ F+)+ %+,-#" ($1"$%6#",6 , (’7."+ 2. P+,-#" 2+.+7-&1+#",6
(%& :$,"&4#7&& .$7#-7$)$ 27+-#7&6 :*&7< "%+#."$%&& 7+)%’4#7&6 !.

P+,,5$"%&5 7#.$"$%<# $,$=#77$,"& %#F#7&6. ! $=9#5 ,*’-+# (%$,"$)$ 7+)%’-
4#7&6, "$ #,"> .$):+ 1#*&-&7< S1 & S3 &25#763",6 (%$($%0&$7+*>7$ $:7$5’
(+%+5#"%’, :*6 "%+#."$%&& 1 (%$,"%+7,"1# 7+(%64#7&? &5##" 5#,"$ ,$$"7$F#-
7&#

S1

S3
=

dS1/d!

dS3/d!
,

D$):+ , ’-#"$5 (6) $"7$F#7&#

dI1/d!

dI3/d!
=

([
1

N
+

(
1

P
→ 1

N

)
S2
1

ω2

]
+

(
1

P
→ 1

N

)
S1S3

ω2

dS3/d!

dS1/d!

)
dS1

d!((
1

P
→ 1

N

)
S1S3

ω2

dS1/d!

dS3/d!
+

[
1

N
+

(
1

P
→ 1

N

)
S2
3

ω2

]
dS3

d!

) =

=

1

N
+

1

P
→ 1

N
1

P
→ 1

N
+

1

N

· dS1/d!

dS3/d!
=

dS1/d!

dS3/d!
, (18)

& $.$7-+"#*>7$
dI1/d!

dI3/d!
=

S1

S3
. (19)
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Q$,&7’, ’)*+ ,=*&4#7&6 ($ (10)

cosε1 =

S1
dI1

d!
+ S3

dI3

d!

ω
ds

d!

=
dI1

d!

S1 + S3
dI3/d!

dI1/d!

√
S2
1 + S2

3

√(
dI1

d!

)2

+

(
dI3

d!

)2
=

=

S1 + S3
S1

S3

√
S2
1 + S2

3

√

1 +

(
dI3/d!

dI1/d!

)2
=

S2
1 + S2

3(√
S2
1 + S2

3

)2 = 1,

I"$ 27+-&" -"$ ’)$* ε1 = 0.
N%& (%$,"$5 ((%$($%0&$7+*>7$5) 7+)%’4#7&& :*6 (*$9+:& "#.’-#,"& ω =

const & ds =
√

(dI1)
2
+ (dI3)

2 ↑= 0, ($B"$5’
dω

ds
= 0, (%&-#5 cosε1 = 1, ,*#:$1+-

"#*>7$

P =
dω

ds

1

cosε1
= 0.

! B"$5 ,*’-+# )*+17<? $(%#:#*&"#*> ,&,"#5< ’%+17#7&? (5) $=%+9+#",6 1
7$*>, + 1 ,&,"#5# (6) 1#*&-&7+

1

P
= ↓. ! %#2’*>"+"# (%$&21$:7<# :#;$%5+0&?

dI1

d!
&
dI3

d!
,"+7$16",6 7#$(%#:#*#77<5&.

D+.+6 4# 7#$(%#:#*#77$,"> &5##" 5#,"$ & :*6 "%+#."$%&& 7+(%64#7&? 1 1&:#
0#7"%+*>7$? $.%’47$,"& :*6 .$"$%$? |ω̄| = ω = const. A*6 "%+#."$%&& 7+(%6-
4#7&? 1 1&:# :’)& $.%’47$,"& ,$ ,5#9#77<5 0#7"%$5 $"7$,&"#*>7$ 7+-+*+
.$$%:&7+" "+.$? 7#$(%#:#*#77$,"& 7# 1$27&.+#". A*6 "+.$? :’)& $.%’47$,"&
:$*4#7 =<"> 2+:+7 7+-+*>7<? ’-+,"$. 7+)%’4#7&6 $" 7+-+*+ .$$%:&7+" :$
7+-+*+ :’)& $.%’47$,"&.

N%& (%$,"$5 7+)%’4#7&& ($ .$5($7#7"# S3 7+ (#%1$5 ’-+,".#

0 ↔ ! ↔ !1 = a+R,

):# a – ,5#9#7&# 0#7"%+ $.%’47$,"& (5$4#" =<"> .+. ($*$4&"#*>7<5&, "+. &
$"%&0+"#*>7<5), R – %+:&’, $.%’47$,"&,

S1 = 0, S3 = !,
dS1

d!
= 0,

dS3

d!
= 1,

√(
dS1

d!

)2

+

(
dS3

d!

)2

= 1.

K+ 1"$%$5 ’-+,".# , :’)$? $.%’47$,"& (%& ! > !1 ($*6%7<? ’)$* ϖ =

!→ !1

R
($",-&"<1+#",6 $" $,& S3), "$):+

S1 = R sinϖ = R sin
!→ !1

R
, S3 = a+R cosϖ = a+ R cos

!→ !1

R
,
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dS1

d!
= cos

(
!→ !1

R

)
,

dS3

d!
= → sin

(
!→ !1

R

)
,

√(
dS1

d!

)2

+

(
dS3

d!

)2

= 1.

!#*&-&7+ a & R 2+:+3",6 ($:=$%$5 &2 ’,*$1&6 7+&*’-F#)$ ,$$"1#","1&6 "%+-
#."$%&& B.,(#%&5#7"+*>7<5 :+77<5.

2IHCPO8:;8. N%#:,"+1*#77<# %#2’*>"+"< ($.+2<1+3", -"$ /$"6 %+,-#"-
7<# ;$%5’*< "#$%&& ’(%’)$(*+,"&-#,.&/ (%$0#,,$1 1 (%65$? ;$%5# (4#,"-
.$# 7+)%’4#7&#) & $=%+"7$? (56).$# 7+)%’4#7&#) "#$%#"&-#,.& %+17$27+-7<,
(%+."&-#,.$# %#F#7&# "%#=’#" :$,"+"$-7$ "$-7$ 2+:+1+"> "%+#."$%&& 7+)%’4#-
7&6. K+(%&5#%, #,*& B.,(#%&5#7"+*>7+6 "%+#."$%&6 :#;$%5+0&? 2+:+7+ 1 1&:#
$.%’47$,"&, "$ $".*&. 1 (%$,"%+7,"1# 7+(%64#7&? &5##" 1&:, "+.4# =*&2.&?
. $.%’47$,"& [4, 9]. E:7+.$, .+. ($.+2+7$ 1<F#, 2+:+7&# "%+#."$%&& 7+(%6-
4#7&? 1 1&:# $.%’47$,"& 7# ($21$*6#" "$-7$ 1$,(%$&21#,"& &,/$:7’3 "%+#.-
"$%&3 :#;$%5+0&& 1 -&,*#77$5 %+,-#"#. ! ,*’-+#, .$):+ "%+#."$%&6 :#;$%-
5+0&& (%#:,"+1*6#" ,$=$? :1’21#77’3 *$5+7’3 [10], &,($*>2$1+7&# ,5#9#77$?
$.%’47$,"& 1 .+-#,"1# "%+#."$%&& 7+(%64#7&? (%& ’:+-7$5 ($:=$%# (+%+5#"-
%$1 :+#" %+,-#"7’3 "%+#."$%&3 :#;$%5+0&& :$,"+"$-7$ =*&2.’3 . &,/$:7$?
:1’21#77$? *$5+7$? "%+#."$%&&.

!"#"$%&’($)%"
*+,-. -/0121/. !"# $%&’() %*#"+, "-.#"&%#**)/ %0+$1 % ($2($3’&0- 0’*4#54,,,
5(’%#1#*,# ,""+#1’%$*,6 , 5’17’&’%0- "&$&8,, 5(’9+, , ’1’3(,+, :,*$+8*-; %#(",;
5#(#1 5-3+,0$4,#/.
3145,6+0 64072781/. <%&’() 1#0+$(,(-;& ’&"-&"&%,# 6%*)= , 5’&#*4,$+8*)=
0’*:+,0&’% ,*&#(#"’%, "%62$**)= " 5-3+,0$4,#/ *$"&’6.#/ "&$&8,.
&801946+ 564-48621/-46:. <%&’() 2$6%+6;& ’3 ’&"-&"&%,, %*#>*#7’ :,*$*",-
(’%$*,6 5(, 5(’%#1#*,, ,""+#1’%$*,6.
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