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1. !4565785. !"#$%& ’&()"*"%+),-. (",/&,00’"1 "2,"13,- 4 (&,$’3-

/&5$2("’ *%3,$ ,3 *",+/&+. 2*&,"),-. & /)3,2%+6&",,-. *$)$’$7$,&8, "*)$-

#$%+97&. #1&:$,&$ ;%$’$,/3 #$<")’&)0$’"8 2)$#-. =(3>3,,-8 2*"2"? ’"#$-

%&)"13,&+ ’&()"*"%+),"@" /$%3 1*$)1-$ ?-% "*&23, & *)&’$,+$/2+ 1 )3?"/$

?)3/A$1 B"22$)3 [1]. C"2%$#097&$ ’,"@"5&2%$,,-$ )3?"/- *" ’&()"*"%+),"8

0*)0@"2/& *"+1&%&2A /"%A(" 5$)$> 50 %$/. D)$#& ,&. 2%$#0$/ "/#$%A," "/’$/&/A

)3?"/- "/$5$2/1$,,-. 05$,-. [2, 3], 3 /3(:$ )3?"/- ,$’$6(&. 31/")"1 [4–7].

4$(/")- 2*&,"),-. & /)3,2%+6&",,-. *$)$’$7$,&8 ’"@0/ ?-/A 11$#$,- 1 /$"-

)&9 2*"2"?3’&, &>1$2/,-’& 1 3,3%&/&5$2("8 ’$.3,&($ (3( /$")$’- E3%+ "

(",$5,-. *"1")"/3. /1$)#"@" /$%3. 4 &>1$2/,-. 31/")3’ *0?%&(36&+. *"2/)"-

$,&$ ’&()"*"%+),-. /$")&8 "2,"1-13$/2+ ,3 1/")"8 (&,$’3/&5$2("8 /$")$’$

E3%+, *">1"%+97$8 )322’3/)&13/A 1$(/")- 2*&,"),-. & /)3,2%+6&",,-. *$-

)$’$7$,&8 (3( ,$>31&2&’-$ 1$(/"),-$/*2$1#"1$(/"),-$ *"%+.

43:,-’ (%322"’ >3#35 1 /$")&+. 1"%,"1"8 ’$.3,&(& ’&()"*"%+),-. 2)$#

+1%+9/2+ >3#35& )32*)"2/)3,$,&+ *%"2(&. @3)’",&5$2(&. 1"%, 1 0*)0@&. 2)$-

#3.. F/"/ (%322 >3#35 *"#@"/31%&13$/ ( &#$,/&<&(36&& *"%0&>"/)"*,-. ’&(-

)"*"%+),-. /$%. 4"%,"1-’ >3#353’ ’$.3,&(& ’&()"*"%+),-. (",/&,00’"1

*"21+7$,3 "?G&),3+ %&/$)3/0)3 [8–18]. H$’ ,$ ’$,$$ 2%$#0$/ "/’$/&/A, 5/"

,$("/")-$ *)"?%$’-, 207$2/1$,,-$ (3( #%+ /$")&&, /3( & #%+ *)&(%3#,-. 1"-

*)"2"1, #" 2&. *") "2/39/2+ ,$ &22%$#"13,,-’&. 4 *$)109 "5$)$#A ;/" (323$/2+

1"*)"2"1 ")&$,/36&& 1 *)"2/)3,2/1$ (*"%+)&>36&8) #%+ *%"2(&. @3)’",&5$2(&.

1"%,, 5/" *)$*+/2/10$/ *)&’$,$,&9 /$")&& ’&()"*"%+),"8 *)0@"2/& 1 ;(2*$)&-

’$,/3. & ,$ *">1"%+$/ @"1")&/A " >31$)G$,,"2/& )322’3/)&13$’-. &22%$#"13-

,&8. D%$#0$/ "?)3/&/A 1,&’3,&$, 5/" *)$#’$/ ,32/"+7$8 )3?"/-, 21+>3,,-8 2

)32*)"2/)3,$,&$’ @3)’",&5$2(&. 1"%, 1 0%A/)3@$’&/)"*,"8 2)$#$, ,&("@#3 )3-

,$$ ,$ &22%$#"13%2+. I>%":$,&$ ’3/$)&3%3 ,32/"+7$8 2/3/A& 1 >,35&/$%A,"8

2/$*$,& &2*"%A>0$/ /$)’&,"%"@&9, "?">,35$,&+, ’$/"#- & )$>0%A/3/-, &>%"-

:$,,-$ 1 *)$#-#07&. 2/3/A+. 31/")"1 [13–27].

2. +9:;<=;<>?7@5 A8B<>?>9C<7@5 D?<DE85 ;59=. !&()"*"%+),-8

0*)0@&8 (",/&,00’ 1 3,&>"/)"*,"’ 2%053$ ’":," ".3)3(/$)&>"13/A ;,$)@$/&-

5$2("8 <")’"8 (*"/$,6&3%"’ 2&%"1-. & ’"’$,/,-. ,3*)+:$,&8), ("/")3+ 1

#$(3)/"1-. ("")#&,3/3. *)&’$/ 1&# [19]:

2U = H
1
islmωisωlm +H

2
islmεisεlm +H

3
islmωisεlm, (1)

@#$ H
1
islm, H

2
islm, H

3
islm J "*)$#$%+97&$ /$,>")- 3,&>"/)"*,"@" ’&()"*"%+),"@"

0*)0@"@" /$%3; ωik J 32&’’$/)&5,-8 /$,>") #$<")’36&&; εik J 32&’’$/)&5,-8

/$,>") &>@&?3–()05$,&+.

!&()"*"%+),"$ 0*)0@"$ /$%" ,3>"1$’ 0%A/)3/)"*,-’, $2%& ("’*",$,/- $@"

"*)$#$%+97&. /$,>")"1 ,$ &>’$,+9/2+ ,& *)& (3(&. *)$"?)3>"13,&+. /)$.-

’$),"@" K1(%&#"13 *)"2/)3,2/13, /.$. +1%+9/2+ /$,>")3’& 2 *"2/"+,,-’& ("’-

*",$,/3’& [?, ?, ?]. =5&/-13+ *)$#2/31%$,&$ #%+ /$,>")"1 5$/1$)/"@" )3,@3 2

*"2/"+,,-’& ("’*",$,/3’& [?], "*)$#$%+97&$ /$,>")- (3) ’":," *)$#2/31&/A
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1 1&#$

H
c
islm = a

c
ϑisϑlm + c

c
ϑimϑls (c = 1, 2, 3), (2)

L/’$/&’, 5/" 1 2%053$ @$’&/)"*,"@"/&>"/)"*,"@" ’&()"*"%+),"@" 0*)0@"@"

/$%3 "*)$#$%+97&$ H-/$,>")- >3*&2-139/2+ 1 <")’$

H
c
islm = a

c
ϑisϑlm + b

c
ϑsmϑil + c

c
ϑimϑls (c = 1, 2, 3), (3)

@#$ a
c
, b

c
, c

c
(c = 1, 2, 3) J "*)$#$%+97&$ *"2/"+,,-$. B)"’$ /"@", #%+ 2%053+

&>"/)"*,"@" /$%3 2*)31$#%&1" 02%"1&$

H
3
islm = 0 . (4)

D)31,&13+ *)$#2/31%$,&+ #%+ "*)$#$%+97&. /$,>")"1 (2) & (3), *)&."#&’ (

02%"1&9 0%A/)3/)"*,"2/&

b
c
= 0 (c = 1, 2, 3). (5)

4’$2/" "*)$#$%+97&. *"2/"+,,-. a
c
, b

c
, c

c
(c = 1, 2, 3) &,"@#3 0#"?," &2*"%A-

>"13/A ’3/$)&3%A,-$ ’$.3,&5$2(&$ *3)3’$/)-, 21+>3,,-$ 2 *$)1-’& 2%$#09-

7&’& 2""/,"G$,&+’& [?,?,?]:

a
1
= 2Gϖ(1→ 2ϖ)→1, b

1
+c

1
= 2G, b

1
→c

1
= 2Gc1,

a
2
= 2GL2c3, b

2
+c

2
= 2GL2, b

2
→c

2
= GL2c2,

a
3
= 2GLc4, b

3
+c

3
= 2GLc5, c

3
→b

3
= GLc6 .

(6)

@#$ G J ’"#0%A 2#1&@3; ϖ J (";<<&6&$,/ C0322",3; L J .3)3(/$),3+ ’&()"-

#%&,3; c1, c2, c3, c4, c5, c6 J ,$ &’$97&$ <&>&5$2("8 )3>’$),"2/& *"2/"+,,-$

(2’. [19, 20]). 4 &>"/)"*,"’ 2%053$: c4 = c5 = c6 = 0.

=5&/-13+ 02%"1&+ (5), ’3/$)&3%A,-$ "*)$#$%+97&$ *"2/"+,,-$ 0%A/)3@$-

’&/)"*,"@" ’&()"*"%+),"@" 0*)0@"@" /$%3 #"%:,- 0#"1%$/1")+/A 2%$#097&’

"*)$#$%+97&’ "@)3,&5$,&+’ (constitutive constraints):

c1 = c2 = →1, c6 = 2c5. (7)

D%$#"13/$%A,", "*)$#$%+97&$ 0)31,$,&+ 0%A/)3@$’&/)"*,"@" ’&()"*"%+)-

,"@" /$%3 *)&’0/ 1&#
1

t(is) = 2G
[
ϖ(1→ 2ϖ)→1gisglm + gilgsm

]
ω(lm) +GL[c4g

isglmε
(lm)

+ c5ε
(is)

],

µ(is) = 2GL2
[c3gisglm + gilgsm]ε

(lm)
+GL[c4gisg

lmω(lm) + c5ω(is)],

ϱ i = → 2Ggisς
s
+GLc5εi,

µi
= → 2GL2 gisεs +GLc5ς

i,

(8)

1N=+’: /1 2’&$.:09+/ &-$20($.:,9A 3-2($.2,+8,9A 3$$-=2,"%,9A ’+%39.
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3 #%+ 0%A/)3&>"/)"*,"@" 2%053+ J

t(is) = 2G
[
ϖ(1→ 2ϖ)→1gisglm + gilgsm

]
ω(lm),

µ(is) = 2GL2
[c3gisglm + gilgsm]ε

(lm),

ϱ i = → 2Ggisς
s,

µi
= → 2GL2 gisεs.

(9)

3. (=F?<>F;<=75785 ?9>FB8G E=<A>78H5FB8G 4>97 4 D9:;<=;<>?-
7@G A8B<>?>9C<7@G D?<DE8G ;59=G. D&2/$’3 #&<<$)$,6&3%A,-. 0)31-

,$,&8 #&,3’&(& 0%A/)3/)"*,-. ’&()"*"%+),-. 0*)0@&. /$% ’":$/ ?-/A >3-

*&23,3 2"@%32," "*)$#$%+97&’ 0)31,$,&+’ (8) & (9) 1 1$(/"),"8 <")’$ [28],

2""/1$/2/1$,,":

#%+ 0%A/)3@$’&/)","@" /$%3:






2(1→ ϖ)(1→ 2ϖ)→1→→ · u→ 2→↑ ω+ L(c4 + c5)→→ · ω = φG→1
(↼·)

2
u,

2(1 + c3)→→ · ω+ L→1
(c4 + c5)→→ · u→ 2L→1c5→↑ ω+

+2L→2
(2ω→→↑ u) = φIG→1L→2

(↼·)
2ω,

(10)

#%+ 0%A/)3&>"/)","@" /$%3:

{
2(1→ ϖ)(1→ 2ϖ)→1→→ · u→ 2→↑ ω = φG→1

(↼·)
2
u,

2(1 + c3)→→ · ω+ 2L→2
(2ω→→↑ u) = φIG→1L→2

(↼·)
2ω.

(11)

D&2/$’- #&<<$)$,6&3%A,-. 0)31,$,&8 1 532/,-. *)"&>1"#,-. (10) & (11),

>3*&23,,-$ 1 /$)’&,3. 1$(/")3 /)3,2%+6&",,-. *$)$’$7$,&8 u & 1$(/")3 2*&-

,"),-. *$)$’$7$,&8 ω 2%0:3/ "2,"1"8 #%+ &22%$#"13,&+ 2&%A,-. & 2%3?-.

)3>)-1"1 1 0%A/)3/)"*,-. ’&()"*"%+),-. 0*)0@&. /$%3., 3 /3(:$ 1"%,"1-.

*)"6$22"1, ("/")-$ 1 )322’3/)&13$’-. 2%053+. .3)3(/$)&>09/2+ "#,"1)$’$,-

,-’ )32*)"2/)3,$,&$’ *)+’-. & >$)(3%A,-. ’"#.

M322’"/)&’ >3#350 " )32*)"2/)3,$,&& 21+>3,,"8 @3)’",&5$2("8 *%"2("8 1"%-

,- 2 6&(%&5$2("8 532/"/"8 ↽. 4 ;/"’ 2%053$ 1$(/"),-$ *"%+ /)3,2%+6&",,-.

& 2*&,"),-. *$)$’$7$,&8 ’":," *)$#2/31&/A 1 <")’$

u = A!, ω = S!, ! = ei arg!, arg! = k · r→ ↽t, (12)

@#$ k J 1"%,"1"8 1$(/"); r J )3#&02 1$(/"); ↽ J 6&(%&5$2(3+ 532/"/3 @3)’",&-

5$2("8 1"%,-; A, SJ 1$(/")- ("’*%$(2,-. 3’*%&/0# /)3,2%+6&",,-. & 2*&-

,"),-. *$)$’$7$,&8 2""/1$/2/1$,,"; ! J <3>"1-8 ’,":&/$%A; arg! J <3>3

*%"2("8 1"%,-. arg! = const J <3>"1-$ *%"2("2/&.

L/’$/&’, 5/" k = ks, @#$ k J ("’*%$(2,"$ 5&2%", s J 1$7$2/1$,,-8 $#&,&5-

,-8 1$(/").

C"2%$ *"#2/3,"1(& *)$#2/31%$,&8 (12) 1 2&2/$’- (10) & (11) *"%05&’, 2""/-

1$/2/1$,,":
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#%+ 0%A/)3@$’&/)","@" /$%3:






φG→1↽2
A→ 2[1→ ϖ)(1→ 2ϖ)→1

]k(k ·A)→ 2ik↑ S→ L(c4 + c5)k(k · S) = 0,

[φIG→1L→2↽2
+ 4L→2

]S→ 2(1 + c3)k(k · S)→ 2L→1c5ik↑ S→
→L→1

(c4 + c5)k(k ·A)→ 2L→2ik↑A = 0,
(13)

#%+ 0%A/)3&>"/)","@" /$%3:
{

φG→1↽2
A→ 2[1→ ϖ)(1→ 2ϖ)→1

]k(k ·A)→ 2ik↑ S = 0,

[φIG→1L→2↽2
+ 4L→2

]S→ 2(1 + c3)k(k · S)→ 2L→2ik↑A = 0.
(14)

C)$#2/31&’ 1$(/")- ("’*%$(2,-. 3’*%&/0# /)3,2%+6&",,-. (A) & 2*&,")-

,-. (S) *$)$’$7$,&8 1 1&#$ 20’’-

A = A↑ + A↓k, S = S↑ + S↓k, (15)

@#$ 1$(/")- A↑ & S↑ )32*"%":$,- 1 *%"2("2/& *$)*$,#&(0%+),"8 1"%,"1"’0

1$(/")0 k, /.$. 1 *%"2("2/& *"2/"+,,"8 <3>- arg! = const.

C"#2/31&1 *)$#2/31%$,&$ (15) 1 2&2/$’- (13) & (14), *"%05&’:

#%+ 0%A/)3@$’&/)","@" /$%3:





[φG→1↽2
](A↑ + A↓k)→ 2(1→ ϖ)(1→ 2ϖ)→1A↓k

2
k→

→2ik↑ S↑ → L(c4 + c5)S↓k
2
k = 0,

[φIG→1L→2↽2
+ 4L→2

](S↑ + S↓k)→ 2(1 + c3)S↓k
2
k→ 2L→1c5ik↑ S↑→

→L→1
(c4 + c5)A↓k

2
k→ 2L→2ik↑A↑ = 0,

(16)

#%+ 0%A/)3&>"/)","@" /$%3:
{

[φG→1↽2
](A↑ + A↓k)→ 2(1→ ϖ)(1→ 2ϖ)→1A↓k

2
k→ 2ik↑ S↑ = 0,

[φIG→1L→2↽2
+ 4L→2

](S↑ + S↓k)→ 2(1 + c3)S↓k
2
k→ 2L→2ik↑A↑ = 0.

(17)

N$/)0#," >3’$/&/A, 5/" 2&2/$’- (16) & (17) )32*3#39/2+ ,3 ,$>31&2&’-$

2&2/$’- 0)31,$,&8, "/#$%A," #%+ *)"#"%A,-. & *"*$)$5,-. 1"%,.

4. (=F?<>F;<=75785 ?9>FB8G ?<>6>9:7@G E=<A>78H5FB8G 4>97 4
D9:;<=;<>?7@G A8B<>?>9C<7@G ;59=G. C)"$(6&& 0)31,$,&8 2&2/$’- (13)

,3 1"%,"1"8 1$(/") k *)$#2/31%+$/ 2"?"8 >3’(,0/09 2&2/$’0 /)$. %&,$8,-.

"#,")"#,-. 0)31,$,&8:






(
↽2 → 2G(1→ ϖ)

φ(1→ 2ϖ)
k2
)
A↓ → (c4 + c5)φ

→1GLk2S↓ = 0,

[↽2
+ 4(φI)→1G→ 2(1 + c3)(φI)

→1GL2k2
]S↓ → (c4 + c5)(φI)

→1GLk2A↓ = 0.

(18)

O,3%"@&5,3+ *)"$(6&+ 2&2/$’- (14) *)&1"#&/ ( /)&1&3%A,"8 2&2/$’$






(
↽2 → 2G(1→ ϖ)

φ(1→ 2ϖ)
k2
)
A↓ = 0,

[↽2
+ 4(φI)→1G→ 2(1 + c3)(φI)

→1GL2k2
]S↓ = 0.

(19)
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P%+ 207$2/1"13,&+ ,$/)&1&3%A,"@" )$G$,&+ 3%@$?)3&5$2("8 2&2/$’- (18)

,$"?."#&’" & #"2/3/"5,", 5/"?- $$ "*)$#$%&/$%A ?-% )31$, ,0%9, /.$.

det(A) =

∣∣∣∣
↽2 → [V↓]

2k2 →a1k2

→a1I→1k2 ↽2
+ ”→ (V µµ

↓ )
2k2

∣∣∣∣ = 0, (20)

@#$

[V↓]
2
=

2G(1→ ϖ)

φ(1→ 2ϖ)
, [V µµ

↓ ]
2
=

2GL2
(1 + c3)

φI
,

φI” = 4G, φa1 = (c4 + c5)GL.
(21)

L/’$/&’, 5/" 2&2/$’- 0)31,$,&8 (18) & (19) 2"1*3#39/ *" <")’$ 2 3,3%"@&5-

,-’ #%+ *"%0&>"/)"*,"@" 0*)0@"@" /$%3, 3 ’3/)&63 A (35$2/1$,," 2"1*3#3$/ 2

3,3%"@&5,"8 #%+ @$’&/)"*,"@" /$%3 [29,30]. C";/"’0 )32*)"2/)3,$,&$ *)"#"%A-

,-. 1"%, 1 0%A/)3/)"*,-. ’&()"*"%+),-. 0*)0@&. /$%3. ,$ &’$$/ (35$2/1$,-

,-. "2"?$,,"2/$8 *" 2)31,$,&9 2 3,3%"@&5,-’& 2%053+’& #%+ *"%0&>"/)"*,-.

& &>"/)"*,-. /$%.

5. (=F?<>F;<=75785 ?9>FB8G ?>?5<5H7@G E=<A>78H5FB8G 4>97 4
D9:;<=;<>?7@G A8B<>?>9C<7@G ;59=G. M322’"/)&’ *)"$(6&& 2&2/$’ %&-

,$8,-. 0)31,$,&8 (16) & (17) ")/"@",3%A,-$ ,3*)31%$,&+ 1 <3>"1"8 *%"2("2/&

arg! = const. 41$#$’ 1 )322’"/)$,&$ #13 $#&,&5,-. 1>3&’," ")/"@",3%A,-.

1$(/")3 ı & ε, )32*"%":$,,-. 1 <3>"1"8 *%"2("2/&. H"@#3 1$(/")- A↑ & S↑
’":," *)$#2/31&/A 1 <")’$

A↑ = A
1
↑ı+ A

2
↑ε, S↑ = S

1
↑ı+ S

2
↑ε. (22)

C)"$(6&& 2&2/$’- %&,$8,-. 0)31,$,&8 (16) ,3 ")/- ı & ε *)&’0/ 1&#

↽2A
1
↑ + 2iφ→1GkS

2
↑ = 0,

↽2A
2
↑ → 2iφ→1GkS

1
↑ = 0,

[I↽2
+ 4φ→1G]S

1
↑ + 2iLc5φ

→1GkS
2
↑ + 2iφ→1GkA

2
↑ = 0,

[I↽2
+ 4φ→1G]S

2
↑ → 2iLc5φ

→1GkS
1
↑ → 2iφ→1GkA

1
↑ = 0.

(23)

C)"$(6&& 2&2/$’- %&,$8,-. 0)31,$,&8 (17) ,3 ")/- ı & ε 1-5&2%+9/2+ 2"-

@%32,"

↽2A
1
↑ + 2iφ→1GkS

2
↑ = 0,

↽2A
2
↑ → 2iφ→1GkS

1
↑ = 0,

[I↽2
+ 4φ→1G]S

1
↑ + 2iφ→1GkA

2
↑ = 0,

[I↽2
+ 4φ→1G]S

2
↑ → 2iφ→1GkA

1
↑ = 0.

(24)

P%+ 207$2/1"13,&+ ,$/)&1&3%A,"@" )$G$,&+ 2&2/$’ %&,$8,-. "#,")"#,-.

0)31,$,&8 (23) & (24) ,$"?."#&’" & #"2/3/"5,", 5/"?- &. "*)$#$%&/$%& ?-%&

)31,- ,0%9.
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L/’$/&’, 5/" 1 "/%&5&$ "/ 3,3%"@&5,"@" 0)31,$,&+ #%+ *"%0&>"/)"*,"@"

0*)0@"@" /$%3 [29, 30]. 4&#&’, 5/" .3)3(/$),-$ "*)$#$%+97&$ 5&2%3 [V µ

↑ ]
2
=

G(1 + c1)φ→1
& [V µµ

↑ ]
2
= G(1 + c2)(φI)

→1
)31,- ,0%9 #%+ 0%A/)3@$’&/)"*,"@"

& 0%A/)3&>"/)"*,"@" ’&()"*"%+),-. 0*)0@&. /$%, 5/" *">1"%+$/ 2<")’0%&)"-

13/A *"2%$#,&$ 1 1&#$ *)"2/-. ()&/$)&$1

[V µ

↑ ]
2
= G(1 + c1)φ

→1
= 0, [V µµ

↑ ]
2
= G(1 + c2)(φI)

→1
= 0. (25)

6. I=B9JH5785. 4 ,32/"+7$8 )3?"/$ )322’"/)$,- 1"*)"2- )32*)"2/)3-

,$,&+ *%"2(&. @3)’",&5$2(&. 1"%, /)3,2%+6&",,-. & 2*&,"),-. *$)$’$7$,&8

1 0%A/)3/)"*,-. ’&()"*"%+),-. 0*)0@&. 2)$#3..

(1) M3>Q+2,$," *",+/&$ 0%A/)3/)"*,"@" ’&()"*"%+),"@" 0*)0@"@" /$%3.

(2) C)$#2/31%$,3 ;,$)@$/&5$2(3+ <")’3 *"/$,6&3%3 ,3*)+:$,&8 #%+ 3,&-

>"/)"*,"@" ’&()"*"%+),"@" 0*)0@"@" /$%3 & *"%05$,- *")$#$%+97&$

0)31,$,&+ #%+ 0%A/)3@$’&/)"*,"@"/0%A/)3&>"/)"*,"@" ’&()"*"%+),-.

0*)0@&. /$%

(3) C"%05$,- 2&2/$’3 #&<<$)$,6&3%A,-. 0)31,$,&8 2 532/,-’& *)"&>1"#-

,-’& 1 /$)’&,3. 1$(/")3 /)3,2%+6&",,-. *$)$’$7$,&8 & 1$(/")3 2*&-

,"),-. *$)$’$7$,&8 #%+ 0%A/)3@$’&/)"*,"@"/0%A/)3&>"/)"*,"@" ’&(-

)"*"%+),-. 0*)0@&. /$%.

(4) C"%05$,- 2&2/$’- 0)31,$,&8 #%+ "*)$#$%$,&+ 1"%,"1-. 5&2$% #%+ *)"-

#"%A,-. & *"*$)$5,-. 1"%,, )32*)"2/)3,+97&.2+ 1 0%A/)3@$’&/)"*-

,-./0%A/)3&>"/)"*,-. ’&()"*"%+),-. 0*)0@&. /$%3..

(5) D<")’0%&)"13,- *)"2/-$ ()&/$)&& )32*)"2/)3,$,&+ *"*$)$5,-. @3)-

’",&5$2(&. 1"%, 1 0%A/)3/)"*,-. ’&()"*"%+),-. 0*)0@&. /$%3..

!"#"$%&’($)%"
*+,-. -/0121/. !"# $%&’() *’+&%#(,+$-& "’’&%#&"&%.# "%’#/’ $%&’("&%$ 0#,+1-
2$(’+2)0 3(.&#(.40 ICMJE (%"# $%&’() %2#"5. "16#"&%#22)7 %35$+ % ($8($9’&31
3’2:#*:.., *(’%#+#2.# .""5#+’%$2.4 . *’+/’&’%31 "&$&;., *(’<5. . ’+’9(.5. =.-
2$5;21- %#(".- *#(#+ *195.3$:.#7).
3145,6+0 64072781/. >%&’() +#35$(.(1-& ’&"1&"&%.# 4%2)? . *’&#2:.$5;2)?
3’2=5.3&’% .2&#(#"’%, "%48$22)? " *195.3$:.#7 2$"&’46#7 "&$&;..
&801946+ 564-48621/-46:. @$9’&$ %)*’52#2$ *(. =.2$2"’%’7 *’++#(,3# @’"-
".7"3’/’ 2$1<2’/’ =’2+$ (*(’#3& A 23-21-00262).
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