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1. !7898:;8. !"#$%& ’&()"*"%+),-. (",/&,00’"1 "2,"13,- ,3 *",+/&-
+. 2*&,"),-. & /)3,2%+4&",,-. *$)$’$5$,&6, "*)$#$%+75&. #1&8$,&$ 9%$-
’$,/3 #$:")’&)0$’"6 2)$#-. ;(3<3,,-6 2*"2"= ’"#$%&)"13,&+ ’&()"*"%+)-
,">" /$%3 1*$)1-$ =-% "*&23, 1 )3="/$ =)3/?$1 @"22$)3 [1]. A"2%$#075&$ ’,"-
>"B&2%$,,-$ )3="/- *" ’&()"*"%+),"6 0*)0>"2/& *"+1&%&2? /"%?(" B$)$< 50
%$/. C)$#& ,&. 2%$#0$/ "/#$%?," "/’$/&/? )3="/- "/$B$2/1$,,-. &22%$#"13/$-
%$6 [2,3], 3 /3(8$ )3="/- ,$’$4(&. 31/")"1 [4–7]. D$(/")- 2*&,"),-. & /)3,2-
%+4&",,-. *$)$’$5$,&6 ’">0/ =-/? 11$#$,- 1 /$")&7 2*"2"=3’& &<1$2/,-’&
1 /$")$/&B$2("6 ’$.3,&($ (3( /$")$’- E3%+ " *"1")"/3. /1$)#">" /$%3. D
&<1$2/,-. 31/")3’ *0=%&(34&+. *"2/)"$,&$ ’&()"*"%+),-. /$")&6 "2,"1-13-
$/2+ ,3 1/")"6 /$")$’$ E3%+, *"<1"%+753+ )322’3/)&13/? 1$(/")- 2*&,"),-.
& /)3,2%+4&",,-. *$)$’$5$,&6 (3( ,$<31&2&’-$ 1$(/"),-$/*2$1#"1$(/"),-$
*"%+.

!3/$’3/&B$2(3+ ’"#$%? ’&()"*"%+),">" /$%3 :&(2&)0$/2+ (13#)3/&B,"6
9,$)>$/&B$2("6 :")’- *"/$,4&3%3 ,3*)+8$,&6 [4, 8–23]. F3#3,&$ *"/$,4&3%3
#%+ "=5$>" 3,&<"/)"*,">" 2%0B3+ & *"2%$#0753+ $>" )$#0(4&+ 2,3B3%3 ( >$-
’&/)"*,"’0 /$%0, 3 <3/$’ ( &<"/)"*,"’0 &, 1 (",4$ (",4"1, ( 0%?/)3&<"/)"*-
,"’0 /$%0, *"<1"%+$/ ,3&="%$$ *)"2/-’ & $2/$2/1$,,-’ 2*"2"="’ *"%0B&/? <3-
’(,0/07 2&2/$’0 #&::$)$,4&3%?,-. 0)31,$,&6 1 B32/,-. *)"&<1"#,-. 1/"-
)">" *")+#(3 "/,"2&/$%?," /$’*$)3/0),">" &,()$’$,/3 & *$)$’$5$,&6 (/)3,2-
%+4&",,-. & 2*&,"),-.). C&2/$’3 0)31,$,&6 >$’&/)"*,">" ’&()"*"%+),">"
/$)’"0*)0>">" /$%3 (CGNI)1 :")’0%&)0$/2+ 1 /$)’&,3. "*)$#$%+75&. *"2/"-
+,,-. (G G ’"#0%? 2#1&>3, ω G ("9::&4&$,/ A0322",3, L G .3)3(/$),3+ ,3-
,"/’&()"#%&,32 & /.#.). D 0(3<3,,07 2&2/$’0 #&::$)$,4&3%?,-. 0)31,$,&6
1."#+/ 2%$#075&$ H#"’&,&)075&$I B32/,-$ *)"&<1"#,-$ ’3(2&’3%?,">" *"-
)+#(3 (1 #3,,"6 2%0B3$ G 1/")">"):

→ ·→ , →→· , → · ε
˙
, ε

¨

2 . (1)

J$("/")-$ &< ,&. 1(%7B37/ ’,"8&/$%? L2. L G &,:&,&/$<$’3%?,3+ 1$%&B&,3,
("/")"6 1 /$")&+. C, CGNI/II/III *)&213&13$/2+ *$)1-6 *")+#"( ’3%"2/&, /.$.
L = o(1). ;(3<3,,"$ "=2/"+/$%?2/1" >"1")&/ " >&*$)2&,>0%+),"6 1"<’05$,,"-
2/& 2&2/$’- #&::$)$,4&3%?,-. 0)31,$,&6, :")’0%&)075$6 ’"#$%? *"%0&<"-
/)"*,">" ’&()"*"%+),">" /$)’"0*)0>">" /$%3. K/" (323$/2+ /$*%"*$)$#3B& 1
*"%0&<"/)"*,"6 2)$#$ CGNI, /" 2""/1$/2/1075$$ 0)31,$,&$ 1(%7B3$/ 2%3>3$-
’"$

L2→ · ε
˙
ω,

1M4+&".- CGNI $&&%/)%$%/9)% 43#$$.@.4#:.. %)13&1+&/&=’(.5 %)3, 1&=+&,"& .83&>)"-
"&* / +#,&%) [24]. N.%)+# F &%$23#)% 4 Cosserat & Cosserat [1].

2O#+#4%)+"#’ -.4+&=3."# -&>)% ,2%; //)=)"# / &1+)=)3’0(.) 9+#/")".’ -&=)3)* C,
CGNI +#83.7"2-. $1&$&,#-., &=." .8 4&%&+25 &1.$#" / +#,&%#5 B)*,)+# ($-., "#1+.-)+, [4]).
B)$-&%+’ "# &7)/.="2* @.8.7)$4.* $-2$3 94#8#""&6& &1+)=)3’0()6& -&=93’, %)&+.., .$-
1&3;890(.) -#%)+.#3;"2) 1&$%&’""2), 1+.’"%2) / =#""&* +#,&%), 1&4# ") 1&397.3. =&3>-
"&6& +#$1+&$%+#")".’ / "#97"&* 3.%)+#%9+).
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>#$ ω G 2*&,1$(/"). ;B$/ 9/">" 2%3>3$’">" &’$$/ 2’-2%, /"%?(" $2%& "," =0-
#$/ (",$B,-’ *" L(3%$ =$2(",$B," ’3%-., *)&1+<3,,"6 ( .3)3(/$),"6 ’&(-
)"/,3,"#%&,$ L, /.$.

L2→ · ε
˙
ω = O(1),

/.$. )32."#&’"2/? 2(")"2/$6 ’&()"*"1")"/"1 #"2/3/"B," 1$%&(3. M$’ 23’-’
*)$#%3>3$/2+ ,"1-6 *"#."# ( ’"#$%&)"13,&+ C, CGNI /$%.

D38,-’ (%322"’ <3#3B 1 /$")&+. 1"%,"1"6 /$)’"’$.3,&(& ’&()"*"%+),-.
2)$# +1%+7/2+ <3#3B& )32*)"2/)3,$,&+ *%"2(&. >3)’",&B$2(&. 1"%, 1 /$)’"-
0*)0>&. 2)$#3.. N/"/ (%322 <3#3B *"#>"/31%&13$/ ( &#$,/&:&(34&& *"%0&<"-
/)"*,-. ’&()"*"%+),-. /$%. D"%,"1-’ <3#3B3’ /$)’"’$.3,&(& ’&()"*"%+)-
,-. (",/&,00’"1 *"21+5$,3 "=L&),3+ %&/$)3/0)3 [8, 17–23,25–28]. M$’ ,$ ’$-
,$$ 2%$#0$/ "/’$/&/?, B/" ,$("/")-$ *)"=%$’-, 205$2/1$,,-$ (3( #%+ /$")&&,
/3( & #%+ *)&(%3#,-. 1"*)"2"1, #" 2&. *") "2/37/2+ ,$ &22%$#"13,,-’&. D
*$)107 "B$)$#? 9/" (323$/2+ 1"*)"2"1 ")&$,/34&& 1 *)"2/)3,2/1$ (*"%+)&<3-
4&6) #%+ *%"2(&. >3)’",&B$2(&. 1"%,, B/" *)$*+/2/10$/ *)&’$,$,&7 /$")&&
’&()"*"%+),"6 /$)’"0*)0>"2/& 1 9(2*$)&’$,/3. & ,$ *"<1"%+$/ >"1")&/? " <3-
1$)L$,,"2/& )322’3/)&13$’-. &22%$#"13,&6. C%$#0$/ "/#$%?," "/’$/&/?, B/"
*)$#’$/ ,32/"+5$6 )3="/-, 21+<3,,-6 2 )32*)"2/)3,$,&$’ >3)’",&B$2(&. 1"%,
1 0%?/)3&<"/)"*,"6 2)$#$, ,&(">#3 )3,$$ ,$ &22%$#"13%2+. O<%"8$,&$ ’3/$)&-
3%3 ,32/"+5$6 2/3/?& 1 <,3B&/$%?,"6 2/$*$,& &2*"%?<0$/ /$)’&,"%">&7, "="-
<,3B$,&+, ’$/"#- & )$<0%?/3/-, &<%"8$,,-$ 1 *)$#-#05&. 2/3/?+. [9–23].

2. 1<=>?@=A?<:8:;8 >B@=C;D =7EF<::GD H<?I@:;J8=C;D 7@B: 7 KBL-
A?<;F@A?@>:@I A8?I@K>?KH@I I;C?@>@BE?:@I A8B8. C1+<3,,3+ 2&2/$’3
0)31,$,&6 0%?/)3>$’&/)"*,"6 ’&()"*"%+),"6 /$)’"0*)0>"2/& ’"8$/ =-/? <3-
*&23,3 1$(/"),"6 :")’$ [29]:






1→ ω

1→ 2ω
→→ · u→→↑ ω→ ϑ

→

1 + ω

1→ 2ω
→ϖ =

1

2
ϱG↑1ε

¨

2u,

L2
(1 + c3)→→ · ω+ 2(ω→ 1

2
→↑ u) =

1

2
ϱIG↑1ε

¨

2ω,

→ ·→ϖ→Cς↑1ε·ϖ→2Gς↑1ϑ
→

1 + ω

1→ 2ω
→ · (ε

˙
u) = 0,

(2)

>#$ 1-*"%,$,3 <3’$,3 Cϖ↑1
0 →↓ C, ςϖ↑1

0 →↓ ς.
C&2/$’3 #&::$)$,4&3%?,-. 0)31,$,&6 1 B32/,-. *)"&<1"#,-. (2), <3*&23,-

,3+ 1 /$)’&,3. 1$(/")3 /)3,2%+4&",,-. *$)$’$5$,&6 u, 1$(/")3 2*&,"),-.
*$)$’$5$,&6 ω & /$’*$)3/0),">" &,()$’$,/3 ϖ 2%08&/ "2,"1"6 #%+ &22%$#"13-
,&+ 2&%?,-. & 2%3=-. )3<)-1"1 1 ’&()"*"%+),"6 >$’&/)"*,"6 2)$#$, 3 /3(8$
1"%,"1-. *)"4$22"1, ("/")-$ 1 )322’3/)&13$’"’ 2%0B3$ .3)3(/$)&<07/2+ "#-
,"1)$’$,,-’ )32*)"2/)3,$,&$’ *)+’-. & <$)(3%?,-. ’"#.
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P322’"/)&’ <3#3B0 " )32*)"2/)3,$,&& 21+<3,,"6 >3)’",&B$2("6 *%"2("6 1"%-
,- 2 B32/"/"6 φ. D 9/"’ 2%0B3$ *"%+ /$’*$)3/0),">" &,()$’$,/3, /)3,2%+4&-
",,-. & 2*&,"),-. *$)$’$5$,&6 ’"8," *)$#2/31&/? 1 :")’$

u = A!, ω = S!, ϖ = B!, ! = ei arg!, arg! = k · r→ φt, (3)

>#$ k G 1"%,"1"6 1$(/"); r G )3#&02 1$(/"); φ G 4&(%&B$2(3+ B32/"/3 >3)-
’",&B$2("6 1"%,-; A, SG 1$(/")- ("’*%$(2,-. 3’*%&/0# /)3,2%+4&",,-. &
2*&,"),-. *$)$’$5$,&6 2""/1$/2/1$,,"; B G (("’*%$(2,3+) 3’*%&/0#3 /$’*$-
)3/0),">" &,()$’$,/3; ! G :3<"1-6 ’,"8&/$%?; arg! G :3<3 *%"2("6 1"%,-.
;)31,$,&$ arg! = const <3#3$/ :3<"1-$ *%"2("2/&. A)& 9/"’, #%+ 205$2/1"13-
,&+ 21+<3,,"6 /$)’"0*)0>"6 1"%,- ,$"=."#&’" 1-*"%,$,&$ 2%$#075$>" 02%"-
1&+

B ↔= 0. (4)

Q/’$/&’, B/" k = ks, >#$ k G ("’*%$(2,"$ B&2%", s G 1$5$2/1$,,-6 $#&,&B-
,-6 1$(/").

A"2%$ *"#2/31,"1(& (3) 1 2&2/$’0 0)31,$,&6 (2), 21+<-137507 1"%,"1"6 1$(-
/") k, 4&(%&B$2(07 B32/"/0 φ, 1$(/")- *"%+)&<34&& *%"2("6 1"%,- A, S &
3’*%&/0#0 B, *"%0B&’:






ϱG↑1φ2A→ 2(1→ ω)(1→ 2ω)↑1
)k(k ·A)→

→ 2ik↑ S→ 2ϑ
→
(1 + ω)(1→ 2ω)↑1

)ikB = 0,

[ϱIG↑1L↑2φ2
+ 4L↑2

]S→ 2(1 + c3)k(k · S)→ 2L↑2ik↑A = 0,

(Cς↑1iφ → k2
)B→2Gς↑1ϑ

→

1 + ω

1→ 2ω
φ(k ·A) = 0.

(5)

A)$#2/31&’ 1$(/")- ("’*%$(2,-. 3’*%&/0# /)3,2%+4&",,-. (A) & 2*&,")-
,-. (S) *$)$’$5$,&6 1 1&#$ 20’’-

A = A↓ + A↔k, S = S↓ + S↔k, (6)

>#$ 1$(/")- A↓ & S↓ )32*"%"8$,- 1 *%"2("2/& *$)*$,#&(0%+),"6 1"%,"1"’0
1$(/")0 k, /.$. 1 *%"2("2/& *"2/"+,,"6 :3<- arg! = const.

A"#2/31&1 *)$#2/31%$,&$ (6) 1 2&2/$’0 (5), *"%0B&’





[ϱG↑1φ2
](A↓ + A↔k)→ 2(1→ ω)(1→ 2ω)↑1A↔k

2k→
→ 2ik↑ S↓ → 2ϑ

→
(1 + ω)(1→ 2ω)↑1ikB = 0,

[ϱIG↑1L↑2φ2
+ 4L↑2

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

(Cς↑1iφ → k2
)B→2Gς↑1ϑ

→

1 + ω

1→ 2ω
φA↔k

2
= 0.

(7)

J$/)0#," <3’$/&/?, B/" 2&2/$’3 (7) )32*3#3$/2+ ,3 #1$ ,$<31&2&’-$ 2&2/$’-
0)31,$,&6, "/#$%?," #%+ *)"#"%?,-. & *"*$)$B,-. 1"%,.
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3. !@B:@7G8 J;=B< =7EF<::@M >?@9@BL:@M >B@=C@M H<?I@:;J8=C@M
7@B:G. A)"$(4&& 0)31,$,&6 2&2/$’- (5) ,3 1"%,"1"6 1$(/") k *)$#2/31%+$/
2"="6 <3’(,0/07 2&2/$’0 /)$. %&,$6,-. "#,")"#,-. 0)31,$,&6:






(
φ2 → 2G(1→ ω)

ϱ(1→ 2ω)
k2
)
A↔ → 2ϑ

→

G(1 + ω)

ϱ(1→ 2ω)
iB = 0,

[φ2
+ 4(ϱI)↑1G→ 2(1 + c3)(ϱI)

↑1GL2k2
]S↔ = 0,

(Cς↑1iφ → k2
)B→2Gς↑1ϑ

→

1 + ω

1→ 2ω
φA↔k

2
= 0.

(8)

R%+ 205$2/1"13,&+ ,$/)&1&3%?,">" )$L$,&+ 3%>$=)3&B$2("6 2&2/$’- (8)
,$"=."#&’" & #"2/3/"B,", B/"=- $$ "*)$#$%&/$%? =-% )31$, ,0%7, /.$.

∣∣∣∣∣∣

φ2 → [V↔]
2k2

0 →ia2
0 φ2

+ ”→ [V µµ

↔ ]
2k2

0

→a4φk2
0 ia6φ → k2

∣∣∣∣∣∣
= 0, (9)

>#$

[V↔]
2
=

2G(1→ ω)

ϱ(1→ 2ω)
, [V µµ

↔ ]
2
=

2GL2
(1 + c3)

ϱI
, a2 = 2ϑ

→

G(1 + ω)

ϱ(1→ 2ω)
,

ϱI” = 4G, ςa4 = 2Gϑ
→

1 + ω

1→ 2ω
, ςa6 = C.

(10)

Q/’$/&’, B/" 0)31,$,&$ (9) 2"1*3#3$/ *" :")’$ (," ,$ *"%,"2/?7 &#$,/&B,")
2 3,3%">&B,-’ #%+ &<"/)"*,">" /$)’"0*)0>">" /$%3 [17].

S%>$=)3&B$2("$ 0)31,$,&$ (9) *)$#2/31%+$/ 2"="6 =&(0=&B$2("$ 0)31,$,&$
"/,"2&/$%?,", *"#%$835$>" "*)$#$%$,&7, 1"%,"1">" B&2%3 k:

Q6k
6
+Q4k

4
+Q2k

2
+Q0 = 0, (11)

>#$ &2*"%?<"13,- 2%$#075&$ "="<,3B$,&+
Q6 = a21I→ [V↔V

µµ

↔ ]
2, Q0 = ia6φ

3
(φ2

+ ”),

Q4 =

(
[V↔]

2
+ [V µµ

↔ ]
2
)
φ2

+ [V↔]
2
”→ i(a6Q6 + a2a4[V

µµ

↔ ]
2
)φ,

Q2 = → φ2
”→ φ4

+ i[a2a4 → a6([V↔]
2
+ [V µµ

↔ ]
2
)]φ3→

→ i(a6[V↔]
2 → a2a4)φ”.

(12)

@"),& 0)31,$,&+ (11) =0#0/ &’$/? 1&#

k1,2,3 =

√

Y1,2,3 →
Q4

3Q6
,

k4 = →k1, k5 = →k2, k6 = →k3.

(13)

>#$

Y1 = a+ b, Y2,3 = →1

2
(a+ b)± i

↗
3

2
(a→ b), (14)

a =
3

√
→q

2
+

√
D1, b = 3

√
→q

2
→
√
D1, D1 =

q2

4
+

p3

27
.
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p =
2Q6Q2 →Q2

4

Q2
6

, q =
2Q3

4 → 9Q6Q4Q2 + 27Q2
6Q0

27Q3
6

. (15)

R"2/3/"B," 1-=)3/? "#," &< <,3B$,&6 (13#)3/,">" ("),+
↗
D1, 3 #%+ (38-

#">" &< /)$. <,3B$,&6 1$%&B&,- a ,$"=."#&’" *"#=&)3/? /3("$ <,3B$,&$ b, #%+
("/")">" 1-*"%,+$/2+ 02%"1&$

ab = →p/3.

F,3B$,&+ 1"%,"1-. B&2$% (13), *"%0B$,,-$ *)& &22%$#"13,&& =&(0=&B$2("-
>" (11) 0)31,$,&+, ’"8," 1*"2%$#2/1&& &2*"%?<"13/? *)& "/#$%$,&& "#,"<,3B-
,-. 1$/1$6 ’,">"<,3B,-. (13#)3/,-. & (0=&B$2(&. )3#&(3%"1 ,3 ("’*%$(2,"6
*%"2("2/& k = Rek + iImk (Re k > 0).

4. !@B:@7G8 J;=B< D@B@9:@M <A8?I;J8=C@M >@>8?8J:@M >B@=C@M
H<?I@:;J8=C@M 7@B:G. P322’"/)&’ *)"$(4&& 2&2/$’- %&,$6,-. 0)31,$,&6
(7) ")/">",3%?,-$ ,3*)31%$,&+ 1 :3<"1"6 *%"2("2/& arg! = const. D1$#$’ 1
)322’"/)$,&$ #13 $#&,&B,-. 1<3&’," ")/">",3%?,-. 1$(/")3 ı & ε, )32*"%"-
8$,,-. 1 :3<"1"6 *%"2("2/&. M">#3 1$(/")- A↓ & S↓ ’"8," *)$#2/31&/? 1
:")’$

A↓ = A
1
↓ı+ A

2
↓ε, S↓ = S

1
↓ı+ S

2
↓ε. (16)

A)"$(4&& 2&2/$’- %&,$6,-. 0)31,$,&6 (7) ,3 ")/- ı & ε *)&’0/ 1&#

φ2A
1
↓ + 2iϱ↑1GkS

2
↓ = 0,

φ2A
2
↓ → 2iϱ↑1GkS

1
↓ = 0,

[Iφ2
+4ϱ↑1G]S

1
↓ + 2iϱ↑1GkA

2
↓ = 0,

[Iφ2
+4ϱ↑1G]S

2
↓ → 2iϱ↑1GkA

1
↓ = 0.

(17)

R%+ 205$2/1"13,&+ ,$/)&1&3%?,">" )$L$,&+ 2&2/$’- %&,$6,-. "#,")"#,-.
0)31,$,&6 (17) ,$"=."#&’" & #"2/3/"B,", B/"=- 2%$#075&6 "*)$#$%&/$%? =-%
)31$, ,0%7, /.$.

det(A) =

∣∣∣∣∣∣∣∣

φ2
0 0 ia8k

0 φ2 →ia8k 0

0 ia8k φ2I+ 2a8 0

→ia8k 0 0 φ2I+ 2a8

∣∣∣∣∣∣∣∣
= 0, (18)

>#$ 11$#$,- "="<,3B$,&+:
a8ϱ = 2G. (19)

Q/’$/&’, B/" 1 "/%&B&$ "/ 3,3%">&B,">" 0)31,$,&+ #%+ *"%0&<"/)"*,"-
>" & &<"/)"*,">" CGNI /$% 1"%,"1-$ B&2%3 k ,$ 1."#+/ 1 9%$’$,/- >%31-
,"6 #&3>",3%& A. @)"’$ /">", 1&#,", B/" .3)3(/$),-$ "*)$#$%+75&$ B&2%3
[V µ

↓ ]
2
= G(1 + c1)ϱ↑1 & [V µµ

↓ ]
2
= G(1 + c2)(ϱI)

↑1, )31,- ,0%7 #%+ 0%?/)3&<"-
/)"*,">" /$%3.
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D"%,"1-$ B&2%3 *"*$)$B,-. 1"%, 1$5$2/1$,,- Im k = 0, B/" :&<&B$2(& "B$-
1&#," #%+ 3/$)’&B$2(&. 1"%,, /.$. 21+<3," 2 “3/$)’&B,"2/?7” *"*$)$B,"6 1"%-
,- & c "/20/2/10$’ *"/$)& 9,$)>&& *)& $$ )32*)"2/)3,$,&& & 9%&’&,&)"13,&$’
/$)’&B$2("6 2"2/31%+75$6. D 9/"’ 2%0B3$ /)3,2*",&)"13,,3+ ’3/)&43 (18)
("’*%$(2,"–2"*)+8$,3 &2."#,"6, /.$. +1%+$/2+ N)’&/"1"6.

S%>$=)3&B$2("$ 0)31,$,&$ (18) *)$#2/31%+$/ 2"="6 =&(13#)3/,"$ 0)31,$,&$
"/,"2&/$%?," (13#)3/3 1"%,"1">" B&2%3 k:

a48k
4 → 4a38Ik

2φ2
+ 4a28I

2φ4 → 2a28Ik
2φ4

+ 4a8I
2φ6

+ I2φ8
= 0 (20)

&%&
(a28k

2 → 2a8φ
2 → Iφ4

)
2
= 0. (21)

D$5$2/1$,,-$ ("),& 0)31,$,&+ 1-B&2%+7/2+ 2">%32," 2""/,"L$,&+’:

a8k1,2,3,4 = ±φ
√

Iφ2 + 2a8. (22)
Q/(0#3 2%$#0$/, B/" &’$$/2+ ()3/,-6 1$5$2/1$,,-6 (")$,?

a8k1 = a8k2 = φ
√
Iφ2 + 2a8, (23)

+1%+75&62+ ,")’3%?,-’ 1"%,"1-’ B&2%"’.
Q/’$/&’, B/" 1"%,"1"$ B&2%" (23) =0#$/ 12$>#3 1$5$2/1$,,-’, /.(.:

a8 = 2Gϱ↑1 > 0. (24)

5. ,<CBNJ8:;8. D ,32/"+5$6 )3="/$ )322’3/)&137/2+ 1"*)"2- )32*)"-
2/)3,$,&+ *%"2(&. >3)’",&B$2(&. 21+<3,,-. 1"%, /$’*$)3/0),">" &,()$’$,/3,
/)3,2%+4&",,-. & 2*&,"),-. *$)$’$5$,&6 1 0%?/)3&<"/)"*,"’ /$)’"0*)0>"’
’&()"*"%+),"’ CGNI /$%$. ;%?/)3&<"/)"*,3+ ’"#$%? /)3(/0$/2+ (3( )$<0%?-
/3/ #10()3/," *)&1$#$,,"6 ’"#$%& *"%0&<"/)"*,">" /$%3.

(1) A"%0B$,3 21+<3,,3+ 2&2/$’3 #&::$)$,4&3%?,-. 0)31,$,&6 2 B32/,-’&
*)"&<1"#,-’& 1 /$)’&,3. 1$(/")3 /)3,2%+4&",,-. *$)$’$5$,&6, 1$(-
/")3 2*&,"),-. *$)$’$5$,&6 & /$’*$)3/0),">" &,()$’$,/3 #%+ ’&()"-
*"%+),">" 0%?/)3&<"/)"*,">" /$%3.

(2) A)"3,3%&<&)"13,- *")+#(& B%$,"1 1 #&::$)$,4&3%?,-. 0)31,$,&+. 2
B32/,-’& *)"&<1"#,-’& 21+<3,,"6 ’&()"*"%+),"6 /$)’"0*)0>"2/& *"
L(3%$ =$2(",$B," ’3%-. *)&1+<3,,"6 ( .3)3(/$),"6 ’&()"/,3,"#%&,$.

(3) J36#$,- & *)"3,3%&<&)"13,- 3%>$=)3&B$2(&$ 0)31,$,&+ #%+ 1"%,"1-.
B&2$% *)"#"%?,-. (=&(0=&B$2("$ 0)31,$,&$) & *"*$)$B,-. 21+<3,,-.
1"%, (=&(13#)3/,"$ 0)31,$,&$). D"%,- *"2%$#,$>" /&*3 G ."%"#,-$
3/$)’&B$2(&$, ,&(3( ,$ 21+<3,,-$ 2 /$*%"1-#$%$,&$’.

(4) D"%,"1-$ B&2%3 *)"#"%?,-. >3)’",&B$2(&. 1"%, "(3<-137/2+ ("’-
*%$(2,-’&, 1 2&%0 *)"&<1"#2/13 9,/)"*&& *)& )32*)"2/)3,$,&& /$*%3.

(5) D-B&2%$,- 1"%,"1-$ B&2%3 *"*$)$B,-. >3)’",&B$2(&. 1"%,, ("/")-$
"(3<-137/2+ 1$5$2/1$,,-’&. J36#$," #10()3/,"$ ,")’3%?,"$ 1"%,"1"$
B&2%" *"*$)$B,-. 1"%,.
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!"#"$%&’($)%"
*+,-. -/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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