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Abstract. In this paper, we consider a multiweight theory of weak discontinuities of the
temperature increment, translational and spinor displacements in a semi-isotropic thermoelastic
micropolar medium. The mathematical theory proposed for consideration is substantially based
on the achievements of modern pseudotensor calculus. Definitions of multiweight pseudotensor
elements of area and volume are revisited. A general multiweight form of a pseudotensor equation on
a wave surface propagating in a semi-isotropic thermoelastic micropolar medium is derived. Weak
discontinuities of solutions of the coupled system of pseudovector partial diOerential equations of
semi-isotropic micropolar thermoelasticity are studied. For this aim the geometric and kinematic
Hadamard–Thomas conditions are generalized to the pseudotensor case taking account of the
pseudotensor geometry of the propagating surface of weak discontinuities. The propagation
velocities of wave surfaces of translational and spinor displacements are found. A classification
of weak discontinuities of temperature, translational and spinor displacements is carried out and
their spatial polarizations are studied. The conditions of athermality of propagating wave surfaces
of weak discontinuities are established.
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’:;<;=>;. !"#$%&’()$’*) +’,’*%-$"-)(’."/*’- 0#%1"//%2 ,).)/345 /26-
,)() / #)/0#%/3#)("(’"$ 2%7(%28- 0%2"#-(%/3"9 2 3#"-$"#(%$ 0#%/3#)(/32",
0#’ 0#%-%:&"(’’ ."#", *%3%#8" +’,’."/*’" 0%76 0#"3"#0"2)53 /7);8" #),-
#828, 3.". /)$’ 0%76 ’ ’- 0"#28" 0#%’,2%&(8" ("0#"#82(8, ) ’- 0#%’,2%&-
(8", ().’()6 /% 23%#%9, 2%%;<" =%2%#6, #),#82(8. >,4."(’" 4*),)((8- 0#%1"/-
/%2, 0#%3"*)5<’- 2 /%2#"$"((8- *%(/3#4*1’%((8- $)3"#’)7)-, 3.*. %(’ $%=43
%;7)&)3? $’*#%/3#4*34#(8$’ %/%;"((%/36$’ ’ $%&"7’#%2)(’" ’- 0%2"&"(’6
3#";4"3 0#’27"."(’6 ("*7)//’."/*’- $%&"7"9 $"-)(’*’ /07%@(8- /#"& [1–5].
A#%/3"9@"9 ’, 3)*’- $%&"7"9 6276"3/6, ()0#’$"#, 0%74’,%3#%0()6 $’*#%0%-
76#()6 3"#$%40#4=%/3?. A%&%;(8" /#"&8 -)#)*3"#’,453/6 .42/32’3"7?(%/3?5
/2%’- %0#"&"765<’- 0/"2&%/*)76#%2 * 0#"%;#),%2)(’6$, $"(65<’$ %#’"(-
3)1’5 3#"-$"#(%=% 0#%/3#)(/32) () 0#%3’2%0%7%:(45. A#)*3’."/*)6 ,().’-
$%/3? 4*),)((8- ’//7"&%2)(’9 /26,)() / $%&"7’#%2)(’"$ 0%2"&"(’6 ;’%$)3"-
#’)7%2, ’/0%7?,4"$8- 2 $"&’1’(", *7"3%.(8- /3#4*34#, *"#)$’*’, =#)(47’#%-
2)((8- $)3"#’)7%2.

B7"&4"3 %3$"3’3?, .3% $)3"$)3’."/*’" $%&"7’, 4.’382)5<’" -)#)*3"#(8"
()(%/$’*#%&7’(8 $’*#%0%76#(8- $)3"#’)7%2, $%=43 ;83? /*%(/3#4’#%2)(8
#),7’.(8$’ /0%/%;)$’ [6–15]. C4(&)$"(3)7?(8" %0#"&"765<’" 0)#)$"3#8,
/26,)((8" / -)#)*3"#(8$ #),$"#%$ ()(%/$’*#%/3#4*34# (=#)(47, 6.""*, /%3,
0"(, :’&*%*#’/3)77’."/*’- &’0%7"9, 0%7’$"#(8- $%7"*47 ’ 3. &.), %;8.(%
%;%,().)53/6 *)* L 2 #);%3)- [9–15] ’7’ l 2 #);%3)- D"9;"#) [6–8]. E)* ;8-
7% 0%*),)(% #)("" [16, 17] %3(%@"(’" %0#"&"765<’- *%(/3)(3 l ’ L 6276"3/6
+’,’."/*’ ;",#),$"#(8$ 0%/3%6((8$ $(%:’3"7"$. F87% 0%*),)(%, .3% L $%-
:"3 ’$"3? )7=";#)’."/*’" 2"/) →1, 0,+1. G):(% %3$"3’3?, .3% -)#)*3"#()6
&7’() $’*#%0%76#(%9 3"%#’’ L ’$""3 #"@)5<"" ,()."(’", *)* $)/@3);(89
+)*3%# 2 3"%#’6- 0%74’,%3#%0(8- /#"&, *%3%#%$4 "/3"/32"((8$ %;#),%$ $%-
:"3 ;83? (),()."( ("."3(89 )7=";#)’."/*’9 2"/, 3.". "=% $%:(% #)//$)3#’2)3?
*)* %0#"&"765<’9 0/"2&%/*)76#, .42/32’3"7?(89 * ,"#*)7?(8$ %3#):"(’6$
*%%#&’()3(%=% ;),’/).

G%7(%28" ,)&).’ $"-)(’*’ $’*#%0%76#(8- /#"& 2%,(’*)53 0#’ $%&"7’#%2)-
(’’ 0#%1"//%2 $"&’1’(/*%9 &’)=(%/3’*’, 3)*’- *)*: HI>, /%(%=#)+’6 ’ /0"*-
3#)7?()6 &%007"#%=#)+’6. !"%#"3’."/*%9 %/(%2%9 &76 4*),)((8- $"3%&%2 $%-
=43 /74:’3? ,)&).’ % #)/0#%/3#)("(’’ /7);8- #),#82%2 2 32"#&%$ 3"7" [18,19].
J’3"#)34#(89 0%’/* 0%*),)7 )*34)7?(%/3? 2%7(%28- ,)&). 3"#$%$"-)(’*’
$’*#%0%76#(8- /07%@(8- /#"& [1, 20–30]. G ()/3%6<"9 #);%3" #)//$)3#’2)"3-
/6 ,)&).) #)/0#%/3#)("(’6 /7);8- #),#82%2 2 0%74’,%3#%0(%$ 3"#$%40#4=%$
$’*#%0%76#(%$ *%(3’(44$".

>,7%:"(’" ()/3%6<"9 /3)3?’ ;),’#4"3/6 () #",47?3)3)-, 3"#$’(%7%=’’ ’ 0%-
(63’6- 0#"&8&4<’- 04;7’*)1’9 [9–15,24–32].

1. 2?;:<@A;=B@C=D; EF;G;=AD @HI;GJ > KF@LJ<> : AC;MG;C=@G
KC@?ACJ=?A:;. !"#$’(%7%=’6 ’ 0%(63’6 /%2#"$"((%9 ="%$"3#’’ ’ 3"(,%#(%=%
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)()7’,) ()’;%7"" 0%7(% ’,7%:"(8 2 $%(%=#)+’6- [33–35]. G &)7?("9@"$ ’,7%-
:"(’’, =&" K3% (" %."2’&(%, /2"#-4 *%#("2%=% /’$2%7) 0/"2&%3"(,%#) 2 *2)&-
#)3(8- /*%;*)- ;4&"$ %3$".)3? "=% 2"/, ) /(’,4 2 *#4=78- /*%;*)- "=% #)(=.
D47"2%9 2"/ );/%753(8- 3"(,%#%2 ’ 2"/) ("*%3%#8- +4(&)$"(3)7?(8- 0/"2&%-
3"(,%#%2 2 %;%,()."(’6- %3#):)3?/6 (" ;4&43. I)&)&’$ +4(*1’5 w.g.t #)2(45
2"/4 0/"2&%3"(,%#), () *%3%#89 &"9/324"3 K3) +4(*1’6, 3.". &76 0/"2&%3"(,%#)
[g]

T
(n)

h1h2...hs··...·
··...·k1k2...kr )7=";#)’."/*%=% 2"/) g #)(=) n = s+ r ’$""$

w.g.t
( [g]

T
(n)

h1h2...hs··...·
··...·k1k2...kr
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A/"2&%3"(,%#
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T
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h1h2...hs··...·
··...·k1k2...kr )7=";#)’."/*%=% 2"/) g #)(=) n = s + r / 0%$%-

<?5 /3"0"("9 0/"2&%/*)76#(%9 "&’(’18 $%:(% 0#"%;#),%2)3? * );/%753(%$4
3"(,%#4 3%=% :" #)(=) /%=7)/(%

T
(n)

h1h2...hs··...·
··...·k1k2...kr =

[→g]

1
[g]

T
(n)

h1h2...hs··...·
··...·k1k2...kr . (1)

G 0%/7"&("$ #)2"(/32" 280%7(6"3/6 0#)2’7% ;)7)(/) 2"/%2 (the weights
balance rule) [36–38]. L"9/32’3"7?(%, ’$""$

w.g.t
(
T
(n)

h1h2...hs··...·
··...·k1k2...kr

)
= w.g.t

([→g]

1
[g]

T
(n)

h1h2...hs··...·
··...·k1k2...kr

)
= →g + g = 0.

A/"2&%/*)76#(8" "&’(’18 ’ +4(&)$"(3)7?(89 %#’"(3’#45<’9 0/"2&%/*)-
76# %0#"&"7653/6 /%=7)/(% /7"&45<’$ /%%3(%@"(’6$ [39]:

e = ı
1
· (ı

2
↑ ı

3
),

[+1]

1 = e,

[→1]

1 = e
→1

, (2)

=&" ı
1
, ı
2
, ı
3

2"*3%#8 *%2)#’)(3(%=% %#3%=%()7?(%=% ;),’/) 2 3#"-$"#(%$ M2*7’-
&%2%$ 0#%/3#)(/32".

N"78" /3"0"(’ 0/"2&%/*)76#(8- "&’(’1 %;7)&)53 /2%9/32%$ *%2)#’)(3(%=%
0%/3%6(/32), 3. ".

↓k

[±g]

1 =
[±g]

0 , (3)
=&" ↓k O %0"#)3%# *%2)#’)(3(%=% &’++"#"(1’#%2)(’6 2 $"3#’*" gjs.

B’$2%78 0"#"/3)(%2%* J"2’–P’2’3) 627653/6 +4(&)$"(3)7?(8$’ 0/"2&%-
3"(,%#)$’, ("0%/#"&/32"((% /26,)((8$’ / %#’"(3)1’"9 3#"-$"#(%=% 0#%/3#)(-
/32), 0%,2%765<’$’ &’/*#’$’(’#%2)3? 0#)28" ’ 7"28" 3#%9*’ ;),’/(8- 2"*-
3%#%2 /%=7)/(% 0#)2’74

ωijk = ω
ijk =






+1, &76 3#%"* i, j, k = 123, 231, 312;

→1, &76 3#%"* i, j, k = 132, 213, 321;

0, 2% 2/"- %/3)7?(8- /74.)6-.
(4)
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Q3$"3’$, .3% /’$2%78 0"#"/3)(%2%* %;7)&)53 )(%$)7?(8$’ 3"(,%#(8$’
/2%9/32)$’, ()#4@)5<’$’ %;<"0#’(638" 0#)2’7) 0/"2&%3"(,%#(%9 )7=";#8.
G%-0"#28- %(’ 627653/6 %&(%2#"$"((% *%2)#’)(3(8$ 0/"2&%3"(,%#%$ 3#"3?"-
=% #)(=) ("."3(%=% )7=";#)’."/*%=% 2"/) →1 ’ *%(3#)2)#’)(3(8$ 0/"2&%3"(,%-
#%$ 3#"3?"=% #)(=) ("."3(%=% )7=";#)’."/*%=% 2"/) +1. A%/7"&("", 2 /’74 (4),
$%:"3 ;83? 28#):"(% /%%3(%@"(’"$

[→1]
ω lsk =

[+1]
ω

lsk
.

G%-23%#8-, &76 /’$2%7%2 0"#"/3)(%2%* ("%;-%&’$8 /0"1’)7?(8" 0#)2’7), 0%
*%3%#8$ /7"&4"3 0%&(’$)3?/%04/*)3? ’(&"*/8:

[→1]
ω ijk =

[→2]

1 gilgjsgkr

[+1]
ω

lsr
,

[+1]
ω

ijk =
[+2]

1 g
il
g
js
g
kr

[→1]
ω lsr. (5)

B’$2%78 0"#"/3)(%2%* 0%,2%7653 22"/3’ 3"(,%#(8" K7"$"(38 %;R"$) ()’;%-
7"" 0#%/38$ ’ 0%(63(8$ /0%/%;%$, .3% /%%32"3/324"3 0%&-%&4, 0#"&7%:"((%$4 2
*7)//’."/*’- #);%3)- A4)(*)#" [40,41], ;", 0#’27"."(’6 3"%#’’ 2("@(’- &’+-
+"#"(1’)7?(8- +%#$ [42–45]. I)$"3’$, .3% 7’3"#)34#(89 0%’/* 0%*),82)"3
/*4&(%" *%7’."/32% #);%3, %;/4:&)5<’- 4*),)((%" %;/3%63"7?/32%. !"(,%#(89
K7"$"(3 %;R"$) 2 3#"-$"#(%$ 0#%/3#)(/32" $%:(% 0#’(63? 2 +%#$"

dε
mns =

[→1]

dε
123[+1]

ω
mns

, (6)

=&"
[→1]

dε
123 O "/3"/32"((89 K7"$"(3 %;R"$),1 0#"&/3)2765<’9 /%;%9 0/"2&%/*)-

76# 2"/) →1, *%3%#89 %0#"&"76"3/6 /7"&45<’$ %;#),%$
[→1]

dε
123 = dx

1
dx

2
dx

3
. (7)

Q04/3’2 2 +%#$47" (6) ’(&"*/8, 3. ". 0#’$"(’2 0#)2’7% :%(=7’#%2)(’6 ’(-
&"*/)$’ &76 /’$2%7%2 0"#"/3)(%2%* (5), %0#"&"7’$ *%2)#’)(3(89 3"(,%#(89
K7"$"(3 %;R"$) 2 2’&"

dεmns =
[+2]

1
[→1]

dε
123[→1]

ωmns =
[+1]

dε123
[→1]
ωmns, (8)

=&"
[+1]

dε123 O &4;7"3(89 K7"$"(3 %;R"$) [35], 0#"&/3)2765<’9 /%;%9 0/"2&%/*)-
76# 2"/) +1.

B 0%$%<?5 0/"2&%/*)76#%2
[→1]

dε
123,

[+1]

dε123 ’ 0/"2&%/*)76#(8- "&’(’1
[↑1]

1 $%:-
(% %;#),%2)3? );/%753(89 /*)76# dε , 62765<’9/6 ’(2)#’)(3(8$ K7"$"(3%$
%;R"$)

dε =
[+1]

1
[→1]

dε
123 =

[→1]

1
[+1]

dε123.

1P%-)%.-, =%& /#>"0< +&12 )$%)$%/)""3) ?1)-)"%3 &,@)-# .7+#<% 6+. A&+-01.+&/8)
/#+.#9.&""34 A0"89.&"#1&/ A.5.=)$8.4 %)&+.* 6&1’ [46, 47].



92 B. !. 6+LKQ@-<, <. C. 3IK?<-@

G &)7?("9@"$ ’,7%:"(’’ 0#’$"$ 40#%<"((8" %;%,()."(’6 &76 0/"2&%’(2)-
#’)(3(8- K7"$"(3%2 %;R"$)

[→1]

dε =
[→1]

dε
123

,

[+1]

dε =
[+1]

dε123.

S()7%=’.(8$ /0%/%;%$, / 3"$ #),7’.’"$, .3% #)//4:&"(’6 (6) &%7:(8 ;83?
0#%2"&"(8 &76 &24$"#(%9 0%2"#-(%/3’, ,)&)53/6 0/"2&%’(2)#’)(3(8" K7"$"(-
38 07%<)&’

[→1]

A =
[→1]

A
12
,

[+1]

A =
[+1]

A12.

G2"&"$ 2 #)//$%3#"(’" $47?3’2"/%28" -)#)*3"#’/3’*’ [14, 15, 31], 0#’(’$)-
5<’" &’/*#"3(8" ,()."(’6 2 ,)2’/’$%/3’ %3 ’/0%7?,4"$%=% K7"$"(3) %;R"$),
3.".:

↭ =






+1, &76
[+1]

dε ;

0, &76 dε ;

→1, &76
[→1]

dε ;

↭ =






+1, &76
[+1]

dA;

0, &76 dA;

→1, &76
[→1]

dA.

(9)

↫ =






→1, &76
[+1]

dε ;

0, &76 dε ;

+1, &76
[→1]

dε .

↫ =






→1, &76
[+1]

dA;

0, &76 dA;

+1, &76
[→1]

dA.

(10)

↬ =






→2, &76
[+1]

dε ;

→1, &76 dε ;

0, &76
[→1]

dε ,

↬ =






→2, &76
[+1]

dA;

→1, &76 dA;

0, &76
[→1]

dA.

(11)

B%%3(%@"(’6 (9)–(11) 0%,2%7653 ("$"&7"((% ,)*75.’3?
↭ = →↫ = →↬→1.

2. 9>NN;C;=O>C@:J=>; K@ K?;:<@?PJFQC=@GR GRFSA>:;?@:@GR
:C;G;=> > P>=;GJA>T;?P>; R?F@:>Q ?@:G;?A=@?A> K;C:@U@ K@CQ<PJ.
T)//$%3#’$ 0%2"#-(%/3? !, #)/0#%/3#)(65<45/6 2 3#"-$"#(%$ "2*7’&%2%$
0#%/3#)(/32", ,)&)((45 0/"2&%/*)76#(%9 +4(*1’"9

↭
t =

↭
f(xi), (12)

=&"
↭
t O $47?3’2"/%2%" 0/"2&%/*)76#(%" 2#"$6, 0#’."$

↭
t =

↭
1t. (13)

T)//$%3#’$ /7"&45<’" &#4= ,) &#4=%$ 0%7%:"(’6 0%2"#-(%/3’
↭
!:

↭
!(

↭
t) ’

↭
!(

↭
t + ϑ

↭
t). A%/3#%’$ 2"*3%# "&’(’.(%9 (%#$)7’ n

k 2 ("*%3%#%9 3%.*" P 0%-

2"#-(%/3’
↭
!, ) ."#", P

↓ %;%,().’$ 3%.*4, 2 *%3%#%9 (%#$)7? n
k 0"#"/"*)"3
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0%2"#-(%/3?
↭
!(

↭
t+ ϑ

↭
t). A4/3? 3%.*) P ’$""3 *%%#&’()38 x

k, ) P
↓ O *%%#&’()38

x
k + ϑx

k.
G"*3%# "&’(’.(%9 (%#$)7’ n * 0%2"#-(%/3’ !, ()0#)27"((89 2 /3%#%(4 ""

#)/0#%/3#)("(’6, $%:(% %0#"&"7’3?, / 4."3%$ (1), / 3%.(%/3?5 &% $(%:’3"76
/%=7)/(% +%#$47"

Nni = ϖi(
↫
1
↭
f). (14)

Q3$"3’$, .3% &76 );/%753(%=% /*)76#) a /0#)2"&7’2% #)2"(/32%

↓ia = ϖia. (15)

!%=&) 28#):"(’" (14) / 4."3%$ (3) ’ (15) 0#"%;#),4"3/6 * 2’&4

Nni = ϖi(
↫
1
↭
f) = ↓i(

↫
1
↭
f) =

↫
1↓i

↭
f. (16)

G2%&6 2 #)//$%3#"(’" 0/"2&%2"*3%# (%#$)7’ /%=7)/(% +%#$47"
↭
ni = e

W
ni, (17)

0%74.’$

N
↭
ni = ↓i

↭
f. (18)

H.’382)6 /%%3(%@"(’" (w.g.t.(gij) = 0)

g
ij↭
ni

↭
nj =

2↭
1 (19)

("/7%:(% ,)*75.’3?, .3%

N
2
2↭
1 = g

ik↓i

↭
f↓k

↭
f, (20)

%3*4&) &76 $(%:’3"76 N /7"&4"3 28#):"(’"

±N =
↫
1

√

gik↓i

↭
f↓k

↭
f, (21)

Q*%(.)3"7?(%, 0/"2&%2"*3%# (%#$)7’ * 0%2"#-(%/3’ 4#%2(6 ! 0/"2&%/*)76#-

(%=% 0%76
↭
f 28.’/76"3/6 0% +%#$47"

↭
ni =

↭
1

↓i

↭
f√

gik↓i

↭
f↓k

↭
f

(22)

J’("9()6 /*%#%/3? 0%2"#-(%/3’ ()#)<’2)(’6 2 ()0#)27"(’’ 0/"2&%2"*3%#)
(%#$)7’ ↭

n 28.’/76"3/6 /%=7)/(%

↫
G =




√

gik↓i

↭
f↓k

↭
f




→1

. (23)
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S;/%753(89 2"*3%# (%#$)7’ * 0%2"#-(%/3’ 4#%2(6 ! 0/"2&%/*)76#(%=% 0%76
↭
f $%:(% 28.’/7’3? 0% +%#$47"

ni =
↫
G↓i

↭
f. (24)

H/3#"$766 * (475 #)//3%6(’" $":&4 0%2"#-(%/36$’
↭
!(

↭
t) ’

↭
!(

↭
t + ϑ

↭
t),

3.". 4/3#"$766 ϑ
↭
t * (475, $%:(% 0%74.’3? /7"&45<’" 28#):"(’6 &76 ϑ-

0#%’,2%&(8-

ϑ
[±g]
ϱ
+

k

ϑ
↭
t

=
↫
ϑ·

[±g]
ϱ
+

k
,

ϑ
[±g]
ϱ
→

k

ϑ
↭
t

=
↫
ϑ·

[±g]
ϱ
→

k
,

ϑ

[±g]

A
k

ϑ
↭
t

=
↫
ϑ·

[±g]

A
k
, (25)

%3*4&) (" /7%:(% 0%74.’3? *’("$)3’."/*’" 4/7%2’6 /%2$"/3(%/3’ 0"#2%=% 0%-
#6&*)

[
↫
ϑ·

[±g]
ϱ

k] =
↫
ϑ·

[±g]
ϱ
+

k →
↫
ϑ·

[±g]
ϱ
→

k =
↫
ϑ·

[±g]

A
k
,

↫
ϑ·x

i =
↫
1
↫
G

↭
n
i
,

[
↫
ϖ·

[±g]
ϱ

k] = →
↭
1
[±g+↫]

B
k
↫
G+

↫
ϑ·

[±g]

A
k
,

(26)

>/0%7?,46 0%74."((8" /%%3(%@"(’6 0"#2%=% 0%#6&*) (" /7%:(% 0%74.’3? 4/7%-
2’6 /%2$"/3(%/3’ 23%#%=% ’ ;%7"" 28/%*’- 0%#6&*%2.

3. !RFSA>:;?@:D; ?FJHD; CJBCD:D ACJ=?FQO>@==DM > ?K>=@C=DM
K;C;G;L;=>V >//7"&4"$ ,)*%(%$"#(%/3’ #)/0#%/3#)("(’6 /7);8- #),#828

3#)(/761’%((8- u
k ’ /0’(%#(8-

[+1]

ς
k 0"#"$"<"(’9 2 $’*#%0%76#(%$ 3"7". Q3-

$"3’$, .3% /’/3"$) 4#)2("(’9 &’()$’*’ /%&"#:’3 .)/3(8" 0#%’,2%&(8" ("
28@" 23%#%=% 0%#6&*). A4/3? 2 3#"-$"#(%$ 0#%/3#)(/32" / (%#$)7?(%9 /*%-

#%/3?5
↫
G #)/0#%/3#)(6"3/6 +#%(3 (2%7(%2)6 0%2"#-(%/3?)

↭
! /7);8- #),#82%2

0"#"$"<"(’9 u
k ’ $’*#%2#)<"(’9

[+1]

ς
k. !%=&) ="%$"3#’."/*’" ’ *’("$)3’."-

/*’" 4/7%2’6 /%2$"/3(%/3’ 23%#%=% 0%#6&*) S&)$)#)O!%$)/) (9) ;4&43 ’$"3?
2’&

[→↔→↔ u] =
2↫
1

↭
n↔ ↭

n↔A, [→↔→↔
[+1]

ω ] =
2↫
1

↭
n↔ ↭

n↔
[+1]

S ,

[→↔ ϖ·u] = →
↫
G

↭
n↔A, [→↔ ϖ·

[+1]

ω ] = →
↫
G

↭
n↔

[+1]

S ,

[ϖ·
2u] =

2↭
1

↫
G2A, [ϖ·

2
[+1]

ω ] =
2↭
1

↫
G2

[+1]

S ,

[→↔→φ] =
2↫
1B

↭
n↔ ↭

n,

(27)
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=&" *2)&#)3(8" /*%;*’ %;%,().)53 /*).%*, ,)*75."((%=% 2 (’- +’,’."/*%=%

0%76, 0#’ 0"#"-%&" ."#", 0%2"#-(%/3? /7);%=% #),#82). B, A,
[+1]

S O +’,’."/*’"
0%76, %0#"&"7"((8" () 2%7(%2%9 0%2"#-(%/3’, 0#’."$ #)2"(/32) B = 0, A = 0,
[+1]

S =
[+1]

0 (" $%=43 280%7(63?/6 %&(%2#"$"((% (’ 2 *)*%9 3%.*" 0%2"#-(%/3’,
"/7’ #)//$)3#’2)"$)6 0%2"#-(%/3? &"9/32’3"7?(% 6276"3/6 0%2"#-(%/3?5 /7)-
;%=% #),#82).

Q3$"3’$, .3% 28#):"(’"
2↫
1

↭
n ↔ ↭

n $%:(% 0#"%;#),%2)3? * 2’&4 n ↔ n. A%-
/7"&("" 0%,2%76"3 0#%2"/3’ &)7?("9@’" #)//$%3#"(’6 2 3"#$’()- );/%753(%=%
2"*3%#) (%#$)7’ * 2%7(%2%9 0%2"#-(%/3’.

4. )FJHD; CJBCD:D A;GK;CJARC=@U@ >=PC;G;=AJ, ACJ=?FQO>@==DM
K;C;G;L;=>V, ?K>=@C=DM K;C;G;L;=>V > A;GK;CJARC=@U@ >=PC;G;=-
AJ : K@FR>B@AC@K=@V A;CG@RKCRU@V G>PC@K@FQC=@V ?C;<;. I)$*(4-
3)6 $47?3’2"/%2)6 /’/3"$) &’++"#"(1’)7?(8- 4#)2("(’9 &76 0%74’,%3#%0(%-
=% $’*#%0%76#(%=% 3"#$%40#4=%=% 3"7) ,)0’/82)"3/6 2 /7"&45<"9 2"*3%#(%9
+%#$" [14, 15]:





(1 + c1)→ ·→u+ (1→ c1 + 2↼(1→ 2↼)→1)→→ · u+ 2c1→↑
[+1]

ω +

+
[→1]

L c
↓
4→→ ·

[+1]

ω +
[→1]

L c
↓
5→ ·→

[+1]

ω → 2↽
↔

1 + ↼

1→ 2↼
→φ =

↫
⇀

↫
G

→1(ϖ·)
2u,

(1 + c2)→ ·→
[+1]

ω + (1→ c2 + 2c3)→→ ·
[+1]

ω +
[→1]

L
→1
c
↓
4→→ · u+

+
[→1]

L
→1
c
↓
5→ ·→u+

[→1]

L
→1
c
↓
6→↑

[+1]

ω → 2
[→1]

L
→2
c1(2

[+1]

ω →→↑ u)→

→ 2
[+1]

⇁
↔
→φ =

↫
⇀

[→2]

I
↫
G

→1
[→1]

L
→2(ϖ·)

2
[+1]

ω ,

→ ·→φ→
↭
C

↫
λ
→1
ϖ·φ→

↫
2G

↫
λ
→1
↽
↔

1 + ↼

1→ 2↼
→ · ϖ·u→

↫
2G

↫
λ
→1

[→1]

L
2
[+1]

⇁
↔
→ · ϖ·

[+1]

ω = 0,

(28)

=&"
↫
G O $%&47? /&2’=); ↼ O *%K++’1’"(3 A4)//%();

[→1]

L O -)#)*3"#()6 $’*#%&-
7’(); c1, c2, c3, c4, c5, c6 O (" ’$"5<’" +’,’."/*%9 #),$"#(%/3’ 0/"2&%/*)76#8;

↽
↔

O *%K++’1’"(3 7’("9(%=% 3"07%2%=% #)/@’#"(’6;
[+1]

⇁
↔

O *%K++’1’"(3 3"0-

7%2%=% ’,=’;)–*#4."(’6;
↫
λ O *%K++’1’"(3 3"07%0#%2%&(%/3’, c =

↭
C

↫
⇀ O 3"07%-

"$*%/3? () "&’(’14 $)//8. G K3%$ /74.)" -)#)*3"#()6 $’*#%&7’() L ’ $%&47?
/&2’=) G 627653/6 0/"2&%/*)76#)$’ ("."3(%=% )7=";#)’."/*%=% 2"/).

>//7"&4"$ ,)*%(%$"#(%/3’ #)/0#%/3#)("(’6 /7);8- #),#828 3#)(/761’%(-
(8- u, /0’(%#(8- ω 0"#"$"<"(’9 ’ 3"$0"#)34#(%=% ’(*#"$"(3) φ 2 0%74’,%-
3#%0(%9 /#"&". Q3$"3’$, .3% /26,)(()6 /’/3"$) 4#)2("(’9 &’()$’*’ ’ 4#)2-
("(’6 3"07%0#%2%&(%/3’ (1) /%&"#:’3 .)/3(8" 0#%’,2%&(8" (" 28@" 23%#%=%
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0%#6&*), .3% %,().)"3 2%,$%:(%/3? 0#’$"("(’6 3"%#’’ /7);8- #),#82%2 S&)-
$)#)O!%$)/).

H#)2("(’6 (1) 2$"/3" / (27) 0%/7" #6&) 0#"%;#),%2)(’9 &)53 /7"&45<’" /%%3-
(%@"(’6, /26,82)5<’" /*).*’ .)/3(8- 0#%’,2%&(8- 23%#%=% 0%#6&*) %3 3#)(/-

761’%((8- u, /0’(%#(8-
[+1]

ω 0"#"$"<"(’9 ’ 3"$0"#)34#(%=% ’(*#"$"(3) φ 0#’
0"#"-%&" ."#", 2%7(%245 0%2"#-(%/3?:






[(1 + c1)→
↫
⇀

↫
G

→1G2]A+(1→ c1 + 2↼(1→ 2↼)→1)n(n ·A)+

+
[→1]

L c
↓
4

[+1]

S +
[→1]

L c
↓
5n(n ·

[+1]

S ) = 0,

[(1 + c2)→
↫
⇀

[→2]

I
↫
G

→1
[→1]

L
→2G2]

[+1]

S +(1→ c2 + 2c3)n(n ·
[+1]

S )+

+
[→1]

L
→1
c
↓
4n(n ·A) +

[→1]

L
→1
c
↓
5A = 0,

B +G
↫
2G

↫
λ
→1
↽
↔

1 + ↼

1→ 2↼
(n ·A)+G

↫
2G

↫
λ
→1

[→1]

L
2
[+1]

⇁
↔
(n ·

[+1]

S ) = 0.

(29)

A#"&/3)2’$ 2"*3%#8 0%76#’,)1’’ /7);8- #),#82%2 2 2’&" /4$$8 0#%"*1’9
() 2"*3%# ε , 7":)<’9 () 2%7(%2%9 0%2"#-(%/3’ !, ’ (%#$)7? n * ("9:

A = A↗ε + A↘n,
[+1]

S =
[+1]

S ↗ε +
[+1]

S ↘n,

A↗ = A · ε , A↘ = A · n,
[+1]

S ↗ =
[+1]

S · ε ,
[+1]

S ↘ =
[+1]

S · n.

(30)

A%&/3)2’$ (30) 2 /’/3"$4 (29) ’ /=#400’#4"$ /7)=)"$8" 0#’ *)/)3"7?(%$
2"*3%#" ε ’ 2"*3%#" (%#$)7’ n:






([(1+c1)→
↫
⇀

↫
G

→1G2]A↗ + Lc
↓
4

[+1]

S ↗)ε+

+[(2→ ↫
⇀

↫
G

→1G2 + 2↼(1→ 2↼)→1)A↘ + L(c↓4 + c
↓
5)

[+1]

S ↘]n = 0,

([(1+c2)→
↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]

[+1]

S ↗ +
[→1]

L
→1
c
↓
5A↗)ε+

+((2→ ↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2 + 2c3)

[+1]

S ↘ + L
→1(c↓4 + c

↓
5)A↘)n = 0,

B+G
↫
2G

↫
λ
→1
↽
↔

1 + ↼

1→ 2↼
A↘ +G

↫
2G

↫
λ
→1

[→1]

L
2
⇁
↔

[+1]

S ↘ = 0.

(31)

G /’74 7’("9(%9 (",)2’/’$%/3’ 2"*3%#%2 ε ’ n 0"#28" &2) 4#)2("(’6 /’/3"-
$8 (31) ;4&43 /0#)2"&7’28 3%7?*% 2 /74.)" #)2"(/32) (475, /%%32"3/3245<’-
*%K++’1’"(3%2 0#’ 4*),)((8- 2"*3%#)-. A%/7"&("" %;/3%63"7?/32% 0%,2%76"3
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0%74.’3? 4/7%2’6 #)/0#%/3#)("(’6 0%2"#-(%/3"9 /7);8- #),#82%2 2 0%74’,%-
3#%0(%9 $’*#%0%7#6(%9 3"#$%40#4=%9 /#"&":

[(1 + c1)→
↫
⇀

↫
G

→1G2]A↗ +
[→1]

L c
↓
4

[+1]

S ↗ = 0,

[(1 + c2)→
↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]

[+1]

S ↗ +
[→1]

L
→1
c
↓
5A↗ = 0,

(
2
1→ ↼

1→ 2↼
→ ↫

⇀

↫
G

→1G2
)
A↘ +

[→1]

L (c↓4 + c
↓
5)

[+1]

S ↘ = 0,

(2→ ↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2 + 2c3)

[+1]

S ↘ +
[→1]

L
→1(c↓4 + c

↓
5)A↘ = 0,

B +G
↫
2G

↫
λ
→1
↽
↔

1 + ↼

1→ 2↼
A↘ +G

↫
2G

↫
λ
→1

[→1]

L
2
[+1]

⇁
↔

[+1]

S ↘ = 0.

(32)

B’/3"$4 7’("9(8- %&(%#%&(8- 4#)2("(’9 (32), 2 ("*%3%#8- /74.)6-, 4&%;(%
0#"&/3)2’3? 2’&"

{[(1 + c1)→
↫
⇀

↫
G

→1G2][(1 + c2)→
↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]→ c

↓
4c

↓
5}A↗ = 0,

{[(1 + c1)→
↫
⇀

↫
G

→1G2][(1 + c2)→
↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]→ c

↓
4c

↓
5}

[+1]

S ↗ = 0,

(33)

[(
2
1→ ↼

1→ 2↼
→ ↫

⇀

↫
G

→1G2
)
[2(1 + c3)→

↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]→ (c↓4 + c

↓
5)

2

A↘ = 0,

[(
2
1→ ↼

1→ 2↼
→ ↫

⇀

↫
G

→1G2
)
[2(1 + c3)→

↫
⇀

↫
G

→1
[→2]

I
[→1]

L
→2G2]→ (c↓4 + c

↓
5)

2
[+1]

S ↘ = 0,

(34)

B = →G
↫
2G

↫
λ
→1
↽
↔

1 + ↼

1→ 2↼
A↘ →G

↫
2G

↫
λ
→1

[→1]

L
2
[+1]

⇁
↔

[+1]

S ↘. (35)

G%,$%:(8" /74.)’ #)/0#%/3#)("(’6 0%2"#-(%/3"9 /7);8- #),#82%2 0#"&-
/3)27"(8 2 3);7’1".
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No. A
[+1]

S B

I A↘ = 0 A↗ = 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ =
[+1]

0 B = 0

II A↘ = 0 A↗ ↗= 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ =
[+1]

0 B = 0

III A↘ ↗= 0 A↗ = 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

IV A↘ = 0 A↗ = 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 B = 0

V A↘ = 0 A↗ = 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

VI A↘ = 0 A↗ ↗= 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 B = 0

VII A↘ ↗= 0 A↗ = 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

VIII A↘ ↗= 0 A↗ ↗= 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

IX A↘ = 0 A↗ = 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

X A↘ ↗= 0 A↗ = 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

XI A↘ = 0 A↗ ↗= 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

XII A↘ ↗= 0 A↗ = 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

XIII A↘ = 0 A↗ ↗= 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

XIV A↘ ↗= 0 A↗ ↗= 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ =
[+1]

0 /$. (35)

XV A↘ ↗= 0 A↗ ↗= 0
[+1]

S ↘ =
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

XVI A↘ ↗= 0 A↗ ↗= 0
[+1]

S ↘ ↗=
[+1]

0
[+1]

S ↗ ↗=
[+1]

0 /$. (35)

T)//$%3#’$ *):&89 2)#’)(3 #)/0#%/3#)("(’6 0%2"#-(%/3’ /7);%=% #),#82),
0#"&/3)27"((89 2 3);7’1", 0% %3&"7?(%/3’. T)/0#%/3#)("(’" 0%2"#-(%/3"9 /7)-
;8- #),#82%2 3"$0"#)34#(%=% ’(*#"$"(3), 3#)(/761’%((8- ’ /0’(%#(8- 0"#"-
$"<"(’9 2 *):&%$ ’, 0#"&/3)27"((8- @"/3()&1)3’ /74.)"2 2%,$%:(% 3%7?*%
0#’ 280%7("(’’ /7"&45<’- %=#()(’."(’9, ()7%:"((8- () %0#"&"765<’" 0)-
#)$"3#8 /#"&8:

I. A%2"#-(%/3? ! (" 6276"3/6 0%2"#-(%/3?5 /7);%=% #),#82). A%76 3"$-
0"#)34#(%=% ’(*#"$"(3), 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9 O
("0#"#82(8.
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II. T")7’,)1’6 2%7(%2%9 *)#3’(8 2%,$%:() 3%7?*% "/7’ c
↓
5 = 0, 3%=&) /*%-

#%/3? #)/0#%/3#)(65<"9/6 0%2"#-(%/3’ /7);%=% #),#82) 3#)(/761’%(-
(8- 0"#"$"<"(’9 28.’/76"3/6 /%=7)/(%:

G = v
µ

↗ =


↫
G(1 + c1)

↫
⇀

.

I)$"3’$, .3% 0#’ #)2"(/32" (475 %0#"&"765<"9 $’*#%0%76#(%9 0%/3%-
6((%9 c1 /*%#%/3? G 2 3%.(%/3’ /%20)&"3 /% /*%#%/3?5 .’/3% 40#4=%9

0%0"#".(%9 2%7(8 v↘ =
↫
G/

↫
⇀.

III. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 + c
↓
5 = 0. B*%#%/3?

#)/0#%/3#)(65<"9/6 0%2"#-(%/3’ /7);%=% #),#82) 3#)(/761’%((8- 0"-
#"$"<"(’9 #)2() /*%#%/3’ #)/0#%/3#)("(’6 .’/3% 40#4=%9 0#%&%7?(%9
2%7(8:

G = v↘ =

2
↫
G(1→ ↼)

↫
⇀(1→ 2↼)

.

IV. T)/0#%/3#)("(’" 2%7(%2%9 0%2"#-(%/3’ 2%,$%:(% 3%7?*% "/7’ c
↓
4 = 0.

B*%#%/3? #)/0#%/3#)(65<"9/6 0%2"#-(%/3’ /7);%=% #),#82) /0’(%#(8-
0"#"$"<"(’9:

G = v
µµ

↗ =
[→1]

L


↫
G(1 + c2)

↫
⇀

[→2]

I

.

G K3%$ /74.)" /*%#%/3? G 6276"3/6 );/%753(8$ /*)76#%$ ’ (" 0#%6276"3
.42/32’3"7?(%/3? * ,"#*)7?(8$ %3#):"(’6$.

V. H/7%2’" #)/0#%/3#)("(’6: c
↓
4 + c

↓
5 = 0. B*%#%/3? #)/0#%/3#)(65<"9/6

0%2"#-(%/3’ /7);%=% #),#82) /0’(%#(8- 0"#"$"<"(’9 #)2() /*%#%/3’
#)/0#%/3#)("(’6 .’/3% 40#4=%9 0#%&%7?(%9 2%7(8:

G = v
µµ

↘ =
[→1]

L

2
↫
G(1 + c3)

↫
⇀

[→2]

I

G K3%$ /74.)" /*%#%/3? G 6276"3/6 );/%753(8$ /*)76#%$ ’ (" 0#%6276"3
.42/32’3"7?(%/3? * ,"#*)7?(8$ %3#):"(’6$.

VI. S()7’,’#46 /%%3(%@"(’6 (33) 28.’/7’$ /*%#%/3? #)/0#%/3#)("(’6 0%-
2"#-(%/3’ /7);%=% #),#82) 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9:

↘
2G
±↗ =

√
(vµ↗)

2 + (vµµ↗ )2 ±
√
4c̃↓4c̃

↓
5 + ((vµ↗)

2 → (vµµ↗ )2)2,

c̃
↓
4 = ⇀

→1
Gc

↓
4, c̃

↓
5 = ⇀

→1I→1
GL

2
c
↓
5,
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VII. S()7’,’#46 /%%3(%@"(’6 (34) 28.’/7’$ /*%#%/3? #)/0#%/3#)("(’6 0%-
2"#-(%/3’ /7);%=% #),#82) 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9:

↘
2G
± ↘ =

√
(v↘)2 + (vµµ↘ )2 ±

√
4(c↓4 + c

↓
5)

2⇀→2I→1G2L2 + ((v↘)2 → (vµµ↘ )2)2,

VIII. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 = c
↓
5 = 0 ’ v

µ

↗ = v↘.
IX. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 = c

↓
5 = 0 ’ v

µµ

↗ = v
µµ

↘ .
X. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 = c

↓
5 = 0 ’ v

µµ

↗ = v↘.
XI. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 = c

↓
5 = 0 ’ v

µ

↗ = v
µµ

↗ .
XII. H/7%2’6 #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 = 0. B*%#%/3? 2%7-

(8:
↘
2G
± ↘ = v

µµ

↘ .

XIII. H/7%2’6 #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4 + c
↓
5 = 0 ’

↘
2G
±↗ =

v
µµ

↘ .
XIV. H/7%2’6 #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓5 = 0 ’

↘
2G
± ↘ = v

µ

↗.

XV. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: c↓4+c
↓
5 = 0 ’

↘
2G
± ↘ = v↘.

XVI. H/7%2’" #)/0#%/3#)("(’6 2%7(%2%9 0%2"#-(%/3’: G
±↗ = G

± ↘

B7"&4"3 %3$"3’3?, .3% /74.)’ II, IV ’ VI /%%32"3/2453 #)/0#%3)#("(’5 )3"#-
$’."/*’- 0%0#".(8- 2%7(. L76 /74.)"2 III, V, VII–XVI -)#)*3"#(% ()7’.’"
/7);%=% #),#82) 3"$0"#)34#(%=% ’(*#"$"(3). B26,? /*).*%2 3"$0"#)34#(%=%
’(*#"$"(3) ’ /*).*%2 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9 &)"3/6 ,)2’-
/’$%/3?5 (35).

G):(% %3$"3’3?, .3% 2 /74.)6- (VII), (XII), (XIV), (XVI), /7);89 #),#82 0#’-
#)<"(’6 3"$0"#)34#8 $%:"3 ;83? 282"&"( ’, 0%/7"&("=% 4#)2("(’6 2 (32). G
K3’- /74.)6- #)/0#%/3#)("(’" )3"#$’."/*’- 2%7( 2%,$%:(%, "/7’ (%#$)7?(8"
0#%"*1’’ 2"*3%#%2 0%76#’,)1’’ #),#82%2 A ’ S 4&%27"32%#653 /7"&45<"$4
0/"2&%3"(,%#(%$4 /%%3(%@"(’5

A↘
[+1]

S ↘

= →
[→1]

L
2

[+1]

⇁
↔

↽
↔

1→ 2↼

1 + ↼
.

5. 1JPFWT;=>;. G ()/3%6<"9 #);%3" #)//$%3#"(8 2%0#%/8 #)/0#%/3#)("-
(’6 0%2"#-(%/3"9 /7);8- #),#82%2 3"$0"#)34#(%=% ’(*#"$"(3), 3#)(/761’%(-
(8- ’ /0’(%#(8- 0"#"$"<"(’9 2 0%74’,%3#%0(%9 3"#$%40#4=%9 $’*#%0%76#-
(%9 /#"&". A%/3#%"() $47?3’2"/%2)6 3"%#’6 /7);8- #),#82%2 3"$0"#)34#(%-
=% ’(*#"$"(3), 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9 2 0%74’,%3#%0(%9
3"#$%40#4=%9 $’*#%0%76#(%9 /#"&". A#"&7)=)"$)6 $)3"$)3’."/*)6 3"%#’6 /4-
<"/32"((8$ %;#),%$ %0’#)"3/6 () &%/3’:"(’6 /%2#"$"((%=% 0/"2&%3"(,%#(%=%
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’/.’/7"(’6. A%74."() %;<)6 $47?3’2"/%2)6 +%#$) 0/"2&%3"(,%#(%=% /%%3(%-
@"(’6 () 2%7(%2%9 0%2"#-(%/3’, #)/0#%/3#)(65<"9/6 2 0%74’,%3#%0(%9 3"#-
$%40#4=%9 $’*#%0%76#(%9 /#"&". B K3%9 1"7?5 ="%$"3#’."/*’" ’ *’("$)3’."-
/*’" 4/7%2’6 S&)$)#)–!%$)/) %;%;<"(8 () 0/"2&%3"(,%#(89 /74.)9 / 4."3%$
0/"2&%3"(,%#(%9 ="%$"3#’’ #)/0#%/3#)(65<"9/6 0%2"#-(%/3’ /7);8- #),#8-
2%2. G%,$%:(8" 2)#’)(38 #)/0#%/3#)("(’6 /7);8- #),#82%2 /2"&"(8 2 3);-
7’14 ’ 0#%)()7’,’#%2)(8. L76 2%,$%:(%9 #")7’,)1’’ *):&%=% /74.)6 4*),)-
(8 %=#)(’."(’6 ()*7)&82)"$8" () %0#"&"765<’" 0%/3%6((8" 0%74’,%3#%0(%9
3"#$%40#4=%9 $’*#%0%76#(%9 /#"&8. >,4."(8 2%,$%:(8" /%%3(%@"(’6 $":&4
)$07’34&(8$’ +)*3%#)$’ /7);%=% #),#82) 3"$0"#)34#(%=% 0%76 ’ 2"*3%#%2-
#),#82%2 3#)(/761’%((8- ’ /0’(%#(8- 0"#"$"<"(’9. H*),)(8 /74.)’ /%%3-
2"3/3245<’" #)/0#%/3#)("(’5 3"#$’."/*’- ’ )3"#$’."/*’- 2%7(%28- 0%2"#--
(%/3"9.

!"#"$%&’($)%"
*+,-. -/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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