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dynamic deformation. The rock is represented by a multicomponent elastoviscoplastic model. The
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-5676896
!"#$%&%’’() *$(+,-+( .$(/0(’1+"." 1,$"-,%231,#( # 4"11-- - 5($67%/"&

0%&"’1,$-$6%, ,%’0%’8-9 $"1,( -1*"235"#(’-) *"05%&’:; $%5%$#6($"# 02)

;$(’%’-) ’%<,- - ’%<,%*$"06+,"#, .(5""7$(5’:; *$"06+,"# (*$-$"0’"." .(5(,

.%2-), 1/-/%’’:; 6.2%#"0"$"0’:; .(5"#, =,(’(, =,-2%’(, ’%1,(7-23’"." .(5"-

#"." +"’0%’1(,(), ( ,(+/% 02) 5(;"$"’%’-) ,"+1->’:; *$"&:?2%’’:; ",;"-

0"# [1–3]. @$->%& 6#%2->-#(%,1) ’% ,"23+" +"2->%1,#" ,(+-; $%5%$#6($"#, ’"

- -; "7A%& [4]. B-$"+"% -1*"235"#(’-% *"05%&’:; #:$(7","+ # ;"5)C1,#%’’"C

0%),%23’"1,- ,$%76%, $(1>%,( -; *"#%0%’-) *$- #"50%C1,#-- 0-’(&->%1+-; ’(-

.$65"+, >," ’%"7;"0-&" 02) -; *$"%+,,-$"#(’-), 7%5"*(1’"C =+1*26(,(8-- -

*$- *$".’"5-$"#(’-- >$%5#:>(C’:; 1-,6(8--C.

@"05%&’:% %&+"1,- # ."$’"C *"$"0% "7$(569,1) 1 -1*"235"#(’-%& +(&6<2%,-

’:; #5$:#"# [5]. D $%5623,(,% +(&6<2%,’"." #5$:#( $(50(#2%’’() - #:,%1’%’-

’() *"$"0( #0(#2-#(%,1) # 1,%’+- +",2(, +","$:% #12%01,#-% =,"." *$%01,(#-

2)9, 1"7"C 12"- $(50(#2%’’"C - 6*2",’%’’"C *"$"0: [6], >," # $(&+(; -112%-

06%&"C 5(0(>- 1"",#%,1,#6%, *2(1,->%1+"&6 0%<"$&-$"#(’-9 *"$"0: #"+$6.

#:$(7",+-. @$- =,"& 5(2"/%’-% 5($)0( ’( 0"1,(,">’"C .267-’% "7%1*%>-#(%,

",16,1,#-% "1,(,">’:; 0%<"$&(8-C 0’%#’"C *"#%$;’"1,-. @"=,"&6 *$- "*$%-

0%2%’-- ’(*$)/%’’"-0%<"$&-$"#(’’"." 1"1,")’-) *"$"0: #"+$6. #:$(7",+-

760%& $(52->(,3 "72(1,- 6*$6."." - *2(1,->%1+"." 0%<"$&-$"#(’-). D"5’-+-

?() # &"&%’, #5$:#( 60($’() #"2’( *%$%&%E(%,1) $(0-(23’" # &(11-#% *"$"0:

5( *$%0%2: +",2(, #:5:#() 1&%E%’-% >(1,-8 *"$"0: # $(0-(23’"& ’(*$(#2%-

’-- [6]. F(+ 12%01,#-%, ,(+-% ;$(’-2-E( *$%01,(#2)9,1) # #-0% 1<%$->%1+-;

-2- =22-*1"-0(23’:; *"2"1,%C # &(11-#% ."$’:; *"$"0.

G(0(>( " 0%<"$&-$"#(’-- 1<%$->%1+"C *"2"1,- # ’%#%1"&"& *"26*$"1,$(’-

1,#% 02) 6*$6."#)5+"*2(1,->%1+"." ,%2( !*"$:;-’( Sp [3] *$%01,(#2%’( # $(-

7",% [7]. H,( &"0%23 ",$(/(%, 1#"C1,#( 1+(23’:; *"$"0 [8]. D ’(1,")E%C $(7",%

$(11&(,$-#(%,1) &(11-# 1&%?(’’:; $:;2:; ."$’:; *"$"0 [8], +","$:C # "7-

2(1,- *2(1,->%1+"." 0%<"$&-$"#(’-) &"0%2-$6%,1) 6*$6."#)5+"*2(1,->%1+-&

&’"."+"&*"’%’,’:& ,%2"& Sω

p
[9–12].

1. "98:;9<6=>?6 76@?A;9A?5:896 =@6A9<6=>?B C?D?=E9 5 8656-
=?;?; ;8?F?>?;C?868E8?; GCAGF?5HI>?CD:=E9<6=>?; C?DGCA?=EA:8-
=E56

I%<"$&-$"#(’-% 1<%$->%1+"C *"2"1,- $(0-61( a # ’%#%1"&"& *"26*$"1,$(’-

1,#% $(11&(,$-#(%,1) # +#(5-1,(,->%1+"C *"1,(’"#+% ,(+/%, +(+ # $(7",% [7].

I(#2%’-% .(5""7$(5’:; *$"06+,"# #5$:#( ’( *"#%$;’"1,3 #:$(7",+- 760%&

&"0%2-$"#(,3 $(#’"&%$’" $(1*$%0%2%’’"C *" +"’,6$6 *"2"1,- ’(.$65+"C P 12%-

069E%." #-0(

P = P0e
⊋̂t, t→ ↭ t < t0 ,

.0% ⊋̂ J -5#%1,’() +"’1,(’,(.
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K( 7%1+"’%>’"1,- 0%C1,#6%, ’(.$65+( q, "*$%0%2)%&() #:$(/%’-%& q = q0 =
gh, .0% g J 1$%0’-C "7A%&’:C #%1 #:?%2%/(E-; *"$"0, h J .267-’( 5(2"/%’-)

*"2"1,-.

!2%06) $(7",% [9], *$-#%0%& 1"",’"?%’-), "*$%0%2)9E-% 1#"C1,#( &’"."+"&-

*"’%’,’"C 6*$6."#)5+"*2(1,->%1+"C &"0%2- Sω

p
.

@$- #:*"2%’-- ’-/% 12%069E%." 612"#-) &(11-# #"+$6. *"2"1,- ’(;"0-,1)

# 6*$6."& 1"1,")’--

SijS
ij < k2

1 , Sij = ωij →
1

3
ωkkεij , k1 ↫ k2 ↫ · · · ↫ kL , (1)

.0% Sij J +"&*"’%’,: 0%#-(,"$( ,%’5"$( ’(*$)/%’-C.

I2) &’"."+"&*"’%’,’"C 1&%1- -1*"2356%,1) *"12%0"#(,%23’"% 1"%0-’%’-%

&"0%2%C Sω

p
. @$- ,(+"& #($-(’,% 1"%0-’%’-) # 6*$6."C "72(1,- #:*"2’)9,1)

1"",’"?%’-)

Sω

ij
= 2µωϑ

ω

ij
, 50%13 ’%, 16&&-$"#(’-) *" ϖ ", 1 0" L , (2)

.0% µω J *($(&%,$: L(&%.

I(2%%, ",16,1,#-% # 1"",’"?%’-); 16&&-$"#(’-) *" ϖ 760%& "7"5’(>(,3 +"’-

1,$6+8-%C M’%,
∑

ϖ = 1, 2, . . . , LN.

D *2(1,->%1+"C "72(1,- *$- #:*"2’%’-- 612"#-) SijSij ↫ k2
1 *"2’() 0%<"$-

&(8-) )#2)%,1) 16&&"C *"2’:; 0%<"$&(8-C 02) +(/0"C +"&*"’%’,: 1$%0:, (

+(/0() -5 ’-;, # 1#"9 ">%$%03, *$%01,(#2)%,1) 16&&"C 6*$6."C - *2(1,->%1+"C

1"1,(#2)9E-;

ϑ = ϑ1
ij
+ ϑ2

ij
+ · · ·+ ϑL

ij
= ϑe1

ij
+ ϑp1

ij
+ ϑe2

ij
+ ϑp2

ij
+ · · ·+ ϑeL

ij
+ ϑpL

ij
, (3)

50%13 ϑ1
ij
, ϑ2

ij
, . . . , ϑL

ij
J 0%<"$&(8-- *%$#"C, #,"$"C - ,(+ 0(2%% &"0%2%C Sω

p
,

1"",#%,1,#%’’".

D *2(1,->%1+"C "72(1,- "7A%&’() 0%<"$&(8-) ",16,1,#6%,, *"=,"&6 #:*"2-

’)%,1)) 612"#-% ’%1/-&(%&"1,- 02) 0-(."’(23’:; +"&*"’%’, *2(1,->%1+-; 1"-

1,(#2)9E-; ,%’5"$( 0%<"$&(8--- ",0%23’:; +"&*"’%, 1$%0:

ϑpω
nn

= 0 , ϖ = 1, 2, . . . , L . (4)

O,+60( *"26>(%&, >," +"&*"’%’,: ,%’5"$( *2(1,->%1+-; 0%<"$&(8-C ϑpω
ij

1"#-

*(0(9, 1 +"&*"’%’,(&- 0%#-(,"$( ,%’5"$( 0%<"$&(8-C epω
ij

.

@$- *"12%0"#(,%23’"& 1"%0-’%’-- *$-2"/%’’:% + &"0%2)& ’(*$)/%’-) "0--

’(+"#:, ",+60( 12%06%,

S1
ij
= S2

ij
= · · · = Sω

ij
= Sij , (ω1

ij
= ω2

ij
= · · · = ωω

ij
= ωij) . (5)

P12"#-% *2(1,->’"1,- 02) +(/0"C &"0%2- Sω

p
-&%%, #-0

(
Sij → cωϑ

pω

ij
→ ϱωϑ̇

pω

ij

) (
Sij → cωϑ

pω

ij
→ ϱωϑ̇

pω

ij

)
= k2

ω
, ’%,

∑
ϖ = 1, 2, . . . , L , (6)

.0% ϱω J +"=<<-8-%’, #)5+"1,-, cω J +"=<<-8-%’, 6*$">’%’-), kω J *$%0%2

,%+6>%1,-.
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@$- =,"& (11"8--$"#(’’:C 5(+"’ *2(1,->%1+"." ,%>%’-) 1#)5:#(%, +"&*"-

’%’,: ,%’5"$( 1+"$"1,%C *2(1,->%1+-; 0%<"$&(8-C ϑ̇pω
ij

1 +"&*"’%’,(&- ,%’5"$(

’(*$)/%’-C 1"",’"?%’-)&- #-0(

ϑ̇pω
ij

= ςω

(
Sij → cωϑ

pω

ij
→ ϱωϑ̇

pω

ij

)
, ’%,

∑
ϖ = 1, 2, . . . , L , (7)

50%13 ςω J *"2"/-,%23’:C 1+(2)$’:C &’"/-,%23.

!",’"?%’-) F"?- "*$%0%2)9, 5(#-1-&"1,3 +"&*"’%’, *"2’:; 0%<"$&(8-C

", +"&*"’%’, #%+,"$( *%$%&%E%’-C

2ϑi
j
= ↑jw

i +↑iwj . (8)

I%C1,#-,%23’:% +"&*"’%’,: ,%’5"$( ’(*$)/%’-C 60"#2%,#"$)9, 6$(#’%’--

)& $(#’"#%1-) - # 6*$6."C - # *2(1,->%1+"C "72(1,);

↑iω
i

j
= 0 . (9)

2. !=6=9;;6EA9<8?6 =?=E?H896 8656=?;?F? ;8?F?>?;C?868E8?F?
GCAGF?5HI>?CD:=E9<6=>?F? C?DGCA?=EA:8=E5: =? =@6A9<6=>?B C?D?-
=EJK

Q60%& 1>-(,3, >," 02) &(11-#( 1" 1<%$->%1+"C *"2"1,39 $%(2-56%,1) "1%1-&-

&%,$->’"% 1"1,")’-%, # =,"& 126>(% ϑε = ϑϑ.
R5 6$(#’%’-C $(#’"#%1-) (9) # 1<%$->%1+"C 1-1,%&% +""$0-’(, 12%06%, "0’"

6$(#’%’-%

dωr

dr
+ 2

ωr → ωε

r
= 0 . (10)

! -1*"235"#(’-%& 5(+"’( S6+( (2), 1"",’"?%’-C F"?- (8) - 6$(#’%’-) $(#-

’"#%1-) (10) 02) 0(’’"." 126>() # 6*$6."C "72(1,- &"/’" *"26>-,3 *"2% *%-

$%&%E%’-C - ’(*$)/%’-C # #-0%

we =
C1

r2
, ωe

r
= →4µ

C1

r3
+ C2 , ωe

ε
= 2µ

C1

r3
+ C2 . (11)

F(+ 7:2" 1+(5(’" $(’%%, "7A%&’"% $(1?-$%’-% # *2(1,->%1+"C 5"’% ",16,-

1,#6%,, *"=,"&6 -5 612"#-) ’%1/-&(%&"1,- (4) *"26>(%&

ϑr + 2ϑε =
dwp

dr
+ 2

wp

r
= 0 .

O,+60( 12%069, 1"",’"?%’-)

ϑε = →ϑr
2

, wp =
B1

r2
, .0% ϑr =

dwp

dr
. (12)

T11"8--$"#(’’:C 5(+"’ *2(1,->%1+"." ,%>%’-) (7) # "1%1-&&%,$->’"& 126-

>(% 0(%, ,$- 1"",’"?%’-)

ϑ̇pω
r

= ςω (Sr → cωϑ
pω

r
→ ϱωϑ̇

pω

r
) , ϑ̇pω

ε
= ςω (Sε → cωϑ

pω

ε
→ ϱωϑ̇

pω

ε
) ,

ϑ̇pω
ϑ

= ςω

(
Sϑ → cωϑ

pω

ϑ
→ ϱωϑ̇

pω

ϑ

)
, ’%,

∑
ϖ = 1, 2, . . . , L .

R5 =,-; $(#%’1,# 1 6>%,"&, >," ϑp
ε
= ϑp

ϑ
, 12%06%,
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Sε = Sϑ , Sε = →Sr

2
.

@$- =,"& <6’+8-) ’(.$6/%’-) (6) *$-"7$%,(%, 12%069E-C #-0

(Sr → cωϑ
pω

r
→ ϱωϑ̇

pω

r
)2 = K2

ω
, Kω =

kω↓
3
, ’%,

∑
ϖ = 1, 2, . . . , L . (13)

R5 1"",’"?%’-C (2) 12%06%,

ϑeω
r

=
Sr

2µω

, ’%,

∑
ϖ = 1, 2, . . . , L . (14)

U(+ +(+ 02) *"12%0"#(,%23’"." 1"%0-’%’-) &"0%2%C #:*"2’)%,1) (5), ," 16&-

&-$6) (14), *"26>(%&

Sr

L∑

ω=1

1

2µω

=
L∑

ω=1

ϑeω
r

= ϑe
r
. (15)

O,+60(, 12%06) (3), 760%& -&%,3

ϑr =
L∑

ω=1

ϑeω
r

+
L∑

ω=1

ϑpω
r

= ϑe
r
+ ϑp

r
. (16)

U".0( 02) 6*$6."C 1"1,(#2)9E%C 0%<"$&(8-- +(/0"C +"&*"’%’,: ϑeω
r

*"26-

>-& 1"",’"?%’-%

ϑeω
r

= ϑr → ϑpω
r

.

! 6>%,"& =,"." -5 (2) 760%& -&%,3

Sω

r
= 2µω (ϑr → ϑpω

r
) , ’%,

∑
ϖ = 1, 2, . . . , L . (17)

R1*"2356) (12) - (17), -5 (13) *"26>-& 6$(#’%’-% 02) "*$%0%2’-) *2(1,->%-

1+"C 1"1,(#2)9E%C 0%<"$&(8-- +(/0"C +"&*"’%’,:

dϑpω
r

dt
+

(2µω + cω)

ϱω
ϑpω
r

= →
(
Kω +

4µωB1

r3

)
1

ϱω
, ’%,

∑
ϖ = 1, 2, . . . , L . (18)

Q60%& 1>-,(,3 1".2(1’" [8], >," *$- 0-’(&->%1+"& 0%<"$&-$"#(’-- #)5+"1,3

&’"."+"&*"’%’,’"C 1$%0: ."$’:; *"$"0 #"5$(1,(%, *$"*"$8-"’(23’" #$%&%’-

*$"8%11( 0%<"$&-$"#(’-), # =,"& 126>(% +"=<<-8-%’,: #)5+"1,- *$%01,(#2)-

9,1) 1"",’"?%’-%&

ϱω = ϱ0ωt ϖ = 1, 2 . . . L . (19)

4%?%’-% 6$(#’%’-) (18) *$- 6>%,% (19) 760%, -&%,3 #-0

ϑpω
r

= → 1

2µω + cω

(
Kω +

4µωB1

r3
+B2t

↑ω0

)
, ’%,

∑
ϖ = 1, 2, . . . , L , (20)
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.0% ##%0%’" "7"5’(>%’-%

ϖ0 =
2µω + cω

ϱ0ω
.

P12"#-% "7 ",16,1,#-- *2(1,->%1+"C 0%<"$&(8-- # &"&%’, #$%&%’-, 1"",#%,-

1,69E-C ’(>(26 *2(1,->%1+"." ,%>%’-), ," %1,3 ϑpω
r

= 0 *$- t = t→, *"5#"2)%,

"*$%0%2-,3 ’%-5#%1,’69 +"’1,(’,6 -’,%.$-$"#(’-) B2 # <"$&%

B2 = →
(
Kω +

4µωB1

r3

)
tω0
→ . (21)

R5 1"",’"?%’-C (15) - (16) &"/’" *"26>-,3

Sr =

(
L∑

ω=1

1

2µω

)↑1

(ϑr → ϑp
r
) . (22)

I2) "*$%0%2%’-) +"&*"’%’, ’(*$)/%’-C # *2(1,->%1+"C "72(1,- ’(C0%& $(5-

’-86 +"&*"’%’, ’(*$)/%’-C, -1*"2356) (22), (12) - (20) 1 6>%,"& 16&&-$"#(’-)

*" ϖ

ωr → ωε = Sr → Sε =
3

2
Sr =

=
3

2
µ0

{
2

r3

[
→1 +

L∑

ω=1

2µω (1→ t↑ω0tω0
→ )

2µω + cω

]
B1 +

L∑

ω=1

Kω

2µω + cω

}
,

.0% ##%0%’" "7"5’(>%’-%

µ0 =

(
L∑

ω=1

1

2µω

)↑1

.

U".0( -5 6$(#’%’-) $(#’"#%1-) (10) *"26>-& *"2% ’(*$)/%’-C # "72(1,-

*2(1,->%1+"." 0%<"$&-$"#(’-) # #-0%

ωp

r
=

µ0

r3
(1→ I)B1 + II ln r +B3 ,

ωp

ε
=

2µ0

r3
(1→ I)B1 + II(ln r → 1) +B3 ,

50%13 - 0(2%% "7"5’(>%’"

I =
L∑

ω=1

2µω (1→ t↑ω0tω0
→ )

2µω + cω
,

II =
3

2
µ0

L∑

ω=1

Kω

2µω + cω
.

K%-5#%1,’:% +"’1,(’,: -’,%.$-$"#(’-) C1, C2, B1, B3 - $(0-61 6*$6."*2(-

1,->%1+"C .$(’-8: φ "*$%0%2)%& -5 12%069E-; 612"#-C:

J .$(’->’"% 612"#-% ’( *"#%$;’"1,- *"2"1,-

ωp

r
= →P0e

⊋̂t
*$- r = a ;

J 612"#-% ’( 7%1+"’%>’"1,-
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ωe

r
= ωe

ε
= q = →gh *$- r ↔ ↗ ;

J 612"#-) ’%*$%$:#’"1,- ’(*$)/%’-C - *%$%&%E%’-C ’( .$(’-8% $(50%2(

6*$6."C - *2(1,->%1+"C 5"’ 0%<"$&-$"#(’-)

ωe

r
= ωp

r
, ωe

ε
= ωp

ε
we = wp

*$- r = φ .

G($"/0%’-% 5"’: *2(1,->%1+"." 0%<"$&-$"#(’-), >," 1"",#%,1,#6%, &"&%’-

,6 #$%&%’- t = t→, *$"-1;"0-, ", #’6,$%’’%C .$(’-8: *"2"1,-. U".0( ’(>(23’"%

5’(>%’-% 02) $(0-61( 6*$6."*2(1,->%1+"C .$(’-8: *$-’-&(%,1) # #-0% φ = a
*$- t = t→.

P12"#-% ’%*$%$:#’"1,- *%$%&%E%’-C ’( 6*$6."*2(1,->%1+"C .$(’-8%, ," %1,3

we = wp
*$- r = φ, *"5#"2)%, #:#%1,-, >," C1 = B1.

K%-5#%1,’69 C2 &"/’" "*$%0%2-,3 -5 612"#-) ’( 7%1+"’%>’"1,-, >," ωe

r
=

ωe

ε
= q = →gh *$- r ↔ ↗. U".0( *"26>-&

C2 = q = →gh . (23)

K%*$%$:#’"1,3 +"&*"’%’,: ’(*$)/%’-C ωe

r
= ωp

r
’( 6*$6."*2(1,->%1+"C .$(-

’-8% r = φ 0(%, 6$(#’%’-%

→4µC1

φ3
+ q =

µ0

φ3
(1→ I)C1 + II ln φ +B3 . (24)

R5 .$(’->’"." 612"#-) ’( *"#%$;’"1,- 1<%$->%1+"C *"2"1,- ωp

r
= →P0e⊋̂t *$-

r = a *"26>(%& 1"",’"?%’-% 02) "*$%0%2%’-) *"1,")’’"C -’,%.$-$"#(’-) B3

µ0

a3
(1→ I)C1 + II ln a+B3 = →P0e

⊋̇t .

O,+60( 12%06%,

B3 = →P0e
⊋̇t → II ln a→ µ0

a3
(1→ I)C1 . (25)

P$(#’%’-% 02) "*$%0%2%’-) *"1,")’’"C -’,%.$-$"#(’-) C1 12%06%, -5 *"0-

1,(’"#+- (25) # (24)

→4µC1

φ3
+ q =

µ0

φ3
(1→ I)C1 + II ln φ → P0e

⊋̇t → µ0

a3
(1→ I)C1 → II ln a ,

-5 +","$"." *"26>-&

C1 =
→q → P0e⊋̇t + II(ln φ → ln a)

→4µ
ϖ3 + µ0(1→ I)

(
1
a3

→ 1
ϖ3

) . (26)

R5 612"#-) $(#%’1,#( +"&*"’%’, ’(*$)/%’-C ωe

ε
= ωp

ε
*$- r = φ *"26>(%&

1"",’"?%’-% 02) "*$%0%2%’-) $(0-61( 6*$6."*2(1,->%1+"C .$(’-8: φ # &(11-#%

."$’"C *"$"0:

→2µC1

φ3
+ C2 =

2µ0

φ3
(1→ I)C1 + II(ln φ → 1) +B3 . (27)
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D -,".% *"01,(’"#+"C #:$(/%’-C (23), (25), (26) 02) "*$%0%2%’-) *"1,")’’:;

-’,%.$-$"#(’-) C1, C2, B3 # (27) *"26>(%& 6$(#’%’-%

→q → P0eȧt + II(ln φ → ln a)

→4µ
ϖ3 + µ0(1→ I)

(
1
a3

→ 1
ϖ3

)
(
→ 2

φ3
(µ+ µ0(1→ I)) +

µ0

a3
(1→ I)

)
→

→II(ln φ → ln a→ 1) + P0e
ȧt + q = 0 .

(28)

V12- 5(0(,3 <-5-+"-&%;(’->%1+-% *($(&%,$: &’"."+"&*"’%’,’"C 6*$6."#)5-

+"*2(1,->%1+"C 1$%0: Sω

p
- .%"&%,$->%1+-C $(5&%$ *"2"1,- a, ( ,(+/% # (28)

*"2"/-,3 φ = a - t = t→, ," &"/’" *"26>-,3 1"",’"?%’-% 02) "*$%0%2%’-) +"&-

7-’(8-- ’(.$65"+ P→ = P0e⊋̂t - q = →gh, *$- +","$:; #"5’-+(%, *2(1,->%1+"%

0%<"$&-$"#(’-% &(11-#( ."$’"C *"$"0: #"+$6. *"2"1,-. O’" -&%%, #-0

(
1→ 2µ+ µ0(1→ I)

4µ

)(
P0e

⊋̇t + q
)
→ II(2 ln a→ 1) = 0 . (29)

V12- 6&%’3?-,3 *"$)0"+ &"0%2- Sω

p
0" %0-’-8:, ," %1,3 *$-’),3 L = 1, ,"

-5 (29) 12%069, $%5623,(,: $(7",: [7].

!"#"$%&’($)%"
*+,-. -/0121/. !. ". #$%&’()*+ %&,%$ -./)$+/0$’ 1% /)2) 3/+/4., *’*%5 0$+*6)-
6.7 5-7 %1$)5)-)6.7 01$08%1-+3/.9)3:%; 8$+6.<’, :%214=/)$6’; 6+&%$ /):3/+ $0-
:%1.3., !. >. ?1%$’@.6 1%3/$%)6.) 2%5)-. 26%8%:%21%6)6/6%; 01$08%*7,:%1-+3/.-
9)3:%; 3$)5’, 6+1.3+6.) /):3/+ $0:%1.3., 3%8-+3%*+6.) A.6+-46%; *)$3.. $0:%1.3.,
B. #. C)8-%*+ 2+/)2+/.9)3:+7 1%3/+6%*:+ ,+5+9., 01$%D)6.) . $)()6.) 0$+*6)6.;
* +6+-./.9)3:%; A%$2), $)5+:/.$%*+6.) /):3/+ $0:%1.3..
3145,6+0 64072781/. !*/%$’ 5):-+$.$0=/ %/30/3/*.) 7*6’@ . 1%/)6<.+-46’@
:%6A-.:/%* .6/)$)3%*, 3*7,+66’@ 3 10&-.:+<.); 6+3/%7D); 3/+/4..
&801946+ 564-48621/-46:. !*/%$’ ,+7*-7=/ %& %/30/3/*.. *6)(6)8% A.6+63.-
$%*+6.7 1$. 1$%*)5)6.. .33-)5%*+6.7.
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