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�� �8-735Q9-038� 'G BC= :;MB <=A;<=MS I;GN MBL<>=M C;f= P==G ADG<LAB=< <=f=:DO>GH
BC= OCNM>A;: ID<=::>GH ;OOFD;AC=M >G BC= ADGB=gB DQ MDLG< <=M>HG ;G< ADIOLB=F ILM>A ;O�
O:>A;B>DGM n,p)o& bC= I;>G =eDFBM C;f= P==G QDALM=< DG BC= M>IL:;B>DG DQ =:=ABFDG>A A>FAL>BM
n6S JoS f>PF;B>GH DP�=ABM n1S qoS ;G< ;ADLMB>A =Gf>FDGI=GBM nUS ,-o& \M >B E;M <=IDGMBF;B=<
>G n,,p,)oS BC= OCNM>A;: ID<=:M ;:MD A;G P= LM=< QDF ADIODM>B>DG;: OLFODM=M =gB=G<>GH BC=
;:HDF>BCI>A ILM>A OF;AB>A=M ;G< PF>GH>GH MDI= P=G=@BM BD >GB=F;AB>f= ADIODM>GH B;M?M MLAC
;M H=G=F;B>DG ;G< ADGBFD: DQ MDLG< O;BB=FGM ;G< MBFLABLF=M >G F=;:�B>I= n,6S ,Jo& 'G H=G=F;:S
BC= ID<=:M DQ MDLG< H=G=F;B>DG ;G< BF;GMQDFI;B>DG P;M=< DG OCNM>A;: OF>GA>O:=M De=F G=E
I=BCD<M QDF O=FQDFI;GA= ;G< ADIODM>B>DG OFDA=MM E>BC >GBL>B>f= O;F;I=BF>A ADGBFD: Df=F
; ADIO:=g B>IPF;: P=C;f>DLFS EC>AC =gO:;>GM BC=>F ODOL:;F>BN&

aDB>f;B=< PN BC>M ><=;S E= <=A><=< BD >GADFODF;B= BC= :;BB=F F=M=;FAC DG BC= I=�
AC;G>A;: P=C;f>DLF DQ L:BF;�BC>G @:IM E>BC ; BC>A?G=MM >G BC= F;GH= DQ ,p,-- GI >GBD BC=
QF;I=EDF? DQ MDLG< MNGBC=M>M ;:HDF>BCIM& 'G F=A=GB N=;FMS BC= <=f=:DOI=GB DQ :DE�<=Q=AB
G;GDADIODM>B=M P=A;I= DG= DQ BC= OF>DF>BN ;F=;M DQ ID<=FG I>AFD� ;G< DOBD=:=ABFDG>AM&
9N ADIP>G>GH I;B=F>;:M ;G< MBFLABLF;: =:=I=GBM ;B BC= G;GDMA;:=S >B >M ODMM>P:= BD AF=;B=
<=f>A=M E>BC LG>mL= DOB>A;:S =:=ABF>A;: ;G< I;HG=B>A OFDO=FB>=M n,1S ,qo& 'B >M E=:: ?GDEG
BC;B BC= I=AC;G>A;: OFDO=FB>=M DQ I;B=F>;:M ;B BC= G;GDMA;:= C>HC:N <=O=G< DG BC= M>Z= DQ
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BC= MBFLABLF;: =:=I=GBM n,Uo& bC= >GAF=;M=< F;B>D DQ MLFQ;A= ;F=; BD fD:LI= >GAF=;M=M BC=
FD:= DQ MLFQ;A= ;G< >GB=FQ;A= :;N=FM >G BC= I=AC;G>A;: O=FQDFI;GA= DQ MLAC I;B=F>;:M n0-o& 'B
>M H=G=F;::N P=:>=f=< BC;B BC= =:;MB>A OFDO=FB>=M DQ BC= MLFQ;A= ;G< >GB=FOC;M= :;N=FM <>e=F
MLPMB;GB>;::N QFDI M>I>:;F OFDO=FB>=M DQ BC= PL:? OC;M=M n0,S 00o& \B BC= I;AFD:=f=:S BC>M
<>e=F=GA= OF;AB>A;::N <D=M GDB ;e=AB BC= OFDO=FB>=M ;G< P=C;f>DLF DQ BC= MD:><M& cDE=f=FS
>G BC= A;M= DQ G;GDMBFLABLF=MS BC>M <>e=F=GA= >M I;G>Q=MB=<S >G O;FB>AL:;FS >G BC= GDB>A=;P:=
>G�L=GA= DQ MLFQ;A= ;G< >GB=FQ;A= MBF=MM=M DG BC= OCNM>A;: OFDO=FB>=M DQ BC= I;B=F>;: n04S
0)o& bC= A;:AL:;B>DGM A;FF>=< DLB LM>GH BC= ID:=AL:;F <NG;I>AM M>IL:;B>DGM ADG@FI=< BC>M
CNODBC=M>M ;G< ;::DE=< BC= <=f=:DO>GH ;G ;OOFD;AC <=MAF>P>GH ; <=QDFI;P:= MD:>< ;M ;
IL:B>:=f=: MNMB=I EC=F= BC= MLFQ;A= ;G< >GB=FOC;M= :;N=FM ;F= ADGM><=F=< ;M BC= M=O;F;B=
MLPMNMB=IM BC;B C;f= OCNM>A;: ;G< I=AC;G>A;: OFDO=FB>=M <>e=F=GB QFDI BC= PL:? I;B=F>;:
n06S 0Jo&

bCLMS DG= DQ BC= IDMB >IODFB;GB <>F=AB>DGM QDF F=M=;FAC >G BC= @=:< DQ BC>G�@:I I=�
AC;G>AM >M ADGG=AB=< E>BC BC= <=f=:DOI=GB DQ BC=DF=B>A;: ID<=:M QDF ;AALF;B= I=;MLF>GH
;G< ;G;:NM>M DQ BC= MBF=MM MB;B= >G L:BF;�BC>G @:I I;B=F>;:M BC;B B;?= >GBD ;AADLGB BC=
=e=AB DQ MLFQ;A= ;G< >GB=FQ;A= MBF=MM=M& 'G f>=E DQ BC>M OFDP:=IS E= C;f= P==G EDF?>GH
DG BC= ADGB>GLLI ID<=:M A;O;P:= BD OF=<>AB BC= <>MBF>PLB>DG DQ MBF=MM=M >G L:BF;�BC>G @:I
AD;B>GHM E>BC O=F>D<>A;::N O=FBLFP;B=< MLFQ;A= ;G< >GB=FQ;A= OFD@:=M n01p44o& 'B MCDL:< P=
GDB=< BC;B BC= =gO=F>I=GB;: MBL<>=M ;G< GLI=F>A;: M>IL:;B>DGM F=f=;:=< ; :;FH= GLIP=F
DQ ODMM>P:= FDLHC=G>GH MA=G;F>DM <LF>GH <=ODM>B>DG ;G< ADGM=mL=GB ;GG=;:>GH OFDA=MM DQ
BC= BC>G @:I I;B=F>;:M n40S 44o& YG= DQ BC= I=AC;G>MIM F=ML:B>GH >G O=FBLFP;B>DG DQ BC>G
@:I H=DI=BFN >M PLA?:>GH <F>f=G PN I=AC;G>A;: >GMB;P>:>BN EC>AC >M ADIIDG:N DPM=Ff=< >G
BC>G�@:I MBFLABLF=M E>BC ADIO:>;GB MLPMBF;B=M LG<=F ADIOF=MM>f= :D;<>GH n4)S 46o& \GDBC=F
DG= >M F=:;B=< BD BC= IDFOCD:DH>A;: AC;GH=M ;B BC= ;BDI>A :=f=: ;M ; ADGM=mL=GA= DQ MBF=MM
@=:< F=:;g;B>DG n4Jp4qo& bC= <DI>G;GB <F>f>GH QDFA= DQ MLAC BF;GMQDFI;B>DGM >M ; AC;GH=
>G BC= AC=I>A;: ODB=GB>;:S EC>ACS <L= BD BC= F=<LA=< MB;P>:>BN DQ BC= MLFQ;A= ;BDI>A :;N=FMS
:=;<M BD BC= <>eLM>DG DQ ;BDIM ;:DGH BC= MLFQ;A= E>BC ; C>HC f;:L= DQ BC= AC=I>A;: ODB=GB>;:
BD BC= F=H>DGM E>BC ; :DE f;:L= n4Uo& bC>M OFDA=MM :=;<M BD BC= QDFI;B>DG DQ ; G;GD� ;G<
I>AFDF=:>=Q EC>AC <F;I;B>A;::N ;:B=F BC= QLFBC=F O=FQDFI;GA= DQ I>AFD� ;G< DOBD=:=ABFDG>A
<=f>A=M ;e=AB>GH BC=>F I=AC;G>A;:S =:=ABF>A;: ;G< DOB>A;: OFDO=FB>=M n,1o& bC=F=QDF=S >B >M
>IODFB;GB QFDI PDBC BC= QLG<;I=GB;: ;G< B=ACGD:DH>A;: OD>GB DQ f>=E BD LG<=FMB;G< CDE
BC= BDOD:DH>A;: ;G< =:;MB>A OFDO=FB>=M DQ BC= MLFQ;A= ;G< >GB=FQ;A= >G�L=GA= DG BC= MBF=MM
<>MBF>PLB>DG >G L:BF;�BC>G @:I I;B=F>;:M&

hDF BC>M OLFODM=S BC= BC=DF=B>A;: QF;I=EDF? E;M <=f=:DO=< P;M=< DG MLFQ;A=�>GB=FQ;A=
=:;MB>A>BN ID<=: OFDODM=< PN �LFB>G ;G< aLF<DAC n)-S ),o& bC=N De=F=< BD ADGM><=F BC=
MLFQ;A= ;G< >GB=FOC;M= <DI;>GM DQ C=B=FDH=G=DLM MD:><M ;M G=H:>H>P:N BC>G :;N=FM ><=;::N ;<�
C=F>GH BD BC= PL:? I;B=F>;:M ;G< <>e=F>GH QFDI BC=I PN BC= =:;MB>A ID<L:>& bC= MBF=MM F=ML:�
B;GBM ;AB>GH >G MLAC MLFQ;A=�>GB=FQ;A= :;N=FM E=F= ADGM><=F=< ;M MLFQ;A=�>GB=FQ;A= MBF=MM=M&
bC>M ;::DE=< <=F>f>GH BC= ADGMB>BLB>f= =mL;B>DGM :>G?=< BC= MLFQ;A=�>GB=FQ;A= MBF=MM ;G<
MBF;>G B=GMDFM& bC= ADG<>B>DGM DQ I=AC;G>A;: =mL>:>PF>LI DG BC= MLFQ;A= ;G< >GB=FQ;A= E=F=
H>f=G >G BC= B=FIM DQ H=G=F;:>Z=< �DLGHi^;O:;A= =mL;B>DGM n)0o& bC= ;<<>B>DG;: PDLG<;FN
=mL;B>DGM E=F= >GBFD<LA=< QFDI BC= >GM=O;F;P>:>BN ADG<>B>DGM DQ PL:? ;G< MLFQ;A=�>GB=FQ;A=
<DI;>GM& bD MD:f= BC=M= =mL;B>DGM �D>GB:N E>BC BC= ADGMB>BLB>f= =mL;B>DGM DQ cDD?= :;E <=�
MAF>P>GH BC= =:;MB>A P=C;f>DLF DQ @:I ;G< MLPMBF;B= PL:? I;B=F>;:MS E= =IO:DN BC= ADIO:=g
f;F>;P:= I=BCD< n)4p)6o ;G< PDLG<;FN O=FBLFP;B>DG B=ACG>mL= n)Jo EC=F=PN BC= LG?GDEG
QLGAB>DGM ;F= MDLHCB >G BC= QDFI DQ ; ODE=F M=F>=M >G BC= MI;:: O;F;I=B=F F=OF=M=GB=< PN
;G ;IO:>BL<=�BD�E;f=:=GHBC F;B>D DQ MLFQ;A=�>GB=FQ;A= F=:>=Q& bC>M :=< BD M=I>�;G;:NB>A;: =g�
OF=MM>DGM QDF BC= ADIODG=GBM DQ BC= MBF=MM ;G< MBF;>G B=GMDFM <=F>f=< >G BC= QDFI DQ hDLF>=F
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M=F>=M& bC= MLPM=mL=GB GLI=F>A;: ;G;:NM>M OFDf><=M ;G DOODFBLG>BN BD >Gf=MB>H;B= BC= =e=AB
DQ H=DI=BF>A;: ;G< OCNM>A;: O;F;I=B=FM DG MBF=MM <>MBF>PLB>DG >G L:BF;�BC>G @:I AD;B>GH&
bC= IDMB >GB=F=MB>GH F=ML:BM E=F= DPB;>G=< >G BC= A;M= EC=G PDBC QF== MLFQ;A= ;G< >GB=F�
Q;A= E=F= LG<L:;B=< n4-o& KLAC ADG@HLF;B>DG :=;<M BD BC= MLO=FODM>B>DG DQ BED O=FBLFP=<
MBF=MM @=:<M F;>M=< ;M ; F=ML:B DQ MLFQ;A= ;G< >GB=FQ;A= O=FBLFP;B>DG& dDGM=mL=GB:NS BC= >G�
B=FQ=F=GA= O;BB=FGM DAALF >G BC= MBF=MM @=:< E>BC>G BC= PL:? OC;M= DQ BC= @:I AD;B>GH& bC>M
I=;GM BC;B A;:AL:;B>GH BC= MBF=MM <>MBF>PLB>DG ;:DGH BC= :>G=M O;F;::=: BD BC= LGO=FBLFP=<
MLFQ;A=�>GB=FQ;A= PDLG<;F>=M E= H=B <>e=F=GB E;f=QDFIM MIDDBC:N AC;GH>GH QFDI MLFQ;A=
BD >GB=FQ;A=& 'G B=FIM DQ MDLG< MNGBC=M>M B=ACG>mL=MS BC>M F=I>G<M BC= B>IPF= IDFOC>GH
I=BCD< EC>AC OFDf><=M BF;GM>B>DG P=BE==G BED MDLG<M EC>:= AF=;B>GH G=E >GB=FI=<>;B=
MDLG<M <LF>GH BC>M OFDA=MM n)1S )qo& 'G Q;ABS BC;B ADIO;F>MDG :=< LM BD BC= ><=; BD ;OO:N BC=
ID<=: DQ L:BF;�BC>G @:I AD;B>GH E>BC O=FBLFP=< MLFQ;A= ;G< >GB=FQ;A= QDF MDLG< MNGBC=M>M
O=FMO=AB>f=M& cDE=f=FS >B MCDL:< P= GDB=< BC;B >B C;M MDI= DBC=F Q=;BLF=M F=:;B=< BD BC=
ADIO:=g P=C;f>DLF DQ IL:B>:=f=: MNMB=IM EC=F= BC= >G�L=GA= DQ DG= O;F;I=B=F DG MBF=MM
<>MBF>PLB>DG >M ;e=AB=< PN DBC=F O;F;I=B=FM& \:: BC=M= ;MO=ABM ;F= =IOC;M>Z=< >G BC>M O;O=F
ADGM><=F>GH BC= MBF=MM <>MBF>PLB>DG >G B=FIM DQ MDLG< F=OF=M=GB;B>DG&

�� `1.,-090-2 P73/1+:�dDGM><=F ;G L:BF;�BC>G @:I AD;B>GH E>BC LG<L:;B=< H=DI=BFN
PDG<=< BD ; MLPMBF;B= LG<=F O:;G= MBF;>G ADG<>B>DGM EC>AC I=;GM BC;B BC=F= >M Z=FD MBF;>G
>G BC= <>F=AB>DG GDFI;: BD BC= ;g>M DQ ;OO:>=< MBF=MM Rh>HLF= ,T& bC>M ;::DEM LM BD QDFIL:;B= ;
BED�<>I=GM>DG;: PDLG<;FN f;:L= OFDP:=I QDF ; ALFf>:>G=;F MBF>O Ω1 DQ ;G ;FP>BF;FN BC>A?G=MM
hf PDG<=< BD ; C;:Q�O:;G= Ω2& 'GBFD<LA>GH ; ADIO:=g f;F>;P:= z = x1+ix2S EC=F= i

2 = −1
;G< (x1, x2) ;F= BC= H:DP;: d;FB=M>;G ADDF<>G;B=MS BC= LG<L:;B=< H=DI=BFN DQ BC= @:I >M
<=MAF>P=< PN BC= ADGB>GLDLM QLGAB>DG f ;M >B QD::DEMu

Γ1 = {z : z ≡ z1 = x1 + i[hf + εf(x1)]} ,
Γ2 = {z : z ≡ z2 = x1 + iεf(x1)} , R,T

Ω1 = {z : εf(x1) < x2 < hf + εf(x1)} ,
Ω2 = {z : x2 < εf(x1)} ,

U�.-,& <� �X6RIN7=X
<U 76R Y>=WHQR; jQI X<N7=W?

EC=F= f(x1 + a) = f(x1)S >& =& a >M BC= E;f=�
:=GHBC DQ LG<L:;B>DGS BC= I;g>ILI <=f>;B>DG DQ
BC= @:I QFDI ; �;B ADG@HLF;B>DG >M A = εaS >& =&
max |f(x1)| = AS ;G< ε >M ; O=FBLFP;B>DG O;F;�
I=B=F&

jG<=F BC= ADG<>B>DG DQ >G@G>B=M>I;: <=QDF�
I;B>DG >G BC= A;M= DQ O:;G= MBF;>GS BC= ADGMB>�
BLB>f= =mL;B>DGM <=MAF>P>GH BC= MBF=MM�MBF;>G F=�
:;B>DGM QDF MLFQ;A=�>GB=FOC;M= :;N=FM ;G< PL:?
OC;M=M DQ BC= =:;MB>A;::N >MDBFDO>A @:I�MLPMBF;B=
MNMB=I F=<LA= BD

σs
tt(zj) =M s

j ε
s
tt(zj), σ

s
33(zj) = λsjε

s
tt(zj),

M s
j = λsj + 2μs

j , zj ∈ Γj , j = {1, 2},
R0T

σnn(z) = (λj + 2μj)εnn(z) + λjεtt(z),

σtt(z) = (λj + 2μj)εtt(z) + λjεnn(z), R4T

σ33(z) =
λj

2(λj + μj)
[σtt(z) + σnn(z)] ,
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σnt(z) = 2μjεnt(z), z ∈ Ωj , j = {1, 2},

C=F= σs
tt ;G< εstt ;F= BC= MLFQ;A=�>GB=FQ;A= MBF=MM ;G< MBF;>GS {σnn, σtt, σnt} ;G< {εnn,

εtt, εnt} ;F= BC= ADIODG=GBM DQ PL:? MBF=MM ;G< MBF;>G B=GMDFM <=@G=< >G BC= :DA;: d;FB=�
M>;G ADDF<>G;B=M (n, t)S n ;G< t ;F= GDFI;: ;G< B;GH=GB>;: BD BC= >GB=FQ;A=v {λsj , μs

j} ;G<
{λj , μj} ;F= BC= ^;I|= ADGMB;GBM QDF MLFQ;A=�>GB=FOC;M= :;N=F Γj ;G< PL:? OC;M= Ωj S F=�
MO=AB>f=:N&

'B >M MLOODM=< BC;B BC= OF=M=GA= DQ MLFQ;A= σs ;G< >GB=FQ;A= τs MBF=MM=M F=ML:BM >G MLFQ;A=
BF;AB>DG σ(z1) ;G< BF;AB>DG �LIO Δσ(z2) ;AFDMM BC= >GB=FQ;A= ;AADF<>GH BD BC= H=G=F;:>Z=<
�DLGHi^;O:;A= :;Eu

σ(z1) =T
sσs(z1),

Δσ(z2) = σ+(z2)−σ−(z2) = −T sτs(z2),
R)T

EC=F=

σs(z1) ≡ σs
tt(z1), τ

s(x1) ≡ σs
tt(z2),

T s(·) = κ(x1)(·) − i
1

h(x1)

d(·)
dx1

,

σ = σnn + iσnt, σ
±(z2) = lim

z→z2±i0
σ(z),

;G< κ ;G< h ;F= BC= :DA;: OF>GA>O;: ALFf;BLF= ;G< BC= I=BF>A AD=�A>=GBS F=MO=AB>f=:N&
hDF H=DI=BF>A;::N ADC=F=GB MLFQ;A= ;G< >GB=FQ;A= F=H>DGMS BC= ADG<>B>DG DQ ADGB>GL>BN

DQ BC= <>MO:;A=I=GB @=:< B;?=M BC= MLPM=mL=GB QDFI

εstt(z1) = εtt(z1), Δu(z2) = u+(z2)− u−(z2) = 0, R6T

C=F= u±(z2) = lim
z→z2±i0

u(z)S u = u1 + iu2S u1 ;G< u2 ;F= BC= <>MO:;A=I=GBM ;:DGH BC=

ADFF=MODG<>GH ADDF<>G;B= ;g=M x1 ;G< x2&
`L= BD I>MI;BAC P=BE==G AFNMB;: :;BB>A= O;F;I=B=FM DQ BC= @:I ;G< MLPMBF;B=S BC=

I>M@B MBF=MM=M ;F>M= <=MAF>P=< ;M BC= Q;F�@=:< MBF=MM MB;B=u

lim
x2→−∞(σ22−iσ12) = 0,

lim
x2→−∞σ11 = T2, lim

x2→−∞ω = 0,
RJT

EC=F= σij (i, j = {1, 2}) ;F= BC= MBF=MM=M >G ADDF<>G;B=M (x1, x2) ;G< ω >M BC= FDB;B>DG ;GH:=&
K>GA= >B >M MLOODM=< BC;B BC= @:I ;G< MLPMBF;B= I;B=F>;:M ;F= :>G=;F:N =:;MB>AS BC=

PDLG<;FN f;:L= OFDP:=I R,TpRJT A;G P= MD:f=< DG BC= P;M>M DQ BC= MLO=FODM>B>DG OF>GA>O:=
=IO:DN>GH BC= MD:LB>DGM <=F>f=< F=A=GB:N >G B=FIM DQ �DLFM;Bi�D:DMDf ADIO:=g ODB=GB>;:M
n)US 6-o& hD::DE>GH BC>M B=ACG>mL=S BC= MD:LB>DG QDF BC= @:I�MLPMBF;B= MNMB=I >M ADGM><=F=<
;M ; MLI DQ BC= MD:LB>DGM DQ BED ADIO:=I=GB;FN OFDP:=IM& 'G BC= @FMB OFDP:=IS BC= PL:?
MBF=MM=M σ1S BC= MLFQ;A= MBF=MM=M ϑsS ;G< <>MO:;A=I=GBM u

1 ;F>M= LG<=F BC= LG?GDEG M=:Q�
P;:;GA=< MLFQ;A= :D;< p ;OO:>=< BD BC= ALFf>:>G=;F PDLG<;FN DQ CDIDH=G=DLM C;:Q�O:;G=
D1

1 = {z : x2 < hf + εf(x1)} E>BC BC= =:;MB>A OFDO=FB>=M DQ BC= @:I& bC= M=ADG< OFDP:=I
<=MAF>P=M ; ADLO:=< <=QDFI;B>DG DQ BED �D>GB C;:Q�O:;G=M D2

1 = {z : x2 > εf(x1)} ;G< D2
2 =

{z : x2 < εf(x1)} E>BC BC= LG?GDEG �LIOM DQ MBF=MM=M Δσ2 ;G< <>MO:;A=I=GBM Δu2 ;:DGH
BC= ALFf>:>G=;F >GB=FQ;A= LG<=F BC= >G�L=GA= DQ >GB=FQ;A= MBF=MM=M τs ;G< :DGH>BL<>G;: DG=M
Tj ;AB>GH >G D

2
j S j = {1, 2}&
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bCLMS BC= PDLG<;FN f;:L= OFDP:=I R,TpRJT >M F=<LA=< BD BC= MNMB=I DQ BC= PDLG<;FN
=mL;B>DGM QDF BC= LG?GDEG QLGAB>DGM pS ϑsS σs ;G< τs& hD::DE>GH �D:DMDf n))o ;G< aLM?C=�
:>MCf>:> n)6oS BC= MBF=MM�MBF;>G MB;B= DQ BC= =:;MB>A C;:Q�O:;G= D1

1 ;G< BED�ADIODG=GB O:;G=
2⋃

j=1

D2
j >M <=MAF>P=< >G B=FIM DQ BED ;FP>BF;FN CD:DIDFOC>A QLGAB>DGM DQ ; ADIO:=g f;F>;P:=

Φk
j ;G< Υ

k
j Rk, j = 1 ;G< k = 2S j = {1, 2}S ADFF=MODG<>GH:NTS BC= �DLFM;Bi�D:DMDf ADIO�

:=g ODB=GB>;:M& \QB=F BC;BS BC= <=F>f=< PDLG<;FN =mL;B>DGM ;F= =gOF=MM=< ;M BC= QLGAB>DG;:
=mL;B>DGM DG BC= PDLG<;FN f;:L=M DQ ADIO:=g ODB=GB>;:M Φk

j ;G< Υk
j ;B ALFf=< MLFQ;A= Γ1

;G< >GB=FQ;A= Γ2 n4-o& bD DPB;>G BC= MD:LB>DGS E= LB>:>M= BC= PDLG<;FN O=FBLFP;B>DG I=BCD<
EC>AC F=<LA=M BC= PDLG<;FN ADG<>B>DGM ;:DGH BC= ALFf>:>G=;F MLFQ;A= ;G< >GB=FQ;A= OFD@:=M
BD BC= =mL>f;:=GB DG=M ;:DGH BC= F=AB>:>G=;F PDLG<;F>=MS >& =& z1 = x1 + ihf ;G< z2 = x1S
F=MO=AB>f=:N n)Jo& \AADF<>GH BD BC>M I=BCD<S BC= LG?GDEG QLGAB>DGM ;F= MDLHCB >G BC= QDFI
DQ BC= ODE=F M=F>=M >G BC= MI;:: O;F;I=B=F εu

Ψ(z) =
∞∑

m=0

εm

m!
Ψ(m)(z), Ψ(z) ≡ {Φk

j (z),Υ
k
j (z)},

Π(zj) =

∞∑
m=0

εm

m!
Π(m)(zj), Π(zj) ≡ {p(z1), ϑs(z1), σs(z1), τs(z2)}.

R1T

\G< BC=>F PDLG<;FN f;:L=M ;F= F=OF=M=GB=< >G BC= QDFI DQ BC= b;N:DF M=F>=M >G BC= f>A>G>BN
DQ BC= :>G=M �z1 = 0 ;G< �z2 = 0 BF=;B>GH BC= F=;: f;F>;P:= x1 ;M ; O;F;I=B=Fu

Λ(m)(zj) =
∞∑
l=0

[iεf(x1)]
l

m!
Λ
(l)
(m)(x1),

Λ(m)(zj) ≡ {Φk
j(m)(zj),Υ

k
j(m)(zj), p(m)(z1), ϑs(m)(z1), σs(m)(z1), τs(m)(z2)}.

RqT

KLPMB>BLB>GH BC= M=F>=M R1T ;G< RqT >GBD BC= PDLG<;FN =mL;B>DGM F=:;B=< BD BC= ADG�
<>B>DGM DQ BC= I=AC;G>A;: =mL>:>PF>LI R)T ;G< =mL;B>GH BC= AD=�A>=GBM DQ :>?= ODE=FM DQ
εS E= ADI= BD BC= F=ALFF=GB M=mL=GA= DQ =mL;B>DGM EF>BB=G >G BC= QDFI DQ BC= k>=I;GGi
c>:P=FB OFDP:=IM DG BC= �LIOM DQ ;G;:NB>A;: QLGAB>DGM Φk

j(m) ;G< Υk
j(m) ;B BC= F=AB>:>G=;F

PDLG<;F>=M& bC= MD:LB>DG DQ BC= DPB;>G=< =mL;B>DGM H>f=M BC= =gO:>A>B =gOF=MM>DGM QDF Φk
j(m)

;G< Υk
j(m) EF>BB=G >G BC= QDFI DQ d;LACN�BNO= >GB=HF;:M DG BC= LG?GDEG QLGAB>DGM p(m)S

σs(m)S ϑs(m) ;G< τs(m)& 9N ;OO:N>GH BC= <=F>f=< =gOF=MM>DGM ;G< BC= KD?CDBM?>i]:=I=:�
QDFIL:;M QDF BC= :>I>B>GH f;:L=M DQ BC= d;LACN�BNO= >GB=HF;:M n)4S 6,o BD BC= PDLG<;FN =mL;�
B>DGM ;MMDA>;B=< E>BC BC= ?>G=I;B>A ADG<>B>DGM R6TS E= ADI= BD BC= CNO=FM>GHL:;F >GB=HF;:
=mL;B>DGM >G BC= LG?GDEG QLGAB>DGM p(m)S ϑ

′
s(m)S σ

′
s(m) ;G< τ

′
s(m)& bC= ?=FG=:M DQ <=F>f=< >G�

B=HF;: =mL;B>DGM ;F= BC= M;I= QDF =;AC DF<=F DQ BC= ;OOFDg>I;B>DGS ;G< BC= F>HCB�C;G< M><=M
;F= BC= ?GDEG ADGB>GLDLM QLGAB>DGM& b;?>GH >GBD ;AADLGB BC= OFDO=FB>=M DQ d;LACN�BNO=
>GB=HF;:MS BC= MD:LB>DG >M F=A=>f=< >G BC= QDFI DQ hDLF>=F M=F>=M&

'G BC= K=AB>DG 4S M=f=F;: F=OF=M=GB;B>f= GLI=F>A;: =g;IO:=M ;F= =IO:DN=< BD <=IDG�
MBF;B= BC= =e=AB DQ OCNM>A;: ;G< H=DI=BF>A;: O;F;I=B=FM DG :DGH>BL<>G;: MBF=MM σtt <>MBF>PL�
B>DG >G L:BF;�BC>G @:I AD;B>GH E>BC O=FBLFP=< H=DI=BFN& \QB=F BC;BS BC= ;OOFD;AC BD MDLG<
H=G=F;B>DG P;M=< DG BC= <=f=:DO=< ID<=: >M <>MALMM=<&

(� =3Q85 ,28-*+,0, .PP73.9*� bD P=H>GS :=B LM ADGM><=F BC= I=B;:�DG�I=B;: C=B=�
FD=O>B;g>;: MNMB=I E>BC =mL;: ]D>MMDG F;B>DM ν1 = ν2 = 0.3& bC>M ;MMLIOB>DG ;::DEM BD
>Gf=MB>H;B= BC= =e=AB DQ BC= MLPMBF;B= DG BC= LG<L:;B>DG DQ BC= MBF=MM @=:< >G BC= EF>G?�
:=< @:I BCFDLHC BC= DG:N DG= O;F;I=B=FS @:I�BD�MLPMBF;B= MB>eG=MM F;B>D r = μ1/μ2& hDF
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=g;IO:=S BC= MLPMBF;B= >M MB>e=F BC;G BC= @:I EC=G r < 1S ;G< >Gf=FM=:N EC=G r > 1&
'G BC= A;M= EC=G r = 1S E= H=B BC= MD:LB>DG QDF BC= CDID=O>B;g>;: @:I�DG�MLPMBF;B= MNM�
B=I& bC= MLFQ;A= ;G< >GB=FQ;A= =e=ABM ;F= OF=M=GB=< PN BC= =:;MB>A ADGMB;GBM {λs1, μs

1} ;G<
{λs2, μs

2}S F=MO=AB>f=:NS EC>AC ;F= LML;::N <=B=FI>G=< QFDI BC= ID:=AL:;F <NG;I>AM M>IL�
:;B>DGM n0JS 60o& hDF >GMB;GA=S BC= ;:LI>G>LI QF== MLFQ;A= >M <=MAF>P=< PN BC= O;F;I=B=FM
λs = 6.851 l�I ;G< μs = −0.376 l�I R;M ; ADGM=mL=GA= Ms = 6.099 l�IT& 'B MCDL:<
P= GDB=< BC;B MLFQ;A= ;G< >GB=FQ;A= =:;MB>A OFDO=FB>=M DQ BC>G @:I I;B=F>;:M ;F= C>HC:N <=�
O=G<=GB DG Q;PF>A;B>DG ;G< ODMB�OFDA=MM>GH B=ACG>mL=M& KDS E= B;?= >GBD ;AADLGB BC= =e=AB
DQ MLFQ;A= ;G< >GB=FQ;A= =:;MB>A>BN BCFDLHC f;F>;B>DG DQ ADGMB;GBM M s

1 ;G< M
s
2 E>BC>G BC=

MO=A>@=< :>I>BM& bD <=MAF>P= BC= H=DI=BFN DQ BC= EF>G?:=< BC>G @:I E>BC ;FP>BF;FN E;f=�
:=GHBC aS ;IO:>BL<= A = aε ;G< BC>A?G=MM hf >G ;AADF<;GA= E>BC =mL;B>DG R,TS E= ;<DOB
BC= ADM>G= QLGAB>DGu

f(x1) = −a cos(b1x1), bk =
2πk

a
.

c=F=S E= F=MBF>AB ;BB=GB>DG BD BC= ;IO:>BL<=�BD�E;f=:=GHBC F;B>D F;GH= ε ∈ [0, 0.1] ;G<
DPB;>G BC= 6th�DF<=F ;OOFDg>I;B>DG MD:LB>DGu

σtt(x1, x2) = T1 +
5∑

k=1

εk
[
A0

k +Ak(x2, hf , a, ν1, ν2, r,M
s
1 ,M

s
2 , T1) cos(bkx1)

]
.

bC= ;G;:NM>M M>I>:;F BD BC= DG= ADG<LAB=< >G n4,o =MB>I;B=M BC= ADGf=FH=GA= DQ BC= <=F>f=<
6th�DF<=F ;OOFDg>I;B= MD:LB>DG QDF ε ∈ [0, 0.1]& cDE=f=FS >B >M >IODFB;GB BD GDB= BC;B BC=
;AALF;AN DQ BC= ;OOFDg>I;B>DG MAC=I= <=AF=;M=M E>BC BC= >GAF=;M>GH DQ BC= O;F;I=B=F ε
;G< BC= C>HC=F DF<=F B=FIM E>BC>G BC= PDLG<;FN O=FBLFP;B>DG I=BCD< MCDL:< P= ADGM><=F=<
QDF >BM =gB=G<=< F;GH=&

h>HLF= 0S Le*LLL >::LMBF;B=M BC= <>MBF>PLB>DG DQ BC= GDFI;:>Z=< :DGH>BL<>G;: MBF=MM
σtt/T1 >G BC= @:I AD;B>GH ;:DGH BC= :>G=M O;F;::=: BD BC= LGO=FBLFP=< MLFQ;A=�>GB=FQ;A=
PDLG<;F>=MS >& =& x2 = lhf , l = [0, 1]& bC= <>MBF>PLB>DG >M O:DBB=< E>BC>G DG= O=F>D<S >& =&
x1/a ∈ [−0.5, 0.5]S QDF @:I�DG�MLPMBF;B= MNMB=IM <=MAF>P=< PN BC= QD::DE>GH M=B DQ O;�
F;I=B=FM a = 10 GIS A = {0.05a, 0.1a}S hf = {0.1a, 0.2a}S r = {0.1, 10}S M1,M2 =
{1, 10} l�I& c=F=S E= <DG�B OFDf><= ; <=B;>:=< ;G;:NM>M DQ BC= >G�L=GA= DQ f;F>DLM O;�
F;I=B=FM DG BC= MBF=MM <>MBF>PLB>DG ;G< =IOC;M>Z= DG:N BC= I;>G BF=G<M EC>AC I;N P= DQ
>GB=F=MB >G BC= QF;I=EDF? DQ ID<=:�P;M=< MDLG< H=G=F;B>DG& h>FMB DQ ;::S E= MCDL:< GDB=
BC;B >GAF=;M>GH DQ BC= ;IO:>BL<= DQ BC= EF>G?:=M A :=;<M BD >GAF=;M>GH DQ BC= MBF=MM :=f=:
;G< AC;GH= DQ <>MBF>PLB>DG E;f=QDFI R>G h>HLF= 0S ADIO;F= I E>BC LLS ;G< V E>BC *LT&
bC= AC;GH= DQ BC= MB>eG=MM F;B>D QFDI r = 0.1 BD r = 10 ADFF=MODG<>GH BD MDQB ;G< MB>e
@:IS F=MO=AB>f=:NS F=ML:BM >G ; M>HG>@A;GB AC;GH= DQ BC= MBF=MM <>MBF>PLB>DG E;f=QDFI >G BC=
PDBBDI O;FB DQ BC= @:I R>G h>HLF= 0S ADIO;F= >G O;>FM IpL* E>BC V p*LLLTS EC>AC ;:MD
;e=ABM BC= MBF=MM <>MBF>PLB>DG >G BC= BDO O;FB <L= BD BC= MLO=FODM>B>DG DQ BED LG<L:;B=<
MBF=MM @=:<M A;LM=< PN O=FBLFP;B>DG DQ >GB=FQ;A= ;G< QF== MLFQ;A=& bC= M>I>:;F =e=AB DG
BC= MBF=MM <>MBF>PLB>DG >G MLP�MLFQ;A= ;G< MLP�>GB=FQ;A= ;F=;MS ;G<S ;M ADGM=mL=GA=S >G BC=
PL:? OC;M= DQ BC= @:IS C;f= BC= MB>eG=MM DQ MLFQ;A= M s

1 ;G< >GB=FQ;A= M
s
2 S F=MO=AB>f=:N

R>G h>HLF= 0S ADIO;F= LL E>BC LLLS ;G< *L E>BC *LLT& cDE=f=FS EDFBC GDB>GHS BC= =e=AB DQ
BC= >GB=FQ;A= DG BC= MBF=MM <>MBF>PLB>DG G=;F BC= QF== MLFQ;A=S ;G< f>A= f=FM;S <=AF=;M=M E>BC
BC= >GAF=;M>GH DQ BC= @:I BC>A?G=MM hf R>G h>HLF= 0S ADIO;F= LLL E>BC L*S ;G< *LL E>BC
*LLLT&
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U�.-,& =� S6R ;=97>=BC7=<W <U 76R W<>INQ=_R; Q<W?=7C;=WNQ 97>R99 σtt/T1 ZJNQCR =9 8Q<77R; NQ<W?

76R <>;=WN7R <U RNX6 ?>N86\ =W 76R jQI NQ<W? 76R Q=WR9 x2 = lhf F l = [0, 1] ZJNQCR X<>>R98<W;9 7<

;=VR>RW7 ?>N869 =W N X<QCIW\ Y=76=W <WR 8R>=<; x1/a = [−0.5, 0.5] ZJNQCR =9 8Q<77R; NQ<W? 76R

NB9X=99N <U RNX6 ?>N86\ <U N Y>=WHQR Y=76 N YNJRQRW?76 a = 10 WI Y6RW 76R jQI�9CB97>N7R

9T97RI =9 ;R9X>=BR; BT 76R U<QQ<Y=W? 8N>NIR7R>9

I) A = 0.05a* hf = 0.1a* r = 0.1* Ms
1 = 1 +,-* Ms

2 = 1 +,-. ��) A = 0.1a* hf = 0.1a* r = 0.1* Ms
1 = 1 +,-*

Ms
2 = 1 +,-. ���) A = 0.1a* hf = 0.1a* r = 0.1* Ms

1 = 10 +,-* Ms
2 = 10 +,-. ��) A = 0.1a* hf = 0.2a*

r = 0.1* Ms
1 = 10 +,-* Ms

2 = 10 +,-. V ) A = 0.05a* hf = 0.1a* r = 10* Ms
1 = 1 +,-* Ms

2 = 1 +,-. ��)

A = 0.1a* hf = 0.1a* r = 10* Ms
1 = 1 +,-* Ms

2 = 1 +,-. ���) A = 0.1a* hf = 0.1a* r = 10* Ms
1 = 10 +,-*

Ms
2 = 10 +,-. ����) A = 0.1a* hf = 0.2a* r = 10* Ms

1 = 10 +,-* Ms
2 = 10 +,-
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bD I;O BC= OF=M=GB=< MBF=MM <>MBF>PLB>DG DG MDLG<S E= MA;:= BC= MBF=MM :=f=: BD [−1, 1]
F;GH= ;G< <>F=AB:N BF;GM:;B= >B BD BC= ;L<>P:= <DI;>G& bCLMS BC= MDLG< M>HG;: s A;G P=
OF=M=GB=< ;M

s(t) =

5∑
k=1

Ãk(x2, hf , A, f0, r,M
s
1 ,M

s
2 ) cos(2πkf0t), RUT

EC=F= BC= QLG<;I=GB;: QF=mL=GAN DQ BC= H=G=F;B=< MDLG< f0 >M DPB;>G=< PN I;OO>GH BC=
@:I LG<L:;B>DG E;f=:=GHBC <=@G=< >G BC= F;GH= a ∈ [1, 1000] GI BD MDLG< E;f=:=GHBC
<=@G=< >G BC= F;GH= λ ∈ [0.017, 17.15] I LG<=F ADGM><=F;B>DG BC= MO==< DQ MDLG< =mL;:
BD v = 343 I�M EC>AC ADFF=MODG<M BD BC= F;GH= DQ CLI;G C=;F>GH QF=mL=GAN O=FA=OB>DG
f0 ∈ [20, 20 000] cZ& 'B >M EDFBC GDB>GH BC;B BC= C;FIDG>A ;IO:>BL<=M ;F= f;FN>GH E>BC BC=
QLG<;I=GB;: QF=mL=GAN f;F>;B>DG <L= BD BC= M>Z= =e=AB DPM=Ff=< >G G;GDMA;:= MNMB=IM& hDF
BC= EF>G?:=< L:BF;�BC>G @:IM E>BC M>GLMD><;: H=DI=BFNS >B E;M ;G;:NM=< >G n4-o& aD<L:;B>GH
BC= O;F;I=B=F x2S E= H=B BC= MDLG< IDFOC>GH =e=AB HF;OC>A;::N OF=M=GB=< >G h>HLF=M 0S
Ip*LLL& bC= ID<L:;B>DG F;B= A;G P= :>G?=< E>BC BC= @:I BC>A?G=MM hf >G MLAC ; E;N BC;B
BC= >GAF=;M>GH DQ BC= O;F;I=B=F hf :=;<M BD <=AF=;M>GH BC= ID<L:;B>DG F;B=&

\M ;G =g;IO:=S DG= A;G M== ; <>;HF;I DQ ; MDLG< E;f=QDFI OF=M=GB=< >G h>HLF= 4
E>BC>G DG= O=F>D< EC>AC >M ADFF=MODG<=< BD BC= MA;:=< <>MBF>PLB>DG DQ BC= GDFI;:>Z=<
:DGH>BL<>G;: MBF=MM σtt/T1 >G BC= @:I ;:DGH BC= :>G=M x2 = hf Rh>HLF= 4S aT ;G< x2 = 0
Rh>HLF= 4S bT E>BC>G DG= O=F>D< x1/a = [−0.5, 0.5] >G BC= A;M= DQ BC= @:I�MLPMBF;B= MNMB=I
<=MAF>P=< PN BC= QD::DE>GH O;F;I=B=FMu a = 10 GIS A = 0.1aS hf = 0.2aS r = 10S M s

1 =
10 l�IS M s

2 = 10 l�I&

" #

U�.-,& >� i=N?>NI <U N 9<CW; YNJRU<>I Y=76=W <WR 8R>=<; Y6=X6 =9 X<>>R98<W;R; 7< 76R 9XNQR;
;=97>=BC7=<W <U 76R W<>INQ=_R; Q<W?=7C;=WNQ 97>R99 σtt/T1 =W 76R jQI NQ<W? 76R Q=WR9 x2 = hf Za\
NW; x2 = 0 Zb\ Y=76=W <WR 8R>=<; x1/a = [−0.5, 0.5] =W 76R XN9R <U 76R jQI�9CB97>N7R 9T97RI

;R9X>=BR; BT 76R 8N>NIR7R>9 a = 10 WIF A = 0.1aF hf = 0.2aF r = 10F
Ms

1 = 10 l+IF Ms
2 = 10 l+I

H� �3891Q,038& 'G BC>M O;O=FS BC= ID<=: DQ ; EF>G?:=< BC>G @:I AD;B>GH <=MAF>P>GH BC=
LG<L:;B>DG DQ BC= =:;MB>A MBF=MM @=:< A;LM=< PN BC= O=FBLFP=< @:I H=DI=BFN E;M =IO:DN=<
QDF BC= <=f=:DOI=GB DQ ; MDLG< MNGBC=M>M ;:HDF>BCI& bC= @:I�DG�MLPMBF;B= MBFLABLF= E;M
ADGM><=F=< ;M ; IL:B>:=f=: MNMB=I EC=F= BC= =:;MB>A OFDO=FB>=M DQ BC= MLFQ;A= ;G< >GB=F�
OC;M= :;N=FM <>e=F QFDI BC= M>I>:;F OFDO=FB>=M DQ BC= PL:? OC;M=M& bC= MLO=FODM>B>DG DQ
BED O=FBLFP=< MBF=MM @=:<M F;>M=< ;M ; F=ML:B DQ MLFQ;A= ;G< >GB=FQ;A= H=DI=BF>A >IO=FQ=A�
B>DGM :=;<M BD >GB=FQ=F=GA= O;BB=FGM >G BC= MBF=MM @=:< E>BC>G BC= PL:? OC;M= DQ BC= @:I
AD;B>GH& bC= ;G;:NM>M DQ BC= O=F>D<>A MBF=MM <>MBF>PLB>DG >G BC= BC>G @:I ;:DGH BC= :>G=M
O;F;::=: BD BC= LGO=FBLFP=< MLFQ;A=�>GB=FQ;A= PDLG<;F>=M ;::DE=< LM BD I;O BC= MBF=MM DM�
A>::;B>DGM MIDDBC:N AC;GH>GH QFDI MLFQ;A= BD >GB=FQ;A= BD BC= MDLG< E;f=QDFIM E>BC F>AC
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IDFOCD:DH>=M& aD<L:;B>DG BCFDLHC BC= BC>A?G=MM DQ BC= @:I F=ML:BM >G BC= MDLG< IDFOC>GH
=e=AB&

bC= OF=M=GB=< ID<=: >M P;M=< DG BC= M=I>�;G;:NB>A;: MD:LB>DG DPB;>G=< LM>GH MNIPD:>A
ADIOLB;B>DGMS ;G< >B >M GDB ML>B;P:= QDF F=;:�B>I= >GB=F;AB>f= M>IL:;B>DG& 'G DF<=F BD Df=F�
ADI= BC>M >MML=S E= ;F= HD>GH BD =IO:DN BC= G=LF;: G=BEDF? E>BC Q==<QDFE;F< ;FAC>B=ABLF=
BF;>G=< DG <;B; H=G=F;B=< DG BC= P;M>M DQ BC= <=F>f=< MD:LB>DG& bC= <=M>HG DQ BC= G=LF;:
G=BEDF? A;O;P:= DQ F=ADGMBFLAB>GH BC= hDLF>=F M=F>=M AD=�A>=GBM LM>GH BC= H=DI=BF>A;: ;G<
OCNM>A;: O;F;I=B=FM DQ BC= <>MALMM=< OFDP:=I >M BC= DP�=AB>f= DQ QLBLF= F=M=;FAC&

����������

�� ~HcLVG g� UAH�!-I�� ,"A� ,C�>'�,-,j i�->�  -h�!��I� ,I'�H�, �� ,-HA��>-"� -� HA,-I��
�I"A,>-I,� _BHNBPECPI+ �GBR �HcPU � gGRE `MLc�+ ?..�+ 0A@ D�

?� ~GIHR ��+ `GcH �� ��+ gVICH O� OcJGIHCB]E VRF ECIMNCMIPE SGI EURCBPEHE MEHRJ DBUEHNVc ]GFPcE�
6"HFA>�! GA,-I P"A!���+ ���?+ WGc� �@+ DD� /.20?�

/� _VECVJR�P d�+ _VFG\ _� O JGVcE	LVEPF IPWHPm GS DBUEHNVc ]GFPccHRJ� $�>�!��>-"��� 6"HFA>�! GA,-I
6"�?�!��I�+ ?..A+ DD� /0/2/0@�

0� g]HCB �� a� `BUEHNVc ]GFPcHRJ MEHRJ FHJHCVc mVWPJMHFPE� 6"HFA>�! GA,-I P"A!���+ ���?+ WGc� �@+
DD� 102���

A� dVQRMFPc ��+ e�PcHP {�+ [G\P �� gH]McVCHGR GS CBP aRFPE �VICPRGC IHLLGR	NGRCIGccPF GENHccVCGI
MEHRJ PRPIJU	LVcVRNPF ]GFPcHRJ GS RGRcHRPVI CH]P	WVIUHRJ PcPNCIGRHN NG]DGRPRCE� P"A!��� "? >'� �A -"
Q�B-���!-�B @"I-�>C+ ?.��+ WGc� @1+ DD� �@�2�1��

@� dVQRMFPc ��+ e�PcHP {�+ [G\P ��+ ��MccPI [� `GmPI	LVcVRNPF ]GFPcHRJ GS RGRcHRPVI NGHcE VRF
CIVRESGI]PIE SGI VMFHG NHINMHCE� P"A!��� "? >'� �A -" Q�B-���!-�B @"I-�>C+ ?.?�+ WGc� @�+ DD� A.@2A�@�

1� _BVLVEEHPI ��+ _BVHJRP O�+ �GcU �̀ �GFPcHRJ VRF EH]McVCHGR GS V JIVRF DHVRG� N'� P"A!��� "? >'�
�I"A,>-I�� @"I-�>C "? �H�!-I�+ ?.�/+ WGc� �/0+ DD� @0K2@@A�

K� �MNNPENBH ��+ ~HcLVG g� gH]McVCHGR GS CBP JPG]PCIHNVccU P|VNC RGRcHRPVI ECIHRJ WHV PRPIJU
uMVFIVCHEVCHGR� P"A!��� "? @"A� �� %-(!�>-"�+ ?.??+ WGc� A/0+ D� ��1.?��

�� eV]HcCGR ~�+ ~HcLVG g� {H]P	FG]VHR ]GFPcHRJ GS mVWP	LVEPF IGG] VNGMECHNE HRNcMFHRJ
WHENGCBPI]Vc VRF IPcV|VCHGR PrPNCE HR VHI� P�@� Q�F!�,, .�>>�!,+ ?.?�+ WGc� �+ D� .�?0.��

�.� ~HcLVG g�+ eV]HcCGR ~� �VWP	LVEPF IGG] VNGMECHNE EH]McVCHGR7 P|DcHNHC>H]DcHNHC fRHCP WGcM]P
]GFPcHRJ GS WHENGCBPI]Vc cGEEPE VRF SIPuMPRNU	FPDPRFPRC LGMRFVIHPE� P"A!��� "? >'� �A -" Q�B-���!-�B
@"I-�>C+ ?.�1+ WGc� @A+ DD� 1K2K��

��� _VFG\ _� {BP DBUEHNVc ]GFPc VE ]PCVDBGI SGI ]MEHNVc NIPVCHGR7 DHNG�� {y[O+ V DHPNP PRCHIPcU
JPRPIVCPF LU DBUEHNVc ]GFPc� $�>�!��>-"��� 6"HFA>�! GA,-I 6"�?�!��I�+ ?..?+ DD� /.A2/�?�

�?� _BVSP _� _VEP ECMFHPE GS DBUEHNVc ]GFPcE HR ]MEHN NG]DGEHCHGR� *!"I�� -�B, "? >'� DLth $�>�!��K
>-"��� 6"�B!�,, "� �I"A,>-I,+ ?..0+ DD� ?A.A2?A.K�

�/� gCMI] ~� T� _G]DGEHRJ SGI VR PREP]LcP GS VCG]E7 CBP ]PCV]GIDBGEHE GS ENHPRCHfN P|DPIH]PRC
HRCG ]MEHN� 8!B��-,� @"A� + ?..�+ WGc� @+ DD� �/�2�0A�

�0� bHRQVI O� ~PRFHRJ NG]]GR ]MEHN mHCB DBUEHNVc ]GFPcE� $�>�!��>-"��� 6"�?�!��I� "� U�X
$�>�!?�I�, ?"! GA,-I�� Q�F!�,,-"�+ ?..K+ DD� //A2//K�

�A� dHPIBVME �� ��B"!->'H-I I"HF",->-"�j F�!� -BH, "? �A>"H�>� HA,-I B���!�>-"�� �HPR+ gDIHRJPI
`MLc�+ ?..�+ ?K1 D�

�@� [GVFE _� 6"HF",-�B ���I>!"�-I HA,-Ij � ��X ��,>'�>-I� dPm zGIZ+ a|SGIF pRHWPIEHCU `IPEE+ ?.�A+
A�? D�

�1� ÎPMRF T� ~�+ gMIPEB g� N'-� i�H H�>�!-��,j ,>!�,,
  �?�I> ?"!H�>-"� �� ,A!?�I� �#"�A>-"��
_V]LIHFJP+ _V]LIHFJP pRHWPIEHCU `IPEE+ ?..0+ 11. D�

�K� T�MCB e� @"�- ,A!?�I�,
 -�>�!?�I�, �� >'-� i�H,� ~PIcHR+ gDIHRJPI `MLc�+ ?..�+ AK� D�
��� yIP]PUPW b� O� aR PrPNCHWP DIGDPICHPE GS ]VCPIHVcE VC CBP RVRG	 VRF ]HNIGENVcPE NGREHFPIHRJ

EMISVNP PrPNCE� �I>� G�I'��-I�+ ?.�@+ WGc� ??1+ DD� ?�20?�
?.� �VWHcH O�+ �N~IHFP O�+ gCPHR]VRR �̀ {BPI]G]PNBVRHNE GS EGcHFE mHCB cGmPI	FH]PREHGRVc

PRPIJPCHNE7 GR CBP H]DGICVRNP GS EMISVNP+ HRCPISVNP+ VRF NMIWP ECIMNCMIPE VC CBP RVRGENVcP� O MRHSUHRJ
IPWHPm� �FF�-� G�I'��-I, +�#-�X,+ ?.�/+ WGc� @A+ D� .�.K.?�

?�� �GJHcPWEZVUV g� ��+ _IGMNB g� T�+ TV �IGCCV O�+ gCGcVIEZH e� Y� {BP PrPNCE GS EMISVNP PcVECHNHCU
VRF EMISVNP CPREHGR GR CBP CIVREWPIEP GWPIVcc PcVECHN LPBVWHGI GS MRHFHIPNCHGRVc RVRGNG]DGEHCPE� 6"HF",->�,
@I-��I� �� N�I'�"�"BC+ ?.�.+ WGc� 1. DD� 0?120/0�

??� gBVI]V �̀+ �VRCH g�+ ~BVCP d� yrPNC GS EMISVNPE GR CBP EH\P	FPDPRFPRC PcVECHN ECVCP GS
RVRGHRBG]GJPRPHCHPE� �FF�-� *'C,-I, .�>>�!,+ ?../+ WGc� K?+ DD� A/A2A/1�
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?/� �VRJ ��+ eMVRJ q�+ �MVR e�+ zM g�+ P̂RJ ��+ �VRJ ��+ qBVRJ ��+ �VRJ {� gMISVNP ECIPEE PrPNC
HR ]PNBVRHNE GS RVRGECIMNCMIPF ]VCPIHVcE� �I>� G�I'��-I� @"�- � @-�-I�+ ?.��+ WGc� ?0+ DD� A?2K?�

?0� `GWECPRZG z� q� {BPGIPCHNVc HRWPECHJVCHGR GS DBPRG]PRV NVMEPF LU BPCPIGJPRPGME EMISVNP CPREHGR
HR EGcHFE� P"A!��� "? >'� G�I'��-I, �� *'C,-I, "? @"�- ,+ ���/+ WGc� 0�+ DD� �0��2�A�0�

?A� �MVR e� T�+ �VRJ ��+ YVIHBVcGG ~� T� {BPGIU GS PcVECHNHCU VC CBP RVRGENVcP� � #��I�, -� �FF�-� 
G�I'��-I,+ ?..�+ WGc� 0?+ DD� �2@K�

?@� �HccPI [� y�+ gBPRGU b� ~� gH\P	FPDPRFPRC PcVECHN DIGDPICHPE GS RVRGEH\PF ECIMNCMIVc PcP]PRCE�
U��">�I'�"�"BC+ ?...+ WGc� ��+ DD� �/�2�01�

?1� YGECUIZG g� O�+ OcCPRLVNB e�+ �IPZGW �� O� gCIPEE NGRNPRCIVCHGR HR McCIV	CBHR NGVCHRJ mHCB
MRFMcVCPF EMISVNP DIGfcP� %$$ $�>�!��>-"��� 6"�?�!��I� "� 6"HFA>�>-"��� G�>'" , ?"! 6"AF�� *!"(��H,
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