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1. Introduction

!O>KR R>:K :IIKHQBF:M>ER � FBEEBHG I>HIE> PHKE=PB=> LN??>K :

LMKHD> 78
 �EMAHN@A MA> HIMBHG H? MAKHF;HERLBL :G= BFIKHO>= G>NKHBG	

M>GLBO> <:K> A:O> LMKHG@ER K>=N<>= =>:MA K:M>� LMKHD> K>F:BGL MA> L><	

HG= E>:=BG@ <:NL> H? =BL:;BEBMR :?M>K =>F>GMB:
 � K:MA>K G>@E><M>= BLLN>

BL MA> ?:<M MA:M L><HG=:KR ;K:BG BGCNKR >OHEO>L ?HK P>>DL :?M>K LMKHD>

7�8 :G= GH =KN@L :K> <NKK>GMER :O:BE:;E> MH <HNGM>K:<M LMKHD> L><HG=:KR

>O>GML� BG<EN=BG@ BG^:FF:MBHG MA:M E>:=L MH G>NKHG:E =>:MA :G= =>E:R>=

G>NKH	K>@>G>K:MBHG 7�8
 3ABE> <HGMKB;NMBG@ MH ?NG<MBHG:E =BL:;BEBMR� MABL

L><HG=:KR EHG@	 M>KF BGCNKR H??>KL : PB=>K “MA>K:I>NMB< PBG=HP” ?HK BG	
M>KO>GMBHG <HFI:K>= MH :<NM> MK>:MF>GML
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^:FF:MHKR F>=B:MHKL� MA:M LA:KIER BG<K>:L> BG MA> >:KER IA:L> :?M>K

MA> BL<A>FB< BGLNEM 7�8 :G= <HGMKB;NM> MH ;EHH=	;K:BG ;:KKB>K =RL?NG<	
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>O>K� NI MH GHP� MA> BGOHEO>F>GM H? FHGM>END:LM BG HEB@H=>G=KH<RM>L

:G= PABM> F:MM>K IKHM><MBHG K>F:BGL MH ;> >EN<B=:M>=


%G HNK LMN=R� MH IK>O>GM MA> :<NM> :G= <AKHGB< :<MBO:MBHG 7�8 H?

MA> NG?:OHNK:;E> BG^:FF:MHKR <:L<:=> IKHOB=>= ;R HO>KIKH=N<MBHG H?
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2. Material and methods
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 �EE MA> >QI>KBF>GML P>K> <HG=N<M>= BG MA> EB@AM IA:L>
 �?M>K ;>	

BG@ BGMK:I>KBMHG>:EER �B
I
� :G>LMA>MBS>= PBMA D>M:FBG> ���F@�D@� :G=

QRE:SBG> ���F@�D@�� FB<> P>K> :EEH<:M>= MH I>KF:G>GM FB==E> <>K>	

;K:E :KM>KR H<<ENLBHG �)��H� HK LA:F LNK@>KR� :L IK>OBHNLER =>L<KB;>=

7��8
 +I>K:MBHG MBF> I>K :GBF:E =B= GHM >Q<>>= �FBG� =NKBG@ PAB<A

MA> ;H=R M>FI>K:MNK> P:L <HGMBGNHNLER FHGBMHK>= :G= F:BGM:BG>= :M

��[�
� X� NGMBE :P:D>GBG@
 0A> FB<> PBMA LN;:K:<AGHB=:E HK BGMK:<	

>K>;K:E A:>FHKKA:@> :G= )��H	FB<> PBMA : OHENF> H? MA> <HKMB<:E BL	

<A>FB< E>LBHG E>LL MA:G � FFb� :M � A P>K> PBMA=K:PG ?KHF MA> LMN=R�

BG I:KMB<NE:K ?HNK �  FB<> :G= MAK>> #,.�	B�K>!.0����#	>#", FB<>


/M:KMBG@ ?HKF � =:RL ;>?HK> )��H� FB<> P>K> MK>:M>= B
I
 PBMA O>	

AB<E> HK FHGM>END:LM LH=BNF IHP=>K ��:RF:G �A>FB<:E� �GG �K;HK�

)%� 1GBM>= /M:M>L �� =BLLHEO>= :L IK>OBHNLER =>L<KB;>= 7�8� :M : =HL> H?

�F@�D@�=:R ?HK � =:RL :G= MA>G :M : =HL> H? F@�D@�=:R 7��8 NGMBE

L:<KB]<>
 � @KHNI H? LA:F	HI>K:M>= FB<> P:L MK>:M>= PBMA O>AB<E> :G=

NL>= :L <HGMKHE
 )B<> P>K> K:G=HFBS>= BGMH MAK>> =B??>K>GM >QI>KBF>G	

M:E IKHMH<HEL :L ?HEEHPL �"B@
 �


"BG:EER� MA> FB<> P>K> L:<KB]<>= :M =B??>K>GM MBF> IHBGML :?M>K ;>BG@

:G>LMA>MBS>= ;R :G B
I
 BGC><MBHG H? D>M:FBG> ���F@�D@� :G= QRE:SBG>

���F@�D@�
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<AKHGB< IA:L> �NI MH � P>>DL� P>K> FHGBMHK>= ;R +0�7+71 ).% :G:ER	
LBL BGMH )��H	)HGM>END:LM �G��� :G= )��H	2>AB<E> �G�� � 

FB<>


+G> FHNL> ?HK )��H	)HGM>END:LM @KHNI :G= � FB<> ?HK )��H	2>	

AB<E> =B>= PBMABG  P>>D :?M>K LNK@>KR
 �M P>>D �� FB<> �)��H	)HG	

M>END:LM� G�� :G= )��H	2>AB<E>� G��� P>K> >NMA:GBS>= :G= ;K:BG

<HEE><M>= ?HK BFFNGH^NHK>L<>G<> �G�� ?HK >:<A @KHNI� HK ?HK '9�7+71
).% :G:ERLBL �G�� ?HK >:<A @KHNI� BG HK=>K MH @>M BG?HKF:MBHG HG ];>K

K>HK@:GBS:MBHG
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 0AK>> P>>DL

;>?HK> LNK@>KR ?HK )��H HK LA:F	HI>K:MBHG� �  FB<> �G��� P>K>

BFIE:GM>= PBMA MPH K><HK=BG@ >E><MKH=>L �:L K>IHKM>= ;>EHP�
 0PH FB<>

=B>= :?M>K BFIE:GM:MBHG
 +G> P>>D :?M>K >E><MKH=>L BFIE:GM:MBHG� MA>

)��H FB<> P>K> :LLB@G>= MH )��H	)HGM>END:LM �G���� )��H	2>AB	

<E> �G��� :G= /A:F	2>AB<E> �G��� @KHNIL
 +G> )��H	2>AB<E> FHNL>

=B>= :?M>K LNK@>KR
 �M P>>D �� FB<> P>K> >NMA:GBS>= :G= ;K:BG <HEE><M>=

?HK BFFNGH^NHK>L<>G<> �G�� ?HK )��H	2>AB<E> :G= )��H	)HG	

M>END:LM @KHNIL�
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Fig. 1. +NMEBG> H? MA> >QI>KBF>GM:E =>LB@G
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*>QM� P> M>LM>= PA>MA>K MA> >??><M H? FHGM>END:LM HG >E><MKHIARL	

BHEH@B<:E <HGG><MBOBMR :G= HG =B??NLBOBMR�];>K MK:<DBG@ BL :LLH<B:M>=

PBMA FR>EBG :G= HEB@H=>G=KH<RM> IKHM><MBHG
 0ANL� BFFNGH^NHK>L<>G<>

LM:BGBG@ ?HK )�, �: F:KD>K H? FR>EBG BGM>@KBMR� :G= #/0IB �: MRIB<:E
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Fig. 5. !??><M H? FHGM>END:LM HG ;K:BG ];>K K>HK@:GBS:MBHG :?M>K )��H
 (A)  BK><MBHG	>G<H=>= "� <HEHK F:IL H? : K>IK>L>GM:MBO> <HKHG:E ;K:BG LEB<> :M �
��FF ?KHF ;K>@F: H? O>AB<E>	

HK FHGM>END:LM 	MK>:M>= FHNL> �K>=�:GM>KBHK–IHLM>KBHK =BK><MBHG� ;EN>� E>?M–KB@AM� @K>>G� LNI>KBHK–BG?>KBHK�
 (B) �:K @K:IAL LAHP MA> O:EN>L H? "� :G= H?  bI:K :G=  bI>K� MA> :QB:E :G=

K:=B:E =B??NLBOBMR GHKF:EBS>= HG 0K:<>� K>LI><MBO>ER� F>:LNK>= BG MA> BILBE:M>K:E :G= <HGMK:E:M>K:E <HKM>Q
  :M: :K> >QIK>LL>= :L F>:G[/ �G���>:<A @KHNI�
 0PH	P:R �*+2� :G:ER

�



UN
CO

RR
EC
TE
D
PR
OO

F

����'.14#�'5�#.� �*#3/#%1.1)+%#.��'4'#3%* 999 �9999� 999�999

LBL ?HEEHP>= ;R �HG?>KKHGB 2145�*1% M>LM� � ,��
�� 7'3464 )��H	2>AB<E> BILBE:M>K:E
 0A> >??><M H? MK>:MF>GM� BL<A>FB: :G= BGM>K:<MBHG BL K>IHKM>= BG MA> M:;E>L ;>EHP >:<A @K:IA
 (C) .>IK>	
L>GM:MBO> BF:@>L H? MAK>>	=BF>GLBHG:E ];>K MK:<DBG@ BG L>E><M>= BILBE:M>K:E .+% �<HEHK>= :K>:� H? <HKINL <:EEHLNF �<<�� =HKL:E <HKM>Q :G= LMKB:MNF BG )��H	2>AB<E> :G= )��H	FHGM>END:LM

FB<>
 0A> =BK><MBHGL H? ];>K MK:<DL P>K> <HEHK	<H=>= :L K>IHKM>= :M MA> ;HMMHF
 (D) �:K @K:IAL LAHP MA> JN:GMB]<:MBHG H? MA> GNF;>K H? ];>KL BG BILBE:M>K:E GHKF:EBS>= MH <HGMK:E:M>K:E

LB=>L :M � P>>DL :?M>K )��H
  :M: :K> >QIK>LL>= :L F>:G[/ �G�� FB<>�>:<A @KHNI�
 /MN=>GM’L 5	M>LM� � ,��
�� 74 )��H	2>AB<E>
 �"HK BGM>KIK>M:MBHG H? MA> K>?>K>G<>L MH <HEHNK BG
MABL ]@NK> E>@>G=� MA> K>:=>K BL K>?>KK>= MH MA> P>; O>KLBHG H? MABL :KMB<E>
�

)HGM>END:LM LB@GB?B<:GMER BG<K>:L>= MA> >QIK>LLBHG H? )�,

�,��
��� <HFI:K>= MH O>AB<E> BG =HKL:E <HKM>Q �"B@L
 �� :G= �/��

PA>K>:L GH LB@GB?B<:GM =B??>K>G<> H? )�, BFFNGHK>:<MBOBMR P:L H;	

L>KO>= BG >BMA>K <HKINL <:EEHLNF �<<� HK LMKB:MNF


/BFBE:KER� MA> :FHNGM H? #/0IBb� <>EEL �>QIK>LL>= :L GNF;>K BG BILB	

E:M>K:E�<HGMK:E:M>K:E LB=>� BG )��H	)HGM>END:LM @KHNI P:L LM:MBLMB<:EER

LB@GB?B<:GM BG<K>:L>= <HFI:K>= MH )��H	2>AB<E> BG MA> =HKL:E <HKM>Q

�"B@
 ���� ;NM GHM BG >BMA>K << HK LMKB:MNF
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0H NGO>BE PA>MA>K MA> AB@A>K GNF;>K H? F:MNK> HEB@H=>G=KH<RM>L

BG FHGM>END:LM	MK>:M>= FB<> BG MA> <AKHGB< IA:L> :?M>K )��H <HNE= ;>

:L<KB;>= MH :G >??><M H? FHGM>END:LM HG HEB@H=>G=KH<RM> EBG>:@> F:MN	

K:MBHG :?M>K )��H� P> :G:ERL>= MA> ;K:BG L><MBHG H? MA> BG=N<B;E> K>	

IHKM>K #,.�	B�K>!.0����#	>#", )��H FB<>
 0A>L> FB<> :K> NL>?NE

?HK ?:M>	F:IIBG@ LMN=B>L� LBG<> <>EEL MA:M :K> +,�L :M MA> FHF>GM H? M:	

FHQB?>G :=FBGBLMK:MBHG :K> I>KF:G>GMER E:;>EE>= ;R #", 7��8 :EEHPBG@

NL MH MK:<> MA>BK =>LMBGR MAKHN@AHNM :GBF:E’L EB?>

+NK =:M: <HG]KF>= MA:M )��H =K:F:MB<:EER BG<K>:L>= MA> GNF;>K

H? #",b� +,�L BG MA> I>KB	BG?:K<M :K>:L �=HKL:E <HKM>Q� << :G= LMKB:MNF�

:M � P>>DL �"B@
 �/� 7��8� :G= MABL K>LIHGL> P:L ?NKMA>K >GA:G<>= ;R

FHGM>END:LM MK>:MF>GM �,��
�� BG <HKINL <:EEHLNF� "B@
 ���


0A>G� P> LHN@AM MH =>M>KFBG> PAB<A F><A:GBLF P:L K>E:M>= MH MA>

BG<K>:L>= GNF;>K H? #",b� +,�L� BGO>LMB@:MBG@ <>EENE:K IKHEB?>K:MBHG :G=

:IHIMHLBL
 3> :LL>LL>= +,� IKHEB?>K:MBHG BG MA> :<NM> �PBMABG � =:RL�

:G= BG MA> LN;	:<NM> �;>MP>>G  :G= � =:RL� IA:L>L H? ;K:BG BL<A>FB:�

>O:EN:MBG@ �K=1 :G= !=1 <>EENE:K BG<HKIHK:MBHG :M � P>>DL :?M>K )��H�

K>LI><MBO>ER
 )HGM>END:LM LB@GB?B<:GMER LMBFNE:M>= +,� IKHEB?>K:MBHG� :L

K>^><M>= ;R BG<K>:L>= GNF;>KL H? �K=1b��#",b� <>EEL BG <HKINL <:EEHLNF

�,��
��� "B@
 ��� :G= H? !=1b��#",b� <>EEL BG =HKL:E <HKM>Q �,��
��

"B@
 ���� <HFI:K>= MH )��H	2>AB<E> @KHNI
 +G MA> HMA>K A:G=� FHG	

M>END:LM =B= GHM BG^N>G<> :IHIMHMB< IKH<>LL H? #",b� +,�L :M � =:RL

:?M>K )��H LBG<> GH LM:MBLMB<:E =B??>K>G<> P:L ?HNG= HG MA> GNF;>K H?

#",b��<:LI:L>	�:b� <>EEL ;>MP>>G )��H	)HGM>END:LM :G= )��H	2>AB<E>

@KHNIL �"B@
 �/�


/BG<> HEB@H=>G=KH<RM> EBG>:@> F:MNK:MBHG BL ?NG=:F>GM:E ?HK K>	

FR>EBG:MBHG :G= ?NG<MBHG:E K><HO>KR :?M>K LMKHD>� P> :LL>LL>= PA>MA>K

MA> K><HF;BG>= #",b� +,�L <>EEL :K> :;E> MH NG=>K@H M>KFBG:E =B??>K	

>GMB:MBHG :M LN;	:<NM> �� P>>DL� :G= <AKHGB< �� P>>DL� IA:L>L H? ;K:BG

BL<A>FB:
 �M � P>>DL� P> ?HNG= MA:M FHGM>END:LM =H>L GHM BG^N>G<>

MA> ?:M> H? +,�L� BG ?:<M� MA> I>K<>GM:@> H? #",b� <>EEL >QIK>LLBG@ *#�

�F:KD>K H? >:KER +,�L� HK #/0IB P:L GHM =B??>K>GM ;>MP>>G )��H	)HG	

M>END:LM :G= )��H	2>AB<E> @KHNIL �"B@
 ���
 �M � P>>DL� AHP>O>K� MA>

I>K<>GM:@> H? #",b��#/0IBb� <>EEL K:BL>= LB@GB?B<:GMER BG )��H	)HG	

M>END:LM @KHNI <HFI:K>= MH )��H	2>AB<E> @KHNI �,��
���

Fig. 6. !??><M H? FHGM>END:LM HG HEB@H=>G=KH<RM>L :M � P>>DL :?M>K )��H
 (A) .>IK>L>GM:MBO> BF:@>L H? BFFNGH^NHK>L<>G<> LM:BGBG@ ?HK )�, �BG K>=� BG : ]>E= <HGM:BGBG@ BILBE:M>K:E
<HKM>Q M:D>G :L LAHPG BG =K:PBG@ �;EN> LJN:K>� H? )��H	2>AB<E> :G= )��H	)HGM>END:LM FB<>
 �:K @K:IAL K>IHKM MA> JN:GMB]<:MBHG H? MA> I>K<>GM:@> H? IHLBMBO> :K>: BG <HKM>Q� <HKINL

<:EEHLNF �<<� :G= LMKB:MNF
 (B) .>IK>L>GM:MBO> BF:@>L H? BFFNGH^NHK>L<>G<> LM:BGBG@ ?HK #/0IB �K>=�� BG : ]>E= <HGM:BGBG@ <HKM>Q �<Q�� <HKINL <:EEHLNF �<<� :G= LMKB:MNF �LM�� M:D>G :L

LAHPG BG =K:PBG@ ?KHF BILBE:M>K:E �;EN> K><M:G@E>� :G= <HGMK:E:M>K:E �@K>>G K><M:G@E>� H? )��H	2>AB<E> :G= )��H	)HGM>END:LM FB<>
 �:K @K:IA K>IHKML MA> JN:GMB]<:MBHG H? MA> GNF;>K

H? #/0IBb� <>EEL BG BILBE:M>K:E GHKF:EBS>= MH <HGMK:E:M>K:E K>@BHGL
  :M: :K> >QIK>LL>= :L F>:G[/ �G���@KHNIL�
 /MN=>GM’L 5	M>LM � ,��
�� 74 )��H	2>AB<E>
 /<:E> ;:K� �� \F
 �"HK
BGM>KIK>M:MBHG H? MA> K>?>K>G<>L MH <HEHNK BG MABL ]@NK> E>@>G=� MA> K>:=>K BL K>?>KK>= MH MA> P>; O>KLBHG H? MABL :KMB<E>
�
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Fig. 7. !??><M H? FHGM>END:LM HG HEB@H=>G=KH<RM> IK><NKLHK <>EEL �+,�L� :?M>K )��H
 .>IK>L>GM:MBO> BF:@>L H? BFFNGH^NHK>L<>G<> BG ]>E=L <HGM:BGBG@ <HKM>Q� <HKINL <:EEHLNF �<<� :G=

LMKB:MNF H? )��H	2>AB<E> :G= )��H	)HGM>END:LM FB<>
 �KKHPL LAHP =HN;E>	IHLBMBO> <>EEL
 (A) /M:BGBG@ ?HK #", �@K>>G� BG BILBE:M>K:E :G= <HGMK:E:M>K:E LB=> � P>>DL :?M>K )��H
 �:K
@K:IAL K>IHKM MA> JN:GMB]<:MBHG H? MA> GNF;>K H? #",b� <>EEL BG BILBE:M>K:E K>@BHGL �B�  HN;E>	BFFNGH^NHK>L<>G<> LM:BGBG@ ?HK �K=1 �K>=� �NII>K EBG>� HK !=1 �K>=� �EHP>K EBG>� :G= ?HK
#", �@K>>G� BG BILBE:M>K:E K>@BHGL LNKKHNG=BG@ MA> BL<A>FB< <HK> � P>>DL :?M>K )��H
 �:K @K:IAL K>IHKM MA> JN:GMB]<:MBHG H? MA> GNF;>K H? =HN;E> #",b�	 �K=1b� <>EEL :G= =HN;E> #",b�	

!=1b� <>EEL BG BILBE:M>K:E <HKM>Q� << :G= LMKB:MNF
 (C)  HN;E>	BFFNGH^NHK>L<>G<> LM:BGBG@ ?HK *#� �K>=� �NII>K EBG>� HK #/0IB �K>=� �EHP>K EBG>� :G= ?HK #", �@K>>G� BG BILBE:M>K:E K>@BHGL
LNKKHNG=BG@ MA> BL<A>FB< <HK> � P>>DL :?M>K )��H
 �:K @K:IAL K>IHKM MA> I>K<>GM:@> H? #",b�	 *#�b� HO>K #",b� <>EEL BG BILBE:M>K:E <HKM>Q� << :G= LMKB:MNF� :G= MA> I>K<>GM:@> H? #",b�	

#/0IBb� <>EEL HO>K #",b� <>EEL BG MA> PAHE> I>KB	BG?:K<M SHG>
 �D�  HN;E>	BFFNGH^NHK>L<>G<> LM:BGBG@ ?HK #", �@K>>G� :G= #/0IBb� �K>=� BG BILBE:M>K:E K>@BHGL LNKKHNG=BG@ MA> BL<A>FB<

<HK> � P>>DL :?M>K )��H
 �:K @K:IAL K>IHKM MA> I>K<>GM:@> H? #",b�	 #/0IBb� <>EEL HO>K #",b� <>EEL BG MA> PAHE> I>KB	BG?:K<M SHG>
  :M: :K> >QIK>LL>= :L F>:G[/ �G���@KHNIL�


/MN=>GM’L 5	M>LM � ,��
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� 74 )��H	2>AB<E>
 /<:E> ;:K� �� \F
 �"HK BGM>KIK>M:MBHG H? MA> K>?>K>G<>L MH <HEHNK BG MABL ]@NK> E>@>G=� MA> K>:=>K BL K>?>KK>= MH MA> P>; O>KLBHG H?
MABL :KMB<E>
�

"B@
 � �� LN@@>LMBG@ MA:M FHGM>END:LM <HNE= BG<K>:L> HEB@H=>G=KH<RM> K>	

IE:<>F>GM :?M>K )��H
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.><>GM LMN=B>L A:O> =>FHGLMK:M>= MA> KHE> H? FB<KH@EB:�

F:<KHIA:@>L BG K><KNBMF>GM :G= =B??>K>GMB:MBHG H? +,�L� E>:=BG@ K>	

FR>EBG:MBHG 7��8
 %G I:KMB<NE:K� A:L ;>>G LAHPG MA:M MA> ) IA>GHMRI>

BFI:BKL HEB@H=>G=KH<RM>L K>@>G>K:MBHG� PABE> )� IA>GHMRI> IKHFHM>L

HEB@H=>G=KH@>G>LBL :G= K>FR>EBG:MBHG 7��8


0ANL� P> BGO>LMB@:M>= PA>MA>K FHGM>END:LM BL :;E> MH K>@NE:M> FB	

<KH@EB:�F:<KHIA:@> IHE:KBS:MBHG :?M>K LMKHD> >O:EN:MBG@ MA> >QIK>LLBHG

H? � ���� :G= 5) ?HK ) :G= )�� K>LI><MBO>ER 7��8
 )HGM>END:LM

MK>:MF>GM LB@GB?B<:GMER BG<K>:L>= MA> GNF;>KL H? )� IHE:KBS>= FB	

<KH@EB:�F:<KHIA:@>L� E:;>E>= ?HK %;: :G= 5)� BG MA> IKHQBF:E K>	

@BHG :M � =:RL :?M>K )��H �,��
��� "B@
 ���
 *H FHGM>END:LM	F>=B	

:M>= >??><M P:L H;L>KO>= HG MA> GNF;>K H? ) IHE:KBS>= FB<KH@EB:�

F:<KHIA:@>L� E:;>E>= ?HK %;: :G= � ���� �"B@
 ���


4. Discussion

3> A:O> IK>OBHNLER LAHPG MA:M FHGM>END:LM K>=N<>L MA> >QM>GM

H? ;K:BG =:F:@> BG MA> :<NM> IA:L> H? BL<A>FB< BGCNKR 7�8� :L :ELH

<HG]KF>= ;R HMA>K @KHNIL 7���8
 %G MABL LMN=R� P> ?H<NL>= HG MA>

Fig. 8. !??><M H? FHGM>END:LM HG FB<KH@EB:�F:<KHIA:@>L IHE:KBS:MBHG � =:RL :?M>K )��H
 .>IK>L>GM:MBO> BF:@>L H? BFFNGH^NHK>L<>G<> ?HK 5) �K>=� (A) HK � ���� �K>=� (B) :G= ?HK
%;: �@K>>G� BG K>@BHGL LNKKHNG=BG@ MA> BL<A>FB< <HK> H? )��H	2>AB<E> :G= )��H	)HGM>END:LM FB<>
 �:K @K:IAL K>IHKM MA> JN:GMB]<:MBHG H? MA> GNF;>K H? 5)b� :G= � ����b� <>EEL


 :M: :K> >QIK>LL>= :L F>:G[/ �G���@KHNIL�
 /MN=>GM’L 5	M>LM � ,��
�� 74 )��H	2>AB<E>
 /<:E> ;:K� �� \F
 �"HK BGM>KIK>M:MBHG H? MA> K>?>K>G<>L MH <HEHNK BG MABL ]@NK> E>@>G=� MA>
K>:=>K BL K>?>KK>= MH MA> P>; O>KLBHG H? MABL :KMB<E>
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EHG@	M>KF IKHM><MBO> >??><M H? FHGM>END:LM HG ];>KL K>	HK@:GBS:MBHG :G=

>E><MKHIARLBHEH@B<:E MK:GLFBLLBHG BG )��H FB<>
 "NKMA>KFHK>� P> BG	

O>LMB@:M>= MA> >??><M H? FHGM>END:LM HG HEB@H=>G=KH<RM>L� MA> FR>EBG

IKH=N<BG@ <>EEL� : R>M NG>QIEHK>= M:K@>M ?HK G>NKH	K>I:K:MBO> LMK:M>@B>L

:?M>K ;K:BG BL<A>FB:


%G HK=>K MH ;EH<D MA> >??><ML K>E:M>= MH >:KER 7�8 :G= <AKHGB< �RL(0L

K>E>:L> :?M>K BL<A>FB:� FHGM>END:LM P:L :=FBGBLM>K>= ;>?HK> :G= :?M>K

)��H
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