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Abstract
L^lhkimbhg�h_�ma^�Zeo^heZk�[hg^�Z_m^k�mhhma�^qmkZ\mbhg�bl�Zg�bkk^o^klb[e^�ikh\^ll�]n^�mh�[bheh`b\Ze�[hg^�k^fh]^ebg`(�

Cm�pbee�`k^Zmer�\hfieb\Zm^�ma^�_nkma^k�mk^Zmf^gm�h_�iZmb^gml�_hk�]^gmZe�bfieZgmZmbhg&�lbg\^�_hk�ma^�eZmm^k�Z�ik^k^jnblbm^�bl�
Z�ln_ɔ\b^gm�ohenf^�h_�[hg^�mblln^(�Cm�e^Z]l�mh�Z�ikhmkZ\m^]�mk^Zmf^gm�ikh\^ll4�ma^�ohenf^�Zg]�mbfbg`�h_�bgm^ko^gmbhgl�
bg\k^Zl^l(�Na^�ebm^kZmnk^�k^ob^p�aZl�lahpg�ihllb[e^�f^mah]l�h_�ik^l^koZmbhg�h_�ma^�Zeo^heZk�kb]`^�Z_m^k�mhhma�^qmkZ\mbhg�
Zg]�ma^�k^lneml�h_�ma^bk�Ziieb\Zmbhg(

E^rphk]l4�ik^l^koZmbhg�"\hgl^koZmbhg#&�mhhma�lh\d^m&�lh\d^m�Zmkhiar&�Zn`f^gmZmbhg(

L^\^bo^]4�*-(*0(,*,*5�k^obl^]4�+.(*3(,*,*5�Z\\^im^]4�,*(*3(,*,*(

=hgɕb\m�h_�bgm^k^lml4�Na^�Znmahkl�]^\eZk^�gh�\hgɕb\m�h_�bgm^k^lml(

@hk�\bmZmbhg4�Sn(;(�<ZdZ^o&�C(;(�Phkhgho&�Sn(;(�A^g^kZehoZ&�SZ(;(�H^`hk^ehoZ&�G(?(�<ZeZlahoZ&�;(M(�EZkgZ^oZ&�P(G(�
MehghoZ(� L^aZ[bebmZmbhg� h_� ma^� Zeo^heZk� [hg^� Z_m^k� mhhma� ^qmkZ\mbhg(� ;gZerlbl� h_�f^mah]l(� ?g]h]hgmb\l� mh]Zr(� ,*,*5�
+2"-#421'3,(�>IC4�+*(-0-11)+02-',32+',*,*'+2'-'21'3,(

ƒƒƔƓƔƛƗƔ
ƘƿƹƶƬ�ƽƮƱƲƱƴƳƮƷƱǃƱƹƹƺƯƺ�ƳƿƭƬ�Ʈ�ƬƷǈƮƱƺƷǋƼƹƺƸ�ƺƾ-

ƼƺƽƾƶƱ�ƴ�ƬƷǈƮƱƺƷǋƼƹƺƵ�ǃƬƽƾƴ�ǃƱƷǊƽƾƱƵ�ƻƼƱưƽƾƬƮƷǋƱƾ�
ƽƺƭƺƵ�ƺƽƺƭƿǊ�ƻƼƺƭƷƱƸƿ�Ʈ�ƻƺƮƽƱưƹƱƮƹƺƵ�ƶƷƴƹƴǃƱƽƶƺƵ�
ƻƼƬƶƾƴƶƱ(� ƜƺưưƱƼƲƬƹƴƱ� ƺƭƺƷƺǃƶƴ� ƾƮƱƼưǇǁ� ƴ� ƸǋƯƶƴǁ�
ƾƶƬƹƱƵ� ƴ� ƽƾƬƭƴƷǈƹƺƯƺ� ƺƭǆƱƸƬ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƯƼƱƭƹǋ�
ƽǃƴƾƬƷƴƽǈ� ƮƬƲƹǇƸƴ� ǂƱƷǋƸƴ&� ƻƺƳƮƺƷǋǊǅƴƸƴ� ƿƻƼƺ-
ƽƾƴƾǈ�ƴ�ƽƺƶƼƬƾƴƾǈ�ƻƺƽƷƱưƿǊǅƴƱ�ƻƼƺǂƱưƿƼǇ�ƴ�ƺƻƾƴƸƴ-

ƳƴƼƺƮƬƾǈ�ƴǁ�ƼƱƳƿƷǈƾƬƾǇ&�Ʈ�ǃƬƽƾƹƺƽƾƴ&�ƶƺƯưƬ�ƻƷƬƹƴƼƿƱƾ-
ƽǋ�ƿƽƾƬƹƺƮƶƬ�ƴƸƻƷƬƹƾƬƾƺƮ(
ƏƾƼƺǀƴǋ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƺƾƼƺƽƾƶƬ� ƻƺƽƷƱ� ƿưƬƷƱƹƴǋ�

ƳƿƭƬ� ǁƺƼƺǄƺ� ƴƳƮƱƽƾƹƺƱ� ǋƮƷƱƹƴƱ(� ƚƱƶƺƾƺƼǇƱ� ƬƮƾƺƼǇ�
ƺƾƸƱǃƬǊƾ&�ǃƾƺ�ƬƾƼƺǀƴǋ�ƶƺƽƾƹƺƵ�ƾƶƬƹƴ�ƹƬǃƴƹƬƱƾƽǋ�ƽƼƬ-
Ƴƿ�ƻƺƽƷƱ�ƿưƬƷƱƹƴǋ�ƳƿƭƬ�ƴ�ƸƺƲƱƾ�ưƺƽƾƴƯƬƾǈ�ưƺ�/*��ƺƾ�
ƴƽǁƺưƹƺƯƺ�ƺƭǆƱƸƬ�ƬƷǈƮƱƺƷǋƼƹƺƵ�ƶƺƽƾƴ�Ʈ�ƾƱǃƱƹƴƱ�ƻƱƼ-
ƮǇǁ� ƾƼƱǁ�ƸƱƽǋǂƱƮ� U+W(� FZkl� M\akhii� ƴ� ƽƺƬƮƾ(� ƿƶƬƳǇƮƬ-
Ǌƾ&�ǃƾƺ�ƻƺƾƱƼǋ�ƺƭǆƱƸƬ�ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƺƾƼƺƽƾƶƬ�ƸƺƲƱƾ�
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ƻƼƺƴƳƺƵƾƴ�ưƺ�ƿưƬƷƱƹƴǋ�ƳƿƭƬ�ƴƳ�ǜ�ƳƬ�ƳƬƭƺƷƱƮƬƹƴƵ�ƻƬ-
ƼƺưƺƹƾƬ&� ƻƱƼƴƬƻƴƶƬƷǈƹƺƵ� ƻƬƾƺƷƺƯƴƴ� ƴƷƴ� ƮƽƷƱưƽƾƮƴƱ�
ƾƼƬƮƸǇ�ƳƿƭƬ�ƴ� ƶƺƽƾƴ� U,W(�ƜƺƮƼƱƲưƱƹƴƱ� ƶƺƽƾƹƺƵ� ƾƶƬƹƴ�
ƻƼƴ�ƻƼƺǂƱưƿƼƱ�ƿưƬƷƱƹƴǋ�ƳƿƭƬ�ƸƺƲƱƾ�ƾƬƶƲƱ�ƻƼƴƮƱƽƾƴ�ƶ�
ƻƺƾƱƼƱ�ƶƺƽƾƴ(
ƟƬƶƴƸ�ƺƭƼƬƳƺƸ&�ǂƱƷǈǊ�ưƬƹƹƺƯƺ�ƺƭƳƺƼƬ�ƽƾƬƷƺ�ƺƻƼƱ-

ưƱƷƱƹƴƱ� ƴ� ƺƻƴƽƬƹƴƱ� ƽƺƮƼƱƸƱƹƹǇǁ� ƴ� ƹƬƴƭƺƷƱƱ� ưƱƵ-
ƽƾƮƱƹƹǇǁ� ƸƱƾƺưƺƮ� ƽƺǁƼƬƹƱƹƴǋ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƯƼƱƭƹǋ�
ƻƺƽƷƱ�ǉƶƽƾƼƬƶǂƴƴ�ƳƿƭƬ(
ƐǇƷ� ƻƼƺƴƳƮƱưƱƹ� ƻƺƴƽƶ� ƴƹǀƺƼƸƬǂƴƴ� ƹƬ� ƼƿƽƽƶƺƸ�

ƴ� ƬƹƯƷƴƵƽƶƺƸ� ǋƳǇƶƬǁ� ƭƱƳ� ƺƯƼƬƹƴǃƱƹƴƵ� ƻƺ� ƮƼƱƸƱƹƴ� Ʈ�
ǉƷƱƶƾƼƺƹƹƺƵ� ƭƬƳƱ� ưƬƹƹǇǁ� Jn[G^]&� ƻƺƴƽƶ� Ʈ� ƽƴƽƾƱƸƱ�
Ahh`e^M\aheZk&� =r[^ke^gbgdZ� ƴ� Ʈ� ƽƻƴƽƶƬǁ� ƷƴƾƱƼƬƾƿƼǇ�
ƽƺƺƾƮƱƾƽƾƮƿǊǅƴǁ�ƴƽƽƷƱưƺƮƬƹƴƵ�ƴ�ƺƭƳƺƼƺƮ(�ƐǇƷƴ�ƺƾƺ-
ƭƼƬƹǇ�ƻƺƷƹƺƾƱƶƽƾƺƮǇƱ�ƽƾƬƾǈƴ&�Ʈ�ƶƺƾƺƼǇǁ�ƺƻƴƽǇƮƬǊƾƽǋ�
ƼƬƳƹǇƱ�ƸƱƾƺưǇ�ƽƺǁƼƬƹƱƹƴǋ�ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭƹǋ�ƻƺ-
ƽƷƱ�ǉƶƽƾƼƬƶǂƴƴ�ƳƿƭƬ(
ƛƾƽƿƾƽƾƮƴƱ� ƳƿƭƬ� Ʈ� ƱƯƺ� ƬƷǈƮƱƺƷƬǁ� ƮǇƳǇƮƬƱƾ� ƶƬƽƶƬư�

ƭƴƺƷƺƯƴǃƱƽƶƴǁ� ƽƺƭǇƾƴƵ&� ƶƺƾƺƼǇƱ� ƺƭǇǃƹƺ� ƻƼƴƮƺưǋƾ� ƶ�
ƳƹƬǃƴƾƱƷǈƹǇƸ�ƷƺƶƬƷǈƹǇƸ�ƬƹƬƾƺƸƴǃƱƽƶƴƸ�ƴƳƸƱƹƱƹƴǋƸ�
"PZg�]^k�Q^bc]^g�^m�Ze(&�,**3#�U-W(�ƞƿǅƱƽƾƮƿƱƾ�ƸƹƺƲƱƽƾƮƺ�
ƴƽƽƷƱưƺƮƬƹƴƵ&� Ʈ� ƶƺƾƺƼǇǁ� ƻƼƱưƽƾƬƮƷƱƹ� Ƽǋư� ƶƷƴƹƴǃƱ-
ƽƶƴǁ�ƽƷƿǃƬƱƮ�ƻƼƱƳƱƼƮƬǂƴƴ�Ʒƿƹƶƴ�ƿưƬƷƱƹƹƺƯƺ�ƳƿƭƬ�ƽ�ƴƽ-
ƻƺƷǈƳƺƮƬƹƴƱƸ�ƼƬƳƷƴǃƹǇǁ�ƸƱƾƺưƺƮ�ƴ�ƸƬƾƱƼƴƬƷƺƮ(
ſƺƭƺƳƱƮ� ƴ� ƽƺƬƮƾ(� U.W� ƻƼƺƮƱƷƴ� ƴƽƽƷƱưƺƮƬƹƴƱ� ƽ� ƶƺƹ-

ƽƱƼƮƬǂƴƱƵ� Ʒƿƹƶƴ� ƿưƬƷƱƹƹƺƯƺ� ƳƿƭƬ� ƽ� ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ�
ƶƺƽƾƹƺƻƷƬƽƾƴǃƱƽƶƺƯƺ� ƸƬƾƱƼƴƬƷƬ&� ƭƺƯƬƾǇƸ� ǀƬƶƾƺƼƬ-
Ƹƴ� ƼƺƽƾƬ� ǉƹưƺƾƱƷƴǋ� ƽƺƽƿưƺƮ� "ƠƝƩƞ#(� ƕƬ� ƺƽƹƺƮƿ� ƭǇƷ�
ƮƳǋƾ�ƹƱưƱƸƴƹƱƼƬƷƴƳƺƮƬƹƹǇƵ�ƶƺƽƾƹǇƵ�ƶƺƷƷƬƯƱƹ�Ʈ�ƮƴưƱ�
ƶƼƺǄƶƴ(�ƕƿƭ�ƿưƬƷǋƷƽǋ�ƬƾƼƬƮƸƬƾƴǃƹƺ&�Ʒƿƹƶƿ�ƿưƬƷƱƹƹƺƯƺ�
ƳƿƭƬ� ƼǇǁƷƺ� ƳƬƻƺƷƹǋƷƴ� ƶƺƽƾƹƺƻƷƬƽƾƴǃƱƽƶƴƸ� ƸƬƾƱƼƴƬ-
ƷƺƸ&�ƽƺưƱƼƲƬǅƴƸ�ƠƝƩƞ&�ƼƬƭƺǃƬǋ�ƺƭƷƬƽƾǈ�ƻƱƼƱƶƼǇƮƬ-
ƷƬƽǈ�ƼƱƳƺƼƭƴƼƿƱƸƺƵ�ƶƺƷƷƬƯƱƹƺƮƺƵ�ƸƱƸƭƼƬƹƺƵ�<bhAb]^�
"A^blmeb\a&� ƤƮƱƵǂƬƼƴǋ#&� ƻƼƺƮƺưƴƷƬƽǈ� ƻƼƺƾƴƮƺƮƺƽƻƬ-
ƷƴƾƱƷǈƹƬǋ� ƴ� ƬƹƾƴƭƬƶƾƱƼƴƬƷǈƹƬǋ� ƾƱƼƬƻƴǋ(� ƖƳƸƱƹƱƹƴǋ�
ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭƹǋ�ƭǇƷƴ�ƳƬǀƴƶƽƴƼƺƮƬƹǇ�ƻƼƴ�ƻƺƸƺ-
ǅƴ�ſƘſƟ�"ƾƬƭƷƴǂƬ�+#
ƏƮƾƺƼǇ�ƺƾƸƱǃƬǊƾ�ƽƾƬƭƴƷǈƹƺƽƾǈ�ƼƱƳƿƷǈƾƬƾƬ�ƽ�ƸƬƶƽƴ-

ƸƬƷǈƹǇƸ�ƽƼƺƶƺƸ�ƹƬƭƷǊưƱƹƴǋ�Ʈ�+(/�ƯƺưƬ(
ƖƽƻƺƷǈƳƺƮƬƹƴƱ�ƶƽƱƹƺƯƼƬǀƾƺƮ�ưƷǋ�ƻƼƱƳƱƼƮƬǂƴƴ�Ʒƿƹ-

ƶƴ�ƿưƬƷƱƹƹƺƯƺ�ƳƿƭƬ�ƾƬƶƲƱ�ƴƸƱƱƾ�ƸƱƽƾƺ�ƭǇƾǈ(�ƣƬǅƱ�ƮƽƱ-
Ưƺ�Ʈ� ƶƬǃƱƽƾƮƱ� ƶƽƱƹƺƯƼƬǀƾƺƮ�ƴƽƻƺƷǈƳƿǊƾ�ƭǇǃǈǊ�ƶƺƽƾǈ&�
ƻƼƱưƮƬƼƴƾƱƷǈƹƺ� ƿưƬƷƴƮ� ƴƳ� ƹƱƱ� ƭƱƷƶƴ(� ƒƱƷƬƱƾƽǋ� ǉƾƺ�
ưƷǋ� ƾƺƯƺ&� ǃƾƺƭǇ� ƴƽƶƷǊǃƴƾǈ� Ƽƴƽƶ� ƬƷƷƱƼƯƴǃƱƽƶƴǁ� ƼƱƬƶ-
ǂƴƵ�ƴƷƴ�ƻƱƼƱƹƺƽƬ�ƴƹǀƱƶǂƴƵ(�ƀưƬƷƱƹƴƱ�ƭƱƷƶƺƮ�ưƺƽƾƴ-
ƯƬƱƾƽǋ�ƻƿƾƱƸ�ƺƭƲƴƯƬ�ƾƼƬƹƽƻƷƬƹƾƬƾƬ(�Ƒ�ƼƱƳƿƷǈƾƬƾƱ&�ƶƽƱ-
ƹƺƯƱƹƹǇƱ�ƸƬƾƱƼƴƬƷǇ�ƻƼƱƮƼƬǅƬǊƾƽǋ�Ʈ�ƻƼƴƼƺưƹǇƵ� Ưƴ-
ưƼƺƶƽƴƬƻƬƾƴƾ&�ǁƬƼƬƶƾƱƼƴƳƿǊƾƽǋ�ƾƼƱǁƸƱƼƹƺƵ�ƻƺƼƴƽƾƺƵ�
ƽƾƼƿƶƾƿƼƺƵ&�ƭƷƴƳƶƺƵ�ƶ�ƶƺƽƾƹƺƵ�ƾƶƬƹƴ�ǃƱƷƺƮƱƶƬ(
ƣƬǅƱ� ƮƽƱƯƺ� Ʈ� ƽƾƺƸƬƾƺƷƺƯƴƴ� ƴƽƻƺƷǈƳƿƱƾƽǋ� ƸƬƾƱƼƴ-

ƬƷ� �<bh� ǜ� Ill�� "A^blmeb\a&�ƤƮƱƵǂƬƼƴǋ#(� ƙƬƾƱƼƴƬƷ� �<bh�
ǜ�Ill��ǋƮƷǋƱƾƽǋ�ƹƱƺƼƯƬƹƴǃƱƽƶƺƵ�ƸƬƾƼƴǂƱƵ�ƴƳ�ƭǇǃǈƱƵ�
ƶƺƽƾƴ&�ƴƳ�ƶƺƾƺƼƺƵ�ƿưƬƷƱƹǇ�ƻƼƬƶƾƴǃƱƽƶƴ�ƮƽƱ�ƺƼƯƬƹƴǃƱ-
ƽƶƴƱ�ƶƺƸƻƺƹƱƹƾǇ4�ƹƬƾƿƼƬƷǈƹǇƵ&�ƹƱ�ƬƹƾƴƯƱƹƹǇƵ&�ƻƺƼƴ-
ƽƾǇƵ�ƶƺƸƻƷƱƶƽ(�ƐƷƬƯƺưƬƼǋ�ƱƯƺ�ƹƬƾƿƼƬƷǈƹƺƵ�ƽƾƼƿƶƾƿƼƱ�
ƸƬƾƱƼƴƬƷ�ǀƴƳƴƺƷƺƯƴǃƱƽƶƴ� ƴ� ǁƴƸƴǃƱƽƶƴ� ƽǁƺƲ� ƽ�ƸƴƹƱ-
ƼƬƷǈƹǇƸ�ƸƬƾƼƴƶƽƺƸ�ǃƱƷƺƮƱǃƱƽƶƺƵ�ƶƺƽƾƴ(�ƑǇƻƿƽƶƬƱƾƽǋ�
Ʈ�ƮƴưƱ�ƯƿƭǃƬƾǇǁ�ƴ�ƶƺƼƾƴƶƬƷǈƹǇǁ�ƯƼƬƹƿƷ�ƴƷƴ�ƭƷƺƶƺƮ(�U/W

ƖƽƽƷƱưƺƮƬƹƴƱ� NZi^mb� @(� U0W� ƻƺƶƬƳƬƷƺ� ƻƼƱƴƸƿǅƱ-
ƽƾƮƱƹƹƺƱ� ǀƺƼƸƴƼƺƮƬƹƴƱ� ƶƺƽƾƴ� ƹƬ� ƹƬǃƬƷǈƹǇǁ� ǉƾƬƻƬǁ�
ƼƱƯƱƹƱƼƬǂƴƴ�ƻƼƴ�ƴƽƻƺƷǈƳƺƮƬƹƴƴ�<bh�ǜ�Ill�Ʈ�ƶƬǃƱƽƾƮƱ�
ƳƬƸƱƹƴƾƱƷǋ� ƶƺƽƾƹƺƯƺ� ƾƼƬƹƽƻƷƬƹƾƬƾƬ(� ƜƺƽƶƺƷǈƶƿ� <bh�
ǜ� Ill� ƻƼƱưƽƾƬƮƷǋƱƾ� ƽƺƭƺƵ� ƻƺƷƹƺƽƾǈǊ� ưƱƻƼƺƾƱƴƹƴ-
ƳƴƼƺƮƬƹƹǇƵ� ƸƬƾƱƼƴƬƷ� ƾƼƬƹƽƻƷƬƹƾƬƾƬ&� ƺƹ� ƽƺǁƼƬƹǋƱƾ�
ƻƼƱưƻƺǃƾƴƾƱƷǈƹƿǊ� ƺƼƴƱƹƾƬǂƴǊ� ƴ� ƼƬƳƸƱƼ� ƶƼƴƽƾƬƷƷƺƮ�
ƯƴưƼƺƶƽƴƬƻƬƾƴƾƬ&�ƶƬƶƴƸƴ�ƺƹƴ�ǋƮƷǋǊƾƽǋ�bg�oboh(�Ƒ�ƾƺ�ƲƱ�
ƮƼƱƸǋ&�<bh�ǜ�Ill&�ƮƺƳƸƺƲƹƺ&�ƽƺưƱƼƲƴƾ�ƹƱƺƼƯƬƹƴǃƱƽƶƴƱ�
ƮƱǅƱƽƾƮƬ&�ƾƬƶƴƱ�ƶƬƶ�G`�ƴƷƴ�HZ(
ſƼƺƸƱ� ƾƺƯƺ&� ƽƾƼƿƶƾƿƼƬ�<bh� ǜ�Ill� ƽƺƽƾƺƴƾ� ƴƳ�ǄƴƼƺ-

ƶƺƵ� ƮƳƬƴƸƺƽƮǋƳƬƹƹƺƵ� ƽƴƽƾƱƸǇ� ƻƺƼ&� ƶƺƾƺƼƬǋ� ƻƺƳƮƺ-
ƷǋƱƾ�ǉƾƺƸƿ�ƸƬƾƱƼƴƬƷƿ�ƽƷƿƲƴƾǈ�ǀƴƳƴǃƱƽƶƴƸ�ƶƬƼƶƬƽƺƸ�
ưƷǋ�ƺƽƾƱƺƯƱƹƹǇǁ�ƶƷƱƾƺƶ&�ƽƻƺƽƺƭƽƾƮƿǋ� ƾƱƸ�ƽƬƸǇƸ�Ƹƴ-
ƯƼƬǂƴƴ� ƴ� ƻƺƽƷƱưƿǊǅƱƸƿ� ƻƼƴƶƼƱƻƷƱƹƴǊ� ǉƾƴǁ� ƶƷƱƾƺƶ(�
ƟƬƶƲƱ&�ƽƾƴƸƿƷƴƼƿƱƾ�ƺƽƾƱƺƭƷƬƽƾƴǃƱƽƶƿǊ�ƬƶƾƴƮƹƺƽƾǈ�ƹƬ�
ƼƬƹƹƴǁ�ƽƾƬưƴǋǁ�ƼƱƯƱƹƱƼƬǂƴƴ�ƶƺƽƾƴ(
ƚƱƳƬƮƴƽƴƸƺ� ƺƾ� ƾƺƯƺ&� ǋƮƷǋƱƾƽǋ� Ʒƴ� <bh� ǜ�Ill� ƻƺƷƹƺ-

ƽƾǈǊ� ƴƷƴ� ǃƬƽƾƴǃƹƺ� ưƱƻƼƺƾƱƴƹƴƳƴƼƺƮƬƹƹǇƸ� ƸƬƾƱƼƴƬ-
ƷƺƸ&� ƻƼƱưƽƾƬƮƷǋƱƾƽǋ� ƮƱƼƺǋƾƹǇƸ&� ǃƾƺ� ƭƱƷƶƴ� ƸƬƾƼƴǂǇ�
ƴ� ƸƱƽƾƹǇƱ� ǀƬƶƾƺƼǇ&� ƻƼƺƴƽǁƺưǋǅƴƱ� ƴƳ� ƺƶƼƿƲƬǊǅƱƵ�
ƶƺƽƾƴ&� ƹƬƶƬƻƷƴƮƬǊƾƽǋ�ƹƬ�ƱƱ�ƻƺƮƱƼǁƹƺƽƾƴ&� ǃƾƺ� ƳƬƽƾƬƮ-
ƷǋƱƾ�<bh�ǜ�Ill�ǀƿƹƶǂƴƺƹƴƼƺƮƬƾǈ&�ƴƸƴƾƴƼƿǋ�ƻƺưƷƴƹƹǇƵ�
ƶƺƽƾƹǇƵ�ƸƬƾƼƴƶƽ�Ʈ�ƻƼƺǂƱƽƽƱ�ƸƴƯƼƬǂƴƴ�ƶƷƱƾƺƶ&�ƻƼƴƶƼƱ-
ƻƷƱƹƴǋ�ƴ�ƻƺƽƷƱưƿǊǅƱƵ�ƺƽƾƱƺƭƷƬƽƾƴǃƱƽƶƺƵ�ưƴǀǀƱƼƱƹ-
ǂƴƼƺƮƶƴ(�ƚƱƶƺƾƺƼǇƱ�ǀƬƶƾƺƼǇ�ƼƺƽƾƬ�ƴ�ƭƱƷƶƴ�ƶƺƽƾƹƺƯƺ�
ƸƬƾƼƴƶƽƬ� ǀƴƳƴǃƱƽƶƴ� ƸƺƯƿƾ� ƻƼƺƹƴƶƬƾǈ� Ʈ� ƻƺƮƱƼǁƹƺƽƾ-
ƹǇƵ�ƽƷƺƵ�<bh�ǜ�Ill&�ƻƼƺǁƺưǋ�ǃƱƼƱƳ�ƻƺƼƴƽƾƿǊ�ƽƾƼƿƶƾƿƼƿ�
ǉƾƺƯƺ�ƸƬƾƱƼƴƬƷƬ&�ƴƷƴ�ƽƮǋƳǇƮƬƾǈƽǋ�ƹƱƻƺƽƼƱưƽƾƮƱƹƹƺ�ƽ�
ƶƼƴƽƾƬƷƷƬƸƴ� ƯƴưƼƺƶƽƴƬƻƬƾƴƾƬ&� ƹƬƻƼƴƸƱƼ&� ƭƷƬƯƺưƬƼǋ�
ƶƬƷǈǂƴƵƽƮǋƳǇƮƬǊǅƱƵ� ƽƻƺƽƺƭƹƺƽƾƴ� ƺƽƾƱƺƻƺƹƾƴƹƬ� ƴ�
ƺƽƾƱƺƶƬƷǈǂƴƹƬ(� ƜƼƱưƻƺƷƬƯƬƱƾƽǋ&� ǃƾƺ� ƺƭƬ� ƸƱǁƬƹƴƳƸƬ�
ƭƿưƿƾ�ƿǃƬƽƾƮƺƮƬƾǈ�Ʈ�ƶƷƱƾƺǃƹǇǁ�ƻƼƺǂƱƽƽƬǁ�ƶƷƱƾƺƶ�ǜ�ǁƺ-
ƳǋƱƮ(
�<bh�ǜ�Ab]^��ǜ�ƶƺƷƷƬƯƱƹƺƮƬǋ�ƴƳƺƷƴƼƿǊǅƬǋ�ƸƱƸƭƼƬƹƬ�

ƻƼƺƴƳƮƺưƽƾƮƬ�ƾƺƵ�ƲƱ�ƶƺƸƻƬƹƴƴ�ǃƾƺ�ƴ��<bh�ǜ�Ill�&�ƻƺƷƿ-
ǃƱƹƹƬǋ�ƴƳ�ƶƽƱƹƺƻƱƼƴƶƬƼưƬ&�ƮǇƻƺƷƹǋǊǅƬǋ�ƼƺƷǈ�ƭƬƼǈƱ-
ƼƬ�ƻƼƴ�ƹƬƻƼƬƮƷƱƹƹƺƵ� ƾƶƬƹƱƮƺƵ�ƼƱƯƱƹƱƼƬǂƴƴ�Ʈ� ǁƴƼƿƼ-
Ưƴƴ�ƻƺƷƺƽƾƴ�ƼƾƬ(�ƒƺƮƺƷǈƹƺ�ǉƷƬƽƾƴǃƹƬ�ƻƼƴ�ƴƽƻƺƷǈƳƺƮƬ-
ƹƴƴ&�ǁƺƼƺǄƺ�ƳƬƻƺƷƹǋƱƾ�ƴƸƱǊǅƴƵƽǋ�ưƱǀƱƶƾ&�ƹƱ�ƾƼƱƭƿ-
Ʊƾƽǋ�ưƺƻƺƷƹƴƾƱƷǈƹƺƯƺ�ƺƻƱƼƬƾƴƮƹƺƯƺ�ƮƸƱǄƬƾƱƷǈƽƾƮƬ�ƽ�
ǂƱƷǈǊ�ƱƱ�ƿưƬƷƱƹƴǋ&�ƾƬƶ�ƶƬƶ�ƻƺƷƹƺƽƾǈǊ�ƭƴƺƴƹƾƱƯƼƴƼƿƱƾ�
Ʈ� ƺƶƼƿƲƬǊǅƴƱ� ƾƶƬƹƴ&� ƹƱ� ƮǇƳǇƮƬǋ�ƻƼƴ�ǉƾƺƸ�ƻƺƭƺǃƹǇǁ�
ǉǀǀƱƶƾƺƮ(� ƟƬƶƲƱ&� ƻƼƴ�ƭƺƷƱƱ� ƶƼƿƻƹǇǁ�ưƱǀƱƶƾƬǁ�ƴ�ưƷǋ�
ưƺƽƾƴƲƱƹƴǋ�ƷƿǃǄƴǁ�ƼƱƳƿƷǈƾƬƾƺƮ�ƻƼƴ�ƬƿƯƸƱƹƾƬǂƴƴ�ƬƷǈ-
ƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭƹǋ�ƱƱ�ƴƽƻƺƷǈƳƿǊƾ�Ʈ�ƶƺƸƭƴƹƬǂƴƴ�ƽ�ưƼƿ-
ƯƴƸƴ�ƺƽƾƱƺƻƷƬƽƾƴǃƱƽƶƴƸƴ�ƸƬƾƱƼƴƬƷƬƸƴ(�ƞ�ǉƾƺƵ�ǂƱƷǈǊ�
ƿƽƻƱǄƹƺ�ƻƼƴƸƱƹǋƱƾƽǋ�ƺƽƾƱƺƻƷƬƽƾƴǃƱƽƶƴƵ�ƭƴƺƸƬƾƱƼƴ-
ƬƷ��<bh�ǜ�Ill�&�ƶƺƾƺƼǇƵ�ƺƭƷƬưƬƱƾ�ƺƽƾƱƺƴƹưƿƶƾƴƮƹǇƸƴ�
ƽƮƺƵƽƾƮƬƸƴ(�ƓƯƺ�ƻƺƼƴƽƾƬǋ�ƽƾƼƿƶƾƿƼƬ�ƿƽƻƱǄƹƺ�ƻƼƺƼƬƽ-
ƾƬƱƾ� ƶƼƺƮƱƹƺƽƹǇƸƴ� ƽƺƽƿưƬƸƴ� ƴ� ƹƺƮƺƺƭƼƬƳƺƮƬƹƹǇƸƴ�
ƶƺƽƾƹǇƸƴ�ƶƷƱƾƶƬƸƴ&�ƺ�ǃƱƸ�ƯƺƮƺƼƴƷƺƽǈ�ƮǇǄƱ(�U1W
Ƒ� ƹƬƽƾƺǋǅƱƱ� ƮƼƱƸǋ� Ʈ� ǁƴƼƿƼƯƴƴ� ƻƺƷƺƽƾƴ� ƼƾƬ� ƽƿǅƱ-

ƽƾƮƿƱƾ� ưƮƬ� ƮƴưƬ� ƶƺƹǂƱƹƾƼƬƾƺƮ� ƾƼƺƸƭƺǂƴƾƺƮ� ưƷǋ� ƻƼƴ-
ƸƱƹƱƹƴǋ�Ʈ�ƾƶƬƹƱƮƺƵ�ƴƹƲƱƹƱƼƴƴ�bg�oboh4�ƻƷƬƳƸƬ&�ƺƭƺƯƬ-
ǅƱƹƹƬǋ�ƾƼƺƸƭƺǂƴƾƬƸƴ�"JLJ#&�ƴ�ǀƴƭƼƴƹ&�ƭƺƯƬƾǇƵ�ƾƼƺƸ-
ƭƺǂƴƾƬƸƴ�"JL@#(�ſƺƹǂƱƹƾƼƬƾǇ�ƾƼƺƸƭƺǂƴƾƺƮ�ƻƼƱưƽƾƬƮ-
ƷǋǊƾ� ƽƺƭƺƵ� ƶƺƹǂƱƹƾƼƴƼƺƮƬƹƹƿǊ�ƽƿƽƻƱƹƳƴǊ�ǀƬƶƾƺƼƺƮ�
ƼƺƽƾƬ&�ƺƭƹƬƼƿƲƴƮƬƱƸǇǁ�Ʈ�ƾƼƺƸƭƺǂƴƾƬǁ&�ưƱƵƽƾƮƿǊǅƴƱ�
ƶƬƶ�ƭƴƺƬƶƾƴƮƹǇƱ�ǁƴƼƿƼƯƴǃƱƽƶƴƱ�ưƺƭƬƮƶƴ&�ƶƺƾƺƼǇƱ�ƻƼƴ-
ƸƱƹǋǊƾƽǋ� ƷƺƶƬƷǈƹƺ� ưƷǋ� ƽƾƴƸƿƷƴƼƺƮƬƹƴǋ� ƳƬƲƴƮƷƱƹƴǋ�
ƼƬƹ(�JL@� ƮƻƱƼƮǇƱ�ƭǇƷ�ƴƽƻƺƷǈƳƺƮƬƹ� ƽƻƱǂƴƬƷǈƹƺ� Ʈ� ǁƴ-
ƼƿƼƯƴƴ�ƻƺƷƺƽƾƴ�ƼƾƬ�>haZg�^m�Ze(�U2W�ƴ�Ʈ�ƹƬƽƾƺǋǅƱƱ�ƮƼƱ-
Ƹǋ�ƼƬƽƽƸƬƾƼƴƮƬƱƾƽǋ�ƶƬƶ�ƹƺƮƺƱ�ƻƺƶƺƷƱƹƴƱ�ƶƺƹǂƱƹƾƼƬƾƬ�
ƾƼƺƸƭƺǂƴƾƺƮ(� ƛƹ� ƽƺƽƾƺƴƾ� ƴƳ� ƸƬƾƼƴǂǇ� ƬƿƾƺƷƺƯƴǃƹƺƯƺ�
ǀƴƭƼƴƹƬ�ƴ�ƴƸƱƱƾ�ƹƱƽƶƺƷǈƶƺ�ƻƼƱƴƸƿǅƱƽƾƮ�ƻƺ�ƽƼƬƮƹƱ-
ƹƴǊ� ƽ� JLJ&� ƮƶƷǊǃƬǋ� ƭƺƷƱƱ� ƻƼƺƽƾƿǊ� ƻƺưƯƺƾƺƮƶƿ&� ƴ� ƹƱ�

şűŽžźŮŬƋ�ůżſŻŻŬ ĿźŹžżźŷƈŹŬƋ�ůżſŻŻŬ
ŤŴżŴŹŬ&�ŸŸ  – 2.5 ± 1.2  – 4.5 ± 0.8

őƇŽźžŬ&�ŸŸ  – 0.7 ± 1.4  – 3.6 ± 1.5

Таблица 1. Изменения альвеолярного гребня 
по данным КЛКТ от Кобозев и соавт. [4]

Table 1. Changes in the alveolar ridge according 
to CBCT data from Kobozev et al. [4]
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ƾƱƹưƱƹǂƴǋ� ƶ� Ƽƺƽƾƿ� ƺƾƸƱǃƬƷƬƽǈ� Ʈ� ƻƱƼƴƺư� ƺƾ� ƾƼƱǁ�
ưƺ� ǄƱƽƾƴ� ƸƱƽǋǂƱƮ(� ƣƱƼƱƳ� ǄƱƽƾǈ� ƸƱƽǋǂƱƮ� ƻƼƴ-
ƭƷƴƳƴƾƱƷǈƹƺ� ƿ� ƻƺƷƺƮƴƹǇ� ƻƬǂƴƱƹƾƺƮ� ƭǇƷƬ� ưƺƽƾƴƯ-
ƹƿƾƬ� ƻƷƺƾƹƺƽƾǈ� ƶƺƽƾƹƺƵ� ƾƶƬƹƴ&� ƺƻƾƴƸƬƷǈƹƬǋ� ưƷǋ�
ƴƸƻƷƬƹƾƬǂƴƴ

Ǥ� ƿƮƱƷƴǃƱƹƴƱ� ƼƬƳƸƱƼƺƮ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƺƾƼƺƽƾƶƬ�
ƮƱƼǁƹƱƵ�ǃƱƷǊƽƾƴ�"ƽƴƹƿƽ�ǜ�ƷƴǀƾƴƹƯ#�ƽ�ƶƺƸƻƷƱƶƽƹǇƸ�
ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ� ƺƽƾƱƺƻƷƬƽƾƴǃƱƽƶƴǁ� ƸƬƾƱƼƴƬƷƺƮ&�
ƼƱƳƺƼƭƴƼƿƱƸǇǁ� ƸƱƸƭƼƬƹ&� ƬƿƾƺƯƱƹƹƺƵ� ƶƺƽƾƹƺƵ�
ƶƼƺǄƶƴ� ƴ� JL@� ǁƬƼƬƶƾƱƼƴƳƿƱƾƽǋ� ƼƬƹƹƴƸ� ƴ� ƳƹƬǃƴ-
ƾƱƷǈƹǇƸ� ƻƺƮǇǄƱƹƴƱƸ� ƻƷƺƾƹƺƽƾƴ� ƶƺƽƾƹƺƵ� ƾƶƬƹƴ(�
ƀƲƱ�ǃƱƼƱƳ�ƺưƴƹ�ƸƱƽǋǂ�ƻƺƽƷƱ�ƺƻƱƼƬǂƴƴ�ǃƴƽƷƱƹƹƺƽƾǈ�
ƻƬǂƴƱƹƾƺƮ�ƽ�ƺƻƾƴƸƬƷǈƹƺƵ�ưƷǋ�ƴƸƻƷƬƹƾƬǂƴƴ�ƻƷƺƾ-
ƹƺƽƾǈǊ� ƶƺƽƾƹƺƵ� ƾƶƬƹƴ� ƻƼƱƮǇǄƬƷƬ� 3*�&� ƽƼƱưƹǋǋ�
ƻƷƺƾƹƺƽƾǈ�ƶƺƽƾƹƺƵ�ƾƶƬƹƴ�Ʈƺ�ƮƽƱ�ƻƺƽƷƱưƿǊǅƴƱ�ƻƱ-
ƼƴƺưǇ�ƹƬƭƷǊưƱƹƴǋ�ƭǇƷƬ�ưƺƽƾƺƮƱƼƹƺ�ƮǇǄƱ&�ǃƱƸ�Ʈ�
ƬƷǈƾƱƼƹƬƾƴƮƹǇǁ�ƯƼƿƻƻƬǁ(
ƔưƬƹƺƮ� Ɠ(Ƒ(� ƴ� ƽƺƬƮƾ(� ƺƻƿƭƷƴƶƺƮƬƷƴ� ƴƽƽƷƱưƺƮƬƹƴƱ�

U++W&�Ʈ�ƶƺƾƺƼƺƸ�ƺƹƴ�ƼƬƳưƱƷƴƷƴ�ƻƬǂƴƱƹƾƺƮ�ƹƬ�ƺƽƹƺƮƹƿǊ�
ƴ�ƶƺƹƾƼƺƷǈƹƿǊ�ƯƼƿƻƻǇ(�Ƒ�ƺƽƹƺƮƹƿǊ�ƯƼƿƻƻƿ�ƮƺǄƷƴ�ƻƬǂƴ-
ƱƹƾǇ&�ƶƺƾƺƼǇƸ�ƿưƬƷƴƷƴ�ƳƿƭǇ�ƬƾƼƬƮƸƬƾƴǃƹǇƸ�ƻƿƾƱƸ�ƻƺ�
ǉƹưƺưƺƹƾƴǃƱƽƶƴƸ� ƻƺƶƬƳƬƹƴǋƸ&� ƻƼƴƸƱƹǋƷƴ� ƶƺƸƻƷƱƶƽ�
ƷƱǃƱƭƹǇǁ�ƸƱƼƺƻƼƴǋƾƴƵ&�ƹƬƻƼƬƮƷƱƹƹǇǁ�ƹƬ�ƽƺǁƼƬƹƱƹƴƱ�
ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭƹǋ�ƴ�ǀƺƼƸƴƼƺƮƬƹƴƱ�ƸǋƯƶƴǁ�ƾƶƬƹƱƵ�
ưƷǋ�ƻƺƽƷƱưƿǊǅƱƵ�ƴƸƻƷƬƹƾƬǂƴƴ(�Ƒ�ƶƺƹƾƼƺƷǈƹƿǊ�ƯƼƿƻ-
ƻƿ�ƭǇƷƴ�ƮƶƷǊǃƱƹǇ�ƻƬǂƴƱƹƾǇ&�ƶƺƾƺƼǇƸ�ƻƺƽƷƱ�ƿưƬƷƱƹƴǋ�
ƳƿƭƬ�ƹƱ�ƭǇƷƴ�ƻƼƺƮƱưƱƹǇ�ƻƼƺǂƱưƿƼǇ�ƽƺǁƼƬƹƱƹƴǋ�ƬƷǈ-
ƮƱƺƷǋƼƹƺƵ�ƶƺƽƾƴ(
Ƒ�ƺƽƹƺƮƹƺƵ�ƯƼƿƻƻƱ�ƻƺƽƷƱ�ƬƾƼƬƮƸƬƾƴǃƹƺƵ�ǉƶƽƾƼƬƶǂƴƴ�

ƳƿƭƺƮ�Ʒƿƹƶƴ�ƭƱƳ�ưƱǀƱƶƾƺƮ�ƽ�ƾƺƷƽƾǇƸƴ�ƶƺƽƾƹǇƸƴ�ƽƾƱƹ-
ƶƬƸƴ� ƳƬƲƴƮƬƷƴ� ƻƺư� ƽƯƿƽƾƶƺƸ� ƴ� ƹƱ� ƳƬƻƺƷƹǋƷƴƽǈ� ƭƴƺ-
ƸƬƾƱƼƴƬƷƬƸƴ(�ƜƼƴ�ƹƬƷƴǃƴƴ�ƸƱƷƶƴǁ�ƴƷƴ� ƳƹƬǃƴƾƱƷǈƹǇǁ�
ưƱǀƱƶƾƺƮ� ƻƼƴ� ƳƬƻƺƷƹƱƹƴƴ� Ʒƿƹƺƶ� ƴƽƻƺƷǈƳƺƮƬƷƴ� ƺƭƺ-
ƯƬǅƱƹƹƬǋ�ǀƴƭƼƴƹƺƸ�ƾƼƺƸƭƺǂƴƾƬƼƹƬǋ�ƻƷƬƳƸƬ�ƴƷƴ�ƸƬ-
ƾƱƼƴƬƷ��<bh�ǜ�Ill�&�ƾƬƶƲƱ&�ƻƼƴ�ƳƹƬǃƴƾƱƷǈƹǇǁ�ưƱǀƱƶƾƬǁ�
ƴƽƻƺƷǈƳƺƮƬƷƴ�ƶƺƸƭƴƹƬǂƴǊ��<bh�ǜ�Ill��ƽ�ƴƳƸƱƷǈǃƱƹƹƺƵ�
ƬƿƾƺƶƺƽƾǈǊ&� ƽƺƺƾƹƺǄƱƹƴƱ� ƶƺƾƺƼƺƵ� ƿƮƱƷƴǃƴƮƬƷƺƽǈ� Ʈ�
ƻƺƷǈƳƿ�Ƭƿƾƺƶƺƽƾƴ�ƻƼƴ�ƿƮƱƷƴǃƱƹƴƴ�ƼƬƳƸƱƼƬ�ưƱǀƱƶƾƬ(
Ƒ�ƶƺƹƾƼƺƷǈƹƺƵ�ƯƼƿƻƻƱ�ƿ�ƮƽƱǁ�ƻƬǂƴƱƹƾƺƮ�ƻƺƽƷƱ�ƿưƬ-

ƷƱƹƴǋ� ƳƿƭƬ�ƹƬƭƷǊưƬƷƬƽǈ�ƬƾƼƺǀƴǋ� ƶƺƽƾƹƺƵ� ƾƶƬƹƴ�Ʒƿƹ-
ƶƴ�ƼƬƳƷƴǃƹƺƵ�ƽƾƱƻƱƹƴ�ƮǇƼƬƲƱƹƹƺƽƾƴ(�Ƒƺ�ƮƽƱǁ�ƽƷƿǃƬǋǁ�
ƻƼƴƸƱƹƱƹƴǋ�ƸƱƾƺưƴƶ�ƽƺǁƼƬƹƱƹƴǋ�ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭ-
ƹǋ�Ʈ�ƺƽƹƺƮƹƺƵ�ƯƼƿƻƻƱ�ƹƱ�ƻƼƺƴƳƺǄƷƺ�ƳƹƬǃƴƸƺƵ�ƻƺƾƱƼƴ�
ƶƺƽƾƹƺƵ�ƾƶƬƹƴ(�ƜƺƷƿǃƱƹƹǇƱ�ƻƬƼƬƸƱƾƼǇ�ƶƺƽƾƹƺƯƺ�ƯƼƱƭ-
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ƹǋ�ƻƺƳƮƺƷƴƷƴ�ƻƼƺƮƱƽƾƴ�ƴƸƻƷƬƹƾƬǂƴǊ�ƭƱƳ�ƻƼƴƸƱƹƱƹƴǋ�
ƸƱƾƺưƺƮ�ƬƿƯƸƱƹƾƬǂƴƴ�ƶƺƽƾƹƺƯƺ�ƯƼƱƭƹǋ�ƻƺ�ǄƴƼƴƹƱ(
ƏƮƾƺƼǇ� ƺƾƸƱǃƬǊƾ&� ǃƾƺ� ƻƼƴƸƱƹƱƹƴƱ�ƸƱƾƺưƴƶ� ƽƺǁƼƬ-

ƹƱƹƴǋ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƯƼƱƭƹǋ� ƻƺƳƮƺƷǋƱƾ� ƽƺǁƼƬƹƴƾǈ�
ƶƺƽƾƹǇƱ�ƽƾƱƹƶƴ�ƬƷǈƮƱƺƷǇ�ưƷǋ�ƺƻƾƴƸƬƷǈƹƺƯƺ�ƼƬƽƻƺƷƺ-
ƲƱƹƴǋ�ƴƸƻƷƬƹƾƬ&�ƽƺƶƼƬƾƴƾǈ�ƽƼƺƶƴ�ƷƱǃƱƹƴǋ&�Ʈ�ƽƼƱưƹƱƸ&�
ƹƬ� ,� ǜ� .� ƸƱƽǋǂƬ&� ƽƺƶƼƬƾƴƾǈ� ƶƺƷƴǃƱƽƾƮƺ� ƺƻƱƼƬƾƴƮƹǇǁ�
ƮƸƱǄƬƾƱƷǈƽƾƮ�ưƺ�+�ǜ�,&�ƴƳƭƱƲƬƾǈ�Ʈ�ưƬƷǈƹƱƵǄƱƸ�ƻƼƺƮƱ-
ưƱƹƴǋ�ưƷƴƾƱƷǈƹǇǁ�ƴ�ưƺƼƺƯƺƽƾƺǋǅƴǁ�ƻƼƺǂƱưƿƼ�ƻƺ�Ʈƺƽ-
ƽƺƳưƬƹƴǊ� ưƺƽƾƬƾƺǃƹƺƯƺ� ƺƭǆƱƸƬ� ƴ� ƬƼǁƴƾƱƶƾƿƼǇ� ƶƺƽƾ-
ƹƺƵ�ƴ�ƸǋƯƶƴǁ�ƾƶƬƹƱƵ(
Ƒ�ƻƺƽƷƱưƹƱƱ�ƮƼƱƸǋ�ƻƿƭƷƴƶƿƱƾƽǋ�ƹƱƸƬƷƺ�ƼƬƭƺƾ�ƻƼƺ�

ƬƿƯƸƱƹƾƬǂƴǊ�ƬƷǈƮƱƺƷǋƼƹƺƯƺ�ƯƼƱƭƹǋ�ƬƿƾƺƷƺƯƴǃƹǇƸ�ƸƬ-
ƾƱƼƴƬƷƺƸ�ƳƿƭƬ�U+,&�+-&�+.&�+/W(�ƞƿƾǈ�ƸƱƾƺưƬ�ƳƬƶƷǊǃƬƱƾ-
ƽǋ�Ʈ�ƾƺƸ&�ǃƾƺ�Ƴƿƭ�ƿưƬƷǋƱƾƽǋ�ƸƬƶƽƴƸƬƷǈƹƺ�ƬƾƼƬƮƸƬƾƴǃ-
ƹǇƸ�ƸƱƾƺưƺƸ�ƻƺ� ǉƹưƺưƺƹƾƴǃƱƽƶƴƸ&� ƺƼƾƺưƺƹƾƴǃƱƽƶƴƸ�
ƴ�ưƼƿƯƴƸ�ƻƺƶƬƳƬƹƴǋƸ(�ƒƬƷƱƱ�ƻƼƺƮƺưƴƾƽǋ�ǉƶƽƾƴƼƻƬǂƴǋ�
ƻƿƷǈƻǇ&� ƻƺƮƱƼǁƹƺƽƾǈ� ƶƺƼƹǋ� ƺǃƴǅƬƱƾƽǋ� ƺƾ� ƮƽƱǁ� ƺƽƾƬƾ-
ƶƺƮ�ƻƬƼƺưƺƹƾƬ�ƳƿƭƬ&�Ƭ�ǉƸƬƷǈ�ƴ�ǂƱƸƱƹƾ&�ƻƺƶƼǇƮƬǊǅƴƵ�
ưƱƹƾƴƹ� ƴ� ƮƺƮƽƱ� ƽƺǄƷƴǀƺƮǇƮƬǊƾƽǋ� ƽ� ƻƺƸƺǅǈǊ� ƭƺƼƬ(�
ƛƽƾƬƮǄƴƵƽǋ�ưƱƹƾƴƹ�ƴƳƸƱƷǈǃƬǊƾ�Ʈ� ƶƺƽƾƹƺƵ�ƸƱƷǈƹƴǂƱ&�
ƻƼƱưƮƬƼƴƾƱƷǈƹƺ� ƼƬƳưƱƷƴƮ� ƹƬ� ƹƱƭƺƷǈǄƴƱ� ƶƿƽƺǃƶƴ(� ƚƬ�
ƮǇǁƺưƱ� ƻƺƷƿǃƬǊƾ� ƴƳƸƱƷǈǃƱƹƹǇƵ� ưƱƹƾƴƹ&� ƽƸƱǄƴƮƬǊƾ�
ƽ�ƶƼƺƮǈǊ�ƻƬǂƴƱƹƾƬ&�ƶƺƾƺƼƿǊ�ƭƱƼƿƾ�ƴƳ�ƺƭƷƬƽƾƴ�ƺƻƱƼƬ-
ƾƴƮƹƺƯƺ� ƮƸƱǄƬƾƱƷǈƽƾƮƬ(� Ʃƾƺƾ� ƶƺƹƯƷƺƸƱƼƬƾ� ƿƻƬƶƺƮǇ-
ƮƬƱƾƽǋ�Ʈ�Ʒƿƹƶƿ�ƳƿƭƬ&�ƳƬƶƼǇƮƬƱƾƽǋ�ƴ�ƿǄƴƮƬƱƾƽǋ�ƽƺƱưƴ-
ƹƴƾƱƷǈƹƺƾƶƬƹƹǇƸ� ƾƼƬƹƽƻƷƬƹƾƬƾƺƸ(� EZg`� ǜ� Gb� JZg`� ƴ�
ƽƺƬƮƾ(�ƻƼƺƮƱƷƴ�ƴƽƽƷƱưƺƮƬƹƴƱ� U+0W&�Ʈ�ƶƺƾƺƼƺƸ�ƽƼƬƮƹƴ-
Ʒƴ� ƶƺƹƽƱƼƮƬǂƴǊ� Ʒƿƹƺƶ� ƳƿƭƬ� ƴƳƸƱƷǈǃƱƹƹǇƸ� ưƱƹƾƴƹƺƸ�
";nmh<N#�ƴ�ưƱƻƼƺƾƱƴƹƱƳƴƼƺƮƬƹƹƺƵ�ƭǇǃǈƱƵ�ƶƺƽƾǈǊ��<bh�
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ǃƾƺ� ƮƱƼƾƴƶƬƷǈƹǇƱ� ƼƬƳƸƱƼǇ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƺƾƼƺƽƾƶƬ�
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ǉƶƽƾƼƬƶǂƴƴ(� žƴƽƾƺƸƺƼǀƺƷƺƯƴǃƱƽƶƴ&� ƹƺƮƺƺƭƼƬƳƺƮƬƹƴƱ�
ƶƺƽƾƴ�Ʈ�ƿǃƬƽƾƶƱ�ƬƿƾƺƾƼƬƹƽƻƷƬƹƾƬǂƴƴ�ƽƺƽƾƬƮƷǋƷƺ�-+&,.�
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�� +3&--�(� ſƺǉǀǀƴǂƴƱƹƾ� ƽƾƬƭƴƷǈƹƺƽƾƴ� ƴƸƻƷƬƹƾƬƾƺƮ�
"CMK#� ưƷǋ�ƴƸƻƷƬƹƾƬƾƺƮ&� ƻƺƸƱǅƱƹƹǇǁ� Ʈ� ƿǃƬƽƾƶƴ� ƽ� ƻƼƴ-
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ǃƴƵ�ƸƱƲưƿ�ƴƳƸƱƼƱƹƴǋƸƴ�ưƮƿǁ�ƯƼƿƻƻ(�ƟƬƶƲƱ&�Ʊƽƾǈ�ưƬƹ-
ƹǇƱ&� ƽƮƴưƱƾƱƷǈƽƾƮƿǊǅƴƱ� ƺ� ƭƺƷƱƱ� ƭǇƽƾƼƺƸ� ƻƼƺǂƱƽƽƱ�
ƳƬƲƴƮƷƱƹƴǋ�ƻƼƴ�ƴƽƻƺƷǈƳƺƮƬƹƴƴ�ƽƺƭƽƾƮƱƹƹƺƯƺ�ưƱƹƾƴƹƬ�
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Hh(�+

/(�G(�Mm^b`fZgg(�HZmnkZe�[hobg^�q^gh`kZ_m4�l\b^gmb_b\�^ob]^g\^�Zg]�
\ebgb\Ze�lmn]b^l(�DhnkgZe�h_�>^gmZe�CfieZgmheh`r�Zg]�Mnk`^kr�Hh(�-�"+,#�
,*+-

0(�@Z[kb\bh� C(� NZi^mr&� Hhkbh� ;fbsndZ&� EZmlnfb� OhlabfZ&� Manb\ab�
HhfnkZ&�NZd^rZln�GZ^]Z(�;�ablmheh`b\Ze�^oZenZmbhg�h_�ma^�bgoheo^f^gm�
h_� <bh�Ill�� bg� hlm^h[eZlmb\� ]b__^k^gmbZmbhg� Zg]� fZmkbq� lrgma^lbl(�
=ebgb\Ze� IkZe� CfieZgml� L^l^Zk\a� Phenf^+/&� Clln^-&� ,**.&� ammil4))]hb(
hk`)+*(++++)c(+0**�ǜ�*/*+(,**.(*+*+,(q

1(�EZefbg�I(P(&�Hbdblabg�>(P(&�Pheh]bgZ�Sn(G(�Ghkiaheh`b\Ze�ZgZerlbl�
h_� ^__b\b^g\r� h_� Ziieb\Zmbhg� h_� k^lhnk\Z[e^� f^f[kZg^� ǟobh� ǜ� `b]^&�
DhnkgZe�ǟJkh\^^]bg`l�h_�ab`a^k�^]n\ZmbhgZe� bglmbmnmbhgl(�Phe`Z�k^`bhg(�
G^]b\Ze�l\b^g\^l��Hh(�-�"-+#�,*+.

2(�>(G(� >haZg&� D(� =ahndkhng&� ;(� >bll&� M(F(>haZg&� ;(D(� >haZg&� D(�
Ghnarb&� <(� Ah`er� JeZm^e^m� ǜ� kb\a� _b[kbg� "JL@#4� Z� l^\hg]� ǜ� `^g^kZmbhg�
ieZm^e^m�\hg\^gmkZm^(�JZkm�C4�m^\agheh`b\Ze�\hg\^iml�Zg]�^ohenmbhg(�IkZe(�
Mnk`(�IkZe(�G^](�IkZe(�JZmahe(�IkZe(�LZ]bhe(�?g]h](&�+*+�",**0#&�ii(�^-1�
ǜ�..

3(�;gmhgbh� =hkm^l^&� Abnl^ii^� JZgmZe^h&� ;gmhgbh� <hkk&� GZkbh�
=Z``bZgh&�GZllbfh�;fZmh�",*+0#�JeZm^e^m�ǜ�kb\a�_b[kbg�"JL@#�bg�bfieZgm�
]^gmblmkr� bg� \hf[bgZmbhg� pbma� g^p� [hg^� k^`^g^kZmbo^� m^\agbjn^� bg�

^e]^ker�iZmb^gml(�Cgm^kgZmbhgZe�DhnkgZe�h_�Mnk`^kr�=Zl^�L^ihkml&�Phenf^�
,2&�,*+0&�JZ`^l�/,�ǜ�/0

+*(� +(�;(P(�LZsfrleho&�;(O(�Gbgdbg(�IimbfbsZmbhg�h_�lnk`b\Ze� mZ\mb\l�
bg� ma^� k^ieZ\^f^gm�h_�[hg^�]^_^\ml�Zg]�Zg� bg\k^Zl^� bg� ma^�lbs^�h_� ma^�
Zeo^heZk�ikh\^ll�h_�ma^�nii^k�cZp�Zg]�ma^�Zeo^heZk�iZkm�h_�ma^�ehp^k�cZp(�
M\b^gmb_b\�chnkgZe��J^kbh]hgmheh`r��Hh(�-�"0.#�,*+,

++(� ++(�?(P(�Ta]Zgho&�I(P(�MZob\a&�;(P(�EaoZmho&�C(P(�Ehkh`h]bg�",**/#�
Nk^Zmf^gm�ieZggbg`�Zg]�ik^l^koZmbhg�h_�ma^�ZgZmhfb\Ze�lmkn\mnk^�h_�ma^�
Zeo^heZk� kb]`^�pa^g�k^ieZ\bg`�Z� mhhma� mh�[^�^qmkZ\m^]�pbma�Zg� bfieZgm(�
M\b^gmb_b\�chnkgZe��J^kbh]hgmheh`r��Hh(�-�"-0#�,**/

+,(� Jhae� P(&� M\ana� =(&� @bl\a^k� G(<(&� BZZl� L(� ;� H^p� G^mah]�
Olbg`� ;nmh`^ghnl� CfiZ\m^]� Nabk]� GheZkl� _hk� Mbgnl� ;n`f^gmZmbhg� mh�
?gaZg\^� CfieZgm� Nk^Zmf^gm4� =Zl^� M^kb^l� pbma� Jk^ebfbgZkr� L^lneml� h_�
Zg� Ii^g&� Jkhli^\mbo^� Fhg`bmn]bgZe� Mmn]r(� Cgm^kgZmbhgZe� DhnkgZe� �IkZe�
GZqbeeh_Z\bZe�CfieZgml�&�,*+0�GZr�ǜ�Dng5-+"-#40,,�ǜ�-*(

+-(� Ebf�S(E(&�F^^�D(B(&�Of�C(Q(&�=ah�Q(D(�Anb]^]�<hg^�L^`^g^kZmbhg�
Olbg`�>^fbg^kZebs^]�>^gmbg�GZmkbq4�Fhg`�ǜ�N^kf�@heehp�ǜ�Oi(�DhnkgZe�
IkZe�GZqbeeh_Z\bZe�Mnk`^kr&�,*+0�GZk51."-#4/+/(^+�ǜ�3(

+.(� GÆgb\Z� @^kgZg]^l� Ahf^l&� JZneZ� Jbga^bkh� ]^� ;[k^n&� ;ebg^�
Lhl^�=ZgmZk^eeb�Ghkhlheeb&�GZk\^eh�GZkhmmZ�;kZÌch&�GZkbZ� ]Zl�AkZ¹Zl�
Pbe^eZ�AhneZkm(�>^glbmhf^mkb\�ZgZerlbl�h_�ma^�Znmh`^ghnl�]^fbg^kZebs^]�
]^gmbg�fZmkbq�hg� ma^�]^gmZe�lh\d^m�phng]�a^Zebg`�ikh\^ll� bg�anfZgl(�
<kZsbebZg�hkZe�k^l^Zk\a&�ohe(,*�gh(.�Mµh�JZneh�I\m()>^\(�,**0(

+/(� GZgn^e� GZkjn^l� @^kk^bkZ&� GZkbZ� @behf^gZ� LZ[Z\Z� <hm^eah&�
FbgZ� =ZkoZeah&� GZkbZ� L^bl� MbeoZ&� <Zk[ZkZ� Iebo^bkhl&� ?ngb\^� Pbk`�gbZ�
JZef^bkZh� =Zkkbeah(� ?oZenZmbhg� h_� ]^gmbg� _hkf^]� bg� Znmh`^ghnl� mhhma�
mkZglieZgmZmbhg� bg� ma^� ]h`4� Z� \hfiZkblhg� [^mp^^g� hg^� ǜ� Zg]� mph� ǜ�
lmZ`^�lnk`b\Ze�m^\agbjn^l(�>^gmZe�NkZnfZmheh`r�,*+,5�,24�31ǜ+**5�]hb4

+0(� EZg`�ǜ�Gb�JZg`&�Cg�ǜ�Qhhg`�Of&�Shng`�ǜ�Erng�Ebf&�DZ^�ǜ�GZg�
Qhh(�;nmh`^ghnl�]^fbg^kZebs^]�]^gmbg�fZmkbq�_khf�^qmkZ\m^]�mhhma�_hk�
ma^� Zn`f^gmZmbhg� h_� Zeo^heZk� [hg^� ]^_^\m4� ;� ikhli^\mbo^� kZg]hfbs^]�
\ebgb\Ze� mkbZe� bg� \hfiZkblhg� pbma� Zghk`Zgb\� [hobg^� [hg^(� =ebgb\Ze� IkZe�
CfieZgml�L^l^Zk\a�,2"1#(

+1(� H^nf^r^k�M(�Na^�Nblln^�GZlm^k�=hg\^im�"NG=#4�bgghoZmbhgl�_hk�
Zeo^heZk�kb]`^�ik^l^koZmbhg(�Cgm�D�?lma^m�>^gm(�,*+15+,",#4,.0�ǜ�,/1(

ƗƛơƜƞƚƐƣƗƬ�ƜƑ�ƐƒƠƜƞƐƢ4
ƕƯƸƯåƱ�ƭ(Ɣ(,�ǜ�ƺƼưƴƹƬƾƺƼ
ƖƼƾƼƻƼƱ�ƛ(Ɣ(+�ǜ�ư(Ƹ(ƹ(&�ƻƼƺǀƱƽƽƺƼ�ƶƬǀƱưƼǇ�ƛƼƾƺƻƱưƴǃƱƽƶƺƵ�ƽƾƺƸƬƾƺƷƺƯƴƴ
ƃåƻåƾƯƹƼƱƯ�ƭ(Ɣ(+�ǜ�ƽƾƿưƱƹƾ�ƙƱưƴǂƴƹƽƶƺƯƺ�ƖƹƽƾƴƾƿƾƬ
ƟåƲƼƾåƹƼƱƯ�Ʈ(Ɣ(+�ǜ�ƽƾƿưƱƹƾ�ƙƱưƴǂƴƹƽƶƺƯƺ�ƖƹƽƾƴƾƿƾƬ
ƕƯƹƯǅƼƱƯ�ƞ(Ƙ(,�ǜ�ƺƼưƴƹƬƾƺƼ
ƄƯƾƻƯåƱƯ�Ɣ(Ø(+�ǜ�ƶ(Ƹ(ƹ(&�ƽƾ(�ƻƼƱƻƺưƬƮƬƾƱƷǈ�ƶƬǀƱưƼǇ�ƟƱƼƬƻƱƮƾƴǃƱƽƶƺƵ�ƽƾƺƸƬƾƺƷƺƯƴƴ&�IL=C>�C>4�****�ǜ�***,�ǜ�

+0-+�ǜ�/..*
ØƹƼƻƼƱƯ�Ɩ(ƞ(+�ǜ�ƶ(Ƹ(ƹ(&�ƽƾ(�ƻƼƱƻƺưƬƮƬƾƱƷǈ�ƶƬǀƱưƼǇ�ƟƱƼƬƻƱƮƾƴǃƱƽƶƺƵ�ƽƾƺƸƬƾƺƷƺƯƴƴ&�IL=C>�C>4�****�ǜ�***,�ǜ�

03*+�ǜ�,/3*
+ƠƱưƱƼƬƷǈƹƺƱ�ƯƺƽƿưƬƼƽƾƮƱƹƹƺƱ�ƬƮƾƺƹƺƸƹƺƱ�ƺƭƼƬƳƺƮƬƾƱƷǈƹƺƱ�ƿǃƼƱƲưƱƹƴƱ�ƮǇƽǄƱƯƺ�ƺƭƼƬƳƺƮƬƹƴǋ��ƝƺƽƽƴƵƽƶƴƵ�

ƿƹƴƮƱƼƽƴƾƱƾ�ưƼƿƲƭǇ�ƹƬƼƺưƺƮ�&�ƙƺƽƶƮƬ&�Ɲƺƽƽƴǋ
,ƠƱưƱƼƬƷǈƹƺƱ�ƯƺƽƿưƬƼƽƾƮƱƹƹƺƱ�ƭǊưƲƱƾƹƺƱ�ƿǃƼƱƲưƱƹƴƱ��ƚƬǂƴƺƹƬƷǈƹǇƵ�ƸƱưƴǂƴƹƽƶƴƵ�ƴƽƽƷƱưƺƮƬƾƱƷǈƽƶƴƵ�



92

ȵȻì���
�é��
����

Ƽ�Ǎǌâǌéì�ǍǎǉǋäàçǊǏǋǌâǐ�Ûǎǉçǐ���1L�EBIM�>�MO>@QFQFLKBO92

ȵȻì���
���
����

Ƽ�Ǎǌâǌéì�ǍǎǉǋäàçǊǏǋǌâǐ�Ûǎǉçǐ���1L�EBIM�>�MO>@QFQFLKBO

ǂƱƹƾƼ�ƽƾƺƸƬƾƺƷƺƯƴƴ�ƴ�ǃƱƷǊƽƾƹƺ�ǜ�ƷƴǂƱƮƺƵ�ǁƴƼƿƼƯƴƴ��ƙƴƹƴƽƾƱƼƽƾƮƬ�ƳưƼƬƮƺƺǁƼƬƹƱƹƴǋ�ƝƺƽƽƴƵƽƶƺƵ�ƠƱưƱƼƬǂƴƴ&�
ƙƺƽƶƮƬ&�Ɲƺƽƽƴǋ

AUTHOR INFORMATION:
Sn(;(�<ZdZ^o,�ǜ�k^lb]^gm�lmn]^gm
C(;(�Phkhgho+�ǜ�>h\mhk�h_�G^]b\Ze�M\b^g\^l&�Jkh_^llhk�h_�ma^�>^iZkmf^gm�h_�Jkhlmah]hgmb\�>^gmblmkr
Sn(;(�A^g^kZehoZ+�ǜ�lmn]^gm�h_�ma^�G^]b\Ze�Cglmbmnm^
SZ(;(�H^`hk^ehoZ+�ǜ�lmn]^gm�h_�ma^�G^]b\Ze�Cglmbmnm^
G(?(�<ZeZlahoZ,�ǜ�k^lb]^gm�lmn]^gm
;(M(�EZkgZ^oZ+�ǜ�Ja>&�M^gbhk�F^\mnk^k�&�>^iZkmf^gm�h_�Na^kZi^nmb\�>^gmblmkr&�IL=C>�C>4�****�ǜ�***,�ǜ�+0-+�ǜ�/..*
P(G(�MehghoZ+�ǜ�Ja>&�M^gbhk�F^\mnk^k�&�>^iZkmf^gm�h_�Na^kZi^nmb\�>^gmblmkr&�IL=C>�C>4�****�ǜ�***,�ǜ�03*+�ǜ�,/3*
+HZmbhgZe�G^]b\Ze�L^l^Zk\a�=^gm^k�h_�>^gmblmkr�Zg]�IkZe�Zg]�GZqbeeh_Z\bZe�Mnk`^kr&�Ghl\hp&�LnllbZ
,ǟJ^hie^l!�@kb^g]labi�Ogbo^klbmr�h_�LnllbZǠ�"LO>H�Ogbo^klbmr#&�Ghl\hp&�LnllbZ

ƅƽƽƿƴƷƼưǀǉ�ƴƺǍ�ÚƲǍƶƷ�Ú�ưƲǀƽƿưƻƷ�)�=hhk]bgZm^l�_hk�\hffngb\Zmbhg�pbma�Znmahkl4
ƕƯƸƯåƱ�ƭ(Ɣ(�)�Sn(;(�<ZdZ^o&�?'fZbe4�rhhln_3/:fZbe(kn
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bgoheo^f^gm� h_� <bh�Ill�� bg� hlm^h[eZlmb\� ]b__^k^gmbZmbhg� Zg]� fZmkbq�
lrgma^lbl�=ebgb\Ze�IkZe�CfieZgml�L^l^Zk\a�Phenf^+/&�Clln^-&�,**.

1(�ſƬƷƸƴƹ�ƛ(Ƒ(&�ƚƴƶƴǄƴƹ�ƒ(Ƒ(&�ƑƺƷƺưƴƹƬ�ƪ(ƙ(�",*+.#�ƙƺƼǀƺƷƺ-
ƯƴǃƱƽƶƴƵ�ƬƹƬƷƴƳ�ǉǀǀƱƶƾƴƮƹƺƽƾƴ�ƻƼƴƸƱƹƱƹƴǋ�ƼƱƳƺƼƭƴƼƿƱƸƺƵ�ƸƱƸ-
ƭƼƬƹǇ��Ʈbƺ�ǜ�`b]Ʊ�(�ƔƿƼƹƬƷ��ƖƳƮƱƽƾƴǋ�ƮǇƽǄƴǁ�ƿǃƱƭƹǇǁ�ƳƬƮƱưƱƹƴƵ(�
ƜƺƮƺƷƲƽƶƴƵ�ƼƱƯƴƺƹ(�ƙƱưƴǂƴƹƽƶƴƱ�ƹƬƿƶƴ��Ǯ�-"-+#�,*+.

2(�>(G(� >haZg&� D(� =ahndkhng&� ;(� >bll&� M(F(� >haZg&� ;(D(� >haZg&� D(�
Ghnarb&� <(� Ah`er� JeZm^e^m� ǜ� kb\a� _b[kbg� "JL@#4� Z� l^\hg]� ǜ� `^g^kZmbhg�
ieZm^e^m�\hg\^gmkZm^(�JZkm�C4�m^\agheh`b\Ze�\hg\^iml�Zg]�^ohenmbhg(�IkZe(�
Mnk`(�IkZe(�G^](�IkZe(�JZmahe(�IkZe(�LZ]bhe(�?g]h](&�+*+�",**0#&�ii(�^-1�
ǜ�..

3(�;gmhgbh� =hkm^l^&� Abnl^ii^� JZgmZe^h&� ;gmhgbh� <hkk&� GZkbh�
=Z``bZgh&�GZllbfh�;fZmh�",*+0#�JeZm^e^m�ǜ�kb\a�_b[kbg�"JL@#�bg�bfieZgm�
]^gmblmkr� bg� \hf[bgZmbhg� pbma� g^p� [hg^� k^`^g^kZmbo^� m^\agbjn^� bg�
^e]^ker�iZmb^gml(�Cgm^kgZmbhgZe�DhnkgZe�h_�Mnk`^kr�=Zl^�L^ihkml&�Phenf^�
,2&�,*+0&�JZ`^l�/,�ǜ�/0

+*(� Ə(Ƒ(�ƝƬƳƸǇƽƷƺƮ&�Ə(ƀ(�ƙƴƹƶƴƹ�",*+,#�ƛƻƾƴƸƴƳƬǂƴǋ�ǁƴƼƿƼƯƴǃƱ-
ƽƶƺƵ�ƾƬƶƾƴƶƴ�ƻƼƴ�ƳƬƸƱǅƱƹƴƴ�ƶƺƽƾƹǇǁ�ưƱǀƱƶƾƺƮ�ƴ�ƿƮƱƷƴǃƱƹƴƴ�ƼƬƳ-
ƸƱƼƺƮ� ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƺƾƼƺƽƾƶƬ� ƮƱƼǁƹƱƵ� ǃƱƷǊƽƾƴ� ƴ� ƬƷǈƮƱƺƷǋƼƹƺƵ�
ǃƬƽƾƴ�ƹƴƲƹƱƵ�ǃƱƷǊƽƾƴ(�ƚƬƿǃƹǇƵ�ƲƿƼƹƬƷ��ƜƬƼƺưƺƹƾƺƷƺƯƴǋ��Ǯ-�"0.#�
,*+,

++(� Ɠ(Ƒ(�ƔưƬƹƺƮ&�ƛ(Ƒ(�ƞƬƮƴǃ&�Ə(Ƒ(�ơƮƬƾƺƮ&�Ɩ(Ƒ(�ſƺƼƺƯƺưƴƹ�",**/#�
ƜƷƬƹƴƼƺƮƬƹƴƱ� ƷƱǃƱƹƴǋ� ƴ� ƽƺǁƼƬƹƱƹƴƱ� ƬƹƬƾƺƸƴǃƱƽƶƺƯƺ� ƽƾƼƺƱƹƴǋ�
ƬƷǈƮƱƺƷǋƼƹƺƯƺ� ƯƼƱƭƹǋ� ƻƼƴ� ƳƬƸƱǅƱƹƴƴ� ƳƿƭƬ&� ƻƺưƷƱƲƬǅƱƯƺ� ǉƶƽ-
ƾƼƬƶǂƴƴ&�ƴƸƻƷƬƹƾƬƾƺƸ(�ƚƬƿǃƹǇƵ�ƲƿƼƹƬƷ��ƜƬƼƺưƺƹƾƺƷƺƯƴǋ��Ǯ-�"-0#�
,**/

+,(� Jhae�P(&�M\ana�=(&�@bl\a^k�G(<(&�BZZl�L(�",*+0#�;�H^p�G^mah]�
Olbg`� ;nmh`^ghnl� CfiZ\m^]� Nabk]� GheZkl� _hk� Mbgnl� ;n`f^gmZmbhg� mh�
?gaZg\^� CfieZgm� Nk^Zmf^gm4� =Zl^� M^kb^l� pbma� Jk^ebfbgZkr� L^lneml� h_�
Zg� Ii^g&� Jkhli^\mbo^� Fhg`bmn]bgZe� Mmn]r(� Cgm^kgZmbhgZe� DhnkgZe� �IkZe�
GZqbeeh_Z\bZe�CfieZgml�&�,*+0�GZr�ǜ�Dng5-+"-#40,,�ǜ�-*(

+-(� Ebf� S(E(&� F^^� D(B(&� Of� C(Q(&� =ah� Q(D(� ",*+0#� Anb]^]� <hg^�
L^`^g^kZmbhg�Olbg`�>^fbg^kZebs^]�>^gmbg�GZmkbq4�Fhg`�ǜ�N^kf�@heehp�
ǜ�Oi(�DhnkgZe�IkZe�GZqbeeh_Z\bZe�Mnk`^kr&�,*+0�GZk51."-#4/+/(^+�ǜ�3(

+.(� GÆgb\Z�@^kgZg]^l�Ahf^l&�JZneZ�Jbga^bkh�]^�;[k^n&�;ebg^�Lhl^�
=ZgmZk^eeb�Ghkhlheeb&�GZk\^eh�GZkhmmZ�;kZÌch&�GZkbZ�]Zl�AkZ¹Zl�Pbe^eZ�
AhneZkm�",**0#�>^glbmhf^mkb\�ZgZerlbl�h_�ma^�Znmh`^ghnl�]^fbg^kZebs^]�
]^gmbg�fZmkbq�hg� ma^�]^gmZe�lh\d^m�phng]�a^Zebg`�ikh\^ll� bg�anfZgl(�
<kZsbebZg�hkZe�k^l^Zk\a&�ohe(,*�gh(.�Mµh�JZneh�I\m()>^\(�,**0&

+/(� GZgn^e� GZkjn^l� @^kk^bkZ&� GZkbZ� @behf^gZ� LZ[Z\Z� <hm^eah&�
FbgZ� =ZkoZeah&� GZkbZ� L^bl� MbeoZ&� <Zk[ZkZ� Iebo^bkhl&� ?ngb\^� Pbk`�gbZ�
JZef^bkZh� =Zkkbeah� ",*+,#� ?oZenZmbhg� h_� ]^gmbg� _hkf^]� bg� Znmh`^ghnl�
mhhma�mkZglieZgmZmbhg�bg�ma^�]h`4�Z�\hfiZkblhg�[^mp^^g�hg^�ǜ�Zg]�mph�
ǜ�lmZ`^�lnk`b\Ze�m^\agbjn^l(�>^gmZe�NkZnfZmheh`r�,*+,5�,24�31ǜ+**5
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