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Abstract:
Aim.�Nabl�lmn]r�Zbf^]�mh�]^m^kfbg^�ma^�k^lb]nZe�ɗeebg`�fZm^kbZe�Zg]�ma^�k^^lmZ[eblaf^gm�h_�phkdbg`�e^g`ma�Zg]�Zib\Ze�
iZm^g\r�Z_m^k�k^mk^Zmf^gm�h_�NhmZe@bee��<=�M^Ze^k(
Materials and methods.�Nabkmr�fZqbeeZkr�bg\blhkl�p^k^�nl^]�bg�Z�lbg`e^�\hg^�h[mnkZmbhg�m^\agbjn^�pbma�NhmZe@bee�<=�M^Ze^k�
"@EA&� Mpbms^keZg]#� Zg]� kZg]hfer� ]bob]^]� bgmh� 0� `khnil� Z\\hk]bg`� mh� ma^� k^mk^Zmf^gm� m^\agbjn^(� Na^� lZfie^l�p^k^�
l\Zgg^]�[r�fb\kh'=N�[^_hk^�Zg]�Z_m^k�k^mk^Zmf^gm� bg�hk]^k�mh�^oZenZm^�ma^�k^lb]nZe�ɗeebg`�fZm^kbZe�hg�ma^�khhm�]^gmbg�
pZeel(�>ZmZ�p^k^�ZgZers^]�lmZmblmb\Zeer�pbma�ma^�EknldZeǜQZeebl�m^lml�"i�6�*(*/#(
Results.�Hh�bglmknf^gmZe�ikhmh\he�pZl�Z[e^�mh�k^fho^�Zee�h[mnkZmbhg�fZm^kbZe�_khf�ma^�khhm�\ZgZel(�Na^�]b__^k^g\^l�bg�
k^]n\mbhg�bg�ma^�mhmZe�ohenf^�h_�ɗeebg`�fZm^kbZe�i^k\^gmZ`^�p^k^�lmZmblmb\Zeer�lb`gbɗ\Zgm�"i�6�*(*/#�Zfhg`�`khnil�pbma�Zg]�
pbmahnm�nemkZlhng]�hk�lhng]�Z\mboZmbhg�bg�k^mk^Zmf^gm�ikhmh\he(
Conclusions.� Na^�fhlm�^__^\mbo^� khhm�\ZgZe� k^mk^Zmf^gm�pZl�]^m^kfbg^]�pbma�>'LZ\^�%�RJ'^g]h�MaZi^k�%�RJ'?g]h�
@bgbla^k�L�%�OM�"-(*�Q#�ikhmh\he5�bm�pZl�_hng]�maZm�ma^�^_ɗ\b^g\r�h_�ɗeebg`�fZm^kbZe�k^fhoZe�pZl�fhk^�maZg�3,�(
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ƮƼƱƸƱƹƹǇƱ�ǉƹưƺưƺƹƾƴǃƱƽƶƴƱ�ƯƱƼƸƱƾƴƶƴ�ƻƼƺƾƴƮƺƽƾƺǋƾ�
ƸƴƶƼƺƭƹƺƸƿ�ƶƺƹƽƺƼǂƴƿƸƿ�ƽƴƽƾƱƸǇ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ(�
Ƒ� ƹƬƽƾƺǋǅƱƱ� ƮƼƱƸǋ� ƹƬƿǃƹƺ'ƻƼƬƶƾƴǃƱƽƶƴƵ� ƴƹƾƱƼƱƽ�
ƻƼƱưƽƾƬƮƷǋǊƾ� ƭƴƺƶƱƼƬƸƴǃƱƽƶƴƱ� ƽƴƷƱƼǇ&� ƶƺƾƺƼǇƱ� ƽ�
ƹƱưƬƮƹƱƯƺ�ƮƼƱƸƱƹƴ�ƻƼƴƸƱƹǋǊƾƽǋ�ƻƼƴ�ƺƭƾƿƼƬǂƴƴ�ƶƺƼ'
ƹƱƮǇǁ�ƶƬƹƬƷƺƮ�ƴ�ƴƸƱǊƾ�ƺƻƼƱưƱƷƱƹƹǇƱ�ƻƼƱƴƸƿǅƱƽƾƮƬ�
ƻƺ�ƽƼƬƮƹƱƹƴǊ�ƽ�ǄƴƼƺƶƺ�ƴƽƻƺƷǈƳƿƱƸǇƸƴ�ǉƻƺƶƽƴưƹǇƸƴ�
ƯƱƼƸƱƾƴƶƬƸƴ(� ƐƴƺƶƱƼƬƸƴǃƱƽƶƴƱ� ƽƴƷƱƼǇ� ƽƾƬƹƺƮǋƾƽǋ�
ƮƽƱ�ƭƺƷƱƱ�ƻƺƻƿƷǋƼƹǇƸƴ�ƭƷƬƯƺưƬƼǋ�ƴǁ�ǅƱƷƺǃƹƺƸƿ�iB&�
ƮǇƽƺƶƺƵ� ƭƴƺƽƺƮƸƱƽƾƴƸƺƽƾƴ&� ƭƴƺƷƺƯƴǃƱƽƶƺƵ� ƬƶƾƴƮƹƺ'
ƽƾƴ&� ƹƱƾƺƶƽƴǃƹƺƽƾƴ&� ƽƾƬƭƴƷǈƹƺƽƾƴ� ǂƱƸƱƹƾƹƺƵ� ƸƬƾƼƴ'
ǂǇ&�ǁƺƼƺǄƴƸ�ƯƱƼƸƱƾƴƳƴƼƿǊǅƴƸ�ƽƮƺƵƽƾƮƬƸ�ƴ�ƽƻƺƽƺƭ'
ƹƺƽƾƴ�ƿƮƱƷƴǃƴƮƬƾǈ�ƻƼƺǃƹƺƽƾǈ�ƶƺƼƹǋ�ƻƺƽƷƱ�ƯƺƸƺƯƱƹƹƺƵ�
ƺƭƾƿƼƬǂƴƴ� U/&� 1&� 2W(� ƐƴƺƶƱƼƬƸƴƶƺƵ� ƻƺƽƷƱưƹƱƯƺ� ƻƺƶƺ'
ƷƱƹƴǋ� ǋƮƷǋƱƾƽǋ� ƯƺƾƺƮǇƵ� ƶ� ƴƽƻƺƷǈƳƺƮƬƹƴǊ� ƭƴƺƶƱƼƬ'
ƸƴǃƱƽƶƴƵ� ƸƬƾƱƼƴƬƷ� ưƷǋ� ƾƼƱǁƸƱƼƹƺƵ� ƺƭƾƿƼƬǂƴƴ� ƶƺƼ'
ƹƱƮǇǁ�ƶƬƹƬƷƺƮ�ǜ�NhmZe@bee�<=�M^Ze^kNG�"@EA�>^gmZbk^�M;&� 
FZ� =ahnq']^'@hg]l&� Mpbms^keZg]#&� ƶƺƾƺƼǇƵ� ƺƭƷƬưƬƱƾ�
ƺƻƼƱưƱƷƱƹƹǇƸƴ� ƻƼƱƴƸƿǅƱƽƾƮƬƸƴ� ƻƺ� ƽƼƬƮƹƱƹƴǊ� ƽ�
ưƼƿƯƴƸƴ� ƽƴƷƱƼƬƸƴ� ƺưƹƺƴƸƱƹƹƺƵ� ƯƼƿƻƻǇ� ƴ� ƻƼƱưƽƾƬƮ'
ƷƱƹ�Ʈ�ƮƴưƱ�ƯƺƾƺƮƺƵ�ƻƬƽƾǇ�Ʈ�ǄƻƼƴǂƱ(�Ƒ�ƺƾƷƴǃƴƱ�ƺƾ�ƾƼƬ'
ưƴǂƴƺƹƹǇǁ� ƽƴƷƱƼƺƮ&� NhmZe@bee�� ƴƽƻƺƷǈƳƿƱƾ� ƱƽƾƱƽƾƮƱƹ'
ƹƿǊ� ƮƷƬƲƹƿǊ� ƽƼƱưƿ� ưƱƹƾƴƹƹǇǁ� ƶƬƹƬƷǈǂƱƮ� ƶƺƼƹǋ� ưƷǋ�
ƺƶƺƹǃƬƾƱƷǈƹƺƯƺ� ƺƾƮƱƼƲưƱƹƴǋ(� Ɯƺ� ƸƱƼƱ� ƻƺƷƴƸƱƼƴƳƬ'
ǂƴƴ&�ƯƴưƼƺǀƴƷǈƹǇƵ�ƽƴƷƱƼ�ǀƺƼƸƴƼƿƱƾ�ƯƴưƼƺƶƽƴƬƻƬƾƴƾ�

ƴ�ǁƴƸƴǃƱƽƶƴ�ƻƼƴƶƼƱƻƷǋƱƾƽǋ�ƶƬƶ�ƶ�ưƱƹƾƴƹƿ&�ƾƬƶ�ƴ�ƶ�ƭƴƺ'
ƶƱƼƬƸƴǃƱƽƶƴƸ�ǄƾƴǀƾƬƸ�"NhmZe@bee��<=�ihbgmlNG#&�Ƭ�ƾƬƶƲƱ�
ƹƱ�ưƬƱƾ� ƿƽƬưƶƴ(�ƐƷƬƯƺưƬƼǋ�ƽƮƺƱƸƿ�ƮǇƽƺƶƺǅƱƷƺǃƹƺƸƿ�
ƿƼƺƮƹǊ�iB&�Ʈ�ƻƼƺǂƱƽƽƱ�ƻƺƷƴƸƱƼƴƳƬǂƴƴ�<=�l^Ze^k�ƺƶƬ'
ƳǇƮƬƱƾ�ƬƹƾƴƸƴƶƼƺƭƹƺƱ�ưƱƵƽƾƮƴƱ�ƹƬ�ǉƹưƺưƺƹƾƴǃƱƽƶƿǊ�
ǀƷƺƼƿ�U3&+*W(
ƑƸƱƽƾƱ� ƽ� ƾƱƸ&� ƮǇƽƺƶƬǋ� ƽƾƱƻƱƹǈ� ƽǂƱƻƷƱƹƴǋ� ƽƴƷƱƼƬ�

ƽƺ� ƽƾƱƹƶƬƸƴ� ưƱƹƾƴƹƬ� ƴ� ƱƯƺ� ƾƮƱƼưƺƽƾǈ� ƻƼƴ� ƽǁƮƬƾǇƮƬ'
ƹƴƴ� ƸƺƯƿƾ� ƻƼƱƻǋƾƽƾƮƺƮƬƾǈ� ǉǀǀƱƶƾƴƮƹƺƸƿ� ƿưƬƷƱƹƴǊ�
ǂƱƸƱƹƾƬ� ƻƼƴ� ƻƺƮƾƺƼƹƺƸ� ǉƹưƺưƺƹƾƴǃƱƽƶƺƸ� ƷƱǃƱƹƴƴ(�
ƀƽƾƬƹƺƮƷƱƹƺ&�ǃƾƺ�ƺƽƾƬƾƶƴ�ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ�ƸƬƾƱƼƴƬƷƬ�
Ʈ� ƽƴƽƾƱƸƱ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬƷƺƮ� ƺƭƼƬƳƿǊƾ�ƸƱǁƬƹƴǃƱƽƶƴƵ�
ƭƬƼǈƱƼ�ƸƱƲưƿ�ƴƼƼƴƯƬƹƾƬƸƴ�ƴ�ƸƴƶƼƺƭƹƺƵ�ǀƷƺƼƺƵ�ƾƼƿư'
ƹƺưƺƽƾƿƻƹǇǁ�ƿǃƬƽƾƶƺƮ�ƮƹƿƾƼƴƶƺƼƹƱƮƺƯƺ�ƻƼƺƽƾƼƬƹƽƾƮƬ&�
ǃƾƺ�ƽƹƴƲƬƱƾ�ƮƱƼƺǋƾƹƺƽƾǈ�ƶƷƴƹƴǃƱƽƶƺƯƺ�ƿƽƻƱǁƬ�ƻƼƴ�ƻƱ'
ƼƱƷƱǃƴƮƬƹƴƴ&�Ƭ�ƴƳƮƷƱǃƱƹƴƱ�ƸƬƾƱƼƴƬƷƬ�ƴƳ�ƬƻƴƶƬƷǈƹƺƵ�
ǃƬƽƾƴ�ƻƺƮǇǄƬƱƾ�ǉǀǀƱƶƾƴƮƹƺƽƾǈ�ƾƱƼƬƻƴƴ�U2&3W(
ƛưƹƬƶƺ&� ƹƬ� ƽƱƯƺưƹǋǄƹƴƵ� ưƱƹǈ� ƺƽƾƬƱƾƽǋ� ƸƬƷƺƴƳ'

ƿǃƱƹƹƺƵ� ƮƺƳƸƺƲƹƺƽƾǈ� ƻƼƺƮƱưƱƹƴǋ� ƻƺƮƾƺƼƹƺƯƺ� ǉƹưƺ'
ưƺƹƾƴǃƱƽƶƺƯƺ�ƷƱǃƱƹƴǋ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ&�ƼƬƹƱƱ�ƺƭƾƿ'
ƼƴƼƺƮƬƹƹǇǁ�ƹƺƮǇƸ�ƭƴƺƶƱƼƬƸƴǃƱƽƶƴƸ�ƽƴƷƱƼƺƸ�NhmZe@bee�
<=� M^Ze^kNG� "@EA� >^gmZbk^� M;&� FZ� =ahnq']^'@hg]l&�
Mpbms^keZg]#&�ǃƾƺ�ƺƻƼƱưƱƷǋƱƾ�ǂƱƷƱƽƺƺƭƼƬƳƹƺƽƾǈ�ƻƼƺƮƺ'
ưƴƸƺƯƺ�ƴƽƽƷƱưƺƮƬƹƴǋ(
ſƼƺƸƱ�ƾƺƯƺ&�ƶƼƬƵƹƱ�ƮƬƲƹǇƸ�ưƷǋ�ƶƷƴƹƴǃƱƽƶƺƵ�ƻƼƬƶ'

ƾƴƶƴ�ƺƽƾƬƱƾƽǋ�ƻƺƴƽƶ�ƹƬƴƭƺƷƱƱ�ǉǀǀƱƶƾƴƮƹƺƯƺ�ƬƷƯƺƼƴƾ'
ƸƬ� ƴƹƽƾƼƿƸƱƹƾƬƷǈƹƺƵ� ƺƭƼƬƭƺƾƶƴ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬƷƺƮ�
ƻƼƴ� ƻƱƼƱƷƱǃƴƮƬƹƴƴ(� ƚƿƷƱƮƬǋ� ƯƴƻƺƾƱƳƬ� ƻƼƺƮƺưƴƸƺƯƺ�
ƴƽƽƷƱưƺƮƬƹƴǋ� ƳƬƶƷǊǃƬƱƾƽǋ� Ʈ� ƺƾƽƿƾƽƾƮƴƴ� ƼƬƳƷƴǃƴƵ� Ʈ�
ǉǀǀƱƶƾƴƮƹƺƽƾƴ� ƿưƬƷƱƹƴǋ� ƭƴƺƶƱƼƬƸƴǃƱƽƶƺƯƺ� ƽƴƷƱƼƬ�
ƼƬƳƷƴǃƹǇƸƴ�ǉƹưƺưƺƹƾƴǃƱƽƶƴƸƴ�ƽƴƽƾƱƸƬƸƴ(

ƣƔƙƩ�ƗƟƟƙƔƓƜƒƐƛƗƬ
ƛƻƼƱưƱƷƴƾǈ�ƹƬƴƭƺƷƱƱ�ǉǀǀƱƶƾƴƮƹǇƵ�ƬƷƯƺƼƴƾƸ�ƿưƬ'

ƷƱƹƴǋ� ƭƴƺƶƱƼƬƸƴǃƱƽƶƺƯƺ� ƽƴƷƱƼƬ� NhmZe@bee� <=� M^Ze^k�
"@EA&� Mpbms^keZg]#� ƻƼƴ� ƻƺƮƾƺƼƺƸ� ǉƹưƺưƺƹƾƴǃƱƽƶƺƸ�
ƷƱǃƱƹƴƴ&� ƺƽƹƺƮǇƮƬǋƽǈ� ƹƬ�ưƬƹƹǇǁ�ƺǂƱƹƶƴ�ƺƽƾƬƾƺǃƹƺƯƺ�
ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ�ƸƬƾƱƼƴƬƷƬ�ƹƬ�ƽƾƱƹƶƬǁ�ưƱƹƾƴƹƬ�ƶƺƼ'
ƹǋ&�ƮƺƽƽƾƬƹƺƮƷƱƹƴǋ�ƼƬƭƺǃƱƵ�ưƷƴƹǇ�ƴ�ƬƻƴƶƬƷǈƹƺƵ�ƻƼƺ'
ǁƺưƴƸƺƽƾƴ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ(

ƚƐƠƔƞƗƐƙ�Ɨ�ƚƔƠƜƓƨ�ƗƟƟƙƔƓƜƒƐƛƗƬ
ơƽƴƳƽǀƽƲƹư�ƽƱƿưƶǄƽƲ�ƴƺǍ�ƷÚÚƺåƴƽƲưƼƷǍ
ƒƷǋ� ƴƽƽƷƱưƺƮƬƹƴǋ� ƭǇƷƴ� ƺƾƺƭƼƬƹǇ� ƾƼƴưǂƬƾǈ� ƿưƬ'

ƷƱƹƹǇǁ�ƼƱƳǂƺƮ�ƮƱƼǁƹƱƵ�ǃƱƷǊƽƾƴ�ǃƱƷƺƮƱƶƬ�ƽ�ƻƼǋƸǇƸƴ�
ƶƺƼƹǋƸƴ&� ƻƺƷƹƺƽƾǈǊ� ƽǀƺƼƸƴƼƺƮƬƹƹǇƸƴ� ƮƱƼǁƿǄƶƬƸƴ�
ƴ� ƻƺưƾƮƱƼƲưƱƹƹƺƵ� ƬƻƴƶƬƷǈƹƺƵ� ƻƼƺǁƺưƴƸƺƽƾǈǊ(�ƐǇƷƺ�
ƮǇƻƺƷƹƱƹƺ� ưƴƬƯƹƺƽƾƴǃƱƽƶƺƱ� ƼƱƹƾƯƱƹƺƷƺƯƴǃƱƽƶƺƱ� ƴƽ'
ƽƷƱưƺƮƬƹƴƱ� ưƷǋ� ƴƽƶƷǊǃƱƹƴǋ� ƳƿƭƺƮ&� ƶƺƾƺƼǇƱ� ƼƬƹƱƱ�
ƻƺưƮƱƼƯƬƷƴƽǈ�ǉƹưƺưƺƹƾƴǃƱƽƶƺƸƿ�ƷƱǃƱƹƴǊ�ƴ)ƴƷƴ�ƴƸƱ'
Ǌƾ� ƮƹƿƾƼƴƶƺƼƹƱƮƿǊ� ƼƱƳƺƼƭǂƴǊ(� ƑƽƱƸ� ƺƭƼƬƳǂƬƸ� ƻƼƺ'
ƮƺưƴƷƬƽǈ� ƼƱƳƱƶǂƴǋ� ƶƺƼƺƹƶƺƮƺƵ� ǃƬƽƾƴ� ƳƿƭƬ� ƬƷƸƬƳƹǇƸ�
ƭƺƼƺƸ� ƽ� ǂƱƷǈǊ� ƽƾƬƹưƬƼƾƴƳƬǂƴƴ� ưƷƴƹǇ� ƶƺƼƹǋ(� ƒƷƴƹƬ�
ƮƽƱǁ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬƷƺƮ� ƽƺƽƾƬƮƴƷƬ� +,� ƸƸ(� ƜƼƺǁƺưƴ'
Ƹƺƽƾǈ� ƬƻƴƶƬƷǈƹǇǁ� ƺƾƮƱƼƽƾƴƵ� ƭǇƷƬ� ƻƺưƾƮƱƼƲưƱƹƬ� ƽ�
ƻƺƸƺǅǈǊ�ſ'ǀƬƵƷƬ�Ǯ+*� "@EA�>^gmZbk^�M;&�Mpbms^keZg]#�
ƽ� ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ� ƺƻƱƼƬǂƴƺƹƹƺƯƺ� ƸƴƶƼƺƽƶƺƻƬ� "=Zke�
=Zil�MIG&�A^kfZgr#(�ƕƿƭǇ�ƺƽƾƬƮƬƷƴƽǈ�ƻƺƯƼƿƲƱƹƹǇƸƴ�
Ʈ�ǀƴƳƴƺƷƺƯƴǃƱƽƶƴƵ�ƼƬƽƾƮƺƼ�ưƺ�ƹƬǃƬƷƬ�ǉƶƽƻƱƼƴƸƱƹƾƬ(
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ƥåƻƽ'ƻåǃưƼƷǅåÚƹưǍ�ƽƱƿưƱƽǀƹư�ƹƽƿƼåƲǉǃ�
ƹưƼưƺƽƲ
ƝƬƭƺǃƬǋ� ưƷƴƹƬ� ƶƺƼƹƱƮƺƯƺ� ƶƬƹƬƷƬ� ƺƻƼƱưƱƷǋƷƬƽǈ� ƻƺ�

ƳƬƼƬƹƱƱ� ƺƻƼƱưƱƷƱƹƹƺƸƿ� ƬƻƴƶƬƷǈƹƺƸƿ� ƺƾƮƱƼƽƾƴǊ� ƹƬ�
ƿƼƺƮƹƱ�+,�ƸƸ&�ƴƳ�ƶƺƾƺƼƺƵ�ƮǇǃƴƾƬƷƴ�+�ƸƸ(�ƞƷƱưƺƮƬƾƱƷǈ'
ƹƺ&�ƼƬƭƺǃƬǋ�ưƷƴƹƬ�ƮƽƱǁ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ�ƽƺƽƾƬƮƴƷƬ�++�
ƸƸ(�ƜƼƱƻƬƼƴƼƺƮƬƹƴƱ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ�ƭǇƷƺ�ƮǇƻƺƷƹƱ'
ƹƺ�ƽƴƽƾƱƸƺƵ� bLZ=^�"@EA�>^gmZbk^�M;&�Mpbms^keZg]#�ƽ�ƴƽ'
ƻƺƷǈƳƺƮƬƹƴƱƸ�ǉƹưƺưƺƹƾƴǃƱƽƶƺƯƺ�ƸƺƾƺƼƬ�Lhhm�TR� "@EA�
>^gmZbk^�M;&�Mpbms^keZg]#�ƽƺ�ƽƶƺƼƺƽƾǈǊ�0**�ƺƭ()Ƹƴƹ(&�ƾƺƼƶ�
+&/� ƚƽƸ(� ƑƽƱ� ƺƭƼƬƳǂǇ� ƭǇƷƴ� ƸƱǁƬƹƴǃƱƽƶƴ� ƺƭƼƬƭƺƾƬƹǇ�
Ʈ� ƽƷƱưƿǊǅƱƵ� ƻƺƽƷƱưƺƮƬƾƱƷǈƹƺƽƾƴ4� +/(*0&� ,/(*.&� -*(*.�
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ǄƷǂƿƽƲƽƸ�ƻƷƹƿƽƹƽƻƾǊǌǀåƿƼƽƸ�ǀƽƻƽƳƿưǂƷƷ�
"ƻƷƹƿƽ'ƣƅ#�Ʒ�ÚƹưƼƷƿǁǌǇåƸ�ǋƺåƹǀƿƽƼƼƽƸ�
ƻƷƹƿƽÚƹƽƾƷƷ�"ØƭƟ#�ƾƽÚƺå�ƿưÚƾƺƽƻƱƷƿƽƲưƼƷǍ�
ƹƽƿƼåƲǉǃ�ƹưƼưƺƽƲ
ƖƽƽƷƱưƿƱƸǇƱ�ƺƭƼƬƳǂǇ�ƻƺƽƷƱ�ƻƼƺƮƱưƱƹƴǋ�ƻƼƺǂƱưƿ'

ƼǇ� ƼƬƽƻƷƺƸƭƴƼƺƮƬƹƴǋ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬƷƺƮ� ƽƶƬƹƴƼƺƮƬ'
Ʒƴƽǈ� ƹƬ�ƸƴƶƼƺ'ſƟ� ƾƺƸƺƯƼƬǀƱ� Ʈƺ� ƮƾƺƼƺƵ� ƼƬƳ� ƻƼƴ� ƬƹƬ'
ƷƺƯƴǃƹǇǁ� ƻƬƼƬƸƱƾƼƬǁ(� ƛƽƾƬƾƺǃƹǇƵ� ƻƷƺƸƭƴƼƺƮƺǃƹǇƵ�
ƸƬƾƱƼƴƬƷ�ƴƳƸƱƼǋƷƴ�ƹƬ�ƮƽƱƸ�ƻƼƺƾǋƲƱƹƴƴ�ƶƺƼƹƱƮǇǁ�ƶƬ'
ƹƬƷƺƮ(�ƜƷƺǅƬưǈ�ƴ�ƺƭǆƱƸ�ƶƺƼƹƱƮƺƯƺ�ƶƬƹƬƷƬ�ƻƺƽƷƱ�ƿưƬ'
ƷƱƹƴǋ� ƶƺƼƹƱƮƺƵ� ƻƷƺƸƭǇ� ƾƬƶƲƱ� ƭǇƷƴ� ƼƬƽƽǃƴƾƬƹǇ� ưƷǋ�
ƮƽƱǁ�ƽƼƱƳƺƮ�Ʈ�ƿƽƷƺƮƹǇǁ�ƱưƴƹƴǂƬǁ�"ƿ(Ʊ(#(
ØǀưǀƷÚǀƷǅåÚƹƷƸ�ưƼưƺƷƶ
ƚƺƼƸƬƷǈƹƺƽƾǈ� ƼƬƽƻƼƱưƱƷƱƹƴǋ� ưƬƹƹǇǁ� ƭǇƷƬ� ƺƻƼƱ'

ưƱƷƱƹƬ� ƽ� ƻƺƸƺǅǈǊ� ƾƱƽƾƬ� ƤƬƻƴƼƺ'ƀƴƷƶƬ(� ƒƬƹƹǇƱ�
ƽƾƬƾƴƽƾƴǃƱƽƶƴǁ� ƴƳƸƱƼƱƹƴƵ� ƭǇƷƴ� ƮǇƼƬƲƱƹǇ� Ʈ� ƮƴưƱ�
ƽƼƱưƹƱƯƺ�ƳƹƬǃƱƹƴǋ&�ƽƾƬƹưƬƼƾƹƺƯƺ�ƺƾƶƷƺƹƱƹƴǋ�ƴ�Ʈ�ƻƼƺ'
ǂƱƹƾƬǁ(�ƞƾƬƾƴƽƾƴǃƱƽƶƴƵ� ƬƹƬƷƴƳ� ưƬƹƹǇǁ� ƻƼƺƮƺưƴƷƴ� ƽ�
ƻƺƸƺǅǈǊ�ƹƱƻƬƼƬƸƱƾƼƴǃƱƽƶƺƯƺ� ưƴƽƻƱƼƽƴƺƹƹƺƯƺ� ƬƹƬ'
ƷƴƳƬ�ſƼƬƽƶƱƷƬ'ƀƺƷƷƴƽƬ�ưƷǋ�ƺƻƼƱưƱƷƱƹƴǋ�ƽƾƬƾƴƽƾƴǃƱ'
ƽƶƴ�ƳƹƬǃƴƸƺƵ�ƼƬƳƹƴǂǇ�ƸƱƲưƿ�ƴƽƽƷƱưƿƱƸǇƸƴ�ƯƼƿƻƻƬ'
Ƹƴ�ƽ�ƻƺƽƷƱưƿǊǅƴƸ�ƻƺƻƬƼƹǇƸ�ƸƹƺƲƱƽƾƮƱƹƹǇƸ�ƽƼƬƮ'
ƹƱƹƴƱƸ� ƻƼƴ� ƿƼƺƮƹƱ� ƳƹƬǃƴƸƺƽƾƴ� i 6 *&*/(� ƞƾƬƾƴƽƾƴ'
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ǃƱƽƶƴƱ� ƼƬƽǃƱƾǇ� ƭǇƷƴ� ƮǇƻƺƷƹƱƹǇ� ƽ� ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ�
ƻƼƺƯƼƬƸƸ�MJMM�ƮƱƼƽƴǋ�,,�"C<G�=hki(&�H^p�Shkd&�OM;#�ƴ�
DZfhob�ƮƱƼƽƴǋ�+(+(3(

ƞƔƖƁƙƩƠƐƠƨ�ƗƟƟƙƔƓƜƒƐƛƗƬ
ƝƱƳƿƷǈƾƬƾǇ�ƴƽƽƷƱưƺƮƬƹƴǋ�ƺƭǆƱƸƺƮ�ƺƽƾƬƾƺǃƹƺƯƺ�ƺƭ'

ƾƿƼƬǂƴƺƹƹƺƯƺ� ƸƬƾƱƼƴƬƷƬ� ƹƬ� ƽƾƱƹƶƬǁ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬ'
ƷƺƮ&�ƮƺƽƽƾƬƹƺƮƷƱƹƴǋ�ƼƬƭƺǃƱƵ�ưƷƴƹǇ�ƴ�ƬƻƴƶƬƷǈƹƺƵ�ƻƼƺ'
ǁƺưƴƸƺƽƾƴ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ&�ƻƼƱưƽƾƬƮƷƱƹǇ�Ʈ� ƾƬƭƷƴ'
ǂƬǁ�+�ƴ�,�ƽƺƺƾƮƱƾƽƾƮƱƹƹƺ(�ƑƽƱ�ƴƽƽƷƱưƿƱƸǇƱ�ƺƭƼƬƳǂǇ�
ƭǇƷƴ� ƽƶƬƹƴƼƺƮƬƹǇ� ƽ� ƻƺƸƺǅǈǊ� ƸƴƶƼƺ'ſƟ� ƾƺƸƺƯƼƬǀƬ&�
ƹƺ� ƾƺƷǈƶƺ� ƹƬƴƭƺƷƱƱ� ƼƱƻƼƱƳƱƹƾƬƾƴƮƹǇƱ� ƴƳƺƭƼƬƲƱƹƴǋ�
ƻƼƱưƽƾƬƮƷƱƹǇ�ƹƬ�ƼƴƽƿƹƶƬǁ�+�ƴ�,(

$�ƓƽƷƴ�ƻƼƴƹǋƾǈ�ƺƭǅƴƵ�ƺƭǆƱƸ�ƳƿƭƬ�ƳƬ�+**�ƿ(Ʊ(&�ƾƺƯưƬ�
ưƷǋ�ƻƱƼƮƺƵ�ƾƺƸƺƯƼƬƸƸǇ� "Ƽƴƽƿƹƺƶ�,&�Ə�ƴ�Ɛ#�ƺƭǆƱƸ�ƶƬ'
ƹƬƷƬ�ƼƬƮƱƹ�.(.�ƿ(Ʊ&�ưƷǋ�ƮƾƺƼƺƵ�ƾƺƸƺƯƼƬƸƸǇ�"Ƽƴƽƿƹƺƶ�,&�
Ƒ�ƴ�ž#�ƺƭǆǌƸ�ƶƺƼƹƱƮƺƯƺ�ƶƬƹƬƷƬ�ƼƬƮƱƹ�.(,,�ƿ(Ʊ(5�ƺƭǆƱƸ�
ƺƽƾƬƮǄƱƯƺƽǋ�ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ�ƸƬƾƱƼƴƬƷƬ�ƹƬ�ƽƾƱƹƶƬǁ�
ƶƺƼƹƱƮƺƯƺ�ưƱƹƾƴƹƬ�ƼƬƮƱƹ�*(31�ƿ(Ʊ(
ƚƴ� ƺưƴƹ� ƴƹƽƾƼƿƸƱƹƾƬƷǈƹǇƵ� ƻƼƺƾƺƶƺƷ� ƻƺƮƾƺƼƹƺƯƺ�

ǉƹưƺưƺƹƾƴǃƱƽƶƺƯƺ� ƷƱǃƱƹƴǋ� ƹƱ� ƻƺƳƮƺƷƴƷ� ƿưƬƷƴƾǈ� ƮƱƽǈ�
ƺƭƾƿƼƬǂƴƺƹƹǇƵ� ƸƬƾƱƼƴƬƷ� ƴƳ� ƻƼƺƽƮƱƾƬ� ƶƺƼƹƱƮǇǁ� ƶƬ'

Рис. 1. Трехмерная реконструкция 
репрезентативного образца до пломбирования 

корневого канала и после повторного 
эндодонтического лечения (группа 1А); 

отмечается наличие оставшегося цемента 
в просвете корневого канала в областях, 

недоступных для никель-титановых 
инструментов.

Fig. 1. Tridimensional reconstructions 
of representative sample before obturation 

and after retreatment (group 1A); the presence 
of residual cement on the root canal walls 

in areas inaccessible to nickel-titanium 
instruments is noted.

Рис. 2. Микро-КТ изображения поперечных 
срезов зуба (группа 1А); А – после хемо-

механической обработки корневого канала; 
Б – просвет корневого канала выделен зеленым 
цветом; В – после повторного эндодонтического 
лечения; Г – просветкорневого канала выделен 

зеленым цветом, области увеличенной 
плотности отмечены розовым цветом.

Fig. 2. Cross-sections of micro-CT scan images 
(group 1A); A- sample images after chemo-

mechanical root canal treatment; Б – root canal 
highlighted in green; В – sample images after 

retreatment; Г – root canal highlighted in green, 
areas of increased density are marked in pink.
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źŭƆűŸ�ĿĿ
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,Ő��
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,ő��
G���f p

śŭƆűŸ�ŶźżŹűŮźůź�ŶŬŹŬŷŬ�ŻźŽŷű�ŻűżŮŴƃŹźŵ�ƁűŸź'ŸűƁŬŹŴƃűŽŶźŵ�źŭżŬŭźžŶŴ�"ſ(ű(#
śŭƅŴŵ 4.47 ± 1.07 5.34 ± 1.77 4.00 ± 3.59 5.88 ± 2.54 4.56 ± 1.78 5.94 ± 4.06 p = 0.079

ĿźżźŹŶźŮŬƋ�žżűžƈ 2.87 ± 1.27 2.26 ± 1.98 2.09 ± 1.43 3.09 ± 1.77 2.17 ± 1.97 2.45 ± 2.15 p = 0.067

ŞżűŰŹƋƋ�žżűžƈ 1.23 ± 0.67 1.88 ± 1.17 1.51 ± 2.87 2.11 ± 0.57 1.74 ± 0.89 1.89 ± 1.67 p = 0.189

ŏŻŴŶŬŷƈŹŬƋ�žżűžƈ 0.37 ± 0.89 1.20 ± 0.74 0.22 ± 1.37 0.68 ± 0.32 0.65 ± 1.07 1.60 ± 1.89 p = 0.061

śŭƆűŸ�ŶźżŹűŮźůź�ŶŬŹŬŷŬ�ŻźŽŷű�ſŰŬŷűŹŴƋ�źŭžſżŬƂŴźŹŹźůź�ŸŬžűżŴŬŷŬ�"ſ(ű(#
śŭƅŴŵ 4.22 ± 0.67 5.28 ± 0.83 3.92 ± 1.64 6.35 ± 1.72 5.97 ± 1.60 6.78 ± 2.89 p = 0.046

ĿźżźŹŶźŮŬƋ�žżűžƈ 1.93 ± 0.65 2.08 ± 1.36 1.88 ± 0.39 2.68 ± 0.96 2.97 ± 0.85 2.11 ± 1.87 p = 0.052

ŞżűŰŹƋƋ�žżűžƈ 1.08 ± 0.77 1.69 ± 0.92 1.49 ± 0.44 2.48 ± 1.23 2.05 ± 0.39 2.22 ± 0.77 p = 0.063

ŏŻŴŶŬŷƈŹŬƋ�žżűžƈ 1.22 ± 0.21 1.51 ± 0.34 0.55 ± 0.69 1.19 ± 0.92 0.95 ± 0.53 1.45 ± 0.67 p = 0.021

śŭƆűŸ�źŽžŬžźƃŹźůź�ŻŷźŸŭŴżźŮźƃŹźůź�ŸŬžűżŴŬŷŬ�ŹŬ�ŽžűŹŶŬƁ�ŶźżŹűŮźůź�ŰűŹžŴŹŬ
śŭƅŴŵ&�ſ(ű(� 1.11 ± 0.67 *&.+���*(,+ *&.3���*(./ +&,.���+(+0 *&1*���*(0. *&1-���*(,,

p = 0.049 
śŭƅŴŵ&�� 1-&1* 3,&,- 21&/* 2*&.1 23&01 21&11

Таблица 1. Анализ результатов микро-КТ исследования; объем корневых каналов  
до и после перелечивания.

Table 1. Analysis of micro-CT research; root canal volume before and after retreatment procedures. 
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ƹƬƷƺƮ(�ƝƬƳƷƴǃƴǋ�Ʈ�ƽƹƴƲƱƹƴƴ�ƺƭǅƱƯƺ�ƺƭǆƱƸƬ�ƻƼƺǂƱƹƾ'
ƹƺƯƺ� ƽƺưƱƼƲƬƹƴǋ� ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ� ƸƬƾƱƼƴƬƷƬ� ƭǇƷƺ�
ƽƾƬƾƴƽƾƴǃƱƽƶƴ� ƳƹƬǃƴƸǇƸ� "i 6 *(*/#�ƸƱƲưƿ� ƯƼƿƻƻƬƸƴ�ƽ�
ƻƼƴƸƱƹƱƹƴƱƸ� ƴ� ƭƱƳ� ƻƼƴƸƱƹƱƹƴǋ� ƿƷǈƾƼƬƳƮƿƶƺƮƺƵ� ƴƷƴ�
ƳƮƿƶƺƮƺƵ�ƺƭƼƬƭƺƾƶƴ�Ʈ�ƻƼƺƾƺƶƺƷƱ�ƻƱƼƱƷƱǃƴƮƬƹƴǋ(�ƐǇƷƺ�
ƮǇǋƮƷƱƹƺ�ưƺƽƾƺƮƱƼƹƺ�ƸƱƹǈǄƱƱ�ƶƺƷƴǃƱƽƾƮƺ�ƺƽƾƬƾƺǃƹƺ'
Ưƺ� ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ� ƸƬƾƱƼƴƬƷƬ� Ʈ� ƽƴƽƾƱƸƱ� ƶƺƼƹƱƮǇǁ�
ƶƬƹƬƷƺƮ�Ʈ� ƯƼƿƻƻƬǁ�ƽ�ƻƼƴƸƱƹƱƹƴƱƸ�ƬƶƾƴƮƬǂƴƴ�ƴƼƼƴƯƬ'
ǂƴƺƹƹƺƯƺ� ƼƬƽƾƮƺƼƬ&� ƺưƹƬƶƺ&� ǉǀǀƱƶƾƴƮƹƺƽƾǈ� ƺǃƴƽƾƶƴ�
ƽƾƱƹƺƶ�ưƱƹƾƴƹƬ�ƶƺƼƹǋ�ƭǇƷƬ�ƼƬƳƷƴǃƹƺƵ�Ʈ�ƯƼƿƻƻƬǁ�ƽ�ƿƷǈ'
ƾƼƬƳƮƿƶƺƮƺƵ�ƴ�ƳƮƿƶƺƮƺƵ�ƴƼƼƴƯƬǂƴƱƵ�"i 6 *(*/#(�ƚƬƴƷƿǃ'
ǄƴƱ�ƼƱƳƿƷǈƾƬƾǇ�ƻƱƼƱƷƱǃƴƮƬƹƴǋ�ƭǇƷƴ�ƮǇǋƮƷƱƹǇ�Ʈ�ƯƼƿƻ'
ƻƱ�ƽ�ƻƼƴƸƱƹƱƹƴƱƸ�ƬƷƯƺƼƴƾƸƬ�>'LZ\^�%�RJ'^g]h�MaZi^k�
%� RJ'?g]h� @bgbla^k� L� %� ƀƕ� "-&*� Ƒƾ#&� ƽƺƯƷƬƽƹƺ� ƶƺƾƺƼǇƸ�
ǉǀǀƱƶƾƴƮƹƺƽƾǈ� ƿưƬƷƱƹƴǋ� ƻƷƺƸƭƴƼƺƮƺǃƹƺƯƺ�ƸƬƾƱƼƴƬ'
ƷƬ�ƽƺƽƾƬƮƴƷƬ�ƭƺƷƱƱ�3,��"ƾƬƭƷƴǂƬ�+#(
ƜƼƴ� ƺǂƱƹƶƱ� ƮƺƽƽƾƬƹƺƮƷƱƹƴǋ� ƼƬƭƺǃƱƵ� ưƷƴƹǇ� ƶƺƼƹƱ'

ƮǇǁ�ƶƬƹƬƷƺƮ�ƴ�ƬƻƴƶƬƷǈƹƺƵ�ƻƼƺǁƺưƴƸƺƽƾƴ�ƭǇƷƬ�ƺƻƼƱưƱ'
ƷƱƹƬ�ƽƾƬƾƴƽƾƴǃƱƽƶƴ�ƳƹƬǃƴƸƬǋ�ƼƬƳƹƴǂƬ�ƸƱƲưƿ�ƴƽƽƷƱưƿƱ'
ƸǇƸƴ�ƯƼƿƻƻƬƸƴ�ƽ�ƻƼƴƸƱƹƱƹƴƱƸ�ƴ�ƭƱƳ�ƻƼƴƸƱƹƱƹƴǋ�Ƭƶƾƴ'
ƮƬǂƴƴ�ƴƼƼƴƯƬǂƴƺƹƹƺƯƺ�ƼƬƽƾƮƺƼƬ� "i 6 *(*/#� "ƟƬƭƷƴǂƬ�,#(�
ƝƬƭƺǃƬǋ�ưƷƴƹƬ�ƶƺƼƹƱƮǇǁ�ƶƬƹƬƷƺƮ�ƴ�ƬƻƴƶƬƷǈƹƬǋ�ƻƼƺǁƺ'
ưƴƸƺƽƾǈ�ƭǇƷƴ�ƮƺƽƽƾƬƹƺƮƷƱƹǇ�Ʈƺ�ƮƽƱǁ�ƴƽƽƷƱưƿƱƸǇǁ�ƺƭ'
ƼƬƳǂƬǁ�"+**�#�Ʈ�ƯƼƿƻƻƬǁ�+Ɛ&�+Ƒ�ƴ�,Ɛ&�,Ƒ(�ƑƺƽƽƾƬƹƺƮƷƱƹƴƱ�
ƬƻƴƶƬƷǈƹƺƵ�ƻƼƺǁƺưƴƸƺƽƾƴ�ƭǇƷƺ�ưƺƽƾƴƯƹƿƾƺ�Ʈ�2*��ƽƷƿ'
ǃƬƱƮ�Ʈ�ǉƶƽƻƱƼƴƸƱƹƾƬƷǈƹƺƵ�ƯƼƿƻƻƱ�RJ'?H>I�ƭƱƳ�ƻƼƴƸƱ'
ƹƱƹƴǋ�ƬƶƾƴƮƬǂƴƴ�ƴƼƼƴƯƬƹƾƬ&�Ʈ�ƾƺ�ƮƼƱƸǋ�ƶƬƶ�ƻƼƴ�ƻƼƴƸƱ'
ƹƱƹƴƴ�ƺƳƮƿǃƴƮƬƹƴǋ�ƴƼƼƴƯƬǂƴƺƹƹƺƯƺ�ƼƬƽƾƮƺƼƬ�Ʈ�ƯƼƿƻƻƬǁ�
+Ɛ�ƴ�+Ƒ�ƬƻƴƶƬƷǈƹƬǋ�ƻƼƺǁƺưƴƸƺƽƾǈ�ƭǇƷƬ�ƮƺƽƽƾƬƹƺƮƷƱƹƬ�
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ƸƬƾƱƼƴƬƷƬ�ƴƳ� ƻƼǋƸǇǁ� ƶƺƼƹƱƮǇǁ� ƶƬƹƬƷƺƮ(�ƚƱƽƸƺƾƼǋ�ƹƬ�

+ŏ�"�# +Ő�"�# +ő�"�# ,ŏ�"�# ,Ő�"�# ,ő�"�#
őźŽŽžŬŹźŮŷűŹŴű�
żŬŭźƃűŵ�ŰŷŴŹƇ 100 100 100 80 100 100

őźŽŽžŬŹźŮŷűŹŴű�
ŬŻŴŶŬŷƈŹźŵ�
ŻżźƁźŰŴŸźŽžŴ

80 100 100 40 100 100

Таблица 2. Результаты оценки восстановления 
рабочей длины и апикальной проходимости 

корневых каналов после повторного 
эндодонтического лечения.

Table 2. Ability to regain patency and re-
establish working length during retreatment.
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ƾƬƷǈƹǇƸƴ�ƻƺƼƬƲƱƹƴǋƸƴ(�ƞƾƺƸƬƾƺƷƺƯƴǋ(�,*+05�0�",#4-1'-2(�

.(� ƑƺƷƶƺƮ� ƒ(Ɯ(&� ƙƴƾƼƺƹƴƹ� Ə(Ƒ(� ſ� ƮƺƻƼƺƽƿ� ƺ� ƻƼƺǀƴƷƬƶƾƴƶƱ� ƺƽ'�
ƷƺƲƹƱƹƴƵ�ǉƹưƺ'�ưƺƹƾƴǃƱƽƶƺƯƺ�ƷƱǃƱƹƴǋ�ƬƻƴƶƬƷǈƹƺƯƺ�ƻƱƼƴƺưƺƹƾƴƾƬ�
>^gmZe�@hknf(�,*+/5�/3".#4�+3ȑ,*(�

/(� ƙƴƾƼƺƹƴƹ� Ə(Ƒ(&� ƜƺƻƺƮƬ� Ƒ(ƙ(&� ƒƬǄƶƺƮƬ� ƛ(Ɯ(&� žƬƷƴƱƮƬ� ƒ(Ɵ(&�
ƐƱƷƺƳǌƼƺƮƬ� ƚ(ƚ(� ƛƾưƬƷǌƹƹǇƱ� ƼƱƳƿƷǈƾƬƾǇ� ǉƹưƺưƺƹƾƴǃƱƽƶƺƯƺ� ƷƱ'
ǃƱƹƴǋ� ƻƼƴ� ǉƹưƺưƺƹƾƺ'ƻƬƼƺưƺƹƾƬƷǈƹǇǁ� ƻƺƼƬƲƱƹƴǋǁ(� Ʃƹưƺưƺƹƾƴǋ�
mh]Zr(�,*+15,4�-1'.*(�

0(�ſƼƱǃƴƹƬ&�Ɠ(ſ(�ƞƾƴƸƿƷǋǂƴǋ�ƼƱƻƬƼƬƾƴƮƹƺƯƺ�ưƱƹƾƴƹƺƯƱƹƱƳƬ�ƻƺư�
ƮƷƴǋƹƴƱƸ�ƼƬƳƷƴǃƹǇǁ�ƭƴƺƸƬƾƱƼƴƬƷƺƮ� Ʈ� ǉƶƽƻƱƼƴƸƱƹƾƱ(� Ɠ(ſ(� ſƼƱǃƴ'
ƹƬ&� ƕ(ƀ(� ƏƭưƿƼƬǁƸƬƹƺƮƬ&� Ə(Ƒ(� ƑƺƷƶƺƮ&� Ə(ſ(� žƬưƲƴƱƮ� ƞƾƺƸƬƾƺƷƺƯƴǋ(�
,*+25,4�+0'+3(�

1(� ƙƴƾƼƺƹƴƹ� Ə(Ƒ(&� ƞƺƭƶƴƹƬ� ƚ(Ə(&� ƜƺƸƱǅƴƶƺƮƬ� ƚ(Ɩ(&� ƒƸƴƾƼƴƱƮƬ�
Ƙ(Ə(�ƖƽƻƺƷǈƳƺƮƬƹƴƱ� ƶƺƸƻǈǊƾƱƼƹƺƵ�ƸƴƶƼƺƾƺƸƺƯƼƬǀƴƴ� ưƷǋ� ƺǂƱƹƶƴ�
ƶƬǃƱƽƾƮƬ�ǉƹưƺưƺƹƾƴǃƱƽƶƺƵ�ƺƭƼƬƭƺƾƶƴ�ƳƿƭƬ�ƻƼƴ�ƴƽƻƺƷǈƳƺƮƬƹƴƴ�ƽƺ'
ƮƼƱƸƱƹƹǇǁ�ƴƹƽƾƼƿƸƱƹƾƺƮ(�Ʃƹưƺưƺƹƾƴǋ�mh]Zr(�,*+25�+4�(,,',0(�

2(� Lb\n\\b� >(� PbmZe� inei� ma^kZir4� ablmhiZmaheh`r� Zg]�
ablmh[Z\m^kbheh`r'[Zl^]� `nb]^ebg^l� mh� mk^Zm� m^^ma� pbma� ]^^i� \Zkb^l�
Zg]� inei� ^qihlnk^�>(� Lb\n\\b&� D(@(� Mbjn^bkZ&� S(� Fb&� @(L(� NZr� DhnkgZe� h_�
>^gmblmkr(�,*+35�204�.+'/,(�

3(�=Zg]^bkh�A(N(&�GhnkZ'H^mmh�=(&�>�;ef^b]Z'=hnmh�L(M(&�;sZf[ncZ'
DÌgbhk�H&(�̂ m�Ze(�=rmhmhqb\bmr&�̀ ^ghmhqb\bmr�Zg]�Zgmb[Z\m^kbZe�̂ __^\mbo^g^ll�
h_�Z�[bh\^kZfb\�^g]h]hgmb\�l^Ze^k(�Cgm�?g]h]�D(�,*+/(�;n`+1(�

+*(� Ebf� L(D(&� Mabg� D(B(� =rmhmhqb\bmr� h_� Z� gho^e� fbg^kZe� mkbhqb]^�
Z``k^`Zm^'[Zl^]�khhm�\ZgZe�l^Ze^k(�>^gm�GZm^k�D(�,*+.5�--4�-+-'�-+2(�

++(� B^ll� >(&� Mhehfhg� ?(&� Mi^Zkl� L(&� B^� D(� L^mk^ZmZ[bebmr� h_� Z�
[bh\^kZfb\�khhm�\ZgZe�l^Zebg`�fZm^kbZe(�D�?g]h](�,*++5�-14o+/.1ǜ�+/.3(�

+,(�MbeoZ�?D(HF(&<^eeZ]hggZ�@(A(�&Tnheh;(M(�&Lh]kb`n^l�?(&�?akaZk]m�
C(=(&�MhnsZ�?(G(&�>^'>^nl�A(�?__^\mbo^g^ll�h_�RJ'^g]h�_bgbla^k�Zg]�RJ'�
^g]h�_bgbla^k�L�bg�k^fhobg`�khhm�_beebg`�k^fgZgml4�Z�fb\kh'�=N�lmn]r(�Cgm�
?g]h]�D(�,*+25�/+4�20ǜ3+(

REFERENCES:
+(�>fbmkb^oZ�F(;(�?g]h]hgm�bg_^\mbhg�ikh[e^f4�fh]^kg�ob^p�hg�fb\kh[bZe�

[bhɗef(�?g]h]hgmb\l�mh]Zr(�,*+*5�+4�+,'+/(
,(�Gbmkhgbg�;(P(�@^Zmnk^l�h_�\hgmZfbgZmbhg�h_� ma^�khhm�\ZgZe�^\hlrlm^f�

Zm� ma^� lmZ`^l�h_� ^g]h]hgmb\� mk^Zmf^gm�h_� Z\nm^�i^kbh]hgmbmbl(�?g]h]hgmb\l�
mh]Zr(�,**25�+4�,0'-,(

-(� NlZk^o� P(H(&�Gbmkhgbg� ;(P(&� AZeb^oZ� >(N(&� Tbghor^oZ� ;(C(&� JhihoZ� P(G(�
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e^lbhgl(�?g]h]hgmb\l�mh]Zr(�,*+15�,4�-1'.*(
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ƗƛơƜƞƚƐƣƗƬ�ƜƑ�ƐƒƠƜƞƐƢ4
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ǊǅƴƵ�ƶƬǀƱưƼƺƵ&�ƕƬƽƷƿƲƱƹƹǇƵ�ƮƼƬǃ�ƝƠ5�IL=C>�C>4�****'***,'-/0+'0,,,(
ƠÚƿƯƻƶƻƯ�Ɨ(Ɣ(�ǜ�ƬƽƽƴƽƾƱƹƾ&�ƬƽƻƴƼƬƹƾ5�IL=C>�C>4�****'***,'/*-/'/,-/(
ƞƶƿƾƼƻƶƻ�ƭ(Ɣ(�ǜ�ƽƾƿưƱƹƾ&�ƴƸƱƹƹƺƵ�ƽƾƴƻƱƹưƴƬƾ�ƀǃǌƹƺƯƺ�ƽƺƮƱƾƬ�ƙžƙƞƀ(
ſƬǀƱưƼƬ�ƶƬƼƴƱƽƺƷƺƯƴƴ�ƴ�ǉƹưƺưƺƹƾƴƴ(�ƠƱưƱƼƬƷǈƹƺƱ�ƯƺƽƿưƬƼƽƾƮƱƹƹƺƱ�ƭǊưƲƱƾƹƺƱ�ƺƭƼƬƳƺƮƬƾƱƷǈƹƺƱ�

ƿǃƼƱƲưƱƹƴƱ�ƮǇƽǄƱƯƺ�ƺƭƼƬƳƺƮƬƹƴǋ��ƙƺƽƶƺƮƽƶƴƵ�ƯƺƽƿưƬƼƽƾƮƱƹƹǇƵ�ƸƱưƴƶƺ'ƽƾƺƸƬƾƺƷƺƯƴǃƱƽƶƴƵ�ƿƹƴƮƱƼƽƴƾƱƾ�ƴƸƱƹƴ�
Ə(Ɩ(�ƓƮưƺƶƴƸƺƮƬ��ƙƴƹƴƽƾƱƼƽƾƮƬ�ƕưƼƬƮƺƺǁƼƬƹƱƹƴǋ�ƝƺƽƽƴƵƽƶƺƵ�ƠƱưƱƼƬǂƴƴ(

AUTHOR INFORMATION:
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