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Abstract:
Aim.�Ɵh�\Zkkr�hnm�Z�\hfiZkZmbo^�Zll^llf^gm�h_�ma^�\aZg`^�bg�ma^�iZbg�mak^lahe]�"bg�m^kfl�h_�^e^\mkhh]hgmhf^mkr#&�ma^�
R'kZr�pb]ma�h_�ma^�khhm�\ZgZe�bg�ma^�Zi^q�Zk^Z�Zg]�ma^�gZmnk^�h_�ma^�iZbg�l^glZmbhg�h_�ma^�\^gmkZe�bg\blhkl�bg�\abe]k^g�Z`^]�
0(/'+/�r^Zkl(
Materials and methods.�Q^�^qZfbg^]�,2*�m^^ma�bg�,2*�\abe]k^g�_khf�0(/�mh�+/�r^Zkl�he]�"\^gmkZe�bg\blhkl#(�JZmb^gml�Zk^�
]bob]^]�[r�Z`^�bgmh�/�`khnil4�+�ǜ�0(/'1�r^Zkl�he]5�,�ǜ�1'2�r^Zkl�he]5�-�ǜ�3'+*�r^Zkl�he]5�.�ǜ�++'+,�r^Zkl�he]5�/�ǜ�+-'+/�
r^Zkl�he](�Na^�iZmb^gml�ng]^kp^gm�^e^\mkhh]hgmhf^mkr�"?IG#&�mh�f^Zlnk^�ma^�l^glbmbobmr�mak^lahe]�h_�ma^�lmn]b^]�mhhma&�
ma^�ln[c^\mbo^�l^glZmbhgl�pbma�?IG�p^k^�Zll^ll^]&�Zg]�ma^�pb]ma�h_�ma^�Zib\Ze�iZkm�h_�ma^�khhm�\ZgZe�pZl�]^m^kfbg^]&�
Z\\hk]bg`�mh�ma^�]ZmZ�h_�bgmkZhkZe�lb`ambg`�kZ]bh`kZiar(
Results.�Na^�lmn]r�lmn]b^]�ma^�ikh\^ll�h_� m^^mabg`�Zg]�_hkfZmbhg�h_� m^^ma� bg�]rgZfb\l� _khf�0(/� mh�+/�r^Zkl� bg�/�Z`^�
`khnil(�=aZg`^l�bg�^e^\mkh]hgmhf^mkr�"?IG#�Zk^�lb`gbɗ\Zgm�_khf�+.*(-2�Ŭ;�".(/�r^Zkl#�mh�,.(-2�Ŭ;�"+/�r^Zkl#�ǜ�Zo^kZ`^�
]ZmZ(�Na^�k^eZmbhglabi�[^mp^^g�Z`^�Zg]�ma^�pb]ma�h_�ma^�khhm�\ZgZe�bg�ma^�Zk^Z�h_�ma^�Zi^q&�pab\a�bl�Zelh�\aZkZ\m^kbs^]�
[r�Z�`kZ]nZe� gZkkhpbg`&� aZl�[^^g� mkZ\^](�Jnei�iZbg�pbma�?IG�[^\hf^l�\e^Zk^k� Zg]�fhk^� lahkm'ebo^]�pbma� Z`^(� Na^�
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\hkk^eZmbhg�[^mp^^g�Z`^�Zg]�iZbg�mak^lahe]�bl�e^ll�ikhghng\^]�".+�#�maZg�[^mp^^g�Z`^�Zg]�Zib\Ze�\ZgZe�pb]ma�"1,�#(
Conclusions.�Na^�fZbg�khe^� bg�ma^�l^glbmbobmr�h_� ma^�mhhma� bl�ieZr^]�[r�ma^�;']^emZ�Zg]�=�g^ko^�ɗ[^kl�h_�ma^�inei(�Na^�
ia^ghf^ghg�h_�Z�]^\k^Zl^�bg�ma^�iZbg�l^glbmbobmr�mak^lahe]�h_�i^kfZg^gm�m^^ma�]nkbg`�^e^\mkh]hgmhf^mkr�bg�ma^�ikh\^ll�
h_�khhm�_hkfZmbhg�]n^�mh�ma^�k^Z\mbhg�h_�='ɗ[^kl�pZl�^lmZ[ebla^](

Keywords:�^e^\mkh]hgmhf^mkr&�;']^emZ�Zg]�=�g^ko^�ɗ[^kl(

Received:�+0(*3(,*,*5�revised:�,-(++(,*,*5�accepted:�*+(+,(,*,*(

=hgɔb\m�h_�bgm^k^lml4�Na^�Znmahkl�]^\eZk^�gh�\hgɘb\m�h_�bgm^k^lml(
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EnebdhoZ(�Na^�ia^ghf^ghg�h_�]^gmZe�inei�l^glbmbobmr� bg� ma^� _hkfZmbhg�h_�i^kfZg^gm� m^^ma(�?g]h]hgmb\l� mh]Zr(�,*,*5�
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ƾƱƷǈƹƺƽƾǈ(� Ƒ� ƶƺƼƺƹƶƺƮƺƵ� ƻƿƷǈƻƱ� ǜ� ǉƾƺ� ƺưƺƹƾƺƭƷƬƽƾǇ�
ƴ� ưƱƹƾƴƹƹǇƱ� ƾƼƿƭƺǃƶƴ� ƽ� ƮǁƺưǋǅƴƸƴ� Ʈ� ƹƴǁ� ƹƬ� +',� ƸƸ�
ƹƱƼƮƹǇƸƴ� ƮƱƾƺǃƶƬƸƴ� Ə'ưƱƷǈƾƬ� ƮƺƷƺƶƺƹ� U3W(� Ƒ� ƶƺƼƹƱ� ǜ�
ǉƾƺ�ƿƳƶƬǋ�ƾƺƹƶƬǋ�ƬƻƴƶƬƷǈƹƬǋ�ǃƬƽƾǈ�ƶƬƹƬƷƬ&�ƯưƱ�ƻƷƺƾƹƺ�
ƻƺƸƱǅƬǊƾƽǋ�ƹƱƼƮǇ�ƽƱƼưǂƱƮƴƹǇ�ƻƿƷǈƻǇ�ƴƳ�ƞ'ƮƺƷƺƶƺƹ�
ƮƸƱƽƾƱ� ƽ� ƽƺƽƿưƬƸƴ� U+*W(� ƑƾƺƼƴǃƹǇƵ� ǂƱƸƱƹƾ� ƿǃƬƽƾƮƿ'
Ʊƾ� Ʈ� ƽƺƳưƬƹƴƴ� ƬƻƴƶƬƷǈƹƺƯƺ� ƽƿƲƱƹƴǋ� U++&� +,W(�ƚƬƷƴǃƴƱ�
ƿ� ƬƻƱƶƽƬ� ƸƴƱƷƴƹƺƮǇǁ� Ə'ưƱƷǈƾƬ'ƮƺƷƺƶƺƹ� ƹƱ� ưƺƶƬƳƬƹƺ(�
ƐƺƷƱƮǇƱ�ƮƺƷƺƶƹƬ�;'ưƱƷǈƾƬ�ƽƷƱƯƶƬ�ƸƴƱƷƴƹƴƳƴƼƺƮƬƹǇ�ƴ�
ƹƬǁƺưǋƾƽǋ�Ʈ� ƶƺƼƺƹƶƱ&�ƴƸƱǊƾ�ƭƺƷƱƱ�ƮǇƽƺƶƿǊ�ƽƶƺƼƺƽƾǈ�
ƻƼƺƮƺưƴƸƺƽƾƴ(� ƛƹƴ� ƼƱƬƯƴƼƿǊƾ� ƹƬ� ƴƸƻƿƷǈƽƹǇƵ� ƾƺƶ&�
ƶƬƶ� ƺƽƾƼƺƱ� ƭƺƷƱƮƺƱ� ƺǅƿǅƱƹƴƱ(� ƞ'ƮƺƷƺƶƹƬ� ƻƱƼƱưƬǊƾ�
ƻƺƳưƹǊǊ&�ƸǋƯƶƿǊ�ƴ�ƹƱǃƱƾƶƿǊ�ƭƺƷǈ(�ƖƹƾƱƼƱƽƹƺ&�ǃƾƺ�ƮƽƱ�
ƳƬƼƿƭƱƲƹǇƱ�ƬƮƾƺƼǇ4�<chkg�B(�"+3/-#�U+-W&�Gnf_hk]�D(G(�
"+30,#�U+.W&�=a^g�?(�",**3#�U+/W&�DZ_ZksZ]^a�ƚ(�",*+*#�U+0W&�
=ha^g�",**,#�U1W&�L^Z]^k�;(�",*+1#�U+1W�ƼƬƽƽƸƬƾƼƴƮƬǊƾ�
ƸƱǁƬƹƴƳƸǇ� ǉƷƱƶƾƼƺƺưƺƹƾƺƸƱƾƼƴƴ� ƽ� ƻƺƳƴǂƴƵ� ƾƱƺƼƴƴ�
<k¶gglmkÈf�G(� U+2W&�ƶƬƶ�ưƱƹƾƴƹƹƿǊ�ƽƾƴƸƿƷǋǂƴǊ�\�ƿƻƺ'
ƼƺƸ� ƹƬ� Ə'ưƱƷǈƾƬ� ƮƺƷƺƶƹƬ� ƴ� ƶƬƶ� ?JN� "Ɠe^\mkb\Ze� JneiZe�
N^lm#(� ƕƬƼƿƭƱƲƹǇƱ� ƴƽƽƷƱưƺƮƬƾƱƷƴ� ƺƻƿƽƶƬǊ� ƼƱƬƶǂƴǊ�
ƭƺƷƱƮǇǁ�ƞ'ƮƺƷƺƶƺƹ&�ƽƺƽƾƬƮƷǋǊǅƴǁ�ƺƽƹƺƮƹƿǊ�ƹƱƼƮƹƿǊ�
ƽƾƼƿƶƾƿƼƿ� ƳƿƭƬ(� ƖƹƾƱƼƱƽƹƺ&� ǃƾƺ� ?JN� ƽǃƴƾƬƱƾƽǋ� ƸƬƷƺ'
ǂƱƹƹǇƸ�ƾƱƽƾƺƸ�ưƷǋ�ƮƼƱƸƱƹƹǇǁ�ƳƿƭƺƮ�ƴƷƴ�ƻƺƽƾƺǋƹƹǇǁ�
Ʈ�ƻƱƼƴƺư�ƻƼƺƼƱƳǇƮƬƹƴǋ�U+3&�,*W(�ƙƹƺƯƴƱ�ưƱƾƴ�ƽ�ƴƹƾƬƶƾ'
ƹǇƸƴ�ƳƿƭƬƸƴ�ƹƱ�ƺƾƮƱǃƬǊƾ�ƹƬ�?JN�ưƬƲƱ�ƹƬ�ƿƮƱƷƴǃƱƹƹǇƱ�

ƽƾƴƸƿƷǋǂƴƺƹƹǇƱ�ƾƺƶƴ�U,+W(�ƙǇ�ƽǃƴƾƬƱƸ&�ǃƾƺ�ưƷǋ�ƼƱƬƶ'
ǂƴƴ� ƮƽƱǁ� ƹƱƵƼƺƼƱǂƱƻƾƺƼƺƮ� Ʈ� ƺƾưƱƷǈƹǇǁ� ƳƿƭƬǁ� ƹƿƲƱƹ�
ƭƺƷƱƱ� ƿƹƴƮƱƼƽƬƷǈƹǇƵ� ƽƾƴƸƿƷǋƾƺƼ� ƻƱƼƱƸƱƹƹƺƯƺ� ƾƺƶƬ�
ƽ� ǄƴƼƺƶƴƸ� ƽƿƸƸƬƼƹǇƸ� ƮƺƳưƱƵƽƾƮƴƱƸ&� ƮƶƷǊǃƬǊǅƴƸ�
ƞ'ƮƺƷƺƶƹƬ(

ƣƔƙƩ
ƜƼƺƮƱƽƾƴ� ƽƼƬƮƹƴƾƱƷǈƹƿǊ� ƺǂƱƹƶƿ� ƴƳƸƱƹƱƹƴǋ� ƭƺƷƱ'

ƮƺƯƺ� ƻƺƼƺƯƬ� "ƻƺ� ƻƺƶƬƳƬƾƱƷǋƸ� ǉƷƱƶƾƼƺƺưƺƹƾƺƸƱƾƼƴƴ#&�
ƼƱƹƾƯƱƹƺƷƺƯƴǃƱƽƶƺƵ�ǄƴƼƴƹǇ�ƶƺƼƹƱƮƺƯƺ�ƶƬƹƬƷƬ�Ʈ�ƺƭƷƬ'
ƽƾƴ�ƬƻƱƶƽƬ�ƴ�ǁƬƼƬƶƾƱƼƬ�ƭƺƷƱƮƺƯƺ�ƺǅƿǅƱƹƴǋ�ǂƱƹƾƼƬƷǈ'
ƹǇǁ�ƼƱƳǂƺƮ�ƿ�ưƱƾƱƵ�Ʈ�ƮƺƳƼƬƽƾƱ�0&/�ǜ�+/�ƷƱƾ(

ƚƐƠƔƞƗƐƙ�Ɨ�ƚƔƠƜƓƨ
ƐǇƷƺ�ƴƽƽƷƱưƺƮƬƹƺ�,2*�ƳƿƭƺƮ�ƿ�,2*�ưƱƾƱƵ�ƽ�0&/�ưƺ�+/�

ƷƱƾ�"ǂƱƹƾƼƬƷǈƹǇƱ�ƼƱƳǂǇ#(�ƜƬǂƴƱƹƾǇ�ƼƬƳưƱƷƱƹǇ�ƻƺ�ƮƺƳ'
ƼƬƽƾƿ�ƹƬ�/�ƯƼƿƻƻ4�+�ǜ�0&/'1�ƷƱƾ5�,�ǜ�1'2�ƷƱƾ5�-�ǜ�3'+*�ƷƱƾ5�
.�ǜ�++'+,�ƷƱƾ5�/�ǜ�+-'+/�ƷƱƾ(
ƜƺƽƷƱ� ƻƺƷƿǃƱƹƴǋ� ƴƹǀƺƼƸƴƼƺƮƬƹƹƺƯƺ� ưƺƭƼƺƮƺƷǈ'

ƹƺƯƺ� ƽƺƯƷƬƽƴǋ� ƼƺưƴƾƱƷƱƵ&� ƻƼƺƮƺưƴƷƽǋ� ƺƽƸƺƾƼ� ƻƺƷƺ'
ƽƾƴ�ƼƾƬ� ƼƱƭǌƹƶƬ&� ƻƬǂƴƱƹƾǇ�ƴ� ƴǁ� ƼƺưƴƾƱƷƴ�ƴƹƽƾƼƿƶƾƴ'
ƼƺƮƬƷƴƽǈ(� ƖƳƸƱƼƱƹƴǋ� ƻƼƺƮƺưƴƷƴƽǈ� ƹƬ� ǂƱƹƾƼƬƷǈƹƺƸ�
ƮƱƼǁƹƱƸ�ƼƱƳǂƱ(�ƕƿƭǇ�ƴƳƺƷƴƼƺƮƬƷƴƽǈ�ƺƾ�ƽƷǊƹǇ&�ƻƺƼƺƯ�
ƭƺƷƱƮƺƵ� ǃƿƮƽƾƮƴƾƱƷǈƹƺƽƾƴ�ƻƿƷǈƻǇ�ƺƻƼƱưƱƷǋƷƽǋ� ƽ� ƻƺ'
ƸƺǅǈǊ� ƬƻƻƬƼƬƾƬ� ưƷǋ� ǉƷƱƶƾƼƺƺưƺƹƾƺƸƱƾƼƴƴ� ƖƑƚ'*+�
ƜƿƷǈƻƺƾƱƽƾ'ƜƼƺ�U,,W&�ƶƺƾƺƼǇƵ�ǁƺƼƺǄƺ�ƳƬƼƱƶƺƸƱƹưƺƮƬƷ�
ƽƱƭǋ�Ʈƺ�ƸƹƺƯƴǁ�ƴƽƽƷƱưƺƮƬƹƴǋǁ�U,-&�,.&�,/&�,0W(�ƖƽƻƺƷǈ'
ƳƿƱƸǇƵ�ƻƿƷǈƻƺƾƱƽƾƱƼ�ƽƺƳưƬƱƾ�ƽƱƼƴǊ�ƴƸƻƿƷǈƽƺƮ�ƻƱƼƱ'
ƸƱƹƹƺƯƺ�ƾƺƶƬ&�ǃƬƽƾƺƾƺƵ�/*�žǂ&�ƷƴǄƱƹƹǇǁ�ƻƺƷǋƼƴƳƬǂƴƴ&�
ƽ� ƻƺƽƾƱƻƱƹƹƺ� ƹƬƼƬƽƾƬǊǅƱƵ� ƽƴƷƺƵ� ƾƺƶƬ� ƻƺ� ǄƶƬƷƱ� ƺƾ�
*� ưƺ� ,**� ƸƶƏ� ưƺ� ƻƱƼƮƺƯƺ� ƺǅƿǅƱƹƴǋ4� ƭƺƷǈ)ƻƼƱưƭƺƷǈ(�
ƏƶƾƴƮƹǇƵ� ǉƷƱƶƾƼƺư� ƹƬǁƺưƴƷƽǋ� Ʈ� ƻƺƷƴǁƷƺƼƮƴƹƴƷƺƮƺƵ�
ƾƼƿƭƶƱ&�Ʈ�ƶƺƾƺƼƿǊ�ƮƮƺưƴƷƽǋ�ƶƺƹƾƬƶƾƹǇƵ�ƯƱƷǈ(�ƒƴƬƸƱƾƼ�
ƬƶƾƴƮƹƺƯƺ�ǉƷƱƶƾƼƺưƬ�ƽƺƽƾƬƮƷǋƷ�.�ƸƸ(�ƜƬƽƽƴƮƹǇƵ�ƸƱ'
ƾƬƷƷƴǃƱƽƶƴƵ�ǉƷƱƶƾƼƺư�ƹƬǁƺưƴƷƽǋ�Ʈ�ƼƿƶƱ�ƴƽƽƷƱưƿƱƸƺ'
Ưƺ(�ƜƼƴ�ƮƺƳƹƴƶƹƺƮƱƹƴƴ�ƻƱƼƮǇǁ�ƺǅƿǅƱƹƴƵ�ƼƱƭǌƹƺƶ�ƴƷƴ�
ƸƱưƽƱƽƾƼƬ�ƺƾƻƿƽƶƬƷƴ�ƶƹƺƻƶƿ&�ƻƼƱƶƼƬǅƬǋ&�ƾƬƶƴƸ�ƺƭƼƬ'
ƳƺƸ&�ƻƺưƬǃƿ�ƾƺƶƬ&�ƴ�ƳƹƬǃƱƹƴƱ�Ʃƛƙ�ǀƴƶƽƴƼƺƮƬƷƺƽǈ�ƹƬ�
ưƴƽƻƷƱƱ(� ƜƺƶƬƳƬƹƴǋ� ƭƺƷƱƮƺƯƺ� ƻƺƼƺƯƬ� ƻƺƽƷƱ� ưƮƿƶƼƬƾ'
ƹƺƯƺ�ƴƳƸƱƼƱƹƴǋ�ǀƴƶƽƴƼƺƮƬƷƴƽǈ�Ʈ�ƻƼƺƾƺƶƺƷƱ(
ſƼƺƸƱ� ǂƴǀƼƺƮƺƯƺ� ƻƺƶƬƳƬƾƱƷǋ� Ʃƛƙ� ƺƻƼƱưƱƷǋƷƬƽǈ�

ƽƿƭǆƱƶƾƴƮƹƬǋ�ƼƱƬƶǂƴǋ�ƼƱƭƱƹƶƬ(�ƛƽƹƺƮƹǇƸ�ƶƼƴƾƱƼƴƱƸ�
ƭƺƷƱƮƺƯƺ�ƺǅƿǅƱƹƴǋ�ƭǇƷƺ�ƱƯƺ�ƼƬƳưƱƷƱƹƴƱ�ƱƯƺ�ƹƬ�ƭƺƷǈ)
ƻƼƱưƭƺƷǈ(� �ƜƼƱưƭƺƷǈ�� ƸǇ� ƺƻƼƱưƱƷǋƱƸ&� ƶƬƶ� ƷǊƭǇƱ�
ƻƼƱưƭƺƷƱƮǇƱ�ƺǅƿǅƱƹƴǋ� "ƾƬƶƾƴƷǈƹǇƱ&� ƾƱƸƻƱƼƬƾƿƼƹǇƱ�
ƴ�ưƼ(#&�ƶƺƾƺƼǇƱ�ƻƬǂƴƱƹƾ�ƹƱ�ƴưƱƹƾƴǀƴǂƴƼƿƱƾ�ƶƬƶ�ǋƮƹƿǊ�
ƭƺƷǈ(�Ƒ�ƺƻƴƽƬƹƴƴ�ƻƼƱưƭƺƷƴ�ƿǃƴƾǇƮƬƷƴƽǈ�Ʊǌ�ƮƬƼƴƬƹƾǇ&�
ưƬƹƹǇƱ�ƻƬǂƴƱƹƾƺƸ(
ƑƽƱƸ� ƻƬǂƴƱƹƾƬƸ� ƻƼƺƮƺưƴƷƬƽǈ� ƼƱƹƾƯƱƹƺƯƼƬǀƴǋ(� Ɯƺ�

ƮƹƿƾƼƴƼƺƾƺƮǇƸ� ƼƱƹƾƯƱƹƺƮƽƶƴƸ� ƽƹƴƸƶƬƸ� ƴƳƸƱƼǋƷƬƽǈ�
ǄƴƼƴƹƬ� ƬƻƴƶƬƷǈƹƺƵ� ǃƬƽƾƴ� ƶƺƼƹƱƮƺƯƺ� ƶƬƹƬƷƬ� ƳƿƭƬ� Ʈ�
ƸƴƷƷƴƸƱƾƼƬǁ(
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ƞƔƖƁƙƩƠƐƠƨ
ƜƺƷƿǃƱƹƹǇƱ�ƼƱƳƿƷǈƾƬƾǇ�ƻƼƴƮƱưƱƹǇ�Ʈ�ƾƬƭƷƴǂƱ�+�ƴ�ƹƬ�

ƼƴƽƿƹƶƬǁ�+(+'+(-(�Ɲƴƽƿƹƶƴ�ưƱƸƺƹƽƾƼƴƼƿǊƾ�ƹƴƽǁƺưǋǅƿǊ�
ƶƼƴƮƿǊ&� ƽǁƺưƹƿǊ�ƻƼƴ�ƮƽƱǁ� ƾƼƱǁ�ƴƽƽƷƱưƿƱƸǇǁ�ƹƬƻƼƬƮ'
ƷƱƹƴǋǁ4�Ʃƛƙ&�ǄƴƼƴƹƬ�ƬƻƱƶƽƬ�ƴ�ƭƺƷƱƮƺƱ�ƺǅƿǅƱƹƴƱ(
ƝƱƳƶƺƱ�ƻƬưƱƹƴƱ�ƻƺƶƬƳƬƾƱƷǋ�Ʃƛƒ�ƴƸƱƷƺ�ƸƱƽƾƺ�Ʈ�ƮƺƳ'

ƼƬƽƾƱ�ƽ�0&/�ưƺ�+*�ƷƱƾ&�ƽ�ưƬƷǈƹƱƵǄƴƸ�ƻƷƬƮƹǇƸ�ƽƹƴƲƱƹƴ'
ƱƸ�Ʈ�ƭƺƷƱƱ�ƽƾƬƼǄƱƸ�ƮƺƳƼƬƽƾƱ(�ƚƬƴƭƺƷǈǄƴƵ�ƻƺƶƬƳƬƾƱƷǈ�
ƩƛG�ƹƬƭƷǊưƬƷƽǋ�Ʈ�ƻƱƼƮƺƵ�ƮƺƳƼƬƽƾƹƺƵ�ƯƼƿƻƻƱ�"+.*&20�
ƸƶƏ#&�ƻƼƱƮǇǄƬǋ�ƾƬƶƺƮƺƵ�Ʈƺ�ƮƾƺƼƺƵ�ƮƺƳƼƬƽƾƹƺƵ�ƯƼƿƻƻƱ�
ƭƺƷƱƱ�ǃƱƸ�Ʈ�+&/�ƼƬƳƬ�"3+&3/�ƸƶƏ#(�ƜƼƴ�ǉƾƺƸ�ƽƼƱưƹƴƵ�ƻƺ'
ƶƬƳƬƾƱƷǈ� ưƴƬƸƱƾƼƬ� ƬƻƱƶƽƬ� ƿƸƱƹǈǄƴƷƽǋ� ƽ� ,&//� ƸƸ� ưƺ�
+&30�ƸƸ(�Ɯƺ�ƺƭƺƴƸ�ƻƬƼƬƸƱƾƼƬƸ�ƼƬƳƷƴǃƴǋ�ƸƱƲưƿ�ƻƱƼƮƺƵ�
ƴ�ƮƾƺƼƺƵ�ƮƺƳƼƬƽƾƹǇƸƴ�ƯƼƿƻƻƬƸƴ�ƺƶƬƳƬƷƴƽǈ�ƽƾƬƾƴƽƾƴ'
ǃƱƽƶƴ�ƳƹƬǃƴƸǇƸƴ�"m�7�/&1*�ƴ�0&25�Ƽ6*&*/#(�ƙƱƲưƿ�ƮƾƺƼƺƵ�
ƴ�ƾƼƱƾǈƱƵ�ƮƺƳƼƬƽƾƹǇƸƴ�ƯƼƿƻƻƬƸƴ�ƺƾƷƴǃƴƱ�Ʈ�ƻƺƶƬƳƬƾƱ'
Ʒǋǁ�ƩƛG�ƭƺƷƱƱ�ƼƱƳƶƺƱ�ǜ�3+&3/�ƸƶƏ�ưƺ�-3&1/�ƸƶƏ�ǜ�ƻƼƴ�
ƻƼƬƶƾƴǃƱƽƶƴ�ƾƬƶƺƸ�ƲƱ�ƻƷƬƮƹƺƸ�ƿƸƱƹǈǄƱƹƴƴ�ưƴƬƸƱƾƼƬ�
ƬƻƴƶƬƷǈƹƺƯƺ�ƺƾƮƱƼƽƾƴǋ�"+&30�ƴ�+&-3�ƸƸ#(�Ɯƺ�ƺƭƺƴƸ�ƻƬ'
ƼƬƸƱƾƼƬƸ�ƼƬƳƷƴǃƴǋ�ƸƱƲưƿ�ƮƾƺƼƺƵ�ƴ�ƾƼƱƾǈƱƵ�ƮƺƳƼƬƽƾ'
ƹǇƸƴ�ƯƼƿƻƻƬƸƴ�ƽƾƬƾƴƽƾƴǃƱƽƶƴ�ƳƹƬǃƴƸǇ�"m�7�1&.2�ƴ�2&3*5�
i�6�*(*/#(�ƜƺƶƬƳƬƾƱƷƴ�ƩƛG�Ʈ�ƾƼƱƾǈƱƵ�ƴ�ǃƱƾƮƱƼƾƺƵ�ƮƺƳ'
ƼƬƽƾƹǇǁ�ƯƼƿƻƻƬǁ�ƸƬƷƺ�ƺƾƷƴǃƬƷƴƽǈ&�ǁƺƾǋ�ƽƼƱưƹƱƱ�ƳƹƬǃƱ'
ƹƴƱ�ƩƛG�Ʈ�ǃƱƾƮƱƼƾƺƵ�ƯƼƿƻƻƱ�ƹƱƽƶƺƷǈƶƺ�ƹƴƲƱ4�-/&2-�ƸƶƏ�
ƻƺ�ƽƼƬƮƹƱƹƴǊ�ƽ�-3&1/�ƸƶƏ�"ƼƬƳƷƴǃƴǋ�ƽƾƬƾƴƽƾƴǃƱƽƶƴ�ƹƱ�
ƳƹƬǃƴƸǇ&�m�7�*&1*5�i�8�*(*/&�Ƭ�ưƴƬƸƱƾƼ�ƬƻƱƶƽƬ�ƳƹƬǃƴƾƱƷǈ'
ƹƺ�ƺƾƷƴǃƬƷƽǋ4�*&2,�ƸƸ�Ʈ�ƽƼƬƮƹƱƹƴƴ�ƽ�+&-3�ƸƸ�"m�7�++&.*5�
i6*(*/#(�<�ǃƱƾƮƱƼƾƺƵ�ƴ�ƻǋƾƺƵ�ƮƺƳƼƬƽƾƹǇǁ�ƯƼƿƻƻƬǁ�ƩƛG&�
ƶƬƶ�ƴ�ưƴƬƸƱƾƼ�ƬƻƱƶƽƬ&�ƽƾƬƾƴƽƾƴǃƱƽƶƴ�ƳƹƬǃƴƸƺ�ƺƾƷƴǃƬ'
Ʒƴƽǈ&�ƹƺ�ƹƱ�ƼƱƳƶƺ4�ƽ�-/&2-�ưƺ�,.&-/�ƸƶƏ�ƴ�ƽ�*&2,�ưƺ�*&1,�
ƸƸ�"m�7�,&,+�ƴ�,&-05�i�6�*&*/&�ƽƺƺƾƮƱƾƽƾƮƱƹƹƺ#(
ƖƳƸƱƹƱƹƴǋ� ƻƺƶƬƳƬƾƱƷƱƵ� Ʃƛƙ� ƭǇƷƴ� ƽƮǋƳƬƹǇ� ƽ� ƴƳ'

ƸƱƹƱƹƴƱƸ� ưƴƬƸƱƾƼƬ� ƬƻƱƶƽƬ(� ſƺǉǀǀƴǂƴƱƹƾ� ƶƺƼƼƱƷǋ'
ǂƴƴ� ƽƺƽƾƬƮƴƷ� *&2/(� L'ƶƮƬưƼƬƾ� ƽƺƽƾƬƮƴƷ� *&1,&� ƾƺ� Ʊƽƾǈ&�
ƻƬƼƬƸƱƾƼ�Ʃƛƙ�ƺƭƿƽƷƺƮƷƱƹ�ưƴƬƸƱƾƼƺƸ�ƬƻƱƶƽƬ�ƹƬ�1,�(�
ƝƱƯƼƱƽƽƴƺƹƹǇƵ�ƬƹƬƷƴƳ�ƻƺƶƬƳƬƷ&�ǃƾƺ�ƹƬƴƭƺƷƱƱ�ƽƷƬƭƬǋ�
ƽƮǋƳǈ� ƻƼƺƽƷƱƲƴƮƬƱƾƽǋ� ƸƱƲưƿ� ƮƺƳƼƬƽƾƺƸ� ƴ� ưƬƹƹǇƸƴ�
Ʃƛƙ�"ƶƺǉǀǀƴǂƴƱƹƾ�ƶƺƼƼƱƷǋǂƴƴ�ǜ�*&0/&�Ƭ�L'ƶƮƬưƼƬƾ�ǜ�
*&.+#&� ƾƺ� Ʊƽƾǈ&� ƽƬƸ� ƻƺ� ƽƱƭƱ� ƮƺƳƼƬƽƾ� ưƬƷƱƶƺ� ƹƱ� ƮƽƱƯưƬ�
ƺƻƼƱưƱƷǋƱƾ� ƺƲƴưƬƱƸǇƱ� ƻƺƶƬƳƬƾƱƷƴ� Ʃƛƙ&� Ƭ� ƷƴǄǈ� ƹƬ�
.+�(� ƛưƹƬƶƺ� ƮƺƳƼƬƽƾ&� ƽƺƯƷƬƽƹƺ� ƼƱƯƼƱƽƽƴƺƹƹƺƸƿ� ƬƹƬ'
ƷƴƳƿ&� ưƺƽƾƬƾƺǃƹƺ� ƾƱƽƹƺ� ƽƮǋƳƬƹ� ƽ� ưƴƬƸƱƾƼƺƸ� ƬƻƱƶƽƬ� ƿ�
ưƱƾƱƵ(
Ɯƺ�ưƬƹƹǇƸ�ƾƬƭƷƴǂǇ�+�ƴ�ƼƴƽƿƹƶƺƮ�+(+'+(-�ƾƬƶƲƱ�Ʈƴư'

ƹƺ&� ǃƾƺ� Ʈ� ƻƱƼƮƺƵ� ƮƺƳƼƬƽƾƹƺƵ� ƯƼƿƻƻƱ� ƿ� +-� ƴƽƻǇƾƿƱƸǇǁ�

ƮƺƺƭǅƱ�ƹƱ�ƹƬƭƷǊưƬƷƺƽǈ�ƭƺƷƱƮǇǁ�ƺǅƿǅƱƹƴƵ&�Ƭ�ƿ�0�ƴƽ'
ƻǇƾƿƱƸǇǁ�ƮƺƳƹƴƶƷƺ�ƺǅƿǅƱƹƴƱ�ƻƼƱưƭƺƷƴ&�ƶƬƶ�ƾƬƶƾƴƷǈ'
ƹƺƱ�"-2�#(�Ƒƺ�ƮƾƺƼƺƵ�ƯƼƿƻƻƱ�ƿ�.�ưƱƾƱƵ�ƹƱ�ƹƬƭƷǊưƬƷƺƽǈ�
ƭƺƷƱƮǇǁ�ƺǅƿǅƱƹƴƵ&�Ƭ�ƿ�/�ƮƺƳƹƴƶƷƺ�ƺǅƿǅƱƹƴƱ�ƻƼƱưƭƺ'
Ʒƴ�Ʈ�ƮƴưƱ�ǁƺƷƺưƬ�ƴƷƴ�ƾƱƻƷƬ�ƽ�ƼƬƽƻƼƺƽƾƼƬƹƱƹƴƱƸ�Ʈ�ưƱƽ'
ƹƿ�ƹƬư�ƳƿƭƺƸ�"+.&/�#(�Ƒ�ƯƼƿƻƻƱ�3'+*�ƷƱƾ�ƿ�.�ƴƽƻǇƾƿƱƸǇǁ�
ƮƺƳƹƴƶƷƺ�ƺǅƿǅƱƹƴƱ�ƻƼƱưƭƺƷƴ� "1&+.�#&�Ʈ�++'+,�ƷƱƾ�ǜ�Ʈ�
/�&�Ʈ�+-'+/�ƷƱƾ�ǜ�Ʈ�+&3,��"Ƽƴƽƿƹƺƶ�,#(�ƛƽƾƺƼƺƲƹƺƱ�ƻƼƺ'

ŜźŶŬųŬžűŷŴ 0&/'1�
ŷűž

1'2��
ŷűž

3'+*��
ŷűž

++'+,�
ŷűž

+-'+/�
ŷűž

ũśř

n 50 62 56 60 52

G�"ŸŶŏ# +.*&20 3+&3/ ,0&// *&2, *&1,

SD .-&-+ .1&,3 -&// *&,0 *&,.

ŏŻűŶŽ�

G�"ŸŸ# ,&// +&30 +&-. *&2, *&1,

SD *&/- *&-0 *&-+ *&,0 *&,.

ŜżűŰŭźŷƈ�"�# -2� +.&/� 1&-.� /� +&3,�

Таблица 1. Электроодонтометрия зубов, 
диаметр апекса и ощущения  

(боль/предболь) у 280 детей разного возраста.

Table 1. Electroodontometry of teeth, apex 
diameter and sensation (pain/pre-pain) 

in 280 children of different ages.

Где n – число единиц наблюдения; M – средняя 
арифметическая; SD – среднеквадратическое отклонение.

Рис. 1.1-1.3. Измерение болевой 
чувствительности постоянного верхнего 

центрального резца и ширины апикального 
сужения этого зуба c помощью пульпотестера 
ИВН-01 ПРО и с помощью аппарата для внутри 

ротовой и панорамной рентгенографии 
у 280 детей: 1 – 6,5-7 лет; 2 –7-8 лет; 

3 – 9-10 лет; 4 – 11-12 лет; 5 – 13-15 лет.

Fig. 1.1-1.3.. Measurement of the pain sensitivity 
of the permanent upper central incisor and 

the width of the apical narrowing of this tooth 
using the IVN-01 PRO pulpotester and using 

the apparatus for intraoral and panoramic 
radiography in 280 children: 1 – 6.5-7 years 

old; 2-7-8 years old; 3 – 9-10 years old; 
4 – 11-12 years old; 5 – 13-15 years old.
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ƮƱưƱƹƴƱ�ƻƼƺǂƱưƿƼǇ�ǉƷƱƶƾƼƺƾƱƽƾƴƼƺƮƬƹƴǋ�ƺƭǋƳƬƾƱƷǈ'
ƹƺ�ƽ�ƸƱưƽƱƽƾƼƺƵ�ƴ�ƾǅƬƾƱƷǈƹǇƸ�ƽƺƭƷǊưƱƹƴƱƸ�ƻƺưƼƺƭ'
ƹƺƵ�ƴƹƽƾƼƿƶǂƴƴ&�ƼƬƳƼƬƭƺƾƬƹƹƺƵ�ƓǀƬƹƺƮǇƸ�ƛ(Ɩ(�ƴ�ƑƺƷ'
ƶƺƮǇƸ�Ə(ž(&�ƹƱ�ƽƺƳưƬƮƬƷƺ�ƻƼƺƭƷƱƸ�ƹƱƻƺƽƼƱưƽƾƮƱƹƹƺ�Ʈƺ�
ƮƼƱƸǋ�ƻƼƺǂƱưƿƼǇ�Ʃƛƙ�ƿ�ƮƽƱǁ�ƳƬưƱƵƽƾƮƺƮƬƹƹǇǁ�ưƱƾƱƵ(�
ƖƹƾƱƼƱƽƹƺ&�ǃƾƺ�ƿ�+-�ƻƬǂƴƱƹƾƺƮ�ƹƱ�ƭǇƷƺ�ƺǅƿǅƱƹƴƵ�ƹƬ�
ƽƱƼƴƵƹƺƱ� ƾƱƽƾƴƼƺƮƬƹƴƱ� ƻƱƼƱƸƱƹƹǇƸ� ǉƷƱƶƾƼƴǃƱƽƶƴƸ�
ƾƺƶƺƸ�ưƺ�,**�Ƹƶ;(

ƜƑƟƁƕƓƔƛƗƔ�ƞƔƖƁƙƩƠƐƠƜƒ
ƐƺƷǈ�ǜ�ǉƾƺ�ƯƷƬƮƹƺƱ�ǃƿƮƽƾƮƺ(�ƞ�ƮƺƳƼƬƽƾƺƸ�ƺƹƺ�ƽƺƮƱƼ'

ǄƱƹƽƾƮƿƱƾƽǋ(�ƝƬƳƹƴǂƬ�Ʈ�ƺǂƱƹƶƱ�ƺǅƿǅƱƹƴǋ�ƭƺƷƴ�ƮƴưƹƬ�
ƹƬ�ƯƼƬǀƴƶƱ�"Ƽƴƽƿƹƺƶ�+#(�ƀ�ƽƬƸǇǁ�ǊƹǇǁ�ƻƬǂƴƱƹƾƺƮ�ƺǅƿ'
ǅƱƹƴƱ�ƻƼƱưƭƺƷƴ�ƽƬƸƺƱ�ƮǇƼƬƲƱƹƹƺƱ(�ƒƱƾƴ�ƻƺưƸƱƹǋƷƴ�
ƼƱƬƷǈƹƿǊ� ƭƺƷǈ� ƺǅƿǅƱƹƴǋƸƴ� ǁƺƷƺưƬ&� ƾƱƻƷƬ� ƴ� ưƼ(� ƙǇ�
ƱƯƺ�ƺƭǆƱưƴƹƴƷƴ�Ʈ�ƻƺƹǋƾƴƱ��ƻƼƱưƭƺƷǈ�(
Ƒ� ƶƷƴƹƴǃƱƽƶƺƸ� ƴƽƽƷƱưƺƮƬƹƴƴ� ƭǇƷƺ� ƺǂƱƹƱƹƺ� ƴƳƸƱ'

ƹƱƹƴƱ� ƭƺƷƱƮƺƵ� ǃƿƮƽƾƮƴƾƱƷǈƹƺƽƾƴ� ƻƺƽƾƺǋƹƹǇǁ� ƳƿƭƺƮ�
"ǂƱƹƾƼƬƷǈƹǇǁ�ƼƱƳǂƺƮ#� ƹƬ� ǉƾƬƻƱ�ǀƺƼƸƴƼƺƮƬƹƴǋ� ƶƺƼƹǋ&�
Ʈ� ƶƺƾƺƼƺƸ&� Ʈ� ƺƾƷƴǃƴƱ�ƺƾ� ǉƶƽƻƱƼƴƸƱƹƾƺƮ�ƹƬ�ƲƴƮƺƾƹǇǁ&�
ƴƸƱƱƾƽǋ�ƶƺƹƾƬƶƾ�ƴƽƽƷƱưƺƮƬƾƱƷǋ�ƽ�ƽƿƭǆƱƶƾƺƸ(�ƀƽƾƬƹƺƮ'
ƷƱƹ� ǀƱƹƺƸƱƹ� ƼƱƳƶƺƯƺ� ƽƹƴƲƱƹƴǋ� ƻƺƼƺƯƬ� ǃƿƮƽƾƮƴƾƱƷǈ'
ƹƺƽƾƴ� ƻƺƽƾƺǋƹƹǇǁ� ƳƿƭƺƮ� ƻƼƴ� ǉƷƱƶƾƼƺƺưƺƹƾƺƸƱƾƼƴƴ&�
ƹƬǁƺưǋǅƴǁƽǋ� Ʈ� ƻƼƺǂƱƽƽƱ� ǀƺƼƸƴƼƺƮƬƹƴǋ� ƶƺƼƹǋ(� ƕƬ�
ƻƺƷƿǃƱƹƹƿǊ� Ʈ� ƺƾƮƱƾ� ƹƬ� ǉƷƱƶƾƼƴǃƱƽƶƴƵ� ƽƾƴƸƿƷ� �ƻƼƱư'
ƭƺƷǈ�� ƶƷƴƹƴǃƱƽƶƴ� ƺƾƮƱǃƬǊƾ� ƞ'ƮƺƷƺƶƹƬ(� ƒƴƬƯƹƺƽƾƴǃƱ'

ƽƶƬǋ�ƼƺƷǈ�Ə'ưƱƷǈƾƬ�ƮƺƷƺƶƺƹ�ƻƼƴ�ǉƾƺƸ�ƹƱ�ƿƽƾƬƹƺƮƷƱƹƬ(�
ƚƱ�ƿƽƾƬƹƺƮƷƱƹƬ�ƽƮǋƳǈ�ƸƱƲưƿ�ƼƱƬƶǂƴƱƵ�Ə'ưƱƷǈƾƬ�ƮƺƷƺ'
ƶƺƹ�ƽ�ưƴƬƯƹƺƽƾƴǃƱƽƶƴƸ�ƾƺƶƺƸ&�Ʈ�ƺƾƷƴǃƴƱ�ƺƾ�ƞ'ƮƺƷƺƶƺƹ(�
Ƒ� ƴƸƻƿƷǈƽƹǇǁ� ƬƻƻƬƼƬƾƬǁ� ƻƼƴ� ƾƱƽƾƴƼƺƮƬƹƴƴ� ƹƱưƺƺǂƱ'
ƹƴƮƬƱƾƽǋ� ƼƺƷǈ� ƞ'ƮƺƷƺƶƺƹ� ǜ� ƺƽƹƺƮǇ� ƹƱƼƮƹƺƵ� ƽƴƽƾƱƸǇ�
ƶƬƲưƺƯƺ� ƳƿƭƬ(� ƩƷƱƶƾƼƴǃƱƽƶƴƵ� ƾƺƶ� ƳƬ� ƽǃƱƾ� ƱƯƺ� ƽƴƷǇ� ƴ�
ƭƺƷǈǄƺƵ�ƻƷƺǅƬưƴ�ǉƷƱƶƾƼƺưƬ�ƺǁƮƬƾǇƮƬƱƾ� ƮƽǊ�ƻƿƷǈƻƿ&�
ƶƬƶ�ƶƺƼƺƹƶƺƮƿǊ&�ƾƬƶ�ƴ�ƬƻƴƶƬƷǈƹƿǊ(�Ƒ�ƹƬǄƱƵ�ƷƴƾƱƼƬƾƿƼƱ�
ƻƼƺƽƷƱƲƴƮƬƱƾƽǋ�ƾƱƹưƱƹǂƴǋ�ƶƼƴƾƴƶƴ�ƬƻƻƬƼƬƾƺƮ&�ƼƬƭƺ'
ƾƬǊǅƴǁ�ƹƬ�ƻƱƼƱƸƱƹƹƺƸ�ƽƴƹƿƽƺƴưƬƷǈƹƺƸ�ƾƺƶƱ�ƽ�ǃƬƽƾƺ'
ƾƺƵ�/*�žǂ�U.&�3W(
ƛƻƼƱưƱƷƱƹǇ�ƳƬƶƺƹƺƸƱƼƹƺƽƾƴ�ƸƱƲưƿ�ƽƾƱƻƱƹǈǊ�ƻƼƺ'

ƼƱƳǇƮƬƹƴǋ�ƳƿƭƬ�ƴ�ƽƹƴƲƱƹƴƱƸ�ƱƯƺ�ƭƺƷƱƮƺƯƺ�ƻƺƼƺƯƬ�ưƺ�
ƸƴƹƴƸƬƷǈƹƺƯƺ�ƿƼƺƮƹǋ&�Ƭ�ƾƬƶƲƱ�ƿƸƱƹǈǄƱƹƴƱƸ�ƻƼƴ�ǉƾƺƸ�
ƬƻƴƶƬƷǈƹƺƯƺ�ƽƿƲƱƹƴǋ&�ǃƱƾƶƺƽƾƴ�ƭƺƷƱƮƺƯƺ�ƺƾƮƱƾƬ�ƿ�ƭƺ'
ƷƱƱ� ƽƾƬƼǄƴǁ� ưƱƾƱƵ(� ƠƺƼƸƴƼƺƮƬƹƴƱ� ƬƻƱƶƽƬ� ƳƬƶƷǊǃƬ'
Ʊƾƽǋ�Ʈ�ƱƯƺ�ƻƺƽƾƱƻƱƹƹƺƸ�ƽƿƲƱƹƴƴ&�Ʈ�ƾƺƸ�ǃƴƽƷƱ�ƳƬ�ƽǃǌƾ�
ƮƼƬƽƾƬƹƴǋ� ǂƱƸƱƹƾƬ� ƮƹƿƾƼǈ� ƬƻƴƶƬƷǈƹƺƵ� ǃƬƽƾƴ� ƶƺƼƹƱ'
ƮƺƯƺ� ƶƬƹƬƷƬ(� ƕưƱƽǈ� ƻƼƱƺƭƷƬưƬǊƾ�ƞ'ƮƺƷƺƶƹƬ&� ƶƺƾƺƼǇƱ�
ƽƺƽƾƬƮƷǋǊƾ� ƽƱƼưǂƱƮƴƹƿ� ƻƿƷǈƻǇ(� ƖƸƻƿƷǈƽƹǇƱ� ƻƿƷǈƻƺ'
ƾƱƽƾƱƼǇ�ƹƱ��ƽƷǇǄƬƾ��ƻƿƷǈƻƿ�Ʈ�ƻƼƺƼƱƳƬǊǅƴǁƽǋ�ƳƿƭƬǁ(
ƞƷƱưƿƱƾ� ƺƾƸƱƾƴƾǈ&� ǃƾƺ� ƻƼƴ� ƺƶƺƹǃƬƾƱƷǈƹƺƸ� ǀƺƼƸƴ'

ƼƺƮƬƹƴƴ� ƬƻƱƶƽƬ� ƹƱ� ƮƽƱƯưƬ� ƻƺƼƺƯƺƮƬǋ� ƮƱƷƴǃƴƹƬ� ƽƺ'
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Рис. 2. Центральные резцы девочки 6,5 лет. 
ЭОД 199 и 195 мкА (3 мм; номер измерения 

30,31). При измерении нет боли.

Fig. 2. The central incisors of a 6.5-year-old girl. 
EOD 199 and 195 μA (3 mm; measurement number 

30.31). There is no pain when measuring.

Рис. 3. Центральные резцы девочки 12 лет, ЭОД 
13 и 15 мкА (0.8 мм; номер измерения 3, 4).

Fig. 3. Central incisors of a 12-year-old girl, EDI 13 
and 15 μA (0.8 mm; measurement number 3, 4).
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