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Abstract
BnfZg�gnmkbmbhg�aZl�\aZg`^]�]kZfZmb\Zeer�ho^k�ma^�iZlm�_^p�]^\Z]^l(�Na^�_hh]�bg]nlmkr�ghp�h__^kl�Z�an`^�oZkb^mr�

h_�ZmmkZ\mbo^�_hh]l�maZm�Zk^�ab`a�bg�ln`Zkl�Zg]�Z\b]l&�Zg]�ma^�Zo^kZ`^�anfZg�\hglnfimbhg�h_�ma^l^�lh_m�]kbgdl&�lgZ\dl�
Zg]�\hgo^gb^g\^�_hh]l�aZl�ldrkh\d^m^](�Cm�aZl�[^^g�^lmZ[ebla^]�maZm�gnmkbmbhg�lb`gbɔ\Zgmer�Z__^\ml�]^gmZe�a^Zema(�@hk�
^qZfie^&�^q\^llbo^�\hglnfimbhg�h_�ln`Zk�Zg]�ln`Zk'\hgmZbgbg`�_hh]l�lb`gbɔ\Zgmer�bg\k^Zl^l�ma^�]^o^ehif^gm�h_�mhhma�
]^\Zr(�Ig� ma^� hma^k� aZg]&� bm� aZl� [^^g� ikho^g� maZm� ma^�f^\aZgb\Ze� ikhi^kmb^l� h_� ma^� aZk]g^ll� Zg]� ^eZlmb\�fh]nenl�
h_�^gZf^e�Zg]�]^gmbg�Zk^�Z�ik^]b\mhk�h_� mblln^�^khlbhg�Zg]�\Zkbh`^gb\�\aZg`^l� bg� ma^�lmkn\mnk^�h_� m^^ma�Zg]�\Zg�[^�
\hglb]^k^]�Zl�]bZ`ghlmb\�bg]b\Zmhkl(�Cg�mabl�k^`Zk]&�bm�l^^fl�bgm^k^lmbg`�Zg]�mbf^er�mh�k^ob^p�ma^�ebm^kZmnk^�]ZmZ�hg�ma^�
lmn]r�h_�ma^�^__^\m�h_�ln`Zk�Zg]�lp^^m�_hh]l�hg�ma^�aZk]g^ll�h_�mhhma�^gZf^e(

E^rphk]l4�]^gmZe�\Zkb^l&�fb\kh[bZe�Z]a^lbhg&�ln`Zk'\hgmZbgbg`�ikh]n\ml&�\Zkbh`^gb\�lmk^imh\h\\b(

L^\^bo^]4�,/(*2(,*,*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�M(;(�Gnleho&�P(H(�NlZk^o&�M(>(�;knmrngho(�Cgɕn^g\^�h_�ln`Zk�Zg]�lp^^m�_hh]l�hg�ma^�aZk]g^ll�h_�mhhma�
^gZf^e(�?g]h]hgmb\l�mh]Zr(�,*,*5�+2"-#4.0'/.(�>IC4�+*(-0-11)+02-',32+',*,*'+2'-'.0'/.(

ơƾƶ� ƽƼƽƯƳƯƻƶƶ� ƻƯ� ƽƼƱåƾǂƻƼÚƿǉ� ƵǀưƯ� ÚưƾƯƲƴƮƬƱ-
ƸǇǁ�ƽƬǁƬƼƺƮ&�ƾƬƶƴǁ�ƶƬƶ�ƽƬǁƬƼƺƳƬ&�ƯƷǊƶƺƳƬ�ƴ�ǀƼƿƶƾƺƳƬ&�

ƬǂƴưƺƯƱƹƹǇƱ� ƭƬƶƾƱƼƴƴ� ƻƼƺƴƳƮƺưǋƾ� ƶƴƽƷƺƾƿ&� ƶƺƾƺƼƬǋ�
ƸƺƲƱƾ�ƽƹƴƳƴƾǈ�Ƽƚ�ƭƴƺƻƷƱƹƶƴ�ƳƿƭƺƮ�ưƺ�ƽƾƱƻƱƹƴ&�ƮǇƳǇ-
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ƮƬǊǅƱƵ� ưƱƸƴƹƱƼƬƷƴƳƬǂƴǊ� ƳƿƭƺƮ� U,1W(� ƖƳ� ƼƬƳƷƴǃƹǇǁ�
ưƴƱƾƴǃƱƽƶƴǁ� ƽƬǁƬƼƺƮ� ƽƬǁƬƼƺƳƬ� ƽǃƴƾƬƱƾƽǋ� ƹƬƴƭƺƷƱƱ�
ƶƬƼƴƱƽƺƯƱƹƹƺƵ(�ƞƬǁƬƼƺƳƬ�ƷƱƯƶƺ�ƽƭƼƬƲƴƮƬƱƾƽǋ�ƶƬƼƴƱ-
ƽƺƯƱƹƹǇƸƴ�ƭƬƶƾƱƼƴǋƸƴ�ƴ�ƽƷƿƲƴƾ�ƽƿƭƽƾƼƬƾƺƸ�ưƷǋ�ƽƴƹ-
ƾƱƳƬ�ƮƹƱƶƷƱƾƺǃƹǇǁ�ƴ�ƮƹƿƾƼƴƶƷƱƾƺǃƹǇǁ�ƻƺƷƴƽƬǁƬƼƴưƺƮ&�
ƶƺƾƺƼǇƱ�ƴƯƼƬǊƾ�ƼƺƷǈ�Ʈ�ƬưƯƱƳƴƴ�ƭƬƶƾƱƼƴƵ�ƶ�ǉƸƬƷƴ�U,2W(�
ƑƹƱƶƷƱƾƺǃƹǇƱ� ƻƺƷƴƽƬǁƬƼƴưǇ� � ƾƬƶƲƱ� ƽƻƺƽƺƭƽƾƮƿǊƾ�
ƿƮƱƷƴǃƱƹƴǊ�ƻƺƼƴƽƾƺƽƾƴ�ƭƴƺƻƷƱƹƶƴ&�ƾƱƸ�ƽƬƸǇƸ�ƺƭƷƱƯ-
ǃƬǋ�ưƴǀǀƿƳƴǊ�ƽƬǁƬƼƬ�Ʈ�Ʊǌ�ƽƬƸǇƱ�ƯƷƿƭƺƶƴƱ�ƽƷƺƴ�U,0W(�
ƐƴƺƻƷƱƹƶƬ&� ƺƭƼƬƳƺƮƬƹƹƬǋ� Ʈ� ƽƼƱưƱ� ƽƬǁƬƼƺƳǇ&� ƴƸƱƱƾ�
ƭƺƷƱƱ�ƹƴƳƶƴƱ�ƶƺƹǂƱƹƾƼƬǂƴƴ�ƶƬƷǈǂƴǋ&�ǀƺƽǀƬƾƬ�ƴ�ǀƾƺ-
ƼƬ&�ǃƾƺ�ƿƸƱƹǈǄƬƱƾ�ƻƺƾƱƹǂƴƬƷ�ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƴ�ǉƸƬƷƴ�
U+/W(

Ƒ�+30*'ǁ�ƯƺưƬǁ�ƾƱƺƼƴǋ�ƶƬƼƴƱƽƬ�ƭǇƷƬ�ƻƼƱưƽƾƬƮƷƱƹƬ�
ƽ� ƽǁƱƸƺƵ� ƴƳ� -'ǁ� ƶƼƿƯƺƮ&� ƺƾƼƬƲƬǊǅƴǁ� -� ƻƼƱưƻƺƽǇƷƶƴ�
ƮƺƳƹƴƶƹƺƮƱƹƴǋ� ƶƬƼƴƱƽƬ4� Ƴƿƭ&� ưƴƱƾƬ� ƴ� ƳƿƭƹƺƵ� ƹƬƷƱƾ�
"Ƽƴƽ(�+#�U,-W(
ƞƱƯƺưƹǋ�ƻƼƴƳƹƬƹ�Ƽǋư�ƸƹƺƯƴǁ�ưƼƿƯƴǁ�ƸƺưƴǀƴǂƴƼƿǊ-

ǅƴǁ�ǀƬƶƾƺƼƺƮ�Ʈ�ƺƭƼƬƳƺƮƬƹƴƴ�ƴ�ƼƬƳƮƴƾƴƴ�ƶƬƼƴƱƽƬ�Ƴƿ-
ƭƺƮ&�Ʈ�ƼƱƳƿƷǈƾƬƾƱ�ǃƱƯƺ�ƭǇƷƬ�ƻƼƱưƷƺƲƱƹƬ�ƭƺƷƱƱ�ƽƷƺƲ-
ƹƬǋ�ƸƺưƱƷǈ&�ƶƺƾƺƼƬǋ�ƮƶƷǊǃƬƱƾ�Ʈ�ƽƱƭǋ�ƽƷǊƹƿ&�ƴƸƸƿƹƹƿǊ�
ƽƴƽƾƱƸƿ&� ƮƺƳƼƬƽƾ&� ƽƺǂƴƬƷǈƹƺ'ǉƶƺƹƺƸƴǃƱƽƶƴƵ� ƽƾƬƾƿƽ&�
ƿƼƺƮƱƹǈ� ƺƭƼƬƳƺƮƬƹƴǋ&� ƺƭƼƬƳ� ƲƴƳƹƴ&� ƴƽƻƺƷǈƳƺƮƬƹƴƱ�
ǀƾƺƼƴưƺƮ�ƴ�ưƼ(
ƑƬƲƹǇƵ� ƻƼƺƼǇƮ� Ʈ� ƻƺƹƴƸƬƹƴƴ� ƶƬƼƴƱƽƬ� ƳƿƭƺƮ� ƭǇƷƺ�

ƻƼƴƳƹƬƹƴƱƸ� ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƴ� ƻƼƺǂƱƽƽƺƸ&� ƳƬƮƴƽǋ-
ǅƴƸ� ƺƾ� ƿƼƺƮƹǋ� iB� ƳƿƭƹƺƯƺ� ƹƬƷƱƾƬ� ƴ� ƽƷǊƹǇ(� ƜƼƺǂƱƽƽ�
ƼƬƳƮƴƾƴǋ�ƶƬƼƴƱƽƬ�ƳƿƭƺƮ�ƸƺƲƱƾ�ƭǇƾǈ�ƺƻƴƽƬƹ�ƶƬƶ�ƻƺƾƱƼǋ�
ǉƸƬƷǈǊ�ƸƴƹƱƼƬƷƺƮ�"ưƱƸƴƹƱƼƬƷƴƳƬǂƴǋ#&�ƶƺƯưƬ�Ƽƚ�Ƴƿƭ-
ƹƺƯƺ�ƹƬƷƱƾƬ�ƻƬưƬƱƾ�ƹƴƲƱ�ƶƼƴƾƴǃƱƽƶƺƱ�ƳƹƬǃƱƹƴƱ�Ƽƚ�/&/5�
ƶƼƴƾƴǃƱƽƶƺƱ�ƳƹƬǃƱƹƴƱ�Ƽƚ�ưƷǋ�ƼƬƽƾƮƺƼƱƹƴǋ�ǉƸƬƷƴ�/'0&�
Ƭ�ƽƼƱưƹƱƱ�iB�/&/�ǜ�ƺƭǇǃƹƺ�ƻƼƴƹǋƾƺƱ�ƳƹƬǃƱƹƴƱ(�ƜƼƺƴƽ-
ǁƺưƴƾ� ƻƱƼƱƼƬƽƻƼƱưƱƷƱƹƴƱ� ƸƴƹƱƼƬƷƺƮ� "ƼƱƸƴƹƱƼƬƷƴ-
ƳƬǂƴǋ#� ƶƺƯưƬ�Ƽƚ�ƳƿƭƹƺƯƺ�ƹƬƷƱƾƬ�ƻƺƮǇǄƬƱƾƽǋ(�ƜƼƴƽƿƾ-
ƽƾƮƴƱ�ǀƾƺƼƬ�ƿƸƱƹǈǄƬƱƾ�ƶƼƴƾƴǃƱƽƶƴƵ�Ƽƚ�ƹƬ�*&/�Ʊưƴƹƴǂ&�
ƾƱƸ� ƽƬƸǇƸ� ƺƶƬƳǇƮƬǋ� ƽƮƺƱ� ƳƬǅƴƾƹƺƱ� ưƱƵƽƾƮƴƱ� U35,.W(�
ƝƬƳƮƴƾƴƱ� ƻƺƼƬƲƱƹƴǋ� ƾƮǌƼưǇǁ� ƾƶƬƹƱƵ� ƳƿƭƬ&� ǋƮƷǋƱƾƽǋ�
ƼƱƳƿƷǈƾƬƾƺƸ� ƹƬƼƿǄƱƹƴǋ� ƭƬƷƬƹƽƬ�ƸƱƲưƿ� ưƱƸƴƹƱƼƬƷƴ-
ƳƬǂƴƱƵ�ƴ�ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƱƵ&�ƽ�ƻƼƱƮƬƷƴƼƺƮƬƹƴƱƸ�ƻƱƼ-
ƮƺƯƺ�ƹƬư�ƮƾƺƼǇƸ�"Ƽƴƽ(�,#(
ƒƴƱƾƬ� ƴ� ƻƴƾƬƹƴƱ� ƸƺƯƿƾ� ƹƬƼƿǄƬƾǈ� ƭƬƷƬƹƽ� ưƱƸƴƹƱ-

ƼƬƷƴƳƬǂƴƴ� ƴ� ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƴ� ƳƿƭƺƮ� ƹƱƽƶƺƷǈƶƴƸƴ�
ƽƻƺƽƺƭƬƸƴ(�ƒƴƱƾƬ�ƺƭƱƽƻƱǃƴƮƬƱƾ�ƽƬǁƬƼ�ƴ�ưƼƿƯƴƱ�ƽƭƼƬ-
ƲƴƮƬƱƸǇƱ� ƿƯƷƱƮƺưǇ&� ƶƺƾƺƼǇƱ� ƸƱƾƬƭƺƷƴƳƴƼƿǊƾƽǋ� Ʈ�
ƶƴƽƷƺƾǇ� ƭƬƶƾƱƼƴǋƸƴ� ƳƿƭƹƺƯƺ� ƹƬƷƱƾƬ(� ƜƺƷƿǃƬǊǅƴƵ-
ƽǋ� Ʈ� ƼƱƳƿƷǈƾƬƾƱ� ƹƴƳƶƴƵ� ƿƼƺƮƱƹǈ� iB� ƽƻƺƽƺƭƽƾƮƿƱƾ� Ƽƺ-
ƽƾƿ� ƬǂƴưƺƯƱƹƹǇǁ� ƭƬƶƾƱƼƴƵ� "Mmk^imh\h\\nl� fnmZgl&� M(�
lh[kbgnl&� ;\mbghfr\^l� h]hgmhermb\nl#(� ƚƬƻƼƺƾƴƮ&� ưƴƱƾƬ�
ƽ�ƹƴƳƶƴƸ�ƽƺưƱƼƲƬƹƴƱƸ�ưƺƭƬƮƷƱƹƹǇǁ�ƽƬǁƬƼƺƮ�ƴ�ƽƭƼƬ-
ƲƴƮƬƱƸǇǁ� ƿƯƷƱƮƺưƺƮ� ƴ� ƮǇƽƺƶƴƸ� ƽƺưƱƼƲƬƹƴƱƸ� ƶƬƷǈ-
ǂƴǋ&� ƭƺƯƬƾƺƯƺ� ƽǇƼƺƸ&� ƸƺƲƱƾ� ƽƻƺƽƺƭƽƾƮƺƮƬƾǈ� ƼƱƸƴ-

Рис. 1. Предпосылки для развития кариеса 
согласно Keyes P.H. et al., 1963 [23].

Fig. 1. Prerequisites for the development of caries 
according to Keyes P.H. et al., 1963 [23].

Рис. 2. Схематическая диаграмма баланса между патологическими 
и защитными факторами процесса развития кариеса зубов [17].

Fig. 2. Schematic diagram of the balance between pathological 
and protective factors of the development of dental caries [17].
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ƹƱƼƬƷƴƳƬǂƴƴ(� ƞƬǁƬƼƺƳƬ� ƽƻƺƽƺƭƽƾƮƿƱƾ� ƺƭƽƱƸƱƹƱƹƴǊ�
ƳƿƭƺƮ� Mmk^imh\h\\nl� fnmZgl� ƴ� ƴǁ� Ƽƺƽƾƿ(� Ƒ� ǉƶƽƻƱƼƴ-
ƸƱƹƾƬǁ� ƹƬ� ƶƼǇƽƬǁ� ƽ� ƴƹưƿǂƴƼƺƮƬƹƹǇƸ� ƶƬƼƴƱƽƺƸ� Ƽƺƽƾ�
Mmk^imh\h\\nl�fnmZgl�ƻƺƽƷƱ�ƻƺưƬƮƷƱƹƴǋ�ƴƹƾƱƹƽƴƮƹƺƵ�
ƾƱƼƬƻƴƱƵ� ǁƷƺƼƯƱƶƽƴưƴƹƺƸ� ƮƹƺƮǈ� ƿƽƴƷƴƮƬƷƽǋ� ƽ� ƻƺƸƺ-
ǅǈǊ�ƽƬǁƬƼƺƳƺƽƺưƱƼƲƬǅƱƵ�ưƴƱƾǇ�ƻƺ�ƽƼƬƮƹƱƹƴǊ�ƽ�ưƴƱ-
ƾƺƵ�ƽ�ƹƴƳƶƴƸ�ƽƺưƱƼƲƬƹƴƱƸ�ƽƬǁƬƼƺƳǇ�U35�-*W(
ƜƼƴ� ǉƾƺƸ� ƽƷƴƳǈ&� ƻƼƺƴƳƮƺưƴƸƬǋ� ƭƬƶƾƱƼƴǋƸƴ&� ƻƼƱư-

ƽƾƬƮƷǋƱƾ� ƽƺƭƺƵ� ƼǇǁƷǇƵ� ƯƴưƼƺƯƱƷǈ� ƻƺƷƴƽƬǁƬƼƴưƺƮ&�
ƽƮǋƳƬƹƹǇǁ� ǃƱƼƱƳ� ƴƺƹƹǇƱ� ƮƳƬƴƸƺưƱƵƽƾƮƴǋ(� ƟƱƺƼƴƴ&�
ƼƬƽƽƸƬƾƼƴƮƬƱƸǇƱ� ƻƼƴ� ƬƹƬƷƴƳƱ� ƬưƯƱƳƴƴ� ƭƬƶƾƱƼƴƵ&� Ʈ�
ƺƽƹƺƮƹƺƸ� ǋƮƷǋǊƾƽǋ� ƼƬƽǄƴƼƱƹƴǋƸƴ� ƾƱƺƼƴƴ�>^kcZ`nbg'
FZg]Zn'P^kp^r'Io^k[^^d� ">FPI#� UƼƿƽ(� ƒƘƠƛ� ƺƾ� ƾƱƺ-
Ƽƴǋ�ƒƱƼǋƯƴƹƬ&�ƘƬƹưƬƿ&�ƠƱƼƮƱǋ&�ƛƮƱƼƭƱƶƬW�ƴ�ƱƱ�Ƹƺưƴ-
ǀƴƶƬǂƴƵ� "Ʈƺ� ƮƽƱǁ� ƴƽƻƺƷǈƳƿƱƾƽǋ� ƾƱƼƸƺưƴƹƬƸƴǃƱƽƶƴƵ�
ƻƺưǁƺư#(� ƟƱƺƼƴǋ� ƒƘƠƛ� ǜ� ǀƴƳƴǃƱƽƶƬǋ� ƾƱƺƼƴǋ&� ƺƭǆǋƽ-
ƹǋǊǅƬǋ�ƬƯƼƱƯƬƾƴƮƹƿǊ�ƿƽƾƺƵǃƴƮƺƽƾǈ�ƷƴƺǀƺƭƹǇǁ� �ưƴƽ-
ƻƱƼƽƹǇǁ� ƽƴƽƾƱƸ&� ƼƬƳƼƬƭƺƾƬƹƹƬǋ� ƹƱƳƬƮƴƽƴƸƺ� ƽƺƮƱƾ-
ƽƶƴƸƴ�ǀƴƳƴƶƬƸƴ�ƒƱƼǋƯƴƹǇƸ�Ɛ(Ƒ(�ƴ�ƘƬƹưƬƿ�Ƙ(ƒ(�ƴ�ƻƺƳ-
ƲƱ�ƯƺƷƷƬƹưƽƶƴƸƴ�ǀƴƳƴƶƺ'ǁƴƸƴƶƬƸƴ�Ɠ(�ƠƱƼƮƱƱƸ�ƴ�ƒƲ(�
ƛƮƱƼƭƱƶƺƸ(�Ƒ�ƺƽƹƺƮƱ�ƾƱƺƼƴƴ�ƷƱƲƴƾ�ƻƺƷƺƲƱƹƴƱ�ƺ�ƽƺƻƺ-
ƽƾƬƮƷƱƹƴƴ�ƸƱƲƸƺƷƱƶƿƷǋƼƹǇǁ�ƮƳƬƴƸƺưƱƵƽƾƮƴƵ�ǃƬƽƾƴǂ�
ưƴƽƻƱƼƽƹƺƵ� ǀƬƳǇ� Ʈ� ưƴƽƻƱƼƽƴƺƹƹƺƵ� ƽƼƱưƱ&� ǉƷƱƶƾƼƺ-
ƽƾƬƾƴǃƱƽƶƺƯƺ�ƮƳƬƴƸƺưƱƵƽƾƮƴǋ�ưƴǀǀƿƳƹǇǁ�ƴƺƹƹǇǁ�ƽƷƺ-
ǌƮ�ƴ�ƾƱƻƷƺƮƺƯƺ�ưƮƴƲƱƹƴǋ�ǃƬƽƾƴǂ�ưƴƽƻƱƼƽƹƺƵ�ǀƬƳǇ(�ƞƺ-
ƯƷƬƽƹƺ� ưƬƹƹƺƵ� ƾƱƺƼƴƴ&� ƶƺƷƷƺƴưƹǇƱ� ǃƬƽƾƴǂǇ� Ʒƴƺǀƺƭ-
ƹƺƵ�ưƴƽƻƱƼƽƹƺƵ�ƽƴƽƾƱƸǇ�ƴƳ'ƳƬ�ƹƬƷƴǃƴǋ�ƭƼƺƿƹƺƮƽƶƺƯƺ�
ưƮƴƲƱƹƴǋ�ƸƺƯƿƾ�ƭƱƽƻƼƱƻǋƾƽƾƮƱƹƹƺ�ƽƭƷƴƲƬƾǈƽǋ�ưƼƿƯ�ƽ�
ưƼƿƯƺƸ&�ƻƺƶƬ�ƹƱ�ƽƺƻƼƴƶƺƽƹƿƾƽǋ�ƽƮƺƴƸƴ�ƲƴưƶƴƸƴ�ưƴǀ-

ǀƿƳƹǇƸƴ� ƺƭƺƷƺǃƶƬƸƴ� ƴƷƴ� ƽƷƺǋƸƴ(� ƒƷǋ� ưƬƷǈƹƱƵǄƱ-
Ưƺ� ƽƭƷƴƲƱƹƴǋ� ǃƬƽƾƴǂǇ� ưƺƷƲƹǇ� ưƱǀƺƼƸƴƼƺƮƬƾǈ� ƽƮƺƴ�
ưƴǀǀƿƳƹǇƱ�ƺƭƺƷƺǃƶƴ&� ǃƾƺƭǇ�ƻƼƺƴƳƺǄƷƺ�ƴǁ�ƮƳƬƴƸƹƺƱ�
ƻƱƼƱƶƼǇƮƬƹƴƱ� ƴƷƴ� ƻƼƺƹƴƶƹƺƮƱƹƴƱ� ưƼƿƯ� Ʈ� ưƼƿƯƬ(� ƚƺ�
Ʋƴưƶƺƽƾƴ�ƻƷƺǁƺ�ƽƲƴƸƬǊƾƽǋ&�ƴ�Ʈ�ƺƾƮƱƾ�ƹƬ�ưƱǀƺƼƸƬǂƴǊ�
ƽ�ƴǁ�ƽƾƺƼƺƹǇ�ƻƺǋƮƷǋǊƾƽǋ�ƾƬƶ�ƹƬƳǇƮƬƱƸǇƱ�ƽƴƷǇ�ǟƼƬƽ-
ƶƷƴƹƴƮƬǊǅƱƯƺ� ưƬƮƷƱƹƴǋǠ&� ƻƼƱƻǋƾƽƾƮƿǊǅƴƱ� ƺƽƿǅƱƽƾ-
ƮƷƱƹƴǊ� ưƬƹƹƺƯƺ� ƻƼƺǂƱƽƽƬ&� ƽƷƱưƽƾƮƴƱ� ǃƱƯƺ� ǋƮƷǋƱƾƽǋ�
ƬƯƼƱƯƬƾƴƮƹƬǋ�ƿƽƾƺƵǃƴƮƺƽƾǈ�ƶƺƷƷƺƴưƹƺƵ�ƽƴƽƾƱƸǇ�ǜ�ƽƺ-
ǁƼƬƹƱƹƴƱ�ƴƽǁƺưƹǇǁ�ƼƬƳƸƱƼƺƮ�ǃƬƽƾƴǂ�ƴ�ƻƼƱưƺƾƮƼƬǅƱ-
ƹƴƱ�ƴǁ�ƽƷƴƻƬƹƴǋ�U++W(
Ƒ�ƼƱƳƿƷǈƾƬƾƱ�ƳƬ�ǉƾƴ�ƯƺưǇ�ƳƹƬǃƴƾƱƷǈƹƬǋ�ƼƬƭƺƾƬ�ƭǇƷƬ�

ƻƼƺưƱƷƬƹƬ�ưƷǋ�ƴƳƿǃƱƹƴǋ�ƻƼƺǂƱƽƽƬ�ƭƬƶƾƱƼƴƬƷǈƹƺƵ�Ƭư-
ƯƱƳƴƴ� ƶ� ƻƺƮƱƼǁƹƺƽƾǋƸ� ƭƴƺƸƬƾƱƼƴƬƷƬ&� Ʈ� ƾƺƸ� ǃƴƽƷƱ&� ƽ�
ƻƺƽƷƱưƿǊǅƴƸ�ƸƺưƱƷƴƼƺƮƬƹƴƱƸ�ƸƴƶƼƺƭƹƺƵ� ƭƴƺƻƷǌƹ-
ƶƴ(�Ƒ�ǃƬƽƾƹƺƽƾƴ&�ƽ�ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ�ƸƱƾƺưƴƶ�ƽƶƬƹƴƼƿǊ-
ǅƱƵ�ǉƷƱƶƾƼƺƹƹƺƵ�ƴ�ƬƾƺƸƹƺ'ƽƴƷƺƮƺƵ�ƸƴƶƼƺƽƶƺƻƴƴ�ƻƼƴ�
ƸƺưƱƷƴƼƺƮƬƹƴǋ�ƬưƯƱƳƴƴ�bg�obmkh�ƻƺƶƬƳƬƹƬ�ƳƬƮƴƽƴƸƺƽƾǈ�
ƻƼƺǂƱƽƽƬ� ƬưƯƱƳƴƴ� ƻƼƱưƽƾƬƮƴƾƱƷƱƵ� ƺƾưƱƷǈƹǇǁ� ƮƴưƺƮ�
ƭƬƶƾƱƼƴƵ� ƴ� ƯƼƴƭƺƮ� ƺƾ� ǁƴƸƴǃƱƽƶƺƯƺ� ƽƺƽƾƬƮƬ� ƶƺƹƽƾƼƿƶ-
ǂƴƺƹƹǇǁ� ƸƬƾƱƼƴƬƷƺƮ&� ƴƽƻƺƷǈƳƿƱƸǇǁ� Ʈ� ƽƾƺƸƬƾƺƷƺƯƴƴ�
"ƭƴƺƻƺƷƴƸƱƼƺƮ� ƴ� ƽƻƷƬƮƺƮ� ƸƱƾƬƷƷƺƮ#&� ǄƱƼƺǁƺƮƬƾƺƽƾƴ�
ƻƺƮƱƼǁƹƺƽƾƴ&�ƾƱǁƹƺƷƺƯƴƴ�ƴƳƯƺƾƺƮƷƱƹƴǋ�U+5�-5�.5�+*&�,*W(�
ƜƱƼƮǇƱ�ǄƬƯƴ�ƽưƱƷƬƹǇ�Ʈ�ƺƭƷƬƽƾƴ�ƼƬƳƼƬƭƺƾƶƴ�ƾƱǁƹƺƷƺ-
ƯƴƵ�ƹƬƹƺƻƺƶƼǇƾƴƵ�ƶƺƹƽƾƼƿƶǂƴƺƹƹǇǁ�ƸƬƾƱƼƴƬƷƺƮ&�ƶƺƾƺ-
ƼǇƱ�ƽƹƴƲƬǊƾ�ƽƾƱƻƱƹǈ�ƸƴƶƼƺƭƹƺƵ�ƬưƯƱƳƴƴ�ƴ&�Ʈ�ƾƺƸ�ǃƴƽ-
ƷƱ&�ƶƬƼƴƱƽƺƯƱƹƹƺƱ�ưƱƵƽƾƮƴƱ�U,W(
ƛưƹƬƶƺ� ƸƹƺƯƴƱ� ƮƺƻƼƺƽǇ� ưƺ� ƽƴǁ� ƻƺƼ� ƺƽƾƬǊƾƽǋ� ƭƱƳ�

ƺƾƮƱƾƬ(�ƚƬƻƼƴƸƱƼ&�ưƺ�ƶƺƹǂƬ�ƹƱƻƺƹǋƾƹƺ�ƻƺǃƱƸƿ�Ʈ�ƼǋưƱ�

Рис. 3. Диаграмма “вязкость разрушения-твердость” искусственных и биоматериалов, 
в том числе эмали и дентина, а также кристаллов гидроксиапатита [12].

Fig. 3. The “fracture toughness-hardness” diagram of artificial and biomaterials, 
including enamel and dentin, as well as hydroxyapatite crystals [12].
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ǉƶƽƻƱƼƴƸƱƹƾƺƮ� ƮƱƼƺǋƾƹƺƽƾǈ� ƬưƯƱƳƴƴ� ưƱƸƺƹƽƾƼƴƼƿ-
Ʊƾ� ƹƱƸƺƹƺƾƺƹƹƿǊ� ƳƬƮƴƽƴƸƺƽƾǈ� ƽ� ǋƼƶƺ� ƮǇƼƬƲƱƹƹǇƸ�
ƸƴƹƴƸƿƸƺƸ� ƺƾ� ƻƬƼƬƸƱƾƼƺƮ� ǄƱƼƺǁƺƮƬƾƺƽƾƴ� "ǃƴƽƾƺƾǇ#�
ƻƺƮƱƼǁƹƺƽƾƴ&� ǁƺƾǋ�Ƽƺƽƾ� ǁƬƼƬƶƾƱƼƹǇǁ�ƼƬƳƸƱƼƺƮ�ǄƱƼƺ-
ǁƺƮƬƾƺƽƾƴ�ƮƱưƱƾ�ƶ�ƿƮƱƷƴǃƱƹƴǊ�ƺƭǅƱƵ�ƻƷƺǅƬưƴ�ƻƺƮƱƼǁ-
ƹƺƽƾƴ(
ƖƳ� ƮƽƱƵ� ƽƺƮƺƶƿƻƹƺƽƾƴ� ƸƱǁƬƹƴǃƱƽƶƴǁ� ƽƮƺƵƽƾƮ&� ǁƬ-

ƼƬƶƾƱƼƴƳƿǊǅƴǁ� ƽƺƻƼƺƾƴƮƷƱƹƴƱ� ƭƴƺƸƬƾƱƼƴƬƷƺƮ� ƮƺƳ-
ưƱƵƽƾƮƿǊǅƱƵ�ƹƬ�ƹƴǁ�ƿƻƼƿƯƺƵ�ƴ�ƻƷƬƽƾƴǃƱƽƶƺƵ�ƹƬƯƼƿƳƶƱ&�
ƿƻƼƿƯƴƱ� ƸƺưƿƷƴ� ƴ� ƾƮƱƼưƺƽƾǈ� ƺưƹƴ� ƴƳ� ƽƬƸǇǁ� ǃƿƮƽƾƮƴ-
ƾƱƷǈƹǇǁ� ƶ�ƴƳƸƱƹƱƹƴǊ�ƽƾƼƿƶƾƿƼǇ�ƮƱǅƱƽƾƮƬ(�Ɩǁ�ƴƳƿǃƱ-
ƹƴƱ�ƮƽƱƯưƬ�ƮǇƳǇƮƬƱƾ�ƻƺƮǇǄƱƹƹǇƵ�ƴƹƾƱƼƱƽ�ƿ�ƴƽƽƷƱưƺ-
ƮƬƾƱƷƱƵ� ƴ� ƻƼƬƶƾƴƶƿǊǅƴǁ� ƮƼƬǃƱƵ'ƽƾƺƸƬƾƺƷƺƯƺƮ(� ƐǇƷƺ�
ƿƽƾƬƹƺƮƷƱƹƺ&�ƹƬƻƼƴƸƱƼ&�ǃƾƺ�ƾƮƱƼưƺƽƾǈ�ǉƸƬƷƴ�ƴ�ưƱƹƾƴ-
ƹƬ�ƳƬƮƴƽƴƾ�ƺƾ�ƶƺƹǂƱƹƾƼƬǂƴƴ�ƸƴƹƱƼƬƷƺƮ�ƴ�ƬƽƽƺǂƴƴƼƿƱƾ-
ƽǋ�ƽ�ƹƱƵ(�@^Zma^klmhg^�D(>(�^m�Ze(&�+32-�Ʈ�U+0W�ƻƼƱưƷƺƲƴƷƴ�
ƬƹƬƷƴƾƴǃƱƽƶƺƱ� ƮǇƼƬƲƱƹƴƱ&� ƽƮǋƳǇƮƬǊǅƱƱ� ƾƮƱƼưƺƽƾǈ�
ƻƺ�ſƹƿƻƿ�ƽ�ƺƭǆƱƸƹƺƵ�ưƺƷƱƵ�Pf�ƸƴƹƱƼƬƷǈƹƺƵ�ƽƺƽƾƬƮƷǋ-
ǊǅƱƵ�ưƱƹƾƴƹƬ&�ƮǇƼƬƲƱƹƹƺƵ�Ʈ�ƻƼƺǂƱƹƾƬǁ4

ơƺƾǋ� ƾƺǃƹƺƽƾǈ� ǉƾƺƯƺ� ƮǇƼƬƲƱƹƴǋ� ƿƸƱƹǈǄƬƱƾƽǋ� ƻƼƴ�
ƽƹƴƲƱƹƴƴ�ƶƺƹǂƱƹƾƼƬǂƴƴ�ƸƴƹƱƼƬƷǈƹǇǁ�ƮƱǅƱƽƾƮ&�ƾƱƸ�ƹƱ�
ƸƱƹƱƱ&�ƺƹƺ�ƹƱ�ƻƼƺƾƴƮƺƼƱǃƴƾ�ǉƶƽƻƱƼƴƸƱƹƾƬƷǈƹǇƸ�ưƬƹ-
ƹǇƸ� Ʈ� ưƴƬƻƬƳƺƹƱ� ƶƺƹǂƱƹƾƼƬǂƴƴ� ƸƴƹƱƼƬƷƺƮ&� ƽƺƺƾƮƱƾ-
ƽƾƮƿǊǅƱƸ�ƹƺƼƸƬƷǈƹƺƸƿ�ƴ�ƶƬƼƴƺƳƹƺƸƿ�ưƱƹƾƴƹƿ(�ƟƬƶƴƸ�
ƺƭƼƬƳƺƸ�ƻƺƶƬƳƬƾƱƷƴ�ƾƮƱƼưƺƽƾƴ�ƸƺƯƿƾ�ƽƷƿƲƴƾǈ�ưƴƬƯƹƺ-

ƽƾƴǃƱƽƶƴƸ�ǀƬƶƾƺƼƺƸ�ƻƼƴ�ƴƳƿǃƱƹƴƴ�ƻƼƺǂƱƽƽƺƮ�ưƱƸƴƹƱ-
ƼƬƷƴƳƬǂƴƴ�ƴ�ƸƴƹƱƼƬƷƴƳƬǂƴƴ�ƾƶƬƹƱƵ�ƳƿƭƬ(
ƜƼƴ� ƴƽƽƷƱưƺƮƬƹƴƴ� ƻƼƺǂƱƽƽƺƮ� ưƱƸƴƹƱƼƬƷƴƳƬǂƴƴ� ƴ�

ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƴ�ǉƸƬƷƴ�Ʈ�ƳƬƮƴƽƴƸƺƽƾƴ�ƺƾ�ƴƳƸƱƹƱƹƴǋ�
ƸƴƶƼƺƾƮƱƼưƺƽƾƴ�ƻƺƮƱƼǁƹƺƽƾƴ�ƿƽƾƬƹƺƮƷƱƹƺ&�ǃƾƺ�Ʈ�ƻƼƱ-
ưƱƷƬǁ�ƴƽƽƷƱưƿƱƸƺƯƺ�ưƴƬƻƬƳƺƹƬ�ƾƮƱƼưƺƽƾƴ�+,*�Ʊưƴƹƴǂ�
ƺƾ�ƴƽǁƺưƹǇǁ�ƸƴƹƱƼƬƷǈƹǇǁ�ƻƺƾƱƼǈ�ƴƷƴ�ƻƼƴƼƺƽƾ�ƺƾƼƬƲƬ-
Ʒƴƽǈ�ƻƬƼƬƷƷƱƷǈƹǇƸƴ�ƷƴƹƱƵƹǇƸƴ�ƴƳƸƱƹƱƹƴǋƸƴ�ƸƴƶƼƺ-
ƾƮƱƼưƺƽƾƴ� U+2W(�ƖƳƸƱƹƱƹƴǋ�ƺưƹƺƵ�ƱưƴƹƴǂǇ�ƾƮƱƼưƺƽƾƴ�
ƽƺƺƾƮƱƾƽƾƮƺƮƬƷƴ�ƻƼƴƸƱƼƹƺ�*&*.�ƸƶƸƺƷǈ�ƞƬ,%)ƽƸ,�ƴƽ-
ƽƷƱưƿƱƸƺƵ�ƻƺƮƱƼǁƹƺƽƾƴ(�ƞƺƺƾƹƺǄƱƹƴƱ�=ZJ�ƽƺƽƾƬƮƷǋ-
Ʒƺ�+&0/�ƶƬƶ�ưƷǋ�ƻƼƺǂƱƽƽƬ�ưƱƸƴƹƱƼƬƷƴƳƬǂƴƴ&�ƾƬƶ�ƴ�ưƷǋ�
ƻƼƺǂƱƽƽƬ�ƼƱƸƴƹƱƼƬƷƴƳƬǂƴƴ5�ǉƾƺƾ�ƼƱƳƿƷǈƾƬƾ�ƿƶƬƳǇƮƬƱƾ�
ƹƬ�ƽƾƱǁƴƺƸƱƾƼƴǃƱƽƶƺƱ�ƼƬƽƾƮƺƼƱƹƴƱ�ƴ�ƻƺƮƾƺƼƹƺƱ�ƺƽƬƲ-
ưƱƹƴƱ� ƯƴưƼƺƶƽƴƬƻƬƾƴƾƬ� Ʈ� ǉƸƬƷƴ(� ƐǇƷƺ� ƻƺƶƬƳƬƹƺ&� ǃƾƺ�
ƼƬƳƸǋƯǃƱƹƴƱ� ƴ� ƻƺƮƾƺƼƹƺƱ� ƺƾƮƱƼƲưƱƹƴƱ� ƻƼƺƴƽǁƺưǋƾ�
ƹƬ�ƮƹƱǄƹƱƵ�ƻƺƮƱƼǁƹƺƽƾƴ�ǉƸƬƷƴ�ƾƺƷǅƴƹƺƵ�ƻƼƴƸƱƼƹƺ�/�
ƸƶƸ(�ſƴƽƷƺƾƺƽƾƺƵƶƺƽƾǈ�ƮƺƽƽƾƬƹƺƮƷƱƹƹƺƵ�ǉƸƬƷƴ�ƭǇƷƬ�
ƾƬƶƺƵ�ƲƱ&�ƶƬƶ�ƴ�ƿ�ƺƼƴƯƴƹƬƷƬ(
ſ� ƽƷƺƮƿ� ƽƶƬƳƬƾǈ&� ƸƱǁƬƹƴǃƱƽƶƴƱ� ƽƮƺƵƽƾƮƬ� ƾƮƱƼưǇǁ�

ƾƶƬƹƱƵ�ƳƿƭƬ�Ʈ�ƹƺƼƸƱ�ƴ�ƻƼƴ�ƻƬƾƺƷƺƯƴƴ&�ƹƬǃƴƹƬǋ�ƽ�+23/�
ƯƺưƬ� U+-W� ƴ� ƻƺ� ƽƱƯƺưƹǋǄƹƴƵ� ưƱƹǈ&� ƮƱƽǈƸƬ� ƾǅƬƾƱƷǈƹƺ�
ƴƽƽƷƱưƺƮƬƹǇ�ƴ�ưƺƽƾƬƾƺǃƹƺ�ƻƺƷƹƺ�ƺƽƮǋǅƱƹǇ�Ʈ�ƷƴƾƱƼƬ-
ƾƿƼƱ�U/5�05�1W(�ƚƬ�Ƽƴƽ(�-�ƴ�.�ƺƹƴ�ƾƬƶƲƱ�ƻƼƱưƽƾƬƮƷƱƹǇ�ƹƬ�
ƻƺƻƿƷǋƼƹǇǁ� Ʈ� ƸƬƾƱƼƴƬƷƺƮƱưƱƹƴƴ� ưƴƬƯƼƬƸƸƬǁ� ǟ;la[r�
iehmlǠ�U+,W(
ƝƬƹƱƱ� ƹƬ� ƺƽƹƺƮƬƹƴƴ� ƽƺƮƼƱƸƱƹƹǇǁ� ƷƴƾƱƼƬƾƿƼƹǇǁ�

ưƬƹƹǇǁ�ƸǇ�ƴƽƽƷƱưƺƮƬƷƴ�ƮƷƴǋƹƴƱ�ƹƬƻƴƾƶƺƮ�ƴ�ƻƴƾǈƱƮƺƵ�

Рис. 4. Диаграмма “предел прочности-модуль упругости” природных материалов, 
в том числе биокомпозитов, эмали, кристаллов гидроксиапатита и др. [12].

Fig. 4. Diagram "tensile strength-elastic modulus" of natural materials, 
including biocomposites, enamel, hydroxyapatite crystals, etc. [12].
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ƮƺưǇ�ƹƬ�ƸƱǁƬƹƴǃƱƽƶƴƱ�ƽƮƺƵƽƾƮƬ� ƾƮƱƼưǇǁ� ƾƶƬƹƱƵ�ƳƿƭƬ�
Ʈ� ƹƺƼƸƱ�ƴ� ƻƼƴ�ƻƬƾƺƷƺƯƴƴ� U15� 25� 3W(�ƐǇƷƺ� ƿƽƾƬƹƺƮƷƱƹƺ&�
ǃƾƺ� ƯƬƳƴƼƺƮƬƹƹǇƱ� ƴ�ǀƼƿƶƾƺƮǇƱ� ƹƬƻƴƾƶƴ� ƽƹƴƲƬǊƾ�ƸƱ-
ǁƬƹƴǃƱƽƶƴƱ�ƽƮƺƵƽƾƮƬ�ǉƸƬƷƴ&�ǄƱƼƺǁƺƮƬƾƺƽƾǈ�ǉƸƬƷƴ�ƻƼƴ�
ǉƾƺƸ&� ƹƬƺƭƺƼƺƾ&� ƮƺƳƼƬƽƾƬƱƾ(� ƜƺƾƼƱƭƷƱƹƴƱ� ƯƬƳƴƼƺƮƬƹ-
ƹǇǁ�ƹƬƻƴƾƶƺƮ�ǋƮƷǋƱƾƽǋ�ƺưƹƴƸ�ƴƳ�ǉƾƴƺƷƺƯƴǃƱƽƶƴǁ�ǀƬƶ-
ƾƺƼƺƮ&� ƮǇƳǇƮƬǊǅƴǁ�ǉƼƺƳƴǊ�ƳƿƭƺƮ(� ƀƽƴƷƴǋ�ƻƺ� ƳƬǅƴƾƱ�
ƳƿƭƺƮ�ƺƾ�ǉƼƺƳƴƮƹǇǁ�ƮƱǅƱƽƾƮ�ưƺƷƲƹǇ�ƮƶƷǊǃƬƾǈ�Ʈ�ƽƱƭǋ�
ƽƹƴƲƱƹƴƱ� ƻƺƾƼƱƭƷƱƹƴǋ� ƶƴƽƷƺƵ� ƻƴǅƴ&� ǂƴƾƼƿƽƺƮǇǁ� ƴ�
ƯƬƳƴƼƺƮƬƹƹǇǁ� ƹƬƻƴƾƶƺƮ� "Ʈ� ƺƽƺƭƱƹƹƺƽƾƴ� =h\Z'=heZ#&� Ƭ�
ƾƬƶƲƱ�ưƺƭƬƮƷƱƹƴƱ�Ʈ�ƹƴǁ�ƷƬƶƾƬƾƬ�ƶƬƷǈǂƴǋ(�ƜƺƽƷƱ�ƻƴƾǈǋ�
ƽƺƶƺƮ&�ƺƽƺƭƱƹƹƺ�ƶƴƽƷǇǁ&�ƼƱƶƺƸƱƹưƿƱƾƽǋ�ƻƺƷƺƽƶƬƾǈ�Ƽƺƾ�
ƻƴƾǈƱƮƺƵ�ƮƺưƺƵ(�ſƼƺƸƱ� ƾƺƯƺ&� ƶƴƽƷǇƱ�ǀƼƿƶƾƺƮǇƱ�ƽƺƶƴ�
ƽƷƱưƿƱƾ� ƻƴƾǈ� ǃƱƼƱƳ� ƽƺƷƺƸƴƹƶƿ&� ǃƾƺƭǇ� ƿƭƱƼƱǃǈ� Ƴƿƭ-
ƹƿǊ� ǉƸƬƷǈ� ƺƾ� ƻƺƮƼƱƲưƱƹƴǋ(� ƞƼƱưƹǋǋ� ƾƮƱƼưƺƽƾǈ� ǉƸƬ-
Ʒƴ�ƳƿƭƺƮ�ƻƼƴ�ƴƹưƱƹƾƴƼƺƮƬƹƴƴ&�ƽƹƴƲƱƹƹƬǋ�ƺƭƼƬƭƺƾƶƺƵ�
=h\Z'=heZ&� ǃƬƽƾƴǃƹƺ� ƮƺƽƽƾƬƹƬƮƷƴƮƬƱƾƽǋ� ƴƽƶƿƽƽƾƮƱƹ-
ƹƺƵ� ƽƷǊƹƺƵ� MZeboZkm(� ƚƬƹƱƽƱƹƴƱ� ƻƬƽƾǇ&� ƽƺưƱƼƲƬǅƱƵ�
ƬƸƺƼǀƹǇƵ�ǀƺƽǀƬƾ�ƶƬƷǈǂƴǋ�=JJ';=J&�ƽ�ƹƱƻƼƱƼǇƮƹǇƸ�
ƻƺƻƺƷƹƱƹƴƱƸ�ƽƷǊƹƺƺƭƼƬƳƹƺƯƺ�ƼƬƽƾƮƺƼƬ�Ʈ�ƾƱǃƱƹƴƱ�.2�ǃ�
ƳƹƬǃƴƾƱƷǈƹƺ�ƺƾƮƱƼƲưƬƱƾ�ǉƸƬƷǈ&�ƽƸǋƯǃƱƹƹƿǊ�ƹƬƻƴƾƶƺƸ�
=h\Z'=heZ(� ƀƽƾƬƹƺƮƷƱƹƬ� ƻƼǋƸƬǋ� ƳƬƮƴƽƴƸƺƽƾǈ� ƸƱƲưƿ�
ƶƺƹǂƱƹƾƼƬǂƴƱƵ�ǀƾƺƼƬ�ƴ�ƼǋưƬ�ưƼƿƯƴǁ�ƸƴƶƼƺǉƷƱƸƱƹƾƺƮ�
"ƸƱưƴ&� ǂƴƹƶƬ&� ƶƺƭƬƷǈƾƬ� ƴ� ưƼ(#� Ʈ� ƴƽƾƺǃƹƴƶƬǁ� ƻƴƾǈƱƮƺƵ�
ƮƺưǇ�ƴ�ƸƴƶƼƺƾƮƱƼưƺƽƾǈǊ�ǉƸƬƷƴ�ƴ�ưƱƹƾƴƹƬ(�ƜƺƶƬƳƬƾƱƷƴ�
ƸƴƶƼƺƾƮƱƼưƺƽƾƴ�ǉƸƬƷƴ�ƴ�ưƱƹƾƴƹƬ�ƳƿƭƺƮ�ƿ�Ʒƴǂ&�ƻƼƺƲƴ-
ƮƬǊǅƴǁ� Ʈ� ƼƬƳƷƴǃƹǇǁ� ƶƷƴƸƬƾƺƯƱƺƯƼƬǀƴǃƱƽƶƴǁ� ƳƺƹƬǁ&�
ƺƾƷƴǃƬǊƾƽǋ� ưƼƿƯ� ƺƾ� ưƼƿƯƬ� ƴ� ƸƬƶƽƴƸƬƷǈƹǇ� Ʈ� ƼƬƵƺƹƬǁ&�
ƯưƱ� ƶƺƹǂƱƹƾƼƬǂƴǋ�ǀƾƺƼƬ�Ʈ�ƴƽƾƺǃƹƴƶƬǁ�ƻƴƾǈƱƮƺƵ�ƮƺưǇ�
ƹƬƴƭƺƷƱƱ�ƮǇƽƺƶƬǋ�ƴ&� ƹƬƺƭƺƼƺƾ&�ƸƴƹƴƸƬƷǈƹǇ�Ʈ�ƼƱƯƴƺ-
ƹƬǁ� ƽ� ƹƬƴƸƱƹǈǄƱƵ� ƶƺƹǂƱƹƾƼƬǂƴƱƵ� ǀƾƺƼƬ� Ʈ� ƻƴƾǈƱƮƺƵ�
ƮƺưƱ(
ƟƬƶƲƱ�ƹƬƸƴ�ƭǇƷƴ�ƽƴƽƾƱƸƬƾƴƳƴƼƺƮƬƹǇ�ƴƽƽƷƱưƺƮƬƹƴǋ�

ƻƺ�ƮƺƳưƱƵƽƾƮƴǊ�ƼƬƳƷƴǃƹǇǁ�ƮƴưƺƮ�ƸƺƷƺƶƬ�ƴ�ƸƺƷƺǃƹǇǁ�
ƻƼƺưƿƶƾƺƮ� ƹƬ� ƾƮƱƼưƺƽƾǈ� ǉƸƬƷƴ� ƳƿƭƺƮ� U2W(� ƑƷƴǋƹƴƱ� ƹƬ�
ǉƸƬƷǈ� ƸƺƷƺƶƬ� ƴ� ƸƺƷƺǃƹǇǁ� ƻƼƺưƿƶƾƺƮ� ƸƱƹƱƱ� ƴƳƿǃƱƹƺ&�
Ƭ�ƴƸƱǊǅƴƱƽǋ�ưƬƹƹǇƱ�ƮƱƽǈƸƬ�ƼƬƳƺƭǅƱƹǇ�ƴ�ǃƬƽƾƺ�ƻƼƺ-
ƾƴƮƺƼƱǃƴƮǇ(�ƟƱƸ�ƹƱ�ƸƱƹƱƱ�ƭƺƷǈǄƴƹƽƾƮƺƸ�ƴƽƽƷƱưƺƮƬ-
ƾƱƷƱƵ�ƭǇƷƺ�ưƺƶƬƳƬƹƺ&�ǃƾƺ�ǃƬƽƾƺƱ�ƻƺƾƼƱƭƷƱƹƴƱ�ƸƺƷƺƶƬ�
ƴƷƴ�ƸƺƷƺǃƹǇǁ�ƻƼƺưƿƶƾƺƮ�ƽƹƴƲƬƱƾ�ǃƬƽƾƺƾƿ�ƶƬƼƴƱƽƬ�Ƴƿ-
ƭƺƮ(
Ƒ� ǉƾƺƵ� ƽƮǋƳƴ� "ƮƷƴǋƹƴǋ� ƻƴƾƬƹƴǋ� ƹƬ� ƽƾƼƿƶƾƿƼƿ� ƴ�ǀƴ-

Ƴƴƶƺ'ƸƱǁƬƹƴǃƱƽƶƴƱ� ƽƮƺƵƽƾƮƬ� ƾƮƱƼưǇǁ� ƾƶƬƹƱƵ� ƳƿƭƬ#�
ƻƼƱưƽƾƬƮƷǋƱƾ�ƽƺƭƺƵ�ƴƹƾƱƼƱƽ�ƬƹƬƷƴƳ�ưƱƵƽƾƮƴǋ�ƽƬǁƬƼƬ&�
ƽƷƬưƶƴǁ�ƻƼƺưƿƶƾƺƮ�ƴ�ƹƬƻƴƾƶƺƮ�ƹƬ�ƸƱǁƬƹƴǃƱƽƶƴƱ�ǁƬƼƬƶ-
ƾƱƼƴƽƾƴƶƴ� ƽƬƸƺƵ� ƾƮƱƼưƺƵ� ƾƶƬƹƴ� ƺƼƯƬƹƴƳƸƬ� ǃƱƷƺƮƱƶƬ�
ƳƿƭƹƺƵ�ǉƸƬƷƴ(
ƒƱƵƽƾƮƴƱ�ƺƭǇǃƹƺƯƺ�ƴ�ƹƱ�ƽƺưƱƼƲƬǅƱƯƺ�ƽƬǁƬƼƬ�ƻƱưƴ-

ƬƾƼƴǃƱƽƶƺƯƺ�ƽƴƼƺƻƬ�ƺƾ�ƶƬǄƷǋ�ƹƬ�ƸƴƶƼƺƾƮƱƼưƺƽƾǈ�Ƴƿƭ-
ƹƺƵ�ǉƸƬƷƴ�ƴƳƿǃƬƷƴ�AZnkZh�P(G(�^m�Ze(�Ʈ�,*+1�U,+W(�ƢƱƷǈǊ�
ƼƬƭƺƾǇ�ƭǇƷƺ�ƺǂƱƹƴƾǈ�ƴ�ƽƼƬƮƹƴƾǈ�ǉǀǀƱƶƾ�ƺƭǇǃƹƺƯƺ�ƴ�ƹƱ�

ƽƺưƱƼƲƬǅƱƯƺ� ƽƬǁƬƼƬ� ƻƱưƴƬƾƼƴǃƱƽƶƺƯƺ� ƽƴƼƺƻƬ� ƽƺƽƾƬ-
ƮǇ�ƹƬ� ƾƮƱƼưƺƽƾǈ�ǉƸƬƷƴ�ƺƽƹƺƮƹƺƯƺ� ƳƿƭƬ�ƽƼƺƶ�+.�ưƹƱƵ(�
ƐǇƷƺ�ƻƼƺƮƱưƱƹƺ�ƴƽƽƷƱưƺƮƬƹƴƱ�bg�obmkh�.*�ƹƱƶƬƼƴƺƳƹǇǁ�
ƮƼƱƸƱƹƹǇǁ�ƳƿƭƺƮ(�+*�ƳƿƭƺƮ�Ʈ�ƶƬƲưƺƵ�ƯƼƿƻƻƱ�ƭǇƷƴ�ƻƺ-
ƯƼƿƲƱƹǇ� Ʈ� .� ƻƱưƴƬƾƼƴǃƱƽƶƴǁ� ƷƱƶƬƼƽƾƮƱƹƹǇǁ� ƽƴƼƺƻƬ�
"+�ƭƱƳ�ƽƬǁƬƼƬ�ƴ�-�ƺƭǇǃƹǇǁ#�ƹƬ�+�Ƹƴƹ�ƾƼƴƲưǇ�Ʈ�ưƱƹǈ�Ʈ�
ƾƱǃƱƹƴƱ�+.�ưƹƱƵ(�ƙƴƶƼƺƾƮƱƼưƺƽƾǈ�ƻƺƮƱƼǁƹƺƽƾƴ�ƳƿƭƹƺƵ�
ǉƸƬƷƴ� ƭǇƷƬ� ƴƽƽƷƱưƺƮƬƹƬ� ƹƬ� ƴƽǁƺưƹƺƸ� ƿƼƺƮƹƱ&� Ʈ� 1'Ƶ�
ƴ� +.'Ƶ� ưƱƹǈ� ƸƱƾƺưƺƸ� ƺƻƼƱưƱƷƱƹƴǋ� ƾƮƱƼưƺƽƾƴ� ƻƺ� Ƒƴ-
ƽƶƱƼƽƿ�"ƾƬƭƷ(�+#(�ƛǂƱƹƴƮƬƷƴƽǈ�ƮƱƷƴǃƴƹƬ�iƚ&�ƾƴƾƼƿƱƸƬǋ�
ƶƴƽƷƺƾƹƺƽƾǈ�ƴ�ƭƿǀƱƼƹƬǋ�ƱƸƶƺƽƾǈ�ƽƴƼƺƻƺƮ(�Ɯƺ�ƼƱƳƿƷǈ-
ƾƬƾƬƸ�ƴƽƽƷƱưƺƮƬƹƴǋ�ƿƽƾƬƹƺƮƷƱƹƺ&�ǃƾƺ�Ƽƚ�ƽƴƼƺƻƺƮ�ƭǇƷ�
ƮǇǄƱ�ƶƼƴƾƴǃƱƽƶƴƵ�Ƽƚ�ưƷǋ�ưƱƸƴƹƱƼƬƷƴƳƺƮƬƹƹǇǁ�ƳƿƭƺƮ&�
ƾƴƾƼƿƱƸƬǋ� ƶƴƽƷƺƾƹƺƽƾǈ�ƴ�ƭƿǀƱƼƹƬǋ�ƱƸƶƺƽƾǈ�ƼƬƳƷƴǃƬ-
Ʒƴƽǈ(�;HIP;�ƾƱƽƾ�ƻƺƶƬƳƬƷ&�ǃƾƺ�ƽƹƴƲƱƹƴƱ�ƽƼƱưƹƱƵ�Ƹƴ-
ƶƼƺƾƮƱƼưƺƽƾƴ� ƭǇƷƺ�ƸƬƶƽƴƸƬƷǈƹǇƸ� Ʈ� ƯƼƿƻƻƱ�>� "ƺƭǇǃ-
ƹǇƵ�ƬƹƬƷǈƯƱƾƴǃƱƽƶƴƵ�ƽƴƼƺƻ#�ƴ�ƸƱƹǈǄƱ�ƮƽƱƯƺ�Ʈ�ƯƼƿƻƻƱ�
Ə�"ƽƴƼƺƻ�ƺƾ�ƶƬǄƷǋ�ƭƱƳ�ƽƬǁƬƼƬ#�ƹƬ�1�ƴ�+.�ưƱƹǈ�"ƾƬƭƷ(�,#(�
ƜƼƺǂƱƹƾ�ƽƹƴƲƱƹƴǋ�ƸƴƶƼƺƾƮƱƼưƺƽƾƴ�ƹƬ�+.'Ʊ�ƽƿƾƶƴ�ƭǇƷ�
ƸƬƶƽƴƸƬƷǈƹǇƸ�ưƷǋ�ƯƼƿƻƻǇ�>�",.&.���,&,#�ƴ�ƸƴƹƴƸƬƷǈ-
ƹǇƸ�ưƷǋ�ƯƼƿƻƻǇ�Ə�"+.&*���+&-#&�ƶƺƾƺƼƬǋ�ƭǇƷƬ�ƽƾƬƾƴƽƾƴǃƱ-
ƽƶƴ�ƳƹƬǃƴƸƺƵ� "i�6�*&*+#(�ƚƬ�ƸƱƲƯƼƿƻƻƺƮƺƸ�ƽƼƬƮƹƱƹƴƴ�
ƹƱ� ƭǇƷƺ�ƼƬƳƹƴǂǇ� "i�8� *&*/#� Ʈ�ƸƴƶƼƺƾƮƱƼưƺƽƾƴ�ƸƱƲưƿ�
ƳƹƬǃƱƹƴǋƸƴ�Ʈ�ƯƼƿƻƻƱ�<�ƴ�ƯƼƿƻƻƱ�=(�ƟƱƸ�ƹƱ�ƸƱƹƱƱ&�ƮƱƽǈ-
ƸƬ�ƳƹƬǃƴƾƱƷǈƹƺƵ�"i�6�*&*+#�ƼƬƳƹƴǂƬ�ƭǇƷƬ�ƸƱƲưƿ�ƺƭƱƴ-
Ƹƴ�ƻƬƼƬƸƴ�"ƯƼƿƻƻƬ�<�ƽ�ƯƼƿƻƻƺƵ�>#�ƴ�"ƯƼƿƻƻƬ�=�ƽ�ƯƼƿƻƻƺƵ�
>#�ƹƬ�+.'Ƶ�ưƱƹǈ(
ƖƽƽƷƱưƺƮƬƾƱƷƴ�ƻƼƴǄƷƴ�ƶ�ƮǇƮƺưƿ4�ƭƱƳ�ƽƬǁƬƼƬ�ƻƱưƴƬ-

ƾƼƴǃƱƽƶƴƱ�ƷƱƶƬƼƽƾƮƬ�ƸƺƯƿƾ�ƭǇƾǈ�ǉǀǀƱƶƾƴƮƹǇƸƴ�Ʈ�ƽƹƴ-
ƲƱƹƴƴ�ǉƼƺƳƴƴ�ƳƿƭƺƮ�ƴ�ƽƷƱưƿƱƾ�ƻƼƴƷƺƲƴƾǈ�ƿƽƴƷƴǋ�ưƷǋ�
ƮƶƷǊǃƱƹƴǋ� ƽƬǁƬƼƺƳƬƸƱƹƴƾƱƷƱƵ� Ʈ� ƼƱǂƱƻƾƿƼƿ� ưƱƾƽƶƴǁ�
ƷƱƶƬƼƽƾƮ�ƮƸƱƽƾƺ�ƽƬǁƬƼƬ(
ƖƸƱƱƾƽǋ�ƸƬƷƺ�ưƬƹƹǇǁ�ƺ�ƶƬƼƴƱƽƺƯƱƹƹƺƸ�ƻƺƾƱƹǂƴƬƷƱ�

ǄƴƼƺƶƺ� ƴƽƻƺƷǈƳƿƱƸǇǁ� ƶƺƸƸƱƼǃƱƽƶƴǁ� ƻƺưƽƷƬƽƾƴƾƱ-
ƷƱƵ(�ƢƱƷǈǊ�ƻƼƺƮƱưƱƹƹƺƯƺ�ǉƶƽƻƱƼƴƸƱƹƾƬ�ƭǇƷƺ�ƺǂƱƹƴƾǈ�
ƮƷƴǋƹƴƱ� ƹƱƽƶƺƷǈƶƴǁ� ƻƺưƽƷƬƽƾƴƾƱƷƱƵ� ƹƬ� ưƱƸƴƹƱƼƬƷƴ-
ƳƬǂƴǊ� ǉƸƬƷƴ� ƴ� ƶƬƼƴƱƽƺƯƱƹƹǇƱ� ƽƮƺƵƽƾƮƬ� ƭƴƺƻƷƱƹƺƶ�
Mmk^imh\h\\nl�fnmZgl�Ʈ�ƸƺưƱƷǋǁ�ƴƽƶƿƽƽƾƮƱƹƹƺƯƺ�ƶƬƼƴ-
ƱƽƬ(� U,/W� ƐƴƺƻƷƱƹƶƴ�M(�fnmZgl'O;+/3� ƶƿƷǈƾƴƮƴƼƺƮƬƷƴ�
ƹƬ�ƺƭƼƬƳǂƬǁ�ƭǇǃǈƱƵ�ǉƸƬƷƴ�ƴ�ƻƺưƮƱƼƯƬƷƴ�ƮƺƳưƱƵƽƾƮƴǊ�
ƺưƹƺƯƺ� ƴƳ� ƽƷƱưƿǊǅƴǁ� ƶƺƸƸƱƼǃƱƽƶƴǁ� ƻƺưƽƷƬƽƾƴƾƱƷƱƵ�
Ʈ� ǀƺƼƸƱ� ƾƬƭƷƱƾƺƶ� ƴƷƴ� ƻƺƼƺǄƶƬ4� ƽƾƱƮƴǋ&� ƽƿƶƼƬƷƺƳƬ&�
ƽƬǁƬƼƴƹ&� ƬƽƻƬƼƾƬƸ� ƴƷƴ� ǀƼƿƶƾƺƳƬ(� ƒƱƽǋƾǈ� ƻƼƺǂƱƹƾƺƮ�
ƽƬǁƬƼƺƳǇ�ƴ�*&3��HZ=e�ƴƽƻƺƷǈƳƺƮƬƷƴ�Ʈ�ƶƬǃƱƽƾƮƱ�ƶƬƼƴ-
Ʊƽ'ƻƺƳƴƾƴƮƹǇǁ� ƴ� ƶƬƼƴƱƽ'ƹƱƯƬƾƴƮƹǇǁ� ƶƺƹƾƼƺƷƱƵ&� ƽƺ-
ƺƾƮƱƾƽƾƮƱƹƹƺ(� ƛƭƼƬƳǂǇ)ƭƴƺƻƷƱƹƶƴ� ƻƺưƮƱƼƯƬƷƴ� ƮƺƳ-
ưƱƵƽƾƮƴǊ�ƻƺưƽƷƬƽƾƴƾƱƷƱƵ�ƾƼƴ�ƼƬƳƬ�Ʈ�ưƱƹǈ�Ʈ�ƾƱǃƱƹƴƱ�/�
Ƹƴƹƿƾ�ƶƬƲưǇƵ�ƼƬƳ(�ƣƱƼƱƳ�/�ưƹƱƵ�ƭƴƺƻƷƱƹƶƴ�ƭǇƷƴ�Ʈƺƽ-
ƽƾƬƹƺƮƷƱƹǇ� ưƷǋ� ƺƻƼƱưƱƷƱƹƴǋ4� ƭƴƺƸƬƽƽǇ&� ƶƺƷƴǃƱƽƾƮƬ�
ƭƬƶƾƱƼƴƵ� ƴ� ƮƹƿƾƼƴ'� ƴ� ƮƹƱƶƷƱƾƺǃƹǇǁ� ƻƺƷƴƽƬǁƬƼƴưƺƮ(�
ƙƴƶƼƺƾƮƱƼưƺƽƾǈ� ƻƺƮƱƼǁƹƺƽƾƴ� ƴƳƸƱƼǋƷƴ� ưƺ� ƴ� ƻƺƽƷƱ�

ľżſŻŻŬ G���M>
1�ŰŹűŵ +.�ŰŹűŵ

A 11,3 ± 1,6 14,0 ± 1,3

B 12,8 ± 2,8 17,9 ± 3,0

C 12,5 ± 0,5 16,9 ± 1,1

D 13,8 ± 0,9 24,4 ± 2,2

;HIP;�žűŽž&�i 0,022 0,01

Таблица 2. Процентное снижение твердости 
поверхности зубов после 7 и 14 дней [21]

Table 2. Percentage reduction in tooth 
surface hardness after 7 and 14 days [21]

ľżſŻŻŬ G�����M>
ŖŽƁźŰŹƇŵ�ſżźŮűŹƈ 1�ŰŹűŵ +.�ŰŹűŵ

A 419,3 ± 7,0 372,0 ± 7,7 360,5 ± 7,3

B 417,7 ± 8,1 364,1 ± 8,9 342,6 ± 8,3

C 416,4 ± 7,5 364,4 ± 6,4 346,1 ± 5,0

D 417,0 ± 7,1 359,5 ± 4,9 315,3 ± 8,4

;HIP;�žűŽž&�i 0,838  < 0,01  < 0,01

Таблица 1. Твердость поверхности зубов 
(исходный уровень, после 7 и 14 дней) [21]

Table 1. The hardness of the tooth surface 
(baseline, after 7 and 14 days) [21]

Group A – сироп от кашля без сахара, Group B – обычный сироп от кашля, Group C – обычный антибиотик, D – обычный 
анальгетический сироп.
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ǉƶƽƻƱƼƴƸƱƹƾƬ� ưƷǋ� ƺǂƱƹƶƴ� ưƱƸƴƹƱƼƬƷƴƳƬǂƴƴ� ǉƸƬƷƴ&�
ǀƴƶƽƴƼƺƮƬƷƴ� ƮǇƼƬƲƱƹƹƿǊ� Ʈ� ƻƼƺǂƱƹƾƬǁ� ƻƺƾƱƼǊ� ƾƮƱƼ-
ưƺƽƾƴ� ƻƺƮƱƼǁƹƺƽƾƴ� "�� MBF#(� ƒƬƹƹǇƱ� ƭǇƷƴ� ƻƼƺƬƹƬƷƴ-
ƳƴƼƺƮƬƹǇ� ƽ� ƴƽƻƺƷǈƳƺƮƬƹƴƱƸ� ưƴƽƻƱƼƽƴƺƹƹƺƯƺ� ƬƹƬƷƴ-

ƳƬ�";HIP;#�ƽ�ƿǃƱƾƺƸ�ƻƺƻƼƬƮƶƴ�ƐƺƹǀƱƼƼƺƹƴ�"Ƽ�6�*&*/#(�
ƑƽƱ�ƴƽƻǇƾƬƹƹǇƱ�ƶƺƸƸƱƼǃƱƽƶƴƱ�ƻƺưƽƷƬƽƾƴƾƱƷƴ&�ƶƼƺƸƱ�
ǀƼƿƶƾƺƳǇ&� ƻƺƶƬƳƬƷƴ� ƸƱƹǈǄƿǊ� ƽƾƱƻƱƹǈ� ưƱƸƴƹƱƼƬƷƴ-
ƳƬǂƴƴ�ǉƸƬƷƴ&� ǃƱƸ�ƽƬǁƬƼƺƳƬ� "Ƽ�6�*&*/#� "Ƽƴƽ(�/#(� ƟƺƷǈƶƺ�

Рис. 5. Потеря твердости поверхности эмали (% SHL) при испытании подсластителей. Столбцы 
представляют среднее значение % SHL образцов (n = 6). Столбики ошибок указывают на SD. 

Значимые различия между измерениями (р < 0,05) представлены разными буквами [25].

Fig. 5. Loss of hardness of enamel surface (% SHL) when testing sweeteners. Bars represent 
the mean% SHL of the samples (n = 6). The error bars indicate SD. Significant differences 

between measurements (p < 0.05) are represented by different letters [25].

Рис. 6. Индуцируемая подсластителями на образцах эмали биомасса (мг). Значимые 
различия между измерениями (р < 0,05) представлены разными буквами [25].

Fig. 6. Biomass induced by sweeteners on enamel samples (mg). Significant differences 
between measurements (p < 0.05) are represented by different letters [25].
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ƽƬǁƬƼƴƹ�ƻƺƶƬƳƬƷ�ƸƱƹǈǄƱ�ƭƴƺƸƬƽƽǇ�ƴ�ƮƹƿƾƼƴƶƷƱƾƺǃƹǇǁ�
ƻƺƷƴƽƬǁƬƼƴưƺƮ&�ǃƱƸ�ƺƽƾƬƷǈƹǇƱ�ƯƼƿƻƻǇ�"Ƽ�6�*&*/#�"Ƽƴƽ(�
0#(� ƞƾƱƮƴǋ&� ƽƿƶƼƬƷƺƳƬ� ƴ� ƽƬǁƬƼƴƹ� ƽƹƴƲƬƷƴ� ƶƺƷƴǃƱƽƾƮƺ�
ƲƴƳƹƱƽƻƺƽƺƭƹǇǁ� ƸƴƶƼƺƭƹǇǁ� ƶƷƱƾƺƶ� ƻƺ� ƽƼƬƮƹƱƹƴǊ� ƽ�
ƽƬǁƬƼƺƳƺƵ�"Ƽ�6�*&*/#(�ƑƽƱ�ƽƬǁƬƼƹǇƱ�ƬƷǈƾƱƼƹƬƾƴƮǇ�ƽƹƴ-
ƲƬƷƴ� ƺƭƼƬƳƺƮƬƹƴƱ� ƮƹƱƶƷƱƾƺǃƹƺƯƺ� ƻƺƷƴƽƬǁƬƼƴưƬ� ƻƺ�
ƽƼƬƮƹƱƹƴǊ�ƽ�ƽƬǁƬƼƺƳƺƵ� "Ƽ�6�*&*/#(�ƐƺƷǈǄƴƹƽƾƮƺ� ƶƺƸ-
ƸƱƼǃƱƽƶƴǁ� ƻƺưƽƷƬƽƾƴƾƱƷƱƵ&� ƻƺ'ƮƴưƴƸƺƸƿ&� ǋƮƷǋǊƾƽǋ�
ƸƱƹƱƱ� ƶƬƼƴƱƽƺƯƱƹƹǇƸƴ&� ǃƱƸ� ƽƬǁƬƼƺƳƬ&� ƹƺ� ƮƽƱ�ƲƱ� ƽƺ-
ǁƼƬƹǋǊƾ� ƺƻƼƱưƱƷƱƹƹǇƵ� ƻƺƾƱƹǂƴƬƷ� ưƱƸƴƹƱƼƬƷƴƳƬǂƴƴ�
ǉƸƬƷƴ(� ƜƼƺưƿƶƾǇ&� ƽƺưƱƼƲƬǅƴƱ� ƽƾƱƮƴǊ&� ƽƿƶƼƬƷƺƳƿ� ƴ�
ƽƬǁƬƼƴƹ&� ƻƼƺǋƮƷǋǊƾ� ƬƹƾƴƭƬƶƾƱƼƴƬƷǈƹǇƱ� ƽƮƺƵƽƾƮƬ� ƴ�
ƮƱƼƺǋƾƹƺ�ƻƼƱƻǋƾƽƾƮƿǊƾ�ƭƬƶƾƱƼƴƬƷǈƹƺƸƿ�ƸƱƾƬƭƺƷƴƳƸƿ(�
ƚƱƺƭǁƺưƴƸǇ�ưƬƷǈƹƱƵǄƴƱ�ƴƽƽƷƱưƺƮƬƹƴǋ�ưƷǋ�ƭƺƷǈǄƱƵ�
ưƺƽƾƺƮƱƼƹƺƽƾƴ�ǉƾƴǁ�ƮǇƮƺưƺƮ(
ƒƱƵƽƾƮƴƱ� ƶƺƸƻƺƳƴǂƴƴ� ƶƼƬǁƸƬƷƬ� ƴ� ƽƬǁƬƼƺƳǇ� ƹƬ�

ǉƸƬƷǈ� ƳƿƭƺƮ� ǃƱƷƺƮƱƶƬ�ƴƳƿǃƬƷƴ�=^\bebZ�=(� ^m� Ze(� Ƒ� ,**/�
Ư(� U+.W(�ƜƺƽƶƺƷǈƶƿ�ƴƽƽƷƱưƺƮƬƹƴǋ� bg�obmkh�ƴ�ƹƬ�ƲƴƮƺƾƹǇǁ�
ƻƼƱưƻƺƷƬƯƬǊƾ&�ǃƾƺ�ƶƺƸƭƴƹƬǂƴǋ�ƶƼƬǁƸƬƷƬ�ƽ�ƽƬǁƬƼƺƳƺƵ�
ƸƺƲƱƾ�ƭǇƾǈ�ƭƺƷƱƱ�ƶƬƼƴƱƽƺƯƱƹƹƺƵ&�ǃƱƸ�ƽƬƸƬ�ƽƬǁƬƼƺƳƬ&�
ƴƽƽƷƱưƺƮƬƹƴƱ� ƻƼƺƮƺưƴƷƴ� bg� lbmn(� ƖƳƿǃƬƷƴ� ƬǂƴưƺƯƱƹ-
ƹƺƽƾǈ&� ƭƴƺǁƴƸƴǃƱƽƶƴƵ� ƴ� ƸƴƶƼƺƭƴƺƷƺƯƴǃƱƽƶƴƵ� ƽƺƽƾƬƮ�
ƻƺƮƱƼǁƹƺƽƾƹƺƵ� ƭƴƺƻƷƱƹƶƴ&� ƾƬƶƲƱ� ƺǂƱƹƴƮƬƷƴ� ưƱƸƴ-
ƹƱƼƬƷƴƳƬǂƴǊ� ǉƸƬƷƴ(� Ƒ� ƾƱǃƱƹƴƱ� ưƮƿǁ� ǀƬƳ� ƻƺ� +.� ưƹƱƵ�
ƶƬƲưƬǋ&� ƻǋƾƹƬưǂƬƾǈ� ưƺƭƼƺƮƺƷǈǂƱƮ� ƹƺƽƴƷƴ� ƹƱƭƹǇƱ�
ƻƼƴƽƻƺƽƺƭƷƱƹƴǋ&� ƽƺưƱƼƲƬǅƴƱ� ƭƷƺƶƴ� ǃƱƷƺƮƱǃƱƽƶƺƵ�
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