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ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÌÂÈÓÒÂÚÂ‚‡fl ÏÓ‰ÂÎ¸ ‚ÓÁ‡ÒÚÌÓ„Ó ËÁÏÂÌÂÌËfl ÍÓ„ÌËÚË‚Ì˚ı Ò‚ÓÈÒÚ‚ ÏÓÁ„‡, ÓÒÌÓ-
‚‡ÌÌ‡fl Ì‡ ÒÂÚË ïÓÔÙËÎ‰‡ Ò ÒË„ÏÓË‰ÌÓÈ ÙÛÌÍˆËÂÈ ‡ÍÚË‚‡ˆËË ÌÂÈÓÌ‡. ÇÓÁ‡ÒÚ ‚ıÓ‰ËÚ ‚ ÙÛÌÍˆË˛
‡ÍÚË‚‡ˆËË Í‡Í Ô‡‡ÏÂÚ ‚ ‚Ë‰Â ÁÌ‡ÏÂÌ‡ÚÂÎfl ÔÓÍ‡Á‡ÚÂÎfl ˝ÍÒÔÓÌÂÌÚ˚, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ Û˜ÂÒÚ¸ ‚ ÏÓ-
‰ÂÎË Â‡Î¸ÌÓ Ì‡·Î˛‰‡ÂÏÓÂ ÓÒÎ‡·ÎÂÌËÂ ÏÂÊÌÂÈÓÌÌ˚ı Ò‚flÁÂÈ ÔË ÒÚ‡ÂÌËË ÏÓÁ„‡. ÄÌ‡ÎËÁ
Ò‚ÓÈÒÚ‚ Ò‚flÁ‡ÌÌÓÈ Ò ÒÂÚ¸˛ ÙÛÌÍˆËË ãflÔÛÌÓ‚‡ ÔÓÍ‡Á˚‚‡ÂÚ, ̃ ÚÓ ÔË Û‚ÂÎË˜ÂÌËË Ô‡‡ÏÂÚ‡ ‚ÓÁ‡Ò-
Ú‡ ÂÂ ÂÎ¸ÂÙ Ò„Î‡ÊË‚‡ÂÚÒfl, ‡ ˜ËÒÎÓ ÎÓÍ‡Î¸Ì˚ı ÏËÌËÏÛÏÓ‚ (‡ÚÚ‡ÍÚÓÓ‚ ÒÂÚË) ÛÏÂÌ¸¯‡ÂÚÒfl. êÂ-
ÁÛÎ¸Ú‡ÚÓÏ ˝ÚÓ„Ó fl‚ÎflÂÚÒfl ÚÓ, ˜ÚÓ ÒÂÚ¸ ÂÊÂ Á‡ÒÚÂ‚‡ÂÚ ‚ ·ÎËÊ‡È¯Ëı ÎÓÍ‡Î¸Ì˚ı ÏËÌËÏÛÏ‡ı
ÙÛÌÍˆËË ãflÔÛÌÓ‚‡ Ë ÎÂ„˜Â ‰ÓÒÚË„‡ÂÚ „ÎÓ·‡Î¸ÌÓ„Ó ÏËÌËÏÛÏ‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó Ì‡Ë·ÓÎÂÂ ˝Ù-
ÙÂÍÚË‚ÌÓÏÛ Â¯ÂÌË˛ ÔÓÒÚ‡‚ÎÂÌÌÓÈ ÍÓ„ÌËÚË‚ÌÓÈ Á‡‰‡˜Ë. ãÓ„Ë˜ÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ̃ ÚÓ ‡Ì‡ÎÓ„Ë˜-
Ì˚Â ËÁÏÂÌÂÌËfl Â‡Î¸ÌÓ ÔÓËÒıÓ‰flÚ ‚ ÏÓÁ„Â ÔË Â„Ó ÒÚ‡ÂÌËË. îÂÌÓÏÂÌÓÎÓ„Ë˜ÂÒÍË ̋ ÚË ËÁÏÂÌÂÌËfl
ÏÓ„ÛÚ ÔÓfl‚ÎflÚ¸Òfl Í‡Í ÙÓÏËÓ‚‡ÌËÂ ‚ ÔÓÊËÎÓÏ ‚ÓÁ‡ÒÚÂ Ú‡ÍÓ„Ó ÍÓ„ÌËÚË‚ÌÓ„Ó Í‡˜ÂÒÚ‚‡, Í‡Í
ÏÛ‰ÓÒÚ¸, Ú.Â. ÒÔÓÒÓ·ÌÓÒÚ¸ Í Ì‡ıÓÊ‰ÂÌË˛ ÓÔÚËÏ‡Î¸Ì˚ı Â¯ÂÌËÈ ‚ ÒÎÓÊÌ˚ı ÔÓÚË‚ÓÂ˜Ë‚˚ı ÒË-
ÚÛ‡ˆËflı, ÛÏÂÌËÂ ÓÚ‚ÎÂ˜¸Òfl ÓÚ ‚ÚÓÓÒÚÂÔÂÌÌ˚ı ‡ÒÔÂÍÚÓ‚ Ë Û‚Ë‰ÂÚ¸ ÔÓ·ÎÂÏÛ ‚ ˆÂÎÓÏ.
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We consider a neural network model of age-related cognitive changes in aging brain based on Hopfield
network with a sigmoid function of neuron activation. Age is included in the activation function as a pa-
rameter in the form of exponential rate denominator, which makes it possible to take into account the
weakening of interneuronal links really observed in the aging brain. Analysis of properties of the
Lyapunov function associated with the network shows that, with increasing parameter of age, its relief be-
comes smoother and the number of local minima (network attractors) decreases. As a result, the network
gets less frequently stuck in the nearest local minima of the Lyapunov function and reaches a global min-
imum corresponding to the most effective solution of the cognitive task. It is reasonable to assume that
similar changes really occur in the aging brain. Phenomenologically, these changes can be manifested as
emergence in aged people of a cognitive quality such as wisdom i.e. ability to find optimal decisions in
difficult controversial situations, to distract from secondary aspects and to see the problem as a whole.
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ÌÓ‚ Í ‚ıÓ‰fl˘ËÏ ÒË„Ì‡Î‡Ï [5, 12, 15]. éÒÎ‡·ÎÂ-
ÌË˛ ÏÂÊÌÂÈÓÌÌ˚ı Ò‚flÁÂÈ ÒÔÓÒÓ·ÒÚ‚Û˛Ú Ú‡Í-
ÊÂ ÏÌÓ„ËÂ ‰Û„ËÂ ÂÒÚÂÒÚ‚ÂÌÌ˚Â ‚ÓÁ‡ÒÚÌ˚Â
ÙËÁËÓÎÓ„Ë˜ÂÒÍËÂ ËÁÏÂÌÂÌËfl [9].

óÚÓ Í‡Ò‡ÂÚÒfl ËÁÏÂÌÂÌËÈ ‚ ÙÛÌÍˆËÓÌËÓ‚-
ÌËË ÏÓÁ„‡ Ì‡ ÍÓ„ÌËÚË‚ÌÓÏ ÛÓ‚ÌÂ, ÚÓ Â„Ó ÓÒ-
ÌÓ‚ÌÓÈ ÚÂÌ‰ÂÌˆËÂÈ fl‚ÎflÂÚÒfl ÒÌËÊÂÌËÂ ÛÒÔÂ¯-
ÌÓÒÚË Â¯ÂÌËfl Á‡‰‡˜, ÚÂ·Û˛˘Ëı ‡ÍÚË‚ÌÓ„Ó
ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‡·Ó˜ÂÈ Ë ‰ÓÎ„Ó‚ÂÏÂÌÌÓÈ Ô‡-
ÏflÚË, ÍÓÌˆÂÌÚ‡ˆËË ‚ÌËÏ‡ÌËfl, ÔÓ‚Â‰ÂÌËfl
ÒÎÓÊÌ˚ı ÎÓ„Ë˜ÂÒÍËı ‡ÒÒÛÊ‰ÂÌËÈ [14]. 

é‰Ì‡ÍÓ Ì‡fl‰Û Ò ‚ÓÁ‡ÒÚÌ˚Ï ÒÌËÊÂÌËÂÏ
ÏÌÓ„Ëı ÍÓ„ÌËÚË‚Ì˚ı ÒÔÓÒÓ·ÌÓÒÚÂÈ ÔËÏÂÌÓ
Ì‡ ÔÂÊÌÂÏ ÛÓ‚ÌÂ ÒÓı‡Ìfl˛ÚÒfl ÒÔÓÒÓ·ÌÓÒÚË
Í ‚˚ÔÓÎÌÂÌË˛ ÛÚËÌÌ˚ı ÔÓ‚ÒÂ‰ÌÂ‚Ì˚ı Ë ÔÓ-
ÙÂÒÒËÓÌ‡Î¸Ì˚ı ‡·ÓÚ, ÎËÌ„‚ËÒÚË˜ÂÒÍËÂ Ë ‚˚-
˜ËÒÎËÚÂÎ¸Ì˚Â ÒÔÓÒÓ·ÌÓÒÚË, ‡ Ú‡ÍÊÂ ÒÔÓÒÓ·ÌÓ-
ÒÚË Í Â¯ÂÌË˛ Á‡‰‡˜, ÚÂ·Û˛˘Ëı „Î‡‚Ì˚Ï Ó·-
‡ÁÓÏ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÔÓˆÂ‰ÛÌÓÈ Ô‡ÏflÚË [6,
17]. ÅÓÎÂÂ ÚÓ„Ó, Ì‡ ÔÓ‚ÒÂ‰ÌÂ‚ÌÓÏ ÛÓ‚ÌÂ ¯Ë-
ÓÍÓ ‡ÒÔÓÒÚ‡ÌÂÌÓ Û·ÂÊ‰ÂÌËÂ, ˜ÚÓ Ò ‚ÓÁ‡Ò-
ÚÓÏ Û‚ÂÎË˜Ë‚‡˛ÚÒfl ‚ÓÁÏÓÊÌÓÒÚË ·ÓÎÂÂ ˝Ù-
ÙÂÍÚË‚ÌÓ„Ó Â¯ÂÌËfl ÔÎÓıÓ ÙÓÏÛÎËÛÂÏ˚ı Ë
ÔÓÚË‚ÓÂ˜Ë‚˚ı ÔÓ·ÎÂÏ, ÚÂ·Û˛˘Ëı ÔË-
‚ÎÂ˜ÂÌËfl Ú‡ÍÓÈ ÚÛ‰ÌÓ ÓÔÂ‰ÂÎflÂÏÓÈ ÍÓ„ÌË-
ÚË‚ÌÓÈ ÒÔÓÒÓ·ÌÓÒÚË, Í‡Í ÏÛ‰ÓÒÚ¸. 

ùËÍ ä‡Ì‰ÂÎ, Î‡ÛÂ‡Ú çÓ·ÂÎÂ‚ÒÍÓÈ ÔÂÏËË
ÔÓ ÏÂ‰ËˆËÌÂ 2000 „., ‚ Ò‚ÓË 77 ÎÂÚ ÒÍ‡Á‡Î: “ü
‰ÛÏ‡˛, ˜ÚÓ ÒÂÈ˜‡Ò ·ÓÎÂÂ ÛÒÔÂ¯ÌÓ ‡·ÓÚ‡˛ ‚
Ì‡ÛÍÂ, ˜ÂÏ ÍÓ„‰‡ ·˚Î ÏÓÎÓ‰. Ç Ì‡ÛÍÂ Ó˜ÂÌ¸
‚‡ÊÌ‡ ÔÓÌËˆ‡ÚÂÎ¸ÌÓÒÚ¸, ‡ ÚÂÔÂ¸ fl ÎÛ˜¯Â ÔÓ-
ÌËÏ‡˛, Í‡ÍËÂ ÔÓ·ÎÂÏ˚ ‚‡ÊÌ˚, ‡ Í‡ÍËÂ –
ÌÂÚ”. é‰Ì‡ÍÓ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì‡fl ÔÓ‚ÂÍ‡ ÒÛ-
˘ÂÒÚ‚Ó‚‡ÌËfl Ú‡ÍÓ„Ó ÙÂÌÓÏÂÌ‡ Ì‡Ú‡ÎÍË‚‡ÂÚÒfl
Ì‡ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â ÏÂÚÓ‰ÓÎÓ„Ë˜ÂÒÍËÂ ÒÎÓÊÌÓ-
ÒÚË, ‚˚Á‚‡ÌÌ˚Â ÚÛ‰ÌÓÒÚ¸˛ ÚÓ˜ÌÓ„Ó ÓÔÂ‰Â-
ÎÂÌËfl ÔÓÌflÚËfl “ÏÛ‰ÓÒÚ¸” [2–4, 19]. Ç Ì‡ÒÚÓfl-
˘ÂÈ ‡·ÓÚÂ ÔÓ·ÎÂÏ‡ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Ò ÚÂÓ-
ÂÚË˜ÂÒÍÓÈ ÚÓ˜ÍË ÁÂÌËfl Ì‡ ÓÒÌÓ‚Â ‡Ì‡ÎËÁ‡
Ò‚ÓÈÒÚ‚ ÌÂÈÓÒÂÚÂ‚ÓÈ ÏÓ‰ÂÎË ÒÚ‡ÂÌËfl ÏÓÁ„‡.
ùÚÓÚ ‡Ì‡ÎËÁ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ Ó‰ÌËÏ ËÁ ÔÓÒÎÂ‰-
ÒÚ‚ËÈ ‰ÂÒÚÛÍÚË‚Ì˚ı, Ì‡ ÔÂ‚˚È ‚Á„Îfl‰, ‚ÓÁ-
‡ÒÚÌ˚ı ÌÂÈÓÙËÁËÓÎÓ„Ë˜ÂÒÍËı ËÁÏÂÌÂÌËÈ
ÏÓÁ„‡ ‰ÓÎÊÌÓ ·˚Ú¸ ÔËÓ·ÂÚÂÌËÂ ËÏ Í‡˜Â-
ÒÚ‚ÂÌÌÓ ÌÓ‚ÓÈ ˆÂÌÌÓÈ ÍÓ„ÌËÚË‚ÌÓÈ ÒÔÓÒÓ·ÌÓ-
ÒÚË, ÍÓÚÓÛ˛ ÏÓÊÌÓ Í‚‡ÎËÙËˆËÓ‚‡Ú¸ Í‡Í
ÏÛ‰ÓÒÚ¸.

 

åÖíéÑàäÄ 

 

ÑÎfl ÏÓ‰ÂÎËÓ‚‡ÌËfl ÔÓˆÂÒÒ‡ ÒÚ‡ÂÌËfl ÏÓÁ-
„‡ Ï˚ ËÒÔÓÎ¸ÁÛÂÏ ÔÓ‰ıÓ‰ Í ÏÓ‰ÂÎËÓ‚‡ÌË˛
ÍÓ„ÌËÚË‚Ì˚ı ÙÛÌÍˆËÈ ÏÓÁ„‡, ÔÂ‰ÎÓÊÂÌÌ˚È
ÑÊÓÌÓÏ ïÓÔÙËÎ‰ÓÏ ‚ Â„Ó ÔËÓÌÂÒÍËı ÔÛ·ÎË-
Í‡ˆËflı [10, 11].

åÓ‰ÂÎ¸ ïÓÔÙËÎ‰‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÂÚ¸
Ò‚flÁ‡ÌÌ˚ı ÏÂÊ‰Û ÒÓ·ÓÈ “ÙÓÏ‡Î¸Ì˚ı ÌÂÈÓ-
ÌÓ‚”, Í‡Ê‰˚È ËÁ ÍÓÚÓ˚ı ı‡‡ÍÚÂËÁÛÂÚÒfl
Ò‚ÓËÏ ÒÓÒÚÓflÌËÂÏ – ÛÓ‚ÌÂÏ ‚ÓÁ·ÛÊ‰ÂÌËfl 
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 ÒË„ÏÓË‰‡Î¸ÌÓ Á‡‚ËÒËÚ ÓÚ ‚Á‚Â¯ÂÌÌÓÈ ÒÛÏÏ˚
ÒË„Ì‡ÎÓ‚, ÔÓÒÚÛÔ‡˛˘Ëı Í ÌÂÏÛ ÓÚ ‰Û„Ëı ÌÂÈ-
ÓÌÓ‚ 
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, ÒÚÓfl˘ËÈ ÔÂ-
Â‰ ‚Á‚Â¯ÂÌÌÓÈ ÒÛÏÏÓÈ ‚ıÓ‰Ì˚ı ÒË„Ì‡ÎÓ‚
ÓÔÂ‰ÂÎflÂÚ ÍÛÚËÁÌÛ ÒË„ÏÓË‰ÌÓÈ ÍË‚ÓÈ, Ì‡-
Á˚‚‡ÂÏÓÈ ÙÛÌÍˆËÂÈ ‡ÍÚË‚‡ˆËË ÌÂÈÓÌ‡. èË
ÙËÍÒËÓ‚‡ÌÌÓÏ ÁÌ‡˜ÂÌËË Ô‡‡ÏÂÚ‡ ÍÛÚËÁ-
Ì˚ 
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 ̋ ÚÓ„Ó ÏÌÓÊËÚÂÎfl ÏÓÊÌÓ ËÌ-
ÚÂÔÂÚËÓ‚‡Ú¸ Í‡Í ‚ÓÁ‡ÒÚ – ̃ ÂÏ ·ÓÎ¸¯Â ÁÌ‡˜Â-
ÌËÂ 

 

T

 

, ÚÂÏ ÏÂÌ¸¯Â ÍÛÚËÁÌ‡ ÍË‚ÓÈ (ËÒ. 1). 
ì˜ÂÚ ‚ÎËflÌËfl ÒÚ‡ÂÌËfl ‚ ÙÓÏÂ ÛÏÂÌ¸¯Â-

ÌËfl ÍÛÚËÁÌ˚ ÙÛÌÍˆËË ‡ÍÚË‚‡ˆËË ÌÂÈÓÌÓ‚
ÌÂÈÓÒÂÚÂ‚ÓÈ ÏÓ‰ÂÎË ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ‚ ÌÂÍÓÚÓ-
˚ı ‡·ÓÚ‡ı [16, 18] ‰Îfl Ó·˙flÒÌÂÌËfl ÏÂı‡ÌËÁ-
Ï‡ ÓÚËˆ‡ÚÂÎ¸ÌÓ„Ó ‚ÎËflÌËfl ‚ÓÁ‡ÒÚÌ˚ı ÌÂÈÓ-
ÙËÁËÓÎÓ„Ë˜ÂÒÍËı ËÁÏÂÌÂÌËÈ Ì‡ ÍÓ„ÌËÚË‚Ì˚Â
ÒÔÓÒÓ·ÌÓÒÚË ÏÓÁ„‡. é‰Ì‡ÍÓ ÏÓÊÌÓ ÔÓÍ‡Á‡Ú¸, Ë ‚
˝ÚÓÏ ÒÓÒÚÓËÚ Ì‡¯‡ ˆÂÎ¸, ˜ÚÓ ÛÏÂÌ¸¯ÂÌËÂ ÍÛ-
ÚËÁÌ˚ ÙÛÌÍˆËË ‡ÍÚË‚‡ˆËË ÏÓÊÂÚ ËÏÂÚ¸ Ë ÔÓ-
ÎÓÊËÚÂÎ¸Ì˚È ÍÓ„ÌËÚË‚Ì˚È ˝ÙÙÂÍÚ.

éÒÌÓ‚ÌÓÈ Á‡ÒÎÛ„ÓÈ ïÓÔÙËÎ‰‡ ·˚ÎÓ ËÒÔÓÎ¸-
ÁÓ‚‡ÌËÂ ÔË ‡Ì‡ÎËÁÂ ‡·ÓÚ˚ ÌÂÈÓÌÌÓÈ ÒÂÚË
Ò‚flÁ‡ÌÌÓÈ Ò ÌÂÈ ÙÛÌÍˆËË ãflÔÛÌÓ‚‡, Ì‡Á˚‚‡ÂÏÓÈ
Ú‡ÍÊÂ “ÙÛÌÍˆËÂÈ ̋ ÌÂ„ËË”. îÛÌÍˆËfl ̋ ÌÂ„ËË Á‡-
‚ËÒËÚ ÓÚ ÒÓÒÚÓflÌËfl ÒËÒÚÂÏ˚ Ë ÔË Í‡Ê‰ÓÏ Â„Ó ËÁ-
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êËÒ. 1.

 

 îÓÏ‡ ÒË„ÏÓË‰‡Î¸ÌÓÈ ÙÛÌÍˆËË ‡ÍÚË‚‡-
ˆËË ÙÓÏ‡Î¸ÌÓ„Ó ÌÂÈÓÌ‡ ÒÂÚË ïÓÔÙËÎ‰‡ ‰Îfl
‡ÁÌ˚ı ÁÌ‡˜ÂÌËÈ Ô‡‡ÏÂÚ‡ 

 

T

 

.

 

Fig. 1. 

 

Change of the shape of sigmoid activation
function for different values of 
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ä‡ÔÂÌÍÓ 

 

Ë ‰

 

.

 

ÏÂÌÂÌËË ÏÓÊÂÚ ÚÓÎ¸ÍÓ ÛÏÂÌ¸¯ËÚ¸Òfl. ç‡„Îfl‰-
Ì˚Ï ÔËÏÂÓÏ ÙÛÌÍˆËË ˝ÌÂ„ËË ÏÓÊÂÚ ÒÎÛ-
ÊËÚ¸ Î˛·‡fl ÌÂÓ‚Ì‡fl ÔÓ‚ÂıÌÓÒÚ¸ ‚ ÔÓÎÂ
ÒËÎ˚ ÚflÊÂÒÚË Ò ÔÓÏÂ˘ÂÌÌ˚Ï Ì‡ ÌÂÂ ¯‡ËÍÓÏ.
ëÓÒÚÓflÌËÂ ÒËÒÚÂÏ˚ – ̋ ÚÓ ÍÓÓ‰ËÌ‡Ú˚ ̄ ‡ËÍ‡,
ÔÓÚÂÌˆË‡Î¸Ì‡fl ˝ÌÂ„Ëfl ÍÓÚÓÓ„Ó ÓÔÂ‰ÂÎflÂÚ-
Òfl ‚˚ÒÓÚÓÈ, Ì‡ ÍÓÚÓÓÈ ÓÌ Ì‡ıÓ‰ËÚÒfl. é˜Â‚Ë‰-
ÌÓ, ̃ ÚÓ ̄ ‡ËÍ ÏÓÊÂÚ ‰‚Ë„‡Ú¸Òfl ÚÓÎ¸ÍÓ ‚ Ì‡Ô‡‚-
ÎÂÌËË ÛÏÂÌ¸¯ÂÌËfl ‚˚ÒÓÚ˚ Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÛÏÂÌ¸¯ÂÌËfl Ò‚ÓÂÈ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË: ËÁ
Î˛·Ó„Ó ÔÓÎÓÊÂÌËfl ̄ ‡ËÍ ·Û‰ÂÚ ÔÂÂÏÂ˘‡Ú¸Òfl ‚

Ì‡Ô‡‚ÎÂÌËË ·ÎËÊ‡È¯Â„Ó ÎÓÍ‡Î¸ÌÓ„Ó ÏËÌËÏÛ-
Ï‡ Ë, ‰ÓÒÚË„ÌÛ‚ Â„Ó, ‚ ÌÂÏ ÓÒÚ‡ÌÂÚÒfl (ËÒ. 2). ãÓ-
Í‡Î¸Ì˚Â ÏËÌËÏÛÏ˚ ÙÛÌÍˆËË ˝ÌÂ„ËË Ì‡Á˚‚‡-
˛ÚÒfl “‡ÚÚ‡ÍÚÓ‡ÏË ÒËÒÚÂÏ˚”, ‡ ÏÌÓÊÂÒÚ‚Ó ÒÓ-
ÒÚÓflÌËÈ, ‰‚ËÊÂÌËÂ ËÁ ÍÓÚÓ˚ı ÔË‚Ó‰ËÚ Í
‰‡ÌÌÓÏÛ ‡ÚÚ‡ÍÚÓÛ, Ì‡Á˚‚‡ÂÚÒfl Â„Ó “·‡ÒÒÂÈ-
ÌÓÏ ÔËÚflÊÂÌËfl” (‡Ì‡ÎÓ„Ëfl – ‚Ó‰ÓÒ·ÓÌ˚Â
·‡ÒÒÂÈÌ˚ ÓÁÂ Ë ÏÓÂÈ). 

í‡ÍËÏ Ó·‡ÁÓÏ, ÒÓÒÚÓflÌËfl ÒÂÚË – ˝ÚÓ ‚ÒÂ
‚ÓÁÏÓÊÌ˚Â Ô‡ÚÚÂÌ˚ ‡ÍÚË‚ÌÓÒÚÂÈ ‚ÒÂı ÂÂ
ÌÂÈÓÌÓ‚, ‡ ‡ÚÚ‡ÍÚÓ˚ – ˝ÚÓ ÛÒÚÓÈ˜Ë‚˚Â ÒÓ-
ÒÚÓflÌËfl, ÍÓÚÓ˚Â ÏÓÊÌÓ ‡ÒÒÓˆËËÓ‚‡Ú¸ ÒÓ
ÒÙÓÏËÓ‚‡‚¯ËÏËÒfl ‚ ÌÂÈ Ï˚ÒÎÂÌÌ˚ÏË Ó·‡-
Á‡ÏË Ë ÔÓÌflÚËflÏË.

 

êÖáìãúíÄíõ àëëãÖÑéÇÄçàâ

 

îÛÌÍˆËfl ˝ÌÂ„ËË ‚ ÒÎÛ˜‡Â ÒË„ÏÓË‰‡Î¸ÌÓÈ
ÙÛÌÍˆËË ‡ÍÚË‚‡ˆËË ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÛ˜ÂÌ‡ ‚
fl‚ÌÓÏ ‚Ë‰Â – ÒÏ. Û‡‚ÌÂÌËÂ (11) ‚ ‡·ÓÚÂ [11].
éÌ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÛÏÏÛ ÚÂı ÒÎ‡„‡Â-
Ï˚ı, ÔÂ‚ÓÂ ËÁ ÍÓÚÓ˚ı Á‡‚ËÒËÚ ÓÚ ‚ÓÁ‡ÒÚ‡ 

 

T

 

,
‡ ‚ÚÓÓÂ Ë ÚÂÚ¸Â – ÌÂÚ

ÖÒÎË ‚ÓÁ‡ÒÚ 

 

T

 

 Ï‡Î, ÚÓ ÏÌÓÊËÚÂÎ¸ 

 

G

 

/

 

T

 

 ‚
Û‡‚ÌÂÌËË ÒË„ÏÓË‰ÌÓÈ ÙÛÌÍˆËË ‡ÍÚË‚‡ˆËË ‚Â-
ÎËÍ Ë ÙÛÌÍˆËfl ‡ÍÚË‚‡ˆËË ËÏÂÂÚ ·ÓÎ¸¯Û˛ ÍÛ-
ÚËÁÌÛ – ·ÎËÁÍ‡ Í ÔÓÓ„Ó‚ÓÈ. óÚÓ ÊÂ Í‡Ò‡ÂÚÒfl
ÙÛÌÍˆËË ˝ÌÂ„ËË, ÚÓ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ÓÚÌÓÒË-
ÚÂÎ¸Ì˚Â ‚ÍÎ‡‰˚ ‚ ÌÂÂ ‚ÚÓÓ„Ó Ë ÚÂÚ¸Â„Ó ÒÎ‡-
„‡ÂÏ˚ı Ï‡Î˚ Ë ÂÂ ÙÓÏ‡ ÓÔÂ‰ÂÎflÂÚÒfl ‚ ÓÒ-
ÌÓ‚ÌÓÏ ÔÂ‚˚Ï ̃ ÎÂÌÓÏ. ç‡ÔËÏÂ, ‰Îfl ÒÂÚË ËÁ
‰‚Ûı ÌÂÈÓÌÓ‚ ÙÛÌÍˆËfl ˝ÌÂ„ËË ‚ ˝ÚÓÏ ÒÎÛ˜‡Â
ËÏÂÂÚ ‰‚‡ ‡ÚÚ‡ÍÚÓ‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‡Í-
ÚË‚ÌÓÒÚflÏ ÌÂÈÓÌÓ‚, ·ÎËÁÍËÏ Í Ì‡Ë‚˚Ò¯ËÏ. 

ÖÒÎË ÊÂ ‚ÓÁ‡ÒÚ 

 

T

 

 ‚ÂÎËÍ, ÚÓ, Ì‡Ó·ÓÓÚ,
‚ÍÎ‡‰ ÔÂ‚Ó„Ó ÒÎ‡„‡ÂÏÓ„Ó ‚ ÙÛÌÍˆË˛ ˝ÌÂ„ËË
Ï‡Î Ë ÂÂ ÙÓÏ‡ ÓÔÂ‰ÂÎflÂÚÒfl ‚ ÓÒÌÓ‚ÌÓÏ ‚ÚÓ-
˚Ï Ë ÚÂÚ¸ËÏ ÒÎ‡„‡ÂÏ˚ÏË. Ç ̋ ÚÓÏ ÒÎÛ˜‡Â ÓÌ‡
ËÏÂÂÚ ÚÓÎ¸ÍÓ Ó‰ËÌ ÏËÌËÏÛÏ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ËÈ ÌÛÎÂ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË ÌÂÈÓÌ‡. 

Ç ÔÓÏÂÊÛÚÓ˜Ì˚ı ÒÎÛ˜‡flı Í‡Ê‰˚È ËÁ ˜ÎÂ-
ÌÓ‚ ‚ÌÓÒËÚ Ò‚ÓÈ ‚ÍÎ‡‰ ‚ ÙÛÌÍˆË˛ ˝ÌÂ„ËË. ë
Û‚ÂÎË˜ÂÌËÂÏ ‚ÓÁ‡ÒÚ‡ ‰‚‡ ÔÂ‚ÓÌ‡˜‡Î¸Ì˚ı ‡Ú-
Ú‡ÍÚÓ‡ ÒÚ‡ÌÓ‚flÚÒfl ‚ÒÂ ÏÂÌÂÂ ‚˚‡ÊÂÌÌ˚ÏË
Ë ‚ ÍÓÌˆÂ ÍÓÌˆÓ‚ ÔÓÎÌÓÒÚ¸˛ ËÒ˜ÂÁ‡˛Ú, Ú.Â. Ò
‚ÓÁ‡ÒÚÓÏ ÂÎ¸ÂÙ ÙÛÌÍˆËË ̋ ÌÂ„ËË Ò„Î‡ÊË‚‡-
ÂÚÒfl (ËÒ. 3).
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êËÒ. 2.

 

 îÛÌÍˆËfl ˝ÌÂ„ËË (Ó·˙flÒÌÂÌËÂ ‚ ÚÂÍÒÚÂ).

 

Fig. 2. 

 

Energy function (see the text).
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êËÒ. 3.

 

 îÛÌÍˆËfl ˝ÌÂ„ËË ‰Îfl ÒÂÚË ïÓÔÙËÎ‰‡ ËÁ
‰‚Ûı ÌÂÈÓÌÓ‚ Ò ÒË„ÏÓË‰‡Î¸ÌÓÈ ÙÛÌÍˆËÂÈ ‡Í-
ÚË‚‡ˆËË ‰Îfl ‡ÁÌ˚ı ÁÌ‡˜ÂÌËÈ Ô‡‡ÏÂÚ‡ 

 

T

 

.

 

Fig. 3.

 

 Energy function for Hopfield network com-
posed of two neurons with sigmoid activation func-
tion for different values of 

 

T

 

 parameter.
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Ç Í‡˜ÂÒÚ‚Â ÔËÏÂ‡ Ï˚ ËÒÒÎÂ‰Ó‚‡ÎË ËÁÏÂ-
ÌÂÌËÂ ˜ËÒÎ‡ ‡ÚÚ‡ÍÚÓÓ‚ ‚ ÏÓ‰ÂÎ¸ÌÓÈ ÌÂÈÓÌ-
ÌÓÈ ÒÂÚË ËÁ 81 ÌÂÈÓÌÓ‚ ÔË Û‚ÂÎË˜ÂÌËË ÁÌ‡˜Â-
ÌËfl Ô‡‡ÏÂÚ‡ ‚ÓÁ‡ÒÚ‡ 

 

T

 

 ÓÚ 1 ‰Ó 100 ÔË ÙËÍ-
ÒËÓ‚‡ÌÌÓÏ ÁÌ‡˜ÂÌËË Ô‡‡ÏÂÚ‡ 

 

G

 

 = 100.
àÒıÓ‰ÌÓ ÒÂÚ¸ ·˚Î‡ Ó·Û˜ÂÌ‡ ÔÓ Ô‡‚ËÎÛ ïÂ··‡
[7, 10] ÔÛÚÂÏ ÔÂ‰˙fl‚ÎÂÌËfl ÂÈ 200 Ó·‡ÁÓ‚, ÔÓ-
ÎÛ˜ÂÌÌ˚ı ÔÛÚÂÏ ÒÎÛ˜‡ÈÌ˚ı ËÒÍ‡ÊÂÌËÈ ÌÂ-
ÒÍÓÎ¸ÍËı ·‡ÁÓ‚˚ı Ó·‡ÁÓ‚, – ÍÓÎ¸ˆ‡, Í‚‡‰‡Ú‡,
ÍÂÒÚ‡ Ë Á‚ÂÁ‰˚ Ì‡ ÔÓÎÂ 9

 

 × 

 

9. êÂÁÛÎ¸Ú‡Ú˚
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 4, ËÁ ÍÓÚÓÓ„Ó ‚Ë‰ÌÓ, ̃ ÚÓ
˜ËÒÎÓ ‡ÚÚ‡ÍÚÓÓ‚, ‡‚ÌÓÂ 27 ÔË 

 

í

 

 = 1, ÏÓÌÓ-
ÚÓÌÌÓ ÒÌËÊ‡ÂÚÒfl ‰Ó 1 ÔË Û‚ÂÎË˜ÂÌËË 

 

T

 

 ‰Ó 100.
ç‡ ËÒ. 5 ÍÓ„ÌËÚË‚Ì˚È ̋ ÙÙÂÍÚ ‚ÓÁ‡ÒÚÌÓ„Ó

Ò„Î‡ÊË‚‡ÌËfl ÙÛÌÍˆËË ˝ÌÂ„ËË ÌÂÈÓÌÌÓÈ ÒÂ-
ÚË ËÁÓ·‡ÊÂÌ Ì‡„Îfl‰ÌÓ. èÛÌÍÚËÌÓÈ ÎËÌËÂÈ
ÔÓÍ‡Á‡Ì‡ ËÒıÓ‰Ì‡fl ÌÂÒ„Î‡ÊÂÌÌ‡fl ÙÛÌÍˆËfl
˝ÌÂ„ËË (ÏÎ‡‰¯‡fl ‚ÓÁ‡ÒÚÌ‡fl „ÛÔÔ‡), ‡ ÒÔÎÓ¯-
ÌÓÈ – Ò„Î‡ÊÂÌÌ‡fl ÙÛÌÍˆËfl (ÒÚ‡¯‡fl ‚ÓÁ‡ÒÚÌ‡fl
„ÛÔÔ‡). å˚ ‚Ë‰ËÏ, ̃ ÚÓ „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÒÚ‡ÚÂ„Ë˜ÂÒÍË ·ÓÎÂÂ Ô‡-
‚ËÎ¸ÌÓÏÛ Â¯ÂÌË˛ ÔÓ·ÎÂÏ˚, Ì‡ıÓ‰ËÚÒfl ‰Ó-
‚ÓÎ¸ÌÓ ‰‡ÎÂÍÓ ÓÚ ËÒıÓ‰ÌÓ„Ó ÒÓÒÚÓflÌËfl ÒÂÚË Ë
ÌÂ ÏÓÊÂÚ ·˚Ú¸ ‰ÓÒÚË„ÌÛÚ ‚ ÒÎÛ˜‡Â ÌÂÒ„Î‡ÊÂÌ-
ÌÓÈ ÙÛÌÍˆËË ˝ÌÂ„ËË, Ú‡Í Í‡Í ÒÂÚ¸ ÓÒÚ‡ÌÓ‚ËÚ-
Òfl ‚ ÒÓÒÚÓflÌËË, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÏ ·ÎËÊ‡È¯Â-
ÏÛ ‡ÚÚ‡ÍÚÓÛ. à Ì‡Ó·ÓÓÚ ‚ ÒÎÛ˜‡Â Ò„Î‡ÊÂÌ-
ÌÓÈ ÙÛÌÍˆËË ˝ÌÂ„ËË „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ
ÏÓÊÂÚ ·˚Ú¸ ÎÂ„ÍÓ ‰ÓÒÚË„ÌÛÚ.

äÓÌÂ˜ÌÓ, ÔË Ò„Î‡ÊË‚‡ÌËË ÚÂfl˛ÚÒfl ÏÂÎ-
ÍËÂ ‰ÂÚ‡ÎË, ÍÓÚÓ˚Â ‚ ÓÔÂ‰ÂÎÂÌÌ˚ı ÒËÚÛ‡ˆË-
flı ÏÓ„ÛÚ ·˚Ú¸ Ó˜ÂÌ¸ ‚‡ÊÌ˚. çÓ Ú‡ÍÊÂ ÒÎÂ‰ÛÂÚ
ÔËÁÌ‡Ú¸, ˜ÚÓ ‚Ó ÏÌÓ„Ëı ÒÎÛ˜‡flı “Á‡ˆËÍÎË‚‡-
ÌËÂ” Ì‡ ˜‡ÒÚÌÓÒÚflı ÌÂ ÒÔÓÒÓ·ÒÚ‚ÛÂÚ Ì‡ıÓÊ‰Â-
ÌË˛ Ì‡ËÎÛ˜¯Â„Ó Â¯ÂÌËfl. åÂÚ‡ÙÓË˜ÂÒÍË
‚˚‡Ê‡flÒ¸, ÏÓÊÌÓ ÒÍ‡Á‡Ú¸, ˜ÚÓ ÍÓ„ÌËÚË‚Ì˚È
˝ÙÙÂÍÚ Ò„Î‡ÊË‚‡ÌËfl ÂÎ¸ÂÙ‡ ÙÛÌˆËË ˝ÌÂ-
„ËË ÒÔÓÒÓ·ÒÚ‚ÛÂÚ ‚ÓÁÏÓÊÌÓÒÚË “Û‚Ë‰ÂÚ¸ Á‡ ‰Â-
Â‚¸flÏË ÎÂÒ”, Ú.Â. ÔÓÏÓ„‡ÂÚ ÒÚ‡ÚÂ„Ë˜ÂÒÍÓÏÛ
‚Ë‰ÂÌË˛ ÒËÚÛ‡ˆËË.

 

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

 

í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ‚Â‰ÂÌÌ˚È ‡Ì‡ÎËÁ ÔÓÍ‡-
Á˚‚‡ÂÚ, ˜ÚÓ ÓÒÎ‡·ÎÂÌËÂ ÏÂÊÌÂÈÓÌÌ˚ı ÒflÁÂÈ
‚ ÏÓ‰ÂÎ¸ÌÓÈ ÌÂÈÓÌÌÓÈ ÒÂÚË ‚ÎÂ˜ÂÚ Ò„Î‡ÊË‚‡-
ÌËÂ ÂÎ¸ÂÙ‡ ÂÂ ÙÛÌÍˆËË ˝ÌÂ„ËË, ˜ÚÓ ‚ Ò‚Ó˛
Ó˜ÂÂ‰¸ ÔÓÁ‚ÓÎflÂÚ ÒÂÚË ËÁ·Â„‡Ú¸ Á‡ÒÚÂ‚‡ÌËfl ‚
ÎÓÍ‡Î¸Ì˚ı ÒÛ·ÓÔÚËÏ‡Î¸Ì˚ı ÒÓÒÚÓflÌËflı. 

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ ÔËÌˆËÔÂ ËÏÂÂÚÒfl
Â˘Â Ó‰ËÌ ÏÂı‡ÌËÁÏ ‚˚ıÓ‰‡ ËÁ ÎÓÍ‡Î¸Ì˚ı ÓÔÚË-
ÏÛÏÓ‚ ÙÛÌÍˆËË ˝ÌÂ„ËË – ˝ÚÓ ‚‚Â‰ÂÌËÂ ¯ÛÏ‡ ‚
ÌÂÈÓÌÌÛ˛ ÒÂÚ¸. ùÚÓÚ ÏÂı‡ÌËÁÏ ÏÓÊÂÚ ·˚Ú¸
Â‡ÎËÁÓ‚‡Ì ‚ ÒÚÓı‡ÒÚË˜ÂÒÍÓÏ ‡Ì‡ÎÓ„Â ÒÂÚË
ïÓÔÙËÎ‰‡ – Ú‡Í Ì‡Á˚‚‡ÂÏÓÈ Ï‡¯ËÌÂ ÅÓÎ¸ˆÏ‡-
Ì‡ [8, 17] (ÒÏ. Ú‡ÍÊÂ [1]). Ç Ï‡¯ËÌÂ ÅÓÎ¸ˆÏ‡Ì‡

ÒÓÒÚÓflÌËÂ ÌÂÈÓÌ‡ ÏÓÊÂÚ ÔËÌËÏ‡Ú¸ ÎË¯¸
Í‡ÈÌËÂ ÁÌ‡˜ÂÌËfl – “–1” ËÎË “1”, Ó‰Ì‡ÍÓ ÓÌÓ ÌÂ
ÓÔÂ‰ÂÎflÂÚÒfl Ó‰ÌÓÁÌ‡˜ÌÓ ‚Á‚Â¯ÂÌÌÓÈ ÒÛÏÏÓÈ
‚ıÓ‰Ó‚ ÌÂÈÓÌ‡, ‡ Á‡‚ËÒËÚ ÓÚ ÌÂÂ ÒÚÓı‡ÒÚË˜ÂÒÍË.
Ä ËÏÂÌÌÓ, ‚ÂÓflÚÌÓÒÚ¸ ÒÓÒÚÓflÌËfl “1” ÓÔÂ‰ÂÎfl-
ÂÚÒfl ÒË„ÏÓË‰‡Î¸ÌÓÈ ÙÛÌÍˆËÂÈ
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êËÒ. 4. àÁÏÂÌÂÌËÂ ˜ËÒÎ‡ ‡ÚÚ‡ÍÚÓÓ‚ ÔË Û‚Â-
ÎË˜ÂÌËË Ô‡‡ÏÂÚ‡ T ÓÚ 1 ‰Ó 100 ‚ ÏÓ‰ÂÎ¸ÌÓÈ
ÌÂÈÓÌÌÓÈ ÒÂÚË ËÁ 81 ÌÂÈÓÌ‡.
Fig. 4. Decrease of attractors number in artificial
neural network composed of 81 neurons when T pa-
rameter increases from 1 to 100.
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êËÒ. 5. äÓ„ÌËÚË‚Ì˚È ˝ÙÙÂÍÚ ‚ÓÁ‡ÒÚÌÓ„Ó
Ò„Î‡ÊË‚‡ÌËfl ÌÂÈÓÌÌÓÈ ÒÂÚË (Ó·˙flÒÌÂÌËÂ ‚
ÚÂÍÒÚÂ).
Fig. 5. Cognitive effect of age-related smoothing of
neural network (see the text).
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ä‡ÔÂÌÍÓ Ë ‰.

è‡‡ÏÂÚ T ˝ÚÓÈ ÙÛÌÍˆËË ÔËÌflÚÓ Ì‡Á˚-
‚‡Ú¸ “ÚÂÏÔÂ‡ÚÛÓÈ ÒÂÚË” – ˜ÂÏ ·ÓÎ¸¯Â T, ÚÂÏ
ÒÎ‡·ÂÂ ÒÓÒÚÓflÌËfl ÌÂÈÓÌÓ‚ Á‡‚ËÒflÚ ÓÚ ‚Á‚Â-
¯ÂÌÌÓÈ ÒÛÏÏ˚ Ëı ‚ıÓ‰Ó‚ Ë ÚÂÏ ÎÂ„˜Â ÒÓÒÚÓfl-
ÌËÂ ÒÂÚË “‚˚ÒÍ‡ÍË‚‡ÂÚ” ËÁ ÎÓÍ‡Î¸Ì˚ı ÏËÌËÏÛ-
ÏÓ‚. ÇÓÁ‚‡˘‡flÒ¸ Í ‡Ì‡ÎÓ„ËË Ò ÔÓÎÓÊÂÌËÂÏ
¯‡ËÍ‡ Ì‡ ÌÂÓ‚ÌÓÈ ÔÓ‚ÂıÌÓÒÚË, ‚ ÒÎÛ˜‡Â Ï‡-
¯ËÌ˚ ÅÓÎ¸ˆÏ‡Ì‡ ˝ÚÛ ÔÓ‚ÂıÌÓÒÚ¸ ÏÓÊÌÓ
ÔÂ‰ÒÚ‡‚ËÚ¸ ‚Ë·ËÛ˛˘ÂÈ Ò ‡ÏÔÎËÚÛ‰ÓÈ ‚Ë·-
‡ˆËË, Û‚ÂÎË˜Ë‚‡˛˘ÂÈÒfl Ò Û‚ÂÎË˜ÂÌËÂÏ ÚÂÏ-
ÔÂ‡ÚÛ˚ ÒÂÚË. Å˚Î ‰‡ÊÂ ÔÂ‰ÎÓÊÂÌ ÒÔÂˆË-
‡Î¸Ì˚È ‡Î„ÓËÚÏ (“ÏÂÚÓ‰ ÏÓ‰ÂÎËÓ‚‡ÌËfl ÓÚ-
ÊË„‡” – simulated annealing [13]), Ó·ÎÂ„˜‡˛˘ËÈ
‰ÓÒÚËÊÂÌËÂ „ÎÓ·‡Î¸ÌÓ„Ó ÏËÌËÏÛÏ‡ ÙÛÌÍˆËË
˝ÌÂ„ËË Ï‡¯ËÌ˚ ÅÓÎ¸ˆÏ‡Ì‡, ÒÓÒÚÓfl˘ËÈ ‚
ÛÒÚ‡ÌÓ‚ÎÂÌËË ‚˚ÒÓÍÓÈ ÚÂÏÔÂ‡ÚÛ˚ T ‚ Ì‡˜‡-
ÎÂ ÔÓËÒÍ‡ ÓÔÚËÏÛÏ‡ Ë ÔÓÒÚÂÔÂÌÌÓÏ ÂÂ ÒÌËÊÂ-
ÌËË ‚ ÍÓÌˆÂ.

å˚ ÔÓÎ‡„‡ÂÏ, ˜ÚÓ ‚ Â‡Î¸Ì˚ı ÌÂÈÓÌÌ˚ı
ÒÂÚflı ÏÓ„ÛÚ ·˚Ú¸ Á‡‰ÂÈÒÚ‚Ó‚‡Ì˚ Ó·‡ ÏÂı‡ÌËÁ-
Ï‡ ‚˚ıÓ‰‡ ËÁ ‚ÚÓÓÒÚÂÔÂÌÌ˚ı ÎÓÍ‡Î¸Ì˚ı ÏË-
ÌËÏÛÏÓ‚ – ¯ÛÏ (ÌÂÒÚ‡·ËÎ¸ÌÓÒÚ¸ ÌÂÈÓ·ËÓÎÓ-
„Ë˜ÂÒÍËı ÔÓˆÂÒÒÓ‚) Ë ÓÒÎ‡·ÎÂÌËÂ ÏÂÊÌÂÈÓÌ-
Ì˚ı Ò‚flÁÂÈ. éÒÎ‡·ÎÂÌËÂ ÏÂÊÌÂÈÓÌÌ˚ı
Ò‚flÁÂÈ ÏÓÊÂÚ ËÏÂÚ¸ ¯ÛÏÓ‚ÓÈ ı‡‡ÍÚÂ, ·˚Ú¸
‚ÂÏÂÌÌ˚Ï (Ì‡ÔËÏÂ, ÔÓ‰ ‚ÎËflÌËÂÏ ÌÂÍÓÚÓ-
˚ı ÔÒËıÓ‡ÍÚË‚Ì˚ı ‚Â˘ÂÒÚ‚, ‚ ˜‡ÒÚÌÓÒÚË ‡Î-
ÍÓ„ÓÎfl), ‡ Ú‡ÍÊÂ ËÏÂÚ¸ ı‡‡ÍÚÂ ÚÂÌ‰ÂÌˆËË,
Í‡Í ˝ÚÓ Ì‡·Î˛‰‡ÂÚÒfl ÔË ÒÚ‡ÂÌËË ÏÓÁ„‡.

áÄäãûóÖçàÖ
èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÔÓÁ‚ÓÎfl˛Ú Ò‰Â-

Î‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ ÓÒÎ‡·ÎÂÌËÂ ÏÂÊÌÂÈÓÌÌ˚ı
ÒflÁÂÈ ‚ Â‡Î¸ÌÓÏ ÏÓÁ„Â ‚ÒÎÂ‰ÒÚ‚ËÂ Â„Ó ‚ÓÁ-
‡ÒÚÌ˚ı ÌÂÈÓÙËÁËÓÎÓ„Ë˜ÂÒÍËı ËÁÏÂÌÂÌËÈ
‰ÓÎÊÌÓ ·Î‡„ÓÔËflÚÒÚ‚Ó‚‡Ú¸ ·ÓÎÂÂ ˆÂÎÓÒÚÌÓ-
ÏÛ ‚Ë‰ÂÌË˛ ‡Ì‡ÎËÁËÛÂÏÓÈ ÒËÚÛ‡ˆËË Ë ‚˚˜ÎÂ-
ÌÂÌË˛ ÂÂ Ì‡Ë·ÓÎÂÂ ‚‡ÊÌ˚ı ‡ÒÔÂÍÚÓ‚, Ú.Â. ÔÓ-
fl‚ÎÂÌË˛ ÍÓ„ÌËÚË‚ÌÓÈ ÒÔÓÒÓ·ÌÓÒÚË, ÍÓÚÓÛ˛
ÏÓÊÌÓ Í‚‡ÎËÙËˆËÓ‚‡Ú¸ Í‡Í ÏÛ‰ÓÒÚ¸.
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