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àÒÒÎÂ‰Ó‚‡ÎË ÓÎ¸ ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ÙÓÏËÓ‚‡ÌËË ‚˚Û˜ÂÌÌÓÈ ÍÓÓ‰ËÌ‡ˆËË (ÒÚ‡·ËÎËÁ‡ˆËfl ÔÂ‰ÔÎÂ-
˜¸fl ÔË Â„Ó ‡Á„ÛÁÍÂ) Û ˜ÂÎÓ‚ÂÍ‡. àÒÔ˚ÚÛÂÏ˚Â Û‰ÂÊË‚‡ÎË ÔÂ‰ÔÎÂ˜¸ÂÏ Ô‡‚ÓÈ (ÔÓÁÌÓÈ) ÛÍË „ÛÁ
1 Í„, ÍÓÚÓ˚È ÙËÍÒËÓ‚‡ÎÒfl Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚÓÏ‡„ÌËÚ‡. ê‡Á„ÛÁÍ‡ ÔÓÁÌÓÈ ÛÍË ËÒÔ˚ÚÛÂÏÓ„Ó ËÌËˆË-
ËÓ‚‡Î‡Ò¸ ÔÓ‰˙ÂÏÓÏ Ú‡ÍÓ„Ó ÊÂ „ÛÁ‡ ÎÂ‚ÓÈ ÛÍÓÈ. Ç ÍÓÌÚÓÎ¸Ì˚ı ÒÂËflı ÔÓ‰˙ÂÏ „ÛÁ‡ ÌÂ ÔË‚Ó‰ËÎ
Í ‡Á„ÛÁÍÂ ÔÓÁÌÓÈ ÛÍË. àÁÏÂÌÂÌËÂ ‚ÓÁ·Û‰ËÏÓÒÚË ÏÓÚÓÌÓÈ ÍÓ˚ ËÒÒÎÂ‰Ó‚‡ÎË ÏÂÚÓ‰ÓÏ Ú‡ÌÒÍ‡ÌË-
‡Î¸ÌÓÈ Ï‡„ÌËÚÌÓÈ ÒÚËÏÛÎflˆËË, ÒÚËÏÛÎËÛfl Ó·Î‡ÒÚ¸ ÔÂ‰ÒÚ‡‚ËÚÂÎ¸ÒÚ‚‡ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ Ô‡‚Ó„Ó
ÔÎÂ˜‡ ‚ ÏÓÚÓÌÓÈ ÍÓÂ ‚ Ì‡˜‡ÎÂ Ë ‚ ÍÓÌˆÂ ËÒÒÎÂ‰Ó‚‡ÌËfl. èË ÔÓ‚ÚÓÌ˚ı ÔÓ·‡ı ‡Á„ÛÁÍË Ì‡·Î˛‰‡-
ÎÓÒ¸ ÔÓ„ÂÒÒË‚ÌÓÂ ÛÏÂÌ¸¯ÂÌËÂ ‡ÏÔÎËÚÛ‰˚ ‰‚ËÊÂÌËfl ÔÂ‰ÔÎÂ˜¸fl ‡Á„ÛÊ‡ÂÏÓÈ ÛÍË, ÒÓÔÓ‚ÓÊ‰‡‚-
¯ÂÂÒfl ÛÒËÎÂÌËÂÏ ÛÔÂÊ‰‡˛˘Â„Ó ÚÓÏÓÊÂÌËfl ˝ÎÂÍÚÓÏËÓ„‡ÏÏ˚ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ‡Á„ÛÊ‡ÂÏÓ„Ó
ÔÎÂ˜‡ (Ó·Û˜ÂÌËÂ). èË ˝ÚÓÏ Ï˚¯Â˜Ì˚Â ÓÚ‚ÂÚ˚ Ì‡ Ú‡ÌÒÍ‡ÌË‡Î¸ÌÛ˛ Ï‡„ÌËÚÌÛ˛ ÒÚËÏÛÎflˆË˛ ‚ ÔÓ-
ˆÂÒÒÂ Ó·Û˜ÂÌËfl ÁÌ‡˜ËÏÓ ÌÂ ËÁÏÂÌflÎËÒ¸. ÄÌ‡ÎËÁ ÌÓÏËÓ‚‡ÌÌÓÈ ‚ÂÎË˜ËÌ˚ Ï˚¯Â˜ÌÓ„Ó ÓÚ‚ÂÚ‡ Ì‡ Ú‡Ì-
ÒÍ‡ÌË‡Î¸ÌÛ˛ Ï‡„ÌËÚÌÛ˛ ÒÚËÏÛÎflˆË˛ (ÓÚ‚ÂÚ/ÙÓÌ) ÔÓÍ‡Á‡Î, ˜ÚÓ ‚ ÍÓÌˆÂ Ó·Û˜ÂÌËfl ÓÌ‡ Û‚ÂÎË˜ËÎ‡Ò¸ Ë
ÒÚ‡Î‡ ‰ÓÒÚÓ‚ÂÌÓ ·ÓÎ¸¯Â, ̃ ÂÏ ‚ Ì‡˜‡ÎÂ Ó·Û˜ÂÌËfl. êÂÁÛÎ¸Ú‡Ú˚ ÔÓÁ‚ÓÎfl˛Ú Ò‰ÂÎ‡Ú¸ Á‡ÍÎ˛˜ÂÌËÂ Ó ÔËÌ-
ˆËÔË‡Î¸ÌÓÈ ÓÎË ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ÚÓÏÓÊÂÌËË ÒËÌÂ„ËÈ Ë ÍÓÓ‰ËÌ‡ˆËÈ, ÏÂ¯‡˛˘Ëı ÙÓÏËÓ‚‡ÌË˛
ÌÓ‚ÓÈ ÍÓÓ‰ËÌ‡ˆËË, ‚ ÔÓˆÂÒÒÂ ‰‚Ë„‡ÚÂÎ¸ÌÓ„Ó Ó·Û˜ÂÌËfl. 

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡: ÏÓÚÓÌ‡fl ÍÓ‡, ÔÓÁÌ‡fl ÔÂ‰Ì‡ÒÚÓÈÍ‡, ‰‚Ë„‡ÚÂÎ¸ÌÓÂ Ó·Û˜ÂÌËÂ, Â‡ÍˆËfl ‡Á„ÛÁÍË,
Ú‡ÌÒÍ‡ÌË‡Î¸Ì‡fl Ï‡„ÌËÚÌ‡fl ÒÚËÏÛÎflˆËfl.
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’s voluntary
moving of the other elbow. Repetition of the imposed unloading test resulted in a progressive reduction of the
maximal forearm rotation, attended by an anticipatory decrease in m. biceps brachii activity (learning). Control
situation consisted of the voluntary forearm loading. Changes in the motor evoked potential of m. biceps brahii
were examined by means of transcranial magnetic stimulation at the beginning and at the end of learning. The
evoked potential amplitude did not significantly change in process of the decrease of m. biceps brachii activity.
At the end of learning, motor evoked potential / baseline electromyogram ratio increased as compared to the
beginning of learning and to the control situation. The results highlight the fundamental role of the motor cortex
in suppression of synergies which interfere with formation of a new coordination during motor learning.

Key words: motor cortex, postural adjustment, motor learning, unloading, transcranial magnetic stimulation.
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ÙËÁËÓÎÓ„Ëfl ‚˚Ò¯ÂÈ ÌÂ‚ÌÓÈ (ÔÒËıË˜ÂÒÍÓÈ)
‰ÂflÚÂÎ¸ÌÓÒÚË ˜ÂÎÓ‚ÂÍ‡
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ä‡ÁÂÌÌËÍÓ‚ Ë ‰.

Key words: motor cortex, postural adjustment, motor
learning, unloading, transcranial magnetic stimulation.

ç‡ ÒÂ„Ó‰Ìfl¯ÌËÈ ‰ÂÌ¸ ÔËÌflÚÓ Ò˜ËÚ‡Ú¸, ˜ÚÓ ‚
ÔÓˆÂÒÒÂ ‰‚Ë„‡ÚÂÎ¸ÌÓ„Ó Ó·Û˜ÂÌËfl ÌÓ‚ÓÂ ‰‚ËÊÂÌËÂ
ÏÓÊÂÚ ÙÓÏËÓ‚‡Ú¸Òfl ËÁ „ÓÚÓ‚˚ı ·ÎÓÍÓ‚ – ÒËÌÂ-
„ËÈ Ë ÍÓÓ‰ËÌ‡ˆËÈ, ÒÓÔÓ‚ÓÊ‰‡flÒ¸ ÏÓ‰ËÙËÍ‡ˆËÂÈ
‚ÓÊ‰ÂÌÌ˚ı ÒËÌÂ„ËÈ Ë ËÒ˜ÂÁÌÓ‚ÂÌËÂÏ ˝ÎÂÏÂÌ-
ÚÓ‚, ÏÂ¯‡˛˘Ëı ‚˚ÔÓÎÌÂÌË˛ ÌÓ‚Ó„Ó ‰‚ËÊÂÌËfl.
êÓÎ¸ ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ‰‚Ë„‡ÚÂÎ¸ÌÓÏ Ó·Û˜ÂÌËË Ë
ÂÂ ÔÎ‡ÒÚË˜ÌÓÒÚ¸ ÔÓÍ‡Á‡Ì˚ ‚Ó ÏÌÓ„Ëı ‡·ÓÚ‡ı [5,
11, 16, 17, 23, 28]. é‰Ì‡ÍÓ ÒÔÂˆËÙËÍ‡ ÏÓÚÓÌÓÈ ÍÓ-
˚ ‚ ÂÓ„‡ÌËÁ‡ˆËË ÒËÌÂ„ËÈ ÔË Ó·Û˜ÂÌËË ÓÒÚ‡-
ÂÚÒfl ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ ËÁÛ˜ÂÌÌÓÈ. Ç ˝ÍÒÔÂËÏÂÌÚ‡ı Ì‡
ÒÓ·‡Í‡ı ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔÓ‚ÂÊ‰ÂÌËÂ ÏÓÚÓ-
ÌÓÈ ÍÓ˚ ÌÂÓ·‡ÚËÏÓ ÛÒÚ‡ÌflÂÚ ‚˚‡·ÓÚ‡ÌÌÛ˛
ÍÓÓ‰ËÌ‡ˆË˛ Û‰ÂÊË‚‡ÌËfl ÔÓ‰ÌflÚÓÈ Î‡ÔÓÈ ˜‡¯ÍË
Ò ÔË˘ÂÈ Ë ÔË‚Ó‰ËÚ Í ‚ÓÁ‚‡ÚÛ Í ‚ÓÊ‰ÂÌÌÓÈ ÍÓÓ-
‰ËÌ‡ˆËË – ÓÔÛÒÍ‡ÌË˛ Î‡Ô˚ ÔË ÓÔÛÒÍ‡ÌËË „ÓÎÓ‚˚
‚ ÍÓÏÛ¯ÍÛ [1, 14, 26] . ç‡ ÓÒÌÓ‚‡ÌËË ̋ ÚËı ̋ ÍÒÔÂË-
ÏÂÌÚÓ‚ ·˚ÎÓ ‚˚‰‚ËÌÛÚÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ, ˜ÚÓ ‚
ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl ÏÓÚÓÌ‡fl ÍÓ‡ ÚÓÏÓÁËÚ ‰‚Ë„‡-
ÚÂÎ¸Ì˚Â ÒËÌÂ„ËË, ÏÂ¯‡˛˘ËÂ ‚˚ÔÓÎÌÂÌË˛ ÌÓ‚Ó-
„Ó ‰‚ËÊÂÌËfl, Ë ˜ÚÓ ˝ÚÓ fl‚ÎflÂÚÒfl Ó‰ÌÓÈ ËÁ ÒÔÂˆËÙË-
˜ÂÒÍËı ÙÛÌÍˆËÈ ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ÙÓÏËÓ‚‡ÌËË
ÌÓ‚˚ı ‰‚ËÊÂÌËÈ [15].

íÓÏÓÊÂÌËÂ ‡ÍÚË‚ÌÓÒÚË ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚
ÔÎÂ˜‡, ‚ÓÁÌËÍ‡˛˘ÂÂ ÔÂÂ‰ ·ËÏ‡ÌÛ‡Î¸ÌÓÈ ‡Á„ÛÁ-
ÍÓÈ ÔÂ‰ÔÎÂ˜¸fl (Ú‡Í Ì‡Á˚‚‡ÂÏ‡fl ÂÒÚÂÒÚ‚ÂÌÌ‡fl ÒË-
ÌÂ„Ëfl) [13], fl‚ÎflÂÚÒfl ÔËÏÂÓÏ ÛÔÂÊ‰‡˛˘ÂÈ ÔÂ-
ÂÒÚÓÈÍË ÔÓÁ˚ Û ̃ ÂÎÓ‚ÂÍ‡, Û‰Ó·Ì˚Ï ‰Îfl ËÁÛ˜ÂÌËfl
‚ ÒËÎÛ Ï‡ÎÓ„Ó ̃ ËÒÎ‡ Ï˚¯ˆ, Û˜‡ÒÚ‚Û˛˘Ëı ‚ Ó„‡ÌË-
Á‡ˆËË ÒËÌÂ„ËË. Ç ËÒÍÛÒÒÚ‚ÂÌÌ˚ı ÛÒÎÓ‚Ëflı (‡Á-
„ÛÁÍ‡ Ó‰ÌÓÈ ÛÍË ÔË ÒÌflÚËË ‰Û„ÓÈ ÛÍÓÈ ‰Û„Ó-
„Ó „ÛÁ‡) ÒÚ‡·ËÎËÁ‡ˆËfl ÔÂ‰ÔÎÂ˜¸fl ÌÂ ‚ÓÁÌËÍ‡ÂÚ,
ÌÓ ÏÓÊÂÚ ÙÓÏËÓ‚‡Ú¸Òfl ÔË ÔÓ‚ÚÓÂÌËË ˝ÚÓ„Ó
ÚÂÒÚ‡ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl (“ËÒÍÛÒÚ‚ÂÌÌ‡fl ÒËÌÂ-
„Ëfl”) [25]. ê‡ÌÂÂ ÏÂÚÓ‰ÓÏ Ú‡ÌÒÍ‡ÌË‡Î¸ÌÓÈ Ï‡„-
ÌËÚÌÓÈ ÒÚËÏÛÎflˆËË (íåë) Ì‡ÏË ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ÓÚ-
ÒÛÚÒÚ‚ËÂ ‡ÍÚË‚ÌÓ„Ó Û˜‡ÒÚËfl ÏÓÚÓÌÓÈ ÍÓ˚ ‚
“ÂÒÚÂÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË” Ë ·˚ÎÓ Ò‰ÂÎ‡ÌÓ ÔÂ‰ÔÓ-
ÎÓÊÂÌËÂ, ˜ÚÓ ÒÔÂˆËÙË˜ÂÒÍ‡fl ÓÎ¸ ÏÓÚÓÌÓÈ ÍÓ˚
ÏÓÊÂÚ ÔÓfl‚ÎflÚ¸Òfl ‚ Ó·Û˜ÂÌËË ÔÓÁÌÓÈ ÔÂ‰Ì‡-
ÒÚÓÈÍÂ, ‡ ÌÂ ‚ ÂÂ ‚˚ÔÓÎÌÂÌËË ÔË ÂÒÚÂÒÚ‚ÂÌÌ˚ı
‰‚ËÊÂÌËflı [2]. Ñ‡ÌÌ˚Â, ÔÓÎÛ˜ÂÌÌ˚Â Ì‡ ÊË‚ÓÚÌ˚ı
Ë ÔË ËÒÒÎÂ‰Ó‚‡ÌËË ·ÓÎ¸Ì˚ı [15], ÛÍ‡Á˚‚‡ÎË Ì‡ ÚÓ,
˜ÚÓ ÔË ÔÓ‡ÊÂÌËflı ÏÓÚÓÌÓÈ ÍÓ˚ Ë ÔË‡ÏË‰ÌÓÈ
ÒËÒÚÂÏ˚ “ÂÒÚÂÒÚ‚ÂÌÌ‡fl ÒËÌÂ„Ëfl” ÌÂ Ì‡Û¯‡ÂÚÒfl, ‡
“ËÒÍÛÒÒÚ‚ÂÌÌ‡fl” ÔÂÚÂÔÂ‚‡ÂÚ ÒÔÂˆËÙË˜ÂÒÍËÂ ËÁ-
ÏÂÌÂÌËfl. ì ·ÓÎ¸Ì˚ı Ò ÔÓ‡ÊÂÌËÂÏ ‚ÌÛÚÂÌÌÂÈ
Í‡ÔÒÛÎ˚ Ó·Û˜ÂÌËÂ “ËÒÍÛÒÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË” Ú‡Í-
ÊÂ Ì‡Û¯‡ÂÚÒfl [21], ̃ ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ ÔÂ‰ÒÚ‡‚ÎÂ-
ÌËÂ Ó ‚‡ÊÌÓÒÚË ÚÓÏÓÁÌÓÈ ÙÛÌÍˆËË ÏÓÚÓÌÓÈ ÍÓ-
˚ ÔË Ó·Û˜ÂÌËË [15]. ç‡ ÒÂ„Ó‰Ìfl, ıÓÚfl Ì‡ÎË˜ËÂ
ÌËÒıÓ‰fl˘Â„Ó ÚÓÏÓÊÂÌËfl Ò ÏÓÚÓÌÓÈ ÍÓ˚ ıÓÓ-
¯Ó ËÁ‚ÂÒÚÌÓ [6, 7, 9 Ë ‰.], ÔflÏ˚ı ‰‡ÌÌ˚ı Ó· ‡ÍÚË-
‚‡ˆËË ÏÓÚÓÌÓÈ ÍÓ˚, Ò‚flÁ‡ÌÌÓÈ Ò ÚÓÏÓÊÂÌËÂÏ
ÌÂ‡‰ÂÍ‚‡ÚÌ˚ı ‰‚ËÊÂÌËÈ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl, ÌÂÚ.
Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ·˚Î‡ ÔÂ‰ÔËÌflÚ‡ ÔÓÔ˚ÚÍ‡
ËÒÒÎÂ‰Ó‚‡Ú¸ ÔflÏÛ˛ ‚ÓÁ·Û‰ËÏÓÒÚ¸ ÏÓÚÓÌÓÈ ÍÓ˚

ÔË ÙÓÏËÓ‚‡ÌËË ‚˚Û˜ÂÌÌÓÈ ÍÓÓ‰ËÌ‡ˆËË ‡Á-
„ÛÁÍË. å˚ ÔÂ‰ÔÓÎÓÊËÎË, ˜ÚÓ ‚ÓÁ·Û‰ËÏÓÒÚ¸ ÏÓ-
ÚÓÌÓÈ ÍÓ˚ ·Û‰ÂÚ ‚ÓÁ‡ÒÚ‡Ú¸ ÔË ÙÓÏËÓ‚‡ÌËË
‚˚Û˜ÂÌÌÓÈ “ËÒÍÛÒÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË”. ÇÓÁÏÓÊÌÓÂ
Û˜‡ÒÚËÂ ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ÛÔÂÊ‰‡˛˘ÂÏ ‡Á„ÛÁÍÛ
ÚÓÏÓÊÂÌËË ‡ÍÚË‚ÌÓÒÚË ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡
Ï˚ ÚÂÒÚËÓ‚‡ÎË Ò ÔÓÏÓ˘¸˛ íåë Ó·Î‡ÒÚË ÔÂ‰ÒÚ‡-
‚ËÚÂÎ¸ÒÚ‚‡ ˝ÚÓÈ Ï˚¯ˆ˚. 

åÖíéÑàäÄ

Ç ˝ÍÒÔÂËÏÂÌÚ‡ı ÔËÌËÏ‡ÎË Û˜‡ÒÚËÂ 10 Ô‡‚Ó-
ÛÍËı ËÒÔ˚ÚÛÂÏ˚ı (8 ÏÛÊ˜ËÌ Ë 2 ÊÂÌ˘ËÌ˚) ‚ ‚ÓÁ-
‡ÒÚÂ 35–55 ÎÂÚ, ÌÂ ËÏÂ˛˘Ëı ‚ ‡Ì‡ÏÌÂÁÂ ÌÂ‚ÓÎÓ-
„Ë˜ÂÒÍËı Á‡·ÓÎÂ‚‡ÌËÈ. àÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‚Ó‰ËÎÓÒ¸
‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ˝ÚË˜ÂÒÍËÏË Ô‡‚ËÎ‡ÏË, ÛÚ‚Â-
Ê‰ÂÌÌ˚ÏË ÇÒÂÏËÌÓÈ ÏÂ‰ËˆËÌÒÍÓÈ ‡ÒÒÓˆË‡ˆËÂÈ
(ïÂÎ¸ÒËÌÍÒÍ‡fl ‰ÂÍÎ‡‡ˆËfl). ÇÒÂ ËÒÔ˚ÚÛÂÏ˚Â ·˚-
ÎË ËÌÙÓÏËÓ‚‡Ì˚ Ó ÔÓˆÂ‰ÛÂ ËÒÒÎÂ‰Ó‚‡ÌËÈ Ë
‰‡ÎË ÒÓ„Î‡ÒËÂ Ì‡ Û˜‡ÒÚËÂ ‚ ˝ÍÒÔÂËÏÂÌÚÂ. 

ìÒÚ‡ÌÓ‚Í‡ Ë ÒıÂÏ‡ ˝ÍÒÔÂËÏÂÌÚ‡. àÒÔ˚ÚÛÂ-
Ï˚Â ÒË‰ÂÎË Ò ÓÚÍ˚Ú˚ÏË „Î‡Á‡ÏË ‚ Û‰Ó·ÌÓÈ ÔÓÁÂ
Ì‡ ÊÂÒÚÍÓÏ ÍÂÒÎÂ. ÑÎfl ‡Á„ÛÁÍË ÔÂ‰ÔÎÂ˜¸fl
ÍÂÒÎÓ ·˚ÎÓ ÓÒÌ‡˘ÂÌÓ ÒÔÂˆË‡Î¸Ì˚ÏË ÛÔÓ‡ÏË.
è‡‚ÓÂ ÔÎÂ˜Ó Ò ÔÓÏÓ˘¸˛ ÂÏÌfl ÍÂÔËÎË Í ÛÔÓÛ
˜ÛÚ¸ ‚˚¯Â ÎÓÍÚfl. Ç ˝ÚÓÏ ÔÓÎÓÊÂÌËË Û„ÓÎ ÏÂÊ‰Û
ÔÎÂ˜ÓÏ Ë ‚ÂÚËÍ‡Î¸˛ ÒÓÒÚ‡‚ÎflÎ ÓÍÓÎÓ 20 „‡‰.,
ÔÂ‰ÔÎÂ˜¸fl Ó·ÂËı ÛÍ ‡ÒÔÓÎ‡„‡ÎËÒ¸ „ÓËÁÓÌÚ‡Î¸-
ÌÓ, ÍËÒÚ¸ ÔÓÎÛÔÓÌËÓ‚‡Ì‡. àÁ‚ÂÒÚÌÓ, ˜ÚÓ Ó·Û˜Â-
ÌËÂ Ë‰ÂÚ ·˚ÒÚÂÂ, ÂÒÎË ‰ÓÏËÌ‡ÌÚÌ‡fl ÛÍ‡ ‚˚ÔÓÎ-
ÌflÂÚ ÔÓÁÌÛ˛ Á‡‰‡˜Û [8]. èÓ˝ÚÓÏÛ ‚ Ì‡¯ÂÏ ˝ÍÒÔÂË-
ÏÂÌÚÂ Ô‡‚‡fl, ‰ÓÏËÌ‡ÌÚÌ‡fl ‰Îfl ËÒÔ˚ÚÛÂÏ˚ı ÛÍ‡
·˚Î‡ ‚ÒÂ„‰‡ ÔÓÁÌÓÈ ËÎË ‡Á„ÛÊ‡ÂÏÓÈ. ç‡ Á‡-
ÔflÒÚ¸Â Ô‡‚ÓÈ ÛÍË ·˚Î‡ ÔÓ‰‚Â¯ÂÌ‡ ÒÔÂˆË‡Î¸Ì‡fl
ÍÓÌÒÚÛÍˆËfl (ÓÔËÒ‡ÌËÂ ÒÏ. [2]), ÒÌËÁÛ Í ÍÓÚÓÓÈ Ò
ÔÓÏÓ˘¸˛ ˝ÎÂÍÚÓÏ‡„ÌËÚ‡ ÍÂÔËÎÒfl „ÛÁ ‚ÂÒÓÏ
1 Í„ (ËÒ. 1). ê‡Á„ÛÁÍÛ Ô‡‚ÓÈ ÛÍË ËÌËˆËËÓ‚‡ÎÓ
‰‚ËÊÂÌËÂ ÔÂ‰ÔÎÂ˜¸fl ÎÂ‚ÓÈ ÛÍË: ‚ ÓÚ‚ÂÚ Ì‡ Á‚ÛÍÓ-
‚ÓÈ ÒË„Ì‡Î ËÒÔ˚ÚÛÂÏ˚È ‰ÓÎÊÂÌ ·˚Î Í‡Í ÏÓÊÌÓ
·˚ÒÚÂÂ ÒÓ„ÌÛÚ¸ ÎÂ‚Û˛ ÛÍÛ ‚ ÎÓÍÚÂ Ò ‡ÏÔÎËÚÛ‰ÓÈ
ÓÍÓÎÓ 10 ÒÏ. èË ˝ÚÓÏ Í ÔÂ‰ÔÎÂ˜¸˛ ·˚Î ÊÂÒÚÍÓ
ÔËÍÂÔÎÂÌ „ÛÁ 1 Í„ Ë ËÒıÓ‰ÌÓÂ ÔÓÎÓÊÂÌËÂ ÔÂ‰-
ÔÎÂ˜¸fl ·˚ÎÓ „ÓËÁÓÌÚ‡Î¸Ì˚Ï. äÓ„‰‡ ‰‡‚ÎÂÌËÂ ÎÂ-
‚ÓÈ ÛÍË Ì‡ ÔÓ‰ÒÚ‡‚ÍÛ ÛÏÂÌ¸¯‡ÎÓÒ¸ ‚‰‚ÓÂ, ˆÂÔ¸
‡ÁÏ˚Í‡Î‡Ò¸, ˝ÎÂÍÚÓÏ‡„ÌËÚ ‚˚ÍÎ˛˜‡ÎÒfl Ë „ÛÁ,
ÔÓ‰‚Â¯ÂÌÌ˚È Ì‡ Ô‡‚ÓÈ ÛÍÂ, Ô‡‰‡Î, ‡Á„ÛÊ‡fl ÂÂ
Ò Á‡‰ÂÊÍÓÈ ÓÍÓÎÓ 15 ÏÒ (‚ÂÏfl Ò‡·‡Ú˚‚‡ÌËfl
˝ÎÂÍÚÓÏ‡„ÌËÚ‡). àÒÔ˚ÚÛÂÏÓ„Ó ÔÓÒËÎË ÔÓ‰‰Â-
ÊË‚‡Ú¸ ÔÂ‰ÔÎÂ˜¸Â Ô‡‚ÓÈ (ÔÓÁÌÓÈ) ÛÍË „ÓËÁÓÌ-
Ú‡Î¸ÌÓ ‚ ÚÂ˜ÂÌËÂ ‚ÒÂ„Ó ˝ÍÒÔÂËÏÂÌÚ‡. Ñ‚ËÊÂÌËfl
ÔÂ‰ÔÎÂ˜ËÈ ÔÓËÒıÓ‰ËÎË ‚ ‚ÂÚËÍ‡Î¸ÌÓÈ Ô‡‡Ò‡-
„ËÚÚ‡Î¸ÌÓÈ ÔÎÓÒÍÓÒÚË. 

àÁÏÂflÂÏ˚Â ÔÓÍ‡Á‡ÚÂÎË. êÂ„ËÒÚËÓ‚‡ÎË Û„ÓÎ
‚ ÎÓÍÚÂ‚ÓÏ ÒÛÒÚ‡‚Â Ô‡‚ÓÈ ÛÍË ÔÓÚÂÌˆËÓÏÂÚË˜Â-
ÒÍËÏ ‰‡Ú˜ËÍÓÏ, ÛÒÚ‡ÌÓ‚ÎÂÌÌÓÏ Ì‡ ÎÓÍÚÂ (èÑ Ì‡
ËÒ.1) Ë Ì‡„ÛÁÍÛ Ì‡ Ô‡‚Û˛ ÛÍÛ Ò ÔÓÏÓ˘¸˛ ÚÂÌ-
ÁÓÏÂÚË˜ÂÒÍÓ„Ó ‰‡Ú˜ËÍ‡ (‰‡Ú˜ËÍ Ì‡„ÛÁÍË Ì‡
ËÒ. 1). ùÎÂÍÚÓÏËÓ„‡ÏÏÛ (ùåÉ) ‰‚Û„Î‡‚ÓÈ (Ñåè)
Ë ÚÂı„Î‡‚ÓÈ (íåè) Ï˚¯ˆ ÔÎÂ˜‡ Ô‡‚ÓÈ ÛÍË Â-
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„ËÒÚËÓ‚‡ÎË Ò ÔÓÏÓ˘¸˛ ÔÓ‚ÂıÌÓÒÚÌ˚ı ˝ÎÂÍÚÓ-
‰Ó‚ ÛÒËÎËÚÂÎfl “Medicor” (ÇÂÌ„Ëfl). 

í‡ÌÒÍ‡ÌË‡Î¸Ì‡fl Ï‡„ÌËÚÌ‡fl ÒÚËÏÛÎflˆËfl. íåë
Ì‡ÌÓÒËÎË Ó‰ËÌÓ˜Ì˚ÏË ËÏÔÛÎ¸Ò‡ÏË Ò ÔÓÏÓ˘¸˛
ÒÚËÏÛÎflÚÓ‡ “Mags-1” ÙËÏ˚ “Schwarzer” (ÉÂÏ‡-
ÌËfl) Ò Ï‡„ÌËÚÌÓÈ Í‡ÚÛ¯ÍÓÈ ‚ ‚Ë‰Â ÍÓÎ¸ˆ‡ (‚ÌÛÚ-
ÂÌÌËÈ ‰Ë‡ÏÂÚ ÍÓÎ¸ˆ‡ – 9 ÒÏ, ‚ÌÂ¯ÌËÈ – 12.1 ÒÏ).
ä‡ÚÛ¯ÍÛ ‡ÒÔÓÎ‡„‡ÎË ÒÎÂ‚‡ ‚·ÎËÁË ‚ÂÚÂÍÒ‡ ‚ Ó·-
Î‡ÒÚË ÍÓÍÓ‚Ó„Ó ÔÂ‰ÒÚ‡‚ËÚÂÎ¸ÒÚ‚‡ Ñåè Ô‡‚ÓÈ
ÛÍË ÔË ÒÎ‡·ÓÏ Ì‡ÔflÊÂÌËË ˝ÚÓÈ Ï˚¯ˆ˚. Ç˚-
Á‚‡ÌÌ˚È ùåÉ-ÓÚ‚ÂÚ (åé) Ñåè ‚ ̋ ÚÓÏ ÔÓÎÓÊÂÌËË
‚ 3–5 ‡Á ÔÂ‚˚¯‡Î ÛÓ‚ÂÌ¸ ÙÓÌÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË
Ï˚¯ˆ˚ ÔË ÒËÎÂ ÒÚËÏÛÎ‡ 40–50% ÓÚ Ï‡ÍÒËÏ‡Î¸ÌÓ
‚ÓÁÏÓÊÌÓÈ ‰Îfl ‰‡ÌÌÓ„Ó ÒÚËÏÛÎflÚÓ‡ (2.4 íÎ). ÑÎfl
ÔÂ‰ÓÚ‚‡˘ÂÌËfl ÒÏÂ˘ÂÌËfl ÏÂÒÚ‡ ÒÚËÏÛÎflˆËË ‚Ó
‚ÂÏfl ̋ ÍÒÔÂËÏÂÌÚ‡ Í‡ÚÛ¯ÍÛ ÍÂÔËÎË ÎËÔÍÓÈ ÎÂÌ-
ÚÓÈ Í ÂÁËÌÓ‚ÓÈ ¯‡ÔÍÂ, Ì‡‰ÂÚÓÈ Ì‡ „ÓÎÓ‚Û ËÒÔ˚ÚÛ-
ÂÏÓ„Ó. ÑÎfl Á‡ÔÛÒÍ‡ Ï‡„ÌËÚÌÓ„Ó ÒÚËÏÛÎflÚÓ‡ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ÒË„Ì‡Î Ì‡ ‡ÁÏ˚Í‡ÌËÂ ˝ÎÂÍÚÓÏ‡„ÌËÚ‡,
Á‡‰ÂÊÍ‡ ‡Á„ÛÁÍË ÔÓÒÎÂ íåë-ÒÚËÏÛÎ‡ ÒÓÒÚ‡‚ÎflÎ‡
15 ÏÒ. ÇÓ ‚ÂÏfl ÒÚËÏÛÎflˆËË ËÒÔ˚ÚÛÂÏ˚Â ÌÂ ËÒÔ˚-
Ú˚‚‡ÎË ÌËÍ‡ÍËı ·ÓÎÂÁÌÂÌÌ˚ı ËÎË ÌÂÔËflÚÌ˚ı
Ó˘Û˘ÂÌËÈ. ÇÓÁÌËÍ‡ÎÓ ÎË¯¸ Ó˘Û˘ÂÌËÂ ÌÂÔÓËÁ-
‚ÓÎ¸ÌÓ„Ó ÒÓÍ‡˘ÂÌËfl Ï˚¯ˆ˚, ÒıÓ‰ÌÓÂ Ò Ú‡ÍÓ‚˚Ï
ÔË ÒÚËÏÛÎflˆËË ÌÂ‚‡.

èÓˆÂ‰Û‡. èÓˆÂ‰Û‡ Ó·Û˜ÂÌËfl ÒÓÒÚÓflÎ‡ ËÁ
60 ÔÓ·, ‡Á‰ÂÎÂÌÌ˚ı Ì‡ ÚË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â
ÒÂËË ÔÓ 20 ÔÓ· Í‡Ê‰‡fl (éÅìó1, éÅìó2 Ë
éÅìó3). íåë Ì‡ÌÓÒËÎË ‚ ÔÂ‚˚ı 5 (ÒÂËfl éÅìó1)
Ë ÔÓÒÎÂ‰ÌËı 10 ÔÓ·‡ı Ó·Û˜ÂÌËfl (ÒÂËfl éÅìó3).
åÂÊ‰Û ÒÂËflÏË ËÒÔ˚ÚÛÂÏ˚È ÓÚ‰˚ı‡Î 3–4 ÏËÌ.
ÑÎfl ÍÓÌÚÓÎfl ÌÂËÁÏÂÌÌÓÒÚË ÔÓÎÓÊÂÌËfl Í‡ÚÛ¯ÍË
Ì‡ „ÓÎÓ‚Â ËÒÔ˚ÚÛÂÏÓ„Ó ‚ Ì‡˜‡ÎÂ Ë ÍÓÌˆÂ ˝ÍÒÔÂË-

ÏÂÌÚ‡ Â„ËÒÚËÓ‚‡ÎË íåë-ÓÚ‚ÂÚ ‚ Ì‡„ÛÊÂÌÌÓÈ
Ó‰ÌËÏ ÍËÎÓ„‡ÏÏÓÏ Ô‡‚ÓÈ ÛÍÂ (Éêìá). á‡ÏÂÚËÏ
Á‰ÂÒ¸, ˜ÚÓ ÌÂËÁÏÂÌÌÓÒÚ¸ ÔÓÎÓÊÂÌËfl Í‡ÚÛ¯ÍË, Ú‡Í
ÊÂ Í‡Í Ë ÔÓÎÓÊÂÌËfl ÛÍË, ÔÓ‰Ú‚Â‰ËÎ ÚÓÚ Ù‡ÍÚ,
˜ÚÓ ‡ÁÌËˆ‡ ÏÂÊ‰Û ÙÓÌÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ Ï˚¯ˆ˚
ÔË ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡„ÛÁÍÂ (Éêìá), Ú‡Í ÊÂ Í‡Í Ë
ÏÂÊ‰Û ‚ÂÎË˜ËÌ‡ÏË ÓÚ‚ÂÚÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı ÔË ˝ÚÓÏ
‰Ó Ë ÔÓÒÎÂ Ó·Û˜ÂÌËfl, ·˚Î‡ ÌÂ‰ÓÒÚÓ‚ÂÌ‡ (p = 0.7).
äÓÏÂ ÚÓ„Ó, ÔÓÒÍÓÎ¸ÍÛ ‚ ‰‡ÌÌÓÏ ˝ÍÒÔÂËÏÂÌÚÂ ÎÂ-
‚‡fl ÛÍ‡ ÔÓ‰ÌËÏ‡Î‡ „ÛÁ, ÚÓ, ÔÂ‰ÔÓÎ‡„‡fl, ˜ÚÓ
ÔÓ‰˙ÂÏ „ÛÁ‡ ÎÂ‚ÓÈ ÛÍÓÈ Ò‡Ï ÔÓ ÒÂ·Â ÒÓÔÓ‚ÓÊ‰‡-
ÂÚÒfl ÔÓ‚˚¯ÂÌÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ ‚ Ô‡‚ÓÈ ÏÓÚÓÌÓÈ
ÍÓÂ Ë ˜ÂÂÁ ÏÂÊÔÓÎÛ¯‡Ì˚Â Ò‚flÁË ÏÓÊÂÚ ‚ÎËflÚ¸
Ì‡ ‚ÂÎË˜ËÌÛ ‚˚Á‚‡ÌÌÓ„Ó Ï˚¯Â˜ÌÓ„Ó ÓÚ‚ÂÚ‡ ‚ Ô‡-
‚ÓÈ ÛÍÂ, ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÔÓ‚Ó‰ËÎË Ú‡Í Ì‡Á˚‚‡Â-
Ï˚È ÍÓÌÚ‡Î‡ÚÂ‡Î¸Ì˚È ÚÂÒÚ (äéçíê). Ç ÌÂÏ ÔË
ÔÓ‰˙ÂÏÂ „ÛÁ‡ ÎÂ‚ÓÈ ÛÍÓÈ ‡Á„ÛÁÍË Ô‡‚ÓÈ ÛÍË
ÌÂ ÔÓËÒıÓ‰ËÎÓ. íÂÒÚ äéçíê ÔÓ‚Ó‰ËÎË ‰‚‡Ê‰˚:
5 ‡Á Ò íåë ‰Ó Ó·Û˜ÂÌËfl Ë 10 ‡Á ÔÓÒÎÂ (íåë Ì‡-
ÌÓÒËÎË ‚ 5 ÔÓÒÎÂ‰ÌËı ÔÓ·‡ı). ÑÎËÚÂÎ¸ÌÓÒÚ¸ ‚ÒÂ„Ó
˝ÍÒÔÂËÏÂÌÚ‡ ÒÓÒÚ‡‚ÎflÎ‡ ÓÍÓÎÓ 40 ÏËÌ, ‚ ÚÂ˜ÂÌËÂ
ÍÓÚÓ˚ı ËÒÔ˚ÚÛÂÏ˚Â ÔÓÎÛ˜‡ÎË 40 íåë-ÒÚËÏÛÎÓ‚. 

é·‡·ÓÚÍ‡ ÂÁÛÎ¸Ú‡ÚÓ‚. ùÎÂÍÚÓÏËÓ„‡ÙË˜Â-
ÒÍËÂ Ë ÏÂı‡ÌÓ„‡ÙË˜ÂÒÍËÂ ÒË„Ì‡Î˚ ÓˆËÙÓ‚˚‚‡-
ÎË Ò ̃ ‡ÒÚÓÚÓÈ 1000 Ë 20 Éˆ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ë ‚‚Ó‰Ë-
ÎË ‚ ÍÓÏÔ¸˛ÚÂ ‰Îfl ÔÓÒÎÂ‰Û˛˘ÂÈ Ó·‡·ÓÚÍË. ÇÂ-
ÎË˜ËÌÛ ùåÉ-ÓÚ‚ÂÚ‡ Ì‡ íåë ËÁÏÂflÎË Í‡Í ‡ÁÌËˆÛ
ÏÂÊ‰Û Ï‡ÍÒËÏ‡Î¸Ì˚Ï Ë ÏËÌËÏ‡Î¸Ì˚Ï ÁÌ‡˜ÂÌËÂÏ
ùåÉ ‚ ‰Ë‡Ô‡ÁÓÌÂ ÓÚ‚ÂÚ‡ 20–100 ÏÒ ÔÓÒÎÂ ‡ÚÂÙ‡Í-
Ú‡ ÓÚ Ì‡ÌÂÒÂÌËfl ÒÚËÏÛÎ‡. ìÓ‚ÂÌ¸ ÙÓÌÓ‚ÓÈ ‡ÍÚË‚-
ÌÓÒÚË Ï˚¯ˆ˚ ÓÔÂ‰ÂÎflÎË Í‡Í ÒÂ‰ÌÂÂ ÁÌ‡˜ÂÌËÂ
‚˚ÔflÏÎÂÌÌÓÈ Ë Ò„Î‡ÊÂÌÌÓÈ ÏËÓ„‡ÏÏ˚ ‚ ËÌÚÂ-
‚‡ÎÂ 5–20 ÏÒ ‰Ó Ì‡ÌÂÒÂÌËfl ÒÚËÏÛÎ‡ (îéç 2). ÑÎfl

 ùåÉ Ñåè

 ùåÉ íåè

èÑ

ÉÛÁ 1 Í„

ÉÛÁ 1 Í„

Ñ‡Ú˜ËÍ Ì‡„ÛÁÍË

êËÒ. 1. ëıÂÏ‡ÚË˜ÂÒÍËÈ ‚Ë‰ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÛÒÚ‡ÌÓ‚ÍË. èÑ-ÔÓÚÂÌˆËÓÏÂÚË˜ÂÒÍËÈ ‰‡Ú˜ËÍ Ì‡ ÎÓÍÚÂ‚ÓÏ ÒÛÒÚ‡‚Â Ô‡‚ÓÈ
ÛÍË, ùåÉ Ñåè Ë ùåÉ íåè – ˝ÎÂÍÚÓÏËÓ„‡ÏÏ˚ ‰‚Û„Î‡‚ÓÈ Ë ÚÂı„Î‡‚ÓÈ Ï˚¯ˆ ÔÎÂ˜‡ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. äÌÓÔÍ‡ ÔÓ‰
ÎÂ‚ÓÈ ÛÍÓÈ ‡ÁÏ˚Í‡ÂÚ ˆÂÔ¸ ˝ÎÂÍÚÓÏ‡„ÌËÚ‡ Ë Á‡ÔÛÒÍ‡ÂÚ Ô‡‰ÂÌËÂ „ÛÁ‡ Ò Ô‡‚ÓÈ ÛÍË.
Fig. 1. Experimental setup. èÑ, potentiometer of the elbow joint; ùåÉ Ñåè and íåè, electromyogram of right biceps and triceps,
accordingly. The button under the left arm disconnects the electromagnet what results in lifting the weight from the right arm.
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ä‡ÁÂÌÌËÍÓ‚ Ë ‰.

ÓˆÂÌÍË ÒÚÂÔÂÌË ÚÓÏÓÊÂÌËfl, ÛÔÂÊ‰‡˛˘Â„Ó ‡Á-
„ÛÁÍÛ, ÁÌ‡˜ÂÌËÂ ÏËÓ„‡ÏÏ˚ ‚ ËÌÚÂ‚‡ÎÂ 5–20 ÏÒ
‰Ó Ì‡ÌÂÒÂÌËfl ÒÚËÏÛÎ‡ Ò‡‚ÌË‚‡ÎË Ò Ú‡ÍÓ‚˚Ï ‚ ÔÂ-
ËÓ‰ 400–900 ÏÒ ‰Ó Ì‡ÌÂÒÂÌËfl ÒÚËÏÛÎ‡ (îéç 1).
ÑÎfl Ò‡‚ÌÂÌËfl ÙÓÌÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË Ë ‡ÏÔÎËÚÛ‰˚
ÓÚ‚ÂÚ‡ Û ‡ÁÌ˚ı ËÒÔ˚ÚÛÂÏ˚ı ‚ ‡ÁÌ˚ı ÒÂËflı ÙÓÌÓ-
‚Û˛ ‡ÍÚË‚ÌÓÒÚ¸ Ë ‡ÏÔÎËÚÛ‰Û ÓÚ‚ÂÚ‡ ÔÂ‰ÒÚ‡‚ÎflÎË ‚
ÔÓˆÂÌÚÌÓÏ ‚˚‡ÊÂÌËË. ÄÏÔÎËÚÛ‰Û ‰‚ËÊÂÌËfl ‚
ÎÓÍÚÂ‚ÓÏ ÒÛÒÚ‡‚Â ‚˚˜ËÒÎflÎË Í‡Í ‡ÁÌËˆÛ ÏÂÊ‰Û
ÒÂ‰ÌËÏ ÁÌ‡˜ÂÌËÂÏ ÔÓÍ‡Á‡ÌËÈ „ÓÌËÓÏÂÚË˜ÂÒÍÓ„Ó
‰‡Ú˜ËÍ‡ Á‡ ‚ÂÏfl 100 ÏÒ ‰Ó ÏÓÏÂÌÚ‡ ‡Á„ÛÁÍË Ë Á‡ Ú‡-
ÍÓÈ ÊÂ ÔÂËÓ‰ ‚ÂÏÂÌË ÔÓÒÎÂ ÓÍÓÌ˜‡ÌËfl ‡Á„ÛÁÍË.

ëÚ‡ÚËÒÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ. ÑÎfl ÓˆÂÌÍË ÒÚÂÔÂÌË
ËÁÏÂÌÂÌËfl ‡ÏÔÎËÚÛ‰˚ ‰‚ËÊÂÌËfl ÔÂ‰ÔÎÂ˜¸fl Ë ‡Í-
ÚË‚ÌÓÒÚË ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ ‚ ÔÓˆÂÒÒÂ Ó·Û-

˜ÂÌËfl ÔÓ‚Ó‰ËÎË Ó‰ÌÓÙ‡ÍÚÓÌ˚È ‰ËÒÔÂÒËÓÌÌ˚È
‡Ì‡ÎËÁ ÄNéVA Ò Ù‡ÍÚÓÓÏ ÌÓÏÂ ÒÂËË Ó·Û˜ÂÌËfl
(éÅìó1, éÅìó2, éÅìó3). Ç˚Á‚‡ÌÌ˚Â ÓÚ‚ÂÚ˚ ‚
Ì‡˜‡ÎÂ Ë ‚ ÍÓÌˆÂ Ó·Û˜ÂÌËfl (ÒÂËË éÅìó1 Ë
éÅìó3) Ò‡‚ÌË‚‡ÎË Ò ÔÓÏÓ˘¸˛ t-ÚÂÒÚ‡. êÂÁÛÎ¸Ú‡-
Ú˚ ÒÚ‡ÚËÒÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ Ò˜ËÚ‡ÎËÒ¸ ‰ÓÒÚÓ‚Â-
Ì˚ÏË, ÂÒÎË ‚ÂÓflÚÌÓÒÚ¸ Ó¯Ë·ÍË ·˚Î‡ ÏÂÌÂÂ 0.05.

êÖáìãúíÄíõ àëëãÖÑéÇÄçàâ

1. Ñ‚Ë„‡ÚÂÎ¸ÌÓÂ Ó·Û˜ÂÌËÂ ÔË ·ËÏ‡ÌÛ‡Î¸ÌÓÈ 
‡Á„ÛÁÍÂ

ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ‡Á„ÛÁÍ‡ ÔÂ‰ÔÎÂ˜¸fl
‰Îfl Ó‰ÌÓ„Ó ËÒÔ˚ÚÛÂÏÓ„Ó, ÛÒÂ‰ÌÂÌÌ‡fl ÔÓ ÔÓ·‡Ï

200 ÏÒ

20 ÏÍÇ

10 ÏÍÇ

10 ç

5 „‡‰.

Ä

Å

ùåÉ Ñåè

ùåÉ íåè

ç‡„ÛÁÍ‡

ì„ÓÎ

ùåÉ Ñåè

ùåÉ íåè

ç‡„ÛÁÍ‡

ì„ÓÎ

êËÒ. 2. èËÏÂ ‡Á„ÛÁÍË Ô‡‚ÓÈ ÛÍË ‚ Ì‡˜‡ÎÂ (Ä) Ë ‚ ÍÓÌˆÂ Ó·Û˜ÂÌËfl (Å) Û Ó‰ÌÓ„Ó ËÁ ËÒÔ˚ÚÛÂÏ˚ı. èÓÍ‡Á‡Ì˚ (Ò‚ÂıÛ
‚ÌËÁ) ùåÉ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ (Ñåè), ùåÉ ÚÂı„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ (íåè), ÒËÎ‡ Ì‡„ÛÁÍË Ì‡ ÛÍÛ Ë Û„ÓÎ ‚ ÎÓÍ-
ÚÂ‚ÓÏ ÒÛÒÚ‡‚Â. ÇÂÚËÍ‡Î¸Ì‡fl ÎËÌËfl ÔÓÍ‡Á˚‚‡ÂÚ ÏÓÏÂÌÚ ‡ÁÏ˚Í‡ÌËfl ˝ÎÂÍÚË˜ÂÒÍÓÈ ˆÂÔË. ÇË‰ÌÓ, ˜ÚÓ ‚˚ÚÓÏ‡ÊË‚‡ÌËÂ
ùåÉ Ñåè ÔÂÂ‰ ‡Á„ÛÁÍÓÈ ÛÒËÎË‚‡ÂÚÒfl ‚ ÍÓÌˆÂ Ó·Û˜ÂÌËfl.
Fig. 2. Examples of right arm unloading in the initial (Ä) and final (Å) phase of learning. Biceps (Ñåè) and triceps (íåè) EMG,
load force and elbow angle are represented top-down. Vertical line corresponds to the electromagnet disconnection. One can see that
inhibition of the biceps EMG is increased in the course of learning.
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ÔÂ‚ÓÈ (Ä) Ë ÚÂÚ¸ÂÈ (Å) ÒÂËË Ó·Û˜ÂÌËfl. ÇÂÚË-
Í‡Î¸Ì‡fl ÎËÌËfl Ó·ÓÁÌ‡˜‡ÂÚ ÏÓÏÂÌÚ ÔÓ‰˙ÂÏ‡ „ÛÁ‡
ÎÂ‚ÓÈ ÛÍÓÈ. ùÚÓ ÔË‚Ó‰ËÎÓ Í Ô‡‰ÂÌË˛ „ÛÁ‡ Ò Ô‡-
‚ÓÈ ÛÍË, ˜ÚÓ ‚ÂÎÓ Í Ò„Ë·‡ÌË˛ Ô‡‚ÓÈ ÛÍË ‚ ÎÓÍÚÂ-
‚ÓÏ ÒÛÒÚ‡‚Â. Ç Ì‡˜‡ÎÂ Ó·Û˜ÂÌËfl (ÒÂËfl éÅìó 1) ‡Ï-
ÔÎËÚÛ‰‡ ÎÓÍÚÂ‚Ó„Ó Ò„Ë·‡ÌËfl Ô‡‚ÓÈ ÛÍË ÒÓÒÚ‡‚Îfl-
Î‡ ‚ ÒÂ‰ÌÂÏ ‰Îfl ‚ÒÂı ËÒÔ˚ÚÛÂÏ˚ı 4.0 ± 1.5 „‡‰. Ë
‰ÓÒÚÓ‚ÂÌÓ ÛÏÂÌ¸¯‡Î‡Ò¸ ‚ ÒÂËflı éÅìó 2 Ë
éÅìó 3 ‰Ó 3.0 ± 1.1 Ë 2.7 ± 0.9 „‡‰. ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
(ANOVA, F2.18 = 21.44, p < 0.05). èÓÒÚÂÔÂÌÌÓÂ
ÛÏÂÌ¸¯ÂÌËÂ ‡ÏÔÎËÚÛ‰˚ Ò„Ë·‡ÌËfl ‚ ÔÓˆÂÒÒÂ Ó·Û-
˜ÂÌËfl ÒÓÔÓ‚ÓÊ‰‡ÎÓÒ¸ ËÁÏÂÌÂÌËÂÏ ÛÔÂÊ‰‡˛˘ÂÈ
Ï˚¯Â˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚ Ï˚¯ˆ‡ı-Ò„Ë·‡ÚÂÎflı ÎÓÍ-
ÚÂ‚Ó„Ó ÒÛÒÚ‡‚‡. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‚ ÔÂ‚ÓÈ ÔÓ·Â
ÔÂ‚ÓÈ ÒÂËË îéç2 ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ÓÚÎË˜‡ÎÒfl ÓÚ
îéç1 (118%, p = 0.87), Ó‰Ì‡ÍÓ ÛÊÂ ‚ ÚÂ˜ÂÌËÂ ÔÂ-
‚ÓÈ ÒÂËË ÓÌ ÛÏÂÌ¸¯‡ÎÒfl Ë ‚ ÒÂ‰ÌÂÏ ÒÓÒÚ‡‚ÎflÎ
76 ± 25% ÓÚ îéç1. èË ‰‡Î¸ÌÂÈ¯ÂÏ Ó·Û˜ÂÌËË
îéç2 ‰ÓÒÚÓ‚ÂÌÓ ÛÏÂÌ¸¯‡ÎÒfl ÔÓ ‚ÒÂÏ ËÒÔ˚ÚÛÂ-
Ï˚Ï ‰Ó 72 ± 25 Ë 55 ± 19% ‚ ÒÂËflı éÅìó 2 Ë
éÅìó 3 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ANOVA, F2.18 = 7.00, p <
< 0.05). á‡ÏÂÚËÏ, ˜ÚÓ ÛÓ‚ÂÌ¸ ‡ÍÚË‚ÌÓÒÚË ‰‚Û„Î‡-
‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ Á‡‰ÓÎ„Ó ‰Ó ‡Á„ÛÁÍË (îéç1)
·˚Î ÌÂËÁÏÂÌÌ˚Ï ‚Ó ‚ÒÂı ÚÂı ÒÂËflı ‰Îfl Í‡Ê‰Ó„Ó
ËÁ ËÒÔ˚ÚÛÂÏ˚ı (ÄNOVA , F2.18 = 1.77, p = 0.2). ç‡
ËÒ. 3 „ÎÛ·ËÌ‡ ÚÓÏÓÊÂÌËfl ÔÂÂ‰ ‡Á„ÛÁÍÓÈ
(îéç 2) ÔÓ‰ÂÏÓÌÒÚËÓ‚‡Ì‡ ‰Îfl Í‡Ê‰Ó„Ó ËÒÔ˚-
ÚÛÂÏÓ„Ó ‚ ÚÂı ÒÂËflı Ó·Û˜ÂÌËfl ‚ ÔÓˆÂÌÚ‡ı Í
îéç1. 

Ç ‡ÌÚ‡„ÓÌËÒÚÂ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ – ÚÂı„Î‡‚ÓÈ
Ï˚¯ˆÂ ÔÎÂ˜‡ ÚÂÍÛ˘‡fl Ï˚¯Â˜Ì‡fl ‡ÍÚË‚ÌÓÒÚ¸ ÔÂ-
Â‰ ‡Á„ÛÁÍÓÈ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ËÁÏÂÌflÎ‡Ò¸ (ËÒ.2).
Ç ̂ ÂÎÓÏ ÔÓ ‚ÒÂÏ ËÒÔ˚ÚÛÂÏ˚Ï ÂÂ ËÁÏÂÌÂÌËÂ ÒÓÒÚ‡‚-
ÎflÎÓ ÏÂÌÂÂ 10% ÓÚ ÙÓÌ‡ Ë ·˚ÎÓ ÌÂ‰ÓÒÚÓ‚ÂÌ˚Ï. 

2. å˚¯Â˜Ì˚È ÓÚ‚ÂÚ Ì‡ íåë ÔË Ó·Û˜ÂÌËË 
(éÅìó1, éÅìó2 Ë éÅìó3) Ë ‚ ÛÒÎÓ‚Ëflı 

ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡„ÛÁÍË (Éêìá)
íåë ‚˚Á˚‚‡Î‡ ‰‚ÛıÙ‡ÁÌ˚È ùåÉ-ÓÚ‚ÂÚ ‚ ‰‚Û-

„Î‡‚ÓÈ Ï˚¯ˆÂ ÔÎÂ˜‡ Ò Î‡ÚÂÌÚÌ˚Ï ÔÂËÓ‰ÓÏ 16–
18 ÏÒ. ìÊÂ ‚ Ò‡ÏÓÏ Ì‡˜‡ÎÂ Ó·Û˜ÂÌËfl – ‚ ÔÂ‚ÓÈ
ÔÓ·Â Ò ‡Á„ÛÁÍÓÈ – Ï˚¯Â˜Ì˚È ÓÚ‚ÂÚ (åé)
ÛÏÂÌ¸¯‡ÎÒfl ‰Ó 73% ÓÚ åé ÔË ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡-
„ÛÁÍÂ (p < 0.05), ÚÓ„‰‡ Í‡Í ÛÓ‚ÂÌ¸ ÙÓÌÓ‚ÓÈ ùåÉ
ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ËÁÏÂÌflÎÒfl (ÒÏ. ‚˚¯Â). Ç ÒÂËË
éÅìó1 åé ÒÓÒÚ‡‚ÎflÎ 69 ± 30%, ‡ ‚ ÒÂËË éÅìó3
– 57 ± 30% ÓÚ åé ÔË ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡„ÛÁÍÂ. ëÚ‡-
ÚËÒÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ ÔÓÍ‡Á‡Î, ˜ÚÓ åé ‚ ÒÂËflı
éÅìó1 Ë éÅìó3 ·˚Î ‰ÓÒÚÓ‚ÂÌÓ ÏÂÌ¸¯Â, ˜ÂÏ
ÔË ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡„ÛÁÍÂ (Ô‡Ì˚È t-ÚÂÒÚ, p <
< 0.05, ËÒ 4, Å). àÁ ËÒ. 4 ‚Ë‰ÌÓ, ˜ÚÓ ıÓÚfl ‚ ÔÓˆÂÒ-
ÒÂ Ó·Û˜ÂÌËfl åé ÛÏÂÌ¸¯‡ÎËÒ¸, ‡ÁÌËˆ‡ ÓÚ‚ÂÚÓ‚ Ì‡
íåë ÏÂÊ‰Û ÒÂËflÏË éÅìó1 Ë éÅìó3 ÌÂ ÔÂÓ‰Ó-
ÎÂÎ‡ ÛÓ‚Ìfl ÁÌ‡˜ËÏÓÒÚË (p = 0.28, ËÒ. 4, Å). èË
˝ÚÓÏ ÛÔÂÊ‰‡˛˘ÂÂ ÚÓÏÓÊÂÌËÂ ‚ ‰‚Û„Î‡‚ÓÈ Ï˚¯-
ˆÂ ÔÎÂ˜‡ (îéç2) ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl ÒÚ‡ÌÓ‚ËÎÓÒ¸
‚ÒÂ ·ÓÎÂÂ Ë ·ÓÎÂÂ ‚˚‡ÊÂÌÌ˚Ï (ËÒ. 4, Ä). 

ç‡ ËÒ. 5 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ‚ÂÎË˜ËÌ‡ åé, ÌÓÏËÓ-
‚‡ÌÌ‡fl Í ÛÓ‚Ì˛ ‡ÍÚË‚ÌÓÒÚË Ï˚¯ˆ˚ ÔÂÂ‰ ‡Á-

„ÛÁÍÓÈ (åé/îéç2) ‰Îfl Í‡Ê‰Ó„Ó ËÒÔ˚ÚÛÂÏÓ„Ó,
ÛÒÂ‰ÌÂÌÌ‡fl ÔÓ ÒÂËflÏ éÅìó1 Ë éÅìó3. ÇË‰ÌÓ,
˜ÚÓ Û 8 ËÁ 10 ËÒÔ˚ÚÛÂÏ˚ı ˝ÚÓ ÓÚÌÓ¯ÂÌËÂ ‚ ÒÂËË
éÅìó3 ·˚ÎÓ ·ÓÎ¸¯Â, ̃ ÂÏ ‚ éÅìó1. Ç ÒÂ‰ÌÂÏ ÔÓ
‚ÒÂÏ ËÒÔ˚ÚÛÂÏ˚Ï ‚ÂÎË˜ËÌ‡ åé/îéç2 ‚ ÒÂËË
éÅìó 3 ·˚Î‡ ‰ÓÒÚÓ‚ÂÌÓ ·ÓÎ¸¯Â, ˜ÂÏ ‚ ÒÂËË
éÅìó 1 (Ô‡Ì˚È t-ÚÂÒÚ, p < 0.05), Ë ÒÛ˘ÂÒÚ‚ÂÌÌÓ
ÔÂ‚˚¯‡Î‡ åé Ì‡ íåë ‚ ÍÓÌÚÓÎÂ (ËÒ. 4, Ç). 

3. å˚¯Â˜Ì˚È ÓÚ‚ÂÚ Ì‡ íåë 
‚ ÍÓÌÚ‡Î‡ÚÂ‡Î¸ÌÓÏ ÚÂÒÚÂ (äéçíê) .

ÑÓ Ó·Û˜ÂÌËfl ‚ ÚÂÒÚÂ äéçíê Û ÌÂÍÓÚÓ˚ı ËÒÔ˚-
ÚÛÂÏ˚ı Ì‡·Î˛‰‡ÎÓÒ¸ ‚ÓÁ‡ÒÚ‡ÌËÂ Ï˚¯Â˜ÌÓÈ ‡Í-
ÚË‚ÌÓÒÚË ‚ Ô‡‚ÓÈ ÛÍÂ (îéç2) Ì‡ 40–50% ÓÚ
îéç1. ìÒÂ‰ÌÂÌÌÓÂ ÔÓ ‚ÒÂÏ ËÒÔ˚ÚÛÂÏ˚Ï, ˝ÚÓ
Û‚ÂÎË˜ÂÌËÂ ÒÓÒÚ‡‚ÎflÎÓ 19% Ë ÌÂ ·˚ÎÓ ‰ÓÒÚÓ‚Â-
Ì˚Ï (p = 0.13). èË ̋ ÚÓÏ ÛÒÂ‰ÌÂÌÌ˚È ÔÓ ‚ÒÂÏ ÔÓ-
·‡Ï åé ‚ ÚÂÒÚÂ äéçíê ‰Ó Ó·Û˜ÂÌËfl ÒÓÒÚ‡‚ÎflÎ
83% ÓÚ åé ‚ ÛÒÎÓ‚ËË Éêìá, ÌÓ ˝ÚÓ ÛÏÂÌ¸¯ÂÌËÂ
Ú‡ÍÊÂ ÌÂ ·˚ÎÓ ‰ÓÒÚÓ‚ÂÌ˚Ï (p = 0.27). 

èÓÒÎÂ Ó·Û˜ÂÌËfl ‚ ÚÂÒÚÂ äéçíê Ì‡·Î˛‰‡ÎÓÒ¸
ÌÂÍÓÚÓÓÂ ÛÏÂÌ¸¯ÂÌËÂ Ï˚¯Â˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚
Ô‡‚ÓÈ ÛÍÂ (îéç2). ìÒÂ‰ÌÂÌÌ˚È ÔÓ ‚ÒÂÏ ËÒÔ˚-
ÚÛÂÏ˚Ï îéç2 ‚ ÚÂÒÚÂ äéçíê ÒÓÒÚ‡‚ÎflÎ 86 ± 21%
ÓÚ îéç1 Ë ˝ÚÓ ËÁÏÂÌÂÌËÂ ÌÂ ·˚ÎÓ ÒÚ‡ÚËÒÚË˜ÂÒÍË
ÁÌ‡˜ËÏ˚Ï. ÇÏÂÒÚÂ Ò ÚÂÏ îéç2 ‚ ÚÂÒÚÂ äéçíê ÔÓ-
ÒÎÂ Ó·Û˜ÂÌËfl ÒÚ‡Î ‰ÓÒÚÓ‚ÂÌÓ ÏÂÌ¸¯Â îéç2 ‚ ÚÂ-
ÒÚÂ äéçíê ‰Ó Ó·Û˜ÂÌËfl. åé ‚ ÚÂÒÚÂ äéçíê ÔÓ-
ÒÎÂ Ó·Û˜ÂÌËfl ÒÓÒÚ‡‚ÎflÎ 76 ± 28% ÓÚ åé ‚ ÚÂÒÚÂ
Éêìá (p < 0.05). åé ‰Ó Ë ÔÓÒÎÂ Ó·Û˜ÂÌËfl ÒÛ˘Â-
ÒÚ‚ÂÌÌÓ ÌÂ ‡ÁÎË˜‡ÎËÒ¸ (p = 0.6), Ó‰Ì‡ÍÓ ÓÚÌÓ¯Â-
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êËÒ. 3. ëÚÂÔÂÌ¸ ÚÓÏÓÊÂÌËfl ùåÉ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚
ÔÂÂ‰ ‡Á„ÛÁÍÓÈ (îéç2) ‰Îfl Í‡Ê‰Ó„Ó ËÁ 10 ËÒÔ˚ÚÛÂ-
Ï˚ı ‚ Ì‡˜‡ÎÂ (éÅìó1), ‚ ÒÂÂ‰ËÌÂ (éÅìó 2) Ë ‚ ÍÓÌˆÂ
Ó·Û˜ÂÌËfl (éÅìó3). ä‡Ê‰˚È ÒÚÓÎ·ËÍ ÒÓ‰ÂÊËÚ ÒÂ‰-
ÌÂÂ ËÁ 5 ÔÓ· Ó‰ÌÓ„Ó ËÒÔ˚ÚÛÂÏÓ„Ó. îÓÌÓ‚‡fl ‡ÍÚË‚-
ÌÓÒÚ¸ Á‡‰ÓÎ„Ó ‰Ó ‡Á„ÛÁÍË (îéç1) ‰Îfl Í‡Ê‰Ó„Ó ËÒÔ˚-
ÚÛÂÏÓ„Ó ÔËÌflÚ‡ Á‡ 100%.
Fig. 3. Inhibition of right biceps EMG before unloading in all
subjects in the initial (black), middle (white) and final
(hatched) stage of learning. Each column represents an aver-
age of 5 trials. Muscle activity close to unloading is represent-
ed in percentage in relation to the background activity long
before unloading, 100%7 * – ÁÌ‡˜ËÏ˚Â ‡ÁÎË˜Ëfl Ò ÛÓ‚-
ÌÂÏ p < 0.05.
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ä‡ÁÂÌÌËÍÓ‚ Ë ‰.

ÌËÂ åé/îéç2 ÔÓÒÎÂ Ó·Û˜ÂÌËfl ÛÏÂÌ¸¯ËÎÓÒ¸ (p =
= 0.058). åé ‚ ÚÂÒÚÂ Éêìá ÔÓÒÎÂ Ó·Û˜ÂÌËfl ÒÓÒÚ‡‚-
ÎflÎ 94% ÓÚ åé ‚ ÚÂÒÚÂ Éêìá ‰Ó Ó·Û˜ÂÌËfl Ë ˝ÚÓ ËÁ-
ÏÂÌÂÌËÂ ÌÂ ·˚ÎÓ ‰ÓÒÚÓ‚ÂÌ˚Ï (p = 0.70).

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

Ç ‡·ÓÚÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl
ÒÚ‡·ËÎËÁ‡ˆËfl Ô‡‚Ó„Ó ÔÂ‰ÔÎÂ˜¸fl ÔË Â„Ó ‡Á„ÛÁ-
ÍÂ ÔÓ‰˙ÂÏÓÏ ‰Û„Ó„Ó „ÛÁ‡ ÎÂ‚ÓÈ ÛÍÓÈ ‚ÓÁÌËÍ‡ÂÚ
Á‡ Ò˜ÂÚ ÚÓÏÓÊÂÌËfl ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ Ô‡-

‚ÓÈ ÛÍË ÔÂÂ‰ ‡Á„ÛÁÍÓÈ. èË ˝ÚÓÏ Ó·Ì‡ÛÊÂÌÓ,
˜ÚÓ ÒÚÂÔÂÌ¸ ÚÓÏÓÊÂÌËfl ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡
Ô‡‚ÓÈ ÛÍË Û‚ÂÎË˜Ë‚‡ÂÚÒfl ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl
(ËÒ. 2). ùÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ËÏÂ˛˘ËÏÒfl Ì‡ ÒÂ„Ó‰Ìfl
‰‡ÌÌ˚Ï ÎËÚÂ‡ÚÛ˚ [21, 25]. Ç ÚÓ ÊÂ ‚ÂÏfl ‚ ÔÓ-
ˆÂÒÒÂ Ó·Û˜ÂÌËfl Ï˚¯Â˜Ì˚È ÓÚ‚ÂÚ Ì‡ ÒÚËÏÛÎflˆË˛
Ó·Î‡ÒÚË ÔÂ‰ÒÚ‡‚ËÚÂÎ¸ÒÚ‚‡ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ Ô‡-
‚Ó„Ó ÔÎÂ˜‡ ‚ ÏÓÚÓÌÓÈ ÍÓÂ ıÓÚfl Ë ÌÂÒÍÓÎ¸ÍÓ
ÛÏÂÌ¸¯‡ÂÚÒfl, ÌÓ ˝ÚË ËÁÏÂÌÂÌËfl ÌÂ ‰ÓÒÚË„‡˛Ú
ÛÓ‚Ìfl ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ÁÌ‡˜ËÏÓÒÚË. (ËÒ. 4, Å). éÚ-
ÌÓ¯ÂÌËÂ ÓÚ‚ÂÚ‡ Í ÙÓÌÛ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl Û‚Â-
ÎË˜Ë‚‡ÂÚÒfl (êËÒ. 4,Ç). àÁÏÂÌÂÌËfl Ï˚¯Â˜ÌÓ„Ó ÓÚ-
‚ÂÚ‡ Ì‡ íåë ÏÓ„ÛÚ ÓÚ‡Ê‡Ú¸ Í‡Í ËÁÏÂÌÂÌËfl ‚ÓÁ·Û-
‰ËÏÓÒÚË ÏÓÚÓÌÓÈ ÍÓ˚ Ë ÍÓÚËÍÓ-ÒÔËÌ‡Î¸Ì˚ı
ÌÂÈÓÌÓ‚, Ú‡Í Ë ËÁÏÂÌÂÌËfl ‚ÓÁ·Û‰ËÏÓÒÚË ÒÂ„ÏÂÌ-
Ú‡Ì˚ı ÏÓÚÓÌÂÈÓÌÓ‚, ‚˚Á‚‡ÌÌ˚Â ‰Û„ËÏË ‚ÎËfl-
ÌËflÏË. àÁ‚ÂÒÚÌÓ, ˜ÚÓ Ï˚¯Â˜Ì˚È ÓÚ‚ÂÚ ÔË ÔÓËÁ-
‚ÓÎ¸ÌÓÏ ÒÓÍ‡˘ÂÌËË ÔÓÔÓˆËÓÌ‡ÎÂÌ ÛÓ‚Ì˛
Ï˚¯Â˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË [3]. Ç ÚÓ ÊÂ ‚ÂÏfl ‚ ÔÂ‚ÓÈ
ÔÓ·Â Ò ‡Á„ÛÁÍÓÈ Ì‡·Î˛‰‡ÎÓÒ¸ ÛÏÂÌ¸¯ÂÌËÂ åé
Ì‡ íåë, ÌÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ ÛÓ‚ÂÌ¸ Ï˚¯Â˜ÌÓÈ
‡ÍÚË‚ÌÓÒÚË ÌÂ ËÁÏÂÌflÎÒfl. ùÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ̃ ÚÓ
åé Ë ÙÓÌÓ‚‡fl Ï˚¯Â˜Ì‡fl ‡ÍÚË‚ÌÓÒÚ¸ ‚ ‰‡ÌÌÓÈ Á‡-
‰‡˜Â ËÁÏÂÌflÎËÒ¸ ÌÂÁ‡‚ËÒËÏÓ. éÍ‡Á‡ÎÓÒ¸ Ú‡ÍÊÂ,
˜ÚÓ ‚ ÔÓÒÎÂ‰ÌÂÈ ÒÂËË Ó·Û˜ÂÌËfl (éÅìó3) ÏÓÚÓ-
Ì˚È ÓÚ‚ÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ÏÂÌflÂÚÒfl, ÌÂÒÏÓÚfl Ì‡
‡Á‚ËÚËÂ ÛÔÂÊ‰‡˛˘Â„Ó ÚÓÏÓÊÂÌËfl ‚ Ï˚¯ˆÂ.
èÓ˝ÚÓÏÛ ÏÓÊÌÓ ÔÓÎ‡„‡Ú¸, ˜ÚÓ Û‚ÂÎË˜ÂÌËÂ ÓÚÌÓ-
¯ÂÌËfl ÏÓÚÓÌÓ„Ó ÓÚ‚ÂÚ‡ Í ÙÓÌÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË
Ï˚¯ˆ˚ ÓÚ‡Ê‡ÂÚ ËÁÏÂÌÂÌËÂ ‚ÓÁ·Û‰ËÏÓÒÚË ÏÓÚÓ-
ÌÓÈ ÍÓ˚ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl. í‡ÍËÏ Ó·‡ÁÓÏ, Â-
ÁÛÎ¸Ú‡Ú˚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚, Ó˜Â‚Ë‰ÌÓ, Ò‚Ë‰ÂÚÂÎ¸-

* *

100

50

%

0

100

50

0

150

100

50

0

A B C

*

êËÒ. 4. àÁÏÂÌÂÌËfl ÙÓÌÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË Ë Ï˚¯Â˜Ì˚ı ÓÚ‚ÂÚÓ‚ Ì‡ íåë ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl. Ä – ËÁÏÂÌÂÌËfl ÙÓÌÓ‚ÓÈ ‡Í-
ÚË‚ÌÓÒÚË ‚ ÚÂı ÒÂËflı Ó·Û˜ÂÌËfl, ÛÒÂ‰ÌÂÌÌ˚Â ÔÓ ‚ÒÂÏ ËÒÔ˚ÚÛÂÏ˚Ï. á‡ 100% ÔËÌflÚ‡ ÙÓÌÓ‚‡fl ‡ÍÚË‚ÌÓÒÚ¸ Á‡‰ÓÎ„Ó ‰Ó
‡Á„ÛÁÍË (îéç1). Å – Ï˚¯Â˜Ì˚È ÓÚ‚ÂÚ (åé) Ì‡ íåë, ÛÒÂ‰ÌÂÌÌ˚È ÔÓ ‚ÒÂÏ ËÒÔ˚ÚÛÂÏ˚Ï, ‚ ÔÂ‚ÓÈ (éÅìó1) Ë ÔÓÒÎÂ‰-
ÌÂÈ (éÅìó3) ÒÂËË Ó·Û˜ÂÌËfl. á‡ 100% ÔËÌflÚÓ ÛÒÂ‰ÌÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ íåë-ÓÚ‚ÂÚ‡ ‚ ÒÂËË ÒÓ ÒÚ‡ˆËÓÌ‡ÌÓÈ Ì‡„ÛÁÍÓÈ.
Ç – ÌÓÏËÓ‚‡ÌÌ˚Â Ì‡ ÙÓÌÓ‚Û˛ ‡ÍÚË‚ÌÓÒÚ¸ ÔÂÂ‰ ‡Á„ÛÁÍÓÈ (îéç2) íåë-ÓÚ‚ÂÚ˚ ‚ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆÂ ÔÎÂ˜‡ ‚ ÔÂ‚ÓÈ
Ë ÔÓÒÎÂ‰ÌÂÈ ÒÂËË Ó·Û˜ÂÌËfl. á‡ 100% ÔËÌflÚÓ ÛÒÂ‰ÌÂÌÌÓÂ ÌÓÏËÓ‚‡ÌÌÓÂ ÁÌ‡˜ÂÌËÂ íåë-ÓÚ‚ÂÚ‡ ‚ ÒÂËË ÒÓ ÒÚ‡ˆËÓÌ‡-
ÌÓÈ Ì‡„ÛÁÍÓÈ. é·ÓÁÌ‡˜ÂÌËfl ÒÚÓÎ·ËÍÓ‚ Í‡Í Ì‡ ËÒ. 3. 
Fig. 4. Changes of background activity and muscle evoked responses during the learning. Ä – average changes of muscle activity close
to unloading in three series of learning in relation to the background activity level long before unloading. (100%). Å – an average muscle
response evoked by TMS in the initial and final series of learning in relation to the muscle response in control series with permanent
loading. Ç – muscle response evoked by TMS relative to muscle activity close to unloading in the initial and final series of learning.
Ordinate, muscle response in control series with permanent loading.
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êËÒ. 5. éÚÌÓÒËÚÂÎ¸Ì‡fl ‚ÂÎË˜ËÌ‡ Ï˚¯Â˜ÌÓ„Ó ÓÚ‚ÂÚ‡
(åé) Ì‡ íåë (ÓÚÌÓ¯ÂÌËÂ ‚ÂÎË˜ËÌ˚ ÓÚ‚ÂÚ‡ Í îéç 2)
‰Îfl Í‡Ê‰Ó„Ó ËÁ 10 ËÒÔ˚ÚÛÂÏ˚ı ‚ Ì‡˜‡ÎÂ (éÅìó1) Ë ‚
ÍÓÌˆÂ (éÅìó3 ) Ó·Û˜ÂÌËfl.
Fig. 5. Ratio of muscle response evoked by TMS to muscle
activity close to unloading for each subject in the initial
(black) and final (hatched) series of learning.
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ÒÚ‚Û˛Ú Ó· ‡ÍÚË‚ÌÓÏ ‚Ó‚ÎÂ˜ÂÌËË ÏÓÚÓÌÓÈ ÍÓ˚ ‚
Ó„‡ÌËÁ‡ˆË˛ ÛÔÂÊ‰‡˛˘Â„Ó ÚÓÏÓÊÂÌËfl ÔË Ó·Û-
˜ÂÌËË “ËÒÍÛÒÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË”. ëÎÂ‰ÛÂÚ ÓÚÏÂ-
ÚËÚ¸, ˜ÚÓ ÌÂÍÓÚÓÓÂ ÒÌËÊÂÌËÂ ÙÓÌ‡ Ë Û‚ÂÎË˜ÂÌËÂ
ÓÚÌÓ¯ÂÌËfl åé Í ÙÓÌÛ ÔÓÒÎÂ Ó·Û˜ÂÌËfl Ì‡·Î˛‰‡-
ÎÓÒ¸ Ë ‚ ÍÓÌÚ‡Î‡ÚÂ‡Î¸ÌÓÏ ÚÂÒÚÂ, ÍÓ„‰‡ ÔÓ‰˙ÂÏ
„ÛÁ‡ ÌÂ ÒÓÔÓ‚ÓÊ‰‡ÎÒfl ‡Á„ÛÁÍÓÈ ‰Û„ÓÈ ÛÍË.
ùÚÓ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ ÒÙÓÏË-
Ó‚‡ÌÌÓÈ ‰ËÙÙÂÂÌˆËÓ‚ÍÓÈ, Ú‡Í Í‡Í ‚ ̋ ÚÓÏ ÚÂÒÚÂ
ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ÚÓÚ ÊÂ Á‚ÛÍÓ‚ÓÈ ÒË„Ì‡Î, ˜ÚÓ Ë ÔË
Ó·Û˜ÂÌËË.

Ç ÔÂ‰˚‰Û˘ÂÈ ‡·ÓÚÂ [2] Ï˚ ÌÂ Ó·Ì‡ÛÊËÎË ‡Í-
ÚË‚ÌÓ„Ó Û˜‡ÒÚËfl ÏÓÚÓÌÓÈ ÍÓ˚ ‚ Â‡ÎËÁ‡ˆËË
“ÂÒÚÂÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË” ·ËÏ‡ÌÛ‡Î¸ÌÓÈ ‡Á„ÛÁÍË –
ÒÚ‡·ËÎËÁ‡ˆËË ÔÂ‰ÔÎÂ˜¸fl ÔË Â„Ó ÌÂÔÓÒÂ‰ÒÚ‚ÂÌ-
ÌÓÈ ‡Á„ÛÁÍÂ ‰Û„ÓÈ ÛÍÓÈ. Ç ̋ ÍÒÔÂËÏÂÌÚÂ ÏÓÚÓ-
Ì˚È ÓÚ‚ÂÚ ÛÏÂÌ¸¯‡ÎÒfl ÔÓÔÓˆËÓÌ‡Î¸ÌÓ ÙÓÌÛ. Ç
Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÛÏÂÌ¸¯ÂÌËÂ ÛÔÂÊ‰‡˛˘ÂÈ ‡Í-
ÚË‚ÌÓÒÚË ÔÓËÒıÓ‰ËÎÓ ‚ ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl. é‰Ì‡ÍÓ
‡ÏÔÎËÚÛ‰‡ ÏÓÚÓÌÓ„Ó ÓÚ‚ÂÚ‡ ÌÂ ËÁÏÂÌflÎ‡Ò¸. éÚÌÓ-
ÒËÚÂÎ¸Ì‡fl ‡ÏÔÎËÚÛ‰‡ ÓÚ‚ÂÚ‡ (åé/îéç) ÔÓÒÎÂ Ó·Û-
˜ÂÌËfl Û‚ÂÎË˜Ë‚‡Î‡Ò¸ (ËÒ. 4, Ç). ùÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ
‰‡ÌÌ˚Ï ÎËÚÂ‡ÚÛ˚ Ó ‡ÁÎË˜Ëflı “ÂÒÚÂÒÚ‚ÂÌÌÓÈ” Ë
“ËÒÍÛÒÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËÈ”. “ÖÒÚÂÒÚ‚ÂÌÌ‡fl ÒËÌÂ-
„Ëfl” ÙÓÏËÛÂÚÒfl ‚ ÓÌÚÓ„ÂÌÂÁÂ [29] Ë ËÏÂÂÚÒfl Û
·ÓÎ¸¯ËÌÒÚ‚‡ Á‰ÓÓ‚˚ı Î˛‰ÂÈ. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÓÌ‡
Ì‡Û¯‡ÂÚÒfl ÔË ÔÓ‡ÊÂÌËË ÌÂÍÓÚÓ˚ı ÔÓ‰ÍÓÍÓ-
‚˚ı ÒÚÛÍÚÛ, ‚ ˜‡ÒÚÌÓÒÚË ·‡Á‡Î¸Ì˚ı „‡Ì„ÎËÂ‚ [15,
21]. ç‡ÏË ·˚ÎÓ Ò‰ÂÎ‡ÌÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ, ˜ÚÓ ÒÔÂ-
ˆËÙË˜ÂÒÍ‡fl ÓÎ¸ ÏÓÚÓÌÓÈ ÍÓ˚ ÏÓÊÂÚ ÔÓfl‚-
ÎflÚ¸Òfl ‚ Ó·Û˜ÂÌËË ÔÓÁÌÓÈ ÔÂ‰Ì‡ÒÚÓÈÍÂ – ‚ Á‡‰‡-
˜Â “ËÒÍÛÒÒÚ‚ÂÌÌÓÈ ÒËÌÂ„ËË”, ˜ÚÓ ÔÓ‰Ú‚Â‰ËÎÓÒ¸ ‚
Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ. 

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ó·Û˜ÂÌËÂ “ËÒÍÛÒÒÚ‚ÂÌ-
ÌÓÈ ÒËÌÂ„ËË” fl‚ÎflÂÚÒfl ÌÂÓÒÓÁÌ‡ÌÌ˚Ï (ËÏÔÎËˆËÚ-
Ì˚Ï): ÔÂÂ‰ ËÒÔ˚ÚÛÂÏ˚Ï ÌÂ ÒÚ‡‚ËÚÒfl Á‡‰‡˜‡ ÒÚ‡-
·ËÎËÁ‡ˆËË ÔÂ‰ÔÎÂ˜¸fl, ÓÌ ÌÂ ÍÓÌÚÓÎËÛÂÚ ‡ÏÔÎË-
ÚÛ‰Û Ò„Ë·‡ÌËfl ‚ ÎÓÍÚÂ Ë Ó·˚˜ÌÓ ÌÂ ÓÒÓÁÌ‡ÂÚ, ˜ÚÓ
ÓÌ‡ ÛÏÂÌ¸¯‡ÂÚÒfl ‚ ÔÓˆÂÒÒÂ ˝ÍÒÔÂËÏÂÌÚ‡. í‡ÍËÏ
Ó·‡ÁÓÏ, ‡ÍÚË‚‡ˆËfl ÏÓÚÓÌÓÈ ÍÓ˚, Ò‚flÁ‡ÌÌ‡fl Ò
ÚÓÏÓÊÂÌËÂÏ Ò„Ë·‡ÌËfl Ë ÒÚ‡·ËÎËÁ‡ˆËÂÈ ÔÂ‰ÔÎÂ-
˜¸fl, ÌÂ ‚˚Á˚‚‡ÂÚÒfl ÒÓÁÌ‡ÚÂÎ¸Ì˚Ï ÔÓˆÂÒÒÓÏ. 

ëÛ˘ÂÒÚ‚ÛÂÚ ÏÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÔÓÒ‚fl˘ÂÌÌ˚ı
ËÁÛ˜ÂÌË˛ ‚ÓÁ·Û‰ËÏÓÒÚË ÏÓÚÓÌÓÈ ÍÓ˚ ÔË ‚˚-
ÔÓÎÌÂÌËË ‡ÁÌ˚ı ‰‚ËÊÂÌËÈ Ë ÔË Ó·Û˜ÂÌËË. èÓÍ‡-
Á‡ÌÓ, ˜ÚÓ ÓÚ‚ÂÚ Ì‡ íåë ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ Ï˚¯-
ˆÂ Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÔÓÒÎÂ Ó·Û˜ÂÌËfl ÔË ÓÚÒÛÚÒÚ‚ËË
ËÁÏÂÌÂÌËÈ ÓÚ‚ÂÚ‡ ‚ Ï˚¯ˆ‡ı, ÌÂ ‚Ó‚ÎÂ˜ÂÌÌ˚ı ‚
Ó·Û˜ÂÌËÂ [22, 24 Ë ‰.]. è‡ÍÚËÍ‡ ‡·‰ÛÍˆËË ÛÍ‡Á‡-
ÚÂÎ¸ÌÓ„Ó Ô‡Î¸ˆ‡ ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜ÂÌË˛ Ï˚¯Â˜ÌÓ-
„Ó ÓÚ‚ÂÚ‡ Ì‡ íåë Ë Û‚ÂÎË˜ÂÌË˛ ÔÂ‰ÒÚ‡‚ËÚÂÎ¸ÒÚ‚‡
˝ÚÓÈ Ï˚¯ˆ˚ [10, 12, 30]. Ç ÂÁÛÎ¸Ú‡ÚÂ Ó·Û˜ÂÌËfl ÏÓ-
ÊÂÚ ÔÓËÒıÓ‰ËÚ¸ Ú‡ÍÊÂ ÛÒËÎÂÌËÂ ÚÓÏÓÁÌ˚ı Ò‚fl-
ÁÂÈ. í‡Í, ÔÓÍ‡Á‡ÌÓ Ì‡ÎË˜ËÂ ‰‚Ûı ÚÓÏÓÁÌ˚ı ÒËÒÚÂÏ
‚ ÏÓÚÓÌÓÈ ÍÓÂ, ‚˚fl‚ÎflÂÏ˚ı ÔÓ ˝ÙÙÂÍÚÛ Ì‡ íåë
ÔË Ô‡ÌÓÏ ‡Á‰‡ÊÂÌËË ÔÓ‰ÔÓÓ„Ó‚˚Ï ÍÓÌ‰ËˆË-
ÓÌËÛ˛˘ËÏ Ë Ì‡‰ÔÓÓ„Ó‚˚Ï ÚÂÒÚËÛ˛˘ËÏ ÒÚËÏÛ-
Î‡ÏË Ò ÍÓÓÚÍËÏ (1–6 ÏÒ) Ë ‰ÎËÌÌ˚Ï (50–100 ÏÒ)

ËÌÚÂ‚‡Î‡ÏË [27]. Ç Á‡‚ËÒËÏÓÒÚË ÓÚ ËÌÚÂ‚‡Î‡ Ë
ËÌÚÂÌÒË‚ÌÓÒÚË ÒÚËÏÛÎ‡ ÓÚ‚ÂÚ ÏÓÊÂÚ ·˚Ú¸ Á‡ÚÓ-
ÏÓÊÂÌÌ˚Ï ËÎË Û‚ÂÎË˜ÂÌÌ˚Ï. Ç ÎËÚÂ‡ÚÛÂ ËÏÂ-
˛ÚÒfl ‰‡ÌÌ˚Â Ó ÒÌËÊÂÌËË ‡ÏÔÎËÚÛ‰˚ ÓÚ‚ÂÚ‡ Ì‡
íåë, Ò‚flÁ‡ÌÌÓ„Ó Ò ÚÓÏÓÊÂÌËÂÏ ÏÓÚÓÌÓÈ ÍÓ˚,
ÔË ‚˚Û˜ÂÌÌÓÏ ÎÓÍ‡Î¸ÌÓÏ ÚÓÏÓÊÂÌËË ‡ÍÚË‚ÌÓ-
ÒÚË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Ï˚¯ˆ [19] ËÎË ÔË ÚÓÏÓ-
ÊÂÌËË ‚ ÍÓÌˆÂ ‰‚ËÊÂÌËfl [6]. åÓÊÌÓ ÔÂ‰ÔÓÎÓ-
ÊËÚ¸, ̃ ÚÓ ÚÂÌ‰ÂÌˆËfl Í ÒÌËÊÂÌË˛ ‚ÂÎË˜ËÌ˚ åé, Ì‡-
·Î˛‰‡‚¯‡flÒfl ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ, Ò‚flÁ‡Ì‡ Ò
ËÌÚÂÌÒËÙËÍ‡ˆËÂÈ ÚÓÏÓÁÌ˚ı Ò‚flÁÂÈ ‚ÌÛÚË ÍÓ˚ ‚
ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl, Ó‰Ì‡ÍÓ Û‚ÂÎË˜ÂÌËÂ ÓÚÌÓ¯ÂÌËfl
åé / îéç „Ó‚ÓËÚ Ó ÍÓÍÓ‚ÓÈ ‡ÍÚË‚‡ˆËË, ‚˚Á˚‚‡-
˛˘ÂÈ ÚÓÏÓÊÂÌËÂ Ï˚¯Â˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË. ÇÓÁÏÓÊ-
ÌÓ, ‚ Ó„‡ÌËÁ‡ˆËË ÔÂËÙÂË˜ÂÒÍÓ„Ó ÚÓÏÓÊÂÌËfl
Û˜‡ÒÚ‚Û˛Ú ‰‚‡ ÒÓÔÛÚÒÚ‚Û˛˘Ëı ÍÓÍÓ‚˚ı ÔÓˆÂÒÒ‡.
àÌÚÂÂÒÌÓ, ˜ÚÓ ÒÚ‡·ËÎËÁ‡ˆËfl ÌÂ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl
Û‚ÂÎË˜ÂÌËÂÏ ‡ÍÚË‚ÌÓÒÚË ‡ÌÚ‡„ÓÌËÒÚ‡ (ÚÂı„Î‡‚ÓÈ
Ï˚¯ˆ˚ ÔÎÂ˜‡) Ë Ó·ÂÒÔÂ˜Ë‚‡ÂÚÒfl ÎË¯¸ ÚÓÏÓÊÂÌË-
ÂÏ ·ËˆÂÔÒ‡.

ÅËÏ‡ÌÛ‡Î¸Ì‡fl ‡Á„ÛÁÍ‡ Ì‡fl‰Û Ò ÔÓ‰‰ÂÊ‡ÌË-
ÂÏ ‡‚ÌÓ‚ÂÒËfl ‚Ó ‚ÂÏfl ‰‚ËÊÂÌËfl fl‚ÎflÂÚÒfl Ó‰ÌËÏ
ËÁ ÍÎ‡ÒÒË˜ÂÒÍËı ÔËÏÂÓ‚ ÍÓÓ‰ËÌ‡ˆËË ÔÓÁ˚ Ë
‰‚ËÊÂÌËfl. ÇÓÔÓÒ Ó ˆÂÌÚ‡Î¸Ì˚ı ÏÂı‡ÌËÁÏ‡ı Ú‡-
ÍÓÈ ÍÓÓ‰ËÌ‡ˆËË ‡ÍÚË‚ÌÓ ËÒÒÎÂ‰ÛÂÚÒfl ‚ ÚÂ˜ÂÌËÂ
‰ÎËÚÂÎ¸ÌÓ„Ó ‚ÂÏÂÌË [20, 21, 25 Ë ‰.]. àÁ‚ÂÒÚÌÓ,
˜ÚÓ ÔÓ‚ÂÊ‰ÂÌËÂ ÏÓÚÓÌÓÈ ÍÓ˚ Û ÊË‚ÓÚÌ˚ı ÔÂ-
ËÏÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËflÂÚ Ì‡ ‰‚ËÊÂÌËÂ, ÌÓ ÌÂ Ì‡ ÔÓÁÛ
[1, 4]. çÂ‰‡‚ÌÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔË ‚˚ÔÓÎÌÂÌËË Û-
ÍÓÈ ÔÓÁÌÓÈ Ë ‰‚Ë„‡ÚÂÎ¸ÌÓÈ Á‡‰‡˜, Ò‚flÁ‡ÌÌ˚ı Ò ÔÂ-
Ó‰ÓÎÂÌËÂÏ ‚ÌÂ¯ÌÂÈ ÒËÎ˚, ‚ ÏÓÚÓÌÓÈ ÍÓÂ Ó·Â-
Á¸flÌ ‡ÍÚË‚ËÛ˛ÚÒfl ‡ÁÌ˚Â ÌÂÈÓÌ˚ [18]. è‡‚‰‡,
˝ÚË ‰‡ÌÌ˚Â ÌÂ ‰‡˛Ú ÓÚ‚ÂÚ‡ Ì‡ ‚ÓÔÓÒ Ó ÏÂı‡ÌËÁÏ‡ı
ÍÓÓ‰ËÌ‡ˆËË ÔÓÁ˚ Ë ‰‚ËÊÂÌËfl. êÂÁÛÎ¸Ú‡Ú˚ Ì‡ÒÚÓ-
fl˘ÂÈ ‡·ÓÚ˚ „Ó‚ÓflÚ Ó ÓÎË ÏÓÚÓÌÓÈ ÍÓ˚ ‚ Ú‡-
ÍÓÈ ÍÓÓ‰ËÌ‡ˆËË – ÙÓÏËÓ‚‡ÌËË ‚˚Û˜ÂÌÌÓ„Ó
ÚÓÏÓÊÂÌËfl ÔÓÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË Ó‰ÌÓÈ ÛÍË ÔÂÂ‰
‰‚ËÊÂÌËÂÏ ‰Û„ÓÈ ÛÍË.

ÇõÇéÑõ

1. èË ÏÌÓ„ÓÍ‡ÚÌÓÈ ‡Á„ÛÁÍÂ ÔÂ‰ÔÎÂ˜¸fl ÔÛ-
ÚÂÏ ÔÓ‰˙ÂÏ‡ ‰Û„ÓÈ ÛÍÓÈ ‰Û„Ó„Ó „ÛÁ‡ ÔÓËÒıÓ-
‰ËÎÓ Ó·Û˜ÂÌËÂ ÒÚ‡·ËÎËÁ‡ˆËË ÔÂ‰ÔÎÂ˜¸fl ‡Á„Û-
Ê‡ÂÏÓÈ ÛÍË. èË ˝ÚÓÏ ÛÏÂÌ¸¯‡Î‡Ò¸ ‡ÏÔÎËÚÛ‰‡
ÎÓÍÚÂ‚Ó„Ó Ò„Ë·‡ÌËfl Ë ÛÒËÎË‚‡ÎÓÒ¸ ÚÓÏÓÊÂÌËÂ
ùåÉ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚ ÔÎÂ˜‡ ‡Á„ÛÊ‡ÂÏÓÈ ÛÍË
ÔÂÂ‰ ‡Á„ÛÁÍÓÈ. ÄÍÚË‚ÌÓÒÚ¸ ÚÂı„Î‡‚ÓÈ Ï˚¯ˆ˚
ÔÎÂ˜‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ËÁÏÂÌflÎ‡Ò¸.

2. Ç ÔÓˆÂÒÒÂ Ó·Û˜ÂÌËfl ÓÚ‚ÂÚ ‰‚Û„Î‡‚ÓÈ Ï˚¯ˆ˚
‡Á„ÛÊ‡ÂÏÓÈ ÛÍË Ì‡ Ú‡ÌÒÍ‡ÌË‡Î¸ÌÛ˛ ÏÓÚÓ-
ÌÛ˛ ÒÚËÏÛÎflˆË˛ ÔÂ‰ÒÚ‡‚ËÚÂÎ¸ÒÚ‚‡ ˝ÚÓÈ Ï˚¯ˆ˚
‚ ÏÓÚÓÌÓÈ ÍÓÂ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ËÁÏÂÌflÎÒfl ÔÓ ‡·-
ÒÓÎ˛ÚÌÓÈ ‚ÂÎË˜ËÌÂ, ÌÓ ‰ÓÒÚÓ‚ÂÌÓ Û‚ÂÎË˜Ë‚‡ÎÒfl
ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÙÓÌÛ.

3. Ç ÍÓÌÚÓÎ¸Ì˚ı ÒÂËflı, ÍÓ„‰‡ ÔÓ‰˙ÂÏ „ÛÁ‡ ÌÂ
ÒÓÔÓ‚ÓÊ‰‡ÎÒfl ‡Á„ÛÁÍÓÈ ‰Û„ÓÈ ÛÍË, ‚ ÔÓˆÂÒÒÂ
Ó·Û˜ÂÌËfl Ì‡·Î˛‰‡ÎÓÒ¸ ÌÂÍÓÚÓÓÂ ÒÌËÊÂÌËÂ Ï˚-
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ä‡ÁÂÌÌËÍÓ‚ Ë ‰.

¯Â˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÛÍË, ÍÓÚÓ‡fl ‡Á„ÛÊ‡Î‡Ò¸ ‚
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÒÂËflı, ÚÓ„‰‡ Í‡Í ÓÚ‚ÂÚ ˝ÚÓÈ
Ï˚¯ˆ˚ Ì‡ Ú‡ÌÒÍ‡ÌË‡Î¸ÌÛ˛ Ï‡„ÌËÚÌÛ˛ ÒÚËÏÛ-
ÎflˆË˛ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ËÁÏÂÌflÎÒfl. 

4. êÂÁÛÎ¸Ú‡Ú˚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÒÛ˘ÂÒÚ‚ÂÌÌÓÈ
ÓÎË ÏÓÚÓÌÓÈ ÍÓ˚ ‚ ÚÓÏÓÊÂÌËË Ï˚¯Â˜ÌÓÈ ‡Í-
ÚË‚ÌÓÒÚË, ÏÂ¯‡˛˘ÂÈ ÙÓÏËÓ‚‡ÌË˛ ÌÓ‚ÓÈ ÍÓÓ-
‰ËÌ‡ˆËË ‚ ÔÓˆÂÒÒÂ ‰‚Ë„‡ÚÂÎ¸ÌÓ„Ó Ó·Û˜ÂÌËfl. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ êÓÒÒËÈÒÍÓ„Ó
ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ (ÔÓÂÍÚ˚
‹ 05-04-48610 Ë 06-04–48891) Ë êÓÒÒËÈÒÍÓ„Ó „ÛÏ‡-
ÌËÚ‡ÌÓ„Ó Ì‡Û˜ÌÓ„Ó ÙÓÌ‰‡ (ÔÓÂÍÚ 06-06-00275).
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