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Ç‚Â‰ÂÌËÂ

Ç [5] ÔÓ‚Â‰ÂÌ‡ ÍÓÎË˜ÂÒÚ‚ÂÌÌ‡fl ÓˆÂÌÍ‡ Ò‚flÁË
ÁÂÏÎÂÚflÒÂÌËÈ Ò ÚÂÍÚÓÌË˜ÂÒÍÓÈ ‡Á‰Ó·ÎÂÌÌÓÒÚ¸˛
ÁÂÏÌÓÈ ÍÓ˚ Ì‡ ÒÛ¯Â ëÂ‚ÂÓ-ÇÓÒÚÓÍ‡ êÓÒÒËË ÔÛÚÂÏ
ÒÓ‚ÏÂÒÚÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÎÓÚÌÓÒÚË Ë ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚ-
ÌÓÒÚË ‡ÁÎÓÏÓ‚ Ò ÔÓÍ‡Á‡ÚÂÎflÏË ÒÂÈÒÏË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË (Û‰ÂÎ¸Ì˚Ï ÍÓÎË˜ÂÒÚ‚ÓÏ ÁÂÏÎÂÚflÒÂÌËÈ Ë
Û‰ÂÎ¸ÌÓÈ ˝ÌÂ„ËÂÈ ÁÂÏÎÂÚflÒÂÌËÈ).

èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÔÓÁ‚ÓÎËÎË ‚˚‰ÂÎËÚ¸
ÓÒÓ·ÂÌÌÓÒÚË ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl
ÁÂÏÎÂÚflÒÂÌËÈ Ì‡ ÒÛ¯Â éıÓÚÒÍÓ-ãÂÌÒÍÓ„Ó ÒÂÈÒÏË-
˜ÂÒÍÓ„Ó ‡ÈÓÌ‡: Ï‡ÍÒËÏ‡Î¸Ì˚È ÛÓ‚ÂÌ¸ ÒÂÈÒÏË˜Â-
ÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Û˜‡ÒÚÍ‡Ï ÒÓ ÒÂ‰ÌË-
ÏË ÁÌ‡˜ÂÌËflÏË ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚,
‚˚‰ÂÎÂÌÌ˚ı ÔÓ „‡‚ËÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï, Ë ÁÓÌ‡Ï
ÔÓ‚˚¯ÂÌÌ˚ı „ÓËÁÓÌÚ‡Î¸Ì˚ı „‡‰ËÂÌÚÓ‚ ËÁÓ‰ËÒ-
ÍÓ‰‡ÌÚ. å‡ÍÒËÏ‡Î¸Ì‡fl ‚ÂÓflÚÌÓÒÚ¸ ‚ÓÁÌËÍÌÓ‚Â-
ÌËfl ÁÂÏÎÂÚflÒÂÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 12
Á‰ÂÒ¸ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÂ‰ÌËÏ ÁÌ‡˜ÂÌËflÏ ÔÎÓÚÌÓÒÚË
‡ÁÎÓÏÓ‚, ‚˚ıÓ‰fl˘Ëı Ì‡ ÔÓ‚ÂıÌÓÒÚ¸. 

èÓ‰Ó·ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ·˚ÎÓ Ú‡ÍÊÂ ÔÓ‚Â‰ÂÌÓ
‰Îfl ÚÂËÚÓËË, ‡ÌÂÂ ÌËÍÓ„‰‡ ÌÂ ËÁÛ˜‡‚¯ÂÈÒfl ÍÓ-
ÎË˜ÂÒÚ‚ÂÌÌ˚ÏË ÒÂÈÒÏÓ„ÂÓÎÓ„Ë˜ÂÒÍËÏË ÏÂÚÓ‰‡ÏË.
í‡ÍËÏ ‡ÈÓÌÓÏ fl‚ÎflÂÚÒfl èËÏ‡„‡‰‡ÌÒÍËÈ Û˜‡ÒÚÓÍ
¯ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl, „‰Â ÔÎ‡ÌËÛ˛ÚÒfl Ë ‚Â‰ÛÚ-
Òfl ËÌÚÂÌÒË‚Ì˚Â ÔÓËÒÍË ÌÂÙÚË Ë „‡Á‡. àÒÒÎÂ‰Ó‚‡ÌËÂ

ÍÓÂÎflˆËÓÌÌ˚ı Ò‚flÁÂÈ ÁÂÏÎÂÚflÒÂÌËÈ Ò ‡Á˚‚-
Ì˚ÏË ÒÚÛÍÚÛ‡ÏË Ë ÛÁÎ‡ÏË Ëı ÔÂÂÒÂ˜ÂÌËfl ÔÓ‚Ó-
‰ËÎÓÒ¸, Í‡Í Ë ‰Îfl ˛„Ó-‚ÓÒÚÓ˜ÌÓ„Ó ÙÎ‡Ì„‡ éıÓÚÒÍÓ-
ãÂÌÒÍÓ„Ó ÒÂÈÒÏË˜ÂÒÍÓ„Ó ‡ÈÓÌ‡, Ì‡ ÓÒÌÓ‚‡ÌËË ‡Ò-
˜ÂÚÓ‚ ÒÎÂ‰Û˛˘Ëı ı‡‡ÍÚÂËÒÚËÍ:

1. ÑÎfl ‚˚fl‚ÎÂÌËfl Ò‚flÁË ÁÂÏÎÂÚflÒÂÌËÈ Ò ‡ÁÎÓÏ‡-
ÏË ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ÔÎÓÚÌÓÒÚ¸ (Û‰ÂÎ¸Ì‡fl ‰ÎËÌ‡) ‡Á-
ÎÓÏÓ‚ – ‚ÂÎË˜ËÌ‡, ı‡‡ÍÚÂËÁÛ˛˘‡fl ‡ÒÔÂ‰ÂÎÂÌËÂ
ËÌÚÂÌÒË‚ÌÓÒÚË ÚÂÍÚÓÌË˜ÂÒÍÓÈ ‡Á‰Ó·ÎÂÌÌÓÒÚË
ÁÂÏÌÓÈ ÍÓ˚ ÔÓ ÔÎÓ˘‡‰Ë. ç‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ÔËÏÂÌÂ-
ÌËfl ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ‡Á‰Ó·-
ÎÂÌÌÓÒÚË ÁÂÏÌÓÈ ÍÓ˚ ÛÍ‡Á˚‚‡˛Ú ‚ Ò‚ÓËı ‡·ÓÚ‡ı
Å.å. ÅÓ„‡˜ÍËÌ Ë ‰., Ç.ë. àÏ‡Â‚ Ë ‰., Ç.ç. ëÏËÌÓ‚
Ë ‰Û„ËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎË [8, 9, 13].

áÌ‡˜ÂÌËÂ ÔÎÓÚÌÓÒÚË (Û‰ÂÎ¸ÌÓÈ ‰ÎËÌ˚) ‡ÁÎÓÏÓ‚
ÓÔÂ‰ÂÎflÎÓÒ¸ ÔÓ ÙÓÏÛÎÂ:

(1)

„‰Â li – ‰ÎËÌ‡ ‡ÁÎÓÏ‡; m – Ó·˘ÂÂ ˜ËÒÎÓ ‡ÁÎÓÏÓ‚ ‚
Í‚‡‰‡ÚÂ Ô‡ÎÂÚÍË; S – ÔÎÓ˘‡‰¸ Í‚‡‰‡Ú‡ Ô‡ÎÂÚÍË,
‰Îfl ÍÓÚÓÓ„Ó ‚˚˜ËÒÎflÂÚÒfl ÁÌ‡˜ÂÌËÂ ÔÎÓÚÌÓÒÚË ‡Á-
ÎÓÏÓ‚.

2. ÑÎfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ Ò‚flÁË
ÁÂÏÎÂÚflÒÂÌËÈ Ò ‡Á˚‚‡ÏË Ë ÛÁÎ‡ÏË Ëı ÔÂÂÒÂ˜Â-

τ 1
S
--- li,

i 1=

m

∑=
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èÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓ„Ó ‡Ì‡ÎËÁ‡ Ò‚flÁË ÁÂÏÎÂÚflÒÂÌËÈ Ò ÚÂÍÚÓÌË˜ÂÒÍÓÈ ‡Á‰Ó·-
ÎÂÌÌÓÒÚ¸˛ ÁÂÏÌÓÈ ÍÓ˚ Ì‡ ÓÒÌÓ‚‡ÌËË ÍÓÂÎflˆËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÎÓÚÌÓÒÚË Ë ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË
‡ÁÎÓÏÓ‚ Ò ÔÓÍ‡Á‡ÚÂÎflÏË ÒÂÈÒÏË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË (Û‰ÂÎ¸Ì˚Ï ÍÓÎË˜ÂÒÚ‚ÓÏ Ë Û‰ÂÎ¸ÌÓÈ ̋ ÌÂ„ËÂÈ ÁÂÏ-
ÎÂÚflÒÂÌËÈ) ‰Îfl èËÏ‡„‡‰‡ÌÒÍÓ„Ó Û˜‡ÒÚÍ‡ ¯ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl. ç‡ ÓÒÌÓ‚‡ÌËË ˝ÚËı Ï‡ÚÂË‡ÎÓ‚
‚˚fl‚ÎÂÌ˚ ÔËÌˆËÔË‡Î¸Ì˚Â ‡ÁÎË˜Ëfl ‚ ÒÚÛÍÚÛÌÓÏ ÔÓÎÓÊÂÌËË ˝ÔËˆÂÌÚÓ‚ ÁÂÏÎÂÚflÒÂÌËÈ Ì‡ ÒÛ¯Â Ë
Ì‡ ÏÓÂ. Ç ÔÂ‰ÂÎ‡ı èËÏ‡„‡‰‡ÌÒÍÓ„Ó ¯ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚ ÁÂÏÎÂÚflÒÂÌËfl
˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 12 Ì‡ Û˜‡ÒÚÍ‡ı Ò ÔÓÌËÊÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ÔÎÓÚÌÓÒÚË (0.04 < τ ≤ 0.06 ÍÏ–1)
Ë ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (2 < ||D|| ≤ 4), ‚˚‰ÂÎÂÌÌ˚ı ÔÓ „‡‚ËÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï. é‰ÌÓÈ ËÁ
ÔË˜ËÌ ÔÓ‰Ó·ÌÓÈ ÒÚÛÍÚÛÌÓ-„ÂÓ‰ËÌ‡ÏË˜ÂÒÍÓÈ ÓÒÓ·ÂÌÌÓÒÚË ‚ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÏ ÔÓÎÓÊÂÌËË ˝ÔËˆÂÌ-
ÚÓ‚ ÁÂÏÎÂÚflÒÂÌËÈ, ÔÓ ÏÌÂÌË˛ ‡‚ÚÓÓ‚, fl‚ÎflÂÚÒfl ÚÂÏÓËÁÓÒÚ‡ÁËfl – ÓÒÚ˚‚‡ÌËÂ ÎËÚÓÒÙÂ˚ Ë ‡ÒÚÂÌÓ-
ÒÙÂ˚ ÔË ‚˚‰ÂÎÂÌËË ÚÂÔÎ‡ ‚ ÓÍÛÊ‡˛˘ÂÂ áÂÏÎ˛ ÔÓÒÚ‡ÌÒÚ‚Ó (ÚÂÔÎÓ ÔÓÒÚÛÔ‡ÎÓ ‚ ‚ÂıÌËÂ ˝Ú‡ÊË
áÂÏÎË ËÁ Ï‡ÌÚËË Ì‡ ÏÂÁÓÍ‡ÈÌÓÁÓÈÒÍÓÏ ˝Ú‡ÔÂ ÂÂ ‡Á‚ËÚËfl) Ë ÔÓÒÂ‰‡ÌËË ‚ÒÎÂ‰ÒÚ‚ËÂ ˝ÚÓ„Ó ÓÍÂ‡ÌË˜Â-
ÒÍÓ„Ó ‰Ì‡. éÔÛÒÍ‡ÌËÂ ‰Ì‡ ÓÍÂ‡ÌÓ‚ Ë ‚ÓÁ‰˚Ï‡ÌËÂ Ï‡ÚÂËÍÓ‚ ÔË‚Ó‰flÚ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ ÓÚ‡ˆËÓÌÌ˚ı
Ú‡Ì„ÂÌˆË‡Î¸Ì˚ı ÒËÎ, ‚ÎËfl˛˘Ëı, Ì‡ Ì‡ÍÓÔÎÂÌËÂ Ì‡ÔflÊÂÌËÈ ‚ íËıÓÓÍÂ‡ÌÒÍÓÏ ÒÂÈÒÏË˜ÂÒÍÓÏ ÔÓflÒÂ.
ÉÓ‰Ó‚ÓÈ ‡ÒıÓ‰ ̋ ÌÂ„ËË ÓÚ‡ˆËÓÌÌ˚ı ÒËÎ Ë ÁÂÏÎÂÚflÒÂÌËÈ ËÏÂ˛Ú ‚ÂÎË˜ËÌÛ Ó‰ÌÓ„Ó ÔÓfl‰Í‡ 1018 ÑÊ/„.

û. ü. Ç‡˘ËÎÓ‚

ìÑä 550.348.436(571)
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ÌËfl ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ‚‚Â‰ÂÌÌ‡fl û.ü. Ç‡˘ËÎÓ‚˚Ï
ÏÂ‡ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ [2, 3]. åÂ‡ ‰ËÒ-
ÍÓ‰‡ÌÚÌÓÒÚË – ˝ÚÓ ‚ÂÎË˜ËÌ‡, ı‡‡ÍÚÂËÁÛ˛˘‡fl
ÒÚÂÔÂÌ¸ ‡Á‰Ó·ÎÂÌÌÓÒÚË ÔÓ‚ÂıÌÓÒÚÂÈ ‡ÁÎË˜Ì˚ı
Ó·˙ÂÍÚÓ‚ ‡ÁÌÓÌ‡Ô‡‚ÎÂÌÌ˚ÏË ‡ÁÎÓÏ‡ÏË, ÚÂ˘Ë-
Ì‡ÏË. åÂ‡ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ÏÓÊÂÚ ·˚Ú¸ ÌÂÌÓÏË-
Ó‚‡ÌÌÓÈ D, Ë ÌÓÏËÓ‚‡ÌÌÓÈ ÔÓ ÔÎÓ˘‡‰Ë ||D||. áÌ‡-
˜ÂÌËÂ ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ÓÔÂ‰ÂÎflÂÚÒfl ÒÛÏÏÓÈ
ÏÓ‰ÛÎÂÈ ÔÓÔ‡Ì˚ı ‚ÂÍÚÓÌ˚ı ÔÓËÁ‚Â‰ÂÌËÈ ÔflÏÓ-
ÎËÌÂÈÌ˚ı ÓÚÂÁÍÓ‚ ‡ÁÎÓÏÓ‚:

(2)

(3)

„‰Â  – ‚ÂÍÚÓ-‡ÁÎÓÏ, m – Ó·˘ÂÂ ˜ËÒÎÓ ‡ÁÎÓÏÓ‚,

(αi + k – αi) – Û„ÓÎ ÏÂÊ‰Û Ì‡Ô‡‚ÎÂÌËflÏË ÔÓÒÚË‡ÌËÈ
‡ÁÎÓÏÓ‚, S – ÔÎÓ˘‡‰¸, ‰Îfl ÍÓÚÓÓÈ ‚˚˜ËÒÎflÂÚÒfl D
Ë ||D||.

3. éÔÂ‰ÂÎÂÌËÂ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı ÍÓÂÎflˆËÓÌ-
Ì˚ı Ò‚flÁÂÈ ÁÂÏÎÂÚflÒÂÌËÈ Ò ‡ÁÎÓÏ‡ÏË Ë ÛÁÎ‡ÏË Ëı
ÔÂÂÒÂ˜ÂÌËfl ÔÓ‚Ó‰ËÎÓÒ¸ Ì‡ ÓÒÌÓ‚‡ÌËË ‚‚Â‰ÂÌÌ˚ı
‡‚ÚÓ‡ÏË ÔÓÍ‡Á‡ÚÂÎÂÈ ÒÂÈÒÏË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË –
Û‰ÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ÁÂÏÎÂÚflÒÂÌËÈ δN Ë Û‰ÂÎ¸ÌÓÈ
˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ δE. 

áÌ‡˜ÂÌËfl ‰‡ÌÌ˚ı ‚ÂÎË˜ËÌ ÓÔÂ‰ÂÎflÎËÒ¸ ÔÓ ÙÓ-
ÏÛÎ‡Ï:

: (4)

„‰Â N, Ei – ̃ ËÒÎÓ Ë ̋ ÌÂ„Ëfl ÁÂÏÎÂÚflÒÂÌËÈ, ̋ ÔËˆÂÌ-

Ú˚ ÍÓÚÓ˚ı ‡ÒÔÓÎÓÊÂÌ˚ ‚ ÔÂ‰ÂÎ‡ı Û˜‡ÒÚÍÓ‚ Ò
ÓÔÂ‰ÂÎÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ÔÎÓÚÌÓÒÚË ËÎË ÏÂ˚
‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚, S – ÔÎÓ˘‡‰¸ ‰‡ÌÌ˚ı
Û˜‡ÒÚÍÓ‚.

êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ ÒÎÂ‰Û-
˛˘ÂÏ ‡Á‰ÂÎÂ.

ÑËÒÍÓ‰‡ÌÚÌÓÒÚ¸, ÔÎÓÚÌÓÒÚ¸ ‡ÁÎÓÏÓ‚ Ë ÒÂÈ-
ÒÏË˜ÌÓÒÚ¸ èËÏ‡„‡‰‡ÌÒÍÓ„Ó Û˜‡ÒÚÍ‡ ̄ ÂÎ¸Ù‡ éıÓÚ-
ÒÍÓ„Ó ÏÓfl. ëÂÈÒÏË˜ÂÒÍ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ‡ÈÓÌ‡ ‡Ò-
ÒÏ‡ÚË‚‡Î‡Ò¸ Ì‡ ÓÒÌÓ‚‡ÌËË ÔÓÒÚÓÂÌÌÓÈ ÒıÂÏ˚
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ˝ÔËˆÂÌÚÓ‚ ÁÂÏ-
ÎÂÚflÒÂÌËÈ. èË ̋ ÚÓÏ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ ÁÂÏÎÂÚflÒÂ-
ÌËfl ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 8.5, Á‡Â„ËÒÚËÓ-
‚‡ÌÌ˚Â Ò 1963 ÔÓ 2002 „„.
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Å˚ÎË ÒÓÒÚ‡‚ÎÂÌ˚ ÒıÂÏ˚ ËÁÓÎËÌËÈ ÔÎÓÚÌÓÒÚË Ë
ËÁÓ‰ËÒÍÓ‰‡ÌÚ ‡ÁÎÓÏÓ‚, ‚˚‰ÂÎÂÌÌ˚ı ÔÓ „‡‚ËÏÂÚ-
Ë˜ÂÒÍËÏ ‰‡ÌÌ˚Ï (ËÒ. 1, 2). ÑÎfl ÔÓÒÚÓÂÌËfl ÒıÂÏ˚
‡ÁÎÓÏÓ‚ ÔÓ „‡‚ËÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï Ì‡ ¯ÂÎ¸ÙÂ
Ú‡Í ÊÂ, Í‡Í Ë Ì‡ ÒÛ¯Â, ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ Í‡Ú˚ ‡ÌÓÏ‡-
ÎËÈ ÒËÎ˚ ÚflÊÂÒÚË ‚ Â‰ÛÍˆËË ÅÛ„Â. Ç˚‰ÂÎÂÌËÂ ‡Á-
ÎÓÏÓ‚ ÔÓ „‡‚ËÏÂÚË˜ÂÒÍËÏ Ë ‰Û„ËÏ „ÂÓÙËÁË˜Â-
ÒÍËÏ ‰‡ÌÌ˚Ï Ô‡ÍÚË˜ÂÒÍË fl‚ÎflÂÚÒfl Â‰ËÌÒÚ‚ÂÌÌ˚Ï
ÏÂÚÓ‰ÓÏ ËÁÛ˜ÂÌËfl ‡Á˚‚ÌÓÈ ÚÂÍÚÓÌËÍ‡ ‰Ì‡ ¯ÂÎ¸-
Ù‡ ÏÓÂÈ. é·Ì‡ÛÊÂÌËÂ ÒÂÚË ‡ÁÎÓÏÓ‚ „ÂÓÎÓ„Ó-„ÂÓ-
ÏÓÙÓÎÓ„Ë˜ÂÒÍËÏË ÏÂÚÓ‰‡ÏË ÔÓ‰ ÚÓÎ˘ÂÈ ‚Ó‰˚ ÌÂ-
‚ÓÁÏÓÊÌÓ ËÎË ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË Á‡ÚÛ‰ÌÂÌÓ.

ëıÂÏ˚ ËÁÓÎËÌËÈ ÔÎÓÚÌÓÒÚË Ë ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚ-
ÌÓÒÚË ‡ÁÎÓÏÓ‚ ÒÚÓËÎËÒ¸ ‡Ì‡ÎÓ„Ë˜ÌÓ ÔÓ‰Ó·Ì˚Ï
ÒıÂÏ‡Ï ˛„Ó-‚ÓÒÚÓ˜ÌÓ„Ó ÙÎ‡Ì„‡ éıÓÚÒÍÓ-ãÂÌÒÍÓ„Ó
ÒÂÈÒÏË˜ÂÒÍÓ„Ó ‡ÈÓÌ‡ [5]. ÇÂÎË˜ËÌ‡ ÔÎÓÚÌÓÒÚË ‡Á-
ÎÓÏÓ‚ ‡ÒÒ˜ËÚ˚‚‡Î‡Ò¸ ÔÓ ÙÓÏÛÎÂ (1) ‚ ˆÂÌÚÂ ÓÍ-
Ì‡ ÒÓ ÒÚÓÓÌÓÈ 25 ÍÏ, ÌÓÏËÓ‚‡ÌÌÓÈ ÏÂ˚ ‰ËÒÍÓ-
‰‡ÌÚÌÓÒÚË ||D|| ‡ÁÎÓÏÓ‚ – ÔÓ ÙÓÏÛÎÂ (3) ‚ ˆÂÌÚÂ
ÒÍÓÎ¸Áfl˘Â„Ó ÓÍÌ‡ 50 × 50 ÍÏ Ò ¯‡„ÓÏ 25. áÌ‡˜ÂÌËfl
ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚ ‰Îfl ËÒÒÎÂ‰ÛÂÏÓ„Ó Û˜‡ÒÚÍ‡ ÎÂ-

Ê‡Ú ‚ ‰Ë‡Ô‡ÁÓÌÂ 0 ≤ τ ≤ 0.18 (ÍÏ–1), ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚ-
ÌÓÒÚË – 0 ≤ ||D|| ≤ 13. ÑÎfl ‰‡Î¸ÌÂÈ¯Â„Ó ÍÓÎË˜ÂÒÚ‚ÂÌ-
ÌÓ„Ó ‡Ì‡ÎËÁ‡ ·˚ÎË ÔÓÒÚÓÂÌ˚ ‰Ë‡„‡ÏÏ˚ Á‡‚ËÒË-
ÏÓÒÚÂÈ ÔÓÍ‡Á‡ÚÂÎÂÈ ÒÂÈÒÏË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË

δN (ÍÏ–1) Ë δE (ÑÊ/ÍÏ2) ÓÚ ÁÌ‡˜ÂÌËÈ ÔÎÓÚÌÓÒÚË Ë ÏÂ-
˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (ËÒ. 3).

ÄÌ‡ÎËÁ ÔÓÒÚÓÂÌÌ˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÓÁ‚ÓÎflÂÚ
Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ Ï‡ÍÒËÏ‡Î¸ÌÓÂ Û‰ÂÎ¸ÌÓÂ ÍÓÎË˜Â-
ÒÚ‚Ó ÁÂÏÎÂÚflÒÂÌËÈ Ì‡ ¯ÂÎ¸ÙÂ ÔËıÓ‰ËÚÒfl Ì‡
Û˜‡ÒÚÍË Ò Ï‡ÍÒËÏ‡Î¸Ì˚ÏË ÁÌ‡˜ÂÌËflÏË ÔÎÓÚÌÓÒÚË
‡ÁÎÓÏÓ‚, ‚ ÚÓ ‚ÂÏfl Í‡Í Û‰ÂÎ¸Ì‡fl ˝ÌÂ„Ëfl ÁÂÏÎÂ-
ÚflÒÂÌËÈ ËÏÂÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ Ì‡ Û˜‡ÒÚ-
Í‡ı, Ó„‡ÌË˜ÂÌÌ˚ı ËÁÓÎËÌËflÏË 4–6 (ËÒ. 3‡ Ë 3·).
í‡ÍËÏ Ó·‡ÁÓÏ, Ï‡ÍÒËÏ‡Î¸ÌÓÂ ˜ËÒÎÓ ÁÂÏÎÂÚflÒÂ-
ÌËÈ ä ≥ 8.5 ÔËÛÓ˜ÂÌÓ Í Û˜‡ÒÚÍ‡Ï, Ò Ï‡ÍÒËÏ‡Î¸ÌÓÈ
‡Á‰Ó·ÎÂÌÌÓÒÚ¸˛ ÁÂÏÌÓÈ ÍÓ˚, ‚ ÚÓ ‚ÂÏfl Í‡Í
ÁÂÏÎÂÚflÒÂÌËfl ä ≥ 12 Úfl„ÓÚÂ˛Ú Í Û˜‡ÒÚÍ‡Ï Ò ÏËÌË-
Ï‡Î¸ÌÓÈ ÚÂÍÚÓÌË˜ÂÒÍÓÈ ‡Á‰Ó·ÎÂÌÌÓÒÚ¸˛ (ËÒ. 3‡
‚ÂÁÍ‡).

ÄÌ‡ÎËÁËÛfl ËÒ. 3, ÏÓÊÌÓ Ú‡ÍÊÂ ÓÚÏÂÚËÚ¸, ˜ÚÓ
Ï‡ÍÒËÏ‡Î¸ÌÓÂ Û‰ÂÎ¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÁÂÏÎÂÚflÒÂÌËÈ
‰Îfl ÏÓfl ÔËıÓ‰ËÚÒfl Ì‡ Û˜‡ÒÚÍË ÒÓ ÒÂ‰ÌËÏË ÁÌ‡˜Â-
ÌËflÏË ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (ËÒ. 3‚), ‚
ÚÓ ‚ÂÏfl Í‡Í Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ Û‰ÂÎ¸ÌÓÈ
˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ (ËÒ. 3„) Ë Ï‡ÍÒËÏ‡Î¸ÌÓÂ
Û‰ÂÎ¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÁÂÏÎÂÚflÒÂÌËÈ ˝ÌÂ„ÂÚË˜Â-
ÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 12 (ËÒ. 3Â ‚ÂÁÍ‡) ËÏÂ˛Ú Ï‡ÍÒË-
Ï‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ Ì‡ Û˜‡ÒÚÍ‡ı, Ó„‡ÌË˜ÂÌÌ˚ı ËÁÓ-
‰ËÒÍÓ‰‡ÌÚ‡ÏË 2–4. 

í‡ÍËÏ Ó·‡ÁÓÏ, ÍÓÏÔÎÂÍÒÌ˚È ‡Ì‡ÎËÁ Ò‚flÁË ÁÂÏ-
ÎÂÚflÒÂÌËÈ Ò ‡ÁÎÓÏ‡ÏË Ë ÛÁÎ‡ÏË Ëı ÔÂÂÒÂ˜ÂÌËfl
ÔÓÍ‡Á‡Î ÔËÌˆËÔË‡Î¸Ì˚Â ÓÚÎË˜Ëfl ‚ ÔÓÒÚ‡ÌÒÚ‚ÂÌ-
ÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË ÁÂÏÎÂÚflÒÂÌËÈ Ì‡ ÒÛ¯Â Ë Ì‡ ÏÓ-
Â. å‡ÍÒËÏ‡Î¸ÌÓÂ Û‰ÂÎ¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÁÂÏÎÂÚfl-
ÒÂÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 12, ‡, ÒÎÂ‰Ó‚‡-
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‰ÂÎÂÌËfl ˝ÔËˆÂÌÚÓ‚ ÁÂÏÎÂÚflÒÂÌËÈ èËÏ‡„‡‰‡ÌÒÍÓ„Ó Û˜‡ÒÚÍ‡ ¯ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl. 1 – ËÁÓÎËÌËË ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚;
2 – ‡Ò˜ÂÚÌ˚Â ÁÌ‡˜ÂÌËfl ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚; 3–4 – ˝ÔËˆÂÌÚ˚ ÁÂÏÎÂÚflÒÂÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡: 3 – 8.5 ≤ ä < 12;
4 − ä ≥12.
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êËÒ. 2. ëıÂÏ‡ ËÁÓ‰ËÒÍÓ‰‡ÌÚ ‡ÁÎÓÏÓ‚, ‚˚‰ÂÎÂÌÌ˚ı ÔÓ „‡‚ËÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï, Ë ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ̋ ÔËˆÂÌÚÓ‚ ÁÂÏÎÂÚflÒÂÌËÈ èËÏ‡„‡‰‡ÌÒÍÓ„Ó Û˜‡ÒÚÍ‡ ̄ ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl. 1 – ËÁÓ‰ËÒÍÓ‰‡ÌÚ˚; 2 – ‡Ò˜ÂÚÌ˚Â
ÁÌ‡˜ÂÌËfl ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚; 3–4 – ˝ÔËˆÂÌÚ˚ ÁÂÏÎÂÚflÒÂÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡: 3 – 8.5 ≤ ä < 12,
4 – ä ≥ 12.
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ÚÂÎ¸ÌÓ, Ë Ï‡ÍÒËÏ‡Î¸Ì‡fl Û‰ÂÎ¸Ì‡fl ˝ÌÂ„Ëfl
ÁÂÏÎÂÚflÒÂÌËÈ Úfl„ÓÚÂ˛Ú Í Ó·Î‡ÒÚflÏ Ò ÔÓÌËÊÂÌÌ˚-

ÏË ÁÌ‡˜ÂÌËflÏ ÔÎÓÚÌÓÒÚË (0.04 < τ ≤ 0.06 ÍÏ–1) Ë ÏÂ˚
‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (2 < ||D|| ≤ 4). í. Â. Ó˘ÛÚË-
Ï˚Â ÁÂÏÎÂÚflÒÂÌËfl ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡ ä ≥ 12
Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚ Ì‡ Û˜‡ÒÚÍ‡ı ÁÂÏÌÓÈ ÍÓ˚ Ò ÔÓÌË-
ÊÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ÚÂÍÚÓÌË˜ÂÒÍÓÈ ‡Á‰Ó·ÎÂÌ-
ÌÓÒÚË Ë Ò ÏËÌËÏ‡Î¸ÌÓÈ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚ¸˛ ‡Á˚‚-
Ì˚ı Ì‡Û¯ÂÌËÈ. 

ëÚÛÍÚÛÌÓ-„ÂÓ‰ËÌ‡ÏË˜ÂÒÍËÂ ÓÒÓ·ÂÌÌÓÒÚË ‚
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÏ ÔÓÎÓÊÂÌËË ̋ ÔËˆÂÌÚÓ‚ ÁÂÏÎÂÚfl-
ÒÂÌËÈ Ì‡ èËÏ‡„‡‰‡ÌÒÍÓÏ ¯ÂÎ¸ÙÂ. Ñ‚ÓÈÒÚ‚ÂÌÌ‡fl
ÔËÛÓ˜ÂÌÌÓÒÚ¸ Û˜‡ÒÚÍÓ‚ ‚˚‰ÂÎÂÌËfl Ï‡ÍÒËÏ‡Î¸ÌÓÈ
˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ Ì‡ ¯ÂÎ¸ÙÂ – Í ÁÓÌ‡Ï Ò ÔÓÌË-
ÊÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË Ë

ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚ – ÔÓÁ‚ÓÎflÂÚ ËÌÚÂÔÂÚËÓ‚‡Ú¸
˝ÚÓ fl‚ÎÂÌËÂ Í‡Í Úfl„ÓÚÂÌËÂ ̋ ÔËˆÂÌÚÓ‚ ÒÂÈÒÏË˜ÂÒÍËı
ÚÓÎ˜ÍÓ‚ Í ˆÂÌÚ‡Î¸Ì˚Ï ˜‡ÒÚflÏ ·ÎÓÍÓ‚. ÅÓÎÂÂ
Ú˘‡ÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ˜‡ÒÚÓ Ú‡ÍËÂ
·ÎÓÍË ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ÎÓÍ‡Î¸Ì˚Â ‚Ô‡‰ËÌ˚
ÏÂÁÓÍ‡ÈÌÓÁÓÈÒÍÓ„Ó ÓÒ‡‰Ó˜ÌÓ„Ó ˜ÂıÎ‡ Ë ÒÓ‚ÂÏÂÌ-
Ì˚ı ÓÒ‡‰ÍÓ‚ ¯ÂÎ¸Ù‡, ÓÚÏÂ˜‡ÂÏ˚Â ÔÓÌËÊÂÌÌ˚ÏË
ÁÌ‡˜ÂÌËflÏË ÔÓÎfl ÒËÎ˚ ÚflÊÂÒÚË. ÅÓÎÂÂ ‰ÂÚ‡Î¸Ì˚È
‡Ì‡ÎËÁ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ Ú‡ÍËÂ ·ÎÓÍË ˜‡˘Â ÔÂ‰-
ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ „‡·ÂÌÓÓ·‡ÁÌ˚Â ‚Ô‡‰ËÌ˚. 

ä ·ÎËÁÍËÏ ÔÓ ÒÏ˚ÒÎÛ ‚˚‚Ó‰‡Ï ÓÚÌÓÒËÚÂÎ¸ÌÓ
‚ÌÂ‡ÁÎÓÏÌÓ„Ó ÔÓÎÓÊÂÌËfl ˝ÔËˆÂÌÚÓ‚ ÁÂÏÎÂÚflÒÂ-
ÌËÈ ÔË¯ÎË ë.Ä. îÂ‰ÓÚÓ‚, Â„Ó Û˜ÂÌËÍË Ë ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎË ÔË ËÒÒÎÂ‰Ó‚‡ÌËflı ÒÚÛÍÚÛÌÓÈ ÔÓÁËˆËË ˝ÔË-
ˆÂÌÚÓ‚ ÍÓÓ‚˚ı ÁÂÏÎÂÚflÒÂÌËÈ Ô-Ó‚ ä‡Ï˜‡ÚÍ‡ [6,

êËÒ. 3. êÂÁÛÎ¸Ú‡Ú˚ ‡Ì‡ÎËÁ‡ ÒÚÂÔÂÌË ÍÓÂÎflˆËË ÔÎÓÚÌÓÒÚË Ë ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚, ‚˚‰ÂÎÂÌÌ˚ı ÔÓ „‡‚Ë-
ÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï, Ò ÔÓÍ‡Á‡ÚÂÎflÏË ÒÂÈÒÏË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË èËÏ‡„‡‰‡ÌÒÍÓ„Ó ¯ÂÎ¸Ù‡ éıÓÚÒÍÓ„Ó ÏÓfl. ‡ – á‡‚Ë-
ÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ÁÂÏÎÂÚflÒÂÌËÈ (N/S × 10–3 ÍÏ–2) ÓÚ ÁÌ‡˜ÂÌËÈ ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (Ì‡ ‚ÂÁÍÂ ÔË‚Â‰ÂÌ‡
Á‡‚ËÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ÁÂÏÎÂÚflÒÂÌËÈ (N/S × 10–3 ÍÏ–2) ÓÚ ÁÌ‡˜ÂÌËÈ ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚ ‰Îfl ÁÂÏÎÂÚflÒÂ-
ÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍËı ÍÎ‡ÒÒÓ‚ ä ≥ 12); · – á‡‚ËÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓÈ ˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ (E/S × 106 ÑÊ/ÍÏ2) ÓÚ ÁÌ‡˜ÂÌËÈ
ÔÎÓÚÌÓÒÚË ‡ÁÎÓÏÓ‚; ‚ – á‡‚ËÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ÁÂÏÎÂÚflÒÂÌËÈ (N/S × 10–3 ÍÏ–2) ÓÚ ÁÌ‡˜ÂÌËÈ ÏÂ˚ ‰ËÒÍÓ-
‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ (Ì‡ ‚ÂÁÍÂ ÔË‚Â‰ÂÌ‡ Á‡‚ËÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ÁÂÏÎÂÚflÒÂÌËÈ (N/S × 10−3 ÍÏ–2) ÓÚ ÁÌ‡-
˜ÂÌËÈ ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚ ‰Îfl ÁÂÏÎÂÚflÒÂÌËÈ ˝ÌÂ„ÂÚË˜ÂÒÍËı ÍÎ‡ÒÒÓ‚ ä ≥ 12); „ – á‡‚ËÒËÏÓÒÚ¸ Û‰ÂÎ¸ÌÓÈ
˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ (E/S × 106 ÑÊ/ÍÏ2) ÓÚ ÁÌ‡˜ÂÌËÈ ÏÂ˚ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ‡ÁÎÓÏÓ‚.
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15, 16]. éÌË ÔÓÍ‡Á‡ÎË ÓÚÒÛÚÒÚ‚ËÂ Ò‚flÁË ‚ ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÔËˆÂÌÚÓ‚ ÍÓÓ‚˚ı ÁÂÏ-
ÎÂÚflÒÂÌËÈ Ë „ÓÎÓˆÂÌÓ‚˚ı ‡ÁÎÓÏÓ‚.

ÑÎfl Ì‡ÍÓÔÎÂÌËfl ·ÓÎ¸¯Ëı Ì‡ÔflÊÂÌËÈ Ë ÔÓ‰„Ó-
ÚÓ‚ÍË ÒËÎ¸Ì˚ı ÁÂÏÎÂÚflÒÂÌËÈ ÌÂÓ·ıÓ‰ËÏÓ ÒÛ˘Â-
ÒÚ‚Ó‚‡ÌËÂ ÍÛÔÌ˚ı ÌÂ‡Á‰Ó·ÎÂÌÌ˚ı ·ÎÓÍÓ‚, Ú. Í.
˝ÌÂ„ÂÚË˜ÂÒÍËÈ ÔÓÚÂÌˆË‡Î ÁÂÏÎÂÚflÒÂÌËÈ (Ï‡„ÌË-
ÚÛ‰‡ Ë ˝ÌÂ„ÂÚË˜ÂÒÍËÈ ÍÎ‡ÒÒ) Á‡‚ËÒËÚ ÓÚ ‡ÁÏÂÓ‚
ÒÂÈÒÏË˜ÂÒÍÓ„Ó Ó˜‡„‡ [7, 14]. Ç ÒÂÈÒÏË˜ÂÒÍËı ‡ÈÓ-
Ì‡ı ëÂ‰ÌÂÈ ÄÁËË ÔË ËÁÏÂÌÂÌËË ‡ÁÏÂÓ‚ Ó˜‡„‡ ‚

 = 2.15 ‡Á‡ ÁÌ‡˜ÂÌËÂ ÒÂÈÒÏË˜ÂÒÍÓÈ ˝ÌÂ„ËË

Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ì‡ Ó‰ËÌ ‰ÂÒflÚË˜Ì˚È ÔÓfl‰ÓÍ [14].
ê‡ÒÔÓÎÓÊÂÌËÂ „ËÔÓˆÂÌÚÓ‚ ‚ ÒÂÂ‰ËÌÂ ·ÎÓÍ‡ Ë Û‰‡-
ÎÂÌÌÓÒÚ¸ ÓÚ ÒÛ˘ÂÒÚ‚Û˛˘Ëı ‡ÁÎÓÏÓ‚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ
Û‚ÂÎË˜Ë‚‡˛Ú Ó·˙ÂÏ ÌÂÌ‡Û¯ÂÌÌ˚ı ÔÓÓ‰, ÍÓÚÓ˚Â
ÏÓ„ÛÚ ·˚Ú¸ ‚Ó‚ÎÂ˜ÂÌÌ˚ÏË ‚ ÔÓˆÂÒÒ ÁÂÏÎÂÚflÒÂ-
ÌËfl. í‡Í‡fl ÔÓÒÚ‡ÌÓ‚Í‡ ‚ÓÔÓÒ‡ Í‡Í ·Û‰ÚÓ ·˚ ÛÍ‡Á˚-
‚‡ÂÚ Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ÒËÎ¸Ì˚ı ÁÂÏÎÂÚflÒÂÌËÈ Ì‡
èËÏ‡„‡‰‡ÌÒÍÓÏ ¯ÂÎ¸ÙÂ. èÓ‰Ú‚ÂÊ‰ÂÌËfl ˝ÚÓÏÛ
ÔÂ‰ÔÓÎÓÊÂÌË˛ ‚ ‚Ë‰Â ÒÂÈÒÏË˜ÂÒÍËı ÒÓ·˚ÚËÈ ÔÓÍ‡
ÌÂÚ.

ÇÌÂ‡ÁÎÓÏÌÓÂ ÔÓÎÓÊÂÌËÂ Ó˜‡„Ó‚ ÁÂÏÎÂÚflÒÂÌËÈ
ı‡‡ÍÚÂÌÓ ‰Îfl Á‡Ô‡‰ÌÓÈ ‡Í‚‡ÚÓËË íËıÓ„Ó ÓÍÂ‡Ì‡
Ë ÁÓÌ˚ ÔÂÂıÓ‰‡ ÓÚ Ï‡ÚÂËÍ‡ Í ÓÍÂ‡ÌÛ Ò ÂÂ ÓÍ‡ËÌ-
Ì˚ÏË ÏÓflÏË Ë ÓÒÚÓ‚ÌÓÈ Ë ÔÓÎÛÓÒÚÓ‚ÌÓÈ ÒÛ¯ÂÈ.
ÉÂÌÂÁËÒ Ú‡ÍËı ÁÂÏÎÂÚflÒÂÌËÈ Ó·ÛÒÎÓ‚ÎÂÌ ÔÓˆÂÒÒ‡-
ÏË, ÍÓÚÓ˚Â ÔË‚Ó‰flÚ Í Û„ÎÛ·ÎÂÌË˛ ÓÍÂ‡ÌÓ‚ Ë ÔÓ‰-
ÌflÚË˛ Ï‡ÚÂËÍÓ‚ [17, 19]. ç‡ Û„ÎÛ·ÎÂÌËÂ ÓÍÂ‡ÌÓ‚
ÛÍ‡Á˚‚‡ÂÚ Ù‡ÍÚ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl „‡ÈÓÚÓ‚ – ÔÎÓÒÍÓ-
‚Â¯ËÌÌ˚ı ÔÓ‰‚Ó‰Ì˚ı „Ó Ì‡ „ÎÛ·ËÌ‡ı 1000–2000 Ï.
É‡ÈÓÚ˚ ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ËÁÓÎËÓ‚‡ÌÌ˚Â ÔÎÓÒ-
ÍÓ‚Â¯ËÌÌ˚Â ÔÓ‰‚Ó‰Ì˚Â „Ó˚, ‚Â¯ËÌ˚ ÍÓÚÓ˚ı
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ÒÂÁ‡Ì˚ ‡·‡ÁËÂÈ ËÎË Û‚ÂÌ˜‡Ì˚ ÍÓ‡ÎÎÓ‚˚Ï Ë-
ÙÓÏ. ÅÓÎ¸¯ËÌÒÚ‚Ó ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ Ò˜ËÚ‡˛Ú, ˜ÚÓ
„‡ÈÓÚ˚ ËÒÔ˚Ú‡ÎË ÓÔÛÒÍ‡ÌËÂ ‚ÏÂÒÚÂ Ò Ó·‡ÁÛ˛˘ËÏ
Ëı ÓÒÌÓ‚‡ÌËÂ ÓÍÂ‡ÌË˜ÂÒÍËÏ ‰ÌÓÏ. ÄÌ‡ÎÓ„Ë˜Ì‡fl Í‡-
ÚËÌ‡ ÓÔÛÒÍ‡ÌËfl ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl Ë ‰‡ÌÌ˚ÏË ·ÛÂÌËfl
Ì‡ ‡ÚÓÎÎ‡ı, „‰Â ÔÓÓ‰˚ ÍÓ‡ÎÎÓ‚˚ı ËÙÓ‚ ‚ÒÚÂ˜Â-
Ì˚ Ì‡ „ÎÛ·ËÌ‡ı 1200–1400 Ï ÔË ÌÓÏ‡Î¸ÌÓÏ ÊËÁ-
ÌÂÌÌÓÏ ‡Á‚ËÚËË ÍÓ‡ÎÎÓ‚ ‰Ó 50–60 Ï.

èË˜ËÌÓÈ Ú‡ÍËı ÔÓˆÂÒÒÓ‚ fl‚ÎflÂÚÒfl ÚÂÏÓËÁÓ-
ÒÚ‡ÁËfl (ËÎË ÚÂÏÓÛÒ‡‰Í‡) ÔÎ‡ÌÂÚ‡ÌÓ„Ó (ÓÍÂ‡Ì˚,
ÓÍ‡ËÌÌ˚Â Ë ‚ÌÛÚÂÌÌËÂ ÏÓfl), Â„ËÓÌ‡Î¸ÌÓ„Ó (‚Ô‡-
‰ËÌ˚ ‚ÌÛÚË ÏÓÂÈ Ë ÓÍÂ‡ÌÓ‚) Ë ÎÓÍ‡Î¸ÌÓ„Ó Ï‡Ò-
¯Ú‡·Ó‚, Ò‚flÁ‡ÌÌ‡fl Ò ÓÒÚ˚‚‡ÌËÂÏ ÎËÚÓÒÙÂ˚ Ë ‡ÒÚÂ-
ÌÓÒÙÂ˚ ÔÓÒÎÂ ‚ÂÒ¸Ï‡ Á‡ÏÂÚÌÓ„Ó ‚ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ
ËÒÚÓËË áÂÏÎË ÔÓÁ‰ÌÂÏÂÁÓÁÓÈÒÍÓ„Ó ÚÂÔÎÓ‚Ó„Ó ÒÓ-
·˚ÚËfl Ò ‚˚ıÓ‰ÓÏ ÏÓ˘ÌÓÈ ‚ÓÎÌ˚ ÚÂÔÎ‡ Í ÔÓ‚ÂıÌÓ-
ÒÚË. ÑÌÓ ÓÍÂ‡ÌÓ‚, ‚ÌÛÚÂÌÌËı Ë ÓÍ‡ËÌÌ˚ı ÏÓÂÈ ‚
ÔÓÁ‰ÌÂÏ ÏÂÁÓÁÓÂ ·˚ÎÓ Ì‡Ë·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï ÔÓ-
‚Ó‰ÌËÍÓÏ ‚ÌÛÚÂÌÌÂ„Ó ÚÂÔÎ‡ áÂÏÎË ‚Ó ‚ÌÂ¯ÌÂÂ ÔÓ-
ÒÚ‡ÌÒÚ‚Ó [11]. àÏÂÌÌÓ ‚ ÁÓÌÂ ÔÂÂıÓ‰‡ ÓÚ ÄÁË‡Ú-
ÒÍÓ„Ó Ë Ä‚ÒÚ‡ÎËÈÒÍÓ„Ó Ï‡ÚÂËÍÓ‚ Ó·‡ÁÓ‚‡ÎËÒ¸ Ë
ÔÓ‰ÓÎÊ‡˛Ú ÙÓÏËÓ‚‡Ú¸Òfl ÛÔÓÏflÌÛÚ˚Â ‚Ô‡‰ËÌ˚
ÓÍ‡ËÌÌ˚ı ÏÓÂÈ [18] Ë ÇÓÒÚÓ˜ÌÓ-ÄÁË‡ÚÒÍËÈ „‡·Â-
ÌÓ‚˚È ÔÓflÒ [1].

êÓÎ¸ ÒËÎ äÓËÓÎËÒ‡ ‚ ÙÓÏËÓ‚‡ÌËË ÒÂÈÒÏË˜ÌÓ-
ÒÚË Ì‡ ‚ÓÒÚÓÍÂ Ë Á‡Ô‡‰Â íËıÓÓÍÂ‡ÌÒÍÓ„Ó ·‡ÒÒÂÈÌ‡.
éÔÛÒÍ‡ÌËÂ ‰Ì‡ íËıÓ„Ó ÓÍÂ‡Ì‡ Ë ‚ÓÁ‰˚Ï‡ÌËÂ Ï‡ÚÂ-
ËÍÓ‚ ÔË‚Ó‰flÚ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ Ú‡Ì„ÂÌˆË‡Î¸Ì˚ı
ÓÚ‡ˆËÓÌÌ˚ı ÒËÎ, Ì‡Ô‡‚ÎÂÌÌ˚ı Ì‡ ‚ÓÒÚÓÍ ÔË
ÓÔÛÒÍ‡ÌËË Û˜‡ÒÚÍÓ‚ ÓÍÂ‡Ì‡ Ë Ì‡Ô‡‚ÎÂÌÌ˚ı Ì‡ Á‡-
Ô‡‰ ÔË ÔÓ‰ÌflÚËË ÒÛ¯Ë. çÂ·ÓÎ¸¯ËÂ ÔÓ ‚ÂÎË˜ËÌÂ, ÌÓ
ËÏÂ˛˘ËÂ ÔÎ‡ÌÂÚ‡Ì˚È ı‡‡ÍÚÂ Ë ‰ÂÈÒÚ‚Û˛˘ËÂ ‚
Ó‰ÌÓÏ Ì‡Ô‡‚ÎÂÌËË ‚ ÚÂ˜ÂÌËÂ ‰ÂÒflÚÍÓ‚ ÏËÎÎËÓÌÓ‚

Ä
ÁË

fl

íËıËÈ ÓÍÂ‡Ì

Ç‡˘ÂÌËÂ
áÂÏÎË

Ä
ÏÂËÍ‡

1 2

h

H

H

êËÒ. 4. ëıÂÏ‡ ‚ÓÁÌËÍÌÓ‚ÂÌËfl ÓÚ‡ˆËÓÌÌ˚ı ÒËÎ [17]. 1 – èÂ‚Ë˜Ì˚Â ‚ÂÚËÍ‡Î¸Ì˚Â ÔÂÂÏÂ˘ÂÌËfl Ï‡ÚÂËÍÓ‚ Ë ÓÍÂ‡ÌÓ‚;
2 – ÇÚÓË˜Ì˚Â Ú‡Ì„ÂÌˆË‡Î¸Ì˚Â ÒËÎ˚ ÓÚ‡ˆËÓÌÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl.
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ÎÂÚ, ˝ÚË ÒËÎ˚ ÓÍ‡Á˚‚‡˛Ú ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ ‚ÎËflÌËÂ Ì‡
ÏÌÓ„ËÂ ÚÂÍÚÓÌË˜ÂÒÍËÂ ÔÓˆÂÒÒ˚. Ç ˜‡ÒÚÌÓÒÚË, ÏÌÓ-
„Ó˜ËÒÎÂÌÌ˚Â „ÂÓÎÓ„Ë˜ÂÒÍËÂ Ë „ÂÓÙËÁË˜ÂÒÍËÂ ÔË-
ÁÌ‡ÍË ‡ÒËÏÏÂÚËË íËıÓ„Ó ÓÍÂ‡Ì‡ ÏÓ„ÛÚ Ó·˙flÒÌflÚ¸-
Òfl ÔÂÓ·Î‡‰‡ÌËÂÏ ‚ ÚÂ˜ÂÌËÂ ‰ÎËÚÂÎ¸ÌÓ„Ó ‚ÂÏÂÌË
ÒËÎ ÒÊ‡ÚËfl Ì‡ ‚ÓÒÚÓÍÂ Ë ÒËÎ ‡ÒÚflÊÂÌËfl Ì‡ Á‡Ô‡‰Â
íËıÓ„Ó ÓÍÂ‡Ì‡ [17] (ËÒ. 4). 

Ä‚ÚÓ‡ÏË ÔÓËÁ‚Â‰ÂÌ ‡Ò˜ÂÚ ˝ÌÂ„ËÈ, Ó·ÛÒÎÓ‚-
ÎÂÌÌ˚ı ÒËÎ‡ÏË äÓËÓÎËÒ‡, ÔË ÔÓ‰ÌflÚËË ËÎË ÓÔÛÒ-
Í‡ÌËË ·ÎÓÍÓ‚ áÂÏÎË, Ë Ò‡‚ÌËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ ÔÓÎÛ-
˜ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ Ò ˝ÌÂ„ËÂÈ ÁÂÏÎÂÚflÒÂÌËÈ [10].
ÇÂÎË˜ËÌ‡ ˝ÌÂ„ËË, ÒÓÁ‰‡‚‡ÂÏÓÈ ÓÚ‡ˆËÓÌÌ˚ÏË ÒË-
Î‡ÏË, ÓÔÂ‰ÂÎflÎ‡Ò¸ ÔÓ ÙÓÏÛÎÂ (4): 

(5)

„‰Â: ω = 7.3 × 105 ‡‰/Ò – Û„ÎÓ‚‡fl ÒÍÓÓÒÚ¸ ‚‡˘ÂÌËfl
áÂÏÎË; λ1, λ2, ϕ1, ϕ2 – „ÂÓ„‡ÙË˜ÂÒÍËÂ ̄ ËÓÚ‡ Ë ‰ÓÎ-

„ÓÚ‡ ‚˚·‡ÌÌÓ„Ó ·ÎÓÍ‡.; ç – ÚÓÎ˘ËÌ‡ ·ÎÓÍ‡, ‡‚Ì‡fl
700 ÍÏ, Ú.Â. ÓÔÂ‰ÂÎflÂÚÒfl Ï‡ÍÒËÏ‡Î¸ÌÓÈ „ÎÛ·ËÌÓÈ
Ó˜‡„Ó‚ ÁÂÏÎÂÚflÒÂÌËÈ; h – ‚ÂÎË˜ËÌ‡ ÔÓ‰ÌflÚËfl ËÎË
ÓÔÛÒÍ‡ÌËfl ·ÎÓÍ‡; ρ1 – ÔÎÓÚÌÓÒÚ¸ ·ÎÓÍ‡ ÔË ÓÚÒÛÚ-

ÒÚ‚ËË ‚ÂÚËÍ‡Î¸Ì˚ı ÔÂÂÏÂ˘ÂÌËÈ ρ1 = 3.7 „/ÒÏ3; ρ2 –

ÔÎÓÚÌÓÒÚ¸ ·ÎÓÍ‡ ÔÓ‰Ìfl‚¯Â„ÓÒfl ËÎË ÓÔÛÒÚË‚¯Â„ÓÒfl
ÓÚÌÓÒËÚÂÎ¸ÌÓ ÛÓ‚Ìfl ÏÓfl Ì‡ ‚ÂÎË˜ËÌÛ h.

ùÌÂ„Ëfl ÁÂÏÎÂÚflÒÂÌËÈ ÓÔÂ‰ÂÎflÎ‡Ò¸ ÔÓ ÙÓÏÛ-

ÎÂ  = K = 4.6 + 1.65M, „‰Â ä – ˝ÌÂ„ÂÚË˜ÂÒÍËÈ

ÍÎ‡ÒÒ ÁÂÏÎÂÚflÒÂÌËÈ, å – Ï‡„ÌËÚÛ‰‡ ÁÂÏÎÂÚflÒÂÌËÈ
[12]. èË ÓÔÂ‰ÂÎÂÌËË ˝ÌÂ„ËË Û˜ËÚ˚‚‡ÎËÒ¸ ÁÂÏÎÂ-
ÚflÒÂÌËfl Ò Ï‡„ÌËÚÛ‰‡ÏË ÓÚ 7.5 ‰Ó 8.7, ÔÓËÁÓ¯Â‰¯ËÂ
Ì‡ ÒÛ¯Â Ë ‚ ÏÓÂ Ò 1897 ÔÓ 1956 „„. èË ˝ÚÓÏ ‡Ò-
ÒÏ‡ÚË‚‡ÎËÒ¸ Í‡Í ÔÓ‚ÂıÌÓÒÚÌ˚Â ÁÂÏÎÂÚflÒÂÌËfl Ò
„ÎÛ·ËÌÓÈ Ó˜‡„‡ 0–70 ÍÏ, Ú‡Í Ë „ÎÛ·ÓÍÓÙÓÍÛÒÌ˚Â Ò
Ó˜‡„‡ÏË 70–300 ÍÏ. 

áÌ‡˜ÂÌËfl ̋ ÌÂ„ËË ÓÚ‡ˆËÓÌÌ˚ı ÒËÎ ‡ÒÒ˜ËÚ˚‚‡-
ÎËÒ¸ ‚ ÚË ˝Ú‡Ô‡:

1. ÇÒfl ÁÂÏÌ‡fl ÔÓ‚ÂıÌÓÒÚ¸ ·˚Î‡ ‡Á·ËÚ‡ Ì‡ ·ÎÓ-
ÍË. èË ˝ÚÓÏ ‚ÂÎË˜ËÌ‡ (ϕ2 – ϕ1) ‰Îfl ‚ÒÂı ·ÎÓÍÓ‚
·˚Î‡ Ó‰ËÌ‡ÍÓ‚ÓÈ, Ë ‡‚ÌÓÈ 5°, ‰ÓÎ„ÓÚ˚ λ1 Ë λ2 ‚˚-
·Ë‡ÎËÒ¸ Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ·˚ Û˜ÂÒÚ¸ ÓÒÓ·ÂÌÌÓ-
ÒÚË ÂÎ¸ÂÙ‡, Ú.Â. ‚˚ÒÓÚ‡ ËÎË „ÎÛ·ËÌ‡ ÔÓ‚ÂıÌÓÒÚË
‚˚·‡ÌÌÓ„Ó Û˜‡ÒÚÍ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÛÓ‚Ìfl ÏÓfl

ΔE 0.1ω2 λ2 λ1–( )×=

× ϕ2sin ϕ1sin–( ) 1
3
--- ϕ3

2 ϕ3
1sin–sin( )–⎝ ⎠

⎛ ⎞ ×

× p2 R h±( )5 R H– h±( )5–( ) –(

– ρ1 R5 R H–( )5–( ) )

ρ2 ρ1
R3 R H–( )3–[ ]

R h±( )3 R H– h±( )3–[ ]
-------------------------------------------------------------,=

Elg

·˚Î‡ ÔË·ÎËÁËÚÂÎ¸ÌÓ Ó‰ËÌ‡ÍÓ‚ÓÈ. ÑÎfl ‚ÒÂı ‚˚-
·‡ÌÌ˚ı ·ÎÓÍÓ‚ ÓÔÂ‰ÂÎflÎËÒ¸ ÁÌ‡˜ÂÌËfl ˝ÌÂ„ËË
ÔÓ ÙÓÏÛÎÂ (5). ÄÏÔÎËÚÛ‰‡ ÔÓ‰ÌflÚËfl (h > 0) Ë ÓÔÛÒ-
Í‡ÌËfl (h < 0) ‡‚ÌflÎ‡Ò¸ Ù‡ÍÚË˜ÂÒÍÓÈ ‚˚ÒÓÚÂ („ÎÛ-
·ËÌÂ) ÔÓ‚ÂıÌÓÒÚË ·ÎÓÍ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÛÓ‚Ìfl ÏÓ-
fl. Ñ‡ÎÂÂ ‰Îfl Í‡Ê‰˚ı 5° ¯ËÓÚ˚ ÒÛÏÏËÓ‚‡ÎËÒ¸
ÔÓÎÛ˜ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ˝ÌÂ„ËÈ ‚ÒÂı ÔÓ‰Ìfl‚¯ËıÒfl
(ÓÔÛÒÚË‚¯ËıÒfl) ·ÎÓÍÓ‚;

2. ç‡ ‚ÚÓÓÏ ˝Ú‡ÔÂ ÓÔÂ‰ÂÎflÎ‡Ò¸ ÓÚ‡ˆËÓÌÌ‡fl
˝ÌÂ„Ëfl ÚÓÎ¸ÍÓ ‰Îfl ÓÍÂ‡ÌË˜ÂÒÍÓ„Ó ‰Ì‡ Ò „ÎÛ·ËÌÓÈ
·ÓÎÂÂ 1500 ÍÏ. èË ˝ÚÓÏ ‡ÏÔÎËÚÛ‰‡ ÓÔÛÒÍ‡ÌËfl ‰Îfl
‚ÒÂı ·ÎÓÍÓ‚ Ò˜ËÚ‡Î‡Ò¸ Ó‰ËÌ‡ÍÓ‚ÓÈ Ë ‡‚ÌÓÈ ÒÂ‰ÌÂÈ
„ÎÛ·ËÌÂ „‡ÈÓÚÓ‚, Ú. Â. 1500 Ï. Ñ‡ÎÂÂ ‰Îfl Í‡Ê‰˚ı 5°
¯ËÓÚ˚ ÒÛÏÏËÓ‚‡ÎËÒ¸ ÔÓÎÛ˜ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl
˝ÌÂ„ËÈ ‚ÒÂı ÓÔÛÒÚË‚¯ËıÒfl ·ÎÓÍÓ‚;

3. ç‡ ÚÂÚ¸ÂÏ ˝Ú‡ÔÂ ÓÔÂ‰ÂÎflÎ‡Ò¸ ÒÛÏÏ‡Ì‡fl
˝ÌÂ„Ëfl, ‚˚‰ÂÎfl˛˘‡flÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÓ‰ÌflÚËfl
(ÓÔÛÒÍ‡ÌËfl) ‚ÒÂı ·ÎÓÍÓ‚ ûÊÌÓ„Ó Ë ëÂ‚ÂÌÓ„Ó ÔÓÎÛ-
¯‡ËÈ. 

êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ˝ÌÂ„ËË ÁÂÏÎÂÚflÒÂÌËÈ Ë
ÓÚ‡ˆËÓÌÌ˚ı ÒËÎ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·ÎËˆÂ.

ä‡Í ÒÎÂ‰ÛÂÚ ËÁ Ú‡·ÎËˆ˚ ÒÛÏÏ‡Ì‡fl ˝ÌÂ„Ëfl Ó-
Ú‡ˆËÓÌÌ˚ı ÒËÎ Ë ‰Îfl ëÂ‚ÂÌÓ„Ó Ë ‰Îfl ûÊÌÓ„Ó ÔÓÎÛ-

¯‡Ëfl ÒÓÒÚ‡‚ÎflÂÚ ‚ÂÎË˜ËÌÛ ÔÓfl‰Í‡ Ö ~ 1025 ÑÊ.
ëÛÏÏ‡Ì‡fl ˝ÌÂ„Ëfl ÁÂÏÎÂÚflÒÂÌËÈ ÓˆÂÌË‚‡ÂÚÒfl ‚Â-

ÎË˜ËÌÓÈ ÔÓfl‰Í‡ Ö ~ 1020 ÑÊ éÔÛÒÍ‡ÌËÂ ‚Â¯ËÌ
„‡ÈÓÚÓ‚ Ë ‡ÚÓÎÎÓ‚, ‚ÂÓflÚÌÓ, ÔÓËÒıÓ‰ËÎÓ ÌÂÔÂ-
˚‚ÌÓ ‚ ÚÂ˜ÂÌËÂ 10 ÏÎÌ. ÎÂÚ, Ì‡˜ËÌ‡fl ÔËÏÂÌÓ Ò
ÏÂÎ‡ [17]. íÓ„‰‡ „Ó‰Ó‚ÓÈ ‡ÒıÓ‰ ˝ÌÂ„ËË ÓÚ‡ˆËÓÌ-

Ì˚ı ÒËÎ ÒÓÒÚ‡‚ËÚ ‚ÂÎË˜ËÌÛ ÔÓfl‰Í‡  ~ 1018 ÑÊ/„.

ÅÓÎÂÂ ‚ÂÓflÚÌÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ Ó ÒÍ‡˜ÍÓÓ·‡ÁÌÓÏ
ı‡‡ÍÚÂÂ ÔÓ„ÛÊÂÌËfl ‰Ì‡ ÓÍÂ‡ÌÓ‚. íÓ„‰‡ ‚ ÏÓÏÂÌ-
Ú˚ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÒÍÓÓÒÚË ÔÓ„ÛÊÂÌËfl ̋ ÌÂ„ËË ·Û-
‰ÂÚ ‚˚‰ÂÎflÚ¸Òfl ·ÓÎ¸¯Â, ‚ ÔÂËÓ‰˚ ·ÓÎÂÂ ÏÂ‰ÎÂÌÌÓ-
„Ó ÔÓ„ÛÊÂÌËfl – ÏÂÌ¸¯Â. ÉÓ‰Ó‚ÓÈ ‡ÒıÓ‰ ˝ÌÂ„ËË
ÁÂÏÎÂÚflÒÂÌËÈ Ú‡ÍÊÂ ÒÓÒÚ‡‚ÎflÂÚ ˝ÌÂ„Ë˛ ÔÓfl‰Í‡

 ~ 1018 ÑÊ/„.

í‡ÍËÏ Ó·‡ÁÓÏ ÔË·ÎËÁËÚÂÎ¸Ì˚Â ÓˆÂÌÍË ÔÓÍ‡Á‡-
ÎË, ˜ÚÓ „Ó‰Ó‚˚Â ˝ÌÂ„ËË “ÓÚ‡ˆËÓÌÌÓ„Ó” ÔÓËÒıÓÊ-
‰ÂÌËfl Ë ÁÂÏÎÂÚflÒÂÌËÈ ËÏÂ˛Ú Ó‰ËÌ‡ÍÓ‚˚È ÔÓfl‰ÓÍ
‚ÂÎË˜ËÌ (1018 ÑÊ/„). ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÒËÎ˚ äÓËÓÎË-
Ò‡, ‚ÓÁÌËÍ‡˛˘ËÂ ÔË Û‚ÂÎË˜ÂÌËË ÒÚÂÔÂÌË „ËÔÒÓÏÂÚ-
Ë˜ÂÒÍÓÈ ÍÓÌÚ‡ÒÚÌÓÒÚË ÓÍÂ‡ÌË˜ÂÒÍËı ‚Ô‡‰ËÌ Ë Ó·-
‡ÏÎfl˛˘Ëı Ï‡ÚÂËÍÓ‚, fl‚Îfl˛ÚÒfl Ó‰ÌËÏ ËÁ Ù‡ÍÚÓ-
Ó‚, ‚ÎËfl˛˘Ëı Ì‡ Ì‡ÍÓÔÎÂÌËÂ Ì‡ÔflÊÂÌËÈ ‚ ÁÓÌÂ
íËıÓÓÍÂ‡ÌÒÍÓ„Ó ÒÂÈÒÏË˜ÂÒÍÓ„Ó ÍÓÎ¸ˆ‡, Ë, ÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓ, Ì‡ ‚ÓÁÌËÍÌÓ‚ÂÌËÂ Ó˜‡„Ó‚ ÁÂÏÎÂÚflÒÂÌËÈ. 

ëÚ‡Ú¸fl Ì‡ÔËÒ‡Ì‡ ÔË ÔÓ‰‰ÂÊÍÂ êîîà ‹ 02-05-
64010.
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ùÌÂ„Ëfl (1024 ÑÊ), Ó·ÛÒÎÓ‚ÎÂÌÌ‡fl 
ÒËÎ‡ÏË äÓËÓÎËÒ‡ ÔË ÓÔÛÒÍ‡ÌËË 

ÓÍÂ‡ÌË˜ÂÒÍÓ„Ó ‰Ì‡

ùÌÂ„Ëfl 
(1024 ÑÊ), Ó·ÛÒÎÓ‚-
ÎÂÌÌ‡fl ÒËÎ‡ÏË äÓ-
ËÓÎËÒ‡ ÔË ÔÓ‰Ìfl-
ÚËË ÒÛ¯Ë Ò ‡ÏÔÎËÚÛ-
‰ÓÈ, ‡‚ÌÓÈ ‚˚ÒÓÚÂ 

Û˜‡ÒÚÍÓ‚

ùÌÂ„Ëfl 
(1019 ÑÊ) ÔÓ‚ÂıÌÓÒÚ-

Ì˚ı ÁÂÏÎÂÚflÒÂÌËÈ 
1897–1956 „„. [12]

ùÌÂ„Ëfl 
(1019 ÑÊ) ÔÓ‚ÂıÌÓÒÚ-
Ì˚ı Ë „ÎÛ·ÓÍÓÙÓÍÛÒ-
Ì˚ı ÁÂÏÎÂÚflÒÂÌËÈ 
1897–1956 „„. [12]

ë ‡ÏÔÎËÚÛ‰ÓÈ, 
‡‚ÌÓÈ „ÎÛ·ËÌÂ 

Û˜‡ÒÚÍÓ‚

ë ‡ÏÔÎËÚÛ‰ÓÈ
 h = –1500 Ï

ëÂ‚ÂÌÓÂ ÔÓÎÛ¯‡ËÂ

0 5 4.76 1.86 2.01 1.36 2.17

5 10 4.26 1.73 2.73 2.96 3

10 15 4.43 1.67 1.91 2.02 2.17

15 20 4.02 1.46 1.81 1.96 2.08

20 25 3.31 1.09 2.81 0.51 2.31

25 30 3.01 1.03 4.32 2.44 3.49

30 35 2.44 0.74 6.25 2.45 2.98

35 40 1.86 0.56 5.51 3.12 3.64

40 45 1.3 0.47 2.83 2.75 2.87

45 50 0.76 0.26 1.96 1.55 1.76

50 55 0.41 0.18 1.25 1.88 2.08

55 60 0.17 0.08 0.65 1.14 1.27

ëÛÏÏ‡Ì‡fl 
˝ÌÂ„Ëfl

30.73 11.13 34.04 24.14 29.82

ûÊÌÓÂ ÔÓÎÛ¯‡ËÂ

0 5 4.52 1.6 1.98 2.26 2.56

5 10 4.71 1.61 2.43 1.12 1.36

10 15 4.70 1.70 2.85 2.42 2.70

15 20 4 1.51 5.85 0.72 2.03

20 25 3.74 1.45 2.56 0.42 1.11

25 30 3.19 1.21 4.49 1.18 1.39

30 35 3.16 1.21 0.75 1.29 1.29

35 40 3.21 1.12 0.06 0.24 0.24

40 45 2.52 0.9 0.13 0.03 0.03

45 50 1.94 0.73 0.09 0.24 0.24

50 55 1.36 0.53 0.02 0.22 0.22

55 60 1.1 0.39 0 0.16 0.16

ëÛÏÏ‡Ì‡fl 
˝ÌÂ„Ëfl

38.15 13.96 21.21 10.3 13.33

ϕ1° ϕ2°
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The Structural Setting of Earthquakes Relative to Elements of Deep-Seated Fault 

Tectonics and Their Interpretation for the Magadan Shelf of the Sea of Okhotsk

   1, L. Yu. Kalinina2

1Northeast Institute of Multidisciplinary Research, Far East Division, Russian Academy of Sciences, 
Magadan, 685000, Russia

2Northeast Stste University, Magadan, 685000, Russia

This paper presents results from a quantitative analysis of the relationship between earthquakes and tectonic
fragmentation of the crust based on the correlation analysis of density and discordance measure of the faults
with parameters of seismic activity (specific rate and specific energy of earhquakes) for the Magadan shelf of
the Sea of Okhotsk. These materials revealed essential differences in the structural setting of earthquake epi-
centers on land and in sea. The Magadan shelf of the Sea of Okhotsk is most likely to generate earthquakes of
enetgy class K ≤ 12 in areas with lower density (0.04 < τ ≤ 0.06 km–1) and lower discordance measure of faults
(2 < ||D|| ≤ 4) identified from gravity data. One cause of this structural geodynamic peculiarity in the spatial
positions of earthquake epicenters is, in these authors' opinion, thermal isostasy, which is the cooling of the
lithosphere and the asthenosphere as heat is released into the circumterrestrial space (the heat was coming to-
ward the upper horizons of the Earth from the mantle during the Mesozoic/Cenozoic phase of the Earth’s evo-
lution) with the resultingseafloor subsidence. Sesfloor subsidence and continental uplift produce rotational tan-
gential forces which affect the stress buildup in the Pacific seismic belt. The annual consumption of the energy
of rotational forces and of earthquakes have the same order of magnitude, 1018 J/yr.

Yu.Ya Vashchilov
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