
ê‡ÁÎË˜Ì˚Â Ô‡ÍÚË˜ÂÒÍËÂ ‚ÓÔÓÒ˚ „ÂÓÙËÁËÍË,
‡ÍÛÒÚÓ˝ÎÂÍÚÓÌËÍË, ÚÂÔÎÓ‚ÓÈ ‰ÂÙÂÍÚÓÒÍÓÔËË Ë
‰Û„Ëı Ì‡ÛÍ ÒÚËÏÛÎËÛ˛Ú ËÒÒÎÂ‰Ó‚‡ÌËfl ‰ËÌ‡ÏË-
ÍË ÛÔÛ„Ëı ÚÂÎ Ò Û˜ÂÚÓÏ ÒÓÔflÊÂÌÌ˚ı ÔÓÎÂÈ. å‡-
ÚÂÏ‡ÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ Á‡‰‡˜ Ò ÒÓÔflÊÂÌÌ˚ÏË ÔÓ-
ÎflÏË ÔÓÁ‚ÓÎflÂÚ „ÎÛ·ÊÂ ÔÓÌflÚ¸ ÏÂı‡ÌËÁÏ ‰ÂÙÓ-
ÏËÓ‚‡ÌËfl, Ò‚flÁ‡ÌÌÓ„Ó Ò ÚÂÏË˜ÂÒÍËÏË Ë ˝ÎÂÍÚ-
Ó‰ËÌ‡ÏË˜ÂÒÍËÏË ˝ÙÙÂÍÚ‡ÏË, Ë, Ì‡Ó·ÓÓÚ, ËÒ-
ÒÎÂ‰Ó‚‡Ú¸ ÚÂÔÎÓ‚˚Â Ë ˝ÎÂÍÚË˜ÂÒÍËÂ fl‚ÎÂÌËfl,
‚˚Á˚‚‡ÂÏ˚Â ÏÂı‡ÌË˜ÂÒÍËÏË ‰ÂÙÓÏ‡ˆËflÏË. 

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Í‡Â-
‚‡fl Á‡‰‡˜‡ ‰Îfl ÚÂÏÓ˝ÎÂÍÚÓÛÔÛ„Ëı ‡ÌËÁÓ-
ÚÓÔÌ˚ı ÒÎÓÂ‚ Ò ÔÎÓÒÍÓÔ‡‡ÎÎÂÎ¸Ì˚ÏË „‡ÌË-
ˆ‡ÏË ‡Á‰ÂÎ‡, ÒÓ‰ÂÊ‡˘ËÏË ÓÒÂÒËÏÏÂÚË˜Ì˚Â
ÚÂ˘ËÌ˚ ËÎË ÊÂÒÚÍËÂ ‚ÍÎ˛˜ÂÌËfl. ëıÂÏ‡ Ëı
‡ÒÔÓÎÓÊÂÌËfl ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Ì‡ ËÒ. 1. á‡‰‡˜Ë

Ú‡ÍÓ„Ó Ó‰‡ ‚ÓÁÌËÍ‡˛Ú, Ì‡ÔËÏÂ, ÔË ÏÓ‰ÂÎË-
Ó‚‡ÌËË ÙÓÏËÓ‚‡ÌËfl Ë ‡Á‚ËÚËfl ‰ËÎ‡Ú‡ÌÒ-
Ì˚ı ÁÓÌ ‚ „ÂÓÙËÁËÍÂ, ‡ Ú‡ÍÊÂ ÍÓÌÒÚÛËÓ‚‡ÌËË
Ë ËÒÒÎÂ‰Ó‚‡ÌËË ÔÓ‚Â‰ÂÌËfl ÍÓÏÔÓÁËˆËÓÌÌ˚ı Ï‡-
ÚÂË‡ÎÓ‚ ÒÓ ÒÎÓÊÌ˚ÏË ÙËÁËÍÓ-ÏÂı‡ÌË˜ÂÒÍËÏË
Ò‚ÓÈÒÚ‚‡ÏË. 

ê‡Á‡·ÓÚ‡Ì ÌÓ‚˚È ˝ÍÓÌÓÏË˜Ì˚È ˜ËÒÎÂÌÌ˚È
ÏÂÚÓ‰ ‡Ò˜ÂÚ‡ ÙÛÌÍˆËÈ ÒÔÂˆË‡Î¸ÌÓ„Ó ‚Ë‰‡, ÔÂ‰-
ÒÚ‡‚ÎÂÌÌ˚ı ‰‚ÛÏÂÌ˚ÏË ËÌÚÂ„‡Î‡ÏË îÛ¸Â,
Û˜ËÚ˚‚‡˛˘ËÈ ÒÔÂˆËÙËÍÛ ÔÓ‰˚ÌÚÂ„‡Î¸Ì˚ı
ÙÛÌÍˆËÈ Ë fl‚Îfl˛˘ËÈÒfl ‡Á‚ËÚËÂÏ ÏÂÚÓ‰‡, ËÁÎÓ-
ÊÂÌÌÓ„Ó ‚ [1]. àÌÚÂ„‡Î˚ ‰‡ÌÌÓ„Ó ÚËÔ‡ ˜‡ÒÚÓ
‚ÓÁÌËÍ‡˛Ú ÔË Â‡ÎËÁ‡ˆËË ‚‡Ë‡ˆËÓÌÌÓ-‡ÁÌÓ-
ÒÚÌÓ„Ó ÏÂÚÓ‰‡ Â¯ÂÌËfl ËÌÚÂ„‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ
‰ËÌ‡ÏË˜ÂÒÍÓÈ ÚÂÓËË ÛÔÛ„ÓÒÚË [2] Ë ÚÂ·Û˛Ú
‡Á‡·ÓÚÍË ÒÔÂˆË‡Î¸Ì˚ı ÔËÂÏÓ‚ Ò ˆÂÎ¸˛ 
ÒÓÍ‡˘ÂÌËfl ‡Ò˜ÂÚÌÓ„Ó ‚ÂÏÂÌË Ë ÔÓ‚˚¯ÂÌËfl
ÚÓ˜ÌÓÒÚË. 

èéëíÄçéÇäÄ  à  åÖíéÑ  êÖòÖçàü 
áÄÑÄóà

Ç „‡ÏÓÌË˜ÂÒÍÓÏ ÒÎÛ˜‡Â ÔÓ‚Â‰ÂÌËÂ ÚÂÏÓ-
˝ÎÂÍÚÓÛÔÛ„ÓÈ ÒÂ‰˚ ÓÔËÒ˚‚‡ÂÚÒfl ÒËÒÚÂÏÓÈ
‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ ‚Ë‰‡ [3]
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Ç ÒÚ‡Ú¸Â ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ‚ÓÔÓÒ˚ ÔÓÎÛ˜ÂÌËfl ÚÓ˜ÌÓ„Ó ˜ËÒÎÂÌÌÓ„Ó Â¯ÂÌËfl Á‡‰‡˜Ë Ó ‰ËÌ‡ÏË-
˜ÂÒÍÓÏ ÔÓ‚Â‰ÂÌËË ÒÎÓËÒÚÓÈ ÚÂÏÓ˝ÎÂÍÚÓÛÔÛ„ÓÈ ÒÂ‰˚ Ò ÌÂÓ‰ÌÓÓ‰ÌÓÒÚflÏË. èÂ‰ÒÚ‡‚ÎÂÌ ÌÓ-
‚˚È ÓÔÚËÏËÁËÓ‚‡ÌÌ˚È ÏÂÚÓ‰ ‚˚˜ËÒÎÂÌËfl Ó·‡ÚÌÓ„Ó ÔÂÓ·‡ÁÓ‚‡ÌËfl îÛ¸Â, ÓÒÌÓ‚‡ÌÌÓ„Ó Ì‡
‡Ì‡ÎËÁÂ ÓÒÓ·ÂÌÌÓÒÚÂÈ ÔÓ‰˚ÌÚÂ„‡Î¸ÌÓÈ ÙÛÌÍˆËË. é·ÒÛÊ‰‡˛ÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ˜ËÒÎÂÌÌÓ„Ó ˝ÍÒÔÂ-
ËÏÂÌÚ‡. 

1 ûÊÌ˚È Ì‡Û˜Ì˚È ˆÂÌÚ êÓÒÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ, 
êÓÒÚÓ‚-Ì‡-ÑÓÌÛ.

êËÒ. 1. ëıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ÓÒÂÒËÏÏÂÚË˜Ì˚ı ÚÂ˘ËÌ ËÎË
ÊÂÒÚÍËı ‚ÍÎ˛˜ÂÌËÈ 



– ÚÂÌÁÓ ÛÔÛ„Ëı ÔÓÒÚÓflÌÌ˚ı, ejkn – ÚÂÌÁÓ
Ô¸ÂÁÓ˝ÎÂÍÚË˜ÂÒÍËı ÔÓÒÚÓflÌÌ˚ı, cjk – ÚÂÌÁÓ
ÚÂÏÔÂ‡ÚÛÌ˚ı ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÏÂı‡ÌË˜ÂÒÍËı
Ì‡ÔflÊÂÌËÈ, ejk – ÚÂÌÁÓ ‰Ë˝ÎÂÍÚË˜ÂÒÍËı ÔÓ-
ÌËˆ‡ÂÏÓÒÚÂÈ, sij – ÚÂÌÁÓ Ì‡ÔflÊÂÌËÈ, Dj – ‚ÂÍ-
ÚÓ ˝ÎÂÍÚË˜ÂÒÍÓÈ ËÌ‰ÛÍˆËË, Ei – ‚ÂÍÚÓ Ì‡Ôfl-
ÊÂÌÌÓÒÚË ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl, j – ˝ÎÂÍÚË˜Â-
ÒÍËÈ ÔÓÚÂÌˆË‡Î, nnm – ÚÂÌÁÓ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ 
ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË, pj – ÚÂÌÁÓ ÔËÓ˝ÎÂÍÚË˜Â-
ÒÍËı ÍÓ˝ÙÙËˆËÂÌÚÓ‚, gj – ‚ÂÍÚÓ ÚÂÔÎÓ‚Ó„Ó ÔÓÚÓ-
Í‡, uk – ‚ÂÍÚÓ ÏÂı‡ÌË˜ÂÒÍËı ÒÏÂ˘ÂÌËÈ, q = T – T0 –
ÓÚÌÓÒËÚÂÎ¸Ì‡fl ÚÂÏÔÂ‡ÚÛ‡, T – ‡·ÒÓÎ˛ÚÌ‡fl
ÚÂÏÔÂ‡ÚÛ‡, T0 – Ì‡˜‡Î¸Ì‡fl ÚÂÏÔÂ‡ÚÛ‡,

Ce – Û‰ÂÎ¸Ì‡fl ÚÂÔÎÓÂÏÍÓÒÚ¸, r – ÔÎÓÚ-

ÌÓÒÚ¸, w – ÍÛ„Ó‚‡fl ˜‡ÒÚÓÚ‡. á‡ÏÂÚËÏ, ˜ÚÓ ‚ÒÂ
Ï‡ÚÂË‡Î¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ ÒÎÓÂ‚ ÏÓ„ÛÚ ·˚Ú¸ ‡Á-
ÎË˜Ì˚.

ÇÂÍÚÓ ÏÂı‡ÌË˜ÂÒÍËı ÔÂÂÏÂ˘ÂÌËÈ, ÁÌ‡˜Â-
ÌËÂ ÔÓÚÂÌˆË‡Î‡ Ë ÚÂÏÔÂ‡ÚÛ˚ ÚÓ˜ÂÍ ÒÂ‰˚
Ò˜ËÚ‡ÂÚÒfl Á‡‰‡ÌÌ˚Ï ‚ ‚Ë‰Â ÍÓÏÔÎÂÍÒÌ˚ı ‡ÏÔÎË-
ÚÛ‰ u, ÔË ˝ÚÓÏ ‰ÂÈÒÚ‚ËÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl

êÂ¯ÂÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÌÂÒÚ‡-
ˆËÓÌ‡ÌÓÈ Á‡‰‡˜Ë, Í‡Í ËÁ‚ÂÒÚÌÓ, ÏÓÊÂÚ ·˚Ú¸ 
ÔÓÒÚÓÂÌÓ ËÁ Â¯ÂÌËfl „‡ÏÓÌË˜ÂÒÍÓÈ Á‡‰‡˜Ë ÔÓ
ÔËÌˆËÔÛ ÒÛÔÂÔÓÁËˆËË.

àÒÔÓÎ¸ÁÛfl ÙÓÏ‡ÎËÁÏ ‡·ÓÚ [1, 4], ÔÂ‰ÒÚ‡-
‚ËÏ ÔflÚËÍÓÏÔÓÌÂÌÚÌ˚È ‚ÂÍÚÓ u = {u1, u2, u3, u4,
u5}, ÒÓÒÚÓfl˘ËÈ ËÁ ‚ÂÍÚÓ‡ ÏÂı‡ÌË˜ÂÒÍËı ÔÂÂÏÂ-
˘ÂÌËÈ ÚÓ˜ÂÍ ÒÂ‰˚ u = {u1, u2, u3}, ˝ÎÂÍÚË˜Â-
ÒÍÓ„Ó ÔÓÚÂÌˆË‡Î‡ j  = u4 Ë ÚÂÏÔÂ‡ÚÛ˚ q = u5, 
‚ ‚Ë‰Â [1]

(1)

„‰Â Qj – ‚ÂÍÚÓ Ì‡„ÛÁÓÍ Ì‡ ÔÓ‚ÂıÌÓÒÚË Ë/ËÎË
‚ÌÛÚË ÒÎÓfl, K = || Kmn || – ÒËÏ‚ÓÎ îÛ¸Â Ï‡ÚËˆ˚
ÉËÌ‡ ÏÌÓ„ÓÒÎÓÈÌÓÈ ÒÂ‰˚

(2)

á‰ÂÒ¸ k = || kmn || – Ï‡ÚËˆ‡ ÉËÌ‡, G1, G2 – ÍÓÌÚÛ-
˚ ËÌÚÂ„ËÓ‚‡ÌËfl, ˜‡ÒÚË˜ÌÓ ÓÚÍÎÓÌfl˛˘ËÂÒfl
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ÓÚ ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÓÒÂÈ ÔË Ó·ıÓ‰Â ÓÒÓ·ÂÌÌÓÒÚÂÈ
Kmn ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔËÌˆËÔÓÏ ÔÂ‰ÂÎ¸ÌÓ„Ó ÔÓ-
„ÎÓ˘ÂÌËfl [2]. äÓÌÍÂÚÌ˚È ‚Ë‰ ÒËÏ‚ÓÎ‡ Ï‡ÚËˆ˚
ÉËÌ‡ (2) ÓÔÂ‰ÂÎflÂÚÒfl ÙËÁË˜ÂÒÍÓÈ Ë Ï‡ÚÂÏ‡ÚË-
˜ÂÒÍÓÈ ÏÓ‰ÂÎ¸˛ ÒÂ‰˚ Ë ÒÚÓËÚÒfl Ú‡ÍËÏ Ó·‡-
ÁÓÏ, ˜ÚÓ·˚ ËÁ·ÂÊ‡Ú¸ ÚÛ‰ÌÓÒÚÂÈ ˜ËÒÎÂÌÌÓÈ Â‡-
ÎËÁ‡ˆËË, Ó·ÛÒÎÓ‚ÎÂÌÌ˚ı Ì‡ÎË˜ËÂÏ ‡ÒÚÛ˘Ëı
˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚ı ÒÓÒÚ‡‚Îfl˛˘Ëı Ë ‚ÓÁÌËÍÌÓ‚Â-
ÌËÂÏ ÒËÒÚÂÏ ·ÓÎ¸¯Ëı ‡ÁÏÂÌÓÒÚÂÈ. ÑÎfl Ó‰ÌÓ-
Ó‰ÌÓ„Ó ÔÓÎÛÔÓÒÚ‡ÌÒÚ‚‡ Ë ÒÎÓfl fl‚Ì˚È ‚Ë‰ 
Ï‡ÚËˆ˚ K ÔË‚Â‰ÂÌ ‚ [2]. èË Á‡‚ËÒËÏÓÒÚË
Ò‚ÓÈÒÚ‚ ÒÂ‰˚ ÓÚ „ÎÛ·ËÌ˚ (ÒÚ‡ÚËÙËˆËÓ‚‡ÌÌ‡fl
ÒÂ‰‡) ËÎË ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚ı ÍÓÓ‰ËÌ‡Ú (‡ÌËÁÓ-
ÚÓÔËfl), ‡ Ú‡ÍÊÂ ‚ ÒÎÓËÒÚ˚ı ÒÂ‰‡ı Ë ÒÂ‰‡ı ÒÓ
ÒÎÓÊÌ˚ÏË ÙËÁËÍÓ-ÏÂı‡ÌË˜ÂÒÍËÏË Ò‚ÓÈÒÚ‚‡ÏË
(ÚÂÏÓÛÔÛ„ËÂ, ˝ÎÂÍÚÓÛÔÛ„ËÂ, ÚÂÏÓ˝ÎÂÍÚÓ-
ÛÔÛ„ËÂ) ÔÓÒÚÓÂÌËÂ Ï‡ÚËˆ˚ ÉËÌ‡ ÒÚ‡ÌÓ‚ËÚÒfl
‰ÓÒÚ‡ÚÓ˜ÌÓ ÒÎÓÊÌÓÈ Á‡‰‡˜ÂÈ, ÍÓÚÓ‡fl, Ó‰Ì‡ÍÓ,
ÛÒÔÂ¯ÌÓ Â¯ÂÌ‡ ‚ ‡·ÓÚ‡ı [3–5]. ç‡ÎË˜ËÂ ÒËÒ-
ÚÂÏ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚÂÈ ÔË‚Ó‰ËÚ Í ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ
‚ÓÁ‡ÒÚ‡ÌË˛ ÔÓfl‰Í‡ Ï‡ÚËˆ˚ ÉËÌ‡ (Í‡Ê‰‡fl
„ÛÔÔ‡ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚÂÈ Û‚ÂÎË˜Ë‚‡ÂÚ ‡ÁÏÂ-
ÌÓÒÚ¸ Ï‡ÚËˆ˚ Ì‡ 3–5 Â‰ËÌËˆ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ
Ì‡ÎË˜Ëfl Ò‚flÁ‡ÌÌ˚ı ÔÓÎÂÈ). 

àÌÚÂ„‡Î¸Ì˚Â ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ Ï‡ÚËˆ˚ ÉËÌ‡ fl‚Îfl˛ÚÒfl ÓÒÌÓ‚ÓÈ Ú‡Í Ì‡Á˚-
‚‡ÂÏÓ„Ó ËÌÚÂ„‡Î¸ÌÓ„Ó ÏÂÚÓ‰‡, ÍÓÚÓ˚È ÔÓÁ‚Ó-
ÎflÂÚ ÒÚÓËÚ¸ ‚ÓÎÌÓ‚˚Â ÔÓÎfl, ËÒÒÎÂ‰Ó‚‡Ú¸ ËÁÎÛ-
˜ÂÌËÂ ˝ÌÂ„ËË ‚ ÒÂ‰Â, ÒÚ‡‚ËÚ¸ Ë Â¯‡Ú¸ Á‡‰‡˜Û Ó
ÙÓÏËÓ‚‡ÌËË ËÁÎÛ˜ÂÌËfl Á‡‰‡ÌÌÓÈ Ì‡Ô‡‚ÎÂÌ-
ÌÓÒÚË, ‡ Ú‡ÍÊÂ ËÁÛ˜‡Ú¸ ‚ÎËflÌËÂ ÌÂÓ‰ÌÓÓ‰ÌÓ-
ÒÚÂÈ, ‚ ˜‡ÒÚÌÓÒÚË ÂÁÓÌ‡ÌÒÌ˚Â ÓÒÓ·ÂÌÌÓÒÚË ÏÌÓ-
„ÓÒÎÓÈÌ˚ı ÒÂ‰ Ë ÒÂ‰, ÒÓ‰ÂÊ‡˘Ëı ÒËÒÚÂÏ˚
ÚÂ˘ËÌ ËÎË ‚ÍÎ˛˜ÂÌËÈ. 

ÇõóàëãÖçàÖ  éÅêÄíçéÉé 
èêÖéÅêÄáéÇÄçàü  îìêúÖ

èË Â¯ÂÌËË ÒÏÂ¯‡ÌÌ˚ı Á‡‰‡˜ ÚÂÓËË ÛÔÛ-
„ÓÒÚË, Ì‡ÔËÏÂ, ‚‡Ë‡ˆËÓÌÌÓ-‡ÁÌÓÒÚÌ˚Ï ÏÂ-
ÚÓ‰ÓÏ, ÏÂÚÓ‰ÓÏ Ù‡ÍÚÓËÁ‡ˆËË Ë ÌÂÍÓÚÓ˚ÏË
‰Û„ËÏË ÏÂÚÓ‰‡ÏË, ÌÂËÁ·ÂÊÌÓ ‚ÓÁÌËÍ‡ÂÚ ÌÂÓ·-
ıÓ‰ËÏÓÒÚ¸ ‚˚˜ËÒÎÂÌËfl ÚËÔË˜Ì˚ı ‰‚ÛÏÂÌ˚ı 
ËÌÚÂ„‡ÎÓ‚ îÛ¸Â. äÓÏÂ ÚÓ„Ó, ˜ÂÂÁ ‡Ì‡ÎÓ„Ë˜-
Ì˚Â ËÌÚÂ„‡Î˚ ‚˚‡Ê‡˛ÚÒfl ÓˆÂÌÍË Â¯ÂÌËÈ
‡ÁÎË˜Ì˚ı Í‡Â‚˚ı Á‡‰‡˜ ‚ ÙËÁË˜ÂÒÍÓÏ ‰ÓÏÂÌÂ.
çËÊÂ ÔÂ‰Î‡„‡ÂÚÒfl Û‰Ó·Ì˚È ‰Îfl ÛÍ‡Á‡ÌÌ˚ı Á‡-
‰‡˜ ÏÂÚÓ‰ ‚˚˜ËÒÎÂÌËfl Ó·‡ÚÌÓ„Ó ÔÂÓ·‡ÁÓ‚‡-
ÌËfl îÛ¸Â ÔË Á‡‰‡ÌÌÓÏ ‚ÂÍÚÓÂ Ì‡„ÛÁÓÍ Q,
Û‰Ó‚ÎÂÚ‚Ófl˛˘ÂÏ ÌÂÍÓÚÓ˚Ï ÛÒÎÓ‚ËflÏ. àÒ-
ÔÓÎ¸ÁÛfl ÙÓÏÛÎÛ (1), ÔÂÂÈ‰ÂÏ Í ˆËÎËÌ‰Ë˜Â-
ÒÍËÏ ÍÓÓ‰ËÌ‡Ú‡Ï 

 x r x r x1 2 3= = =cos ,  sin ,  ,  b b z

àçíÖÉêÄãúçõÖ  èêÖÑëíÄÇãÖçàü  íÖêåéùãÖäíêéìèêìÉàï  èéãÖâ 9
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íÓ„‰‡, Ó·ÓÁÌ‡˜‡fl ˜ÂÂÁ ÏÓÊÌÓ ÔÓ-

ÎÛ˜ËÚ¸ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ

(3) 

ÅÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÚÂ·ÛÂÏ˚ı ÓÔÂ‡ˆËÈ
ÔË ‚˚˜ËÒÎÂÌËË Ï‡ÚËˆ˚ K, ÒËÎ¸Ì‡fl ÓÒˆËÎÎflˆËfl
Ë ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‰˚ÌÚÂ„‡Î¸ÌÓ„Ó ‚˚‡ÊÂÌËfl ÒÛ-
˘ÂÒÚ‚ÂÌÌÓ Á‡ÚÛ‰Ìfl˛Ú ÔflÏÓÈ Ò˜ÂÚ ËÌÚÂ„‡Î‡ (3).
ë ÔÓÏÓ˘¸˛ ÔÓ‰ıÓ‰‡, ÓÔËÒ‡ÌÌÓ„Ó ÌËÊÂ, ÏÓÊÌÓ
ÓˆÂÌËÚ¸ ‚ÍÎ‡‰ ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÔÓÎ˛ÒÓ‚ Ë ·ÎËÊ‡È-
¯Ëı Í ‚Â˘ÂÒÚ‚ÂÌÌÓÈ ÓÒË ÍÓÏÔÎÂÍÒÌ˚ı ÔÓÎ˛ÒÓ‚
‚ ËÌÚÂ„‡Î (3) ÔË Ò‡‚ÌËÚÂÎ¸ÌÓ ÌÂ·ÓÎ¸¯Ëı ‚˚-
˜ËÒÎËÚÂÎ¸Ì˚ı Á‡Ú‡Ú‡ı. ê‡ÁÓ·¸ÂÏ ËÌÚÂ„‡Î (3)
Ì‡ ÒÛÏÏÛ ‰‚Ûı:

(4)

èË ÓÔÂ‰ÂÎÂÌÌ˚ı ÛÒÎÓ‚Ëflı ‰Îfl ‚˚˜ËÒÎÂÌËfl
ËÌÚÂ„‡ÎÓ‚ ÔÓ G ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÎÂÏÏÛ
ÜÓ‰‡Ì‡. èÛÒÚ¸ Q(a, g) = Q(a), Ú.Â. Ì‡„ÛÁÍ‡ ÓÒÂ-
ÒËÏÏÂÚË˜Ì‡, Ë, ÍÓÏÂ ÚÓ„Ó, ·Û‰ÂÏ Ò˜ËÚ‡Ú¸, ˜ÚÓ
‚ÓÁÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Q ‚ ‚Ë‰Â Q = Q+ + Q–,
„‰Â Q+ Û·˚‚‡ÂÚ ‚ ‚ÂıÌÂÈ ÔÓÎÛÔÎÓÒÍÓÒÚË, Q– – 
‚ ÌËÊÌÂÈ. íÓ„‰‡ 
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,  arctg ,b
èË Ò‰ÂÎ‡ÌÌ˚ı ÔÂ‰ÔÓÎÓÊÂÌËflı ‰Îfl ‚˚˜ËÒÎÂ-

ÌËfl I1, I4 ÏÓÊÌÓ ÔËÏÂÌËÚ¸ ÎÂÏÏÛ ÜÓ‰‡Ì‡. äÓÌ-
ÚÛ˚ ÏÓÊÌÓ Á‡ÏÍÌÛÚ¸ ‚ ÔÂ‚ÓÏ Ë ‚ ˜ÂÚ‚ÂÚÓÏ
Í‚‡‰‡ÌÚÂ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÔË ˝ÚÓÏ ‰ÓÔÓÎÌËÚÂÎ¸-
ÌÓ ÔÓfl‚Îfl˛ÚÒfl ËÌÚÂ„‡Î˚ ÔÓ ÏÌËÏÓÈ ÓÒË i1, i4.

ÇÓÁÏÓÊÌÓÒÚ¸ ÔËÏÂÌÂÌËfl ÎÂÏÏ˚ ÔË ‚˚˜ËÒ-
ÎÂÌËË I2, I3 Á‡‚ËÒËÚ ÓÚ ÔÓ‚Â‰ÂÌËfl F(a), Q±(a) ÔË

| a | Æ  • Ë ‚ÂÎË˜ËÌ˚ Ç ‰‡Î¸ÌÂÈ¯ÂÏ

·Û‰ÂÏ Ò˜ËÚ‡Ú¸, ˜ÚÓ „‰Â 

ÔÓ Í‡ÈÌÂÈ ÏÂÂ, Ó„‡ÌË˜ÂÌÌ‡fl ÙÛÌÍˆËfl 
ÔË | a | Æ  •. ê‡ÒÒÏÓÚËÏ ‚ Í‡˜ÂÒÚ‚Â ÚËÔË˜ÌÓ„Ó 
ÔËÏÂ‡ ÓÒÂÒËÏÏÂÚË˜ÌÛ˛ ÙÛÌÍˆË˛, ˜‡ÒÚÓ ËÒ-
ÔÓÎ¸ÁÛÂÏÛ˛ ÔË Â‡ÎËÁ‡ˆËË ‚‡Ë‡ˆËÓÌÌÓ-‡ÁÌÓ-
ÒÚÌÓ„Ó ÏÂÚÓ‰‡ [2]:

ÑÎfl ˆÂÎÓ„Ó m

ÑÎfl m = 1 ÔÓÎÛ˜‡ÂÏ

(5)

èÂ‰ÒÚ‡‚ËÏ ÙÛÌÍˆËË ï‡ÌÍÂÎfl H ‚ ‚Ë‰Â

„‰Â ÌÓÏËÓ‚‡ÌÌ˚Â Ì‡ ˝ÍÒÔÓÌÂÌÚ˚ ÙÛÌÍˆËË

Û·˚‚‡˛Ú Í‡Í a–0,5 ÔË | a | Æ  •.
ê‡ÒÒÏÓÚËÏ ËÌÚÂ„‡Î I2. ÖÒÎË ‚ ÔÓÍ‡Á‡ÚÂÎÂ

˝ÍÒÔÓÌÂÌÚ˚ ÚÓ ÍÓÌÚÛ ‰Îfl I2 ÏÓÊÌÓ

Á‡ÏÍÌÛÚ¸ ‚‚Âı ‚ ÔÂ‚ÓÏ Í‚‡‰‡ÌÚÂ. èÛÒÚ¸
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äÓ„‰‡ 0 £  t  £  j0 ËÎË p  – j0 £  t  £  p, ÍÓÌÚÛ ÏÓÊÌÓ
Á‡ÏÍÌÛÚ¸ ‚ÌËÁ, Ú‡Í Í‡Í r sin t  – 1 < 0, ‡ Q– Û·˚‚‡-
ÂÚ ‚ ÌËÊÌÂÈ ÔÓÎÛÔÎÓÒÍÓÒÚË. 

éÚÌÓÒËÚÂÎ¸ÌÓ I3 Í‡ÚËÌ‡ ‚˚„Îfl‰ËÚ ÒËÏÏÂÚ-

Ë˜Ì˚Ï Ó·‡ÁÓÏ. ÖÒÎË ÚÓ ÍÓÌÚÛ ‰Îfl I3

ÏÓÊÌÓ Á‡ÏÍÌÛÚ¸ ‚ÌËÁ ‚ ˜ÂÚ‚ÂÚÓÏ Í‚‡‰‡ÌÚÂ:

äÓ„‰‡ p  £  t  £  p  + j0 ËÎË 2p  – j0 £  t  £  2p, ÍÓÌÚÛ
ÏÓÊÌÓ Á‡ÏÍÌÛÚ¸ ‚‚Âı, Ú‡Í Í‡Í r sin t  + 1 > 0, 
‡ Q+ Û·˚‚‡ÂÚ ‚ ‚ÂıÌÂÈ ÔÓÎÛÔÎÓÒÍÓÒÚË. ÑÛ„ËÏË
ÒÎÓ‚‡ÏË, ÍÓÌÚÛ˚ ‚ Á‡Ï˚Í‡˛ÚÒfl ‚‚Âı, 
‚ – ‚ÌËÁ. 

ëÓ·ÂÂÏ ˜ÎÂÌ˚, ÔËÌ‡‰ÎÂÊ‡˘ËÂ ÒÓÓÚ‚ÂÚÒÚ-
‚Û˛˘ËÏ Í‚‡‰‡ÌÚ‡Ï, Ë ‚‚Â‰ÂÏ ‚ ‡ÒÒÏÓÚÂÌËÂ
ÙÛÌÍˆËË Q(±)
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àÒÔÓÎ¸ÁÛfl ‰‡ÌÌ˚Â ÙÛÌÍˆËË, ÒÛÏÏÛ 16 ËÌÚÂ„‡-
ÎÓ‚ ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ÍÓÏÔ‡ÍÚÌÓ: 

I = I+ + I– + i+ + i–, (6)

„‰Â

(7) 

(8)

a+ = 0,  a– = –i•,  b+ = +i•,  b– = 0.

á‰ÂÒ¸ ÁÌ‡Í ÔÎ˛Ò ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÂ‚ÓÏÛ Í‚‡‰‡Ì-
ÚÛ, ÁÌ‡Í ÏËÌÛÒ – ˜ÂÚ‚ÂÚÓÏÛ. êÂ„ÛÎflÌ˚Â ‚Â-
˘ÂÒÚ‚ÂÌÌ˚Â ÔÓÎ˛Ò‡ ÓÚÌÓÒflÚÒfl Í ÔÂ‚ÓÏÛ Í‚‡‰-
‡ÌÚÛ, ÌÂÂ„ÛÎflÌ˚Â – Í ˜ÂÚ‚ÂÚÓÏÛ.

óàëãÖççõÖ  èêàåÖêõ

Ç ÏÓ‰ÂÎ¸Ì˚ı ‡Ò˜ÂÚ‡ı ‡ÒÒÏ‡ÚË‚‡ÎÒfl ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌ˚È ÒÎÓÈ Â‰ËÌË˜ÌÓÈ ÚÓÎ˘ËÌ˚, ‚ ÒÂ-
‰ËÌÌÓÈ ÔÎÓÒÍÓÒÚË ÍÓÚÓÓ„Ó ‡ÒÔÓÎÓÊÂÌ‡ ÔÎÓ-
ÒÍ‡fl ÍÛ„Î‡fl ÚÂ˘ËÌ‡ Â‰ËÌË˜ÌÓ„Ó ‡‰ËÛÒ‡. 
ç‡ ÔÓ‚ÂıÌÓÒÚË ÒÎÓfl Ú‡ÍÊÂ ‚ ÓÍÛÊÌÓÒÚË Â‰Ë-
ÌË˜ÌÓ„Ó ‡‰ËÛÒ‡ Á‡‰‡Ì˚ ÔÓ‚ÂıÌÓÒÚÌ˚Â ÏÂı‡ÌË-
˜ÂÒÍËÂ, ˝ÎÂÍÚË˜ÂÒÍËÂ Ë ÚÂÔÎÓ‚˚Â Ì‡„ÛÁÍË.

ç‡ ÔÓ‚ÂıÌÓÒÚË ÒÎÓfl ÔË z = 0, q(x, y) = {s13,
s23, s33, D3, g3} (x, y) Œ  W; q(x,  y) = 0, (x, y) œ  W. 
Ç ÓÒÌÓ‚‡ÌËË ÒÎÓfl ÔË z = –1 ÒÏÂ˘ÂÌËfl, ˝ÎÂÍÚË-
˜ÂÒÍËÈ ÔÓÚÂÌˆË‡Î Ë ÓÚÌÓÒËÚÂÎ¸Ì‡fl ÚÂÏÔÂ‡ÚÛ‡
Ò˜ËÚ‡˛ÚÒfl ‡‚Ì˚ÏË ÌÛÎ˛ u = j  = q  = 0. Ç ÒÂ‰ËÌ-
ÌÓÈ ÔÎÓÒÍÓÒÚË ÔË z = –0,5 Á‡‰‡Ì˚ ÒÍ‡˜ÍË ÔÂÂ-
ÏÂ˘ÂÌËÈ ÔÓÚÂÌˆË‡Î‡ d j  = j+ – j– Ë
ÚÂÏÔÂ‡ÚÛ˚ d q  = q+ – q–, ‚ÂÍÚÓ Ì‡„ÛÁÓÍ ËÏÂÂÚ
‚Ë‰ q(x, y) = {du1, du2, du3, dj1, dq1}, (x,  y) Œ  W; 
q(x, y) = 0, (x, y) œ  W. ëÎÓÈ ËÏÂÂÚ Ò‚ÓÈÒÚ‚‡ Ú‡ÌÚ‡-
Î‡Ú‡ ÎËÚËfl [6] (ÚË„ÓÌ‡Î¸Ì‡fl ÒËÌ„ÓÌËfl, ÍÎ‡ÒÒ 3m):
ÛÔÛ„ËÂ ÏÓ‰ÛÎË C11 = 2,03, C13 = 0,53, C14 = 0,75,
C33 = 0,09, C44 = 2,45, C66 = 0,6 (1011 ç/Ï2), Ô¸ÂÁÓ-
˝ÎÂÍÚË˜ÂÒÍËÂ ÏÓ‰ÛÎË e15 = 3,7, e22 = –2,5, e31 = 0,2,
e33 = 1,3 (1 äÎ/Ï2), ‰Ë˝ÎÂÍÚË˜ÂÒÍËÂ ÔÓÌËˆ‡ÂÏÓ-
ÒÚË e11 = 38,9, e22 = 25,7 (10–12 î/Ï), ÔÎÓÚÌÓÒÚ¸ 
r = 0,47 (104 Í„/Ï3), Û‰ÂÎ¸Ì‡fl ÚÂÔÎÓÂÏÍÓÒÚ¸ 
Ce = 8,092 (10–4 ÑÊ/(Í„ ◊ ä)), ÍÓ˝ÙÙËˆËÂÌÚ˚ 
ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË nnn = n  = 4,6 (ÇÚ/(Ï ◊ ä)), ÚÂÏ-
ÔÂ‡ÚÛÌ˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÏÂı‡ÌË˜ÂÒÍËı Ì‡-
ÔflÊÂÌËÈ cnn = c  = 2 (ç/(Ï2 ◊ äÉ)), ÔËÓ˝ÎÂÍÚË˜Â-
ÒÍËÂ ÍÓ˝ÙÙËˆËÂÌÚ˚ pn = p = 0,2 (10–4 äÎ/(Ï2 ◊ ä)).
Ç Í‡˜ÂÒÚ‚Â ı‡‡ÍÚÂÌ˚ı ‚ÂÎË˜ËÌ ·˚ÎË ËÒÔÓÎ¸-
ÁÓ‚‡Ì˚ ÒÎÂ‰Û˛˘ËÂ ÁÌ‡˜ÂÌËfl: l0 = 10–3 Ï, t0 = 10–6 c,

du u u1 1 1= -+ - ,

¥ ±Q i r d dm
( ) ( , ) exp( sin ) ,a t a a t a t

i±

±

±
= ± ¥ÚÚ

1
4 2

0

2

p
a g

p
K jm

a

b

( , )

¥ ±
=Q i r dm n

( )
( )( , ) exp( sin ) | ,a t a a t ta a g

I± ±

=

•
= ± ¥ÂÚ

i
K

n
jm2 10

2

p
a g

p
( ) res ( , )

I in
m

n
m( ) ( ),
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m0 = 104 Í„, j0 = 108 B, q0 = 107 ä, T0 = 300 ä. 
àÁ-Á‡ ÓÚÒÛÚÒÚ‚Ëfl ÒÔ‡‚Ó˜Ì˚ı ‰‡ÌÌ˚ı ÚÂÌÁÓ‡Ï
n, c, p ·˚ÎË ÔË‰‡Ì˚ ÙËÁË˜ÂÒÍË ‰ÓÔÛÒÚËÏ˚Â 
ÏÓ‰ÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl.

ÑÎfl ÔË‚Â‰ÂÌÌÓÈ ˜‡ÒÚÓÚ˚ w = 2,7 Ì‡ ËÒ. 2–4
ÔÓÍ‡Á‡Ì˚ ‚ ·ÎËÊÌÂÈ ÁÓÌÂ ÓÚ ËÒÚÓ˜ÌËÍ‡ ÙÛÌÍ-
ˆËË – ÍÓÏÔÓÌÂÌÚ˚ ‚ÂÍÚÓ‡ u(x, y)|z=0, ÔÂ‰ÒÚ‡‚Îfl-
ÂÏ˚Â ËÌÚÂ„‡Î‡ÏË ‚Ë‰‡ (7). êËÒÛÌÍË ‚ÂıÌÂ„Ó fl‰‡
ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Ì‡„ÛÁÍÂ, Á‡‰‡ÌÌÓÈ Ì‡ ÔÓ‚ÂıÌÓ-
ÒÚË ÒÎÓfl, ÌËÊÌËÈ fl‰ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ì‡„ÛÁÍ‡Ï,
Á‡‰‡ÌÌ˚Ï Ì‡ ·ÂÂ„‡ı ÚÂ˘ËÌ˚. á‡ÏÂÚËÏ, ˜ÚÓ
‡ÁÏÂÌÓÒÚË Ì‡„ÛÁÓÍ Ì‡ ÔÓ‚ÂıÌÓÒÚË Ë ‚ÌÛÚË
ÒÎÓfl ‡ÁÎË˜Ì˚. í‡Í, Ì‡ ÔÓ‚ÂıÌÓÒÚË Á‡‰‡˛ÚÒfl ‚ÂÍ-
ÚÓ ÏÂı‡ÌË˜ÂÒÍËı Ì‡ÔflÊÂÌËÈ {Q1, Q2, Q3}, 
ÔÎÓÚÌÓÒÚ¸ ÔÓ‚ÂıÌÓÒÚÌ˚ı Á‡fl‰Ó‚ Q4 Ë ÌÓÏ‡Î¸-

Ì‡fl ÍÓÏÔÓÌÂÌÚ‡ ‚ÂÍÚÓ‡ ÚÂÔÎÓ‚Ó„Ó ÔÓÚÓÍ‡ Q5,
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ì‡ „‡ÌËˆ‡ı ÚÂ˘ËÌ˚ – ÒÍ‡˜ÍË
ÔÂÂÏÂ˘ÂÌËÈ Qj = dUj (j = 1, 2, 3), ˝ÎÂÍÚË˜ÂÒÍÓ-
„Ó ÔÓÚÂÌˆË‡Î‡ Q4 = dF Ë ÚÂÏÔÂ‡ÚÛ˚ Q5 = dQ.

çÓÏËÓ‚‡ÌÌ˚Â ‡ÏÔÎËÚÛ‰˚ ‚ÂÚËÍ‡Î¸Ì˚ı
ÔÂÂÏÂ˘ÂÌËÈ Ì‡ ÔÓ‚ÂıÌÓÒÚË ÒÎÓfl 

‚˚Á‚‡ÌÌ˚Â ÏÂı‡ÌË˜ÂÒÍËÏË Ì‡-

„ÛÁÍ‡ÏË Q = Q3 ‚Ë‰‡ (5), ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 2,
Á‰ÂÒ¸ z = 0, –5 £  x, y £  5, ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ÍÓÓ-
‰ËÌ‡Ú˚ x, y Ì‡ ‚ÒÂı ËÒÛÌÍ‡ı Ú‡ÍÊÂ ÌÓÏËÓ‚‡-

Ì˚: çÓÏËÓ‚‡ÌÌ˚Â ‡ÏÔÎËÚÛ‰˚x
x

l
y

x

l
= =1

0

2

0

,  .

= =
1

0
3 0l

x y| ( , ) | ,u z

u3 =
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êËÒ. 2. ÄÏÔÎËÚÛ‰˚ ‚ÂÚËÍ‡Î¸Ì˚ı ÔÂÂÏÂ˘ÂÌËÈ Ì‡ ÔÓ‚ÂıÌÓÒÚË ÒÎÓfl | u3(x, y)|z = 0, ‚˚Á‚‡ÌÌ˚Â ÏÂı‡ÌË˜ÂÒÍËÏË Ì‡„ÛÁÍ‡ÏË 
Q = Q3 ‚Ë‰‡ (5)



˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÚÂÌˆË‡Î‡ 

‚˚Á‚‡ÌÌ˚Â ˝ÎÂÍÚË˜ÂÒÍËÏË Ì‡„ÛÁÍ‡ÏË Q = Q4
‚Ë‰‡ (5), ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 3. çÓÏËÓ‚‡ÌÌ˚Â

ÓÚÌÓÒËÚÂÎ¸Ì˚Â ÚÂÏÔÂ‡ÚÛ˚ 

‚˚Á‚‡ÌÌ˚Â ÚÂÔÎÓ‚˚ÏË Ì‡„ÛÁÍ‡ÏË Q = Q5 ÚÓ„Ó
ÊÂ ‚Ë‰‡ (5), ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 4.

ÇÍÎ‡‰ ËÌÚÂ„‡ÎÓ‚ i± (8) ‚ ÒÛÏÏÛ I (6) ‰Îfl ‰‡Ì-
ÌÓ„Ó Ï‡ÚÂË‡Î‡ Ó·˚˜ÌÓ ÌÂ ÔÂ‚˚¯‡Î 0,1%.

ÇõÇéÑõ 

èÂ‰ÎÓÊÂÌÌ˚È ÏÂÚÓ‰ ÔÓÁ‚ÓÎflÂÚ ÓˆÂÌËÚ¸
‚ÍÎ‡‰ ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÔÓÎ˛ÒÓ‚ Ë ·ÎËÊ‡È¯Ëı Í

 
t x y= =

1

0
0q

q| ( , ) | ,z

 
f

j
f= =

1

0
0| ( , ) | ,x y z

‚Â˘ÂÒÚ‚ÂÌÌÓÈ ÓÒË ÍÓÏÔÎÂÍÒÌ˚ı ÔÓÎ˛ÒÓ‚ ‚ ËÌ-
ÚÂ„‡Î ÔË Ò‡‚ÌËÚÂÎ¸ÌÓ ÌÂ·ÓÎ¸¯Ëı ‚˚˜ËÒÎË-
ÚÂÎ¸Ì˚ı Á‡Ú‡Ú‡ı. ç‡ ÓÒÌÓ‚Â ‰‡ÌÌÓ„Ó ‡Î„ÓËÚ-
Ï‡ ‡Á‡·ÓÚ‡Ì˚ ‰‚‡ ÔÓ„‡ÏÏÌ˚ı ÍÓÏÔÎÂÍÒ‡ Ì‡
flÁ˚ÍÂ FORTRAN 90, ÒÂ‰‡ MS FORTRAN
PowerStation 4.0.

ÇÓ ‚ÒÂı ÔÓ‚Â‰ÂÌÌ˚ı ‡Ò˜ÂÚ‡ı „‡ÙËÍË 
Ó·Î‡‰‡˛Ú ÓÒÂ‚ÓÈ ÒËÏÏÂÚËÂÈ ÓÚÌÓÒËÚÂÎ¸ÌÓ 
ÓÒË Oz Ë, ÍÓÏÂ ÚÓ„Ó, ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â – ÁÂ-
Í‡Î¸ÌÓÈ ÒËÏÏÂÚËÂÈ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÎÓÒÍÓÒ-
ÚÂÈ xOz, yOz, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÒËÏÏÂÚËË 
‚˚·‡ÌÌÓ„Ó ÒÂÁ‡ ÍËÒÚ‡ÎÎ‡. èÓÒÍÓÎ¸ÍÛ ‚ ‡Ò-
ÒÏ‡ÚË‚‡ÂÏÓÏ ÒÎÛ˜‡Â ‚ÒÂ ÔÓÎfl Ò‚flÁ‡Ì˚, ÚÓ 
Î˛·‡fl Ì‡„ÛÁÍ‡ ÏÓÊÂÚ ‚˚Á˚‚‡Ú¸ ËÁÏÂÌÂÌËfl 
ÏÂı‡ÌË˜ÂÒÍËı, ˝ÎÂÍÚË˜ÂÒÍËı Ë ÚÂÔÎÓ‚˚ı 
‚ÂÎË˜ËÌ.
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êËÒ. 3. ÄÏÔÎËÚÛ‰˚ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÚÂÌˆË‡Î‡ | f(x, y)|z = 0, ‚˚Á‚‡ÌÌ˚Â ˝ÎÂÍÚË˜ÂÒÍËÏË Ì‡„ÛÁÍ‡ÏË Q = Q4 ‚Ë‰‡ (5)



ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ „‡ÌÚ‡
êîîà ‹ 05-01-00902, ÔÓÂÍÚ‡ çò-4839.2006.1,
ÔÓ„‡ÏÏ ÓÚ‰ÂÎÂÌËfl ùååèì éù-12 Ë éù-14 Ë
èÂÁË‰ËÛÏ‡ êÄç, ‚˚ÔÓÎÌflÂÏ˚ı ûÊÌ˚Ï Ì‡Û˜-
Ì˚Ï ˆÂÌÚÓÏ êÄç.
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êËÒ. 4. éÚÌÓÒËÚÂÎ¸Ì˚Â ÚÂÏÔÂ‡ÚÛ˚ | t(x, y)|z = 0, ‚˚Á‚‡ÌÌ˚Â ÚÂÔÎÓ‚˚ÏË Ì‡„ÛÁÍ‡ÏË Q = Q5 ‚Ë‰‡ (5) (Á‰ÂÒ¸ ÚÂÏÔÂ‡ÚÛ‡ q
Ó·ÓÁÌ‡˜ÂÌ‡ ·ÛÍ‚ÓÈ t)
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INTEGRAL  FORM  OF  THERMOELECTROELASTIC 
FIELDS  IN  MULTILAYER  MEDIUM  WITH 

PLANE  AXISYMMETRIC  HETEROGENEITIES

P.V. Syromyatnikov, S.V. Ratner 

The problem of obtaining numerical solution of elastodynamic boundary problem for layered medium
with coupled fields and heterogeneities is discussed. A new effective method of computation of Fourier
inversion, based on analysis of subintegral function is presented. Some numerical results are discussed.
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