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1. ÇÇÖÑÖçàÖ

ÖÒÚÂÒÚ‚ÂÌÌÓÂ Ï‡„ÌËÚÌÓÂ ÔÓÎÂ áÂÏÎË, ÔÓÓÊ‰‡-
˛˘ÂÂÒfl ÒÎÓÊÌ˚ÏË åÉÑ-ÔÓˆÂÒÒ‡ÏË ‚ fl‰Â áÂÏÎË
Ë ÚÓÍ‡ÏË ‚ Ï‡„ÌËÚÓÒÙÂÂ, ËÒÔ˚Ú˚‚‡ÂÚ ÔÓÒÚÓflÌ-
Ì˚Â ‚ÓÁÏÛ˘ÂÌËfl. àÒÚÓ˜ÌËÍË ̋ ÚËı ‚ÓÁÏÛ˘ÂÌËÈ Ì‡-
ıÓ‰flÚÒfl ‚ ÊË‰ÍÓÏ fl‰Â, Ï‡„ÌËÚÓÒÙÂÂ, ËÓÌÓÒÙÂÂ,
ÎËÚÓÒÙÂÂ, Ì‡ ëÓÎÌˆÂ [üÌÓ‚ÒÍËÈ, 1978; ÉÓı·Â„ Ë
‰., 1988; äÓÎÂ‚Âˆ Ë òÂÂÏÂÚ¸Â‚‡, 2004]. èË˜Ë-
ÌÓÈ ÎÓÍ‡Î¸Ì˚ı „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ ÏÓ„ÛÚ
ÒÎÛÊËÚ¸ ÒÂÈÒÏË˜ÂÒÍËÂ ÔÓˆÂÒÒ˚ [äÓÎÂ‚Âˆ Ë òÂ-
ÂÏÂÚ¸Â‚‡, 2004]. àÏÂ˛ÚÒfl ÔÓÔ˚ÚÍË ËÒÔÓÎ¸ÁÓ-
‚‡Ú¸ ÓÒÓ·ÂÌÌÓÒÚË „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ ‚ Í‡˜Â-
ÒÚ‚Â ÔÓ„ÌÓÒÚË˜ÂÒÍËı ÔËÁÌ‡ÍÓ‚ ÔË ÔÂ‰ÒÍ‡Á‡-
ÌËË ÁÂÏÎÂÚflÒÂÌËÈ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ̃ ÚÓ ÒÛÏÏ‡Ì˚È
Â„ËÒÚËÛÂÏ˚È ˝ÙÙÂÍÚ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ
Á‡‚ËÒËÚ Í‡Í ÓÚ ÔÓˆÂÒÒÓ‚ ÔÎ‡ÌÂÚ‡ÌÓ„Ó Ï‡Ò¯Ú‡·‡,
Ú‡Í Ë ÓÚ ÎÓÍ‡Î¸Ì˚ı ÏÂÒÚÌ˚ı ÔÓˆÂÒÒÓ‚. ê‡Á‰ÂÎÂ-
ÌËÂ ‡ÁÌ˚ı ËÒÚÓ˜ÌËÍÓ‚ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ë
ÓˆÂÌÍ‡ ‚ÍÎ‡‰‡ Í‡Ê‰Ó„Ó ËÁ ÔÓˆÂÒÒÓ‚ ÓÍÓÌ˜‡ÚÂÎ¸-
ÌÓ ÌÂ ‚˚ÔÓÎÌÂÌ˚. çÂÍÓÚÓ˚Â ËÁ „ÂÓÏ‡„ÌËÚÌ˚ı
‚‡Ë‡ˆËÈ ÌÓÒflÚ Â„ÛÎflÌ˚È ı‡‡ÍÚÂ. ïÓÓ¯Ó
ËÁÛ˜ÂÌ˚ ÒÛÚÓ˜Ì˚Â ‚‡Ë‡ˆËË, ÍÓÚÓ˚Â ‡Á‰ÂÎfl˛Ú
Ì‡ ÒÓÎÌÂ˜ÌÓ-ÒÛÚÓ˜Ì˚Â Ò ÔÂËÓ‰ÓÏ, ‡‚Ì˚Ï ÔÓ-
‰ÓÎÊËÚÂÎ¸ÌÓÒÚË ÒÓÎÌÂ˜Ì˚ı ÒÛÚÓÍ (24 ˜), Ë ÎÛÌÌÓ-
ÒÛÚÓ˜Ì˚Â, Ò‚flÁ‡ÌÌ˚Â Ò ÔÓÎÓÊÂÌËÂÏ ãÛÌ˚: ‚ÓÎÌ‡
O1, ÔÂËÓ‰ ÍÓÚÓÓÈ ÒÓÒÚ‡‚ÎflÂÚ 25.8 ˜, Ë ‚ÓÎÌ‡ M2,
ÔÂËÓ‰ ÍÓÚÓÓÈ 12.4 ̃  [åÂÎ¸ıËÓ, 1968]. ë˜ËÚ‡ÂÚ-
Òfl, ˜ÚÓ Ï‡„ÌËÚÌÓÂ ÔÓÎÂ ÒÛÚÓ˜Ì˚ı ‚‡Ë‡ˆËÈ ËÏÂÂÚ
ËÒÚÓ˜ÌËÍË ‚ ‚ÂıÌËı ÒÎÓflı ‡ÚÏÓÒÙÂ˚ – ‚ E-ÒÎÓÂ
ËÓÌÓÒÙÂ˚ [üÌÓ‚ÒÍËÈ, 1978]. ùÚËÏË ËÒÚÓ˜ÌËÍ‡ÏË

fl‚Îfl˛ÚÒfl ËÓÌÓÒÙÂÌ˚Â ÚÓÍË, ÚÂÍÛ˘ËÂ Ì‡ ‡ÒÒÚÓ-
flÌËË ÓÍÓÎÓ 100 ÍÏ Ì‡‰ ÔÓ‚ÂıÌÓÒÚ¸˛ áÂÏÎË. èÓÎ-
Ì˚È ÚÓÍ ‚ ‰ÌÂ‚ÌÓÏ ÍÓÌÚÛÂ ‰Îfl ÒÓÎÌÂ˜ÌÓ-ÒÛÚÓ˜-
Ì˚ı ‚‡Ë‡ˆËÈ ÒÓÒÚ‡‚ÎflÂÚ 62000 A ‚ ‡‚ÌÓ‰ÂÌ-
ÒÚ‚ËÂ Ë 89000 A ‚Ó ‚ÂÏfl ÒÓÎÌˆÂÒÚÓflÌËfl. ÑÎfl
ÎÛÌÌÓ-ÒÛÚÓ˜Ì˚ı „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ – ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ 5300 Ë 11000 A. éÒÓ·ÂÌÌÓÒÚË „ÂÓÏ‡„-
ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰‡ÏË ÎÛÌÌ˚ı ÔËÎË‚Ì˚ı
‚ÓÎÌ ÏÂÌÂÂ ËÁÛ˜ÂÌ˚. èÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, ÔÎ‡ÌÂ-
Ú‡Ì˚Â ËÒÚÓ˜ÌËÍË Ë ÍÓÎ¸ˆÂ‚ÓÈ ÚÓÍ ‚ fl‰Â áÂÏÎË
ÓÚÍÎËÍ‡˛ÚÒfl Ì‡ ÔËÎË‚Ì˚Â ‚ÓÁ‰ÂÈÒÚ‚Ëfl. é‰Ì‡ÍÓ
‰Ó ‚˚ÔÓÎÌÂÌËfl ÔflÏ˚ı ÓˆÂÌÓÍ ÓÎ¸ Í‡Ê‰Ó„Ó ËÁ ËÒ-
ÚÓ˜ÌËÍÓ‚ ÓÒÚ‡ÂÚÒfl ÌÂflÒÌÓÈ. ñÂÎ¸˛ Ì‡ÒÚÓfl˘ÂÈ ‡-
·ÓÚ˚ fl‚ÎflÂÚÒfl ÓˆÂÌÍ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ,
‚ÓÁÌËÍ‡˛˘Ëı ‚ÒÎÂ‰ÒÚ‚ËÂ ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡ˆËÈ
ÍÓÎ¸ˆÂ‚˚ı ÚÓÍÓ‚ – ËÒÚÓ˜ÌËÍÓ‚ „ÂÓÏ‡„ÌËÚÌÓ„Ó ÔÓ-
Îfl, Ë Ò‡‚ÌÂÌËÂ ÔÓÎÛ˜ÂÌÌ˚ı ‡Ò˜ÂÚÌ˚ı ÁÌ‡˜ÂÌËÈ Ò
‰‡ÌÌ˚ÏË Ó·Ò. “è‡‡ÚÛÌÍ‡”.

2. èËÓ‰‡ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ 
ÔÎ‡ÌÂÚ‡ÌÓ„Ó „ÂÓÏ‡„ÌËÚÌÓ„Ó ÔÓÎfl

å‡„ÌËÚÌÓÂ ÔÓÎÂ áÂÏÎË ÔÓÓÊ‰‡ÂÚÒfl ÒÎÓÊÌ˚-
ÏË åÉÑ-ÔÓˆÂÒÒ‡ÏË ‚Ó ‚ÌÂ¯ÌÂÏ fl‰Â áÂÏÎË Ë ÚÓ-
Í‡ÏË, ÍÓÚÓ˚Â ÔÓÚÂÍ‡˛Ú ‚ Ï‡„ÌËÚÓÒÙÂÂ. Ç ÔË-
ÌflÚÓÈ ÏÓ‰ÂÎË åÉÑ-ÔÓˆÂÒÒ˚ ‡ÔÔÓÍÒËÏËÛÂÏ
ÍÓÎ¸ˆÂ‚˚Ï ÚÓÍÓÏ, ÚÂÍÛ˘ËÏ ‚ ÔÎÓÒÍÓÒÚË ˝Í‚‡ÚÓ‡
fl‰‡. ÅÛ‰ÂÏ ÔÂ‰ÔÓÎ‡„‡Ú¸, ˜ÚÓ ÔËÎË‚Ì˚Â ‰ÂÙÓ-
Ï‡ˆËË ÚÓÍÓ‚˚ı ÍÓÌÚÛÓ‚ Ï‡„ÌËÚÓÒÙÂ˚ Ë fl‰‡
áÂÏÎË ÔÓÓÊ‰‡˛Ú „ÂÓÏ‡„ÌËÚÌ˚Â ‚‡Ë‡ˆËË Ò ÔË-
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ÎË‚Ì˚ÏË ˜‡ÒÚÓÚ‡ÏË. ê‡ÒÒÏÓÚËÏ ‚ÍÎ‡‰ Í‡Ê‰Ó„Ó
ËÁ ÚÓÍÓ‚˚ı ÍÓÌÚÛÓ‚ ÔÓ ÓÚ‰ÂÎ¸ÌÓÒÚË.

ÑÂÙÓÏ‡ˆËË ÍÓÎ¸ˆÂ‚Ó„Ó ÚÓÍ‡ ‚ fl‰Â. èÂ‰ÔÓ-
ÎÓÊËÏ, ˜ÚÓ ÚÓÍ, ÔÓÚÂÍ‡˛˘ËÈ ‚ fl‰Â, ÒÓÒÂ‰ÓÚÓ-
˜ÂÌ ‚ ÔÎÓÒÍÓÒÚË Ï‡„ÌËÚÌÓ„Ó ˝Í‚‡ÚÓ‡ (ËÒ. 1).
èËÎË‚Ì˚Â ‰ÂÙÓÏ‡ˆËË ËÒÔ˚Ú˚‚‡ÂÚ ‚ÂÒ¸ Ó·˙ÂÏ
áÂÏÎË, ‡ Ò ÌËÏ Ë fl‰Ó. ùÚÓ ÔË‚Ó‰ËÚ Í ‰ÂÙÓÏ‡-
ˆËË ÍÓÌÚÛ‡ ÍÓÎ¸ˆÂ‚Ó„Ó ÚÓÍ‡. Ç ÂÁÛÎ¸Ú‡ÚÂ ˝ÚÓ„Ó
ÚÓÍ ‰‚ËÊÂÚÒfl ÔÓ ‰ÂÙÓÏËÓ‚‡ÌÌÓÏÛ ÍÓÌÚÛÛ. àÒ-
˜ÂÁÌÓ‚ÂÌËÂ ÚÓÍ‡ ‚ ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌÓÏ ÍÓÌÚÛÂ Ë
ÔÓfl‚ÎÂÌËÂ Â„Ó ‚ ‰ÂÙÓÏËÓ‚‡ÌÌÓÏ Ò‚Ó‰ËÚÒfl Í ÔÓ-
fl‚ÎÂÌË˛ Í‚‡‰ÛÔÓÎ¸ÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ „ÂÓÏ‡„-
ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔËÎË‚Ì˚ÏË ˜‡ÒÚÓÚ‡ÏË ‚ Ï‡Ò-
¯Ú‡·Â ÔÎ‡ÌÂÚ˚. èÓÍ‡ÊÂÏ ˝ÚÓ Ë ‚˚ÔÓÎÌËÏ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ËÂ ÓˆÂÌÍË. ê‡ÒÒÏÓÚËÏ (Ì‡ ‚˚ÌÓÒÍÂ
ËÒ. 2) Ó‰ËÌ ËÁ ˜ÂÚ˚Âı ÒÂ„ÏÂÌÚÓ‚, Ó·‡ÁÓ‚‡ÌÌ˚ı
ÔË ÔÂÂÒÂ˜ÂÌËË ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌÓ„Ó Ë ËÒÔ˚Ú˚-
‚‡˛˘Â„Ó ÔËÎË‚ÌÛ˛ ‰ÂÙÓÏ‡ˆË˛ ÍÓÌÚÛÓ‚
(ËÒ. 2). ê‡ÁÓ·¸ÂÏ ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌ˚È ÍÓÌÚÛ Ì‡
˝ÎÂÏÂÌÚ˚ dl, Í‡Ê‰˚È Ò ÚÓÍÓÏ I0. Ç ÂÁÛÎ¸Ú‡ÚÂ
ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡ˆËÈ fl‰‡ Í‡Ê‰˚È ËÁ ˝ÎÂÏÂÌ-
ÚÓ‚ dl ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌÓ„Ó ÍÓÌÚÛ‡ ÒÏÂ˘‡ÂÚÒfl Ì‡
‚ÂÍÚÓ h ÔËÎË‚ÌÓÈ ‰ÂÙÓÏ‡ˆËË. ëÏÂ˘ÂÌËÂ ËÁ-Á‡
ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡ˆËÈ ˝ÎÂÏÂÌÚÓ‚ ÚÓÍ‡ ˝Í‚Ë‚‡-

ÎÂÌÚÌÓ Ì‡ÎÓÊÂÌË˛ Ì‡ ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌ˚È ÍÓÌ-
ÚÛ Á‡ÏÍÌÛÚ˚ı Á‡ÔÓÎÌfl˛˘Ëı ÒÂ„ÏÂÌÚ˚ ˆÂÎËÍÓÏ
˝ÎÂÏÂÌÚ‡Ì˚ı ÍÓÌÚÛÓ‚ Ò ÚÓÍÓÏ I0. íÓÍË ÒÏÂÊÌ˚ı
ÒÚÓÓÌ ÒÓÒÂ‰ÌËı ˝ÎÂÏÂÌÚ‡Ì˚ı ÍÓÌÚÛÓ‚ ÍÓÏÔÂÌ-
ÒËÛ˛Ú ‰Û„ ‰Û„‡. ÄÌ‡ÎÓ„Ë˜ÌÓ ÍÓÏÔÂÌÒËÛ˛Ú
‰Û„ ‰Û„‡ ÚÓÍ ÌÂ‰ÂÙÓÏËÓ‚‡ÌÌÓ„Ó ÍÓÌÚÛ‡ Ë Ì‡-
ÎÓÊÂÌÌ˚Â Ì‡ ÌÂ„Ó ÚÓÍË ‚ÒÂı ˝ÎÂÏÂÌÚ‡Ì˚ı ÍÓÌÚÛ-
Ó‚. å‡„ÌËÚÌ˚È ÏÓÏÂÌÚ Í‡Ê‰Ó„Ó ˝ÎÂÏÂÌÚ‡ÌÓ„Ó
ÍÓÌÚÛ‡ ‡ÒÒ˜ËÚ˚‚‡ÎÒfl ÔÓ ÙÓÏÛÎÂ [ã‡Ì‰‡Û Ë
ãËÙ¯Ëˆ, 1941]:

(1)

„‰Â rcore – ‡‰ËÛÒ fl‰‡ áÂÏÎË; rE – ‡‰ËÛÒ áÂÏÎË.
èËÎË‚Ì‡fl ÒÓÒÚ‡‚Îfl˛˘‡fl Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl ‚˚-
˜ËÒÎflÎ‡Ò¸ Í‡Í ÒÛÏÏ‡Ì˚È ‚ÍÎ‡‰ ‚ÒÂı ˝ÎÂÏÂÌÚ‡-
Ì˚ı ÍÓÌÚÛÓ‚ ˜ÂÚ˚Âı ÒÂ„ÏÂÌÚÓ‚ Ë fl‚ÎflÂÚÒfl ËÒ-
ÚÓ˜ÌËÍÓÏ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔËÎË‚Ì˚ÏË
˜‡ÒÚÓÚ‡ÏË.

ÇÂÎË˜ËÌ‡ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÚÓÍ‡ I, ÔÓÚÂÍ‡˛-
˘Â„Ó ‚ fl‰Â Ë ÔÓÓÊ‰‡˛˘Â„Ó Ï‡„ÌËÚÌÓÂ ÔÓÎÂ B =
= 5 · 10–5 íÎ Ì‡ ‡ÒÒÚÓflÌËË r = 2878 ÍÏ, ÓˆÂÌË‚‡ÂÚ-

dM dI h
rcore

rE

---------- 
 ×

rcore

rE

---------- I drcore h×[ ] ,= =

ϕϕϕ

äÓÎ¸ˆÂ‚ÓÈ ÚÓÍ
ÔÎÓÒÍÓÒÚË Ï‡„ÌËÚÌÓ„Ó

˝Í‚‡ÚÓ‡

äÓÎ¸ˆÂ‚ÓÈ ÚÓÍ ‚
Ï‡„ÌËÚÓÒÙÂÂ ‚

ÔÎÓÒÍÓÒÚË ˝ÍÎËÔÚËÍË

èÓ‚ÂıÌÓÒÚ¸
áÂÏÎË

ùÍ‚‡ÚÓË‡Î¸Ì‡fl
ÔÎÓÒÍÓÒÚ¸

ü‰Ó

N

S

êËÒ. 1. èËÌflÚ‡fl ÏÓ‰ÂÎ¸ ÍÓÎ¸ˆÂ‚Ó„Ó ÚÓÍ‡ ‚ fl‰Â Ë Ï‡„ÌËÚÓÒÙÂÂ áÂÏÎË. ÇË‰ ÒÓ ÒÚÓÓÌ˚ ÌÛÎÂ‚Ó„Ó ÏÂË‰Ë‡Ì‡.

ÑÂÙÓÏËÓ‚‡ÌÌ˚È
ÚÓÍÓ‚˚È ÍÓÌÚÛ

ç‡Ô‡‚ÎÂÌËÂ ‚ÂÍÚÓ‡
Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡

çÂ‰ÂÙÓÏËÓ‚‡ÌÌ˚È
ÚÓÍÓ‚˚È ÍÓÌÚÛ

dn dl'dl

–I0 I0I0

êËÒ. 2. àÁÏÂÌÂÌËÂ ÙÓÏ˚ ÚÓÍÓ‚Ó„Ó ÍÓÌÚÛ‡ ‚ ÂÁÛÎ¸Ú‡ÚÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÒÛÚÓ˜Ì˚ı ÔËÎË‚Ì˚ı ‚ÓÎÌ (‚Ë‰ ÒÓ ÒÚÓÓÌ˚ ˛Ê-
ÌÓ„Ó Ï‡„ÌËÚÌÓ„Ó ÔÓÎ˛Ò‡).

4

E
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Òfl ÔÓ ÙÓÏÛÎÂ I ≈ , „‰Â µ – Ï‡„ÌËÚÌ‡fl ÔÓÒÚÓ-

flÌÌ‡fl; S – ÔÎÓ˘‡‰¸ Ó·Î‡ÒÚË, Ó„‡ÌË˜ÂÌÌÓÈ ÚÓÍÓ-
‚˚Ï ÍÓÌÚÛÓÏ [ã‡Ì‰‡Û Ë ãËÙ¯Ëˆ, 1941]. ÇÂÍÚÓ
ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡ˆËÈ h ÓˆÂÌËÏ ÒÎÂ‰Û˛˘ËÏ Ó·-
‡ÁÓÏ: ‚Ó-ÔÂ‚˚ı, ‰Îfl Í‡Ê‰ÓÈ ËÁ ÔËÎË‚Ì˚ı ‚ÓÎÌ
·Û‰ÂÏ Ò˜ËÚ‡Ú¸ h ÒÓÌ‡Ô‡‚ÎÂÌÌ˚Ï ‚ÂÍÚÓÛ ÔË-
ÎË‚ÌÓÈ ÒËÎ˚ (–∇ W), „‰Â

(2)

(2')

Ë W – ÔÓÚÂÌˆË‡Î ÔËÎË‚ÌÓÈ ÒËÎ˚; TO1, TM2 – ÔÂË-
Ó‰˚ ÔËÎË‚Ì˚ı ‚ÓÎÌ O1 Ë M2; ϕ – ¯ËÓÚ‡; λ – ‰ÓÎ-
„ÓÚ‡; λ0 – ‰ÓÎ„ÓÚ‡ ÚÓ˜ÍË Ì‡·Î˛‰ÂÌËfl, AO1, AM2 –
‡ÏÔÎËÚÛ‰˚ ÔËÎË‚Ì˚ı ‚ÓÎÌ O1 Ë M2, t – ‚ÂÏfl, ÓÚ-
Ò˜ËÚ˚‚‡ÂÏÓÂ ‰Îfl Í‡Ê‰ÓÈ ‚ÓÎÌ˚ Ò ÏÓÏÂÌÚ‡, ÍÓ„‰‡
‚ ÚÓ˜ÍÂ Ì‡·Î˛‰ÂÌËfl (λ0) ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÔËÎË‚-
Ì˚È ÔÓÚÂÌˆË‡Î ÔËÌËÏ‡ÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜Â-
ÌËÂ; ‚Ó-‚ÚÓ˚ı, ÔËÎË‚ÌÓÂ ÒÏÂ˘ÂÌËÂ ˝ÎÂÏÂÌÚÓ‚
ÔÓ‚ÂıÌÓÒÚË ÊË‰ÍÓ„Ó fl‰‡ Ë ÚÓÍÓ‚˚ı ˝ÎÂÏÂÌÚÓ‚
Ï‡„ÌËÚÓÒÙÂ˚ Ò˜ËÚ‡ÂÏ ‡‚Ì˚ÏË ÚÂÏ, Í‡ÍËÂ ·˚ÎË
·˚ ‚ ÔÓÎÌÓÒÚ¸˛ ÊË‰ÍÓÏ ÚÂÎÂ [åÂÎ¸ıËÓ, 1968]:

(3)

„‰Â g – ÛÒÍÓÂÌËÂ Ò‚Ó·Ó‰ÌÓ„Ó Ô‡‰ÂÌËfl, ‡ ÒËÒÚÂÏ‡
ÍÓÓ‰ËÌ‡Ú Ò‚flÁ‡Ì‡ Ò ÚÓ˜ÍÓÈ Ì‡·Î˛‰ÂÌËfl Ò „ÂÓ„‡-
ÙË˜ÂÒÍËÏË ÍÓÓ‰ËÌ‡Ú‡ÏË (ϕ0, λ0) (ÓÒ¸ X Ì‡Ô‡‚ÎÂ-
Ì‡ Ì‡ ÒÂ‚Â, Y – Ì‡ ‚ÓÒÚÓÍ, Z – Í ˆÂÌÚÛ áÂÏÎË).
èÓÒÎÂ ‚˚ÔÓÎÌÂÌËfl ‰ËÙÙÂÂÌˆËÓ‚‡ÌËÈ (2) Ë (2')
Ë ËÒÔÓÎ¸ÁÓ‚‡ÌËfl (3) ËÏÂÂÏ ÒÎÂ‰Û˛˘ËÂ ‚˚‡ÊÂ-
ÌËfl ‰Îfl ÍÓÏÔÓÌÂÌÚ ‚ÂÍÚÓ‡ ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡-
ˆËÈ h ‰Îfl ‚ÓÎÌ˚ O1:

Ë ‰Îfl ‚ÓÎÌ˚ M2:

4πBr2

µS
---------------

WO1 AO1 2ϕ( ) 2π
TO1
--------t λ λ 0–+ 

  ,cossin=

WM2 AM2 ϕ( ) 2π
TM2
---------t 2 λ λ 0–( )+ 

  ,cos2cos=

hz
W
g
-----,=

hx 2
AO1

g
--------

rcore

RE

---------- 2ϕ( )cos ΦO1( ),cos–=

hy 2
AO1

g
--------

rcore

RE

---------- ϕ( )sin ΦO1( ),sin=

hz

AO1

g
--------

rcore

RE

---------- 2ϕ( )sin ΦO1( ),cos–=

hx 2
AM2

g
---------

rcore

RE

---------- ϕ( )cos ΦM2( ),sin=

hy

AM2

g
---------

rcore

RE

---------- 2ϕ( )sin ΦM2( ),cos=

hz

AM2

g
---------

rcore

RE

---------- ϕ( )2cos ΦM2( ),cos–=

„‰Â ΦO1 = t + λ – λ0, ‡ ΦM1 = t + 2(λ – λ0) –

Ù‡Á˚ ÔËÎË‚Ì˚ı ‚ÓÎÌ.
ÄÏÔÎËÚÛ‰˚ AO1 Ë AM2 ÒÓ‚Ô‡‰‡˛Ú Ò ‡ÏÔÎËÚÛ‰‡-

ÏË ËÁÏÂÌÂÌËfl ÔËÎË‚ÌÓ„Ó ÔÓÚÂÌˆË‡Î‡ ‚ ÚÓ˜Í‡ı ÒÓ
ÁÌ‡˜ÂÌËflÏË ¯ËÓÚ˚ ϕ = 45° ‰Îfl ‚ÓÎÌ˚ O1 Ë ϕ = 0°
‰Îfl ‚ÓÎÌ˚ M2. ùÚË ‡ÏÔÎËÚÛ‰˚ ÔÓ‰‚ÂÊÂÌ˚ ‚ÂÍÓ-
‚˚Ï (18.6-ÎÂÚÌËÏ) ‚‡Ë‡ˆËflÏ. ÑÎfl ‚˚˜ËÒÎÂÌËÈ
‚˚·‡Ì ÔÂËÓ‰ 2001–2003 „„. Ç˚˜ËÒÎÂÌËfl ÔÓ‚Â-
‰ÂÌ˚ ‰Îfl ‚ÒÂı „ÂÓ„‡ÙË˜ÂÒÍËı ¯ËÓÚ Ë ‰ÓÎ„ÓÚ Ò
¯‡„ÓÏ 5°. Ç ÚÓ˜Í‡ı Ò ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏË „ÂÓ„‡-
ÙË˜ÂÒÍËÏË ÍÓÓ‰ËÌ‡Ú‡ÏË Ò ¯‡„ÓÏ Ó‰ËÌ ˜‡Ò ‚˚-
ÔÓÎÌÂÌ˚ ÔflÏ˚Â ‚˚˜ËÒÎÂÌËfl ÔËÎË‚ÌÓ„Ó ÔÓÚÂÌ-
ˆË‡Î‡ ÔÓ ÁÌ‡˜ÂÌËflÏ ÒÍÎÓÌÂÌËÈ ãÛÌ˚ Ë ëÓÎÌˆ‡ Ë
‡ÒÒÚÓflÌËÈ ‰Ó ˝ÚËı Ò‚ÂÚËÎ. Ñ‡ÎÂÂ ËÁ ÔÓÎÛ˜ÂÌÌ˚ı
„Ó‰Ó‚˚ı fl‰Ó‚ (‰Îfl ϕ = 45° Ë ϕ = 0°) ‚˚‰ÂÎflÎËÒ¸
„‡ÏÓÌË˜ÂÒÍËÂ ÒÓÒÚ‡‚Îfl˛˘ËÂ: ËÁ ÔÂ‚Ó„Ó fl‰‡ –
Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1, ËÁ ‚ÚÓÓ„Ó – Ò ÔÂËÓ‰ÓÏ
‚ÓÎÌ˚ M2. ç‡˜‡Î¸Ì˚È ÏÓÏÂÌÚ ‚ÂÏÂÌË t ÔËÌflÚ
‡‚Ì˚Ï ÌÛÎ˛ Ë ‰ÓÎ„ÓÚ‡ λ0 = 158°.

ÇÍÎ‡‰ dB ‚ Ï‡„ÌËÚÌ˚Â ‚‡Ë‡ˆËË ÓÚ Í‡Ê‰Ó„Ó
˝ÎÂÏÂÌÚ‡ÌÓ„Ó ÍÓÌÚÛ‡ ‡ÒÒ˜ËÚ˚‚‡ÎÒfl ÔÓ ÙÓÏÛ-
ÎÂ ÅËÓ-ë‡‚‡‡-ã‡ÔÎ‡Ò‡ [ã‡Ì‰‡Û Ë ãËÙ¯Ëˆ, 1941]:

(4)

„‰Â r – ‡‰ËÛÒ-‚ÂÍÚÓ ÓÚ ÚÓ˜ÍË Ì‡·Î˛‰ÂÌËfl Í ÚÓ-
ÍÓ‚ÓÏÛ ÍÓÌÚÛÛ.

èÓÎÌ˚Â ‚‡Ë‡ˆËË B =  ‚˚˜ËÒÎflÎËÒ¸ ‰Îfl

‡ÁÎË˜Ì˚ı Ù‡Á ÔËÎË‚Ì˚ı ‚ÓÎÌ O1 Ë M2 Ì‡ ‡Á-
ÎË˜Ì˚ı ¯ËÓÚ‡ı. Ñ‡ÌÌ‡fl ÏÓ‰ÂÎ¸ ÔÓÁ‚ÓÎËÎ‡ ÓˆÂ-
ÌËÚ¸ ÁÌ‡˜ÂÌËfl ‚‡Ë‡ˆËÈ Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ‰Îfl
‡ÁÎË˜Ì˚ı Ù‡Á ÔËÎË‚Ì˚ı ‚ÓÎÌ O1 Ë M2 Ì‡ ‡ÁÎË˜-
Ì˚ı ¯ËÓÚ‡ı. ç‡ ËÒ. 3 ÔË‚Â‰ÂÌ˚ Á‡‚ËÒËÏÓÒÚË
‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓ-
ÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ ‚‡Ë‡ˆËÈ Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍ-
ˆËË ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ‰Îfl ‚ÓÎÌ˚ O1.
ç‡ ËÒ. 4 ÔË‚Â‰ÂÌ˚ Á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏ-
ÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ÓÚ
„ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ‰Îfl ‚ÓÎÌ˚ M2. ê‡ÒÒ˜Ë-
Ú‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‡ÏÔÎËÚÛ‰ ‚‡Ë‡ˆËÈ ÒÓÒÚ‡‚Îfl˛Ú
‰Îfl ‡ÁÎË˜Ì˚ı Ù‡Á ÔËÎË‚ÌÓÈ ‚ÓÎÌ˚ O1 ÁÌ‡˜ÂÌËfl
(0.5–6.8) × 10–4 ÌíÎ, ‡ ‰Îfl ‚ÓÎÌ˚ M2 – ÁÌ‡˜ÂÌËfl
(0.5–8.4) × 10–4 ÌíÎ. Ç Í‡Ê‰ÓÈ ÚÓ˜ÍÂ, Á‡‰‡˛˘ÂÈÒfl
„ÂÓ„‡ÙË˜ÂÒÍËÏË ÍÓÓ‰ËÌ‡Ú‡ÏË, „Ó‰Ó„‡Ù ‚ÂÍ-
ÚÓ‡ ‚‡Ë‡ˆËÈ Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÔËÒ˚‚‡ÂÚ
˝ÎÎËÔÒ. ùÎÎËÔÒ ÎÂÊËÚ ‚ ÔÎÓÒÍÓÒÚË, ÓËÂÌÚ‡ˆËfl
ÍÓÚÓÓÈ ÏÂÌflÂÚÒfl ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ „ÂÓ„‡ÙË˜Â-
ÒÍËı ÍÓÓ‰ËÌ‡Ú. ç‡ ËÒ. 5 ÔË‚Â‰ÂÌ˚ ÔÓÂÍˆËË
‡ÒÒ˜ËÚ‡ÌÌÓ„Ó „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚ-
Ì˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰‡ÏË ‚ÓÎÌ M2 (‡) Ë O1 (·) Á‡
2001–2003 „„. ‰Îfl Ó·Ò. “è‡‡ÚÛÌÍ‡” (ϕ = 52° 58.33',
λ = 158° 15.02') Ë ÛÍ‡Á‡ÌÓ ËÁÏÂÌÂÌËÂ Ù‡Á ÔËÎË‚ÌÓÈ
‚ÓÎÌ˚ ÓÚ –π ‰Ó π. ÑÎfl ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚
M2 ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ÒÓÒÚ‡‚ËÎË (1.2–1.7) ×

2π
TO1
-------- 2π

TM1
---------

dB
µIrcore

4πrE

----------------
3r drcore h×[ ] r( )

r5
-----------------------------------------

drcore h×[ ]
r3

----------------------------– 
  ,=

Bd
l
∫°
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× 10–4 ÌíÎ, ‡ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1 – (0.8–1.4) ×
× 10–4 ÌíÎ. çÓÏ‡Î¸Ì˚È ‚ÂÍÚÓ ÔÎÓÒÍÓÒÚË „Ó‰Ó-
„‡Ù‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚
M2 ËÏÂÂÚ ÍÓÓ‰ËÌ‡Ú˚ n(0.681, 0.492, –0.543), ‡ Ò
ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1 – n(0.437, 0.893, 0.107).

ÑÂÙÓÏ‡ˆËË ÍÓÎ¸ˆÂ‚Ó„Ó ÚÓÍ‡ ‚ Ï‡„ÌËÚÓÒÙÂ-
Â. éˆÂÌÍË „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ, ÍÓÚÓ˚Â ‚ÓÁ-
ÌËÍ‡˛Ú ‚ÒÎÂ‰ÒÚ‚ËÂ ÔËÎË‚Ì˚ı ‰ÂÙÓÏ‡ˆËÈ ÍÓÎ¸-
ˆÂ‚˚ı ÚÓÍÓ‚ ‚ Ï‡„ÌËÚÓÒÙÂÂ Ì‡ ‡ÒÒÚÓflÌËflı 2–
7 ‡‰ËÛÒÓ‚ áÂÏÎË, ‚˚ÔÓÎÌflÎËÒ¸ ‡Ì‡ÎÓ„Ë˜ÌÓ (ËÒ. 1).
ùÚË ÚÓÍË Ì‡ ‡ÒÒÚÓflÌËflı ‰Ó 5–6 ‡‰ËÛÒÓ‚ áÂÏÎË

ÚÂÍÛÚ Ò Á‡Ô‡‰‡ Ì‡ ‚ÓÒÚÓÍ, ‡ Ì‡˜ËÌ‡fl Ò 6 ‡‰ËÛÒÓ‚
áÂÏÎË – Ò ‚ÓÒÚÓÍ‡ Ì‡ Á‡Ô‡‰ [üÌÓ‚ÒÍËÈ, 1978]. ë˜Ë-
Ú‡ÂÏ ˝ÚË ÚÓÍË ÒÓÒÂ‰ÓÚÓ˜ÂÌÌ˚ÏË ‚ ÔÎÓÒÍÓÒÚË ˝Í-
ÎËÔÚËÍË: Ó‰ËÌ ÚÓÍ Ì‡ ‡ÒÒÚÓflÌËË ÔflÚË, ‡ ‰Û„ÓÈ Ì‡
‡ÒÒÚÓflÌËË ÒÂÏË ‡‰ËÛÒÓ‚ áÂÏÎË. èË ‚˚˜ËÒÎÂ-
ÌËflı Û˜ËÚ˚‚‡ÎÒfl Ëı ÒÛÏÏ‡Ì˚È ‚ÍÎ‡‰ ‚ ‚‡Ë‡ˆËË
Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl. ÇÂÍÚÓ ‚‡Ë‡ˆËÈ ‚˚˜ËÒÎflÎÒfl
ÔÓ ÙÓÏÛÎÂ (4) Ò Û˜ÂÚÓÏ ÚÓ„Ó, ˜ÚÓ ‚ÂÎË˜ËÌ‡ ÍÓÎ¸-
ˆÂ‚Ó„Ó ÚÓÍ‡ ‚ Ï‡„ÌËÚÓÒÙÂÂ ÒÓÒÚ‡‚ÎflÂÚ 106 A
[üÌÓ‚ÒÍËÈ, 1978]. ç‡ ËÒ. 6 ÔË‚Â‰ÂÌ˚ Á‡‚ËÒËÏÓ-
ÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚
ÍÓÏÔÓÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ Ï‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ
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·

êËÒ. 3. á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ Ï‡„-
ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1.

4*
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ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ‰Îfl ‚ÓÎÌ˚ O1. ç‡
ËÒ. 7 ÔË‚Ó‰flÚÒfl Á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓ-
ÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ÓÚ
„ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ‰Îfl ‚ÓÎÌ˚ M2. ê‡ÒÒ˜Ë-
Ú‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡ ‚‡Ë‡ˆËÈ Ï‡„ÌËÚÌÓÈ
ËÌ‰ÛÍˆËË ‰Îfl ‡ÁÎË˜Ì˚ı Ù‡Á ÔËÎË‚ÌÓÈ ‚ÓÎÌ˚
M2 ÒÓÒÚ‡‚Îfl˛Ú 0.1–2.5 ÌíÎ, ‡ ‰Îfl ‡ÁÎË˜Ì˚ı Ù‡Á
‚ÓÎÌ˚ O1 – 0.1–1.5 ÌíÎ. ÉÓ‰Ó„‡Ù ‚ÂÍÚÓ‡ ‚‡Ë‡-
ˆËÈ Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË Ò ÔÂËÓ‰‡ÏË ‚ÓÎÌ˚ M2 Ë
O1 ÓÔËÒ˚‚‡ÂÚ ‚ ÔÓÒÚ‡ÌÒÚ‚Â ˝ÎÎËÔÒ. èÎÓÒÍÓÒÚ¸
˝ÎÎËÔÒ‡ ÏÂÌflÂÚ ÓËÂÌÚ‡ˆË˛ ‚ ÔÓÒÚ‡ÌÒÚ‚Â ‚ Á‡-
‚ËÒËÏÓÒÚË ÓÚ ÍÓÓ‰ËÌ‡Ú ÚÓ˜ÍË Ì‡·Î˛‰ÂÌËfl. ç‡

ËÒ. 8 ÔË‚Â‰ÂÌ˚ ÔÓÂÍˆËË ‡ÒÒ˜ËÚ‡ÌÌÓ„Ó „Ó‰Ó-
„‡Ù‡ ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰‡-
ÏË ‚ÓÎÌ M2 (‡) Ë O1 (·) Á‡ 2001–2003 „„. ‰Îfl Ó·Ò.
“è‡‡ÚÛÌÍ‡” Ë ÛÍ‡Á‡ÌÓ ËÁÏÂÌÂÌËÂ Ì‡Ô‡‚ÎÂÌËfl
‚ÂÍÚÓ‡ ‚‡Ë‡ˆËÈ ÔË ËÁÏÂÌÂÌËË Ù‡Á˚ ÔËÎË‚ÌÓÈ
‚ÓÎÌ˚ ÓÚ –π ‰Ó π. ê‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡
‚‡Ë‡ˆËÈ Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ‰Îfl ‡ÁÎË˜Ì˚ı Ù‡Á
ÔËÎË‚ÌÓÈ ‚ÓÎÌ˚ M2 ÒÓÒÚ‡‚Îfl˛Ú 0.7–1 ÌíÎ, ÔË-
˜ÂÏ Ì‡Ë·ÓÎ¸¯ËÂ ÁÌ‡˜ÂÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Ù‡Á‡Ï
−π/2 Ë π/2, ‡ Ì‡ËÏÂÌ¸¯ËÂ ÁÌ‡˜ÂÌËfl – Ù‡Á‡Ï –π Ë π.
áÌ‡˜ÂÌËfl „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ
‚ÓÎÌ˚ O1 ÒÓÒÚ‡‚Îfl˛Ú 0.3–1 ÌíÎ, „‰Â Ì‡Ë·ÓÎ¸¯ËÂ

47.7
47.7
47.7–90–90–90 –45–45–45 000 454545 909090 180180180

606060

303030

909090

–30–30–30

–90–90–90

135135135

–60–60–60

23.523.523.5

70.070.070.0
94.194.194.1

117.6117.6117.6

23.523.523.5 164.7
164.7
164.7141.2

141.2
141.2117.6

117.6
117.694.1

94.1
94.170.6

70.6
70.6

235.3
235.3
235.3

164.7164.7164.7

117.6117.6117.6

94.194.194.1
20.620.620.647.147.147.1

23.523.523.5

117.6117.6117.6

94.194.194.1

23.523.523.5

30
5.

9
30

5.
9

30
5.

9

47.147.147.170.670.670.694.194.194.1
117.6
117.6
117.6141.2
141.2
141.2

282.4
282.4
282.4258.8

258.8
258.8

–135–135–135

235.3235.3235.3

211.8
211.8
211.8141.2
141.2
141.2

117.694.170.647.1

47.147.147.1
70.670.670.6

94.194.194.1
117.8117.8117.8

141.2141.2141.2

164.7164.7164.7

188.2188.2188.2 211.8211.8211.8
235.3235.3235.3

18
8.2

18
8.2

18
8.2

16
4.7

16
4.7

16
4.7

14
1.2

14
1.2

14
1.2 117.6

117.6
117.6

94.194.194.1
70.670.670.6

47.147.147.1 47.1

47.1
47.1
47.1

70.6
70.6
70.6

94.1
94.1
94.1 117.6

117.6
117.6

14
1.

2
14

1.
2

14
1.

2
16

4.
7

16
4.

7
16

4.
7

18
8.

2
18

8.
2

18
8.

2
21

1.
6

21
1.

6
21

1.
6 23

5.
3

23
5.

3
23

5.
3

25
6.

8
25

6.
8

25
6.

8
28

2.
4

28
2.

4
28

2.
4

30
5.

9
30

5.
9

30
5.

9

141.2141.2141.2184.7184.7184.7

70.694.1117.6

141.2141.2141.2

–135–135–135 –90–90–90 –45–45–45 000 454545 909090 180180180

606060

303030

909090

–30–30–30

–90–90–90

135135135

–60–60–60

353535

141141141

106106106

176176176
212212212

247247247

282282282

282
282
282318

318
318353

353
353388388388424
424
424459459459
494494494 106106106141141141176176176212212212247247247

459
424385353378282

494494494

459459459

318318318

353353353388388388
424424424282

282
282

353535
717171106106106

141141141
176176176

212212212
247247247

459

318353388
424

282

459
424
385

353
378 282

106106106141141141176176176
212212212

247247247

247247247
212212212

176176176141141141106106106
353535

717171

459424388353378282282282

494

247247247

212212212

176176176

141141141

106106106

‡

·

êËÒ. 4. á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ Ï‡„-
ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2.
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ÁÌ‡˜ÂÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Ù‡Á‡Ï –π Ë π, ‡ Ì‡ËÏÂÌ¸-
¯ËÂ ÁÌ‡˜ÂÌËfl – Ù‡Á‡Ï –π/2 Ë π/2 ‚ÓÎÌ˚ O1. çÓ-
Ï‡Î¸Ì˚È ‚ÂÍÚÓ ÔÎÓÒÍÓÒÚË „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡
„ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2
ËÏÂÂÚ ÍÓÓ‰ËÌ‡Ú˚ n (0.736, 0.484, 0.474), ‡ Ò ÔÂË-
Ó‰ÓÏ ‚ÓÎÌ˚ O1 – n (0.787, –0.256, 0.562).

3. êÖáìãúíÄíõ éÅêÄÅéíäà ÑÄççõï

Å˚ÎË Ó·‡·ÓÚ‡Ì˚ „ÂÓÏ‡„ÌËÚÌ˚Â ‰‡ÌÌ˚Â Ó·Ò.
“è‡‡ÚÛÌÍ‡” (ä‡Ï˜‡ÚÒÍ‡fl Ó·Î.) Á‡ 2001–2003 „„.
èÂ‚ÓÌ‡˜‡Î¸ÌÓ ËÁ fl‰Ó‚ ‰‡ÌÌ˚ı ·˚ÎË ËÒÍÎ˛˜Â-
Ì˚ Ï‡„ÌËÚÓ‚ÓÁÏÛ˘ÂÌÌ˚Â ‰ÌË, ‰Îfl ÍÓÚÓ˚ı ÒÛÏÏ‡
K-ËÌ‰ÂÍÒÓ‚ Á‡ ÒÛÚÍË ÔÂ‚˚¯‡ÂÚ ÁÌ‡˜ÂÌËÂ 32. Ç
˝ÚÓÏ ÒÎÛ˜‡Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡-
Ë‡ˆËÈ ÔËÌËÏ‡ÎËÒ¸ ‡‚Ì˚ÏË ÌÛÎ˛. ç‡ ‚ÚÓÓÏ
˝Ú‡ÔÂ ‰Îfl ÛÏÂÌ¸¯ÂÌËfl ‡Á·ÓÒ‡ ÁÌ‡˜ÂÌËÈ ‰‡ÌÌ˚Â
·˚ÎË ÛÒÂ‰ÌÂÌ˚ ÔÓ ̃ ‡ÒÛ (60 ÏËÌ) Ë ÔÓ ‰‚ÛÏ ÒÛÚÍ‡Ï
(2880 ÏËÌ) Ò ¯‡„ÓÏ 60 ÏËÌ:

x j
x i 30+( ) x i 31–( )–

60
----------------------------------------------- –=

–
x i 1440+( ) x i 1441–( )–

2880
-----------------------------------------------------------,

i 1441 …n 1440–,( ),=

„‰Â i – ÔÓfl‰ÍÓ‚˚È ÌÓÏÂ Á‡ÔËÒË ‰‡ÌÌ˚ı; n – ÌÓÏÂ
ÔÓÒÎÂ‰ÌÂÈ Á‡ÔËÒË; xj – ÓÒÂ‰ÌÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ. ä
ÓÒÂ‰ÌÂÌÌ˚Ï ‰‡ÌÌ˚Ï ÔËÏÂÌËÎË ÒËÌıÓÌÌÓÂ Ì‡-
ÍÓÔÎÂÌËÂ Ò ÔÂËÓ‰‡ÏË ‚ÓÎÌ O1 Ë M2 ÔÓ Í‡Ê‰ÓÏÛ „Ó-
‰Û ‚ ÓÚ‰ÂÎ¸ÌÓÒÚË Ë ÒÛÏÏ‡ÌÓ ÔÓ ÚÂÏ „Ó‰‡Ï 2001–
2003. é·‡·ÓÚ‡ÌÌ˚Â ‰‡ÌÌ˚Â Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1

ËÏÂÎË ÌÂÂ„ÛÎflÌ˚È ı‡‡ÍÚÂ, ˜ÚÓ ÏÓÊÂÚ Ó·˙flÒ-
ÌflÚ¸Òfl Á‡¯ÛÏÎÂÌÌÓÒÚ¸˛ ËÒıÓ‰Ì˚ı ‰‡ÌÌ˚ı. èÓ˝ÚÓ-
ÏÛ Í ÓÒÂ‰ÌÂÌÌ˚Ï ‰‡ÌÌ˚Ï Ò ÔÂËÓ‰‡ÏË ‚ÓÎÌ O1

(ËÒ. 9) Ë M2 (ËÒ. 10) ·˚Î ÔËÏÂÌÂÌ ÌËÁÍÓ˜‡ÒÚÓÚ-
Ì˚È ÙËÎ¸Ú, ÌÂ ËÁÏÂÌfl˛˘ËÈ Ù‡ÁÛ (‚˚·Ë‡Î‡Ò¸
ÔÂ‚‡fl „‡ÏÓÌËÍ‡ ‡ÁÎÓÊÂÌËfl ‚ fl‰ îÛ¸Â, ÍÓÚÓ-
‡fl ËÏÂÂÚ Ì‡Ë·ÓÎ¸¯Û˛ ‡ÏÔÎËÚÛ‰Û, ‡ÏÔÎËÚÛ‰˚ ‚ÚÓ-
ÓÈ Ë ÚÂÚ¸ÂÈ „‡ÏÓÌËÍ ÒÓÒÚ‡‚Îfl˛Ú ÒÓÚ˚Â ‰ÓÎË ‡Ï-
ÔÎËÚÛ‰˚ ÔÂ‚ÓÈ „‡ÏÓÌËÍË) [ëÂ„ËÂÌÍÓ, 2003].
èË ÔÓÒÚÓÂÌËË „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı
‚‡Ë‡ˆËÈ Ë Â„Ó ÔÓÂÍˆËÈ Ì‡ „ÓËÁÓÌÚ‡Î¸ÌÛ˛ Ë ‰‚Â
‚ÂÚËÍ‡Î¸Ì˚Â ÔÎÓÒÍÓÒÚË ·˚Î ËÒÔÓÎ¸ÁÓ‚‡Ì Ô‡ÍÂÚ
Maple 6.0. ÉÓ‰Ó„‡Ù˚ ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë-
‡ˆËÈ Ò ÔÂËÓ‰‡ÏË ‚ÓÎÌ O1 Ë M2 ‡ÒÔÓÎÓÊÂÌ˚ Ì‡ ÔÓ-
‚ÂıÌÓÒÚflı Ô‡‡·ÓÎË˜ÂÒÍËı ̂ ËÎËÌ‰Ó‚. í‡Í‡fl ÙÓ-
Ï‡ „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡ ‚‡Ë‡ˆËÈ Ë Â„Ó ÓËÂÌÚ‡ˆËfl,
‚ÓÁÏÓÊÌÓ, Ò‚flÁ‡Ì‡ Ò ÔÓˆÂÒÒ‡ÏË, ÔÓÚÂÍ‡˛˘ËÏË ‚
ÁÂÏÌ˚ı Ó·ÓÎÓ˜Í‡ı Ó‰ÌÓ‚ÂÏÂÌÌÓ Ò ÔËÎË‚Ì˚ÏË
‚ÓÁ‰ÂÈÒÚ‚ËflÏË. Ç Ó·ÓËı ÒÎÛ˜‡flı ÓÒ¸ ˆËÎËÌ‰Ë˜Â-
ÒÍÓÈ ÔÓ‚ÂıÌÓÒÚË ‡ÒÔÓÎÓÊÂÌ‡ ÔÂÔÂÌ‰ËÍÛÎflÌÓ
ÓÒË Y. Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â (Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1), ÓÒ¸
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êËÒ. 5. èÓÂÍˆËË „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 (‡) Ë ‚ÓÎÌ˚ O1 (·). Ö‰ËÌËˆ‡ ËÁÏÂ-
ÂÌËfl ÔÓ ÓÒflÏ (10–4 ÌíÎ).
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ÔÓ‚ÂıÌÓÒÚË ÒÓÒÚ‡‚ÎflÂÚ Û„ÓÎ 23° Ò ÓÒ¸˛ X, ‡ ÍÓ˝Ù-
ÙËˆËÂÌÚ ÒÊ‡ÚËfl Ô‡‡·ÓÎ˚ ‚ ÒÂ˜ÂÌËË ÔÂÔÂÌ‰ËÍÛ-
ÎflÌÓÏ ÓÒË ÔÓ‚ÂıÌÓÒÚË ‡‚ÂÌ 1/3. ÇÓ ‚ÚÓÓÏ ÒÎÛ-
˜‡Â (Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2), ÓÒ¸ ÔÓ‚ÂıÌÓÒÚË ÒÓ-

ÒÚ‡‚ÎflÂÚ Û„ÓÎ 3° Ò ÓÒ¸˛ X Ë ÍÓ˝ÙÙËˆËÂÌÚ ÒÊ‡ÚËfl
Ô‡‡·ÓÎ˚ ‡‚ÂÌ 3. é·‡·ÓÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl „ÂÓ-
Ï‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1 ÒÓÒÚ‡‚-
Îfl˛Ú 0.2–0.7 ÌíÎ, ÔË˜ÂÏ ÏËÌËÏÛÏ˚ ÒÓÓÚ‚ÂÚÒÚ‚Û-
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·

êËÒ. 6. á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ Ï‡„-
ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1 ‰Îfl Ï‡„ÌËÚÓÒÙÂÌÓ„Ó ËÒÚÓ˜ÌËÍ‡.
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˛Ú Ù‡Á‡Ï π/6 (30°) Ë 7π/6 (210°), ‡ Ï‡ÍÒËÏÛÏ˚ –
Ù‡Á‡Ï 2π/3 (120°) Ë 5π/3 (300°), ÁÌ‡˜ÂÌËfl „ÂÓÏ‡„-
ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 ÒÓÒÚ‡‚Îfl-
˛Ú 0.2–1 ÌíÎ Ò ÏËÌËÏÛÏ‡ÏË ‚ Ù‡Á‡ı 2π/3 (120°) Ë
5π/3 (300°) Ë Ï‡ÍÒËÏÛÏ‡ÏË ‚ Ù‡Á‡ı π/6 (30°) Ë 7π/6
(210°). àÒÔÓÎ¸ÁÛfl ÔÂ‰ÔÓÎÓÊÂÌËÂ Ó ÌÓÏ‡Î¸ÌÓÏ
‡ÒÔÂ‰ÂÎÂÌËË ÚÓ˜ÂÍ „Ó‰Ó„‡Ù‡, ·˚Î ÔÓÒÚÓÂÌ
˝ÎÎËÔÒÓË‰ ‡ÒÔÂ‰ÂÎÂÌËfl Ë ‡ÒÒ˜ËÚ‡Ì‡ ÔÎÓÒ-
ÍÓÒÚ¸, Í ÍÓÚÓÓÈ Ì‡Ë·ÓÎÂÂ ·ÎËÁÍÓ ‡ÒÔÓÎÓÊÂÌ˚
ÚÓ˜ÍË „Ó‰Ó„‡Ù‡. çÓÏ‡Î¸Ì˚È ‚ÂÍÚÓ Ú‡ÍÓÈ
ÔÎÓÒÍÓÒÚË ‰Îfl „Ó‰Ó„‡Ù‡ ‚ÂÍÚÓ‡ ‚‡Ë‡ˆËÈ Ò ÔÂ-
ËÓ‰ÓÏ ‚ÓÎÌ˚ O1 ËÏÂÂÚ ÍÓÓ‰ËÌ‡Ú˚ n (0.003,

0.999, –0.0002), ‡ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 – n (0.166,
–0.922, 0.349).

4. éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

èËÌflÚ‡fl ‚ ÒÚ‡Ú¸Â ÏÓ‰ÂÎ¸ fl‚ÎflÂÚÒfl ÔÓÒÚÓÈ, ÌÓ
‰ÓÒÚ‡ÚÓ˜ÌÓ ‡ÁÛÏÌÓÈ ‰Îfl ÓˆÂÌÍË „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡-
Ë‡ˆËÈ ‚ ÒÂ‰ÌËı ¯ËÓÚ‡ı. çÂÓÔÂ‰ÂÎÂÌÌÓÒÚË,
‚ÌÓÒËÏ˚Â ˝ÚÓÈ ÏÓ‰ÂÎ¸˛, ÓˆÂÌËÚ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ
ÒÎÓÊÌÓ. éˆÂÌÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚‡Ë‡ˆËÈ ÓÚ Ï‡„ÌË-
ÚÓÒÙÂÌ˚ı ÚÓÍÓ‚ Ì‡ ˜ÂÚ˚Â ÔÓfl‰Í‡ ÔÓ ‚ÂÎË˜ËÌÂ
‚˚¯Â ‚‡Ë‡ˆËÈ ÓÚ ËÒÚÓ˜ÌËÍ‡ ‚ fl‰Â áÂÏÎË. áÌ‡˜Â-
ÌËfl ‚‡Ë‡ˆËÈ, ËÒıÓ‰fl ËÁ ÔËÌflÚÓÈ ÏÓ‰ÂÎË, ÒÓ‚Ô‡ÎË
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·

êËÒ. 7. á‡‚ËÒËÏÓÒÚË ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ Bx (‡) Ë ‡ÏÔÎËÚÛ‰˚ ÍÓÏÔÓÌÂÌÚ˚ By (·) ‚ÂÍÚÓ‡ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ Ï‡„-
ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÚ „ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 ‰Îfl Ï‡„ÌËÚÓÒÙÂÌÓ„Ó ËÒÚÓ˜ÌËÍ‡.
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‡

êËÒ. 8. ê‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 (‡) Ë ‚ÓÎÌ˚ O1 (·) ‰Îfl Ï‡„ÌËÚÓ-
ÒÙÂÌÓ„Ó ËÒÚÓ˜ÌËÍ‡. àÁÏÂÂÌËfl ÔÓ ÓÒflÏ ÔË‚Â‰ÂÌ˚ ‚ ÌíÎ.

1.00.60.2–0.2–0.6–1.0
x

1.0

0.6

0.2

–0.2

–0.6

y

3.12

4.74 1.58

0

‡

1.00.60.2–0.2–0.6–1.0
x

1.0

0.6

0.2

–0.2

–0.6

z

3.12

4.74
0

1.58

·

1.00.60.2–0.2–0.6–1.0
y

1.0

0.6

0.2

–0.2

–0.6

z

1.58

4.74
0

3.12

‚

êËÒ. 9. é·‡·ÓÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ O1 Á‡ 2001–2003 „„. àÁÏÂÂÌËfl ÔÓ
ÓÒflÏ ÔË‚Â‰ÂÌ˚ ‚ ÌíÎ.
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êËÒ. 10. é·‡·ÓÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ Ò ÔÂËÓ‰ÓÏ ‚ÓÎÌ˚ M2 Á‡ 2001–2003 „„. àÁÏÂÂÌËfl
ÔÓ ÓÒflÏ ÔË‚Â‰ÂÌ˚ ‚ ÌíÎ.
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Ò ËÁÏÂÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË. çÓ ÓËÂÌÚ‡ˆËfl „Ó‰Ó-
„‡Ù‡ ‡Ò˜ÂÚÌÓ„Ó ‚ÂÍÚÓ‡ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ
ÌÂ ÒÓ‚Ô‡‰‡ÂÚ Ò ÓËÂÌÚ‡ˆËÂÈ ÔÎÓÒÍÓÒÚË, Í ÍÓÚÓÓÈ
Ì‡Ë·ÓÎÂÂ ·ÎËÁÍÓ ‡ÒÔÓÎÓÊÂÌ˚ ÚÓ˜ÍË „Ó‰Ó„‡Ù‡
ËÁÏÂÂÌÌ˚ı „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ. éËÂÌÚ‡ˆËfl
Ë Ù‡Á˚ ÒÓ‚Ô‡‰‡˛Ú, ÂÒÎË ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÚÓÍÓ-
‚˚È ÍÓÌÚÛ ‚ Ï‡„ÌËÚÓÒÙÂÂ ‡ÒÔÓÎÓÊÂÌ ÔÓ‰ Û„ÎÓÏ
≈40° Í ÔÎÓÒÍÓÒÚË ˝ÍÎËÔÚËÍË. ÇÓÁÏÓÊÌÓ, ˝ÚÓ ÛÍ‡-
Á˚‚‡ÂÚ Ì‡ ÚÓ, ̃ ÚÓ „ÂÓÏ‡„ÌËÚÌ˚Â ‚‡Ë‡ˆËË Ó·ÛÒÎÓ‚-
ÎÂÌ˚ ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÎÓÍ‡Î¸Ì˚ÏË ËÒÚÓ˜ÌËÍ‡-
ÏË, ÌÂÊÂÎË ÔÎ‡ÌÂÚ‡Ì˚ÏË.

5. ÇõÇéÑõ
1. ê‡ÒÒ˜ËÚ‡ÌÌ˚Â ‡ÏÔÎËÚÛ‰˚ ‚‡Ë‡ˆËË ‚ÂÍÚÓ‡

Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË, Ó·ÛÒÎÓ‚ÎÂÌÌ˚Â ÔËÎË‚Ì˚-
ÏË ‚ÓÁ‰ÂÈÒÚ‚ËflÏË, ÒÓÒÚ‡‚Îfl˛Ú ~10–4 ÌíÎ ‰Îfl ËÒ-
ÚÓ˜ÌËÍ‡, Ì‡ıÓ‰fl˘Â„ÓÒfl ‚ fl‰Â áÂÏÎË, Ë 0.10–1 ÌíÎ –
‰Îfl Ï‡„ÌËÚÓÒÙÂÌÓ„Ó ËÒÚÓ˜ÌËÍ‡.

2. ê‡ÒÒ˜ËÚ‡ÌÌ˚È ‚ÂÍÚÓ ÔËÎË‚Ì˚ı ‚‡Ë‡ˆËÈ
Ï‡„ÌËÚÌÓÈ ËÌ‰ÛÍˆËË ÓÔËÒ˚‚‡ÂÚ ˝ÎÎËÔÒ. éËÂÌÚ‡-
ˆËfl Ë ÙÓÏ‡ ˝ÎÎËÔÒ‡ Ë ÍÓÏÔÓÌÂÌÚ˚ ‚ÂÍÚÓ‡ ÔË-
ÎË‚Ì˚ı ‚‡Ë‡ˆËÈ ËÁÏÂÌfl˛ÚÒfl ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ
„ÂÓ„‡ÙË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ÚÓ˜ÍË Ì‡·Î˛‰ÂÌËfl Ë
ËÒÚÓ˜ÌËÍÓ‚ ‚‡Ë‡ˆËÈ.

3. Ç˚ÔÓÎÌÂÌÌ˚Â ÓˆÂÌÍË ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ˝Ù-
ÙÂÍÚ˚ „ÂÓÏ‡„ÌËÚÌ˚ı ‚‡Ë‡ˆËÈ, Ó·ÛÒÎÓ‚ÎÂÌÌ˚Â
ÔËÎË‚ÌÓÈ ‰ÂÙÓÏ‡ˆËÂÈ fl‰‡, ÏÓ„ÛÚ Ï‡ÒÍËÓ-

‚‡Ú¸Òfl ˝ÙÙÂÍÚ‡ÏË ‰ÂÙÓÏ‡ˆËÈ ÍÓÎ¸ˆÂ‚Ó„Ó ÚÓÍ‡
Ï‡„ÌËÚÓÒÙÂ˚.

4. íÓ˜ÍË „Ó‰Ó„‡ÙÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı ÔÓ „ÂÓÏ‡„-
ÌËÚÌ˚Ï ËÁÏÂÂÌËflÏ Ì‡ ÒÂ‰ÌÂ¯ËÓÚÌÓÈ ÒÚ‡ÌˆËË
(ϕ = 52°), ÔËÌ‡‰ÎÂÊ‡Ú Ô‡‡·ÓÎË˜ÂÒÍËÏ ˆËÎËÌ-
‰‡Ï. éÒË ˆËÎËÌ‰Ó‚ ÔÂÔÂÌ‰ËÍÛÎflÌ˚ ÓÒË, Ì‡-
Ô‡‚ÎÂÌÌÓÈ Ì‡ ‚ÓÒÚÓÍ.

Ç˚‡Ê‡ÂÏ ·Î‡„Ó‰‡ÌÓÒÚ¸ Ä.ç. äÓÎÂ‚ˆÛ Á‡
ÔÓ‰‰ÂÊÍÛ Ë ‚ÌËÏ‡ÌËÂ Í ‡·ÓÚÂ.
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