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íÂ·Ó‚‡ÌËÂ Ì‡‰ÂÊÌÓÒÚË Ô‡ÎÂÓÏ‡„ÌËÚÌ˚ı ‰‡Ì-
Ì˚ı Ó„‡ÌË˜Ë‚‡ÂÚ ‚˚·Ó Ó·˙ÂÍÚÓ‚ ËÒÒÎÂ‰Ó‚‡ÌËfl.
ÅÓÎÂÂ ÔËÂÏÎÂÏ˚ÏË ÔËÌflÚÓ Ò˜ËÚ‡Ú¸ ÔÓÓ‰˚,
ÒÓ‰ÂÊ‡˘ËÂ Ï‡„ÌËÚÌ˚Â ÏËÌÂ‡Î˚, ÔÂ‰ÒÚ‡‚ÎÂÌ-
Ì˚Â ÏÂÎÍËÏË ˜‡ÒÚËˆ‡ÏË ‡ÁÏÂÓÏ ·ÎËÁÍËÏ Í Ó‰-
ÌÓ‰ÓÏÂÌÌÓÏÛ. éÒÚ‡ÚÓ˜Ì‡fl Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸ Ú‡-
ÍËı ÔÓÓ‰ Ó·Î‡‰‡ÂÚ ‚˚ÒÓÍÓÈ ÒÚ‡·ËÎ¸ÌÓÒÚ¸˛ ÔÓ
ÓÚÌÓ¯ÂÌË˛ Í ÚÂÏÔÂ‡ÚÛÌ˚Ï, ıËÏË˜ÂÒÍËÏ Ë ‰Û-
„ËÏ ‚ÓÁ‰ÂÈÒÚ‚ËflÏ. é‰Ì‡ÍÓ, Ì‡ÎË˜ËÂ ÏÂÚ‡ÒÚ‡·ËÎ¸-
ÌÓÒÚË Ï‡„ÌËÚÌ˚ı ÒÓÒÚÓflÌËÈ ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı
˜‡ÒÚËˆ ÏÓÊÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÔÓ‚ÎËflÚ¸ Ì‡ ÒÓı‡Ì-
ÌÓÒÚ¸ ÓÒÚ‡ÚÓ˜ÌÓÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË, ˜ÚÓ Ë„‡ÂÚ
ÌÂÏ‡ÎÓ‚‡ÊÌÛ˛ ÓÎ¸ ÔË ‰Ë‡„ÌÓÒÚËÍÂ ÂÂ ‚Ë‰‡.

àÁÛ˜ÂÌË˛ Ï‡„ÌËÚÌ˚ı Ò‚ÓÈÒÚ‚ Ú‡ÍËı ˜‡ÒÚËˆ
ÔÓÒ‚fl˘ÂÌÓ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÏÌÓ„Ó (‚ ÓÒÌÓ‚ÌÓÏ ÚÂÓÂÚË-
˜ÂÒÍËı) ‡·ÓÚ [1–10], ‚ ÍÓÚÓ˚ı ‡‚ÚÓ˚ ËÒıÓ‰ËÎË
ËÁ ÚÓ„Ó ËÎË ËÌÓ„Ó ÔÂ‰ÔÓÎÓÊÂÌËfl Ó ‚ÌÛÚÂÌÌÂÈ
Ï‡„ÌËÚÌÓÈ ÒÚÛÍÚÛÂ. é·˘ËÏ ‰Îfl ‚ÒÂı ÏÓ‰ÂÎÂÈ
fl‚ÎflÂÚÒfl ‚‡Ë‡ˆËÓÌÌ˚È ÔÓËÒÍ ÏËÌËÏÛÏ‡ ÔÓÎÌÓÈ
˝ÌÂ„ËË. èË˜ÂÏ, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‚˚·‡ÌÌÓÈ
ÏÓ‰ÂÎË, ‚‡¸ËÓ‚‡ÎËÒ¸ Ú‡ÍËÂ ‚ÂÎË˜ËÌ˚ Í‡Í ‡Á-
ÏÂ ‰ÓÏÂÌÓ‚ Ë ‰ÓÏÂÌÌ˚ı ÒÚÂÌÓÍ, Û„ÓÎ ‡Á‚ÓÓÚ‡
‚ÂÍÚÓ‡ ÒÔÓÌÚ‡ÌÌÓÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË 

 

I

 

s

 

 ‚ ‡ÁÎË˜-
Ì˚ı Ó·Î‡ÒÚflı ÁÂÌ‡ Ë ‰. ê‡Á‚ËÚËÂ ‚˚˜ËÒÎËÚÂÎ¸-
ÌÓÈ ÚÂıÌËÍË ÔÓÁ‚ÓÎËÎÓ ÔÂÂÈÚË ÓÚ ÔÓÒÚÓÈ ÏÓ‰Â-
ÎË [11], ÔÂ‰ÒÚ‡‚Îfl˛˘ÂÈ ‰ÓÏÂÌ˚ Ë ‰ÓÏÂÌÌ˚Â
ÒÚÂÌÍË ‚ ‚Ë‰Â Ó‰ÌÓÓ‰ÌÓ Ì‡Ï‡„ÌË˜ÂÌÌ˚ı Ô‡‡Î-
ÎÂÎÂÔËÔÂ‰Ó‚, Í ÏÓ‰ÂÎflÏ Ò ÚÂıÏÂÌ˚Ï ‡ÒÔÂ‰Â-
ÎÂÌËÂÏ 

 

I

 

s

 

 [8, 12]. 

é‰Ì‡ÍÓ, ÌË Ó‰ÌÓ ËÁ ˝ÚËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÌÂ ÏÓ-
ÊÂÚ ÔÂÚÂÌ‰Ó‚‡Ú¸ Ì‡ ÔÓÎÌÓÚÛ ‡ÒÒÏÓÚÂÌËfl Ë
Í‡Ê‰ÓÂ ËÁ ÌËı ÔÂÒÎÂ‰Ó‚‡ÎÓ Â¯ÂÌËÂ ÍÓÌÍÂÚÌÓ
ÔÓÒÚ‡‚ÎÂÌÌÓÈ Á‡‰‡˜Ë. àÒÔÓÎ¸ÁÛÂÏ˚Â ‚ ÔÂÂ˜ËÒ-
ÎÂÌÌ˚ı ‡·ÓÚ‡ı ÛÔÓ˘‡˛˘ËÂ ÔÂ‰ÔÓÎÓÊÂÌËfl
(ÔÂ‰ÔÓÎÓÊÂÌËÂ Ó· ‡ÌÚËÔ‡‡ÎÎÂÎ¸ÌÓÈ ÓËÂÌÚ‡-
ˆËË Ï‡„ÌËÚÌ˚ı ÏÓÏÂÌÚÓ‚ ‰ÓÏÂÌÓ‚ [11], Ó· Ó‰ÌÓ-

ÓÒÌÓÒÚË Ï‡„ÌÂÚËÚ‡ [16]), Ó„‡ÌË˜ËÎË ‚ÓÁÏÓÊ-
ÌÓÒÚ¸ ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ÎËflÌËfl ‚ÌÂ¯ÌÂ„Ó ÔÓÎfl, ÎË·Ó
‡ÌËÁÓÚÓÔËË ÙÓÏ˚ Ì‡ ‡ÒÔÂ‰ÂÎÂÌËÂ Ì‡Ï‡„ÌË-
˜ÂÌÌÓÒÚË ‚ ÁÂÌÂ. èÓ˝ÚÓÏÛ Ì‡ÏË ÔÂ‰ÔËÌflÚ‡ ÔÓ-
Ô˚ÚÍ‡ ‡Ì‡ÎËÁ‡ Ï‡„ÌËÚÌ˚ı ÒÓÒÚÓflÌËÈ ‚ ‡ÏÍ‡ı
ÓÔËÒ‡ÌÌÓÈ ÌËÊÂ ÏÓ‰ÂÎË, ÍÓÚÓ‡fl fl‚ÎflÂÚÒfl ‡Á‚Ë-
ÚËÂÏ ÏÓ‰ÂÎË [16].

 

1. åÓ‰ÂÎ¸ ‰‚Ûı‰ÓÏÂÌÌÓÈ ˜‡ÒÚËˆ˚

 

ê‡ÒÒÏÓÚËÏ ÁÂÌÓ, ÍËÒÚ‡ÎÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡
ÍÓÚÓÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÏËÌÂ‡ÎÓÏ ÍÛ·Ë˜ÂÒÍÓÈ
ÒËÏÏÂÚËË. èÛÒÚ¸ ÓÌÓ ËÏÂÂÚ ÙÓÏÛ ÔflÏÓÛ„ÓÎ¸-
ÌÓ„Ó Ô‡‡ÎÎÂÎÂÔËÔÂ‰‡ Ò ÔÎÓ˘‡‰¸˛ ÓÒÌÓ‚‡ÌËfl 

 

a

 

2

 

 Ë
‚˚ÒÓÚÓÈ 

 

qa

 

 (Â·‡ ÍÛ·‡ ÒÓ‚Ô‡‰‡˛Ú Ò ÍËÒÚ‡ÎÎÓ-
„‡ÙË˜ÂÒÍËÏË ÓÒflÏË). é„‡ÌË˜ËÏÒfl ÒÎÛ˜‡ÂÏ,
ÍÓ„‰‡ Ï‡„ÌËÚÌ˚È ÏÓÏÂÌÚ ‡ÒÔÂ‰ÂÎÂÌ ‚ ÔÎÓÒÍÓ-
ÒÚË 

 

y

 

0

 

z

 

 (ËÒ. 1) ÔÓ Á‡ÍÓÌÛ:

(1)
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θ
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θ

 

2

 

 – Û„Î˚ ÏÂÊ‰Û Ï‡„ÌËÚÌ˚Ï ÏÓÏÂÌÚÓÏ Ë
ÓÒ¸˛ 0

 

z

 

 ‚ ÔÂ‚ÓÏ Ë ‚Ó ‚ÚÓÓÏ ‰ÓÏÂÌ‡ı, 

 

p

 

1

 

, 

 

p

 

2

 

 – ¯Ë-
ËÌ‡ ‰ÓÏÂÌ‡ Ë ‰ÓÏÂÌÌÓÈ „‡ÌËˆ˚, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ; ÔÂÂÏÂÌÌ˚Â 

 

x

 

, 

 

y

 

, 

 

z

 

 ÌÓÏËÓ‚‡Ì˚ Ì‡ 

 

a

 

. 

àÒÒÎÂ‰Ó‚‡ÌËÂ ‡‚ÌÓ‚ÂÒÌ˚ı ÒÓÒÚÓflÌËÈ Ï‡„ÌËÚ-
ÌÓ„Ó ÏÓÏÂÌÚ‡ ÁÂÌ‡ ÔÓ‚Â‰ÂÏ, ÏËÌËÏËÁËÛfl ÔÓÎ-
ÌÛ˛ ˝ÌÂ„Ë˛ 

 

E

 

 ÔÓ ˜ÂÚ˚ÂÏ Ô‡‡ÏÂÚ‡Ï 

 

θ
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, 

 

p

 

1

 

,

 

p

 

2

 

. (Ç ‰‡Î¸ÌÂÈ¯ÂÏ ·Û‰ÂÏ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚˚‡ÊÂ-

ÌËÂ ‰Îfl ÔË‚Â‰ÂÌÌÓÈ ˝ÌÂ„ËË 

 

ε

 

 = .) 

θ x( )

θ1, 0 x p1,≤ ≤
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θ2 θ1–( )
p2

--------------------- x p1–( ), p1 x p1 p2,+≤ ≤+
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=

E
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Ç ÔÓÎÌÛ˛ ˝ÌÂ„Ë˛ Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÁÂÌ‡
‚ÍÎ˛˜ÂÌ˚: 

 

Ó·ÏÂÌÌ‡fl ˝ÌÂ„Ëfl

 

(2)

 

˝ÌÂ„Ëfl ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË

 

(3)

 

Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍ‡fl ˝ÌÂ„Ëfl

 

(4)

Ë 

 

˝ÌÂ„Ëfl Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ‚Ó ‚ÌÂ¯ÌÂÏ ÔÓ-
ÎÂ

 

 

 

H

 

(5)

á‰ÂÒ¸ ÔËÌflÚ˚ ÒÎÂ‰Û˛˘ËÂ Ó·ÓÁÌ‡˜ÂÌËfl: 

 

A

 

 –
Ó·ÏÂÌÌ‡fl ÍÓÌÒÚ‡ÌÚ‡, 

 

I

 

s

 

 – ‚ÂÍÚÓ ÒÔÓÌÚ‡ÌÌÓÈ Ì‡-
Ï‡„ÌË˜ÂÌÌÓÒÚË, ÏÓ‰ÛÎ¸ ÍÓÚÓÓ„Ó Ó‰ÌÓÓ‰ÂÌ ÔÓ
Ó·˙ÂÏÛ 

 

V

 

 ÁÂÌ‡, 

 

K

 

 – ÍÓÌÒÚ‡ÌÚ‡ ÍËÒÚ‡ÎÎÓ„‡ÙË-
˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË, 

 

ds

 

 – ˝ÎÂÏÂÌÚ ÔÓ‚ÂıÌÓÒÚË,

 

ϕ

 

 

 

– Û„ÓÎ ÏÂÊ‰Û ‚ÂÍÚÓÓÏ 

 

H

 

 Ë ÓÒ¸˛ 0
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p1a p2a

êËÒ. 1. àÎÎ˛ÒÚ‡ˆËfl ÓÔËÒ˚‚‡ÂÏÓÈ ÏÓ‰ÂÎË.
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ê‡ÁÏÂ ÁÂÌ‡, ÌÏ

êËÒ. 2. á‡‚ËÒËÏÓÒÚ¸ ˝ÌÂ„ËË ÁÂÌ‡ ε ÓÚ Â„Ó ‡ÁÏÂ‡ a
Ë ‚˚ÚflÌÛÚÓÒÚË q ÔË ‡ÁÎË˜Ì˚ı ËÒıÓ‰Ì˚ı ÒÓÒÚÓflÌËflı:
‡ – Ò Ó‰ÌÓÓ‰Ì˚Ï ‡ÒÔÂ‰ÂÎÂÌËÂÏ Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌ-
Ú‡; · – Ò Ó‰ÌÓÓ‰Ì˚Ï (ÍË‚˚Â 1, 2) Ë Ò ÌÂÓ‰ÌÓÓ‰Ì˚Ï
‡ÒÔÂ‰ÂÎÂÌËÂÏ Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ (ÍË‚˚Â 3, 4).
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ÄîêÖåéÇ Ë ‰.

m(θ1, θ2, p1, p2, ϕ) – ÔÓÂÍˆËfl Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡
ÁÂÌ‡ Ì‡ Ì‡Ô‡‚ÎÂÌËÂ ‚˚‰ÂÎflÂÏÓÂ ‚ÂÍÚÓÓÏ H,
ÓÚÌÂÒÂÌÌ‡fl Í qa3Is . 

2. éÒÌÓ‚Ì˚Â Ë ÏÂÚ‡ÒÚ‡·ËÎ¸Ì˚Â 
ÒÓÒÚÓflÌËfl

åÓ‰ÂÎËÓ‚‡ÌËÂ ‡ÒÔÂ‰ÂÎÂÌËfl Ï‡„ÌËÚÌÓ„Ó ÏÓ-
ÏÂÌÚ‡ ‚ ÁÂÌ‡ı Ï‡„ÌÂÚËÚ‡ (Is = 485 Ä/Ï, A = 0.67 ×
× 1011 ÑÊ/Ï, |K | = 1.36 × 104 ÑÊ/Ï3) ‡ÁÎË˜Ì˚ı ‡Á-
ÏÂÓ‚ Ë ‚˚ÚflÌÛÚÓÒÚË (ÒÏ. ËÒ. 2–4), ÔÓ‚Â‰ÂÌÌÓÂ
ÔË H = 0, ÔÓÁ‚ÓÎflÂÚ ‚˚‰ÂÎËÚ¸ ÚË ÚËÔ‡ Ï‡„ÌËÚ-
Ì˚ı ÒÓÒÚÓflÌËÈ:

– ÒÓÒÚÓflÌËfl Ò Ó‰ÌÓÓ‰ÌÓÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸˛;

– ÒÓÒÚÓflÌËfl Ò Ï‡ÎÓÈ (Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌ˚Â) Ë 
– Ò ·ÓÎ¸¯ÓÈ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚ¸˛ Ï‡„ÌËÚÌÓ„Ó ÏÓ-

ÏÂÌÚ‡ (‰‚Ûı‰ÓÏÂÌÌ˚Â).

2.1. ëÓÒÚÓflÌËfl Ò Ó‰ÌÓÓ‰ÌÓÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸˛

àÁ ËÒÛÌÍÓ‚ 2 Ë 3, ËÎÎ˛ÒÚËÛ˛˘Ëı Á‡‚ËÒË-
ÏÓÒÚ¸ ˝ÌÂ„ËË Ë Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ Í‡Ê‰Ó„Ó ËÁ
ÒÓÒÚÓflÌËÈ ÓÚ ‡ÁÏÂ‡ Ë ‚˚ÚflÌÛÚÓÒÚË ÁÂÌ‡, ÒÎÂ‰Û-
ÂÚ, ˜ÚÓ ÒÓÒÚÓflÌËÂ Ò Ó‰ÌÓÓ‰Ì˚Ï ‚ÂÍÚÓÓÏ Is fl‚Îfl-
ÂÚÒfl ÓÒÌÓ‚Ì˚Ï ÎË¯¸ ‚ ËÌÚÂ‚‡ÎÂ ‡ÁÏÂÓ‚, Ó„‡-
ÌË˜ÂÌÌÓÏ ‡ÁÏÂÓÏ Ó‰ÌÓ‰ÓÏÂÌÌÓÒÚË a0, ÍÓÚÓ˚È
‚Â‰ÂÚ ÒÂ·fl ÌÂÏÓÌÓÚÓÌÌ˚Ï Ó·‡ÁÓÏ Ò ÓÒÚÓÏ ‚˚-
ÚflÌÛÚÓÒÚË ÁÂÌ‡: ÛÏÂÌ¸¯‡ÂÚÒfl ÓÚ 70 ÌÏ ‰Îfl ËÁÓÏÂÚ-
Ë˜ÂÒÍËı ˜‡ÒÚËˆ ‰Ó 50 ÌÏ ‰Îfl ˜‡ÒÚËˆ Ò ‚˚ÚflÌÛÚÓÒ-
Ú¸˛ q = 1.3 Ë ÔË q = 3.0 ‰ÓÒÚË„‡ÂÚ 150 ÌÏ (ÒÏ. ËÒ. 4).

èË a > a0 ˝ÌÂ„ÂÚË˜ÂÒÍË ·ÓÎÂÂ ‚˚„Ó‰ÌÓ ‰‚Ûı-
‰ÓÏÂÌÌÓÂ ÎË·Ó Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌÓÂ ÒÓÒÚÓflÌËÂ
(ÒÏ. ËÒ. 2·), Ó‰ÌÓÓ‰ÌÓÂ ÊÂ, ÂÒÎË ÓÌÓ Â‡ÎËÁÛÂÚ-
Òfl, ÏÂÚ‡ÒÚ‡·ËÎ¸ÌÓ ‚ÔÎÓÚ¸ ‰Ó Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ‡Á-
ÏÂ‡ a0m . á‡‚ËÒËÏÓÒÚ¸ a0m ÓÚ ‚˚ÚflÌÛÚÓÒÚË ÁÂÌ‡
ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Ì‡ ËÒ. 4.: ÔË Û‚ÂÎË˜ÂÌËË ‚˚ÚflÌÛ-
ÚÓÒÚË ÓÚ q = 1 ‰Ó q = 1.3 a0m ÛÏÂÌ¸¯‡ÂÚÒfl ‚ ‰‚‡ ‡-
Á‡, ‡ Á‡ÚÂÏ ‚ÓÁ‡ÒÚ‡ÂÚ Ë ÔË q > 3.1 Ó‰ÌÓÓ‰ÌÓÒÚ¸
‡ÒÔÂ‰ÂÎÂÌËfl Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÏÓÊÂÚ ·˚Ú¸
Â‡ÎËÁÓ‚‡Ì‡ ‚ ˜‡ÒÚËˆ‡ı ‚ÒÂı ‡ÁÏÂÓ‚ (ÒÏ. ËÒ. 3,
ËÒ. 4).

2.2. ëÓÒÚÓflÌËfl Ò ÌÂÓ‰ÌÓÓ‰ÌÓÈ 
Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸˛

ëÓÒÚÓflÌËfl ÒÓ ÒÎ‡·Ó ÌÂÓ‰ÌÓÓ‰Ì˚Ï ‡ÒÔÂ‰Â-
ÎÂÌËÂÏ Is (ÒÏ. ËÒ. 2, 3) ‡‚ÌÓ‚ÂÒÌ˚ ÎË¯¸ ‚ Ó·Î‡ÒÚË
a0 < a < a1 (ÒÏ. ËÒ. 4), ÔË a1 < a < a1m ÓÌË ÏÂÚ‡ÒÚ‡-
·ËÎ¸Ì˚ (Á‰ÂÒ¸ a1 – ‡ÁÏÂ Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌÓÒÚË,
a1m – ÔÂ‰ÂÎ¸Ì˚È ‡ÁÏÂ Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌÓÒÚË).
éÚÏÂÚËÏ, ˜ÚÓ ÔË q > 2.1 Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌÓÂ ÒÓ-
ÒÚÓflÌËÂ ÏÓÊÂÚ ·˚Ú¸ Â‡ÎËÁÓ‚‡ÌÓ ‚ ˜‡ÒÚËˆ‡ı Î˛-
·˚ı ‡ÁÏÂÓ‚ ·ÓÎ¸¯Ëı a0.

éÚÏÂÚËÏ Ú‡ÍÊÂ, ˜ÚÓ Ò Û‚ÂÎË˜ÂÌËÂÏ ‡ÁÏÂ‡
ÁÂÌ‡ Ó·Î‡ÒÚ¸ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚË Ï‡„ÌËÚÌÓ„Ó ÏÓ-
ÏÂÌÚ‡ (¯ËËÌ‡ ‰ÓÏÂÌÌÓÈ „‡ÌËˆ˚) Ô‡ÍÚË˜ÂÒÍË
ÌÂ ÏÂÌflÂÚÒfl Ë Á‡ÌËÏ‡ÂÚ ÓÍÓÎÓ 2/3 Ó·˙ÂÏ‡.

3. ÄÌ‡ÎËÁ ÓÒÌÓ‚Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚

3.1. ê‡ÁÏÂ Ó‰ÌÓ‰ÓÏÂÌÌÓÒÚË

ê‡ÒÒ˜ËÚ‡ÌÌ˚Â ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ‡ÁÏÂ˚ Ó‰ÌÓ-
‰ÓÏÂÌÌÓ„Ó ÒÓÒÚÓflÌËfl (ÒÏ. ËÒ. 4) ‚ ˆÂÎÓÏ ÒÓ„Î‡ÒÛ-
˛ÚÒfl Ò ‡ÁÏÂ‡ÏË Ó‰ÌÓ‰ÓÏÂÌÌÓÒÚË, ÔË‚Â‰ÂÌÌ˚-
ÏË ‚ ‡·ÓÚÂ [13]. í‡Í, Ì‡ÔËÏÂ, ‡ÁÏÂ Ó‰ÌÓ‰Ó-
ÏÂÌÌÓÒÚË ÍÛ·Ë˜ÂÒÍÓÈ ˜‡ÒÚËˆ˚, ÓÔÂ‰ÂÎÂÌÌ˚È
˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ, ‡‚ÂÌ 50 ÌÏ [14], ÎË·Ó 80 ÌÏ
[15], ÚÂÓÂÚË˜ÂÒÍËÂ ÓˆÂÌÍË a0 ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú
80 ÌÏ [4, 16], 100 ÌÏ [8], 116 ÌÏ [17], 120 ÌÏ [18].
ë Û‚ÂÎË˜ÂÌËÂÏ ‚˚ÚflÌÛÚÓÒÚË ÁÂÌ‡ 1.0 < q < 2.5,
ÒÓ„Î‡ÒÌÓ [4, 19] a0 ‚ÓÁ‡ÒÚ‡ÂÚ ‚ ËÌÚÂ‚‡ÎÂ ‡ÁÏÂ-
Ó‚ 80–120 ÌÏ.
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ÒÚÓflÌËfl a1m ÓÚ ‚˚ÚflÌÛÚÓÒÚË ÁÂÌ‡ q.
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ëÛ˘ÂÒÚ‚ÂÌÌÓÈ ÓÒÓ·ÂÌÌÓÒÚ¸˛ ÔÓÎÛ˜ÂÌÌ˚ı Ì‡-
ÏË ÂÁÛÎ¸Ú‡ÚÓ‚ fl‚ÎflÂÚÒfl ÌÂÏÓÌÓÚÓÌÌÓÒÚ¸ ËÁÏÂÌÂ-
ÌËfl ‡ÁÏÂ‡ Ó‰ÌÓ‰ÓÏÂÌÌÓÒÚË ÓÚ ‚˚ÚflÌÛÚÓÒÚË ÁÂ-
Ì‡ (ÒÏ. ËÒ. 4). í‡Í‡fl Á‡‚ËÒËÏÓÒÚ¸ a0 = a0(q) Ò‚flÁ‡Ì‡
Ò ÌÂÏÓÌÓÚÓÌÌ˚Ï ÔÓ‚Â‰ÂÌËÂÏ ˝ÙÙÂÍÚË‚ÌÓÈ ÍÓÌ-
ÒÚ‡ÌÚ˚ ‡ÌËÁÓÚÓÔËË, ÍÓÚÓ‡fl ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ
ÂÁÛÎ¸Ú‡Ú ÚÂÌÁÓÌÓ„Ó ÒÎÓÊÂÌËfl ÍÓÌÒÚ‡ÌÚ ÍËÒ-
Ú‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË Ë ‡ÌËÁÓÚÓÔËË
ÙÓÏ˚ [20, 21]. 

äÓÌÍÛÂÌˆËfl ‡ÁÎË˜Ì˚ı ‚Ë‰Ó‚ ‡ÌËÁÓÚÓÔËÈ
ÔË‚Ó‰ËÚ Ë Í ËÁÏÂÌÂÌË˛ ÔÓÎÓÊÂÌËfl “ÎÂ„ÍÓÈ ÓÒË”
[20, 21], ˜ÚÓ ÏÓÊÂÚ ÒÎÛÊËÚ¸ Ó·˙flÒÌÂÌËÂÏ ÔË‚Â-
‰ÂÌÌÓÈ Ì‡ ËÒ. 5 Á‡‚ËÒËÏÓÒÚË ÍËÚË˜ÂÒÍËı ‡ÁÏÂ-
Ó‚ ÓÚ ‚˚ÚflÌÛÚÓÒÚË ÁÂÌ‡. éÚÏÂÚËÏ, ˜ÚÓ ÓËÂÌ-
Ú‡ˆËfl “ÎÂ„ÍÓÈ ÓÒË” ËÁÓÏÂÚË˜ÂÒÍÓÈ ˜‡ÒÚËˆ˚ ÔÓ
‰Ë‡„ÓÌ‡ÎË ÂÂ „‡ÌË (‡ ÌÂ ÍÛ·‡) Ò‚flÁ‡Ì‡ Ò Ó„‡ÌË˜Â-
ÌËflÏË ËÒÔÓÎ¸ÁÛÂÏÓÈ ÏÓ‰ÂÎË (Ï‡„ÌËÚÌ˚È ÏÓÏÂÌÚ
ÏÓÊÂÚ ‡Á‚Ó‡˜Ë‚‡Ú¸Òfl ÎË¯¸ ‚ ÔÎÓÒÍÓÒÚË z0y). 

3.2. åÂÚ‡ÒÚ‡·ËÎ¸ÌÓÂ Ó‰ÌÓ‰ÓÏÂÌÌÓÂ ÒÓÒÚÓflÌËÂ

å‡ÍÒËÏ‡Î¸Ì˚È ‡ÁÏÂ a0m ÁÂÌ‡, Ì‡ıÓ‰fl˘Â„Ó-
Òfl ‚ ÒÓÒÚÓflÌËË Ò Ó‰ÌÓÓ‰Ì˚Ï ‡ÒÔÂ‰ÂÎÂÌËÂÏ Is , ‚
ÒËÎÛ ÌÂÏÓÌÓÚÓÌÌÓ„Ó ÔÓ‚Â‰ÂÌËfl ˝ÙÙÂÍÚË‚ÌÓÈ
ÍÓÌÒÚ‡ÌÚ˚ ‡ÌËÁÓÚÓÔËË, Í‡˜ÂÒÚ‚ÂÌÌÓ ÔÓ‚ÚÓflÂÚ
ÂÂ ıÓ‰. à ÂÒÎË ‰Îfl ÒÎ‡·Ó‚˚ÚflÌÛÚ˚ı ˜‡ÒÚËˆ ÔÓÎÛ-
˜ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl a0m ·ÎËÁÍË Í ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Ï ‚
‡·ÓÚ‡ı [2, 4, 16, 17], ÚÓ ÔË q > 1.2, ÍÓ„‰‡ ˝ÌÂ„Ëfl
‡ÌËÁÓÚÓÔËË ÙÓÏ˚ ÁÂÌ‡ Ï‡„ÌÂÚËÚ‡ ÒÚ‡ÌÓ‚ËÚÒfl
ÒÓËÁÏÂËÏÓÈ Ò ˝ÌÂ„ËÂÈ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ
‡ÌËÁÓÚÓÔËË, Á‡‚ËÒËÏÓÒÚ¸ a0m = a0m(q), ÔÓÎÛ˜ÂÌ-
Ì‡fl ‡‚ÚÓ‡ÏË [16], ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÓÚÎË˜‡ÂÚÒfl ÓÚ
‡ÒÒ˜ËÚ‡ÌÌÓÈ Ì‡ÏË. Ç˚ÚflÌÛÚÓÒÚ¸, ÔË ÍÓÚÓÓÈ
ÔÂ‰ÂÎ¸Ì˚È ‡ÁÏÂ a0m ÒÚ‡ÌÓ‚ËÚÒfl ·ÂÒÍÓÌÂ˜ÌÓ
·ÓÎ¸¯ËÏ, ÔÂÂÏÂ˘‡ÂÚÒfl ‚ Ó·Î‡ÒÚ¸ ÌÂÒÍÓÎ¸ÍÓ
·ÓÎ¸¯Ëı q (ÓÚ 2.4, ÒÓ„Î‡ÒÌÓ [16], ‰Ó 3.1), ˜ÚÓ ÔË-
‚Ó‰ËÚ Í ÁÌ‡˜ËÚÂÎ¸ÌÓÏÛ ÔÓÌËÊÂÌË˛ a0m ‚ Ó·Î‡ÒÚË
1.2 < q < 3.0. 

3.3. ëÎ‡·Ó ÌÂÓ‰ÌÓÓ‰ÌÓÂ ÒÓÒÚÓflÌËÂ

çÂ ‚‰‡‚‡flÒ¸ ‚ ÚÂÏËÌÓÎÓ„Ë˜ÂÒÍËÂ ËÁ˚ÒÍ‡ÌËfl,
ÒÓÒÚÓflÌËÂ ÒÓ ÒÎ‡·Ó ÌÂÓ‰ÌÓÓ‰Ì˚Ï ‡ÒÔÂ‰ÂÎÂÌË-
ÂÏ Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÏÓÊÌÓ ÓÚÓÊ‰ÂÒÚ‚ËÚ¸ Í‡Í
Ò Í‚‡ÁËÓ‰ÌÓ‰ÓÏÂÌÌ˚Ï, ËÎË ÏÓ‰ÓÈ “Á‡ÍÛÚÍ‡”
[22–24], Ú‡Í Ë Ò ÒÓÒÚÓflÌËÂÏ ı‡‡ÍÚÂËÁÛÂÏ˚Ï
ÏÓ‰ÓÈ “curling” [16, 25]. Ç ÓÚÎË˜ËË ÓÚ ÔË‚Â‰ÂÌÌ˚ı
‚˚¯Â [16, 22, 25] ÓÌÓ ÏÓÊÂÚ ·˚Ú¸ Â‡ÎËÁÓ‚‡ÌÓ
Ì‡fl‰Û Ò “Ó‰ÌÓÓ‰Ì˚Ï”, ÎË·Ó “‰‚Ûı‰ÓÏÂÌÌ˚Ï
ÒÓÒÚÓflÌËflÏË”, ÓÒÚ‡‚‡flÒ¸ ÛÒÚÓÈ˜Ë‚˚Ï ÎË¯¸ ‚
ÛÁÍÓÏ ËÌÚÂ‚‡ÎÂ ‡ÁÏÂÓ‚ a0 < a < a1. èË˜ÂÏ
ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â Ì‡ ËÒ. 4 ÁÌ‡˜ÂÌËfl ‚‰‚ÓÂ ÓÚÎË˜‡-
˛ÚÒfl ÓÚ ÍËÚË˜ÂÒÍËı ‡ÁÏÂÓ‚ ÏÓ‰˚ “curling” ac =
= 40 ÌÏ [25]. 

3.4. Ñ‚Ûı‰ÓÏÂÌÌÓÂ ÒÓÒÚÓflÌËÂ

åÓ‰ÂÎËÛÂÏÓÂ Ì‡ÏË “‰‚Ûı‰ÓÏÂÌÌÓÂ” ‡ÒÔÂ-
‰ÂÎÂÌËÂ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË ÌÂ fl‚ÎflÂÚÒfl “ÍÎ‡ÒÒË˜Â-

ÒÍËÏ” (‰‚‡ ÔÓÚË‚ÓÔÓÎÓÊÌÓ Ì‡Ï‡„ÌË˜ÂÌÌ˚ı ·ÎÓ-
Í‡ ‡Á‰ÂÎÂÌÌ˚ı 180° ‰ÓÏÂÌÌÓÈ ÒÚÂÌÍÓÈ). ë ÓÒ-
ÚÓÏ ‡ÁÏÂ‡ ÁÂÌ‡ Ì‡·Î˛‰‡ÂÚÒfl ÓÚÍÎÓÌÂÌËÂ
Û„ÎÓ‚ θ1, θ2 ÓÔÂ‰ÂÎfl˛˘Ëı ÓËÂÌÚ‡ˆË˛ Ï‡„ÌËÚ-
Ì˚ı ÏÓÏÂÌÚÓ‚ ‚ ÔÂ‚ÓÏ Ë ‚ÚÓÓÏ ‰ÓÏÂÌ‡ı ÓÚ 0° ‰Ó
180° ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ˜ÚÓ, ‚ ÍÓÌÂ˜ÌÓÏ Ò˜ÂÚÂ, ÔË-
‚Ó‰ËÚ Í ÔÓfl‚ÎÂÌË˛ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó Ï‡„ÌËÚÌÓ„Ó
ÏÓÏÂÌÚ‡ ËÁÓÏÂÚË˜ÂÒÍÓÈ ˜‡ÒÚËˆ˚ ÔË a > 140 ÌÏ
(ÒÏ. ËÒ. 3). èÓ‰Ó·ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ Ì‡Ï‡„ÌË˜ÂÌ-
ÌÓÒÚË, Ì‡Á‚‡ÌÌÓÂ ‡‚ÚÓ‡ÏË [17] “˛·Í‡ÏË”, ËÒÒÎÂ-
‰Ó‚‡ÎÓÒ¸ Ì‡ ·ÓÎÂÂ ÍÛÔÌ˚ı ˜‡ÒÚËˆ‡ı. í‡Í, Ì‡ÔË-
ÏÂ, ‚ ËÁÓÏÂÚË˜ÂÒÍËı ˜‡ÒÚËˆ‡ı (q = 1.0) “˛·ÍË”
‚ÓÁÌËÍ‡ÎË ÔË a = 180 ÌÏ, ‡ ‚ ‚˚ÚflÌÛÚ˚ı (q = 1.5)
ÔË a = 450 ÌÏ.

ä‡Í ÔÓÍ‡Á˚‚‡˛Ú ‡Ò˜ÂÚ˚ ‰‚Ûı‰ÓÏÂÌÌÓÂ ÒÓÒÚÓ-
flÌËÂ ÏÂÚ‡ÒÚ‡·ËÎ¸ÌÓ “ÒÌËÁÛ”, Ì‡˜ËÌ‡fl Ò ‡ÁÏÂÓ‚
a ≈ 90 ÌÏ ‚ÔÎÓÚ¸ ‰Ó a = a1, ÔË a > a1 ˝ÌÂ„ÂÚË˜Â-
ÒÍË ‚˚„Ó‰ÌÓ ‰‚Ûı‰ÓÏÂÌÌÓÂ ÒÓÒÚÓflÌËÂ, ÍÓÚÓÓÂ,
ÒÓÒÛ˘ÂÒÚ‚Ûfl Ò Ó‰ÌÓÓ‰Ì˚Ï (ÔË a < a0m) ËÎË Ò Í‚‡-
ÁËÓ‰ÌÓ‰ÓÏÂÌÌ˚Ï (ÔË a < a1m), ÒÚ‡ÌÓ‚ËÚÒfl Â‰ËÌ-
ÒÚ‚ÂÌÌ˚Ï ‚ Ó·Î‡ÒÚË a > a1m .áÌ‡˜ÂÌËfl a1m ÎÂÊ‡Ú
ÌÂÒÍÓÎ¸ÍÓ ÌËÊÂ ÔË‚Â‰ÂÌÌ˚ı ‚ ‡·ÓÚ‡ı [4, 16] Ë ‚
ˆÂÎÓÏ ÌÂ ÔÓÚË‚ÓÂ˜‡Ú ËÏ.

ê‡Á‡·ÓÚ‡ÌÌ‡fl ÏÓ‰ÂÎ¸ Ë ÔË‚Â‰ÂÌÌ˚Â ÂÁÛÎ¸-
Ú‡Ú˚ ‡Ì‡ÎËÁ‡ Ï‡„ÌËÚÌ˚ı ÒÓÒÚÓflÌËÈ ÏÓ„ÛÚ ·˚Ú¸
ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÔË ÏÓ‰ÂÎËÓ‚‡ÌËË ÔÓˆÂÒÒÓ‚ Ì‡-
Ï‡„ÌË˜Ë‚‡ÌËfl ‡ÌÒ‡Ï·ÎÂÈ ˜‡ÒÚËˆ ‡ÁÏÂ˚ ÍÓÚÓ-
˚ı ÒÓËÁÏÂËÏ˚ Ò ‡ÁÏÂÓÏ Ó‰ÌÓ‰ÓÏÂÌÌÓÒÚË,
˜ÚÓ, ÒÓ·ÒÚ‚ÂÌÌÓ Ë fl‚ÎflÂÚÒfl Ó·˙ÂÍÚÓÏ ‰‡Î¸ÌÂÈ¯Ëı
ËÒÒÎÂ‰Ó‚‡ÌËÈ.

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ åÂÊ‰ÛÌ‡Ó‰Ì˚Ï Ì‡Û˜Ì˚Ï
ÙÓÌ‰ÓÏ („‡ÌÚ NXY000) Ë ÉÓÒÍÓÏ‚ÛÁÓÏ êÓÒÒËË.
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êËÒ. 5. á‡‚ËÒËÏÓÒÚ¸ Û„Î‡ ÓËÂÌÚ‡ˆËË “ÎÂ„ÍÓÈ ÓÒË” Ψ
ÓÚÌÓÒËÚÂÎ¸ÌÓ Û‰ÎËÌÂÌÌÓ„Ó Â·‡ ÁÂÌ‡ ÓÚ Â„Ó ‚˚Úfl-
ÌÛÚÓÒÚË q.
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