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éÔËÒ‡ÌËÂ ÔÓˆÂÒÒ‡ ÚÂÔÎÓÓ·ÏÂÌ‡ ‚ ÔÂËÓ‰Ë˜Â-
ÒÍËı ÒÚÛÍÚÛ‡ı Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÍÎ‡ÒÒË˜ÂÒÍËı
Û‡‚ÌÂÌËÈ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ˜‡ÒÚÓ ÒÚ‡ÎÍË‚‡ÂÚÒfl
Ò ÒÂ¸ÂÁÌ˚ÏË ÔÓ·ÎÂÏ‡ÏË. í‡Í, ÚÂÔÎÓÔÓ‚Ó‰-
ÌÓÒÚ¸ ‚ Ó‰ÌÓÏÂÌÓÈ ˆÂÔÓ˜ÍÂ ˜‡ÒÚËˆ Ì‡ ÒÂ„Ó‰Ìfl¯-
ÌËÈ ‰ÂÌ¸ ¯ËÓÍÓ ËÒÒÎÂ‰ÛÂÚÒfl ‡ÁÎË˜Ì˚ÏË ÏÂÚÓ-
‰‡ÏË, ‚ ÚÓÏ ˜ËÒÎÂ Ò ÔÓÏÓ˘¸˛ ÍÓÏÔ¸˛ÚÂÌ˚ı ˝ÍÒ-
ÔÂËÏÂÌÚÓ‚ [1–3]. äÓÏÂ ÚÓ„Ó, ÔÓÒÚÓflÌÌÓ ‚Â‰ÂÚÒfl
ËÁÛ˜ÂÌËÂ ÚÂÔÎÓ‚˚ı ÔÓˆÂÒÒÓ‚ ‚ Â‡Î¸Ì˚ı Ú‚Â-
‰˚ı ‚Â˘ÂÒÚ‚‡ı, ÊË‰ÍÓÒÚflı Ë „‡Á‡ı [4, 5]. íÂÏ ÌÂ ÏÂ-
ÌÂÂ ‚ÓÔÓÒ Ó ÍÓÂÍÚÌÓÏ ÓÔËÒ‡ÌËË ÔÓˆÂÒÒÓ‚ ÚÂÔ-
ÎÓÓ·ÏÂÌ‡ [6, 7] Í‡Í ‰Îfl Ó‰ÌÓÏÂÌÓÈ Â¯ÂÚÍË, Ú‡Í Ë
‰Îfl ÏÌÓ„ÓÏÂÌ˚ı ÍËÒÚ‡ÎÎÓ‚ ‰Ó ÒËı ÔÓ ÓÒÚ‡ÂÚÒfl
ÓÚÍ˚Ú˚Ï. Ç ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÈ ‡·ÓÚÂ ËÒÒÎÂ‰Ó‚‡-
ÌËÂ ÔÓˆÂÒÒ‡ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ‚ Ë‰Â‡Î¸Ì˚ı ÏÓ-
ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı Â¯ÂÚÍ‡ı, ‡ Ú‡ÍÊÂ Â¯ÂÚÍ‡ı Ò
‰ÂÙÂÍÚ‡ÏË ÔÓ‚Â‰ÂÌÓ ÏÂÚÓ‰‡ÏË ÏÓÎÂÍÛÎflÌÓ-‰Ë-
Ì‡ÏË˜ÂÒÍÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl. ê‡Á‡·ÓÚ‡ÌÌ‡fl Ï‡ÚÂ-
Ï‡ÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ÔË Ò‚ÓÂÈ ÔÓÒÚÓÚÂ ÔÓÁ‚ÓÎflÂÚ
‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓ‰Ó·ÌÓ ËÁÛ˜ËÚ¸ ÔÓˆÂÒÒ˚ ÚÂÔÎÓÓ·-
ÏÂÌ‡. Ç ıÓ‰Â ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÚÂÔÎÓ-
ÔÓ‚Ó‰ÌÓÒÚ¸ ‚ Ë‰Â‡Î¸ÌÓÏ ÏÓÌÓÍËÒÚ‡ÎÎÂ ÌÂ ÓÔË-
Ò˚‚‡ÂÚÒfl ÍÎ‡ÒÒË˜ÂÒÍËÏË Û‡‚ÌÂÌËflÏË. é‰Ì‡ÍÓ
‰Îfl ÍËÒÚ‡ÎÎÓ‚ Ò ‰ÂÙÂÍÚ‡ÏË ÔË ‰ÓÒÚ‡ÚÓ˜ÌÓ
·ÓÎ¸¯Ëı ‡ÁÏÂ‡ı Ó·‡Áˆ‡ ÍÎ‡ÒÒË˜ÂÒÍËÂ ÒÓÓÚÌÓ-
¯ÂÌËfl ÓÍ‡Á˚‚‡˛ÚÒfl ‚ÂÌ˚. äÓÏÂ ÚÓ„Ó, ‚ ˝ÚËı
ÒÎÛ˜‡flı ÏÓÊÂÚ ·˚Ú¸ ‚˚˜ËÒÎÂÌ ÍÓ˝ÙÙËˆËÂÌÚ ÚÂÔ-
ÎÓÔÓ‚Ó‰ÌÓÒÚË Ë ËÒÒÎÂ‰Ó‚‡Ì‡ Â„Ó Á‡‚ËÒËÏÓÒÚ¸ ÓÚ
˜ËÒÎ‡ ‰ÂÙÂÍÚÓ‚, ‡ÁÏÂÓ‚ Ó·‡Áˆ‡ Ë ‡ÁÏÂÌÓÒÚË
ÔÓÒÚ‡ÌÒÚ‚‡.

ê‡ÒÒÏÓÚËÏ ÍÎ‡ÒÒË˜ÂÒÍÓÂ Û‡‚ÌÂÌËÂ ÚÂÔÎÓ-
ÔÓ‚Ó‰ÌÓÒÚË
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 – ÍÓ˝ÙÙËˆËÂÌÚ, ı‡‡ÍÚÂ-
ËÁÛ˛˘ËÈ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚ¸; ÚÓ˜ÍÓÈ Ë ¯ÚË-
ıÓÏ Ó·ÓÁÌ‡˜ÂÌ˚ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ÔÓËÁ‚Ó‰Ì˚Â
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Ṫ βT''– 0,=
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 – ˝ÚÓ ÒÂ‰ÌÂÂ ÁÌ‡˜ÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚, 
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– ‡ÏÔÎËÚÛ‰‡ Ë ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚È ÔÂËÓ‰ ÚÂÏÔÂ-
‡ÚÛÌ˚ı ÓÚÍÎÓÌÂÌËÈ. íÓ˜ÌÓÂ Â¯ÂÌËÂ Û‡‚ÌÂ-
ÌËfl (1) Ò Ì‡˜‡Î¸Ì˚ÏË ÛÒÎÓ‚ËflÏË (2) Ë ÔÂËÓ‰ÓÏ 

 

L

 

ËÏÂÂÚ ‚Ë‰
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Ç‚Â‰ÂÏ ‚ ‡ÒÒÏÓÚÂÌËÂ ËÌÚÂ„‡Î 
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J

 

(

 

t

 

) ÎÂ„ÍÓ ÏÓÊÂÚ ·˚Ú¸ ‚˚˜ËÒÎÂÌÓ ÔÓ Â-
ÁÛÎ¸Ú‡Ú‡Ï ÍÓÏÔ¸˛ÚÂÌÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡. ë ‰Û-
„ÓÈ ÒÚÓÓÌ˚, ‡Ì‡ÎËÚË˜ÂÒÍÓÂ ‚˚‡ÊÂÌËÂ ‰‡ÌÌÓ„Ó
ËÌÚÂ„‡Î‡ ‰Îfl Â¯ÂÌËfl ‚ ÙÓÏÂ (3) ËÏÂÂÚ ‚Ë‰

(5)

àÁ ‚˚‡ÊÂÌËfl (5) ÒÎÂ‰ÛÂÚ ÙÓÏÛÎ‡ ‰Îfl ‚˚˜ËÒÎÂ-
ÌËfl ÍÓ˝ÙÙËˆËÂÌÚ‡ 

 

β

 

 ˜ÂÂÁ ‰‚‡ ËÁ‚ÂÒÚÌ˚ı ÁÌ‡˜Â-
ÌËfl ËÌÚÂ„‡Î‡ 

 

J

 

:

(6)
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t

 

1

 

 Ë 

 

t

 

2

 

 – ‰‚‡ ÔÓËÁ‚ÓÎ¸ÌÓ ‚˚·‡ÌÌ˚ı ÏÓÏÂÌÚ‡
‚ÂÏÂÌË. ùÚÛ ÙÓÏÛÎÛ ·Û‰ÂÏ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl
ÔÓÎÛ˜ÂÌËfl ÁÌ‡˜ÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚ‡ 

 

β

 

 ËÁ ÏÓÎÂÍÛ-
ÎflÌÓ-‰ËÌ‡ÏË˜ÂÒÍËı ˝ÍÒÔÂËÏÂÌÚÓ‚.

ÇÓÒÔÓÎ¸ÁÛÂÏÒfl ÏÂÚÓ‰ÓÏ ÏÓÎÂÍÛÎflÌÓÈ ‰ËÌ‡-
ÏËÍË, ÔÓÁ‚ÓÎfl˛˘ËÏ ˝ÙÙÂÍÚË‚ÌÓ ÓÔËÒ˚‚‡Ú¸ ÙË-
ÁËÍÓ-ÏÂı‡ÌË˜ÂÒÍËÂ ÔÓˆÂÒÒ˚ ‚ Ú‚Â‰˚ı ÚÂÎ‡ı [8–
10]. å‡ÚÂË‡Î ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÓ‚ÓÍÛÔÌÓÒÚ¸
˜‡ÒÚËˆ, ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı ÔÓÒÂ‰ÒÚ‚ÓÏ ÏÓ‰Ë-
ÙËˆËÓ‚‡ÌÌÓ„Ó Á‡ÍÓÌ‡ ãÂÌ‡‰‡-ÑÊÓÌÒ‡, ‰Îfl ÍÓ-
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ÚÓÓ„Ó ÒËÎ‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÏÂÊ‰Û ˜‡ÒÚËˆ‡ÏË
‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl ÔÓ ÙÓÏÛÎÂ

(7)
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) – ÒËÎ‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ‰Îfl ÔÓÚÂÌˆË‡Î‡
ãÂÌ‡‰-ÑÊÓÌÒ‡, 

 

k

 

(

 

r

 

) – ÏÓ‰ËÙËˆËÛ˛˘‡fl ÙÛÌÍˆËfl
ÙÓÏ˚:

(8)
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D

 

 – ̋ ÌÂ„Ëfl Ò‚flÁË, 

 

a

 

 – ‡‚ÌÓ‚ÂÒÌÓÂ ‡ÒÒÚÓflÌËÂ,

 

b

 

 = 

 

a

 

 – ‡ÒÒÚÓflÌËÂ ‡Á˚‚‡ Ò‚flÁË, 

 

a

 

cut

 

 = 1.4

 

a

 

 –

‡ÒÒÚÓflÌËÂ Ó·ÂÁ‡ÌËfl ÒËÎ˚ (ÒÓı‡Ìfl˛˘ÂÂ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚ËÂ ÚÓÎ¸ÍÓ ·ÎËÊ‡È¯Ëı ÒÓÒÂ‰ÂÈ ‚ ÔÎÓÚÌÓ-
ÛÔ‡ÍÓ‚‡ÌÌÓÈ Â¯ÂÚÍÂ). íÂÏÔÂ‡ÚÛ‡ Ò˜ËÚ‡ÂÚÒfl
ÔÓÔÓˆËÓÌ‡Î¸ÌÓÈ ÒÂ‰ÌÂÈ ÍËÌÂÚË˜ÂÒÍÓÈ ˝ÌÂ-
„ËË Ì‡·Ó‡ ˜‡ÒÚËˆ (‚ ÔÂ‰ÔÓÎÓÊÂÌËË, ˜ÚÓ ÒÂ‰Ìflfl
ÒÍÓÓÒÚ¸ ‰Îfl ˝ÚÓ„Ó Ì‡·Ó‡ ˜‡ÒÚËˆ ‡‚Ì‡ ÌÛÎ˛).
ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÔflÏÓÛ„ÓÎ¸Ì˚È Ó·‡ÁÂˆ Ï‡ÚÂ-
Ë‡Î‡ Ò ‡ÒÔÂ‰ÂÎÂÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚ ‚ ÙÓÏÂ
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 – ‰ÎËÌ‡ Ó·‡Áˆ‡ ‚‰ÓÎ¸ ˝ÚÓÈ
ÓÒË, ‡ÁÏÂ˚ Ó·‡Áˆ‡ ‚ ÓÚÓ„ÓÌ‡Î¸Ì˚ı Ì‡Ô‡‚ÎÂ-

ÌËflı ‚˚·‡Ì˚ ‡‚Ì˚ÏË . ç‡ ‚ÒÂı „‡ÌËˆ‡ı ÏÓ-
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‚ ÛÁÎ‡ı ÔÎÓÚÌÓÛÔ‡ÍÓ‚‡ÌÌÓÈ Â¯ÂÚÍË (ÚÂÛ„ÓÎ¸-
ÌÓÈ ‚ ‰‚ÛıÏÂÌÓÏ Ë „‡ÌÂˆÂÌÚËÓ‚‡ÌÌÓÈ ÍÛ·Ë-
˜ÂÒÍÓÈ ‚ ÚÂıÏÂÌÓÏ ÒÎÛ˜‡Â). ëÂ‰Ìflfl ÚÂÏÔÂ‡-
ÚÛ‡ ÒËÒÚÂÏ˚ ÔËÌËÏ‡ÂÚÒfl ‡‚ÌÓÈ 

 

T

 

1

 

 = 3.2

 

 · 

 

10
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T

 

d

 

‰Îfl ‰‚ÛıÏÂÌÓ„Ó ÒÎÛ˜‡fl Ë 

 

T

 

1

 

 = 3.2

 

 · 10–5Td ‰Îfl ÚÂı-

ÏÂÌÓ„Ó, „‰Â Td = , vd =  – ÒÍÓÓÒÚ¸ ‰ËÒÒÓ-

ˆË‡ˆËË, m – Ï‡ÒÒ‡ ˜‡ÒÚËˆ˚. ÄÏÔÎËÚÛ‰‡ ÚÂÏÔÂ‡-

ÚÛÌ˚ı ÓÚÍÎÓÌÂÌËÈ ·ÂÂÚÒfl ‡‚ÌÓÈ T2 = T1.

áÌ‡˜ÂÌËÂ ÍÓ˝ÙÙËˆËÂÌÚ‡ β ‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl ÒÓ-
„Î‡ÒÌÓ ÙÓÏÛÎÂ (6). ÑÎfl ·ÓÎ¸¯ÂÈ ÚÓ˜ÌÓÒÚË β(t) ·Â-
ÂÚÒfl Í‡Í ÒÂ‰ÌÂÂ ËÁ ÁÌ‡˜ÂÌËÈ β, ‚˚˜ËÒÎÂÌÌ˚ı Ì‡
ËÌÚÂ‚‡ÎÂ [t – 4τ0, t + 4τ0], „‰Â τ0 – ÔÂËÓ‰ Ï‡Î˚ı ÍÓ-
ÎÂ·‡ÌËÈ ˜‡ÒÚËˆ˚ ÓÍÓÎÓ ÔÓÎÓÊÂÌËfl ‡‚ÌÓ‚ÂÒËfl.

ç‡ ËÒÛÌÍÂ 1 ÔÓÍ‡Á‡ÌÓ ËÁÏÂÌÂÌËÂ ÍÓ˝ÙÙËˆË-
ÂÌÚ‡ β Ò ÚÂ˜ÂÌËÂÏ ‚ÂÏÂÌË, ÔÓÎÛ˜ÂÌÌÓÂ ‚ ÂÁÛÎ¸-
Ú‡ÚÂ ‡Ò˜ÂÚ‡ ÔÓ ÛÍ‡Á‡ÌÌÓÈ ‚˚¯Â ÏÂÚÓ‰ËÍÂ ‰Îfl
Ë‰Â‡Î¸ÌÓ„Ó ‰‚ÛıÏÂÌÓ„Ó ÏÓÌÓÍËÒÚ‡ÎÎ‡ ÔË ‡Á-
ÎË˜Ì˚ı ‡ÁÏÂ‡ı Ó·‡Áˆ‡. ÖÒÎË ·˚ Û‡‚ÌÂÌËÂ (1)
·˚ÎÓ ÒÔ‡‚Â‰ÎË‚Ó ‰Îfl ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ÏÓ‰ÂÎË,
‡Ò˜ÂÚ˚ ‰ÓÎÊÌ˚ ·˚ÎË ‰‡Ú¸ ÔË·ÎËÁËÚÂÎ¸ÌÓ ÔÓ-
ÒÚÓflÌÌÓÂ ÁÌ‡˜ÂÌËÂ β. é‰Ì‡ÍÓ, ÒÓ„Î‡ÒÌÓ ËÒ. 1, ÍÓ-
˝ÙÙËˆËÂÌÚ β ‡ÒÚÂÚ Ô‡ÍÚË˜ÂÒÍË ÎËÌÂÈÌÓ ‰Ó ‰Ó-
ÒÚËÊÂÌËfl ÌÂÍÓÚÓÓ„Ó ÍËÚË˜ÂÒÍÓ„Ó ÁÌ‡˜ÂÌËfl, ÔÓ-
ÒÎÂ ÍÓÚÓÓ„Ó Ì‡˜ËÌ‡ÂÚÒfl Â„Ó ·˚ÒÚ˚È ÒÔ‡‰,
Ò‚flÁ‡ÌÌ˚È Ò ÚÂÏ, ˜ÚÓ ËÁÏÂÌÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ÔÓ
ÍÓÓ‰ËÌ‡ÚÂ x ÒÚ‡ÌÓ‚flÚÒfl Ò‡‚ÌËÏ˚ÏË Ò ÚÂÏÔÂ‡-
ÚÛÌ˚ÏË ÙÎÛÍÚÛ‡ˆËflÏË, Ó·ÛÒÎÓ‚ÎÂÌÌ˚ÏË ‰ËÒ-
ÍÂÚÌÓÒÚ¸˛ ÒËÒÚÂÏ˚. óÂÏ ·ÓÎ¸¯Â Ó·‡ÁÂˆ, ÚÂÏ
‰ÓÎ¸¯Â ÔÓ‰ÓÎÊ‡ÂÚÒfl ÎËÌÂÈÌ˚È ÓÒÚ ÍÓ˝ÙÙËˆË-
ÂÌÚ‡ β.

ç‡ ËÒÛÌÍÂ 2 ÔË‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÚÂıÏÂ-
Ì˚ı ‡Ò˜ÂÚÓ‚ ‰Îfl Ë‰Â‡Î¸ÌÓ„Ó ÏÓÌÓÍËÒÚ‡ÎÎ‡ Ë
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êËÒ. 1. á‡‚ËÒËÏÓÒÚ¸ ÓÚ ‚ÂÏÂÌË ÍÓ˝ÙÙËˆËÂÌÚ‡ β ‰Îfl Ë‰Â‡Î¸Ì˚ı ÍËÒÚ‡ÎÎÓ‚ ÔË ‡ÁÎË˜Ì˚ı ‡ÁÏÂ‡ı Ó·‡Áˆ‡ (˜ËÒÎÂ
˜‡ÒÚËˆ). Ñ‚ÛıÏÂÌ‡fl Â¯ÂÚÍ‡
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ÏÓÌÓÍËÒÚ‡ÎÎ‡ Ò ‰ÂÙÂÍÚ‡ÏË (‡‚ÌÓÏÂÌÓ ‡ÒÔÂ-
‰ÂÎÂÌÌ˚ÏË ‚‡Í‡ÌÒËflÏË). óËÒÎÓ ˜‡ÒÚËˆ ‚ Ó·‡ÁˆÂ
ÒÓÒÚ‡‚ËÎÓ ÔËÏÂÌÓ 500000. Ç ÒÎÛ˜‡Â ÓÚÒÛÚÒÚ‚Ëfl
‰ÂÙÂÍÚÓ‚ Ë ÔË Ëı Ï‡ÎÓÈ ÔÎÓÚÌÓÒÚË ÓÚ˜ÂÚÎË‚Ó
‚Ë‰ÂÌ ÓÒÚ ÍÓ˝ÙÙËˆËÂÌÚ‡ β, Á‡ ÍÓÚÓ˚Ï ÒÎÂ‰ÛÂÚ
Â„Ó ÔÎ‡‚Ì˚È ÒÔ‡‰ Ô‡ÍÚË˜ÂÒÍË ‰Ó ÌÛÎfl. ÖÒÎË
ÔÎÓÚÌÓÒÚ¸ ‰ÂÙÂÍÚÓ‚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍ‡, ÚÓ ÔÓÒÎÂ
ÔÂÂıÓ‰ÌÓ„Ó ÔÓˆÂÒÒ‡ Á‡‚ËÒËÏÓÒÚ¸ β(t) ‚˚ıÓ‰ËÚ
Ì‡ ÔÓÒÚÓflÌÌÓÂ ÁÌ‡˜ÂÌËÂ, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸
‚˚‚Ó‰ Ó ÚÓÏ, ˜ÚÓ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ÍÎ‡ÒÒË˜ÂÒÍÓÂ
Û‡‚ÌÂÌËÂ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË (1) ‡‰ÂÍ‚‡ÚÌÓ ÓÔË-
Ò˚‚‡ÂÚ ‡ÒÔÓÒÚ‡ÌÂÌËÂ ÚÂÔÎ‡ ‚ ÍËÒÚ‡ÎÎÂ.

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ‡Ò˜ÂÚÓ‚ ·˚ÎÓ ÔÓ‚Â‰ÂÌÓ ËÒ-
ÒÎÂ‰Ó‚‡ÌËÂ Á‡‚ËÒËÏÓÒÚË β ÓÚ ˜ËÒÎ‡ ‰ÂÙÂÍÚÓ‚ ‚
Ï‡ÚÂË‡ÎÂ. Ç˚flÒÌËÎÓÒ¸, ̃ ÚÓ β ÎËÌÂÈÌÓ Á‡‚ËÒËÚ ÓÚ
‚ÂÎË˜ËÌ˚, Ó·‡ÚÌÓ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÈ Í‚‡‰‡Ú-

ÌÓÏÛ ÍÓÌ˛ ËÁ ÔÎÓÚÌÓÒÚË ‰ÂÙÂÍÚÓ‚ p (ËÒ. 3) Ò
ÚÓ˜ÌÓÒÚ¸˛ ‰Ó ÌÂ·ÓÎ¸¯Ëı ÓÚÍÎÓÌÂÌËÈ, Ó·ÛÒÎÓ‚-
ÎÂÌÌ˚ı ÌÂ‰ÓÒÚ‡ÚÍÓÏ ÒÚ‡ÚËÒÚË˜ÂÒÍËı ‰‡ÌÌ˚ı. ÑÎfl
ÚÂıÏÂÌÓ„Ó ÒÎÛ˜‡fl ˝ÚË ÓÚÍÎÓÌÂÌËfl Ì‡ÒÚÓÎ¸ÍÓ
Ï‡Î˚, ˜ÚÓ ËÁÓ·‡ÊÂÌÌ‡fl ÎËÌËfl ÚÂÌ‰‡ ‚ËÁÛ‡Î¸ÌÓ
ÌÂÓÚÎË˜ËÏ‡ ÓÚ ÒÓ·ÒÚ‚ÂÌÌÓ „‡ÙËÍ‡ Á‡‚ËÒËÏÓÒÚË.

ç‡ ÓÒÌÓ‚Â ˝ÚËı ÂÁÛÎ¸Ú‡ÚÓ‚ ·˚Î‡ ÔÓÎÛ˜ÂÌ‡
ÒÎÂ‰Û˛˘‡fl ‡ÔÔÓÍÒËÏ‡ˆËfl Á‡‚ËÒËÏÓÒÚË β ÓÚ
ÔÎÓÚÌÓÒÚË ‰ÂÙÂÍÚÓ‚

(9)

„‰Â A – ‡ÁÏÂÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ, p0 – ÍËÚË˜Â-
ÒÍÓÂ ÁÌ‡˜ÂÌËÂ ÔÎÓÚÌÓÒÚË ‰ÂÙÂÍÚÓ‚, ÔË ÍÓÚÓÓÏ
˝ÙÙÂÍÚ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ÔÓÎÌÓÒÚ¸˛ ËÒ˜ÂÁ‡ÂÚ.
á‰ÂÒ¸ ÔË‚Â‰ÂÌ˚ ÁÌ‡˜ÂÌËfl ˝ÚËı ‰‚Ûı Ô‡‡ÏÂÚÓ‚,
ÔÓÎÛ˜ÂÌÌ˚Â ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÍÓÏÔ¸˛ÚÂÌ˚ı ˝ÍÒ-
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êËÒ. 2. á‡‚ËÒËÏÓÒÚ¸ ÓÚ ‚ÂÏÂÌË ÍÓ˝ÙÙËˆËÂÌÚ‡ β ‰Îfl ‡ÁÎË˜ÌÓÈ ÔÎÓÚÌÓÒÚË ‰ÂÙÂÍÚÓ‚ ‚ Ï‡ÚÂË‡ÎÂ, ‡ Ú‡ÍÊÂ ‰Îfl ÒÎÛ˜‡fl
Ë‰Â‡Î¸ÌÓ„Ó ÍËÒÚ‡ÎÎ‡. óËÒÎÓ ˜‡ÒÚËˆ N = 500000. íÂıÏÂÌ‡fl Â¯ÂÚÍ‡.
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êËÒ. 3. á‡‚ËÒËÏÓÒÚ¸ ÍÓ˝ÙÙËˆËÂÌÚ‡ β ÓÚ ÔÎÓÚÌÓÒÚË
‰ÂÙÂÍÚÓ‚ p ‰Îfl ‰‚ÛıÏÂÌÓ„Ó (2D) Ë ÚÂıÏÂÌÓ„Ó (3D)
ÒÎÛ˜‡Â‚.
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êËÒ. 4. îÓÏ‡ „‡ÙËÍÓ‚ ËÁÏÂÌÂÌËfl ‚Ó ‚ÂÏÂÌË ÍÓ˝Ù-
ÙËˆËÂÌÚ‡ β ‰Îfl ‡ÁÌ˚ı ‡ÁÏÂÌÓÒÚÂÈ ÍËÒÚ‡ÎÎË˜Â-
ÒÍÓÈ Â¯ÂÚÍË. òÍ‡Î˚ ‚ÂÎË˜ËÌ β Ë t ÌÓÏ‡ÎËÁÓ‚‡Ì˚
ÓÚÌÓÒËÚÂÎ¸ÌÓ Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ‰ÓÒÚË„ÌÛÚÓ„Ó ‚ ıÓ‰Â
˝ÍÒÔÂËÏÂÌÚ‡ ÁÌ‡˜ÂÌËfl β Ë ÔÓÎÌÓ„Ó ‚ÂÏÂÌË ÔÓÚÂÍ‡-
ÌËfl ÔÓˆÂÒÒ‡ ÚÂÔÎÓÓ·ÏÂÌ‡.
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ãÂ-á‡ı‡Ó‚, äË‚ˆÓ‚

ÔÂËÏÂÌÚÓ‚ ‰Îfl ‰‚ÛıÏÂÌ˚ı Ë ÚÂıÏÂÌ˚ı ÍË-
ÒÚ‡ÎÎÓ‚;

ç‡ ËÒÛÌÍÂ 4 ÔÓÍ‡Á‡ÌÓ Ò‡‚ÌÂÌËÂ ÙÓÏ˚ ‚Â-
ÏÂÌÌÓÈ Á‡‚ËÒËÏÓÒÚË β ‰Îfl Ë‰Â‡Î¸Ì˚ı ÍËÒÚ‡ÎÎË-
˜ÂÒÍËı Â¯ÂÚÓÍ ‡ÁÏÂÌÓÒÚË 1–3. ÇÓ ‚ÒÂı ÚÂı
ÒÎÛ˜‡flı ÍÓ˝ÙÙËˆËÂÌÚ β ‡ÒÚÂÚ ÒÓ ‚ÂÏÂÌÂÏ, Ó‰-
Ì‡ÍÓ ‚ Ó‰ÌÓÏÂÌÓÏ ÒÎÛ˜‡Â ÓÒÚ ÔÓËÒıÓ‰ËÚ Ò ÔÓ-
ÎÓÊËÚÂÎ¸ÌÓÈ ‚ÚÓÓÈ ÔÓËÁ‚Ó‰ÌÓÈ, ‚ ‰‚ÛıÏÂÌÓÏ
ÒÎÛ˜‡Â – Ô‡ÍÚË˜ÂÒÍË ÎËÌÂÈÌÓ, ‚ ÚÂıÏÂÌÓÏ – Ò
ÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‚ÚÓÓÈ ÔÓËÁ‚Ó‰ÌÓÈ. äÓ„‰‡ ‡ÏÔÎË-
ÚÛ‰‡ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ËÁÏÂÌÂÌËfl ÚÂÏÔÂ‡ÚÛ˚
ÓÍ‡Á˚‚‡ÂÚÒfl Ò‡‚ÌËÏÓÈ Ò ‡ÏÔÎËÚÛ‰ÓÈ ÚÂÔÎÓ‚˚ı
ÙÎÛÍÚÛ‡ˆËÈ, ÚÓ ˝ÚÓ ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ ÁÌ‡-
˜ÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚ‡ β ‚ÔÎÓÚ¸ ‰Ó Ó·‡˘ÂÌËfl ‚
ÌÓÎ¸, ÔË˜ÂÏ ˜ÂÏ ÌËÊÂ ‡ÁÏÂÌÓÒÚ¸ ÔÓÒÚ‡Ì-
ÒÚ‚‡, ÚÂÏ ÂÁ˜Â ÔÓfl‚ÎflÂÚÒfl ˝ÚÓÚ ˝ÙÙÂÍÚ. 

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ
‚ Ë‰Â‡Î¸ÌÓÏ ÏÓÌÓÍËÒÚ‡ÎÎÂ ÔÓˆÂÒÒ ÚÂÔÎÓÔÓ-
‚Ó‰ÌÓÒÚË ÌÂ ÓÔËÒ˚‚‡ÂÚÒfl ÍÎ‡ÒÒË˜ÂÒÍËÏË Û‡‚ÌÂ-
ÌËflÏË. èÓ Í‡ÈÌÂÈ ÏÂÂ, ˝ÚÓÚ ‚˚‚Ó‰ ÒÔ‡‚Â‰ÎË‚
‰Îfl ÒËÒÚÂÏ, ‡ÁÏÂ˚ ÍÓÚÓ˚ı Ò‡‚ÌËÏ˚ Ò ‡Ò-
ÒÏ‡ÚË‚‡ÂÏ˚ÏË ‚ ‡·ÓÚÂ, ˜ÚÓ, ‚ ˜‡ÒÚÌÓÒÚË, ÓÚÌÓ-
ÒËÚÒfl Í ·ÓÎ¸¯ËÌÒÚ‚Û Ì‡ÌÓÒÚÛÍÚÛ Ò Ë‰Â‡Î¸ÌÓÈ
ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍÓÈ. ÑÎfl ÍËÒÚ‡ÎÎÓ‚ ÒÓ

ÒÎÛ˜‡ÈÌÓ ‡ÒÔÂ‰ÂÎÂÌÌ˚ÏË ‰ÂÙÂÍÚ‡ÏË ÔÓÍ‡Á‡ÌÓ,
˜ÚÓ ÔÓˆÂÒÒ ÚÂÔÎÓÓ·ÏÂÌ‡ ÓÔËÒ˚‚‡ÂÚÒfl ÍÎ‡ÒÒË˜Â-
ÒÍËÏ Û‡‚ÌÂÌËÂÏ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË Ë ÔÓÎÛ˜ÂÌ‡
Á‡‚ËÒËÏÓÒÚ¸ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ÓÚ ÔÎÓÚÌÓÒÚË ‰Â-
ÙÂÍÚÓ‚.
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2D 3D

A, a2/t0 5.72 2.29

P0 0.117 0.144


