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ê‡ÒÒÏÓÚËÏ Ó‰ÌÓÍÓÏÔÓÌÂÌÚÌÛ˛ Ó‰ÌÓÓ‰ÌÛ˛
ÏÓ‰ÂÎ¸ÌÛ˛ ÊË‰ÍÓÒÚ¸ ÒÓ ÒÎÂ‰Û˛˘ËÏ ÏÂÊ‡ÚÓÏ-
Ì˚Ï ÒÙÂË˜ÂÒÍË-ÒËÏÏÂÚË˜Ì˚Ï Ô‡Ì˚Ï ÔÓÚÂÌ-
ˆË‡ÎÓÏ:

(1)

„‰Â 

 

σ

 

 – ‰Ë‡ÏÂÚ Ú‚Â‰Ó„Ó ÓÒÚÓ‚‡ (hard core – HC).
çÂÁ‡‚ËÒËÏÓ ÓÚ ‚Ë‰‡ 

 

φ

 

(

 

r

 

) ‰Îfl ÔÓÚÂÌˆË‡Î‡ (1) ‚ÒÂ„‰‡
ÒÔ‡‚Â‰ÎË‚Ó ‡‚ÂÌÒÚ‚Ó

(2)

„‰Â 

 

g

 

(

 

r

 

) – Ô‡Ì‡fl ÙÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl.
éÔËÒ‡ÌËÂ ‚ÒÂı ÒÚÛÍÚÛÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ÒË-

ÒÚÂÏ˚ ‚ ‡Ì‡ÎËÚË˜ÂÒÍÓÏ ‚Ë‰Â ·˚ÎÓ ÓÒÛ˘ÂÒÚ‚ÎÂÌÓ
ÚÓÎ¸ÍÓ ‰Îfl ˜‡ÒÚÌÓ„Ó ÒÎÛ˜‡fl ÔÓÚÂÌˆË‡Î‡ (1) – ÔË

 

φ

 

(

 

r

 

) = 0, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÓÚÂÌˆË‡ÎÛ Ú‚Â‰˚ı
ÒÙÂ (hard spheres – HS) 

 

ϕ

 

HS

 

(

 

r

 

) ‚ ‡·ÓÚ‡ı [1, 2] ‚
ÔË·ÎËÊÂÌËË èÂÍÛÒ‡–âÂ‚ËÍ‡ [3]. èflÏ‡fl ÍÓ-
ÂÎflˆËÓÌÌ‡fl ÙÛÌÍˆËfl ÒËÒÚÂÏ˚ HS 

 

c

 

HS

 

(

 

r

 

) ‚ ˝ÚÓÏ
ÒÎÛ˜‡Â Á‡ÔËÒ˚‚‡ÂÚÒfl ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ [1, 2]:

(3)

„‰Â 

 

a

 

0

 

, 

 

a

 

1

 

, 

 

a

 

3

 

 – ÍÓ˝ÙÙËˆËÂÌÚ˚, Á‡‚ËÒfl˘ËÂ ÓÚ ÔÎÓÚ-

ÌÓÒÚË ÛÔ‡ÍÓ‚ÍË 

 

η

 

 = , 

 

ρ

 

 – ÒÂ‰Ìflfl ‡ÚÓÏÌ‡fl

ÔÎÓÚÌÓÒÚ¸ ÒËÒÚÂÏ˚.
Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ï˚ ÔÂ‰Î‡„‡ÂÏ ‡Ì‡ÎËÚË˜ÂÒÍÓÂ

‚˚‡ÊÂÌËÂ ‰Îfl ÔflÏÓÈ ÍÓÂÎflˆËÓÌÌÓÈ ÙÛÌÍˆËË
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6
-------------

 

c

 

(

 

r

 

) ÒËÒÚÂÏ˚ Ò ÔÓÚÂÌˆË‡ÎÓÏ (1) ÔË 

 

r

 

 < 

 

σ

 

 ‚ Ó·˘ÂÏ
‚Ë‰Â:

(4)

„‰Â 

 

d

 

m

 

 – ÍÓ˝ÙÙËˆËÂÌÚ˚, 

 

m

 

 = 0, 1, …

ë Û˜ÂÚÓÏ (3) ‚˚‡ÊÂÌËÂ (4) ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸
ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ:

(5)

„‰Â

(6)

 

b

 

m

 

 – 1

 

 – ÍÓ˝ÙÙËˆËÂÌÚ˚, 

 

n

 

 – ÍÓÎË˜ÂÒÚ‚Ó ˜ÎÂÌÓ‚ ‚
‡ÁÎÓÊÂÌËË 

 

Ψ

 

(

 

r

 

). 

èÂ‰ÎÓÊÂÌÌÓÂ ‚˚‡ÊÂÌËÂ (5) ÒÓ‚ÏÂÒÚÌÓ Ò (2)
ÏÓÊÂÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡ÌÓ ‚ÏÂÒÚÓ Û‡‚ÌÂÌËfl éÌ-
¯ÚÂÈÌ‡–ñÂÌËÍÂ (OZ) ‚ ÔflÏÓÏ ÔÓÒÚ‡ÌÒÚ‚Â [4]
ÔË Â¯ÂÌËË Í‡ÍÓ„Ó-ÎË·Ó ËÁ ÔË·ÎËÊÂÌÌ˚ı
Û‡‚ÌÂÌËÈ ÚÂÓËË ÊË‰ÍÓÒÚË. íÓ˜ÌÓÒÚ¸ Â¯ÂÌËfl
·Û‰ÂÚ ÓÔÂ‰ÂÎflÚ¸Òfl ÚÓ˜ÌÓÒÚ¸˛ ËÒÔÓÎ¸ÁÛÂÏÓ„Ó
ÔË·ÎËÊÂÌÌÓ„Ó Û‡‚ÌÂÌËfl Ë ÍÓÎË˜ÂÒÚ‚ÓÏ ˜ÎÂÌÓ‚
‚ ‡ÁÎÓÊÂÌËË ÔflÏÓÈ ÍÓÂÎflˆËÓÌÌÓÈ ÙÛÌÍˆËË
‚ÌÛÚË ÓÒÚÓ‚‡. ÇÒÂ„‰‡ ·Û‰ÂÚ ÒÛ˘ÂÒÚ‚Ó‚‡Ú¸ Ú‡ÍÓÂ

 

n

 

, ÔË ÍÓÚÓÓÏ ·Û‰ÂÚ ‰ÓÒÚË„‡Ú¸Òfl ÔÓÎÌÓÂ ÒÓ‚Ô‡‰Â-
ÌËÂ Â¯ÂÌËfl Ò ˜ËÒÎÂÌÌ˚Ï Â¯ÂÌËÂÏ OZ ‰Îfl ‰‡Ì-
ÌÓ„Ó ÔË·ÎËÊÂÌÌÓ„Ó Û‡‚ÌÂÌËfl. 

ê‡ÒÒÏÓÚËÏ ÔËÏÂÌÂÌËÂ ‰‡ÌÌÓ„Ó ÔÓ‰ıÓ‰‡ Í
ÔÓÒÚÂÈ¯ÂÏÛ, Ò Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÚÓ˜ÍË ÁÂÌËfl, ËÁ
Ú‡ÍËı Û‡‚ÌÂÌËÈ – ÒÂ‰ÌÂÒÙÂË˜ÂÒÍÓÏÛ ÔË·ÎË-
ÊÂÌË˛ [5] (mean spherical approximation – MSA).
Ç

 

 

 

˝ÚÓÏ ÒÎÛ˜‡Â ÔflÏ‡fl ÍÓÂÎflˆËÓÌÌ‡fl ÙÛÌÍˆËfl
ÒËÒÚÂÏ˚ Ò ÔÓÚÂÌˆË‡ÎÓÏ (1) Á‡ÔË¯ÂÚÒfl ÒÎÂ‰Û˛˘ËÏ
Ó·‡ÁÓÏ:
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(7)

„‰Â 

 

β

 

 = (

 

k

 

B

 

T

 

)

 

–1

 

, 

 

k

 

B

 

 – ÔÓÒÚÓflÌÌ‡fl ÅÓÎ¸ˆÏ‡Ì‡, 

 

T

 

 –
ÚÂÏÔÂ‡ÚÛ‡.

èË 

 

n

 

 = 0 ‚˚‡ÊÂÌËÂ (7) ÔËÌËÏ‡ÂÚ ‚Ë‰

(8)

Ç˚‡ÊÂÌËÂ (8) ÂÒÚ¸ ÔË·ÎËÊÂÌËÂ ÒÎÛ˜‡ÈÌ˚ı
Ù‡Á [6, 7] (random phase approximation – RPA), ÔË-
ÏÂÌÂÌÌÓÂ Í HC-ÔÓÚÂÌˆË‡ÎÛ. èË ËÒÔÓÎ¸ÁÓ‚‡ÌËË
RPA Ô‡Ì‡fl ÙÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ËÏÂÂÚ ·ÓÎ¸-
¯ËÂ ÌÂÙËÁË˜Ì˚Â ÓÒˆËÎÎflˆËË ‚ÌÛÚË HC, Ú.Â. ‚
‡ÏÍ‡ı (8) Ì‡Û¯‡ÂÚÒfl ‚˚ÔÓÎÌÂÌËÂ ÛÒÎÓ‚Ëfl (2).
Ç

 

 

 

Ì‡¯ÂÏ ÔÓ‰ıÓ‰Â ‰‡ÌÌÓÂ ÛÒÎÓ‚ËÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ-
Òfl ÔÛÚÂÏ ÔÓ‰·Ó‡ ÁÌ‡˜ÂÌËÈ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‚ (6).
éÚÏÂÚËÏ, ˜ÚÓ Â¯ÂÌËÂ, ÒÓ‚Ô‡‰‡˛˘ÂÂ, Í‡Í Ë Ì‡¯Â,
Ò ˜ËÒÎÂÌÌ˚Ï OZ–MSA-Â¯ÂÌËÂÏ, ÏÓÊÂÚ ·˚Ú¸ ÔÓ-
ÎÛ˜ÂÌÓ Ú‡ÍÊÂ ‚ ‡ÏÍ‡ı ÓÔÚËÏËÁËÓ‚‡ÌÌÓ„Ó ÔË-
·ÎËÊÂÌËfl ÒÎÛ˜‡ÈÌ˚ı Ù‡Á [8] (optimized RPA – OR-
PA). ä ÊË‰ÍÓÒÚË Ò ÔÓÚÂÌˆË‡ÎÓÏ ÔflÏÓÛ„ÓÎ¸ÌÓÈ
flÏ˚ ORPA ·˚ÎÓ ÔËÏÂÌÂÌÓ ‚ ‡·ÓÚÂ [9]. 

àÁ ‚˚‡ÊÂÌËfl (7) ÔÓÎÛ˜‡ÂÏ ÙÛ¸Â-Ó·‡Á Ôfl-
ÏÓÈ ÍÓÂÎflˆËÓÌÌÓÈ ÙÛÌÍˆËË 

 

c

 

(

 

q

 

) ‚ ‡Ì‡ÎËÚË˜Â-
ÒÍÓÏ ‚Ë‰Â

(9)

(10)

„‰Â 

 

c

 

HS

 

(

 

q

 

), 

 

φ

 

(

 

q

 

) Ë 

 

Ψ

 

(

 

q

 

) – ÙÛ¸Â-Ó·‡Á˚ ÙÛÌÍˆËÈ

 

cHS(r), φ(r) Ë Ψ(r) ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, x = qσ. Ç˚‡ÊÂ-
ÌËÂ (10) ÔË‚Ó‰ËÚÒfl ‰Îfl ˜ÂÚÌ˚ı ÁÌ‡˜ÂÌËÈ n (‚ Ó·-
˘ÂÏ ‚Ë‰Â ÌÂ ÔÓÎÛ˜ÂÌÓ). 

Ç ‰ÎËÌÌÓ‚ÓÎÌÓ‚ÓÏ ÔÂ‰ÂÎÂ ‚˚‡ÊÂÌËÂ (9)
ÔËÌËÏ‡ÂÚ ‚Ë‰

(11)

è‡Ì‡fl ÙÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ‡ÒÒ˜ËÚ˚‚‡-
ÂÚÒfl ˜ËÒÎÂÌÌÓ ÔÓ ËÁ‚ÂÒÚÌÓÏÛ ÒÓÓÚÌÓ¯ÂÌË˛
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,

c q 0=( )  =

=  

cHS q 0=( ) βφ q 0=( ), n– 0,=

cHS q 0=( ) βφ q 0=( ) 4πσ3 bm 1–

m 2+
-------------, n

m 1=

n

∑–– 0.>
⎩
⎪
⎨
⎪
⎧

 

(12)

„‰Â 

 

S

 

(

 

q

 

) =  – ÒÚÛÍÚÛÌ˚È Ù‡ÍÚÓ. 

ëÓ·Î˛‰ÂÌËÂ ÛÒÎÓ‚Ëfl (2) ‰ÓÒÚË„‡ÂÚÒfl ÔÛÚÂÏ ÏË-
ÌËÏËÁ‡ˆËË ÒÛÏÏ˚ Í‚‡‰‡ÚÓ‚ 

 

g

 

(

 

r

 

), ‚ÁflÚ˚ı ‚ ÔflÚË
ÚÓ˜Í‡ı, ‡‚ÌÓÏÂÌÓ ‡ÒÔÂ‰ÂÎÂÌÌ˚ı ÔÓ 

 

r

 

 Ì‡ ËÌ-
ÚÂ‚‡ÎÂ 

 

r

 

 < 

 

σ

 

. Ç ÔÓˆÂÒÒÂ ‰‡ÌÌÓÈ ÔÓˆÂ‰Û˚ ÓÔÂ-
‰ÂÎfl˛ÚÒfl ÁÌ‡˜ÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚÓ‚ 

 

b

 

m

 

.
àÒıÓ‰fl ËÁ ÒÚÛÍÚÛÌ˚ı ı‡‡ÍÚÂËÒÚËÍ, ÏÓÊÌÓ

‡ÒÒ˜ËÚ˚‚‡Ú¸ ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ‚˚-
·‡ÌÌÓÈ ÏÓ‰ÂÎ¸ÌÓÈ ÊË‰ÍÓÒÚË, ‚ ˜‡ÒÚÌÓÒÚË, ‚ÌÛÚ-
ÂÌÌ˛˛ ˝ÌÂ„Ë˛ Ì‡ ‡ÚÓÏ 

 

E

 

 Ë ËÁÓÚÂÏË˜ÂÒÍÛ˛
ÒÊËÏ‡ÂÏÓÒÚ¸ 

 

χ

 

T

 

:

(13)

(14)

èÂ‰ÎÓÊÂÌÌ˚È ˜ËÒÎÂÌÌÓ-‡Ì‡ÎËÚË˜ÂÒÍËÈ ÙÓ-
Ï‡ÎËÁÏ ÔËÏÂÌÂÌ ÌËÊÂ Í ÔÓÚÂÌˆË‡ÎÛ ÔflÏÓ-
Û„ÓÎ¸ÌÓÈ flÏ˚ (square well – SW). á‡ÚÂÏ ‰‡ÌÌ˚È
MSA–SW-ÔÓ‰ıÓ‰ ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ‡Ò˜ÂÚ‡ ÒÚÛÍ-
ÚÛÌ˚ı Ù‡ÍÚÓÓ‚ ÊË‰ÍËı ÏÂÚ‡ÎÎÓ‚ Ì‡ ÔËÏÂÂ
ÊË‰ÍÓ„Ó Ì‡ÚËfl.

 

êÄëóÖí ëÇéâëíÇ åéÑÖãúçéâ 
ÜàÑäéëíà ë èéíÖçñàÄãéå 

èêüåéìÉéãúçéâ üåõ

 è‡Ì˚È ÔÓÚÂÌˆË‡Î ‚ ÏÓ‰ÂÎË ÔflÏÓÛ„ÓÎ¸ÌÓÈ
flÏ˚ 

 
ϕ

 

SW

 
(

 
r

 
) ËÏÂÂÚ ÒÎÂ‰Û˛˘ËÈ ‚Ë‰:

(15)

„‰Â 

 

σ

 

, 

 

ε

 

(<0), 

 

λ

 

 – Ô‡‡ÏÂÚ˚ SW: 
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 Ë 

 

σ

 

(

 

λ

 

 – 1) – „ÎÛ-
·ËÌ‡ Ë ¯ËËÌ‡ flÏ˚ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. èË 

 

ε

 

 = 0 ÎË-
·Ó ÔË 

 

λ

 

 = 1 

 

ϕ

 

SW

 

(

 

r

 

) ÒÚ‡ÌÓ‚ËÚÒfl Ë‰ÂÌÚË˜Ì˚Ï 

 

ϕ

 

HS

 

(

 

r

 

). 

ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ËÁ (1) Ë (15)

(16)

Ç Ó·‡ÚÌÓÏ ÔÓÒÚ‡ÌÒÚ‚Â

(17)
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ÑÛ·ËÌËÌ Ë ‰.

Ç ‰ÎËÌÌÓ‚ÓÎÌÓ‚ÓÏ ÔÂ‰ÂÎÂ φSW(q) Á‡ÔËÒ˚‚‡ÂÚÒfl
Í‡Í

(18)

Ñ‡ÌÌÛ˛ ÏÓ‰ÂÎ¸ÌÛ˛ ÊË‰ÍÓÒÚ¸ Û‰Ó·ÌÓ ËÒÒÎÂ‰Ó-
‚‡Ú¸ ‚ ÚÂÏËÌ‡ı ·ÂÁ‡ÁÏÂÌ˚ı ‚ÂÎË˜ËÌ ÔË‚Â‰ÂÌ-
ÌÓÈ ÔÎÓÚÌÓÒÚË ρσ3 Ë ÔË‚Â‰ÂÌÌÓÈ Ó·‡ÚÌÓÈ ÚÂÏ-
ÔÂ‡ÚÛ˚ εβ. 

êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚ‡ ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı Ò‚ÓÈÒÚ‚
ÔÓÍ‡Á˚‚‡˛Ú (Ú‡·Î. 1), ̃ ÚÓ ̃ ÂÏ ·ÓÎ¸¯Â ÁÌ‡˜ÂÌËfl ρσ3

Ë |εβ|, ÚÂÏ ·ÓÎ¸¯Â ˜ÎÂÌÓ‚ ‚ ‡ÁÎÓÊÂÌËË (6) ÌÂÓ·-
ıÓ‰ËÏÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl ‰ÓÒÚËÊÂÌËfl ÒÓ‚Ô‡‰ÂÌËfl
ÔÓÎÛ˜‡ÂÏ˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ Ò ÂÁÛÎ¸Ú‡Ú‡ÏË ˜ËÒÎÂÌ-

φSW q 0=( ) 4πσ3ε λ3 1–( ).=

ÌÓ„Ó OZ–MSA-ËÌÚÂ„ËÓ‚‡ÌËfl [10]. ç‡ ËÒ. 1 ÔÓ-
Í‡Á‡Ì‡ Á‡‚ËÒËÏÓÒÚ¸ g(r) ÓÚ ÍÓÎË˜ÂÒÚ‚‡ ÍÓ˝ÙÙËˆË-
ÂÌÚÓ‚ n ‰Îfl SW-ÊË‰ÍÓÒÚË Ò ρσ3 = 0.5, εβ = –0.1 Ë
λ = 1.5. ÇË‰ÌÓ, ˜ÚÓ ‡‚ÂÌÒÚ‚Ó g(r) ÌÛÎ˛ ‚ÌÛÚË
ÓÒÚÓ‚‡ Ô‡ÍÚË˜ÂÒÍË ‰ÓÒÚË„‡ÂÚÒfl ‰Îfl ‰‡ÌÌÓ„Ó Ì‡-
·Ó‡ ÁÌ‡˜ÂÌËÈ Ô‡‡ÏÂÚÓ‚, Ì‡˜ËÌ‡fl Ò n = 2.

êÄëóÖí ëíêìäíìêçéÉé îÄäíéêÄ 
ÜàÑäéÉé çÄíêàü Ç åéÑÖãà 

èêüåéìÉéãúçéâ üåõ

ê‡ÌÂÂ ÏÓ‰ÂÎ¸ ÔflÏÓÛ„ÓÎ¸ÌÓÈ flÏ˚ ËÒÔÓÎ¸ÁÓ‚‡-
Î‡Ò¸ ‰Îfl ÍÓÎË˜ÂÒÚ‚ÂÌÌÓ„Ó ËÁÛ˜ÂÌËfl ÊË‰ÍËı ÏÂ-
Ú‡ÎÎÓ‚ ÚÓÎ¸ÍÓ ‚ ‡ÏÍ‡ı RPA. ÇÔÂ‚˚Â Ú‡ÍÓÈ ÔÓ‰-
ıÓ‰ ·˚Î ÔÂ‰ÎÓÊÂÌ ‚ ‡·ÓÚÂ [11] Ë ÔËÏÂÌÂÌ Í
‡Ò˜ÂÚÛ ÒÚÛÍÚÛÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ÊË‰ÍËı ÚÛ-
ÚË Ë ‡Î˛ÏËÌËfl. ëÚÛÍÚÛÌ˚È Ù‡ÍÚÓ Ë Ú‡ÌÒ-
ÔÓÚÌ˚Â Ò‚ÓÈÒÚ‚‡ ÊË‰ÍÓ„Ó Ì‡ÚËfl ‡ÒÒ˜ËÚ˚‚‡-
ÎËÒ¸ ‰‡ÌÌ˚Ï ÏÂÚÓ‰ÓÏ ‚ ‡·ÓÚÂ [12]. ëËÎ·ÂÚÓÏ Ë
üÌ„ÓÏ [13] ‚˚˜ËÒÎflÎËÒ¸ ÒÚÛÍÚÛÌ˚Â Ù‡ÍÚÓ˚
ÊË‰ÍËı ÏÂÚ‡ÎÎÓ‚, ËÏÂ˛˘Ëı ÔÎÂ˜Ó Ì‡ ÔÂ‚ÓÏ ÔË-
ÍÂ ÒÚÛÍÚÛÌÓ„Ó Ù‡ÍÚÓ‡ (ÔË ˝ÚÓÏ ÁÌ‡˜ÂÌËfl ε
ÔÓÎ‡„‡ÎË ÔÓÎÓÊËÚÂÎ¸Ì˚ÏË). 

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ó·˙ÂÍÚÓÏ ËÒÒÎÂ‰Ó‚‡ÌËfl ‚˚-
·‡Ì ÊË‰ÍËÈ Ì‡ÚËÈ ÔË ÚÂÏÔÂ‡ÚÛÂ 373 K. áÌ‡-
˜ÂÌËfl σ (6.1027 ‡.Â.) Ë ρ (0.003621 ‡.Â.) ‚ÁflÚ˚ ËÁ ‡-
·ÓÚ˚ [14], „‰Â ÓÌË ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÔË ‡Ò˜ÂÚÂ
ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ÊË‰ÍÓ„Ó Ì‡ÚËfl ‚‡-
Ë‡ˆËÓÌÌ˚Ï ÏÂÚÓ‰ÓÏ Ò HS-ÒËÒÚÂÏÓÈ Ò‡‚ÌÂÌËfl ‚
ÒÓ˜ÂÚ‡ÌËË Ò ÏÓ‰ÂÎ¸Ì˚Ï ÔÒÂ‚‰ÓÔÓÚÂÌˆË‡ÎÓÏ ÄÌË-
Ï‡ÎÛ–ïÂÈÌÂ. äÓÎË˜ÂÒÚ‚Ó ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‚ ‡Á-
ÎÓÊÂÌËË c(r) ·ÂÂÚÒfl ‡‚Ì˚Ï ¯ÂÒÚË.

ç‡ ËÒÛÌÍÂ 2 ÔÓÍ‡Á‡Ì˚ Á‡‚ËÒËÏÓÒÚË ÒÚÛÍÚÛ-
ÌÓ„Ó Ù‡ÍÚÓ‡ ÓÚ „ÎÛ·ËÌ˚ SW ÔË ÔÓÒÚÓflÌÌÓÈ ̄ Ë-
ËÌÂ λ = 1.557(a) Ë ÓÚ ̄ ËËÌ˚ SW ÔË ÔÓÒÚÓflÌÌÓÈ
„ÎÛ·ËÌÂ ε = –0.001 ‡.Â. (·). êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚ‡

í‡·ÎËˆ‡ 1.  àÁÓÚÂÏË˜ÂÒÍ‡fl ÒÊËÏ‡ÂÏÓÒÚ¸ χT Ë ‚ÌÛÚÂÌÌflfl ˝ÌÂ„Ëfl Ì‡ ‡ÚÓÏ E ÒËÒÚÂÏ˚ Ò ÔÓÚÂÌˆË‡ÎÓÏ ÔflÏÓ-
Û„ÓÎ¸ÌÓÈ flÏ˚ ÔË λ = 1.5

è‡‡ÏÂÚ˚ ÒËÒÚÂÏ˚ ë‚ÓÈÒÚ‚Ó n = 0 n = 2 n = 4 n = 6 Ñ‡ÌÌ˚Â [10]

ρσ3 = 0.1, εβ = –0.1 1.414 1.401 – – 1.400

–0.572 –0.571 – – –0.571

ρσ3 = 0.5, εβ = –0.1 7.320 6.955 6.971 – 7.030

–3.465 –3.383 –3.389 – –3.388

ρσ3 = 0.5, εβ = –0.5 5.330 3.609 3.960 4.068 4.032

–4.100 –3.595 –3.658 –3.657 –3.637
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êËÒ. 1. è‡Ì‡fl ÍÓÂÎflˆËÓÌÌ‡fl ÙÛÌÍˆËfl ÒËÒÚÂÏ˚ Ò
ÔÓÚÂÌˆË‡ÎÓÏ ÔflÏÓÛ„ÓÎ¸ÌÓÈ flÏ˚ ÔË λ = 1.5,
ρσ3 = 0.5, εβ = –0.1 ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÍÓÎË˜ÂÒÚ‚‡ ÍÓ˝Ù-
ÙËˆËÂÌÚÓ‚ n = 0 (1), 2 (2), 4 (3).
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Ò‡‚ÌË‚‡˛ÚÒfl Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï ÒÚÛÍÚÛ-
Ì˚Ï Ù‡ÍÚÓÓÏ S˝ÍÒÔ(q) [15] Ë Ò ÔÓÎÛ˜ÂÌÌ˚Ï Ì‡ÏË
ÔË ÚÂı ÊÂ ‚ıÓ‰Ì˚ı ‰‡ÌÌ˚ı SHS(q). àÁ ËÒ. 2‡ ‚Ë‰-
ÌÓ, ˜ÚÓ ‚˚ÒÓÚ‡ ÔÂ‚Ó„Ó ÔËÍ‡ ÒÚÛÍÚÛÌÓ„Ó Ù‡ÍÚÓ‡
Ò Û‚ÂÎË˜ÂÌËÂÏ „ÎÛ·ËÌ˚ SW ÔË ÔÓÒÚÓflÌÌÓÏ λ, ‚ÓÁ-
‡ÒÚ‡fl, ÔË·ÎËÊ‡ÂÚÒfl Í ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÏÛ ÁÌ‡-
˜ÂÌË˛. èË ˝ÚÓÏ ÔÓÎÓÊÂÌËÂ ‚ÚÓÓ„Ó ÔËÍ‡ ÒÚÛÍ-
ÚÛÌÓ„Ó Ù‡ÍÚÓ‡ Û‰‡ÎflÂÚÒfl ÓÚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ-

„Ó. èË ÙËÍÒËÓ‚‡ÌÌÓÏ ÁÌ‡˜ÂÌËË ε = –0.001 ‡.Â.
(ËÒ. 2·) Ò ÛÏÂÌ¸¯ÂÌËÂÏ ¯ËËÌ˚ SW ‰Ó 1.4σ ÒÓ-
„Î‡ÒËÂ Ò ˝ÍÒÔÂËÏÂÌÚÓÏ ÛÎÛ˜¯‡ÂÚÒfl Í‡Í ‰Îfl ÔÂ-
‚Ó„Ó, Ú‡Í Ë ‰Îfl ‚ÚÓÓ„Ó ÔËÍÓ‚. 

í‡ÍËÏ Ó·‡ÁÓÏ, ‚‡¸ËÛfl ÁÌ‡˜ÂÌËfl ¯ËËÌ˚ Ë
„ÎÛ·ËÌ˚ ÔflÏÓÛ„ÓÎ¸ÌÓÈ flÏ˚, ÏÓÊÌÓ ‰Ó·ËÚ¸Òfl ıÓ-
Ó¯Â„Ó ÒÓ„Î‡ÒËfl ‡Ò˜ÂÚÌÓ„Ó ÒÚÛÍÚÛÌÓ„Ó Ù‡ÍÚÓ-
‡ ÊË‰ÍÓ„Ó ÏÂÚ‡ÎÎ‡ Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï ÔË ÍÓ-
ÌÂ˜Ì˚ı ÌÂÌÛÎÂ‚˚ı ÁÌ‡˜ÂÌËflı ‰‡ÌÌ˚ı Ô‡‡ÏÂÚÓ‚.
èÓ˝ÚÓÏÛ ˆÂÎÂÒÓÓ·‡ÁÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚ ‰‡Î¸ÌÂÈ-
¯ÂÏ ÏÓ‰ÂÎ¸ SW Í‡Í ÒËÒÚÂÏÛ Ò‡‚ÌÂÌËfl ÔË ‡Ò˜Â-
Ú‡ı ÒÚÛÍÚÛÌ˚ı Ë ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı ı‡‡ÍÚÂË-
ÒÚËÍ ÏÂÚ‡ÎÎË˜ÂÒÍËı ‡ÒÔÎ‡‚Ó‚ ‚ ÔÓ‰ıÓ‰Â ÒÓ‚ÏÂÒÚ-
ÌÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÚÂÓËË ÔÒÂ‚‰ÓÔÓÚÂÌˆË‡Î‡ Ë
‚‡Ë‡ˆËÓÌÌÓ„Ó ÏÂÚÓ‰‡ ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍÓÈ ÚÂÓ-
ËË ‚ÓÁÏÛ˘ÂÌËÈ. 

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ „‡ÌÚ‡ÏË êîîà 08–03–
00992 Ë çò 4751.2008.3.
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êËÒ. 2. ëÚÛÍÚÛÌ˚È Ù‡ÍÚÓ ÊË‰ÍÓ„Ó Ì‡ÚËfl ÔË
T = 373 K ÔË ÔÓÒÚÓflÌÌÓÈ ¯ËËÌÂ SW ‚ Á‡‚ËÒËÏÓÒÚË
ÓÚ ÂÂ „ÎÛ·ËÌ˚ (‡) Ë ÔË ÔÓÒÚÓflÌÌÓÈ „ÎÛ·ËÌÂ ‚ Á‡‚ËÒË-
ÏÓÒÚË ÓÚ ¯ËËÌ˚ (·) ‚ Ò‡‚ÌÂÌËË Ò SHS(q) Ë Ò S˝ÍÒÔ(q).
‡: 1 – SHS(q); 2 – λ = 1.557, ε = –0.00025 ‡.Â.; 3 – λ =
= 1.557, ε = –0.0005 ‡.Â.; 4 – λ = 1.557, ε = –0.001 ‡.Â.;
·: 1 – SHS(q), 2 – λ = 1.557, ε = –0.001 ‡.Â.; 3 – λ = 1.47,
ε = –0.001 ‡.Â.; 4 – λ = 1.4, ε = –0.001 ‡.Â. íÓ˜ÍË – S˝ÍÒÔ(q).
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