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ÇÇÖÑÖçàÖ

 

äÓÌÂ˜Ì˚Â „‡ÛÒÒÓ‚˚ ÒÏÂÒË Ì‡¯ÎË ¯ËÓÍÓÂ ÔËÏÂÌÂÌËÂ ‚ ‡ÁÎË˜Ì˚ı Ó·Î‡ÒÚflı Ì‡ÛÍË Ë Ô‡Í-
ÚËÍË: ‚ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÏ ÏÓ‰ÂÎËÓ‚‡ÌËË, ‡ÒÔÓÁÌ‡‚‡ÌËË Ó·‡ÁÓ‚, ÒÔÂÍÚÓÒÍÓÔËË, ·ËÓÎÓ„ËË, ÏÂ-
‰ËˆËÌÂ, ıËÏËË, „ÂÓÎÓ„ËË, ÏÂÚÂÓÓÎÓ„ËË, ÏÓÒÍËı ÔÓÏ˚ÒÎ‡ı Ë ‰. (ÒÏ. [1]–[4]), ˜ÚÓ Ó·ÛÒÎÓ‚ÎÂÌÓ
Ú‡ÍËÏË Ëı Ò‚ÓÈÒÚ‚‡ÏË, Í‡Í Ë‰ÂÌÚËÙËˆËÛÂÏÓÒÚ¸, ÔÓÎÌÓÚ‡, ‡ÁÂ¯ÂÌËÂ (ÒÏ. [1]–[5]). èÓÔÛÎfl-
ÌÓÒÚ¸ ÍÓÌÂ˜Ì˚ı „‡ÛÒÒÓ‚˚ı ÒÏÂÒÂÈ ‚˚Á˚‚‡ÂÚ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ Â¯ÂÌËfl Ú‡ÍËı Ï‡ÚÂÏ‡ÚË˜ÂÒÍËı Á‡-
‰‡˜, Í‡Í ÓÔÂ‰ÂÎÂÌËÂ ÏÓ‰ Ë ÔÂ‰‚‡ËÚÂÎ¸ÌÓÂ ÓˆÂÌË‚‡ÌËÂ Ëı ˜ËÒÎ‡.

åÓ‰˚ „‡ÛÒÒÓ‚˚ı ÒÏÂÒÂÈ Ó·˚˜ÌÓ Ì‡ıÓ‰flÚÒfl ÔË·ÎËÊÂÌÌ˚ÏË ËÚÂ‡ÚË‚Ì˚ÏË ÏÂÚÓ‰‡ÏË (ÏÂÚÓ-
‰ÓÏ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ„Ó ÔË·ÎËÊÂÌËfl èËÍ‡‡, „‡‰ËÂÌÚÌÓ-Í‚‡‰‡ÚË˜ÂÒÍËÏ ÏÂÚÓ‰ÓÏ [4], [6]–[8]).
èÂ‰‚‡ËÚÂÎ¸ÌÓÂ ÓˆÂÌË‚‡ÌËÂ ˜ËÒÎ‡ ÏÓ‰ Ò‚flÁ‡ÌÓ ÒÓ Ò‚ÓÈÒÚ‚ÓÏ Ëı ÛÌËÏÓ‰‡Î¸ÌÓÒÚË. Ç Ó·˘ÂÏ ÒÎÛ-
˜‡Â ÔÓ·ÎÂÏ‡ ‰ÓÒÚ‡ÚÓ˜Ì˚ı ÛÒÎÓ‚ËÈ ÛÌËÏÓ‰‡Î¸ÌÓÒÚË „‡ÛÒÒÓ‚ÓÈ ÒÏÂÒË ÌÂ Â¯ÂÌ‡. Ç ËÁ‚ÂÒÚÌ˚ı
ÔÛ·ÎËÍ‡ˆËflı Ì‡ ÛÌËÏÓ‰‡Î¸ÌÓÒÚ¸ ËÒÒÎÂ‰Ó‚‡Ì˚ ÎË¯¸ ‰‚ÛıÍÓÏÔÓÌÂÌÚÌ˚Â ÒÏÂÒË [9]–[11]. Ç ‡·ÓÚÂ
[9] ‡ÒÒÏÓÚÂÌ‡ Ó‰ÌÓÏÂÌ‡fl ÒÏÂÒ¸, ‡ ‚ [10], [11] – ÏÌÓ„ÓÏÂÌ˚Â ÒÏÂÒË Ò ‡‚Ì˚ÏË Ë ‡ÁÎË˜Ì˚ÏË
ÍÓ‚‡Ë‡ˆËÓÌÌ˚ÏË Ï‡ÚËˆ‡ÏË ÒÔÂˆË‡Î¸ÌÓ„Ó ‚Ë‰‡.

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ì‡ ÓÒÌÓ‚Â ÔËÌˆËÔ‡ ÒÊËÏ‡˛˘Ëı ÓÚÓ·‡ÊÂÌËÈ ÔÓÎÛ˜ÂÌÓ ÌÂÒÍÓÎ¸ÍÓ ‰ÓÒÚ‡-
ÚÓ˜Ì˚ı ÛÒÎÓ‚ËÈ ÛÌËÏÓ‰‡Î¸ÌÓÒÚË ÔÓÒÚÂÈ¯ÂÈ „‡ÛÒÒÓ‚ÓÈ ÒÏÂÒË – Ó‰ÌÓÏÂÌÓÈ ÒÏÂÒË 
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 (0, 1). çÂÍÓÚÓ˚Â ËÁ ˝ÚËı ÛÒÎÓ-
‚ËÈ ÓÔÛ·ÎËÍÓ‚‡Ì˚ ·ÂÁ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚ ‚ [6], [12].
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˛ÚÒfl Ì‡ ÔËÌˆËÔÂ ÒÊËÏ‡˛˘Ëı ÓÚÓ·‡ÊÂÌËÈ [13]–[15] Ë ÍÎ‡ÒÒË˜ÂÒÍËı ÚÂÓÂÏ‡ı Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ-
„Ó ‡Ì‡ÎËÁ‡.
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 ‡ÒÔÂ‰ÂÎÂÌËfl ‚ (1.1) ËÁ‚ÂÒÚÌ˚.
íÂ·ÛÂÚÒfl Ì‡ÈÚË ÛÒÎÓ‚Ëfl ÛÌËÏÓ‰‡Î¸ÌÓÒÚË ÙÛÌÍˆËË 

 

f

 

(

 

x

 

). åÓ‰‡ ÙÛÌÍˆËË 

 

f

 

(

 

x

 

) – ÚÓ˜Í‡ ÂÂ ÎÓÍ‡Î¸-
ÌÓ„Ó Ï‡ÍÒËÏÛÏ‡ [16] fl‚ÎflÂÚÒfl ÍÓÌÂÏ Û‡‚ÌÂÌËfl

(1.2)

èÓ‰ËÙÙÂÂÌˆËÓ‚‡‚ ÔÓ 

 

x ‚˚‡ÊÂÌËÂ (1.1), ÔÓÎÛ˜ËÏ

(1.3)

íÓ„‰‡ Û‡‚ÌÂÌËÂ (1.2) ÔËÌËÏ‡ÂÚ ‚Ë‰

(1.4)

ÑÎfl ÓÔÂ‰ÂÎÂÌÌÓÒÚË ÔÓÎÓÊËÏ

(1.5)

Ë ‰ÓÍ‡ÊÂÏ ÚÂÓÂÏÛ.
íÂÓÂÏ‡ 1. ÇÒÂ ÍÓÌË Û‡‚ÌÂÌËfl (1.4) ÎÂÊ‡Ú ‚ ËÌÚÂ‚‡ÎÂ (µ1, µk). ÖÒÎË Û‡‚ÌÂÌËÂ (1.4) ËÏÂÂÚ

Ó‰ËÌ ÍÓÂÌ¸, ÚÓ ÓÌ fl‚ÎflÂÚÒfl ÏÓ‰ÓÈ ÙÛÌÍˆËË f(x).
ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. Ç ÒËÎÛ (1.3), (1.5) ËÏÂÂÏ

(1.6)

íÓ„‰‡, ÔÓ ÚÂÓÂÏÂ ÅÓÎ¸ˆ‡ÌÓ–äÓ¯Ë, ÌÂÔÂ˚‚Ì‡fl ÙÛÌÍˆËfl f(x) Ì‡ ÓÚÂÁÍÂ [µ1, µk] ıÓÚfl ·˚ ÔË Ó‰-
ÌÓÏ ÁÌ‡˜ÂÌËË  ∈  (µ1, µk) Ó·‡˘‡ÂÚÒfl ‚ ÌÛÎ¸, ( ) = 0. çÓ Ú‡Í Í‡Í (x) > 0 ÔË ‚ÒÂı x ∈ (–∞, µ1]

Ë (x) < 0 ÔË ‚ÒÂı x ∈ [µk, ∞), ÚÓ ‚ÒÂ ÍÓÌË Û‡‚ÌÂÌËfl (1.4) ÎÂÊ‡Ú ‚ ËÌÚÂ‚‡ÎÂ (µ1, µk).

ÖÒÎË Û‡‚ÌÂÌËÂ (1.4) ËÏÂÂÚ Â‰ËÌÒÚ‚ÂÌÌ˚È ÍÓÂÌ¸, ÚÓ, ‚ ÒËÎÛ ÌÂ‡‚ÂÌÒÚ‚ (1.5), (1.6), ÓÌ fl‚ÎflÂÚÒfl
ÏÓ‰ÓÈ ÙÛÌÍˆËË f(x). íÂÓÂÏ‡ 1 ÔÓÎÌÓÒÚ¸˛ ‰ÓÍ‡Á‡Ì‡.

ÖÒÎË Ó·ÓÁÌ‡˜ËÚ¸ ˜ËÒÎÓ ÏÓ‰ ÙÛÌÍˆËË f(x) ˜ÂÂÁ m, ÚÓ ËÏÂÂÚ ÏÂÒÚÓ (ÒÏ. [4])

1 ≤ m ≤ k.

ì‡‚ÌÂÌËÂ (1.4) ÔÂ‰ÒÚ‡‚ËÏ ‚ ‚Ë‰Â

x = ϕ(x), (1.17a)

„‰Â

(1.17·)

íÓ„‰‡ ‚ÒÂ ÍÓÌË Û‡‚ÌÂÌËfl (1.4) fl‚Îfl˛ÚÒfl ÌÂÔÓ‰‚ËÊÌ˚ÏË ÚÓ˜Í‡ÏË ÓÔÂ‡ÚÓ‡ ϕ Ë Ó·‡ÚÌÓ. íÂÓ-
ÂÏ‡ 1 ÔÂÂÙ‡ÁËÛÂÚÒfl ‚ ÚÂÓÂÏÛ 1'.

íÂÓÂÏ‡ 1'. ÇÒÂ ÌÂÔÓ‰‚ËÊÌ˚Â ÚÓ˜ÍË ÓÔÂ‡ÚÓ‡ ϕ ÎÂÊ‡Ú ‚ ËÌÚÂ‚‡ÎÂ (µ1, µk). ÖÒÎË ÓÔÂ‡ÚÓ
ËÏÂÂÚ Ó‰ÌÛ ÌÂÔÓ‰‚ËÊÌÛ˛ ÚÓ˜ÍÛ, ÚÓ ÓÌ‡ fl‚ÎflÂÚÒfl ÏÓ‰ÓÈ ÙÛÌÍˆËË f(x).

àÁ‚ÂÒÚÌÓ [13]–[15], ˜ÚÓ ÓÔÂ‡ÚÓ ϕ Ì‡ ÓÚÂÁÍÂ [µ1, µk] ËÏÂÂÚ ÚÓÎ¸ÍÓ Ó‰ÌÛ ÌÂÔÓ‰‚ËÊÌÛ˛ ÚÓ˜ÍÛ,
ÂÒÎË Ì‡ ˝ÚÓÏ ÓÚÂÁÍÂ ÓÌ fl‚ÎflÂÚÒfl ÒÊËÏ‡˛˘ËÏ (ÒÊ‡Ú˚Ï), Ú.Â. ‰Îfl ‚ÒÂı x ∈  [µ1, µk] ‚˚ÔÓÎÌfl˛ÚÒfl
ÒÎÂ‰Û˛˘ËÂ ÛÒÎÓ‚Ëfl:

(1.18a)

(1.18·)
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∑
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∑
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ÄÔ‡Û¯Â‚‡, ëÓÓÍËÌ

ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÓÚ˚ÒÍ‡ÌËÂ ÛÒÎÓ‚ËÈ, ÔË ÍÓÚÓ˚ı ÙÛÌÍˆËfl f(x) ÛÌËÏÓ‰‡Î¸Ì‡, Ò‚Ó‰ËÚÒfl Í ÓÚ˚-
ÒÍ‡ÌË˛ ÛÒÎÓ‚ËÈ, ÔË ÍÓÚÓ˚ı ÓÔÂ‡ÚÓ ϕ fl‚ÎflÂÚÒfl ÒÊËÏ‡˛˘ËÏ. éÚÏÂÚËÏ, ̃ ÚÓ ÓÔÂ‡ÚÓ ϕ ‚ (1.7)
fl‚ÎflÂÚÒfl ÙÛÌÍˆËÂÈ.

2. éëçéÇçõÖ íÖéêÖíàóÖëäàÖ êÖáìãúíÄíõ

ëÌ‡˜‡Î‡ ‰ÓÍ‡ÊÂÏ, ˜ÚÓ ‰Îfl Î˛·ÓÈ ÚÓ˜ÍË x ∈  [µ1, µk] ËÏÂÂÚ ÏÂÒÚÓ ÛÒÎÓ‚ËÂ (1.8a).
ãÂÏÏ‡. îÛÌÍˆËfl ϕ(x) fl‚ÎflÂÚÒfl ÌÂÔÂ˚‚ÌÓÈ Ë ÏÓÌÓÚÓÌÌÓ ‚ÓÁ‡ÒÚ‡˛˘ÂÈ Ì‡ ‚ÒÂÈ ˜ËÒÎÓ‚ÓÈ

ÓÒË R.
ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. çÂÔÂ˚‚ÌÓÒÚ¸ ϕ(x) ÒÎÂ‰ÛÂÚ ËÁ ÂÂ ‡Ì‡ÎËÚË˜ÂÒÍÓ„Ó ‚˚‡ÊÂÌËfl (1.7·), ‚ ÍÓÚÓ-

ÓÏ ˜ËÒÎËÚÂÎ¸ Ë ÁÌ‡ÏÂÌ‡ÚÂÎ¸ – ÌÂÔÂ˚‚Ì˚Â ÙÛÌÍˆËË ÔÓ ‡„ÛÏÂÌÚÛ x, x ∈  �, Ë ÁÌ‡ÏÂÌ‡ÚÂÎ¸ ‚
ÌÛÎ¸ ÌÂ Ó·‡˘‡ÂÚÒfl ÌË ÔË Ó‰ÌÓÏ ÁÌ‡˜ÂÌËË x ∈  �.

ÑÎfl ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚‡ ÏÓÌÓÚÓÌÌÓ„Ó ‚ÓÁ‡ÒÚ‡ÌËfl ϕ(x) ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ (x) > 0 ÔË
‚ÒÂı x ∈  �.

Ç‚Â‰fl Ó·ÓÁÌ‡˜ÂÌËfl

(2.1)

ÙÓÏÛÎÛ (1.7·) ÔÂ‰ÒÚ‡‚ËÏ ‚ ‚Ë‰Â

(2.2)

èÓ‰ËÙÙÂÂÌˆËÓ‚‡‚ ÔÓ x ‚˚‡ÊÂÌËÂ (2.2) Ë Ò‰ÂÎ‡‚ ÔË‚Â‰ÂÌËÂ ÔÓ‰Ó·Ì˚ı ˜ÎÂÌÓ‚, ÔÓÎÛ˜ËÏ ‚˚-
‡ÊÂÌËÂ

(2.3)

ÍÓÚÓÓÂ ÔË‚Ó‰ËÚÒfl Í ‚Ë‰Û

(2.4)

èÓ‰ËÙÙÂÂÌˆËÓ‚‡‚ ÔÓ x ‚˚‡ÊÂÌËÂ (2.1), ÔÓÎÛ˜ËÏ

(2.5)

èÓ‰ÒÚ‡‚Ë‚ ‚˚‡ÊÂÌËfl ,  ËÁ (2.5) ‚ Ô‡‚Û˛ ˜‡ÒÚ¸ ÙÓÏÛÎ˚ (2.4) Ë ËÒÔÓÎ¸ÁÓ‚‡‚ ÙÓÏÛÎÛ ‰Îfl
‡ÒÒÚÓflÌËfl å‡ı‡Î‡ÌÓ·ËÒ‡ (ÒÏ. [17])

(2.6)

ÔÓÎÛ˜ËÏ

(2.7)

àÁ ÙÓÏÛÎ (2.7) Ë (2.1) ÒÎÂ‰ÛÂÚ, ˜ÚÓ (x) > 0 ÔË ‚ÒÂı x ∈  �, ˜ÚÓ Ë ÚÂ·Ó‚‡ÎÓÒ¸ ‰ÓÍ‡Á‡Ú¸.

íÂÓÂÏ‡ 2. çÂÔÂ˚‚Ì˚È ÏÓÌÓÚÓÌÌ˚È ÓÔÂ‡ÚÓ ϕ ÓÚÓ·‡Ê‡ÂÚ ÓÚÂÁÓÍ [µ1, µk] ‚ ÒÂ·fl.
ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. Ç ÒËÎÛ Ì‡¯ÂÈ ÎÂÏÏ˚ Ë ÌÂ‡‚ÂÌÒÚ‚ (1.5), ‰Îfl ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚‡ (1.8a) ‰ÓÒÚ‡ÚÓ˜ÌÓ

ÔÓÍ‡Á‡Ú¸, ˜ÚÓ

(2.8)

ϕ x'

ψi πi x µi–( )2 2σ2( ) 1–
–[ ] , iexp 1 2 … k,, , ,= =

ϕ x( ) µiψi

i 1=

k

∑ 
 
 

ψ j

j 1=

k

∑ 
 
 

1–

.=

ϕ x' x( ) µiψi'ψs µsψiψs'–( )
s 1=

k

∑
i 1=

k

∑ ψ j

j 1=

k

∑ 
 
 

2–

, i s,≠=

ϕ x' x( ) µs µi–( ) ψs'ψi ψi'ψs–( )
s 1=

k 1–

∑
i 1=

k

∑ ψ j

j 1=

k

∑ 
 
 

2–

, s i.>=

ψi( )x
' x( ) µi x–( )ψiσ

2– .=

ψi' ψs'

ρsi µs µi–( )σ 1– , i s,<=

ϕ x' x( ) ρsi
2 ψsψi

s i>
∑ 

 
 

ψ j

j 1=

k

∑ 
 
 

2–

,=

i 1 2 … k 1, s–, , , 2 3 … k., , ,= =

ϕ x'

ϕ µ1( ) µ1, ϕ µk( ) µk.<>
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ç‡ ÓÒÌÓ‚‡ÌËË (2.2) ËÏÂÂÏ

íÓ„‰‡ ‚ ÒËÎÛ (1.5), (2.1) ÔÓÎÛ˜ËÏ

˜ÚÓ ‰ÓÍ‡Á˚‚‡ÂÚ ÔÂ‚ÓÂ ÌÂ‡‚ÂÌÒÚ‚Ó ‚ (2.8). ÇÚÓÓÂ ÌÂ‡‚ÂÌÒÚ‚Ó ‰ÓÍ‡Á˚‚‡ÂÚÒfl ‡Ì‡ÎÓ„Ë˜ÌÓ.
á‡ÏÂ˜‡ÌËÂ. Ç ÒËÎÛ ÚÂÓÂÏ 2 Ë ÅÓÎfl–Å‡Û˝‡ (ÒÏ. [13], [14]), ÓÔÂ‡ÚÓ ϕ Ì‡ ÓÚÂÁÍÂ [µ1, µk] ËÏÂÂÚ ıÓÚfl

·˚ Ó‰ÌÛ ÌÂÔÓ‰‚ËÊÌÛ˛ ÚÓ˜ÍÛ.
èÂÂÈ‰ÂÏ Í ÓÚ˚ÒÍ‡ÌË˛ ÛÒÎÓ‚ËÈ, ÔË ÍÓÚÓ˚ı ‚˚ÔÓÎÌflÂÚÒfl ÌÂ‡‚ÂÌÒÚ‚Ó (1.8·).
àÁ‚ÂÒÚÌÓ [13], ˜ÚÓ ÓÔÂ‡ÚÓ ϕ Ì‡ ÓÚÂÁÍÂ [µ1, µk] fl‚ÎflÂÚÒfl ÒÊËÏ‡˛˘ËÏ, ÂÒÎË

(2.9)

‰Îfl ‚ÒÂı x ∈  [µ1, µk].
Ç ÌÂ‡‚ÂÌÒÚ‚Â (1.8·) ÏÓÊÌÓ ÔÓÎÓÊËÚ¸

Ç ÒËÎÛ ÚÂÓÂÏ˚ 1', Â‰ËÌÒÚ‚ÂÌÌ‡fl ÌÂÔÓ‰‚ËÊÌ‡fl ÚÓ˜Í‡ ÒÊËÏ‡˛˘Â„Ó ÓÔÂ‡ÚÓ‡ ϕ fl‚ÎflÂÚÒfl ÏÓ-
‰ÓÈ ÙÛÌÍˆËË f(x).

àÚ‡Í, ‰ÓÍ‡Á‡Ì‡
íÂÓÂÏ‡ 3. îÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ, ÂÒÎË ‚˚ÔÓÎÌflÂÚÒfl ÛÒÎÓ‚ËÂ (2.9).
éÒÚ‡ÂÚÒfl Ì‡ÈÚË ÚÂ ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚ ρsi, i < s, s = 2, 3, …, k, i = 1, …, k – 1, πi Ë ÙÛÌÍˆËÓÌ‡Î¸-

Ì˚Â Á‡‚ËÒËÏÓÒÚË ÏÂÊ‰Û ÌËÏË, ÔË ÍÓÚÓ˚ı ÙÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ.
íÂÓÂÏ‡ 4. èË k = 2 ÙÛÌÍˆËfl f(x) ÛÌËÏÓ‰‡Î¸Ì‡, ÂÒÎË

(2.10)

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. èÛÒÚ¸ ‰Îfl ‚ÒÂı x ∈  [µ1, µ2] ‚˚ÔÓÎÌflÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓÂ ÛÒÎÓ‚ËÂ ÛÌËÏÓ‰‡Î¸ÌÓÒÚË
ÙÛÌÍˆËË f(x) – ÌÂ‡‚ÂÌÒÚ‚Ó (2.9), ÍÓÚÓÓÂ ‚ ÒËÎÛ (2.7) ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â

(2.11)

ãÂ„ÍÓ ‚Ë‰ÂÚ¸, ˜ÚÓ ˝ÚÓ ÌÂ‡‚ÂÌÒÚ‚Ó ·Û‰ÂÚ ËÏÂÚ¸ ÏÂÒÚÓ ‰Îfl ‚ÒÂı x ∈  [µ1, µ2], ÂÒÎË

(2.12)

èÓ‰ÒÚ‡‚Ë‚ ˝ÚÓ ÁÌ‡˜ÂÌËÂ  ‚ ÎÂ‚Û˛ ˜‡ÒÚ¸ (2.11), ÔÓÎÛ˜ËÏ ÌÂ‡‚ÂÌÒÚ‚Ó

ÍÓÚÓÓÂ Ë ‰ÓÍ‡Á˚‚‡ÂÚ ÚÂÓÂÏÛ 4.
èÂÂÈ‰ÂÏ Í ÓÚ˚ÒÍ‡ÌË˛ ‰ÓÒÚ‡ÚÓ˜Ì˚ı ÛÒÎÓ‚ËÈ ÛÌËÏÓ‰‡Î¸ÌÓÒÚË ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ÒÏÂÒË ÔË

k = 2,  > 4.

çÂ‡‚ÂÌÒÚ‚Ó (2.11) ÔÂ‰ÒÚ‡‚ËÏ ‚ ‚Ë‰Â

(2.13)

ÑÎfl Û‰Ó·ÒÚ‚‡ Ó·ÓÁÌ‡˜ËÏ ρ21 ‚ (2.13) ˜ÂÂÁ ρ. èÓÒÎÂ ‚ÓÁ‚Â‰ÂÌËfl Ó·ÂËı ˜‡ÒÚÂÈ ÌÂ‡‚ÂÌÒÚ‚‡ (2.13) ‚
ÒÚÂÔÂÌ¸ 1/2 Ë ‰ÂÎÂÌËfl Ëı Ì‡ (ψ1ψ2)1/2 ÔÓÎÛ˜ËÏ ÌÂ‡‚ÂÌÒÚ‚Ó

(2.14)

‡‚ÌÓÒËÎ¸ÌÓÂ (2.13). èÓÒÎÂ Á‡ÏÂÌ˚ ÔÂÂÏÂÌÌ˚ı

(2.15)

ϕ µ1( ) µ1– µi µ1–( )ψi µ1( )
i 2=

k

∑ ψ j µ1( )
j 1=

k

∑
1–

.=

ϕ µ1( ) µ1 0,>–

ϕ x' x( ) 1<

α ϕ x' x( )
x

sup ϕ x' x0( ), x0 µ1 µk,[ ] .∈= =

ρ21
2 4.≤

ρ21
2 2–( )ψ2ψ1 ψ1

2– ψ2
2 0.<–

ρ21
2 4 ε, 0 ε 4.<≤–=

ρ21
2

ψ2 ψ1–( )2– εψ2ψ1 0, 0 ε 4,<≤<–

ρ21
2

ρ21
2 ψ1ψ2 ψ1 ψ2+( )2.<

ψ1ψ2
1–( )1/2 ψ2ψ1

1–( )1/2 ρ 0,>–+

y ψ1ψ2
1–( )1/2

, ψ2 0,≠–
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ÄÔ‡Û¯Â‚‡, ëÓÓÍËÌ

ÌÂ‡‚ÂÌÒÚ‚Ó (2.14) ÔËÏÂÚ ‚Ë‰

(2.16)

çÂ‡‚ÂÌÒÚ‚Ó (2.16) ·Û‰ÂÚ ‚˚ÔÓÎÌflÚ¸Òfl ‚ ‰‚Ûı ÒÎÛ˜‡flı:

(2.17a)

(2.17·)

ÂÒÎË y1, y2 – ‰ÂÈÒÚ‚ËÚÂÎ¸Ì˚Â ÍÓÌË Û‡‚ÌÂÌËfl

(2.18)

(2.19a)

(2.19·)

Ç ÌÂ‡‚ÂÌÒÚ‚‡ı (2.17) ‚˚‡ÁËÏ y ˜ÂÂÁ ËÒıÓ‰ÌÛ˛ ÔÂÂÏÂÌÌÛ˛ x. Ç ÒËÎÛ (2.1), (2.6), ‚˚‡ÊÂÌËÂ
(2.15) ÔË‚Ó‰ËÚÒfl Í ‚Ë‰Û

(2.20)

àÒÔÓÎ¸ÁÓ‚‡‚ ‚ (2.17a) ‚˚‡ÊÂÌËfl (2.20) Ë (2.19a), ·Û‰ÂÏ ËÏÂÚ¸ ÌÂ‡‚ÂÌÒÚ‚Ó

(2.21)

ÍÓÚÓÓÂ ÔÓÒÎÂ ‚˚ÔÓÎÌÂÌËfl ˝ÎÂÏÂÌÚ‡Ì˚ı ‡Î„Â·‡Ë˜ÂÒÍËı ÓÔÂ‡ˆËÈ ÔË‚Ó‰ËÚÒfl Í ‚Ë‰Û

(2.22)

ÑÎfl Û‰Ó·ÒÚ‚‡ Ó·ÓÁÌ‡˜ËÏ Ô‡‚Û˛ ˜‡ÒÚ¸ (2.22) ˜ÂÂÁ x1:

(2.23)

àÁ Ì‡¯Ëı ‡ÒÒÛÊ‰ÂÌËÈ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÔË ρ2 > 4 ÌÂ‡‚ÂÌÒÚ‚Ó (2.13) ‚˚ÔÓÎÌflÂÚÒfl ‰Îfl ‚ÒÂı x > x1.
èÓ‚Â‰fl ‡Ì‡ÎÓ„Ë˜Ì˚Â ‚˚ÍÎ‡‰ÍË ‰Îfl ÌÂ‡‚ÂÌÒÚ‚‡ (2.17·), ÔÓÎÛ˜ËÏ ÌÂ‡‚ÂÌÒÚ‚Ó

(2.24)

Ô‡‚Û˛ ˜‡ÒÚ¸ ÍÓÚÓÓ„Ó Ó·ÓÁÌ‡˜ËÏ ˜ÂÂÁ x2:

(2.25)

àÚ‡Í, ‰ÓÍ‡Á‡ÌÓ ˜ÚÓ ÔË k = 2 Ë ρ2 > 4 ÌÂ‡‚ÂÌÒÚ‚Ó (x) < 1 ËÏÂÂÚ ÏÂÒÚÓ ‰Îfl ‚ÒÂı x, Û‰Ó‚ÎÂÚ‚Ó-
fl˛˘Ëı Ó‰ÌÓÏÛ ËÁ ÛÒÎÓ‚ËÈ

x > x1, x < x2, (2.26)

„‰Â x1 Ë x2 ‚˚‡ÊÂÌËfl (2.23) Ë (2.25) ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. éÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ (x) < 1 ‰Îfl ‚ÒÂı
x ∈  [µ1, µ2], ÂÒÎË 

x1 ≤ µ1, (2.27a)

x2 ≥ µ2. (2.27·)

èÓ‰ÒÚ‡‚Ë‚ ÙÓÏÛÎÛ (2.23) ‚ (2.27a), ‡ ÙÓÏÛÎÛ (2.25) ‚ (2.27·) Ë ‚˚ÔÓÎÌË‚ ˝ÎÂÏÂÌÚ‡Ì˚Â ‡Î-
„Â·‡Ë˜ÂÒÍËÂ ÓÔÂ‡ˆËË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÙÓÏÛÎ˚ (2.6), ÔÓÎÛ˜ËÏ ÌÂ‡‚ÂÌÒÚ‚‡

(2.28)

(2.29)

çÂ‡‚ÂÌÒÚ‚‡ (2.28), (2.29) ÏÓÊÌÓ Ò‚ÂÌÛÚ¸ ‚ Ó‰ÌÓ:

(2.30)

y2 ρy– 1 0.>+

y y1,<

y y2,<

y2 ρy– 1+ 0,=

y1 2 1– ρ ρ2 4––( ),=

y2 2 1– ρ ρ2 4–+( ).=

y π1π2
1–( )1/2 ρ 4σ( ) 1– µ1 µ2 2x–+( )[ ] .exp=

π1π2
1–( )1/2 ρ 4σ( ) 1– µ1 µ2 2x–+( )[ ] ρ ρ 2 4––( )2 1– ,<exp

x µ1 µ2+( )2 1– σρ 1– π1π2
1– ρ ρ2 4–+( )2 1–[ ]

2
{ } .ln+>

x1 µ1 µ2+( )2 1– σρ 1– π1π2
1–( )ln 2σρ 1– ρ ρ2 4–+( )2 1–[ ] .ln+ +=

x µ1 µ2+( )2 1– σρ 1– π1π2
1– ρ ρ2 4–+( )2 1–[ ]

2
{ } ,ln+>

x2 µ1 µ2+( )2 1– σρ 1– π1π2
1–( ) 2σρ 1– ρ ρ2 4–+( )2 1–[ ] .ln–ln+=

ϕ x'

ϕ x'

π2π1
1–( )ln ρ22 1– 2 ρ ρ2 4–+( )2 1–[ ] , π1 π2,<ln+≥

π1π2
1–( )ln ρ22 1– 2 ρ ρ2 4–+( )2 1–[ ] , π1 π2.<ln+≥

π1π2
1–( )ln ρ22 1– 2 ρ ρ2 4–+( )2 1–[ ] , π1 π2.≠ln+≥
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àÚ‡Í ‰ÓÍ‡Á‡Ì‡
íÂÓÂÏ‡ 5. èË k = 2, ρ2 > 4 Ë π1 ≠ π2 ÙÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ, ÂÒÎË ‚˚ÔÓÎÌflÂÚÒfl

ÛÒÎÓ‚ËÂ (2.30).
ÑÎfl k = 2 Ë π1 = π2 ËÏÂÂÚ ÏÂÒÚÓ ÒÎÂ‰Û˛˘‡fl
íÂÓÂÏ‡ 6. èË k = 2 Ë π1 = π2 ÚÓ˜Í‡

(2.31)

fl‚ÎflÂÚÒfl ÌÂÔÓ‰‚ËÊÌÓÈ ÚÓ˜ÍÓÈ ÓÔÂ‡ÚÓ‡ ϕ. ÖÒÎË ρ2 ≤ 4 , ÚÓ  – ÏÓ‰‡ ÙÛÌÍˆËË f(x), ÂÒÎË ρ2 > 4,
ÚÓ  – ÚÓ˜Í‡ ÏËÌËÏÛÏ‡ ·ËÏÓ‰‡Î¸ÌÓÈ ÙÛÌÍˆËË f(x).

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. çÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÈ ÔÓ‰ÒÚ‡ÌÓ‚ÍÓÈ ‚˚‡ÊÂÌËfl  ËÁ (2.31) ‚ ÎÂ‚Û˛ ˜‡ÒÚ¸ Û‡‚-
ÌÂÌËfl (1.4) Û·ÂÊ‰‡ÂÏÒfl, ˜ÚÓ ( ) = 0, Ú.Â.  fl‚ÎflÂÚÒfl ÌÂÔÓ‰‚ËÊÌÓÈ ÚÓ˜ÍÓÈ ÓÔÂ‡ÚÓ‡ ϕ. àÁ ÚÂÓ-

ÂÏ˚ 4 ÒÎÂ‰ÛÂÚ, ˜ÚÓ  ÔË ρ2 ≤ 4 fl‚ÎflÂÚÒfl ÏÓ‰ÓÈ ÙÛÌÍˆËË f(x). ÑÎfl ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚‡ ÚÓ„Ó, ˜ÚÓ 

ÔË ρ2 > 4 fl‚ÎflÂÚÒfl ÚÓ˜ÍÓÈ ÂÂ ÏËÌËÏÛÏ‡, ‰ÓÒÚ‡ÚÓ˜ÌÓ Û·Â‰ËÚ¸Òfl, ˜ÚÓ  > 0.

ÑËÙÙÂÂÌˆËÛfl ‚˚‡ÊÂÌËÂ (1.3) ÔÓ x Ë ÔÓ‚Ó‰fl ˝ÎÂÏÂÌÚ‡Ì˚Â ‡Î„Â·‡Ë˜ÂÒÍËÂ ÓÔÂ‡ˆËË, ÔÓ-
ÎÛ˜‡ÂÏ

(2.32a)

(2.32·)

Ç ÒËÎÛ ÙÓÏÛÎ (2.32), (2.31) Ë (2.6), ‰Îfl  ËÏÂÂÏ ‚˚‡ÊÂÌËÂ

(2.33)

ËÁ ÍÓÚÓÓ„Ó ÒÎÂ‰ÛÂÚ, ˜ÚÓ  > 0 ÔË ρ2 > 4, ˜ÚÓ Ë ÚÂ·Ó‚‡ÎÓÒ¸ ‰ÓÍ‡Á‡Ú¸.

ÑÎfl ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚‡ ·ËÏÓ‰‡Î¸ÌÓÒÚË ÙÛÌÍˆËË f(x) ÓÚÏÂÚËÏ, ̃ ÚÓ ̃ ËÒÎÓ ÏÓ‰ m ËÒÒÎÂ‰ÛÂÏÓÈ ÒÏÂÒË
ÌÂ ·ÓÎ¸¯Â ˜ËÒÎ‡ ÂÂ ÍÓÏÔÓÌÂÌÚ k (ÒÏ. [4]), Ú.Â.

m ≤ 2. (2.34a)

ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ‚ Í‡Ê‰ÓÏ ËÁ ÓÚÂÁÍÓ‚ [µ1,  – ∆x] Ë [  + ∆x, µ2], (∆x – Ï‡Î‡fl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ‚Â-
ÎË˜ËÌ‡) ÙÛÌÍˆËfl (x) ËÏÂÂÚ ıÓÚfl ·˚ Ó‰ÌÛ ÏÓ‰Û, Ú‡Í Í‡Í (µ1) > 0, (  – ∆x) < 0 Ë (  + ∆x) > 0,

(µ2) < 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Ì‡ ÓÚÂÁÍÂ [µ1, µ2] ‰Îfl m ËÏÂÂÏ ÓˆÂÌÍÛ Ò‚ÂıÛ

m ≥ 2. (2.34·)

àÁ ÌÂ‡‚ÂÌÒÚ‚ (2.34) ÒÎÂ‰ÛÂÚ, ˜ÚÓ m = 2, ˜ÚÓ Ë Á‡‚Â¯‡ÂÚ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó ÚÂÓÂÏ˚ 6.
èÂÂÈ‰ÂÏ Í ËÒÒÎÂ‰Ó‚‡ÌË˛ ÒÎÛ˜‡fl k ≥ 3. èÛÒÚ¸ ‰Îfl ‚ÒÂı x ∈  [µ1, µk] ‚˚ÔÓÎÌflÂÚÒfl ÛÒÎÓ‚ËÂ ÛÌË-

ÏÓ‰‡Î¸ÌÓÒÚË ÙÛÌÍˆËË f(x) – ÌÂ‡‚ÂÌÒÚ‚Ó (2.9), ÍÓÚÓÓÂ ‚ ÒËÎÛ (2.7) ÔÂ‰ÒÚ‡‚ËÏÓ ‚ ‚Ë‰Â

(2.35)

èÓÎÓÊË‚ 

Ë ÔÓ‰ÒÚ‡‚Ë‚ ˝ÚÓ ‚˚‡ÊÂÌËÂ ‚ ÎÂ‚Û˛ ˜‡ÒÚ¸ (2.35), ÔÓÎÛ˜ËÏ

(2.36)

„‰Â

P = {ρsi, s > i}\ρk1, s = 2, 3, …, k, i = 1, 2, …, k – 1. (2.37)

x̃ 2 1– µ1 µ2+( )=

x̃
x̃

x̃

f x' x̃ x̃

x̃ x̃

f xx''

f xx'' x̃( ) a x µi–( )2 2σ2( ) 1–
–[ ] 1 x µi–( )2σ 2––[ ] ,exp

i 1=

2

∑=

α 2 2πσ3( ) 1–
.–=

f xx'' x̃( )

f xx'' x̃( ) 2 1– α 2 1– ρ2( ) 4 ρ2–( ),exp=

f xx'' x̃( )

x̃ x̃

f x' f x' f x' x̃ f x' x̃

f x'

ρsi
2 2–( )ψsψi ψi
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ρk1
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é˜Â‚Ë‰ÌÓ, ÌÂ‡‚ÂÌÒÚ‚Ó (2.36) ·Û‰ÂÚ ËÏÂÚ¸ ÏÂÒÚÓ, ÂÒÎË

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ ÒËÎÛ ÚÂÚ¸ÂÈ ‡ÍÒËÓÏ˚ ÏÂÚËÍË ‰ÓÎÊÌÓ ‚˚ÔÓÎÌflÚ¸Òfl ‡‚ÂÌÒÚ‚Ó (ÒÏ. [13])

àÁ Ì‡¯Ëı ‡ÒÒÛÊ‰ÂÌËÈ ÒÎÂ‰ÛÂÚ
íÂÓÂÏ‡ 7. èË k ≥ 3 ÙÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ, ÂÒÎË ‚˚ÔÓÎÌfl˛ÚÒfl ÛÒÎÓ‚Ëfl

(2.38)

„‰Â ÏÌÓÊÂÒÚ‚Ó ê ÓÔÂ‰ÂÎÂÌÓ ‚ (2.37).

èÂÂÈ‰fiÏ Í ËÒÒÎÂ‰Ó‚‡ÌË˛ ÒÎÛ˜‡fl k ≥ 3,  > 4. èÛÒÚ¸

(2.39)

èÓ‰ÒÚ‡‚Ë‚ ˝ÚÓ ‚˚‡ÊÂÌËÂ  ‚ ÌÂ‡‚ÂÌÒÚ‚Ó (2.36), ÔÂ‰ÒÚ‡‚ËÏ Â„Ó ‚ ‚Ë‰Â

(2.40)

ÑÎfl ÎÂ‚ÓÈ ˜‡ÒÚË (2.40) ‚ ÒËÎÛ (2.1) ËÏÂÂÏ

(2.41)

ÑÎfl Ô‡‚ÓÈ ˜‡ÒÚË ÌÂ‡‚ÂÌÒÚ‚‡ (2.40), ÍÓÚÓÛ˛ Ó·ÓÁÌ‡˜ËÏ ˜ÂÂÁ τ:

(2.42)

Ó˜Â‚Ë‰ÌÓ ÓÚÌÓ¯ÂÌËÂ

(2.43)

íÓ„‰‡ Ì‡ ÓÒÌÓ‚‡ÌËË (2.40)–(2.43) ÔÓÎÛ˜ËÏ ÌÂ‡‚ÂÌÒÚ‚Ó

(2.44)

ç‡ ˝ÎÂÏÂÌÚ˚ ρs, s – 1, ˜ËÒÎÓ ÍÓÚÓ˚ı ‡‚ÌÓ k – 1, Ì‡ÎÓÊËÏ Ó„‡ÌË˜ÂÌËfl

óËÒÎÓ ˝ÎÂÏÂÌÚÓ‚ ρsi ∈  P, s > i, ‰Îfl ÍÓÚÓ˚ı ÏÓÊÂÚ ËÏÂÚ¸ ÏÂÒÚÓ ÌÂ‡‚ÂÌÒÚ‚Ó  ≤ 2, s > i Ó·ÓÁÌ‡-
˜ËÏ ˜ÂÂÁ k*,

k – 1 ≤ k* ≤ 2–1k(k – 1) – 1.

ç‡È‰ÂÏ ‚ÂıÌ˛˛ „‡ÌËˆÛ ‰Îfl Í‡Ê‰ÓÈ ÒÛÏÏ˚ ‚ Ô‡‚ÓÈ ˜‡ÒÚË ÌÂ‡‚ÂÌÒÚ‚‡ (2.44). ÑÎfl ÔÂ‚ÓÈ
ÒÛÏÏ˚ ËÏÂÂÏ

(2.45)
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s
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„‰Â

(2.46a)

(2.46·)

ÑÎfl ‚ÚÓÓÈ ÒÛÏÏ˚ ‚ (2.44) ‚ ÒËÎÛ (2.1), (2.46·) ÔÓÎÛ˜‡ÂÏ

(2.47)

íÓ„‰‡ ËÁ (2.44), (2.45), (2.47) ÒÎÂ‰ÛÂÚ ÌÂ‡‚ÂÌÒÚ‚Ó

(2.48)

é·ÓÁÌ‡˜ËÏ Ô‡‚Û˛ ˜‡ÒÚ¸ (2.48) ˜ÂÂÁ ∆ρ*:

(2.49)

íÓ„‰‡ Ì‡ ÓÒÌÓ‚‡ÌËË (2.39), (2.48), (2.49) ËÏÂÂÏ Í‡ÚÍÓÂ ‚˚‡ÊÂÌËÂ ‚ÂıÌÂÈ „‡ÌËˆ˚ ÚÂı ÁÌ‡-

˜ÂÌËÈ , ÔË ÍÓÚÓ˚ı ÙÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ:

àÁ Ì‡¯Ëı ‡ÒÒÛÊ‰ÂÌËÈ ÒÎÂ‰ÛÂÚ

íÂÓÂÏ‡ 8. èË k ≥ 3 Ë  > 4 ÙÛÌÍˆËfl f(x) fl‚ÎflÂÚÒfl ÛÌËÏÓ‰‡Î¸ÌÓÈ, ÂÒÎË ‚˚ÔÓÎÌfl˛ÚÒfl ÛÒ-
ÎÓ‚Ëfl

(2.50)

(2.51)

„‰Â ∆ρ*, πmax, ρmin ËÏÂ˛Ú ‚˚‡ÊÂÌËfl (2.49), (2.46) ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‡ k* – ˜ËÒÎÓ ˝ÎÂÏÂÌÚÓ‚

 ≤ 2, ρsi ∈  P, P ÓÔÂ‰ÂÎÂÌÓ ‚ (2.37).

àÁ (2.51), (2.49) ÒÎÂ‰ÛÂÚ, ˜ÚÓ ‚ÂıÌflfl „‡ÌËˆ‡

(2.52)

ÚÂı ÁÌ‡˜ÂÌËÈ , ÔË ÍÓÚÓ˚ı ÔÓÒÚÂÈ¯‡fl „‡ÛÒÒÓ‚‡ ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡, fl‚ÎflÂÚÒfl ‚ÓÁ‡ÒÚ‡˛˘ÂÈ
ÙÛÌÍˆËÂÈ Ô‡‡ÏÂÚ‡ k.

áÄäãûóÖçàÖ

ä‡ÚÍÓ ÔÂÂ˜ËÒÎËÏ ÓÒÌÓ‚Ì˚Â ÂÁÛÎ¸Ú‡Ú˚ ˝ÚÓÈ ‡·ÓÚ˚.
1. ÇÒÂ ‰ÓÒÚ‡ÚÓ˜Ì˚Â ÛÒÎÓ‚Ëfl ÛÌËÏÓ‰‡Î¸ÌÓÒÚË ÔÓÒÚÂÈ¯ÂÈ „‡ÛÒÒÓ‚ÓÈ ÒÏÂÒË ÔÓÎÛ˜ÂÌ˚ Ì‡ ÓÒÌÓ‚Â

ÔËÌˆËÔ‡ ÒÊËÏ‡˛˘Ëı ÓÚÓ·‡ÊÂÌËÈ. ÑÓÍ‡Á‡ÌÓ, ˜ÚÓ ÂÒÎË ÓÔÂ‡ÚÓ ϕ ‚ Û‡‚ÌÂÌËË (1.7) fl‚ÎflÂÚÒfl
ÒÊËÏ‡˛˘ËÏ Ì‡ ÓÚÂÁÍÂ [µ1, µk], µ1 < … < µk, ÚÓ ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡.

2. èË k = 2 ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡, ÂÒÎË  ≤ 4. Ç [9], [11] ÔË k = 2 ÔÓÎÛ˜ÂÌÓ ÛÒÎÓ‚ËÂ ÛÌËÏÓ‰‡Î¸-

ÌÓÒÚË ÒÏÂÒË  < 4, ÒÎÛ˜‡È  = 4 ‚ ÌËı ÌÂ ËÒÒÎÂ‰Ó‚‡Ì.

3. èÓÎÛ˜ÂÌ˚ ÌÓ‚˚Â ‰ÓÒÚ‡ÚÓ˜Ì˚Â ÛÒÎÓ‚Ëfl ÛÌËÏÓ‰‡Î¸ÌÓÒÚË ÒÏÂÒË:

1) ÔË k = 2,  > 4 Ë π1 ≠ π2 ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡, ÂÒÎË 

2) ÔË k ≥ 3 ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡, ecÎË  ≤ 4 Ë  ≤ 2, s > i, s = 2, 3, …, k, i = 1, …, k – 1;

ρmin ρsi,
ρsi P∈
min=

πmax πi, i
i

min 1 2 … k., , ,= =

ψ j
2 kπmax

2 .<
j 1=

k

∑

∆ρ πkπ1( ) 1– πmax
1– k* 2 ρmin

2–( ) k+[ ] .<

∆ρ* πkπl( ) 1– πmax
2 k k* 2 ρmin

2–( )+[ ] .=

ρk1
2

ρk1
2 4 ∆ρ*.+<

ρk1
2

ρs s 1–,
2 2, s≤

s
max 2 3 … k,, , ,=

ρk1
2 4 ∆ρ*,+<

ρsi
2

ρ*2 4 πkπ1( ) 1– πmax
2 k k* 2 ρmin

2–( )+[ ]+=

ρk1
2

ρ21
2

ρ21
2 ρ21

2
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2

π1π2
1–( )ln ρ21

2
2 1– 2 ρ21 ρ21

2 4–+( )2 1–[ ] ;ln+≥

ρk1
2 ρs s 1–,
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3) ÔË k ≥ 3,  > 4 ÒÏÂÒ¸ ÛÌËÏÓ‰‡Î¸Ì‡, ÂÒÎË  ≤ 2, s = 2, 3, …, k, Ë  < 4 + (πkπ1)–1 [k +

+ k*(2 – )], „‰Â k* – ˜ËÒÎÓ ˝ÎÂÏÂÌÚÓ‚  ≤ 2, s > i, s = 2, 3, …, k, i = 1, 2, …, k – 1, πmax Ë ρmin

ÓÔÂ‰ÂÎfl˛ÚÒfl ‚˚‡ÊÂÌËflÏË (2.46);
4) ÔË k ≥ 3 ‚ÂıÌflfl ρ* „‡ÌËˆ‡ ÚÂı ÁÌ‡˜ÂÌËÈ ρk1, ÔË ÍÓÚÓ˚ı ÔÓÒÚÂÈ¯‡fl „‡ÛÒÒÓ‚‡ ÒÏÂÒ¸ ÛÌË-

ÏÓ‰‡Î¸Ì‡, fl‚ÎflÂÚÒfl ‚ÓÁ‡ÒÚ‡˛˘ÂÈ ÙÛÌÍˆËÂÈ Ô‡‡ÏÂÚ‡ k.
êÂÁÛÎ¸Ú‡Ú, ÒÙÓÏÛÎËÓ‚‡ÌÌ˚È ‚ Ô. 3, ÌÂÚÛ‰ÌÓ Ó·Ó·˘ËÚ¸ Ì‡ ÏÌÓ„ÓÏÂÌ˚È ÒÎÛ˜‡È, Í‡Í ˝ÚÓ

Ò‰ÂÎ‡ÌÓ ‚ [10]. ìÚ‚ÂÊ‰ÂÌËfl ÔÔ. 3), 3) ÎÂ„ÍÓ Ó·Ó·˘‡˛ÚÒfl ‰Îfl ÏÌÓ„ÓÏÂÌ˚ı ÒÏÂÒÂÈ ÎË¯¸ ‚ ˜‡ÒÚ-
ÌÓÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ ‚ÂÍÚÓ˚ Ï‡ÚÂÏ‡ÚË˜ÂÒÍËı ÓÊË‰‡ÌËÈ m1, …, mk ‡ÒÔÓÎ‡„‡˛ÚÒfl Ì‡ Ó‰ÌÓÈ ÔflÏÓÈ.
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