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á‡‰‡˜‡ ÔÓÂÍˆËË Ì‡˜‡Î‡ ÍÓÓ‰ËÌ‡Ú Ì‡ ÔÓÎË˝‰ 

 

n

 

-ÏÂÌÓ„Ó ÔÓÒÚ‡ÌÒÚ‚‡, Á‡‰‡ÌÌ˚È ÒËÒÚÂÏÓÈ

 

m

 

 ÌÂ‡‚ÂÌÒÚ‚, Ò‚Â‰ÂÌ‡ Í ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Á‡‰‡˜ ÔÓÂÍÚËÓ‚‡ÌËfl Ì‡ Ó‰ÌÓÔ‡‡ÏÂÚË˜ÂÒÍÓÂ
ÒÂÏÂÈÒÚ‚Ó Ò‰‚Ë„Ó‚ ÏÌÓ„Ó„‡ÌÌËÍ‡ Ò ÌÂ ·ÓÎÂÂ ̃ ÂÏ 

 

m

 

 + 1 ‚Â¯ËÌ‡ÏË ‡ÁÏÂÌÓÒÚË 

 

n

 

 + 1. ìÍ‡Á‡Ì-
ÌÛ˛ Á‡‰‡˜Û ÔÂ‰Î‡„‡ÂÚÒfl ÔÂÓ·‡ÁÓ‚‡Ú¸ ‚ ÔÓÂÍˆË˛ Ì‡ ‚˚ÔÛÍÎ˚È ÔÓÎË˝‰‡Î¸Ì˚È ÍÓÌÛÒ Ò 

 

m

 

Ó·‡ÁÛ˛˘ËÏË, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÛÔÓÒÚËÚ¸ Â¯ÂÌËÂ ˝Í‚Ë‚‡ÎÂÌÚÌÓÈ Á‡‰‡˜Ë Ë Ò‚Â-
ÒÚË ÂÂ Í Â‰ËÌÒÚ‚ÂÌÌÓÈ ÓÔÂ‡ˆËË ÔÓÂÍÚËÓ‚‡ÌËfl. èË‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı
˝ÍÒÔÂËÏÂÌÚÓ‚ ÒÓ ÒÎÛ˜‡ÈÌ˚ÏË ÏÌÓ„Ó„‡ÌÌËÍ‡ÏË ‚˚ÒÓÍÓÈ ‡ÁÏÂÌÓÒÚË. ÅË·Î. 8. í‡·Î. 1. îË„. 1.

äÎ˛˜Â‚˚Â ÒÎÓ‚‡: ÓÚÓ„ÓÌ‡Î¸Ì‡fl ÔÓÂÍˆËfl, ÎËÌÂÈÌ‡fl ÒËÒÚÂÏ‡ ÌÂ‡‚ÂÌÒÚ‚, ‚ÂÍÚÓ ÏËÌËÏ‡Î¸-
ÌÓÈ ÌÓÏ˚.

 

1)

 

ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÌÂÔÛÒÚÓÂ ‚˚ÔÛÍÎÓÂ ÔÓÎË˝‰‡Î¸ÌÓÂ ÔÓ‰ÏÌÓÊÂÒÚ‚Ó 

 

X

 

 = {

 

x

 

: 

 

Ax

 

 

 

≤

 

 

 

b

 

} 

 

n

 

-ÏÂÌÓ„Ó
Â‚ÍÎË‰Ó‚Ó„Ó ÔÓÒÚ‡ÌÒÚ‚‡ 

 

E

 

n

 

, Á‡‰‡ÌÌÓÂ ÒËÒÚÂÏÓÈ 

 

m

 

 ÌÂ‡‚ÂÌÒÚ‚, ÓÔÂ‰ÂÎflÂÏ˚ı (

 

m

 

 × 

 

n

 

)-Ï‡ÚËˆÂÈ

 

A

 

 Ë 

 

m

 

-‚ÂÍÚÓÓÏ 

 

b

 

 Ë Á‡‰‡˜‡

(1)

ÓÚ˚ÒÍ‡ÌËfl ‚ ˝ÚÓÏ ÏÌÓÊÂÒÚ‚Â ÚÓ˜ÍË 

 

x

 

* Ò ÏËÌËÏ‡Î¸ÌÓÈ ÌÓÏÓÈ. óÚÓ·˚ ËÁ·ÂÊ‡Ú¸ ÚË‚Ë‡Î¸ÌÓÒÚË
·Û‰ÂÏ ÔÂ‰ÔÓÎ‡„‡Ú¸, ˜ÚÓ 0 

 

∉

 

 

 

X

 

. èÓ·ÎÂÏ‡ (1) ‚ÓÁÌËÍ‡ÂÚ ‚ Á‡‰‡˜‡ı ‡ÒÔÓÁÌ‡‚‡ÌËfl Ó·‡ÁÓ‚, Ó·‡-
·ÓÚÍË ‰‡ÌÌ˚ı, ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ ‡ÁÎË˜Ì˚ı ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı ÔÓˆÂ‰Û‡ı.

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔÂ‰ÎÓÊÂÌ ‡Î„ÓËÚÏ ÂÂ Â¯ÂÌËfl, ÓÒÌÓ‚‡ÌÌ˚È Ì‡ Ò‚Â‰ÂÌËË Í ‡ÒÒÏÓÚÂÌÌÓÈ
‡ÌÂÂ (ÒÏ. [1], [2]) ÔÓˆÂ‰ÛÂ ÔÓÂÍˆËË Ì‡ ÔÓÎË˝‰ ‚Ó ‚ÌÛÚÂÌÌÂÏ ÔÂ‰ÒÚ‡‚ÎÂÌËË, Ú.Â. Á‡‰‡ÌÌÓÏ
Í‡Í ‚˚ÔÛÍÎ‡fl Ó·ÓÎÓ˜Í‡ Ò‚ÓËı Í‡ÈÌËı ÚÓ˜ÂÍ. ÑÎfl ÔÓÒÎÂ‰ÌÂÈ ÔÓˆÂ‰Û˚ ‚ [2] ÔÓÎÛ˜ÂÌ‡ „ÎÓ·‡Î¸-
Ì‡fl “ÎÛ˜¯‡fl ̃ ÂÏ ÎËÌÂÈÌ‡fl” ÓˆÂÌÍ‡ ÒÍÓÓÒÚË ÒıÓ‰ËÏÓÒÚË Ë ‚˚˜ËÒÎËÚÂÎ¸Ì˚Â ̋ ÍÒÔÂËÏÂÌÚ˚ ÔÓÍ‡-
Á‡ÎË ÂÂ ‚ÔÓÎÌÂ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÛ˛ Ô‡ÍÚË˜ÂÒÍÛ˛ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ Ì‡ Á‡‰‡˜‡ı ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸-
¯ÓÈ ‡ÁÏÂÌÓÒÚË.

Ç ÔËÌˆËÔÂ ËÒıÓ‰Ì˚È ÏÌÓ„Ó„‡ÌÌËÍ 

 

X

 

 ÏÓÊÂÚ Ò Ò‡ÏÓ„Ó Ì‡˜‡Î‡ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌ Í‡Í ‚˚ÔÛÍÎ‡fl
Ó·ÓÎÓ˜Í‡ Ò‚ÓËı Í‡ÈÌËı ÚÓ˜ÂÍ, Ó‰Ì‡ÍÓ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÂ ÔËÏÂÌÂÌËÂ ‡Î„ÓËÚÏ‡ [2] Í ÔÓ‰Ó·ÌÓÈ
ÙÓÏÂ ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÏÌÓ„Ó„‡ÌÌËÍ‡ ÌÂˆÂÎÂÒÓÓ·‡ÁÌÓ ÔÓ ˆÂÎÓÏÛ fl‰Û ÒÓÓ·‡ÊÂÌËÈ. Ç ÔÂ‚Û˛
Ó˜ÂÂ‰¸ ̋ ÚÓ Ò‚flÁ‡ÌÓ Ò ÚÂÏ, ̃ ÚÓ ÍÓÎË˜ÂÒÚ‚Ó Í‡ÈÌËı ÚÓ˜ÂÍ ̋ ÚÓ„Ó ÏÌÓ„Ó„‡ÌÌËÍ‡ ̋ ÍÒÔÓÌÂÌˆË‡Î¸ÌÓ
‚ÂÎËÍÓ ÔÓ ÍÓÎË˜ÂÒÚ‚Û Ó„‡ÌË˜ÂÌËÈ 

 

m

 

 Ë ÔÓÎËÌÓÏË‡Î¸ÌÓ ÒÓ ÒÚÂÔÂÌ¸˛ ÔÓfl‰Í‡ 

 

m

 

 ÔÓ ÍÓÎË˜ÂÒÚ‚Û ÔÂ-
ÂÏÂÌÌ˚ı 

 

n

 

. ÇÓ-‚ÚÓ˚ı, Í‡ÈÌËÂ ÚÓ˜ÍË 

 

X

 

 Á‡‰‡Ì˚ ÌÂfl‚Ì˚Ï Ó·‡ÁÓÏ Ë Ëı ÓÚ·Ó ‰Îfl ‡·ÓÚ˚ ‡Î„Ó-
ËÚÏ‡ [2] ÚÂ·ÛÂÚ Â¯ÂÌËfl ‚ÒÔÓÏÓ„‡ÚÂÎ¸ÌÓÈ Á‡‰‡˜Ë ÎËÌÂÈÌÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl. çÂÒÏÓÚfl Ì‡
ÛÒÔÂıË ÔÓÎËÌÓÏË‡Î¸Ì˚ı ‡Î„ÓËÚÏÓ‚ ÎËÌÂÈÌÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl ˝Ú‡ Á‡‰‡˜‡ ÓÒÚ‡ÂÚÒfl ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ÚÛ‰ÓÂÏÍÓÈ Í ÚÓÏÛ ÊÂ ˝ÚË ‡Î„ÓËÚÏ˚ ÔÎÓıÓ ÔËÒÔÓÒÓ·ÎÂÌ˚ ‰Îfl Â¯ÂÌËfl ÒÂËÈ ÏÓ‰ËÙË-
ˆËÛÂÏ˚ı Á‡‰‡˜, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â. äÎ‡ÒÒË˜ÂÒÍËÈ ÒËÏÔÎÂÍÒ-ÏÂÚÓ‰ ËÏÂÂÚ ˝ÍÒÔÓ-
ÌÂÌˆË‡Î¸ÌÛ˛ ÓˆÂÌÍÛ ÚÛ‰ÓÂÏÍÓÒÚË Ë ÌÂ ËÒÍÎ˛˜‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚË Á‡ˆËÍÎË‚‡ÌËfl.

ìÍ‡Á‡ÌÌ˚Â Ó·ÒÚÓflÚÂÎ¸ÒÚ‚‡ ÏÓÚË‚ËÓ‚‡ÎË ËÒÒÎÂ‰Ó‚‡ÌËÂ ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ÔÓ‰ıÓ‰Ó‚, ‚ ÂÁÛÎ¸-
Ú‡ÚÂ ˜Â„Ó Û‰‡ÎÓÒ¸ Ò‚ÂÒÚË Á‡‰‡˜Û (1) Í ÒÂËË ÔÓÂÍˆËÈ Ì‡ Ó‰ÌÓÔ‡‡ÏÂÚË˜ÂÒÍËÂ Ò‰‚Ë„Ë ‰‚ÓÈÒÚ‚ÂÌ-
ÌÓ„Ó ÏÌÓ„Ó„‡ÌÌËÍ‡ Ò (

 

m

 

 + 1)-‚Â¯ËÌ‡ÏË ‚ 

 

n

 

-ÏÂÌÓÏ ÔÓÒÚ‡ÌÒÚ‚Â. Ñ‡Î¸ÌÂÈ¯ËÈ ‡Ì‡ÎËÁ ÔÓÍ‡Á‡Î,
Ó‰Ì‡ÍÓ, ˜ÚÓ ÛÍ‡Á‡ÌÌÛ˛ ÔÓÂÍˆË˛ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÎÛ˜ËÚ¸ ÎË¯¸ ‰Îfl Ó‰ÌÓ„Ó Ò‰‚Ë„‡ ÏÌÓ„Ó„‡ÌÌÓ„Ó
‚˚ÔÛÍÎÓ„Ó ÍÓÌÛÒ‡ Ò 

 

m

 

 Ó·‡ÁÛ˛˘ËÏË.

 

1)

 

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ „‡ÌÚÓÏ ÑÇé êÄç 06-III-Ä-01-459.

1
2
--- x

2

x X∈
min

1
2
--- x*

2
=

 

ìÑä 519.677
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çÛÏËÌÒÍËÈ

 

1. é·ÓÁÌ‡˜ÂÌËfl Ë ÔÂ‰‚‡ËÚÂÎ¸Ì˚Â ÂÁÛÎ¸Ú‡Ú˚

 

ÇÒÂ ‚ÒÚÂ˜‡˛˘ËÂÒfl ‚ ‡·ÓÚÂ ‚ÂÍÚÓ˚ ·Û‰ÂÏ Ò˜ËÚ‡Ú¸ ÔËÌ‡‰ÎÂÊ‡˘ËÏË ÍÓÌÂ˜ÌÓÏÂÌ˚Ï Â‚-
ÍÎË‰Ó‚˚Ï ÔÓÒÚ‡ÌÒÚ‚‡Ï ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ‡ÁÏÂÌÓÒÚË. ÑÎfl Ì‡·Ó‡ ‚ÂÍÚÓÓ‚ 

 

D

 

 = {

 

a

 

1

 

, …, 

 

a

 

m

 

}
˜ÂÂÁ aff{

 

D

 

} ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ Â„Ó ‡ÙÙËÌÌÛ˛ Ó·ÓÎÓ˜ÍÛ:

˜ÂÂÁ Co{

 

D

 

} – ÍÓÌË˜ÂÒÍÛ˛

˜ÂÂÁ co{

 

D

 

} – ‚˚ÔÛÍÎÛ˛

ëÍ‡ÎflÌÓÂ ÔÓËÁ‚Â‰ÂÌËÂ ‰‚Ûı ‚ÂÍÚÓÓ‚ 

 

x

 

, 

 

y

 

 ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ 

 

xy

 

. éÚÎË˜ËÂ ÓÚ ÒÎÛ˜‡fl, ÍÓ„‰‡ ‚ÂÍ-
ÚÓ ÛÏÌÓÊ‡ÂÚÒfl Ì‡ ÒÍ‡Îfl, Ó·˚˜ÌÓ flÒÌÓ ËÁ ÍÓÌÚÂÍÒÚ‡.

èÛÒÚ¸ 

 

e

 

 – ‚ÂÍÚÓ ËÁ Â‰ËÌËˆ ÔÓ‰ıÓ‰fl˘ËÈ ‰Îfl ÒÎÛ˜‡fl ‡ÁÏÂÌÓÒÚË. óÂÂÁ 

 

∆

 

m

 

 Ó·ÓÁÌ‡˜ËÏ 

 

m

 

-ÏÂ-
Ì˚È ÒÚ‡Ì‰‡ÚÌ˚È ÒËÏÔÎÂÍÒ:

èÓÍ‡ÊÂÏ, ˜ÚÓ Á‡‰‡˜‡ (1) ÏÓÊÂÚ ·˚Ú¸ ˝Í‚Ë‚‡ÎÂÌÚÌ˚Ï Ó·‡ÁÓÏ ÔÂÓ·‡ÁÓ‚‡Ì‡ ‚ Á‡‰‡˜Û ·ÂÁÛÒÎÓ‚-
ÌÓÈ ÓÔÚËÏËÁ‡ˆËË Ò ÌÂ„Î‡‰ÍËÏ ÚÓ˜Ì˚Ï ¯Ú‡ÙÓÏ.

 

ãÂÏÏ‡ 1.

 

 

 

ëÛ˘ÂÒÚ‚ÛÂÚ 

 

Γ

 

 > 0 

 

Ú‡ÍÓÂ, ˜ÚÓ ÔË ‚ÒÂı

 

 

 

γ

 

 

 

≥

 

 

 

Γ

 

 

 

Á‡‰‡˜Ë

 

 (1) 

 

Ë

 

(2)

 

„‰Â

 

 

 

|

 

Ax

 

 –  = max{0,  – 

 

b

 

)

 

i

 

}, 

 

a

 

(

 

Ax

 

 – 

 

b

 

)

 

i

 

 

 

ÂÒÚ¸

 

 

 

i

 

-

 

fl ÍÓÓ‰ËÌ‡Ú‡ ‚ÂÍÚÓ‡

 

 

 

Ax

 

 – 

 

b

 

, 

 

˝Í‚Ë‚‡-

ÎÂÌÚÌ˚.

 

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. 

 

ìÒÎÓ‚Ëfl ÓÔÚËÏ‡Î¸ÌÓÒÚË ‰Îfl Á‡‰‡˜Ë (1) ËÏÂ˛Ú ‚Ë‰

 

x

 

* + 

 

u

 

*

 

A

 

 = 0, (3)

„‰Â 

 

u

 

* 

 

≥

 

 0 – ÓÔÚËÏ‡Î¸Ì˚Â ‰‚ÓÈÒÚ‚ÂÌÌ˚Â ÔÂÂÏÂÌÌ˚Â. ÑÎfl ÌÂÚË‚Ë‡Î¸ÌÓ„Ó ÒÎÛ˜‡fl 

 

u

 

*

 

e

 

 = 

 

Γ

 

 > 0. èÂ-
ÂÔË¯ÂÏ (3) ‚ ‚Ë‰Â

(4)

Ò 

 

µ

 

* = 

 

u

 

*/(

 

u

 

*

 

e

 

) 

 

∈ ∆

 

m

 

 Ë ÔÓÎÓÊËÏ 

 

ψ

 

(

 

x

 

) = 

 

|

 

Ax

 

 – }. ì˜ËÚ˚‚‡fl ‰ÓÔÛÒÚËÏÓÒÚ¸ 

 

x

 

* ËÏÂÂÏ 

 

ψ

 

(

 

x

 

*) = 0.

Ç ÒËÎÛ ÛÒÎÓ‚ËÈ ‰ÓÔÓÎÌfl˛˘ÂÈ ÌÂÊÂÒÚÍÓÒÚË 

 

µ

 

*(

 

Ax

 

* – 

 

b

 

) = 0 Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‰Îfl ÔÓËÁ‚ÓÎ¸ÌÓ-
„Ó 

 

x

 

 ËÏÂÂÏ

ÓÚÍÛ‰‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ 

 

µ

 

*

 

A

 

 

 

∈ ∂ψ

 

(

 

x

 

*). ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÛÒÎÓ‚ËÂ (4) ÏÓÊÌÓ ÔÂÂÔËÒ‡Ú¸ ‚ ‚Ë‰Â

aff D{ } x = µia
i

i 1=

m

∑ µi = 1
i 1=

m

∑,
 
 
 

,=

Co D{ } x = µia
i

i 1=

m

∑ µi 0≥,
 
 
 

,=

co D{ } x = µia
i

i 1=

m

∑ µi 0 µi = 1
i 1=

m

∑,≥,
 
 
 

.=

∆m s = s1 … sm, ,( ) : si = se = 1
i 1=

m

∑ si 0 i = 1 2 … m, , , ,≥,
 
 
 

.=

min
1
2
--- x

2 γ Ax b– ∞
+

+
 
 
 

,

b ∞
+

(Ax
i = 1 2 … n, , ,

max

x* Γµ*A+ 0=

b ∞
+

ψ x( ) ψ x*( )– Ax b– ∞
+

max 0 Ax b–( )i
i = 1 2 … n, , ,

max,{ } µ* Ax b–( ) µ* Ax* b–( )–≥ µ*A x x*–( )= = =

0 ∂ 1
2
--- x*

2 Γψ x*( )+
 
 
 

∈
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Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, x* ÏËÌËÏËÁËÛÂÚ Ì‡„ÛÊÂÌÌÛ˛ ˆÂÎÂ‚Û˛ ÙÛÌÍˆË˛ Á‡‰‡˜Ë (2). Ç ÒËÎÛ Â‰ËÌ-
ÒÚ‚ÂÌÌÓÒÚË Â¯ÂÌËÈ Á‡‰‡˜ (1) Ë (2) ÒÔ‡‚Â‰ÎË‚Ó Ë Ó·‡ÚÌÓÂ.

Ñ‡ÎÂÂ ‰Îfl γ > Γ ÒÎÂ‰ÛÂÚ

˜ÚÓ ‰ÓÍ‡Á˚‚‡ÂÚ ÓÔÚËÏ‡Î¸ÌÓÒÚ¸ x* ‰Îfl ‚ÒÂı γ > Γ Ë Á‡‚Â¯‡ÂÚ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó.
ÑÎfl ‰‡Î¸ÌÂÈ¯Ëı ÔÓÒÚÓÂÌËÈ ‰ÓÔÓÎÌËÏ ‚ÂÍÚÓ x Â˘Â Ó‰ÌÓÈ ÍÓÓ‰ËÌ‡ÚÓÈ, Ú.Â. Ó·ÓÁÌ‡˜ËÏ  =

= (x, xn + 1) Ë ‚‚Â‰ÂÏ ‡Ò¯ËÂÌÌÛ˛ Ï‡ÚËˆÛ  = ||A |b ||. íÓ„‰‡ x ∈ X ˝Í‚Ë‚‡ÎÂÌÚÌÓ  ∈  = { :

 ≤ 0, xn + 1 =  = –1}, „‰Â en + 1 = (0, 0, …, 0, 1) – (n + 1)-È ÍÓÓ‰ËÌ‡ÚÌ˚È ÓÚ. ÅÓÎÂÂ ÚÓ„Ó,

(5)

„‰Â  = {λ :  ≤ 1, λi ≥ 0, i = 1, 2, …, m}.

íÂÓÂÏ‡ 1. èÛÒÚ¸ u ∈ R – ÒÍ‡ÎflÌ‡fl ÔÂÂÏÂÌÌ‡fl, , i = 1, 2, …, m – ‚ÂÍÚÓ-ÒÚÓÍË Ï‡ÚËˆ˚

, γ > Γ Ë

íÓ„‰‡

(6)

„‰Â

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. Ç ÒËÎÛ ÎÂÏÏ˚ 1 Ë (5), Á‡‰‡˜‡ (2) ÔÂ‚‡˘‡ÂÚÒfl ‚ Á‡‰‡˜Û

(7)

„‰Â D = {d : d = , λ ∈ }, ‡  =  – ÓÔÓÌ‡fl ÙÛÌÍˆËfl ÏÌÓÊÂÒÚ‚‡ D. ãÂ„ÍÓ ‚Ë‰ÂÚ¸, ˜ÚÓ

ÏÌÓÊÂÒÚ‚Ó D ÏÓÊÂÚ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ò‚ÓËÏË Í‡ÈÌËÏË ÚÓ˜Í‡ÏË, ÍÓÚÓ˚Â ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú
ÒÚÓÍ‡Ï , i = 1, 2, …, m, Ï‡ÚËˆ˚ , ‰ÓÔÓÎÌÂÌÌ˚Ï ÌÛÎÂ‚˚Ï ‚ÂÍÚÓÓÏ:

á‡ÏÂÚËÏ, ̃ ÚÓ ÍÓÎË˜ÂÒÚ‚Ó Í‡ÈÌËı ÚÓ˜ÂÍ ÏÌÓÊÂÒÚ‚‡ D ‚ÒÂ„Ó ÎË¯¸ Ì‡ Â‰ËÌËˆÛ ·ÓÎ¸¯Â ÍÓÎË˜ÂÒÚ‚‡
Ó„‡ÌË˜ÂÌËÈ.

èÓÒÎÂ‰Ìflfl Á‡‰‡˜‡ ‚ ˆÂÔÓ˜ÍÂ (7) ÏÓÊÂÚ ·˚Ú¸ ÔÂÓ·‡ÁÓ‚‡Ì‡ ÔÛÚÂÏ Î‡„‡ÌÊÂ‚ÓÈ ÂÎ‡ÍÒ‡ˆËË
Â‰ËÌÒÚ‚ÂÌÌÓ„Ó Ó„‡ÌË˜ÂÌËfl ‚

(8)
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çÛÏËÌÒÍËÈ

„‰Â en + 1 = (0, 0, …, 0, 1), ‡ ÒÛÏÏËÓ‚‡ÌËÂ γD + uen + 1 ÓÁÌ‡˜‡ÂÚ ÏÌÓÊÂÒÚ‚Ó {γd + uen + 1, d ∈ D}, Ú.Â.
Ò‰‚Ë„ γD ‚ Ì‡Ô‡‚ÎÂÌËË en + 1 Ì‡ ‚ÂÎË˜ËÌÛ u.

Ç [3] (ÒÏ. Ú‡ÍÊÂ [4, ‡Á‰. 3.2], ıÓÚfl Ú‡Ï ˝ÚÓ ÌÂ ÛÍ‡Á‡ÌÓ ‚ fl‚ÌÓÏ ‚Ë‰Â) ·˚ÎÓ ÓÚÏÂ˜ÂÌÓ, ˜ÚÓ ‰Îfl
ÔÓËÁ‚ÓÎ¸ÌÓ„Ó ‚˚ÔÛÍÎÓ„Ó Á‡ÏÍÌÛÚÓ„Ó ÏÌÓÊÂÒÚ‚‡ C ËÏÂÂÏ

Ç‚Ó‰fl Ó·ÓÁÌ‡˜ÂÌËÂ

(9)

„‰Â

Ë ÔËÏÂÌflfl ˝ÚÓ ÒÓÓÚÌÓ¯ÂÌËÂ Í (8), ÔÓÎÛ˜‡ÂÏ ÓÍÓÌ˜‡ÚÂÎ¸ÌÓ ˝Í‚Ë‚‡ÎÂÌÚÌÓÒÚ¸

è‡ÍÚË˜ÂÒÍ‡fl ÔÓÎ¸Á‡ ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl (6) Á‡‚ËÒËÚ ÓÚ ÚÓ„Ó, Í‡ÍÓ‚˚ Ò‚ÓÈÒÚ‚‡ ÙÛÌÍˆËË φγ Ë Ì‡-
ÒÍÓÎ¸ÍÓ ˝ÙÙÂÍÚË‚ÌÓ ÓÌ‡ ‚˚˜ËÒÎËÏ‡.

2. ë‚ÓÈÒÚ‚‡ ÙÛÌÍˆËË ÏËÌËÏ‡Î¸ÌÓ„Ó ‡ÒÒÚÓflÌËfl

àÒÒÎÂ‰ÛÂÏ Ò‚ÓÈÒÚ‚‡ ÙÛÌÍˆËË φγ(u), ÍÓÚÓÛ˛ ·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ ÙÛÌÍˆËÂÈ ÏËÌËÏ‡Î¸ÌÓ„Ó ‡ÒÒÚÓ-
flÌËfl, Ë ÔÂ‰ÎÓÊËÏ ÌÂÍÓÚÓ˚È ÍÓÌÂ˜Ì˚È ‡Î„ÓËÚÏ Â¯ÂÌËfl Á‡‰‡˜Ë

(10)

ãÂÏÏ‡ 2. îÛÌÍˆËfl φγ – ‚˚ÔÛÍÎ‡fl, „Î‡‰Í‡fl Ë ÍÛÒÓ˜ÌÓ-Í‚‡‰‡ÚË˜Ì‡fl.
ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. èÛÒÚ¸ λ ∈ [0, 1] Ë νλ = λν' + (1 – λ)ν''. ì˜ËÚ˚‚‡fl ÚÓ, ˜ÚÓ ‰Îfl λ ∈ [0, 1] Ë ÔÓËÁ-

‚ÓÎ¸ÌÓ„Ó ‚˚ÔÛÍÎÓ„Ó Á‡ÏÍÌÛÚÓ„Ó ÏÌÓÊÂÒÚ‚‡ B ‚˚ÔÓÎÌflÂÚÒfl ÒÓÓÚÌÓ¯ÂÌËÂ λB + (1 – λ)B = B, ÔÓÎÛ-
˜‡ÂÏ

˜ÚÓ ‰ÓÍ‡Á˚‚‡ÂÚ ‚˚ÔÛÍÎÓÒÚ¸ φγ. ÉÎ‡‰ÍÓÒÚ¸ φγ(·) ÒÎÂ‰ÛÂÚ ËÁ Â‰ËÌÒÚ‚ÂÌÌÓÒÚË Â¯ÂÌËfl Á‡‰‡˜Ë (9), ‡
ÍÛÒÓ˜ÌÓ-Í‚‡‰‡ÚË˜ÌÓÒÚ¸ – ËÁ ÍÛÒÓ˜ÌÓ-ÎËÌÂÈÌÓÈ Á‡‚ËÒËÏÓÒÚË ÂÂ Â¯ÂÌËfl ÓÚ u.

ÑÎfl ÔÓËÁ‚Ó‰ÌÓÈ φγ(u) ÔÓÎÛ˜‡ÂÏ (u) = (u)en + 1 = (u), „‰Â (u) – Â¯ÂÌËÂ Á‡‰‡˜Ë (9),

‡ (u) ÂÒÚ¸ (n + 1)-fl ÍÓÓ‰ËÌ‡Ú‡ ˝ÚÓ„Ó ‚ÂÍÚÓ‡.

ä‡Í ‚Ë‰ÌÓ, ‚˚˜ËÒÎÂÌËÂ (u) ÌÂ ÚÂ·ÛÂÚ Ù‡ÍÚË˜ÂÒÍË ÌËÍ‡ÍËı ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ÓÔÂ‡ˆËÈ ÔÓ
Ò‡‚ÌÂÌË˛ Ò ‚˚˜ËÒÎÂÌËÂÏ ÁÌ‡˜ÂÌËfl φγ(u). Ç ˝ÚËı ÛÒÎÓ‚Ëflı ÎÂ„ÍÓ Ó„‡ÌËÁÓ‚‡Ú¸ ÔÓˆÂÒÒ ÚËÔ‡ ‰Ë-
ıÓÚÓÏËË, ÒÛÊ‡˛˘ËÈ ËÌÚÂ‚‡Î ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚË ‰Îfl Â¯ÂÌËfl Á‡‰‡˜Ë (10) ÒÓ ÒÍÓÓÒÚ¸˛ „ÂÓÏÂÚ-
Ë˜ÂÒÍÓÈ ÔÓ„ÂÒÒËË ÒÓ ÁÌ‡ÏÂÌ‡ÚÂÎÂÏ 0.5, ÌÂ Á‡‚ËÒfl˘ËÏ ÓÚ Ô‡‡ÏÂÚÓ‚ Á‡‰‡˜Ë. Ñ‡ÎÂÂ, ‚ ÒËÎÛ ÍÓ-
ÌÂ˜ÌÓÈ ÍÛÒÓ˜ÌÓ-ÎËÌÂÈÌÓÒÚË , Ú‡ÍÊÂ ÎÂ„ÍÓ Ó„‡ÌËÁÓ‚‡Ú¸ ÚÓ˜ÌÓÂ ‚˚˜ËÒÎÂÌËÂ u* ÔË ‰ÓÒÚ‡ÚÓ˜-

ÌÓ Ï‡ÎÓÏ ËÌÚÂ‚‡ÎÂ [u1, ur] Ú‡ÍÓÏ, ˜ÚÓ ul < ur, (ul) < 1, (ur) > 1 Ë ËÏÂ˛˘ÂÏ ÌÂ ·ÓÎÂÂ ‰‚Ûı
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Û˜‡ÒÚÍÓ‚ ÎËÌÂÈÌÓÒÚË ‰Îfl . èË ˝ÚÓÏ, ÌÂÒÏÓÚfl Ì‡ ÔÓÚÂÌˆË‡Î¸ÌÓ ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÂ ˜ËÒÎÓ
Û˜‡ÒÚÍÓ‚ ÍÛÒÓ˜ÌÓ-Í‚‡‰‡ÚË˜ÌÓÒÚË ‰Îfl φγ, ‡Î„ÓËÚÏ Â¯ÂÌËfl Á‡‰‡˜Ë (10) ‚ ÚÂÏËÌ‡ı ˜ËÒÎ‡ ËÚÂ‡-
ˆËÈ ·Û‰ÂÚ fl‚ÎflÚ¸Òfl ÎËÌÂÈÌ˚Ï ÔÓ ÍÓÎË˜ÂÒÚ‚Û Ó„‡ÌË˜ÂÌËÈ Ë ÎÓ„‡ËÙÏË˜ÂÒÍËÏ ÔÓ ÍÓÎË˜ÂÒÚ‚Û ÔÂ-
ÂÏÂÌÌ˚ı. èÓÎËÌÓÏË‡Î¸ÌÓÒÚ¸ ÊÂ ‚ÒÂÈ ‚˚˜ËÒÎËÚÂÎ¸ÌÓÈ ÔÓˆÂ‰Û˚ Á‡‚ËÒËÚ ÔË ˝ÚÓÏ ÓÚ ÒÎÓÊÌÓ-
ÒÚË ‚˚˜ËÒÎÂÌËfl φγ(u). ä‡Í ÔÓÍ‡Á‡ÌÓ ‚ [6], Á‡‰‡˜‡ Í‚‡‰‡ÚË˜ÌÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl Ò ÙËÍÒËÓ-
‚‡ÌÌ˚Ï ˜ËÒÎÓÏ Ó„‡ÌË˜ÂÌËÈ ËÏÂÂÚ ÔÓÎËÌÓÏË‡Î¸ÌÛ˛ ÔÓ ‰ÎËÌÂ ‚‚Ó‰‡ ‚˚˜ËÒÎËÏÓÒÚ¸, ˜ÚÓ
ÍÓÌÒÚÛÍÚË‚ÌÓ ‰ÂÏÓÌÒÚËÛÂÚÒfl ÎËÌÂÈÌ˚Ï ÔÓ ‰ÎËÌÂ ‚‚Ó‰‡ ÔËÏÂÌÂÌËÂÏ ÏÂÚÓ‰‡ ˝ÎÎËÔÒÓË‰Ó‚ Ò
ÚÛ‰ÓÂÏÍÓÒÚ¸˛ O((n + m)4L), „‰Â L – ‰ÎËÌ‡ ·ËÌ‡ÌÓ„Ó ‚‚Ó‰‡ ‰Îfl ̂ ÂÎÓ˜ËÒÎÂÌÌ˚ı ËÒıÓ‰Ì˚ı ‰‡ÌÌ˚ı,
n – ÍÓÎË˜ÂÒÚ‚Ó ÔÂÂÏÂÌÌ˚ı, m – ÍÓÎË˜ÂÒÚ‚Ó Ó„‡ÌË˜ÂÌËÈ Á‡‰‡˜Ë.

ë ‚˚˜ËÒÎËÚÂÎ¸ÌÓÈ ÚÓ˜ÍË ÁÂÌËfl ÔÓˆÂ‰ÛÛ Â¯ÂÌËfl Á‡‰‡˜Ë (10) ÏÓÊÌÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÛÔÓ-
ÒÚËÚ¸, ÔÂÂÈ‰fl ÓÚ Ó„‡ÌË˜ÂÌÌ˚ı ÏÌÓÊÂÒÚ‚ Dγ(u) Í ÍÓÌÛÒÛ Co{D}. èË ˝ÚÓÏ, Í‡Í ÓÍ‡Á˚‚‡ÂÚÒfl, ÌÂ-
ÒÏÓÚfl Ì‡ Ò‚ÓÈ ˝ÍÒÚÂÏ‡Î¸Ì˚È ÒÔÓÒÓ· Á‡‰‡ÌËfl, ÙÛÌÍˆËfl

(11)

fl‚Îfl˛˘‡flÒfl ÔflÏ˚Ï ‡Ì‡ÎÓ„ÓÏ φγ(u) ËÁ (9), ÔÂ‚‡˘‡ÂÚÒfl ‚ ÔÓÒÚÂÈ¯ËÈ Í‚‡‰‡ÚË˜Ì˚È ÔÓÎËÌÓÏ
ÓÚ u: φ(u) = α2u2.

ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÔÛÒÚ¸ x*(u) = z*(u) + uen + 1 – Â¯ÂÌËÂ Á‡‰‡˜Ë (11) Ò z*(u) ∈ Co(D). íÓ„‰‡, ‚ ÒËÎÛ
ÛÒÎÓ‚ËÈ ÓÔÚËÏ‡Î¸ÌÓÒÚË, ‰Îfl Î˛·Ó„Ó z ∈ Co(D) ËÏÂÂÏ

ìÏÌÓÊË‚ ˝ÚÓ ÌÂ‡‚ÂÌÒÚ‚Ó Ì‡ τ2, „‰Â τ = u'/u > 0 Ò u' > 0, ÔÓÎÛ˜ËÏ

‡ Ú‡Í Í‡Í τCo(D) = Co(D), ÚÓ

‰Îfl Î˛·Ó„Ó z ∈ Co(D). ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Â¯ÂÌËÂÏ Á‡‰‡˜Ë (11) ÔË Á‡ÏÂÌÂ u Ì‡ u' ·Û‰ÂÚ x*(u') =
= (u'/u)z*(u) + u'en + 1. éÚÒ˛‰‡ ÔÓÎÛ˜‡ÂÏ x*(u) = u(w* + en + 1) ‰Îfl ÌÂÍÓÚÓÓ„Ó w* ∈ CoD, ÌÂÁ‡‚ËÒfl-
˘Â„Ó ÓÚ u Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, φ(u) = ||w* + en + 1||2u2 = α2u2, ˜ÚÓ Ë ÚÂ·Ó‚‡ÎÓÒ¸ ‰ÓÍ‡Á‡Ú¸. á‡ÏÂÚËÏ
Ú‡ÍÊÂ, ˜ÚÓ φ(u) ≤ φγ(u) ‰Îfl Î˛·˚ı γ Ë u.

ÑÎfl ÚÓ„Ó ˜ÚÓ·˚ ÔÓÍ‡Á‡Ú¸ Ô‡‚ÓÏÂÌÓÒÚ¸ ÔÂÂıÓ‰‡ Í ÍÓÌË˜ÂÒÍËÏ Ó·ÓÎÓ˜Í‡Ï, ‰ÓÍ‡ÊÂÏ ÌÂ-
ÒÍÓÎ¸ÍÓ ÔÓÒÚ˚ı ÛÚ‚ÂÊ‰ÂÌËÈ.

ãÂÏÏ‡ 3. ÖÒÎË φγ( ) > φ( ) ‰Îfl ÌÂÍÓÚÓÓ„Ó , ÚÓ φγ(u) > φ(u) ‰Îfl ‚ÒÂı u > .

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. èÛÒÚ¸ κ > 1 Ë u = κ  > . íÓ„‰‡ co{κDγ} ⊃ co{Dγ} Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,

Ú.Â.

˜ÚÓ Ë ÚÂ·Ó‚‡ÎÓÒ¸ ‰ÓÍ‡Á‡Ú¸.

ëÎÂ‰ÒÚ‚ËÂ 1. ÖÒÎË φγ( ) = φ( ) ‰Îfl ÌÂÍÓÚÓÓ„Ó , ÚÓ φγ(u) = φ(u) ‰Îfl ‚ÒÂı u ≤ , ÓÚÍÛ‰‡ ÒÎÂ‰ÛÂÚ

ãÂÏÏ‡ 4. ÑÎfl Î˛·Ó„Ó  ÒÛ˘ÂÒÚ‚ÛÂÚ Γ Ú‡ÍÓÂ, ˜ÚÓ φγ(u) = φ(u) ‰Îfl ‚ÒÂı u ≤  ÔË γ > Γ.

φγ'
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çÛÏËÌÒÍËÈ

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. èÛÒÚ¸  – Â¯ÂÌËÂ Á‡‰‡˜Ë (11) ÔË u = , ÍÓÚÓÓÂ Ó˜Â‚Ë‰Ì˚Ï Ó·‡ÁÓÏ ÒÛ-

˘ÂÒÚ‚ÛÂÚ. Ç˚·ÂÂÏ Γ Ú‡Í, ˜ÚÓ·˚  ∈ Γco{D} = co{DΓ} ⊂ co{Dγ} ‰Îfl ‚ÒÂı γ > Γ. èË ˝ÚÓÏ, Ó˜Â-

‚Ë‰ÌÓ, φγ( ) = φ( ) ˜ÚÓ, ‚ ÒËÎÛ ÒÎÂ‰ÒÚ‚Ëfl ÎÂÏÏ˚ 3, ‰ÓÍ‡Á˚‚‡ÂÚ ÛÚ‚ÂÊ‰ÂÌËÂ.

èË‚Â‰ÂÌÌ˚Â ÎÂÏÏ˚ ‰‡˛Ú ‚ÓÁÏÓÊÌÓÒÚ¸ ÔÓÎÛ˜ËÚ¸ ÓÍÓÌ˜‡ÚÂÎ¸ÌÓÂ ‚˚‡ÊÂÌËÂ ‰Îfl Â¯ÂÌËfl
Á‡‰‡˜Ë (1).

íÂÓÂÏ‡ 2. àÏÂÂÚ ÏÂÒÚÓ ÛÚ‚ÂÊ‰ÂÌËÂ

(12)

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, φ(u) ÏÓÊÂÚ ·˚Ú¸ Á‡ÔËÒ‡Ì‡ Í‡Í φ(u) = α2u2 = φ(1)u2, ÓÚÍÛ‰‡ ÒÎÂ-
‰ÛÂÚ, ˜ÚÓ Â¯ÂÌËÂ Á‡‰‡˜Ë

(13)

ËÏÂÂÚ ‚Ë‰ u∗ = φ(1)/2 Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, φ∗ = φ(1)(φ(1) – 1)/2. èÓÎÓÊËÏ  = 2u∗. ÇÁfl‚ ÁÌ‡˜ÂÌËÂ Γ
Ï‡ÍÒËÏ‡Î¸Ì˚Ï ËÁ ÓÔÂ‰ÂÎflÂÏ˚ı ÎÂÏÏ‡ÏË 1 Ë 4, ‡ Á‡ÚÂÏ ÔÓÎÓÊË‚ γ > Γ, ÔÓÎÛ˜ËÏ

èÓÒÍÓÎ¸ÍÛ ‰Îfl u >  ‚ Î˛·ÓÏ ÒÎÛ˜‡Â ËÏÂÂÏ φγ(u) ≥ φ(u), ÚÓ

Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,

˜ÚÓ Ë ÚÂ·Ó‚‡ÎÓÒ¸ ‰ÓÍ‡Á‡Ú¸.

èÂÂıÓ‰ Í ÍÓÌË˜ÂÒÍËÏ Ó·ÓÎÓ˜Í‡Ï ÒÚÓÍ , i = 1, 2, …, m, Ï‡ÚËˆ˚  ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ ÔÓ˘‡-
ÂÚ Â¯ÂÌËÂ Á‡‰‡˜Ë (10), Ó‰Ì‡ÍÓ ÒÚ‡‚ËÚ ‚ÓÔÓÒ Ó ‡Á‡·ÓÚÍÂ ˝ÙÙÂÍÚË‚Ì˚ı ‡Î„ÓËÚÏÓ‚ Â¯ÂÌËfl

Á‡‰‡˜Ë ÔÓÂÍˆËË  Ì‡ Ò‰‚ËÌÛÚ˚È ÍÓÌÛÒ Co(D). ä‡Í ‚‡Ë‡ÌÚ, ‰Îfl Â¯ÂÌËfl ˝ÚÓÈ Á‡-

‰‡˜Ë ÏÓÊÌÓ ÔËÏÂÌËÚ¸ ÏÓ‰ËÙËÍ‡ˆË˛ ‡Î„ÓËÚÏ‡ ËÁ [2], ÍÓÚÓÛ˛ ÓÔË¯ÂÏ ÌËÊÂ.

3. èÓÂÍÚËÓ‚‡ÌËÂ Ì‡ ÍÓÌÛÒ, Á‡‰‡ÌÌ˚È Ó·‡ÁÛ˛˘ËÏË

èÓÒÍÓÎ¸ÍÛ ÒÔÂˆËÙËÍ‡ ‚ÂÍÚÓ‡ Ò‰‚Ë„‡ ÌÂ Ë„‡ÂÚ ÌËÍ‡ÍÓÈ ÓÎË, Ï˚ ‡ÒÒÏÓÚËÏ ÒÎÂ‰Û˛˘Û˛
Ó·˘Û˛ Á‡‰‡˜Û:

(14)

„‰Â a – ÌÂÍËÈ ‚ÂÍÚÓ Ò‰‚Ë„‡, Co{D} = Co(a1, a2, …, am) – ‚˚ÔÛÍÎ˚È ÍÓÌÛÒ, ÔÓÓÊ‰ÂÌÌ˚È ÒËÒÚÂÏÓÈ
‚ÂÍÚÓÓ‚ D = {a1, a2, …, am}. å˚ ·Û‰ÂÏ ‡ÒÒÏ‡ÚË‚‡Ú¸ Ú‡ÍÊÂ Ë ÍÓÌË˜ÂÒÍËÂ Ó·ÓÎÓ˜ÍË ÔÓ‰ÏÌÓ-
ÊÂÒÚ‚ D, ÔÂ‰ÒÚ‡‚Îfl˛˘ËÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÔÓ‰ÍÓÌÛÒ˚ Co{D}. Ç Ò‚flÁË Ò ̋ ÚËÏ ÔÓÚÂ·ÛÂÚÒfl ÓÔÂ-
‰ÂÎÂÌËÂ ÔÓ‰ıÓ‰fl˘Â„Ó ÔÓ‰ÍÓÌÛÒ‡, ‡Ì‡ÎÓ„Ë˜ÌÓÂ ÓÔÂ‰ÂÎÂÌË˛ ÔÓ‰ıÓ‰fl˘Â„Ó ÔÓ‰ÒËÏÔÎÂÍÒ‡ ‚ [2].

éÔÂ‰ÂÎÂÌËÂ. äÓÌÛÒ Co{D'} Ò D' ⊂ D Ì‡Á˚‚‡ÂÚÒfl ÔÓ‰ıÓ‰fl˘ËÏ, ÂÒÎË

(15)
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á‡ÏÂÚËÏ, ˜ÚÓ Î˛·ÓÈ Ó‰ÌÓÏÂÌ˚È ÍÓÌÛÒ Co{ai} Ò aai ≤ 0 ·Û‰ÂÚ ÔÓ‰ıÓ‰fl˘ËÏ, ÔÓÒÍÓÎ¸ÍÛ Á‡‰‡˜‡

 ËÏÂÂÚ Â¯ÂÌËÂ λ∗ = –aai/ ||ai ||2 ≥ 0 Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,

ë‡Ï ‡Î„ÓËÚÏ Ò ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏË ÏÓ‰ËÙËÍ‡ˆËflÏË ‚˚„Îfl‰ËÚ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ.
àÌËˆË‡ÎËÁ‡ˆËfl. èÓÎÓÊËÏ k = 0, zk = a, Jk = {ik}, Dk = {ai, i ∈ Jk}, „‰Â ËÌ‰ÂÍÒ ik Ú‡ÍÓÈ, ˜ÚÓ

ÖÒÎË αk ≥ 0, ÚÓ ÚÓ˜Í‡ zk + 1 = a (ËÎË xk + 1 = 0) – Â¯ÂÌËÂ Á‡‰‡˜Ë (14) Ë ‡Î„ÓËÚÏ ÔÂÍ‡˘‡ÂÚ Ò‚Ó˛
‡·ÓÚÛ. Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â ‚˚ÔÓÎÌflÂÚÒfl ÓÒÌÓ‚ÌÓÈ ˆËÍÎ ‡Î„ÓËÚÏ‡. á‡ÏÂÚËÏ, ˜ÚÓ ÍÓÌÛÒ Co{Dk}
fl‚ÎflÂÚÒfl ÔË ˝ÚÓÏ ÔÓ‰ıÓ‰fl˘ËÏ.

éÒÌÓ‚ÌÓÈ ˆËÍÎ ‡Î„ÓËÚÏ‡.
ò‡„ 1. èÓÂÍˆËfl Ì‡ ÔÓ‰ÔÓÒÚ‡ÌÒÚ‚Ó Lk = a + aff{Dk}. êÂ¯‡ÂÏ Á‡‰‡˜Û

Ë ÔÓ‚ÂflÂÏ, fl‚ÎflÂÚÒfl ÎË ÍÓÌÛÒ Co{Dk} ÔÓ‰ıÓ‰fl˘ËÏ (xk + 1 ∈ Co{Dk}). á‡ÏÂÚËÏ, ˜ÚÓ ‚ Î˛·ÓÏ ÒÎÛ-
˜‡Â ||zk || > ||zk + 1||. ÖÒÎË ÍÓÌÛÒ Co{Dk} ÔÓ‰ıÓ‰fl˘ËÈ, ÚÓ ÔÂÂıÓ‰ËÏ Í ¯‡„Û 2. Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â ‚˚-
ÔÓÎÌflÂÚÒfl ¯‡„ 3.

ò‡„ 2.èÓ‚ÂÍ‡ ÓÔÚËÏ‡Î¸ÌÓÒÚË. ÖÒÎË zk + 1ai ≥ 0 ‰Îfl ‚ÒÂı i = 1, 2 …, m, ÚÓ zk + 1 – Â¯ÂÌËÂ Á‡‰‡˜Ë
(14). ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÔË ˝ÚÓÏ zk + 1u ≥ 0 ‰Îfl Î˛·Ó„Ó u ∈ Co{D} Ë zk + 1(a + u) = ||zk + 1||2 + zk + 1u ≥
≥ ||zk + 1||2, Ú.Â. „ËÔÂÔÎÓÒÍÓÒÚ¸ zk + 1x = ||zk + 1||2 ‡Á‰ÂÎflÂÚ zk + 1 Ë ÏÌÓÊÂÒÚ‚Ó a + Co{D}, Ú‡Í Í‡Í
zk + 1(x – zk + 1) ≥ 0 ‰Îfl x ∈ a + Co{D}. ÔË ˝ÚÓÏ ‰Îfl Î˛·Ó„Ó x ∈ a + Co{D} ËÏÂÂÏ ÏÂÒÚÓ ÓˆÂÌÍ‡

Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, zk + 1 Â‡ÎËÁÛÂÚ . ãÂ„ÍÓ ‚Ë‰ÂÚ¸, ˜ÚÓ ÒÔ‡‚Â‰ÎË‚Ó Ë Ó·‡ÚÌÓÂ – ÓÔ-

ÚËÏ‡Î¸ÌÓÒÚ¸ zk + 1 ‚ÎÂ˜ÂÚ zk + 1u ≥ 0 ‰Îfl ‚ÒÂı u ∈ Co{D}. ê‡·ÓÚ‡ ‡Î„ÓËÚÏ‡ ÔË ˝ÚÓÏ ÔÂÍ‡˘‡ÂÚÒfl.
Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â ‚˚ÔÓÎÌflÂÚÒfl ¯‡„ 4.
ò‡„ 3. ÇÌÛÚÂÌÌËÈ ̂ ËÍÎ ÔÓÒÚÓÂÌËfl ÌÓ‚Ó„Ó ·‡ÁËÒ‡. ë˜ÂÚ˜ËÍ ‚ÌÛÚÂÌÌËı ËÚÂ‡ˆËÈ ÔÓÎ‡„‡ÂÚÒfl

‡‚Ì˚Ï ÌÛÎ˛ j = 0, ws = zk + 1, w–1 = zk, Ks = Dk.
àÚÂ‡ˆËfl ‚ÌÛÚÂÌÌÂ„Ó ˆËÍÎ‡. éÔÂ‰ÂÎflÂÏ Ï‡ÍÒËÏ‡Î¸ÌÓÂ λs > 0 Ú‡ÍÓÂ, ˜ÚÓ

èË ˝ÚÓÏ ws + 1 ÔËÌ‡‰ÎÂÊËÚ ÌÂÍÓÚÓÓÈ „‡ÌË ÍÓÌÛÒ‡ Co{Ks}, ÍÓÚÓ‡fl Á‡‰‡ÂÚÒfl Ò‚ÓËÏ ÏÌÓÊÂ-
ÒÚ‚ÓÏ Ó·‡ÁÛ˛˘Ëı Ks + 1 ⊂ Ks, ÔË˜ÂÏ ‚ÍÎ˛˜ÂÌËÂ ÒÚÓ„ÓÂ. çÂÒÎÓÊÌÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ÔË ˝ÚÓÏ
||ws + 1||2 < ||ws – 1||. êÂ¯‡ÂÏ Á‡‰‡˜Û

ÖÒÎË Co{Ks + 1} – ÔÓ‰ıÓ‰fl˘ËÈ ÍÓÌÛÒ, ÚÓ ÔÓÎ‡„‡ÂÏ Dk + 1 = Ks + 1 Ë ÔÂ˚‚‡ÂÏ ËÒÔÓÎÌÂÌËÂ ‚ÌÛÚ-
ÂÌÌÂ„Ó ˆËÍÎ‡. Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â Û‚ÂÎË˜Ë‚‡ÂÏ Ò˜ÂÚ˜ËÍ ËÚÂ‡ˆËÈ s  s + 1 Ë ÔÓ‚ÚÓflÂÏ ËÚÂ-
‡ˆË˛ ‚ÌÛÚÂÌÌÂ„Ó ˆËÍÎ‡. á‡ÏÂÚËÏ, ˜ÚÓ, ‚ ÒËÎÛ ÏÓÌÓÚÓÌÌÓ„Ó ÒÚÓ„Ó„Ó Û·˚‚‡ÌËfl Ks, ‚ÌÛÚÂÌÌËÈ
ˆËÍÎ ÏÓÊÂÚ ·˚Ú¸ ËÒÔÓÎÌÂÌ ÎË¯¸ ÍÓÌÂ˜ÌÓÂ ˜ËÒÎÓ ‡Á.

äÓÌÂˆ ‚ÌÛÚÂÌÌÂ„Ó ˆËÍÎ‡.
ò‡„ 4. èÓÎ‡„‡ÂÏ Jk + 1 = Jk, Û‚ÂÎË˜Ë‚‡ÂÏ Ò˜ÂÚ˜ËÍ ËÚÂ‡ˆËÈ k  k + 1 Ë ÔÓ‚ÚÓflÂÏ ¯‡„ 1.
äÓÌÂˆ ÓÒÌÓ‚ÌÓ„Ó ˆËÍÎ‡.
äÓÌÂˆ ‡Î„ÓËÚÏ‡.
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çÛÏËÌÒÍËÈ

ÑÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó ÒıÓ‰ËÏÓÒÚË ˝ÚÓ„Ó ‡Î„ÓËÚÏ‡ ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸ ËÁ ÚÂı Â„Ó Ò‚ÓÈÒÚ‚ (ÏÓÌÓÚÓÌÌÓ-
ÒÚË Û·˚‚‡ÌËfl ÌÓÏ˚ ÚÂÍÛ˘ÂÈ ÔÓÂÍˆËË, ÍÓÌÂ˜ÌÓÒÚ¸ ˜ËÒÎ‡ ÔÓ‰ıÓ‰fl˘Ëı ÍÓÌÛÒÓ‚ Ë Ô.), Ì‡ ÍÓÚÓ-
˚Â Ó·‡˘‡ÎÓÒ¸ ‚ÌËÏ‡ÌËÂ ÔË Â„Ó ËÁÎÓÊÂÌËË. Ç Ë‰ÂÈÌÓÏ ÔÎ‡ÌÂ ̋ ÚÓ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó ‚ÂÒ¸Ï‡ ·ÎËÁ-
ÍÓ Í ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Û ÒıÓ‰ËÏÓÒÚË ‡Î„ÓËÚÏ‡ ËÁ [2] Ë ÔÓ˝ÚÓÏÛ Á‰ÂÒ¸ ÌÂ ÔË‚Ó‰ËÚÒfl.

4. óËÒÎÂÌÌ˚Â ˝ÍÒÔÂËÏÂÌÚ˚

ÑÎfl ËÎÎ˛ÒÚ‡ˆËË Ô‡ÍÚË˜ÂÒÍÓÈ ÔËÏÂÌËÏÓÒÚË ÓÔËÒ‡ÌÌÓ„Ó ÔÓ‰ıÓ‰‡ ÔË‚Â‰ÂÏ ÂÁÛÎ¸Ú‡Ú˚
˜ËÒÎÂÌÌ˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÓ ÔÓÂÍˆËË Ì‡˜‡Î‡ ÍÓÓ‰ËÌ‡Ú Ì‡ ÏÌÓ„Ó„‡ÌÌËÍË ‚˚ÒÓÍÓÈ ‡ÁÏÂÌÓ-
ÒÚË, Á‡‰‡‚‡ÂÏ˚Â ÒËÒÚÂÏ‡ÏË ÌÂ‡‚ÂÌÒÚ‚ ÒÓ ÒÎÛ˜‡ÈÌ˚ÏË ÌÓÏ‡Î¸ÌÓ ‡ÒÔÂ‰ÂÎÂÌÌ˚ÏË ÍÓ˝ÙÙËˆË-
ÂÌÚ‡ÏË.

Ç ˝ÚËı ÚÂÒÚ‡ı ÒËÒÚÂÏ‡ ÌÂ‡‚ÂÌÒÚ‚ ÒÚÓËÎ‡Ò¸ Í‡Í Ì‡·Ó m ÒÎÛ˜‡ÈÌ˚ı ÓÔÓÌ˚ı ÔÎÓÒÍÓÒÚÂÈ Í n-
ÏÂÌÓÈ ÒÙÂÂ Ò ̂ ÂÌÚÓÏ ‚ ÒÎÛ˜‡ÈÌÓÈ ÚÓ˜ÍÂ x0 Ò ÌÓÏ‡Î¸ÌÓ ‡ÒÔÂ‰ÂÎÂÌÌ˚ÏË ÍÓÓ‰ËÌ‡Ú‡ÏË Ë ‡-
‰ËÛÒÓÏ r = θ||x0 ||, θ ∈ (0, 1).

ÑÎfl ÚÓ„Ó ˜ÚÓ·˚ ËÁ·ÂÊ‡Ú¸ ÚË‚Ë‡Î¸ÌÓ„Ó Â¯ÂÌËfl, Í Ì‡·ÓÛ ÓÔÓÌ˚ı ÔÎÓÒÍÓÒÚÂÈ ‰Ó·‡‚ÎflÎ‡Ò¸
Ó‰Ì‡ ÒÔÂˆË‡Î¸Ì‡fl, ÔÓÒÚÓÂÌÌ‡fl Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ·˚ „‡‡ÌÚËÓ‚‡ÌÌÓ ÒÚÓ„Ó ÓÚ‰ÂÎËÚ¸ Ì‡˜‡ÎÓ
ÍÓÓ‰ËÌ‡Ú ÓÚ ÏÌÓ„Ó„‡ÌÌËÍ‡. ÑÎfl ˝ÚÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ Ó‰Ì‡ ËÁ Í‡Ò‡ÚÂÎ¸Ì˚ı ÔÎÓÒÍÓÒÚÂÈ Í ÒÙÂ-
Â, ÔÓıÓ‰fl˘‡fl Ú‡ÍÊÂ Ë ˜ÂÂÁ Ì‡˜‡ÎÓ ÍÓÓ‰ËÌ‡Ú. éÔÓÌ˚È ‚ÂÍÚÓ Ú‡ÍÓÈ ÔÎÓÒÍÓÒÚË ÏÓÊÂÚ ·˚Ú¸

ÓÔÂ‰ÂÎÂÌ Í‡Í  = ρz – γx0, „‰Â ρ = , γ = θ2, ‡ ÒÎÛ˜‡ÈÌ˚È ‚ÂÍÚÓ z ÓÚÓ„ÓÌ‡ÎÂÌ x0 Ë ÔË-
Ì‡‰ÎÂÊËÚ (n – 1)-ÏÂÌÓÈ Â‰ËÌË˜ÌÓÈ ÒÙÂÂ. è‡‚‡fl ˜‡ÒÚ¸ ÌÂ‡‚ÂÌÒÚ‚‡  ≤ β ÓÔÂ‰ÂÎflÎ‡Ò¸ ÔË

˝ÚÓÏ Í‡Í β <  =  < 0, ̃ ÚÓ „‡‡ÌÚËÓ‚‡ÎÓ ÒÚÓ„Û˛ ÓÚ‰ÂÎËÏÓÒÚ¸ Ì‡˜‡Î‡ ÍÓÓ‰ËÌ‡Ú ÓÚ

‰ÓÔÛÒÚËÏÓ„Ó ÏÌÓÊÂÒÚ‚‡. é‰ÌÓ‚ÂÏÂÌÌÓ Ò ̋ ÚËÏ  = –θ2 ||x0 ||2 < β, ̃ ÚÓ ÒÓı‡ÌflÎÓ ‰ÓÔÛÒÚËÏÓÂ ÏÌÓ-
ÊÂÒÚ‚Ó ÌÂÔÛÒÚ˚Ï.

Ç ÌÂÍÓÚÓÓÏ ÒÏ˚ÒÎÂ ‚ÍÎ˛˜ÂÌËÂ ˝ÚÓ„Ó ÌÂ‡‚ÂÌÒÚ‚‡ ·˚ÎÓ ÔÂÂÒÚ‡ıÓ‚ÍÓÈ, Ú‡Í Í‡Í ÔË ·ÓÎ¸-
¯Ëı m, ÒÛ˘ÂÒÚ‚ÂÌÌÓ ·ÓÎ¸¯Ëı n, ÒÂ‰Ë ÒÎÛ˜‡ÈÌÓ Ò„ÂÌÂËÓ‚‡ÌÌ˚ı ÔÎÓÒÍÓÒÚÂÈ ·˚ÎÓ ‰ÓÒÚ‡ÚÓ˜ÌÓ
ÏÌÓ„Ó (ÔÓfl‰Í‡ 30–50%) ÔÎÓÒÍÓÒÚÂÈ, ÛÊÂ ÓÚ‰ÂÎfl˛˘Ëı Ì‡˜‡ÎÓ ÍÓÓ‰ËÌ‡Ú ÓÚ ‰ÓÔÛÒÚËÏÓ„Ó ÏÌÓÊÂ-
ÒÚ‚‡. ÇÏÂÒÚÂ Ò ÚÂÏ ‚ ÓÔÚËÏ‡Î¸ÌÓÂ Â¯ÂÌËÂ ˝Ú‡ ÒÔÂˆË‡Î¸Ì‡fl ÔÎÓÒÍÓÒÚ¸, Í‡Í Ô‡‚ËÎÓ, ÌÂ ‚ıÓ‰ËÎ‡,
˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ ÌËÍ‡ÍËı ÓÒÓ·ÂÌÌÓÒÚÂÈ ÂÂ ÔËÒÛÚÒÚ‚ËÂ ‚ Ì‡·ÓÂ Ó„‡ÌË˜ÂÌËÈ ÌÂ
ÒÓÁ‰‡‚‡ÎÓ.

ÑÎfl Ó·ÎÂ„˜ÂÌËfl ‚ÓÁÏÓÊÌÓÒÚË ÔÓ‚Â‰ÂÌËfl Ò‡‚ÌËÚÂÎ¸Ì˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚ ÌËÊÂ ÔË‚Â‰ÂÌ
ÚÂÍÒÚ „ÂÌÂ‡ÚÓ‡ ‰‡ÌÌ˚ı (Ï‡ÚËˆ˚ Ä Ë Ô‡‚˚ı ˜‡ÒÚÂÈ ÒËÒÚÂÏ˚ ‚ÂÍÚÓ‡ b) Ì‡ flÁ˚ÍÂ Ï‡ÚË˜ÌÓ-
‚ÂÍÚÓÌÓ„Ó ‚˚˜ËÒÎËÚÂÎfl octave (ÒÏ. [7]). ùÚÓÚ ÊÂ „ÂÌÂ‡ÚÓ ÏÓÊÌÓ ·ÂÁ ËÁÏÂÌÂÌËÈ Á‡ÔÛÒÚËÚ¸ Ë ‚
ÒËÒÚÂÏÂ MATLAB:

function [ A b ] = genAb(kseed, n, m, r)
randn(‘seed’, kseed);
A       = zeros(m,  n); b       = zeros(m, 1);
v       = randn(n, 1);  v       = v/norm(v);
x0      = randn(n, 1);  sx2     = sumsq(x0);
sx      = norm(x0);
zp      = v - (v’*x0)*x0/sx2;   zp      = zp/norm(zp);
g       = r*sqrt(1-rˆ2)*norm(x0);
z       = g*zp - rˆ2*x0;
A(1, :) = z’;           b(1)    = -rˆ3*sumsq(x0)/2;
for i = 2:m
        z = randn(1, n); A(i, :) = z;
        b(i) = z*x0 + r*sx*norm(z);
endfor
endfunction
Ç ÒÔËÒÍÂ Ô‡‡ÏÂÚÓ‚ ÙÛÌÍˆËË genAb, ËÒÔÓÎ¸ÁÛÂÏ˚ı ÔË ‚˚ÁÓ‚Â, kseed – ËÌËˆË‡ÎËÁ‡ÚÓ ‰‡Ú-

˜ËÍ‡ ÒÎÛ˜‡ÈÌ˚ı ˜ËÒÂÎ (ˆÂÎÓÂ ˜ËÒÎÓ), n – ‡ÁÏÂÌÓÒÚ¸ ÔÓÒÚ‡ÌÒÚ‚‡ ÔÂÂÏÂÌÌ˚ı, m – ÍÓÎË˜ÂÒÚ‚Ó
ÌÂ‡‚ÂÌÒÚ‚, r – ÓÚÌÓÒËÚÂÎ¸Ì˚È ‡ÁÏÂ ÒÙÂ˚. èÓ Á‡‚Â¯ÂÌË˛ ‡·ÓÚ˚ ÙÛÌÍˆËfl ‚ÓÁ‚‡˘‡ÂÚ Ò„Â-
ÌÂËÓ‚‡ÌÌ˚Â Ï‡ÚËˆÛ ÒËÒÚÂÏ˚ Ó„‡ÌË˜ÂÌËÈ Ä Ë ‚ÂÍÚÓ Ô‡‚˚ı ˜‡ÒÚÂÈ b. ä‡Í ÔÓÍ‡Á‡ÎË ÔÓ·-
Ì˚Â Á‡ÔÛÒÍË, ˝ÚÓÚ ÚÂÒÚ ÔË Ó‰ËÌ‡ÍÓ‚˚ı ÁÌ‡˜ÂÌËflı kseed Ë‰ÂÌÚË˜Ì˚Ï Ó·‡ÁÓÏ ‚ÓÒÔÓËÁ‚Ó‰ËÚÒfl Ë
Ì‡ ÔÎ‡ÚÙÓÏ‡ı Windows, Linux, Ó‰Ì‡ÍÓ Ì‡ PowerPC „ÂÌÂËÛ˛ÚÒfl ÓÚÎË˜‡˛˘ËÂÒfl ‰‡ÌÌ˚Â.

a θ 1 θ2
–

ax
1
2
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0 1
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x
0 2

–

ax
0
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êÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·ÎËˆÂ, „‰Â ÔÓÍ‡Á‡Ì‡ ÔÓÂÍˆËfl Ì‡
ÒÎÛ˜‡ÈÌ˚È ÏÌÓ„Ó„‡ÌÌËÍ. á‰ÂÒ¸ n – ‡ÁÏÂÌÓÒÚ¸ ÔÓÒÚ‡ÌÒÚ‚‡ ÔÂÂÏÂÌÌ˚ı, m – ÍÓÎË˜ÂÒÚ‚Ó ÌÂ-
‡‚ÂÌÒÚ‚, min – ÏËÌËÏ‡Î¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ËÚÂ‡ˆËÈ ‚ ÒÂËË ÚÂÒÚÓ‚, max – Ï‡ÍÒËÏ‡Î¸ÌÓÂ, ave –
ÒÂ‰ÌÂÂ, std – ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÌÓÂ ÓÚÍÎÓÌÂÌËÂ ÍÓÎË˜ÂÒÚ‚‡ ËÚÂ‡ˆËÈ ÓÚ ÒÂ‰ÌÂ„Ó, ntest – ÍÓÎË˜Â-
ÒÚ‚Ó Â¯ÂÌÌ˚ı ÚÂÒÚÓ‚˚ı Á‡‰‡˜, fail – ÍÓÎË˜ÂÒÚ‚Ó Á‡‰‡˜, Â¯ËÚ¸ ÍÓÚÓ˚Â ÌÂ Û‰‡ÎÓÒ¸.

àÁ ÂÁÛÎ¸Ú‡ÚÓ‚ ˝ÍÒÔÂËÏÂÌÚÓ‚ ‚Ë‰ÌÓ, ˜ÚÓ ÏÂÚÓ‰ ÔÓÂÍˆËË ‡·ÓÚ‡Î ‰ÓÒÚ‡ÚÓ˜ÌÓ ÛÒÚÓÈ˜Ë‚Ó Ò
‚ÂÒ¸Ï‡ ÏÂ‰ÎÂÌÌÓ ‡ÒÚÛ˘ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ ËÚÂ‡ˆËÈ ÔË Û‚ÂÎË˜ÂÌËË Í‡Í ÍÓÎË˜ÂÒÚ‚‡ ÔÂÂÏÂÌÌ˚ı,
Ú‡Í Ë ÍÓÎË˜ÂÒÚ‚‡ Ó„‡ÌË˜ÂÌËÈ. èË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÒÚ‡Ì‰‡ÚÌÓ„Ó ÔÂÂÒ˜ÂÚ‡ ÓÔÂ‡ÚÓ‡ ÔÓÂÍˆËË
‚ ÏÓ‰ËÙËÍ‡ˆËË ÏÂÚÓ‰‡ [2], ÚÛ‰ÓÂÏÍÓÒÚ¸ ËÚÂ‡ˆËË ÒÓÒÚ‡‚ÎflÂÚ ‚ÂÎË˜ËÌÛ ÔÓfl‰Í‡ (O(n2)).

ç‡ ÙË„ÛÂ ÔÓÍ‡Á‡Ì˚ ‰ÂÚ‡ÎË ÒıÓ‰ËÏÓÒÚË ÔË Â¯ÂÌËË Á‡‰‡˜Ë (14): ÔÓÂÍˆËfl Ì‡ ‰ÓÔÛÒÚËÏÓÂ
ÏÌÓÊÂÒÚ‚Ó 1000 ÔÂÂÏÂÌÌ˚ı ‰Îfl 1500 Ë 2000 Ó„‡ÌË˜ÂÌËÈ. èÓÍ‡Á‡ÌÓ Û·˚‚‡ÌËÂ ÓÚÍÎÓÌÂÌËfl ÌÓ-
Ï˚ ‚ÂÍÚÓ‡ ÔÓÂÍˆËË ÓÚ ÏËÌËÏ‡Î¸ÌÓ„Ó ÁÌ‡˜ÂÌËfl ÔÓ ËÚÂ‡ˆËflÏ ‡Î„ÓËÚÏ‡. å‡Ò¯Ú‡· ÔÓ ÓÒË y ÎÓ-
„‡ËÙÏË˜ÂÒÍËÈ, ıÓÓ¯Ó ‚Ë‰Ì‡ “ÎÛ˜¯Â ˜ÂÏ ÎËÌÂÈÌ‡fl” ÒıÓ‰ËÏÓÒÚ¸ Ò ÛÒÍÓÂÌËÂÏ ‚ Ì‡˜‡ÎÂ Ë ÍÓÌˆÂ
ÔÓˆÂÒÒ‡. ÇË‰ÂÌ ÎËÌÂÈÌ˚È ı‡‡ÍÚÂ ÒıÓ‰ËÏÓÒÚË ‚ ÚÂ˜ÂÌËÂ ÓÒÌÓ‚ÌÓ„Ó ıÓ‰‡ ‚˚˜ËÒÎËÚÂÎ¸ÌÓ„Ó
ÔÓˆÂÒÒ‡ Ò ı‡‡ÍÚÂÌ˚Ï ÛÒÍÓÂÌËÂÏ ‚ Ì‡˜‡ÎÂ Ë ÍÓÌˆÂ ËÚÂ‡ˆËÈ. ÄÔÔÓÍÒËÏ‡ˆËfl ÎËÌÂÈÌÓ ÒıÓ‰fl-
˘ËÏËÒfl ÔÓˆÂÒÒ‡ÏË, Ú‡ÍÊÂ ÔÓÍ‡Á‡ÌÌ‡fl Ì‡ „‡ÙËÍÂ, ‰‡ÂÚ ÓˆÂÌÍÛ ÏÌÓÊËÚÂÎÂÈ „ÂÓÏÂÚË˜ÂÒÍÓÈ
ÔÓ„ÂÒÒËË: ‰Îfl ÒÎÛ˜‡fl 1500 Ó„‡ÌË˜ÂÌËÈ ÓÌ‡ ‡‚Ì‡ 0.9818, ‰Îfl ÒÎÛ˜‡fl 2000 Ó„‡ÌË˜ÂÌËÈ ‡‚Ì‡

í‡·ÎËˆ‡

n m min max ave std ntest fail

1000 1500 470 490 476.7143 7.0170 7 0

1000 1600 478 521 500.3000 14.5911 10 0

1000 1700 502 541 523.1000 11.3964 10 0

1000 1800 516 558 537.3000 14.8702 10 0

1000 1900 549 581 567.5556 11.7698 9 0

1000 2000 568 596 581.2857 10.7659 7 0

1500 1800 535 567 554.0000 12.9228 5 0

1500 1900 567 595 576.7500 12.7639 4 0

1500 2000 574 616 596.7500 17.6517 4 0

1500 2100 595 631 617.6667 19.7315 3 0
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çÛÏËÌÒÍËÈ

0.9868; ÛıÛ‰¯ÂÌËÂ ‚ÒÂ„Ó Ì‡ 0.5%, ˜ÚÓ ÏÓÊÌÓ ‚ Ó·˘ÂÏ-ÚÓ ÓÚÌÂÒÚË Ì‡ ÌÂÚÓ˜ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl Ò‡-
ÏÓ„Ó ÏÌÓÊËÚÂÎfl. óÚÓ Í‡Ò‡ÂÚÒfl Â„Ó ‚ÂÎË˜ËÌ˚, ÚÓ ‰Îfl Ú‡ÍËı ‡ÁÏÂÌÓÒÚÂÈ ÒÎÂ‰ÛÂÚ ÔËÁÌ‡Ú¸ Â„Ó
‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡Î˚Ï Ë Ò‡‚ÌËÏ˚Ï Ò ÚÂÓÂÚË˜ÂÒÍËÏË ÓˆÂÌÍ‡ÏË ÔÓÂÍÚË‚Ì˚ı ÏÂÚÓ‰Ó‚.

àÁ-Á‡ ·ÓÎ¸¯Ó„Ó Ó·˙ÂÏ‡ ËÒıÓ‰Ì˚ı ‰‡ÌÌ˚ı (25–35 å·) ÌÂ Û‰‡ÎÓÒ¸ ÔÓ‚ÂÒÚË Ò‡‚ÌËÚÂÎ¸Ì˚Â ̋ ÍÒ-
ÔÂËÏÂÌÚ˚ ÒÓ Ò‚Ó·Ó‰ÌÓ ‡ÒÔÓÒÚ‡ÌflÂÏ˚ÏË ‚ÂÒËflÏË ÓÔÚËÏËÁËÛ˛˘Ëı ÒÓÎ‚ÂÓ‚, Ú‡ÍËı Í‡Í
CPLEX [8], MINOS, ÔÓÏ˚¯ÎÂÌÌ‡fl ‚ÂÒËfl CPLEX (ILOG CPLEX 10.2), ËÒÔÓÎ¸ÁÛfl ÔÓÂÍÚË‚Ì˚È
ÏÂÚÓ‰, Â¯ËÎ‡ fl‰ ÔË‚Â‰ÂÌÌ˚ı ÚÂÒÚÓ‚ Á‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯ÂÂ ÍÓÎË˜ÂÒÚ‚Ó ËÚÂ‡ˆËÈ (10–15),
˜ÚÓ ÚËÔË˜ÌÓ ‰Îfl ÏÂÚÓ‰Ó‚ ÚËÔ‡ ‚ÌÛÚÂÌÌËı ÚÓ˜ÂÍ, Ó‰Ì‡ÍÓ ‚ ÒËÎÛ Á‡Í˚ÚÓ„Ó ı‡‡ÍÚÂ‡ Ô‡ÍÂÚ‡
ÓÔÂ‰ÂÎËÚ¸, Á‡ Ò˜ÂÚ ˜Â„Ó ËÏÂÌÌÓ ÔÓÎÛ˜ÂÌÓ Ú‡ÍÓÂ ÍÓÎË˜ÂÒÚ‚Ó ËÚÂ‡ˆËÈ ÌÂ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÁ-
ÏÓÊÌ˚Ï. í‡ÍÊÂ ÌÂÔ‡‚ÓÏÂÌÓ Ò‡‚ÌËÚ¸ Ó·˘Û˛ ‚˚˜ËÒÎËÚÂÎ¸ÌÛ˛ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ËÁ-Á‡ ‚ÂÒ¸Ï‡
‡ÁÎË˜ÌÓ„Ó ÛÓ‚Ìfl Â‡ÎËÁ‡ˆËÈ.

Ç Á‡ÍÎ˛˜ÂÌËÂ ‡‚ÚÓ ıÓÚÂÎ ·˚ ‚˚‡ÁËÚ¸ Ò‚Ó˛ ·Î‡„Ó‰‡ÌÓÒÚ¸ à.ã. Ç‡ÒËÎ¸Â‚Û (àÌÒÚËÚÛÚ ‰ËÌ‡-
ÏËÍË ÒËÒÚÂÏ Ë ÚÂÓËË ÛÔ‡‚ÎÂÌËfl ëé êÄç) Á‡ ÔÓ‚Â‰ÂÌÌ˚Â ‚˚˜ËÒÎËÚÂÎ¸Ì˚Â ˝ÍÒÔÂËÏÂÌÚ˚ ÔÓ
Â¯ÂÌË˛ Á‡‰‡˜Ë ÔÓÂÍˆËË Ò ÔÓÏÓ˘¸˛ CPLEX.
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