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1. ÇÔÂ‚˚Â Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Ë‰ÂÈ, ËÁÎÓÊÂÌÌ˚ı
‚ [1–6], ÔÂ‰ÎÓÊÂÌ Ë Ó·ÓÒÌÓ‚‡Ì ÔÓ‰ıÓ‰ Í ÔÓ‰‡‚ÎÂ-
ÌË˛ ËÏÔÛÎ¸ÒÌÓ„Ó ¯ÛÏ‡, ÔÓÁ‚ÓÎfl˛˘ËÈ ‚ÓÒÒÚ‡Ì‡‚-
ÎË‚‡Ú¸ ÍÓÌÚÛ˚ Ë ÏÂÎÍËÂ ‰ÂÚ‡ÎË ‚ ËÁÓ·‡ÊÂÌËflı.
ÑÛ„ËÂ ËÁ‚ÂÒÚÌ˚Â ‡Î„ÓËÚÏ˚, ËÒÔÓÎ¸ÁÛÂÏ˚Â ‰Îfl
Ò‡‚ÌÂÌËfl Ò ÔÂ‰ÎÓÊÂÌÌ˚Ï ÏÂÚÓ‰ÓÏ: ÙËÎ¸Ú˚
AMNF Ë AMNF2 [3], AMNF3 [5, 10], GVDF [6], „‰Â
Â‡ÎËÁÓ‚‡Ì‡ ÚÂıÌËÍ‡ Û„ÎÓ‚˚ı ‡ÒıÓÊ‰ÂÌËÈ ÏÌÓ-
„ÓÍ‡Ì‡Î¸Ì˚ı ÔËÍÒÂÎÂÈ, ‡ Ú‡ÍÊÂ ‡Î„ÓËÚÏ˚
WVDF1, WVDF2, LWVDF, CWVDF Ë SWVDF [7,
8], ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ „ÂÓ‰ÂÁË˜ÂÒÍËı Ú‡ÂÍÚÓËflı, Ë
ÙËÎ¸Ú˚, ÔÓÒÚÓÂÌÌ˚Â Ì‡ ÓÒÌÓ‚Â ÚÂÓËË ‚˚Ò¯Ëı
ÒÚ‡ÚËÒÚËÍ, PVMM [9], VMF SAR [10]. èÂ‰Î‡„‡Â-
Ï˚È ‚ ‡·ÓÚÂ ÔÓ‰ıÓ‰ ËÒÔÓÎ¸ÁÛÂÚ ÏÂÚÓ‰ Û„ÎÓ‚˚ı
‡ÒıÓÊ‰ÂÌËÈ ÔËÍÒÂÎÂÈ ‚ ÏÓ„ÓÍ‡Ì‡Î¸ÌÓÏ ËÁÓ·‡-
ÊÂÌËË ÒÓ‚ÏÂÒÚÌÓ Ò ÚÂÓËÂÈ ÌÂ˜ÂÚÍËı ÏÌÓÊÂÒÚ‚,
ÙÓÏËÛfl ÙËÌ‡Î¸ÌÓÂ ÔÓÙËÎ¸ÚÓ‚‡ÌÌÓÂ ËÁÓ·‡-
ÊÂÌËÂ.

2. ê‡Á‡·ÓÚ‡ÌÌ˚È ÏÂÚÓ‰ ÔÓÁ‚ÓÎflÂÚ ÓÔÂ‰ÂÎËÚ¸
Ì‡ÎË˜ËÂ ¯ÛÏ‡, ÍÓÌÚÛÓ‚ Ë ÏÂÎÍËı ‰ÂÚ‡ÎÂÈ ‚
ÒÍÓÎ¸Áfl˘ÂÏ ÓÍÌÂ ‚ ÔÓˆÂÒÒÂ Ó·‡·ÓÚÍË ËÁÓ·‡-
ÊÂÌËfl. é·‡·ÓÚÍ‡ Â‡ÎËÁÛÂÚÒfl ‚ ÒÍÓÎ¸Áfl˘ÂÏ ÓÍ-
ÌÂ 3

 

 × 

 

3, „‰Â ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‚ÓÒÂÏ¸ ÔËÍÒÂÎÂÈ, Ì‡˜Ë-
Ì‡fl Ò 

 

x

 

0

 

 Ë ÓÍ‡Ì˜Ë‚‡fl 

 

x

 

7

 

, ÒÓÒÂ‰ÌËı Í ̂ ÂÌÚ‡Î¸ÌÓÏÛ 

 

x

 

c

 

.
èËÍÒÂÎ¸ ˆ‚ÂÚÌÓ„Ó ËÁÓ·‡ÊÂÌËfl ‚ ÚÓ˜ÍÂ 

 

i

 

 Ú‡ÍÚÛ-
ÂÚÒfl Í‡Í ‚ÂÍÚÓ 

 

x

 

i

 

 Ò ÍÓÏÔÓÌÂÌÚ‡ÏË: Í‡ÒÌÓÈ (

 

R

 

),

ÁÂÎÂÌÓÈ (

 

G

 

) Ë ÒËÌÂÈ (

 

B

 

): 

 

x

 

i

 

 = ( , , ). ëÍÓÎ¸Áfl-
˘ÂÂ ÓÍÌÓ 3

 

 × 

 

3 Ì‡ıÓ‰ËÚÒfl ‚ÌÛÚË ·ÓÎ¸¯Â„Ó ÓÍÌ‡
‡ÁÏÂÓÏ 5

 

 × 

 

5, ÍÓÚÓÓÂ ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ÓÔÂ‰Â-
ÎÂÌËfl ‚ÂÎË˜ËÌ ‚ ‡ÁÎË˜Ì˚ı Ì‡Ô‡‚ÎÂÌËflı ÔÓ ÓÚ-
ÌÓ¯ÂÌË˛ Í ÒÓÒÂ‰ÌËÏ ÔËÍÒÂÎflÏ ‚ ÓÍÌÂ Ó·‡·ÓÚÍË
3

 

 × 

 

3. ÇÓÒÂÏ¸ ÔËÍÒÂÎÂÈ, ÒÓÒÂ‰ÌËı Í ˆÂÌÚ‡Î¸ÌÓÏÛ 

 

x

 

c

 

,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Ó‰ÌÓÏÛ ËÁ Ì‡Ô‡‚ÎÂÌËÈ: N – ÒÂ‚Â,
E

 

 

 

– ‚ÓÒÚÓÍ, S – ˛„, W – Á‡Ô‡‰, NW – ÒÂ‚ÂÓ-Á‡Ô‡‰,

xi
R xi

G xi
B

 

NE – ÒÂ‚ÂÓ-‚ÓÒÚÓÍ, SE – ˛„Ó-‚ÓÒÚÓÍ, SW – ˛„Ó-
Á‡Ô‡‰, Í‡Í ˝ÚÓ ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ.1. éÔÂ‰ÂÎËÏ „‡‰Ë-

ÂÌÚ˚ ‚ ‚Ë‰Â 

 

∇

 

 = 

 

|

 

 – 

 

|

 

, 

 

∇

 

 = 

 

|

 

 – 

 

|

 

, 

 

∇

 

 =

=

 

 |

 

 – 

 

|

 

, 

 

k

 

 = 0, 1, …, 

 

n

 

2

 

 – 2, Ë, ÔÂÂÓ·ÓÁÌ‡˜Ë‚ Ëı
Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ËÒ. 1, ÔÓÎÛ˜ËÏ

(1)

á‰ÂÒ¸ Í‡Ê‰‡fl ËÁ Ô‡ (

 

k

 

, 

 

l

 

) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ó‰ÌÓÏÛ ËÁ
‚ÓÒ¸ÏË Ì‡Ô‡‚ÎÂÌËÈ ‰Îfl ÔËÍÒÂÎfl ‚ ÚÓ˜ÍÂ (

 

i

 

, 

 

j

 

). ÇÓ-
ÒÂÏ¸ ÁÌ‡˜ÂÌËÈ „‡‰ËÂÌÚ‡, Ò‚flÁ‡ÌÌ˚ı Ò ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ËÏË Ì‡Ô‡‚ÎÂÌËflÏË, Ì‡Á˚‚‡˛ÚÒfl Ó Ò -
Ì Ó ‚ Ì ˚ Ï Ë  „  ‡ ‰ Ë Â Ì Ú Ì ˚ Ï Ë  Á Ì ‡ ˜ Â Ì Ë fl -
Ï Ë  (ËÒ. 1). óÚÓ·˚ ËÁ·ÂÊ‡Ú¸ ÒÏ‡Á˚‚‡ÌËfl
ÍÓÌÚÛÓ‚ Ë ÏÂÎÍËı ‰ÂÚ‡ÎÂÈ, ËÒÔÓÎ¸ÁÛÂÏ ˜ÂÚ˚Â
‚ÒÔÓÏÓ„‡ÚÂÎ¸Ì˚ı „‡‰ËÂÌÚ˚ı ‚ÂÎË˜ËÌ˚, ‡ÒÒ˜Ë-
Ú˚‚‡ÂÏ˚ı ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÓÒÌÓ‚ÌÓÏÛ „‡‰ËÂÌÚÛ.
êËÒÛÌÓÍ 1 Ó·˙flÒÌflÂÚ ÔÓˆÂ‰ÛÛ Ëı ‚˚˜ËÒÎÂÌËfl
‰Îfl Ì‡Ô‡‚ÎÂÌËfl SE. ÑÎfl ˝ÚÓ„Ó Ì‡Ô‡‚ÎÂÌËfl ÓÒ-

xk
R xc

R xk
R xk

G xc
G xk

G xk
B

xc
B xk

B

∇ xc
β i j,( ) xβ i k+ j l+,( ),[ ]  =

=  xc
β i j,( ) xβ i k+ j l+,( )– ∇ k l,( )

β x i j,( ),=

k l, 1– 0 +1, ,( ), β∈ R G B, ,( ).=
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àÌÒÚËÚÛÚ ‡‰ËÓÚÂıÌËÍË Ë ˝ÎÂÍÚÓÌËÍË
êÓÒÒËÈÒÍÓÈ ÄÍ‡‰ÂÏËË Ì‡ÛÍ, åÓÒÍ‚‡
ç‡ˆËÓÌ‡Î¸Ì˚È ÔÓÎËÚÂıÌË˜ÂÒÍËÈ ËÌÒÚËÚÛÚ
åÂÍÒËÍË, åÂıËÍÓ
ç‡Û˜ÌÓ-ÚÂıÌÓÎÓ„Ë˜ÂÒÍËÈ ˆÂÌÚ
ÛÌËÍ‡Î¸ÌÓ„Ó ÔË·ÓÓÒÚÓÂÌËfl 
êÓÒÒËÈÒÍÓÈ ÄÍ‡‰ÂÏËË Ì‡ÛÍ, åÓÒÍ‚‡
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ç‡Ô‡‚ÎÂÌËfl

‚ÒÔÓÏÓ„‡ÚÂÎ¸Ì˚Â

ÓÒÌÓ‚ÌÓÈ 

‚ÒÔÓÏÓ„‡ÚÂÎ¸Ì˚Â
‰Îfl SE(rel2) Ë SE(rel4)

‰Îfl SE

‰Îfl SE(rel1) Ë SE(rel3)

 

êËÒ. 1.

 

 éÒÌÓ‚ÌÓÂ Ë ‚ÒÔÓÏÓ„‡ÚÂÎ¸Ì˚Â Ì‡Ô‡‚ÎÂÌËfl ‰Îfl
„‡‰ËÂÌÚÓ‚ Ë ‚ÂÍÚÓÌ˚ı ‚ÂÎË˜ËÌ.
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ä‡‚˜ÂÌÍÓ 

 

Ë ‰

 

.

 

ÌÓ‚ÌÓÈ „‡‰ËÂÌÚ 

 

x

 

(

 

i

 

, 

 

j

 

) = , ‡ ˜ÂÚ˚Â ‚ÒÔÓ-
ÏÓ„‡ÚÂÎ¸Ì˚ı „‡‰ËÂÌÚ‡ Á‡ÔËÒ˚‚‡˛Òfl Ú‡Í:

 

x

 

(

 

i

 

 – 1, 

 

j

 

 + 1) = , (

 

i

 

 + 1, 

 

j

 

 – 1) =

=

 

 

 

, (

 

i

 

 – 1, 

 

j

 

 + 1) = , 

 

x

 

(

 

i

 

 + 1,

 

j

 

 – 1) = . Ç‚Ó‰fl ÒÛ·ËÌ‰ÂÍÒ 

 

γ

 

 = (

 

N

 

, E, S, W,
NW, NE, SE, SW), ÓÔÂ‰ÂÎËÏ „‡‰ËÂÌÚÌ˚Â ÁÌ‡˜Â-
ÌËfl ‰Îfl ÓÒÌÓ‚ÌÓ„Ó Ë ̃ ÂÚ˚Âı ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı Â„Ó
ÁÌ‡˜ÂÌËÈ ‚ ÒÎÛ˜‡Â ‰Û„Ëı Ì‡Ô‡‚ÎÂÌËÈ ‡Ì‡ÎÓ„Ë˜-
ÌÓ ÚÓÏÛ, Í‡Í ·˚ÎÓ Ò‰ÂÎ‡ÌÓ ‰Îfl Ì‡Ô‡‚ÎÂÌËfl SE.
Ç‚Â‰ÂÏ ‰‚‡ ÌÂ˜ÂÚÍËı ÏÌÓÊÂÒÚ‚‡: SMALL Ë BIG.
åÌÓÊÂÒÚ‚Ó SMALL ÓÔÂ‰ÂÎflÂÚ ÛÓ‚ÂÌ¸ ÙÛÌÍˆËË
ÔËÌ‡‰ÎÂÊÌÓÒÚË ‰Îfl „‡‰ËÂÌÚÌÓÈ ‚ÂÎË˜ËÌ˚ ‚ ÚÓÏ
ÒÎÛ˜‡Â, ÍÓ„‰‡ Ëı ‚ÂÎË˜ËÌ˚ ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡Î˚, ‡
ÙÛÌÍˆËfl ÔËÌ‡‰ÎÂÊÌÓÒÚË ÔËÌËÏ‡ÂÚ ·ÓÎ¸¯ÓÂ
ÁÌ‡˜ÂÌËÂ. í‡ÍËÏ Ó·‡ÁÓÏ, ÂÒÎË ÁÌ‡˜ÂÌËÂ ÙÛÌÍˆËË
ÔËÌ‡‰ÎÂÊÌÓÒÚË ·ÎËÁÍÓ Í Â‰ËÌËˆÂ, ÚÓ ˝ÚÓ „‡‡Ì-
ÚËÛÂÚ, ˜ÚÓ ÌÂÚ ÔÂÂÏÂ˘ÂÌËfl (no movement) Ë
(ËÎË) ÌÂÚ ¯ÛÏ‡ (no noise) ‚ ‚˚·ÓÍÂ, ÔÓ‰ÎÂÊ‡˘ÂÈ
Ó·‡·ÓÚÍÂ. Ç ‰Û„ÓÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ „‡‰ËÂÌÚÌ˚Â
‚ÂÎË˜ËÌ˚ ËÏÂ˛Ú ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â ‡ÁÎË˜Ëfl ÏÂÊ‰Û
ÍÓÏÔÓÌÂÌÚ‡ÏË, ˝ÚÓ ÓÔÂ‰ÂÎflÂÚ ·ÓÎ¸¯ËÂ ‚ÂÎË˜Ë-
Ì˚ ÙÛÌÍˆËË ÔËÌ‡‰ÎÂÊÌÓÒÚË ‚ ÌÂ˜ÂÚÍÓÏ ÏÌÓÊÂ-
ÒÚ‚Â BIG. É‡ÛÒÒÓ‚˚ ÙÛÌÍˆËË ÔËÌ‡‰ÎÂÊÌÓÒÚË, ËÒ-
ÔÓÎ¸ÁÛÂÏ˚Â ‰Îfl ˝ÚËı ÒÎÛ˜‡Â‚, Á‡ÔËÒ˚‚‡˛ÚÒfl Ú‡Í:

(2)

med

 

2

 

 = 10,  = 1000;

(3)

med

 

1

 

 = 60.

éÔÂ‰ÂÎËÏ Û„ÎÓ‚Û˛ ‰Â‚Ë‡ˆË˛ ÏÂÊ‰Û ÏÌÓ„Ó-

Í‡Ì‡Î¸Ì˚ÏË ‚ÂÍÚÓ‡ÏË 

 

x

 

1

 

 = ( , , ) Ë 

 

x

 

2

 

 = ( ,

, ) ‰Îfl Í‡Ê‰ÓÈ ÍÓÏÔÓÌÂÚ˚ (ˆ‚ÂÚ‡). ç‡ÔË-
ÏÂ, ‰Îfl 

 

R

 

-ÍÓÏÔÓÌÂÌÚ˚ ‚ Ì‡Ô‡‚ÎÂÌËË SE ÓÒÌÓ‚-
ÌÛ˛ Û„ÎÓ‚Û˛ ‰Â‚Ë‡ˆË˛ Ë ˜ÂÚ˚Â ÁÌ‡˜ÂÌËfl ‚ÒÔÓ-
ÏÓ„‡ÚÂÎ¸Ì˚ı Û„ÎÓ‚˚ı ‰Â‚Ë‡ˆËÈ Á‡ÔË¯ÂÏ Ú‡Í: 

∇ 1 1,( )
β ∇SE

β

∇ 0 2,( )
β ∇SE rel1( )

β ∇ 2 0,( )
β

∇SE rel2( )
β ∇ i j,( )

β ∇SE rel3( )
β ∇ i j,( )

β

∇SE rel4( )
β

µ ∇γ
βSMALL( )  =

=  

1, ÂÒÎË ∇γ
β med2,<

∇γ
β med2–( )2

2σ1
2

-------------------------------–
⎩ ⎭
⎨ ⎬
⎧ ⎫

 ‚ ‰Û„ÓÏ ÒÎÛ˜‡Â,exp
⎩
⎪
⎨
⎪
⎧

σ1
2

µ ∇γ
βBIG( )  =

=  

1, ÂÒÎË ∇γ
β med1,>

∇γ
β med1–( )2

2σ1
2

-------------------------------–
⎩ ⎭
⎨ ⎬
⎧ ⎫

 ‚ ‰Û„ÓÏ ÒÎÛ˜‡Â,exp
⎩
⎪
⎨
⎪
⎧

x1
R x1

G x1
B x2

R

x2
G x2

B

θ 1 1,( )
R x i j,( ) θSE

R , θ 0 2,( )
R x i 1– j 1+,( ) θSE rel1( )

R ,= =

θ 2 0,( )
R x i 1+ j 1–,( ) θSE rel2( )

R ,=

θ i j,( )
R x i 1– j 1+,( ) θSE rel3( )

R ,=

ç Â ˜ Â Ú Í Ë Â  Á Ì ‡ ˜ Â Ì Ë fl  Û „ Î Ó ‚ ˚ ı  ‰ Â ‚ Ë ‡ -
ˆ Ë È  ı‡‡ÍÚÂËÁÛ˛ÚÒfl „‡ÛÒÒÓ‚˚ÏË ÙÛÌÍˆËflÏË
ÔËÌ‡‰ÎÂÊÌÓÒÚË: 

(4)

med3 = 0.8,  = 0.8;

(5)

med4 = 0.1.
èÂ‰Î‡„‡ÂÏ˚Â ÌÂ˜ÂÚÍËÂ Ô‡‚ËÎ‡ ÓÒÌÓ‚‡Ì˚ Ì‡
„‡‰ËÂÌÚÌ˚ı ‚ÂÎË˜ËÌ‡ı Ë Û„ÎÓ‚˚ı ‰Â‚Ë‡ˆËflı Ë
ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‰Îfl ÚÓ„Ó, ˜ÚÓ·˚ ÓÔÂ‰ÂÎËÚ¸, fl‚Îfl-
ÂÚÒfl ÎË ˆÂÌÚ‡Î¸Ì˚È ÔËÍÒÂÎ¸ ¯ÛÏÓÏ (noise) Ë
(ËÎË) ÌÂÚ ¯ÛÏ‡, ËÎË ˝ÚÓ ÎÓÍ‡Î¸ÌÓÂ ÔÂÂÏÂ˘ÂÌËÂ
(movement).

ç Â ˜ Â Ú Í Ó Â  Ô  ‡ ‚ Ë Î Ó  1 ÓÔÂ‰ÂÎflÂÚ ÁÌ‡˜Â-
ÌËÂ ‰Îfl ÌÂ˜ÂÚÍÓÈ Û„ÎÓ‚ÓÈ Ë „‡‰ËÂÌÚÌÓÈ ‚ÂÎË˜Ë-

Ì˚ : 

IF (  is BIG AND  is SMALL AND  

is SMALL AND  is BIG AND  is BIG) 

AND (  is BIG AND  is SMALL AND  

is SMALL AND  is BIG AND  is BIG) 

THEN  is BIG.

ùÚÓ ÌÂ˜ÂÚÍÓÂ Ô‡‚ËÎÓ ÒÓ‰ÂÊËÚ ‰Â‚flÚ¸ ÍÓÌ˙˛Í-
ˆËÈ. éÔÂ‡ÚÓ˚, ËÒÔÓÎ¸ÁÛÂÏ˚Â ‚ ÌÂ˜ÂÚÍÓÈ ÍÓÌ˙-
˛ÍˆËË, ÓÔÂ‰ÂÎÂÌ˚ ‰Îfl ‰‚Ûı ÒÎÛ˜‡Â‚: 1) ‚ÌÂ ÒÍÓ-
·ÓÍ, ÓÔÂ‡ÚÓ AND ˝Í‚Ë‚‡ÎÂÌÚÂÌ min(A; B),
2) ‚ÌÛÚË ÒÍÓ·ÓÍ ÓÌ ÓÔÂ‰ÂÎÂÌ Í‡Í A AND B = A ¤ B.
îÛÌÍˆËfl ÔËÌ‡‰ÎÂÊÌÓÒÚË ‰Îfl ˆÂÌÚ‡Î¸ÌÓ„Ó ÔËÍÒÂ-

Îfl (i, j) ‚ ÌÂ˜ÂÚÍÓÏ ÏÌÓÊÂÒÚ‚Â BIG ‚ Ì‡Ô‡‚ÎÂ-

ÌËË γ ÓÔÂ‰ÂÎflÂÚÒfl Í‡Í  Ë ‚˚˜ËÒÎflÂÚÒfl
ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ: 

(6)

θ i j,( )
R x i 1+ j 1–,( ) θSE rel4( )

R .=

µ θγ
βSMALL( )  =

=  

1, ÂÒÎË θγ
β med3,<

θγ
β med3–( )2

2σ2
2

------------------------------–
⎩ ⎭
⎨ ⎬
⎧ ⎫

 ‚ ‰Û„ÓÏ ÒÎÛ˜‡Â,exp
⎩
⎪
⎨
⎪
⎧

σ2
2

µ θγ
βBIG( )  =

=  

1, ÂÒÎË θγ
β med4,>

θγ
β med4–( )2

2σ2
2

------------------------------–
⎩ ⎭
⎨ ⎬
⎧ ⎫

 ‚ ‰Û„ÓÏ ÒÎÛ˜‡Â,exp
⎩
⎪
⎨
⎪
⎧

∇γ
βFθγ

βF

∇γ
β ∇γ rel1( )

β ∇γ rel2( )
β

∇γ rel3( )
β ∇γ rel4( )

β

θγ
β θγ rel1( )

β θγ rel2( )
β

θγ rel3( )
β θγ rel4( )

β

∇γ
βFθγ

βF

xc
β

∇γ
βFθγ

βF

∇γ
βFθγ

βF min µ ∇γ
βBIG( ) µ ∇γ rel1( )

β SMALL( ) ·⋅(=

· µ ∇γ rel2( )
β SMALL( ) µ ∇γ rel3( )

β BIG( ) µ ∇γ rel4( )
β BIG( );⋅ ⋅

µ θγ
βBIG( ) µ θγ rel1( )

β SMALL( ) µ θγ rel2( )
β SMALL( ) ·⋅ ⋅
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åÌÓ„ÓÍ‡Ì‡Î¸Ì˚È ˆÂÌÚ‡Î¸Ì˚È ÔËÍÒÂÎ¸ Ò˜ËÚ‡ÂÚ-
Òfl ̄ ÛÏÓ‚˚Ï (noise) ËÎË ÔËÌ‡‰ÎÂÊËÚ Í ÌÂ˜ÂÚÍÓÏÛ
ÏÌÓÊÂÒÚ‚Û BIG ÚÓ„‰‡, ÍÓ„‰‡ ÓÒÌÓ‚Ì˚Â ‚ÂÎË˜ËÌ˚

µ( ) Ë µ( ) ·ÎËÁÍË Í Ëı ‚ÔÓÏÓ„‡ÚÂÎ¸Ì˚Ï ‚ÂÎË˜Ë-

Ì‡Ï (µ( ), µ( )), (µ( ), µ( )), ‡

Ú‡ÍÊÂ ÓÚÎË˜Ì˚ ÓÚ ‚ÂÎË˜ËÌ (µ( ), µ( )),

(µ( ), µ( )).

ç‡ÎË˜ËÂ ¯ÛÏ‡ ÓÔÂ‰ÂÎflÂÚÒfl Ò ÔÓÏÓ˘¸˛ ÒÎÂ-
‰Û˛˘Â„Ó ÌÂ˜ÂÚÍÓ„Ó Ô‡‚ËÎ‡. 

ç Â ˜ Â Ú Í Ó Â  Ô  ‡ ‚ Ë Î Ó  2 ÓÔÂ‰ÂÎflÂÚ ÁÌ‡˜Â-
ÌËÂ ‰Îfl ÌÂ˜ÂÚÍÓÈ ‚ÂÎË˜ËÌ˚ Ù‡ÍÚÓ‡ ¯ÛÏ‡ (noise)
‚ ‚Ë‰Â rβ:

IF  is BIG OR  is BIG OR 

is BIG OR  is BIG OR  is BIG OR 

 is BIG OR  is BIG OR 
is BIG THEN rβ is BIG.

ëÓ„Î‡ÒÌÓ ̋ ÚÓÏÛ Ô‡‚ËÎÛ ·ÓÎ¸¯ËÂ ÁÌ‡˜ÂÌËfl ÙÛÌÍ-
ˆËË ÔËÌ‡‰ÎÂÊÌÓÒÚË ‚ ÌÂ˜ÂÚÍÓÏ ÏÌÓÊÂÒÚ‚Â BIG
(noise) ÔÓÍ‡Á˚‚‡˛Ú ÔËÒÛÚÒÚ‚ËÂ ¯ÛÏ‡ ‚ ‚˚·Ó-
ÍÂ, ˜ÚÓ ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ ‡Î„ÓËÚÏÂ ‰Îfl Â„Ó ÔÓ‰‡‚-
ÎÂÌËfl, ÓÔÂ‰ÂÎflfl ÚËÔ ÙËÎ¸Ú‡ˆËË ‚ Á‡‚ËÒËÏÓ-
ÒÚË ÓÚ ÚÓ„Ó, fl‚ÎflÂÚÒfl ÎË ÔËÍÒÂÎ¸ ¯ÛÏÓ‚˚Ï ËÎË
˝ÚÓ ÎÓÍ‡Î¸ÌÓÂ ËÁÏÂÌÂÌËÂ ‚ ËÁÓ·‡ÊÂÌËË. çÂ-
˜ÂÚÍÓÂ Ô‡‚ËÎÓ 2 ÒÓ‰ÂÊËÚ ÒÂÏ¸ ‰ËÁ˙˛ÌÍˆËÈ, ‡
ÓÔÂ‡ÚÓ, ËÒÔÓÎ¸ÁÛÂÏ˚È ‰Îfl ‰ËÁ˙˛ÌÍˆËË, ÓÔÂ-
‰ÂÎÂÌ Ú‡Í: max(A; B). ìÓ‚ÂÌ¸ ¯ÛÏ‡ (noise) rβ ‰Îfl
ˆÂÌÚ‡Î¸ÌÓ„Ó ÔËÍÒÂÎfl ‚ Í‡Ê‰ÓÈ ÍÓÏÔÓÌÂÌÚÂ ˆ‚Â-
Ú‡ Á‡‰‡ÂÚÒfl ‚ ‚Ë‰Â

(7)

3. áÌ‡˜ÂÌËÂ ÙÛÌÍˆËË ÔËÌ‡‰ÎÂÊÌÓÒÚË ˆÂÌ-
Ú‡Î¸ÌÓ„Ó ÔËÍÒÂÎfl ÓÔÂ‰ÂÎflÂÚÒfl ‚ ÌÂ˜ÂÚÍÓÏ ÏÌÓ-
ÊÂÒÚ‚Â “¯ÛÏ” (noise). àÒÔÓÎ¸ÁÛÂÏ ÒÎÂ‰Û˘ÂÂ Ô‡‚Ë-
ÎÓ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl, fl‚ÎflÂÚÒfl ÎË ÔËÍÒÂÎ¸ ¯ÛÏÓ‚ÓÈ
ÍÓÏÔÓÌÂÌÚÓÈ ËÎË Ò‚Ó·Ó‰ÂÌ ÓÚ ¯ÛÏ‡ (noise-free):
Öëãà rβ ≥ 0.3, íéÉÑÄ Ù Ë Î ¸ Ú  ‡ ˆ Ë fl   Â ‡ -
Î Ë Á Û Â Ú Ò fl  Ì ‡  Ó Ò Ì Ó ‚ Â  Á Ì ‡ ˜ Â Ì Ë È  Ù Û Ì Í -
ˆ Ë Ë  Ô  Ë Ì ‡ ‰ Î Â Ê Ì Ó Ò Ú Ë, Ó Ô  Â ‰ Â Î fl Â Ï Ó È
‰ Î fl  Ì Â ˜ Â Ú Í Ó „ Ó  Ï Ì Ó Ê Â Ò Ú ‚ ‡  BIG. Ç
Ô  Ó Ú Ë ‚ Ì Ó Ï  Ò Î Û ˜ ‡ Â  Ù Ë Î ¸ Ú   Ó Ô  Â ‰ Â -
Î fl Â Ú Ò fl  Í ‡ Í  Ì Â Ë Á Ï Â Ì Â Ì Ì ˚ È  Ô Ë Í Ò Â Î ¸

 = .

· µ θγ rel3( )
β BIG( ) µ θγ rel4( )

β BIG( ) ).⋅

∇γ
β θγ

β

∇γ rel3( )
β ∇γ rel4( )

β θγ rel3( )
β θγ rel4( )

β

∇γ rel1( )
β ∇γ rel2( )

β

θγ rel1( )
β θγ rel2( )

β

∇N
βFθN

βF ∇S
βFθS

βF ∇E
βFθE

βF

∇W
βFθW

βF ∇SW
βF θSW

βF

∇NE
βF θNE

βF ∇NW
βF θNW

βF ∇SE
βFθSE

βF

rβ max ∇SE
βFθSE

βF max ∇NW
βF θNW

βF max ∇NE
βF θNE

βF ,(,(,(=

max ∇SW
βF θSW

βF( max ∇W
βFθW

βF( max ∇E
βFθE

βF,(, ,

max ∇N
βFθN

βF ∇S
βFθS

βF,( ) ) ) ) ) ) ).

youtput
β xc

β

èÓÓ„Ó‚ÓÂ ÁÌ‡˜ÂÌËÂ 0.3 ÓÔÂ‰ÂÎÂÌÓ Ì‡ ÓÒÌÓ‚Â
ÓÔÚËÏ‡Î¸Ì˚ı ÁÌ‡˜ÂÌËÈ ÍËÚÂËÂ‚ ÔË ÏÓ‰ÂÎËÓ-
‚‡ÌËË Ó·‡·ÓÚÍË ÔÓ ÔË‚Â‰ÂÌÌÓÏÛ ‡Î„ÓËÚÏÛ. 

í‡Í Í‡Í ÁÌ‡˜ÂÌËfl ÙÛÌÍˆËË ÔËÌ‡‰ÎÂÊÌÓÒÚË Á‡-
‰‡˛Ú ‚ÂÒ‡ ‰Îfl Í‡Ê‰ÓÈ ÍÓÏÔÓÌÂÌÚ˚, ÚÓ ËÒÔÓÎ¸ÁÛÂÏ
ÓÔÂ‡ÚÓ ÓÚËˆ‡ÌËfl. éÌ ‰Îfl ÙÛÌÍˆËË ÔËÌ‡‰ÎÂÊ-
ÌÓÒÚË ‚ ÌÂ˜ÂÚÍÓÏ ÏÌÓÊÂÒÚ‚Â NO BIG (noise-free) Á‡-

ÔËÒ˚‚‡ÂÚÒfl Ú‡Í:  = 1 – . ÇÂÒ ‰Îfl ˆÂÌ-

Ú‡Î¸ÌÓ„Ó ÔËÍÒÂÎfl ·˚Î ‚˚·‡Ì ‚ ‚Ë‰Â  =

= 3 . áÌ‡˜ÂÌËfl ÍÓÏÔÓÌÂÌÚ ‰Îfl ‚˚·ÓÍË ‚ ÓÍ-

ÌÂ 3 × 3  = ( , , , , , , , , )
ÔÂ‰ÒÚ‡‚Îfl˛ÚÒfl ‚ ‚ÓÁ‡ÒÚ‡˛˘ÂÏ ÔÓfl‰ÍÂ, ÓÔÂ‰Â-
Îflfl ÛÔÓfl‰Ó˜ÂÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‚ÂÒÓ‚ ÌÂ˜ÂÚ-
ÍÓÈ ÎÓ„ËÍË:

(8)

èÓˆÂ‰Û‡ ÙËÎ¸Ú‡ˆËË Â‡ÎËÁÛÂÚÒfl ‚˚·ÓÓÏ Ó‰-
ÌÓÈ ËÁ ÒÓÒÂ‰ÌËı ÍÓÏÔÓÌÂÌÚ Ò Ì‡ËÏÂÌ¸¯ÂÈ ‚ÂÓflÚ-
ÌÓÒÚ¸˛ ·˚Ú¸ ËÒÍ‡ÊÂÌÌÓÈ ¯ÛÏÓÏ. èÂ‰ÎÓÊÂÌÓ
Â‡ÎËÁÓ‚‡Ú¸ ÙËÎ¸Ú‡ˆË˛, ËÒÔÓÎ¸ÁÛfl ÌÂ ÚÓÎ¸ÍÓ
‚ÂÒ‡ ÌÂ˜ÂÚÍÓÈ ÎÓ„ËÍË, ÌÓ Ú‡ÍÊÂ Ëı ÛÔÓfl‰Ó˜ÂÌËÂ,
Í‡Í ÔÓÍ‡Á‡ÌÓ ‚ (8). ùÚÓ ÔÓÁ‚ÓÎflÂÚ ÓÚ·ÓÒËÚ¸ ÚÂ ÍÓÏ-
ÔÓÌÂÚ˚, ÍÓÚÓ˚Â Ì‡ıÓ‰flÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ‰‡ÎÂÍÓ ÔÓ
ÓÚÌÓ¯ÂÌË˛ Í ˆÂÌÚ‡Î¸ÌÓÏÛ ÔËÍÒÂÎ˛. èÓÒÎÂ‰ÌÂÂ

Â‡ÎËÁÛÂÚÒfl ‚‚Â‰ÂÌËÂÏ ÔÂÂÏÂÌÌÓÈ sumβ = , „‰Â
j ÛÏÂÌ¸¯‡ÂÚÒfl ÓÚ 9 ‰Ó 1, ÔË˜ÂÏ ÛÏÂÌ¸¯ÂÌËÂ j fl‚-
ÎflÂÚÒfl ÍÓÂÍÚÌ˚Ï ‰Ó ÚÂı ÔÓ, ÔÓÍ‡ sumβ >

> . éÔÂ‰ÂÎËÏ ÔÂÂÏÂÌÌÛ˛ sumβ =

= , „‰Â j ÏÂÌflÂÚÒfl ÓÚ 9 ‰Ó 3 ‰Ó ÚÂı ÔÓ, ÔÓÍ‡
Û‰Ó‚ÎÂÚ‚ÓflÂÚÒfl ˝ÚÓ ÛÒÎÓ‚ËÂ. ç‡ıÓ‰ËÏ ‚˚ıÓ‰ÌÓÂ
ÁÌ‡˜ÂÌËÂ ÙËÎ¸Ú‡ Í‡Í jth – ÛÔÓfl‰Ó˜ÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ
‰Îfl ˜ËÒÎ‡ j, Û‰Ó‚ÎÂÚ‚Ófl˛˘Â„Ó ÌÂ‡‚ÂÌÒÚ‚Û sum'β >

> . ÖÒÎË ÛÒÎÓ‚ËÂ ‰Îfl j ≤ 2 ÌÂ ‚˚-

ÔÓÎÌflÂÚÒfl, ÚÓ ‚˚·Ë‡ÂÚÒfl ‰Îfl jth ÛÔÓfl‰Ó˜ÂÌÌÓÂ

ÁÌ‡˜ÂÌËÂ Í‡Í ‚˚ıÓ‰ÌÓÂ:  = .

4. ë‚ÓÈÒÚ‚‡ ÔÂ‰ÎÓÊÂÌÌÓ„Ó ÙËÎ¸Ú‡ Ë ËÁ‚ÂÒÚ-
Ì˚ı ‚ ÎËÚÂ‡ÚÛÂ ‡Î„ÓËÚÏÓ‚ ·˚ÎË ËÒÒÎÂ‰Ó‚‡Ì˚
Ì‡ ÓÒÌÓ‚Â ÒÚ‡Ì‰‡ÚÌ˚ı ÍËÚÂËÂ‚: Ô Ë Í Ó ‚ Ó Â
Ó Ú Ì Ó ¯ Â Ì Ë Â  Ò Ë „ Ì ‡ Î/¯ Û Ï  ‚  ‰ Â ˆ Ë · Â Î -
Î ‡ ı  (PSNR) [4–6], Ò  Â ‰ Ì fl fl  ‡ · Ò Ó Î ˛ Ú Ì ‡ fl
Ó ¯ Ë · Í ‡  (MAE) [7] Ë Ì Ó  Ï ‡ Î Ë Á Ó ‚ ‡ Ì Ì ‡ fl
ı  Ó Ï ‡ Ú Ë ˜ Â Ò Í ‡ fl   ‡ Á Ì Ó Ò Ú ¸  (NCD) [10, 11].
ñ‚ÂÚÌ˚Â ÚÂÒÚÓ‚˚Â ËÁÓ·‡ÊÂÌËfl (Lena, Baboon,
Peppers, Parrots and Goldhill) 320 × 320 ÔËÍÒÂÎÂÈ

ξγ
βF ∇γ

βFθγ
βF

ξc
βF

1 rβ–

xγ
β xSW

β xS
β xSE

β xW
β xc

β xE
β xNW

β xN
β xNE

β

xγ
β 1( ) xγ

β 2( ) xγ
β 3( ) xγ

β 4( ) xγ
β 5( ) xγ

β 6( ) xγ
β 7( ) ≤≤ ≤ ≤ ≤ ≤ ≤

≤ xγ
β 8( ) xγ

β 9( )≤ ξγ
β 1( )⇒ ξγ

β 2( ) ξγ
β 3( ) ξγ

β 4( ) ≤≤ ≤ ≤

≤ ξγ
β 5( ) ξγ

β 6( ) ξγ
β 7( ) ξγ

β 8( ) ξγ
β 9( ).≤ ≤ ≤ ≤

ξγ
β j( )

ξγ
βF 3 1 rβ–+

γ
∑

2
------------------------------------------

ξγ
β j( )

ξγ
βF 3 1 rβ–+

γ
∑

2
------------------------------------------

youtput
β xγ

β j( )
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ä‡‚˜ÂÌÍÓ Ë ‰.

(RGB-ÔÓÒÚ‡ÌÒÚ‚Ó, 24 ·ËÚ) ·˚ÎË ËÒÍ‡ÊÂÌ˚ ËÏ-
ÔÛÎ¸ÒÌ˚Ï ¯ÛÏÓÏ ‡ÁÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË ÌÂÁ‡‚ËÒË-
ÏÓ ‚ Í‡Ê‰ÓÏ Í‡Ì‡ÎÂ ËÁÓ·‡ÊÂÌËfl. ëÂ‰Ë ‰Û„Ëı
‡Î„ÓËÚÏÓ‚, ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ‚ ‡·ÓÚÂ, ÒÎÂ‰Û˛˘ËÂ:

ABST_ Ë Wilc_ [3], MAMNFE, AMNF, AMNF2 [3],
AMNF3 [4, 11], AVMF [10], SAP- Ë FRWA- [12],
BVDF- Ë GVDF-ÙËÎ¸Ú˚ [3], ‡Î„ÓËÚÏ INR [2],
ÙËÎ¸Ú˚ WVDF1, WVDF2, LWVDF, CWVDF Ë

í‡·ÎËˆ‡ 1.  NCD ‚ÂÎË˜ËÌ˚ ‰Îfl ˆ‚ÂÚÌÓ„Ó ËÁÓ·‡ÊÂÌËfl “ãÂÌ‡” (¯ÛÏ 0–50%)

îËÎ¸Ú 0 5 10 15 20 25 30 40 50

ABST_CMS 0.0195 0.203 0.213 0.0226 0.024 0.0258 0.0283 0.0359 0.0465

AMNF2 0.019 0.0199 0.0207 0.0217 0.0228 0.0244 0.0264 0.0338 0.0453

AMNF3 0.0188 0.0195 0.0203 0.0212 0.0222 0.0234 0.0252 0.0316 0.0418

VMF 0.0154 0.0162 0.0171 0.0185 0.02 0.0221 0.0252 0.0348 0.0485

FDCF 0.0017 0.0037 0.0059 0.0084 0.0115 0.0158 0.0206 0.0352 0.0537

INR 0.0164 0.0166 0.0171 0.0176 0.0184 0.0197 0.0214 0.0281 0.0405

LWVDF 0.017 0.0187 0.0208 0.0234 0.0265 0.0307 0.0362 0.0524 0.0744

MMKNN_CMS 0.0159 0.0168 0.0178 0.0191 0.0206 0.0225 0.0251 0.0333 0.0452

VMF_SAR 0.001 0.0044 0.0085 0.0134 0.0178 0.0228 0.0278 0.0415 0.0585

Wilc_CMS 0.0073 0.0096 0.0128 0.0166 0.0207 0.0255 0.0302 0.0434 0.0592

WVDF1 0.0137 0.0156 0.0181 0.0213 0.025 0.0302 0.0367 0.0544 0.0766

í‡·ÎËˆ‡ 2.  êÂÁÛÎ¸Ú‡Ú˚ ÍËÚÂËfl PSNR ‰Îfl ˆ‚ÂÚÌÓ„Ó ËÁÓ·‡ÊÂÌËfl “Baboon” (¯ÛÏ 0–50%)

îËÎ¸Ú 0 3 5 10 15 20 30 40 50

AMNF3 23.84 23–75 23.65 2357 23.44 23.41 23.34 23.15 21.35

FDCF 29.24 28.31 27.41 27.16 26.82 25.32 23.25 18.83 15.75

INR 27.32 26.93 26.64 26.51 26.47 25.83 24.82 22.83 19.85

VMF_SAR 30.12 28.32 27.32 26.41 24.84 23.34 22.45 18.65 17.74

(a) (·) (‚)

(„) (‰) (Â)

Original Corrupted FTSCF

AMNF3 VMF_SAR INR

êËÒ. 2. ì‚ÂÎË˜ÂÌÌÓÂ ËÁÓ·‡ÊÂÌËÂ “ãÂÌ‡” ‚ ÒÎÛ˜‡Â ËÒÍ‡ÊÂÌËfl ËÏÔÛÎ¸ÒÌ˚Ï ¯ÛÏÓÏ Ò ËÌÚÂÌÒË‚ÌÓÒÚ¸˛ 15%.
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SWVDF [7], MMKNN-ÙËÎ¸Ú˚ [4, 5, 10], ‡Î„ÓËÚÏ
PVMM [8] Ë ÙËÎ¸Ú VMF SAR [12]. í‡·ÎËˆ‡ 1 ÔÓÍ‡-
Á˚‚‡ÂÚ ÂÁÛÎ¸Ú‡Ú˚ ÚÂÒÚËÓ‚‡ÌËfl ÎÛ˜¯Ëı ÒÂ‰Ë
ÔË‚Â‰ÂÌÌ˚ı ‚˚¯Â ÙËÎ¸ÚÓ‚ Ë ÔÓ‰Ú‚ÂÊ‰‡ÂÚ,
˜ÚÓ ÌÓ‚˚È ‡Î„ÓËÚÏ fl‚ÎflÂÚÒfl Ë‡ËÎÛ˜¯ËÏ ‚ ÛÒÎÓ-
‚Ëflı Ï‡Î˚ı Ë ÒÂ‰ÌËı ÔÓ ËÌÚÂÌÒË‚ÌÓÒÚË ¯ÛÏÓ‚
(ÓÚ 0 ‰Ó 30%). í‡·ÎËˆ‡ 2 ËÎÎ˛ÒÚËÛÂÚ ÁÌ‡˜ÂÌËfl
ÍËÚÂËfl PSNR ‰Îfl ÚÂÒÚÓ‚Ó„Ó ËÁÓ·‡ÊÂÌËfl “Ba-
boon”. èÂ‰ÎÓÊÂÌÌ˚È ‡Î„ÓËÚÏ FDCF ‡·ÓÚ‡ÂÚ
˝ÙÙÂÍÚË‚ÌÓ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò PSNR-ÍËÚÂËÂÏ ‚
‰Ë‡Ô‡ÁÓÌÂ ËÌÚÂÌÒË‚ÌÓÒÚÂÈ ¯ÛÏ‡ ÓÚ 3 ‰Ó 15%.
äËÚÂËÈ MAE ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÌÓ‚˚È ÙËÎ¸Ú
fl‚ÎflÂÚÒfl Ì‡ËÎÛ˜¯ËÏ ‚ ‰Ë‡Ô‡ÁÓÌÂ ÓÚ 7 ‰Ó 35% ËÌ-
ÚÂÌÒË‚ÌÓÒÚË ¯ÛÏ‡. ç‡ ËÒ. 2 ÔË‚Â‰ÂÌÓ Û‚ÂÎË˜ÂÌ-
ÌÓÂ ËÁÓ·‡ÊÂÌËÂ “ãÂÌ‡”, ÔÓÍ‡Á˚‚‡˛˘ÂÂ ÎÛ˜¯ÂÂ
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÍÓÌÚÛÓ‚ Ë ÏÂÎÍËı ‰ÂÚ‡ÎÂÈ ‚
Ò‡‚ÌÂÌËË Ò ËÁ‚ÂÒÚÌ˚ÏË ÙËÎ¸Ú‡ÏË. 

5. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÂ‰ÎÓÊÂÌÌ˚È ÔÓ‰ıÓ‰, Â‡-
ÎËÁÓ‚‡ÌÌ˚È ‚ ÌÓ‚ÓÏ ÙËÎ¸ÚÂ FDCF, ËÒÔÓÎ¸ÁÛ˛-
˘ËÈ ÒÓ‚ÏÂÒÚÌÓ Ó·‡·ÓÚÍÛ Ì‡ ÓÒÌÓ‚Â Û„ÎÓ‚ÓÈ ËÌ-
ÙÓÏ‡ˆËË Ë ÚÂÓË˛ ÌÂ˜ÂÚÍËı ÏÌÓÊÂÒÚ‚, ÔÓÍ‡Á‡Î
ıÓÓ¯ËÂ Í‡˜ÂÒÚ‚‡ ‚ ÔÓ‰‡‚ÎÂÌËË ËÏÔÛÎ¸ÒÌ˚ı ¯Û-
ÏÓ‚, ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË ÍÓÌÚÛÓ‚ Ë ‰ÂÚ‡ÎÂÈ, ‡ Ú‡ÍÊÂ
ıÓÏ‡ÚË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ Í‡Í ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË
Ò Ó·˘ÂÔËÌflÚ˚ÏË ÍËÚÂËflÏË PSNR, MAE Ë
NCD, Ú‡Í Ë ÔË ‚ËÁÛÎ¸ÌÓÏ ‡Ì‡ÎËÁÂ ÔÓÙËÎ¸ÚÓ-
‚‡ÌÌ˚ı ËÁÓ·‡ÊÂÌËÈ.
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