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ÄÔÔÓÍÒËÏ‡ˆËfl Â‡Î¸ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ÙË-
ÁË˜ÂÒÍËı ÌÂÓ‰ÌÓÓ‰ÌÓÒÚÂÈ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ÒÂ‰˚
Ì‡·ÓÓÏ ÚÂÎ Ô‡‚ËÎ¸ÌÓÈ „ÂÓÏÂÚË˜ÂÒÍÓÈ ÙÓÏ˚
fl‚ÎflÂÚÒfl ÌÂÓ·ıÓ‰ËÏ˚Ï ˝Ú‡ÔÓÏ ÔË ‡Ì‡ÎËÚË˜ÂÒ-
ÍÓÏ Â¯ÂÌËË ÔflÏÓÈ Á‡‰‡˜Ë „‡‚Ë‡Á‚Â‰ÍË [1, 2, 8].
é‰Ì‡ ËÁ ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛÂÏ˚ı ‡ÔÔÓÍÒËÏ‡ˆËÓÌ-
Ì˚ı ÒÚ‡ÚÂ„ËÈ ·‡ÁËÛÂÚÒfl Ì‡ ÔÎÓÚÌÓÏ Á‡ÔÓÎÌÂÌËË
ÏÓ‰ÂÎËÛÂÏ˚ı „ÂÓÎÓ„Ë˜ÂÒÍËı ÚÂÎ ÔflÏÓÛ„ÓÎ¸Ì˚ÏË
ÔËÁÏ‡ÏË, ÍÓÚÓ˚Â ÒÓÔËÍ‡Ò‡˛ÚÒfl ·ÓÍÓ‚˚ÏË „‡-
ÌflÏË, ÌÓ ÌÂ ÔÂÂÒÂÍ‡˛ÚÒfl ‰Û„ Ò ‰Û„ÓÏ. Ç ‡ÏÍ‡ı
‰‡ÌÌÓÈ ÒÚ‡ÚÂ„ËË Ò‡‚ÌËÚÂÎ¸ÌÓ ÎÂ„ÍÓ ‚˚ÔÓÎÌflÂÚÒfl
„ÂÓÏÂÚËÁ‡ˆËfl ‚ÂÒ¸Ï‡ ÒÎÓÊÌ˚ı ÚËÔÓ‚ ÔËÓ‰Ì˚ı
‡ÒÔÂ‰ÂÎÂÌËÈ Ï‡ÒÒ [2, 5]. èË ÌÂÍÓÚÓÓÏ Û‰‡ÎÂ-
ÌËË ÚÓ˜ÍË ‡Ò˜ÂÚ‡ ÔÓÎfl ÓÚ ÔËÁÏ˚ ‰ÓÔÛÒÍ‡ÂÚÒfl
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔË·ÎËÊÂÌÌ˚ı ‚˚‡ÊÂÌËÈ ‰Îfl
ÓÔÂ‰ÂÎÂÌËfl ‡ÌÓÏ‡Î¸ÌÓ„Ó ̋ ÙÙÂÍÚ‡. ùÚÓ ÔÓÁ‚ÓÎfl-
ÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÛÒÍÓËÚ¸ ÔÓˆÂÒÒ ‚˚˜ËÒÎÂÌËÈ,
Ô‡ÍÚË˜ÂÒÍË ÌÂ ÛıÛ‰¯‡fl ÚÓ˜ÌÓÒÚ¸ Â¯ÂÌËfl Ôfl-
ÏÓÈ Á‡‰‡˜Ë [6]. é‰Ì‡ÍÓ ÔÓÎÌÓÒÚ¸˛ ËÁ·ÂÊ‡Ú¸ Ó„‡-
ÌË˜ÂÌËÈ, Ò‚flÁ‡ÌÌ˚ı Ò ‡ÁÏÂÌÓÒÚ¸˛ Â¯‡ÂÏ˚ı
Á‡‰‡˜ ÔË ÏÓ‰ÂÎËÓ‚‡ÌËË ÒÎÓÊÌ˚ı „ÂÓÎÓ„Ë˜ÂÒ-
ÍËı ÒÂ‰, ÔÓÍ‡ ÌÂ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌ˚Ï.

èË Â¯ÂÌËË ÔflÏ˚ı Á‡‰‡˜ ·ÓÎ¸¯ÓÈ ‡ÁÏÂÌÓ-
ÒÚË Í‡ÈÌÂ ‚‡ÊÌÓ ÓÔÚËÏËÁËÓ‚‡Ú¸ ÍÓÎË˜ÂÒÚ‚Ó ‡Ô-
ÔÓÍÒËÏËÛ˛˘Ëı ÔflÏÓÛ„ÓÎ¸Ì˚ı ÔËÁÏ ÔË ÒÓı‡-
ÌÂÌËË ÚÂ·ÛÂÏÓÈ ÚÓ˜ÌÓÒÚË 

 

ε

 

 ÓÔËÒ‡ÌËfl „ÂÓÎÓ„Ë˜ÂÒ-
ÍËı „‡ÌËˆ. Ú.Â. ‰Ó·ËÚ¸Òfl ‚˚ÔÓÎÌÂÌËfl ÛÒÎÓ‚Ëfl [1]:
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), Ì‡Á˚‚‡ÂÏÓÂ
Ú‡ÍÊÂ ‡Î„ÓËÚÏÓÏ å‡ÎÎ‡ (
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) [4]. 
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 Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ ‰Îfl ÒÓ-
Á‰‡ÌËfl „Û·Ó„Ó Ó·‡Á‡ ÒË„Ì‡Î‡ 
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x

 

) ÒÎÛÊËÚ ÒÍÂÈ-
ÎËÌ„-ÙÛÌÍˆËfl
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k

 

 – ˆÂÎ˚Â ˜ËÒÎ‡, ‡ ÛÚÓ˜ÌÂÌËÂ ˝ÚÓ„Ó Ó·‡Á‡
ÔÓËÒıÓ‰ËÚ Ò ÔÓÏÓ˘¸˛ ‚ÂÈ‚ÎÂÚ-ÙÛÌÍˆËË: 
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) ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ-
·ÓÈ ÓÚÓÌÓÏËÓ‚‡ÌÌ˚Â Ï‡Ò¯Ú‡·ËÛÂÏ˚Â ÙÛÌÍˆËË
Ò ÍÓÏÔ‡ÍÚÌ˚Ï ÌÓÒËÚÂÎÂÏ (‚ÒÔÎÂÒÍË), ÔÂÂÏÂ˘‡Â-
Ï˚Â ÔÓ ÓÒË 

 

x

 

 Ë ÎÂ„ÍÓ ‡‰‡ÔÚËÛ˛˘ËÂÒfl Í ÎÓÍ‡Î¸Ì˚Ï
ÓÒÓ·ÂÌÌÓÒÚflÏ ÒË„Ì‡Î‡. êÂÍÛÒË‚ÌÓÂ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ
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‚ 2 ‡Á‡ ÔË ÔÂÂıÓ‰Â ÓÚ Ó‰ÌÓ„Ó ÛÓ‚Ìfl (Ï‡Ò¯Ú‡-
·‡) 
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 …,
˝ÎÂÏÂÌÚ‡ÏË ÍÓÚÓ˚ı fl‚Îfl˛ÚÒfl ÓÚÓ„ÓÌ‡Î¸Ì˚Â
ÙÛÌÍˆËË 
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Ì˚È ÛÓ‚ÂÌ¸ ‡ÁÎÓÊÂÌËfl ÒË„Ì‡Î‡. ÄÔÔÓÍÒËÏËÛ-
˛˘ËÂ ‚ÂÈ‚ÎÂÚ-ÍÓ˝ÙÙËˆËÂÌÚ˚ ÓÔÂ‰ÂÎfl˛ÚÒfl ÔÓ
ËÚÂ‡ˆËÓÌÌÓÈ ÙÓÏÛÎÂ
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ÔË ˝ÚÓÏ ‚Òfl ËÌÙÓÏ‡ˆËfl Ó ÒË„Ì‡ÎÂ 

 

f

 

(

 

x

 

) ÒÓı‡ÌflÂÚ-

Òfl ‚ Ì‡·ÓÂ ÍÓ˝ÙÙËˆËÂÌÚÓ‚  Ë  (ËÒ. 1). 

ÑÎfl ÔË·ÎËÊÂÌÌÓ„Ó ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÒË„Ì‡Î‡
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 ·Û‰ÂÚ ÓÔÂ‰ÂÎflÚ¸Òfl ‚˚‡ÊÂ-
ÌËÂÏ

ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‚ÂÈ‚ÎÂÚ-ÍÓ˝ÙÙËˆËÂÌÚ˚ ÒÛ˘Â-
ÒÚ‚ÂÌÌÓ ÓÚÎË˜‡˛ÚÒfl ÓÚ ÌÛÎfl ÚÓÎ¸ÍÓ ‚·ÎËÁË ÒËÌ„Û-
ÎflÌÓÒÚÂÈ 

 

f

 

(

 

x

 

), Ú.Â. ‚ÂÈ‚ÎÂÚ-fl‰˚ (2) Ó·˚˜Ì˚ı
ÙÛÌÍˆËÈ ‰ÓÔÛÒÍ‡˛Ú ÒËÎ¸ÌÓÂ “‡ÁÂÊÂÌËÂ”. èÓ
˝ÚÓÈ ÔË˜ËÌÂ Ó·‡·ÓÚÍ‡ ÒË„Ì‡Î‡ Ò ÔÓÏÓ˘¸˛ 

 

FWT

 

ÔÓÁ‚ÓÎflÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÒÊ‡Ú¸ Ó·˙ÂÏ ËÌÙÓÏ‡-
ˆËË, ÓÚ·ÓÒËÚ¸ ÏÂÎÍËÂ ‰ÂÚ‡ÎË Ë ‚˚‰ÂÎËÚ¸ Â„Ó Ì‡-
Ë·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â ÓÒÓ·ÂÌÌÓÒÚË [3]. 

Ç Í‡˜ÂÒÚ‚Â ·‡ÁËÒÌ˚ı ÙÛÌÍˆËÈ ·Û‰ÂÏ ‡ÒÒÏ‡Ú-
Ë‚‡Ú¸ ÙÛÌÍˆËË ï‡‡‡ 

„‰Â θ(x) – ÙÛÌÍˆËfl ïÂ‚ËÒ‡È‰‡ (θ(x) = 0 ÔË x < 0,
θ(x) = 1 ÔË x ≥ 0), ‡ ÛÒÎÓ‚Ëfl Ì‡ „‡ÌËˆ‡ı ËÏÂ˛Ú ‚Ë‰

Ñ‚ÛÏÂÌ˚È ·‡ÁËÒ FWT, ÌÂÓ·ıÓ‰ËÏ˚È ‰Îfl Â-
¯ÂÌËfl ÔflÏÓÈ Á‡‰‡˜Ë „‡‚ËÏÂÚËË ÓÚ Ó·˙ÂÏÌÓÈ
ÏÓ‰ÂÎË „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ÒÂ‰˚, ÙÓÏËÛÂÚÒfl ÔÛÚÂÏ
ÚÂÌÁÓÌÓ„Ó ÔÓËÁ‚Â‰ÂÌËfl ÙÛÌÍˆËÈ Ó‰ÌÓÏÂÌÓ„Ó
·‡ÁËÒ‡, ‚ ˜‡ÒÚÌÓÒÚË, ‰Îfl Ú‡Í Ì‡Á˚‚‡ÂÏÓ„Ó ÌÂÒÚ‡Ì-
‰‡ÚÌÓ„Ó ·‡ÁËÒ‡ [7] ËÒÔÓÎ¸ÁÛÂÚÒfl Â‰ËÌÒÚ‚ÂÌÌ‡fl
ÒÍÂÈÎËÌ„-ÙÛÌÍˆËfl 

s jn k, d j k,

j 0=

jn

∑

f x( ) f δ x( )– δ n0< .

ϕ x( ) θ x( )θ 1 x–( )= ,

ψ x( ) θ x( )θ 1 2x–( ) θ 2x 1–( )θ 1 x–( ),–=

ϕ 0( ) 1, ϕ 1( ) 0= ,=

ψ 0( ) 1= , ψ 0.5( ) 1–= , ψ 1( ) 0= .

ϕ0 0,
0

x y,( ) ϕϕ x y,( )=

Ë ÚË ‚ÂÈ‚ÎÂÚ‡

„‰Â j – ÛÓ‚ÂÌ¸ ‡ÁÎÓÊÂÌËfl; k, l – „ÓËÁÓÌÚ‡Î¸Ì˚È
Ë ‚ÂÚËÍ‡Î¸Ì˚È Ò‰‚Ë„Ë ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ËÒ. 2). 

Ñ‚ÛÏÂÌÓÂ FWT Ò ·‡ÁËÒÌ˚ÏË ÙÛÌÍˆËflÏË ï‡‡-

‡ , , ,  ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸

Í‡Í ÍÛÒÓ˜ÌÓ-ÔËÁÏ‡ÚË˜ÂÒÍÓÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ ÌÂ-
ÍÓÚÓÓÈ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ „‡ÌËˆ˚ (Ì‡ÔËÏÂ,
ÒÚÛÍÚÛÌÓÈ ÔÓ‚ÂıÌÓÒÚË, Á‡‰‡ÌÌÓÈ ‚ ‚Ë‰Â Ï‡ÚË-
ˆ˚ „ÎÛ·ËÌ H = {hij} ‚ ÛÁÎ‡ı ‡‚ÌÓÏÂÌÓÈ ÒÂÚË ÚÓ-
˜ÂÍ). äÓÎË˜ÂÒÚ‚Ó ÔflÏÓÛ„ÓÎ¸Ì˚ı ÔËÁÏ ÔË ÙËÍ-
ÒËÓ‚‡ÌÌÓÈ ÚÓ˜ÌÓÒÚË ε ÓÔËÒ‡ÌËfl ÔÓ‚ÂıÌÓÒÚË (1)
Á‡‚ËÒËÚ ÓÚ ÁÌ‡˜ÂÌËÈ ‚ÂÈ‚ÎÂÚ-ÍÓ˝ÙÙËˆËÂÌÚÓ‚ dj, k,
·ÓÎ¸¯ËÌÒÚ‚Ó ÍÓÚÓ˚ı Ó·˚˜ÌÓ ÓÍ‡Á˚‚‡˛ÚÒfl ÔÂ-
ÌÂ·ÂÊËÏÓ Ï‡Î˚ÏË ÔÓ ÏÓ‰ÛÎ˛. ç‡ ‰‡ÌÌÓÈ ÓÒÌÓ‚Â
ÏÓÊÌÓ ÍÓÌÒÚÛËÓ‚‡Ú¸ ‚ÂÒ¸Ï‡ ÚÂıÌÓÎÓ„Ë˜Ì˚Â
‡Î„ÓËÚÏ˚ Â¯ÂÌËfl ÔflÏ˚ı Á‡‰‡˜ „‡‚Ë‡Á‚Â‰ÍË
·ÓÎ¸¯ÓÈ ‡ÁÏÂÌÓÒÚË, ÛÒÍÓfl˛˘ËÂ ‚˚˜ËÒÎË-
ÚÂÎ¸Ì˚È ÔÓˆÂÒÒ ‚ ‰ÂÒflÚÍË Ë ÒÓÚÌË ‡Á. 

ê‡ÒÒÏÓÚËÏ ÔËÏÂ Ô‡ÍÚË˜ÂÒÍÓ„Ó ËÒÔÓÎ¸ÁÓ-
‚‡ÌËfl FWT ‰Îfl ‡ÁÂÊÂÌËfl ÒÂÚË ‚˚ÒÓÚ ˆËÙÓ‚ÓÈ
ÏÓ‰ÂÎË ÏÂÒÚÌÓÒÚË (ñåå). å‡ÚËˆ‡ ‚˚ÒÓÚ ÂÎ¸Â-
Ù‡ ÏÂÒÚÌÓÒÚË ‰Îfl Ó‰ÌÓÈ ËÁ ÌÂÙÚÂÔÂÒÔÂÍÚË‚Ì˚ı
ÔÎÓ˘‡‰ÂÈ á‡Ô‡‰ÌÓ„Ó ì‡Î‡ ËÏÂÂÚ ‡ÁÏÂ 256
ÒÚÓÍ, 256 ÒÚÓÎ·ˆÓ‚, ÔÂÂÔ‡‰ ‚˚ÒÓÚ ÒÓÒÚ‡‚ÎflÂÚ
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0 ϕψk l,
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s1

s2

d1
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s3 d3

êËÒ. 1. ëÚÛÍÚÛ‡ ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÒË„Ì‡Î‡ ÔË ·˚ÒÚ-
ÓÏ ‚ÂÈ‚ÎÂÚ-ÔÂÓ·‡ÁÓ‚‡ÌËË (Á‡¯ÚËıÓ‚‡Ì˚ ÍÓ˝Ù-
ÙËˆËÂÌÚ˚, ËÒÔÓÎ¸ÁÛ˛˘ËÂÒfl ÔË ÂÍÓÌÒÚÛÍˆËË ÒË„-
Ì‡Î‡).

(‚) („)

(·)(‡)

êËÒ. 2. çÂÒÚ‡Ì‰‡ÚÌ˚Â ·‡ÁËÒÌ˚Â ÙÛÌÍˆËË ï‡‡‡:

 (‡),  (·),  (‚),  („) (Ò‚ÂÚÎ˚Â Û˜‡-

ÒÚÍË ÓÚ‚Â˜‡˛Ú ÁÌ‡˜ÂÌËflÏ ÙÛÌÍˆËÈ +1, ÚÂÏÌ˚Â Û˜‡ÒÚ-
ÍË – ÁÌ‡˜ÂÌËflÏ –1).

ψ0 0,
0 ϕψk l,

j ψψk l,
j ψϕk l,

j
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ÑÓÎ„‡Î¸

418 Ï ÔË ÒÂ‰ÌÂÏ ÁÌ‡˜ÂÌËË 220.6 Ï Ë ÒÂ‰ÌÂÍ‚‡‰-
‡ÚË˜ÂÒÍÓÏ ÓÚÍÎÓÌÂÌËË ±61.4 Ï. Ç ÂÁÛÎ¸Ú‡ÚÂ
ÔËÏÂÌÂÌËfl FWT ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ ‚ÒÂ„Ó ÎË¯¸ 8% ËÒıÓ‰ÌÓÈ ËÌÙÓÏ‡ˆËË ÔÓ-
‚ÂıÌÓÒÚ¸ ÂÎ¸ÂÙ‡ ÏÓÊÂÚ ·˚Ú¸ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌ‡ Ò
ÔÓ„Â¯ÌÓÒÚ¸˛ ±22.7 Ï (Ú.Â. ‰Îfl ÂÂ ÓÔËÒ‡ÌËfl ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ÌÂ 256 × 256 = 65536, ‡ ‚ÒÂ„Ó 5171 ÔËÁÏ‡).
ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ·ÓÎÂÂ ˜ÂÏ ‚ 10 ‡Á ÔÓ‚˚¯‡ÂÚÒfl
ÒÍÓÓÒÚ¸ Â¯ÂÌËfl ÔflÏÓÈ Á‡‰‡˜Ë „‡‚Ë‡Á‚Â‰ÍË
ÓÚ ÛÔÓ˘ÂÌÌÓÈ ñåå, ÒÓı‡Ìfl˛˘ÂÈ ‚ÒÂ ÓÒÌÓ‚-
Ì˚Â ÓÒÓ·ÂÌÌÓÒÚË ÂÎ¸ÂÙ‡ (ËÒ. 3).

Å˚ÒÚÓÂ ‚ÂÈ‚ÎÂÚ-ÔÂÓ·‡ÁÓ‚‡ÌËÂ ‰Îfl ÓÔÚËÏË-
Á‡ˆËË ÍÛÒÓ˜ÌÓ-ÔËÁÏ‡ÚË˜ÂÒÍÓÈ ‡ÔÔÓÍÒËÏ‡ˆËË
„ÂÓÎÓ„Ë˜ÂÒÍËı Ó·˙ÂÍÚÓ‚ Ú‡ÍÊÂ ÏÓÊÂÚ ÛÒÔÂ¯ÌÓ
ÔËÏÂÌflÚ¸Òfl ÔË Â¯ÂÌËË ÔflÏ˚ı Á‡‰‡˜ ‚ fl‰Â
‰Û„Ëı „ÂÓÙËÁË˜ÂÒÍËı ÏÂÚÓ‰Ó‚ (Ì‡ÔËÏÂ, ‚ Ï‡„-
ÌËÚÓ‡Á‚Â‰ÍÂ, ‚ ˝ÎÂÍÚÓ‡Á‚Â‰ÍÂ ÏÂÚÓ‰ÓÏ Á‡fl‰‡
Ë Ú.‰.). éÒÓ·ÓÈ ̋ ÙÙÂÍÚË‚ÌÓÒÚ¸˛ FWT ·Û‰ÂÚ Ó·Î‡-
‰‡Ú¸ ÔË ‚ÍÎ˛˜ÂÌËË Â„Ó ‚ ËÚÂ‡ˆËÓÌÌ˚Â ‡Î„ÓËÚ-
Ï˚ ÏÂÚÓ‰‡ ÔÓ‰·Ó‡, ·‡ÁËÛ˛˘ËÂÒfl Ì‡ ÏÌÓ„ÓÍ‡Ú-
ÌÓÏ Â¯ÂÌËË ÔflÏÓÈ Á‡‰‡˜Ë ÓÚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ
ÛÚÓ˜Ìfl˛˘ËıÒfl ÏÓ‰ÂÎÂÈ „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó ÒÚÓÂÌËfl
ËÒÒÎÂ‰ÛÂÏ˚ı ÚÂËÚÓËÈ. 
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