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Çàïðîïîíîâàíî ìåòîä çíàõîäæåííÿ êðàþ çîáðàæåííÿ îá’ºêòà íà îñíîâ³ íèçü-
êî÷àñòîòíî¿ ô³ëüòðàö³¿ øëÿõîì âèêîðèñòàííÿ ïîë³íîì³àëüíî¿ ³íòåðïîëÿö³¿, ùî äî-
çâîëÿº îòðèìàòè êîîðäèíàòè êðàéîâî¿ òî÷êè ç ñóáï³êñåëíîþ òî÷í³ñòþ. 

b“23C 

`ëã%!,2ì, “3KCS*“еë…%ã% ",ìS!þ"=……  *!=þ ƒ%K!=›е……  %K’G*2= “2=þ2ü C%C3ë !…Sø,ì,, 
%“*Sëü*, _. ìе2= # ƒ=KеƒCе÷,2, …=ä!%ƒäSëü…3 ƒä=2…S“2ü. a=ã=2% ä%“ëSä…,*S" !%ƒ",…3ë% !Sƒ…S 
ìе2%ä, äë  ", "ëе……  *%…23!3 ƒ 2%÷…S“2þ ä% “3KCS*“еë= [1]. `ëе …е ä,"ë ÷,“ü …= "еë,*3 
*Sëü*S“2ü C3KëS*=öSL, 2еì= “3KCS*“еë…%ã% ",ìS!þ"=……  …= “ü%ã%ä…S …е !%ƒ*!,2= ƒ 2%÷*, ƒ%!3 
3…S"е!“=ëü…%_ *Sëü*S“…%_ %öS…*,, %“*Sëü*, K3äü- *е ƒ%K!=›е……  CSää=G2ü“  ä,“*!е2,ƒ=öS_, = 
2=*%› "Cë,"3 ø3ìS",  *S ƒ="›ä, C!,“32…S 3 -Sƒ,÷…,. ",ìS!þ"=…… . S …="S2ü …е"еë,*= C%ì,-
ë*= 3 ".Sä…,. ä=…,. ì%›е C!,ƒ"е“2, ä% …еC!=",ëü…%ã% !Søе…… . 

j!=L %K’G*2= …= ƒ%K!=›е……S ì%›…= !%ƒãë ä=2,  * Cе!еC=ä, %ä…%- =K% ä"%",ìS!…%ã% “,-
ã…=ë3, ?% ì=þ2ü -%!ì3 “.%ä,…*,. Š%äS -!=ãìе…2 !е=ëü…%ã% ƒ%K!=›е……  ì%›…= =C!%*“,-
ì3"=2, Säе=ëü…,ì Cе!еC=ä%ì. b"=›=G2ü“ , ?% Cе!еC=ä S“…3G,  *?% “е!еä…ü%*"=ä!=2,÷…= 
C%.,K*= =C!%*“,ì=öS_ …,›÷= äе *%ã% ã!=…,÷…%ã% !S"… . r ",C=ä*3 %ä…%",ìS!…%ã% *!=þ 
ƒ%K!=›е……  %K’G*2= Cе!еC=ä =C!%*“,ì3G2ü“  “.Sä÷=“2%þ -3…*öSGþ ",ãë ä3 
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äе x # C%2%÷…= *%%!ä,…=2=, x0 # *%%!ä,…=2= *!=L%"%_ 2%÷*,, " # C!,!S“2 -3…*öS_, h # C%-
ë !…S *%%!ä,…=2, 2%÷*, Cе!еC=ä3, …=LKë,›÷%_ ä% öе…2!= ä%“ëSä›3"=…%_ *%ë%"%_ %Kë=“2S [4]. 

`…=ëSƒ C%Cе!еä…S. ä%“ëSä›е…ü 

j!=L !е=ëü…%ã% %K’G*2= …= ƒ%K!=›е……S ì%›…= ",ƒ…=÷,2,  * ÷е!еƒ ì=*“,ì3ì, C%.Sä…%_ 
Cе!ø%ã% C%! ä*3, 2=* S ÷е!еƒ …3ëS C%.Sä…%_ ä!3ã%ã% C%! ä*3 [1#3]. lе2%ä, …= %“…%"S 
C%.Sä…%_ Cе!ø%ã% C%! ä*3 ä=þ2ü ì%›ë,"S“2ü ø",ä*% L е-е*2,"…% ƒ…=.%ä,2, *!=_,  *S G 
…еC=!=ëеëü…,ì, %“ ì “S2*,, ",*%!,“2%"3þ÷, "еë,÷,…3 S …=C! ì%* ã!=äSG…2= ƒ C%.,K*%þ, 
…е ìе…ø%þ 0,5 ìS›CS*“еë…%_ ø,!,…,. lе2%ä,,  *S %“…%"=…S …= Cе!е2,…S …3ëü%"%ã% !S"…  
(C%.Sä…%_ ä!3ã%ã% C%! ä*3), 2=*%› ",*%!,“2%"3þ2ü“  äë  ",ìS!þ"=……  *!=þ ƒ="ä *, _. 
C%…,›е…SL ÷32ë,"%“2S ä% ø3ì3 2= C%2е…öSL…SL “2SL*%“2S " !%K%2S. 

n“*Sëü*, C%.Sä…S ä3›е ÷32ë,"S ä% ø3ì3, 2% äë  ƒ…=.%ä›е……  “3KCS*“еë…%_ *%%!ä,…=2, 
*!=þ øë .%ì ÷,“ë%"%ã% ä,-е!е…öSþ"=……  …е%K.Sä…% !еã3ë !,ƒ3"=2,. 0е ì%›…= ƒ!%K,2, 
äе*Sëü*%ì= “C%“%K=ì,: Cе!ø,ì # -Sëü2!=öSGþ ä=…,. ƒ= ä%C%ì%ã%þ "SäC%"Sä…,. C%.Sä…,. 
2,.%…%"“ü*,. -Sëü2!S"; ä!3ã,ì # S…2е!C%ë öSGþ ä,“*!е2…,. ä=…,. “Cë=L…=ì, ƒ …=“23C-
…,ì ",ƒ…=÷е…… ì =…=ëS2,÷…%_ C%.Sä…%_. 0S ä"S C!%öеä3!, !еã3ë !,ƒ=öS_ е*"S"=ëе…2…S, =ëе 
…е ä%ƒ"%ë þ2ü 3…,*…32, C%.,K*, ä,“*!е2,ƒ=öS_ ƒ%K!=›е…… . [5]. 

pе=ëSƒ=öS  2= ä%“ëSä›е……  ìе2%ä3 

b !%K%2S ƒ=C!%C%…%"=…% ìе2%ä *!=L%"%ã% äе2е*23"=…… ,  *,L …е ",*%!,“2%"3G C!%öеä3-
!, ÷,“ë%"%ã% ä,-е!е…öSþ"=……  L ä%ƒ"%ë G ìS…SìSƒ3"=2, C%.,K*3 ä,“*!е2,ƒ=öS_ 2= %2!,ì=-
2, “3KCS*“еë…S *%%!ä,…=2, *!=L%"%_ 2%÷*, %K’G*2= …= ƒ%K!=›е……S. d=…,L ìе2%ä %“…%"=…,L 
…= ƒ…=.%ä›е……S “CSëü…%_ 2%÷*, Cе!е2,…3 ä"%. C!,ìе›%",. *!,",., %2!,ì=…,. " !еƒ3ëü2=-
2S …,ƒü*%÷=“2%2…%_ -Sëü2!=öS_. m,ƒü*%÷=“2%2…= -Sëü2!=öS  ",*%…3G2ü“  ƒ= ä%C%ì%ã%þ ã=-

 
 I i. i. aSë,…“ü*,L, b. b. l%2,ãS…, 2008 
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3““%"%ã% -Sëü2!= ƒS “CеöS=ëü…% CSäSK!=…,ì, "=ã%",ì, *%е-SöSG…2=ì,. 
q32ü ìе2%ä3 C%ë ã=G " 2%ì3, ?% Sƒ ".Sä…%_ S -Sëü2!%"=…%_ C!,ìе›%"%_ *!,"%_ ",K,!=-

G2ü“  k 2%÷%*, ƒ= ä%C%ì%ã%þ  *,. K3ä3þ2ü“  S…2е!C%ë öSL…S C%ëS…%ì,. g öSGþ ìе2%þ ƒ=-
ä=þ2ü“  "3ƒë, S…2е!C%ë öS_ 3 ",ãë äS 2=*,. "е*2%!S": 
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äе N # "е*2%! *%%!ä,…=2 2%÷%* ƒ%K!=›е……  C!,ìе›%"%_ *!,"%_; Δ # ìS›CS*“еë…,L S…2е-
!"=ë; P1 # "е*2%!  “*!="%“2S ".Sä…%_ C!,ìе›%"%_ *!,"%_; P2 # "е*2%!  “*!="%“2S -Sëü2-
!%"=…%_ C!,ìе›%"%_ *!,"%_; j + 2 = k # *Sëü*S“2ü C,*“еëS", ?% =…=ëSƒ3þ2ü“ . 

dë  ",ƒ…=÷е……  *%е-SöSG…2S" S…2е!C%ë öSL…%ã% C%ëS…%ì= -%!ì3G2ü“  ì=2!,ö  Nj, i ƒ= 
3ì%",, ?% Nj, I = 1 
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j%е-SöSG…2, C%ëS…%ìS" %K÷,“ëþþ2ü“  ƒ= -%!ì3ë=ì, 

 ( ) 1
1 , 1, ;j ja −=N I N Ii   (1) 

 ( )2 ,,jb =N I N I1
2,j i

−

1
2 1
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j
i j

 (2) 

äе aj S bj # *%е-SöSG…2, S…2е!C%ë öSL…,. C%ëS…%ìS" äë  ".Sä…%_ 2= -Sëü2!%"=…%_ C!,ìе-
›%",. *!,",. "SäC%"Sä…%. 

b 2=*%ì3 ",C=ä*3 C!,ìе›%"S *!,"S, 2%K2% ƒ=ëе›…S“2ü  “*!="%“2S "Sä …%ìе!= CS*“еë= 
ì%›…= %C,“=2, ",!=ƒ=ì, 

 ( ) ( )1 0 1 2 1 1
0

, ;j j
i

I n a n a a n a n a n f n I+
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 (4) 

j!=L%"= 2%÷*= ƒ%K!=›е……  %K’G*2= ƒ…=.%ä,2ü“  
…= Cе!е2,…S ä"%. C%ëS…%ìS=ëü…,. *!,",. (3) S (4), 
 * C%*=ƒ=…% …= !,“. 1. 

 

С 

I2 

n n–Δ n+Δ 

n

I(n) 

I1 

δ 

o%ëS…%ì, I1(n) S I2(n) C!,ìе›%",. *!,",. Cе!е-
2,…=þ2ü“  " 2%÷öS q ƒ *%%!ä,…=2=ì, (Pq, n + δ),  *= 
ƒ…=.%ä,2ü“  " ìS›CS*“еë…%ì3 C!%“2%!S S äë  öü%ã% 
…е%K.Sä…% ",ƒ…=÷,2, "еë,÷,…3 ƒìS?е……  δ, ?% "SäC%-
"Sä=G 2%÷öS Cе!е2,…3 ä"%. C%ëS…%ìS", 2%K2% *!=þ ƒ%-
K!=›е……  %K’G*2= …= C!,ìе›%"SL *!,"SL. 

dë  ƒ…=.%ä›е……  “3KCS*“еë…%_ *%%!ä,…=2, …е-
%K.Sä…е ",*%…=……  3ì%",: 

( ) ( )
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                    1 2I n I n+ δ = + δ ,  
( )p,“. 1. o%ëS…%ìS=ëü…S C!,ìе›%"S *!,"S  { }ƒ  *%_ “2=G %÷е",ä…,ì, ?% 1 2,f n I I Iδ = =  G 

!%ƒ"’ ƒ*%ì 2=*%_ “,“2еì,: 
" !еƒ3ëü2=2S -Sëü2!=öS_ 2= _. “CSëü…= 2%÷*= 
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f n I I

f n I I
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p%ƒ"’ ›еì% “,“2еì3 (5), ",*%!,“2%"3þ÷, ìе2%ä müþ2%…= äë  !%ƒ’ ƒ3"=……  “,“2еì, 
…еëS…SL…,. !S"… …ü [6]. 

o!%=…=ëSƒ3Gì% ì=2!,öþ “*%KS 
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“*?% ì=2!,ö  “*%KS …е ",!%ä›е…=, 2% !%ƒ"’ ƒ%* “,“2еì, !S"… …ü (5) ƒ…=Läеì% ƒ !е*3-
!е…2…%ã% ",!=ƒ3 
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P2е!=öSL…,L C!%öе“ ƒäSL“…þG2ü“  ä%C%*, …е K3äе ",*%…=…= 3ì%"= 

 ( ) { }( ) ( ) { }( )1 2 1 2
1, ,

,
C C

i in I I I n I I I
n n −= ≠
+ δ − + δ ≤ ε  

äе ε # C%.,K*= ",ìS!þ"=…… . 
b,*%…=Gì% !%ƒ!=.3…%* *%%!ä,…=2, *!=L%"%_ 2%÷*,, ",*%!,“2%"3þ÷, ì=2еì=2,÷…3 ì%-

äеëü ä,“*!е2…%_ C!,ìе›%"%_ *!,"%_, äë  %ä…%",ìS!…%ã% C!%“2%!3,  *= !%ƒãë …32= " [7] 
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II n k
H n

I I I I=
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∑
⎛ ⎞π Δ− − δΔ ⎟
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 (7) 

äе δ # ƒìS?е……  *!=þ C!,ìе›%"%_ *!,"%_ "Sä…%“…% öе…2!= CS*“еë=. dë  C!%"еäе……  ä%“ëS-
ä›е…ü “*%!,“2=Gì%“  C!,ìе›%",ì, *!,",ì, ƒ *%%!ä,…=2%þ *!=L%"%_ 2%÷*, δ = 0,1, ?% ì=-
þ2ü !Sƒ…S “23Cе…S !%ƒì,22  σ: 1; 1,25; 2,  *S "SäC%"Sä=þ2ü ì=*“,ì=ëü…,ì Cе!еC=ä=ì  “*!="%“-
2S …= *!,"SL Δ: 0,4; 0,35; 0,2 [6]. o!, öü%ì3 ƒ=“2%“3Gì% S…2е!C%ë öSL…,L C%ëS…%ì 2!е2ü%ã% 
“2еCе… , ?% ä%ƒ"%ë G ",*%!,“2=2, ÷%2,!, "3ƒë%"S 2%÷*,, " %*%ëS  *,. ƒ…=.%ä,2ü“  *!=L. 

b,ƒ…=÷,ì% "е*2%!, 
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1−
0

;
1

2

=N    1
0,113

;
0,554

0,931

=I

0,0055

   2
0,204

.
0,537

0,845

=I

0,04

 

b !еƒ3ëü2=2S %2!,ì=Gì% ì=2!,öþ ",ãë ä3 N4, 4 

4,4
1 0 0 0

1 1 1 1

1 2 4 8

1 1 1 1− −

2 3
1( ) 0,113 0,341 0,167 0,066 ;I n n n n= + + − 2 3

2( ) 0,204 0,281 0,085 0,032 .

=N . 

g= -%!ì3ë=ì, (3) S (4) !%ƒ!=.3Gì% *%е-SöSG…2, L %2!,ì=Gì% 2=*S C%ëS…%ì,: 

n n n n= + + −   I

m= CSä“2="S ",*%!,“2=……  ä,“*!е2…%_ ì%äеëS C!,ìе›%"%_ *!,"%_ C!%"еäе…% ì%äеëþ"=…-
…  2= %2!,ì=…S !еƒ3ëü2=2, “3KCS*“еë…%_ *%%!ä,…=2,. 0е ä=ë% ƒì%ã3 ",*%…=2, C%!S"… ëü-
…,L =…=ëSƒ ƒ=C!%C%…%"=…%ã% 2= "Sä%ì%ã% ìе2%ä3 Cе!е2,…3 …3ëü%"%ã% !S"… . 

p%ƒ!=.%"=…е ƒ…=÷е……  *%%!ä,…=2, *!=L%"%_ 2%÷*, 
o!%ä%"›е……  2=Kë. 

q23CS…ü 
!%ƒì,22  σ = 1  (Δ=0,4) σ = 1,25  (Δ = 0,35) σ = 2  (Δ = 0,2) 

g“3" *!=þ 
δ 

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"…  

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"…  

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"…  

0 0 0 0 0 0 0 
0,1 0,107 0,138 0,108 0,128 0,106 0,112 
0,2 0,217 0,246 0,217 0,236 0,208 0,209 
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o!%ä%"›е……  2=Kë. 

q23CS…ü 
!%ƒì,22  σ = 1  (Δ=0,4) σ = 1,25  (Δ = 0,35) σ = 2  (Δ = 0,2) 

g“3" *!=þ 
δ 

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"… 

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"… 

P…2е!C%ë öSL…,L 
Cе!е2,… 

oе!е2,… …3-
ëü%"%ã% !S"…    

0,3 0,321 0,34 0,316 0,335 0,311 0,318 
0,4 0,415 0,415 0,41 0,419 0,4 0,401 
0,5 0,5 0,5 0,5 0,5 0,5 0,5 
0,6 0,588 0,577 0,63 0,661 0,601 0,595 
0,7 0,671 0,66 0,681 0,671 0,702 0,69 
0,8 0,769 0,752 0,783 0,764 0,791 0,793 
0,9 0,878 0,862 0,893 0,872 0,895 0,892 

b 2=Kë,öS C%*=ƒ=…S “3KCS*“еë…S *%%!ä,…=2, *!=L%"%_ 2%÷*, …= %“…%"S ",*%!,“2=……  ì%-
äеëS C!,ìе›%"%_ *!,"%_ ƒ !Sƒ…,ì, “23Cе… ì, !%ƒì,22 ,  *S %2!,ì=…S ä=…,ì, ìе2%ä=ì,. 

d%“ëSä›е……  C%*=ƒ=ë,, ?% “3KCS*“еë…S *%%!ä,…=2,, %2!,ì=…S äë  C!,ìе›%",. *!,",. 
ƒS “23Cе…еì !%ƒì,22  1 < σ < 2 2= C!%2 ›…S“2þ "Sä 5 ä% 20 CS*“еëS" ƒ=C!%C%…%"=…,ì ìе-
2%ä%ì, ì=þ2ü ",?3 2%÷…S“2ü " C%!S"… ……S ƒ ìе2%ä%ì …3ëü%"%ã% !S"… . dë  C!,ìе›%",. 
*!,",. "еë,*%_ C!%2 ›…%“2S ƒS “23Cе…еì !%ƒì,22  σ > 2 !еƒ3ëü2=2, ƒ…=.%ä›е……  “3KCS*-
“еë…%_ *%%!ä,…=2, *!=L%"%_ 2%÷*, C!=*2,÷…% ƒKSã=þ2ü“ . 
 

m= !,“. 2. C%*=ƒ=…= ƒ=ëе›…S“2ü =K“%-
ëþ2…%_ C%.,K*, ƒ…=.%ä›е……  *!=þ äë  
äе*Sëü*%. C!,ìе›%",. *!,",. ƒ !Sƒ…,ì 
“23Cе…еì !%ƒì,22 . 

g ã!=-S*= ",ä…%, ?% "еë,÷,…= C%.,K*, 
äë  K3äü- *,. C!,ìе›%",. *!,",. ä%!S"-
…þG …3ëþ, *%ë, ƒ“3" *!=L%"%_ 2%÷*, " 
ìS›CS*“еë…%ì3 C!%“2%!S “2=…%",2ü 0 =K% 
0,5 2= "SäìS……= "Sä …3ë  3 "“S. S…ø,. ",-
C=ä*=.. l=*“,ì=ëü…= "Sä…%“…= C%.,K*= 
äë  σ = 1 …е Cе!е",?3G 7 %. 

b,“…%"*, 

g=C!%C%…%"=…% ìе2%ä *!=L%"%ã% äе2е*-
23"=……  …= %“…%"S …,ƒü*%÷=“2%2…%_ -Sëü2!=öS_,  *,L ",*%!,“2%"3G äë  "Sä2"%!е……  …еCе-
!е!"…%_ C!,ìе›%"%_ *!,"%_ C%ëS…%ìS=ëü…3 S…2е!C%ë öSþ, ?% ä%ƒ"%ë G %2!,ì=2, “3KCS*“е-
ë…3 *%%!ä,…=23 *!=L%"%_ 2%÷*, %K’G*2= …= ƒ%K!=›е……S. 
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p,“. 2. g=ëе›…S“2ü ƒ…=÷е……  =K“%ëþ2…%_ C%.,K*,  
",ƒ…=÷е……  *!=L%"%_ 2%÷*, 

o!%"еäе…S ä%“ëSä›е……  CSä2"е!ä,ë, =äе*"=2…S“2ü ƒ=C!%C%…%"=…%ã% ìе2%ä3. o%.,K*= 
%2!,ì=…,. !еƒ3ëü2=2S" ",ƒ…=÷е……  *!=þ " ìS›CS*“еë…%ì3 C!%“2%!S G ìе…ø%þ " C%!S"… ……S 
ƒ !еƒ3ëü2=2=ì,, %2!,ì=…,ì, ìе2%ä%ì Cе!е2,…3 …3ëü%"%ã% !S"… . 
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