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 ."/."1*2-34568"

M&R6/)&23)*, 9)6(!#;*-!- “S3(6(;34& T/26-!O)64&”, 5. S3(6(, A4#&>)&

A><-%>?7'//*+d%'<7'6e/>:+,3%37A-%3/e+7'+9:+?>?73 +,%>+f>d%=A'//"+–+
g3f>d%=A'//"+ -/-:%- />:+1-2%'h3/e+

E #(5((& -<"#5,- %"@-3"#(5,,1 *)*9*,(&% 5)=-3"(9: RSA : P35@(5)A,"7 @%5/35("?,"7 <*3*(%-3*,,17 (5 #"#-
(*957 P35@(5)A,"7 <*3*(%-3*,A <&/ ?5# H"P3:%5,,1 / /*H"P3:%5,,1 9-,-73-9,"7 2->350*,A. K->350*,,1 I -/-
,"9 &2 ,5M?5#(&H* %"@-3"#(-%:%5,"7 %"/&% &,P-395G&B. K%505F?" ,5 G*, 5@(:5)A,"9 25%/5,,19 I 257"#( 2->350*,A
%&/ ,*#5,@G&-,-%5,-=- %"@-3"#(5,,1 (5 /-#(:<:. T#,-%,-F :9-%-F /)1 #(%-3*,,1 257"#(: 2->350*,,1 I <3"<:-
L*,,1: 2->350*,,1 – G* #(-75#("?,"M #"=,5). S* /5I 29-=: <*3*,-#"(" @)5#"?,& 9*(-/" H"P3:%5,,1 #"=,5)&% ,5
%"<5/-@ 2->350*,A. X)* 2->350*,,1 I (5@"9 #"=,5)-9, 1@"M 95I, -@3&9 ("<-%-B &,P-395("%,-#(& /5,"7, L* M %&2:-
5)A,: &,P-395("%,&#(A, L- <3"%,-#"(A /- <3->)*9 257"#(: ,-%& 25%/5,,1. e5@("?,- #(%-3*,,1 5(5@" ,5 25H"P3--
%5,* 2->350*,,1 9-0)"%* : /%-7 %"<5/@57: 25 /-<-9-=-F (35/"G&M,-=- 2)59: 9*(-/&% H"P3:%5,,1 5>- 9*(-/&%
%&2:5)A,-=- ->3->)*,,1 2->350*,A (9*(-/" %"-@3*9)*,,1 @-,(:3&%, P&)A(35G&B (-L-). T#(5,,& ,* 25>*2<*?:F(A
<-%,-=- %&/(%-3*,,1 %7&/,-=- 2->350*,,1, 5)* /5F(A 29-=: -(3"95(" /*1@: &,P-395G&F &2 2->350*,,1.  2%’12@: 2
G"9 /- 9*(-/&% H"P3:%5,,1 : %"<5/@: B7 %"@-3"#(5,,1 #(-#-%,- 2->350*,A #(5%)1(A L* -/,: %"9-=: – <-%,: 25-
H:9)*,&#(A 25H"P3-%5,-=- 2->350*,,1. S* <-(3&>,- /)1 (-=-, L-> :,*9-0)"%"(" %"@-3"#(5,,1 9*(-/&% %&2:5)A-
,-=- ->3->)*,,1 2->350*,A.

j-9: 5@(:5)A,"9 25%/5,,19 I 3-23->)*,,1 (5@-=- %"@-3"#(5,,1 5)=-3"(9: RSA, L-> 2>*3*=(" #(&M@&#(A /-
/*H"P3:%5,,1 & 25>*2<*?"(" <-%,: 25H:9)*,&#(A 2->350*,,1, L- /5#(A 29-=: :,*9-0)"%"(" 25#(-#:%5,,1 9*(--

/&% <-/5)AH-=- %&2:5)A,-=- ->3->)*,,1 2->350*,A.
T/,"9 2& #<-#->&% %"3&H*,,1 (5@-=- 25%/5,,1 I %"@-3"#(5,,1 *)*9*,(&% 5)=-3"(9: RSA : 95(*95("?,"7 <*3*-

(%-3*,,17, 2-@3*95 : P35@(5)A,"7 5)=-3"(9&?,"7 <*3*(%-3*,,17. e35@(5)A,& <*3*(%-3*,,1 9-0:(A >:(" 1@ )&,&M-
,&M,"9", (5@ & @%5/35("?,"9", &#,:F(A (5@-0 #"#(*9" (5@"7 P35@(5)A,"7 <*3*(%-3*,A.

 !"#$&' )!$&+: H"P3:%5,,1, /*H"P3:%5,,1, P35@(5)A,"M 5)=-3"(9, @-,(:3, 2->350*,,1, )&,&M,"M P35@(5),
@%5/35("?,"M P35@(5), #"#(*95 P35@(5)A,"7 5)=-3"(9&%.

ACEFH+/+Introduction+
T#,-%,-F #@)5/-%-F @3"<(-=35P&?,-B >*2<*@" I &,-

P-395G&M,5 >*2<*@5, 1@5 [11] %"2,5?5I 257"L*,&#(A #"#-
(*9 ->3->)*,,1 & 2>*3&=5,,1 /5,"7 /)1 25>*2<*?*,,1
@-,P&/*,G&M,-#(&, /-#(:<,-#(& M G&)&#,-#(& &,P-395G&B.

K5 %"2,5?*,,19 /*305%,-=- #(5,/53(: [12], &,P-3-

95G&M,5 >*2<*@5 %"2,5?5I 257-/", #<319-%5,& ,5 25>*2-
<*?*,,1 257"L*,-#(& &,P-395G&B %&/ ,*#5,@G&-,-%5,-=-
/-#(:<:, %"@-3"#(5,,1, -<3")F/,*,,1, 3:M,:%5,,1,
%,*#*,,1 29&,, -2,5M-9)*,,1, <*3*%&3@", 25<"#: ?" 2,"-

L*,,1. T(0*, &,P-395G&M,5 >*2<*@5, 5 %&/(5@ P:,@G&--

,5)A,5 >*2<*@5 %"2,5?5F(A 257"#( %&/ ,*#5,@G&-,-%5,--

=- /-#(:<: /- /5,"7 & 25>*2<*?*,,1 ,5/&M,-#(& (5 #(&M-

@-#(& /- ,5%9"#,"7 %<)"%&%. E#* G* >*2<-#*3*/,A- #(--

#:I(A#1 *P*@("%,-#(& P:,@G&-,:%5,,1 &,P-395G&M,"7
#"#(*9 %25=5)&.

c51%,&#(A : 2->350*,,& @-,(:3&% I %50)"%-F 7535@-

(*3"#("@-F 2->350*,,1. K5%/5,,1 %"-@3*9)*,,1 @-,-

(:3&% <-(3*>:I 25#(-#:%5,,1 -<*35G&M ,5/ #:#&/,&9"
*)*9*,(59", 1@& ?:()"%& /- 29&, & <3"=5H:F(A /&)1,@"
#(5)"7 3&%,&% 1#@35%-#(&, (->(- @-,(:3 – G* ->)5#(A, /*
2/&M#,FF(A 29&,", %-,5 #(5I #%&()-F, (-/& 1@ &,H& ?5#-
("," 2->350*,,1 9-0:(A 25)"H5F("#1 ,*29&,,"9" [2].

j->(- &/*5)A,"M @-,(:3 – G* 3-23"% P:,@G&B <3-#(--

3-%"7 3&%,&% 1#@35%-#(& % <)-L",& 2->350*,,1. j-9:

%"-@3*9)*,,1 @-,(:35 <3"2%-/"(A /- <-H:@: ,5M%&/?:-

(,&H"7 29&,, 5 #59* – 95@#"9:9&% 9-/:)1 =35/&I,(5 [6].

S* -/,5 2 <3"?", (-=-, L- @-,(:3" ,* 2,"@5F(A % 2--

>350*,,& : 352& %"@-3"#(5,,1 #"#(*9" RSA /)1 H"P3:-

%5,,1, -#@&)A@" (5@* H"P3:%5,,1 o3:,(:I(A#1 ,5 <&/,*-
#*,,& /- #(*<*,1 25 9-/:)*9 /*1@-=- ,5(:35)A,-=- ?"#-
)5. f*3*2 G* ,5 @-,(:3& M ,5 >)"2A@"7 /- ,A-=- <&@#*)17
<&/,1((1 /- #(*<*,1 2,5?*,,1 1#@35%-#(*M #(%-3FI L*
>&)AH"M 3-23"%.

N#,:F(A 3&2,& 5)=-3"(9" %"-@3*9)*,,1 @-,(:3&%,
,5<3"@)5/, %&/#(*0:%5)A,& 5)=-3"(9". j5@& 5)=-3"(9"
o3:,(:F(A#1 ,5 (-9:, L- ,5 2->350*,,& %&/H:@:F(A
->’I@( (<*3H: (-?@: ->’I@(5), 5 @-,(:3 ->’I@(5 %&/#(*-
0:I(A#1 & %*@(-3"2:I(A#1. V*3*%5=5 GA-=- 5)=-3"(9: %
M-=- <3-#(-(&. c*/-)&@" – <-#)&/-%,5 3*5)&25G&1 & /*1@5
#@)5/,&#(A ->3->)*,,1 & <-H:@: %,:(3&H,&7 @-,(:3&%.
V3"@)5/ (5@-=- 5)=-3"(9: – “5)=-3"(9 0:@5” ,5%*/*,-
,5 3"#. 1.

g:7 3-2<-?",5I(A#1 2 >&)-=- P35=9*,(5 : ,5<319@:
/- ?-3,-=-. J-)" %&, <-(35<)1I ,5 *)*9*,( 2 ?-3,-=-
P35=9*,(5, (- <-%*3(5I )&%-3:? & <*3*7-/"(A /- ,5#(:<-

,-=-. m@L- ,-%"M *)*9*,( >&)"M, (- 0:@ <-%*3(5I ,5-
<35%-, &,5@H* – ,5)&%-. V3-G*# <-%(-3FI(A#1 /-(", /--

@" 0:@ ,* <-%*3,*(A#1 : %"7&/,"M *)*9*,(. Z59* @--3-

/",5(" (-?-@ <*3*7-/: 2 >&)-=- ,5 ?-3,* (5 2 ?-3,-=-
,5 >&)* M -<"#:F(A @-,(:3 ->’I@(5.
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&(). 1. Z7*95 %&/#(*0:%5)A,-=- 5)=-3"(9: /
Scheme of the tracking algorithm

BD’E4- F/;26F%!))G – %"@-3"#(5,,1 *)*9*,(&% 5)-

=-3"(9: RSA : P35@(5)A,"7 <*3*(%-3*,,17 (5 B7 #"#-
(*957 /)1 @3"<(-=35P&?,-=- 257"#(: 2->350*,A.

H#!F5!- F/;26F%!))G – 9*(-/" & 25#->" %"@-3"#-
(5,,1 *)*9*,(&% 5)=-3"(9: RSA % 95(*95("?,"7 <*3*-
(%-3*,,17 2 9*(-F H"P3:%5,,1 – /*H"P3:%5,,1 9-,--

73-9,"7 2->350*,A.
J!-& #/D/-* – %"@-3"#(5,,1 *)*9*,(&% 5)=-3"(9:

RSA % 95(*95("?,"7 <*3*(%-3*,,17 /)1 2>*3*0*,,1
@3"<(-=35P&?,-B #(&M@-#(& (5 25>*2<*?*,,1 <-%,-B 25-
H:9)*,-#(& 25H"P3-%5,-=- 2->350*,,1, 2 9*(-F :,*-
9-0)"%"(" 25#(-#:%5,,1 9*(-/&% %&2:5)A,-=- ->3->-

)*,,1 2->350*,A.
\)1 /-#1=,*,,1 252,5?*,-B 9*(" %#(5,-%)*,- (5@&

-#,-%,& 25%/5,,1 /-#)&/0*,,1:
 %"@-,5(" 5,5)&2 -#,-%,"7 /-#)&/0*,A (5 <:>-

)&@5G&M;
 ,5%*#(" -#,-%,& 7535@(*3"#("@" 9-,-73-9,"7

2->350*,A (5 B7 95(*95("?,"M -<"#;
 2/&M#,"(" 5,5)&2 P35@(5)A,"7 5)=-3"(9&% (5 B7

#"#(*9;
 %@525(" -#->)"%-#(& H"P3:%5,,1 – /*H"P3:-

%5,,1 <- -/,-9: & <- /%-7 31/@57 95(3"G& &,-

(*,#"%,-#(*M <&@#*)&% 2->350*,,1;
 ,5%*#(" 3*2:)A(5(" <3"@)5/&% H"P3:%5,,1 –

/*H"P3:%5,,1 : %&2:5)&2-%5,-9: P-395(&.

<:+!'> $)/+::'? 8$)!'891:A /+ BDF!'G+H'I. m@
%&/-9-, 4#*T-/1#&V68)& ;-6,46;-3 – G* 2/5(,&#(A
@3"<(-=35P&?,-=- 5)=-3"(9: <3-("#(-1(" @3"<(-5,5-
)&2: [4], [5], [6]. Z(&M@"9 %%505F(A 5)=-3"(9, 1@"M /)1
:#<&H,-B 5(5@" %"95=5I %&/ <3-("%,"@5 2,5?,"7 ->?"-

#)F%5)A,"7 3*#:3#&%, %*)"@-=- ->#1=: <*3*7-<)*,"7
%&/@3"("7 & 25H"P3-%5,"7 <-%&/-9)*,A ?" (5@-=- 0
?5#: 3-2@3"((1, L- <&#)1 M-=- 25@&,?*,,1 257"L*,5
&,P-395G&1 >:/* %0* ,* 5@(:5)A,5 (-L-. K/*>&)AH-=-
,* 9-0,5 95(*95("?,- /-%*#(" @3"<(-#(&M@&#(A, 9-0-

,5 (&)A@" :352)"%-#(& @3"<(-=35P&?,-=- 5)=-3"(9:.

j5@& #"#(*9" 9-0,5 >:/:%5(" 25 /-<-9-=-F %"<5/@--

%-=- @)F?5 H"P3:%5,,1, /-%0",5 1@-=- ,* 9*,H5 %&/
/-%0"," %&/@3"(-=- (*@#(:. c5 <35@("G& %"@-3"#(--

%:F(A #"#(*9", 1@& 9-0,5 2)595(", 5)* 25 /-%-)& (3"-

%5)"M ?5# [7], [8], [9], [10].

V3->)*9" 257"#(: 2->350*,A % &,P-395G&M,"7 #"#-
(*957 H"P3:%5,,1 – /*H"P3:%5,,1 %&/->350*,- % <35-
G17 Q. \&PP&, J. `*,,-,5, Q. a*)95,5, Q. J53<&,-

#A@-=-. Z"#(*95 5#"9*(3"?,-=- @-/:%5,,1 RSA 95I
-#->)"%* 2,5?*,,1 #*3*/ ?"#)*,,"7 @3"<(-=35P&?,"7
<*3*(%-3*,A. S1 #"#(*95 25>*2<*?:I %"#-@"M 3&%*,A 25-

7"#(: >:/A-1@"7 /5,"7, 1@L- @)F?& G&IB #"#(*9" 95F(A
/-#(5(,A- %*)"@& 2,5?*,,1. S*, 2-@3*95, & /5I 29-=: 25-
>*2<*?"(" 257"#( 25H"P3-%5,"7 2->350*,A.

%IKFLMENEP+QRCLTQVIWWX+EN+Y\+R^_R`RaIWWX+/+
Research+results+and+their+discussion+

M+3+G/135)/5G5 >$F3+91::;. c*75M 2->350*,,1
95I H"3",: l & %"#-(: h. r-=- 9-0,5 3-2=)1/5(" 1@ 95-
(3"GF <&@#*)&%

, 1 , 1
<

i j i n j m
dtp £ £ £ £> , (1)

/*
,i j

dtp – <&@#*)A &2 @-o3/",5(59" i (5 j; n & m – @&)A-

@&#(A (-?-@ <- H"3",& l (5 %"#-(& h.

E 25=5)A,-9: %"<5/@: n & m 25)*05(A %&/ l (5 h, (->(-

( )n n l= & ( )m m h= . (2)

c5/5)& %%505("9*9-, L- 2->350*,,F : %&/<-%&/-

,&#(A #(5%)1(A 95(3"GF &,(*,#"%,-#(*M <&@#*)&% 2->35-
0*,,1

1,1 1,

,1 ,

Z
m

n n m

; ;

c c

æ ö
ç ÷

= ç ÷
ç ÷
è ø

…

… … …

…

 , (3)

/* ;ij – 2,5?*,,1 &,(*,#"%,-#(& ,5<&%(-,-%"7 2->350*,A
<&@#*)1 dtpij.

N#,:F(A <*%,& <3->)*9" H"P3:%5,,1 2->350*,,1, 5
#59* ,5 3&2@-P):@(:5G&M,"7 2->350*,,17 ?5#(@-%- 9--

0:(A 2>*3&=5("#1 @-,(:3" [1, 4].

Q5(*95("?,- &/*5)A,"M @-,(:3 – G* 3-23"% <3-#(--

3-%-B P:,@G&B 3&%,&% 1#@35%-#(& <&@#*)&% : <)-L",& 2--

>350*,,1. j-9: %"-@3*9)*,,1 @-,(:35 -2,5?5I <-H:@
,5M3&2@&H"7 29&,, (->(- 95@#"9:9&% 9-/:)1 %*@(-35
=35/&I,(5 [2]. S* -/,5 &2 <3"?", (-=-, L- @-,(:3" 25-
)"H5F(A#1 ,5 2->350*,,& : 352& H"P3:%5,,1 % #"#(*9&
RSA, -#@&)A@" H"P3:%5,,1 (:( o3:,(:I(A#1 ,5 <&/,*-
#*,,& /- #(*<*,1 25 9-/:)*9 ,5(:35)A,-=- ?"#)5. c5
@-,(:3& M ,5 #:#&/,&7 &2 ,"9 <&@#*)17 (5@* <&/,*#*,,1 /-
#(*<*,1 2,5?*,,1 1#@35%-#(*M /5I L* >&)AH"M 3-23"%.

E [7] /)1 H"P3:%5,,1 – /*H"P3:%5,,1 2->350*,A %
=35/5G&17 #&3-=- 25<3-<-,-%5,- %"@-3"#(5,,1 )&,&M,"7
P35@(5)A,"7 <*3*(%-3*,A. E G&M 3->-(& /)1 H"P3:%5,-

,1 – /*H"P3:%5,,1 3&2@-P):@(:5G&M,"7 2->350*,A 25-
<3-<-,-%5,- %"@-3"#(-%:%5(" & @%5/35("?,& P35@(5)A,&
<*3*(%-3*,,1.

+(,-/1"223 4 679(,-/1"223 :" ;62(= -36>;=

="?-(@4 :;$-"A7223

c*75M P & Q – <535 /-%&)A,"7 <3-#("7 ?"#*). `"P-

3:%5,,1 2/&M#,FI(A#1 <-*)*9*,(,- &2 %"@-3"#(5,,19
@%5/35("?,-=- P35@(5)A,-=- <*3*(%-3*,,1 *)*9*,(&%
95(3"G& 2->350*,,1 O 25 P-39:)-F:

, (4)

/* n – @&)A@&#(A *)*9*,(&% : 31/@:, f (n) – /*1@5 P:,@G&1
25H:9)*,,1, k – ,-9*3 P35@(5)A,-B &(*35G&B, xn

(0) = xn –

n-M *)*9*,( 31/@5 95(3"G& &,(*,#"%,-#(*M <&@#*)&% (3).

V&/ ?5# H"P3:%5,,1 %"@-3"#(5,- %#& 31/@" 95(3"G& (3).

\*H"P3:%5,,1 %"@-,:F(A 25 (5@-F P-39:)-F ->*-
3,*,-=- <*3*(%-3*,,1

( )

( 1)

0
( ), 1, 2,...,

k

k n

n

x Q
x f n n N

P

- +
= - = . (5)
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P =13

Q=31

P =31

Q=47

P =11

Q=97

V-?5(@-%* (Initial) K5H"P3-%5,* (Encrypted) \*H"P3-%5,* (Decrypted)

&(). 5. K5H"P3-%5,* – /*H"P3-%5,* 2->350*,,1 25 3&2,"7 P, Q / Encrypted-Decrypted image at different P, Q
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P=13

Q=31

P =31

Q=47

P =11

Q=97

V-?5(@-%* (Initial) K5H"P3-%5,* (Encrypted) \*H"P3-%5,* (Decrypted)

&(). 6. K5H"P3-%5,& – /*H"P3-%5,& 2->350*,,1 25 3&2,"7 P, Q / Encrypted-Decrypted images at different P, Q

APCWR`cP/+Conclusions++

E 3->-(& 3-2%’125,- 5@(:5)A,: ,5:@-%--<3"@)5/,:
25/5?:, 1@5 <-)1=5I : 3-23->)*,,& &,P-395G&M,-B (*7,--
)-=&B <&/%"L*,,1 @3"<(-=35P&?,-B #(&M@-#(& &,P-395-
G&M,--@*3:F?"7 #"#(*9, 1@& o3:,(:F(A#1 ,5 @-9:,&@5-
G&M,"7 <3-G*/:357 &2 25#(-#:%5,,19 :,&%*3#5)A,"7 25#--

>&% 2 9*(-F 9&,&9&25G&B ->?"#)F%5)A,"7 3*#:3#&% : <3--

G*#57 25>*2<*?*,,1 ,5/&M,-#(&, #(&M@-#(& (5 >*2<*@"
P:,@G&-,:%5,,1 (5@"7 #"#(*9.

T(3"95,- (5@& ,5:@-%--<35@("?,& 3*2:)A(5(":

1. Z:9&#,* %"@-3"#(5,,1 /)1 H"P3:%5,,1 *)*9*,-

(&% 5)=-3"(9: RSA & P35@(5)A,"7 <*3*(%-3*,A



 !"$&()+!,- ./"($1 2(45"7$82-(,9 ;<9(515>2-, 2024, ;. 6, ? 2 (10) 103

 !#$ &'$() &!+,$+$.)/!01 '20$ +4 /162..7

8,1+0$(,!94:.$; >04@8$>04 >1>02' 8,101:.$($ &!-

>0$>)/!..7 ) ,!&4 +2,2 !/!..7 ) 8$').48!A4@.1B

+,$A2 ),!B A19,$/1B &$D,!E2.F 4& (#1D1.$G

8$#F$,)  $ 4 D!@0, 6$  !H &'$() +4 /16101 >04@-

84>0F 9).8A4$.)/!..7 4.9$,'!A4@.1B >1>02'.

2. I.02(,)/!..7 9,!80!#F.1B $+2,!0$,4/ ) >B2')

8,1+0$(,!94:.$($ K19,)/!..7  !H '$E#1/4>0F

+4 /16101 &!(!#F.1@ ,4/2.F 8,1+0$(,!94:.$;

D2&+281 >1>02' $D,$D#2..7 4 8$').48!A4@.$($

$D'4.) +$/.$8$#4,.1B &$D,!E2.F / !/0$'!01&$-

/!.1B >1>02'!B 8,101:.$($ &!>0$>)/!..7.

L +$,4/.7..7 ,1>. 3-4 4 ,1>. 5-6 /1 .$, 6$ K19,)-

/!..7 4& /18$,1>0!..7' $ .$($ ,7 8! '!0,1A4 &$D,!-

E2..7 /4 ,4&.7H0F>7 /4 K19,)/!..7 &!  /$'! ,7 8!'1

A4H; E '!0,1A4. M$.0),1 / $D$B &!K19,$/!.1B &$D,!-

E2..7B /4 >)0.4. N2K19,$/!.2 &$D,!E2..7 / +2,K$')

/1+! 8) .! ,1>. 4 /4&)!#F.$ .2 /4 ,4&.7H0F>7 /4  2K19-

,$/!.1B &$D,!E2.F (,1>. 5, 6) &!  ,)(1' !#($,10'$'.

L!K19,$/!.4 &$D,!E2..7 /4 ,4&.7G0F>7 78 >0,)80),.$,

0!8 4 &! 8$#F$,$'. O8!&!.4 !#($,10'1 '$E.! /18$,1>0$-

/)/!01  #7 +2,2 !/!..7 (,!94:.1B &$D,!E2.F 4 >0$>$/.$

D) F-78$($ 01+) &$D,!E2.F, !#2 .!@D4#FK! 292801/-

.4>0F  $>7(!H0F>7 ) /1+! 8) K19,)/!..7 &$D,!E2.F &

:408$ /1$8,2'#2.1'1 8$.0),!'1.

Q ,!&4 K19,)/!..7 &!  /$'! ,7 8!'1 '!0,1A4 4.02.-

>1/.$>02@ +48>2#4/ &! 01B >!'1B &.!:2.F  $/4#F.1B +,$>-

01B :1>2# P 4 Q /4&)!#F.$ &!K19,$/!.4 &$D,!E2..7 /4 ,4-

&.7G0F>7, $>84#F81 /4 ,4&.7G0F>7 4 +$:!08$/4 &$D,!E2.-

.7. R2 +4 0/2, E)H0F>7 +$+!,.1' +$,4/.7..7' &!K19-

,$/!.1B &$D,!E2.F ,1>. 5–6 &! 01B >!'1B &.!:2.F +,$>-

01B :1>2# P 4 Q. S!8! /4 '4..4>0F &)'$/#2.! 01', 6$ '!-

0,1A4 4.02.>1/.$>02@ +48>2#4/ ) ,4&.1B &$D,!E2.F .2$ -

.!8$/4.

UD1 /! /8!&!.4 +2,20/$,2..7 '$E.! /18$,1>0!01 4

>0$>$/.$ 8$#F$,$/1B &$D,!E2.F. W#2, .2&!#2E.$ /4 

01+) &$D,!E2..7, +,$+$,A4@.$  $ ,$&'4,.$>04 /B4 .$($

&$D,!E2..7 '$E2 &,$>0!01 ,$&'4, K19,$/!.$($ &$D,!-

E2..7.

Y4 /16)H0F>7 0!8$E >04@84>0F +,$A2 ),1 K19,)-

/!..7, $>84#F81  #7 K19,)/!..7 –  2K19,)/!..7 /18$-

,1>0$/)G0F  $/4#F.4 +,$>04 :1>#!, 784 '$E)0F D)01  $-

/$#4 /2#181'1. W /4 AF$($ &!#2E10F 8,1+0$(,!94:.!

>04@84>0F K19,)/!..7. N#7 K19,)/!..7 &! $ .1' ,7 -

8$' '!0,1A4 4.02.>1/.$>02@ +48>2#4/ /18$,1>0!.$  /!

 $/4#F.4 +,$>04 :1>#!, ! &!  /$'! ,7 8!'1 '!0,1A4 – />4

2#2'2.01 !#($,10') RSA.

[$&,$D#2.2 .! $>.$/4 $0,1'!.1B 02$,201:.1B ,2-

&)#F0!04/ /8!&!.$($  $>#4 E2..7 +,$(,!'.2 ,4K2..7

&!D2&+2:)H &D2,2E2..7 4.9$,'!A4; .2 #1K2 ) ,!&4 +2,2-

 !/!..7 ;; 8$').48!A4@.1'1 8!.!#!'1 &/’7&8), ! @ ) /1-

+! 8) $,(!.4&!A4; >04@8$($ +2,>$.4948$/!.$($ &!B1>0).

O18$,1>0!..7 2#2'2.04/ !#($,10') RSA & 9,!80!-

#F.1'1 +2,20/$,2..7'1  !#$ &'$() ) $>8$.!#101 '2-

0$  $>7(.2..7 .2$DB4 .$($ ,4/.7 8,1+0$(,!94:.$; D2&-

+281 / +,$A2 ),!B &!B1>0) .!+4/0$.$/1B &$D,!E2.F 4&

(#1D1.$G 8$#F$,)  $  /$B D!@04/, 6$  !H '$E#1/4>0F

+4 /16101 ,4/2.F D2&+281 >1>02' D2& 4.9$,'!A4@.1B

/0,!0 ) 8$').48!A4@.1B +,$A2 ),!B !/0$'!01&$/!.1B

>1>02' &!(!#F.$($ 4 8,101:.$($ &!>0$>)/!..7.
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THE+USE+OF+FRACTAL+CONVERTINGS+AND+THEIR+SYSTEMS+IN+THE+ENCRYPTION+–+
DECRYPHATION+OF+MONOCHROME+IMAGES+

Fractals occupy a rather important and defining place in computer graphics. This is the construction of landscapes,

trees, plants, even animals and the generation of fractal textures, as well as fractal image compression. Modern physics

and mechanics are just beginning to study the behavior of fractal objects. And of course, fractals are used directly in math-

ematics itself, as well as in cryptography when protecting images.

The article describes the use of elements of the RSA algorithm in fractal quadratic transformations and systems of

fractal transformations for encryption / decryption of monochrome images. Images are one of the most used types of in-

formation. Because of this, protecting images from unauthorized use and access is an urgent task. The main condition for

creating image protection is the assumption that the image is a stochastic signal. This allows us to transfer classical signal

encryption methods to the case of images. But the image is such a signal that, in addition to the typical informativeness of

data, also has visual informativeness, which brings new challenges to the protection problems. In fact, creating an attack

on an encrypted image is possible in two cases: through traditional hacking of encryption methods, or through methods of

visual image processing (methods of extracting contours, filtering, etc.). The latter do not provide a complete reproduction

of the input image, but provide an opportunity to obtain some information from the image. In this regard, another require-

ment is put forward to encryption methods in the case of their use in relation to images – complete noise of the encrypted

image. This is necessary in order to prevent the use of visual image processing methods.

Therefore, the urgent task is to develop such a use of the RSA algorithm in order to: preserve the resistance to decryp-

tion and ensure full noise of the image in order to make it impossible to use the methods of further visual image pro-

cessing. One of the ways to solve this problem is to use elements of the RSA algorithm in fractal algorithmic transfor-

mations and their systems.

One of the ways to solve this problem is to use elements of the RSA algorithm in mathematical transformations, in par-

ticular, in fractal algorithmic transformations.

Fractal transformations can be both linear and quadratic. And also systems of such fractal transformations. Encryp-

tion – decryption can be performed both with additional noise and without additional noise.

Keywords: encryption, decryption, fractal algorithm, contour, image, linear fractal, quadratic fractal, system of fractal

algorithms.
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