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METOA HNTABAOHHOTI'O ITPMXOBYBAHHA AAHIX
Y BEKTOPHI 30PA’JKEHHA

Baaancaas Kosryr, Osexcii Kinzepasuii, Osexcanap CroxinmHui

B pobomi asmopamu sanponorosaro nosuii cmecarozpagpiunuti Menod uabionozo npuxosysarnia ingbopmayii 6 cmpykmypy
sexnmopHozo so00pancerns. 1 Ipuxosysaritia darux 3a 3anpononosarMm Meno00;m 30IICHIOENILEA UAAXOM HOCHIYN06020 Po3bUmIIIA
Kkpusux DBes’c na 6i3yansito 00HaKosi cykynmocmi ceeMenmis npu SUKOPUCHIAHNE Haneped 8usHauerol mabauyi cnieionoulens
pisnux sHavens eneMenmi wabaony i3 pisHumu Kpoxamu nodyoosu kpusux bes’e. I1posedero excnepumenmansie doenioancerin
npozpamHoi peanizayii 3anponoHosarozo Memody 3 npuxoe)saria ingpopmayii'y eexmopri s06paseria gopmamy SV'G. Om-
puMari pesyavmanii excnepuMennty 0)au nopisHani 3 pe3yavmamaris icny04020 1n00in08020 Memody npuxogysaria ingop-
Mayii y kpusi bes’e. Sanponorosaruii menod noxasas suzpaut (binvut Hine 6 2-a pasti) 6 sMeHuleHH po3mipie 00epor)sariozo
cmezaroKormelineba ma vacy 1eobxionozo 045 npuxosysanns danux & cupykmypy S1V'G sobpancera.

KarouoBi caoBa: saxucm ingopmayii, cmecarozpaghis, 6exmopHi 306parcerHs, Memnod mabioHHOZ0 NPUXOBYBAHHA aHUX,
Meni00 106imosoeo npuxosysarns danux, SV'G sobpascenn, kpusi bes'c, aneopumm de Kacmenvowo.

Beryn. 3 BXOAKEHHAM AIOACTBA B epy iHEOP-
MaIifiHOrO CYCIIABCTBa, 1H(OpMaIiA BIAlrpae Bce
OIABIIY POAB Y *KUTTI AFOAUHH, IO HAAAAO IOIITOBX
AO AKTUBHOI'O PO3BUTKY 3aCO0IB 3axucTy iHMOpMAITLii.
Cepea BIAOMHX 1 AOOpE 32PEKOMEHAOBAHUX METOAIB
3axucty iHdopmariii, IO AOCHTH aKTUBHO pPO3BUBA-
erbes, € creraHorpadif. OcHOBHA BIAMIHA CTEraHOI-
padii BiA IHIIIMX METOAIB 3aXuCTy IHMOpMAILi, TTOAS-
ra€ caMe y IPHXOBYBAaHHI (PaKTy ICHYBAHHSA CEKPETHO-
IO IOBIAOMACHHS B IHIIIOMY HE IIPUMITHOMY OO €KTi —
kouTernepl. OAHUM 3 HAHOIABIIT BUKOPHUCTOBYBAHIX
KOHTEHHEPIB € 300paKeHHSA, fKI IITMPOKO BUKOPUCTO-
BYIOTBCA B MYABTHMEAIHUX TEXHOAOTIAX, TOAirpadi-
YHIH AIAABHOCTI, BEO-IIPOCTOPI, €AEKTPOHHHUX AOKY-
MEHTAX, TOIO. 300paiKeHHA OyBAIOTh CTATHYHOIO Ta
AMHAMIYHOIO THIIB, TAa IOAIASIOTBCS 32 BHAOM IIO-
AAHHA Ha PacTpPoBi, (DPAKTAABHI 1 BEKTOPHI (2D T2
3D) [1-3]. B poborti [4] 3ampomoHoBaHO METOA 1TOOI-
TOBOT'O IIPUXOBYBaHHA AAHUX B CTPYKTYPY BEKTOPHO-
IO 300paKEHHSA IIIAAXOM IIOAAHHS BEKTOPHUX PIryp y
BUTAAAL TTOCAIAOBHOCTI KpuBHnX bes’e, 3 moaaabmmmm
iX ITOAIAOM Ha BI3yaAbHO OAHAKOBI CYKYITHOCTI cerme-
HTIB 3 CEKPEeTHOIO iH(OpMAIero. AaHIH METOA 3a-
BAAIKH BAACTHBOCTAM BEKTOPHOI Ipadiki Ta KPHUBHUX
bBes’e 3abesrredye 3aXUCT NPUXOBYBAHHX AAHHX BIA
AKTHBHUX aTaK CTEraHOAHAAI3y Ha OCHOBI adpIHHHX
rreperBopeHb. OAHAK, HEAOAIKOM MeTOAY [4] € 3HauHe
30IABIIIEHHA PO3MIPIB  OAECP/KYBAHOIO CTETAHOKOH-
TelHepa (KOHTEHHEpa-pe3yAbTaTa) BHACAIAOK 301AB-
IIEHHA KIABKOCTI OIIOPHUX TOYOK HEOOXIAHHX AAf
3aAQHHA IIOCAIAOBHOCTEN KpuBHX bes’e 3 cexpernoro
i opmarriero. AOCAIAKEHHS CIIPAMOBAHI Ha INABH-
INEHHA BMICTHMOCTI IIPHXOByBaHOI imdopmarii Ta
3MEHIIIEHHA PO3MIPIB OAEPHAKYBAHOIO CTETAHOKOHTEH-
HEpa 32 METOAOM [4] AO3BOAHTBH 3a0€3IIEUNTH ITOAA-
ABIIIHIT PO3BUTOK CTEraHOIPapIYHUX METOAIB, IO

BHKOPHCTOBYIOTb BEKTOPHI 300paKEHHA y AKOCTI KO-
HTEHHepa. AKIYaABHICTD Ifi€] HAYKOBO-TEXHIYHOI 3a-
Aadl He BUKAHKAE CYMHIBIB.

Mera poboTH 1OAATAE Y INABHINEHHI epeKTHB-
HOCTI IIPUXOBYBAaHHA 1H(OpPMAILLi B CTPYKTYPY BEKTOP-
HOTO 300P@KCHHSA IIIAIXOM PO3POOKH METOAY IIIa0-
AOHHOI'O IIPUXOBYBAHHA AQHUX 3 BU3HAYEHOIO TAOAH-
LIEFO CITBBIAHOIIIEHD PI3HUX 3HAYEHb €AEMEHTIB ITTa0-
AOHY 13 PISHHMH KPOKAMI IIOOYAOBH KpHBHX bes’e.

OcnoBHa wactuHa. Menod nobinosozo npuxosy-
6arriA danux ) eexmopri s06paceririg. KopoTko ormrremo
METOA HOOITOBOrO IPUXOBYBAHHA AAHUX Y BEKTOPHI
300paxkeHHA [4].
YACTHHI BEKTOPHOTO 300pPAKEHH, IIIO MICTUTH KPHBI
bes’e. Aas nporo obupaerscs kpuBa abO rpyma Kpu-
BuX bes’e, AKI IOCTYIIOBO AIAATBCA Ha CEIMEHTH,
TAKHM YHHOM, IIOO Bi3yaABHO HE CIIOTBOPUTH 30-

HPHXOBYB AHHA 3AiI>‘ICHIO €TbCA B

OpakeHHsA. BITH ceKpeTHOro IMOBIAOMACHHSA BUKOPH-
CTOBYFOTBCA AAA OTPUMAHHA IIPOMIKHHUX CEIMEHTIB,
AKI YTBOPIOKOTBCA Y PE3YABTaTli ITOAIAY OCHOBHOL
KpuBOi 200 if yacTHH.

Haraaaemo, 1o xpusa bes’e 3apaervea HacTyn-
Hor0 hopmyAoro [5, 6]:

B(t):_zn“bi'n (1)R, t=t+At, te[0,1],

Ae P — omopsi Touxn, i €0,n, I — imAeKc OITOPHUX

I
TOYOK, N — IOPAAOK BH3HAYAABHOI (PYHKIII Oaswcy
bBepmirrreiina i cermenTiB moAiHOMiaABHOI KpuBOI, t
— mapamerp 1oOyAoBu KpuBoi, At — kpok 3miHK

mapamerpa t, b, (t) — noainomu bepHinrerina.

Kiaskicts onopaux touox P

YITKO BH3HAYAE€ TOPA-
AOK ITOOyAOBH KpuBOi bes’e, Ae meprma ta ocraHHA
ONIOPHI TOYKH HAAEKATb AAHIM KPHBII, a perrra 3a-

AAIOTHh HAIpAM pyxy modyaosu kpusoi. Kpusi bes’e

139



3AXVICT IHOOPMALIIL, TOM 16, Ne2, KBITEHb-UYEPBEHD 2014

BOAOALIOTb HACTYIIHUMHU BAACTUBOCTAMH, HA OCHOBIL
AKUX 0a3yeTbca METOA [4]:

1. 6yap-sixy kpuBy bes’e moxna posOuTn Ta I0-
AATH y BHTAfIAL BI3yaABHO OAHAKOBOI CYKYITHOCTI CET-
MEHTIB, A€ KOMKHHHU CErMEHT KPHBOI ABASTHMETHCA
KpHBOIO bes’e Toro i IOPAAKY ITI0 1 ITOYAaTKOBA KPHUBA;

2. OyAp-fika kpuBa bes’e € iHBapiaHTa BIAHOCHO
aplHHUX TIEpeTBOpPEHb, TOOTO HaA KpHBOIO bes’e
MOJKHA 3AIHCHUTH adiHHE IIEPETBOPEHHSA, IIPU AKO-
MY IIOAOKEHHS Ta BIACTAHI MK ii OIIOPHHMH TOYKA-
MH 30epiraTUMyThCA, aA€ 3MIHFOBATUMYTBCA AHMIIE iX
KOOPAMHAT.

Posburra kpuBoi bes’e Ha cermeHTH 3AIHCHIO-
eTbcd 32 aATopuT™MOM Ae Kacrearxo, o ormcyeTses

HACTYITHUM YHHOM [7]: KOOPAMHATH TOYKN B(t) Ha

kpuBii bes’e npu mesnomy 3nadvenni t piBHI KOOp-

X

AuHaTaM TOUKH Py (B(t)z V', X=n+1 — xiae-

KICTh OIIOPHHX TOYOK KPHBOI), IIIO OOYHUCAIOETHCA 32
HACTYIIHOIO PEKYPCHBHOIO (POPMYAOIO:

P =(1-t)R"™" +tP7}

i+l >

— . — '
ae relx, 1€0,x—r, P" =P a nouarkosi smauenns

0
P" — koopaunaTn omopaux touok P,.

HpI/IXOBy'B AHHA CCKPCTHOI‘O HOBiAOMACHHH

a={a,a,,...a,,,a,}, 8<{01, ielh, a — 6ir
CEKPETHOTO ImoBiAOMAeHHSA, N — kiabkicTs GiT 1TOBI-
AOMAEHHSA @, 33 METOAOM [4] ImpOXOAHTHME 32 Ha-
CTYHHI/IM aArOpI/ITMOM:

1. Busmagaerpca cekpeTHHII mapamerp (crera-
HOKAIOY) At KpOKy 3MIHH t, Ha OCHOBi fIKOTO OYAY-
€TbCA KOKHA TOYKa KpuBoi bes’e. [Ipuaomy, Buszna-
YeHUH KpoK Al He ITOBHHEH IICPEBHIIYBATH MAKCH-
MaABHO AoIycTume 3HadeHHs MaxAt=1/h, 6o spa-
31 BuOOpy 3HaueHHa At>MaxAt wmoxe BiAOyTHCA
BUXIA ITapameTpa t 3a HOro AOIycTHMI MEKI.

2. TlocaipoBHICTB

a={all,...,ai,af,...,af,...,ai",...,aj}, al {01}, ielz,

4

a AIAMTBCA HAa 4YaCTUHU

z=h/m, j el,_m, A€ M — 3araAbHAa KIABKICTB KpH-
Bux bes’e BekrOpHOTrO 300pakeHHA B AKI OyAe mpu-
XOBYBATHCH CeKpeTHe ITOBIAOMAEHHS, a
a’ ={a1‘ az‘} — IIOCAIAOBHICTD OIT AOBXHHOIO Z,
KOKHA 3 AKHUX 3aHOCHUTHCA B D ; Kpusy bes’e mpu ii
moAlal Ha cermenTH. OTpHMaHa ITOCAIAOBHICTH CeT-
MEHTIB IO3HAYACTHCA fAK Dﬁvl , A6 W — IHAEKC HOCAI-

AOBHOCTI CTBOPEHHX CErMEHTIB KpuBoi D j» We N,

a P, — xoopaunaru onopunx touok, Ve O0,3. [1pu-

YOMYy, KOKHHIT CETMEHT 3 ITOCAIAOBHOCTI CEIMEHTIB

w .
D, € Takox kpmBoro Bes’e Toro x mopsaky, mo i
v

novarkosa kpusa D;.

3. Bukonyerbca IPUXOBYBAHHA KOKHOI ITOCAI-
AOBHOCTI aij, ieﬂ CEKPETHOIO IOBIAOMACHHS B
xpuBy D;, ] el m masxom po30uTTA if HA CErMEHTH
IIpU Pi3HUX 3HAYEHHAX mapamerpa t=t+At:

a. SIxkmo mHa meBHOMY Kpomi t HIpPHXOBYBATH-
MeTbCA OiT aij =0, 1o kpuBa bes’c He AlAnThCs Ha
CEIMEHTH, a BIAOYBAE€TBCA IIEPEXIA AO HACTYIIHOIO
3HAYEHHS TTPHXOBYBAHOI MOCAIAOBHOCTI &), Ta Ha-

CTYITHOTO KPOKY 1.
b. fkmo ma meBHOMY Kpomi t IpPHXOBYBATH-

MeTbCs OIT ai‘ =1, TO B AaHIM TOYIIl BHKOHYETHCHA
.. W w-+1
posourTa kpuBoi bes’e Ha ABa cermenTa DP i DP
v v

3a aArOpI/ITMOM ACE Kacreawxo. HOAaAbLHC BHCCCHHA
HACTyIIHOI'O 3HAYCHHA HpI/IXOBYBaHOI HOCAiAOBHOCTi

al

i1 B1A6YB2.TI/IM€TBCH IIpHU HACTYIITHOMY KpPOIIL t B

o o w+1
OTpI/IMaHI/II/I A,pyrI/II/I CEIrMEHT p036I/ITTH DP . Koxue
\

posourTa KpuBoi bes’e mpu3BOAUTE AO 30iABIIIEHHSA
KiABKOCTI cermenTiB HA W=W+1.
C. 3AICHUBIIN IPUXOBYBAHHA ITOCAIAOBHOCTI

j .
a' y D, xpuBy, BoHa 3aMiHIOETBCA HA OTpPUMAHY

. . . w .
IIOCAIAOBHICTH CEIMEHTIB DP . Ilpraomy, BisyaArpHO
\
KpHuBa D j He OyAe BIAPI3HATHCA BiA ITOCAIAOBHOCTI
. . 0 1
cermerris Dy :D. =D; uD; U...uDY.
R i R R R
PosrasayBanuii aAropuT™ 3riAHO METOAY [4] Oy-
AO IIPOIPAMHO PEaAI30BAHO Ta EKCIEPHUMEHTAABHO
AOCAIAKEHO. VMOBH IIPOBEACHHS EKCIIEPUMEHTY
HpuBeAcH] B Ta0A. 1.
Tabamma 1

Amaparsi Ta mporpamsi 3acobu
IIPOBEACHHA EKCHEPUMEHTY

Hassa Ornmc XapaKkTepUCTHKH
IIporrecop AMD A104600M 2.3GHz
Oneparupaa mam’ate | 4Gb

Windows 7 SP1 x86-64
Visual Studio 2012
Visual C++

Omneparniiina cucrema
Cepeaa po3pobxu
Moga peaaisarii

[TpuxoByBaHHA AQHUX 3AIACHIOBAAOCA B CTPYK-
TypHUII eAeMeHT Path BeKTOPHOTO 300pasKeHHA Y
S1'G dopmari, a came B kyOiuHi kpuBi (tuiry Curveto,
mo 3aparotecsi komaHpaamu C 1a ¢) [8]. Brecenns
AaHEX pisHOTO po3mipy (Bia 100 Oaiir Ao 1000 Garir)
B ST/G 300paxeHHs BIAOYBAAOCA TIABKU B OAHY KPH-
By bes’e 3 HACTYIIHIMI KAFOYOBUMH ITaPAMETPAMHE:
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CP, =20, aec CP, — makcumaabHO AommycTH-
Ma KIABKICTb AECATKOBHX 3HAKIB APOOOBOI YaCTHHU
KOOPAMHAT OIIOPHUX TOYOK KpUBHX bes’e;

— CP, =6, ac CP, — aomycruma minimMaAbHa
AOBKUHH KpuBOi bes’e BIAHOCHO BiAcTaHedm MixK il
OIIOPHHUMH TOYKAMHU;

— CP, =6, ae CP, — makcumaApHO AOIyCTHMA

OXHOKAa B KIABKOCTI OCTAHHIX AECATKOBUX 3HAKIB

APOOOBOI YACTHHHI KOOPAHMHAT OIOPHHUX TOYOK, IIIO
BUHHKAE IIPH 3BOPOTHOMY IPOIEC] BIATBOPEHHSA ITO-

YaTKOBO1 KpI/IBOI Dj 3 IIOCAIAOBHOCT1 CETMEHTIB DP .
v

PesyapTaTin excepuMeHTy 3 CEpEAHIMU 3Ha-
YCHHAMU 9YACYy BHKOHAHHSA IIPHXOBYBAHHA 1 BIATBO-
perns indopmarii HaBeAeHI B TaOA. 2.

Tabaursa 2
Pe3yApTaTH €KCIIEPUMEHTAABHOIO AOCAIAKEHHA METOAY ITOOITOBOIO IPHUXOBYBAHHA AAHUX
Posip . Yac Yac Posmip Posmip 3.61AI)H_I€H}‘I'H
IIPHIXOBAHOL . . . po3Mipy KoHTeHHEPa
Ne | . .. | IPUXOBYBaHHA, | BIATBOPEHHI, KOHTeHHepa KOHTEHHepa . .
indopmariii, - . - «ITICAS» BIAHOCHO
. c c «ao», Kbaiir «rricas», Kbatir .
Gaiit KOHTEHHEpa «A0», Y0
1 100 12,16 25,77 45,28 98,90 118,44
2 200 23,93 50,23 45,28 152,60 237,05
3 300 46,10 59,50 45,28 208,28 360,03
4 400 59,71 81,14 45,28 264,49 484,19
5 500 77,93 99,16 45,28 318,601 603,71
6 600 92,81 119,85 45,28 374,24 726,58
7 700 101,74 140,61 45,28 428,57 846,57
8 800 123,37 163,28 45,28 482,24 965,13
9 900 128,66 183,88 45,28 534,61 1080,80
10 1000 143,81 202,46 45,28 588,31 1199,41

IToAaAbIIle 3MEHIIICHHSA PO3MIPY OACP/KAHOIO CTETAHOKOHTEHHEPA MOKHA AOCATTH 3aBASKH HOTO CTHC-
HEHHIO 32 AOIIOMOTOIO IIPOrpaM apxiBaTopiB. B TaOA. 3 HaBEAEHO AOCAIAKEHHA CTOCOBHO CTHCHEHHSA CTEra-

HOKOHTEHHEepPa 32 AOIIOMOTO0 ZIP apxiBaTopa.

Tabauns 3
PesyAbraTs CTHCHEHHA CTErAaHOKOHTEHHEPIB OTPUMAHHX 32 HOOITOBUM METOAOM
' ) Posmip crucryToro 3MeHIeHHA posMipy 30iabIrreHHA posmMipy
Posmip koHTeliHEp2 - . CTHCHYTOIO KOHTEHHEpPa | CTHCHYTOTO KOHTCHHEpa
Ne . . KOHTEIHEPA WICAD, . N : .
«rricas», Kbarir . BIAHOCHO KOHTEMHEPA «ITICAS» BIAHOCHO
Kbaiir . .
«rrican», %o KOHTEHHEepa «A0», %0
1 98,90 45,41 54,09 0,29
2 152,60 69,21 54,65 52,86
3 208,28 93,29 55,21 106,04
4 264,49 116,82 55,83 158,02
5 318,61 139,40 56,25 207,89
6 374,24 161,08 56,96 255,77
7 428,57 186,11 56,57 311,07
8 482,24 206,76 57,13 356,66
9 534,61 226,26 57,68 399,73
10 588,31 24477 58,39 440,63

3 OTpUMaHUX PE3YABTATIB MOMKHA 3POOHTH BH-
CHOBOK, INO IIPH IIPUXOBYBAHHI AAHHX B CTPYKTypl
S1’G 300pameHHs ITOOITOBUM METOAOM CYTTEBO
30IABIIYETBCA PO3MIP CTEraHOKOHTEHHEpA, HaBiTh
micas crucHeHHa ZIP apxiBatopom. AAf 3MEHITICHHA
PO3MIpIB OAEPKYBAHOIO CTErAHOKOHTEWHEpPA, aBTO-
PaMH 3aITPOTIOHOBAHO ITAOAOHHHE METOA ITPHUXOBY-
BAHHA AAHHX, KU OYAC POSTAAHYTO HITKUE.

Memod wmabnonrozo npuxosysars darux 'y 6exmopri
s06paowera. AAS 3MEHIIIEHHA PO3MIPIB CTEraHOKOH-
TelHepa, IIPOIIOHYETLCA METOA ITAOAOHHOIO ITPUXO-

BYBaHHA AAHHX Y BEKTOPHI 300payKEeHHS, KU OIIepye
BKe He Oitamu iHdopMmarti, a rAumMu OAoKamu (cepi-
Amu) Oit. OCHOBHOIO BIAMIHHICTIO ITAOAOHHOTO Me-
TOAY, € MOYKAUBICTb BU3HAYATH HAIIEPEA Pi3HI KPOKH
3MIHH ITapameTpa t BIAIIOBIAHO AO KOKHOIO 3HAYCH-
HA €AEMEHTA ITaOAOHY, Ha BIAMIHY BiA IIOOITOBOTO, B
AKOMY AAfl IIPHXOBYBAHHA OAHOIO OITy AQHHX BHKO-
pPHUCTOBYBaBCA CTAAMH KpoK Al 3minm mapamerpa t. B
CBOIO, YEPIY II€ AO3BOAHUTH IIPUXOBYBATH LIAUI OAOK
OITIB AHIIIE 32 OAHE po30uTTA KpuBoi bes’e. TabAns
3HAYEHb ITAOAOHY OYAE BIAIIPABATH POAB CTETAHOK-
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ATOY2, HEOOXIAHOTO AAfl IIPUXOBYBAHHA Ta BIATBO-
PEHHA AAQHUX 3 CTEraHOKOHTEIHHepa. 3HAYEHHA eAe-
MEHTIB ITTAOAOHY, A€ KOKHOMY ii €AEMEHTy CTaBHUTH-
METBCA ¥ BIATIOBIAHICTD CBIM KpOK 3MiHH Imapamerpa t,
OYAYTH 3aAABATHCA HACTYIIHUM CITiIBBIAHOIIICHHSAM:

TV =TAtY,
Ae K — 1iHAeKC 3HAYEeHb EAEMEHTIB 1abAOHY,
kel 2! , TVlk — 3HAYCHHS OAHOTO €ACMCHTY IIIa0-
AoHy, | — KiABKICTB OiT OAHOTO 3HAYCHHS €AEMEHTY

urabaony, TALY — oann kpox smism mapanerpa t.

A criBeTaBAcHHA 3HaueHHAM mabaomy TV,
kpokis TAt" smimm mapamerpa t moTpibHO AOTpH-
MYBATHCHh BUKOHAHHS HACTYITHUX BHMOT:

1. BusnadyeHHA KPOKIB TAtY 3minn Imapamerpa
t He IHOBUHHO IIEPEBHIIYBATH MaKCHMAABHO AOIIYC-
tumoro MaxAt=1/g, Ae g — cymapHa KIABKICTB
3HAYEHb CACMEHTIB ITAOAOHY B IIPUXOBYBAHOMY IIO-
BianOoMAeHHI. Bpasi BuOOpy, X049 OAHOro, 3Ha4YEeHHSA
TAt" >max At moske BiAGyTHCS BuXia mapamerpa t
32 FIOTO AOIYCTHMI MEK.

2. 3HAaYeHHA KPOKIB TAtY sminu mapamerpa t
HE IIOBUHHI ITOBTOPIOBATUCS MiK COOOIO.

B Ta0A. 4 HaBeAGHO IIPHKAAA CIIBCTABACHHA
KOKHOMY €ACMEHTY TVX, 1=4, mo ssaserbcs moc-

. . . k
AIAOBHICTIO 3 YOTHPBOX OIT, BAACHOTO KPOKy T At
3MiHHE ITapameTpa t.

TabAnms 4

IIpukAaA CIIBBIAHOIIIEHHS 3HAYEHb €ACMEHTIB
1abAOHY 3 PISHUMI KPOKaMH ITOOYAOBH KpHBOI bes’e

Tupexc K | IIIabron TV4k ,6ir | Kpok sminm T At
1 0000 0,00095
2 0001 0,0009
3 0010 0,00085
4 0011 0,0008
5 0100 0,00075
6 0101 0,0007
7 0110 0,00065
8 0111 0,0006
9 1000 0,00055
10 1001 0,0005
11 1010 0,00045
12 1011 0.0004
13 1100 0,00035
14 1101 0,0003
15 1110 0,00025
16 1111 00002

[TpuxoByBaHHA AAHHX 32 ITAOAOHHHM METOAOM
BiAOYBATHMETHCA 32 HACTYIIHUM AATOPHTMOM:

1. OGpaxoByeTbcs CyMapHa KIABKICTH 3HAY€HB
€AEMEHTIB ITaOAOHY B IIPHXOBYBAHOMY IIOBIAOMACH-
HI ¢ Ta MAKCHMAABHO AOIIyCTHME 3Ha4deHHSA Max At

KPOKY 3MiHH Imapamerpa t.

K
2. BcraHOBAIOETBCS KOKHOMY eAeMeHTy 1V,

mabaony BAaacHHiT kpok TAt“ smimm mapamerpa t
BIAIIOBIAHO AO OIIMCAHUX BHITIE BUMOT.

3. IlpeacraBAeHHA IIPUXOBYBAHOIO IIOBIAOM-
ACHHS @ y BHIAAAL ITOCAIAOBHOCTI  OAOKIB

z z

a:{af,ag,...,amfl,am}, z=n/m, ae z — posmip

6Aoky &', i€Lm, n — posmip HPUXOBYBAHOTO ITO-

BIAOMAEHHSA, 2 M — 3araAbHa KIABKICTB KpuBHX bes’e
BEKTOPHOTO 300paKEHHA B fAKI OyA€ IIPUXOBYBATHCH
CEKPETHE ITOBIAOMACHHS, KOKHUI 3 AKIX 3aHOCHTBCH
B D, kpuBy bes’e. Koxuuii OAOK HOBIAOMACHHSA

ITIOAAETBCS Y BUTASAL & ={ai1,...,aiq}, a’ — uacruma

oBiAOMAEHHSA 3 AOBKHUHOIO | GiT, yel,_q, z=q-l,
0 — KIABKICTh 3HAYECHb CACMEHTIB ITAOAOHY B OAOIIL.
OTprmana HOCAIAOBHICTD CEIMEHTIB ITO3HAYAETHCA
AK D;’,: , A6 W — IHAEKC ITOCAIAOBHOCTI CTBOPEHHX

cermentiB kpuBoi D,, weN, a B, — xoopaunatu

oropuux 1040k, Ve0,3.

4. BukoHyeTbCS IIPUXOBYBAHHA KOXKHOTO OAOKY
af CEKPETHOTO IOBIAOMAEHHA B KpuBy D, ielm
IIAAXOM PO30UTTA i HA CEIMEHTH IPU PI3HUX 3HA-

YEHHAX mapamMeTpa t:
a. HpI/IXOBYBaHHH KOKHOTO €AEMEHTY Lua6A0Hy

k z . .
TV," 3 6a0ky @ 1pu meBHOMY 3HAa4YeHHI t BiAOyBa-
THMETBCA IIAAXOM po30uTTA KpuBoi bes’e ma ABa

W w+1
cermenta Dy 1 D 32 aaropmrvom ae Kacreasixko.
\ v
[ToaaabItie BHECEHHA HACTYITHUX €AEMEHTIB ITADAO-
Hy 3 GAOKy & OyAe BIAGYBATHCA IPH HACTYITHOMY
. K - .
3HAYEHH] t=t+TAtk, A€ 3HadueHHS | At" BiAmIOBiAae
k .
[IPUXOBYBAHOMY eAeMeHTy 1V, Ha AaHOMY Kporii t,
o < Dw+1 6
B oTpuManHmii Apyruii cerment Dp ™, mo Gyae pos-

ITOYHHATHCA 3 KOOPAUHAT TOYKU PO3OHTTA IIOYATKO-
Boi kpuBoi. Koxue posburra xpusoi bes’e nmpusso-
AHUTB AO 30iABITIEHHA KIABKOCTI KpuBux bes’e B moc-
AlpOBHOCTI cermeHTiB HA W=W+1.

b. 3AlficHUBIIN IPUXOBYBAHHA OAOKY ITOCAIAO-

.7 .
saocti & y D, xpuBy bes’e, BoHa smiHIOETBHCA Ha

BI3yaABHO  OAHAKOBY  IIOCAIAOBHICTH  CEI'MEHTIB

w . _No 1 w
Dy :D, =Dy UD; U...UD;.
Ha ocHOBI 11aOAOHHOTO METOAY OyB IIPOBEAC-

HUNA EKCIIEPHUMEHT, aHAAOITIYHUN AO EKCIIEPUMEHTY
AASl TTODITOBOTO METOAY, TIABKH 3 BHKOPHCTAHHAM

HaIIEPEA 332AaHOI TaOAHUII KPOKIB TAt*. Biamosiano
- k
AKI KOMKHOMY EAEMEHTY 3HadeHHs 1V, mabaoHy

. K .
CTAaBUAOCA pisHe 3HaveHHA [ At" KpOKy 3MiHH ITapa-
merpa t.. Pe3yAbTaTH €KCIIEPUMEHTY 3 BUKOPHCTOBY-

BaHuMu HacTynHuMHu mapaverpamu | =8, K 1,256,
CPR, =20, CP, =6 Tta CP, =6 maBeacHi B Ta0A. 5.

142



3AXVICT IHOOPMALIIL, TOM 16, Ne2, KBITEHb-UYEPBEHD 2014

TabAnms 5
Pe3yAbTATH EKCIEPUMEHTAABHOIO AOCAIAKEHHS METOAY IIAOAOHHOIO IIPUXOBYBAHHS AAHIX

Posmip . . 36iAbIIEHHS
. Yac Yac Poszwmip Poszmip . -
IIPUXOBAHO] . . . pO3Mipy KOHTEHHEpa
Ne | . .. | IPUXOBYBaHHA, | BIATBOPEHHI, KOHTEHHEpa KOHTEHHEPA, . .
irdopmarii, s . 2 «ITICASD BIAHOCHO
. c c «pro», Kbarir «ricas», Kbatir . o
GaiiT KOHTEHHepa «A0», %o
1 100 3,60 21,59 45,28 60,36 33,32
2 200 7,05 57,47 45,28 75,22 60,14
3 300 10,73 65,80 45,28 90,09 98,98
4 400 15,01 92,17 45,28 104,99 131,88
5 500 18,70 108,28 45,28 119,89 164,81
6 600 22,65 150,92 45,28 13478 197,68
7 700 27,24 154,71 45,28 149,65 230,53
8 800 29,59 177,97 45,28 164,39 263,09
9 900 33,65 203,60 45,28 179,28 295,97
10 1000 38,42 228,60 45,28 194,10 328,72

[1poBiBII CTUCHEHHA OAEPHAHUX CTEraHOKOHTEIHepiB Z[P apxXiBaTOpOM OTPHMAEMO HACTYIIHE
(AuB. Ta0A. 06):

Tabawn1ts 6
PesyAbTaT cTHCHEHHA CTEraHOKOHTEHHEPIB OTPUMAHHX 32 ITADAOHHHM METOAOM
. § Poswip crucryToro 3MmeHIIeHHA posmipy 30iABITICHHS posmipy
Posmip xonTeiinepa - . CTHCHYTOTO KOHTEHHEPA | CTHCHYTOIO KOHTEHHEpa
Ne . . KOHTEHHEPA WIICAMD), . . : .
wricam», Kbaiir - BIAHOCHO KOHTeHHepa WITiCAS» BIAHOCHO
Kbaiir . o . o
«ricAn», Yo KOHTEHHEpPa «A0», Y0
1 60,36 27,63 54,23 -38,98
2 75,22 34,69 53,88 -23,38
3 90,09 41,65 53,77 -8,01
4 104,99 48,54 53,76 7,21
5 119,89 55,43 53,77 2243
6 134,78 62,14 53,89 37,25
7 149,65 68,91 53,95 52,19
8 164,39 75,52 54,06 66,81
9 179,28 82,24 54,13 81,63
10 194,10 88,94 54,18 96,43

PesyapTaTi IMOPIBHAHHA PO3MIPIB CTETAHOKOHTEHHEPIB, OAEPAKAHNX IIPH 3aCTOCYBAHHI PO3TAAAYBAHUX
METOAIB Ta CTUCHEHHA iX ZIP apXiBaTOPOM, HaBEACHO Ha Alarpami puc. 1.

600,00

500,00

400,00

300,00

200,00

Po3mip SVG 306parkeHHs, Kbaut

100,00

0,00

100 200 300 400 500 600 700 800 900 1000

Po3mip npuxoByBaHUX AaHMX, 6alT
PO3Mip KOHTelHepa «40» M po3mip KOHTeWHepa «nicna» (LWwabnoHHWUA meToa)
B po3mip KoHTelHepa «nicna» (nobitosuit metoa) B CTUCHYTUI PO3Mip KOHTEHepa «nicna» (WabnoHHWI meToa)

B CTUCHYTMI PO3Mip KOHTelHepa «nicna» (nobiTosuit meToa)

Puc. 1. IlopiBHAHHA PO3MIPIB OACPIKAHNUX CTETAHOKOHTEHHEPIB
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PesyapraTti mpOIEHTHOTO ITOPIBHAHHA 301ABIIECHHSA PO3MIPIB CTErAHOKOHTEHHEPIB, OACP/KAHUX IIPU 32-
CTOCYBAHHI PO3IASAYBAHHX METOAIB, HABEACHO Ha Alarpami puc. 2.

1300,00

1200,00
1100,00
1000,00
900,00 /
800,00 ——
700,00
600,00 /./
500,00
M
400,00 /

300,00
200,00 -
100,00

0,00

‘F—F‘*‘-—_‘—

36inbLUeHHA PO3Mipy CTeraHOKOHTeHepa BigHOCHO
nouyatkooro SVG 306pakeHHs, %

-100,00
100 200 300 400 500 600 700 800 900 1000
Po3mip npuxoByBaHUX faHMUX, 6aiT
g KOHTEWHEP «NiCAA» (LWAaBNOHHWUI MeToa) el KOHTENHEP «nicnA» (NobiToBMIM meToA)
== CTUCHYTUIN KOHTEMHEP «NicaA» (WabnoHHWI MeTog) === CTUCHYTUIA KOHTEMHEP «NicaA» (NobiToBui meToa)

Puc. 2. [IporerTHe 30IABIIIEHHA PO3MIPIB OAEPKAHIX CTETAHOKOHTEHHEPIB BIAHOCHO IIOYaTKOBOIO KOHTEHHEpa

PesyApTaTi ITOPIBHAHHA YaCOBHUX 3aTPAT HA IPUXOBYBAHHA T4 BUAYICHHA AAHUX 34 IITAOAOHHHUM T2 I10-
OITOBUM METOAIB ITPEACTABACHI Ha Alarpamax puc. 3 1a puc. 4.

150,00
. 140,00
Y 130,00
£ 120,00
I 110,00
< 100,00
£ 90,00
& 80,00
2 70,00
2 50,00
X 50,00
8 40,00
o 30,00
£ 20,00

10,00 l

0,00 i ; ; ; ; ; ; ; ; ;

100 200 300 400 500 600 700 800 900 1000

Po3mip npuxoByBaHWX AaHMUX, 6aUT

M Yac npuxoByBaHHA (WabnoHHI meToa) [ Yac npuxosyBaHHA (NobiToBMI MeToA)

Puc. 3. IlopiBHAHHA HEOOXIAHHX 32TpAT YaCy Ha IPUXOBYBAHHA AAHHX B CTPyKTypy 517G 300panenus

240,00
220,00
G 200,00
g 180,00
& 160,00
= 140,00
3 120,00
g 100,00
g 80,00
§ 60,00
F 40,00
G o D
0,00 - . . . . . . . ; ;
100 200 300 400 500 600 700 800 900 1000

Po3mip npuxoByBaHUX gaHux, 6ainT

M Yac BigTBOpPEHHA (LWabNoHHUI meToa) " Yac BigTBopeHHs (nobitosuit meTtoa)

Puc. 4. IlopiBHAHHA HEOOXIAHHX 32TPAT YACy HA BUAYICHHA AAHHUX 3 CTCTAHOKOHTEHHEPa
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BucHoBku. Aaf mipBumeHHA edEKTHBHOCTI
IIPUXOBYBaHHA iH(MOPMALIil B CTPYKTYPY BEKTOPHOTO
300paKEHHA B POOOTI 3aIPOIIOHOBAHO IITAOAOHHHUI
METOA IIPUXOBYBAHHA AaHHUX. LEKcriepumenTaAbHE
AOCAIAKEHHSA ITOKA32A0, IO METOA IITAOAOHHOTO
IIPUXOBYBAHHA AQHHX CTBOPIOE CTETAHOKOHTEHHEP
OIABII HIK B 2-a Pasy MEHIIIOTO PO3MIPY Ta 3 MEH-
IIIIMH 32TPaTaMU Yacy Ha IIPUXOBYBaHHA IH(OpMAIIl
HDK HOOITOBHI METOA, OCKIABKH 32 OAHE PO30HTTA
kpuBOi bes’e mpuxoByeThCA MMiAMI OAOK OITIB CEKpeT-
HOTO HoBIAOMAEHHA. OAHAK, 3aCTOCYBAHHSA ITADAOH-
HOTO METOAY IIPH3BOAUTH AO 30IABIICHHSA 9acy Ha
BHAYYECHHA ITPUXOBYBAHUX AAQHUX 3 CTETAHOKOHTEH-
HEpa y MOPIBHAHHI 3 HOOITOBHUM METOAOM, OCKIABKH
IIPH 3BOPOTHOMY HIPOIIEC] ITOCTYIIOBOTO BIATBOPECHHSA
ITOYATKOBOI KPUBOI 3 CYKYIIHOCTI CEIMEHTIB IIOCTIHHO

oTpiOHO mepeOupaTH BCl 3HAYCHHS T At 1abAOHY
AASL BIAITIYKAHHA HEOOXIAHOIO 3HAYEHHSA, IIPU AKOMY
OyA€ 3AICHIOBATHCA OAHE OO’ €AHAHHSA ABOX OCTAHHIX
CEIrMEHTIB IIOCAIAOBHOCTI.

3a AOIIOMOIOIO AOAATKOBOIO AOCAIAKEHHSA IO
CIUCHEHHIO  OACP/KYBAHUX  CTEraHOKOHTEHHEpIB
BCTAHOBACHO, IO CTETAHOKOHTCHHEPH HA OCHOBI
BEKTOPHHUX 300paiKEeHb AOCHTH IaPHO ITHAAAFOTHCA
crucHennro ZIP apxiBaropom, a orpuMyBaHuil Koe-
irienT cTUCHEHHA CTAHOBHUTH OiAbIe 50%.
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METOA IITABAOHHOI'O
COKPbITUA AAHHBIX
B BEKTOPHBIE N30BPAKEHIMA

B pobore aBropamu npesso:eH HOBBIA creraHorpadu-
YeCKHIT MeTOA IMAOAOHHOIO COKPBITHA HH(OPMAIIUH B
CTPYKTYPY BeKTOpHOrO u3o0paxeHud. COKpHITHE AAHHBIX,
COrAACHO IHPEAAOKEHHOMY METOAY, OCYIIECTBAACTCA
yT€M IIOCTEIIEHHOrO pasOneHus KpUBLIX besbe Ha BU3Y-
AABPHO OAMHAKOBBIE COBOKYIIHOCTH CEIMEHTOB IIPH HCIIO-
AB30BAHUU IIPEAYCTAHOBACHHOM TAOAHIIBI COOTHOIIIEHUI
PA3AMYHBIX 3HAYCHUN 3AEMEHTOB IMAOAOHA C Pa3HBIMU
[IaraMy IIOCTPOeHUs KpHBBIX besbe. [TpoBeaeHo skcrre-
PHMEHTAABHOE HCCAECAOBAHHE IIPOIPAMMHON peasn3a-
AN IIPEAAOKEHHOIO METOAQ IO COKPBITHIO HH(OPMA-
oy B BekTOopHBIE mM300pakenus dopmara SVG. Tloay-
YEHHBIE PE3YABTATBl IKCIIEPUMEHTA OBIAH CPABHEHBI C
PE3YABTATAMK  CYILECTBYIOILIEIO IIOOHUTOBOIO  METOAQ
cokpertua nadopMmaruu B Kpusble bespe. [Ipearoxen-
HBIA METOA ITOKa3aA BBIMIPHII (DoAee ¥eM B 2-a pasa) B
YMEHBIILICHUN Pa3MEPOB IIOAYIAEMOIO CTEIaHOKOHTEHHE-
pa ¥ BpPEMEHH, HECOOXOAHMOTO AASl COKPBITHS AAHHBIX B
crpykrypy SVG nzobparkeHus.

Karouepnle caoBa: samunta HHAOPMAIIHH, CTETAHOIPA-
dusA, BEKTOpPHBIC H30OPAKEHUA, METOA IMIAOAOHHOTO
COKPBITHA AAQHHBIX, METOA IOOHUTOBOIO COKPBITHA AQH-
wveix, SVG usobpakenus, kpubele besbe, aaropurm Ae
Kacreapixo.
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METHOD OF TEMPLATE HIDING DATA
IN VECTOR IMAGES

In this work authors propose the new steganographic
method of template hiding data in vector image structure.
According to the proposed method, hiding data is pet-
formed by the gradually separation of Bezier curves into
visually identical pluralities of segments with using preas-
signed correlation table of the different values of template
clements with the different steps of Bezier curves struc-
ture. There was conducted the software implementation
of proposed method of hiding information in vector im-
ages of SVG format. The obtained results of experiment
were compared with the results of existing bitwise meth-
od of hiding data in Bezier curves. The proposed method
showed the profit (in more than 2 times) in reduction of
steganocontainer size and time, required for hiding data in
SVG image structure.

Key words: information security, steganography, vector
images, method of template hiding data, method of bit-
wise hiding data, SVG images, Bezier curves, algorithm de
Casteljau.
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METOA IH®OPMALIIMTHO-AHAAITUUYHOI ITIATPUMKU YITPABATHHSA
TH®OPMALIIMTHOFO BE3ITEKOFO HA OCHOBI CUCTEMHOTO ITIAXOAY

Amurpo Aomapes

Ob eonanmn pospismerux 3acobie 3axucmy ma 3)cuns Gaxisyis pisiux npoginie 041 UKOHaHA cmpameiunux 3agars abes-
nevenna ingopmayiinoi vesnexu (IB) Yipainu nompebye ingopmayiino-ananimuunoi niompuriku ynpasainng Ib na ocrosi
cucrmemozo nioxody. Bidcymicms ysco0uceroi 06pobky ma sbepicaria onepamusnux adad, srats ma pusuxis Ib 6 ymosax
HenosHoMU IHGOpMayii, a maKodle SI0CYMHICII 3achoc)8ata cucmeMHozo nioxody 6 mpoyeci ynpasainia Ib smenmye adan-
TUBHICIID 171 MOGIABHICHIL CUCmeM iHgbopMayinoi besnex. Boockonanero modens noziunux i goynxyionansux 36 A3Ki Mise
CKAADOSUMY cucmem Ynpasainna ingopmayiiinor besnexoro (CYID), 6 kit 3a paxynok nadarisn MHONCUHE KAGDOBUX
CHANPAMKUY IMIHHOT POIMIDHOCIIE 3a0€3NeUeHD SHYUKICHIb NPOYEcis ananisy, npocHo3yéans ma iHpopMayilno-anarimuyol
nidmpuMKY nputinamma pinens wodo abesneuenns 1b. Buepute pospobaeno modens danux CYID, 6 axiii 3a paxynok cupyx-
mypusayii danux 3a Mo0eAnt0 A02iuHUX | GyHKyioHanbux 36 A3Ki6 Mige ckaadosumu CYID sabesneuero yszooncery 06podKy
ma 3bepicatia onepamusHux 3aday, snarv ma pusuxis 1B 6 ymosax: wenostomu ingopmayii. Bnepute pospobaero menod in-
Poprayitino-ananimuunoi nidmpusixu ynpasainna I, axuii sa paxynox suxopucmania 600ckoHaneH0i MoOeAT 36 AKIE Mid
cknadosumu CYID, pospobaeroi modeni darnux CYID ma pospobiaeroi memoduxu oyirku nomourozo cmaty Ib sabesneyye sa-
CHI0CYBatHA NPUHYUNLE cucmeMHozo 1nioxody 6 ynpasainni Ib. Hasedero mpuriaad sacmocysarra pospobaeroeo Meniody 041
banxiscool cucmemu Yxpainu. Hadano pexomendayii wodo naykosozo ma npaxmuurozo suxopucmariz pospobaenux modeset
ma ment00y.

KaroqoBI caoBa: cucmemmnuii 1i0xio 00 ingopmayitinoi besnexu, Modeas 36 askis mine ckaadosumu CYID, modens darux
yHpasAitA IHPOPMayiiinoto besneKxor, Meno0 YnpasaiHHa HGOPMayiliHor besnexor, cucmemMa YynpasaiHna iHGopMayiiow
tesnexoro, CYIb.
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