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AHOTALIA Ananiz icuyiouux memoodig 66yoogyeanhs yugposux eoosmux 3Hakie (L[B3) nokaszye, wo Ona Oinbuiocmi 3 Hux,
aKmyanvHow € npobiema nocipuieHHs aKocmi 300padicenns 6 axe 60yoogyemuvca L{B3. Ilpu eioobpasicenti peanvhux o0 ’'ckmie 6
macwmabi (apximeKmypHux cnopyo, 2eocpagiyHux Kapm mowo), ys npodrema € 0coOAUBO AKMYANbHOIN, A0NCe 3HAYHA 3MIHA
KOOPOUHAmM MoY0oK MOJice CYMMEGO NOIPWUMU SAKICMb  IHGopMayii npo icHyroui 00 €kmu uu 6NIUHymu Ha ix cmeopents. Buxoosuu
3 Yb020 8 pobomi NPOAHANI308aHI nepesazu ma HeOONIKU ICHYIOUUxX memooie 60yoogysanus L[B3 6 eexmopHi 300padicenns ma
ONMUMIZYEMbCA OOUH 3 BIOOMUX MEMOOIE 3a PAXYHOK 3MEHULEHHS, CHOMBOPEHHS 300PANCEHHA-KOHmMeUHepa.

Knrouogi cnosa: yugposi 600sni snaku, 300paxcents-Konmeninep,; aKkicms 300padcents; 6eKmopHi 300paxicenHsi.

DECREASING THE SPOTLIGHTS LEVEL OF VECTOR IMAGES AFTER
INSTALLATION DIGITAL WATERMARKS

A. YUDINA

Department of Management and Security of Information Systems, Vinnitsa National Technical University, Vinnitsa, UKRAINE

ABSTRACT Today, steganographic methods are widely used to solve the following tasks: protecting confidential (official)
information from unauthorized access; protection of copyright in intellectual property. The most widely used are methods of
concealing information used as an image container, in particular a vector. This is due to the following reasons: relatively large
amount of digital representation of images, lack of restrictions imposed by real-time requirements; the presence in most real images
of areas of textures that have a noise structure and correspond to the embedding of information; the necessity of protecting
photographs, pictures, videos from illegal copying and distribution.

In the world there is an incredible number of projects, including advertising, design, website design and presentations, architectural
design drawings, geographic maps, etc. The risk associated with the use of images from the Internet is enormous. However, given the
high degree of anonymity, the ease of dissemination of information, a significant audience, there is a problem of copyright protection
of electronic documents.

For their protection, steganographic methods of embedding digital watermarks are used. An analysis of existing methods shows that
for most of them, the problem of impairment of image quality in the embedded DVB is relevant. When displaying real objects on a
scale (architectural structures, geographic maps, etc.), this problem is especially relevant, since a significant change in the
coordinates of the points can significantly impair the quality of information about existing objects or affect their creation. Therefore,
the method optimizes the method of embedding the central digital output vector in the vector image, by reducing the distortion of the
image-container.

Keywords: digital watermarks; container image; image quality; vector images.

Beryn

IIpoBenenuii anHamgi3 mOKa3aB, MO I 33aXHCTY
ABTOPCHKOTO npaBa BEKTOPHHUX 300paxeHb
NEepPCIEKTUBHUMH € METOJAHU, SKi He MOTPeOYIOTh st
ButiaryBanus 1[B3 opwuriHamy 300paskeHHST 4M CaMmoro
[IB3, i mpu mpoMy aHaii3 MOKa3aB, IO Ti METOMIM, SKi
BUKOPHCTOBYIOTh MaTeMaTH4HI II€pEeTBOPEHHS, MaroTh
6inpmi MoxkimBocTi ipu BOynoByBanHi [[B3 y BexTopHIi
300paXCHHS MIONO 3MEHIICHHS pIBHSA CHOTBOPEHb 1
BHpIIIEHH ITOCTaBJIeHOI 3amayi [1-4].

B poGoTi HaBenmeHi Taki OCHOBHI IEpETBOPEHHS,
cepel SKHX HAWOLTBIIOrO BHUKOPUCTAHHS OTPHUMANA
gacToTHI. YacTOTHI mepeTBOPEHHS JT03BOJISIOTH BUAUIATH
B 300pa)XeHHI 3HAYYII Ta MEHII 3HAYYIli KOMIOHEHTH, B
aki MokHa BOymoByBatu Oitm 1IB3 ©6e3 3HauHOrO
noripimenHst sikocti 300paxeHHs. [lpu BukopucTaHHI

YaCTOTHHUX TEPETBOPEHb JUII BEKTOPHUX 300pa)KeHb, M0
€ HabopoM KOOpAWHAT  TOYOK, 300pakeHHs
MPEACTABIAIOTECS Yy BHIVIAAI  KOe(ilieHTiB, IO
BiZIOOpa)aloTh 3HAYEHHS YaCTOTH 3YCTPIYAEMOCTI IHX
koopauHat. B npomy Bunanaky Oitu LIB3 BOymoByroThCS
LIUIIXOM  3MIiHM 3HaueHb KOe(illieHTIB, Micias Yoro
300pa)XCHHS TIEPETBOPIOETLCS Y BEKTOpHUIT opmat [5].
3MiHa KOE]Iili€HTIB MPU3BOAUTH JIO PI3HOTO BIUIMBY Ha
3HA4YeHHA KoopauHaT To4oK. KpiM Toro, 3miHa omHOrO
KoedilieHTa MO>Ke BIUIMBATH Ha PO3MIILICHHS LIJI0T TpyNH
TOYOK, IO JO3BOJISIE PO3MOMUIATH CIOTBOPEHHS Ha BCi
Toukn. Takox BOymoByBanHs OitiB L[B3 y oOmacts
YaCTOTHOTO  II€PETBOPEHHS  J03BOJSIE  IiABUIIUTH
CTIHKICTh BEKTOPHHX 300pa)K€Hb OO0 JCSIKAX THITIB
3JI0BMHUCHUX aTakK, HAaPUKJIaJ, 1O BHECCHHS LIyMYy.
Bunukae 3amaga BuOOpY MNEBHOTO YacTOTHOTO
MEPETBOPEHHSI [UIsi METOAY BIAKPUTOI CTEraHOCHUCTEMHU
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BOymoByBanHs I[IB3 y BekropHi 300paxkenHs. J[lo
MaTeMaTHYHOTO MEPeTBOPEHHS B3arajli MO>KHA BHUIUIUTH
HH3KY BUMOT.

1. TlepeTBopeHHS TMOBHHHO OyTH TOBHICTIO
3BOPOTHHUM JJIsI 33]]aHOT TOYHOCTI ITPEACTABIICHHS TAaHUX.

2. Bukopucranus MEePETBOPEHHS Ut
MIPEACTaBJICHHS 300paXeHHS B TIEBHOMY  BHIVISI
MOBUHHO 3abe3nedvyBaTH Kpamty criiikicte LIB3  no
HaBMHCHHMX araK, HDK MeETOAW, [0 BOYIOBYIOTH B
MIPOCTOPOBY 00TaCTh 300paXKCHHSI.

3. 3miHa  3HauYeHb, SKUMH  HPEICTaBICHO
300pakeHHs B TIEBHOMY BHIIAI 33  JOIOMOTOIO
NIepETBOPEHHS, SKOMOT'a MEHIIIE BIUIMBaJIa O Ha 3HAYCHHS
KOOpAMHAT TOYOK, 1 BIAMOBITHO HA CTPYKTYPHHUH BMICT Ta
TOYHICTH 300pa’keHHS.

Jlo OCHOBHMX YacTOTHHMX NEPETBOPEHb, Ha SIKHX
0a3yroThCs ICHYIOUI MeTonmu, 1o BOymoByrooTh 1IB3 B

00JIaCTh ~ TEPEeTBOPEHHsI,  BIJHOCATHCSA:  JTUCKPETHE
IIEPETBOPEHHS Dyp’e, BEUBIIET-NIEPETBOPEHHH,
TIePETBOPEHHS Jlannaca, JIUCKPETHE KOCHHYC-
NIEPETBOPEHHS .

OcHOBHa imes MeTomiB, mO 0a3yrOTbCA Ha

YAaCTOTHUX MEPETBOPEHHAX, MOJNATAE y BHUKOPUCTAHHI
(akTy BHCOKOi KOpENsIii MK CyCigHIMH TOYKaMH B
Me)Kax TIOJIITOHIB 9M MOJLTiHIN, AKi (OpPMYIOTH BEKTOPHE
300pakeHHs. Y mpomy 3B’s3Ky JKII mokasye BucoKy

e(EeKTUBHICTh B YIIUIbHEHHI eHeprii
BHUCOKOKOpENbOBaHMX JaHuX. B  pesymbrari JIKII
NPOCTOPOBHI CHTHAJN TIEPETBOPIOETHCS B IOCTIHHY

ckianoBy (DC-koedirieHT), M0 TPEICTABISE CEPEIHE
3Ba)KCHE 3HAYEHHS CHTHANY i 3MiHHI KoMrnoHeHTH (AC-
KoeillieHTH), SKI NPEACTaBISIOTH TapMOHIKM CHUTHAIY.
Jnsi BUCOKOKOPENBOBAaHUX JAHUX, YMM BHIIA YacTOTa,
TAM  MCHIIA  aMIUTiTy#a KoedimieHTa B  IDIaHi
CTaTHCTHUYHOI ~ XapaKTEPUCTHKHA. 3MiHA OJHOTO 3
BHCOKOYACTOTHUX KOE(QIIi€HTIB BIUIMHE HA YCi TOYKH
BHOpaHOTO OJIOKY, IO TO3BOJUTH B ACAKiH Mipi 30epertu
kopemsamiro Mk Humu. JIKII Takox mae nomaTkoBy
nepeBary 1010 MOXKJIMBOCTI aHai3y OJIOKIB 300payKeHHs
Ha TMpUAATHICT, [0 BOYJIOBYBaHHS 3 TOYKH 30py
MIHIMQJIFHOTO BIUIMBY Ha 3HAUEHHS KOOPIMHAT TOYOK
300paxkeHHs. Buxomsum 3 1poro, obepemo JIKIT sk
0a3oBe TIEPETBOPEHHs MJIs BHPILMICHHS I1OCTaBJICHOT
3ajJia4i — 3MEHIICHHS BILIMBY BOyzoBanoro 11B3 Ha sxicTh
300pakeHHS.

Mera po6oTu

Metoro podoTu [3 BIOCKOHAJIEHHS
creraHorpadiuHoro meroay BOymoByBanHs [[B3 B
BEKTOPHI 300pakeHHsI, 32 PaXyHOK 301IbLICHHS KITBKOCTI
KOE(DIIIEHTIB JUCKPETHO-KOCHHYCHOT'O TIEPETBOPEHHS.

BukJjiaa 0CHOBHOTO MaTepiaJry

Y  pobGori [6-9] 3ampomOHOBAaHO  METOX
BOynoByBaHHs LIB3 y nBOBMUMIpHI BEKTOpHI KapTH Ha
6a3i ogHoBuMipHOTO JIKII i mo3Bossie Butsarysatu 1[B3
6e3 momaTkoBol iH(opMaIii.

3rigfHO 3 METOAOM BEKTOpHE 300paKeHHS
MEPETBOPIOETHCSI B YACTOTHUH BHIVISL 32 JIOTIOMOTOIO
oxHouMiproro JIKII, sike moke OyTH mpeacTaBieHe B
TaKOMY BUIJISIII:

N_] . .
Fw= \C% > Clg)cos {—” Y 2(]2\;“ Ll } (1)
x=0

B PE3yJIbTaTi YOro OTPUMYIOTh MaTpulll 8X8 KoedilieHTIB
JKII, sxi gacto mo3Ha4yawTh F (v), a C( v) — mO3MIis
KoedirieaTa B oMY OJIOIIi.

KoxxeH Onok mpu 0bOMY NpU3HAYCHHH s
MIPUXOBYBaHHA ogHOTO Oita manux [10]. s mpoBeneHHS

JOKIT wmacuB KOOpAMHAT TOYOK po3OMBAEThCA Ha
OMHOBHMIpHI MacuBH 10 &  ememeHtiB. [lpu
omHoBuMipHomy JIKIT 3miHa omHOro KoedilieHTa

BIUIUBA€E Ha BCi KOE(DILIEHTH Ta PO3NOALISIETHCS Ha BCi 8
3Ha4€Hb KOOpJAMHAT TOYOK. /[1s1 3MeHIIeHHs cyMapHOi
MOXMOKU BiJXWICHHS KOOPAWHAT TOYOK BiJl OpHUriHATY
MOXKHAa BHUKOPHUCTATH IIEPETBOPEHHS JUIS  OUIBIINX
MacHBiB TOYOK. Tozi pe3ynpraroM Oyne 3MiHa OiLIBIIOT
KITBKOCTI 3MIHEHHX 3HAa4eHb KOOPOWHAT, IMPOTE 3
MEHIIMMHU BiIXWICHHSMH BiTHOCHO OpHWTiHATY, IO
MIpHUBE/IE 10 MEHIITNX CIIOTBOPEHD 300payKeHHS.
Oco6muBictio omnosumipHoro [IKII e Tte, mo 6a3ucom
JUIA HBOTO € 8 BEKTOPIB, KOKEH 3 AKUX (popMyeThcs i3 8
3HaueHb (QYHKIII KOcMHyca. Buxomsum 3 1bBOro,
30UIBIIEHHS KUIBKOCTI TOYOK OyJIeMO pO3IisiiaTH He IUIs
oxuoBuMmipuoro JIKII, a gus JIKII iHmoro Bumipy.

B 3B’s3ky 3 LMM MPONOHYEMO BHUKOPHCTaHHS
nsoBumipHoro JIKIT amst 3abe3nedeHHs] MEHIIOTO BIUIMBY
I[IB3 Ha sixicth 300paxkenns. JKII Bi3bMeMo po3mipom
8 x 8. IBoBumipue JIKII mis marpuri po3mipom 8 x 8, mo
cyTi, sBuse coborw 8 omHOBMMipHHX JKII, sxi
MIPOBOAATHCS CHOYATKY JUIS PSJKIB MaTpHUIlb, a HOTIM JUIs
ii croBmuiB. Ilpm Bukopucranai asoBuMmipHoro JIKII
3MiHa KoeQiIlieHTa PO3MOIUIIETECS Ha 64 eIeMEHTH, a He
Ha 8, SIK TIPH OAHOBUMIPHOMY, MIO 3a0€3MEeYUTh MEHIITHHA
BIUTMB BOymoBanoro 11B3 Ha 3HaYCHHS KOOPIMHAT TOYOK,
a BIAMIOBIAHO 1 HA SKICTh 300PaYKCHHS.

Amnaniz meroay [11-13] mokasye, mo Ha sIKiCTh
300pakeHHs npu BOynoByBanHi [[B3 Takox BIUTHBAE i Te,
SIKUM YMHOM 3MiHIOIOThCS Koedinientu JKII.

[Ipu poMy BUHHKAE MpobieMa TOro, 0 MOKJINBI
BHITIAJIKH, KOJH 3MiHa KOC(QIIiEHTa TaAKHM YHHOM MOXKE
MIPU3BECTH /0 CYTTEBHX 3MiH KoopamHar Todok. CyTh
MpoOJIEeMH TIOJIATa€ B TOMY, IO OUIBIICTH peaTbHUX
300pakeHb XapaKTEPU3YIOTHCSA OUTBIIMMH 3HAYCHHIMH
am3pkovactotHEX (HY) Ta cepemupouactotHux (CH)
koedimientiB, Hix BucokouacToTHux (BY). Tomy
MOXJIMBI ~ BWIIAIKH, KOJMH Il  KoedilieHT Oyzae
301IBIIEHNH Ha 3HAa4YeHHs, OimbIie 3a BiacHe. Ile, B cBOIO
4yepry, MpH3BeIe JO 3HAYHOTO TOTIPIICHHS SKOCTI
BEKTOPHOI'O 300pa)KeHHS, 1110 HEIOIYCTUMO JUIS JIESIKHX
BUJIIB KapT.

BpaxoByroun 1e, 3MiHy 3Hau€Hb HEOOXiTHO
3MIACHIOBATH TaKUM YWHOM, 100 BIumB [[B3 Ha sKicTh
300pakeHHs OyB MiHIMAJIBHUM IIPH 3a0e3MeUYeHH] 4iTKOTO
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posmizHaBanHs OiTiB L[B3. [l 1pOro NpOTMOHYETHCS
BUKOPHCTOBYBATH HE OJIMH, & JIeKUIbKa KOe]illieHTIB [uist
MOPIBHSIHHSL, Ta Taki yMOBH BOyj0oByBaHHs 0itiB LIB3, 110
JIO3BOJISITH 3MIHIOBATH KOC(IIIEHT HA HEBEIMKE 3HAUCHHS
HIOPIBHSTHO 3 HOTO BIIACHUM.

Po3rnsinemo BekTopHe 300paxkeHHs (puc.l) y
BUTJISIII OTHOBUMIPHOTO MacHBy V, B SIKOMY eleMEeHTaMu
€ TOYKH BEKTOpPHOTo 300paxenHs Vi, ne [ = 1.N, N —
KUTBKICTh TOYOK B MacuBi. V; = (X;, Y), ne X, Vi —
3HAYCHHsI KOOPAMHAT TOYKU V; BEKTOPHOTO 300paXKeHHS.
Hami chopmyemo wmatpumi po3mipom 8 X 8 (ToOTO
po3MipHiCTh MaTpumi #=8) 3 KOXHUX 64 KOOpIMHAT
TOYOK MacuBy V, Ta mo3Hauumo ix sk Ci(x,y), nei = 1.1, ¢

— KUIBKICTP C(OPMOBaHHMX MAaTpHUIb, X, y — TO3UII]
KOOpAMHAT B Iiff MAaTPHIIL.

il -

q 86 s

Puc. 1 — @pazemenm gexmophoi kapmu

Hnst xoxuol matpuui Ci(x,y) mpoBeneMo MpsiMe
nsoumipHe JIKII, B pe3ynprari 4oro OTpPUMAEMO
MaTpuili koedimieHTie F(u,v), A€ u,v — MO3HUIII IUX
koegirienti B Mmatpuili. JIKII B 3aranpHOMY BUTIISL TS
i-i  marpuui  Fi(u,v) Moxe OyTH IpeIcTaBICHO
AQHAJIOTIYHUM YMHOM 5K 1 B (1):

_c(u)-c(v) PEpe
DS ol looslzz] @

x=0 y=0

Fu,v)

_meu-(2x+1) T = T-v-(2y+1)
Z2xter , = Y

e z — aApryMCHTH
I N N Pry
I
JIMCKPETHO-KOCHHYCHOTO ~ TIEPETBOPEHHS,  C(1t) = % ,

. 1
akmo u =0, 1 c(u)z] SKIO u >0, Tac(u) = —=, SIKIIO
N2
v=0,1 C(V)Z]HKH.IO v=1
B koxHII MaTpuil HW3bKOYAcCTOTHI KoedilieHTH
OyZyTh pO3MILIYBaTHCh Y BEPXHbOMY JIBOMY KYTi,
BHCOKOYACTOTHI KOe(illieHTH — B HI)KHBOMY IIPaBOMY, a

CepeIHbOYACTOTHI KOMIIOHEHTH — IO JiaroHalli MaTpHIli
(puc.2).

of630] 67 ] -1 | 15 5 0 0 1

1155 | 27 | 38 | 24 | 5 1 2 -7

2l 63 | -18 | 3 9 0 -1 -1 -1

3 27 | -8 | -11 | 11 -6 1 -1 6

4 13 -9 0 6 0 1 -1 0

5 14 -5 -1 7 0 1 -1 0

HH2BKOTACTOTHI Koe]illieHTH
CepeIHLOYACTOTHI KoedillicHTH
BHCOKOYACTOTHi KOe]illieHTH

Puc. 2 — Mampuys xoeghiyienmis JJKI1

Jlns BOymoByBaHHs oxHoro Oita I[B3 Oymemo
3MIHIOBaTH 3Ha4eHHS oaHoro BY-koedimienta. [lami
BH3HAYMMO, K CaMme 3MIHIOBaTH Il KoedilieHT, moo
npu ButsAryBanHi 1[B3 MokHa Oyno d4iTko po3smizHaTH
BOymOoBaHMI OiT Ta 3a0€3MEYUTH MIHIMAJIHHHUN BIUIUB
I1B3 Ha 3Ha4YeHHS KOOPJAMHATU TOUKH.

Hns IILOTO CKOPHCTAaEMOCH T/IX0/I0M,
3anpornoHoBanuM y po6oti [14]. CyTe 1mporo migxomy
monsrae B TOMy, mIo s BOymoByBaHHA OitiB [IB3

OITHOMY KoedirieHTy TIPHCBOIOIOTH
cepeaHbOapU(PMETHIHE 3HAYEHHS JEKUIBbKOX  IHIINX
koedimieHTiB. OCKUIbKM 3HAa4YEeHHs B MeXax OJIOKY

300pakeHHs 8 X 8 BHCOKOKOPE/IbOBAHI, TAKWH MMiAXiA
3a0e3mnedye He3HAYHY 3MiHY Koe(illieHTa, IO JT03BOJISE
3MEHIIUTH CIIOTBOPEHHS! 300pakeHHs. s Hamoro
METOJy, OKpiM Kkoeoitienta F(u;,v;), skuid OyaeMo
3MIiHIOBaTH, BHOEpEMO IIe JBa JI0JaTKOBHX KOe(illieHTH
Fi(us,v;) ta Fi(us,vs3).

Bubip no3umiit koedilieHTiB MaTpUIll BEKTOPHOTO
300pakeHHS U pUXOoByBaHHS [IB3 Mo)KHa POBOIUTH
oapady abo 3a JOMOMOrOK YacTHHH CEKPETHOTrO
crerokmoya k. Hampukiaj, MOXXHA TICEBIOBHUIIAIKOBO
3reHEepYyBaTH TPH MO3MIIL (u;,Vy), (U2 Vz) Ta (u3v3) s
BIAMOBITHUX KOE(DILlIEHTIB.

Ockinbku Matpull Koe(ilieHTiB (opMyeTbes 3
BEKTOPIB MO 8 eJeMEeHTIB, CyMiXKHI €JIEMEHTH B MaTpHIIi,
pO3MillleHI MO BEPTUKANi, HE € CYCIAHIMA B MAacCHBIi
KOOpJIMHAT TOYOK 300pakeHHs. Tomy HMOBIpHO, IO
BOHM MOKYTh HaJIeKaTu pi3HUM 00’eKkTaM. A 1ie, B CBOIO
4yepry, MOXe IPHU3BECTH [0 CHIbHHUX 3MiH KOOPIHHATH
toyok. Tomy mpomonyerscst oOuparn KoedilieHTH 3
OJTHOTO TOPU3OHTAIBHOTO PSIKA MATPHII.

Ipencrasumo 1IB3 y Burmsagi macuBy OiTiB m
posmipom ¢. Koxen 6ir IIB3 m; j = l..q, OGymemo
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BOYIOBYBATH MOCIIIOBHO [0 OJHOMY B KOXXHY MATPHIIIO
Fdu,v), i = 1..t. 3po3ymijio, 110 MPH LBOMY KUIBKICTh
6iriB 1IB3 ¢ He mNOBHMHHA NeEpPEBHIYBaTH KUJIbKICTh
marpuups ¢ BOynoByBanus Oitie LIB3 m; Oynemo
3MiMICHIOBAaTH TakuM 4YHHOM. SIKmio OIiT m; 0, To
HepeBipsIEMO YMOBY:

max (F; (uz.v2).F (u3,v3). F; (ug,v4))

Fi(ug,vy) < , (3)
n

Sxmo ymoBa (3) BUKOHY€TbCS, 3HAYEHHS

KoedimieHTa Fi (u1,v1) 3amummmMo 06e3 3MiH, TOOTO y

Mmarpuni F'(u,v) 3 BOynosanum Oitom L[B3 koedimient
F’(u1,v1) Oynme mopiBHIOBaTH 3HAYCHHIO KoedilieHTa
Fi(ui,v1). Y pa3i HeBukoHaHHS yMOBH (3), OTpHMaeMo
3HaueHHs F(ui,vi) K 3HAYCHHS MAaKCHMAJIBHOTO
KoeilieHTa cepen THX INO 3aUIIMINACH, Fiuz,v2) Ta
Fi(us,v3) Ta Fi(us,v4) 3MEHIIIEHEe HA 3HaYEHHS P, TOOTO:

max (F; (uz.v2).F; (u3.v3). F (ug.vy))
n

Fi(up,vp)= -P,

[TapameTp P BUKOPUCTOBYETHCS [T 3a0€3MeUeHHS
yitkoi imeHtudikaunii 6itiB [IB3 mpu Butarysanui. 3
onHOTO OOKy, 3HaueHHs mnapamerpa P Mae Oytu
MiHIMaJIbHUM, MIO0 SKOMOTa MEHIIE 3MIHHTH 3HAuYeHHS
KoedilieHTa Ta BIUIMHYTH Ha KOOPAMHATH TOYOK. 3
iHmoro OOKy, 3HaueHHs napamerpa P Mae  Oytu
JOCTAaTHIM JUIsi TOTO, 100 JaTH 3MOTY BiITHOBUTH OiTH
IB3.

Sxmo npu BOynoysanui Oit LIB3 m; = 1, To
repeBipsieMo BUKOHaHHS yMOBH (3). B pasi BUKOHaHHA
ymoBu (3) xoedimient F'(ul,vl) Oynme mopiBHIOBaTH
3Ha4YeHHI0 Koedimienta Fi(ul,vl). B pasi, skmo
3HaveHHsa Kkoediuienta F'(ul,vl) He BiANOBigae yMOBI
(3), 3nauenns koeimienta F'(ul,vl) BU3HAYaEMO SK
BIJHOIIICHHS MAaKCHMAJIbHOTO 3HAYCHHS Koe(ilieHTa
JKIT o kinmbkocTi 00paHuX KOCPIIlieHTIB 7:

max (F; (uz.v2).F; (u3,v3), F (ug.v4))
n

F}(U],\q): +P,

[Micns 3MiHM KOCili€HTIB MPOBEAEMO OOCpHEHE
JICKPETHE KOCHHYC - TEPETBOPEHHS HaJ MaTpHUISIMU
3MiHeHnX KoedimieHTiB F'(4,v) U1 TepeTBOPEHHS
BEKTOPHOTO 300paKEHHS 3 YaCTOTHOTO IIPEJICTABICHHS B
npocropose. B pesynbrati Mu orpuMaemo mMatpumi S(x,))
i3 3HAYCHHAMHM  KOOPOMHAT TOYOK  BEKTOPHOTO
300pakenHs. O6epuene JKII mms i-i marpumi Fi'(u,v)
MOYHa MPEJICTAaBUTH B TAKOMY BHIJISII:

-1 N-1

‘ z Z c(u)-c(v)F'(u,v)-cos[zl]-cos[zz];

=0 y=0

Stey) =

9~
=

_meu-(2x+1) o = T-v-2y+1)
reter , = 7

ac z; = — apryMCHTHU
! 2N 2N

JICKPETHO-KOCHHYCHOT'O TIEPETBOPEHHS.

Hami 3 orpumanux Marpuubs  S(x,y) chopMyemo

OJJHOBMMIPHHUI MaCHB TOUYOK BEKTOPHOTO 300paskeHHs V.

Jis 3a0e3medyeHHs CTIHKOCTI I[bOTO METOMY JIO
creraHorpadiyHuX arak MOTPiIOHO BHKOPHCTOBYBATH
ceKkpeTHH creraHokmod k. e wirrou Moxe Oyth
BH3HAYCHO SK TMO3WIIi KOSQIIieHTIB i1 BOYIOBYBaHHS
oitie 1IB3 B Mexax KOXHOI MaTpumi. TakoX K KIIOY
MOJKHa BHKOPUCTOBYBaTH TII€BHI HOMEpH MaTpHIb
koegimientiB AKII. Kpim TOro, CTeraHOKIIOUEM MOXeE
OyTH 3Ha4EHHs IIEBHOTO E€JIEMEHTY }; MacUBY KOOpAMHAT
TOYOK BEKTOPHOTO 300pakeHHs abo i#oro mosuuis / B
MacuBi, Skuii OyJie BU3HAUYaTH KOOPMHATY MEPLIOT TOUKU
npu GopMyBaHHI MaTpullb s BOynoByBaHHs [[B3.

Jus BusBnenns [IB3 He moTpiOHa HasSBHICTH
opuriHary 300pakeHHs uu camoro I[B3, okpim
CEKPETHOTO CTETOKIII0Ya K.

[Ipn Burarysamni LIB3 ciig BpaxoByBaTH, IO
3HAYEHHSA KOOPIUHAT TOYOK a00 IX KiJIbKICTh BEKTOPHOTO
300pakeHHS MOXE BIIPI3HATHCA BiI  OpHTiHATY
300pakeHHS, OCKIIBKM BOHO MOXE OyTH 3MiHEHHM
BHACIIIOK 3JI0BMHCHHUX CIIOTBOPEHb. BpaxoByroum 1€,
MacuB TOYOK BEKTOPHOTO 300pakeHHs 3 BOYIOBaHHUM
IB3 no3naunmo six V', /'~ KIIbKICTh KOOPIMHAT TOYOK B
I[bOMY MAacHBi. AHAJIOTTYHMM YHWHOM IMO3HAYUMO ¥ 1HIII
3MiHHI,  SIKi  BIANOBINAIOTE  3MIHEHOMY  MICIIs
BOymoByBanHs 1[B3 BekTOpHOMY 300paXKeHHIO.

Buraryeanus 1[B3 3 BekropHOro 300pakeHHS
Oyzne IpOBOAMTHCH TakMM 4YMHOM. CIIOYaTKy 3 MacHBY
TOYOK BEKTOPHOTO 300pakeHHS V'~ copMyeMO MaTpHili
C’i(x,y) posmipom 8 % 8, ne i" = 1..t", t'— KUIBKICTb
c(hopMOBaHUX MATPHIIb.

Hami wan matpurmsmu C'(x,y) TpoBeneMo TpsMe
meosumipae JIKII 3rimao 3 dopmymoro (2), micis goro

orpumaemo Marpuui koedimientie  JAKIT  F'i(u,v),
i’ =1..t", 3 BOynoBanum 11B3.
Micns BUOOpY MO3HUITi# TPBHOX BU-

koedinientiB  Fi(u1,v1), Fi(u2,vs) 1a Fi(u’3,v73)
F'i(u’s,v’s)  mepeBipUMO BHKOHAaHHS YMOBH, IIO €
obepuenenoro a0 (3) Ta mpu BOymoByBanHi [[B3
BU3HAYUMO BiANOBiAHE 3HaueHHs Oita LIB3 m ;-

max (F; (u3.v5), F; (u3,v3). F (ug,v4))
n

max (F; (ug,v2).F; (u3.v3).F; (u4.v4))
n

npum'; =0 akuo Fi(u'pv') <

npum'; =1 sxwo  Fy(u'p,v'y)>

Hani meperBoproeMo BUTSTHYTI Oit m 'y, j° = l..q" y
¢dopmar npencrasnenss L[B3.
PesynbraTi  TOpIBHSHHS — IOKAa3HWKIB  SKOCTI

BOymoByBanHs [IB3 B BekTopHEe 300pa)KeHHS IS
meosuMmiproro JKIT (MIAKII) Tta 3amponoHOBaHOTO
Metony (3M) mpu P=0.00003 npuBeneruii 1o tadm. 1

BICHUK HTVY "XIII" Ne 9 (1285)

169



CEPIA "HOBI PIIIEHHA B CYYACHUX TEXHOJIOI'IAX"

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

Tabmuus 1 — OiHIOBaHHS ITOKAa3HHUKIB SIKOCTI
300pakeHHA-KOHTEeHHEepa BHACIOK BOyIoByBaHHA [[B3

Hapamerpn | MAJKIT | MJIJIKII 3M 3M
OLIHIOBAHHS Y X Y X
Maxenmabiia | - ¢ 0.019 0.014 0.017
B1IAM1HHICTH
Axicts 0.9945 | 09987 | 0.99975 | 0.9991
300paKeHHS
HopmoBana
B3a€EMHa 0.9965 0.9903 0.99531 0.990
KOpeJsLis
OTOX, 3ampONOHOBAaHHWN MeTo]] BOYIOBYBAaHHS
[IB3 B  BekTopHi 300pakeHHS  Kpame  cebe

3apeKOMEHAYBaB 3 TOYKH 30py IJBHIIECHHS SKOCTI
300pakeHHS, Ta TI0OKa3aB MEHIIYy BiAMIHHICTH BiA
OpHUTiHATy B TOPIBHSAHHI 3 3aCTOCYBAaHHSIM KIJIACHIHOTO
neouMipHoro JIKII

BucHoBku
OtpumaHi  pe3yabTaTH  JOCHIDKCHHS  SKOCTI
po0OTH  3ampPOTNOHOBAHOTO METOJAY 33 JOIMOMOTOIO

KOPEeJSIIMHUX NOKA3HHUKIB ITOKa3ajd, II0 METOJ MOXKHA
BHKOPHCTOBYBaTH Ui BOynoByBaHHS L[|B3 B BekTOpHI
300paxeHHs, 0€3 3HAYHOrO CHOTBOPEHHS 300paXKeHHS-
KOHTEHHepa.
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AHHOTAIIUA Ananusz cywecmsyiowux memooos 6Cmpaudauus yugposvix 6odsnvix 3Haxos (L[B3) nokxaswieaem, umo 0ns
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aKmyanbhd, 6edb 3HAYUMENbHOE USMeHeHUe KOOPOUHAM MOYEK MOMCEN CYUWECMEEHHO YXYOulums Kauecmeo un@opmayuu o
cywecmeylomux 00vekmul UL NO6IUAMb HA ux co3oauue. HMcxods usz amozo 8 pabome npoaAHATUSUPOBAHbL NPEUMYWECMBA U
HeOOCMAmKy Cyuwecmeayiowux memooos ecmpausanusi [{B3 6 eekmopHvle u306paxceHus u ONMUMU3UPYemcs 0OUH U3 U36ECHHbIX
Memoo08 3a cuem YMeHbUEeHUS UCKAXHCEHUS U300PadCeHUs-KOHmeliHepd.
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