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B. 0. TOPOXOBATCBKHH, O. I1. TAPACEHKO, C. M. TPOXHMYYK

3ACTOCYBAHHS JIOTTYHUX ®OPM ®YHKIIIA BUBOPY ¥ 3AJIAYAX PO3ITI3HABAHHS
OBPA3IB

VY nocTipKeHHI BUBYAETHCS 1 TEOPETHYHO OOTPYHTOBaHA MOXKIIMBICTE 3aCTOCYBAHHS amapary JIOTiYHUX (GopM BHOOPY, IO BUKOPHCTOBYETHCA Y TEOPii
TIPUHHATTS pilleHb, 111 OiHaApHOTO MOJaHHs aTpUOYTiB 300paKEHb 3aUTs1 CKOPOUYEHHS PO3MIPHOCTI TIpocTopy Ta YHidikaiii o6pasis. s mporo 3ami-
sIHA METOJIMKA JIOTIYHOTrO MPOEKTYBaHHs aTpHOYTIB 300payKeHHs Ha MHOXKMHY JIOTT4HUX (YHKLIN dikcoBaHOro Buay. YHidikawis BekTopy atpubyTiB
CHpHsiE CTUCHEHHIO TaHUX. PO3BHHYTHIA MiXi JEMOHCTPYE 3B’ 130K MK TEOPisIMU MPUIHATTS pillieHb Ta po3Mi3HaBaHHA 00pasiB. HaBeneHi KOHKpeT-
Hi MIPaKTUYHI MPUKIAIH 3aCTOCYBaHHS JIOTTYHUX (YHKILH BUOOPY MiATBEPUKYIOTH MPAIIE31aTHICTh CyMiCHOTO BITPOBA/LKEHHS IIUX TEOPIii.

KJ1ouoBi c/ioBa: noriudi popmu, GyHKIIT BHOOPY, po3Mi3HaBaHHs 00pasiB, 00pas.

B. A. TOPOXOBATCKHH, A. Il. TAPACEHKO, C. H. TPOXUMYYK
MNPUMEHEHHUE JIOTHYECKUX ®OPM ®YHKIIMU BBIBOPA B 3ATAYAX PACITIO3HABAHUA
OBPA30B

B uccnenoBannu u3ydeHa U TEOPETUUECKH 000CHOBaHA BO3MOXKHOCTh NMPUMEHEHHS ammnapara Jorudeckux GopM BbIOOpa, KOTOPbIE HCHONB3YIOTCS B
TEOPUHU MPUHATHS PEHICHU, JUTsi OMHAPHOTO NPE/ICTAaBJICHUs aTPUOYTOB N300PKEHUIT C LIETbI0 YMEHBIICHHS Pa3MEPHOCTEN U YHUUKAIIUK 00pa30B.
Jlnst aTOrO ObLTA 33/1EHCTBOBAHA METOAMKA JIOTMYECKOr0 NPOELIMPOBAHUS aTpUOYTOB M300paXKEHNs: HA MHOXKECTBO JIOTUYECKUX (DYHKIMIT CHeMaibHO-
TO BHAA. DTO MpPEeACTaBIsIeT co00ii HOBBIN MOAX0A NPH YHH(PHUKALMK KOHEYHOTO BEKTOPa aTpuOyTOB, UTO BEAET K 3HAUUTETHHOMY YMEHBIIECHHIO pa3-
Mepa BeKTopa aTprOyToB. J[aHHEI MOAX0/ MOKA3BIBACT CBA3b MEXK/Y TEOpHEH NMPHUHATHS PEIICHHIT U TeopHeil pacro3HaBaHus o0pasos. [IpuseneH-
HBIE KOHKPETHBIE MPAKTHYECKUE MPUMEPHI MPUMEHEHUs JIOTUYECKUX (YHKIMI BHIOOpA MOATBEPIKIAIOT JIEECOCOOHOCTh COBMECTHOTO BHEIPEHHUS
JTUX TEOPHHl.
KJioueBble ¢/10Ba: Jioruueckue Gpopmbl, GYHKIMU BBIOOPA, pacrio3HaBaHus 00pa3os, 00pas.

V. 0. GOROKHOVATSKYI, O. P. TARASENKO, S. M. TROKHYMCHUK
APPLICATION OF LOGIC FORMSOF CHOICE FUNCTIONSIN TASKSOF RECOGNITION OF
PATTERNS

The study examined and theoretically substantidtegbossibility of using the apparatus of logiaahfis of choice, which are used in decision theory,
for binary representation of image attributes idenrto reduce dimensions and unify images. To oo We used the methodology of logical projection
of image attributes onto a set of logical functiafisa special kind. This represents a new appréachification of the final attribute vector, which
leads to a significant reduction in the size ofatteibute vector. This approach shows the relatigmbetween decision theory and pattern recognitio
theory. The given specific practical examples & #pplication of choice logical functions confirhetviability of the joint implementation of these
theories.

Key words: logical forms, functions of the choice, recognismf images, image.

Beryn. ¥V cucmemax komn’ iomeproco 30py HaOylu TOMYJIAPHOCTI Ta MPAKTUYHOTO 3aCTOCYBAHHA Memoou po3niz-
HABaHHsA 8i3yanbHUX 00 €kmis, 110 3aCHOBAHI Ha JIOKAJIbHUX MpUKMeTax 300paxeHHA. Taki MeToam 6a3yroThCs Ha BU-
3HaYeHHI MHOoocunu knoyogux movox (KT) Ta IX ONHCI y BUIIAL YuC108020 91 GiHAPHO20 8eKMOPA — OeCKPUNMOpd, O
BiZoOpaXkae BMICT MHOKUHH J1oxkanvrux oxonuys KT 300paxenns [1 — 6, 8 — 10, 11]3HaueHHs BEKTOpa AECKPUITOPA
iHBapiaHTHE CTOCOBHO TPYIM T€OMETPHYHMX TEPETBOPEHb Bi3yalbHUX 00’ €KTiB Ha 300paykeHHi (3MillleHHs, TOBOPOT,
MaciuTabyBaHH:), a KiJIbKICTh YTBOPEHNUX TECKPHUNTOPIB, M0 (GOPMYIOTH OIHKC, OBHHHA OYTH HOCTATHBOKO IS MPHUIAH-
ATTA pe3yJIbTATUBHOTO PillleHHS BiTHOCHO PO3pi3HEeHHs po3Mi3HaBaHMX 00’ exTiB [11].

VY pob6ori [1] 3anponoHoBaHo HOBiTHIM memoo ORB (OrientedFASTand RotatedBRIEPR), sikuit € MoaudikoBaHow
koMbOiHauieto memody FAST (Features from Accelerated Te$4] nns BuseienHs KT Ta BU3HaYeHHAM IECKPUNTOpPA Yy
BurAAi GiHapHOTO psnka 3a memooom BRIEF (Binary Robust Independent Elementary Featuf8k Meron FAST —
OJIMH 3 HalOIIbII MOMMpPeHNX cyyacHnX aetekropiB KT.

Meton ORB BukopucroBye moudikauito FAST—9 fiapameTp pamiycy aHani30BaHOTO KoJjia 3 MiKCeliB AOPiBHIOE
9) 11 BUSBNICHHS TIOTEHLIMHNX KIFOYOBUX TOYOK, alli yTOUYHIOETHCS X MHOXKHHA 3a demexmopom kymie Harris ta 06-
YUCIIIOETbCA Opi€HTALs i X Aeckpuntopu 3 BukopucTaHHAM BRIEF. biHapHuii BeKTOp OeCKpUNTOpa BU3HAYAETHCS
LITAXOM MOPIBHSAHHA 3HaYeHb SICKPABOCTI Map TOUOK BCEpPeaMHI KBaApaTHOTO BiKHA, 110 LIEHTPOBaHE BiTHOCHO KOOpPAH-
Hat KT Ta y3romkeHo 3 ii opienTauieto [1, 6].

Meton ORB MeHII BUMOTIIMBHI 10 O0YHMCIIOBAILHUX PECYpPCiB Y MOPIBHAHHI 3 iHIMUMH. BUrpam y mIBHIKOCTI
00YnCIIeHb TIOSICHIOETHCS TTPOCTOI0 TPOLIEIyporo ModynoBu aeckpuntopiB. ORB nae 3a pe3ynbTatamu TeCTyBaHHS I10-
MITHUIi BUTpalll Y IIBUAKONI1 MPW MOPIBHsIBHIM abo kpamiii Tounocti, Hixk SIFT ta SURF [6, 11].

Ha puc. 1 nokazano Burisin geckpunropa ORB, ne onuauMIs no3HaueHa YOPHUM KOJILOPOM, @ HyJb — Oi1M.

0

Puc. 1 —Binapuuit neckpunrop ORB.

© B. O. I'opoxosarcekuii, O. I1. Tapacenko, C. M. Tpoxumuyk, 2020
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3Bakaroun Ha OiHapHumii Bun neckpunrtopie ORB, € MoxumBicTe a1t MOOYZOBM pe3yNbTAaTUBHUX TPABUI
Kacuikamii, AKi IPyHTYIOTbCS BUKIIIOUHO Ha 00poOJIeHHI OiHApHUX JaHUX.

VY 3B's13Ky 3 nomupeHHaM GiHapHOTO 00poGieHHs iH(opMaLil y cucTeMax po3Mi3HaBaHHA BUHUKAE HEOOXiqHICTH
iecpsAMOBaHO1 TpaHcopMallil aHaTi30BaHUX JaHUX 3 METOO 1X YHi()iKOBAaHOTO CTHCHEHOTO TTOIaHHS.

MarematuuHuii anapat jgoeiunux opm pynxyii éubopy (JIODB) eheKTUBHO BUKOPUCTOBYIOTh y MPUKIAIHUX
3afa4yax meopii nputinamms piwenv [7]. 3Bakaoud Ha Te, L0 PO3Mi3HaBaHHA OiHapHHMX O0pasiB, SK NpPaBUIO,
3BOAMTHCS A0 NPUHHATTS Kiacu(piKallifHuX pilleHb PO HaNekKHICTh SKOrock 00pa3y 10 OIHOTO i3 3 Kinacis [8], amapar
JI®®B Moxe 6yTH Ge3mocepeiHbo 3aCTOCOBaHMM ISl BU3HAUEHHS pejieBaHTHOCTI o0pasiB 06’ exTa Ta etajoHiB [10 —
11].

Merta po6GoTH. AKTyaJbHAM Ha CbOTOIHI € BHWBYEHHS MoknuBoctell JIODB mns posmisHaBaHHA LU(PPOBUX
300paxeHb, I€ 3aBISKM CydYaCHHM METOJaM Ta MPOTpaMHKMM 3acobaMm aist popMyBaHHSA IETEKTOPIB KIFOUYOBHX TOYOK
Brasocs moOyayBaTté e(eKTWBHI (opMmanbHi Mmpouexypu, e oOpa3 po3mi3HaBaHOTO 00 €KTa Mae€ BUA MHOXUHH
6inapuux BektopiB [9]. [Ipu ubomy knacudikailisi 3B0OAUTHCSA 10 BU3HAYCHHS CTYMEHS PEJIEBAHTHOCTI MBOX MHOMXHH
Takux BekTopiB [11], mio € 6e3nocepenHiM MpeaMeToM st 3acTocyBaHHs anapary JIODB.

AKTyaJIbHOIO TaKOXK y CTPYKTYPHHX METOJIaX PO3Mi3HaBaHHS € 3a/laua BCTAHOBJIEHHS HAJEXKHOCTI 3a/1aHiii MHOXH-
Hi OiHAPHUX BEKTOPIB JEAKOr0 aHAi30BAHOrO BEKTOpPA, IO BXOJWUTh JO CKJIady O3HaK po3mizHaBaHOro o6’ exty [8]. 3a
KiJIbKiCTIO BUSIBJIEHUX €KBiBaJIEHTHUX O3HAK 00pa3iB BU3HAYAETHCS HANICKHICTh 00’ €KTY 710 BU3HAUYEHOTO Kilacy.

CyTb 3acTocyBanHs anapaty JI®®B. Anapar JIO®B onepye GiHapHuMu BekTopamu 3 ( X) po3MipHoCTi N, sKi
BU3HAYAIOTHCSA HACTYITHUM YMHOM [/]:

B(X) =< B(X). o X). B ( X) >, 26 4 (X) ={; . X
me X 0 Q —miagMHOXKHHA 3a0aHOT MHOYKHHU eJIeMeHTIiB, Q ={X1, ey Xn} .

V teopii JIGDB 3acTocOBaHO B3a€MHO-OJHO3HAYHY BiANOBITHICTH MiX BekTOpamu [ (X) Ta YCAKUMH MiJMHO-
xuHamu X eneMeHTiB i3 Q . Tak, noswuiit muosxcuni Q Binmnosinae Bektop S (Q) =<11,...,1>, a nycmiti muoxcuni [
— BEKTOp ,B(D) =<0,0,...,0>.

Ha migmMuoxuni X MHOxuHM Q 3amaHa ¢yHKUis Bubopy C, sKa y BIAMOBIZHOCTI A0 OESKOTO KPUTEPil0 BUOMpaE
eJIeMEeHTH, L0 HajexaTb miaMHOXUHI X [1]. BoHa 3amoBosbHSE YMOBI C( X) 0 Q i Tex ¢popmye GiHapHUiT BEKTOD,

KOMITOHEHTH SIKOTO BKa3YIOTh Ha HAJIEKHICTh UM BiJICYTHICTH eeMeHTiB i3 Q . BaxxuBo Te, o Wi KpuTepii MOXyThb Oy-
TH SIK (hopmanizosanumu, Tax i Heghopmanizoeanumu, 1O 3HAYHO POZLMIMPIOE KOJIO MOKINBOCTEH.
Posrastremo cimeticmeo 6ynvosux ghynxyiti Bigx N—1 3MiHANX

(A Varebord) s oo o (M0 Vi Voa)
sIKi cKkJ1aatoTh 0cHOBY JIO®DB, omHO3HAYHO XapaKTepu3yrOTh (QYHKIIF0 BHOOPY Ta 0Oy I0BaHI HACTYITHUM YHHOM:
B(X)Of(B(X))=1 = xOC(X), )
ae
£ (B)= 1% (B Bor s Bt Bars ) 12 W £(B)= (B2 Bas s B Burs )
fa (,8): fn(ﬂlaﬁzy---aﬁi lﬁi+l!"-vﬁn—1)' (2)
TpeGa 3asnaunty, mo supas (1) exsisanenranii 4 (X) O f (,8( X)) =1 - x0C( X)=4 (C(X)) iz1n.

Tobto [ BinmoBigae 3a HANEKHICTH €JIEMEHTa, a f; (,B (X)) — 3a HaJexHicTb 1o (yHKuii BuOOpy. Y Teopil

JIO®B BcTaHOBJIEHO B3a€MO3B’ 130K (DYHKIIIHM Yepes JOridHy onepariro «I».
3 ypaxyBaHHAM BU3HAUCHHS Oema—@pynKyii MOXKHA CTBEPKYBAaTH, IO IIe BilMOBia€ HACTYITHOMY BUPa3y:

A (X)=A(c(x)). )

IcHye TBepKeHHS, 1O, AKIIO 3afaHo Oynb-ike ciMeiicTBo OymboBUX QyHKUiit < f;, f,, ..., f, > Bim n-1 3min-
HEX, TO (1) Ta (2) omHO3HAUHO BW3HAUaAOTH (yHKIi0 Bubopy C. BoHna cmiBmamae 3 icHytounM cimeiictBom < fj, f,,
..., T, > . Taxum unHOM, BH3HAUeHHS (YHKILT BHOOPY ekBiBasieHTHO Bu3HaueHHIO JIODB (C) [1].

Takum YMHOM, MOXKHa 3pOOWTH BHCHOBOK, IO 3AMPOMOHOBAHO TEpeXil Bia HedopManbHOTO onucy (yHKIiH BU-
6opy 10 hopMabHOTO NMpeacTaBieHHs Y BUMJIS aHATITUYHOTO OTHUCY.

Mpuknaa noGyaou ¢yHKuii BUGopy. Po3risiHeMO TeMOHCTpALiifHUI MPUKIAA TAKOTO MepeTBOpeHHs. Xail Ha-
CTYITHMM YMHOM 3a1aHo Q :{ X1 Xo, Xg, x4} Ta ¢yHkuito Bubopy C, ska He Ma€ aHAI TAIHOTO OTHUCY:

C(x)=x; C(}(, >J<): X, ze k=min{i, j}; C()g,)(l-,)&):{)I(, X, %}\xr, pe r=max{i,j K} ;

cUMBOJ \ —oO3Ha4ae He HAJEKHICTh CJIEMEHTY MHOUH.
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[obynyemo aHanitnunmii onuc aiast C y surnsiai Habopy JIODB.
Jnst mporo posristHeMo Tabi. 1, 3a momomoroto sxoi Ta (1), 6ymemo matu Tabmmumi, Aki 3agatote fy, f,, fg,

(Tabm. 2) Ha minctaBi (3). 3nauenns f, f,, f5, f, dopmyroTscst 3 posrmamy Tabn. 1, ne Ha Beilf MHOXHHI 3Ha9eHb

B ( X) Ta B (C( X)) y BinmoBinHux mo3nuisx [ moswHHA OyTH 1,a pemra kombinaniit nopisHioe 0.

Ta6maus 1 —Qopmysarns Bekropis B(X) Ta ,B(C( X))

c(x) B(X) B(c(x))
X X {1009 (1000
X X (0100 (0100
X3 X3 (0010 (0010
X X (0001 (0003
- . (1109 (1009
X, X X (1019 (1000
X, X % (1009 (1000
X5, X Xy (0110 (0100
X, % X (0103 (0100
X3y X4 X3 (0013 (0010
X, %, X X % (1119 (1100
X, Y1 %4 X1, %o (1109 (1100
X, Xgs X4 X, X (1019 (1010
X5, Xgy X4 Xo, X (0113 (0110
Xy Yo, Xa, Xy % (1119 (1000

Tabmus 2 —dopmysanus ¢pyukuiit fy, f,, fg, f,

B Bs Ba fi B By Ba f2
0 0 0 1 0 0 0 1
0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1
0 1 1 1 0 1 1 1
1 0 0 1 1 0 0 0
1 0 1 1 1 0 1 1
1 1 0 1 1 1 0 1
1 1 1 1 1 1 1 0
B B Ba f3 B B Ba f4
0 0 0 1 0 0 0 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 0 1 1 0
1 0 0 0 1 0 0 0
1 0 1 1 1 0 1 0
1 1 0 0 1 1 0 0
1 1 1 0 1 1 1 0

BukopuctoBytouu tab. 2 ta po3kian GyHKUiR y 3ageputeny ous’ ionkmusHy Hopmanwvhy popmy (3JHD), maemo:
(B2 B Ba) =1,
f (,31: Bs, :34) = :El Dﬁl(ﬁsﬁﬂjﬁaa) ;
f3 (181’ Bo, 134) = Elﬁzﬂﬁ4(l_?zﬁlﬂﬁ QE]) ;
fy (1811 Ba, 133) = 75’1?2:?3"

i ¢pyHKuii orpumani i3 TabIUIB Ta MAlOTh aHATITHIHNIN OTIKC i, IO BaXIIMBO, OMHO3HAYHO BiAMOBIAAIOTH HAIIOMY
MoYaTKOBOMY HeopmMansHOMY onmcy ¢yHKuil Buo6opy C . Takum unHom, maemo JIODB (C) =< f, Ty, 13, f4> .

Jma f, f, 3JH® e ninkom 3posymimnmu, a ocs mist f,, f; — Hi. [Tokaxemo, skumif Burnsx nosuHHI Matu f,,
fs.
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V tux psaxax, ne gysknis f, mae 3Hagenns 1 (ix ycporo 6), Oymemo BinmoBinHi 3MiHHI 00’ €IHYBAaTH OTEpaLi€o
KOH’ FOHKIIIT:
(B Bo Ba) = BALLBBPLBLEPBEB VARE 7B A (L WA )AL (S 1B )08 BB B3
=B, BOBBOBBLOBBE =B (BHBIBEENBAE zB B (BARULA):
'3 (B B2 Ba) = BLBBLOBBBIOBBE LB BB BB (B YA )OS (BE IBA)=
=B.B. DB\BA.0B.5) -
Takum umHOM, TOOynyBamu cimelictBo JIODB (C) IcHye i 3BOpoTHa mpouexypa BHU3HAYEHHS C(X) mno ii

JI®DB (C) , IO 03BOJIsIE€ 3p00UTH piBeHb a0CTpaKLiil y TpeacTaBleHHI 00pa3iB mie OibII CyTTEBHM.

[Ipm posmizHaBaHHI 00pa3iB dyke 9acTo 00’ €KTH MEPETBOPIOIOTHCS Y OiHApHI BEKTOPU BEIUKOTO PO3MIpy 3a JI0-
MOMOTOI0 CIelialIbHUX Mpoleayp-aetektopis (Hanpukiaa, ORB) Ta BU3HAYEHHAM XapaKTepHUX TOYOK. [H(opmalris
Tpo TXHi BIACTUBOCTI 3aKJIaeHa y IuX OiHApHUX BEKTOPAX.

3acTrocyBanHs (pyHKniii Bu6opy. HaBenemo mpukiaz, SKWif BECBITIIIOE OCHOBHI MPAKTUYHI MOMEHTH BUKOPIC-
tanHs JIODB y 3agavyax posmizHaBaHHs 00pa3iB.
Hexait maemo 2 6iHapHHUX BEKTOpa-eTaloOHa

X'={00010} ta X*={1110100).
V 3arajJpbHOMY BUMAAKY PO3MIp IUX BEKTOPIiB MOXKe OYyTH Pi3HUIA, K Y HAIIOMY MPUKIadi. Ajle KOMIOHEHTH LUX

BEKTOPIB CKJIANAIOTHCS 3 HACTYMHUX KOMOiHawLiH, siKi MOXKyTbh OyTH MOYaTKOBUMH, TOOTO Oa30BMMH, eleMEHTaMi MHO-
KHHMU:

Q={00,01,10,11 a6o Q={x, X, %5, X} ,
Ie, BinnosinHo, ¥ =00,%, = 01,% = 10,x,= 1.
Ternep 3 ypaxyBaHHSIM 0a30BUX €JIEMEHTIB BEKTOPU X1, X? maots HACTYTTHUMA BUTJISI;

XP={x, %, %} Ta XZ={x, %, %, %} .

Tpeba 3a3HauNTH, IO Y IKOCTi OA30BHMX €IEMEHTIB MOXYTh BUCTYNaTh Oyb-iKi KoMOiHawii. Ajie Tpeba qoTpumMy-
BaTHCS KOMIPOMICY MiX KiJIbKICTIO Ta iH)OPMATHBHICTIO LINX €JIEMEHTIB.

[pHmycTEMO, 1O TS BeKTopa X' Hac 3a10BOJIbHSE (DYHKILisA BUGOPY C( Xl) , K MicTUTh 2 miaMuokuan X',

Lle {Xl, X2} Ta {Xz} . A 115 BekTOpa X2 Hac 3a10BOJIbHSE (YHKLIs BUGOPY C( XZ) , KA MIiCTHUTB T€X 2 MiAMHOKHHU

XZ. e {x, X X Ta {x}.

[Mobymyemo tenep mist Hux JIODB. HeobxinHi maHi momictumo y tadm. 3.

Tabnmis 3 —¢popmyBaHHS BEKTOPIB ,B(C( Xl)) Ta ,B(C( Xz))

c(x) c(x?) B(X) A(c(x) s(c(x?))
X O (1000 (0000 (0000
Xo Xo (0100 (0100 (0009
X3 X3 (0010 (0009 (0019
X, O O (0003 (0000 (0000
X, % X, % 0O (1100 (1100 (0000
X, X O O (1010 (0000 (0000
X0, X, O O (1003 (0000 (0000
Xo, X3 O O (0110 (0000 (0000
Xo, X4 O O (0109 (0000 (0000
Xa, Xy O O (0019 (0000 (0000
X1 %00 Xg 0 0 (1119 (0009 (0000
X4, %o Xy O O (1109 (0000 (0000
X1, Xgs Xy 0 X0, Xa0 Xy (1013 (0000 (1013
Xo, Xa, % O O (0111 (0000 (0000
X, Xor Xar X U U (1113 (0000 (0000
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ne [ —mopoxHiit eeMEeHT MHOKHHH.
Crin Bim3HaunTH, mo JIODB s koxHOT pyHKIIT BUOOpY Oyae ckiamaTics 3 4-X IOrigHuX (yHKIIIH, TOOTO
JNO®B (C)=(f, f,, s, f,).
AJie IS TIBOTO CIIi CTBOPUTH TaOJI. 4 Ta 5, sIKi aHANIOTiYHi Tab. 2.

Ta6x. 4 npusHaueHa mist JIODOB (C( Xl)) , aTabn. 5 — s JIODB (C( Xz)) .

Ta6mis 4 —¢popmysanns JIODB (C( Xl))

B, Bs By f; B B Ba fy
0 0 0 0 0 0 0 1
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 0 0 1 1 0
1 0 0 1 1 0 0 0
1 0 1 0 1 0 1 1
1 1 0 0 1 1 0 1
1 1 1 0 1 1 1 0
B Bs B f3 B B, PBa fa
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 0 0 1 1 0
1 0 0 0 1 0 0 0
1 0 1 0 1 0 1 0
1 1 0 0 1 1 0 0
1 1 1 0 1 1 1 0
Tabms 5 —¢popmysanns JIODB (C( Xz))
B, Ps B, f; B Bs Ba fa
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 0 1 1 0
1 0 0 0 1 0 0 0
1 0 1 0 1 0 1 0
1 1 0 0 1 1 0 0
1 1 1 0 1 1 1 0
B B B f3 B B, Ba fa
0 0 0 1 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 0 0 1 1 0
1 0 0 0 1 0 0 0
1 0 1 1 1 0 1 0
1 1 0 0 1 1 0 0
1 1 1 0 1 1 1 0

Takum gynHOM, BUX0AI4YH 3 moOymou 3[JHD® mis mux GpyHKIil Maemo:

—JI(D(DB(C( xl)) :
t(Ba: Bs Ba) = BB B 5
t2(Bo Bo Ba) = BBBOBBB BB ABIB)=B B
f3( By Bas Ba) = O;
f4 (B Bar Bs) = 0;
_JIODB (C( xz)) :

Bicnux Hayionanvrnoeo mexwiunozco ynisepcumemy «XI11». Cepia:. Mamemamuyne
20 Mooentoeanis 8 mexwiyi ma mexuonoeisx, Ne 1 (1355) 2020.



ISSN 2222-0631 (print)

t(Bo, B Ba) = BB

fo (B Ba Ba) = 0;

t5(B Bo Ba) = BBBOBBL=BABB BB =B
f4(,31,ﬂ21,33):ﬂ23133

TakuM 4MHOM, MaEMO BiK€ CTaHAAPTH30BaHI aHATITUYHI BUpa3H, sIKi B)ke HabaraTo MEHIIOro po3Mipy Ta sKi JIerko
TOPIiBHIOIOTHCSA SIK HA (JOPMATLHOMY PiBHI, TaK i HA CEMAaHTUYHOMY.

CnpoOyemMo BUPIIIMTH 3BOPOTHY 3ajauy, 1100 MPOAEMOHCTPYBATH B3a€MHO-OIHO3HAYHMII 3B’ 430K Mix JIODB Ta
¢yHKLie0 BUOOPY.

JInst 1bOTo MPHITYyCTUMO, IO HaM Binomi JIODB (C( Xl)) Ta JIOOB (C( Xz)) . [Tounemo OymyBaTH criouaTky ¢y-

HKUiI0 BUOOpy nist JIODB (C( Xl)) . Jlns 9oro cTBopuMo Tabu. 6, B sikiit Oy1yTh BUKOpUCTaHI JaHi 3 Tabm. 4, a came:

Ta6muis 6 —dopmysanns yHkuiro Budopy mist JIOGDB (C( Xl))

P B,

Buf, C(X)

%
»
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»

o

X %o
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X5 Xy
X2 Xg
Xoy Xy

X31 %4
X0 X5 X3
R TR TR
X, X3, %
Xo: X3, Xy

X X, X, %
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Tabmuus 7 —¢popmysanns ¢ynkuiro Bubopy st JIODB (C( Xz))
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Bauumo, mo miticHo (yHKIisS BHOOPY C(Xl) Ui BEKTOPY xt CKIAJA€THCS 3 ABOX MIAMHOXKHUH {Xl, X2} Ta
{xz}, mo Oyno mnepenbaueHo Ha mnowarky. B Ta6bn. 6 3mauenns f;, f,, f;, f, BixnosimaloTh 3HaueHHAM 3

H@@B(C(Xl)) TIPH I ICTAHOBL BiANOBIAHNX 3HaueHb 53, 5o, B3, La -

Tenep npoananizyemo npyruii Bapiant npu HasBHOcTI JIODB (C( Xz)) . Ans uporo moGymyemo Tabi. 7, sika 30B-

HilHBO Oyae cxoxa Ha Tabu. 6.

Baunmo, mo niticHo QyHKIisS BHOOPY C( X2) ISl BEKTOPY X? CKJIQZA€THC 3 ABOX MiAMHOXHUH {xl, X3, X4} Ta
{X3}, mo Oyno mnepexbayeHo Ha movatky. B Ttabn. 7 3mauenns f, f,, f,, f, BinmmoBimaioTs 3HaueHmsM 3

H@@B(C(XZ)) TIpY MiACTAHOBL BiANMOBINHNX 3HaueHb 5, B>, B3, Ly -

Takum 4rHOM, MPaKTUYHUM MPUKITIAA0OM Ta PO3paxXyHKaMH niz[TBep):m(eHa B3a€EMHO-OJHO3Ha4YHa BiZ[HOBiZ[HiCTL MK
JIO®B (C(X)) Ta C(X).

BucHOBKH Ta mepcHeKTHBHU MOJAJBIINX H0CHiIKeHb. Ha mincTaBi mpoBeneHNx y poOOTi ITOCTimKeHb MOXKHA
3pOOWTH HACTYITHI BUCHOBKH:

1. TeopeTH4HO MOKa3aHO 3B’ 30K MiXK TEOPI€I0 MPUUHSITTS PillIeHb Ta TEOPi€r0 PO3Mi3HaBaHHS 00pa3iB Ha MpPUK-
nani TpaHcGOpPMOBaHOTO 300paKEeHHs y BUTJIsAI OaraTOBMMipHOTO BEKTOpPY aTpHOYTIB;

2. JloBeneHO B3a€EMHO-OJHO3HAYHY BiAMOBiMHICTH MiX JIOTidHOIO (popmoro ¢yHkii Bubopy JIODB (C(X)) Ta
¢yHKLieo BHOOPY C( X) ;
3. Tlokazano, mo soriuHa ¢opma ¢(yHkuii Bubopy JIODB (C( X)) HabaraTo KOMIAKTHillla Ta YHiBepcaibHila

Hi OaraToBUMipHHii BEKTOp aTpuOYTiB;

4. V mepcneKkTHBi po3TIISAAETHCS MOKIIMBICTE CTBOPEHHS Habopy JoridHnx ¢opM (yHKLiil BuOopy Ha miacTasi
TTOBHOTO CTPYKTYPHOTO OTIHCY 300pa)kKe€HHS SIK MHOXXHWHH OiHApHMX BEKTOPIB;

5. Tlopanpuii qOCHimKeHHs y MUIaHi 3aCTOCYBaHHS JIOTiuHUX (opM (yHKLiH BUOOPY 3ami1s 1ijecnpssMoBaHOT Tpa-
Hedopmalii 6iHapHUX 00pa3iB CHpUAIOTH MiIBUILIEHHIO Pe3yJbTaTUBHOCTI MPUKIAJHOIO BIPOBAaIKEHHs Teopil po3mi-
3HaBaHHS 00pa3iB y cHCTeMax MITYYHOTO iHTEJIEKTY.
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VIK 513.88
C. /1. JHMHTPOBA-EYPJIAEHKO

O HEKOTOPBIX METPU3YEMbIX TOIMOJIOTUSIX JJISI CJIABO IMMOUYTHU MEPUOIUYECKUX
OYHKUUN

CraThst IOCBAIIEHA U3YYEHUIO METPU3YEMBIX TOIOJIOIMiT HA aJ/IMTUBHOI IPYIINE BEIECTBEHHBIX Y¥CEN, KOTOPbIE KOMIAKTU(GULMPYIOT 3Ty rpynmy.
Benennas Metpusyemasi Tornosorus ciiabee MCXOJHOI €CTECTBEHHON TONOJIOTUM HA BelIecTBEHHON ocy. OHa sBiseTcs MoauduKauueil Tonosoruu
MapueHnko. B Helt BbIIeneHa cueTHas cucTeMa OKPECTHOCTEl Ha 0ase criekTpa 3amaHHOi (yHkumu. [TocTpoeHa HHBapHaHTHAs METPHKA, 3aar0mast
SKBUBAJICHTHYIO TOMOJIOTHIO. J[0Ka3aHa KOMIAKTHOCTE MOMOJHEHHOTO METPUYECKOrO MPOCTPAHCTBA. PaccMOTpeHa ICeBIOMETPHKA, MCTIONB3YIOMast
TOJIBKO CIIEKTp 3aJaHHOM CKaJIIPHO MOYTH nepuoanueckoii GpyHkumu. s nonydeHus xaycnopgoBoro npocTpaHcTa ClIeNaH nepexon kK Gpakropnpo-
cTpaHcTBy. Ha (akTopmpocTpaHCTBE MICEBAOMETPHUKA SBISACTCS METPUKON 1 TMOKA3aHO, YTO 3HAYEHHS CKATAPHO MOYTH MEPHOANYECKON (QyHKIMH COB-
[aJal0T Ha NMEpPBOHAYaIbHOM NPOCTPAHCTBE M Ha (haKTOPHPOCTPaHCTBE. J[0Ka3aHO yTBEPIKACHHE, YTO MHOXKECTBO CKAIIIPHO MOYTH IEPUOANYECKUX
(yHKIMIT Ha OCH COBMAJAaeT C MHOKECTBOM CKAJISIPHO PAaBHOMEPHO HENPEPBIBHBIX B ITOI TOMOJOTMU (ByHKLMH, 3aJaHHBIX HA METPUYECKOM IIpO-
CTpaHCTBE.
KuroueBsle c10Ba: MeTpU3yeMast TOTIONOTHS, PABHOMEPHAS HEMPEPBIBHOCTB, TOYTH MEPUOIMIHOCTh, A0CTPaKTHAA (yHKIIHS.

C. . JIMITPOBA-BYP/IAEHKO
PO AEAKI METPI3YEMI TONOJOIT 115 CJIABO MAMKE NEPIOJAUYHUX ®YHKIIIHN

CTarTs NpUCBSYCHA BUBUCHHIO METPU3YEMHX TOMOJIOTII Ha aAUTUBHIM Tpymi AiMCHUX YKce, sIKi KOMIaKTU(IKYIOTh 110 rpymy. Taka MeTpusyema To-
nosorist crabKinra 3a BUXiJHY NPUPOJIHIO TOMOJIOTII0 Ha AilicHii oci. BoHa € Moaudikariero Tononorii Mapuenko. Y Hiil BUAIIEHO 37Ti4eHy CUCTEMY
OKoJIiB Ha 0a3i cnekTpy 3aiaHoi ¢yHkiii. [ToOynoBaHO iHBapiaHTHY METPUKY, IO 3aJ1a€ KBIBAJIEHTHY TOMOJIOTII0. JOBEIEHO KOMIAKTHICTh MOMOBHE-
HOTO METPUYHOTO MPOCTOpY. PO3IISHYTO MCEBAOMETPHKY, IO BUKOPUCTOBYE TIIbKM CHEKTP 3alaHoi cKalsipHOi Maibke mepioauuHoi dymHkumii. s
OTpUMaHHS rayciop(oBoro npocTopy 3podiaeHo mepexin 1o dakropnpoctopy. Ha akropnpocTopi nceBaIoMeTpuKa € METPUKOIO i IOKa3aHo, IO 3Ha-
YeHHs CKaJIIPHOI Maibke nepioanyHoi (yHKIi 30iraloThcsi Ha NIEPBUHHOMY IpocTopi i Ha dakroprpocTopi. JloBeneHO TBEP/UKEHHS, IO MHOXHHA
CKaISIPHUX Maibke mepioanyHux (yHKIii Ha oci 30iracTbCs 3 MHOYKUHOIO CKATSIPHUX PIBHOMIPHO Oe3nepepBHUX B Liif Tomomorii GyHKLif, sKki 3aaaHi
Ha METPUYIHOMY TPOCTOPI.
Ku1i040Bi cj10Ba: MeTpu3yeMa TONOJIOTs, pIBHOMIPHA O€3MepepBHICTh, Maiike NepioAMYHICTh, a0CTpaKTHA (DYHKLIS.
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