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AHHOTALIA

AkTyajibHicTh. [lieBi KnacudikamiiHi pillleHHS y Cy4aCHHX CHCTeMaxX KOMII IOTEPHOTO 30py MOTpeOyIOTh MOTIMOJIEHOrO BU-
BYEHHS NPUPOIU 00poOmoBaHuX naHuX. KinactepHe moganHs 1 6a30BO1 CUCTEMH CTPYKTYPHUX O3HAK SIK MHOXKUHH JIECKPUIITOPiB
KIIFOYOBHX TOUYOK 300paKEHHSI CIPUsS€ 3HIKCHHIO PO3MIPHOCTI Ta CYTTEBOMY CHPOIICHHIO 3aC00iB aHamizy naHuX. OCHOBHHM iH-
CTPYMEHTOM € CTaTHCTUYHE JOCIIKEHHS JaHUX OIKCIB y CKJIai KJIACTEPHOTO MOJAaHHS, sIKe BiJoOpa)kae y3arajabHEHi BIaCTHBOCTI
Bi3yalbHOTO 00’€KTa. BipoBapkeHHs anapaty JiepeB IPYHTYEThCS Ha CTATUCTHYHOMY aHalli3i KOMITOHEHTIB TaHUX 3aUTs IPUHHSTTS
PIIICHHS MPO BiJIHECEHHS Bi3yalbHOT0 00’€KTY JI0 BiIMOBIAHOTO Kiacy. [1o0ymoBa nepeB 0a3yeThcs Ha MOKa3HUKAX iH)OPMATHBHO-
CTi IaHUX, 10 3a0€e3MEeYYIOTh MPOLIEC JIOTIYHOTO 0OPOOICHHS P PO3ALICHHI y TiTKax JepeBa. Maroun euHy WMOBIPHICHY TIPUPO-
Iy, 1i TOKAQ3HUKU BHUMIPIOIOTh i OLIHIOIOTH CYTTEBO Pi3HY 3a 3MicTOM iH(opMariro. BaxnuBuM npencTaBiseThCsl BUBUCHHS SIK 3ara-
JIBHUX BJIACTHUBOCTEH IUX KPHUTEPIiB y 3a7aui Kiacu@ikarlii, Tax i OLIHIOBaHHS IX 1HIUBITyaIbHUX XapaKTEPUCTHUK.

Merta podotu. BupimenHns 3aaa4i kiacudikamii Bi3yadTbHUX 00’ €KTIB 3a KIACTEPHUM MOJAHHSAM JaHHUX IS CTPYKTYPHOTO OIHCY
300pakeHHS 13 3aCTOCYBaHHIM amapary AepeB PilllcHb.

Mertoa. 3anpomnoHoBaHO crocid kinacugikarii 300pakeHb Ha OCHOBI KIIACTEPHOTO MOAAHHS JaHUX 13 BUKOPUCTAHHAM amapary
JIepeB pillleHb Ta IHCTpYMEHTapito Teopii iHdopmarii.

PesyastaTn. [linTBep/pkeHO mpare3qaTHICTh 1 eeKTUBHICTh MeToxy Kiacu(ikamii MIIIXOM 3aCTOCYBaHHS alapaTy JepeB N0
KJIACTEPHOTO MOJAHHS JAHUX CTPYKTYPHOTO OIHCY 300paxkeHHs . Ha mpukiiamax 3acTocyBaHHS pi3HHX KpUTEpiiB iHGOPMATHBHOCTI
JUTSL pealbHIX eKCIEPUMEHTAJIbHUX JJTaHUX 300paKeHb OIIHeHA Pe3yJIbTaTUBHICTh CTBOPEHUX JAepeB. [I0piBHUIBHUM YHHOM IpoaHa-
Ji30BaHi 0COOIMBOCTI BIIPOBAKEHHS PI3HUX KPUTEPIiB iHPOPMATHBHOCTI JaHHUX MPH NOOYAOBI JepeBa PillleHb.

BucHoBKH. 3acTOCYBaHHA PO3TILSIHYTUX KPUTEPiiB iHHOPMATUBHOCTI Pi3HUM YHHOM 3aJa€ IMOCIiTOBHICTh BIIPOBAKEHHS He3a-
JISKHUX 3MIHHUX Y KiIacu(ikaliifHOMYy IepeBi, SIKHMU BHCTYHAIOTh YMCIIOBI MOKAa3HUKH KIACTEPHOTO MOJAHHS OMHCY 300paKeHHS.
[IpoBeneni po3paxyHKH CBiI4aTh Mpo Te, mo eHTpomnis [llenHoHa Ta xoedinieHT JkuHI € TOCTaTHRO MOTYKHAMH KpUTEPisAMH iH O-
PMaTHBHOCTI, sIKi 3a0e3MeuyIoTh MPaKTHIHY MOOYAOBY KilacudikamiiiHoro aepesa pinieHb. CxoxicTb GyHKIIT cyMicHOT iHpOpMaTH-
BHOCTi KOPEHEBOTO BY3J1a JUISl Pi3HUX KPUTEPIiiB MiATBEPKYE 00’ €KTHBHICTH IIPOBEIICHOTO AOCTI/DKEHHS, a IX BIAMIHHICTB BifoOpa-
JKae IHAUBITYaTbHUH XapaKTep 4yTJIMBOCTI 10 aHAII30BAaHUX JTaHHX.

HaykoBy HOBU3HY JOCITI/DKEHHSI CKJIaJa€ yJOCKOHAIEHHS Ta CTATUCTHYHE OOTPYHTYBAHHS MPOLEIYp NPUHHATTS Kiacugikamiii-
HUX pillIeHb ISl JaHUX KJIACTEPHOTO MOAAHHS OMHCIB 300pakeHb Ha OCHOBI BITPOBAKEHHS MOJIENCH IepeB.

[IpakTudHa 3HaYyOIiCTE POOOTH TOJISTAE Y MMiATBEPIKEHHI PE3YIbTATUBHOCTI 3alPOBAKEHHS anapaTy AepeB A Kiacudikamii
JIAHHMX Ha MPHKJIaAax 300pakeHb Y CHCTEMaX KOMII FOTEPHOTO 30DY.

KJIFOYOBI CJOBA: xoMIT'IoTepHUIA 3ip, METOIM CTPYKTYPHOTO PO3ITi3HABAHHS 300pakeHb, MHOKMHA KITIOYOBUX TOYOK, JIe-
ckpuntop BRISK, kmactepHe mojaHHs, pelleBaHTHICTh ONMCIB, KpHUTepiil mpupocTy iHpopmanii, enTpomis lllenHoHa, eHTpomis
Pen’1, koediuient xuHi.

ABPEBIATYPHU K — gmco knacrepis;
BRISK — (Binary Robust Invariant Scalable Keypoints) —
METOI BUABJICHHSA Ta OMUCY KIIFOUOBUX TOYOK;
Open CV — 6ibmioTeka mporpaMHOro 3abe3neueHHs s !
CHCTEM KOMIT FOTEPHOTO 30DY; hiJ — KUJIBKICTB €JIEMEHTIB | -T'O €TaJIOHY, IO HaJeXaTh
KT — ximrouoBa TOYKa,
ID3 — meTox Mo0yI0BY AEPEB PillicHb. |

hlZ jJ — BEeKTOPHUI OIUC €TalloHy y KIaCTepHOMY Ipoc-
TOpI;

knactepy Kj;
Gain — kpwurepiit mpupocty iHbopmartii;

HOMEHKJIATYPA N — KUIbKICTb JaHUX, L0 PO3ALIAIOTECS y BY3Ii IepeBa;
Z — 0a3a ONMNCIB €TaJIOHIB; Ny, Ny — YHCIIO €JIEMEHTIB JOYipHIX BY3/iB OIHAPHOTO
Zj — OmHC eTaJoHY; JiepeBa;
O — omKc aHATI30BAHOTO 06’ EKTY; I (n) — kputepiit iIHPOPMATUBHOCTI JAHUX;
J — uucio Knacis; I5 (n) — indopmauiiina enrpomis [lleHHoHa;
K — xnacrep, p — ormiHKa HMOBIPHOCTI MOSIBU €JIEMEHTIB KJlacy cepen

€JIEMEHTIB BYy3J1a;
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I5(n) — xoedimient JIxuHi;
I R (n) — entpomnis Per’i;

I (n) — enrpomnis Tcanica.

BCTYII

[Ipomec BIpoBa/KeHHA Ai€BUX KiIacH(ikamiHHUX pi-
IIEHb Y Cy4aCHHX CHCTEMax KOMII IOTEPHOTO 30Dy IOTpe-
Oye BUpIMICHHS Py MpoOIieM, OB’ A3aHUX 13 TOTIHOIe-
HUM BHBYEHHSM NPUPOAM OOpOOIIOBaHMX JAaHHX. Y
CTPYKTYPHHUX METOJaX PO3Mi3HaBaHHs 300pa)KeHb OMHCH
Bi3yaJIbHUX O0O0’€KTIiB MOMAIOTHCS Y BUIJSII MHOXHHU
neckpunTopis Kiaro4oBux Touok (KT) — ckiHueHHOI MHO-
KMHH YUCIIOBUX BEKTOPIB JOCTaTHHO BHCOKOT pO3MipHOC-
Ti [1-4]. ¥V takomy BHmaaxky TpaHchopMaris mpocTopy
JTAaHUX 70 MOJEINI KIaCTEPHOI CUCTEMH CIPHsIE 3HIKCHHIO
PO3MIpHOCTI, CYyTTEBOMY CIIPOIICHHIO 3aC00iB 00poOIeH-
HS Ta MPUKIATHOTO 3aCTOCYBaHHS [5, 6]. OCHOBHUM iH-
CTPYMEHTOM IIPH IbOMY BHCTYNAa€ CTATHCTHYHE IOCIHi-
JOKEHHS JaHUX OIMMCIB y CKJaJi KJIACTEPHOTO MOAAHHS,
SKEe B acleKTi po3Mi3HaBaHHs BijoOpaxkae y3araJbHEHi
BJIACTHBOCTI Bi3yaJlbHOTO 00’€KTa [6, 7].

Posknanenss muoxunu aeckpunropis KT nursixom 1i
YHCENLHOTO MPEACTABICHHS Y KIACTEPHOMY IIPOCTOPI Jae
MOJKJIMBICTh BIIPOBAJUTH MOTCHINIO CY4aCHOTO amapatry
data science a1 aHami3y 3MICTy KJacTepiB 3ajis moOy-
IoBH fiiioBoro kimacudikaropa [5, 6]. OqHuM i3 BapiaHTiB
€ 3aCTOCYBaHHS AEpEB pillleHb, IO POOUTH MpoIec Kia-
cudikarii mpo30puM i 3po3yMiTiM [T Troauau [8, 9, 10,
11]. BopoBaukeHHs anapaTy J€peB IPYHTYETbCS Ha CTa-
TUCTUYHOMY aHAaJi31 KOMIIOHEHTIB JaHUX 3311 TIPHUHHAT-
TS PIIICHHS PO BiIHECEHHS Bi3yallbHOTO 00’ €KTY 3a HOTO
KJIaCTEPHHUM OIIMCOM JI0 BiamosigHoro kiacy. [ToOynosa
JepeB 0a3yeThCst Ha Pl MOKa3HUKIB 1H()OPMATHBHOCTI
JIlaHUX, 10 3a0e3NeuyloTh iX JIoriyHe OOpOOJIeHHS MpH
po3nineHHi y rimkax aepesa [9]. Ha cboromui 10 Haii-
OUIbLI BUKOPHUCTOBYBAaHMX MOXKHA BIJHECTH KpUTEpil
[llennona, xuni ta Pen’i [8, 9, 12, 13]. He3paxkarouu Ha
€IUHY WMOBIPHICHY MPHUPOIY, Ii MMOKa3HUKU HACIIPaBIi
BHAMIpPIOIOTH 1 OIIIHIOIOTH CYTTEBO Pi3HY 3a 3MICTOM iH(O-
pMarito. BaxknmBuM mpencTaBisThCS BHBUYCHHS SIK 3ara-
JHHUX BIACTHBOCTEH NMX KPHUTEPiiB CTOCOBHO 3ajadi
knacuikamii, Tak i BU3HAYCHHA iX 1HIWBIIyaJTbHUX OCO-
OIMBOCTEH.

O0’€KTOM JOCTiTKEHHS CTATTI € BEKTOpHA MOMETb
KJIACTEPHOTO MOJAHHS CTPYKTYPHOTO OIHUCY 300pasKeHHs
SIK MHOXKUHH IECKPUIITOPIB KIIFOYOBHX TOYOK.

[penmeroM mocaimxkeHHs € MOOymoBa JepeBa Kia-
cudikaifHUX pilleHb HA OCHOBI KJIACTEPHOTO IOJAHHS
ormcy.

Meta — BUBYEHHS BIAaCTHBOCTEH KpUTepiiB iHpopma-
TUBHOCTI TIPH BIPOBAJPKEHHI JIepeB pillleHb 331151 3a0e3-
MIeYeHHs pe3yIbTaTUBHOI KiIacu(ikarii.

1 MIOCTAHOBKA 3AJIAUI
DopMaTbHOI0 OCHOBOIO CTPYKTYpHOI Kiacuikarii €

baza Z = {Z . }jzl omuciB 306paxens eranonis Z ! (an-
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(haBiT KIaciB), IO MOJAHA Y BUTIISAI CYKYITHOCTI 3HAYEHb
00’eqHanoi MHOKHHU neckpunropiB KT 6asu Z [1-3].
Take po30uTTS MOke OyTH 3IIMCHEHO OJHHUM i3 METO/IB
knmactepusanii [5].

BrnpoBanuMo Ha MHOXUHI Z po30MTT Z :{Ki }:(:1’

ne K — HemycTi KiacTepy, 10 HE MEpEeTHHAIOTHCS. BBa-
’KaeMo eneMeHTH Z € Kj eKBiBaJeHTHUMHU Mik co0oro.
DakTHYHO MaeEMO 1Bl CHCTEMH KJIACiB Ha MHOKHHI TaHUX

6asu VzeZ:{Z J-} — s 300paxkens etanoHiB Ta {K;} —
Juisl KiacrepiB. Po30HTTSIM {Ki}rzl omic Z eTaJIoOHy

TpaHchopmyeTses y Bektop h[Z J-] IUTUX YUCeT
hizi1=(h),h),.. ... h)), (1)

e hij =card{z GZj &ze Ki} [6, 7].

VY BianmosigHoCTI 10 opmanizmy data science 6ymemo
PO3TJISAIaTH 3HAYCHHS BEKTOPY h sk cucTeMy Hesaiek-
HUX (PaKTOpiB, AKi BILUTMBAIOTh HAa BEIUYMHY 3aJICKHOI
3MiHHOT — HOMepa kiacy | [10, 14-16]. Crnuparouuch Ha

TaONUII0 BXITHUX JaHUX, KA BKIOYAE HAOOpPH BEKTOPIB
h[Z!], oGuucneni ans Bapianiii omuciB eTanoHiB, mo6Y-
JYEMO IIepeBO DillleHb 13 3aCTOCYBaHHAM KPUTEpIiB MpH-
pocty iHdopmMmarlii, 3acHOBaHMX Ha iH(OpMAIiHHIH eHT-
pomii lllenHoHa, o-enTpornii Pen’i Ta xoediuienTti xuHi.
Knacudikaniiine nepeBo CIPUYMHUTH MOXIIHMBICTH MPH-
WHSITH pillIeHHS 00 HaJIeXKHOCTI JoBlUIbHOTO onucy O,
noganoro y surisiai h[O] 3a ¢popmyioro (1), 1o mesikoro
Kiaacy A, sKHil MiCTUTh 00 €KTH, BIIHECEHI 0 OJHOTO 3

eranonie Z ! i3 ¢ikcoBanum HOMepoM | . 3ayBaxmmo,
IO BIANOBIAHO 1O TepMiHOJIOTI] Teopii JepeB pillieHb
KJIaCTEPH MOKHA PO3TIIAATH SK KiJIbKICHI aTpHOyTH.

3aBHaHHAMH JOCIIIKECHHS € BUBYCHHS BIACTHUBOCTEH
QHAIII30BaHUX KPHUTEPilB CTOCOBHO BIPOBAKCHHS MPO-
IyKTUBHOI Kiacuikarii.

2 OIJISIA JJITEPATYPU

dopmanbHa MOCTaHOBKA 3aa4i kiacuikarii i3 BUKO-
PHUCTaHHSIM OTHCY 300paKEHHS SIK MHOKHHH JCCKPHUIITO-
piB KT chopmynsoBana y [1-3], Ae TakoX BHUBYAIOTHCS
0COOJIMBOCTI Ta HEJIOJIKH 3aCTOCYBAHHS MOJIEI CTPYKTY-
PHOTO OMHCY Uil TPAAUIIHHUX METOMIB CTATHCTHYHOL
kinacugikamii [10, 14-17]. 3a3HavaeThes, MO KIFOYOBOKO
BAaJIOI0 € 3aBEJUKUIA 00CSAT O0YHCIIOBAIFHIX BUTPAT MPU
00poOIICHHI MacUBIB 0araTOBUMIPHHUX JaHUX Ta HEOOXin-
HICTh BUKOPUCTAHHS CTATHCTUYHUX TaOIMUIb. Y CTATTIX
[3, 6] BUBYAarOTBCS MoJelNi I MOOYIOBA MoIudikariit
CHCTEMH O3HaK 3aJJsl CKOPOUYCHHs 00CATY OOYHCICHB,
30KpeMa, PO3TIIAAAETHCS 3aCTOCYBAHHS METOIB KilacTe-
pusanii marnx. Monorpadii [5, 14-16] npucssdeni 6e3-
[MOCEPEIHBO aHAN3y NPHU3HAYCHHS Ta XapPaKTEPHUCTHK
CyJaCHHUX METO/IIB KJIaCTepH3aIlii TaHUX.

VY cratTi [4] 06rOBOPIOETHCSA MPUHITUI TIOOYI0BHU Jie-
ckpunitopa BRISK, Bukopucranus skoro ans GopMmyBaH-
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Hs geckpuntopiB KT mae MOXIHBICTH BIPOBaguTH OiHA-
pHE 00pOOICHHS JaHUX.

HocmimkeHHs [6] MICTUTB pe3ylbTaTH eKCIIEPUMEHTIB
i3 Kmacudikamii KITacCTepHUX OMHKCIB Y MeKaX MPHUKIATHOT
6a3u 300pakeHp MerenukiB. Y mparsx [1-3, 18] Bukia-
JICHO pe3yJbTaTH 3aCTOCYBAaHHS CTaTUCTUYHUX MIp JUIs
00YHCIICHHSI PEJIEBAHTHOCT] OMKCIB, 110 BHABJISE TICHUN
3B'A30K METPUYHUX Ta CTaTHCTHYHMX miaxoniB. Poborta
[2] micTuTh pe3ynbTaTH BUBYEHHS OJIOYHOTO TOJAAHHS Ta
3aco0M (ParMEHTHOTO KOHCTPYIOBaHHS CTaTUCTUYHHX
PO3MOALNIB, IO AalOTh MOXIHUBICTH CHOPMYBATH Yy3a-
rajbHEeHe IMOJaHHS MHOXKHHU JECKPHUIITOPIB SK CHCTEMH
yacTuH. [Ipu npomy GaraToBMMipHE IOJaHHS TPAKTYETh-
¢ K CYKYIHICTh OJTHOBHMIPHUX, sIKi HabaraTo mpocrile
00pOOIIATH Ta aHANI3YBATH.

JepeBa Sk pe3ynbTaTHBHAN amapaT alpoKCHUMaIii Ja-
HHUX 3aCTOCOBYIOTBCS y CydacHMX MeTozaax data science
[10, 14-16]. ¥V kuurax [8, 9, 11] BUKIaAEHO CYTh OMHOTO
i3 HalOUIBII MomyNsApHUX anroputMmiB ID3 s dopmy-
BaHHS JIEpeB, SKHH BUKOPUCTAHO y TMPAKTUYHIN 4acTHHI
HAIIOTO JIOCIIKeHHSI.

Po6otu [7, 10, 14-17] BUKOpPHUCTAHO SIK JXKEpemna Kia-
CHYHUX METOJIB CTATUCTUYHOTO OL[IHIOBaHHS.

[My6mikamii [19, 20] MiCTATh JEMOHCTPALIIO YCITIITHO-
r'0 3aCTOCYBaHHS 0a30BUX MiAXOIIB Teopii AepeB pilIleHb
00 BUPIIICHHS MPUKIATHAX KIacU(iKaIiifHAX 3a1a4.

3 MATEPIAJIA I METOX

[Tpu noOynoBi GiHapHOTO AepeBa A MPUAHSITTS Kiia-
cudiKaIifHUX PIlIEHh CTOCOBHO HAJICKHOCTI JOCIHIKY-
BaHoro o0’exty O, momanoro y Burisizi (1), 1o aeskoro
kimacy A ckxopucraemocs merogoMm ID3 [8, 9], 3a sxum
JUIL PO3IINICHHsT MHOXXHHHM KOpeHeBoro By3na 3 N
006’exTiB obupaemo oxuH 3 atpudytie Kj,i=1... K, Big-
MOBITHO JI0 HBOTO OyAyeMO BITKH 1 popMyeMo modipHi
By3nH. [ 1poro 3actocyemMo (GopmaiizM — MOKa3HUK
npupocty iHpopmarii [9, 11] mis pikcoBaHOTO KpUTEPItO

I(n):
. m Ny
Gain(n,ny,ny) = I(n)_Fl(nl)_Tl(nZ)' (2

Jle BHKOHaHa yMmoBa Ny +Ny =N,

Cytp Metoay ID3 noOymoBu aepeB mossirae y mocii-
JIOBHOMY BHOOpi Ha 4eproBOMYy eTarli 0JJHOTO 3 aTpuOyTiB
K, skuit 3abe3neuye HalOLIbIIMI mpupicT iHpOpMAaril
(2) [9]. 3a pe3ympTaTOM BHOOPY CTBOPIOETHCS YEPTrOBUI
BY301I JiepeBa.

3a3HauMMO, IO B AKOCTI KpUTEpPito iHPOPMAaTUBHOCTI
I(n) wmoxua obuparu pizHi QyHKII, cepen sKuX Hai-
6inpmr nommpeHoto € iHdopmaniitna enrpomnis lllennona
Ig(n), mo y Bumanky GiHApHOTO PO3XIIEHHS 00YHCITIO-
eTbes 3a popmyioro [9, 11]:

Is(n)=-pInp—(1-p)Ind-p), ©)
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U X
y sKiil pirypye gactota p=— MOSBH YUCIa X eJe-
n

MEHTIB KJlacy A cepex N eIeMEeHTIB By3ia.

PosrnsHeMO TakoX ampTepHATHBHI KpUTEpii iHpopma-
tuBHOCTI |(N) : koediuient Txuni |5(n) [9, 11], enrpo-
nito Tcamrica [12, 21] 1{(n), a-entpomito Per’i 1§ (n)
[12, 22], 30kpema, enTpomito Per’i Ix(n) mpu a=2, sxi
00UHCITIOIOTECS BiNOBinHO 32 popmynamu (4) — (7):

13(n)=1-p% - (- p)?, (4)

|T“=i(1— p? —(1-p)%¥),a>0,a #1, (5)
a-1

18 =L In(p? +@-p)¥),a20a=1,  (6)
a-1

Ir(N) =—In(p? +(@1- p)?). (7)

Sk 6aunMo, CIITFHOI0 OCHOBOIO MOOYIOBH YCiX ITOKa-
3HHUKIB € 4acToTa [), IO OOYUCIIOETHCS Y BY3ai JepeBa

JUISL aHAJTI30BaHOT CYKYITHOCTI JIaHHX.

Awnani3 xputepiiB (4)-(7) BUsBHB 1iKaBi (GakTH MOI0
iX BJIACTHBOCTCH, B3a€EMO3B’s3KYy 1 BIAMIHHOCTEH, III0,
0e3yMOBHO, Ma€ BiIOWTHCS Ha OCOOJIHBOCTAX CTPYKTYpH
BIINOBITHUX KiIacUdikamiitaux nepeB. HaBememo Haii-
OUTBIII CYTTEBI TBEPIKCHHS, SIKi CIIPUATAMYTH HOPIBHIH-
HIO IINX KPUTEpiiB IO JOUIIBHOCTI iX BIPOBAKCHHSA y
mporieci moOyJOBH JEpEB.

[Mo-nepuie, B poboTi [23] BcTaHOBICHO (PYHKIIIOHATB-

HUH 3B’30K Mik eHTporieto Per’i 1§ (n) (6) Ta entpori-

eto Tcammica I¥(n) (5) y Burszi:

cL-DEM _4

o=

() In((l—(ic)_I;(n)+1) |

Li 3amexHOCTI MAIOTh MIACTABM 3YIMUHHUTUCS Ha 3a-
CTOCyBaHHI onHil 3 QyHKIiH (5), (6). ABTOpamMu BUpiIIe-
HO obparu QyHkmito | (N) sk Kpaile BUBYEHY i Mpej-
CTaBJieHy y HaykoBid miteparypi. KpiMm Toro, mpu o=2
entpomis Tcamnica (5) B TOUHOCTI cmiBnajgae 3 koedilie-
HroM JxuHi (4).

Io-npyre, y pobGori [24] nmoBemeHo chagaHHsA o-

enrpomnii Per’i 1§ (n) (6) BimHocHo mapametpa a. Jliifc-

HO, TI0Ka3aHo, 1o noxiana ¢pynkuii 1§ (N) nopisHioe

(24
dign_ 1 z(zlmﬁﬂz.nz_zj, e
da 1-a) p 1-
a _ (04
72 :ﬁ, z, =%, 1 € HEIOJATHOXO
p” +@-p) p*+(1-p)
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BEJIMYMHOIO NpH Beix a >0, =1, omke, ynkuis 1§ (n)
HE 3pOCTaE 3a IIapaMeTPOM (.

Taxkuii xapaktep noseinku GyHkiii 1§ (N) HaBOAUTH
Ha AyMKY, IO TIpH BHOOPi aTpulyTy Ay TOOYIOBH Aepe-
Ba y BHUNAIKy ONM3BKHX (CXOXHX 3a aTpHOyTaMu) pe-
3yNbTaTiB KpaIIOTO PO3Pi3HEHHS MOXKHA JOCSTTH IIpH
3aCTOCYBaHHI HE3HAYHOTO 33 BEIMYMHOIO 3HAYCHHS O. Y
JaHiii poOoTi 00paHO 0=2 SK OJHE 3 JMAOIIBHUX IS
NPaKTHYHUX OOYUCIICHB.

[To-Tpere, HaiibOuIbIl mommpeHa entporis llleHHOHa

Ig(n) (3) € rpanmunuM BumaakoM entpomii Tcammica

I (n) (5)i a-entpomii Pen’i 1§ (n) (6) npn a —1 [12],
0 JIOBEJCHO KJIACHYHMMH METOJaMH MAaTeMaTH4YHOTO
aHaizy:

lim 17 (M = lim 1R () =15 ()

a—>1 a—1

HaBenenuit ¢axkt € 0e3yMOBHUM HOSICHEHHSM 3aTpe-
Oysanocri enrponii lllennona g (n).

[To-ueTBepTe, Ha KOPUCTH BUKOPUCTAHHS KoedilieHTa
Joxuni 15(n) (4) roBopHTH JETKicTh HOTO MPaKTHYHOTO
3aCTOCYBaHHS, a TaKoX HOro Mpo30puil MWMOBIpHICHHI
smict: | J (n) nopiBHIOE IMOBIPHOCTI TOTO, IO BHIAAKO-
BO OOpaHUii (3a MeBHUM aTprOyTOM) 00’€KT HE HAJICKUTH
JI0 BUIMAJIKOBO OOPaHOTO Kiacy.

3a3HaunuMo, 10 MiJICYMKOM MPOBEJICHOIO MOPIBHSIIb-
HOTO aHaJli3y HaBeAeHHX KpHTepiiB iHpopmaTuBHOCTI (3)
— (7), axi MOXyTb OyTH 3aJyueHi 10 peajizalii KpUTEPio
npupocty iadopmarrii (2), Oysa0 pilIeHHS MO0 IOLiTb-
HOCTi OOpaHHs JUIsi BUKOPUCTaHHS Y po0oTi iH(popmarliii-

Hoi entponii Illennona lg(n) (3), xoedimienrta Jlxuui

I;(n) (4)ientpomnii Pen’i Ig(n) npu a =2 (7).

3 TOYKH 30py 3afa4i JOCIIIKCHHS, [[IKAaBUM IpeacTa-
BJISETHCS TIOPIBHSUIBHUN aHalli3 sl Pi3HUX KPUTEpiiB
iHpOPMATHBHOCTI CYMICHOI CTPYKTYPH JBOX MOJIMBUX
JIOYIpHIX BY3JIB OKPEMOro arpuOyTy mAjsi OTPHUMaHHS
BHCHOBKIB II[0JI0 HPUPOJM BiIMIHHOCTEH 3HAYCHb X
KpUTEpiiB, SAKi JIS)KaTh B OCHOBI KPUTEPIIO MPHUPOCTY iH-
¢dopmarii (2). Ak 6aunmo i3 Gopmynu (2), AT KOKHOTO
(ikcoBaHOTO By3Nla 3 KUIBKICTIO eleMeHTiB N meprmmid
noxaHok Bupasy |(n) € mocTiiHOW BETHMYHMHOIO, OTXKE,

JUUISL pO3/AINIEHHST IOTO Ha JIBa JOYIpHIX BY3JIH 3 BiJIITOBiJ-
HOIO KUIBKICTIO €JIEMEHTIB JO4ipHIX BY3IiB My, Ny MiHi-
Mizanii noTpeOyBaTiMe BUpa3

I(n,nl,n2)=%I(n1)+n72l(n2), M+n,=n, (8)

SAKAH Ha3BEMO IIOKA3HUKOM CYMiCHOi iH(OPMAaTHBHOCTI
By3Jla JIepeBa.

©rlamenpka C.B., T'opoxosarcekuii B.O., Csrauk H.1.,2020
DOI 10.15588/1607-3274-2020-0-0

VY ekcrepruMeHTanbHIA YacTHHI POOOTH JOCIIIKEHO,
SIK TIpA (piKCOBAaHOMY N 3MIHIOETBCS BenwdmnHa (8) B 3a-
JIEXKHOCTI BiJl MOXKIUBHUX HAOOpPIB Ny, Ny Ta BHYTPIIIHBOT
CTPYKTYPH IOYipHIX BY3IB I pisHUX KpuTepiiB |(n)
BiAnoBinHO 1o popmyi (3), (4), (7).

3ayBaXMMO TaKOX, IIO0 ISl NMPAaKTHYHOTO BIPOBa-
JDKEHHSI KpuTepiro (2) Tpeba BCTAaHOBUTH TOPOTH 3aIist
3MIACHEHHS AUCKPETH3allii 3HAYCHb aHAII30BaHOI 3MIHHOT
y By3ui zaepesa. Sk npasuio [9], y BUNajgKy KijabKiCHOTO
aTpuOyTy U BU3HAYCHHS ONTHUMAJIBHOTO IIOPOTY PO3-
OWTTS HAsBHI 3HAYCHHS IIHOTO aTPHOYTy PAHXHUPYIOTH 3a
3pOCTaHHAM 1 3IiHCHIOIOTH KBaHTYBaHHS, CIIOCIO SKOTO,
B3arayii KaXXy4dl, MOKe OyTH MOBLIEHHUM 1 OOHMpaeThes
JOCTITHUKOM. 3 yCiX piBHIB KBaHTYBaHHS, SKAMH €
OKpeMi 3Ha4eHHS aTpuOyTy, B SKOCTi HOPOTY OOMparOTh
TOW, AKWH 3a0e3meyye HaWOULIbIIe 3HAYCHHS KPUTEPIIO
npupocTy iHpopmarii (2).

4 EKCIEPUMEHTH

[Ipoananizyemo nporec no0ynoBu kiacudikamiiHoro
JiepeBa 3a KputepieM npupocty iHdopmauii (2) Ha MpHK-
nmagi Tppox kiaciB ommciB (A, B, C) i3 15-tm 00’exTiB
(tabn. 1) y moganHi i3 10-Tu kiactepis, Aki B3sTi i3 [1] 1
OTpHMaHi MpH aHaji3i 300pakeHb TepOiB MicT YKpaiHM.
KoxxHnit 00’€KT (pAIOK TaONHIN) € pe3yIbTaToM KiacTe-
PHOTO NOJAHHS 300pa)KeHHS BiIMOBITHOTO KJIacy Y Kiac-
tepi Kj, i=1...10, sxi po3rsigaeMo y CeHCI KiNbKiCHUX

aTpuOyTIB.

Tabmms 1. KimactepHi mogaHHs OMUCIB 00 €KTIB.

Ne
06’-
exta | KI | K2 | K3 | K4 | K5 | K6 | K7 | K8 | K9 | KI0 |Kmac
1 7199 |9 |14|15]6 |11 |11 9 A
2 6 | 10|21 |10 |12 |14 | 7 |20 |10 10 | A
3 5 | 11| 8 [ 11|13 |14 | 8 |12 | 10| 8 A
4 8 |11 |10 |12 |12 |12 |5 |10 14| 7 A
5 5 | 7 |12|13|14]|122|6 |9 |14]| 8 A
6 8 |11 | 8 |16 | 3 |14 |13 ] 9 | 11 7 B
7 9 |12 9 [14]| 2 |15 |13 |10] 09 7 B
8 7 |13| 8 |122|5|15]|122|8 |91 B
9 8 |12 |9 17| 4 |12 |14 |10]|11] 3 B
10 9 |10 7 |15 | 4 |11 |12 |11]10]| 11 B
1 15 | 7 3 | 13| 9 |18 7 8 | 11 9 C
12 4| 9| 4 |1nf10|17| 7|8 |13 7 c
13 15 | 8 5 |12 |12 |15 | 8 9 | 10 6 C
14 13| 7 4 |12 |11 | 16 | 6 7 |12 12 C
15 6| 9|5 |10 |11 15| 9 |5 |10 10 c

3ayBaxuMo, 1110 HaBeJeHi 15 00’eKTiB AICHO CyTTEBO
BiJIPI3HSIOTHCS MPHHANEKHICTIO O OAHOTO 3 TPHOX Kia-
CiB, IO MiATBEPKYETHCS 3HAYYIIMMH BiJIMiHHOCTSIMHU
MaHXETTEHCHKOI BiJICTaHI MK 00’€KTaMH Pi3HUX KIaciB
A,BiC.

Buxonaemo moOymoBy GiHapHOTO JiepeBa pilieHb CTO-
COBHO HAJIGKHOCTI O0’€KTy 10 Kiacy A, MO3HAYHBIIN
yepe3 H kiac, mo o0’exnye nBa iHmux kiaacu - B i C.
Bynemo peamizoByBaTH Kputepid (2) i3 3acTocyBaHHIM
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inpopmanirinoi enrporii [llenHona (3) sk kpuTepito iH-
(opMaTHBHOCTI, a TaKOX BHKOHAEMO aHAJIOTi4HI po3pa-
XYHKH 3a JOToMororo koedimienta xuHi (4) i eHTpOtii
Per’i mpu =2 (7), po3riggaroun iX SK aJbTepHATHBHI
MOKa3HUKK iH(pOpMaTUBHOCTI. 3MICHUMO TOPiBHSUIbHHUN
aHaNi3 JepeB, OTPUMAHHX 3a TPhOMA BKAa3aHHMHM ITOKa3-
HUKaMu (kputepismu). OkpeMy yBary IpUAUIAMO iX SKO-
CTi, MOXKJIMBIH BiAMiHHOCTI, TOCTI/KCHHIO IPUYIHH TaKOi
BIAMIHHOCTI, a TaKO>X BIJAIOBIIHMM BHCHOBKAaM II[OJIO
JOLITBHOCTI 3aCTOCYBAHHS TOTO YH iHIIOTO KPUTEPIFO.
3rigno anroputMy |ID3 ni1s po3nineHHs MHOXKHHH KO-
peHeBoro By3ina 3 15-tu 00’ekTiB (32 naHuMu Tabm. 1) Ha
nepioMy Kpoii obupaemo oauH 3 10-Tu arpuOyTiB, Bif-
MOBIZIHO 710 SIKOTO OyIyeMO BITKM 1 (OpMyeMO aOUipHi
By3mu. Ockinbku yci atpubytu K € KinbKicHUMH, Lie

NOTpedy€e MONEePEAHBOTO BCTAHOBICHHS UL KOXKHOTO 3
HHX MOPOTiB Ui po30OHTTA. [yl BU3HAYECHHS ONTHMANb-
HOTO 3HAUYEeHHs MOPOTY BIICOPTYEMO 3HAYEHHS KOKHOTO
aTpuOyTy 3a 3pOCTaHHSIM, 1 PO3MVITHEMO MOXIIMBI pO3-
OMTTS 3a JONOMOror Memiand, a takox 0,25 - i 0,75 -
KBaHTWJIIB OTPUMAHOTO psny. B sikocTi mopory BignoBiz-
HOTO aTpuOyTy 00epeMo Te 3 TPbOX BKa3aHUX 3HAUYEHD,
sike 3a0e3rneuye HaWOUmbIMiA mpupicT iHpopMarii (2).
OTxe, I JAHOTO TPHUKIANy, OCKUIBKH KUIBKICTh
00’exTiB € HeBenmukow (15), OymeMo BBakaTH JOCTaTHIM
po30uBaTH 3HAUYCHHS KOXKHOTO 3 aTpHOYTIB TLNBKH Ha JIBi
YaCTHUHH, TOOTO 32 JONOMOTO0 OJHOTO IOPOTy. Y BHUNAA-
Ky 3HA4YHOI KiJIBKOCTi 3alMCiB HMPOIOHYEMO BHUKOHYBATH
OiipLI NpiOHE KBaHTYBAHHS 1, TAKMM YMHOM, 3/1iHCHIOBa-
TH pO30UTTS HaOOpy 3HAUCHB I KOKHOTO aTpUOyTy Ha
KiJIbKa 4acTHH (O1IbIe JBOX).

3a pe3yapTaTaMd pPO3paxyHKIB Ha MiJCTaBl JaHHUX
Tabn. 1 HalOLIbmMi mpupicT iHpopMaii (2) A po3i-
JICHHA KOPEHEBOTO By3ia 3abesneuye aTpudyTt Kl y BH-
naaky Bukopuctanus enrpornii lllennona (3nauenns 0,28)
i atpubyt K3 — y BUmagky BUKOpHCTaHHsS KoedilieHTa
JxuHi 1 ertpomii Per’i (o =2) (BiONOBIOHO 3HAYCHHS
0,22 i 0,33). BukoHyrouu po3JiieHHsST KOPEHEBOTO By3Jia
3a kputepieM iHdopmaruBHOCTI (3) BIAMOBIIHO 10 aTpH-
oyry K1, npuxoaumo B pe3yJsbTari 1o KiacudikamiiHoro
JiepeBa, HaBeICHOTo Ha pHC. 1.

Pucynoxk 1. [lepeBo pimeHb 3 BUKOPUCTAHHAM €HTPOMIT
[ennona (3)
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AHAIIOTIYHO BHKOHYETHCS TOOYI0BA AEPEB 3 BUKOPH-
ctaHHAM KoedimienTa [Ixuni (4) 1 earpomnii Per’i (7) (po-
3niIeHHAM 3a atpudyTtom K3 3 moporom 9), siki BUSBIIIH-
Cs ONHAKOBMMHU JUII IIMX KPHUTEPiiB iHHOPMATHBHOCTI.
OtpumaHne iepeBo pillleHb HaBeJIeHe Ha puc. 2.

Pucynok 2. [lepeBo pilreHs 3 BUKOPUCTaHHAM Koedi-
uienta Jlxuni (4) Ta entpomii Pen’i (7)

Sk Gaummo, NepeBo pillieHb Ha PHC. 2 MPHUBOIUTH 10
pe3ynbTaty OmbIl KOpOTKMM IuTaxoM. Lle mMoxkHa mosic-
HUTH TUM, 10 eHTporis Per’i i koegimient JxuHi kpaie
PO3pI3HIOIOTE HAasiBHI 00’€KTH JaHUX, HIDK CHTPOMiS
Illennona. B Toil camuii yac, IIBUAKUNA pE3yNbTAT HE
3aBXKAH MPHUBOJIUTH 10 AKICHOI KiIAacUdikarii depe3 mayxe
TICHy TIpWB’S3Ky c(OPMOBAHOTO JiepeBa IO HaBYAJIBHOI
nepenasuanns [9, 25]. Omxe, daxr 3amyueHHs mobymno-
BaHMM JIEPEBOM DIillleHb HEBEJIHMKOI KiJIbKOCTI aTpuOyTiB
(mampukiaza, Tpu aTpuOyTH B AEpeBi, OTPIMAHOMY 3 BH-
KOpUCTaHHSAM Koedimienta [xuni ta enrporii Pen’i mpo-
TH YOTUPBOX aTPUOYTIB B JIEpeBi, OTPUMAHOMY 3 BUKOPH-
cranuaM enrtpornii llleHHOHA) He € CBIMYEHHSIM Kpalioro
pe3ynbTary, aje i He MoXe OyTH OJHO3HauyHO BH3HAYEHO
SIK TIpIIUH pe3yJsbTar.

3ayBaxxuMo, 110 B YMOBaX AaHHX Tabn. | MokasHUK
CyMicHOi iH(QopMaTuBHOCTI By3da (8) mpm po3OHTTI
KopeHeBoro By3ida (N=15) y BuUmaiKy 3acTOCYBaHHS
earporii lllenHona 3a dQopmymoro (2) moxe Oytu
3aIMCaHu{ Y BHTJISIAL

%[(X:yjm{xzy}[xzy]m(xzy]} 9
Is(xy)= 1571;7 y[[lsi_xx— yjln(155—_x)i y]Jr[lsl?;X y]ln(lsg;i’ yJJ

aruo 0<x<5, 0<y<10, (x+y)15-x-y)=0, xeZ, yeZ;

0,64, sxwo x=0, y=0 abo x=5, y=10.

ae X, Y - BIAIOBIIHO KiNBKOCTI €1eMeHTIB ki1acy A 1 H

B IEPIIOMY JOYipHBOMY BY3Ii. 3a3HAUYMMO, IO B Teopil
indopmartii 3aranpHONpHiiHATO BBaxkaTn IN0=0 [9].
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AHAJIOTIYHO VTS K IBOTO MPHKIIAAY MOKa3HUK CyMic-
HOi iH(QOPMATHUBHOCTI KOPEHEBOTO BYy3Ja y BHIIAIKY
3acrocyBanHsA Koedimieta [xuui 32 Qopmymoro (3)
HaOyBa€ BUTIISAY:

X+ 2 2
Vi1 | X |y 4
15 X+Yy X+Yy

2 2
+15—><—y - 5-x [ 10-y ‘
15 15-x-y 15-x-y

axuo 0<x<5, 0<y<10, (x+y)l5-x—-y)#0, xeZ;

(10)
Ly (xy) =

0,44, saxwo x=0, y=0 abo x=5, y=10.
[MTokazHuk cyMicHOT iHQOPMAaTUBHOCTI KOPEHEBOTO BYy3Ia
y BWIIQJKy 3acrocyBaHHA eHTpomii Pen’i (a¢=2) 3a

¢dopmynoro (7) y IpOMY BHIIAAKY pPO3PAaXOBYETHCS 3a
dbopmyroro:

X 2 2
L EIREAN
15 X+y X+y
15-x-y[ f(_5-x 2+ 10—y
15 15-x—-y 15-x—y '

axuo 0<x<5, 0<y<10, (x+y)15-x-y)=0,xeZ,yeZ;

11)

Ir(xy)=

0,59, saxwo x=0,y=0 abo x=5,y=10.

Sk Gaummo, 3amava MiHimizauii GyHKIiH BUrIALY (9)
— (11) e HeniHIHHOI UIJOYMUCETHHOI ONTHMI3alliHHOI0
3amadero 3 oOMmexeHHsMH. KpiM Toro, KokHa OKpema
HaByYaJIbHA MHOXKMHA 00’€KTiB, IPU3HAYEHa IS MTO0Y10-
BH Kiacu(iKalmifHOTO aepeBa pillleHb, Ma€ IOJATKOBI
0OMe)KeHHSI Ha 3Ha4YCHHs apryMEHTIiB B TOMY CEHCI, IO
yci NpHIYCTHMI HapH (X, y) YTBOPIOIOTH JIUIIE JIESKY
MiIMHOKUHY MHOXXHHH YCIX MOXJIMBUX LIJIOYMCEIBHUX
nap (X, y), o 3a/10BOJIBHSAIOTH yYMOBaM

0<x<5, 0<y<10. Ha puc. 2 HaBenemo rpadik ¢yHk-
wii (9).

Puc.3. I'padix ¢pynkmii (9)
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5 PE3YJIbTATHU

OCHOBHUM pe3yNbTaTOM JOCHIIKEHHS € MiaTBEp-
JUKEHHS MOXIIMBOCTI 3aCTOCYBAaHHS amapaTy JepeB pi-
IICHB 10 00’€KTIB KJIIACTEPHOTO MMOJAHHS JaHUX CTPYKTY-
pHOTO omucy 300paxkeHHs. He3zane)XHUMH 3MIHHUMH TYT
BUCTYMAIOTh KUIBKICHI ITOKa3HUKU €JIEMEHTIB OMHCY, LI0
MOTPaNWIM y CKJIaa OKpeMoro kiactepy. Ha mpukiamax
PO3MIITHYTHX KOHKPETHHX KPHTEpiiB iH(QOPMATHBHOCTI,
SKi BIIPOBA/UKEHO I PEANbHHUX EKCIIePUMEHTAIBHUX
JaHUX 300pa’keHb, MOKa3aHa Mpale3NaTHICTh IIXOMIB i
pe3yIBTaTUBHICTh CTBOpPEHUX JepeB. IIpoananizoBaHi
TaKoXX OCOOJHMBOCTI 3aCTOCYBaHHSA KPHUTEPIiB A TaHUX
KJIaCTEPHOTO MOJAHHS.

AHaii3 3acTocyBaHHS KpHTEpiiB 1H(OPMAaTHBHOCTI
JaHUX JUIsl KJIaCTEPHOro IOJAHHS I0Ka3aB, 0 iX BHOIp
pu TOOY/MOBI JepeBa AMKTYETHCS HE TUIBKH 3MICTOM
JAHWX, a TAKOX 1 GopMaTOM iX MpenCTaBICHHS.

6 OBI'OBOPEHHS
VYci ToukH MOBEPXHi 3 MIIOYHUCETPHIMH KOOpAWHATA-

M X, ¥ (0<x<5 0<y<10) BigmoBiAatOTh AeAKiik
CTPYKTYpI JOUipHIX BY31TiB 1epeBa. UuM HIDKYE Taka TOU-
Ka Ha rpadiky, THM Kpallle pO3JiICHHS KOPEHEBOI'O BY3-
na. Sk 6a4umo, npu Habmwkerni Touku (X;Y) no aiaro-

Hami npamokyTHHKa 0< X <5 0<y<10, mo BHXOIUTH

3 TOYaTKy KOOPJMHAT, PO3JUICHHS KOPEHEBOTO BY3Ia
MOTIpIIYETHCs (OCKUIBKY MOKa3HUK CYMiCHOT iH(OpMaTH-
BHOCTI By3na (9) 30UIblIyeTbCs, a 3HAYCHHS KPUTEPIilO
npupocty iHdopmartii (2) 3meHmyethes). Hapmaku, npu
HaOMDKeHHI TOYkM (X;y) 1O BEpLIMH NPSIMOKYTHHKA
(0;0) ta (5;10) po3mieHHsST KOPEHEBOTO By3Jia MOKpAIIy-
€TbCS (OCKUTBKH TOKAa3HHK CYMICHOI 1H(pOPMAaTHBHOCTI
By3na (9) 3HMXKYETBCS, a 3HAYCHHS KPUTEPIIO IPUPOCTY
iHdopmanii (2) migBUIIYETHCS).

LikaBo BiamiTuTH, mo rpadikn ¢yskmii (10) i (11)
MaloTh BHIJISIM, AY)XE CXOKHH 3 HaBEJEHUM Ha puc. 3
rpadikom ¢ynkuii (9). Lle nosicHioe To ¢akr, Mo po3r-
JITHYTI aBTOPaMH IHIII MPHUKIAAH HABYAIBHOT MHOKUHH
00’€KTiB IPUBOAWIN, Ha BiAMIHY BiJl PO3TIITHYTOTO IMPH-
KJIaay, i IO OJHAKOBHX KIACHU(IKAIIHUX IepeB pilllcHb.
3 iHmoro OOKy, OTPUMaHHS Pi3HUX JepeB AJIsl HABEICHO-
T'O IPHUKJIALy CBIAYUTH PO HAsABHICTh NEBHUX TTTMOMHHUX
BiIMIHHOCTE! y BIacTUBOCTAX QyHKIiH (9) — (11), a Ta-
KOX TIPO IXHIO PI3HOIUIAHOBY YYTJIHMBICTH JO MOXKIIMBOI
CTPYKTYpPH JOUipHIX BY3JIiB JepeBa. PeTenbHUil MOpPiBHSI-
JIbHUH aHajl3 MpOBEJIeHNX PO3pPaxyHKiB I0Ka3aB, 110 €H-
Tpomis lllenHOHa Kpale pearye Ha JOCHTh HEOJHOPIIHI,
ajyie HeBENIMKi 3a po3MipoM BY3iH, a koedirient [xuni Ta
eHTpomnis Per’i € OiIbII YyTIMBUMH IO JTOCTATHHO OJHO-
PifHMX 1 3Ha4YHO OLTBIINX 32 po3MipoM By3iiB. Came Taka
BIJIMIHHICTh TOBEJIHKH IIOKa3HMKIB CyMicHOi iH(opma-
tuBHOCTI By3na (9) — (11) 1 mpuBesa 10 OTpUMaHHSA Pi3-
HUX JIepeB, HaBeJleHUX Ha puc. 1, 2.

[IpoBeneHi po3paxyHKH cBigUaTh MO Te, IO SK EHT-
pomist lllenHoHa, Tak i KoediieHT J[>KUHI € JOCTaTHBO
MOTY>KHUMH KpUTEpisiMHU iH(POPMATUBHOCTI, 5Ki 3a0e3rme-
YyIOTh MPAaKTUYHY MOOYyHOBY KJIAacHdiKaIliifHOro nepeBa
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pimrens. BBaxkaeMo 3a JOMITbHE CKOPUCTATHCS KPUTEPIEM
(2) mocmimoBHO i3 3acrocyBaHHsIM eHtportii [llenHoHa (3)
i koedimienta [xuHi (4) s yecyHeHHS Kiacu(ikariitHnx
MTOMIJIOK, BUXOJSYU i3 BCTAHOBJICHOTO (akTy pi3HOILIA-
HOBO{ UYyTIIMBOCTI BKa3aHMWX KPHUTEPIiB 10 MOMIMBUX
CTPYKTYp BY3IIiB JiepeBa, 110 OyAy€eThCs.

Ha puc. 1 Ta 2 noka3ani cuHTe30BaHi OiHapHI JepeBa,
110 00y 10BaHI 0 NPUHIMUITY «OJWH IPOTH BCiX» 1 Hami-
JIeHI Ha NMPUHHATTA PIIICHHS NP0 HAJEKHICTh JaHUX 1O
OJTHOTO 13 KJaciB (y JaHOMY BHIAJKy 10 Kiacy A). 3po-
3yMLiI0, TII0 3aBEpIICHHS MO0YIOBH MTOBHOIIIHHOTO JIepeBa
MOJKHA JOCSTTH aHaNi30M JaHux pemTH kiaciB (B ta C).
[Ipu mpoMy, SIK MPaBHUIIO, 3aCTOCOBYIOTH OIWMH 1 TOH ke
Kputepiii iHpopmartuBHOCTI. Hapsimy 3 mmM, mpoBeneHi
HaMH JOCIIKEHHS MOKa3yl0Th TAKOK MOXIIUBICTh BUKO-
pHUCTOBYBAaTH KOMOIHOBaHY ITOCIIZOBHICTH Pi3HOMAHITTS
KpHTEpIiB.

BUCHOBKH

PosrsnyTi iHdopmaniiini KpuTepii pi3HUM YHHOM 3a-
JIAFOTh TOCIIIOBHICTh BIIPOBDKEHHS y KiacuiKaliifHo-
My JepeBi HE3ale)KHUX 3MIHHHUX, SKHMH BHCTYIAlOTh
YHUCENbHI MOKA3HUKH KJIACTEPHOTO IIOAHHS OIHUCY 30-
OpaxxeHHs. CxoxicTh (yHKIIi cyMicHOI iH(OPMATHBHOC-
Ti KOPEHEBOT'O BY3IIa JJIS PI3HUX KPUTEPIiB MiATBEPIKYE
00’€KTHBHICTh TPOBEJCHOTO JOCIIKCHHA, a IX BigMiH-
HICTh BiOOpaXkae 1HIMBIAyaJIbHUH XapakTep 4yTIMBOCTI
JI0 aHANTI30BaHUX JIaHHX.

HaykoBy HOBHU3HY JOCIIIKEHHs CKJIalae yIOCKOHA-
JICHHS Ta CTaTUCTHYHE OOIPYHTYBaHHS MPOLEAYp NpHUitH-
ATTS KIacu(ikauifHUX pileHb IS JaHUX KIaCTepPHOTO
MOJIaHHS ONMCIB 300pakeHb Ha OCHOBI BIPOBAIKCHHS
MoJenel 1epeB.

[IpakTryHa 3HAYYIIICTE POOOTH IOIIATAE Y TiITBEP-
JOKEHHI pe3yJIbTaTUBHOCTI 3alpoBa/UKEHHS amapary Ie-
peB it Kiacudikaiii JaHUX KJIACTEPHOIrO OIKCY Bi3ya-
JBHOTO 00’€KTa Ha MPHUKIAAax 300pakeHb Y CHCTEMax
KOMIT FOTEPHOTO 30DY.

TlepcrieKTHBH TOCTIKSHHST OB s3aHI 13 BUBYCHHSIM
Pe3yIBTATUBHOCTI 1HTEICKTYAFHUX MPOIENYyp KiIacudi-
Kallii Ha TiJICTaBi JepeB pillleHb IS JAaHUX OIMCIB 30-
OpakeHb y 00’ eMHHX 0a3axX Bi3yalbHUX JaHUX.

MNOJsIKHN
PoGoTta BukOHaHa B pamkax nepxOromxerHoi HJ/IP
XapKiBCHKOTO HAI[IOHAIEHOTO YHIBEPCUTETY PaliOeleKT-
poHiku «[ muOWHHI TIOPUIHI CHCTEMH OOYUCIIOBAIBHOTO
IHTEJIeKTY JJIsl aHalli3y MOTOKIB JAaHUX Ta IX IIBUJKE Ha-
Buanusm» (Ne JIP0119U001403).
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N3YYEHUE KPUTEPUEB NHO®OOPMATUBHOCTHU JAHHBIX TP BHEJAPEHUU AIIITAPATA JEPEBBEB
PEIIEHHWI B METOJAX CTPYKTYPHOM KJIACCUD®UKAIIMA N30EPAKEHUN

Ianenkas C.B. - kaH/. Hu3.-MaT. HAYK, JTOIEHT, AOICHT Kadeaphl BBICIICH MATEMATHKH, XapbKOBCKHUI HAITMOHAIILHBIN aBTOMO-
OMIIEHO-JIOPOKHBIA YHUBEPCUTET, XapbKOB, YKpanHa.

TopoxoBarckuii B.A. - 1-p TexH. Hayk, npodeccop, npodeccop kadenpsl nHGOPMATUKH, XAPHKOBCKHN HAIMOHAIBHBIN YHU-
BEPCUTET PaJUONIEKTPOHUKH, XapbKOB, YKpauHa.

Crarnuk H.W. - xaHn. mexa. Hayk, 3aBeqyrommid kadenpbl MHOOPMANMOHHBIX TEXHOJIOTHH, XapbKOBCKHI 00Opa30BaTeIbHO-
HayYHBIH HHCTUTYT TOCYIapCTBEHHOTO BBICHIETO yIEOHOTO 3aBeIeHNs «Y HUBEPCUTET OAaHKOBCKOTO JieNa», XapbKOB, YKpauHa.

AHHOTAIUS

AKTyaJbHOCTB. JleiicTBeHHbIE KiIacCH(UKAIMOHHBIE PENICHHS B COBPEMEHHBIX CHCTEMaX KOMIIBIOTEPHOTO 3pEHHsI TPeOyIoT
YIITyOJICHHOTO M3y4eHHsl MpUpoJsl oOpabaThiBaeMBIX JaHHBIX. KiactepHoe mpexacraBneHne 1uist 6a30BOM CHCTEMBI CTPYKTYPHBIX
MIPU3HAKOB KaK MHOXKECTBA AECKPUITOPOB KIFOYEBBIX TOYEK N300PayKEHUsI CIOCOOCTBYET CHIDKEHHIO Pa3MEPHOCTH U CYLIECTBEHHO-
My YIPOLIEHHUIO CPEACTB aHaIM3a JaHHBIX. OCHOBHBIM HHCTPYMEHTOM SIBIISIETCSI CTATUCTHYECKOE HCCIEAOBAHNE JAHHBIX OMHCaHUI
B COCTaBEe KJIACTEPHOTO IPEACTaBICHHs, KOTOPOE OTpaXkaeT 0OOOIIEHHbIe CBOWCTBA BU3yalbHOrO 00bekTa. BHenpeHue ammapaTa
JIepEBbEB OCHOBBIBACTCS HAa CTATHCTHYECKOM aHAJINW3€ KOMIIOHEHTOB JAHHBIX IJISI MPUHATHSA PEHICHHS 00 OTHECEHHM BH3YalbHOTO
00BeKTa K COOTBETCTBYIOIEMY Kiaccy. I[locTpoenue nepeBbeB Oa3upyeTcst Ha MoKa3aTensiXx HHPOPMATHBHOCTU JAaHHBIX, oOecredn-
BAIOIIHX MPOIIECC JOTUUECKOH 00pabOTKM MPH pa3/ieNieHNH B BETBAX JepeBa. MIMest equHyI0 BEpOSTHOCTHYIO MPUPOY, 9TH MOKa3a-
TEJIM U3MEPSIIOT M OLEHUBAIOT CYIIECTBEHHO Pa3IMYHYIO IO COZAEpKaHHI0 MH(popManuio. BaxHbIM npencraBisercs U3ydeHne Kak
OOIIMX CBOMCTB 3THX KPUTEPHUEB B 3a/1a4ue KIACCU(PUKAIIMH, TaK 1 OLICHUBAHNE UX WHIUBUAYATbHBIX XapaKTEePHCTHK.

Lens padoTel. Pemenne 3amaun xiaccuduKanuy BU3yalbHBIX 00BEKTOB 0 KIACTEPHOMY IPECTABICHHIO TAHHBIX JJISI CTPYK-
TYPHOT'O OIIMCAHMS U300paKEHHUs C IPUMEHEHUEM amIapaTa JIepeBbeB PELICHHH.

Merton. [IpemtoxeH crocod kraccupukayy H300pakeHn Ha OCHOBE KIIACTEPHOTO NPECTABICHHS JAaHHBIX C HCIIOIb30BaHUEM
ammapara JIepeBbeB PEIICHNI ¥ HHCTPYMEHTApHs TEOpHH HH()OPMAIIHHL.

PesyasTtatsl. [loarBepkaeHa paboTocnocoOHOCTh U 3(GEKTUBHOCTh MeTOAa KiIacCH(UKAIMK ITyTeM MPUMEHEHHUs ammapara
JIepeBbEB K KIIACTEPHOMY NPEACTABIEHHS JAHHBIX CTPYKTYpPHOTO OMHCAHUs n3o0pakeHus. Ha mpumepax mpuMeHEHHs pa3iIndHBIX
KpPHUTEpPHEB HHPOPMATHBHOCTH JUIS PEaTbHBIX 3KCIHEPUMEHTANBHBIX JaHHBIX M300pakeHNil OeHeHa Pe3yNbTaTHBHOCTD CO3IAaHHBIX
nepeBbeB. CpaBHUTENBHBIM 00pa30M MPOAHATM3UPOBAHBI 0COOEHHOCTH BHEAPEHHS PA3IMUHBIX KPUTEPHUEB HH(GOPMATUBHOCTH JaH-
HBIX [IPU IIOCTPOEHUU JIepeBa peleHui.

BoiBoasl. [IprMeHeHHE PacCMOTPEHHBIX KPHUTEpPHEB MH(MOPMATHBHOCTH DPa3IMYHBIM 00pa3oM 3aJaeT IMOCIIe0BaTeIbHOCTh
BHEJIPCHUSI HE3aBUCHUMBIX MEPEMEHHBIX B KJIACCH(HUKAILMOHHOM JAEpeBe, KOTOPBIMH SIBISIOTCS KOJMYECTBEHHBIC IOKa3aTelH Kiia-
CTEpPHOTO NPE/CTABICHUs] ONKUCaHus U300paxeHus. [IpoBeieHHbIE pacyeThl CBHAETEIBCTBYIOT O TOM, YTO 3HTponus llleHHOHa M
k03¢ uueHt JKUHN SBISIOTCS JOCTATOYHO MOIIHBIMU KPHUTEPHUSM HH(OPMATHBHOCTH, KOTOPHIE OOECHEeYHBAIOT IPAKTHIECKOE
MOCTPOCHUE KITACCU(HUKAIIMOHHOTO JAepeBa penteHni. CXxoAcTBO (GyHKIMHA COBMECTHOH MH(GOPMATUBHOCTH KOPHEBOTO Y311 JUIS pas-
JIMYHBIX KPUTEPHEB MOATBEPKIAET 0OBEKTHBHOCTD IIPOBECHHOTO NCCIIEAOBAHMS, a UX OTIHUYHE OTPaXKaeT WHINBUAYATBHBIA XapaK-
Tep YyBCTBUTENHFHOCTH K aHATU3HPYEMBIM JJAHHBIM.

HayuHyi0 HOBH3HY HCCIEIOBAaHHS COCTaBISIET YCOBEPIICHCTBOBAaHHE M CTATHCTHYECKOE OOOCHOBAHWE MPOLEAYpP NPHUHSITHS
KJTaCCU(HKAIIMOHHBIX PEIICHUH I aHHBIX KJIACTEPHOTO MPEICTABICHHUS OMHCaHUH N300paKeHNH Ha OCHOBE BHEJPEHUS MOJieel
JIepeBbEB.

[TpakTuueckasi 3HaYUMOCTh PabOTHI 3aKIIOYAETCs B IOATBEPXKICHUH PE3yJbTATHBHOCTH BHEIPEHHs almapara JIepeBbeB s
KIIacCH(HKAINN JAaHHBIX HA IPUMepax H300pakeHHi B CHCTEMaX KOMIIBIOTEPHOTO 3PSHNSL.

KJIIOYEBBIE CJIOBA: koMIIbI0TepHOE 3peHHE, METOABI CTPYKTYPHOTO paclio3HaBaHHs H300paKeHUH, MHOXKECTBO KITIOUEBBIX
Touek, feckpunrop BRISK, knacteproe npencTasienne, peneBaHTHOCTD ONMUCAHUH, KPUTEPUl IpHPOCTa HHPOPMAIIHN, SHTPOITHS
Lllennona, saTpomus Penbu, kospdumuent HxuHm.
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STUDY OF STATISTICAL PROPERTIES OF THE BLOCK SUPPLY MODEL FOR A NUMBER OF DECORATORS
OF KEY POINTS OF IMAGES

Gadetska S.V. - PhD in Physics and Mathematics, Associate Professor, Associate Professor of the Department of Higher Math-
ematics, Kharkiv National Automobile and Highway University, Kharkiv, Ukraine.

Gorokhovatsky V.A. - Dr. Sc. Sciences, Professor, Professor of the Department of Computer Science, National University of
Radio Electronics, Kharkiv, Ukraine.

Stiahlyk N.I. - PhD in of Pedagogical Sciences, Head of the Department of Information Technology, Kharkiv Educational and
Research Institute of the University of Banking, Kharkiv, Ukraine.

ABSTRACT

Context. Effective classification solutions in modern computer vision systems require an in-depth study of the nature of the pro-
cessed data. The cluster representation for the basic system of structural features as a set of descriptors of key image points helps to
reduce dimensionality and significantly simplify data analysis tools. The main tool is a statistical study of these descriptions as part
of a cluster presentation, which reflects the generalized properties of a visual object. The implementation of the tree apparatus is
based on a statistical analysis of data components to make a decision on assigning a visual object to the corresponding class. The
construction of trees is based on indicators of informativeness of data that provide the logical processing process when dividing in
tree branches. Having a single probabilistic nature, these indicators measure and evaluate information that is significantly different in
content. It is important to study both the general properties of these criteria in the classification problem and the assessment of their
individual characteristics.

Objective. The solution of the problem of classifying visual objects according to the cluster representation of data for the struc-
tural description of the image using the apparatus of decision trees.

Method. A method for classifying images based on a cluster representation of data using the apparatus of decision trees and tools
of information theory is proposed.

Results. The efficiency and effectiveness of the classification method is confirmed by applying the tree apparatus to the cluster
representation of the structural image description data. Using examples of various informational content criteria for real experimental
image data, the effectiveness of the created trees is estimated. The features of the introduction of various criteria for information con-
tent in the construction of a decision tree are analyzed comparatively.

Conclusions. The application of the considered informational criteria in various ways sets the sequence for introducing inde-
pendent variables in the classification tree, which are quantitative indicators of the cluster representation of the image description.
The calculations show that the Shannon entropy and the Gini coefficient are quite powerful informational criteria that provide practi-
cal construction of a classification decision tree. The similarity of the joint informational function of the root node for different crite-
ria confirms the objectivity of the study, and their difference reflects the individual nature of sensitivity to the analyzed data.

The scientific novelty of the study is the improvement and statistical justification of the procedures for making classification de-
cisions for cluster presentation data of image descriptions based on the introduction of tree models.

The practical significance of the work is to confirm the effectiveness of the implementation of the tree apparatus for classifying
data using examples of images in computer vision systems.

KEYWORDS: computer vision, structural image recognition methods, many key points, BRISK descriptor, cluster representa-
tion, description relevance, information growth criterion, Shannon entropy, Renyi entropy, Gini coefficient.
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