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BUKOPUCTAHHSA IHTEPBAJIbHUX ® YHKIIIHA HAJTEXKHOCTI
B 3AJJAYAX KJACTEPU3AILIL JAHAX COIIAJIBHOTI'O
XAPAKTEPY

H.P. KOHAPATEHKO, O.0. CHIT'YP

Po3risiHyTO BIUIMB PiBHS HEYITKOCTI Ha PE3yNbTaTH HEUITKOTrO KJIACTEPHOrO aHai-
3y. 3alpONOHOBAHO IMiAXiJ 10 PO3B’s3aHHS 3ajadi KiacTepu3alii Ha OCHOBI iHTep-
BaJIHUX HEUYITKUX MHOXKHH THILy 2 13 3aCTOCYBaHHsIM iHJeKcy BiporinHocTi KBoHa.
Poboty MeToy IPOJEMOHCTPOBAHO Ha NPUKIIAJ KilacTepu3allii KpaiH cBiTy 3a piB-
HEM PO3BHTKY.

BCTYII

3apa3 y cy4acHiii YKpaiHi Ta B yCbOMY CBITI IOCHUJIIOEThCS 3HAYCHHS HAYKOBOT'O
aHaJi3y mpoOJieM COIIATBHOTO XapaKTepy, 30KpeMa CITIBBITHOIICHHS PIBHS KHT-
TS pI3HUX BEPCTB HACENCHHS, MHUTaHHS T'eHJCPHOI HepiBHOCTI, audepeHmiarii
KpaiH Ta perioHiB Ha OCHOBI TEXHIYHOTO, COIIaIbHO-eKOHOMIYHOTO, IHTENIEKTYallb-
HOT'0, MPUPOTHOTO (HaKTOPiB TOIIIO.

BararomipHicTh SIBHII, SIKi pO3TISANAIOTHCS, CTABHTH OCOOJIMBI BUMOTH JIO
MaTeMaTHYHUX METOJIB PO3B’s3aHHs X 3aaad4. [lepenyMoBo0 1mo0Oy0BH TOCTO-
BIPHUX MAaTEMaTHKO-CTATUCTHYHUX MOJENEH y TakhX YMOBax € BUSBIICHHS
B JJAHUX KOMIIAKTHUX OJHOPIAHUX CYKYITHOCTEH, ICHYBaHHS SIKUX MOYKHA TIPUTIH-
catd 00’€KTHBHO ICHYIOYHM CYCIIUTBHUM 3aKOHOMIpHOCTSIM. OJJHHM i3 METO/IB,
IO JI03BOJISIIOTH BHSBIISITH TaKi CYKYITHOCTI, BUKOPHUCTOBYIOUH IIUPOKE KOJO TO-
Ka3HUKIB, € KJIacTepHUl aHami3. BiH € HaWMOTYXHIIIMM IHCTPYMEHTOM IS
MPOBEICHHS 0araTOMIpHUX JOCTIIKEHb. Horo 3aCTOCYBaHHS B TaKMX 3aJadax
€ IUJTKOM BUIPaBJaHUM, OCKUIbKU BIIEPIIE KIACTEPHUI aHAaI3 3aCTOCYBAIH caMe
B corrionorii [1]. JJns 3aificHeHHs nporeaypy Kiactepu3ailii He moTpidbHo anpiop-
HUX 3HaHb MMPO PO3MOALT TeHepalbHOI CYKYIHOCTI. Benuka 1i mepeBara monsirae
B TOMY, 1110 BOHA JIO3BOJISIE POOUTH PO3OHUTTS 00 €KTIB HE 32 OJHUM MapaMeTpoM,
a 3a IiTMM HabopoM o3Hak. KpiM Toro, kimacTepHbIid aHaIi3, Ha BiIMIHY Bij OiTb-
IIOCTI MaTEMATUKO-CTATUCTHYHUX METOIB, HE HAKIAIa€ >KOAHUX OOMEXEHL Ha
BHJl 00’€KTIB, 110 PO3IJIAIAIOTHCS, 1 JO3BOJISIE ONEPYBATH MHOMXHHOK BHUXIJTHUX
JaHUX TMPaKTHYHO JOBiNBHOI npupoau [2]. Lle nae 3Mory roBopuTH mpo MOMKIIHU-
BIiCTh CTBOPEHHSI METOJIIB KJTacTepU3allil, MPUIATHUX JUISl PO3B’A3aHHS TPAKTHIHO
OyIb-IKHX COIL[IaIbHO-CKOHOMIUHHUX 3a/1a4, a He JIMIIIC 3a]a4 IIEBHOI0 KiIacy.

[Ipo akryanpHiCTH pO3B’sI3aHHS 3aJa4 KiacTepu3allil, OpiEHTOBAHUX HA CO-
HiajbHI JIaHi, CBIAYNTH BEIHMKA KUIBKICTh Mpallb 13 I[i€] TEeMaTUKU. 30KpeMa, y po-
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0otax [1, 3] 3milicHeHO CrpoOM pO3B’sA3aHHS 3aJa4 PEriOHAIBHOIO paliOHyBaHHS
Ta COIiaJbHO-eKOHOMIYHOI'0 MporHo3yBaHHs. [Ipore mMaremMaTW4Hi METOmH, IO
JISKATh B OCHOBI IIMX JOCIIKEHb, CYTTEBO OOMEKEHI MPHUITYIIICHHSM, 10 BX1IHI
JlaHi € abCONIIOTHO TOYHUMH, MPABJANBUMHE Ta He3alIyMICHUMHU. MeToq, sikuit 3a-
MPOIIOHOBAHO B POOOTI [4], MONPH BHCOKI ONTHMI3AlliiiHiI BJIACTUBOCTI, CTABUTh
aHaJIoTiyHy BUMOry. Bimomo, o Ha MpakTUIl Taki YMOBH TPAaIUISIOTBCS BKpaii
pinKo, ocoOIMBO B Tally3i COIIONOrii, yci IOKa3HUKU SKOI IPYHTYIOTBCS Ha pe-
3yNIbTaTax COI[IOJOTTYHHUX ONMUTYBaHb Ta OQIIIHHUX JAaHUX, M0 HAJaHi Pi3HOTrO
pony ypsmoBumu oprasizamissMid. CTOBIICOTKOBOI JOCTOBIPHOCTI TaKMX JaHUX
rapaHTyBaTd HIXTO HE MOXe, TOMY Iis 3a7]auya BUMarae MeTO/IiB KIIaCTEPHOT0 aHa-
Ji3y, CTIMKMX 0 BUKUIIB Ta mymMy. OmuH i3 Takux meroniB — meroq PCM
(Possibilistic C-Means — moxuBicHUX C-CepeiHiX) — 3alpOIOHOBaHO B PO0O-
Ti [5]. BiH Haj3BHYaliHO CTIHKMI O MIYMIB Y BXIJIHUX MOKAa3HHUKAX, aJie IPYHTY-
€THCSl HA HEUITKUX MHOXKHMHAX TUmy 1. e He mae 3Mory naTu MOBHICTIO a/IeKBaT-
HYy OLIHKY IOCJI/PKyBaHI MHOYKHHI JaHUX, OCKUIBKM KPiM TOYOK, IO BHOCATH
IIyM, y XapaKTEepUCTUKaX KOXKHOI TOUKH 3aKJIaJIeHO TIeBHY HEBU3HAYCHICTD, SKa
HE MOXKE HE TIEpPEHECTHCh Ha Pe3yNbTaT Kiactepu3sailii. [Ipu 1iboMy Xapakrepusy-
BaTH CTYIiHb HAJIGKHOCTI TOYKH JI0 KIIACTEPY OJJHHM YHCIIOM HEJOCTaTHHO. Y Ha-
CITIOK J1ii HEBHU3HAYEHOCTEH caMe IIe YMCIIO TaKOXK TpaHC(HOpMYEThCS B HEHITKY
MHOKHHY, 10 BEIE 10 HEOOXIMHOCTI OnepyBaHHSI HEYITKUMH MHOKMHAMHU THITY
2. Inest HewiTKOi MHOKMHHU THITY 2 SIK TIOTJTUOJICHHS Ta y3arajlbHEHHsS MHOXHUHH
nepuioro TUy Hanexuthb JI. 3ane [6]. Y3aranbHeHa HEUiTKAa MHOYKHHA BUMAarae
3aJ]aHHs BEIMKOI KUTBKOCTI MapaMeTpiB, 0 HE 3aBXKAW MAa€ MPAKTUYHUN CEHC.
ToMy "acTo 0OMEXYIOTHCS BUKOPUCTAHHAM IHTEPBaIbHUX (DYHKIIIH HAJIEKHOCTI
[7, 8, 9]. Ha cboroaHi Takuii Mmifxif 3aCTOCOBYETHCS Y BEIUKIH KIIbKOCTI PI3HHX
3ajma4: kinacudikailii oopasis [10], MoaenoBaHHS Ta KiacH(ikalii MyJIbTUMEIIH-
Horo Tpadiky [11], kepyBanHs MoOUTEHUME pobotamu [12], IpUHHATTI pinieHb
[13], mporHo3yBaHHI 4acoBHX mociigoBHocTel [14, 15, 7], anpokcumarii ¢pyHK-
i [16] Toro.

Bepyun no yBaru mo3WTHBHI pe3ylbTaTd IUX Ta iHIIUX JOCTIKEHb, BUIA-
€THCS MOJKJIMBHM 3aCTOCYBaTH MaTEMaTUYHHWI amapaT HEYITKMX MHOXHH THITY 2
1B 3a7adi Kiacrepu3allii, 30KkpeMa Takoi, 10 OpiEHTOBaHAa HA MHOXMHU JaHHUX
COI[1aJIbHOTO XapaKTepy.

Meta po6oTH — pO3p0oOKa METOY KIACTEPHOr0 aHAJI3y JaHUX COIiaTbHO-
T'O CIIPSIMYBaHHS Ha OCHOBI1 IHTEPBAILHUX HEYITKUX MHOXHH THITY 2.

BUXIAHI IEPEJAYMOBH TA IOCTAHOBKA 3ATAYI

IcHye Benmka KUIBKICTh METOJNIB KiacTepu3allil, sKi MOXXKHa KIacH(iKyBaTH Ha
qiTki Ta HewiTki. YiTKi Meromu Kiactepu3anii po30MBalOTh BUXIAHY MHOXHHY
00’exTiB X Ha JIeKiIbKa MiIMHOXHWH, 110 HE TepeTHHAIOThes. [Ipu nmpomy OyIib-
ki 00°eKT 13 X HaJeXHUTh JUIIE OJHOMY KiacTepy. HewiTki MeToan KiacTepu-
3aI1ii 103BOJISIOTE OJHOMY M TOMY caMOMYy 00 €KTy HaJleKaTH OJHOYACHO JI0 Jie-
KUTbKOX (200 HaBITH JI0 BCiX) KJIacTepiB, ajne 3 pPi3HUM CTylneHeM. €IWHOI0 Bill-
MIHHICTIO € Te, 0 Y BUIAJKy HEYITKOro PO3OUTTS CTYIiHb HAJIEKHOCTI 00’ €KTa
70 KJlacTepa npuiiMae 3HadeHHs 3 inTepBany [0,1], a mpu uitkomy — 3 BOXEINE-

MeHTHOI MHOXHMHU {0,1} . HeuiTka knactepu3allis B 6araTboX CHUTYAaIlisIX aJIcKBaT-

Hillle OMKCY€E XapaKTep BUXITHOT MHOXHHHU, HAIIPUKIIA, Uil 00 €KTIB, PO3TaIlIO-
BaHUX Ha MEXi KiacTepis [2].
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OCHOBOIO TIEpEBaKHOI OUIBIIOCTI CYYaCHUX METOIB HEUITKOrO KJIaCTEPHOI0
anamizy € anroput™ FCM (Fuzzy C-Means) [Ix. bexneka [17].
[Ipote sKICTh 3HAWICHUX IIEHTPIB CYTTEBO 3aJICKUTh BiJ MONEPESIHHOIO BHU-

Oopy sk 3Ha4eHb M, Tak i ueHtpis ¢;. Kpim Toro, FCM BukopuctoBye oOme-
JKEHHS, MOAIOHE 0 TOTO, 10 HAKIaJa€ Ha NIYKaHHH PO3B’SI30K Teopis HMOBIp-
HOCTEH: CyMa CTYIEHIB HAJeKHOCTI {-i TOYKH JO BCiX KiacrepiB j=1N

C
CTaHOBUTH 1: z My = I nns Beix j [18]. Take 0OMeXKEHHS Ma€e Ha METi YHUKHY-
i=l1
TH TPHUBIAJILHOI'O PO3B’A3KY, KOJIU BCI CTYIEHI HAJIOKHOCTI BUSBIISIOTHCS PIBHUMHU
HYJIIO, 1 Ia€ 3MICTOBHI pe3ylbTaTd B THX NMPUKIAJHUX 3aCTOCYBaHHSIX, JIe TIPHU-
MyIIEHHS! PO «IMOBIPHICHY» HPUPOAY CTYIEHIB HAJEKHOCTI Ma€ MpaKTHYHHHA
CEHC.

AJle, OCKIIBKHM CTYIIEHI HAJEKHOCTI, OTPHMMaHI 3a TAaKOr0 OOMEKEHHS, Bij-
HOCHI, BOHU HENPHJATHI B THX 3aJ[adaX, B SKHX CTYIiHb HAJEKHOCTI TOYKH JIO
KJlactepa Ma€ BiioOpakaTH 11 TUIOBICTh, XapaKTEPHICTh caMe JJIsl I[bOr0 KilacTe-
pa. Lle MOBHICTIO Y3rO/DKYEThCS 3 TEOPIEI0 HEUITKMX MHOXKHUH 3aJie, aJKE CTYIIHb
HaJIEKHOCTI TOYKH 0 KIACHYHOI HEUITKOT MHOXKHHHM € a0COIFOTHOIO BEITHIHHOIO,
HE3aJISKHOI BiJl CTYICHIB HAJEKHOCTI II€T K TOYKH JO IHIIMX HEYITKUX MHO-
KMH, BU3HAYEHNX Ha Till camiil yHiBepcaibHid MHOXHHI. Take (opMyltoBaHHS
JOLTBHIIIE JJ1s1 OLTBIIOCTI 3a/1ad KJIacTepu3allii, OCKIJIbKH CTYIIHb HAJIEKHOCTI
TOYKH JI0 KJIaCTEpa € MIpOIO TOTO, HACKUIBKH 1151 TOYKA € HOCIEM CITUIbHUX Xapak-
TEPUCTUK KJIACTepa, 1 THIIOBOCTI; 1 CTYMIHb HAJEXHOCTI HE IMOBHHEH 3aJIeXaTH
BiJI TOT'O, SIK BOHA PO3TalllOBaHa BIHOCHO IHIIUX KJIACTEPIB.

Buxopstan 3 poro, y po6oTi [5] OyIo meperiissHyTo HidboBy (DYHKIIiFO METO-
ny FCM takum unHOM, 11100 32 JOCSTHEHHS 11 MIHIMYMY CTYIEH1 HAIEKHOCTI JIjIsl
pETpEe3eHTATHBHUX TOUOK KJIACTEPIB OYyNIM BHCOKHMH, a JJIsi HE PErpe3eHTaTHB-
HUX — HHU3BKUMH, HE3AICKHO BiJl B3aEMHOTO MOJOKEHHS TOYOK Ta KJIAacTepiB.
PesynbTytounii GyHKITIOHAT Ma€ BUTIISL:

c N 5 c N
_ m m
E=2 2 mijdy+2m 2 (1= )", (1)
i=1 j=1 =1 =1
1€ 17; — JOJaTHE YUCIIO.
3HayeHHs 7); BU3HAYa€ BIACTaHb BiJ IIEHTpa KiacTepa, Ha AKil 3HAYEHHS
CTYIICHS HAJISKHOCTI TOYKH JI0 Kiactepa crae piBHEM 0,5.

3a Takoi 1iboBol QYHKIIT BiAIOBIIHUM YMHOM 3MIHIOIOTHCS TaKOXK 1 (hop-
MYJIU JJIs TIepepaxyHKy 3MIHHUX BETMYUH METOLY:

N
md2
Zﬂy ij
_ 1 . =1
Hij = oy =g :
- m
1+ ﬁ e Z,ull
j=1
n;

CHiBBIIHOIICHHS, 0 BUKOPUCTOBYETHCS JUIA IEPEPaxyHKy KOOPAMHAT
LIEHTPIB KjacTepiB, nopiBHsAHO 3 FCM 3anuinaeThcs 63 3MiH:
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)4
m
Z Hij X j
j=1

C; = [7—
m
Zﬂy‘
j=1

Po3B’s13kH, AKi OTpUMAHO MPU TaKOMY MiAXO0/I, OLIbIIE BiAMOBIAAOTH Jikic-
HocTi. Take po3yMiHHS CTYIICHIB HAJIGKHOCTI Ma€ Ie OJWH MO3UTUBHUN MOMEHT:
BOHO JIa€ 3MOTI'Y JIETKO Bi(LIbTPYBaTH TOYKH, [0 BHOCSTH IIIYM, OCKIIBKH BOHHU
3a Takoro (OpMyJIIOBaHHS MAaTUMYTh HH3bKi CTYINEHI HaJeXHOCTiI J0 BCiX 0e3
BUHSTKY KJIacTepiB.

He 3Bakatoun Ha Take BJIOCKOHAJICHHS, OJIHA MTPO0JieMa 3aIHINAEThCS CIILIb-
Horo 111 FCM ta PCM: 00uBa MeToIu B yCiX OOYMCIICHHSIX CIIMPAOTHCS Ha IMa-
pamerp m, 10 3aJa€ PiBEHb HEUITKOCTI K1acTepiB.

Bumnamok m =1 Bignosimae 4iTkii kimacrepu3ailii. 31 3pOCTaHHSIM /7 CTYIEHI
HaJISKHOCTI BCiX 0€3 BUHATKY TOYOK JI0 BCIX KiacTepiB HabmmwkarThes 1o 0,5, sk
MoKa3aHo Ha puc. 1 (Juist BUMaaKy JBoX KinactepiB). KoxkHa kpuBa 300paxae 3mi-
HY CTYIICHS HAJIEKHOCTI TOYKH JI0 OJHOTO 3 KJIaCTEPIB.
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Puc. 1. 3miHa CTYNEHIB HaJIEKHOCTI TOYKM J0 KJIACTEpiB IPU 3MiHI PiBHS HEYITKOCTI:
a — TOYKa HEPEIPE3CHTATUBHA, 6 — TOUKa peOpe3CHTaTUBHA

Ha puc. 1 BumHO, 110 B yCiX BUMAJKaX 7 3MIHIOETHCS MOHOTOHHO, 00paTH
Ha Takii KpUBiil OJIHY ONTHMANbHY TOYKY HEMOXIUBO. TOMY 3aKOHOMIpHO, 1110
CTpPOro OOTPYHTOBAHMX MEXaHI3MIB BU3HAUCHHS /1 HE ICHYE.

[Mapamerp m, sk MPaBUIIO, 33JA€THCS EMITIPUYHO JTOCTITHUKOM, IIPU IBOMY

JIOBOJIUTHCSI TIOBHICTIO TIOKJIQJIATHCS Ha 1Ie 3a3/aJieTiib 3a]jaHe 3HaueHHs 0e3 kKojI-
HUX TapaHTiii #oro MpaBUIBHOCTI. 3 MM TMOB’s13aHa HEBU3HAYEHICTb, SIKY HEMOX-
JIUBO BpaxyBaTH, KO OTPHMaHE 3HAYCHHS MIpH HaJEKHOCTI TOYKH JI0 KiacTepa
€ €QMHUM YKciIoM. ToMy IS TOro, 100 yOe3neunuTH cede BiJl MOMUIKOBOI'O pe-
3yJIBTATY, L0 MOB’SI3aHUH 13 HEMTPABUIBHUM BHOOPOM 3HAYEHHS 71, AOIIBHO BU-
KOPUCTOBYBAaTH iHTepBaslbHI (QyHKIIT HanexkHOCT1 THiy 2. Takuid minxia Haiuac-
TillIE 3aCTOCOBYETHCS TOMI, KOJM TOYHUH XapakTep PO3MOALTY CTYICHIB
HAJIEKHOCTI JPYroro TUMY B 00JIACTI MK TPaHUISIME iHTepBaly HeBimomuid. Ca-
Me TaKui BUIIAJOK SBJIsi€ COOOO 3ajaua KJIaCTepHU3allii: HEBIJOMO, Y IMiJIa€ThCs
BUJIUJICHHIO Ta MaTeMaTHYHOMY OIHCY 3aKOHOMIPHICTB, 33 SIKOKO PO3MOJiIEHI
CTYIICHI HAIEKHOCTI APYrOro THITY, T4 YA Ma€ AOCTIKEHHS i€l 3aKOHOMIPHOCTI
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MPaKTUYHUI ceHe. 3 1HImoro 00Ky, iHGopMallis MPo BEPXHIO Ta HIDKHIO QYHKIIIT
HAJISKHOCTI, 110 ONMUCYIOTh KOXXEH KJIACTep 3aJeKHO BiJ 3HAYEHHS Mapamerpa
M, Ma€ BUHSATKOBY I[IHHICTb, OCKUIBKH iHTEpBal (HOro MHUPUHA Ta PO3TAlIyBaH-

Hs BIZHOCHO HYJIA Ta OJMHUIII) HECe 3HaYyHO OuIblle iHpopMaIlil mpo Mipy Haje-
JKHOCTI TOYKM IO KJacTepa, HDK €quHe uucio. Hampukian, mmpuHa iHTEpBaLy
MOXXE CBIIYHMTH IPO CTYIIHb TOYHOCTI OTPUMAHOro po3B’si3Ky. Tomy mporo-
HYEThCS MOIU(IKYBAaTH allTOPUTM KIlacTepu3allil, sKUi HaBemeHo B [5], ans po-
00TH 3 IHTEPBaJIbLHUMH CTYIEHSMH HaJSKHOCTI. L{luM Oyme AOCATHYTO HMOBHE
BpaxyBaHHS HEBHM3HAYCHOCTI, IOB’SA3aHOI 3 PI3HUMH MOKJIMBUMHU 3HAYCHHSIMH
PIBHS HEYITKOCTI, JJIs OJANIBIIOI0 aHAII3Y PE3yJIbTaTIB KiIaCTepH3allii.

Hexaii € N 06’ekTiB x ={x,X,,...,X, }. HeoOxigHo po306utu ix Ha ¢ KiIac-

TEepiB Ta BU3HAYMTH MICIIs pO3TAIllyBaHHS LIEHTPIB KIACTePiB ¢;, [ =1,¢, a TAKOXK
CTYIEHI HaJCKHOCTI L i KOJKHOI 3 TOYOK X; 10 KJIacTepa c¢;. Buxonsuu 3 Bu3Ha-

YEHHS CTYICHS HAJIEKHOCTI K MIpH THIIOBOCTI 3aJaHOT TOYKHU JIJIS BiIIIOBIIHOTO
KJlactepa, 3HaHTH TaKi 3HAYEHHS NIYKaHWX MapaMeTpiB, sSKi BEAYTh JO MIHIMyMYy
¢ynkuionana (1). BpaxoByroun BIacTHBOCTI PiBHS HEYITKOCTI 7 Ta HOTO BILTUB
Ha pe3y/IbTaTH KJIACTEPHOrO aHaJIi3y, MPEACTABUTH CTYIEHI HAJICKHOCTI Y BUIJISA-
Tl IHTEepBaiB, JIiBa Ta NpaBa rPaHUIIL IKUX JekaTh y Mexax [0,1].

METOJUKA JOCIIIKEHHSA

Jnst po3B’si3aHHS TOCTaBJICHOI 3alladi MPOMOHYEMO MOAHM(DIKAIiI0 anropuTMy
knacrepHoro ananizy PCM [5]. OkpiM HeTpaauIiiHOro TpaKkTyBaHHSI CTYIICHIB
HaJIGKHOCTI Ta CTIMKOCTI 10 IIIyMY BiH BOJIOAIE III€ OJHIEI0 BIACTUBICTIO. Uners-
csl TIPO Te, MO0, OCKUTEKK MIpH HAJIeKHOCTI OJHI€T i Ti€l caMOi TOYKU A0 pi3HUX
KJIACTEePIB HE3aJIKHI OJHA BiJ OJHOI, CTYMIHb HAJEKHOCTI TOYKH JI0 OJHOTO
3 HUX MOXKHa 3MIiHHUTH 0Oe3 00OB’SI3KOBOI MPOILENYPH IMEpepaxyHKy CTYMEHIB il
HAJEKHOCTI JI0 BCIX IHIMIMX KiactepiB. Lls BIacTUBICTh € HAJ3BHYAHO KOpHC-
HOIO, OCKUIBKM BOHA JIA€ 3MOTY «PO3TSTTHY CTYIiHb HAIGKHOCTI TOYKH JIO KJlacTe-
pa 3 YiTKOro 3HaueHHs B iHTEpBa, 1 IIc HE CTaBUTh IIiJl 3arPO3y BUKOHAHHS OOMe-
JKEHHS Ha CyMY 3Ha4eHb CTYICHIB HAJIGKHOCTI TOUKH JIO0 BCIX HASBHUX KIIACTEPIB.

He 3Baxkatoun Ha Bci nmepeBary, y kiacuaHoMy anroputmi PCM He Baaiocs
YHHKHYTHU CIUTBHOTO JUISI TIEPEBasKHOI OUTBIIIOCTI METOJIIB KIIacTepH3allii HeJomi-
Ky: BiH Iepeadavae anpiopHe 3aJaHHs YMCIa KJIacTepiB J0 MOYaTKy BHKOHAHHS
obuucnenb. HalimpocTimmii NuisX YHUKHYTH 1i€l TpoOJIeMn — BHKOHYBaTH PO3-
OWUTTS TIpH PI3HIA MOXKIMBIA KUTBKOCTI KJIACTEpiB Ta MOPIBHIOBATH PE3YJbTaTH
3a IEBHUM KPHUTEPIEM ONMTUMaIbHOCTL. Y poboti [19] HaBeneHO aekiabka QyHK-
LIOHAJIIB, SIKI HA3WBAIOTHCSA IHACKCAMHU JIOCTOBIPHOCTI Ta ILIKOM BIAMOBIJAIOThH
BHMoOTraMm, IO BHCYBA€ I8 3aja4a J0 KpuTepiiB Takoro poay. Ckopucraemocs iH-
nekcom KBoHa, 30kpeMa, /Ui BU3HAYEHHS ONTHMAIBHOTO YHCIA KJIACTEepiB IS
3aJ]aHOTO PIBHS HEUITKOCTI 7:

N
: Z (,Ug,' )"

c
i=1 j=l1

2 1< -2
x; v+ ]
' € ia

. 2
min Hvl - VI' “
i#j :
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Ae p;; — CTYIHb HAJIEXKHOCTI TOYKU j 10 Kiacrepa i; v;

— LEHTp j -T'O Kjac-
Tepa; v — CepelHE 3HAUCHHS [IEHTPIB KJacTepiB; m — piBeHb HEUITKOCTI; ¢ —
KUTBKICTh Ki1acTepiB; N — KiUTBKICTh TOYOK.

[Ilo MeHIIe 3HAUEHHS Ma€ V), TO KpallliM BBa)Ka€ThCs PO3OUTTSL.

[Ipore BU3HAYEHHS KiIBKOCTI KJIACTEPIB — HE €IMHE 3aCTOCYBaHHS ILbOTO
MOKa3HHUKA. Y MeXax IbOTO MiJXO0Jy MPONOHYEThCS BHKOPUCTOBYBATH HOro Ta-
KO JUIsl BU3HAYCHHSI MEK IHTEPBAILY PO3TATY CTYIEHs HaleKHOCTi. Mexi iHTep-
BaJly BU3HAUMMO, KEPYIOUMCh MOBENIHKOO iHJekca KBoHA Ha 3alaHOMY iHTEpBali
3MiHU mapamerpa m (puc. 2, a). [IpakTu4Huil iHTEpec BUKIIMKAE JIUIIE TEPIIUii
HOro JIOKaJIbHUI MIHIMYM, SIKUI CITOCTEPIra€ThCsl 32 ONTHMAIBHOTO 3HAYCHHS 71
[5] (puc. 2, 6). Tomy 3a Mexi iHTepBaIly IPUIMEMO NIPABY Ta JIBY TOYKH IEPErH-
HY KPHUBOI, HAHOIMKYi 10 pO3TIISAYBAaHOTO JTOKAJTbHOTO MIHIMYyMY.

Vi a
038 A 0,385
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0? ; \\ 0,375 \ / \
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a 7]

Puc. 2. 3mina innexcy KBoHa 3ajie)kHO BijJf 3MiHH PiBHSA HEYITKOCTi: @ — B Mekax Bif 1
1o 10; 6 — 30inbmenuii ¢pparment: Bix 1 mo 4

[Tpu TakoMy migX0A1 OTPUMAHUI HEUITKUN KIIACTep MaTHME BUTIIS, SK TIO-
Ka3aHo Ha puc. 3. /14 #oro mMOBHOTO ONMUCY JTOCTaTHBO BU3HAYMTH JIUIIE BEPXHIO
Ta HIKHIO QYHKIIIT HAJIEKHOCTI.
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Puc. 3. InrepBanbHi (QyHKIT HATEKHOCTI TOYOK JI0 KI1aCTEpy

Jlnst mouaTKoBOI iHiIiai3aMil IEHTPIB KIacTepiB BUKOPUCTAEMO 3BHYANHUI
Meroq FCM. Bin 36iraeThcs 3a JiideHi iTepallii, TOMy sSIKHalKpalie miaxoIuTh s
I[LOTO 3aBJIaHHS, aJPKE BOHO BUMarae rpyooro HabJIM>KEHOTO PO3B’SI3KY.

Cucmemni docniodxcenns ma ingpopmayivini mexnonoeii, 2012, Ne 3 25



H.P. Konopamenxo, O.O. Cuizyp

OTxe, chopMyITIIOEMO TTIOKPOKOBHUI alNTOpUTM PO3B’sI3aHHS 3a7adi KIacTep-
HOT'0 aHaJi3y B 3aJlaHiil TOCTaHOBII.

1. I'moGanpumii iHgekc KBoHa iHimiami3yBaTH MaKCHMAaJIbHO MOXKIHBUM
3HAYCHHSIM.

2. 3ajmaTH OYaTKOBY KUIBKICTh KIIACTEPIB ¢ = 2.

3. BusHaunTH NpUONIM3HI MicCHsS PO3TAallyBaHHS LIEHTPIB KJIACTEPIB 3a JO-
romororo anroputmy FCM.

4. OruiHnuTH 3HAYCHHS 77 JUIs pe3ynbTrary podorn FCM.

5. ChopmyBatu MaTpuiro D sSK MaTpuiio EBKITIIOBUX BiJCTaHEH Bif KOXK-
HOI TOYKHM 3 BUXIJHOT MHOKMHH JIO IISHTPa KOXKHOT'O 3 KJIacTepiB.

6. 3amaTy MOYaTKOBE 3HAUYCHHS PIBHS HEUITKOCTI m = 1.

7. Po3paxyBaTH moyaTKOBE 3HAUCHHS JIOKAJILHOTO iHAeKkcy KBOHa.

8. Po3paxyBatu ()yHKIIIFO HAJSKHOCTI JJIs KOXKHOI 3 map (Touka, Kiacrep),
KOPUCTYIOUHCH BIAMOBITHUM CITIBBIIHOIIEHHM i3 MeToay PCM.

9. TlepepaxyBaTh TOJIOKEHHS LEHTPIB KiIacTepiB 3a (GOPMYIIO0, CHUTEHOIO
U1t 000X METOJIIB.

10. TlepepaxyBaTi MaTpuIlio Bincraneir D.

11. Po3paxysatu niiboBy Qyskiito PCM npu 3agaHux 3HAYCHHSX CTYIICHIB
HAJIOKHOCTI, KOOPJMHAT LIEHTPIB KJIacTepiB, eleMeHTiB MaTpuii [ Ta BEKTO-
pa n.

12. Slkiro po3paxoBaHe 3HAYEHHS LLILOBOI (PYHKIIIT MEHIIIE 32 OTPUMAaHE Ha
TOTIepEe/IHIH iTepallii, MTOBEPHYTHCH J0 KPOKY 8.

13. Po3paxyBaT 3Ha4YeHHs JIOKAIBHOTO iHAeKcy KBOHa mpu 3amaHomy m.
SIKI10 BOHO MEHIIIE 3a TIONEePEHE 3HAYCHHS, TO 30UIBIIUTH 71 Ta MIOBEPHYTHUCH JI0
KpOKY 8.

14. TlepepaxyBaTi 3HauYeHHs1 Ti00anbpHOrO iHIEKCYy KBoHa. 306epert mpo-
MIXHI pe3yabTaTu O0UUCIEHb AJI IOTOYHOTO 7 = My .

15. Sxmio KimbKiCTh KacTepiB MEHIA 3a KUIbKICTh TOUOK Y BUXIJHIA MHO-
JKUHI, 30UTBIIUTH ¢ Ta MEPEUTH 10 KPOKY 3.

16. Cepen ycix NpOMDKHHX Pe3yJIbTATIB 0OpaTH BapiaHT PO30OMTTS 3 MiHIMa-
JTHHUM 3HAa4YeHHSM TioOanbHOro iHmexcy KBowna. IlomaTé cTymeHi HaleXHOCTI
y BUIJISAJI IHTEpBaJiB, 0OMEKEHHNX iXHIMHU 3HAYECHHSIMU NP m = | Ta OTpUMaHUM
Ha kpoui 14 m =m; >1.

KOMIT'FOTEPHU EKCIHIEPUMEHT 3A IIOKA3SHUKAMM JIIOJCBKOI'O
PO3BUTKY B KPATHAX CBITY

s anamizy O0ys0 B34TO AaHi 31 mopiunoro 3sity OOH 3 110aChKOr0 po3BUTKY 3a
2010 p. [20] myist BCiX HE3aISKHUX JIEpKaB CBITY 32 TAKUMH ITOKA3HUKAMU:

® cepeHs OYiKyBaHa TPUBAIICTD KUTTS MPH HAPOPKEHHI;

® CepenHs TPUBAIICTh OCBITHBOI IMIJATOTOBKU TPOMA/ISH;

e BHII Ha nymy HaceneHHs;

® iHJEKC I'eHACPHOI HEPIBHOCTI B KpaiHi.

Y pe3yabTaTi Yy BXIOHMX JaHUX OyJO0 BHAUICHO 3 KOMIAKTHUX KJIacTepH
(tabm. 1 1a 2).

26 ISSN 1681-6048 System Research & Information Technologies, 2012, Ne 3



Buxopucmanus inmepganvhux QyHKYill HANeICHOCMI 8 3a0a4ax Kiacmepu3ayii OaHux. ..

Ta6mmus 1. KoopauHaTy HEHTPIB KIacTepiB

Mokaznuku Kuaacrtep 1 Kuaacrep 2 Kuaacrep 3
IHmexc reniepHOl HEPIBHOCTI 0,615842 0,290623 0,73791
BBII na nymry HaceneHHs 0,096877 0,3814 0,018852
TpuBamicTh KUTTA 0,732709 0,920551 0,415003
KinbKicTh pOKiB OCBITHBOI i ITOTOBKU 0,532329 0,837381 0,253012
Tabauus 2. [HTepBanbHi CTyNEHI HaJEXHOCTI KpaiH J0 KJIAcTepiB
Kpainu Kaacrep 1 Kaacrep 2 Kaacrep 3
Algeria 0,976295 1 0,00087 | 0,097652 | 0,000931 | 0,090729
Australia 1,98E-05 | 0,018657 | 0,514417 | 0,962005 | 8,02E-07 | 0,005172
Austria 0,000102 | 0,03422 | 0,791044 | 0,995485 | 2,54E-06 | 0,008165
Bangladesh 0,015304 | 0,112614 | 2,66E-05 | 0,0229 | 0,663903 | 0,765039
Belgium 5,08E-05 | 0,026589 | 0,801127 | 0,999869 | 1,61E-06 | 0,006799
Benin 0,000528 | 0,039172 | 8,02E-06 | 0,013866 | 0,884219 | 0,99949
Brazil 0,945761 | 0,999997 | 0,000745 | 0,090964 | 0,001058 | 0,09548
Togo 0,006406 | 0,093062 | 2,20E-05 | 0,021245 | 0,946151 | 0,968477
Tunisia 0,62551 | 0,935993 | 0,000945 | 0,098948 | 0,000628 | 0,075782
Turkey 0,696438 | 0,9928 | 0,000536 | 0,078341 | 0,002025 | 0,121107
United Kingdom | 0,000259 | 0,049088 | 0,832883 | 0,978633 | 4,25E-06 | 0,010059
Venezuela 0,588932 | 0,950364 | 0,000741 | 0,088684 | 0,000924 | 0,088121
Zimbabwe 2,17E-05 | 0,015335 | 4,13E-06 | 0,010372 | 0,596237 | 0,974833

OTpuMaHi KIacTepH MAIOTh BUTJIS HEYITKMX MHOXHH THUIY 2 (puc. 4).
3HayHa NMIMPUHA IHTEPBAIY NEIKUX KOHKPETHHMX 3HAYCHb CTYIEHIB HAJICKHOCTI
Jla€ 3MOTY CY/IUTH TIPO HASIBHICTH IIYMIB Y BXIJIHUX JaHUX.

1,0 +
0,9

u

A

0,8
0,7
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0,1 7
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Puc. 4. T'padiune mogaHHs pe3yybTaTiB KIacTepU3alii

[HTepBanbHI 3HAUEHHS CTYIEHIB HAJIGKHOCTI OyJI0 00YHCIEHO, BUXOJSUH 3i
3Ha4YeHb piBHA HediTkocTi m =[1;1,65]. Ha puc. 5 mokasaHo xapakrep 3MiHH iH-

nekcy KBoHa 3aexHo Bijl 3HAUESHHS 771

Cucmemni docniodxcenns ma ingpopmayivini mexnonoeii, 2012, Ne 3 27



H.P. Konopamenxo, O.O. Cuizyp

Ha puc. 5, 6 MmoxxHa 100a4UTH JOKAJIBHUM MIHIMYM I[i€] 3aJI€KHOCTI B TOYII
m =1,65. L{ro Touky i NpUHHATO 3a IpaBy MEXKY IHTEpBATY 3MiHHU TTapaMerpa .

Vi 4000 -
1,5 -
12000 -
1,4 -
10000 13 |
8000 - 12 4
6000 - 11 4
4000 | 14
2000 0,9 -
0 A 0,8 A e
Sm8anaR99R8nsa ERE8RELITRETLLS
o A A A NN Nomomomo g ot o Ad dd NN NN o m
a 7]

Puc. 5. Xapaxrep 3Minu innexcy KBoHa 3ajeHO BiJi 3HAUEHHs PiBHSI HEUITKOCTI (@ —
s m=[1;5]; 6 — mna m=[1;3,7])

[Tpu boMy BapTO CKOPUCTATUCS TAKUMHU PEKOMEHIAIISIMU:

e Meron fae 3MOry OTPHMATH IHTEPBAJI, B IKOMY 3HAXOAUTHCS ONTHMAITb-
He 3Ha4yeHHsS piBHS HewiTkocTi. [HTepBan (foro mmMpuHA Ta PO3TAIIyBaHHS
BIJIHOCHO HYJIS Ta OJAMHHIII) Hece 3HAYHO OunblIe iHGopMaIii Ipo Mipy HaJleK-
HOCTI TOYKH JIO KJIacTepa, HiK €JTMHE YUCIIO.

e VY pa3zi 3HaYHOI NIMPUHH IHTEPBATY CIIiJI 3ATyUYUTH EKCIIepTa JUIs IPUIHSAT-
TS OCTATOYHOIO pilmieHHs. EKcrepT, y CBOIO 4epry, MOKe MPUIHSTH PillIeHHS PO
MOBTOPEHHSI EKCIIEPUMEHTY Yy 3B’A3KYy 31 3HAYHOI HEBU3HAYCHICTIO Y BXIJHHX
JaHUX.

BUCHOBKU

3anponoHoBaHO METOJ| KilacTepu3allii Ha OCHOBI iHTEpPBaJIbHUX (PYHKIIIH HaJeK-
HOCTI THITy 2 3 BUKOPHCTaHHSM iHJIEKCY BiporimHocTi KBoHa ais BH3HAUYCHHS
ONTHMAJILHOTO YMCIIA KIIACTEPIB Ta MEXK IHTEPBAIBHUX 3HAYCHDb CTYIICHIB HaJIeXK-
HOCTI.

3HayHA MMPUHA IHTEPBATY JCSKUX KOHKPETHHX 3HA4YCHb CTYIICHIB HAJIEXK-
HOCTI1 JIa€ 3MOT'y 3pO0OUTH BUCHOBOK PO HASBHICTH IIYMIB y BXITHUX JaHUX. 3Ba-
KArUM Ha 1€ Ta Ha BHCOKY CKJIAJHICTh TOCTABICHOI MPHUKIAIHOI 3a1adi, JJIs
MPUAHATTS OY/Ab-SIKOT'O OCTATOYHOTO DIllICHHS JOMUIBHO 3aydaTH EKCIEPTIB 3
1i€T ramys3i.

Meron BunpoOyBaHO B MPHUKIQAHINA 3a/7adi COIIAJIBHOTO XapakTepy Ta
OTPUMAaHO 3MICTOBHI Pe3yJbTaTH, IO CBIUYUTH IPO MEPCIEKTUBHICTh BUKOPHUC-
TaHHsI 3aITPONIOHOBAHOTO MMiJIXO/y B 3a]]a4aX TAKOTO POJY.
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