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This work considers the application of cluster analysis methods, in
particular, the k-means method and its modifications to consolidate the Kharkiv
secondary education institutes into groups and compare them by the results of
External Independent Evaluation. The results of clustering will be presented in
graphic form so the principal components method will be used for this purpose.
The obtained findings will be meaningful for solving application tasks related to
the field of education, for example, for the estimation how quality the
educational preparation in different disciplines is and revealing what changes are
needed to improve the level of training in every distinct school.

OnuuM 3 Halle)eKTUBHIMIMX IMAXOIIB 0 pOOOTH 3 BEIUKUMHU JAaHUMH €
BUKOPHUCTAaHHS METO/IIB 0araTOBUMIPHOTO CTATUCTUYHOTO aHaJi3y Ta aBTOMAaTH-
3aIlis IUX METOJIB 3a IOTIOMOTOF0 TEXHOJIOT1 MAallTMHHOTO HABYaHHS.

Po3rnsiHemMo 3acTOCYyBaHHS TaKMX METOIB CTATUCTUYHOTO aHAJI3y SK METOJ]
TOJIOBHUX KOMIIOHEHT Ta ITepaTWBHI METOAM KJIACTEPHU3AIlil I JOCITIIKSHHS Pe-
3yJbTATIB CKJIQJaHHS 30BHIINIHBOTO TECTYBAaHHS (30BHIIIHE HE3AIECKHE OIIHIOBAH-
Hs1 — 3HO) yunsimu 3aknaniB cepeannoi ocBitd (3CO) [1]. AKTyanbHICTH JOCTI-
JOKEHHS1 BUIUIMBAE 3 IOTPEOM Y KOHTPOJII PIBHSA OCBITHBOT MIJIFOTOBKH YYHIB Ta H0-
ro nokpariieHHas. MounitopuHr pe3yiabTaTiB 3HO 13 3acTOCYyBaHHSM METOIIB aHAII-
3y JaHUX Ta MaIIMHHOTO HAaBYaHHS JOMOMOXKE po3aumTh aHamizoBaHi 3CO Ha
rpynu, y KoxHid 3 skux 3CO xapaKkTepu3yloTbcs MOAIOHUM PIBHEM SKOCTI HaB-
YaHHA 33 OKPEMUMH IpeIMETaMH Ta TMPOQPUILHUMU MpeIMETaMU, MOMYIISIPHICTIO
TOTO 4YM 1HIIOTO Tipeamera cepen yuHiB i ckinaganus 3HO. IIpoananizyBaBim
CTPYKTYpY KJacTepiB Ta BUSBUBIIM 3arajbHI TEHCHIIII, 32 SKUMU iX Oyi0 cdop-
MOBAHO, MOKHA TIPOTIOHYBATH 3aXO/H MO0 TIIBUIICHHS SKOCTI HaBYaHHSA, a Ta-
KOXX MIATPUMKNA HAsSBHUX BHCOKUX pe3yibTariB. Hampukinam, AomiibHUM Oyre
CTBOPHTH TUTaH JJIsi O €()eKTUBHOI MIATOTOBKM YUHIB 3 MPEAMETIB, 32 SKUMH
nepeBaXaroTh HU3bKI Oaiiu, a00 CTBOpUTH NPOQUIbHI KJIACH 3 MOCUJICHUM BHBYEH-
HSIM OKPEMHUX JMCUMIUIIH YM MepenpoduIoBaTH HaBYAIbHHUI 3aKiaj] MOBHICTIO.
J11 3aKiaziB BUILIOT OCBITM BUKOPUCTAHHS PE3YJIbTATIB aHANI3Y JO3BOJIMTH BU3HA-
yatu 3CO, OUTbIlIa YaCTMHA BUIIYCKHUKIB SIKMX OTPUMY€E BUCOKI pe3yibratu 3HO
3a poUILHUM JJIs1 BCTYITY IIPEMETaMHU.

VY nocniipKeHHI po3rIisiIaeThesl HAOlp TaHMX, 10 MICTUThH BIJIOMOCTI PO pe-
symsrati 3HO Bunyckuukis 3CO Xapkopa 3a 2020-2021 HaBuansHUii pik. Ix
MIOJIAHO Y BUTJISAI TaONHII, IO CKIIAAEThCS 3 234 3amuciB, KOXKEH 3 SIKUX MPE/I-
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craBisie okpemuit 3CO. Jlnsa koxxknoro 06’ekta (3CO) HaBOIATHCS 3HAYCHHS Ha-
CTYNHUX O3HaK: Ha3Ba Ta Tull 3CO; uncio ocid, 1Mo CKIAgaIM ICIUT 3 JUCIUILII-
HU; B1JICOTKOB1 MOKa3HUKHU YKCJIa BUITYCKHUKIB, sIKi oTpuManu: MeHuie 100 6ais,
100-120, 120-140, 140-160, 160-180, 180-200 GaniB; a TaKOK THX, XTO HE CKJIa-
naB 3HO 3 manoro mpeamerta. 3agada nossrae B oOpoOlll HasBHUX JaHUX Ta iX
CTaTUCTUYHOMY aHai31 3 METOIO BUSBIICHHS 3aKOHOMIPHOCTEH B OLIIHKAaX BHITYC-
kHUKIB pizHUX 3CO 32 OKpEeMUMH TTPEIMETaMHU.

[TortepeiHbO 3AINCHIOETHCS MiATOTOBYAa 00OpoOKa BHXIMHMX JaHUX. BoHa
CKJIQJIA€EThCSl 3 HACTYITHUX €TaliB: MaciiTa0yBaHHS O3HAK (HOpMaiizaiis 4u
CTaHJAPTHU3AIlS JIs X 3BEJACHHS JI0 €IMHOI KA BUMIPIOBaHHS), ITO1J MacH-
BY Ha TPEHYBaJIbHY Ta TECTOBY BHOIPKH, BII0OIp O3HAK 3 METO 3MEHUIEHHS pPO-
3MIpHOCTI Jartacety. s Bi3yalabHOro MOJAHHS PE3yJbTATIB KiIacTepU3allli B
NOJIAJIbIIOMY BHUKOPUCTOBYIOThCS 2 arperoBaHl O3HAaKM 00’€KTIB, OTpUMaHI 3a
JOTIOMOT'OI0 METOJy TOJIOBHUX KOMITOHEHT. Ilicis 3aBeplueHHs mornepeaHboi
00pOOKM OTPUMYEMO JIaHi, TOTOBI JI0 KJIACTEPHOI'O aHAII3Y.

CyTHiCcTh KJIacTepH3allii Mojsrae B TOMy, 00 po3auIuTH Ha0lp JaHUX Ha
IPYIH, B AKUX MICTUTUMYThCS TIOAI0HI 00’ €KTH, a HECX0X1 00’ €KTH HAJIC)KATH-
MyTh pi3HUM KiactepaM [2]. CXoxkicTh 00’ €KTIB BU3HAYAETHCS BiJICTAHHIO MIX
HUMH B CCHCI 00paHOi MeTpWKu. B sikocTi Mmipm BijgcraHi d MiK OKpEeMHMH
00’ekTaMu BUKOPHUCTOBYBATUMEMO EBKJIIJIOBY METPUKY

n . . . .
d(X,X") = Z(X(') —X’('))z, me XU, x® _ spavenns 1-i o3makn (atpubyTa)
i=1

00’exTiB X Ta X', i =1,n.

Mertoro kiactepu3arliii € mooyzaosa BimoopaxeHas f : X —Y, sgke KoKHOMY
00’exTy 3 X CTaBUTh y BIAMOBIIHICTH MITKY OJTHOTO 3 KJIaCTEPiB y(J), y(J) €Y, ne
Y — MHOXMHA Beix kiactepiB. KiHIeBUM pe3ynbTaTom Oyie po3aiieHuit Ha M rpyI
BUX1JIHMI MacUB JaHUX, TOOTO MaTUMeMO po30uTTs aHamizoBanux 3CO Ha M KJia-
CTepiB, 10 chopMyBaMCs Ha OCHOBI 00 €JHAHHS 3aKJIa/IB 3 MEBHOI CHUILHOIO
3aKOHOMIPHICTIO. Y JOCHIJIKEHHI MMPOMOHYETHCS BUKOPUCTOBYBATH 1TEPATUBHI Me-
TOJIW KJIacTepu3allii, 30kpema, K-cepemnix, k-cepemnix+ +, K memian. KimbkicTh
KJIaCTEePiB M MO>KHA BU3HAYUTH 32 JOITOMOTOK0 METOY JIKTSI.

[IpoananizyBaBIIM CKJIaJ KJIAcTEpiB, a TAKOX TEHJIEHIN, 10 MPOCTEXKY-
IOTHCS B KO)KHOMY 3 HUX, MOXXHA OTPUMATH BaXKJIMBI JIJIs1 PAKTHUYHOT JisUIBHOC-
Ti BUCHOBKH IIIOJIO SIKOCT1 HAMPsAMIiB OCBITHROT miaAroToBKU y 3CO.

Cnucoxk BUKOPUCTAHUX JKEPed:

1. T'ubkina H.B., Cunopo M.B. CratuctuuHuii aHaiui3 pe3yJibTaTiB 30B-
HIITHBOT'O HE3aJIEKHOTO OIIHIOBaHHS y M. XapkoBi 3a 2019 pik. Padioenexmpo-
nika ma ingpopmamuxa. 2020. Ne 2 (89). C. 11-22.

2. Raschka S., Mirjalili V. Python Machine Learning: Machine Learning
and Deep Learning with Python, scikit-learn, and TensorFlow. Packt Publishing,
2017. 622 p.

308



