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BEWHE TAHY ECEBIHIH KEABIP INEIIIMIEP

Anparna: O3 yakeTHIHAQ AFRUILIBIH TiJiHEri MYMBICTapAiaH Kiprizinren "pattern
recognition” Tepmuningeri "pattern" TepMuHi "Geiine" MaFhHACKIHAK Gacka "HoGait", "Toptin",
"cTrnn", "3aBHABUIBIK", "apeker Geiineci" merenm MaFrhHaNapAn! GingiperiHine xoHin GeninGeni.
Kasipri Tany mocenecinne "Geitne" — 6yn KapacCTRIPBIN OThIPFaH KYOBUILICTBIH HEMECe YPHICTiH,
06BEKTIHIH KeHbip KypBUTBIMAIBIK XYBIKTAY CHIIATTaMACH] (3ckm3i) exeHiH eckepe OTRIpHIN, OHEI
acipece kacaHIB! 3epHefe €H KEH MarbiHaj NalfaNaHa/Ll, AFHH, CHIATTAMAHBIH JXApHIM
KApPThUIAH AHBIKTATYEI GefiHenin Tikenel esremenikti Kackeri 6o TabbInamLI.

Kinr cesnep: Beiine Tany, KJIaCTePH3ALAS, METPHKAIBIK KAKBIHABIK, epeKIKIiKTep
KeHICTiri, OFBITY KHBLINTHIFBI

Cunarramanapauy  (Geiinenepain) HeI‘iBI,:‘i MiHZeTi- omapablH  o6BeKTiNEpiHiH
CoMKeCTiKTepiH TYpreIsy ypaicingeri NalifanaHbuTysl, SFHH, Napa-NapibIFbIH, yineciMainirix,
T.c.c. monenaey. Exi Geltre ykcac nen cananamg, erep ONAapABIH, COMKECTIKTEPiH Taba anaTeiH
Oorncax, kebiHece, GeliHenepin YKCACTBIKTaphl TaObLICA, ONAPABIH ColKECTIri ophIHAaNams! el
CaHaHMBI3. Beiinenepnin ykcacThKTaphiH CAIILICTRIPY GeifHe TaHYALH Herisri eceGin Kypaiipl
?KOHE OIT XAIIE! AJFaHNA aKIapaTTAHya MAHBI3BI ONBIH anafkl. Byn Macere, kebiHece, xacan bl
3epleHiH op Typmi Gemimpepinge maiina 6omas:. Meicansl, xoMmbloTepain komimri Tinai
TYCiHYiHZe, anreGpanblK OpHEKTEPHiH CHMBONABIK enuenyinae, sepmeni yitenepae,
SJICKTPOHABIK eCENTey MalMHANAPLIHBIH POrpaMMAIapEIH CHHTE3ACYHE KoHe TYpJeHaipyAe.

Optypui ecentepze Geiinere opTypri MarkHa Oepinerinairin aran ereitix. Byn ko6inece
00BeKTiHIH  Kanpaif cullaTTaManapel  GeifHe  cHIaTTamMackIHa KiperiHairiMen, ocH
CHIIaTTaMajapAel KepceTy YIIiH KaHjaif aKnapaT NaifaNaHaTBIHABFKIMEH aHBIKTaNampl, TeK
OCBIIaH FaHa, Here OeiiHe o6BEKTiHIH XYBIK CHITATTaMackl OONBIN TaOBLIATHIHEIN TYCIHyTE
Gonaawl. KapanacTeipsin OTBIpFaH CHIIATTay TiNiHxe 06BekT Gefinecinae 00BeKTIHIH KacHeTi xkoHe |
canacel kebipek Kepcetinren caifeiH, Oyn cumarrama TONBIFBIPAK  Gomanel, 6yn Geiine :
KapacTHIPBUILIIN OTHIPFaH OGBEKTiHi TONBIFEIAK cMIaTTaine!. Oiftcese, Ke3 Kearen Karnaiina, 6i3

SpKallaHja cHnaTTaynaH Gait Gonmarsm oGbekTiHig o3iMen €MEC, OHBIH CHIIATTaybIMEH >K¥MBICE
*KacaiMBbI3. !

CoubiMeH, ke3-kenreH Geifne, Genrinemenepnin keifbip sxuHarsIMen KepceTinexi.
ConppiktaH, "OeliHe TaHy" gereH aTmen Katap "oGbexTinep CHUIIATTaMaJIapBIHEIH, KeHOIp |
JKHBIHTEIFEIHBIH TEHAECYi" IeTeH aTTEI KonjaHyFa Gonagst. !

Beitnenepai tany — 6yn ap Typni obBeKTinepAiH KnaccHpuxanmsany aNropUTMAEpi MeH !
omicTepi Typais! FEUILIM. BeiiHe Tany ecemTepimen Sp ajaM MMHYT caiteln Ke3/iecin OTIpas!.
Meicanra, 6i3 agamnap MeH 3aTTapmsl Ginemis, CaHzap MeH uuQPNApAE TAHMMBI, Tinmepai,
TYCiHEMI3, KayinTi_XfaFIIaﬁJlap OPEIH ANYBIHBIH Op TYPXi Jopexenepin Gire ajlaMEI3. Bacxama§
afiTkanna, op6ip Tipi OpraHH3M O31HIH eMip Cypy mpouecinme yuemi TaHy MoCeNnecin wemin
OTHIpYEIHA Typa Kellelli fen aifryra Gomamsr. Ock CCENTEPMIH COTTi Weminyine GHONOrMMILK
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OpraHM3MJepAiH eMipi Tayenni Gosiybl MYMKIH. - i
JOFapHl JaMBIFaH Gfﬁne TaHy Ka6bm£iﬂe 311:. Bllmlfeeial;n::nﬁe&fﬁ:ngfﬂ?ﬁmm o o
221;2;1?;) io;;;ae S?H(;Tbicsmnarm MaHBI3/IbI a'rpnﬁyT. CoHrbl OH mumamapnl; ag rray}gdjfiM Tﬁg
Macenerep TBIK TCXHHKaJIEtp KOMEriMeH mmewunin xyp. CoHbIMEH KaTap, C
IKAJIBIK 9pran5m JaMybiHa GaiinaHeicTel OYypeIH INEminMereH i ey
MYMKiHZiri naiina 6onasl. COTICTEPAIR ety
Beiine TaHyAbIH KoJAaHbicTapbl.  beiine i i i
TEXHOJIOTTANP/IbIH KeHiHEeH KOJIMaHBUIAThIH Kenecifei gzgneil;;f::gze;wg " g toerapu
Sein KepceTyre 60.]13}1513 CuMBonaapipl TaHy (KOJIMEH JXa3bUIFaH HEMece Te e afbm‘apm!
TaHy, 6aHKTep/iH YeKTepi MEH aKmanap/p! TaHy); Op Typii KHinikTe 6epi.11re}r{nmCH TeKeTTep
(OTITHUKAJIBIK, PlHCbl‘)aK.beam, pamuoXuinikTi, AbIOBICTEIK); Tinmepai Ta 'C}’I\I/J[e’l’repm e
OouarHocTka; Kayincisgik kydenepi; MonimeTrep 6asachl xosne 6inim o v
KNacTepH3aLis, KIacCHpHKaLHsL. PSR Toney o
. BeiineHi TaHy ecenTepiHiH Ke0i MHTEIUIEKTyaN bl XKYHeHIH Herisi 60 TaGhut
Keneci GarpiTTaplia:  cHMBOJjapael Tamyda (Oacma xkome kasba MoTiHze iﬂaﬂbl .
YeKTepingexoHeT.6.); SpTYpIi XHUTIK uana3oHfa (ONTHKAIBIK, nmbpaxcmsbmp Heﬁ,‘ an
panuoXHinikTi) ~ anbmFan  GefiHelep MCH  CAXHaHEI  Tallayna; lv;en: -
JMArHOCTHKA/A; Kayincisgix xyienepinge; AbIGHICTApABI TaHy/a; nep,exrep KO nbmuuﬂanmx
6imimae (COHBIMEH KaTap, HHTepHET-pecypCTaphIHa) i3Jey KoHe maccuq)uﬁ D
KiacTepH3alyiaya KonaaHbUaAb!. D
KiacTepnsannsijaay MaceJesepin me.myneri CTaHAApPTTHI Taciagep. Beitnenepni
MaTeMaTHKaIBIK CHMAaTTayAblH €H KOMaisbl TYpi peTiHle BEKTOPNbIK CHNIATTay CaHalambl Bpm
Karpaina ap x 6??1',’3 Ym‘" 6ip x = (x X2s )T BEKTOpZEI cofikec KOSMBL, MYHIarbl 'x'¥;
BEKTOPJIBIK KCHIC:T!I?T?I‘I oJyueHreH Oenrimemenep. MyHpaii BCKTOpI[I;IK KeHic-riKch
GenriieMenep KeHICTiri Jen aTajlajel. OpuHe, MYHJIaH KEHICTiKTep aKBIPJEI eJIUEMI X .
K Gospi TabbUIamb!. Erep myHpalt KeHicTikteri GenrineMenp ecmesni Mouzi 60:?::

MeTpUKAaJIEI
o Myrtalt KeRiCTIK TSoMOpQTS! MeTPHKATSIK KericTix R™ Gonatsr, wyna n- Gexrinenenep
KEHICTIriHiH eIeMI.

GenrieMenp BEKTOPH 9P TYPIi Y3BIHABIKTA GOMYBI MyMKiH

Keiibip TaHy ecenTepaeri
eCKiHAi TaHy ecenTepiHfe). BeitHenepllin BEKTOpABIK Oepimyinen 6Gacka aa

grarray MyMKiHZikTepi 6ap, MbICAJIbl, KeCKiH/Ii TaHyaarbl METPHKANBIK CHIIATTAy.
CTAHAApTTHl SMICTEpAiH iMiHAeri AETEpMUHHCTIK Tocimzepai
pacTHIPATLIHBIMBI3 KNIaCTepH3aLMs aJropuTMI.

(MbIcaira, K

GeliHenepi C
Beiinenepdi OHACYAeri

KapacTbipaifbiK. EH a//IbIMCH Kd
Knacrepusaugsinay eceOiHiH KOHBUTYBI.
Knactepuzaius ecefiH/e aFalliKel OKBITY tangaMachl E = {Xy, ...., Xy} KUbUIBICTIAMTEIH

K1acTepiep Kell Mymenirise Xy, .., Xy GouyeH Typabl. Xy, ... ., Xy : 6apabIK i # j ymin X; U

WUXy=5Xi 0K = @ opelHAATAZBL, ocpuaiima 6ip xiacrepreri 6apibiK o6beKTiNiep yKcac

>leMeHTTepeH Typajel, al op TYpAi xractepiepAeri o6bexTinep ykcaMmaiapl. Byn ecenrtin

wemimi KJacTepr3alysl napaMeTpJIepiHiH GipHeme pakTopaapbHa 6aitnaHbICThl GOJTAMIbL:

1. Tagpanarad 5IeMEHTTEPAIH YKCaCThIK kputepuine Q;

2. KonpmaHsU1aThiH METpHKa d (yxcacTeK KpUTepHi, HOTEXHE apa KAIIBIKTBIKTEI

ecenTelTiH TaHanral MeTpUKara Gaii1aHbICThI);
3. BepinreH HEMECC aJIBIHATHIH KJ1acTepiiep caHbiHa Galt1aHbICTHI;
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Kiiacrepusaimsa napaMeTpiepin Tanaay 6ip MoHAI eMec, keGine cyGbekTHBTI, Gipak 6¥n
TaHJay KaINB! KIacTEpH3aLMANay MACACEHA colikec kelmy kepek. KiacTepH3auMsHBIH HETisri
MaKcaTTaphl Keeciieit 60/1ysl MyMKiH: _ .

1.Knacrepusauus Gonamiakra ToyeiCi3 eHAeynep >KYprisy yuiiH yxcac 3NEMEHTTEP
TONTapsiH Taby MaKcaTBIHIa >kyprisineni. Bymmalt xarmalima xnactepmsaumsa mapamertpiepi
KJIacTepIiep CaHBIHBIH MUHUMAJIJE! GONYRIH KaMTaMackI3 €Ty Kepek. .

2.Knacrepusauys 3TaIIOH/E 3NEMEHTTEPACH TYPATHIH XKaHA a3 KeJIeMi TaHaaynap aimy
YmiH KonjaHeUlamel. ByHma wnactepusaimms napamerpinepi aseMeHTTepi 6ip MoHAiI GonaTeH
KOFapHl AEHTeIIi KiacTepiep KYPyAs! KAMTaMachl3 €Ty Kepex.

3.Knactepusalmsa TaHIaMaNapABIH HEPAPXHANB! CTPYKTYPACHIH KYpY YIUiH KOMIAHEUIAEL.
Bymna#t Jxar/afia op HepapXHsIEIK ASHTeHeri KIacTepiep CaHsI YiIKeH 6ommay kepex.

Kanmw sxargaiiia KIacTepu3alUAHE! Kenecineit TYPAE Kypyra 6onmanel. OKy TaHAaMachl
(anFanike! o6bextinep MHBHEL) E={xi,...,xn} Gepincin. Op 6ip o6bexte x € E 6ip Mouzi GipHeme
3EMEHT Y= (¥1,..., Ym) GeNrinep >kMHIHEIHA KATATHIH y € Y Genricine coiikec xenerin F
KIacTepu3aiud QyHKIMACHH Taby Kepek. Knacrepusammsanay ecenrepinge, xamms amranna Y
Oenrinep XuBIHE Genricis. Erep Y sxupiHm Gefm‘ini Gonca, omna kmactepmsaumma ece6i
OKBITYNIBICEI 6ap KiIacTepH3aLyid ecebine ayEICaLL.

Y Genrinep XHEIHBIHAA XUEIHIAP apachIHAH SKAJITEI KJIaCTepH3aluANa aHEIKTanaTeiH ¥
OepilreH KIacTepM3alis TaNCHIPMACKIHA KOJNMaHBUIATRIH  Oenrini  i3mey kepek. OHpa
KJlacTepu3alna TanchipMacel Y, Genriliep kuMbIHBIHA XoHe f KIIacTepu3alys (QyHKIMACKIHA
KenTipineni:

Yo =arg Yg% QY. f),
mynna Q(Y, f)-Tannanran xnactrepnsauus KpPHTEpHi Canackl.
MaKkCHMEHBI KAIIBIKTBIK aNTOpHTMI. Byn anropur™ kenecineit xamampapnas

TYpajelL :
1. Bipirmi xnacrepnin opracs perinne C1 =X] oGsexTici TanmanampL.
2. Bximmi KIacTepAiH eHTpi petinze C1 NeH ex ammak KaTaTem €2 =X; obbexTici

Tanganage || Xj-¢1 |= max ||x -¢1 ||.

3. Taupairau C( k) ={cl,...,Ck} KJIACTEPIEPALIH k opTanapn Goncen. Keneci (k+1) -mi
OpTaCHl PETIHAE 63iHE SKAKBIH JKATATEI C1,...,Ck OpTajlapAaH  ANBICKIPAK, XKATATHIH  X; k+] OOBEKT
aJIbIHAMBI.

4. Knactepnep opTanapsn TaRlay MAaKCHMHMHMI apaKaIEIKTHIKKA ColKeC KejeTiH
KAITBIKTEIKTHIH KIIACTEPIEP OPTANAPHIHEIH CTHIITIK» OpTala APaKAMIBIKTEIFBIHAH Kilri GoiFanma
KaJIFacakl,

5. Kunactepnep opranapu Ta6sumannan keitin o

cT 0] KBITYHILICE! Gap Geiine Tany «JKaxpH
KepIi» aNrOPUTMIiHIH Heri3iHAe KiacTepiep aHRKTaNamE!.
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1 cypeT — KinacTepiiep opTanapbIH i3fiey cxemachl

FOREL anroputmi. byn anroputmai H.I'. 3aropyiiko »oHe OHBIH OKymisUTapsl 1967
ol yebarad. FOREL aqroputMinie (FORMAL Element) k-means anropurmi CcHSKTEHI
K/TacTepyepAiH aybIpiIbIK ueHTpiH ecenteiiai. bipak k-means anropuTMiHeH albBIpMAIIBUTBIFBE
KacTep peTiHAe TeK )XAaKpIH JKATKaH DIIEMEHTTCp FaHa aneiH6atigpl, GepiireH HykTeneH >0
LeHTp cepaHbiH imiﬁm? sxaTKaH GapJibIK 37IEMEHTTEp aJIbIHAIbI.

FOREL aJropHT™1

|.Bipuente x €E  TaHIAMAackl Tzixmauanm, e(Dex,
2.AybIpJIBIK OpTachl e®@ = mzxes(em)nza x.
2-ynicr e®, e®,.... TiaGeri e HyKTeciHe TypaKTaHGalbIHINA OPLIHIANYE TOKTaMAH/IbL.

FOREL aNTOPMTMIHIH 9p TYPJi I MOHI YINiH JKYMBIC HOTXeCi TeMmeHZeri cyperte
KepceTireH. Bysna GosuTMaraH JOHTENIEKTep OKBITYIIE! TaHAAYap SJIEMEHTTEPI, Kapa HyKTeslep

popmaTb B! SNIEMEHTTED.
AITB/(BL 37

2 cypet- FOREL anroputMiHiH >XyMBICEI

FOREL aIropUMiHiH gprypni MojudHKauKsIaphl aTaFaH FRUIBIMH MEKTeN oKilmepiHiH
KkeHiHeH KopiHic TamkaH. OChl aNrOPUTMHIH JXKMEICHIH, SFHH MNiMeTTepAi

phIHAZ : . .
y anropHTMIH MathCad nakeTi keMeriMeH anbiHFaH ecenTeyyiepMeH KOpCeTyTe

MBICTa
KK a2

xnacTepu3alii
6onanbll-:o REL am-opPITMi“iH KYMBIC HOTH)KECI TamjgasFaH Oacrtamkel oOBekrinepre —

LI IeMEHTTEPre Tikenel OaiiaHbBICTl GoyB! MyMKiH. AJyiroputMHi GipaeH-6ip
dopmasib rpmepc(bepa PAIMYCH! T YSBIHBIFH  KIIACTEpH3allus ecentepide OaliaHBICTEI
"apaMeTPII Erep Y/IKeH KiacTep any kepek 6osica, oHfa r — JiH MOHIH YJIKEHTY Kepek, erep
Taﬂuags;‘l:p'm H o31epiHiH CTPYKTYPACchiH Oeitneney xepex Goica, onna r mi Kimipeiity Kepek.
knacT
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Bywnaii xarpaiina FOREL anmroputMil amjgbiH — ana KiacTepu3alysulay ajrOpHTMi peTiHpe
KapacTeIpyra Gonanel. ‘ N 5 .

KopriTbinabl. Byl Makanaga CanmbiCTHIpY airopuTMIEpi Herisinze GeitHenepai
OHAEYyMeri CTAHNApTTHl SAiCTEpAIH IMIHAEri JeTepMHHHCTIK ToCUIAepAEri KiacTepusalus
aNTOPHTMAEPi YCHIHbLIFaH. KypacTRIpBUIFaH anropuT™ Keecifei apTHIKIIBITEIKTApH! Gap.

Knacrepusaius napaMeTpiepin Tariay 6ip Mo emec, ke6ine cy6beKTHBTI, Gipak Gy
TaHAay XaJME! KIACTEPHU3ALMA MEH Calikec Keny Kepek. KinacTepusauusHeIH Herisri MaxcaTTaps!
Kenecige# 60mysl MyMKiH:

1.Knacrepusauys Gonamiakra ToyeNci3 eHeymep Kyprisy YIIiH yKcac 31eMeHTTep
TONTAapEIH Taly MaKCaThHAa XXyprisineni. Bympmaii xarnaiima KIIacTepH3aLMA IlapameTplepi
KJIaCTePIIEp CaHbIHBIH MHHUMAI/L GOMYBIH KAMTaMackI3 eTy Kepex.

2.Knacrepysanys STa/UIOHAB! MEMEHTTEPACH TYPaTLIH XaHa a3 KOJIEMAI TaHJayJiap any
YwiH xonmaHbuiansl. Byupja xnacrepusaims napaMeTpuepi sneMeHTTepi 6ip MoHAI GoONATHIH
JKOFapbl AEHTCHII KIIACTEPIEP KYPYABl KAMTAMACEI3 €Ty Kepex.

3.Kinactepusaius TaHRaynap/IEIE HepapX s CTPYKTYPAChIH KYpY YIUiH KOJJAHBLIAAb.
Byupaii xarnaiina op HepapXMANBIK AeHTeRneri Kjactepiep CaHbl YIKEH GonMay kepek.
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HEKOTOPBIE PEINEHWS PACHHO3HABAHWISI OEPA30OB

Annotannsi: B paGore paccmatpuBaercs 3amaua pacmosmaBanus obpa3oB. B cratse
NpeJUIOKEHE! HECKOIILKO AITOPHTMOB PELICHHS 3ajiatH, ONHCAHA BAXHOCTH BRIGOpA MaTpUKH
6nM30CTH, NMPEICTABICHO CPaBHCHHE alrOPHTMOB it 06paGOTKM M306paKeHMii Ha OCHOBE
CTaHAAPTHEIX ~ METOLOB  JICTEDMUHHMCICKMX ~ aNrODMTMOB  KIACTEM3ALMH, MPHBOISTCA |
[I0Ka3aTe/TbCTBA NPEHMYMIECTB PaspaGoTaHHOTO ANFOPHTMA: KJIACTEpH3AIHs Heobxoxuma A
CcaMOCTOATENBHOTO Pa3sBHTHs B GYAyIIeM s Toro, 4To6k HaiiTy TPYNIBI OJXOOHEIX 37EMEHTOB,
B 9TOM CITy4ae rapaHTHPOBAHA MIHUMH3AIMA KOJMUECTBA KIIACTEpOs.

KmoyeBble cioBa. PacrosHapanme o6pasos, kmacrepusauus, METpHKa OnM30CTH,

NpOCTPAHCTBO MPH3HAKOB, obysaromas BrIGopKa
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SEVERAL SOLUTIONS OF PATTERN RECOGNITION

Abstract: In this article we consider the problem of pattern recognition. The article
proposed several algorithms for solving the problem, c!escribed the importance of choosing
Matrikas proximity, is a comparison of algorithms for image processing on the basis of the
standard methods of deterministic algorithms for clustering, provided evidence of the benefits of
the developed algorithm: Clustering is necessary for sc?ltj-d?v.elopment in the future in order to find
a group of similar items, in this case guaranteed by minimizing the number of clusters.

Key words. Pattern recognition, clustering, proximity metric, the space features training

set.
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