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[Jana po6oTta 30cepeKy€eThCs Ha alrOpUTMax KiacTepu3allii BEIUKUX KOJTEKLil
JIOKYMEHTIB, SIKi 0a3ylOThCS Ha i€papXiuyHHX PIMICHHSAX. Y HaHif CTAaTTi OLIHIOETHCS
po6oTa pi3HUX KpUTepiadbHUX (QYHKIIH i yac KiIacTepu3amii JOKYMEHTIB.

Kniouosi cnosa — MeTon, anropuTM, KiacTep, KpUTepialbHUX (YHKIISL

Beryn
HIBuaki i MPOXYKTUBHI aJrOPUTMH KJAcTepu3allii JOKYMEHTIB BiAirparoTh
Ba)XXJIMBY POJIb y 3a0e3leueHHi 1HTYiTHBHOI HaBiramii y KOJEKILIsSX JOKYMEHTIB i
MexaHi3max ix meperssiny [1-3]. Lle 3a0e3nedyerbcst HUIIXOM IEPETBOPEHHS
BEIMKNX MacuBiB iH(opMamii y psx KiacTepiB 3HAYHO MEHIIOTO PO3MIpY.
30KkpemMa, aNroOpuTMH KiacTepusauii, sKi (OpPMYIOTH i€papXidHi CTPYKTypH Ha
OCHOBI BENHMKHX KOJCKII JOKYMCHTIB, € iTleaJpbHUMH 3aco0aMu IS
IHTepaKTHBHOI  Bi3yamizamii 1  JOCHIIPKEHHS, OCKUIBKH  3a0e3ledyioTh
MPECTAaBICHHS HECYNEepPEewINBHX 1 IependadyBaHMX MaHUX Ha PI3HHX PIBHIX
neramizamii [4-8]. Jlama poboTa 30CepeKyeTbCS Ha IOCIIKCHHI alTOPHUTMIB
KJIacTepu3alii JOKYMEHTIB, sKi (OpMYIOTh i€papXiyHi pimieHHs. Y crarTi
OLIIHIOETBCS POOOTa PIZHUX KpUTepiadbHUX (YHKIIH Jisi mpobiaeM KiacTepu3amil
JIOKYMCHTIB.
Kaacrepu3sanis 10KyMeHTiB.
AJNTOpUTMH KJacTepu3alii BUKOPUCTOBYIOTh BEKTOPHO-IIPOCTOPOBY MOJIEINb
JUISL TIPE/ICTABIICHHSI KOXKHOTO JIOKyMEHTY. Y Takiii Mojesi, KOXKHUH OKyMeHT d
PO3TIANAETECA K BEKTOP Y TMpocTopi TepMiB (iH(GOpMAIiiHUX CKIIaJTOBHX
JOKyMeHTa). Y CBOIi HaWpOCTimIiii GopMi KOKHHIA TOKYMEHT MPEICTABIIETHCA Y
BUTJISIII BEKTOPA YaCTOTH BXOJDKEHHS TEPMIB y LIeH JOKYMEHT:
dy = (thstfrsslfyy) )
Je ff; - yacToTa BXO/PKEHHS y JOKYMEHT i-20 TepMa. [IInpoko BHKOPHCTOBY€ETHCS
BIIOCKOHAJICHa cxeMa Iiei Mojeni. BoHa momsrae y 3BayKyBaHHI KO)KHOTO TepMa 3a

JOTIOMOTOI0 HOTO OOEpHEHOI YacTOTH BXOMKCHHSA y MOKYMEHTH Y 3araibHid
KoJIeKIIii ToOKyMeHTIB [9-14]. IIpHunHOI0 Takoro 3BaKyBaHHS € Te, IO TEPMH, SIKi
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4acTO 3yCTPIYAIOThCS Y PI3HUX JOKYMEHTaX, BOJOIIIOTh OOMEKCHOI CTEMiHHIO
BUOKpeMsIeHHS. ToMy Taki TepMH HEOOXITHO MEBHHM YHWHOM I1030aBUTH Bif
croTBopeHb. lle, sk mpaBWilo,  3MIMCHIOETBCS ILISIXOM MHOXCHHS YacTOTH

BXO/DKEHHS KOXKHOTO TepMma i Ha log(%f), ne N — 3arajpHa KUIBKICTH
i

JOKYMEHTIB y KOJIEKIIii, a df; - KUIbKiCTh JOKYMEHTIB, SIKi MICTSTB i-if TepM (TOOTO,
gacToTa JoKymeHTa). Lle Bexe 1o #f~idf mpencraBiieHHs JOKYMEHTa, TOOTO

ditoe( Yy s tos( e )

Ay = )

Mo log(%mj

Jist poOoTH 3 HOKyMEHTaMM Di3HOI OBKHHM JOBKHHA KOXKHOTO BEKTOpa
JOKYMEHTa HOPMATi3yeThCsl HUIAXOM II NPHBENEHHS OO ONWHHYHOI ITOBXHHU

("dtﬁdf":])' Ile o3Havae, 10 KOXHHUH JOKyMEHT € BEKTOPOM B OJMHUYHIN

rinepcdepi. Y HACTYIHIN YacTWHH CTaTTi, MU TPHUITYCKAEMO, IO BEKTOPHE
MPEJICTABIICHAS KOXXHOTO JOKYMEHTa OyJ0o 3Ba)KCHE BHKOPHCTOBYIOUH ff-idf 1 €
HOpMajli30BaHe WUIAXOM IPHBEACHHSA 10 OAWHWYHOI JOBXWMHH. Ha mporssi
KUTPKOX OCTaHHIX pOKiB, OYyJ0 3aIpOIOHOBAaHO ABAa MIAXOMU 110 OOYHMCICHHS
HOiOHOCTI MK ABOMa JOKyMeHTaMH d; i d;. Ilepmmil mizxix rpyHTyeThCsS Ha
3acrocyBaHHi (yHKii kocuHyca [4,15-17]:

! t

||||d |

OCKiJTBKH BEKTOPH JOKYMEHTa BHPAXAIOTHCSA Yepe3 OAWHWYHI TOBXKUHH, TO

cos d,,d) 3)

HaBeJeHa BUIle (GOpMyIIa CIIPOLIY€EThCA 10 cos(d, d)) =ditd,-. PesynbTatn 004HCICHB
JOPIBHIOIOTh OAMHMIN, SIKIIO JOKYMEHTH TOHIOHI, 1 HyJIO, SKIIO MIX
JOKyMEHTaMH HEMa€ HIY0ro CHUIBHOTO (TOOTO BCi BEKTOpH JIOKYMEHTIB €
OpPTOTOHANBHUMH MK c00010). [lpyruii MeTon BW3HAYa€e MOMIOHICTE MIiX
JIOKYMEHTaMH BHKOPHCTOBYIOUH EBKJIIIOBY BifcTaHsb [6-8, 18]:

) t
dsdd)=(d~d, ) (0 d;) =|a @
SIkuro BifcTaHb NOPIBHIOE HYJIIO, TOJ1 JOKYMEHTH € MOAI0HMMH, a SIKIIO BOHU

HenoziOHi, TOMi BiACTaHb JOPIBHIOE \/E . Crnig 3ayBaKuTH, II0 HE3BaXKAIOUU Ha
TOW (hakT, IO MEPIINA MiAXiJ OLIHIOE CTEHiHb MOMIOHOCTI, a APYTHI — OILiHIOE
BIJICTaHi, BOHH € TOMIOHUMH MIiX CO0O, OCKUIBKA BEKTOPH JOKYMEHTa
BUPAXKAIOTHCS Yepe3 OAWHUYHI JOBKUHHU. Y CTAaTTIi MH BUKOPHUCTOBYEMO CHMBOJIH
n, m, 1 k A TO3HaYeHHS KUIBKOCTI MOKYMEHTIB, KiJIbKOCTI YMOB 1 KiIBKOCTI
KJIACTEpPIB BiMOBIMHO. MU BHKOPHCTOBYEMO CHMBOJ S JUTSl TO3HAYCHHS Ha0OPY 3
1 JOKYMCHTIB SIKIi MH XO4eMo KiactepusyBaTtw, S;,S, ,...,Sk IUIS TO3HAYECHHS
KOXXHOTO 3 k KiactepiB, i nj,m,..,n; AN TO3HAYEHHS PO3MIpIB  BiIMOBITHIX
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KiacTepiB. 3agaHy MHOXHHY JOKYMEHTIB A4 1 iXHE BiJIIOBiIHE BEKTOpHE
NPE/ICTABICHHS MU BU3HAYAEMO CKIIaZIeHUM BEKTOpOM D4

D=Yd, )
deA
TOI[i SIK ]_IeHTpO.I.,HHI/Iﬁ BEKTOD CA 6y,ue MaTHu HaCTyHHI/Iﬁ BUTJISAA:
D
Ci=74 6

Ckianenuit Bektop D, € CyMOIO BCIX BEKTOpIB JOKyMEHTIB B A, a
ueHTpoinauil BekTop C4 — L€ BEKTOp, OTPUMAaHUI NUIIXOM YyCEpeJHEHHS Bar
PI3HHUX TEpMiB, MPEACTABICHUX Y MHOXMHI JOKYMeHTIB A. Ciia 3ayBakKuTH, IO
HaBITh Y BHIIAJKY, KOJI BEKTOPH JOKYMEHTIB JOPIBHIOKOTH OJHMHUII, IEHTPOIMHI
BEKTOpPH He 00O0B'S3KOBO OyIyTh OJMHUYHOI JTOBKHHH.

Ha Bumomy piBHi abctpakmii mpobrnema KiacTepusamii BH3HAYAETHCS
HaCTYyITHUM YHHOM. 3aJaHy KOJEKLilo S, sKa CKIaJaeTbCi 3 7 JTOKYMEHTIB,
HEOOXiTHO PO3IUIMTH Ha Hamepen BU3HAUEHY KUIBKICTh A MIAMHOXUH S),S,,...,Sk
Tak, 00 AOKYMEHTH, SKi NMpHU3HAauYeHI B OAHY MiAMHOXHWHY, OyIH MK CO00I0
NOAIOHIIIMMY, HIXK TOKYMEHTH NPU3HAYEHI Y Pi3HI i JMHOKHHH.

AJNTOPUTM CErMEHTHOI KJacTepH3allii BHKOPUCTOBYE MiJIXiJ IOBTOPHOI
KIacTepu3alil [UIIXOM IOJUTy HaBMUI. Y TakoMy MiAXoJl BCi JOKyMEHTH
CIIOYaTKy pO3IOJUIIOTECA Yy JBa Kiactepu. [loTim Oeperbcst OoguH 13 1UX
KJIacTepiB, IO MICTUTH OUIbILIE HIX OAWH JOKYMEHT 1 po3nuiserscs Hapmil. Lled
TIPOLIEC TIOBTOPIOETHCS 7 - | pa3, MPU3BOASYH JI0 4 JIUCTOBUX KIIACTEPiB, KOKHHUH 3
SKAX MICTUTh OAWH JOKYMEHT. JIerko mo0OaduTH, INO 3ampONOHOBAHWH ITiIXix
Oynye arnmoMepauiiiHe iepapxiune AepeBo. BHU3Y KOXXHHMIT TOKYMEHT 3HAXOIUTHCS
y CBOEMY BIacHOMYy Kkiactepi. KIfo4oBOO XapakTepHUCTHKOIO —OibIIOCTI
ANTOPUTMIB CETMEHTHOI KJTacTepu3allii € Te, [0 BOHH BUKOPHUCTOBYIOTH III00ATIbHY
OLiHOYHY (DYHKIIIFO ONTHMI3allis SKOI BILIMBAE Ha BeCh MpoIiec kKiactepu3amii. J{ims
TaKUX aJTOPUTMIB CETMEHTHOI KJIacTepH3alii nmpobiema KiacTepu3salii Moxe 0yTu
BU3HAYCHA HACTYITHUM YMHOM: MPOBEJEHHS MPOLIECY KIIacTepu3alii TaKUM YHHOM,
11100 3HaYeHHS! KOHKPETHOT OIIHOYHOT QyHKIT Oyio onTuMizoBaHuM. Y poOOTI MU
JMOCTIKYeEMO pi3Hi omiHouHI (yHKINI Kiaacrepusartii. OriHoyHa (yHKIA L;
(piBHSIHHSL 7)  MakcHUMIi3ye CyMy CepelHiX TONapHHX TOAIOHOCTEH MiX
JOKyMeHTaMH. JIOKyMEHTH sIKi BiJHECEHI O KOXKHOTO KJIacTepa 3BaXKyIOThCS
BIJIMIOBITHO JI0 pO3Mipy IEOTO KIacTepa.

L, - maximize 3'n, | a.a) |-l
; = maximize an — Z cos(d;.d; —Z— @)
r=1 n, d;.d;eS, r=1 My

Oninoyna ¢yHKUis L, (piBHAHHSA §) BUKOPHUCTOBYE BEKTOPHO-IIPOCTOPOBHUI
BapiaHT aixropuT™my K-BHYTpPIIIHIX TpPYIOBHX CEpenHiX. Y MBOMY aJITOPHUTMI
KOKEH KJIacTep INPEACTaBICHHI HOro IEHTPOIJHHM BEKTOPOM 1 METOI €
3HaXOJDKEHHS PIILICHHS, SIKE MaKCHUMI3y€e MOJIOHICTh MK KOXKHHM JIOKyMEHTOM 1
IIEHTPOM Baru Kjiacrepa, 0 sIKOro Horo 0yjo Mpu3Ha4eHo.
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k k
L>=maximize ) > cos(d;,C,)=D_|D,| )
r=1

r=ld;eS;
[MopiBHtotoun L; i L, Mu 6a4uMo, 1110 iICTOTHOIO PI3HULEIO MK HUMHU € T€, 110
¢yHKIiSE L, OIIHIOE BHYTPIIIHBO-KJIACTEPHY MOMIOHICTH ||Dr || . ||D, || €

KBaJIpaTHUM KOpEHEeM IIOMAapHUX MOMIOHOCTeH MiX BCiMa NOKyMEHTaMH y S, 1
IIparfe NepeACHOTBOPUTH KJIACTEPH, YU JOKYMEHTH MAalOTh MEHBIIY IONapHY
MOTIOHICTE Y TOPIBHSHHI 3 KJIACTEpaMH 3 BUIIOIO TIOMAPHOKO MOIIOHICTIO.
Oninoyna ¢yHKUig (piBHAHHA 9) L; 00YHCIIOE KIACTEPH3ALII0 MUITXOM
3HAXOKEHHs DIIICHHSA, AKE BiIOKPEMIIIOE IOKYMEHTH KOXKHOTO KiacTepa Bif
3araspHOi Koyekmii. 30KpeMa, BOHA HAMarae€ThCsl MiHIMI3YBaTH KOCHHYC MiX
LEHTPOIJHUM BEKTOPOM KOXKHOI'O KJIACTepa 1 LEHTPOINHMM BEKTOPOM 3arajibHOl
KoJIeKITii. BHECOK KOXKHOrO KiiacTepa 3Ba)KyeThCs IPOIOPIIIHO 10 HOoro po3mipy
TaKMM YHHOM, IO OLIBLII KJIACTEPH OI[HIOIOTHCS BHUILE B 3aralibHOMY pillleHHI
KJIACTepH3allii.
k k t
Ls=minimize ) n, cos(C,,C) = n, %
r=1 r=1 " r "
3anporoHOBaHNN aNTOPUTM CETMEHTHOI KJIacTepHu3allii, SKHi BHKOPHCTOBYE
MiAXig Ha KoMy oOyI0OBaHWH anroputM K-BHYTPIIIHIX TPYMOBHX cepenHix [19],
ONTUMI3y€e KOXKHY 13 BUILE 3raJaHuX OLiHOYHMX ¢yHKHid. Ha mepmioMy kpori i3
KOJIeKIIli JOKYMEHTIB BHOHMpAa€ThCs BHIAAKOBA Iapa JIOKYMEHTIB, SIKi CTarOTh
LHeHTpaMH JBOX KiactepiB. Ha ngpyromy Kpori [uisi KOXHOrO JOKYMEHTa
O0YHCITIOETBCS HOro momiOHICTH 1O IMX JABOX IEHTPIB. B 3alexHOCTI Bij
OTPUMAaHUX 3HAYeHb JOKYMEHTH Mepepo3NONUIIOTh Y HaWNOmiOHIIN JUIs HHUX
kiacrepu. Lle opmye mo4aTkoBy JTBOCTOPOHHIO KiacTepu3aliro. Y MoJalbIIoMy
MIPOBOJIUTHCS TOBTOPHA KIIACTEPHU3AIlisl 3 METOI0 ONTHMI3allii 0akaHOi OI[IHOYHOT
¢ynkmii  knmacrepmsamii.  CTpateris NOKpamleHHs — pe3yJbTariB, SKy MH
BHKOPHCTOBYEMO CKJIANA€ThCs 13 HHM3KHM iTepamii. [IpoTsrom koxkHOi iteparmii,
JOKyMEHTH BHOMPAIOTHCS y JOBLTBHOMY MOPSAKY. sl KOXKHOTO JOKyMEHTa d; MU
o0uncIIoEMO 3MiHY B 3HA4YCHHI OLIHOYHOI (YHKIIi, ofep)kaHoi MUITXOM
nepeMilleHHst d; y iHIMI kiactep. SIKIIO ICHYIOTh Taki NepeMillleHHs, SKi
NPUBOAATH IO MOKPAILICHHsS 3arajbHOrO 3HA4YeHHS OL[HOYHOI QyHKUil, TO d}
HEepPEeMIlIAEThCS Y KIlacTep, SIKKid MPUBOJUTH 10 HAWOUIBIIOro NOKpalieHHs. Ko
HE ICHy€ >OJHOIO IEepeMIllleHHs, TOAl d; 3aJIMINAEThCA Y KiacTepi, sIKOMy Ha
JaHUI MOMEHT HaJIe)KUTh. Daza MoKpalleHs 3aKiHIy€eThCs, SIK TIJIbKH BUKOHY€EThCS
iTepalis miJ yac Kol MiX KilactepaMy He OyJI0 MepeMillleHO KOJHOTO JJOKyMEHTa.
Crix 3ayBakWTH, IO HA BiAMIHY BiA TpamuiiiHoro mimxoxy [19] moxpameHHS
pe3ynbTarTiB, IO BHUKOPHCTOBYETHCS B anroputMmi K-BHYTpILIHIX TpYyIIOBHX
CepelHiX, 3alpOIOHOBAHMH alrOPUTM IIEpeMillae JOKYMEHT, SK TUIBKM BiH
BH3HAYMB, IO IIe MPHUBeAe A0 MOKpaIleHHs 3HaYeHHs OmiHo4HOi pyHKil. Takmit
TUI aJTOPUTMIB HOKpAIIEHHS YacTO HA3UBAIOTh IMOKPOKOBUM. OCKIUTBKH KOXKHE
mepeMimIeHHs 6e31mocepeIH0 ONTUMIRYE 3a1aHy OLIHOYHY (DYHKIIIO, IS CTpaTeTis
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NOKpPALIEHHs 3aBKAN MPUBOJUTE IO OJIepKaHHsI JIOKaJIbHOrO MiHiMyMmy. Uepes Te,
Mo pi3Hi ouiHO4HI (yHKUii, SKi BHUKOPHCTOBYIOTH CTpATEril0 IOKpPAIIEHHS
pe3ysbTariB, BH3HAYAIOTHCS y TEPMiHAX CKJIAJEHUX KIACTEpiB 1 IEHTPOIIHUX
BEKTOPIB, 3MiHa Yy 3HA4Y€HHI OLIHOYHUX (YHKIIH y pe3yiabTaTi OZHOPA30BOIO
NepeMillieHHs] JIOKyMeHTa Moxe OyTn obOuucieHa edekrusHinre. KirrouoBum
KPOKOM Y 3allpOIIOHOBAHOMY IJXOJi ITOBTOPHOI KiacTepH3alii IUIIXOM MOILTY
HaBIIIJI € METOJ, SKMH BH3HAYA€ HACTYNHHUH KJacTep, 10 Mae OyTH MOIUICHHN
HaBmia. [IpoBoammmcst eKCIlepUMEHTH 3 [BOMa pI3HUMH MeToJaMu BHOOpPY
kmactepiB. Ilepmmii MeTon BHKOPHUCTOBYE TPOCTY CTPATETi0 MOIUTYy HABIILI
HaMOIIBIIOTO TOCTYITHOTO y AaHUM MOMeHT kimactepa. Jlocim poOoTu 3 Takum
IiXOIOM ITOKa3aB, MO0 BiH IPHUBOIUTH 0 JOCTATHBO XOPOIINX i 3BAKCHHUX PIillIEHb
o KjacTepu3amii KOJEKIll JOKyMEHTIB. Asie BiH Mae cyTreBuil Hemomik. [limxifm
Ipaloe He 30BCIM KOPEKTHO Ha KOJEKIISX JOKYMEHTIB, Y SIKUX IPHPOJHI
KJIaCTepH € PI3HOT BEJIMYHMHH, a Li¢ NPUBOAUTH 0 MOALLY CIepily HaiOuIbIIuX
knacrepiB. Jlns mogomaHHs jgaHoi mWpoOseMH 1 OTPUMAHHS IPUPORHIIINX
iepapXiYHUX pilleHb, MU PO3BUHYJH METOJ, SKHH cepeli MOTOYHMX k KilacTepiB
BHOMpae Kiactep, sSkui Benme no k + 1 pimens kiacrepusanii. lle onrtumisye
3HAYCHHS KOHKPETHOI OmiHOYHOI (YHKII (cepen pisHMX k anbrepHaTHB). Hammi
eKCIIEPUMEHTH TOKa3aJld, 10 Ied MiAXiJ MpaIioe Aemo Kpalie, HiK MonepeaHs
cxemMa. Ha BimMiHYy Bif airopwTMiB CerMEHTHOI KiacTepw3amii, siKi GOpMyHOTh
iepapxivHe pillleHHs 3 BEpXy BHHU3, arfIOMEpaliiHi anropuT™Ma GOPMYIOTh PillIEHHS
MIPU3HAYAI0YH CIIOYaTKy KOJKEH JIOKYMEHT HOro BiacHoMy kiactepy. Ilicist mporo
iTepaliiiHo POBOIUTHCSI BUOMPaAHHS 1 00'€THAHHSI T1ap KJIACTEPiB, ISl OTPUMAHHS
€IMHOT0 KOMILJICKCHOI'O KJIacTepa. ATIOMepalliifHi alropuT™Mu pOpPMYIOTh IEPEBO
3HM3y (3 JucTKiB) Bropy (To6to g0 kopens). KirodoBuii mapamerp B
arfioMepauiiHuX ajJropuTMax € METOH, KUl BUKOPUCTOBYETHCS JUIS BU3HAUCHHS
rapu KiacTepiB, sKi HEOOXiZHO o0'elHaTH Ha JaHOMy Kpoui. Y Oinbliocti
arioMepaliiHuX aJropuTMax Ie 3AIMCHIOETHCS BHOMPAIOYN HANMOMIOHIITY mapy
kmacrepiB. Ha pgaHmit wac po3poOiieHi YMCIEHHI MIXOAW Ui OOYHCICHHS
MOIIOHOCTI MK JBOMa KJIacTepaMd. Y HAIIOMY JOCITIPKCHHI MU BUKOPHCTOBYBAI
HaCTYITHI CXeMH: €IMHOTO 3B’SI3KY, IOBHOTO 3B 53Ky, TPYIIOBHUX CEPEAHIX, & TAKOX
KkputepianpHi  ¢QyHKUii, ommcani Bume. Cxema €IHHOTO 3B’S3Ky BH3HAYae
MOMIOHICT IBOX KJIACTEpPiB 32 MAKCHMyMOM HOIIOHOCTI MiX JOKyMEHTaMH 3
KOHOro Kiactepa. To0To, CX0kKiCTh MiXk JBOMa KlacTepaMu S; 1 S; BUSHAYa€ThCSA
HACTYITHUM YHHOM:
SiMnge nk(S5S)=  max_(cos(d;,d; ) (10)
d;eS;,d jES Y,

Ha BigMiHy Bix momepeHbOi CXeMH, CXeMa IOBHOTO 3B’SI3Ky BHKOPHCTOBYE

MiHIMaJIbHY TOIOHICTh MiX ITapOI0 JOKYMEHTIB!
SiMeompive 1k(S5S) = min_(cos(d;.d; )) (11)

d;eS;,d;eS;

V 3arajnbHOMY, SIK CXeMa €JMHOTO 3B’SI3KY, TaK 1 CXeMa ITOBHOTO 3B’SI3Ky He
MPamTh Jyke mo0pe, ToMy Io BOHH 0a3yloThcs Ha OOMEKeHOMY 00’ eMi
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iHopMauii (y BUNAIKy CXeMH €EIUHOTO 3B’SI3Ky), a0 IMPHIYyCKalTh, IO BCI
JOKYMEHTH y KJacTepi Iyxe MolaiOHi MK co0ow (y BHIIQJIKy CXEMH IMTOBHOI'O
3B’s3Ky). Cxema TpymoOBUX CEpelIHIX BHpINIye I TPOOIeMH, OOUHCIIOIOYN
MoJiOHICTE Mij IBOMa KJIacTepaMH SIK CEpe/IHIO BEJIIMYMHY HMONapHOl MOoAiOHOCTI
JIOKYMEHTIB 3 KOXXHOT'O KJIacTepa:
DiD;
simypema(Si,S;) = L z cos(di,dj)z L J (12)
Ml ges;.des; nin

OninouHi (yHKII{, omucaHi B aJNropuTMax CErMEeHTHOI KiacTepu3allii,
MOXYTh OyTH IEepeTBOpPEHI Ha KJIACTEpHI CXeMH BHOOpY JuIsi ariioMepariiHoi
KJlacTepusani BHKOPHCTOBYIOUM 3arajlbHy CXeMy IOKPOKOBOI —ONTHMIi3allii.
PosrisiHemMo KoJekwilo 3 #-JOKYMEHTIB 1 pillleHHs Kiacrepusauii, sike Oyio
oOuncieHe Tmmicias BHUKOHaHHA [ KpOKIB 00’emHaHHS KiactepiB. Lle pimreHHS
MicTUTUME 7 - [ KiacTep, OCKUJIBKH KOXEH O00'€HYBalbHHH KPOK CKOPOYYE
KUTBKICTh KJIACTEPIiB Ha OAMHUINO. Temnep y mpoMy (n — /) pilieHHI KIacTepu3arii,
BHOMpAEThCS TMapa KJIAcTepiB A 00’ €mIHaHHS, siIKe MpUBOAUTH O0 (n — [ — 1)
pilIeHHs, ke ONTUMI3y€e BU3HAUEHY OIiHOYHY (yHKIif0. TobTo, KoXkHa 3 (1 —/) X
(n = — 1)/2 map MOXJIHMBOTO 00’€IHAHHS OLIHIOIOTHCS, 1 BUOHPAETHCS TE, SAKE
chopMmye pillleHHS KJIacTepH3allii, ke Mae MakcHMaibHe (abo MiHIMaJbHE)
3HAYeHHS BM3HAueHOI owuiHO4YHOI (yHKIIl. OuiHouHa QYHKIIS € JOKalIbHO
ONTUMAJILHOI Y MEXKaX JaHOro KPOKy ariioMmepailiinoro airopurmy. Lleit mporec
MIPOJIOBXKYETHCS JJOKU HE OTPUMAEMO ITOBHE arjioMepaliiiHe 1epeso.

BucnoBku
3anporoHOBaHMi AITOPUTM CETMEHTHOI KJIACTEpH3allil ONTUMI3y€e OIliHOYHI
I £ D
¢yukmii L; = maximize an — Z cos(d,-,dj) = Z ,
r=1 n, dl-,djESr r=1 n,
k k
L, = maximize z Z cos(d;,C, )= Z"D, || ,
r=1d;eS; r=1
k k DtD
L;=minimize Z n, cos(Cr , C) = Z n, ”Dr_" . Ha Bigminy Bim Bix;
r=l1 r=l1 r

TPamULiHOTO WiIXOJy IOKpaIeHHS pe3yJbTaTiB, IO BHUKOPUCTOBYETHCS B
anmroputMi  K-BHYTpIIIHIX TPYMOBHX CEpEIHIX, 3allPONOHOBAHUH alTOPUTM
nepeMilae JOKYMEHT, SK TUIBKM BiOMO, IO L€ HPHBEAE A0 IMOKPAIICHHS
3Ha4YeHHS OWiHOYHOI (QyHKIii. OCKUIBKH KOXKHE MepeMilIeHHs Oe3mocepenHbo
ONITUMIi3y€ KOHKPETHY OLIHOYHY (YHKIIFO, I CTpaTeTis MOKpAIICHHS 3aBXIH
MIPUBOANUTE IO OJACP)KAHHS JIOKAIBHOTO MiHIMyMy. Pi3Hi omiHOuWHI (yHKIII, sKi
BUKOPHCTOBYIOTh CTPATETIIO MOKPAICHHS Pe3yJIbTaTiB, BU3HAYAIOTHCS Yy TEPMiHaX
CKJIQICHUX KJIACTEPIB 1 LIEHTPOIHNX BEKTOPIB, TOMY 3MiHa y 3HAYECHHI OL[IHOYHHX
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GyHKIIA B pe3ysibTaTi OJHOPA30BOIO IMEPEMIMICHHS IOKYMEHTa MOXKe OyTH
o04ncIIeHa MBUALIE.

Po3BuHyTO MeToj, siKMil cepell MOTOYHMX K-KiacTepiB, BUOMpae TOH, KU
Bege m0 k + 1 pimenp kiacrepusanii. Ile onTuMisye 3HA4YCHHS KOHKPETHOT
ouiHouHoi ¢yHKUIT (cepen pi3HuX k anprepHaTtuB). Harni excriepuMeHTH MOKa3aiy,
110 [ MiAXi MpaIioe Aemio Kpalie, HixK MONepeHs CXeMa.
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