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1. BBeageHue

B knaccuueckon pabote KnHaHa [1] npoaeMoHCTPUpOBaH COXHbLIA XapaKTep Takoro NOHATUS, Kak
“‘nognexawee”. Im BbigeneHo 6onee TpuauaTn NPOCTbIX (3NIEMEHTAPHbBIX?) NPU3HAKOB,
CBOWCTBEHHbIX nognexawmm. B pasnnuHbix a3bikax, ogHako, nognexawme (ecnv BoobLue
nmetrotcd) obnagatoT pa3HbIM HAabOPOM ITUX NPU3HAKOB. TakMMm obpasom, noasnexatlee
KOHKPETHOrO s3blka MOXeT ObITb NPeAcTaBNeHO TOYKOM B MHOFOMEPHOM NPOCTPAHCTBE NPU3HAKOB.
Takon noaxopn No3BONSET NPOBOANTb MEXbBA3bIKOBbIE 0600LLEHMS MCCNEaYEMOro NOHATUS Ha
OCHOBE COMOCTaBNEHNA COBOKYMHOCTEN NPU3HAKOB, KOTOPbIMY Nognexallee obnagaer B pa3HbIx
A3bIKaX.

MNMopoGHoro TMna 3agayun ¢ npeacTaBrneHneM 0OGbekTOB B MHOFOMEPHOM MPOCTPAHCTBE NPU3HAKOB
BCTPEYAOTCS B pasnnyHbIX 0bracTsax 1 B MaTeMaTuke yxxe AaBHO pa3paboTaHbl COOTBETCTBYOLLME
npoueaypbl aHanMsa (Ha3blBaeMOro KrnacTepHbIM aHann3om [2]) Takum o6pa3om npeacTaBreHHbIX
AaHHbIX. MeToabl KnacTepHOro aHanm3a no3BonsAoT BblAENUTb MHOXECTBA 00bEKTOB, BrN3KMNX
APYT K ApYry no CBoMM cBolicTBaM. [prMeHeHMe KnacTepHOro aHanm3a yMeCTHO B CUTyauusX,
KOrda NpMxoauTcst UMETb AeNno ¢ 60NbLUMM YMCIIOM NPU3HAKOB, Tak YTO 3KCNEPTY CTaHOBUTCS
TPYAHO Y4eCTb BrUsiHNE BCEX NPU3HAKOB O4HOBPEMEHHO.

Pa3paboTaHbl NakeTbl KOMMLIOTEPHbIX NPOrpaMm, peanuayoLwmx NpoLeaypbl KNactepHoro
aHanuaa. CyulecTBytoLme naketbl 06nagatoT 60MbLON MOLLHOCTBIO U YHUBEPCANM3MOM, HO
AO0CTaTO4YHO CrOXHbI ANs ncnonb3oBaHus. [NpeacrtaBnaercs LenecoobpasHbiM co3gaTtb Ans uenen
NMHIBUCTMYECKOro aHanuaa 0Gornee NpocTyo B AKCMyaTaLmMm KOMMNbIOTEPHYHO CUCTEMY,
CrnocobHyto, TeEM HE MEHee, peLlaTb OCHOBHLIE 3a4aym KnacTepHoro aHanmsa. B pabore
OMuCbIBaETCS Takasi CUCTeMa, a Takke LEMOHCTPUPYETCH ee NPUMEHEHNE Ha NpUMepe aHanusa
cucTeMbl adpPMKCOB CYLLLECTBUTENBbHbBIX B TAaTapPCKOM si3blKe Ha npeameT ux “nagexenogobHoctn’.

TpyAHOCTb ONUcaHNA TaTapcKknx (LUMpe — TIOPKCKMX) Nagexen COCTOUT B TOM, YTO B TaTapCKOM
A3blKe AOBOSIbHO MHOMO adpUKCOB CYLLECTBUTENbHbIX, MPUYEM BOMbLUMHCTBO U3 HUX B TEX NN
WHbIX CUTYaUMsX UMEIOT CITOBOU3MEHUTENbHbIE (PYHKUMM 1 MOTYT NpeTeHa0BaTh Ha cTaTyc
nagexHolx. B pasnnyHbix paboTtax no TatapckoMy A3biky [3, 4] npegnaranucb pasnuyHble CMCKM
nagexen. MHoroakTopHbI NOAX04 K TaTapCKUM Nagexam bbii1 cuctemaTnyeckn npeacrasrieH B
[5, 6]. CnegyeT OTMETUTbL, YTO 4O CUX NOP HE CYLLECTBYET CTPOroro obLenpuHATOro onpeaeneHuns
nagexen.



2. OOwasn apxutepTypa n BO3MOXXHOCTU CUCTEMbI

PaspaboTtaHHasa cuctema nNo3BonseT pelaTb CrneayLme OCHOBHbIE 3a4auu:
A). Pa3bneHne MHOXeCTBa 3afaHHbIX OObEKTOB Ha KrnacTepbl.

B). OnpegeneHne 3Ha4MMOCTU MCNONb3YEMbIX MPU3HAKOB.

B). Mownck 1 koppekunst oLMBKN B UCXOAHBIX OAHHbIX.

[nsa 3agayn A) BxogHbIMK gaHHbIMK aBndaeTca maTtpuua NxM, rae N — yncno paccmaTpuBaeMbix
obbekToB, M — KonuyecTBo npuaHakoB. O6Lwaa naes anroputma knactepusaumm COCTouT B
cneaywowem. Ha nepom Lware Bce 06beKTbI pa3buBatoTca No OTAENbHBIM Knactepam (T.€. KaxXabin
KnacTtep 6ygeTt cogep)kaTb POBHO OAMH anemMeHT). Ha kaxxgom nocnegytoLlem wware no
onpeaeneHHbIM hopMyriam BbIYMCIISAKOTCS pacCcTOSHUSA MexXAay Knactepamu 1 asa Hanbonee
6nmskux obbeanHaTCca B oanH. MNpouenypa obbeanHeHns KnactepoB NPOAOIHKaeTcs 40 TeEX nop,
noKa BCe OHM He 0O6beaMHATCA B OAMH KnacTep, cogepkalinin Bce anemeHThbl. Mpoueaypa
Knactepusauumn Bn3yanmsanpoBaHa — MOXHO MOLLIAroBO CneauTb 3a TeM Kakue Knacrtepbl
obpasytoTcsa. KoHeyHoe pelleHne — CKONbKO JOSMKHO BbITh KNacTepoB — NpUHMMaeTCs
norb3oBaTeNeM.

BBegeHue B cnctemy 3agaym b) cBa3aHO € TEM, YTO pasHble NPU3HAKNM MOTyT UMETb Pa3HYHo
CTeneHb BaXXHOCTWN AN XxapakTepusaumm o6bekToB. XOpoLo M3BecTHa [7] naesi BBeAeHUs1 BECOB
NPU3HaKoOB, OTpaXalLmx CTENEHb UX BNUSHUA Ha Knactepudauntio o6bektoB. ObbI4YHO Beca
onpenensioTcs akcneptaMmn. B gaHHOW cucteme peanu3oBaH 4OCTaTOMHO peakuin noaxoa,
CBSI3aHHbIN C aBTOMATUYECKNM OnpeaeneHnemM BecoB NpmM3HakoB. Beca onpenensaTca Ha ocHOBE
aHanuaa nony4eHHoro pasbueHns. AnNropuTm nepecyeta BecoB ByaeT onvcaH B cneayroLwem
pasgene.

Cuctema npegnonaraeT UHTEpPaKTUBHOE pelleHne 3agady COBMECTHO C nosib3oBarernem. B
YaCTHOCTK, NPeayCMOTPeHa BO3MOXHOCTb BBEAEHUSA KrnacTepusauuu, npegnonaraemvon
nosib3oBaTesfieM, U CpaBHEHNE ee C MOCTPOEHHOW CUCTEMOW. He coBnageHne aTux Knacrepmsaumm
MOXET Bbl3bIBaTbCA Pa3fMYHbIMU NPUYMHAMU, O4HA U3 KOTOPbIX — OLINOKa B MCXOOHbBIX OAHHbIX.
Cuctema npegocTtaBnsieT BO3MOXHOCTb aBTOMATUYECKOro nomcka owmodku. MNpun aTom TekyLias
BEPCUS CUCTEMbI JONYCKaeT 0bHapyXeHne 1 ucrnpasneHne Tonbko eanHn4Hon ownbku. Noes
ncnpaeneHusi COCTOUT B TOM, YTOObI BblAENUB T€ OOBbEKThI, KOTOPbIE OTHECEHbI MOSIb30BaTeNeM n
CMCTEMOW K pa3HbIM Kriactepam, NpoBECTU NPOCTON nepebop BCcex NPU3HAKOB M NOocneaoBaTerbHO
MEHSA 3HaYEeHNs NMPU3HAKOB BblAeNeHHbIX 06bEKTOB NPOBOANTL NOBTOPHYHO KNacTepm3aumio.
Mpouecc npogomkaeTcs A0 Tex nop, noka He ByaeTt obHapyXeHO Takoe 3HayYeHne O4HOro U3
NPU3HaKoB, NCNOMb30BaHNE KOTOPOro NPUBOAUT K KriacTepu3aLmm, ykazaHHOW nonb3oBartenem (B
9TOM criyyae npeanonaraercs, YTo HangeHa owmnbka) unu He ByayT nepebpaHbl BCe NPU3HaKM
(owmnbka He HangeHa).

3. AﬂrOpMTMbI Knacrtepu3aumMm n aHanu3a AaHHbIX

B naHHOM pasgene 6y,D,yT KPaTKO OonncaHbl NCMNosib3yeMble alrifOPUTMblI.



Anroputm Knactepusaumu.
LWar 0. BBogmMm knactep ¢ HOMEPOM i, COCTOALWMN U3 €QUHCTBEHHOIO 3fIEMEHTa C HOMEPOM 1.

War 1. ®opmupyem matpuuy D pasamepa NxN, rae N — TekyLiee 4uncno knactepo. AnemeHTom D
[i, j] aBNsieTCA €BKNIMOO0BO PACCTOAHME MEXOY LeHTpaMu TAKECTU KNnacTepos i u;.

LWar 2. HaxoxaeHune B matpuue D HanMmeHbLIEro aneMeHTa (eCcrnm nx HecKorbko, To nboro na
Hux). lMycTb ato 6yaet D [k, I].

War 3. O6beauHaem knactepbl k 1 | 1 3ameHsieM knactep k Ha o6beguHeHHbIn. KnacTep |
NCKIIOYaETCs U3 pacCMOTPEHUS.

LWar 4. Bosspart k wary 1, noka N (TekyLlee 4ncrno knactepoB) He CTaHET paBHo 1.
Anroput™m nepecyeTta BECOB.

BepyTcs 06bekTbl 04HOro U3 KnacTepos, U paccMaTpmuBaeTcs nepeasi NepeMeHHas.
PaccunTtbiBaeTcs, Kakoe KonmyecTBo 06beKTOB MPUHUMAET TO UMM MHOE 3HaYeHWe Mo AaHHOM
nepemeHHon. BelbrpaeTcsa T0 3HayeHne, KOTopoe NpMHMMAaeT HanbonbLuee KONM4ecTBo
(0603Ha4mMm ero n) 06bLEKTOB M3 AaHHOIO KnacTtepa. V13 yucna n BblYMTaeTCs KONMMYEeCTBO BCEX
ocTanbHbIX 00bEKTOB. Ecnn pesynbsrat okasasncs otpuuartenbHbiM, TO BEC JaHHOW NepeMeHHOoM
AN AaHHoro knactepa paseH 0, nHaye nony4YeHHOMY NonoXuTenbHoMy 3HadeHuno. ObLwun Bec
nepemMeHHOW nonaraeTca paBHbIM CyMMe BECOB NEPEMEHHON NO BCEM Knactepam. Takum obpasom
paccyuTbIBaOTCS Beca OS5 BCeX NepeMeHHbIX.

4. Knactepusauus adhpuKcoB cyLeCTBUTENbHbLIX B TaTapPCKOM A3biKe

B kauecTBe UcxoaHbIX AaHHbIX ObiM NCNOMBb30BaHbI pe3ynbraTtbl paboThl [6].

AdpuKcsl 1 2 3 4 5 6 7 8 9 10 11 12 13 14

i + + + + + - + + + + + + +
-HbIH + + + -+ -+ - + + + + + + + +
-HbIKbI + + + + ? + + + + + + - + +
-Hbl + + + - + + - + + + + + + +
-ra + + - + + - + + + + + + + +
-AaH + + - + + - + + + + + + + +
-Aa + + - + + ? + + + + + + + +

-Aarsi + + - + - - + + + + + - + +



-Ibl + +/- - + - - - - +/- - + - +

-Aan + + - +/-  + - + + + + + - - -
-ya -+ - +- o+ - + - + + + - - -
-nbl - + - + - - + - + + + - + -
-Cbl3 +-  + - + + - + (?) + + + - + -
Tabnuua 1.

B tabnuue 1 ctonbel cogepxart crnegyowmne npusHaku:

1 — MecTo npucoeguHeHus adpdurkca (nocre aprkcos Yncna n NpuHagnexHocTn)
2 — ®dyHKUMA (CpencTBo CBSA3M, HE U3MEHSAET CEMaHTUKY)

3 — He BbICcTynaerT, kak cnoBoobpasoBaTefbHbIN

4 — CemaHTMKa (BblpaXkeHue onpeaeneHHoro OTHOLWEHUS K yNpaBnsawoLweMy UM YreHy
npeasioXkeHus)

5 — MoxeT ynpasnaTbCA rnaronom
6 — He MoxeT ynpaenaTbCa MMeHeM
7 — PerynapHocCTb NpUCOEAMHEHUS K CYLLEeCTBUTENBbHbLIM
8 — PerynapHocTb NpucoeamnHeHns K pyruMm Krnaccam crnos
9 — lNMpucoegmHeHNE K CIIOBOCOYETAHUAM
10 — BO3MOXHOCTb ONyLLEeHNS NPy OOHOPOOHbLIX YneHax
11 — COOTHOCUTENBHOCTbL C APYrMMU NageXHbIMn apprkcammn (CUHOHUMUSA, aHTOHUMUS U T.4.)
12 — KoHTekcTyanbHasa cybctaHTnBaums
13 — YpapHocCTb
14 — CuHTakcn4yeckme OyHKUUKN (He BKIIOYaKT CUHTaKCMYeCKne (PyHKUMM npunaraTernbHoro).

3Hak + 03Ha4aerT, 4To appukc obrnagaetT COOTBETCTBYIOLUM CBOMCTBOM, 3HAK — O3HAYaeT, 4YTo He
obnapgaert, ocTanbHble 3HAaKM COOTBETCTBYIOT Pa3NINYHLIM MPOMEXKYTOYHbIM CrydasiMm.



MpenBapuTenbHas obpaboTka Tabnuubl CocTosiNa B 3amMeHe CMMBOSIOB Yncnamu. MNpuHaTa
cnegylowlasa kognposka: + = 4; +/- = 3; oTcyTCcTBME 3HadeHus, (?), -(?), +(?)=2;-/+=1;-=0.

Cnenyet nmeTtb B BMAY, YTO B paboTe [6] Obiniv paccMoTpeHbl He Bce adddMKCbl, KOTOPbIE MOTYT
npeTeHaoBaTh Ha CTaTyC NageXHbIX — 3a 6OPTOM ocTanucb adppuKkebl — nata, -rava, -nblk u
HeKoTopble apyrue.

[nHamuka npouecca knacrepmsaumm paccmaTpruBaeMoro MHoXecTsa agpukcos BuaHa n3
cnegytowen Tabnuubl. CTonbubl COOTBETCTBYIOT NOCNEeAOBaTENbHbIM LLaram Knactepusaumm,
umdpa 0 o3HavaeT, YTO COOTBETCTBYHOLLMA OOBLEKT OCTAETCA €QMHCTBEHHBIM B CBOEM KracTepe,
apyrve ungpbl — 9ToO HOMepa KIacTepoB.

Addukchl 1 2 3 4 5 6 7 8 9 10 11

£ 0 0 0 0 1 1 3 3 3 3 3
-HblIH 0 0 0 0 0 3 3 3 3 3 3
-HbIKbI 0 0 0 0 0 0 0 3 3 3 3
-Hbl 0 0 0 0 0 3 3 3 3 3 3
-ra 1 1 1 1 1 1 3 3 3 3 3
-0aH 1 1 1 1 1 1 3 3 3 3 3
-aa 0 1 1 1 1 1 3 3 3 3 3
-aarbl 0 0 0 0 0 0 0 0 3 3 3
-Tbl 0 0 0 0 0 0 0 0 0 0 0
-Aan 0 0 2 2 2 2 2 2 2 2 3
-ya 0 0 2 2 2 2 2 2 2 2 3
-nbl 0 0 0 0 0 0 0 0 0 2 3
-CbI3 0 0 0 2 2 2 2 2 2 2 3

Tabnuua 2.



AHanm3 nony4eHHbIX JaHHbIX.
B TaTtapckon dpunonornn npuHATO cymtaTb nagexHbiMu addUKCbl -HbIH, -Hbl,

-ra, -AaH, -aa. Bmecrte ¢ HeMapKkMpoOBaHHLIM HOMUHATUBOM OHU 0BPa3yHOT KIacCUYECKyH
LecTunaaexHyto cuctemy. Kak MOXXHO BMAETb M3 Tabnuvubl 2, HA CEAbMOM LUare OHW BbIOENAKTCS
B eavHbIn knactep. B pabote [8] adhdunKChbl —HbIKbl U —Aarbl OXapakTepu3oBaHbl, Kak
“‘nagexenofobHble”. OHN NPUCOEONHAIOTCS K KracTepy NageXHblx adddUKCOB Ha creayroLwwmx
warax — 8 n 9. Takke cnegyet OTMETUTb, YTO apdPUKC —Tbl, pexe BCEro OTHOCUMbIN K NafeXHbIM,
NPUCOEANHAETCA K KnacTepy nagexHbix adpprkcoB B camyto nocneaHow ovepeapb. NonyyeHHble
pesynbraTbl CBUOETENBLCTBYIOT O CreayoLeMm.

1. PaccmatpuBas 3agady 0 nageXHoCTu Tatapcknx adpdMKCOB Kak TECTOBYHO AN CO34aHHON
CUCTEMBbI KINacTEPHOro aHanusa, MOXXHO KOHCTaTMpoBaTh, YTO CMCTEMAa CrpaBuiiacb C TECTOM
BMofHe ycnewHo. lNonyyeHHas en knaccudukaumns tatapckux adpdurKCoB 04eHb XOPOLLO
cornacyeTcs ¢ paHee onybnmkoBaHHbIMUY B IMHIBUCTUYECKOW NuTepaType pesynsrataMu.

2. [puMeHeHMe CTpormx MmaTemMaTMyeckux MeTo0B K BeCbMa NofIHOMY Habopy AaHHbIX
NO3BOMWNO NOATBEPAUTL paHee MoslydYeHHble BbIBOAbl U NOBLICUTL CTEMEHb UX HAOEXHOCTH.
Cnepnyet nmeTtb B BUAY, YTO BO BCEX NPeALIECTBYOLMX paboTax yunTbiBanach fvilb 4acTb
pacCMOTPEHHbIX BbiLle Npu3sHakoB. Kpome Toro, oTHeceHne adpUKCOB K NageXHbIM UIm
nagexenogobHbIM OCyLLECTBNANOCH CKOPee Ha OCHOBE NIMYHOW FIMHIBUCTUYECKON UHTYULMM
nccrnegoBaTenemn, YemM Ha OCHOBE NMPUHSATON YETKON METOAOSOMNN.

5. 3aknto4deHue

B cTtaTbe onucaHa KoMMblOTEpPHAsi CUCTEMA KITACTEPHOro aHann3a MHOroakTopHbIX
NVHIBUCTUYECKMX NOHATUIA. pUMEHeHne MeTOA0B KNacTEPHOro aHann3a no3BonsieT Nony4nTb
0OBLEKTUBHYIO KnaccudukaLmio n YMEeCcTHO B TeX Criyyasix, Korga NpoCTPaHCTBO NPU3HAKOB MMeeT
3HAYUTENbHYO PA3MEPHOCTb, TaK YTO AN AKCMepTa-NMHIBUCTa CTAHOBUTCS TPYAHbIM 0603peTb U
YYECTb OHOBPEMEHHO BCE MPU3HAKW.

MNpyMeHeHne paspaboTaHHOW CUCTEMbI K aHaNn3y TaTapckmx adpUKCOB CYLLECTBUTENbHbIX
NPUBENO K CrieayoLwmum pesyrnsratam.

BblgeneHune knaccudeckux nagexen (A, —HblH, -Hbl, -ra, -A4aH, -4a) NpaBoOMepPHO, OHM BECbMa
Gn13ku No CBOMCTBAM UM BbIAENSATCA B knactep. Hanbonee 6nmnaknmm kK HAM ABNAOTCA adpdUKChbI
—Aarbl U —HbIKbl, NPUCOeMHAEMbIE K ATOMY KnacTtepy Ha bnvxanwunx warax. Cnegytowyto rpynny
cocTaBnaAT adpduKChbl —4an, -4a, -nbl, -Cbl3, Bblaensiemble B OTAemNbHbIN Knactep. Hanbonee
Aaneko oT nageXHbIX OTCTOUT adpPUKC —rbl.
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