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B cmambe paccmampueaemcs npednodcenuvili HAMU paHee 8 cepuu padbom nooxoo K peuteHI 3a0ayi
MAWUHHO20 00yUeHs Kiaccuurayuy OanHbixX. 20 0CHO8HAA uOes cOCMOUm 8 Hax0HCOeHUlL pasoeaou el
KIACCHl  2UNEPROBEPXHOCMI € NOMOWBIO  AOANMUPOBAHHO20 MemOoOd GbIMUCIEHUS CPeOUHHOU OCU,
OCHOBAHHO20 HA MHO2OMepHOT mpuancyrayuu Jlenone. Ilonyuaemas maxum cnocob6om eunepnoeepxHocms
pacnoaazaemes Ha PAGHOM YOANeHUL OM MHOMCECHE 00BbEKMO8 KIACCO8, YMO 8 00eM cryyde a61aemcs
bonee npeonoumumenvHuM. Paccmampugaemes npunyun KoHmpoas 00600warueil cnocobHoCcmu OaHHOZ0
KIACCUDURAmMOPa, peanu3yembiii ¢ NOMOUbI0 Memooa ceraxcueanus Jlaniaca. Ipueooamesa nexomopoie
Pe3yIbmanmsl IKCHe PUMEHMANbHO20 UCCIeO0BAHUS NPOSPAMMHOT PeanU3ayUll NPEOLOHCEHHBIX MEMOO08 Hd
PEeaNbHBIX OAHHBIX, YMO Odem B03MONCHOCHb COCMAGUMb 0bujee npedcmasienue 00 3ghexmuenocmu
peutenuti 8 yeiom. Bkpamye ananusupyomes 0CHOGHbIE NpeuMyyecmed u HeOOCMAamKU NOOX00d.

Knrwuesvie cnosa: xnaccuurayus, mauunnoe ooyyenue, mpuaneyisayus Jleioue, 2unepnogepxnHocms,

nepeoOyuerue, CpeOUHHAs OCh.

Beibop Momeau Ajis MAIIMHHOTO OOYUYCHUS
KIaccH(UKALMA JAHHBIX BCETAA ONPEACTIACTCS
VCIOBHAMH KOHKPETHOH 3a1a4H H PEATIOIAracT mo-
HUCK KOMITPOMHCCHOTO IO PA3JUYHBIM KPHTCPHSIM
pemenus. CymecTByiomee MHOrooOpasue METOAOB
¥ anropuT™MoB [ 1-4] Z0CTaTOvYHO MOJTHO MOKPHIBAET
MPOCTPAHCTBO BCTPCUAIOIIUXCSH 3a7ad, BKIIOYAIO-
LIHX, HAITPUMED, Pa3paboTKy HOBBIX 1E€KapcTB [5-7],
OHOMETPHUYCCKYIO HACHTHOUKALMIO [8], OLCHKY
kpeautocnocobnoctr [9], reocraructuky |10, 11].
Tem He MeHee, COBEPLICHCTBOBAHHE METOIOIOTHH U
paspaboTka HOBBIX HACH, MPEANONAraroIUX MONIY-
YCHHE ONTHMANBHOTO MPH MMCIOIIUXCS OrPaHHYC-
HUSIX PEUICHUS, SIBISIFOTCS AKTYQJIbHOM 3aJauch.
PaccmatpuBacmbiii B Hactosmed pabote moaxox
[12, 13] B HEKOTOPBIX CITyHYAIX TTO3BOACT TOAYUIATh
0onee MPEeaNOYTHTENIBHBIC MOJCTH, 00IamaroImye
MEHBILICH cpeanHel omnOKOH pacno3HaBaHU.

B o0ieti nocTaHOBKE 3a1a4u OOYUCHHIO Klac-
cudukauyu TpedyeTcs mocTpouts (0O0VIUTh) Mare-
MaTHYECKYIO0 MOACTh (Kraccuukarop), anmpoKCH-
MHUPVIOIIYIO HEKOTOPVIO 3aBHCHMOCTbH MO H3BECT-
HOMY HaOOpPy AaHHBIX (00yYArOIIEMY ), 3a1aHHOMY B
BHAC TIap

(X1, Y105 s (X Y)» (1)
rae x; € X — d-MepHBIH BEKTOp MPOCTPAHCTBA MPH-
3HAKOB (00BEKTOB) X, OTONKACCTBISICMOrO 37CCh C
Esxmmoseiv npoctpancteoM E4, a y; € Y — 3Have-
Hue (kmacc) mpoctpanctsa oteetoB Y = {1, ..., q}.
BaxHo, 4To0OR ¢ OMOIIBIO MOTYYCHHOTO KIACCH-
¢ukaropa MOxHO OBLIO OBl C MPHEMIEMOU TOYHO-
CTBIO PAcO3HATh HE TOIBKO JAHHBEIC O0YYAOIIETO
Habopa, HO TaKKe W HEeHM3BecTHbIC. B mpoTuBHOM
clydac MOJETb ABIACTCS OCCIHOJIC3HOH M Ha3blBa-
eTCs «IepeoOYICHHON) HIH HEe cIOCOOHOH K 0000-

meHuro. B nanpHEHImeM u3noxeHun OVAET ONUCHI-
BaThCA MPEAAracMbIN MOAX0 HA MPUMEPE paszacie-
HHUS ABYVX KIIACCOB, MOCKOIBKY OOVUCHHE MOICITH
i q (q Oonble WM PABHO ABYM) KJIAacCOB CBO-
JUTCS K TOCTPOoeHHIO (q — 1) ABYXKJIACCOBBIX MOJE-
JeH IO CXeMe «OIUH MPOTHB BCeX» — {-i kmaccuu-
Karop otaenser kmace i ot kmaccos (I +1),..,q,
rae i =1,...,(qg — 1). Taxke oTMETHM, UTO TIPUBE-
JCHHBIC B CTAThE WITIOCTPALIUM MOSICHSIIOT TEKCT HA
MpUMepax JBYMEPHOrO MPOCTPAHCTBA, HO MpeAIara-
€MBIC PELICHUS MPUMECHHUMBI JUTSl POCTPAHCTB IMPO-
U3BOJIbHOM Pa3MEPHOCTH.

dopmanmzanus 321241 MAITHHHOTO OOYUCHHUS
knaccudukanuyd 00pa3oB MOXKET TAKKE HHTEpIpe-
THPOBATHCS KaK 3aJa4a PEKOHCTPYKLHUH THICPIIO-
BCPXHOCTH, Pa3Je/LIIOIICH KIacCH B MPOCTPAHCTBE
npusHakoB. B oTcyTcTBHM KakoW-mnbO anpuopHOI
uHpOpPMAITH O PACTIPEACICHHH KIAcCOB, MPEAIo-
YTUTEIEHOU Oonee OOOCHOBAHHO MOXHO CUHTATh
PaBHOVIATICHHYIO OT IPAHHUL] KIACCOB MMIICPIIOBEPX-
HOCTb. YUHTBIBas HEIOCTATOUYHYIO MOTHOTY 00ydYa-
IOLIETO HaboPa, JAFOIIETO BO3MOXKHO JTHIIb TPUOITH-
JKCHHOE TIPEACTABJICHHE 00 UCTHHHOM pacrpence-
HHH, Takol BbIOOP rapaHTHPYET Hauboee YBEPEH-
HYIO KJIaCCHPUKAIMIO OOBEKTOB OOOHMX KIIACCOB.
Beruncnenue AaHHOH THIICPIIOBEPXHOCTH, 0003HA-
qacMoH 3aeCh U gaiee HS, MOXKHO CBECTH K 3a7a4c
BBIUKCICHUS cpeaunHon ocu (cm. [14, 15]) Heza-
MKHYTOH (PUTIYpBI, COCTOSINEH M3 THICPHOBEPXHO-
CTCH rpaHMUIl KJacCOB (CM. PUCYHOK 1).

Jns oLeHUBAHUS TPAHHYHBIX THIICPIIOBEPXHO-
CTeH KIaccoB, TPeOYETCS YCTAHOBHTH HEKOTOPBIHA
KpUTEePUH HECOOXOTUMOM CIIOKHOCTH UX CTPYKTYPHI,
HNOCKONBKY MPH U3MUIIHEH WU HEJOCTATOUHOU BbI-
OpaHHOU IETATBHOCTH MPEACTABICHUS, PE3YIbTUPY-
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FOLIHMH KITacCUPUKATOP MOKET OKA3aThCs HE CIIOCO0-
HBIM K 00001eHu0. B Takol mocTaHOBKE BOMPOCa
MOJKHO TIBITAThCS HAWTH HAWOONEE MPOCTYIO BO3-
MOKHYIO (popMy ommucaHus, 00SCICYUBAOIIYIO MaK-
CHUMATIbHBIH OTCTYIT MEKAY ONMIMKAWIIMMH TOYKAMH
pasnuuHBIX KiaccoB. lIpuOmKeHHOE K TakoMy
MPEACTABICHUC MOKET OBITh TIOMYYCHO C TIOMOLIBIO
MHOTOMEpHOM TpuaHrymsiuuu Hemone (cm. [14, 15]).

X/

HS=cpeaunnas

Puc. 1. HesamkayTas durypa, odpa3zoBaHHas IPaHUIAMHA
THIIEPIOBEPXHOCTEH (JIMHUI) KIaccoB, U €€ CpeANHHAS

OChb
PaccvoTpum TPUAHTYILILIHIO Henone
DT (x4, ..., x,) Ong BEKTOPOB X1, ..., X, OOyUarormeit

BoIOOpku. Cumiuiekcel (purypa B d-MepHOM mpo-
cTpaHcTBe, nMeromad (d + 1) BepIuuH, He TexKamx
B OJHOH THICPIUIOCKOCTH) STOH TPHAHTYIIILMH,
MMEIONTHE CPEIN CBOWX BEPIIMH TOUYKH PA3THIHBIX
KJIACCOB, OYEBHIHO, PACIOaraloTcs MEXIy Kiac-
camu (puc. 2a) u ganee OyayT HA3BIBATHCS BUPTY-
anpHBIMU (PaBHO Kak U WX pedpa, UMCIOUIHUE BEp-
IIMHBl B TOYKaX pasznu4HbIX knaccos). [lpeamara-
€TCSl COBOKYITHOCTD WX BEPIINH CUUTATD BEPLIHHAMHI
THIEPIIOBEPXHOCTEH TPaHUI] KJIACCOB, TIPH 3TOM I
BBIUHCIICHHA CPEIUHHOMN OCH, KaK EJICBOH pa3es-
OLICH TUNCPHOBEPXHOCTH HS, ¢ WCMONB30BAHUCM
TaKOT o0 NPEJCTABICHUI MOKHO TIPUMEHITH COOTBET-
CTBYIOINME alITOPHUTMBI, OCHOBAHHBIC HA TPHUAHTYIISI-
uuu Hemone [16, 17]. AmanTupoBaHHBIH € YUETOM
cneun(hUKy 321241 aNrOPUTM OITUCHIBANICA B padoTe
[12].

X/

s e

> X,

Puc. 2. Ilpencrapnenue HezaMHyTO# GUTYPHL,
00pa3oBaHHOM BUPTY aTbHEIMY CUMIIIIEKCAMH
TpHAHTYJIAINH Jlenone

Paznensgromas runcpnoBEPXHOCTE 3aJaCTCA B
BHUIC COBOKVITHOCTH CCTMCHTOB, TJIC KQsKIBIH CCT-
MEHT SBIIIETCSH CEUCHUEM BUPTYAJIBHOTO CUMILIEKCA
TUTMEPILIOCKOCTBIO, MPOXOAAIIEN HUEpe3 CEpeaUHBI

BUPTYaIbHBIX pebep 3Toro cuminickca. Bupryams-
Hble pebpa CHMILIEKCA OMNPEAECICHB MHOXKECTBOM
map €ro BEepLIVH

(D) - @

TO MHOXKCCTBO BCPINNH COOTBCTCTBYIOLICTO CHUM-
IJICKCY CCIMCHTA 3a4aCTCA KaK

m

{(pi+a)0s) _, 3)

TAE P1, - Py U4, vy §y, — BEPLIMHBI CHMILICKCA, SIB-
JSTFOLIUCCSI JICMCHTAMH TIEPBOTO U BTOPOTO KIIACCOB.
Ot aenpHO 3aMeTHM, YTO OOIIEE YHUC/IO BEPIIHH, OMPE-
JCTISICMOC TIPOU3BEICHUEM (11 OLICHHUBACTCS KaK

d<im< | )

rae |-| — memad JacTe 3HAUEHWS, 3AKIIOUYEHHOTO B
CKOOKH.

B paccmarpuBacMOM MOAXOAE CETMEHT 3aJa-
ercs  mepeccuchuem k€ {d,d + 1} monympo-
CTpaHcTB [, ..., i, OTPAHUYCHHBIX MPOXOLIIIUMHI
4Yepe3 €ro CTOPOHBI THMICPILIOCKOCTSMH, € THICP-
IIOCKOCTBIO &, B KOTOPOI OH JiexkuT (Pucynox 3).

N
X;

Puc. 3. Ilpencrarnenne cermenra; By, fy —
HOJIYIPOCTPAHCTBA, IIPOXO/ISAIINE Yepe3 CTOPOHE
CETMEHTA, Q — INIOCKOCTh, B KOTOPOH JISKUT CEIMEHT

d)opMaano CCTMCHT MOJKHO OIMCaTh B BHIAC
MHOXKCCTBA TOUCK

S={xeE¥xe(@npn..np)}(O)

WM, TOJACTABUB COOTBETCTBYIOLINC HECPABCHCTBA
MOJYIPOCTPAHCTB H YPABHCHHE THUIICPINIOCKOCTH, U
0003HAYMB Yepe3 U - V ONEPALHIO CKATIPHOTO MPo-
W3BCACHUS HCKOTOPBIX BEKTOPOB U U V:

S{x € EYwy - x + by =0,wg, - x +bg, = 0,i =1,..,k}, (6)

Tac Wy, W[gl,
IUIOCKOCTH @ M OTPAaHUYUBAIOIIUX NOJIYIPOCTPAH-
ctBa B, ..., B THICPIUIOCKOCTCH COOTBETCTBCHHO,
b,, bﬁl' o) bﬁk — CMCIICHHUE OT HA4Yala KOOPAHHAT.
Jns BBIYUCICHHUS NapaMETPOB YPABHEHHS TH-
MEPIUIOCKOCTH & B d-MEPHOM IPOCTPAHCTBE HAXO-
JATCS d HEKOMIUTAHAPHBIX TOUCK CPEAN BEPIIHH CET-
MeHTa. g uckmodeHns momHoro nepedopa Beex
BO3MOXKHBIX BApUAHTOB, MPEIIAracTcs BHIOUPATH
KOMOWHALIMIO U3 BEPLIMH CETMCHTA, BRIYUCICHHBIX

, Wg, — HOPMAJIBHBIC BCKTOPBI THIICP-
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W3 BUPTYAJbHBIX PeOCp, MHOKECTBO KOHIICBBIX TO-
YCK KOTOPBIX BKTFOUACT BCE BEPIIMHBI CUMILICKCA. B
KaQUEeCTBE TUICPILIOCKOCTCH, OrPaHUYUBAOININX 10~
JAyOpoCTpancTea fi, ..., By, BBHIOHpAIOTCA THUICP-
IJIOCKOCTH, MPOXOASIIHE YePE3 TPAHH CUMILICKCA, H
JUTSL OMIPEACIICHUS. MApaMETPOB HECPABCHCTB IOJTY-
MMPOCTPAHCTB UCIIOJIB3YIOTCS BEPIIMHBI 3TUX MPAHCH.

Paccmotpum npumeHeHHE pa3paboTaAHHOTO ME-
ToAa A1 kmaccupukaimu 00pekTOB. QUCBHAHO, UTO
JAHHAS 3a7a4a CBOAUTCS K OMPEAC/ICHHIO MOJIOKE-
HUSL OTHOCHTEIBHO THIICPIIOBEPXHOCTH MPOU3BOJIb-
HOHM TOYKH, AJSl YEro MPESANaracTCs UCIO/Ib30BATh
aJanTHPOBAHHBIA METOA TPACCUPOBKH jyua (even-

x4 X4

'Opo

° * S
X

/‘qmw/\g /?;Q/\J

odd rule) [14]. B otnuume 0T OPUTHHAIBHOTO AJTO-
pUTMa B UBMCHCHHOU BEPCHH VCTAHABIUBACTCS, JIC-
JKHT ]I PACIIO3HABACMAS TOUKA P € TOH JKE CTOPOHBHI,
OTHOCHTECIIBHO THITEPIIOBEPXHOCTH, YTO U HEKOTOpas
Touka ¢q. Kax ciaencreue, €Cii H3BECTHO, K KAKOMY
KIacCy MPUHAMICKHUT §, UYTO MOXKHO OOCCICYHTH,
BBIOpaB e¢ 13 00y4aromei BRIOOPKH, MOJKHO YKa3aTh
U Knace ToukH p. DopManabHO naes 3aKIIOUacTCs B
ONpeACACHUM YUCIa MEPECCUCHUM OTpe3Ka MpsMOM
muann (P, q) € CETMCHTAMH THICPIIOBEPXHOCTH.
[Tpu yeTHOM KONUYECTBE MEPECCUCHUHA WIH UX OT-
CYTCTBHH TOUKA P HAXOTUTCA C TOU KE CTOPOHEL, UTO
u q (cm. puc. Puc. 4(a) u 4(0)), npu HEUCTHOM — ¢
pasusbix (puc. Puc. 4(8)).

X

@
p.

/\\{?J

e
X X

>

1 >

Puc. 4. nest onpeieeHusI MOJTOXEHUS TOUKH P OTHOCUTENLHO PA3/ICILIONIEH THIIEPIIOBEPXHOCTH: IIPH YETHOM
KOJIMYECTRE IIepeceueH (a) WIM UX OTCYTCTBHUHU (B) TOUKA P JIEKUT ¢ TOU K€ CTOPOHBL, UTO U ¢, a IpH HeUeTHOM (6),
COOTBETCTBEHHO, 110 Pa3HbIC

JUIsl TIPOBEPKH TCPECEUCHHST OTPE3Ka M Cer-
MCHTA BBIYHC/ICTCS TOYKA MEPECCUCHUST OTPE3Ka C
IUTOCKOCTBIO & CETMEHTA, H, €CJIH OHA MPHHAICKUAT
MONYIPOCTPAHCTBAM [31, ..., B, IPUHAMACTCS, YTO
nepeceucHue ectb. PopMaTbHO JaHHOS YCIOBHC 3a-
mucaHo B (5) u (6). OtaenpHO crieayeT 00CYAUTh
Clly4ai, KOTAa OTPE30K MPOXOAMT YEPe3 TPaHb Cer-
meHTta. Crenys oOmel peKOMEHIANH AT KIIacCH-
YECKOTO ATOPUTMA TPACCUPOBKH JIy4a, BBITIOJIHS-
eTCS Majoe cMmeleHue (HOBOPOT) paccMaTpUBAC-
MOT'O OTPE3Ka MPSMOH JTHHHH B IPOU3BOJIBHYIO CTO-
POHY Tak, YTOOBI OBLIO UITH SIBHOC MICPECCUCHUS, UITH
€ro OTCYTCTBHC. B mieoM takue ACHCTBUS HE BITH-
SIOT HA TOYHOCTh pe3yibprara. B nanHOi pabote
TAKKE MPEAIAracTCsi CMEIIATh OTPE30K HE B IPOMU3-
BOJIbHOM HAIPABJICHHUH, & B HANPABICHHH HOPMAIH
THIICPIVIOCKOCTH, 3aJAIOLICH TPaHb, YSPe3 KOTOPYIO
MPOXOAUT OTPE30K. TeM caMBIM JOCTABISCTCS Iepe-
CCUCHHUC C CEIMCHTOM, HTO MOBBILIACT TOYHOCTD
Ki1accuukalMu B caydyac MPOXOXKICHUS OTPE3Ka
4epe3 KPacBBIC CETMCHTHI PA3C/SIOLICH THIICPIIO-
BCPXHOCTH.

KauecTBo momy4acMoro OnucaHHBIM METOAOM
Ki1accuukaropa CUIBHO 3aBUCHT OT HOJTHOTHI M Ka-
YyecTBa NMPEICTABICHHOW ISl OOYYCHHsS BBIOOPKH,
MOATOMY CYILECTBYET BEPOSTHOCTD MOJIYUCHUS MO-
JEJIH, HE CTIOCOOHON K 0000IICHHUIO 11 paco3HaBa-
HUS HCU3BECTHBIX 00BEKTOB. D PCKTUBHEIM CTATH-

CTHYECKUM TOAXOJOM CHIDKCHHUS TAKOTO PHUCKA SIB-
JAETCS IOUCK MOJCTH, ONTUMAIBHOH 1O JBYM IPO-
THBOPCYUBBIM KPUTEPHSAM — KOJIHUCCTBY OLTHOOK Ha
obyuaroriem Habope u ¢¢ cmoxkuoctu [ 18, 19]. Bro-
POl KpUTEPHIA BHIOHPACTCS U3 AMPUOPHBIX MPEATIO-
JIO’KECHUH O HeNeBOU (YHKIHH, HAMPUMEDP, YTO OHA
JOJDKHA OBITh T8 JKOH HIIH, UTO €€ mapaMeTp 1Mo Mo-
JYJIIO HE JOJDKEH MIPEBHIIATh HEKOTOPOTO 3HAYCHHUS.
ITockonmeky B IpeIaracMoM METOAE HUCIOIb3YETCA
TEOMETPHUYCCKUH IOAXO0] K IOCTPOCHHUIO Kiaccuu-
Karopa, €ero TPYAHO SBHO CBECTH K TakOW ITOCTa-
HOBKe. OTHAKO, MPUMEHAS METOABI CIIIAKUBAHUS
MOBEPXHOCTCH, HCIONB3YIOMHEC HHQOPMALHIO O
CMEIKHBIX TOUKAX, MPH Pa3IHYHBIX KOHQUTYPALHIX
MapaMeTPOB, MOXKHO MONYYHTh OOJice MPEaIOUTH-
TENBHOE HCXOTHOMY perueHue. B HacTosmeli padore
JUTSL JOCTIDKEHHUS IIOCTABJICHHOU 16T paccMaTpHuBa-
ercs metox Jlamtaca (Laplacian smoothing) [20-22].

Ilycte mosepxuocts 3agana B Buae (V, E), rae
V coaepxur e€ BepmmHHL X4, ..., X,,, a E onpenensger
MHOKECTBA NAP WHACKCOB CBA3AHHBIX MEKAY cODOI
Touek (pedpa), a TAKKe AT KAKIAOH U3 BEPIIUH H3-
BCCTHBI HHACKCH CMEIKHBIX TOUCK

N, ={lG)EE}, i=1,..,n (7)

O0o3HaYMB HUCXOAHBIM HAOOP TOUYCK Kak
x1(0), ..., x,,(0), merox craaxusanus Jlammaca Ha
urepaupu k € {1, ..., R} MoxHO dopMatu3oBaTh B
CIICAYIOLIEM BUAC!
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x;(k) = x;(k — 1) + BIN| " Bjen,( —x,(k = 1)), i=1,..,m,

rae |-| — omeparus OnpeaCICHHS YHUCA DICMEHTOB
(MOIITHOCTH) MHOKECTBA, 3aKJIFOUCHHOTO B CKOOKH, a
R v  — mapaMeTpsl CrIaXKUBaHU, ONPEACTIAIONINE
KOJIMYECTBO UTCPALIMH U BETHIHHY (BEC) CMEIICHUS
cooTBeTcTBeHHO. Kak BHMAHO, mpuBEACHHBIC (Op-
Mmyutel (7) v (8) HE 3aBHCAT OT Pa3MEPHOCTH MTOBEPX-
HOCTH CTIQKUBAHHS, TO3TOMY HX MOXKHO IMPHME-
HSTh B IPOCTPAHCTBAX MPOU3BOJBHOM MEPHOCTH.
Hcnonp3yemoe mpeicTaBiIcHUE pa3aesomeh
THICPIIOBEPXHOCTH HE MO3BOJISICT KOPPESKTHPOBATH
MO3ULNH BEPLIHH CETMEHTOB, MMOCKOJBKY, COTNIACHO
(4) ux MoxeT OBITh GOMBIIC YeM Pa3MEPHOCTE MPO-
ctpancTBa. [ lepemecTus kakyr0-HHOY b U3 HUX, BO3-
HUKHET HEOAHO3HAYHOCTh HPU OMNPECACICHUH CET-
MEHTA, TaK KaK €r0 BEPIIMHBI OYIyT JICXKATh B Pas-
HBIX runepuiockoctsax. Ilostomy mpeanaraetcs
CTIIA’KUBATh HE PAa3ACIAIOIYI0 THIICPIOBEPXHOCTS,
a rpaHHYHbIC THIICPIIOBEPXHOCTH KIIACCOB, IOIYYAc-
MBI€ C MMOMOIIBK) MHOTOMEPHOU TpuaHrysiuu Jle-
aoue (cM. puc. 2). Ilpu 3ToM Takke periacTes u 3a-
Jada HaXOKACHUS CMEKHBIX TOYCK — TOUKH OJHOTO
KlIacca, SBSIONHCCS BEPIIMHAMH BHPTYAIbHOTO
CUMILICKCA, OyIyT CMEKHBIME apyr apyry. [loaGop

®)

NapaMeTpPoOB CIIAKUBAHUS TPEOYET BBIMIOTHCHUS
PAOa TECTOB AT MOTYUCHUS MPUCMIICMOTO PE3YITb-
tara [13]. B xo0a¢ 3KCICPUMECHTOB YCTAHOBJICHO, YTO
JUIS MHOTHIX 3324 1octarouHo 2—10 ureparnmii crna-
SKUBAHMA, @ BemuunHa f nexkut auanasone [0.001,1]
u 00paTHO MPOMOPLIMOHAIBHA KOJUYCCTBY UTCPA-
i R.

Jis onpeneneHus MPaKTHYICCKONW 3HAYUMOCTH
MPEAIOKCHHOIO TOAX0Ja paspaboTaHa €ro Impo-
rpaMMHAsl peaau3alusi ¢ HCIOJb30BAHUEM O0b-
CKTHO-OPHUCHTHUPOBAHHOTO SI3bIKA MPOTPAMMHPOBA-
Hust Java B CBOOOHO PaCcpOCTPAHISMOH Cpeae mpo-
rPAMMHUPOBAHUS C OTKPBITHIM HKCXOJAHBIM KOJOM
Eclipse IDE for Java Developers Bepcum Luna
Service Release 2 (4.4.2), mpeqocTaBasionIeii mupo-
KHC BO3MOXKHOCTH U yI0OHBIH uHTEpdEc mst pe-
LICHHS MOCTABJICHHOW 3a1a4u. TCCTUPOBAHHUE MPO-
BOAWIOCH HA PECATBHBIX AAHHBIX, JOCTYITHBIX B 0a3e
maaaeix UCI [23]. B cuny CYINECTBYIOMINX OTpaHU-
YCHHI PACCMATPUBACMOTO METOJMA BBIOHUPAINCH
HAOOPBI JAHHBIX, UMCIOIIUX 0 BOCHMH MPHU3HAKOB,
OTMCAHUE KOTOPBIX OTPAKEHO B TAOIHULIC HIKE.

Tabnuya 1
HUcnonb3yemble Ajis TECTHPOBAHHUSI HAOOPBI AaHHBIX, AocTynHbIe B 0aze UCI
KommaecrBo | KomuaecTso Pasmep
Hanmenosanne Tumn ganneIx
TPU3HAKOB KJIACCOB BLIOOPKH
Balance Scale 4 3 625 KaTerOpHaJIbHEIE
Banknote Authentification 4 2 1372 BEINCCTBCHHLIC
Haberman’s Survival 3 2 306 EIISE
Iris 4 3 150 BEIICCTBCHHLIC
Qualitative Bankruptcy 6 2 250 KaTeropualibHbIE
Skin Segmentation 3 2 245057 BEITIECTBEHHBIE
Blood Transfusion Service 4 5 748 e —
Center

Wz ucxoguoro Hadopa aanusix 70 % 371¢MEHTOB
KCTOJIb30BAIUCH A1 00y4eHus, a octasimecs 30 %
JUTS TECTUPOBAHMS MOJEH. B kauecTBe aHAIoros uc-
MOJB30BANKCE M3BCCTHHIC PEANTH3ALNHN PA3THIHBIX
MOJETCH KIaccu(pUKanyu, BKITIOUCHHBIC B CBOOOHO
PaclpoCTPaHSICMBIC  MPOTPAMMHBIC  OUOIHOTCKH
WEKA [24] u LIBSVM [25]. B wactHOCTH, TIpHME-
HSUTUCh METOJ, ONOPHBIX BeKTOpoB (SVM) ¢ paan-
anbHOU 0a3UCHOH (DYHKIMECH B KAUECTBE SAPA, MECTOX
k-Onmkabimux coceaeti (kKNN), obOydaemeie amro-
purvom C4.5 pemaromue aepeebs (J48), meton
«Random forest» (RF), ancamOneBbiii aaroputm
(oycrunr) AdaBoost. OntumanbHbiC NapPaMETPHI,
MPU KOTOPBIX AOCTUTanach HAMOONBIIAS TOYHOCTb
KIacCU(PUKAMU AN KOKIOH MOJCTH MOAOHPATHCH

SKCIICPUMCHTANBHO. [10yICHHEIC PE3VABTATHL TIPU-
BeACHBI B TA0II. 2

Kax BugHO 13 TaOnuIbl HA HEKOTOPBIX HAOOPax
JAHHBIX TOYHOCTh MOJCHH, MOCTPOCHHOHN IPCIIO-
JKCHHBIM ~MCTOJOM, BHIINC, UYCM V QHAIOTOB.
HauGospinee npenMymecTBo JOCTUTACTCS MPU pac-
MO3HABAHUH KJIACCOB, OIMHUCBHIBACMBIX BCHICCTBCH-
HBIMH TPU3HAKAMH.

Paccmotpennsiii Beitne moaxo Haubonee Onu-
30K K MeTony Omrkaiimero cocena. JelcTBUTENRHO,
pa3bueHUE MPOCTPAHCTBA MPU3HAKOB, MOJYUYCHHOS
METOAOM OmmKalImero coceaa, COOTBETCTBYET
JBOUCTBCHHOHM TPHUAHTYILIUU JCTOHE CTPYKTYPE —
muarpamme Bopownoro (cm. [14, 15]), ucrmons3osa-
HHUE KOTOPOM JJIsi anIpPOKCHUMALIUU CPEAUHHOM TH-
HUU U IPUBEIO Obl K MACHTUIHOMY METOAY (puc. 5).

177



Becmuux BI'TY um. B.I'. Illyxosa

2017, Ne8

Tadnuya 2
TouyHOCTh KJIACCH(PUKALHH PA3THYHBIX AJCOPHUTMOB HA HA0OPAX peaibHbIX JAHHBIX, JOCTYMHLIX B
0aze UCI
Hanmenosanne HS AB J48 RF kNN SVM
Balance Scale 88.3% 75.2% 80% 81.1% 91.7% 100%
Banknote Authentification 100% 100% 99% 99.4% 100% 100%
Haberman’s Survival 79% 75.8% 75.8% 71% 79% 77.4%
Iris 97.1% 97.1% 97.1% 97.1% 100% 100%
Qualitative Bankruptcy 100% 100% 100% 100% 100% 100%
Skin Segmentation 99.7% 98.8% 98.11% 98.7% 99.5% 99.3
Blood Transfusion Service | g, 70, 80.7% 80.7% 71.1% 82.4% 79.8%
Center
XA

Puc. 5. Pasjienenne Todek KJIACCOB ¢ IIOMOIIBIO
Juarpammer Boponoro. Cepast JINHUSI TOKA3bIBAET
pas/ielieHne ¢ TIOMOITLIO TIPE/TIaraeMoro MeTo/[a

OnHako, TOYHOCTh PacHo3HAaBaHUS Kiaccu(u-
Karopa, MOIYYacMOro BBIOPAHHBIM CIOCOOOM, Ha
Pa3HBIX BBHIOOPKAX MPEBBIMIACT TOYHOCTh METOAA
OmuKafIero cocesa M ero oOOOIICHHS — METO A
Ommkaitimux coceaci. IlpumMenss MeToa Criaxusa-
Hu Jlanmaca MOXHO u30exKaTh MpoOIeMbI IEPEOOY-
YCHHS, XOTs JaHHAd mpoueaypa Tpebyer mposeae-
HUSL SKCIICPUMEHTOB JTs1 MOAO0pa MapaMeTPOB, UTO
MOBBIIIACT BPEMs OOYUCHHUSL.

OO6nacTe NPUMEHEHHS MPEIIOKEHHOTO METOA
OTpaHMICHA OpOoCTpaHcTBaMu 2—8 u3mepeHuit. JaH-
HOC VTBCPKACHHUC OTTANKHBACTCS OT BCPXHCH
OIICHKH KOJIMYCCTBA CHMILICKCOB TPHAHTYJISLHH
0(n!4/21y [26] (rze [u] o3HauacT OKpyrieHHE U K
0OMBIIEMY LIETOMY YUCITY), OTKYJA BUAHO, YTO YIKE
st 100 Touek (KOTOPBIX MOKET OBITh HEIOCTATOYHO
JUTS ICKBATHOH OLICHKH CYIICCTBYIOLICH 3aBHCHMO-
CTH) B OPOCTPAHCTBE C ACBATHIO M3MCPCHUSIMH Oy-
aet nopanka 101° cuvmexcos. Hecmotps Ha yka-
3aHHOC OTPAHUYCHHE, METOA MOXKET 3(PEKTHBHO
MPUMCHSITBCS B HCKOTOPBIX 3aJauax Kiaccuuka-
LMH, BKIIOYAMIINAX KIaCChl CO CIOXKHBIMH JIMHCHHO
HEPA3ACAUMBIMU KOHPUTYPALUSIMHA HX MPOCTPAH-
CTBCHHBIX 00Pa30B.
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Doroshenko A.Y.

ABOUT SEPARATING HYPERSURFACE METHOD FOR SOLVING THE PROBLEM OF DATA
CLASSIFICATION

The article considers the approach to solve the problem of data classification that we proposed earlier. Its
main idea is to find the separating classes hypersurface using an adapted method for calculating the medial
axis, based on the multidimensional Delaunay triangulation. The hypersurface thus obtained is located at an
equal distance from the sets of objects of classes, which in general is more preferable. The principle of control
of the generalizing ability of this classifier based on the Laplacian smoothing method is considered. Some
results of an experimental research of the implementation of the proposed methods on real data are given,
which make it possible to draw up a general idea of the effectiveness of solutions as a whole. A brief discussion
of the advantages and disadvantages is given.

Key words: classification, machine learning, Delaunay triangulation, hypersurface, overfitting, medial axis.
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