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IIobynoBa KjiaacudikaTopiB Ha OCHOBI S/IePHUX OMIHOK
ITIJIBHOCTI 3 BUKOPUCTAHHSIM aIlOCTEPIOPHUX HMOBipHOCTEI
KOHKYPYIOUYNX MHOXKWH

3anponorosaro nidrid do nobydosu kaacudikamopie Ha 0CHO8T AJEPHULT OUIHOK ULLAGHOCTI
O0Ast P036°A3GHHA 30004 PO3NIZHABAHHA 00pasie. I1idxid pynmyemvbes Ha UKOPUCTAHHE ano-
cmepiopHoi UMmosIpHOCTNE Ma Po3Jia060T MIPU MUNY T -3HAYEHHA 0AA ePermucHo20 po3diieHHs
KOHKYDPYIOUUL MHOHCUH. JAA KOIHCHOT OUIHKY WIAYHOCTE KAGCY 3GCTNMOCOBAHO CIMETUCMBO OUi-
HOK WIEALHOCTE OAS KOHCHOT MHOACUHY 6 WUPOKOMY JIaNA30HT CMY2 NPONYCKaHHA. 3anpono-
HOBAHO Ma adaNmMOo8aHO NPouedyYpy 00°cdnanHA PE3YALMAMIE KAAGCUPIKAUIE HA PISHUT DIGHAT
324a001CYBAHHA, U0 3G0E3NEUUAO eHYUKE BUKOPUCTNAGHHA DIBHUL CMY2 NPONYCKAHHA OAA PIBHUT
nap KoHKYpyrowur xKaiacie. Cmamucmuyhi HEGUSHAMEHOCTNE 00NUCAEHO HA 0CHOGE NPUOAUSHO
OUTHEHUT TUMOBIPHOCTMET TOMUAKOBOT KAGCUPIKAUTT.

Ka10408t ca086a: OIiHKA IIIJILHOCT], BaroBa (BYHKILisS, IPaBUJIO Kiracupikarii.

ITocTtanoBka 3amaui. [as1 oOunciieHHsT SIIEPHUX OINHOK IMIJIBHOCTI B 3aadaxX pO3IisHaBaH-
Hsl HEOOXiJTHO HOpMaJIi3yBaTH BCi jJaHi B KJiaci, BUKOPUCTOBYIOUN OIHKY JHCIEPCIiHOT MaTpuIii
KJIACY JIJIst HAOYTTs HaHuMu chepudHol pOpMHU, IO T03BOJIAE OLIBIT ePEeKTUBHO BUKOPUCTOBY-
BATH 3arajbHi CMYTHW MPOIyCKaHHS G; AJS BCIX KOOpAWHATHUX 3MiHHUX. lIpumyctmmo, mo 2z,

212y -+, Zm, € HaBYaJIbHOIO BUOIpKOIO JaHux 3 [-ro kmacy, ge 1 < | < L. Ina xinacudikanii
eJleMeHTa z B OAuH 3 L KiaciB HeOOXiZHO OTpUMATH OIMHKU IMIILHOCTI hjg,(2) B Toumi z st
Bcix [ =1,2,..., L.V pa3si, Kojiu BUNAIKOBI BEKTOPU MPOXOIATD JIiHIfIHE TIEPETBOPEHHS, OIIHKHI

MILIBHOCTI JIJIS BUXITHUX BEKTOPIB JIAHUX MOXKYTH OyTH OTPUMAaHi 3 HOPMAaJIi30BaHUX BEKTOPIB
JIAHUX 3 BUKOPHUCTAHHSIM (DOPMYJIU [IepeTBOPEHHs Jijist iMOBipHicHOT byHKINT miiabHOCT [1].

Iltst pikcoBaHOI Tapu CMYT MPOITYCKAHHS (1 Ta a2 JJIs JBOX OIIHOK IMiJILHOCTI KJIacy Ta mapu
KOHKYDPYIOUHX K/IACiB iCHy€ TOPAIOK MixK DYHKIIAME P1h1q, (2) Ta pahag, (2), Mo BUsHAYAE, AKMIT
3 JIBOX KJIaciB € OLIbIN BiporimHmM. AmocTepiopHa WMOBIPHICTB JIJIsl MIEPIIOI MHOXKWHE JTAHUX
y JIBOKJIACOBIH 3aJladi I 3aJaHOTO eJIeMeHTa JaHuX 2 Ta 3aJaHO0l Maph CMYT MPOIMYyCKAHHT a1
Ta az MOXKe OyTu 3ajaHa K

Plﬁlal (2)
D1 hlal (Z) + p2h2a2 (Z)
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ﬁal,a2(1|z) = (1)
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Juist oOunC/IeHHsT X aloCTEPiopHUX HMOBIpHOCTEH MOYKHA BUKOPUCTOBYBATHU IITUPOKUI CIIEKTP

3HAYEHD JJI a1 Ta a2. Y JBOKJACOBUX 3a/1aMaX 13 3aCTOCYBAHHAM sIJIEPHUX METO/IIB CTATUCTHIHO-

ro aHaszy [2] eseMenT z KiacudiKyeThes B epITy MHOKUHY JAHUX, AKIIO P1hia, (2) > pahaa, (2).
st 3amaHOrO ejIeMenTa z PO3TJISTHEMO MMOBIpHICTH

Paya5(2) = P{p1hia(2) > pahaa(2)|2}, (2)

BEJIUKI Ta MaJii 3HAYEHHSI SIKOI JAIOTh PO3B S3KW JIJId TEPIIOl Ta JPYyrol MHOXKUH JAHWX BiJIo-
BiHO. 3ayBaskKUMO, IO OIHKN IIIJILHOCTI € CepeaHiMU 3HAYEHHSIME HE3aJIe’KHUX Ta OJHAKOBO
POBIIOJIJIEHUX BUIIQJIKOBUX BEJIWYNH, & OIIHKU MIIJILHOCTI JJIs PI3HUX MHOXKHWH I'DYHTYIOTHCS Ha
HE3AJIEZKHAX MHOXKHUHAX JIAHUX. 1OMYy HOpMaJibHe HAOJMKEHHS MOYKE BHKOPUCTOBYBATHUCSH JIJIs
OIIHKY BKa3aHOI IMOBIPHOCTI 3 BUCOKUM CTyIIEHEM TOYHOCTI JIJTsl JIy2Ke BEJTUKUX PO3MIPiB BUOIpKH
J7s piKCoBaHUX a1 Ta az. B pe3ynbrari, BAKOPUCTOBYIOYN HOPMAJIbHE HAO/JMKEHHS 3 Ol HEHUMU
cepelHiMU 3HAYEHHSIMU Ta MUCIEPCIIMU, OTPUMYEMO TaKy HMOBIpHICTD:

Pa17a2 _ plg[hlm( )|Z] pQQ[EZaQ(ZMZ] —F plﬁlal (Z) —pzﬁzaQ(z) ’
<¢p ) <¢p%w%m<z>+pgwam<z>> ®

JIe my1 Ta Mg — PO3Mipu BUOIPKHM JIst IBOX KJiacis; F — crapgapTHa (DYHKIS HOPMAaJbHOTO
pO3moIiIy; @?al (2) — oninena mucnepcist hyg, (2) (I = 1,2), orpuMana i3 BHGIPKH 3 BUKOPUCTAHHSIM
BUOIPKOBOI jiucriepcil Bij

VVI%Q{VVl*l(z“ —2)}, VVf’@{VVlil(zlg -2)} ..., VVfTG{Wfl(zlml —2)}.

Omninka iiMoBipHOCTi 3 BUCOKMM cTyneHeM TouHocTi. Hopmasbne nabimkennst Py, q,(2)
MoOzKe OyTH 3a/1aHe TaKUM 9iMHOM. J1JIsT 33/JaHOTO eJIeMEeHTa 2 Ta [Iaph CMYT [POIYCKAHHS a1 Ta 42
BizpMemo mapy rinores Ho: p1Q{hia(2)} = paQ{haea(2)} Ta Ha: p1Q{hia(2)} < paQ{haa(z)}.
SKimo HaBuaabHA BUOIPKA BUKOPUCTOBYETHCS JIJIsl TECTYBaHHsI JJAHUX IilIOTE3 3 3aCTOCY BAHHSIM
sIJICPHAX OIIHOK IIITBHOCTI, TO HOPMaJIbHEe HAOINKEHHST MOXKe OyTH BU3HAYECHE, sIK OJJHOCTOPOH-
He T-3HavYeHHS (3.

Jema 1. IIpunycmumo, wo QO W, (2 — 2:1)}|2] < 00 dani = 1,2, a maxostc susHa umo
€ia; (2) = Ui, (2)} dna i = 1,2. 3a ymosu, axwo mi/M — a0 < a < 1) npu M = my +
+ mg — 00, MaMb Micue MaKi SUNAIKU:

P1€1a, (2) -1/2
Py, 4, (1]2) — = Op(M~1?), 4
Cl) 1, 2( ’Z) p1€1a1 (Z) +p252a2 (Z) P( ) ( )

6) |Payas(2) = AMp1e1ay (2) > pagaay (2)} = Op(M 127V, ()

de A{-} — zapaxmepucmuuna dynxuis; V> 0.

oBenenHs. 1. Busnaunmo Mz = piﬁmi (z) nist i = 1, 2. OckinbKu ]\ZI'Z € CepeJIHIM 3HAYEHHSIM
HE3aJIE2KHUX Ta OJHAKOBO POZIOJIIEHAX BUIAJIKOBAX BeJINUMH, M; CXOIUTHCS 10 HOPMAIBLHOTO
po3no/ity i3 cepenHiM 3HaueHHSIM U; = Pidiq, (2) Ta mucuepcieo p; = p? ZQal(z), 0 Ma€ IIo-
PSIIOK O(m;l) IpHU JOIYCTUMIl yMOBI MoMeHTy. JlaHe TBepI KEHHSI BUILUINBAE 3 LEHTPAILHOL
rpaHrndHol TeopeMu. Jlasi BH3HAUIMO O(Ml,MQ) = M, / (Ml + J\ng) Oyuxkiig O e Hemepeps-
no-udepentiiiosroio B My Ta Mo, siKi € He3aIesKHUME Ta J0JATHO BUSHAYCHUMH BUIIA/IKOBIME
BCJIMUINHAMM.
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BigsraunMmo, 1m0 3 acCUMITOTHIHOTO PO3KJaay Teitopa Bigomo, 110

{O(M, My) — O(¥1,92)}

, Hopmasib (0, 1), (6)
i

e

9 1/2

2 80
o= i <u)
2 \on

B pesyubrari, ockinbku my /M — o, a mo/M — 1 —a(0 < a < 1) upu M — 00, ojiepxKyeMo

M1 =01,Ma=12

|O(My, My) — O(91,92)| = Op(M~?). (7)

2. Hexait A{p1¢14,(2) > p2d2q,(2)} = L upu ¥y > Jo. s dbikcoBanux aj, ag Ta z 3 yactuuu 1
JIaHOI JIeMM BUILIABAE, MO

1
Vi1 + e
npu M — oo.
Hami Busnaunmo Ty, 4,(2) = (M1 — Ma)/+/p1 + p2. 3asuauumo, mo Ty, q,(2)/M iiMoBip-

HICHO CXOAUTBCsL [0 moctiitnoro suadenus V, a Ty, 4,(2) = Op(M 1/ 2), [0 MOKHA BU3HAYUTH
3 mopsIKY 1 Ta pp. Ockimbku f(2)/2 < 1 — F(2) < (1/2 —1/2%) f(2), mae micue pismicts

(M — M) — (91 — 02)] — nopmams (0, 1) (8)

1—- Pal,tw (Z> =1- F(Tal,@ (Z)) = OP(M_l/ze_VM)v (9)

e z >0, a f(-) ra F(-) o3HauatoTh MOBIpHICHY Ta KyMyJISTUBHY (DYHKIIII NLIILHOCTI CTaHAAD-
THOTO HOPMAJIBHOTO PO3IOALIY Bignosiano. Jlemy moBemeHo.

AcuMnToTryHa MOBeAiHKAa po3AiioBux Mip. s napu cmyr npomyckanus (aj,as) Ta
3aJIAHOrO 2z OlliHeHa arocrepiopHa HMOBIpHICTE Py 4,(2) cxomurbess 10 pi1€1a, (2)/[P1€1a, (2) +
+ Pagoay (2)] 31 mBuaKicTio O(M ~Y2). TIpore Py, 4,(2) excronenmianbao cxomutbest 10 0 abo 1,
3aJIEZKHO BiJ| €14, (%), €24,(%2) Ta amocrepiopuux iimosipHOCTEll Py 4,(1]2). AKINO pie14e, (2) <
< P262ay(2), Pay.ap(1]2) Marmve meuakicts s6ixmocti VM o smadenms, mo e menrmi 0,5,
BIIOBITHI MipH THITY T-3HAYEHHST €KCIOHEHIIAIBHO CXOSAThCs JI0 HyJist HabaraTo mBu/aie. Tomy
Py, a,(2) 3aBk/11 naBaTuMe OLIBII IEPEKOHIINBI Pe3yIbTaTH, HiK Py, 4,(1|2) 3a un nporn mepmrol
MHOXKWHU JIAHUX JJIsl 33JIaHuX (a1, ag) Ta mpu 3pocTanHi ob’emy Bubipku [4].

st orpuMaHHST pillleHHsT MOA0 Kaacudikallil eeMeHTa 2z HEOOXiTHO 3HATH, AKi 3HAYEHHS
napu CMyr HpOIyCKaHHst (a1, a2) MPUBELYTH O CTATHCTUIHO OLIBII JOCTOBIPHOIO PE3YJIBTATY
kyaacudikarmii. st 1BOKJIacOBOI 3a7a4di PO3TIAHEMO CepeaHi0 HMOBIpHICTH MOMMIKOBOI KJIACH-
dikarmii, a came:

U(ay,a2) = pi / hi(z) dz + p2 / ha(z) dz. (10)
ZERGZIVCLQ ZGReal,aQ

IIpu dikcoBanomy Bubopi (ai,a2) Req, 4, € MHOXKUHOIO BCiX z, mo KiacudikoBami 10 mepiol

MHOXKHHE JanuX, a Rel ., — MHOXUHOIO j0TIOBHEHHS.
’
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Iist o6’eiHanus Pe3yJIbTATIB, OTPUMAHUX HA PI3HUX PIBHAX 3TJIAJXKYBAHHS IIPU JTOCATHEHHI
OCTATOYHOIO PillleHHsI, HeoOXiTHO (POPMYBATH BiIOBIIHI CepeIHHO3BAYKEH] ATIOCTEPIOPHI TMOBIp-
HOCTI, obuuc/IeHi Jyist pisHUX BapianTiB Bubopy (a1, as). st iboro Heo6XiTHO BUKOPUCTOBYBATH
BiAIIOBiIHY BaroBy (byHKINIO, siKa MOBUHHA HAOYBATH OLJIBIN BEJIMKUX 3HAYEHDb JJIS JTaHOI Hapu
CMYT MPOITyCKAHHS, IO PU3BOJUTD JI0 HUXKYNX MOKA3HUKIB IOMUIJIKOBOI KJtacuikalril.

CkopuroBani Barosi ¢yHkiii. Busnaunvo ¥y = min ¥(aj, az) Ta posrisiHeMo Barosi
ai,az

bynxuii d(a1,az), axi € cnaguuvm dynkuisvum Big ¥(ai, as), mo eksipazentno ¥(ai, az) — Y.

3a3HAMHUMO, IO OCKLIBKHU IIPOAYKTUBHICTE KJaacudikaropa Oy/e HUXKIOK HOPIBHSHO 3 TPHUBI-
aJIbHUM KJiacudikaTopoM, STKuil Kiacudikye BCl eJJeMEeHTH JI0 KJIACy, 10 Ma€ HAWBUIILY alpiopHy
fimoBipHicTb, d(a1,as) NOBUHHI 3HMKATH KOKHOI'O Pa3y, KOJIU BiJIIOBIIHE 3HAYEHHSI @(al, ay) 1e-
peBuritye Oy/ib-siKy 3 JIBOX allpiopHUX fiMoBipHOCTeit. st kiracudikariil esieMenTa 2z HEOOXiTHO
BKJIIOYATH y Barax BiAHoBigny Mipy Py, 4, (2) THiy 7-3HaUeHHs, & TAKOXK BHKOPHCTOBYBATH Ta-
Ki ITapyd CMyT HPOIYCKaHHsI, sIKi MPU3BOAATH /10 OLIBIN MEPEKOHIUBUX PO3B A3KIiB JI OLHOTO
abo IBOX KJjaciB Ta BiAMOBIAHO HAJAINTYBaTU 3HAYeHHs Barosoi dyukiii. HagamroBani Barm
OyIyTh 3aJieKaTh sIK BiJ 3arajbHO OIHEHNX HMOBIpHOCTEll MOMIIKOBOI KJracudikaril, Tak i Bis
XapaKTEepPHOro eJeMeHTa JaHuX [5).

YV namiit poboTi BUKOPHUCTAHO CKOPUTOBAHY BaroBy (DyHKIIIIO

d.(a1,a2) = d(a, a2)|Pa1,a2(2) — 0,5], (11)
e
1 (@(al, ag) — \110)2
d = exp{ —- 12
(a1,00) = exp{ 5 (G2 = 0 (12)
7 - _
AKIIIO (a1,02) 0 < 91 VU(ar,a2) < min{p1,p2}, ta d(aj,a2) = 0 — B iHmoMy Bu-

[Wo (1 — Wo)/M]1/2
naaky. Jnas M = mj 4+ msg, Kosm Haibiibn edekTuBHuil KiaacudikaTop Ha OCHOBI sIepPHUX
OIIIHOK IIJIbHOCTI BUKOPUCTOBYETHCS I Kaacudikaril M He3aleKHUX eJleMeHTiB manux, Vg Ta
Uo(1 — Up)/M MOKYTH POIVISIIATUCS SIK OIIHKU JIJIsi CePeJIHbOIO 3HAYEHHs Ta JMCIepCii eMii-
PUYHOTO MMOKa3HUKA MOMMIKOBOI kKjacudikarii. [locriitna Benununna 1) Bu3Havae MaKkcHMaJibHE
YHUCJI0 BiIXWIEHb BiJ MiHIMAJbHOTO OITIHEHOTO ITOKA3HUKA MOMUJIKOBOI Kiaacudikaliil B HOpMAaJTi-
30BaHiil MKaJIi, 33 sIKOI0 BaroBa CXeMa irHOpYye mapy CMyT NPOIyCcKaHHs (a1, a2), HOCTABUBIIH HA
HUX HYJIBOBY Bary. ¥ maHomy Bumajky ¥ = ( BiJIIOBijae NPUKPINIEHHIO BCIX BAr JIUIE HA [1apy
CMyT TIpoTTycKanus (a1, az), ausa axoi ¥(ap,az) = Yy.

3ayBaxkKuMo, 10 BIIIIOBIIHO 10 BUOOPY BaroBoi (pyHKINI rayCcCiBCBKOIO THUITY, HEMAE MTOTpedn
POBIJISLIATH 3HAYeHHs 1, M0 € OLIBIMUMU TPpboX. Bubip ckopuroBaHoi BaroBol (GyHKINI, BUKOPH-
craHol y maHiii pobGoTi, € jemo cyd eKTUBHUM, TOMY MOXKHA BUKOPHUCTOBYBATH iHIII BiIITOBIIHI
dyuxkiii. Bcranosseno, 1Mo sSKIO 3aCTOCOBYETHCS IPUMHATHA, Barosa (GyHKITisI, KIHIIEBUAN Pe3yIb-
TAT HE € HAJITO YyTJINBUM JI0 BaroBol mporemypu [6].

[Tpu HastBHOCTI OiJbIe ABOX KJIACIB, HACIIAKOM YOT0 € 3POCTAaHHSI OOUNC/TIOBAJIBLHOI CKJIAIHO-
CTi, IOCUTH HEMPOCTO 3HANTH ONTUMAJBHI CMYTU IPOIYCKAHHS, IO MiHIMI3YIOTH OITIHKH 3arajb-
HOI cepeiHbOI iiMOBIpHOCTI oMuIIKOBOI Kitacudikanii ¥(ay, ag,...,ar). ¥ J1aHOMY BUIAJKY He-
00xiaHO po3KIacTu 6AraToK/IacoBi 3aati B ps 3a1a4 OinapHol Kiaacudikallil, pe3yIbTaTh STKIX
KOMOIHYIOTbCA JIjIsi OTPUMAHHS KiHIEBOro mpaBumiia pimenns. Haiibiibin edekTuBHUM iHCTPY-
MEHTOM JiJisi 00’€HAHHs Pe3y/IbTaTiB IMonapHol Kiaacudikaril € 3acTOCyBaHHs METO/Y MaKOPH-

TAPHOI'O TOJIOCYBAHHS, SIKAM B 3a/a4i 3 J Kjracamu miciis < 9 [IONAPHUX MOPIBHIHDL KJIACUDIKye
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eJIEMEHT JIAHUX JI0 KJIACY, 10 Ma€ MaKCHUMaJIbHe YnucJio rosocis [7]. OHak 3acToCyBaHHs JAHOIO
METO/Iy MOKe IPU3BECTH JI0 MOsABU 00JracTell HEpO3B SI3HOCTI, Jie OijIblie, HiXK OJWH KJIAaC MO-
2Ke MaTU MaKCHUMAaJIbHe YUCJI0 rojociB. Jlany npobiemy MOXKHA BUPIIIATHU, 3aCTOCOBYIOYUHN METO/T
MMONAPHOTO 3’€IHAHHS, sIKWiT 00’€/IHYy€E OIiHEeH] armocTepiopHi HMOBIPHOCTI /I PI3HUX MTOHMAPHUX
KJracudikaliii i BU3HAYEHHS KIHIIEBUX allOCTEPIOPHMX WMOBIpHOCTEMH JIJIsi KOHKYPYIOUUX KJla-
cis [8].

Bijtomo, mo hig,(2) € cepejiHiM 3HAUEHHSAM HE3aJIe2KHUX Ta OJJHAKOBO PO3IOJIEHUX BUIIAI-
KOBUX BEJIUYUH JJis (DIKCOBAHOTO ;. Y BUIAIKY, KOJIU pO3Mip BHOIpKHM m; 30iablIyeThbes, 11
JIICIIEPCisl TIPSIMY€ JI0 HyJisi Ta HMOBIPHICHO CXOUThCS 110 €1q, (2) = Q{hyq, (2)} = Oq, * hy(2), mo
€ 3ropTKo (YHKIHT MiabHOCT Ay 3 sApoM O Ta CMyroro HporyckaHHs a;. IIOpsioK pi1eig, (2)
Ta P2E2q, (2) BE3HATAE ACHMIITOTHYHE IIPABIIIO PO3B’sI3aHHs y IBOKJIAcOBiil 3amauai. Tomy €1,4(2)
(I = 1,2) 36epirae mops10k haKTUIHUX IITIBHOCTER JJisi BCIX 3HAUEHD @, SKINO PO3MOJLIN MHO-
JKUHU JIAHUX 38JI0BOJIBHSIOTH MOJIE/Ib 3CYBY PO3TallyBaHHs, TOOTO hy(2) = ¢(z—¢;) s 3araabHOl
IIIJIGHOCTI € Ta MapaMeTPiB PO3TAIYBAHHS €;, & 3arajibHa CMYyTa MMPOIYCKAHHSA @ BUKOPUCTOBY-
€ThCA JJIsT 000X MHOXKHH JaHux. KpiM TOro, y BHIIaJKy PIBHAX alpiOHUX WMOBIpHOCTEN st
BCIX JOMaTHUX 3HAYEHb @ = a1 = (o BIANOBiAHA HMOBIPHICTH MOMMJIKOBOI Kjacupikallil acum-
ITOTUYHO CTAE ONTUMAbHUM OafieciBecbkum pusukoM [9]. Tomy, ocKinbKE Jucmepcist mpsiMye 10
HyJI JIOCUTH IIBUIKO, JaHa 30IKHICTb € 3HAYHO IIBUJIION JJjis BEJIUKUX 3HAYEHD a. 3a3HAUN-
MO, 110 (PYHKIIT MIIIHOCTI MHOXKWH JAaHUX HE 3aBXKIU MOXKYTh 33/I0BOJILHITA YMOBY CHMETPII.
JLytst ocTiIzKeH HsT TTOBEIIHKH KJacupikaTopa Ha OCHOBI SAepHUX OIIHOK MILIHLHOCTI JIJI BEJIUKNAX
po3MipiB BHOIPOK Ta BEJIMKMX CMYT IPOIIYCKAHHS HABEIEMO TaKY JIEMY.

Jlema 2. IIpunycmumo, wo A0po © obmescerne mpemimu nori0HUMY Mma € T-68UMIPHOI0 HyHK-
yiero winvhocmi 3 modoro 6 0. Hexati ynwwuii hy ma he e maxumu, wo [ |z||°h;(2) dz < oo.
Taxootc 6usnawumo nocmitiny eesuwuny Vy, = pa/p1 ma npunycmumo, wo ai, Gz 3MIiHION0OMLCA
maxum wurom, wo az/ay = Vu ma € nocmitinoro seaununoto. Omorce, W(ay,as) demoncmpye
maky acumnmomuywny nosedinky npu a; — 0o. HAxwo V, = V| npu ai, az — oo, ¥Y(ar,az)
NPAMYE 00 UMOBIPHOCTNE NOMUNAKOBOT KAACUPIKAULT K6aAOPATMUNHO20 NPABUNL KAACUPIKAULT, U0
sadaemocsa Imyg(2) = 1, axwo

V2 {(z — 2)K*0(0)(z — Z2)} > U, {(z — Z2)K*0(0)(z — 2)} ,

ma Imye(2) = 2 — 6 inwomy eunadky. Axwo V, > V| npu ar,az — oo, mo V(ai,az) — pi1.
A maxkoore, axwo V, < V' npu ay,az — 00, mo ¥(ay,az) — pa.
Hosenenns. Ha ocxosi Busnauenns hyq, (2) (I = 1,2) Bcranosieno, mo

(21} = "o [0 2] (13)

aj

Ta

Dy {Fiay(2)} = m > Dy, [@{ =2 H (14)

a
3 ypaxyBaHHAM TOro haxTy, 0
U(ay,as) = p1Q {A(p1hia, < P2hoay)} + D2y {A(P1h16, > P2hoay)}- (15)

Buxopucrosytoun poskiaj Teiinopa B 0, O{(z — Z)/a;} moxe 6GyTu BUpazKeHO sIK

@{Z_Z}:@(O)+

al 57 (= 2V VPO = 2) 4 g 3 Kign (16)

l i,k,n
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930 (k) :
- = — JId JeAKOIr'o IIPOMI2KHOT'O
OKkiOKLOKm Kep

BekTopa p Mizk 0 Ta (2 — Z)/a;. Ockimbku [ ||2]|°h(2) dz < oo, a dynkuis © obmerxena Tperivu
MTOX1JTHUMHU, OTPUMYEMO TaKi PIBHOCTI:

1e KO(0) = 0), a X pn = (2i—2Zi) (26— 2Zk) (20— 2Zn)

Oy {hig, (w)} = a7 |©(0) + 2;2%{(73 ~ Z)K*0(0)(2 — Z)} + O(al?’)] ; (17)

Dy {hia (w)} = (4muai™ )™ [Dy,{(z = Z2) K?0(0)(2 — 2)} + O(aq; )] . (18)

Kiacudikarop Ha 0CHOBI si/IepHIX OIIHOK IILHOCTI Kytacudikye eJIeMEHT 2 JI0 [IEePIIOl MHOXKUHU
JaHUX TOJi 1 TIIBKU TOMl, KOJIU

plth {Elm (z)} > p2Qh2 {EQGQ (Z)} A

o par” [@(0) 5l ~ 2V K000~ 20} + 0<a13>] >
> poay” [@(0) + 10(0) + ;.%QM{(Z — Z)K?0(0)(z — 2)} + O(a23)” N
S VLV, [@(0) + 2(11%(2;“{(2 — Z)/Kz@(())(z -2)} + O(afg)} >

> [6(0) + 2}‘L%th{(z ~Z2)VK*0(0)(z — 2)} + O(az_?’)] , (19)

OCKIJIBKH JINCIIEPCIA siJIEPHUX OIIHOK MIIJIBHOCTI ACHMIITOTHYIHO MPAMYE JI0 HYJIS JIjId €JIEMEHTa 2
Ta Iapu CMyr HpPOIyCKaHHs (a1, a2).

Orxke, akmo V, = V', MokHa HepeBipuTH, 10 HaBe/leHa BHINEe HepiBHICTH Mae Micme TOmi
1 TUIBKM TOJIl, KOJIU

Vi, {(z = 2)K?0(0)(2 — Z)} > Qn2{ (2 — 2)' K*0(0)(= - 2)} (20)

sl BEJINKUX 3HAYEHb a1 Ta ap. Y BHIAJKY, Koiu V, > V', BulllenaBe/ieHa HepiBHICTH Mae Micie,
HEe3a/IeXKHO BiJI 3HaYEHHs €JIEMEeHTa Z JJIsl BeJUKUX 3HaYeHb a1 Ta a2 = Vyap. Takoxk, gKIno
Vp, <V, pesyibryiounii kiacudikarop 3aBXK/1 aCUMITOTHYIHO KJacu(biKye KOXKEH eJIeMEeHT 2
10 Ipyrol MHOXKWHU NaHuX. Jlemy moBeseHo.

B pesyabrari kBagpaTuanuii Kiaacudikarop crae JiiniftHuM KiacudikaTropoM dhopmu

T, (2) = argmin [z’K%)(O)th(Z) - %th{Z’KQG)(O)Z} (21)

y BHIAJIKY, Ko p1 = p abo V), =V, = 1. Kpim roro, nanuit ninifinuit Knacudikarop MoxKHa
BUPA3UTU y CHPOIIEHOMY BUIVISI:

1
Imix(z) = arg max {z'ei = 252&} , (22)

Jie €; — mapaMerp po3TallyBaHHs st i-1 MHOKUHU Jauux (i = 1,2). Leit BucHOBOK Mae Mi-
cre Ha mizcrasi Takux ymos: 1) sepra dynkiis © e chepuunowo; 2) K20(0) e Big'emuo Bu-
3HAYCHOI0 (PYHKINEIO; 3) MAIOTh MicCIle MPUITYIIEHHsT MO0 3CYBY PO3TAIyBaHHs Ta CHepUIHOl
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cumerpil. Orpumanwuit JiHIHHINE KaacudikaTop € onTuMaJbHIM OalleCiBCbKUM KJ1acu(iKaTopoM.
Tomy, y TakoMy 0COOIMBOMY BUIIQJIKY, HMOBIPHICTH TOMHUIKOBOI Kitacudikartil W acHMITOTHIHO
CXOIUTHCA JI0 ONTUMAJIBLHOTO 0aileCiBCHKOTO PU3UKY.
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Kuiscvkuil HayionarvHutl yrisepcumenm Haoviiwno do pedaxuii 12.05.2015

wm. Tapaca Illesuwerra

Ynen-koppecnongenr HAH Vkpannst A. B. Auucumon, A. A. Tankun

ITocTpoenne kKiraccuduKaTOpOB HA OCHOBE SIAE€PHBIX OIEHOK IIJIOTHOCTH
C UCIIOJIb30BAHUEM allOCTEPUOPHBIX BEPOSATHOCTENl KOHKYPUPYIOMINX
MHO>KECTB

Kuepckuit narmmonaabubIil yHuBepcuTeT uM. Tapaca IlleBuenko

Ipednooicer nodrod % nocmpoeHuro KAGCCUPGUKGMOPOS 1A 0CHOBE AJEPHBIL OUEHOK NMAOMHOCTIU
0Aas pewenus 3a0a4 pacno3nasanus 06pa3os. I1odrod ocrosan Ha UCNOABL30BAHUL ANOCTMEPUOPHOT
8EPOAMHOCTNU U PA3VCAUMEALHOT MEPDL TNUNG T-3HAYEHUE OAA IPPHEerMUBH020 PA3JCACHUA KOHKY-
pupyrowuT Muoscecms. Jas kascdoll ouenku naomHoCmUy KAACCa NPUMEHEHO CEMETUCMBO OUEHOK
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NAOMHOCTVU OAf KAAHCD020 MHOICECTNEA 6 WUPOKOM 0UANA30He NoA0C nponyckarus. IIpedioocena
U adanmuposana npoyedypa 06sedUHEHUS PE3YALMAMOE KAACCUPUKAUUY HA PA3HOT YPOSHAT C2Ad-
AHCUBAHUA, UMO 00ECNENUND 2UOKOE UCTLOABZOBAHUE PASAUNHDIT NOAOC NPONYCKAHUSA OAL DASNUYHBLT
nap KOHKYpUpYowWur Kaaccos. Cmamucmuseckue HEONPEIeACHHOCTIU GbIHUCAEHbL HA OCHOBE NPU-
OAUINCEHHO OUEHEHHBIT BEPOAMHOCTNET 0UUOOUHOT KAACCUPUKAUUU.

Karouesnte caos8a: OIeHKa TJIOTHOCTH, BeCOBas (DYHKINS, TPABUIO KJIACCU(MDUKAIIN.

Corresponding Member of the NAS of Ukraine A.V. Anisimov, O. A. Galkin

Construction of classifiers based on kernel density estimations using the
a posterior:t probabilities of competing sets

Taras Shevchenko National University of Kiev

An approach is proposed to construct classifiers based on kernel density estimates for solving pattern
recognition problems. The approach is based on the use of the a posteriori probability and a distri-
butive m-type measure for the effective division of competing sets. The family of density estimates is
applied to each set in a wide range of bandwidths for each estimate of the class density. A procedure
1s proposed and adapted to combine the classification results on different levels of smoothing that
provides a flexible use of different bandwidths for different pairs of competing classes. Statistical
uncertainties are calculated on the basis of approximate estimated probabilities of a misclassifica-
tion.

Keywords: density estimate, weight function, classification rule.
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