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Llocaidoncyemvpesa acumMnmomuyha nosedinka HENAPAMEMPUNHUT KAGCUPIKAMODIE CUMNAIYI-
aAbHOT, HAMIBNPOCTMOPOBOT MaA NPOCMOPOBOT 2AUOUHY NPU 6IONOSIOHUT YMOBAT DELYAADHOCII.
Locaidocerns nposodumuvces 0as nobydosu Kiacu@ikamops MAKCUMAALLHOL 2AUOUHU, KOAU 6Cl
anpiopHi UMOGIPHOCTI KOHKYPYWUULT KAGCIS € PIBHUMU Ma 3a0080NDHAEMBCS MOJEAL 3CYBY
posmawysarrs. I1o6ydosarutl KAGCUPIKAMOP MAKCUMAALHOT 2AUOUHY HE 3aAeHCUMb 610 cne-
YIaABHOT NAPAMEMPUYHOT POPMU PO3DIN0B0OT NOBEPTHT M KAGCUPIKYE esemerm JaHUT o KAa-
cY, 6I0HOCHO AK020 UEl EACMEHM MAE MAKCUMAALHY 2AUOUHY PO3ZMAWYEaHHA. Jocaidrceno
8UNAIOK HEPIBHUL GNPIOPHUT TUMOBIPHOCTIEL, KOAU DI3HI MHOACUHY JAHUT MOHCYMb HE HAAE-
orcamu 0o CniavHo20 CIMETCMBA eAINMUYHUT PO3N0JinAie.

Karowost caosa: Bifcranb Maxamanobica, 6aiieciBebkuit KmacudikaTop, PyHKILS TIHONHNA.

IlocranoBka 3asa4i. Hespaxkaioun na 3uaqHi BuTpaTn rnpu oo4dncaenni QyHKIi riinOnHT B 3a-
Jlagax BEJIUKOI PO3MIPHOCTI, OOY0BA MATEMATUIHOTO allapaTy 3 BUKOPUCTAHHIM (DYHKINNH Ha-
MiBIPOCTOPOBOI, CUMILIIIIAILHOI Ta IPOCTOPOBOI IJIUOMHY € aKTyaJLHOIO 3a/1adeio y cdepi posiri-
3uaBaHHA 006pa3iB. OyHKIIisI IPOCTOPOBOT IIMOUHU € HAHOLIBIIT ITPOCTOIO JJIsi OOYUCIEHHS, IPOTE
obunc/oBabHl BUTpaTu Mg (PYHKINNH HAITIBIPOCTOPOBOI Ta CUMILHINAJILHOI IJIMOUHU IITBUIKO
301IBIIYIOTHCS 3 PO3MIPHICTIO B TeOMETPHUIHii Tporpecii. B pe3ysibraTi MOXKHa BUKOPUCTOBYBATH
sitire HabJimKkeni Mogudikartii pyHKIH rindnnu, OCKIIbKY TOYHE O0UNC/IeHHS TaHuX (DYHKIIIH He
€ MOKJINBHUM JIJIsI 381249 BEJIMKOT pO3MipHOCTi. 3acTocyBanns HabamKkeHnx Mojudikariit yHkiiit
TJIMOMHY JI03BOJISIE BUKOPUCTOBYBATH TIOXiTHI JiesTKOl Tyiaakol (OYHKIII JI7IsT BUSHAUEHHsT HAIIPsI-
My HaHMIBUJIIOrO MigiioMy abo CIIyCKY IiJIbOBOI (DYHKIII, sIKy HeoOXijgHo onTumizyBaTtu. Jlanwmit
mixin OyJ10 3aCTOCOBAHO Jjisi 064UMC/IeHHsT (DYHKINT HAITIBIIPOCTOPOBOI IJIMOWHY JIJIsT 331849 3 PO3-
MipHicTIO 7 > 2, a TouHa Moaudikalia (pyHKI] HaAIiBIPOCTOPOBOI TVIMONHN BUKOPUCTOBYETHCS
JIIe Jiisi IBOBUMIpHUX jaHuX [1].

[Tounnaroun 3 Pi3HUX BUIAIKOBUX MOYATKOBUX TOYOK, HAOJIMKEHY MOJUMIKAINO ONTHMIi3a~
[IHOTO AJITOPUTMY BUKOHAHO JIEKIJIbKA pa3iB JjIsd YHUKHEHHS TPOOJEMHU MOXKJIUBOI HASBHOCTI
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KIJIBKOX JIOKAJbHUX MiHIMyMiB. 3ayBarKUMO, III0 OCKIJIBKEU He iCHY€ TAKOTO HAOJIUKEHOrO ajro-
puTMy st MYHKINT CUMILTIIIAIBHO] TVIMONHY, JaHy (PYHKINO MInOUHT OY/I0 3aCTOCOBAHO JIUIIE
JIJIST JIBOBUMIDHUX 3aJ1ad.

Hocaimkyoan eMmmipudi mmbnaHi KiacudikaTopu MpHU BiAIOBIIHUNX yMOBaX PEryJIgpHOCTI,
HaBEJIEMO JIEMY MO0 ACUMITOTHYHOI TOYHOCTI KoedillieHTIB MOMUJIKOBOI KJacupikairil.

Jlema 1. Hexati hi(z) = c¢(z — &) daa 3azarvhoi dynryii wisvrocmi ¢ 3 c(kz) < c(z) das
xootcnoz0 z ma k > 1, a maxoorc napamempa pozmawysarns €. Kpim moezo, npunycmumo, uo
Ppyrxuii wisvrocmi hy, heo, ..., hr € eatnmuuno-cumempuunumu. Busnavumo W, ax wacmo-
MY NOMUAOK EMNIPUNHO20 KAACUPIKAMOPa Ha 0cho6l 2aubuny ma m = (M1, M, ..., mr) — Ak
sexmop poamipie eubipor dis pisnux kiacis. Busnawumo E%(z) = mj;ll}{E(l,z) — E(i,z)}

71

{

ma ¥, wo dopieHroe onmumasvromy batieciecvkomy pusuky. Todi oas deaxoi Gynruii v, AKG
3anencumos 610 ubOPY MIPU 2AUOUHU, BUKOHYEMBCA HEPIBHICTIIL

Vo<¥a 1Y [ - (BN 1)

Wo Mae Mmicue y 6unadky pienuxr anpiopHur Umosiprocmet, oduax das b6ydv-aroeo k (0 <

< K < ), Ym(k) = 1 npu min{mi,ma,...,mr} — oo. ¥V danomy eunadky ym(k) =

= [T max{0,1 — 2e~lm/m+1s*/2Y g ~, (k) = [, max{0,1 — Qm{e*m“’ﬁﬂ} ona Pynkyii cum-
l

NAIYIAALHOT TG HANIENPOCMOPOBoT 2AubuNY 610n06idno, de |z| — matbirvwe yitre “wucro, wo
mernwe abo dopienioe z. SHruio po3nodisu MHOMCUN JGHUT € CHEPUHHUMU, HACTOME TOMUAOK
KAGCUPIKAMOPa Ha 0CHOGT PYHKULL NPOCMOPOBOT 2AUbUHYU MAK0NHC 3a00604vHAE HEPisHicMy (1),

L
O (k) = ] max{0,1 — 2re—min"/8r*}
=1

HoBenenns. Y Bunajiky, Koiau z € [-ii muokuni nanux, sejumdanna WU Moxke OyTu BuUpazKke-
Ha K

L

v=r"! Z P{argm}gme(k, z) # 1}, (2)
=1

OCKIJIbKH TIPH 33aHUX yMOBaX KJacH(IiKaTop Ha OCHOBI MHOXKHUHHOI TJIMOWHUA € ONTHUMAJIHLHUM
aiteciBcbkum Kiacudikaropom [2].

3ayBaknmMo, 10 BubipkoBa Momaudikaiis YHKIN CHMILIIIAILHO] TIHONHE € HEe3MiIIeHOIO
CTaTHCTUKOIO 3 00MexKeHo0 dyHKINE ssapa. Tomy misa [ = 1,2,..., L ta mjis koxxHoro § > 0

P{|Em,(I,2) — E(l, 2)| > §} < 2¢72Lme/(+D18" )
3 BUKOpucTaHHsaM HepiBHocTi Xeduinra [3]. Orxke,
L
LUy —0) <) [

=1

L= 7o B () HIu(2) d= (4)

EOL(2)>0

L
st Yo (k) = Hmax{o, 1— Qe—Lmz/rHJm?/z}
I=1
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s dysKIil HaniBpocTopoBol riubuan, je | = 1,2,..., L ta § > 0, Mae Miciie HEpIBHICTD

d

0 OTpUMaHa 3 JieMu XedJiiHra JJIsd HEe3aJEKHUX Ta OJJHAKOBO PO3IO/IIJIEHUX BUIIAIKOBUX Be-
JmuauH s 6yib-gkoro ¢ikcopanoro z Ta j. Muoxuna rinepmtonmn {j'(Z — 2) = 0} B R’
Mae posmipricTh Bamunka—YepBonenkuca r mist mesikoro dikcosanoro z [4]. Tomy muoxkuna
surnsay{Z: j'(Z — z) > 0} mae nosinomiajibHe pO3JIiJIeHHsl, jle T — cTelinb MHOrOWIeHA. Jljist
[ =1,2,...,L ta koxxHoro § > 0 MmaeMo

P< sup
J

3 BUKOPHUCTAHHSIM De3yJbTaTib Ha HMOBipHicHMX HepiBHOCTsX Ha Muoxkuni {Z: j'(Z — z) > 0}.
Takoxx 3a3HAYNMO, IO

m Y MG (i - 2) > 0} = P{j'(Z - 2) > 0}

i=1

> 5} < 2e~2md? (5)

my ' A (i — 2) > 0} = P{j'(Z1 - 2) > 0}

i=1

> 5} < 2m}”672m152, (6)

supml 121\{3 (21 — 2) > 0} —supP{j (Z —z) > 0}
i=1

> 0. (7)

3BijICH BUILINBAE

my
sup|m; ' > A{j'(zi — 2) > 0} — P{j'(Z — 2) > 0}| > 6. (8)
J i=1
B pesynbrarti,
P{|Ep,(1,2) — E(l,2)| > 8} < 2mje=2me”, (9)
Hpumnycrmvo, mo EY(2) = min {F(1,2) — E(l,2)} > 0 ta suGepemo § = E%(2)/2.

{1+ 1£1}
Orxe,

PED(2) > 0} > P{| B (L 2) - B(L2)| < ZoC) >

2
L
2
> [[max{0,1 — 2me BV @2y = o (5012} (10)
=1
Jyist Koxxuoro | = 1,2,... L.

Ockinpkn ’ym{Em(z)} >0 Ta P{EY(2)} <0} <1— fy;;{EOl(z)} OTPHMYEMO

L
L( W — / PEY(2) < Obhu(2) d < Z / At (B (2) de. (11)
Eot EOl )>0

Y Bunajky QyHKIGT 1pocTopoBol rnbuHu BusHaunuMo t; = (z —zy;)/ ||z — 2| s i = 1,2, ... ,my
m

l
taT = (z—2)/||z— Z|, ne Z = h;. Kpim Toro, BUsHaIuMo T, = (1/my) Y t; Ta ep = Q(T).
i=1
Ockinbku ||ty || Ta |ler| € nomarHo-Bu3HAUEHNME, MAEMO

_ r _ 52
P{||fem, | = llerlll > 6} < ZP{It%l(k) — 5 (k)] > }
k=1

ae tp, (k) Ta ep(k) — k-mu xommonentu t,, Ta e BiAIOBiAHO.
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Orxke, ocKinbKY |, (k) + ep(k)| < 2, st koxksoro k = 1,2,...,7 CIpaBeiIMBOIO € Taka
HEPIBHICTE:
2

2
P{22, 0 - 0l > & b < P (0) - erti] > 3. . (12)

Bukopucrosyioun jiemy Xedminra, oTpuMyeMO HEPiBHICTH

_ 52
P{|tml(k:) —ep(k)| > 2r} < 26‘m154/8”2, (13)
3Bi,ILKI/I BI/IHJII/IBaS, 10
P{|En,(1,2) — E(l,2)| > 6} = P{||[tm,|| — llex|| | > 8} = 2re~™" /5%, (14)

OCKUIBKH Ty, (k) € cepelHiM 3HAYEHHSIM HE3aJIEXKHAX Ta OAHAKOBO DPO3MOALTEHIX OOMEXKEHHX
BUIIA/IKOBUX BEJIMYWH, II0 3HAXOJAUTHCSA B iHTepBasi [—1,1].
B pesymbprari maemo

L
Ln-0) <Y [ 1B ) hi(e) s (15)
=1 go(z)>0

L
st (k) = T] max{0,1 — 2re~™5" /8 Jlemy noseseno.
=1

Binzradnmo, 1Mo y BUIIAJKY BiITOBIIHOCTI MOJIENl 3CYBY PO3TAIlyBaHHS Ta ITPU PIBHUX allpi-
OpPHUX WMOBIPHOCTSIX TVIMOMHHI MeTOaN KJIacudikalil MOXKyTh OyTH JT0CUTh e(PEeKTUBHUMUI Hella-
PaAMETPUYHUMHA Ta, BUIBHUMHU BiJl PO3MOJILIY METOJAMH CTATUCTHYHOIO aHAJI3y JJId 33739 PO3-
nizHapanHsi. OJHAK Ha TPAKTHUIN Pi3HI MHOXKWHM JIAHUX MOXKYTh HE HAJIEXKATHU O CILIBHOTO
ciMeiicTBa eJINTUYHUX PO3NOALIB Ta MaTu pisHi anpiopni fimosiprocri [5]. Hasi naBegemo Jie-
My, siIKa € TEOPETUIHUM IAIPYHTSAM JJIst HOOYI0BHU IVIMOMHHUX KJIacu(iKaTopiB, M0 J03BOISIOTH
JocAaraT MiHIMAJILHIX KOeiIieHTIB MOMMIKOBOI Kytacudikalil mpu yMOBI HEPIBHUX aIlpiOpHUX
WMOBIpHOCTEI.

Jlema 2. Onmumarvruti baticciscorut xaacudiramop mooce bymu 3adaruti Ax

gopt(z) = arg m?Xplxl{E(laz)}a (16)

AKULO PO3NOIAU MHONHCUH OGHUT € eAINMUYHO-CUMEMPUYHUMU, & Oad PyHryild eauburnu Ma-
TANAHOOICA, HAMIBNPOCTNOPOBOL, CUMNAUIAALHOT, MAHCOPUMAPHOL, CUMNATYIAALHOT 06 emHoT Ma
npoexuitinot eaubuny ichyroms deari Gynruii X(-) mmoorcunnoi eaubunu E(l, 2), wo sasescams
610 muny GYHKYIL 2AUOUHU.
Hosenenns. Busnaunmo C; = {(Z —51)'Ef1(Zl —el)}l/Q, Jie £ — TapaMeTp PO3TAIyBAHHST;
Z; — MaTpPHIld PO3CiIOBaHHs [-1 MHOXKUHA JTaHUX, 10 Ma€ (PyHKIHIO MIJIBHOCTI ¢, a 2] &2 (.
Bincrans Maxasamobica Bij ejleMeHTa 2z 3 MapaMeTPOM PO3TAIIYBAHHSI £ BUSHAYAETHCS, TK

d={(z — )5z — )}V (17)
Tomy posnoginu C) 3aa10TbCsI TAKAM YHHOM:
p'/? 1/2 -1
- -
Yi(dy) = W|:l| d; " alz), 0 <d <oo, (18)

ko DYHKIIisI MUILHOCTI ¢; € eTINTUYHO CUMETPUIHOIO [6].
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Bapro zaysaxkuTn, mo Bimcranb Maxaganobica d; € PyHKINEH BiJi MHOKHHHOI TJIMOMHUI
E(l,z) y Bunajaky eninruaanx MuoxkuH ganux |7]. Kpim Toro, pic(z) > pici(z) Toxi i tinbku
o, Ko py|Zy| T2y (dy) fd T > palEal M Papi(di) ]

B pesysbrari, Busnavdaroun d; = Si{E(l, z)}, ontumanbuuii 6aiiecisepkuii Kiacudikarop Mo-
ke OyTH 3aJaHUil, K

Sopt(2) = arg mlaXPzXz{E(l, )}, (19)

ne X(k) = |20 Bi(R)}/{Bi(8)} . Teny noseseno.

Orke, KoM PYHKINIT MIIJIBHOCTI 3MEHIYIOThCS 3 BijgcTanHio MaxajiaHobica 3 IeHTpa CuMe-
Tpil, a PO3IOJIN MHOXKWH JAHUX 3aJ0BOJIbHAIOTH MOJIEJb 3CYBY pO3TallyBaHHs, MYHKIHT X
€ MOHOTOHHHMMU Ta OJHAKOBHMMHM JIJIgd BCiX MHOXKUH JaHHuX. TOl\Iy Ipu BUIIIEHABEAECHUX YMOBaX
GaiieciBebkuil knacudikarop (19) € kiacudikaTopoM MaKCHMAJIbHOI [INOMHN y BUMAJKY PIBHUX
anpiopHUX WMOBIpHOCTEIA.
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A. A. Tankun

Acumnororudeckasi OII€HKa I‘J'Iy6I/IHHbIX KJ'IaCCI/I(l)I/IKaTOpOB Ha OCHOBe€
MoAge/ il cCMellleHNs PacCIIOoJIO2KeHM A

Kuencknit nanmonaibubiit yuusepcuteT uM. Tapaca ITlesuenko

Hceaedyemes acumnmomuneckoe nosedenue Henapamempuieckur KAwCCuGuUramopos cuMniuyu-
aAbHOT, NOAYNPOCMPAHCNEEHHOT U NPOCPAHCMBERHOT 2AYOUHL NPU COOMBEMCMEYIOULUT YCAO-
suax peayaaprocmu. Hceaedosarnue npogodumces s nocmpoenus KAacCuduramopa Makcumaib-
HOU 2AYyOuUMDL, K0200 6CE ANPUOPHBLE BEPOAMHOCTIU KOHKYPUPYIOWUL KAGCCOE PasHbl U Yooeae-
MBOPAEMCA MOJeAb CMewenusn pacnosodcenus. Ilocmpoennvitl xaaccuduramop maxcumasvrotl
2AYOUHDL HE 3ABUCUM OM CNEYUAALHOT NAPAMEMPUNECKOT HOPMbBL PA3IEAUMENDHOT NOBEPTHOCTIU
U KAACCUPUUUPYEM, IAEMENTM, OGHHBIT K KAACCY, OMHOCUMEABHO KOMOPO20 IMOM, INEMEHM, UMEEM,
MAKCUMAALHYIO 2AYO0UHY pacnososicerus. Hccaedosan caywali HEPABHLIT ANPUOPHBIT BEPOATNHO-
cmeti, k0200 PA3AUNHDLE MHONCECTNEA JGHHBLIT MO2YM HE NPUHAOAEHCAMD 00ULLMY CEMETCTNBY IN-
AURMUNECKUT pacnpedeerud.

Karouesnte caosa: paccrogame Maxasmanobuca, GaitecoBeknit Kiaaccudukarop, yHKIUS TIy-
OUHBI.

0. A. Galkin

Asymptotic estimate of depth-based classifiers within the location shift
model

Taras Shevchenko National University of Kiev

The asymptotic behavior of non-parametric simplicial depth, half-space depth, and spatial depth
classifiers is studied under appropriate reqularity conditions. The research is carried out for the
construction of a maximum depth classifier, when all a priori probabilities of all the competing
classes are equal, and the location shift model holds. The constructed mazimum depth classifier
does not depend on the special parametric form of the dividing surface and classifies the data item
to a class, with respect to which the element has a mazximum depth of location. The case of unequal
a priori probabilities is studied, when different data sets may not belong to the common family of
elliptical distributions.

Keywords: Mahalanobis distance, Bayesian classifier, depth function.
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