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1. AHoranus

HenapaMeTpu4HOTO OLIEHsIBaHE Ha IUTBTHOCTTA € aTPAKTUBEH IOJXOJ 3a aHAJINW3 Ha JIAaHHH, 4pe3
KOITO JIeCHO MOXe J1a ce pewrn mpobiema 3a rpaduyHaTa WiIroCcTpays Ha €THOMEPHU U MHOTOMEPHHU
naHHu. Jlpyru BakHa 3aJaya, B KOATO HEMAapaMETPUUYHHUTE OICHKHM Ha IUTBTHOCTTa HaMupar
MIPUJIOKEHUE, € OTKPUBAHETO HA PErPECHOHHA Bpbh3Ka MEX/1y HSIKOJIKO IPOMEHJINBH, KOETO € YacT OT
MHO>KECTBO HU3CJIEIBaHMSI B Pa3HOOOpa3HH O0NACTH Ha MPUPOAHUTE U colUanHuTe Hayku. [Ipu
U3MOJI3BaHETO Ha HemapaMeTpUYHU METOAM 3a OlLEHKAa Ha IUIbTHOCTTa C€ JOIMYCKaT IO-MajKo
MIPENIOJIOKEHHS] TP KOHCTPYHMPAHETO Ha MOJIEN 3a JaHHUTE U HE C€ Hajarar JOINBJIHUTEIHU
YCIIOBHSI 32 pa3NpeAeTICHUETO, OT KOETO MPOU3IN3aT HAOMI0CHUATA.

2. HeoOxoamMu npeaBapuTe/J T HU 3HAHUS

M3uckBaT ce OCHOBHHU MO3HAHUS 110 TCOpHU HAa BCPOATHOCTUTC U MATCMATUUYCCKA CTATUCTHUKA.



3. KoMIIeTEHTHOCTH, NPUAOOUTH B Pe3yJITAT HA 00y4eHHETO

ILOKTOpaHTI/ITe me pa3BUAT CBOATa MATEMATHYCCKAa HWHTYWIIMA U YMCHUS, CBBP3aHU C

HCMMapaMCTpHUYIHUA aHAJIN3 HAa CAHOMCPHU 1 MHOT'OMCPHHU JaHHU.

4. TeMaTH4HO ChAbPKAHHUE

Tema Opoii yacoBe JEKIIH
Xuctorpam ¥ METOJIM 3a OLIEHKA Ha MUIbTHOCTTA 2
EnnomepHn n MHOTOMEPHHU OIEHKH, 0a3MpaHU Ha sipa 8
Hemapamerpuyna perpecus, 6a3upana Ha siapa 2
MHoromMepHa HenmapamMeTprUiHa perpecus U aJuTUBHU MOJEITH 2
Merox Ha Hal-OJIM3KOTO CHCEACTBO 2
Onenku, 6a3upaHy Ha MAKCUMAITHO MPABIONOA00HE ¢ TIEHATH3AIHS 2
[IpunosxeHust Ha U3TIAXKIAAHE Ype3 A/Ipa 4
HenapamerpuueH quCKpUMUHAHTEH aHAIIN3 2
HenapamerpuuHu 1 moiaynapaMeTpudHu 0000IIEeHN JIMHEWHN MOJIEITH 4
MHoOroMepHHu aIafTUBHU XUCTOTPaAMHU 2

S.
1.

KoHcnekT

XucTorpamMy U METOJIU 3a OLIeHKa Ha mrbTHOCTTA (HauBHu onenku; OnieHku, 6a3upaHy Ha s1pa;
Metox Ha Hal-OIM3KOTO ChceAcTBO; OlEHKH, 0a3upaHW Ha OpTOrOoHANHU penoBe; OIEHKH,
0a3upaHy Ha MaKCHMAJIHO MpaBionogodue ¢ nenanuzauus; OueHkH, 0a3upaHnn Ha 0000IIeHH
TErJ0BU (DYHKIINN).

Ennomepnu ouenku, 0a3upanu Ha aiapa. Kpurepun, o0CHOBaHU Ha cpejiHa KBaJpaTU4Ha Tpelika
(MSE) u cpenna nnterpupana kBaaparuyna rpemika (MISE). (AcumntoTundau npuOamKkeHus Ha
MSE u MISE; Tounu nzuncnenus, cebp3aau ¢ MISE).

KaHonu4Hu a11pa v onTUMaliHa Teopus 3a siipa. Sapa ot mo-BUCOK Nopsabk. Moaudukanuu Ha
OIICHKUTE Ha IUTBTHOCTTA, Oaswpanu Ha sApa (JlokamHu oreHku, Oa3upaHu Ha sAIpa;
Tpanchopmupanu oreHkH, 0a3MpaHu Ha sIpa).

N360p Ha mapamerspa Ha u3rnaxnane (MeToau, OCHOBaHM Ha HOpMalHa IUTBTHOCT; MeTos Ha
npeusrinaxnane; Meroau, 6asupanu Ha cross-validation).

CpaBHeHue Ha MeTOJUTE 3a U300p Ha MapaMeTbpa Ha uiriaxjaaHe (TeopeTUUHO mpeAcTaBsHeE,
N3aucnurennu cho0pakeHus).

ACUMNTOTHYHH CBOICTBa Ha €IHOMEPHHMTE OLEHKH, Oasupanu Ha sjapa (CBCTOSATEIHOCT;
CkopocT Ha CXOAMMOCT).

MHoromMepHu oIeHKH, Oazupanu Ha sapa (Acumnrornuynu npubOmpkenus Ha MISE; Tounn
n3uncienus, cebp3anu ¢ MISE).
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16.
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20.

21.

N360p HA MHOTOMEPHOTO SAPO U MapaMmerhpa Ha u3rinaxaane (M3uuciurenHu choOpaKeHUS;
TpyAHOCTH B IPOCTPAHCTBA OT MO-BUCOKA Pa3MEPHOCT).

Hemapamerpuuna perpecusi, 0asupana Ha siapa (Ouenka Ha Nadaraya—Watson; JlokamHo
MMOJIMHOMHH OLICHKH, 0a3upaHu Ha sjpa; AcHMNTOTHYHH mpubamkeHus Ha MSE; M36op Ha
napameThpa Ha U3TJIaXKIaHE).

MHoromepHa HemapamMeTpUyHa perpecuss M aguTUBHU Mozenu. CpaBHEHHE MEXIY
HETIapaMETPUYHUTE PErPECHOHHU METOIH.

. Meron Ha Haii-Omm3koro cheenctBo (M300p Ha mapamerbpa Ha M3MNIAXAaHE; M3UncIUTENHU

ChOOpaKeHUs).

AnanTuBHHM OIleHKH, Oa3zupanu Ha snupa (Merox Ha Breiman, Meisel u Purcell; M360p Ha
napameThpa Ha U3TJIaXKIaHE).

Onenku, 06azupaHu Ha MakcUMalHO Tpapaononodbue ¢ menanm3amus (Ilomxon wa Good u
Gaskins; Meroa Ha TUCKpPETHO TpaBaononooue ¢ neHanusanus; [lenanuzanus Ha JorapuThbma
Ha IUTBTHOCTTA).

OuneHkd Ha IUTBTHOCTTA, Oa3upaHu Ha sAapa, NpU 3aBUCUMHU HAOJMIOACHMS, W3MECTEHU
HaOJI0/IeHUs, ISICHO-1ICH30PUPAHHU JaHHU U JaHHU C TPEIIKH NPU U3MEPBaHUATA

[Ipunoxenus Ha wusrmaxngaHe upe3 supa (OneHka Ha xazaptHata (yHkuus; OneHka Ha
CHEeKTpaJlHaTa ITbTHOCT; PerpecnonHn mopaenu, Gasupanu Ha mpaspononodue; OneHka Ha
(GyHKLIHSATA HA MHTEH3UBHOCT).

Wsrnaxnane Ha HapeneHu KareropHu gaHHM (YectorHu Tabmumm; OnEHKAa Ha IUTBTHOCTTA;
Perpecus).

Henapamerpuuen nuckpumuHanTeH aHaim3 (ITogxon ype3 HemapaMeTpuYHa OICHKA Ha
mIbTHOCTTA; O000IIEeHHS 32 AUCKPETHU U CMECEHU JaHHH).

IIpunoxxeHust Ha OLICHKA HA IUITBTHOCTTA B KIBCTEPHHUS AHAIIU3 (ﬁepapaneH Mmeron; Merog,
0a3upaH Ha PEIIUIN).

Hemapamerpuuau 1 moiymapaMeTpudHu 0000meHn auHeHn monaenu (OueHku, 0a3upaHu Ha
MaKCHUMAaJTHO TipaBaonoooue ¢ nenanuzamus; Fisher scoring; Cross-validation)

[Monmynapamerpuunu U cTpykTypHU wMojaenu (EnHowmHmekceH Mopaen; AJMTUBEH MOJET;
YacTUuHO JTUHEEH MOJIC).

Mmuoromepun amantuBHu xucrorpamu (Greedy xucrorpamu; XwucTorpamu, Oa3supaHu Ma
KIacuukanus U perpecuoHHU IbpBeTa; Bootstrap aggregation).

IIpenopbuyana JuTeparypa:

Silverman, B. (1986). Density estimation for statistics and data analysis. Monographs on
Statistics and Applied Probability. London - New York: Chapman and Hall.

Wand, M. and Jones, M. (1995). Kernel smoothing. Chapman & Hall., London.

Green, P. J. and Silverman, B. W. (1993). Nonparametric regression and generalized linear
models: a roughness penalty approach. CRC Press.

Simonoft, J. S. (1996). Smoothing methods in statistics. Springer, New York.

Klemeld, J. (2009). Smoothing of multivariate data. Density estimation and visualization.
Hoboken, NJ: John Wiley & Sons.

Klemeld, J. (2014). Multivariate Nonparametric Regression and Visualization: With R and
Applications to Finance. Wiley.



7. PecypcHo ocurypsiBaHe Ha 00y4eHHETO:

He e HeoOxomuMo.

8. Kputepuu 3a onenka

M3muThT € ¢ MPOABIDKUTETHOCT 4 Yaca U Cce ChCTOM OT JIBE YACTH — MMUCMEH U YCTEH.

Ha nucMeHwust M3MUT TOKTOPAHTHT pelllaBa eHa 3aada 110 TeMaTa Ha Kypca U pa3BUBa CBOMTE UJICH
Y KOHIIETIIIMH TI0 €IMH BBIIPOC OT KOHCIEKTa. Ha yCTHUS M3MUT TOKTOPAHTHT OTTOBAPS Ha 33/1aJICHA
OT )KypUTO BBIIPOCH, CBBP3aHU C TEMAaTa Ha Kypca.

Kpaiinara omenka ¢ ot 2 g0 6 (¢ Tounoct mo 0.5). Ta ce dbopmupa Ha Gazara Ha CIETHOTO

CBOTBCTCTBHUC:
OtnuueH (6) MH.1008p (5) Jo6bp (4) Cpenesn (3) Cnab (2)
OTIM4HO Biagce [To3naBa matepuana. | Bmanee romsma Braanee camo wact ot | He mo3naBsa
Marepuana. W3znara ro npaBuWJIHO | YacT MaTepuaia, HO | MaTepuaia, HO ce 3HAYMTEIIHA
N3noxeHuero e 0e3 ;a orycka JIOTycKa 3aTpy/AHSABA B Y4acT OT
H34YepraTesHo, CBIIIECTBEHHU HETOYHOCTHU MIPU OTICIHUTE JCTalIN. Marepuana,
IOCJIEI0BATEIHO, HETOYHOCTH. H3J0KEHHUETO U Jomycka HETOYHOCTU | JOMyCKa
KOMIICTCHTHO, JIOTHYHO Moske TIpaBHITHO J1a OTTOBOPHUTE HA BbB CBIIECTBCHH

1 XapMOHHWYHO.

Ipujara TeOPETHIHH

BBIIPOCHTE.

(hopMyITHPOBKHUTE U

IPELIKU U C

ITpaBunHO 060CHOBaBa HPUHIUIH U Vma u3BecTHH HapyIasa roJIeMH
NpeAaraHuTe pellieHns, | MpuTexKapa HESICHOTH TPU HOCIIEZIOBATENIHOCTTA | TPYIHOCTH
3Hae Kak /1a 0000masa 1 | HEOOXOIUMHTE OTIMTHUTE 32 MIPY TIPEACTaBIHETO H3ITBJIHABA
n3jara Marepuaia 06e3 1a | yMeHus 3a IpuIaraHe Ha Ha Marepuai. ima NPaKTHYECKU
MIPaBH IPELIKH. W3IBIHEHHE Ha Marepuaia B 3aTpyJHEHHS IPU 3a7a4H.

HpI/ITC)KaBa U3IIbJIHCHUEC HA
H€06XO,I[I/IMI/ITC YMCHUA

3a U3IIbJJHCHHUE Ha

MPAaKTUYCCKU 3aa4H. MPAKTUYCCKU

CUTYyalluu. MMpaKTUYCCKU 3a1a1u.

MMPaKTUYCCKHU 3aJIa4H.

VYyeOHnaTa nporpama e o6cbh/ieHa 1 0100peHa Ha 3aceflaHue Ha ceKIus ,,M3cieiBaHe Ha onepaiumnre,
BepoATHOCTH U ctatucTuka™“ Ha 10.03.2020 r.

PvroBomuTeln cexus:
(mpo¢. n-p Hukomnaii JKuBkoB )

VYuyebnara nporpama e pasrienana ot Jupekropckus cbBeT Ha UMU-BAH
Ha 12.03.2020 r. (mpotokou Ne 10).

VYuyebnara nporpama e mpueta ot Hayunus cpBer Ha UMU-BAH
Ha 13.03.2020 1. (mpotokon Ne 4).
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