KpaTKO OMNMCaHNE Ha Hal-BaXKHUTE NOCTUXKEHUNSA

Ha TpyjoBere Ha 1npod. jamH Eprenns CroumeHnosa

Hayunwure Mu nzciieqBanmns ca OCHOBHO B 00J1aCTTa HA MATEMATHICCKATA CTATUCTUKA U MTO-KOHKPETHO
B PA3BUTHUETO HA HOBU MOJIEJIN 33 HEllapaMEeTPUYHHU CTATUCTUYECKH 33Ja4dn. B Tasu obsact e aucepra-
IUATa MU 34 JOKTOP HA HAYKUTE W IOCAEIBAIINTE W3CAEIBAHUS C BOJEIM UYyKJECTPAHHU YYEHU U
JIOKTOPAHTH. 3a KOHKypca ca npejicraBedu 28 craruu oT Ta3u obsact. CbllecTBEHA YacT OT APYTUTE MU
HAayYHU MHTEPECH Ca OT 00J1aCTTa HA HPUJIOKHOTO CTATUCTUYECKO Mojeupane. Pe3yararure ca cBbp3a-
HU CbhC CTATUCTUIECKU MOJEN, TPUIOKUMA B HIKOW 00JACTU HA, MEXAHUKATA U WHXKEHEPHUTE HAYKH.
CratuuTre UMaT HAYIHO-TTPUIOKEH XapaKTep U €a B ChaBTOPCTBO C KOJIETH OT CbOTBETHUTE 0DJIACTH. 3a
KOHKYpCa ca TpejicTapern 12 ctatuu oT Tasu 001acT. CTaTHCTUIeCKUTe MOIe/ M B 00/1aCTTa HA ICHXOMET-
pusiTa ChINO ca 0OEKT HAa MOUTEe HaydHU wHTepecu. lIpefcTaBeHn ca JiBe CTATUU BBPXY MATEMATUIECKH
MOZeSIn W eaHa MOHOrpadus, cTaHaa MOMyJIdPHA 3a CPell Ch3JATEINTe Ha TECTOBE 33 MOCTUKEHUT U
CIEIUAJIUCTH OT 00JIaCTTa Ha MCUXOMETPHUSTA.

Panrosm kputepum 3a cpaBHsIBAaHe Ha [Be paslpeesieHus. [0lsgMa 9acT OT M3CjaeTBaHUITA
MU Ca TTOCBETEHW HA HEMAPAMETPUYHM KPUTEPUHN 3a CPABHIABAHE HA JIBE WJIM TIOBeYe pasnperneneHus. B
3ajlavaTa 3a CpaBHsSIBaHEe Ha JIBe pa3lpe/eseHus HyJIeBaTa XUIIOTe3a € Ye JIBETe Pa3lipe/lesieHns ChBIIajaT
cperity 0b1aTa aJTePHATHBA, Y€ PA3IPEIETeHNEeTO HA BTOPATA N3BAIKA € U3MECTEHO, HATTPUMED HAJIABO,
110 OTHOINEHWEe Ha pas3lpeflesieHneTo Ha MMbpBaTa M3BaJKa. De3 mpeamookeHns 3a KOHKPETEH BUJ Ha
pasnpejieleAnaTa, CTATHCTUKNTE Ha KPUTEPUUTE 32 MPOBEPKA HA TE3W XUTIOTE3W MOTAT Ja C€ OCHOBaBAT
caMO Ha pPaHroBeTe Ha 00eJMHEHATA U3BAJKA.

[TocTpowau cMme KJjiac OT PAHTOBU CTATUCTHUKU, TIOPOJeHU OT UebuiieBara MeTpUKa BbPXY HMEPMYTa-
muwu. [Toyueno e pasnpeneseHneTo Ha PAHTOBATA CTATUCTUKA 33 CPABHIBAHE HA JIBE PA3IpPEIe/IeHud,
KOSTO e nopojiern or Yebuiesata merpuka. M3ciieiBanu ca acCUMITOTHYHUTE CBOMCTBA HA PAHIOBATA
CTATUCTUKA IPU HYJIEBATA XUITOTE3a. Pe3yaraTnTe ca NPUI0KEeHN 33 T0KA3BAHE Ha AHAJTOTUYIHN CBORCTBA
na E-cratuctukara Ha llnnak. ToaroTo pasmpesenenne Ha CTATUCTUKATA Ha KPUTEPHU € TMOTYyIeHo 3a
Jlemanopa asiTepHaTupa. JlemMaHoBara ajJTepPHATUBA € YACTEH CJIydail HA a/JTEePHATHBA HA OTMECTBAHE,
KOATO 33 HIKOW HMPAKTUIECKN BAXKHWU PA3NpeesIeHns e aHaJOTMYHA Ha NapaMeTpUTIHa XHUIIOoTe3a C IIa-
paMerbp HA OTMECTBAaHE 3a PA3NpeiesieHus C IIPONOPHUOHAIHA Xa3apTHa dyHKus. Paznpenesienunero
TPY AJITEPHATUBATA, € U3TOA3BAHO 3a ONpejesisiHe Ha MOITHOCTTa HAa KPUTEPU.

Panroesu Kpurepumn, OCHOBAHM Ha CTATUCTUKU Ha IPEIX0XKIaHe U [IPEeBb3X0XKIaHe, 3a CpaB-
HsIBaHE Ha JBe pasnpeaesieHud. Panrosu crarucTukm, KOUTO ce 6a3upar Ha OPost Ha HAOIIOSEHUSATA
OT €/IHAa W3BaJIKA, KOUTO MPEIXO0kKIaT (MPEBb3X0KIAT) HIKOA (DUKCHPAHA CTONHOCT WU CIydaiiHa BesIu-
YMHA HAPMYAME PAHIOBM CTATUCTUKM HA IPEXOK1aHe (npeb3xoxane). [Ipu noaxopsano pedopmyiiu-
pame HIKOW OT PAHTOBUTE KPUTEPUU 3a JIBE M3BAJKU, Ne(PUHUPAHN OT HAC, CA €KBUBAJEHTHU HA APYTH
PaHrOBH KPUTEPHUM OT CTATUCTHYECKATA JUTEpaTypa. B obwdaiiHuTe M3c/geABAHNS B JATEPATYPATA, HI-
BaTa U CTATUCTUKUTE Ca HE3ABUCUMU. PaBI‘ﬂe}K/:[aHI/ITe OT HaC CTAaTUCTUKU Ca 3aBUCHUMU, U 3a Ja MOTAT
13 ce MPUIAraT B CTATUCTHIECKH MOIEIH, C& M3MCKBA ABEH BUI HA TAXHOTO ChBMECTHO pa3IlIpeicacHue.
Nscnensano e cbBMECTHOTO pasnpeeneHrne Ha CTATUCTUKY Ha, IPEeAX0XK JaHe U IPEBb3X0XK IaHe [P JIBe
n3BaaKH. V3BemeHo e pasnpeneeHneTo Ha CTATHCTUKATA C HABA ONpPeIeIeHn 0T (PHKCUPAHNA TOPAIKOBH
CTATUCTUKU TIPU €AHAKBU PDA3NIPEACTICHUYA Ha IBETEC N3BAJKU.

IIpennoxxkenn ca m ca W3CAEABAHU KJIACOBE OT PAHTOBMW CTATUCTHUKM, KOWUTO ca obobIieHme Ha, cTa-
tucrukuTe Ha npeaxoxaane (Precedence tests). M3cieaBaim cMe HOB KJac OT PAHTOBH KPUTEPHHU 34



MpPOBEpPKa HA XOMOTEHHOCT Ha JBE M3BAJIKW OT JIBE PA3IIPEeIeHUs CPEILy eJHOCTPAHHA AJTePHATHBA,
Ye BTOpaTa CAydaiiHa BEJIWYNHA € CTOXAaCTUUHO TO-TOJIIMa OT MIbpBaTa. V3BeIeHO e pasnpee/eHueTo
Ha CTATHCTHUKATA HA KPUTEPHUS NMPU HyJIeBaTa XUIoTe3a u npu Jlemawmopa anrepuarupa. V3caensana e
MOIIIHOCTTA Ha KPUTEPUUTE, OCHOBaH HO UebummeBara MeTpuka. Apyr Kiaac OT paHTOBHA KPUTEPHH, KONTO
CMe m3C/IeqBaIn, ca 0bobienne Ha KpuTepwit, m3caenpan ot Trokn, Xaitek n [[lugak. Hampasewno e cpas-
HHATEJIHO W3CIeIBAHE Ha MOIITHOCTTA Ha KJIACOBE OT KPUTEPHUH OCHOBAHH HA CTATHUCTHKY HA IIPEIX0XK TAHE
" IPEBb3X0KIaHE.

CrarucTuiecku Mo/iesi BbpPXY TiepmyTanuu. Mojesnnte, KOUTo cMe U3CJIe/[Baan ce ba3upar Ha pas-
CTOSIHUS BBHPXY HMEPMYTAIUU U U3MOJI3BAT CHINECTBEHO CTATHCTUYECKUTE CBONCTBA HA TE3U PA3CTOSHUS.
M3cnensanu cve cTaTucTudaecKuTe CBOMCTBA Ha UebuieBara MeTpuka u MeTpukara ua Jlu. U3crenpan e
MO OT TUI Ha MaJsoyce Ha pasnpefiesieHne BLPXY IepMyTallii OCHOBaH Ha MeTpukara Ha JIu. IlocTpo-
€H UTEePATUBEH aArOPUTHM 3a OIEHIBAHE HA mapamerpute B mojena wa Mamnoyc. Merpuka ¢ dhukcupan
BEKTOp € M3M0JI3BaHa B 33 JedUHUDAHE HA CTATUCTUKA HA HENApaMETPUYeH KPUTepuil 3a MpOBepKa Ha
TPEHJ] IPY YaCTUYHO HapexkjaHe. /[okazaHo e acuMITOTHYIHOTO PA3IPee/ eHne Ha CTATUCTUKATA Ha
KpUTEPUS.

Wzcnenpanu Monenn Ha 6 IM30CTTa HA YaCTUYHU HAPEXKJIAHUS Upe3 MeTpU3UPaHe HA [POCTPAHCTBA
OT JIeCHU ChCEHU KJIACOBE HA MEPMYTAIMOHHATA TPya. BbBemena e MeTpuKa 3a JaCTUIHN HAPEXK JAHWS,
nopojiera or Yebuieara METPUKA BbPXY MEPMYTAINH, KOATO € aJITePHATUBA Ha CTAH/IAPTHATA METPUKA
3a WbJaHM Hapexganus (nepmyrarmun). V3caenBanu ca CTaTHCTUYECKUTE CBOHCTBA HA METPHUKATA IPU
PaBHOMEDHO pazlpe/e/ieHue Ha YaCTUUHUTE PAHKUPOBKU.

CraTucTuvecKu MOAEJIH C M3II0JI3BAHE IMOPSIKOBH CTATUCTUKU. B TeopusTa Ha HaIeKIHOCTTA
€ MomyJIsipHa cucTemMa k-out-of-n, ¢bCrosina ce 0T n KOMIIOHEHTH U (HOYHKIIHOHUPAIIA, TOTABA U CAMO TO-
raBa, Koraro paborar moxe k ot meitnnTe KoMIonenTn. M3caeapann cMe HaZEKIHOCT Ha TAKABA CHCTEMA
C €JMHUYEH PE3EPBEH KOMIIOHEHT B PEXKUM Ha rOTOBHOCT. Ilosiyamim cme pe3ysiraru, ONKUCBAINA OCTa-
THUYHUS KUBOT W HETOBATA CPeJHa CTOHHOCT B CAyYanTe, KOTaTO BPpEMeEHATA HA KMUBOT HA KOMIIOHEHTHUTE
ce TPEJICTAaBAT Upe3 He3aBUCUMU CJIYYAlHN BEeJUUYWHU C AUCKPETHO pasmnpere/eHrne Ha BpeMeHaTa Ha
JKUBOT KATO aKTUBHUTE KOMIIOHEHTH CA XOMOTeHHW. Pe3y/iTaruTe ca BajJUIHA W TPU TMO-O0IIHU yCIOBUI
Ha TPOM3BOJIHO CHhbBMECTHO pas3mpefeieHne Ha BpeMeHaTa Ha KUBOT.

HenapameTpuvHO OIlleHsSIBaHe HA IUIBTHOCTTA Ha pa3npeneseHue. Pe3ynrarure ca CBbp3aHu C
HeTapaMeTPUYIHO OTleHsABaHe Ha BEPOATHOCTHATA ILTHTHOCT KOTaTO JAHHUTE Ca MHTEPBAJIHO OrpaHUIEHN
(menzypupann). IHTepBATHO OTPAHWYEHNTE JAHHU ¢a PE3Y/ATAT OT HAGJII0IaBaHe Ha HEMPEKbCHATA CJIy-
Jaiiia BeMYUNHA TTOCPEACTBOM (PYHKITHS, KOATO CHIOCTABSA HA BCAKA HAOIIOIABAHA CTONHOCT WHTEPBAJI,
KOHMTO g ¢chabpka. Hampaseno e obobmienne Ha omenkara Ha Hamapas- YOTCBHH 3a OlleHABaHE Ha BEPOSIT-
HOCTHATA TILTHOCT TI0 TleH3ypupanu nabmogerusd. [Tpegmoxenara moandunupana onenka ua Hagapas-
YoTChH H3IOI3Ba SIApa ¢ TPOMEHINBI Ib/IKIHA. Upe3 Hesl ce KOPUTHUPa MaKCHMAJIHO IPaBIonosobHara
onerka (MIIO) B uHTEpBAIMTE, B KOUTO OIEHKATA HA IIBTHOCTTA € 3aHMKEHA MOPAH TIeH3yPUPAHETO.
O1eHKaTa € ChCTOATEHA TIPU YCJIOBHE 33 aCUMITOTHKY 3a PeIKH TaHau (sparse asymptotics). Ilocrpoen
€ aJropPUTHM 33 WHTEPAKTHBHO IpadUIHO W3CIeBAaHe HA PABTHIHATE OTEHKH.

CraTucTudecku MOAeJ UM 3a W3CJeJBaHe Ha 3aBUCUMOCTU. V3cienpanu PErpecUOHHW MOIEN C
MpeIoaraeMa 3aBUCUMOCT MeXIy MPeIUKTOPHUTE MpoMeHJnBHU. lIpemtoiken e HOB MOAXON 3a HaMa-
JagBane OPos HA MPOMEH/UBUTE B MHOTOMEPHA, JIMHEHHA Perpecusi C 3aBUCAMOCT MEXKY MPETUKTOPHUTE
npomersuBu. edra e ga ce KOHCTPyUpAT HOCIE0BATEIH PErPDECUOHHN MOJEJN, KOUTO Ce MoIOupar
10 KPpUTEPUU C Kpoc-Bajumparus. V30pannre nNpOMEHJMBYA B MOJEIA MMAT IMO-Caaba KOpeJarus U Ca
[O-yCTONYMBY K'bM BXOTHHUTE JAHHU IO OTHOIIEHWE Ha TPEIKY W3BbLH U3Baakara (out-of-sample errors).



MN3Benena e dpopmyria 3a mpecMsaTane Ha CPETHOKBAIPATUIHATA TPEITKA CIe KPOC-BAINAIAIN.

Mogenn ot obisiacTTa Ha reorexHukara. l3cienpana e MOpeanIiaTa OT TECTOBE 33 MOCIEI0BATETHO
M3CYIABAHE ¥ HAMOKPAHE B €KCIIEPUMEHTAIHO YCTPOICTBO C MeAChIeH CTh10. 3MepBanuara Ha ChiIrbp-
JKAHHeTO Ha BOJA, KAKTO M HAJACAHETO B IIOPHUTE Ca MPAKO CBbp3aHu u ce omucBar ¢ kpuBaTa SWRC
(soil-water retention curve) Ha 3aJbp:kaHe HA BOAA B 10YBaTa. Bb3 OCHOBA HA E€KCIIEPUMEHTAJHUTE Pe-
gyaratu e mpeanoxker Hog Mozesa Ha SWRC 3a 3aabpskate Ha Boja B mousara. CpaBHEHUETO MEXKITY
M3MEpPEeHNTEe JAHHN U PE3YATATHTE OT YNC/JIeHATa CUMYIAINS Ha IPEHOCa Bb3IyX-BOIa B HEHACHTEHH Cpe-
¥ TIOKA3BAT, Y€ TPEIIOKEHUAT MOJET MOYXKE 1a O00pr TOIHOCTTA TPU CUMY/IADPAHE Ha BOJHUS IPEHOC
B HEHACHUTEHU CPEIN.

[Ipemioxkena e u e usciaexsana GaMuins 0T HeJIMHEMHU MOJE/IM, OLUCBAILU 3aBUCUMOCITA MEXK/LY
crenenta wa Hacumane u sogaus norennuan (SWCC). Mogenure gomyckar uHeapusanyst U O3BOJISTBAT
Jla ce OIEHM TOJIEMUHATa Ha IPeNIkaTa B mporHo3ata. [Ipeanoxenn ca aBydasnu HeTMHENHN MOJIETN Ha
SWCC u anropursM 3a OLEHsIBAHE HA apaMeTbpa Ha CBbP3BaHe Ha JBere (ha3u, 3aeHO C HapAMeTPUTE
Ha JIBeTe PErPECHOHHN YDPABHEHMUSI.

Moaenn Ha TecTOBe 3a MOCTUXKEHUsI. [IocTpoeH BEPOSITHOCTEH MO Ha WU3MHUT, BKJIIOUBAIIL BEPO-
STHOCTHU PA3IMPENe/SIeHNd B TPU MHOXKECTBA — HA YUCHUIINTE, U3MUTUTE W MOCTHKeHudTa. 1lokazana e
BpBb3KaTa MEXKJy HaJeXKHOCTTA W KOPEJAITuATa MeXKJy JIBa €eKBUBAJEHTHHU M3NHTa. JoKa3aHo e, ge Ko-
ebunmentbT Ha Kpombax e josiHa TpaHWIA 3a HaAeXaHocTTa. 3cieaBaHa e HOBA JOHA TPAHUIIA 33
HaJEKHOCTTA, Ha U3INT, ChCTOSII C€ OT HAKOJIKO KoMmoHeHTH. OIIeHKaTa M3MOJI3Ba KOSPUITHEHTHTE Ha
Kponbax ma ormesnnTe CKaau 1 KOPeJanuuTe MeXK Iy cKaanTe. V3cienBano e BAUAHUETO HA TErJIOBU KO-
epUINEHTH Ha OTACTHUTE 331a9l BbPXY HAJEKIHOCTTA, Ha €JUH TECT, & CbIN0 M BAUSHHETO Ha TETJIOBH
KOe(DUTIMEHTH HA HAKOJIKO TECTA BbPXY HAMEXKITHOCTTA HA ChCTaBHUA TECT. lloJydeHuTe TErjioBu Koe-
PUIHEHTH OCUTYPABAT MAKCHMAJIHA, KOMIIO3UITMOHHA HAIEKIHOCT. B ompeaenenn caydan Ta3yd OIEHKA
(KOMITO3UIIMOHHA HAJIEZKHOCT) € MO-BUCOKa, 0T Koedunuenta Ha Kponbax Ha ¢bCTaBHUS W3IINUT.



