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OOIMAT CUCBK C HAYYHUTE MM TPYJOBE BKJIIOUBa 23 (IBajeceT W TpH) 3arjiaBus B
nepuoga Mexay 2015-2023 romuna, BcuYkMTEe MNyONIMKYBaHM cliell TNpuaoOWBaHe Ha
oOpa3oBaTenHara creneH A0oKTop npe3 2013r. ¥ 3aeMaHeTo Ha UTHKHOCT IJIaBEH aCUCTEHT B
Wuctutyra no Maremaruka u Mudopmaruka, benrapcka Akanemus Ha Haykute. OT Tax 3a
y4yacTue B KOHKypca ca u3bpanu 18 (oceMHazeceT) HayuHH paGoTH, KaTto 2 (AB€) OT TAX ca
CaMOCTOSITENIHU U 16 (LIecTHaaeceT) ca B ChaBTOPCTBO.

CymapHo NMpeaOCTAaBEHUTE 3a KOHKYpCa TPyAOBE Ca OLICHEHHW HAYKOMEHTPUYHO KaKTO
cjieaBa:

Hnpexcauus Bpoii IIpenpatkn B cnucbKa
nyoJuKaAIHH oT nyoTuKanuu

npeJucTaBeHH 3a
KOHKYypca

B cnucanus ¢ umnaxkT gaxkrtop 6 1,8,12,14,15,17

B cnucanus 6e3 umnakt ¢akrop, Ho | 4 7i10.17,13

vHzeKcHpaHu B Scopus ¢ SJR

B cOopHMLM OT fOK/Iaau HAa KOHpEpeHUMH | 5 4,5,6,9,16

uHaeKkcupaHu B Scopus ¢ SJR

B tpynoBe unpekcupanu B Scopus Ge3 | 2 2,18

SIR

B cOopnuuu ¢ TpynoBe ot KoHpepeHuuH, | 1 3

HIEKCHpaHu U pedepupanu B Zentralbladtt
1 Mathscinet

Hayynata Tema Ha MNpeaOCTaBEHUTE 3a HACTOSILUMS KOHKYpe paboTH € eCTECBEHO
MPOAB/KEHUE HA W3C/IEABAHMUATA MU B NPEAMLIEHHWS €Tall Ha Hay4yHO pa3BUTHE. Temwure,
3aroyYHaTH 1o BpeMe Ha paboTaTa Mo AUcepTauuaTa Nojdyunxa MbJIHOUEHHO pa3BUTHE, U Ype3
CbBMECTHaTa paboTa C HOBM CBHABTOPU W ekunu. M3OpoeHute TpymoBe moraT aa Obaat
rpyNUpaHy B TP OCHOBHH HaIpaBleHUs:




1. CratucTuecko  MojenupaHe Ha  KOCMMYHM  JBbYM W aTMocdepHH,
reoMop(hONOrMYHH MPOLIECH, T€OCTATUCTHKA.

2. PasksoHsBauM npouecu

3. PesynTati M3BBH JBETe OCHOBHM HANpaBIEHHS

CTaTHCTHYECKO MoJeaHpaHe HA KOCMHYHH JbYH M atMocdepHu,
reoMop(}oJIOrH4HH NPOIECH, Fre0CTATHCTHKA.

OnucaHHeTo M U3BEKIAHETO HA 3aKIIOYEHHS 32 PUPOIHUTE NPOLIECH U3UCKBA IbJIbI
NIEPHON OT M3MEPBAHWA HA MHOXXECTBO MHTEPAMCLMILUIMHAPHU mapameTpu. YecTo TaxHaTa
BPb3Ka HE € sBHA, a H3MEPBAHHMATA Ca CHIIPOBOJAEHH C EKCTIEPUMEHTAIHA IPEIlKa WM HMa
HeMB/IHOTA B JaHHUTE. 3aTOBA MHOXECTBO M3MEPBATE/IHH KAMIAHHH Ca C MPOABIKHTENHOCT
TOAMHH, MACUBUTE OT JaHHH Ca OTPOMHH M C€ HYXKIasT OT CepHO3HA M MOCTOSAHHA 0GpaGoTka
U OLICHKA Ha KaY€CTBOTO MM. B TakbB ciioskeH M 0GeMeH ekcnepuMeHT Gelle AaaeHo HAYano
Ha MOATa HayyHa paGora. Yecto ToBa BKMOYBAllE pYTHHHA PaGoTa MO M3UMCTBAHE W
M3CJIC/IBAHE HA KaYECTBOTO HA NaHHM, KOATO € JIUIIEHA OT BH3MOXKHOCT 3a MyG/IHKALMOHHA
paboTa B MpPOABKEHHE HA IABIATO BpEMe, TMOPAAM JIUNCA HA CTATHCTHUECKA MOLLHOCT B
PE3YNTaT Ha KayeCTBOTO Ha CHOpaHWTE NaHHM. A3 CBM paGOTHN KaTo 4acT OT eKH,
(okycupaH BbpXy NPOBEKAAHETO HA peaneH eKCIEPUMEHT 3a HEMPEKbCHATO M3C/IEIBAHE Ha
38 napameTpu Ha atMocdepara B nepuoaa 2009-2015r. OG3opHa rnaBa B KHMra ommcpaiia
H3MEPBAHUTE NapaMeTpPH, € BKIIOUeHa B COOPHHUK OT CTaTHH, MPeIOCTaBEHH 3a KoHKypca [1].

Enna ot Tematukute Ha nscnessane Ha Mycana e M3y4aBaHETO Ha aTMOC(EPHUTE aepo30iH,
CBBP3aHH C Tmpoueca Ha NMPEHOC Ha 3aMbpCABaHMA M oOpasyBaHe Ha OGnaud. EauH oT
UHCTaTUpaHuTe ypean 3a tasu uen e Hedenomersp (3563 TSI Nephelometer), u3Mepaily
KOHLICHTpalysiTa Ha aepo3onu. B neproaa 1 anpun — 30 rouu 2013 ¢ Herosa nomou Gsxa
PETUCTPUPaHU MHOXKECTBO CBOMTHS Ha MpeHOC Ha mickk oT Caxap Haj BpbX Mycana, B
Puna. 3a uenta 6s1xa u3nossasu BpemeBH PeIOBE OT NaHHK 3a Koe(HLEeHTUTe Ha aGcopOuus
1 pasrpbCKBaHE Ha AB/DKMHA HA BBJIHATa OT 550nm u 750nm ¥ AHICTPOM EKCIIOHEHTaTa
(scattering Angstrom exponent). BpemeBute pemoBe OT gaHHM 6sXa M3YHCTEHH OT
CKCTIEpUMEHTAJIHA rpellka, CAHXpoHU3HpaHH ¢ figure of merit in time (FMT) u chrocTapenu
CbC CAaTC/IMTHN NaHHM 32 npaXxoBus nHaeke (Dust Index) Ha NASA Aqua/AIRS. [IpeHocsT €
MOTBHPACH OT CUMYJIaLliK 32 TPACKTOPUHUTE Ha BB3AYIIEH TPAHCHOPT, M3MOMN3BAIKH MOJea
HYSPLIT. CpaBHuTenHUAT aHANH3 € ny6aukysan 2015 B [2].

Temara 3a TpaHCrpaHUUHKSI IPEHOC HA CAXAPCKH MACHK € A0pa3BUTa M 3a LENTa € Ch3/ajeHa
MPUTOACHA 32 CHCTEMHM C OrpOMHAa M3YMC/IMTENHA MOLIHOCT CO(TYepHa cHCTeMa 3a
aBTOMAaTu3vpaHe Ha mpocnenspanero. Ts ce Gasupa Ha aBTOMaTM3MpaHO obpaboTBane u
KOMOMHMpaHe Ha CaTeJMTHM NAHHW 3a 3a npaxosusa uHAEKC (Dust Index) nHa NASA
Aqua/AIRS ¥ TpaekTopuHTE Ha BB3ayLIeH TpaHCcnopT u3nonssaiiku moaena HYSPLIT. Ot
KOMOMHHUPaHUTE MPOCTPAHCTBEHO-BPEMEBH PEIIETKM OT JAaHHH MOrat Jla Cce W34UCIIBaT
Bapuorpamu 1 BeposTHOCTH 3a MbPBOM3TOUHMKA Ha 3aMbPCABACHETO WM YaCTHLIUTE MACHK.
PesynrareT, GasupaH Ha peaqHH NpeHOCH Ha Caxapcku BATBp Haj TepMTOpHATa Ha
Peny6auka Maxkenonus ca nokiagBaHu Ha KOH(epeHuus B OXpup M nNyGIAMKyBaHH B
c6opHuka oT noknamm [3].



YecTo HM3TOYHMUMTE HA 3aMBPCUTENHM ca SCHM M LIETUTE OT 3aMbpCsBAaHHMATA Ca
JBJITOCPOYHH. 3a OLEHKA ¥ MHUHHUMH3MPAHE Ha LIETHTE YECTO C€ Hajarar JOMbJIHUTEIHH
MBJIHM M3ceaBaHus. TakbB € Cly4asT Ha 3aMbpcsiBaHe ¢ ApCEH Ha JOJIMHAaTa Ha peKa
OrocTa, ClyuBajio ce B MPOABIDKEHHE Ha jaeceTuneTus. B kpas Ha 90-Te roaumHu 3amno4sa
MpOLEChT Ha KyJITHBAlMA W HM3C/eBaHE Ha paiioHa. B pesynrar Ha HAKOJKO MallaGHH
MpoeKTa ca ChOpaHW JaHHM 3a 3aMbPCSBAHETO C TEXKKH MeTalu Mo jgonuHaTta Ha Orocra
okoJsio Yunposuu. Ho nopaau cuiiHaTa HEpaBHOMEPHOCT Ha M3CJIEIBAHUS TEPEH M OrPOMHATa
CKaja Ha BapHpaHe Ha KOHLEHTPALMUTE, KJIACHYECKMTE METOAM Ha MHOTOMEPEH aHaju3
nokaspar cjaaboctu. C 1en peayurpaHe Ha CTENEHUTE Ha CBOOOAA € U3BBPLUEHO IpynupaHe
Ha npobuTe cropea reoMopdooreckute 0coGEHOCTH Ha TepeHa. 3a Tas3u Lie € M3M0/3BaH
K-means kabcrep Mmeron. Pesynrature ca BepuMLMpPaHH CHOpEA €KCMEPTHAa OLEHKA.
BriocsieicTBUE YI€HOBE Ha €KHIa JOpa3BUBAT MIEATA 3a KIbCTEpHA KlacH(HKalLHMs KaTo ce
M3M0/3Ba KOMIIOHEHTEH aHalk3 Ha TepeHa OTHOCHO KJIAJAEHLUMTE 3a BOJHU TPOOH.
PesynTaThT € nyGaMKyBaH B GJM3KO IO TeMara 3a 3aMbpcsiBaHusATa cnucaHue npes 2019r B

[4].

B npolieca Ha M3C/ieBaHE HA 3aMBPCABAHE C apCEH M TEXKKH METAJIM M0 JOJIMHATa Ha peKa
Orocra B paiioHa Ha YUnpoBLM, NOAXOABT 3a pa30MBaHE HA HAJTMYHHUTE JAHHHM I10 KIIbCTEPH €
MPUIOKEH W 3a M3MepBaHUATAa OT KIAJEHUM 3a MoAnouBeHHM BoaH. IlpuiokeHara
KTBCTEpU3aLMsl C KOMIMOHEHTEH aHalu3 peayLuMpa HEXOMOIE€HHOCTTa Ha J[aHHUTEe H
MO3BOJIIBA U3BEXKIAHE HA MbPBUYHU FEOXUMUUYECKH BPB3KM 32 KOHLEHTpaUusaTa Ha APCEH ¢
reoMopOMOKKA M TEeOXUMHYECKH MapaMeTpd KaTo HHUBO Ha TMOANOYBEHHUTE BOJH,
OKCHJALIKs, €JIeKTPONPOBOJAUMOCT U T.H. B pe3ynrara no noaxoAsio rpynupaiy KiaaeHIu €
HamepeHa cCrieud(uYHa 3a MECTOMOJIOKEHHETO PErpecMOHHa 3aBUMHUCOCT. 3a LenTa €
u3non3BaH Generalized Linear Models (GLM) perpecuu ¢ raycoBo ¥ ramma pasnpeziejieHue
Ha 3aBHcHMMara MpoMeHauBa. Pesynratute ca myOnuMKyBaHM B TEMATHYHO CIIMCaHHE IO
temara npe3 2023 roauna B [5]. PaGorata e yact ot npoekt TOIIOMET (KII1-06-H24/2), B
KOWTO a3 61X pbKOBOAUTEN Ha pabOTEH MaKeT.

Hyxpmata oT KiIIbCTEpH3aLKs Ha JAHHUTE Ce MOSBABA M B JPYT BUJ U3UMCIUTEHH 3a1a4u. [Ipu
JBJITH BpPEMEBHM TMEPHOAM Ha H3MEpBaHE HAa JMHAMHUYHO TPOMEHSIM C€ MpOLECH Ce
MoJjyyaBaT CTPYKTYPHH pa3fiMKM B pe3YyJNTaT Ha €CTECTBEHH NPOMEHH B MpOLECa HIH
NpoMsiHa B M3MepBaTeNHUs pexuM. CTaTUCTHUECKH METOJ 3a JEeJEKTHpaHe Ha MOJ00HH
cMeHH B pekrma e u3BecteH kato Change Point Analysis. OCHOBEH NMPHHLMIT NIPH HETO €
3MOJI3BAHETO Ha MapaMeTpUueH U HENMPMETPUYEH TECT 3a OLEHKAa Ha JOCTOBEPHOCTTA Ha
CTaTMCTUYECKATa XMIIOTE3a 3a CHCTeMaTHYHa MPOMsHA Ha MaTeMaTHYeCKO OYAaKBAHE W/MJIN
JUCTIEPCHST WM Jpyra 3HauMMa CTaTUCTUYECKU OLEHKa. Bb3 OCHOBa Ha M3MOJ3BAHETO Ha
rotoB cratuctuuecku maket 3a Change Point Analysis € U3roTBeH MoOJeN 3a aBTOMaTHYHO
3acuyaHe Ha @opOyw edekr. Toa e ¢u3nuueH Mpouec Ha psA3Ka peayKuus B
MPOABDKUTETHOCT OT HSKOJIKO IHM Ha MHTEH3UTETa Ha ['anakTM4eCKUTe KOCMUYHM JIbYM B
pe3yiTaT Ha MOJYJalMs C YacTULM OT CIBHYEBM KOpPOHApHHU wu3purBanus. Hacrosmmsar
MOJEJ € TeCTBaH C JaHHU OT HamMpallus ce Ha Mycana MIOOHEH Teseckomn. TpyaHocTTa 3a
M3MOJI3BaHe Ha cTaHaapTHUTE napaMeTpu 3a Change Point aHani3a npou3THYa OT HAJIMYHKETO



Ha IbIBr Jlar Ha aBTOKOpENAaUMSTa BBB BPEMEBMTE pEIOBE OT KOPHUTHUpaHUTe ¢
aTMOC(epHOTO HasIsraHe MIOOHH. 3a Tasu LI€]1 eMIOHPUYHO € U3BENEHA KOPUTHpalla TeXKecT
(penalty), ¢ kosaTo e kanuGpupan mozenbT. OmucaHHeTo Ha MoJeja € [OKJIagBaHO Ha
TONMILIHATA CeCHsl MO MHAYCTpHanHa MaTtematuka npe3 2017 rogmua u nyOaMKyBaHO B
cOopHHKa OT H3Gpanu cTaTu [6].

[Ipunoxennero Ha M3roTBEHMS MOZEN 32 ABTOMATMYHO 3acuyane Ha DopOyu cLOUTHS ¢
Change Point Analysis e ACMOHCTPUPAHO C peaNHH [aHHM H3MepeHM Ha Mycana u
pedepupann ot naHHM oT caTenut Ha HOAA. Hscnensanero o6xsama neprog ot 4 rogunu
KaTo ca MOTBBPACHH W 3aceueHH MoBeue OT 10 CTbHYEBM H3PUrBaHHA C pasjiM4yeH reo-
eexkTHBEH MHTeH3UTET. PesynTarThT € AOKTANBaH Ha Bankanckus koHrpec Ha dusmuure,
nposei ce npe3 2019 8 Codus u e myGuKkyBaH ¢ KpaTbk TEKCT B cOopHuKa OT JoKnamu [7].

Pa3KJlOHﬂBalllH Ceé npouecHu

Tematukara o paskaoHsBaum ce NPOLECH 3a MPBB MBT BIM3a KATO TEMa B MOSATA
HayyHa paboTa MO BpeMe Ha H3rOTBAHETO HA AaucepraunMoHeH Tpya. OCHOBHa Tema B
AUCEPTALIUATA € MOJEIMPAHETO Ha aTMOC(EPHUTE KAaCKah HAa KOCMHYHM JThUM HaBJIU3AllH B
aTMocepata M 06paGoTKaTa Ha M3MEpBATENHH JAaHHH OT nono6Hu npouecu. IToTokbT OT
KOCMHYHH JTBYM BKIIIOYBA NMPEAMMHO MPOTOHH (BOMOPOIHH anpa, 90%) u anda uyactuum
(oxono0 9%) ¢ BHCOKM M CBPBXBHUCOKH eHepruv (Han 10° enektpon BoaTa). [Ipu TaxHOTO
HaB/IM3aHe B aTMocdepaTa M B3aUMOIEHCTBHETO UM C aTMOC(EpPHUTE MOJIEKYIH 3amoyBa
KackafieH MpoLec C paXJaHeTO Ha MHOKECTBO BTOPHYHM YACTHIIM. Kpartko 0630pH0
ONMHCaHHE Ha Mpoueca B TEPMHUHUTE HA Pa3KIOHABAIIMTE Ce NpOLECH W PUCK TeopusTa
CBHYETaHO C KOMMIOTBPHU CUMynauuMu Gewe npexctaBeHo Ha XVII MEXAyHapoaHa
KOH(EPEHLMS 110 BEPOSTHOCTH W CTaTUCTHKa, NMpOBe/ieHa MexAy 25 1oHu U 1 1omu 2016r. B
rp. [lomopue, PenyGnuka Buarapus. B nocnencteue e nMy6IMKyBaHO B CGOPHUKA OT TPyIOBE
Ha KoH(epeuusrta [8].

Brocnencteue Tematukara nomyuasa TIOZIKpena ¢ BK/IIOYBAHETO B HALIHOHAJIEH MPOEKT C
TEMATHKA pasKJIOHABALLM C€ MPOLECH (FNI-KP-06-H22-3/2018) u Y4acTHETO Ha JIOLEHT J-p
Ilenka Maiicthep B cbhBMecTHata paGora. ITbpBara chBMecTHa pabora 1o Tematkata e
(oxycupaHa mo u3cieBaHe Ha BIMSHHETO HA HAYATHMTE YCIIOBHS BBPXY pa3BMTHETO Ha
PasiJIOHABALL ce npoLec. B Hes e pasriienan oCHOBHUA Ciyuaif 3a BAMSHMETO HA HAYAIHM
YCIIOBHA CeABALUM €IHO OT A06pe M3BECTHHUTE CIyyaiHH pasnpeneneHus - reoOMeTpUYHO
(OTMECTEHO M HEOTMECTEHO), OTPHULIATENHO GUHOMHO U Iloiia-Aenmu (Polya-Aeppli). Camure
PasTpeNie/iehns ca CneuuanHo noadpanu. Basosata npuumua e BpB3KaTa MEXAY TAX —
CyMaTa OT I€OMETPUYHO pas3NpeNeieHH CIyYyailHH BEJMYMHU ce CBBp3Ba CbC CHCTABHO
TloacoHoBo pasnpenenenue u cybopauHapen (subordinate) Jlesu npouec. Ot apyra crpaHa
[lotia-Aennu pasnpenenenuero moxe na ce KOHCTpyHpa upe3 ciiyyaiina BpemeBa MpoMsHa
Ha OTpHLaTeHO-0MHOMEH npouec 10 ToacoHos. [To-3Haunmata NPUYKHA € BbBEX/JAHETO Ha
Geskpaiino nenum ,,npocTpaHcTBeH" PaauyC Ha MOTOKA OT YaCTHUM Ype3 MapameTpu3alusTa
Ha [ToacoHoBoTo pasnpenenenus. KonkpeTnure Pe3yaTaTH B CTaTUATA Ca U3YMCIIEHHU B SBEH



BHJ MOpaKaalaTa GyHKUMs Ha HAAKPUTHYEH MapKOB MPOLEC ¢ M30POCHUTE pa3npeae/eHus

[].

TemaTta 3a HauaJHUTE YCJOBHS € pa3lMpeHa ¢ M3CJIEJBAHETO HA BIMAHMETO HA HA4YaJHWUTE
YC/IOBUS BBPXY Pa3BUTHETO Ha KPUTHHYECKM JMHEEH paxkiaHe-ruben mpouec. 3a HauaqHu
yC/IOBMS OTHOBO ca M30paHW OTpuuaTenHo OuHomHo, [loacoHoBo u Tlofida-Aenu
pasnpenenenus. HamepeHu ca BEpOSTHOCTHTE 33 M3pXAaHe W MOpaxialuTe (QyHKUUH.
BriocnencTBue, ¢ TOJy4YEHHTE PE3yATaTH Ca CPaBHEHH CTATUCTHYECKH CBC CHELHATHO
Ch3laeH U34YMCHTENICH EKCTIEPMMEHT 3a CUMYJIallus ciel MoauULMpaHe Ha Be4e HaTHUHUA
nporpamed Ko B [8]. BcHUKOTO TOBa MO3BO/SABA W3YMC/ISBAHETO Ha pasnpele/eHUs Ha
MPOLECH C MO-CJIOKHU HAaualHW YCJIOBHs, IEMOHCTPHPaHU B clyyas cbe cxema Ha [lois.
Tesu pesyaratu ca 0600LIeHH B eHa myGaukauus [10]:

Wsnuzaneto Ha cromeHartara Bede crathsa ([10]) ceBmaga ¢ HacrbnBaHeto Ha Koua-19
naHaeMusaTa. M3cneaBaHusT MOJIEN Ce OKa3Ba JIECHO MPUJIOKHMM B KOMIIOTBPHO CTOXaCTHYHO
MOJe/HpaHe Ha BPEMEBHTE PelOBE OT JaHHH 3a Opos Ha 3apaseHuTe C BUpyca. 3a LeinTa,
MOZETbT Ha JMHUHHO pakaaHe v ruben ¢ HayalHu yc/oBus Gelle KOMOWHHPAH ¢ MOJIEIUTE
3a cMsHa Ha pexxnMa (change points analysis). Camute HauanHu ycnoBus Osixa OLEHEHH J1a
00XBallaT HAYaTHUS MOMEHT Ha BBHIIIHA MUIPALUs ChC 3apa3eHH MO BpeMe Ha MbPBUTE JHH
Ha maHgeMusta. C BCHUKMTE YCJIOBHOCTM Ha HENBJIHOCT Ha JaHHUTE Ha4ajaHOTO
pasnpeziesieHne Oellle OLEHEHO fa ClieBa HEXOMOTE€HEH 3aBHCHM OT BPEMETO [ToacoHoB
npouec. Hauanuute ycnoBMA NpoOAb/KABaT [0 MOMEHTa  KOrato  BBTPELIHOTO
pa3npocTpaHeHue 3armousa a AoMMHMpA. OT TO3W MOMEHT JHEBHATa MHTEH3UBHOCT JIECHO
MOJKE J1a Ce€ MPOrHO3Mpa C JIMHEEH paXkJaaHe W rubesn mpouec ChbyeTaH ChC CTATMCTHYCCKaA
OlIeHKa Ha CMsiHA Ha pexuma. OcHoBHaTa pafoTa e 3aBbplleHa Npe3 MbPBUTEe 2 Mecela Ha
MaHAEeMHUATAa U BKJIIOYBA LIMPOK MHTEPAMCLUMIIMHAPEH KPBI OT M3CJIE/IOBATE/IH H CTYACHTH.
Ho camara nyGaukauus € 3a6aBeHa OM30 [ABE TOAWHHU, BPEME 32 KOETO W3YHMCIICHUATA Osxa
OGHOBSIBAaHM TOTBBPXKNABaiiKi HauanHaTa KoHUenuus. M3uucneHusta ca M3BBPIICHH Ha
CYNEpPKOMIOTbpa ABHTOXOJ, KaTO TMOJI3BAHETO HAa H3YHCIHUTENIHM PeCypcH Geure
cbMHaHCUpPaHO MO ,,HalWOHAaNeH LEHTbP 3a BHCOKOMPOW3BOAWTENHH W pasNpeie/eHH
npecmatanus®, Jorosop JO1-168/28.07.2022 3a 2022 r.. Pesynrarute ca nyONuKyBaHH B

[11].

PaGoTaTa Mo pa3KkJIOHABALIM Ce MPOLECH € MPOABIKEHa ¢ M3rpak/laHe Ha MoaesH 6asHpaHH
Ha CTyyaeH MEXaHM3bM Ha paskiioHsaBaHe. [TbpBUAT TakbB MOJEN € 3a MPOLEC, MOPOACH OT
pa3KkJOHABaHe 0a3MpaHO Ha BEPOATHOCTHO pasnpenesneHue. KMaesdra uaa OT HyXkjata
33 M3rOTBSHE HA FeHepaJu3MpaH MEXaHH3bM 3a M3CJIEJIBAHEC HAa NMEPMAHEHTHO MOBTAPALIM CE
KacKaay OT YacTULIM, KaTO 3aKOHBT 3a paKIaHE Ha BTOPMYHHM YaCTHLM Ja C€ OMpeness OT
MO3HAT 3aKOH WM BEPOSTHOCTHO pasnpeleneHde. 3a HayalHa CTbIKa € H30paHo
reOMETPUYHOTO pasfpeie/ieHHe 3a MOAKPUTHYECKH M KPUTHYECKH pasKIIOHABALLM Ce
npouecu. IlomydeHuTe pe3ylTaTH BKIIOYBAT PpELIEHHE HAa OOpaTHOTO YPaBHEHHE Ha
KonMoropos, Koeto ce omucBa Cbc creuuanHd ¢yskuumn — Wright ¢gyHkuus 3a noa-
KpuTHueckus ciydaii u Lambert-W 3a kputuyeckus. JIOMBIHHTENHO C€a HAMEpEeHH
YC/IOBHATA FPAHMYHA BEPOSTHOCT MPH TMOAKPUTHYEH PEXKHM, BEPOSITHOCTTA 33 M3PAKIAHE H



(DyHKUMATA Ha MUTBTHOCT 32 KPUTHYECKHS ciyyaid. Pesynratute ca ny6nukysanu B Kpas Ha
2020 r B [12].

B cratusra 3a nokputuunms u kputHuen Pa3KIIOHABALL MPOLIEC C TEOMETPHYHO pasmpe/esieH
MEXaHHU3bM € U306erHar BhIpOca 3a MOBEJEHUETO Ha BEPOATHOCTHATA Mopaxkaawma (GpyHKIus
F(t, s) B okonHocT Ha s=1 3a KPUTHYECKHSA TeOMETPUYEH pa3KJIOHSABAI ce nporec.
Heonpenenenocrra npoustiya or cpoiicteara ma HaMEpeHOTO B npeauiuHaTa pabora
peienne Brmousawmo Lambert-W dynkuus. IMono6en npoGieM NpaBH HaMHpaHETO Ha
MOMEHTHTE B KPUTHYECKHs Cllyyaii HeBb3MOXHO. Tasu umca Gerue pelleHa nocpeacTsom
HaMHPaHETO Ha (aKTOpUATHUTE MOMeHTH. Pesyntature ca NPUETH U MyOJIUYHO JOCTBIHH
npe3 2022 r [13].

PaGotata no paskiousBamm ce MpOLECH C TEOMETPUYHO pasNpeneNeH MeXaHU3IbM
Ha pasMHOMKaBaHE € 3aBbpLICHA C HAMHMPAHE HA PELIEHUETO Ha 00paTHOTO ypaBHeHHe Ha
Konmoropoe B mankpurnueckus ciayyai.  Pesynrature  Bkmoupat HaMUpaHe Ha
BCPOATHOCTHOTO pasnpenesieHHe Ha Gpos Ha JKMBMTE YaCTHIM B naneH mMomeHtr. To e
M3YHUCIICHO ABHO 4pe3 MpPOM3BOAHA HA COYKHA dyukuns u  dopmynata naFaa Di
Bruno. Chmo Taka pemennero Ha ypaBHeHHeTO Ha KonMoropo e u3paseno upes
cneunanHaTta GpyHkuus Ha Paiir (Wright). IIpeacraBsuero Ha tasu Gynkums B cxonsu pep e
MONY4eHO cnen npunaraHe Hametoza Ha Jlarparmxk MeToA Ha obpblianero (Lagrange
inversion method). Haii Baxuust PE3yaTaT € paaMychT Ha CXOOMMOCT B 3aBUCHMOCT OT
napametpure. Wright Gpyskuus yuactsa u B pesynature ot TpaHchopmauusaTa Ha Jlamiac
MPUNIOXKEHA 33 HAMMpPaHe HA ACHMITOTHYHOTO MOBEJCHHE Ha CllydyaiiHaTa BeJIMuMHa,
OfpeAendia Hopmupanus Gpodt »kuBM wyacTuim. Hammumero ma CreuManHu (GyHKUuu B
PE3YITaTATE TM TpaBU JI€CHU W ynoGHH 3a KOMMIOTbPHU MNpPECMSTaHMs, 3alI0TO Te ce
U3passaBar 4pe3 cxoaswu pemose. Toa e ACMOHCTPHUPAHO C MPECMETHATUTE MOMEHTH M
rpaguku Ha BepositHocTHTe. PaGoTata ocTaps OTBOPEH BBIIPOC 3a M3yyaBaHe Ha CTPOro
HaJKpUTHYECKHUs (6€3CMbpPTEH) Mpolec Kato o6olieHHe Ha npoueca Ha FOn. Beuuko e
ny6iuKyBaHo B [14].

Beue 3anounan pasknonssamusr NPOLEC MOKE Aa cleiBa NMPUPOJHH 3aKOHH, Pa3iuuHK OT
CTAHAAPTHHTE BEPOATHOCTHH pasNpeleNieHus pasriefand 10 To3u MoMmeHT. Yecro,
NPHPOZIHUTE NPOLIECH CJIE/BAT JIOTAPHTMMYHM 3aKOHHM. TaKbB 4YacTeH ciy4aii e Korarto
PA3K/IOHABALMAT MEXaHU3bM CJIE/BA JOrAPUTMUUHO PasnpeneneHne Ha MOJOKUTETHN Lien
qncna. B nokputuyeckus ciydaii, 6post Ha M3MEPEHH YacTHLIM B CIyyaeH MOMEHT t>0 e
OMPENENICH OT OTMECTEHO pasiunpeno Cubys (shifted extended Sibuya) pasnpenenenue. Kato
1acT OT pesyiTaTUTe € HAMEPEHO DELICHHE B SBEH BUI Ha 00paTHOTO ypaBHEHHe Ha
Konmoropos, seposthoctTa 32 ouensBaHe, (GyHKUMATA HA MIBTHOCT W daxTopuanuure
MOMEHTH Ha OpOsi Ha YaCTHMLIM B MIPOM3BOJIEH MOMEHT. Beuuko TOBA MO3BOJIABA HAMUPAHETO
Ha YCIIOBHHTE (haKTOPHATHH MOMEHTH H MPECMATAHETO Ha YCJIOBHATa rpaHM4Ha BEPOSITHOCT
“p€3 JlorapuTMUYHO pasnpenesnexue (logarithmic series) ([15]). ‘

B npoueca Ha paGota no npoexra Geme Cb3NIAZICH HOB M3YUCIUTENEH COPTyep, YaCTHUHO
BIMOYeH B mybnukauuute mo Temata. LlsmocTHata wmen e sa NapesiesiHo U Ba3MMHO
MOIKPENpAIIO Ce pa3sBUTHE HA AHANUTHUYHHUTE M KOMIIOTbPHO-U3YMCITUTENHU METOAU. 3a



genata paborara Mo pa3pabOTBAHETO HA W3YMCIUTENIHA MporpaMHa OubIMOTeKa, 3a€HO ¢
4acTU OT MPOrpaMHUsl KOA C OTBOPEH KOJ, BKJI. M3MOJI3BaHaTa BEPCHUs 3a MPOTHO3MpaHe Ha
KoBun-19, ca poknagBaHu Ha crneuuanusupaHa KoHdeneHuuMs no WHPOpMaTHKa U
nyOnuKyBaHH B COOpHMKA OT AoKaaau [16].

Pe3YJITaTI/l H3BBH ABE€TC¢ OCHOBHH HANIPpaABJICHHUSA

B npoueca Ha u3BexaHe Ha pe3yaTaTUTE 3a Pa3KJIOHABALL CE MPOLIEC C TEOMETPHUEH
MEXaHM3bM € M3M0JI3BaHa U3UMCIUTEIHA TEXHUKA, 6a3upaHa Ha crieUanHid QYHKUUH, KOSITO
CTaBa M 4YacT OT nony4yeHuTe peuleHus. JIBe TtakuBa ¢yHkuun ca [aycosara
xunepreomerpuuHa ¢ynkuus (Gauss Hypergeometric function) u ben monunomu (Bell
Polynomials). Te ce mosiBsBar B Haiia ceBMecTHa pabota ¢ noueHT a-p [lenka MaiicTHep,
npeaxoxallia Te3u Mo pa3KJIOHSBALLMTE MPOLECH ¢ reOMETpUYEH MexaHu3bM. Tasu pabora e
nocsereHa Ha JleBu npouec Ha 6e3kpaiiHO AeTUMO JTIorapuTMUuHO pasnpeneneHue L(t). Kato
3a TakKa OnpezeieHaTa MspKa € U3BEJEHO, Y€ MOXKE J1a C€ U3UMCIIU MOCPEACTBOM MOJIUHOMHU
Ha ben, a nopaxnawara GyHKuMs upe3 noraputeM Ha ["ayc xunepreoMTpuuHa (yHKLMS.
Cpbl1o Taka ca M34YMCIICHH MPEXOJHUTE BEPOSTHOCTU Ha mpoueca L(t), OTHOBO BK/IIOYBALIU
ben monuHomu. BrnocnenctBue ca AeduHUpaHW M CpaBHEHM JBa Mpoleca ChC CiyvaiiHa
3aMsHa Ha BPEMETO — OTpULATEJIHO OMHOMHA ClyvaliHa BEJIMYMHA C BPEME 3aMEHEHO OT
I'amma npouec u Jloraputmuuen JleBu npouec ynpasnsBaH ot [loacoHoB npouec. 3a TaX ca
u3uvcinenn bepHuwaiin QyHkuuute, JleBM Mspkata Ha cyOopAMHMpauusi MpoLEeC U
NPEXOJHUTE BEPOSITHOCTHU (BUXK [17]).

Uecto npu HaBiM3aHe Ha HOB W3MEpBAaTEJEH METOJ WIIM amaparypa B €KCIepUMeHTaIHaTa
paGoTta Bb3HMKBA Hy»}aTa OT crnequduyHara 06paboTka Ha JaHHU OT WHTEP-KaTUuOPOBBUHU
ekcriepuMeHTH. TakaBa Hy)KJa ce TNOSBU TNPU HABAM3aHETO HA JWTHTANM3aLMUATa B
aHTtporonorusta. B knacnueckust cu BapuaHT oOpaboTKaTa Ha aHTPONOJOTMYHM 00pa3Lu
pazuuTa Ha npoueaypa oT pbyHM U3MepBaHus. Ho ¢ auraranuzauusta nogo0HU U3MEpPBaHUS
BEUe MOJKE 1a Ce MpaBAT C MHOTO MO-NpeLu3Hd U3MepBaTeHd MeToau. TakbB meron e 3-
M3MEPHOTO Jla3epHO ckaHupaHe. Ho ¢ orjen ¢bBMECTHMOCT, MBbPBUYHOTO HABIW3aHE Ce
Hanara na ObJe BepUHULUPAHO CHOPSMO MacoBO pas3NpOCTPaHEHHs KOHBEHLMOHAJIECH
KpaHMOMETpPUYEH MeTOJ. 3a Ta3u e € MPOBEJeH MHTePKaIUOPOBbYEH EKCTIEPUMEHT ChC
CPaBHUTETHO M3MEpPBaHE Ha YOBELUKH yepenu no 13 kiovosu napamerpu. M3mepsanusTa ca
M3BbPLIEHU C MJICHTHYHU TOBTOPEHHs OT ABaMa NMpod)eCHOHAIHW Y4YeHH MO CTaHAapTeH
JIMpEeKTeH HA4WMH M 4pe3 Jla3epHO ckaHWpaHe. Pe3ynraTture ca aHalM3MpaHH MOCPEACTOM
Bnann-Antman rpaduku (Bland-Altman plots), oTunTaiiku BbTpelIHO-TpyOBaTa JUCIEPCUS
MEXly ydacTHULUMTE. PedynraTuTe nokasBar MbjHa ChbBMECTUMOCT M 3aMEHSIEMOCT MEXKIY
nBara metoza ([18]).
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