YHUBEPCUTET 3A HAIIMOHAJIHO 1 CBETOBHO CTOITAHCTBO

PEIMEH3UA

ot mpod. 1-p Tomop Credanos Henes -
YHCC, xarenpa ,,®uHancu’

OTHOCHO:  AUCEPTALMOHEH TPY/ 3a IPUCHKIAHE HA 00pa30BaTeIHa U HAYYHA CTEIIECH
LJAOKTOP* 10 Hayuna cneyuannocm ,,OUHAHCHU, TAPUIHO OOPBINCHHUE,
Kpenut u 3actpaxoBka’, B YHCC.

OcHnosanue 32 IPEJICTABIHE HA PELICH3UATA: YUACTHE B ChCTaBa HA HAYYHOTO KYPH 110
3aliTa Ha JUCePTAlIMOHHMS TPy chriacHo 3amoBea Ne 293/05. 02, 2025 r. Ha Pek-
topa Ha YHCC.

ABTOp Ha IUCEPTALIMOHHHUS TPY/I: llemvp Cmeghanos Paneenos

Tema Ha quCEpTALlMOHHUS TPY/I: ,, Bvamoorcnocmu 3a uznonzeane na
dpaxmannume cmoxacmuyru npoyecu 3a
ONMUMU3UPAHE HA OYEeHKama Ha (QUHAHCOBU
akmusu’”’

Hayuen pproBoguTen: [Ipod. n-p Aumursp Henko Henkon

1. Undopmanus 3a nucepTaHTa

I[TIETBP CTE®AHOB PAHT'EJIOB ce e oOyuaBas B 3ai04Ha JOKTOPaHTYpa,
cyOcuaupana oT abprkaBara, nokropcka nporpama ®MTHAHCU, TAPUYHO OBPb-
IMEHUE, KPEIUT 1 3ACTPAXOBKA, npodecuonanto Hanpasienue 3.8. koHo-
MHKa, KbM KaTeapa ,, DuHaHCH " ChC CPOK Ha 00yueHue 4 /geTrupu / TOMUHM , CAUTAHO
ot 28.02.2019 r . 1o 28.02.2023 r .

Cnc 3amosen 3234/30.11.2022 r. na Pekropa Ha YHCC cpokbT Ha TOKTOPAHTY-
paTa € yabJDKeH ¢ efqHa roausa - 1o 28. 02. 2023 r.

Cnc 3amoBen 2708/16.10.2023 r. na Pekropa Ha YHCC cpokbT Ha TOKTOPAHTY-
paTa e mpeKbcHaT 3a efaHa roauna, cuntado ot 01.11.2023 r . go 01.11.2024r u e
00sIBEH KpaeH CpOK Ha JoKTopaHTypata - 28.02.2025 r .

[Tersp CredanoB Panresnos e poaen Ha 20. 09. 1994 r. B rp. [1noBaus.
» 2008 r. — 2013 r. 3aBbpmBa O6pa3ioBa Matematuuecka [ umuaszus ,,Axane-
muk Kupui [Tonos* — [1nmoBnus;



» 2013 - 2017 - 6akanaBbp no punancu B YHCC;
» 2017-2018 - Maructsp 1o ,,dunancoB MeHHKMBHT B YHCC;

Tpyoos cmaoic: ot cenremBpu 2018 r. — 10 MOMEHTa 3aeMa JThKHOCTTa MeHu-
mxbp npoektd B BJIO A®A OO/, rp. Codus. dupmarta ce 3aHUMaBA C ONEPATUBHO
M3BBPIIBAHE HA HE3aBUCUM (DMHAHCOB OJUT M IPYTH KOHCYJITAHTCKHU YCITyTH.

CuuraM, e JOKTOPAHTHT C€ € CIPaBUJI T0Ope C M3MBIIHCHUETO HA WHIUBUTY-
QJTHHS CH TUIaH BBIIPEKH YABKABAHETO M MPEKHCBAHETO HA CPOKA 32 0OyUYEHUE.

2. O01ma xapakTepuCcTUKA HA NPeICTABEHUS TUCEPTAIMOHEH TPY/
dopMaTHUTE XapaKTEPUCTUKHU HA TPyJa ca MOCOUYEHHU B pe3lOMETO Ha ABTOpe-
depara:

CTpykTypa: BbBElICHNE, U3JI0KEHHUE B TPU IJIaBH, 3aKIII0UeHUE U OubIMorpa-
bus.

O0eMbT Ha TUCEPTAIMOHHUS TPYJ € B pa3mep Ha 223 CTpaHUIIM, OT KOUTO OC-
HOBHUSIT TEKCT € B pazMep Ha 197 ctpanunmy.

N3non3Banu ca 202 u3rounuka, ot kouto 11 ca Ha Opnrapcku e3uk u 191 Ha
AHTJIMHACKY €3UK, 44 N3TOYHMKA Ca KHUTH, JIBa U3TOYHHKKA ca 0a3a JaHHH, a OCTAaHAIUTE
ca CTaTHH, MyOJIMKYyBaHU B HAYYHH KyPHAJW WM OHJIANH U3IaHN.

[TpuitoskeH € CMUCHK Ha M3MOJI3BaHUTE ChKPAICHHS, CIIUCHK Ha urypure (3),
cnuchk Ha rpadukute (12) u ciuchbk Ha Tabumute (60).

OO0eKTHT HAa TUCEPTANMOHHUS TPY € (DPAKTATHUAT aHATIU3 U TTPUIIOKEHUATA
My B 00JaCTUTE Ha MOJIEIMPAHE Ha I[EHOBATa JUHAMHUKA HAa aKTUBUTE, C OTJIE]]
BBH3MOKHO M3IOJI3BaHE MPU IIEHOO0pa3yBaHETO Ha (PMHAHCOBH OIIIIMH, OIICHSBAHETO

Ha MHBECCTUIMOHHHA IIPOCKTH U LCJIN MMPCAITPHUATHA.

IIpeamer Ha u3cneaBane ca GpaKkTaTHUTE MOJICTU U3IOI3BAaHU BbB (PMHAHCHUTE.

ITo chiecTBO U B 0000111€Ha hopMa, U3cjie0BaTeICKATA Te3a IJ1acH, Y€ upe3
M3MOI3BAaHETO HA MHCTPYMEHTapUyMa Ha (PpaKkTaHHS aHAIN3 MOXE J]a CE U3CJeIBaT
B TO-TOJISIMA ISJI0CT M €(PEKTUBHOCT (PMHAHCOBO-UKOHOMHUYECKH ITPOIIECH, KaTo B Yac-

THOCT B HACTOAIIOTO HM3CIICABAHC TO3H THUII dHAJIN3 € IIPHUJIOKCH B aHAJIU3HUPAHCTO HA



IHEHOBOTO INOBCACHUC HA PA3JINIHN TUIIOBC (bHHaHCOBI/I AdKTHBH, KaKTO U B obnacTTa Ha

TAXHOTO OLCHABAHC.

IIeJI H 3aJJa49M Ha U3CJdeABaHETO

OcHoBHAaTa 1eJ Ha TUCEPTALMOHHUS TPY € J1a U3CJIEIBA BB3MOKHOCTUTE OT
M3MOJI3BAaHETO HA MHCTPYMEHTAapHUyMa Ha (pakTaiHaTa reOMEeTpHs B o01acTTa Ha
aHAJIM3UPAHETO Ha IIEHOBATa AMHAMUKA Ha ()MHAHCOBUTE aKTHBH, U3BJINYAHETO HA
MO-NMPaBI0NO0A00HN U HHTYUTUBHHU PUCKOBH METPUKH 3a (DMHAHCOB aHAU3, U

MPUIOKEHUETO U B 00JIaCTTa Ha OLIEHSBAHETO HA (PMHAHCOBU aKTHBH.

3a mocTuraHe Ha OCHOBHATa OCJI aBTOPBT I[G(i)I/IHI/Ipa CJIICOAHUTC U3CICA0BATCII-
CKM 3aJ1a4yu.

1. Uszcneosane na emnupuunume xapaxmepucmuku Ha u3opana cpyna om
Qunancosu akmusu.

2. Paswupeno uscieosane na pazpabomenume uHanco8u mooeu
aopecupauy npoobremMamukama c8bp3aHa ¢ ONUCAHUEMO U 0OSACHEHUemo Ha
HaobM00a8aHume cCmamucmuyecKu XapaKxmepucmuxku u aHOMAaIuu
nposAsAsawU ce 8bpXy OUHAMUKAMA HA YeHama Ha QUHAHCO8UME U CIOKO8U
aKkmuelu.

3. Ilpoyusane na cneyuanusupanama HayuHa iumepamypa C8bp3aua ¢
paszpabomeHnume Gppaxkmannu Mooeau, U3Noa38aHU b8 PuHaHcume u u3o0p
Ha pabomen hpaxmanen Mooes 3a yeiume Ha U3C1e08aHemo.

4. Jledpunupane na ocnosHus npedcmaser 8 u3Ciedsanemo paKxmanen
npoyec — 00CMbNHOCM 00 6a3u OaHHU, UKOHOMUYECKA JI02UKA,
UKOHOMEMPUYHO HOCMPOEHUE HA MOOed, MemOoOU 3d HAMUPAaHe Ha
napamempume Ha Mooeid, Cmamucmuyecka npo8epka 3a a0eK8amuocn,
Kanuopupate, Kpumeputi 3a NPOSHOCMUYHA eheKmUEHOCHI.

5. Jlumepamypen npeeneo u uz60p Ha NOOX00AUA KOHMPOJIHA 2PYNA
UKOHOMEMPUUHU MOOEU.

6. Cpasnumenen ananus Ha pe3yimamume om KOaudecmeeHume Kpumepuu 3d
CXOOUMOCM KbM OGHHUME U NPOSHOCMUYHAMA CUNA MeHCOY U3NON36AHUSA
Gpaxkmanen Mooen u mooerume Om KOHMPOIHAMA cPYNA.

7. Kpamvx numepamypen npeaied Ha hooxooume u Mooeaume 3a OYeHKda Ha
KOMRAHUU U mexHume axKyuu.

8. Ukonomuuecka 0600CHO8KA HA U3NOA36AHUME OONYCKAHUSA U KOHYENMYAIHA
NpOBEpPKaA HA 02UYeCKama nocie008amerHocm Ha pabomHuus
myamughpaxkmanen npoyec.



B ta3u Bpb3Ka ca neuHUpaHu U clie/iBa J1a c€ IpoBepAT 4 paboTHH
XUIOTE3H.

3. OueHka Ha MOJy4YeHUTE HAYYHH M HAYYHO-TIPUJI0KHH Pe3yJITaTH

IIvpBa raasa ¢ o3arnaseHa BBBEJEHHUE BbB ®PAKTAJIHUA AHA-
JIN3 u 3anoyBa c:
1. EMOupuyHu XapakTepUCTUKUA Ha (PUHAHCOBUTE NAaHHU, KOUTO BKJIIOYBAT 4

ITyHKTA!

* Hanuuue Ha I[€6GJII/I OITallKK BBB BCPOATHOCTHOTO PA3IMPCACICHHUC Ha Bb3B-
PhIIaCMOCTHUTC

* KoHIeHTpalus Ha BOJIAaTUIIHOCTTA B KOMIIPECUPAHU BPEMEBH NIEPUOIU
* ABTOKOpENaIus U Ibjira nameT
* JleBbpuUlK, KOpEnalus, HECTAITMOHAPHOCT

Tyk aBTOpBT CcTUTa A0 OCHOBHUS IpoOsieM U Ka3Ba: “OueBHUIHO €, Y€ rojsma
4acT OT Bb3HUKBAIaTa MHPOpMaLIMs He MOKe 1a ObjAe NMpeacKasaHa win 1a 0bjae
00EKT Ha aHaJu3 LEJAI] U3BIMYAHETO HA MOBTApsAIIA C€ 3aKOHOMEPHOCT, KOSTO Jia

ObJie B3eTa NPEIBU]I TPU LIEHOOOPa3yBaHETO HA aKTUBUTE.

2. AnaToMus Ha JUHAMHUYHUTC CUCTCMH

N3xoxkaaliku OT mpupoaaTa Ha JUHAMUYHATE CUCTEMH aBTOPHT KOHKPETU3HPA
U 11enTa Ha u3cieaBanero. “llenTa Ha rojsim Opoit M3cnenBaHUs BKIFOYUTEITHO M HAC-
TOSIIETO € HACOYEHA B MOJYYABAHETO HA pazdupane u 00sAcHeHue HA CaMaTa CUC-
TeMa U ChOTBETHO MPUWJIOKEHUETO Ha TOBa pa3dupaHe TJIaBHO B yIPaBICHUETO Ha
PHCKa W OLICHSBAHETO HAa MHBECTUIIMOHHU MPOCKTU W MPEANPUATHS, YUSITO HECUTYP-

HOCT 3aBUCH OT aKTHUB, IIeHAaTa, Ha KOUTO ce opmupa Ha puHaHCOBUS mazap.”

“KOHCTPYMPAHETO HA YHUBEPCAJIEH MOJIEII Ha ,,peaIHOCTTA OMMUCBAII] [1a3apa €

U3KJIIOYHUTETHO TPYAHA 3a1a4a’”

“HenuHelHOCTUTE MOTAT J1a C€ MOAEIUPAT U Ype3 TPAAULIMOHHUTE NUKOHOMET-
PUYHU METOJH, HO €IMH OT Hal-o0eraBaniiuTe U akTyaJleH MMOX0/] 3a aHaJIu3 Ha He-

JMHEWHOCTH BHB (PMHAHCOBUTE JIAaHHU Ca AJITOPUTMUTE U MOJCIIUTE Oa3upaliu ce Ha



ABJI00K0TO yueHue (deep learning), mamunaHoTO camoody4uenue (machine learning)

U U3KYCTBEHHUS] MHTEJICKT

B kpast Ha rbpBa r1aBa JIOTUYHO € HAIPaBEH U3BoAa: “‘Pesyrmamume om uscieo-
8aHEMO C8bP3AHU C NPUNONACEHUEO HA NPEeOCABEHAMA PAZHOBUOHOC HA MYIMUQ-
pakmanusi Mooes ca 3a0080aumenHu. Bvnpexu mosa npunodicenuemo Ha moaixkosa co-
Jrcer Mooesl 8 NPAKMUKama asmoMamuidno 600U 00 02paHuyeHus: 6 06xeama Ha pas-

bl

6upaeMocm u jocudecko I’lpOCJleﬂ@ClH@ u nocmucdre Ha Kpaﬁﬂama yeil. ’

Bropa rimasa MOAEJIMPAHE U ITPOI'HO3UPAHE HA BOJIATUJIHOCTTA
HOCPEIACTBOM M3IIOJI3BBAHETO HA MYJITU®PAKTAJIHUA AHAJIAN3

HanpaBeH (& IHI/Ip0K006XBaT€H CMITMPHUYCH 1 UKOHOMCTPHUYCH aHaJIN3, HACOUCH
W LCJIAII IIPOBCPKATA HA OCHOBHATA HAy4YHA XHUIIOTC34, 4 UMCHHO ITPUEMAHC WJIN OTX-
BBPJLIHC Ha Q)paKTaJIHI/ITG MOJICIIN, KaTO JOCTAaTb4YHO I[06pI/I N3MCPHUTCIIN HAa JTUHAMH-
KaTa 1 HCCUT'YPHOCTTA, IIPOABsABaIla CC Ha (1)I/IHaHCOBI/IT€ ma3apu, CpaBHCHH C CIHU OT
Hal-4ecTo OUTHPAHUTE U U3II0JI3BAHU BOJACIIN MOJICIIN 3a OIMMCAHNC U ITPOTHO3UPAHC
Ha OCHOBHUTC TPACKTOPHUHU N TCXHUTC Bb3BPbIIACMOCTH. ABTOp’bT TBbPAH, Y€ BCUUKH
MOACIIN 0OCKT Ha H3CJICABAHCTO Ca 3apCACHU C JaHHHW Ha PA3JIMYHHU 110 XapPaKTCp U

BpEMEBA IbJKMHA HA PeaIHU OOPCOBO ThbPryBaHU aKTHBH.

Pa3paboTena e u mpejcTaBeHa € B JE€TalIM KOHKpETHaTa Crelu(puKaius Ha
(dpakTamHUs MOJEN, @ UMEHHO OUHOMHAMA HENPEeKbCHAMA 8ePCUsl HA NPEGKII0UEALY
myamugppaxkmanen mooen Ha Maprog. OCBeH MaTEMaTUYECKOTO KOHCTPYHpaHe Ha MO-
Jiesia € HalpaBeH U IperJie]] Ha JIMTEPATyPHUTE U3TOUHUIIN TOCBETEHU B MPOOIeMaTH-
KaTa Ha MPWIOKEHUETO Ha M30paHaTa crienrdukanus Ha (PpakTaaHus MoJAeI B 00-
nactta Ha uHaHcuTe. M30paHu ca Mojenu 3a KOHTPOJHA TPyMa, CIPSMO KOUTO IIe
ObJie CpaBHEHO MpeENCTaBsIHETO Ha (pakTaHus Mojaen. KoHTponHaTa rpyna Moaenu
C€ ChCTOU OT CEJIEM Pa3IUYHH CTICIIM(PUKAIINA Ha MOJCIUTE OT CEMEHCTBOTO Ha aBTO-

perpecruoHHaTa XeTepoCKeIeCTUIHNOCT Ha ycioBHata Bapuanus - ARCH, GARCH,

EGARCH, GJR-GARCH, TARCH, APARCH u FIGARCH.



ABTOPBT cTHUTA 10 U3BOJA, Y€ “‘Pezynmamume om oyeHeHume napamempu om
CUMYIAYUAMA HA MOOeIUme CRPIMO PA3TUYHAMA 20JIleMUHA HA U38A0KUME NOKA38AM,
ye MMII pabomu cnoped ouaxk8anusma u 8b3npouU3eHCOd A0eK8amHU OYeHKU HA Na-
pamempume He3A8UCUMO OM 20JeMUHama Ha uzsaokama. Pazoupa ce nabnrooasa no-
000OpeHUe Ha cmadbuIHoOCmMma Ha napamempume npu y8eiuiasane Ha opos Ha U3eao-
Kama, kamo u npu mpume cmounocmu Ha My, uzeaokume c¢ 10,000 nabrooenus 6v3-
npoU3BENCOAM MHO20 OIUZKU CIMOUHOCMU 00 NbPEOHAYAIHO 3anodicenume. Ciedosa-
mMenHo, U3OPaHUAm aizopumspm 3a OYEeHKA Ha napamempume Ha Mooead, d UMEHHO
MMII, pabomu cnopeo 04aKkeanomo u dOuxme Mo2iu 0a 3aKaI0YUM, e CoUUA e 00C-

MAmMvYHO HAOEHCOCH 3a NPUTIOHCEHUEMO MY 8 KOHMEKCma Ha u3cjiedsarnemo.”

W3non3Bana € KOHTPOJIHA Tpyma oT 7/ Mojena: ['enepanu3upad MOJIEN Ha aBTO-
perpecuoHHaTa XeTepocKe1acTHIHOCT Ha ycioBHarta Bapuanus (GARCH); Excrionen-
[[MaJIeH reHepan3upaH MoJIe] Ha aBTOPErPECUOHHATA XETEPOCKETACTUIHOCT Ha yC-
nosHara Bapuaius (EGARCH); I'enepanu3upan MoJIelI Ha aBTOpErpecHOHHATa XeTe-
POCKEIAaCTUYHOCT Ha ycJIoBHaTa Bapuanus Ha Iocten-/xaranatan-Prakie (GJR-
GARCH); AcuMeTpruueH MOJICN Ha aBTOPETPECUOHHATA XETEPOCKEIACTHYHOCT Ha yC-
nosHata Bapuanus (TARCH); AcuMeTpudHO cTENIeHEH MOJIEI Ha aBTOPETPEeCUOHHATA
XeTepOoCKeaacTUYHOCT Ha ycioBHata Bapuanus (APARCH); YactuuHo uHTErpupaH

reHepalIn3upadH MOACI Ha aBTOPCIPCCHOHHATA XCTCPOCKCAACTUYHOCT Ha YCJIOBHATa

Bapuanus (FIGARCH).

N3BoauTe, mpon3TUYAIIM OT aHAJIM3A PEICTABEH BB BTOPA IJIaBa NOTBBPKAA-
BaT HAMbBJIHO MPEBB3XOACTBOTO HAa M30paHusi MyaTU(pakTaieH MoJen npen u3opa-
HUTE Hall-MOOpHU M YeCTO IUTUPAHU B HAyYHATA JINTEpaTypa HKOHOMETPUYHU MOJICIH.
ABTOPBT TBbP/H, Y€ (PpaKTAITHUTE METPUKH MPEICTABEHU B IjaBaTa MOKa3BaT, uye€ Ch-
LIATE MOTAT J1a CJIIY’KAT, KaTO JOIIbJIBAI HHCTPYMEHTAPUYM 32 JUCKPUIITUBEH aHAJIU3
Y TIPEJIOCTABSIHETO Ha MO-TIPaBA0I0I00HA U MMbJIHA KApPTHUHA, KOATO J1a XapaKTepu3upa

CBCTOSITHHECTO Ha (bHHaHCOBI/ITC AKTHBU.

B tpera rmaBa OCHOBHUM PE3YJITATU U HAYYHO-IIPUJIOKHU
MNOCTHUXEHUSA HA U3CJIEABAHETO e nanpaBeHo npeicTaBsiHe HA OCHOBHUTE



pe3yiTaru. I/I3BOI[I/ITC, MMpOoU3TUYAIIN OT aHAJIN3a IIPCACTABCH B TA3U I'JIaBa ITIOTBBPIK-
AaBaT HAITBJIHO IIPCBB3XOACTBOTO HaA I/136paHI/ISI My.TITI/I(l)paKTaJ'IeH MOACII. ToBa aBTO-
PBT IIpU€Ma KAaTO BaKHA HPCAIIOCTABKA 3a PA3KpPUBAHC HA IMOTCHIIMAJIA, KOWTO MMaT
(1)paKTaJIHI/ITe MOJCIN U Bb3MOKHOCTUTC 3a TAXHOTO HPUIIOKCHHUC B aHAIIU3UPAHCTO

Ha JTMHaMHKaTa Ha (1)I/IH8,HCOBI/IT€ Ima3apu.

OO0mara oneHKa Ha JUCEPTAIMOHHUS TPYJ € 100pa. M31105KeHneTo € JIOTHIHO
HOJIPEICHO, a aBTOPOBATa Te3a € SICHO M3JI0’KeHA U apryMEHTHpPaHa.

[TpencraBeHu ca Hali-4eCTO M3MOI3BAHNTE BHB (PMHAHCHTE MATEMATHUCCKHA MO-
nenu npe3 nocaeaaute 60-70 roauHu, KaTo HapaBeHUS MpeTiie]] Ha HaydHaTa JUTe-
paTypa II0 TeMaTa JaBa BB3MOXKHOCT Ja C€ MPOCJICIH Pa3BUTHCTO HA MOJCIUTE U €

MMpCACTAaBCH IIPUHOCA Ha BOACIONHUTC aBTOPU B TO3H IIPOLCC.

4, Ol_[eHKa HA HAYYHHTEC 1 HAYIHO-IIPUWJIOKHH MPUHOCH
B ABTope(bepaTa Ca OTKpPOCHHU IIET IIPUHOCHU MOMCHTA.

» [lpu Oonyckanusma cévbp3aHu C AHATUZUPAHEMO HA UHAHCOBUMeEe NA3apu U WKOHOMUYECKH
SBJICHWSI B Cpela Ha HECHTYPHOCT IO OTHOIIEHHWE Ha KauyeCTBOTO M JIOCTOBEPHOCTTa Ha
pasroyiaraeMHUTe JaHHHU, BKIIOYUATEIHO HEBB3MOXKHOCTTA JIa CE MOJYYH CTPYKTYpHO pa3OupaHe 3a
(GYHKIIMOHATHATA 3aBUCUMOCT Ha B3aUMOBPB3KHUTE MKy HKOHOMHUECKUTE areHTH, aBTOPBT CTUTA
710 M3BOJI, e 00XBaTa Ha (PyHIAMEHTATHHS aHAJIHU3 € TUMHUTHPAH MO ONPEICICHUE U CIISIOBATEITHO
ce Bh3IpHUeMa Te3aTa, Ue PeKOHCTPYHPAHETO HA CTATHCTUYCCKUTE XapaKTePUCTHKH Ha TCHEPHPAIIUs
[[EHaTa MPOIEC MOCPEACTBOM U3MOJI3BAHETO HA BEPOSTHOCTHH TMPOIECH TIPEICTABISIBA I10-
MPaBIONIOI00EH ¥ KAYeCTBEH MOIXO0/1 33 aHAJIH3.

* Jlokassa ce, ue pakmannume cmoxacmudnu npoyecu 005ACHABAM 8 MHO20 NO-8UCOKA CMeNneH
CcmamucmuyecKume eMnupuiHy Xapakmepucmuky Ha nOYmu 6CUYKU (PUHAHCOBU aKmusu, 06eKm Ha
AHAU3 8 U3CTIe08AHEMO, CPABHEHU C B00eud KOHMPOHA 2PYNA OM UKOHOMEMPUYHU MOOEU.

» Jlokassea ce, ue uzbpanusim Myaimupakmaien Mooel npasu NPOSHO3U HA CMPYKMypama Ha
sapuayusma Ha 4acm om uzciedsanume akmusu 6 kpamrocpouer nian (om 5 0o 40 onu), koumo ne
ce pasnuuaseam Cmamucmu4ecku om akxmuyecKu peaiuzupanume CmouHOCmu.

* 3aknmouasa ce, ye OCHOGHUME PPAKMATHU MEMPUKU NPOUSXOHCOAUWU OM DPPAKMATHUS AHATU3
Moeam Oa cayxcam 3a O0ONblAauwy UHCMPYMEHMAPUYM KbM MPAOUYUOHHUME KOAUYECTNEEHU
Qunarcosu usmepumentt, ¢ HOMOWMA HA KOUMO 0d ce NPAssam NO-UHGOPMUPAHU U NPABOUBU U3800U
3a puckosama cmpykmypa u OUHAMUKA HA PUHAHCOBUME NPOMEHIUBH.

» [Ipeocmaes ce 6b3MONICHOCMMA OM NPULONCEHUEMO HA (DPAKMATHUSA AHAIU3 8 0blacmu Ha
Qunancoeama Hayka, koumo ouxa 0ogenu 00 n00oOperue U ONMUMUUPAHEe HA NpoYyecume c8bP3aHuU
C OYEHABAHEMO HA AKMUBU, YAPABIEHUEMO HA PUCKA, AIOKAYUAMA U KOHCIMPYKYUAMA HA ONMUMATHU
uHeeCmMuyuoHHU nopmebetiniu, bankoeomo deno u opyeu oonracmu. B wacmunocm, ca npeocmasenu
Bb3MONCHOCMU 34 UMNJIEMEeHMAayusi Ha (QPaAKmanuus amaiu3 6 001ACmma HaA OYeHA8AHemO Ha
akyuume HA KOMNAHUU Ype3 U3NOA36AHEMO HA MoOend HA OUCKOHMUPAHU NAPUYHU NOMOYU U
YeHoobpa3yeanemo Ha PUHAHCOBU ONYUU.



[IpuemaMm ouepTaHUTE NPUHOCHU MOMEHTH 3a JEHCTBUTEIHHU U MPEICTABALLIN
aBTOpa KaTo J1o0pe HH(pOpPMUpaH MO TeEMaTa U KOPEKTEH U3CIIE0BATEN, KOWTO
npuiiara (ppakTagHHs aHaJIU3 U Ce OMUTBA Jia AePUHUPA TPUTIOKEHUS HAl
BB3MOKHOCTUTE U OTPAHUYEHHUATA, KOUTO IPEJIaraTr CbIIECTBYBALIUTE IPYTH
MOJIEIIN.

5. O]_leHKa Ha nyﬁ.ﬂmcaumne Mo Jucepranmsita

B Cnuchk ¢ Hay4yHH MyOJIMKaUU ca TIOCOYEHHU:

e Panrenos, I1. 2024. “MapkoBCkH TPEBKIIOYBAII MyITH(pakTaneH mojen: CuMynupaHe Ha
puckoBus podui Ha ObITapuckust GpuHaHCOB nmazap”. COOPHUK C AOKIIAAW OT OCEMHA/IeCEeTa
MEXJIyHapoJHa HaydyHa KOH(pEepeHIUs Ha MJaguTe y4eHH Ha TeMa 'lkoHoMmHKaTa Ha
benrapuss u EBpormeiickust cpro3: uHGmanus, (UCKaIHA KOHCOJIHIAIMS M yCTOWYHBO
paszButue"”, ctp. 248-261

e Henkos, JI., Xpucro3os, ., Panrenos, I1. 2023. Akryannu npoOiemMu Ha ONpeeIsiHe CTOM-
HOCTTA Ha aKIMUTE HA KalTUTAIOBUTE Mazapu. Ha mpuMepa Ha pa3BUTHTE KATMTAJIOBH MTa3apu
U pa3BUBalIys ce kanutaios nazap B bwarapus. UK na YHCC, Coghus.

e Panrenos, I1. 2023. Ananu3 Ha ObJaTapCcKust (GPUHAHCOB Ia3ap, MOCPEACTBOM MPHUIOKEHUETO
Ha (pakTasHaTa reoMeTpusi. ,, Mkonomuuecku u coyuanrnu anmepramusu‘* (2023, op. 2).

e Panrenos, I1. 2022. OueHsiBaHe Ha peaHN ONIMU NP Pa3TUYHA JUHAMUKA HA 0a30BUS aK-
TUB. ,, Uxonomuuecku u coyuarnu armepnamueu “ (2022, 6p. 3).

e Panrenos, I1. 2022. [TpunoxeHne Ha CUMYJTAIIMOHHUTE METOJIM 32 OIICHKA Ha TIPEIIPUSITHSI,
OIepHpaIy B cpelia Ha HECUTYPHOCT. ,, Mkonomuuecku u coyuannu armepramusu’ (2022,
op. 1).

Bcuuku myOukaiuu ca CBbp3aHu ¢ TeMaTa Ha IUCEepTalMATa U IPEACTaBIT pas-
JUYHH YaCTH OT 0OIIOTO M3ciieBane. ToBa MU JlaBa OCHOBAHUE J1a HAMPABS U3BOI, Y€
OCHOBHHTE aKIIEHTH OT JIOKTOPCKATa Te3a ca Be4e MyOJIMKYBaHU U MPEJJI0KEHH 3a Ha-

YYHO OOCHXKJaHE U TUCKYCHH.

6. Ouenka Ha aBTopedepara

ABTOpedepaThT 0Tpa3sBa MBbJIHO HAITPABEHOTO U3CJIC/IBAHE W OTIOBaps HA H3HUC-
KBaHUSTA.

7. KpurnuHu 0esie’KKU, NPenoPbKH U BbIIPOCH

Kputnunute 6enexku:


https://www.unwe.bg/alternativi/bg/journalissues/article/27206
https://www.unwe.bg/alternativi/bg/journalissues/article/27206
https://www.unwe.bg/alternativi/bg/journalissues/article/24342
https://www.unwe.bg/alternativi/bg/journalissues/article/24342
https://www.unwe.bg/alternativi/bg/journalissues/article/22742
https://www.unwe.bg/alternativi/bg/journalissues/article/22742

Nma HyX/1a OT CTHIIOBA PEAAKIUS HAa HAKOHU YAaCTH OT TEKCTa U OTCTPAHSIBAHE Ha
[PABOIMMCHUTE IPEUIKU. ABTOPBHT MHILE C MHOTO JBJTH U3PEUYECHUS U NPABONHCHUTE
IPELLIKH 3aTPYAHSABAT Bb3NPHUEMAHETO HA CMUCHJIA HA OTAEIHH TekcToBe. Ho B mo-ro-
JsIMaTa CU 4acT Ha TEKCTa aBTOPOBATa MUCHJI € U3Ka3aHa ICHO ¥ TOYHO, IOPU Ha MECTa
cyxaTa MaTeMaTuKa Ha MOJIEJIUTE € MPEACTaBeHA KaTo MPUATEH 3a YeTeHe TeKCT. Mma

SICHA JIOTHYCCKA IMOCIICA0OBATCIHOCT B IAJI0TO U3CJICABAHC.

IloxxemaBam Ha AOKTOpPAHTa Ja IMIPOABJIKU C YCUIIMATA Aa IIpujiara JOCTHXKCHUATA
Ha MaTCMaTHKaTa B pa3jindHu o0jacTh Ha CI)I/IHaHCI/ITe, BKIIFOUHUTC/IHO U 3a OLICHKA Ha

OIIINH.

8. 3akiouenue

Cuurawm, ye peACTABEHUSAT 32 3alllUTa JUCEPTAIIMOHEH TPYJ OTTOBAPS HA U3UCK-
BaHUATA HAa 3aKOHA 3a pa3BUTHUE HA aKaJIEMUYHUS ChCTaB U JJOKa3Ba CIIOCOOHOCTTA HA
aBToOpa Aa (popMyivpa 1 u3ciie[Ba akTyaleH Hay4yeH Mpo0sIeM, KaKTo U 1a U3BEJe 3Ha-
YUMHU 32 UKOHOMHUYECKATA TEOPHUSl U MPAKTUKA TEOPETUYHU U MPHUIIOKHU MPUHOCH.
VYo6eneno npennaram na HX noktopant IleTsp Panrenos na nmoiayun oOpasoBaTeHaTa

Y Hay4Ha CTEIEH ,,JOKTOp .

10. 04. 2025 1. Penenzenr:
Codus

(mpod. 1-p Tonop Heznes)
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Regarding: Dissertation for awarding the educational and scientific degree of "'Doc-
tor' in the scientific specialty "Finance, Money Circulation, Credit and

Insurance”, at the UNWE.

Reason for submitting the review: participation in the composition of the scientific jury
for the defense of the dissertation according to Order No. 293/05. 02. 2025 of the Rec-
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Author of the dissertation: Petar Stefanov Rangelov

Topic of the dissertation: ,,Opportunities to use
fractal stochastic processes for
optimization of the assessment of financial
Assets ”

Supervisor: Prof. Dimitar Nenkov Nenkov, Ph.D.

1. Information about the doctoral student

PETAR STEFANOV RANGELOV has studied in part-time doctoral studies,
subsidized by the state, doctoral program FINANCE, MONEY CIRCULATION,
CREDIT AND INSURANCE, professional field 3.8. Economics, at the Department of
Finance with a period of study of 4 /four/ years, as of 28.02.2019. until 28.02.2023

By Order 3234/30.11.2022 of the Rector of UNWE, the term of doctoral studies

has been extended by one year - up to 28. 02. 2023
By Order 2708/16.10.2023 of the Rector of UNWE, the term of the doctoral

studies has been interrupted for one year, as of 01.11.2023. until 01.11.2024 and the
deadline for doctoral studies has been announced - 28.02.2025.

Petar Stefanov Rangelov was born on 20.09.1994 in Plovdiv.
» 2008 r. — 2013 year. Graduates from “Academic Kiril Popov” High School

of Mathematics;
« 2013 - 2017 — Bachelor’s degree in Finance, from UNWE;
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» 2017-2018 — Master’s degree in Financial Management, from UNWE;

Work experience: from September 2018 to the present he holds the position of
Project Manager at BDO AFA Ltd., Sofia. The company is engaged in operational
performance of independent financial audit and other consulting services.

| believe that the Ph.D. student has done well with the implementation of his
individual plan despite the extension and interruption of the training period.

2. General characteristics of the presented dissertation
The formal characteristics of the work are indicated in the summary of the Ab-

stract:

Structure: Introduction, exposition in three chapters, conclusion and bibliog-
raphy.

The volume of the dissertation is 223 pages, of which the main text is 197 pages.

202 sources were used, of which 11 are in Bulgarian and 191 are in English, 44
sources are books, two sources are databases, and the rest are articles published in sci-
entific journals or online journals.

A list of abbreviations used, a list of figures (3), a list of graphs (12) and a list
of tables (60) are attached.

The subject of the dissertation is fractal analysis and its applications in the

fields of modeling the price dynamics of assets, with a view to possible use in the
pricing of financial options, the evaluation of investment projects and entire

enterprises.

The object of research is fractal models used in finance.

In essence and in a generalized form, the research thesis states that through the
use of the tools of fractal analysis, financial and economic processes can be studied in
greater integrity and efficiency, and in particular in the present study this type of anal-
ysis is applied in the analysis of the price behavior of various types of financial assets,

as well as in the field of their valuation.
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Purpose and research tasks of the study

The main purpose of the dissertation is to explore the possibilities of using the tools
of fractal geometry in the field of analyzing the price dynamics of financial assets,
extracting more plausible and intuitive risk metrics for financial analysis, and its

application in the field of valuation of financial assets.

To achieve the main purpose, the author defines the following research tasks:

1. Study of the empirical characteristics of a selected group of financial
assets.

2. An extended study of the developed financial models, addressing the
problems related to the description and explanation of the observed statistical
characteristics and anomalies manifested on the dynamics of the price of
financial and commodity assets.

3. Study of the specialized scientific literature related to the developed fractal
models used in finance and selection of a working fractal model for the
purposes of the study.

4. Definition of the main fractal process presented in the study — accessibility
to databases, economic logic, econometric construction of the model, methods
for finding the parameters of the model, statistical check for adequacy,
calibration, criterion for predictive efficiency.

5. Literature review and selection of an appropriate control group of
econometric models.

6. Comparative analysis of the results of the quantitative criteria for
convergence to data and predictive power between the fractal model used and
the models from the control group.

7. A brief literature review of the approaches and models for valuation of
companies and their shares.

8. Economic justification of the assumptions used and conceptual verification
of the logical sequence of the working multifractal process.

In this regard, 4 working hypotheses have been defined and should be
verified.

3. Evaluation of the obtained scientific and applied scientific results

The first chapter is titled “INTRODUCTION TO FRACTAL ANALYSIS”
and begins with:
1. Empirical characteristics of financial data, which include 4 points:

e Presence of thick queues in the probability distribution of returns
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e Volatility concentration in compressed time periods
e Autocorrelation and long memory
e Leverage, correlation, non-stationarity

Here the author comes to the main problem and says: "It is obvious that much
of the emerging information cannot be predicted or be the subject of analysis aimed

at extracting a recurring pattern to be taken into account in asset pricing.

2. Anatomy of Dynamic Systems
Proceeding from the nature of dynamic systems, the author specifies the purpose

of the study: "The purpose of a large number of studies, including the present one, is
aimed at obtaining an understanding and explanation of the system itself and, ac-
cordingly, the application of this understanding mainly in risk management and evalu-
ation of investment projects and enterprises, the uncertainty of which depends on an

asset, the price at which it is formed on the financial market."”

""Constructing a universal model of 'reality’ describing the market is an ex-

tremely difficult task"

"Nonlinearities can also be modeled using traditional econometric methods, but
one of the most promising and current approaches to analyzing nonlinearities in finan-
cial data is algorithms and models based on deep learning, machine learning and

artificial intelligence."”

At the end of the first chapter, the conclusion is logically drawn: "The results of the
study related to the application of the presented variety of the multifractal model are
satisfactory. However, the application of such a complex model in practice automati-
cally leads to limitations in the scope of intelligibility and logical tracking and achieve-

ment of the final goal."”

Chapter Two: “MODELING AND FORECASTING VOLATILITY THROUGH
THE USE OF MULTIFRACTAL ANALYSIS «
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A comprehensive empirical and econometric analysis has been carried out,
aimed at testing the main scientific hypothesis, namely the acceptance or rejection of
fractal models, as sufficiently good measures of the dynamics and uncertainty mani-
fested in the financial markets, compared with some of the most frequently cited and
used leading models for describing and forecasting price trajectories and their returns.
The author claims that all models subject to the study are loaded with data of different

nature and time lengths of real exchange-traded assets.

The specific specification of the fractal model has been developed and presented
in detail, namely the binomial continuous version of Markov's switching multifractal
model. In addition to the mathematical construction of the model, a review of the liter-
ature sources devoted to the problems of application of the selected fractal model spec-
ification in the field of finance has been made. against which the performance of the
fractal pattern will be compared. The control group of models consists of seven differ-
ent specifications of the models from the family of autoregressive heteroskedesticity
of conditional variation - ARCH, GARCH, EGARCH, GJR-GARCH, TARCH,
APARCH and FIGARCH.

The author concludes that "The results of the estimated parameters of the simu-
lation of the models against the different sample sizes show that the MME works as
expected and reproduces adequate parameter estimates regardless of the sample size.
Of course, there is an improvement in the stability of the parameters as the sample size
increases, and in all three values of m, , the samples with 10,000 observations repro-
duce very close values to the initially set values. Therefore, the chosen algorithm for
estimating the parameters of the model, namely MMP, works as expected and we
could conclude that it is reliable enough for its application in the context of the

study."’

A control group of 7 models was used: Generalized model of autoregressive het-
eroscedasticity of conditional variation (GARCH); Exponential generalized model of

autoregressive heteroskedasticity of conditional variation (EGARCH); Generalized
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model of the autoregressive heteroskedasticity of the conditional Glossen-Jaganna-
than-Runkle variation (GJR-GARCH); Asymmetric model of the autoregressive heter-
oscedasticity of conditional variation (TARCH); Asymmetrical Power Model of Con-
ditional Variation Autoregressive Heteroskedasticity (APARCH); Partially Integrated
Generalized Model of Autoregressive Heteroscedasticity of Conditional Variation
(FIGARCH).

The conclusions arising from the analysis presented in Chapter 2 fully confirm
the superiority of the selected multifractal model over the selected best and often cited
in the scientific literature econometric models. The author argues that the fractal met-
rics presented in the chapter show that they can serve as a complementary tool for
descriptive analysis and providing a more plausible and complete picture to character-

ize the state of financial assets.

In the third chapter “MAIN RESULTS AND SCIENTIFIC-APPLIED
ACHIEVEMENTS OF THE STUDY”, a presentation of the main results is made.
The conclusions arising from the analysis presented in this chapter fully confirm the
superiority of the chosen multifractal model. The author accepts this as an important
prerequisite for revealing the potential of fractal models and the possibilities for their

application in analyzing the dynamics of financial markets.

The overall assessment of the dissertation is good. The exposition is logically
arranged, and the author's thesis is clearly stated and argued.

The most commonly used mathematical models in finance in the last 60-70 years
are presented, and the review of the scientific literature on the topic makes it possible
to trace the development of models and presents the contribution of the leading authors

in this process.

4. Evaluation of scientific and applied scientific contributions
Five contributing points are emphasized in the Abstract

« Under the assumptions related to the analysis of financial markets and economic phenomena in an
environment of uncertainty in terms of quality and reliability of the available data, including the
impossibility of obtaining a structural understanding of the functional dependence of the
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interrelationships between economic agents, the author concludes that the scope of fundamental
analysis is limited by definition and therefore the thesis is accepted that the reconstruction of the
statistical characteristics of the price-generating process through the use of probabilistic processes
is a more plausible and qualitative approach to analysis.

« It is proved that fractal stochastic processes explain to a much higher extent the statistical empirical
characteristics of almost all financial assets analyzed in the study, compared with a leading control
group of econometric models.

« It is proved that the selected multifractal model makes predictions of the structure of variation of
part of the studied assets in the short term (from 5 to 40 days), which do not differ statistically from
the actually realized values.

* It is concluded that the main fractal metrics originating from fractal analysis can serve as a
complementary tool to traditional quantitative financial measures, with the help of which to draw
more informed and truthful conclusions about the risk structure and dynamics of financial variables.
 The possibility of applying fractal analysis in areas of financial science, which would lead to
improvement and optimization of processes related to asset valuation, risk management, allocation
and construction of optimal investment portfolios, banking and other areas, is presented. In
particular, opportunities for the implementation of fractal analysis in the field of valuation of
company shares through the use of the discounted cash flow model and the pricing of financial
options are presented.

| accept the outlined contribution points as actual and present the author as a well-
informed and correct researcher who applies fractal analysis and tries to define
applications beyond the possibilities and limitations offered by other models.

5. Evaluation of dissertation publications
The List of Scientific Publications includes:

1. Rangelov, P. 2024. "Markovski Switching Multifractal Model: Simulating the Risk Profile of
the Bulgarian Financial Market". Proceedings of the Eighteenth International Scientific Con-
ference of Young Scientists on "The Economy of Bulgaria and the European Union: Inflation,
Fiscal Consolidation and Sustainable Development”, p. 248-261

2. Nenkov, D., Hristozov, Y., Rangelov, P. 2023. Current Problems of Determining the Value
of Shares on Capital Markets. On the Example of Developed Capital Markets and the Emerg-
ing Capital Market in Bulgaria. Executive Committee of UNWE, Sofia.

3. Rangelov, P. 2023. Analysis of the Bulgarian financial market through the application of frac-
tal geometry. "Economic and Social Alternatives"” (2023, No. 2).

4. Rangelov, P. 2022. Evaluation of real options under different dynamics of the underlying
asset. "Economic and Social Alternatives™ (2022, No. 3).

5. Rangelov, P. 2022. Application of simulation methods for assessment of enterprises operating
in an environment of uncertainty. "Economic and Social Alternatives™ (2022, No. 1).

All publications are related to the topic of the dissertation and present different
parts of the general research. This gives me reason to conclude that the main highlights
of the doctoral thesis have already been published and proposed for scientific discus-

sion and discussion.
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6. Evaluation of the Abstract
The abstract fully reflects the research done and meets the requirements.

7. Critical notes, recommendations and questions
Critical Notes:

There is a need for stylistic editing of some parts of the text and the elimination
of spelling mistakes. The author writes in very long sentences and spelling mistakes
make it difficult to perceive the meaning of individual texts. But for the most part, the
author's thought is expressed clearly and precisely, even in some places the dry math-
ematics of the models is presented as a pleasant text to read. There is a clear logical

sequence throughout the study.

| would recommend the Ph.D. student to continue his efforts to apply the achieve-

ments of mathematics in various areas of finance, including the evaluation of options.

8. Conclusion

| believe that the dissertation submitted for defense meets the requirements of the
Academic Staff Development Act and proves the author's ability to formulate and re-
search a topical scientific problem, as well as to derive significant theoretical and ap-
plied contributions for economic theory and practice. I, with full confidence, propose
that Ph.D. student Petar Rangelov receive the educational and scientific degree of

"Doctor".

10.04.2025 Reviewer:
Sofia

(Prof. Todor Nedev, Ph.D.)
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