YHUBEPCUTET 3A HAIIMOHAJIHO 1 CBETOBHO CTOITAHCTBO
OUHAHCOBO-CHETOBOJIEH ®AKYJITET
KATEJPA ,, UHAHCH*

ABTOPE®EPAT

Ha JUCEPTAIIMOHEH TPY/ 3a MPUCHKIAHE Ha 00pa3oBaTeIHA U HAyYHA

CTENeEH ,,JlokTop*

Ha TEMa.

Bb3MOKHOCTH 32 U3MOJI3BaHEe HA PpaKTATIHUTE
CTOXACTUYHHU MPOLECH 32 ONTUMHU3UPAHE HA
OLICHKATA HA (PMHAHCOBU AKTUBH

3ag04eH JOKTOPAHT:
ITersp Credanor Panrenos

Hayuen pbpkoBoauTen:
ITpod. n-p Aumutsp HenkoB HenkoB

coous, 2025 r.



Pe3rome

[IpoekThT Ha AUcCepTalMOHEH TPyd Ha TeMma ,,Bb3MOKHOCTH 3a HU3IOJI3BAHETO Ha
(pakTaHUTE CTOXACTUYHU TMPOIECH 3a ONTHMU3MpPAaHE Ha OIeHKaTa Ha (DMHAHCOBUTE
aKTUBH' C€ ChCTOU OT BHBEJCHUE, M3JIOKCHHUE B TPU TJABH, 3aKIIOUYCHUE U OuOIMorpadus.
O6eMbT Ha IUCEPTALIMOHHUS TPYI € B pa3Mmep Ha 223 CTpaHUlU, OT KOUTO OCHOBHHST TEKCT
e B pasmep Ha 197 crpanunu. M3nomsBanu ca 202 u3rouyHuka, oT Kouto 11 ca Ha ObIATapCcKu
e3uk 1 191 Ha aurnauiicku e3uK, 44 W3TOYHMKA ca KHHUIH, [Ba M3TOYHMKA ca 0a3a JaHHH, a
OCTaHAJIMTE Ca CTaTHH, IyOJIMKYBAaHU B HAYYHH JKypHAIH WU OHJIAWH m3nanus. [Ipunoxen e
CIUCHK HA U3IMOJI3BAHUTE CHKPAIICHUS, CIUCHK Ha purypute (3), cnucek Ha rpadukute (12)
U cnuchbk Ha Tabaunure (60).

ABTOpPBT Ha TUCEPTAIMOHHMSI TPYA € JOKTOPAHT B 3309Ha (popma Ha oOydeHne KbM

Karenpa ,,duHancu’ Ha YHuBepcureTa 3a Hanronanno u CeeroBHo CTONaHCTBO.



1. O0ma xapakTepucTUKa HA JUCEPTAIMOHHUA TPY/

1.1. AKTYaJJHOCT HA U3CJIeIBAHETO

EnHO 0T rimaBHUTE 0OCTOSATENCTBA, C KOUTO c€ COMBCKBA OMPEAETICH NKOHOMUYECKH areHT 110
OTHOILLICHHE Ha MHBECTULMOHHUTE CH PELICHMs € ONPEAEITHETO HAa TEXHUS PUCKOB NMpodui.
Benuky KomM4ecTBEHM M3MEPHUTENM Ha pUCcKa BbB (PMHAHCUTE MMAT 3a LieJ Aa OOEIUHAT U
KarcyaupaT HaOop OT pa3IU4HU MO XapakTep, CTPYKTYpa U MbPBOM3TOUYHUK MOBEICHUYECKU
MOJIENIN TIPOSIBIICHUS, HA KOUTO ca JICHCTBHITa HA MKOHOMHYECKUTE cyOekTu. CriejoBaTenHo,
MaTeMaTHYeCKOTO M CTATUCTUYECKO ONUCaHWe Ha (PMHAHCOBUTE Ma3apu € eNnuAepMaliHO
IIPOSIBJICHUE HAa MHOT'O MO-CJI0’KHU B3aMMOBPB3KHM Ha YOBEUIKO IOBE/ICHUE IO OTHOIIEHUE Ha

B3UMAaHCTO HA MHBCCTULMOHHHU PCIICHU.

[loBeue OT BEK MKOHOMHUCTUTE C€ ONUTBAT Ja aHAIM3UPAT PUCKA, J1a IO OOSACHAT U
U3MEpST, U B KpailHa CMETKa Jla ce Bh3IOJI3BAT OT HEero ¢ uei nedanda. KoHBEHIIMOHAIHOTO
CXBalllaHE BbB (PMHAHCUTE IO OTHOIIEHHWE Ha HM3MEPBAHETO Ha pHCKa Ha OIpeleseHa
IIPOMEHJIMBA WM OOEKT Ha MHTEPEC OT CTpaHAa HAa MHBECTUTOPUTE € ABJIOOKO BKOpPEHEHATa
MKOHOMHYECKAa MHUCBI U IpeJacTaBaTa, 4e MCTOpUYEcKaTa BOJATHIHOCT Ha JajJeHa
IIPOMEHJINBA € 10OBbp M3MEpUTENl Ha HECUTYPHOCTTa U pucka. [IpakTukaTta U eMIUpUYHUTE
U3CIeBaHUs IMOKa3BaT HEAOCTAThIM HA Ta3M Te3a. BB3NpHEeTHAT Moaxoi B HacTosIlaTta
JUcepTalusl € pasVIeKIAaHETO W BB3IPUEMAaHETO Ha MA3apHUTE CTOMHOCTH, KaTo
HENpeJICKa3yeMU W HEKOHTPOJIIMPYEMH, OT KOETO Cje/Ba, 4e Hai-7oOpusAT HauuH 3a
IIPOTHO3UPAHETO UM € 4pe3 OINpPEIENITHETO Ha BEPOATHOCT OT Pealu3HpaHEeToO Ha JajeHa
MHTEPBaJIHA CTOMHOCT. M311013BaHETO HAa BEPOSTHOCTHUSA MOAXOJ HE 3HAYU HENPEMEHHO, Ye
IIAHCHT HANpaBJIABa M3IUIO COLIMATHO-UKOHOMMUYECKUTE SBJIEHHMS, HO aBTopa Ha
U3CJIEeIBAHETO BB3IPHEMa Te3aTa, 4e € Hall-10OpHs MHCTPYMEHT 3a aHaJIM3 M IPOTHO3a Ha

IIOBCJACHHUETO Ha @HH&HCOBO-I/IKOHOMI/I'-IGCKI/ITG SIBJICHUA.

Hemo moBede, BBPXY CIOXKHM JUHAMHYHHA CHCTEMH, KAaKBUTO Ca pPa3BUTUTE
(uHaHCOBH Ta3apH, BB3JCHCTBHE OKa3BaT MHOXeCTBO ¢akropu. CrenoBaTelHO, KOTraTto
TAZICHO SIBJICHHE CE€ TeHepupa W € CIEACTBHE OT HEM30pOMMO MHOXECTBO OT MPUYHHH,
MPUJIOKEHNETO Ha (PyHIAMEHTATHHS aHAIW3 MOXE J1a OO0SCHHU caMO OOIIMTE TEHIEHIIUU 1
6a30BU 3aKOHOMEPHOCTH, KOUTO B HAKOM CIIy4au JIOpU Morar aa 6baar 6e3nojae3HH, Thid KaTo
IIPU OMpPENIEICHH OOCTOSATENICTBA JIOKATHATa TYpOYJICHIIUS MOXE Ja Ch3laje MOopeauia OT

camo3acujBalla ce€ Kackaga OT HeNpencKa3yeMu ChOWUTHS, BOACIIM 10 HEITHMHCHHHU



IPpOABJICHUA W ACUMCTPHUYHU e(beKTI/I Ha H3CJICABAHOTO OT Ha6J'II-OI[aT€J'IH HNKOHOMHYECKO

SIBJICHUC.

Cnopen aBTOpa, akTyaJlHOCTTa Ha JAUCEPTAllMOHHUS TpPYyJ MpOU3THYAIlA OT
W3CIIEIBAHETO HA BIUSHUETO HA BEPOSTHOCTHHSI TIOJXO/ BHPXY OOSICHEHHETO Ha (PMHAHCOBO-

HUKOHOMUYECKHTE ITPOLECH, CC 06ycnaB;I mopaau CICAHUTE I1O-BaKHU (baKTOpI/I:

e (CBeTbT, B KOMTO JKMBEEM € HENpeJCKa3yeM, OIlle MOBeue — HEMpelCKa3yeMOCTTa €
BThbKAaHa B HAIIETO eXeAaHeBHe. Jlumcara Ha MBIHO MO3HAHUE MO OTHOIIEHUE Ha
MPOILIECUTE U B3aMMO3aBUCHUMOCTUTE, KOUTO JBMXKAT COLUATHO-UKOHOMHYECKUTE
CHUCTEMHU B MHOTO OT CIy4aWTe HU OTpaHUYaBa Jla U3BJICYEM M HAIPaBUM a0COJIIOTHA
MporHo3a (a AOpU M B MHOTO OT CIy4YaWTe AOCTaThYHO N0OpO MpUOIMKEHUE) Ha
JaJIecHO M3CJeBaHO OT Hac siBIeHue. Thi Karo € OOEKTUBHO HEBBH3MOXKHO J1a
M3BJICUYEM I[sUIaTa HyXKHAa HWH(QOpMaIus IO OTHOIIEHHWE [a JajJeHa CUCTeMa U
CIIEOBATEIHO Ja HaIpaBUM 3aK/IIOYEHHWE M IPOrHO3a 3a HEHHOTO IOBEACHHUE,
MPUEMAHETO, Y€ CJIOKHU CHCTEMH CE€ Ibp)KaT, KaTo HEMpeJCKa3yeMHU M TsAXHaTa
JUHAMHKA MOXXE J1a C€ OIHUIIE CIPSIMO HIKAaKbB CIydyaeH Ipolec € Hail-1o0poTo,
KOETO MO’KEM Ja HalpaBUM C e J1a U3rPaJuM MPOTHO3a U B3E€MAaHE HA PEILICHUs Ha

Tasy Oasa.

e BeposTHOCTHUAT NOJIXOJ TpeTUpa, B3aUMOBpPBH3KaTa Ha MHOXKECTBOTO (pakTopu
OKa3Ballll BIMSHHME Ha JaJieHa pe3yJiTaTUBHA MPOMEHJIMBA, KaTO IMPOLEC YaCTUYHO
reHepupaH oT ciy4aHocT. CiyyallHOCTTa € TPyAHA 3a BB3IPHUEMAHE HUJEs, KOSATO ce
cOnbckBa ¢ HaOmromaemMuTe (DakTM W MHTYUTHBHUTE pa3dupanus. B couwmanHo-
MKOHOMMYEcKaTa c¢epa M B YaCTHOCT, BbB (UHAHCUTE TA C€ CONBCKBA C
KOHIEMNIUATA 32 IPUYNHHO-CJIEICTBEHA BPb3Ka, HKOHOMUYECKa PallMOHATHOCT, JOPH
U cbC cBOOOJHATa BOJs. JIecHO e na ce BUIM, Y€ JIaJIeH CIy4aeH IMpoLec MOXe Ja
Ch3a/€ CBOM CTPYKTYPUPAHH 3aKOHOMEPHOCTH, HO € TPYJIHO Ja C€ JOKaXke, 4ue
MoJJOOHM 3aKOHOMEPHOCTHM MOTraT Ja IpeACTaBlIsABAaT yCTOMYMBA MpPOEKIUS Ha
YOBELIKOTO IOBEJACHHE I10 OTHOIIEHHWE Ha JaJeH HWKOHOMHYECKH CTUMYJ] WIH

SIBJICHUC.

e KiacoBere BCPOATHOCTHHU IIPOLCCHU NPOUITHHAIIHU OT (bpaKTaJ'IHaTa reoMeTpHus Ca
C¢IHU OT Haﬁ-OGGHIaBaHLHTG U T'bBKABU CPCACTBA 3a aHaJIM3 W MOACIHUpPAHC Ha
q)HHaHCOBI/ITC maszapu, KOUTO YyBCJIMYAaBAT CBOA IIOTCHHUAJT CHC 3acCuiiBalla cCcC

TCHJICHIIUS Ha pPa3BUTHE Mpe3 TOCICTHUTE JeceTuseTus. Bce ome B HaydyHara



JuTeparypa MW IIpakKTUKa HE € JOCTaTbYHO H3CJICABAaHA TAXHATa IPUTOJHOCT H
IIOTCHOHMAJI B HIKOH obnacTh Ha (bI/IHaHCI/ITe, KaTo HalpumMep B cq)epaTa Ha
OLCHABAHCTO HAa AKTUBHU U JACPHUBATH, KAKTO U B oOJracTra Ha YHOPaBJICHUCTO HAa pHUCKa

U TeOpUsTa U MPAKTUKATa HA YIpaBJIeHNE HA HHBECTUIIMOHHH MOPTQEHIH.

Hacrosmusar nucepranmoHeH TPy HM3X0XKAa OT IOPECHOMEHATUTE KOHLENTYalHU
HAapaTUBHU, B PE3yJTaT HAa KOUTO € BB3IIPHUETA TE3aTa, 4Ye IOHATHETO 3a MOJEN HsIMa Ja
mpenpama KbM OOWYaiHOTO CH 3HAYCHWE HA MaTreMarThdeckaTa pempe3eHTalus Ha
WKOHOMHYECKHATE B3aMMO3aBHCUMOCTH. BMecTo TOBa mie ce pa3dmpa, KaTo CTATHCTUYCCKU
QITOPUTHM TMpEeHAa3HAueH [la OCHIIEeCTBU OOXBalllaHe Ha ToJsAIM Opoil eMIUpUYHU
HaOmonaeMu (akTU 4Ype3 JIOTMUECKOTO UM H3BEXJaHE OT BB3MOXKHO Hail-MaabKk Opoi
XUMOTEe3W M akcuoMH. DYyHIAMEHTATHUAT MEXaHU3bM Ha CaMUTE MOJENIU € O00YCJIOBEH
MOCPEACTBOM T€HEPHPAHETO Ha TOJSAM OpOod M3KYyCTBCHH TMapaJie)IHHU JIMHUW HA TPUYUHHO-
CIIEICTBEHU BPB3KH, C MOMOILNTA HAa KOUTO Ja ObJAT BB3MPOU3BEICHU [IBJITH BEPUTH OT
BB3MOXHHU MociencTBUs. [1o To3u HAaUMH WaeaHUAT MOJIeN 3a O0SICHEHHUETO Ha H3MEHEHHETO
HA [IEHUTE € TO3H, KOWTO “TIPOM3BEXKA U3KYCTBEHO CUMYJMPAHHU TAKUBA, KOUTO € TPYAHO Ja

ce pasrpaHuyar ot peanano Haomomasanure” (Mandelbrot, 1997).

OcHoBHaTa 00JlacT B oOXBaTa Ha H3CJICABAHCTO € CBBp3aHa C IMPEACTABAHCTO Ha
(I)YHI[aMeHTaJ'IHI/ITC IMPUHIHUIIA Ha @paKTanHaTa TCOMCTPpHUA U TAXHOTO MPUIIOKCHHUEC BbHB

(1)I/IHaHCI/ITC B IB€C OCHOBHHU HAITPAaBJICHHA.

e Onucanue Ha JUHAMHKATA CBbp3aHa ¢ UIBMEHCHUECTO HA NECHOBOTO paBHMIIE C
TCYCHHE HA BPEMCETO.

e M3nmoj3BaHe Ha q)paKTa.mma aHaJM3 B o00JacTTa Ha OICHABAHETO Ha
HHBCCTUIIUOHHHU MMPOCKTH M MNPEANIPUATHHA, KAKTO H ueﬂooﬁpa:syBaHeTo Ha

(punancoBH onuuM.

[Ipunaranero Ha anTepHAaTHBEH MOAXOJ B cdepara Ha OICHABAHETO Ha Pa3IUYHU
aKTUBM MOXE Ja JOBEIE A0 3HAYUTEIHO IO PEJIEBAHTHU OLCHKM M B3MMAaHETO Ha
nH(pOpMHUpaHN MHBECTUIIMOHHU pelleHus. BB Bce mo-pa3BuBaiiuTe ce (GUHAHCOBU Ma3apu
HEMHHYEMO Pa3HO00pa3neTo oT (PMHAHCOBU M PEATHU aKTUBU PACTe, a C TOBA U O0SCHEHUETO
Ha TAXHOTO TOBEJEHHE NpUA00MBa HOBM M3MepeHMs. Hacrosioro wuscienBaHe Lenu Aa
IIOCTaBM MMEHHO AaKIEHT KbM IIOAXOAMTE W HAKOM OT MOJEIUTE 3a OIMCAHHE U
IIPOTHO3MPaHE Ha IOBEJCHUETO Ha IICHUTE M TEXHUTE BB3BPBIIAEMOCTH HA Pa3IMYHUTE

AKTHUBHU B 110 IIUPOKaA paMKa, a UMCHHO B obnacrtra Ha OLICHABAHETO.



1.2. O6eKT U npeaMeT HA U3CJIEIBAHETO

OO0eKThT Ha JUCEPTALMOHHUSA TPYA € (HPAKTATHHUAT aHAIU3 M NPUIOKEHUATA MY B
o0yacTUTe Ha MOJENUpaHe Ha IIEHOBAaTa JMHAMHKA Ha AaKTUBUTE, C OIJIEJ BB3MOMKHO
U3II0JI3BaHE IIPU LIEHOOOPa3yBaHETO Ha (PMHAHCOBM OILIMHM, OLIEHSBAHETO HA MHBECTUIIMOHHU
IIPOEKTH U LEJIN IPEIIPUATHS.

IIpeamer Ha u3cieaBaHe ca (ppaKTaTHUTE MOJICNIN U3IOI3BaHU BbB (prHAHCHUTE.

OcHoBHaTa 00JaCT Ha Temara Ha JUCEPTAllMOHHMS TpyX € (pakTalHUd aHaliu3 u
IIPUIIOKEHUETO My B 00JacTTa Ha MOJAEIMPAHETO HA LIEHOBOTO MU3MEHEHUE Ha aKTHBUTE C
TE€4YEHUE HA BPEMETO U IOCIEABALIOTO MY IpUJIaraHe B 00JacTTa Ha OLECHSIBAHE HA ONLUHN U
npennpusaTus. B Tazu Bpb3ka 00XBaThT Ha HW3CIEABAHETO € WHTEPAUCLMILUIMHAPEH,
BKJIFOYBAMKM KakTO OOJIACTM OT KOPIOpaTUBHHUTE (UHAHCH B T.4. LEHOOOpa3yBaHE Ha
JepUBaTH, KalUTaJIOBU Ia3apH, NOAXOAM 3a OLICHSABAHE HAa KOMIIAHUUTE U TEXHUTE AKLHUU,
Taka © cnenu(UYHM HampaBiIeHUs B 00JacTTa Ha CTaTUCTHKara H (UHAHCOBaTa
MKOHOMETpHUS, B T.4. NKOHOMETPUYHO MOJEIIMPAaHE Ha BPEMEBU PEJIOBE, METO/IM 3a OLICHKA Ha
[IapaMEeTPUTe HAa HUKOHOMETPUYHM MOJECIH, AUATHOCTUKA HA OCTAThYHUSA KOMIIOHEHT,

CTUMYJIAIMOHHU METOJU U IMIPOTHO3UPAHC.

1.3. H3caenoBareiicka Te3a M XHIOTE3M HA U3CJIeIBAHETO

N3cnenoBarenckaTta Te3a Ha U3CIEABAHETO, HE € MPOAYKT Ha JAe(PUHUPAHETO HA €AMHCTBEHO
TBBPJICHHE TOJUICKAIIO HAa TEOPETUYHO M EMIUPHYHO JOKa3BaHE WM aHAIHW3 C IeJ
CHUHTC3UPAHETO HA ONIPCACIICHN KAUCCTBCHU U KOJIMYCCTBCHU ITOKA3aTC/IN, KOUTO IIPHUTEKABA,
a Ha0Op OT KacKaJHU SIBJICHUS BCSIKO, OT KOUTO MOMAJICKH Ha OTJAEJICH MpPEerJie] MOCPeICTBOM
METOJIM C pa3inyHa CTENEeH Ha JI0OKA3aTeJICTBeHa CHJIAa, B 3aBHCHUMOCT OT OTHOCHUTEIIHATA
3HaYMMOCT Ha SIBJICHUETO U MSICTOTO MY B JIOTHUYECKATa MOCIIEIOBATEITHOCT Ha U3CIICIBAHETO.
I[To cwpmectBo m B 0000meHa (opma, H3cjeaoBaTeJcKaTa Te3a IJacH, 4e upe3
W3MOI3BaHETO HAa MHCTPYMEHTapuyMma Ha (ppakTaaHUs aHAIM3 MOXKE Jla C€ MU3CJeNBaT B IO-
rojasiMa [siocT U e(PeKTUBHOCT (PMHAHCOBO-MKOHOMUYECKH IPOIECH, KaTO B YaCTHOCT B
HACTOSIIIOTO M3CJICABAHE TO3HM THUI aHAIHM3 € MPHUJIOXKEH B aHAIM3WPAHETO Ha IIEHOBOTO
MOBEJICHHE Ha Pa3JIMYHMA THUINOBE ()MHAHCOBU aKTHBH, KaKTO W B 00JlacTTa Ha TSIXHOTO

OLICHsABAHC.



B Tta3u Bpwp3ka ca neduHUpaHM U cJelBa Ja C€ MPOBEPAT CIEAHUTE PAOOTHH

XHIIOTC3H:

Xumnore3a 1: AHa.]'II/I3I/IpaHeTO Ha IOCHOBUTC JBW)XCHHSA Ha AKTHUBUTC IIOCPEACTBOM
PEKOHCTPYKIMATA HA CTATUCTHYCCKUTE XAPAKTCPHUCTUKH Ha I'CHCpUpaliudg IEHOBU IIPOLIEC,
qpe3 Q)paKTaIIHI/Iﬂ aHajIu3, MpeacTaBiIsABa M0-000CHOBaH U HpaBILOHO,Z[O6eH METO/J 3a aHaJIu3

M B3UMAHC Ha PCUICHU .

Xunore3a 2: M30panusaT paboTeH (pakTasieH Mojen OOsSCHsIBa JWHAMHMKAaTa BbB
BB3BPBIIACMOCTUTE HA AaKTHBUTE B TIO-TOJsIMAa CTENEH CHOpsAMO H30paHH BOAEUIN

HUKOHOMCTPHUYHH CPABHUTCIHU MOJCIHU OT IIPCABAPUTCIIHO I[e(l)I/IHI/IpaHa KOHTpPOJIHA IrpyIia.

Xumnore3a 3: KomuyecTBEHHTE METPUKH TNPOUITHYANIM OT (paKTaTHUS aHAIU3
MPEJCTAaBAT MO-IIMPOKOOOXBATHO W B IO-TOJsIMA IBJIHOTA PHCKOBaTa CTPYKTypa Ha

(I)I/IHaHCOBI/ITe AKTHBH, KaTO ChbIIUTEC JOIIBJIBAT KIIACHYCCKHUTC KOJIMYCCTBCHHU I10KA3aTCIIN.

Xumnorte3a 4: q)paKTaJ'IHI/ISIT aHaJIu3 € B CBCTOJIHHEC [a l'IOI[06pI/I H OITHUMH3HPA
mponeca Ha OUCHABAHC HAa MHBCCTHUIHUOHHUW IIPOCKTHU, LCIU MPCANPUATHIA U HAKOU KJIIACOBEC

ACpUBATHU, B YaCTHOCT (I)I/IHaHCOBI/I OITITHH.

1.4. Hea u 3a1aum HA U3CJIEIBAHETO

OcHoBHaTa men Ha AMCEPTALlMOHHUS TPyA € Jla Hu3cielBa Bb3MOKHOCTHTE OT
U3MOJI3BaHETO Ha MHCTPyMEHTapuyMa Ha (QpakTajlHaTa TreoMeTpuss B o0jacrra Ha
aHAJIM3MPAaHETO Ha IIEHOBAaTa IWHAMUKAa Ha (UHAHCOBUTE AKTHBH, W3BIMYAHETO HA IO-
MPaBIONOI00HN U MHTYUTUBHU PUCKOBU METPUKHU 32 (DUHAHCOB aHAIN3, U IPUIOKEHUETO U

B 00JacTTa Ha OLCHABAHCTO Ha q)HHaHCOBI/I AKTHUBH.

B IMO-KOHKPETECH IIaH, 3a JOKa3BaHC M IIOCTHUIaHC HAa OCHOBHATA IICJI, ChIaTa MOXE

Ja CC€ pasJIoKH Ha CJICOAHUTE U3CIICAOBATCIICKHM 3a1a4H.

1. W3crnenBane Ha eMIMPUYHUTE XapaKTEPUCTUKM Ha M30paHa rpymna oT (pUHAHCOBU

AdKTHBU.

2. PasmmpeHo w3cieiBaHe Ha pa3pabOTeHUTe (PUHAHCOBH MOJICIHM  aJpecHparl
npobiemMaTukaTta CBbp3aHa C OINHUCAHHETO M OOSCHEHHWETO Ha HaOJI0JaBaHUTE
CTaTUCTHYECKH XapaKTEPUCTHKH U aHOMAJIMH MPOSBSIBAILM CE€ BbPXY JIMHAMHUKATa HA

OeHaTa Ha CbI/IHaHCOBI/ITe U CTOKOBH aKTHBH.



3. IlpoyuBaHe Ha crenualuM3MpaHaTa Hay4Ha JMTEpaTypa CBbp3aHa C Pa3pabOTCHUTE
(dbpakTamTHU MOJENH, M3IOJI3BaHU BBHB (PpuHAHCUTE W M300p Ha paboTeH (pakTancH

MOACH 3a HCJINTC HAa U3CJICABAHECTO.

4. Jlebunupane Ha OCHOBHHS TPEJICTAaBEH B W3CIEABAHETO (pakTajieH Mpouec —
JOCTBHITHOCT /10 0a3u JaHHU, UKOHOMUYECKa JIOTMKa, HKOHOMETPUYHO MMOCTPOCHHUE Ha
Mojiesia, METOIU 3a HaMHUpaHe Ha MapaMeTpuTe Ha Mojiesa, CTaTUCTUYECKa MpoBepKa

3a aJIeKBaTHOCT, KAJIIMOpUpaHe, KpUTEPHil 32 MPOrHOCTUYHA €(PEKTUBHOCT.

5. Jluteparypen mperiea U u300p Ha MOAXOJSINA KOHTPOJHA Ipyla MKOHOMETPUYHHU

MOJEIIH.

6. CpaBHI/ITe.]'ICH AHAJIN3 Ha PE3YJITATUTC OT KOJIUYCCTBCHUTC KPUTCPHUHU 3a CXOAUMOCT
KbM OJAaHHUTC W HNPOrHoCTUYHATa CHUJia MCKIAY HU3IOJI3BAHUA q)paKTaJIeH MOACT U

MOJIETIUTE OT KOHTPOJIHATA IpyIa.

7. KpaT’bK JIATCPATYPCH MpEryica Ha IMOAXOANUTEC U MOJCINUTC 34 OLICHKA Ha KOMIIAHWU U

TCXHUTC aKIIHUHU.

8. Hxonomudecka 000CHOBKA Ha M3IOJI3BAHUTE JOMyCKAHUS W KOHIICNITyalTHA TIPOBEPKa

Ha JIOTMYEeCKaTa MOoCIeI0BaTeIHOCT Ha pabOTHUS My ITH(PpPaKTaJIeH IpoIiec.

1.5. O0xBar 1 M3TOYHULIN

OOXxBaThT Ha WU3CIEABAHETO MOXE Ja C€ pa3feii Ha BPEMEBU M TMPOCTPAHCTBEH.
IIpocTpaHcTBEHUSIT 00XBAT € HEOTPAHUYEH, HO MPEUMYIIECTBEHO Il CE IMOJ3BAT JaHHU
rnaBHo oT CAILl u EBpona. [To-koHKpeTHO, 3a [[eNUTe Ha eMIIMPUIHATA YaCT Ca U3IMOI3BAaHU
JTAaHHM 32 IIeCT aKTUBAa — IICHATa Ha TeTpoJia copT ,,bpeHT™, nenara Ha akmuure Ha EXXON
MOBILE, 6wnrapckust ocHoBeH 6opcoB uaaekc SOFIX, nenata na BITCOIN nenomuHupana
B JIOJIapH, BAIyTHHUS Kypc Ha nBoikarta EBpo-/lomap u cToiiHOCTTa Ha OOpPCOBHS WHICKC

Standart and Poors 500.

BpeMeBusiT 00XBaT MO OTHOIICHHWE HAa CHOMpaHE W 3apekJaaHe Ha JIAHHUTE B
MOJICJIUTE Ha MPAKTUKA € OTPAHUYCH €IUHCTBEHO W CaMO OT BB3MOXKHOCTTA 3a JIECHO M 0e3
3ary0a Ha BpeMe M pa3Xo/au, HaMHpaHe Ha MyOJUYHO JOCTHIIHU 0a3u JaHHH. B wacTHOCT, ca
U3IM0JI3BaHU BPEMEBU PEJIOBE € pas3jinyHa JbJDKMHA Bapupalla B rnepuoja Mexnay 1962 r. no
cpenara Ha 2023 r. 3a BCEKM OT IMHAMHYHUTE PEIOBE Ie ObIAT OMpECICHU ABE M3BAJIKH.

Ennara, ,,tpenupoBbuHa‘ (in-sample) mie cayxu 3a 3apek/IaHe U OLIEHABAaHE Ha TapaMETPHUTE
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Ha Mojeia, a Japyrara, ,,aporHo3Ha“ (out-of-sample) mie ciyku 3a CpaBHUTEICH aHAIU3
MEXJIy MPOTHO3MpPAHUTE CTOMHOCTH U dakTtuueckutre peanuzauuu. OOoOuIeHHe Ha
W3CIIC/IBAHUTE AaKTUBH, W3BAJKOBOTO Pa3Mpe/iesieHue U IbJDKUHATA HA BPEMEBUTE PENIOBE €

KaKToO CJICABA.

®durypa 1. Ob06wenue na usnonzsanume OaHHU, ObIAACUHAMA HA 8peMesume pedose U
pasnpeoenenuemo Ha U38aoKume

1962 2022 2023
>

exxon mos1LE [

S&P_500
Oil_Brent
SOFIX

EUR-USD

BITCOIN_USD

_ TpeHuporsUHaA H3BaAKA TIporao3na m3Bajgka

H3non3panurte 6a3u JaHHHU 3a HECJIUTC Ha CTATUCTUYCCKUA U UKOHOMETPHUUYCH aHAIN3

ca Ha0aBEHU OT HY6J'II/I‘-IHI/I HU3TOYHUIU U ITO-KOHKPETHO OT:

e Yahoo Finance — 06a3a OT JaHHM 3a TeKylla W HCTOpUYecka HH(pOpMAIUs Ha

yOJMYHU KOMIIAHUH, MHAEKCH U IPYrd ()MHAHCOBHU aKTHBH.

o Federal Reserve Economic Data (FRED) — cucrema ot 6a3a OT JaHHU MOJIbPKaHa U
anMuHucTpupana ot denepannara O6anka Ha Ceitnt Jlymc, yact ot ®denepanHara

pe3epBHaA cucTeMa OT OaHKH.

e Investor.BG — ommaifH W3TOYHUK MOJIBprKaIl 0a3a OT JAaHHW 3a CTOMHOCTTA Ha

ObarapckuTe 60pCOBO KOTUPAHU MH]IEKCH.

1.6. MeToa0J10THSI HA U3CJI€ABAHETO

N3non3BanaTta METOMOJIOTHS B U3CIICIBAHETO € MHANBUIYATHO 000C0O0€HA B 3aBUCUMOCT OT

IMOCTAaBE€HUTE XUITOTE3U NMOAJICIKAIIIN Ha aHAJIN3, JOKAa3BAHE U1K OTXBBPJIAHC.



N3nos3BaHaTa MeTon0JI0TUSI CBbp3aHa ¢ JedUHUpPAHATA NbpPBa XUIIOTE3a OT

HACTOSIIIUSL JTMCEPTAIMOHEH TPYA, M3cJeABalla NMPeIuMCTBATa OT W3MO0J3BAHETO Ha

BEPOATHOCTHUTE IIpOLIECHU (B YaCTHOCT (l)paRTa.]'[HI/ITe TaKI/IBa) OoT rjieaHa To4YKa Ha

AHAJIMN3UPAHETO HA HECHOBUTE IBUKCHUS HA aKTUBUTEC NMOCPEACTBOM PEKOHCTPYKIHUATA

HA CTATHCTHYECKHTE XAPAKTEPHCTUKH HA TeHepHpalIdsl HEHOBU Mpolec, CHpPsIMO

KJIacHueckusi pyHIaMeHTaJIeH aHAJIU3, e cJIeHaTa:

IIpoyuBaHe Ha cieMATU3UPAHUTE JJUTEPATYPHU U3TOUYHHIIH, [JIABHO CBHP3aHU B
IBE€ HampaBieHHs: obOiactta Ha (QpakTanHus aHanu3 U (QpaKTaTHUTE W

MYATH(QPAKTATHA MOAEITH U3II0JI3BaHN BHB (PHHAHCHTE.

XHUNOTeTHYEH METO/1, [10 OTHOIICHHEC HA IMOCTABAHCTO HA OIMPCACIICHU OOIYCKaHUA U
paMKH, TIJIaBHO TCOPCTUYHH, HMAIHU POJIA IPU H3TPAXKIAHCTO HaA JIOTHYECKATa H

KOHICIITyaJIHa OCHOBA, Ha 0asa Ha KoATO me 6’5,[[6 u3rpazcHa nsjiarta JucCepramusi.

Hcropuxo-jioruueckn TMOAX0A, BHB Bpb3KAa C HUCTOPUYECKHUS TIperyie]] Ha
TEOPETUYHUTE OCHOBH IOJOKEHU C TEUEHUE Ha BPEMETO OT Hall-3HAUMMHTE UMEHA B
HayKaTa CBbp3aHa, HE CaMO CBhC COIMAIHO-UKOHOMHYECKATa TEOpHs, HayKa U
MPaKTUKa, HO U C M3CJIENI0BATENM B €CTECTBEHUTE U MPHUPOIHU HAYKH, YHHTO UACH
HaMUpaT MHUPOKO MPUJTIOKEHUE B €/1Ha WK JApyra HacoKa B HacTosIaTa pa3paboTka.
JlorukaTta Ha B3aUMOBPB3KHTE III€ CE€ OCHOBaBa Ha CTPUKTHOTO MpHUJIaraHe Ha

Hay4YHH [IOAXOA.

TeopeTI/IKO'MeTOJIOJIOFI/I‘leH AHAJIN3, M3II0JI3BaH C 1ICJI ITOCTAaBAHC Ha COJIHUIHU
TCOPCTUYHHU (I)YH)IaMeHTI/I, noyuBamiy Ha JIOTMYCCKa NPUYUHHO-CICACTBCHOCT, Ha
0a3a Ha KOWUTO B IOCICACTBUE Aa CC IMOCTPOAT U o0ocHOBaT PCATUCTUYHHA J0ITYCKaHUSA
U CEMIIMPUYHO TECTBAHE Ha HW3CICABAHUTC MABJICHUA CIPAMO MPEABAPUTEIIHO

IIOCTAaBCHUTC L CJIN.

H3noa3panata MeTOH0JI0THUA CBbp3aHaA € CKCIICPUMECHTAJTHOTO H3CJI€ABAHE

OTHOCHO BTOpa M Tpera xumore3nm wusciaeaBamm (1) auHamMmkara Ha NEeHOBHUTE

(paykyanun MoaeJMpaHu MOCPeACTBOM MYJITH(PAKTAIHAS MOJe] CPaBHEHHU ¢ n30paHa

KOHTPOJIHA TPyINa BOJAENd HKOHOMETPUYHH MOIeId H (2) KOJIMYeCTBEHUTE METPHKH 3a



PHMCKOB aHAJH3 HAa (MHAHCOBHMTE MA3apH NMPOM3THYALLM OT (pPAKTAJHUS AHAIU3, e

cJIeqHaTa:

CTaTHCTHYECKH AaHAJIM3 CBBP3aH C MPEABAPUTEITHO Ne(HUHUPAHUTE CTATUCTHUCCKH
0a3u JaHHU OT HW30paHUTE aKTHBH. Bbpxy wu30paHuTe IUHAMUYHHM pEIOBE ca
MIPUIIOKEHU CEpUsl OT CTATUCTUYECKH aHAIM3H, 3 UMEHHO: TECTOBE 32 HOPMAIHOCT Ha
pasmpeneseHeTo Ha Bb3BpbIIaeMOCTUTE B T.4. TecToBe Ha JKapk-bepa u tect Ha
Kpambp BoH Musec, TecToBe 3a HallM4yKMe Ha CEpUiiHA aBOKOPENAUs U JbIrOCpOYHa
MmaMeT BKJIOYBaImM Tecta Ha JIroHr-bokc, Ttecra Ha bokc-Ilubpc u aHanmu3 Ha
npeMamiadupaHero (M CBBp3aHUS C HEro KoepuuueHT Ha XBPCT), TECTOBE 3a
XEeTepPOCKEeIaCTUYHOCT Ha CTOXacTUYHATa KOMIIOHEHTa BKJIIOYBAI Tecta Ha EHrba 3a
Hamnune Ha ARCH edekTu, KakTo U TecTOBE 3a CTAllMOHAPHOCT W HAIM4YME Ha

eIMHUYEH KOPEH BKIFOUBAIIH pasimupenus Tect Ha Juku-Oymep u KPSS kpurepust.
HNxoHOMETPUYHO MOAEJMPaHe U JMATHOCTUKA, BbB BPB3Ka C:

- KonctpynpaHeto Ha OCHOBHHSI MYJITH(PAKTAICH CTOXACTHYCH MOJEI MPEIMET
Ha aHalM3 — HENpPEeKbCHATaTa OWHOMHA BEpPCHS HA  MPEBKIFOYBALLI
myntudpakranen momen Ha Mapkos (continuous binomial Markov-switching

multifractal model).

- U300p u mpezacraBsiHE Ha KOHTPOJHATa Tpyna CPaBHUTEIHH MKOHOMETPUYHU
MOJIETHM OT CEMEUCTBOTO HAa aBTOPEIPECUOHHHUTE XETEPOCKENACTUYHU MOJECIHN C

YCJIOBHA Bapuanusl.

- M360p Ha moaxo/sIna TEXHUKA 3a OLEHKA Ha apaMeTpuTe Ha MOJICJIUTE CIIPSMO
JaHHUTE OT TPEHHpOBBbUHATa H3BajKka. llapamerpure Ha MyATHQPKATIHUSA
MOJZied, KaKTO M Ha KOHTPOJHATa TPyNa MOJENH Ca OLECHEHH IOCPEICTBOM

MCTOJa Ha MaKCUMaJIHO HpaBJIOHOIIO6I/IC.

- ABTOPBT Ha AMCEPTALMOHHUS TPYJ € KOHCTpyHpall MyJITH(PAKTATHUS MOAET,
MKOHOMETPUYHUTE MOJAEIN OT KOHTPOJIHATa Ipylna, KakTO U OLEHSBAHETO Ha

TEXHHUTE MapaMeTPH MOCPEACTBOM H3IOJI3BAHETO Ha porpameH e3uk Python.

CpaBHuUTeleH aHaJM3, W3MOJ3BaH TIJIABHO [0 OTHOIIEHHWE Ha TIperjena Ha
KOHKYpHpAIIUTE CE€ CTOXaCTHYHU MOJIEIH, KOUTO OCUTYpPSIBAT BEPOSTHOCTEH 3aKOH
crpsiMo epUHUPAHETO HA PA3IMYHM JIOMTYCKaHMs, KAKTO U CPaBHEHHETO U n300pa Ha

HaW-TIOXOSIIIa TEXHHUKA 32 PEIIABAHETO HA ONPEIEICHUS MTPOOIeM BKIIOYBANKY:



- Jlepunupanero Ha Tecta Ha ByoHr wemsm Ja omnpeaenu MOCPEACTBOM
CTaTHCTUYECKA IMPOBEpKAa Ha XWIIOTe3a Hal-100pus MyIATH(PpPaKTaleH MOJAeN

HU3MCKY MHOKCCTBO KOHKYpHUpallu CC TaKUBA.

- IlpencraBsnero Ha W30paHUTE AWATHOCTUYHM KPUTEPHUHU, CIPSIMO KOUTO €
HarpaBeH U300p MEXIy MOJEIHUTE C Hai-BUCOKa OOSCHHUTENHA CIIOCOOHOCT OT
rjefHa TOYKAa Ha CXOJMMOCTTAa MM KbM HAOJIONABaHWUTE JAaHHM, BKIFOYBAIIU
KOHCTPYUPAaHETO Ha (QYHKUIMS Ha MpaBAoNofodOMe W JABa OT HaW-4eCcTo
U3II0JI3BaHUTEe WH(POPMALMOHHU KpHUTEpUs — WHPOPMALMOHEH KPUTEpUN Ha

Akatike u nHpopManmoHeH kpurepuit Ha [1IBapir.

- U36op ©a mnoxxomsum ¢yHkiuu Ha 3aryba (loss function), kakro wu
U3BBPIIBAHETO HA PerpecHoHeH aHanu3 Ha Mincer-Zarnowitz memnsin ga cpaBHH
NPOTHOCTHYHATA CHJIAa Ha MOJEIUTe. Pe3ynraruTe OT TOPHHTE aHAIW3H ca

U3BBPIICHH Ype3 MPUIIOKESHUETO Ha TporpamMuus e3uk Python.

- CuUMyNalMOHHO-BU3yaJlHO  KOHCTPYUpaHE€ Ha  M3KYCTBEHO  TI'€HEpHUpaHU
(UHAHCOBM JaHHM W CPABHUTEJIEH aHAIU3 CHOPSIMO pealHO HaOIIoJaBaHUTE
naHHu. CUMynalMuTe ca OCBLIECTBEHH 4pe3 NPUIIOKEHHETO Ha MPOrpaMHUs

e3uk Python.

- U3BexnaHe Ha OCHOBHHUTE KOJMYECTBEHUM HW3MEPHUTENM MPOM3THYAIU OT
¢paxkTaiHug aHaIM3 B T.4. aida KOEPHUIMEHT, EKCIIOHEHTa Ha XBbpPCT H
¢paxTtanHo uszMepeHue. CHOTBETHO, HM30pPOCHUTE METPUKH Ca TIeHepUpaHH

HOCPEICTBOM H3M0JI3BaHeTo Ha codryeper mpoaykt MATLAB 2016a.

N3nos3BanaTa MeT010J10TUsI CBHP3aHA € YeTBbPTATA XUIIOTE3a OT M3CJIeBAHETO
CBbpP3aHa ¢ M3M0J3BaHETO HA (PAKTAIHUSA AHAJIN3 B 00J1aCTTa HA ONTUMHU3UPAHETO HA
npoieca HA OLeHsIBaHe HA NHBECTHLMOHHYU NMPOEKTH, eI NPpeAnpusTus 1 GUHAHCOBH

ONINH.

e JlurepatypeH mperJieJ IIOCBETEH Ha IIPOYYBAHETO HAa HAIMYHHS MHCTPYMEHTAPUYM
3a OLICHSABAaHE HAa KOMIIAHMM W TEXHUTE aKIUM, KAKTO M Ha pa3BUTUETO Ha
MKOHOMHYECKUS M MaTeMaTH4eCKH TpoLeC CBbp3aH MpolieMaTHKaTa Ha

1eHoo0pazyBaHe Ha (PMHAHCOBH OTIIIHH.
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I/IHHyKTI/IBeH U JCAYKTHBCH aHAJIU3, HCPA3PHBHO HU3IIOJI3BaH, KAaTO CPCIACTBO 3a
TECOPETUYHO JOKA3BAaHE Ha JIOTMYCCKaA IMOCICIOBATCIIHOCT HA OIPCACIICHO TBBPACHUC

C LIeJT U3BEXKIAHETO Ha 3aKII0YeHHe (M3X0CH pe3yJITar).

KpnaneH aHaJIn3, CIpPAMO TNIaBHO TCOPCTUYHHUTC U IMPAKTHYCCKU IMOCTAHOBKHU U
JAOITyCKaHHA B obnacTTa Ha WHBECTUIIUMOHHOTO OLICHSBAaHC Ha (bHHaHCOBI/I H p€alHu

AdKTHUBH.

1.7. Ctpykrypa

I[I/IcepTaIII/IOHHI/ISIT Tpyd € pasaciICH Ha BbBEK/IAallla 4aCT, TPU IJIaBU U 3aKJIIOYCHHUE, KaTO

JieTalIHaTa CTPYKTypa € KakTo CIe/Ba:

I'maBa | 3amouBa c wWCTOpUYECKM | JHUTEpaTypeH Iperjen Ha 0a30BUTE
CTaTHUCTUYECKU XapaKTEPUCTUKU HAOII0JaBaHU Ha Pa3IMYHUTE Ma3apu U GUHAHCOBU
uHCTpyMeHTH. M3BeneHu u aepuHHpaHM ca TJIABHUTE 3HAYMMH M KOHCTaHTHH
MPOSIBSABAIIA C€ SIBJICHUS, KaTO MPETIOUs KbM BBBEICHHETO BBB (DpaKTAIHUS U
MynatudpaktaaHus aHanu3. CreaBaniusT KOMIIOHEHT OT II'bpBa TJlaBa MPEACTaBs
NPUHIMINATE 32 OOSCHEHWE Ha HWKOHOMHUYECKUTE SBIIEHUS Oa3upaHd Ha
KOJMYECTBEHUSI aHAIM3 pEeNpe3eHTHUpaH 4Ype3 o0Ilara Teopus Ha CIOXKHUTE
JMHAMUYHU CUCTEMH, KAaKTO M Ype3 AETEPMUHUCTUYHUTE U BEPOATHOCTHU MOJIEIHU 32
(¢uHaHCcOB aHanu3. B Ta3u Bpb3Ka € HalpaBEH PETPOCIIEKTUBEH IMpeErJie]] Ha BOJCIINTE
MOJXOJIM 32 BEPOATHOCTHO MOJIEIHMpaHe Ha IICHOBUTE MPOIECH Ha (PUHAHCOBUTE H
peannu aktuBU. Ha crnenBamo msicto € 000coO€HO BBBelIeHHE BBHB (pakTalHaTa
TreOMeTpHUsl, KAKTO U UCTOPUYECKH U JIUTEepPATypeH Mperiiea Ha (pakTaTHUTE MOACTH
M3M0J3BaHu BBB (prHAHCHTE. [IHpBa r1aBa 3aBBpIIBA C KPAThK JUTEPATYPEH MPETIIeT
Y TPUTOJTHOCT HA TMOJXOJUTE W MOJEIUTE 3a OIICHKAa Ha KOMIAHWU W (UHAHCOBU
OMIIMU C OTJIeJ] Ha BB3MOXKHOTO MPHUIIOKEHHE Ha (DpaKTATHUTE MOJIENH B TE3U JIBE

Ba)kKHHU 00JIaCTH Ha (I)I/IHaHCOBaTa HayKa " IIpaKTHUKa.

I'maBa Il ¢ HacoueHa KbM eMmHMpUYHATA MPOBEPKAa HA OCHOBHATA XHUIIOTE3a Ha
IMCEPTAMOHHUS TPy MTOCPEICTBOM Ch3aBAaHETO HA METOJOJIOTHS 32 CpaBHUTEIICH
aHaJM3 MEXAY BOJCIIM HKOHOMETPHUYHH MOJICNM M OCHOBHUS (PpakTalieH MOJEI.
N30panusaT ¢pakraneH Momen OOSKT Ha U3CIeNBAHETO € crhenudukanus Ha

HenpeKkvcHamama ouHomHa 6EPCUsl HA NpesKlouealy MyﬂmugbpakmaﬂeH Mooen Ha

11



Mapros. B peraitni e mpeicraBeHa KOHCTPYKLMATA Ha MOJEJ, NPEIUMCTBAaTa U
HEJOCTAaThIUTE MY, KaKTO M IOJXOJHUTE 3a OLICHKA HAa HErOBHUTE MapameTpu. B
JOIIBJIHEHHE, 32 Jla CE MPELCHN HeroBaTra OOsSCHUTEIHA CIIOCOOHOCT € KOHCTpyHpaHa
CHMYJIAIlMOHHA METOJMKA 32 TeHepHpaHe Ha M3KYCTBEHO CH3/aJCHH JAHHHU, C eI
IpoBepKaTa Ha CTAOWJIHOCTTAa HAa IapaMeTPUTe Ha Mojeja B 3aBHCHMOCT OT
roJIeMUHATa Ha U3BAJIKUTE OT JaHHH, C KOUTO € 3apeaeH. KoHTposHaTa rpyma Moernu
Ce ChCTOM OT CeeM MKOHOMETPHYHU MOJIeIa OT CEMEHCTBOTO HA aBTOPEIPECHOHHUTE
MOJICIM C YCJIOBHa XeTepockenecTuyHocT Ha Bapuanmsarta (ARCH-class). Ha
CIEBAILIO MSCTO ca M30paHU KOJIMYECTBEHU KPUTEPUU M CTATUCTUYCCKH TECTOBE 3a
CpPaBHUTENICH aHAK3 M W300p Ha Hail-I00pus MOJEN OT IJeHa TOYKa Ha HEroBaTa
OOSICHUTEIIHA CIIOCOOHOCT, CTENeH Ha CXOIMMOCT KbM pCAIHUTE JaHHH |

IMPOrHOCTUYHA CHUJIA.

I'naBa Ill e mocBeTeHa Ha METOIMYECKO M3JIOKEHUE Ha M3IIOJI3BAaHUTE JaHHU 3a
LETUTE Ha HM3CIEIBAHETO, BU3YyalHO-CTaTUCTHUYECKH aHAN3, KaTo Cca IMPEJCTaBeHU
OCHOBHMTE pe3yJTaTH OT M3CJIEABAHETO. 3a LIEJIUTE Ha MOJEIMPAHETO, ca M30paHH
IIeCT Kjaca AakTUBM C pa3jiMyHa JbJDKMHA Ha BpPEMEBUTE peloBe C Lel
BceoOxBaTHOCT. JlaHHUTE HAa U30paHUTE aKTUBH ca 0OEKT Ha 3abJIO0YEH U NOJIPOOEH
npeaABapUTCIICH CTATUCTUKO-AUMArHOCTUYCH dHAJIM3, BKJIIIOUUTCIIHO Ca HU3BCACHU U
OCHOBHMTE TPWIOKUMH (pakTamHu MeTpuku. OOIuUTe BpeMeBH peloBe Ha
pa3IMYHUTE aKTUBH ca pa3/iefieHH B JBE M3BaJIKU — II'bpBaTa, TPEHUPOBBYHA U3BAJIKA,
CIyXellla 3a 3apeXJaHe Ha MOJEJIUTE U OLCHABAaHE HA TEXHUTE MapamMeTpu |
OOSICHUTETTHa CIIOCOOHOCT, W BTOpaTa, MPOTHO3HA U3BaJKa, CIyXela 3a
KOJINYECTBEHO M3MEpBaHE Ha MPOTHOCTHYHATA CHJIa HA KOHKYPUPALIUTE CE MOIEIH.
Tpera rnaBa 3aBbpiiBa ¢ 0000IIEHNE HA PE3YATATUTE OT U3CIIEIBAHETO 32 JAHHUTE OT
TPEHHPOBBYHATA ¥ TPOTHO3HATA W3BaAKH. 3a TPEHUPOBHUHATA H3BaJgKa ca
MPEJCTaBeHN OIIEHKAaTa Ha TapaMeTpuTe Ha (QpakTaIHUS MOJENT W MOJEIHUTE OT
KOHTpOJIHAaTa Tpymna, Ha 0a3a JMAarHOCTUYHHUTE KpUTEpUU € u3bpaHa Hail-moOpara
cneunpuKanus Ha MyITH(QPAKTAIHUS MOJEN W € HallpaBeH CPaBHUTENICH aHaIM3
MEXIy KOHTpPOJHATa rpyna Mojaend M (paxTanHus. 3a MpOTHO3HATa M3BajaKa ca
NpeACTAaBCHU PEIYITATUTE W TAXHATA aJCKBATHOCT OT IPOTHO3UPAHUTC CTOMHOCTH
TeHEepUpaHu OT MyJATU(paKTaTHUs Mojen. B 3akimoyeHne e HampaBeH CpaBHUTEIICH
aHaM3 MEXIY CUMYJIHpPAaHUTE MaHHU OT MYJITH(PPAKTAIHUS MOJEN U PEeaHO

Ha0J110/1aBaHUTE EMIIMPUYHHU CTOMHOCTU Ha PUHAHCOBUTE AKTHBH.
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e B 3akmouenue ca OYCPTAaHN U3BOJUTE OT HAIIPAaBCHOTO MU3CJICABAHEC.

e B Kpad Ha JUCEPpTAaOMOHHUA Tpyd Ca HNpPEACTaBEHU M3IIOJI3BAHUTE JIMTCPATYPHU

HU3TOYHHUIIU.

2. ChabpxaHue

Z[I/IcepTaI_[I/IOHHI/IHT TPyA € U3rOTBEH B CJIICIHOTO ChbABPIKAHUC.

CIIMCBK HA U3IIOJI3BBAHUTE CBbKPAILIEHUA
CIIMCBK HA ®UT'YPUTE

CIIUCBK HA TPA®UKUTE

CIIMCBK HA TABJIMIIUTE

BBBEJIEHUE
1. AKTyaTHOCT Ha M3CIEBAHETO
. OGeKT U nmpeamMeT Ha U3CIIEABAHETO
. U3cnenoBarencka Te3a U XUIOTE3U Ha U3CIIEIBAHETO
. Llen u 3a7aum Ha U3CIEABAHETO

. O0xBar Ha HU3CJIICABAHCTO U U3II0JI3BaHU JaHHHU

2

3

4

5

6. MeTomomoTHs Ha U3CICABAHETO
7. CTpyKTypa Ha IUCEPTAIMOHHUS TPY/I

8. He3acernaTtu o0acTv v 3a1auu 3a ObACIIN U3CIICABAHUS
9

. Jebuaummm

I''IABA I. BbBEJIEHUE BbB ®PAKTAJIHUSA AHAJIN3
1. EMOupu4yHM XapakTepUCTUKH HAa (MHAHCOBUTE TaHHU

1.1. Hamuuue Ha IIGGCJ'II/I ONNallKh BBB BCPOATHOCTHOTO pa3npCACICHUC Ha

BB3BPbHIIAEMOCTUTE
1.2. KonnenTparnus Ha BOJIATUITHOCTTA B KOMITPECUPAHU BPEMEBH TIEPHOIN
1.3. ABTOKOpENAIUS U IBJITA TTAMET

1.4. JIeBbpuK U HECTALIUOHAPHOCT
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2. AHaToMHs HA TUHAMUYHHUTE CHCTEMHU
3. JleTepMUHUCTHYHYU ¥ BEPOSITHOCTHU MOJICNIA BbB (DMHAHCUTE
3.1. 'eomerpuuno bpayHoBo aBmxenue (geometric Brownian motion)

3.2. Tlpouecu oT Tuma oOpbIIaHE KBbM IBIATOCpOYHATa cpeaHa crtoiHocT (Mean-
reverting)

3.3. CroxactuyHa BosaTHIIHOCT (Stochastic volatility)

3.4, Moaenu OT CEMEHCTBOTO Ha ABTOPErpeCMOHHATa XETEPOCKEAACTUYHOCT Ha

ycinoBHara Bapuanus (ARCH)
3.5. CxokoBo-audy3uu nporecu (Jump-diffusion)
3.6. Cmensu pexxuma mojenu (Regime-switching)
4. ®dpakTalHU MOJIENIA BbB (PMHAHCUTE
4.1. IIpouecu Ha JleBu
4.2. ®pakranno bpayHoBo nBuxkeHHE
4.3. MyntudpakraneH Mozel Ha Bb3BPHILIAEMOCTTa HA AaKTUBUTE
4.4. EnHOMepeH MpeBKIIIoYBaIl MyaTH(QpakTaieH Moaen Ha MapkoB
4.5. JIByMepeH U n-MepeH MpeBKIIIoYBAaIl MyATH(paKkTaieH Mojiea Ha MapkoB

4.6. BexkTopeH NpeBKIIIOYBAI] MyJITU(pPAKTaIeH MoJel Ha MapkoB ¢ KOpeKLHUs Ha

rpeuikara

5. Hurerpupane Ha (¢pakTaJHUg aHAIU3 KbM OINTHMHU3MPAHETO Ha OLEHKaTa Ha

(UHAHCOBU aKTHUBU
5.1. [Ipernen Ha NOIXOJUTE U MOJIETIUTE 3a OLIEHKA HA KOMITAHUUTE U TEXHUTE aKIIUU

5.2. IlpunoxkeHue Ha (QpakTaIHUTE TNPOLECH B TIpolleca Ha OLEHSIBaHE Ha

MPEINPUATHS Ype3 MOJICIIUTE OT CEMEHTCBOTO Ha JIMCKOHTHpaHUTE TAPUIHHU TTOTOIN
5.2.1. OnepaTuBHa CTOWHOCT Ha AKTUBUTE HA KOMITAHUATA
5.2.2. 'panuBHA CTPYKTypa Ha CBOOOTHUTE TAPUIHU TOTOLIN
5.2.3. [Ipunoxenue Ha GpakTaTHUTE MOJEIHU B MPOLIECa HA OLEHSIBAHETO

5.3. CroifHOoCT Ha oMU TpPHU JOIMyCKaHEe Ha MYJITH(QPAKTAJICH TPOIEC IBIIKEI

JUHaMHUKaTa Ha 0a30BHs aKTUB

I''IABA 1I. MOJAEJIMPAHE U INPOI'HO3UPAHE HA BOJIATUJIHOCTTA HA
PUHAHCOBHUTE AKTHUBH IHOCPEACTBOM  M3IIOJI3BBAHETO HA
MYJITU®PAKTAJHUA AHAJIN3

1. KOHL[GHI_[I/ISI Ha MOJCIUPAHCTO HA Bb3BPHIIACMOCTTA U BOJIATUJIIHOCTTA
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2. bunomen npeBkIItoUBaIl MyJITH(PAKTaIeH MoJiel Ha MapkoB
2.1. KoHCTpyKIIMS Ha MOJIeNa
2.2. Pa3npeneneHue Ha MyJITUILNIMKATHBHATA KOMITOHEHTA
2.3. MeToau 3a OlLI€HKA Ha ITapaMeTpUTE Ha MoJea
2.3.1. Meroa Ha MaKCUMaJTHO MPaBAONIOA0OHE
2.3.2. CuMynupaH METOJ Ha MAKCUMAJTHO MPaBI0Noa00ue
2.3.3. 'enepaniu3upad METO]I HA MOMEHTHUTE
2.4. IlpencraBsiHe Ha MoJiejIa TIPH MAJIKK U3BaJIKH
3. KonTponna rpyna mozaenu

3.1. T'enepamu3upaH MoOje]d Ha aBTOPETPECHOHHATA XETCPOCKEAACTHMYHOCT Ha

ycnosHata Bapuanus (GARCH)

3.2 Excnonenuuanex reHepalinu3upan MOACI Ha ABTOPCTPECCUOHHATa

XeTepockenacTuuHoCT Ha ycnoBHaTa Bapuaius (EGARCH)

3.3. FeHepaJ'II/ISI/IpaH MOJCI Ha aBTOPCTPECHOHHATA XCTCPOCKCAACTHUYHOCT Ha

ycnoBHarta Bapuanus Ha [ocren-/xaranatan-Poakie (GJR-GARCH)

34. ACI/IMeTpI/I‘-IeH MOZACII Ha aBTOPCTPECHOHHATA XCTCPOCKEAACTUYHOCT Ha

ycnoBHara Bapuanus (TARCH)

3.5. AcUMeTpHYHO CTEIIeHEH MOJIe Ha aBTOPETPECHOHHATA XETEePOCKEJACTHYHOCT Ha

ycnoBHaTa Bapuaiusi (APARCH)

3.6. YacTuyHO WHTETpUpaH TEHEpPAIM3UpPaH MOJIe]l Ha aBTOPErpecHOHHATa

XeTepockenacTUIHOCT Ha ycnoBHata Bapuanus (FIGARCH)
3.7. OueHka Ha mapaMeTpUTE Ha MOJIEIUTE
4. lnaroCTUYHU KPUTEPUU

4.1. CteneH Ha CXOOUMOCT Ha MOJIEJIUTE KbM JIaHHUTE OT TpEeHHpOBbUYHATa (in-

sample) n3Baaka
4.1.1. ®ynkuus Ha npasronogoOue 1 UHPOPMALIMOHHU KPUTEPUU

4.1.2. Tect Ha ByoHr 3a u300p Ha TouyHa crnenuUKAMSA HA MYJITUQPAKTATHUSL

MOICa

4.2. KomnnuecTBeHO HU3MCPBAHC HA IMIPOrHOCTHYHATA TIpPCHIKa 3a HJAaHHUTC OT

nporuo3Hara (out-of-sample) nzBaaka
4.2.1. ®ynknuu Ha 3aryba

4.2.2. Perpecust Ha Mincer-Zarnowitz
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I''TIABA 1II. OCHOBHH PE3YJITATH U HAYYHO-ITPUWIOKHU ITOCTUKEHUA
HA N3CJIEABAHETO

1. U3non3Banu JaHHHU U OPpEABAPHUTECIICH CTATUCTUYCCKHN aHaIu3

1.1. HopmanHocT Ha BepOsATHOCTHOTO pasmnpeneneHue: TectoBe Ha JKapk-bepa u

Kpamsp BoH Musec
1.2. Asrokopenanus: Tect Ha JItonr-bokc, bokc-TTubpc u koedurineHT Ha XBPCT
1.3. Xerepockenactuunoct: Tect Ha Enren 3a ARCH edextu

1.4. CraunoHapHOCT U HAIMYUE HAa €qUHUYEH KopeH: Pasmupen tect Ha Juku-Oynsp

u KPSS kpurepuii
1.5. KonugecTBeH ¢pakTalieH aHAIN3

2. Pesynratu OT M3Ci€BAHETO 3a JAHHUTE OT TPeHUpOoBbUHaTa (IN-sample) u3Baaka
2.1. OueHka Ha mapaMeTPHUTE 32 KOHTPOIHATA IpyIa MOACIH

2.2. OneHka Ha mapaMeTpUTe Ha MPEBKIIOYBALIUS MYJITU(pAKTAICH MOZEN Ha

Mapxkos
2.3. 360p Ha Hall-n00bp MyATHU(pAKTATIECH MOJEI

2.4. CpaBHUTENCH aHAJIN3 MEXIY KOHTpPOJHATA Tpyla MOJACIH W MyJITH(paKTaTHUSL

MoJel
3. Pesynratu ot M3cieqBaHETO 3a JAHHUTE OT MPOrHo3Hara (out-of-sample) u3Bajka

3.1. OueHsBaHEe Ha NMPOTHOCTHYHATA CHJIAa HAa (pPaKTAIHUA MOJEN — perpecus Ha
Mincer-Zarnowiz

3.2. Cumynanus Ha Bb3BPBILAEMOCTTA OT MYITH(PPAKTATHUTE MOJIEIH

3AKVIIOYEHUE
N3ITOJ3BAHA JIMTEPATYPA

3. CI/IHTe3I/IpaHO H3JI0KCHUEC HA TUCEPTALIMOHHUA TPYA

3.1. BbBenenue

BbBenenunero Ha AUCCPTAIUOHHUA TPy 3allO3HABa YHUTATCII C OCHOBHUTC KOHICTILIUA
3aJICTHAJIX B HM3CJICABAHCTO: aKTyaJIHOCT Ha H3CJICABAHCTO, HCTOBUTC 00EKT H opeameET,
n3cjcaoBaTciiCKkara 1€3a u pa60THI/I XHUIIOTE3U, ITOCTaBE€HATA LCI U 3a1a4YUTC, KOUTO aBTOPHT
CC CTpCMHU [a IOCTUTHEC, 00XBaThT Ha HU3CJICABAHCTO M H3IIOJI3BAHHUTC JaHHH, KAaKTO H

CTPYKTypaTa Ha JUCEPTALlUOHHUSA TPY L.
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3.2. IIbpBa riaBsa — BoBeeHue BbB (ppaKTATHUS AHATU3

[IbpBaTa rnaBa Ha AUCEPTALMOHHMS TPYZ MPEACTaBs BbBEXAalla TEOPETUUHA 0OOCHOBKA U
Iperyie/l Ha JIMTepaTypaTa CBbp3aHa C BB3HMKBAHETO Ha (paKTajgHaTa TEeOMETpUs U
HCTOpHUYECKaTa 1 €BOJIOIMS CBbp3aHa C MPHJIOKEHHETO U BbB (puHaHcute. [loTpedHOCTTA OT
BBBE)KJAHETO Ha (PpaKTaTHHUSA aHAJU3, KaTO aHAJMTUYCH anapaT BbB (PMHAHCUTE MPOU3TUYA
OT HECIOCOOHOCTTA HA TPAJIULMOHHUTE (PUHAHCOBU U MKOHOMETPUYHHU MOJIEJIN J1a ONUIIAT C
Heo0Xo/iMMaTa CTENeH Ha MPELU3HOCT OCHOBHUTE eMIIMPUYHO HAOJI0JaBaHU CTaTUCTUYECKU
(dbeHoMeHH TposBsBAIIM ce Ha (UHAHCOBUTE Masapu. [lopaau Tasm nmpuymHa, MbpBa TiaBa
3aro4yBa MMEHHO C JIMTEpaTypeH Iperjie]l Ha Hail-uecTUTE CTaTUCTUYECKU XapaKTepUCTUKU

ACTCpMUHUPpAIIN BAPpUPAHCTO Ha (I)I/IHaHCOBI/ITe 1 CTOKOBH aKTHBH.

COrbCHKBT MEXIY MOJIXOANUTE 32 IPABEHE HA JJECKPUIITUBEH U MPOrHOCTUYEH aHAJIN3
€ Heu30e)KHa TMocCienuIa MNPOM3THYAIla OT MPEIBAPUTEIHUTE JOMYCKAHUSA, KOUTO
U3CIIE0BATENINTE ClIeABAa Jla IPaBAT B XoJa Ha aHanu3a. Hanmnuwero Ha JgocraThbyHa U
KayecTBeHa MH(pOopMaIMs CHIIO € €JIEeMEHT OT Ipolieca 3a U300p Ha MOJX0Jl, KOWTO 1a Obae
BB3MpueT. MMaiiku npeaBul ropHUTe MPUYUHM MOXKE J1a ce 000co0AT B Haii-o0mia creneH
JBa TOJEMHU MOAXoJa 3a aHanu3. TakbB Oaszupall ce Ha M3rpakJaHeTo Ha (opManHu
B3aMMOBPB3KM U  IMPUUYMHHO-CIEACTBEHM BEPUTH, KOUTO Hal-4yecTo ce MpaBAT
peTpocnekTuBHO. TakbB MOAXOA € MO3HAT KaTo (yHJAMEHTAJIEeH WU JIeTePMUHHUCTUYEH.
Bropust noaxon € cBbp3aH C BBBEXKIAHETO B IPOLIECAa HA aHAIM3a ONPEICIICHA CTENEH Ha
HECUTYPHOCT M BEPOATHOCT, KOSATO Ja HMMa pa3JIMYeH THUIl CTPYKTypa, NPUTOJeHA KbM
UCTOpUYECKaTa JIMHAMUKAa Ha M3CJIEJBAHOTO siBlieHHWEe. ToBa € T.H. BEPOATHOCTEH WIU

CTOXaCTHYCH IMOAXO.

Wmaiikn mpensua, uye (pakTalHUAT aHAIW3 M (paKTaIHUTE MOJEIM TONaaaT B
00XxBara Ha BTOPUS MOAXO0]] — BEPOSITHOCTHUAT, aBTOPHT HA AUCEPTALMOHHUS TPY MOAIbPKA
Te3aTa, 4e€ MMEHHO TO3M IMOJXOJ € Hal-TIOAXOJI, TOraBa KoraTo aHajau3Mpame LeHOBaTa
JUHAMHKaTa Ha ()MHAHCOBHUTE Ma3apyd M BCUYKU MPOM3TUYAIIU OT TIX MPUIIOKEHUS B
MOJIepHUTEe (UHAHCH — YNPABICHUETO HAa HMHBECTHIIMOHHMTE MOPTQEHIM OT cTpaHa Ha
UHBECTUTOPUTE, OLICHSIBAHETO Ha AaKTUBUTE, YIPABIEHUETO Ha PHUCKA, MHOXXECTBO

MPUJIOKEHHUS B 00J1acTTa Ha OAHKOBOTO JIEJIO | T.H.
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Hopam/l TE3W INPHUYMHHU Ca MIPCACTaB€HW OCHOBHHUTC BCPOATHOCTHHU IIPOLECHU
p33pa6OTCHI/I BbHB (bHHaHCI/ITe, KakTO M € HallpaB€H IPErjI€] Ha OCHOBHUTC CBOMCTBa Ha

JUHAMHUYHUTC CUCTEMU.

IIepBa ri1aBa 3aBbpIIBa C IPEACTABSIHE HA BB3MOXHOCTUTE 3a IIPWIOKCHUE Ha
¢bpakTanHug aHaiIM3 B 00JacTTa Ha ONTUMHM3UPAHETO U MOJOOPEHUETO Ha OLIEHSABAHETO Ha
¢unancoBute akTuBU. Criopes aBTOPBHT Ha U3CIEABAHETO HENOCPEACTBEHATa IPUTOIHOCT Ha
¢bpakTanHus aHaIM3 B 00JacTTa Ha OLIEHSBAHETO € BCE OIIE HENOCTaThYHO H3CIIE/IBaHA
TepuTopuss B oOnactta Ha (UHAHCHTE W TOpaad Ta3u MNpUYMHA O0OTaTIBAHETO Ha
MHCTpPYMEHTapuyMa IpH Hpolleca Ha M3rOTBSIHE HAa OLEHKHM OM JIOBEJIO 10 MHOIO IO-

HpaBI[OHOI[O6HI/I U TCOPCTUYHO 000CHOBaHH OLICHKU.

[IpencraBenu ca aBe MOTEHIMAIHH MPHUIOKEHNUS Ha (DpaKTamHUs aHAIN3 B 00JIacTTa
Ha oneHsBaHeTO — B cdepara Ha (1) TPaIUIIMOHHOTO OW3HEC OICHSBAHE Ha AKIMUTE Ha
NPEINPUATHS TIOCPEICTBOM MOJICIUTE HA JIMCKOHTUPAHUTE Napu4Hu mnotorm u (2) B
o0yiacTTa Ha OIlcHKaTta Ha ()MHAHCOBHM oNIMHU. llenTa € MOCTUTaHeTO W MPEICTaBSIHETO Ha
OCHOBHUTC MOMCHTHU H HpO6JIeMHI/I BBIIPOCHU B IIpoHcCa Ha OLCHABAHC, PCCIICKTUBHO
MPEJICTABSIHETO Ha Bh3MOKHOCTUTE Ha MPIJIOKEHUE HAa (PpaKTATHUS aHAIH3 33 TI0J00psIBaHe
Ha HSIKOM OT CIOPHHUTE BBIPOCH U TPEOAONSIBAHE HA HAKOM OT JOMYCKAHHATA, KOUTO

HCHUMCHYCMO CC IPaBAT B IIPOLICCAa HA L(eHoo6pa3yBaHe Ha HAKOHU (I)I/IHaHCOBI/I AKTHUBH.

EMHI/IquHI/I XapaKTECPUCTUKHU HA (l)HHaHCOBHTe JaHHHU

BakHocTTa Ha aHATM3UPAHETO U MIPErJie/ia Ha EMIIMPUYHUTE CTATUCTUYECKU XapaKTEPUCTUKHU
Ha ()MHAHCOBUTE aKTHBM Ce MpEAONperens OT MO3MLUATa Ha aBTOpa, 4Ye NpU aHAIM3a €
HeoOXoauMoO J1a ce n30upa TakbB aHAIUTUYEH MOAXOJ WM METOJMKA, KOATO Ja yCIsiBa Ja
00sICHU BB3MOXKHO Hai-rojiiM Habop OT HaOJII0JaBaHU EMIUPUYHU XApAaKTEPUCTUKU Ha

MN3CJICABAHOTO ABJICHHUEC UJIHU 00EKT.

Beopeku ycwiusTa Ha H3CIENOBaTeNMTe W NPAKTUIUTE B YCTpeMa UM Ja
KOHCTPYHpAaT MaTeMaTHYECKH BBH3MOXKHO HAW-TOYHO OIMCBAIl peajHaTa JCHCTBUTEITHOCT
KOJIMYECTBEH MOJIEN, BCHYKH JI0 MOMEHTA YCISBAT B Hail-I0OpHWs CiIydaidl Ja CHHTE3HMpaT B
0a30B MOPSAIBK HM3CIEABAHUTE MKOHOMHUYECKH IPOLECH M 3aBUCHUMOCTU. BbIpeku ToBa,
MOBEJICHUETO Ha (PMHAHCOBUTE Ma3apyu Ce XapaKTepU3upa ¢ ONpeaesieH Habop OT MOBTAPSIIU
ce 3aKOHOMEPHOCTH, YUUTO MPOU3XOJ Ha NMpaKTHKa HE MOXke Aa ObJAe 10Ka3aH NOCPEICTBOM

KOHCTPYUPAHETO Ha CTAaOWIHM BEpPUTH OT MPUUYMHU U PE3YNTHUPAIIUTE UM CIEACTBHS.
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CJ'Ie,I[OBaTeJ'IHO, CTPEMEKDBT KbM H3BJIMYAHETO Ha IIPUYUMHHO-CIICACTBCHOCT PCKOHCTPYHpaIla

OIIPECACIICHO SABJICHUC € 3ajjada C IMOBUIICHA TPYAHOCT, HMaiKu nopeaBua, € B IMO-rojisiMara

4acCT OT CJIYUYauTC aHAJIM3AaTOPHUTC pasnoJiarat ¢ OrpaHnuicH JOCTHIT 40 I/IH(i)OpMaI_[I/ISI.

CTaTHCTUYCCKHUTE H3CJICABaHuA MPOBCACHU B o0JracTTa Ha (1)I/IHaHCI/ITe 11O OTHOIICHUC

Ha IMOBCACHUCTO HAa HECHUTEC W BB3BPHINACMOCTUTC Ha AKTHUBUTE ITOKAa3BaT HCABYCMHUCICHU

3aKOHOMCPHOCTH IIpOsABABAIIM CC€ Ha pPa3JIMYHU IIa3apu, reorpa(bCKI/I PErioOHH U BUIOBC

ThpryBaHu akTHUBH. OCHOBHHTE €MIUPUYHO HAOIIOAAEMHU CTATUCTHYECKU XapaKTEPUCTHKH,

TUIINYHHU 3a ITOBCUCTO ThbpPI'YBAHU aKTHBU MOKEC a CC O606III$IT, CHUHTEC3UpAT U MMPEACTABAT 110

CIIEIHUS HAUMH B CleBallaTa Ta0Iuma;

Tabmuna 1. Ocnosnu cmamucmuuecku nposenenuss Ha 6opco8o Mvpysanume aKmusu

CraTucruyecka XapaKTEpUuCTUKA

Onucanue

Hanunuyue Ha geéesin onamku BLB
BEPOSITHOCTHOTO pa3npeaeeHue Ha
LEHUTEe U TEXHUTE Bb3BPbIIAEMOCTH

EKCTpeMaJ'IHI/I CTOMHOCTHU Imopaxxaamu
HU3KPHUBABAHC B YCCTOTHOTO Ppa3IpPCACIICHHUC
Ha NCHUTC U TCXHUTC Bb3BPHIIACMOCTHU
BOoACHIN 1O HCCHOTBETCTBUC IIPU
OIPCACIIIHECTO HAa TCOPETUUHATA
BEPOATHOCT 3a IMPOABJICHHUETO M.

IIpudau:kenne kpm I'aycoBo
pasnpeejieHue NPH yBeJMYeHHE HA
BpeMeBaTa CKajia Ha H3MepBaHe

HpI/I roJIEMHU U3BaAKH OT TMHAMHWYHHU
JaHHHW, YBCJINYaBaHCTO HA CKajlaTa Ha
N3MCPBAHC Ha BapualusaTa MEKIAYy ABa
IMMOCJICAOBATCIIHA BPEMEBU IIE€pHUOaa CC
,Z[O6J'II/I)KaBa A0 HOPpMAJIHOTO Y€CTOTHO
pasnpeaCICHUC B CPABHCHUC C IIO-KbCU
BpPEMCBU MHTCPBAJIM HA U3MCPBAHC HA
BOJIATUJIHOCTTA.

OTpunaTeTHa AaCHMETPUYHOCT HA TPETHA
MOMEHT

Maremarnueckara UHTEpIIpETAIMs Ha TOBA,
Ye 4ecToTaTa Ha Pe3KUTE CIaI0Be € T0-
HHCKa B CPABHEHUE C YECTOTATa Ha
MOJIOKUTETTHUTE HApacTBaHUSI, HO
OTHOCUTEIIHUS UM MAarHUTyJ € MHOTO IO~
rOJISIM CPABHEH C TO3U MPU MOJIOKHUTEIECH
TPEH/I.

Kommnpecupane Ha BOJATHJIHOCTTA B
KJIbCTEPH

TypOyneHTHOTO MOBEICHUE HA IICHUTE U
TAXHOTO BapUpaHEe BbB BPEMETO CE
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IIpoOsBsABa B KJ'I'BCTepOHOI[O6HI/I OTpPA3BILU,
KaTO ChIIUTEC HE Ca €IHAKBO U PABHOMEPHO
PasnopeaCiICHU B paMKUTC HA U3CJICABAHATA
H3BaJIKOBAa BpCMCEBa IIOITyJIalus.

CBbp3aH € ¢ oTpuLaTeaHaTa Kopejaanys Ha
JleBbpuak edexr BOJIATUJIHOCTTA HA aKTUBA U JBHXKCHUETO B
HEroBara LcHa.

[enoo6pa3yBaHeTo HAa ThPTryBaHUTE AaKTUBU
10 OMpe/eIeHHEe HE MOXeE J1a ObJie
HENpPEeKbCHAT BbB BpeMeTo mpoiiec. FiMeHHO
IIpexbCcHATO MOBeIeHHE HA IIEHUTE MopaJii TOBa MOJICIIMPAHETO OU CIIEABAIIO
J1a B3UMa MPEeJIBUI CKOKOBOTO TTOBEACHHUE B
[IEHUTE, ABJIKAIIO CE HA AUCKPETHUS UM
XapaxkTep.

Bapupainata BbB BpeMeTO BOJIATHIIHOCT €
TUIMYHA 32 TOYTH BCUYKH U3MEPBaHUS
HectauuonapHa BOJIaTHIIHOCT HalpaBeHU Ha pa3IMYHU KJIACOBE aKTHUBH,
HE3aBUCHMO OT BPEMEBATa CKajla Ha
U3MEPBAHETO.

I_[eTepMI/IHHCTI/I‘IHI/I U BEPOSAATHOCTHHU MO/I€/IN BbLB (l)l/lHaHCl’lTe

OOsICHEHUETO W MPOTHO3UPAHETO HA TMOBEACHUETO Ha OmpejieieH eHOMEH B MKOHOMHKATa
BHHATH € CBBP3aHO C OMpe/eicHa /103 Ha HECUTYPHOCT MPOM3TUYAIA OT MHOYKECTBO U Haii-
pa3IMYHU  M3TOYHMIM. VIMEHHO MOJEIMPAaHETO Ha HECHTYPHOCTTA BIMACIIA BBPXY
MOBEJIEHUETO Ha SBJEHUSATA TMPHIaBa HaA CHIIMTE BEPOSATHOCTHH XapaKTEPUCTHKH.
KoHmenmusaTa 3a BEpOSATHOCT MHOTO 4YeCTO € TpyaHa 3a Bb3npueMaHe. OOMKHOBEHO B
HayKaTa TS C€ CBbP3Ba C YECTOTaTa Ha CIIyYBAaHETO HA JAJCHO SBJICHHE B MUHAJIOTO, KOETO
O3HayaBa, 4Ye Ce JOIyCKa MHHAjJaTa 3aKOHOMEPHOCT Ha HaOJromaBaHust (EHOMEH Ja ce
3amasu U B Obaenieto. To3u nooxood 3a usmepsane Ha 6epoAmMHOCHMA € NO3ZHAM, KAMO
yecmomen unu obexmueen nooxoo Carroll (2019). CeinectByBa M CyOCKTHBEH MOIXOI,
KOMTO ce 3apaskia, Mopaad TOBa, Y€ HE BCHUKU CHOUTHS MPUTEIKABAT IOJISIMA TIOBTOPSEMOCT
U CIICJOBATEIHO HE MOXE Ja C€ HW3BJe€Ye YeCTOTHA 3aKoHOMepHOCT. Cybekmuenama
eéepossmnocm e wacm om meopusma na beiicosama cmamucmuxa (Bayesian statistics).

belicoBuar merox me ObAe AKTUBHO IMpujaraH B OO0JIaCTTa HA MPOTHO3HPAHETO HA
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BOJIATUJIIHOCTTA Ha OCHOBHU (bpaKTaJ'[eH MO, KOHTO oie 6’[),[[6 H3II0JI3BAH 3a LECJIMTC Ha

aHaJIn3a.

JleTepMUHU3MBT POU3XO0KIA OT KOHIICIIIUATA 3a IPHUYUHHO-CIICACTBEHOCTTA, KOSITO
M0 CBOSATA JBJIOMHHA CBHITHOCT MOXE Ja C€ MPOCIeau A0 KiacuueckuTe (Guiococku
tpyaose Ha Xiom (2016), Hume (1738), Popper (1950) u Laplace (1902). BsB ¢unancure
KJIACHYECKUTE JETEPMUHUCTUYHU WM TNPUYMHHO-CICACTBCHH MOJEIU [0 Hayaio ca
HAaCOYCHH KbM aHAIM3MPAHETO Ha OINpPEICICHH MHUHAIW CHOUTHS M JONYyCKaT, dYe
YCTaHOBCHHUTE B3aMMOBPB3KH (BKJIIOYHTEIHO M TAXHATA CHJIa) U 3aKOHOMEPHOCTH IIE Ce

3ama3sr U B ObIELIETO.

[TpOTHBOIMOIIOKHOCT HA ICTEPMUHUCTUYHUTE MOJICIIH BbB (DHHAHCUTE Ca CIIy4allHHUTE
WM CTOXaCTHYHU MOJICTIM M NpOoIecH. TakbB MMOIXO0J 32 aHAIN3 Ha [OBEJCHUETO Ha J1aJIeHa
POMEHJIMBA ce 00yclaBsi MOpaay HSAKOJIKO npuuuHH: [IbpBO, MMailkk TpeaBH] ChBCEM
PCATUCTUYHOTO [JOIyCKaHe, Ye [0 Ha4yajlo MHOr0 OT aHAIM3HTe Ce NpaBsIT B cpela Ha
3HAUMTENHO JIMIICBAIllA WJIM CEpHO3HO 0000meHa wuHpOpMANMs, AeTalin3anusaTa u
MOJIy4aBaHETO HAa OTHOCHUTEIHO CUTYPHHM M3MEPBaHHs 3a CTAOMJIHOCTTA Ha JUHAMHUKATa Ha
ONpeIeNICHN IPOMEHIIMBH MOJXKE J]a € TIOCTaBH OCHOBATENHO MOJ BBIPOC. Bropo, eqna or
OCHOBHHUTE KOHIICTIIIMM B TEOpPUATa HA CJIOKHUTE CHUCTEMH TIJlacH, Y€ TOBEICHHETO Ha
CHBKYITHOCTTa HE MOXX€ Ja ObJe INpelcKa3aHa I0 TOBEICHHETO Ha CHhCTAaBHUTE M YacTH
(kakTO M OOpaTHOTO) IMOpaau BCE MO-TOISIMOTO B3aMMOJCHCTBHE M KOMIUIEKCHOCT Ha
BPB3KHTE MEXAy enuHuuuTe W 1suioto. laleb (2018) TBbpau, 4e B3aMMOBPB3KUTE HMAT
rJIaBHA PO M Ca OT MO-TOJMSIMO 3HAa4eHHE OT KOJIKOTO 0a30BHTE XapaKTEPHCTHKH Ha
CBCTaBHUTE YacTH. M3XOXKITalKH OT Ta3W JIOTHYECKa ITOCIIEIOBATEITHOCT, CIE/BA Y€ BBPXY
[[CHATa HA aKTHBA BJIMSASAT OTPOMHO KOJIUYECTBO OT (PaKTOPH, MHOTO OT KOHMTO Ca JIATCHTHH.
CrefoBaTeNHO, 4YHCTO JCTCPMUHHCTHYHHMAT TOAXOJ 3a aHAIW3 U TMPOrHO3HMpaHe,

CJICAOBATCIIHO € TBHPAC o6o6maBam, 0Cco0eHO KoraTo ca HaJIUIE HEIUHEHHU B3aMMOBPB3KHU.

Enna ot Hall-TpynHUTE ¥ TpeaU3BHKATENHM O00JacTH B MOJEIMPAHETO Ha
CTOXaCTUYHHU CHCTEMH € KaJUOPUPAHETO W OMHCBAHETO HA TYpOYJEHTHOCTTA Ha CllydyaiiHaTa
koMmrmoHeHTa. Ormie moBede, 4e ChIllaTa MOXKE Jla MPUTEkKaBa MPOMEHIIMBA CTPYKTypa U Ja

ObJe 3aBrcuMa oT Bpemeto (time dependent).

[TbpBOHAYATHO MaTEMaTUYeCKOTO MOJICIUPAHE HA HO6e0eHUemo Ha UeHume
PecneKmugHo 6b38PbUIAEMOCIIMA O UHEECMUWUUME b6 PUHAHCOGU U PealHU AKMUU

CC H3BBpIIBA Ha baza JOIYCKaHE€TO, Y€ MHUHAINUTC CTOMHOCTH Ha H3CjIcaABaHUsd aKTHB HEC
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OKa3BaT BIHMSHHE BbPXY CeramiHata Wid ObJeniara My CTOMHOCT. TakoBa JomyckaHe ce
u3rpakaa Ha 6a3a TeopeTUYHA paMKa [M03HAaTa B KJIACHUECKUTE PUHAHCH, KATO Meopusma Ha
epexkmusnume nazapu Fama (1970), kosTo rnacu, 4ye msiara HaauyHa MHGOpPMAIMS HA
(buHAHCOBUTE Ma3apy IsUIaTa HAIWYHA MH(POPMAILUS Ce OTpa3siBa B IleHATA HA aKTUBHUTE B
MHOT'0 KpaTKH CPOKOBE (Ha MpaKkTHKa MUTHOBEHO) W MOPAJX TOBA MHHAJIOTO HAMAa HHUKAKBO
OTHOIIIEHWE TMpH TPOrHO3MPAHETO Ha Objeniata I[eHa Ha CHOTBETHUS  aKTHB.
MaTteMaTH4eckoTO ONMUCAaHHEe Ha HMKOHOMHYECKATa KOHICHIHS Ha e(PCKTUBHUTE IMa3apu
KOPECIIOHIMpa C MOJAEIHUTE OT CEMEHUCTBOTO Ha T.H. MapKOBCKM MpouecH Wi MapKOBCKU
BEPUTH, KOMTO HA MPAKTHKA TJIACsAT, Y€ JHEIIHATA [I€HA Ha aKTHBA 3aBUCH €JUHCTBEHO OT
BUEpalllHaTa M I[I€Ha, yTpellHaTa OT JHEIIHATa W T.H. B mureparypara ChIIECTBYBaT U
AITEPHATUBHHE TEOPETHYHHM KOHCTPYKIIUHU LIEJSIIN Ja ONMUINAT (PyHIAMEHTAIHUTE IBIIKCIIH
cwir (OpPMUpAIH [[CHUTE Ha aKTUBUTE M MOBEICHUETO Ha nasapHute yyactauim. CTpyBa cu
J1a ce CIIOMEHAT meopusama 3a adanmueHume nazapu pa3padboTeHa U CUCTEMATU3UPAHE OT
Lo (2019), xunomeszama 3a ¢paxmannume nazapu npenioxena or Peters (1994) u
UHTEPTEMITIOPATHUTE PABHOBECHU MO/ICIIH, YUHTO TCOPSTUYHH MIPUHIUITA 32 OOSICHEHUETO Ha
[ICHUTE HA aKTHBUTE Ca CBBP3aHM C B3aMMOBPB3KAaTa MEXKIY WHBECTHIIMOHHUTE W
MOTPEOUTENICKU pelieHust Ha uHBecTHTOpUTe. C APYrH ITyMH, METOIOJOTHATA HU3X0XKIa OT
TOBA, Y€ IEHUTE HA aKTUBUTE Ca MPEJONPEICICHH OT KOJEKTUBHHUTE MOPTPEUTHN PEIICHUS
Ha WHBECTUTOPHUTE IO OTHOIICHWE HA TAXHOTO OBJIENI0O OOraTcTBO B PAMKUTE HA CIUH
Nepuoj Hampen B Objeero. VMIUIMIMTHO MoOjieNna JIONycKa, 4¢ MKOHOMUYECKUTE arcHTH
KOHCYMHpAT IISUIOTO CH OOrarcTBO B PaMKHTE Ha oOmpeieieHus mepuoj. Pa3dupa ce, B
peaTHOCTTa WHBECTHTOPHUTE MPABIT CBOMTE IJIAHOBE IO OTHOIICHHE Ha MOPThEHIHUTE CH
NPEINOYNTAHNS 3a TIOBEYE OT €IUH TEPUO/, KATO MMAWKHU MPEIBU/I TOBA, MOJICIUPAHETO HA
WHBECTUIIMOHHUTE W TIOTPEOMTEICKUTE TMPEAMOYNTAHUS B KOHTEKCTa HA MHOTOBPEMEBH
Nepuosid, € HeoOxoaumo na ce Hampau mnapanenHo. Cmopen Campbell, Lo, MacKinlay
(1997) uHTepHOpaHUTE PABHOBECHH MOJCIH H3IOJ3BAaHU 3a MOJCIUpPAHE Ha IEHUTE Ha
aKTHBHUTE JaBaT OTrOBOP HA MHOTO B&KHHU JBa BbIpoca: KakBU NPHUYMHHU MPEIOMPENEIAT
HUBOTO Ha OE3PUCKOBHSI JMXBEH MPOIEHT W HUBOTO HA JIOIMBJIHUTEIHATA PUCKOBA MPEMHS,
KOSITO HHBECTUTOPHUTE OYaKBAT OT CBOUTE MHBECTUIIMH. V1 BTOPUAT BBIIPOC € apecupaH KbM
aHalIM3a W T[OCTPOSIBAHETO Ha PAaBHOBECEH MOJE] HAMpaBIABAIl IOBEJACHHETO Ha
CTOMAHCKUTE CYOSKTH IO OTHOIICHHEe Ha MAaKCHMMH3WpPaHE Ha MOJIE3HOCTTA HA TEXHHTE
WHBECTHIIMU IO TaKbB HAYMH, Y€ Ja ObJAT OOSCHEHH HECTAIMOHAPHHUTE BMIKCHUS BbHB
BB3BPBIIAEMOCTHTE U PUCKOBHUTE MPEMUH U3MCKBAHU OT TMa3apHUTe cyOekTu. [loapodHOCTH

u 0000111aBaHe HA MaTEMAaTUYECKUTE MTOCTYJIATH U TEXHUKU MO OTHOIIEHUE Ha KOHCTPYHUPaHe
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Ha MHTCPHOPATHUTEC PABHOBCCHU OIITUMH3allMOHHHU MOJCIIM MOXE 1a CC HAMEPAT B Tpyda Ha

Walde (2012).

B xiacuyeckuTe KOMWYECTBEHM (DMHAHCH ca 3QJI0KCHH W PEIulla JPYTrd HYecTO

HEPEATUCTHYHU JO0MyCKaHUs, KOUTO ca MPeICTaBeH! B 0000IIEH BU/I B JOJTHATA Ta0JIUIIA.

Tabauna 2. Jonyckanus npu Kiacuveckama @uHaHco8a meopus 3a nogeoeHue Ha

@unancosume nazapu

JlonyckaHusi mpu KJacudeckara
¢dunancoBa Teopus

KomenTap

E¢exTuBan nazapu (MapkoBcku
nmpouec)

e 3a ompenensHETO Ha ObJeiaTa CTORHOCT
Ha J1aJieHa IPOMEHJINBA € OT 3HaUCHUE
€IMHCBEHO M CaMO HACTOSIIATa 1
croitHocT. Kopecrmonaupa cbe "crnabara
Teopus 3a eHEKTUBHUTE Tazapu'.

o Jlumca Ha ap6I/ITpa)KHI/I BB3MOXXHOCTH.

Maprunraanoct (Martingale)

e KoHnuennusra 3a yecTHa Urpa, nsaaTa
nH(pOopMalKs € U3BCTHA Ha BCUYKU
Ma3apHU areHTU U HUKOU HE € B
HEPaBHOIIOCTABEHO IOJIOKEHHUE.

IIpaBuio na Kpambp

e 3ary0OuTe ca Mo-BepOSTHH Ja I0HaT OT
HATPyIBaHE Ha MHOKECTBO CHOUTHS, & HE
OT eHO equHCTBeHO (Outlier).

"HopMaJiHOCT'" ¥ CHMETPHYHOCT HA
4YeCTOTHOTO BEPOSTHOCTHO
pasnpee/eHHe HA LEHUTEe U TeXHUTe
BbB3BPBIIAMOCTH

e Jlumnca Ha eKCTpeMallHU CTOWHOCT B
JTAHHUTE, JIECHO MU3BEXAaHe (1 HATUIHE)
Ha [EHTPaJIHU MOMEHTH.

PanmonaiHo nmoBeaeHue Ha masapHuTeE
YyaCcTHULIH

e CTpeMex KbM MaKCHMallHa nedanoa.

° MaKCI/IMI/I3I/IpaHe Ha CbOTHOIICHHUETO
BB3BPBITACMOCT-PUCK.

OCHOBHHTE THUIIOBE nmoaxoad 3a OIMHMCAHUE Ha TCHACHIOWH, 3aKOHOMCPHOCTU H

MMOBCACHHWE HA HCHUTC Ha PA3JIMYHUTC BHUAOBC aKTHBH YCJIIOBHO MOXKC Ja CC pasaciiaT B ABC

rosiemu rpynu: (1) TakuBa, KOUTO OOSICHSBAT JIaJICH MPOLEC C eI NoTy4aBaHe Ha pa30oupaHe
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33 UBMOYHUYUME U 63AUMOGPDB3KUME OTPENCIANIA M JBWKCIIM [[eHaTa Ha aKkTHBa U (2)
nporHocTuyan moxenu (inference) ¢ uen mpedckaseamne Ha CTOWHOCTUTE HA SBICHUETO B
ompeneneH 0baernr moment. Mandelbrot (2008) Tebpau, ue neHUTE Ha GUHAHCOBUTE aKTHBU
He MoraT Ja ObJaT npecKa3aHu M0 KaKbBTO M Ja OWJIO MOJIE3CH M NPOJAYKTHBCH HAuWH, HO
PHCKBT MPUTEkKaBa CTPYKTYpa, KOATO MOXKE 1a ObJe OnucaHa MaTeMaTudecku. VIMEeHHO
opajay Ta3d NPUYMHA BTOpaTa rpyna Mojaeiau (IMPOrHOCTUYHUTE) B IOBEYETO CliydaW HE
BB3IIPOU3BEXK/IAT Ja/icHa TOYKOBA OllCHKA Ha I[eHAaTa WM PECIICKTHBHO BB3BPBINAEMOCTTA, a
Ce CTPEeMST Ja MMUTHpPAT PEaJHHs JUHAMHUYCH MpPOIEC XapaKTepH3Hpalll OmIpeseiicHara

BCPOATHOCTHO-IIPECTCIIICHA TPACKTOPU HaA ABJICHUCTO.

BbB (1)I/IHaHCOBaTa HKOHOMCTpHS Ca U3BECTHU HAKOJIKO MOAXO0Aa U I'pylla OT MOACIIH,
KOUTO CC M3IO0JI3BAT 3a MOACIIMPAHC Ha (1)I/IHaHCOBO-I/IKOHOMI/I‘-IeCKI/ITC SABJICHUS. CT)HII/ITG

Morar Jia ce 0000IIAT, KAKTO CIIE/BA:
e Teomerpuuno BpayHoBo nBmkenue (geometric Brownian motion);
e CkokoBo-audy3uu npouecu (Jump-diffusion);
e Tlporecu ot TIa OOpBIAHE KbM IBIAroCpodHaTa cpenHa ctoitnoct (Mean-reverting);
e CroxactuyHa BoJmaTHIHOCT (Stochastic volatility);

e Mogenu OT CEMEWCTBOTO Ha ABTOPErpEeCHOHHATa XETEPOCKEAACTUYHOCT Ha

ycnoBnara Bapuanus (ARCH);
e Cwmensmu pexxuma moaenu (Regime-switching);
e Mogenu OT ceMENCTBOTO Ha MAIIIMHHOTO M TBJIOOKO caMOO0y4YeHUE 1

e  @pakTaJHU MOAEIHN

®pakTaJaHu MOJeH BbB (puHaHCHTE

OcHoBoroaramniara U3XoJJHa TOYKa Ha (hpaKTaTHHs aHAIM3, pasriieliaH B M0-00I] TUIaH, ce
OCaHs BbPXY M3CJIEIBAHETO HA MHBAPHUAHTHUTE CTATHCTUUYECKU XapaKTEPUCTUKH BOJCIIH 10
KOHCTPYKIIUATa Ha CTaOMIHU BBB BpPEMETO KlIacoBe OT (pakTaaHH  MOJEIH,
BB3IPOU3BEKIAIIA OIpPEeNieH acleKT Ha aHaIW3WpaHWTe JaHHW. VIHBapwmaHTHOCTTA
MO3BOJISIBA MOJICIMPAHETO HA IICHOBaTa BapHWallWsl TOCPEICTBOM EIHOMEpPEH T'€HEepHpaIll
JTAHHWUTE MPOIIEC, KOETO BOAU JI0 BB3MOXKHOCTTA OT KOHCTPYKIHS Ha (paKTAIHA MOJETHU C

MaJIKO Ha Opoil mapameTpH, KOUTO B KOMOHMHALMS C BB3MOXKHOCTTa OT CTATUCTUYECKH
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000CHOBaHU AOIIYCKaHUA OIHMCBAIlM TOYHATa KadCCTBCHA CHCHI/I(l)I/IKa Ha BpEMEBaTa
CTa6I/IJ'IHOCT, BOJAT OO0 BB3IPOU3BCKIAAHCTO Ha IMEHOBA AWMHAMHKA, KOATO HE CC BIIMAC OT

4YCCTOTaTa HA U3MCPBAHCTO.

[Tpunoxenunero Ha (pakTaqHus aHanu3 B oOnacTTa Ha (QUHAHCUTE OENeXH CBOATA
HavajHa Touyka oT u3ciensanusaTa Ha Mandelbrot (1963 u 1967) cBbp3aHu ¢ MOBEIECHUETO Ha
[ICHOBUTE paBHUIA Ha Pa3JMYHM KJIacoBe (DMHAHCOBH W peallHM aKTHBH. B HaydHara
JMTEpaTypa MOTaT Ja Ce HaMEepSAT MHOYKECTBO H3CIICABAaHHs CBBP3aHH ChC CBOWCTBOTO Ha
YCTOWYMBOCT Ha TOBEICHUETO HA CTATHCTHYECKUTE [IEHTPATHN MOMEHTH. M3cieiBanusTa Ha
Mandelbrot et al. (1997), Calvet u Fisher (2002), Bacry, Delour u Muzy (2001). moka3Bar, ue
[IEHTPAIHUTE MOMEHTH ¢ Ha abcomrotHure IeHoBH m3Mmenenus E(|P(t + At) —P(t)[?)
(abcosroTHa BB3BHPIIAEMOCT Ha I[IEHATA) C€ CKaJMpaT, KaTo CTeleHHa QYHKIHUA OT
M3MCHEHHETO BHB BPEMEBUS XOPU3OHT. VIMEHHO pe3ynTaTuTe OT TE3HW H3CIIEIBAHUS
MOPaXK1aT KOHCTPYHPAHETO HA MOJICIUTE OT CEMENCTBOTO Ha MyJITH(paKTAIHUTE AU(Y3HH

IIpouecu.

XpOHOJOTMYHO WHPBUS (pakTasieH Moaen ¢ OasupaH Ha JleBH-CTaOMITHOTO
pasnpeaencare Mandelbrot (1963), koiTo ¢ HacOYeH KbM KOJIMYECTBEHOTO MOJIEIHUPAaHe Ha
BB3/ICHCTBUETO HAa EKCTPEMATHUTE MPOSBIICHUS BbPXY BapHalusATa Ha reHaTa. Ha mo-kbceH
eTan e pa3paboTeH U PpakTaiHOTO/9acTHUHOTO bpyHOBO nBmxkenue ot Mandelbrot and Van
Ness (1968), koero ychmemHO BB3MPOU3BEXKIA KOHIEMIUIATA 3@ IBJITOCPOYHATA
aBTOKOpEJIAIIMOHHA 3aBUCHMOCT MPOSBSBAIla Ce HAa MHOKECTBO OT (PMHAHCOBHUTE IAHHH.
Cnensat usciensanusita Ha Mandelbrot (1972) u Mandelbrot et al. (1997), B kouto ce
MPEJCTaBs U KOHCTPYHUpa, MMbPBOHAYAIHO J100aBAI] €IeMEHT KbM (ppaktasHoTo BpayHOBO
JIBIDKEHUE, a UMEHHO CyOOpIMHAIIMOHHATA BPb3Ka Ha MyJITU(pAKTAIHATA MSIPKa Ha BPEMETO
3a THProBUs Ha (PMHAHCOBHTE aKTHMBH, a MMO-KHCHO MOJIENIa € JOPa3BUT M Ha HeroBa 0asza ce
nmosiBsiBa  MoAM(HIIMpaHaTa My BEpCHs, a HWMEHHO Myamugpaxmaninus mooen Ha
8v3spvwyaemocmma Ha akmueume. B kpas Ha 20TM M Hadanoto Ha 21 Bek ce MOsIBsBA U
nocjenHata 6a30Ba pa3HOBUIHOCT Ha (PUHAHCOBU MOJIENIM OT CEMEHCTBOTO Ha (ppakTaiuTe —
npeskniousawy myimugpaxmanen mooen Ha Mapkos, paspadoten ot Calvet u Fisher (2004),

KaKTO U HCTOBUTC MHOXXECTBO Pa3HOBUJIHOCTH.

O6o00menne Ha paspaboTeHHTe (PAKTATHA MOJETH H3IOJI3BaHU BBB (DMHAHCHUTE

MOXKE aa 6’[:,[[6 HaIpaBCHO, KaKTO CJICABA:

e [Ipouecu Ha JleBu;
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e @paktanHO bpayHOBO IBUKEHHE;

e MynrudpaxraneH Mojel Ha Bb3BPBIIAEMOCTTa HA AKTUBUTE;
e EnHOMepeH U n-MepHH MPEBKIIOYBAIl MyATH(PpaKTaneH Moaea Ha MapkoB u

e Bekropen mnpeBkiouBan] MyiaThdpakTageH Moaea Ha MapKoB € KOpeKuHs Ha

rpeuikara

IIpunosxkenne Ha ¢pakTaJHUTEe NPOLECH B MpPOLECA HA OLEHSAIBAHE HA NPeINpPUSTHS

qpe3 MOAECJIUTE OT CeEMENTCBOTO HA I[I/ICKOHTI/IpaHI/ITe MapuIHU NMMOTOIM

[TpunoxkeHnero Ha (pakTATHHUS aHAIU3 B TPOIEca Ha OICHSIBAHETO HA MPEANPHUSATHS
MOCPEIICTBOM Mojelia Ha JIMCKOHTUpaHUTE NMapU4HU MOTOIM MOXKE Jia ObJie BrpajieH upes
CHUMYJIUDaHE Ha TPOMCHJIMBHTE TI'EHEPUpPAIM OCHOBHHTE HOCHTEIM Ha CTOHHOCTTA.
OOWKHOBEHO, TOBA Ca IPUXOJIUTE OT MPOJAKOH, HO HE € M3KITIOYCHO Ja 0BT MOJICIHPAHU U
ApPpyru NMpoOMCHJIIMBU CHCTABJIABAIIN IMAPUYHUTE IMOTOLM. CroxacTrnyHara IMPOMCHJIMBaA 00€eKT
Ha MOJICIMPAHETO MOCPEACTBOM HSAKOW OT BOJEIIUTE ()pakTAIHU MOJETH 3a IeUTe Ha

aHalM3a € Hali-yJJauHo J1a ObJIaT MPUXOJUTE OT MPOIAXKOU.

[Tpunoxennero Ha GppakTaJHUTE MOJEIU HE OMBA J1a c€ MIPABHU CaMOLIEIHO, a J]a € Ha
0a3za Ha mpeIBapUTENeH aHalu3 B3UMall NPEABU] HWHIUBUAYATHUTE CHEUUPUKH Ha
aHAJIM3UPAHOTO mpennpusaTue. Hampumep, nuHamMukaTta Ha NPUXOAWTE HA MPEIIPHUSITHSA,
KOUTO Ce HaMHUpaT B CBOsTA 3psia (pa3a Ha pa3BUTHE MpeAToIara TAXHarta JMHaMMKa Jia Obje
KOHCTaHTHA 0e3 pe3ku ABrkeHus. CienoBaTeHo, MPUIOKEHUETO Ha (PpaKTalIHUs aHAIU3 B
TaKMBa XUIOTE3M € OrpPaHWYeHO, MOpaJu TOBA, Y€ 3a TaKbB TUI KOMIAHUM IMPOLIECUTE OT
TUMa Ha OOpbIIaHE KbM JBITOCPOYHATA CpeJHa CTOMHOCT ca HaW-TOJAXOIAIIM 3a
NpUIokKeHuss. MojiepaHeTo Ha JWHAMHMKaTa Ha MPUXOJUTE Ype3 (pakTalIHUs aHAIU3 ce
npenomnpenens OT TEXHUS JWHAMUYeH Xxapakrtep. Hali-nomxonsmu ca KoOMIaHUWTE
OlepUpally B Cpella Ha IMOBUIIEHA HECUTYPHOCT MMEHHO 3alloTO (PpakTaaHUTE MOJAETU
ycIsiBaT Ja ajpecupar MOJEIMPAHETO Ha HECUTYPHOCTTA IO MOAXOAALl HauuH. [lpyro
MPEIU3BUKATEIICTBO 3a MPUJIOKEHUETO Ha (PAaKTATHUS AaHAIU3 U MO-KOHKPETHO HSKOS OT
crenupuKnuTe Ha PpaKkTaTHUTE MOJENIU € OLlEHKAaTa Ha TEXHUTE MapaMeTpu U HabaBsHETO Ha

JOCTaThYHO AaHATMUTHYHU W TTOAPOOHM TaHHH.
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CroiiHOCT Ha onuusA TNPH [JONMYyCKAHEe HA MYJTH(PAKTAJIEH MPoLeC IBUKeIl

AHHAMHKaTa Ha 0a30BHSA aAKTHB

Bropara BaxkHa 00J1acT Ha NIPUIIOKEHUE HA (PPAKTATHUS aHAINU3 € CBBbP3aHa C IIOCTPOSIBAHETO
Ha KOHCHCTEHTHA, JIOTHYECKU-TIOCIEI0BATEIHA M MAKCUMAJIHO BCEOOXBaTHAa METOJOJIOTHUS
LeJssla 1a onuie u AeGuHupa MOAXOIUTE, IOMyCKaHUsTa U MpodiieMaTHKaTa CBbp3aHa ¢
KOHIIeNIMATa 3a LeHooOpa3yBaHEe Ha (UHAHCOBM OINLUUM UM BB3MOXKHOCTHTE Ha
MPUIIOKEHUETO Ha (PAKTATHHUA aHAIM3 KbM IMONOOpsIBAaHE M ONTUMHU3MPAHE HA HIKOU OT

JIOITyCKAaHUATA CTOSIIIIU B OCHOBATa Ha IIEHOOOPA3yBaHETO.

Enna oT Hal-TpyJAOEMKHTE 3aJa4d MPU MPAKTHYSCKOTO H3IOJ3BAHE Ha MOAX0/a Ha
ONIMOHHO OIlCHABaHE B cdepaTa Ha HWHBCCTUIMOHHUS MEHHIKMBHT € 0a30BHs
MKOHOMHYECKH apryMEHT, BBPXY KOWTO ce Tpaau oOleHsBaHeTo. Toil ce wu3passBa B
KOHCTPYHPAHETO Ha ,,CHHTETUYEH  OPTQEiis1, KOWTO MepPeKTHO Ja UMHTHPA QPyHKIUATA HA
usmiamane ot omuusra (payoff function). Hemo moBeue, HEOOXOAUMOCTTa OT JAMHAMHYHO
pebaaHcupaHe, Ha TEOPHsl HENPEKHCHATO BHB BPEMETO, € OCHOBEH IOCTYJIAT, YHKTO
pesyirar € eJIMMHHHPaHE Ha IeJIUS CHCTEMEH PUCK W rapaHTHpaHe Ha PHUCK-HEyTpaiiHa
BB3BPBINAEMOCT. M3IBIHEHHETO Ha BCHYKH TE3W YCJIOBHS Ha IPAaKTHKA € IOYTH
HEBB3MOXKHO. J[OMBIHHUTENIHA TPYAHOCT € ChINO U JAeHUHHPAHETO HA KOPEKTCH W
MPaBA0MNOA00eH TUHAMHUCH MPOIIeC Ha 0a30BHsI AKTHB, PA3JIHUCH OT JIOT-HOPMAITHUS, AaJIH
OIIMATa € OT €BPONEHCKM THN WIH aMEPHKAHCKH, HAJIWYAe Ha JOITBJIHUTEIHN
TPaH3aKIMOHHH DPa3XOIHW CBBP3aHH C HEOOXOJMMOCTTAa OT JWHAMHYHOTO XEDKHpaHEe Ha
peIUIMKUpaIiys MopTdein, HaIMYMeTO Ha KavyeCTBeHAa U JOCTOBepHa HH(MOpMaIus,
eeKTHBHOCT Ha Ta3apa u3passBaliia ce B JIUICA Ha apOUTPaKHU BH3MOKHOCTH, PAITHOHAIIHO

MOBE/ICHUE Ha Ma3apHUTE YYACTHULIM U APYTH.

Tepcenero Ha GaaHC MEXITy CIOKHOCTTA M MHOTOOOPAa3HETO OT W3IMOJI3BAaHH, KAKTO
CTaTHCTHUYECKH TEXHHKH, Taka W aOCTPakTHH (PMHAHCOBHM KOHIEMIIMH, W PHUCKa OT TOBa
[s1aTa METOJIOJIOTHS Jla C€ MPEBBPHE B ,,depHA KYTHS, KOSATO CE€ 3apexka W MPOM3BEkKIa
KpaiiHH, HO Hepa3OupaeMu pe3yiTaTd € BaKHO YCIOBHE, KbM KOETO TPsIOBa 1a Ce TMOAXOI1
BHHUMaTeIHO. Bcee Oome MaT€MaTUYCCKHUA HHCTPYMCHTApUYyM, € OI'paHUYCH 110 OTHOIICHUC
M3BEKIAHETO Ha €JHO YHUKAIHO pEelIeHHe Ha TU(PEPEHIIMATHO YPaBHCHHUE BH)KEHO OT
CTOXACTHYEH MPOIIEC, KOWTO € Pas3iMyeH OT TPAJAUIIMOHHOTO BpayHOBO nBHKeHHe. Bhrpeku
TOBa MOJKE J1a e JIOKaXka, ue MPH HIKOHM KJIacoBe (ppaKTaHH MOJEIH, polleca Ha IleHaTa Ha
aKTHBa € MmoyiymMapThHran (semimartingale), or koeto cienBa 4e € Bb3MOKHO CTOXaCTHYHO

MHTErprpaHe Ha ONIMOHHA QyHKIUS Ha m3ruiamane (payoff function) cnpsmo ¢pakramHus
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Hpolec, CICA0BATEIIHO CHIHS € Bb3MOXKHO J1a ObJIe UMIIEMEHTHPAH IPH [IEHO00pa3yBaHETO
U OLICHSIBaHE Ha OINIMHU. B 1OmbiIHEHNE, CHIECTBYBAT ONPEICICHN MaTEMAaTUIECKH TEXHUKU
npeacraBend B Tpyaa Ha Nunno u Oksendal (2011), ¢ kouro ®pakramHoro bpayHoBO
JIBrxeHue MOKe J1a ObJIe MHTEIPHPAHO CIIPSIMO Jla/iceHa (QyHKIMS, HO CIIOKHOCTTA OT TJIeIHA
TOYKa HA HMHTYUTHBHATA MHTEPIPETALs M IMPAKTHYECKOTO IPUIOKECHUE Ha I0J00HH

TCXHUKH OCTaBa BHUCOKaA.

3.3. BTopa rjiaBa — Mo;:leJmpaHe N MPOTrHO3UPaAHE HAa BOJATUJIHOCTTA HA
(l)l/IHaHCOBI/ITe AKTHUBH NOCPEACTBOM H3IO0JI3BAHETO HA MyJITl/I(l)paKTaJIHI/ISI

aHaJIN3

Bropa rnaBa Ha JucepTralMOHHMS TPYyJ CbhIbpKa IIMPOKOOOXBATEH EMIHMPUYEH U
MKOHOMETPUYCH aHAJIM3 HACOYEH U LI IIPOBEpKaTa Ha OCHOBHATa HAay4yHa XUIIOTE3a, a
MMEHHO IpUEMaHe WIM OTXBBbPJSIHE Ha (paKTATHUTE MOJENH, KaTo JO0CTaThbuHO 100pU
M3MEpUTENIM Ha JIMHAMUKAaTa U HECUTYpHOCTTA IpOsBsBallla ce€ Ha (PUHAHCOBUTE Ia3apu
CPAaBHEHU C €JHM OT Hal-4€CTO LUTUPAHUTE U M3IMOJI3BaHU BOJACIIN MOJECIH 3a ONHUCAHHUE U
IIPOTHO3MpPAHE Ha LIEHOBUTE TPACKTOPUM U TEXHUTE BB3BPBIIAEMOCTH. Bcuuku monenu
OOEKT Ha M3CIIEe/IBAaHETO ca 3apeICHNU C IaHHU Ha Pa3JIMYHM 10 XapaKTep U BpeMeBa JIbJDKHUHA

(UHAHCOBU U peaHu OOPCOBO THPIyeMH aKTUBH.

3a nenuTe Ha aHanau3a 1ie 0bJe U3rpaZeHa METOAUYECKaTa paMKa, CIIPSIMO KOSITO IIe
ce gaehUHUpPAT U3XOAHUTE TIOJIOKEHUS TMPOU3THUYAIIM OT OOCKTUBHOTO YCIOBHUE H
HE0OXOUMOCT OT KOMIIOHEHTHO pa3jiaraHe M MaTeMaTH4ecKO OMHCaHHe Ha aOCTpaKTHU
KOHIICTIIIMM U CBEXKJIAHETO MM JI0 KOJIMYECTBEHO M3MEPUMHM MOPSAKU C II€J MPUIaraHeTo Ha
Hay4YHHUS eMIHpUYeH MeToJ. B HawamoTro € HampaBeHa OeUHHIMS HAa TEOPETHIHHUTE
ChCTaBHU YacCTH OOYCIJIaBSIIN BB3BPHIIAEMOCTTAa HA JIaJIeH aKTUB, KATO HA CIIEBAIIO MSCTO
ca U3N0KEHU W HEOOXOIMMHUTE NOMYCKaHWs U OTpaHWYaBAIM YCIOBHUS, KOUTO II€ OCTaHAT

HU3BBH PAMKUTC Ha JUCCPTALITMOHHUS TPY .

[IpencraBena e B jAeTailyii KOHKpeTHaTa crenudukanus Ha ¢dpakTaaHus MOJEN, a
UMEHHO OUHOMHAMA HENpeKbCHAma 6epcusi Ha NPesKuioyusany Myaimuppaxmanen mooel Ha
Mapkog. OcBEH MaTeMaTHYECKOTO KOHCTPYHpaHE Ha MOJeia € HampaBeH W Mperies Ha
JUTEPaTypHUTE U3TOYHUIIM ITOCBETEHU B MpoOIeMaTHKaTa Ha MPUIOKEHUETO Ha n30paHaTa
cnenudukanys Ha QpakTaaHUS Mojaen B obiactra Ha (puHaHcuTe. Ha crmenBamo mscro ca

n30paHu CpaBHUTEIHUTE MOJENHU CIIYKEIU 332 KOHTPOJIHA TPyMa, COpAMO KOHUTO Ie Oble
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CBIIOCTAaBCHO MPCACTAaBAHETO HA (bpaKTaJ'IHI/IH MOACI. KOHTpOJ'IHaTa rpymna Moaciii C€ CbCTOU
OT C€ACM pa3IMYHU CHeHI/I(i)I/IKaI_[I/II/I Ha MOICIHUTE OT CEMEHMCTBOTO Ha ABTOPCIpECHMOHHATA

XCTCPOCKECACCTUIHUOCT Ha YCIIOBHATA Bapualus.

KoncTpykuusi Ha paGoTHHSI MyJITH(PAKTAJIEH MOeJT

[IpeBkitoyBaImusAT My ITU(GPAKTAICH MO/IeT Ha MapKoB € KOMOMHAIUS OT KOHIIEIIIIHU, KOUTO
ca CBBP3aHM, KaKTO C (pakTaTHUsA aHaIU3, Taka M C Kjaca OT MOJENUM HapU4aHU
npesknousawu pexcuma (regime switching) nbpBoHaYaIHO KOHCTPYUPAHU M MIPEIOKEHH
ot Hamilton (1989). IIpunokHUTE EMIMPUYHH H3CICABAHUSA HA MOJEIa Ca HACOUEHH TJIaBHO
B o0JjacTTa Ha MPOTHO3MPAHETO HA BOJATHIHOCTTa HA BAIyTHUTE mazapu, Bwk: Calvet u
Fisher (2004), Calvet et al., (2004) u Lux (2008); na xanuranoBure mazapu, Bwxk: Calvet and
Fisher (2005, 2008), Lux et al., (2011) u Chaung et al. (2013) u npoGyiemaTHKaTa CBbp3aHa C
Xe[UKHpaHeTo Ha pucka Ha ¢roubpcaure mazapu  Alausa (2014). IlpeBkiroyBamiusT
mysatudpakraieH Moaen Ha Mapkos e paspadboren ot Calvet u Fisher (2008) u e dpaxtien
MOJIENT OT CEMEHCTBOTO Ha CTOXaCTUYHATA BOJATHITHOCT, IIPU KOWTO YCIOBHATA BOJATHITHOCT
e MyNTHIUIMKaTHBHAa (yHKIHA oT: (1) kpaeH Opolt k KOMIOHEHTH My, Myy,..., My ¢
,[IPEBKJIIOUBAHETO HA BCEKH, OT KOUTO € HAMNPABISBAHO OT HEPaApXU4YHO XETEPOTCHHO
HaMaJIsIBaIlld YeCTOTH (BEPOSTHOCTH) V1,V2,- -+, Vi, (2) MyJATUIUIMKATUBHUTE KOMITOHEHTH Ca
CKaJMpaHU ¢ TO3UTHBEH MapaMeThp o2 u3MepBanl cpenxara (unconditional) sapuanms na

BB3BpbBIIaEMOCTTa. [IbJIHATA TApaMeTpu3alus Ha HENpekbcHaTus Ounomen MSM (k) e

XapaKTepHU3MpaHa OT BEKTOP C YETHPH mapameThpa Y = (mg, b, vz, o) € RE, kpaero:
e mg € (1,2]: onpeens roleMUHATa Ha BCEKH KOMITOHEHT Ha BOJIATUIIHOCTTA;

e be(1l,©) u Yy, €(0,1) nebunupar HabOpa OT MNPEBKIFOYBAIIN/MHUTPAIIMOHHN

BCPOATHOCTU HAa BCCKU KOMIIOHCHT Ha BOJIATUJIIHOCTTA,

e 0 € [0,00]: e cpeHOTO CTAHAAPTHOTO OTKIOHEHHE.

KonTtpoJsna rpyna moaesn

ITpe3 1982 r. Engle (1982) konctpympa Mozen 3a H3CIeIBaHE Ha BOJATHIHOCTTa Ha
aKTUBHUTE, KOWTO € 1O U3BECTEH, Karo TMpolec Ha aBTOPErpecHOHHa YCIIOBHA
xetepockenactuaHocT (ARCH). B mocneactBue, MHOXKECTBO aBTOPH W HM3CIECIOBATEIH

pa3paboTBaT pa3IMYHM BapUAHTH HAa TOPECIIOMEHATUS MOJET, KOMTO Ja yJaBsAT U Jla ce
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HammacBaT KbM OIPCACICHU pa3jndusd B CTATUCTHYCCKHUTC XapaKTCPHUCTHKHW Ha AJaHHUTEC.
MO,I[GJ'II/ITC pa3pa60TeHH Ha 0a3a Ha naciaATa Ha EHFGJ’I, ca 4acT OT IIO-TOJsAMO CEMEHCTBO
nmoaxoau 3a MOJACIIMPAaHC Ha BOJATHIIHOCTTA, 4 MMCHHO — MOJCIWUTC Ha CTOXAaCTH4YHATa
BOJATHJIHOCT. Te YCIICHIHO YJIABAT W BBH3IMPOU3BCIKAAT CAHU OT KIFOYOBHUTC CTATUCTHYCCKU
(beHOMeHI/I Ha (bl/IHaHCOBI/ITe JaHHHU - KIIBCTEP e(beKTa Ha BOJIaTUJIHOCTTA,

ABTOKOPEIIAIMOHHUTEC e(beKTI/I, KaKTO U JIMBbPUK e(i)eKTa.

3a 1esnuTe Ha U3CIEABAHETO Ca U30paHU OCHOBHUTE U3IOI3BAHU KOHTPOJIHU MOJEIH,
a nmenHo — ARCH, GARCH, EGARCH, GJR-GARCH, TARCH, APARCH u
FIGARCH.

I[I/IaFHOCTI/I‘{HI/I KPpUTEPUHA

B 3akmoumrtenHara 4acT Ha BTOpa TIJjiaBa cCa MNOpCACTaBCHU I/136paHI/ITe KOJIMYCCTBCHU
KpUTCPUHU, HA YUATO baza e OILICHCHA 00sICHUTENIHATA CIIOCOOHOCT Ha MOJCIUTEC OT IJICAHA
Touka Ha: CrerneHra Ha CXO0AUMOCTTa MM KbM pPCAJIHUTC JaHHH H OI_[CHKaTa Ha

IMPOrHOCTUYHATA UM CHUJIA.

[IppBara yacT € MocBeTeHa Ha aHAJM3MpPaHE HAa MOJAEIUTE CHPSIMO TPEHHUPOBBUHATA
U3BaJIka — PECHEKTUBHO TPEICTABIHETO HA BOACIIUTE JAMATHOCTUYHM KPUTEPUH 3a
CPaBHUTEJICH aHAJIU3 Ha IPEJCTaBsIHETO Ha Pa3JIUYHUTE MOJENIU U M300p Ha TaKbB C Haii-
BUCOKAa OOSICHUTENHA CIOCOOHOCT. I10-KOHKPETHO € M3BBpIIEHA CepHs OT KOJINYECTBEHH
CTaTUCTUYECKU WM3MEpPUTENIM M CPABHUTEIECH aHAIW3 MEXAYy MYJITH(paKTATHUS MOJEIH U
n30paHaTa KOHTpPOJIHA Ipyna MOJAEIM — CTOMHOCTTa Ha JIOTapUTMUYHaTa (QyHKLUS Ha
npasaononodue, Tecta Ha Byonr, nundopmairionern kputepuili Ha Akaiike, HHGOpMaLOHEH

kputepuii Ha [1IBapi (belicoB nHGOpManmoHeH KpuTepuit).

BTopaTa 4JacCT € HACOUCHA KbM aHAJIM3 HAa NPCACTABAHETO HA MOACIIMTEC B paMKUTEC Ha
IMPOrHOCTUYHATA H3BAaAKa MW OIICHKAaTa Ha Haﬁ-ﬂ06pHTe pe3yjiTaTu BB3IMPOU3BCACHU OT
MOZCIIMUTEC CpaBHCHU C (I)aKTI/I‘leCI(I/I CIIYUUJIIUTC CC CMIIMPHUYHU Ha6J'IIO,I[CHI/IH Ha I/136paHI/ISI
ImokasaTell Ha CHhOTBETHHS akTWB. KadecTBOoTO Ha IMPOTrHOCTUYHOTO HNPCACTABAHE CIPSAMO
H36paHaTa IOPOTHOCTUYHA MH3BaJKa C€ IIOCTHUIa 4Ype3 IMPUIOXKCHHUETO Ha PpEerpecusiTra Ha

Mincer-Zarnowitz u cuMyallMOHHO-BU3yaJIeH aHAIN3H.

30



3.4. Tpera rnaBa — OCHOBHH pe3yJTaTH M HAYYHO-TIPUJIOKHH

NOCTHKCHUS HA U3CJICABAHECTO

TpeTa rjjaBa OT H3CJICABAHETO € IIOCBETCHA Ha IMPCACTAaBAHCTO Ha PE3YITATUTE OT

[[G(l)I/IHI/IpaHaTa MCTOJO0JIOTHUYHA paMKa 10 TO3H MOMCHT.

B mawanoro Ha riaBaTa ca MpeACTaBeHH W JeUHUPAHU HM3MOJI3BAHUTE JIaHHU 3a
LenuTe Ha wuscieaBaHero. HeoOXxoaumocTTa OT MpenBapUTeNieH M B TOlsIMa CTEIlEH,
3a]1bJI00YEH CTATUCTUYECKH aHAJIU3 Ha M30paHUTE aHHU, € 00yClIOBEHa OT 10OMBAHETO Ha,
KaKTO OCHOBHO CTaTUCTHYECKO pa3OmpaHe, Taka U Ha BU3YyaIHA HHTEPIPETAIUs Ha JIATCHTHU
M KOMIUIEKCHH CTaTUCTUYECKH TIOKa3aTeNH, CTPYKTYPHU B3aUMOBPB3KH, EMIIUPUIHHU

CbCTOAHUA U aHOMAJIMU IIPOABABAIU CC HA I/I36paHI/ITe THIIOBC aKTHBU.

B 3akirounTenHara yacT Ha IJlaBaTa ca IpeJICTaBeHH pe3yJITaTUTe OT MPEABAPUTEITHO
n30paHUTe AUArHOCTUYHH TECTOBE 32 OIEHKA Ha MapaMEeTPUTE Ha MOJICIUTE U CXOJUMOCTTA
UM KbM JIaHHUTE OT TPEHUPOBBYHATA H3BaJKa Ha BpeMeBHTE penoBe. Hampasen e
CPAaBHUTEJICH aHAIM3 MEXAY PE3yITaTUTe OT Hail-1oOpus MyiaTH(paKTaJeH MOJAET U TPUTE
Hail-noOpy CpaBHUTEIHH MoJiesla U30paHu 4pe3 AepUHUpPAHUTE AUArHOCTUYHHU KpuTepus. B
3aKJIIOYEHHE Ca M3BBPIICHW CTAaTHCTUYECKU TECTOBE OLEHSBAIM NMPOTHOCTUYHATA CHJIa Ha
MyJnTU(paKTaTHUS MOJET 3a MEpHoj 10 €AHAa TOAMHA, KaKTO M CUMYJAIMM Ha JIaHHUTE

reHepUpaHu 0T MyITH(paKTATHUS MOJEI.

H3noa3BaHu JaHHU U NpeaABaAPUTEJICH CTATUCTUYECCKHU aHAJIN3

OOekT Ha u3ciieBaHeTO I1ie ObJe BB3BPBIIAEMOCTTAa Ha IleHaTa Ha IMeTpoia copT ,,bpeHT
(Oil), nenara na axumure Ha EXXON MOBILE (XOM), Obarapckusi OCHOBEH OOpCOB
unaexc SOFIX, nenata va BITCOIN nenomuHHMpaHa B oapy, BATyTHHS Kypc Ha IBOWKaTa
EBpo-Jlonap (EUR_USD) wu croiinoctra Ha OopcoBusi muaekc Standart and Poors 500
(S&P_500).

H_[C HU3M0JI3BaM  JIOTapUTMHUYHATA HCIPCKbCHATA AOHCBHA BB3BPBHIIACMOCT OT

CTOMHOCTUTE Ha I/I36paHI/ITC aKTHUBH, KaTO ChlIaTa € ,Z[C(I)I/IHI/IpaHa 110 CJICOHHA HAYHH:

1 = 100 X [In(Py) — (P—1)]
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3a nenuTe Ha OILICHSBAHETO HA MapaMETPUTE HAa MOJCIUTE U KOHCTPYHpPAHETO Ha
KOHCUCTEHTHH KOJIMYECTBEHU KPUTEPUU 3a OMPEIEIISIHETO Ha MPOTHOCTHYHATA CHUJIA 32 BCEKU
OT JUHAMHUYHUTE pENOBE M€ ObJaT OIpeneieHH J[BE W3BaAKU. EnHaTa mie cioyxu 3a
3apeKIaHe W OICHSIBAHE Ha MapaMeTpUTEe Ha MOjejia WM T.H. TPEHHUpPOBbYHA M3Bajaka (in-
sample), a mpyrarta 1ie ciy)Kd 3a CpaBHUTEJICH aHAIN3 MEX/Y MPOTHO3UPAHUTE CTOHHOCTU U

(baktuueckute peanusanuu (out-of-sample).

B nonmnara Tabmuma e TpeacTaBeHO OOOOIIEHWE Ha BXOASIIATE JaHHU 3a

TPCHUPOBBYHATA U3Ba/IKa, C KOUTO LIC 6"I)I[8,T 3apCACHU MOACIIUTC.

Tadoauua 3. bazosu xapakmepucmuxu Ha 6xo0sawume OaHHU

Ab/kuHa HA bpoii na
. HA0JII0IeHusITa
Yecrora AMHAMUYHUSA pe/ bpoii Ha
Kaac O0eKT Ha 3a [eJIUTe Ha
HA 3a Ha0/1101eHHA
AKTHB nu3MepBaHe 3apexIaHeTo
H3MepBaHe | TPEHHPOBBYHATA sTa UM B
H3BAKA 1
MOeJIHUTE
. Jloraput™Mu4Ha 23/08/2000 —
Oil_Brent BB3BPBIIAEMOCT JHcBHa 21/07/2022 5499 o474
EXXON
MOBILE | Jlorapurmmdna | oo 02/01/1962 — 15241 14383
(XOM) Bb3BPHIIAEMOCT 21/07/2022
JloraputMuuHa 17/10/2000 —
SOFIX Bb3BPBIIAEMOCT AiHEBHA 21/07/2022 5393 5358
JlorapuTMu4dHa 17/09/2014 —
BITCOIN BB3BPBIIAEMOCT JIHCBHA 21/07/2022 2863 2861
JloraputmMuuHa 01/12/2003 —
EUR_USD BB3BPBIIAEMOCT JUHCBHA 21/07/2022 4833 2217
JlorapuT™MudHa 22/01/1990 —
S&P_500 BB3BPBIIAEMOCT JHCBHa 21/07/2022 8185 7687

Hzmounux: Yahoo Finance

KonuyectBen ppakraien ananus

Baxna oOmact B paMKuTe Ha TpeTa TIjaBa € H3CIEIBAHETO HAa BB3MOXKHOCTTA OT
IPUIIOKEHUETO Ha (PpaKTaJHUS aHAIM3, KaTO CPEICTBO 3a KOJIMUYECTBEHO 00OraTsBaHE Ha

HHCTPYMCHTApHUyMa Ha aHAJIM3aTOPUTC MOCPCACTBOM ,Z[C(I)I/IHI/IpaHCTO Ha OCHOBHUTC

1 BpOﬂT Ha Ha6J'IIO,H€HI/IHTa HM3MOJI3BaH 3a 3apCiKJAaHCTO HAa MOACIUTC U OLUCHABAHCTO HAa TCXHUTC IMAapaMETpu €
MO-HUCBK B CpaBHCHUC C 6p0$[ Ha (1)aKTI/I‘{€CKI/ITe Ha6J’IIO,H€HI/I$I, TBU KaTo 3a HCJIUTE Ha MOACIHPAHETO CC
HU3UCKBa JIa 6’b,IIaT HU3KIIIOYCHHU ITOCJIICAOBATCIIHUTE Ha6J'I}OZ[CHI/Iﬂ, IIp KOWUTO JIMIICBA LCHOBO IBWXCHHC H
CBHOTBETHO TCXHUTC OTHOCUTEIIHN NU3MCHCHUSA Ca C HYJICBU CTOMHOCTH.
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¢paktanHu MeTpuku. ChUIEBPEMEHHO € HalpaBeH U CPAaBHUTENEH aHajdu3 Mexay
KJIACUYECKHUTE KOJMYECTBEHU IIOKa3aTelld W3IOJI3BaHU OT (PMHAHCOBUTE AaHAIU3aTOpU U
TEXHUTE aHAJIO3U MPOM3THYANIM OT (pakTaliHaTA HayKa M KOHIENIMSA. B mombiHeHue,
BB3IPUETUTE OTPAaHUUYMUTEIHUTE JOMYCKAaHUs 1€ paMKHUpaT aHajlu3a J0 H3JIaraHeTo Ha
OCHOBHUTE JECKPUNTUBHU MOKa3aTelau Ha 0a3za HaON0AaBaHUTE UCTOpHYecKH AaHHU. LlenTa
€ CTUTaHEeTO JI0 3aKJIIOYeHHEe Janu (paKTaATHUTE METPUKH Ca B CHOTBETCTBHE C OCHOBHUTE
CTATUCTUYECKHU IMOKa3aTel, KOUTO C€ MOJ3BAT B aHAJIU3UTE HA JUHAMUYHHU BPEMEBHU PEIOBE

Ha ()MHAHCOBH JIJAaHHHU.

3a akTUBUTE OOEKT Ha aHAIHM3 Ca HM3YHMCIIEHH CJICAHUTE TPpHU OCHOBHH Q)paKTaJ'IHI/I

MCTPHUKHU:

e [lapamersppT anda — ChIUS € E€IUH OT YETHPUTE OCHOBHH MapaMeTbpa
XapakTepusrupamu CTCIICHHUTC BCPOATHOCTHHU Pa3npCACIICHHUA W IMO-KOHKPETHO B
HacTosaTa 4act, KoeuiiueHTa e olieHeH Ha 6a3a cTaOWIHO pasnpeneneHue Ha JIeBu

(JIeBu-CtabwiHo pasmnpesciieHue);
e DpakTaJIHOTO U3MEpPEHHE U
o KoedummeHThT Ha XBPCT.

@pakTagHUAT aHanu3 o0orarsBa aHAIMTUYHUS MHCTPYMEHTApUYyM B Hal-Tojsma
CTEIeH UMEHHO upe3 100aBSHETO Ha JIOMBIHUTENIEH U3MEpUTEIl Ha pUCKa, KOUTO € CBBP3aH ¢
MO-MIPEUM3HOTO W TMpPaBJIONOAOOHO H3MEpPBaHE Ha BEPOSTHOCTTA B OMNAIIKUTE Ha
BEPOATHOCTHOTO pasnpenencHue. [lo apyr HauMH Ka3aHO, KOJMYECTBEHO H3MEPBAaHE U
B3MMaHe NpeIBU]] Ha EMIIMPUYHUTE HA0/II01aeMU JaHHU 3a 3HAYUTEIHO MO-BUCOKOYECTOTHO
NpPOSIBJICHWE Ha pEAKd CHOUTHS BIMSEIIM Ha IpUlaTa CBHBKYNHOCT, B CpaBHEHUE C
MIPOrHO3UPAHUTE TAaKMBA OT KIACHYECKUTE MOZeNH. ToBa € Taka HapeyeHUs MapaMeTsp ajida,
KOHTO € UMEHHO H3MepuTens AeQUHHpal] BEpOATHOCTTa B OINAIIKaTa Ha YECTOTHOTO

pasnpeaciICHUC Ha BE3BPBIIAEMOCTUTE Ha OIIPCACIICHUSA aKTHB.

W3non3Bailku  OCHOBHUTE  KOJIMYECTBEHW  M3MEPUTENM  MPOU3THYAIIM  OT
MPUIIOKEHHETO Ha (pakTanHus aHanmu3 — anda KoepuIueHTa, QpPKTaTHOTO HU3MEpPEHUE U
eKCITIOHeHTaTa Ha XBPCT 3a M30paHUTEe aKTUBU MOXKe Ja ce 3akimoun, ye SOFIX nma Haii-
BHCOK KOe(UIIMEHT Ha XBPCT CHPSIMO OCTAHAJIUTE KJIACOBE AaKTHUBM, KOETO IOKa3Ba, 4e
WHJICKCA TMOKa3Ba BUCOKA CTENEH HAa yCTOWYHMBOCT M Hanu4ue Ha 00ocoOeH Tpenn. Haii-
HUCKHM CTOWHOCTH Ha anda KoepuireHta (TakuBa, KOUTO ce JOOJMKaBaT MO €IWHUIA) Ce

HaomogaBar npu SOFIX u BITCOIN, koero moka3Ba 3aBuIlieHaTa BEPOSTHOCT Ha
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IIPOSIBJICHWE HAa €IMHUYHU eKCTPEeMyMH IIpU JiBaTa AakTHBa, KOUTO BIMUSAAT IO
JUCIIPONIOPIIMOHANIEH HAauuH BbpPXY Is1aTta CbBKYNHOCT. OT Apyra cTpaHa, akLUUUTE Ha
EXXON MOBILE u BanmyTHaTta qBO¥iKa €Bpo-10ap UMAT Ha-BUCOKH CTOMHOCT, OJM3KH 10
IIBE, KAKBUTO CTOMHOCTH C€ OTYUTAT IIPU HOPMAIIHOTO BEPOATHOCTHO pasnpezenenue. Io ce
OTHacs 10 (ppakTaJIHOTO U3MEPEHHUE, KOETO MOXKE J]a ce MHTEpIpEeTHpa, KaTo U3MEpPUTEN Ha
HauyNeHOCTTa Ha IIeHOBaTa JUHAMHUKA, CJIEI0BATEIHO aHAJOI Ha PUCKA MPOsIBSIBAI CE OT
CbOTBETHHUSI aKTUB, TO HAH-BHCOKM CTOWHOCTH ce HaOmronmaBar mpu akinuure Ha EXXON

MOBILE, BairyTHata nBoiika eBpo-monap u uaaekca S&P 500.

Pe3yaTaT oT H3CJIeIBAHETO 32 JaHHUTE OT TPeHHPOBBbYHATa (IN-Sample) uzBaaka

Pesynrature mnokasBar, 4e MyNTHQPAKTATHHS MOJENT C JECeT YEeCTOTH MPEBB3XO0XKAA
CpaBHUTEITHUTE MOJIENIM OT KOHTPOJIHATA Ipyna 3a AaHHUTe Ha Obnrapckus uHueke SOFIX,
BB3BpbIIacMOCTTa OT HeHara Ha nerpoia (OIL), Be3BpbmiaeMoctra oT akuuute Ha EXXON
MOBILE u Bw3Bpbiiaemoctta ot nenata BITCOIN. MyntudpaktalHuar Moaen ¢ JEBET
4eCTOTH € C Hal-100pH MokasaTenu 3a JaHHWTe Ha BamyTHara jasoiika (EUR-USD). Ot
BCHYKH aHAIM3UPAHH aKTUBU €MHCTBEHO JAHHUTE OT BB3BPBIIAEMOCTTa HA CTOWHOCTUTE Ha
S&P 500 ce HanacBaT Haii-100pe KbM acCUMETpUYHATa BEPCHsI Ha aBTOPETPECHOHHUS MOJET C
ycloBHa xerepockenactuuHocT Ha Bapuanusta (TARCH), karo kpuTHYHATa CTOWHOCT OT
TO3W MOJIEJN TIOKa3Bar, 4e 1pu moutd 50% HHUBO Ha CHIECTBEHOCT, MOJIEa HE Ce pa3indyaBa
chmecTBeHO oT acumerpudyHo cremeHHus ARCH. Tlpu namawmre 3a S&P 500
MYJATH(QPAKTAIHUS MOJIEJI CE€ OKa3Ba, Ye HE C€ MPEACTaBs 3aJOBOJIUTEIHO CIPSMO TPHUTE

MOJCJIa OT KOHTPOJIHATA I'pyIia OT IrJieJHa TOYKa Ha HAIIAaCBAHC KbM JAaHHUTEC.

Pe3ysitaT oT M3C/I€IBAHETO 32 JaHHHUTE OT MporHo3nara (out-of-sample) uzBaaka

B pesynarar or perpecusta Ha Mincer-Zarnowitz u cumynanoHHO-BH3YaJTHUTE aHAJIH3H,

MOTaT Ia C€ HAlIpaBAT CJICAHUTEC ITO-BaKHU U3BOJAU:

e 3agacr ot aktuBute (SOFIX wu nenara va Hedra copt ,,bpent™) mynrudpaxramaus
MOJIE TEHEpPHUpa KPaTKOCPOUHU MPOorHo3u Mexay 20 u 60 1HH, KOUTO ca Ha MpaKTHUKa

WJICHTUYHH C peaHO HaOII0JaBaHUTE.

L4 BHSyaHHO CUMYJIMPAHUTE JHECBHU BBE3BPHIIACMOCTH Ha AKTUBUTC CIIPAMO IMOAXOIAIIO

OLICHEHUTE MapaMeTpu Ha MyJITU(]pakTadHHs MOJAEN YCIHSBaT Ja Bb3NPOU3BEAAT
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OCHOBHUTE CTATHCTHYECKH IOKa3aTeld M (PEHOMEHHM THIIMYHO IMPOSBSIBAIIN CE B
peanHoctTa. ['padukure HaoH00sBAT peaHUTE JaHHH, KaTo MO0-ACTalICH peries e
HanpaBeH 3a wuHAekca SOFIX. Hemo mnoBewe, cuMyJaHpaHUTEe [TaHHH OT
MYATH(QPAKTAIHUS MOJIENI YYBCTBUTEIIHO C€ pa3jinyaBaT OT TE3W T€HEPUPAHU OT
KJIACHYECKHUSI BEPOSTHOCTEH IPOLEC HM3IOJ3BaH BHB IOBEYETO PUCKOBU METPHUKU H
TEOPETUYHU [IOIYCKAaHWs, CTOSIIM B OCHOBHHTC (HHAHCOBH TEOPHH, KOETO €
JAUPEKTHO OKa3aTeNICTBO 3a NOTEHIMANA Ha (paKTATHUTE MOJCIH 3a IEJIHUTEe Ha
Pa3BUTUETO M ONTHMHU3UPAHETO Ha (pUHAHCOBAaTa TEOpHs, Taka IOTO ChIIara Ja
OTpa3siBa JCHCTBUTEIHUTE MPOLECH MO €IWH IO-TPEICTABUTEICH M IPOAYKTHUBEH

croco0.

N3BoauTe, mpousTHHallM OT aHAJIW3a IPEICTABEH B TpeTa IJ1aBa IOTBbPKIABAT
HAITbJIHO TPEBB3XOACTBOTO HAa W30paHUs MyJITH(PpPAKTaICH MOJEN Mpea nW30paHuTe Haii-
n00py W 4YeCTO LWUTUPAHM B HayyHaTa JUTEpaTypa MKOHOMETPHUYHU Mojenu. ToBa Ha
MpaKTUKa € MPEINocTaBKa Ha MOTEHIMala, KOUTO MMaT (pakTaIHUTE MOJEIH U TIAXHOTO
NPUJIOKEHNE B aHAJTM3MPAHETO HA JWHAMHKATa Ha (UHAHCOBHTE ma3apu. Hemo mosede,
(paxkTalHUTE METPUKU IIPEJICTABEHH B IJ1aBaTa MOKa3BaT, Y€ ChLIUTE MOraT Ja CIIy’KaT, KaTo
JOMBJIBALl MHCTPYMEHTApUyM 3a JCCKPUIITUBEH aHaau3 M IPEJOCTaBIHETO Ha II0-
MIPaBJONOI00HA M IThJIHA KapTUHA, KOSATO Ja XapaKTepu3upa ChCTOSHHUETO Ha (PMHAHCOBHTE

AdKTHBH.

4. 3akao49eHue

HeBb3MOXKHOCTTa Ha Kilacuyeckara ()MHAHCOBA TEOPHsS M MOJEIM Ja ONUIIAT B JKeJlaHaTa
IBI00YMHA M MPEIM3HOCT (PeHOMEHHUTE OT 3a00MKaJAIIaTa HU IEHCTBUTEIHOCT € B OCHOBaTa
Ha M3CJE/IBAHETO Ha BB3MOXKHOCTUTE 32 NPUIIOKUMOCT Ha (paKTajHaTa TeOMETpHUs BbB
¢unaHcuTe U pucka. dpakTanHUAT aHAJIW3 NPENOCTaBsl AlITepHATHBHA TIJIeJHA TOYKA U
JION'BJIBAIl AHAIWTUYEH arapar IpeTeHAMpalnl 3a MOo-NPaBJIONOJA00HOTO CBbpP3BaHE Ha
EeMIIUPUYHUTE (HDEHOMEHH C KOJMYECTBEH HM3MEpHUTeN 0000IaBail B MaKCHMajHa CTeleH
TAXHOTO ITOBEJCHUE U JTMHAMHKA. TO3M aHAaIUTUYEH arapaT uMa IMOTEHIHal 3a pa3BUTHE HE
caMo B oOjacTTa Ha aHajgM3a Ha I[IOBEJCHUETO Ha (UHAHCOBUTE Ia3apu, KaKTo
PETPOCIIEKTUBHO, Taka M MPOTHOCTUYHO, HO M B MOJOOJIACTHTE CBBP3aHU C OIIEHKaTa Ha

JIEpUBATH, YIIPaBICHUE U U3MEPBAHE HA PUCKA U IPYTH.
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Pe3y.]'ITaTI/ITe OT H3CJICABAHCTO B JAUCEPTAUMOHHHUA TPyd IMOCTHUIraT CBOUTE LCJIU
u3pasgBaliy €€ B OaBAHETO Ha OTroBOpP Ha IMPEABAPUTEIIHO I[e(i)I/IHI/IpaHI/ITe pa6OTHI/I

XHIIOTE3U, KaKTO CJICIBa:

Xunotre3a 1: 300pbT Ha onpezeneH BEpOATHOCTEH MPOLIEC, KOWTO € B ChCTOSHUE J1a
BB3IPOU3BEAE TrojsiMa YacT OT CTaTUCTUYECKUTE II0Ka3aTelnu IMposBABAlM CE€ Ha
(GbuHaHCOBUTE Na3zapu € MOAXOJ, KOWTO Ipelorpeness ONTHMHU3UMPAHETO Ha Ipoleca Ha
aHaIM3 Ha JaJeHa UKOHOMHMYECKAa IPOMEHJMBA IOpaaud TOBAa, Y€ HE Ca HEIPEMEHHO
HEOOXO/JMMHU TIPENBAPUTEIHA NPOYYBAHHUS M 3al03HABAaHE C W3CIEABAHOTO SIBICHUE.
@pakTaJHUAT aHAJIU3 U HErOBOTO MPUIIOKEHHUE B MKOHOMMKATAa U B YaCTHOCT (PMHAHCHTE,
uMa MOTEHLHUAN Ja Ce MPEeBbpPHE B MOILEH MHCTPYMEHT 3a OIMCAHHWE M MPOrHO3UpPAHE Ha
[IeHOBaTa JWHaMHUKa Ha akTuBHTe. lIpencraBsHero Ha m30OpaHus ¢QpaxTaseH Moaen B
HACTOSILETO H3CIE/BAHE IOCPEACTBOM BB3IPOU3BEKIAHETO HA CUMYJIMPAHH H3KYCTBEHO
Ch3/IaZICHH 1IEHOBM TPACKTOPHH, KOUTO BHU3yaJlHO HE MOraT Ja Ce pasiuyaT C peaHo
HaOJII0aBaHUTE JIaHHM, JOKa3Ba TOPHOTO TBBpJAEHUE. B TO3M cMuUCHI XuIoTe3ara ce

IIOTBBPK/1aBA.

Xumnore3a 2: [IpenuMcrBata Ha pas3miexkaaHus QpakTaICH MOJAECI, CIPSIMO €IHU OT
Hal-100pUTE U YECTO W3IMOJI3BAHU WKOHOMETPUYHHM MOJIEIH, Ca 3HAYUTEIHO MO-BUCOKH OT
CTaTHCTUYeCKa TIJelHa Touka. V3mon3BaHUTE AMArHOCTUYHU KPUTEPHH 3a OICHKa Ha
CTAaOMJIHOCTTA HA MOJieNia TTOTBBPIKIaBaT, Y€ JAHHUTE C€ OOSACHSBAT MO MO-700Bp HAYMH OT
My ITH(GPaAKTATHUS MOJENI CPaBHEHU ¢ M30paHaTa KOHTPOJIHA rpyma mojenu. M3cneaBanero

MNpEACTAaBCHO B IUCCPTAIUOHHUA TPYd NOTBbPIKIaBa XUIIOTE3aTa.

Xumnore3za 3: M3uuciasaBaHeTo Ha OCHOBHHTE (praTaJ'IHH HU3MCPUTCEIINA 110 OTHOILICHUC

Ha U3CJICABAHUTC aKTHBU IMOKAa3BaT pE3YJITaTU, KOUTO Ca OeJjier Ha:

L BePOﬂTHOCTTa 3a I'OJIEMHU IBHXXCHHA B CTOMHOCTTA Ha aKTHBUTE Ca MHOTO ITO-BHUCOKH
OT TE3WU MPCACKA3BaHa aKO CC MU3IOJI3BAT CTAHAAPTHHUTC (bI/IHaHCOBO-CTaTI/ICTI/I‘IeCKI/I

WHCTPYMEHTH 32 aHAJIN3;

e PuCKBT HU3MCPCH UYpPE3 q)paKTaJ'IHOTO HU3MCPCHUC € CBIIOCTABUM C TO3HU HU3YUCIICH

MIOCPEJICTBOM BOJIATUIIHOCTTA (CTAaHAAPTHOTO OTKIIOHEHUE) U

e EKcmoHeHTaTa Ha X’prT MOoKa3Ba 3aBUIICHA CTCICH Ha KOHCTPYHPAHCTO Ha
MPOCICKTUBCH MOACII C BUCOKA ITPOrHOCTHYHA CHJIA, ITOPAAH 3aHUKCHATA CTOXACTUKA

B JaHHHUTE U 000COOEH TPEHI.
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XumnoTres3ara ce IOTBBPKAABa U MOXE Ja CC KaXXE, Y€ MCTPUKUTE IIPOU3THYAIN OT
(bpaKTaJ'IHI/IH dHaJIM3 JaBaT AOOIIbJiBallla IICPCIICKTHBA KbM AHAIIM3UPAHCTO HA PHCKOBATa

CTPYKTypa Ha (MHAHCOBUTE aKTHUBHU.

Xunore3a 4: M3xoxmailku oT pe3yiTaTuTe MOTBBPKIABAIIM MPEUMYIIECTBATa Ha
¢dbpakTalHUTE MOJENM IPH AaHAJTU3UPAHETO Ha JUHAMHUKaTa Ha (PUHAHCOBUTE AaKTHBH,
BKJIFOYMTEHO YCIEIIHOTO BB3MPOU3BEXKIAHE HA CHUMYJIUMPAHU JaHHU, KOUTO HE Ce
pa3nuyaBaT OT peajiHo HaOJIr0JaBaHUTE, € pa3yMHO Ja ce JOIMyCHE, Ye MHTETPUPAHETO Ha
(bpakTaHAS aHAJIM3 B TPOIECUTE HA OICHSABAaHE HA AaKIUATE HA KOMIAHUHUTE U
[IeH0OOpa3yBaHe Ha OMNIUHU, OW JOBEJIO 10 MOAOOpsSBaHE W ONTHMHU3HMpAHE HA KpaiHaTa
ctoiiHocT. CTHra ce 10 W3BOJA, Y€ MPUIIOKEHHETO Ha (PpakTamHUs MOAXOA B TE3U JBE
o0acTy Ha OIEHSABAHETO (HAa aKIMUTE HAa KOMITAHWUU W OIIIMH) Ha TEOpHs OM CIIOCOOCTBAIIO
Jla c€ ONTUMHU3HPA Tpolieca Ha OLIEHKATa, HO ChIIEBPEMEHHO BH3HUKBAIUTE AOMBIHUTEITHU

YCJIOXHCHUA, OCTABAT 3aJda4H 3a 6I>,ZLCIJ_II/I HU3CJICABaHNA.

CJ'Ie,I[OBaTeJ'IHO, pa60THaTa XHIIOTEC3a HC MOXKEC J1a 6’5,[[6 IMOTBBPACHA HAITBJIHO, IIOPAAn
JidricaTa Ha KaTCropu4yHU CMIIMPUYHH PC3YJITATH CPaBHABAIIHN IIPOLECCUTC HA OLCHKA IIPU

M3II0JI3BAHETO Ha (1)paKTaJ'IHI/I$I aHaJIN3 U KJIaCUYCCKUTEC IMOAXO0AU U METOJH Ha OLICHABAHC.

5. IIprHOCH HA TUCEPTALIMOHHUS TPY/

B pe3yiiTaT HAa MPOBECACHUTC B PAMKUTC HA AUCCPTANUOHHUA TPYHA H3CJICABAHUSA, HAYUHUTC

MIPUHOCHU Ha JUcepTalusaTa Moxe 1a 0b1aT 0000IeHH, KaKTO CJe/Ba:

e [lpu gomyckaHusiTa CBBp3aHM C aHAJIM3UPAHETO Ha (PUHAHCOBUTE TNa3apu U
MKOHOMMYECKU SIBJICHHSI B CpeJla Ha HECUTYPHOCT IO OTHOUIEHHE Ha KaueCTBOTO U
JOCTOBEPHOCTTA Ha Pa3NojaraéMHUTE JAaHHU, BKJIIOUUTEITHO HEBB3MOXKHOCTTA Jla CE
MOJIyYH CTPYKTYpPHO pa3dupane 3a (pyHKIIMOHAIHATA 3aBUCUMOCT Ha B3aUMOBPB3KUTE
MEXJIy HMKOHOMMYECKHTE areHTH, aBTOPHT CTUTa JO HU3BOJAa, 4e o0xBara Ha
(GyHIaMEHTaJHUsl aHAIU3 € JIMMUTUPAaH IO OIpEeAEIeHHE M CJIEJOBATEIHO Ce
BB3NpUEMa Te3aTa, Y€ PEKOHCTPYHPAHETO Ha CTATHCTUYECKUTE XapaKTEePUCTUKU Ha
TeHEepUpALLKs LIeHaTa MPOLEC TOCPEACTBOM U3I0JI3BAHETO HA BEPOSTHOCTHU MTPOLIECU

npeacTaBisiBa no-npa3non0n06eH M Ka4CCTBCH IIOAXO/ 3a aHaJIn3.

e Jlokaspa ce, ye (pakTaJIHUTE CTOXACTHUHHU IMpoLecHu OOSCHABAT B MHOTO MO-BHCOKa

CTCIICH CTATUCTUYCCKUTC CMIIMPUYIHU XAPAKTCPUCTUKH HA MMOYTHU BCHUYKU (I)I/IHaHCOBI/I
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aKTHBH, 00EKT Ha aHaJIU3 B H3CJICABAHCTO, CPAaBHCHHU C BOJCIIA KOHTPOJIHA I'pyla oT

HUKOHOMECTPUYHHN MOJCIIN.

Jloka3Ba ce, 4ye u30paHusIT MyATH(GPAKTAIEH MOJEI MPaBU MIPOTHO3HM Ha CTPYKTypaTa
Ha BapualMATa Ha 4acT OT M3CJICIBAHUTE aKTUBU B KpaTkocpodeH miaH (oT 5 go 40
JHU), KOUTO HE C€ pa3IhyaBaT CTAaTHCTUYECKH OT (HAKTUUYECKH peaTM3UpPAHUTE

CTOUHOCTH.

3akirodaBa ce, 4e OCHOBHUTE (PpaKkTaIHU METPUKH MPOU3XOXKIAIIU OT (PpakTamiHus
aHaJIM3 MOraTr Ja ClyXaT 3a JOMNbJIBAll MHCTPYMEHTAPUYM KbM TpPaJAUIIMOHHHUTE
KOJIMYeCTBEHU (PMHAHCOBU H3MEPHUTENH, C MOMOIITa Ha KOUTO Ja ce MpaBsT IOo-
nHGOPMHUpAHH W TIPaBAWBUA HM3BOJIM 3a pPHCKOBaTa CTPYKTypa W JOUHAMHKA Ha

(UHAHCOBUTE TPOMECHIIUBH.

IIpencras ce Bb3MOXKHOCTTA OT MPUIIOKEHUETO HA (PpaKTAIHUs aHAJIU3 B 00JIaCTH Ha
¢uHaHCOBaTa Hayka, KOWTO OHMXa JOBETH 10 MOJOOpPEHHWE W ONTUMHU3UpPaHE Ha
IIPOLIECUTE CBBP3aHM C OLCHABAHETO Ha AaKTUBH, YIPABIECHUETO Ha PUCKA,
aJloKalMsATa M KOHCTPYKIMSTa Ha ONTHMAJIHU HWHBECTUIMOHHM MOpTQeiny,
0aHKOBOTO [I€JI0 U APYrd obiacTu. B uwacTHOCT, ca mpeicTaBeHU BB3MOXKHOCTH 32
UMIUIEMEHTalUs Ha (pakTaaHUs aHaJIu3 B 00JIacTTa HA OLICHSIBAHETO Ha aKIMUTE Ha
KOMIIAaHUHU Ype3 MU3IOJI3BAHETO HA MOJENa Ha JUCKOHTUPAHM MAapUYHU IOTOLHU H

1IeHO00pa3yBaHeTo Ha (PMHAHCOBH OIIIUH.

6. Cnuchbk HA NY0JTUKANMUTE HA JOKTOPAHTA

Panrenos, II. 2024. “MapkoBCKH TNPEBKIIOYBAN] MYyJITHU(PpPAKTAICH MOJEN:
CumynupaHe Ha puckoBus npodun Ha Obirapuckus purancoB mazap”’. COOpHUK ¢
JIOKJIaJIi OT OCEMHaJieceTa MEeK/IyHapoIHa HaydHa KOH(epeHIUs Ha MJIaJIuTe YUeHH
Ha Tema "MkoHomukara Ha bearapus u EBponeiickus cbro3: mHbmanus, GucKaiHa

KOHCOJIMJAIMS U YCTOWYMBO pazButue', ctp. 248-261
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CTOMHOCTTa HAa aKUMWUTE Ha KamnuTamoBuTe mnazapu. Ha mpumepa Ha pa3BuTHTE
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1. Overall summary of the dissertation

1.1. Relevance of the research topic

One of the main circumstances that a certain economic agent faces in relation to their
investment decisions is the determination of their risk profile. All quantitative measures of
risk in finance aim to unify and encapsulate a set of behavioral patterns that are different in
nature, structure and origin, which are the actions of economic subjects. Therefore, the
mathematical and statistical description of financial markets is an epidermal manifestation of
much more complex interrelationships of human behavior in relation to making investment

decisions.

The conventional wisdom in finance regarding measuring the risk of a particular
variable or object of investor interest is deep-rooted economic thought and the notion that the
historical volatility of a given variable is a good measure of uncertainty and risk. Practice and
empirical research show serious flaws in this thesis. For more than a century, economists
have been trying to analyze risk, explain and measure it, and ultimately exploit it for profit.
The approach adopted in this dissertation is to consider and perceive market values as
unpredictable and uncontrollable — therefore the best way to predict them is by determining a
given probability of the realization of a given value. The use of the probabilistic approach
does not necessarily mean that chance completely guides socio-economic phenomena, but the
author of the study adopts the thesis that it is the best tool for analyzing and forecasting the

behavior of financial-economic phenomena.

Moreover, complex dynamic systems such as developed financial markets are
affected by multiple factors. Therefore, when a phenomenon is generated and is the
consequence of an innumerable set of causes, the application of fundamental analysis can
only explain general trends and basic regularities, which in some cases may even be useless
because under certain circumstances local turbulence can create a series of self-reinforcing
cascade of unpredictable events leading to non-linear manifestations and asymmetric effects

of the economic phenomenon studied by the observer.

According to the author, the relevance of the dissertation resulting from the study of
the influence of the probabilistic approach on the explanation of financial and economic
processes is due to the following more important factors:



The world we live in is unpredictable, even more so — unpredictability is woven into
our everyday life. The lack of complete knowledge regarding the processes and
interdependencies that drive socio-economic systems in many cases limits us to derive
and make an absolute prediction (and even in many cases a good enough
approximation) of a given phenomenon we are studying. Since it is objectively
impossible to extract all the necessary information about a given system and therefore
make a conclusion and prediction about its behavior, the assumption that complex
systems behave as unpredictable and their dynamics can be described in terms of
some random process is the most the good we can do in order to build forecast and

decision-making framework.

The probabilistic approach treats the interrelationship of multiple factors influencing a
given outcome variable as a process partially generated by chance. Randomness is a
difficult concept to grasp that clashes with observable facts and intuitive
understandings. In the socio-economic sphere, and in particular, in finance, it collides
with the concept of causality, economic rationality, even with free will. It is easy to
see that a random process can create its own structured regularities, but it is difficult
to prove that such regularities can represent a stable projection of human behavior in

relation to a given economic stimulus or phenomenon.

Classes of probabilistic processes arising from fractal geometry are one of the most
promising and flexible tools for analysis and modeling financial markets, which
increase their potential with an increasing development trend in recent decades. Their
suitability and potential in some areas of finance, such as asset valuation and
derivatives, as well as risk management and the theory and practice of investment
portfolio management, have not yet been sufficiently explored in the scientific
literature and practice.

The present dissertation proceeds from the aforementioned conceptual narratives, as a

result of which the thesis is adopted that the concept of a model will not refer to its usual
meaning of the mathematical representation of economic interdependencies. Instead, it will
be understood as a statistical algorithm designed to accomplish coverage of a large number of
empirical observable facts by logically deducing them from the smallest possible number of
hypotheses and axioms. The fundamental mechanism of the models themselves is
conditioned by the generation of a large number of artificial parallel lines of causation with

which to reproduce long chains of possible consequences. Thus, the ideal model for
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explaining price changes is one that “produces artificially simulated ones that are difficult to

distinguish from the actual observed ones” (Mandelbrot, 1997).

The main area in the scope of the study is related to the presentation of the
fundamental principles of fractal geometry and their application in finance in two main

directions.
e Description of the dynamics related to the change in the price level over time.

e Application of fractal analysis in the field of evaluation of investment projects

and companies, as well as the pricing of financial options.

Applying an alternative approach to the valuation of various assets can lead to
significantly more relevant valuations and making informed investment decisions. In all
developing financial markets, the variety of financial and real assets inevitably grows, and
with it the explanation of their behavior acquires new dimensions. The present study aims to
put emphasis on the approaches and some of the models for describing and forecasting the
behavior of prices and their returns of the various assets in a wider framework, namely in the

field of valuation.

1.2. Object and subject of research

The object of the dissertation is fractal analysis and its applications in the areas 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 subject of the dissertation is fractal models used in finance.

The main topic area of the dissertation is fractal analysis and its application in the field of
modeling the price change of assets over time and its subsequent application in the field of
option and company valuation. In this regard, the scope of the research is interdisciplinary,
including both areas of corporate finance, including pricing of derivatives, capital markets,
approaches to valuation of companies and their shares, as well as specific directions in the
field of statistics and financial econometrics, including econometric modeling of time series,
methods for estimating parameters of econometric models, residual component diagnostics,

simulation methods and forecasting.



1.3. Research thesis and hypotheses

The research thesis of the study is not the product of the definition of a single statement
subject to theoretical and empirical proof or analysis with the aim of synthesizing certain
qualitative and quantitative indicators that possess, rather is a set of cascading phenomena,
each of which is subject to a separate examination by means of methods with different
degrees of evidential strength, depending on the relative importance of the phenomenon and
its place in the logical sequence of the study. In essence and in a generalized form, the
research thesis states that through the use of the fractal analysis toolkit financial and
economic processes can be studied in greater integrity and efficiency, and in particular in the
present study this type of analysis is applied in analyzing the price behavior of different types

of financial assets, as well as in the area of their valuation.

In this regard, the following working hypotheses are defined and should be verified:

Hypothesis 1: Analyzing asset price movements through the reconstruction of the
statistical characteristics of the generating price process, through fractal analysis, represents a

more reasonable and plausible method of analysis and decision-making.

Hypothesis 2: The selected working fractal model explains the dynamics in asset
returns to a greater extent than selected leading econometric benchmarks from a predefined

sample group.

Hypothesis 3: Quantitative metrics resulting from fractal analysis present the risk
structure of financial assets more broadly and in greater completeness, as they complement

classical quantitative indicators.

Hypothesis 4: Fractal analysis is able to improve and optimize the process of
evaluating investment projects, entire companies and some classes of derivatives, in

particular financial options.

1.4. Goal and objectives

The main goal of the dissertation is to investigate the possibilities of using the fractal
geometry toolkit in the field of analyzing the price dynamics of financial assets by deriving
more plausible and intuitive risk metrics, as well as its application in the field of financial

asset valuation.



More specifically, to prove and achieve the main goal, it could be broken down into

the following research tasks:

1.

2.

Study of the empirical characteristics of financial assets.

Extended study of the developed financial models and available tools addressing the
problems related to the description and explanation of the observed statistical
characteristics and anomalies appearing on the dynamics of the price of financial and

commodity assets.

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.

Definition of the main fractal process presented in the research - accessibility to
databases, economic logic, econometric construction of the model, methods for
finding the parameters of the model, statistical verification for adequacy, calibration,

criterion for prognostic efficiency.
Literature review and selection of appropriate sample group econometric models.

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

Brief literature review of approaches and models for valuation of companies and their

shares.

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

1.5. Scope and sources

The scope of the study can be divided into temporal and spatial. Spatial coverage is

unlimited, but data from the USA and Europe will be primarily used. More specifically, for

the purposes of the empirical part, data on six assets were used — the price of Brent crude oil,
the price of EXXON MOBILE shares, the Bulgarian main stock market index SOFIX, the
price of BITCOIN denominated in dollars, the exchange rate of the Euro-Dollar and the value
of the Standard and Poors 500 stock index.

The time frame in terms of collecting and loading the data into the models is

practically limited only by the possibility of easily and without loss of time and costs, finding



publicly available databases. In particular, time series of different lengths ranging from 1962
to mid-2023 were used. Two samples will be determined for each of the time series. One, in-
sample time series will serve to load and evaluate the parameters of the model, and the other,
out-of-sample time series will serve for a comparative analysis between the predicted values
and actual realizations. A summary of the assets studied, the sampling distribution and the

length of the time series is as follows:

Figure 2. Summary of data used, length of time series and sampling distribution.
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The databases used for the purposes of the statistical and econometric analysis were

obtained from public sources and more specifically from:

e Yahoo Finance — database of current and historical information on public companies,

indices and other financial assets.

e Federal Reserve Economic Data (FRED) — a database system maintained and

administered by the Bank of St. Louis, part of the Federal Reserve System of Banks.

e Investor.BG — an online source supporting a database of the value of Bulgarian stock

market indices.

1.6. Methodology

The methodology used in the research is individually determined depending on the

hypotheses to be analyzed, proven or rejected.



The methodology used is related to the defined first hypothesis of the current

dissertation, investigating the advantages of using probabilistic processes (in particular,

fractal ones) from the point of view of analyzing the price movements of assets by means

of the reconstruction of the statistical characteristics of the generating price process,

compared to classical fundamental analysis, is as follows:

Study of the specialized literary sources, mainly connected in two directions: the

field of fractal analysis and fractal and multifractal models used in finance.

Hypothetical method, in terms of setting certain assumptions and frameworks,
mainly theoretical, having a role in building the logical and conceptual basis on which

the entire dissertation will be built.

Historical and logical methods, in connection with the historical review of the
theoretical foundations laid over time by the most significant names in science related
not only to socio-economic theory, science and practice, but also to researchers in the
natural and natural sciences, whose ideas are widely used in one direction or another
in the current development. The logic of interrelationships will be based on the strict

application of the scientific approach.

Theoretical-methodological analysis, used in order to establish solid theoretical
foundations, based on logical causality, on the basis of which to subsequently build
and justify realistic assumptions and empirical testing of the studied phenomena in

relation to the previously set goals.

The methodology used related to the experimental study regarding the second

and third hypotheses investigating (1) the dynamics of price fluctuations modeled by

means of the multifractal model compared with a selected sample group of leading

econometric models and (2) the quantitative metrics for risk analysis of the financial

markets resulting from the fractal analysis, is as follows:

Statistical analysis related to the predefined statistical databases of the selected
assets. A series of statistical analyzes were applied to the selected time series, namely:
tests for normality of the distribution of returns, including Jarque-Bera and Cramer

von Mises tests, serial autocorrelation and long-term persistence tests including the



Ljung-Box test, the Box-Pierce test and analysis of rescaling (and the associated Hurst

exponent), heteroscedasticity tests of the stochastic component including the Engle

test for the presence of ARCH effects, as well as tests for stationarity and the presence

of a unit root including the Augmented Dickey-Fuller test and the KPSS test.

Econometric modeling and diagnostics, in relation to:

The construction of the main multifractal stochastic model subject to analysis -

the continuous binomial version of a Markov-switching multifractal model.

Selection and presentation of the sample group comparative econometric models
from the family of Autoregressive conditional heteroskedasticity.

Selection of an appropriate technique for estimating model parameters against
in-sample data. The parameters of the multifractal model, as well as of the

control group of models, were estimated using the maximum likelihood method.

The author of the dissertation constructed the multifractal model, the
econometric models of the sample group, as well as the evaluation of their

parameters by means of the Python programming language.

Comparative analysis, used mainly in terms of reviewing competing stochastic

models that provide a probability law versus defining different assumptions, as well

as comparing and selecting the most appropriate technique to solve the given problem

including:

The definition of Vuong's test aiming to determine by means of statistical

hypothesis testing the best multifractal model among many competing ones.

The presentation of the selected diagnostic criteria against which a choice was
made between the models with the highest explanatory power in terms of fit to
the observed data, including the construction of a likelihood function and two of
the most commonly used information criteria — Akaike's information criterion

and Schwartz information criterion.

Selection of appropriate loss functions (loss function), as well as performing a
Mincer-Zarnowitz regression analysis aimed at comparing the forecasting power
of the models. The results of the above analyzes were performed using the
Python programming language.



- Simulation-visual construction of artificially generated financial data and
comparative analysis against the actual observed data. The simulations were

carried out using the Python programming language.

- Derivation of the main quantitative measures resulting from the fractal analysis,
including alpha coefficient, Hurst exponent and fractal dimension. Accordingly,

the listed metrics were generated using the MATLAB 2016a software product

The used methodology related to the fourth hypothesis of the research related to
the use of fractal analysis in the field of optimization of the process of evaluation of

investment projects, entire companies and financial options.

e A literature review dedicated to the study of the available tools for evaluating
companies and their shares, as well as the development of the economic and
mathematical process related to the issue of pricing financial options.

e Inductive and deductive analysis, inseparably used as a means of theoretically
proving the logical consistency of a certain statement in order to derive a conclusion

(outcome).

e Critical analysis, mainly regarding the theoretical and practical statements and

assumptions in the field of option valuation.

1.7. Structure of the dissertation

The dissertation is divided into an introductory part, three chapters and a conclusion, and

the detailed structure is as follows:

e Chapter | begins with a historical and literary review of the basic statistical
characteristics observed in the various markets and financial instruments. The main
significant and constant occurring phenomena are derived and defined, as a prelude to
an introduction to fractal and multifractal analysis. The next component of the first
chapter presents the principles for explaining economic phenomena based on
quantitative analysis represented by the general theory of complex dynamic systems,
as well as by deterministic and probabilistic models for financial analysis. In this

regard, a retrospective review of the leading approaches for probabilistic modeling of



the price processes of financial and real assets has been made. This is followed by an
introduction to fractal geometry, as well as a historical and literature review of fractal
models used in finance. Chapter one concludes with a brief literature review and
suitability of approaches and models for the valuation of companies and financial
options in view of the possible application of fractal models in these two important

areas of financial science and practice.

Chapter Il is aimed at the empirical verification of the main hypothesis of the
dissertation work through the creation of a methodology for comparative analysis
between leading econometric models and the basic fractal model. The chosen fractal
model object of study is a specification of the continuous binomial version of a
Markov-switching multifractal model. The construction of a model, its advantages
and disadvantages, as well as the approaches for estimating its parameters are
presented in detail. In addition, in order to assess its explanatory power, a simulation
methodology was constructed to generate artificially created data, in order to verify
the stability of the model parameters depending on the size of the data samples with
which it was loaded. The control group of models consists of seven econometric
models from the family of autoregression models with conditional heteroscedasticity
of variation (ARCH-class). Next, quantitative criteria and statistical tests were
selected for comparative analysis and selection of the best model in terms of its

explanatory power, degree of convergence to real data and predictive power.

Chapter 111 is devoted to a methodical exposition of the data used for the purposes of
the study, visual-statistical analysis, presenting the main results of the study. For
modeling purposes, six asset classes with different time series lengths are selected for
comprehensiveness. The data of the selected assets are subject to a thorough and
detailed preliminary statistical-diagnostic analysis, including the main applicable
fractal metrics. The total time series of the various assets are divided into two samples
— the first, a training sample, used to load the models and evaluate their parameters
and explanatory power, and the second, a prediction sample, used to quantitatively
measure the predictive power of the competing models. The third chapter concludes
with a summary of the research results for the data from the training and prediction
samples. For the training sample, the estimation of the parameters of the fractal model
and the models from the control group are presented, based on the diagnostic criteria,

the best specification of the multifractal model is selected and a comparative analysis
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is made between the control group of models and the fractal one. For the estimated
sample, the results and their adequacy from the predicted values generated by the
multifractal model are presented. In conclusion, a comparative analysis was made
between the simulated data from the multifractal model and the actually observed

empirical values of the financial assets.

e Conclusion — the results obtained are summarized in the conclusion of the

dissertation.

e At the end of the dissertation, the list of the sources used are presented.

2. Table of contents

The dissertation has the following content.

LIST OF ABBREVIATIONS
LIST OF FIGURES

LIST OF SCHEDULES
LIST OF TABLES

INTRODUCTION
1. Relevance of the research topic
2. Object and subject of research
3. Research thesis and hypotheses
4. Goal and objectives

5. Scope and sources

()]

. Methodology
7. Structure of the dissertation
8. Unaffected areas and tasks for future research

9. Definitions

CHAPTER I. INTRODUCTION TO FRACTAL ANALYSIS

1. Empirical characteristics of financial data

11



1.1. Presence of fat tails in the probability distribution of returns
1.2. Concentration of volatility in clusters
1.3. Autocorrelation and long persistence
1.4. Leverage and non-stationarity
2. Anatomy of dynamical systems
3. Deterministic and probabilistic models in finance
3.1. Geometric Brownian motion
3.2. Mean-reverting processes
3.3. Stochastic volatility models
3.4. Autoregressive Conditional Heteroskedasticity models (ARCH)
3.5. Jump-diffusion processes
3.6. Regime-switching models
4. Fractal models in finance
4.1. Levy processes
4.2. Fractional Brownian motion
4.3. A multifractal model of asset returns
4.4. One-dimensional Markov-switching multifractal model
4.5. Two-dimensional and n-dimensional Markov-switching multifractal model
4.6. Vector error correction Markov-switching multifractal model
5. Integrating fractal analysis into the optimization of financial asset valuation
5.1. Overview of approaches and models for valuing companies and their stocks

5.2. Application of fractal processes in the process of valuation of enterprises through
the models of the family of Discounted cash flows

5.2.1. Operating value of the company's assets
5.2.2. Building structure of free cash flows
5.2.3. Application of fractal models in the evaluation process

5.3. Value of an option assuming a multifractal process driving the dynamics of the
underlying asset

CHAPTER Il. MODELING AND FORECASTING VOLATILITY OF FINANCIAL
ASSETS USING MULTIFRACTAL ANALYSIS

1. Concept of modeling returns and volatility

12



2. Binomial Markov-switching multifractal model
2.1. Model construction
2.2. Distribution of the multiplicative component
2.3. Methods for estimating model parameters
2.3.1. Maximum likelihood estimator
2.3.2. Simulating maximum likelihood estimator
2.3.3. Generalized method of moments
2.4. Small-sample properties
3. Sample-group models
3.1. Generalized Autoregressive Conditional Heteroskedasticity (GARCH)

3.2. Exponential Generalized Autoregressive Conditional Heteroskedasticity
(EGARCH)

3.3.  Glosten-Jagannathan-Runkle  Generalized = Autoregressive  Conditional
Heteroskedasticity (GJR-GARCH)

3.4. Threshold Generalized Autoregressive Conditional Heteroskedasticity (TARCH)
3.5. Asymmetric Power Autoregressive Conditional Heteroskedasticity (APARCH)

3.6.  Fractionally  Integrated  Generalized  Autoregressive  Conditional
Heteroskedasticity (FIGARCH)

3.7. Estimation of model parameters
4. Diagnostic criteria
4.1. Fitting the in-sample data to the models
4.1.1. Likelihood function and information criteria
4.1.2. Vuong's test for choosing an exact specification of the multifractal model
4.2. Quantification of forecast error for out-of-sample data
4.2.1. Loss functions

4.2.2. Mincer-Zarnowitz regression

CHAPTER I1l. MAIN RESULTS AND SCIENTIFIC ACHIEVEMENTS
1. Data used and preliminary statistical analysis

1.1. Normality of the probability distribution: Jarque-Bera and Cramer von Mises
tests

1.2. Autocorrelation: Ljung—Box, Box-Pierce tests and Hurst coefficient estimation

13



1.3. Heteroscedasticity: Engle's test for ARCH effects

1.4. Stationarity and presence of unit root: Augmented Dickey-Fuller test and KPSS
criterion

1.5. Quantitative fractal analysis
2. Research results for the in-sample data
2.1. Parameter estimation for the control group models
2.2. Parameter estimation of the Markov-switching multifractal model
2.3. Choosing the best multifractal model

2.4. Comparative analysis between the sample-group models and the multifractal
model

3. Research results for out-of-sample data

3.1. Evaluating the predictive power of the fractal model — Mincer-Zarnowiz
regression

3.2. Simulation of returns from multifractal models

CONCLUSION
BIBLIOGRAPHY

3. Synthesized exposision of the dissertation

3.1. Introduction

The introduction of the dissertation acquaints the reader with the main concepts underlying
the research: relevance of the research, its object and subject, the research thesis and working
hypotheses, the goal and the tasks that the author seeks to achieve, the scope of the research
and the data used, as well as the structure of the dissertation.

3.2. Chapter one — Introduction to fractal analysis

The first chapter of the dissertation presents an introductory theoretical justification and
review of the literature related to the emergence of fractal geometry and its historical
evolution related to the application in finance. The need to introduce fractal analysis as an

analytical tool in finance stems from the inability of traditional financial and econometric
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models to describe with the necessary degree of precision the main empirically observed
statistical phenomena occurring in financial markets. For this reason, the first chapter begins
precisely with a literature review of the most common statistical characteristics determining

the variation of financial and commodity assets.

The clash between descriptive and forecasting analysis approaches is an inevitable
consequence of the pre-assumptions that researchers must make in the course of analysis. The
availability of sufficient and quality information is also an element of the process for
choosing which approach to adopt. Considering the above reasons, two major approaches to
analysis can be distinguished in general terms. One based on the construction of formal
interrelationships and causal chains, which are most often done retrospectively. Such an
approach is known as fundamental or deterministic. The second approach is related to the
introduction into the analysis process of a certain degree of uncertainty and probability,
which has a different type of structure adapted to the historical dynamics of the studied

phenomenon. This is the so-called probabilistic or stochastic approach.

Bearing in mind that fractal analysis and fractal models fall within the scope of the
second approach — the probabilistic one, the author of the dissertation maintains the thesis
that this approach is the most appropriate when analyzing the price dynamics of financial
markets and all resulting applications in modern finance — the management of investment
portfolios by investors, asset valuation, risk management, numerous applications in banking,

etc.

For these reasons, the main probabilistic processes developed in finance are

presented, as well as an overview of the main properties of dynamical systems.

The first chapter ends with a presentation of the possibilities for the application of
fractal analysis in the field of optimization and improvement of the valuation of financial
assets. According to the author of the study, the immediate applicability of fractal analysis in
the field of valuation is still an underexplored territory in the field of finance, and for this
reason, enriching the toolkit in the valuation process would lead to much more plausible and

theoretically grounded valuations.

Two potential applications of fractal analysis in the field of valuation are presented -
in the field of (1) traditional business valuation of enterprise shares through discounted cash
flow models and (2) in the field of financial option valuation. The goal is to achieve and

present the main points and problematic issues in the evaluation process, respectively the
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presentation of the possibilities of applying fractal analysis to improve some of the
controversial issues and overcome some of the assumptions that are inevitably made in the

pricing process of some financial assets.

Empirical characteristics of financial data

The importance of analyzing and reviewing the empirical statistical characteristics of
financial assets is determined by the author's position that in the analysis it is necessary to
choose such an analytical approach or methodology that manages to explain the largest

possible set of observed empirical characteristics of the studied phenomenon or object.

Despite the efforts of researchers and practitioners in their quest to mathematically
construct a quantitative model that describes the reality as accurately as possible, until now
all have succeeded at best in synthesizing the studied economic processes and dependencies
in a basic order. However, the behavior of financial markets is characterized by a certain set
of recurring regularities, the origin of which in practice cannot be proven through the
construction of stable chains of causes and their resulting consequences. Therefore, the
pursuit of causality reconstructing a certain phenomenon is a task of increased difficulty,

bearing in mind that in the majority of cases analysts have limited access to information.

Statistical studies conducted in the field of finance regarding the behavior of prices
and asset returns show unequivocal patterns occurring in different markets, geographical
regions and types of traded assets. The main empirically observable statistical characteristics
typical of most traded assets can be summarized, synthesized and presented as follows in the

following table:

Table 4. Basic statistical characteristics of exchange-traded assets

Statistical characteristic Description

Extreme values causing a distortion in the
frequency distribution of prices and their
returns leading to a discrepancy in the
determination of the theoretical probability
of their occurrence.

Fat tails in the probability distribution of
prices and their returns

Convergance to a Gaussian distribution For large samples of time series data,
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as time scale increases increasing the scale of measuring variation
between two time periods leads to
convergance to a normal probability
distribution compared to shorter time
intervals of measuring volatility.

The mathematical interpretation of this is
that the frequency of negative spikes is

Negative asymmetry of the third lower compared to the frequency of positive

statistical moment increases, but their relative magnitude is
much greater compared to that of a positive
trend.

The turbulent behavior of prices and their
variation over time is manifested in cluster
Volatility clustering segments, which are not equally and evenly
distributed within the studied time series
population.

It is related to the negative correlation of the
Leverage effect volatility of the asset and the movement in
its price.

The pricing of traded assets by definition
cannot be a continuous process over time. It
Discontinuous price behavior is for this reason that modeling should take
into account the spike behavior in prices due
to their discrete nature.

Time-varying volatility is typical for almost
all measurements made on different asset
classes, regardless of the time scale of the
measurement.

Non-stationary volatility

Deterministic and probabilistic models in finance

The explanation and prediction of the behavior of a certain phenomenon in the economy is
always associated with a certain amount of uncertainty arising from many and various
sources. It is the modeling of the uncertainty affecting the behavior of the phenomena that
gives the same probabilistic characteristics. The concept of probability is very often difficult
to grasp. Usually, in science, it is associated with the frequency of occurrence of a given

phenomenon in the past, which means that the past regularity of the observed phenomenon is
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allowed to be preserved in the future. This approach to measuring probability is known as the
frequency or objective approach Carroll (2019). There is also a subjective approach that
arises due to the fact that not all events have a high repeatability and therefore a frequency
regularity cannot be derived. Subjective probability is part of the theory of Bayesian
statistics. The Bayesian method will be actively applied in the field of forecasting the

volatility of the underlying fractal pattern that will be used for analysis purposes.

Determinism originates from the concept of causality, which in its profound essence
can be traced back to the classical philosophical works of Hume (2016), Hume (1738),
Popper (1950) and Laplace (1902). In finance, classical deterministic or causal models are
initially aimed at analyzing certain past events and assume that established relationships

(including their strength) and patterns will persist in the future.

The opposite of deterministic models in finance are random or stochastic models and
processes. Such an approach to analyzing the behavior of a given variable is due to several
reasons: First, bearing in mind the quite realistic assumption that to begin with many of the
analyzes are done in an environment of significantly missing or severely aggregated
information, detailing and obtaining relatively reliable measurements of the stability of the
dynamics of certain variables can be reasonably questioned. Second, there is an increasing
interaction and complexity of the relationships between the units and the whole. One of the
basic concepts in complex systems theory states that the behavior of the whole cannot be
predicted from the behavior of its constituent parts (and vice versa). Taleb (2018) argues that
interrelationships have a major role and are of greater importance than the basic
characteristics of the constituent parts. Based on this logical sequence, it follows that the
price of the asset is affected by a huge number of factors, many of which are latent. A purely
deterministic approach to analysis and forecasting is therefore too generalizing, especially

when non-linear relationships are present.

One of the most difficult and challenging areas in the modeling of stochastic systems
is the calibration and description of the turbulence of the random component. Moreover, it
can have a variable structure and be time dependent.

Initially, the mathematical modeling of the behavior of prices, respectively the return
from investments in financial and real assets, is carried out on the basis of the assumption that
the past values of the studied asset do not affect its current or future value. Such an

assumption is built on the basis of a theoretical framework known in classical finance, such
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as theory of efficient markets Fama (1970), which states that in financial markets all available
information is reflected in the price of assets in a very short time (practically instantaneous)
and therefore the past has no bearing in predicting the future price of the relevant asset. The
mathematical description of the economic concept of efficient markets corresponds to the
models from the family of the so-called Markov processes or Markov chains, which basically
say that today's price of the asset depends only on yesterday's price, tomorrow's on today's
price, etc. In the literature, there are also alternative theoretical constructions aimed at
describing the fundamental driving forces shaping asset prices and the behavior of market
participants. It is worth mentioning the theory of adaptive markets developed and
systematized by Lo (2019), the hypothesis of fractal markets proposed by Peters (1994) and
intertemporal equilibrium models, whose theoretical principles for explaining asset prices are
related to the interrelationship between the investment and consumption decisions of
investors. In other words, the methodology assumes that asset prices are predetermined by the
collective portfolio decisions of investors regarding their future wealth within a period ahead
in the future. Implicitly, the model assumes that economic agents consume all their wealth
within the specified period. Of course, in reality investors make their plans with respect to
their portfolio preferences for more than one period, bearing this in mind, modeling
investment and consumer preferences in the context of multiple time periods needs to be done
in parallel. According to Campbell, Lo, MacKinlay (1997), international equilibrium models
used to model asset prices answer two very important questions: What causes determine the
level of the risk-free interest rate and the level of the additional risk premium that investors
expect from their investments. And the second question is addressed to the analysis and
construction of an equilibrium model guiding the behavior of economic entities in terms of
maximizing the utility of their investments in such a way as to explain non-stationary
movements in returns and risk premiums required by market entities. Details and a summary
of the mathematical postulates and techniques regarding the construction of interporal

equilibrium optimization models can be found in the work of Walde (2012).

A number of other, often unrealistic, assumptions are embedded in classical

guantitative finance, which are summarized in the table below.
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Table 5. Assumptions in the classical financial theory for the behavior of financial markets

Assumptions in classical financial theory | Comment

e For determining the future value of a
given variable, only its current value is

Efficient Markets (Markov Process) relevant. It corresponds to the “weak
theory of efficient markets".

e Lack of arbitrage opportunities.

e The concept of fair game, all information
Martingale is known to all market agents and no one
is disadvantaged.

e Losses are more likely to come from an
Cramer’s rule accumulation of multiple events rather
than a single outlier

Normality and symmetry of the e Absence of extreme value in the data, easy
frequency probability distribution of derivation (and presence) of statistical
prices and their returns moments.

Rational behavior of market e Pursuit of maximum profit.

participants e Maximizing the risk-return ratio.

The main types of approaches for describing trends, regularities and price behavior of
various types of assets can be conditionally divided into two large groups: (1) those that
explain a given process in order to gain an understanding of the sources and interrelationships
determining and driving the price of the asset and (2) forecasting models (inference) in order
to predict the values of the phenomenon at a certain future time. Mandelbrot (2008) argued
that financial asset prices cannot be predicted in any useful and productive way, but risk has a
structure that can be described mathematically. It is for this reason that the second group of
models (the forecasting ones) in most cases do not reproduce a given point estimate of the
price or, respectively, the return, but strive to imitate the real dynamic process characterizing

the certain probability-weighted trajectory of the phenomenon
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In financial econometrics, several approaches and a group of models are known,
which are used to model financial and economic phenomena. They can be summarized as

follows:

e Geometric Brownian motion;

e Jump-diffusion processes;

e Mean-reverting processes;

e Stochastic volatility models;

e Autoregressive Conditional Heteroskedasticity models (ARCH);
e Regime-switching models;

e Models from the family of machine and deep-learning and

e Fractal models.

Fractal models in finance

The fundamental starting point of fractal analysis, considered more generally, relies on the
study of invariant statistical characteristics leading to the construction of time-stable classes
of fractal patterns reproducing a certain aspect of the analyzed data. Invariance allows the
modeling of price variation by means of a one-dimensional data-generating process, which
leads to the possibility of constructing fractal models with a small number of parameters,
which, in combination with the possibility of statistically justified assumptions describing the
exact qualitative specificity of temporal stability, lead to the reproduction of price dynamics,

which is not affected by the measurement frequency.

The application of fractal analysis in the field of finance marks its starting point from
the studies of Mandelbrot (1963 and 1967) related to the behavior of price levels of various
classes of financial and real assets. In the scientific literature, one can find numerous studies
related to the robustness property of the behavior of statistical central moments. The studies
of Mandelbrot et al. (1997), Calvet and Fisher (2002), Bacry, Delour and Muzy (2001). show
that the central moments g of the absolute price changes E(|P(t + At) — P(t)|?) (absolute
price return) scale as a power function of the change in the time horizon. It is the results of
these studies that give rise to the construction of the models from the family of multifractal

diffuse processes.
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Chronologically, the first fractal model was based on the Levi-stable distribution
Mandelbrot (1963), which was aimed at quantitatively modeling the impact of extreme events
on price variation. At a later stage, the fractional Brownian motion was developed by
Mandelbrot and Van Ness (1968), which successfully reproduces the concept of the long-
term autocorrelation dependence manifested in many of the financial data. Following the
studies of Mandelbrot (1972) and Mandelbrot et al. (1997), in which it was presented and
constructed, initially adding an element to the fractional Brownian motion, namely the
subordination relationship of the multifractal measure of the trading time of financial assets,
and later the model was further developed and a modified version appeared on its basis,
namely the Multifractal Asset Return Model. At the end of the 20th and the beginning of the
21st century, the last basic variety of financial models from the family of fractals appeared —
a Markov-switching multifractal model, developed by Calvet and Fisher (2004), as well as its

many varieties.
A summary of the developed fractal models used in finance can be made as follows:
e Levy processes;
e Fractional Brownian motion;

e A multifractal model of asset returns;

e One-dimensional and n-dimensional Markov-switching multifractal model and

e Vector error correction Markov-switching multifractal model

Application of fractal processes in the process of valuation of enterprises through the

models of the family of Discounted cash flows

The application of fractal analysis in the process of enterprise valuation using the Discounted
Cash Flows model can be embedded by simulating the variables generating the main value
carriers. Typically, this is sales revenue, but it is possible to model other variables that make
up the cash flows. The stochastic variable to be modeled using one of the leading fractal

models for analysis purposes is best suited to sales revenue.

The application of fractal models should not be done for its own sake, but on the basis
of a preliminary analysis taking into account the individual specifics of the analyzed

enterprise. For example, the revenue dynamics of enterprises that are in their mature phase of
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development implies that their dynamics will be constant without sudden movements.
Therefore, the application of fractal analysis in such hypotheses is limited, due to the fact that
for such type of companies long-term mean reversion type processes are most suitable for
applications. Modeling of revenue dynamics through fractal analysis is determined by their
dynamic nature. Companies operating in an environment of increased uncertainty are most
suitable precisely because fractal models manage to address the modeling of uncertainty in an
appropriate way. Another challenge for the application of fractal analysis, and more
specifically any of the specifics of fractal models, is the estimation of their parameters and

the acquisition of sufficient analytical and detailed data.

Value of an option assuming a multifractal process driving the dynamics of the

underlying asset

The second important area of application of fractal analysis is related to the construction of a
consistent, logically consistent and maximally comprehensive methodology aimed at
describing and defining the approaches, assumptions and issues related to the concept of
pricing financial options and the possibilities of applying fractal analysis to improve and

optimize some of the assumptions underlying pricing.

One of the most difficult tasks in the practical use of the option valuation approach in
the field of investment management is the basic economic argument on which the valuation is
built. It consists in constructing a "synthetic” portfolio that perfectly mimics the payoff
function of the option. Moreover, the need for dynamic rebalancing, in theory continuous
over time, is a fundamental postulate, the result of which is to eliminate all systemic risk and
guarantee risk-neutral returns. Fulfilling all these conditions is practically impossible. An
additional difficulty is also the definition of a correct and plausible dynamic process of the
underlying asset, other than log-normal, whether the option is of the European or American
type, the presence of additional transaction costs associated with the need for the dynamic
hedging of the replicating portfolio, the availability of quality and reliable information,
market efficiency expressed in the absence of arbitrage opportunities, rational behavior of

market participants and others.

The search for a balance between the complexity and variety of used, both statistical
techniques and abstract financial concepts, and the risk that the entire methodology becomes

a "black box™ that loads and produces finite but incomprehensible results is an important
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condition to which must be approached carefully. Still, the mathematical toolkit is limited in
terms of deriving a unique solution to a differential equation driven by a stochastic process
that is different from traditional Brownian motion. However, it can be shown that for some
classes of fractal models, the asset price process is semimartingale, from which it follows that
a stochastic integration of an option payoff function with respect to the fractal process is
possible, hence the same is possible be implemented in option pricing and evaluation. In
addition, there are certain mathematical techniques presented in the work of Nunno and
Oksendal (2011) by which Fractal Brownian Motion can be integrated over a given function,
but the complexity in terms of intuitive interpretation and practical application of such

techniques remains high.

3.3. Chapter two — Modeling and forecasting volatility of financial assets

using multifractal analysis

The second chapter of the dissertation contains a wide-ranging empirical and econometric
analysis directed and aimed at the verification of the main scientific hypothesis, namely
acceptance or rejection of fractal models, as sufficiently good measures of the dynamics and
uncertainty manifested in the financial markets compared to some of the most frequently
cited and used leading models to describe and forecast price trajectories and their returns. All
models subject to the study are loaded with data of financial and real exchange-traded assets

of different nature and time length.

For the purposes of the analysis, the methodological framework will be built,
according to which the starting points resulting from the objective condition and the need for
component decomposition and mathematical description of abstract concepts and their
reduction to quantifiable orders will be defined in order to apply the scientific empirical
method. At the beginning, a definition of the theoretical components determining the return
of a given asset is made, and next, the necessary assumptions and limiting conditions, which

will remain outside the scope of the dissertation work, are presented.

The particular specification of the fractal model, namely the binomial continuous
version of a Markov-switching multifractal model, is presented in detail. In addition to the
mathematical construction of the model, a review of the literature sources devoted to the
application of the chosen specification of the fractal model in the field of finance was also

made. Next, the comparative models serving as a sample group were selected, against which
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the presentation of the fractal model will be compared. The sample group of models consists
of seven different model specifications from the Autoregressive conditional

heteroskedasticity family.

Construction of the multifractal model

The Markov-switching multifractal model is a combination of concepts that are related to
both fractal analysis and the class of models called regime switching originally constructed
and proposed by Hamilton (1989). Applied empirical studies of the model are mainly focused
on the field of forecasting the volatility of foreign exchange markets, see Calvet and Fisher
(2004), Calvet et al., (2004) and Lux (2008); on capital markets, see: Calvet and Fisher
(2005, 2008), Lux et al., (2011) and Chaung et al. (2013) and the problem of hedging risk in
futures markets Alausa (2014). The switching multifractal Markov model was developed by
Calvet and Fisher (2008) and is a fractal model of the stochastic volatility family, where the
conditional volatility is a multiplicative function of: (1) a finite number of k components
My My, ..., Mz, the "switching” of each of which is guided by hierarchically
heterogeneously decreasing frequencies (probabilities) y;,v2,...,v&; (2) the multiplicative
components are scaled with a positive parameter o2 measuring the unconditional variation of
returns. The full parameterization of the continuous binomial MSM (k) is characterized by a

four-parameter vector Y = (mg, b, yz, o) € R, where:
e m, € (1,2]: determines the magnitude of each volatility component;

e b e (1,0) and y, € (0,1) define the set of migration probabilities of each volatility

component;

e o € [0, 0]: is the mean standard deviation.

Sample group models

In 1982, Engle (1982) constructed a model to study asset volatility, more commonly known
as the autoregressive conditional heteroskedasticity (ARCH) process. Subsequently,
numerous authors and researchers have developed different variants of the aforementioned
model to capture and adjust for certain differences in the statistical characteristics of the data.
The models developed based on Engel's idea are part of a larger family of volatility modeling

approaches, namely stochastic volatility models. They successfully capture and reproduce
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some of the key statistical phenomena of financial data — the cluster effect of volatility,

autocorrelation effects, as well as the leverage effect.

For the purposes of the study, the main used control models were selected, namely -
ARCH, GARCH, EGARCH, GJR-GARCH, TARCH, APARCH and FIGARCH.

Diagnostic criteria

In the final part of the second chapter, the selected quantitative criteria are presented, on the
basis of which the explanatory power of the models was evaluated from the point of view of:
The degree of their convergence to the real data and the Assessment of their prognostic

power.

The first part is dedicated to analyzing the models against the training sample -
respectively, the presentation of the leading diagnostic criteria for comparative analysis of the
performance of the different models and selection of the one with the highest explanatory
power. More specifically, a series of quantitative statistical measures and comparative
analysis was performed between the multifractal models and the selected control group of
models - the value of the log-likelihood function, Vuong's test, Akaike's information

criterion, Schwartz's information criterion (Bayesian information criterion).

The second part is aimed at analyzing the performance of the models within the
forecast sample and the assessment of the best results reproduced by the models compared to
the actual empirical observations of the selected indicator of the relevant asset. The quality of
the prognostic performance against the selected prognostic sample is achieved through the

application of Mincer-Zarnowitz regression and simulation-visual analyses.

3.4. Chapter three — Main results and scientific achievements

The third chapter of the study is devoted to the presentation of the results of the defined
methodological framework up to this point.

At the beginning of the chapter, the data used for the purposes of the study are
presented and defined. The need for a preliminary and, to a large extent, in-depth statistical
analysis of the selected data is conditioned by the acquisition of both a basic statistical

understanding and a visual interpretation of latent and complex statistical indicators,
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structural interrelationships, empirical states and anomalies manifesting in the selected types

assets.

The final part of the chapter presents the results of the pre-selected diagnostic tests for
evaluating the parameters of the models and their convergence to the data from the training
sample of the time series. A comparative analysis was made between the results of the best
multifractal model and the three best comparative models selected by the defined diagnostic
criteria. In conclusion, statistical tests evaluating the prognostic power of the multifractal
model for a period of up to one year were performed, as well as simulations of the data

generated by the multifractal model.

Data used and preliminary statistical analysis

The object of the study will be the return of the price of Brent crude oil (Oil), the price of
shares of EXXON MOBILE (XOM), the main Bulgarian stock market index SOFIX, the
price of BITCOIN denominated in dollars, the exchange rate of the Euro-Dollar pair
(EUR_USD ) and the value of the Standard and Poors 500 stock index (S&P_500).

It will be used the logarithmic continuous daily return of the values of the selected

assets, defined as follows:

1 = 100 X [In(Py) — (P—1)]

For the purpose of estimating the parameters of the models and constructing
consistent quantitative criteria for determining the predictive power for each of the time
series, two samples will be determined. One will serve to load and estimate model parameters
(in-sample), and the other will serve for comparative analysis between forecasted values and

actual realizations (out-of-sample).

The table below provides a summary of the input data for the in-sample with which

the models will be loaded.

27



Table 6. Basic characteristics of the input data

Asset Measurement Frequency I.n-sample Observations Adjust_ed )

class time series observations
Oil_Brent Nat“ra'r;;’ugr?]”thmic daily 2231?(?53832* 5499 5474
|5I>C()>I;?LI\I|E Nat“ra'r;fugr"‘r‘]”thmic daily 0221%4}38222‘ 15241 14383

(XOM)

SOFIX Nat“ra'r;fugr?]”thmic daily 127535385’2‘ 5393 5358
BITCOIN Nat“ra'r;fugr";‘]”thmic daily 127{(/)3%3;2‘ 2863 2861
EUIE_US Naturalrelfugririthmic daily Ozlﬁgﬁgggz_ 4833 9977
S&P_500 Nat“ra're'fugri”thmic daily 222{?01#3382‘ 8185 7687

Source: Yahoo Finance

Quantitative Fractal Analysis

An important area within the second chapter is the exploration of the possibility of the
application of fractal analysis, as a means of quantitatively enriching the toolkit of analysts
through the definition of basic fractal metrics. At the same time, a comparative analysis was
made between the classical quantitative indicators used by financial analysts and their
analogues arising from the fractal science and concept. In addition, the restrictive
assumptions adopted will frame the analysis to the exposure of the main descriptive
indicators based on the observed historical data. The goal is to conclude whether fractal
metrics are consistent with the main statistical indicators used in dynamic time series

analyzes of financial data.

The following three main fractal metrics have been calculated for the assets under

analysis:

e The parameter alpha — the same is one of the four main parameters characterizing the
power probability distributions and, more specifically, in the present part, the

coefficient is estimated based on a stable Levy distribution (Levy-Stable distribution);

e The fractal dimension and

2 The number of observations used to load the models and estimate their parameters is lower compared to the
number of actual observations, since for modeling purposes it is required to exclude the consecutive
observations in which there is no price movement and accordingly their relative changes are with zero values.
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e Hurst exponent.

Fractal analysis enriches the analytical toolkit to the greatest extent precisely by
adding an additional measure of risk, which is related to the more precise and plausible
measurement of probability in the tails of the probability distribution. In other words,
quantifying and taking into account the empirical observable data for a significantly higher
frequency of occurrence of rare events affecting the entire population, compared to those
predicted by classical models. This is the so-called parameter alpha, which is precisely the
measure defining the probability in the tail of the frequency distribution of the returns of the
specified asset.

Using the main quantitative measures resulting from the application of fractal analysis
— the alpha coefficient, the fractal dimension and the Hurst exponent for the selected assets, it
can be concluded that SOFIX has the highest Hurst coefficient compared to the other asset
classes, indicating that the index exhibits a high degree of sustainability and presence of a
distinct trend. The lowest alpha coefficient values (those approaching unity) are observed for
SOFIX and BITCOIN, indicating the increased probability of occurrence of single extremes
in the two assets that disproportionately affect the entire population. On the other hand,
EXXON MOBILE shares and the Euro-Dollar currency pair have the highest values close to
two, which values are reported in the normal probability distribution. As for the fractal
dimension, which can be interpreted as a measure of the roughness of the price dynamics,
therefore an analogue of the risk manifested by the respective asset, the highest values are
observed for EXXON MOBILE shares, the euro-dollar currency pair and the S&P 500 index.

Research results for the in-sample data

The results show that the multifractal model with ten frequencies outperforms the
comparative models of the sample group for the data of the Bulgarian SOFIX index, the oil
price return (OIL), the EXXON MOBILE stock return, and the BITCOIN price return. The
multifractal model with nine frequencies has the best performance for the data of the currency
pair (EUR-USD). Of all the assets analyzed, only the S&P 500 stock return data were best fit
by the asymmetric version of the autoregression conditional (TARCH) model, with the
critical value from this model showing that at almost 50% significance level, the model does

not differ significantly from the asymmetric power ARCH. For the S&P 500 data, the
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multifractal model is found to underperform the three control models in terms of fit to the
data.

Research results for out-of-sample data

As a result of Mincer-Zarnowitz regression and simulation-visual analyses, the following

more important conclusions can be drawn:

e For part of the assets (SOFIX and the price of "Brent" oil), the multifractal model
generates short-term forecasts between 20 and 60 days, which are practically identical
to those actually observed.

e Visually simulated daily asset returns against appropriately estimated parameters of
the multifractal model manage to reproduce the main statistical indicators and
phenomena typically occurring in reality. The graphs resemble the real data, with a
more detailed look at the SOFIX index. Moreover, the simulated data from the
multifractal model differ significantly from those generated by the classical
probabilistic process used in most risk metrics and theoretical assumptions underlying
the main financial theories, which is direct evidence of the potential of fractal models
for the purposes of developing and optimizing financial theory so that it reflects actual

processes in a more representative and productive way.

The conclusions arising from the analysis presented in the second chapter fully
confirm the superiority of the selected multifractal model over the selected best and often
cited econometric models in the scientific literature. This is practically a prerequisite for the
potential that fractal models have and their application in analyzing the dynamics of financial
markets. Moreover, the fractal metrics 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 characterize the state of financial assets.

4.Conclusion

The impossibility of classical financial theory and models to describe in the desired depth and
precision the phenomena of our surrounding reality is the basis of the study of the
possibilities of applicability of fractal geometry in finance and risk. Fractal analysis provides

an alternative point of view and a complementary analytical apparatus claiming the more
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plausible connection of empirical phenomena with a quantitative measure summarizing to the
maximum extent their behavior and dynamics. This analytical apparatus has the potential for
development not only in the field of analysis of the behavior of financial markets, both
retrospectively and prognostically, but also in the subfields related to the evaluation of

derivatives, risk management and measurement, and others.

The results of the research in the dissertation work achieve their goals expressed in

giving an answer to the predefined working hypotheses, as follows:

Hypothesis 1: The selection of a certain probabilistic process, which is able to
reproduce a large part of the statistical indicators manifested in the financial markets, is an
approach that predetermines the optimization of the analysis process of a given economic
variable due to the fact that preliminary studies and familiarization with the studied are not
necessarily necessary phenomenon. Fractal analysis and its application in economics, and in
particular finance, has the potential to become a powerful tool for describing and forecasting
asset price dynamics. The presentation of the selected fractal pattern in the present study by
the reproduction of simulated artificially created price trajectories, which are visually
indistinguishable from the actual observed data, proves the above statement. In this sense, the

hypothesis is confirmed.

Hypothesis 2: The advantages of the considered fractal model, compared to some of
the best and frequently used econometric models, are significantly higher from a statistical
point of view. The diagnostic criteria used to evaluate the stability of the model confirm that
the data are explained in a better way by the multifractal model compared to the selected

control group of models. The research presented in the dissertation confirms the hypothesis.

Hypothesis 3: The calculation of the main fractal meters in relation to the studied
assets show results that are the hallmark of:

e The probability of large movements in the value of assets are much higher than those

predicted if standard financial-statistical analysis tools are used;

e Risk measured by the fractal dimension is comparable to that calculated by volatility

(standard deviation) and

e Hurst's exponent indicates an increased degree of construction of a prospective model
with high predictive power due to reduced stochasticity in the data and distinct trend.
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The hypothesis is confirmed and it can be said that the metrics resulting from fractal
analysis provide a complementary perspective to analyzing the risk structure of financial

assets.

Hypothesis 4: Proceeding from the results confirming the advantages of fractal
models in analyzing the dynamics of financial assets, including the successful reproduction of
simulated data that do not differ from those actually observed, it is reasonable to assume that
the integration of fractal analysis in the valuation processes of companies' shares and option
pricing, would lead to improved and optimized bottom line value. The author of the study has
looked in detail at the sub-areas within the assessment process where the suitability of fractal
analysis can be used, suggesting and highlighting specific actions that can be taken to arrive
at a more reasoned and logical assessment procedure. It is concluded that the application of
the fractal approach in these two areas of valuation (of company shares and options) would in
theory help to optimize the valuation process, but the additional complications that arise at

the same time remain tasks for future research.

Therefore, the working hypothesis cannot be fully confirmed due to the lack of
definitive empirical results comparing the evaluation processes using fractal analysis and

classical evaluation approaches and methods.

5. Scientific contribution of the dissertation

As a result of the research conducted within the dissertation, the scientific contribution of the

dissertation can be summarized as follows:

e In the assumptions related to the analysis of financial markets and economic
phenomena in an environment of uncertainty regarding the quality and reliability of
available data, including the impossibility of obtaining a structural understanding of
the functional dependence of the relationships between economic agents, the author
comes to the conclusion that the scope of fundamental analysis is limited by definition
and therefore the thesis is adopted that reconstructing the statistical characteristics of
the price-generating process through the use of probabilistic processes represents a

more plausible and qualitative approach to analysis.
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Fractal stochastic processes are proven to explain to a much higher degree the
statistical empirical characteristics of almost all financial assets analyzed in the study

compared to a leading control group of econometric models.

It is proven that the selected multifractal model makes predictions of the structure of
the variation of part of the studied assets in the short term (from 5 to 40 days), which

do not differ statistically from the actual realized values.

It is concluded that the main fractal metrics originating from fractal analysis can serve
as a complementary toolkit to traditional quantitative financial metrics, with the help
of which more informed and truthful conclusions can be drawn about the risk

structure and dynamics of financial variables.

The possibility of the application of fractal analysis in areas of financial science is
presented, which would lead to improvement and optimization of the processes
related to asset valuation, risk management, allocation and construction of optimal
investment portfolios, banking and other areas. In particular, opportunities for the
implementation of fractal analysis in the field of valuation of company shares through
the use of the model of discounted cash flows and the pricing of financial options are

presented.
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