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Ha JUcepPTAaIMOHEH TPY/I, IIPEJACTABEH 3a IMMoJIiydaBaHe Ha
oOpa3oBaTeJIHaTAa U HaAy4YHa CTeNEeH ,,JOKTOp”

ABTOp Ha AUCEPTAITMOHHUA TPY/A;: ac. AHa /lumutpoBa HukosioBa

Tema Ha jauUcepraMOHHUA TPYA: ,PasnpenesneHve HAa Yumapr u
MIPWIOKEHU

3aaBuUTEJ 3a OTKPHMBaHe Ha Npoueaypara: kareapa “MaTeMaTHuecKu
aHam3 u audepennuanau ypasaenus , OIIMU-TY-Copus”

OGsiact Ha BucHie oOpa3oBaHue: 4. [I[pupogHu HayKH, MaTeMaTHKa U
nHpOpMaTUKa

IIpodecuonaHO HAaNIpaBJIeHUeE: 4.5. MaTeMaTUKa

Haqua CIICeOMaJIHOCT: MaremaTtuuecko MOA€EJIMpaHE U IMPHUJIOKEHUE Ha
MaTeMaTHuKaTa

Yaen Ha HK: npod. a-p Muxaun /I. Tomopos, kar. MartemaThdecko
Mozenupane u uuciaeHu wmeroau, PIIMU, TY - Codwusa, zan.0XK-4.5-
04/20.05.2021 r. Ha PexTtopa Ha TY-Codus

Kparku 6unorpaduyHu JaHHY 3a AUCEPTAHTKATAa

Ana HukonoBa e poxena mpe3 1961 r. 3apbpmBa IllymeHckus yHHBEpPCHUTET
,En.Koncrantun Ilpecnacku® npe3 1983 r., cnenuannoct Marematuka. Ot 1985 1.
U Jlocera € Mocje0BaTeIHO aCUCTEHT, CTapIIM aCUCTEHT U TJIaBeH acCUCTEeHT B TVY-
Bapmna.

IIpencraBenarta nuceprauus uma ooem ot 112 crp., popmar A4, B.1.4. 3 Qurypu, 2
Tabauuu u oubnuorpadus ot 85 padboTH.

1. AKTya/IHOCT Ha JUCEePTAIITUOHHUA TPY],

JlucepranusaTa € IMOCBETEHAa HA W3y4aBaHETO HA CBOMCTBATA W BB3MOXXHHUTE
MIPUWIOKEHNsST Ha BEPOSTHOCTHOTO MATPUYHO pasNpelereHue Ha Y HIapT.
CrydalilHATE MaTpHUIM UIpasT BakHA POJIsI B MHOTOMEPHHUS CTATHCTHYECKH aHAJU3.
Te ce sBsABaT moje3eH MHCTPYMEHT U B HM3YHMCIUTEIHATa MaTeMaTuKa, (U3MKaTa,
WHXEHEPHUTE HAayKH, HKOHOMETPUSTA U JAPYrd 0o0JacTU HA HAYUYHUTE U3CIICIABAHMS.
Matpu4HOTO pa3npeaereHue, U3BECTHO U KaTo paslpeesieHre Ha Y UIIapT 3a IbPBU
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0BT € u3BeneHo npenu 6au3o 100 roguHu. YUIIapT MaTpUIUTE ca YECTO U3MOI3BAHH
B CTaTUCTHUKaTa. TAXHOTO paslpelelicHUEe CBhBIAAA C PpPA3NPENEIIEHUETO Ha
eMIMpHUYHaTa KOBapHallMOHHA MaTpuua Ha MHoroMmepHusi ['aycoB mopgen. Tosu
3a0eNeKUTENICH pe3yaTaT € MPUYMHA Paslpe/le]ICHUeTo Ha YHIIapT Jia ce cpela B
MHOTO MOJIEJIM Ha MHOIOMEpPHMS CTAaTUCTMUYECKU aHaiuu3. ToBa pas3IpeleleHHE ce
MOJI3Ba CHUIO TaKa 3a HaMHpaHe HAa MaKCUMAJIHO MPaBIONOJOOHU OLEHKH IPH
MOJIENIM Ha KpuBU Ha pacTexk. [Ipu belcoBCkus cTaTHCTUYECKH aHaiau3 OOpPaTHOTO
Yumapr pasnpeneneHue BIM3a B pOJIATa HA alpUOPHO  paslpelelicHUE Ha
KOBapHallMOHHaTa MaTpHlia, pasriexkJaHa KaTO MHOTOMEpPEH MapaMeThbp, KaKTO U
IpY UW3BIMYAHE Ha WU3BaAKUM OT MHoromepHo [‘aycoBo pasmpeneneHue. BbB
¢uHaHCOBaTa MaTeMaTHKa MPOLECUTe HAa YHIIApT ca e(PEeKTHMBEH WHCTPYMEHT 3a
MOJIETTMPAaHE Ha CTOXaCTUYHM KOBapHallMOHHU CTPYKTypu. HakpaTko ka3zaHo Haimuie
ca HeoOXOAMMHUTE OOOCHOBKA M MOTHMBALIMS 32 INPOBEXJAaHE HA M3CICABAHMUATA B
aucepranusaTa. Bcuuko ToBa mpenrnonara Hy)kHaTa MaTeMaTH4ecka KBanudukanus u
IIPaKTUYECKU 3HAHMSI, KOUTO IUCEPTAHTKATa HECbMHEHO IIPUTEXKABA.

2. AHa/IN3 HA CBCTOAHUETO HA IMpodyiemMa

Makap pasnpeneneHleTo Ha YUIIapT Jia € MO3HATO OTJaBHA, CTPYKTypaTa Ha
MOMEHTUTE Ha TOBa pa3lpeleleHne MpoJab/DKaBa Ja ObAe OO0EKT Ha aKTUBHH
uscneaBaHus. MomeHTHTEe Ha (QYHKIMU Ha MaTpHUIM ¢ YUIIAPT pasnpeiesieHue ce
cCpelaTt 4eCcTo B MHOTOMEpHUSI CTaTUCTUYECKU aHanu3. M3yuaBaT ce MOMEHTH KaKTO
Ha VYWIIapT pasnpelesieHde, Taka W Ha o00paTHOTO YuIIapT pasnpejeneHue,
BKJIIOYBAIM (YHKIMM KaTo Ccliefla Ha MaTpulla, JAeTepMHHAHTa Ha MaTpHIIa,
npousBenenue Ha Kponekep u ap. Te ce u3moi3BaT B peAMila CTaTUCTUYECKH
KpUTEpUH

3. Meroauka Ha N3CJAEeABAHUATA

W3cnensanero ce 6a3upa Ha M3BECTHU MAaTEMAaTUYECKU METOIM U TBBPAEHUS OT
JUHeWHaTa anrebpa, MaTeMaTMUYeCKUsl aHaJlW3, TEeOpHs Ha BEPOATHOCTUTE U
MaTeMaTHuecKkaTa cTaTUCTHKA. CBhIIECTBEHO € Jla OTOeNeXHUM, Y€ € H3IMOJI3BaH
BHCOKO-TIPOM3BOIUTENEH crieruanu3upan codryep: Statistica u Maple. Ha 6a3ara Ha
HampaBeHHs aHAJIN3 HAa ChbBPEMEHHOTO ChCTOSHUE Ha MAaTPUUYHOTO paslpeieieHue Ha
VumapT ¥ HEroBUTE NPUIOKEHUs JUCepTaHTKaTa CH € IMOCTaBMja 3a Lel Ja
NPEJCTaBU KIACUYECKOTO LEHTPAIHO paslpefesieHHe Ha YUIapT U 0000IEeHOTO
pasnpeziefieHMe Ha YUIIapT KaTo paslpeAeiieHHsl Ha CiaydallHu MaTpUlM, YHHUTO
eJIEMEHTHU ca (PYHKIIMU OT HE3aBUCUMHU CITy4alHU BEIUYHHU.

4. XapaKTepuCTHKA U OI€EHKA HAa MOJIyY€eHUTE Pe3yJaTaTu

B I'maBa 1, koSITO MMa W BCTBIUTEICH XapakTep, ca NaJAeHU ACPUHHUINH Ha
pa3npeneeHueTo Ha YHUIIAPT, BUIOBETE PA3NPEACICHUs] OT TO3U BUJ U TEXHUTE
CBOMCTBA.

CeiecTBeHa 4yacT OT pesyartatute ca B ['nmaBa 2. WHrepeceH pesynarar e
pasmpeneneHre Ha YHIIAPT Ha cllyyaiiHa MaTpHIla, YUUTO €JIEeMEHTH ca (pyHKIMK Ha
HE3aBUCUMH CJIy4ailHU BeIWYMHMU. JlOKa3aHM ca TBBpPACHUS 3a pasjlaraHe Ha
cllydaifHa MaTpuIia ¢ KIIacH4ecko U 0000IIeHO pa3npeielieHre Ha Y UIapT.

He mnpaBu wuskmouenune u [nmaBa 3, xbAeTO € HampaBeHO 0000IIeHHE Ha
pa3npeneeHueTo Ha YHUIIapT, KOETO CE€ OKa3Ba KOHCTPYKTHMBEH METOA  3a
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TrEHEpUPAHE Ha CIy4yailHM MaTpUIM M KOETO JaBa HACOKU 3a INPUIIOKEHHUS BbHB
(UHACOBOTO J1EJI0 U UKOHOMETPUSTA.

B I'maBa 4 e npeioxeH METOJ 3a MpecMsITaHE HA MOMEHTUTE HAa MaTpulla Ha
VYumapr. Ilpenmomara ce, 4e exHa MHOIOMEpHAa H3BaJKa HMMa HOPMAJIHO
pasIpenencHue U Ha Ta3u 0a3a paslpesielIeHUEeTO Ha YUIIapT ce U3M0J3Ba 3a OLIEHKa
Ha KOBapHallMOHHAaTa M KopejaluoHHaTa marpuua. llomydenure pesyataTtu umar
IIPUJIOXKEH XapaKTep.

5. IIpeleHka Ha aBTOpPCKaTa CIipaBKa

ABTOpCKaTa CIpaBKa OTpa3siBa MPUHOCHUTE W aKIEHTUTE B JUCEpPTAIUsATa KaTo
suto. [IpuHOCHMTE WMMAaT HaydeH M HAay4YHO-TIPWIOXKEH Xapaktep. [IpeacraBeHuTe
aHaMM3u ¥ (popMyJTUpaHUTE KPUTEPUHM MOTAT J1a CE M3MOJ3BAT YCIEIIHO 33 PA3IMYHH
MIPUIIOKEHUS.

OneHssBaM TPUHOCHUTE KaTO KOJEKTHMBHHU, B KOWUTO JHCEpTAaHTKaTa HMa
paBHOMpPABHO yyacTHe. Bcuuku Te Morar Aa ObJaT NPUYUCICHH KbM HANpPaBICHUETO
,O0orarsiBaHe Ha ChILECTBYBAIY 3HaHUS U ,,IIpunokeHus: B mpakTHKaTa“.

6. KputuuHu 0eJIe:KKH 10 TPyAOBeTe U JIuTeparypHa
OCBE€IOMEHOCT HA JUCEePTAHTKATA

Hucepranusta mpaBu a00po BreuyamyieHwe. Hammcana e crerHato u $CHO,
M3JIOKEHUETO € JIOTMYECKU TMOocheAoBaTeiHo. HsimaMm KpuTHYHU OCJIeKKH TI0
chlecTBO. JIuTeparypHaTta OCBEIOMEHOCT Ha JUCEpPTaHTKAaTa C€ OCHOBAaBAa HAa HOBU U
Hali-HOBHU M3TOYHMIIH.

7. IIyoaukanmuu 1mo aucepramuara

Pegynrature ca goKiagBaHM Ha HSAKOJIKO KOH(EPEHIMH H CEMHHApH.
[Ty6nukyBaHu ca B COOpHUIIM JOKJIaJU U HAyYHU CHOOIIEHUS M HAyYHH CTaTUU Ha
TY-Bapua, [oouwmnux wna Coguiickus ynusepcumem, Advanced Studies on
Contemporary Mathematics u B AIP CP. JIBe OT TAX ca CaMOCTOSATCIHH, a
octaHanmute - B cbaBTopcTBO. AIP CP mma SJR=0.161 (2020), a cratuute B
T'oouwmnux na Coguiickus ynueepcumem- penensupanu. Crpaskara B HALIWU/,
KakTo U B [IpaBuiiHuKa 3a pa3BUTHE Ha akajieMU4Hus cbetaB Ha TY-Codus mokassa,
4ye JUCepTaHTKaTa MOKpUBAa MUHUMAIHUTE HM3UCKBaHUs 3a mpuaobusBane Ha OHC
,»JOKTOP“KaKTo B rpyna A, Taka u B rpyna [

Z[pyrn JaHHH 3a HY6J'II/IK8.I_II/II/IT6 MOTaT Ia ¢€ BUIAT B IIPEACTAaBCHATA Ta6J'II/II_Ia.

Tabauya: CripaBka 3a TPYZOBETE

Y nac - 3 0Op.
Craruu — 5 0p. l'oo. Ha CY - 2, Jlokn. na TV-Bapna - 1
B uyx6mna - 2 6p.
Adv. Studies on Contemporary Mathematics, AIP
CP
Jloxmaau Ha HayuHH mposiBk — | Y Hac - 4 6p. (FEBA, TU-Varna, AMEE)
4 op.




8. IIpwio:keHHe HA pe3yJ/ITATHUTE B IPAaKTUKATA

[lonyuenute B nuceprauuara pe3yiaTaTH MMaT IPUHOCEH XapakTep KbM
TEOpPETHYHATa U MPUWIIOKHATa craTucTuka. Hapen ¢ TeopernyHuTe OT CHUIECCTBEHA
BAXHOCT ca o0ade Hay4HO-TIPWIOKHUTE TpuHOocH. Cropen MEH pe3ylTaTHTe OT
MIPOBEICHUTE M3CIICABAHUS MOXKE J]a HAMEPST MPHJIOKEHHS BbB (PMHAHCOBOTO JEJI0 U
HUKOHOMETPHUSATA.

9. IIpenenka Ha aBTropedepara

ABTopedepaTpT  oTpazgBa MPaBWJIHO U IBJIHO  ChIBPKAHUETO  Ha
JUCEePTALUOHHUS TPYA.

10. JIMYHU BreyaTJIeHUus

He no3maBam  guceprantkara. IIpuchcTBax HaA  mpen3anurara Ha
nucepranuonaus i Tpya B TY-Codusi, OTKBACTO JOOMX OCTIIN BIICUATICHHUS.

JaxiaoueHue

JloOmBaliku mpejicTaBa 3a IIPOBEJEHUTE W3CJIEIBAHUA U CJIeJ] CIIPaBKa C
[ITISPACPD B TV, mora aa TBbpAs, Ue IpeAcTaBeHara JucepTanus OTroBaps
Ha TMpPeNnopbUYUTESIHUTE HayKoMeTpudHu Kputepunm Ha TY-Codusa 3a
NpUCHK/JIAHE Ha HAy4YHU CTelleHW. Bb3 OCHOBa Ha TOPEU3JI0KEHOTO
npenopbuam Ha wieHoBeTe Ha HXK ga rimacysat maBane na OHC ,mokxTop” Ha
Ana JlumutpoBa HukosoBa, IIpodecuonanHo  HampaBjieHHE  4.5.
MaremaTtuka, [OKTOpCKa Iporpama ,MaTeMaTHuecKO MoOjleJIUpaHe U
IIPpUWIOKEHNE HAa MaTeMaThKara’ .

CBbCTABUNI:

IIpod. n-p Muxaun Togopos
KaT.”MareMm. MOJeNn1paHe U YUCIEHU METOIU
OIIMU npu TY - Codus

29 aBrycrt 2021 r.
Codus



OPPONENT OPINION

Dissertation for acquiring of scientific and educational degree “Philosophy Doctor”

One candidate: Ana Dimitrova Nikolova
Topic of the dissertation: Wishart Distribution and Applications

Procedure Notifier: Chair of Calculus and Differential Equations, FAMI, Technical
University of Sofia

Field of Higher Education: 4. Natural Sciences, Mathematics and Informatics
Professional Direction: 4.5 Mathematics
Scientific Subject: Mathematical Modeling and Applications of Mathematics

Opponent: Prof. Michail Todorov, PhD, Chair of Mathematical Modeling and
Numerical Methods, Faculty of Applied Mathematics and Informatics by the Technical
University of Sofia, Bulgaria, by order OX-4.5-04/20.05.2021 of the Rector of TU of Sofia

1. Short biographical record of the applicant

Ana Nikolova was born in 1961 in Varna. She graduated Bishop Konstantin Preslavski
University of Shumen, specialty Mathematics in 1983. Since 1985 she has been an Assistant
Professor in the Technical University of Varna.

2. General characterization of the dissertation problem

The dissertation is devoted to the celebrated Wishart matrix distribution and some its
applications predominantly in the econometry. The random matrices are an important part of the
multidimensional statistics. Also, they are an useful tool in the computational mathematics,
physics, engineering, econometry, etc. The matrix probability distribution known as Wishart
distribution dates almost 100 years ago. Wishart matrices are frequently used in the statistics
because their distribution coincides with the empirical covariance matrix of the multidimensional
Gaussian model. The above mentioned distribution is used to maximum likelihood estimates for
the growth curves. Yet, performing Bayesian analysis the inverse Wishart distribution plays the
role of a prior distribution of the covariance matrix. It is considered as multidimensional
parameter for the extracts from multidimensional Gaussian distribution. At last the Wishart
processes are effective tool to model of stochastic covariance structures. Briefly speaking the
necessary basis and motivation to conduct the investigations are available. All that requires a
mathematical qualification and experience that the applicant possesses beyond question.

3. Current state of the problem

Though the Wishart distribution is known long time ago the structure of moments is still an active
research topic in the multidimensional statistics. Moments of the Wishart distribution as well as the
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inverse Wishart distribution like matrix traces, matrix determinants, Kroneker’s products, etc. are object
of investigation. They are part of numerous statistical criteria.

4. Methods of investigation

The investigation is based on well-known methods and statements in the linear algebra,
calculus, probability and mathematical statistics. Let us emphasize that the applicant uses
intensively specialized software packages Statistica and Maple. Based on the study of the matrix
Wishart distribution and its applications Mrs Nikolova seeks to present both the classical central
Wishart distribution and the generalized Wishart distribution as distributions of random matrices,
whose elements are functions of independent random quantities.

5. Review and evaluation of the scientific achievements

In Chapter 1which can be considered as an introduction as well definitions of kinds of Wishart
distributions and their properties are given.

An essential part of the results obtained are placed in Chapter 2. An interesting result is the derived
Wishart distribution of a random matrix, whose elements are functions of independent random quantities.
Statements for decomposition of a random matrix are subject to classical and generalized Wishart
distribution.

In similar way in Chapter 3 a generalization of the Wishart distribution is accomplished the latter
seeming to be constructive method to generate random matrices and giving applied directions to finance
and econometry.

At last, in Chapter 4 a method to compute the moments of Wishart is developed. One supposes that a
multidimensional extract possesses a normal distribution and hence, the Wishart distribution can be used
to get estimates of the covariance and correlation matrices. The results obtained are directed to
applications.

6. Opinion of the author contributions

The author information correctly tells on the achievements and accents of the dissertation thesis. The
achievements are scientific and scientific with practical direction. The analyses and criteria can be used
successfully in various applications. In my opinion, the achievements are joint and the applicant takes part
in equivalent way. All of them belong to the directions “Adding to existing knowledge” and
“Applications in econometry”.

7. Critical remarks and recommendations. Literary knowledge

My impression from the dissertation thesis is positive. It is written concisely and clearly. |
have not any remarks and criticisms. The literary knowledge is based on contemporary sources.

8. Publications

The results are presented and verified on few conferences and seminars. They are published
in Proceedings of the Technical University of Varna, Annual of the Sofia University, Advanced
Studies on Contemporary Mathematics and AIP CP. Two of them are self-dependent while the
else — co-authored. AIP CP possesses SJIR=0.161 (2020), while the articles in Annual of the Sofia
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University are reviewed. The verifications in NACID as well as in Regulations of TU of Sofia
indicate that the applicant covers the so-called minimal national and local requirements to
acquire the educational and scientific degree Philosophy Doctor both in Group A and Group I'.

More details one can find in the table below

In BG - 3 numbers
Papers — 5 numbers Annual of SU -2, Proc.TU of Varna - 1
Abroad - 2 numbers

Advanced. Studies on Contemporary Mathematics,
AIP CP

Conference reports and In BG - 4 (FEBA, TU-Varna, AMEE)
presentations — 4

9. Importance and contribution to the practice

The results obtained in the dissertation thesis contribute to the mathematical and applied statistics.
Along with the theoretical the contributions to the practice are also essential. They can be applied
successfully in the finance and econometry.

10. Opinion of the abstract of the dissertation

The abstract corresponds to the matter of the dissertation completely.

11. Personal impression
I do not know Ana Nikolova. First our remote meeting was during her formal defence of the
thesis when | got a first slight impression.

Conclusion

Gaining an impression for the doctoral thesis (dissertation) of the applicant and having
in mind the legal rules and criteria (LDASRB and its regulations in the TU of Sofia) |
rate positively the dissertation. On the strength of virtue of the law I propose Ana
Dimitrova Nikolova for scientific and educational degree Philosophy Doctor (PhD) in
Field of Higher Education: 4. Natural Sciences, Mathematics and Informatics,
Professional Direction 4.5 Mathematics, Scientific Subject: Mathematical Modeling and
Applications of Mathematics.

Opponent

Prof. Michail Todorov

Dept of Mathematical Modelling and
Numerical Methods
Sofia, August 29th 2021 FAMI by TU of Sofia



