PEUEH3UA

3a AucepTaunoHeH Tpya, NpeacTaBeH 3a NpucbXaaHe Ha
obpasoBartenHarta n Hay4Ha CTeneH ,,AOKTop”

O6nact Ha Buclie obpasoBaHue: 4. ,,lIpnpoaHN HayKU, MaTeMaTUKa U
uHdopmaTuka”

[MpodecnoHanHo HanpaeneHue: 4.5 ,,MaTemaTuka”

Hay4yHa cneumanHocT: ,MaTtemaTtu4yecko mogenupaHe M npunoxeHue
Ha maTtemaTukarta’

Tema: ,,PasnpedesnieHue Ha Yuwapm u npusioxxeHue”
ABTop: AHHa AlumutpoBa HukonoBa
PeueH3eHm: douy. 0-p Benuka Unueea [pazueea

O6wa wuHdopmauma 3a pokTtopaHta. AHHa [umutpoBa Hukonosa
3aBbpllBa BUcWe obpasoBaHMe C npodecnoHanHa Keanugukauus
,MaTtemMaTuk - npenogasaTen no matemaTtuka’, B LUymeHckna YHunsepcuter

~Ennckon KoHcTtaHTuH MNMpecnasckn”, npe3 1983 roa.

Ot 1983 oo 1985 roganHa paboTtun kaTo yumten no Marematuka B OY
.Kupun n Metogun”, ceno Crapo OpsixoBo, obnact BapHeHcka, a ot 1985
rooMHa go cera pabtotu B TY, rpag BapHa, kato acuUCTEHT, cTapLlum

ACUCTEHT N rMaBeH aCUCTEHT.

CuutaHo ot 18.05.2020 roa. e 3auncneHa 3a CpPoOK OT 2 roAuHM B
AOKTOpaHTypa Ha  camMocTasdTesiHa  NOAroToBka  KbM  Kategpa
,MaTtemaTnyeckn aHanu3 un gudepeHumanHn ypaBHeHUs” Ha dPakynteT
L IpUrokHa maTtematmka wun WHdopmatmka”, TY - Codwmsa. HaydHu
pbkoBoauTenu ca npod. A-p Kpacumunpa CrosiHoBa [MpogaHoBa, TY -

Codoma u gou. a-p MapuaH Hegendes Munes, YXT - [nosaus.

B npencraseHaTa aBTobunorpadmsa e otbensasaHo, Ye OKTopaHTKaTa
nma 13 nybnukaumm n OBe pbKOBOACTBA, HO € NpPeACTaBeH CMMCHK CaMo

Ha nybrnukauumTe no gncepraumara, 5 Ha 6pon.



OnucaHue n aHanus Ha anceprtauusTa.

OucepTtauuata e ¢ obw obem 112 cTpaHuuM uU ce CbCTOU OT:
CvobpxaHue, VYBoa, 4 rmmasu, 3aknwdeHne, [Heknapauusi 3a
opurnHanHocTt, bnarogapHoctn u Jlntepartypa. 3akno4YeHNEeTO Ce CbCToU
oT OCHOBHM NMPUHOCKU Ha AucepTaumaTa, Nybnukaumm no gucepraumara u
[MpencraBsHe Ha pes3ynrtatuTe, CBbP3aHW C aucepTtaumaTa. Jintepartyparta

cbabpxa 85 3arnaeus obxealawm nepuoga 1915 — 2020 rog.

YBoabT € 0obpe odhopMEH N ACHO NpeacTaBs rMaBHUTE acnekTn oT
CbabpXaHMeTo Ha auceptaumara. OcHoBeH 0OeKT Ha u3cnenBaHe, KakTo
ce BMXOa M OT 3arfaBMeTo Ha aucepTaumdaTa € MaTpuyHO pasnpegenexHue,
N3BECTHO KaTo pasnpeaeneHne Ha Yuwapt. ToBa pasnpeneneHue,
BbBeOEHO KaTo TakoBa B cTaTtusa Ha YuwapTt ot 1928 rognHa n go gHec e
aKTyanHO KakKTO OT TeopeTudHa, Taka M OT MnpakKTU4ecka rrnegHa Touka.
PasnunyHu ca nogxoguTte 3a nosiydaBaHe Ha TakoBa pasnpeaerieHne, KoeTo
ce ObMMKM Ha BaxHaTa My pons W MNPUNoXeHne B MHOIOMEPHUS
CTaTUCTUYECKN  aHanus, WHXXEHEPHUTE  HaykKu, MKOHOMETpUATA,
doMHaHcoBaTa MaTemaTuka U gpyrm obnactn Ha HaydHuTe uacnegsaHus. B
YBoaa e HanpaBeH nogpobeH u TodeH 0630p Ha Te3n NoAXoAun, KakTo 1 Ha
KOHKpeTHUTEe 06nacTu Ha npunoxeHune Ha YuwapT pasnpeneneHueTo.
CneumanHo MsICTO € OTAENEHO Ha u3crneaBaHe CTpykTypaTta Ha MOMEHTUTE
Ha YuwapT pasnpegeneHneTo, KOeTo BCe Oue € aKTUBHa
nscnegoBaTernicka TemMa ¢ Han-pasHoobpasHM NPaKTUYECKN NPUITOXKEHNSA U
KOEeTO € edHa OT rMaBHUTE MOTMBaUuWM 3a pasrnegaHusa B gucepraumaTta
nogxon. OcHoBHaTa uUen Ha TO3M Noaxod € Aa ce npeacraBu Yuwapt
mMatpuuaTta 4Ype3 He3aBUCUMWU CIlydanHU BENUYUHU, KOETO CbLLUECTBEHO

obnekyasa NpecMsaTaHeTO Ha MOMEHTUTE Ha YuliapT pasnpeaeneHneTo.



HanpaBeHnatr B YBoaa 0630p Ha cCbAbpXaHMETO Ha camata
ancepTtaums cbLo e Jobpe npeacraBeH, HO UMaM efHa 3abenexka. Hsakom
OT M3Non3BaHuUTe B YBOJA BESIMYMHU U O3HAYeHus (KaTo Hanpumep

BenuumHata C BbB bopmynaTa 3a nnbTHOCTTa f,(Y,) Ha cTp. 8;

O3HA4YeHNEeTO 3a NPOMOPLIMOHANHOCT U ApYrk) ca aedUHUPaHU No-HaTaTbK
B AucepTaumusaTa. ToBa e Marnko obbpkBallo M 3aTpyaHsiBa NpoynTa Ha

yBOAHaTa 4acT.

MmaBa 1 ce cbCcTOoM OT 2 naparpada n nva BbBexaall xapakrep. B
§1.1 ce paBaTt ocoBHM OePUHMLNKN, CBBP3aHM C YULLIAPT pasnpeaeneHneTo
N N3NON3BaHN MNo-HaTaTbK B AucepTaumsaTa — HeUeHTparHO M LeHTpanHo
pasnpegeneHve Ha  Yuwapr; HECUHTYNSAPHO U CUHIYISIPHO
pasnpegeneHne Ha YuwapT; CTaHgapTHO YuwapT pasnpeneneHue;

Knacuyecko YuapT pasnpegerneHve; 0606LeHo YuapT pasnpeaeneHue.

CtpyBa mMu ce, 4ye B paBeHCTBO (1.1), KOETO NO NPUHLMN HE € CBBbP3aHO C
Nno-HaTaTbLUHMTE AoKasaTesicBa B gucepTauusitTa MMma HsikakBa rpeLuka,
TbW KaTo AeduHupaHaTa 4Ype3 Hero BenvyMHa He e matpuua. §1.2 e
NOCBETEH Ha CBOWCTBAaTa Ha YuwapT pasnpeneneHueto, noBeyeTo OoT
KOUMTO C ronsiMo MpunoXeHne B MHOFOMEPHUSI CTaTUCTUYECKM aHanus. 3a
ronsiMa 4yact OT NpeAcTaBeHUTe CBOMCTBA € MOCOYEH MU3TOYHMKA, KbOEeTo
morat ga 6baoar HamepeHn. Ho uma v TakmBa, 3a KOMTO TOBa He €

HanpaBeHo.

FmaBa 2 ce cbctom OT 6 naparpada, Aobpe opraHuanpaHm wu
o3arnaeseHn. B §2.1 e nsseneHo npencraBsHe Ha crnyyvyamHa maTpuvua CbC
CTaHOapTHO YuwapT pasnpedersieHne C  pasMepHOCT 2x2 4pes
pasnpeneneHusTa Ha Tpu He3aBMCUMM CrydYanHN BennumHW. [1Be oT TaX ca
C edHO M CbWO XM-KBagpaT pasnpeneneHne n eaHa € cbC 3agafeHo

cneundunyHo pasnpegeneHve (Teopema 2.1.1). B §2.2 e wusBegeHo



aHanorM4yHo npeacrtaBsdHe, HO 3a MaTpuua CbC CTaHOapTHO YuwapT
pasnpeneneHne c pasmepHocT pxp, p>2 (Teopema 2.2.1). Tyk Yuwapt

mMaTpuuaTa e nspaseHa 4Ypes p He3aBUCMMU BESTMMUHM C €4HO U CbLUO XU-
KBagpat pasnpefeneHve (o3HadveHun ¢ 17;,7,,....,T,) N CbBKYMHOCT OT oOLle
p(p-1)/2 cny4anHu BennynHu (o3HaveHu ¢ V,, 1<i<;j<p), 3agageHu cbC
cneumdunyHa cbBMECTHa MITbTHOCT Ha pasnpegerneHue (Teopema 2.2.1).

NHTepecHOTO Tyk e, 4ye cnyyanHute BenuumHu V; ca HesaBucumu ot

I,,7,,....,T,, HO HE ca He3aBncMu nomexay cu. 3a [a ce rnornyyun pasnaraHe
Ha Yvwapg wmatpuuata 4pe3 He3aBUCUMWU  CIlyYaHU BENUYMHU, B
cnegBawuTte naparpacom Ha [NaBa 2 € nMOnyyvyeHO npencTaBsHE Ha
BenuumHute V; upe3 nogxopsawm yHKUMM OT HE3aBUCUMMK CIyyYaniHU
BennymHn. [o-touHo, B §2.3 ca geuHMpaHW He3aBUCUMWU CryyYanHu
BennunHn (o3HaveHn ¢ 77, i=L..,p—1) ypes kouto e wusBeneHa
PeKypeHTHa Bpb3ka MeXay CUMeTPUYHM maTpuum (o3Hadern ¢ M(p)) c
eauHnuM no rnaBHUS guaroHan W eflieMeHTM W3BbH HEro paBHM Ha
cnyyanHute BenmuumHu V,;, 1<i<j<p. Tasun pekypeHTHa Bpb3Kka Cce
Npunara B cregsawms naparnad §2.4 3a npeacraBsHe Ha mMaTpuumte

M(p) wupe3 HesaBuCUMWUTE CryYalHW BenuuMHW /];, KakTo M 3a

KOHCTpyupaHe Ha matpuum ot Buga M (p). Hakpas Ha §2.4 e nokasaHo
Kak pamunuata LeHTpanHuM YuwapT pasnpefeneHus moxe ga 6bae
reHepupaHa oT amunuaTa cTaHgapTHU YuwapT pasnpeneneHus, 3a
KOUTO ca B cCuUna [JoKasaHWTe TBbPAeHUs. ToBa MO3BOMABA BCAKO
LeHTpanHo YuwapTt pasnpeferneHve [a Moxe [a ce npeacrasu upes

HEe3aBUCUMU CﬂyanIHM BENMNYUNHN.



B §2.5 e nonyyeHo pasnaraHe Ha geTepMuHaHTaTa Ha maTtpuua oT

suga M(p), aB §2.6 e nssegeHa Bpb3ka Mexay pasnpeneneHneTo Ha

He3aBUCMmMunTe CﬂyanIHM BeJIM4YNHN n; n cumetpuyHoto berta

pasnpegeneHue.

LianaTta rmaBa e SICHO M MpPeuu3HO HanMcaHa, BCUYKM y4acTBallu
BENMYMHN U CMMBONN Ca KOPEeKTHO AeduHupaHu. [lokasaTtencrearta Ha

BKITIOMEHUTE TEOPEMU U JTEMUN CHLLLIO Ca MHOIO p,o6pe npegcrtaBeHN.

B NnaBa 3 ce pasrnexagaT cblinTe Npodbnemu Kkato pasrnegaHuTe B
[naBa 2, HO 3a 0600LWeHo YuwapT pasnpegeneHne. CboTBETHO, HewaTta

BbPBAT aHaNornyHo Ha te3u B [(NaBa 2,HO B YCIOXXHEH BapUaHT, TbW KaTo

BenuunHuTe T, umaT edHo U cbllo [ama pasnpeneneHne, a cbBMecTHaTa

MNBTHOCT Ha cnyyanHuTe BenuunHn V; e c peaneH napameTbp (KOMTO B
crlyyasi Ha Knacuvecko YuwapT pasnpegeneHne e Usno  Yucno).

<DopmynMTe, Nno KOUTO 3aBUCNMUTE CﬂyanIHVI BEeJTMHYUNHH V,‘j ce npencTtaBAT

ypel3 He3aBucnmmnmTe BeJIMYNHU /]; cbloO ca Mno-CroXHMW M ca yaoavHo

nnoctpupanu vpes lNpumep 3.3.1. B Hero e KOHCTpymnpaHo pasnaraHeTo Ha

obo6LeHa YuwapT maTtpuua ¢ pasMmepHoCT 4x4.

B MnmaBa 4 ca nokasaHW HSKOM TMPUIIOXEHUS Ha W3BEOEHUTE B
npeavwHuTe OBe rnasn Qopmynn. Te ca cBbp3aHn C onpegensHe
MOMEHTN Ha YuwapT pasnpegenenus (§4.1), reHepupaHe Ha o0606LLeHN
Yuwapt matpuyun (§4.2), KakTo W OUEeHsiIBaHe Ha KopernauuoHHa u
KoBapuaunmoHHa MaTpuua Ha MHOrOMEpHO HopMarHo pasnpeaeneHune
(§4.3). OcHoBHaTa TPYOHOCT NMPU WU3JIOXEHUA MEeTod 3a NnpecMsaTaHe Ha
MOMEHTUTE Ce cBeXda MO0 He §ekn, HO CTaHOapTHU MaTpUYHMK
npeobpasoBaHna N onpeaensHe HeobBXoAMMUTE MOMEHTU Ha e€QHOMEPHM

Cny4YyanHu Benn4nHu. MaeegeHun ca popmMmynm 3a MOMEHTUTE OT pea K = 2
5



N k =-2 3aueHTpanHa 2x2 Yunwapt matpuua (§4.1.1 n §4.1.2), kakto 1 3a
MOMeHTa oT pef k = -1 Ha ueHTpanHa 3x3 Yuwapt matpuua (§4.1.3).
[MonydyeHnte B Te3n naparpadpu pesyntatm ca CpaBHEHU CbC
CbLUeCTBYBallM B nuTepaTtypata pesynratm 3a cbluTe BennymHu. B
§4.1.4 e npeacraBeH MeTon 3a NpecMaTaHe Ha MHOFOMEPHU MOMEHTU OT
peq K Ha UeHTpanHa pxp YuwapT maTtpuua. MetoabT € UCTpupaH 3a
KOHKpEeTeH MHOroOMepeH MOMEHT OT pef K = 3 3a 4x4 ueHTpanHa YuwapT
maTpuua. He e TpyaHo metoabT ga O6bae nporpamupaH, n ga 6wvaar
NONy4YeHN YMCNEHU pe3ynTaTM KaTo eBeHTyanHa Obaewa AEeVHOCT Ha

OJOKTOpaHTKaTa.

B nocnegHus §4.3 ce pasrnexna KOHKpeTHa wu3Bagka ¢ 50
cegMUYHM HabnwgeHust 3a Bb3Bpaliaemoctta Ha Bcekm ot 10
noptdenna akumm, cCbCTaBeH OT akuum Ha poHaoBuTe Bopcu B TOPOHTO
n nyénukyBaHu B KHMrata Ha Jobson, J. D., 1992 roa. Ha 6asata Ha Ta3u
n3Bagka ce 4EMOHCTpMpa NpUnoXeHne Ha YuwapT pasnpenennuHmeTo npu
npoBepka Ha XMNOTEe3N 3a KoBapuauuoOHHaTa maTtpuua Ha MHOrOMEpPHO
HOpManHo pasnpegeneHne. Temata € MHOro MHTepecHa, 0cobeHo OoT
NpakTuyecka rnegHa Todka, HO MU ce CTpyBa, Ye naparpadgpbT 6n Moren Aa
6bae Manko no-gobpe opraHu3vpaH, KaTto ce nogyeprae HOBOTO B

nogxoda u ce cpaBHM € pesyntatute Ha Jobson.

3aaBeHnTe B Auceptaumsta OCHOBHM NpUHOCK ca chopMynupaHu
SICHO U TOYHO U ca OeNCTBUTENHO TakuBa. HAMam kakBo ga gobassa vnu

NPOMEHS.

NMy6nukaunnTte no auceprtaumaTa ca 5 Ha Opon, OT KOUTO ABe ca
CaMOCTOATENMHM U TpU ca C eguH cbasTop. [IBe OT cratuuTte ca
ny6nunkyBaHn B roguvwHuk Ha CY, egHa € B peueH3uMpaHO CcnucaHue U

ocTaHanuTe [Be ca B JoKNaaun OT KOHepeHLMN.



[aneH e cnucbk C¢ MMmeHaTa Ha 4 KOHdepeHuuu, Ha KOUTO ca
npeacraBeHM pes3yntatm OT AuceptaumaTa. B To3m cnncbk He e
NMOCOYEH HAYMHBLT Ha NpefCTaBsHe Ha pesynTatute — Aoknag (MMe Ha

A0Knaza), MoCTep MM HAAKaKbB APYr HauMH.

ABTopechepatbT oOTpassiBa NbLIAHO W TOYHO CbAbPXAHMETO Ha
ancepTtaumaTa. B Hero ca nocoyeHn u 3 uMTUpPaHUA Ha egHa OT cTaTuuTe
Nno auceprauusita, HanpaBeHW B TPU pPasfMYHM CTaTUM HaA €OMH U Cbly

aBTop.

3abenexkun u npenopbKU. 3abenexknute U NpenopbLKUTE, KOUTO MMaM ca
HanpaBeHW NpW ONUCaHMETO M aHanmMs3a Ha gucepTtaumsita. ima nseecrteH
BpoV TEXHUYECKN TPELLKM, BKITIOUYUTENHO B 3arnaBHaTa cTpaHuua, HO ToBa

e pasbupaemo.

3aknroyeHme. Bb3 ocHOBa Ha WM3MNOXEHOTO [0 TyK cyuTam, 4e
npeacTtaBeHUTe B AucepTaumsita pesyntati oTroBapatr no obem u
Ka4ecTBO Ha u3nckBaHmata Ha 3PACPB n HopmaTuMBHUTE akToBe 3a
HeroBoTO MpwunaraHe rnpu rnosly4aBaHe Ha HayyYHU CTEMNEHU U 3aeMaHe Ha

aKkageMn4Hu anwxHoctn B TY - Cochus.

YbenoeHo npenopbyYBaM Ha YyBaXaeMoOTO Hay4dyHO Xypu pAa
npucbAaun Ha aBTopa My, AHHa inmutpoBa Hukonosa obpasoBaTtenHaTa
N Hay4Ha cTeneH ,JOKTop” B obnacTt Ha Buclue obpasoBaHue 4. ,[MpupoaHu
Hayku, MatemaTuka n nHopmaTuka”’, npodecnoHanHo HanpasneHue 4.5.
.,MaTtemaTtuka”, Nno Hay4Ha crneuyuanHocTt ,MaTemaTndecko MmoaenmpaHe U
NpunoXxeHne Ha matemaTtumkara’.

31.08. 2021 r. PeueH3eHT:

/pou. ao-p Benuka Oparvesa/
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Description and analysis of the dissertation.

The dissertation has a total volume of 112 pages and consists of:
Contents, Introduction, 4 chapters, Conclusion, Declaration of originality,
Acknowledgments and Literature. The Conclusion consists of Main
contributions of the dissertation, Publications on the dissertation and
Presentation of the results related to the dissertation. The literature
contains 85 titles covering the period 1915 - 2020.

The Introduction is well formed and clearly presents the major
aspects of the dissertation content. The main object of study, as can be
seen from the title of the dissertation is the matrix distribution, known as the
Wishart distribution. This distribution, introduced as such in Wishart's 1928
paper, is still relevant today from both a theoretical and a practical point of
view. There are different approaches to obtaining such a distribution, which
is due to its important role and application in the multidimensional statistical
analysis, engineering sciences, econometrics, financial mathematics and
other areas of research. The Introduction provides a detailed and accurate
overview of these approaches, as well as the particular areas of application
of the Wishart distribution. A special place is given to the study of the
structure of the Wishart distribution moments, which is still an active
research topic with a variety of practical applications and which is one of
the main motivations for the approach considered in the dissertation. The
main goal of this approach is to present the Wishart matrix through
independent random variables, which significantly facilitates the calculation
of the moments of the Wishart distribution.

The overview of the content of the dissertation made in the
Introduction is also well presented, but | have one remark. Some of the
quantities and notations used in the Introduction (such as the quantity C in



the density formula £, (v,) on page 8; the notation of proportionality, etc.)

are defined later in the dissertation. This is a bit confusing and makes it
difficult to read the introductory part.

Chapter 1 consists of 2 paragraphs and is introductory. §1.1 gives
main definitions related to the Wishart distribution and used further in the
dissertation - non-central and central Wishart distribution; non-singular and
singular distribution of Wishart; standard Wishart distribution; classical
Wishart distribution; generalized Wishart distribution. It seems to me that in
equation (1.1), which in principle is not related to the further proofs in the
dissertation, there is some error, because the quantity defined by it is not a
matrix. §1.2 is devoted to the properties of the Wishart distribution, most of
which have great application in multidimensional statistical analysis. For
most of the properties presented, the source where they can be found is
indicated. But there are some for which this has not been done.

Chapter 2 consists of 6 paragraphs, well organized and titled. In §2.1
a random matrix with a standard Wishart distribution of dimension 2x2 is
presented through the distributions of three independent random variables.
Two of them have the same chi-square distribution and one has a given
specific distribution (Theorem 2.1.1). In §2.2 a similar representation is
derived, but for a matrix with standard Wishart distribution and dimension
pxp, p> 2 (Theorem 2.2.1). Here the Wishart matrix is expressed by p

independent quantities with the same chi-square distribution (denoted by

I,,T,,....T,) and a set of another p (p-1) / 2 random variables (denoted by

v, 1<i<j<p) with a specific joint distribution density (Theorem 2.2 .1).
The interesting thing here is that the random variables V,;; are independent

of 7,,7,,....T,, but not independent of each other.
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In order to obtain the decomposition of the Wishart matrix by
independent random variables, the following paragraphs of Chapter 2
provide a representation of the quantities V; by appropriate functions of
independent random variables. More precisely, in §2.3 are defined
independent random variables (denoted by 77;, i =1,..., p —1) through which
a recurrent connection is derived between symmetric matrices (denoted by

M (p)) with units on the main diagonal and elements outside it equal to

the random variables V;, 1 <i< j< p. This recurrent relationship is applied
in the next paragraph §2.4 for the representation of matrices M (p) by the
independent random variables 77;, as well as for construction of matrices of

the type M(p). At the end of §2.4 it is shown how the family of central
Wishart distributions can be generated by the family of standard Wishart
distributions for which the proved statements are valid. This allows any
central Wishart distribution to be represented through independent random
variables. In §2.5 a decomposition of the determinant of a matrix of M (p)

type is obtained, and in §2.6 a connection is derived between the
distribution of the independent random variables /7; and the symmetric
Beta distribution.

The whole chapter is clearly and precisely written, all the quantities

and symbols involved are correctly defined. The proofs of the included

theorems and lemmas are also very well presented.

Chapter 3 addresses the same issues as those discussed in Chapter
2, but for a generalized Wishart distribution. Accordingly, things are similar
to those in Chapter 2, but in a more complicated version, because the

quantities I; have one and the same Gamma distribution, and the joint
11



density of random variables V;; has a real parameter (which in the case of

the classical Wishart distribution is an integer). The formulas by which the

dependent random variables V; are represented by the independent

variables /]; are also more complex and are aptly illustrated by Example

3.3.1. In it the decomposition of a generalized Wishart matrix with

dimension 4x4 is constructed.

Chapter 4 shows some applications of the formulas presented in the
previous two chapters. They are related to determining the moments of
Wishart distributions (§4.1), generating generalized Wishart matrices
(§4.2), as well as estimating the correlation and covariance matrix of
multidimensional normal distribution (§4.3).

The main difficulty in the presented method for calculating the
moments is reduced to complicated but standard matrix transformations
and determining the necessary moments of one-dimensional random
variables. Formulas are derived for the moments of order k = 2 and k = -2
for a central 2x2 Wishart matrix (§4.1.1 and §4.1.2), as well as for the
moment of order k = -1 of a central 3x3 Wishart matrix (§4.1 .3).. The
results obtained in these paragraphs are compared with the results, given
in the literature for the same quantities. §4.1.4 presents a method for
calculating multidimensional moments of order k of a central pxp Wishart
matrix. The method is illustrated for a particular multidimensional moment
of order k = 3 for a 4x4 central Wishart matrix. It is not difficult to program
the method and to obtain numerical results as a possible future activity of
the doctoral student.

The last §4.3 examines a particular sample with 50 weekly
observations of the return on each of the 10 stock portfolios made up of

12



shares on the Toronto Stock Exchange and published in Jobson's book,
1992. Based on this sample, the application of the Wishart distribution in
testing hypotheses for the covariance matrix of a multidimensional normal
distribution is demonstrated. The topic is very interesting, especially from a
practical point of view, but it seems to me that the paragraph could be a
little better organized by highlighting the new approach and comparing it
with Jobson's results.

The main contributions stated in the dissertation are formulated
clearly and precisely and are actually such. | have nothing to add or
change.

The publications on the dissertation are 5, of which two are
without co-authors and three are with one co-author. Two of the papers are
published in an Annual of Sofia University, one is in a peer-reviewed

journal and the rest two are in conference proceedings.

A list of the names of 4 conferences at which the results of the
dissertation are presented is given. This list does not indicate the way of
presenting the results - report (name of the report), poster or any other

way.

The author's summary completely and accurately reflects the
content of the dissertation. It also contains 3 citations of one of the papers
on dissertation, made in three different papers by the same author.

Remarks and recommendations. The remarks and recommendations |
have are made in the description and analysis of the dissertation. . There
are some technical errors, including on the title page, but this is
understandable.

Conclusion. Based on the above, | find that the results presented in the

dissertation meet in volume and quality the requirements of the law and
13



regulations for its implementation for obtaining scientific degrees and

holding academic positions at TU - Sofia.

| strongly recommend to the esteemed scientific jury to award its
author, Anna Dimitrova Nikolova the educational and scientific degree
"Doctor" in research area 4. ,Natural Science, Mathematics and
Informatics”, professional field 4.5. ,Mathematics”, scientific specialty
,Mathematical modeling and application of mathematics”.

31.08. 2021 Reviewer:

/ Assoc. Prof. Velika Dragieva/
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