O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0822U101014
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 05-12-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. boryH Bnagucnas AHaTONOBUY

2. Bogun Vladyslav A.

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIudp HayKOBOi CIENiaIbHOCTI: 113

HasBa HayKOBOi ceniaJbHOCTI: Maremarnka Ta crarucTuka. [I[pukiajHa MaTemMaTnka
Tanysp / rajysi 3HaHb:

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH

Jarta 3axucCTy: 18-11-2022

CrneniaJbHICTh 3a OCBITOIO: 113 MatemaTuka Ta cratuctuka. [IpuksiaiHa MaTeMaTika
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KEeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi crieniajai3oBaHOi BY€HOI pazu):. 1O 26.001.345

TloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: KuiBchKuil HauioHaIbHMI yHIBEpCHUTET iMeHi Tapaca

llleBueHka

Kog 3a €IPIIOY: 02070944

Micue3Haxoa KeHHS: By. Bonogumupcebka, 6ya. 60, m. Kuis, 01033, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu
InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: Kuischkuil HaujoHaIbHMIT yHiIBEpCUTET iMeHi Tapaca

[lleByeHka

Kog 3a €IPIIOY: 02070944

Micue3Haxoa KeHHS: By. Bonogumupcebka, 6ya. 60, m. Kuis, 01033, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu
InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBchKuil HaujoHaIbHMIL yHiIBEpCHUTET iMeHi Tapaca

llleByenka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoO KeHHS: By Bonogumupcebka, 6ya. 60, m. Kuis, 01033, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimomocTi npo gucepraniio
MoBga guceprTariii:

Koau TeMaTHYHHX PYOPHK: 27.43.15



Tema gucepranii:
1. JocimkeHHSI aCUMIOITOTUYHUX BJIACTUBOCTEY BUNIAJKOBUX IEPEB

2. Asymptotic properties of random trees

Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€HA JOCIIKEHHIO aCUMIITOTUYHUX BJIACTUBOCTEN BUIIAJKOBUX AEPEB, KOJIU
KiJIbKICTh BEPUIMH Y I€PEBi IPSIMYE 40 HECKIHUEHHOCTI. B poOOTi pO3ryIIHYTO TPpU KJlacy BUNAAKOBUX JIEPEB,
IIpeICTaBJIEHO Pe3yJbTaTy IIPO aCUMIITOTUYHY IOBEeAiHKY podiniB, MOy, MUPUHY, BUCOTH, JOBXKMH [I€BHUX
IJISIXIB Ta iIHMIKX XapaKTepPUCTUK. [lepIiyum KacoM € BUIIAJKOBI iepeBa IIPOoCToi OyI0BY, 110 € KJIACUYHOIO
MOJIENIO B JiTepatypi. [i MOXkHA omucaTi HACTYTHUM YMHOM: Ha KOKHOMY KPOIIi B IepeBi HaBMaHHs BUGMPA€EThCS
BEPIIVHA 3 [IEBHOI IIIMHOXUHU Ta 10 HEI NONAI0ThCS HOBI BEPIMIMHU. [10 1IbOr0 Kj1aCy HajleXXaTb BUIIAKOBI
PEKyPCHUBHI fiepeBa Ta 6iHapHi fepeBa NouyKy. [Jpyroio MoJeJiio CAyryioTh AepeBa 3arajbHUX IIIICTUX NPOLECIB.
Tpetimu BucTynaoTh VP-nepeBa, 110 BUHMKAIOTh B KOMIT'IOTEPHUX HayKax sIK CTPYKTypa JaHUX J1s1 LIBUAKOTO
BUKOHAHHS 3alIUTY MOLIYKY HA6IMKIOro cycifga. B naniil qucepTrauiiiHiil po60Ti NpOLOBXKEHO NOCiIKEHHS
BUIIAJIKOBUX J€PEB METOJaM! Ta TEXHIKaMy, BUKOPUCTAaHMMU B HelogaBHix poborax O. IkcaHoBa, 3. Kabmiyuka, O.
MapuHnya, I'. 3ysnbu6axa Ta iHmux. [Ipy LbOMy OTPUMaHO HOBI pe3yJIbTaTH Ta 36arayeHo 3arajbHy TeoPpilo, 10
BHMKOPHUCTOBYETHCS 117151 JoBeAeHb. OKpiM 1bOTO B pOOOTI JOCIIiIKY€EThCSI HOBUM KJIaC [IEPEB, 10 PaHille He
BMBYABCA 3 IMOBIPHICHOI TOYKM 30py. ABTOPOM AycepTallii OTPUMAHO IOBHI aCUMIITOTUYHI PO3KJIaU MaiiKe
HareBHe 171 MpodisiB BUNaIKOBUX [IepeB IIPOCTOi OyA0BY, OBEIEHO IPaHUYHi TeOpeMU 1111 MOIM i IIMPUHU Ta
3aIIPOIIOHOBAHO HOBIi XapakTepu3allii 17151 BUIIAAKOBUX BEJIMYMH, 110 IPYU IbOMY BUHUKAIOTb, Y BUIJISIA]
CTOXaCTUYHUX PiBHSIHb HEPYXOMOI TOUKU. [IpoaHasi3oBaHO BUCOTY JEPEB 3arajabHOrO TiJIJIICTOrO NPOLECy
11o0yJOBaHOTO 32 30ypEeHUM BUIIAIKOBUM Os1yKaHHAM. [J0DATKOBO aBTOPOM OTPHUMAaHO ACMMIITOTUKY 3TOPTOK
Jle6era-CrinTbeca QyHKIIiN JIiHIITHOTO POCTY, 110 3'IBJISIIOTHCS IIPU JOCIIIPKEHH] TOIOHUX IepeB Ha IPOMDKHUX
PiBHSIX, a BifJIIOBiIHI pPe3yJIbTAaTH 3aCTOCOBaHI A0 (PYHKIUiN BiHOBIEHHS. TakoX 0yJI0 LOBEAEHO CIAOKUN 3aKOH
BEJIMKMX YMCeJl 17151 JOBXXUHY HaliBilmoro misxy y VP-gepesi Ta rpaHn4YHy Teopemy o0 ii 361KHOCTI B3LOBXK
nianocaigosHocTel. HapeTi, 6ysu gocaimpkeHHi po36UTTs IPOCTOPY, 110 IIOPOIPKye BUnaakose VP-nepeso.
OTpumaHo pe3ysbTaT [P0 CKiHUEHHICTh MOMEHTY I1EPLIOTO TOBEPHEHHS B [IE€BHI CTaHU LIUX PO30OUTTIB, OBEEHO
iCHyBaHHSI CTal[iOHAPHOrO PO3MOAiNY BiNOBIHOrO JIaHLI0ra MapKoBa Ha MHOXKMHI PO3OUTTIB Ta 301KHICTh [0
HBOTO, a CaM CTalliOHapHUI PO3MOLiJ NiIpax0BaHO y IBHOMY BUIJIA] . OCHOBHI TEOPETHUYHI pe3yIbTaTH
CYIPOBOJIKYIOTbCS MATEMATUYHUM MOJEJIIOBAHHAM Ta KOMIT'IOTEPHUMU CUMYJISILIIIMY BUKOHAHUMHU 32 JJOIIOMOT OO
MOBH ITporpamysaHHs Python3, mo nigTBepAXXyIOTh BiANOBiAHI TBEPIKEHHS Ta AAI0Th Kpallle YSIBJIEHHS IIPO
IOCTinKyBaHi BeJImdnHU. [JrceprarniiiHa po60Ta Mae sIK TeoOpeTUYHe TaK i IPUKJIafHe 3HaYeHHs. Bunagkosi nepesa
MalOTh YMCJIEHHI 3aCTOCYBaHHS B aHaJIi3i CTPYKTYP AAHUX Ta aJITOPUTMIB, a TAKOXK [IJIs1 MOZIEJIIOBaHHS MTPOLECIB
€BOJIIOLLi] Ta MomMKpPeHHs B 6araTboX NPUKIAAHUX HayKax, 30KpemMa 6iosiorii, MeAuIyHi, coLioorii, ekKoHOMIli Ta
inmunx. OTpMMaHi B poOOTi pe3yJIbTaTH MOKYTb 3HAUTH 3aCTOCOBYBAHHS B 3raJlaHNX cepax, a 3alIPOINOHOBaHI

MaTeMaTHU4Hi METOIM MOKHA BUKOPMCTOBYBATH JJIs1 MOJAJIbIIMX AOCiIKEHb iHIINX KJIaciB Iepes.

2. The thesis is devoted to the analysis of asymptotic properties of random trees when the number of verticles
goes to infinity. The work considers three classes of random trees and presents results on the asymptotic
behaviour of profiles, mode, width, height, length of particular paths etc. The first class is simply generated
random trees, which is a classic model in the literature. It can be described in the following way: on each step we
pick a vertex uniformly at random from a subset of all verticies and add new verticies to the chosen one according
to some prescribed rule. This class contains, in particular, random recursive trees and binary search trees. The
second model is general branching process trees. Thirdly, we consider VP-trees, which appeared for the first time
in computer science as a data structure for fast execution of nearest neighbor search queries. In the present work
we continue the analysis of random trees using methods and techniques developed in recent works of A. Iksanov,
Z. Kabluchko, A. Marynych, H. Sulzbach et al. Not only we obtain new results but also improve general theory
which is used in the proofs. Moreover, we analyse a new type of trees, which has not been studied before from a



probabilistic viewpoint. We obtain complete asymptotic expansions almost surely for profiles of simply generated
random trees and provide limit theorems for mode and width, as well as propose new characterizations of random
variables, which appear as the coefficients, via stochastic fixed-point equations. We also analyse the height of a
general branching process tree of an iterated perturbed random walk. As a byproduct we derive new asymptotics
for Lebesgue--Stieltjes convolutions of functions of linear growth which appear in the analysis of intermediate
levels of trees of iterated perturbed random walk and apply these results to renewal functions. Besides we prove a
weak law of large numbers for the length of the leftmost path in a VP-tree and a limit theorem for this length along
subsequences. Finally, we study partitions of a space generated by a random VP-tree. We prove the finiteness of
the moment of the first return to certain states of these partitions, the existence of a stationary distribution of the
corresponding Markov chain on the set of partitions and convergence this stationary distribution, which is also
calculated explicitly. Most of theoretical results are accompanied by mathematical modelling and computer
simulations using a programming language Python3, which confirms the obtained assertions and gives a better
understanding of studied quantities. The thesis is both of theoretical and applied nature. Random trees have
numerous applications in data structures and algorithms analysis, and in modelling of evolution and distribution
processes in many applied sciences, in particular, in biology, medicine, sociology, economics etc. Obtained results
can be used in the aforementioned areas, and developed mathematical methods can be used for future research of
other classes of trees.
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