O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0823U100615
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 18-09-2023

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3aKjagy: Hakas Pekropa JIbBiBCbKOrO
HalliOHaJIbHOTO yHiBepcuTeTy iMeHi IBana ®panka Bin 25.09.2023 p. N2 3628

I1. BimomocrTi nipo 3400yBaya

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. CyxopykoBa XpuctuHa OseKkcaHapiBHa

2. Khrystyna O. Sukhorukova

KBasigikamis:

InenTudikarop ORCID ID: 0000-0002-4619-2445

Bupa, pucepranii: nokrop dinocodii

AcnipanTtypa/JIOKTOpaHTypa: tak

ITu¢p HayKoBOi creniaJabHOCTI: 111

Ha3Ba HayKoOBoIi creniajJibHOCTI: Maremaruka

I‘a.nysb / ra.nysi 3HAHb. MaTeMaTHKa Ta CTaTUCTUKA
OcBiTHBO-HayKOBa IMporpama 3i crneniaJbHOCTi: Maremaruka
Jdara 3axucTy: 06-09-2023

CrneniaJbHICTh 32 OCBITOO: MaTemMaThyHa €EKOHOMiKa Ta EKOHOMETPUKA
Micue p060TI/l 3n06yBaqa: JIbBiBCHKMI HalliOHANBHU YHiBepCcUTET iMeHi IBana OpaHka
Kopg 3a €IPIIOY: 02070987

Micuesﬂaxo,lI)KeHHﬂ: ByJI. VHiBepcureTchka, 6ya. 1, JIpBiB, 79000, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi creniaai3oBaHoi BY€HOI pagu): [1d 35.051.114_ID
2009

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0CO00H: JIbBiBCHKMIl HalliOHATbHUIT yHiBEpCUTET iMeHi IBaHa PpaHka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcuTeTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: JIbBiBCHKNIT HALIIOHAIBHUI YHiBepcUTeT imeHi IBana Ppanka
Kopg, 3a €IPIIOY: 02070987

MicuesnaxomerHﬂ: ByJI. YHiBepcUTeTChbKa, Oya. 1, JIpBiB, 79000, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

V. BimomocTi npo guceprauiio

MoBga auceprTaliii: Vkpaincoka

Koau TemaTHYHHUX PYOPHK: 27.19, 27.21

Tema gucepranii:

1. HeapguTusHi Mipu Ta iX 3aCTOCYBaHHS B T€OPIii piBHOBAru

2. Non-additive measures and their application in equilibrium theory

Pedepar:

1. Incepralist NpucBsYeHa AOCHII)KEHHIO KJaciB HEaAUTUBHUX Mip, IOPOI)KEHUX TPUKYTHUMU HOPMaMU *-Mip).
Taki Mipu o3HaYeHi 4K QYHKIIOHANM Ha IPOCTOPaxX HeMepepiBHUX (PYHKLIN 31 3HAYEHHSIMU B OGUHAYHOMY BilIpPi3Ky.
[TpocTopu *-Mip HaAiNAI0ThCS CA6KOI0* TOIOJIOTIEN0 i B L1ill TOMOJIOTI YyTBOPIOIOTh KOMIIAKTHI raycgop@oBi
npoctopu. [Tokazana QpyHKTOpPialbHICTb KOHCTPYKLI IPOCTOPY *~Mip y KaTeropii KOMIakTHUX rayczopgoBux
IIPOCTOPIB Ta iX HeNepepBHUX BioOpaXkeHs. JI71s1 NPOCTOPIB *-Mip NOOYLOBAaHO aHAJIOT BinoOpakeHHs MimoTiHa,
BiZJOMOTO [JIs1 IPOCTOPIB MMOBIPHICHUX MIp Ta iléMIIOTEHTHUX MIP, 110 JO3BOJISI€ 3BOIUTH 3arajIbHUM BUNIA0K 0
HYJIbBUMipHOTO. [IeMIIOTeHTHA MaTeMaTHUKa — YaCTMHA MAaTE€MAaTHKY, B SIKill OfHa 31 3BUYallHUX apUPMETUIYHUX
onepaliii B R 3aMiHIOETbCS ileMIIOTEHTHOIO oNepalii€lo (HalpuKkiak, MakcumyMm). PesysipTaTi Ta MeTogu
ineMnoTeHTHOI MaTeMaTUKU 3HAXOTh YUCJIEHH] 3aCTOCYBAaHHS B Pi3HMX YaCTMHAX MaTEMAaTUKH, & TAKOX B
iHpopmaruLi Ta iIHMNX JUCLMILIIHAX. MeTOI0 AucepTalifiHOi pOOOTH € NOCiI>)KEHHS TPUKYTHUX HOPM 0O B KaTeropii

KOMITaKTHUX TrayciopdOBUX [IPOCTOPIB; LOCIiI)KEHHS IIPOCTOPIB O-Mip 3 KOMIIAKTHUMU HOCISIMU Ha



yJIbTPAMETPUYHNUX (HeapxiMe[oBUX) IPOCTOPAX; NOCIIKEHHS CTPYKTYPU MOHAIY, TIOPOJAKEHOI (YHKTOPOM O-Mip 3
KOMITAKTHUMU HOCISIMU Ha KaTeropii yJibTpaMeTpUYHUX IIPOCTOPIB i HEPO3TATYIOUUX BiloOpaXkeHb, i BCTAHOBJIEHHS
IesaKux GyHAaMeHTaJbHi BJIaCTUBOCTI TaKMX MOHAJ; O3HaY€HHS irop B 0-3HAYHUX CTPATeTisX i JOBEeIEHHS
HEINEePEPBHOCTI (PYHKLIN BUIJIAT [JIs1 LUX irop AJ1s1 3aCTOCYBAaHHS B TeOpii piBHOBAaru. Y LOCHIIKEHHSIX
Ipo6JIeMAaTHKY AMCEPTALlii 3aCTOCOBYIOTbCSI METOAM TEOPii PYHKTOPIB y TONOJOrYHUX KAaTErOpisiX, METOAN
3arajibHOi TOTOJIOTI], ileMIIOTEHTHOI MaTeMaTUKU, Teopii KaTeropiii Ta Teopii pieHoBaru. Y po3aaisi “Ilpocropu *-Mip
Ha KOMIIaKTHUX raycgop@oBux NpocTopax’ [jsl KOKHOI TPUKYTHOI HOPMU * MU 3alIPOBaJI)KYEMO TIOHSITTS *-MipH sIK
(dyHKUiOHaa Ha mpocTopi HenepepBHUX ¢GyHKLiN C(X, I). MHOXMHA ycixX *-Mip Ha KOMIIAKTHOMY raycgop(poBOMYy
IIPOCTOPi HAAAINISIETHCS CIabKOI0* Tomosorieto. [TokasaHo, 110 yTBOPEHU IPOCTIP *-Mip € KOMIIAKTHUM
raycpop@oBum. List KOHCTPYKIIisi BU3Hayae KOBapiaHTHUI PYHKTOP Ha KaTeropii KOMINAaKTHUX raycooppoBux
IIPOCTOPIB i HeNepepBHUX Bil0OpaskeHb. TakoXX NOOYJOBAaHO aHAJIOT BifoOpakeHHsI MisIOTiHa, BIieplie 03HAY€HOTo
17151 AMOBIPHICHUX Mip, [I7151 *-Mip Ta HaniBHeNepepPBHUX 3ropu eMHOcCTel. KpiM TOro, nobyi0BaHO OMUC *-Mip K
3aMKHEHUX MHOXXUH JJOOYTKY [IPOCTOPY Ha OAUHUYHUM CETMEHT 3 [IeBHUMU BJIACTHMBOCTSIMMU. [loBeieHO, 1110
MHOJKMHA O-Mip 3i CKIH4EHHMMU HOCISIMU BCIOAM LIijIbHA B IIPOCTOPI BCiX O-Mip. OJHUM 3 OCHOBHMX PE€3YJIbTaTiB
pO3Liny € ONUC MPOCTOPIB *-Mip SIK TIIIEPIPOCTOPiB MHOXKUH 3 IEBHMMU BJIACTUBOCTIMU. Lle fnae smory
IIOPiBHIOBATU MiXX CO0OIO ITPOCTOPY *~Mip [JIs1 Pi3HUX TPUKYTHUX HOPM *. Y poanini “IlpocTtopu *-mip 3
KOMITAKTHMMU HOCISIMU Ha yJIbTPaMETPUYHHUX [IPOCTOPAX’ PO3IJISIAETHCS YIbTPAaMETPUYHMI BUIIATOK (HaragaemMo,
110 METPHKA HAa3UBAETHCS YIbTPAMETPHUKOIO, SIKIIO BOHA 33[I0BOJIbHSIE CUJIbHY HEPIBHICTb TPMKYTHUKA), TOOYJOBaHA
yIbTPaMEeTPU3aLlisl IPOCTOPIB *~Mip 3 KOMIIAKTHMMHU HOCISIMU Ha yJIbTPAMETPUYHUX NPOCTOPax. [TokasaHo, 1m0
yTBOpEHA KOHCTPYKIIisi BU3HAaYa€e KOBapiaHTHUM PYHKTOP y KaTeropii yJibTpaMeTpuyHUX IPOCTOPIB Ta
HEpO3TATYIOUMX BiloOpaXkeHb. BiH € aHanorom 171 *-Mip QyHKTOPiB, 03HAUE€HUX /11 NUMOBIPHICHUX Mip,
ieMIIOTEHTHUX MIp Ta HaliBHENEPEPBHUX 3BEPXY €EMHOCTEN 3 KOMIIAKTHUMU HOCISIMU. Y aucepTauii JoBeJeHo, o
el QyHKTOP € JIOKaJIbHO HEPO3TATyI09uM. TakoxX [0BeeHO, 110 MIPOCTip *-Mip 3 KOMIIAaKTHUMU HOCIsIMU Ha
[IOBHOMY YJIbTPAMETPUYHOMY IIPOCTOPi € IIOBHUM YJIbTPAMETPUYHUM NIPOCTOPOM. OHMM 3 OCHOBHUX P€3YJIbTATIB
LIbOT'O PO31ily € 36epeskeHHs1 GYHKTOPOM *-Mip KJlacy MOBHUX yJIbTPaMeTPUYHUX IPOoCTopiB. Po3zin “Monany,
NOpPOJKEeHI PyHKTOpaMu *-Mip” IPUCBSIYEHUI CTPYKTYPi MOHAIH, IO BU3HAYAETHCSI PYHKTOPAMU *-Mip Ha
kareropii Ultr ysbTpaMeTpUYHUX IIPOCTOPIB i HEPO3TATYIOUMX BiloOpakeHb. BcTaHOBIIEHO AesiKi QyHAaMeHTabHi
BJIACTMBOCTI TaKUX MOHa/. HaBeeHO MpUKiagy Hei3oMOp(HUX MOHAJ, IJ1s1 Pi3HUX TPUKYTHUX HOPM *. 30Kpema,
Taka CTPYKTypa [I03BOJIsIE BU3HAUNUTHU TEH30PHUI JOOYTOK *-Mip y KaTeropii Ultr. [171s1 1bOro PO3IJISIHYTO
MaKCHMaJIbHY yJIbTPAMEeTPHUKY Ha JOOYTKY YJIbTPaMeTPUYHUX IIPOCTOPIB. Y CBOIO Yepry, M1 BU3HAYAEMO irpu B *-
3HAYHUX CTpATETisiX Ha yIbTPaMETPUYHUX ITPOCTOPax i JOBOAMMO HellepePBHICTh QYHKIIiM BUMJIAT AJIs LKX irop.
Hapemwri, noBeneHo, 1o 6yAb-Ky piBHOBAry 1jisl irop y *-3HayHUX CTpaTETisx MOXHA allpOKCUMYBaTH Maiixe

piBHOBaramu, 1o CKJIAAAITHCS 3 *-Mip 31 CKIHUEHHUMU HOCISIMU.

2. The dissertation is dedicated to the study of classes of non-additive measures generated by triangular norms *-
measures). Such measures are defined as functionals on spaces of continuous functions with values in the unit
interval. The spaces of *-measures are equipped with the weak* topology and form compact Hausdorff spaces in
this topology. The functoriality of the construction of *-measure spaces in the category of compact Hausdorff
spaces and their continuous mappings is demonstrated. For *-measure spaces, an analogue of the Milyutin
mapping is constructed, which is known for probability measures and idempotent measures, allowing the
reduction of the general case to the zero-dimensional one. Idempotent mathematics is a part of mathematics
where one of the usual arithmetic operations in R is replaced by an idempotent operation (such as maximum). The
results and methods of idempotent mathematics find numerous applications in various branches of mathematics,
as well as in computer science and other disciplines. The purpose of the dissertation work is to investigate
triangular norms * in the category of compact Hausdorff spaces, to study *-measure spaces with compact
supports on ultrametric (non-Archimedean) spaces, to explore the structure of the monad generated by the
functor of *-measure spaces with compact supports in the category of ultrametric spaces and non-expanding
mappings, and to establish certain fundamental properties of such monads. Furthermore, the dissertation defines
games in *-valued strategies and proves the continuity of payoff functions for these games for applications in



game theory and equilibrium. It also covers the structure of the monad generated by the *-measure functor and its
application to equilibrium in games with *-valued strategies. The research in the dissertation employs methods
from functor theory in topological categories, general topology, idempotent mathematics, category theory, and
game theory. In the section “Spaces of *-measure on Compact Hausdorff Spaces”, for each triangular norm *, we
introduce the concept of *-measure as a functional on the space of continuous functions C(X, I). The set of all -
measures on a compact Hausdorff space is equipped with the weak* topology. It is shown that the resulting *-
measure space is a compact Hausdorff space. This construction defines a covariant functor in the category of
compact Hausdorff spaces and continuous mappings. Moreover, an analog of the Milyutin mapping, first defined
for probability measures, is constructed for *-measures. Additionally, a description of *-measures as closed
subsets of the product space with a unit segment and certain properties is provided. It is proved that the set of o-
measures with finite supports is everywhere dense in the space of all o- measures. One of the main results of this
section is the description of *-measure spaces as hyperspaces of sets with certain properties. This allows for the
comparison of *-measure spaces for different triangular norms *. In the section "Spaces of *-measure with
Compact Supports on Ultrametric Spaces", we consider the case of ultrametric spaces (recall that a metric is called
ultrametric if it satisfies the strong triangle inequality) and construct the ultrametricization of spaces of *-
measures with compact supports on ultrametric spaces. It is shown that this construction defines a covariant
functor in the category of ultrametric spaces and non-expansive mappings. It serves as an analogue for *-
measures of functors defined for probability measures, idempotent measures, and upper semicontinuous
capacities with compact supports. The dissertation proves that this functor is locally non-expansive. Additionally,
it is demonstrated that the space of *-measures with compact supports on a complete ultrametric space is itself a
complete ultrametric space. One of the main results of this section is the preservation of the class of complete
ultrametric spaces by the functor of *-measures. This section, "Monads generated by functors of *-measure" is
dedicated to the structure of a monad defined by *-measure functors on the category of Ultr, which consists of
ultrametric spaces and non-expansive mappings. Several fundamental properties of such monads are established.
Examples of non-isomorphic monads for different triangular norms * are provided. In particular, this structure
allows for defining the tensor product of *-measures in the category Ultr. For this purpose, the maximal
ultrametric on the product of ultrametric spaces is considered. Furthermore, we define games in *-valued
strategies on ultrametric spaces and prove the continuity of payoff functions for these games. Finally, it is proven
that any equilibrium for games in *-valued strategies can be approximated by almost equilibria composed of *-
measures with finite supports.
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