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Pedepar:

1. Incepranifina po60Ta IpUCBIY€HA PO3pOOLi MATEMAaTUYHUX MOJIeJIeH Ta METOiB onTUMi3alii QyHKIiOHYBaHHS
IBOGIYHMX LU(PPOBUX IIATGOPM MOCIYT. AKTYaIbHICTb JOCTIIKEHHS 3yMOBJIEHa CTPiMKOI0 1M POBi3allielo
€KOHOMIKY, BUCOKOIO IMHAMIYHICTIO Ta CTOXaCTUYHICTIO [TOIUTY, & TAKO>XK OOME>KEHHSIMU iCHYI0YMX eKOHOMIUHUX Ta
irpoBuUX IiAXOMiB 171 3344 YIPaBJiHHS B peajlbHOMY 4aci. MeTo0 pob0TU € TEOPETUYHE OOI'PYHTYBAHHS Ta
CTBOPEHHS LiJIICHOTO MaTeMAaTUYHOIO iHCTPYMEHTAPpIlo, CIIPSIMOBAHOTO Ha MiIBUIEHHS €(EeKTUBHOCTI, CTIIKOCTI Ta
CIIpaBeJINBOCTI KOOpAMHALl y4yacHUKIB myaTdopm. O6'eKTOM [IOCIIiIKEHHS BUCTYIIAIOTh 1BOGIYHI 11 pOBi
nsaTGOPMU NOCIYT SIK CKIATHI IUHAMIYHI cucTeMHU, IPEAMETOM — MaTeMaTUYHi MOJieJli Ta METOIY ONTUMi3allil
IIPOLIECiB B3aeMO/Iii, 30KpeMa JMHAMIYHOTO MAaTYMHIY Ta PO3MOiNy PECYPCiB. Y poOOTi 32CTOCOBAHO KOMILIEKC
METOIiB IPUKJIQAHOI MAaTEMATHUKK: CUCTEMHUI aHaJIi3, Teopilo rpadiB Ta MepesKeBUX IOTOKIB, MAPKiBChKi IIpoLecH,

cucremu nudepeHIiabHUX PiBHSHb i3 3BOPOTHUM 3B'sI3KOM, JIiHiMHe, HeJliHiliHe Ta CTOXacTU4YHe ITPOorpaMyBaHHs,



6araToKpuTepianbHy JUCKPETHY ONTHUMIi3allilo, @ TAKOXX areHTHE U IUCKPETHO-TOIiliHE MOJEIIOBaHHS. Y IEPIIOMY
po3zini mpoBeneHo aHaii3 kinacudikauii maaTdopm, iXHiX KII0UOBUX IIPOLECIB Ta iCHYI0YMX MiIX0iB 10
MOJesoBaHHs. JloBeieHO 0OMEXKEHICTh MAKPOEKOHOMIYHMX Ta irPOBUX MOJeJIeil 1151 OllepaTUBHOTO YIIPaBJliHHS,
c(pOpMyJIbOBAHO HAYKOBY MPO6JIEMY IIOLO BifICYyTHOCTI iHTErPOBAHOTO (POPMaIi3MYy, IO MOE€IHYE CTPYKTYPHUI,
IVHAMIYHUI Ta ONTHMMI3aLiiHUI piBHI aHaMi3y. Y Ipyromy po3zisii po3po6ieHO MepPEXeBY MOLENb IIIaTPOpMHU Y
BUIJISIZI AUHAMIYHOTO 3Ba’K€HOI'0 ABOJI0JIbHOTO rpada, 110 BpaXOBye IIPOCTOPOBO-YaCOBi 0OMEXXEeHHS, aKTUBHICTb
YYaCHUKIB Ta penyTauiliHi OLiHKA. 3alIpOIIOHOBAHO AVHAMIYHY MOJEJb 3aJIy4€HHS KOPUCTYBayiB Ha OCHOBI CUCTEM
IvdepeHLiaTbHYX PiBHSHD i3 3BOPOTHUM 3B'SI3KOM, gKa (GopMasisye BILJIMB HEJIIHIMHUX MEPEXeBUX €(EKTIB Ha
CTIiMKICTb €KOCUCTEMU. MaTEMaTUYHO JOBENEHO, 1110 3aCTOCYBAHHS MiHIMAKCHOTO KPUTEPII0 MPU PO3NOii
HaBaHTaXEHHS MiHIMi3ye HEPIBHICTb PO3IOLily NOXOIB Ta TApAHTYeE CTiMKICTh CUCTEMU O KPUTUYHOTO BiITOKY
nposaigepiB. OKpeMO PO3IJISIHYTO MOJIeJli pe3UJIbeHTHOCTI 10 Sybil-atak Ta BIiMB MOHETH3alii Ha JUHAMIKY
mat@opMu. Y TpeTbOMY PO3iJi 3a1a4y 6araTOKpUTEPiaibHOTO MAaTUYMHIY (POPMAai30BaHO SK 3a/1a4y JUCKPETHO]
onTumizatlii. Po3po6seHo ri6puaHuil afanTuBHUN aJITOPUTM, 110 iHTErpye reolpoCTOPOBY KilacTepusaliio,
JIOKaJIbHE PO3B'SI3aHHS METOLOM IIOTOKIB MiHIMaJIbHOI BApTOCTi Ta MiPKKJIaCTEPHE MOJIINIIEHHS HA OCHOBI IIOIIYKY
ayTMEHTYIOYMX UUIAXiB. JJOCIIiIKEHO 3aCTOCYBaHHS METOIB JIIHIMHOTO, HEJIIHIMHOTO Ta CTOXaCTUYHOIO
IIpOrpamMyBaHHs, IPOAHaJi30BaHO €TUYHI aCIIEKTU Ta MEXaHI3MU KOMIIEHCAllii aJITOPUTMIYHUX yIIEPEIKEHD.
HaykoBa HOBU3Ha IOJISITa€ Y BIEPILE 3alPOIIOHOBAHIN iHTerpoBaHiil Mogeri, o 06'eiHye AUHAMIUYHNI JBOLOIBHUM
rpa@, HesiHilHI MepexeBi epekT y TudepeHLiaTbHUX PiBHSHHSIX Ta CTOXaCTUYHI 0OMEXKEHHS; OOI PYHTYBaHHI poJii
MiHIMaKCHOTO KpUTEPIIO [1JIs1 JOBTOCTPOKOBOI CTIMKOCTi; pO3po06Li riopruiHOrO aIrOpUTMy MaTYMHTry. TeopeTudHe
3HA4YEHHS — PO3LIMPEHHS arapary NPUKIIAIHOI MAaTEMATUKK J1J1s1 aHaJli3y CKIQJHUX NIUHAMIYHUX CUCTEM.
[IpakTUyHe 3HaUY€HHS — FOTOBHICTb PE3YJIbTATIB O BIIPOBAIKEHHS PO3POOHMKaMU IM(PPOBUX CEPBICiB AJ1s

nigBUIeHHS €(eKTUBHOCTI, CIIPaBeIJIMBOCTI Ta Kibeppe3nIbeHTHOCTI NIAT(GOPM.

2. The dissertation is devoted to the development of mathematical models and methods for optimizing the
functioning of two-sided digital service platforms. The relevance of the research is due to the rapid digitalization
of the economy, high dynamism and stochasticity of demand, as well as the limitations of existing economic and
game approaches to real-time management problems. The aim of the work is to theoretically substantiate and
create a holistic mathematical toolbox aimed at increasing the efficiency, stability and fairness of the coordination
of platform participants. The object of the research is two-sided digital service platforms as complex dynamic
systems, the subject is mathematical models and methods for optimizing interaction processes, in particular
dynamic matching and resource allocation. The work uses a complex of applied mathematics methods: systems
analysis, graph and network flow theory, Markov processes, systems of differential equations with feedback, linear,
nonlinear and stochastic programming, multi-criteria discrete optimization, as well as agent and discrete-event
modeling. The first section analyzes the classification of platforms, their key processes, and existing modeling
approaches. The limitations of macroeconomic and game models for operational management are proven, and a
scientific problem is formulated regarding the lack of an integrated formalism that combines structural, dynamic,
and optimization levels of analysis. In the second section, a network model of the platform is developed in the form
of a dynamic weighted bipartite graph that takes into account space-time constraints, participant activity, and
reputational assessments. A dynamic model of user engagement based on systems of differential equations with
feedback is proposed, which formalizes the impact of nonlinear network effects on ecosystem stability. It is
mathematically proven that the use of the minimax criterion in load distribution minimizes the inequality of
income distribution and guarantees the system's resistance to a critical outflow of providers. Models of resilience
to Sybil attacks and the impact of monetization on platform dynamics are separately considered. In the third
section, the multi-criteria matching problem is formalized as a discrete optimization problem. A hybrid adaptive
algorithm is developed that integrates geospatial clustering, local solution by the minimum cost flow method, and
intercluster improvement based on the search for augmenting paths. The application of linear, nonlinear, and
stochastic programming methods is investigated, and ethical aspects and mechanisms for compensating
algorithmic biases are analyzed. The scientific novelty lies in the first proposed integrated model that combines a
dynamic bipartite graph, nonlinear network effects in differential equations, and stochastic constraints;



substantiation of the role of the minimax criterion for long-term stability; development of a hybrid matching
algorithm. Theoretical significance is the expansion of the apparatus of applied mathematics for the analysis of
complex dynamic systems. Practical significance is the readiness of the results for implementation by developers
of digital services to increase the efficiency, fairness, and cyber resilience of platforms.
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