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1. Cunenxo 1. B. MapkoBchKa IneanbHa PiBHOBara y rpi Bumo0yTKy pecypciB 3i cTelieHeBUMHU IlepeBaraMu areHTiB. -
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
¢dinocodii 3a cnenianpHicTio 113 - [IpuknanHa maremaTtuka. - HaYKMA, Kuis, 2023. luceprauiiiHa po6oTta
IIPUCBSIYEHA JOCIIIKEHHIO BUAY CTOXAaCTUYHOI I'PU 3 HEHYJILOBOKO CYMOIO, 110 € BiJOMOIO B HAYKOBIl JliTepaTypi 3
Teopii irop sk rpa BUo6yTKy pecypciB abo rpa HaKOIU4YeHHs Kamitany. TeopeTuyHOo0 0Cco6IMBICTIO 1€l Ipu €
HEe3JIiYEHHUH MIPOCTIP CTaHiB Ta HEe3JiYeHH] IPOCTOPH pillleHs ii y4aCHUKIB. Malouy [IpaKTU4HE 3HAYEHHS,
KOHIIEILIig IPU MOZEJIIOE €EKOHOMIYHY 3a/1a4dy 31 CTpaTeriYHol B3aeMOii, o IHTEPIPEeTyEeTbCs TAKUM YMHOM. KislbKa
areHTiB MalOTh Y CIIiJIbHIN BJIACHOCTI [esIKNi1 BiHOBIIOBAHMI aKTUB (KaIliTasl, pecypc), o 3[jaTeH reHepyBaTu
[IEBHY BUTOY BiJl IOrO BUKOPUCTAHHS. [IPOTAroM MOCIIiIOBHOCTI 3 IUCKPETHUX MOMEHTIB 4acy BCi IpaBLii
OJJHOYaCHO NPUMMAIOTh PillleHHS 010 BIACHOI IOTOYHOI KiJIbKOCTI O CIIOKMBAHHS 3 LIbOTO PECYPCY, 3TiJHO 3
SIKOI0 BU3HAYAEThCS IXHiil MUTTEBUI IPUOYTOK YEPE3 OCOOUCTY CTaly (PYyHKI}0 KOPUCHOCTI. KilbKiCTh IOCTYIHOTO

17151 BAKOPMCTAaHHS PECYPCY B KOJKEH MOMEHT 4acy 3'sICOBYETHCS BiINOBIHO [I0 BilOMOr0 CTOXaCTUYHOTO 3aKOHY



nepexoy, o 3aJIEXKUATD Bifl MONEPENHbOI KiJIbKOCTI peCypCy Ta 00CATiB BULOOYTKY 3 HbOTO. 3arajlbHUM BUTPall
KO>KHOTO y4aCHUKA IPU 06YMCIIIOETHCS SIK IMCKOHTOBAHA CyMa BCiX HOT0 MUTTEBUX NMPUOYTKIB, OUiKYBaHY BEJIUYNHY
SKOi KOXKEH I'paBellb IIParHe MaKCUMMi3yBaTu 00Mpaloyy BIACHY CTPATETii0 Ha 1104aTKy rpyu. OCHOBHOIO METOIO
IOCJiIKEHHS € OIIOBHUTHU IIONepPeIHI Pe3y/IbTaTu 3 icHyBaHHs B Lill rpi (CranioHapHoi) MapkoBCbKoi IneanbHOi
PiBHOBaruy, sika BBXXA€TbCS KOHLEIIIi€I0 PO3B'S3Ky B MOi6HMX HEKOONEpAaTUBHUX irpax. [Ipob6aemaTuka ii
iCHyBaHHS € BiIKPUTOIO IPO6JIEMOIO B 3arajbHiil IOCTAHOBL 33a4i I'PU BUAOOYTKY PECYPCiB, IPOTE CTAHOBUTD
HAyKOBUM Ta IPaKTUYHUI iHTepec, i TOMY IIMPOKO BUBYAETHCA. Y OucepTallii po3risigaeTbCs MOLENb IPU BULOOYTKY
pecypciB 3 HeLOCIIIPKEHOTOo IOCi Ky1acy, AJIsl SIKOTO XapaKTepHa JI0BiJIbHA KiIbKICTh YIaCHUKIB, HEOOMEKEeHU
IIPOCTIip CTaHiB Ta HeoOMeXXeHi PyHKILii KOPUCHOCTI IpaBliiB, a TAKOXK 3aKOH [1epexo/ly MiX CTaHaMU Yy BUTJIST]
CTOXaCTHUYHOTO $17Ipa, 3aJIEXKHOTO Bifl CNijIbHOI iHBeCTULIii areHTiB. 3allponIOHOBaHa MOJieJlb OyyeThCsl HA60pPOM
0COOJIMBUX [TPUITYIEHb CTOCOBHO IIE€PEBAr IPaBLiB Ta CTOXACTUYHOI0O 3aKOHY [IePexojly MK CTaHaMU, SIKi MalOThb
IIXPOKE 3aCTOCYBaHHS B EKOHOMIYHOMY MOZeoBaHHi. [lo-nepiue, mpuIryCcKaeTbCs, 10 BCi rpaBlii BOJIOAIIOTH
i3oesacTUYHUMU PYHKUIIMU KOPUCHOCTI (260 CRRA 3rifHo 3 eKOHOMIYHOIO TEPMiHOJIOTI€0) Y BUIJISIZi CTETIEHEeBUX
Ta CTPOrO OIyKJIMX Bropy. [lo-gpyre, Ko>kHa HAaCTYIIHA KiJIbKiCTb JOCTYIIHOTO pecypcy (abo CTaH IpH) € JiHIMHUM
IIEPETBOPEHHSM 3QJIMIIKY Bifl CIOKMBAHHSI areHTIB (TOOTO iXHBOI CIiNIbHOI iHBeCTuLIii) 3 MyJIbTUIIIKATUBHUM
BUIIaIKOBUM 30yYPEHHSIM, OLHAKOBO PO3IIOJiIEHUM Ha KO>KHOMY eTalli 'pu. B ekoHOMIiYHOMY MOZe/IIoBaHHi Ta
(diHaHCOBI JliTEpaTypi TaKMil CTOXaCTUYHUI IIPOLIEC € IIOIMINPEHUM IIiJi HA3BOIO0 TeOMETPUYHE BUIIaIKOBE
6s1yKaHHS. 3allpONIOHOBAHY MOJI€JIb PO3IJISIHYTO SIK Y CHMETPUYHOMY, TaK i HECCUMETPUYHOMY popMari rpu. Y
CHMMETPUYHINl MOJeJIi METO/IOM 3BOPOTHOI iHIYKLii MO6YL0BAaHO €IMHY MapKOBCHKY IneanbHy PiBHOBary B cutyatii
KOJIU TOPU3OHT I'pU € CKiHUeHHUM. 3aBIsIK MOHOTOHHIM 36i’KHOCTi ITOJI0’KeHb PiBHOBAT Ta BiATIOBIAHUX iM I[iIHOBUX
(YHKIil areHTiB IpYU CIPSIMYBaHHI 3HaY€HHSI TOPU30HTY JI0 HECKIHYEHHOCTI, BCTAHOBJIEHO iCHYBaHHS CUMETPUYHOI
CranioHapHoi MapKoBCBKOi IeanbHOi PiBHOBaru B YUCTUX CTPATETISIX AJ1SI IPU 3 HEOOMEKEHUM FOPU30HTOM.
JloBenieHO, 10 OTPUMAaHe MOJI0KEHHS! PIBHOBATM HE € ONTUMAabHUM 3a [1apeTo, Ta 3HaiieHo popMyIry s
BM3HAUEHHSI COLjaJIbHO-ONTUMAJIbHOTO MIpodisto cTpareriil. Takox MigTBepIyKeHO HaJIMipHE CIIOXXKUBAHHS pecypcy
rpaBLSMH, 110 IEPEOYBAIOTh y CUTYallii piBHOBAry, NOPiBHSHO 3 iXHBOIO COLiaJIbHO-ONTHMAaJIbHOIO IOBEiHKOIO.
3rifHO 3 UMM PE3yJIbTaTOM, CUMETPUYHINI MOJEJIi I'PU BIACTUBA «Tpareis CIiJIbHOTO NoJis». [y HECUMETPUYHOI
MoZeJii rpy 3 HeCKiHUeHHUM TOPM30HTOM iHIIMM CIIOCOO0OM NIoBeNieHO icHyBaHHs CTanioHapHoi MapKoOBChKOI
IneanbHOI PiBHOBaru B YMCTUX CTPATETisIX, I JOAATKOBO BUCBITJIEHO ii €UHICTb cepel TpodiiB JiHIHUX CTpaTeriil.
[Tprnyomy meTton noBeneHHs, OyIy4u BiIMIHHAM BiJ] BUIIAAKy CUMETPAYHOCTI B MOZEJI, TaK camo 3abesnedye
aJIrOpPUTM TOOYI0BY NOJIOKEHHS PiBHOBArH, 0 OCOOIMBO JOPEYHO 11711 BAKOPUCTAHHS PE3YyJIbTaTiB HA MTPAKTULI.
Ki1040Bi €y10Ba: CTOXaCTUYHI irpy 3 HEHYJILOBOIO CYMOIO, BUJ00YTOK PECYPCiB, HAKOIIMYEHHsI KalliTasy, CTallioHapHa
piBHOBara 3a Hemem, MapkoBcbKa ifeanbHa piBHOBAra, CTeneHeBa (PYHKIisl KOPUCHOCTI, FTEOMETPUYHE BUINAIKOBE

OJIyKaHHS, TUCKPETHUH Yac, IMCKOHTOBAHUM BUTpalll, KOOIIepAaTHUBHA TEOPis irop.

2. Sylenko 1. V. Markov Perfect Equilibrium in a resource extraction game with power utilities of the agents. —-
Qualification scientific work in the form of manuscript. Thesis for doctor of philosophy degree in speciality 113 ——
Applied math- ematics. -— NaUKMA, Kyiv, 2023. The thesis is devoted to researching a class of nonzero-sum
stochastic games, which is referred to in the scientific game theory literature as a game of resource extraction or a
game of capital accumulation. From a theoretical standpoint a noteworthy characteristic of the game lies in
uncountability of both its state space and the players’ action spaces. Being motivated by prac- tical applications,
the game concept models an economic problem of strategic interaction with the following interpretation. Several
agents commonly pos- sess a certain renewable asset (a capital or a resource), which generates advan- tage from
its utilization. Throughout a sequence of discrete time moments all players simultaneously decide on the resource
quantity for the current per- sonal consumption, according to which an instantaneous payoff is received by means
of evaluating a constant individual utility function. The quantity of the resource available for consumption in each
moment of time is deter- mined accordingly to a known stochastic law of motion, which depends on the previous
resource amount and the extraction values of the players. The total reward of every participant equals to a
discounted sum of all received instantaneous payoffs, the expected value of which each of them aims to maximize
when choosing a personal strategy at the beginning of the game. The main purpose behind the research is to



enrich the available results of the (Stationary) Markov Perfect Equilibrium existence in the game, which is
considered a solution concept in this type of noncooperative games. The equilibrium existence in a general
framework of resource extraction games is an open problem, yet due to having a scientific and practical interest it
is being investigated extensively. The resource extraction game model considered in the thesis belongs to a
previously unexamined class, which is characterized by an arbitrary number of participants, an unbounded state
space, unbounded utility functions and a transition probability in form of a stochastic kernel dependent on a joint
investment of the players. The model is constructed with a pair of special assumptions concerning the players’
utility functions and the stochastic law of motion between states, both of which are commonly applied in
economic modelling. First, it is assumed that the players’ preferences are isoelastic (or CRRA according to the
economic terminology) in the shape of strictly concave power functions. Second, every subsequent quantity of the
available resource (i. e. a state of the game) is a linear transformation of the amount left after the players’
consumption (i. e. their joint investment ) influenced by a multiplicative random shock, which is identically
distributed at each stage of the game. Such stochastic process is exploited in economic modelling and financial
literature under the term geometric random walk. The proposed model is studied in both symmetric and
nonsymmetric game settings. For the symmetric game model a unique Markov Perfect Equilib- rium is constructed
using the method of backward induction in the case when the horizon of the game is finite. By showing that the
equilibrium policy functions and the corresponding value functions of the players are monotoni- cally convergent
as the time horizon goes to infinity, a symmetric Stationary Markov Perfect Equilibrium existence in non-
randomized strategies is estab- lished for the infinite horizon game model. It is then proven that the obtained
equilibrium is not Pareto optimal, and a formula for calculating the socially optimal strategy profile is revealed. It is
also confirmed that the players tend to overconsume when being in the equilibrium comparing to their socially op-
timal behaviour. According to this result, the symmetric game model admits the presence of “the tragedy of the
commons”. In the non-symmetric infi- nite horizon game model a Stationary Markov Perfect Equilibrium existence
in pure strategies is concluded via a different approach, and is additionally deduced to be unique among the
strategy profiles, consisting of linear policy functions. The employed proving method, while being distinct from the
one used in the case of a symmetric game model, similarly provides an algorithm for constructing the equilibrium
strategy profile, which is especially useful for applying the results in practice. Keywords: nonzero-sum stochastic
games, resource extraction, capital ac- cumulation, stationary Nash equilibrium, Markov perfect equilibrium,
power utility, geometric random walk, discrete time, discounted payoff, cooperative game theory.
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