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Vrpaineuyv O. 3. Maremarndne MOJe/IOBaHHs IIPUPOIHUIUX IIPOIECIB Ta
€KOHOMIUHIX CHCTeM IIiJ ji€ro 30ypeHb. — KpasidikaliiiHa HayKoBa IIpalls Ha
IIpaBax PYKOIIUCY.

Hucepranisgs Ha 3100yTTs HAyKOBOIO CTyIeHsl JIOKTopa dijsocodil 3a
cuerianabHicTio 113 — "Tlpukinagna maremaruka’. — YepHiBenbKMil HAIIOHAJILHII
yaiBepcuTeT iMeni FOpig @enbrosuua, Yepwisi, 2026.

Hucepraniitna podoTa IpuUCBsSIYeHa TTOOYI0BI 1 JOCTIIYKEHHIO MaTeMaTHIHIX
Mojiesieil i1 JIi€ro  OaraTo4acTOTHUX 30ypeHb 13 3alli3HeHHAMH apryMeHTy,
gKi 3ajal0Thest Ha Biapisky [0, L] JiniiiHO mepeTBOpeHuME apryMeHTaMu \, T,
A < 11 6,71,0, < 1, mareMaTudHOMY MOJICJIOBAHHIO IMYHHOI BiJIITOBIII
OpraHi3My JIIOJAUHU TIpU iHQEKIIHHUX 3axXBOPIOBAHHAX 1 Mojesi emijgemil i3
BpaxXyBaHHSIM BTPATH IMYHITETY TiJ{ BILIHBOM ekojioriaHoro dakropy FE(t).
[Tlix daxkropom FE(t) posymieMo 3BazkeHy CyMy pPI3HOIO pojy 3a0py/HEHD $K
JIOBKIJLJIsT, TaK 1 COIIaJIbHO-TICUXOJIONIYHOTO XapaKTepy, Kl HeraTuBHO BILINBAIOTH
Ha Tepedir 1H(eKIIinoro 3aXBOPIOBAHHSA 1 CHPUAIOTH MOIIMPEHHIO erijieMil.
HocipKeno TakoyK MOJIe/Ib PIBHOBaXKHOI eKoHoMiKN Eppoy—/lebpe — kimacmany
MIKPOEKOHOMIUHY MOJIE/Ib 3araJibHOI PIBHOBAaru, B sKiil CIIoKuUBadi if BUPOOHUKM
B3a€MO/IIIOTh Ha KOHKYPEHTHUX PUHKaX, & PIBHOBAara OIMCYEThCS Yepe3 ICHYBaHHsd
I[IHOBOTO BEKTOpa, IO 3a0e3Medye Y3rOoKEeHICTh IOIMUTY 1 IPOIO3UINT JIJId
BCIX ToBapiB. ¥ Jucepraliil 3anpornoHoBaHl Momaudikaril mojeni Eppoy—/lebpe
3 ypaxyBaHHAM ILJIOYMCEJTbHOCT] TOBAPHUX 3allaciB Ta 13 BpaxyBaHHs BILIUBY
ONTOBUX IIiH, 1110 TPYHTYETHCI Ha arapaTri BIOPSJIKOBAHUX BEKTOPHUX ITPOCTOPIB,
BEKTOPHHUX I'PATOK Ta PI3HUX y3araJbHeHb IIHOBUX (DYHKIIOHAJIB.

Y pobori Ha mijicTaBl BiIOMHUX MaTeMaTUUYHUX MOJIe/Iell 3allpPOIIOHOBaHI
HOBI MOJIeJIi, CIIIBaBTOPOM {KHUX € aBTOp aucepTalil. KokHa 13 3alpoloHOBaHUX
MoJIeJIeli OIMCY€E IIEeBHI MPOIEecH Y IIPUPOJIHNINX HayKax it ekoHoMiri. [TobynoBani
y pozaiiax 2 1 3 mareMaTWUdHl MOJE/l € HOBUMH I aKTyaJIbHUMU JIJisd
pPO3B’si3aHHA IPUKJIAJHUX 3aJad B MEJIUYHI HpakTUIl IIpU JOC/IIIZKEeHH]

IH@EKMIITHNX 3aXBOPIOBaHb, B eMiAeMIiooril mpyu aHaj i3l 1 TPOTHO31 emijeMiii,



B OioJioril, eKkoJiorii, eKOHOMIilli Ta B IHIIUX Tajly3sX, $SKi 3HAXOAATHCA i
Jlielo  OGaraTodacTOTHUX 30ypeHb abo TiJI BIIMBOM €KOJIOTIYHOrO (hakTopy.
YzaraabHeHHa Mojesi Eppoy-/lebpe, dKe 3a7eKUTh Bij BILIMBY CHCTEMU IIiH
1 poO3MOJIlJIy TOBapiB, MOXKe 3HalTH CBOE 3aCTOCYBaHHS Yy CydacHiii PUHKOBI
€KOHOMIII].

OcHOBHUMHU MeTOJIaMU JIOCJIJIZKeHHsI y PO0OTI € aHaJiTUIHA Ta HAKiCHA
Teopil JudepeHia bHUX — PIBHAHB, KOMII'IOT€pHE  MOJCIIOBAHHS, METOJIN
dyHKIIOHAJTBHOIO aHadi3y. ¥ po3Jii 2 3aCTOCOBAHHUII METOJ yCepeIHEeHHS
3a (ha30BUMU 3MIHHUMU Ha KyOl TepioJiiB IUX 3MIHHUX Ta TPUHIIAI CTUCKAIOTIX
BijjoOparkeHb JiJIsl JIOBEJEHHS ICHYBaHHA 1 €IMHOCTI PO3B'A3KY. &y PO3IiIl 2
1 3 Jj1d JIOCJIJIZKEHHSI CTIMKOCTI 3aCTOCOBAHO KPUTEPIl CTIMKOCTI 3a IepIInuM
HAOJIMKEHHSIM, a JIJIsi JIOBEJIEHHsI ICHyBaHHsI PO3B’si3Ky I00Y/I0BaAaHUX MOJIeJIeit
— METOJ MayKOPAHTHUX PIiBHSAHb, KOMII'IOTEpHE MOJEIIOBaHHS 3/11iCHIOBAJIOCDH
y cucremi Mathematica. ¥V pozzaini 4 Bukopucrtani mMeTon (YyHKIIOHAJILHOTO
aHaJi3y Ta TOMOJIOTI], BJIACTUBOCTI OPTONOHAJILHO aIUTUBHUX (PYHKITIOHATIB.

HucepTrariitia podoTa CKIaIa€ThCd 31 3MICTY, CIUCKY YMOBHHUX MO3HAYEHD,
BCTYILy, YOTUPbOX PO3JILIIB, 3arajJilbHUX BUCHOBKIB, CIIMCKY HOCUJIAHb 1 JOJATKIB.

Y nepmioMy po3jijii poboTH  3po0JIEHO oIV JTepaTypu 3a TEMOIO
JUcepTallil, BUKJIAJICHO JIOINOMIXKHI TIOHSTTs 1 TBep/KeHHsi. Habejeno ommc
Mojiesiefl B IMyHOJIOTIT, 3BepHYTO yBary Ha 0a30BYy MOJEIb IMYHHOI BiJIITOBI/II
['I. Mapuyka, npamnpb Y. @opum i M. Boanapa momo momudikarii 6a3oBoi
MOJIEJII Ha BUIAQJI0K CE30HHUX BILIUBIB. 3POOJIEHO OV MOJIeJIeil ernijieMiqHIX
porieciB, 30kpema kKiacudnol SIR-mojeni, sika € HacaigkoM Mozea Kepmaka
i MaxkKengpuka, momeni K. Kyka i3 BpaxyBanuam BTparu imMyHiTeTy. Taka
TeMaThuKa pO3BUBaJiacsd B 0OaraTboxX HalpsMKax, aJje He BiJIoMO, Mo0 B IHUX
MoJIesIgX OyB BKJIIOUEHUIT ekoJioriunuit (paxkTop. KpiMm Toro, HaBeJIeHO OTJIsI
Ipallb, MPUCBIYEHUX PO3BUTKY JHOCII2KeHb Mojei Eppoy-/lebpe, icHyBaHH:
PIBHOBasKHOI'O CTaHY Ta HOIo BJIACTUBOCTE 3 ypaxyBaHHSIM PisHUX Moudikaliiii
yMOB Ta, (DaKTOPIB MOJIEJII.

Posnin 2 npucsuennii JTOCTIZKEHHIO METOJOM ycepe HeHHs 3a (pa30BUMI



3MIHHUMHI BILIUBY OararodyacToTHUX 30ypeHb 13 3alli3HeHHAM apryMeHTy Ha
JIMHAMIKY TIPOIECY, KU OMHMCYETHhCA CHUCTEMOIO JTUdepeHIiaJIbHuX PIBHAHL i3
JIHIHO ITepeTBOPEHUMHI apryMeHTaMu. Taki MoJiesi MHUPOKO BUKOPHUCTOBYIOTHCH
B eKoJioril it Bimobpazkeni B moHorpadisax f. Kyanra, K. Iomascami, X. Cwmira,
JIxk. Xeitna, A. Mumikica i B. Koamanoseskoro ta 6ararhox iHIIIX aBToOpiB. Asle B
IIX MOJIEJIsIX He PO3IVIstAaJincs bararodacToTHi 30ypenns. [1ij 6ararodacToTHUMM
30ypEeHHSAMU PO3YMIEMO CKJIQJHUIT KOJMBHUI Ipolec i3 OararboX T'apMOHIK,
B TIpOIeci eBOJIONII gKOIr0 MOXKe BUHUKHYTH pe30HaHC dYacToT. Merojnka
Jlocstijizkenb, 3anporonoBaHa A.M. CamoiisieHKOM, PO3BUHYTa JIIsi 3BUYANHIX
nudepenniaabunX piBHdAHb B npangx P.I. [Terpummna. BararoyactoTHi cucremu
PIBH#AHBb 13 3alll3HEHHSIM apryMeHTy MeTOJI0M YCePEJIHEHHs JI0C/I1JIZKYBaJICh
B mpaigsx .J1. Biryna. ¥ janiit gucepraliiiHiii poOoTi MeTOJI ycepe IHeHH
3aCTOCOBAHUIL /17151 30y PeHb, aCUMIITOTHKA AKX MOXKe OYTH 1 IpoOOBOIO, OTPUMAHO
epeKTUBHY OIHKY METO/Y YCEepPeIHEHHs, sKa $BHO 3aJIe’KUTh BiJ| IMOKA3HUKIB
ACUMITOTUKN 30ypeHb 1 KIJILKOCTI (has3oBUX 3MIHHUX Ta 3alli3HeHb Yy HUX.
Ha wmopeni Xmkak-KepTBa ITPOLIIOCTPOBAHO JWHAMIKY PO3B'I3KY MOJIENl Y
3aJIE2KHOCTI BiJT BEJIMYMHU 30y PEHHS.

Y posupini 3 jwmceprallil  TOOYJI0OBAHO 1 JIOCTIJIZKEHO MOJIE/Ib  IMyHHOT
BIJIIOBLII Ta emijieMil, B SIKUX BPaXOBAHO BILIUB EKOJOMYHOrO (paxkTopy Ha
nepebir nporecis. JloBejieHo iCHYBaHHA 1 €IMHICTH PO3B S3KY, BCTAHOBJICHO
YMOBHU HlOr0 HEBiJI'€MHOCTI, IO BarKJMBO JJIsl aJleKBaTHOCTI Mojeseil. 3HaiiieHo
CTalllOHApHI PO3B’A3KM Ta YMOBHU 1X ICHYBaHHS 1 JIaHO iX MEJIMYHY IHTEPIIPETallilo.
B wmozeni iMyHHOI BIJANMOBLAI BCTAHOBJIEHO KOEMIIIEHTHI YMOBHU JIOKAJbHOI
ACUMIITOTUYHOI CTIKOCTI CTaIllOHAPHOT'O pO3B’{A3KY, dAKWil BIJNOBiae CTaHy
3JI0POBOTO  OpraHizMy. 3HAilJIeHO OINHKY BeJndIuHN iHMIKyBaHHS, IPH AKii
He BiJIOyBa€TbCsl PO3BUTKY iHQEKIITHOTO 3axBoproBaHHs. B Mojeni emijgemii
13 BIUIMBOM €KOJIOTIYHOTO (haKTOPy OTPUMAHO 0a30Be PENpOIyKTUBHE YHUCJIO,
Ha TiJcTaBi sKOTo COPMYJIbOBAHO TBEPIXKEHHS IIPO BIJICYTHICTH eIrijieMil.
[IpoBejieHO KOMIT'TOT€pHE MOJIE/TIOBAHHS MOOYIOBAHUX MOJEJel Jiisd LIocTpallil

BILIUBY €KOJIOTTYHOTO (aKTopy Ha 1epedir iHGEeKIIiHOro 3axBOpPIOBAHHS i



MOIIUPEHH eMJIeMll, sKe MOyKe NPU3BECTH JO AKICHOI 3MIHU JIMHAMIKU IIPOIIECY.
Pozmin 4 npucsdenuit MojudikaliissM MoJieJi PIBHOBAaXKHOI €KOHOMIKHI
Eppoy-/llebpe 3 ypaxyBaHHsM JUCKPETHOI IPUPOJN TOBAPHUX 3allaciB Ta
iCHyBaHHSI ONTOBUX IIiH. J3aIllPOIIOHOBAHO IIJIXiJl, Y SKOMY POJIb IIHOBUX
BEKTOPIB BIIIPaloTh 3apsi0Bi PYHKITIOHAIN Ha BIIOPSIKOBaHI BEKTOPHIN I'paTIii
TOBApPHUX BEKTOPIB, IO Jla€ 3MOI'y aJeKBATHO OIMCYBATU PUHKHU 3 JIOBLILHOIO
I'PATKOBOIO CTPYKTYpoio Habopy ToBapiB. [loOyaoBaHO 3arajbHy KOHCTPYKIIIO
KOMILJIEMEHTAPHOTO MTPOCTOPY, Ha SKOMY BU3HAYAIOTHCS 3apsjiu, 10 (POpMyIOTh
IIOPSIJIKOBO TTOBHY BEKTOPHY I'PATKY I MOXKYTb IHTEpIPeTyBaTUCs IK y3araJbHeHl
11iHOBI BekTopu. st 3anpornonoBanux Moaudikaliiil Mojesi J0BeIeHO iCHYBaHHSI
€KOHOMIYHOI PpIiBHOBArm Ta JOCJIZKeHO 11 OCHOBHI BjacTuBocTi. OTpumani
pe3ybTaTi PO3IINPIOIOTH allapaT Teopll pIBHOBAIW /I PUHKIB 3 JIUCKPETHUMU
pecypcaMi Ta BILIMBOM OITOBHUX IIHOYTBOPEHb 1 MOXKYTb OyTH BUKOPHUCTAHI JIJId
[OJAJIBIIION0 MaTEMATUIHOTO MO/IETIOBAHHS CYYaCHUX PUHKOBUX CUCTEM.
TeopeTndHe Ta NpakTU4He 3HAYEHHsI OTPUMAaHNX Pe3yJIbTATiB.
MaremaTnuni Joc/iizKeHns y IucepTaliiiniii poooTi MaloTh SIK T€OPEeTHIHUI
XapakTep, TaK 1 MOXKYThb OYTH 3aCTOCOBaHI IIPU JIOCJIJXKEHHI HeJIHITHIX
MaTeMaTUIHUX Mojiesieil 1mij1 Jiieto 6ararodacToTHUX 30ypeHb abo eKOJIOrIYHUX
BILJIMBIB, 3aJlad PUHKOBOI €KOHOMIKHN, MalOTh IpaKTHYHE 3HA4YeHHS y PI3HUX
HPUKJIQHUX 3a/[a4ax. Pe3ysibraTn Mojie/IF0BaHHs IMYHHOI BIIIIOBIJII MOXKYTb OyTH
3aCTOCOBaHI y MEJIMIHIN TPAKTHII /IS JIOCT?KEHHs Ta MPOTHO3YBAHHSA epediry
IH@EKIIITHNX 3aXBOPIOBaHbL 1 B €MiIeMioJoril JijIsd aHa i3y i MPOrHO3YBAHHIA
emnijieMil 3a HAJIBHOCTI BILIMBY eKoJioriunoro ¢pakropy. Hosi momudikamii momesti
Eppoy-/lebpe, gKi BpaxoBYIOTH IIJOYHNCEJBHICTH TOBAPHUX 3allaciB 1 ONTOBI
i1, MOXKYTh 3HAWTH CBOE 3aCTOCYBaHHSA y MOJIE/JIOBaHHI CYy9aCHOI PUHKOBOI
€KOHOMIKH TIiJ] BILTMBOM Pi3HUX (DAKTOPIB 30BHIIIHHOIO 1 BHYTPIIIHBOI'O BILINBY.
BacTocyBaHHSI KOMII'IOTEPHOIO MOJIEJIFOBAHHSI 1JIOCTPYE OTPHMAaHI TeOopeTHYHi
pe3yabTaTH 1 CHpHUsie 1X HpaKTUIHOMY 3acTocyBaHHIO. Ojep:KaHi pe3y/ibraTu
BIJIKPUBAIOTH MIJISAX JIJId y3araJbHEeHHsS MaTeMaTUIHUX Mojiesieil B PUPOJIHIINX

00J1aCTSIX Ta €KOHOMIII].



KirouoBi cjioBa: wmareMaTudHa MO/, CTAIlOHAPHUI  PO3B 30K,
JIMCKpeTHa MOJe/b, OldypKallis, JAMHAMIUHa CHCTeMa, CTifiKicTb, 3alli3HEHHSI,
nudepeHIiagbie pIBHAHHSA, TOMYJ/IsIlisd, KOMII'IOTEpHE MOJIe/IIOBAHHS, IMyHHa
BIJIIIOB1/Ib, BEKTOPHA I'PaTKa, JiaTepaJbHUil MOPsJI0K, OPTOrOHAJIBHO aJIMTUBHUI

orepaTop, BJAACTUBICTL IEPETUHIB.
ABSTRACT

Ukrainets O. Mathematical Modeling of Natural Processes and Economic
Systems under the Influence of Perturbations. — Qualified scientific work on the
rights of the manuscript.

Thesis for the degree of Doctor of Philosophy (PhD) in specialty 113
— "Applied Mathematics”. — Yuriy Fedkovych Chernivtsi National University,
Chernivtsi, 2026.

The dissertation is devoted to the construction and study of mathematical
models under multifrequency perturbations with delayed arguments, where the
delays are defined on the interval [0, L] by linearly transformed arguments \, 7,
A, < 1, and 0,7, 6, < 1; to the mathematical modelling of the human immune
response in infectious diseases and to an epidemic model that accounts for loss
of immunity under the influence of an environmental factor E(t). By the factor
E(t) we mean a weighted sum of various kinds of pollution, both of the physical
environment and of a socio-psychological nature, which adversely affect the course
of infectious disease and favour the spread of the epidemic. The work also examines
the Arrow—Debreu general equilibrium model—the classical microeconomic model
of general equilibrium in which consumers and producers interact on competitive
markets, and equilibrium is characterised by the existence of a price vector that
equates demand and supply for all goods. The dissertation proposes modifications
of the Arrow—Debreu model that incorporate integer commodity stocks and the
influence of wholesale prices, using the theory of ordered vector spaces, vector
lattices, and various generalizations of price functionals.

In this work, on the basis of known mathematical models, new models

are proposed of which the author of the dissertation is a co-author. Each of
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the proposed models describes certain processes in the natural sciences and in
economics. The mathematical models constructed in Chapters 2 and 3 are new and
relevant for solving applied problems in medical practice in the study of infectious
diseases, in epidemiology for the analysis and forecasting of epidemics, and in
biology, ecology, economics and other fields that are subject to multifrequency
perturbations or to the influence of an environmental factor. The generalization
of the Arrow—Debreu model that depends on the influence of the price system and
the distribution of goods may find application in the modern market economy.

The main research methods used in the work are the analytic and qualitative
theory of differential equations, computer simulation, and methods of functional
analysis. In Chapter 2, the method of averaging over phase variables on the
cube of periods of these variables and the contraction mapping principle are
applied to prove the existence and uniqueness of solutions. In Chapters 2 and
3, first-approximation (linearization) stability criteria are used to study stability,
and the method of majorant equations is used to prove the existence of solutions
of the constructed models; computer simulation was carried out in Mathematica.
In Chapter 4, methods of functional analysis and topology are used, along with
the properties of orthogonally additive functionals.

The dissertation consists of a table of contents, a list of notation,
an introduction, four chapters, general conclusions, a list of references, and
appendices.

The first chapter provides a review of the literature on the topic of the
dissertation and presents auxiliary concepts and results. A description of models
in immunology is given, with attention to the basic model of immune response due
to G.I. Marchuk and to the works of W. Fory$ and M. Bodnar on the modification
of this basic model for the case of seasonal effects. A review of models of epidemic
processes is given, in particular the classical SIR model, which is a consequence
of the Kermack—McKendrick model, and the model of K. Cooke that accounts for
loss of immunity. This line of research has been developed in many directions, but

it is not known that an environmental factor has been incorporated in such models.



In addition, the study includes a review of works devoted to the development of
research on the Arrow—Debreu model, the existence of an equilibrium state, and
its properties under various modifications of the conditions and factors of the
model.

Chapter 2 is devoted to the study, by the method of averaging over
phase variables, of the effect of multifrequency perturbations with delayed
argument on the dynamics of a process described by a system of differential
equations with linearly transformed arguments. Such models are widely used
in ecology and are presented in the monographs of Y. Kuang, K. Gopalsamy,
H. Smith, J. Hale, A. Myshkis and V. Kolmanovskii, and many other authors;
however, multifrequency perturbations were not considered in these models. By
multifrequency perturbations we mean a complex oscillatory process comprising
many harmonics, in whose evolution frequency resonance may occur. The research
methodology proposed by A.M. Samoilenko was developed for ordinary differential
equations in the works of R.I. Petryshyn. Multifrequency systems of equations
with delayed argument were studied by the averaging method in the works of
Y.Y. Bihun. In the present dissertation, the averaging method is applied to
perturbations whose asymptotics may be fractional as well; an effective estimate
for the averaging method is obtained that depends explicitly on the exponents of
the asymptotics of the perturbations and on the number of phase variables and
delays in them. The dynamics of the solution is illustrated on a predator—prey
model as a function of the magnitude of the perturbation.

Chapter 3 of the dissertation constructs and studies a model of immune
response and an epidemic model in which the influence of an environmental factor
on the course of the processes is taken into account. Existence and uniqueness of a
solution are proved, and conditions for its nonnegativity are established, which is
important for the adequacy of the models. Stationary solutions are found together
with conditions for their existence, and their medical interpretation is given. In
the immune-response model, coefficient conditions for local asymptotic stability

of the stationary solution corresponding to the state of a healthy organism are



established. An estimate is obtained for the level of infection below which the
infectious disease does not develop. In the epidemic model with environmental
influence, the basic reproduction number is derived, and on this basis a result on
the absence of an epidemic is formulated. Computer simulation of the constructed
models is carried out to illustrate the effect of the environmental factor on the
course of the infectious disease and the spread of the epidemic, which may lead
to a qualitative change in the dynamics of the process.

Chapter 4 is devoted to modifications of the Arrow—Debreu equilibrium
model that take into account the discrete nature of commodity stocks and the
presence of wholesale prices. An approach is proposed in which the role of price
vectors is played by charge functionals on the ordered vector lattice of commodity
vectors, which makes it possible to describe markets with an arbitrary lattice
structure of the commodity set in an adequate way. A general construction of a
conjugate space is given, on which charges are defined that form an order complete
vector lattice and can be interpreted as generalized price vectors. For the proposed
modifications of the model, the existence of an economic equilibrium is proved and
its main properties are studied. The results extend the framework of equilibrium
theory to markets with discrete resources and with the influence of wholesale price
formation, and can be used for further mathematical modelling of modern market
systems.

Theoretical and practical significance of the results. The
mathematical research in the dissertation is both theoretical in character and
applicable to the study of nonlinear mathematical models under multifrequency
perturbations or environmental influences, and to problems of market economy;
it has practical significance in various applied settings. The results of the
immune-response modelling can be used in medical practice for the study and
forecasting of the course of infectious diseases, and in epidemiology for the analysis
and forecasting of epidemics when an environmental factor is present. The new
modifications of the Arrow—Debreu model that allow for integer commodity stocks

and wholesale prices may find application in the modelling of the modern market



economy under the influence of various external and internal factors. The use
of computer simulation illustrates the theoretical results obtained and supports
their practical application. The results open the way for further generalization of
mathematical models in the natural sciences and in economics.

Key words: mathematical model, stationary solution, discrete model,
bifurcation, dynamical system, stability, time delay, differential equation,
population, computer modeling, immune response, Riesz space, lateral order,

orthogonally additive operator, intersection property.
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npukaad 1; M.M. Ilonosy warescumsv gdopmysosarns i dosedenns Teopemu
1; 0.3. Vepainuro nanesrcums ywacms y dosedeni Teopemu 1, dopmysosarts
npuxaady 2, npuxaady 3 ma ix dosedenns). (Scopus, Q1 — ht tps: //www. sc
imagojr. com/ journalsearch. php?q=211009257108tip=s1idécl ea
n=0)

HaykoBi mparii, sKi 3aCBiIIyOTh ampooOallifo MaTepiaJiB JUCepPTAaIlii:

1. Vkpainenp O. 3. VcepejHeHHsST B MaTeMaTHIHUX MOJCIAX T JIEI0
baraToyacToTHUX 30ypeHb i3 3amizHeHHsAM. MiKHapo/Ha HAYKOBO-IIPAKTUIHA
KoHdepentiis : Te3u jornosijeit, M. Codist, 31 civ. — 2 mot. 2024 p. / International
Scientific Unity. M. Codis, 2024. C. 263-266.

2. Bihun Y., Ukrainets O. Mathematical modelling of immune response to
infectious diseases with ecological factor. International Conference IMCS-60 :
proceedings, Chisinau, Republic of Moldova, October 10-13, 2024 / Vladimir
Andrunachievici Institute of Mathematics and Computer Science, Moldova

State University. Chisinau, 2024. P. 151-154. (Buecox asmopis: AU, Biesyny
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HANEHCUMD  NOCMAHO8KA 3adayl 1 002080pPeHHA PE3YALMAMIE  QOCALOHCENHD,
nacatdox 2.1; O.3. Vepainuo naseorcums Gopmyatosarts ma do6edeHms meopem
1 ma 2)

3. Bihun Y., Ukrainets O. Mathematical modeling of the body’s immune
response to infectious disease with external factors. Modeling, Control and
Information Technologies : proceedings of the VII International Scientific and
Practical Conference, Rivne, Ukraine, November 7-9, 2024 / National University
of Water and Environmental Engineering. Rivne, 2024. P. 223-224. (Bnecox
asmopie: A Bieyny wnaresrcumov obzosoperns pesysvmamie dJocaidrncens ma
nacaidor; 0.3. Vpainuro naseorcumsv Gopmyatosarms ma 0o6edenmss meopem,
YUCA0BE MODEAIOBAHHA PE3YNLNATNIG)

4. Bihun Y., Ukrainets O. Modelling of immune response with ecological
factor. Applications of Mathematics in Biology and Medicine : XXX National
Conference (International Edition), Wikno, Poland, September 16-20, 2025
/ University of Warmia and Mazury; Institute of Applied Mathematics and
Mechanics, University of Warsaw. Wikno, 2025. P. 7-8. (Bnecox asmopis: A1
Bieyny naaestcumsd ywacmv y nocmanosyi 3adavi; O.3. Vepainuro nasescumo
nobydosa ma docAiHCENHA MAMEMAMUYHOT MODEAT)

5. Birym 4., VYkpainenr O. MaremaTnune MOJeTIOBAHHSA —BILIUBY
3a0py/IHEHHS JIOBKi/LIsi Ha emnigemiunuii  nporec. Modeling, Control and
Information Technologies : proceedings of the International Scientific and
Practical Conference, Rivne, Ukraine, 6-8 November / National University of
Water and Environmental Engineering. Rivne, 2025. Ne 8. C. 278-279. (Bnecox
asmopis: A1, Bieyny nasescumv 062060penns pesysvmamis docaioocens; O.3.
Vrpainuro nasesrcums Gopmysosanni ma 008e0EHHA MeOPEMU, KOMN 10mepHe
MOOENI0BAHHA)

6. Bihun Y., Ukrainets O., Patratii M. Asymptotic stability of solutions
to an immune-response model under the influence of an environmental factor.
Ukraine Mathematics Conference At the End of the Year 2025 : proceedings, Kyiv,
December 18-19, 2025 / Taras Shevchenko National University of Kyiv. Kyiv,

12



2025. P. 90. (Bmnecox asmopis: A M. Bieyny ma M.B. ITampamiti naiescamo
002080pEHHA  NPAKMUYHO20 3ACMOCYBAHHA pe3ysvmamie docaidrncerv;, O.35.

Yrpainuo — nobydosa i docaidocenmns mamemamuunoi modei)

Hayxkosi mpari, siki J0JaTKOBO BiJIoOpa>kaloTh HAYKOBi pe3yJbTaTH
JANCePTAallil:

1. Popov M., Ukrainets O. A maximal Riesz-Kantorovich theorem with
applications to markets with an arbitrary commodity set. Matematychni
Studii. 2024. Vol 62, No 2. P. 199-210. (Bwecox asemopis: M.M. Ilonosy
HaneHcums popmyrrosars i, dosedenns Teopem 1, 2; O.3. Vrpainuro naresrcumo
dopmymosarna npukaadie i ywacms y dosederni Teopemu 3).

2. Bihun Y., Ukrainets O. Mathematical modelling of the immune
response to infectious diseases with the influence of environmental factors.
Acta et Commentationes, Exact and Natural Sciences. 2024. Vol. 18, No. 2.
P. 7-17. (Buecox asmopis: nocmanosky 3adaywi ma 0062060perns DE3YALMAMIE
docaidocens sditicnus A.HU. Bieyn; 0.3. Yipaineuv euxonas Gopmyirosarnna i

doseders meopem, a MaKoHc KoMN 10MePHE MOJEAEAHNA).
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