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Pedepar:

1. 1. [ucepTauis nprcBsiueHa BUBYEHHIO BJIaCTUBOCTEH i 6idypKaliiii aCUMITOTMYHMX PO3B'SI3KiB IJIs1 LIMPOKOTO KOJIa
HEOOOPOTHMX SIK HellepePBHUX, TaK i pO3pUBHUX KYCKOBO-TJIQJKMX BiJOOpa’keHb, 6araTo 3 sIKUX MpeJiCTaBsI0Th
C00010 MOJIeJli PI3HOMaHITHUX peaibHUX sIBULL. JOCIiI>)KEHHS HETJIaJKAX JUHAMIYHUX CUCTEM HabyJsI0
TOMYJIIPHOCTI HaNPUKiHLi MUHYJIOTO CTOJIITTS Y BiATIOBiib HA 3pOCTAaIOUi BUMOTHY 3 OOKY Pi3HUX MPUKJIAIHUX
ranysei Hayku. OCKiJIbKM MaTeMaTUYHUI aHaJli3 IPOLeCiB, I0B'I3aHUX i3 TEPTSIM, IPHKAHHSM, KOB3aHHSIM,
3ITKHEHHSMHU, IMITyJIbCAMU, BUXOAUTD 32 MEXKIi KJIACMYHOI METOM0JIOTI ITIaJKUX AMHAMIYHUAX CUCTEM, BUHMKIIA
HEOOXIiJIHICTb B pO3pO0Li HOBUX MiXOAiB Ta TeOPiil. KyCKOBO-TJIaJiKi CUCTEMU J€MOHCTPYIOTh HA0araTo LiKaBilly
aCUMITOTUYHY AMHAMIKY, HiX IVIa[IKi cucTeMHu, 31ebinb1Ioro yepes Te, mo y ¢pazoBoMy IIPOCTOPi iCHYIOTh
MHOXUHHU, Ha IKUX QYHKIIis cucteMy HenudepeHliioBHa, a B JesKUX BUIIaAKaX, HaBiTh HeBU3HaUeHa. Llei
HayKOBUIi HAMPSAMOK IOB'AI3aHUIA 3 PO6OTAMU TaKMX BiIOMUX BYEHUX fK JIk. A. opk, X. E. Hycce, 111 Ito, III.
Tanaka, ®. Takenc, C. banepmxi, C. I'pe6omxi, E. Mozekinbze, XK. T. Kycy6amnies, K. Mipa, JI. [apmini, k. I. Bicki, A.

Anbspi, B. ABpyTiH, 1. Cymko, 0. Maiictperko. He3Baskaiouu Ha BeJIMKY KiJIbKiCTb POGIT 32 TEMATUKOIO, TEOPis



6idpypraniii 1y KyCKOBO-TJIAIKUX BiloOpakeHb 1Ije ajieKa Bif 3aBepIIeHHs Ta IOTpebye PETeJIbHOTO OCIiIKeHHS
HOBUX $IBULI. B naHiil po6oTi 3a JOIIOMOr0I0 METOIB TEOPii CTIMKOCTI, Teopii 6idypKaLiil Ta XxaoCy BUBYAIOTHCS
OJHO- Ta MaJIOBUMIpPHI BifoGpaXkeHHsI, a TAaKOX BigoOpakeHHs BUI0i pO3MIPHOCTI, IKi MOJIEI0I0Th BaXXJIMBI 3a71ayi
pazio-eyIeKTPOHIKY, EKOHOMIKM, €KOJIOTii, ICUXOJIOTiI PO3BUTKY Ta iHIINX CYCIiJIbHUX HayK. 71 TaKUX BiflOOPa’KeHb
IOCIIIKYIOTHCS CTiIKi HEpYXOMI Ta NepioanyHi TOYKY, IPUTATYIOYI T71a1Ki Ta HerylaaKi iHBapiaHTHI KPMBi, XaOTU4HI
aTpakTopu pi3Hoi KoOHQIrypaii, 06s1aCTi NOrIMHAHHS HEe3MIlIaHOTO Ta 3MIllIaHOTO TUIIB, PETEJIbHO aHAali3yI0ThCs
JIOKaJIbHI Ta r7100ajbHi aCNeKTH ixX 6idypKaLii, 115 AesKUX 3 SIKUX OyAyI0TbCSl HOpMaJlbHI (POPMU B 3arajIbHOMY
BUIAJIKy Ta Y BUIIAJKY KOPO3MipHOCTI 1Ba, TAKOXX ONMUCYIOThCA 0ipypKaLiliHi CTPYKTYPH Y BiZJlIOBiIHUX NIPOCTOPax
napameTpiB. 30Kpema, Brieplie 6yJI0 OfEep>KaHO HM3KY HOBUX BAKJIMBUX HayKOBUX Pe3yJbTariB: 1) [lyig
OJJHOBUMIPHUX KyCKOBO-JIiHIHUX HENIEPEPBHUX BilOOPa>KEHb 3 IBOMa ME>KOBMMHU TOUKAaMU OTPUMAaHO HEOOXiTHi i
IOCTaTHI yMOBU JJ151 iCHYBaHHS CTiKUX LIMKJIiB Oy[1b-sIKOTO Nepiofly Ta JOCTATHI YMOBU [1J1 iCHyBaHHSI XaOTUYHUX
aTPaKTOPiB; y IPOCTOPi NapaMeTPiB BUMEPITHO ONMUCAHO TP 6ipypKaLiiiHi CTPYKTYpH, [Bi 3 SIKUX € y3arajlbHEHHSIMU
yKe BiJOMUX, a TPETIO BUSBJIEHO Bliepuie. 2) [l 0JHOBUMIPHUX KyCKOBO-MOHOTOHHUX BilOOpaXkeHb 3 JBOMA
TOYKaMU PO3PUBY BUSIBJIEHO [1Bi HOBi 0iypKallii XaOTUYHUX aTPaKTOPIB, SKi Bi0yBalOThCSI 3aBISIKU KOHTAKTY JBOX
Pi3HMX KDUTUYHUX TOYOK Ta HE MAIOThb BiJHOLIEHHS [0 JKOJHUX KPUTUYHUX TOMOKJIIHIYHUX OPOIT; OTPUMaHO
IOCTaTHI yMOBU JJ1s1 BAHUKHEHHS TaKux 6ipypKaliil Ta onucaHo MoB's13aHy 3 HUMU 6idypKaliliHy CTPYKTypy
HOBOTO THUIly. 3) JlJ11 4BOBUMiPHUX KYCKOBO-TJIaAKMX HETIEPEPBHUX BiloOpakeHb NEBHOI GOPMU OTPUMAHO
IOCTaTHI yMOBU iCHYBaHHS IIPUTATYIOYOI 3aMKHEHOI iHBapiaHTHOI HErJIaIkoi KpUBOi, SIKa CKJIALAEThC 3 CETMEHTIB
KPUTHMYHUX MHOMH Pi3HOTO PaHTy; I0Ka3aHo, 0 3BY>KEHHS BUXiHOTO IBOBUMIPHOrO BilOGPaKEHHS Ha LII0 KPUBY
3aJ1a€ThCs1 OJJHOBUMIPDHUM BilOOpPa’kKE€HHSM I1€PIIOTO MOBEPHEHHS, SIKE Ma€ IIPUHAVMHI OJIHY TOYKY 3/1aMy Ta
IIPUHAMMHI OIHY TOUKY po3puBy. 4) [y TPUBUMIPHUX KyCKOBO-TJIaIKUX HENIEPEPBHUX Bil0OpaXkK€Hb IIEBHOI
(opmu, sKi MaIOThb HECKIHYEHY KiJIbKiCTh HEPYXOMHUX TOYOK, TIOBEMIEHO, IO iX aCUMIITOTUYHA AMHAMIKa SIKiCHO
OINUCYETHCS] OAHOBUMIPHUM Bifo6pakeHHsIM TUlly Paiikepa. 5) 1151 IBOBUMIDHUX HEOOOPOTHUX KYCKOBO-TJIaAKUX
BiJOOpa’KeHb, 1110 MAIOTh APOOOBO-PalliOHAJIbHI YJIeHU B 060X KOMIIOHEHTaX CUCTEMHOI QYHKIIii, BUSIBJIEHO
(oKanbHYy TOUKY (B sIKill PyHKLi Mae HeBu3HauyeHicTh 0 /0), [0 Hale>KUTh CBOiN NpedOKabHill MHOXUHI, Ta

[IOKa3aHo, 10 BOHA MO>Ke MaTy 6aceiiH IPUTITaHHS JOAATHOI MipH.

2. The thesis is devoted to studying properties and bifurcations of asymptotic solutions for a wide range of
noninvertible continuous and discontinuous piecewise smooth maps, many of which represent models of various
real phenomena. The study of non-smooth dynamical systems gained popularity at the end of the last century in
response to the growing demands from different applied fields of science. Since the mathematical analysis for
processes involving friction, chattering, grazing, sliding, collisions, intermittency fall outside the classical
methodology for smooth dynamical systems, there was a need in developing new approaches and theories.
Piecewise smooth systems demonstrate much more interesting asymptotic dynamics than smooth ones, largely
due to the fact that there are sets in the phase space on which the system function is non-differentiable, and in
some cases, even undefined. This scientific area is associated with the works of many famous scientists, such as J.
A. Yorke, H. E. Nusse, S. Ito, S. Tanaka, F. Takens, S. Banerjee, C. Grebogi, E. Mosekilde, Zh. T. Zhusubaliev, C. Mira,
L. Gardini, G. I. Bischi, A. Agliari, V. Avrutin, I. Sushko, Yu. Maistrenko. Despite the large number of works on the
topic, the theory of bifurcations for piecewise smooth maps is still far from being complete and requires a
thorough study of new phenomena. In this work, using methods of stability theory, bifurcation and chaos theory,
one- and low-dimensional maps, as well as higher-dimensional maps, which model important problems in
engineering, economics, ecology, developmental psychology and other social sciences, are studied. For such maps,
we investigate stable fixed and periodic points, attracting smooth and non-smooth invariant curves, chaotic
attractors of various configurations, absorbing areas of non-mixed and mixed types; we carefully analyse local and
global aspects of the related bifurcations, for some of which we construct normal forms in general case and in case
of codimension two; we also describe bifurcation structures in the respective parameter spaces. In particular, a
number of new important scientific results were obtained: 1) For one-dimensional piecewise linear continuous
maps with two border points, the necessary and the sufficient conditions for the existence of stable cycles of any
period and the sufficient conditions for the existence of chaotic attractors have been obtained; in the parameter



space, three bifurcation structures have been exhaustively described, two of which are generalisations of already
known ones, and the third one is discovered for the first time. 2) For one-dimensional piecewise monotone maps
with two discontinuity points, two novel bifurcations of chaotic attractors have been discovered, which occur due
to the contact of two different critical points and are not related to any critical homoclinic orbits; the sufficient
conditions for the occurrence of such bifurcations have been obtained and the associated bifurcation structure of
new kind has been described. 3) For two-dimensional piecewise smooth continuous maps of a certain form, the
sufficient conditions for the existence of an attracting closed invariant non-smooth curve consisting of segments
of critical sets of different ranks have been obtained; it has been shown that the restriction of the original two-
dimensional map to this curve is given by a one-dimensional first return map, which has at least one kink point and
at least one discontinuity point. 4) For three-dimensional piecewise smooth continuous maps of a certain form,
which have an infinite number of fixed points, it has been proved that their asymptotic dynamics is qualitatively
described by a one-dimensional Ricker-type map. 5) For two-dimensional noninvertible piecewise smooth maps,
which have fractional-rational terms in both components of the system function, a focal point (at which the
function has uncertainty 0/0) belonging to its prefocal set has been found; moreover, it has been shown that this
focal point can have a basin of attraction of positive measure.
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VIII. 3akr04Hi BimoMocTi



Biacue IIpizBume Im's [10-6aTbKOBI Baneesa Onena OnexkcanyipisHa
TOJIOBH pajgu

BaacHe IlpizBume Im'a ITo-6aTbKOBI Baneesa Onena OsiexcannpiBHa
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY Apremundenko JKanHa fIkiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




