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1. TeOpeTMKO-MHOXUHHI METOIY B PEJIITUBICTCHKIN KiHEMATULI

2. Set-theoretic methods in relativistic kinematics

Pedepar:

1. 1. JuceprauiitHa poboTa NpUCBsIY€HA PO3POOLII HOBOrO MaTeMATUYHOrO anapary [ MaTeMaTU4HOI popmasisalii
IesaKux (Pi3sM4YHUX TeOopill (IepenyciM PessiTUBICTChKOI KIHEMATHUKM) I MATEMATUYHOTO MOJEJIIOBAHHS €BOJIIOL]
CKJIaJHUX CHCTEM, 30KpeMa 6araTo4acTUHKOBUX cucTeM. OCHOBHUM, 6a30BMM, IIOHSTTSIM 3a3HAYE€HOTO
MaTeMaTU4HOrO anapary € [IOHSTTS MiHJIMBOI MHOKMHU, TOOTO MHO>KUHU O0€KTIB, 110 MOXKYTb €BOJIIOL[IOHYBATH i
KapTHHA €BOJIIOLI SKMX MO>KE 3aJI€XKATHU Bif] CIIOCO0Y CIIOCTEPEXXEHHS (TOOTO CUCTEMHU BifljliKy). B po6oTi gaHo
CTPOre O3HAYEHHS [IOHSTTS MiHIVMBOI MHOXKVHM 1 TOC/IIPKEHO BJIACTUBOCTI MiHJIMBUX MHOXXMH. BM3HA4Y€HO MTOHSATTS
crucTteMu abCTPaKTHUX TPAEKTOPIH i OBeneHO, o JOBiIbHA cUCTeMa abCTPAKTHUX TPAEKTOPIH [1OPOKYE IIEBHY

6a30By MiHJIIBY MHOXVHY. BCTaHOBJIEHO, 110 JOBi/IbHA 6a30Ba MiHJ/IMBAa MHOKMHA MOXKe OyTU [1OPOJI’KEHA



4YaCOBUX CTaHiB. BBeeHo kiacudikallio BUAMMOCTI CUCTEM BiflJTiKy B MiHJIMBUX MHOXHKHaX. [JoBesieHO, 110 3a
[I€BHMX YMOB MHOXXMHA CUCTEM BiJIJIiIKy MiHJIMBOI MHOKMHU MOXKE PO3IIaaTUCh HA KJIACU BUIMMOCTI, SIKi TONapHO
He NIepeTUHAIOTHCS i Oy[Ib-SIKUH KJIaC BUAMMOCTI € 11iIKOM HEBUAMMUM 3 iHIINX KJ1aciB BUAUMOCTI. JloBe[leHo, 1110 B
MiHJIMBUX MHOXKMHAX, YCi KOMIIOHEHTH SIKHUX € LIiJIKOM BUJVMUMU B KOXKHII CUCTEMI BillJliKy, BilOOpaKeHHS
yHi(ikauii NOpoPKyI0ThCS 6iEKTUBHUMU BilOOPKEHHSIMUA MK MHOKMHAMU €J1eMEHTAapHO-4aCOBUX CTaHIiB
BiATOBITHUX cUCTeM Biniky. JlocinkeHo BIaCTMBOCT] KiHEeMaTUYHUX MHOKYH, TOOTO MiHJIMBUX MHO>UH,
OCHAIleHUX Pi3HOMaHITHUMHU T€OMETPUYHUMM 1 TOIOJIOTIYHUMU CTPYKTYpaMU. BBeleHO MOHSTTS peasbHOro Ta
YHiBEpCaJIbHOTO NIEPETBOPEHHS KOOPAUHAT MK CUCTEMaMH BiflJliKy y KIHEMAaTUYHUX MHOKMHAX. [JoBeleHO
HeOoOXiJIHy i IOCTaTHIO O3HAKy iCHYBaHHS YHiBEPCAJIbHOTO [1IePETBOPEHHS KOOpIUHAT. [JOCiIKeHO BIaCTUBOCTI
VHiBepcajbHUX KiHEMaTUK, TOOTO KIHEMaTUYHNUX MHOXUH i3 337JaHUM YHiB€pCaJIbHUM [1€PETBOPEHHSIM KOOPAMHAT.
[To6bynoBaHO NPUKJIAAM YHIBEPCAIbHUX KIHEMATHK, SIKi € MATEMAaTUYHO CTPOTMMU MOJEJISIMU €BOJIIOLIT (PiznyHuX
cucTeM B paMKax KinemaTtuku Jlopenna-Ilyankape Ta ii TaxioOHOBUX PO3IIMPEHb, & TAKOXK 1100YJ0BaHO
HETPUBiaJIbHUN KJ1aC KiHEMAaTUYHUX MHOXXUH, 4Ki HE [JOIyCKAIOTh YHIBEPCAJIbHOTO IEPETBOPEHHS KOOPAMHAT.
BBeneHO aHaIoru TEOPETUKO-MHOXXUHHOIO BiTHOIIEHHSI BKJIIOUEHHS Ta omnepallii 06'eqHaHHS /17151 6a30BUX
MiHJIMBUX MHOXXWH, KiIHEMaTUYHUX MHOXUH Ta YHiBepCaJIbHUX KiHeMaTuK. JloBefeHo, 110 omepallisl €BOJIOLiITHOTO
00'eTHaHHS Mae 6araTo BJIaCTUBOCTEH, CXOXUX i3 orepalieio 06'efHaHHS 3BUYAliHUX MHOXUH. JloBeieHO TeopeMy
IIPO €BOJIIOLIMHE PO3MUPEHHS IS YHiBEpCAIbHUX KiHEMATUK. O4iKyeTbCH, 10 NOBELEHA TEOPEMA JACTb 3MOTY
CTBOPMUTH aKCIOMaTUKY CII€LiaJIbHOI Teopii BiBTHOCHOCTI, 6i/1blI IPUPOJHY 3 iHTYITUBHOTO NOIJISAY, IIOPIBHSHO 3
iCHyI0OYMMHU MaTEMaTUYHUMU aKCioMaTU3aLiIMu 1€l Teopii. MeTogamu Teopii yHiBepCcalbHUX KIHEMATUK
IOCJiI)KeHO MUTaHHS IIPO NOPYIIEHHsI IPUHLUITY IPUYMHHOCTI, IIOB'sI3aHe 3 riloTe3010 PO iCHYBaHHS
MarepiasbHUX 00'€KTIB Ta iHEPLiHUX CUCTEM Bi[JIiKy, 110 PyXalOThCA 3i IIBUKICTIO, Oi/IBIIOIO 32 LIBUAKICTb CBITJIA.
BcTaHOBJIEHO IOCTAaTHI O3HAKYA YMOBHOI Y4aCO3BOPOTHOCTI Ta 6€3yMOBHOI 4aCOHE3BOPOTHOCTI. [T06yn0BaHO
IIpUKJIagy 6€3yMOBHO YaCOHE3BOPOTHUX TaXiOHOBUX YHiBEpCaJbHUX KiHEMAaTHUK Ha 06a3i y3arajbHeHUX [1epeTBOPEHb
JlopeHnua B ceHci E. Pexkami, B. OnbxoBcbkoro Ta P. ['0y1[10Hi, B SIKUX JO3BOJISIETBCS PyX MaTepiajlbHUX 06'€KTIB Ta
iHepLiHMX CUCTEM BiJJIiKy 3 HOBIJILHOIO MIBUAKICTIO, BiIMiHHOIO Bif IIBUIKOCTI CBiTJa. JJOCIiIKEHO BIaCTUBOCTI
OJIHOCTATHO-TMIOCTYNAJIbHUX CUCTEM BiJ|JliKy Y BEKTOPHUX YHiBepCaJIbHUX KiHeMaTUKaX. BCTaHOBIEHO HEOOXiHY i
IOCTaTHIO YMOBY OJHOCTalHOI ITOCTYNAaJIbHOCTI OJIHi€l CUCTEMMU BifJIiKy BiTHOCHO iHIIIOI y BEKTOPHIl YHiBEPCaJbHIN
KiHemaTui. [To6y0BaHO NPOCTIp y3arajJbHEHUX ONEPATOPiB 3 0OMEXEHNUM MIPOEKLIMHAM CJIilOM HaJl 3aJaHUM
rizb6epTOBMM ITPOCTOPOM i BCTAHOBJIEHO HOTO BJIACTUBOCTI. [JOBEZI€HO iCHYBaHHS ITPOEKLIMHOTO CHiy OJ1s1
IOBLIBHOTO y3araJbHEHOr'0 OllepaTopa 3 OOMEeKeHNM IIPOEKLIMHUM CIIiTOM HaJl 3a1aHUM TiIbOepTOBUM
IIPOCTOPOM. BcTaHOBIIEHO, 1110 IPOCTIip y3arajabHEHUX ONEPATOPIB 3 0OMEKEHUM MPOEKLIHUM CJIiJIOM BKJIaHA€THCS
B IIMPIIMI 6aHAXOBUM MPOCTIp NceBpooneparopis. Hax npocTopom NceBnoonepaTropis No6yA0BaHO TPyITy

YHITapHUX ONEPATOPiB, NOB's13aHy 3 OIIMCOM €BOJIIOLi 6araT04aCTUHKOBUX KBAHTOBUX CHUCTEM.

2. 2. The thesis, is devoted to the development of new mathematical apparatus intended for mathematical
formalization of some physical theories (first of all — relativistic kinematics) as well as for mathematical simulation
of the evolution of complex systems (in particular many-particle systems). The main, basic, notion of this
apparatus is the notion of changeable set, that is the set of elements, which can evolve, and, which can change
their evolution picture in dependence of the way of observation (that is the reference frame). In the paper the
rigorous definition of changeable set notion is given and properties of changeable sets are investigated. The notion
of system of abstract trajectories is defined and it is proven that every system of abstract trajectories generates
some base changeable set. It is established that arbitrary base changeable set can be generated by the system of
abstract trajectories, which are created by maximal chains on the set of its elementary-time states. The
classification of visibility of reference frames in changeable sets is introduced. It is proven that, under some
conditions, the set of all reference frames of changeable set can be decomposed into the visibility classes, which
are pairwise disjoint and, moreover, every visibility class is fully invisible from each another class. It is proven that
in changeable sets, all components of which are completely visible in each reference frame, the unification
mappings are generated by bijective mappings between the sets of elementary-time states of the corresponding
reference frames. The properties of kinematic sets are investigated, where kinematic sets are changeable sets,



equipped by different geometrical or topological structures. The notions of actual and universal coordinate
transform between reference frames of kinematic sets are defined. The necessary and sufficient condition of
existence of universal coordinate transform is proven. The properties of universal kinematics (that is kinematic
sets with given universal coordinate transform) are investigated. The examples of universal kinematics,
representing mathematically strict models of evolution of physical systems in the framework of Lorentz-Poincare
kinematics as well as its tachyon extensions are constructed. Also it is constructed the non-trivial class of
kinematic sets, which do not allow universal coordinate transform. The analogues of set-theoretic inclusion
relation and set-theoretic operation of union are introduced for base changeable sets, kinematic sets and universal
kinematics. It is proven that the evolution union operation has many properties similar with the properties of the
union operation for ordinary sets. Theorem on evolutional extension for universal kinematics is proven. It is
expected that this theorem will make it possible to create axiomatics of the special relativity theory, more natural
from the physical and intuitive point of view, in comparison with the existing mathematical axiomatizations of this
theory. Using the methods of the theory of universal kinematics, it is investigated the question of violations of
causality principle, connected with the hypothesis on the existence of material objects and inertial reference
frames moving at speeds greater than the speed of light. The sufficient conditions of certainly time irreversibility
and conditionally time reversibility are established. The examples of certainly time irreversible tachyon universal
kinematics were constructed based on the generalized Lorentz transforms in the sense of E.Recami, V. Olkhovsky
and R. Goldoni. In these kinematics it is allowed the motion with any velocity, different from the velocity of light
for material objects and inertial reference frames. The properties of self-consistently translational reference
frames in vector universal kinematics were investigated. The necessary and sufficient condition of self-
consistently translationality of one reference frame relatively to another is established for vector universal
kinematics. The space of generalized operators with bounded projection trace over given Hilbert space is
constructed and the properties of this space are investigated. The existence of projection trace for arbitrary
generalized operator with bounded projection trace is proven. It is established that the space of generalized
operators with bounded projection trace can be embedded into more wide space of pseudo-operators. Over the
space of pseudo-operators it is constructed the group of unitary operators related to the description of the
evolution of many-particle quantum systems.
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IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘{HOi 0COOM: [HcTuTyT MaTematuku HanjionaspHOI akazemii Hayk YKpaiHu
Kopg 3a €IPIIOY: 05417207

Micuesnaxo,lp!(eHHﬂ: ByJ1. TepemeHkiBchbka, 6ya. 3, Kuis, 01601, Ykpaina

dopma ByracHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:



CeKTop HayKH: AkafemivyHui1

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Topbauyk Bosogumup MupociaBoBuy

2. Volodymyr Gorbachuk

KBasigikamis: 1. d.-m. ., npodecop, 01.01.02
InenTudikarop ORCHID ID: He sactocosyerbcs
JoparkoBa iHdpopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0OM: HarioHanbHuil TexHiYHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHUM IHCTUTYT imMeHi Irops CikopcpKoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH: YHiBEPCUTETCHKUIL

BaacHe IlpizBume Im's I10-6aThKOBI:

1. IIpukapmnarcbkuii AHaToi KaposaboBuy

2. Anatoliy Prykarpatskyi

KBasigikanis: 1.¢.-m.1., mpodecop, 01.04.02

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHs: sy/. Crenana Banzepu, 6y, 12, JIbsis, 79013, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. IlerpaBuyyk Anatouiii [leTpoBry



2. Anatoliy Petravchuk

KBasidikanis: 1. ¢.-m. 1., npopecop, 01.01.06
ImenTudikarop ORCHID ID: He zactocosyetbcs

JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[IleByenka

Kopg 3a €IPIIOY: 02070944

Micuesﬂaxo,rm(el-lﬂﬂ: ByJI. Bonopumupceka, 6ya. 60, Kuis, 01033, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

TOJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZNIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Hpo3n FOpiit AHaTominOBUY

[TopreHko MukoJia IBaHOBUY

ApTtemunueHko JKaHHa fIkiBHa

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



