AHOTAIIISA

Honvwmarx /I, 0. Tonosiorigaa TpaH3UTUBHICT Ta XaOTHUIHICTH OIIEPATO-
piB, TOB’'AI3aHNX 3 CUMETPUIHUMHI Ta CYOCUMETPUIHUMHU MOoJiHOMaMu. — KBa-
midikaliiina HayKoBa Mpalld Ha ITpaBax PYKOIUCY.

HucepTrarisg Ha 3100yTTS HAYKOBOI'O CTYIIEHs JIOKTOpa (isiocodil 3a crieri-
aspiicTio 111 — Maremaruka. — Kapnarcbkuit HamionabHuil yHIBEPCUTET iMe-
ni Bacuisi Credannka, IBano-®@pankisebk, 2026 — Kapnarcbkuii HarioHa b-
Huii yHiBepcuteT iMeni Bacuig Credanuka, [Bano-@pankiBebk, 2026.

Jucepramiitna poboTa BUKOHAHA Yy MeKaX Teopil MOJIHOMIB Ta aHAJJIITH-
JHUX (QYHKIIH Ha OaHAXOBUX IMPOCTOPaX 1 MPUCBSYEHA JIOCTIIZKEHHIO Olepa-
TOPIB, MOB’A3aHUX 13 CUMETPUIHUMHI Ta CyOCUMETPUIHUMU TIOJIIHOMAMH, a Ta-
KOYK BUBUYEHHIO CYOCUMETPUIHUX aHAJITUIHUX (DYHKIII, METPUYHIX CTPYKTYP,
BU3HAYEHNUX HA MHOXKWHAX MYJbTUMHOKUH 1 BIOPSIKOBAHUX MYJbTUMHOMKIH
Ta JUHAMIYHUX BJIACTUBOCTEN HEeMHIHUX BiTOOparKeHb, 10 BUHUKAIOTL Y INUX
BUITaJIKaX. & POOOTI MOEJHAHO KiJIbKa B3aEMOIIOB sI3aHUX HAIPSIMIB CydacHOI
MaTeMaTUKK: HeJiHIfHUN (QYHKIOHAJbHUI aHaji3, TeOpilo CUMETPUIHUX Ta
CyOCUMETPUIHUX TIOJIIHOMIB, TEOPII0 aHAJTITUIHNX (DYHKIIINH HA HECKIHIEHHOBU-
MIPHUX IIPOCTOPax, METPUUYHY TEOPII0 MYJIbTUMHOXKUH 1 JIMHAMIKY OIlePaTOPIB.
CaMme Take IO€IHAHHS JIA€ 3MOTY PO3TJISIJIATH CUMETPUYHI Ta cyOCHUMETPUYHI
KOHCTPYKIII He JIMIIe sK ajredpaldHi o0’€KTH, a 9K i CTPYKTYpPH, I SKHX
XapaKTepHa, CKJIaJHa TOIOJIOrYHa Ta JMHAMIUYHA ITOBEIIHKA.

Teopisg cuMeTprUIHUX i CYOCUMETPUYIHUX TIOJIIHOMIB BLIIIPAIOTH BayKJIMBY
pPoJIb Y KJIacUIHiil aaredpi Ta cydacnomy (byHKIIOHAJIHLHOMY aHaJIi3i. ¥ JIpyTiit
no10BuHI XX CTOJITTA iJ1el, OB’ s13aHl 3 CUMETPUYHIMHU ITOJIIHOMaME, OyJIH I1e-
peHeceHl B HECKIHYEHHOBUMIPHUIT IIPOCTIP, Jle MPEeJIMETOM JIOC/IZKEHHS CTaJIN
HOJTIHOMHU 1 aHaJiTH4YHI DYHKILT Ha ODaHAXOBUX IIPOCTOpax, IX ajaredpaldHa Oy-
JIOBA, CIIEKTPaJIbHI BJIACTUBOCTI Ta, AIllPOKCUMAIliiHI XapaKTePUCTUKNA. SHATHUI
BHECOK y PO3BUTOK I[b0ro Hampsamy 3pobman P. Apon, 1. Tamirgo, A. Saropo-
nuioK, I. Yepnera, T. Bacuwaumun, C. Bacuaumun, B. Kpasuis, @. Ixxasa, P.

['oncasio Ta iHmI HayKOBIN. Y TXHIX HpallsgX BUBYAINCT ajaredpaidni 6a3mcu cu-
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METPUYHUX ITOJIIHOMIB, CIIEKTPH aJiredp aHaJATHIHUX (DYHKIIIH, pakTopu3ariis,
a TAKOYK Pi3HI KJIaCH CUMETPUIHUX, OJIOUHO-CUMETPUIHNX, CYIEPCUMETPUIHUX
1 cyocumeTprnaHuX (QYHKIINA. Y podoTax, MPUCBAYCHIX CUMETPUUHUM aHAJIITH-
qHUM QYHKIIAM Ha IPOCTOpax £}, PO3IJIAIaIic AK TOUKOBI (DyHKI[IOHAIN, TaK
1 OL7IBIIT 3araJibHi CIIEKTPaIbHI eJIEeMEeHTH, 110 JIaJI0 3MOTY JIeTa bHilIe 3Po3yMi-
TH, K CUMETPisd IPOCTOPY BU3HAYAE CTPYKTYPY aaredp (pyHKITiil.

[IpupojnumM y3araJbHEHHAM CUMETPUYHUX TOJIHOMIB Y HECKIHUYEHHOBU-
MIpHOMY BHUITQJIKy € CyOCHMETPUYHI MOJIIHOMU, 10 BUHUKAIOTH Ha OaHAXOBUX
pocTopax i3 cyocuMeTpuIHNM 6a3mcoM. Y MLOMY HAIPAMi BayKJIUBUME € Pe-
3yabTaTu P. ['oncaso, a TakoxXK MOJaJIbIT JOCTIZKEHH, V TKUX PO3IISIAIICT
aJiredpu cyOCHUMETPUYHMX IMOJIIHOMIB, TX MHOXKWHU HYJIIB, BJIACTHBOCTI (haKTO-
plaJIbHOCTI Ta pi3Hi 3acTOCYBaHHA B Teopil onepaTopiB. OKpeMuii HAIPSIM J10-
CJIJIZKEHHSI, Ha AKNI CIHUPAETHCA JUCepPTallisd, CTOCYETbCs MYJbTUMHOXKUH Ta
OB SI3aHUX 13 HUMU aJareOpaldimxX i MeTPUIHUX CTPYKTYP. & HMIUPIIOMY MaTe-
MaTUYHOMY KOHTEKCTI BapTo 3rajiatn podotu P. enekinma, K. BeitepmTpacca,
. Knyra, P. Meepa, M. Makpo06i, a B cyuyacHoMy (PYHKI[IOHAJIBHOMY aHaJIi31
— I. Yepnery, T. Bacwmummna, A. 3aropojnioka, FO. Hom'loka, B. Kpagiis
Ta IXHiX criBaBTopiB. Ilepexin 10 MyJIBTUMHOKIH BUHUKAE TIpU paKTOpU3allil
MIPOCTOPY 3a BIJHONIEHHsM eKBiBaJeHTHOCTI. [[oOymoBa Ha TaKMX MHOMKHHAX
METPHK, Y3TOKEHNX 3 aJaredpaldHuMu orepalisiMi, JTa€ MOXKIUBICTH KOPEKTHO
BUBYATH 3012KHICTb, HEIIEPEPBHICTD, IIIJIbHICTL OpPOIT, TPAH3UTUBHICTD Ta iHIII
JMHAMIYHI XapakTepucTuku. He MeHIT BayK/JMBUM € 1 3B’d30K JiEcepTaliiitHol
pPoOOTH 3 KJIACUYIHOIO TEOPIEI0 JIMHAMIKHU OIIepaTopiB, y SAKiil pyHIaMEeHTAJIbHI
pesyiabraTn Hasgexkarb . Bipkrody, C. Poresmay, Y. Kirai, A. Ilepicy Man-
rizbitory, A. Manyccocy Ta iHIINM MaTeMaTHKAM.

Ak Oys0 okazano BUITE, JOCTIKEeHH CUMETPUIHNX 1 CyOCUMETPUIHIX
MOJTIHOMIB Ha 0aHAXOBUX ITPOCTOPaX MPUBOIUTDL HE JIUIIIE JI0 BUBYEHHS aJredpa-
TIHUX BJIACTUBOCTEN BiIIIOBLIHUX KaciB (PYHKILH, a i 10 aHa i3y 1M10B’ d3aHUX i3
HUMI (PaKTOPHUX Ta METPUIHUX CTPYKTYP. 30KpeMa, TMepexis 10 MyJIbTHMHO-

JKIH 1 BIIOPAAKOBaAHUX MYJIBTUMHOXKHWH JTa€ 3MOI'Y OIIMCYBaTH €KBIBaJIECHTHICTb
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eJIEMEHTIB IpOCTOPY, Oy/lyBaTu IMPUPOHI METPUKKM Ha BIIIOBIIHUX MHOXKHHAX
1 JTOC/TKYBATH ONEPATOPH, IO JHIOTH Ha IUX MPOCTOpax. ¥ JMcepTalliiiHiil
pOOOTI TIeit MiIXiJT PO3IJISTHEHO JI/Isi CYOCUMETPUYHUX MTOJIIHOMIB Ta (PYHKINN Ha
OaHaXOBUX MMPOCTOPAX, & TAKOXK JIJIsI ONEPATOPIB, OB’ I3aHUX 13 CUMETPUIHUMI
1 cyOCUMETPUIHUMHI TTOJIIHOMAMMU.

OcHOBHIM 3aBIaHHIM JUCEPTAIIHHOTO JTOC/II/IKEHHS € BUBUEHHS ajrebpa-
TYHUX Ta aHAJITHIHUX BJIACTUBOCTEH CyOCUMETPUYHUX MTOJIIHOMIB i TIOB' A3aHIX
13 HUME PYHKIII, ToOy0Ba Ta JOC/IIJKEHHA METPUIHUX CTPYKTYP Ha MHOYKHU-
HaX MYJbTUMHOXKWUH 1 BIIOPSJIKOBAHUX MYJIbTUMHOYKUH, & TaKOXK BCTAHOBJIEHHS
YMOB TOIIOJIONTYHOI TPAH3UTUBHOCTI, XaOTUYHOCTI Ta 3MIITYBAHOCTI BIJIIIOBLJIHUX
oriepaTopiB. 30KpeMa, Yy poOOTi JOCIIIZKYIOThCS BJIACTHBOCTI ajiredp cyobcume-
TPUYHUX TIOJIIHOMIB, MHOYKUHU HYJIB TaKUX MOJIHOMIB, IPOTO-CYOCHMETPUYIHI
hyHKIIIT, anmpoKcuMallis 1 MoxXijHi cyocuMeTpuIHuX (PYHKIN, a TAKOXK JUHaMI-
YHI BJIACTHBOCTI OIlepaTOPiB JIIBOIO 3CYBY ii orepaTopiB iudepeHIitoBaHHS.

Hucepralisg CKIAIAETHCA 31 BCTYIY, TPHOX PO3JIJIIB, BIUCHOBKIB, CITUCKY
BUKOPUCTAHUX JIZKEPEJT 1 JIojlaTKa, AKIiT MiCTUT ITyOJIiKallil aBTopa Ta anpoobariil
pe3yIbTAaTIB JUcCePTAIiiiHOT pOOOTH.

Y BCTyI T0JIaHO 3arajibHy XapaKTePUCTUKY JUCepTaIliifHol podoTH,
OOI'PYHTOBAHO JIOIIJIbHICTD JOC/II2KeHHsI 00paHOl TeMH Ta OIUCAHO 11 Micie
B CydJacHUX HayKOBUX HallpsgMaxX. Busznadeno 3B'd30K pobOTH 3 HAyKOBO-
JIOCJTJTHUME TeMaMU 1 ITPpOoeKTaMu, cchOpPMYJIbOBAHO METY Ta OCHOBHI 3aB/IaHHI
JIOCJIJIZKEHHSI, yTOYHEHO 00’€KT, mpejMeT 1 Bukopuctani merogn. Okpemo
BHUCBITJIEHO HayKOBY HOBU3HY OJIepKaHUX Ppe3yJIbTaTiB, 1XHE TeOpPeTUYHE 1
MpaKTUIHEe 3HAYeHHs, HABEJIEHO BIJIOMOCTI MPO OCOOMCTHUIl BHECOK 37100yBa-
YKI, a TaKOXK MOoJaHo iHdopMalliio Mmpo myOsikalil Ta ampoOaliiio OCHOBHUX
pe3yJIbTaTIB JiucepTallil.

[Tepmumit po3/1ii Mae OrJigIOBO-TEOPETHIHUIT XapakTep. Y HHOMY ITpoaHa-
JII30BaHO HAYKOBI IIpalli, 6e3110cepeIHbO OB sI3aH1 3 TeMaTUKOIO JIUcepTallil, BH-
KJ1aJIeH0 0a30Bi PE3y/IbTATH Ta MOHATTS, 10 CTAHOBIATEH TEOPETUIHE T PYHTS

IOIAJIBIINX JTOCJIIKEHD.
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Hpyruit po3iii MpUCBIYEHO BUBYEHHIO CYOCHMETPUIHUX aHAJITHIHUX
dbyHKIiil HA GaHAXOBUX MpOCTOpax. ¥ MbOMY PO3JIJ JOCiIKEHO aJredpaldHi
BJIACTUBOCTI ajredbp cyOCHUMETPUYHMUX IIOJIHOMIB, PO3IVISHYTO IX 3aCTOCyBa-
HHsI B Teopil oleparopiB, NMPOaHAJI30BAaHO MHOXKHHHU HYJIB CYOCHMETPUIHUX
MOJTIHOMIB, BBEJIEHO KJIAaC MPOTO-CYOCUMETPUIHUX (PYHKINH, a TaKoXK ojiep-
YKQHO Pe3yJIbTaTU II0JI0 alpoKcuMallil 1 JudepeHIliioBaHHsS CyOCUMETPUIHIX
byHKII.

Y migposaiai 2.1 10cHizKeHO BJIACTUBOCTI ajiredp cyOCUMEeTpUIHUX I10JIi-
HOMIB Ha OaHAXOBWX IpOCTOpax i3 cyocmmeTpuunnM OaszmcoM. OCHOBHY yBa-
ry 3o0cepe/KeHo Ha asiredpi cybcumerpuunux nosinomis Pg(f,) mna mpoctopi
{,. Po3risgHyTO NNTaHHA €KBIBaJICHTHOCTI €JIeMEHTIB x,y € {, 3a 3HadYCHHS-
MU CyOCUMETPUIHIX TTOJIIHOMIB 1 BCTAHOBJIEHO BiJINOBIIHI KpuTepil. Kpim Toro,
JIOCJTLIZKEHO TOMOMOPMI3MHE IIi€l aareOpHu, a TakKoxK M00YI0BAHO MPO/IOBXKEHH
CcyOCUMEeTPUYIHUX TOJIHOMIB 31 30eperKeHHsIM X OCHOBHUX BJIACTUBOCTEI.

Y mipo3aii 2.2 po3rIsinyTO MPOJIOBXKEHHS CYOCUMETPUIHNX (DYHKITINH Ha
mupI Kjacu mpocropiB. [ToOyioBaHO 1poIOBXKEHHS CyOCUMETPUYHIX TTOJIIHO-
MIB Ta JIOCJII?KEHO YMOBH 30eperKeHHsI IXHIX OCHOBHUX BJIACTUBOCTEl, 30KpeMa
130MEeTPUYHOCTI.

Y migposaiii 2.3 HaBeIeHO IMPUKJIaIn CyOCUMEeTPUIHUX TOJIHOMIB Y (DyH-
KIIHHIX TIE0EPTOBUX MPOCTOPax. PO3TIAHYTO KOHKPETHI KOHCTPYKITIT MOJTIHO-
MIB Ta IpOaHaJIi30BaHO TXHI BJIACTHBOCTI B MexKaxX (PYHKINHHUX IiJibOEPTOBUX
[IPOCTOPIB.

Y migposiii 2.4 po3ryIAHYTO 3aCTOCYBAHHSA CYOCHMETPUYHUX IOJIHOMIB
y Teopil omeparopis. [Tokasano, mo nominomn 3 xiacy Pe(lp) MOKyTh OyTH
BUKOPUCTaHI JI/I OMHUCY CHEKTpaJbHUX BJIACTUBOCTEHl orepaTopiB. Y TakKoOMy
BUITQJIKY aJrebpaldHi BJACTUBOCTI CyOCUMETPUIHUX ITOJIIHOMIB OB I3y IOTHCS 3
OllePATOPHUMU 3aJ/I1adaMU.

Y miapo3 il 2.5 po3rITHYTO MHOYKUHI HYJIIB CyOCUMETPUYHIX TOJTIHOMIB
Ha mpoctopi X. JocsimKeHo iXHi CTPYKTYPHI BJIACTUBOCTI B HECKIHIEHHOBUMIP-

HOMY HpOCTOpi Ta ITIOKa3aHO, IO AdJdPpa TaKUX IIOJIIHOMIB MalOTh HeTpI/IBiaﬂbHy



Oy/I0BY.

Y migposaini 2.6 jgocipkeHo aaredpu cybcuMeTpruIHIX HoJiiHOMIB. Pos-
IJIAHYTO BJIACTHBOCTI BIJIIIOBLIHUX a/redp, ix roMmoMopdizmu Ta gpaKTopiaibHi
B1acTusocTi. Jlosesieno, 1o Ha KOMIJIEKCHOMY 1IPOCTODI £, 3 cyOCHMeTpUIHIM
saJIpoM Oyjie cyOCUMEeTPIUIHIM.

Y mijgposii 2.7 BBeJIEHO KJiac MPOTO-CyOCMMETPUIHUX (PYHKII 1 J1oc/Ti-
JIZKEHO 11oro ocHoBHi BjacTupocti. ITokazaHo, 1110 11eil Kjiac 1o’ sizanuii i3 cyocu-
METPUYHUMHU TOJTIHOMAMK Ta aHAJITUIHUMEI (PYHKINISIMA, aJie BOJHOYAC € IINp-
UM 3a KJIAC CTaHJAPTHUX CyOCUMETPpUIHIX (PYHKILIL.

Y miaposai 2.8 ofep:KaHo Pe3yabTaTi PO allPOKCUMAII0 CyOCHMETPH-
YHUX (PYHKIII 1OJIHOMaMU BIAIOBIJIHOTO THITY. PO3IVISHYTO YMOBH, 3a SIKHX
hyHKIIT 13 cyOCUMeTPUIHIME BJIACTUBOCTSIMU MOYKHA HAOJIMZKATH MOJIHOMAMU
3 asredbpn Pg(f,) abo cropijiHeHnx Kiacis.

Y migposgiiai 2.9 jpocsijipkKeHo IOXiJiHI, IMOoB’si3aHi i3 cyOCHUMeTpUYHH-
M yakiismu. Beegeno noxinni dp, Orp Ta Oy, y3TOIZKEHI 3 OIEpaIero
CcyOCUMETPUYIHOTO 3CYBY, 1 BCTAHOBJICHO 1XHiil 3B’g130K 13 10XijiHOIO ['aTo.

Tpetiit Po3/iJ HPUCBSIYEHO OC/IIJIZKEHHIO JUHAMIKKI OIIePaTOpiB, I10B’s-
3aHUX 13 CUMETPUIHUMU Ta CyOCUMETpUIHUME CTpyKTypamu. OCHOBHY yBary
MPUILIEHO TTOOYIOBI METPUIHUX CTPYKTYP Ha MHOYKIUHAX MYJILTHMHOYKIH 1 BITO-
PSAIKOBAHNX MYJIBTUMHOYKIH, & TAaKOYK BUBYEHHIO TOMOJIOTIYHOI TPAH3UTUBHOCTI
Ta 3MINTYBAHOCTI BIIIIOBJIHUX OIIEPATOPIB.

V nigpospiii 3.1 mobyi0BaHO METPUKY Ha MHOXKHHI MyJbTHMHOKIH M
Ta, JIOCJiIzKeHo 11T ocHOBHI ByiacTuBocTi. [lokazaHo, 110 Isl METPHUKA Y3IOIXKY€E-
ThCA 3 aJreOpaldyHuMU OlepaIissMi Ha IIPOCTOPI MYJbTUMHOXKUH 1 MOyKe OyTH
BUKOpUCTaHA JJI aHaJIi3y 301KHOCTI, HEEPEPBHOCTI Ta JUHAMITHOI TTOBEIHKN
BIJIIIOBIJIHIX BiJI0OParKeHb.

Y nijiposii 3.2 modyoBaHO METPUKY Ha MHOXKUHI BIIOPSAIKOBAHUX MYJTh-
TUMHOXKUH M x Ta BCTAHOBJEHO 11 3B’SI30K 3 aJireOpaldHOI0 1 TOIOJIOTiYHOIO
CTPYKTYPOIO ITLOT'O TTPOCTOPY.

Y nigposaia 3.3 JI0CIiIKEHO olepaTop JIBOTO 3CyBY Xy : Rf — Rf y
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POCTOPI MYJLTUMHOXKHWH Ta BCTAHOBJIEHO YMOBHU HOTr0O TOMOJOTIYHOI TpaH3u-
TUBHOCTI.

Y migpo3aiii 3.4 po3rJIgHYTO OIIepaTop JIBOIO 3CYBY B \ Y IIpOCTOPI1 BIIO-
PSJIKOBAHUX MYJIbTUMHOYKUH 1 JTOCTLJIZKEHO OT0 TOIOJIOTIYHY TPAH3UTUBHICTbD.

Y migposaii 3.5 3acTocoBano Kpurtepiit Kitail 10 orepatopis gudepenti-
IOBaHHs Ta JIIBUX OOEPHEHUX JIO OIePaTOpiB, MOB’sA3aHUX i3 ajredpamu cybcu-
MeTpuunux GyHKIii. OjepKaHo YMOBH 3MIITyBAHOCTI Ta XaOTHIHOCTI BiJIIO-
BIJIHUX OIlepPaTOPIB.

K006t caro6a: TpocTip MinX PYHKIIIH, TPOCTOPH CYMOBHUX IIOC/IiIOBHO-
creit, pyHKII neprioro Kiacy bepa, moiHoM Ha 6aHAXOBOMY ITPOCTOPI, CUMe-
TPUIHUI TTOJIIHOM, CyOCHUMETPUUHMI MOJIHOM, cyOCcUMeTprdHa PYHKIIISA, aIrpo-
KCHMaIlig ToJIIHOMaMU, MYJIBTUMHOXKIHA, BIOPSJIKOBaHa MYJIbTUMHOKIHA, Me-
TPU30BHUI TOIOJIOTTIYHUI TPOCTIp, JlHIfiHUIT orlepaTop JIBOI'O 3CyBY, OllepaTop

JnudepeHIliIoBaHHS, TOIMOJIOTTYHA TPAH3UTUBHICTh, XA0TUYHICTb.



ABSTRACT

Dolishniak D. Y. Topological Transitivity and Chaoticity of Operators
Associated with Symmetric and Subsymmetric Polynomials. — Qualifying sci-
entific work as a manuscript.

The thesis for obtaining the Doctor of Philosophy degree in Mathematics,
speciality 111 — Mathematics. — Vasyl Stefanyk Carpathian National Universi-
ty, Ivano-Frankivsk, 2026. — Vasyl Stefanyk Carpathian National University,
Ivano-Frankivsk, 2026.

The thesis was carried out within the framework of the theory of polynomi-
als and analytic functions on Banach spaces and is devoted to the study of
operators associated with symmetric and subsymmetric polynomials, as well as
to the investigation of subsymmetric analytic functions, metric structures on
sets of multisets and ordered multisets, and dynamical properties of nonlinear
mappings arising in these settings. The work combines several interrelated areas
of modern mathematics: nonlinear functional analysis, the theory of symmetric
and subsymmetric polynomials, the theory of analytic functions on infinite-
dimensional spaces, the metric theory of multisets, and operator dynamics.
Such a combination makes it possible to consider symmetric and subsymmetric
constructions not only as algebraic objects, but also as structures characterized
by complicated topological and dynamical behavior.

The theory of symmetric and subsymmetric polynomials plays an
important role in classical algebra and modern functional analysis. In the
second half of the twentieth century, ideas related to symmetric polynomials
were transferred to infinite-dimensional spaces, where polynomials and analytic
functions on Banach spaces, their algebraic structure, spectral properties, and
approximation characteristics became the subject of investigation. Significant
contributions to the development of this direction were made by R. Aron,
P. Galindo, A. Zagorodnyuk, I. Chernega, T. Vasylyshyn, S. Vasylyshyn, V.
Kravtsiv, F. Jawad, R. Gonzalo, and other researchers. Their works studied

algebraic bases of symmetric polynomials, spectra of algebras of analytic functi-
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ons, factorization, as well as various classes of symmetric, block-symmetric,
supersymmetric, and subsymmetric functions. In works devoted to symmetric
analytic functions on the spaces ¢,, both point evaluations and more general
spectral elements were considered, which allowed a more detailed understandi-
ng of how the symmetry of the space determines the structure of function
algebras.

A natural generalization of symmetric polynomials in the infinite-
dimensional case is provided by subsymmetric polynomials arising on Banach
spaces with a subsymmetric basis. In this direction, important results belong
to R. Gonzalo, as well as to subsequent studies devoted to algebras of
subsymmetric polynomials, their zero sets, factoriality properties, and various
applications in operator theory. Another direction of research on which the
thesis relies concerns multisets and the algebraic and metric structures associ-
ated with them. In a broader mathematical context, it is worth mentioning the
works of R. Dedekind, K. Weierstrass, D. Knuth, R. Meyer, and M. Macrobbi,
while in modern functional analysis related studies were carried out by I.
Chernega, T. Vasylyshyn, A. Zagorodnyuk, Yu. Chopiuk, V. Kravtsiv, and
their co-authors. The transition to multisets arises naturally in the factorization
of a space with respect to an equivalence relation. Constructing metrics on
such sets that are compatible with algebraic operations makes it possible to
correctly investigate convergence, continuity, density of orbits, transitivity, and
other dynamical characteristics. Equally important is the connection of the
thesis with the classical theory of operator dynamics, in which fundamental
results belong to G. Birkhoff, S. Rolewicz, C. Kitai, A. Peris Manguillot, A.
Manoussos, and other mathematicians.

As shown above, the study of symmetric and subsymmetric polynomials
on Banach spaces leads not only to the investigation of algebraic properties of
the corresponding classes of functions, but also to the analysis of the associ-
ated factor and metric structures. In particular, the transition to multisets and

ordered multisets makes it possible to describe the equivalence of elements of
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a space, construct natural metrics on the corresponding sets, and investigate
operators acting on these spaces. In the thesis, this approach is considered
for subsymmetric polynomials and functions on Banach spaces, as well as for
operators associated with symmetric and subsymmetric polynomials.

The main objective of the thesis is to investigate algebraic and analytic
properties of subsymmetric polynomials and the functions associated with
them, to construct and study metric structures on sets of multisets and
ordered multisets, and to establish conditions for topological transitivity,
chaoticity, and mixing of the corresponding operators. In particular, the thesis
studies properties of algebras of subsymmetric polynomials, zero sets of such
polynomials, proto-subsymmetric functions, approximation and derivatives of
subsymmetric functions, as well as dynamical properties of backward shift
operators and differentiation operators.

The thesis consists of an introduction, three chapters, conclusions, a list of
references, and an appendix containing the author’s publications and presentati-
on of the results of the thesis.

The introduction presents a general description of the thesis, substantiates
the relevance of the chosen topic, and describes its place within contemporary
scientific directions. The connection of the thesis with research projects and
scientific programs is specified, the aim and the main objectives of the study
are formulated, and the object, subject, and methods of research are clarified.
Particular attention is paid to the scientific novelty of the obtained results, their
theoretical and practical significance, information about the author’s personal
contribution, as well as information concerning the publication and approbation
of the main results of the thesis.

The first chapter is of a survey-theoretical nature. It analyzes scientific
works directly related to the topic of the thesis and presents the basic results
and notions forming the theoretical foundation for further investigations.

The second chapter is devoted to the study of subsymmetric analytic

functions on Banach spaces. This chapter investigates algebraic properties of
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algebras of subsymmetric polynomials, considers their applications in operator
theory, analyzes zero sets of subsymmetric polynomials, introduces the class of
proto-subsymmetric functions, and obtains results concerning approximation
and differentiation of subsymmetric functions.

In Subsection 2.1 properties of algebras of subsymmetric polynomials on
Banach spaces with a subsymmetric basis are investigated. Particular attention
is focused on the algebra of subsymmetric polynomials Pg(¢,) on the space £,,.
Questions of equivalence of elements z,y € ¢, with respect to the values of
subsymmetric polynomials are considered, and the corresponding criteria are
established. In addition, homomorphisms of this algebra are investigated, and
extensions of subsymmetric polynomials preserving their main properties are
constructed.

In Subsection 2.2 extensions of subsymmetric functions to wider classes of
spaces are considered. Extensions of subsymmetric polynomials are constructed
and conditions for preserving their main properties, in particular isometricity,
are investigated.

In Subsection 2.3 examples of subsymmetric polynomials in functional
Hilbert spaces are presented. Concrete constructions of such polynomials are
considered and their properties within functional Hilbert spaces are analyzed.

In Subsection 2.4 applications of subsymmetric polynomials to operator
theory are considered. It is shown that polynomials from the class Pg(¢,) can be
used to describe spectral properties of operators. In this case, algebraic properti-
es of subsymmetric polynomials are related to operator-theoretic problems.

In Subsection 2.5 zero sets of subsymmetric polynomials on the space X
are considered. Their structural properties in infinite-dimensional spaces are
investigated, and it is shown that kernels of such polynomials have a nontrivial
structure.

In Subsection 2.6 algebras of subsymmetric polynomials are investigated.
Properties of the corresponding algebras, their homomorphisms, and factoriality

properties are considered. It is proved that on the complex space ¢, with a
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subsymmetric kernel will be subsymmetric.

In Subsection 2.7 the class of proto-subsymmetric functions is introduced
and its main properties are investigated. It is shown that this class is related
to subsymmetric polynomials and analytic functions, while at the same time
being broader than the class of standard subsymmetric functions.

In Subsection 2.8 results on approximation of subsymmetric functions by
polynomials of the corresponding type are obtained. Conditions under which
functions with subsymmetric properties can be approximated by polynomials
from the algebra Pg(¢,) or related classes are considered.

In Subsection 2.9 derivatives associated with subsymmetric functions are
investigated. The derivatives 0y, Og and 0y, consistent with the operation of
subsymmetric shift, are introduced, and their relation to the Gateaux derivative
is established.

The third chapter is devoted to the study of the dynamics of operators
associated with symmetric and subsymmetric structures. The main attention is
paid to the construction of metric structures on sets of multisets and ordered
multisets, as well as to the investigation of topological transitivity and mixing
properties of the corresponding operators.

In Subsection 3.1 a metric on the set of multisets M7% is constructed and
its main properties are investigated. It is shown that this metric is compatible
with algebraic operations on the space of multisets and can be used for the
analysis of convergence, continuity, and dynamical behavior of the correspondi-
ng mappings.

In Subsection 3.2 a metric on the set of ordered multisets My is
constructed and its connection with the algebraic and topological structure of
this space is established.

In Subsection 3.3 the backward shift operator ¥ : Rf — Rf on the
space of multisets is investigated, and conditions for its topological transitivity
are established.

In Subsection 3.4 the backward shift operator B » on the space of ordered
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multisets is considered and its topological transitivity is investigated.

In Subsection 3.5 Kitai’s criterion is applied to differentiation operators
and left inverses associated with algebras of subsymmetric functions. Conditions
for mixing and chaoticity of the corresponding operators are obtained.

Key words: space of entire functions, spaces of summable sequences,
functions of the first Baire class, polynomial on a Banach space, symmetric
polynomial, subsymmetric polynomial, subsymmetric function, approximati-
on by polynomials, multiset, ordered multiset, metrizable topological space,
backward shift linear operator, differentiation operator, topological transitivity,

chaoticity.
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