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yacTUHOK. — KBanigikauiitHa HayKoBa Ipals Ha paBax pykonucy. Jucepralist Ha 306yTTSI HAYKOBOTO CTYIIEHS
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ska OyJia BBeZieHa B peJISITUBICTChKY KBaHTOBY Teopito nosst O. I'pin6eprom i C. llIBe6epom, Ta riepeskuiia CBOe Apyre
HapOMKeHHS B 70-X pokax 3aBasiku npausm M. [Iupokosa. ITicss 4oro migxif, 3aCHOBaHUM HA KOHLELii OfsSTHEHUX
4aCTUHOK, OyB PO3BUHYTUH Yy criBnpaui IHCTUTYTy TeopeTndHoi Ppisuxu iM. O.1. Axiesepa (XapkiB, YkpaiHa),
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pagziauiiHuX TexHoJoriy (Xapkis, YKpaiHa). Haragaemo, 1110 3a JOIOMOTOI0 METOAY YHITAPHUX OJATal0YnX
NepeTBOPEeHb IMOBHUH MOJIOBUI ramisbToHiaH H Ta iHIII onepaTopwu, 1o MaroTh BaxkanBe (piznyHe 3HaYeHHS
(HampukJazn, ornepaTopu JIOpeHLeBUX OYCTiB Ta IYCTUHYU CTPYMY), SIKi CIIOYaTKYy 3ajieKaTh Bif] ollepaTopiB
CTBOPEHHSI Ta 3HUILEHHS J1s “TOUX’ YaCTUHOK, MOXKHA BUPA3UTH Yepe3 HOBUM Habip iX “ofsrHeHux” napTHePiB.
Lle gocsraeTbCs 3aBISIKY CIIELiaJIbBHUM OJSTal0uUM [IEPETBOPEHHSIM, SIKi 3aJ/IMIIAI0Th FraMiIbTOHIaH HEe3MiHHUM. [Tif,
Yac NpolLelypy OfIATaHHS BEJIMKA KiJIbKICTh BipTyaJIbHUX TPOLECIB, SIKi B HAIIOMY BUTIAJIKY T1OB 3aHi 3
IIOTJIMHAHHSM / BUITPOMIHIOBaHHSIM ME30HIB, aHIriss1i€lo /HapoI)KeHHSIM HYKJIOH-aHTUHYKJIOHHUX Tap Ta iHIMMU
XMapHUMU e(peKTaMy, HaKOIIMYYIOThCS B OII€PAaTOPaxX CTBOPEHHS (3HULLEHHS) IJ1s1 OATHEHUX ((Pi3MYHMX) YACTUHOK.
Taka 0cob6IMBICTb AEMOHCTPYE HANOIbII CYTTERY BiAMIHHICTh MiIX ITIOHATTSIMU OJSATHEHUX Ta FOJIUX YACTUHOK.
[lepmnii po3gin 30cepeisKeHNii Ha MTOSCHEHHI KOHLENLii OASATHEHNX YaCTUHOK. HaBeeHo iCTOpUYHY JOBiAKY IIPO
METO]I, YHITapHUX OJAralounx epeTBOPEHb Ta BBEJEHO IPOMIKHE 300paKE€HHS FOJINX YACTUHOK 3 Qi3UYHUMU
macamu. [IpoeMOHCTPOBAHO, SIK MOXKHA IIEPENUTH [I0 300paKEHHS OJSATHEHUX YACTUHOK, BU3HAUYNUTU OOMEKEHHH,
1110 HAKJIaIAI0ThCSI HA BiJIMIOBIiNIHI OTIepaTOpU NepeTBOPEHb, Ta 3a6e3MeYrTH iX JOTPUMaHHS. OGTOBOPIOIOTHCS BimoMi
I10JIbOBI MOJIEJIi B3a€MO/Iii HYKJIOHIB, ME30OHIB, €JIEKTPOHIB Ta (OTOHIB 3i B3aeMogismu Tuny KOkasy, siki
BUKOPUCTOBYIOTHCA Y AncCepTallil. KpiM TOro, posriisiHyTo 3B'sI30K MiX MiZXOOM, 0 6a3y€ThCs HA KOHLETIL|]
OJISITHEHUX YaCTHHOK, Ta in(out) dpopmarnizmom Jlemana, Cumansika Ta llumepmana. ¥ npyromy po3nisii, BUKOHYIOYN
IpoLeaypy OfsAraHHs (3 4OTPUMAaHHSIM 3arajbHUX PELENTiB 1Py BUMYyYEHHI Tak 3BaHUX “IIOTaHUX’ YJIEHIB), Oyi1u
PO3paxoBaHi 3cyBU Mac (EPMiOHIB y CUCTEMI T10J1iB HYKJIOHIB i 0-ME30HIB, 110 B3a€EMO/IIOTh, & TAKOX Y KBAaHTOBIN
€JIEKTPOJMHaMilli. MeTo/1 YHITapHUX OJSralouMx [1epeTBOPEHb J03BOJIsI€ MO30yTHCS YJIEHIB, 1[0 PO36iraloThCs,
KOTpIi MOB's13aHi 3 IPOGIEMOIO TIEPEHOPMYBaHHSI, GE3MIOCEPEHBO B raMiibTOHiaHi. TaKMM YMHOM, BOHU Gijiblile He
MOXXYTb 3 SIBJIATUCS Yy S-MaTPHUILi. 3CYyBU MAaC BUPAXXalOThCs Yepe3 TPUBUMIPHI iHTerpasy, mifiHTerpaibHi BUpasu
SIKUX 3aJ1eKaThb Bifl IEBHUX KOBapiaHTHUX KOMOiHalill 3-iMnysbCiB. Bysio joBeeHo, 0 OTPUMaHi pe3yIbTaTy He
3a71€KaTh Bif, iMITyJIbCiB YaCTUHOK. Lli pO3paxyHKU BiITBOPIOIOTh PE3YJILTATH, SIKi OEPKAHO 32 IOMIOMOTOI0 MiTXOLy
deitnmana. BignoBigHO [0 3alIpONIOHOBAHOIO METOY, IEPEHOPMYBAHHS MacU PO3IJISIAAETHCS OHOYACHO 3
11o6y10BOIO HOBOTO CiIMEICTBA B3a€EMO/iN MK OISATHEHMMHU YaCTUHKAMU (KBa3iYaCTUHKaMU B 300pakeHHi
OJISITHEHUX YaCTHHOK). Y TPETbOMY PO3[iJli, TOYMHAI0YM 3 II0JIbOBOrO raMisibTOHiaHa Me30HiB (7, 0, 0, 0, 0, 0) Ta HYKJIOHIB,
1110 B3a€MOJIiI0Tb, OYyJIO I0Ka3aHO OPUTiHaJIBHUI CIIOCIO TOOYI0BM HOBOTO CiMeICTBa OllepaTopiB
€JIEKTPOMarHiTHUX ME30HHUX OOMiHHUX CTPYMiB 3a JOIIOMOT0I0 METOJY YHITAPHUX OJSTal04UX 1€PETBOPEHD.
BBeneHi TakuM YMHOM, BOHU HE 3aJIeXXaThb Bif BUOODPY CTaHIB, 3 IKUMU OOYUCIIIOIOTHCSI MAaTPUYHi esleMeHTH. HoBi
BHpAa3Hu J1J1s1 ME30HHMX OOMIHHUX CTPYMIB IIOPIiBHIOIOTECS 3 BUPa3aMy, OTPUMaHNMU B [TONI€PEHIX SOCTIIKEHHSIX.
3anponoHoBaHo epEeKTUBHUI MeTO 3a6e3l1e4eHHs I'PaJlieHTHOI He3aIeXHOCTI, 1110 6a3yeThCs Ha y3arajabHEeHHI
TeopemMu 3irepra. Y 4eTBEPTOMY PO3[ijli OTPUMaHi OIlepaTopu CTPyMiB BUKOPUCTOBYIOTBCS [1J1s1 OIIUCY
€JIEKTPOMArHiTHUX BJIACTUBOCTEN NEUTPOHA. [IjIs HAIIOI MOl IENTPOH Y MUTTEBIN (HOPMi PENIITUBICTCHKO]
IMHAMIKY € 3B I3aHUM CTaHOM OJISTHEHUX HEUTPOHA Ta IPOTOHA HA iXHIX MacoBUX 060JI0HKaX. e m03BoJIsIE
N1030yTUCS] HEPEJIITUBICTCHKUX HEBU3HAYEHOCTEN, IPUTAMAHHUX TPAAULIIMHYUM MigxonaM. 30KpeMa, HeMa NoTpebu
“BurazmyBaTu’ >KOOHUX MOJIEJIEl 11032 eHePreTUYHOI0 060JI0HKOIO /171 BepuuH ON, o7, oo Tomo. OcobauBy yBary
MIPUJIiJIEHO 33a4i Ha BJIACHI 3HAaYEHHS Ta 3HAXO/PKEHHIO CTaHiB EUTPOHA Y PyXOMill CUCTEMI BifJliKy. byio

004K CIeHO MarHiTHUI GopMPaKkTop JelTPpoHAa 3 ypaxyBaHHSIM SIK OJIHOYACTMHKOBOTO, TaK i JBOYACTUHKOBOIO
CTpyMiB. BifilloBiIHa CTPYKTYpHA (PYHKIIisl IOBHICTIO BU3HAYAETHCSI MAarHiTHUM (POPM(PAKTOPOM Ta € AyKe

YyTJIMBOIO IO ME30OHHUX OOMIHHUX CTPYMIB.

2. Kostylenko Y. O. Field-theoretical description of deuteron and positronium properties in the clothed-particle
representation. — Qualification scientific paper, manuscript. Thesis for a Doctor of Philosophy degree in Physics
and Mathematics: Speciality 01.04.02 “Theoretical physics” (104 - Physics and Astronomy). - A.I. Akhiezer Institute
for Theoretical Physics of the National Science Center “Kharkiv Institute of Physics and Technology” NAS of
Ukraine, - National Science Center “Kharkiv Institute of Physics and Technology” NAS of Ukraine, Kharkiv, 2024.
This research is devoted to applications of the concept of the so-called clothed particles, put forward in the
relativistic quantum field theory by O. Greenberg and S. Schweber, that survived its second birth in the 70s owing
to the work by M. Shirokov, and developed then by the collaboration of the Akhiezer Institute for Theoretical



Physics (Kharkiv, Ukraine), Padova Division of the National Institute for Nuclear Physics (Padova, Italy) and
Institute of Electrophysics and Radiation Technologies (Kharkiv, Ukraine). Recall that by using the method of
unitary clothing transformations the total field Hamiltonian H and other operators of great physical meaning (e.g.,
the Lorentz boosts and current density operators), initially depending on the creation and destruction operators
for the “bare” particles, can be expressed through a new set of their “clothed” counterparts. It is achieved via
special unitary clothing transformations that remain the Hamiltonian intact. In the course of the clothing
procedure a large amount of virtual processes associated in our case with the meson absorption/emission, the
nucleon-antinucleon pair annihilation /production and other cloud effects turn out to be accumulated in the
creation (destruction) operators for the clothed (physical) particles. Such a feature reflects the most significant
distinction between the concepts of clothed and bare particles. The first section is focused on the explanation of
the concept of clothed particles. The historical background of the method of unitary clothing transformations is
given and an intermediate representation of the bare particles with physical masses is introduced. We show how
one can transfer to the clothed-particle representation, determine certain constraints imposed on the
corresponding clothing transformations and meet them. We are also addressing the well-known field models of
interacting nucleons, mesons, electrons and photons with Yukawa-type couplings. Finally, we consider the links
between our approach and the in(out) formalism by Lehmann, Symanzik and Zimmermann. In the second section,
following the common recipes when removing the so-called “bad” terms within the clothing procedure, we show
our calculations of the fermion mass shifts in the system of interacting nucleon and o meson fields as well as in the
quantum electrodynamics. The method of unitary clothing transformations allows us to get rid of divergent terms
associated with the renormalization problem directly in the Hamiltonian. Thus, they can no longer appear in the S-
matrix. The mass shifts are expressed through the corresponding three-dimensional integrals whose integrands
depend on certain invariant combinations of the relevant three-momenta. Our results are proved to be particle-
momentum independent and compared with ones obtained via the Feynman technique. Following the approach
proposed, mass renormalization is considered simultaneously with the construction of a new family of interactions
between the clothed particles (quasiparticles in the clothed-particle representation). In the third section, starting
with the field Hamiltonian of interacting mesons (m, o, o, o, 0, 0) and nucleons, we show an original way to build up a new
family of electromagnetic meson exchange current operators via the method of unitary clothing transformations.
Being introduced in such a way they do not depend on the choice of states with which we calculate the matrix
elements. The new expressions for meson exchange currents have been compared with ones derived in the
previous explorations. An effective technique of ensuring gauge independence based on the generalization of
Siegert’s theorem is proposed. In the fourth section, we have used the currents derived to describe the deuteron
electromagnetic properties. The deuteron in the instant form of relativistic dynamics for such a model is the
bound state of the clothed neutron and proton on their mass shells. This fact allows us to get rid of non-relativistic
uncertainties inherent in the conventional approaches in the past. In particular, we do not need to “invent” any
off-shell models for the oN, on, oo, etc. vertices. Special attention is paid to the deuteron eigenvalue problem and
finding the proper deuteron states in a moving frame. We have computed the deuteron magnetic form factor
taking into account both one-body and two-body currents.
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rOJIOBH pagu

Biiacue IlpizBume Im's ITo-6aThKOBI Kopunn Onexcanzp IOpifiosny

roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY HHILI XPTI OKJI

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




