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HapoIKeHHS B 70-X pokax 3aBasku npausm M. [llupokosa. ITicss 4oro migxif, 3aCHOBAaHMUM HA KOHLEILl ONSTHEHUX
YaCTUHOK, OyB PO3BUHYTUH y criBnpaui IHCTATYTYy TeopeTndHOi Ppisuku iMm. O.1. Axiedepa (XapkiB, YkpaiHa),
[TapoBcbkoro BipaineHHs HanjonansHoro iHCTUTYTY simepHoi (pisuku ([Taposa, ITanis) Ta IHCTUTYTY e1eKTpodis3uky i
pagziauifiHuX TexHoJorii (Xapkis, YKpaiHa). Haragaemo, 1110 3a OIOMOTOI0 METO/IY YHITAPHUX OJATal0uMX
IIepeTBOPEHD MIOBHNUI MI0JIbOBUI ramisibToHiaH H Ta iHIIi onepaTopu, 10 MalOTh BX/IKUBE (Pi3niHe 3HAYEHHS
(Hampukia, ornepaTopu JIOpeHLeBUX OYCTiB Ta IYCTUHYU CTPYMY), sIKi CIIOYaTKY 3aJieKaTh Bif] ollepaTopiB
CTBOPEHHS Ta 3HUILIEHHS IJ1s1 “ToIMX” YaCTUHOK, MOKHA BUPA3UTU Yepe3 HOBUIA Habip ix “ofsrHeHux” NapTHepIB.
Lle mocsraeTbCs 3aBISIKY CIIELia/IbBHUM OJSTal0uUM [IEPETBOPEHHSIM, SIKi 3aJ/IMIIAI0Th FaMiIbTOHIaH HEe3MiHHUM. [Tif,
Yac NpolLEeypU OfIATaHHS BEJIMKA KiJIbKICTh BiPTyaJbHUX TIPOLECIB, SIKi B HAIIOMY BUTIAJIKY T1OB A3aHi 3
IIOTJIMHAHHSM / BUITPOMIHIOBaHHSIM ME30HIB, aHIrijs1i€eto /HapoI)KeHHSIM HYKJIOH-aHTUHYKJIOHHUX Tap Ta iHIUMHU
XMapHUMHU e(peKTaMy, HaKOIIMYYIOThCS B OII€PaTOPax CTBOPEHHS (3HULIEHHS) IJ1s1 OIATHEHUX ((Pi3MYHMX) YACTUHOK.
Taka 0cO6JIMBICTb EMOHCTPYE HANOIbII CYTTEBY BiIMIHHICTb MK IIOHSATTSIMU OJSTHEHUX Ta FOJINX YACTHUHOK.
[lepmnii po3zin 30cepeisKeHnii Ha TOSICHEHHI KOHLENILii OASATHEHNX YaCTMHOK. HaBeeHo iCTOpUYHY JOBiAKY ITPO
METO]], YHITapHUX OJSAralounx NepeTBOPEHb Ta BBEJEHO IPOMIXKHE 300pa’Ke€HHS FOJINX YACTUHOK 3 Qi3UYHUMU
macamu. [IpoeMOHCTPOBAHO, SIK MOXKHA IIEPENUTH [I0 300paKeHHS OJSTHEHUX YACTUHOK, BU3HAUYNUTU OOMEKEHHH,
10 HAKJIAIAIOThCSI HA BiIITOBIifIHI OTIEpaTOPU NePETBOPEHb, Ta 3a6e3MeYnTH iX JOTpUMaHHS. OGTOBOPIOIOTHCS BimoMi
I10JIbOBI MOJIEJIi B3a€EMOIii HYKJIOHIB, ME30OHIB, €JIeKTPOHIB Ta GOTOHIB 3i B3aemoaismu tTuny KOkasy, siki
BUKOPUCTOBYIOTbCA y guceprauii. Kpim Toro, posrisiHyTo 3B 30K MiX ITiIXOIOM, 1110 0a3yeTbCs HA KOHLEMNii
OJITHEHMX YaCTUHOK, Ta in(out) popmanizamom Jlemana, Cumansika ta llumepmana. Y gpyromy po3zisi, BAKOHYIOUN
npoLenypy ofsAraHHs (3 4OTPUMAaHHSIM 3arajbHUX PeLerTiB Ipy BUyYeHHI Tak 3BaHUX “IIOTaHUX’ YJIeHiB), 6yiIu
PO3paxoBaHi 3cyBU Mac GEePMiOHIB y CUCTEMI T10J1iB HYKJIOHIB i 0-ME30HIB, 110 B3a€EMO/IiIOTh, & TAKOX Y KBAaHTOBIN
eJIEKTPOoJMHaMilll. MeTo/ YHITapHUX OJSralounx [1epeTBOPEHb J03BOJIsL€ MO30yTHCS IEHIB, 1[0 PO36iraloThes,
KOTpIi MOB'13aHi 3 PO6GIEMOIO TIEPEHOPMYBaHHSI, GE3MIOCEPEIHBO B raMiibTOHiaHi. TaKMM YMHOM, BOHU Gijiblile He
MOXYTb 3 SIBJIATUCS Y S-MaTPUIli. 3CYBU MAC BUPaKalOThCS Y€PE3 TPUBUMIPHI iHTErpasu, mifiiHTerpabHi BUpa3u
SIKMX 3aJIeKaTh BiJl IEBHUX KOBapiaHTHUX KOMOiHawLii 3-iMITyJbCiB. Byslo OBEEHO, IO OTPUMAaHi pe3yJIbTaTh He
3aJ1€XaTh Bif, iIMITyJIbCiB YaCTMHOK. LIi pO3paxyHKU BiITBOPIOIOTh PE3YJILTATH, AKi OEPKAaHO 3a JOIIOMOTOIO MiTX0my
deitnmana. BignoBinHO 10 3alIpONIOHOBAHOIO METOY, IEPEHOPMYBAHHS MacU PO3IJISIAA€THCS OHOYACHO 3
1106yJ0BOIO HOBOTO CiMEICTBA B3a€EMO/ii MK OISrHEHMMHU YaCTUHKAaMU (KBa3iuyaCTUHKaMU B 300pakeHHi
OJISITHEHMX YaCTUHOK). Y TPETbOMY PO3[1iJli, TOYMHAIOYM 3 I10JIbOBOrO raMiJIbTOHiaHa ME30HiB (T, 0, 0, 0, 0, 0) Ta HYKJIOHIB,
110 B3a€MOJIiIOTh, OYyJIO IOKa3aHO OPUTiHAJILHUM CIIOCi6 TOOYI0BM HOBOTO CiMENCTBA OIlepaTopiB
€JIEKTPOMarHiTHUX ME30HHUX OOMiHHUX CTPYMiB 3a JOIIOMOT0I0 METOJy YHITaPHUX OJSTal0uUX [1€PETBOPEHD.
BBeneHi TakuM YMHOM, BOHU HE 3aJIeXXaThb Bifj BUOOPY CTaHIB, 3 IKUMU OOYUCIIIOIOTHCSI MAaTPUYHI esleMeHTH. HoBi
BUPa3y [1JI1 ME30HHMX OOMiHHUX CTPYMiB MOPIBHIOIOTHCS 3 BUPa3aMy, OTPUMAHUMU B TIONIE€PEHIX TOCTiIPKEHHSIX.
3anponoHoBaHo epeKTUBHUIN MeTO] 3a6e3le4eHHs I'PaJieHTHOI He3aIeXHOCTI, 1110 6a3yeThCs Ha y3arajabHeHHI
TeopemMu 3ireprta. Y 4eTBEPTOMY PO3[iijii OTPUMaHi OIlepaTopu CTPyMiB BUKOPUCTOBYIOTBCS [1J1s1 OIIUCY
€JIEKTPOMAarHiTHUX BJIACTUBOCTEN NEeUTPOHA. [Ijs1 HaIIOi MOJeli IEeNTPOH Y MUTTEBIN (GOPMi pEeNITUBICTCHKO]
IMHAMIKY € 3B I3aHUM CTaHOM OJISTHEHUX HEMTPOHA Ta MPOTOHA HA iXHIX MacoBUX 060JI0HKaX. e m03BoJIsIe
I1030yTUCST HEPEJIITUBICTCHKUX HEBU3HAYEHOCTEM, IPUTAaMaHHUX TPAAULIMHUM MigxonaMm. 3o0KpeMa, Hema IoTpebu
“BUralyBaTU” >XOOHUX MOJEJIEN 110332 EHEPreTUYHOK 000JIOHKOIO 14 BepmuH ON, o7, 00 Too. Oco6InBy yBary
NpUAIZIEHO 3a1a4i HA BJIACHI 3HAYEHHS Ta 3HAXOKEHHIO CTaHIB IEUTPOHA Y PYXOMIll cucTeMi BifJiiky. byio

004K CIeHO MarHiTHUI popMPakTop JelTpoHA 3 ypaxXyBaHHSIM SIK OJIHOYACTMHKOBOTO, TaK i JBOYACTUHKOBOI'O
CTpPyMiB. BifiioBilHa CTPYKTYpHA (PYHKIisl IOBHICTIO BU3HAYAETHCSI MAarHiTHUM (POPM(PAKTOPOM Ta € AyKe

YYTJIMBOIO O ME30OHHMUX OOMiHHUX CTPYMiB.
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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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Coepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

VIII. 3aKkJIl04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI Kopunn Onexcaupp FOpitiosnd

roJIOBH pagu

Biacue IpizBume Im's ITo-6aThKOBI Kopuun Onexcanzp fOpiitosnd

roJIOBYIOYOrO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY HHILI XPTI OKJT

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




