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Pedepar:

1. Ils pucepralis mpencTasiisie KOMOiHOBaHe TeopeThyHe Ta PeHOMEHOJIOTIYHE [OCIiIP)KeHHs] AUHAMIKY KBAaHTOBO{
xpomopauHamiku (KXI), 3ocepeKyiounch Ha 1BOX B3a€EMO/IONIOBHIOIOUMX aclieKTax. [lo-nepie, MeTo[,
6araTo4aCTMHKOBUX I10JIiB BUKOPUCTOBYETHCS /11 [100YI0BY MOJEJIEN IIPOLIECiB PO3CiI0OBaHHS IPOTOHIB
(aHTHUNpOTOHIB). 711 anpoOKCHMAallii BHECKIB METJIEBUX JiarpaM y PaMKax Liiei CUCTEMU BUKOPUCTOBYETBCSI METOT
Jlanyiaca, sSIKWii IPOTIOHYE MPAaKTUYHUM, ajle IOTPeOyIounii BIOCKOHAJIEHHS 00YMCIIIOBAJIbHUIN iHCTpYMEHT. Lis
poboTa IeMOHCTPYE, 10 METOJL 6araTOYaCTUHKOBUX IOJIIB JJ03BOJIsI€ NOOYyBaTH AVMHAMIYHY MOJI€JIb [1J1s OIIUCY
IIPOLIECIB PO3CiIOBAHHS IIPOTOHIB SIK CUCTEMU KBAPKIB, JOCITal04M SIKICHOI y3roJIPKEHOCTI 3 €KCIIEPUMEHTAJIbBHUMU
CIIOCTEpEeKeHHSIMU. 30KpeMa, 3aCTOCYBaHHS MeToxy Jlariaca 3abe3nevyye HabaMKeHU, Xo4a 1 06YMCIIIOBAaIbHO
BUMOTJIMBUH, MiJXiJ, KO OLiHKU [IETJIEBUX JiarpaM y UUx paMmkax. [IokaszaHo, 0 eKCIIEpUMEHTAIBHO
CIIOCTEPEeXyBaHa HEMOHOTOHHA NOBeiHKa AudepeHiabHOro epepizy NPyKHOTO PO3Cil0BaHHS IIPOTOHIB K
¢dyHKii KBagpaTa epeJaHoro iMIyJibCy BUHUKAE Yepe3 CIIiHOBI €(PeKTH, sIKi, 6yAyun BKIIOYEHUMHU SIK Y
IlepeBOIIOLibHi, Tak i B IPOCTi NeT/eBi fiarpamMu, IIPU3BOISTH 10 SIKICHOI y3rOIpKEHOCT] 3 eKCIIepUMEHTaIbHUMU
naHumu. [To-ppyre, po3po6eHO MeTO0JI0TiI0 Ha OCHOBI CIIOPiTHEHOCTI 171 JOCJIiI)KEHHS KiHEMaTUYHOTO
nepexoly MK pe;KMMaMH NONepeyHoi 3aJIeXKHOCTI Bif imnysibcy (TMD) Ta KosliHeapHOi ¢akropusalii B
HaMiBiHKJIIO3UBHOMY INIMO0OKOHEIIPY>KHOMY po3citoBaHHi (SIDIS). 3 1jieo MeTO10 MPONOHYETHCS AeTalbHa
KiHeMaTu4Ha o1jiHKa ¢azosoro npoctopy SIDIS 3 BUKOPUCTaHHSIM MiTX04y Ha OCHOBI iHCTpyMeHTY "adiniti”. Lis
METOJI0JIOTisI T03BOJIsI€ HAiNHO ineHTudikyBaTtu obsacTi 3 foMinyBaHHsIM TMD, KoJliHeapHUX TeopeM
¢dakTopusaliii, a TakoxK 06J1aCTi ie BOHU 36iraloThCs, 0 HaJae HOBi MOXKJIMBOCTI AJIs1 TOCTIiIKEHHSI MeXaHi3MiB
daxropusalii Ta npouecis agponisauii. [lepexin Bix ycepenHeHux 1o 6iHax 10 po3paxyHKiB "adiHiTi" 1151 KO>KHOI
nogii 36epirae cyTTeBi Kopesdlii MK HellepTyp6aTUBHUMHU NTapaMeTpamy, 10 [IPU3BOAUTD A0 OijbIll HAAiMHO]
k1acuikalii KiHeMaTUYHUX 06s1acTel. AHai3 Moka3sye, 1o o6sacTs TMD € mupiioio, HiX 04iKyBasocs paHile,
0C006JIMBO B MeXax KiHematuku JLab12, Togi sk KojsliHeapHa 0671aCTh CTae J06pe JOCTYNHOIO JIMIIE TIPYU BUILUX
eHeprisx, Takux sk y JLab22 Ta eseKTpoHHO-iOHHOrO KoJsuiaiizepa. Y paMKax BUKOpUCTaHHS "adiniTi" ctana
MOXJINBOIO ifeHTuPikais okpemux TMD, kosineapHoi Ta TMD-KoJliHeapHOro y3rojikeHHs 06J1acTel, 10
BiIKpMBa€ HOBi IEPCIIEKTMBY 1J1s1 BUBYEHHS B3a€MOJii MK pexkumamu (pakTopu3alii. Pesysnbraru niei guceprarii
IIPOTIOHYIOTH SIK TEOPETUYHI BUCHOBKHY, TaK i IPaKTUYHi iIHCTPYMEHTH [1J11 MailbyTHIX [OCIIiIKeHb CTPYKTypU
HYKJIOHIB Ta [IPOLECIB IIPYKHOTO PO3CiI0OBaHHS. PeKOMeHaalii 1715 ogasboro po3BUTKY BKIIIOYAIOTh BKIIOYEHHS
MeTJIbOBUX JiiarpaM BUIOTO MOPSIKY B CTPYKTYPY PO3PaXyHKIB 32 METOJIOM 0araTo4aCTUHKOBUX I10JIiB,
BIOCKOHAJIEHHS 00YMCIIIOBAJIbHUX METOZIB, PO3IIMPEHHS aHali3iB Ha OCHOBI "adiHiTi" Ha iHIWi nporecu Ta
CIIPSIMYBaHHS €KCIIEPMMEHTAJILHUX 3yCUJIb YEPE3 LIiJIbOBi KiHeMaTU4YHi po3pi3u. OCHOBHI pe3yJybTaTu
IYcepTalifiHOi poOOTH BUKJIAZEHO B 4 MMy06JliKallisax, 3 3 IKMX iHIeKCYIOTbCS B HAYKOMETPUUHil 6a3i Scopus (2 cTaTTi
Ony0JIiKOBAaHO y BUJIAHHI, BiTHECEHOMY 10 nepioro keapTuimo (Q1) BignosinHo no knacudikanii SCImago Journal
and Country Rank). [JomaTkoBO pe3ysibTaTy BUCBITJIEHO Y 5 Te€3aX AOIOBifiell Ha Mi>KHapOAHMX KOHPEpeHLisX.
OcHoBHa MeTa Lijiei gucepratiii 1Bosika: [To-niepiue, po3pobUTy Ta NPOTECTYBAaTU IUHAMIUYHY MOZEJb PO3CiIOBaHHS
IIPOTOHIB HA OCHOBi METOy 6araTO4acTUHKOBUX I10JIiB, BAKOPUCTOBYIOUM MeTog, Jlamnaca A5 OL[iHKU BHECKY
IIPOCTHUX NMET/IbOBUX Hiarpam. [To-nmpyre, nobynysaTu Ta 3acToCcyBaTu Kiaacu@ikaliiiHy CTPYKTYPY Ha OCHOBI
iHcTpyMeHTy "adiHiTi" 111 BUBYEHHS ntepexony Mixx pexxumamu TMD Ta kosiHeapHoi ¢akropusaii B SIDIS,
MOXJIMBO, JOCSTIIY IIEBHOTO CTYIIEHS PO3YMiHHS IPOMIXKHOI 06J1aCTi, e 04iKyeTbcs Oe3lepepBHE Ta I1JIaBHE
Y3rOIPKEHHSI MK TPOTHO3aMU, OTPUMaHUMU 3 KOJIiHeapHoi cxemu ¢akropusanii Ta cxem TMD. [lucepTatist MiCTUTD
KiJIbKa OpUTiHaJIbHUX BHECKIB. 1. 3acTOCyBaHHS Teopii 6araTouacTUHKOBOIO IT0JISI — MePIIOro AUHAMIYHOTO MiTX0o4y
— IO MOZEJIIOBaHHS [IPOTOH-TIPOTOHHOIO Ta IIPOTOH-aHTUIIPOTOHHOTO PO3CiIOBaHHS, BKIII0YAI04 BUKOPHCTaHHS
MeTony Jlannaca 1is arpoKcuMaliii MeT/IbOBUX JAiarpam, sIBjisie CO6010 HOBUM OOYMCIIOBANIBHUM HifXiN y IbOMY
KOHTEKCTI. 2. lleMOoHCTpaLisl criiHOBUX e(deKTiB K IKepesia HEMOHOTOHHOI IIOBEiHKY B TU(epeHLiaTbHOMY
IIPY>XKHOMY IIOIlIepeYHOMY Iepepisi 3a6e3nedye HoBy (Pi3nyHy iHTepIIpeTallito B pamKax e(peKTUBHOI Moaeli. 3.
Po3pobka meTozoJiorii Ha OCHOBI iHCTpyMeHTY "ainiti" a5 BinoopaxkeHHs TMD, KosliHeapHUX Ta objacTeil 36iry y
(¢azoBomy npoctopi SIDIS € KoHILIENTyabHOIO Ta TEXHIYHOIO iHHOBal€lo. [lepexiz no knacudikanii cropigHeHOCT

L7151 KOSKHOI MOl MoKpallye po3ibHy 30aTHICTh KiHEeMaTUYHUX MEX Ta 30epirae Kopesisiii B JaHUX, 5IKi B iHIIOMY



BUMAJIKY YCEPEIHIOIOThCA. 4. Pe3ysbTaT OKa3yloTh, 0 peskuM TMD BUXOAUTD 32 MEXi paHillle BBAXKaHUX MEX,
0CO6JIMBO IIpY NOMIPHUX eHeprisx (Hanpukian, JLabl2), mo cBiguuTh mpo neperssiy, 3arajbHUX KiHeMaTHIHUX

I[IPpUNTYIIEHD, IO BUKOPUCTOBYIOTHCS B r7106aJIbHUX HiILI‘OHKaX Ta €EKCIIEPUMEHTAJIBHUX aHajizax.

2. This thesis presents a combined theoretical and phenomenological investigation of QCD dynamics, focusing on
two complementary aspects. First, the method of multiparticle fields is applied to construct models of proton
(antiproton) scattering processes. To approximate the contribution of loop diagrams within this framework, the
Laplace method is used, providing a practical yet improvable computational tool. This work demonstrates that the
method of multiparticle fields allows for the construction of a dynamical model to describe proton scattering
processes as a system of quarks, achieving qualitative agreement with experimental observations. In particular, the
application of the Laplace method offers an approximate, albeit computationally demanding, approach for
evaluating loop diagrams in these models. It is shown that the experimentally observed non-monotonic behavior of
the differential cross section for elastic proton scattering as a function of the squared momentum transfer arises
from spin effects, which, when incorporated into both tree-level and simple loop diagrams, lead to qualitative
agreement with experimental data. Second, an affinity-based methodology is developed to explore the kinematic
transition between transverse momentum dependent (TMD) and collinear factorization regimes in semi-inclusive
deep inelastic scattering (SIDIS). For this purpose, a detailed kinematic assessment of the SIDIS phase space is
proposed using the "affinity" tool. This methodology enables the identification of regions dominated by TMD
factorization, collinear factorization, as well as the matching region where both regimes overlap, providing new
opportunities to investigate the factorization scheme and the hadronization mechanism. The transition from bin-
averaged to event-by-event affinity calculations preserves essential correlations among non-perturbative
parameters, leading to a more reliable classification of kinematic regions. The analysis shows that the TMD region
is broader than previously expected, especially within the JLab12 kinematics, while the collinear region becomes
well accessible only at higher energies, like those of JLab22 and the Electron-Ion Collinder. Within the affinity
framework, the identification of distinct TMD, Collinear and Matching Regions becomes possible, providing new
prospects for studying the interplay between factorization regimes. The findings of this thesis work offer both
theoretical insights and practical tools for future studies of nucleon structure and hard scattering processes.
Recommendations for further development include incorporating higher-order loop diagrams into the
multiparticle field framework, refining computational methods, extending affinity-based analyses to other
processes, and guiding experimental efforts through targeted kinematic cuts. The main results of the dissertation
are presented in 4 publications, 3 of which are indexed in the Scopus scientometric database (2 articles published
in journals ranked in the first quartile (Q1) according to the SCImago Journal and Country Rank classification).
Additionally, the results have been presented in 5 conference abstracts at international scientific conferences. The
main goal of this thesis is twofold: First, to develop and test a dynamical model of proton scattering based on the
method of multiparticle fields, using the Laplace approximation to evaluate loop contributions. Second, to
construct and apply an affinity-based classification framework to study the transition between TMD and collinear
factorization regimes in SIDIS, possibly achieving some degree of insight in the intermediate region, where a
continuous and smooth matching between the predictions obtained from the collinear and TMD factorization
schemes is expected. The dissertation includes several original contributions. 1. The application of multiparticle
field theory - the first dynamical approach - to model proton-proton and proton-antiproton scattering, including
the use of the Laplace method to approximate loop diagrams, represents a novel computational approach in this
context. 2. The demonstration of spin effects as the source of non-monotonic behavior in the differential elastic
cross section provides a new physical interpretation within an effective model framework. 3. The development of
the affinity-based methodology to map TMD, collinear, and matching regions in SIDIS phase space is a conceptual
and technical innovation. The transition to event-by-event affinity classification improves the resolution of
kinematic boundaries and preserves correlations in the data that are otherwise averaged out. 4. The findings reveal
that the TMD regime extends beyond previously assumed bounds, especially at moderate energies (e.g., JLab12),
suggesting a revision of common kinematic assumptions used in global fits and experimental analyses.
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BnacHe IlpizBume Im's ITo-6aTbKOBI CBuHAPEHKO AHTIPi AHIPiHOBIY
rOJIOBYIOYOTO Ha 3acCiiaHHi

Bi,ILHOBi;;aJIbHHI';I 3a lli,uI‘OTOBKy IOmkeBuy TeTsana BiaguciaBiBHA

00JIiKOBUX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




