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Pedepar:
1. Lls nucepranis npencTasisie KOMOiHOBaHE TEOPETUYHE Ta (PEHOMEHOJIOTIYHE JOCTiIP)KEHHS IMHAMIKY KBAHTOBOI
xpomopauHamiku (KXI), 30cepemKylounch Ha IBOX B3aEMOIOIIOBHIOIOYMX aceKrax. [lo-nepie, MeTof,
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(anTHUNpOTOHIB). [I711 anpoKCHMAallii BHECKIB METJIEBUX JiarpaM y PaMKax Liei CUCTEMU BUKOPUCTOBYETLCSI METOT
Jlanyaca, SIKWii IPOTIOHY€E MPAaKTUYHUM, ajle IOTPeOyIounii BIOCKOHAJIEHHS 00YNCIIIOBAJIbHUIN iHCTPYMeEHT. Lis
poboTa IeMOHCTPYE, 110 METOJ] 6araToOYaCTUHKOBUX I0JIiB J03BOJIsI€ OOYyBaTH AMHAMIYHY MOJ€JIb [1J1s1 OIIUCY
[IPOLLECIB PO3CilOBaHHSA IIPOTOHIB SIK CUCTEMU KBAPKIB, JOCATAI0YM SIKICHOI Y3rOIKEHOCTI 3 €KCIIEPUMEHTAILHUMU
CIIOCTEpEKeHHSIMU. 30KpeMa, 3aCTOCyBaHHS MeToxy Jlamiaca 3abe3nevyye HabIMKeHU, Xo4a 1 06YMCIIIOBAaIbHO
BUMOTJIMBUH, MiJXiJ, KO OLiHKU [IETJIEBUX JiarpaM y Iux paMmkax. [IokaszaHo, 0 eKCIIEpUMEHTAIBHO
CIIOCTEpEeKyBaHa HEMOHOTOHHA NOBeiHKa N1depeHIiaIbHOro nepepizy NPYyKHOTO PO3Cil0BaHHS IIPOTOHIB K
(yHKLiI KBaipaTa nepeJaHoro iMInyabCy BUHMKAE Yepe3 CIiHOBI €(PEKTH, 5Ki, OyydM BKIIOYEHUMM SIK ¥
IepeBOIIOLibHi, Tak i B IPOCTi NeT/eBi fiarpamMu, IPU3BOISATH 10 SIKICHOI y3rOIpKEHOCT] 3 eKCIIepUMEeHTaIbHUMU
IaHumu. [To-ppyre, po3pobeHO MeTO0JI0TiI0 Ha OCHOBI CIIOPiTHEHOCTI 11 JOCJIiIKEHHS KiHEMaTUYHOTO
nepexoly MK peKuMaMH NONepeyHoi 3a1eXKHOCTi Bif imnysibcy (TMD) Ta KoJliHeapHOi ¢akropu3saii B
HaMiBiHKJIIO3UBHOMY IVIMO0KOHEIIPY>KHOMY po3citoBaHHi (SIDIS). 3 11ie0 MeTO0 MPONOHYETHCS AeTajlbHa
KiHeMaTu4Ha o1jiHKa ¢azosoro npoctopy SIDIS 3 BUKOPUCTaHHSIM MiTX04y Ha OCHOBI iHCTpyMeHTY "adiniTi". Lis
METOJI0JIOTisI T03BOJIsl€ HANiNHO ineHTudikyBaTtu obsacTi 3 foMiHnyBaHHsIM TMD, KoJliHeapHUX TeopeM
(pakTopu3allii, a TaKOXK 06J1aCTi 1€ BOHU 30iraloThCs, 110 Hasla€ HOBI MOSKJIMBOCTI JJ1s1 JOCIiIP)KEHHS MeXaHi3MiB
daxropusarii Ta npouecis agponizauii. [lepexin Bix ycepenHeHux 1o 6iHax 10 po3paxyHKiB "adiHiTi" 115 KO>KHOI
nozii 36epirae cyTTeBi Kopendlii Mk HellepTyp6aTUBHUMH NTapaMeTpamy, 110 [IPU3BOAUTD A0 OijbIll HAAiHO]
xiacudikauii KiHeMaTUYHUX obs1acTe. AHaJIi3 MOKa3ye, mo obsactb TMD e mupmoro, HiXX 04iKyBasi0Cs paHille,
0C006JIMBO B MeXax KiHematuku JLab12, Tozi sk KosliHeapHa 0671aCTb CTae J06pe JOCTYNHOIO JIMIIE TIPYU BUILMX
eHeprisx, Takux sk y JLab22 Ta esleKTpoHHO-IOHHOrO KoJiaiinepa. Y paMKax BUKOpUCTaHHS "adiHiTi" cTtana
MOXJINBOIO ifeHTuPikanis okpemux TMD, kosiHeapHoi Ta TMD-KoJliHeapHOro y3rofikeHHs 06J1acTel, 10
BiIKpMBa€ HOBi IEPCIEKTMBY 1J1s1 BUBYEHHSI B3a€MOJii MK pexkumamu (pakTopusalii. Pesysibraru niei gucepratii
IIPOTIOHYIOTH SIK TEOPETUYHI BUCHOBKHY, TaK i IPaKTUYHi iIHCTPYMEHTH [1JI1 MailbyTHIX IOCIIiIKeHb CTPYKTypU
HYKJIOHIB Ta IIPOLIECIB IIPYKHOTO PO3CiI0OBaHHS. PeKOMeHaalii 1715 Mogasbioro poO3BUTKY BKIIIOYAIOTh BKIIOYEHHS
NEeTJIbOBUX JiarpaM BUILIOTO MOPSIKY B CTPYKTYPY PO3PAXYHKIB 32 METOLOM 0araTo4aCTUHKOBUX I1OJIIB,
BIOCKOHAJIEHHSI 00YMCIIIOBAJIbHUX METOZIB, PO3IIMPEHHS aHali3iB Ha OCHOBI "adiHiTi" Ha iHIWi nporecu ta
CIIPSIMYBaHHS €KCIIEPUMEHTAJILHUX 3yCUJIb YEPE3 LIiJIbOBI KiHeMaTU4YHi po3pi3u. OCHOBHI pe3yJbTaTu
IYcepTalifiHOi poOOTH BUKJIAJEHO B 4 MMy6sliKallisax, 3 3 IKMX iHIeKCYIOTbCS B HAYKOMETPUUHIl 6a3i Scopus (2 cTaTTi
OIy0JIiKOBAaHO y BUJIAHHI, BifTHECEHOMY 10 nepioro kBapTuimo (Q1) BignosigHo no knacudikanii SCImago Journal
and Country Rank). [JomaTkoBO pe3ysbTaTy BUCBITJIEHO Y 5 Te€3aX AOIOBifel Ha Mi>KHapOAHMX KOHPEPEeHLisX.
OcHoBHa MerTa Lijiei gucepratlii 1Bosika: [To-niepiue, po3pobUTU Ta NPOTECTYBAaTU IUHAMIUYHY MOZEJb PO3CiIOBaHHS
IIPOTOHIB Ha OCHOBI METOAY 6araTo4aCTUHKOBUX I10J1iB, BAKOPUCTOBYIOUM MeTOZ, Jlamnsaca AJ1s OL[iHKA BHECKY
IIPOCTHUX NMET/IbOBUX Hiarpam. [To-nmpyre, no6yayBaTu Ta 3aCcToCcyBaTy Kiaacu@ikaliliHy CTPYKTYpPY Ha OCHOBI
iHcTpyMeHTy "adiHITi" 111 BUBYUEHHS nlepexony Mixx pexxumamu TMD Ta kosiHeapHoi ¢akropusaii B SIDIS,
MOXJIMBO, JOCSTIIY IIEBHOTO CTYIIEHS PO3YMiHHS IPOMIXKHOI 06J1aCTi, e 04iKyeTbcs 6e3llepepBHE Ta I1JIaBHE
Y3rOIPKEHHSI MK ITPOTHO3aMU, OTPUMaHUMU 3 KOJIiHeapHoi cxemu ¢akropusauii Ta cxem TMD. [lucepTanist MiCTUTD
KiJIbKa OpPUTiHAJIbHUX BHECKIB. 1. 3acTOCyBaHHS Teopii 6araTouaCTUHKOBOIO IT0JIS — MePIIOTro AUHAMIYHOTO MiTX04y
— O MOZEJIOBaHHS [IPOTOH-TIPOTOHHOIO Ta IIPOTOH-aHTUIIPOTOHHOTO PO3CiIOBaHHS, BKII0YAl04 BUKOPHCTaHHS
MeTopy Jlansaca [ anpoKcUMallii NeTIbOBUX Jiarpam, siBjsie COO00 HOBUM OOYMCIIIOBAJIbHUMI MiAXiM Y LILOMY
KOHTeKCTI. 2. lleMOoHCTpalisl cCriiHOBUX edeKTiB K IKepesia HEMOHOTOHHOI IIOBEiHKY B IU(epeHLiaTbBHOMY
IIPY>KHOMY IIOIlepeyHOMY Iepepisi 3a6e3neuye HoBYy (Pi3nyHy iHTepIipeTallito B pamKax epeKTUBHOI Moaeli. 3.
Po3pobka meTozoJiorii Ha OCHOBI iHCTpyMeHTY "ainiTi" 15 BinoopaxkeHHs TMD, KosliHeapHUX Ta objacTeil 36iry y
¢azoBomy npoctopi SIDIS € KoHILIeNTyaIbHOIO Ta TEXHIYHOIO iHHOBalj€lo. [lepexiz mo knacudikanii copigHeHOCTi
17151 KO>KHOI MOl oKpalye po3ifbHy 30aTHICTh KiHEeMaTUYHUX MEX Ta 30epirae Kopessiii B JaHuX, SKi B iHIIOMY
BUIAJIKY YCEPEIHIOITHCA. 4. Pe3ybTaTi IOKa3yloTh, 0 peskxuMm TMD BUXOAUTD 32 MEXKi paHillle BBaKaHUX MEXK,
0CO6JIMBO IIPU NTOMIpPHUX €HEPriax (Hanpukiag, JLab12), o cBigunTh Mpo nepersisy 3arajJbHUX KiHeMaTUYHUX

[IPUINYLIEHb, 1IJ0 BUKOPUCTOBYIOTbCS B IJ100a/IbHUX MiITOHKAX Ta €KCIIEPUMEHTAJIbHUX aHali3ax.



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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