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Pedepar:

1. luceprauisg nprucBa4YeHa BUBYEHHIO IPUHLMIIIB CKEMJIIHTY Ta YHIBEPCAaJIbHOCTI B KPUTUYHMX SBUILAX, SKi €
(yHIaMEHTaJIbHUMU KOHLEMNLiSIMU B 6araTboXx JisiHKaX HayKu. B Teopii KpUTUYHUX SBUL TiNOTe3a CKENiHTY
CTBEPJKYE, 110 TEPMOAVHAMIUHI IOTEeHIiaN1 € y3araJbHEHUMU OJHOPITHUMU QPYHKLISIMU BiJIIOBIAHMX 3MIHHUAX
1106113y KPUTUYHOI TOUKY, @ YHIBEPCaIbHICTh O3HaUaE, 10 NOBEiHKA CUCTEMU HE 3aJIEXXUTD Bif feTanel i
MIKPOCKOIIIYHOI CTPYKTYpU cucTeMU. He3Bakaiouu Ha Te, O Ui ifei BUIBUInNCs e(peKTUBHUMU [1JIs1 BUPIilI€HHS
Pi3HOMAaHITHUX 3aBJaHb, iX 3aCTOCYBaHHS Ta PO3yMiHH4 3aJIMIIA€TbCS HETTOBHUM. LIs gucepTauis gocuimkye spuia
CKEMJIHI'Y BUILlE BEPXHbOI KDUTUYHOI BUMIPHOCTI Ta 3arjIMOJII0€THCS B MacIITabyBaHHSI CKJIaAHUX MOJIIMEPHUX
Mepex. [Ipu gocimkeHHi CKeNIiHIy Hall BEpXHbOIO KPUTUYHOIO BUMIPHICTIO OCHOBHA yBara MpuIinseTbCs
CKiHY€HHOBMMIiPHOMY CKEMJIHI'Y 3 BUIbBHUMY I'PaHUYHUMU YMOBaMU. 3BUYaliHi METOAY HELOCTATHBO TOYHI, 1O
IepeuKko/iKae Bce6iuHOMY PO3YMiHHIO CKEHMJIIHI'OBOI IOBEiHKM B Pi3HUX siBUILAX. KpiMm TOro, 1ie JoCIIiiKeHHs
CTOCY€ThCS MacIITaOyBaHHS KOIOJIMEPHUX MEPEX, 30KpeMa B paMKkax mogeri [Tonanau-1llepary, mo onucye
TepMiuHy neHarypauio JHK. [l onucy posmernieHHs aanmora JJTHK BUKOpUCTOBYIOTBHCS HOBI IOKA3HUKU [1JIS1
KorosimepHUX Mepex. CTpyKTypa AucepTalii HacTylHa: YOTHPHU OCHOBHI pO37inu (Orsy, JiTepaTypy, KOMII'IOTEpHE
MOJeJIIOBaHHS ITATUBUMIPHOI Mozei [3iHra, aHasniz Pyp’e Mo, HaMarHiyeHHs Ta aHasi3 HyiB Jli SIHra, a Takox
KOMILJIEKCHE JOCJIIKEHHS CKEMJIIHTOBUX MIOKA3HUKIB MTOJIIMEPHUX MEPEXK), 3aKJII0YHUI PO3/iJ 3 KIIOUOBUMU
BUCHOBKaMu. Y Ipyromy po3ziji MU MiTBEPIPKYyEeMO 3aITPOIIOHOBAHMI CKEMJIIHT /17151 ITITUBUMipHOI MozeJti I3iHra 3
BiJIbLHUMU TPaHUYHMMHU YMOBAMM I1pU NICEBJOKPUTUYHIN TeMIiepaTtypi. Mu BuKopucranu airoputm Bonbda s
MopemoBanHs Sd=5S moperi [3iHra 3 BiIbHUMY IPAHUYHIUMU YMOBAaMH, 11106 OTPUMATHU CKENJTIHIOBY KaPTUHY TaKUX
BEJINYMH, K HaMarHiyeHHs, i3oTepmiyHa CIPUNHATIMBICTD, EHEPTis Ta TEMJIOEMHICTD IIPU HYJIbOBOMY MAarHiTHOMY
T0J1i Ta KPUTUYHI, 8 TAKOX IICEBIOKPUTUYHI TEMIIEPATypax BUIIE 332 BEPXHIO KDUTUYHY BUMIpHicTh Sd_c=4S.V
MarHiTHOMY CEKTOPi CIIOCTEPIraloTbCs y3TOKeHi pe3ysbTaTy, NifTBepyKyoun G-CcKensIiHr (TpyuBiasbHa (ikcoBaHa
Touka ['ayca, [ie BCi 1oJis MpUIHSITI 32 HyJIb) IIPYU KPUTHUYHIN Temniepatypi ST_cS Ta Q-ckeiinr (crenianpHui
CKEWJIHT, y IKOMY KOpeJIsiLiii mepeBuIyoTh PO3MIp CUCTEMY, | BBE[JEHO HOBHIT TOKa3HUK S\ (S, SKMi1 BUIIPABIISIE
CIiBBiJHOIIEHHS TiI€PCKEMIIIHTY) TpY IICEBIOKpUTHYHIT Temnepatypi ST_LS 11 HamarHideHoCTi. Y TpeTboMy
PO3[iJi 3aCTOCOBAHO HOBI MiAxoau, 30KpeMa JociigxkeHHs Oyp’e MO, HAMarHiueHHsl, a TAKOXX aHaJli3 HyJIiB
CTaTUCTUYHOI cymH (HyJ1iB JI-SHra) B KOMILJIEKCHI MJIOLMHI, IO NiJBULIYIOTh TOUHICTh CIIOCTEPEKYBAHOTO
CKeMIiHry. Mu nokasyemo, mo Oyp'e Mol HaMarHiY€HHs MOBTOPIOIOTh MOBEIiIHKY HAMATHiY€HHS, CIIOCTEPEXKYBaHY
B pO31ini 2, i migTBepakyeMo Q-CKEMJIHT, ajle He [TOKPALyeMO KapAMHAJIBHO CKEMJIIHIOBY KApTUHY. AHAJII3 Ha
OCHOBI CKIHU€HHOBMMIPHOI'0 CKEMJIHTY HYJIIB CTATUCTAUYHOI CYMU B KOMILJIEKCHIM IIJIOMIKHI IPU3BOIUTD O
NoBeiHKY nepiioro Hys Jli-SlHra sk ¢yHkuii po3mipy cucremu SLS: Sh_1\sim L™{-3,16 \pm 0,48}S npu ST_c S,
0 BKazye Ha G-macurrabyBanus (Sh_1\sim L™{-3}\,S), a Sh_1\sim L™{-3.75}\,S Ha ST_LS, mo Bkasye Ha Q-
CKenliHr. Kpim Toro, npu JOCIiIKeHH] i30TepMiYHOI CIPUMHATIMBOCTI B TepMiHax Hy1iB Jli-fIHra 3 BUILIOIO
TOYHICTIO JIIIIE CIIOCTEPIraeThCs CKEMJIIHIOBA MTOBEiHKA Y IICEBIOKPUTUYHIN TOYL ST_LS. 3ayBaXUMO, 10 €N
CKEMJIHT € HabaraTo 6/kIuM 10 Q-ckeisiiHr, Hix 1o G-ckeiiHry. lle Bka3ye Ha Te, [0 CKeNJIiHroBa IoBeiHKa
IIPY BUJIbHUX IPAaHUYHUX YMOBAX IIPOSIBJIIETHCS Y CIIOCIO, SIKUI Oijblle y3roIKyeTbCsl 3 Q-CKEMIIIHIOM, HiX i3
[ONEepeNHIMHU CyllepedIMBUMY BUCHOBKAaMU B JIiT€PATypi, M0 Aa€ LiHHY iHpOopMallilo Ipo AUHAMIKY L€l
BJIACTUBOCTI. Y 4ETBEPTOMY PO3iJli MU PO3TJIAHY/IM IIOKA3HMKU CKEMIIHTY CKJIaZHOI KOIIOJIMEPHOI MEPEXKi, SKa
BUHMKaE NIpU TePMivHil neHartypauii JJHK B Mmexxax moperi I[lonanpa-Illeparu. Mu oTpumasny HOBi CKEMJIiHIOBi
CIiBBiJHOIIEHHS /17Is1 [TOKA3HMKA 3aMUKaHHS MeTJIi SCS, IK1i1 KOHTPOJIIOE TTOPsIOK (Ga30BOTro Mepexomy 3
YIOPSAKOBAHOI O HEBIIOPSAKOBAHOI (Pa3y 3 ypaxyBaHHSIM MOXKJIMBOI HEOJAHOPIIHOCTI MK I€HaTypOBaHOIO METJIEI0
Ta 3B’13aHMMHU JIaHLforamu. Haur aHasiiz rpyHTyeTbCsl Ha [10J1bOBIi Teopii KonosiiMepHuX MepesK. 3aBIsKu
CiBBiZIHOMEHHM CKEFJIHTY, MU 3B'SI3y€EMO TIOKa3HMKY 3aMUKaHHS MeTJH SC$ 31 CKeMliHrOBUMY OKa3HUKaMU
S\eta_{f_1f_2}S, aki BusHAYaOTh EHTPOIIii1Hi BIACTMBOCTi KOTIOJIMEPHUX 3iPOK, CTBOPEHUX B3AEMHO

B3aeMogirounmu Habopamu Sf_1S SAW i $f_2S RW. BUKOPHCTOBYIOUH MTOTYKHY TEXHIKY [IEpECYMOBYBAHHS, MU



IOCIIKYEMO aCUMIITOTHYHI PO3KJIAZM [JIs LIMX [OKa3HUKIB i OLiHIOEMO iX pu BUMipHOCTi mpoctopy Sd = 3S. Mu
TI0Ka3yeMO, 1110 e(DeKT HEOJHOPIAHOCTI iCTOTHO BIUIMBAIOTh HA CHJIY [IEPEXOY MEePLIOro poay (TOKasHUK SCS
3pocCTae B IIOPiBHSIHHI 3i 3BUYalHUM OJJHOPiIHUM BUIIAAKOM, KOJIU BCi JlaHLoru € SAW). Mu nigTpumyemo
PE3yJIbTATH [[OTO CIIOCTEPEKEHHS] TOYHUMU pesysbTaTamu ass Sd=2S. KpiM Toro, Mu rokasyemo, 110 Take
3arOCTPEHHS Pi3KOCTi (pa30BOro Nepexoly CTae Iie CyTTEBINNM y TaK 3BaHOMY 3aliHITOMY CEpeJOBHIIi 3

OAJIEKOCSKHMMU KOPEJIbOBAHVMU HGOILHOpi,H,HOCTHMI/I.

2. The thesis is devoted to the study of scaling and universality in critical phenomena that constitute foundational
concepts in various scientific domains. In the theory of critical phenomena scaling hypothesis states that
thermodynamic potentials are generalized homogeneous functions of their respective variables in vicinity of
critical point, while universality in criticality means that the system's behaviour does not depend on the details and
microscopic structure of the system. Despite their proven efficacy in diverse applications, the application and
understanding of these fundamental concepts remain incomplete. In particular, this dissertation explores scaling
phenomena above the upper critical dimension and delves into the scaling of complex polymer networks. In
investigating scaling above the upper critical dimension, a focus is placed on finite-size scaling for systems with
free boundary conditions. Conventional methods fall short in accuracy, hindering a comprehensive understanding
of phenomena in physics and beyond. Additionally, this research addresses the scaling of copolymer networks, in
particular within the Polanda-Scheraga model describing the thermal denaturation of DNA. Novel exponents for
copolymer networks are employed to describe DNA chain unzipping. The thesis structure encompasses four
chapters: a literature review, numerical simulations of the five-dimensional Ising model, Fourier analysis of
magnetization modes and Lee Yang zeros analysis, and a comprehensive examination of scaling parameters in
polymer networks. In the second chapter, the study validates proposed scaling for the five-dimensional Ising
model with free boundary conditions at the pseudocritical temperature. We used Wolff algorithm to simulate
Sd=5S Ising model with free boundary conditions to get a scaling picture of the quantitities like magnetisation,
isothermal susceptibility, energy, and heat capacity at zero magnetic field and critical as well as pseudocritical
temperatures above the upper critical dimension Sd_c=4S. The “magnetic” sector, in general showed consistent
results proving G-scaling (Gaussian trivial fixed point, where all fields are set to zero) at the critical temperature
ST_cS, and Q-scaling (special scaling, where correlations exceed system size, and a new exponent $\qq$ is
introduced to fix the hyperscaling) at the pseudocritical temperature ST_LS for magnetisation In the third chapter,
innovative approaches involving study of magnetisation Fourier modes as well as analysis of partition function
zeros in complex plane enhance the accuracy of observed scaling. We show that the magnetisation Fourier modes
repeat the behaviour of magnetisation observed in Chapter 2 and confirm Q-scaling, but do not improve the
scaling picture drastically. Analysis based on the FSS of partition function zeros in complex plane results in the
following behaviour of the first Lee-Yang zero as function of system size SLS: Sh_1\sim L"™{-3.16 \pm 0.48}$ at
ST_cS, that hints towards G-scaling (Sh_1\sim L™{-3}\,9), and Sh_1\sim L™{-3.75}\,$ at ST_LS, which hints
towards Q-scaling. Moreover, when examining the isothermal susceptibility in terms of Lee-Yang zeros, a scaling
behavior was observed at the pseudocrtitcal point ST_LS with better accuracy. Notably, this scaling is found to be
much closer to Q-scaling than to G-scaling. This indicates that the scaling behaviour at FBC exhibits in a manner
that is more consistent with Q-scaling than with the conflicting conclusions in the literature, providing valuable
insights into the dynamics of this property. In the fourth chapter we have considered the scaling exponents of a
complex copolymer network that occurs in the thermal denaturation of DNA within the Poland Scheraga model.
We have derived new scaling relations for the loop closure exponent Sc$ that controls the order of the phase
transition from ordered to disordered phase with the account of pssible heterogeeity between the denaturated
loop and bound chains. Our analysis is grounded on the field theory of co-polymer networks. By scaling relations
we connect loop closure exponents Sc$ to scaling exponents S\ eta_{f_1f_2}S that govern entropic properties of
co-polymer stars made by mutually interacting sets of Sf_1S SAWs and $f_2S RWs. Using powerful resummation
technique, we resum asymptotic expansions for these exponents and evaluate them at space dimension Sd = 3S. As
one can see, the effects of heterogeneity significantly influence the strength of the first order transition (the
exponent Sc$ increases in comparison to the usual homogeneous SAW case). We support this observation



providing exact results at Sd=2S. Moreover, we show that the effect of strengthening is further enhanced by the
so-called crowded environment with the long-range correlated inhomogeneities.
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