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Pedepar:

1. lucepraris npucBsYeHa BUBYEHHIO IPUHIMIIIB CKEWJIIHTY Ta YHIBEPCAJIbHOCTI B KDUTUYHUX IBUINAX, 5Ki €
dyHIAMEeHTaJIbHUMU KOHLIENIiSIMY B 6araTboXx [ijIsiHKaxX HayKu. B Teopii KpUTMYHUX SIBUIL TiNOTe3a CKEHJIIHTY
CTBEPJKYE, 110 TEPMOAVHAMIYHI IOTEHIia/I1 € y3araJlbHEHUMU OOHOPITHUMU (PYHKLISIMU BiIIOBIAHMX 3MIHHUAX
1106113y KPUTUYHOI TOUKY, a YHIBEPCaIbHICTh O3HAYAE, 110 OBEiHKA CUCTEMHU HE 3aJIeXKUTD Bif ieTanei i
MIKPOCKOIIIYHOI CTPYKTYypH cucTeMu. He3paxkaiouu Ha Te, 110 L inei BUusiBuIMCS epeKTUBHUMU 17151 BUPIillIEHHS
Pi3HOMaHITHHUX 3aBJaHb, iX 3aCTOCYBaHHSI Ta PO3YMiHHS 3aJIMIIAETHCS HENIOBHUM. Lls nucepranis qociimKye sBuia
CKEWJIIHT'Y BUIIIE BEPXHbOI KDUTUYHOI BUMIPHOCTI Ta 3aryIMOII0€THCS B MAaCIITAOyBaHHS CKIQIHUX MOJIMEPHUX
Mepex. [1pu mocimkeHHi CKeMiHTY HaJll BEpXHBOK KPUTUYHOIO BUMIPHICTIO OCHOBHA yBara NMpuiiseTbCs
CKIHUEHHOBUMIPHOMY CKEWJIIHI'Y 3 BiJIbHUMU I'PaHUYHUMHU YMOBaMU. 3BMYalHi METOU HELOCTATHBO TOYHI, 1O
[epeuKoiKae BCe6iuHOMY PO3YMiHHIO CKEMJIIHI'OBOI IOBEiHKYU B Pi3HUX SIBUIIAX. KpiM TOro, Lie JOCIiIKeHHs
CTOCY€ETbCSI MacITabyBaHHS KOIMOJIIMEPHUX MEPEX, 30KpeMa B paMKax Mogedi [Tonangu-1llepary, mo onucye
Tepmiuny peHartypauio JHK. [l onucy posmenseHHs ganiora JHK BUKOPHUCTOBYIOTECS HOBI IOKa3HUKU 151
KomnoJsimepHUX MepexX. CTpYKTypa AuceprTaliii HacTylHa: YOTUPH OCHOBHI PO37inu (Orjsiy, JiTepaTypy, KOMII'IOTEPHE
MOJeJIIOBaHHS ITATUBUMIPHOI Moaeni [3iHra, aHasniz Pyp’e Mo, Hamar"iyeHHs Ta aHasi3 HyiB Jli SIHra, a Takox
KOMILJIEKCHE JOCJiJIKEHHS CKENJIIHIOBUX IIOKA3HUKIB ITOJIIMEPHUX MEPEeX), 3aKJII0YHUI PO3/iJl 3 KITI0UOBUMU
BHMCHOBKaMu. Y Ipyromy po3aijii MU MigTBEPIPKYEMO 3aIIPOIIOHOBAHUM CKEMJIHT 1J1s I'ATUBUMIPHOI Mopeti I3iHra 3
BiJIbHUMU TPAaHUYHUMHU YMOBAaMU IpY IICEBIOKPUTHUYHIN TemnepaTypi. Mu Bukopucranu aaroputm Bosbda ang
MogzesoBanHs Sd=5S Mozerti I3iHra 3 BiIbHUMU rPAaHUYHUME YMOBaMH, {06 OTPUMATH CKENIIHIOBY KAPTUHY TaKHUX
BEJIMYMH, K HAMarHi4yeHH4, i30TepmidyHa CIIPUNHSTINBICTD, €HEPrisl Ta TEMJIOEMHICTD IIPU HYJIbOBOMY MAarHiTHOMY
T0J1i Ta KPUTHYHI, 8 TAKOX IICEBIOKPUTUYHII TeMIlepaTypax BHllle 32 BEPXHIO KDUTUYHY BUMipHicTh Sd_c=4S. Y
MarHiTHOMY CEKTOPi CIIOCTEPIraloThCs y3TOAKEHI Pe3ybTaT, NifTBepIyKyoun G-CKeNIiHT (TpuBiaibHa (PiKCcOBaHa
Touka ['ayca, [ie BCi mosist mpuitHITI 32 HyJIb) IPY KpUTHYHIN Temnepatypi ST_cS ta Q-ckeiniHr (crienianbHui
CKEMJIIHT, y IKOMY KOPEeJIsiLil IEPeBUIIyIOTh PO3MIp CUCTEMH, | BBEIEHO HOBUII OKA3HUK S\ qS, SIK1i1 BUITPABJISIE
CiBBiIHOIIEHHS MilIEPCKENIIHTY) IPY TICEBAOKPUTHYHIN TemriepaTypi ST_LS 11 HamarHigeHOCTi. Y TpEThOMY
PO31Iii 3aCTOCOBaHO HOBI MiAx0au, 30Kpema JociigxkeHHs Oyp’e MO HaMarHiueHHs, a TAKOK aHaJIi3 HyJIiB
CTaTUCTUYHOI cymu (HyJ1iB JI-SHra) B KOMIIJIEKCHI [JIONKMHI, [0 MiBULLYIOTh TOYHICTh CIIOCTEPEXYBAHOTO
CKelIiHry. Mu nokasyemo, mo ®Oyp'e Moy HaMarHiyeHHs NOBTOPIOIOTh NIOBEiHKY HAMarHiy€HHs, CIIOCTEPEXYBaHY
B pO37ini 2, i migTBepakyeMo Q-CKEMJIHT, ajle He [TOKPaLlyeMO KapAMHAJIbHO CKEMIIHTOBY KapTUHY. AHAJII3 Ha
OCHOBi CKIHU€HHOBMMIDHOTO CKEMJIIHTY HYJIiB CTATUCTUYHOI CyMU B KOMIIJIEKCHIH IUIOMIMHI TPU3BOIUTD IO
noBefiHKY nepioro Hyss Jli-SIura sk ¢yHkuii po3mipy cuctemu SLS: Sh_1\sim L™{-3,16 \pm 0,48}S ipu ST_c S,
o Bkasye Ha G-macmrabysanus (Sh_1\sim L™{-3}\,S), a Sh_1\sim L™{-3.75}\,$ na ST_LS, o Bkazye Ha Q-
CKeuliHr. KpiM Toro, npu JOCIiIKeHH] i30TepMIYHOI CIPUMHATIMBOCTI B TepMiHax HyiB Jli-fIHra 3 BuI1010
TOYHICTIO JIIIIIE CIIOCTEPIraEThCs CKEMIIHTOBA MTOBEiHKA Y IICeBIOKpUTHYHii Tovni ST_LS. 3ayBakumo, 1o 1eu
CKEWJIHT € HabaraTo 6J>K4uM 10 Q-CKeMliHr, Hix 1o G-ckeliHry. lle Bka3ye Ha Te, [0 CKENJIiHroBa NoBeiHKa
IIPY BUIBHUX FPAaHUYHUX YMOBAX IIPOSIBJIIETBCS Y CIOCIO, SIKUH OiJblIe Y3TOIKY€EThCS 3 Q-CKEMIIIHIOM, HiX i3
NornepesHIiMY CyllepedsiMBIMU BUCHOBKAaMU B JIiTepaTypi, 10 Aae LiHHY iHpopMallilo Ipo AuHAMIKY 1€l
BJIACTUBOCTI. Y 4YETBEPTOMY PO3LiJli MU PO3TJISHYJIN TIOKa3HUKU CKEHMJIIHTY CKJIaHOI KOIIOJIMEPHOI MEPEXi, sIKa
BUHMKAE NpU TepMiuHii nenarypauii JHK B Mexxax mogedni ITonanpa-Ileparu. Mu oTpumasny HOBi CKEMJIIHIOBi
CIiBBiJHOIIEHHS [IJIS TOKA3HMKA 3aMUKAHHS METJIi SCS, IKMi1 KOHTPOJIIOE TOPSIIOK (a30BOTO MEPEXOY 3
YIIOPSIKOBAHOI 10 HEBIIOPSIIKOBAHOI a3y 3 ypaxyBaHHSIM MOJKJIMBOI HEOJHOPIIHOCTI MiXK IeHAaTypOBaHOIO METIIEI0

Ta 3B’13aHMMHU JIaHLforamu. Haun aHasi3 rpyHTyeTbCs Ha [10J1bOBi Teopii KonosliMepHuX MepexX. 3aBIsKu



CIIBBiIHOMEHHIM CKEFJIIHTY, MU 3B'I3yEMO TIOKa3HUKY 3aMUKAHHS METJI SCS 31 CKEMTIHTOBUMY OKa3HUKaMU
S\eta_{f_1f_2}S, sKi Bu3HAYaOTh EHTPOIIii1Hi BTACTMBOCTi KOTIOJiMEPHUX 3iPOK, CTBOPEHUX B3AEMHO
Baemogitounmu Ha6opamu Sf_1S SAW i Sf_2S RW. BUKOPUCTOBYIOUYM MOTYKHY TEXHIKY [IepeCyMOBYBaHHsI, MU
IOCIIKYEMO aCUMIITOTUYHI PO3KJIAZM [JIs IMX [TOKa3HUKIB i OLiHIOEMO iX mpu BUMipHOCTI mpoctopy Sd = 3S. Mu
TI0Ka3y€eMO, 1110 e(DeKTH HEOJHOPIAHOCTI iCTOTHO BIUIMBAIOTH HA CHJIY [IEPEXOY MEPLIOro poay (MOKasHUK SCS
3pOCTae B IIOPiBHSHHI 3i 3BUYalHUM OJIHOPiIHUM BUIAAKOM, KOJIU BCi JlaHLoru € SAW). Mu niaTpumyemo
PEe3y/IbTaTH L[bOTO CIIOCTEPEXKEHHS TOYHUMU pedysbTatamu At Sd=2S. Kpim Toro, Mu okasyemo, 1o Take
3arOCTPEHHS Pi3KOCTi (pa30BOro Nepexoy CTae lie CyTTEBINNM y TaK 3BaHOMY 3aliHITOMY CEpeLOBHUII] 3

OAJIEKOCSKHMMM KOPEJIbOBAHVMU HeOILHOpi,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 S\ 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}\,S), and Sh_1\sim L™{-3.75}\,S 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 ScS$ 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 = 3$. As
one can see, the effects of heterogeneity significantly influence the strength of the first order transition (the
exponent Sc$ 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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