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Pedepar:

1. MeToro gucepTallii € BUBYEHHS SIBUIA YHIBEPCAJIbHOCTI Y CKJIAJIHUX CUCTEM. [IOHATTS yHiBEpCaIbHOCTI -
He3aJIeXKHOCT] xapaKTepHOi MOBeiHKM MaKPOCKOIIYHOI CUCTEMH, 1110 CKIAJAEThCS 3 6araTboX B3aEMOIIIOYNX
YaCTUH, Bif| leTanell CTPYKTypU Liiei CUCTEMU - € OTHUM 3 ITiICTABOBUX IIOHATb CTAaTUCTUYHOI (Pisuku. ITix
CKJIAIHAMU CUCTEMAMU MU PO3YMI€EMO Ti, IO XapaKTEPU3YIOTbCSI KOJIEKTUBHOIO IIOBEMIHKOIO, 1O HE € IIPOCTUM
HACJIiJIKOM BJIACTUBOCTEH iX CKIal0BUX YaCTUH. [IOHATTS CKJIaAHOI CUCTEMU 3aCTOCOBYETHCS Y 6araTbox
TPaJULIMHMX HAYKOBUX IUCUWIUIIHAX i € IPEIMETOM HOBOI MDKIMCUUILIIHAPHO]I rajly3i 3HaHb - HAyKU [P0 CKJIAHI
cucremu. [IOHATTS CKIaHOI CUCTEMU CTOCYEThCS 6araTboxX TPAAULIIMHUX IACLIMIUIH HAyKY i € IPeIMETOM HOBOI
MIKIUCIUIIIIHAPHOI rasy3i 3HaHb - HAyKU PO CKJIAJIHI CUCTEMU. MeTOonIM i KOHLENTyaJIbHUM anapaT CTaTUCTUYHOI
}i3uKHU € OJIHIi€IO i3 BXINBUX CKIaH0BUX Liei Hayku. OCKiJIbKY CKJIa[IHI CUCTEMU CKJIaIal0ThCsl 3 6araTbox
3B'13aHUX KOMIIOHEHT, IKUM IIPUTaMaHHA KOJIEKTMBHA MOBEiHKA, [J151 X JOCIIiI>)KEHHS IPUPOJHO
BMKOPHCTOBYBATH iHCTPYMEHTapill Teopii pa3oBux nepexoxis. JJucepranis CKIagaeTbCs 3 Y0OTUPbOX PO3MLIB.

[Nepmnii po3gin guceprauii MicTUTB orssap jgiTepatypyu. OCHOBHA yBara IbOrO PO3[isy NPUINSETbCS MOJEJISIM Ta



METOIaM IX OIUCY, 10 BUKOPHUCTOBYIOTHCS B AMCEpTaLii. 30KpeMa, y Jucepraliii BAKOPUCTOBYIOTbCS IBi MOZEJIL:

Mo eJb I3iHra 3 TUIOJbHUMHU B3aEMOIIIMHY Ta MoJesb [1oTTCca 3 HEBUAMMUMY CTaHaMu. Mogess I3inra 3
IVIIOJIbHOIO B3a€EMO/i€10 BUKOPUCTOBYETHCS /1J1s1 ONIMCY (POPMYBAHHS CTPYKTYPHU B CKIIAJHUX CUCTEMAX, & MOZEJb
[Torca 3 HEBUAMMUMHU CTAaHAMU BUKOPUCTOBYETBCS 1J181 JOCIIKEHHSI TOTO, SIK €HTPOIIis BIZIMBA€E Ha
yHiBepcasnbHicTh. Cepes MeTO/iB, BUKOPUCTAHUX y POOOTI, leTaslbHO ONKCcaHi ABa. [lepmuii MeTOZ - e aHali3 HYJIiB
CTaTUCTUYHOI CYMHU y KOMIUIEKCHI! IIJIOIMHI. BUXO[g4M 3 BIaCTUBOCTEN PO3TalllyBaHHS LIUX HYJIiB, MOXKHA
OTPUMAaTH KPUTUYHI BJIACTUBOCTI CUCTEMHU. [Ipyruil - METO[ CKJIaJHUX MEPEX. Y paMKax LIbOrO METOLY
PO3IJISIIAETHCS CUCTEeMa 6araThOX YaCTUHOK (areHTiB) IpecTaBjieHa y BUrsai rpada, e By3jaaMu BUCTYIIAIOTh
B32€MO/IiI04i YaCTUHKY, a pedpa MM03HAYaI0Th B3aeMOJIi€l0 MibK HUMU. B 1pyromy po3zini aucepralii BAKOpHUCTaHO
METO/, aHaJIi3y HyJIiB CTATUCTAYHOI CYMU [1J11 BUBYEHHS KPUTUYHOI IOBEiHKY I BOBUMIPHOI Mozei I3iHra i3
JIUTIOJIBHO B3a€EMOJII€I0 1 OMHOBUMIPHOI Mozei [ToTTca 3 HeBUIUMUMY CTaHAMU. [1J1s1 IBOBUMIPHOI MogeJti I3iHra 3
IOUIOJIbHUMU B3a€MOJIiSIMU aHAMi3yeThCsl 001aCTh (Pa3oBoi AiarpamMu i IOKa3aHoO, 10 KPUTUYHI TTIOKA3HUKHU
HerepepBHO 3ajexath Bif criBeinHomeHHs S \ delta S KOHCTAaHT KOPOTKOCSIKHOI i AnMosbHOI B3aemoiit. OTpumaHi
B IUCEPTAaLiliHill poOOTi 3HaU€HHSI KpUTUYHUX [1OKA3HUKIB, 3HAWJIEHI 3 TYCTUHU HYJIiB CTATUCTUYHOI CyMU, 1OOpe
y3roJIXyI0ThCS i3 pe3ysibTaTaMu KOpoTKodacoBux MoHnTe-Kapso cumyssaniit. [ing ogHoBumipHoi mogesni [Torrca 3
SqS BumuMumu i Sr$ HEBUANMUMY CTaHaMU GYJIO BIIEPIIE 3HANIEHO TOYHUIT PO3B'SI30K 32 OMTOMOTOI0 METO/LY
Marpuli nepeHocy. byso 3HaieHo [Bi yMOBY, 32 SIKUX 1151 MOJleJIb Mae (pa3oBuUil Ilepexif Ipu JoAaTHIN
Temieparypi. [lepia ymoBa nosigrae B po3IJisifii 30BHIlIHIX KOMIIJIEKCHUX MarHiTHUX MOJIiB. [Jpyruil MexaHi3m -
PO3IJIsi, HETaTUBHOI KiJIbLKOCTI HEBUAMMUX OOCTaHIB. [ToKasaHo, 10 1 ABa MEXaHi3MU IIOB'A3aHi CIiBBIIHOIIEHHIM
IyaJibHOCTi. Y TpeThOMY PO3iji fucepTalii BUKOPHUCTOBYETHCS HAGIDKEHHS! HEOQHOPiJHOTO CEPEIHbOTO I10J1s1 AJIsI
JnocuigxeHHs mogedi [IoTTca 3 HeBUIMMUAMU CTaHaMU Ha JIOBilbHOMY rpadi. Po3rispaoTbcs 1Ba 4aCTKOBI
BUMNAIKU: TOBHMIT rpad i 6esmacmrabHa mepexa. . Ha moBHomy rpadi nokasano, mo B o6acri S1 \leq q<2S dazosa
miarpama xapakTepusyeThCst ABOMa rpaHndHrMy BumipHocTamu, S r_{cl}S i S r_{c2}S. Huwkue Sr_{cl}S y cucremi
BinOyBaeThcst e asosuii nepexin npyroro poay. Buie Sr_{c2}S e nuiue dpazosuii nepexis nepmoro poxay. A B
o6macti Sr_{cl} <r <r_{c2}$ e nBa pa3oBux nepexou: MEPIIOro Poay NPy HIKYIN TEMIIEPATYPI i IPYyroro poay npu
BUILii1 Temriepatypi. Y Bunaaky mogeti [3inra $ q = 2 $ Ha moBHomy rpacdi ABa rpaHuYHi 3HaY€HHS 36iral0ThCs pu S
r_c \approx 3,62 S. Ha 6e3amaciuTtabHiit Mepexi 3 po3noisiom crymeHis Bysiis S P (k) \sim k ™ {- \lambda} S HaBiTts
y Bunazky S q =2 S e nea S \lambda- $ 3anexxui rpannyni 3navenns S r_ {c1} (\lambda) $ ta S r_ {c2} (\lambda) S.
Lli BeJIMYMHM BiJlirpaloTh Ty XX CaMy POJib, IO i iX BiIOBiIHUKY y NIONIEpPEAHbOMY BUIIAJIKY TIOBHOrO rpada. Takox
TMIOKa3aHo, 10 CKPi3b, e iCHye (pa3oBuil nepexis Apyroro poay, KpUTUYHI MOKa3HUKY 3anumanTbes S \lambdaS-
3aJIEKHUMH, a KIbKICTh HEBUMMUX CTaHIB SrS He BIUIMBA€E Ha 3HAYEHHI KDUTUYHUX [TOKA3HUKIB. Y 4eTBEPTOMY
PO31iii gucepTalii BUKOPUCTOBYETbCSI METO, CKIIAIHUX MEPEX 17151 aHaJIi3y CcoLialbHOI MepeXKi IepCOHAXIB OUIINH.
Lis Mepeska mae psif, BIaCTUBOCTEM, CIIJIbHUX i3 BIIACTUBOCTSMU COLiaJIbHMX MepEX iHImuX ernocis. Lli BjacTuBocTi
3a7IMIIAI0THCS HE3MIHHMMM JIJIS1 MEPEXK, 10 XapaKTePU3YIOTh €MiYHi HapaTUBHU Pi3HUX KyJIbTYP i CTBOPIOBAJINCS B
pi3Hui1 yac. TakuM YMHOM, €II0CU MAlOTh YHiIBEpCaJbHi BJIACTUBOCTI, 10 J03BOJIsSIE OTPUMATH NOJATKOBY

ky1acu@ikalilo Ha OCHOBI iX KiJIbKiCHOTO aHaJi3y.

2. The goal of the dissertation is to study the universality of complex systems. The notion of universality - the
independence of the characteristic behaviour of a macroscopic system, consisting of many interacting parts, from
the details of the structure of this system - is one of the basic concepts of statistical physics. By complex systems
we mean those characterized by collective behaviour that is not a simple consequence of the properties of their
constituent parts. The concept of complex system is applied in many traditional disciplines of science and is the
subject of a new interdisciplinary field of knowledge - the complexity science. Methods and concepts of statistical
physics are among the important components of this branch as is concept of universality that has become one of
the basic concepts of the complex systems science. Since complex systems are characterized by the collective
behaviour of many interacting components, the theory of phase transitions provides a natural tool for their study.
The dissertation consists of four sections. The first section of the dissertation provides a literature review. The
main focus of this section is on the models and methods of their description used in the dissertation. In particular,
two models are used in the thesis: the Ising model with dipole interactions and the Potts model with invisible



states. The Ising model with dipole interactions is used to describe patterns formation in complex systems, and the
Potts model with invisible states is used to study how entropy affects the universality. Among the methods used in
the thesis, two are described in detail. The first method is the analysis of the zeros of a partition function in a
complex plane. Based on the properties of the location of these zeros, it is possible to obtain the critical properties
of the system. The second is the method of complex networks. Within this method, a system of many particles
(agents) is represented in the form of a graph, where the nodes are interacting particles, and the edges denote the
interaction between them. The second section of the dissertation uses the method of analysis of partition function
zeros to study the critical behaviour of a 2d Ising model with dipole interaction and a 1d Potts model with invisible
states. For 2d Ising model with dipole interactions, the region of the phase diagram is analysed and it is shown that
the critical exponents depend continuously on the ratio of the short-range and dipole interaction constants $
\delta S. The values of the critical exponents obtained in the partition function zeros density approach, agree well
with the results of short-time Monte-Carlo simulations. For the 1d Potts model with $ q S visible and $ r S invisible
states, the exact solution was found using the transfer matrix method. Two conditions were found to shift a phase
transition to the positive temperature. The first condition is the consideration of external complex magnetic fields.
The second mechanism is to consider the negative number of invisible states. These two mechanisms were shown
to be connected by the duality relation. The third section of the dissertation uses an approximation of a
nonuniform mean field to investigate a Potts model with invisible states on an arbitrary graph. Two partial cases
are considered: a complete graph and a scale-free network. For the complete graph it is shown that in the region $
1\leq q <2 S the phase diagram is characterized by two marginal values, S r_{c1} S and S r_{c2} S. Below Sr_{c1} S,
only the second-order phase transition occurs in the system. There is only a first-order phase transition above $
r_{c2} S. And in the area $ r_{cl} <r <r_{c2} S there are two phase transitions: a first-order transition at lower
temperature and a second-order at higher temperature. In the Ising model case $ q = 2 S, on the complete graph,
the two marginal values coincide at S r_c \approx 3.62 S. On a scale-free network with the node degree
distribution S P(k)\sim k"~{-\lambda} $ even in the case $q=2S two S \lambda-Sdependent marginal values Sr_
{c1}(\lambda)$ and § r_{c2}(\lambda)$ were obtained. These quantities play the same role as their counterparts in
the previous case. It is also shown that wherever there is a second-order phase transition, the number of invisible
states S r S does not affect the value of the critical exponents. The fourth section of the dissertation uses the
complex networks approach to analyse the social network of characters of Bylyny. This network possesses a
number of properties, common with the properties of social networks of other epics. These properties remain
unchanged for networks that characterize epic narratives of different cultures and have been created at different
times. Thus, epics have universal properties, which allows to obtain additional classification based on their
quantitative analysis.
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