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2. Collective behavior on complex networks: fundamental aspects and applications

Pedepar:

1. Inceprarifina po60Ta CTOCYEThCS TOCIiIKeHHS KOJIEKTUBHOI MOBEIiHKY CKJIATHUX CUCTEM, a CaMe 3'SICYBaHHSI
ocobauBocTel (Ha3oBUX NIEPEXOIiB y MAarHeTUKAxX 3 HETPUBIAJIIbHOIO apXiTEKTYPOIO, SIBUIIA BIIOPSIIKYBAHHS Y
KJIACUYHUX MOJEJISIX CTaTUCTUYHOI (Pi3uKuy Ta A4 ixHix Mmoaudikalliil Ha CKIagHuX Mepexax. byso npoaHanizoBaHo
KPUTHYHY NOBeNiHKYy Mogeri [IoTTca 3 HeBUIMMUMU CTaHaMU Ha rpadax pisHoi TOMoJIOri i MoKasaHo, 1110 BeIuKa
KiJIbKiCTh HEBUJIMMUX CTaHIB 3/1aTHA 3MiHIOBAaTU pif, Ppa3oBoro nepexony. 3okpema, 6ysio 3HaleHO KDUTUUHY
KiJIbKiCTh HEBUJIJMMUX CTaHIB, 10 3aTHA 3MiHIOBATU pif a30BOro nepexoy Ha epuInii, HaBiTh 1711 NepKoJsLii (B

rpaHuui q o 1). 3anponoHOBaHO HOBE y3arajbHEHHS Mozeri [3iHra 3i 3MiHHOIO JOBXUHOIO CIiHy. [ly1g Takoi Mozesli Ha



pi3HuX TUnax rpadis 6ys10 pO3paxOBaHO YHiBEPCAJIbHI KDUTUYHI XapaKTEPUCTUKU (Pa30BOroO NEPEXOLY APYroro
poay, a came — KpUTUYHI I0Ka3HUKY, [IOKa3HUKY JIorapuPpMidHUX ITONIPABOK, CKeNJIIHIOBi PYHKIii, BiHOLIEHHS
KPUTUYHUX aMILIITYyZ,. 3HaleHO [1Ba HOBi KJIaCU YHIBEPCAIbHOCTI 1J1s1 IorapupMidHUX ITOIIPABOK MOAEJi Ha
BifnaseHil 6e3maciiTabHii Mepexi. 17 1iei >k Mogesti Ha TPMBMMIpPHIl rpaTLi OTPUMAHO NPECTABIEHHS AJIs
e(eKTUBHOrO raMizibTOHIaHa (SIKMI HAJIEKUTb [0 KJIacy YHiBepCalbHOCTI pO3BeleHOi Mogei [3iHra), a Takox,
3aCTOCOBYIOUM TEOPil0 pEHOPMIPYIIY, 3HAIEHO aCUMIITOTUYHI Ta e(PeKTHBHI KPUTHYHI IOKa3HUKU. [JoBeieHo, 110
IOMIlIKY He 060B'SI3KOBO TIOBUHHI OYyTU HEMAarHiTHUMY, 1100 BUKJIMKATHA OJJHAKOBi €(PeKTU B KpUTHYHIN [TOBEiHIIi.
Ins mopeni Biiroma-Kaness Bnepiie npoaHaai3oBaHO KPUTUYHY NTOBEiHKY Ha IOBHOMY rpadi BUKOPUCTOBYIOUU
dbopmai3m HyJIiB CTATUCTUIHOI CyMU. Bys10 3aCTOCOBaHO METOAM Teopii CKIaAHUX MEPeX IJIsl aHaJI3y Ta
Bizyasizallii coliasibHOI Mepexi CI1iBaBTOPCTBA aBTOPIB >KypHaJly Ta CEMaHTUYHOI MepeXXi IIOHSTh. Y poboTi
[I0Ka3aHO K MEXaHi3MU POCTy MepeX i ix IrHaMiKa peai3yloThCs Ha ITPAKTUL i 4O YOr0 BOHU IPU3BOJSATH, & TAKOXK
IIPOJEMOHCTPOBAHO, SIK pe€aJibHi MEPEXi ONUCYIOTLCS 3ANIPOIIOHOBAHMMU MOJIEJISIMU NIPU NOCIIIKEHH]

KOJIEKTUBHUX €(EKTIiB Ta CTPYKTypU CaMoi CKJIaIHOI Mepexi.

2. The present thesis focuses on studying the collective behavior of complex systems, specifically exploring the
characteristics of phase transitions in magnets with non-trivial architecture, the phenomenon of ordering in
classical models of statistical physics, and their modifications on complex networks. The critical behavior of the
Potts model with invisible states on graphs of various topologies was analyzed, demonstrating that a large number
of invisible states can change the nature of the phase transition. In particular, the critical number of invisible states
capable of altering the transition type to first-order, even in percolation (in the limit q o 1), was determined. A novel
generalization of the Ising model with variable spin length was proposed. For this model on different types of
graphs, universal critical characteristics of second-order phase transitions were calculated, including critical
exponents, logarithmic correction exponents, scaling functions, and critical amplitude ratios. Two new universality
classes for logarithmic corrections were identified for the model on annealed scale-free networks. For the same
model on a three-dimensional lattice, a representation of the effective Hamiltonian (belonging to the universality
class of the diluted Ising model) was obtained. Additionally, using renormalization group theory, asymptotic and
effective critical exponents were determined. It was proven that impurities do not necessarily have to be non-
magnetic to produce similar effects on critical behavior. For the Blume-Capel model, the critical behavior on a
complete graph was analyzed for the first time using the formalism of partition function zeros. Methods of
complex network theory were applied for the analysis and visualization of the co-authorship social network of
journal authors and the semantic network of concepts. The study demonstrated how network growth mechanisms
and their dynamics are realized in practice, what they lead to, and how real networks are described by the
proposed models when investigating collective effects and the structure of complex networks themselves.
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