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Abstract 

The appearance of superstable cycles in the dynamical approach[1·2] to 

the antiferromagnetic and ferromagnetic spin-1 Ising and Ising-­
Heisenberg modcls[3-5] on diamond chains, and their connection with 
magneti;r.ation plateaus is investigated. The rational mappings, which 
provide the statistical properties of the model, _f!;re derivec} by using 
recurrence relations technique. We consider stability properties of the 

. mapping, providing evidences of a connection between magncti;r.ation 
plateaus and dynamical properties, as the .behavim; ~>f 1.yapunov 
exponents! 6-7]. The newfound correspondence between superstablc point 
and zero magnetic plateau in spin-1 models on a diaro~md chain has.been 
tested for a range of parameters. 
TJ.:ie geometrically magnetic frustrations and quantum th~rmal 

entanglement of antiferromagnetic metal-containing. compounds .. are 
considered on a diamond chain. We researched the magnetic and t_hqrmal 
properties of the symmetric Hubbard dimers with dclocalfaed i~tcrstitial 
spins and the quantum entanglement states. It is presented magnetization 
plateaus and negativity in spin--1 Ising· Heisenberg model using transfer 
matrix technique [8j. 
The appearance. of superstable points and cycles in the dynamical 
approach to the a.ntifcrromagnetic and ferromagnetic spin .. l ls.ing model 
on diamond-like decorated Bethe lattice, as well as their connection w1th 
magnetization plateaus are considered. The diamond ch_aiI\ can be 
considered as a coordination number equals .to 2 diamqnd--like decprated 
Bethe lattice. 
We investigate the inter.relation between the distribution of stochastic 
fluctuations of incj.ependent random variables in prob.ability theory and 
the distribution of time averagei; in deterministic Anosov G-system~. On 
the one hand, in _probability theory, our interest dwells on three basic 
topics: the laws oflarge mrmbcrs, the central limit theorem and the law of 
the iteratecj. logarithm for, sequ~ces of real valued random variables .. On 
the other hand,, we, have cJ:iaotic, uniformly hyperbolic Ano~ov C 
systems[<.H 1J defi,~cd on tori whi,c;h ]lave mixing qfall orders and non;r.ero 
Koln:i.og9ro~ .entropy, The!!c. extraordinary ergodic. properties of Anosov 
G;-systems ensure that the .above c;lassical limit theo,rems for ::;urns of 
iJ1~pMcle11t rflildom. :viiriables in probability theory arc fulfilled. by th<~ 

.time .avimiges.,forc;tbe. sequences generated by the C-syste.ms. The 
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MIXMAX generator of pseudorandom numbers represents the C-system 
for which the classical limit theorems are fulfilled. 
We provide frontal cellular automata algorithms for Abelian sandpile 
models [12·· 13]. Also we calculate the height probabilities on a 2D lattice 
with fractal boundaries. 

Timeliness and relevance 

The theory of dynamical systems, besides its intrinsic theoretical 
relevance, recently had a significant impact on a wide range of disciplines 
from physics to ecology and economics, providing methodological tools 
which are currently employed in financial and economic forecasting, 
environmental modeling, medical diagnosis, industrial equipment 
diagnosis and so on. An important physical setting in which such 
dynamical techniques are profitably applied is equilibrium statistical 
mechanics of lattice models, more specifically in the investigation of 
physical properties of low-dimensional classic and quantum spin systems 
in an external magnetic field. Such systems can be successfully described 
with the help of Ising and Heisenberg models. The Ising model was 
invented by the physicist Wilhelm Lem:(1920), and solved by his student 
Ernst [sing. The one-dimensional model which was solved by Ising has no 
phase transition. The Ising model was further researched by Peierls, 
Onsager, Yang and many others. The model has also ·been successfully 
studied with the Monte Carlo method. The Heisenberg model was 
discovered by Werner Heisenberg and, nearly simultaneously, by P.A. M. 
Dirac, in 1926. Further work 
over the following decade established the Heisenberg model, due to its 
versatility, to be "the fundamental object of study of the theory of 
magnetism". Since then, much work in theoretical statistical mechanics, 
solid state physics, and mathematical physics alike has been concentrated 
on understanding this model. Despite this effort, the Heisenberg model 
remains largely intractable, its predicted energy levels and eigenfunctions 
poorly understood, especially in a three-dimensional setting. ·The first step 
towards solving the Heisenberg model was the diagonalization by Hans 
Bethe in 1931 of the one-dimensional Heisenberg XXX model. Using an 
extension of the Bethe ansatz, Rodney Baxter solved the more general 
one-dimensional XYZ model in 1971. This solution, however, as well as 
approaches to the two-dimensional and three-dimensional Heisenberg 
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models, is exceedingly complicated. 'lbe ileiscnberg model can be used to 
describe magnetically ordered solids, in which internal magnetic 
interactions cause individual magnetic ions to possess nonzero magnetic 
moments below some critical temperature. Jn papers ! l ·UI ! we study the 
spin .J Ising and Jsing·-Jlcisenberg models on a diamond chain. and 
diamond like decorated Bethe lattice. 
Many numerical problems in science, engineering, finance, and statistics 
arc solved nowadays through Monte Carlo methods; that is, through 
random experiments on a computer. There arc two principal methods used 
to generate random numbers. The first method measures some physical 
phenomenon that is expected to be random and then compensates for 
possible biases in the measurement process. Example sources include 
measuring atmospheric noise, thermal noise, and otht?r external 
electromagnetic and quantum phenomena. The second method uses 
computational algorithms that can produce long sequences of apparently 
random results, which arc in fact completely dewrmined hy a shorter 
initial value, known as a seed vdlue or key. While a pseudcmmdom 
number generator based solely on deterministic logic can never be 
regarded as a "true" random number source in t.he purest sense of' the 
word, in practice they arc generally sufficient even for demanding 
security-critical applications. From a set of sufficiently good generators 
one can get a i.uperior one by mixing th<!m which of course comes with 
fare higher consumption of computation resources. This technique is a 
working solution for most cases. But with the emergence of tasks which 
require an astronomical large sets of random numbers the requirements 
for computational speed become crucial. The MIXMAX generator is a 
family of pseudorandorn number generators (PRNG) and is based on 
Anosov G·systems (Anosov diffeomorphism) and Kolmogorov K ·systems 
(Kolmogorov automorphism). To quantify the quality of a random 
generator is not a trivial task moreover when the generated sets are very 
large. In paper [IV] we studyed the MIXMAX generator with the help of 
central limit theorems. 
Cellular automata (hencc?forth: CA) are discrete, abstract computationa] 
systems that have proved useful both as generdl models of complexity and 
a~ more specific representations of non -linear dynamics in a variety of 
scientific fields. Despite functioning in a diflerent way from traditional, 
Turing machine-like devices, CA with suitable rules can emulate a 
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universal Turing machine, and therefore compute, given Turing's thesis, 
anything computable. 
The concept· of Cellular Automata was originally discovered in the 1940s 
hy John von Neumann. Tn the early Sixties, E.J<'. Moore (1962) and Mybill 
(1963) proved the Garden-of-Eden theorems stating conditions for the 
existence of so-called Gardens of Eden, i.e., patterns that cannot appear on 
the lattice of a CA except as initial conditions. Gustav Hedlund (1969) 
investigated cellular automata within the framework of .symbolic 
dynamics. In 1977;,Tommaso Toffoli used cellular automata to directly 
model physical laws, laying the foundations for the study of reversible CA 
(Toffoli 1977). The Abelian sandpile model, also known as the Bak-Tang­
Wiesenfeld model, was the first discovered example of a dynamical system 
displaying self organized criticality. It was introduced by Per Bak, Chao 
Tang and Kurt Wiesenfeld in a 1987 paper. The model is a cellular 
automaton. The model has since been studied on the infinite lattice, on 
other (non· square) lattices, and on arbitrary graphs (including directed 
multigraphs). 
The original interest behind the· model stemmed from the fact that in 
simulations on lattices, it is attracted to its critical state, at which point the 
correlation length of the system and·the correlation time of the system go 
to infinity, without any fine tuning of a system parameter. This contrasts 
with earlier examples· of critical phenomena, such as the phase transitions 
between solid and :liquid, or liquid and gas, where the critical point can 
only be reached by precise tuning (e.g., of temperature). Hence, in the 
sandpile model we can say that the criticality is self-organized. The 
sandpile model exhibits a phenomenon called avalanches. The frequency, 
size, and duration of sandpile avalanches are of great interest. It has been 
demonstrated that the distribution of avalanches has a fractal structure, 
and, thus has nontrivial correlations with power-law decay. Many 
phenomena in nature exhibit this fractal structure. In Dhar (1999), several 
examples of this power-law decay are explained. For example, the author 
cites spatial fractal behavior, such as the height profile of mountain ranges 
or the. drainage area of a river as we travel downstream. In paper [V] we 
study the· Abclian sandpile model with fractal boundaries using frontal 
cellular automata algorithms. One of the more interesting features of 
fractals is its way of scaling. If we take a polygon and double its edge 
length, its area becomes four times its original area. But if a one· 
dimensional fractals lengths are all doubled, the spatial content of the 
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fractal scales by a power that is not necessarily an integer. This power is 
called the fractal dimension of the fractal, and it usually exceeds the 
fractal's topological dimension. Fractal patterns which exhibit diverse 
degrees of self-similarity have been the focus of rendering or study in 
images, structures and . sounds and have been observed in nature, 
technology, art, architecture and law. The graphs of most chaotic 
processes arc fractal which makes them especially i;,,tcrcsting to study 
from the perspective of Chaos theory. 

Aim of the dissertation 

• the study of stability of a number of classical and quantum spin 
systems on lattices, 

• the calculation of Lyapunov spectrum for the mentioned 
mod~ls, 

• the ck,rivatio,n o.f connection )?c;twecn Ly;;i,punov exponents .and 
magnetization, 

• the derivation of connection be;fwecn supcrstable point and the 
ground states phases, 

• the study of Anosov~C.sys~eips as a RNG with Classical limit 
theorems, 

• the study of Abelian sandpile model with fractal boundaries by 
utilizing frontal cellular automata algorithms. 

.! 

Novelty of the work 

In this work the following new results were obtained: 

L We found that supcrstablc points .~m:rc;spond ~o a ground state 

phase (the none magnetic phase) for some.spin models. 

2. Supcrstablc points are connected to zero magnetization plateau 

for some spin models. 
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3. The first maximum Lyapunov exponent plateau is rather similar 

to the second plateau of magnetization if there exists a 

superstable point for some spin models. 

4. The data suggests a non-trivial relation between ground states 

and stable fixed for some spin models. 

5. We show that the random numbers generated with MIXMAX 

satisfy the Central limit theorems with satisfying accuracy. 

6. We calculate the probability of having a fixed number of sand 

grains depending from the distance from the fractal boundary in 

ASM. 

Practical value 

The spin--1 lsing and Ising-Heisenberg models on diamond chains are a 
very good approximation for atoms of homometallic magnetic complex 
[Ni3 (C4 H2 04) 2 (µ3 - OH)2 (H20)4 ]n, and the molecular compound 

[Ni8 (µ 3 - OH)4 (0Me)z(03PR1) 2(02CtBu) 6 (H02CtBu)8 ]. Magnetic­
property measurements on such compounds indicate the coexistence of 
both antiferromagnetic and ferromagnetic interactions between the 
magnetic centers, Ni ions with spin 1, which indeed suggests to 
investigate theoretically the magnetic properties of such compounds. 
Another related interesting material is Cu3 (C03 )z(OH)z -known as 
natural azurite (Copper Carbonate Hydroxide)- which can be well 
described by using the quantum antiferromagnetic Heisenberg model on 
a generalized diamond chain. The MIXMAX generator is used in a 
number of scientific programs, which makes the study of its quality 
actual. The Abelian sandpile model and fractals are used in a number of 
disciplines. The Abelian model can describe natural phenomenon such as 
the height profile of mountain ranges or the drainage area of a river as 
we travel downstream. 
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Main pomts to defend 
Main points to defend are: 

1. In spin-1 Ising/Ising-Heisenberg models on diamond chain and 

diamond like decorated Bethe lattice we found that superstablc 

points which emerge when there is no external magnetic field 

correspond to a concrete ground state phase the non-magnetic 

phase. For the spin-I Ising case on diamond chain the non·· 

magnetic ground state phase corresponds to states with positive 

crystal field as for the Ising-Heisenberg case it corresponds to 

states with L1 > 2]. 

2. For the same models as mentioned in the first point we found 

that superstable points i.e. point whose maximum Lyapunov 

exponent tends to negative infinity when the temperature goes 

to zero and the slope connected to it correspond to zero 

magnetic plateaus. 

3. For the models both maximum Lyapunov exponent and 

magnetization exhibit plateaus, which have similar divisions, 

except the superstable points zero magnetization 

correspondence there is also a connection between the first 

maximum I.yapunov exponent 'plateau and a magnetization 

plateau. 

4. For the models mentioned above we found that the grau;nd st~te 

diagrams and stable fixed points diagram are rather similar. Ifwe 

did scale the stable fixed points diagram by a factor of 2 its 

divisions would have a one to one correspondence to the 

divisions of the ground state diagram. 

5. We show that the random numbers generated with MIXMAX 

satisfy the Central limit theorems with satisfying accuracy. More 

precisely We generated arrays of random numbers (some with 

the length of 1014) and tested if it satisfies the three basic topics: 

the laws of large numbers, the central limit theorem and the law 

of the iterated logarithm. 
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6. We calculate the height probabilities on a 2D lattice with fractal 

boundaries. 

.\,,·" 

ii: 

Length and structure of the dissertation 

·rhe thesis is divided into six parts. The first Pll!t is.dedicated to some 
prerequisites on which we,draw on later.The following five chapters 
describe our works, which are followed by the bibliography. 

.. ,~• 

f;. i : ~·· i ·.· .. i : ;; >" \ i : 'i . ,t . '·1' l > ! 

( ;:11' ••<'I'' 1<''','.•' 

Content of the dissertation 

The thesis start:S with a short introduction. The first ·chapter explores a 
variety of topics such as the Ising· model, Monte Carlo methods and 
Anosov C-systems, Cellular Automata and Sandpile model. In the next 
chapters we describe the original woi:~s. 

Chapterl 
" 

Chapter 1 begins with a short introduction to Statistical mechanics. The 
te:Xt covers the definitions of the partition function, free energy and the 
form of the observed average thermodynamic value of any observable in 
terms of Statistical mechanic!i. Next we give the definition of the general 
I sing model in form of its Hamiltonian, in this part only the most basic 
prqpcrties of the model are noted. In the following part we dis.cuss 
specific heat, its form depending on internal energy which itself depends 
on free energy. In this part we also give the definition of two critical 
expbncints. In the following part we give the definition of Magnetization 
as an average of magnetic moment per site and review some of its 
properties. This follows with the definition of susceptibility. After we 
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consider the nearest ·neighbor Ising model and discuss some of its 
interesting properties. Afterwards we discuss and review the one 
dimensionaUsing model. 'Ibis part acts as a theoretical background for 
some parts in Chapter 2, 3 and 4. w·e start this part by describing the 
model and giving the general form ofits free energy and magnL'l:ization. 
We also discuss the transfei:: matrix method which has an essential role in 
exact solutio~ of Ising and/or Heisenberg models. Next we talk about the 
correlations l:>etween two spins. Herc we also take advantage of the 
transf-sr matrix method. And at the closing part of this section we discuss 
the models critical behavior near zero temperature. ln the following 
section we study the Ising model on Bethe Lattice. In the first part of the 
section we discuss the Bethe lattice and Cayley tree. W c give a convenient 
definition of the Bethe lattice as a sub lattice of the Caylcy tree. Next we 
show that the Bethe lattice has seemingly infinite dimensionality. In the 
next part we describe the recurrence relations technique. As the transfer 
matrix method it. is also an essential tool in the study of Ising and 
Heisenberg models. Next we show the form of the partition function and 
magnetization when using the recurrence relations method. The set of 
recurrence relations expressions for the Ising model on Bethe lattice 
has only one clement and its form is comparatively simple. In the 
following part we take a closer look at the magnetization. We express it as 
a function of external magnetic field. We also discuss its behavior 
depending on the critical point. In the next part we take a look at the free 
energy of the Caylcy tree and from it derived free energy of Bethe lattice. 
In the next section we give an introduction lo the Abclian sandpile mode.I. 
'Ibis model was presented by Per Bak, Chao Tang and Kurt Wiescnfcld in 
a 1987. paper [1]. It is the first dynamical model shown to have self­
organized criticality. Dynamical syswms have self-organized criticality if 
they manifest a critical point as an attractor. Their macroscopic behavior 
thus displays the spatial and/or temporal scale -invariance characteristic of 
the critical point of a phase transition, but without the need to tune 
control parameters to a precise value, because the system, cffcctivdy., 
tunes itself as it evolves towards criticality. The concept self organized 
criticality has been applied in a variety of disciplines including physical 
cosmology, evolutionary biology and ecology. bio inspired computing and 
optimization (mathematics), economics, sociology, neurobiology and 
others. The model can be thought of as a Cellular automaton. The concept 
of cellular automata was first introduced by John von Neumann in the 
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1940s. In the following part we give the definition of Cellular automata 
and discu!>'S' somt~ .ofits more imponant properties. Next we review frontal 
cellular ,automata and Abelian sandpile model. We give the definition of 
frontal cellular automata, and dL~cuss 'its differences from the general 
cellular automata. We also bring arguments why frontal cellular automata 
are superior to general cellular automata in this setting. Next we give the 
definition of the general sandpile model. We also introduce a couple of 
concepts which simplify and enhance our understanding of the sandpile 
model. And at. last but not least we give the criteria which makes a 
sandpile modelAbelian and discuss some pivotal lemmas of the subject. 
In the succeeding section we give an introduction to pseudo random 
num.ber;generatprs and.especially the K-system generators. There are two 
methods of .random nuimber generation first the so called true random 
number. generators and second ·Ji>.seudo random generators. True number 
generators .first measure some physical phenomena then transform the 
output of the measurement to counter- some possible biases. Of course the 
physical phenomena are chosen to be as random as possible. The most 
popular phenomena include atmospheric noise, thermal noise, and other 
external electromagnetic and quantum phenomena. One of the apparent 
weakness of such method is its speed. Most true random generators have 
much slower speed compared to pseudo random generators which makes 
them uncontentious if a large set of random numbers are required. 
Another shortcoming of true random generator is their unreliability, i.e. 
if we generate random numbers with the help of.cosmic background 
radiance it will return different data depending on the radiance of the sun. 
The second group of random number generators are pseudo random 
generators or ells called deterministic random bit generator. Pseudo 
random generators are essentially an algorithm which takes a seed and 
returns a sequence of numbers. Of course this sequence depends on the 
seed .and is not truly random as the sequences generated by true random 
generators. Nevertheless, there are pseudo random generators which 
generate sequences very close too true random. An advantage of pseudo 
number generators is its reproducibility, i.e. by knowing the seed we can 
reproduce the sequence of numbers. Pseudo random generators are mostly 
used in simulations such as the Monte Carlo method and cryptography. 
Devising a pseudo number generator with quality output is not a trivial 
problem. Especially in cryptography and some Monte Carlo simulations 
have!' :some very high requirements on the pseudo random generator. In 
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general, careful mathematical analysis is required to have any confidence 
that a pseudo random generator generates numbers that are sufficiently 
close t(}: true· random to suit the intended use. In the first part of this 
section we discuss die Monte Carlo method. Next we give the definition 
of the Metro.poljs algorithm. We also show.the application ,of metrq,pqlis 
algorithm for the, Ising model. After we give the definition of the so called 
K-system generators. Next we show some results connected to the K·· 
system generators. 

:1'" 

Cbapter2 

Chapter 2 is based on the paper [ll. In this paper we consider the study the 
antiferromagnetic and forromagnetic spin- I Ising and Ising ·IIc.iseµberg 
models on diamond chains. The recursion relation technique is a powerful 
method which allows as to research the model as an abstract dynamical 
system. In this paper we investigate the con.nc.-ction between stabili.ty 
properties and magnetization. The paper is organized as f9ll!:iws: 
Section 2.1 is an introduction. :·: ., 
Section 2.2 gives the definitions of the models we cons.ider1 and dqrives 
from them the recursion relation. It also gives the magnetization and 
quadrupole moments for the models. 
Section 2.3 begins with the definition of I.yapunov exponents. NE!Xt it 
describes the process and results of our calculations. It also giv~s a 
comment on our results when compared with the experimental data from. 
Section 2.4,gives discussion and conclusions. 
In the Apendix we give the full form of the recursion relations and the 
eigenvalue, eigenvector pairs for the ground state phases. 

Cbapter3 

Chapter 3 is based on the paper [II]. In this paper the geometrically 
magnetic frustrations and quantum thermal entanglemc.nt .of 
antiferromagnetic metaJ.-containing compounds are considered ,on. a 
diamond chain. The paper is organized as follows: 
Section 3.1 is an introduction. 
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Section 3.2 defines a symmetric diamond chain with delocalized Hubbard 
interstitial spins. The symmetric Ising-Hubbard model diamond chain is 
solved with the transfer matrix technique. This section also gives the 
expression for the reduced density matrix of a Hubbard dimer. 
Section 3.3 describes the magnetization plateaus and negativity in spin~l 
Ising - Heisenberg model. Which are also derived with the transfer matrix 
technique. 
ln Section 3.4 we utilize two models the spin-1 Ising and Ising-Heisenberg 
models. We calculate the magnetization and Lyapunov exponents using 
the recursion relation technique. 
The last section gives a conclusions and final remarks. 

Chapter4 

Chapter 4 is based on the paper [III]. In this paper we consider the 
antiferromagnetic and ferromagnetic spin-1 Ising on diamond-like 
decorated Bethe lattice. The calculations of Lyapunov exponents, 
magnetization and quadrupole moment are done via recursion relation 
technique. The paper is organized as follows: 
Section 4.1 is an introduction. 
Section 4.2 begins by giving the definition of the model and its dynamic 
solution in form of two recursion relations. Next it defines Lyapunov 
exponents and gives the conditions where superstable points occur. It also 
gives the ground states and magnetization of the model 
Section 4.2 gives discussion and concluding remarks on the paper. 

Chapter5 

Chapter 5 i~ based on the paper [IV]. In this paper we investigate the 
interrelation between the distribution of stochastic fluctuations of 
independent random variables in probability .theory and the distribution 
of time averages in deterministic Anosov C-systems. The paper is 
organized as follows: 
Section 5.1 is an introduction. 
Section 5.2 is a review of classical limit theorems in probability theory. 
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Section 5.3 discusses the statistical properties of deterministic dynamical 
C-systems. · 

Section 5.4 considers the MIXMAX C-systems Generator and iL~ 

properties. It also studies the generator from the view point of central limit 
theorems. 

Chapter6 

Chapter 6 is based on the paper [V]. The paper provides frontal cellular 
automata algorithms for abeli~~ sandpile models. Also in this paper we 
calculate the height probabilities on a 2D lattice with fractal boundaries. 
Fractals have been subject of study in a variety of fields. The paper is 
organized as follows: 
Section 6.1 is an introduction. 
Section 6.2 is a short introduction to Cellular automata. 
Section 6.3 begins with a brief introduction to Abclian sandpile model. 
Next it gives a frontal cellular automata algorithm for the model. 
Section 6.4 is a short description of the loop erased random walk and 
Wilson's method. 

Section 6.5 gives the results of the paper in form of the height probabilities 
on fractal bounded lattice. 

Conclusions . •:. 

' ~,, l; • : 

We were able to derive the connecti.on between Lyapunov cxpc:ments and 

magnetization for spin-1 Ising/Ising-Heisenberg models on diamonc;l chain 

and diamond like decorated · Bethe lattice. Namely the connection 

between super-stable point and the non-magnetic ground state phase. 

Also we observed the parallel between J.yapuno\i exponent~ plateaus. and 

magnetization plateaus. Likewise, we noted a connection between ground 

state phases and stable fixed points. 

We studied the MIXMAX generator from the point of view of classical 

limit theorems and found it fulfils the requirements. 
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We also studied the Abelian sandpile model on a two dimensional lattice 

with fractal boundaries using frontal cellular automata algorithms. 

Further we calculated its height probabilities. 

References 

[ 1] W. Thirring, A Course in Mathematical Physics 1 and 2. Springer New 
York,1992. 
[2] J. P. Eckmann and D. Ruelle, "Ergodic theory of chaos and strange 
attractors," Reviews of Modern Physics, vol. 57, pp. 617-656, jul 1985. 
[3] V. Abgaryan, N. Ananikian, L. Ananikyan, and V. Hovhannisyan, 
"Quantum transitions, magnetization and thermal entanglement of the 
spin-1 Ising-Heisenberg diamond chain," Solid State Communications, 
vol. 224, pp. 15-20, dee 2015. 
[4] N.AnanikianandV.Hovhannisyan, "Magneticproperties, Lyapunov 
exponent and superstability of the spin-1 Ising-Heisenberg model on a 
diamond chain," Physica A: Statistical Mechanics and its Applications, vol. 
392, pp. 2375-2383, may 2013. 
[5] N. Ananikian, S. Dallakian, N. Izmailian, and K. Oganessyan, "Chaotic 
rcpellers in the antiferromagnetic Ising model," Physics Letters A, vol. 
214, pp. 205-210, may 1996. 
[6] G. Benettin, L. Galgani, A. Giorgilli, and J.-M. Strelcyn, "Lyapunov 
characteristic exponents for smooth dynamical systems and for 
Hamiltonian systems; a method for computing all of them. part 1: Theory," 
Meccanica, vol. 15, pp. 9-20, mar 1980. 
[7) 0. Rojas, S. M. de Souza, V. Ohanyan, and M. Khurshudyan, "Exactly 
solvable mixed-spin Ising-Heisenberg diamond chain with biquadratic 
interactions and single-ion anisotropy," Physical Review B, vol. 83, mar 
2011. 
[8] N. Ananikian, J. Strecka, and V. Hovhannisyan, "Magnetization 
plateau~ of an exactly solvable spin-1 Ising-Heisenberg diamond chain," 
Solid State Communications, vol. 194, pp. 48-53, sep 2014 
[9] A. Liapounoff, "Nouvelle forme du theoreme sur la limite de 
probabilite" Mem Acad. Sci. St-Petersbourg, 8 12, 1901 

16 

[10] D. V. Anosov, "Geodesic flows on closed Rietnannian manifolds with 
negative curvature'', Trudy Mat. Inst. Steklov., Vol. 90 3 - 210, 1967 
[11] G. Savvidy and N. Ter-Arutyunyan-Savvidy, "On the Monte Carlo 
simulation of physical systems", J.Comput.Phys. 97 (1991) 566; Preprint 
EFl-865-16-86- YEH.EV AN, i3pp. Jan. 1986. 
(12] P. Bak, C. Tang and K. Wiesenfold, "Self-organized criticality: An 
explanation of the 1/fnoise", Phys. Rev. Lett., vol. 59, no. 4, pp. 381--
384, 1987. 

[13] V. S. Poghosyan, V. B. Priezzhev, P. Ruelle, "Jamming probabilities 
fora vacancy in the dimer model", Phys. Rev. E, Vol. 77, Iss. 4,pp. 041130, 
2008. 

Publications list 
[I] N. Ananikian, R. Artuso, and H. Poghosyan, "Superstable cycles 
and magnetization plateaus for antiferromagnetic spin·-1 I.sing and 
Ising-Heisenberg models on diamond chains," Physica A: Statistical Me­
chanics and its Applications, vol. 503, pp. 892--904, aug 2018. 

[II] N. Ananikian, C. Burdik, I.. Ananikyan, and H. Poghosyan, 
"Magnetization plateaus and thermal entanglement of spin systems," in 
Journal of Physics: Conference Series, vol. 804, p. 012002, IOP Publishing, 
2017. 

[III] H. Poghosyan, "Super stable cycles and magnetization plateau for 
spin-1 Ising model on diamond-like decorated Bethe lattice," Armenian 
Journal of Physics, vol. 10, no. 3, pp. 92·--98, 2017. 

[IV] H. Poghosyan, K. Savvidy, and G. Savvidy, "Classical limit th~orems 
and high entropy MIXMAX random number generator," arXiv preprint 
arXiv:l 708.04129, 2017. 

[VJ H. Poghosyan and V. Poghosyan, "Frontal cellular automata for the 
. study of non-.equilibrium lattice models," in Computer Science a;nd 
Information Technologies (CSIT), 2015, pp. 44-,-46,IEEE, 2015. 

[VI} A. Poghosyan and ;a, J:;'oghosyan, "Mixing with descendant fields in 
pertwbed minin).aJ CF'.f,mod$.~. Jo\U'nal 9f High Enqgy Physics, vol. 
.~013, no. 10, p. 13h:Wl3 ! ,, .· 

l7 



Ytmul14. h 12tlwhum11ph uu.i]lb.w1}1.b. lnm.fwqwpql:q1p. 
nmnLtH1wu]1.prrLJUJmb.g gwb.gb.p}l. tlJ:illl hw2tl.n11wlJ.illb. h 

wuuil]).m]-i4. ub.ra-n11b.bpml 

Utlljmljmt.tf 

iltumtfhwurptJhJ. t untUJh.pl:JmJm'il. gP.lJ.1tp)l ]1 hw3m qmJ.I! :q]lhuitf]ll.J. 
tfnmL.gtfp hwq:ptpntlwqb)luwqwh l.J ,:pb.pntfwqltlmml.J.uib. UUJ.]llt-1 
f>q)lhq l.JJ~qJl4q-L.mJqhhpb.p.q tfn:qh1hhpmtf w:qmtf,i.q'ti.:qb. 211raw1)l tJ.pw: 
UnqhJP. tJ.~llml.J.wqpmqmb hwtnl.J.nqu]nthhhpp muimhntJ.nIJ. nwgpnbmt 
wp.tnU.IUJ.U.Jmqhpm.tlbhpJ:! 11mp.u th ptptJ.t1 ntqmpu]lnh 
hmrwphp.mpimuhhµp. tfhi.anIJ.Jl q}ipwntfmtfp: Uh.hp q}lmwpqb.1 thp 
wp.uiwuiwmqhp;\!mh ·• , JJ.µIJ_Q.)'~1'].UJUih hwmqmp3mhhtpg, 
mpmtfmIJ.phu1tJ. m111mgnl)g4tp npµll.p hwumwmmtf hh tfwqb.}luwgtiwb 
htup.pwqhtp}l h , qphmtCP.4. hwu;i\J.mp>3mbhhf1}i tI]l21.J qWUJJ!: 
L:mtfwqwpq}l 11]1hwtf]ll:J. hwmqmp]nthhtg phmi.awqpb.1 thp 
l.JWUjnt'i.tntj}l gmgmIJ.p.Jlihtp tJ.mpp)l tf]12ngntJ.: U:qwtimhIJ.]l 211J.UWJP. 
tJJlm UUJ p.ti-1 tfn:qhJhhJlnttf UntUJhp.qw3ntb. 1:) tm)l b. qpn3wqwh 
tfuiqhp.uwl:J.tub hmppwqhb.fl)l tfP.21.J hnp hw1uihtuqnpotJ.mo 
hmt.fU.1UJUltnU.Juprn.1bmi.a1m hg tjmp6.tup.qtl_t1 l: . J.f)l 2mp.p 
UJlllj1U.Jtfttnp.hflli hwtfwp.: 
L:wq:jiL:pntfwqh}lumlJ.wb tfhtnw:q UJIDp.nthwl.J.nq tf]ltugmiu3mhhL.p]l 
hp.4.J:lmiw$ml:Jwh tfwqh]lutulJ.wh li.JruhqwpmtihhpJ:! 1.J ptJ.whmw3)lh 
2tptfw1]1h }ull6:tl_womra1mhp IJ.JltnwpqtJ.t.1 th wqwtfwhri)l 211J.UtuJ]l tJ.pw: 
Uhbp m.umtfhump.pht tbp qt1nl:J.wi]lqwgtJ.wh tf)l2wumw1 UllJ.]l'it.hb.pntj 
u]ltfh.tnp]lq L,mpmp.q q]l.tftp.hhp]l. tiwqhp.uwqwh l.J 2tptfw1}1'i.t 
hwuiqmi.a3mhhhp11 b ptJ.tuhuiw1)lh }ulllltJ.wo tl_P.llwl:Jmb.hpp: 
\,tp.qmJtugtjb.1 l: UUJ.}ih-1 f>qphq-2'.w]qb.hpb.pq tfnqb.i]l tfwqh)lutugtfmh 
hmpptul:J.hhpf!: l.J pwgtUumqwhnLJUJWUJ:! oqtnwqnp.ot1ntJ tjm}umhgtfwh 
tfU.Juir]lg mh]uhrl:Jmh: 
fh.um tflimuliptJL:1 I. umUJhfll:J.WJm'i.t g}ll.J.1hp.]1 hw.1mhtJ.hlJ:! IJ.Jlhmtf)lq 
tfnmhgtfp hwl.j!ptrntfwqli]luwqmh b :jihp.ntfwqh}luwqmb nUJ)lh-·l 
ftq]lhq unr1t1mtf mriuniwbqntj qmpqmrtJ.wh Pti.aht gwhgli tjpw: 
U.qu.11.fmllrili 211J.UW.h qmpti]l t hwtfwpb.1 mriwtfmhqntJ. qwp.:qwrtjwo 
Pt~hl; giµ\lg npr l:J.nnrq}l'i.twg]:inh hmtfmp.J! hmtJ.wumµ l: tpqmup: 
Uthp mumtfhw.u]lph.J. hhp htutl_whmqmhmJ.UJW.U mtumi.amhmtf 
whqw]u UJWtnwhwqmu iJiniJin!i.Jwqwhhtp.p umn!i.Jwum)lq 

18 

mmtmuhm.tlbtp.]:1 ptui[utfmh h IJ.h.mL.p.tfpl,ipumpl.J. U'i.mumj C· 
hmtlmqmp.qtp.mtf chntfw.hmqp.g qm}utjmo tf!J.2phht11p pm;ilmfw.b tf.li2h 
tjm}uhmp.wpb.p.m.J.UJnthbL.pp: Up 4mi.tl]igr; ·• hwtJ.wbwlpil1frt1 J.UJlllh 
tn1.Unt.J.a]Wh tft.2, tfhp htimtupp.ppm.p]mhfl "l.J.1.btnpnuwgmo l, liptuljmb 
wp.cJhphL.pntj ''~·'•· Ujllltnmhwquib: · · tjimjinl\iuilfwbblq1J1 
hm2np.IJ.mlJ.wlmL]_U]nt u'il.L.pp hunfrup. tfL.h ptjl.)1)1 op.l.bp!J., 
q t.l.1tn[lnbwqwb umhtfmhm3ph Fhnpliup h J.:itnhp.tugtjUJb 1nqm11J:i1aup. 
011l.ihpl1 tjpw: U]m u qnIJtflig, ,Pl 'UL.hp tnn1ip.J1. tJ11w uUJhtfwbtjrub 
pmnum3}1h, hwtfwiwlJi h}1UJ.lip.pn1}14. U.hnuntJ. C -·hwtflllqlllp.q1.p. UJlllUP­
mbhh rn1n11 qmµqtp.}i '}u111nhm.11IJ.htp· b ili qpnJllllJ.wtI 4:nttfnqnpntj]:i 
l:btnpnu1]11il:· Uhntintj · C"huttftuqwp'qti.p.p. mptnrutjwpq 'l.pqnmp.q 
hwtnlfntF]nt.hhhp.fl UlUJ.Whml_nuf ll.h·tj:l:ip.p h?tJ.Ulh hwtjlilhuiqmhm.JU]Ulb 
mlmri1'.p1w.u tfh2''IJ.tnnwqwhutuhtfwhui3]1b. iutnpl::illlil:qi.]l }1jlwqnphmtfp, 
npmtq ruhqm}u UJWmwhwliu'.!b t}l.nllJ.nlu'lilquru'i.ti.ipp qnttfwp.blqip :qL.11p 
l:Jmmurrtjm.tf Lu C-hwtfmlJ.wpqLp]l · lJ:nl'Jtf]l.g ql.hLp.rugtj_nfJ 
hw~:mpriw4.mhmi.a1m.'il.blq1]1 hwtfrup. duitfmbrul.J.]lg qmpn]mb 
tf]1.9]lbhL.p.p: Y.hIJh UJmtnmhml:Jmh ptJL.fl)l MIXMAX.· r qli.hlipmum11p 
bli.J:ll:JtUJtugbm.tf l. C-hmtfmljmp.qJ:! nrp huufmp l:Junnruptjm tf I. 
IJ.mumlj_t.ub·umhtfwhm1ru iaL.npl:itfhb.p.J1: 
UL.hp mp.uufwqp.b.J L.hp llwl.J.mmm1J1h p99w3J:ib w.tjumtfwtn tn]lUJll 
m1tp.q}lwhtpp Uphj]lwh 1ml_wqwqnl]tnhp)l · tfnqli.1)1 htmfmp: 'l..wb 
hm2tJm111J.t1 hbp pwp.O..pmJ.U]Wb hwtjw'i.tml.J.wbmp]mhhhpp 
!pp.mquimttuJ]lb uwhtfwhhtp.ntj l:ipq)_U.J$ gwhgli hmtfwp: 

19 



Ilorocm Ame Py6mroBH'I 

BJ.Itmcmrrem.m.Ie H aHaJIH'l'H'lecICHe HCCJie~BaHHJI 

KJiaCCH'lecJCHX H KBaHTOBl>IX CIIHHOBldX pellleT11BTJdX CHCl'e:M 

PE!3IO¥e 

Mcc;1eµ;ycTc11 uoaBJJeHHe cnepxcra6HJibHbIX. I\HKJIOJi B ;a;:aHaMHqecKoM 

rro,u;xoµ;e K anrmpeppoMarHHTHbIM H cpeppoMarHHTHlilM <MO,ZJ;CJIJIM lhmrra 

u l-faRnra-I'eli3eH6epra Ha aJIMa3HhIX 11erurx H HX CBJi3H c rmaTo 

11aManp1'!eHHOCTb. P~HonaJJ&H&Ie oTo6pa)l(eHHH, o6ecne'!HBaJO~He 

C'l'aTHCTH'leCKHC CBOHCTBa MOJJ;CJIH, BbIBO/Vl'fCH c HCIIOJib30BaHHeM 

TeX.HHKH peKyppelil'HbIX COOTHOUieHHH. PaccMarpHBaIOTCH CBOHCTBa 

CTa6HJIMIOCTli OT06pa>Kemur, npe)IOCTaBJJJU! µ;oKa3aTeJibCTBa CBH3H 

MC)K/~Y HaMal'HH'ICHHOCTblO l!JlaTO H ,ZJ;HHaMH'iCCKHMH CBOHCrBalllH, KaK 

11011c1~eH11c uoKa3aTCJieii Jilmy110Ba. B1>vro upoBepeuo uoBoo6pereHHaH 

COOTBCTC'J'Hf1C MC)((/\Y CBepxcTa6HJibH00. TO'iKOH 11 ny;reBblM MarHH'l'Hbl.M 

ll!laTo ll MOJ\CJillX crrnna--1 ua aJIMa3HOH J~CIIH JJ;Jijj pa;a;a napaMerpoB. 

PaccMa'!'p1rnaIOTca reoMeTpH'ICCKH MarHHTHbie <}>pyC'rpan;RH H KBaI!ToBoe 

TCilJlOBOe :1a11yraHHOC'l'b aHTHcpeppoManrnTIIbIX MCTaJIJICO,ll;Cp)l{aII\HX 

coe;a;HuenHii na aJIMaJHo:ii 11erro'!Ke. M1>1 HCcJ1e110BaJIH MarnHTHIUe H 

TCpMH'!ecKHe cno:iicrBa CHMMeTpH'IHhIX µ;HMepoB Xa66ap,z:i;a c 

/\CJIOKaJIH30BaHHbIMH Me)l(,ll;oy3eJibHbIMH CIIHHaM:a H COCTOJ!HIDIMH 

KBaHTOBb!X 3anyrhIBaHHH. Ilpeµ;cTaBJieHbI HaMarHH'IHBaIO~He IIJiaTO H 

0Tpm1aTCJlbHOCTb B CIIHH- l MO,n;emr l13HHra-fe:ii:3eH6epra c 

11CllOJUh10BaJIHCM MCTO;a;a Tpauc<}>epHOH MaTJ'HI\bl. 

PaccMorpcno noaBJrenHe cyuepcTa6HJI&HbIX TO'leK H I\HKJIOB B 

/\!1WlMl1'1CCKOM 110/.\XOJJ;C K aun1cpeppoMarHHTHOH H cpeppoMarHHTHOH 

CllHH· 1 Vl311Hl' MOflCJrn Ha aJIMa30ll0/\06HOH pemeTKe BeTe, a TaIOKe HX 

cnH3H c rn1aTOB1>IMH uaManrn'IHBaHHl!MH. AJIMaanyro n;err& MO)l(HO 

paccMaTpHl!aTh 1<aK aJ1Ma:iouo,1106IrbIH peme·rKa l:icTc y KOToporo 

Koop1111ua1,11011noe l.£HCJ10, paBIIoe p;ByM. 

Hcc1re11ycTc11 B3aHMOCBH3b MeJK,ZJ;y pacrrpe,u;eJieHHeM croxacTH'IeCKHX 

clmy1<Tyau;.11ii ne:JalllfCHMbIX CJiyqaHH:&IX BCJIH'IHH B reop:aH BepoHTHOCTCH 

H pacnpCJ\CJICHHCM cpe;a;HHX IIO BpCMCHH B ,u;eTepMmrnpoBaHHbIX c­
Cl1CTCMax AHOCOBa. c o;a;Ho:H CTOpOHl>I, B TeopHH BepoJITHOC'l'CH Halli 

20 

11.nrcpec 3arpar:irnacr TPH ocnoBnMc TC.MT.I: :iaKOTihl 6o;ri.m11x •n1cc;1., 

I~CI!TpaJibHYJO npe;~cJihH}'IO 'l'COpcMy H 3a.KOH l!OBTOpHOL'O JIOl'aplfcjJMa /\JI ij 

UOCJJCllOBaTeJihHOCTeii BCJl\CC'l'.BCHHhJX c11y<.1aHl!hlX llCM1LIHll. c 11pyroi:i 

CTOpOUbl, Mr.J HMCCM xaonPU!l>IC, pal!UOMCpHo nrncp6oJIHYCCKl1C c 
CHCTeMbI AuocoBa, onpe,u;eJieI!Hbie ua TOpax, y KO'I'Op01'0 CC'.1' CMClllHBa1rnc 

JlCCX IIOpH,u;Kax nopH)\KH H OTJIH'Jllyio OT nym1. ZlIITpOirn:Kl KOJIMOropoBa. 

:;iKCTpaop,u;1mapHbIC apro,ZJ;H'iCCKMC CBOHCTBa c GfCTCM /\. T!OCOl!a 

rapaHTHpyroT, 'ITO upHBCIJ;CHHbIC BblIIIC KJJaCCH'iCCKHC upc11cJ/.bllhlC 

Teopelllbl ;vrn cyMM HC3aBl'ICHMbIX c1ryqail:HbIX BCJlM'H11l Jl TeopM.H 

l!CpOJITHOCTCH MbIUOJJHllIOTCH cpc,u;m1MH BpCMCUl1 1\Jlll 

1rocJie)IOBa'l'eJibHOCTe:ii, uopmK/~aeMhIX C>cHc'l'eMaMH. l'euepaTop 

uces11ocJ1yqail:H1>1x •mce;1 MIXMAX upc;\C'l'aBJ!HC'J' co6oii C-ci1cTeMy, 1v111 

KOTopo:H BbIDOJIIU!KlTCII .roraCCH'fCCKHC IIpC,ll;CJ!bHhJC TcopCMT·l. 

M&1 upe11ocraamrcM a;1rop:aTMb1 ;ro601!1>1x KJICTO'l1thtx aHTOMaToH ;vr11 

Moµ;e;reil: a6c11eBblX rrec•ranoil: K}"!.H. TaK:11<c MhI :llbI'l.HC!ll!CM 11cpoHTHocT11 

BhTCOTbI Ha JJ;ByMcpnoM: pemcTKC c rpaH.m\aMH ¢paKTaJJOI!. 

~ 
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