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Dissertation relevance

The dissertation discusses two interonnected topics, both of which have a lot of
research interest, especially after recent development of quantum computation concept.
Quantum computers’ need for stable and yet alterable states of matter for storing
information has multiplied the importance of topological insulators beyond being purely

theoretically interesting systems.

Arguably the most famous phenomenon featuring such properties is Integer
Quantum Hall Effect (IQHE). It’s the quantum enhancement of the classical Hall Effect:
the phenomenon of occurrence of transverse electrical current inside the magnetic field,
except for large enough magnetic fields, where the system develops metal-insulator
transition series [1], best known as Hall plateau transitions. Those transitions have a
topological origin. The qualitative explanation of IQHE was provided by Chalker and
Coddington [2] with their phenomenological model (CC model). Up to now CC model
itself is a topic of interest and researchers are still studying its properties, such as the
nature of theorie’s renormalization group, the corresponding conformal field theory for

Hall plateu transitions [4].

However the model doesn’t fully explain the phenomenon of IQHE, as there is a
descrepance between the theoretically (numerically) calculated and experimantally
measured value of the localization length exponent. While some authors blame the
difference on inaccuracy of either numerical calculations of on experimental errors,
others imply a fundamental problem with CC model itself. As IQHE is an Anderson
localization-delocalization transition, disorder plays the key role in the model. For CC
model considers the disorder only through magnetic-field-induced wave function phase
randomness, whereas a modified model suggests including the geometrical disorder of
the lattice, thus introducing random network (RN) models [3, 5]. It seems to fix the
disagreement with the experiment, however some author claim that the disagreement is
fixed only because of fine-tuned parameters, and others continue to point out
unreliablility of numerical analysis. The claim is, that there is no fundamental flaw in

CC model and the newly introduced source of disorder either doesn’t represent the
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physical picture or doesn’t contribute to critical exponents as they rely only on the
universality class. Calculations and experiments to improve the accuracy of known

values of localization length exponent are still ongoing [6].

The dissertation addresses all those issues. Firstly a deep geometrical link between
RN model and real-life disorder is obtained [7]. Then the arbitrarity issue of RN model
parametrization is resolved by connectong the parameters to properties of the matter,
namely the semiconductor’s compensation parameter. Unreliability of numerical
analysis is addressed by introducing a brand new robust metood of numerical analysis
which is shown to replicate the previously known results. Finally, the generic argument
of additional disorder sources’ irrelevance based on Harris criterion is questioned by

showing a need to modify Harris criterion in case of geometric nature of the disorder.

Another outstanding and versatile concept that features topological protection are
Symmetry- protected topological (SPT) phases, which has huge research interest [8, 9].
It is a relatively new concept for phase transitions strongly related to the topological
properties of the system, that is significantly different from the classical Landau

definition of phases via local order parameters and carry topological characterization.

A deep understanding of SPT phases is presented in works of Xiao-Gang Wen and
collaborators [10], where a classification of SPT states was formulated based on
cohomology classes of discrete groups. A full classification of SPT phases in 1D systems
is obtained and then generalised for d-dimensional systems. They report classification of
SPT states in d dimensional spin models by cohomology groups H;+1(G, U(1)) where G
is the initial model’s gauge symmetry group. It allows to study some conceptual
properties of SPT phase featuring models. However this doesn’t result in explicitly
written SPT models which could provide insight into the nature of SPT phases through

specific models.

An interesting and important result of the explicitly written SPT model was
reported in by M.Levin and Z.C.Gu [11], which is based on the paramagnetic Ising model

with Z, symmetry. The result is a model with two phases, one being a conventional



insulator (with a gapped spectrum), and the second being a topological insulator (with

gapless spectrum created by edge states). No such model was known ever since.

In the dissertation two new models based on Zz and (X Z3)% symmetric Potts
models featuring SPT phases are presented [12, 13], inspired by [11]. Their
corrensponding edge models are exprlicitly written and scurpulously studied. The
obtaind interesting symmetry properties and their further analysis is used to identify the
conformal field theory (CFT) of the studied edge models in thermodynamic limit. The
approach for model creation is then generalized for an arbitrary (not necessarily abelian)

group [14], and is applied to a Z; Ising ferromagnet [15].
Purpose and objectives

The purpose of the dissertation is to study and develop a better understanding of

edge-state-related phenomena, particularly for IQHE and SPT ordered systems.

For IQHE the issue of discrepancy between theoretical and experimental results and
the surrounding discussions is addressed. The objective is to answer important questions

within the scope of the problem:

1. Prove the gravitational origin of the disorder introduced by RN models and
show its connection to real-life situation.

2. Dismiss the arbitrariness of parameter choice in RN model by establishing a
link between RN and RP models and providing a connection between bare
parameters of the models to experimentally measurable physical parameters of
materials, thus allowing further experimental verification of the proposed
model.

3. Address the issue of reliability of numerical calculations by developing a more
robust and reliable way of calculations for localization length exponent. Test
the previously obtained results via comparison.

4. Develop an understending of applicability of Harris criterion on systems with

geometry disorder.



For SPT-ordered systems the objective is to fill the lack of specific edge models,

studying which will arguably allow more intuitive understanding of SPT models, their

different phases:

1.

Derive new specific SPT models following the approach of [11]. Develop the
model derivation approach to obtain explicitly written translational-invariant
edge models based on desired non-interacting models.

Research the different phases of newly devoloped models, determine their
important physical properties, detect the hidden symmetries, study the
spectrum and find the associated CFT-s corresponding to the models’
thermodynamic limit.

Develop a universal technique for generation of models with SPT-order and
explicitly written edge Hamiltonian based on arbitrary symmetry group.

Attempt to create an SPT model based on an initially interacting system.
Novelty of results

For IQHE, starting from a random potential model, a map onto the 2D
disordered graphs depending on the Fermi level is explicitly constructed via
curvature distribution analysis, thus giving an interpretation of the
replacement probability of RN model in terms of the Fermi energy.

A deep link between random potentials in Anderson localization problem and
2D curved surfaces where the edge states responsible for Hall plateau
transitions live is revealed. The existence of effective gravity is revealed.
Further introduction of an RP model with Coulomb potential allows to couple
the bare parameters of previously discussed theories with quantities that are
experimentally measurable.

An alternative, faster and more reliable technique (namely, the S-matrix
calculation) for numerical studies is proposed. Numerical data is obtained and
the validity of previously known results [3] are proven.

Preliminary results claiming inapplicability of Harris criterion in case of

geometrical disorder of RN model of IQHE is presented.
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Two new SPT models based on Z; and (X Z3)3 symmetries are constructed,
explicit form of their edge Hamiltonians is obtained. The models exhibit
gapless spectrum allowing for metal-insulatyor transitions.

The obtained Z; and (X Z3)® edge models are scurpulously studied. Hidden
symmetry properties are discovered. The corresponding CFT-s describing the
large-size low-energy limit of the models are identified through first excitation
gap, entanglement entropy and current algebra analysis.

The previously used ideas for SPT model creation is generalised for an arbitrary
symmetry group and a technique for creation of models with translational-
invariat edge Hamiltonians is developed. The technique is applied on a Z, Ising
ferromagnet, thereby producing the first ever model based on an initially

interacting system.
Practical significance

For IQHE, the obtained mapping between bare parameters of RN model and
experimantally measurable parametrs can be used to decisively confirm the
correctness RN model, proving that the lack of consideration of emergent
gravity in CC model is endeed a fundamental flaw.

The proposed Z3 and (X Z3)® models and their study as well as the techniques
used during development of the models can provide a deeper understanding of
SPT order phenomenon.

The generalized procedure of SPT egde model generation can be used to
continue the development and study of other explicitly written models.

Z, ferromagnetic SPT models as well as other experimantally realizable models
that feature topological conductivity (such as in IQHE) are primary candidates

to serve as information storing units in quantum computers.



Dissertation contents

The introduction discusses relevance and importance of systems featuring
topological properties in curent technological advancements. It refers to two kinds of
such systems which will be later duscussed in the dissertation. Curent developments and

the problems in correnponding research directions are presented.

Chapter 1 is dedicated to integer quantum Hall effect (IQHE) and discusses known
issues in widely accepted models alongside with the possible solutions.
It provides the experimental picture as well as the classical and quasiclassical

explanations. The mechanism for the experimental validation of models is introduced.
§ 1.1 discusses netwok models of IQHE.

§ 1.1.1 gives insight to regular network models, introduces the used mathematical
apparatus. The known discrepancy between the theoretical and experimantal values for

the localization length exponent is pointed out and it’s possible sources are discussed.

§ 1.1.2 presents random network (RN) models as a solution to the known
discrepancy. It discusses the randomness creation procedure and states the gravitational

origin of such modification.

§ 1.2 discusses random potential (RP) models of IQHE. It establishes a space-
curvature-related link between RN models and the features of a random potential (via

potential critical points), thus restating the importance of gravity.

§ 1.2.1 is about an RP model with Gaussian sources. Here a mapping between RP

and RN model parameters is created, showing the mutual reflectivity of the models.

§ 1.2.2 is about an RP model with Coulombian sources. It is a more ralistic and
complicated approach to RP models. Here an RP-RN mapping is established once again.
A further connection between the model parameters and experimentally obtainable

values is discovered.



§ 1.3 addresses issues with calculations that one faces in RN model calculations. A

need for an alternative approach is stated.

§ 1.3.1 formulates the S-matrix approach to RN model calculations and shows its

advantages over the widely used methoods.

§ 1.3.2 presents numerical calculations which prove the validity of S-matrix
approach and its advantages. Obtained results also replicate previously obtained results

for a controversioal RN model thus proving its correctness once again.
§ 1.4 indicates further study directions.

§ 1.4.1 discusses Harris criterion and whether it is applicable in case of disturbances
of gravitational origin, particularly in case of RN models. Preliminary results are

presented, which suggest a need for modification of the criterion.
§ 1.5 contains supplementary materials for Chapter 1.
§ 1.5.1 discusses Landau levels in context of IQHE
§ 1.5.2 provides insights to definition of curvature on discrete surfaces.

§ 1.5.3 explains technical deails of extracting critical point mesh from a low-

resolution simulated potential that is necessary for § 1.2.2.

Chapter 2 is about systems that feature symmetry protected topological (SPT)
phases.

A basic explanation of SPT phases’ nature is given.

§ 2.0.1 introduces the cohomologies of finate groups. This concept will be heavily

used thoughout the chapter.

§ 2.1 Is about SPT models based on (X Z3)3 symmetry.

Previously done related work is discussed.
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§ 2.1.1 discusses the emergence of SPT states for (X Z3)® symmetric three-state
Potts paramagnet. (a) Three-state Potts model is introduced. (b) Non-trivial cohomology
element for (X Z3)3 symmetry group and the corresponding transformation operator are
obtained. (c) The application of the cohomology element to generate a model featuring

SPT phases is done.

§ 2.1.2 consideres the separation of system edge from the bulk. (a) The action of
tranformation on a system with a boundary is discussed, the separation from the bulk is
shown by introducing ghost nodes. (b) Explicit expression of a Hamiltonian for system

edge is obtained. (c) Useful alternative representations of the Hamiltonian are provided.

§ 2.1.3 addresses the symmetries and conformal properties of the edge model
obtaied in 2.1.2. (a) simple global discrete finite symmetries are obtained and their ‘t
Hooft anomalies are calculated. (b) more complex symmetries are discovered, their
nature and relation with other symmetries is discussed. (c) The corresponding current
algebra are obtained and studied, their anomaly is determined. (d) Conformal properties
of the edge model are obtained via first excitation gap and entanglement entropy
analysis. (e) The conformal field theory (CFT) that corresponds to the thermodynamic
limit of the obtained model is identified. It is the SU,(3)/SU,(2) coset CFT.

§ 2.1.4 discusses further possibilities to study the considered model.
§ 2.2 is about SPT models based on Z3 symmetry.

§ 2.2.1 discusses the creation of Z3 SPT models. Non-trivial cohomology element
for Z; symmetry group and the corresponding initial transformation operator are
obtained. They are later optimized to result in a translational invariant edge Hamiltonian
without ghost node introduction. The edge Hamiltonian itself is consequantly generated

through a non-arbitrary symmetrization procedure.

§ 2.2.2 refers to symmetries of edge Hamiltonian. Firstly the simpler global finite

symmetries are obtained, then more complicated “winding number” symmetry and the
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corresponding current algebra are discussed. The related ‘t Hooft anomaly is explicitly

calculated.

§ 2.2.3 shows alternative representations of the considered edge Hamiltonian which

<

can be used to firther study the system. It is shown, that the “winding number”

symmetry is unique for this model.

§ 2.2.4 studies the conformal properties of the considered model via first excitation
gap, entanglement entropy and current algebra anomaly analysis. The obtained
information allows to identify the CFT corresponding to the obtained model’s

thermodynamic limit. It is the SU; (3)/SU; (2) coset CFT.

§ 2.3 is a generalization of methoods used in § 2.1 and in § 2.2 to create SPT edge

models based on arbitrary symmetry group.

§ 2.3.1 discusses the mechanism of model induction via non-trivial cohomology
group elements. Two similar formilations are discussed. The compliance of
transformation with SPT model definitions is checked and the condition for edge-bulk
separation (commutativity) is obtained. Mathematical formalism for obtaining the

needed cohomology element is presented.

§ 2.3.2 refers to constuction of the edge model. The generic form for symmetrized
edge Hamiltonian is given. A condition to induce a translational invariant edge model is
obtained for the non-trivial cohomology element, and the transformation to satisfy the

condition is discussed.

§ 2.3.3 applies the developed technique on Ising ferromagnet which is an initially
interacting model with Z, gauge symmetry. It is argued that unlike previous models this
one has a chance for experimental realization. The translational invariant edge

Hamiltonian is explicitly written, leaving its study for further research.

The summary briefly presents the information discussed throughout the dissertation

and states its main results.
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Main results

e Duality of geometrical (gravitational) origin is established between RP and RN
models,

e A pathway for an experimental verification of the RP model is created,

e A robust rechnique for network models’ numerical calculations is developed,

e  Two-dimensional Z; and (X Z3)3 SPT paramagnet edge models are formulated and
scrupulously studied, the corresponding low-energy CFT-s are identified,

e  Experimentally realizable Z, SPT ferromagnet model is formulated.
Conclusion

The dissertation outlines the practical value and importance of studying two-
dimensional nontrivial boundary states, giving examples of systems with the presence of
such states: the integer quantum Hall effect IQHE) and symmetry protected topological
order (SPT order). For IQHE, a review of generally accepted models and known
experimental data is provided, existing inconsistencies are mentioned, and their possible
causes are discussed. General considerations about SPT ordering and SPT phases are
discussed, their physical properties are mentioned, and the current situation with their

classification and research in general is noted.

An analysis of the Chalker-Coddington (CC), random network (RN) and random
potential (RP) models describing the IQHE is presented. A fundamental shortcoming of
the CC model is pointed out and the importance of geometry and its randomness
(effective gravity) is emphasized, which explains the difference between the numerical
calculation based on the CC model and experimental data. The deep geometric
connection that exists between the RN and RP models is shown. By comparing the
curvature distributions in the RN and RP models, their an unambiguous correspondence
is found. Then a connection is derived between the “bare” parameters of the models and
the quantities measured in the experiment, which opens up the possibility of
experimental verification of the proposed models. Potential problems associated with

the generally accepted calculation method in network models - the transfer matrix



13

approach - are presented, and an alternative calculation technique with the S-matrix
approach is proposed. With the new approach, calculations are carried out to check the
reliability of the data for the formulated models obtained in the past. The applicability

of the Harris criterion in the context of this problem is discussed.

For SPT-ordered systems, the mathematical formulation of systems with SPT phases
and the classification of their phases is first provided, then, on this basis, SPT extensions
of specific models (Z; and (X Z3)® paramagnets and Z, Ising ferromagnet) are derived
and studied. For models based on Z; and (X Z3)® paramagnets, translation-invariant
expressions of Hamiltonians corresponding to boundary states for different phases are
explicitly derived, and their in-depth study is carried out. Before these works, only one
similar model was known, based on the Z, paramagnet (Levin-Gu model). For the
derived Hamiltonians, new nontrivial symmetries of topological origin are found. By
examining the current algebras of these symmetries, as well as the entanglement entropy
and other properties of the system, a conformal field theory (CFT) corresponding to the
low-energy limit of the derived boundary models is identified. Further, the above
methods for constructing models are generalized for an arbitrary symmetry group and
applied to the Z, Ising ferromagnet. The result is a model that, in principle, can be

implemented experimentally.
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Bapuyht yh&wlutpp pjutinughe Znjjh Epduinmd
b inuninghwljutt UkYniuhstbpmd

Ufiniruaghp

Uwnbkuwjununipniind wpynid E Eplyuh hwdwlwpgipnid ny waiphyhuyg
Eqpuyhtt  Jhdwlubkph Yhpwpowlwb tpwbwlnipmpiip b niumdbwuhpdwb
Jupbnpmipnitp, phipynud B wynuhuh Jhdwlubp gnigupbpnn tpunypubph
ophtulyukp’ Znih wdpnne-piwht pyubnughtt lplingpp (2ULE) i uhdbnphugny
wuonwuwijws wnnwninghui (UNS) thnybpp: ZULE hwudwp ubpjuyugynd
ubpuynidu  gnynipnith mubkgnn  dnpbjubpt m welw  hnpdwpwpulub
wpyniupubpp, oynud b huwjnith withwdwywunwuliwbnipniuubph b pputg
htwpwynp wnpmniputph dwupt: vnuynwd £ UNS thnybph Epuptpyuy pughwinip
wuwwnlipugndutph, npuig dhqhjujut hwnlmpniuttph wuht, wynwd k
npuig nuuujupgiui b ntumdtwuhpdwi htn juydws ukpjuyhu npoipiniup:

Quuuwpynd L 2ULE  ujwpwgpnn  Quyykp-Unnpphuqunuh (W),
wuwwnwhwljwh guugkpp (18) b ywwmwhwlwh ynnkughwjutph (MM) dngbjukph
ybpnisnipnii:  Lhpuyugynud £ 2U dnpkih dbp wofuw  dnibinudbunwg
ptpmipmiip b puggdynmd £ dnpkjubph Epipuswihnipiut U ppw
wunuhwlubnipnt (ppknhy gpunnwghuh) Yuplnpaipmbp, by b
puguwupynd t 29 dnphind hpujwiwgduws hwoqupyh b thnpdwpupului
wpnniuph hwljuwunipniup: b huyn £ phpgnud M8 b NN dnnkjubiph dpob wnlju
unpp Eppusuhwlut juyp: M8 b MM dnghjubpod Ynpnipniaubph pupjudwi
Ybpnisnipjul Uhongny Juwnwupynid k npulg thnfudhwipdtp
hudwyuwwnwupwbgnid: Fnipu Bu phpynud dnpbjubpmd wnu «dbply»
wuwpwubnptph b hopduwluiunpbt swihynn hghjulju dkdnipmniuttnh dhol
Juwtp, husp dwbwwywph E pugnid thinpdwpupuljut wbwuywphny dogbjubph
&how thubp unnighnt hwdwn: Lhpljuyugynid £ N8 dnpbjubpnid hwoqunplught
ukthjugh nputudbp-dwnphgulub  dnnkgdwl ynnkighw) jtghptpp b
thpuyuginid - wpnbptwnh]  S-dwnphgulul  Unnbgdwdp  hwpqupyh
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nkthju: Unpugjus nupphpulny hpulubwoymd b hwohyubp unnighyng
twpujhtnid vwhdwbdws dnpkjubph opowtwlubpnid wpywés hwoduplukpp
Souuphwnnipmnibp: Lubwpymud E Zwpphuh hwynwuhph  Yhpunbihnipiniup
ujw) utnph ywpugquynd:

PEpynud £ UMNS thnybp gmguwpkpnn dnpbjubph U npubg thnykph
nuuuljupqut dwpkdwnhuwut Ynndp, hbnn gpu hpdwb Jpu gnipu b
phpynid b nunwdbwuppynid Bo Yoabypkn dngliukph (Zz; b (X Z3)3
wwpwuwquhuubpp b Z, bghugh $bpndwquhup) UNS punyuyunwdubpp: Z; b
(X Z3)® quwpwdwquhutkph ypu hhdijws dnnkjubph hwdwp pugwhwyn inkupny
wpunwdynid Eu mupptp thnybphtt hwdwywnwuhwing tqpuyhtt Jhdwyutph
wnpwbujjughnt hutuphwin hwdhjnnyuuttpp, ppwjwbwgynid E nputg junpp
niuntdtwuhpnipini: Loynud k, np dhy tpdws wppumnwbpubpp hwynth bp
puguhwyn nkupny gpus dhuyl Ukl Z, qupudwgihuh Jpu hhut]ws Lahu-
Qnmih dnphjp: Fopu phpdws Eqpuyhtt dnphjutph hwdwp pugwhuwynynd Eu
lpwgnighs ns wphiyhw), wnwynnghwlwb punyp nibkgnn  uhdbnphwibp:
Uhdtwnphwubphtt hwdwywunwupjpwt hnuwpubph hwipwhwohyuknh, hswytu
twl  hwdwlwpgh Jhdwfubkph juddduénipjutt  Luhnpnyhugh b wyp
hwnlwihoutiph nunidtwuhpmpjutt dhgngny hnktnhdhlugynid L Lqpuyhte
Unpljubph  gwép-tubpghwljwt vwhdwiht hwdwywunwupwing  Ynudpnpd
nuownh nkunpmbbbpp (4S): Zwenpyhy Ykpp todwd nhypkpnid Yhpun]ws
Eqpuyptt  Unpbjubpp  unbndtint Jbkpnnu puphwbpugynd E juduwyulub
uhdbuphuwyh judph hwdwp b Yhpwond wyu Z, bqhugh $tpndwquhup Jpu
Upyyniupnid vnugynud £ pugwhuwyn wikupny gpué UNS tqpuyhtt Unpl) dh
hwdwlwpgh hwdwp, npp mkuwljwinpkt htwpuwynp E nkwjhqugut) thnpdnid:

Bopuljugnipjut dky wdthnthdws L wpliwwnmwipnid pipqwué Juplnp
nponypukpp b dhwulipyduws Bt wnbkiwjununipjut hhdtwlwi wipgniupbpp:
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I'pamransie cocToAHMA B KBaHTOBOM d¢dekre X0JLIa ¥ TOMOIOTMIeCKUi

HMHCYJISTOpax
Pesiome

B gmuccepranuy u3NOXeHa IIPaKTUYeCKas IeHHOCTh X BAKHOCTH MCCJIeNOBaHUA
JIBYMEPHbBIX HETPHUBHAIBHBIX I'PAHUYHBIX COCTOSHUIM, IPUBOAATCA IIPUMEPHI CUCTEM C
HAIMY¥eM HOJ0LOHBIX COCTOSHUIM: LeJI0IUCIeHHbIH KBaHTOBbIHM dddexT Xora (IIKIX)
X TONOJOTMYeCKas  VIOpAZOYeHHOCTh  samuimenHas  cumerpueir  (CIIT-
ynopsagodenHocts). [ia IIKSX mpuBozuTca 0630p OOLIEIIPUHATHIX MOZeNeNel U
M3BECTHBIX  OKCIEPHMEHTAJIBHBIX  JAHHBIX, YIOMSHAeTCI O  CyLIeCTBYIOUIUX
HOCOOTBETCTHAX U OOCYXAAIOTCA MX BO3MOXHBIE IPUYHMHBI. ['OBOpUTBCA 06 O6IIMX
coobpaxxenusnx 06 CIIT-ynopsanouensocru u CIIT dasax, o6cyxzarorcs ux busmdeckie
CBOICTBA, X OTMEYAeTCs TeKyllee CUTYaIVs C X KIacCuUKauel U UCCIefOBAaHIEM B

1IeJIOM.

ITpuBogurcs ananus mogeneit Yankepa-Kopguurrona (UK), ciyqaiinoit peurerku
(CP) u cnyuaitusix morennmanoB (CII) omwucsBaromux IIKSX. Tosopurscs o
byszameHnTaTBHOM HegocTaTKe Mogenu UK u moguepkuBaeThes BAXKHOCTh TeOMETPUH U
ee ciydaiiHoctu (3peKTHBHON TpaBUTALMM), YeM U OOBACHAETS PasHUIA MEXIY
YUCIEHHBIM PacyeToM OCHOBAaHHOM Ha Mogenu UK u skcrepuMeHTa bHBIMU JaHHBIMH.
ITokassiBaeTcs TIy6oKas reOMeTPHYeCKast CBI3b CylIeCTByIommas Mex gy Mogenamu CP u
CIL. Ilytem cpaBHeHus pacnpenenenuii kpusususl B Mogesasx CP u CII maxomurcs ux
OZHO3HAYHOE COOTBETCTBUE. BEIBOZUTCS CBA3D MEXAY “TONBIMU IapaMeTpaMU MoOzesel
¥ HU3MepAEMBIMU B OKCIIEPUMEHTE BEJIUYMHAMH, 4YTO OTKDHIBA€T BO3MOXXHOCTH [IJIf
9KCIIEPUMEHTAIBPHOM IIPOBEPKU IIPABMJIBHOCTU TOHM WM WHOM Mogenu. IIpuBozsarcs
IIOTeHIMaIbHble IIPOGIEeMbI CBSI3aHHbIE C OOLIETIPUHATHIM METOLOM BBIUECTIE€HHS B
pelIeTOYHBIX MOZeMIX — TpaHChep-MATPUIIHOM IOAXOZe, U  IIpeAJaraercs
aIbTEepHATUBHAS TEXHUKA PACIETOB C S-MATpUIHBIM mOAxozoM. C HOBBIM IOAXOZOM

IIPOBOAATHCA BBIYMCJIEHUA, IIpoBepAomue AJOCTOBEPHOCTDH AaHHBIX AJIsL
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copMyTMPOBaHHBIX MOZeJIeil MOoTydYeHHbIX B mpouioM. O6cysxaaeTcs IpUMEHUMOCTb

KkpuTepus Xappuca B KOHTEKCTe TaHHOH 3aJavu.

Jns  CIIT-ynopsagodeHHBIH CHCTeM CHadaja IPUBOJUTCA MaTeMaTHUecKas
dopmynuposka cucrem ¢ CIIT dazamu u krnaccubukanuu ux ¢as, 3aTeM Ha STOM
ocHOBaHUU BeIBOZATCA U ucciaenytorca CIIT pacimpeHns KOHKpeTHBIX Mogeseit (Z3 u
(X Z3)® mapamarueruku u Z, beppomarnetux Wsunra). Jlna Mozeneit OCHOBAHHBIX HA
Z3 u (XZ3)® mapamMarHeTuKoB B SBHOM BHZe BBIBOZATHCS TPAHCILIAIUOHHO-
MHBapHAHTHBIE  BBIDDKEHUA TaMMJIBTOHHAHOB, COOTBETCBYIOIIMX  T'PAHUYIHBIM
COCTOAHUAM [JIA PasHbIX (a3, U IPOBOAUTCA UX INTy6OKoe mcciefioBanue. Jlo JaHHBIX
pa6or paGoT GbLiTa M3BeCTHA OHA eSUHTBEHHAs [IOJ00HAs MOZeIb, OCHOBAaHHAs Ha Z,
napamarseruke (Mozens Jlesuna-I'y). [lia BbIBeI€HHBIX TaMIIBTOHHAHOB HAaXOZATHCA
HOBble HETPUBHAJIbHBIE CHMMETPHH TOIIOJIOTHYECKOTO IIPOUCXOXAeHUA. IlyTem
HCCIeIOBAaHHUA aare6p TOKOB JAHHBIX CUMMETPUH, @ TaKXKe SHTPOIIUH 3aIyTaHHOCTU U
IPYTHX CBOMCTB cHUCTeMbl HAeHTHbHUUpyeTca KoH(popMHas Teopusa mons (KTII)
COOTBeTCByIOH.LaH HI/I3K03HepI‘eTH‘IeCKOMY Hpe,quIy BBIBEI€HHBIX I'PAHUYHBIX MO,I[EJIefI.
[lanee BhIIeNpUBeZleHHbIE MeTOAbl KOHCTPYMPOBAaHUA Mojeseil 0600WAioTCA It
IIPOM3BOJIBHOM TPYIIBI CHMMETPHH U IpuMeHseTcs u Z, peppomarneruxy Msumra. B
pe3ysbTaTe IIOMy4aeThCs MOJeIb, KOTOPYIO B IIPHHIIUIE BO3MOXKHO peajIu30BaTh

SKCIIEPUMEHTAJIBHO.

B sakmarouennu IIpeCTaBJI€Hbl Ba)XHBbIE€ IIOJIOXEHHNE IIPpUBEAEHHBIC B pa60Te nu

Cq)pOMYJII/IPOBaHLI OCHOBHbBI€ Pe3yJIbTaThl AUCCEPTALNH.









