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Dissertation relevance 

The dissertation discusses two interonnected topics, both of which have a lot 

research interest, especially after recent development of quantum computation conce1 

Quantum computers' need for stable and yet alterable states of matter for stori: 

information has multiplied the importance of topological insulators beyond being pun 

theoretically interesting systems. 

Arguably the most famous phenomenon featuring such properties is Integ 

Quantum Hall Effect (IQHE). It's the quantum enhancement of the classical Hall Effe< 

the phenomenon of occurrence of transverse electrical current inside the magnetic fie! 

except for large enough magnetic fields, where the system develops metal-insular 

transition series [1], best known as Hall plateau transitions. Those transitions have 

topological origin. The qualitative explanation of IQHE was provided by Chalker a1 

Coddington [2] with their phenomenological model (CC model). Up to now CC mod 

itself is a topic of interest and researchers are still studying its properties, such as ti 

nature oftheorie's renormalization group, the corresponding conformal field theory f, 

Hall plateu transitions [4]. 

However the model doesn't fully explain the phenomenon of IQHE, as there is 

descrepance between the theoretically (numerically) calculated and experimantaI 

measured value of the localization length exponent. While some authors blame tl 

difference on inaccuracy of either numerical calculations of on experimental erro1 

others imply a fundamental problem with CC model itself. As IQHE is an Andersc 

localization-delocalization transition, disorder plays the key role in the model. For C 

model considers the disorder only through magnetic-field-induced wave function pha: 

randomness, whereas a modified model suggests including the geometrical disorder 1 

the lattice, thus introducing random network (RN) models (3, 5]. It seems to fix tl 

disagreement with the experiment, however some author claim that the disagreement 

fixed only because of fine-tuned parameters, and others continue to point 01 

unreliablility of numerical analysis. The claim~· i:hat t;l;9~e js no fundamental flaw i 

CC model and the newly introduced source o flF,rde.r either doesn't repres.en. t tl: 

.. lHl3~1ffDJO,'l;10~ 'lt '1$ '?'!Jl 1"111~ 
'lUJJr~QJ ·I 1D·: ·10 . ~ 

;~ 1 :f( ~"., '1 ''6 ~GJ).~~?~u·1 
~ 
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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 ID systems 

is obtained and then generalised ford-dimensional systems. They report classification of 

SPTstates ind dimensional spin models by cohomology groups Hd+i(G, U(l)) 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 

w~th Z2 symmetry. The result is a model with two phases, one being a conventional 
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insulator (with a gapped spectrum), and the second being a topological insulator (wi 

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

In the dissertation two new models based on Z3 and (x Z3 ) 3 symmetric Po 

models featuring SPT phases are presented [12, 13). inspired by [11). Th 

corrensponding edge models are exprlicitly written and scurpulously studied. T 

obtaind interesting symmetry properties and their further analysis is used to identify t 

conformal field theory (CFT) of the studied edge models in thermodynamic limit. T 

approach for model creation is then generalized for an arbitrary (not necessarily abelia 

group [14). and is applied to a Z2 Ising ferromagnet [15). 

Purpose and objectives 

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

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

For IQHE the issue of discrepancy between theoretical and experimental results ai 

the surrounding discussions is addressed. The objective is to answer important questio 

within the scope of the problem: 

1. Prove the gravitational origin of the disorder introduced by RN models ar 

show its connection to real-life situation. 

2. Dismiss the arbitrariness of parameter choice in RN model by establishing 

link between RN and RP models and providing a connection between ba 

parameters of the models to experimentally measurable physical parameters , 

materials, thus allowing further experimental verification of the propose 

model. 

3. Address the issue of reliability of numerical calculations by developing a mo1 

robust and reliable way of calculations for localization length exponent. Te 

the previously obtained results via comparison. 

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

geometry disorder. 
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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. 

2. 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. 

3. 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 

1. 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. 

2. 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. 

3. 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. 

4. 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. 

5. Preliminary results claiming inapplicability of Harris criterion in case of 

geometrical disorder of RN model of IQHE is presented. 
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6. Two new SPT models based on Z3 and (x Z3 ) 3 symmetries are constructE 

explicit form of their edge Hamiltonians is obtained. The models exhil 

gapless spectrum allowing for metal-insulatyor transitions. 

7. The obtained Z3 and (x Z3 ) 3 edge models are scurpulously studied. Hidd 

symmetry properties are discovered. The corresponding CFT -s describing t 

large-size low-energy limit of the models are identified through first excitati1 

gap, entanglement entropy and current algebra analysis. 

8. The previously used ideas for SPT model creation is generalised for an arbitra 

symmetry group and a technique for creation of models with translation< 

invariat edge Hamiltonians is developed. The technique is applied on a Z 2 Isi 

ferromagnet, thereby producing the first ever model based on an initial 

interacting system. 

Practical significance 

1. For IQHE, the obtained mapping between bare parameters of RN model ar 

experimantally measurable parametrs can be used to decisively confirm ti 

correctness RN model, proving that the lack of consideration of emerge 

gravity in CC model is endeed a fundamental flaw. 

2. The proposed Z3 and (x Z3 ) 3 models and their study as well as the techniqu 

used during development of the models can provide a deeper understanding 

SPT order phenomenon. 

3. The generalized procedure of SPT egde model generation can be used 

continue the development and study of other explicitly written models. 

4. Z2 ferromagnetic SPT models as well as other experimantally realizable mode 

that feature topological conductivity (such as in IQHE) are primary candidat, 

to serve as information storing units in quantum computers. 
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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 ofIQHE. 

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

need for an alternative approach is stated. 

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

advantages over the widely used methoods. 

§ 1.3.2 presents numerical calculations which prove the validity of S-mat 

approach and its advantages. Obtained results also replicate previously obtained resu 

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 disturbanc 

of gravitational origin, particularly in case of RN models. Preliminary results a 

presented, which suggest a need for modification of the criterion. 

§ 15 contains supplementary materials for Chapter 1. 

§ 15.1 discusses Landau levels in context of IQHE 

§ 15 .2 provides insights to definition of curvature on discrete surfaces. 

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

resolution simulated potential that is necessary for § 1.2.2. 

Chapter 2 is about systems that feature symmetry protected topological (SP' 

phases. 

A basic explanation of SPT phases' nature is given. 

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

used thoughout the chapter. 

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

Previously done related work is discussed. 



r--

10 

§ 2.1.1 discusses the emergence of SPT states for (x Z3 )
3 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 (CIT) that corresponds to the thermodynamic 

limit of the obtained model is identified. It is the SU2 (3)/SU2 (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 Z3 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 explici' 

calculated. 

§ 2.2.3 shows alternative representations of the considered edge Hamiltonian whi 

can be used to firther study the system. It is shown, that the "winding numb1 

symmetry is unique for this model. 

§ 2.2.4 studies the conformal properties of the considered model via first excitati1 

gap, entanglement entropy and current algebra anomaly analysis. The obtain 

information allows to identify the CIT corresponding to the obtained mode 

thermodynamic limit. It is the SU1 (3)/SU1 (2) coset CIT. 

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

models based on arbitrary symmetry group. 

§ 2.3.1 discusses the mechanism of model induction via non-trivial cohomolo, 

group elements. Two similar formilations are discussed. The compliance 

transformation with SPT model definitions is checked and the condition for edge-bu 

separation (commutativity) is obtained. Mathematical formalism for obtaining tl 

needed cohomology element is presented. 

§ 2.3.2 refers to constuction of the edge model. The generic form for symmetrizt 

edge Hamiltonian is given. A condition to induce a translational invariant edge model 

obtained for the non-trivial cohomology element, and the transformation to satisfy tl 

condition is discussed. 

§ 2.3.3 applies the developed technique on Ising ferromagnet which is an initial 

interacting model with Z2 gauge symmetry. It is argued that unlike previous models tl: 

one has a chance for experimental realization. The translational invariant edi 

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

The summary briefly presents the information discussed throughout the dissertatic 

and states its main results. 
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Main results 

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

models, 

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

A robust rechnique for network models' numerical calculations is developed, 

Two-dimensional Z3 and (x Z3 ) 3 SPT paramagnet edge models are formulated and 

scrupulously studied, the corresponding low-energy CFT-s are identified, 

Experimentally realizable Z2 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 
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approach - are presented, and an alternative calculation technique with the S-mat 

approach is proposed. With the new approach, calculations are carried out to check t 

reliability of the data for the formulated models obtained in the past. The applicabil 

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

For SPT-ordered systems, the mathematical formulation of systems with SPT pha 

and the classification of their phases is first provided, then, on this basis, SPT extensic 

of specific models (Z3 and (x Z3 ) 3 paramagnets and Z2 Ising ferromagnet) are derh 

and studied. For models based on Z3 and (x Z3) 3 paramagnets, translation-invari< 

expressions of Hamiltonians corresponding to boundary states for different phases < 

explicitly derived, and their in-depth study is carried out. Before these works, only o 

similar model was known, based on the Z2 paramagnet (Levin-Gu model). For t 

derived Hamiltonians, new nontrivial symmetries of topological origin are found. 

examining the current algebras of these symmetries, as well as the entanglement entro 

and other properties of the system, a conformal field theory (CFT) corresponding to t 

low-energy limit of the derived boundary models is identified. Further, the abo 

methods for constructing models are generalized for an arbitrary symmetry group a 

applied to the Z2 Ising ferromagnet. The result is a model that, in principle, can 

implemented experimentally. 
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fpaHH'llil>Ie COCTOXHIDI B KBa.HTOBOM ~ XoJIJia H ronoJIOrH'lecI<lrli 

HHcymrropax 

Pe310Me 

B ,n;11ccepT~1111 113JIO)f(eHa rrpaKTll'!eCKa.K ~eHHOCTb 11 Ba)KHOCTb 11ccJiep;oBaH11.K 

,D;BYMepHI>rx HeTPllBllaJibHbIX rpaHll'!HbIX COCTO.KHHH, IIpllBO,ll;.KTC.li rrp11MepbI CllCTeM c 

HaJill'!lleM rro,n;op;6HI>rx coCTO.KHHH: ~eJIO'lllCJieHHbrH KBaHTOBbrH 3¢cpeKT XoJIJia CUK3X) 

11 TOIIOJIOrll'!eCKa.K yrrop.K,ll;O'leHHOCTb 3am;11m;eHHa.K C11M~11e:H: ( CIIT­

yrrop.Kp;O'leHHOCT1>). ,ll;JI.K I.J;K3X rrpllBO,ll;llTC.li ofoop o6m;errp11H.liTbIX MO,D;eJieJieH 11 

113BeCTHbIX 3KCIIep11MeHTaJibHbIX ,ll;aHHbIX, yrroM.KHaeTC.K 0 cym;ecrByrom;llX 

HOCOOTBeTCTll.KX 11 o6C)')l(,Zl;aIOTC.li llX B03M0)!(Hble IIpll'!llHbI. f OBOp11TbC.li 06 06m;11X 

coo6pIDKeH11.KX 06 CIIT-yrrop.Kp;o'!eHHOCT11 11 CIIT cpa3ax, o6c)')l(,Zl;aroTC.K llX cpIDll'!ecK11e 

CBOHCTBa, 11 OTMe'laeTC.K TeKym;ee Clt:TY~ll.K c llX KJiacc11cp11K~11e:H: 11 llCCJie,D;OBaHlleM B 

~eJIOM. 

IlpllBO,ll;llTC.li aHaJI113 Mop;eJieH qaJIKepa-Kop;p;llHITOHa (qK), CJI)"laHHOH pemeTKll 

(CP) 11 CJI)"laHHbIX IIOTeH~llaJIOB (CIT) OIIllCbIBaIOII\llX I.J;K3X. foBOpllTbC.li o 

¢YH,n;aMeHTaJibHOM He,D;OCTaTKe MO,D;eJill qK 11 IIO,D;'!epK11BaeTbC.li Ba)KHOCTb reoMeTp1111 11 

ee CJI)"laHHOCTll (3cpcpeKTllBHOH rpaBllT~llll), '!eM 11 06'.b.KCH.KeT.K pa3Hll~a Me)f(,ZJ;y 

'!llCJieHHbIM pac'!eTOM OCHOBaHHOM Ha MO,D;eJill qK 11 3KCIIep11MeHTaJibHbIMll ,D;aHHbIMll. 

IloKa3bIBaeTC.K r Jiy6oKa.K reoMeTpll'!ecKa.K CB.K3b cym;ecrByrom;a.K Me)K,ll;y MO,D;eJI.KMll CP 11 

err. IIpeM cpaBHeHll.K pacrrpep;eJieHllH Kp11Bll3Hbl B MO,D;eJI.KX CP 11 err HaxO,D;llTC.li llX 

O,ll;H03Ha'!HOe COOTBeTCTBlle. BbIBO,ll;llTC.li CB.li3b Me)K,ll;y "roJibIMll" rrapaMeTpaMlt: MOp;eJieH 

11 113Mep.KeMbIMll B 3KCIIeplt:MeHTe BeJill'!llHaMll, '!TO OTKpbIBaeT B03MO)KH0CTb ,ll;JI.li 

3Kcrrep11MeHTaJI1>HOH rrpoBepKll rrpaB11JI1>HOCT11 TOH 11JI11 llHOH MOp;eJI11. II p11BO,D;.KTC.K 

IIOTeH~llaJibHbie rrpo6JieMbl CB.K3aHHbie c o6m;errp11H.KTbIM MeTO,ll;OM BbI'!eCJieHll.li B 

pemeTO'!HbIX MO,D;eJI.KX TpaHccpep-MaTp11~HOM rro,n;xo,n;e, 11 rrpe,D;JiaraeTC.K 

aJibTepHaTllBHa.K TexHlt:Ka pac'!eTOB c S-MaTpll~HbIM IIO,D;XO,D;OM. c HOBbIM IIO,D;XO,ll;OM 

rrpoBO,ll;.ll:TbC.li BbI'!llCJieHll.K, rrp0Bep.K10m;11e ,ll;OCTOBepHOCTb ,ll;aHHbIX ,ll;JI.li 
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ccpopMYJrn:pOBaHHDIX MO,D;eJieH IIOJI)"leHHbIX B IIpOIIIJIOM. 06c)')l(,Zl;aeTC.li rrp11MeHHMOC1 

Kp11Tep11.K Xapp11ca B KOHTeKCTe ,D;aHHOH 3a,D;a'lll. 

,ll;JI.K CIIT-yrrop.K,ll;O'!eHHbIH c11cTeM CHa'!aJia rrp11Bo,n;11TC.K MaTeMaTll'!eCK2 

cpopMYJilt:pOBKa c11creM c CIIT cpa3aMll 11 KJiacc11cp11K~1111 llX cpa3, 3aTeM Ha 3TO 

ocHOBaHllll BbIBO,D;.KTC.K 11 11ccJie,ll;)'10TC.K CIIT paCIIIlt:peHll.li KOHKpeTHbIX MOp;eJie:H: (Z3 

(x Z3) 3 rrapaMarHeTllKll 11 Z2 cpeppoMarHeT11K ll311Hra). ,ll;JI.K MO,D;eJie:H: ocHOBaHHbIX 1 

Z3 11 (x Z3 ) 3 rrapaMarHeT11KoB B .KBHOM B11p;e BbIBO,D;.KTI>C.K TPaHCIVIJH.J;llOHH< 

11HBap11aHTHbie BblpIDKeHll.K raMllJibTOHllaHOB, COOTBeTCByIDm;llX rpaHll'!Hbl 

COCTO.ll:Hll.KM ,ll;JI.li pa3HbIX cpa3, 11 IIpOBO,ll;llTC.li llX r.rry6oKoe llCCJiep;OBaHlle. ,ll;o ,ll;aHHb: 

pa6oT pa6oT 6bIJia 113BeCTHa Op;Ha ep;llHTBeHHa.K rro,n;o6Ha.K MO,D;eJib, OCHOBaHHa.K Ha L 

rrapaMarHeTlt:Ke (Mop;eJib JleBlt:Ha-fy). ,ll;JI.K Bb!Bep;eHHbIX raMllJibTOHllaHOB HaxO,D;.KTbC 

HOBbie HeTPllBllaJibHbie CllMMeTpllll TOIIOJIOrll'!eCKOro rrpo11CXO)f(,ZJ;eH11.K. IIpe 

llCCJie,D;OBaHll.li aJire6p TOKOB ,ll;aHHbIX CllMM~llH, a TalOKe 3HTPOII1111 3arryTaHHOCTll 

,n;pyrllX CBOHCTB CllCTeMbl 11p;eHT11cp111~1t:pyeTC.K KOHcpopMHa.K TeOpll.li IIOJI.li (KTI 

COOTBeTCByIDm;a.K Hll3K03HepreTll'!eCKOMY rrpe,n;e.rry Bb!Bep;eHHbIX rpaHll'!HbIX MO,D;eJiei 

,ll;aJiee BbIIIIerrp11Bep;eHHbie MeTO,ll;bl KOHCTPYllPOBaHll.li Mop;eJieH o6o6m;aroTC.K ,ll;JI 

rrpo113BOJI1>Ho:i1: rpyrrrrLr C11MMeTp1111 11 rrp11MeH.KeTC.K 11 Z2 cpeppoMarHeTllKy ll311Hra. 

pe3yJI1>TaTe IIOJI)"laeTbC.li MOp;eJib, KOTopyro B rrp11H~11rre B03MO)KH0 peaJI1130Ba1 

3KCrrep11MeHTaJibHO. 

B 3aKJI10'!eH1111 rrpep;cTaBJieHbI Ba)!(Hbre rroJio)f(eH11e rrp11Bep;eHHI>re B pa6oTe 

c¢poMYJI1t:pOBaHbI ocHOBHLre pe3yJI1>Tanr ,n;11ccepT~1111. 
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