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Abstract

Instanton [1] partition funcuon of N -2 supcrsymmemc ;,auge Lhoory in
Q-background admits exact mvestlgatlon by 1 1ocaluauon mcthods {2 6.

In the case of generlc Q- bdckground msumton panmon function is
dlrectly related to the conformal blocks of a 2d CFTU (AGT

correspondence) [7 111 In this context the NS hmu corresponds to the
semi- -classical limit of the related CFT [12-181 We have extended some
of the results of [18] to the case of goncnc Q background corrcspondmg
to the genuine quantum conformal blocks For techmcal reasons we

TLStI‘lCted ourselves to the case of U(2) gaugc groups “Restricting to the

case. of Ilouvﬂle theory, starting’ from ‘the second order differential
equatlon satlsﬁed by the multi- pomts conformal “blocks including a
degenerate f1e1d V 5 [19] we derived the analogucs equation satisfied by

the gauge theory pa.rtmon function wnh Q operator insertion. Then we
showed that this equation leads to a mixed lincar difference differcntial
equation for Q operators which is a direct generalization of the T - Q
equation from NS limit to the case of generic Q-Background.

‘The 4d N = 2 gauge theories have natural uplift to 5.dimensions.

Embeddmg N = 2 gauge theory in Q-background was instrumental in all
developments related to the instanton counting with the help of
equivariant localization technics. In fact, the geometric meaning of Q-
background is more transparent in 5d theory compactified on a circle.
One simply considers a 5d geometry fibered over a circle of
circumference L so that the complex coordinates (%1, %,) of the (four real
dimensional) fiber get rotated along the circle as: z; — exp(il.¢q), 2, »
exp(il€,;) accompanied with suitable R-symmetry and gauge rotations
[3,6]. €42 are the Omega-background parameters, In paper ] i is
shown that not only the partition function, but also-a more refined
quantity, namely the expectation value of the .Q-observable can be
computed in closed form. It was shown in {20] that the analog of Baxters
Q woperator.in purely gauge theory context naturally emerges. in
Nectasov-Shatashvili limit (e;= 0) [21] as an entire function whose vetros
are given in terms of an array of "critical” Young diagrams, namely thosc,

that determine the most important instanton .configuration contributing
to. the partition -function. In {22} an algebraic construction of a RG
domain wall for the unitary minimal CFT models was propescd and was



shown that the results agree with those of the leading order perturbative
analysis performed by A. Zamolodchikov in [23]. In the paper [22]
Gaiotto suggests that a similar construction should be valid also for more
general coset CFT models. The N = 1 minimal superconformal CFT
models [24-26], which are the main subject of paper [III], are among
these cosets. We specialize Gaiotto’s proposal to the case of the minimal
N=1 SCFT models. The method we use is based directly on the current
algebra construction and, in this sense, i§ more general than the one
originally employed by Gaiotto for the case of minimal models. Namely
he heavily exploited the fact that the product of successive. minimal
models can be alternatively represented as a product of N = 1
superconformal and Ising models. We explicitly calculated the mixing
coefficients for several classes of fields and compare the results with the
perturbative analysis of [27,28] finding a complete agreement.

Timeliness and relevance

All papers{I-III] that form the basis of this thesis are located on a
crossroad between the fields of Supersymmetric field theories, gauge
field theories and instanton calculus. Supersymmetry is a space-time
symmetry discovered (rediscovered) in the 1970’s independently by
Gervais and B. Sakita (in 1971) [29], Golfand and Likhtman (also in 1971)
[30], and Volkov and Akulov (1972) [31]. Although its existence in
nature is not proved or disproved it plays a major role in theoretical
physics. One of the reasons of its popularity is the Coleman-Mandula
theorem [32] which elevates supersymmetry to the status of the single
possible extension of the Poincare group, assuming some natural
constraints. The existence of the conformal symmetry is a loophole in
this theorem, where all particles are massless.

Gauge symmetry was first present in Maxwell’s famous work on
electrodynamics” A Dynamical Theory of the Electromagnetic Field” in
1864-65 [33], the more modern formulation was popularized by Pauli in
1941 [34]. Nowadays gauge fields are used to describe three of the four
fundamental forces, and one hardly needs any other reasons to study
them, furthermore they are present in broad areas of pure mathematics
and theoretical physics such as differential geometrie and Gravity.
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Instantons are a more specific area of research and occur in varijous
situations and contexts like in the calculation of tunneling effects of
vacuum states in quantum field theories or in calculations of path
integrals in the semiclassical limit {35].

Aim of the dissertation

e  Derive a mixed difference-differential relation for Q-operator
for SU(2) linear quiver theory.

e  Yor the N1, 5D linear quiver theory derive the analogue of
Baxters T - Q equation and its solutions.

s Calculate the feld mixing coefficients for N=1 SCFT models
SMp, and SM,, .

e  Derive the T -~ Q equation and its solutions for 41> quiver out
of the 5D linear quiver theory.

Novelty of the work

In this work the following new results were obtained:
1. We show that an appropriate choice of paramcters in A, +1

linear quiver theory with U(n) gauge groups is equivalent to
insertion of the analog of Baxters Q-operator into the partition
function of a theory with one gauge node less A, theory with
generic parameters.

2. Restricting to the case of Liouville theory, starting from the
second order differential equation satisfied by the multi-points
conformal blocks including a degenerate field V_» we've

p

derived the analogues equation satisfied by the gauge theory
partition function with Q operator insertion. We also showed
that this equation leads to a mixed lincar difference- differential
equation for Q operators which is a direct gen'eralvization of the



1-Q equation from NS limit .to the .case of generic Q-
"I Background. .

3. By exploiting the fact that the product of successive minimal
models can be alternatively represented as a product of N = 1
superconformal and Ising models. We explicitly calculate the
mixing coefficients for N=1 SCFT models SM,, and SM,,_,.

4. The linear quiver with U(l) in 5d setting is. analyzed. The
corresponding T-Q difference equations as well as their
solutions in closed form are found. The solution is expressed in
terms of generalized Appel’s ﬁmctlon As a 11m1t the same is
found for 4d. S

Practical value

Supersymmetric gauge theories and superconformal field theories play
important role for the various problems in condensed matter, String
theory, Ads/CFT and AGT correspondences. Our fmdmgs can ﬁnd an
application or extension in all these topics.

Main points to deferid
Main points to defend are:

1. We show that an appropxjiate choice of parameters in Ar4q
linear quiver _thgory_ _with'!U(_n)_ gaqge,gfoups is equivalent to
the insertion of the analog of Baxters Q~operator into the
partition function of a theory with one gauge node less A,
theory with generic parameteéfs. It is also true that only a subset
of spec'ial diagrams contribute to the partition function in Ay,
“these o tuple of diégr'a_his consist of a row diagram and n ~ 1
cmpty diagrams. We found that ‘to’ the Nekrasov partition
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functions corresponding to N .- 1 SLFT' conformal blocks in the
light asymptotic limit (_omnbute only AYoun;, dlagrams having
one raw and one column.

Restricting to the case of Liouville theory, starting from the
second order differential cquation satisfied by the multi- poinis

conformal blocks including a degenerate field V » we have

derived the analogues cquation satisfied hy the gauge theory
partition function with Q operator insertion. We also showed
that this equation leads to a mixed linear difference -differential

equation for QQ operators which is a diréct gencmluauon of the

I-Q equation from NS limit to the case of gemeric Q-

Background.

By exploiting the-fact that the product of successive minimal
models can be alternatively represented as a product of N - 1
superconformal and lsing models. We explicitly calculate the
mixing coefficients for N::1 SCFT models SM;, and SM,, ;. We
calculate the mixing coefficients for the several classes of locul
fields in the case of the supcrsymmetric RG [low using RG
domain wall proposal. 1lhen we compare this with the
perturbation theory results available in the literature finding a

complete agreement.

'I'he ]_mear quiver with U(1) in 5d setting is analyzed. The

correspondmg T QQ difference equations as well as their
solutions in closed form arc found. ‘The solution is cxpressed in
terms of generalized Appel's function, which can be
represented as Tleine’s basic hypergeometric series. ‘Fhe 4d
lincar quiver theory is a natural limit of the 5d theory. Analog
T-Q difference equations are deduced with their corresponding

solutions, which are Appel’s F; functions gencralization for

many v_arjabks. ‘The normalization factors for both 4d and 5d

~ cases are found.



Length and structure of the dissertation

The thesis is divided into five parts. The first part is dedicated to some

prerequisites on which we draw on later. The following three chapters

describe our works, which are followed by the bibliography.

Content of the dissertation

The thesis starts with a short introduction. The first chapter explores a
variety of topics such as conformal symmetry, ADHM construction and
supersymmetry. In the next chapters we describe the original works.

Chapter 1

Chapter 1 starts with a short introduction of conformal symmetry(1.1).
Here the importance of the symmetry are highlighted, continued by the
geometric and formal definitions. Followed by the derivation of the the
algebra generators with space-time dimensions bigger than two. The
gencrators are explained and paired with the cormresponding group
members. Afterwards the Witt and Virasoro algebras are introduced.
Then a quick outline of the differences between different space time
. dimensions is given, followed by the necessary references for this part.
Because our main interest is in the application of instantons in gauge
theories at the beginning of section 1.2 a short overview of path integrals
and their connection with Feynman diagrams and non-perturbative
effects is given. Further the definition of instanton is mentioned, with
the deliberate choice of Euclidean metrics. The process of changing to
Fuclidean metric is also explained. In section 1.2.1 the system of a double
well potential is discussed. The main goal here is to illustrate a situation
where instantons arise in a well-known system. Then, it is argued that
the shift in vacuum states is described by instantons, also by explicit

calculations this effect is clarified. In the end the tunncling amplitude is
written which operates as expected.

In section 1.2.2 an introduction of instantons in Yang-Mills theorles is
given, by presenting the action, equations of motion and the Bianchi
identities, which makes possible to properly define instantons and anti-
instantons. Also a discus of the benefits of Wick rotation and its
practicality and the differences between Kuclidean space time over
Minkowski spacc-time in this setting is given, which in itsclf is a
reacquiring theme in supersymmetry. Then the instanton number and
the Chern character are defined, it is also indicated that instanton
solutions are an essential part in approximations of path integrals and
non-perturbative effects.

The section 1.2.3 is devoted to the Clifford algebra and its
representations. The definition of Clifford algebra in Kuclidean and
Minkowski spaces are given continued by representations of the algebra
for.two dimensions, four dimensions (which are the Dirac gamma
matrices) and in six dimensions (these are the famous ¢’ Tlooft symbols
[11}), the representations are given in both Minkowski and Euclidean
spaces. At the end a scheme for construction of arbitrary dimensional
representations in Euclidean space is illustrated.

In 1.2.4 the connection between Young diagrams to partitions.is given.
Fuler’s famous equation is also mentioned, with a hint on how to prove
it. This section is a tribute to actual calculations done in [I,I1T}.

Next, in section 1.2.5, the ADHM construction [12] is introduced,
which is a method for constructing a self-dual field strength. Also, the
moduli space for instantons with instanton number k is defined, and its
dimension is indicated. By a straight check the correctness of ADHM is
confirmed. At the end of this section the BPST [13] instanton is
introduced by showing that it is a -special case of the ADIIM
construction.

In section 1.3 the Lorentz algebra and its representations are discussed.
The algebra of Lorentz transformations is given, the more familiar space
rotations and boosts are also defined. ‘he definitions of representations
and cquivalent representations are given. Also the notion of irreducible
representations is highlighted. Then the direct sum and direct product,
as methods to construct higher dimensional representations, are
reviewed. As an example the 4 @ 4 representation and its reduction to a
direct sum of irreducible representations is illustrated. In a simplistic
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fashion the notions of Hodge dual, tensor representations and spinor
representation are discussed. At the end, the construction of irreducible
representation via the SU(2) & SU(2) covering group is shown.

1.3.1 is devoted to Majorana spinors. This review is meaningfully
divided into two, first the simple connection between the Dirac equation
and Majorana spinors is described. The second part is devoted to the
formally correct illustration of Majorana spinors. A basis for 4 x 4
matrices is constructed out of the gamma matrices. The y 5 matrix and
with it the Weyl spinors are defined. Then by the construction of some
auxiliary operators the Majorana spinors ‘are defined. A proof of the
contradiction of the Weyl and Majorana conditions is derived.

Supersymmetry has a central role in theoretical physics. One way to
see its importance and give a introduction to it is to look at the Coleman-
Mandula theorem. In section 1:4.1 the Coleman-Mandula theorem is
given and its implications are cxplored by a simple thought experinient.
‘Then in a toy theory of two scalar fields it is argued that additional
generators of internal symmetries must be Lorentz scalars. Then by
adding-a fermion field with interaction it is argued that the only
cxtension of Poincar algebra is a spin one half conserved current, which
arc the generators of supersymmetry.

Next in 1.4.2 the superspace is introduced as the natural upgrade of
Minkowski space with Grassmann coordinates. Necessary d1fferenual
and iniegral relations are given,

In the following section (1.4.3) the superfield is introdiiced as a field on
superspace. By expanding the superfield in Grassmann coordinates a
connectivn is cstablished between superfields and usual field on
Minkowski space. The distinction of fermionic and bosonic superfields is
cétublished. The mnotions superderivatives and supercharges is dlso
reviewed with' their-corresponding anticommutative and commutation
rules. Then the chiral and vector superfields are introduced, the gauge
superfield is illustrated as a natural sub case of the veetor superfield. By
gauge fixing the Wess-Zumino field is detached. :
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Chapter 2

Chapter 2 is based on paper {I} and paper [37}. Lincar quiver N .- 1 5D
gauge theory in Q background is considered. It is shown that under
certain restrictions on the VEV’s of the adjoint scalar field corresponding
to the first node, only the array of Young diagrams, such that the first
diagram has a single column only the others are empty, contribute to the
partition function. Furthermore, it is proved that this partition function
in a simple way is related to the expectation values of Baxter’s Q operator
(at specific discrete values of the spectral parameter) in the gauge theory
with the special node removed. Using known expression of the partition
function in the U(1) quiver, Baxter’s T-Q difference equations are
established and explicit expressions for the VEV of the Q operator in
terms of generalized q-deformed Appel’s functions is fond. Finally, the
corresponding expressions for the 4D limit are derived.

The chapter is organized as follows. :

Section 2.1 is introductory.

In section 2.2 is a short review of 5d hnedt qulv&.r gaugo Lhu)ry lht.
Neckrasov partition function and 1mp0rLam observables Q_ and y are
introduced.

In section 2.3 an extended quiver with specific parameters at the extra
nod is introduced and its relation to the (Q-observablc is analyzed.
Section 2.4 specializes to the case of U(1)™ theory. Difference equations
Q-observable are derived. Explicit expressions for the Q observable in
terms of generalized Appel and hypergeometric functions arc found.

In section 2.5 through dimensional reduction, corresponding difference
equations and their solutions for the 4d theory arc found. In the end
(2.7,2.8) some technical details, used in the main text, are presented.

Chapter 3

Chapter 3 is based on paper [[I]. In this short chapter using AC I
correspondence we express simplest fully degencrate primary fields of
Toda field theory in terms an analogue of Baxter’s Qoperator natura]ly
emerging in N = 2 gauge theory side. This quantity can be conisidered as a
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generating function of simple trace chiral operators constructed from the
scalars of the N - 2 vector multiplets. In the special case of Liouville
theory, exploring the second order differential equation satisfied by
conformal blocks including a degenerate at the second level primary
field (BPZ cquation) we derive a mixed difference-differential relation
for Q-operator. Thus we generalize the T-Q difference equation known
in Nekrasov-Shatashvili limit of the Q-background to the generic case.
Section 3.1 is introductory.
In section 3.2 we show that an appropriate choice of parameters [29] in
Ay.q linear quiver theory with U(n) gauge groups is equivalent to
insertion of the analog of Baxters Q-operator into the partition function
of a theory with one gauge node less 4, theory with generic parameters.
In the 2d CFT side such special choice corresponds to insertion of a
degenerated primary field in the conformal block [29].
In section 3.3 restricting to the case of Liouville theory, starting from
the second order differential equation satisfied by the multi-points
conformal blocks including a degenerate field V » [19] we derive the
2

analogues equation satisfied by the gauge theory partition function with
QQ operator inscrtion. Then we show that this equation leads to a mixed
linear difference-differential equation for Q operators which is a direct
generalization of the 1'-Q equation from NS limit to the case of generic
Q- Background. Finally, we summarize our results and discuss a couple of
further directions which we think are worth pursuing.

Chapter 4

Chapter 4 is based on paper [111]. We specify Gaiotto’s proposal for the
RG domain wall between some coset CFT models to the case of two
minimal N-1 SCFI' models SM, and SM,._, related by the RG flow
initiated by the top component of the Neveu-Schwarz superfield &, 3.
We cxplicitly calculate the mixing coefficients for several classes of fields
and compare the results with the already known in literature results
obtained through perturbative analysis. Our results exactly match with
both leading and next to leading order perturbative calculations. The
chapter is organized as follows:
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Section 4.1 is introductory.

Section 4.2 is a brief review of the 2d N .. 1 superconformal filed
theories. '

Scction 4.3 is devoted to the description of the coset construction of N - -
1 SCFT. Of course everything here is well known, our purpose here is to
fix notations and list the relevant formulae in a form, most convenient
for the further calculations. ' ‘

In section 4.4 we formulate Gaiotto’s general proposal for a class of coset
CFT models. ' "

Section 4.5 is the main part of our paper. We explicitly calculate the
mixing coefficients for the several classes of local fields in the case of the
supersymmetric RG flow discussed above using RG domain wall
proposal. Then we compare this with the perturbation theory results
available in the literature finding a complete agreement. [7]

Conclusions

In Liouville theory, starting from the sccond order differential
equation satisfied by the multi-poiuts conformal blocks including a
degenerate field V » we've derived the analogues equation satisfied

2

by the gauge theory partition function with-Q operator insertion.
‘We explicitly calculate the mixing coefficients for Ni-1 SCFI' models
SM, and SM,_,.We found topological defects for N — 1 super
Liouville field theory. The linear quiver with U(1) in 5d setting is
analyzed. The corresponding T-Q difference equations as well as
their solutions in closed form are found. The sotution is cxpressed in
terms of generalized Appel’s function. As a limit the same is found
for 4d.
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&oqppn wpmuhwynn pjnthtkp umybpupdtanphy wpunimyuhuyhb
wbunupymutkpoud b Eplsunh yS-nuf Uh i Yhdmpymultph
hunfwp

Ufihnipoud

'Q::if[inh.m.\f N = 2 unykpupdtphy wnpuiwyutuyghb wnbumpyub
huunwinnbughtt 1] Jh&wlpuquijui - goufwpp Ehpwlwu E
unbquyugdub - kpnnukpny  [2-6]  &2qphwnn hbunwgnnuwi:
Cbr}ﬁtuhm.p Q-$uth nhypnid, htunwinnntht Jh&wypuquljul
gmuwpp winhgwljuinpkl Juywd t Ephswth yS Yynudnpu
poyutiph bl (AGT hunfurgjunnmuufuwbinipyn iy [7-11]: Uju
oppwhwlniud NS wwhdwhp hwtwyuawupwind hwpuiljhg US-
b {12-18] Yhuwnwuwlub wwhymupl: Ukbp plngugiky Gup [18]-
hnpnp mpr}]nl.hphhpg‘ punhwimp  Q-h $nbh plypnul, npp
hwtwywinuupubmy Eopob pjuinnughtt Ynudopd poljubphte
Skubhjulyub yunn&wntibipny - Ukup vwhdwbunhwyky  Gop
hwpquplitipp U (2) npudwsmhught fodph hunfwp: Ulubng
Lplpnpy, fupgh ghpbpkughuwy hujuuwpnidhg, npht pujwpupniyd
1. puquwlh Ylanught ynu$npd poyubpp npoignud  Ubpunm]ty b
uuubplus Ve [19] quonp, wwh'ywtunhwijykny Lhnwhywb
mhumi’a}unlp, dhzhp_ gmpu Lbp phpky tfwiunnpy hunjunopnudp,
npp pujupupoud wnpudwswthuhil inbuni piwl Jhdwpuquljul
qmuwpp Q owkpunnnph wknqunpndhg htwno. Ujimthtnl, Jkup
gnyg bbp wyh, np wyu huruuwpnuip hwigkghnd & Q
owkpwinnplbph fuwnp qduyhl mmpphpm.mm.hhhpb«r}b.‘bhphhgbm]‘
huwjuwuwpdwi, npp T-Q hunjwuwpumb ninnuijh pughwipugmdi
NS vwhuwithg Uhtiph piphwbnp Q-pnbh: 4d N=2 inpudwywithwhb
nkumpmbbbpp mukb 5 smthwih phwljwmb pighwpugnud:
Eydhyuphwinng ntqujhugiui nkuthhugh oqum pyulp
hrutnwinnnbughl hwypjupyh qupqugdui hudwp  Q-$nunud
tkpyplus N = 2 npuniwyuthught whumpmiip mukgk] E
hhuwhwpup odwhryuynn fhp: Quuwnnpkl, Q-$pnih iwuwnp uybih
hunaly b pppwbwgdh Ypu ynuywlnug]uws 5d wtiuntpyut Ukg:
Yuphkh t phuuplly 4D obpinun]npud bpypwswthnipnil, nph
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hhupp hpkhg ubpyuyughmy 1. L gupunnny opgmbughs, wjbytu
np (7, zz) purwsunh hpulwb. gipnh mupwdn pyniip wnwnymd b
onguih onipgp’ 21 - » exp (iler), 22 - > exp (iLez ), uyh mplggmud k
hudwwwmnuuhiwb R-updltinphwh h inpmﬂmzunhm]bh
Alwthnjunipjut htwn3,6]:

erz-n Q-pnith wwpwdtanpbiph bl Ukbp gnyg kup nty, np oy vhugh
Jh&wjpuqujmt gqoudwpp, vy bwb Q- h wywudwb ¥ wpdlpp
Yupkih b &dqphwn hupyly, npp wkh pupn didmpepmb b Snyg L
wnpdt], np qoiquhbn nlunipjub hundwinbpunnmy’ Llijpwuny-
wwnwpyhih vwbdwbmd (g2 = 0)[21} Puljuintiph Q owlipwwnphh
dwbuwphy owkpuwwnnp L wuwpwgwbmd, npwhu wdpnne dmityghw,
nph qpolikpp wpgnid Lo phnhiwlubs 8niigh ghwgpwdtlph
Uwuhgh wbtupny, npobp ppnpnid G dh&wlpuquijmb gnudwpph
bywuwnnn juplinpugnyb  htunwinnbughtt Yntbhgmipughutb:
{22]-od  mubhwwp  Jhupdwy YYS  dnghjutph, hwdwp  RG
uihpnypuyhtt ywwnh hwipwbwpuyht juemgnidh wrwpwnlyly b
gnyg Lt wpdb, nph wpymbpblpp hudplbmd Bo W
Quuninnshyngh Ynnuhg hunwupywd jununpnulwihi
Jhposmpjutin[23]: [22] hopjusnd Gupnnt khpugpnud, b, op
dwl Yupnygp whwp L jhup bwb qudbtp L udbh pugbwbing
Ynutinughtt  CFT  JUnghjutiph  hwdwp: N . 1,  Jhihduy,
unmybipynbpnpuw), UrS[24-26] Unntjutipp, npolp {111} hogpjwdh
hpwluwl  phdwbtph L, wnyhuh Youlnbbphg b Utup
hpuwjwtmghnid Lup Quyninnh wowgwplp N - 1 SCKFI' dngljh
ghwpnul: Oquugnpdyny  dlipnyp woignulyhnpbl hhdinfws L
hnuwiph hwipwhwoyh Ypw, b wyu htwuwnny witijh pighwbng
pwb Jphupduy Unplyjubph giypmd Quinunnh Yamihg b uhqpubib
gnpdwdyny  Jbkpnpp: Uuwwbwynpuwybu, bw  hw&uijitahh
owhwmgnpdly L ugb thwunp, np hwynpywljmt vhtthuwy Unpkjukph

wpuunpuyp  Yupkh b alewphiity, npylue N©Ow 1

unybpynudnpuuy bt bqhligh unpbjubph wpwgpugny: Ukip

wlhiwent hwpdupyly bup, guonbph vh pwih nuutiph huiilump,

luwnilwh  gopdulhgblpp b wpgmbpltpp hwuldwanl;  Lbp

jimnnprudwithb hpmdmpiudy vinwgqwd {27,28)h wprymbpbbnh

htiw, quntiyng wdpnnewlwl hulwdwyin pynib: '
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Tlorocms Ta6pures PyGuxoswd
TovumsIe BHPAKEHAR /18 HAG/IOAAEMBIX B CYNIEPCHMMETPIIHEIX
KATMGPOBOTHEDX TEOPRAX M B JBYMEPHEIX KTl

Pesiome

Wrcraprogmas  crarcymma  [1] N = 2 CyTepcHMMeTPHHHON
xaanuGpoBouHOA Teopud B (-QOHE ZOMYCKaeT TOTHOE HMCCIei0BAHKE
MeTojyaMM  JIOKAJNHM3ALNH [2-6]. B crywae ofo6mennon ()-dponHa
MHCTAHTOMHAA CTATCyMMa HefIOCPEACTBEHHO CBA3aHA C KOHQOPMHEIMH
6noxamu 2d KTI1I {(coorserctene AGT) {7-1 1]. B sTOM KOETEKCTE Ipenent
NS COOTBETCTBYET MOTYKIACCHIECKOMY Mpefely CBAIAHHOIO KTII {12-
18]. Myt pacmapuiy HEKOTOpEiE Pe3yBTATEL K3 [18] Ha cygait oBiyero
Q-¢owna, COOTHCTCTBYION[MX IOJIMHIBIM KBAHTOBBIM KOH(OPMHEIM
Grokam. II0 TeXHHIECKWM IPMYMHAM MBI OTPAHMMHMCA CIydaeM
xarubposounsx rpymn U (2). OrpaHydMBaich CIy4aeM TeopuH
JluyRunns, Ha4HHAL C nubdepeHIMANLHOTO  YPaBHEHHs  BTOPOTO
OpsIKA,  Y/JOBJIETBOPAEMOTO  MHOTOTOHEHBIMM KoH(pOPMHEIMHK
610KaMH, BKJIIO4as BEIpOXKAEHHOE II0Ie V_b {19}, BeIBOZATCA AaHATIOTOBOE
2

ypaBlenye, yAOBIETBOPAIOUEe CTATCyMe KanuBposoTHON Teopum ¢ L)
BCTARKOH. 3aTeM Mbl TIOKA3AIM, 4TO 3T0O YpaBHEHHME MPHBORMT K
CMENAHHOMY JMHEHHOMY pasHOCTHO- i PepeHITHANEHOMY y‘paBHeHHIf)
a1 oneparopos €2, SARAAIONIeMYCH TPAMBIM oBobueHeM ypapHeH s T-
Q or mpefiena NS ¥ ciy4gaio obmeit Q-ona, 4d N = 2 Kaﬁpﬁpono‘mme
eOpHM UMEIOT eCTECTBEHHOe IOAHATHE 710 5 naMepenuit. Broxenne N =
7 KaiuOpOBOUHOM TEOPHH Ha Q-¢oHe CHIFPIO BAKHYIO POXB BO BCEX
COBHITHSX, CBA3AHHMIX C IOfICYETOM MHCTAaHTOHOB C TIOMOIIEBIO
DKBMBADMAHTHOW  TeXHWKH  JOKAIHM3AIMH. Ha camom pene
EOMETPHYECKUA CMBICH Q-doxa Goyee Ipo3paueH B TEOPHK 5d,
KOMIIAKTH)HIMPOBAHHOH HA OKPYXHOCTH. IIpocto paccMOTpHM 5d-
reOMETpHIO, PACCIOEHHYIO Haj, OKPYXHOCTBIO OKpYXHOCTH L, Tax €TO
KOMILICKCHBIC KOOPARHATH (Z1, Z2) (4eTHIPEXMEPHOMEPHOTO)  CIIOS
BpamaTCA U0 KPyry Xak: 71 — exp (ile1), 22 — exp (ile2 ) ¢
COOTBETCIBYIONUMY R-CHMMCTPHAME H KrnBpPOBOYHAIMK BPAIIEHHAMH
13,61, £1.7 ABIACTCH 11PaMCTPXL Q -¢posa. Mr1 [OKa3bIBaEM, IT0 HE TOJILKO
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CTaTHCTHYECKaA CyMMd, HO W 6ojiec TOHKAaA BCAWMMILE, a WMCHHO
oxkmyaeMoe  Hadenue £ -HAGMIONACMbIH, MOXIO  BLYHCIUTL B
samkryToM Buge. B [20] moxasamo, yro amaxor omeparopa bakctepa Q B
KOEYEKCTe KaXuGpOBOYHOM TEOPUM ECIeCTBEHIIO BOBIUKAae! B lpejcie
Hexpacopa-1lTatampunu (g2 0 ) {21] xak mesnayn Gysxiius, dyay KOTOpo#
337aI0TCA B TEPMMHAX MAYPHILI " XKpHTHYecKuMX auarpamm IOmra, a
MMEHHO Te, KOTOphIe OINpeAe/BIoT CaMyl0 BaXXHYIO KOH(DUAIypanuio
MHCTaHTOHa, cuocobcTyomyto crarcyme. B [22] amveGpawyeckoi
KOHCTPYKUMN FOMCHHOM cTeHKm PI' i yHWTapABIX MHHHMATRHBIX
mozenedt KTII 6puto 1pejuioxeHo B [IOKa3ano, 4Yi0  PE3YARIAThI
COIJIACYIOTCA C PCSYJIRTATAMH  NCPTYPOarMBHOIO anajsnmia  TIepRoro
lIOpsAAKa, BRILIONHCIHOIO A, 3amonoguauxossim B ;231 B crarse (22}
laiforro upemionaraer, Yro anajJorviuHas KOHCIPYKIMH A04XKHd Ohits
AeicrsygTensiiol M i Gonee obmux cmexierx mojienci KTTL N1
MuHuManbHble cyuepkoudopmurie KT1II moxenu [24-26j, koropsie
SABIAIOTCA ONHMM M3 OCHOBMbIX fIpcimeros pabote: |{II], orsocsres x
YUCHY OTHX CMOXIBIX  Kiaaccos, Msl  coenwanuaupyemcs  1d
upegnoxenuy alforro x cayyaw mueErMansaex Mogeneit N - 1 CKT11.
Hcions3yeMplit HaMH METOJ, OCHOBAH HEHOCPECIBEHHO Hd HOCTPOCHAY
TOK aurebpsl M B OTOM cMbicae Oosee OONIHH, ¥eM TOT, KOTODOM
1LIepBOHAYaJBHO MCIUIONB30BaACH lalorro i ciayyas MUHBMANLHEIX
mopteneit. On B 3HaYHTCHBLHON Crericuy HCuoibsosan ot (akr, 4To
ITPOMBBC/IEHHC IOCIIC/IOBATCTHHBIX MY IHMABIILIX MOJIC/ICH MOXCT GhITh
WILTEPHATHBHO HPEJCTaBACHO B  Buge upomsseycnus N 1
cytiepxoudopmiteix ¥ Hsanrckux mojesieft. Mpt 89BHO  Bblquc/ascH
k0a(PUIMEnTHI CMCIIMBAIMA JUIA HCCKOJBLKHMX KJACCOR 1IOACH n
CP4BHMBaEM pe3yJIbTarkl C lepTypOarHBHRIM ananmsom |27,28)

HAXOXACHKL ILOJIIIONO CO1VIaCHA.
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