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The purpose of the present work is to investigate the scaling phenomena in many-particle
statistical systems by nonperturbative field theoretical means. An emphasis is placed on issues
related to the determination of scaling regimes and computation of corresponding critical
exponents. The technical realization of our program focuses mainly on two tools: the instanton
analysis based on the steepest descent method for path integral representation of observables and
the nonperturbative renormalization group, namely, the effective average action method, which
does not rely on any small parameters in the considered models. The study is divided as follows:

+ In the first part we employ the instanton analysis in our investigation of the scalar
g model to explore analytical properties of quantum-field perturbation expansions
in coupling g that enable us to deduce the asymptotic of expansion coefficients at
higher orders (HOA). Namely, we derive the HOA for renormalization group
functions in the MS-scheme and HOA for the &-expansion of Fisher’s critical
exponent 1. On the basis of 4-loop calculation of n exponent presently available, the

Borel ressumatons have been performed using the found HOA. The values of n
exponent obtained be means divers Borel techniques in different space dimensions
are presented. [1]

+ The second part is devoted to the study of phase transitions in U(N)-symmetric
equilibrium system made of large spin s>1/2 fermi particles, N= 2s+1. The original
microscopic fermionic model can be brought by the Habbard-Stratonovich
transformation into an effective bosonic model amenable to further instanton
analysis. We determined the HOA for the beta-functions. After we carried out the
Borel ressumation of the Gell-Mann-Low equations based on 5-loop computations
being available in advance we concluded that in case s>1/2 the system manifests the
first order phase transition. To estimate phase transition temperature, we performed
the renormalization group analysis for composite operators of higher order. [2, 3]

+ In the last part we use the nonperturbative renormalization group technique to reveal
the effect of stochastic turbulent mixing on the nonequilibrium behaviour of a non-
conserved scalar order parameter near its critical point. The compressible advecting
flow is simulated by a random Gaussian velocity field with zero mean and correlation

function <v v> ~ (Pi+a Pj)/k@%. Depending on the relations between the
parameters (, a and the space dimensionality d, the model reveals several types of
scaling regimes. Some of them are well known (model A of equilibrium critical
dynamics and linear passive scalar field advected by a random turbulent flow), but
there is a new nonequilibrium regime (universality class) associated with new
nontrivial fixed points of the renormalization group equations. We have obtained the
phase diagram (d, {) of scaling regimes in the system. The physical point d=3, (=4/3
corresponding to three-dimensional fully developed Kolmogorov’s turbulence,
where critical fluctuations are irrelevant, is stable for a<2.26. Otherwise, in the case
of “strong compressibility” a>2.26, the critical fluctuations of the order parameter



become relevant for three-dimensional turbulence. Estimations of critical exponents,
which, however, are not universal in this system, for each scaling regime are
presented. Our computations recover the outcomes obtained within 1-loop
renormalization group analysis by other authors. [4]
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PabGora mocCBsAlIeHa HCIONB30BAHUIO HENEPTYpOATHBHBIX TEOPETHKO-TIONEBBIX METOJIOB
NPUMEHHUTEIBHO K aHAJIN3Y CKEHJIMHTOBOTO TIOBEJICHUS MOJIeNel cTaTucTiuieckor ¢usuku. L{ens
— BBIIBUTH YCTONYMBBIE CKEIUIMHIOBBIE PpEXHUMBl M BBIYUCIUTH XapaKTEPUCTUKU HX
onuchiBatolue. HenepTypOaTuBHbIE METOJbI pPEaIU3yIOTCSl B BUJE€ MHCTAHTOHHOTO aHAIu3a U
HEnepTypOaTHBHOW peHOPMTPYIIIEL. PaboTa cocTOUT U3 TPEX YacTeid:

+ B mepBoil yacTH C MOMOIIBKO MHCTAHTOHHOIO aHAJIW3a PACCMATPUBACTCS CKAISPHAas
Mozenb g@>. JIis peHOpMIPYNHOBBIX (GYHKIMHA U &-pas3iokeHus uHaekca duiiepa N
Haii/leHa acUMINTOTHKA BBICOKMX IOPSIKOB, HEOOXOAUMas MpHU MEPECyMMHUPOBAHUU 10
Bopento u3BecTHBIX 4-neTeNBbIX pe3ynbTaToB. [IpUBOASTCS YNCIIEHHBIE OLIEHKU HHAEKCA
N, OJIy4CHHbBIC B PA3JIMYHBIX CXeMaX CyMMHpoBaHusi. [1]

%+ Bropas yacTh 1MOCBsIIEHA UCCIEN0BAHUIO (PA30BBIX MEPEXOIOB B PABHOBECHOM CHCTEME
(depMu yacTUIl ¢ BBICIIMM cIMHOM S>1/2. McxonHas pepMHOHHAsS MOJIeNb MOXKET OBbITh
npeoOpazoBanrneM Xabbapaa-CtpaToHoBUYa cBefieHa K YPPEKTUBHOI OO30HHOM TEOPUHN
B OKPECTHOCTH TOYKHM (ha30Boro mnepexona. VHCTaHTOHHBIN aHalU3 NPUMEHEH K
3pPeKTUBHON Monenu. BbluncieHa acMMOTOTHKA BBICOKUX MOPSAKOB OeTa-(QyHKIUH.
BeimonneHo GopeneBckoe nepecyMMHUPOBaHUE PEHOPMIPYIIIOBBIX YPaBHEHUH HAa OCHOBE
M3BECTHBIX 5-TIETENBBIX Pacu€TOB. Y CTAHOBJIEHO, YTO MpH S$>1/2 B cucTteMe NMpOUCXOaUT
¢da3zoBbIf mepexos MepBOro poda B ymnopsjgodeHHyr  (asy. [IpoBenéHHblit
PEHOPMIPYIIIIOBOW aHAJ W3 COCTaBHBIX OIEPATOPOB B 1-TI€TENBOM MPHOIMKESHUN
TI03BOJIMJT OLICHUTH TEMIIEPATypy OOHapyKeHHOTro (hazoBoro nepexona. [2, 3]

+ B TpeTbeil wacTM IS MCCIENOBAaHMS CKEHIMHIOBOTO IIOBEAEHUS B TyPOYIEHTHO
MEPEMEIINBAIONICHCS  KPUTHYECKOH JKUAKOCTH TPHMEHSETCS  HemepTypOaTHBHAs
peHopMrpymma. Pa3BuTeie TypOyJCHTHBIC IYJIbCAllMM CKOPOCTH  MOJEIUPYIOTCS
CIIy4aliHBIM  TIOJIEM, TOAYUHSIOIIMMCS  TayCCOBOM  CTaTHCTUKE C  HYJEBBIM
MaTeMaTHUeCKHM OKHIAHHEM M KoppensTopoMm Buaa <V V> ~ (Pi+a P))/k@0. B
3aBUCHMOCTH OT COOTHOUICHUH MEXIy mapamerpamu mozaenu o, d u { cucrema MoxeT
JIEMOHCTPUPOBATH Pa3JIMYHbIC CKEHIIMHIOBBIC pexXuMbl. Pusnueckas Touka d=3 u (=4/3
COOTBETCTBYET TPEXMEPHOW KOJIMOTOPOBCKOM TypOyneHTHocTH. B cimywae a < 2.26
XKHUJIKOCTb NEPEHOCUTCS KaK MMacCHUBHAsi MPUMECh, U OJM30CTh CHCTEMbl K KPUTHYECKOM
TOYKH POJIM HE UTPAeT, 3/IeChb CKEHJIMHT BCELeNIO0 ONpeAeseTcs UMb TypOyIeHTHBIMU
¢dnykryanusamu. B nmpoTuBHOM ciydae o > 2.26 u kpuTndeckue (QIyKTyaluu CTaHOBSTCS
CYIIECTBEHHBIMH, YTO B UTOT€ MOPOXKIAET HOBBII HETPUBUAIBHBIA YCTOHUMBBIM PEXKUM.



COOTBETCTBYIOIIME KPUTUYECKHE TIOKA3aTeld B OTOM pPEKUME OKas3bIBacTCs He
YHHUBEpPCATbHBIMU, a 3aBUCSIIUMHU OT mapamerpa o. [IpuBenena ux ouenka. [lomydeHHbie
HenepTypOaTHUBHBIC pE3yJIbTaThl B 00JacTH CHa0OW CBSI3U  BOCIIPOHM3BOMASAT OHBIE,
YCTaHOBJICHHBIC TMOCPEICTBOM CTAaHAAPTHBIX 1-TIETIIEBBIX PEHOPMIPYIIIOBBIX PaCcUYETOB.
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