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Pedepar:

1. luceprais IpUCBAYEHA TEOPETUMHOMY ONUCY KPUTUYHOI MIOBEIiHKY HeilealbHUX CUCTEM. IX HeieanbHicTh
IIPOSIBJISIETHCS Y BUIJISIZ HAsIBHOCTI 3aMOPOXKEHOTO 6€e31a11y, OfiHiei ab0 IBOX IOBEPXOHb, CUJIbHOI TPOCTOPOBOI
a”izoTponii. 7151 BCiX 11X 0COGIMBUX BIIACTUBOCTEN B 3arajlbHOMYy BUKOPHUCTOBYETHCSI TEPMiH "TIPOCTOPOBA
HEOJHOPIIHICTL". HEBIOPAAKOBaHI CUCTEMU IOCIIIKYIOTLCS 32 JOIIOMOro0 "MacyBHOI" Teopii nosis Ilapisiy
dbikcoBaHux BUMipHOCTSIX pocTopy SdS. Ineto ITapisi peasni3oBaHO B HELIMX BUMIPHOCTSIX IPOCTOPY i 06y J0BaHO
IJIa7IKi 3aJI€XKHOCTI KPUTUYHUX TIOKA3HYKIB Bifi HernepepBHOi 3MiHHOI $AS. [ToTpi6Hi inTerpanu Pefinmana Ta GyHKIii
peHopmaizaniitHoi rpymnu (PI') po3apaxoBaHO y SIBHOMY BUIJIS] AJ1s1 JOBiIbHUX 3HaYeHb SAS. MacuBHa Teopist moJis
y3araJibHIOETHCSI TAKOXK Ha BUMAZIOK HU3bKOTEMIIEpaTypHOI dasu ST<T_cS. Po3paxoBaHi yHiBepcasbHi KoMOiHaILii
KPUTUYHUX aMIUIITyZ, y TPUNIETIbOBOMY HabVDKEeHHI. MacuBHA Teopist 1o i BiflIOBigHI yMOBY HOPMYBaHHS

copMyIbOBaHi IJ1s1 HalliB6e3MeXHUX CUCTEM 3 IJIOCKOIO TIOBEPXHEIO Ta Pi3HUMU 'PaHUYHUMHU YMOBAMU Y



BUMipHOCTSX ipocTopy $2<d\le4S. OTprMaHO YKMCesIbHI OL[iHKM OBEPXHEBUX KPUTUIHUX TIOKA3HHUKIB
CIIEIiaJIbHOTO Ta 3BUYAHOTO TepexoiB npu Sd=3S. BOHU MOPIBHIOIOTHCS 3 HASBHUMU EKCIIEPUMEHTATIbHUMU i
TEOPETUYHUMU PE3YJIbTaTaMU, @ TAKOX 3 TAaHUMU CUMYJIALiN MoHTe-Kapiio. JJoCiIKeHO BIIJIMB [TOBEPXHEBO]
HEBIIOPSIKOBAHOCTI Ha CHelia/IbHUM NePEeXif, a TAKOXK 3MiHM ITOKA3HUKIB 3BUYATHOTO [1€PEX0y 3a HASIBHOCTI
06'eMHOrO 6€371aly. 3alIpOIIOHOBAHO HOBUI MiJXi/l 4O PO3PAaxXyHKy KPUTUYHUX NIOKA3HMKIB CUJIBHO aHI30TPOITHUX
cucrem y touti Jlibmmua (TJI). BuBeneHo npasusbhi S\varepsilon=4+m /2-dS-po3kiaau [j1st BCix MOKa3HUKIB SMS-
BicHux TJI B mopsiaky SO(\varepsilon™2)S, cnpaBe/uBsi 1151 JOBiNbHOI KiNbKOCTI oceir aHizoTpomii SmS. 30kpema, y
BUIAJIKY HETPUBIaJIbHUX B3a€MOZI0YMX TEOPIN 3HAUAEHO HEKJIACUYHUY iHIEKC aHI30TPOIIil S\thetaS S\forall
m\in]0,d[S. JocnimkeHo 3amavy Mpo BILUIMB KPUCTAIIIYHOI CTPYKTYpH (Ky6idHOI aHizoTpormii) SmS-BicHOrO
MOJYJISILIMHOrO MifIIPOCTOPY Ha KpPUTUYHY MOBELiHKY B TJI. PO3paxoBaHO BiANOBIIHUI KPOCOBEPHUN ITOKA3HUK i
3p006JIEHO BUCHOBOK IIPO Te€, 10 aHi30TPOIIisl TAKOTO TUITY MO>KE BIJIMBATYA HA KPUTWUYHY NOBeiHKY B TJI. BuKoHaHO
PEHOPMIPYIIOBUI ONMC HAMiBOE3MEKHUX aHi30TPONHUX CUCTEM 3 TIOBEPXHEIO, NIePIIEHIUKYJIISIPHOIO [0 OfHiel 3
ocen mopysii. [IpoBeieHO peTesbHy MePEBIPKY rNOTe3U JIOKAIbHOI CKEMIIHIOBOi iHBapiaHTHOCTI M. ['enkens,
sKa NpeACTaBiIsie cCO6010 CIIPOOyY y3arajbHEHHs! KOH(QOPMHO]I iHBapiaHTHOCT] Ha BUINAJJ0K aHI30TPOIHUX CUCTEM.
BusiBi€eHO HU3KY HETOYHOCTEH ii (pOPMYIIIOBaHb Ta OTPMMAHO HOBY iH(OpMALLilO IOA0 MaTEMAaTUYHOI CTPYKTYPU Ta
s1BHOI hopmu nBOTOUKOBUX GyHKLUIN B TJI. AIBHI Bupasu ajs kopessuiniaux Gyukuin S\langle\ phi\ phi\rangles i
S\langle\ phi~2\phi”~2\rangleS, po3paxosasi 3 Tounictio 1o SO(\varepsilon"2)S, MaoTh GiblI CKIATHY
MaTeMaTU4HYy CTPYKTYPY, HDK IlepeioaueHo Li€lo riloTe3010, sIKa BUSBJISIETHCS IPUAATHOIO JIMIIE OJ151 MOJEeJIbHUX
cucrem 6e3 B3aemoii. ChopmynboBaHo S1/nS-poskiiaz (3 6e3MEKHO BEJIMKUAM YKUCJIOM KOMIIOHEHT MTapaMeTpa
nopsiaky SnS) muist TJI 3 HOBLIBHOIO KiJIBKICTIO Ocelt aHizoTporii SmS mpu Beix gqonyctumux SAS Ta SO\le m\le d$S
MK HIDKHBOIO 1 BepXHbOIO rpaHnyHuMY BuMipHocTsimu Sd_\ell (m)=2+m /2 § i Sd™*(m)=4+m /2 S. Pe3ysbraTu
Y3rO[PKYIOThCS 3 YOTUPMA TPAHUYHUMY BUTIAZKAMU: i30TPONHUX KPUTUYHKX MMOKa3HUKIB y mopsaky SO(1/n)S npu
Sm=0$; aHayorivyHMx MOKas3HuKiB i3oTpornHoi TJI mpu Sm=dS; S\ varepsilon_\ellS-ta S\ varepsilonS-poskiazis mpu
masnux S\varepsilon_\ell=d-d_\ell(m)S i S\varepsilon=d"*(m)-dS. Po3risiHyTO iHIIi YaCTKOBi BUIA[IKH, 30KPEMA,
BaJKJIVBI BapiaHTU OJHOBICHMX CUCTEM Y TPbOX Ta YOTUPLOX BUMipax. 3alIpOIIOHOBAHO CXEMATHUYHI 3aJIEXKHOCTI
KOpessLiiHuX mokasHukiB S\ eta_2(m,d)S ta S\ eta_4(m,d)S Big BumipHocTi mpocropy SdS. KopekTHicTh OCTaHHIX
migTBepsKeHa B poOOTi iHIIKUX aBTOPiB 3 BUKOPUCTAHHSIM TOYHUX PiBHSAHB PI'. JloC/iIKeHO BILINB reOMETPUIHOTO
0OMe>KeHHs 6araTo4aCTMHKOBUX CUCTEM JIBOMA [IapajieJIbHUMU TOBEPXHSIMU 3 Pi3HUMU rPaHUYHMMU yMOBaMu. B
TaKUX CUCTEMAX MPY KPUTUYHIN TeMIIEPaTypi BUHUKAIOTh (PIIyKTYalLillHO iHIYKOBaHi CHUJIM MK IOBEPXHSMH,
aHasoriuHi cuyiam Kasnmupa y KBaHTOBIH €J1eKTpOHAMIL; iX BeJIMYMHA BU3HAYAEThCS aMILIiTy o0 Kazumupa.
[TokasaHo, o S\varepsilonS-poskian ammtityn Kazumupa [jist CUCTEM 3 TeOMETPI€EI0 TUTiBKY | IePIOgUYHUMY Y1
CrieljiaJlbHIMU FPAaHUYHUMY YMOBaMU € HEAHAIITUYHUM. 3HaiineHo nonpasku nopsaky SO(\varepsilon™{3 /2})S
ILJIS1 VX aMILIITY . 3's9CoBaHa IPUYMHA HEAHAJIITUYHOCTI, BUKOHAHI YXCEJIbHI OL[iHKU IIpU Sd=3$. I nocArHeHHs
MO>UJIMBOTO IIPOrPeCy B OTPYMAaHHI pe3ysbTaTiB Y BUIKUX HAOIMKEHHSIX NOCIIIIPKEHO aJIbTEPHATUBHY CXEMY
po3paxyHKy amnityn Kasumupa, 1o 6a3yeTbcst Ha po3Iiisai iHTerpasiB Bif, [oOyTKiB g3eTa-QyHKLUii ['ypsila.
[TokasaHo, 0 y BUNAJKy CUJIBHO aHi30TPOIHUX CUCTeM (PIIyKTyaliliHi CUJIM 3aj1eXXaThb Bifj OpieHTallii MOBEPXOHb
BiJHOCHO HaIpsIMiB ocel aHizoTpormii. /1151 IBOX OpieHTalili: MapayiesbHoi i NePIEeHIUKYISPHOI MO0 LIUX
HaIpsIMiB, BUKOHAHO SIBHi 004YMCIIeHHS aMIIiTy], KasuMuypa Ta HaBeJ,eHo iX 4YMCesIbHi OL[iHKY Y TPUBUMIDHOMY
[IPOCTOPI.

2. The subject of the Thesis is a theoretical description of the critical behavior of non-ideal systems. Their non-
ideality manifests itself in the presence of quenched disorder, one or two surfaces, strong spatial anisotropy. These
special properties are generally termed as spatial inhomogeneities. Disordered systems are studied using the
Parisi's “massive" field theory in fixed space dimensions $dS. We implement the idea of Parisi in non-integer
dimensions and construct a smooth dependence of critical exponents on continuously varying parameter $dS.
Required Feynman integrals and renormalization group (RG) functions are calculated explicitly for generic values
of SdS. The massive field theory is further generalized to the case of the low-temperature phase ST<T_cS.
Universal critical amplitude combinations are calculated in the three-loop approximation. The massive field theory
with appropriate normalization conditions is formulated for semi-infinite systems with a flat boundary and



different boundary conditions in $2<d\le4S$ space dimensions. Numerical estimates of surface critical exponents at
the special and ordinary transitions are obtained in Sd=3S. They are compared with available experimental,
theoretical and Monte Carlo data. The effect of the surface disorder on the special transition and changes of the
ordinary-transition exponents in the presence of the bulk disorder are addressed. A new approach is proposed for
the calculation of critical exponents of strongly anisotropic systems at the SmS-axial Lifshitz point (LP). The
correct S\varepsilon=4+m /2-dS-expansions for all LP exponents up to SO(\varepsilon"2)$ are derived, valid for
arbitrary number of anisotropy axes SmS. In particular, the non-classical anisotropy index S\ theta$ is found
S\forall m\in]0,d[$ in non-trivial interacting theories. We study the problem of the influence of crystal structure
(cubic anisotropy) of the SmS$-axial modulation subspace on the critical behavior of LPs. We calculate the
corresponding crossover exponent and conclude that this anisotropy can influence the LP critical behavior. We
give an RG description of semi-infinite anisotropic systems with a boundary perpendicular to one of the
modulation axes. A thorough check is performed of the local scaling invariance hypothesis by M. Henkel, an
attempt to generalize the conformal invariance to anisotropic systems. We found a number of inaccuracies in its
formulation and obtained new information regarding the mathematical structure and explicit form of two-point
functions at the LP. Explicit expressions for correlation functions S$\langle\ phi\phi\rangle$ and

S\langle\ phi~2\phi~2\rangleS up to SO(\varepsilon™2)S have more complex mathematical structure as
predicted by the hypothesis, which appears to be valid only for interaction-free models. A S1/nS-expansion (with a
large number of the order-parameter components Sn$) for generic Sm$-axial LPs is formulated, for all admissible
SdS and SO\le m\le dS between the lower and upper critical dimensions $d_\ell(m)=2+m /2§ and
Sd™*(m)=4+m/2S. The results are consistent with four limiting cases: isotropic critical exponents to SO(1/n)S at
Sm=0S; isotropic LP ones at Sm=dS; S\varepsilon_\ellS- and S\ varepsilonS-expansions for small
S\varepsilon_\ell=d-d_\ell(m)$ and S\ varepsilon=d"*(m)-dS. A number of other special cases are considered, in
particular, important instances of uniaxial systems in three and four dimensions. Schematic patterns of correlation
exponents S\ eta_2(m,d)S and S\ eta_4(m,d)S as functions of SdS are suggested. They are confirmed in a work of
other authors, by means of exact RG equations. Finally, we study effects of a geometric restriction of statistical
systems by two parallel surfaces with different boundary conditions, where, at criticality, fluctuation-induced
forces arise analogous to Casimir forces in quantum electrodynamics; their value is determined by the Casimir
amplitude. We show that S\varepsilonS-expansions of Casimir amplitudes for systems with film geometry and
periodic and special boundary conditions are nonanalytic. We explicitly find corrections of order
SO(\varepsilon™{3 /2})$ for these amplitudes. The reason for nonanalyticity is explained, numerical estimates are
performed in Sd=3S. For possible future progress with higher-order approximations, an alternative calculational
scheme of Casimir amplitudes is studied, based on integrals of products of Hurwitz zeta functions. For strongly
anisotropic systems, we argue that fluctuation-induced forces depend on the orientation of boundaries with
respect to directions of anisotropy axes. For two orientations: parallel and perpendicular with respect to these
directions, we perform explicit calculations of Casimir amplitudes and provide their numerical estimates in three

dimensions.
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