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OBID;A5.I XAPAKTEPMCTMKA PABOTbI 

06'beKT MCCJie,r:t;oBaHM5l H aKTyaJihHOCTh TeMhl. 

BbI'IHCJieHIIe TaKIIX BeJIII'IHH KaK rrapaMeTp nopzr,n;Ka, TerrJIOeMKOCTh, 

cpe,n;HHH 3HeprIIH MO)KHO CB€CTII K BhI'IIICJI6HIIHM pa3JIII'IHhIX 1wppemII1HOHHbIX 

cPYHKI1IIfi, 'ITO npII,n;aeT 3Ha'IHMOCTh TaKHM BhI'IIICJieHIIHM. Oco6h1fi HHTepec 

npe,n;cTaBJIHIOT CIICT6Mhl B6JIH3H KpIITII'I6CKOM o6JiaCTII, r,n:e rrapHbie 

KOppeJIHIJIIOHHhie cPYHKIJHII Be,n;yT ce6zr CJI6,L\YIOIIIIIM o6pa30M: 

(X(O)X(r)) "'...!_exp (--r-) 
r°' ~(r) 

(1) 

r,n;e ~(r) - KOppeJIHIJHOHHaR p;mrna, xapaKTepII3YIOIIIaH pa3Mep cPJIYKTyaIJIIH, 

KOTOpazr paCXO,L\HTCH, T.e. ~ -+ oo, rrpII rrpII6JIII)K6HIIII K Kp!ITII'IeCKOH TO'IKe, 

'ITO npIIBO,L\IIT K 'IIICTO CTeneHHOfi 3aBI1CIIMOCTI1. IlpII 3TOM B03HIIKaIOT 

KpynHOMaCuJTa6HhI6 cPJIYKTYaII!IH, KOTOpbre npHBO,L\HT K CHHryJIHpHOCTHM 

TepMO,U:HHaMII'IecKux cPYHKII!Ifi. CTerreHHoe noBe,[\emrn Ha6JIIo,n:aeMhIX 

B6JIII'IIIH II KOppeJIHIJHOHHhIX cPYHKI1IIH CBII):\6T6JihCTByeT 0 MaCIHTa6HOH 

IIHBapIIaHTHOCTII paBHOB6CHOH CTaTIICTII'IeCKOH CIICT6Mbl B Kp11TH'I6CKOH 

TO'-IKe. 3a TIOCJI6,[\Hee BpeMa CTaJIO HCHO, 'ITO o6JiaCTb Kp!ITH'I6CKHX HBJI6HHH 

OIIHCbIBaeT TaKlKe lliIIpOKHll CTI6KTP ,L\IIHaMII'-IeCKHX CIICTeM c 60JibIIIIIM 'IIICJIOM 

CTerrettefi CB060,I\hl. 1fay'IeH!I6 CIICTeM, HaXO,L\HIIIIIXCH B):\aJIH OT paBHOB6CHH 

IIOKa3aJIH, '-ITO cPJIYKTyaI(YI!I cPH3II'I6CKHX B6JIII'IIIH TaKJKe HBJIHIOTCH 

CaMorro,n:o6HbIMH B rrrnpOKOfi o6JiaCTH 3Ha'IeHIIH cPH3II'-leCKIIX napaMeTpOB. 

BbrnCHIIJIOCh, 'ITO IIHTeHCHBHOCTll 3eMJieTpzrcettIItl:, cBeTIIMOCTII KBa3apoB, 

CllJihI TOKa B 3JI6KTpII'IeCK!IX IIeTIHX, KOJie6aHHH IIH):\6KCOB Ha cPOH,L\OBbIX 

pbrnKax ITO,Li'IIIHHIOTCH TeM :lKe CTerreHHhlM 3aKOHaM, 'ITO II cpJiyKTYaIJHll 

cPII3H'IeCKllX BeJIII'IIIH B KpHTH'-IeCKOH TO'IKe. ,Il;eTaJIH MHKpOCKOIIH'-IeCKHX 

COCTOHHHH OKa3bIBaIOTCH HeCyIIJ6CTBeHHbIMH II xapaKTep KpHTH'IeCKIIX 

oco6eHHOCTefi TepMO):\HHaMII'I6CKHX cpyHKIJHH onpe,n;eJIH6TC5I CTerreHHOH 

3aBHCHMOCThIO c YHHBepcaJihHhIMII TIOKa3aTeJIHMII a, KOTOphre Ha3hIBaIOT 

KpHTH'IeCKIIMH HH,Li6KCaMH. 

B rrocJie,n;rrne ,n;ecHTII.rreTHH pa3pa6aThIBaJICH MO!IIHhifi amrapaT 

KOHcPOPMHOH Teoprrn IIOJJH (KTTI), TI03BOJIHIOII~Hfi BhI'IHCJIHTh TO'IHO 
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KpHTHqeCKHe fIH,ll;eKCbI 

Ilpe,n;rro.rraraeTCH, 'ITO 

,n;mr CTerreHHbIX KOppemi:u;HOHHbIX 

KOHcPOPMHaR TeOpl'IR IIOJIR MO:>KeT 

cPYHKIJ;HH. 

o6o6ru;HTb 

60JibllIOH KJiacc CTaT!'ICTH'IeCKHX MO,I:t;eJiefJ:, eCJifI 3HaTb COOTBeTCTBHe 

Me:>K,z:i;y CTaTHCTH'IeCKOH MO,I:t;eJibIO II HeKOTOpoil (MHHIIMaJibHO:i1:) MO,ll;eJibIO 

KOHcPOPMHoil TeopHII rrOJIR. ITocTpoeHIIe 3Toro o6o6ru;eHHR OKa3a.rroch 

ycrreIIIHbIM, u co BpeMeHeM BHrrMaHHe nay<rnoro coo6ru;ecTBa rrepeKJIIO'IHJIOCb 

Ha HCC.rre,n;oBaHne .rrorapu¢MrrqecKOH KOHcPOPMHOH TeOpHH IIOJIR ( JIKTIT)' 

rroc.rre OTKpbITHZ! CHCTeM, y KOTOpbIX B CTerreHHb!X KOppeJIRIJ;HOHHbIX 

cPYHKIJ;HRX ecTb .rrorap11¢MH'IecK11e rrorrpaBK!1. MaTeMaTuqecKII:i1: arrrrapaT 

JIOrapHcPMH'IeCKOH KOHcPOPMHOH TeOpHH IIOJIR TaK:>Ke IIOJIY'IHJI 3Haq:HTeJ1bHOe 

pa3BIITHe, Of];HaKO ,ll;JIZI Toro, 'IT06hI HarJJR,l:t;HO IIOHZ!Tb CMbICJI pe3yJ1bTaTOB 3TOH 

TeOpHH HY:>KHa rrpOCTa.H 11 narJIR,I:t;HaR MO,ll;eJib B CTaTIICTI1'IeCKOH MexaHHKe. 

Cpe,n;II Bcex cyru;ecTBy10ru;11x Mo,n;enefJ: cTaTHCTH'IeCKo:i1: cPH3HKH, rrmKa.rryfJ:, 

caMOH IIJIO,I:t;OTBOpHOH ,ll;JIR 113yqeHHR JIOrapu¢M11qeCKOH KOHcPOPMHOH TeOpIII1 

rrOJJR ZIBJIReTczr MOfl:eJib rrecoqnofJ: Kyqu (Abelian sandpile model, ASM), 

IIOCKOJibKY B Hell: MO:>KHO HaHTH JIOrapHcPMHqecKHe KOppeJIRIJ;HOHHbie cPYHKIJ;HH 

RBHO, IICIIOJ1b3YH KOM6HHaTOpHbie MeTO,l:t;bl. TO'IHee rOBOpR, JiorapHcPMff'-1€CKIIe 

3aBHCHMOCTH MO:>KHO HCCJI€,l:t;OBaTb B MO,l:t;€JIH IIOKpbrnaroru;ux ,n;epeBbeB 

H ee 0606ru;eH1Ul - MO,I:t;eJIH IIOKpbIBaIOru;l1X rrayTFIH, K KOTOpbIM MO:>KHO 

cBeCTH ASM BMecTe c Mo,n;eJihIO ,n;uMepoB, Mo,z:i:enbIO IIJIOTHhrx rroJIIIMepoB, 

3HJiepOBCKHMH 6Jiy:>K,n;aHH.HMH H T.,n;. ,.UorrOJIHHT€JlbHbIM apryMeHTOM B IIOJib3Y 

1-reo6xo,1:t;HMOCTH HCC.rre,n;oBaTb CTaTHCTnqecKHe MO,I:t;eJIH H COIIOCTaBJIZ!Tb !1X 

c rrpe,n;cKa3aH:trnMII KOHcPOPMHOH TeOpHH IIOJI.H RBJI.H€TC.H TOT c:PaKT, qTO 

B KTIT II JIKTIT HCIIOJ1b3yeTCR pR,n; rrpe,z:i:rroJimKeHrril, B qacTHOCTH, o 

COOTBeTCTBHll Me:>K,n;y cPH3!1'IeCKHMH BeJiuqnHaMJI B CTaTHCTJiqeCKHX MO,l:t;€J1RX 

H orrepaTOpHbIMll IIOJIRMH B TeOpIIH IIOJIR, rHIIOTe3a aJire6pbl JIOKaJihHbIX 

rro.rrefJ:, 3aMKHYTOCTh 3TOil a.rrre6pbr. Bo.rree Toro, B MOfl:eJI.HX JIKTIT cyru;ecTByeT 

orrepaTOpbI, ,I:t;JIH KOTOpbIX He ,n;o KOHu;a RCHa cPI-I3Hqec1<a.H HHTeprrpeTaIJ;HR. M, 

HaKoneu;, HHTepeCHbIM RBJIR€TCR BOIIpoc 0 caMOH rrpupo,n;e B03HHKHOB€HII.H 

.rrorapIIcPMHqecKOH 3aBHCHMOCTH B KOppeJIRl\IIOHHbIX cPYHKU:HRX. 

K.rrroqeBbIM 3JieMeHTOM ,n;na ycTanoBJieHH.H CBR3H Me:>K,n;y perneToqHbIMH 

MO,I:t;eJJRMH M KOHcPOPMHOH TeOpMM IIOJIR RBJIReTCR KOHcPOPMHbIH 3apRf!:. 

EcnII H3Becnm 3Ha'IeH11e Kon¢opMI-IOro 3apR,n;a, KOTOphril rrapaMeTpu3yeTC.H 

2 



,Il;BYMH B3aHMHO rrpOCTbIMH 'IHCJiaMH, MbI 3HaeM KaKa.H MHHHMaJibHa.H MO,Il;eJih 

OIIHCbIBaeT CHCTeMy. 3Ha'Iemi:e KOHcPOPMHOro 3ap.H,n;a B COOTBeTCTByiorrreil 

CTaTHCTH'IeCKOH MO,Ll;eJIH MO:>KHO orrpe,n;eJIHTb H3 BbI,L!;eJieHH.H B CB060,n;HOH 

3Heprn11 TaK Ha3brnaeMoil 9Heprnn Ka3rrMnpa. ,D:JI.H rrocTpoeHHOil B 

.n;nccepTarrHH MO,Ll;eJIH IIOKpbIBaIOIIIHX ceTefi Ha I!HJIHH,Il;pe HCCJie,n;yeTC.H KaK 

.n;o6aBJieHHe ,LI;OIIOJIHHTeJibHbIX IJ;HKJIOB BOKpyr !IHJIHH,Il;pa H3MeH.HeT ::rneprmo 

Ka3HMHpa. 

Ba:m:HOH I'HIIOTe30H B KOHcPOPMHOH TeOpHH IIOJI.H f!BJI.HeTC.H rHIIOTe3a 0 

cyr.o;eCTBOBaHHH TaKoro Ha6opa "6a3HCHbIX" B3aHMHOJIOKaJibHbIX rroJieil, 'ITO 

JII06hre cpnyKTynpyrorrrne BeJIH"IHHbI, B3.HTbie B pa3JIH'!HbIX rrpOCTpaHCTBeHHbIX 

TO"IKax, MO)KHO pa3JI0)KHTb no 3TOMY 6a3ncy. 9TO TaK Ha3bIBaeMbie 

orrepaTopHbre pa3JIO)KeHHR. B JIKTII orrepaTOpHhre pa3JIOJI<eHHR co,n;epJI<aT 

Jiorap11cpMH'1ecKyro crrnryJI.HpHOCTh. B .n;rrccepTarrnH 6y,n;eT rroKa3aHo, 'ITO 

,Il;JIR BhI'1HCJieHrrR JiorapH¢Mrr'1eCKHX rrorrpaBOK HY*HO paccMaTpHBaTb 

HeJioKaJihHhre peweTO'lHhre o6'heKThr. Mbr rroKa)KeM, 'ITO JiorapntjJMH'1ecKaR 

3aBHCHMOCTb o6yc.nOBJieHa ueJIOKaJibHOCTbIO KOppeJIRrrHOHHbIX cPYHKIIHH H 

,Ll;BYXKOMIIOHeHTHOCTbIO IIOKpbrnaror.o;nx ,n;epeBbeB. 

KoMfornaTopahre HCCJie,r:i;oBaHH.H Mo,n;eJIH rroKphrnarorrrHx .n;epeBheB, 

rroKpbrnaror.o;ux ceTeil H ASM oKa3aJIMCb rrJIO,l.l;OTBOpHhIMH 6Jiaro,n,ap.H CB060.n;uo

¢epMrrOHHhIM CBOHCTBaM. B CTaTHCTH'leCKOH MeXaHHKe IIOHf!THe CBo6o,n;HhIX 

¢epMHOHOB BBO,Ll;HTC.H He CTOJlb nerrocpe,n;cTBeHHO. 0KOJIO II.HTH,Il;eCf!TH JieT 

Ha3a,IJ, C. Fan H F. Y. Wu BBeJIH Mo,n,eJib cBo6o,n;HhIX ¢epMHOHOB KaK o.n;ay 

H3 BepIIIIIHHhrx Mo,n;eJieil, y.i:i;oBJieTBOpRIOIIIeil HeKOTOphrM ycJIOBHRM na Beca 

Bepwrrn. Mo,n;eJih CBo6o,n;HbIX ¢epMHOHOB Ba*Ha ·reM, 'ITO oHa RB.mreTcR 

TO'lHO-peruaeMOH MO,Il;eJibIO. I1Hor.n;a penreHHe CTaHOBHTC.H HeTpHBFiaJibHbIM, 

KaK, HaIIpHMep, BbI'lHCJiemrn BepORTHOCTH Bhrn<HBaHHfl aHHHrHJIHPYIOIIIHX 

'laCTHrr Ha O,Il;HOMepHOH peIIIeTKH B BII,ll,e KOJibIIa, IIOCKOJibKY B 3TOH 3a,n;a'-re 

IIJIOTHOCTb '-IaCTlIII <j)HKCHpOBaHa H 'laCTH!IhI rrpo,n;OJI)KaIOT B3aHMO,Il;eHCTBOBaTb 

,n,pyr c .n;pyroM ,IJ,a*e B rrpe.i:t;eJie 6oJibIIIHX BpeMeH. 
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II;eJib pa6oTbI. 

1) Hcc.rre,n;oBaTb Bepo.HTHOCTb BbDKHBamrn c.rryqaH:Horo 6.rry:tK,n;amrn 

rrpOH3BOJibHOro 'lHCJia 6poyHOBCKHX 'laCTHI! Ha O,IIHOMepHOH peUieTKe rrpH 

ycJIOBHH aHHHrIIJiaI!HH BCTpeTHBIIIHXC.H 'laCTHI!. 

2)Hcc.rre,n;oBaHHe COOTBeTCTBH.H Me:/K,I\y pemeTO'lHbIMH MO,D;e.JI.HMH 

CTaTHCTH'leCKOH cPH3HKH H MO,Ile.JI.HMH JIOrapHcPMH'leCKOH KOH¢opMHOH TeOpHH 

ITOJI.H. 

3)HccJie,n:oBaHHe MeTO,IIOB rrepe'lJICJieHH.H HerrepeceKaIOrrrHXC.H TpaeKTOpHH 

II30JIHpOBaHHbIX KOHTypoB Ha ,D;ByMepHOH peIIIeTKe. 

HayqHaH HOBH3Ha :u npaKT11qecKaH u;eHHocTb. 

BrrepBbre rro.rry'leHo TO'IHOe aHaJIHTH'lecKoe Bbrpa:tKeHrre ,n;.rr.H BepO.HTHOCTH 

BbI:tKHBaHH.H rrpOH3BOJibHOro 'l!ICJia aHHHrHJIHPYIOil!MX '!aCTHI! Ha O,IIHOMepHOH 

peIIIeTKe c rrepHO,I\W-IeCKHMII rpaHH'lHbIMH yc.JIOBH.HMH H3 3a,n:aHHbIX Ha'la.JibHbIX 

KOOp,D;HHaT B 3a,n:aHHbie KOHe'IHbie KOOp,D;HHaTbI. PeIIIeHHe ITOJ1e3HO ,I\Jl.H 

MaTeMaTH'leCKOH HHTeprrpeTaI!HH .HBJieHHH CMa'lIIBaHH.H, ITJiaBJieHH.H H 

¢a30BOro rrepexo,n;a H3 COH3MepHMOH B HeCOH3MepHMJIO ¢a3y. 

JlorapHcPMH'leCKa.H KOHcPOPMHa.H TeOpM.H ITOJI.H rrpe;.i;cKa3bIBaeT ITOBe;.i;eHHe 

ABYXTO'le'lHbIX KOppeJI.HI!HOHHbIX ¢YHKI!HH ,I\Jl.H a6eJieBOH MO,l.l;e.JIH rrecKa Ha 

ITJIOCKOCTH. IlOCKOJibKY pe3yJibTaTbI JIKTIT OITHpaIOTC.H Ha P.HA ,n:orryrrreHHil:, 

HarrpHMep, 3a,n;aHHe orrepaTOpOB B JIKTIT, COOTBeTCTBJIOil!HX ¢H3H'leCKHM 

BeJIH'lHHaM B CTaTHCTH'leCKHX MO,l.l;eJI.HX, aKTyaJibHOH 3a;.i;aqeft .HBJI.HeTC.H 

rro.rry'leHHe 3THX KOppeJI.HIIIIOHHbIX ¢YHKI!HH He3aBHCHMbIM KOM6HHaTOpHbIM 

crroco6oM. BOJree Toro, a6e.rreBa Mo;.i;e.rrb rrecKa - 3TO rrepBbIH rrpHMep, 

r;.i;e JJOrapHcPMH'leCKHe ,I\BYXTO'le'!Hbie KOppeJI.HI!HOHHbie ¢YHKI!HH MO:tKHO 

BbI'lHCJIHTb .HBHO. 

Ba:tKHbIM pe3yJibTaTOM B ;.i;ttccepTaI!HH .HBJJ.HeTc.H OTKpbITHe rrOJIHoro 

COOTBeTCTBH.H JHHBepCaJibHOH 'laCTII o6o6rrreHHOH ¢YHKI!HH Z~,v) ( q, W) ,I\JI.H 

pa3JIH'lHbIX KOM6rrnarwi1 rpaHII'lHbIX yc.rrOBIIH B MO,ll;e.JIH IIOKpbIBaIOill,IIX rrayTHH 

Ha I!HJIHH,ll;pe c KOHe'lHbIMII xapaKTepaMH CHMIIJieKTff<IeCKHX cpepM!IOHOB. 

9TOT ¢aKT II03BOJ1.HeT HHTeprrpeTHpOBaTb MO,l.l;eJib CHMIIJieK'l'H'leCKHX 
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cpepMHOHOB KaK KOHcPOPMHYID IIOJieByID M0,11,eJib ITOKphrnamrn;11x ceTerr Ha 

JIHJIHH,11,pe. ,Il;aJibHeHll!aH IIHTeprrpeTaJIII.H TpimJieTHOH w aJire6pbI B TepMHHax 

IIOKpbIBaIDID;HX ceTeli, ,11,0 CHX rrop OCTaeTC.H aKTyaJihHOH OTKpbITOH rrpo6JieMOH. 

Ilonr-ieHHhie B ,Il;HCCepTan;IIII KOppeJI.HD;IIOHHbie cPYHKD;HII ,Il;Jl.H 

,IJ;BYXKOMIIOHeHTHOrO ,n;epeBa c TpeM.H rryT.HMH B 0,11,HOH KOMIIOHeHTe 

B6JIH31I rpaHIIJibI IIOJIYITJIOCKOCTII BMeCTe c KOppeJI.HJIHHMH Ha IIJIOCKOCTH 

MOryT ChirpaTb IlOJie3HYID pOJib B pa3BHTHH .JIKTII, IIOCKOJihKY IIX MQ)KHQ 

aHaJII:I3HpOBaTh KOM6HHaTOpHhIMII MeT0,11,aMH 6es rpOM03,ll,KHX BbIKJia,11,0K I1 
~ ;,.. 

IlOJiy'-!aTh JIOrapmpMII'-!eCKHe rrorrpaBKH K KOppeJI.HJIHOHHhIM cPYHKD;H.HM. 

Ha 3arn;HTY BhI,11;BHra10TcSI cJie,n;yrorn;n:e pe3yJihTaThI: 

• Ha 0,11,HOMepHOH perneTKe H3 L BeprnHH c rrep110,n;H'leCKHMH rpaHH'-!HhIMH 

ycJIOBH.HMH paccMOTpeHa ,IJ;HHaMHKa rrpOH3BOJibHOro KOHe'-!HOro '-!HCJia 

p < L '-!aCTHI.I;, r<:or,n;a B Ka)K,11,bIH ,rr,Hcr<:peTHhIH MOMenT BpeMeHH '-!aCTHD;hI 

,rr,eJiaIDT c BepOHTHOCTbID W+1 mar HanpaBO I1 c BepO.HTHOCTbID W-1 Illar 

BJieBo. BnepBhie rroJiy'-leno Bhrpa)KeHHe ,11,JI.H Bepo.HTHOCTH rrepexo,rr,a 3THX 

'-!aCTHD; H3 sa,n;aHHhIX Ha'-laJihHhIX KOOp,11,HHaT B sa,rr,aHHhie KOHe'-!Hbie 

Koop,rr,HHaThI sa KOHe'-!Hoe '-IHCJIO lllaroB M, rrpH ycnoBHH '-ITO OHH ue 

pasy He BCTpeT.HTCH. 

• Mccne,rr,oBaHa MO,n;eJih noKphrnamrn;u:x ceTeil ua JIHJIHH,n;pe c sar<phIThIMH, 

OTKphITbIMH lI KOM6HHHpoBaHHhIMH rpaHH'-!HhIMH ycJIOBHHMH ua Kpa.HX 

D;HJIHH,D,pa. IlocTpOeHa rrpOH3BO,ll;HIIJ;a.H: cPYHKJIH.H ,ll;Jl.H: 3TOH MO,D,eJIH. 

IlpOH3Be,rr,eHa orreHKa Be,n;yrn;u:x '-!JieHOB B pasJIO)KeHHH CB060,n;HOH 

3Hepru:u: B rrpe,n;eJie 6oJihIIIoro pa,rr,u:yca I.I;HJIHH,n;pa H npoHsBe,n;euo 

cpaBHeHHe pesyJihTaTOB c npe,rr,cKa3aHH.HMH JiorapHcpMH'-leCKOH 

KOHcpOpMHOH TeOpHH IIOJI.H:. IloKasaHo, '-ITO HaJIH'!He JIHKJIOB H3MeHHeT 

'-!JieH B pasJimKeHHH CB060,ll,HOH 3HeprHH, COOTBeTCTBymrn;err 3HeprHH 

Kasu:Mu:pa B cooTBeTCTBHII c KOHcpopMHhIMH BecaMII, nepe'-IHCJieHHhIMH B 

Ta6nu:r.i;e Karra. Ilor<:asaHo, '-ITO rrpOH3BO,ll,.HID;M cPYHKJIHH, nocTpoeHHaH 

,ll;JIH KOHe"IHOH perneTKII c pa3JIH'-!HhIMH rpaHH'-!HhIMII ycJIOBHHMH 

COBira,n;aeT c xapaKTepa~rn, BhI'-!HCJieHHhIMH B pa3JIH'-!HhIX MO,IJ;YJI.HX 
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aJire6pbI CHMIIJieKTII'I8CKHX ¢epMIIOHOB. Mbr COIIOCTaBHJIII OTKphIThie 

H 3aKphIThie rpaHH'lHhie ycJIOBH5! c MO,ll;yJIRMH, o6pa30BaHHhIMII 

COOTBeTCTBeHHO u;eJihIMH II IIOJiyu;eJibIMII MO,D;aMH ¢epMIIOHOB. 

• Ilo,n;po6HO HCCJie,D;OBaHhI KOHtj)IIrypau;HH IIOKphrnaroru;Hx ,n;epeBbeB 

Heo6xo,n;HMhrx ,n;JIR BhPrncJieHIIR BepoRTHOCTefi P;, i = 1, 2, 3, 4 

B A6eJieBofi Mo,n;eJIII sandpile II rrapHhIX KoppeJIRIJ;IIOHHhIX cPYHKIJ;IIfi 

P1 i ( r) - P1 Pi, i = 1, 2, 3, 4. qHCJieHHhre ou;eHKH rroJiy'IeHHhIX Bhrpa:lKeHIIfi 

xopOIIIO cor JiacyroTrn c rrpe,n;cKa3aHHRMII JIOrapIIcPMH'I8CKOH 

KOHcPOPMHOH TeOpHII IIOJI5!. 

• IloJiy'IeHhI KOppeJIRIJ;HOHHhie 3aBHCHMOCTH B ABYXKOMIIOHeHTHOM 

IIOKphrnaroru;eM ,n;epeBe c TpeM5! ,LJ;JIHHHhIMII IIYTRMII B 0,ll;HOH 

KOMIIOHeHTe Ha ,ll;ByMepHOH 6eCKOHe'IHOH peIIIeTKe Ha IIO.JIYIIJIOCKOCTII 

(<>TO KOHcPIIrypau;IIH, KOTOpbre rrpe,D;CTaBJI.HIOT H3 ce65! IIpIIMep 8-

rpatj}a, ,ll;JI.H KOTOporo IICCJie,LJ;OBaHO aCIIMIITOTII"'-IeCKOe IIOBe,n;eHHe). 

IlyTH coe,n;HH5!IOT JIOKaJihHYIO OKpeCTHOCTh O,Ll;HOH BepIIIIIHhI Ha 

cPHKCHpOBaHHOM paCCT05!HIIH r OT rpaHHIJ;hI II JIOKaJihHYIO rpaHHU:Y 

,n;pyro:H CB06o,n;HOH BepIIIHHhI, HaXO,Ll;Rru;eficR Ha paCCTO.HHIIH s OT 

cPHKCHpOBaHHOH BepIIIHHbI. IloJ1y'leHhI aCHMIITOTII'IeCKIIe Bhipa:lKeHII5! 

KOppeJI.HIJ;HOHHhIX cPYHKIJ;IIH, B 3aBHCIIMOCTH OT s H r. 

Arrpo6a:u;11.sr pa6oTbI. 

Pe3yJihTaThI ,n;HccepTau;HH ,LJ;OKJia,D;hIBaJIHCh Ha cJie,n;yroru;Hx Kon¢epeHIJ;HRX 

H CeMIIHapax: 

• CoBpeMeHtthre rrpo6J1eMhI ¢yH,n;aMeHTaJihHhIX H rrpHKJia,D;HhIX rrayK, 

2005, MocKBa-,II;onrorrpy,n;Hhrfi. 

• X Korr¢eperru;H.H MOJIO,LJ;hrx y-qerrhrx H crreu;naJIIICTOB 2006, OM51M, 

,II;y6rra. 

• 43rd Karpacz Winter School of Theoretical Physics, Institute of Theo

retical Physics of the University of Wroclaw, Ladek Zdroj, Poland, 2008 
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• International Colloquium on Integrable Systems and Quantum symme

tries (ISQS-17) 2008, Praha, Czech Republic. 

• XIII KOHcpepemi;rrn MOJIO)J,bIX y'leHbIX H cITe11,HaJIHCTOB 2009, Ol15U1, 

AY6Ha. 

• Ceccmr IlporpaMMHO-KOHCYJibTaTHBHoro KOMHTeTa ITO cpH3HKe 

KOH)J,eHCMpOBaHHbIX cpe,n;H, AY6Ha, 01UI11, 25 - 26 momr, 

• CeMnHap OT,n;ena " CTaTHCTH'leCKaH MexaHHKa" Jla6opaTopHH 

TeopeTH'leCKOH cpH3HKH 0115111, ,Il;y6Ha .. 

IIy6nnKau;1n1. 

Ilo MaTepHaJiaM ,n;uccepTall,HH OITy6JIHKOBaHbI 4 pa60Tbl B pecpepHpyeMbIX 

:>KypHanax H3 CITHCKa BAK H 2 pa6oThI B Tpy,n;ax KOHcpepeHI.l,Hli. 

CTpyKTypa H o6'beM ,n;nccepTa:a;nn. 

AHccepTall,HH cocTOHT H3 BBe)J,eHHH, qeThrpex rnaB u 3aKmoqeHHH. 06ni;uli 

o6'beM )J,HCCepTall,HH 101 CTpaHHI.l,a MallUIHOilHCHOro TeKCTa, BKJIIO'lafl 31 

pucyHOK fl CITHCOK JIHTepaTypbI 113 81 HaHMeHOBaHHH. 

OCHOBHOE CO,li;EP)KAHHE PABOThI 

Bo BBe,ri;eHnH rrpe)J,CTaBJieH KpaTKHli o63op 11ccJie)J,0BaHHH cBo6o,[l,HbIX 

cpepMHOHHbIX MO,IJ;eJieli. TaM :>Ke no rJiaBaM KpaTKO OilHCaHbI OCHOBHhie 

pe3yJihTaTbI, IlOJiy'leHHbie B )J,aHHOH )J,HCCepTall,HH. 

B rrepBoli rnrnBe "CAy"l,aunoe 6Aya1caattue attttueuAupy10w,ux "l,acmuu," 

paccMOTpeHa 3a,n;aqa o rrepeqacJieHHH HeITepeceKaIOII.l,HXCH TpaeKTopnli, 

H3BeCTHaH TaK:>Ke KaK CJiyqaliHOe 6Jiy)K,IJ;aHHe aHHHrHJIHpyroni;Hx 'laCTHll, ITO 

o,n:HoMepHoli perneTKe. CrrepBa ,n;or<a3aHa TeopeMa <I>runepa ,IJ;JIH BepoHTHOCTH 

)J,OCTH:>KeHHfl KOHeqHoro COCTOHHHH p 'laCTHll, 3a rrpOH3BOJibHOe qaCJIO 

n rnaroB Ha 6ecKoHe'lHOli rrpHMoli, npa ycJIOBHH 'ITO qacTHll,bI He 

BCTpeqaroTCH. TeopeMa )J,OKa3aHa MeTo,n;oM MaTeMaTH"'leCKOli HH,rt;yr<ri;nu: 
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IIOKa3hIBaeTCR cnpaBe,LI;JIHBOCTh YTBep)K,n;emrn ,LI;Jrn O,LI;HOI'O rnara, 3aTeM, 

noJiarM crrpaBe,n;JIHBOCTh yTBep)K,n;eHHH ,LI;JIR rrpOH3BOJihHOro n-ro rnara, 

,n;oKa3hrnaeTCR o6rn;aR TeopeMa ,n;mr n + 1-ro rnara. ,LJ;anee, Bhrpa)KeHHe ,IJ;JIR 

BepORTHOCTH nepexo,n;a o6o6uraeTC5l Ha CJiy'IaH 0,LI;HOMepHOH perneTKH B BH,IJ;e 

KOJihI.l,a, r,n;e TaK)Ke ccjJopMyJIHpOBaHa COOTBeTCTBYIOuraR TeopeMa, KOTOpM 

,n;oKa3hrnaeTcR MeTo,n;oM MaTeMaTHqecKoil HHAYKI.l,HH. 

Bo BTOpo:ii rJiaBe ''IIonptJt8a10w,ue aepe8'b.f! c aa.Mn'Hymu.Mu '4U'J':,Jta.MU 

'Ha '4U.J!U'Hape" BhI'IHCJI5leTC5l npOH3BO,I\5IIIIa5l cPYHKI.l,HR MO,LI;eJIH IIOKphrnarorn;Hx 

ceTeil Ha KOHeqHQH I.l,HJIHH,LI;pH'IeCKOH perneTKe. IlpOH3BO,LI;HTCR ou;eHKa Be,n;yrn;ux 

'IJieHOB B pa3JIO)K8HHH CB060,LI;HOH 3Heprmr B npe,n;eJie 60JihIIIOI'O pa,n;uyca 

I.l,HJIHH,n;pa H rrpOH3BO,LI;HTCR cpaBHeHHe pe3yJihTaTOB c rrpe,n;cKa3aHHRMH 

JIOrapHcjJMHqecKOH KOHcjJOpMHOH TeOpirn IIOJI5l. IloKa3aHO, qTO HaJIHqHe 

I.l,HKJIOB, H3MeHR8T 'IJieH B pa3JIO:>KeHHH CB060,LI;HOH 3HeprHH, COOTBeTCTBYIOIIIlill 

3HeprHII Ka3IIMIIpa B cooTBeTCTBHH c KOHcjJopMHhIMH BecaMH, nepe'IIICJieHHhIMH 

B Ta6JIHIJ,e KaIJ,a. 

IlpOBO,LI;HTCfl cpaBHeHHe MO,LI;eJIH IIOKphrnarorn;Hx ceTeil c npHMepOM 

TO'IHO-pernaeMOH JIOrapHcjJMHqecKOH MO)J;eJIH c KOHcjJOpMHhIMH rpamrqHhIMH 

ycJIOBHRMH - MO,LI;eJihIO IIJIOTHhIX ITOJIHMepOB B KpHTH'IeCKOH TQqKe ( crit

ical dense polymers) c onpe,n;eJieHHhIM THIIOM ,n;ecjJeKTOB Ha noJioce. 

AnaJIHTH'IeCKHe BhrqHcJieHHR B pa3,n;eJiax BTopoil rJiaBhI CBO,IJ;RTCH K 

CTaH,n;apTHhIM ,n;eTepMHHaHTHhIM Bh!pa)KemrnM ,LI;JIR MO,LI;eJieil CBo6o,n;HhIX 

cjJepMHOHOB c IIOCJie,n;yrourHM aHaJIH30M, r,n;e HCIIOJih3yeTCR cjJopMyJia 9ilJiepa

MaKJIOpeHa. B 3aBeprneHHe BTOpoil rJiaBhI IIOKa3hIBaeTcR, '-ITO npOH3BOARIIIM 

cPYHKI.l,HR, ITOCTpOeHHaR ,LI;JIR KOHe'IHOH perneTKH c pa3JIH'-!HhIMH rpaH.HqHhIMH 

ycJIOBHRMH COBrra,n;aeT c xapaKTepaMH, BhI'IHCJI8HHhIMH B pa3JIH'-!HhIX MO,LI;YJIRX 

aJire6phr CHMIIJieKTH'IeCKHX cjJepMHOHOB. ConocTaBJIRIOTCR OTKphIThre H 

3aKpbIThie rpaHH'-!Hbie ycJIOBH5l c MO,IJ;YJIRMH, o6pa30BaHHhIMH COOTB8TCTBeHHO 

u;eJibIMH H IIOJiyu;eJihIMH MO,LI;aMH cjJepMHOHOB. 

B TpeThe:ii rJiaBe "A6e.;ieea .MoaeJ/,'b necna" paccMoTpeHa Mo,n;eJih 

caMoopraHII30BaHHOil KpHTHqHOCTH ASM (Abelian sandpile model). IloKa3aHo, 

'-ITO peKyppeHTHhie KOHcjJHrypau;HH B Mo,n;emr neCO'-!HOH Kyqu HaXO,LI;RTC5l 

BO B3aHMHOO,LI;H03Ha'-IHOM COOTBeTCTBHH c KOHcjJHrypaI.l,H5IMH IIOKphIBa!OliIHX 

,n;epeBheB. BJiaro.n;ap5I 3TOMY cooTBeTCTBHIO 3a,n;a'Ia o Bhr•rncJieHIIH BhICOThI 
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hi 1, 2, 3, 4 B HeKOTOpou Bepunrne i B Mo,n;emi: necKa CBO,IJ;HTC5! K 

3a,n;aqe 0 nepe'-IHCJJemrn IIOKpbIBaIOl1l,HX ,n;epeBbeB, y KOTOpbIX BepIIIHHa i 

cpe,n;u coce,n;HHX BepIIIHH HMeeT pOBHO hi - 1 upef);IIIeCTBeHHHKOB. LincJJo 

IIOKpbIBaIOl1l,HX ,n;epeBbeB COOTBeTCTByeT ,n;eTepMHHaHTY COOTBeTCTBYIOll1efi 

MaTpHI1hI Jlaimaca 6.. <l>HKca1w10 '-IHCJJa npe,n;IIIeCTBeHHHKOB MO)!<HO 

ocyl1l,eCTBHTb H3MeH5l5l pemeTKY y,n;aJJ5l5l HJJH ,n;o6aBJ15l5l ,IJ;OIIOJIHHTeJibHbie 

pe6pa c HeKOTOpbIMH BeCaMH, ,D;Jrn '!ero HY)!<HO MO,II,HcpHI1HPOBaTb MaTpHrrY 

JianJiaca. EcJJn 6.1 - MO,IJ,HcpHii;rrpoBaHHa5l MaTpHI1a Jlarrnaca, TO Bbrpa*eHue 

det 6.' /<let 6. = <let [1 + (6.' - 6.).6. ~ 1 ] II03BOJJ5leT BbI'-IHCJJ5lTb OTHOilleHue 

'-IHCJJa IIOKpbIBaIOl1l,HX ,n;epeBbeB c cpHKCHpOBaHHbIM '-!llCJIOM rrpe,n;IlleCTBeHHHKOB 

I< 06l1l,eMy '-IHCJIY IIOKpbIBaIOIIIHX ,n;epeBbeB, H HafiTH COOTBeTCTBYIOll1He 

BepoaTHOCTH. B TpeThefi rnaBe ,n;uccepTa1IHH rro,n;po6Ho HCCJie,n:oBaHbI 

KOHcpnryparruu IIOKpbIBaIOl1l,HX ,n:epeBbeB Heo6xo,n;HMbIX ,If,Jl5l BbI'-IHCJieHH5l 

BepoaTHOCTefi Ph BbICOT h 

cpyHKI111fi P1a(r) - P1Pa, a 

1, 2, 3, 4 H napHbIX KOppeJI5ll1HOHHbIX 

= 2, 3, 4. Cpe,n;u 8THX KOHcPHrypal1Hfi eCTb 

.lIOKaJibHbie, ,IJ,JI5l y'-!eTa KOTOpbIX ,II,OCTaTO'-IHO rrpOBO,[\HTb H3MeHeHH5l pemeTKH B 

JJOKaJibHOfi o6JJaCTH 11 HeJIOKaJibHbie - 0-rpacpbr, ,[\J15l yqeTa KOTOpbIX BBO,If,5ITC5l 

,[\OIIOJIHHTeJJbHbie pe6pa, CBR3bIBaIOl1l,He HeJIOKaJibHbre o6JJaCTH. gna BCex 

JIOKaJJbHbIX KOHcpHrypal1Hfi rrprrBe,n;eHbI TO'-!Hbie aHaJIHTH'-IeCKHe Bbipa)!<eHH5l H 

aCHMIITOTHKH. ,Il;na 8-rpacpoB rrpHBe,n;eHbI TO'-!Hbie aHaJJllTH'leCKHe MaTpH'!Hbie 

Bbipa:iKeHH5l ( MaTpHIJ;bI rrepe'IHCJJeHbI B rrpHJIO:iKeHHll 2)' c IIOCJie,II,yIOl1l,HM 

'-IHCJJeHHbIM H aCHMIITOTH'-!eCKHM aHaJIH30M. B rrpHJJO)f(8HHH 1) orrncaHa 

aCHMIITOTHKa perneTO'-IHOfi cpyHKIJ;HH rpHHa 6_-l, ,Ll;JI5l 60JJblllHX paCCT05IHHfi 

H rrpOH3BOJibHbIX yrJIOB. 

B '"IeTBepTOH rJiaBe "KoppeJ1,J£V,UO'/-l,'/-l,7Jle rjjyttnv,uu aeyxno.Mnottettmtt020 

nonpu6a'IOW,e20 aepeea C mpe.uJ£ aJl,U'/-l,'/-1,IJl.MU nym.R.MU 6 oattou 1"0.Mnottettme" 

rrpOBO,[\HTC5l HCCJie,n;oBaHHe HeJIOKaJibHOro o6'beKTa - 8-rpacpa Ha IIJIOCKOCTH H 

rronyrrnocKOCTH c OTKpbITbIMH H 3aKpbITbIMH rpaHH'-!HbIMH ycrroBH5IMH. B 9TOfi 

rJiaBe orrpe,n:eJJeHO, '-ITO 0-rpacp - 9TO ,D;BYXKOMIIOHeHTHOe IIOKpbIBaIOl1l,ee 

,n;epeBo, r,n:e O,IJ,Ha KOMIIOHeHTa co,n;ep)!<I1T TPH HenepeceKaIOl1l,HXC5l 

rrp0!13BOJibHbIX IIYTH. 9TH IIYTH C08,If,HH5IIOT OKpeCTHOCTb HeKOTOpofi 

cpllKCllpOBaHHOfi BepIIIHHbI jo, HaXO,II,5ll1l,efica Ha paCCT05lHHH r OT rpaHHIIbl 

IIOJIYIIJIOCKOCTH, c JIOKaJihHOfi OKpeCTHOCTbIO ,n;pyroil: BepIIIHHbI to, 
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Haxo.n;Rrrreil:cR Ha paccT07IHHH s OT BepIIIHHbI j 0 . K 3THM rryTRM rrpHKpeIIJieHbI 

BeTKH IIOKpbIBaIOIIIHX ,llepeBbeB, TaK qTQ BeTBH BMeCTe C IIYTRMH rreJIHKOM 

o6pa3yIOT O,Il;HY KOMIIOHeHTY IIOKpbrnarorrrero ,n;epeBa, KOTOpaR OKpyJKeHa 

,n;pyroil: KOMIIOHeHTOH. B 3TOH r.rraBe BbiqHCJI2IeTC71 OTHOIIIeHHe qF[CJia 

KOHcpHryparrHH, co,n;ep)!<:aIIJ;MX 8-rpacp, K o6rrreMy qnc.rry IIOKpbrnaIOIIIHX 

,llepeBbeB Ha IIJIOCKOCTH H IIOJIYIIJIOCKOCTH M aCHMIITOTHqecKoe pa3JIOJKeHHe 

3Toro OTHOIIIeHMR ,l\JIH c.rry-<raeB r » s » 1 11 s » r » 1. Bbr<-mc.rreHHa 

rrpOBO,Il;7ITC71 rrpH IIOMOIIIH BBe,lleHH7I Ha perneTKH Tpex ,llOIIOJIHHTeJibHbIX pe6ep c 

6eCKOHeqHQ 60JibllIHM BeCOM - "MOCTOB", T.e. IIOCTpoeHHe MO,Il;HcpHrrMPOBaHHOro 

Jiarr.rrac11aHa 6.' n Mcc.rre,n;oBaHHR OTHOIIIeHM71 det 6.' / det 6.. 

B saKJnoqeHMH KpaTKO ccpopMy.rrnpoBaHbI rro.rryqeHHbre B ,n;nccepTarrHH 

pe3yJibTaTbI, KOTOpbie H BbIHOC7ITC71 Ha 3aIIIHTy. 
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