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OBIII,A.51 XAPAKTEPHCTHKA PABOThl 

O6'heKT HCCJie)];0BaHJUI H aKTyaJihH0CTh TeMhl, 

BbI'IHCJienne TaKHX BeJIH'IHH KaK rrapaMeTp rrop.H,11,Ka, TeIIJIOeMKOCTb, 

cpe,11,H.H.H 3HeprII.H MO)KHO CBeCTII K BbI'IHCJieHH.HM pa3JIH'IHbIX KOppeJI.HI.J,HOHHbIX 

q>yHKI.J,Hii, 'ITO rrpn,11,aeT 3Ha'IIIMOCTb TairnM BbI'IHCJienn.HM. Oco6hrii HHTepec 

rrpe,11,cTaBJI.HIOT CIICTeMbI B6JIH3H KpHTH'IeCKOii o6JiaCTH, r,11,e rrapHbie 

KOppeJI.HI.J,HOHHbie q>yHKI.l,HH Be,11,YT ce6.H CJie,!],yIOII.J,HM o6pa30M: 

(X(0)X(r)) ~ r~ exp (- ~~r)) (1) 

r,11,e ~(r) - KOppeJI.HI.J,IIOHHa.H )I,JIHHa, xapaKTepn3yIOII.J,a.H pa3Mep q>JiyKTyaI.J,uii, 

KOTopa.H pacx0,11,HTC.H, T.e. ~ -+ oo, rrpn rrpn6JIH)KeHIIH K KpI!TII'IeCKOII TO'IKe, 

'ITO rrpHBO,!],HT K 'IHCTO CTerrennoii 3aBHCHMOCTH. Tip11 3TO~I B03HIIKaIOT 

KpyrrnoMaCuITa6nhie q>JiyKTyaI.J,HH, KOTOpbie npHBO,!],.HT K CIIIII'YJIHp!I0CTHl\l 

TepM0,11,HHaMII'IeCKHX q>yHKI.J,Hii. CTeneHnoe IlOBe,11,em1e 1-1a6mo,.J,ael\lb!X 

BeJIH'IlIH II KOppeJI.HI.J,lIOHHbIX q>yHKI.l,Hll CBII,!],eTeJibCTByeT O l\IaCUITa611011 

HHBapnaHTHOCTII paBHOBeCHOll CTaTHCTH'IeCKOii: CIICTeMbI B KPIITII'leCKOii 

TO'!Ke. 3a IlOCJie,n;Hee BpeM.H CTaJIO .HCHO, 'ITO o6JiaCTb KpIITH'leCKIIX .HBJiennii: 

OilHCbIBaeT TaK)Ke umpOKHii crreKTp ,11,HHaMH'IeCKHX CHCTeM C 60JibllIHM 'IHCJIOM 

CTeneHeii CB060,!1,bI. l13y'IeHne CHCTeM, Hax0,!1,.Hll.J,HXCH B,!1,aJIH OT paBHOBeCH.H 

IlOKa3aJIH, 'ITO q>JiyKTyaI.J,HH q>II3H'IeCKHX BeJIH'IHH TaK)Ke .HBJI.HIOTCH 

caMono,n;o6nbIMH B IIIHPOKOH o6JiaCTH 3Ha'!eHH.H q>H3H'IeCKHX rrapaMeTpOB. 

BbI.HCHHJIOCb, 'ITO HHTeHCIIBHOCTH 3eMJieTp.HCeHnii:, CBeTHMOCTH KBa3apoB, 

CHJibI TOKa B 3JieKTpH'IeCKHX I.J,ell.HX, KOJie6ann.H HH,D;eKCOB Ha q>OH,!1,0BbIX 

pbIHKaX 00,!],'IHH.HIOTC.H TeM )Ke CTeneHHbIM 3aKOHaM, 'ITO II q>JiyKTyaI.J,IUI 

q>II3H'IeCKHX BeJIH'IHH B KpHTH'IeCKOii TO'IKe. ,[1,eTaJIH MHKpOCKOilH'IeCKHX 

COCTO.HHHll 0Ka3bIBaIOTC.H HeCyII.J,eCTBeHHbIMH II xapaKTep KplITII'IeCKHX 

oco6eHHOCTeii TepM0,!1,HHaMH'IeCKHX q>yHKI.J,Hll onpe,n;eJI.HeTC.H CTeneHHOii: 

3aBHCIIMOCTbIO C YHIIBepCaJibHbIMH IlOKa3aTeJI.HMII a, KOTOpbie Ha3bIBaIOT 

KpIITH'IeCKIIMII HH,!],eKCaMII. 

B IlOCJie,n;nne ,n;eC.HTirneTH.H pa3pa6aTbIBaJIC.H MOII.J,Hblll annapaT 

KOnq>opMHOii: Teopnn rroJI.H (KTTI), no3BOJI.HIOII.J,nii Bbl'IIICJI.HTh To•mo 
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1.1,epH11x Hccne.rr,oBamn1: 

BI1BIU10TEKA I 



KpHTHqeCKHe HH,l.l,eKCbI 

Ilpe,n;rroJiaraeTcn, qTo 

,l.l,JIJI CTerreHHbIX KoppeJIJIU,HOHHbIX 

KOHcpOpMHan Teopnn IIOJIJI MO:lKeT 

cpyttKU,HH. 

o6o6ru,uTh 

60JibIIIOH KJiacc CTaTUCTHqecKHX MO,l.l,eJieii, eCJIH 3HaTb COOTBeTCTBHe 

Me)K,n;y CTaTHCTnqeCKOH MO,l.l,eJihIO n HeKOTOpoii (MHHHMaJibHOii) MO,l.l,eJibIO 

KOH(pOpMHOH Teopnn IIOJI.H. IlocTpoeHne 3TOro o6o6ru,eHnn 0Ka3aJIOCb 

ycrreIIIHbIM, n co BpeMeHeM BHI:IMatme Hayquoro coo6ru,eCTBa rrepeKJIIOqHJIOCb 

Ha nccJie,n;oBamre JIOrapncpJ\mqecKoii KoucpopMHOH Teopun IIOJI.H (JIKTTI), 

IIOCJie OTKpbITHJI CHCTeM, y KOTOpbIX B CTerreHHbIX KOppeJIJIU,I:IOHHbIX 

cpyHKU,I:I.HX eCTh JiorapI:I(pMifqecK1re rrorrpaBKII. MaTeMaTnqecKI:IH arrrrapaT 

JIOrapncpMuqecKOH KOHcpOpMHOll TeOpI:II:I IIOJI.H TaK)Ke IIOJiyqnJI 3HaqnTeJibHOe 

pa3BHTI:Ie, O,l.l,HaKO ,l.l,Jl.H TOro, qT06bI HarJIJI,l.l,HO IIOH.HTb CMbICJI pe3yJibTaTOB 3TOH 

TeopHI:I HY)KHa rrpocTan n HarJIJI,l.l,Han MO,l.l,eJib B CTaTI:ICTnqecKOH MexaHI:IKe. 

Cpe,n;n Bcex cyru,eCTByIOID,IIX MO,l.l,eJieii CTaTI:ICTirqecKOH cpn3IIKI:I, IIO:lKaJiyii, 

caMOH IIJIO,l.l,OTBOpHOH ,l.l,Jl.H n3yqeum1 JIOrapII(pMIIqecKOH KOH(pOpMHOH TeOpl!I:I 

noJI.H .HBJrneTc.H Mo,n;eJih rrecoqHoti: KyqII (Abelian sandpile model, ASM), 

IIOCKOJibKY B Hett MO)KHO HaHTH JIOrapIIcpMIIqeCKIIe KOppeJI.HU,l:IOHHbie cpyuKU,IIII 

.HBIIO, HCIIOJih3Y.H KOM6IIHaTOpHbie MeTO,l.l,bl. Toquee rOBOpn, JIOrapIIcpMIIqeCKIIe 

3aBHCIIMOCTII MO)K!IO l:ICCJie,l.l,OBaTb B MO,l.l,eJIII IIOKpbIBaIOID,IIX ,n;epeBbeB 

II ee o6o6ru,ermn - MO,l.l,eJIH IIOKpbIBaIOID,IIX nayTHH, K KOTOpb!M MO)KHO 

cnecTn ASM BMecTe c Mo,n;eJibIO ,l.l,IIMepoB, MO,l.l,eJihIO IIJIOTHhIX IIOJIIIMepoB, 

3ttJieponCKI:IMH 6Jiy)K,l.l,a!IH.HM11 u T.,l.l,. ,D,onOJIHHTeJihHbIM apryMeI!TOM B IIOJIL3Y 

neo6XO,l.l,11MOCTl1 UCCJie,l.l,OBaTb CTaTHCTI:IqecKne MO,l.l,eJIII n COIIOCTaBJI.HTb IIX 

C rrpe,1.1,cr<a3a11n51Ml:I KOH(pOpMHOll TeOp11II IIOJ151 5IBJI.HeTCR TOT cpaKT, qTO 

n KTTI II JIKTTI ncnoJib3yeTrn p.H,l.l, npe,1.1,rroJIO)Ke11nti:, n qacTHOCTn, o 

C0OTBeTCTBl111 Me)K,l.l,Y (pH3II'!CCKl1MH BCJI11qmiaMl1 B CTaTl1CTl1'!CCK11X MO,l.l,eJI.HX 

11 oncpaTOplll,IMl1 IIOJI.HMH B TCOpnn rJ0JIR, I'HII0TC3a anre6pbl JIOKaJibHbIX 

noJrei1, :mMKIIYT0CTb 3TOH 1u11·c6p1,1. BoJ1ec Toro, n M0,1.1,CJIHX JIKTTI cyn.1,ecTByeT 

oncpaTOflbI, /\.1151 K0TOflblX !IC ,l.1,0 K0JJI\a RCIIa ctrn311'JCCKa}I J111TepnpeTau,m1. H, 

JlaK0IICI\, 1111TCflCCIIJ,IM }IIIJI.HCTC}I nonpoc 0 caM0H np11po,n;c B03HIIKHOBeHI:I}I 

JIOrapmt)MJ1'ICCKOH JarrnCHM0CTH B K0ppCJI.HI\H0lllll,IX ci)YIIKIJ,115!X. 

Kmo•re111>IM 3J!eMCIIT0M /\JI.H yC'ra110BJICill1H cmr:m MC)K,lJ,y peweTO'IHbIMII 

M0/\C.ll}IM11 11 KOll(,)OflMIIOH Teop11u JJ()Jl}I }[BJI}ICTC}I KOIHpOpMHbIH 3apn,n;. 

Ec.1111 wrneCTII0 :imt•1c1111c KOll(!>O[)MIIOl'O 311J)}l)\a, KOTOpb!H napaMeTp113yeTC51 
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,l.l,BYM.H B311HMHO rrp0CTbIMI:I qIICJiaMII, Mb! 3HaeM KaKaR MlIHI:IMaJibHan MO,l.l,eJib 

0IIIICbIBcleT CIICTeMy. 3uaqeHIIe KOH(pOpMnoro 3ap.H,l.l,a B COOTBeTCTByIOru,eii 

CTaTIICTirqecK0H MO,l.l,eJIII MO:lKH0 orrpe,n;eJIHTb II3 BbI,l.l,eJienmI B CB06o,n;noii 

3Uepnm TaK Ha3bIBaeMOH 3HeprIIII Ka3IIMI:Ipa. ,ll;JI}I IIOCTpoeunoil: B 

,l.l,l:ICCepTaU,I:III M0,n,emr II0KpbIBaIOID,IIX ceTett ua U,I:IJIIIH,ZJ,pe IICCJICAfCTC}I KaK 

,n,o6aBJICUI:Ie ,ZJ,0IIOJIHIITCJibHbIX U,IIKJI0B BOKpyr U,IIJII:IH,l.l,pa l:I3MeHReT 3Heprmo 

Ka3IIMIIpa. 

Ba:lKHOH rIIII0TC30ll B KOHcpopMHOH TCOpIII:I IIOJI}I }IBJI}ICTC}I rIIII0Te3a 0 

cyru,ecTBOBaHIII:I TaKoro na6opa "6a3I:ICHbIX" B3aIIMH0JI0KaJibHbIX II0Jieii, qTo 

JII06bIC (pJIYKTyI:Ipyroru,I:Ie BCJII:IqHnhI, B3RTbie B Pa3JIIIqHblX rrpoCTpaHCTBCHHbIX 

TQqKax, MQ)KIJO pa3JIO)Kl:I_Tb II0 3TOMY 6a3ncy. '.:ho TaK Ha3bIBaeMbIC 

orrepaTopHbie pa3JI0)KCBIIR. B JIKTTI orrepaTopur,re pa3JI0)KCHIIR co,l.l,ep:lKaT 

JiorapmpMIIqecKyIO CI:InryJIRpH0CTb. B ,ZJ,IICCepTaU,III:I 6y,n,eT II0Ka3auo, qTo 

,l.l,JI}I BI,JqIICJICHI:I.H JIOrapncpMIIqeCKI:IX rrorrpaB0K HY)KIJO paccMaTpI:IBaTb 

ueJI0KaJibHble peIIIeToqur,re ofrheKTbI. Mr,r II0Ka)KeM, qTo JIOrapI:I(pMI:IqecKa.H 

3aBIICI:IM0CTb o6ycJIOBJieua HCJI0KaJibH0CTbIO K0ppeJinU,I:I0HHblX cpyHKU,I:IH II 

,ZJ,BYXKOMII0HCHTH0CTbIO II0KpbIBaIOID,IIX ,n,epeBbeB. 

KoM6I:InaTOpHbIC I:ICCJIC,l.l,0BaHII}I M0,ZJ,CJIH II0Kpbrnaroru,IIX ,l.l,epeBbCB, 

rroKpr,rnaroru,I:Ix ceTeti: II ASM 0Ka3aJII:ICh IIJI0,ZJ,0TBopnhIMII 6Jiaro,l.l,apR cno60,l.l,HO

cpepMI:IOHuh1M CB0HCTBaM. B CTaTIICTnqecK0H MexaHI:IKC II0HRTIIe CB060,ZJ,UbIX 

cpepMHOHOB BB0,l.l,IITC.H He CT0Jib uerrocpe,l.l,CTBenuo. OKOJIO II.HTII,l.l,CCRTII JICT 

na3a,n, C. Fan II F. Y. Wu BBeJin M0,l.l,CJih CBo6o,l.l,HhIX cpepMHOHOB KaK 0,l.l,Hy 

II3 BepIIIIIHHhIX M0,ZJ,CJieii, Y,ZJ,OBJICTBOpRIOID,eii HeK0T0pbIM ycJI0BH}IM Ha neca 

BepIIIIIH. MO,l.l,CJib CB060,ZJ,HhlX cpepMIIOHOB Ba:lKHa TeM, qTo oua }IBJI}ICTCJI 

TQqHo-peIIIaCMOH M0,l.l,CJibIO. Huor,l.l,a peIIIeHIIe CTaH0BIITC}I ueTpIIBHaJibHbIM, 

KaK, HarrpIIMep, BbiqIICJICHIIe Bep0.HTH0CTH Bbl)KI:IBaHII}I anHIIrHJIIIpyIOID,IIX 

qacTIIU, ua. 0,l.l,H0Mepuoil: peIIIeTKII B BII,l.l,C K0JibU,a, II0CK0JihKY B 3T0H 3a,l.l,aqe 

IIJI0TH0CTb qacTIIU, (plIKCIIpOBaHa II qacTIIU,bI rrp0,l.l,0JI)KaIOT B3aIIMO,n,ei1:CTBOBaTh 

,l.l,pyr c ,n,pyroM ,l.l,a:lKe B rrpe,n,eJie 6oJihIIIIIX npeMeH. 
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I.J;eJib pa60Tbl, 

1) I1ccJie,IJ,OBaTh BepmITHOCTb Bbl)KUBamrn CJiy<'IallHOro 6Jiy)K,IJ,aHH5I 

npOH3BOJibHOro 'lHCJia 6poyHOBCKIIX qaCTIIU. Ha 0,Il,HOMepHOll perneTKe npII 

ycJIOBTIII aHHIIrHJiaU.IIH BCTpeTIIBIIIHXCR qacnrn;. 

2)I1ccJie,IJ,OBaHIIe COOTBeTCTBII}I Me)K,IJ,y perneTO'lHbIMH MO,IJ,eJIRMII 

CTaTIICTII'leCKOll cpH3IIKH II MO,IJ,eJIRMH JIOrapIIcpMII'leCKOll KOHcpOpMHOll TeopnII 

IlOJIR. 

3) viccne,IJ,oBaHIIe MeTO,IJ,OB nepequcneHIIR HenepeceKaIOru.IIxrn TpaeKTOpIIii 

H30JIHpOBaHHbIX KOHTypoB na ,IJ,ByMepHOll perneTKe. 

Hayqtta.H HOBII3Ha II rrpaKTJiqecKaH u;eHHOCT_b, 

BnepBbie nonyqeuo TO'lHOe aHaJIIITII'leCKOe Bbipa)KeHIIe ,IJ,JIR BepORTHOCTII 

Bbl)KIIBaHIIR npOII3B0JihIIOro 'lIICJia aHHIIrIIJIIIpyIOilJ.IIX qacTIIU. Ha O,Il,HOMepHOll 

perneTKe C nepIIO,Il,ll'-IeCKIIMII rpaHII'lHbIMII ycJIOBIIRMII II3 3a,IJ,aHHbIX Ha'laJihHhIX 

KOOp,Il,IIIIaT B 3a,IJ,aHHhie KOHe'!Hbie KOOp,Il,IIHaThI. PerneHIIe IlOJie3HO ,Il,JI}I 

MaTeMaTWICCKOll IIHTepnpeTaU.IIII 5IBJieHIIll CMa'lIIBaHIIR, IIJiaBJieHIIR II 

q_)a30BOro nepexo,IJ,a II3 COH3MepIIMOll B HeCOII3MepIIMYIO cpa3y. 

JlorapncpMII'lCCKaR KOHcpOpMHaR TeOpIIR IlOJIR npe,IJ,CKa3hIBaeT IIOBe,IJ,CHIIe 

,IJ,BJXTO'le'lllb!X KOppeJIRU.HOil!lbIX cpyHKlJ.Hll ,IJ,JIR a6eJieBOH MO,IJ,eJm necKa Ha 

nJIOCKOCTH. TiocKOJihKY pe3JJihTaThI JIKTTI onupaIOTCR ua pR,IJ, ,n;onyru.eHnii, 

nanpnMep, 3a,IJ,anue onepaTopon B JIKTTI, cooTneTCTnyroru.ux cpH3H'lecKIIM 

BeJIIl'IHHaM B C'l'aTHCTH'IeCKHX MO,IJ,eJIRX, aKTYaJibHOU 3a,IJ,a'!eil: 5IBJIReTC5I 

IlOJiy<!CIIHC 3THX KOppemn~HOHllhIX cpyHKl~HU He3aBHCHMblM KOM6nnaTOpHbIM 

cnoco6oM. BoJiee Toro, a6enena Mo,IJ,eJib necKa - 3TO nepBhIH npnMep, 

I',Il,C JIOrapHCj)MH'IeCKHC ,IJ,BYXTO'Ie'lllb!C KOppeJIRU.HOil!lhie cpyHKlJ.HH MO)KHO 

llhl'IHCJIHTb }IllIIO. 

I3a,KJlblM pe3yJII>TaTOM B ,Il,HCcepTau.uu 5IBJI5ICTC5I OTKpbITHe IlOJIHOI'O 

COOTBCTCTBH}I JIIHBCpCaJII,JIOU '!aCTH 060611~Cll!IOll <pyHKlJ.HH z~t,v) ( Q, W) ,IJ,JIR 

p,l'l.l!H'lllb!X KOM6mia1~n/:i rpal!ll'lllb!X ycJIOBHH B MO,IJ,eJIH IIOKpbIBa!Oll~HX nayTHH 

11a n11.111111;~pc C KOIIC'lllh!MH xapaKTepaMH CHMllJICKTH'IeCKHX cpepMHOHOB. 

9T<JT cj>aKT IJ()"!Jl()JJ}!CT HIITCpnpCTHJ)OBaTb MO,Il,CJJb CHMIIJieKTH'leCKHX 
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cpepMHOHOB KaK KOHcpOpMHJIO noJieByIO MO,IJ,eJib IlOKpbIBaIOilJ.IIX ceTeii Ha 

U.JIJIIIH,D,pe. ,ll,aJibHeiimaR l!HTepnpeTaU.IIR TpHnJieTHOll W anre6pbI B TepMH!IaX 

IlOKpbrnarorn;nx ceTeil:, ,Il,O CHX nop OCTaeTCR aKTYaJibHOll OTKpbITOU npo6JieMOll. 

IloJiy'leHHhie B ,Il,HCCepTaU.TIII KOppeJIRU.IIOHHbie cpyHKU.HH ,IJ,JIR 

,IJ,BYXKOMilOHeHTHOrO ,IJ,epeBa C Tp~M}I nyTRMH B 0,Il,HOll KOMilOHeHTe 

B6JIH3H rpaHHlJ.bl IlOJIYIIJIOCKOCTH BMeCTe C KOppeJI5Il~H5IMII na IlJIOCKOCTH 

MoryT CbirpaTb none3HYIO pOJib B pa3BHTHII JIKTII, nocKOJihKY IIX MO)KHO 

aHaJIII3HpOBaTb KOM6HHaTOpHbIMH MeTO,IJ,aMu 6e3 rpOM03,Il,KHX BbIKJia,IJ,OK H 

IIOJIJ'laTh JIOrapncpMII'leCKIIe IIOIIpaBKH K KOppeJIRU.IIOHHbIM cpyHKU.IIRM. 

Ha 3aiu;1ITy B_bl,ll.BIIra19TcH CJie_~IOIIJ;IIe pe3yJibTaTbI: 

• Ha O,Il,HOMepHOll pemeTKe ll3 L BepmIIH C nepHO,Il,H'leCKIIMII rpaHII'lHbIMH 

ycJIOBHRMII paCCMOTpeHa ,Il,IIHaMIIKa npOH3BOJibHOrO KOHe'lHOro 'llICJia 

p < L qaCTIIU,, KOr,IJ,a B Ka)K,IJ,blll ,Il,HCKpeTHbill MOMCHT Bpe1>1eHII 'laCTIIU.bI 

,IJ,eJiaIOT C BepORTHOCTbIO W+1 mar nanpaBO H C BepORTHOCTbIO W-1 mar 

BJieBO. BnepBbie IlOJiy'leno Bbrpa)Keirne ,IJ,JIR Bep05ITHOCTII nepexo,IJ,a 3THX 

qaCTIIU. ll3 3a,IJ,aHHbIX Ha'laJibHbIX KOOp,Il,HHaT B 3a,IJ,aHUbie KOHe'!Hbie 

KOOp,Il,HHaTbI 3a KOHe'lHOe 'llICJIO maroB Af, npu YCJIOBIIH 'ITO OHH He 

pa3y He BCTpeT5ITC5I. 

• I1ccJIC,Il,OBaHa MO,IJ,eJib IlOKpbmaroru.ux ceTeil: Ha U.HJIHH,IJ,pe C 3aKpbITb!MII, 

OTKPhITblMII II KOMfornupoBaHHbIMII rpaHH'lHbIMII ycJIOBIIRMII Ha KpaRX 

U.HJIHH,IJ,pa. IlocTpOeHa npOII3B0,Il,RllJ.a5I cpyHKU.IIR ,IJ,JIR 3T0ll MO,IJ,eJIII. 

IlpOII3Be,IJ,eHa 011,eHKa Be,IJ,yllJ.lIX 'lJieHOB B pa3JIO)KeHIIII CB060,IJ,HOH 

3Heprnn B npe,IJ,eJie 6onhrnoro pa,IJ,uyca U.HJIIIH,D,pa n npou3Be,IJ,eHo 

cpaBHeHne pe3yJibTaTOB C npe,IJ,CKa3aHirnMII JiorapIIcpMH'leCKOH 

KOHcpOpMHOll TeOpIIII IlOJIR. IloKa3aHO, 'ITO HaJIH'lIIe U.IIKJIOB ll3MeHReT 

'lJieH B pa3JIO)KeHIIH CB060,IJ,HOH 3Heprun, COOTBeTCTByroru.eii 3Heprnn 

Ka3IIMIIpa B COOTBeTCTBIIII C KOHcpOpMHb!Mll BCCaMII, nepC'UICJieHHb!Mll B 

Ta6nnu.e Kau.a. IlOKa3at!O, 'ITO npOH3B0,Il,RllJ.M cpyHKU.IIR, IlOCTpOeHHaR 

,IJ,JIR KOHC'lHOll pemeTKII C pa3JIII'lHbIMll rpaHII'lHbIMH ycJIOBURMII 

COBIIa,IJ,aeT C xapaKTepaMu, Bbl'llICJieHHbIMII B pa3JIH'!Hb!X MO,IJ,yJIRX 
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a.rrre6pbl CHMITJieKTHqecKHX cpepMHOHOB. Mb! COITOCTaBHJIH OTKPhITbre 

H 3aKpbIThie rpaHHqHhie ycJIOBHR C MO,D;YJIRMH, o6pa30BaHHhIMH 

COOTBeTCTBe1rno u;eJihIMH H ITOJiyu;eJibIMH MO,n;aMH <pepMHOHOB. 

• Ilo,n;po6HO HCCJie,n;oBaHbl KOH<pHrypau;uu ITOKpbIBaIOIIJ,HX ,n;epeBheB 

neo6xo,n;HMhIX ,D;JIR BhPIIICJieHirn BepORTHOCTeii Pi, i = 1, 2, 3, 4 

B A6eJieBoii Mo,n;eJIH sandpile u ITapHhix KoppeJIRD;HOHHhIX cpyHKu;11ii 

Pli(r)-P1Pi, i = 1, 2, 3, 4. qHcJieHHhie ou;eHKH ITOJiyqeHHhIX Bhrpa)KeHHtt 

xoporno corJiacyIOTCR C ITpe,n;CKa3aHirnMH JIOrapucprvrnqecKoii 

KOH<pOpMHOH TeOpHH ITOJIR. 

• IloJiyqeHhl KOppeJIRll;HOHHhie 3aBHCHMOCTH B ,D;BYXKOMITOHeHTHOM 

ITOKphma101u;eM ,n;epeBe C TpeMR ,l];JIHHHhIMH ITYTRMH B 0,D;HOli 

KOMITOHeHTe Ha ,n;ByMepnoii 6eCKOHeqHOH perneTKe Ha ITOJIYITJIOCKOCTH 

(,lTO KOH<pnrypau;mI, KOTOphre rrpe,n;cTaBJIRIOT H3 ce6r1 rrpuMep 0-

rpa<pa, ,D;JIR KOTOporo HCCJie,n;oBaHO acHMIITOTHqecKoe IIOBe,n;eune). 

Ilyn1 coe,n;HHRIOT JIOKaJihHYIO OKpeCTHOCTh 0,D;HOli aepllIHHhl Ha 

<pHKCHpOBaHHOM paCCTORHHH r OT rpaHHll;hl H JIOKaJihHYIO rpanHey 

,n;pyroit CB06o,n;HOH neprnHHhI, HaXO,D;RIIJ,eitca Ha paCCTORHHH s OT 

<pHKCHponaHHOli BepllIHHhI. IloJiyqeHhl aCHMITTOTHqeCKHe Bblpa)KeHHR 

KOppeJIRD;HOHHhIX cpyHKu;uit, B 3aBHCHMOCTH OT S H r. 

Arrpo6au;n:H pa6oTbI. 

Pe3yJihTaTbI ,n;nccepTau;11u ,D;OKJia,D;bIBaJil1Ch Ha CJie,D;yIOIIJ,11X KOH<pepeHu;11r1x 

u ceMHHapax: 

• ConpeMeHHhie ITp06JieMbl <pyH,n;aMeHTaJihHhIX 11 ITp11KJia,n;HhIX HayK, 

2005, MocKna-,ll;oJiroITpy,n;Hhitt . 

• X KOH<pepenu;11r1 MOJIO,D;hIX yqeHbIX 11 CITeu;11a.rr11CTOB 2006, 011.5111, 

,ll;y6Ha. 

• 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 KOH<pepeHu;Ha MOJIO,D;hIX yqeuhrx n cITeu;ua.rr11cToB 2009, 0115111, 

,ll;y6Ha. 

o Cecena IlporpaMMHO-KOHCYJibTaTHBHOro KOMUTeTa ITO <pH3HKe 

KOH,n;eucupona1mhrx cpe,n;u, ,ll;y6Ha, 0115111, 25 - 26 HIOHR, 

• CeMnHap oT,n;eJia " CTaT11cT11qecKar1 MeXaHl1Ka,, Jia6opaTOp11u 

TeopeT11qecKoit cp11311KH 0115111, ,ll;y6na .. 

Ily6Jin:Kau;n:n:. 

Ilo MaTep11a.rraM ,n;11ccepTau;uH OITy6JIHKOBaHbl 4 pa60ThI B pecpepHpyeMhIX 

)KypHa.rrax 113 CITHCKa BAK u 2 pa60ThI B Tpy,n;ax KoncpepeHu;uii. 

CTpyKTypa n: o6'beM .n;n:ccepTau;n:n:. 

,ll;nccepTau;HR COCTOHT H3 BBe,n;eH11r1, qeTb!pex rJiaB 11 3aKJIJ0qen11R. O6IIJ,Hli 

ofrheM ,n;11ccepTau;1m 101 CTpaHnu;a Mallll1HOITl1CHOro TeKCTa, BKJIJ0qar1 31 

p11cyHOK 11 CITHCOK Jil1TepaTyphl 113 81 Hal1MeHOBaHUR. 

OCHOBHOE CO,ll;EP)KAHME PABOThI 

Bo nne,n;eHn:11 rrpe,n;cTanJie1-1 KpaTKHit o63op uccJie,n;onaH11r1 cno6o,n;HhIX 

cpepM110HHhIX MO,D;eJieit. TaM )Ke ITO rJianaM KpaTKO OITl1CaHbl OCHOBHhie 

pe3yJibTaThI, ITOJiyqenHhie B ,n;aHHOli ,D;HCcepTau;im. 

B rrepnoii rJiane "C11,y"l,aiJ,1toe 611,y:>1eJa1tue a1t1tu2Mupy10'U{UX "l,acmuv," 

paCCMOTpeHa 3a,n;aqa O rrepequcJieHUH HeITepeceKaIOIIJ,HXCR TpaeKTOp11tt, 

H3BeCTHaR TaK)Ke KaK CJiyqattHOe 6Jiy)K,n;aHHe aHHHrUJIHPYIOIIJ,HX qacTuu; no 

o,n;HoMepHoit perneTKe. Crrepna ,n;oKa3aHa TeopeMa <l>urnepa ,n;JIR nepor1THOCTH 

,D;OCTl1)KeHUR KOHeqHoro COCTORHHR p qacTHD; 3a ITpOH3BOJihHOe q11CJIO 

n rnaron Ha 6ecKOHeqHOli ITpr!MOit, ITPH YCJIOBl111 qTo qaCTHll;hl He 

BCTpeqaJOTCR. TeopeMa ,D;OKa3aHa MeTO,l];OM MaTeMaT11qeCKOli 11H,D;yKD;l1H: 
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TIOKa3bIBaeTC51 cnpaBe,llJUIBOCTb yTBep)K,n:emrn ,llJrn O,llHOro wara, 3aTeM, 

noJiara51 cnpaBe,n:mmoCTh yTBep)K,llemrn ,n:Jrn npon3BOJihHoro n-ro wara, 

,llOKa3brnaeTC51 06ru;a51 TeopeMa ,llJI51 n + 1-ro wara. ,ll.anee, Bhipa)Keirne ,llJI51 

Bep051THOCTII nepexo,n:a o6o6ru;aeTC51 Ha CJiy<rnii O,llHOMepHOH perneTKII B BH,lle 

KOJihIJ;a, r,n:e TaK)Ke C<pOpMyJinpoBaHa COOTBeTCTBy10ru;a51 TeopeMa, KOTOPM 

,llOKa3bIBaeTC51 MeTO,llOM MaTeMaTWieCKOH HHAfKI.l;HH. 

Bo BTopo.ii rJiaae "Ilor.:pbt6a10111,ue aepeG'bR c aa.Mr.:11.ym'blMU '4ur.:.1ia.Mu 

11,a v,u.11,u11.ape" BbJqHCJI51eTC51 npOH3BO,ll51111;a51 cpyHKIJ;Il51 MO,lleJin TIOKpbIBa10ru;nx 

ceTeii tta Kotteqno11 u;nJintt,n:pnqecKoii perneTKe. IIpon3BO,llHTC51 ou;ettKa Be,n:yru;nx 

qJieHOB B pa3JIO)KeHnn cBo6o,n:noii 3Hepnrn B npe,n:eJie 6oJibllIOro pa,n:IIyca 

IJ;IIJIIIH,llpa II rrpoII3BO,llIITC51 cpaBHettne pe3yJibTaTOB C rrpe,n:CKa3aHII51MII 

JIOrapn<pMHqeCKOH KOH<pOpMHOH Teopm1 IIOJI51. lIOKa3ano, qTo HaJinqIIe 

IJ;IIKJIOB, H3MeH51eT qJien B pa3JIO)KeHIIII CB06o,n:noii 3neprIIn, COOTBeTCTByIOru;nii 

3HeprIIII Ka3HMHpa B COOTBeTCTBIIH C KOH<pOpMHblMII BeCal\m, rrepeqncJieHHhIMII 

B Ta6Jinu;e Kau;a. 

IlpOBO,llHTC51 cpaBHeHIIe MO,lleJIH TIOKpbIBaIOru;IIx ceTeii C npnMepoM 

TOqHo-pewaeMOH JIOrapH<pMnqecKoii MO,lleJIII C KOH<pOpMHbIMII rpaHIIqHbIMII 

YCJIOBil51MII - MO,lleJibIO TIJIOTHbIX TIOJIIIMepoB B KPHTIIqeCKOH TOqKe ( crit

ical dense polymers) c onpe,n:eJiennhIM THIIOM ,n:ecpeKTOB Ha rroJioce. 

AuaJIHTIIqecKne BblqIIcJieHH51 B pa3,n:eJiax BTOpOii rJiaBbl CBO,ll51TC51 K 

CTaH,n:apTHbIM ,n:eTepMH!-IaHTHblM Bbipa)f(eHirnM ,l1Jl51 MO,lleJieii CB060,l1Hh!X 

cpepMI!OHOB C IIOCJie,n:y10ru;nM aHaJIH30M, r,n:e HCIIOJib3YeTC51 cpopMyJia 9iiJiepa

MaKJIOpena. I3 3aBeprneHHe BTOpoii rJiaBbl IIOKa3bIBaCTC51, qTo rrpon3BO,ll51111;M 

cpyHKIJ;H51, IIOCTpOeHIIa51 ,llJl51 KOHeqnoii perneTKII C pa3JIII'!HblMH rpamJql{blMH 

ycJIOBH51MII COBITa,n:aeT C xapaKTepaMn, BbPIHCJieHHbIMII B pa3JIH"!Hh!X MOAfJI51X 

aJire6pbl CHMIIJieKTIIqecKHX cpepMHOHOB. ConocTaBJI51IOTC51 OTKpb!Tbie n 

'.3aKpb!TblC rpaHW!Hhie ycJIOBH51 C MOAfJI51MH, o6pa30BaHHbIMII COOTBeTCTBeHHO 

U,CJlbIMH II IIO.IIYI\eJihlMH MO,llaMH cpcpMHO!IOB. 

B TpeTbeii rJiaBe "A6e.11,e6a Moae.11,'b necr.:a" pacCMOTpeHa MO,lleJih 

caMoopranwmnairnoii KpnTwmocTn ASM (Abelian sandpile model). IIoKa3ano, 

'ITO pcKyppeIITilhIC Kompnrypai~nn B MO,lleJin rrecoqnoii Kyqn HaxO,ll5ITC51 

BO B3aHMIIOO)\Il03Ila'1IIOM COOTBCTCTBHH C Konqrnrypau,n51MII IIOKpbIBaIOru;IIx 

/\CfJCBLC!I. B;mro,11ap51 3TOMY COOTBCTCTB1110 3a)~a•ia O BblqncJieHIIII BbICOTbl 
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h; 1, 2, 3, 4 B neKOTOpoii Bepwnne i B MO,lleJIII rrecKa CBO,llHTC51 K 

3a,n:aqe O rrepeq11cJieUHII TIOKpbrna10ru;nx ,n:epeBbeB, y KOTOpblX Beprn11Ha i 

cpe,n:11 coce,n:nnx BepllIHH IIMeeT fJOBHO h; - l npe,n:rneCTBeHHIIKOB. qUCJIO 

IIOKpbIBa10ru;11x ,n:epeBheB COOTBeTCTByeT ,n:eTepMIIUaHTY COOTBeTCTBy10ru;eii 

MaTpHIJ;hI JlanJiaca ~- <l>IIKcau;mo qncJia npe,n:wecTBeIIHIIKOB MO)KHO 

ocyru;eCTBIITb H3l\1ell5151 perneTKY - y,n:aJrn51 HJIII ,ll06aBJI5151 ,llOTIOJIIIHTeJihHbie 

pe6pa C neKOTOpblMII BecaMII, ,l1Jl51 qero IIY)KHO MO,llH<pHIJ;IIPOBaTh MaTpnu;y 

JlarrJiaca. EcJIII ~, - MO,llII<pIIu;IIpoBanua51 MaTpnu;a JiarrJiaca, TO Bhipa*enne 

det ~, / det ~ = det [1 + (~' - ~)~ ~1
] n03BOJI51eT BbJqIIcJI51Th OTuowenne 

qIIcJia TIOKphrna10ru;nx ,n:epeBheB C <pnKcnpoBaIIHhIM q11cJIOM npe,n:rneCTBeHUIIKOB 

K o6ru;eMy q11cJiy IIOKpbIBaIOru;nx ,n:epeBbeB, II HaiiTH COOTBeTCTByIOru;ne 

Bep051THOCTII. B TpeTheii rJiaBe ,n:11ccepTau;1rn rro,n:po6no IICCJie,llOBaHbl 

KOH<pIIrypau;m1 IIOKpbIBa10ru;nx ,n:epeBheB ueo6xo,n:nMhlX ,llJl51 BhlqJICJI8HH51 

nep051THOCTeii Ph BhICOT h = l, 2, 3, 4 n rrapnhIX KOppeJI51IJ;HOHHhIX 

cpynKu;IIii Pia(r) - A Pa, a = 2, 3, 4. Cpe,n:n 3THX KoncpnrypaI\IIii eCTh 

JIOKaJibHhie, ,llJl51 yqeTa KOTOpb!X ,llOCTaTOqHo npOBO,llllTb H3MCIIeHI151 perneTKH B 

JIOKaJibHOH o6JiaCTH II HeJIOKaJibHbie - 0-rpa<pbl, ,llJI51 yqeTa KOTOpb!X BBO,ll51TC51 

,llOTIOJIHHTeJihHhie pe6pa, CB513bIBaIOru;ne HeJIOKaJihHbie o6JiaCTII. ,lI.JI51 Bcex 

JIOKaJibHhIX KOII<pIIrypau;uii rrpnBe,llCHbl TOquhie anam1TnqecKne Bb!pa)KCIJil51 II 

acnMIITOTHKII. ,ll.JI51 0-rpacpoB npnBe,lle!Ihl Toqnhie anaJIHTW!eCKHe MaTpnqubre 

Bbipa)f(eHJrn (MaTpI!IJ;bl rrepeqncJieIIbl B IIpHJIO)f(emrn 2), C IIOCJie,n:y10ru;nM 

qncJieHHbIM II aCHMTITOTHqeCKIIM anaJIH30M. B rrpnJIO)KeHirn 1) 01111cana 

acnMIITOTnKa perneToqnoii <pyHKI.l;HII fp1rna ~ -l' ,llJl51 60JibllIIIX paCCT051HHH 

H npOH3BOJibllblX yrJIOB. 

B 'IeTaepToii rJiane "KoppMRV,U01t1-tbte tpynr.:v,uu a6yxr.:o.Mno1teum1w20 

nor.:p'bl6a'I0111,e20 aepe6a C mpe.MR a.Jl,U1t1tbl.MU nymRMU 6 0J1t0U r.:o.Mno1te1t1ne" 

IIpOBO,llHTC51 IICCJie,llOBam1e neJIOKaJibHOrO 061,eKTa - 0-rpacpa Ha IIJIOCKOCTH u 

IlOJIYIIJIOCKOCTH C OTKpblTLIMH II 3aKpb!ThlMH rpattnqubIMII ycJIOBII51MH. B 3TOJI 

r.irnne onpe,lleJieuo, qTO 0-rpacp - 3TO ,llBYXKOMTIOHeHTHOC IlOKpbIBaI01u;ee 

,n:epeBo, r,n:e o,n:na KOMI10HCIITa co,n:ep)KHT Tpn ne11epeceKa10ru;nxc51 

npOH3BOJibHhlX rryTII. 9TH rryTH coe,n:mrnIOT OKpeCTHOCTb neKOTOpoii: 

<pHKCI!pOBaHHOTI BeprnHHhl jo, naXO,ll511Il;CllC51 na paCCT051IlllH r OT rpalll!IJ;bl 

110JIYIIJIOCKOCTH, C JIOKaJibHOli OKpCCTHOCTbIO ,n:pyror, nepIIIIIHbl to, 
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HaXO,IJ;f!IIIeiirn Ha paCCTOHHIIII S OT BepIIIIIHbl io. I{ 3TIIM rryTHM npIIKpernieHhl 

BeTKII IlOKpbIBaIOllI,IIX ,n;epeBbeB, TaK 'ITO BeTBil BMeCTe C nyTHMII IIeJIIIKOM 

o6pa3yIOT o,n;ny KOMilOHeIITY IlOKpbrna10i.u;ero ,n;epeBa, KOTOpaH OKpy)IrnHa 

,n;pyroii KOMilOHeHTOll. B 3T0ll rJiaBe BhI'IIICJIHeTCH OTHOIIIemie 'IIICJia 

KOHqmrypaIIIIll, co,n;ep)KaIII,IIX 0-rpacp, K o6III,eMy 'IIICJiy IlOKpbIBaIOIII,IIX 

,n;epeBbeB Ha IlJIOCKOCTII II IlOJIYilJIOCKOCTII Il aCIIMilTOTII'IeCKOe pa3JIO)KeHIIe 

3Toro OTHOIIIeHIIH ,IJ;JIH CJiyqaeB r » S » l II S » r » l. Bbl'IIICJieHIIH 

npOBO,IJ;HTCH npII IlOMOIII,II BBe,n;eHIIH Ha peIIIeTKII Tpex ,IJ;OilOJIHIITeJibHbIX pe6ep c 

6ecKOHe'IHO 6oJihIIIIIM BeCOM - "MOCTOB", T.e. IlOCTpoeHIIe MO,IJ;IIq>IIIIIIpOBaHHOrO 

JianJiacIIana 11' II IICCJie,D;OBaHIIH OTHOIIIeHIIH <let 11' / <let 11. 
B 3aKJIIO'JeHHH KpaTKO Cq>OpMyJIIIpOBaHbl noJiyqeHHhie B ,IJ;IICCepTaIIIIH 

pe3yJibTaTbI, KOTOpbie II BbIHOCHTCH na 3aIII,nTy. 
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