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OBID;A.H XAPAKTEPHCTIIKA PABOThl 

06'heKT HCCJie,n;oBaHlUI H aKTyaJihHOCTb TeMbl. 

B ,L1;i1ccepTau;IIM IICCJie,.n;yroTc.a ,.n;Ba TMna HM3KOpa3MepHbIX rrpou;eccoB rrepe

Hoca - O,LJ;HOMepHbIH IIOJIHOCTblO aCMMMeTpII'-IHbIH rrpou;ecc c rrpOCTbIM HCKJIIO'-le

HI18M (IIAilIH1) II HeJIHHeHHblH ,.n;mpcj)y3MOHHbIH rrpou;ecc c OTKpbITOH rpaHH

u;ei1, KOTOpbIM OIIHCbIBaeT HarrpaBJI8HHYIO CTOXaCTHqecKyIO MO,.n;eJib "sandpile" 

(rreco'-IHOH KY'-III). B u;enTpe Hawero BHHMar-rm:r - rrpHMeHMMOCTb 3aKOHOB KO

He'-IHOpa3Mepnoro rro,.n;o6II.a (KOH8'-IHOpa3MepHoro CK8HJIIIHra) M IIOH.HTM.H yHH

BepCMbHOCTM B cJiyqae nepaBHOBeCHbIX CTaLI;HOHapHblX CIICTeM. 

l13B8CTHO, 'ITO ¢yn,.n;aMeHTa.JlbHbie CBOMCTBa paBHOB8CHbIX cPa30BbIX rrepe

xo,.n;OB ¢opMyJIIIPYIO'fC5I B ¢opMe 3aKOHOB CK8MJIIIHra ,.n;Jia TepMO,.n;m-raMH'I8CKHX 

I1 KOppeJI.HIJ;HOHHbIX cPYHKIJ;MH. rnrrOT83bl CKeMJIHHra YTBep)K,.n;aIOT, 'ITO CHH

ryJI.apHbie qacTH 3THX cPYHKIJ;HM CTaHOB5ITC5I 0606rn:enno-o,.n;Hopo,.n;HbIMI1 cPYHK

U:H.HMH cyll1eCTB8HHhIX rrepeMeHHhIX B6JIM3II KpHTH'IecKofi TO'IKM. B cooTBeT

CTBllll c rIIIIOT830ll YHllBepca.nhHOCTH, no OTHOIII8HIIIO K KpI1Tll'-l8CKOMY IIO

Be,.n;eHMIO 60Jibl110e KOJIH'IeCTBO pa3H006pa3Hb!X MO,.n;eJiei1 MO)K8T 6bITb pa3,.n;e

JI8HO Ha HeCKOJibKO KJiaCCOB, B 3aBllCMMOCTll OT pa3MepHOCTII rrpocTpaHCTBa, 

CMMMeTpMII rrapaMeTpa rrop.a,.n;Ka I1 pa,.n;nyca B3aMMO,.n;efiCTBI1.H (KOH8'-!Hhlll llJIM 

6ecKOH8'IHbill). y HMBGpCaJibHOCTb rrpe,.n;rroJiaraeT, 'ITO CK8MJIIIHrOBbie cpyHKLI;IIll 

O,lJ;HHaKOBbl ,.n;JI.a BCGX CIICTeM ,.n;aHnoro KJiacca YHHBepCaJibHOCTll, 'I'aK )K8 KaK II 

KpllTHqecKIIe IIOKa3aTeJIII. 

c ,LJ;pyroii: CTOpOHbI, KOMilbIOTepnoe MO.n;em1poBaHIIe, B ,.n;yxe COBpeMeHHbIX 

HaHOTGXHOJIOrIIfi, II3yqaeT CIICTGMbl JIH60 co cpaBHHT8JlbHO He60JibIIJHM 'IHCJIOM 

qaCTllLI;, JIH60 c MaJibIM JIHH8HHbIM pa3MepoM, TIO Kpa:i1Hefi Mepe B O,LJ;HOM rrpo

CTpaHCTB8HHOM H3MepeHIIH. Tor,.n;a KOHe'IHOpa3Mepnbre 3¢¢eKThI cTanosaTca 

CYII18CTB8HHbIMH II OHII MoryT MaCKHpOBaTb Cyll1eCTBOBamre II rrpHpo,n;y cPa30-

BbIX rrepexo,.n;oB. B6JIH3ll ofrheMHOH KPllTH'IeCKOfi TO'IKH, r,.n;e o6'beMHa.a Koppe

JI.HLI;HOrrnaa ,D;JIHHa CTaHOBIITC.H cpaBHHMOM c xapaKTepHbIM JIHHefiHbIM pa3Me

poM CHCTeMbl, ·reopna KOHG'IHOpa3Mepnoro rro,n;o6irn rrpe,.n;JiaraeT onncaHne B 

TepMHHax KOH8'IHOpa3M8pHbIX CKefiJIHHrOBblX cPYHKIJ;Hfi, ymrnepCa.IThHOCTb KO

TOpbIX 3aBHCHT, B qacTHOCTH, OT cj)opMbl CIICT8Mbl H THIIa rpaHll'IHhIX ycJIOBIIM. 
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Ac:aMIITOTH<IeCKoe rroBe,n;emrn 9Tnx cPYHKu;nl1 pacKphrnaeT rJiy6HHHbIM Mexa

HH3M Toro, KaK IIO.HBJI.HIOTC.H CHHrymipHOCTll B TO':!Ke paBHOBeCHOrO cPa30BOro 

nepexo,n;a rrpH CTpeMJI8HHH pa3MepOB CHCT8Mbl K TepMO,ll;HHaMH'leCKOMY rrpe

,n;eJiy. Teop1rn KOHe'IHOpa3MepHoro rro,n;o6H.H (KPII) .HBJI.HeTC.H He3aMeHHMbIM 

cpe,n;CTBOM aHaJIH3a CMO,n;eJIHpOBaHHbIX H 9KCrrepHM8HTaJibHbIX ,n;aHHbIX ,ll;Jl.H KO

H8'IHbIX CHCTeM, TaK I<aK I103BO.JrneT c,n;eJiaTb Ha,n;e)frnyro 9KCTparrOJI.HIJ;HIO K Tep

MO,n;1rnaMH'leCKOMY npe,n;eJiy. 

0,n;Ha 113 ecTeCTBeHHbIX <l;>rr3H'IeCKHX HHTeprrpeTau;Hl1 IIAIITIM <l;>opMyJIH

pyeTC.H B TepMHHax aBTOM06HJibHOro Tpa<l;>nKa Ha e,n;HHH'IHOM ITOJIOCe. IloJIHO

CTbIO rrapaJIJI8JlbHafl ,ll;HHaMHKa C'IHTaeTC.H HaH6onee IIO,D;XO,ll;.Hlll,8M ,ll;Jl.H MO,n;e

JIHpOBaHH.H peaJJbHOro Tpa<l;>HKa H OHa ITOJIO)KeHa B OCHOBY 6oJiee CJIOJKHbIX 

rrpaBHJI o6HOBJI8HH.H KOH<l;>rrrypau;:ali c:acTeMbI. IIAIIIIH c rrapaJIJieJibHhIM 06-

HOBJieHHeM 3KBHBaJieHTeH Mo,n;eJIH Heliren.H - IllpeKeH6epra c MaKCHMaJibHOli 

CKOpOCTbIO Vmax = 1. KpoMe Toro, TIAIIIIH H ero o6o6ru;eHH.H HMeIOT MHO

rO'IHCJieHHbie rrpHJI0:1KeHH£ ,D;JI.H on:acamrn ·raKHX pa3HbIX .HBJieHHM, KaK KHHe

THKa 6HOI10JIHMep1:I3au;1:rn, KHHeTHKa llOHHbIX rrpOBO,ll;HHKOB, rrepeHOC rraKeTOB 

,n;aHHbIX B I1HT8pHeTe, poCT O,D;HOMepHOM Me:>K,n;y<l;>a30BOM rpaHHD;bI, o6pa30Ba

HHe y,n;apHbIX BOJIH, HarrpaBJI8HHOe ,ll;BH:>K8HHe MOJieKyJI.HpHbIX MOTOpOB B,D;OJib 

KJieTO'IHbIX cPHJiaMeH'.l'OB, CTaTHCTH'IeCKM 3Ha'IHMOCTb ynop.H,D;O'-IeHHhIX TIOCJie

,ll;OBaTeJibHOCTe:il: CHMBOJIOB ll ,n;p. 

B HaIUeM uccne,n;oBaHHH KOHe'IHOpa3MepHoro rro,n;oforn ,n;mr TIAIITIH MhI 

HCIIOJlb3Y8M TO, 'ITO T60pH£ JIM - .5hrra 0 HYJI.HX CTaTHCTH'leCKOM cyMMbl OKa-

3bIBaeTC.H rrpMMeHHMOM K HOpMHpOBO'IHhIM MH0)KHT8JI.HM CTaIJ;HOHapHbIX Bepo

.HTHOCTHhIX pacrrpe,n;eJieHIIM ,D;JI.H H8KOTOpbIX HepaBHOB6CHbIX rrpou;eccoB c <Pa-

30BbIM rrepexop;oM MmK,n;y HepaBHOBeCHbIMH CTa:1.1,uoaapHbIMII cpa3aMH. H3y'le

HHe IlOBe,n;eHMJI KOpHeM HOpMIIpy10ru;ero MHQ)KHTeJifl ,ll;Jl.H CTaIJ;HOHapHoro nepo

.HTHOCTHOro paCIIpe,n;eJieHII.H IIATITIH B ITJIOCKOCTH KOMrrJieKCHOM Bepo.HTHOCTII 

BBO,n;a 'laCTHI.J, B MO,D;eJIH c B03pacTaIOIIl,IIM '-HICJIOM Y3JIOB, 1103BOJIHJIO orrpe,n;e

JIHTb o6JiaCTM aHaJIIITH'IHOCTH, COOTBeTCTBYJOIIl,Me pa3JIH':!Hb!M HepaBHOBeCHb!M 

cTau;uoHapHbIM cpa3aM. AcHMTITOTHKa cTpeMJieHH.H HyJiel1 K rroJIO)KHTeJibHOl1 

noJiyocII c pocTOM '-IHCJia y3JIOB OKa3aJiacb CB5-!3am10!1 c KOHe'IHOpa3MepHbIM 

CMeru;eHH6M KBa.3HKpIITII'I8CKOM TeMrrepaTypbI H II03BOJIIIJia ou;eHHTb KpHTII'Ie

CKHM IIOKa3aT8Jlb ,L\Jl.H KOppeJI.HIJ;HOHHOM ,ll;JIHHbl. 
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B HaCTomu;ee BpeM5I ,LI;OBOJibHO MHOro BHHMamrn y,n;eJI5IeTC5I KJieTO'!HbIM 

aBTOMaTaM, OIIHCbIBaIOIIJ;HM TpacpHK Ha rryT5IX c JIOKaJIH30BaHHbIMH HeO,LI;HO

pO,LI;HOCT5IMH, MO,TI;eJIHpyIDIIJ;HMH paMIIbl BXO,n;a H BbIXO,LI;a MaIIrnH Ha CKOpOCTHOfi 

.n;opore. BhIJIO rrOKa3aHo, 'ITO TaKHe rrpocTpaHCTBeHHhre Heo,n;Hopo,n;HOCTH rrpH

BO.IJ;5IT K pa3HbIM ,LI;HHaMH'!eCKHM cpa3aM B pe:iKHMe rreperpy)KeHHOro TpacpHKa. 

IIo,n;o6Hbre HCCJie,n;oBamrn cJIO)KHbIX ceTefi ,n;opor 11JI11 rryTefi Heo6xo,n;11MhI ,IJ;JI5I 

JIY'!IIIero rroa11MaH115I peaJihHOro TpacpHKa. HacKOJihKO HaM H3BeCTHO, cJiyqafi 

611cpypKa1IHH HJIH coe,n;rrHeHHM 3KBHBaJieHTHbIX ,n;opor paCCMOTpeH HaMH Brrep

Bhie. 3,n;ecb, MbI CMO,IJ;eJIHpOBaJill ITOTOK '!aCTHI1 B cenI, COCT05Ill1efi 113 O,LI;HOIT 

IIOJIOCbl c ,IJ;BOITHOIT ceKI1l!eft rrocepe,n;HHe. 

Mo,n;eJI11 "sandpile", KaK rrpocTefiIIIHe Mo,n;eJIH caMoopraHH30BaHHOfi Kp11-

TH'IHOCT11 (CO K), BhI3hrnamT oco6brft 11HTepec rrpH orrHcaH1111 JiaBHHorro,n;o6Hoft 

,IJ;HHaMHKH, rrpHcyru;eil MHOrHM CHCTeMaM B rrpHpo,n;e. Ha'lHHaH c rrepBhrx anaJIH

TH'!eCKHX IIOIIbITOK BbIBO,n;a KpHTH'leCKHX IIOKa3aTeJieft ,IJ;JI5I H30TpOIIHbIX MO,LI;e

Jieii c ,n;eTepMHHl!CTH'leCKl!MH npaBHJiaMl! OCbITiaHH5I BbIITOJIH5IeTC5I CJie,n;ymru;a5I 

rrporpaMMa. MHKpOCKOIIH'leCKaH ,IJ;HHaMHKa '!aCTlll1 orpy6JI5IeTc5I, rrpH coxpa

HeHHH ee OCHOBHbIX Cl!MMeTpHft. 9TO rropo:>K,n;aeT HeJil!HerrHOe CTOXaCTH'!eCKOe 

,IJ;HcpcpepeHI1HaJibHOe ypaBHeHHe, co,n;ep:>Karu;ee ,n;mp¢y3l!OHHbIIT '!JieH H CJiyqaft

HbIH IIIyM. HeJI11HefiHOCTh II05IBJI5IeTC5I H3-3a HaJill'lll5I cTyrrett'!aToft ¢yaKu;11H, 

KOTopa5I orrHcbrnaeT rroporOBbre ycJIOBH5I ,IJ;JI5I Ha'!aJia ochmaHH5I. CJiy'laiiHhrft 

IIIYM 6hrnaeT ,IJ;BYX BH,IJ;OB: BHyTpeHHHH KOHCepBaTHBHbIIT IIIyM, KOTOpbIH Y'lllTbI

BaeT rrpOHHTerpHpOBaHHbie CTerreHH CB060,LI;bI H BHeIIIHHIT, He KOHCepBaTHBHbIH 

IIIyM, KOTOpbIH OKa3brnaeTC5I cyll1eCTBeHHbIM ,IJ;JI5I ,IJ;HHaMHKH CHCTeMbI. IloJiy

'!eHHhie ypaBHeHH5I MOryT 6hITb rrpoaHaJIH3HpOBaHbI c IIOMOIIJ;bIO ,IJ;HHaMH'IHOH 

peHOpMaJIH3au;rrommft rpyrrrrhI ,IJ;JI5I IIOJiy'leHH5I 3Ha'!eHl!IT KpHTWieCKl!X ITOKa-

3aTeJieii. 

Bee H3BeCTHbie TeopHll OpHeHTHpOBaHbI Ha OIIHCaHHe cPa3bI pOCTa JiaBHH. 

HaMH BrrepBhre c,n;eJiaHa rrorrhITKa rrpoaHaJirr3rrpoBaTb acHMMeTpHID Me)K,n;y ¢a-

3aMH pOCTa H 3aTyxaHl!5I JiaBHH. 

l:t;eJib pa6oTbI. 

1. Ha rrpHMepe ,n;Byx THIIOB HH3KOpa3MepHbIX rrpou;eccOB rrepeaoca HCCJie-
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,ll;OBaTb rrpIIM8HIIMOCTb TeOpIIII KOH8'IHOpa3MepHoro rro,z:i;o6m1 II ITOHRTIIR yHII

BepCaITbHOCTII B CJiyqae HepaBHOBeCHbIX cPa30BbIX rrepexo,z:i;oB. 

2. l13y'IMTb O,ll;HOMepHbIH aCIIMMeTpII'IHbIH rrpou;ecc c rrpOCTbIM IICKJIIO'!e

HIIeM c OTKpbrTbIMII rpaHIID;aMII II pa3JIII'IHbIMII BM,n;aMrr ,LJ;IIHaMIIKII. BbrnecTII 

aHaITHTH'!eCKHe Bbrpa)KeHHR KPIT ,LJ;JIR rroTOKa '!aCTIIIJ; B OKpecTHOCTM Henpe

pbrnHoro cPa30BOro rrepexo.n;a II AJIR JIOKaJibHOii IIJIOTHOCTII 'IIICJia '!aCTll!J; B6JIH-

3ll ¢a3oBoro rrepexo.n;a rrepBoro po,z:i;a. 

3. "l:J:IICJI€HHO H3Y'IIITb KOH€'IHOpa3MepHOe ITOBe,n;eHMe HyJieii J1II-5lHra HOp

MIIpyroru;ero MHO)KHT8JIR CTaIJ,HOHapHoro pacrrpe,n;eJieHIIR BepORTHOCTeii ,LJ;JIR 

Bcex OCHOBHbIX BII,ll;OB CTOXaCTH'I8CKOH ,LJ;HHaMHKH, B OKpeCTHOCTII cPa30BOro 

rrepexo,z:i;a KaK rrepBoro, TaK II BToporo po.n;a. 

4. CMo,n;emrpoBaTb l1 HCCJie,lJ;OBaTb IIOTOK '!aCTIIIJ; B CJIO:>KHOH ceTII, COCT05I

ru;eii H3 ,LJ;BYX rrpOCTbIX u,erreii, coe,z:i;ttHeHHbIX Me)K,n;y co6oii ,ll;BOHHOH ceKu;tteii. 

5. I1ccJie,n;osaTb MOpcPOJIOrHIO 60JibIIIllX HanpaBJI€HHbIX JiaBHH ll llX CTaTH

CTll'IeCKllX CBOHCTB B 3aBHCHMOCTll OT BpeMeHM 9BOJIIOIJ;lll1. 

HayqHa.SI HOB:H3Ha H rrpaKTnqecKaSI a;eHHOCTb. 

HaMH c,n;eJiarrn IIJIO,D;OTBOpHa.H norrbITKa pacurnpHTb rrOH5JTH51 pammnecHoii 

CTaTHCTH'!eCKOH MexaHHKH Ha CJiy<Iaii HepaBHOBeCHbIX CTaIJ;MOHapHbIX npou,ec

COB rrepeHoca. B cJiy'Iae TIAITITI1 c OTKpbITbIMH rparrnu;aMM Mb! ycTaHOBHJIH, 

'ITO B6.rII13H nerrpepbIBHOro cPa30BOro nepexo.n;a ll3 cPa3b! c Hl13KOH IIJIOTHOCTbIO 

B cPa3Y MaKCEMaJibHOro IIOTOKa, aHaJIOr paBHOBeCHOH IIJIOTHOCTH CB06o,z:i;Hoii 

9HeprHM ,n;JIB ITAITTIM 11MeeT yHHBepCMbHYIO ¢opMy KPTI. 

Mb! IIOKa3aJIH, 'ITO HHTepnpeTaIJ,ll!O HOpMHpymru;ero MHO:>KMTeJI.H ,ll;JI.H CTa

IJ,llOHapHb!X Bepo.HTHOCTHbIX pacrrpe,n;eJieHMii KOHcj)ttrypau;ttii TIAITITM KaK paB

Honecnoii CTaTHCTH'IeCKOH cyMMbI ,ll;JI.H 6Jiy)K,n;aHHH c O,ll;HllM rrepexo,n;OM ll ,ll;By

M.H THIIaMH KOHTaKTHOro B3aHMO,LJ;eiicTBll.H, MO:lKHO HCITOJib30BaTb ,ll;JI.H orrpe,n;e

JieHH.H rrapaMeTpa nop5I,n;Ka. 

MbI aHaJiliTH'leCKH rro,n;TBep,n;HJIM rrpHMeHrrMOCTb KPTI H AHHaMH'IeCKYIO 

ymrnepCaJibHOCTb ,LJ;JIB TO'IHO peIUaeMOtt Mo,n;eJIM TIAITTIM c OTKpbITbIMH rpa

HHIJ;aMH II pa3HbIMH BH,n;aMH ,ll;HHaMHKH, ,ll;JI51 KOTOpbIX eru;e He H3B€CTHbI KpH

TH'I€CKHe KJiaccbI yH11BepCMbHOCTH. Harrrn pe3yJibTaTbI yKa3bIBaIOT Ha TO, 'ITO 

BapHaHTbI ITAITITM, ocHosaHHbie Ha pa3JIII'IHbIX npaBrrJiax 06i-1onJreHH5I, OTHO-
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C~ITCH K 0,z:t;HOMy HepaBHOBeCHOMY KOH€'IHOpa3MepHOMy KJiaccy ymrnepCaJibHO

CTM. 

Ha OCHOBe 'IMCJieHHbIX pe3yJibTaTOB ,z:t;JIH acIIMIITOTMKM cxo,n;IIMOCTM HyJieli 

HOpMMpyrom;ero MHO:IKIIT8JIH BepOHTHOCTHOrO pacnpe,n;eJieHMH B KOMIIJieKCHOH 

IIJIOCKOCTM BepmITHOCTM BBO,n;a 'IaCTIII\ K TO'!Ke cpa30BOro nepexo,n;a 6eCKOHe'I

HOH u;enO'IKII, IiaMII ou;eHeH KpIITII'IeCKIIH IIOKa3aTeJib ,JJ;JIH KOppeJIHIJ;IIOHHOH 

,z:t;JIMHbI. 

Mbr M3Y'IMJIII ITATITIM Ha HanpaBJieHHOfi ceTII c HeTpIIBMaJibHOli TOIIOJIO

rIIeli II OTKpbITbIMII rpaHttu;aMM. JlOKaJibHbie npocpHJIII IIJIOTHOCTM, KOppeJIH-

1\IIM Me:IK,n;y 6JIII:1KaHUIIIMM coce,n;HMH B,z:t;OJib COCTaBJIHIOill.IIX u;eno<J:eK II KpOCC

KOppeJIHI\HM Me:1K,n;y 3KBMBaJieHTHbIMH y3JiaMH npHHa,z:t;Jie:1Kam;MMM ,n;ByM BeTBHM 

cpe,n;Hei1 ceKIJ;MM, 6hIJIM 'IMCJI8HHO ou;eHeHbI ,n;mr 3Ha'IeHHH napaMeTpOB, COOT

BeTCTBYIOill.MX BCeM cpa3aM npocToi1: u;eno'IKH. ITpHcyTcTBMe cpe,n;He:H ceKu;MM 

I13 ,JJ;Byx napaJIJI€JibHbIX :u;erro<J:eK rrpHBO,n;HT K CJIO:IKHbIM cpa30BbIM CTpyKTY

paM CTau;MOHapHoro COCTOHHMH BCei1: ceTII. HaMH 06Hapy:1KeHbI HBHbie IIpH3Ha

KH HaJIM'IMH ,n;eJIOKaJII130BaHHOH ,JJ;OM€HHOH CT€HKH, KOTOpaH HMeeT pa3JIH'IHbie 

BepOHTHOCTH 6bITb o6Hapy)KeHHOH B rOJIOBHOH/XBOCTOBOH u;eno<J:Ke H B B8TBHX 

cpe,n;He:H C€KI\Mll. 

B cJiy<J:ae HanpaBJieHHO:H cToxacTH'IecKoli Mo,n;eJIH neco<J:HOH KY'IH, Mbr pac

rrrMpHJIH Teopmo KJiocTepa-MacJIOBa-TaHra B ,n;Byx Ba:IKHhIX acneKTax: (1) npa

BHJia OCbIIIaHmI o6o6m;eHbI y'IeTOM npou;ecCOB nepeHoca 0,z:t;HOH 'IaCTHIJ;bI K 6JIM

:1Ka:HrrrHM coce,z:t;HHM y3JiaM M (2) rrpocTo:H ,z:t;McPcPY3HOHHbI:H 3aKOH pocTa 'IHCJia 

HeyCTOll'IHBbIX y3JIOB 3aMeHeH 6oJiee o6m;HM CTeIIeHHbIM 3aKOHOM, KOTOpbIH co

rJiacyeTCH c HalliHMH 'IHCJI€HHbIMH pe3yJibTaTaMII. 

HaMM noJiy'IeHo aHaJIHTH'IeCKoe pellieHHe ypaBHeHHH <I>oKKepa-IlJiaHKa c 

,z:t;HcPcPY3HOHHbIM K03cPcPH1\I1€HTOM B Bll,JJ;e CIIHryJIHpHOH CT€II€HHOH cPYHKIJ;HH 

npOCTpaHCTB€HHOH KOOp,n;.1rnaTbI. 

Mbr npe,n;JimKIIJIH II arrpo6HpOBaJIH HOBhifi no,n;xo,n; B M3y<IeHHH JiaBHH -

ou;eHKH HX CBOHCTB B orpaHH'I8HHOM an:caM6Jie JiaBHH c IIO'ITH cPHKCHpOBaH

HO:it ( c ,n;onyCTMMbIM OTKJIOH€HI1€M 1 npou;eHT) IIp0,JJ;OJI:IKHT€JibHOCTbIO, M€Hbrrrefi 

'I€M JIHH€llHbIH pa3Mep perrreTKH BO BpeMeHHOM HanpaBJieHHH. tho II03BOJIHJIO 

H3Y'IMTb CTaTHCTH'I€CKHe CBOllCTBa no,n;o6HbIX JiaBHH BO BpeMH HX IIOJIHOH 3BO

Jll01\HH. Mbr KOJIH'IeCTBeHHO ou;eRHJIH acHMMeTpmo lliHpHHhI cppoHTa JiaBHHhr 
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H qacJia HeycTofi'lHBbIX y3JIOB B Ha'laJibHOfi H cpHHaJibHOfi cTa,n;m1x pa3BHTmL 

HacKOJibKO HaM H3BeCTHO, Mbl BrrepBbie IIOK3.3aJIH, qTo B cpHHaJibHOH CTa,IJ;HII 

3BOJII0ll;H.fl JiaBHHbl MO)KeT 6bITb OITHCaHa CTerreHHbIMH IIOK3.3aTemIMH, pa3m!

qaIOliIHMHC.fl OT COOTBeTCTBYIOliIHX IIOKa3aTeJiefi B CTa,n;:n:n pOCTa. c IIOMOliibIO 

MeTo,n;a COBMell\eHH.fl ,n;aHHbIX MbI ycTaHOBHJIH CYII\€CTBOBaH:ne 3aKOHOB KOHe'l

HOp3.3MepHOro rro,n;o6:n.H, OIIHChIBaIOrn;Hx IIOJIHYIO 3BOJIIOIJ;HIO JiaBHH. 

Ha 3arn;1:1Ty BhI,ll;BHra10Tcg cJie,n;y10rn;He pe3yJihTaThI: 

(1) ,ILmr O,L\HOMepHoro IIOJIOCTbIO acHMMeTp:nqHOro rrpon;ecca c rrpOCTbIM 

HCKJIIOqeHHeM Ha KOHeqHOH n;erroqKe c OTKpbITbIMH rpaHHqHhIMH ycJIOBH7IMH 

BbIB8,ll,8HbI aHaJIHTHqeCKHe cPYHKll;HH KOH6'IHOpa3MepHoro rro,n,o6H7I ,n;Jrn (a) 

aHaJIOra paBHOBeCHOH IIJIOTHOCTH CB060,ll,HOH 3HeprHH H IIOTOKa qHCJia qacTHIJ; 

B OKpeCTHOCTH HerrpepbIBHOro cpa30BOro rrepexo,n;a H (6) ,ll,JI7I JIOKaJibHOH 

IIJIOTHOCTH 'IlICJia qacTHIJ; B OKpeCTHOCTII HepaBHOBeCHOro cpa30BOro rrepexo,n;a 

rrepBoro po,n,a. 'YcTaHOBJieHa yHHBepCaJibHOCTb MO,ll,eJIH ITO OTHOIIIeHHIO K BCeM 

OCHOBHb!M BII,IJ;aM ,IJ;HHaMHKH B ,ll;HCKpeTHOM H HerrpepbIBHOM BpeMeHH. 

(2) c IIOMOIIJ;bIO qHCJieHHOro HCCJie,ll,OBamrn IIOBe,n;emrn Hyneil: HOpMHpyro

rn:ero MHO)KHTeJI7I ,IJ;JI7I CTan;:noHapHoro pacrrpe,n;eJiemrn Bep07.!THOCTefi rrpH Bcex 

OCHOBHbIX BH,n;ax CTOXaCTHqecKOH ,IJ;HHaMHKH, ycTaHOBJieHa IIpHMeHHMOCTb 

TeOpHII J111 H 5IHra B OKpeCTHOCTH cpa30Boro rrepexo,n,a KaK rrepBOro, TaK 

H BTOporo po,n,a. ACHMIITOTHKa CTpeMJI8HH7I 6JII!)Kafirnero K Bell\eCTB€HHOH 

nonyocH Kopm! c pOCTOM qacna '-IaCTHIJ; II03BOJIHJia on;eHHTb KpHTnqecimii 

IIOKa3aTeJib ,ll,JUI KOppeJI7IIJ;HOHHOH ,ll,JIHHbI. 

(3) Ilpe,n;JIO)KeH HOBbIH M8TO,Il; aHaJIH3a IIOJIOCTbIO aCHMMeTpHqHoro 

npou;ecca c rrpOCTbIM HCKJIIoqeHHeM Ha ceTax c HeTpHBHaJibHOH TOIIOJIOrJ-IeH H 

OTKpbITbIMH rpamin;aMII, OCHOBaHHbIH Ha BBe,n;eHIIH 3cpcpeKTHBHbIX Bep07.!THO

CTeil: BBO,IJ;a H BbIBO,n;a qacTIIIJ; B rrpOCTbIX n;err7Ix, H3 KOTOpbIX COCTaBJieHa BC7I 

ceTb. Ofaiapy)l<eHo, qTo HaJIIIqIIe cpe,n;Heil: ceKu;HH H3 ,n,Byx rrapaJIJieJihHhIX u;e

rro'!eK rrpHBO,I\HT K CJIO)KHbIM cpa30BbIM CTPYKTypaM CTaIJ;HOHapHoro COCT05IHII5! 

BCeil: ceTII. Bo BCex cpa3ax CHCTeMhI II3yqeHbl JIOKaJibHbie npocpHJIH IIJIOTHOCTII 

qHCJia '-IaCTIIIJ;, KOppeJI5IIJ;HH M8)K,Il;y 6JimKaihIIHMH coce,n;7IMH B,ll;OJib COCTaB-

6 



JIRIOIIIHX :o;erro'IeK H Kpocc-KoppeJI.H1IHH Me:/K!zy 3KBHBaJieHTHbIMH y3JiaMH 

rrpHHa,Il,Jie:tKaIIIHMH ,n:ByM BeTBRM cpe,n:tteii ceK:o;nn. B ycJIOBHRX MaKCHMaJibHOro 

IIOTOKa o6Hapy)KeHbI RBHbie rrpH3HaKH HaJIH'IHZ! ,n:eJIOKaJIH30BaHHOii ,n:oMeHHOH 

CTeHKH, KOTOpaR HMeeT pa3JIH'1Hbie BepORTHOCTH 6bITb o6Hapy:tKeHHOii B 

rOJIOBHO:ii/xBOCTOBOH 'IaCTH 1leIIO'IKH H B BeTBRX cpe,n:He:ii ceK:o;HH. 

(4) Pa3BHT HOBblll no,n:xo,n: B H3J'-IeHHH CTOXaCTH'-IeCKHX HanpaBJieHHb!X 

JiaBirn - 01leHKa HX xapaKTepHCTHK B aHCaM6Jie JiaBHH c I10'1TH cPHKCHpO

BaHHOH ,n:JI11Hoii, MeHhUie:ii '1€M JIHHe:iiHhiii pa3Mep peIIIeTKH. TaKHM o6pa30M 

H3y'1eHbl CTaTHCTH'1€CKHe CBOllCTBa rro,n;o6HbIX JiaBHH BO BpeMZ! HX ITOJIHOH 

3BOJII01IHH - c MOMeHTa 3apo:tK,n:eHMR ,n;o MOMeHTa 3aTyxamrn. KoJI11<:reCTBeHHO 

01leHeHa acnMMeTpmr B 3aBHCHMOCTH OT BpeMeHH IIIHpHHbl cPPOHTa H 'IHCJra 

H€CTa6HJibHbIX Y3JIOB B Ha'IaJibHOH H cPHHaJibHOii CTa,Il,HRX pa3BHTHR JiaBHH. 

(5) BnepBbre rroKa3aHo, 'ITO ¢11HaJihHaR cTa,n:nR 3BOJII01IHH JiaBHHbI MO:tKeT 

6bITb ormcaHa CTerreHHbIMH IIOKa3aTeJrnMH, pa3JIH'IaIOIIIHMHCR OT IIOKa3aTeJieii 

B CTa,JJ;HH pocTa. c ITOMOIIIblO MeTo,n:a COBMeIIIeHHR ,n:aHHbIX ycTaHOBJieHO 

cyIIIeCTBOBaHHe 3aKOHOB KOHe'IHOpa3MepHoro rro,n:o6:irn ,n:JIR IIOJIHOii 3BOJII01IHH 

JiaBHH. 

(6) Bhrne,n:eHo aHaJIHTH'lecKoe peruett11e ypaBHeHHR <l>oKKepa - I!JiaHKa ,n:JIR 

3aBHCZ!I1Ieii OT BpeMeHH IIJIOTHOCTH Bep05ITHOCTH O,IJ:HOMepHoii CJiy<:raiiHOii Be

JIH'IHHbI, B CJiy<:rae neaHaJIHTH'leCKOH CTerreHHOii 3aBHCHMOCTH K03cPcPH1IHeH

Ta ,Il,HcPcPY3HH OT rrpoc·rpaHCTBeHHOii KOOp,IJ,HHaTbl. c IIOMOIIIbIO 3TOro perue

mm noJiy<:reHa IIJIOTHOCTb BepOZ!THOCTHOro pacnpe,n:eJieHH5I ,IJ,JIZ! BpeMeHH rrepBO

ro ,IJ,OCTH)KeHHR cooTBeTCTBYIOII1ero CJiy<:raiittoro 6Jiy:tK,IJ,aHH5I. Ee acnMIITOTHKa 

rrpn 6oJibIIIHX BpeMettax orrpe,n:eJinJia 3Ha<:remrn KpHTII<:recKoro rroKa3aTeJIR ,n:JIR 

IIJIOTHOCTH BepOZ!THOCTHOro pacrrpe,n:eJieHH5I BpeMeHH )KH3HH JiaBlrn B rrpe,IJ,JIO

:IKeIIHOii o6o6IIIeHHOH MO,n:eJIH. 
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Anpo6au;:u.s pa6oTbI. 

Pe3yJibTaTbI ,n;r1ccepTau;rnr )J;OKJia,LJ;hIBa.JIHCh Ha: 

• Bogoliubov Conference "Problems of Theoretical and Mathematical 

Physics", Dubna, September 2-6, 2004, Russia. 

• Harrno-OT'leTHOii ceccirn l:IHCTHTyTa MexattHKH BoJirapcKofi aKa,n:eMHH 

HayK, Co¢aH, 21 HHBapH 2005, BoJirapaH. 

• Summer School on Fundamental Problems in Statistical Physics XI, 

Leuven, 4-17 September, 2005, Belgium. 

• X Jubilee National Congress on Theoretical and Applied Mechanics, 

Varna, 13-16 September, 2005, Bulgaria. 

• XXII Me:IB:,n:yHapo,n:HbIX 'lTeHHHX "BeJimrne rrpeo6pa30BaTeJIH ecTeCTB0-

3HaH1rn: Mroph KypqaTOB Br"YHP, MnttcK, 27-28 HOH6p51 2008, BeJia

pych. 

IIy6JIHKau;1m. 

,LI;nccepTau;rrn HarrncaHa Ha OCHOBaHHH co,n:ep*aHHH pa6oT 1 - 6. 

CTpyKTypa H o6'beM ,z:i;:uccepTau;:u:u. 

,lLaccepTaIJ;HH COCTOHT H3 IIHTH rJiaB. IlepBaH rJiaBa rrpe,n:cTaBJIHeT co6oii BBe

,n:eHHe, a IIHTaH - 3aKmoqeHHe, B KOTOpOM c¢opMyJIHpoBaHhI BbI)J;BHraeMbie Ha 

3aII\HTY pe3yJibTaTbI. OpnrHHaJihHbie ttay'lHbre nccJie)J;OBaHHH co;:i;ep)KaTCH BO 

BTOpoM:, TpeTbeH ll 'l€TBepTOH rJiaBax. 06ru;Hii o6'beM )J;HCCep·raU,Hll 109 CTpa

HHJJ; MarrrnHOIIHCHOro TeKCTa, BKJIIOqaH 34 pHCYHKOB ll CTIHCOK JIHTepaTypbI ll3 

110 Ha3BaHHH. 

OCHOBHOE CO,IJ;EP)KAHME PABOThl 

B nepBoif rJiaBe (aBe,z:i;eHm1) npe;:i;cTaBJieH KpaTKHii ofoop ocHOBHbIX 

pa6oT ll pe3yJibTaTOB no TeMe HCCJie,n:oBaHHH ,n:Byx THIIOB HH3KOpa3MepHbIX 
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HepaBHOBeCHhIX rrpou;eccoB. TaM )Ke KpaTKO OTIHCaHhI OCHOBHbie u;eJIH H 3a,u;aqH 

,l.l;HCcepTaD;HH, a TaK)Ke IIOJiyqeHHbie HOBbie pe3yJihTaTbI. 

Bo BTOpoii I'JlaBe "Kone"l.ttOpaa.Mepuoe noao6ue u ynueepCa.fl,'b'ltOCm'b npu 

nepa61t06eCU'btX rjjaa06'b/,X nepexoiJax" rrpoBep.HeTC.H rrpHMeHHMOCTb TeOpHH KO

aeqaopa3Mepaoro no,n;ofor.H (KPII) B cJiyqae aepaBHOBeCHbIX cPa30BhIX nepe

xo,n;oB Ha npHMepe TOqHbIX aCHMIITOTHqeCKHX pe3yJibTaTOB ,!l;JI.H O,l.l;HOMepHOI'O 

IIOJIHOCThIO aCHMMeTpHqaoro rrpou;ecca c npOCThIM HCKJIIOqeHHeM Ha u;erroqKe 

H3 L y3JIOB c OTKpbITbIMH rpairnu;aMH. tiacTHD;hI rrepecKaKHBaIOT B coce,n;aHe 

nycTbie y3JihI crrpaBa c nepo.HTHOCTbIO p. lJacTHn;a MO:>KeT 6hITb BBe,n;eHa B Jie

BbIH KOHeu; u;enoqKH c nepO.HTHOCTbIO a H y,n;MeHa H3 npaBoro KOHn;a c Be

pO.HTHOCThIO (3. YcTaHOBJieHo, qTo n6JIH3H TOqKH ¢a3oBoro nepexo.n;a a = ac 

Me:>K,n;y CTaD;HOHapHbIMH <PaaaMH HH3KOH IlJIOTHOCTH H MaKCHMaJibHOro IIOTO

Ka, aHaJIOr paBHOBeCHOH IIJIOTHOCTH CB060,n;HOH aHeprHH HMeeT yHHBepCaJibHYIO 

¢opMy KPII, KaK cPYHKJ.J;HH nepeMeHHOH x = C1tL1l 2 , r.n;e t := (a-ac)/ac -t 0 

H L -too, TaK qTo x = 0(1). IlapaMeTpbI C1 H O:c paaJIHqHbI ,n;JI.H ,n;HCKpeTHOH 

H HenpepbrnHoH: BO BpeMeHH ,n;HHaMHKH. CoBpeMeHHa.H HHTeprrpeTaIJ;H.H HOpMH

pyroIIJ;ero MHO:>KHT6JI.H z L )l;JIH nepO.HTHOCTHhIX pacnpe,n;eJieHHH CTaIJ;HOHapHoro 

COCTO.HHH.H, KaK paBHOBeCHOH CTaTHCTHqeCKOH cyMMbl B3BeweHHbIX peweToq

HbIX nyTeH:, HCIIOJib3yeTCH ,D;JI}l onpe,n;eJieHH}l HOBOrO napaMeTpa nop.H,n;Ka COOT

BeTCTBYIOIIJ;ero KPII c HOBbIM KpHTHqecKHM TIOKa3aTeJieM. 

Ilpo,n;OJI:>KeHbI H pacurn:peHbI npe.n;bI,n;yIIJ;He HCCJie,D;OBaHH.H IIOJIHOCTbIO aCHM

MeTpHqaoro npou;ecca c npOCTbIM HCKJIIOqeHHeM B OTHOWeHHH 3aKOHOB KOHeq

HOpa3Mepaoro rro.n;o6H.H H YHHBepCaJibHOCTH, a TaK:>Ke npOBepHJIH HMeIOT JIH 

KOHeqHopaaMepHbie cPYHKIJ;HH IIAIIIIM c ,n;pyrHMH THnaMH ,D;HCKpeTaoH: ,D;HHa

MHKH - IIOCJie,D;OBaTeJibHO opHeHTHpOBaHHOH, no,n;pemeToqao-napaJIJieJibHOH H 

IIOJIHOCTbIO napaJIJieJibHOH, YHHBepCaJibHbIH BH,!l;. IlpH STOM YHHBepCaJibHOCTh 

IIOHHMaJiaCb KaK He3aBHCHMOCTh xapaKTepHCTHK HepaBHOBeCHOro CTaD;HOHap

HOI'O COCTO.HHH}l OT .n;eTaJieli CTOXaCTHqecKOH ,!l;HHaMHKH, ynpaBJrnroru;eM: SBOJIIO

n;Heli CHCTeMhI BO BpeMeHH. OcHOBHoe BHHMaHHe 6hIJIO y.n;eJieHo B03MO:>KHbIM 

onpe.n;eJieHH.HM HepaBaoaecHoro napaMeTpa nopa.n;Ka. HaMH noJiyqeHhI aHaJIH

THqecKHe Bbipa:>Kemrn ,D;JI.H KOHeqHOpa3MepHOI'O no.n;o6mr IIOTOKa qHCJia qaCTHIJ; 

B6JIH3H HerrpepbIBHOI'O <Paaonoro rrepexo,n;a H )J,JI}l JIOKaJibHOH IIJIOTHOCTH qHcJia 
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qacnu:i; B6JUI3H HepaBHOBecHoro ¢a3oBoro rrepexo,n;a rrepBoro po,n;a, B cnyqasx 

CTOXaCTff"IeCKOH ,D;IIHaMHKII KaK c HenpepbIBHbIM BpeMeHeM, TaK H B OCHOBHbIX 

BapnaHTax o6HOBJI6HMJI B ,ll;IICKpeTHOM BpeMeHH. 

B TeopHH J1u-.5lHra ,n;Jrn: HepaBHOBeCHhIX <l;>a30BhIX nepexo,n;oB, OTJmqHas OT 

HYJI5! IIJIOTHOCTb KOpHefi: Ha TIOJIO)KIIT6JibHOH Beu:i;eCTBeHHOH IIOJiyOCH B TepMO

,Il;IIHaMff''leCKOM npe,n;eJie CBII,ll;6T6JibCTByeT 0 HepaBHOB6CHOM cPa30BOM nepexo,n;e 

nepBoro po,n;a, a ee mrnefiHoe y6bmaHHe - o HepaBHOBeCHOM <l;>a3oBOM nepexo

,n;e BTOporo po,n;a. 9TO o6CT05!T6JibCTBO MOTHBHpOBaJIO npoBe.n;eHHOe B rrepBOH 

rJiaBe qncneHHOe HCCJie,n;oBamrn IIOBe,n;eHH5! HyJiefi HOpMrrpyroru;ero MHO)KHT6J15! 

CTaIJ;HOHapHOro pacrrpe,n;eJieHIIR BepORTHOCTefi ,IJ;JIR BCex OCHOBHbIX B!I,ll;OB CTO

xaCTJiqecKOH ,D;IIHaMIIK!I B OKpeCTHOCT!I cPa30BOro nepexo,n;a KaK nepBoro, TaK 

II BToporo po,n;a. HaMII rrccJie,n;oBaHa acIIMTITOTHKa CTpeMJieHIIR c poCTOM qrrc

Jia qaCTHil; 6JimKaliwero K Beru;ecTBeHHOH nonyocII KOplrn II IIOKa3aHO, qTO OHa 

onpe,n;eJI516T KpHTHqecKHH IIOKa3aTeJib ofrheMHOH KOppeJI5!Il;IIOHHOH ,D;JIIIHbl. 

B TpeTbeH: rnaae "IIo.11:1-wcm'b'lo acuMMempU"-/,H'bti1 npov,ecc c npocm'btM 

UC'X:.Jl,'IO"W'liueM 'Ha cemu c aeoi1'Hoi1 ce-x;v,uei1 nocepeaune: -x;oMn'bwmep

'HOe MOOe.J1,Upoea'Hue u meopu.fl," paccMaTprrnaeTC5! TIATIIIH co cnyqafiHo

rrocJie,n;oBaTeJihHhIM aJirOpIITMOM o6HOBJI6HII5I KOH<l;>nrypaIJ;IIH Ha ceTJI, COCT05!

ru;efi II3 ,n;Byx rrpoCThIX IJ;erroqeK, o,n;HIIM KOHIJ;OM rrpIIcoe,.i:i:nneHHbIX K ABYM rra

parrneJibHhIM u;erroqKaM rrocepe.n;rrne (T. :Ha3. ,n;BofiHofi ceKIJ;IIII). BtteIIIHIIe y3JihI 

IIpOCTbIX Il;6IIOqeK 5!BJITIIOTC5I OTKpbITbIMII, TaK qTQ qacTIIIl;bI BBO,!J;5ITCT! CJieBa c 

BepOHTHOCTbIO a: H BbIBOARTCR crrpaBa c Bep051THOCTbIO /3. B ToqKe 6n¢yp

KaIJ;IIII ceTII (neBbIH KOHell; ,ll;BOHHOH ceKIJ;IIH) '!aCTIIIJ;bI BbI6npaIOT c paBHOH 

Bep051THOCTblO 1/2 no KaKOH BeTBII rrpO,D;OJI)KIITb CBOe ,Il;BII:a<emrn. TipoBe,n;e

HO KOMIIbIOTepHoe MO,n;eJIIIpOBaHIIe CIICT6MbI rrpII O,ll.HOBpeMeHHOM ,Il;BII)K6HIIII 

"IaCTH!J; ITO ,D;BYM B6TB51M. Tipe,[!;JIO:rKeH HOBhIH MeTO,!l; aHaJIII3a, OCHOBaHHbIH Ha 

BBe,n;eHIIII 3¢¢eKTIIBHbIX Bep05!THOCTefi rrepexo,n;a ,!l;JIH OT,Il;6JlbHbIX cerMeHTOB 

COCTaBJI5IIOIIJ;HX ceTh, rrpII rrpeHe6pe)Kemrn KOppeJI5!Il;II5!M!I B TOqKax coe,.i:i:11He

mrn. TaKIIM o6pa30M orrpe,n;eJieaa B03MO)!(Hhie cj:>a30Bbre CTPYKTYPhI MO,D;eJIH. 

TionyqeHbI II o6cy:a<,n;eHbI rrpo<l;>IIJI!I IIJIOTHOCTII qncJia qacTJIIJ; H KOppeJI5!Il;HH 

Me:a<,n;y 6JIH)KaHll111MH coce,n;HIIM!I Y3JiaMH B CTaD;IIOHapI-IOM COCT05!HlUI MO,D;6JIII 

B rrpe,n;cTaBIITeJibl-IbIX TOqKax cPa30BOH ,D;IIarpaMMbl. 06Hapy:a<eHO cyru;eCTBOBa-
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mre Kpocc-Koppemu.i;Hii: Me)K)J;y 3KBHBaJieHTHbIMH y3JiaMH ,n;Byx BeTBeii: cpe,n;Heii: 

ceKJ::t;HH ceTH, B CJiy'iae KOr,n;a OHM HaXO,Li;5ITCH B ¢a3e cocyui;eCTBOBaHHH. 

B 'tleTBepTo:ii rJiaBe "Cmamucmu"l.ec-x:ue c6oucmea 11.anpa6.11,e11.tt'btX .11,a-

6u11." npe,n;cTaBJieHbl pe3yJibTaTbI '1HCJieHHOrO H amlJUiTH'ieCKOro HCCJie,n;oBamrn 

HanpaBJieHHoii: cToxacTH'iecKoii: Mo,n;eJIH neco'1HOii: KY'1H ("sandpile"). PaccMOT

peHa ,D;ByMepHaH HanpaBJieHHaH Mo,n;eJib "sandpile" co CTOXacTH'ieCKHMH npa

BHJiaMH OCbIITaHHH H ,ll;HCCHrran;Meii: Ha rpaHHn;e, c n;eJibIO 6oJiee ,n;eTaJibHOro H3y

'ieHHH MOPcPOJIOrHH 60JibllIHX HarrpaBJieHHbIX JiaBHH H ee BJIHHHHe Ha HX CTa

THCTH'ieCKHe CBOHCTBa 3a BCe BpeMH 3BOJIIOil,HH. ,Iljrn 3TOro npe.n;JIO)l(eH HOBbIH 

rro.n;xo,n;: BbI'1HCJieHHe OCHOBHbIX xapaKTepHCTHK no aHCaM6JIIO JiaBHH c IlO'iTH 

cPHKCHpOBaHHbIM BpeMeHeM )l(H3HH (T.e • .n;JIHHbI), KOTOpoe MeHbllle 'ieM ,ll;JIHHa 

perneTKH BO BpeMeHHOM HarrpaBJieHHH. 9TOT no,ri;xo,n; OTKpbraaeT rrepcneKTH

BY onpe,n;eJieHHR HOBbIX Ha60pOB CKeHJIHHrOBbIX 3aKOHOB ,ll;JIR KOHe'1HOro 9Tarra 

9BOJIIOI:t;HH JiaBHH, a TaK)Ke B03MO:>KHOCTH aJibTepHaTHBHbIX 3Ha'l:eHHH ¢paK

TaJibHOH pa3MepHOCTH Bceii: JiaBHHbI. 

KpHTH'1eCKH rrpoaHaJIH3HpOBaHbI .n;Ba H3BeCTHbIX aHaJIHTH'ieCKHX rro,ri;xo,n;a. 

TeopHH pacrnMpeHa c BKJIIO'ieHMeM 6oJiee 06rri;11x cToxacTM'iecKHX rrpaBHJI ocbI

naHH.H. ,Ll;JIH CTOXaCTH'ieCKOro npon;ecca, OIIHCbIBaeMoro HeJIHHeHHbIM ypaBHe

HHeM JlaH)KeBeHa co CTeneHHOH 3aBHCHMOCTbIO ,lJ;HcPcPY3HOHHOro K03cPcPHU:HeH

Ta, noJiy'1eHO pacrrpe,n;eJieHHe IlJIOTHOCTH BepOHTHOCTH BpeMeHH nepBoro ,ll;OCTH

:>KeHH.H. Ilpo,n;eJiaHbI KpynHOMacrnTa6Hbre MonTe-KapJio CHMYJI.Hl.J;HH c n;eJibIO 

rrpoaHaJIH3HpOBaTb aHaJIHTH'ieCKHe CBOHCTBa JiaBHH, TaKHe KaK aCHMMeTpHR 

Me)K)J;y Ha'1aJibHOi% H KOHe'1HOH ¢a3aMH 9BOJIIOl.J;HH, CKeiiJIHHr IIIHpHHbl 11,ll;bl

pOK11H3 ycTOH'1HBbIX Y3JIOB BO cPPOHTe JiaBHHhl, TaK )Ke KaK H IIIHpHHhl CaMOH 

IIIHpoKoii: BeTBH ("xpe6Ta11 ) JiaBHHbI. Om1caHo cpaBHeHMe co cJiy'iaii:HbIM 6Jiy)l(

,!l;aHHeM H rrpe.n;JIO)KeHbI B03MO)KHbie BapHaHTbI 9BOJIIOI:t;HH JiaBHH H 3Ha'l:eHHi1: 

CTeneHHhIX IlOKa3aTeJieH B Ha'1aJibHOH H KOHe'1HOf:i T0'1Kax ee 9BOJIIOD;HH. 

B nSITo:ii rJiaBe (3aKJUO'<leHHH) KpaTKO c¢opMyJIHpOBaHhI rroJiy'ieHHhie 

B ,ll;HCCepTan;im pe3yJibTaTbI, KOTOpbie H BbIHOCHTC.H Ha 3aII:t;HTy. 
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