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OBIII;A.H XAPAKTEPHCTHKA PABOThl 

06'beKT HCCJie.n;oBaHH.H H aKTyaJibHOCTb TeMbl. 

PeweTO'l:Hbie MO,L\8JIH Hrpa!OT Ba:>Imyro pOJib BO MHOrHX o6JiaCT.HX T80peTH­

'i8CKOH cPH3HKH, HarrpHMep, B CTaTHCTH'i8CKOH MeXaHI'.tKe, KBaHTOBOH TeOpHH 

no.JI.a, rH,n;po,n;HHaMHKe H T.,n;. Oco6b1H HHTepec rrpe,n;cTaBJI.H!OT TO'l:HO pewaeMbre 

peweTO'l:Hbie MO)J;eJIH, KOTOpbre II03BOJI.HIOT o6Hapy:>IrnTb KpHTH"I8CKH8 .HBJie­

HH.H B CHCTeMax. TaKOe KpHTH"I8CKOe IIOB8,.!J;8HH8 Tpy,ri;HO HCCJI8,D;OBaTb "IHCJI8HHO 

HJIH KaKHMH-TO rrpH6JIH:>K8HHbIMH M8TO,D;aMH. 0,ri;HHM HS Ba)J<H8HIIIHX rrpHMepoB 

TO'lHO pewaeMbIX MO,D;eJieii:. B paBHOBeCHOH CTaTHCTH"I8CKOi1 1yrexaHHKe . .aBJI?18TC.H 

,n;ByMeptta.a Mo,n;eJib llsHHra, peweHHe KOTopoii: 6bIJIO BrrepBbre ,ri;aHo OttcarepoM 

B 1944 ro,n;y. 0Ha OIIHCbIBaeTC.H OTHOCHT8JibHO rrpOCTbIM raMHJibTOHHaHOM c KO­

pOTKO,.!J;8HCTBY!OID;HMH B3aHMO,n;eii:CTBH.HMH M8:>K,D;Y qacTmi;aMH, H B Heil MO:>KeT 

B03HHKHYTb <l;>asOBbIH rrepexo,n; BTOporo po,n;a. 

B IIOCJie,D;HHe ,n;eC.HTHJI8TH.H 60JibllIOe BHHMaHHe y,n;eJI.HJIOCb HCCJI8,D;OBaHHRM 

HepaBHOBeCHbIX ¢a30BbIX rrepexo,n;oB, "<J:aCTO BCTpe'l:a!OID;HXC.H B HepaBHOBeCHOH 

CTaTHCTH"I8CKOH cPH3HKe. 0HH MOryT B03HHKaTb ,n;a)!{e B rrpOCT8HllIHX O,D;HOMep­

HbIX MHOrO"IaCTH"IHbIX CHCTeMaX c HeTpHBHaJibHOH ,.!J;HHaMHKOH. IlpHMepaMH Ta­

KHX CHCTeM RBJIR!OTC.H: KHH8TH'l8CKHH rrpori;ecc 6HOIIOJIHM8pH3aii;HH, ,L\BH:>KeHHe 

TpaHCIIOpTa no ,L\JIHHHOMY wocce, IIO,L\BliI:>KHbIH peweTO'lHbIH ras, caMoopraHH-

30BaHHa.H KPHTH"IHOCTh, pacTyru;He rroBepxHoCTH H T.,ri;. BoJibIIIHHCTBO RBJiettnH:, 

BCTpe'IaIOID;HXC.H B TaKHX CHCTeMax, H8B03MO:>KHO orrncaTb B paMKaX T80pHH 

cpe,n;Hero IIOJI.H. 9TH CHCT8MbI MO:>KHO CMO,.!J;8JIHPOBaTb c IIOMOID;b!O 0,D;HOMepHbIX 

MHOrO'iaCTH'l:HbIX rrpori;eccoB, B 'laCTHOCTH, IIOJIHOCTb!O aCHMMeTpH'IHOrO rrpo­

ri;ecca c rrpoCThIM rrcKJIIO"IeHHeM (Totally Asymmetric Simple Exclusion Process, 

TASEP). TASEP .aBJI.aeTc.a cToxacTrr"<J:ecKo:H cncTeMoli BsarrMo,n;elicTByroru;rrx 

qaCTHIJ; IT CJIY)!{HT rrapa,n;HrMaTH'leCKOH MO,.!J;8Jlbl0 ,D;JI.H HepaBHOB8CHOH CTaTHCTH­

'l8CKOH MeXaHHKH, KaK ,n;ByMepHa.H MO,.!J;8Jib lI3HHra B paBHOB8CHOH CTaTHCTH­

'l8CKOH MexaHHKe. ,ll;JI.a KOH8"IHOro 'lHCJia '!aCTHIJ; ero ,L\HHaMHKa OIIHCbIBaeTC.H 

c IIOMOID;b!O OCHOBHOrO KHH8TH'leCKOro ypaBHeHH.H. 

,ll;HHaMffqecKHe rrpaBHJia CHCT8Mbl orrpe,ri;eJI.H!OT BepO.HTHOCTH rrepexo,n;oB 

,L\JI.H MapKOBCKHX ri;erreH:, IIOCTpOeHHhIX Ha MHO:>KeCTBe KOH<l;>Hrypari;Hli '!aCTHIJ;. 
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3a,n;aB Ha'!aJihHbre ycJIOBH.H, MO)KHO y3HaTb BepO.HTHOCTH pa3JIH'!HhIX co6hITHli, 

rrpoHcxo,n;m.u;Hx B xo,n;e 8BOJIIOIJ;HH MapKoBa. ,ll;HHaMHKa Mo,n;eJIH TASEP B ,n;Hc­

KpeTHOM BpeMeHH xapaKTepH3yeTC.H 3aKOHOM o6HOBJieHH.H COCTO.HHH.H Ha Ka)l(­

,ll;OM BpeMeHHOM mare. Ha o,n;HoMepHoli pemeTKe c ,n;HcKpeTHbIM BpeMeHeM HaH-

6oJiee Ba)l(HhIMH CJiy'la.HMH .HBJI.HIOTC.H MO,ll;6JIH c o6paTHbIM ITOCJie,n;oBaT6JlbHbIM, 

rraparrJieJihHhIM H rrapaJIJI6JibHO-rro,n;pemeTO'!HhIM o6HOBJI6HH.HMH. 

06ru;HM CBOHCTBOM 3THX npaBHJI o6HOBJI6HH.H .HBJI.H6TC.H KOpOTKO,n;eliCTBYIQ­

ru;ee OTTaJIKHBaHHe Me*,ll;Y 'IaCTHIJ;aMH 3a C'leT ycJIOBH.H HCKJIIO'leHH.H. BTopoe 

Ba)l(H06 CBOHCTBO YKa3aHHbIX o6HOBJieHHH - 8TO HX "pemaeMOCTb'', T.e. OCHOB­

HOe KHHeTH'leCKOe ypaBHem1e MQ)K6T 6hITh pemeHO c TIOMOI[\bIQ aH3au;a Be­

Te H cPYHKD;H.H rpHHa, T.e. p6IIl6HH6 OCHOBHOI'O KHHeTH'leCKOI'O ypaBHeHI!.H C 

3a,n;aHHbIMH Ha'laJihHhIMH KOOp,ll;HHaTaMH qaCTHD;, MO)K6T 6bITh aHaJIHTH'l6CKH 

BbI'lHCJieHa .HBHbIM o6pa30M. 

,IJ:JI.H cJiy'la.H TASEP c HerrpephIBHhIM BpeMeHeM, a TaK:rr<e c o6paTHhIM 

ITOCJI6,ll;OBaTeJlbHbIM 11 rrapaJlJieJibHbIM 06HOBJ16HH.HMH, cPYHKIJ;Hl1 rp11Ha 6hIJIH 

Hali,n;eHhI paHee B BH,n;e onpe,n;eJIHTeJI.H MaTp11u;hr. TaKoe rrpe,n;cTaBJieH11e ,n;aeT 

B03M0)l(H0CTh rrp.HMOI'O BhIBO,n;a pacrrpe,n;eJI6Hl1.H ITOTOKa 1'.J:aCTHD; H ,n;eTaJibHOI'O 

aHarr113a ,ll;HHaMH'!ecKHX cBolicTB TASEP. 

C ITOMOI[\bIQ cPYHKIJ;H11 rpHHa MO)KHO 11CCJ1€,ll;OBaTb MHOI'O'laCTl'I'IHbI6 KOp­

peJl.HD;HOHHhie cPYHKIJ;HH, T.e. BepO.HTHOCTH HaXQ)l(,ll;6HH.H H6CKOJibKHX cPHKCH­

poBaHHbIX 'l:acT11u; B ,n;aHHhrx rrpocTpaHCTBeHHO-BpeMeHHhIX TO'!Kax. IIepBhrli 

TO'!Hhrli pe3yJlhTaT ,n;n.H KOppeJI.HIJ;110HHhrx cPYHKu;11M: B TASEP 6bm rroJiy'leH 

B pa6oTe itoxaHccoHa, r,n;e paccMaTp11BaJiaCb aBonrou;n.H TASEP c rrapanneJib­

HbIM 06HOBneH11eM H cTyneH'laTbIM Ha'IaJihHhIM ycnoB11eM. B ,n;aJihHeliIIJeM aTOT 

pe3yJlbTaT 6bIJI o6o6ru;eH ,ll;Jl.H o6paTHO-ITOCJI6,ll;OBaTeJibHOI'O o6HOBJ16HH.H 11 TIJIOC­

KOI'O Ha'laJihHOro ycnoBH.H. CB.H3h TASEP c TeopHeli ,n;eTepMHHaHTHhrx TO'le'l­

Hhrx npou;eccoB IT03BOmma TaK)K6 paCC'!HTaTh MHOI'O'laCTH'!Hhre KOppeJl.Hll;HOH­

Hbie cPYHKD;l1H. B o6ru;eM cJiy'Iae pe3yJlhTaT MO:>KeT 6bITh npe,n;cTaBJieH B BH­

,11;e onpe,n;eJIHT6Jl.H <I:>pe,11;rOJlbMa orrepaTopa c H€KOTOpbIM 11HTerpaJibHhIM .H,ll;­

poM. AcHMTITOTH'IeCKHli amwn3 .H,n;pa rrpe,n;cTaBJl.HeT oco6brli 11HTepec, TaK KaK 

IT03BOJI.HeT H3y'laTb CK€HJIHHI'OBbIH npe,n;eJI KOppeJl.HD;HOHHhIX cPYHKIJ;l1H, KOTO­

pbie ,n;aroT yH11BepcanhHbre CKeliJIHHrOBbre cPYHKD;l1H KJiacca Kap,11;apa-IIap113H­

)KaHra. 
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C 1960-x ro,n;oB rrepexo,n; crn1pa.nh-KJiy60K B 6norronnMepax 6bIJI rrpe,n;Me­

TOM HHTeHCHBHhIX TeopeTWJ:eCKHX HCCJie,n;oBaHHH H aKTHBHO HCCJie,n;yeTCH ,n;o 

CHX rrop. ECTh ,ll;Be OCHOBHhie rrpH"IHHhI, H3-3a KOTOpbIX HHTepec K 9TOH rrpo-

6JieMe He y6brnaeT. c 6HOJIOrH"IeCKOH TO"IKH 3peHH.H rrepexo,n; CI1lipMb-KJIY60K 

CBH3aH c TaKHMH Ba)KHbIMH reH6TH"I6CKHMH rrpou;eccaMH, KaK TpaHCKpHITI.J;H.H H 

TpaHCJI.HI.J;HH. c ,n;pyroit CTOpOHbI, c TO"IKH 3p6HHH cPH3HKH, ,.U:HK, COCTOHII.J;aH 

113 ,n;Byx u;erreit, HBJIHeTCH rrpnMepoM KBa3HO,ll;HOMepHOH CHCTeMbl c ,ll;MbHO,n;eit­

CTBYIOII.J;HMH KOppeJI.HI.J;HHMH. ,.U:JIH OITHCaHHH rrepexo,n;a C!IlipaJib-KJiy6oK o6bI'IHO 

rrpHMeH.HIOTC.H TeopeTH'l6CKHe MO,LJ;eJIH, OCHOBaHHhie Ha O,ll;HOMepHbIX 1fanHrO­

rro,n;o6HbIX MO,LJ;eJI.HX HJIH HCI10Jlh3yeTC.H aHaJIOrHH M6)K,ll;Y IlOBe,n;eHHeM ITOJIHMepa 

H KBaHTOBO-MexaHH"IeCKOH "IaCTHI.J;bI B ITOT6HI.J;HaJibHOH HMe. MHorne TeopeTH­

"I6CKHe KOHCTPYKI.J;HH BKJIIO'la!OT B03MO>KHOCTh cl:>opMnpoBamrn rreTeJih. B 6oJib­

IlIHHCTBe Teopnit paccMaTpHBaIOTC.H TOITOJIOrnqecKne rrpo6JieMbI o6pa30BaHH.H 

rreTeJib B TepMO,ll;HHaMH"IeCKOM rrpe,n;eJie HJIH B rrpn6JIH)K6HHH cpe,n;Hero ITOJI.H. 

B HaCTOHru;ee BpeM.H cyru;ecTBYIOT MHoro pa6oT no Teoprrn rrepexo,n;a crrnpaJih­

Kny6oK B roMOITOJIHMepax, B "IaCTHOCTH B ,.U:HK, r,n;e Y'IHTbIBaeTC.H BJIH.HHHe 

MOJieKyJI BO,ll;bI, HOHOB, M6)KMOJieKyJIHpHbIX B3alilv!O,n;eitCTBHH JIHraH,LJ;OB H Heo,n;­

HOpO,ll;HOCTH u;errO"IKH. TeM He !vieHee, ,n;o CHX rrop OTKpbITbIM OCTaeTCH BOrrpoc 0 

"MHHHMMbHOit" MO,n;eJIH rrepexo,n;a crrnpa.nb-KJiy6oK B I'OMOI10JIHHYKJI60TH,LJ;ax, 

OCHOBaHHOH TOJibKO Ha cPYH,LJ;aMeHTaJibHhIX CBOfiCTBax ,LJ;Byxu;erro"Ie"IHOH CTPYK­

TYPhI. Cyru;ecTBYIOT HeCKOJihKO pa6oT, nocBHII.J;eHHhIX 3Tofi rrpo6JieMe, a TaK:>Ke 

pa3pa60TaHa MO,LJ;eJib rrepexo,n;a crrnpa.nb-KJiy6oK ,LJ;JI.H ,n;Byxu;erroqe"fHOit roMo­

rroJIHMepHoit ,.U:HK. 9Ta MO,LJ;eJib OITHCbIBaeT o6ru;ne CBOHCTBa CHCT6Mhl, TaKne 

KaK 6oJibllIOe KOJIH'leCTBO BHYTP6HHHX COCTO.HHHfi Bparu;eHH.H, 9HeprHIO ,ll;OITOJI­

HHT6JibHbIX CB.H3eit H orpaHH"I6HHH Ha KOHcPOpMaD;HOHHbie B03MO:>KHOCTH u;errn, 

B03HHKaIOII.J;He B CBH3H c o6pa30BaHH6M BO,n;opo,n;Hofi CB.H3H B ,LJ;Byxu;erroqe"fHOH 

CHCTeMe. 06bI'IHO TaKoe orpaHff'-IeHHe OITHCbIBaeTCH qepe3 OTHOIIl6HHe CTaTH­

CTH'l6CKHX cyMM IlOJIHMepa B COCTOHHHM rreTJIH H B COCTOHHHH OTKpbITOH u;errH. 

9Ta B6JIH"IHHa paccMaTpHBaeTC.H BO MHOI'HX ITOJIY9MI1Hpil"I6CKHX TeOpHHX cpe,n;­

Hero ITOJI.H rrpn MO,LJ;HcPHKau;nn TeOplili illTOKMaitepa ,ll;Jl.H ,ll;OCTaTO"IHO ,ll;JIHHHbIX 

u;erreit. 0TaTHCTH'l6CKa.H cyMMa H CB060,n;HaH 9Heprli.H 6bIJIH paCC"IHTaHhl rryTeM 

pellleHH.H xapaKTepHCTH'leCKOrO ypaBH6HH.H, KOTOpoe CB.H3hIBaeT ,LJ;JIHHY rreTJIH 

c 9Heprrreit o6pa30BaHHH BO,ll;OpO,ll;HOH CB.H3H. 
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:O:eJih pa6oTbI. 

U:eJiblO HaCTOHrn;eil: ,Ll;lICCepTau;:irn .HBJrneTC.H pa3B!IT!Ie y)Ke cyru;eCTBY!OI.Il;lIX II 

C03,Ll;aHIIe HOBhIX aHMIITffqeCKIIX M€TO,Ll;OB HCCJI€,Ll;OBaHII.H HepaBHOBeCHbIX MO­

,Ll;eJieil: CTaTIICTHqeCKOil: MexaHIIKII. 

HayqHa.H HOBH3Ha H rrpaKTHqecKa.H u;eHHOCTb. 

c IIOMOI.Il;b!O Hail:,Ll;eHHbIX cPYHKD;Hil: rp!IHa ,Ll;JI.H MO,LleJieil: TASEP c rrapaJIJI€Jib­

HbIM rro,n;perneTO"IHhIM o6HOBJieHHeM H TASEP c o6o6ru;eHHbIMII rrpaamJaMH 06-

HOBJieHH.H MO)!(HO !ICCJI€,Ll;OBaTb O,LIHOqacTH'IHhie lIJI!I MHOro'IaCTH'IHbie KOppe­

JI.Hil;lIOHHbie QJYHKIJ;!IlI. 

Pa3pa6oTaHHhI:li MeTO,Ll; o6o6ru;eHHbIX cPYHKIJ;H:li rp!IHa II03BOJI.HeT paccMaT­

PHBaTb MHOrOKaCKa,Ll;Hbiil: rrpon;ecc lI paCIIIHplITb o6JiaCTb rrplIM€HlIMOCT!I IIOJiy­

'I€HHbIX KOppeJI.Hil;!IOHHbIX cPYHKIJ;Hfi. 

Mo,n;enIIpoaaHHe l\Byxn;eIIO'Ie'IHOro 6HorroJIHMepa c rroMoru;hro ,n;ayMepHoro 

cnyqa.iiHoro 6Jiy)K,Ll;aHII.H O,Ll;HOil: 'IaCTlIIJ;bl Ha KBa,Ll;paTHO:li peIIIeTKe II03BOJIIIJIO 

IIpOBO,L\lITb HOBbie lICCJI€,Ll;OBaHH.H ¢a30BOro IIepexo,n;a CII!IpMb-KJiy6oK. 

Ha 3am;HTY BhI,L\BHraroTC.H cJie,n;y10m;11e pe3yJibTaTbI: 

• IloKa3aHo, 'ITO MO,Ll;eJih TASEP c IIapanrreJI&HhIM rro,Ll;peIIIeTO'IHbIM 06-

HOBJieHaeM 3KBIIBaJieHTHa MO,Ll;eJIII TASEP c o6paTHofi rrocne,Ll;oBaTeJib­

HOil: ,Ll;lIHaMIIKO.ii, B KOTOpoil: '!aCTHIJ;bI Ha'IHHaIOT II 3aKaH'IHBaIOT ,Ll;BlI)K€­

H!Ie B pa3JilI'IHbie MOM€HTbI BpeMeHII. c IIOMOI.Il;bIO 3Toro COOTB€TCTBH.H 

IIOJiyqeHbI cPYHKIJ;!IlI rp!IHa ,Ll;JI.H TASEP c rrapaJIJI€JibHbIM IIO,LJ;perneTO'I­

HbIM o6HOBJI€HlieM ,Ll;JI.H pa3JiliqHbIX Ha'IaJibHbIX lI KOHe'IHbIX ycJIOBHil:. 

• 06o6ru;eHbI rrpaBIIJia o6HOBJI€HlI.H IIOJI0)K€H!Iil: '!aCT!IIJ; IIOJIHOCTbIO aCHM­

MeTplI'lHOro IIpon;ecca c HCKJIIO'I€HHbIM o6'heMOM B ,Ll;lICKpeTHOM speMe­

H!I. Bse,LJ;eH HOB&ril: rrapaMeTp B3aHMO,Ll;e:licTBII.H M€)Kl\Y '!aCTHD;aMH H c 

IIOMoru;&ro aH3an;a BeTe perneHo KHHeTH'IecKoe ypasHeHIIe MO,Ll;eJIH ,L\JI.H 

KOHe'IHoro 'IHCJia 'IaCTHIJ; Ha 6ecKoHe'IHO.ii peIIIeTKe. HecTan;IIoHapHoe 

pernemie ,LJ;JI.H rrpOH3BOJibHbIX HaqaJibHbIX ycJIOBH:li rrpe,Ll;CTaBJI€HO B BH,LJ;e 

,LJ;eTepMHHaHTa. 

• Mccrre,n;osaHhI COBMeCTHbie Bepo.HTHOCTH BbIXO,Ll;OB '!aCTHIJ; MO,Ll;€JIH 

TASEP H3 MHO)K€CTB c 3a,LJ;aHHoil: rrpocTpaHCTBeHHO-BpeMeHHOti cTpyK-
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Typoit. BepoaTHOCTH Bbixo,n;oB "laCTHD; H3 nocJie,n;oBaTeJibHOCTH o6o6IQeH­

HbIX rpaHHD; noJiy"leHbI B Brr,n;e orrpe,n;eJIHTeJrn <Dpe,n;roJibMa. IIoKa3aHo, 

"ITO HCKOMaa BepoaTHOCTb B CKeHJIHHrOBOM npe,n;eJie aCHMIITOTH"leCKH 

CXO,ll;HTCl'I K YHHBepcaJibHOMY rrpou;eccy 9itprr-2. 

• c IIOMOIQbIO ,LJ;ByMepHOro CJiy"laHHOro 6Jiy)K,LJ;aHHl'I Ha KBa,LJ;paTHOH pe­

IIIeTKe HCCJie,n;oBaHa MaTeMaTH"leCKaa Mo,n;eJib ,n;Byxu;eno"le"!Horo 6rrorro­

JIHMepa. Y"!TeHbI ,n;Ba KOHKyp11pyroIQrrx B3aHMo,n;ei1:cTBmr MOHOMepoB B 

u;errax H ,ll;OKa3aHO cyIQeCTBOBaHrre IIOJIHOCTbIO ,n;eHaTypHpOBaHHbIX co­

CTOl'IHHH IIOJIHMepa nprr KOHe"!HbIX TeMrrepaTypax. 

Arrpo6an;m1 pa60T1>1. 

Pe3yJihTaTbI ,n;11ccepTau;Hrr ,n;OKJia.LJ;bIBaJIHCh Ha: 

• International Conference Quantum Theory and Symmetries ( QTS-7) 

2011, Prague, Czech Republic . 

• xv Hay"!HOH KOH¢epeHD;HH MOJIO,ll;bIX y"!eHbIX H cneu;rraJIHCTOB 2011, 

01I51ll, ll:y6Ha. 

• I IIIKOJie-KoH¢epeHQHH MOJIO.LJ;hIX y'IeHhrx 11 crreu;rraJIHCTOB 2012, AJiyIII­

Ta, YKparrHa. 

• CeMHHape OT,n;eJia " CTaTHCTH"lecKaa MexaHHKa" Jla6opaTop1111 Teope­

Trr'IeCKOH cPH3HKH 011510:, ll:y6Ha. 

Ily6m~xan;HH. 

l1:11ccepTau;Ha HarrncaHa Ha ocHoBaHHH co,n;ep)KaHHa pa6oT [1-5]. 

CTpyKTypa II o6'beM ,rr;HccepTall;HH. 

ll:rrccepTaD;Hl'I COCTOHT H3 BBe,n;eHHa, Tpex rJiaB H 3aKJIIO"leHHl'I. 06IQHH 06'beM 

,ll;HCCepTaD;HH 108 CTpaHrru; MallIHHOIIHCHOro TeKCTa, BKJIIO"!al'! 19 PHCYHKOB Fl 

CIIHCOK JIHTepaTypbl H3 85 HaHMeHOBaHHH. 

5 



OCHOBHOE CO,ll;EP)KAHI:IE PABOTbI 

Bo BBe,n;emui: rrpe,n;cTaBJieH KpaTKHll o6sop OCHOBHbIX pa6oT H pe3yJibTa­

TOB no TeMe TO'IHO pernaeMbIX perneTO'IHbIX MO,n;eJie:H: B CTaTHCTH'I€CKOll Mexa­

HHKe. TaM :lKe KpaTKO OIIHCaHbl OCHOBHbie pe3yJibTaTbI, COCTaBmno:ru;:rre ,n;aHHYIO 

,n;:rrccepTaI!HIO. 

B rrepBOM rJiaBe "TASEP c napa.1/,./1,e.!l,'b'H!bt,M, noapewemO'l/,'H'btM o6'HOB./l,e­

'HUe.M" orr:rrcaHbI CBOliCTBa Mo,n;eJIH TASEP H :rrccJie,n;oBaHa Mo,n;eJib TASEP c 

rrapaJIJI€JlbHbIM rro,n;perueTO'IHbIM o6HOBJI6HHeM, B KOTOpo:H: B H€'I€THbI8 MOM8H­

TbI Bp8M8HH o6HOBJI.HIOTC.H IlOJI0)K€HH.H qacTHI!, Haxo,n;.HID;HXC.H B 'I€THbIX ysnax, 

a B qeTHbie MOM€HTbI BpeMeHH MOryT ,n;B:rrraTbC.H l.J:aCTHI!bI, CTO.HID;He B He'IeTHbIX 

ysJiax. 

IlOJIHOCTbIO aCHMMeTpH'IHblll IlPOI!8CC c HCKJIIOl.J:eHHbIM o6'beMOM rrpe,n;cTaB­

JI.HeT co6o:H: MapI<OBCKHll IlPOI!€CC, H ero ,n;:rrHaM:rrI<a OIIHCbIBaeTC.H CHCTeMOH 

ypaBH8HHll MapKOBa, KOTOpaa Ha3bIBaeTC.H OCHOBHbIM KHH€TH'I€CKHM ypaBHe­

HHeM. ,LJ:JI.H Toro, l.J:T06bI peIIIHTb KHHeTHl.J:€CI<He ypaBH€HH.H, HY:lKHO rrp:rrBeCTH 

TpaHc¢ep-MaTpHI!Y I< ,n;:rraroHaJibHOMY B:rr,n;y. MeTo,n; aH3a!Ia BeTe ,n;aeT B03-

MO:lKHOCTb :rrsyqaTb ,n;:rrHaMH'IeCK:rre CBOHCTBa TASEP. B 'IaCTHOCT:rr, 3a,n;aBa.H 

Ha'IaJihHhie ycJIOBH.H, MO:lKHO pellIHTh KHH€THl.J:€CKHe ypaBH€HH.H H IIOJIY'IHTh 

Q:iyHKU:HIO I'p:rrHa B Brr,n;e ,n;eTepMHHaHTa. TaKoe aHaJIHTH'IecKoe BbI'IHCJieH:rre 

c rroMOIIIbIO aHSau;a BeTe BrrepBhre 6bIJIO BbmOJIHeHo illYTI!eM ,n;n.H TASEP c 

HerrpepbIBHbIM BpeMeHeM, a B ,ll;aJibH6HIII6M TaKOll rro,n;xo,n; 6bIJI pa3BHT ,ll;JI.H MO­

,n;eJie:H: c ,ll;HCKpeTHbIM BpeMeHeM, B l.J:aCTHOCTH, ,ll;JI.H o6paTHOro IlOCJie,n;osaTeJib­

HOro Fl rrapanJieJibHOrO o6HOBJI€HHH, r,n;e 6bIJia HCIIOJib30BaHa TaK:lKe reoMeTpH­

qecKa.H FIHTeprrpeTau;:rr.H aH3a!Ia BeTe, OCHOBaHHa.H Ha KOM6HHaTOpHOM aHamrse 

TpaeKTOp:rr:H: qacT:rru;. 

~JI.H Toro, l.J:T06bI HaHTH cPYHKU:HIO rp:rrHa ,ll;JI.H TASEP c rrapaJIJI6Jlb­

HbIM rro,n;perneTO'IHbIM o6HOBJI€HHeM, paCCMOTpeHO MHO:lKeCTBO ,ll;HCKpeTHhIX 

rrpocTpaHCTBeHHO-BpeMeHHhIX TpaeKTop:rr:H: Ha perneTKe c IIIaxMaTHOli CTPYKTY­

po:H:. c IIOMO:rn;bIO ,n;Byx IlOCJie,n;oBaTeJibHbIX OT06pa:lK6HHll TpaeKTOp:rr:H: IlOKasa­

HO, 'ITO Mo,n;eJib 9KBHBaneHTHa Mo,n;enH TASEP c o6paTHoli rrocne,n;oBaTeJihHOli 

,ll;HHaMHKOH, B KOTOpo:H: qaCTHU:bI Hal.J:HHaIOT H 3aKaH'IHBaIOT ,ll;BH)f{6HH8 B pas­

Hbie MOMeHTbI BpeMeHH. I1crroJih3YH Bbipa:lKeH:rre ,n;na Q:iyHKI!HH I'p:rrHa TASEP c 
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o6paTHbIM ITOC.rre,n;oBaTeJibHbIM o6HOBJieHHeM, ITOJiy'leHa TO'IHaH ,n;eTepMHHaHT­

HaH c}:iopMy.rra cPYHKrrHH fp:uHa )l.JIH TASEP c ITapa.rr.rre.rrbHOi1 ITO)l.perneTO'IHOi1 

,!1.HHaMHKOi1 npH pa3Jiff'IHbIX Ha'laJibHbIX H KOHe'!HbIX yc.rrOBHi1. 

<l>yHKrrmI fpHHa )l;JIH napa.rrJieJihHOi1 no.n;pemeTO'IHOi1 )l;HHaMHKH O,ll;HOpo.n;­

Ha TIO KOOp,n;1rnaTaM '!aCTHrr, CHMM6TpH'!Ha ITO OTHOIII6HHIO K npeo6pa30BaHHIO 

'!aCTHrra-)l;bipKa H HMeeT OTHOCHT6JibHO npOCTYIO aHaJIHTH'leCKYIO c}:iopMy. c 
,!J.pyroi1 CTOpOHbI, OHa co.n;ep)KHT 60.rree CJIO)KHYIO BpeMeHHYIO 3aBHCHMOCTb, KO­

TOpM BKJIIO'!aeT Ha'!aJibHbie H KOH6'!HbI6 KOOp)l;HHaTbI ITO,!!. 3HaKOM cPYHKrrHH 

OKpyr.rreHHH, 'ITO MO)KeT npHBeCTH K ycJIO)KHeHHIO MHOrO'laCTH'!HbIX KOppeJIH­

rrHOHHbIX cPYHKrrHH. 

Bo BTopoii rJiaBe "TASEP c o6o6w,ettttUM npaeu1wM 06ttoe,11,ettuR" BBe­

)l.eHo o6o6rrreHHoe ITpaBrr.rro o6HOBJieHHH ,n;.rrH Mo,n;e.rr:u TASEP Ha 6ecKOHe'!Hoi1 

O)l;HOMepHOi1 pemeTKe H aHaJIHTH'l6CKH BbI'lHCJieHa cPYHKI1H5I fpHHa. 

3a C'!eT o6o6rrreHH5I H3MeH5IeTCH CBORCTBO KOpOTKO,n;ei1CTBYIOIIIero OTTaJI­

KHBaHH5I Me)K,n:y 'laCTm~aMH, HO MO,[I.eJib OCTaeTCH TO'IHO pernaeMoi1. IIOMHMO 

YCJIOBH5I HCKJIIO'l6HH5I, ,[IOITYCKaeTCH ITPHTH)K6HHe Me)K.n;y COC6,ZJ;HHMH '!aCTHrra­

MH, KOTopoe MeH5I6T 3BOJIIOrrHIO CHCTeMbI KOpeHHbIM o6pa30M. B '!aCTHOCTH, 

BBO,ZJ;HTCH ITapaMeTp B3aHMO)l;6HCTBH5I M6)K,!1.Y '!aCTHrraMH, H, B 3aBHCHMOCTH 

OT ero 3Ha'!eHH5I, MO)KHQ ITOJIY'IHTb JIH6o ITPHTH)KeHHe, .rr:u6o )l;OITOJIHHTeJihHOe 

OTTaJIKHBaHHe Me)K,n;y '!aCTHrraMH. )];Ba 'laCTHbIX 3Ha'leHHH 3TOrO napaMeTpa 

cooTBeTCTBYIOT npe.n;e.rrbHhIM c.rry'laHM TASEP c napa.rr.rre.rrhHbIM H o6paTHbIM 

noc.rre,n;oBaTe.rrbHbIM o6HOBJieHH5IMH. B c.rry'!ae ITPHTH)K6HHH noTOK '!aCTHrr HMe­

eT TeH,n;eHrrHIO K o6pa30BaHHIO CKOITJI6HHi1 '!aCTHrr, KOTOPM He xapaKTepHa )l;JIH 

H3BeCTHhrx BH)l;OB o6HoB.rreHH5I. B 3TOM c.rry'lae c:ucTeMa ,n;eMOHCTprrpyeT KOJI­

.rreKTHBHoe ITOBe,n:eHHe, KOTOpoe THITH'IHO )l;JIH aBTOM06HJibHOro Tpac}:irrKa. 

)J;JI5I OITHCaHH5I )l;HHaMHKH MO)l;6JIH HCITOJib3yeTCH npHHrrHTI o6paTHOro TIO­

c.rre,n;oBaTeJibHOrO o6HOBJieHH5I: B ,n;aHHbIR MOMeHT BpeMeHH ITOJIO)KeHH5I 'laCTHrr 

o6HOBJI5IIOTC5I cnpaBa HaJieBO H paccMaTpHBaIOTC5I CHTyarrHH, KOr,n;a ,!I.Be '!a­

CTHrrbI BCTpe'IaIOTCH B coce,n;HHX y3.rrax B Ha'la.rre BpeMeHHOro mara. IIpaBaH 

'laCTHrra TaKOrO KJiaCTepa (B TOM 'IHCJie H H30JIHpOBaHHaH '!acni:rra) ,[IBHraeTCH 

c Bep05ITHOCThIO p n: oCTaeTC5I Ha MecTe c BepoHTHOCThIO 1 - p. Ec.rr:u ITpaBaH 

'!aCTHrra ITapbI He )l;BHraeTCH B Te'leHHe ,n;aHHOro BpeMeHHOro mara, TO JieBaH 

'!aCTHrra ocTaeTCH Ha MecTe c BepoHTHOCThIO 1. Ec.rrn: )Ke ITpaBaH '!acTrrrra .n;e.rra-
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eT mar, TO CJie,n;yrorn;aH 'iacnrn;a rrpbrraeT c BepOHTHOCTbIO (1 + v)p HJIH CTOHT 

c BepoHTHOCTbIO 1 - (1 + v)p. EcTeCTBeHHbIM orpaH:u'IeH:ueM rrapaMeTpa v .HB­

JI.HIOTC.H HepaaeHCTBa 0 ::; (1 + v) :5 l/p. ,ll;JI.H v = 0 HMeeM o6br'iHbrH: TASEP c 

o6paTHbIM IIOCJie,n;oBaTeJibHbIM o6HOBJieH:ueM, a ,n;JI.H v = -1 IIOJiy'IaeM TASEP 

c IIapaJIJieJibHbIM o6HOBJieHHe:M. 

B Ha'Iane rJiaBbI c rroMOIIJ;bIO aH3au;a BeTe ,n;aHo HecTau;:uoHapHoe peme­

HHe OCHOBHOI'O KHH8TH'ieCKOI'O ypaaHeHHH, KOr,n;a HMeeTC.H KJiaCTep, COCTO.Hlll;HH 

H3 ,n;Byx 'iaCTHI.J;. B KOHu;e maBhr IIPHBe,n;eHo o6rn;ee ,n;oKa3aTeJihCTBO aH3au;a 

BeTe ,n;JI.H KJiacTepa H3 N i::racTHIJ;. B IIocne,n;HeM cny'iae rrp:u aHaJIHTH'ieCKHX 

Bbl'IHCJieHH.HX HCIIOJib30BaHa MaTeMaTH'ieCKa.H HH,Ll;YKIJ;H.H. Ilp:u IlpOH3BOJihHbIX 

Ha'iaJibHbIX YCJIOBH.HX IIOKa3aHO, qTo cPYHKIJ;HIO fpHHa MO:>I<HO IIpe,n;cTaBHTb B 

,n;eTepMHHaHTHOH ¢opMe. PeIIIeH:ue o6o6rn;aeT H3BeCTHbre pe3yJihTaThI ,ZJ;JI.H 06-

paTHOH: IIOCJie,n;oBaTeJibHOH H IIapaJIJieJibHOH ,Ll;HHaMHKH H COBIIa.,n;aeT c HHMH 

rrpH BbrmeyKa3aHHbIX 3Hai::reHH.HX IIapaMeTpa B3aHMO,n;eH:CTBH5!. 

B TpeTbe:H rJiaae "Pa3'H,08pe.Ate'H!tt'bte 1'0ppM.FtV,UOHH'bte rjJyH1'V,UU" HCCJie­

,n;oBaHbI coBMeCTHbre aepo.HTHOCTH Bhrxo,n;oa qacTHD; Mo,n;eJI:u TASEP H3 MHO­

)KSCTB c sa,n;aHHOfi IIpocTpaHCTB8HHO -BpeMeHHOfi CTPYKTypofi. 

MHoroqacTH'IHbl8 KOppeJI.HIJ;HOHHhie cPYHKIJ;HH MOryT 6brTh HCCJie,n;oaaHbl c 

rrOMOIIl;bIO paccM0TpeH1rn TASEP KaK aepo.HTHOCTHOfi Mepbr Ha COBOKyrrHocTH 

B3aHMO,Ll;8HCTBYIOIIJ;HX peIIIeTO'IHbIX rryTefi. 9TH IIYTH OIIHCbIBaIOT ,ll;HHaMHKY 

pacIIpocTpaHeHH.H qacTHIJ; Ha IIpocTpaHCTBeHHO-BpeMeHHofi IIJIOCKOCTH. Kor,n;a 

IIYTb H,Ll;eT BHH3, 9TO COOTBeTCTByeT TOMy, 'ITO qacT.mra CTOHT Ha MecTe, a KOr,n;a 

BHH3-BIIpaBo, TO i::iacTHn;a ,n;enaeT mar. B TaKoM IIpe,n;cTaBJieHHH KoppeJI.HIJ;HOH­

Hhre cPYHKD;HH ,n;aIOT Mapr:uHaJibHYIO aepOHTHOCTb IIPOXO)K,Ll;eHHB: rryTefi, COOT­

BeTCTBYIOIIl;HX 3a,n;aHHbIM 'IaCTHIJ;aM, 'iepe3 OIIpe,n;eJI8HHbI8 TOqK:u HJIH pe6pa 

pemeTKH. 

B TpeTbeH: rJiaBe ,n;:uccepTan;HH BbI'IHCJieHa BepoB:THOCTb Toro, 'ITO TpaeKTO­

p:uH Bbr6paHHbIX i::racTmi; co,n;ep*aT sa,n;aHHbre TOqKH HJIH pe6pa. TaKoe BbI'IHC­

JieHHe .HBJI.HeTC.H o6o6rn;eHHeM H3B8CTHbIX pe3yJibTaTOB ,Ll;JI.H IlpOCTpaHCTBeHHO­

BpeMeHHbIX KoppeJI.HD;HOHHhIX cPYHKD;HH TASEP, KOTOpbre coOTBeTCTBYIOT BhI­

xo,n;aM H3 MHO)KeCTBa, orpaHH'i8HHOro Ilp.HMbIMH BepTHKaJibHbIMH HJIH rop:u-

30HTaJibHbIMH JIHHH.HMH. IlpHMeHeHHe o6o6rn;eHHbIX cPYHKIJ;HH rp:uHa II03BOJI.H-

8T IIOJIHOCTbIO H36aBHTbC.H OT ycJIOBHB: BpeMeHHOH yrrop.H,Ll;O'i8HHOCTH, KOTOpoe 
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B03HHKaJIO B pa6oTaX ,z:i;pyrHX aBTOpOB, H OCTaeTca TOJihKO TipOCTpaHCTBeHHO­

IIO,D;06Hoe ynopa,z:i;oqeHHe Koop,z:i;HHaT qacTmr. ,Ll;mr pacurnpeHHl'I o6JiaCTH 

npocTpaHCTB€HHO-BpeM€HHhIX KOHgmryparrHi1, pacCMOTpeHhI rpaHHIIhI B HaH-

6oJiee o6rrreM BH,[\e. 0HH npe,z:i;cTaBJieHbI B BH,n;e JIOMaHbIX JIHHHH, M,ll;YIIIHX 

c cesepO-BOCTOKa Ha IOro-3ana,n; e,n;HHH'IHhIMH BepTHKaJlhHhIMH HJIH ropM30H­

TaJihHhIMH rnaraMH. KaJK,z:i;al'I H3 rpaHHII ,z:i;eJIHT npocTpaHCTBeHHo-speMeHHyro 

nJIOCKOCTh Ha ,z:i;se '!aCTH. TaKal'I KOHCTPYKIIHl'I rpaHHrr no3BOJil'leT H36aBHThCl'I 

OT mo6oro orpaHH'leHHH BpeMeHHOH ynopl'!,D;O'leHHOCTH H ,z:i;aeT B03MO:a<HOCTh 

paccMaTpMBaTb BepO.HTHOCTH Toro, 'ITO qaCTHIJ;hI IIOKH,D;aIOT 'laCTH TIJIOCKOCTH, 

orpaHH'IeHHbie rpami:rraMH, BhIXO,ll;l'I H3 ,IJ;aHHhIX TO'IeK rpaHHrr. 

Bepol'ITHOCTH Bhrxo,z:i;os qacTHII H3 nocJie,z:i;osaTeJihHOCTH o6o6rrreHHhrx rpa­

HMU: TIOJiy'IeHbI B BH,[\€ orrpe,z:i;eJIHTeJil'! <l>pe,n;rOJibMa. IlocJie IIOJiy'leHHl'I Bhrpa­

:a<eHHH ,[\Jil'I BepO.HTHOCTH BhIXO,ll;OB H3 rpaHHII, B TpeTbeH rJiaBe ,[\HCCepTaIJ;HH 

BhITIOJIHeH TaK)Ke aCHMIITOTH'leCKHH aHaJIH3 a,n;pa onpe,z:i;eJIHTeJil'! <l>pe,n;rOJih­

Ma. PemeTO'IHhre rpaHHIJ;hI HCTIOJih30BaHhI B Ka'leCTBe npn6JIH)KeHna rJia,n;KHX 

KpHBhIX Ha rrpocTpaHCTBeHHO-BpeMeHHOH IIJIOCKOCTH, a BbI6paHHhie TO'IKH pac­

CMOTpeHhI B Herrocpe,n;CTBeHHOH 6JIH30CTH OT rJia,[\KOro rryTH, rrepeceKarorrrero 

3TH KpHBhie. OcHOBHOH BhIBO,D;, KOTOpbIH CJie,n;yeT H3 9TOro aHaJIM3a COCTOHT B 

TOM, 'ITO IIOBe,n;eHHe BepOl'ITHOCTHOH cpyHKIJ;HH BhIXO,[\OB Ha 6oJibIIIOM MaCIUTa6e 

.HBJiaeTca YHHBepCaJibHhIM, IIOKa paccMaTpHBaeMhIH nyTh He HapyruaeT orpa­

HH'!eHMH Ha ycJIOBHe npocTpaHCTBeHHO-rro,n;o6HOCTH. <PnyKTyau;mi: o6o6rrreHHhIX 

KOOp,ll;MHaT BhIXO,Il;OB '!aCTHrr, pacnpocTpaHl'!IOIIIHXCa c Ha'!aJibHhIM yCJIOBHeM B 

BH,n;e CTyrreHbKH, OTIHCbIBaIOTCl'I aHCaM6JieM 9i1pH-2 TaK )K€, KaK B 'IHCTO npo­

CTpaHCTBeHHOM CJiy'lae. 

B 'I€TBepTOH rJiaBe "BuonMU.Mep'bt u aey.Mep'l-t'bte My'l/,aU'/-t'bte 6j/,yOJCBa­

'/-tUJI," HCCJie,n;oBaHa MaTel\!IaTH'IeCKal'! MO,n;eJib ,n;syxrreIIO'le'IHOrO 6HOIIOJIHMepa c 

TIOMOIIIhIO ,D;ByMepHoro CJiy'lai1:Horo 6Jiy:a<,n;aHirn Ha KBa,n;paTHOH perueTKe. 

CTpyKTypa roMonoJIHHYKJieOTH,n;a, B qacTHOCTH ,Ll;HK, orrHCbrnaeTCl'I c rro­

MOIIIbIO IIOCJie,[\OBaTeJibHhIX o6JiaCTe:H, KOTOpbre HMeIOT BH,[\ CIIHpaJIH HJIH KJiy6-

Ka. CrrnpaJibHhre o6JiaCTH, KOTOpbre no cyrrrecTBY l'IBJI.HIOTCl'I o,n;HoMepHhIMH, 

CTa6HJIH3HPYIOTC5! BO,ll;OPO,ll;HbIMH CB5!3ZIMH H apoMaTH'I€CKHMH B3aHMO,ll;eHCTBM­

.HMH. By,z:i;eM npe,z:i;noJiaraTh, 'ITO so,n;opo,IJ;Hhie CBl'l3H MoryT cl;>opMHposaThC.H 

TOJibKO Me)K,IJ;y OCHOBaHHl'IMH, HMeIOIII;HMM O,ll;HHaKOBbie HOMepa, T.e. see neT-
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JIM CHMMeTpHqHbI. MoJieKyJia ,Il;HK paccMaTpirnaeTC.H B BH,n;e ,.!l;BYX CJiyqa:l1:HbIX 

u;eneil:, KOTOpbre HM€lOT O,.!l;HHaKOBbie Ha'IaJibHbie TO'IKH. KoMnJieMeHTapHbie na­

pbI a30THbIX OCHOBaHHll B COCTO.HHHH C03,n;aTb BO,!J;OpO,!J;Hbie CB.H3H H Ka:lK,.!l;OMY 

TaKoMy coe,n;nHeHHIO cooTBeTCTByeT nepece'IeHHe ,n;Byx c.rryqailHbIX u;eneil:. OT­

cyTcTBHe MeaH,n;poB o6ecne'IHBaeT HCKJIIO'IeHHe TpexMepHbIX y3.rroB H ,n;onoJIHH­

TeJibHbIX nap B OCHOBaHHH BHYTPH neTeJib. 

PaccTO.HHHe M€)K,.!l;Y OCHOBaHH.HMH onHCbIBaeTC.H nOJIQ)K€HHeM qaCTHIJ;bI, 

6.Jiy:lK,n;aroru;eil: no ,n;ByMepHoil: peIIIeTKe B ,n;HcKpeTHOM BpeMeHH. BHa'IaJie, ,n;JI.H 

y,n;o6CTBa, paCCMOTpeHO npOCTOe CJiyqafiHoe 6.Jiy)K,n;aHHe qacTHIJ;bI Ha KBa,n;paT­

HOH peIIIeTKe. B rrpocTOM ,n;ByMepHOM cJiyqafiHOM 6.rry)K,n;aHHH rrpe,n;noJiaraeTc.H, 

'ITO qacTHu;a B Ka)K,.!l;bill BpeMeHHOH Illar o6.H3aTeJibHO nepeMern;aeTCH HaJieBo, 

HanpaBO, BBepx HJIH BHH3 c paBHbIMH BepOHTHOCT.HMH. Ka)K,D;bIH pa3, Kor,n;a 

qacTHu;a npOXO,!J;lIT qepe3 Ha'IaJIO KOOp,n;1maT, o6rn;aa: BepO.HTHOCTb TpaeKTOPHH 

YMHO:a<aeTC.H Ha CTaTHCTHqeCKHll Bee k, 'ITO COOTBeTCTByeT CTaTHCTH'IeCKOMy 

Becy ¢opMHPOBaHH.H nap B OCHOBaHHH. BepOHTHOCTb B03BpaTa qaCTlIIJ;bI B Ha­

qaJio KOOp,!J;HHaT nocJie N IIIaroB, T.e. CTaTHCTHqecKa.H cyMMa nOJIHMepa, co­

CTOHru;ero H3 ,n;Byx u;enoqeK, CB.H3aHHbIX M€)K,LJY co6oil: nepBbIMH H nocJie,n;HH­

MH MOHOMepaMH, 3aIIHCbIBaeTC.H c noMOIIJ;bIO npOlI3BO,n;.Hrn;eil: cPYHKIJ;HH nepBbIX 

B03BpaTOB B Ha'Ia:JIO Koop,n;nHaT. B ,n;HccepTau;nH npoBe,n;eH acHMnTOTH'IeCKH:il 

aHa:JIH3 cTaTHCTH'IecKo:I!: cyMMbI nyTeM BbI'IHCJieHH.H KOHTYPHbIX HHTerpa:.rroB Ha 

KOMnJieKCHO:il IIJIOCKOCTH. IIo.rryqeHbI cpe,n;H.HH :meprH.H H CnHpaJibHOCTb nOJilI­

Mepa npH k > 1 n k < 1. 

B ,n;HccepTau;Hn TaK)Ke o6o6rn;eHa Mo,n;e.rrb rrpocToro cJiyqa:l!:Horo 6.Jiy:lK,n;a­

HH.H, B KOTOpo:H qaCTHu;a MO)K8T OCTaBaTbC.H B HaqaJie KOOp,!J;HHaT B T8'I€HHe 

H€CKOJibKHX BpeMeHHbIX IIIaroB. c nOMOIIJ;b!O TaKoro o6o6rn;eHH.H MO)f(HO pac­

CMOTpeTb ,n;Ba Bn,n;a o6pa30BaHH.H BO,!J;OpO,!J;HbIX CB.H3e:l1:. IIepBbll BH,!J; B03HH­

KaeT npH Henocpe,n;CTBeHHOM KOHTaKTe M€:lK,.!l;Y IIOJIHMepHbIMlI u;en.HMH, KOTO­

pbr:H npHBO,!J;HT K B03HlIKHOB€HHIO O,!J;HO:il BO,n;opo,n;HOH CB.H3H rrpH nocJie,n;yro­

rn;e:H CB060,n;HO:li 3BOJI!OIJ;lilI 060FIX IIOJIHMepOB. cho KOHTaKTHOe B3aHMO,n;e:l1:CTBlI€ 

KOMIIeHCMpyeTCH KOpOTKO,n;eil:CTByIOru;HM M€)KMOJieKyJI.HpHbIM OTTa:JIKHBaHHeM. 

BTOpbIM BH,!J;OM .HBJI.HeTC.H ¢opMHpOBaHHe noc.rre,n;oBaTeJibHOCTeil: Bo,n;opo,n;Hhrx 

CB.H3e:l1:. 9TOT CJiyqafi COOTB8TCTByeT npHJIHIIaHH!O nOJIHMepHbIX u;erre:H B cnH­

paJibHO:il ¢a3e, KOr,n;a M€)KMOJieKyJI.HpHoe OTTaJIKHBaHHe rro,n;aBJI€HO. 9HeprH.H 
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TaKOfi CBII3H COCTOHT 113 ,r:t;Byx CJiaraeMhlX - aHeprrrn BO,r:t;OpO,r:t;HOfi CB.H3H H SHep­

rHH apoMaTW:IeCKOrO B3aHMO,ll;6HCTBH5I M6:>K,r:t;y coce,r:t;HHMH napa!Vrn a30THCTbIX 

OCHOBaHHH B o6JiaCTH CTIHpaJibHOro COCTO.HHH5I .D:HK. CoOTB6TCTB6HHO, IIOJIHbIH 

CTaTHCTH'IeCKHH Bee TpaeKTOpHH CJiyqafiHoro 6Jiy:>K,r:t;aHH5I YMHO:>KaeTC.H Ha ki 

npII noceII(eHHH <J:aCTIID;bI Ha<J:aJia KOOp,[\IIHaT H Ha k2, KOr,r:t;a <J:aCTII:o;a He BbIXO­

,ll;HT II3 Hero B ,r:t;aHHbIH MOMeHT BpeMeHH. 

TeMnepaTypttoe TIOBe,r:t;eHIIe CHCTeMbI MO:>KHO TIOJIY'IIITb, paccMaTpIIBa5I CIIH­

ryJI5IpHOCTH no,n;brnTerpaJibHoro Bbrpa)KeHIIR ,n;JI.H cTaTIICTII<J:ecKofi cyMMbr. B 

saBIICIIMOCTII OT napaMeTpOB MO,r:t;eJIH KpIITII<IeCKa.H TeMnepaTypa Tc MO:>KeT cy­

i:o;ecTBOBaTb TaM, r,r:i;e TIOBe,r:t;eHIIe MeH5IeTC.H CIIHryJI.HpHbIM o6pa30M. °Y<J:TeHbI ,r:t;Ba 

KOHKYPIIPYIOII(IIX B3aIIMO,LJ;eHCTBII5I MOHOMepoB B :o;eTI.HX II TIOJIY'l6HbI IIOJIHOCTbIO 

,n;eHaTypIIpOBaHHbre cocTO.HHII.H IIOJIHMepa rrpII KOHe<IHhIX TeMnepaTypax. CrrII­

paJibHOCTb IIOJIHOCTbIO IICqe3aeT, Kor,r:i;a TeMrrepaTypa rrpeBOCXO,ll;IIT KPIITH<J:e­

CKYIO Tc. 0TM6TIIM, 'ITO B cJiyqae rrpocToro cJiyqafiHoro 6Jiy:>K,r:t;aHII5I npII k > 1, 

CT6II6Hb CTIIIpaJibHOCTII CTp6MIITC5I K HYJIIO TOJibKO npII 60JibllIIIX TeMrrepaTy­

pax. Mo:>KHO saKJIIO'IIITh, <ITO Mo,r:t;eJib cJiyqafiHoro 6Jiy:>K,n;aHH.H c ocTaHOBKaMII 

B Ha'faJie KOOp,[\IIHaT OIIIICbIBaeT pe3KH::H nepexo,n; OT CTIIIpaJibHOro COCTO.HHH5I B 

KJiy6oK. TaKoe :>Ke noBe,r:t;eHIIe Ha6JIIO,n;aeTC.H ,r:t;JI.H cpe,n;Hefi aHeprIIII. 

B 3aKJnoqeHHH KpaTKO c¢opMyJIHpoBaHhr rroJiy'feHHbre B ,n;IIccepTa:o;1111 

pesyJihTaTbI, KOTOpbre II BbIHOC.HTC.H Ha 3aII(IITy. 
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