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OBIIA YA XAPAKTEPUCTUKA PABOTHI

Ob6BeKT nccJaIeJoBaHd M aKTyaJIbHOCTb TeMbI.

Perierounnie Mofenn UrparT BaXKHYIO POJIb BO MHOTHX OOJIACTSX TEOPETH-
qeckoi (pu3MKM, HATTPUMEp, B CTATHCTHYECKON MexaHWke, KBAHTORON Teopwun
noJist, rugpoauHamuke u T.4. OcoOblit HHTEPEC [MPeACTABILIOT TOYHO PelIaeMble
PEIeTOYHBIE MOJENN, KOTOPhIE MO3BOJAIOT OOHAPYKUTH KPUTUIECKUE siBJIE-
HEA B cucTeMax. Takoe KpUTHIECKOE TIOBeJIeHNe TPYIHO UCC/IEIOBATE YHUCIEHHO
WM KAKAMU-TO Ipub/inkeHHbIMU MeTogamu. OIHUM U3 BaXKHEHIINX IIPUMEPOB
TOYHO PelIacMbIX MOJEJIEH B PABHOBECHOI CTATHCTUYECKON MEXaHUKE ABJIACTCS
IByMepHasi Moaesb M3uara, perenne KOTopoit 66110 Briepsbie ano QHcarepoM
B 1944 rony. OHa OMUCHIBAETCS OTHOCUTETHHO MPOCTHIM TAMUIBTOHUAHOM C KO-
POTKOAEUCTBYIOIIUMH B3aUMOJACHCTBUAMU MEZKJy YaCTULLAMH, U B HEH MOXKET
BOBHHUKHYTDH (DA30BBIH MIEPEX0I BTOPOTO POIA.

B mocnennue necarumernsi GOIBINOE BHUMAHNE YIEISII0CH UCCIIETOBAHMSM
HEPABHOBECHBLIX (PA3OBBIX MEPEXOIOB, YaCTO BCTPEUAIOIINXCS B HEPABHOBECHOI
craructadeckoil dpusuke. OHU MOTyT BOSHUKATH JayKe B IPOCTEHIINX OJHOMED-
HBIX MHOTOYACTHIHBIX CHCTEMAX C HETPUBHAIBHON AuHaMuKoi. [Ipumepamu Tta-
KHUX CHCTEM SIBJIAIOTCS: KMHETHUECKHUH MTPOIeCe OHOMOMNMEePU3AINY, IBHKEHNE
TPAHCIOPTA MO JJIUHHOMY IIOCCe, MTOABUZKHBIN PEIeTOYHbIM ra3, CaMOOpTaHu-
30BaHHAA KPUTHIHOCTD, PACTYIIIHNE IOBEPXHOCTH U T.JI. BOJIBIIMHCTEO sIBJACHUI,
BCTPEYAIOIINXCA B TAKUX CHUCTEMAaX, HEBO3MOXKHO OIMMCATh B paMKax TEOPUU
CPEIHEro MOt DTH CUCTEMBI MOXKHO CMOIEINPOBATE C ITOMOIIBIO OTHOMEPHBIX
MHOT'OYACTUIHBIX IIPOIECCOB, B TYaCTHOCTH, OJHOCTHIO aCUMMETPUIHOTO IPO-
necca ¢ npocrbiM uckiouenuem (Totally Asymmetric Simple Exclusion Process,
TASEP). TASEP sBnsiercd CTOXacTHYECKON CHCTEMOI B3aMMOAEHCTBYIOMIUX
YACTHIL 1 CIYKUT NAPAJIUTMATHIECKON MOJEIJIBIO 117151 HEDABHOBECHOMN CTATUCTH-
9eCKOM MEeXaHWKHU, KaK AByMepHad MOjaenb 3uHra B PABHOBECHOH CTATHUCTH-
qeckoil MexaHuke. s KOHEYHOTO YMCIa YacTHIl er0 INHAMHKKA, OIMHUCHIBAETCSI
C TIOMOIIBIO OCHOBHOT'O KUHETUYECKOI'O yPABHEHUA.

JHaMudeckne TPaBUJIa, CUCTEMBI OMPEIEJISTIOT BEPOSITHOCTH TIEPEXOI0B

JUI MAPKOBCKUX IENeH, TOCTPOEHHBIX HA MHOYKECTBE KOHMDUIYPAIUil IACTHUII.



3agap HAUAIBHBIE YCIOBUS, MOXKHO Y3HATH BEPOSTHOCTH PA3IUYHBIX COOBITHIA,
HNPOUCXOAAIINX B XoAe sBostonud Mapkosa. Junamuka mozenu TASEP B auc-
KPETHOM BPEMEHU XaPaKTEPU3yeTCs 3aKOHOM OOHOBJIEHWST COCTOSHUS HA KaXK-
JIOM BpeMeHHOM Tiare. Ha oqHOMepHO# penerke ¢ UCKPETHBIM BPEMEHEM HAK-
6oJ1ee BayKHBIMU CJLY9asMU SBJISIOTCS MOJEJH C OOPATHBIM LOCJIEOBATEBHBIM,
MaPATIIETBHBIM U APAILIETbHO-TIOAPENIETOYHBIM OOHOBIEHUSIMH.

OO01rM CBOMCTBOM ITUX MPABUJI OOHOBJIEHUS SBJIETCH KOPOTKOIEHCTBYO-
Iee OTTAJKUBAHUE MEXKIy JaCTUIAMK 33 CUeT YCJIOBHUS MCKIIYeHus. Bropoe
BasKHOE CBOMCTBO YKA3aHHBIX OOHOBJIEHHII - 3TO X “peInaeMocTs’, T.e. OCHOB-
HOE KMHETHYECKOE YDABHEHHE MOXKET OBITH PEIeHO € MOMOIIbI0 am3aa be-
Te u ¢ysknus ['puHA, T.e. peleHne OCHOBHOIO KHHETUYECKOrO yPABHEHWS C
3aIAHHBIMU HAYAJIHHBIMU KOODAWHATAMY YACTHIl, MOXKET ObITh AHAJTUTUIECKU
BBIMHCJIEHA SBHBIM 00Pa3oM.

Hna cnygas TASEP ¢ menpepbIBHBIM BpeMeHEM, a TakKxKe ¢ 00paTHBIM
MOC/IETOBATEILHBIM U MTapaJlIeIbHBIM 00HOBJeHUs MY, (hyHKImu ['puHa Obuin
HalieHbl paHee B BUJE ONPEIEIUTE/sT MATPUILI. Takoe NMpeacTaBIeHue ITaeT
BO3MOKHOCTD IIPsIMOT'O BBIBOJA PACIPEIEIEHNs TIOTOKA YaCTHUIl U JAETAIBHOIO
anamm3a guHammdeckux ceoiicts TASEP.

C nomompio dyukimu ['prHa MOXKHO HUCCAENOBATH MHOTOYACTHIHBIE KOD-
pensnuonable MYHKINH, T.€. BEPOATHOCTH HAXOXK/EHUS HECKOJIbKUX (DUKCH-
POBaHHBIX YACTHI[ B JAHHBIX TPOCTPAHCTBEHHO-BPEMEHHBIX TOYKaX. llepBbiit
TOYHBIA PE3yJIbTAT JJIsT KOPPeJasuoHHbIX ¢yuknuii B TASEP Obur momyuen
B pabore Moxanccona, e pacemarpusasack ssomonns TASEP ¢ mapasiens-
HbIM OOHOBJIEHHEM U CTYIIEHYAThIM HAYAJIbHBIM ycjoBueM. B nasbaeiiniem aToT
pe3yabTaT OBLT 0O0OINEH 7151 00PATHO-TIOCIEI0BATEILHOIO OOHOBICHUS 1 TLITOC-
KOro HadajabHoro ycyosus. Cesaszp TASEP ¢ Teopueit qerepMUHAHTHBIX TOYEU-
HBIX TIPOITECCOB TTO3BOIMIA TAKKE PACCIUTATH MHOTOYACTAYHBIE KOPPEJISIITHOH-
ople dyHKInn. B obieM ciydae pe3yabTarT MOKeT ObITh IPEICTABIEH B BU-
ne ompeneurens PpearoabMa Omeparopa ¢ HEKOTOPHIM HHTErPATBHBIM SI-
poM. ACUMIOTOTHYECKUH aHAHN3 s/Ipa TIPEJICTABISET OCODLIN HHTEPEC, TaK Kak
MO3BOJISIET W3yYaTh CKEHJIMHTOBBIN TIPEIeNT KOPPENAINOHHBIX (DYHKINIA, KOTO-
pble JA0T YHHUBEpPCAJbHbIE CKelIMHTOBIe (pyHKnn Kiaacca Kapmapa-ITapu3u-

2Kamra.



C 1960-x romoB mEpexo Cnupaib-KayboK B OUOMosMMepax ObLT TpegMe-
TOM HHTEHCHUBHBIX TEOPETUYECKUX HCCIEIOBAHUN M AKTUBHO WCCIEAYETCH 10
cux mop. Ecrth nBe OCHOBHBIE MPUYUHBI, W3-33 KOTOPHIX MHTEPEC K ITOH mpo-
6neme He yobiBaeT. C OGHOMOrMYECKO TOYKHU 3PEHUS MEPEXO CIUPATb-KIYOOK
CB#3aH C TAKAMU BAXKHBIMH PMEHETUYECKUMU [IPONECCAMU, KAK TPAHCKPUIIIUS U
rpancasiusa. C apyroit croponsl, ¢ Touku 3pennd dusuku, [THK, cocrogmas
U3 ABYX TIernei, SBIIsieTCs TPUMEPOM KBa3MOIHOMEDHOM CUCTEMBI C TAJTbHOIEH-
CTBYIOMMME KOppessiiusaMu. J[Jist onucanus mepexoa Ciupaib-KayboK 00bIIHO
MIPUMEHHAIOTCS TEOPETUYeCKrne MOJIE]N, OCHOBAHHBbIE HA OfHOMEPHBIX VI3mHro-
MOTOOHBIX MOJIEJISAX WM UCTIOJB3YETCA AHAJIOTHS MEXK Ty TIOBEIeHNEM TIOJINMEDa,
U KBAHTOBO-MEXAHUYIECKON JACTUIhI B TIOTEHIMAILHOM ssmMe. MHOrme Teopern-
JeCKUe KOHCTPYKIINY BKJTIOYAIT BO3MOKHOCTE (DOPMUPOBAHKS MeTeb. B 6071b-
IIIUHCTBE TEOPHil PACCMATPUBAIOTCH TOMOJIOTHYECKHE TPOOIeMbl 00Pa30BaHMsT
[eTesib B TEPMOJAMHAMUYECKOM IIPEJIEse Wi B NPUOIMKEHUN CPEIHEro MOJs.
B macrositiiee BpeMs CyIECTBYIOT MHOTO PabOT MO TEOPUM MEPEXOJIa CIUPATIb-
KJIyOOK B romomosmMepax, B dacrHoctu B JIHK, rme yunthiBaercss BiusiHue
MOJIEKYJI BOJbI, HOHOB, MEKMOJIEKYJIIPHBIX B3AUMOIEHCTBUI JIMTAH/I0B W HEOI-
HOPOIHOCTH IEMOYKHU. TeM He MeHee, /10 CUX IOP OTKPBITHIM OCTAETCs BOIIPOC O
“MUHMMAJIBHON MOIEIN MEPeX0/ia CIUPATb-KJIYOOK B TOMOIOIHHYKIEOTHIAX,
OCHOBAHHOM TOJIbKO HA (PYHIAMEHTAJBHBIX CBORCTBAX ABYXIEITOUEITHON CTPYK-
Typbl. CyIEcTBYIOT HECKOJBKO PabOT, MOCBAIIEHHBIX TOH TpobieMe, a TaKKe
paspaboTaHna MOJEh MEPEX0/Ia CIUPAIb-KAYOOK MJisd IBYXIENOYEeYHON TOMO-
nonumveproi JHK. Drta Mozens omuckiBaeT obiiue CBONCTBA CHCTEMbBI, TAKHE
KaK OO0JIbIII0e KOJINYECTBO BHYTPEHHUX COCTOSHUII BPAIIEHUS, SHEPIUIO IOIOJI-
HUTEJIbHBIX CBA3€H U OrpaHnvenns Ha KOH(MOPMAIMOHHBIE BO3MOXKHOCTH €Y,
BO3HUKAOIINE B CBI3W ¢ 00pa30BaHWEM BOJODPOMHON CBS3W B ABYXIIETOYETHON
cucreme. OOBIYHO TAKOEe OTPAHWYEHME OMUCHLIBAETCS Yepe3 OTHOIIEHUE CTATU-
CTUYECKUX CyMM IOJIMMEDPA B COCTOSIHUY METJIN W B COCTOAHAN OTKPBITON IENN.
DTa BeIMYUHA PACCMATPUBAETCI BO MHOTUX MOJTYIMIUPUIECKUX TEOPUIX CPE/I-
Hero nojs mpu Moaudukanun Teopun lllTokMaitepa 1/ist 1O0CTATOYHO JIMHHBIX
nerneii. CTaTucTuyeckas cCyMMa U CBODOIHAS SHEPTHUST OBLIN PACCIUTAHBI Iy TEM
pellieHnsi XapaKTEPUCTUIECKOTO YPABHEHNA, KOTOPOE CBA3BIBAET [IJIMHY METIIN

¢ sHeprueit 00pa30BaAHNA BOAOPOIHON CBA3M.



ITenp paGoThl.

Ilenapro HacTOAIIEH AUCCEPTAINN ABIAETCSA PA3BHUTHE yIKe CYIIECTBYIOIIUX MU
CO3JIaHE HOBBIX AHAJIUTUYECKUX METOI0B MCC/IEIOBAHUSA HEPABHOBECHBIX MO-
Jeneil CTaTUCTUIeCKO MeXaHUuKU.

Hay‘IHaﬂ HOBH3Ha U IIPpaKTHU4YeCKad INEeHHOCTb.

C nomomwpio Hafimenubix GyHkumii I'puna mias mozesneiit TASEP ¢ napannens-
HBIM IozperneToYnbiM ooHosaenneM u TASEP ¢ 06001me HbIMY IpaBUaaMi 00-
HOBJIEHUSI MOXKHO HCCJIEI0BATH OJHOYACTUYHBIE WJIM MHOTOYACTUYHBIE KOPPEe-
JIALMOHHBIE (PYHKIINMU.

Pazpaborannbiit MmeTon 0600mmeHHbIX GyHKIMI ' prHa mo3BoIs€T paccMar-
PUBATH MHOTOKACKAIHBIH TIPOIECC ¥ PACIIUPUTDH 00JACTH TPUMEHUMOCTH TTOJTY-
YEHHBIX KOPPEJISIIUOHHBIX (DYyHKITHIA.

MojenupoBatue ABYXIEIOYEIHOr0 DUONOJNMEDa C IOMOIIBI JBYMEPHOIO
CIIyIafiHOTO OMy»KIaHNS OTHONM YACTHIBI HA KBAJIPATHON peIeTKe IMO3BOJINIO
MTPOBOJINTH HOBBIE UCCJIEIOBAHUS (PA30BOTO MEPEXOIA CIUPATB-KITyDOK.

Ha 3allIiUTy BBIABUTAIOTCA CJieAyrolliue pe3yJibTaTbI:

e [lokazamno, uro mogens TASEP ¢ mapajurebHbIM TOAPEIEeTOIHBIM 00-
HOBJIeHHEeM 3KBuBajeHnTHa monaean TASEP c obparHoii nmociemnoBaresinb-
HOI TWHAMUKOM, B KOTOPOU 4aCTUIbl HAYWHAKOT U 3aKAHIUBAIOT TBUKE-
HUE B PA3JIMYHBIE MOMEHTHI BpeMeHu. C TMOMOIIBI0 9TOTO COOTBETCTBHUST
nmonyvenst dbyukiun 'puna mia TASEP ¢ mapasienbHbiM mopeneToy-

HBIM OOHOBJIEHHEM IJIA PA3TNYIHBIX HaYaJbHBIX 1 KOHCYHBIX yCJ’IOBHI?I.

o O0001IEHBI TpaBuIa OOHOBJIEHHUS ITOJOXKEHHUH YACTHI IOJTHOCTHIO aCHM-
METPHUIHOTO MIPOIIECCa ¢ MCKIIOUEHHBIM 00bEMOM B AMCKPETHOM BpeMe-
Hu. BBemen HOBBIN mapaMerp B3auMOIEHCTBUS MEXKIY YaCTHIAMHU U C
[IOMOIIBI0 aH3ala bere pelmeHo KMHETUYECKOe ypPaBHEHHE MOJEH JJIst
KOHEYHOIO YHCJIa YaCTHI Ha OeckoHeuHOU pemrerke. HecranmonapHoe
pelrienye i TPOU3BOIbHBIX HAYAJIBHBIX YCIOBUH MPEICTABIEHO B BUIE

JeTepMUHaHTa.

L] I/ICC.HQILOBaHLI COBMECTHBIEC BEPOATHOCTH BBLIXOAOB YaCTHUL MOICJIH

TASEP u3 MHOXECTB ¢ 3aJaHHON TPOCTPAHCTBEHHO-BPEMEHHON CTPYK-



Typoii. BeposSTHOCTH BBIXOIOB YACTHUIL U3 MOCIETOBATENHLHOCTH 0000IIEH-
HBIX TPAHHUIL MOJYyYeHbI B Buae onpenenntens Ppenronbpma. Ilokazano,
YTO HCKOMadA BEPOATHOCTH B CKEMJIMHI'OBOM opeaese aCUMIITOTHYECKHU

CXOJINTCST K YHUBEPCABHOMY TIPOIIECCY Ditpu-2.

e C mOMOIIBIO JBYMEPHOIO CJIyYaifHOrO OJIyKIaHWS Ha KBAIDPATHONW pe-
IIIeTKE MCCIE0BAHA MATEMATHIECKAS MOJETh ABYXIENOYETHOr0 OUOMo-
JauMepa. YUTeHbI JBa KOHKYPUPYIOIIUX B3aUMOJIEHCTBUI MOHOMEPOB B
MENAX W JOKa3aHO CYIIECTBOBAaHWE MOJHOCTHIO AEHATYPUPOBAHHBIX CO-

CTOSAHMIT TTOJIMMEpa IIPU KOHEYHBIX TeMIlepaTypax.

Anpobamus paborsl.

PesympraTh! auccepraiun JOKIA bIBAINCH HA:

e International Conference Quantum Theory and Symmetries (QTS-7)
2011, Prague, Czech Republic.

o XV nay4uno#i koudepeHIMr MOJIOIBIX yUeHbIX U creruaancTos 2011,

OUdn, /lybua.

o [ mikoste-koHMbEpEHIME MOTOIBIX YUYEeHbIX U creruanuncToB 2012, Amyii-

Ta, YKpaunHa.

e Cemmnape oraena “ Crarucrudeckas Mexanuka’ JlaGoparopuu Teope-
tuaeckoi ¢usuku ONAN, /lydHa.

ITy6aukanmmn.
Huccepranus Hanucana Ha OCHOBaHUU cojepxkanud pabor [1-5].

CTpyKTypa u 06beM JauccepTaluu.

Jlucceprarusi COCTOUT W3 BBEJEHHUsI, Tpex TiaB U 3akaodenus. Obmmit 06beM
guccepranuu 108 cTpaHul MAIIMHOIMCHOIO TEKCTAa, BKJO4Yasg 19 pUCYHKOB u

CITUCOK JIUTEPATYPHI U3 85 HAaNMEHOBAHUI.



OCHOBHOE COAEP>KAHUWE PABOTBI

Bo BBeaeHUM mpencTaBiIeH KPATKHil 0030p OCHOBHBIX pabOT M PE3y/IbTa-
TOB TI0 T€MEe TOYHO PENIAEMbIX PENIeTOYHBIX MOJENIell B CTATHCTUIECKON MexXa-
Huke. TaMm e KPaTKO OMUCAHBI OCHOBHBIE PE3YJIBTATHI, COCTABIISONINE TAHHYIO
JIACCEPTAIINIO.

B nepsoii rmaBe “TASEP ¢ napasieavrvim nodpewemostoim 06Ho6Ae-

nuem” ommcanbl csolicrsa momenu TASEP u ucciemosana mozens TASEP c
MAPAJLIETBHBIM TIOIPeITeTOYHBIM OOHOBIEHNEM, B KOTOPOU B HEUETHBIE MOMEH-
ThI BpEMEHU OOHOBJISIIOTCS TIOJIO2KEHUS YACTHI, HAXOJAAIIMXCSA B Y€THBIX Y3J/1aX,
a B Y€THBIE MOMEHTHI BDEMEHH MOTYT JABUTATHCSA YACTHUIIHI, CTOAIINE B HEIETHBIX
y371ax.

[ToHOCTHIO ACUMMETPUIHBIIA MTPOIECC C UCKIIOYEHHBIM 00heMOM MPEICTAB-
JasgeT cob0f MapPKOBCKHUIM IIPOIECC, W €r0 AWHAMHKA OINCHLIBAETCS CHCTEMOMH
ypasaenuit MapkoBa, KOTOpasi HA3bIBAETCSA OCHOBHBIM KHHETHIECKUM ypPaBHE-
uueM. JIjs Toro, 4Tobhl pemmuTh KMHETUYECKUE YDABHEHUS, HYKHO IPUBECTH
TpaHcdep-MaTpuIly K AuaroHanpHOMY Buay. Meron ansara Bere maer BO3-
MOYKHOCTh m3ydarh AuHamudeckue cpoficrBa TASEP. B wacrrocTu, 3amaBas
HAYaIbHbIE YCJIOBUS, MOXKHO PEIUTh KUHETHYECKNE YPABHEHUS U MOJIYUUTH
dbyurmuo I'puaa B Buge merepMuHanTa. Takoe aHAIATHYECKOE BBIYMC/IEHUE
¢ moMoOINpio anzana Bere puepsble 6bw10 Bhimoaneno IlyTiem gna TASEP ¢
HETIPEPBIBHBIM BPEMEHEM, & B JAJbHEUIIIEM TAKON MOAXO/ ObLI PA3BUT MJIA MO-
JeJieit ¢ TMCKPETHBIM BPEMEHEM, B YaCTHOCTH, JJis OOPATHOrO TIOCIEI0BATE b
HOTO U MAapaJIIeILHOrO OOHOBIEHUH, T/ie ObLIa WCIOIb30BAHA TAKIKE T€OMETPH-
4Jeckasd uHTepnperanus an3ana Bere, ocHoBanHAas HA KOMOMHATOPHOM AHAJIA3E
TPAEKTOPHUI 4aCTHIl.

Jas Toro, urobbr maditu dyuknuio 'puna gus TASEP ¢ mapasmrenn-
HBIM TIOAPENIeTOYHBIM ODHOBJIEHUEM, PACCMOTPEHO MHOXKECTBO JUCKPETHBIX
[IPOCTPAHCTBEHHO-BPEMEHHBIX TPAEKTOPHUI HA PEIeTKE € MIAXMATHOH CTPYKTY-
poii. C mOMOIIBIO IBYX MOCTENOBATENBHBIX 0TOOPAYKEHN TPACKTOPHUIT MOKa3a-
HO, YTO MOZeJb 3KBUBajIeHTHa Moaeau TASEP ¢ obparHoil mociaenosareabHON
JVHAMUKOM, B KOTOPON JACTUIHI HAUWHAIOT W 3aKAHUHUBAIOT NBUKEHUE B Pa3-

HbIe MOMeHTHI Bpemenu. Mcnonb3ys Beipakenne misa dyuakiuu I'puaa TASEP ¢



0OpaTHBIM MOCJIEN0BATEILHBIM OOHOBJIEHUEM, TIOJYYEHA TOUHAS JTeTEPMUHAHT-
nas gopmyna dyukiuu Ipuna qma TASEP ¢ napammensHoit momperneroaHoi
JUHAMUKON TIPU PA3JIMYHBIX HAYAIBHBIX U KOHEYHBIX YCJIOBHUI.

Oyurnus ['puna 118 napasieIbHON MOAPENeTOYHON THHAMUKYA OHOPOI-
HA 110 KOOPJMHATAM YaCTHUI, CAMMETPUYHA 110 OTHOIIEHUIO K IPEOOPA3OBAHUIO
YACTUIA-TBIPKA W UMEET OTHOCHUTEIBHO MPOCTYIO aHajduTudeckyn ¢opmy. C
JIPYTO#l CTOPOHBI, OHA COMEPIKUT HOJIee CIOKHYIO BPEMEHHYIO 3aBUCUMOCTh, KO-
TOpas BKJOYAET HAYATHHBIE W KOHEYHBIE KOOPAWHATHI MO 3HAKOM (DyHKITUN
OKPYTIJIEHHST, YTO MOXKET IIPUBECTH K YCJIOKHEHHUIO MHOTOYACTUIHBIX KOPPEJsi-
IIMOHHBIX (DYHKIIHIA.

Bo BTOpoii rnaBe “TASEP ¢ 0606wennbvim npasusom 06Ho6senus” BBe-

JIeHO 0000IIeHHOe paBuIo 0OHOBIcHNA 11 Mogean TASEP ma 6eckoneunoii
OIHOMEPHOH peIreTKe W aAHAJUTHYIECKN BhIIucaeHa (pyHKInsa ['puHa.

3a cuer 000OOIIEHUST U3MEHSETCS CBOMCTBO KOPOTKOIEHCTBYOIIEro OTTAJI-
KUBAHUA MEXKIy JaCTUIIAMH, HO MOJETb OCTaeTCd TOYHO permtaeMoit. [lomumo
yCaoBUA UCKIIOYCHUA, TOTYCKACTCA TPUTAZKECHUE MEXKJY COCCIHUMU YaCTHUIla-
MM, KOTOPOE MEHseT IBOJIONNI0 CHCTEMBI KOPEeHHBIM 0obpasom. B wacrmocTH,
BBOJUTCA ITAPAMETD B3aUMOAECHCTBHASA MEXKJYy YacTUIIAMHU, W, B 3aBUCUMOCTH
OT €ro 3nadyenud, MO>KHO TOJYYUTH .HI/I6O IpUTAKeHue, .HI/I6O JOIIOJHUTEJIBHOE
OTTaJIKUBAaHHUE MEXK/Yy YaCTHUILAMU. ,HBa 9aCTHDBIX 3HAQYCHHA ITOr'O IIapaMerpa
COOTBETCTBYIOT TipefiesibubiM ciaydagam TASEP ¢ mapannenpabsiM u o6paTHbIM
IIOCJIEJOBATECIABHBIM O6HOB.TI€HI/IHMI/I. B ClIyvdae IpUTAzKEeHNA ITOTOK YaCTHUIT UMe-
€T TeHJIEHIINIO K 0OPA30BAHNIO CKOILIEHUH JACTHUI], KOTOPAs HE XapaKTEePHA JJIsT
M3BECTHBIX BUJOB OOHOBJIEHHS. B 9TOM ciaydae cuCTeMa JEeMOHCTPHUPYET KOJI-
JIEKTUBHOE TIOBEIEHIE, KOTOPOE TUIINIHO IjIs aBTOMOOUIHLHOTO TpaduKa.

Jlis omvcaHus TUHAMWKY MOJIEIN WCIIOIb3yeTCsl MPUHIINI ODPATHOTO IMO-
CJIe10BATEJIBHOT'O O6HOBJI€HI/IHI B ,HaHHbeI MOMEHT BPEMEHH IOJIO?KEHUA TaCTUI]
OOHOBJISTIOTCsT CIIPABa HAJIEBO W PACCMATPHUBAIOTCS CHTYAIIMM, KOTJIA JBE <a-
CTHUITBI BCTPEYAIOTCS B COCETHUX y3/IaX B Hadaje BpeMeHHoro mara. Ilpasast
YACTHIA TAKOIO KJIACTEPa (B TOM YUC/E W U30JUPOBAHHAS YACTHUNA) ABUCAETCS
C BEPOSATHOCTBIO P M OCTAETCAd Ha MecTe ¢ BeposaTHOCThio 1 — p. Ecim mpaBas
JaCTUIa IIapPbl HE ABHUIA€TCA B TE€YCHHE OJAHHOI'O BPEMEHHOIO IMara, TO JieBa:d

JaCTHIIA OCTAECTCA Ha MECTe C BEPOATHOCTBLIO 1. Ecim ke IIpaBad 9aCTHIIA AeJIa-



eT MIar, TO CJEAYIONAs YaCTUIA TIPHITaeT ¢ BepoATHOCTHIO (1 4 v)p waum crour
¢ BepodaTHOCTBIO 1 — (1 4 v)p. ECTECTBeHHBIM OrpaHHYeHHeM MAPaMETPa, UV AB-
astrores HepaserncTsa 0 < (1+v) < 1/p. Jusa v = 0 umeem o6brunbiii TASEP ¢
00OpaTHBIM TOCIEIOBATEILHBIM OOHOBIeHHEeM, a Jijist ¥ = —1 nomydaem TASEP
¢ MapaJsuiesbHbIM OOHOBJIEHUEM.

B nadane mmaBbl ¢ moMompi0 am3ana bere JaHO HECTAIMOHADPHOE perrie-
HUE OCHOBHOI'O KMHETHIECKOTO YPABHEHUST, KOTJIA UMEeTCs KIACTED, COCTOATTUH
U3 ABYX dYacTuil. B KOHIE TJIABBI MPUBEAEHO O0IIee M0KA3ATEIHCTBO AH3AIA
Bere mma kmacrepa n3 N gactuil. B mociegHeM caydae IpH aHATATHIECKUAX
BBIYHCJIEHUSX UCIOJIH30BAHA MaTeMATHIECKas WHAYKIHA. [Ipy mpon3BOIbHBIX
HAYAJbHBIX YCJIOBUSX MOKA3aHO, YTO (DYHKIWIO ['prUHA MOXKHO MPEJACTABUTH B
nerepmuHaHTHON bopme. Perrrenne 06001aeT W3BeCTHBIE PE3YIBTATHI A7 00-
PaTHON MOCJICIOBATEAbHON U NapaJlIe/IbHON JUHAMUKH W COBHAJIACT C HUMU
[P BBIMIEYKA3AHHBIX 3HAYCHUAX MAPAMETPA B3aUMOICHCTBUS.

B Tpetrbeii rimaBe “Paznospementbie KOPpessyuoHHse gyruryuu’ ucce-

JIOBaHBLI COBMECTHBLIE BEPOSTHOCTH BLIXOHoB udacTul] momenu TASEP u3 mmbo-
2KECTB C 3a/IaHHOI MPOCTPAHCTBEHHO -BPEMEHHONH CTPYKTYPOIA.

MmuorogacTrydHbie KOPPETSAHOHHbIe (DYHKITUU MOTYT OBITH UCCIEIOBAHBI C
nmomotbio pacemorpenns TASEP kak BeposSTHOCTHOH MephI HA COBOKYITHOCTH
B3aMMOJEHCTBYIOIINX PEIIEeTOYHbIX IIyTel. DTU [IyTH OMUCHIBAIT JUHAMUKY
pacnpocTpaHeHus YacTHUI] HA MPOCTPAHCTBEHHO-BPeMeHHO# miockocTu. Korma
NyTb UJIET BHA3, ITO COOTBETCTBYET TOMY, UYTO YACTHUIIA CTOUT HA MECTE, 3 KOT/Ia
BHU3-BIIPABO, TO YACTHUIIA JETAET TTar. B TakoMm MpencTaBaeHuN KOPPeasITnOH-
Hble (DYHKIUU [TAI0T MAPIUHAJIBHYIO BEPOSITHOCTH IIPOXOXKJIEHUsI IIyTell, CooT-
BETCTBYIONINX 33IaHHBIM YACTHUIIAM, 9€DPE3 ONPEETEHHbIE TOYKM Uau pebpa
peIeTKy.

B Tpetneii rmase auccepTaliiy BEIYHCTIEHA BEPOATHOCTD TOTO, YTO TPACKTO-
pun BRIOPAHHBIX YACTHI] COAEPKAT 3aaHHBIE TOUKH Han pebpa. Takoe Bbramc-
JieHne siBjIfgercs OOOOIeHreM M3BECTHBIX PE3Y/IbTATOB s TPOCTPAHCTBEHHO-
BPEMEHHBIX KOppesanuonubix Gpyukimii TASEP, KoTopbie COOTBETCTBYIOT BbI-
XO/IAM W3 MHOXKECTBA, OTPAHUYUEHHOTO MPSAMBIMH BEPTHKATLHBIMU WU TOPU-
30HTAJIbHBIMHU TuHUAMH. [IpuMenenne 06obmennbx pyukmuit I'puHa mo3Bos-

eT HOJHOCTHIO M30aBUTHCSI OT ycaosnda BPEMeHHOfI ynopaao4eHHoCTu, KOTopoe



BO3HUKAJIO B pabOTax JAPYTUX aBTOPOB, W OCTAETCS TOJIBKO TTPOCTPAHCTBEHHO-
momobHOe yIOpAmOYeHne KoopamHaT dwactwin. as pacmmpernd o0gacTH
MPOCTPAHCTBEHHO-BPEMEHHBIX KOH(MDUTYypanuit, pacCMOTPEHBI IPAHUILI B HAW-
6osee obmem Bume. OHM TPEACTABIEHBI B BUJAE JIOMAHBIX JIWMHWH, WIYIIAX
C CEeBEPO-BOCTOKA, HA IOI0-3alla)l €AMHUIHBIMY BEPTUKAJIbHBIMY WUJIA I'OPU30H-
TaJAbHBIMHA IIaramu. Kakgas w3 PaHMll AeMT NPOCTPAHCTBEHHO-BPEMEHHYIO
IJIOCKOCTD Ha, JB€ YacTH. Takas KOHCTPYKIIMS TDAHWIL MO3BOJISET N30ABUTHCS
OT JTI0DOTO OrPAHWYEHUsT BPEMEHHOM YITOPSIOYEHHOCTH U JAET BO3MOMKHOCTH
paccMaTprUBaTh BEPOSITHOCTH TOIO, YTO YACTHIBL HOKHUIAIOT YACTH ILJIOCKOCTH,
OrpaHNYeHHbIE IPAHUIIAMH, BLIXOIA M3 JAHHBIX TOYEK I'PAHMII.

BeposiTHOCTH BBIXOMOB WACTHIL U3 MOCAEIOBATEILHOCTH OOODIIEHHBIX I'pa-
HUIL TIOJIyYeHbl B Buje onpemenurtenst Openronasma. Ilocae mogydenus: Bbipa-
2KEHUsl JIJI BEPOSITHOCTU BBIXOJIOB M3 IPAHMIL, B TPEThEH [VIaBe JUCCEPTALUU
BBIIIOJIHEH TaKXKe aCUMIITOTUYECKHI aHaau3 sapa onpenennTesis Ppearoib-
Ma. Permerounbie rpaHUIibl HCIOJB30BAHBI B KAYECTBE NMPUOIUKEHUS TJIAIKAX
KPUBBIX HA, TPOCTPAHCTBEHHO-BPEMEHHOI MJIOCKOCTH, & BRIOPAHHBIE TOYKU PAC-
CMOTPEHBI B HEIOCPEACTBEHHOI OJIM30CTH OT TJIAJIKOrO IIYTH, IePECEKAOIIErO
oTr KpuBble. OCHOBHOI BBIBOI, KOTOPBIH CJIEAYET U3 ITOrO AHAJIN3 COCTOUT B
TOM, 9TO MOBEJEHNE BEPOATHOCTHON (DYHKIMK BBIXOIOB HA OOJIBIIOM MaciTabe
SABJISIETCA YHHUBEPCAJIbHBIM, II0KA PACCMATPUBAEMBbIH I[IyTh HE HAPYLIAET Orpa-
HUYEHHS HA YCJIOBHE TPOCTPAHCTBEHHO-TIoA00HOCTH. PryKkTyarnnn 0O000IeHHBIX
KOODJAWHAT BBIXOI0B YACTHI], PACIPOCTPAHSIOMIUXCS C HAYAIbHBIM YCIOBHEM B
BUJE CTYIEHbKH, OMTUCHIBAIOTCH aHcaMmbeM DUpu-2 Tak ke, KAK B YMCTO MPO-
CTPAHCTBEHHOM CJLy4ae.

B uerBeproii rimaBe “Buonoaumepv. U 08YMePHbIE CAYUGTHDLE OAYHCIa-

HUA" UCCIIEIOBAHA MATEMATHIECKAsS MOIEIb IBYXIIEMOYEIHOrO OUOMOINMED] C
MTOMOIIBI0 IBYMEPHOTO CJIYYIANHOTO Oy KIAHWS HA KBAJIPATHON perreTke.
Crpykrypa romonosuaykieoruia, B qacraoctu JJHK, onuceiBaercs ¢ mo-
MOIIBIO TIOCIEIOBATEIbHBIX 00IacTel, KOTOPBIE NMEIOT B CIIMPAJINA WA KIy0-
ka. Crnupasbable 00JIACTH, KOTOPBIE MO CYIIECTBY SBJISIIOTCS OIHOMEPHBIMH,
CTa6I/IJII/I3I/IpyIOTCH BOJOPOAHBIMU CBA3AMU U apPOMATHICCKUMN BSaHMO,ELefICTBI/I—
amu. Bymem mpemmosararh, 9TO BOAOPOJHBIE CBSI3W MOIYT (POPMHUPOBATHCH

TOJIBKO MEXKAYy OCHOBAHUAMM, MMCIOIMUMU OJJMHAKOBBIC HOMEDa, T.€. BCE IIE€T-



au cummerpuanbl. Mosekyna JITHK paccmarprBaercs B Buie JBYX CIyJIalHBIX
1emneii, KOTOPbIe MMEIOT OJIMHAKOBbIE HAYAIbHbBIE TOYKH. KOoMIsIeMeHTapHbIe ma-
PBI a30THBIX OCHOBAHUH B COCTOSHUU CO3JATh BOJOPOJHBIE CBA3U U KAXKJIOMY
TAKOMY COEIMHEHWIO COOTBETCTBYET IepecevueHne NByX Caydaiubx memeil. Or-
CyTCTBHE MEAH/IPOB 00ECIIeNBAET UCKIIIOYEHUE TPEXMEPHBIX y3JI0B U JIOIOJIHU-
TEJIbHBIX AP B OCHOBAHUU BHYTPH IETeb.

Paccrogame MekITy OCHOBAHUSIMU OMUCHIBAETCH TOJOKEHUEM YACTHIIHI,
OIy>KIAIOIIei 110 IBYMEPHO pereTke B IUCKPETHOM BpeMenu. Buauase, st
y100CTBa, PACCMOTPEHO MIPOCTOE CJyvaiiHoe O/Iy2K/IaHHe YACTHUIBI HA KBAIPAT-
HO#1 perieTke. B mpoCcTOM JByMEPHOM CJIy9aiffHOM OJIy2K/TaHUY IPEIINOIAraeTC,
9TO YACTHUIA B KAXKIBIM BPEeMEHHOH Iar ob0s3aTeNbHO MEPEeMeIIaeTcs HAJIEBO,
HampaBo, BBEPX WM BHU3 C PABHBIMU BEPOATHOCTAMU. KarKablii pa3, Korma
9aCTHUIA TPOXOAUT Yepe3 HAYAJI0 KOOPAWHAT, O0IIas BEPOATHOCTh TPAEKTOPUU
YMHOXKA€TCsT Ha CTATUCTUYECKUl BeC K, 9TO COOTBETCTBYET CTATHCTUIECKOMY
Becy (DOpMUPOBaHUS Map B OCHOBAHUH. BEPOSITHOCTH BO3BPATA YACTUIIBI B HA-
qaJ10 KoopauHar mocae N 11aroB, T.e. CTATUCTHUYECKAs CYMMa, TIOJTUMEpPa, CO-
CTOAIIETO U3 ABYX IEMOYEK, CBA3AHHBIX MEKIY CODOI ITePBBIMH U TTOCJIEIHU-
MH MOHOMEPAMHU, 3AMUCHIBAETCH C TOMOIIBIO TPOU3BOAAIIEN DYHKITUYU TEPBHIX
BO3BPATOB B HAYaJI0 KoopAauHAT. B nmuccepranum mpoBeieH aCUMITOTHIECKUH
AHaJIU3 CTATUCTUYECKON CYMMBI [IyTeM BblYUC/IeHNd KOHTYPHbBIX HHTEIDaJIOB Ha
KOMILIIEKCHOH TiI0CKOCTH. 1losTyueHnl cpeiHss SHePrus U CIUPATBHOCTD TOJIH-
Mepampu k> 1u k < 1.

B muccepranuu Takyke 000OIIEHA MOIETb TPOCTOTO CAYYIANHOTO Oy Ia-
HUfA, B KOTOPOH 4acTUlla MOXKET OCTaBaTbCA B Hadaje KOODJUHAT B TEYeHHe
HECKOJIBKUX BpeMeHHBIX MmaroB. C MOMOIIBI0 TaKOTO ODOOIEHNS MOXKHO Pac-
CMOTDETH [1Ba BUJA O0OPA30BAHUs BOIOPOMHBIX CBst3eii. [lepBbiii BuI BO3HU-
KaeT TIPU HEeNOCPEJCTBEHHOM KOHTAKTE MEKJy IMOJUMEPHBIMU [eNsaMU, KOTO-
PBIii NIPUBOJUT K BO3ZHUKHOBEHHUIO OJTHOU BOJIOPOJAHON CBA3U OPHU IOCIECAYIO-
et cBoBOAHON 3BOMIOIMK 000KX OJUMEPOB. JTO KOHTAKTHOE B3auMoAelicTBre
KOMITEHCUPYETCA KOPOTKOIEUCTBYIOMNM MEXKMOJIEKYIAPHBIM OTTAJIKUBAHUEM.
Bropeim BUmOM siBIsSIETCS (DOPMUPOBAHUE TOCIEI0BATENBHOCTEN BOJOPOIHBIX
cBs3ell. DTOT CiIydail COOTBETCTBYET MPUIUIIAHUIO TIOJUMEPHBIX Teneil B CIm-

pasibHOM (haze, KOraa MeKMOJIEKYISIPHOE OTTATKUBAHUE MOJABICHO. DHEPTHST
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TaKON CBSI3U COCTOUT U3 JBYX CJIATAEMBIX — SHEPTUU BOJOPOIHOM CBSI3M U HED-
TUU aPOMATHYIECKOTO B3aMMOAEHCTBHS MEXKIY COCETHUME TAPAMU a30TUCTHIX
ocHoBanwuit B obactu cnupanabaoro cocrosausa JJTHK. CoorBeTcTBeHHO, TOTHBIH
CTATUCTUIECKUN BEC TPACKTOPHUHU CIYYIARHOTO OIyXKIaHUS yMHOXKaeTcs Ha ki
I[P [OCEIIEHUH YACTUIbI HATATIA KOOPJUHAT U HA K9, KOTJA 9aCTHUIA HE BbIXO-
JIAT U3 HETO B JIAHHBIHI MOMEHT BPEMEHH.

TemneparypHOe TOBEIEHNE CUCTEMbBI MOYKHO MOy IUTh, PACCMATPUBAS CHUH-
TYJISIPHOCTH TOJABIHTErPATBHOIO BBIPAYKEHWS I CTATHCTUYECKOW CyMMbl. B
3aBHCHMOCTH OT TAPAMETPOB MOJENM KPUTHUIECKas reMieparypa T, MoxKeT cy-
IMECTBOBATH TaM, /e IOBEICHIE MEHSIeTCS CUHTYIAPHBIM 06pa30M. Y UTEHbI IBa
KOHKYPHUPYIOIUX B3ANMOIEHCTBYST MOHOMEDPOB B TIENSX U MOy 9€HBI TOTHOCTHIO
JIEHATYPUPOBAHHBIE COCTOSHUS TTOJIUMEDPA TIPU KOHEUHBIX Temmeparypax. Cru-
PAJIIBHOCTH TOJHOCTHIO HCYE33eT, KOIJIa TEMIIEPATypa MPEBOCXOINUT KPUTHUE-
ckyto T,. OTMeTnM, 4To B Cay4ae IPOCTOro CLydaiiHoro duyxaganus npu k > 1,
CTENeHb CIUPATBHOCTH CTPEMUTCS K HYJIO TOJBKO MPHU OOJIBIIUX TEMIIEPATY-
pax. MOKHO 3aKJIOYATE, YTO MOAENb CIYYIANHOTO Oy KIAHUST ¢ OCTAHOBKAMU
B HAYAJIE KOOPAWHAT OMUCHIBAET PE3KUI [T€PEX0] OT CIHUPATBHOTO COCTOSTHUA B
kiyook. Takoe ke moBeieHne HAOIIOMAETCS A1 CPEOHEH SHEPIHUH.

B zaksgrouyeHnn KpaTko cHOPMYJUPOBAHBI MOJYYEHHBIE B TUCCEPTAIUH

pPE3y/IbTaTbl, KOTOPbIE U BbIHOCATCA Ha 3allUTYy.
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