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OBIIIA A XAPAKTEPUCTHUKA PABOTHBI

O6bexT HCCJIeJOBaHNUA W aKTYaJIbHOCTHh TEMBI.

Pemerounbie MOAEIN UFPAIOT BaXKHYIO POJIb BO MHOIHX 00/1aCTAX TEOpeTH-
yecKol (pUSMKH, HAIPUMEDP, B CTATHCTHYUECKON MEXaHMKe, KBAHTOBON TEOpHH
moJisi, rugpoauHaMuke u T.40. Ocobaiil nHTEpeC NPeACTABIAIOT TOYHO PEIlaeMbIe
PeleToO4YHble MOIEe/IN, KOTOPBIE ITIO3BOJIAIOT O6Ha.py}KI/ITI: KpuTn4ieckKkue sBJie-
HHUA B cucreMax. Takoe KpUTUYIeCKOoe IIOBEIeHNe TPYLHO UCCIEN0BATh YHCAEHHO
HJIH KaKUMH-TO NpHOImKeHHbIME MeTogaMu. OHAM U3 BaXKHEHAIINX [IPUMEPOB
TOYHO PEINAEMbIX MOAENEH B PABHOBECHOMH CTATHCTUYIECKONR MEXAHUKE. ABJIAETES
JByMepHasA MoAeb V3umra, pemenne KoTopoii 66110 Briepssle Jaxo OHcarepoM
B 1944 rony. Ona OnucEIBAETCH OTHOCHUTEJIBHO IIPOCTHIM IMaMUILTOHHAHOM C KO-
POTKOAEHCTBYIOLIMMH B3aNMOAEHCTBUSIMH MEXKAY YaCTHUAMH, H B Heli MOXKer
BO3HUKHYTH (ha30BEIN IIEPEXOH BTOPOrO POAA.

B nocnenuue gecsatunerus GONbLIIOE BHUMAHKE YAEISUIOCh HCCISIOBAHUIM
HEPABHOBECHHIX (DA30BHIX MIEPEX0J0B, YACTO BCTPEUAIOIIMXCH B HEPABHOBECHOM
craTucTuyeckoil ¢huzrke. OHM MOTYT BO3HUKATD AaKe B [IPOCTEHINNX OJHOMEp-
HBIX MHOTOYACTHYHBIX CUCTEMAX C HETPHUBHANbHOM AuHaMukoit. [IpumepaMu Ta-
KHX CHCTEM SIBJISIOTCS: KMHETHUECKUH IpOoiece OMONONINMEPH3alluH, IBUKEHNE
TPAHCIIOPTA 110 AJHHHOMY IIOCCE, TOABMKHBIN PEINeTOYHELH Ia3, CAaMOOPTaHM-
30BAHHAS KPUTHYHOCTE, PACTYIUME IIOBEPXHOCTH ¥ T.J. BOJIBIIMHCTBO ABIeHUH,
BCTPEUAIOIIUXCS B TAKUX CUCTEMaX, HEBO3MOXKHO OIMCATb B DAMKAX TEOpUU
CPEIHEero I0JIf. DTH CUCTEMbI MOXKHO CMOZENHUPOBATD C IOMOIILI0 OOHOMEPHBIX
MHOTOYACTUIHBIX TIPOIIECCOB, B YACTHOCTH, IIOJHOCTHIO ACHMMETDPHYHOIO IIPO-
necca ¢ npocrsiM uckioyenneM (Totally Asymmetric Simple Exclusion Process,
TASEP). TASEP siBifeTcs CTOXaCTHYECKOH CHCTEMOM B3aMMOEHCTBYIOIIMX
YACTHUI ¥ CIIYXKUT [apaIUrMATHIECKON MOJEBIO Jj1s HePABHOBECHOM CTATHCTH-
YECKON MEXaHHKH, KaK AByMepHas MOIejb VI3WHra B paBHOBECHOHM CTaTHCTH-
yeckoit Mexanuke. i KOHEYHOr0 YMC/a YACTHIL] €r0 AUHAMUKS, ONUCHIBAETCS
C IIOMOIIIBIO OCHOBHOI'O KMHETHMYECKOI'O YPaBHEHUA.

uHaMuyeckue IIPaBUjla CHCTEMBI OIIPENeIAI0T BEPOSTHOCTH INEPEXOI0B
JJIsT MaPKOBCKHUX IT€IIeH, TIOCTPOEHHBIX HA MHOXKECTBE KOH(MUIYpaIui YaCTHIl,



3aaB HAYAJILHBIE YCJIOBHS, MOXKHO Y3HATH BEPOATHOCTH Pa3INIHBIX COOBITHH,
IPOHCXOJALIMX B X04e 9Bomonuy Mapkosa. dunamuxa momgenu TASEP B muc-
KDETHOM BPEMEHHU XapPaKTePU3YeTcsi 3aKOHOM OOHOBJIGHUS COCTOSHMS Ha, KaXK-
oM BpeMeHHOM mare. Ha omHoMepHO# peinerke ¢ JUCKPETHHIM BpeMEHEM Hau-
fosiee BasKHBIME CIIYUasMH SBJISIOTCS MOIEN C OOPATHBIM [TOCJIEJ0BATENbHEIM,
[apaJUIeIbHBIM M [apaJiIebHO-II0APEIIeTOYHBIM 00HOBICHUSIMY.

OO0muM CBOHCTBOM 3THX MPABHII OGHOBJICHUS SIBJISIETCS KOPOTKOAEHCTBYIO-
Iee OTTAJKMBAHME MEXKIY YaCTHUIIAMH 38, CUET yCAOBHA HCK/IIOUeHHs. Bropoe
BaXXHOE CBOMCTBO YKA3aHHBLIX OOHOBICHMH - 3TO uX “pelaeMocTh’, T.€. OCHOB-
HOe KHHETMYeCKOe YPaBHEHHE MOXKeT OBITH PEIleHO C IOMOIIbI0 aH3aua De-
Te U QyHKIuA ['puHAa, T.€. PEIlleHHe OCHOBHOIO KMHETHYECKOTO YPABHEHUA C
3aJaHHBIMY HAYAJbLHLIMY KOODAHUHATAMH YACTHUI[, MOXKET ObITh aHAJIUTHYECKH
BEIYHCJIEHA, ABHBIM 06pa3oM.

Ons cnyuas TASEP c¢ nempepnhIBHBIM BpPEMEHEM, & Tak»Ke ¢ OGpaTHBIM
[OCJI€HOBATEIbHBIM U I1apajulesbHeIM 0OHOBIeHUAME, DyuKuun ['puna GbLIH
HafiieHBI paHee B BHJE ONDEAETNTeNs MATPULLI. Takoe NpPEeNCTAaB/IEHUE [1aeT
BO3MOKHOCTD IIDSIMOI'O BBIBOZA PACIPENesIeHHUs] IIOTOKA YACTHUIl U JeTAJBHOrO
aHAJIM3a ArHaMudeckux cpoiicrs TASEP.

C nomompio pyuxkuun I'puHa MOXHO HCCIAEAOBATh MHOIOYACTHYHBIE KO-
pessinMoHEbIe (DYHKUMM, T.€. BEPOSATHOCTH HAXOXKIEHHS HECKOIBKHMX (DUKCHU-
POBAHHEBIX YaCTHI[ B JAHHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX TOYKax. IlepBhIit
TOYHEIN pe3ysbTaT HJis KoppensuuoHabrx dyukuui B TASEP Gpu1 nosnyyen
B pabore Voxamccona, rae paceMaTpuBasack sposmonus TASEP ¢ mapasiens-
HBIM OOHOBJIEHHEM U CTYIEHYATHIM HAYAJILHLIM YCI0BHeM. B manbuelimneM aTor
pesysprar Obl1 06001IeH 418 06paTHO-II0CIEA0BATENBHOrO OGHOBICHUS U IJIOC-
Koro HauanabHOro yciaosus. Cesase TASEP ¢ Teopueil meTepMUHAHTHBIX TOUEY-
HBIX IIPOLIECCOB NTO3BOJIMIIA TAKXKe PACCUUTATE MHOIOYACTUYHEIE KOPPEIALMOH-
Hple yHKIUU. B obuieMm ciyuae pesynbTaT MOXKET ObITh IPEICTaBJIeH B BH-
Ze onpenenurens DOpearosbMa oneparopa ¢ HEKOTODHIM HHTErPajbHBIM -
poM. AcuMOTOTHYECKUH aHANN3 sApa NPEACTaBIIserT 0COBBIH HHTEpeC, TaK KaK
HIO3BOJISIET U3y4aTh CKEMJIMHIOBLIH IPENes KOPPEJISIUOHHLIX (DYHKIWH, KOTO-
pBIE Iar0T YHMBEPCAJIbHbLIE CKefyinHrosbe dyukumu Kiacca Kapaapa-ITlapusu-
AKamra.



C 1960-x rofoB mepexol CIupajb-KiayOoK B GuomonuMmepax ObLI IpemMe-
TOM HHTEHCHMBHBLIX TEOPETMYECKUX MCCJIEHOBAHMH M AKTHBHO HCCIEOYETCs IO
cux 1op. Ectb JBe OCHOBHBIE IPUYMHBI, U3-32 KOTOPHIX MHTEPEC K ITOH IIpO-
fseme e y6rBaer. C 6MONOrWIEeCKOl TOUKY 3PEHUs IePeX0[ CIUPATL-KIyOoK
CBSI3aH C TAKKMU BaXXHBIMU PEHETUYECKUMHE IIPOLECCAMU, KaK TPAHCKPHUIIIUSA U
rpancasuus. C npyroit croponst, ¢ Touxku 3penus ¢pusuky, JHK, cocrosmasn
13 IBYX LeNel, sBJIseTcs IPUMEPOM KBa3WOAHOMEPHOM CUCTEMBI ¢ AaabHOIElH-
CTBYIOIIAMHY KOppeIanuamu. s onucanus nepexoa Cumpalib-KiyGoK 00BIYHO
IPUMEHSIOTCS TEOPETHYECKNEe MOJENU, OCHOBAHHBIE Ha OJHOMEPHBIX M3uHro-
NOZOOHBIX MOIEJIAX MIIM UCIIO/Ib3YETCsI AHAJIOTHS MEXKY IIOBEJEHUEM [TOJIUMEDPA
M KBAHTOBO-MEXaHUYECKOH YaCTHULBI B IOTEHIUAALHON saMme, MHorue teopeTy-
YECKUE KOHCTPYKIIMY BKJIIOUAIOT BO3MOXKHOCTD (hOPMUPOBAHKS Heresb. B 60/ib-
IIMHCTBE TEOpUi pPacCMaTPUBAIOTCH TOIIOJOTHYECKUE NPOoO/IeMbl 06pa30BaHUA
MeTeb B TEPMOSUHAMUYECKOM IIpenesie MM B NPHOIMKEHHE CPEeJHEro IIOJsd.
B macrosiee BpeMs CyLIECTBYIOT MHOI'O PaGOT IO TEOPHUH IIEPEeX0/ia CIHpasib-
KJIyOOoK B romomnonmMmepax, B yacraocru B JHK, rae yuurniBaeTcs BRAusiHUE
MOJIEKYJI BOIBI, MOHOB, MEXKMOJIEKYJISIPHBIX B3aHUMOAEHCTBYY JINTAHI0B W HEOI-
HOPOZHOCTY Lienouky. TeM He MeHee, JO CHX IIOP OTKPBITHIM OCTAETCsI BOIIPOC O
“MUHMMAJIBHON” MOJENN NePexoa CHUpPaJsib-KiIyGoK B MOMOMONIMHYKICOTHAAX,
OCHOBAHHOH TONBKO Ha (DYHIAMEHTAIBHEIX CBONCTBAX ABYXLENOYEYHOH CTPYK-
Typhl. CywecTByIOT HECKOIBKO PaboT, IIOCBAMIEHHBIX 9TOH npobieMe, a TakxKe
pa3paboTaHa MOLENb II€PEeX0[d CIMPAJIb-KIYyOOK JJif IBYXIENOYEYHON IOMO-
monumepHoi JTHK. 9ta Mozens omuckiBaer obilpe CBOMCTBA CHCTEMBI, TaKue
KaK 60JIbIIoe KOIMIECTBO BHYTPEHHUX COCTOSHHY BPAIlEHHUS, SHEPTHIO J0MOJI-
HUTENbHBIX CBA3€H U OTPaHUYEHNs Ha KOHQOPMAUHOHHbE BO3SMOXKHOCTH LIEIH,
BO3HUKAIOIIME B CBA3Y C 00pa30BaHMeM BOIOPOMHOH CBA3H B ABYXIENOYEUHON
cucreme. OBGBIUHO TakOe OrPAHMYEHME ONUCHLIBAETCS YEPE3 OTHOMICHHE CTATH-
CTUYECKUX CyMM IIOJIMMEDA B COCTOSIHUH HET/IM U B COCTOSIHHY OTKPBLITOH ILIemu.
DTa BeIMYUHA PACCMATPHUBAETCS BO MHOI'MX IIOJIYIMINPHYECKUX TEOPUSIX CPe-
Hero noJjs npu Mopuduxanuy treopun LIltokMaiiepa Ajis JOCTATOYHO MJIMHHBIX
nenedt. CrarucTuueckas CyMMa U CBOGOAHAS 3HEPTus OLIIM PACCIUTAHEI Iy TEM
DeNIeHNs XapaKTePUCTUYECKOrO YPABHEHMS, KOTOPOe CBA3LIBALT JJIMHY [ETJIH
¢ sHeprueit 06pa30BaHus BOAOPOLHON CBA3M.



ITeas pabGoTshl.

Ienpio HacTOAUIEH AUCCEPTALNM SBISAETCA DA3BUTHE yXKE€ CYILIECTBYIOIINX U
CO3/IaHMEe HOBBIX AHAJIUTHYECKUX METOIOB HCCIAEHOBAHUA HEPABHOBECHBIX MO-
Jeneli CTaTUCTUYIECKON MEXaHUKHU.

Hayumas HoBu3HA U ODpaxTuyecKas IeHHOCTD.

C nomompio Haiinenusx Gyukuuit I'puna nns monmenest TASEP ¢ napamnnens-
HBEIM mozpemnterouHsiM o6HoBnenueM u TASEP ¢ o600mennbivu mpaguiaMu o6-
HOBJIEHHs MOXHO HCC/IEI0BATh OJHOUACTUYHbIE MJIM MHOIOYACTHYHLIE KOppe-
JISILMOHHEIE DYHKITHIL.

Pazpabotanusiit Meron obobiuennbx dyuxkuuit ['puna no3soaser paccMmat-
PUBATh MHOTOKACKAJIHBIN IIPOLECC ¥ PACIIUPHUTD 06/IACTh IPUMEHMMOCTH IOJY-
YEHHBIX KOPPEJISIMOHHBIX (DYHKITHH.

MopenupoBanue IByXIENOYeYHOro GUOMONUMEDPA € TIOMOIIBLI0 ABYMEPHOIO
cnyuaiHoro GoyxKIaBua ONHOM YACTHIBI HA KBaAPATHOM DemIeTKe IO3BOJIUJIO
IPOBOLUTL HOBBIE HCCJ/IEI0BaHNS (ha30BOr0 Iepexona CIUpPalb-KiIyOoK.

Ha sanmury BBIZBUTAIOTCH CJIeAYyIOLINE Pe3yibTaThl:

e ITokazamo, uro momens TASEP ¢ mapasiienbHEIM HOApEmeTOYHbIM 00~
HOBJIeHMeM 3IKBuBaJeHTHa Momenu TASEP ¢ obparTuo#l mocnenoBaTesns-
HOY AVHAMHKOH, B KOTOPOHN YaCTHUIBI HAUUHAIOT U 3aKaHYUBAIOT JABHXKe-
HYE B Da3IHYHbIe MOMEHTHI BpeMeHu. C OMOIIBIO 3TOr0 COOTBETCTBUS
nonydersl pyuruun 'puna ansa TASEP ¢ napannensssiM nompemeroy-
HBIM OOHOBJIGHHMEM IS PA3/IMYHLIX HAYAJIbHEIX ¥ KOHEUHBIX YCJIOBHUH.

e O6o0mens! mpaBuiia OGHOBICHNSA IOJOMKEHHA YACTHI] IOJHOCTHIO ACHM-
MEeTPHYHOTO IIPOIECCa C MCKJIIIOYeHHBIM 00beMOM B JUCKPETHOM BpeMe-
Hu. Beesen HOBbI mapamerp B3auMOAEHCTBUSA MEXKAY YaCTHIAME U C
TIOMOMIBIO aH3ala Bere perreHo KMHETMYECKOE YPABHEHHE MOIENH IJis
KOHEUHOI'O YHMCJIa YaCTHIl Ha GeckoHeuHoil pemerke. HecraruoHapsoe
peIneHne s TPOU3BOALHBIX HAYAJIBHEIX YCIOBUH IIPECTABICHO B BUAE
OEeTep MUHAHTA.

e IlcciiefoBaHBI COBMECTHBIE BEDOSTHOCTH BHIXOJOB YAaCTHI MOJENIH
TASEP w3 MHOXKeCTB C 33JaHHON NPOCTPAHCTBEHHO-BPEMEHHOH CTPYK-



Typoii. BeposiTHOCTH BBIXOZOB UACTHI] M3 [10CIIEI0BATEILHOCTH 0600IIeH-
HBIX 'PaHul NOJydeHb! B Buze onpenenurens ®pegromsma. Ilokazano,
YTO0 HCKOMAas BEPOSTHOCTh B CKEH/IMHIOBOM IIpemesieé aCUMIITOTHYECKU

CXOOWTCSA K YHUBEPCAJILHOMY TIPOIECCY Dipu-2.

C nmoMompio ABYMEPHOr0 CIIydaBHoro Giy»KIaums Ha KBaIPaTHOR pe-
LIeTKE UCCIeHOBaHa MaTeMaTHUECKasa MOJEIb OBYXIEno4eyHoro 6uormo-
JIIMepa. YUTeHbI [Ba KOHKYDHPYIOUMX B3aUMOJEHCTBUS MOHOMEPOB B
LEeNsIX ¥ JOKA3aHO CYIIECTBOBAHUE IIOJHOCTBIO JE€HATYPUPOBAHHEIX CO-
CTOSIHH IOIMMEpa IIPH KOHEYHBIX TEMIIEPATYPaxX.

Anpobauusa paborsi.

PeByﬂbTaTbI AuCcepTalnuy JOKJI3IbIBaJINCh Ha.

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

XV mayunoit KoHdepeHIY MOJIOABX YUeHsIX u cuenmannctos 2011,
OndH, Hybua.

I mkone-xondepenuyy MOJNOALIX yUeHBIX U cnenuanucros 2012, Amyni-

Ta, Y KpauHa.

Cemunape orgena “ Crarucruueckas Mexanuka” JlaGopaTopum Teope-
Tuveckoi dusuku OU AN, dybua.

Ily6smkammn.

Huccepranys HanucaHa Ha OCHOBAHWY COZeprKaHus pabor [1-5].

Crpykrypa 1 06beM uccepTayn.

Jlyccepraiys COCTONT U3 BBEAEHHS, TPeX IVaB U 3akmiouenud. O6mmuil o6beM

puccepranuu 108 cTpaHHIl MAIIMHONNCHOTO TEKCTA, BKAOYAsS 19 pHCYHKOB u

CIIMICOK JINTEPATYPHI U3 85 HaMMEHOBAHUH.



OCHOBHOE COJEPXKAHUE PABOTHI

Bo BBegenuu npeicrasiied KpaTKuil 0630p OCHOBHBIX PaboT M pe3y/bTa-
TOB IO TEMe TOYHO PEIIaeMbIX PEIIeTOUHBIX MOJe/el B CTATHCTUYECKOA Mexa-
uuke. TaM JKe KPATKO OIIMCAHbI OCHOBHBIE Pe3Y/IbTATEI, COCTABJISIONINE JaHHYIO
JIHCCEPTAIHIO.

B neperoii rnase “TASEP ¢ napaasesvHvim nodpewemontbim o6HosAe-

nuem” omucanel ceoitcta Mozenu TASEP u uccnemosana Momens TASEP c
MapaJsjieSIbHEIM [IOAPEINeTOYHBIM OOHOBIICHHEM, B KOTOPO B HEYETHBIE MOMEH-
THI BpeMEHHU OOHOBIISIIOTCS ITOJIOXKEHUS YACTHI], HAXOMSUIMXCH B YeTHBIX y3/1aX,
a B UeTHbIE MOMEHTBI BPEMEHH MOI'YT JBUIAThCA YACTHULLI, CTOSINNE B HEUETHBIX
y3J1ax.

TloaroCThI0 AaCUMMETPUYHBIH IIPOLECC C HCKIIIOYEHHBIM 06beMOM IIPeICTaB-
nser coboil MapKOBCKuUi#l NMpOLECC, M ero AUHAMUKA OMHCHIBAETCA CHCTEMOM
ypaBHEHNH MapKoBa, KOTOPAasi HA3BIBAETCS OCHOBHBIM KMHETHYECKMM YDaBHe-
uueM. s Toro, yToObl PEMIATL KUHETHYECKHME YPABHEHUS, HYKHO IPUBECTH
TpaHcdep-Marpuily K AUaroHaJIbHOMY Buay. Meron amzana Bere maer Bos-
MOXHOCTh u3y4arh guHamudeckue csolicrsa TASEP. B wacruocru, 3agaBast
HaYaJIbHBIE YCJIOBHS, MOXKHO DEIIUTh KHUHETHYECKHE YPABHEHMS M TOJIYYUTH
dyuxuuio I'puna B Bune HerepMuHanTa. Takoe aHAIMTHYECKOE BLIYMCIICHUE
¢ moMoubio am3ana Bere Bmepene 610 Bhmoaneno [yrmem anas TASEP c
HENPEPLIBHEIM BPEMEHEM, a B JaJibHeHIeM Taxo# moaxosn ObLi pasBuT JAJIs MO-
Jejeit ¢ JUCKPETHLIM BPEMEHEM, B YaCTHOCTH, AJI OOPATHOrO IOC/IEI0BATE b
HOTO ¥ TIApaJIleJbHOro OOHOBJIEHHH, rie ObLIa NCIOIL30BAHA TAKXKe [eOMETPH-
yecKas MHTepnpeTanus an3aua Bere, ocuopannas Ha KOMOMHATOPHOM aHA/IMA3E
TPaEKTOPUH YaCTHIL.

Hnsa roro, urober maiitn byukumio [puna mna TASEP ¢ napanieis-
HBIM IIOJPEIIeTOYHbIM OOHOBJIEHHEM, DACCMOTPEHO MHOXKECTBO JMCKPETHBIX
MPOCTPAHCTBEHHO-BPEMEHHBIX TPAEKTOPHIL Ha, PEIIETKE C MAXMaTHON! CTPYKTY-
poit. C moMONIBI0 JBYX MOC/IEHOBATEIbHBIX 0TOOpasKeHNi TPaeKTOpuil IoKa3a-
HO, YTO MOZe]b 3kBuBajenTHa Momenu TASEP ¢ oOparHol nocienoBaTesHoi
OUHAMUKOM, B KOTOPOH YaCTHIBI HAUMHAIOT ¥ 32KAHYWBAIOT IBUYKEHHE B Pa3-

HbIe MOMEHTBI BpeMenu. Mcrnonk3ys Boipazkenue a1s yukiun ['puna TASEP ¢



0BpaTHBEIM IIOCIEIOBATEIBHBIM OOHOBICHHEM, [TOJIYYEHa TOYHAS AeTePMUHAHT-
Hag opmyna ¢pyukuuu [puna nna TASEP ¢ napannensHoi noapemerodHoit
JUHAMMKON IIPH Pa3/IMYHbIX HAYAJIbHBIX U KOHEYHBIX YC/IOBUH.

Oyuxuus ['puna 1J1a napajieabHON NOAPEIeTOYHON JMHAMUKY ONHOPO-
Ha II0 KOODAMHATAM YACTHUIl, CUMMETPUYHA IO OTHOIIEHHUIO K IPe0OPa30BaHUIO
YaCTHULA-IBIPKA ¥ MMEET OTHOCHTENBHO NPOCTYI0 aHAIMTHYECKyIo ¢opmy. C
IPYTOi CTOPOHBL, OH& COMEPKUT 60JIee CIOXKHYIO BPEMEHHYIO 3aBHCHMOCTD, KO-
TOpas BK/IOYaeT HAdaJbHbIE M KOHEUHbIE KOOPIUHATHI IO 3HAKOM (DYHKIMH
OKDYLJIEHHSI, ITO MOKET IIPUBECTH K YCJIOKHEHHUIO MHOIOYACTUYHBIX KOppesis-
LUOHHLIX DYHKIUH.

Bo Bropoii raase “TASEP c o6obuwentbim npasusom obHoerenus” BBe-

Jeno obobmennoe npasuiio o6HoBIenus mjia Momenn TASEP ma Geckoneunoi
OJHOMEPHOH PelIeTKe ¥ aHAJUTHYECKY BHIYMCIeHa PyHKImA ['puHa.

3a cuer 0600IUEHNA M3MEHACTCS CBOMCTBO KOPOTKOZEHCTBYIOWIErO OTTANI-
KMBAHUS MEXIy YaCTHIAMH, HO MOZENb OCTaeTCH TOYHO pemaemoi. Ilomumo
YCJIOBHUS MCKJIOUEHHSs], JOMYCKAETCs IPUATAKEHNE MEXKIY COCEOHUMY YaCTUILA-
MU, KOTOPOE MEHSeT SBOJIOIMIO CHCTEMbI KOpeHHBEIM 00pazoMm. B wactHOCTH,
BBOIUTCS IIapPaMETP B3aMMOOEHCTBUS MEXAY YaCTHUUAMH, ¥, B 3aBUCUMOCTHU
OT ero 3HAYEHHs, MOXKHO NOJIYYUTh MU00 IPUTSXKEeHne, Ju00 JONONHUTEIbHOR
OTTaJIKMBAHME MEXKAY YACTHUIAMHU. JIBa YACTHBIX 3HAYEHMS TOrO [1aPaMeTpa
COOTBETCTBYIOT ImpeaeinbHbiM ciiydasM TASEP ¢ napansenbHeM # 06paTHBIM
[OCJIEIOBATENLHLIM OOHOBIEHUSIMHE. B CjIy4ae NpUTSXKEHNS NOTOK YaCTHL] MMe-
€T TeHIEHIUIO K 06Pa30BaAHMIO CKOIIEHHH YaCTHI, KOTOPasd HE XapaKTepHa s
W3BECTHBIX BUIOB OOHOB/EHMs. B 3TOM Clydae CuCTeMa JEMOHCTPHUPYET KOJI-
JIGKTUBHOE TIOBEIeHYE, KOTOPOe THINYHO IS aBTOMOOUILHOrO TpaduKa.

Jlis ommcanus JUHAMHKY MOJEIM HCIOJb3yercd IPUHIMI 00paTHOro IIo-
CJ1eIOBATEIbHOrO OOHOBIICHHUS: B IAHHBIM MOMEHT BDPEMEHH IIOJIOXKEHHA YACTHIL
OBHOBJIAIOTCS CIPaBa HAJEBO M PACCMATPUBAIOTCS CUTYAIlMH, KO3 JBe da-
CTHIBLI BCTPEYAIOTCH B COCENHMX Y3/aX B Hadajle BpeMEHHOro mara. IlpaBas
YaCTHIIA TAKOIO KJIacTepa (B TOM YMCJIE U U30IMPOBAHHAS YACTULA) ABUIAETCA
C BEPOSITHOCTBIO P ¥ OCTAETCH HA MecTe ¢ BepoATHOCcThb0 1 — p. Ecnu mpasas
YaCTHUIla IIaphl HE ABUI'aeTCA B TEUCHHE HAHHOI'O BPEMEHHOrO Iara, TO JeBad

YaCTHIIa OCTaETCA Ha MeCTe C BePOATHOCTBIO 1. Ecnu xe npaBad YaCTHIa OeJia-



€T 1Iar, TO CJIeYIOMmAas YaCTULA [IPLIraeT ¢ BepOsSTHOCTHIO (1 + v)p umu crouT
¢ BeposaTHOCTBIO 1 — (1 + v)p. EcrecTBenHbIM OrpaHuyYeHHeM apaMeTpa v siB-
asorcest HepaseHncrsa 0 < (14 v) < 1/p. das v = 0 umeeM obbrunsit TASEP ¢
0OpaTHLIM IOCTIEI0BATENLHEIM OCHOBIEHUEM, & A ¥ = —1 nonyuaem TASEP
C TIaPaJUIeIbHBIM OOHOBIIEHHEM.

B Hawase miaBbI ¢ IOMOIIBIO aH3ana Bere MaHO HECTAIMOHAPHOE pelle-
HYIe OCHOBHOT'O KMHETUYECKOTO Y PABHEHMs], KOTUIa HMEETCs KJIACTEpP, COCTOSIIMH
43 OBYX YACTHUIl. B KOHIIE IVIaBH IPHUBEIEHO 00INee IOKA3aTEIbCTBO aH3AIA
Bere mna knacrepa us N uwactuu. B mocnemmeM ciydae NpH aHAJIATUUECKHX
BBIYHCJIEHUAX KMCIIONIb30BaHa MaTeMaTuyecKas HHAYKuud. [Ipy npou3BoIbHEIX
HAYAJILHLIX YCIOBHSX [IOKa3aHO, 4TO (yHKIu0 ['pHHA MOXKHO IPEACTABUTH B
JerepMuHanTHOM (popMme. Pemienvie 0606imaer u3BeCTHbIE PE3YNbTATEL IjiA 00~
PATHOM TOCIeOBATELHON U NAPAJIIENbHOM AWHAMUKYA W COBISZAET C HUMH
[pY BBIIIEYKA3aHHBIX 3HAYEHUAX [1aPAMETPa B3aUMONEHCTBUS.

B rperneii riraBe “Paznospemennbie Koppessyuonusie pynryuu” uccie-

JIOBAHBI COBMECTHBIE BEPOATHOCTH BHIXOAOB uacTui, Mogead TASEP uz MHO-
2KECTB C 33JaHHOU IIPOCTPAHCTBEHHO -BPEMEHHOM CTPYKTYpPOH.

MsnoroyacTuyuHbIE KOPPENAIMOHHbIE (GYHKIIMHE MOI'YT OBITh HCCJIEOBAHEI C
nomoripio paccmorpernus TASEP xak BepoATHOCTHOR MepHI Ha COBOKYIIHOCTH
B3aUMOAEHCTBYIOUIMX PEIIETOYHBIX NMyTel. DTH IyTH ONHUCHIBAIOT AUHAMUKY
PACIPOCTPAHEHNS YACTHI Ha MPOCTPAHCTBEHHO-BPEMEHHOM mIockocTH. Korna
OyTh UJET BHU3, 3TO COOTBETCTBYET TOMY, UTO YACTHIA CTONT HA MECTE, & KOTIA
BHU3-BIIPABO, TO YACTHIIA JEJAET 1Al B TakoM IpencTaB/IeHuM KOPPeJIsIpoH-
Hble (DYHKIUY JAIOT MAPTHHAJIBHYO BEPOATHOCTD IIPOXOXKIEHUS MyTei, COOT-
BETCTBYIOIMX 33JaHHBIM YaCTUIAM, HUepe3 ONpeleeHHbIe TOUYKH wiu pebpa
PEIueTKH.

B Tperneii riaBe guccepTaly BEIYUCICHA BEPOATHOCTD TOTO, YTO TPAEKTO-
DU BLIOPAHHBIX HACTHILL COAEPXKAT 33JaHHbIE TOUKY miu pedpa. Takoe BbIUHC-
JIeHUE SABJsAETCH OOOOIEHNEM M3BECTHBIX PE3YJILTATOB MJiS MPOCTPAHCTBEHHO-
BPEMEHHBIX KOppenaunonHsx Gpyukuuit TASEP, KOoTOphIe COOTBETCTBYIOT BhHI-
X0aM U3 MHOXKECTBAa, OFPAHMYEHHOIC IPSMBIMM BEPTHKAJBLHBIMA HJIH TOpU-
30HTANBHEIME JuHUAME. [IprMenenne o6obmennsx Gyukuuit 'puna no3sosnsd-
€T TIOJIHOCTBIO M30ABUTHCS OT YCJIOBHS BPEMEHHON YIIOPSZOYEHHOCTH, KOTOPOe



BOBHHKAJO B paboTax APYIHMX aBTODPOB, W OCTAETCHA TOJBKO IMIPOCTPAHCTBEHHO-
mogo0HOe YyIOpsiZOYeHMe KoopawHAT dacrtul., Jns pacumpenns o6aacTd
IIPOCTPAHCTBEHHO-BPEMEHHBIX KOHMUrypalwmii, pACCMOTPEHBI I'DAHUILI B HAH-
Gomee obmieM Bupe. OHM NIPENCTABIIEHBI B BHE JIOMAHBIX JIMHHM, HIYIMX
C CEBepO-BOCTOKA HA IOT0-33H8J] SOUHHUYHLIMU BEPTUKAJILHBEIME WM TOPH30H-
TaJbHBIMU mIaramMu. Kaxsias U3 rpaHull JejUT IPOCTPAHCTBEHHO-BPEMEHHYIO
IJIOCKOCTDh Ha JBE YacTH. Takas KOHCTPYKIUS I'DAHUIL [I03BOIAET N30aBUTHCS
oT JiIo60ro OrpaHUYEHHs BPEMEHHOHN YIIOPSIOYEHHOCTH M JAeT BO3MOXKHOCTD
pacCMaTpUBaTh BEPOATHOCTH TOrO, YTO YACTHIEI IOKUAAIOT YaCTH ILIOCKOCTH,
OrpaHHYeHHBIC PAHNIAMH, BEIXOAA U3 JAHHBIX TOYEK TPAHMIL

BeposaTHocTH BRIXOZOB YACTHI] M3 IIOCJIEIOBATEIBHOCTH O00OIIEHHEBIX IPa~
HHUI ITOJIy4eHbl B Buze onpenenurens Openroabma. [locie nonyvenus swipa-
JKEHUS IS BePOSITHOCTY BBLIXOJOB M3 TPaHHUIl, B TPEThEH IVIaBe NUCCEPTAINH
BBITIOJIHEH TAKXK€ ACHMIITOTHYECKHIN aHajau3 sapa omperenutesns Dpearolis-
Ma. Pemerounsle rpaHulibl UCIOIB30BAHLI B KAUECTBE IIPUOJIMKEHUSA [VIAIKUX
KPHUBBIX Ha IIPOCTPAHCTBEHHO-BPEMEHHOM IIJIOCKOCTH, & BLIOpAHHEIE TOUKH pac-
CMOTPEHBI B HEMIOCPEACTBEHHOM OJIM30CTH OT IVIAJIKOrO IIYTH, MEPECEKAIOIIEro
otu Kpusbie. OCHOBHOI BBEIBOJ, KOTOPBIM CJIE/yeT M3 3TOr0 aHAJIN3a COCTOUT B
TOM, YTO ITOBE/IEHUE BEPOSATHOCTHOM (DYHKIMHU BLIXOO0B Ha 60/bIHOM MacinTabe
SIBJISIETCST YHUBEPCAIBHBIM, II0K& PACCMATDHBAEMBIN IIyTh HEe HAPYIIAET Orpa-
HUYEHUS Ha YCIIOBUE TPOCTPAHCTBEHHO-TTIOA06HOCTH. P nyKTyanyu 0600IeHHEIX
KOODJAMHAT BBIXOZOB YaCTHUI, PACIPOCTPAHSIOIIMXCS C HAYAJIbHBIM YCIOBUEM B
BUJE CTYIIEHBKH, ONNCHLIBAIOTCH aHcambieM Diipu-2 Tak e, Kak B YUCTO IPO-
CTPAHCTBEHHOM CJIy4ag.

B uerBepToil raBe “Buonosumepss u deymepsie caynatinsie Gaysicda-

Hua” UCCIeOBaHA MATEMATHYECKAsT MOZEIIh ABYXIEIOYEYHOr0 GHOIOIrMEpa C
MIOMOIUBIO JBYMEPHOrO CJy4YaiHOro O/Iy»KIaHusd Ha KBaJPaTHOH pelierke.
CrpyKkTypa rOMONONNHYKIEOTH I, B yacTHocTr JHK, omuckisaercsa ¢ mo-
MOIIIBIO II0CTIEA0BATENBHEIX 00/IacTel, KOTOPLIE HMEIOT BUJ, CIIMPAJIH Wik KIy0-
xa. Coupasnbible 06/IaCTH, KOTOPHIE IO CYMIECTBY SABJSIOTCA OLHOMEDHLIMH,
CTaOUIUBUPYIOTCST BOLOPOAHEIMH CBA3SIMY U aPOMATHYECKUMH B3aUMOLeiCTBH-
aMu. Bynem npenmosiaraTh, 4TO BOJODOIHBIE CBA3HM MOrYT (DOPMHUPOBATHCS
TOJIBKO MEXKZy OCHOBAHMSIMY, HMEIOIIMMH OJMHAKOBLIE HOMEpA, T.e. BCe IeT-



nu cumMerpuysbt. Monexyna JHK paccmarpuBaercs B Buie ABYX CIy4YaiiHBIX
Liemei, KOTOphle HMEIOT OIUHAKOBEIE HavalbHble TOUKU, KoMIuieMenTapHbIe Ha-
DBl a30THBLIX OCHOBAHHI B COCTOSIHHH CO3JATh BOLOPOAHBIE CBSI3HM M KaXKIOMY
TaKOMY COEIMHEHHIO COOTBETCTBYET II€pecedeHue AByX Ciy4ainex mneneit. Or-
CYTCTBHE MEAHIPOB 00eCIIeUNBALT UCKIIOUEHIE TPEXMEPHBIX Y3JI0B U JOMOJHH-
TEJLHBIX 18D B OCHOBAHWM BHYTPHU IETEJIb.

Paccrosiune MeX[y OCHOBAHMSMY OIMCHLIBAETCS ITOJOXKEHHEM YaCTHULIBI,
Ommykaroleil 110 AByMEPHOH peleTKe B OUCKPETHOM BpeMeHu. Buauage, 4is
yao6cTBa, PACCMOTPEHO MPOCTOE caydalinoe 6JyXKIaHne YacTHIIB HA KBaAPaT-
HOM pemieTke. B npocToM IByMEpHOM CirydaiHoM Gy K IaHUY IPEAIoIaraercs,
YTO YaCTHIA B KaXKIbI BpeMeHHOH IIar o0a3aTelIbHO IIepeMeIIaeTesi HaJleBo,
HANpPaBO, BBEPX M/IK BHH3 C DABHBIMU BepPOATHOCTsIMM. KasKIbli pa3, KOrza
YaCTHIA NPOXOIUT YEPEe3 HAYAJIO0 KOOPAMHAT, OOIIas BEPOATHOCTh TPACKTOPHH
YMHOXKAETCH Ha CTATHCTUYECKHH BeC K, 4TO COOTBETCTBYET CTATHCTUYECKOMY
Becy POPMHUPOBAHNS AP B OCHOBaHMM. BepOATHOCT: BO3BPATA YACTHILI B Ha-
YaJI0 KOOPIAMHAT mocie N IIaros, T.€. CTATHCTHYeCKasl CyMMa HOJyMepa, CO-
CTOAINEro U3 ABYX LIEINOYEK, CBA3AHHBLIX MEXIy co0O0# NEPBHIMM ¥ MIOCIIEIHHU-
MK MOHOMEPAaMH, 3aIHCHIBAETCSA C IIOMOIIBIO IIPOU3BOAsIIel hyHKIMK [IePBLIX
BO3BPATOB B HAYAJO KOODAMHAT. B auccepTalluy MPOBEAEH aCHMIITOTHYIECKHH
aHaJIu3 CTATHCTHYECKON CyMMEL IIyTeM BBLIYHMCJIEHNS KOHTYPHBIX NHTEIPAJIOR Ha
KOMILJIEKCHOM 1miocKocTH. [lomyyeHsl CpeHsis SHEprus M CIUPaIbHOCTD IIOJIH-
Mepampu k>1uk <1,

B guccepranmn Takxke 0000UIeHa MOZEJb IPOCTOrO CIy4YafHOro GJIy»KIa-
HUs, B KOTOPON YaCTHIIA MOXKET OCTABaTLCs B Hadajle KOODAMHAT B TEYEHUE
HECKOJIbKUX BpPeMeHHBIX maroB. C mMOMOIIBI0 TAKOro O00BIIeHHs MOXKHO pac-
CMOTDEeTh JiBa BuAa o0pasoBaHus BOJODPOAHBIX cBs3eit. Ileperlfl Bum BOSHH-
KaeT IIPH HENOCPENCTBEHHOM KOHTAKTE MEXKIY HOJMMEPHLIMH LemsMH, KOTO-
pBIf IPUBOAUT K BO3HHKHOBEHHIO OJHOM BOZOPOIOHOM CBA3M IIPH IOCJIEAYIO-
e ¢cBOGOAHOM 3BOMIOIIY 060MX MONMMEPOB. DTO KOHTAKTHOE B3aUMOIeliCTRHIe
KOMIIGHCHDYETCH KOPOTKOAEHCTBYIOIIM MEXKMOJIEKY/IPHBIM OTTAJIKUBAHHEM.
BropeiM BumoM sBisercs ¢GhopMUpPOBAHUE II0CIEI0BATEILHOCTEH BOLOPOIHEIX
cBsazet. DTOT Caydali COOTBETCTBYeT NPUINIAHHUIO MOJUMEDHAIX Henell B CIu-
pasibHOH (aze, KOIIa MeKMOJIEKYJIIPHOE OTTAIKUBAHUE IIOJABICHO. DHEPTHUs
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TaKOoH CBA3M COCTOUT M3 JBYX CJIaraeMbIX — S9HEPIHU BOJOPOIHOI CBSI3M U SHEP-
THH apOMATHYECKOrO B3aMMOIEHCTBUST MEXKAY COCEIHMMY MTapaMM a30THCTHIX
ocuosanwuit B obiactu cnupadnasuoro coctoguaus JHK. CooTBeTcTBeHHO, MOMHLLH
CTATHUCTHYECKUH BEC TPAEKTOPUHU CIydaliHOro OMyXIaHMS yMHOMXKAETCH Ha ki
[IPY TIOCEIIEHMH YaCTHIBI Havala KOOPAUHAT U Ha, kg, KOTIa YaCTHUIA HE BBIXO-
JIWUT U3 HEro B JAHHBI MOMEHT BPEMEHH.

TeMnepaTypHOe MOBEIEHIE CHCTEMBL MOXKHO II0JIYYUTh, PACCMATPUBAA CUH-
TYJSIPHOCTH IIOABIHTErPAJIBHOIO BBIPAXKEHUS MJIf CTATHCTHYECKOH CyMMbl. B
3aBUCHMOCTH OT HapaMerpoB MOIEJH KPUTUYECKas TeMuepaTypa 1, MOXKeT Cy-
IIIECTBOBATH TaM, [/Ie [IOBEJIEHIE MEHSIETCst CUHTYISIPHEIM 00pa30M. Y UTeHEI ABa
KOHKYPUPYIOIKX B3aUMOASHCTBIS MOHOMEDOB B LEMSX U IOJIY YeHbI IIOJHOCTHIO
[EHATYPUPOBAHHEIE COCTOSHUA MIOJMMEpa NPy KOHEUYHLIX TeMmueparypax. Cru-
DAJIbHOCTH TIOMHOCTBIO MCYE33ET, KOTHa TEMIIEPATYPa IIPEBOCXOANT KPUTHUUE-
ckyio Tp. OrMeTuM, 4TO B CJIydae IPOCTOrO ciay4alinoro 6my»xxaauus npu k > 1,
CTENEHb CIUPAJBHOCTH CTPEMUTCH K HYJIO TOJBKO IPH OOJBINMX TeMIepary-
pax. MoXHO 3aKJIIOUNUTE, YTO MOLEIh CIydaiHoro OMy»XKIaHus C OCTaHOBKAMH
B HauaJie KOOPJAUHAT OIMUCHIBAET PE3KUil IEPEXO OT CHUPAJIBHOIO COCTOSHMUS B
kIybok. Takoe xe noBeneHve HAOIOLALTCS AJIS CPEAHEH SHEPIHH.

B sakiroyenum kpartko CHOPMyJSIMPOBAHBI MOJIYYEHHBIE B JUCCEPTALIUU
PE3yJILTAThI, KOTOPBIE M BBHIHOCATCH HA 3aIIUTY.
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