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KHWPUII (pancada noxkropu (PhD) nuccepranusicu aHHOTAIUSICH)

JuccepTrauus MaB3yCHHUHT 10/13ap0Juru Ba 3apypartu. JKaxon Mukécuna
onub Oopunaérrad Kymiad WIMUM-aManuil TaAKUKOTIap akcapusaT XoJulapaa
CTaTUCTUK (U3MKa Ba MEXAHHMKAJa YYpalJuraH MOJEIUIAPHU TaJAKUK KUIUII
Macajacura KenThpuiagu. XapopaT cakjiaHaJuraH Ba aTpod-MyxuT OwiiaH
UCCUKJMK MyBO3aHaTuaa OynraH ¢u3uk cuctemanap yuyH ['mb0c Takcumoru
¢usuk omum JIx.I'mub66c TomoHMmaH kentupwirad. ['mOOC YI4OBH IXTHUMOJUIHK
YyiqoBu OY1KO, HXTUMOIIIAP HA3apUsICH XaMmJla CTATUCTUK MEXaHUKAHUHT KY1u1ad
MacajaJlapUHUHT MYXUM OOBEeKTHAup. YOy ViI4oB (UMK CHCTEMAHHHT
raMwibTOHMAHU OwiaH OOFJIaHraH Ba KAHOHMK KYPUHUII TYIIYHYaCUHU
yMyMJIAIITUPWITaH (Gopmacu OYAraHiura Oouc, CTaTUCTUK (PU3MKAa Ba MEXAHHUKA
Kabu iyHanumuiapaa qom3apo xucobdnanaan. ' m606¢ TakcuMoTH OepuiiraH SHeprus
SHTPOMUSICUHM MaKCUMAJUIAIITUPYBYH SITOHA YJIUOB OYnraHiauru cabadmu, ['mdoc
TaKCUMOTHHU Kypuil ['mO0C yia4oBiIapu Ha3apUsACUHUHI MYXUM BasudanapujaH
Ooupu OYIM0 KOIMOK/A.

Xo3upru KyHjaa xkaxoHma [mb0c ymdyoBimapu Hazapusicujard acocui
MacananapiaH Oupu OepuiiraH raMuibTOHHAHTa MOC JTUMUT ['mO0OC yinuoBnapuHu
tacBupiamaup. bepwiran ¢usuk moaen yuyyH JuMuT ['mOOC YI4oBIapuHU SITOHA
OMACIIUTHHA aHUKJAII, CTATUCTHK (M3MKAHUHT (a3a aJMalluluiapuaa MyXUM
axamusIT kacO 3TMokaa. by Gopana makcaniu WiMHUil TaIKUKOTIApHU, KyMIIaJlaH,
KyWuJaru MyHaJIWLUIapAard WIMUM HW3JIaHULIAPHU aMajra OLIMPHUII MYXUM
Basudanapgan Oupm XucoOJiaHaIu: TaMWJIBTOHMAHTa MOC KemyBuu [ 'mO0c
VndoBiapu TYIJIaMUHM TacHuduiam, aaBpuid [mOOC TaKCUMOTIIApUHM TOTIMIII,
Xamaa OyHaall TaKCMMOTJIAPHUHT YeTapaJaHTaHJIUTMHHA TEKIIUPUIL, CIWH
KUIMAaTH KOMIIAKT TYymuiaM Oyiran mojesuiap ydyH derku ['mb0c ymyoBmapuHu
aHUKJam, ymymiiamrad JuMatr ['m60c TakcuMmoTiapu yuyH ¢asza aaMaluiuiapu
MaBXymIuruHu — Tekmmpuii. KOkopuma KeaTupuiaraH —WIMHH-TaAKAKOTIAp
nyHanmumuaa — OaxapwiaéTraH  WIMHAM — UW3JIAHWIUIAp  MaKCaUIM  WJIMUH
TaJKUKOTIApAaH XUCOOIaHaH.

Mamakatumusaa GyHaaMeHTan GpaHIapHUHUT WIMHAK Ba aMaauid Taa0MKuTra
sra Oynran cratucTUK (U3MKAa Ba MEXAHUKAHUHT J0J3ap0 HyHanuiiapura
pTHOOP Kydatupwiaau. JKymianmaH, CTaTUCTUK (QU3MKa Ba MeEXaHUKaJa
ydpaiiurad acocuit oobekTinapuaad oupu o6ynran ['m606¢ ymyoBnapu Ha3apusICUHU
PUBOXKJIAHTUPUIIra ajoxXujaa 3bTHOOp Kapatwiau. Kanu nmapaxtuma Oepuirax
Monemap yuyH ['mb06c ymyoBmapu TYmiaaMuHUA Ypranuin Oopacuaa CaaMOKIH
HaTWXXajlapra SPULIWIIN. «DyHKUMOHAN aHalu3, MaTeMaTuK (Qu3MuKa Ba
CTaTUCTUK (u3nka» GaHIApUHUHT YCTUBOP WYHANHMIIIApPW OYiinda Xamkapo
CTaHAapTiap Japaxkacuja WIMHN TaJKUKOTIap oJaud Oopuil MareMaTuka
(GanuauHr acocuii Basuganap Ba (aonuAT HyHamMOUIApU >THO Oenrumangul.
Kapop mwxpocunu tapmunnamga Oepwiran monen yuyH Komu mapaxtuma ['n60c
VITYOBUHU YPTraHUIITHU PUBOKIAHTUPHII MYXHM aXaMHUSTTa dTa.

1 V36ekucron Pecnybnuxacu Basupnap maxkamacu 2017 #iun 18 maiimaru «Y36exucton Pecny6nuxacu ®anmap
aKaJIEMHUSCHHUHT SIHTMJAH TAIIKWI OSTHITaH WIMHHA TaJKMKOT Myaccacajapd (AoJMATHHM TAIIKWI STHII
TyFpucuganTu 292-COHIH KapopH.
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V36exucron Pecny6nukacu Ilpesunentununr 2017 iimn 7 despangarn
[1D-4947 «V36exucTon PecryGnukacuHM SHaAa PUBOXIAHTHPHII Oyiiuua
Xapakarjiap crpaTteruscu Tyrpucumanru dapmonu, 2017 wun 17 deppanmaru
[IK-2789 «®annap akagemMusicu (paoiausTH, WIMUN TAAKUKOT UILJIAPUHHU TaIIKWI
ATUII, OOIIKAPUIN Ba MOJUSJIAMTUPHUIIHMA SHAJAQ TAKOMUWUIAIITUPUII dYopa
tanOupnapu tyrpucuaarru, 2017 iun 20 anpenparu I[1K-2909 «Onuit Tabium
TU3UMUHHU STHAJA PUBOXKJIAHTUPHUII Yopa-Taadupiapu Tyrpucuiantu Ba 2018 iun
27 anpennaru [1K-3682 «MHHOBAIMOH FOsUIap, TEXHOJOTUSIAP Ba JIOMUXATapHU
aManueTra >KOpuil KWIKMII TU3UMUHU SIHA/1a TAKOMUJUTALITUPUIL YOpa-TaaOupiapu
TYFpUCHIA»TU Kapopyiapu xamja Ma3kyp (Gaoiusrra Teruiuid OOIIKa HOpMaTUB-
XYKYKUM XyXKaTiaapjaa OelrujiaHraH BazudaniapHd amajira Olupuiiga yuoy
auccepTanys TAAKUKOTA MyailsiH 1apakaaa Xu3MaT KUIaau.

TaagkuKOTHUHI pecnydiuka ¢GaH Ba TEXHOJOTMAJIAPH PHUBOKIAHHUIIH
YCTYBOp HyHaJIMULIapUura 0oFJIuMKJIMru. Ma3Kyp TaaKUKOT pecnyOnuka ¢aH Ba
TeXHoOJorusap  puBoxanmmmHuHr [V,  «Maremaruka, MexaHuka Ba
nH(pOpMaTHKa» YCTYBOpP WYHAIMILN TOMpacua OakapuiraH.

MyaMMOHUHI VPraHWITaHJAUK Aapazkacu. ['m00C TakCMMOTH TylIyHYacH
amepukavk oiauM JIx. Y. I'n606¢c TOMOHUIaH KUPUTWITAH Oyicana, TuMuT [ uboc
ynuoBinapuHUHT ymMmymuil xapakrepuctukacu P.JI. JoOpymmn, O. Jlendopn Ba /.
ProsnnapHuHr uuuiapuia OepuiraH. I'u66¢ yi4oBnapu YMYyMUI
XapaKkTepUCTUKAaCUHUHT 3aMoHaBui Hazapusicu X.O. I'eoprum, S.I" Cunai, K.
IIpecton, JI. Proosn, HKO.M. CyxoB, H.H. FanuxomxaeB, VY.A. Po3ukos,
®.M.Myxameno, M.M.PaxmarynnaeB, P.M.XakumoB Ba Oolkamap HILIapua
Eputud Oepuiras.

I'padpna aHukiIaHran CHUH MOJEIAP CTATUCTUK MEXaHUKaJa y4dpauauraH
CUCTEMAJIAPHUHI KEHI CMH(HMHM TAIIKWI 3Tagu. YJapJaH aKCcapusATU XaKUKUI
(Gbu3HK MabHOTA 3Ta, KOJTAHJIApU ca HUCOATaH MypakKaOpoK OyiraH MoaeIIapHH
COIAPOK KYpUHHUIILIapura Oaruuuianrad. ['pa@HuHT reoMeTpuk CTpyKTypacu
OyHmail M3MAaHUILIApAA MYXHM pon VifHaiinm. 7° mamxapama ékm dasona,
¢dazaBuil yTunuiapHu TaaKukK 3TUll yuyH [luropo-Cunail Hazapusicu MyXUMIHP.
I Komu nmapaxtupa, Gepuiran Mojentap ydyH ['HOOC YT4OBIApHHM TaaKUK
KM yayH MapkoB Tacoauduili maipoHnapura OOFJIMK OYiaraH peKyppeHT
TeHTJIaManapaan QoianaHmwiaan. AKCapusaT Makoiajap CHOUH KUWMATH YeKId
OynraH mojesuiapra OaruiuiaHral. Acocas, yi0y Mojeuiapra Moc YeKIu JIaBpUid
(acocaH, TpaHCIAUMOH-UHBApUAHT) Ba CAHOKCU3 COHJArd TpPaHCIALHUOH-
MHBapUaHT OynMaraHn yeTku [ mo0c YI4oBIapUHUHT MaBXKYUIUTY KYpCaTUIITaH.

M.JlakmIMaHaHHUHT WIIIApUAA KYIIHW TAaCHUPJIH, CIIMH KAMMAaTH KOHTUHYYM
oynran [eiizenOepr monenu yprauwirad. lllynunrnek, B.Pywmwxrpok uxtuépuit
Vnaamnu (azoniapja KOHTUHYYM CHHUH KuiMatu ['ei3eHOepr MOJEIUHUHT SIHTH
udonacuam Oepamu. Y.A. PosmkxoB Ba HO.X.DOmKoOWIOB TOMOHUIAH KYIIIHU
TaCUpJIM Ba CIHH KUMMATIapu TYIUIAMH KOHTUHYYM OYJraH MOJeNn KapairaH
0ynu0, ymoOy MoJen CTaTUCTUK MEXAaHMKaJa ydypauauraH Kyruiad MOAEUTapHUHT
ymymiaimMacu  xucoOnanaau. Komm pgapaxtupa  ymOy MopenHuHr ['u60c
VIIUOBIApUHM TAacBUpJALl Macaiacd, HOYM3MKJIM HMHTErpan TeHrjJaMajJapHUHT
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euMMIIApUHU TacBUpJam macaiacura kentupwirad. [lyHunraek, oup yadamiu
napaxtaa [0,1] cnuH KuMaTiIM MOJSTHWHT TpaHCIAMOH-WHBapuaHt [ub0c
VI4OBIIapy ArOHA SKAHJIMTU KYpCATUIITaH.

JAuccepranus TAAKMKOTHHUHT JHCCEPTANNUS 0aKAPWJITaH OJMH TabJINM
MYacCaCACMHMHI WIMHIA-TAAKUKOT HILJIAPH PesKajapu OWjIaH OOFJIMKJIUTH.

Juccepranus TagKkuKotu MaremMaThka WHCTUTYTUHUHT E®-4-3 “Canoxiu
rpadiapaa CUH cUCTeMalap 3XTUMOIUIMK YirgoBimapu” (2016-2017 iwmmap),
V36ekucron Munuit yHuBepcutetn E®-4-8 «MaTemMaTuk Ba CTaTHUCTHK
(usHKaHUHT HOKIaccuk Macananapw» (2016-2017 iiwmap) Ba EOT-OTEX-2018-
154 pakammu «Z° nmamxkapanapuga Ba I Koam mapaxtiapuja raMuIbTOHHAHIAP
crekTpiapu Ba ['u00c yiauomapu» (2018-2019 iimutap) maB3ycuiard WIMHIN
TaJIKUKOT JIOMMXAJIapy Jjoupacuaa oaxapuiras.

TagkukoTHUHTr Maxkcaaum Uxtuépuit taptubnu Kbonaum nmapaxtuga cnuH
KHIIMaT/Iapy KOHTUHYYM OVyiraH moxeiiap yuyH ['mO0Oc yia4oBinapu TyIjiaMuHU
taBcuuiam, xamaa Konum gapaXTUHUHT TPyNNaBWil TAaCBUPUHUHT HOPMall KHUCM
rpyInajapuHy TaxXJIuil KWIKIIIaH noopar.

TaaKUKOTHUHT Ba3udagapu:

Konu gapaXTHHUHT TpyIIIaBuii TAaCBUPU YUYH YEKJIM MHIEKCIN HOpMaJ KUCM
rpyNNaJapUHUHT XapaKTEePUCTUKACUHU OCpHIII;

Konu napaxTUHUHT TpyNmaBuid TAacBUPU YUYYH YEKIM HHAEKCIM KUCM
rpynnanap Kypui;

["ammepinTeliH HHTETpaN OTIEPAaTOPUHUHT Ky3FaiMac HyKTajapu Ba Oepuiran
raMwIbTOHUAHTa Moc faBpuit ['m00c ymyoBiiapu opacua OOFIaHUIIIHYA AHUKJIAII;

COMH KuHMAaTiapu KOHTUHYyM OYyiraH ['aMUTOHMaHHUHI TpaHCIIALMOH-
uHBapuaHT [ M00C ymyoBnapu siroHa OYJIUIIMHUHT €TAPIWIMK IAPTUHU TOTHIII;

MOJICJIHMHT MapaMeTpilapura MabJiyM LapTiap KyWuiraHujaa Kamuga MKKUTa
TpaHCIAMOH-UHBAapUaHT [ MOOC ymyoBmapu MaBxKy 1 OYIUITUHA UCOOTIIAIT,

TagkukoTHuHr odobexkTH: Konm papaxtu, Konu ngapaxTUHUHT TpymmaBuit
uponacu, 'm66c ynuoBu, ['aMmmepiITeliH HHTErpall OepaToOPH.

TaagkukoTHUHTr mnpeametu: ['pynmanap Hazapuscu, [nHOOC YmyoBmapu
Ha3zapusICH, HOYM3UKJIM MHTErpall TCeHrjaMasap HazapusicH, GyHKIIMOHA aHAJIH3.

TaakukoTHUHr ycy/utapu: Tankukor wmuga ¢GyHKIAOHAT — aHAU3,
rpylnajap Ha3apusCcH Ba HOYM3HUKJIM HWHTErpal TEHIJlaMajap Ha3apuscu
ycyutapuaan GoigaTaHuiITaH.

TagKUKOTHUHT WJIMHMIA SHTUJIMTY KyHugarmiapaan noopar:

Koanu JTapaxTUHUHT rpyImnaBun udogacu Y4yH WHJIEKCU
2°(2n+1),se{l,lZ},neN Oynran HOpMal KUCM TpylOnaiapu TaBcU(H

KEJITUPWITaH,

KOHTUHYYM CIIUH KUHMATIIH, KYITHU TaCUPIU MOJeiap yuyH aaBpuii [ m60c
VIIYOBIAPUHUHT MABXKYAJIUTH UCOOTIIAHTaH;

Oepuwinran monen y4yH npaBpuii [wOOC ymdoBnmapw sroHa OYIUITMHUHT
eTapJIMJIMK IapTH TONWIITaH;

KaMHJla MKKUTa JaBpuil ['mb0Oc ymyoBnapura sra OYiraH KOHTUHYYM CIUH
KUMUMATIIH, KYIIHA TabCUPIU MOJEIIap KypHUJIraH.



TagKUKOTHUHT aMaJIMH HATHKAJIAPH

Komu papaxtupna anwknanran [wO0c ymadoBnmapw Ttymimamu TaBcudumas,
¢bu3uk cucremManapna (aza anMmammMIUIapu  MaBXKYJUIMTMHM — TEKIIUPHUIIIA
KYJUTAHWITaH;

Konu nmapaxTtuna aHWKIaHTaH TpaHCIAMOH-WHBApUaHT ['MOOC VidoBiapu
TYIUIAMUHM TaBcudall ycyiapuaaH, MaTeMaTuk (U3MKaja yupaauraH aipum
TEHTJIAMAJIAPUHUHT X0C (YHKIHMSUIADUHU MaBXYIJIUTH Ba STOHAJTUTHUHU TaXJIHI
KWINIIJA KYJIJIAHUJITaH.

TagKuKOT HATHXKAJTAPUHUHT MINOHWIMIUTU. DyHKIIMOHAN aHanu3, ['nd0c¢
VI4OBNIapy Ha3apusICH, HOYM3HUKIU OMEpaTopiap Ha3apusiCH yCyJUlapulaH Ba
KY3raJiMac HyKTajJap XakKujaru Teopemanapaan ¢oigananwirad. OJIWHraH
HaTHXKaJIap MaTEMaTHK KUXATAaH TYFpU UCOOTIIaHTaH.

TaagKUKOT HATHKAJIAPMHUHI WIMHMHA Ba aMajiuil axamMMATH. TaJKUKOT
HaTW>XaJaPUHUHT WIMHM aXaMUSTH CTATUCTUK MEXAHWKAHHUHT TYPJIM MOJIEIUIapH
yayH ['100c ymyoBiapy pUBOKIAHTUPHINIA KYJUTAHWIUIIN OWIIaH N30XIaHA]IH.

TagKUKOT HaTWXKAJAPUHUHT aMaduil axaMusITH (PU3MK  cHcTeMasap
XOJJATUHUHT Y3rapuilll TaJKUK KWJIWHTAHJIUTU XaMJla CTaTUCTHK MEXaHWKa Ba
¢bu3uKaHUHT 0ab3M MacajaJlapHU €YUl WMKOHUHU OepraHiurd OwiaH
M30XJ1aHAH.

TaagkuKOT HATHKAJTAPDUHUHT :Kopuil KuaumHumm. [u606c YmyoBnapu
HazapusCHUJard HOUYMBUKIM  alreOpavik Ba HWHTErpaj]  TEHIJaMaJlapHUHT
CUMTYBUAHJINTY OYHUYa OJIMHIaH HATHXKaJlap acCOCUAA’

HaBpuii I'mb0c YymyoBmapu sroHa OViamaraH, CTaTHUCTUK MeEXaHUKaHUHT
KYIiad KJIacCMK MOJEUIAPUHM yMYMIIAIITUPTraH KOHTHHYYM CIHUH KUHAMAaTiu
Mone/lapHu Kypuinl ycyiutapu, ®-4-07 pakamum TpaHT Jjouduxacuga (HU3NK
CHUCTEMAJIAPHUHT aWpUM HOYM3HUKJIM TEHIJIaMaJlapHU TPAaHCIAMOH-UHBAPUAHT
euMMIIapHHE Tomuuiga (oiinananmiran (Y36ekucron Pecny6mmkacu Onnii Ba
Yypra maxcyc TabiuM Bazupauruauar 2019 imn 12 anpenmarm Ne 89-03-1375-
COHJIM  MabJIyMOTHOMAacu). MiIMHH  HaTWKaHMHT  KYJUIAHWIAIIHK — (QHU3UK
cuctemManapja (aza amMamuMIUIapd MaBXYUIMTHUHA —TEKIIUPUIT HMKOHUHU
OepraHg;

Konmu papaxtupa cnuH KuiiMaTiapu KOHTHHYYM OVYJraH MoJe/uiap y4yH
TpaHCIAMOH-UHBapuaHT ['wb6Oc  ynuoBnapu  TYIUIaMuHM  TaBcudIamiia
doimananmnran  ycymnap, ®-4-02 pakamnm rpaHT JoMuXacwaa — apum
muddepeHiman TeHrIaMaJapHUHT X0C QYHKIMSIIADUHU TONUIN A (oiiamaHuiran
(V36exucron Pecriy6iukacu Onuii Ba ypTa Maxcyc TablIuM BasUpIUrHHUHT 2019
v 12 anpengaru Ne 89-03-1375-connu MabiymoTHoMacH). UnMuii HaTHKaHUHAT
KYJUIAaHUJTMIITY MaTeMaTUK (PU3MKaHUHT alipuM quddepeHiman TeHraaMmalapuHUHT
X0C eUUMIIapU TYTIIIaMUHU U oaaiall UMKOHUHU OepraH;

Konmu papaxtuma KymiHM Tacupiau Mojeiap ydyH ['uO60c YimdoBrmapuHU
MaBXY/JIMTUHA ~ TEKIIUPUII  YCYyJUIapu  XOPWXKUH  WIMHUKA  KypHauiapaa
(Labochevskii Journal of Mathematics, 2013; Mathematical Physics, Analysis and
Geometry, 2014; Positivity, 2017; Reports on Mathematical Physics, 2018)

KOHTUHYYM CIHMH KUWMATIW MOJAEIJIApHUHT JaBpuil ['mO0c yinuoBnapu TymiaMuHu



taBcuuamga poigananuiarad. Mnmuil HaTHKaHUHT KYJJTAHWIUIIA TPAHCIAMOH-
uHBapuaHT [ mOOC yIyoBIapuHu KypHuIll HIMKOHUHHN OepraH.

TaagkuKOT HAaTHXKAJAPUHUHI anpodamusicu. MasKkyp TaaKMKOT HaTHXKa-
Japu 2 Ta XalkKapo Ba 3 Ta pecnyOiuKa WIMHH-aMaluid aHXyMaHJIapuaa
MYXOKaMaJlaH YTKa3WJIraH.

TagKuKOT HATHXKAJAPUHUHT IBJIOH KWIMHIAHJIMTUH. TagkukoT MaB3ycu
6yitnua >xamm 11 Ta WIMMIT MII 9ON STWITAH, IIyJlapaaH, Y36exucToH Pecry6-
mukacu Onuit ATTectanusi KOMUCCUSICUHUHT (asicada TOKTOpU JUcCCepTalusiapu
acocuil WIMUI HATW)KaJIaApUHU YOM STHUII TAaBCUS STWITaH UIMHUI Hampiapaa S5 ta
MakoJa, KymiaaaH, 4 Tacu XOpwkuii Ba 1 Tacu pecry0inKa )KypHajuIapuaa Haip
ATHUIITAH.

JuccepTauMsIHUHT TY3WIMIIN Ba Xa:XKMHM. [luccepramnusi KUpUIT KUCM, ydTa
000, xynoca Ba doiganaHwiIrad amabuérnap pyWxaTUIaH TaIIKWI TOITaH.
JlucceTauusIHUHT Xa)KMHU 82 OSTHU TAIIKKJI STTaH.

JUCCEPTAIMSITHUHT ACOCH MA3SMYHH

Kupum xucmpaa puccepranuss MaB3YyCMHUHI J0J3apOJIMTM Ba 3apypaTu
acoCjaHraH,  TAAKUKOTHUHI  pecryOiauka  ¢aH  Ba  TEXHOJOTHsUIApH
PUBOXJIAHUIIMHUHT YCTYBOp WYHAJIMIIAPUIa MOCIMIU KypCaTWIraH, MaB3y
Oyiinya XOpPWXHH WIMHH-TaIKUKOTJIAp LIApXHW, MYaMMOHHMHI YPraHuWIraHJIuK
Japa)xxacl KeITHPWIraH, TaAKUKOT Makcaau, Baszudanapu, oObEeKTH Ba MpeIMETH
TaBCU(IIaHTaH, TAAKUKOTHUHI WJIMUN SHTWIMTH Ba aMajui HaTwxkaizapu OaéH
KWIMHTaH, OJIMHTaH HATWKAJIApHUHT Ha3apuid Ba aMaluil axaMuaTd O4HuO
Oepwirad, TaJKUKOT HaTWXAJIAPUHUHT KOPUN KUJIMHUILY, HALIP 3TWITAaH UILUIAp
Ba JUCCEPTALMS TY3WINIIN OYiiNYa MabIIyMOTJIAp KEATUPHUIITaH.

HMucceprauusHuHr “K3JM JapaXTHHUHT TPYNNABUI TACBUPUHHMHI KUCM
rpynnajapu Ba I'n60c yadoBnapu” ne6 HoMIaHyBuUM OupuHuYM 000MAa acocuit
HaTWXKaJapHU OJUIIAa 3apyp OYJIraH MyxuM TyiryH4yanap Ba Ksiaum napaxTUHUHT
IPYIIABUNA TACBUPUHUHI KUCM TpyNnajgapura OWJl TeOpeMajlap KEITUPHIITaH.
[ynunrgexk, Koam  gapaXTUHUHT  TpynmaBUM — TAaCBUPUHUHT  HUHJIEKCH

2°(2n+1),se{1,2},ne N xypunumiga 6yiaran 6apya HOpMas KMCM CpyIajapu
TYJIMK aHAJIN3 KUJIWHTaH.

I'“=(V,L) 6wman Kk-taptu6in Konm napaxTHHH GeNTHIAMINK, SBHH
UKJIcH3, Xap oup yungad K+1 Ta kuppangap 4yuKyBuM uyekcus rpad. by epaa V
OWIaH MapaxTHUHT ywWwiapu TYIUIaMuHU Ba L OwmaH sca Kuppamapu TYTUTAMHHH
OeJNTuIaHraH.

G, Owran WKKMHYM TapTHOMM K+1 Ta HUKINK TpyNNAJIapHUHT SPKUH
KynaiTmMacuHu Oenrwiaiuiuk Ba 4a,a,,..,d,,, Jap OwiaH ymly TrpynnaHu
SCOBUMJIAPUHU OeITrUIaiIuK.

' Komu napaxTusudr yumapu Ttymwiamua Vo xamaa G, TpynmaHuHr
AIIEMEHTIIApH YpTacuaa y3apo Oup KUHUMATIUK MOCIHUK MaBxKy/I.



Kuckapmac maknanaru X cysga xkatHamrad a, i =1,Kk+1, xapdaap conuHu
W, (a,) Owman Genrmiaiiivik.
Kyinnaru TyrniaMHA aHUKITAWIAK
H,={xeG, |Za)x(ai)—>1<y(1)T}, AcN, ={l,...k+1}.
ieA
A A, A, cN,meN Ba N H, xuckapmac 6yncun. V xonna R Ouian

KyHUJard KUCM Tpynnanap CHHOUHY OeITuiaiinK:
iR:={m:ilHAi |AA,...,A N, meN}L

G- TapTI/I6I/I HKKHUI'a TCHI' 6§7HF3H YCKJIINTa ACOBUYMWIIApAAH TAIIKHJI TOITAaH

rpynmna OYJICHH Ba TapTHOM N ra TeHr OyiuraH Oapya LIyHIail rpynmagapHu <3,

Ownan Genrwiaiiiuk. r Oounan G rpynaHUHT SICOBYMIAPUHUHT MUHAMAJI COHUHU
Oenrmwiailiuk Ba yMyMHUIUIMKKa 3apap eTKa3MaraH xojja yumoly sCOBYMIAPHH
b,b,,...,b, opxamm Genrunaiinuk. € 3ca G rpynnaHUHT GHPIIMK JIEMEHTH OYICHH.

Oumn G, HM G ra aKkcIaHTUpYBUM TIOMOMOPQH3M aHHMKIANMHU3.
=, ={A, A,... A} tymramnap cucremacu N, \A), 0 A |<K+1-n tymmamausT
Oynaknamm Oyncun. Y xonma U, :{a,a,,..,a,,}t—{e,b...b} romomopdusmun
KyluJarnya aHuKJIanMus:

e,arap X=a,l € A,
u, (X) = b —aicA i= 1—
beG «cy3mum b,b,,...,b  sAcoBummap opkanm wudomanaHraH MIAKIMHH
R,[b,b,,....b,] Ounan Genrmmaiimuz. y,:G —>G romomopdusMHH KyhHmarnda
AHUKJIANINK
e, arap X =€,

7.(X)=1 b, arapx=h,i=1r
R [Broesb, ], arap x = by # (LT},

Kyinnarnya tyminam Ba TyIuiamiiap CUCTEMACUHU aHUKJIANITUK

HP(G) ={x €G, | (3, (u,(x))):2p}, 2<n<k~1.
N, ={Hghs, (G)| B, B, — N, \ By rymmamuunr 6ynaxnamm, 0 <| B, [<k —1,|G |=2n}.
Teopema 1. Kyiiunarn n=2'(2s+1),i={0,1}, se N kypunumgaru 6apua n
7aap ydyH, UHAeKcH 2N ra TeHr Oyuiran G, rpynmaHuHr Gapya HOpMal KHCM
rpynnaigapu cucremacu N, ra TeHr, spHu N, ={H |H <G, |G, : H |= 2n}.
HuccepranussHuHr “K3Jm JapaxTuaa COUH KHAMATJIApPH KOHTHHYYM
Oyaran moaesiap yuyyH pappuii I'm00c Va4oBJIapMHM MaB:XKyJIMTH Ba
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SAroHaJauru” 71e0 HOMJIAHYBYM HUKKMHYM 000M naBpuii ['mbOc YyinyoBnapuHu
MaBXY/UIMTY Ba SITOHAJIMTMHY YpraHuiira OaruIlIaHraH.
AcV rtymnampa anuknanrad o, :A—[0,1] akcmanTupum A Tymmamzaa

aHWKJIaHraH  KoHQurypanus  gevmnmaan. A 1a  aHWKIaHrad — Oapua
koHduryparusnap tymwiamu Q, =[0,1]* Ounan Genrunaiinuk. V ja aHMKIaHraH

6apua kKondurypanusaap tymiamu sca Q:=[0,1]" 6unan Genrunaimus.
Ky¥innarn xypuHuIary:

H(0) =3 X Swowm (1)

(xy)eL
mozenHu Kapaiimk, 6y epma JeR\{0} Ba £&:(uVv)e[01) >¢&,eR
yerapananrat, Jleber mMabHOCHAA VI9oBIM (GYHKIMA. (X,Y) OWIaH DHI SKUH

KYITHU y4JIapHU OenruiaitMus, ssbHA yiiap opacuaaru macoda Oupra TeHr.
h  ¢yskumann  Kydiuparn  kypunumga  hixeVish =(h ,,te[0,1]) e RO

anvknaiimak, 0y epma X eV \{x°}. Uxruépuit n wHarypan con yuyn, Q, 1a
n

aHUKJIAHTaH ,u(”) AXTUMOJUIMK YJIYOBUHU KyHHUIarnya aHUKJIauMu3:

:u(n) (Gn) = Zr;l eXp _ﬂH (Gn) + Zha(x),x ' (2)

XeWn

By epna, o, :XeV, > o(X) Ba Z, 3ca TaKCUMOT QyHKIMSCH, SIBHU:

Z = IQV exp[—ﬁH(&n)+ Zw‘lhg(x)%]ﬂvn (G.).
nxzleaoc  eQ, B KOH(pUTYpalus yayH KyHuaary:
Jo, 40,0V @4, [d@) = 4" (0,.).

IIAPTHU KAHOATIAHTUPYBUM 4" SXTUMOJUIMK YIT4OBU MyO(DUKIAIITaH JeHHIa 1.
by epna o v, eQVn owran o, , and @, koH¢Urypamusap OHupiIamIMacy

Oenrunanran. KomMoropoB Tteopemacura kxypa, umxtué€puii n and o, €Q,

xou¢urypauus yuyn u({ol, =o,}) = 1™ (o) mapTHu KaHOATIAHTUPYBYH (2, 1a
aHWKJIAHTaH £/ YT4OB MaBXYy. Ba siroHa. YOy x4 ymuoB (1) monenra Ba X+>h,,

X# X’ (Qynkumsara Moc auMur ['u66c ymuosu (OyHman keiimn, ['mG0c yauoBu)
JeUnITa .
Tacoux 1. (2) - xypuanmmaru " (c,), N=1,2,..., SXTUMOIUIUK YITYOBH

MyodukIamran 6y yays uxtuépuii X €V \{x’} nap ydyH Kyliugaru TeHrimk
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[lexp(3 &) f (u, y)du
s [ exp(J B&,,) (U, y)du’
Ypunnu Oymuimmm 3apyp Ba erapmu. by epma, f(t,x)=exp(h, —h, ), te[0,1] Ba

du = A(du)-JIeGer ymuoBmu.
Opatna, G, rpynnmaHuHr KucM rpynmanapu €piaamupaa naspuil ['m66c

f(t,x) = (3)

ymaoBnapu aHuknaHagu. G, TpymmaHWHT KUCM rpynnanapu épaamuga (3) HUHT
TaBpU eunMIIapy TabpuuHu OepaliiivK.
K cudatnga G, rpynnaHuHT KUCM IPYNIIACHHU OJIAMIIUK.

Tavpugp 1. bapya XeG, Ba ye K onmementnap yuyn h, =h, tenrnukan
Ka"oaTnantupysuu h, X € G, ¢pynkuus K -maBpuit neiinnagu. G, -naBpuit 6ynran
h yukMs mpancrayuon-uneapuanm nevnnamm.

Tavpug 2. K- nmapuit h ¢ynkmusra moc ['ub6c ymaosu K- naBpumit
IeUnIaau.

Yoy G ={xeG,: X cy3uu y3yunuru xydr} t¥miam G, rpynnaHuHr
WHJEKCH 2 Ta TeHT OYIran HopMall KUCM Trpymmacy Oyiaau.

Teopema 2. K - G, rpynnaHMHI MHIEKCH 4Y€KJIN OyiraH HOpMal KHCM
rpynmacu Oyicud. Y xonma (1) momennunr K- gaBpuit ['mO0c ymdoBiapu
mpanciayuon-uneapuanm éxn GO -0aspuii (avnu 0aspu uxkkuea mene) T'mooe
Vm4oBu O6ynaau.

NkknuHun OOOHMHI MKKMHYM Ba Y4YMHYM mnaparpapuaa aaBpuil 1'mboc
VITUOBIApUHY MABXKY/UIUTY Ba STOHAIUTY TAKUK YTHIITAH.

Tacoux 2. ixtuépuit K Harypan con yuyH, (3) HUHT Kamuga OUTTa CYMMHU
MaBXKY]/I.

Kyiingaruua 6enrunaniapHd KUPUTANIHK:

M =tm%>§]K(t,u), m=tm[i0nl]K(t,u), Oy epma K(t,u)=exp(J3<,) .
Tacoux 3. a) k=1 Oynranma (3) HUHT JaBpHWil eUMMJIApU SrOHa Ba Y
TpaHCIAIMOH-UHBAPHAHT OYIIaIu.
0) k>2 6ynranga K(t,u) smpo Kyiinmaru mapTau Gaxkapca

MY (m) 1
ORI @

y Xosa (3) HUHT IaBpUil eYuMJIapy SITOHA Ba y TPAHCIAI[MOH-UHBAPUAHT OVIIaIu.

Teopema 3. (4) mapr Oaxapwiranga, K>2-taptudau Konm mapaxtuna
aHukJianrad (1) mogenHuur gaBpuit ['m66¢ ymyornapu sirona O0yiaau, xamaa yoy
VII4UOB TpaHCIAUWOH-UHBAPUAHT OYIaiu.

Hucceprauusaunar “K3iam napaxtuaa CnMH KHAMATIAPHM KOHTHHYYM
Oysaran mojaesiap yuyH aaBpuii ['m60c ya14oBjapuHu siroHa smacauru” 1e6
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HOMJIAaHYBYM Y4YWHYM O0OHMIa, KaMuJla MKKUTa aaBpuii ['mOOc yiadoBiapura sra
Oynmaguran Mojesiap KypuiraH.

[lyHu Tabkuaiam JI03UMKH, Oepwiran (U3MK CUCTEMa Y4YyH, Xap Oup
['u606c ¥ymuoBu Oepunran cucrteMa (azacura Moc Kenaau. Arap MOJETHUHT
ourraman opTuk [uO6c ymyoBu MaBxkyn Oyrica, y Xomma (UMK cucTeMasa
(dazaBuii yTuin xocwi Oyiaaau.

Yuyunun O00HWHT OupuHum mnaparpaduma wnxtuépuit Taptubau Komm
JapaxTuja Kamujaa 2 Ta TpaHCIalMOH-WHBauaHT ['uOOC VYmuomnapura osra
Oynmaguran Mojeljiap Kypuira.

Tacoux 4. ) ' Konu JapaxTuaa aHUKJIaHTaH KyWuaaru MoJied:

He)=-L Y .n£1+g. %(GU)_;}(GW)_;}}G%

<X,y>

X,yev

KaMujia 2 Ta TpaHCIalMOH-HHBapHaHT I nb0c yadoBmapura ora.
b) T° Kanu napaxTria aHUKIaHTaH KyHUIarH MOJIEN

H (o) = —%<§>In(l+%</4(a(x) —%j(o—(y) —%j] seQ,

X,yev

Kamuia 2 Ta TpaHcTIanuoH-uHBapuanT [ mobo¢c ymuosnapura Jra.
keN, k=>2 Oepurran conman ¢oinanann6, P (X) (neN) Ba

Q,,(xX) (meN, m>K) kynxammapau Kyiinaarnya aHUKJIalImK:

n_1 \ K+l n_1 \k+1
Pn(x)EPn’k(x)=[1+ Xz ] —Ll—x j XeR,

2
Qu(X)=Q, (X)) =(K+1)x™*, m>k, xeR.
Jlemma 1. n>K HaTypasl COH y4yH KyWHJIaru:
P.()-Q,(x)=0 (5)
tenrnama (0,1) opanukaa kamuna ourra & = £(K;n) eunmra sra 6ynamu.

k >2 Gepuiran cCoH yuyH {f(k; n)} . ©(0,1) Gunan Kyhngaru:

n>
P.(x)-Q,(x)=0, neN.
TEHTJIAMaHW CYMMIIapH TYIUIaMuHKM Oenrwiaiimus. bapua NeN, n>K map yuyn
0<&(k;n)" <1 tenrcusmuk ypunmm 6ymamm. Y xomma E(k;n)", n>K, xerma-

. -1
KETIUKHUHD FOKOpY IuMuTH Maxyna, sead E(K;n)"™, n>K kerma-KeTIMKHU

n_-1
mynmaii £(K;n ) P, peN kucMmuii KeTMa-KeTIUrd MaBxXyaKu, OyHIa
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limsup&™t(k;n) = lim&™ 7 (k:n.)
n—c0 p—c0

TEHTJIUK YPUHIN OYiaau.
C,, n>k =2 xerMa-KeTIHUK Kyiuaaru KypuHuIaa OyIcuH:

c,=C,00- Sl

1 ™) () L e
M'[(“zj {1_2j ]‘f(k’”)

oy epaa &(k;n) €(0,1) - (5) TeHriIaMaHMHT WITU3H.
[ITyHuHT 1EK, KYyWUAArd KACMUM KETMa-KETIIMKHU aHUKJIAWUJIUK

7o =7, (K) = Cnp (k), peN.

Hzox 1. K> 2 6yaranma Kyiiuaara TEHIIMK YPUHIIA:

12
im 7, (k) ==

P—0
k>4 6ynran xon yayH, N,(K) Tymiaman Kylinnarnua aHKIaHIvK:
No(k) ={peN:|y,(k)|<4}
N,(K) Tymmam Hatypan connmap TYIUIAMUHUHI KUCM TYIUIAaMH, STBHM CaHOKJIH.

Bapua peN,(k) map yuyn [0,1)° na anmknadran K, (t,u;k)  ysmykcus

GYHKIUSHYA KyHuaarnia KupuTaniuK:
) = " 1 1
K, (tu;k) =1+y,(k) t_E U_E , t,uel0,1].

Papmankn, |y,(k)|<4 rtenrcusmaxman K (t,u;k) Qynkums xarbuii MycOar
oymamu.

Teopema 4. k>4 Ba peNy(k) yuyn I' Konum napaxtuna aHukiaHras
Kyluaaru MOJedm:

H(o)= L Z InK, (a(x),a(y);k), o€,

<X,y>
X,yev

KaMuJa MKKUTa TpaHCIallMOH-UHBapuaHT [ mo0c yinuosnapura sra.

YuyuHun OOOHMHTI HWKKMHYM naparpaduaa uxruépuid taptubnu Komu
JapaxTHa KamMujaa 2 Ta JAaBpU UKKUTa TeHT OynraH gaBpuii ['mb0c ymyoBnmapura
ara OynaauraH Mojeiap KypuiraH.

Tacoux 5. a) peN Tok con Gepuwnaran 6yncmn. I'> Konm mapaxTtuma

AHUKJIAHTaH KyWHIard MOJEN:
14



1 [1-b,65e()-05(5c(x) 0.5 -4) Ho()-05
He)=-—2>In z
B s c: (f/a(x) ~-0,5+ 2)

KaMua MKKATa (1aBpu MKKK Oynran) gaBpuii [ mO0C yiraoBiiapura ara.
0) I Ko JNapaxTUa AaHUKJIAHTaH KyUuJIaru MOJE

L2 72o()-1) . 720(y)-1)

_ 1 17 3 3
H(o)=—= > In 5
o <xz,y:> 23 (1+ sin 7r(2c7(3X) —1)]

KaMuJa MKKATa (IaBpu MKKK OYynraH) gaBpuid [ mO0C yiraoBiiapura ara.
| HaTypaus coH épaamuna C, udoaaHu KyHuaarnda aHuKJIaiInK:
2(i—-2)(3" -1
" (-D@E™-3)-2(k-2)(3*'-1

Teopema 5. K >4 yayr T* Konu mapaxTuia aHMKIaHTaH KyHHIaTH MOJEN:

He)=-1 3 In£1+ C, (o (X) ~0.5)(o(y) - o,5)j
Sy a’ (o(x)+0,5)
KaMua MKKATa (1aBpu MKKH Oynran) gaBpuii [ mO0cC yiraoBiiapura ara.
YyuHun OOOHMHT yuyuHYM mnaparpaduga kKamuaa N Ta TpaHCIALMOH-
uHBapuaHT [ 'n00c YnuoBnapura sra Oynagurad MoAeliap Kypuiras.
Ky#innaruda GenruianuiapHu KUPUTARITHK

1 1)\2@pi+i-2 o
(P = 4 NLro 1
An {2(2p+|+ J)—3[2J } ! (An ) {all}i,jel,n ) n; pEN

i,j=1,n

B, nq(U) = au*P + .+ a U (s,n, p) e N,

K p (G U K) =1+ Z(k/1+t2(p+s)—1 _1)¢(S’n’p)(u), k>2.
s=1

Jdemma 2. (A”)" marpunaruEr o ji OVIEMEHTH Ky#unaru Qopmyra

épnaMHna TOIIHJIAAN.

[]@p+2s+2j-3) [] 4p+2s+2j-3)

aji — (_1)i+j42 p+i+j—4(n-1) s=1 s=1,5#]

T1G-9]]G-9

s=1,5#] s=1,s#i
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Ms3ox 2. Ulynnait n, € N conn maBxynky, Oynna 6apua K >n,(K) map yayn
KyWAHJIard TeHICU3JIUK YpUHIU OYanu

Koy (t—0.5,u—05;k)>0, (t,u)e[01.

Teopema 6. bepunran N Ba K Hatypan connap yuyH myHmaii N,(K) con

mapxkynku, Oymma Gapua K>n (k) yuyn T Komu napaxtuna aHuKiIaHTaH
KyWHJ1aru MOJIEII:

H(c) == > In(K,, (c(x) - 0.5, o(y) - 0.5; k))

1
/B<x,y>

Kamuia N Ta TpaHCIalMOH-UHBApHaHT [ mOOC yuoBnapura sra.
XVJIOCA

Juccepranna umm Kanm napaxtrjia KYIIHU TabCUPJIM Ba CIIMH KUHAMATIIapy
tyiamu [0,1] Oynran moxaemnapHUHr naBpuid [MO0C YiadoBIapuHU TaJAKUK
ATUIITAa OAFUIIIJIAHTaH.

TagKMKOTHUHT acOCUl HaTW KajJapu Kyhduaaruiapaad uoopar:

1. Kamu JTapaxXTHUHUHT rpynmnaBun TaCBUPUHHUHT WHJICKCH
2°(2n+1),se{l,2},ne N kypunuiiga OyaraH KHCM TIpYIIMaJapUHAHT TACBUPH
OepuiiraH.

2. Mopenauar uxtuépuii naBpuii ['mOOC YI4OoBH TpaHCIAIMOH-UHBApHAHT
€KM JaBpu UKKUra TeHr Oynran ['md0c ynuoBu OYIUIIM KYypcaTUiraH.

3. Mogenuuar I['m66¢ Ya4oBU sroHa OYIWUIIMHUHT ETAPIWIMK IapTH
TOMHJITAH.

4, Kammnma wkkura naBpuit ['mOOc YyimuoBnapura sra OyiraHn Mojesuiap
KypWJIraH.

5. bepunran N Hatypasi COH y4yH, KamMuaa N Ta TpaHCIAIMOH-UHBApHAHT
['u006c¢ ymyoBnapura sra 6ynagurad MoeJUIapHUHT MaBXKYJIUTH KYPCATUIITaH.
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INTRODUCTION (abstract of PhD thesis)

Actuality and demand of the theme of dissertation. In the world many
scientific and applied research are reduced to the study models in statistical physics
and mechanics. Gibbs distribution for physical systems for keeping temperature
and in balance of heating corresponds to environment was introduced by physican
scientist J.Gibbs. The Gibbs measure belongs to a family of probability measures.
In addition, this measure corresponds to any given hamiltonian on lattices has been
an important object in many problems of probability theory, statistical mechanics
and physics. Since the measure associated with the hamiltonian of a physical
system and generalizes the notion of a canonical ensemble, it’s very sufficient in
the directions of statistical physics, mechanics and other branches. Because of
Gibbs measure is a unique measure that maximizes the entropy for a given
expected energy construction of Gibbs distribution has been one of the matters of
greatest importance.

Nowadays in the world one of the central problems in the theory of Gibbs
measures is to describe limiting Gibbs measures on a lattice and tree corresponding
to a given hamiltonian. To define of non-uniqueness of periodic measures for a
given physical model in the set of Gibbs measures is an important role of the
theory of phase transitons in statistical physics. In a way that is easily understood,
each Gibbs measure on a lattice or Cayley tree corresponds to a phase in the
language of physical systems. From this fact, we can conclude that non-uniqueness
of such Gibbs measures on a lattice or Cayley tree means that there occurs phase
transitions in the language of physical systems i.e., the physical system changes its
state. In this regard, the description of the set of all Gibbs measures for a given
Hamiltonian in statistical physical systems, finding all periodic and translation-
invariant Gibbs distributions, also checking the boundedness of such probability
distributions and in addition to that, to define extreme Gibbs measures for models
with compact set of spin values, the existence of a phase transition for
generalization of splitting Gibbs distributions is a one of the important area of
research.

In our country much attention has been paid to develop important directions
of statistical physics and mechanics which have applications to the applied and
fundamental sciences. As a result, special attention for development of the theory
of Gibbs measure on lattices which one of main subjects of statistical physics and
mechanics is paid. Useful results on studying the set of Gibbs measures are
achieved and these results have been admitted by foreign scientists. Investigations
on the international level in such important areas as the functional analysis,
mathematical physics, theory of probability and theory of dynamical systems
considered as the main task of fundamental research?. At the present time, the
development of investigations on Gibbs measure on a Cayley tree plays an
important role in the implementation of this decree.

2 Decree of Cabinet of Ministers of the Republic of Uzbekistan at the 2017 year 18 May « On measures on the
organization of activities of the first created scientific research institutions of the Academy of Sciences of the
Republic of Uzbekistan» Ne 292 dated May 17, 2017.
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The subject and object of research of this dissertation are in line with tasks
identified in the Decrees of the President of the Republic of Uzbekistan UP-4947
of February 7, 2017 “On the strategy of action for the further development Of the
Republic of Uzbekistan”, UP-2789 dated February 17, 2017 “On measures to
further improvement of the activities of the Academy of Sciences, organization,
management and financing of research activities, PP-2909 dated April 20, 2017,
“On measures to further the development of higher education” and PP-3682 from
April 27, 2018 “On measures to further improve the system of practical
implementation of innovative ideas, technologies and projects”, as well as in other
regulations related to basic science.

Connection of research to priority directions of development of science
and technologies of the Republic. This study was performed in accordance with
the priority areas of science and technology of Republic of Uzbekistan 1V,
“Mathematics, Mechanics and Computer Science”.

The degree of scrutiny of the problem. However, conception of Gibbs
distribution was introduced by American scientist J.U.Gibbs, general
characterization of limiting Gibbs measures was given in articles of R.L.
Dobrushin, O. Lanford and D. Ruelle. Modern theory of general characterization
of limiting Gibbs measures for given models is studied in papers of R. Baxter,
H.O. Georgii, R.A. Minlos, Ch. Preston, Ya.G. Sinai, Yu.M. Suhov, N.N.
Ganikhodjaev, U.A. Rozikov, F.M.Mukhammedov, M.M.Rakhmatullaev,
R.M.Khakimov and others.

Spin models on a graph or in a continuous spaces form a large class of
systems considered in statistical mechanics. Some of them have a real physical
meaning, others have been proposed as suitably simplified models of more
complicated systems. The geometric structure of the graph or a physical space
plays an important role in such investigations. For example, in order to study the
phase transition problem on a lattice Z° or in space one uses, essentially, the
Pirogov-Sinai theory. On a Cayley tree T'*, to study Gibbs measures one uses the
theory of Markov random fields based upon the corresponding recurrent equations.
Most of papers are devoted to models with a finite set of spin values. Mainly, it’s
shown that these models have finitely many periodic (in particular, translation-
invariant) and uncountable numbers of the non-translation-invariant extreme Gibbs
measures.

Continuum spin system with nearest neighbor Heisenberg hamiltonian
(model) is considered in M.Lakshmanan’s works. Also, a new formulation of
Heisenberg model with continuum spin system in a space of arbitrary
dimensionality is given by W.Ruijgrok. Models with nearest-neighbor interactions
and with the set [0,1] of spin values were considered by U.A.Rozikov and
Yu.Kh.Eshkabilov. On a Cayley tree the problem of describing the “splitting Gibbs
measures” of the models was reduced to the description of the solutions of some
non-linear integral equations. Also, the uniqueness of translaton-invariant Gibbs
measures for [0,1] spin valued models on one dimensional tree is shown.
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Connection of the theme of the dissertation with the research works of
higher education, where the dissertation is carried out. The dissertation work is
done in accordance with the planned theme of scientific research “YoF-4-3: Spin
systems probability measures on a countable graph” Institute of Mathematics
(2016-2017 y), “YoF-4-8 Non-classic problems on mathematical and statistical
physics” National university of Uzbekistan (2016-2017 y) and “YoOT-Ftex-2018-
154 Gibbs measures and spectrum of hamiltonian on a lattice Z° and on a Cayley
tree T National University of Uzbekistan (2018-2019 y).

The aim of research work is studying the set of splitting Gibbs measures for
models with continuum set of spin values on a Cayley tree of an arbitrary order.
Construction of normal subgroups of the group representation of a Cayley tree.

Research problems:

to give a characterization of normal subgroups of finite index for the group
representation of a Cayley tree;

to construct new subgroups of finite index for the group representation of the
Cayley tree;

to establish connections between periodic Gibbs measures of a hamiltonian
and fixed points of Hammertstein’s integral operators;

to find a sufficiency condition on a hamiltonian with an continuum set of spin
values under which the model has a unique translation-invariant splitting Gibbs
measure;

to prove that under some condition on parameters of the model there are at
least two translation-invariant Gibbs measures.

The research object: Cayley tree, group representation of Cayley tree, Gibbs
measure, Hammerstein integral operator.

The research subject: Group theory, Gibbs measure theory, nonlinear
integral equations theory, functional analysis.

Research methods: methods of functional analysis, group theory and
probability theory.

Scientific novelty of the research work consists of the following:

the description of normal subgroups of index 2°(2n+1),se{,2},neN for

the group representation of a Cayley tree is given;

the existence of periodic Gibbs measures for continuum spin valued models
with nearest-neighbor interactions is proved,;

a sufficiency condition on the model such that the model has a unique
periodic Gibbs measure is found,

continuum spin valued models with nearest-neighbor interactions have at least
two periodic Gibbs measures are constructed.

Practical results of the study. It can be used to check that there occurs a
phase transition in physical systems by studying the set of Gibbs measures on a
Cayley tree.

The reliability of the results of the study. Our results have been obtained by
using the methods of functional analysis, theory of Gibbs measures, fixed point
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theorems and theory of nonlinear operators. The obtained results are proved
mathematically correct.

Scientific and practical significance of the research results. The scientific
importance of the results of the research work lies in the fact that using for
investigation of Gibbs measure for various models of statistical mechanics.

The practical significance of the research work lies in the fact that changing
of state of physical systems is studied and a chance that given to solve some
problems in physics.

Implementation of the research results. In according to obtained results in
solvability of nonlinear algebraic and integral equations in the theory of Gibbs
measures:

The results obtained in the dissertation work were used in the following
research projects:

methods of construction of continuum spin valued models which
generalization of some classical statistical mechanics models such that there exists
at least two periodic Gibbs measures are used to investigate translation-invariant
solutions of some nonlinear equations of physical systems in the research project
F-4-07 (Ne 89-03-1375 Reference Ministry of the higher and secondary special
education of the republic of Uzbekistan on 12.04.2019). The application of the
scientific results, it makes possibility to check there occurs phase transitions in
physical systems;

methods of studying the set of translation-invariant Gibbs measures for
models with continuum set of spin values is used to investigate eigenfunctions of
some differential equations in the research project F-4-02 (Ne 89-03-1375
Reference Ministry of the higher and secondary special education of the republic
of Uzbekistan on 12.04.2019). The application of the scientific results, it makes
possibility to describe the set of eigensolutions of some differential equations in
mathematical physics;

methods of checking the existence of Gibbs measures for models with nearest
neighbor interection on a Cayley tree is used in leading journals (Labochevskii
Journal of Mathematics, 2013; Mathematical Physics, Analysis and Geometry,
2014; Positivity, 2017; Reports on Mathematical Physics, 2018) in order to
investigate new Gibbs measures. Using the scientific results enabled to construct
new periodic Gibbs measures.

Approbation of the research results. The main results of the research have
been discussed at 2 international and 3 national scientific conferences.

Publications of the research results. On the topic of the dissertation 11
research papers have been published in the scientific journals, 5 of them are
included in the list of journals proposed by the Higher Attestation Commission of
the Republic of Uzbekistan for defending the PhD thesis, in addition 4 of them
were published in international journals of mathematics and physics and one paper
published in national mathematical journal.
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The structure and volume of the dissertation. The dissertation consists of
an introduction, three chapters, conclusion and bibliography. The volume of the
thesis is 82 pages.

THE MAIN CONTENT OF THE DISSERTATION

In the introduction besides the motivation of research theme and
correspondence to the priority research areas of science and technology of the
Republic, we present a review of international research on the theme of the
dissertation and the degree of scrutiny of the problem, formulate our goals and
objectives, identify the object and subject of study, and state scientific novelty and
practical results of the research. Moreover, we reduce the theoretical and practical
importance of the obtained results, and give information on the implementation of
the research results, the published works and the structure of dissertation.

In the first chapter of the thesis, titled “Subgroups of the group
representation of a Cayley tree and splitting Gibbs measure” we give main
definitions and concepts of Gibbs measure on a Cayley tree and subgroups of the
group representation of a Cayley tree. Also, we give a characterization of normal

subgroups with index 2°(2n+1),se{1,2},ne N of the group representation of a
Cayley tree.
A Cayley tree T* =(V,L) of order k eN is an infinite homogeneous tree,

I.e., a graph without cycles, with exactly k +1 edges incident to each vertices.
Here V is the set of vertices and L that of edges.
Let G, be a free product of k+1 cyclic groups of the second order with

generators a,a,, ... ,a_, respectively.

It is known that there exists a one to one correspondence between the set of
vertices V of the Cayley tree ' and elements of the group G, .

The number of letters a =1k+1 that enter the non-contractible
representation of the word x is denoted by w (a).
Put

H,={xeG|D> o) iseven}, Ac N, =={1,...k +1}.
icA

Let A,A,...,A,cN,meN and ~' H, is non-contractible. Then we

denote by R the following family of subgroups:

92:={m?llHAi |AA,...A, N, meN}

Let group G be with finitely many generators of the order two and let 3, be

the set of all such groups of order n. Assume that r is the minimal number of such
generators of the group G and without loss of generality we can choose these
generators as b,b,,..b,. Let e, be the identity element of the group G.

23



We define a homomorphism from G, onto G. Let = ={A, A,,...A} be a
partition of N, \A,0<A|<k+1-n. Then we consider the homomorphism

Uy {8y, 88} {810, } given by
un(x):{el’ if x=a,iech

bj, if x=ai,ieAj,j=1,n.

For beG we denote by R [b,b,,...b,] a representation of the word b by
generators b,b,,...,b, r<m. Define the homomorphism y :G—>G by the
formula

e, If x=¢
yv.(X)={ b,if x=b,i=1r
R, 0,01 if x=by,ie{l,..r},

Put

H (G) ={x G, | 1(7,(u,(x))): 2P}, 2<n<k —L.

N ={H ég)Ble (G)| B, B, is a partition of theset N, \ B,,0<| B, |<k —1,| G |=2n}.

Theorem 1. Let n=2'(2s+1),i={0,1},seN. The set of all normal
subgroups of index 2n is equal to N i.e.,

N,={H|H <G,,|G, :H|=2n}.

The second chapter , titled “Existence and uniqueness of periodic Gibbs
measures for models with continuum set of spin values on a Cayley tree,” is
devoted to study the existence and uniqueness of periodic Gibbs measures for
models with continuum set of spin values.

In the first paragraph of chapter 2, it’s given an important theorem about
periodic Gibbs measures of given models. For AcV a configuration o, on A is
an arbitrary function o,:A—[0,1]. Denote Q,=[0,1]" the set of all
configurations on A. A configuration o on V is defined as a function
x eV - o(x) €[0,1]; the set of all configurations is [0,1]" .

The (formal) hamiltonian is

H(o)=-J Z é:o(x),a(y)’ (1)

(x,y)eL
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where J e R\{0} and &:(u,v)e[0,1] —¢&,, R is a given bounded, Lebesgue
measurable function. As usual, (X,y) stands for nearest neighbor vertices, i.e.,
d(x,y)=1.

Let h:xeVi>h =(h,,te[01])eR® be mapping of xeV\{x’}. Given
n=1,2,..., consider the probability distribution 2™ on Q,  defined by

:u(n)(an) = Zn_1 exp{_ﬂH (Gn) + Zha(x),X]' (2)

X eWn

Here, as before, o, :x eV, - o(x) and Z_ is the corresponding partition function:

z,= ], eXp(—ﬂH (6.)+ Zh&m,x% (5,)

X eWn

The probability distributions 4™ are compatible if forany n>1and o, , €Q,

1

Jo 4700, @)A, ([@(@) = 1" (o,

Here o ,vw, €Q, is the concatenation of o , and ,. In this case by

Kolmogorov’s extension theorem there exists a unique measure g on €, such
that, for any n and o, €Q, , ,u({a|v =0'n})=,u(”)(0'n). The measure x is called

splitting Gibbs measure corresponding to hamiltonian (1) and function x+—h,
x#X°.

The following known statement describes conditions on h, guaranteeing
compatibility of the corresponding distributions «™ (o).

Proposition 1. The probability distributions #™(c,), n=1,2,..., in (2) are
compatible iff for any x eV \{x°} the following equation holds:

0= ] [lexp(3 8E,) (U, y)du
| yes(x) jolexp(J BE ) f(u,y)du '

Here f(t,x)=exp(h , —h,,),t<[0,1] and du = A(du) is the Lebesgue measure.
We define periodic Gibbs measures by using subgroups of the group G, .

Let’s define periodic solutions of (3).
Definition 1. Let K be a subgroup of G,,k>1. We say that a functions

h,xeG, is K-periodic if h, =h, forall xeG,, ye K. A G, - periodic function
h is called translation-invariant.

(3)
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Definition 2. A Gibbs measure is called K - periodic if it corresponds to K -
periodic function h.

Let G ={xeG, : the length of word x is even}. Clearly, G is a normal
subgroup of G, and |G, :G? |=2.

Theorem 2. Let K be a normal subgroup of finite index in G,. Then each
K - periodic Gibbs measure for the model is either translation-invariant or
G? — periodic.

In the second and third paragraphs of chapter 2 we study the existence and
uniqueness of periodic Gibbs measures.

Proposition 2. For k € N, there is at least one positive solution of (3).
Denote

M = max K(t,u), m:tmEOQ]K(t,u), where K(t,u) =exp(Jf3<,).

Proposition 3. a) If k=1 then there is a unique periodic solution of (3),
which is a translation-invariant.
b) Let k >2. If the kernel K(t,u) satisfies the condition

k k
BEGE
m M k
then periodic solution of (3) is a unique and is a translation-invariant.
Theorem 3. Under the condition (4), each periodic Gibbs measure for the

model (1) on a Cayley tree of order k>2 is a unique and this measure is
translation-invariant Gibbs measure.

In the third chapter of the thesis titled “Non-uniqueness of periodic Gibbs
measure for models with continuum set of spin values on a Cayley tree”, we
construct some models which has at least two periodic Gibbs measures.

Note that, for a given physical system, each Gibbs measure corresponds to a phase
of the system. If there exist more than one Gibbs measure, then there occurs a
phase transition in the physical system.

In the first paragraph of chapter 3 we construct models which have at least
two translation-invariant Gibbs measures on a Cayley tree of an arbitrary order.

Proposition 4. a) The model

H(o) = —%<§>In(l+%-i/4(a(x) —%j(a(y) —%)] ceQ,

X,yeVv

on the Cayley tree T'? has at least two translation-invariant Gibbs measures.
b) The model
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H (o) = _%Zy: In[1+ %</4(0(X) —%j(a(y) - %n e,

X,yeV

on the Cayley tree T has at least two translation-invariant Gibbs measures.
Let keN and k>2. We consider sequences of continuous functions
P.(x) (neN) and Q_(x) (meN, m>Kk) defined by

no1 \ K+ no1 \ K+
Pn(x)EPn’k(x)=[1+ X2 ] —[1— X2 j XeR.

Q.(X)=Q, (X)) =(k+1)x™*, m>k, xeR.

Lemma 1. Let k > 2. Then for each ne N, n>k the equation

R(Xx)-Q,(x)=0 ()

has at least one solution & =£(k;n) in (0,1).
Let k >2 be a fixed number and suppose that {&(k;n)} < (0,1) —some set
of solutions of the following system of equations:

P.(x)-Q,(x)=0, neN.

We have 0< &(k;n) <1 for all neN, n>k. Consequently, 0< &(k;n)"* <1 for all
n> k. Then there exists a upper limit of the sequence &(k;n)"™, n>k, i.e. there

exists a subsequence &(k;n )np_l, peN of the sequence £(k;n)"*, n>k such that
limsup&™t(k;n) = lim&™ 7 (k:n.)
n—c0 p—c0

Define the sequence C.,n>k >2:

Cn = Cn (k) = 4 kfz(k’ n)gn_k_z 1 k+2 )
1[{15<k2>j o &™) ]_g(k;n)nk

2+k 2

where £(k;n) €(0,1) is an arbitrary solution to the equation (5).
Put

7, =7,(K)= Cnp (k), peN.

Remark 1. For every k >2 the following equality holds:
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12
limy, (k) =~—.
p—0 k

For each k >4 we define the set N,(k):
No(k) ={peN:|y,(k)[<4}

Note that, the set N, (k) is a countable subset in the set of all natural numbers. For
each p e N,(k), (k >4) we define the continuous function K (t,u;k) on [0,1)* by

K, (t,u;k) =1+ yp(k)(t —%j(u —%) t,u [0,1].

By the inequality |y, (k)|<4 it follows that, the function K (t,u;k) is strictly

positive.
Theorem 4. Let k >4 and p e N,(k). The model

H(o) = _1 Z InK, (o(x),0(y);k), o€,

<X,y>
X,yev

on the Cayley tree ' has at least two translation-invariant Gibbs measures.
In the second paragraph of chapter 3 we construct models which have at
least two periodic Gibbs measures on a Cayley tree of an arbitrary order.
Proposition 5. a) Let p be an odd natural number then the model

1-b,6: /o (x) - 0,5({(e() - 0.5) - 4)2 ¢/o(x)—05
c, (i’/o(x) -0,5+ 2)2

has at least two periodic Gibbs measures on the Cayley tree I'?.
b) The model

H (o) :—%<§>In

1_ gsin 7(2o(x)—1) sin 7(2o(y)-1)

_ 1 17 3 3
Ho)===YIn 3
° ﬂzy aa(l +Sinfr(2<7(3><)—1)j

has at least two periodic Gibbs measures on the Cayley tree T
Denote
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2(i-2)3*-1)
" ((i-1)@*-3)-2(k-2)(3*-1)

Theorem 5. Let k > 4. The model

HE)=-1 3 In(1+ ¢, (o(X) ~0.5)(o(y) —0,5)}
v a'(o(x)+0,5)
on the Cayley tree T'* has at least two periodic Gibbs measures.
In the third paragraph of chapter 3 we construct models which have at least
n translation-invariant Gibbs measures.
Denote

1 1 22 p+i+j-2)
(p) — = Myl=-g,1
An {2(2p+|+J)—3(2j } ! (An ) {a'l}i,jel,n ' n:pEN.

i,j=1,n
B nq(U) = U+ + o U™ P, (s,n, p) e N.
Ko Qi) =1+ D (L9 -1, (W), k=2
s=1
Lemma 2. For o, element of (A{”)™ the following equality is holds

[TG4p+2s+2j-3) [] (4p+25+2j-3)

— i+j A2p+i+j-4(n-1) s=1 s=1s#]
a; =(-1)"4

[1G-9T11G-9

s=1,5#] s=1,s=i

Remark 2. There exist k,eN such that for all k>k, the following
inequality holds

Koy (t—0.5,u—05;k)>0, (t,u)e[01.

Theorem 6. Let k >k,. The model

H (o) = _% > In(Ky ) (0(X) =05, () ~0.5; k)

<X,y>

on the Cayley tree T’ has at least n translation-invariant Gibbs measures.
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CONCLUSION

The dissertation is devoted to study Gibbs measures for models with nearest-
neighbor interactions and with the set [0,1] of spin values, on a Cayley tree.
The main results of the research are as follows:

1. The description of normal subgroups of index 2°(2n+1),s{l,2},neN of

the group representation of a Cayley tree is given.

2. Any periodic Gibbs measure for the model is either translation-invariant or
periodic with period two are shown.

3. A sufficiency condition of the uniqueness of periodic Gibbs measure for the
model is found.

4. Models which have at least two periodic Gibbs measures are constructed.

5. For any natural number n, the existence of models which have at least n
translation-invariant Gibbs measures is shown.
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BBE/IEHUE (anHoTanus aucceprauuu 10kropa ¢puiiocopuun(PhD))

Lleabio ucciieqoBaHUs SIBISETCS HM3YYEHHE MHOXKECTBA MPEIEIbHBIX MeEp
['n66ca mnms mMozpenell ¢ KOHTHHYaJbHBIM HAaO0OpPOM 3HAYECHUN CIMHA HA JIEPEBE
Ksnu npousBonsHoro nopsinka. [loctpoenne HopManbHBIX MOATPYIIT TPYIIIIOBOTO
npeacTaBieHus aepesa Koamm.

O0bekT nccaenoBanus: aepeBo Kamu, rpymnmoBoe mpeacTaBicHUe JIepeBa
Konu, mepa ['u60ca, nnrerpanbsuelii onepatop ['ammepinreiina.

HayuHasi HOBM3HA HCCJIEJOBAHUS COCTOHUT B CIEAYIOUIEM:

JIAHO OIMCAaHHE HOPMANbHEIX moArpymn unaekca 2°(2n+1),se{l,2},ne N

JUIs1 TPYIIIOBOrO NpecTaBieHus aepesa Konu;

JIOKa3aHO CYIIECTBOBAHUE MEPUOIUUESCKUX THOOCOBCKUX MEp IS MOJICIICH ¢
KOHTHHYaJIbHBIM HAaO0OpOM 3HA4YE€HUW CIHHA C B3aUMOJCUCTBUSMH OJIMKaWIINX
coceei;

NOJIy4YeHO JOCTAaTOYHOE YyCJIOBHE, NPHU KOTOPOM MOJEIb  HMEET
€IMHCTBEHHYIO TIeproaudeckyto mepy ['mb0oca;

MOJIY4EHO JIOCTaTOYHBIE YCIOBUSA JUIsi TOro, 4YTOOBl MOJAEIH C
KOHTHHYaJIbHBIM HA0OpOM 3HAYEHHM CIMHA C B3aUMOJCHCTBUSMU OJMMKANIINX
coce/ieil UMEIOT Kak MUHUMYM JIBE Tiepuoandeckue mepol [ nb0ca.

BHenpenune pe3yabTaToB HCCJeA0BAHMS. Pe3ynbTaThl, IMOJYYECHHBIE B
JUcCepTaliOHHON pabore, ObLTH HCII0JIb30BAHBI B CIEAYIOITUX
UCCIIEI0BATEIbCKUX MPOEKTaX:

METO/bl TOCTPOCHUS MOJIENIEH ¢ KOHTHHYaJIbHBIM HAOOPOM 3HAUEHUH CTIMHA
(06001IeHNEe HEKOTOPHIX MOJIEIEH KJIACCUIECKOW CTATUCTUYECKOW MEXaHUKH ), TIPH
KOTOPBIX CYIIECTBYIOT Kak MHUHHMMYM JIBE€ TMepuojauueckue mepbl ['mb0Oca, s
UCCIIEIOBAHUS TPAHCIISIIUOHHO-MHBAPUAHTHBIX PEHICHU HEKOTOPBIX HETMHEMHBIX
ypaBHEHUI (U3NUYECKUX CUCTEM B HccienoBarenbckoM rnpoekre F-4-07 (Cnpaska
MuHucTepCcTBa BBICIIETO W CPETHETO CIHEIUATBHOTO 00pa3oBaHus PecmyOnmku
V36ekucran ot 12.04.2019). IlpumeHeHre HAay4YHBIX PE3yJIbTATOB TO3BOJISIET
MIPOBEPUTH, MTPOUCXOJAT JIU (Pa30BbIE EPEXO/IbI B (PU3UUECKUX CUCTEMAX.

METOABbl  HM3YYEHUSI  COBOKYINHOCTH  TPaHCIALIMOHHO-UHBAPUAHTHBIX
ruOOCOBCKUX MeEp JJIsi MOJieJied ¢ KOHTMHYaJbHBIM HA0OpOM 3HAYEHUN CHUHA
UCTIONIB3YIOTCSL  JIII  MCCIEAOBAHUS  COOCTBEHHBIX  (DYHKIIUH  HEKOTOPBIX
nuddepeHnuanbHbIX YpaBHEHUH B MccaenoBareiabckoM npoekre F-4-02 (Cnpaska
MUHHCTEPCTBO BBICIIETO W CPEIHEro CIEIHAIbHOIO0 O00pa3oBaHUs PECITYyOJIMKU
V30ekucrana Ha 12.04.2019). IlpumeHeHue Hay4yHBIX pE3YyJbTAaTOB Jae€T
BO3MOXXHOCTh ~ ONMHUCAaTh MHOXKECTBO COOCTBEHHBIX PEIICHHH  HEKOTOPHIX
muddepeHMaibHbIX YpaBHEHUN B MaTEMaTHUYECKON (QU3HKE;

METONbI TPOBEPKU CYIIECTBOBaHMS Mep [ubOca s mopenet ¢
B3anMoJIeicTBUEM ONmxkaiiiero cocena Ha jnepee Koanu nutupyercss B BeAyIux
xypHanax (Labochevskii Journal of Mathematics, 2013; Mathematical Physics,
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Analysis and Geometry, 2014; Positivity, 2017; Reports on Mathematical Physics,
2018), 4TobBI HWccleqoBaTh HOBBIE TpeenbHbie Mepbl [ nO6ca. Mcmonp3oBanue
HAyYHBIX PE3YJIbTATOB IMO3BOJIWIO TIOCTPOUTH HOBBIE TMEPUOAUYECKUE MEpPHI
['u66ca.

Crpykrypa U 00beM auccepranmu. /luccepramusi COCTOMT U3 BBEICHUS,
TpeX TJaB, 3aKJIOYEHUS] W CIHCKAa HCHOJIb30BaHHOW JuTepaTypbl. OO0beM
JUCCEPTALMU COCTABIsIET 82 CTPAHUIIBI.
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