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KHUPHUII (10KTOPJMK AUCCEPTANMUSICH AHHOTAIUSICH)

JuccepTanusi MaB3yCHHHHT 10J3ap0jauru Ba 3apypatu. Oxupru Oup
Heya YH HIUIMKIArd KOHACH AT Xonar Gusnkacu Oup Heda KH3UKapIH XoIucaiap
ouwnmuim Ounan Oenrwnanau. bymap Orup Pepmuonnap Metamiapu (ODM),
Kacup Ksant Xomnr Dddexrn (KKXD) Ba IOxopum Temmeparypamu
Vrayrkasruamap (FOTY) suru dusmka xoqucanapu mup.

2D cucrteManap y4yH aHUOHJIAD KOHUENIMACHHHM KyJiaml ydyH HoOeO
UMKOHHSAT MaBXKyT 3KaH. KKK YI9aMiId TOMOJNOTHSICH 3appajiap yIyH UXTHEPHit
CTaTHCTUKacura, 0o3oHIap U (QepMUOHNAp CTAaTHUCTHKagap OwiaH Oupra, sra
OynuII MMKOHMATHHH spaTHO Oepap 2KaH Ba WUIYHUHT ydyH 3appanap 2Dna
aHWOHJIap ae0 aramap dkaH. AHWoHnap 1D cucTeManapia xaM MOBXKYA OYIIUIIN
MYMKHH 9KaH.

Opatna, Kym 3appajap CUCTeMaJapHU Ha3apuil M3JIaHUIUIAPUAA, 3appanap
CTAaTHCTUKACH KYT 3appaiu TYTKUH (QYHKIUS CHMMETPHSCH OPKATU KHPHTUIIAIH.
Cucrema ['aMHIBTOHMAHU 3ca CTATUCTHKA OniaH Oornadrad sMac. [lynnait kuin6
0O030H CTaTUCTHKACH CHMMETPHK TYJIKHH (YHKUUSICH OpKalu KUPUTHIAIM,
DepMHOH CTATHCTHKACH 3Ca aHTH cUMMeTpuK CidTep NeTepMUHAHTH (opMacura
ora OynraH TYIKUH QYHKIHUACH OPKATA KHPUTHIIAIH.

AHHMOH KOHLENIMACHIA, CTATHCTHKA AaHUOH BEKTOP IMOTEHIHANl OpKajH
lamMunproHnanra kupurtanagud Ba 3appanap cratuctuka s¢¢extu Ilpeaunnrep
TEHIJIaAMaCHHH €YMMHUHU M3JIaHUILJA TYTpUaH ypraHca 0ymam.

By nuccepranusiia TaBCUpJaHTaH WIBMHUE wWil, Oy KaTTa aKTHBIMKHUHT
KHYMK KHCMH. Y30ekncTon PecmyGimkacu IIpesupentumunr 2017 iimn 7
(deBpangaru [®-4947-con "V36eKkucTOH PecniyOnukacuan sHajaa
PUBOXIIAHTHpHIN OYiiMua XapakaTiap cTparerusicn Tyrpucupaa'ru dapmoHHIa,
2018 iima 29 HostOpma Ysbekucron Pecry6mmkack XyKyMaTH TOMOHHAAH HOI
stwran "2019-2021 #immmapaa  YV36eKHCTOHZA Ty3WIMATH HCIOXOTIAPHHHT
acocWil WYHANIMIUIADUHUHT HYNn Xaputacu'ma xamaa ymody coxajaru OOIIKa
Mebépuii-XyKyKui  XyxokatTiaapaa  OenrwiaHraH — BasudanapHd — amanra
oLMpHIIIA YIIOY JUCCePTALMS TAIKUKOTH MyailsiH Japaxkaga XU3MaT KIaH.

TagkuKoTHHHT Y3Gexmcron PecnyGimkacn ¢(aH Ba TeXHOJTOrHsLIAp
TapaKKUETHHUHT YCTYBOP HyHATHIIIapura MocJuru. Jluccepranus TaiKUKOTH
V36ekncron PecnyGmukach (aH Ba TEXHOJNOTHANApH pHBOXIAHHmK 11,
«OHepreTHKa, YHEPrHs Ba pecypc TEKAMKOPIUIM» YCTYBOp HyHaNUIIMra MoBO(GUK
GaxkapuJiras.

V36ekucton PecnyOiauKacMHUHT MYCTaKWUIMK HWIUIapuaa, KOHJEHcAT
MYXUT (U3UKACHAArH Ha3apuil Ba HKCIIEPUMEHTA W3JIaHWIUIApUra Ba yJapHHHT
XaJKapo MUKHECHIArd PUBOKIIaHHIINTA XKYy/Ia KaTTa dTHOOp OeprIiasiy.



Juccepramusi MaB3ycH Oyiinya XopuKuii WIMHIA TAAKUKOTJIAp MIAPXH.
OOM Ba kynpamiapna, Ba OOIIKa KOMOayHajapia Maigo OymamuraH 0TV
MyaMMollapy, Oy MaTepHajUlapAard >XyAa KaTTHUK SJIEKTPOH KOPPeAIisIap
¢mukacu OmnaH OornmmK. by Marepmaiapma SJIEKTPOH apo ajiMamlyB MarHHT
TabCUPH JKyHda Kata Oynamu. By MyaMMOIApHUHT Hazapuil H3JIaHHIIN SKyIa
Mypakka0 xucoOiaHamy, LIYHHHT yd4yH Oy coxajga Xo3uprada Xed KaHjau
nporpeccra spwinmMarad. KKXD  ¢u3ukacu XaM KaTTHK 3JIEKTPOHJIAp
KOppeJILMSIaHraH cCUcTeMajap Kiaccura Teruuuin. AMMmo Oy epaa 3appanap apo
MarHuT TabCUPH KaMpoK Oynaan. Acocuil NakuKaT OW3HUHT AMCCEPTALMSAMU3AA
FOTY Ba KKXDnapra kapartunran 6ynamu. Jlekun ymun 6opku, OOM Ba FOTY
¢mukanapu 2D ymyamna yHuBepcan ne6 xucoOiaHagu. BU3HMHT rpymmammszaa
YTKa3wiran aHuoH KoHuenmsicuan O®M ¢usukacuna KyUIaHUIIUTA JOHP
JacTiabKy U3JIaHULLIAp L1y yMUAra acoc 6ynanu.

IOTY Ba 2D §rayTkasrudnapuunr Ho-DepMu CYIOKIH XOCCHCATIAPH OMIaH
OOFNMK (hyHIAMEHTaN acleKTiapra OoUp Hazapuil W3NaHHWILIAp XKyAa MyXHM Ba
akTyan xucobmamagu. Ymap AKII, Espoma, Poccus, fAmomms Ba O6omka
JaBnaTiapiard — eTakdyd  WIMHH ~ Mapkasjgapuga — oiaub  Oopwiiaaumiap.
JluccepTalusiMU3HUHT Xap OUp OOOMHUHT OXHUPU KEHI COHJIM MJIMHN MakoJaiap
pyiixatu OWiiaH TabMHpPJIAHTAH Ba YHAAH Tpodeccopiap UCMHU Ba yiap UILIaigaH
YHHUBEPCHUTETNIAp Ba WHCTUTYTIAp TYrpUcHAa HHGpOpMaIms Torca Oymanu.
Kuckacu, jxaxoH juTepaTypacuia KEHI MyXOKaMa KWIMHAaeTraH Hasapuil
U3MaHULIAp JuccepTanusia OaxapagaeTraH HIUIAPHUHT WIMHN aKTyaJUIUTUHU
udonanaiam.

MyaMMOHUHT YPraHWIraHJInK Japaxacu.

Xo3up MOKOpUAA aWTWIraHUAEK, AUCCEpTalMsAla YpraHuilaeTraH HIMUI
MyaMMoJiap IIYHYajJu Mypakkad XxucoOyiaHaau K, Oup Hewa YHIMK Huuiapu
JABOMHJA yJiap Xap OMTTACHHUHT TYIIYHHIIHIA Xe4 KaHIai MyXUM Iporpeccura
eTmwMaraH. ['apyan, Oup Xw1 OeNTuiIaHraH BapyuallMoOH XHCOOIapAaH moiaananuo,
COHJIM MOJEJUTAIITHPUII METOAJAPHHU HIUIATHO Ba (M3UKABUI apryMeHTIApHU
UIUTaTHO KeruH wyHH Kypcatmwiauki, KKXOHu ¢usnkach aHUOH CTaTHCTHKACHTa
ora OVyNraH Kpa3u3appajJapHUHT KBAaHT CYIOKJIUKIApW OWp Jacrtack OwiaH
TYIIyHTUpUIICA OYi1ap 3KaH.

Jduccepranus TAAKHMKOTHUHMHT auccepTanus OaskapuiraH
WIMHH-TAIKHKOT MyaccacacH WIMMI-TaAKUKOT HILIAPH pexKajapu OMJIaH
GoraMKINTH. JlHccepTalys TafKUKOTH Y30eKHCTOH Musumii Y HHBEPCUTETHHIHT
Amamnit  ®Ouszuka Wnmuil-Texmmpum HWHeTuTyTH Ba V36exucTon Mummit
VuuepcureTuHuHr pexanapuHudr “Kartux Tabcupau CucremanapHunr KeaHT
Mexanukacu,” (2003-2007 iunnap), Hasnat ®an Ba Texnonorusap Kymuracy,
2.1.10 xomu; “Karruk Tascupau Cucremanapaarn Ksaut D¢dextnapu,”
(2007-2011 immmap), V36ekmcrom Oumii, Ypra Ba Mxrtncocmamman Tabimm

6



MuHucTupauru (OVUTM), OT-®2-082 xomu; “Kartuk Koppensimon KanT
Cuctemanap Hasapuscu,” (2012-2016 iimmnap), V36exucron OVUTM, ®-2-60
konu; Ba “Houmsuxmm, Kyn-3appamu, Ksaur Ba Kiaccux Cucremanap”
(2017-2020 immap), Ys6exucton Jlapnar xomum OT-B2-10 wimuit noimxanap
Jompacuna Oaxapuiarad. J{yccepTanMsiHUHT aBTOPH YHIAaH TaIIKapu | epMaHHHT
®onskcBarer  ®omupura 2004-2006 iwmmmapu “Studies of Two-Dimensional
Coulomb Systems with the Anyon Concept” Ba 2013-2019 #wmmrapu "Anyon
physics of ultracold atomic gases" npoekTiapuHu KHCMaH KyJlaraHaapu y4yH
Y3UHU MUHHATAOPYUINTHHYU OMIIAUPAIH.

TagKUKOTHHHI MAaKcaJu aHUOHJIAap KoHueniusicuHu 2D aHuonnapHu Ba
¢depmuonnapau  mozemnamr  yuyH KMK  meromumHuM  spatMmiga  Kysuianmn
UMKOHMATUHU YpraHUIINaH, TapMOHUK MOTEHIMANJa JIOKAJUIAHTaH Ba YEKCH3,
TalIKapyd MarHUT MaiJIOH Ba IIy MaiIoHCH3 Xouataa 2D 3/IeKTpoH cucTeMallapHH
acocuil XOJIaT DHEPIMsACUHM YpraHWIIAAH, Ba 0TV yTayTKasFu4IapHUHT OHUp
0030HIH anTepHaTHUB MeXaHW3MHHH, Kymep mapamapiaH Xocwi OYnraH cTaHmapT
MEXaHU3MH YpHUTa, SpaTUIIA KYJIall UIMKOHUATUHY YpraHuiiaad uoopar.

TaaKuKOTHUHT Basudanapu:

2D anwonnapuu Ba (epmuonmapuu Mmoxeam yuyn KMK Mertoawnn
SIpaTHIL,

rapMOHMK IOTEHIMAa JOKAJUIAHTaH Ba YEKCH3, TallKapd MAarHUT MaiJoH
Ba Iy MaijoHcu3 xonatga 2D 3JeKTpOH CHCTEMallapHM acoCHil  xonat
SHEPrUsICUHU YPraHuIl;

IOTY yrayrkasruaiapHuHT Gup GO30HIN alTEpHATHB MeXaHu3MHUHH, Kymep
napajapAaH XocuiI OYIrad cTaHAapT MEXaHU3MU YPHUTA, sIPATUILL;

IOTY komnaysmmapaunr Ho-DepMH CYIOKIH XOCCHCAIapH OHp GO30HIHA
MEXaHU3MHU JOUPACUA YpraHuIL.

TapkukoTHHHT 00bekTH 2D pea 3JIeKTPOH cHcTeManap: KBaHT HyKTajuap,
vexcus 2D cuctemanap Ba 2D FOTY yrayrkasruaiap.

TaaKUKOTHUHT npeaMeTu O0Yiu6 my 2D cucTeManapHUHT Xap Xuil QHU3HK
XOCCHcallapH XUCOOIaHa .

TaagkuKOTHUHI ycy/uiapu. Wnvmmii MyamMMmonapHH Ypranuimn —y49yH
JyccepTanusana KOHIOEHCAaT MyXWIIap Ha3apUsACHHHM, KBaHT Ba CTAaTHCTHK
MEXaHHKaHWMHT Ba KATTHK JKHCM XOIATHHHT yCIIyOIapy WIITaTHIIIH.

TagKUKOTHHUHT WIMUI STHTHJIMTH.

Bupunun mapra suru Kommnexe Auddysuon Monrte Kapino meronu taknud
KWINH]Y.

2D ¢epMuOHTap yUYH IOKOPH TEMIIEpaTypaid YTayTKasFUWIAPHUHT SHTH
6up 0030HIM MEXaHU3MH TaKJIN(] KITHHIN.

TyHHEeT CKaHIM MHKpPOCKOIJA KypcaTIUITaH 3apsau Oupiu 0o030HIAp
SKaHJIMIM  JuccepTauusga McOOT KWIMHAM Ba IOKOPU  TeMIepaTypainu
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YTayTKa3ru4IapHUHT (a3a [uarpaMMacHUHU SJIEMEHTIApUHU TYIIYHUII Y4YyH
Kynon 6up 6030H11 Ba OMp (hepMHOHIN UKKH CYIOKIHK MOJENIH OMPHUHYH MapTa
TaKIA() KUTHHIIH.

Kynparnapausar Ho-®epMu CyIOKIUK Xoccanapu Tymiamu my KynoH ukku
CYIOKJTHK MOJIENHN acoCHaa OUPHHYN MapTa TYIIYHTHPUO OepHIIIH.

TagKHKOTHUHT aMauii HATHKANapu KyHunarwiapaan ubopar:

Bupunun GobOumaru puBoxianran KMK meromu MoBXyM KucMmra sra
O6ynran TynkuH QyHxuusm 2D depMHOH Ba 3JIEKTPOH CHCTEMAalapHU KBaHT
MOZAEJUIAIITUPHUIIA UIUTATHIIN MYMKHH.

JluccepTalsiHUHT KerMHTU yd4 0oOuparu KkBaHT HykTanap Ba 2D uekcus
JIEKTPOH CHUCTEMallap Y4YyH OJIMHTAaH acOCUM XOJIaT »JHEprusicd aHalIuTHK
udonanapu SKCHEPUMEHTAl MaJyMOTIap Ba COHJIM KBaHT MOJAEIUIAIITUPUIL
HaTWXaJlapyu OMJIaH COJUILTHPUIINA MYMKHH.

Arapia Kenaxakaa ydTa KeTMHTH 6ob6wiapaa pusosoianran  FOTY
(m3uKacHHUHT OUp O0O30HIN MEXaHW3MHHHUHT HHTPEIIPETAIMICHTa alTePHATHBACH
HyKJIUTHHH SKCHEpHMEHTAl Ba Ha3apuil TOMOHHIAH HcOOTIad Oepmica, KEHT
kiaacc 2D yrayTkazruwiapHUHT (QU3MKACHHUHT SHTY (yHIAMEHTan TYIIyHYacH
naimo OYIUIIN MyMKHH.

TaakukoT HaTHKaJapUHUHT umoHwinaurn KMK wmopemmamrrupumn
METOJUIapH, JOKAJUTaHTaH Ba 4eKcu3 2D 3JeKTpOH cucTeManapHHHT acOCHH XOnaT
SHEPrusCH XUCOOTall Ba YTAyTKa3FUWIMK Ba YTayTKa3FMWIAPHUHT HOPMaJl XOJaT
XOCCaJIapUHK M3JIaHUIIIIAp/a 3aMOHABUI Ba SXUIM MaJyM OYiraH ycy/UIapUHHHT
KYJUIaHTaHIUIY OMJIaH M30XJIaHaIu.

TagKUKOT HATHKAJIADMHMHI WIMMI Ba aMaJuii axamMHMATH. TaIKukoT
HATIDKAJIADUHUHT WIMMH Ba aMaluil axaMusITH KaHYalIMK ylap WiIMUR Haszap
TapadaaH SHrUKIMTY OWiIaH aHUKJIAHAIW. YJIApHUHT OOIIKa aXaMHUATH KaHYaJIMK
TaKIM( KWIMHTAaH W3JIaHUII yCcylulapyu sHrmwirara Oornmuk. Mypakkad 2D
AIIEKTPOH CHUCTEMaJlap YIyH aHHOH KOHIENIUsIcH Oy SHTY aHAIUTUK (SIKWHIIAIITYB
O0yaca xaM) ycynu. By KOHIENIUSHH KYJUIAIIHUHT aMalidil aXxaMUSATH YHHHT
COJIANUTUAA JHP.

TagKUKOT HATHKAJAPUHUHT Kopuii Kuiamuumm. [uccepramus ummma
puUad YEKwIrag yeymwiap Y3MVYuuar “Houmsukmy Kym 3appamd KBaHT Ba
KJIACCHK  CHUCTeMayiap” MaB3yCHIarM WIMHH JIOWMXAacHHH  Oakapuiuiaa
doitnananay.

TagKUKOT HATH:XKAJIAPUHMHI anpodanusicd. JluccepTallMOH HIIHUHT
acocHil HaTWXaJlapu XHCOOOT, JOKIaj Ba Te3uc (opmanaprna 8 xamkapo Ba 2
peciy0iarKa UIMHNA aH)XyMaHJIapAa MyXoKaMa KAIHHIH.

TagKUKOT HATHKAJIAPDHHUHI JbJIOH KWIMHIAHIUrd. JluccepraluoH
UIIHUHT acOCHH HaTIDKaJIapH YOIl STHIN TaBCHA STWITaH WIMHI Hamprnapnaa 7 Ta
MakoJlajap XOpWKUi KypHajulapnia, 4 Maxkojajap XOPWXHH HallpHeTiapia 4ol
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9THIraH KuToOnapaa Ba ArXiV aJeKTpoH NpenpUHTIapU TYIiaMuaa 5 Makonanap
Hallp KWIMHTaH. bu3 mucceprammsana yHOaH TalIKapd XalKapo Ba pecIyOimka
amxyMmamiaapaa 10 4om STiTaH AOKIAIap Te3UCIApHHH KypcaTauk. By xamma
MaKonanap VY36ekuctoH PecnyGnmkacu Onmii  aTTecTalyst KOMHCCHSCHHHHT
JOKTOPIJINK AWCCEPTAIMSIApH aCOCHH WIMHI HATWOKAApHHU YO STHII TaBCUSL
STUJITaH WIMHI HalIpliap/ia Hallp KAJIMHTAH.

JuccepTalusiHUHT TY3WIMINKA Ba XaxkMu. [luccepranus kupuiil, 7 ta 600,
Xynoca Ba 185 ummappaH Tamkuin TomraH amgabuérnap pyiixatunaH ubopat (don
sTuinran  abcrpaktimap Ba  ArXiv anekTpoH mnpenpuHTIap Oy  pyiixarra
KUpHUTHITaH). JIuccepTalMsiHUHT YMyMHIT XakMH 169 GeTHH TAIIKHIT 3Taau.

JIMCCEPTALIUSTHUHI ACOCHUIA MA3MYHHA

“Kommuekc [du¢pdysnon Monre Kapao meroam” ned HOMIIaHTaH
Oupunun 0O00ma, Ou3 KOMIUIEKC TYJIKMH (QYHKIMACHTa dra OyaraH KBaHT
cucreManap mMogemnamTupuil yayH ssHru Kommnexke duddyszuon Mounte Kapio
(KOAMK) wmeromunu Ttakmud kunmsnmus. KJIMKna, Oomka wertomiapra
KaparaHaa, TYIKUH (QYHKIMACMHUHT XaM MOXIYylIM, XaM ¢a3acu, MKKalzacu
MopemtamTupwiagy. 2D SIeKTpOHHHM MarHUT MalJOHWIA XaMaa mapaboNuK
gykypiukna Ba 2D ¢depmuoH-annoHnapHn mapabonuk gykypiaukaa KJIMK Ttect
MOJICJUTAIIH MKOOHIT HATIDKAHH KYPCaT/IH.

Pacm (1) pacmMpa Mope/utamigaH OJNWHTaH OpOWTan KBaHT coHun m = 13
TeHT OynraH OUp 31EeKTPOHHU acocuil Xonat pean (azonaru TabCUMOTU OEpUITaH.
Conuurrapuin yayH, anuk equmaas (mecon yuyd JI.JI. Jlanpay Ba E.M. JIuguuir,
Hepensrusuctkas KantoBast MexaHuka KUTOOHIaH) Keanb uukaaurad (asoBuii
TAKCHMOTH XalKa (opmacura sra 6ymm6, ymunr paamycu (2m + 1)Y/2 ra Ba
KeHMUru 1 ra (MarHeTuk a, y3yHiauk oupiauruzaa) tedr. by comumrupum KJIMK
MOJIEJUTAII SIXITY HATY)KAaHU OSPHIINHN KypcaTaH.
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Pacm 1. Bup 3J1eKTPOHHHHT MOJCJUIALIAAH OJWHIAH OWp JKAHCIH MATHHUT
MaiJIOHUJaru acocuii xosat pean (azomard TabCcUMOTH, arapaa m = 13 Oyuiica.
by epna y3yHnuk OWpIUrd a, Ba MoJeulall OONUIAHFUY HyKTaidap coHu N, =
500.

; ;.
Ja | s
1ol 1.
Jo. ool .
Jo. oos|- 1s
Jvoral 1.
Joresf 1.
Joen| 1.
N 1.
sos |- Jovaosl 1.
,4_557\ I O Y O N N wip.asiw N T T T T T T T N T B B B \7,4

Pacm 2 Ba 3. 2D rapMmoHMK moTeHImanmaru 6 ¢gepMuoHmap ydyH Oup 3appann
acocuit xonmaT TYNKMH (GYHKIMACHHMHT MOAYIMHMHT kBanpatu |W(7)|? =
[ |W(F =7, 7 .., T)|?didls ...dTg . Mopemnammupumaan  Ba  Ciotep
JIeTEPMHMHAHTH HIIATUITaH XMCOOaH OJIMHTaH HaTHKaap.

“Jlokannanran KyjaoH aHWMOH Ta3HMHI acocuii XoaaTu” HOMIH
JMUCCEPTALIMSHUHT WKKUHYM 000ma, 6wz N KynoH noreHumanu TtabCHpIH,
cratuctukacd v, 0 < |v| <1 TeHr, WKKH ym4aMiid dyKypauraa (4yKypiauk
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4acTOTacH g OWaH) JIOKa/UIaliraH Ba TaIlIKH MarHeTHMK MaijoH (MalgoH
IIUKJIOTPOH YaCTOTACH @, OWJIaH) OCTUra KyHHIraH aHHOHJIAPHUHT acOCHI XOJaT
SHEPTUSACHHH aHAIUTUK, ammpoKcuManusuii udopacuau anuknaiimus. LyHHHT
y4yH OW3 BapHalyOH MPHHIUIIMHU peryaapu3anus npouenaypacu KOMOHHAIHACH
OunaH Oupra unuiaTamMu3. Perymapusanus mpoueaypacuia YeKCu3ra MHTHIaeTraH
KeCHI TMapaMeTpH, TabCHPCU3 XOJJa, aHWK aHAIWTHK HaTIDKajgapra MOCIaml
acocHja Ba, KBaHT HyKTalapJard TabCHp JIEKTPOHIIAp XOJ1a, COHIM XucodmapaaH
ONIMHTaH HaTWXalapra MOCJall acocujaa aHWKIaHaau. Harmkama oiMHTaH
SHEpPrussHUHr udoaa-popmynacu cucrema napamerpuinapu |v|, N, wg, 7o, ap Ba
w., Kaepaa ypraua ry macoda xapakTtepucTHk Oupiuk bop pamuycu ag Ounan
0ornuK, opkanmu udonamaHaad. HaTiKaHWHT YMHINTH JIATEpaTypajaH OJHMHTaH
AQHMK, allIPOKCHMAIIHS Ba COHJIM HAaTWKanap OWJIaH CONUIITHPHUII aCOCUIA KPUTHK
6axo Gepuiiay. SOJ'II/IHFaH HaTIKaJIap Kyuaariya.

o 20 40 60 80

Pacum 4. TlapaGonuk JoKanTHpaaurad nmoTeHImanga N=72 rada TabCHPCH3
(v=1) depmuonnap ydyH AMCCepTalsAa OJUHTAH ANMPOKCHMAIUS aCOCHI
xonaT E, sHepruscuHM aHUK acocuil xonaT Egyqce SHEpruAcUIaH HUCOUMN
(mpoueHtnapna) aiipumu. THpe-HYKTa YM3UK acUMOTOTHK (N — o0) KHAMaTHHU
Kypcaraau.

11
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Pacm 5. KBant Hykraga 7 — 10 snektponnap ydyH xucoOJjaHraH acoCHi XojaT
sHeprussHuHr KynoH Tabcup mapamerep 1y/ap dyHkuusicu. By epaa BapuanuoH
Ba WIIM3U-QuKcanus KUIMHraH kBaHT MoHTe Kapiio MeToanaa oMHraH HaTHka -
THpE OTPH YHM3WK (MKKHTa METOIUIap[a OJIMHTaH HaTwkKamap opacuaa (Gapka
KPAIIMACITH KHYUK) Ba OM3HHUHT allpoKcuMaIiys (opMyaMu3 - TYIIa STPU YU3UK
(Bapmanmon Ba MonTte Kapio xwcoGiaHraH MabIyMOT Y4yH amabuer: b.
AbmysmaeB mokTopnuk aucceprarmscu exn B. Abdullaev et al., Phys. Rev. B,
2003, vol. 68, P. 165105(1-9).)

800

700 |
s00 p
500 [

= 400

300 P

200 |,

100 |

o " " " "
o 5 10 15 20 25

Pacm 6. J[lucceprammsina onuaran Ey = (Ey — Nhw)/(hwy) dopmynann
unatubd, ry/ag = 1.911 Ba |v| = 1 napametpnapna, kBaHT Hykragard 16 - 40
AJIEKTPOHJIAP YYYH aCOCHUH XOJIaT SHEPTUACHHHU XUCOOJIAll - TYJa STpU YM3HMK Ba
KJIACCHK 3NEKTPOHIAp y4yH dSHEPTHs - THpe JTpU 4M3MK. By epma w = (w3 +
w?/4)Y? Ba t = w,/w, (KIACCHK >IEKTPOHIAP SHEPTHACH MabIyMOTH ydUyH
amabuet: b. AGaymiaes mokropiuk aucceprarmsicu eku B. Abdullaev et al., Phys.
Rev. B, 2003, vol. 68, P. 165105(1-9)).
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“3apsiyIaHraH AaHHOHJIAP rasjiap acocuii xoaTu” HOMIM y4uH4H 60014,
3apsUIaHraH aHUOHJIApP ra3jap acoCUil XOJIaTH SHEPrusicu ydyH arlIpOKCUMAaLUs
AQHANUTUK (POPMYIIACHHH aHWKIAMU3. BI3HHT yCynMMH3 rapMOHHK JIOKAJUTAIITaH

ukka Ymgamuu (2D) KymoH aHWOH Tasd Ba JIOKAIIANI CYHHIINH PETYIISIAS
nponenypacura acocnanrad. Kacpmm cratuctukacunu Ba Kynon TtabcupuHm
XucoOra oIl yuyH, OM3 UKKHTA, CTATUCTHKA Ba XXUWIKK (V Ba T'g), MapaMeTiapu

OmnaH 00MK GyHKIUS KUpUTaMu3. by QyHKIMSHU aHUKIANT Y9yH, OM3 YHH KyJa
KaTTa T'g JiapJla KJIacCuK 3JeKTpoH kpuctami (2D Burnep kpuctamn), xxyna KUYUK
T's Jlapia chuH-Tosipu3anus Oynran 2D snextpon rasamar Xaptpu-®@ok (XD)
sueprusicu Ba >xmd 2D Kymom bose rasHmHr acocmit Xomar sHeprusiapra
Mocnaimus. OXUpri 3Heprust boroaro00B SKMHIAIINITHA UIIIATHO XUCOOTaHTaH.
Bozounap (v = 0) yuyH onuHran 6usHuHr Hatrka Monte Kapno (MK) acocuna
XUCOOJaHraH HaTwkara >xyna skuH. CrouH-ojspuzanus OYiIraH 3J€KTpoH
cucremap (v =1) yuyd OusHuaT conumrupumumus X® Ba Monte Kapio
SHEPTUACH OJMHTaH KUWIMK COXaCHHUHT CH(ATHHU KPUTHK OaXOJalIinHu OepaiH.
Arappa 1rg¢>1  Oynca, Vv Kulimatura HucOaTaH OU3HMHT  aHAIUTHK
(opMynaMu3gaH ONMHTAH acOCHH XOJaT SHeprus 0030H derapacuuaH (hepMHOH
yerapacuraya MOHOTOH paBuiiga ycub Oopamu. 1g < 1 coxacuaa sca y
MOHOTOHCHU3 XYCYCHATHHU KypcaTagu. by XycycusaT Vv mnapaMmeTp ¥3raprania
0o30map (hepMHUOHIapra Y3IyKcu3 TpaHchopManuscd Oy3WIMIIWHHA KypcaTajiu.
OunuHraH HaTWXalap Kynaarada.

in

(5)

Energy per particle (Ry)

36)

- MC interpolation, Ref. {17} |
I # - MC. Ref. (4 B

. . . | . . . . 1 . L .
5 10 15
Density parameter (r)

Pacm 7. bup 3appara KenTUpWIraH acoCHUi XOJaT SHEPTUSIHUHT 3UYIMK MapamMeTp
7 dynkumsicu, kaepaa 1.0 < 1y < 15, depmuonnap yuyH (v = 1) Ba Gosonnap
(v = 0) yuymn.
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“KarTuk MarHuT MaioOHAaru 3apsiiVIaHraH aHWOHJIAP Tra3jIapHUHT
acocuil xoJaaTu”’ HOMIIK TYPTUHYM 000713, KaTTUK MarHuT Maiponmaru (Jlanmay
carxiapHuHr Tynaupum dakropu vy < 1) wkkun Ymuamum (2D) anmommap
Ta3MHUHT aCOCHH XOJaT JHEPTUSICHHUHI aHAJIUTHUK (QOpMyJajJapuHH Xuco0Jad
yukamu3. by GopmynanapHu yukapumaa 613 rapMoHHK Jiokayutamrad 2D Kynon
aHMOH Tra3d Ba JIOKAJIAIl CYHHWIOM PEryJsiius HpoUedypacuHU  OuiiaH
noWnananauk. KyinoH tabcupu HYK xoina, OM3HMHI aHAIMTHK HATHXKaMHU3 aHUK
eunMHU ubonanaian. Y v mapamerpu OWIaH XapaKTepiaHTaH aHMOH MaiI0H
KanuOpoBkacuHU Ba vy < 1 xuccanapunu uuura onaau. KynoH TabcUpu MOBXKYZ
xonma, O6u3 v, v, < 1 mapamerprnap Ba 3UYM 7; MapaMeTpAaH TAlIKHI TONKaH
(QyHKIMSHA ~ KUpUTaMu3. by  QYHKUMSHH  aHMKJIANI ~ Y4yH, OW3  YHH
CHMH-TIOJSIPU3ALMSIIaHTaH SJIEKTPOHIAPHUHT Kacpid KBaHT XOJUI PeKUME XOJaa
®dano-ApTonanu uHTEpNoJAlMs (opMyracura, Ba KaTTUK MarHuT maiinonnma 2D
Kynon bose rasuunr acocuii xomar oHepruscura wmociaimMus. busHHHT
dbopmynapumu3 unHaMruHu nakat ¢epmuonnap (v =1) ydyH smac, Gaikum
yMymuii xoiga, xamma aHumonmap (0 <v <1) yuyH kypcaramu3. OnuHran
HaTWXanap Kyuaarada.

I rwer |'|-'-".'.|_I

171

[T] ¥

Pacwm 8. Ilact Jlanmay caTxmapaars CIMH-TONSpH3AIMSIAHTaH (QepMHOHNAp yIyH
e?/l,; Gupnukaa ymuanran Gup 3appara KeiaeTraH KOPPEJAIMOH SHEPrUACHHHHT
v, dynxuuscu. By epna depmuonnap yuyn E.(v = 1,v,) = EFO(vy), (t¥na srpu
4u3KK) Ba 6030mmap yuyH E.(v = 0,v), (THpe 3TpH YH3HK).

“Oxopun TeMmepaTypajid  YTayTKa3FUWIAPDHUHI  Oup  0030HJIHM
MeXaHu3Mu” Homiu OemmH4YM 00043, OM3 Oy MEXaHM3MHM WILIAIIMHKU SKHHIA
Gomes et al., Nature 447, 569 (2007)ma 4om 3TWIraH MakoJajaa HOKOpU-TC
YyrayrkasrudHuHr Tc JgaH rokopu Temmeparypa coxacupa Bi,Sr,CaCuy0g.s
KyIpaTaa HaHO MacmTad pean ¢aszo permonma (HP) smeprus cmektpma OymILIHK
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ymgam (BH3yanu3amysIal) SKCIIEPHMEHTAA Ky3aTHiraH (akT acocuia HaMOCH
KWiaMu3. By JKCIIepMMEHT IIyHW aHWKIAaJUKH, TeMIleparypa macaiica, HPmap
HO-OMp JKMHCIH OYTYH XaXXMM YTayTKa3FUd XOJIAT PErHOHWTa KEHTasp OJKaH.
FOTVY napnarn Ho-Gup sxuncmn HPnaprumr pasmep (S.H. Pan et al., Nature 413,
282 (2001)) xarrammru (S.H. Pan et al., Nature 413, 282 (2001)) maxomnazxa
aHukiIanraH HPHUHT MUHMMAaN pa3Mepura sSIKHHJINTH [y XyJjocara KeJITHPaJuKH,
VyrayTkaszruu ¢asacu 0y HPrnapHu Gup GupoBHHU OHMIaH OUPIIAMITHPHII HATHXKACH.
By makonana, 6u3 HPnapuu 3apsnu Ba NEpKOISALUS PEKUMHHUHI aHAJIU3UHU
KeJITUPaMU3 Ba IIYHU KYpcaTaMM3KH, YTAayTKA3FU4YHU Haino Oymuin OupUHUM
KPHTHK Xc1 JIOTTUPOBAHHSCHIA (3apsimHu Marepuara KPHTHII
KOHLEHTpanusicuaa) xap oup HPHUHT 3apsan mmoc Oupra (31eKTpOHHUHT OUPIIHK
3apsanuaa) TEHT 9KaH, IIyHUHr yuyH Ou3z HPHu Oup TemmkmaH Xocws Oyiran
6030H (6up 6030H) ned Genrunad onamus, Ba Oy 0030HIApHH OWpPIAIITHPAJIUTAH
IEPKOALIS YM3UKIAp Maino 6y1aam. Y TayTKasFUdHH HYKONMII MKKHHIH KPATHK
X¢p AOMUPOBAHUSICHAA, OM3HUHI aHaIM3UMHU3 Xap Oup HPHuHr 3apsimu muioc
WKKUTA TEHIJIMTHHU KypcaTasimu. X., TaOMATHHU TylmryHum ydyH, HPmapra
KymmM4ya HopMan ¢asagard TEIUK (EpMHOHIAPHM KHPUTUIIUMH3 JIO3HM,
yIApHUHT KOHHUEHTPALUACU X JAaH IOKOpujaa maiino OYnaué NOmUpOBaHUSHU
ommpraHjga TEKUC paBHIIga ycud OOpaaM Ba X, KPUTHK JONHPOBAHMACHIA
0030HJIAPHU TIEPKOJISIUS YN3UKIAPHUHH Y310 1000paiu.

05
Dooing, =

Pacm 9. Bi,Sr,CaCu;0g, 5 KOMNAYHAHUHT OWp TEIIMK OO30HIM cxemanu ¢aza
JMarpaMMacH.

X (10 A/7'0)2 (13 A/ro)z fcoh(A) (fcoh/ro)z Ecoh/ro Nob
0.28 1.939 3.277 10 1.939 1.393 ~1
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0.22 1.524 2.575 10 1.524 1.235 ~2
0.16 1.108 1.873 11 1.341 1.158 ~3
0.14 0.969 1.638 12 1.396 1.182 ~3
0.10 0.693 1.170 13 1.170 1.082 ~6
0.05 0.346 0.585 17 1.000 1.000
0.04 0.277 0.468 18 0.897 0.947
0.02 0.139 0.234 20 0.554 0.744

Tabauua 1. HP 3apsgnmapuunr x pgonupoBanue (yHkuusicu. By 3apsmmap
duxcanmananras &.,,=10 A, &,,,=13 A Ba dKCIEpUMEHTIaH ONMHTAH KOTEPEHT
Econ Y3yWIMKIApAaH xucobmanran. Oxupr .., yayH 3apan (Eqon/To)> Ba
nepkomsauust  Eqop/To TNapamerpiapu Oepwiran. OXupru ycTyHzma xap Oup
dhepmuoHHUHT OoTpodumaru G6o3omnap N,, conu Oepwirad. Kopa axparuiran
paHrzia KpUTHUK X, Ba X, HUHI MUKIOpJapu Ba Oy gomuposaHusgaru moc HP
3apsaap OepriraH.

Iy OOOHHMHT OXUpUAA, MHC-OKCHIJApAa Ky3aTWIAAWTaH  FOKOPH
Temnepatypann yrayrkasrnatapauar (FOTY) Kynom 6mp Gosomim Ba Gup
(epMHOHIN MKKH CYIOKJIHK MOJEJTUHH ACOCHH MyHKTIAPHHHU TAaKIH( KUIIKK.

JluccepTallusiHUHT OJNITHHYH Ba eTTUHUM OoOmapu  “KynpatjapHuHr
HO-PepmMu cyrkiau xoccanapu |1” Ba “KynpatiiapuuHr Ho-®DepmMu CyOKJIN
xoccajmapu |1”  wuer wudomanamura Oarunuianrad. bupuHum  6001a,
kymiaiapauar 116 ¢da3acuHUHT 2nekTponnu macT-1 (DacT TemiepaTrypain)
HCCUKJIMK YTKA3FUYIUTH K, SHTPOMUS S Ba JAMANEKTpUK acocuid xonaTuHu (JJAX)
Ba mact-T MeTai-audnekTpuk yrumman (MJIY) annonmap-Gornanran 6o30HIap
yMyMIJIAIITaH MoJeNaa KYpuO YHKHUII XapakaTH pyeOra omupwind. bus
apryMeHTJIapHU MIIIaTHO LIyHHM KYpCaTasIMU3KH, SKCIIEPUMEHTAA Ky3aTHITraH K
~ T30 pa k ~ T dyskumanap Hazapusga xucobmanran ¢ ~ T Ba ¢ ~ T mccHKINK
CUFUMH (DYHKIMSUIAD OpKaIM TYyIIMHCA Oymap 9KaH, SKcrmepuMeHTmaru i > 1
napparu S ~ T' sHTponus GYHKUUACH Y4YH HAa3apMsAaH KenuO 4uKajguran ¢ ~ T*
HUCCUKIUK CHUFUMH (DYHKIMSICHMHU HIUIATAII MYyMKHAH 3KaH. OXHPTH HCCHKIHK
curuMu  QyHKOusicHHUHT Tabusatn 2D Kymon Ttabcupnu 0o30HIAp  y4yH
Boromo6oB kBazuzappanap uaean raz3 (BKUI) yuyH xucoOnaHraH HCCHUKIHUK
curumu C pynkiuscu skaH. 1y connmu Ba cudatiu apryMeHTIIapHu Xicoora om0,
WCCHUKIMK YTKA3FUWINTH K HHUHT Nacaud KeTHII XYCYCHATHHH OW3 CHCTeMaHH
MY Ba JAX ra yrumuan Omman 6ornamuk. Arapaa I16 dasacu BKMImap Ba
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Jlanmay cyrooxiuk Hazapuscu kBaszuzappaiapu (JICHK) apanammacunan xocui
Oynranuan (apas Kuicak, Ou3 skcrepumentaa kysaruiaran Wiedemann — Franz
KOHYHUHHHT LOrentz HucOaTHHUHT MUKIOPIAPHHU KEATHPUO YHKaApaMHU3.

L T T T

oz ard eeT)

&
T
PR ST N S NS N SN TSN BT B

a L 1 L 1 L 1
a0 as 10 15 20

Pacm 10. q%/(8mh? Ba kymvl/(2mh?c) Gupnukinapaa YildanraH HCCHKIHK
curuM c/z Ba k/(0T) TapHUHT Z (QYHKIMACH. APryMEHT Z HUHI OCNIHMCH. Z =
T/(aq)"/? ¢ynxkums c/z yayn Ba z = KY3T/(aq)"/? dysxmms x/(oT) yuyH,
oy epna K ~ 10%2,

aa T T T T T T T T T .
aaf E
J: — Theory ]
az | TR ]
aof - s E
28|, POCO 3
aeb n-2201 E

. asl \\\ O LECD E

] 22 ‘\“ B
20 E \‘\ E
F ., 1
af , E
aF ]
S ]
safo - - = _ E
aa § -
na L L L 1 L L 1 L 1 b
a

W M4 AW AW 020 AX aM 028 amM a3 032

Pacm 11. L/L, uucbarmuru (auccepramusaunr (6.14) dopmynacu) nonupoBaHue
napameTpu t ¢ynkuusacu. by epaa JICHK connu karranuknap cyHbH paBHUILAa
kyumrad. Hykramap skcrnepuMeHTIIapiaH OJMHraH (yjaap ydyH ajnabueriap
JCcepTanusian oyca 0yuasim).
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Pacm 12. Durtponms S wHuHTr Temmeparypa T dyHKumuscH (Xap  XHI
(ukcanysaHrad t kuiMaTiapuaa). S HUHT KMHMaTJIapu HOYM3UKINA Ba YU3UKIH
(yHKUMATIAp y4ypallyB HYKTaCH OpKacuaa CyHbUI paBHIIA KYIIUITaH.

XyJaoca

"KoHzeHcar xonaTh (U3HKacHIard aHHOHIAp" MaB3yCUIArd TOKTOPIHK
miccepranuscH Oyitmda onmu® OOpwiraH TagKUKOTIAp HATWKachaa KyHugard
XyJiocanap TaKIuM dTHIAIN:

1. BupuHuM MapTa MOBXYM KHCMTIa 3ra OyiraH TYJIKHH (DYHKIUSUIA KBaHT
cucreManap Moxeamtupuin yuyH ssuard Kommueke uddysmon Monre Kapio
(KAMK) meronu Taxmud KunuHIu.

2. 2D osnexTpoHNapHM TapMOHMK JIOKQIJALIraH YyKypjaurAa Ba TallKu
MarHeTUK MaiJi0H OCTHTa Ba YEKCHU3 HEJEKTPOHJIAp CUCTEMACH TAllK{ MarHETHK
MaiJJOH Ba TAIlIKU MarHeTUK MalJOHCU3 XOJAaT[Ja aCOCUH XOJaT SHEPrUsICUHUHT
aINpoKCUMAalMs aHAIUTUK Udoaasapu Xuco0s1ad YHKWIAH.

3. 2D ¢epmuoHnap Ba aHHOHJIAPHUHT OMPHHYH MapTa peayl 0030HH3AINACH
aHWKJIaHAXM Ba OYHHHT acocHia Kylpariapiard OKOpH TeMIeparypaiu
yrayrkasruaiapan (FOTY) TymmaTypyBun sHrH Gup GO30HIH MEXaHH3MH TAKITH(]
KUJIAH]TH.

4, Tymmen ckammu Mukpockoraa (TCM) IOTY kympatmapmarn Kymep
Ky TIMKIApHU BU3yanu3alus (Kypcata OCpHIl) SKCIIEPUMEHTH aHAIM3H HOpMaJl
ncesno 6ymumk Ba IOTY xomartmap pean dasomard HAHOPETHOHIAPAAH XOCHT
OYIMIIMHA OMPUHYM MapTa KypcaTIu Ba YJIAPHHMHT 3apsau Oupra (3JIEKTpOHIIAp
3apsiiap OUpJIMruia) TEHT 9KaH. by aHUKIIaHTaH HaHOpErHoHuap Oupiu 6030HIap
9KaHJIMIH AUCCEePTaIiga apryMeHnad ucooT KWINHIY.

5. XynocamapHUHI oJAMHIM nOyktuna aiitunran TCM  skcnepuMeHTH
ypranuG aHatu3 KunnHranaad kernd Ba FOTYHE TymuaTHpHII yayH 6Upim 6030H
MEXaHU3MH KYJUIAaHWITaHJaH KeTHH KYNPaTIapHUHT TeMIlepaTypa — JOTHPOBaHUE

18



(da3a muarpaMMacMHM XaMMa OSJEMCHTIApHHH TymIyHHII y49yH Kynon Oup
6030HIM Ba OMp (DEPMHUOHIIM WKKHM CYIOKIHK MOJENTH OHPHHYM MapTa TakiIu(
KWTHHAH.

6. Kympatnapauar Ho-®epMu CylOKIMK xoccalapu Tymiamu 1y Kymon
MKKH CYIOKITHK MOJIENIH acocuia OUPHHYN MapTa TyIIYHTHPHO Oepuiian.
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INTRODUCTION (annotation of the doctoral dissertation)

Actuality and importance of the dissertation content. Recent several
decades are characterized by observation of several interesting phenomena in the
condensed state physics. Among them heavy fermion metals (HFM), fractional
quantum Hall effect (FQHE) and high temperature superconductivity. In the
concept of anyons, the statistics, trough the anyon vector potential, is introduced in
the Hamiltonian and the effect of particle statistics can be investigated directly by
solution of the Schroedinger equation.

In our Republic, great attention is paid to the fundamental investigation of
the condensed matter physics, in which the theoretical research is considered as
most important. The directions of these fundamental studies, which have a great
importance for the development of science in our country, are related to the
Strategy of Actions for the further development of the Republic of Uzbekistan for
2017-2021. The scientific subjects described above are very challenging, since
they provide the new highlights into fundamental aspects of physics. This is why
the leading world centres are actively work in these directions of physics. The
work, described in the dissertation, is the tiny part of this activity. It, to a certain
extent, serves as an implemention of tasks in accordance with state normative
documents, Decrees of the President of the Republic of Uzbekistan PF-4947 "On
the Strategy for the further development of the Republic of Uzbekistan" dated
February 7, 2017, as well as the "Road map of the main directions of structural
reforms in Uzbekistan for 2019-2021", published by the government of the
Republic of Uzbekistan on November 29, 2018.

Conformity of the research to the main priorities of science and
technology development of the Republic. The dissertation research has been
carried out in accordance with the priority areas of science and technology in the
Republic of Uzbekistan: 11. "Power, energy and resource saving".

During the years of Independence of the Republic of Uzbekistan, great
attention has been devoted to the development of experimental and theoretical
researches in the field of condensed matter physics, as well as research in this
direction at the international level.

Review of international scientific researches on dissertation subject.

Problems, appeared in HFM, HTS in cuprates and other compounds, related
to the physics of strongly correlated electron materials, materials, in which the
exchange magnetic inteaction between electrons is very strong. The theoretical
study of these problems is too complicated and therefore, no progress was achieved
in this field so far. The FQHE physics belongs also to the class of strongly
correlated electron systems, but with less magnetic interaction between particles.
In our dissertation, we will pay attention to physics of HTS and FQHE. There is
belief that it for the HFM and the HTS of 2D superconductors is universal. A
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preliminary estimate of application of the anyon concept to the HFM, made in our
group, displays its productivity.

Theoretical studies of fundamental aspects of the HTS and Non-Fermi liquid
properties of 2D superconductors are highly important and actual. They are
conducted by world leading centres in the USA, Europe, Russia, Japan and other
countries. Each chapter of our dissertation will be provided by as possible big set
of references, where names of professors and institutes and universities they
present will be reflected. Briefly saying,theoretical studies are widely discussed in
the wordl scientific literature and they justify the relevance of scientific research in
the dissertation to the global level.

Degree of studiedness of the problem.

As we said just before, the scientific problems, studied in the dissertation are
so complicated that during several decades almost no substantial progress was
achieved in the understanding of each of ones. It was shown in the variational
level, by involving some numerical methods and physical arguments, that the
FQHE may be understood as set of novel quantum liquids, consisted from exotic
quasi-particles with anyon statistics.

Connection of the topic of the dissertation to the scientific works of
higher educational and research institutions, where the dissertation is carried
out. The thesis was carried out in the Institute of Applied Physics, the National
University of Uzbekistan and in the National University of Uzbekistan itself within
the following scientific research projects: in 2003-2007 years, within the project
"Quantum Mechanics of Strongly Interacting Systems,” the Uzbekistan State
Committee on Science and Technology code 2.1.10; in 2007-2011 years, within
the project "Quantum Effect in Strongly Interacting Systems," the Ministry of
Uzbekistan on Higher and Middle Specialized Education (MUHMSE) code
OT-F2-082; in 2012-2016 years, within the project "Theory of Strongly Correlated
Quantum Systems," the Uzbekistan MUHMSE code F-2-60 and, at present, during
2017-2020 years, within the project "Nonlinear, Many-Body, Quantum and
Classical Systems," the Uzbekistan State code OT-F2-10. Author of dissertation
also gratefully acknowledges the Volkswagen Foundation of Germany for the
partial support of the research activity, when the "Studies of Two-Dimensional
Coulomb Systems with the Anyon Concept™ in 2004-2006 project and the "Anyon
physics of ultracold atomic gases" in 2013-2019 project have been carried out.

The aim of the research is to study the possibility of application of the
anyon concept for the creation of a QMC method for the simulation of 2D anyons
and fermions, investigation of the ground state energy of 2D electron systems, as
confined in the harmonical trap so and infinity ones, with and without external
magnetic field, for the creation of alternative single boson mechanism of
superconductivity for the HTS, instead of standart Cooper pair mechanism.
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The following tasks of the research were formulated to achieve these
aims: to create a QMC method for the simulation of 2D anyons and fermions;

to investigate of the 2D electron systems ground state energy, as confined in
the harmonical trap so and infinity ones, with and without of the external magnetic
field;

to create an alternative single boson mechanism of superconductivity for the
HTS, instead of standart Cooper pair mechanism;

to investigate the Non-Fermi liquid properties of HTS compounds in the
framework of the single boson mechanism.

The objects of the research are the 2D real electronic systems: quantum
dots, infinite 2D systems and 2D HTS superconductors.

The subjects of the research are the various physical properties of these
2D systems.

The methods of the research. For the investigation, there have been used
in the dissertation methods of the condensed matter theory, the quantum and
statistical mechanics and solid state physics.

The scientific novelty of the research. The new Complex Diffusion
Monte Carlo method for the simulation of quantum systems has been first in the
time suggested.

For the 2D fermions the new single boson mechanism of the
high-temperature superconductivity has been suggested.

It was proven in the dissertation that charges observed in the scanning
tunneling microscopy are the single bosons, and the Coulomb single boson and
single fermion two liquid model for understanding of all elements of the
temperature — doping phase diagram of cuprates first in the time suggested.

The set of non-Fermi liquid properties of cuprates on the base of this
Coulomb two liquid model has been first in the time clarified.

Practical results of the research are as follows:

The developed in the chapter one QMC method can be applied for the
quantum simulation of 2D fermion systems and electron systems in the external
magnetic field, when the system wave function contains the imaginary part.

Analytically obtained in the next three chapters of dissertation expressions
for the ground state energy of quantum dots and 2D infinite electronic systems can
be used for a comparison with experimental data and numerical quantum
simulations.

If it will experimentally and theoretically be proven in the future, that there
is no alternative to the developed in the following three chapters boson mechanism
for the interpretation of the HTS physics, the new fundamental insight for the
understanding of the physics of wide class of 2D superconductors will be obtained.

The reliability of the results of the study is proved by using modern and

24



well- known methods of a QMC simulation, calculation of the ground state energy
of trapped and infinite 2D electrons, and methods of investigation of
superconducting and normal state properties of superconductors.

Scientific and practical significance of the research results. The
scientific importance of the research results is determined by fact whether these
results are new or not from scientific point of view. Other importance of obtained
results relates with novelty of suggested methods of investigation. Anyon concept
is new approach for the analytic (approximate) investigation of complex 2D
electron systems. The practical significance of this concept application is in its
simplicity.

Application of the research results. As we mentioned above obtained in
the dissertation results are devoted to actual problems of the condensed matter
physics. Each investigation work in this field extends our understanding of this
physics nature, which is a goal of the scientific research activity.

Approbation of the research results. Methods, developed in the
dissertation, have been used in the realization of a NUU project “Nonlinear many
body quant and classic systems.”

Publication of the research results. The main results of the thesis are
published in 10 scientific papers in the peer-reviewed international journals, as
reviews in the 4 books of the international publishing companies. We also
indicated 10 published thesises of talks in the international and local conferences.
All these papers have recommended by the Supreme Attestation Commission of
the Republic of Uzbekistan for publication of the main scientific results of doctoral
thesis and abstracts in the proceedings of international and regional conferences.

Volume and structure of the dissertation. The thesis consists of an
Introduction, seven chapters, conclusion and a list of 185 references (including
published abstracts and ArXiv e-preprints). The thesis is presented in 169 pages.

THE MAIN CONTENT OF THE DISSERTATION

In the first chapter “Complex Diffusion Monte-Carlo method,” we
propose a new Complex Diffusion Monte Carlo (CDMC) method for the
simulation of quantum systems with complex wave function. In CDMC the
modulus and phase of wave function are simulated both in contrast to other
methods. We successfully test CDMC by the simulation of the ground state for 2D
electron in magnetic field and 2D fermions-anyons in parabolic well.

In the Fig. (1) we display the ground state spatial distribution of electron
after simulation for m = 13, where m is the orbital quantum number, From this
Fig. we see good correspondence with exact solution for the spatial distribution,
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which is a ring with mean radius (2m + 1)'/? and wide 1 in a, magnetic length
units (see, for example, the L. D. Landau and E. M. Lifshitz textbook on
Nonrelativistic Quantum Mechanics).

19,004

Fig. 1 The simulation result for ground state spatial distribution of the electron in
uniform magnetic field at m = 13. The length unity is a., initial number of
simulation points was N, = 500.
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Figs 2 and 3 Square of module of one particle ground state wave function for 6
fermions in 2D harmonic potential Y@H? = [ |WF =
Fi, T, o, Ts)|2diLdTs ... dTs. Results of the simulation and calculations with Slater
determinant.

In the second Chapter “Ground state of a confined Coulomb anyon gas”
we derive an analytic, approximate, expression for the ground state energy of N
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Coulomb interacting anyons with fractional statistics v, 0 < |v| < 1, confined in
a two-dimensional well (with characteristic frequency wg) and subjected to an
external magnetic field (with cyclotron frequency w.). We apply a variational
principle combined with a regularization procedure which consists of fitting a
cutoff parameter to existing exact analytical results in the noninteracting case, and
to numerical calculations for electrons in quantum dots in the interacting case. The
resulting expression depends upon parameters of the system |v|, N, wy, 7y, ap
and w,., where ry represents a characteristic unit length and ag the Bohr radius.
Validity of the result is critically assessed by a comparison with exact,
approximate, and numerical results from the literature. The obtained results are as
follows.

o 2I0 JIO 6‘IO 80
N
Fig. 4 Relative deviation (in percent) of the derived approximate ground
state energy E,, from the exact ground state energy, Exqc:, fOr up to N=72
noninteracting fermions (v =1) in a parabolic confining potential. The

dashed-dotted line indicates the asymptotic (N — o) value.
140
130

388883388

Fig. 5 Coulomb interaction parameter r,/ap dependence of the ground state
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energy for 7 — 10 electrons calculated by variational and fixed-node quantum
Monte Carlo methods - dashed curves (results of both calculations are
indistinguishable in these curves) and by obtained approximate formula - solid
curves. (See DrSc Thesis or B. Abdullaev et al., Phys. Rev. B, 2003, vol. 68, P.
165105(1-9) for references on Variational and Monte Carlo calculation data.)
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Fig. 6 Ground state energy Ey = (E; — Nhw)/(hw,) for 16 - 40 electrons
calculated using obtained in the thesis expression for ry/ap = 1.911 with |v| =1
- solid curves, and energy for classical electrons - dashed lines. Here w = (w3 +
w?/4)"? and t = w,/w,. (See DrSc Thesis or B. Abdullaev et al., Phys. Rev. B,
2003, vol. 68, P. 165105(1-9) for the reference on the energy of classical electron
calculation.)

In the third Chapter “Ground-state of charged anyon gases,” we
derive an approximate analytic formula for the ground-state energy of the charged
anyon gas. Our approach is based on the harmonically confined two-dimensional

(2D) Coulomb anyon gas and a regularization procedure for vanishing

confinement. To take into account the fractional statistics and Coulomb interaction
we introduce a function, which depends on both the statistics and density

parameters (v and rg, respectively). We determine this function by fitting to the
ground-state energies of the classical electron crystal at very large r¢ (the 2D
Wigner crystal), and to the Hartree-Fock (HF) energy of the spin-polarized 2D

electron gas, and the dense 2D Coulomb Bose gas at very small r¢. The latter is
calculated by use of the Bogoliubov approximation. Applied to the boson system

(v =0) our results are very close to recent results from Monte Carlo (MC)
calculations. For spin-polarized electron systems (v = 1) our comparison leads to
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a critical judgment concerning the density r ange, to which the HF approximation
and MC simulations apply. In dependence on v, our analytic formula yields
ground-state energies, which monotonously increase from the bosonic to the
fermionic side if rg>1. For rg <1, it shows a nonmonotonous behavior
indicating a breakdown of the assumed continuous transformation of bosons into
fermions by variation of the parameter v. The obtained results is as follows.
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Fig. 7 Ground-state energies per particle vs density parameter r, for range 1.0 <
1y < 15.0 for fermions (v = 1) and bosons (v = 0).

In the fourth Chapter “Ground state of charged anyon gas in strong
magnetic field” We present analytic formulas for the ground state energy of
two-dimensional (2D) anyon gas in strong magnetic field (Landau level filling
factor v, < 1). The formulas are obtained by applying harmonic potential
regularization for the vanishing confinement to harmonically confined Coulomb
anyon gas. In a case of absence of the Coulomb interaction our analytic result
provides an exact solution. It contains a contribution of the anyon gauge field
characterized by the anyon parameters v and v; < 1. In a case of presence of the
Coulomb interaction we introduce a function depending on the parameters v, v; <
1 and the density parameter 7,. The function is determined by fitting the
Fano-Ortolani interpolation equation in the fractional quantum Hall effect regime
for spin-polarized electrons and by consistence requirement with known results for
the ground state energy of the 2D Coulomb Bose gas in strong magnetic field. We
show that our formulas are valid not only for fermions (v = 1) but quite generally
for anyons (0 < v < 1). The obtained results is as follows.
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Fig. 8 Correlation energy per particle in the low Landau level (LLL) (expressed in
e? /1y units) vs. v, for spin-polarized fermions, E.(v = 1,v;) = EF%(v,), (solid
line) and for bosons, E.(v = 0,v,), (dashed line).

In the fifth Chapter “Single boson mechanism of high
temperature superconductivity” we demonstrate this mechanism in recently
visualized by Gomes et al., Nature 447, 569 (2007) the gap formation in nanoscale
regions (NRs) above the critical temperature Tc in the high-Tc superconductor
Bi,Sr,CaCu,0g,s. It has been found that, as the temperature lowers, the NRs
expand in the bulk superconducting state consisted of inhomogeneities. The fact
that the size of the HTS inhomogeneity (S.H. Pan et al., Nature 413, 282 (2001).) is
close to the minimal size of the NR (Gomes et al., Nature 447, 569 (2007)) leads to
a conclusion that the superconducting phase is a result of these overlapped NRs. In
the present paper we perform the charge and percolation regime analysis of NRs
and show that at the first critical doping x.; , when the superconductivity starts
on, each NR carries the positive electric charge one in units of electron charge,
thus we attribute the NR to a single hole boson, and the percolation lines
connecting these bosons emerge. At the second critical doping x.;, when the
superconductivity disappears, our analysis demonstrates that the charge of each NR
equals two. The origin of x., can be understood by introducing additional normal
phase hole fermions in NRs, whose concentration appearing above x.; increases
smoothly with the doping and breaks the percolation lines of bosons at x.,.
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Fig. 9 Schematic single hole bosonic phase diagram for Bi,Sr,CaCu,0g,s.

x| (0A/)? (13 A1) EeonA) [Geon/ro)?] Econ/To | Nop
0.28 1.939 3.277 10 1.939 1.393 ~1
0.22 1.524 2.575 10 1.524 1.235 ~ 2
0.16 1.108 1.873 11 1.341 1.158 ~3
0.14 0.969 1.638 12 1.396 1.182 ~3
0.10 0.693 1.170 13 1.170 1.082 ~6
0.05 0.346 0.585 17 1.000 1.000
0.04 0.277 0.468 18 0.897 0.947
0.02 0.139 0.234 20 0.554 0.744

Table 1 The doping x dependencies of NR charges. These charges calculated at
fixed &.,,=10 A and &_.,,=13 A, respectively, for the coherent length &5, and
for &y, taken from experiment. For last &.,,, charge (.,,/70)? and percolation
parameter &.,,/1o are presented. The values for the number N,, of bosons
surrounding every fermion are shown in the last column. The bold numbers are
values of critical x.,; and x., and corresponding to these dopings NR charges. In
summary of this chapter, we have formulated the Coulomb single boson and
single fermion two liquid model positions for high temperature superconductivity

(HTS) copper oxides:

The sixth and seventh sections of the dissertation are devoted to the
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description of Chapters “Non-Fermi liquid properties of cuprates I” and
“Non-Fermi liquid properties of cuprates I1,” respectively. In the first Chapter
we have carried out an attempt to describe in the unified anyon-related boson
approach the PG phase electronic low-T (low-temperature) heat conductivity ,
entropy S and the insulating ground state (IGS), and low-T metal-insulating
crossover (MIC) of cuprates. We have argued that the observed k ~ T*®and x ~ T
is a result of ¢ ~ T* and ¢ ~ T dependencies for the specific heat, respectively,
while S ~ T' with i > 1 originates from ¢ ~ T* of the specific heat ¢ for ideal gas of
Bogoliubov quasiparticles (IGBQ) of 2D Coulomb-interacting boson gas.
Providing by the qualitative and quantitative arguments, we have attributed the
downturn behavior of k to the MIC and transition into the IGS. Assuming that the
PG phase consisted from the mixture of IGBQ and 2D LFLT QP (Landau Fermi
liquid theory quasiparticles) gas, we have obtained the Lorentz ratio values of
Wiedemann — Franz law (WFL) , which were close to experimental ones.
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Fig. 10 The specific heat c/z (in q%/(8mh?) units) and x/(aT) (in kymvl/
(2mh?0) units) as function of z. The definition of z: z = T/(aq)/? for ¢/z and
z = K'/3T /(aq)"/? for x/(cT), where K ~ 10%2.
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Fig. 11 The Lorentz ratio L/Ly (Eq. (6.14)) vs. doping parameter t. Observed dots
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are taken from experiments.
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Fig. 12 The entropy S vs. T at various t.

Main results and conclusion

According to the results of the research carried out on the theme of the
doctoral (DSc) dissertation "Anyons in the physics of condensed state™ the
following conclusions are drawn:

1. The new Complex Diffusion Monte Carlo (CDMC) method for the
simulation of quantum systems, whose wave function contains the imaginary part,
has been first in the time suggested.

2. The approximate analytic expressions for the ground state energy of 2D
electrons in the harmonic trap and external magnetic field, and also of the infinite
system of electrons with and without external magnetic field have been derived.

3. There was first in the time discovered the real bosonization of 2D
fermions and anyons, on the base of which the new single boson mechanism for an
explanation of the high-temperature superconductivity (HTS) in cuprates has been
suggested.

4. After analysis of the scanning tunneling microscopy (STM) experiment on
the visualization of a Cooper paring in HTS cuprates, it was first in the time found
that the normal pseudogap and HTS states of cuprates consist from real space
nanoregions with the charge one in the electron charge unity. It was proven that
these observed nanorions are the single bosons.

5. After the study and analysis of the STM experiment, mentioned in the
previous point of the conclusion, and application of the single boson mechanism
for an explanation of the HTS, there was first in the time suggested the Coulomb
single boson and single fermion two liquid model for understanding of all elements
of the temperature — doping phase diagram of cuprates.

6. The set of non-Fermi liquid properties of cuprates on the base of this
Coulomb two liquid model has been first in the time clarified.
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BBEJEHUE (annoTtaunus nokropckoii (DSC) nuccepranum)

AKTYaJbHOCTb M Ba)KHOCTH CoOAepKaHusi Auccepramuu. [locnenHue
HECKOJIbKO JIECSITUIICTHH XapaKTepe3yIOTCsl OTKPHITHSIMUA HECKOJIIEKUX HHTEPECHBIX
SBJICHU B (U3MKE KOHISHCHPOBAHHOTO cocTosiHUA. Cpeam HUX TsKeIble
¢depmuonnsie Metaiutbl (TOM), npoOHblid kBaHTOBBI Xomn adderr (AKXD) u
BhICOKOTEeMIIepaTepHasi cBepxnpoBoguMomTh (BTC). B koHueNiuu aHWOHOB,
CTaTUCTUKa 4YCpe3 AHUOHHBIN BCKTOP NOTCHIMAJI BBOAUTCA B T'amMunsTOHMAH U
3G QEKT CTATUCTUKM YaCTHUL[ MOXXET OBITh MCCIECNOBAaH NPSIMO INPHU PELICHUU
ypaBHenus LlIpenunrepa. .

B nameii pecniyonuke Oomnbllioe BHUMaHUE ynensercs (yHIaMEHTaIbHOMY
UCCIEJOBaHUI0 (U3UKY KOHJCHCUPOBAHHBIX BELIECTB, B KOTOPOM TEOPETHUECKOE
W3y4eHUE pacCMaTpUBAeTCsl Kak OuYeHb BakHoe. HampaBneHWs  3THX
(dyHIaMEHTANBHBIX HCCICNIOBAHHUMA, KOTOPbIE HMMEIOT Ba)XXHOE 3HAYCHHE JUIS
pa3BuUTHs HaykKd B Hamied crpaHe, cBsa3aHbl co Crpartermeit JleWcTBuii mns
JanpHedmero pasButus PecmyOmmkum Y36exkncram nHa 2017-2021. Hayunsre
OOBEKTHl OIHMCAHHBIE BHINIEC SIBISIIOTCS OYEHb BBI3BIBAIOIIMMH, TaK KaK OHH
00eCreunBarOT HOBOE MOHUMaHUEe (DyHIaMEHTaIbHBI acliekToB (usuku. [lo 3Toit
MPUYMHE JUIUPYIONIHE IEHTPH B MUPE aKTUBHO PabOTAlOT B 3TUX HAIPaBICHHSIX
¢u3ukn. Pabora, ommcaHHass B AWCCEPTAIlM, ©CTb MaJeHbKas YacTb JAaHHOW
AKTUBHOCTH. OHa CJIIY)KUT, B Ol'lpe}le.]'[eHHOI‘/’l CTCIICHU, KaK IPUMCHCHUEC 3aJa4 B
COOTBETCTBHH C TOCYJAPCTBCHHBIMH HOPMATHBHBIMU JOKYMCHTaMH, YKa3aMu
[pesunenta Pecnyonukn Y30ekucran 3a Ne VI1-4947 “ O Crparerun neiicTBuit
1o JanbHelmeMy pa3suthio PecryOmmku Y36exucrtas,” ot 7 ¢espans 2017 roxa,
Tarke Kak “J[opokHas KapTa OCHOBHBIX HAIlpaBICHHH CTPYKTYPHBIX pedopMm B
V3oekucrane Ha 2019-2021 roawi,”  omyOJMKOBaHHOW  NPaBHTEIHCTBOM
Pecny6nuku Y36ekuctan ot 29 Hos6ps 2018 roxa.

CooTBeTcTBHE  HCCJIEIOBAHUSI  NPUOPUTETHBIM  HANpaBJeHUAM
Pa3BHTHS HAYKH U Te€XHOJIOTHii pecny0/InKHU.

JuccepTaliioHHOE HMCCIIEIOBAaHUE OBUIO BBINOJHEHO B COOTBETCTBHH C
MPUOPUTETHBIMH HAIIPABICHUSIMHU PAa3BUTHS HAyKH M TEXHOJIOTHH B PecryOnuku
V36ekucran: Il. «HepreTHka, 3HEPro- U pecypcocOepeIKCHHEY.

B romer HesaBucuMocTH PecmyOnmkm Y30ekucraH, orpoMHOE BHUMAaHHE
OBUTO YIENIEHO Pa3BUTHIO TEOPETUYECKUX U IKCIEPHMEHTATHBIX HUCCIEIOBaHHUN B
(u3UKe KOHASHCHPOBAHHOTO BEIIECTBA, a TAKIKE MX PAa3BUTHIO B MEXKIYHAPOTHOM
YpOBHE.

O0630p 3apy0eKHBIX HAYYHBIX HCCIETOBAHM 1O TeMe JUcCePTalu.
[Ipo6nemsl, Bo3Hukatoiiie B TOM u BTC B kympatax u Apyrux KOMIayHAax,
CBSI3aHBI C (U3UKOH CHIBHO KOPPEIUPOBAHHBIX JJIEKTPOHHBIX MAaTepHalioB, B
Marepuanax, B KOTOPbIX OOMEHHOE MAarHHTHOE B3aHMOJCHUCTBHE MEXKIY
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JJIEKTPOHAMHM SIBJISETCS O4YEHb CWIBHOH. TeopeTHueckoe HCCIeIOBaHHE 3TUX
po6JIEM CIMIIIKOM CJI0KHO M ITO3TOMY JI0 CHX IOp HE OBUIO IOCTUTHYTO HUKAKOT'O
nporpecca B HeM. ®usumka JKOX Tarke NpUHAIUIEKUT K KIACCY CHIIBHO
KOPPEIUPOBAaHHBIX 3JIEKTPOHHBIX CHCTEM, OJHAKO, C MEHBLUIMM MAarHUTHBIM
B3aUMOJICHICTBHEM MEXIy YacTHIaMH. B Hamieil muccepranuy BHUMaHHE OyneT
yneneno k ¢usuke BTC u JKDX. CymectByer Hagexna, uro ¢usuka TOM u
BTC nns 2D sBnsiercst yHuBepcanbHOUH. [IpenBaputenbHasi OICHKA MPHUMEHEHHS
KOHIleNIMK aHnoHoB i1 TOM, npousBeneHHas Hauleil rpymnmnoi, mokasbIBaeT ee
HPOJyKTHBHOCTD.

Teopetnueckue uzyueHus QynaameHtanbHbix acnekroB BTC u ne ®epmu
KHUIKOCTHBIX CBOHCTB 2D CBEpXMPOBOJHHUKOB SIBISIOTCS KpaiHEe BaXKHBIMH H
aktyanbHbiMH OHHM BenyTcss B Jmaupyrommx neHtpax mupa B CIHA, Espone,
Poccun, fAnonnu m apyrux crpan. Kaxnas rnmaBa Hamel auccepranuu Oyzaer
obOecnieueHa OOUIMPHBIM HAOOpOM CCBUIOK, B KOTOPBIX MOXHO HAaWTH HMEHa
npodeccopoB M YHUBEPCUTETHI U MHCTHTYTHI, T1Ie OHU paboTaroT. KpaTko rosops,
IIPOKO OOCYXKIaeMble B MHPOBOH JIUTEpaType TEOPETUUECKUE HCCIIETOBAHUS
MOKa3bIBaIOT HAYYHYIO aKTYaJIbHOCTh padoT, BEITONHEHHBIX B INCCEPTAIINH.

CreneHb U3y4eHHOCTH NMPO0GIeMBbl.

Kak OBUTO CKa3aHO TONBKO YTO BBHIIIE, HAYYHBIE TPOOIEMBI, HCCIETyeMbIe B
JICCEPTAllMK SIBISIOTCS HACTOJBKO CIOXHBIMH, 9YTO B TEYEHHH HECKOJBKHX
necsiTenereid He ObLJIO0 AOCTHTHYTO MOYTH HUKAKOTO CYIIECTBEHHOTrO Iporpecca B
MMOHUMAaHUU KaXJOTO SBJIEHUS. XOTS, MOCJIE ONpPEACNICHHBIX BapUallMOHHBIX
pacueToB ¢ MPUMEHEHUEM YHCIICHHBIX METOJ0B U (PU3NYECKUX apryMEHTOB, OBLIO
nokazano, yto JJKOX moxer ObITh 00BSCHEH Kak Ha0Op KBAaHTOBBIX JKUAKOCTEH,
COCTOSIIMX U3 3K30TUYECKUX KBa3UYACTHI] C aHUOHHOM CTATUCTHKOM.

CBsi3b TEMBI JUCCEPTALUU € HAYYHO-UCCIEA0BATEIbCKMMH pPadoTaMu
BBICHIMX 00pa30BaTeJbHBIX H HAYYHO-HCCIe0BATEIbCKUX YUPeKIeHHUIl, rae
BBIMOJIHEHA Jucceprauus. Jluccepranus ObUla BblmoNHeHA B MHCTHTYTE
Ipuknagnoit ®usuku HarmuonansHoro YHuBepcuTeTa Y30EKHCTaHA W B CaMOM
HaumonanesHoro YHUBepcHuTeTa Y30eKHCTaHa B paMKaxX CIEAYIOIMX Hay4HBIX
uccnenoBatenbckux npoekron: B 2003-2007 roxax B pamkax npoekTa “KBaHToBast
Mexannka CunsHo  B3ammopedictBytommux  Cucrem,” ['ocymapcTBeHHOTO
Komurera nmo Hayke u Texnomorusiv, kox 2.1.10; B 2007-2011 romax B paMkax
npoekta “KBanroBble Oddextsi B CunbHo BzaumoperictByrommx Cucremax”
MunucrepctBa Beicmiero u Cpennero CrenupanusupoBanHoro OOpa3oBaHust
(MBCCO) VY3b6ekuctana, kogq OT-02-082; B 2012-2016 romax B paMKkax MpoeKTa
“Teopus CunbHo  KoppenupoBanusix  KsantoBeix  Cuctem” MBCCO
V36ekucrana, kog P-2-60 u B Hactosmee Bpems, B Teuenun 2017-2020 roxax, B
pamkax npoekra ‘“Henuneitnsle, MHoro-Hacrtuunsie, KBantossie u Kinaccuueckue
CucteMbl” ¢ TOCYyIapCTBEHHBIM Komom Y30ekucrana OT-02-10. Agrtop
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nuccepTauny takxke npusHateneH @onny donbkeBaren I'epMaHuy 3a 4aCTHYHYIO
HOJICPXKKY — MCCIIeZOBaTeNIbcKOM  paboTel, korga npoekt  “Studies  of
Two-Dimensional Coulomb Systems with the Anyon Concept™ B 2004-2006 romax
u mpoekt "Anyon physics of ultracold atomic gases” B 2013-2019 romax Obutn
BBITTOJIHEHBI.

Hesablo mnccaeqoBaHUsl SBIAETCS HM3YyYCHHE BO3MOXKHOCTH HPHUMEHEHHSA
KOHLEIUN aHWOHOB st cozfmanuss KMK wmeroma mnms mopnenmpoBanust 2D
aHHUOHOB M ()EPMHOHOB, HCCIICOBAHHE YHEPTrUM OCHOBHOTO COCTOsSHUS ansi 2D
QJICKTPOHHBIX CHUCTEM, JIOKAJIM30BaHHBIX B TapMOHUYCCKOM TIOTCHOHAJIC U
OECKOHEYHBIX, € © 0€3 BHEUIHEr0o MAarHUTHOrO TOJs, JUId CO3JaHUs
AJITEpPHATUBHOIO OJHO 0030HHOTO MexaHus3Ma cBepxnposoaumoctu BTC, Bmecto
cra”japTHoro Mmexanusma KynepoBckux nap.

Crenyrome 3agadm  HcCaeqOBaHMsi Obud  CHOPMYIHPOBAHBI IS
JOCTHXKEHUsI TaHHBIX meneii: co3aate KMK merton mis moaenupoBanust 2D
QHHUOHOB U ()EPMHUOHOB,

UCCIIe0BATh YHEPTHUIO OCHOBHOTO COCTOSHIUS [Tl 2D 2JIeKTpOHHBIX cHCTeM,
JIOKAIN30BaHHBIX B TapMOHMYECKOM TMOTEHIMalde W OECKOHEeYHbIX, ¢ U 0e3
BHEIIIHEr0 MarHUTHOTO TOJIS,;

CO3JaTh AITEPHATHBHBIA OTHO OO30HHBIN MEXaHH3M CBEPXIPOBOAUMOCTH
BTC, BmecTo ctanmapTHoro Mexann3ma KymnepoBckux map;

uccnenoBats He Pepmu xuakocTHbIe cBoiicTBa BTC KOMIIayHIOB B paMKax
0J1HO 0030HHOI0 MEXaHU3Ma.

O0bexkTamMu  HccaenoBanusi sBIAOTCT 2D peanbHbIe  3JICKTPOHHBIC
CHUCTEMBI. KBaHTOBble TOYKH, OeckoHeunble 2D cucremsr m 2D BTC
CBEPXIPOBOAHUKH.

IIpeameTomM mcciieT0BaHUSA SBIAIOTCS pa3ddHble (U3HMUECKHUE CBOHCTBA
atux 2D cucrewm.

Metoasl wucciaenoBanus. s WCCIeAOBaHUS B AHCCEPTAllH  OBUIH
HCIOJb30BaHbl METOJbl TEOPUH KOHJECHCHPOBAaHHBIX BEIIECTB, KBAaHTOBOM U
CTaTHCTUYECKON MEXaHUKU M (PU3UKH TBEPTOTO COCTOSHHSI.

Hayuynasi HoBH3HAa mHcCCJeI0BAHUSA. BnepBeie mpemnokeH HOBBIN
Komnekcueii  [Iuddysuonnsiii. Monte Kapmo weron mias MojaeIMpOBaHUS
KBAHTOBBIX CHCTEM.

Hnsa 2D ¢depMroHOB OAHO OO30HHBIH MEXaHHU3M BBICOKOTEMIIEPATYPHOI
CBEPXIPOBOAMMOCTH ObLI BIIEPBBIE MPEITIOKEH.

Bouto  nmokazaHo B aMccepranMM, YTO  3apsiji, OOHapy)XeHHBIH B
CKaHUPYIOIIEH TYHHEIbHOH MHMKpPOCKOIHH, €CTh OJMHOYHBIA O030H M YTOOBI
MOHATHh BCE JJMIEMEHTHl (Ha30BOIl JAMArpaMMbl  BBICOKO TEMIIEPATYPHBIX CBEpX
[IPOBOJHHKOB BIIEPBHIE MPEUIOKEHA KYJIOHOBCKas JABYX JKHMJIKOCTHAs MOJEIb,
COCTOAMIAst U3 OHO OO30HOB M OXHO (hEPMHOHOB.

38



Habop He ®epmu KUIKOCTHBIX CBOWCTB KyNpaTOB ObLJIO BIEPBbIE OOBICHEHO
Ha OCHOBE ATOM KYJIOHOBCKOM JIBYX KUAKOCTHON MOJENH.

IIpakTHYecKkHue pe3yabTAThI HCCJIEI0BAHUS 3aAKII0YAIOTCS B CICAYIOIEM:

PasButeiii B mepsoii rmaBe KMK mertox moxer ObITh HCHONB30BaH IS
KBaHTOBOTO MojenupoBanus 2D (epMHOHHBIX CHCTEM M 3JIEKTPOHHBIX CHCTEM,
KOTJ1a BOJTHOBAsI (PYHKI[USI CHCTEMbI KIMEET MHUMYIO YacTh.

AHanuUTHYeCKHW TMONYYCHHBIE B CIEQYIOIHUX TpeX TJlaBax AHCCEPTAInH
BBIPDOKEHHS JIJISl DHEPTUM OCHOBHOT'O COCTOSHHMS ISl KBAHTOBBIX To4ek u 2D
OECKOHEYHBIX AJIEKTPOHHBIX CHCTEM MOTYT OBITh UCIOJIB30BaHbI JUIsi CPABHEHHH C
OKCHEPUMEHTAIBHBIMUA JaHHBIMH W pe3yJbTaTaMH YHWCJIEHHBIX KBAHTOBBIX
MOJIEIMPOBaHHH.

Ecnu B Oynymem Oyzaer 1oKa3aHO SKCHEPUMEHTAIBHO U TEOPETUYECKH, YTO
HE CYLIECTBYET JIbTEPHATHBBI PA3BUTOMY B CIEAYIOIIMX TPEX IJaBaX O030HHOMY
MexaHusmy uHTpenperaimu BTC  ¢usukm, Oymer TOIy4eHO  HOBOE
(dyHIaMeHTaTbHOE TOHUMaHUe (U3UKH MIAPOKOTo Kiacca 2D cBepXIpOBOTHUKOB.

JocToBepHOCTH pe3yabTaToB Hccae0BAHUA 000CHOBBIBAETCS
MPUMEHEHHEM  COBPEMEHHBIX H  XOpOmo u3BecTHHIX MeromoB KMK
MOJENMPOBaHUs, pacueTa YHEPrul OCHOBHOTO COCTOSIHHS JIOKAIM30BaHHBIX U
OcckoHeuHbIX 2D 3NEKTPOHHBIX  CHCTEM W METOIOB  HCCIICAOBAHHS
CBEPXIIPOBOIUMOCTH U CBOMCTB HOPMAIBHOTO COCTOSTHUSI CBEPXITPOBOTHHKOB.

Hayynasi u mpakTuHyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJI€I0BAHMSA.
HayuHast Ba)XHOCTB pe3ysIbTaTOB MCCIEIOBAHUS ONpeensieTcs PakToM HaCKOIbKO
3TH PE3yJbTaThl HOBBIE WJIM HET C Hay4YHOM TOUYKM 3peHHMs. Jpyras MX BaKHOCTb
CBsI3aHA C HOBU3HOM NPEJIOKEHHBIX METOJJOB UCCIICIOBAaHMs. AHUOHHBIH KOHLEHT
€CTh HOBBIW MOJXO/ Ul aHAJUTUYECKOro (XOTS MPUOIMKEHHOT0) MCCIeI0BaHUs
CIOKHBIX 2D 3IIEeKTPOHHBIX CHCTEM. [IpakThUueckas 3HAYUMOCTH NPHMEHEHUS
3TOr0 KOHIIENTA €CTh B €r0 MPOCTOTE.

BHeapenue pesyabraToB HcciaenoBaHus. Kak ObUIO YyHOMSHYTO BBILIE,
MOJIyYCHHBIC B JTUCCEPTALIMU PE3yJbTAThI MOCBAIICHBI AKTYaJIbHBIM MpoOJIeMaM
(DU3MKH KOHACHCUPOBAHHOIO cocTosiHUs. Kaxmas ucciezoBaTenbckas pabora B
9TOM TIOJIE PACHIMPSET HAIlle TOHUMAaHUE NMPUPOABI (PU3HUKH, YTO SBIISCTCS LEIBIO
Hay4YHOH paboTHI.

Amnpoéauusi pa6orbl. MeTonbl, pa3BUThIE B JMCCEPTALUH, OBUIM
WCIIOJIB30BaHbl IpU BBIMONHEHMH T1ipoekta HYY  “Henuuelinple, MHOro
YaCTUYHBIC, KBAHTOBBIC U KIIACCUYECKUE CUCTEMBL.”

Ony0/1MKOBAaHHOCTH pe3yabTaToB. OCHOBHBIE pE3yJbTaThl AMCCEPTAINH
omybnukoBanbl B 10 pedepupyeMbIX HaydHBIX CTaThsIX MEXKIYHAPOIHBIX
JKYpPHAJIOB, Kak 0030psl B 4 KHHTax, OMYOJMKOBAHHBIMH MEXTYHAPOIHBIMHU
U3JATeIbCTBAMH, U TAKXKe BBUIOKEHBI 5 CTaTe KakK 3JEKTPOHHBIC NPENPUHTHI B
ArXiv. Bce 3T craTthu peKOMeHAOBaHbl Bpiclieil aTTeCTaMOHHOW KOMHCCHEHt
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PecnyOnukn Y30exkucran i myOnaMKanuid OCHOBHBIX HAay4YHBIX pE3YJIbTAaTOB
JIOKTOPCKUX JTUCCEepTaluii M abCcTpakTax B TPyAaxX MEXKIYHApOIHBIX M MECTHBIX
HAYYHBIX KOH(pEpeHIUH.

CtpykTypa n o0bem auccepranuu. [luccepranus COCTOUT U3 BBEACHMUS,
CeMH TJaB, 3aKJIIOYEHUs W criucka u3 175 paboT HCHOIB30BAHHOW JIMTEPATyphl
(omyOIMKOBaHHBIE a0CTPAKTHI M HEKOTOPBIE DJIEKTPOHHBIE TIpenpuHTHl ArXiva He
yKa3aHbl B 3TOM criicke). O0beM auccepTaiium cocTapisser 169 crpanui,

OcHOBHOe cofiepKaHue.

B nepBoit rnaBe nucceprauuMy Mbl mpearaeM HOBBIH “KomiuiekcHbIH
Juddysuonnnbiii.  Monte-Kapuo* (KIMK) wmeron s MoaeaMpoBaHUS
KBAaHTOBBIX CHUCTEM C KOMIUIEKCHOHW BoOiHOBOW QyHkuueir. B KJIMK moayns u
(da3a BOJHOBOH (YHKIIMHM MOJCIHPYIOTCS OMHOBPEMEHHO MO CPAaBHEHHIO C
npyrumu  Metogamu. Mpel  ycnemHo TectupyeM KJIMK  wmonenupoBanuem
OCHOBHOTO cocrtossuusi 2D anektpona B MarHutHoM moine u 2D
(epMuOHOB-aHHOHOB B mapabomuyeckoir sime. Ha Puc. (1) npencrasieHo
IPOCTPAaHCTBEHHOE PACIPEEIEHUEe OCHOBHOIO COCTOSIHUS 3JIEKTpPOHA IIOCIE
MoJienupoBanusi ¢ m = 13, rme m ecth OpOUTAILHOE KBAHTOBOE 4KCIio. 13 atoro
pUCYHKa MBI BHAMM XOpOIlIee COOTBETCTBUE C TOYHBIM pELICHHEM IS
MIPOCTPAHCTBEHHOI'O PACIPENENIECHUs, KOTOPOE €CTh KOJIBLIO CO CPEJHUM PaJHyCcOM
(2m + 1)"? u wmpunoit 1 B eIMHMIAX 4, MATHUTHOH JIMHBI (CMOTPH, K
npumepy, yueOnuk Hepenstuuctkas Kpanroas Mexanuka JI. JI. Jlannay u E. M.
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Puc. 1. Pesymprar MonenupoBaHHMs [UIS IPOCTPAHCTBEHHOI'O pacHpeieleHHs
OCHOBHOI'O COCTOSIHUSI DJIEKTPOHAa B PaBHOMEPHOM MarHMTHOM moje ¢ m = 13.
Envuuna amuHbl eCcTh 4., a Ha4allbHOE YKCIIO MOJEIUPYEMBIX TOUeK ecTb N, =
500.
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Pucynku 2 u 3. KBagpat Momynst A7t OCHOBHOTO COCTOSHHS OTHOM YaCTUIIBI IS
cuctembl 6 ¢pepmuonos B 2D rapmonuueckom notennuane |P(#)|2 = [ |W(F =
Ty, Ty, o, Tg)|?dTdTs ... dT . PesynpTaThl A0 MOAEIMPOBAHHA H pacdeTsl C
UCIIONB30BaHKeM AeTepMuHanTa CiaTepa.

Bo BTOpoii rmaBe mox  Ha3BaHMEM ~ “OCHOBHOE  COCTOSIHHE
JIOKAJIH30BAHHOTO  KYJIOHOBCKOTO AaHMOHHOrO Tra3a” Mbl OIpejaessieM
AQHAIUTUYECKOE, NPHOIIIDKCHHOE BBIPAXKEHHE AJIsL SHEPIMU OCHOBHOT'O COCTOSHUS
st N aHHOHOB ¢ KYJIOHOBCKMM B3aHMOJEHCTBHEM C IPOOHOI CTATUCTHKOH v,
0 < |v| £ 1, 10KaNM30BaHHOTO B ABYMEPHOM siMe (C XapaKTEPHOH 4acTOTON Wg)
BO BHEIIHEM MarHMTHOM I10J€ (C HMKJIOTPOHHOM Y4acTOTOH ). MBI HCHOIb3yeM
BapHAIMOHHI MPUIMI, B KOMOWHAIIMK C MPOLELYPOW PEryiH3aliu, KOTOpas
COCTOMT B TIIOATOHKE [apamerpa OOpe3aHdss C TOYHBIMHA aHATHUTHICCKHUMHU
pe3yabTaTaMu Ul HEB3aMMOACHCTBYIOMIETO CIydYasi U C YUCICHHBIMH PacueTaMu
JUISL JIIEKTPOHOB B KBAaHTOBBIX TOYKAaX B CIlydae CO B3aHMOJACHCTBHEM.
PesynbTupytomee BbIpakeHHE 3aBUCHT OT mapaMmeTpoB cucteMsl |v|, N, wq, T,
ag U W, Ty IPEACTABISICT XaPaKTEPHYIO SIMHUILY AJIUHBI U @p ecTh BopoBckuii
paauyc. TOYHOCTD PE3yabTATOB KPHUTHYCCKU OLCHUBACTCSI CPABHCHHEM TOYHOTO,
OPHOJIIDKCHHOTO M YHCICHHBIMH PE3yJbTaTaMH, B3ATBIMH M3 JIUTEPATYPBL.
ITony4eHHBIC pe3yabTaThl UMCIOT BH/I.
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Puc. 4. OrHOCcHTenbHOE OTKIOHCHHE (B MPOLEHTAaX) MONYyYCHHOM
MpUOJIMKEHHOW DHEPrUU OCHOBHOTO COCTOSIHMA E; OT TOYHOH »Hepruu
OCHOBHOTO COCTOSIHHSA Egyqoe U1 N =72 HeB3aMMOIEHCTBYIOIIUX (EpMHUOHOB
(v = 1), mokanu30BaHHBIX B Hapaboiauyeckoii sime. JIMHUSA TOYKa-Tepe yKa3bIBaeT

Ha acumToTHueckoe 3Haucuue (N — o).
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Puc. 5. 3aBUCHMOCTb YHEPTUU OCHOBHOTO cOCTOsIHMA i 7 — 10 31eKkTpoHOB Kak
(dyHKIMS TTapaMeTpa B3aMMOJCHCTBHS 7)/dp, PACCUNTAHHOW B BapUAIMOHHOM MU
(hUKCUPOBaAaHHOM Y3IIBI MomnTe-Kapimo - KpHUBbIE B THpE -
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A"

MeToJax.
Puc. 6. Dueprus ocHoBHOTO coctosHus Ey = (Eq — Nhw)/(hwy) mns 16 - 40
3JEKTPOHOB, PACCUNTAHHBIX UCTIONIB3YS MOJMYyYEHHOE B AUCCEPTALN BBIPAKCHUE C
ro/ag = 1.911 u |v| =1 — cruomHBIe KPHBBIC, W JHEPTUS I KIACCHYECKHX
3MEKTPOHOB — THHUK THpE. 3aech © = (Wi + w2/H)Y? u t = w./w,.

B Ttperreil rnaBe “ocHOBHOE COCTOSHHE 3apsiKEHHBIX AHMOHHBIX
ra3oB” Mbl BBIBOAUM IPUOIIDKEHHYIO aHAIUTUYECKYIO (GOpPMYITy A SHEPruu
OCHOBHOT'O COCTOSIHMS JUIS ra3a U3 3apsHKCHHBIX aHHMOHOB. Hain moaxon ocHoBaH
Ha 2D KyJIOHOBCKOM AaHHOHHOM Ta3e, JOKaIH30BaHHOM B TapMOHHYECKOM
MOTEeHIMajJe, IPH HCYE3aIOIeM NOTEeHIHale JoKamn3aud. YToObl y4ecTh
HAJMYUe JPOOHOM CTAaTUCTUKH W KYJIOHOBCKOTO B3aMMOJICHCTBHS, MBI BBEIH

¢byakmo (V U T, COOTBETCBEHHO). MBI ONpEAeNHiIn 3Ty QYHKIHIO MOATOHSIS

SHEPTUI0 OCHOBHOTO COCTOSIHHSI K JHEPIHHM KJIACCHYECKOro 3JeKTpoHHOro (2D
BurHepoBCKOro) KpUCTAIIa IS OU€Hb OONBIINX T'g, M dHEprun XapTpu-DPoka aist
cruH nonsipu3oBanHoro 2D snektponHoro rasa u 2D xynoHoBckoro bose rasa juis
OYeHb MAJIBIX Tg. [lolydeHHBIE pe3yIbTaThl UMEIOT BH/I.
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Puc. 7. DHeprun OCHOBHOTO COCTOSHHMI Ha YacTHIly Kak (pyHKIUS mapameTpa Ty
st obmactu 1.0 < 1 < 15.0 mns pepmuonos (v = 1) u 6030u08 (v = 0).

B gerBepToii rnaBe “oCHOBHOE COCTOSIHUE 3aPSIZKEHHOT0 AUOHHOTO ra3a
B CWJIBLHOM MATHUTHOM I0Jie” MBI ONpEIesieM aHATUTHYECKYI0 GopMyIry st
SHEPTUH OCHOBHOTO COCTOSIHMS Uil 2D aHMOHHOTO ra3a B CHJIBHOM MarHUTHOM
none (bakropsl 3amonHeHus: yposrel Jlaugay v; < 1). OTi GopMyIIbl MOTyUYEHBI
UCIIONB3Ys peryispu3aniell TapMOHMYECKUM MOTEHIHATIOM IIPH €r0 OOHYJICHHH
JUIL  yIepXKaHUH KYJIOHOBCKOTO aHHOHHOIO Tra3a. B ciaydae OTCYTCTBUS
KyJIOHOBCKOTO B3aWMOJAEHCTBUS HAll aHAIUTHYCCKUH pe3ynbTaT oOecrednBaeT
ToyHoe penieHne. OH COAEPKHUT AHWOHHOE KAIMOPOBOYHOE II0JIe, KOTOpOE
XapakTepe3yercsi aHMOHHbBIM mapamerpoM Vv u v, <1 . Ilpu Hamuuuu
KyJIOHOBCKOTO B3aUMOJECHCTBHS MBI BBOAUM (DYHKIUIO, 3aBUCAIIYIO OT V, v < 1
U IapaMeTpa IUIOTHOCTH 7y . OTa (QyHKUUS onpexpensercs IOATOHKOH K
uHTepnoNAnuoHHON dopmyne daHo-OpTosiaHu B peskuMe IPOOHOr0 KBaHTOBOIO
spdexra Xomia Ui CHMH MOJSPU3OBAHHBIX 3JIEKTPOHOB M SHEPIrHU OCHOBHOI'O
coctossHHA 2D KyJIOHOBCKOrO G03EBCKOrO rasza B CHIBHOM MarHUTHOM Ioie. MBI
MOKa3bIBaeM, 4TO Hamia (popMylia MpUMEHNMa He TOJIBKO it hepmuonoB (v = 1),
Ho 1 Juist annoHoB (0 < v < 1).
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Emerey e/l )

Puc. 8. KoppemnsiunoHHass 3Heprus Ha 4acTUIly B HawHU3IIeM ypoBHe JlaHnay
(BeIpaskeHHBIH B eauHMuax e2/ly) xak GyHKIHSA Vj, I8 CHHH-TIOIAPU30BAHHBIX
depmuonos, E.(v =1,v;) = EF°(v,), (cunommas mnuHus) u s GO30HOB,
E.(v = 0,v;), (urpuxoBas JIMHHS).

B msaroit rnaBe  “omHO0030HHBIH MeXaHM3M IS BBICOKO
TeMIEePaTyPHOIl CBEPXINPOBOAMMOCTH” MBI JEMOHCTPHPYEM 3TOT MEXaHH3M B
HepaBHO oOHapyxeHHOM ['omecom u mp. Nature 447, 569 (2007) 1uenn B HaHO
o0sactu Beinie kpuTHyeckor Temmnepatypsl 1C B BTC BiySry;CaCu,0g, 5. bouio
MOKa3aHo, YTO NP NPH MOHWKEHHH TeMIIEpaTyphl HAaHO O0JACTH PACIIHPSIOTCS,
00pa3yss 00ObEMHYIO CBEPXIIPOBOJMMOCTh B BHJIC HEOIHOpPOAHOCTEeH. ToT ¢axr,
yro pasmep BTC HeomHOpoaHOCTEW OJIM30K K MHUHUMAIBHBIM pa3MepaM STHX
HeogHOpoaHocTed ['omeca u ap. Beper k 3akiroueHuto, uro BTC ¢asa ects
Pe3yJIbTaT UX MEePEKPHITHA. B HacTosIIel paboTe MBI 1eNaeM aHaIu3 3apsioBOTO U
MEPKOJIALIMOHHOTO PEXHMOB 3THX HEOJHOPOJHOCTEH M IIOKa3bIBAaeM, 4YTO IIPU
MepBOM KPUTHYECKOM JIOTIUPOBAHUH X1, KOTZIa CBEPXIPOBOJUMOCTh HAYMHAETCS,
KOKIBI HAHO PErrMOH HECET IOJIOKUTENbHBIM DSIEKTPUUSCKUNA 3aps pPaBHBIN
eIMHHULE B €IMHUIAX a0CONIOTHOTO OJEKTPOHHOrO 3apsima. I[lodToMy MBI
MPUMKCBIBAEM 3TOT 3apsi] K €OUHUYHOMY OO030HY IBIPKE C MEPKOJLHEH 3THX
IBIpOK. [Ipy BTOPOM KPUTHYECKOM JOIMHPOBAHUU X7, KOT/Ia CBEPXIIPOBOJIUMOCTD
ucye3aeT Hall aHaJM3 MOKa3bIBAET, YTO 3apsa KaXKIOro HAHO PErHOHA PaBHIETCS
nByM. [IpoucxokaeHue X, MOXHO IOHSATH BBeAS HOPMAaNbHYIO (a3y B HaHO
o0JlacTd M3 IBIPOK (EPMUOHOB, Ubsi KOHIIGHTPALMS, BO3HHKAIOMIAS BBINIE X.q
TUIABHO YBEJIMYHMBAETCS C JONMPOBAHHEM W HapyllaeT JHHUH MEePKOJSIUH
6030HOB IIPU X (3.
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Temperature, T (K)

0i5
Doning, x

Puc. 9. Cxemaruueckasi OJHOABIpOYHAs, 0030HHAs (a3zoBas Juarpamma JyIs
Bi,S1,CalCuy0g.4 .

x (10 A/r)? | (13 A/10)? Eeon(A) |(con/T0)?| Econ/To | Nob
028 [1.939 3.277 10 1.939  [1.393 ~1
022 |[1.524 2,575 10 1524 |1.235 ~2
0.16 |1.108 1.873 11 1341 |1.158 ~3
0.14 [0.969 1.638 12 1396 [1.182 ~3
0.10 [0.693 1170 13 1170 [ 1.082 ~6
0.05 |0.346 0.585 17 1.000 | 1.000
004 [0.277 0.468 18 0.897  [0.947
002 [0.139 0.234 20 0.554 | 0.744

Tabmuma 1. JlommHT X 3aBHCHMBIC HAHO PETHOHHBIC 3apsibl. OTH  3apsiisl
paccuuTaHsl Ipu GUKCHPOBAHHEIX &.0p=10 A m &,,,=13 A, cooTBercBenHO, mIs
KOT€PEHTHO UIHHEI yop, U IS &pp, B3ATHIX U3 KCHEPUMEHTA. JIJIs TOCIeTHEeT0
Econ » 3apamoBblit  (Egon/To)? ¥ TIEPCONALMOHHBIN MapamMeTphl EconlTo
npencraBiueHsl. 3HadeHUs N,, Uit 4Hcna OO30HOB, OKPYXKAIOMIMX —KasKIbIi
(epMuoH, mMOKa3aHbl B mHOcieqHeil KomoHke. JKHpHBIE YHCIAa €CTh 3HAYCHHS
KPUTHYECKHX JIONMHTOB X4 H X, ¥ COOTBETCBYIOIIME STHM IONHPOBAHUIM
3apsIbl HAHO PETHOHOB.

B xoHIIE 3TO#i I1aBbI MBI CHOPMYITHPOBAIH TTOJIOKCHUS KYJIOHOBCKOH OTHO
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0030HHO¥ 1 01HO epMHOHHOI ABYX KHAKOCTHON Moaesm U1 BTC kynpartos.

Ilecrast u cenbMble INIaBbl UCCEPTALMM MOCBAIIEHB! onucaHuio rias “He
®epmu KUAKOCTHBIE cBoiicTBa KynpatoB |” and “He ®epmu KHAKOCTHBIE
cBoiicTBa KynpartoB |l,”coorBeTcTBeHHO. B nepBoii riaBe Mbl cieIany MOMNBITKY
omcaTh B EIWHOM AaHHOHHOM, OJHO OO030HHOM MOAXOJE IICEBIO IIeIIeBbIC
JNIEKTPOHHBIE HHU3KO-TEMIIEpaTypHBIE IIPOBOJMMOCTD TEIDIa K, S3HTPONHIO S H
JU2IEKTPUUECKOE OCHOBHOE COCTOSHME, M HHU3KO-TEMIIEPATYpHBIH MeTall-
JII3JIEKTPUUECKOe KPOCCOBEP KYIIPAaTOB. MBI apryMEHTHPYEM, YTO HallIeHHbIE K ~
T8 m x ~ T ects pesymsrar ¢ ~ T* m ¢ ~ T 3aBHCHMOCTEll 17T TEIITOEMKOCTH,
COOTBETCTBEHHO, B TO BpeMs Kak S ~ Tci>1 MPOUCXOJUT OT C ~ T4 st
TEIUIOEMKOCTH C  HpeambHOro ra3a boromoOoBckmx — kBasmdactun 2D
0030HOBCKOTO Ta3za C KyJIOHOBCKHM  B3amMmopeiictBueM.  OOecmeumnBas
KAa4eCTBEHHBIMM M KOJIUYECTBEHHBIMH apryMEHTaMH Mbl CBS3ad IIPOBAJIbLHOE
CBOMCTBO  KO3({QHIMEeHTa  NPOBOAMMOCTH  Tela K C  IEepexoaoM
MeTal-AudIEKTpUK. MBIl  TakkKe BBIBEIM OKCIEPHMEHTAJIbHBIE  3HAYECHUS
cootHomenus Jlopenna 3akona Bugemana-®panra.

B T T T

oz and wieT)
T T T T T T T T T
PN T T TR TN N N T S N

a 1 1 1
(¥ 0.5 ig 15 F1]
F3

Puc. 10. Teroemkocts ¢/z (B enmuunax q2/(8mh?)) u k/(cT) (B emuuuIax
kymvl/(2wh?c)) xak dynxuus z. Onpenenenus z: z = T/(aq)*? nna c/z u
z = K'3T/(aq)*? ansa k/(oT), rae K ~ 102,
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Puc. 11. Cootnomenue Jlopenma L/L, kak (yHKIMsS mapaMeTpa JONWHra t.
Toukwn, HaliZleHHBIE B YKCIIEPIMEHTE 3HAYCHUSI.
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Puc. 12. Dutponus S kak GyHKUIUs TeMrepaTyps! T AJIs pa3iuyHbIX t.

3AKJIIOYEHHUE
Mo pe3ynbTaTam HCClieOBaHHA, TPOBEACHHBIX IO TEME JOKTOPCKON JAUCCEPTAIHA
«AHWOHBI B pH3HKe KOHACHCHPOBAHHOTO COCTOSHHS», MIPEACTABICHBI CIEIYIOIINE
BBIBOJIBI:

1. Bmepeble mnpemioxeH HoBbli Komnekcubiit Juddysuonnsiii Monte
Kapno (KIMK) meron s MOIENMPOBaHHS KBAHTOBBIX CHCTEM, Ubsi BOJHOBAs
(YHKIUS COIEP)KUT MHUMYIO 4acTb.

2. bputo momydeHO NPHONMKEHHOE, AHAIUTHYECKOE BBIPAXKEHUE IS
SHEPTHUH OCHOBHOTO COCTOSIHUSI 2D 3JIeKTPOHOB B TAPMOHUYECKOM JIOKATH3YIOIIEM
MOTCHIMAJe U BO BHENIHEM MArHUTHOM IMOJie, a TAaKKe OCCKOHEUHON CHCTEMBI
9IIEKTPOHOB C ¥ 0€3 BHEITHEI'0 MarHUTHOTO MOJIA.

3. BrepBble Obuta oOHapyxeHa peaibHas 0Oo3oHm3amus 2D depMuOHOB H
aHMOHOB, HA OCHOBE KOTOPOH HOBBIH ONHO OO30HHBIH  MEXaHU3M
BBICOKOTEeMIIepaTypHoii cBepxmpoBoaumocTr (BTC) B kympaTtax ObLT MPEIIOKEH.

4. Tlocme amanm3a pe3yJlbTATOB OKCIEPUMEHTa [0 BU3YaIU3allUU
Kyneposckux map B BTC kympaTtax, ncCmonb3ys CKaHHPYIOMIMA TYHHEJIBHBIN
mukpockonn (CTM), BmepBble ObUIO  OOHapyXEHO, YTO  HOpMaJbHbIC
IICEBJIOIIENEBEIE U CBepXmpoBoasmue coctossHus B BTC kympatax cocTosdT U3
HAaHOPETMOHOB B PpEaJbHOM IPOCTPAHCTBE C 3apsiiOM OOUH B 3JIEKTPOHHBIX
eIMHHUIAX 3apsga. bBbUl0 OKa3aHO, 4YTO OOHAPYKEHHBIE B DKCIIEPUMEHTE
HAHOPETHUOHBI SIBISIFOTCS OTHO OO30HAMH.

5. Tlocne w3yuenuss u aHamuza CTM skcnepuMeHTa, YHOMSHYTOTO B
OpPEABIIYIIEM MYHKTe NAHHOTO 3aKIIOYCHHs, W MPUMEHEHHS OJHO OO30HHOTO
MexaHu3Mma s ooscHenus BTC, Obuta BrepBble NpeIoKeHa KyJIOHOBCKas BYX
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JKMJIKOCTHAst MOJI€Nb, COCTOsAINAs U3 OJHO OO030HOB M OAHO (HepMUOHOB, AJISL
INOHMMaHMs BCEX JJIEMEHTOB (Da3aBO auarpaMMbl JOIMPOBaHHE-TEMIIEPATYpa
KyIIpaToB.

6. HaGop He depmm XHAKOCTHBIX CBOMCTB KYIpaTOB OBLIO BIEPBEIC
00BACHEHO HA OCHOBE 3TON KYJIOHOBCKOH IBYX KHMIKOCTHOH MOZAEIH.
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