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KHWPUI (pancada noxropu (PhD) nuccepranmsicu aHHOTAIUSICH)

JAuccepranus MaB3yCMHHHT 10J3ap0yuru Ba 3apyparu. JlyHé Mukécuaa
om0 Oopunaérran Kymiad wWiIMUN-aMaIui TaakKUKoTiaap (u3ukaga Mypakkad
TypFyH OOBEKTJIap OAaTAa YJapHUHT OOFJIaHTaH MalTHard SHEPrHUsiCM KamManuIl
UMKOHUHM O€pyBYM TOPTUIIUII KywIapud HaTWXacuia XOCHJ OYJIMIIUHU
Kypcataau. bBUpOK KeWWHIM WWJUlapja oJuMiIap TOMOHHUJAH TapTHOJIaHTaH
MyXUTIapa Mypakkad TYpFyH OOBEKTIap XAaTTOKH UTApUIIYBYH TabCUPJAp
HaTHXKAacUJa XaM MaBXKyJ OYJIUIUIMIH dKIepUMeHTall ucooTiaanau. MrapuiryBuu
KyPTIUKIapHU Hazapuil acocnamga doinananunaauran boze-Xab0apa mozaenu,
AbHU MaHXapaJarn HUKKU 3appadanu [lIpeguHrep omnepaTtopu 3KCIEpUMEHTANl
Ky3aTHUIIJIAPHUHT Ha3apui acocu Ba KYJUIATHUHT Hazapuil 06a3zacu XHCOOJaHAIU.
[IyHUHT y9yH KaTTUK *KucMJap (pu3uMkacu Xxamjia KBaHT MailIoHIap HazapuscHia
yupaliiiran MaHXapajaaru 3appavanap cucremacura Moc  lpemunrep
oreparopjapura OuJi TaJAKUKOTIAPHH PHUBOXKIAHTUPUII MYXUM BazudanapjaaH
oupu 6110 KOIMOK/IA.

MycTraknuuk WWUlapuia mamiakatuMusaa GyHaameHTan GaHIapHUHT
amManuil TaTOMKKa sra OynraH noi3ap0 MyHanumnuiapra bTHOOP Ky4daWTHUPHIIIH,
XyCycaH, MaMJIaKaTUMH3 OJIMMJIApU TOMOHMJIaH KyOUK TaH)Kapajard 3appadanap
cuctemacura moc Ilpegunrep omeparopiiapuHu Ypranuiinra ajoxuaa 3bTHOOp
Kapatwind. [lamkapamaru ukku 3appavyanu  cuctemara Moc Ipeaunrep
omepatopjapy y4yH MYyXHM CIEKTpJaH Tallkapujaa OofjaHraH XoJatiap
MaB)XYJUJIMTH Ba YJAPHUHT COHMHU aHUWKJIAIra OWJl CE3WIapju HaThXkKajlapra
SPUIITIIIIN.

Xo3upru KyHjJa TMaHXapajgard HWKKM KBaHT 3appayajiyd cucreMara MocC
[lIpenunrep omnepaTtopu CIEKTPU CUCTEMa KBAa3WUMITYJIbLCU Y3rapHIlnra HucOaTaH
yTa ce3yBUaH OYJITaHIUTH yUyH yIIOy onepaTop CIEKTpUra Ouj MyaMMOJIapHU Xail
ATUI, S’BHU OOFJIAaHTAH XOJIaTiiap MaBXYIMTMHU KYpCaTUIl Ba YHUHI COHUHU
aHUKJIAIl MyXUM axamMusT kacO »TMokzaa. by Oopaga wakcamid WIMUN
TaIKUKOTJIAPHU, XKyMiaJaH, KyWuJard NyHaJulIapaard WIMHAN W3JIaHULUIApHU
amajra OIMpHUIl J1013ap0 Baszudanapaan Ovpu XucoOJaHAIW: MaHXkapada KHCKa
Maco(amga TabCHUpIAIIYBUM UWKKATA UXTHUEPUM 3appadaiud cuUcTeMara MOC
[lIpenunrep omepaTOPUHUHT TUCKPET CHEKTPUHHM TAJAKHUK ATHUII; yIIOy omepaTop
MyXUM CHEKTpU TyOujgarn €Exkud Tenacujard Oycara XoJucajlapHU aHUKJIAIIL
IOKOpUIa KeITUPUIITaH WIMUNU-TAIKUKOTIAp WyHaIummaa oaxapuiaéTrad uiMui
W3JIAaHUIILIAp Ma3Kyp AUCCEPTAIMs MaB3yCUHUHT J0I3apOIUTHHN W30XJIal/IH.

V36ekucron Pecny6mukacu IIpesumentununr 2006-iun  7-aBrycraaru
[1K-436-con "®aH Ba TEXHOJOTUSIIAPHU PUBOXKIAHTUPHUIIIHU MYBO(PHUKJIAIITUPHILL
Ba OOIIKAPUIIIHY TAKOMWJUIAIITUPHUII Yopa-Taadupiaapu Tyrpucuaa’'ru xamaa 2008
vun 15-uronmaru [1K-916-con "VHHOBaMOH JoWMXajiap Ba TEXHOJOTHSJIApHU
UIUIad YWKapuilra TaTOMK STUIIHU parOaTIaHTUpHUIN Oopacuaard Kylmumua

5



yopa-taabupnap tyrpucuna''ru, 2017 wiun 17-dbepangaru [1K-2789-con "dannap
akageMuscu (HaoUsITH, WIMHK-TAIKUKOT UIUTAPUHU TAIIKWII STHIL, OOIIKAPHUII Ba
MOJIMSUTAIITUPUIIHNA STHa/Ia TaKOMIULIAIITUPUIN Yopa-Taadupiapu TyFpucuaa'tu
kapopu Ba 2017 iiun 8-¢peppanmaru ITD-4947-con "Y36ekucTon Pecny6ankacunau
siHaJla pUBOXJIAaHTUpHUIL OViinYa xapakaTiap crparerusicu tyrpucuaa’'rtu ®apMoHu
Ba Ma3Kyp (daonusTra TEeruuuiM OOlIKa HOPMATUB-XYKYKUH XyXoKaTiapnaa
Oenrmwinanrad BasudadapHU aMalira OUIMpHINTra Yoy AuccepTanus TaJIKUKOTH
MyalsiH Japa)kaJia Xu3maT KHIAJIH.

TaagKUKOTHUHT pecmyOsuka dan Ba TEeXHOJIOTUSIJIAPU
PUBOAJIAHUIIMHUHT YCTYBOP HyHATHILIAPUTa OOFIUKJIUIA. Ma3Kyp TaIKUKOT
pecnyOnuka (aH Ba TeXHOJOrusiap puBoxIaHumuHuUHT [V. "Marematuka,
MexaHUKa Ba UHpopMaTUKa" yCTYBOP MYHANUIIN Joupacuaa Oa)xxapuiiraH.

MyaMMOHMHI YPraHWITAaHJIUK JAapaxkacd. ATOM Ba MOJEKYJSp Xamja
KAaTTUK OKUCMJap (U3MKAcH, KBaHT MaiJOHIap HA3apUSCUHUHT  aCOCUH
Macananapu llpenuHrep orepaTopiiapvHH YpraHuiira Kaparwirad. by coxana
OJIMHTaH HaTWXaiap TYFpUcHAa KYImiad MabIyMOTIIap MaTeMaTHK-(QOU3UKaHUHT
sHiukIoneausicu" - M.Pun Ba b.CalitMOHHUHT TYPT TOMJIM KUTOOM1a KEITUPHUIITAH.
[Tamxapanaru 3appadanap cucrtemacura moc llpeaunrep omepartopliiapu yTraH
acpHUHT TYKcoHMHun Humnapuaa J.C.Martuc, A.Ml.MoruinsHep TOMOHHUJIaH
Yypranuna OolUTaHAM Ba YHra OWJ TAAKUKOTIAp JKalajdl PUBOXKIIAHJM.
[Tamxapanaru [lpenuHrep onepaTopiapuHd MaTeéMaTUK MabHOAA TAIAKUK ATHIIIA
y3nykcu3 llpenunrep onepatopnapugard kabu Mmyammodiap ydpaaud. SbHH,
nactiad Oup, MKKHM Ba XOKa30 3appaydyalii ONepaTopiiapHu ypraHull Tajiad STUIA/IN.
V3nyken3 Ba nuckper Ilpenunrep omeparopu xamaa ymymiamradn Opuapuxc
MOJIEIIM YUyH JHUCKPET CIEKTP MAaBXKYIJWUTH, XOC KUUMATHUHT Y3JIYKCU3 CIEKTP
atpoduaaru nunmanapu, y3apo TabCUp KOHCTAHTACUHUHT OYcaraBui KuiMaraaru
xoaucanapHu aHukam Macananapu M. Knays, b. Caitmon, I'.M. I'pad, . llenkep,
P.A.®apua ne Beiira, E.JI. Jlakmtanos, P.A. Munnoc, C.H. Jlakaes, K. Makapos
KaOu oJMMJIap TOMOHUAH Ypranwirad. Mabinymku, KKy 3appadanu peaunrep
omeparopiapuaa y3apo TabCUP JTOMMHICH Y3Trapuilld HaTWKacuaa OoFJIaHTaH
XO0JIAT DJHEPIrUsiCM Y3IYKCHU3 CIEKTp YEKKAacura sKUHJIAmaAud Ba TabCHUP
JTOUMUMCUHUHT YEKJIM KUHUMaTHula CIeKTp Oycaracu OujaH yCTMa-yCT TYIIAJIH.
by Oycara kuiimatra OofjaHraH XoJiaT €KUM BUPTyal XO0JIAT MOC KEJUIIUHU
anukymam Macanacu Ownan [x.Payx, b. Caitmon, M. Knay3, JI. fAdaeB Ba
C.H.JlakaeBnap myrymianrad. XXydr-KkydhTtu Ouiian y3apo KOHTAKT MOTEHIIHMAT
épaamuza TabCUpJANIYyBYM, HWKKUTAa OO030HJAH TAIlIKWJI TONTraH CHCTEMa

ramuibronnanura Moc H (k) = Hy(k) + 4V, k e T° uKKH 3appadand JUCKPeT

HIpenunrep omneparopu y4yH KBa3uuMIyidbc Oycara d3(G¢eKkTu, sbHH arap
4=4,<0 HHHT Oupop Kuiimatuma H o (0) HomaHbwmii omepaTop MyXuM

CIEKTPHUHI KyWM uyerapacujia BUpTyal carxra ora Oynca, y XxoJjaa
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KBa3UUMITYJIbCHUHT HOJJaH (apkiu uxtu€puil kuiimatuaa H o (k) omepatop

MYXHUM CHEKTp KyHu derapacujaH nactia Xoc Kuitmarra sra 6ynumu aactinad C.H.
Jlakaes ummpa Yypranuwnran. C. An6esepuo, C. JlakaeB, K. MakapoB Ba 3.
MymuHOBIAp TOMOHHMIaH d—Yymuammn Z°,d >3 mamkapanga Kypr-KkypTr Onia
KHCKa Maco(daia TabcUpiallyByu UXTUEPUM UKKHU 3appadalii cCUCTeMara MOC UKKU
3appavanu lllpenuHrep omnepaTopu Y4YyH XOC KHWMATIAQPHUHT MAaBKYIJIHK
miapTiaapu IUcrepcuoH ¢QyHkuusiaapra 0ornuk paBuinga Tornuirad. C.H.Jlakaes,
AM. Xonxyxaes, [I1.YO. Xonmaros, I11.C. JlakaeB unuiapuaa d >3 Virgamiam Z°
MaH)Kapajga XapakaTjaHyBYd, TOPTUINYBYM KOHTAaKT MOTEHIMAN €paaMuiaa
TabCHUPJAITYBYM MKKUTA KBAHT 3appadain cucremara Moc auckper Ilpenunrep
OMEpPAaTOPUHUHI MYXUM CHEKTPJAH NacTAa fAroHa XOC KUWMATH MAaBXKyMJIUTH
ucootnanrad. Illy Owman Oupra y3apo TabCUp JAOUMHHCH Ba KBA3UUMIYJIbCTa
OOFJIMK XO0J1/1a XOC KUAMAT y4yH aCUMITOTHKA TOIHJITaH.

Juccepraums TAAKUKOTHHMHI JAMCCEPTALMS OaKapwiraH oJMi
TabJAUM MYACCACACHHUHI MJIMHH-TAIKHUKOT MUIUIAPH peKajJapd OuiaH
OorsmukJIuru. Jlucceprammsa taakukoTH CaMapKaHI [aBlaT YHUBEPCUTETUHUHT
O4-OA-D079 "llamwxkapagaru COHM CakKJaHMAWJIATAaH 3appayanap CHUCTEMAacH
raMUJIbTOHUAHIAPUHUHT — criektpan Taxymm”  (2012-2016) Ba  OT-D4-66
"[lamkapamarn 4YeKJIM COHJAryd 3appadaiap CUCTEMAacd MOJACIUIAPU. DHEPrus
OIIEPATOPJIAPMHUHT MyXMM Ba juckper crekrpiaapu” (2017) wmaBsymapunmaru
WIMUN TaIKUKOT JIOMUXanapu Joupacuga oaxapuiras.

TagkukoTHUHr Makcaau. [lamkapamaru y3apo KOHTakT TabCHPJIALIyBYH
MKKATA UXTUEPHUM 3appavaiu cucremara Mmoc auckpet llpenuarep onepaTopuHUHT
MyXHUM Ba IUCKPET CIIEKTPJapy YPHU XaM/la COHMHM YypraHum uoOopart.

TankukoTHUHT Basudanapu:

ymuamu d >3 OynraH mnaHxkapazaa y3apo HUTapuIlyBud (u>0) KOHTaKT
TabCUPJAIIYBYM HMKKUTA UXTUEPUN 3appadyalii CUCTeMara MOC JUCKPET
IpeauHrep oOmneparOpMHUHI MYXUM CHEKTpAAH VYHrAAa XOC  KUHUMAaTu
MaBXYJIMTUHU UCOOTIAIN Ba YHra MOC XOC (YHKIUSHUHT aHUK KYPUHUIIWHU
TONMO perymsip GyHKIUS SKAaHIUTUHU  KYpPCaTHIIL;

ymyam d =34 OynraHga MyXUM CHEKTPHUHT IOKOpH Oycaracuia IUCKpET
[peaunrep omepaTopyd BUPTyajd caTxra sra 3KaHJIWIKM MCOOTHAll Ba BUPTYal
XOJIATHUHT UHTETpaIaHyBYM (PYHKIMS SKAHIUTUHU KYPCATHILL

KBa3UMMIYJILCHUHT OepuiraH KuWMaTujga BUpPTyal carxra asra Oyirax
TabCUP SHEPIHICH KUHWMATIApUHU TONMUII Ba TabCHUP DHEPTUSCUHUHI OepUiIraH
KUAMaTUAa  CUCTEMA  KBA3UUMIYJIbCIAPU  TYIUJIAMUHHU [Ipenunrep
OMEpPATOPUHHUHT XOC KHMUMaTH MaBXyl Oynaauran €ku MamBxkyJl OyaMmalauran
Xamjia BUpTyal caTxra ara Oynaaurad cuHiiapra axxpaTuu;

ymuam d>5 OynraHga MyXUM CIEKTPHUHI IOKOpH Oycaracu JTUCKpET
[lIpenunrep onepaTOPUHUHT XOC KMMMATH OYJIMIIIUHYU KYPCaTHUIII,



ymyamu  d>3 OynaraH mamkapaga  y3apo  TOPTHUILYBYH KOHTAaKT
TabCUpPJAIIYBYM MKKUTA UXTUEPUN 3appadyalii CHUCTEMara MOC JUCKPET
[lIpenuHrep ONEPATOPMHUHT MYXUM CIHEKTpJAaH 4Yanjga XoCc KUHMaTH
MaBXXYJIMTUHU UCOOTIAIl Ba YHra MOC XOC (PYHKIUSHUHI aHUK KYpPUHUIIUHU
TONMO peryisip GyHKIUS SKAHIUTUHU  KYpcaTul,

ymuam d =34 OynraHga MyxXuM CIEKTPHUHT KyWu Oycaracuja JIHUCKpPET
[penunrep omeparopu BUPTyall caTXra sra SKaHJIUTHMHU MCOOTIAIl Ba BUPTYal
XOJIATHUHT UHTETPAIIAHYBYM (PYHKIMS SKAHJIUTUHU KYPCATHIIL

Vagam d>5 Oyarasga MyXUM CIEKTPHUHT KyWu OYycaracu JHCKpeT
[lIpenunHrep onepaTOPUHUHT XOC KMMMATH OYJIUIIUHKA KYpPCaTHIII.

TagkukoTHUHr 00bexkTH. [lamkapamarm V3apo KOHTaKT IOTEHIHA
épmamMuza TabCUPJIAIIYBYM MKKWATA MUXTUEPUM 3appadajap CUCTEMacu Ba
TaMHAJIbTOHUAHH.

TagkukoTHuHr npeaMeru. [lamkapamarm HKkWTa UXTHUEPUM 3appadaiin
cucremara moc  auckper  llpenuHrep — omepaTtopiapuHUHI  CHEKTPAl
TaJIKUKOTIapuaaH noopar.

TagKuKOTHUHI ycyJuiapu. TagKMKOT HMIIMAA MaTeMaTHK aHalu3 Ba
KOMILJIEKC Y3rapyBUWIM (YHKUUAJIAD HA3apusiaCcH YMyMUU YCyJUlapuiaH, Xamjaa
y3-y3ura  KymmMa  Omeparopjiap  CIEKTpal  HaszapsacuaaH, KymulaJaH
bupman-1lIBunrep npuHIMOIUAaH Qoii1aTaHUIraH.

TagKNKOTHUHT MIIMUI SHTWIKMTY Kydugaruinapaad uoopar:

ymuamu d >3 OynraH mnaHxkapazaa y3apo HUTapullyBud (u>0) KOHTaKT
TabCUPJIALIYBYM HWKKUTAa UXTUEPUM 3appadalii  CHCTEMara MOC JHUCKPET
[IpeauHrep onepaTtOpUHUHT MYXHUM CIIEKTPJAH YHIZIAa XOC KMMMAaTH MaBXyIJIUTU
UCOOTIIaHTaH Ba YHra MOC XOC (PYHKIIMSIHUHT aHHWK KYPUHUIIU TOMUIUO PETyIIsp
GyHKIMS 9KaHJIUTH  KYpCaTUJITaH,

ymuam d =34 OynraHga MyxXuM CIEKTPHHMHT OKOpPH OYycaracuja JUCKpPET
[Ipenunrep omepatopu BUPTyal caTxra 3ra SKaHJIUTH WCOOTIAHTaH Ba BHUPTyal
XOJIATHUHT UHTETPAUIaHyBYU (QYHKIIUS SKAHJIUTH KYPCATHIITaH;

KBa3UUMITYJILCHUHT OepuiiraH KWUWMaThja BUPTyal carxra ara Oyirax
TabCUP DHEPTHSICH KUHUMATIapu TOMMIJITAaH Ba TabCHP DHEPTUSCUHUHT OepUiTaH
KMMMaTuJa CucTeMa KBasuumiynbciaapu  llpenviHrep ONepaTOpUHUHT XOC
KUMaTH MaBXyn OynmamuraH €Kkd MaBxKyz Oyiamaiiauran xamja BUPTyajl caTxra
sra OyyiaauraH Tynjaamiapra axpaTuiras;

ymuam d>5 OynraHga MyXUM CHIEKTPHUHI IOKOpH Oycaracu JTUCKpET
[lIpenunrep onepaTOPUHUHT XOC KMMMATH OYJIUIIN KYpCATUIITaH;

ymuamu d>3 OynraH mamxkapaga y3apo  TOPTHUIIYBYHU KOHTAKT
TabCUpPJAIIYBYM HMKKUTA UXTUEPUM 3appadyalii CHUCTEMAara MOC JUCKPET
[lIpenuHrep onepaTOpUHUHT MYXHM CIEKTPJAH Yanaa XOC KUAMATH MaBKYIJIUTH
UCOOTNIAaHTaH Ba YHra MOC XOC (PYHKIUSHUHI aHUK KYPUHHUIIU TONUIUO PEryJisp
GyHKUMS 9KaHJIUTH  KYpCaTUJITaH;



ymuam d =3,4 OynraHga MyXuM CIOCKTPHUHT KylWu Oycaracuja IHUCKpPET
[penunrep omeparopu BUPTyad caTxra 3ra SKAaHJIUTU UCOOTIAHTaH Ba BUPTYal
XOJIATHUHT UHTETPAIIAaHYBYM (DYHKIMS SKAHIIUTH KYpCATUIITaH,

Vagam d>5 Oyarasga MyXUM CIGKTPHUHT KyWu OYycaracu JHCKpeT
[lIpenunHrep onepaTOPUHUHT XOC KMMMaTH OYJIUIIN KYpCaTHIITaH.

TagKUKOTHHHI  aMaJuil  HATWKACU.  DOFjaHran  XOJIATJIADHUHT
AHATMTUKJIMTA XaKUJard Xyjgocalap KATTUK JKUCMiIap (U3MKacu Ba KBaHT
MEXaHUKacHu/la JKCIEPUMEHTaNl  TaAKUKOTIAPHUHT  cudar  KYpcaTKUYUHU
aHUKJIAIIIa Ba COHJIM XHcoOaniap/ia KyJUIaHWIAIIYM MyMKUHIUTHIaH n0opar.

TagKuKOT HATHKAJAPUHUHI MINOHWIWIMIM MaTEMaTUK  aHaJu3,
MaTeMaTUuK-Qpu3nuKa, PyHKIIMOHAJ aHAJU3 Ba KOMIUIEKC Y3rapyBUMId (DyHKIHSIIAP
Ha3apuscu yCyJUTapuaH doilnanaHuITaHINTU xamza MAaTEMATHUK
MyJIOXa3aJapHUHT KaThbUIJIMTH OUJIaH aCOCIJIaHTaH.

TagKuKOT HATHKAJAPUHMHI WJIMHI Ba aMajMil aXxaMUSATH. TaIKuUKOT
HATWOKAJAPUHUHT WIMHM aXaMUATH Y3-y3Ura KyliMa oOIepaTopiiap CHEKTpal
Ha3apusACHJla, KBAHT MEXaHUKACH, KATTHUK XUCMJAp (PU3HKACH, KBAaHT MailJIOHIap
Ha3apusaCH, XyCyCaH, IIaHKapajard WKKM Ba yd 3appadajid  CUCTEMaA
raMUIbTOHHAHJIADUHUHT CHEKTpiapu OuiaH OOFJIMK MacajalapHU Xaj STUIIIA
dboinanaHuI MyMKUHIUTH OUJIaH U30XJIaHAIN.

TagKMKOT HATWXAJapUHUHT aMajduid axaMHUsATH WIIJAa OJIMHTAaH WJIMHUN
HaTWXKanap KaTTHK >KACMIlap (U3MKAacu Mypakkad OoOBEKTIIap XOCHJI OYJIMIIWHU
KypCaTyBUM JKCIEPUMEHTA] TAAKUKOTIAP YTKa3WII Ba KyJUIallra Ha3apuil acoc
cudaruaa Xu3MaT KUY OuilaH OeNIruiIaHa Iu.

TagKuKOT HATHXKAJAPUHUHI KOPUl KWIMHMIIM. Jluccepramusa TaaKUKOTH
JKapaéHHla OJIMHIFaH WIMHUM HaTwXanap KyHuJard MyHAIMIUIApAA amMaiaueéTrra
YKOPUM KWJIMHTaH:

MaH)KapaJaru WKKATAa UXTHEpHUM 3appadasin cuctemara Moc llpenunrep
OINEePATOPUHHMHT XOC (DYHKIUSIApU aHATUTHKIMTUAAH eTakun xoprkuid J.Phys.A:
Math. Theor.-50,-2017.- 335202 (IF=1.857) sxypHamuaa y4 3appadaiyd cucreMara
Moc auckpeT Llpenunrep onepaTOpUHUHT CIIEKTPUHU YpraHuiiaa (GponganaHuiras.
NnMuii HaTWKaHUHT  KYJUTAaHWIMIIK - Kapajda€TraH omeparop Xoc (QyHKIUICH
aHATUTHUK (QYHKIUS SKaHIUTUHU UCOOTIIAIl MMKOHUHU OepraH;

MaHXapajaru HMKKUTa HXTUEPUM 3appadyanu cucrtemara moc Ilpegunrep
OTepaToOpu XOC KUUMATIAPUHHUHT Y3ap0 TabCUP DHEPTUsiCUra OOFIUKIUTHIAH
erakun xopwxuid J.Phys.A: Math. Theor. 49, 2016. 145204 (IF=1.857) xypHanaa
MaHkapaja ¥y3apo TOPTUIIYBUYM KOHTAKT MOTEHIMAN €paamMuaa TabCUpJallyBuH
ydra Oup Xujl 3appadanu cuctemara moc auckpet lllpeaunrep omeparopu MyXum
CHEKTpAAH dYalja XOC KHMUMaTH MaBXYyJJIMTMHH Kypcatuiiga ¢oimanaHuiraH.
Nnmnit HatvokanuHr Kywianwmimu [llpenuHrep omeparopy MyxuM CHEKTpIaH
yarnaa Xxoc KUMMaTl MaBXyAJUTHHU Ba YPHUHU Y3apO TabCUP SHEPTUsCUTA OOFIIHK
paBuIIAa TOMUII IMKOHUHU OepraH;



Mamkapaaard WKKATa UXTUEPUN WTApPUIIYBUM 3appadaid CHUCTeEMara Moc
[penunrep omepaTopu XOC KUWMATJIapUHUHT CHUCTEMa KBa3MUMITYJIbCUTA
OOFMUKIUTHIAH eTakuu xopwkuii Theor. Math. Phys. 2014, Vol. 178 No 3,
p336-346 (IF=0.984) xypHaauga KOHTAKT IOTCHUUAIA MKKATA OHUP XHJI
3appadaiu cucteMara Moc auckper lllpeauHrep onepaTOpMHHUHT XOC KHMMaTIIapu
MaB)XYJJTMTUHU KypcaTuiiaa dhoigananuirad. UnMuil HaTKaHUHT KYJUTAHWIAIIN
ypranunaéTran omneparop XOoC KUWMATUHMHT MYCOaTJIUTura OuJl HaTHKaHU
ncOOoTIall UMKOHUHU OepraH.

TaagkukoT HATHKAJADUHUHT  anpodamusich. Maskyp  TaJKUKOT
HaTWXanapu 4 Ta Xajgkapo Ba 2 Ta pecnyOiuka UIMUK-aMaluil aH)XKyMaHJapuaa
MyXOKaMmaJiaH YTraH.

TaagkuKOT HATHKAJAPUHUHT JIBJOH KWIMHranauru. [uccepramus
MaB3ycu 6yiinua >kamMu 10 Ta MMM HII YOI STHIITAH, NIyNapiaH, Y30eKHCTOH
Pecny6nukacu Omuit  Atrectanmuss  KOMHUCCHUSICHHUHT JOKTOPJTUK
JUCCepTaIMsUIapy aCOCUI WIMHUM HaTHKaJapUHU YOI ATUII TABCUSI ATHIITAH WIMHMA
Hampiapaa 4 Ta Makoja, KymuajuaH, | Tacu XOpwkuil Ba 3 Tacu pecryOJinKa
KypHaJUIapu/ia Hallp STUJITaH.

JluccepTaMSIHUHT XAa:KMHM Ba TY3WIMIIHU. JluccepTanusi KUpUIL KUCMH,
yura 000, Xynoca Ba QoimanaHuiaran ajaduériap pyixartujaH TalIKWJ TOMTaH.
JuccepTaliMsTHUHT Xa)kKMU 85 O€THM TAIlIKWJI ATTaH.

JIACCEPTAIIUSIHUHT ACOCUM MASMYHH

Kupum xucmuaa aumccepranus MaB3yCHHUHT J0J3apOJIMTH ACOCIIAHTaH,
TaJKUKOTHUHI pecnyOiuka (paH Ba TEXHOJOTUSJIAPU PUBOKIAHUIIMHUHT YCTYBOP
WYHaIMIUIApUra MOCIWTY KypCaTWJIraH, MyaMMOHMHI YPraHWITaHJIUK Japakacu
KEeJITUPWITraH, TaJAKUKOT Makcaau, Basudanapu, O0OBEKTH Ba MPEeIMETH
TaBCU(JIAHTaH, TAJKUKOTHUHI WIMHI SHTUJIUTH Ba amMaliuil HaTwxanapu OaéH
KWJIMHTaH, OJJMHTaH HaTH)KAJIADHUHT Ha3apuil Ba aMajuil akaMHUsITH 0O4nO OepuiraH,
TaJIKUKOT HATWKAJIAPUHHUHT JKOPUM KWIMHMINM, HAIIp OTWITaH WIUIAp Ba
JUCCepTaLMs TY3WIAIIY OYnYa MabIyMOTJIap KENTUPUIITaH.

JucceprauustHuHT "[Tanxapanaru VUKKU 3appadayiu cucremMa
ramuwibToHuaHuHU Pon-Heiliman mHTerpanura éium" ne6 HOMIaHYBUYM OMPUHYU
000uaa acocuii HaTWXajgapHU OAa€H KWJIMII YYyH 3apyp OYJran TyulyHuyajgap Ba
HATWKAJIAp, KyMJIQJlaH 4YerapajiaHraH y3-y3ura KylIMa OIlepaTtopiiap CIEKTPaIl
HA3apUsCHHHUHT 3apyp TEOpeMallapd KEJITHPWITaH, XamJa HKKUTAa HUXTHEPUI
3appavyajiy CHCTEMa TaMUJIbTOHHAHM KOOpAMHATa Ba UMILYJIbC KYpHUHUIUIAPHUIA
yerapaljiaHraH y3-y3ura Kyiima ornepartopiiap cudaruia Moc Tuiboept dazonapua
Kapanrad. Mkku 3appayanu cucTeMa Tyjla KBAa3MHUMITYJIbCU KUPUTUINO, WUKKU
UXTUEPUI  3appadanu ramMuibTOHMAaH @PoH-HeliMan wuHTErpanura EWniraH.
Hatmxana uWKKM 3appadaid  CUCTEMA TaMUITOHMAHW CHEKTPUHU  YPTaHMII
Macajacy KasaT oneparopiap, sbHU quckpet Llpenunrep oneparopiaapu crieKkTpall
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XOCCAJIAPUHU YPraHUll Macaaacura KEITUPHUIITaH.
Hucceprauussuuar  "llamkapamarm  ukku  3appadanu  [Ipegunrep
OMEpPATOPUHUHT OOFJIAHTaH XOJaTJIapyd MAaBXYMJIWTH Ba aHAIUTUKIUTU" 11€0

HOMJIAaHYBYM MKKHHYH 000u d >3 ymuamin 7 namkapaza ¥y3apo KOHTaKT
HNoTeHIMan EpaaMua TabCHUPJAIIYyBYM HKKHTA MXTUEpUN 3appadald cHcTeMara
moc Illpeaunrep omneparopu Kapairad. KapamaérraH omepaTOpHHUHT MYyXHM
CICKTPH/JAH YHIa SIr0HA XOC KMWMAaTH MaBXKY/JIMTH CHCTEMa KBa3HUMIIYJIbCH Ba
UTApUIIYBUYHd ¥3ap0 TabCHUp OJHEprusicura OOFIMK YypraHwirad. Moc Xoc
GYHKIUSHUHT AHAIATUKINTE Ba XOC KHHMATHHHT XamJa XOC (YHKIMSHHHLD
MaBXYUIMK COXAacHa KBa3HUMIIYJIbCHHUHI (YHKIHIACH cudartuga perysipauri
MCOOTJIaHTaH.

Il 606 HATHXATAPHHUHT KAThUH MaTeMaTHK GadHura yramms. T°- d —
ya4amiid TOp, s’IbHU (—7r,7r]d KyO OVncun. Ukku uxtuépuit 3appavaim cucremara

MOC KOHTAKT Tabcupiantysun muckper Lpeaunrep omepatopu L2(T?) rumsbepr
dazocuna Kyiugaru Gpopmyiia OunaH aHUKJIAHTaH:

H,(K) = Hyo(K)+ 4V, K e T
Kysranmac Hy(K) omepatop L*(TY) dasoma &£, () dyskmmsra kymaiTupuur
omnepatopu 0yuo,

(Ho(K)F)@ =& (@f(a), fel(T),

dbopmyiia OunaH aHuKJIaHTaH. byHna,
Ex (@) =&(@)+re(K -0),

y >0 3appauanap MaccajJapuHUHT HUCOATH Ba
d .
s(p)=Y (1-cosp?), p=(pY,....p@)eT".
i=1

V  y3apo Ttabcup (ky3rarmm) omeparopu L*(T?) dasoma kyitmmaru
dbopmysa OusiaH aHUKJIAHTaH:

(Vf)(p) =

(271z)d [f@da, feLl (T
d

Ymoy H,(K) ¢ynkuumsra kynaitupuin orneparopu kKysramumm V Oup ymaamim

yerapaJlaHral ¥3-y3ura KyliMa orepaTop OYiraHiaurd y4yH MYXHM CHEKTp
. d
TypFyHiuru xakujaru Beiin teopemacura acocan H (K),K € T onepatoprunr

myxuMm crektpu  H,(K),K eT? omepatop MyXUM CIIEKTPH OHMIIAH YCTMa-yCT

TyLIaau Ba
O-ess(Hy (K)) = O-(HO (K)) = [gm'n (K)igmax(K)]
Tymnamaan ubopat 0ynaau. bynna,
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Erin (K) = min £ (p) = (L+7)d - ZJ1+2ycosK“>+y,

peT i l
—(K)= max £ (p) = (1+7/)d+z\/1+2;/cosK(')+y
pe'}I‘ i=1

Acaatma 1. Keuuneu ypumnnapoa y #1 ea d >3 0eb ¢apasz xunamus. Azap
y=1 6a K=7=(n,.,n1)eT* 6puca, H ,(K) onepamopnune oy (H ,(K))
myxum cnexkmpu aunuiiou, aviu {€ i (7)) = € (7)) = 2d} 6ynaou. Ulynune yyym
H ,(K) onepamopnune myxum cnexmpu oo (H,(K)) wuxmuépui K e T oa
abconom y3ayKcu3 dIMac.

C— koMIUIGKC coHmap Tymiamu Oyncun. Mxtuépuit KeT?  yuym
C\[€in (K), & o (K)] Tymmamma v(K,:) aHanutuk QyHKOMSHEH KyHumarnda
AHUKJIAUMU3:

v(K,2) =

(27r) '[jz E(a)

1
Yoy V? onepatrop V MycOaT oOmMepaTOpHUHT KBaapaT WIIU3U OYJICHH.
Vxtuépuit K eT? yuayn

(Zj)d V(K E ax (K))
SIPOJIN

iy (K E e (K)) = 1V 2 (E iy (K) = Ho (K)) 'V 2,

BHpMaH-HJBHHrep HHTerpaJI ONEPATOPUHH aHUKJIAUMU3.

Taspud 1. d =3,4 6yacun. Aeap 1 conu
1 1

G, (K, € (K)) = 1V 2 (€ e (K) = Hg (K)) 'V 2

onepamoprune xoc Kuimamu 6ymu6, moc y xoc gyuxyus V'w)(7@ + p(K)) =0

Y@+ p(K)) =1 papas kumuw  mymxun),

wapmuu  Kanoamaaumupca ( (V
H, (K) onepamop o (H,(K)) myxum cnexmprune 1oxkopu  6Oycazacu
(2 =&« (K)) 0a supmyan camxea sea oetiunaou.
Yoy v(K)=v(K,E& . (K)) Oenrunaman xuputnd, wuxtuépuit u4>0
ydayH
M_(u) ={K e T :1- uv(K) <0},

M_(u) ={K e T* :1— uv(K) = 0},

12



M. () ={K e T :1- uv(K) >0}

TYIUIaMJIAPHU aHUKJIaNMU3.

Kyitnnaru teopemanap UKKUHYM OOOHUHT acCOCHI HaTHXajlap XUCOOIaHa Iu:

Teopema 1. a) Aeap 0< u<1lv(7) 6yaca, y xonoa M_(u) =3,
M_(1) =D, M, (u)=T°".

b) Adeap wpu=1v(z) oyaca, y xom0a M_(u)=9, M_(u)={7}
M. (1) = T \{7}.

c) Aeap Uv(7) < u<1l/v(0) oyrca, y xonoa M_(u), M_(u) ea M. (1)
mynaiamaap oyu smac.

d) Aeap u=1Uv(0) 6ynca, y xonoa M_(u)=T* \{0}, M_(u)={0} sa
M, (u) = <.

e) Aeap u>1Uv(0) 6ynca, y xonda M_(u)=T% , M_(u)=,
M. (1) = <.

Teopema 2.a) 1>0 6a KeM_(u) 6yncun. ¥ xonoa H ,(K)
onepamop Cs(H ,(K)) myxum cnexmpoan yneoa seona E, (K) xoc xuiimamea

sea. Moc xoc ¢pynxyus

N = H-C 2 (rmd
'//,u,K() Eﬂ(K)—gK()EL(T )!

oynoa C#0— Hopmaniawmupysuu Kynaumyeuu, Xakukuii aHAIumukx @OYHKYus
oynaou. Iy ounan 6upea E (K) xoc xuimam M_(u@) myniamoa xaxuxui

Kuumamuu  ocygpm  Qyukyus - 6ynaou. K->y, ()  Ouran  bepunean

v, M (1) > L*(T%) aKcaaHmupuul BEKMOP KUtimMamiau AHATUMUK

axcaaumupuws oynaou. Aeap 0< u < % yaca, y xonoa E (K),KeM_(u)
1%

xoc guumam yuyn &, (K) <E (K) <& (0) mynocabam 6asxcapunaou. Azap

o> % >0 6ynca, y yonoa E, (K),KeM_(u)= T K £0 xoc kuiivam yuym
1%

MEeH2CUBIUKIAP Oadcapuiau.
b) #>0 6a KeM_(y) 6yncun. A2ap d=3,4 o0Oyrca, og(H,(K))

myxum cnekmprune &, (K) toxopu 6ycazacu H ,(K) onepamop yuyn eupmyan

camx oynaou. Moc supmyan xonam
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HoC
Erex (K)=E ()

6ynoa C#0— nopmamiawmupyeuu xynatimyeuu, L(T*)\L2(T?) mynaamea

VK ()=

meauwinu  Oynaou. Azap d =5 ea KeM_(u) Oyica, oy (H, (K)) myxum
cnexkmprnune €, (K) 10kopu 6ycazacu H ,(K) onepamop yuyn xoc Kuiimam
oynaou. Moc xoc ynkyus
_ H-C 2 prind
4 , () - el (T )’
T (K) =€ ()

KypuHuwea s2a , oynoa C# 0—nopmariauwmupysuu Kynaimyeuu.

c) u>0 e6a KeM,(u) oyrcun. V xonoa H, (K) onepamop

Oess(H ,(K)) myxum cnexmpoan yneoa xoc kuiimamea s2a smac.
Huccepranmsauar  “Ilamkapamarn WKKM 3appadayii TaMWIbTOHUAHHUHT
OOFJIaHTaH XoJaTiapy Xakuaa” ae0 HOMJIaHYBUM Y4uHUM 000mma d >3 ymuamiu

7%  mamkapaga  ¥3apo  TOPTHIIYBYM  KOHTAKT  IOTGHIHMAN  SpaaMHza
TabCUpPJAITYBYM MKKUTA UXTUEPUN 3appayanu cuctemara Moc Ilpenunrep
OTIepaTOPHU CIIEKTPaJl XOCCAJApUHU YpraHuiira OaruIlIaHraH.

Wkku uxtuépuil 3appadanu cucremara moc aquckper llpenunrep oneparopu

L?(T%) rumbept hasocuaa Kyitnaark GopMyita GHIAH aHUKJIAHTAH:
H,(K) = Hy(K) -V, K e T
C— KOMIUIGKC coHnap Tymiamu OyiacuH. Mxtuépuit K eT?  yuyn
C\[€in (K), & rox (K)]  1Y¥mmamma  v(K,-) aHanmuTuk OQYHKIMSHE KyWujgaruda
AHUKJIAUMU3:

1 dq

V(.= (27)" 4 Ex(@) -2

1
Yoy V2 omepatop V MycOaT oOINEpaTOPHUHT KBaapaT WIANW3KA OYIICHH.

Vxtuépuit K eT? yuayn

(zf;)d V(K& pin (K))

AIPOJIH
1 1
G,,, (K Emin (K)) = 1V 2(Ho(K) = E i (K)) 7V 2,
bupman-11IBuHrep nHTErpal ONEPaTOPUHU AHUKJIANMU3.
Tavpud 2. d =3,4 6yacun. Aeap 1 conu
1

G, (K, Epmin (K)) = 4V 2(Ho(K) = & i (K)) V2
14



onepamopnune xoc Kuiimamu 6yau6, moc y xoc @yukyus (V' )(p(K)) =0

Y2 (p(K)) =1 apas xumuu mymxun), H,(K)
onepamop T (H ,(K)) myxum cnexmprune xyuu 6ycazacu (z=E,(K)) oa

wapmuu Kanoamaawmupca ((V

suUpmyas camxed 32a 0euunaou.

Kyitngaru TeopeMa yauHYd OOOHUHT aCOCUI HaTHXKajJapu XUCOOIaHa/IH:

Teopema 3.a) 1>0 6a KeM_(u) 6yncun. ¥ xonoa H ,(K)
onepamop Cs(H ,(K)) myxum cnexmpoan uanoa seona E , (K) xoc guimamea
sea. Moc xoc ¢hynxyus

H- C c L2 (Td )’

Ex () —E,(K)
oynoa C#0— Hopmaniawmupyyu Kynaumyeyu, XaKukuili aHaiumuk @QYyHKYus
oynaou. Iy ounan 6upea E (K) xoc xuiimam M_(u@) myniamoa xaxuxui

¥k ()=

Kuumamuu  ocygpm  gyuxyus - 6ynaou. K->y, () Ouran  bepunean

v, M (1) > L*(T%) akciammupuui  6eKmop  KUUMAamiu — aHAIUMuK

akcaanmupuws o6ynaou. Aeap 0< u< % oyaca, y yonoa E, (K),KeM_(u)
1%

xoc gutimam yuyn Ei(0) < E, (K) <& (K) mynocabam 6ascapunaou. Azap

u> % >0 6yaca, y yonoa E, (K),KeM_(u)= T K %0 xoc Kuiivam yuyH
1%
E,.(0) <E,(K) <&in(K) Ba E,(0) < £, (0).
MEH2CUBTUKAAD OadNCaApULIAOU.

b) ©>0 ea KeM_(u) oOyrcun. Ae2ap d=3,4 6yrca, o, (H,(K))
myxum cnekmprune & (K) xyiuu 6ycazacu H ,(K) onepamop yuyn eupmyan
camy 6ynaou. Moc eupmyan xonam

p-C
Ex ()= Epin(K)'

6ynoa C#0— nopmamiawmupyeuu xynatimyeuu, L (T*)\L2(T?) mynaamea

V/,u,K(') =

mezuwinu  Oynaou. Azap d =5 ea KeM_(u) 0Oyrca, ou(H, (K)) myxum
cnekmprune €y, (K) xyuu 6ycasacu H ,(K) onepamop yuyn xoc xuiimam
oynaou. Moc xoc ynkyus

H-C e L2(T%)
Ex () = Erin (K)
Kypunuwea sea, oynoa € # 0—nopmaniauwumupysuu Kynaimyedu.

) u>0 6a KeM,(y) Oprcun. V xondoa H, (K) onepamop

¥k ()=
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Oess(H ,(K)) myxum cnexmpoan wanoa xoc guiimamea s2a smac.
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XVJOCA

I[I/ICCCpTaHI/I}I HUIIK IIaHXXapaaaru }”Isapo KOHTAKT TabCHPJAIIYBYN HKKHTA

uxXTUEPUI 3appavaiu cucreMara Moc auckper llpenunrep onepaTopuHUHT MyXUM
Ba JUCKPET CHEKTPIAPUHU TAJKUK KUJUIITa OarulllJIaHTaH.

1.

TaaKMKOTHUHT acOCUM HaTWXKaJlapu KyWuaarujapaaH uoopar:

Ymyamu d >3 Oynran mamxkapajaa y3apo HUTapuinyBuM (u>0) KOHTAaKT
TabCHUPJANTYBYM HMKKUTAa UXTUEPUN 3appadyalidi CHCTEMAara MOC JHUCKPET
[lIpenuHrep ONEPATOPUHUHI MYXUM CIIEKTpIAH YHI/IA XOC KHWMaTH
MaBKYJIUTH UCOOTIAHTaH Ba YHra MOC XOC (DYHKIMSHUHT aHUK KYpPUHUIIU
TONWINO peryssip PyHKIUS IKAHIUTH  KYpCaTHIITaH.

Vmyam d =34 GynraHza MyXuM CIIEKTPHHHT IOKOPH OYycaFacHaa JHUCKPET
[Ipeaunrep omeparopu BUPTyad caTxra 3ra 3KaHJIWTK HCOOTIAHTaH Ba
BUPTYaJl XOJATHUHT UHTETPAIUIAHYBYM (PYHKIMS SKAHJIUTH KYpCATHIITaH.
KBazunMmnynsCHUHr Oepwiran KuilMaTuaa BUpPTyad carxra sra Oyirad
TabCHpP DHEPIUACH KHMMAaTIapyu TONWITAaH Ba TabCUP DHEPTUSICUHUHT
Oepunran KUMaTHAa CUCTEMA  KBAa3UUMITYJIbCIAPU [Ipennunrep
ONEPAaTOPUHUHI XOC KUWMaTh MaBxkKyln Oynaguran €ku MaBKy[
OynMaiiiuran Xamja BUPTyaJl caTXra odra OyjnaguraH Tyrjiamiapra
aXKpaTUJITaH.

Vmyam d>5 GynraHza MyXMM CIIEKTPHHHT FOKOPH OycaracH JMCKpET
[peauHrep onepaToOpUHUHT XOC KUAMATH OYIIUIIN KYpCaTUIITaH.

Viyamu  d>3 Oynran mamkapajga ¥y3apo TOPTHIIYBYHU KOHTAKT
TabCUPJANTYBYM HMKKUTA UXTUEPUN 3appadyaid cUCTEMara MOC IHCKPET
[lIpenuHrep ONEPATOPUHUHT MYXUM CIEKTpPAAH 4Yanjaa XoC KUWMaTh
MaBKYJIUTH UCOOTIaHTaH Ba YHra MOC XOC (DYHKIMSIHUHT aHUK KYpPUHUIIU
TONWIHMO peryssip PyHKIUS IKAHIUTH ~ KYpCaTHIITaH.

Viyam d =34 OynraHma MyxXuM CHEKTPHUHT Kyhu Oycaracuaa JHCKpET
[Ipeauarep omeparopw BUPTyad caTxra Sra SKAHJIWTH HCOOTIAHTaH Ba
BUPTYaJI XOJATHUHT MHTETPAIUIAHYBYM (DYHKIIMS SKAHJIUTH  KYpPCATHIITaH.
Vmuam d>5 Gynranga MyXuM CHEKTPHHHI Kyiinm 6ycarach JHMCKpeT
[Ipeauarep ONEpaTOPUHUHT XOC KUHMATH OYITUIIN KYypCaTUIITaH.
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INTRODUCTION (abstract of PhD thesis)

Actuality and demand of the theme of dissertation. Numerous scientific and
applied research conducted on a global level show that everywhere in physics
stable complex objects are usually formed as a result of action of attractive forces
that allow the component parts to reduce the energy in their binding. However,
recent years scientists have proved that in the ordered medium stable complex
objects can exist even in the case of repulsive interactions. Bose-Hubbard model is
used to describe the repulsive pairs, i.e. Schrodinger operator on a lattice is the
theoretical basis of experimental observations and theoretical basis for the
application. Therefore, the development of research of Schrodinger operators
corresponding Hamiltonians of the systems of particles on a lattice, which are
found in models of solid state physics and lattice field theory is one of the
priorities.

In our country in the years of independence much attention has been paid to
directions of applied importance, in particular, special attention was paid to the
study of Schrédinger operators corresponding to the system of particles on an
integer lattice. For the Schrodinger operators significant results were achieved in
determining the conditions for the existence of bound states which is located
outside of the essential spectrum and for their number.

Since the spectrum of the Schrodinger operators associated to the systems of
two quantum particles on lattice is quite sensitive to changes in the
quasi-momentum of the system, solving problems related to studies of the spectrum
of the operator and to show the existence of bound states as well as determine their
number plays an important role . In this regard, the implementation of targeted
investigation in the following areas is one of the most important problems:
investigate the discrete spectrum of the Schrodinger operator corresponding to a
system of two arbitrary particles with short-range pair potentials on lattice, to
establish the threshold phenomenon below the bottom or above the top essential
spectrum for the operator. Research carried out in the aforementioned areas
confirms the actuality of the dissertation topic.

This dissertation, to some extent, serves the tasks specified in the Decrees of
the President of the Republic of Uzbekistan Ne DP-436 dated August 7, 2006 "On
Measures for Improving the Coordination and Management of the Development of
Science and Technology" and Ne DP-916 dated July 15, 2008 "Encouraging the
introduction of innovative projects and technologies in production ", Ne DP -2789
dated February 17, 2017 "On measures to further improve the organization,
management and financing of research activities and activities of the Academy of
Sciences " and Ne DP -4947 dated February 8, 2017 "On strategy actions for the
further development of the Republic of Uzbekistan ", as well as in other
normative-legal acts on this activity.
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Dependence of research to priority directions of development of science
and technologies of the republic. This study was performed in accordance with
the Republic of Uzbekistan 1V priority areas of science and technology.
"Mathematics, Mechanics and Computer Science".

The degree of scrutiny of the problem. The basic problems of atomic and
molecular physics, solid state physics, quantum field theory are reduced to the
study of Schrodinger operators. The most comprehensive overview of the results in
this field is contained in the encyclopedia of modern mathematical physics, the four
volumes of M. Reed and B. Simon. The Schrodinger operators corresponding to
systems of particles on a lattice were first considered in the 90s of the last century
by D.S. Mattis, Al Mogilner and related research have developed rapidly. In
studying the Schrodinger operator on lattice in the mathematical sense arises the
same problems as in the case of continuous Schrodinger operator. Namely, it is
necessary to study the one, two, three and etc. particle Schrodinger operators. For
continuous and discrete Schrodinger operators, as well as a generalized Friedrichs
model the problems of the existence of a discrete spectrum and defining of
phenomenon on the threshold value of the coupling constant as well as expansion
for the eigenvalue on neighborhood of continuous spectrum were studied by
scientists M. Clausen B. Simon, G.M. Graf, D. Schenker, R.A. Faria da Veiga, E.L.
Lakshtanov, R.A. Minlos, S.N. Lakaev, K. Makarov.

It is known that with the decrease of the coupling constant, the energy of the
bound state of the two-particle Schrodinger operator approaches to the edge of the
continuous spectrum, and in finite value of the coupling constant gets to the edge.
The problem about the correspondence to this threshold value a bound state or a
virtual level is studied in the works of D.R. Yafaeva, J. Rauch, B. Simon, M.
Klaus and S. N. Lakaev.

In the work of S.N. Lakaev for two-particle discrete Schrodinger operators

H, (k) =Hq(k)+ 4V ke T* associated to a system of two bosons interacting with

the pair short-range potential, the threshold effect of the quasi-momentum is
proved, that if for some value of u = g, <0 the nonnegative operator H " (0))

has a virtual level on the left threshold of the essential spectrum, then for all
nonzero values of the quasi-momentum the operator H#0 (k) has one eigenvalue

lying below the bottom of essential spectrum.

In the work of S. Albeverio, S.N. Lakaev, K. Makarov and Z.E. Muminova
for two-particle Schrédinger operators, associated to a system of two arbitrary
particles on a lattice Z°,d >3 interacting with pairwise short-range potentials is
found conditions for the existence of eigenvalues, depending on the dispersion
functions.
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Two-particle discrete Schrodinger operators, corresponding to a system of two

quantum particles moving on a d >3 dimensional lattice Z° interacting with the
pair attractive contact potentials are considered in the work of S.N. Lakaev,
Sh.Yu.Kholmatov, A.Khalkhuzhayev and Sh.S.Lakaev. The existence of unique
eigenvalue lying to the left of essential spectrum is proved and asymptotics are
found for the eigenvalue depending on the quasi-momentum and the coupling
constant.

The connection of the topic of the dissertation with the research work of

the higher educational institution, in which the dissertation is carried out.

The dissertation work is done in accordance with the planned theme of
scientific research “Spectral analysis of Hamiltonian of a systems with
non-conserved limited number of particles on lattice” (F4-FA-F079, Samarkand
State University, 2012-2016); “Models of systems with a limited number of
particles on a lattice. Essential and discrete spectra of energy operators”
(OT-F4-66, Samarkand State University, 2017).

The aim of the research is to study location of essential and discrete spectra
as well as the number of eigenvalues of the Schrodinger operator associated to a
system of two arbitrary particles interacting via a pair contact potential on lattice.

Research tasks:

to prove the existence of eigenvalue locsted to the right of essential spectrum
of discrete Schrodinger operator associated to a system of two arbitrary particles
interacting via a pair contact repulsive (x>0) potential on d>3 dimensional
lattice and to prove regularity of corresponding eigenstate finding its exact form;

to prove that the discrete Schrodinger operator has virtual level at the right
edge of essential spectrum if the dimension is d=3,4 and to establish that the

virtual state is integrable;

to define for the fixed value of quasi-momentum the values of coupling
constant which the operator has virtual level and for the fixed value of coupling
constant to separate the set of quasimomentum which the operator has eigenvalue
or has not eigenvalue or has a virtual level.

to show that the right edge of essential spectrum is eigenvalue of the
Schrodinger operator if the dimension is d >5;

to prove the existence of eigenvalue located to the left of essential
spectrum of discrete Schrodinger operator associated to a system of two arbitrary
particles interacting via a pair contact attractive potential on d >3 dimensional
lattice and to prove regularity of corresponding eigenstate finding its exact form;

to prove that the discrete Schrédinger operator has virtual level at the left
edge of essential spectrum if the dimension is d=3,4 and to establish that the

virtual state is integrable;
to show that the left edge of essential spectrum is eigenvalue of the
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Schrodinger operator if the dimension is d >5.

The research object. The Hamiltonian and system of two arbitrary particles
on lattice interacting via a pair contact potential.

The research subject. Spectral study of two-particle Schrodinger operators
associated to systems of two arbitrary particles on lattice.

Research methods. In the research used the general methods of
mathematical analysis and the theory of complex analysis, as well as the spectral
theory of self-adjoint operators, including the Birman-Shvinger principle.

The scientific novelty of the research is as follows:

it is proven the existence of eigenvalue located to the right of essential
spectrum of discrete Schrodinger operator associated to a system of two arbitrary
particles interacting via a pair contact repulsive («>0) potential on d=>3
dimensional lattice and it is proven regularity of corresponding eigenstate finding
its exact form;

it is proven that the discrete Schrodinger operator has virtual level at the
right edge of essential spectrum if the dimension is d =34 and it is established
that the virtual state is integrable;

it is defined for the fixed value of quasi-momentum the values of coupling
constant which the operator has virtual level and for the fixed value of coupling
constant it is separated the set of quasimomentum which the operator has
eigenvalue or has not eigenvalue or has a virtual level,

it is shown that the right edge of essential spectrum is eigenvalue of the
Schrodinger operator if the dimension is d >5;

it is proven the existence of eigenvalue located to the left of essential
spectrum of discrete Schrodinger operator associated to a system of two arbitrary
particles interacting via a pair contact attractive potential on d >3 dimensional
lattice and it is shown regularity of corresponding eigenstate finding its exact form

it is proven that the discrete Schrodinger operator has virtual level at the
left edge of essential spectrum if the dimension is d =3,4 and it is established that
the virtual state is integrable;

it is shown that the left edge of essential spectrum is eigenvalue of the
Schrodinger operator if the dimension is d >5.

Practical results of the research consists in the possibility of using the
findings of the analyticity of bound states in the study of qualitative properties of
experimental observations and numerical calculations in solid state physics and
quantum mechanics.

The reliability of the results of the research based on using the methods of
mathematical analysis, mathematical physics, functional analysis and complex
analysis, as well as the rigor of mathematical reasoning.

The scientific and practical significance of the research results. The
scientific value of the results of the study lies in the fact that they can be used in the
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spectral theory of self-adjoint operators, quantum mechanics, solid state physics,
quantum field theory, in particular, solutions of problems related to the spectrum of
Hamiltonians of systems of two and three particles on a lattice. The practical
significance of the dissertation work is determined by the fact that the scientific
results obtained in this work can serve as a theoretical basis of experimental
observations, carried out in solid-state physics and quantum mechanics.

Implementation of the research results. The results obtained during the
dissertation research are applied in the following areas:

the analyticity of eigenstate of the Schrodinger opertor associated to a system
of two arbitrary particles on lattice was used in J.Phys.A: Math.
Theor.-50,-2017.- 335202 (IF=1.857) in order to study spectrum of the Shroedinger
operator associated to the three particle system. Using scientific result enabled
to prove analyticity of eigenstate of considering operator;

dependence on coupling constant of eigenvalues of the Schrodinger operator
associated to a system of two arbitrary particles on lattice was used in J.Phys.A:
Math. Theor. 49, 2016. 145204 (IF=1.857) in order to prove existence of
eigenvalue and its location located to the left of essential spectrum  of the
Shroedinger operator associated to the system of three identical particle
interacting via a pair contact attractive potential on lattice. Using scientific
result enabled to study the existence of eigenvalue and its location of the
Shroedinger operator depending on coupling constant;

the dependence on quasi-momentum of eigenvalue of the Schrodinger
operator associated to a system of two arbitrary particles interacting via a pair
contact repulsive potential on lattice was used Theor. Math. Phys. 2014, Vol. 178
No 3, p336-346 (IF=0.984) in order to show the existence of eigenvalue of the
Schrodinger operator associated to the system of two identical particles
interacting via contact potential. Using scientific result enabled to prove the result
of positivity of eigenvalue of considering operator.

Approbation of the research results. The results of this research were
discussed at 4 international and 2 republican scientific and practical conferences.

Publications of the research results. 10 scientific works were published
on the topic of the dissertation, 4 of them are published in journals included in the
list of scientific publications proposed by the Higher Attestation Commission of the
Republic of Uzbekistan for the protection of doctoral dissertations, including 1
published in foreign and 3 in national scientific journals.

The volume and structure of the dissertation. The dissertation work

consists of an introduction, three chapters, conclusion and bibliography. The
volume of the thesis is 85 pages.
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MAIN CONTENT OF DISSERTATION

In the introduction is given the actuality and relevance of the thesis topics,
determined the appropriate research priority areas of science and technology of the
Republic, presented a review of international research on the theme of the
dissertation and the degree of scrutiny of the problem, formulated goals and
objectives, identified the object and subject of study, scientific novelty and
practical results of the research are stated, revealed the theoretical and practical
importance of the obtained results, information on the implementation of the
research results about the published works and the structure of dissertation are
given.

In the first chapter of the dissertation called "Decomposing into a direct Von
Neuman integral of the Hamiltonian of two particle system" is given basic notions
and results including the necessary theorems of spectral theory of bounded
self-adjoint operators in order to describe main results and the Hamiltonian of the
system two arbitrary particles in coordinate and momentum representation are
considered as bounded self-adjoint operator in corresponding Hilbert space.
Determining two particle quasi-momentum, the Hamiltonian of system of the two
arbitrary particles is decomposed into a direct Von Neuman integral. As a result,
studying spectral properties of the Hamiltonian of the two particle system is
reduced to study fiber operators, i.e. investigating spectral properties of the discrete
Schrodinger operators.

In the second chapter of the dissertation called “Existence and analyticity of
bound states of a two particle Schrodinger operator on a lattice ™ is considered two
particle Schrodinger operator corresponding to system of two arbitrary particles on

d >3 dimensional lattice Z* interacting via a pair contact potential. Depending
on repulsive coupling constant and two particle quasi-momentum the existence of
unique eigenvalue located to the right of essential spectrum of considering operator
is studied. It is proven the anlyticity of the corresponding eigenstate and the
analyticity of the eigenvalue and the eigenstate as function of the quasi-momentum
in the domain of their existence.

We consider the strict mathematical description of Chapter Il. Let T be
the d —dimensional torus, i.e, the cube (-, 7]° with properly identified opposite
faces. Two particle Schrédinger operator corresponding to a system of two particles
interacting via a pair contact potential acting in L2(T?) is defined by the formula:

H,(K) = Ho(K)+ 4V, K e T°.
The unperturbed operator H,(K) in L?(T")is the operator of multiplication by
the function &£, (-):

(Ho(K)F)@) =& (@) f(a), fel*(T7),
where
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Ex (@) =¢&(q) +ye(K -Qq)
with the function

d -
é(p)=) (1-cosp®), p=(p®,....p)eT",
—

y >0 is the ratio of mass of particles.
The interactiong (perturbation) operator V actsin L*(T%):
1
Vi)(p)= = [ f(a)da, feLl*(T).
(27) 4
The perturbation V of the multiplication operator H,(K)is a one-dimensional

bounded self-adjoint operator. It follows from the Weyl theorem on the
preservation of the essential spectrum under a compact perturbation that the

essential spectrum of Hﬂ(K),Ker coincides with the spectrum of

H,(K),K e T? and is given by an interval:

Oess(H,(K)) = 0(Hy (K)) = [Ein (K), Emax (K],
where

d -
gmin (K) = rnll’clj SK(p) = (1+ ]/)d —Z\/1+ 27COSK(I) +72’

peT i=1

d -
Enmx (K) = max € (p) = (L+)d +3 y1+2pcosKD 452,
peT i=1
Remark 1. Everywhere in what follows, we assume that ¥ #1 and d >3.
For y=1 and K=7%=(x,..,7)eT?, the essential spectrum Oess(H ,(K)) of
H,(K) degenerates, i.e., shrinks to a point {€,;,(7) = &,,(7) =2d} and the es-
sential spectrum o (H ,(K)) of H , (K) is therefore not absolutely continuous

forall KeT®.

Let C be the complex plane. Forany K e T, we define the analytic func-
tion v(K,) in C\[&,(K), & (K)] as

_ 1 dg
V2= Gy Iz—eK(q)'

rd
1
Let V2 be a square root of the positive operator V . We define the

Birman-Schwinger operator
1

G, (K, &y (K)) = 4V 2(E e (K) = Ho (K)) 'V 2,
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with the kernel

(Zj)d V(K€ e (K)).

Definition 1 Let d =3,4. We say that the operator H , (K)has a virtual
level at the right edge (at the point z=¢&,,(K)) of the essential spectrum

Oess(H ,(K)) if the number 1is a simple eigenvalue of the operator
1 1

G, (K, & (K)) = 1V 2 (€ o (K) = Hg (K)) 'V 2
and the corresponding  eigenfunction satisfies the  condition
VY2 (7 + p(K)) = 0. We can always assume that (V%)(7 + p(K)) =1.
We introduce the notation v(K)=v(K,& . (K)) and for any x>0, we
define the sets

M. (1) ={K e T® :1- uv(K) <0},
M_(u) ={K e T% :1- uv(K) =0},
M. (x) ={K e T* :1— uv(K) > 0}.

The following theorems are the main results of the second chapter:
Theorem 1. a)lf O<u<1l/v(Z) ,then M_(n) =9, M_(u)=Yand

M. (u) = T°.
by If u=1v(z) , then M_(u) =3, M_(u)={#} and
M. () =T \ {7}
c) If v(z)<u<llv(0, then the all setsM_(x), M_(x) and M. (u)
are nonempty.
d) If x=1/v(0),then M_(x)=T*\{0}, M_(x)={0} and M. (u)=0.
e) If u>1/v(0),then M_(u)=T% M_(u)=< and M. (u)=2.
Theorem2.a) Let #>0 and KeM_(x). Then the operator H ,(K)
has a unique eigenvalue E  (K) located to the right of the essential spectrum
Oess(H ,(K)). The corresponding eigenstate
H-C
E,(K)-Ex()’
where c=0is a normalization factor, belongs to L?(T%)and is a real analytic
function. Moreover, E, (K)is an even real-analytic function on M_(x). The map

VK ()=

v, M (1) > L>(T%) given by K —> v, () is a vector-valued analytic map.
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If 0<ys%, then the eigenvalue E (K) E, (K),KeM_(u) satisfies the
| 4

inequalities &, (K) <E,(K) <& (0); if > % >0, then the eigenvalue
14

E,(K),KeM_(u) =T’ K=0 satisfies the inequalities
Emax (K)<E,(K)<E,(0) and &, (0) <E,(0).

b) Let x>0 and KeM_(u). For d =3,4 the right edge &, (K)of the
essential spectrum o (H ,(K)) is a virtual level of H (K). The corresponding
virtual state

H-C
E s (K) =& ()
where c¢=0 is normalization factor, belongs to L*(T%)\ L?(T?). For d>5 and
K eM_.(x), the right edge &, (K) of the essential spectrum o (H ,(K)) is
an eigenvalue of H , (K). The corresponding eigenstate has the form

¥ .k ()=

_ M-C 2 grd
lr// , () - € L (T )’
T (K) =€ ()
where ¢ =0 isanormalization factor.
c) Let x>0 and KeM,(x) . Then the operator H, (K) has no
eigenvalues located to the right of the essential spectrum o (H ,(K)).

In the third chapter of the dissertation called “On bound states of the two
particle Hamiltonians on lattices” is devoted to study spectral properties of two
particle Schrodinger operator corresponding to system of two arbitrary particles on

d >3 dimensional lattice Z® interacting via a pair contact attractive potential.
Two particle Schrodinger operator corresponding to a system of two

arbitrary particles acting in L?(T?) is defined by the formula:
H,(K)=H,(K)—uV,KeT".

Let C be the complex plane. Forany K e T, we define the analytic function
v(K,) in C\[E, (K), &y (K)] as

1 g
SRR o

Td
1
Let V2 be a square root of the positive operator V . We define the

Birman-Schwinger operator
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1

G,y (K, Ein (K)) = iV 2(H(K) = Ein (K)) V2,

1
2

with the kernal

7V (K, Ein (K)).

(2 )
Definition 2. Let d =3,4. We say that the operator H ,(K) has a virtual
level at the left edge (at the point z = £, (K)) of the essential spectrum

Oess(H ,(K)) if the number lisa S|mple eigenvalue of the operator
1

<%0«6m4K»=;N50u00—8m4K»4v5
and the corresponding eigenfunction y satisfies the condition (V*2y)(p(K))=0.
We can always assume that (V%) (p(K)) =1.

The following theorem is the main results of the third chapter
Theorem 3. a) Let x>0 and K eM_(x). Then the operator H ,(K)

has a unique eigenvalue E  (K) located to the left of the essential spectrum
Oess(H ,(K)). The corresponding eigenstate
M-C
£ ()~ E,(K)’
where c=0is a normalization factor, belongs to L?(T%)and is a real analytic
function. Moreover, E , (K)is an even real-analytic function on M _(x). The map

VK ()=

v, M (1) > L>(T?) given by K —>w, k() is a vector-valued analytic map.

If O<u< % then the eigenvalue E  (K),K e M_(u) satisfies the inequalities
|4

Emin(0) <E (K)<&in(K), if  u >m >0 , then the eigenvalue
E.(K),KeM_(n)= T K =0 satisfies the inequalities
E,(0)<E,(K)<&nn(K)and E,(0) <&, (0).

b) Let x>0 and KeM_(u). For d=3,4 the left edge &,(K)of the
essential spectrum o (H ,(K)) is a virtual level of H , (K). The corresponding
virtual state

H-C
Ex ()= Epin(K)'
where c¢=0 is normalization factor, belongs to L*(T%)\ L?(T¢). For d>5 and
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KeM_(x), the left edge &, (K) of the essential spectrum o (H ,(K)) isan
eigenvalue of H  (K). The corresponding eigenstate has the form

_ Hu-C 2 rrmd
l// () - € L (11‘1 )7
T e (O = Ein (K)
where c=0 is anormalization factor.
c) Let 4>0 and KeM,(x) . Then the operator H (K) has no

eigenvalues located to the left of the essential spectrum o (H ,(K)).

CONCLUSION
The dissertation is devoted to study essential and discrete spectra of the two
particle Schrodinger operator corresponding to system of two arbitrary particles on
lattice interacting via a pair contact potential.
The main results of the research are as follows:

1. It is proven the existence of eigenvalue above the top of essential spectrum
of discrete Schrodinger operator associated to a system of two arbitrary
particles interacting via a pair contact repulsive (x>0) potential on d >3
dimensional lattice and it is shown the corresponding eigenstate in
coordinate representation exponentially decreases at infinity;

2. It is proven that the discrete Schrodinger operator has virtual level at the
right edge of essential spectrum if the dimension is d=34 and it is
established that the virtual state approaches to zero at infinity;

3. Itis defined for the fixed value of quasi-momentum the set of the values of
coupling constant which the operator has virtual level and for the fixed value
of coupling constant the set of quasimomentum;

4. It is shown that the right edge of essential spectrum is eigenvalue of the
Schrodinger operator if the dimension is d >5;

5. It is proven the existence of eigenvalue below the bottom of essential
spectrum of discrete Schrodinger operator associated to a system of two
arbitrary particles interacting via a pair contact attractive (x>0) potential
on d=>3 dimensional lattice and it is shown that the corresponding
eigenstate in coordinate representation exponentially decreases at infinity;

6. It is proven that the discrete Schrodinger operator has virtual level at the
left edge of essential spectrum if the dimension is d=3,4 and it is
established that the virtual state approaches to zero at infinity;

7. It is shown that the left edge of essential spectrum is eigenvalue of the
Schrodinger operator if the dimension is d >5;
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Leabio nccjieI0BaHUA SBISETCS U3YUYEHHE MECTOIOJIOKEHHUS CYIIECTBEHHBIX
U JHUCKPETHBIX CIEKTPOB, a TaKKe YHuciIa COOCTBEHHBIX 3HAYEHUM oleparopa
[[IpénuHrepa, COOTBETCTBYIOLIETO CHUCTEME JIBYX HPOU3BOJBHBIX YacCTHII,
B3aMMO/ICHCTBYIOIIUX C IOMOIIBIO MAPHOTO KOHTAKTHOTO MOTEHI[MAJIa HA PEIIETKE.

O0bekT ucciaenoBanusi. ['aMWIBTOHMAH M CUCTEMA JIBYX IPOM3BOJIBHBIX
YaCTHUIl HAa PEUIETKE, B3aUMOICHCTBYIOIINX YEPE3 MAPHBIA KOHTAKTHBINA MTOTEHIIAAIL.

Hay4Hasi HOBH3HA MCCJICIOBAHUSA 3aAKJIH0YAETCH B CJIeAYIOIIEeM:

JIOKa3aHO CYIIECTBOBAaHHWE COOCTBEHHOTO 3HA4YEHHUs, JiexkKallee IMpaBee
CYILLIECTBEHHOI'O CIIEKTpa JUCKPETHOTO oreparopa [IIpenunrepa,
COOTBETCTBYIOILIETO CUCTEME JIBYX IPOU3BOJIBHBIX YAaCTUL], B3AaUMOJEHCTBYIOIIUX C
IIOMOIIBIO NIAPHOTO KOHTAKTHOTO OTTAJIKUBAIOLIETO (x>0) moreHuuana Ha d >3
MEpPHOM pelIeTKe, M IMOKAa3aHO, YTO COOTBETCTBYIOIIEE COOCTBEHHOE COCTOSHUE
ABJIAETCS PEryJIsIpHON (PYHKIUEH;

JI0OKa3aHo, 4To eciu d =34, AuCKpeTHbld oneparop llpenunrepa umeer
BUPTYaJIbHBI YPOBEHb HA IIPABOM KpPAlO CYIIECTBEHHOI'O CIIEKTPA U YCTaHOBJIEHO,
YTO BUPTYAJIbHOE COCTOSIHUE SBJISIETCSI HHTETPUPYEMOM (QYHKIIHEH;

Uil (PUKCUPOBAHHOTO 3HAYEHMsI KBAa3MHMMITYJbCA OIpPEACNISIeTCS 3HAuYeHHE
KOHCTAHTBI CBSI3W, B KOTOPOM OIIEpPATOpP HMMEET BUPTYaJbHBIA YPOBEHb, a IS
(UKCUPOBAHHOIO 3HAYEHMS] KOHCTAHTBbl CBSI3W MHOXECTBO KBa3WHMITYJIbCa
paszensaeTcss Ha MHOXKECTBA, B KOTOpoM sl onepatopa [lIpeaunrepa cymectByer
WIM HE CYUIECTBYET COOCTBEHHOTO 3HAUEHUS WJIM UMEIOIIMKA  BUPTYaJIbHbBIN
YPOBEHB;

IToka3zaHo, 4yro ecnu d >5, mpaBblid Kpall CyLIECTBEHHOI'O CIEKTpa SBJISETCS
coOCTBEHHBIM 3HaueHueM oneparopa Llpenunrepa;

JlokazaHO CyILIECTBOBAaHHME COOCTBEHHOIO 3HAYEHMsI, JIeKallee JieBee
CYILIECTBEHHOI'O CIIEKTpa JUCKPETHOTO oreparopa [IIpenunrepa,
COOTBETCTBYIOILIETO CUCTEME JIBYX IPOU3BOJIbHBIX YAaCTUL], B3aUMOJICHCTBYIOIIUX C
ITIOMOIIBIO ITAPHOTO KOHTAKTHOT'O IMPUTATMBAIOLIErO MTOTEHIHANA HA d >3 MEpHOU
pelieTke, U MOKa3aHO, YTO COOTBETCTBYIOLIEE COOCTBEHHOE COCTOSIHME SIBIISETCS
perynsipHon QyHKIHEH,

Joka3zano, uro ecim d=3,4, nuckperHsld omneparop llpenuHrepa unmeer
BUPTYaJIbHBI YPOBEHb Ha JIEBOM KAl CYIIECTBEHHOI'O CIEKTPa M YCTAHOBJICHO,
YTO BUPTYaJIbHOE COCTOSIHUE ABJISIETCS] HHTETpUpyeMoi (hyHKIIMEH;

IToka3zaHo, yTto ecnu d>5, JEBBIM Kpall CYILIECTBEHHOI'O CIIEKTpa SBISETCS
coOCTBEeHHBIM 3HaueHueM oneparopa peannrepa;

Bueapenue pe3yiabTaTroB HccienoBaHusi. [lomydeHHble B nuccepranuun
pe3ynbTaThl ObUIM UCIIOJIB30BAHBI B CIEAYIONINX HAYYHBIX )KypHaIaXx;

AHAJIMTUYHOCTL COOCTBEHHOTO cocTosiHusa —omeparopa péaunrepa,
aCCOLIMPOBAHHOTO C CHCTEMOW ABYX IPOU3BOJIbHBIX YACTHUI[ Ha peuieTke, OblLia
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ucnoip3oBana B J.Phys.A: Math. Teopema-50, -2017.- 335202 (IF = 1,857) s
u3ydeHus crekrtpa oneparopa [péaunrepa, CBSI3aHHOTO C CUCTEMOM TpeX YaCTHIL.
Hcnonb3oBaHne HAy4yHOTO pe3yjbTaTa IO3BOJIMJIO JOKa3aTh aHAJIUTHYHOCTH
COOCTBEHHOI'0 COCTOSIHUSI pacCMaTpUBAEMOr0 OIepaTopa,;

3aBUCUMOCTh OT KOHCTAHTBI CBSI3U COOCTBEHHBIX 3HAUYEHHMM orepaTopa
[pénuurepa, accOIMPOBAHHOTO C CHUCTEMOW JBYX IPOU3BOJBHBIX YaCTHUI[ Ha
perrerke, Oblaa ucmoiab3oBana B J.Phys.A: Math. Teop. 49, 2016. 145204 (IF =
1.857), uToOBI [0OKa3aTh CYIIECTBOBAHHWE COOCTBEHHOTO 3HAY€HUS U €ro
MECTOTMOJIOKEHHSI, PACTIOJIOKEHHOTO CJIeBa OT CYIIECTBEHHOI'O CIIEKTpa orneparopa
[pénunrepa, accoUUPOBAHHOTO C CHUCTEMOM TpeX OJMHAKOBBIX YAaCTHII,
B3aMMOJICUCTBYIOIIMX 4Y€pe3 KOHTAKTHBIM MOTEHI[MAN MPUTSKEHUS Ha peIIeTKe.
Hcnonb3oBaHne HayyHOTO pe3yjibTaTa IMO3BOJMJIO H3YYUTh B 3aBUCHUMOCTU OT
KOHCTAaHThl ~ CBSI3U  CYIIIECTBOBAaHME COOCTBEHHOTO 3HAYEHHUS  OIeparopa
[pénuurepa u ero pacroioKeHHE;

3aBUCUMOCTh OT KBa3WUMITyJIbca COOCTBEHHOTO 3HA4Y€HHUs oOmepaTropa
[pénunrepa, accOUUPOBAHHOTO C CHUCTEMOH JIBYX IPOU3BOJBHBIX YAaCTHII,
B3aMMOJICUCTBYIOIINX Yepe3 MapHbIA KOHTAKTHBIA OTTAJIKUBAIOIINI MMOTEHIMAT Ha
perrerke, Oblaa wHcmonb3oBana B Theor. Math. Phys. 2014, Vol. 178 No 3,
p336-346 (IF=0.984) uyToOBI MOKa3aTh CYIIECTBOBAHWE COOCTBEHHOTO 3HAYCHUS
oneparopa llIpénunrepa, accCOUPOBAHHOTO C CUCTEMOM JABYX UJICHTUYHBIX YACTHII,
B3aHMOJECUCTBYIOIINX 4Ye€pPe3 KOHTAKTHBIM IMOTEHIMal. Vcnonb30BaHHE HAayyHOIO
pe3ynbTata TO3BOJWIIO JIOKAa3aTh TIOJOKHUTEILHOCTH COOCTBEHHOTO 3HAYCHUS
paccMaTpUBaEMOTO OTiepaTopa.

O0bém U cTpykTypa amccepraumu. Jluccepranusi COCTOUT U3 BBEACHUS,
TpeX TJaB, 3aKIIOYCHWS W CIOUCKA WCIOJb30BaHHOW JmTepaTypel. OObeM
JUCCEPTAIH COCTABIISACT 85 CTPaHUIIBI.
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