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KHPHUI (panacada noxkropu (PhD) auccepranmsicn aHHOTALMSCH)

Juccepranmus MaB3yCHHUHT 10J13ap0uru Ba 3apyparu. JKaxoH Mukécuaa
o6 Oopminaérran kKymiad uiMui-aManuil TaAKUKOTIapAaH MablyMKu (pu3ukaaa
Mypakkald TYypFyH OOBEKTJIap OJaTia yJapHUHT OOFJIaHTaH MalTAard 3HEpruscu
KaMaluil IMKOHUHU OEpyBUM TOPTUILHUII KyWIapy HATHXKACKA XOCHII OVIIMIIIMHA
kypcataau. TapTuOnaHran MyxurTiap/ia MypakkaOd TypFyH OOBEKTJIap XaTTOKU
UTApUIIYBYU TabCUPJIAp HATHXKACHZA XaM MaBXKyJ OYJIUIUIMIK SKIEepUMEHTAI
UCOOTIAHIN. UrtapuiryBuu KyPTIUKIapHU Hazapui acocrnaniia
doitnananunaauran boze-Xab6apa Mojenu, ’bHU MaHXapajard UKKU 3appadaiu
peaunrep omepaTopyd HKCIEPUMEHTA]T Ky3aTUIUIAPHUHT Ha3apuil acocu Ba
KYJUIAIIHUHT Ha3apuil Oazacu xucoOmananu. LIyHUHT y4yH KaTTHK KucMiap
du3nkacu xamja KBAaHT MaMJIOHIAp Ha3apusCHAA Yy4palauraH maHXapaaarud
3appauanap cucreMacura Moc lllpeaunrep omepaTopiapura ouJl TaJIKUKOTIApPHU
PUBOMIIAHTUPHUII MYXUM Bazudanapaan oupu 0Yiarbd KoIMoKa.

XO03Upru KyHJa >KaxoHJla MaHKapaJarn MKKU KBaHT 3appadyalid cucTemara
moc Illpenunrep omepaTopu CHEKTpPU CHCTEMa KBa3WUMITYJIbCU Y3rapuuiura
HUCOaTaH yTa ce3yBYaH OYITaHIUIU y4dyH ymIOy Omeparop CHEKTpuUra oOwuj
MyaMMOJIapHU XaJ 3THUII, SHHU OOFJIaHTaH XOJaT/iap MaBXKyUIMTUHU KYpCaTHUII Ba
YHUHT COHUHU aHUKJAIl MyXUM axamusT kacO 3TMokia. by Oopana manxkapana
KHCKa Maco(dana TabCHUpJAllyBUYM MKKUTA UXTHUEPUN 3appadaid cUCTeMara MocC
HlpenuHrep onepaTOPUHUHT TUCKPET CHEKTPUHM TAAKUK ATHIL, yHIOy Omeparop
MyXHM CIHEKTpU TyOuparun €ku Tenacugaru Oycara XOAMCAJTIApHU AaHMKJIAII
MaKCaTh WIMHH TaJKUKOTIAp XUCOOIaHAIH.

MycTakniuiuk WWiapuia mamilakaTuMusaa  (yHaameHTan (aHJapHUHT
amanuil TaTOMKKa 3ra OynraH noyzap0d WyHanIUIUIapra 3bTHOOpP Ky4aWTHUPHIIIN.
Kymnanan, wmareMaTuk (QUIMKAHUHT KyOUK MaHxapajara 3appadanap
cuctemacura Moc lllpenuHrep omnepaTropiiapvHM YpraHuiira ajioxujaa YbTHOOP
Kapatmwigu. [lamkapagarm uWkku 3appadanu  cuctemara woc Llpeawnrep
omepaTopyiapd y4yH MYXHUM CIEKTpAaH Tamikapujaa OOFJaHTaH XoJjariap
MaBXY/UINTH Ba YIApHUHT COHWHHM aHUKJAIITa OWJ CE3WIapiid HaTwXajlapra
spumwiayd. Marematuka, ¢u3MKa, aManuii MaTeMaTHKa (aHIAPUHHHT YCTHBOP
HyHanmunuiapu OyiiMya XalKapo CTaHAapTiIap Aapakacujia WIMHI TaJIKUKOTIAp
omnb Gopuin acocuii Basudanap Ba (GaonusT HYHANIHULIAPH THO OEITHIAHIN .
Kapop wxpocuHM TabMUHJAIIIAa KBAaHT MaWJOHJAp HA3apUsACH Ba YWU3HKIU
OTIepaTOPJIADHUHT CIEKTpajl HA3apUSICHHHU PHBOXIAHTUPHUII MYXUM axaMHsITra
ara.

V36ekucron Pecny6Gnukacu Ipesumentununr 2008  iun  15-mongaru
[T1K-916-con «MHHOBAIIMOH JOWMXAJIap Ba TEXHOJIOTHSJIAPHU UILTA0 YUKapUIIra
TaTOMK OSTUIIHU parOaTiaHTUpUIl Oopacujard KyliuMya dYopa-Taadupiap
Tyrpucuaarru, 2017 #un 17-dbespanmaru 11K-2789-con «Dannap akaaemuscu
daonuaTH, WIMUN-TAAKAKOT HWIUIAPMHU TaAlIKWJI OTUIL, OOWIKApUIIl Ba

1 Vs6ekucron PecryGinkacu Basupmap maxkamacuumar 2017imn 18 wmaiimarn «V36exucron Pecry6Gimkacu

@anyap akaJAeMIACHHHUHT SHTUAAH TAIIKWI 3TIITAH WIMHH TaJKUKOT Myaccacauapy (aoNusITHHHU TAIIKWI THII
TyFpucugantu 292-CoOHIN KapopH.



MOJIFSUTAIITUPHUIIHA STHAJAA TAaKOMUJUTAIITHPHUIT YOpa-TaaOupiiapu TYFPUCHTANTH
xapopu Ba 2017 iiun 8-despannaru ITD-4947-con «V36ekucTon Pecnybnnkacuuu
sSHaJla PUBOKIIAHTUPHUII OViYa Xapakatiap cTparerusicu Tyrpucuga»tu GapmMoHu
Ba Mas3Kyp (QaonusTra TEerMuuiM OOIIKa HOPMATHUB-XYKYKHM XyKoKatTjapa
OenruiaHrad BasudalapHU amaira OIIMpHUIIra ymoy auccepTauus TaaKUKOTU
MyalsiH Jlapa)kaja Xu3MaT KAJIaIu.

TagKUKOTHUHT pecnmy0JuKa (aH Ba TEXHOJOTHMSJIADH PHBOKIAHU-
IIAHUHT  YCTYBOP HYHAJMNLIApPUra OOFIMKJAMIM. Ma3Kyp TaJKUKOT
pecnyOnuka ¢daH Ba TexHoJorusiuap puBokiIaHumuHuUHT V. «Martemaruka,
MeXaHUKa Ba UHPOpPMATHKa» YCTYBOP HYHAIUIIN Joupacuaa Oa)kapuiiraH.

MyaMMOHMHI YPraHWJITaHJIMK Japaskacu. ATOM Ba MOJIEKYJIp Xamjia
KaTTUK SKUCMiIap (U3MKAcH, KBAaHT MaWJIOHJIAp HA3apUACHHUHT  acOCUM
macananapu lllpenuHrep omeparopiapuHu ypraHuira kKapatuiaraH. by coxana
OJIMHTaH HaTwXkajap Tyrpucuaa kymiad mabiymomiap M.Pux Ba b.CaiitMmoHHHMHT
WMWK unuiapuaa kentupwirad. [lanxkapagaru 3appadaiap CHCTEMAacura MocC
[Ipeaunrep oneparopaapu J.C.Martuc, A.M1.MorujibHep TOMOHHU/IaH YpraHWIraH.
[Tamxapanaru lpenuHarep onepaTopiapuHU MAaTEMATUK MabHOA TAAKUK ITUIIAA
y3nykcus Ilpeaunrep omnepatopiapupard kabu MyamMmosap yupaiau. AbHH,
nactiad Oup, WMKKM Ba XOKa30 3appayalyd oIleparopiliapHU YypraHuil Tanad
ATUIAIN.

V3nykcuz Ba guckper IllpenuHrep omeparopu xamjia yMyMIIAITaH
Opuapuxc MOAEIW YUYYH JUCKPET CIEKTP MAaBXYIJIUTH, XOC KHWUMAaTHUHT
Y3IIyKCU3 CIHEKTp arpodumaru EWniManapu, y3apo TabCUP KOHCTAHTACUHUHT
OycaraBuil KMMatTaaru xoaucaiapHu aHukiam mMacananapu M. Knays, b. CalimMoH,
I''M. I'pa¢, . lenkep, P.A.®apua ne Beiira, E.JI. Jlakmtanos, P.A. Munioc,
C.H. JlakaeB, K. MakapoB kabu oJgumiap TOMOHHMAAH YypraHwirad. Wkku
3appavanu [lpenunrep omeparopiapuiaa y3apo TabCUP JOMMHUNCH Y3TapHIIU
HaTwkacuaa OOFJIaHTaH XO0JIAT DHEPrUsCH  Y3JYKCH3 CIEKTp YeKKacura
SKUHJIAIAIM Ba TabCUP JOMMUUCHUHMHI 4YEKJIM KUHMaTHhaa CHeKTp Oycaracu
OwnaH ycTMma-ycT Tymaau. by Oycara xuiimaTtra OOFjaHTaH Xo0JiaT €KW BUPTyal
X0JIaT MOC KeNUIIMHU aHukiam Mmacanacu [x.Payx, b. Caiimon, M. Knays, /I.
Adaer Ba C.H.JlakaeBnap ToMonuman ypranuirad. Kypr-xypTu Ouian y3apo
KOHTAKT MOTEHIHA €pJlaMUJia TabCUPJIAITYBYH, UKKUTA OO30HaH TAITKUII TONTaH

cucrema ramunbronuanura moc H (k) =Hy(k)+ 4V ke T® wukkn 3appadann

muckpert lpenunrep onepaTtopu yuyH KBa3uuMITyjibCc Oycara 3QpdeKTH, SbHU arap
1=u,<0 HUHT Oupop Kuiimatuma H o (0) HomaH(puii omepaTop MyXHM

CIEKTPHUHI KyHW derapacuaa  BHPTyad carxra dra Oyica, y xoJjjgann
KBa3WUMITYJLCHUHT HOJIIaH (apkiu uxtu€pwii Kmiimatuga H o (k) omeparop

MYyXUM CHEKTp KyWH derapacujiaH nactia Xoc Kuimarra sra oynumm gactinad C.H.
JlakaeB nmmaa ypranuiras.

C. Anbesepuo, C. JlakaeB, K. MakapoB Ba 3. MyMHUHOBIap TOMOHHUIAH
d— ymuamm  Z°.d>3 mamkapaga kyQr-xkybTH OwmimaH Kucka Macodama
TabCUPJAIIYBUM UXTHEPUN HWKKH 3appavyalid CHUCTeMara MOC HKKH 3appayaiu



[Ipenuurep omnepaTopd Y4YyH XOC KUHMATIAPHUHI MAaBXKYJJUK IIapTiapu
aucnepcuoH (QyHkuusnapra Oornmmk paBumiga tomwirad. C.H.Jlakaes, A.M.
Xonaxyxkaes, I1.}O. Xommaros, III.C. JlakaeB wunutapuga d >3 yauamum Z°
NaHkapaja XapakaTJlaHyBuUM, TOPTUIIYBYM KOHTAaKT NOTEHUMAN €EpaaMujia
TabCUPJANTYBUM MKKHATA KBAHT 3appadaiu cuctemara Moc auckper IlIpeaunrep
ONEPATOPUHHUHT MYXHM CIEKTpAAH IacTaa SrOHa XOC KHMMaTh MaBXKyMJIUTU
UCcOOTIaHTaH, XaMJa y3apo TabCUp JOMMUICH Ba KBa3UUMITYJIbCTa OOFIIMK XO0J1/1a
XOC KUAMAT YYyH aCUMIITOTUKA TOMUIITAH.

JAuccepranmus TAAKMKOTHHHMHI JUCCEPTANUA 0AKAPUIITAH OJHI TABJIUM
MYyacCaCACHHMHI MJIMHI-TAAKUKOT HILIAPU peKajapu OWJIaH OOFJIMKJIMIH.
HMucceprauus taakukotn Camapkanj aaBiaT yHUBEpCUTETUHUHT D4-DA-D079
«ITanxkapanaru COHU CaKJIaHMaluraH 3appayvaiap cucTeMacu
raMUJIbTOHHAHJIAPUHUHT  cHekTpan Taxuwim»y (2012-2016) Ba OT-D4-66
«lTanxkapagaru 4YeKJIM COHJIard 3appadaiap CHUCTEMAacu MOJAEIUIapu. OJHEprus
OIEPAaTOPIAPUHUHT MyXUM Ba JUCKpeT crektpiaapu» (2017) maBsymapumaru
WIMHI TaIKUKOT JIOWUXanapu goupacuja 0akapuiras.

TagkukoTHUHT Markcaau. [laHkapagaru y3apo KOHTaKT TabCHPJIALTyBYU
UKKATa UXTUEPUU  3appayanu  cucremara Moc guckper  IIpeaunrep
ONEPATOPUHHUHT MYXUM Ba AUCKPET CHEKTPIAPUHU TAAKUK KHUJIUILLL.

TaagKuKOTHUHT Basudasapu:

ymuamu d >3 OynraH mNamxkapaaa y3apo WTApUIIYBUM €KW TOTHUIIYBUU
KOHTAKT TabCHUPJIAIIYBYM WKKUTA UXTUEPUN 3appayaiyd CHUCTEMAra MOC JIUCKPET
[[IpenuHrep OnepaTtOpUHUHI MYXHM CHEKTPIAH YHrAa €KHA 4Yanja XOoC KAMMaTH
MaBXYyJJIMTUHA KCOOTIAIl Ba YHra MOC XOC (DYHKIIUSHUHT aHUK KYPUHUILIWHU
TONUO peryssp GyHKUUS SKAHIUTUHU KYPCATHILL

Vayam d =3,4 Oynaranaa MyXUM CIEKTPHUHT IOKOpu OVcaracuja €Ku Kyuu
O0ycaracuga nauckper llpenunrep omeparopu BUpTyald caTXra sra 3KaHJIWIU
ncOoTiam Ba BUPTyal XOJATHUHI WHTErpaUlaHyBUd (DYHKUMS DKaHJIWTUHU
KYpCaTHILL;

KBa3UUMITYJIbCHUHI O€pWraH KuiiMaTujia BUpPTyall caTxra sra OyiraH
TabCUP DHEPTUSICU KUUMATIIADUHU TOMUII Ba TabCUP SHEPIUSCHHUHT OEpuIIraH
KUAMaTHa CUCTEMA KBA3UMMITYJIbCIIapy TyIuiamMuHau LlpenuHrep onepatoOpuHUHT
X0C KUWMATH MaBXya Oynmaguran €ku MaBxKyn OYIMaluraHn Xxamaa BUPTyal
caTxra sra Oynamurad cuHdIapra axXpaTui,

ymuam d>5 Oydaranga MyXuM CIEKTPHUHT IOKOpH Oycaracu €ku KyHu
O0ycaracu nuckper IlpeawHrep omepaTOPUHUHT XOC KHHUMATH OYJIMIIMHA
KYpCAaTHILL

TagkukoTHUHT 00bekTH. [lamkapajgarm y3apo KOHTAaKT MOTEHIHUAI
épAamMuia TabCHUpPJAIIYBYM HWKKUTAa UXTUEPUM 3appadajiap CHCTEMacu Ba
raMUJIbTOHUAHUAaH UOOpar.

TagkukoTHUHr mnpeaMeru. [lamkapamarn HWKKATA UXTUEPUNA 3appavyaiu
cucremara Moc  auckper  lllpenwHrep — omepaTOpIapUHUAHT  CHEKTPAI
TaJAKUKOTIIapHIaH HOopar.

TagKUKOTHUHI ycyJu1apu. TaJKMKOT UIIMAA MATEMATHK aHAIN3, y3-y3Ura
KyIlIMa ONeparopijap CHEKTpasl HazapscH, Xxamaa bupman-llIBuHrep npuHuunm
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ycyJapuaan (porganaHuiraH.

TagKMKOTHUHT WIMMI SIHTWINTM Kyiuaaruiapaad uoopar:

Ymyamu d >3 OYnaraH maHxkapaaa ¥y3apo HUTapUIIyBUM €KW TOPTUIIYBYH
KOHTAKT TabCHUPJANTYBUM WMKKATA UXTHEPHI 3appadyald CUCTEMara MocC JHCKPET
[IpenuHrep onepaTOPUHUHI MYXUM CIIEKTpAAH YVHIrAa €KUM Yanja XoC KHilMaTu
MaBXYy/JIMTH UCOOTIAHTaH Ba yHra MOC XOC (YHKIUSHUHT aHUK KYpUHMILIN
TOMMIUO peryisip PyHKIUS IKAHIUTH KYpCaTUIITaH;

ymuam d =3,4 Oynranna MyxMM CHEKTPHHMHT OKOpU OYycaracuia €Kku Kyhu
O0ycaracuna nauckper Illpenunrep omeparopu BUpTyald caTXra sra 3KaHJIWTU
UCOOTNIAaHTaH Xamja BHUPTyal XOJATHUHT WMHTErpaJIaHyBUM (DYHKIMS SKAHIIUTU
KYpCAaTWITaH;

KBa3UUMITYJIbCHUHI O€pWIraH KuiiMaTua BUPTyall caTxra sra Oyirax
TabCUP DPHEPTUSICU KUHUMATIApU TOMWITaH Ba TabhCUP SHEPTUSCUHUHT Oepuiran
KUMaTuJa cucTemMa KpazuuMmiydbciapu — [lIpeauHrep omepaTOpuHHUHT XOC
KHIIMaTH MaBXyJ Oynaauran €ku Mapxyz OyIMailiuraH Xamjia BUPTyall caTxra
sra OynaauraH Tynjaamiapra axpaTuiras;

ynuam d>5 OynaraHza MyXUM CHEKTPHUHI IOKOpH Oycaracu €Ku Kyiu
Oycaracu guckper IllpeauHrep ONEpaTOPUHUHI XOC KUHAMaTu  Oyiuin
KYpCaTHJITaH.

TagKMKOTHHHI  amMajJiuid  HaTHKACH.  DOFllaHran  XoJaTJIapHUHT
AQHAJIMTUKJINTA  XaKuJaru Xyjocajdap KaTTUK >KUcMiap ¢U3MKacu Ba KBaHT
MEXaHMKacHU/a OJKCIEPUMEHTAT  TaAKUKOTIApHUHT  cudaT KYypCaTKUUUHU
aHUKJIaNIa KYJUTAaHWINWIIA MyMKAHIIMTHIaH n0opar.

TagKMKOT HATHKAJAPUHUHI  MIHOHYWIMJIMIM  MAaTEeMaTWK  aHalu3,
MateMaTuK-(pu3uka, GyHKIIMOHAI aHAJIU3 Ba KOMIUIEKC Y3rapyBUMWIN PyHKUIMIIAP
Ha3apuscu yeyJuiapuaaH dbolanaHuITaHINTU xamjia MaTEMAaTHUK
MyJl0Xa3aJdapHUHT KaThbUWJINTK OUJIaH acOCJIaHTaH.

TagKMKOT HATHXKAJTAPUHUHI MJIMMHA Ba aMajiMil axamMusiTH. TaaKuKOT
HATWKAJAPUHUHT WIMHAM axaMHSATH Y3-y3Ura KylmMa ormepaTopiap CHeKTpasl
HazapusICHa, KBAaHT MEXaHUKACH Ba KATTHK >KHUCMJap (U3MKacuja MmaHxapajaaru
WKKHM Ba y4 3appayaiy CUCTeMa raMUJIbTOHHAHJIAPUHUHT CIEKTPJapU XaMmjia XOC
KHMMaTH MaBXY/UIMTUHU KypcaTuill OwjaH OOFJIMK MacajajlapHU Xaj dTHUIIIa
doitananuIn MyMKAHIUTH OWJIaH H30XJIaHA !,

TaakuKOT HATHXKATAPUHUHT aMaMil aXxaMHUsITH KATTUK >KHCMIIap (u3uKacu
Mypakkad OOBEKTIapM XOCHJ  OYIMUIIMHU  KYpcaTyBUM  SKCIIEpUMEHTAI
TAKAKOTIAp YTKA3WII Ba KyJUlalira Hazapuil >KUXaTAaH XU3MaT KWIHMIIA OWJIaH
OenruiaHaau.

TagKuKOT HATHKAJAPUHUHT SKOPUH KWIMHHINM. TaHXapajgard UWKKWATA
UXTUEpUM 3appadanu cucrtemara woc llpenuHrep ONepaTOPUHUHT  XOC
GyHKIUSTIApY aHATMTUKIMTHAAH €TaKdd XOpWkui KypHamwtapgaa (Journal of
Physics A: Mathematical and Theoretical 2017, V.50, Ne 33, 121-134; Journal of
Physics A: Mathematical and Theoretical 2016, V.49, Ne 14, 336-346; Theoretical
and Mathematical Physics, 2014, VVol.178 Ne 3, 390-402) y4 3appauaiu cucremara
Moc auckpet lllpenuHrep onepaTOPUHUHT CIEKTPUHU TOMUIIA (oiiaTaHUITaH.



Nnmuii HATWOKAQHUHT KYJJIAHWIAIIA OTIEPATOPHUHT XOC (DYHKITUSICH aHATUTHK
(GyHKIUS SKaHIMTUHA UCOOTIIall MIMKOHUHU OepraH;

naHxapajard HMKKUTa UXTUEPUA UWTApUIIyBYM 3appadalyd cHCTeMara MocC
Mpeaunrep omneparopu XoCc KUUMATIApUHUHT CHUCTEMa KBa3HUMITYJIbCHUTa
OOFIMKJINTHIAaH eTakund Xoprkuil xypHamiapaa (Theoretical and Mathematical
Physics, 2014, Vol.178 Ne 3, 390-402; Journal of Physics A: Mathematical and
Theoretical 2017, V.50, Ne 33, 121-134; Journal of Physics A: Mathematical and
Theoretical 2016, V.49, Ne 14, 336-346) KOHTaKT HOTEHI[HAIA UKKHTA OUp XHII
3appadaiii cuctemara Moc nuckpet llpeauHrep onepaTOpUHUHT XOC KUHMaTIapu
MaBXXYJJTMTUHU Kypcatuiaa dhoiaananuiarad. UMyl HaTHKaHUHT KYJUTaHWIAIINA
ypranunaéTran omnepaTop XOoC KUWMAaTHHUHT MYycCOATJIIMTUTa OWJ] HATHUXKaHU
ucOOTIaNl UMKOHUHU OepraH.

TaagkuKoT  HATHKAJAPUHUHT  anpolaumsicd. Ma3Kkyp  TaaKUKOT
HaTWXKalapu 4 Ta XalKapo Ba 2 Ta pecrnyOiiMKa WIMHNH-aMaluil aHXyMaHJIapuaa
MyXOKaMmaJlaH yTraH.

TagkMKOT HATHKAJTAPUHUHT JIbJOH KWIMHraHJauru. Jluccepranus
MaB3ycu OYyitnua sxamu 10 Ta MIMHIl HII 9OI STHITAH, IIyJapiaH, Y36eKHCTOH
PecniyOnukacu  Onmit ATTectamusi ~ KOMHUCCHUSCHUHHHT JIOKTOPJIUK
JUCCEPTALMSUIApU aCOCUM WIIMUM HaTWO)KAJIApUHU YOM ATHUII TaBCHUS ASTUJITaH
WIMHI Hampiapaa 4 Ta MakoJsa, >KymjagaH, | Tacu Xopuwxuil Ba 3 Tacu
pecnyOnuKa KypHaIapu/ia Hallp STUJITaH.

JluccepTanMsiHUHT Xa’KMH Ba TY3WIMIIM. J(BccepTanys KAPUIT KHCMH,
yura 000, xynoca Ba (oiliaJaHuiIrad agadueéTnap pyWxaTuaaH TAIIKWI TONTIaH.
JuccepranustHUHT XaXMU 93 OCTHH TAITKKJI ATTaH.

JIUCCEPTAIIUSIHUHT ACOCU MA3ZMYHHU

Kupum xucmuaa nuccepraisi MaB3yCHHHHI J0JI3apOJMIUA  aCOCIIAaHraH,
TaJKUKOTHUHT peciyOyinKa (paH Ba TEXHOJIOTHSIIAPY PUBOKIAHUIIMHUHT YCTYBOP
WYHaIMIUIapura MOCIUIM KypCaTWIraH, MyaMMOHHMHI YPTraHWITAHIIAK Japa’kacu
KeNTUPWITaH, TaJKUKOT Makcaau, Basudanapu, OOBEKTH Ba MpPeIMETU
TaBCU(JIAHTaH, TAAKUKOTHUHI WJIMUN SHIUJUTH Ba aMaliuid HaTwkainapu OaéH
KWJIMHTaH, OJIMHTaH HaTWKaJapHUHT Ha3apuil Ba amManuil akamMusaTH o4u0
Oepuiral, TaAKUKOT HATHXKAJAPUHUHT >KOPUM KWJIMHUILIY, HALIp 3TWITaH WUIUIAp
Ba JUCCEPTALMS TY3WIUIIN OYiinYa MabIyMOTJIap KEJITUPHUITaH.

Hucceprauusauar  «llamskapagaru  MKKH ~ 3appadajM  cUcCTeMa
raMmuibTOHUAHNHN DoH-HeiliMman wuHTerpajaura éium» 10 HOMIIAHYBYHU
OupuHun O0OMJa acocuil HaTWXaldapHU OaéH KWW Y4YyH 3apyp OVyirax
TyllyHYajgap Ba HaTWwkKajlap, JKymilaJaH 4erapajlaHral y3-y3ura Kylima
oreparopiap CIEKTpaJl Ha3apUsACUHUHT 3apyp TeopeMajapu KEeJITUPWIIraH, XaMaa
UKKWATAa UXTUEPUN 3appadyaiy CUCTEMa NaMWJIbTOHMAHU KOOpAMHATa Ba UMILYJIbC
KYpUHULIUIApUAA 4YerapajaHraH y3-y3ura KymMa omneparopiap cudaruga moc
ruieoept (azonapuaa Kapanrad. MKku 3appayany cuctema Tyjia KBa3MMMITYJIbCH
KUPUTHINO, UKKU UXTUEPUI 3appadanu raMmuibToHual @on-Heiiman unterpanura
énnnrad. Hatwxkana uWKKu 3appadainyd  CHUCTEMa TaMWITOHHAHU CIIEKTPUHU



YpraHuill Macajlacu KaBart oneparopuap, sbHu AuckpeT Llpenunrep oneparopaapu
CIIEKTpaJI XOCCaJapUHU YPraHUII MacaJlaCUra KENTUPHUIITaH.

Huccepranussauar  «Ilankapagarn  ukku  3appavaau  peaunrep
ONEePATOPUHMHI OOFJIAHIAH X0JATJIAPH MABXKYAJIUIUA Ba AHAJIUTUKIUTH» 710

HOMJIAaHYBYH HKKHHYH O0o0m d >3 Ymyammm 7° Mamwkapaga ¥y3apo KOHTaKT
NOTCHIMAN EpJlaMu/ia TabCHUPJAIIYBYM HMKKHTA UXTHEPUN 3appadaid cHCTeMara
moc IllpenuHrep omeparopu KapairaH. KapamaérraH oIepaTOPHUHT MYXUM
CIEKTPUIaH YHTJa STOHA XOC KUHMAaTH MaBXKY/IMTH CUCTEMa KBa3WHMITYJIbCH Ba
UTApHIINYBYH y3ap0 TabCHP DSHEPrHsACHUIa OOFIMK YypraHwiran. Moc Xoc
GYHKIUSHAHT aHAIMTHKINTA Ba XOC KUWMATHHHT XamJia XOC (YHKIUSHHHT
MaBXXyJJIUK COXacuja KBa3WUMMYJIbCHUHT (YHKIUIACH cudaThaa peryssipiIurua
HCOOTIaHTaH.

Il 606 HATIKANAPUHUHI KATBUH MaTeMaTnk Oadmmra yramms. T¢- d—
Yirgamum Top, sk (—77, 7z]OI Ky0 OyncuH. Ukku uxtuépuit 3appayaiy cuctemara
MOC KOHTAKT TabcHpiamysun auckper Ilpeaunrep onepatopu L*(T) rumsGepr
dazocuna Kyitugaru Gopmysa OMIaH aHUKJIAHTaH:

H,(K) = Ho(K)+ v, K e T".
Kysranmac H,(K) omepatop L*(TY) dasoma &, () ¢yHxuusra xynaiitupu
omnepatopu 0yu0,

(Ho(K)f)(@) =Ex(@)f(a), fel*(T),

dbopmyia OunaH aHuKIaHTaH. byHna,
£x () = &(a) +re(K-q),

y >0 3appadajiap MaccaJapuHHHT HUCOATH Ba
d .
g(p)=Y (1-cosp®), p=(p®,...,p)eT.
i=1

V  §3apo Tascup (ky3rarmm) omeparopu L2(T?) dasoma Kyiimmarn
dbopmyna OuniaH aHUKJIAHTaH:

(Vf)(p) =

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

Yoy H,(K) dynkuusra kynaiitupuin oneparopu Ky3ranumu V  Oup ymdamm

yerapajJlaHraH ¥y3-y3ura KyuiMa orepaTop OVIraHaurd y4yyH MYXHUM CIEKTp
. d
TYpFyHIUTU Xakunaru Beiin teopemacura acocan H , (K),K € T" oneparopaunr

myxum crektpu Hy(K),K € T omepatop MyxuMm CrekTpu OHMIaH yCTMa-ycT
TyIIaJ Iy Ba
O-ess(Hy(K)) = G(HO(K)) = [gm'n (K)’gmax(K)]
Tymnamaan ubopat 0ynaau. bynna,
d .
€ () = mi €4 () = €4 (PI)) = (1+ 7)d — Y1+ 205K D + 7,

peT i=1
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€ nax (K) = max €, (p) = € c (7 + p(K)) = (1+ 7)d DL 200K 4

peT i=1
pP(K) = (p(KY),..., p(K DY),
ysinK®
J1+2ycosK® 4 52
1-acramma. Kevivaru ypunnapaa ¥ #1 Ba d >3 e dapas kwiamus. Arap

p(K®) = arcsin , KO eTh i=1,....d.

y=1 Ba K=7=(x,...7)eT? 6yca, H,(K) oneparopuunr oy (H ,(K))
MyxuM crnekTpu aiHuiau, ApHU {E€ ;i (7) = €.«(7) = 2d} OYynamu. HlyHuHr
yuyn H ,(K) oneparopHunr myxum cnektpu oo (H ,(K)) uxruépuit K e T¢

J1a a0COJTIOT Y3/IyKCH3 dMac.

C— KoMIIeKkc CoHmap Tymmamu Oyiacud. Mxruépuit KeT?  yuym
C\[€in (K), € (K)] Tymmamnma v(K,:) aHanmutuk GyHKOMSHE KyHumarnda
AHUKJIAUMU3:

v(K,2) =

1 J' dqg
(27)" 4 7=, (@)
1-nemma. K eT?® 6yncun. Y xomaa

lim Vv(K,z) <+

1€y (K)

MaBXYy, XamJa

— = ! dq
V(K)—V(Kvgrmx(K))_ (27Z')d Igm(K)—SK(Q)

’]:[‘d

byHKIUS T¢ Jla aHAJIMTUK OYJ1au.
1

Yoy V2 omeparop V wmycOar OMNEpaTOPHUHT KBAApaT WIAN3N OYJICHH.
xtuépuit K e T¢ Y4YH

(zf;)d V(K E rax (K))

SLAPOJIU
1

1
G,,,, (K, Eax (K)) = 1V 2 (€ (K) = Ho (K)) 7V 2,
bupman-11I1BuHrep MHTErpa ONIEPATOPUHN AHUKJIAUMUS.
1-mavpugp. d =3,4 Gyncun. Arap 1 conwu
1 1

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

OIIEPATOPHHUHT X0C KuiiMaTu 6y1u6, Mmoc v xoc dyuxmms (V%) (7 + p(K)) =0

1/2

maptan  Kanoatnantupca ( (V7 yw)(Z+ p(K))=1 ¢apa3 Kumumr MyMKHH),
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H,(K) omepatop oy (H,(K)) Myxum cnekrpuunr —rokopu Gycaracu
(z = & px (K)) ma BupTyan catxra sra neiniaiy.
Yoy v(K) =v(K, & (K)) Oenrunamnu Kuputuod, UXTHEPUA x>0 ydyH
M (1) ={K e T :1- uv(K) < 0},
M_ () ={K e T :1— uv(K) =0},
M, () ={K e T" :1—- uv(K) > 0}
TYIUIAMJIAPHU aHUKJIaNMU3.
Uxtnépuit  KeT® Ba 2eC\[€in(K),Emx (K)]  yuyn  H ,(K)

oneparopra Moc OpenronpM I€TEPMUHAHTAHN ~ KyHWIarnda aHUKJIanMH3
A, (K,z2) =1- uv(K,2).

Aiitn6 yrum  kepakkm, T° X (C\[€in (K),Erux (K)]). ma A, (K,2)  dynkums
XAKUKUM aHATUTUK OYiaau.
2-nemma. a) Uxruépuit K e T \{0} Ba z> Emax(0) yayr v(0,z) >v(K,z)

TEHTCU3JIUK YPUHIIH.
1

b) wu= m oymcun. Y xomma mxtuépuit K eT?\{0} yuym
A, (K,Ex(0))>0 Tenrcusmuk ypunm.

1-meopema. a) Arap 0< u<1/v(z) 6ynca, yxomma M_(u) =9,
M_(u) =@, M, () =T,

b) Arap wu=1v(zZ) Oyaca, y xomma M_(u)=2, M_ () ={7},
M. (1) =T \{7}

c) Arap 1/v(7) < u<l/v(0) 6ynca, y xomma M_(u), M_(u) Ba M. (1)
TyTutamiap Oy smac.

d) Arap u=1v(0) 6¥aca, y xomma M_(x)=T*\{0}, M_(x)={0} Ba
M. () = <.

e) Arap u>1v(0) 6ymca, y xomma M_(u)=T% , M_(u)=9,
M. () = <.

2-Teopema.a) p>0 Ba KeM_ () Oyncun. Y xonna H , (K) omeparop
Oess(H ,(K)) myxum cnextpuan yurna srona E (K) xoc kuiimarra sra. Moc
X0C (pyHKITHS

N = H-C 2 (rd
l//,u,K() E'U(K)—SK()EL(T )l

Oynaa C#0— HOpMaTAIITUPYBUM KYMAWTyBUM, XAKUKUA aHATUTHK (QyHKUIUSA
6ynamu. Ly Ounan Gupra E (K) xoc xwmiimar M_(x) Ttymnamna xakukuii

kuiimatn - kypr  dynkiwms  6ymamu. K->y, ()  Ounan  Gepuiran
v, M (1) > L?(T?) akcIaHTHpHII BEKTOP KHIMATIH aHATHTHK aKCIAHTHPHUII
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oymagu. Arap 0< ys% 6yaca, y xonma E (K),KeM_(u) xoc kumitmar
1%

YuyH &y (K) <E,(K) <& (0) MyHocabar Oaxapuimamu. Arap u > % >0
1%

oynca, y xonma E, (K),KeM_(x)= T9 K #0 xoc KuiiMar yuyH
Emax (K)<E,(K)<E,(0) 6a &, (0) < E,(0)
TEHICU3JIMKIIAp OaskapuiIau.

b) #>0 Ba KeM_(u) OYncun. Arap d=3,4 0O¥nca, o (H,(K))
MyxuM criekTpauar €., (K) roxopu 0ycaracu H , (K) omnepatop yuyn Buptyan
catx Oynaau. Moc BUpTyals xonat

p-c
Epex (K) =& ()
6yuma C#0— HOpMamtamTupyBun kymaiitysun, LY(T®)\L%(T?) tymmamra

‘//y,K(') =

rernnum  Gymamu. Arap d>5 Ba KeM_(u) 06ynca, oy (H,(K)) myxum
ciektpuuar £, (K) toxopu Gycaracu H , (K) omepatop y4yn xoc ruitmar

o6ynaau. Moc xoc pyHKIMS
_ H-C 2 prind
W,K(.)_ EI—(P]T )1
g Ernax (K)=E ()
KypuHulira sra , 0ynna C# 0—HopMaIalITUPYBYU KYTAUTYBYH.
¢c) u>0 Ba KeM,(y) Oyncun. VY xomma H, (K) omneparop

Oess(H ,(K)) Myxum cniekTpan yHraa xoc Kuiimarra sra sMac.
Huccepranusauar «IlaH:kapagaru MKKU 3appadajd raMuJIbTOHHAHHUHT
OOoFJIaHTaH XoJaTjJapu XaKuaa» Je0 HOMJIaHyBYM Y4yuH4YM OoOmma d >3

yayamiiu i MaHxapaza y3apo TOPTHUIIYBYM KOHTAKT IOTEHIMAN €EpaamMuja
TabCUPJANTYBYM HUKKHTa HUXTUEpUN 3appadanu cuctemara Moc [lIpegunrep
OMepaTopH CIEKTPAl XOCCATAPUHU YpraHuilra OaruiuIaHraH.

HNxxn nxtu€pun 3appadanu cucremara moc nuckper lpenunrep oneparopu

L>(T") runb6ept hasocuma Kyitnaaru GopMyita GHIAH aHUKIAHIAH:
H,(K) = Ho(K)— Vv, K e T
Uxtuépuit KeT® yuyn C\ [€ in (K), & o (K)]  Tymmamma  v(K,:)

aHAIUTUK (QYHKUMSHU KyHUaaruya aHukJIaiMus:

_ 1 dg
V(K’Z)_(Zﬂ)d ISK(q)—Z'

d
T
3-temma. K eT® oyncud. Y xomnma

lim v(K,z) <+
Z_>$min (K)

MaBXy/, Xamja
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1 dqg
v(K) =v(K, Ein (K)) =
(27)° L £ (0) — & in (K)
dyukmms T 1a aHanuTHK 6Y 1810,
1

Yoy V2 omeparop V ~MmycOarT OMNEpATOPHUHI KBAApaT WIAU3U OYJIICHUH.
Uxtuépuit K eT? yuyn

(Zj)d V(K& pin (K))

SIPOJIH
1

1
G, (K, Epin (K)) = 4V 2(Ho(K) = € i (K)) 7V 2,
bupman-1lIBuHrep MHTErpaAI ONEPATOPUHU AaHUKJIANMU3.

2-Tavpugp. d =3,4 Oyncun. Arap 1 coHu
1 1

Gy (K, € in (K)) = 1V 2 (Ho (K) = i (K)) 'V 2
OIIEPATOPHUHT XOC KuiimMaTh 6y1u0, Moc y xoc ¢ymkmus (V) (p(K))#=0

Y2)(p(K)) =1 dapa3 Kumum MyMKHH), H,(K)
oneparop Og,(H,(K)) Myxum cnextprunr kyin Oycaracu (z =&, (K)) na

maptHu KanoaTimantupea ((V

BUPTYaJI caTXra sra Jeiuaam.
A-nemma. 8) Uxtuépnit K e T\{0} Ba z<E&, (0) yayn v(0,z)>v(K,2)
TEHI'CU3JIMK YPUHIIH.

b) wu= % oymcun. Y xomma mxtuépuit K eT?\{0} yuyn
1%
A, (K,Ein(0))>0 Tenrcusmuk ypunim.
3-meopema. ) p>0 Ba KeM_(y) 6yncun. ¥ xonma H ,(K) omeparop
Oess(H ,(K)) Myxum cniexkrpran yanpa srona E  (K) xoc kuiimarra sra. Moc

X0C (PyHKIUS
H- C c L2 (Td )’
Ex () —E,L(K)
OyHna C=0— HOpMaIIAMITUPYBYHM KYTAWTYyBYHM, XAKUKUN aHATUTHK (QYHKITUS
6ynamn. Uly Ounan Gupra E (K) xoc kuiimar M_(x) Tymnampa xakukui

¥ .k ()=

kuiimatn - kypr  dynkums  6ymamu. K —y, () Ounan  Gepuiran

v, M (u) > L?(T?) akcIaHTHpHII BEKTOP KHIMATIH aHATHTHK aKCIAHTHPHUII

1
oymagun. Arap O< u< W 6yaca, y xonma E, (K),KeM_(x) xoc kuiimar
1%

yayH Epin(0) < E, (K) < €in(K) mynocabar Gaxapunamu. Arap u > (10)>O
1%
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6yaca, y xonma E, (K),KeM_ ()= T K #0 xoc Kuiimar ydayH
E,.(0) <E,(K) <&in(K) Ba E,(0) < £, (0).
TEHICU3JIMKIIAp OaskapuiIaiu.

b) ©>0 Ba KeM_(u) 6yncun. Arap d =34 6¥yuaca, o, (H,(K))
MyxuM cnektpHuHr &y, (K) kyim 6ycaracu H, (K) omnepatop yuyH BupTyan
catx Oymamu. Moc BUpTyas xoyar

H-C
Ex ()= Emin(K)
6yuma C#0— HOopMamtamTupyBun kymaiitysun, LY(T®)\L%(T?) tymmamra
rerumn  Oynamu. Arap d =5 Ba KeM_o(u) Oynca, o (H,(K)) myxum
cnektpuuar &y, (K) Kkyiim Gycaracu H ,(K) omeparop y4yn xoc xumiimar
oynaau. Moc xoc pyHKIMS

W,k ()=

H- C c L2 (Td )
gK () - gmin (K)
KypuHHUIITA 313, OyHIa C # 0—HOpMaUIalITHPYBYH KyAHTyBYH.
¢c) >0 Ba KeM,(y) OYmcun. V xomma H (K) oneparop

Oess(H ,(K)) Myxum ciekTpan yanga xoc Kuiimarra sra smac.

Wk ()=
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XVJO0CA

Juccepranys WIIM THaH)Kapajard y3apo KOHTAaKT TabCUPJIAIIYBUM HKKUTA
UXTUEPUI 3appadanu cucremara Moc quckpet llpenuHrep onepaTOpuHUHT MyXHUM
Ba JIMCKPET CHEKTPJIAPUHU TAAKUK KUIIUIIra OaFUIIJIaHTaH.

TanKUKOTHUHT acocuil HaTHXanapu Kyluaaruiaapiad noopar:

1. Vmyamn d >3 6ynraH mamkapaga y3apo MTApUIIyBUM (u>0) KOHTAKT
TabCUpJAIIYBUM HKKUTA MXTUEPUNA 3appadald CUCTEMara MOC JIUCKPET
HlpenuHrep onepaTOPUHUHT MYXUM CIEKTPJAH YHI/Ia XOC KUIMATH MaBKyIJIUTH
UCOOTJIaHTaH Ba YHra MOC XOC ()YHKIUSHUHI aHUK KYPUHUIIM TONWIUO PEryisip
(PYHKIIMS SKaHJIUTH  KYpCaTUIIraH.

2. Viuam d =34 6ynraHna MyXuM CIIEKTPHUHT IOKOPH OYCaracua JUCKPET
peaunrep onepaTopyu BUPTYyaJl caTXra 3ra SKaHJIWTHM MCOOTIIAHTaH Ba BUPTYal
XOJIATHUHT MHTETPAJUIaHYBYM (PYHKIMS SKAHJIUTU KYpPCATHIITaH.

3. KBazuummynscHUHT OepuiraH KuiiMaTHAa BUPTyad caTxra sra Oynirad
TabCUP DHEPTUACH KUKWMATIApH TOMWITaH Ba TAbCUP AHEPTUACHUHHUHI OepuiraH
KhilmMaTuaa cuctema KBazuummyibcnapu — IllpenuHrep onepaTOpUHHHT XOC
KHIIMaTH MaBXyJ Oynaauran €ku Mapxyz OyIMaiIuraH Xamjia BUPTyall caTxra
sra OyiaauraH Tyrjaamiapra aXpaTuiras.

4. Vmuam d>5 GynraHma MyXUM CIEKTPHHHT IOKOPH Oycarac IHMCKPET
[Ipenunrep onepaTOPUHUHT XOC KMMMATH OYJIUIIN KYpCaTUIITaH.

5.Vmuamp d>3 6yaraH mamkapaga  y3apo  TOPTHIIYBYH KOHTAaKT
TabCUPJIAIIYBYM MKKUTAa MXTUEPUN 3appadyaid CcHCTeMara MoOC JIUCKPET
HlpenuHrep onepaTOpUHUHT MYXUM CIEKTpaH yarjaa XoC KUHMaTH MaBKyAJIUuTrd
UCOOTIIAaHTaH Ba yHTa MOC XOC (DYHKIMSTHUHT aHUK KYPUHUIIN TOMUIHO peryssip
(PYHKIIMS SKaHJIUTH  KYpCaTUIraH.

6. Viuam d =34 6yaranga MyXuM CIEKTPHMHT KyilM Gycaracuua IHCKpeT
Hlpenunrep omnepatopu BUpPTyaja caTXra 3ra 3KaHJIWTM UCOOTIaHTaH Ba BUpPTYyal
XOJATHUHT UHTETPAJUIAHYBYM (PYHKLIMS SKAHJIUTU ~ KYpcaTHJITaH.

7.Vmuam d>5 6ynaraEza MyXHM CHEKTPHHHT KyiM Oycaracd JMCKpeT
[IpeauHrep OMepaTOPUHUHT XOC KUIMATH OYITUIIN KYpCaTHUIITaH.
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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.

Since the spectrum of the Schrédinger operators associated to the systems of
two quantum particles on lattice is quite sensitive to changes in the
guasi-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.

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 Schrodinger 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. Research in priority areas
of Mathematics, at the level of international standards in mathematics, physics,
applied mathematics, outlined the main tasks and activities mesrensroctr'.. The
development of quantum field theory and the spectral theory of linear operators
plays an important role in the execution of the decision.

This dissertation, to some extent, serves the tasks specified in the Decrees of
the President of the Republic of Uzbekistan 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

! Decision of the Cabinet of Ministers of the Republic of Uzbekistan Ne 292 dated May 18, 2017 «On measures to
organize the activities of the newly established scientific research institutions of the Academy of Sciences of the
Republic of Uzbekistan»
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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
Uzbekistany, as well as in other normative-legal acts on this activity.

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 IV priority areas of science and technology.
«Mathematics, Mechanics and Computer Sciencey.

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 scientific work of M. Reed and B. Simon. The
Schrodinger operators corresponding to systems of particles on a lattice were first
studied by scientists D.S. Mattis, A.lI Mogilner. 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) =Hg(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
studied, that if for some value of x = 1, <0 the nonnegative operator HﬂO (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 Schrodinger 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. Two-particle discrete Schrodinger operators, corresponding to a system

of two quantum particles moving on a d >3 dimensional lattice Z® interacting
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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 or left of essential
spectrum of discrete Schrodinger operator associated to a system of two arbitrary
particles interacting via a pair contact repulsive or attractive potential on d >3
dimensional lattice and to prove regularity of corresponding eigenfunction finding
its exact form;

to prove that the discrete Schrodinger operator has virtual level at the right
edge or at the left 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 or left edge of essential spectrum is eigenvalue of
the Schrodinger operator if the dimensionis 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 or to the left of
essential spectrum of discrete Schrodinger operator associated to a system of two
arbitrary particles interacting via a pair contact repulsive or attractive potential on
d>3 dimensional lattice and it is proven regularity of corresponding
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eigenfunction finding its exact form;
it is proven that the discrete Schrodinger operator has virtual level at the right
edge or 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 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 or 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 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 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 analyticity of eigenfunction of
the Schrodinger opertor associated to a system of two arbitrary particles on lattice
was used in leading journals (Journal of Physics A: Mathematical and Theoretical
2017, V.50, Ne 33, 121-134; Journal of Physics A: Mathematical and Theoretical
2016, V.49, Ne 14, 336-346; Theoretical and Mathematical Physics, 2014, VVol.178
Ne 3, 390-402) in order to find spectrum of the Schrédinger operator associated
to the three particle system. Using scientific result enabled to prove existence
analyticity of eigenfunction of considering operator;

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 in leading journals (Theoretical and
Mathematical Physics, 2014, Vol.178 Ne 3, 390-402; Journal of Physics A:
Mathematical and Theoretical 2017, V.50, Ne 33, 121-134; Journal of Physics A:
Mathematical and Theoretical 2016, V.49, Ne 14, 336-346) 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.
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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 93 pages.

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
Neumann 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 Neumann 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
eigenfunction and the analyticity of the eigenvalue and the eigenfunction as
function of the quasi-momentum in the domain of their existence.

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

H,(K) = Ho(K)+ v, K e T

The unperturbed operator H,(K) in L?(T%)is the operator of multiplication by
the function &£, (-):

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

where
Ex (@) =¢() +ye(K —0q)

with the function

d .
&(p)= (1-cosp®), p=(p®, .. p@)eT,
i=1

y >0 s the ratio of mass of particles.
The interactiong (perturbation) operator V actsin L*(T%):

(Vf)(p) =

(271z)d jf(q)dq, f e L2(TY).
’]I‘d

The perturbation V of the multiplication operator H,(K)is a one-dimensional

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

essential spectrum of H/J(K),Keﬁl“OI coincides with the spectrum of

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

Oess (H , (K)) = (H (K)) = [€ i (K), € pax (K)],
where

d
Emin (K) = min € (P) = Ex (P(K)) = (L+ 7)d = Y 1+ 2y c0sK® + 12,

peT i=1

E nax (K) = max €y (p) = € c (7 + p(K)) = (1+ 7)d DL 200K 4

peT i=1
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p(K) = (p(KW),..., p(KDY),

ysinK®
J1+2ycosK® 4 5?2

Remark 1. Everywhere in what follows, we assume that y» =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) = £,.x(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

p(K®) = arcsin KD eTt i=1,...d.

v(K,z)=

(27f) LZ Ex(@)

Lemmal. Let K eTY. Then there exists the limit

lim v(K,z) <+
z—>é’maX(K)

Moreover, the equality

) _ 1 dq
V(K) =v(K, & (K)) = (Zﬂ)dgdgm(K)_gK(q)

defines an analytic function on the torus T¢.
1

Let V2 be a square root of the positive operator V . We define the
Birman-Schwinger operator

1

iy (K E i (K)) = 1V 2 (€ e (K) = Ho (K)) 7V 2,

1
2

with the kernel

K, &€ ex (K
% )V( max (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 1lis a simple eigenvalue of the operator
1 1

G, (K, € (K)) = 1V 2 (E g (K) = Hg (K)) 7V 2
and the corresponding eigenfunction w satisfies the  condition
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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_ (1) ={K e T :1— uv(K) =0},

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

Forany KeT? and zeC\[£,(K), & (K)] the Fredholm determinant
associated with the operator H ,(K) is given by
A, (K,z) =1- uv(K,2).
We note  that A, (K,z) IS a real-analytic ~ function in
T % (CME i (K), E e (KD
Lemma 2. a) Forall KeT?\{0} and z>&,,(0), the inequality

v(0,2) >v(K,z) holds.

b) Let ,u:%. Then A (K,& . (0))>0 forany K e T \{0}.

Theorem 1. a)If O<u<l/v(7) ,then M_(u) =<, M_(u)=Yand
M. (x) =T°.
b) If w=1Uv(7),then M_(u)=Q, M_(u)={7} and M_(u) =T \{7}
c) If 1/v(7) < u<1/v(0), then the all setsM_(x), M_(x) and M. (u)
are nonempty.

d) If 2=1/v(0), then M_(z) =T \{0}, M_(x)={0} and M. (u)=®.
e)If u>1v(0),then M_(x)=T¢, M_(u)=< and M, (x)=.
Theorem 2.a) Let 4#>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 eigenfunction
M-C
E,(K)=&c()’
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

¥k ()=

v, M_(u) > L*(T) given by K >y, () is a vector-valued analytic map.

If 0<ys%, then the eigenvalue E (K) E, (K),KeM_(u) satisfies the
|4

inequalities &, (K) <E, (K) <&, (0); if y>%>0, then the eigenvalue
|4
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— d o - "
E, (K),KeM_(x) =T",K=0 satisfies the inequalities
Emax (K)<E,(K)<E,(0) and &, (0) < E,(0).

b) Let >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
Erax (K)=Ex ()
where ¢=0 is normalization factor, belongs to L*(T%)\ L?(T%). For d >5 and
KeM_(w), the right edge &, (K) of the essential spectrum o (H,(K)) is
an eigenvalue of H ,(K). The corresponding eigenfunction has the form

l//,u,K(') =

N = M-C e L2(T?),
Viurc 1) E pox (K) = £ () ()

where ¢=0 isanormalization factor.
c) Let >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 Schrédinger operator corresponding to a system of two arbitrary

particles acting in L2(T") is defined by the formula:
H,(K)=H,(K)-uV,KeT’.

For any KeT® , we define the analytic function v(K,) in
C\[gmn(K)"'c:rmx(K)] as

_ 1 dg
V(K’Z)_(Zﬂ)d I5K(q)—2'

Td
Lemma3. Let KeTY. Then there exists the limit

lim v(K,z)<+wo.

2>& in (K)
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Moreover, the equality

) 1 dq
v(K)=v(K,&,, (K)) = (27)° J.SK(q)_gmin(K)

d
T
defines an analytic function on the torus T¢.

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

Birman-Schwinger operator
1

1
G, (K,&min (K)) = iV 2(Ho(K) = €1 (K)) 7V 2,
with the kernal

(Zj)d VK, € in (K)).

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 lis a simple eigenvalue of the operator
1 1

G (K, Erin (K)) = 1V 2 (Ho(K) = € i (K)) 'V 2
and the corresponding eigenfunction  satisfies the condition (V*2y)(p(K)) 0.
We can always assume that (V%) (p(K)) =1.
Lemma 4. a) For all KeT'\{0} and z<&,,(0) the inequality
v(0,2) >v(K,z) holds.
b) Let yz%. Then A,(K,E,:(0))>0 forany K eT\{0}.

Theorem 3. a) Let x>0 and KeM_(x). Then the operator H  (K) hasa
unique eigenvalue E (K) located to the left of the essential spectrum
Oess(H ,(K)). The corresponding eigenfunction

H-C
Ex()—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

¥k ()=

v, M (u) > L2(T?) givenby K —>w,« () isavector-valued analytic map. If

0<,u£%, then the eigenvalue E (K),KeM_(x) satisfies the inequalities
|4

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

— f o : "
E, (K),KeM_(x)=T",K=0 satisfies the inequalities
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E, (0)< E,,(K) < &pip(K) and E,,(0) < £,,,,(0).

b) Let >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)'

VK ()=

where ¢=0 is normalization factor, belongs to L*(T%)\ L?(T%). For d >5 and
KeM_(w), the left edge £,;,(K) of the essential spectrum o (H,(K)) isan

eigenvalue of H ,(K). The corresponding eigenfunction has the form

N = H-C e L2(TY),
ORI S R

where c=0 isanormalization factor.
c) Let x>0 and KeM,(x) . Then the operator H, (K) has no

eigenvalues located to the left of the essential spectrum o (H ,(K)).
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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 proven regularity of corresponding eigenfunction finding its exact
form;

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

3. 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,

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

5.1t 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 potential on d >3 dimensional
lattice and it is proven regularity of corresponding eigenfunction finding its exact
form;

6. It is proven that the discrete Schrédinger 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;

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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BBEJAEHMUME (anHoTamusi Auccepranuu aokropa ¢puaocopun(PhD))

Heabro HCCJIe0BAHUS SIBJISIETCSA M3y4YCHUE MECTOIOJI0KECHUS
CYILIECTBEHHBIX M JUCKPETHBIX CIEKTPOB, a TaKKe Yuciia COOCTBEHHBIX 3HAUYCHUU
oneparopa IlpénuHrepa, COOTBETCTBYIOUIEIO CHUCTEME JBYX IPOU3BOJIBHBIX
YacTHll, B3aUMOJICHCTBYIOIIUX C MOMONIBIO0 MAPHOTO0 KOHTAKTHOr'O MOTEHIIMaNia Ha
peuieTke.

O0bekT McciaenoBaHusi. ['aMUIbTOHMAH U CUCTEMa ABYX MPOU3BOJIBHBIX
YacTUIl HAa pEUIETKE, B3aWMOJCHUCTBYIOUIMX 4YE€pe3 IMapHbIA KOHTAKTHBIN
NOTEHIMAI.

Hay4Hasi HOBU3Ha MCCJICIOBAHUSA 3aKJIHYAETCH B CIeAYHOIIEeM:

JIOKa3aHO CYIIECTBOBaHHE COOCTBEHHOI'O 3HAYCHUSI, JICXKAIEEe MpaBee WU
JieBee  CYIIECTBEHHOTO CIIEKTpa JucKpeTHoro omnepatopa Ilpenunrepa,
COOTBETCTBYIOIIETO CUCTEME JBYX MPOU3BOJIBHBIX YACTHI], B3aUMOACHCTBYIONIHNX C
MOMOIIBIO MMAPHOIO KOHTAKTHOTO OTTAJIKUBAIOUIETO WM NPUTATUBAKOLIETO
noTeHuuagma Ha d >3 MEpHOM peIlIeTKE, W IOKa3aHO, YTO COOTBETCTBYIONIIEE
COOCTBEHHOE COCTOSIHUE SIBISIETCS PETYJISIPHON (DYHKLIHUEH;

JI0OKa3aHo, 4Tto ecnau d =3,4, nuckpeTHbll omneparop llpenuHrepa wnmeer
BUPTYaJbHbIA YPOBEHb Ha MPABOM WJIM Ha JICBOM KparO CYIIECTBEHHOTO CHEKTpa U
YCTaHOBJICHO, YTO BUPTYAJIbHOE COCTOSIHUE SIBISIETCS UHTETpUpPyeMOi (DyHKITUEH;

uist  GUKCHUPOBAHHOTO 3HAYCHHS KBA3WHMITYJIbCA OIPEIEISICTCS 3HAuYCHUE
KOHCTAHTBI CBSI3U, B KOTOPOM OIIEpPATOpP MMEET BUPTYaJIbHBI ypOBEHb, a IS
(UKCUPOBAHHOTO 3HAYEHUS KOHCTAHTHI CBSI3M MHOXXECTBO KBa3MHUMITYJIbCa
pasjernsieTcsi Ha MHOXKECTBa, B KOTOpPOM JjIsi onieparopa [lIpenunrepa cyuiecTByer
WM HE CYIIECTBYET COOCTBEHHOTO 3HAYCHUS WJIM HUMEIOIINN  BUPTYaJbHbBIN
YPOBEHB;

II0Ka3aHoO, 4TO eciau d >5, mpaBblil Kpall WIIK JIEBBIM Kpall CYLIECTBEHHOTO
CIIEKTpa SIBJIsIETCA COOCTBEHHBIM 3HaUeHHeM orepaTtopa Llpenunrepa.

BHeapenue pe3yibTaToB HCCIEI0BAHMS.

AHAJIMTUYHOCTh ~ COOCTBEHHOTO  cocTosiHus — omepatopa  llpémunrepa,
aCCOIMPOBAHHOIO C CUCTEMOM ABYX IMPOMU3BOJIBHBIX YACTHI] HA pEIIeTKe, Oblia
ucnosb3oBana B (Journal of Physics A: Mathematical and Theoretical 2017, V.50,
Ne 33, 121-134; Journal of Physics A: Mathematical and Theoretical 2016, V.49,
Ne 14, 336-346; Theoretical and Mathematical Physics, 2014, Vol.178 Ne 3,
390-402) nns usyuenus crekrpa oneparopa Llpéaunrepa, cBI3aHHOTO ¢ CUCTEMOM
Tpex dacTull. Mcmnojb3oBaHHE HAYyYHOrO pe3ysibTaTa IO3BOJIMIIO JOKa3aTh
CYIIECTBOBAHUS U aHAJTUTUYHOCTH COOCTBEHHOTO COCTOSIHHUSI PacCMaTpUBaEMOIO
omneparopa;

3aBUCUMOCTh OT KBa3MUMITyJIbca COOCTBEHHOTO 3HAYEHHs OIepaTopa
[IpénuHrepa, acCOUMPOBAHHOTO C CUCTEMOW JBYX MPOU3BOJIBHBIX YacTHI,
B3aUMOJECHCTBYIOIINX YEPE3 MAPHBIA KOHTAKTHBIM OTTAIIKUBAKOLIMI MMOTEHIIMAT Ha
peurerke, Obuta mcronb3oBana B (Theoretical and Mathematical Physics, 2014,
Vol.178 Ne 3, 390-402; Journal of Physics A: Mathematical and Theoretical 2017,
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V.50, Ne 33, 121-134; Journal of Physics A: Mathematical and Theoretical 2016,
V.49, Ne 14, 336—-346) uToObI MOKa3aTh CyIIECTBOBAHWE COOCTBEHHOTO 3HAYCHUS
oneparopa IlIpéaunrepa, accOMpPOBAHHOTO C CHUCTEMOW JABYX HIACHTHUYHBIX
YaCTHI], B3aUMOJICHCTBYIOIIMX YE€pe€3 KOHTAKTHbIM mnoTeHuuan. Vcnonb3oBaHue
HAy4YHOTO pe3yibTaTa MO3BOJHIO J0Ka3aTh IMOJOKUTEIHFHOCTH COOCTBEHHOTO
3HAYEHHS PACCMATPUBAEMOrO OmepaTopa.

O0béM m cTpykTypa amccepraumu. Jluccepranusi COCTOMT W3 BBEICHUS,
TpeX TJiaB, 3aKJIIOYEHUS U CIHCKAa HCIOJb30BaHHOW JuTeparypbl. OO0beM
JTUCCepTalUK cocTaBIseT 93 cTpaHMIIbI.
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