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KHUPHUI (pancada noxkropu (PhD) nuccepranmsicu aHHOTALUSICH)

Jduccepranuss MAaB3yCMHMHI J0J3apO0jauru  Ba 3apypusith. JKaxoH
Mukécuaa onubd Oopunaérran Kymiaad WIMHM-amMaaui TaaKUKOTIap, ¢du3uKaaa
Mypakkad TypFyH oOOBEKTIIap oOjaTaa yJIapHUHT OOFJlaHTaH MaWTIaru
HHEPTrUACUHHM KaMalluIll MMKOHMHM OEpyBUM TOPTHUIIMII KywIiapu HATHXKacHUa
XOCWI OVIMIIMHU KypcaTtaau. BUpok KeHuHTH Huiiapaa ojaumiiap TOMOHHUIAH
TapTUOJIAaHTaH MyXHUTJIapJa Mypakkad TYpFyH OOBEKTIap XaTTOKH WUTapHUIITYBUU
TabCUPJIAP HATWIKACHZA XaM MaBXya Oymunumrd wucOotmanmu. WrapunryBun
KypTimukinapan TaBcuduiamaa doinananuiaauran boze-Xab0apa moaenu, sbHA
namxapanaru lllpenunrep onepaTopu 3KCIEPUMEHTAN Ky3aTHILIAPHUHT Ha3zapuil
acocu Ba KYJUIATHUHT Hazapuil Oazacu xucobmanaau. IIIyHHHT ydyH KaTTHUK
KUCMIap (U3MKAcHM XamJa KBaHT MaWJOHJAp Ha3zapusAcula ydpauguraH Ba
ymymiamirad @pusipuxc MoJesuiapura KeTUpUIaIurad naHxapajaard 3appadasiap
cucremMacu xamwitoHuannapura wmoc Ilpeaunrep omepaTtopiapura oW
TaJKUKOTIIAPHU PUBOXKIAHTUPHUIL MyXUM Bazudanapaan oupu 6Yiaubd KoIMOKIa.

XO03Upru KyHJa >KaxOHJAA Yy3-y3ura KylliMa OIIEpATOPJIAPHUHI CIEKTPU Ba
pE30HAHCHApUHU YpraHWIll XakuJgard macajajap 3aMOHABUM  MAaTeMaTUK
aHAIM3HUHT J013ap0 Macananapujan Oupu xucobOiiaHagu. Ym0y wmacananap
MaH)KapaJaru UKK{A 3appadalid cucremara Moc ymymuamradH @puapuxc mMonaenu
CHEKTPUHU TAJKUK KWIWI OunaH y3Buil Oofnmuk. Haszapuii (usmkaHuHr xampia
KBAaHT MEXAaHUKACUHUHI KaTop Macajajgap, XyCyCaH, MaHXapaJgard HWKKU
3appavaiu cucremara moc lllpeauHrep onepaTOPUHUHT CIEKTpPajl XOCCAIapUHU
Yypranuum akcapusar Xoiapaa, ymymiaamrad Opuapuxc Moaemiapu 1ed aTainyBuH,
¥3-Y3ura KyiiMa oreparopyiap MaxcyC CUH()DUHUHT CHEKTPUHHU YpraHuIlra
kentupwiaad. by Oopajga: maHkapaJardukkd —3appadald  cHUcTeMara MocC
ymymiiamrad Opuapuxc Moaenu MyXyUM CHEKTpU YPHUHU TaBcU(IAIl; MyXyUM
CHEKTpJIaH TalllKapuJard XOC KUWMATIIap COHUHHUHI Y3TapHIIMHU OIEepaTop
napameTpiiapura Ba Kapajnaérrad (pa3oHUHT YI4amura OOFJIMKIUTHHH KYpCaTHII
MaKCaJJii WIMHI TaIKUKOTIap XUCOOIaHAIH.

Mamnakatumuzaa GysgamenTan GanJapHUHT aMaiuil TaTOMKWra sra OyiraH
noJ3ap0 WyHanMIiapra, XyCyca, UKKH 3appadaiv CUCTeMa XaMUJITOHUAHUTa MOC
[lIpenunrep omneparopjapyuHud yMYMIAIITHPYBUM ymymiamran @puuapuxc
MOJICJIMHU YpraHulIra anoxuja »bTHOOp KapaTwigu. Anredpa Ba MaTeMaTHK
aHajau3, JWHAMHUK THU3UMJIAp Ha3apusCcH, aMaliuii MaTreMaThKa Ba MaTEMaTHUK
MOJEIJIAIITUPUIIT MaTeMaTuka (aHJapUHUHT YCTYBOp WYHanuuuiapu Oyiinua
XaNKapo CTaHjapTiap Japaxkacuja WIMHM TaIKUKOT oJub Oopuin acocui
Basudanap Ba (AoNHAT HyHATHIUIApH STHO OeirmmaHam . Kapop MKpoCHHH
TabMUHJANIA Y3-y3ura KylIMa ONEpaTtopiiap Ha3apUsICUHU PHUBOKIAHTUPHILL,
XycycaH, ymymiaimrad Opuapuxc MoJIeNy CIEKTpal XOCCIapUHU YPraHUIll MyXUM
axamuATra sra.
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V36ekucron Pecniyomukacu Tlpesupentuanar 2008 #iun 15 wurongarn I[1K-
916-con «lHHOBanMOH JOMMXalap Ba TEXHOJOTUSJIAPHU HILIA0 YMKapHILTra
TaTOMK OSTUIIHU parOaTHaHTUpUIN Oopacujard Kylmumya dYopa-Taadupiap
TVrpucuaarru, 2017 wumn 17 despanmaru I1K-2789-con «®annap akageMuscH
daonusaTH, UIMUN-TAAKAKOT HWIUIAPUHUA TAlIKWAJI OTHIL, OOIIKapuIl Ba
MOJIMSUTAIITUPUIIHA sTHaJa TAaKOMUJUIAIITUPUIL YOpa-Tai0upiiapu TYFpUCHIANTU
Kapopu Ba 2017 iiun 8 despangaru I1D-4947-con «V36exucton Pecnybankacuau
sIHaJla PUBOXKJIAHTUPUI OYyiinda Xapakatiap CTpaTerusicu Tyrpucuaanru @apMoHu
Xamia MasKyp (QaojusTra Teruuuid OOLIKa HOPMAaTHB-XYKYKUH XyskoKaTiapaa
OenrunaHrad Basu(argapHd aManra olMpuiIra ymoly JuccepTanus TaaKUKOTH
MyailsiH Aapakaja Xu3maT KUJIaau.

TagKUuKOTHUHT pecnydauka phan Ba TEXHOJIOTUSJIAPU
PUBOAJIAHMIIMHUHT  YCTYBOP HVHaJUNLIApUra OOFJIUKJAMIH. Maskyp
TaIKUKOT pecrnyOnnka (aH Ba TEXHOJOTHSIAp PUBOXKIAHUIIMHUHT V.
«Marematrka, MexaHWKa Ba HH(QOpMaTHKa» YCTYBOp HYHAIUIIK JoUpacuia
OakapuIIraH.

MyamMMOHMHT ypranwiranjauk papaxkacu. K.O. ®puapuxc TOMOHUIAH
nactiab, ¥3-y3ura KyliMa OIepaTOpJapHUHT KY3FalWIUIAp Ha3apusICH MOJCNU
cudartua HpKIM Y3rapyBuMra KYNAaWTUPHUIIL Ba YHUHT MHTETpaj ONepaTop
épramMugard Ky3Falldild KUPUTWITaH. by Mojen KeMMHYalnuK y3JIyKCU3 CHEKTp-
HUHT KY3FaJHILIapy Ha3apHusICH MOJIETH 1€0 HOM OJITaH.

by oneparop poccusinmuk onumiap O.A.Jlagmxkenckas Ba JI.Jl.danneeB xamaa
JLA.®annee unmmapuga Ppuapuxc mozenu ned6 aranradn Ba Llpeaunrep
omnepaTopyiapuHu ypranuil Macainacu Opuapuxc MOAECIMHU YPraHUII Macajlacura
KEJITUPUIITaH.

@pupuxc MOACIMHHUHI Y3JIYKCH3 CIEKTPU Kappajluru yirapmac Oyiranu
yuyn C.H.JlakaeB  ToOMOHHMZAaH yMymjamraH OpuApUXC MOAEIU Y3IYKCHU3
CHEKTPHUHT KappaJiurd Yy3rapyBuaH OVynaran xoy cudaTuga KAPUTHITAH.
Keitmnuamuk 0y wmoxmens P.A.Mwunnoc, C.H.JlakaeB, JX.M.AGxymiaes,
C.A.Crenen, C.AnGesepuo, E.JI.JIakmranos, 3.P.Axuypun, W.A.Nkpomos,
@.IllapumnoB unuapuaa ypraHwiav, XyCyCaH, YHUHI CIIEKTpajl XoccalapH sibHU
Y3IyKCU3 CIIEKTPH, XOC KHHUMaTIapu, XOC KUWMATIAPUHUHT TMaigo Oyiuil
MPUHLHIUIAPU, XOC KUMMATIIAp COHMHUHT YEKJIWJIUTH YpraHuiiraH.

C.H.JIakaes, )K.M.AOnynnaeBnapHUHT HIIJIapH]ia 3appadanap COHU UKKUA EKU
WKKHJIaH OIIMaiJIural cucremanapra Moc ymymuiamran Opuapuxc MOACIUHUHT
XOC KUHMAaTiIapy Ba pE30HAHCHapu Xamaa yjap COHUHUHT YEKJIWJIUIU
UCOOTIIAHTaH.

C.A.Crenen Ba M.D.MymMuHOB wunuapupa ¥y3-y3ura Kymma OyiMaraH
@pugpuxc MOACIMHUHI CHEKTpajl Xoccalapu ypraHwirad Oynu0, yHAa XocC
KUIIMaTiIap COHMHUHT YEKJIUJIUK [IapTiIapy TOMIITaH.

N.Nxpomos, ®.1llapunoB nnuiapuaa ymymiuamrad Opugpuxc MOJIEIH KEHT
CUH(UHUHT JUCKPET CIICKTPH YCKJIUIUTH UCOOTIaHTaH.



byryarn kyHga xamymymiamrad @puapuxc MOJEIUHHHI  CHEKTpal
XOCCaJlapUHU TAJAKUK KWIUIIra OWJl TaJAKUKOTIAPHU PUBOXKIAHTHUPHUIL J1013ap0
Basudamapan Oupu XucobIaHaIu.

JAuccepranus TAAKHKOTHHUHT IUCCEPTANMS 0aKAPUJITaH OJIMI TABJIUM
MYacCACACHHMHI WIMHI-TAAKUKOT HILIAPH pekajapu OMIaH OOFIMKJIUIH.
Juccepranus TaakukoTH CaMapKaHj JaBlaT YHUBEPCUTETHMHUHT BEd4-KX-0-
18588 Ed4 «Jluckper Llpenunrep onepatopu Ba PpuapuXc MOJEIIAPH XOC
KHiIMaTiapy Ba pe30oHaHcHapu Y4yyH éEumnmanap» (2014-2016 iinnap)
MaB3yCUJaru WIMHANA TaAKUKOT JJOMMXACH ToMpacuaa OaxapuiraH.

TagKNKOTHUHT MAaKCaaM KY3FaIUIIMHUHT paHrd Oupra TeHr Oyira
ymymiiamirad @puapruxc MOJENH XOC KUWMATIApU MaBXKYUIMTMHUA KYpCAaTHILI Ba
Oy XOoC KuiiMaT y4yH SKMHJIAIIYBYH EMUIManap TOMUIIIaH Hoopar.

TagkukoTHUHT Ba3udaaapu:

OMp Ba WUKKU VIUaMIM XOJJa KY3FIUIIMHUHT paHrd Oupra TeHT OYiraH
ymymiamrad @puapruxc MOAEIN MyXUM CIEKTPH YPHUHU aHUKJIAIT;

KY3FaJUIIMHUHT PaHTH Oupra TeHr Oynran ymymuiamrad Opuapuxc MoJean
MYXUM CHEKTp TAIIKapUCUIArd SITOHA XOC KHIMAaTh MAaBXYMJIMK MIAPTIAPUHU
TOMULI;

Oy Xoc KuiiMaTra MoC XOC (PYHKIUSIHUHT YMYMUW KYPUHUIIMHH TOIUII Ba
YHUHT XOCCAJIAPUHH YPraHUII;

MYXHUM CHEKTP TYOMHHMHI XOC KHAMAT €KW BUPTYyall caTX OYJIHII MapTIapuHu
aHUKJIAIl,

XO0C KMAMAT Y4YyH y3apo TabCUp JOMMHUHCHMHUHI Oycara KuilmMaTu atpoduaa
SKUHJIAIIYBYM EMUIMa OJIUII;

XOC KHMMATHUHT y3ap0 TabCUP JOMMHMHCH YEKCHU3ra WHTHITaHJaru
ACUMIITOTUKACUHU TOMHIII.

TaakKMKOTHUHT O00beKTH TaHXapaJard UWKKUTa Oup XWil 3appadaiu
cuctemara Moc ymymiamrad Opuapuxc moaenuaan noopar.

TagKUKOTHHHT TMpeAMeTH KY3FaIWIIMHUHT paHTH Oupra TeHr Oyirad
ymymitamrad Opuapuxc MOACIUMHTHT CIIEKTPaJl TAIKUKOTIaApUIaH Hoopar.

TagKuKOTHUHT ycy/uiapu. TaIKUKOT WINKJIa MAaTEMaTUK aHalIu3, MaTeMma-
TUK (u3nka, GyHIIMOHAN aHAJIU3 Ba KOMIUICKC Y3rapyBUwWin (yHKIHUIAp Ha3a-
pusicu ycysutapuaas GoiiranaHuiaras.

TaagKMKOTHUHT WIMMI SIHTWINTM Kyiuaaruiapaad uoopar:

KY3FaJUIIMHUHT paHTu Oupra TeHr Oynran ymymuamirad Opuapuxc MoJean
MYXHUM CIIEKTPH YPHU aHUKJIAHTaH;

KY3FaJUIIMHUHT paHTu Oupra TeHr Oynran ymymuamrad Opuapuxc MoJean
MyXUM CHEKTp TAalllKapUCHAAard XOoC KuUUMaTiapu MaBXyUIMK IIapTiiapu
TONMWJITaH;

Oy Xoc KuitMaTra Moc Xoc (yHKIUSIHUHT XOCCAJIapUHU YPraHUITaH;

MYXHUM CIIEKTp TYOMHUHT XOC KHMMAaT €KW BUPTyas caTX OYJHWII mapTiapu
aHWKJIAaHTaH Ba MocC paBuiiga Oy xoc GyHKIUsS €K BUPTyal caTX KYpUHHUIIU
TOMNUJITaH;



X0C KMMMAT y4yH y3apo TabCUp JOMMHUNCHHHMHI Oycara KuiMaTu aTpoduia
SKUHJIAIIYBYY €EMUIIMaap OJIMHTaH;

XOC KHIUMATHHUHI y3apo0 TabCUP JOUMHUKCH YEKCH3ra WHTWITAHJAru
ACUMIITOTUKACH TOIWJITaH.

TagKUKOTHHHI aMajuii HaTHXKAJApu ymymiamrad @Opuapuxc MoAeIu
OOfJIaHraH XOJATIAPUHUHT aHATUTHKIUTA XaKUaru Xyjocajnap KaTTUK >KUCMIIAp
dbu3MKacu Ba KBAaHT MEXaHHMKACHJA SKCIEPUMEHTAI TaJAKUKOTIAPHUHT cudat
KYpCAaTKMUMHU aHUKJIAIIAa Ba COHJIM Xucobnaniaa (oiianaHuiras.

TagKuKOT HATWKAJAPDUHMHI HINOHWIWJINIM  MAaTEMaTHK  aHaIu3,
MaTeMaTuK (pu3uka, GyHKIIMOHAT aHAM3 Ba KOMIUICKC Y3rapyBUWINA (YHKIHSIIAP
Ha3apusACH yCyJutapujaH (oWmaTaHUITaHIUTH Ba MaTEeMaTHUK MYJOXa3aJapHUHT
xama UCOOTIApHUHT KaThUUIUTH OWJIaH acOCTIaHTaH.

TagKUKOT HATWKAJIAPUHUHI WJIMMHA Ba aMajiMil axamMusITH. TaakukKoOT
WIIMHUHT WIMHI aXaMUATH ¥3 Y3Ura Kyluma orneparopiiap CeKTpail Ha3apHsacuIa,
KBaHT MEXaHWKacH, KATTHK >KUCMJAp (U3MKACH, XyCycaH, HMKKH 3appaydain
cuctemMa xamuiaTonuanura moc lpeaunrep omepatopu crekTpu OwuiiaH OOFIIMK
MacajajapHd Xall JTHUINJA KYJUIAHWIUIIM MYMKUHJIATH OWJIaH W30XJIaHAJI!.
TagKuKOT HATMKATAPUHUHT aMaluil axaMUsTH UIIJA OJIMHIaH WIMHUKA HaTHKajiap
KATTUK >KHCMIIap (PU3MKACH, KBAaHT MEXAaHMKACHA DKCIEPUMEHTAN TaIKUKOTIIAp
YTKa3ull Ba KyJulamra Hazapuii acoc cudarujga Xu3maT KWIMIIA OWiaH
OelrwiIaHaau.

TagkukoT HATHKAJAPUHUHT KOpud KuiaumHumu. [lamxapagaru HMKKU
3appavaiy cucremara Moc ymymuamran Opuapuxc MoAelu JUCKPET CHEKTpura
OWJI OJIMHTAaH HaTWXKajaap acocuiaa:

KY3FaJUIIMHUHT paHTu Oupra TeHr Oynran ymymuamirad Opuapuxc MoJenn
CIIEKTpaJl XOccallapujaH, SbHU XOC KUWMATUHUHT AQHAJIUTUKIWTKA Ba YHUHT
xxornammm Ypauman QJ130000.2626.14J72 pakamiau rpaHT JoMMXacuia OJIMOC
naHxkapajaru y4u 3appavyanu lllpenuHrep onepaTOpUHUHT CIEKTpall XOCCalapuHU
TaIKUK Kuiauiaa ¢oigamanunran (Manai3us TEXHOJIOTHS YHHUBEPCUTETHHHHT
2017 wiun 19 nexaGpparu MabiyMoTHOMAacH). UMyl HaTHKAHUHT KYIJJTAHUIUIINA
OJIMOC TaHXapajaru y4 3appadanu pegunrep omneparopura moc ®penroiabm
JNETEPMUHAHTUHUHT MYXUM CIIEKTpJIaH dYarja YCyBYM DKAHJIUTUHHU HCOOTIAII
WMKOHUHHU O€praH;

KY3FaJUIIMHUHT paHru Oupra TeHr Oynran ymymuamrad @Opuapuxc
MOJICJIMHUHT siroHa Xoc¢ KuiiMaTu Mapxyiuruaad QJ130000.2626.14J72 pakamiu
IPaHT JIOWUXACH]Ia 0JIMOC TIaHXKapajaru yu 3appadanu [lpeaunrep oneparopu xoc
KUUMAaTUHUHT ~ MaBXyUIMTMHU — ucOoTiamaa  doipananunran  (Manaiizus
TexHoiorus yHuepcuTeTHHUHT 2017 #un 19 nexkabpnarm MabaIyMOTHOMAcCH).
Ninmuii  HaTWKAHUHT  KYJUIAHWIKIIKM ~ OJIMOC TaHKapaJgard yd 3appadaiu
[lIpenuarep omepaTOPUHUHT MYXHM CHEKTPJIaH TallKapuja ETyBUM JUCKPET
CIEKTPUHUHT YCKIMJIUTHHYI KYPCATUIIl UMKOHUHU OepraH.

Oup ymyamiiyd xoJiaa Ky3FraJMIIMHUHT PaHTy Oupra TeHr OyiaraH yMymulalirad
Opuapuxc MOJEIA XOC KUMMATUHHUHI MAaBXYIUIUTHIAH Ba XOC KUMMAT Y4YyH
onuuraH Eimnmanapaad QJ130000.2626.14J72 pakamiv TpaHT JOMHXACHUIa OJIMOC



namxapazaru yd4 3appadanu llpenunrep omneparopu XOoC ~KUWMATHHHHT
XOCCallapyuHu TaAKWK Kwiniga Godgananwirad (Manaii3aus TeXHOIOTUs
yHuBepcuteTuHuHr 2017 #un 19 nekabpmarn  MabiaymoTHomacu). Wnmmii
HAaTWKAHUHT KYJUIAHWIMIIK OJIMOC MaHXkapaaarun yu 3appadanu [penunrep
ONEPATOPUHHUHT MYXHM CIEKTpJaH Tamkapuaa €ETyBUM XOC KHMMATHUHT
MOHOTOHJIMTMHU KYpPCAaTUIII UMKOHUHU OepraH.

TagkukKoT  HATHXKAJIAPDMHMHI  anpodamusick.  Maskyp  TaaKUKOT
Hartwkanapu, 20 Ta WiMUR-aManui aHXyMaHJapa, >KymyiaJaH 8 Ta Xajakapo Ba
12 ta pecny0iirka UIMU-aManuil aHKyMaHIapuaa MyXoKkamaaaH YTKa3uiIra.

TaagkuKOT HATHKAJAPUHUHT JbJOH KWJIMHIaHauru. J[luccepramnus
MaB3ycH Oyiimua >xamMm 25 Ta MMMl HII YOI STHITAH, IIyJapiaH, Y30eKHCTOH
PecnyOnukacu Onuit ATTecTanysi KOMUCCUSICHHUHT TOKTOPJIHMK JUCCEpTalUsiapy
acOCUM WIMHMHI HATH>KAJIAPUHU YOI 3THII TABCHUS STWITAaH WIMHUN Hampiapaa 5 ta
Makoia, JKymJaZaH, 2 Tach XOpwXui Ba 3 Tacu pecnyOiuKa J1aBpuil
KypHaJUIapu/a HalIp 3THIITaH.

JlMccepTAanMSHMHT Xa’KMH Ba TY3WIHIIH. Jluccepranus KUPHUII KHCMH,
yuta 000, xyjoca Ba ¢oijnanaHwirad agabuériaap pynxaruJaH TAIIKWI TOMNTaH.
JluccepTalsiHUHT Xa)KMU 85 OETHHU TaIIKHWII HTTaH.

JIACCEPTAIIUSIHUHT ACOCU MASMYHH

Kupum kucmmuaa aumccepranus MaB3yCMHUHI JOJ3apOJIMTUM Ba 3apypaTu
acocjlaHraH,  TaJKUKOTHUHI  pecnyOiumka  ¢gaH  Ba  TEXHOJOTHsIIApU
PUBOKJIAHUIIMHHUHT YCTYBOP MYHAIMILIAPUra MOCIUIM KypCAaTWITaH, MaB3y
Oyiinya XOpPWXKHUN WIMHA-TAAKUKOTIAp MIAPXU, MYaMMOHUHT YpraHWITaHINK
Japakacu KEeNTUPWITaH, TAJKUKOT Makcaau, Bazudanapu, oObeKTH Ba MpPEIMETU
TaBCU(JIaHTaH, TAJKUKOTHUHT WJIMUW SHTWJINTH Ba aMajuil HaTWxamapu OaéH
KWIMHTaH, OJIMHTaH HAaTWXKaJapHUHT Ha3apuil Ba aMalluid axaMusITH OYHuO
OepuiraH, TAAKUKOT HATHIKATAPUHUHT KOPUM KUJIWMHUIIM, HAIIp STUJTAH UIILIap
Ba JUCCEPTAIMS TY3WINIIN OYiinda MabIyMOT/Iap KEITUPHUIITaH.

HucceprauusiHuar «UKKH 3appayajM CHCTeMa XaMHWJITOHUAHJIAPUHU
ymymwiamran @puapuxc MoJeJura KeJTHpMID Ba 0ab3u  épaamuu
MabJAYMOTJIApP» Je0 HOMJIaHyBUM OWpUHUM OOOUIIa NHCCEPTAIUSHUHT acOCHI
HaTWKaJlapuHu 0aéH KWIUILIA 3apyp OYyyianuran €paaMud MabJIyMOTJap, aCOCUM
TabpuQ Ba TeoOpeMaap KeATUPUIITAH.

1.1 6ynuMaa wkkuTa OMp XWJI 3appadajd CUCTEMa XaMWITOHHMAHWUTA MOC
[Ipeaunrep onepaTtoOpUHUHT KOOPAUHATA Ba UMITYJIC KYPUHUIILIAPU KEATUPUIITaH.

1.2 6ynumpaa ¥3-y3ura Kymma orepaTopiIapHUHT 0ab3u CIEKTpaT XoccalapH,
XycycaH Beisl Teopemacu KEITUPUIITaH.

1.3 6ynmumMaa omkopmac GyHKIUS XaKUJIArd TeopemMaaaH KenuOd 4YhKaauraH
0ab3u HaTKAJIAP KEITHPUIITaH.

1.4 6ynumpaa nmapameTpukra 60rIMK Mopc JieMMacu KeITHPUIITaH.

HucceprauussHuHr  “Ymymuamran Opuapuxc MOJCJTMHUHI CIEKTPAJ
xoccajapu’’ 1e0 HOMJIAaHTaH UKKMHYM 000ua KY3FaJUIIMHUHT paHTH Oupra TeHTr
oynran ymymamrad Opuapuxc MOJENIM Ba YHUHI MyXHM CHEKTPU aHUKJIAHTaH.



Wkku ymuamiam xoiAa, KY3FaIUIIMHUHT paHTd Oupra TeHr OYiraH yMyMJjaliraH
Opuspuxc MOJIETMHUHT X0C KUAMATH MaBXYUIMK apTH Xamaa Oycara Xoaucacu
KeJITUpUITaH. X0C KUHUMAT y49yH ¥3apo TabCUP JTOMMHUMCHUHUHT OYcara KHiMaTu
atpodua SKUHIAMIYBYM EMiiMa ONMHTaH. byHpmaH Tamkapu XOC KUWMATHHHT
¥3apo TabCUP JOMMHUICH YEKCU3Ta MHTWITAHJArd aCUMIITOTUKACH TOIUJITaH.

HuccepranussHuar  “Ky3raJMIIMHAHT paHrd OuUpra TeHr OyJraH
ymymiaamran @puapuxc Mogean X0¢ KUAMATH YUyH éinama’ 1e0d HoOMJIaHTaH
yuuH4YH 000uaa Oup ymuamid Xoijaa KY3FalulIMHUHT paHTd Oupra TeHr OyiraH
ymymnamrad @OpuIpuxc MOAEIMHHMHTI XOC KUHMAaTH MaBXyMJIMK IIapTH
KEeNTUpWiIrad. Xoc KUiMaT yuyH y3apo TabCHUp JOMMUUCHHUHT OYycara KuiiMatu
atpoduna Ilroze-Jlopan karopura EmMacu TomwmiraH. byHmaH Ttamkapu Xoc
KUMMAaTHUHT y3ap0 TAbCUP JOMMHMCHU YEKCU3Trd MHTWITAHJArd aCUMIITOTUKACU
TOIMJITaH.

®apa3s kwiamu3 T%- d ymuammm top 6Yenn. L2(T?)-T? na anuxnauran

MOJYJIMHUHT KBaJpaTh OWJiaH MHTErpajlaHyBuu (QyHKUuUsiap XuiaoepTt (azocu
oyncun. Ymoy Xwidept ¢azocuna Oepuiiran Ky3raJaUIIMHUHT PaHTH Oupra TEHT
oynran ymymutamrad @puapuxc MOAESIUHNA KyHHlarnya aHUuKIaiMus3:

H,(p)=Ho(p)—V, u>0,
Ho(p) f (@) =w, (@) f(q), fel’(TY),
VE(a) = (q) f(p(S) f(s)ds, fel’(T?).

Jluccepranus MIMHHA 0aéH KUIMIIA Kyiuaarnya Gapas KiaaMus.
®apas 1. ®apas xwrammskn, @) -T%xa asukiadras xakukuil  KuiiMaTm
anayuTuk  Qyskuus  Ba W(P,q)-(T d)2 =T9xTY ja auuknanHTan XaKUKuit
KuiiMaTin asanutuk Gyukuus 6ymu6, (0,0) € (T9)? Hykrama sroHa aiHuMaraH
MHHAMYM HyKTara sra OyJICHH.

Kyitunran ymoy mapraan H ,(p), p eT? wuunr y3-ysura xyuma Ba
yerapajlaHrad oIeparop SKaHJIUTH KeJIn0 YHKaIu.
Jdemma 1. W(p,q) ¢yskumsra xyitmmras maproian p=0eT?  HykrasuHr
wyHnaii U ;(0) cT? arpodu Ba my arpodua aHMKIAHraH Qy:U,(0) >T®
aHamuTuK Qynkuus mapkynakd, xap 6up peUs(0) yuyn go(p) myxra w, ()

GYHKIHUSIHAHT ATOHA alHMMaraH MUHUMYM HYKTacH OYau.
V onepaTop KOMIIAKT oOImepaTop OYIraHaurd cabalbiu MyXUM CHEKTP

TypFyHIUrH Xakujaaru Befin teopemacura xypa H (p), p eT? omneparopuuHr

MYXHUM CIIEKTPH YUYH KyHUJard TEHIJIUK YpUHIN OYIaau:
Tess(H . (P)) = 0 (Ho (p)) = o (H, () =[m(p), M(p)],
m(p) = gnTI(} w, (@), M(p) = Max Wp (a)



Jlemma 2. Uxtuépuit p eU;(0) yayn W, (0) < RY uu qo(p) € T9 iunr U (9o(p))
aTpodura akmaHTUpyBUH MIyHAal S = (Y, p) dyHkoma maBxynku, U (q,(p)) ma
w, (w (Y, p)) byHKIIUS KyWH1aru

w, (w(y, p)) = m(p)+y’

Kypununga tacsupianagd. by epaa w(Y,) (Moc paBumpa w (., p)) byHKus
Us(0) (moc papumma W, (0)) na ananuruk Ba (0, p) = d,(p) Oynamu. Bynnan

Tamkapu S =w(Y, p) anmamrrupuin fxobuann J(w (Y, p)), xapanaérran W, (0)
atpoda aHaIUTUK OYnuo, bapua peUs(0) Ba yeW, (0) map yuyn
J(w(y, p)) >0 Gymanu.

Uxtuépuit u4>0 Ba peT d yayH C\[m(p);M(p)] ma aHukmaHrax
Kyiiunarn — ananmutuk  A(g, p;)  (H,(p) onepatropra wmoc  @penromsm
JeTEPMUHAHTH) QYHKIUSHU KapaliMH3:

2
A p) =1- 0P, Qe = [ LB peTt, zechimpimp
- W, (s) -2
d =1,2 6yncun. Y xonna, ¢(4,(p)) =0, p €U (0) 6ynranma
KyWUHMJard HTErpall
1 @*(s)ds
#45(P) % Wy (s)~m(p)
MaBxya Ba ¢(q,(p)) =0 Oynaranga g4 (p) =0 ned xucobnaiimus.

2.1 6ymumpa H, (p), peT 2 omepatopra Moc PPearobM HETEPMHHAHTH

Xoccallapy YpraHwiraH Ba YHUHT MYXHM CHEKTp TyOu arpoduma EWnamacu
TOTIMJITaH.
Jlemma 3. d=2 6yncun. YV xonma Gapua >0, peU;(0) nap Ba erapiuya

krnunk M(P)—z>0 yuyn A(w, p;r) GyHKOus Kyiupard sSKWHIAIIyBYM KaTopra
EHIITAIN.

Au, p;2) = 1= por, (p) In(m(p) —2) + g In(m(p) - Z)Z:,an (P)m(p)—2)" —4F(p,2),

1, - n
% (P) = =2 @" (A (PDI (@ (P), F(p.2) =2, (PP -2, (1)
Oy epaa «, (p),c,(p),n=0,1,2,... XakuKuii CoHmap.
2.2 oymampa H,(p), p eT? OnepaTopHHHI XOC KHHMATH MAaBKy[LIHK

HIapTy TONMUITaH. X0C KUMMATra MoC XOC (DYHKIMSTHUHT XOccajdapy KEeJITUPUIITaH.
bynnan Ttamkapu Kapajna€TraH ONEPATOPHUHI MYXHUM CIEKTPpU TYOMHHHI XOC
KUMaT €KUM BUPTYaJl caTX OYJIMII apTiapy aHUKJIaHTaH.

Tabpudp 1. Arap H, (p)f =m(p)f renrmama LN(T?)\L2(T?) pa mommac f

eunmra ora 6ynca y xonma H ,(p) oneparop z=m(p) HyKrana BupTyan carxra



ora pefiunamu. By xomma f eunm H (p) omeparophmHr BupTyan xonaru

neitmnamy. byrma L(T?2) opkamu T2 1a aHEKIaHraH aGCONIOT HHTETPAUIAHYBYH
dbynkusiap banax dasocu 6enrunanras.

Teopema 1. d=2 6yncun. Y xonma OapuapeU;(0) nap ydyH Kyiuaaru
TacIUKJIAp YPUHIIH:

1. Arap u> p,(p) 6ynca y xonga H ,(P) omeparop MyXuM CICKTPJaH
ganga étyBuM siroHa E(g, p) xoc kuitmatra sra. E(,, p) dyrkuus (i, (p),+o) na
MOHOTOH KaMaroB4M, aHAIUTHK OyHKuus xamaa E(u,) dysaxums Ug(0) na
XaKUKWAN aHATUTHK QyHKIMS 0Vnaau. by xoc kuiiMatra Moc Xoc pyHKIIHS

.0, B p) =
p ’

T? [a aHUKIAHraH XaKUKA aHATNTHK QyHKOWs Oyaagm, Oy epma C#0
HOPMAaJUIOBYH KyNauTyBuYM. byH1aH Tamkapu

W:iU;(0) —> L2(T?), p—> W p.d E(w, p))el?(T?)

Ba

Wi (p(p)+o0) = L(T?), > "W (a4 p.0, E(ut, P)) € L(T?)
akciantupunuiap moc pasumnaa U ;(0) Ba (x4, (P),+o0) Aa aHaNUTUK QYHKIHA
oynau.

2. Arap ¢(qy(p)) =0 Ba 0 <z < 1,(p) Gyncay xonna H ,(p) omeparop
(—oo,m(p)] ma xoc kuiimMaTra sra OyiIMaiIu.

3. Arap ¢(q,(p))=0,Ve(qy(p)) = (% (do p))’sT(p (do ( p))j #0 Ba
1 2

1= 1,(p), 6ynca y xonma Z=m(p) conn H ﬂz(P)(p) oIrepaTop y4yH BHPTYal
carx Oyiazau Ba yHra MOC BUPTYyaj X0JaT KyHuIaru

C

W, (a) —m(p)

kypunuiiga Oymagu, Oy epma C=#0 HopMmauioBUuM  KyMaWTyBYM  Ba
f e MT2H\LAT?).
0 0
4. Arap  9(ds(P) =0, W(qo(p»{%(qo(p»,ﬁ(qo(p»jzo Ba
i 2

1= 1,(p), 6Yncay xomma z=m(p) couu H ﬂz(p)(p) OIepaTop y4yH XOC Kuiimar

65'7.]13)11/1 Ba yHI'a MOC XOC (bYHKI_II/ISI Kyﬁnnarn
C
f(q): :u2(p)¢(q) c LZ(TZ),
w, (q) —m(p)

kypunuiiga 6ynamu, oy epna C #0 HOpMaioBun KynauTyBYH.




Tacapuk 1. V oneparop mycOatmurupan H ,(p) omepatop M(p) mam ymrna
€TyBUYH XOC KUAMATra 3ra 3Mac.

2.3 Oymumpa wkkd ymaammm xoinna H o, (p), peUs(0) omeparopHuHr
E(u, p) xoc kuitmat yayH p = 4,(p) HyKTaza lniMa OlIMHTaH.
Teopema 2. d =2 Ba p €U ;4(0) 6yacun. Arap u mapametp g, (P) ra uHTHICA y
xomma E(u, p) myxum crekrp Ty6u m(p) ra maTHiaagud Ba akcuHua E(u, p)
MyXHUM CIeKTp TyOM M(p)ra uHTHICA 1 TapameTp i, (p) ra uHTWIamM. bByHnan
Tamkapu ¢(d,(p)) = 00ynranga erapanya KUuuK L — 1, (p) mapma E(u, p) xoc
KUMUMAaT y9yH KyWUJaru SIKUHJIAIIYBYN EUWIIMA YPUHIIN:

m(p)—E(u,p)=ca(p)+ D, c(mn)(p)o"r’

n>1,s>0,n+s>1

- 1 -
o =expl(a(p)) ™} 7= ;exp{(ao(p)ﬂ) 1
oyamac(n,m), m,n =1,2,...- Xxakukuii cormap Ba
a(p) = exp{-Co(P)/a(P)}, o (P) = ~1129° (0 (P))I (G (P)) < O.
Oy epaa Co(p) xoedduuueHT (1) TEHIIMKAAH aHUKJIAHAIH.
Hatmxa 1. d =2 Ba p eU,(0) 6yncun y xoima ¢(q,(p)) #0 6ynranga H +(P)

omepatopuudr E(u, p) xoc kuilmMath ydyH KyHumarsm acHMMOTOTHK (opmysia
VPUHIIN:
E(x, p) =m(p) —exp{-C,(p)/;(p)}o +O(o7), #—>0+0.

Teopema 3. d=2 Ba peU (0) 6yncun. Y xomma E(w, p) yuyH kyimaaru
aCUMIITOTHK (hopMyJia YPUHIIU

E(u, p) ==l @l u+ED(u, p), 1 —> +o0,
oyruma E®(u, p)=0(1), u—> +oo.
Hatuxa 2. d=2 Ba peU,(0) Gymcun. YV xomma Ky#lHmard acHMIITOTHK
bopmyna YpuHIH

inf EGu,p)=~Il o 1> 4+ E® (1), u—> -+,

6yama E@(u)=0(1), u—> +o.
3.1 6ymumma H ,(p), pe T! omeparopra Moc ®OpeAroasM AETEPMHHAHTH

XOoccajapy KEJITHPWITaH Ba YHHHI MYyXHM CICKTp TyOu arpoduma Eilummacu
TOIWJITaH.
Jemma 4. d =1 6yncun. Y xomnga uxtuépumit 4 >0, peU;(0) Ba erapmuya

kuank M(p) —z >0 mapma A(w, p;-) dyukmus Kyiumarn ITro3e-Jlopan karopura
enmnanu.

A pi2) =1- 2B S (o) ym(p) 2.
ym(p)-z %

Oy epaa



¢4 (p) =" (d(P))J (G (P)).
Hatmxa 3. d =1 Ba ¢(q,(p)) =0, peU4(0) 6yacun. ¥V xomna uxtuépuid >0

Ba erapmuua kmuuk M(P)—z>0 mapma A(w, p;) GyHKOMS —Kyidugard
SKAHJIAIIYBYM KaTopra Eiuiaim;

A(y,p;z):1—y§cn(p)(\/m(p)—z)”,co(p)=ﬂtp)>o, @
n=0 1

3.2 6ynumpa Oup Ymuamum xompa H, (p) ONEpaTOPHUHT XOC KuidMar

MaBXyJIMK I[IapTiapyu Tomwirad. Xoc KuiMaTra MoC XOC (PYHKIUSHUHT aHHUK
KYPVHHILINA KEITUPUITaH.

Teopema 4. d=1 Oyncun. Y xonga Oapua peU;(O)map ydyH Kyiuaaru
TacIuKIap YPUHIM:

1. Arap p > y(p) Oyaca y xomma H, (p) omeparop MyXuM CHEKTpIaH
vana EryBun siroHa E(u, p) xoc kuitmatra sra. E(:, p) byukmms (g (p),+o0) na
MOHOTOH KaMaroB4M, aHanmuTuk ¢yHkuus xamaa E(u,) dysaxums Ug(0) na
XaKUKUIM aHAUTUK QyHKIUs 0ynaau. by xoc kuiiMatra Moc Xoc QpyHKIUs

P 0.0 B p)) = ((;AI_@SL P)
; :

T! 1a anMKiIaHran XakuKWU aHAIUTHK byakmus Oymagu, Oy epma C=#0
HOPMAaJUIOBYM KynantMa. byHan ramkapu

¥:Us(0)—> AT, p>W(wp,0,E(w p) e LX(TY)

Ba
W (a(p)to0) > L(TY), W1 p,0,E (1, p)) € L*(TY)
akcianTupunuiap moc pasuna U, (0) Ba (z4(p),+o0) na aHanuTUK (YHKLIHA
oynanu.
2. Arap ¢(g,(p)) =0 Ba O0< 1< z4(p) 6yncay xonna H . (p) omeparop

(—oo,m(p)] ma xoc kuitmatra sra 6yaMaiIu.

3.3 Oynumpa Oup Ymaamum xomma H (p), peUs(0) onepatopHuHr
E(u,p) xoc kumitmaté yayH u =g (p) Hykrama &imnama onwHaraH. bByHman
tamkapu E(u, p) Xxoc KumiiMar ydyH g —>o0 Jard acHMITOTHK (opMmysiacu

TOTIMJITaH.
Teopema 5. d =1 Ba peU;(0) 6yncun. Y xomma arap u mapametp z4(p) ra

uaTIica y Xomma E(u, p) myxum crektp Ty6u M(P) ra MHTHIaIM Ba aKCHHYA
E(u, p) myxum criektp Tyou m(p)ra untmiaca u mapamerp g4 (p) ra UHTHIAIM.
Bynnman tamkapu erapiuua Kuuuk g — 44 (p) napaa E(u, p) xoc kumiimar yuyH
KyWHJaru ssKMHIJIAIYBYU EUUIIMA YPUHIIN:

1. Arap ¢(g,(p))=0 Oynca y xomma E(w, p) xyiimparm xaropra
énnitaau



2
E(u, p) =m(p) —(Zan(p)ﬂ”) :
n=1
Oynna a,(p),n=1,2,... Xakukuil CoHJIap Ba
a,(p) = p° (0o (P))I (G (P)) > O.

2. Arap ¢(qy(p))=0 Ba (2) ¢&lmmanuar  C;(pP),C,(P),...
xoeppuuuentinapu c,(p) =c,(p)=...=c,4(p) =0,c,(p) =0,k =1,2,.., mapTau
KaHoaTmantupca, y xomna E(u, p), 4= 14(p) Hykra arpoduma kyiiumaru ITro3e
KaTopura EMWIagau.

2
E(u, p) = m(p) —[Zan(p)[u—ul(p)]“’kj ,
n=1

Ooynna a,(p),n =1,2,... Xakukuii COHJIap Ba

1Kk
ay(p) = |- (P)e (M) ™, €, (p) <O Lu— g (P)I* >0, pu— s (p) >0.
Hatmxa 4. d =18a peU;(0) 6¥ncun. ¥ xonna H ,(p) oneparopuunr E (4, p)

XOC KUMMAaTH y4yH KyWHIaru aCUMITOTUK opMyranap YpUHIIK:
1. ¢(d,(p)) # 0 6yncun y xonna
E(u, p) = m(p) ~ [0 (Ao (P))I (@ (P))I 44 +O(4%), 11— 0
2. 9(0y(p))=0 Ba (2) élmnmanuar koeddurmentiapu C,(p),c,(p),...
YUYyH KyHHJaru
¢ (p) =cy(p) =...=¢4(P) =0,c,(p) #0, k=1,2,....
MyHoca0at ypuHau 6yica y Xxoiaa
E(u p) = m(p) ~ |- 42 (P)e ()] 10— 14 (P)IP* + Ot — 1 (P)FX), 12— 14(P)
oynaa c, (p) <O.
Kyiinmarn teopemama E(u, p) xoc xuiimar yuyn g —>+00 Gyaranma
acCUMNTOTHK (hopmyrara sra Oynamus.
Teopema 6. d=1 Ba peU,(0) G6ymcun. V xomma E(u, p) yuyH Kyitmmaru
aCUMNTOTHK (opMyJia YPUHIH
E(u, p) ==l @llI> #+ED (i, p), pt—+on,
6yuma EY(u, p)=0(1), u—>+o.
Harumka 5. p eU;(0) Oyncun. ¥V Xonga KylHuaaru aCUMITOTHKA YPUHIN

inf E(u, p)=—l ol u+E® (), u— +o,

6yuma E@(u)=0(1), u—>+o.



XyJioca

HMucceprauuss umm ymymuiaimran Opuipuxc MoAend XOC KUHMATH Y4YyH
¢iinmMa mMaB3ycura OaruIIUIaHTaH. bup Ba MKKM ydamiid XOJfa Ky3FaauIIMHUHT
paHru 6upra TeHr oynran ymymiamran Opuapuxc Mojenu crekTpain xoccaiapu
YpraHuiras.

Acocuit HaTWXallap Kyiuaaruiapaan uoopar:
1. K¥y3ranumuHUHT paHru Oupra TeHr Oynaran ymymiamrad Opuapuxc
MOJICIMHUHT XOC KHMMAaTH MaBXyJIMK [APTH KEITUPUIITAH.
2. X0C KHUMATHUHT aHAIUTUK YKAHIUTH UCOOTIaHTaH.
3. Xoc kuitmMatra Moc XoC (PYHKUMSHUHT yMyMHUH KYPUHHIIN aHUKJIAHTaH Ba
YHUHT aHAJIMTUKJIUTH UCOOTIIAHTaH.
3. MyxuM crekTp TyOMHHMHI XOC KMMMAar €KH BUpPTyasl caTx OYIMII mapTiapu
tonuiarad. Moc paBuniga 0y Xxoc KHMMar Ba BUPTyal caTxra Moc Xoc ()yHKIIUS Ba
BUPTYAJI XOJATHU aHUK KYPUHUIIN KEITUPUIITaH.
4. Xoc kuiiMaT y4yH ¥3apo TabCHp JOUMHMUCHHHUHI OYcara KuiiMatu atpoduia
SKUHJIAIIYBYM €WWiManap TomwiraH Ba Oy ¢&lunma épaamMuaa acUMIITOTHK
dbopmynanap XOCUI KAJIUHTaH.
5. Xoc KuUHMATHUHT ¥3ap0 TabCHp JAOMMHUHCH YEKCH3ra MHTHITaHIaru
ACUIIMTOTHK (hOPMYJIaCU TOIMHIITaH

OnuHran HaTWXanap KaTTUK XKUCMJap (U3MKacu Ba KBaHT MEXaHUKACH]a
AKCHEPUMEHTA TAAKUKOTIAPHUHT cudaT KYpCaTKUUMHM aHHUKJIAIIga XamJa
MaTeMaTuK Ppu3NKajaa KYJIIaHUIUIIH MyMKHH.
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INTRODUCTION (abstract of PhD thesis)

Actuality and demand of the theme of dissertation. Many 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 is
reduced tothe generalized Friedrichs models that are found in models of solid state
physics and lattice field theory is one of the priorities.

At the present time in the world one of the important problems of
mathematical analysis is the problem of studying the spectrum and resonances of
self-adjoint operators. These problems have a close connection with the study of
the spectrum and resonances of the generalized Friedrichs model corresponding to
a system of two particles on a lattice. In most cases the numerous problems of
mathematical physics and mechanics, in particular, the investigation of the spectral
properties of the Schrodinger operator associated to asystem of two particles
reduce to study the spectrum of the generalized Friedrichs models which are
defined as self-adjoint bounded operator. In this connection, to describe the
essential spectrum of the generalized Friedrichs model corresponding to a system
of two particles, to study the existence and number of eigenvalues depending on
parameters and depending on the dimension of the space are implementation of
targeted scientific research.

In our country much attention has been paid to directions of applied
importance, in particular, special attention was paid to the study of generalized
Friedrichs model which generalizes the Schrédinger operators corresponding
Hamiltonians of the systems of two particles. For the Schrédinger operators and
generalized Friedrichs model a number of 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. The priority area of activity and the main
task is the conduct of research in the main areas of such sciences as mathematics,
physics, applied mathematics, in accordance with world standards®>. The
development of quantum field theory and the spectral theory of linear operators, in
particular, the study of the spectral properties of the generalized Friedrichs model
play an important role in the execution of the resolution.

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

“Desision of the Cabinet of Ministers of the Republic of Uzbekistan of May 18, 2017 No. 292 «On measures to
organize the activities of the newly established scientific research institutions of the Academy of Sciences of the
Republic of Uzbekistan»



Science and Technology" and NeDP-916 dated July 15, 2008 "Encouraging the
introduction of innovative projects and technologies in production ", NeDP -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 NeDP -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.

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 Science".

The degree of scrutiny of the problem. First K.O.Friedrichs was
introduced as a model of perturbation theory of self-adjoint operators,
themultiplication operator by an independent variable, and as a perturbation the
integral operator was considered. Later this model called the perturbation theory of
the continuous spectrum.

In the works of soviet scientists Ladyzhenskaya O.A. and Faddeev L.D. this
operator was called the Friedrichs model and the problem of studying the
Schrodinger operator was reduced to the problem of studying the Friedrichs model.

The generalized Friedrichs model was introduced by S.N.Lakaev, in case,
the multiplicity of the continuous spectrum was non-constant. Spectral properties,
I.e. continuous spectrum, eigenvalues and resonances, the appearance and
absorption of eigenvalues, and the finiteness of the number of eigenvalues of this
model, was studied in the works of R.A.Minlos, S.N.Lakaev, Zh.l.Abdullaev,
S.A.Stepen, C.Albeverio, E.L.Lakshtanova, E.R.Akchurin, I.A.Ikromov,
F.Sharipov and M.E. Muminov.

In the works of S.N.Lakaev, Zh.l.Abdullaev, the finiteness of the number of
eigenvalues and the resonances of the generalized Friedrichs model of no more
than two particles are proved.

The spectral properties of the non-self-adjoint Friedrichs model are studied
in the works of S.A.Stepen and M.E.Muminov, in particular, the conditions of the
finiteness of the number of eigenvalues are established.

In works of I.A.lkromov and F.Sharipov the finiteness of the discrete
spectrum of the generalized Friedrichs model is proved.

At present, the development of the study of the spectral properties of the
generalized Friedrichs model is one of the essential tasks.

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 “The expansions for eigenvalues and resonances of the discrete
Shrodinger operators and  Friedrichs models”(YoF4-QX-0-18588 YoF4,
Samarkand State University, 2014-2016).



The aim of the research is to show the existence of eigenvalues and to
obtain the convergent expansions for these eigenvalues of the generalized
Friedrichs model with the perturbation of rank one.

Research tasks:

to define the location of the essential spectrum of the generalized Friedrichs
model with the perturbation of rank one;

to find the conditions for existance of eigenvalues of the generalized
Friedrichs model with the perturbation of rank one in the one and two-dimensional
cases;

to find the explicit form and to study the properties of the corresponding
eigenfunction;

to define a criterion, for being the bottom of the essential spectrum a virtual
level or eigenvalue of the generalized Friedrichs model with the perturbation of
rank in the two-dimensional case;

to find the expansion for eigenvalue at the neigborhood of coupling constant
of the generalized Friedrichs model with the perturbation of rank one in the one
and two-dimensional cases;

to obtain an asymptotic formula for eigenvalue as interaction energy tends to
infinity.

The research object. The Friedrichs model associated to a system of two
identical particles on lattice.

The research subject. Spectral study of the generalized Friedrichs model
with the perturbation of rank one.

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, mathematical physics and functional analysis, as well as the theory of
complex analysis.

The scientific novelty of the research is as follows:

the location of the essential spectrum of the generalized Friedrichs model
with the perturbation of rank is defined;

the conditions for existence of eigenvalues lying bellow the essential
spectrum of the generalized Friedrichs model with the perturbation of rank one in
the one and two-dimensional cases are found;

the properties of the corresponding eigenfunction are studied;

a criterion, for being the bottom of the essential spectrum a virtual level or
virtual state of the generalized Friedrichs model with the perturbation of rank in the
two-dimensional cases is given;

obtained and the explicit forms of the corresponding eigenfunction and
virtual state are found respectively;

the expansions for eigenvalue at the neighborhood of coupling constant of the
generalized Friedrichs model with the perturbation of rank one in the one and two-
dimensional cases are found;



an asymptotic formula for eigenvalue as interaction energy tends to infinity is
obtained.

Practical results of the research consists in the possibility of using the
findings of the analyticity of bound states of the generalized Friedrichs model 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 spectral theory of self-adjoint operators, quantum mechanics, solid state
physics, quantum field theory, in particular, solutions of problems related to the
spectrum of Shrodinger operator associated to Hamiltonians of systems of two
particles. 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. Based on the results of the
discrete spectrum of the generalized Friedrichs model, associated to a system of
two identical particles on a lattice:

the spectral properties of the generalized Friedrichs model with the
perturbation of rank one, i.e. the analyticity and location of eigenvalue are used in
scientific research QJ130000.2626.14J72 to investigate the spectral properties of
the three-particle Shrodinger operator on diamond lattice(certificate of Malaysian
University of Technology, December 19, 2017). Using scientific result enabled to
prove the increasing of Fredholm determinant associated to the three-particle
Shrodinger operator bellow the its essential spectrum;

in scientific research QJ130000.2626.14J72 using the existence of a unique
eigenvalue of the generalized Friedrichs model with the perturbation of rank one it
is proved the existence of eigenvalue lying bellow the essential spectrum of the
three-particle Shrodinger operator on diamond lattice (certificate of Malaysian
University of Technology, December 19, 2017). Using scientific result enabled to
show the finiteness of the discrete spectrum lying out of the essential spectrum of
the three-particle Shrodinger operator on diamond lattice;

in one dimensional case the existence of eigenvalue and the expansion for
eigenvalue of the generalized Friedrichs model with the perturbation of rank one
are used in scientific research QJ130000.2626.14J72 to investigate the main
properties of eigenvalue of the three-particle Shrodinger operator on diamond
lattice(certificate of Malaysian University of Technology, December 19, 2017).
Using scientific result enabled to prove the monotonicity of eigenvalue lying
outside the essential spectrum of the three-particle Shrodinger operator on diamond
lattice.



Approbation of the research results. The results of this research were
discussed at 20 international and republican conferences, in particular, at 8
international and 12 republican scientific and practical conferences.

Publications of the research results. 25 scientific works were published on
the topic of the dissertation, 5 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 2
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.

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 “Reduction of the system of
Hamiltonians of two particles to thegeneralized Friedrichs model and
preliminary informations” is given basic notions and results including the
necessary theorems in order to describe main results.

In Section 1.1 it is defined the Schrédinger operator associated to a system of
Hamiltonians of two identical particles in coordinate and momentum
representation.

In Section 1.2 it is given the necessary theorems of spectral theory of bounded
self-adjoint operators, in particular, the Weyl theorem is given.

In Section 1.3 it is given some consequences of the implicit function theorem

In Section 1.4 it is given the parametric Mors’s lemma.

In the second chapter of the dissertation called “The spectral properties of
the generalized Friedrichs model” is defined the generalized Friedrichs model

H,(p), peT? with the perturbation of rank one and its essential spectrum is
found. In two-dimensional case it is given a condition for existence of eigenvalue
and the threshold effect of the operator H ,(p), p eT?. It is found an expansion

for eigenvalue in some neighborhood of coupling constant. Moreover for
eigenvalue it is established an asymptotic formula as interaction energy tends to
infinity.



In the third chapter of the dissertation called “An expansion for eigenvalue
of the generalized Friedrichs model with the perturbation of rank one” is
given a condition for existence of eigenvalue of the generalized Friedrichs model
with the perturbation of rank one in one dimensional case. It is found a Puiseux-
Laurent expansion for eigenvalue in some neighborhood of coupling constant.
Moreover in this case for eigenvalue it is also established an asymptotic formula as
interaction energy tends to infinity.

Let T¢ be the d-dimensional torus and L*(T¢)-be the Hilbert space of square-

integrable functions defined on T¢. We consider the generalized Friedrichs model
with the perturbation of rank one as follows:

H,(p)=Hy(p)—V, x>0,
Ho(p) f (@) =w, (@) f(a), fel’(TY),
Vi (a) =¢(a) I¢(S) f(s)ds, fel®(T9).

Throughout the thesis we assume the following hypothesis.
Hypothesis 1. Let the function ¢(-) is nontrivial real-analytic function defined on

T%nd the function w(p,q) is real-analytic function defined on
T2 =T%xT%nd has a unique non-degenerated minimum at the point
00)e(T%)*.

By the Hypothesis 1 follows that the operator H  (p), peT? is bounded

and self-adjoint operator.
Lemma 1. By the conditions which are given to the function w(p,q), there exist

such a neighborhood U ;(0) TY of the point p=0eT? and the analytic function
Qo :U4(0) > T? such that for any peU,(0) the point q,(p) is a unique non-
degenerated minimum of the functionw,, (-).

Since the operator V is positive operator of rank one by the well-known
Weyl theorem for the essential spectrum of the operator H,(p), peT? the

following equality is hold:
Oess (H,,(P)) = 05 (Ho (P)) =0 (Ho (p)) =[m(p). M (p)],

m(p) =minw,(q), M(p) =maxw,(q)
geT qud
Lemma 2. For any peU,4(0) there exists a map s=w(y,p) of the interval

W, (0) < RY to a neighborhood U (q,(p)) of the point q,(p) eT? thatin U(g,(p))
the function w, (w(y, p)) can be represented as

w, (w (Y, p)) =m(p) + y*.
Here the function y(Yy,-) (resp.y (-, p)) is analytic in U;(0) (resp. W, (0)) and
w (0, p) = q,(p). Moreover, the Jacobian J(w (Y, p)) of the mapping s =w(y, p) is



analytic in W _(0) and positive, i.e. J(w(y,p))>0 for all peUs(0) and
y eW, (0).

For any x>0 and peT? we define an analytic function A(y, p;)(the
Fredholm determinant, associated to theoperator H ,(p)) inC\[m(p);M(p)] as
follows:

N = . = [ 9°(5)ds d .

A, p7) = 1= Qp;), Qpi2) = [ 222, peT?, zeC\[m(p)M(p)]:
S W, (s) -2
Let d =1,2. In case ¢(q,(p)) =0, peU,(0) the following integral
1 @*(s)ds
Ha(P) 4 Wp(s)—m(p)
exists and we define x4 (p) =0 if ¢(q,(p)) #0.

In Section 2.1 it is studied the properties of the Fredholm determinant,

associated to the operator H ,(p), p eT? and it is established its expansion at the

neighborhood of the bottom of the essential spectrum.

Lemma 3. Let d=2. Then for any x>0,peU4(0) and sufficiently small
m(p)—z >0 the function A(, p;-) can be represented as following convergent
series.

Apt i2) =1 rer, (PYIN((P) ~ 2) + & In(m(p) ~ 2) 2, (P)m(P) ~2)" = 4 (p. 2),

a,(p) = —%wz(qo(p))J (9,(p)), F(p,2) = nZ:;Cn(ID)(m(ID) -z), 1)

wheree, (p),c, (p), n=0,1,2,..real numbers.

In Section 2.2 it is found the conditions for existance of eigenvalue of the
operator H ,(p), peT? It is given the main properties of the corresponding
eigenfunction. Moreover it is defined the conditions for being the bottom of the
essential spectrum a virtual level or eigenvalue of the operator H ,(p), p e T2,
Defenition 1. The number z=m(p) is called a virtual level of the operator
H,(p) if the equation H, (p)f=m(p)f has a nontrivial solution

f e (T%)\ L*(T?). The corresponding solution f is called a virtual state of the
operator H ,(p). Where L}(T2) is Banach space of absolutely integrable functions

defined on T?.
Theorem 1. Let d =2. Then for any p eU 4(0) the following assertion are true:

1. If x> u,(p) then the operator H ,(p) has a unique eigenvalue E(x, p)
bellow the essential spectrum. The function E(,, p) is monotonously decreasing
analytic function in the interval (u,(p),+) and the function E(u,) is real-
analytic in U ;5(0). The corresponding eigenfunction



Cup(q)
w,(9) —E(u, p)
is analytic on T2, where C #0 normalization factor. Moreover the mappings
W:U,(0) > L*(T?%), pr> ¥ p.q,E(w, p))el®(T?)

W(; P, 4, E(ue, p)) =

and

Wi (1 (p)+o0) > L2(T?), u—W( p,q,E(u, p)) e L*(T?)
are vector-valued analytic functions in U ;(0) and (zz, (p),+oc) respevtively.

2. If (gy(p))=0 and O0< x <4, (p), then the operator H,(p) has none
eigenvalue in (—oo,m(p)].
0 0
3. It o(a(p)) =0, Ve(ay(p)) = [—g” (qo(p)),—g”(qo(p))J #0  and
o, aq,
= 11,(p), then the number z = m(p) is a virtual level of the operator Hﬂz(p)(p)
and the corresponding virtual state is of the form
C
w,(q) —m(p)
where C #0 is normalizing constant and f e L*(T %)\ L*(T ).

4. 1f (P(%(p)):OvV(D(%(p)):(%(%(p)):%(qO(p))JZO and 1= 11,(p),

then the number z =m(p) is an eigenvalue of the operator H

y(p) and the

Hy (P
corresponding eigenfunction has the form
f(q) — CIUZ(p)(p(q) c LZ(TZ),
w, () —m(p)
where C #0 is normalizing constant.
Remark 1. Since the operator V is positive, the operator H, (p) has no
eigenvalue upper M(p).

In Section 2.3 in two dimentional case it is found en expansion for
eigenvalue E(, p) of the operator H ,(p), p €U ;(0) at the point x = 1, (p).
Theorem 2. Let d=2 and peU4(0). Then if x tends to x,(p) then the
eigenvalue E(u, p) tends to the threshold m(p) and if eigenvalue E(, p) tends
to the threshold m(p) then x teds to ., (p). Moreover if ¢(q,(p))==0for
sufficiently small - 4, (p) for eigenvalue E(u, p) the following expansion is
true:

m(p)—E(u, p) =ca(p)+ >, c(mn)(p)c"r®

n>1,s>0,n+s>1

o = exp{(as(P)i) '}, 7= %exp{(ao(p)u)-l},



where c¢(n,m), m,n=1,2,...- real numbers with

a(p) = exp{-Cy (P) s (P)}, () = —1/200% (0 (P))J (Ao (P)) <O,
where c,(p) is the cofficient which is defined in (1).

Corollary 1. Let peU4(0), then if ¢(q,(p)) =0 for eigenvalue E(u, p) of the
operator H ,(p) the folloving asymptotics is true :
E(x, p) = m(p) —exp{-¢,(p)/ay(p)}o + O(o7), 1 —>0+0.

Theorem 3. Let d=2 and peU4(0). Then the function E(w, p) has the
asymptotics

E(u, p) ==l @lI> #u+E® (1, p), p— 4o,
where E® (4, p) = O(1) is uniformly in p eU ;(0) as u — +oo.
Corollary 2. Let p €U 4(0). Then the following asymptotics is true:

inf E(u, p)=—ll@ll*> u+E®P (1), p— +om,

where E® (1) =0(1), u—> +w.

In Section 3.1 it is studied the properties of the Fredholm determinant,
associated to the operator H ,(p), peT! and it is found its expansion at the
neighborhood of the bottom of the essential spectrum.

Lemma 4. Let d=1. Then for any x>0, peU,4(0) for sufficiently small
m(p)—z >0 the function A(w, p;:) has the following Puiseux-Laurent series
expansion:

MMpzrﬂ—yﬁ%%QT—ukamewraT,
- n=0

c_1(P) = 7p* (G (P))J (Ao (P)).
Corollary 3. Let d=1 and ¢(q,(p))=0, peU4(0). Then for any x>0 and

sufficiently small m(p)—z >0 the funcsion A(x, p;-) can be represented as the
following expansion:

A, p2) =1- 1> e (p) (Ym(p) —2 ) co(p) =

n=0 :ul(p)
In Section 3.2 it is found the conditions for existance of eigenvalue of the

operator H ,(p), peTh. It is given the properties of the corresponding

eigenfunction.
Theorem 4. Let d =1. Then for any p €U 4(0) the following assertions are true:

If 1> p4(p) then the operator H , (p)has a unique eigenvalue E(x, p)
bellow the essential spectrum. The function E(,, p) is monotonously decreasing
analytic function in the interval (x4 (p),+o0) and the function E(z,-) is real-analytic
in U, (0). The corresponding eigenfunction

where

>0, (2



Cuep(q)
w,(a) - E(x, p)
is analytic on T, where C =0 normalization factor. Moreover the mappings

W(w p, o, E(u, p) =

iU (0) > L*(TY, p> (s p,0,E(u, p)) e L*(TH)
and
W (u(p) o) > L(TY), w> W (1 p,q,E(u, p)) € L*(TY)
are vector-valued analytic functions in U ;(0) and (z4(p),+o) respevtively.
2. 1f ¢(dy(p)) =0 and 0< < z4(p), then the operator H ,(p) has none

eigenvalue in (—oo,m(p)].

In section 3.3 in one dimentional case it is obteined an expansion for
eigenvalue E(u, p) of the operator H ,(p), p €U, (0). Moreover we found an

asymptotic formula for E(«, p) as u — .
Theorem 5. Let d=1 and peU,(0). Then if x tends to . (p) then the
eigenvalue E(u, p) tends to the threshold m(p) and if eigenvalue E(, p) tends
to the threshold m(p) then x teds to g, (p). Moreover for sufficiently small
1 — 1 (p) for eigenvalue E(x, p) the following expansions are true:

1. If o(q,(p))=#0 then E(u,p) can be represented the following
convergent series expansion

o 2
E(u, p) =m(p) —(Zan(p)ﬂ”] ,
n=1
where a,(p),n=1,2,... real numbers and
a,(p) = 7 (0 (P))I (o (P)) > O.

2. If o(q,(p))=0 and for fixed k € N the coefficients of expansion (2)
satisfy the following condition c,(p) =c,(p)=...=¢,_;(p) =0,c, (p) =0, then
for E(x, p) the following Puiseuxs series expansion at z = g4 (p) is true.

2
E(u, p) = m(p)—[zan( p)[ﬂ—ul(p)]“’kJ ,
n=1

where a,(p),n =1,2,...real numbers and

1k
a,(p) = [~ 12 (P (M] ™, ¢ (p) <O, [u— s (P)* >0, 11— 4(p) > 0.
Corollery 4. Let d =1. Assume Hypohesis 1 and p €U ;5(0). Then the eigenvalue

E(u, p) of the operator H ,(p) has the following asymptotics:

1. If ¢(q,(p)) =0 then
E(u, p) = m(p) ~ [0 (Ao (P))I (G (P))I 44 +O(4%), 11— 0



2. If ¢(g,(p))=0 and for fixed k € Nthe coefficients of expansion (2)

satisfy the following condition c,(p) =c,(p) =...=c¢,_;(p) =0,c, (p) = O then
E(x, p) =m(p) - [—uf(p)ck(pﬁm[ﬂ—m(p)]z’k +O(Lu = 1 (P)I*), 11 = 14(p),

with ¢, (p) <O0.

In the following theorem we found an asymtotic formula for E(z, p) as
U —> 400,
Theorem 6. Let d =1 and p €U 4(0). Then the function E(g, p) has the following
asymptotics

E(u, p)=~lloll> u+ED(u, p), 11—+,

where E® (4, p) = O(1) uniformly in p eU,(0) as u —> +x.
Corollary 7. Let d =1 and p €U 4(0). Then the following asymptotics is true

inf Eu,p) ==l 0] 1+ ED(1), 1t— +,

where E@ (1) = 0(1), u—> +o.



CONCLUTION

The dissertation is devoted to study the spectral properties, in particular, an
expansion for eigenvalue of the generalized Friedrichs model with the perturbation
of rank in one and two-dimensional case.

The main results of the research are as follows:

1. It is given the conditions for existence of eigenvalue of the generalized
Friedrichs model with the perturbation of rank one.
2. It is proved the analiticity of eigenvalue.
3. The implicit form of the corresponding eigenfunction is found and its analiticity
IS proved.
3. It is found the condition for being the bottom of the essential spectrum a virtual
level or virtual state. The implicit forms of the corresponding eigenfunction and
virtual state are found respectevely.
4. It is found the expansions for eigenvalue at the neighborhood of coupling
constant and uning these expansions it is obtained the asymptotic formulas;
5. It is obtained an asymptotic formula for eigenvalue as interaction energy tends
to infinity.

The obtained results can be used to determine the quality of experimental
investigations in mathematical physics, solid state physics and quantum
mechanics.
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BBEJAEHMUME (anHoTamusi Auccepranuu aokropa ¢puaocopun(PhD))

LHeabio wucciaegoBaHusi SBISECTCS HW3YYCHUE CIEKTPAIBbHBIX CBOWCTB, B
YaCTHOCTU M3y4YEHUE CYIIECTBOBAHWN COOCTBEHHBIX 3HAUYEHHM U TOJYyYUTH
CXOJSIIIUECS] PA3JIOKEHUST Il COOCTBEHHBIX 3HAUYEHHM OOOOIICHHOW MOAeNu
®puspuxca ¢ BO3MYIIEHUEM paHTa O1H.

O0beKT HCCJICAOBAHMS. 0000111eHHAs MOJIeIb Opunpuxca,
aCCOIIMMPOBAHHOM CUCTEME JABYX OJMHAKOBBIX YACTHI] Ha PEIIETKE.

Hay4ynasi HOBU3HA MCCJIEIOBAHUSA 3aAKJII0YAETCHA B CJIeAyIOIIEeM:

HalJIEHO MECTOIOJIOKEHUE CYIIECTBEHHOTO CIEKTpa 000OIIEHHON MOJeu
®puapuxca ¢ BO3MYIICHUEM paHra OJivH;

MOJIYYEHO YCJIOBUE CYIIECTBOBAHUSI COOCTBEHHBIX 3HAYEHUM, JExkKaIIUX
JIeBee CYIIECTBEHHOTO CrieKTpa 00600menHon Moaemn Opuapuxca ¢ BO3MyIIEHHEM
paHra oJiiH B OJTHOMEPHOM U JIBYMEPHOM CIIy4asix.

U3Y4YeHBI HEKOTOPhIE CBOMCTBA COOCTBETCTBYIOIIEH COOCTBEHHON (DYHKITNH;

HaWJIeHbl YCJIOBUS JJIsI KOTOPBIX JIEBBIM Kpal CYIIECTBEHHOI'O CIEKTpa
SBJIIETCSI COOCTBEHHBIM 3HAUYEHHEM WJIM BHUPTYAJIbHBIM YPOBHEM OOOOIICHHOU
mozaenu dpunpuxca ¢ BOZMYLIEHUEM paHra OJUH B ABYMEPHOM CIIy4yae M HaWJIeH
SBHBIA BHUJ COOTBETCTBYIOIIEH COOTBETCTBEHHOW (YHKIIUU M BUPTYaJIbHOTO
COCTOSIHUSI, COOTBETCTBEHHO.

MOJIYYEeHBI PA3JIOKEHUS ISl COOCTBEHHOT'O 3HAYEHHsS] 000OIIEHHOW MOJIeH
®puapuxca ¢ BO3MYIIEHUEM paHra OJiMH B OJHOMEPHOM U IBYMEPHOM CIIy4ae;

HalJIeHO acuMmnToThYeckas QopMmyna COOCTBEHHOIO 3HA4YEHHUS, Korja
SHEPIusi B3aUMOJICHCTBUSI CTPEMUTCS] K OECKOHEYHOCTH.

BHenpenue pe3yabTaToB HcciaeaoBaHusi. OCHOBBIBAsCh Ha pe3yibTaTax
JUCKPETHOTO crekTpa o000meHHol wmonaenu @Ppuapuxca, acCOUMUPOBAHHON
CHUCTEME JIByX OJMHAKOBBIX YACTHI] HA PEIIETKE:

CnexktpanbHble  CcBoOWcTBa  0000meHHONM  Moaenum  Dpuppuxca ¢
BO3MYIIICHUEM paHra OJWH, T.e. AHAIUTUYHOCTh U MECTOMOKEHHE COOCTBEHHOTO
3HAUCHHUSA, HCIOJIb30BaHbl B HCCIEIOBAHUSAX 3apyOEKHOTO TPOEKTa TpaHTa
HoMmepom QJ130000.2626.14J72 nnst uccienoBaHUsT CHEKTPAIBHBIX CBOWMCTB
TpexuactuyHoro omeparopa IpeauHrepa Ha anma3HOM pelmieTke (CIpaBka
Manaii3uiickoro TEXHOJOTUYECKOTO YHHuBepcutera, 19 nmexabps 2017 roma).
[IpuMeHeHuEe STUX HAyYHBIX PE3YJbTATOB Jajla BO3MOXHOCTh JI0Ka3aTh
BO3pacTaHue omnpeaenutens @penronbpma, JieBee CYIIECTBEHHOTO CIEKTpa
TpexdyacTuyHoro oneparopa llpenunrepa;

MOJIB3YSICh CYIIECTBOBAHUEM E€IWHCTBEHHOI'O COOCTBEHHOTO 3HAYCHUS
Mozenn Opuapuxca ¢ BOZMYIIEHUEM paHra OJIMH JJIsl TPEXUYaCTUYHOTO OnepaTopa
[lIpénunrepa B 3apyOexkHoM mpoekTe Tpanta Homepom QJ130000.2626.14J72,
JIOKa3aHO  CYIECTBOBAHME COOCTBEHHOTO  3HAUCHHUs, JIeXKAIero  JieBee
CYILIECTBEHHOI'0 CIIEKTpa TpexyacTuuHoro omnepartopa lllpenunrepa Ha anma3zHOU
pemeTke (crpaBka Magai3uiCKOro TEXHOJOTHYECKOTO YHUBEpCUuTeTa, 19 nexa0dps
2017 roma). IlpumeHeHHe STHUX HAy4YHBIX pE3yJbTATOB Jaja BO3MOXKHOCTh
MOKa3aTh KOHEYHOCTh JAMCKPETHOI'O CIEKTPa, JIEXKAIIETO JIEBEE CYIECTBEHHOIO
cCreKTpa TpexyactuyHoro onepartopa lllpenunrepa Ha alMa3HON peNIETKE;



M3 CYIIECTBOBAaHUS COOCTBEHHOTO 3HAYEHUS W U3 PA3JIOKEHUS IS
COOCTBEHHOI'0 3HaUYCHHS 00001IeHHON Moaen Ppuapuxca ¢ BOSMYILICHUEM paHra
OMH B OJHOMEPHOM cjydyae, B 3apyOeKHOM IIPOEKTE€ TpaHTa HOMEpPOM
QJ130000.2626.14J72, wucnonb30BaHbl Il HU3YYCHUS OCHOBHBIX CBOMCTB
COOCTBEHHOI'0 3HAuYeHHUsI TpexyacThuuHoro omepartopa Illpeaunrepa Ha anmazHoOU
pemetke (crpaBka Majnal3uiCcKOro TeXHOJIOTHYECKOT0 YHUBEpCUTETa, 19 mekadps
2017 ronma). IlpuMeHeHHEe OTHUX HAy4YHBIX pPE3YyJIbTATOB Jaja BO3MOXKHOCTH
MOKa3aTh MOHOTOHHOCTH COOCTBEHHOTO 3HAYEHUS JISKAIIETO BHE CYIIECTBEHHOTO
CHeKTpa TpexdacTuaHoro oneparopa lllpenunarepa Ha amMasHOM perieTKe.

O0béM 1 cTpykTypa nuccepramum. Jluccepranusi COCTOUT U3 BBEICHUS,
TpeX TJIaB, 3aKIIOUEHWsS W CIUCKA WCIOJIh30BaHHOW JsmTepaTypbl. OO0beM
JIMCCEePTAILMK COCTABISAET 85 CTpaHMII.
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