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KHWPUII (dancada noxropu (PhD) nuccepraumsicn aHHOTAUSICH)

Juccepranus MaB3yCMHMHI [J10J3ap0jauru Ba 3apypusatu. JKaxoH
MukEécuaa onub Oopunaérran Kymiuad uiIMuN-amManuil TagkukoTiap, (u3ukKaga
Mypakkad TypFfyH oOOBEKTJIap ojaTAa YJIapHUHr OOFJIaHraH malTaaru
DHEPISICHHA KaMalWIl WMKOHWUHH OepyBYM TOPTHUINHUIN KywIapy HaTH)XKAacHIa
XOCUJ OYnumMHN Kypcataau. bUpok kKeWuHru wwiapjia oiumiiap TOMOHHJAH
TapTUONIAHTaH MyXUTIapAa Mypakkad TYpFyH OOBEKTIap XaTTOKH HTapUIIyBUU
TabCHpJIAp HATIXKACHIAa XaM MaBXyd Oymunummrd ucOorinanmu. Wrapuinysun
KypTiaukiaapau TaBcudnamaa dovigananunaauradn boze-Xab66apa monenu, sbHUA
nanxapanaru llpeaunrep onepatopu sSKCHepUMEHTaN Ky3aTUIUIAPHUHT Hazapuil
acocd Ba KYJUIAIUHUHT Hazapuil Oazacu xucoOnaHaau. LIIyHUHr y4yyH KaTTHUK
KUCMIIap (U3MKAacH XamJla KBaHT MailJoHJap Hazapuscuia ydpaiauran Ba
ymymiamrad @puapuxc Moaeiapura KeNTUpUIaJAUrat maHxapajaaru 3appadaiap
cuctemMacu xamuwiToHuannapura wmoc Ipeaunrep onepartopiapura oOuf
TaJKUKOTIAPHU PUBOKIAHTUPHII MYyXUM Bazudanapaan oupu 6yaud KoIMoKIa.

XO03Upru KyHJa >KaxoHJa ¥3-y3ura KyliMa ONepaTOpilapHUHI CHEKTpPH Ba
pPE30HAHCIApUHU  YpraHuml Xakyjaru Macajajgap 3aMOHaBHM — MaTeMaTHK
aHANMM3HUHT Jon3ap0 MacananapujgaH Oupu xucobiaHagu. Ymly wmacananap
naH)XapaJiard MKKU 3appadaid cucremMara Moc ymymjamran Opuapuxc Mojaenu
CHEKTPUHU TAJIKUK KHIWII OwiaH y3Bui Oornuk. Hazapuii usmkanuHr Xamma
KBAaHT MEXaHWKAaCMHUHI KaTop Macajajapl, XycycaH, TMamKapaaard HKKA
3appadanu cucremara moc llpeauHrep onepaTOpUHUHT CIEKTpaj XoccallapuHU
ypraHum akcapust Xojuiapaa, ymymiamrad @puapuxc Mojessiapu 1ed aTanyByH,
y3-y3ura KymiMa omnepaTtopiiap Maxcyc CHHOUHHMHT CIEKTPUHU YpraHuIlra
kentupwiaad. by Oopaga: mnamwxkapagarn HMKKM 3appadalid  CcUCTeMara Moc
ymyminamran Opuapuxc MOACIA MYXUM CIEKTPH YPHHHH TaBCHU(JIAI, MyXUM
CHEKTpJaH TallKapuIard XOC KHHMAaTiap COHHUHUHT Y3TapUIIMHHA OIEpaTop
napameTpiapura Ba KapainaétraH (pa3oHUHT Yayamura OOFJTUKIUTHHHU KYpCaTHII
MaKcaJIid WIMHUHN TaAKUKOTJIAp XUCOOIaHa M.

Mamnakatumuzaa GysaameHTan GaHIapHUHT aMaiuil TaTOMKUra sra Oyiraxn
non3ap0 MyHanuuuiapra, XycycaH, MKKU 3appadallid CUCTEMa XaMUJITOHHUAHUTa MOC
Hlpenuarep omepaTopiapWHA YMYMIIAIITHPYBYM yMymiiamran @puapuxc
MOJICJIMHU YpraHulira ajaoxuja 3bTHOOp Kapatwigu. Ayredpa Ba MaTeMaTHK
aHau3, JWHAMUK TH3UMJIAp Ha3apusCH, aMaluii MaTeMaTHKa Ba MaTeMaTHK
MOJICJUTAIITHPUIII MaTeMaTuka (aHTapUHUHT YCTyBOp HyHanmummapu Oyiinua
XalKapo CTaHjapTiap Japakacuaa WIMHA TagKUKOT OJud Oopuil acocuit
Basudamap Ba (GaonuAT HyHATHUUIApH STHO OenrmnaHin' . Kapop MWKpOCHHH
TabMUHJIAIJA Y3-Y3Ura KyliMa oreparopiiap Ha3apHsICUHU PUBOXKIAHTHPHIL,
XycycaH, ymymiamradn Opujapuxc MOAENH CIEKTpajl XOCCaJapuHHM YPraHuill
MYXUM axaMusTra ora.

1 . . o
VY30ekucron PecnyOnmukacu Basupmap Maxkamacuaunar 2017 vwun 18 maiimarm «Y30exkuctoH PecmyOmukacu
dannap akaAeMUSICHHUHT SHTU/IAH TAlIKWI STHITaH WIMHHA TaJIKUKOT Myaccacajapd (aolHSITHHU TAIIKWI THLI
TYFpUCUA» TH Kapopu



V36ekucton PecnyGmukacu Ilpesugentunuar 2008 fiwn 15 mrommaru ITK-
916-con «lHHOBalMOH JOMMXaNap Ba TEXHOJOTUSJIAPHU HILIA0 YMKapHILTra
TaTOMK JTUIIHU par0aTiJaHTUPUIN Oopacujard Kymum4a dYopa-Taadoupiap
tyrpucugarru, 2017 iun 17 ¢espanmaru I1K-2789-con «®annap axajgemusicu
daonusaTH, WIMUN-TAAKUKOT HWIUIAPUHU TalIKWI O3TUlI, OOIIKapuil Ba
MOJIMSUTAIITUPUILIHU sTHaJa TaKOMUWUIALITUPHUIIL YOpa-Ta0upiiapu TYFpUCUIA»TU
Kapopu Ba 2017 iiun 8 despangaru I1D-4947-con «V3bekucron Pecry6nukaciuu
sIHaJla PUBOXKIIAHTUPHIL OYilnya Xapakatiap cTpaTerusicu Tyrpucuaanru @apMoHu
Xamaa Maskyp (aonusitTra Teruuuid OOIIKAa HOPMATUB-XYKYKHN XysKKaTiapaa
OeirmiaHrad BaszudallapHu aMalra OIIMpHINra yumoly auccepTanus TaaKUKOTH
MyalsiH apa)kaja Xxu3MaT KHJIaIu.

TagKUKOTHUHT pecny0auka (pan Ba TEeXHOJIOIUsLJIapH
PMBOXKJAHUIIMHUHT  YCTYBOp HyHaJMILIapura OOFJIMKJAMIH. Ma3skyp
TaJKUKOT pecryOsnka (aH Ba TEXHOJOTHSUIAD PUBOXKIAHUIIUHUHT V.
«MareMatuka, MeXaHHKa Ba HWH(OpMaTHKa» YCTYBOp HYHaIWIIM Aoupacuia
Oa)kapuIraH.

MyaMMOHMHI ypranuiaraniauk aapaxkacu. K.O. ®@pugpuxc ToMOHHIAH
nactinad, y3-y3ura KylmiMa OInepaToOpSIapHUHT KY3Fadulluiap Ha3apusCu MOJENd
cubatuga HpKIM Y3rapyBuumra KyHaWTUpHUIL Ba YHUHT MHTETpall OMIEepaTop
épramMugaru Ky3FaJlUIId KUPUTWITaH. by MOJen KeMMHYAIMK Y3JIYKCH3 CIIEKTp-
HUHT KY3FaJIMIUIapy HAa3apUusacH MOJEIH 10 HOM OJITaH.

By onepatop poccusinuk onuminap O.A.Jlaguxenckas Ba JI.J[.DanneeB xamaa
JLA.®anneeB ummapugaa Ppuapuxc mozaenu Ae6 aranran  Ba llpenunrep
omnepaTropiapuHu ypraHuil Macanacu @puapuxc MOJIEIMHHA YPraHUII Macajgacura
KEJITUPUJITaH.

Opuapuxc MOJETUHUHT Y3JIYKCH3 CIEKTPH Kappaiuru ysrapmac OYyiraHu
yayn C.H.JlakaeB  ToMoHugaH ymymnamrad @Opuapuxc MoaenHu y3IyKCHU3
CHEKTPHUHT KappaJurd Yy3rapyBuaH OyiraH xon cudaruma KAPUTHITaH.
Keitunuanuk 06y wmonmens P.A.Munnoc, C.H.JlakaeB, JK.M.A6nymnnaes,
C.A.Crenen, C.AnGesepuo, E.Jl.Jlakmranos, 3.P.Axuypun, W.A.Ukpomos,
@.[IlapurnoB wuuILIapUAa YpraHWIAH, XyCyCaH, YHUHI CHEKTpaj XOccajapu SbHU
Y3JIIYKCU3 CHEKTpH, XOC KUWMAaTiapu, XOoC KUUMATIapUHUHT Taugo Oyauin
MPUHLHUILIAPU, XOC KUMMATIIAp COHUHUHT YEKJIWIIUTY YPraHUJITraH.

C.H.JIakaes, XK.M.AOaynnaeBIapHUHT UIJIApUJIa 3appadanap COHU UKKU EKU
WMKKWJAaH OIIMaiIuraH cucTeMayapra Moc ymymiamrad Opuapuxc MOAECIUHUHT
XOC KHiIMaTiapu Ba PE30HAHCIApU XaMmJa yJjap COHMHUHI YEKJIWINTH
UCOOTIIaHTaH.

C.A.Crenen Ba M.D.MymuHOB wunuiapujga ¥y3-y3ura Kkymma OyamaraH
Opugpuxc MOACIMHUHI CHEKTpald Xoccalapu YpraHwiraH OYiaub, yHAa Xoc
KHiIMaTiIap COHMHUHT YEKIWINK [APTIAPH TONUJITaH.

N.Nxpomos, ®@.lllapunos unuiapuaa ymymiiamrad Opuapuxc MOIEIN KEHT
CUH(GUHUHT JUCKPET CIEKTPH YEKIUIUTH UCOOTIaHTaH.



byryarn kyHpa xam ymymiamrad @Opuapuxc MOJEIWHHUHT —CIIEKTpal
XOCCaJapUHHU TAAKUK KUJIUINra OWJ TaJAKUKOTIAPHU PUBOXIAHTHPHUII J0J3ap0
Bazudanapaan oupu xucoOaaHaIH.

Juccepranus TAAKUKOTHHUHI JUCCEPTANMSA 0aKAPHIITAH OJIMI TABJIUM
MYacCACACHHMHI WIMHH-TAAKMKOT HULIAPH pexanapu OuiaaH OOFIHMKJIUIM.
HMuccepranua Tagkukotn CamapkaH] JaBiaT YHUBEPCUTCTUHUHT ECD4-KX-O-
18588 Ed4 «Jluckper Ilpenunrep omepatopu Ba PpuapuXc MOAEIIAPH XOC
KUiiMaTiapy Ba pe3oHaHciapu yuyH Edunmanap» (2014-2016 iiumap)
MaB3yCHJIard WIMHH TaJIKUKOT JIOHUXacH loupacuia axapuiras.

TaagKMKOTHUHI MaKcaaM KY3FaJUIIMHUHT paHrd Oupra TeHr OyiraH
ymymiamiran @puapuxc MOAENIN XOC KUWMATIApU MapXYJJIMTHHU KypcaTuIl Ba
Oy X0oC KMMMaT y4yH SIKHHJIAIlyBUM EHMIManap TOMUILIIaH noopar.

TaakKMKOTHUHI Ba3udanapu:

OMp Ba MKKU YIYaMJIM XOJJa KY3FaJUIIMHUHT paHrd Oupra TeHT OYyiraH
ymyminamirad @puapuxc MOIEI MyXUM CIIEKTPU YPHUHU aHUKJIALLL

KY3FaJUIIMHUHT paHTu Oupra TeHr OynaraH ymymmamran Opuapuxc Mojaenu
MYXHM CHEKTp TAIIKAPUCUIArM SrOHAa XOC KHMMaTH MaBXYyMJIHK MIapTIapuHU
TONUII;

Oy Xoc KuiiMatra Moc XOoC (DYHKIUSHUHT YMYMUW KYPUHUIIMHU TOMUII Ba
YHUHT XOCCAJIApUHHU YPTraHUIIL,

MYXHUM CHEKTp TYOMHUHT XOC KMUUMAT €KU BUPTYyas caTX OVIMII mapTIapuHu
AHUKJIAILL;

X0C KUHUMAaT y4yH y3apo TabCUp AOMMHUCUHUHI Oycara KuilmMaTu aTpoduaa
AKUHJIAIyBYU ENNIIMA OJIMILI;

XOC KHMMATHUHT y3ap0 TabCUp JOUMHUKCH YEKCH3ra WHTWITAHJAru
ACUMINTOTUKACHHHU TOTIHILL.

TaagKMKOTHUHI O00beKTH TMaHXXapajaru HWKKUTa Oup XWil 3appadaiu
cuctemara Moc ymymiamrad @puapuxc MmojaenuaaH noopar.

TaagKMKOTHUHI mNpeAMeTH KY3FalIWIIMHUHT paHTd Oupra TeHr OYyiraH
ymymiamrad Opuapruxc MOJESTUHUHT CHIEKTpall TaAKUKOTIapuaaH uoopar.

TagKuKOTHUHT ycysiapu. TagkKUKOT MINKIa MAaTEeMaTUK aHAJIW3, MaTeMa-
TUK (u3uKa, PYHKIIMOHANI aHAJNU3 Ba KOMIUIEKC Y3rapyBUMiIN (pyHKIUSIAp Ha3a-
pusicu ycysuiapuaad ¢hoiganiaHuiaras.

TagKNKOTHUHT MIIMHUIl SHTWIMIY Kyiuaarmiapian uoopar:

KY3FaJUIIMHUHT paHTu Oupra TeHr Oynran ymymiamrad Opuapuxc MoJenu
MYXHMM CIIEKTPH YPHU aHUKJIAHTaH;

KY3FaJUIIMHUHT paHru Oupra TeHr OynraH ymymiamradn Opuapuxc Mojaenu
MyXHM CIEKTp TallKapUCUAArd XOC KHMMaTiIapu MaBXyIJIuK IapTiapu
TONWJITaH;

Oy xoc KuiiMaTra Moc Xoc (PyHKIHUSIHUHT XOCCAJIapUHU YpraHWIraH;

MYXUM CHEKTp TYOMHUHT XOC KMMMaT €Ku BHpTyas caTxX OYauil mapTiapu
aHUKJAHTaH Ba MOC paBuuiia Oy Xoc GyHKUMUS €KUM BUPTyal caTX KYpUHUIIU
TONWJITaH;



X0C KUHUMAaT y4yH y3apo TabCUp AOMMHUCUHUHI Oycara KuilmMaTtu aTpoduiaa
AKAHJIAITyBYU EHMIIMAanap OJIMHIaH;

XOC KHMMATHUHT y3ap0 TabCUP JOUMHUNCH YEKCH3ra WHTHWITaHIAru
ACUMIITOTUKACH TOTUJITAH.

TagkMKOTHUHI amMaauii HaTHkajdapu ymymiamran @Opuapuxc Monenu
OOFJIaHraH XOJATIIAPUHUHT aHAIMTUKINTYA XaKUJIard Xyjocalap KaTTHK >KUCMIIap
¢u3MKacu Ba KBAaHT MEXaHHMKAcuJa SKCHEPUMEHTaI TaJAKUKOTIApPHUHT cudar
KYpCaTKMYMHU aHUKJIAIIa Ba COHJIM XyucoOaiaa ¢hoigataHuiIraH.

TagKMKOT HATH/KAJAPUHUHT HIIOHYWIMJIMIM  MAaTeMaTUK  aHAJIU3,
MareMaTuk (pu3nkKa, GyHKIHUOHAT aHAJU3 Ba KOMIUIEKC Y3rapyBUMId (yHKLIUSIAD
HazapusacCH ycysulapuiaH (QoiaJaHWITaHIuTd Ba MaTeMaTUK MYJIoXa3aJlapHUHT
Xam/1a UCOOTIIApHUHT KATHbUIIUTY OWIIaH acoCIaHTaH.

TagKMKOT HATHKAJIAPMHUHI WIMHHA Ba aMajJuMd axaMUATH. TagKukoT
WIIUHUAHT WIMHUWA aXaMUATH Y3 Y3Ura KylMa orneparopiap CIEKTPaJl Ha3apusICcHuaa,
KBaHT MEXAaHMKACH, KATTHK XHUCMIap (U3MKAcH, XYyCycaH, HMKKH 3appayaiu
cuctemMa xamuwiToHuanura moc llpeaunrep omepaTopu CreKTpu OuiiaH OOFIHMK
MacajajapHd Xajl dTHUIAA KYJUIAHWIMIIM MYMKUHJIWTH OWJIaH HM30XJIaHAu.
TagKUKOT HAaTH KAIAPUHUHT aMaJlil aXaMUATH WA OJMHIaH WIMHUN HaTHXKajaap
KATTUK >KHCcMIap (U3UKACH, KBAaHT MEXaHHMKAcUIa SKCIEPUMEHTAN TaIKUKOTIAp
YyTKa3uil Ba KyJUlalmra Hazapuil acoc cudaTuaa Xu3MarT KWWK OujiaH
OenruiaHaau.

TagKUKOT HATH/KAJAPUMHUHI KOpUM KuJauHuiuM. [lamkapagarn uKku
3appayaiy cucrteMara Moc ymymuamiran ®puapuxc MoAenHu ITUCKPET CHEKTpUra
OWJI OJIMHTaH HaTWKajap acocuiaa:

KY3FaJUIIMHUHT paHTu Oupra TeHr Oynran ymymiamrad Opuapuxc MoJenu
CIIEKTpaJl XOcCcajlapuJaH, SbHU XOC KHWMATUHUHI AHAIMTUKIWTKA Ba YHHUHT
womnammm ypauaan QJ130000.2626.14J72 pakamiu rpaHT JIOWMXACHIA OJIMOC
naHkapajaru yd 3appavanu lllpenuHrep onepaTOpUHUHI CHEKTPAJI XOCCaJapUHU
TaAKUK Kuinmjga doigananuiarad (Manai3ust TEXHOJIOTHS YHUBEPCUTETUHHUHT
2017 #iun 19 gexabpaaru MabayMmMOTHOMAcH). MiMuil HaTWIKaHUHT KYJJTAHUIUIIN
oJIMOC maHkapajaaru yd 3appadanu [Ipegunrep omneparopura moc ®dpenronbm
JETePMUHAHTUHUHT MYXUM CIEKTpJaH 4Yamnja YCyBUM SKAHJIUTMHU HCOOTIIAI
MMKOHUHU Oepras;

KY3FaJUIIMHUHT paHru Oupra TeHr Oynran ymymamrad @Opuapuxc
MOJEIUHUHT iroHa Xoc KuimaTu Maxyanurugad QJ130000.2626.14)72 pakamnu
IPAHT JIONUXACH]Ia OJIMOC NIaHXkapaaaru yu 3appadanu [Ipeaunrep oneparopu xoc
KUUMATUHUHT ~ MaBXYJUIMTUHM ~ ucOoTnamga  Qoiinananwiran  (Manaitus
TexHoJorus yHuBepcuTeTUHUHTr 2017 #un 19 nexkaOpparu MabIyMOTHOMACH).
Nnmuii  HaTWKAHUHT  KYJUIAHWIWIIM ~ OJIMOC —[MAaHXapajard yd 3appadaiu
[IpenquHrep ONEPATOPUHHUHI MYXUM CHIEKTPAAH TallKapuaa €TyBUHM JIHUCKPET
CHIEKTPUHUHT YCKIWIUTHHHU KYPCATUIIT UMKOHUHU OepraH.

Oup Yadyamiid XoJija KY3FaJuIIMHUHT paHru Oupra TEHT OYiaran yMmymuiamiraHl
Opunpuxc MojAeNd XOC KMMUMATMHUHT MaBXyMJIMTHAAH Ba XOC KUHMAT Y4yH
onuHran énmnmanapaan QJ130000.2626.14J72 pakamiii rpaHT JIOMMXacuaa 0JIMocC



nawkapajgaru yd 3appadanu IIpeaunrep omneparopu Xoc KHWMaTUHUHT
XOCCAJIapuHM  TaaKuK Kwinmijaa ¢Gongananunrad  (Manaif3us —TeXHOJIOTHUs
yauBepcuteTuHUHT 2017 #mn 19 npexabpaarm  MabiaymoTHoMmacu). Mnmuit
HAaTWKaHUHT KYJUIAHWIMIIA OJIMOC TMaH)Xapazaru yd 3appadanu Llpenunrep
ONEPATOPUHHUHI MYXHMM CIIEKTpJaH TalKapuaa €ETyBUM XOC KHMUMATHHUHT
MOHOTOHJIUTUHU KYpCAaTUIIl UMKOHUHU OepraH.

TagkMKOT  HATHKAJAPUHUHT  anpolaumsich. Maskyp  TagKHKOT
HaTwkanapy, 20 Ta wiMHil-amManuil aHXKyMaHJIapaa, )KyMjaJaH 8 Ta XajlKapo Ba
12 Ta pecnybiivka WIMH-aManuil aHKyMaHJIapuaa MyXokaMaJaH YTKa3uiras.

TagKUKOT HATHKAJAPUHUHT JbJOH KHIMHranauru. [ucceprauus
MaB3ycHu OVilMda >kaMu 25 Ta WIMHHM MII YOIl 3TWITaH, IIyJap/aH, V36exucron
Pecniybniukacu Onuii ATTecTarusi KOMUCCUSICUHUHT JTOKTOPIUK AUCCEpTALMsIIapU
acoCuil WIMHMI HaTWKaJapUHU YOI 3THUII TaBCUS STWITaH WIMHUK Haupiapaa 5 ta
Makoja, >KymJiaJaH, 2 Tacu XOpwxkuil Ba 3 Tacu pecnyOiuka JaBpUi
KypHaJJIapyaa Haup 3TUJITaH.

J{uccepTaMAHUHT XAKMHM Ba TYy3WwInIIH. Jluccepranus KUpPHIIL KHCMHU,
yuta 000, Xynoca Ba (oiganaHwiran agabueTnap pyixaTuaaH TalIKWAJ TOITaH.
JluccepTalussHUHT XaKMHU 85 O€THM TalIKWUJI HTTaH.

JINCCEPTAIIUSTHUHT ACOCHII MASMYHH

Kupum xucmuaa auccepranus MaB3YyCMHUHT JOJ3apOJMrd Ba 3apypaTu
acocllaHraH,  TaJAKUKOTHUHI  pecnyOiuMka  ¢gaH  Ba  TEXHOJOTHUsSJIApH
PUBOXJIAHUIIMHUAHT YCTYBOp WYHAJIMILJIapUra MOCIHUIH KYpCAaTWITaH, MaB3y
Oyiinya XOpPWXKHUM WIMHH-TaIKUKOTIAp LIAPXH, MYaMMOHUHI VpPraHWJITaHIUK
Japa’kacu KeITHPUITaH, TAAKUKOT MaKcaau, Bazudanapu, oObEeKTH Ba MpeIMETU
TaBCU(JIaHTaH, TAAKUKOTHUHI WMJIMUN SHTUJIUTH Ba aMajuil HaTwxanapu OaéH
KWJIMHTaH, OJIMHIaH HaTWXAJapHUHT Ha3apuil Ba aMaluidl axaMHsITH O4Yu0
Oepuiras, TaAKUKOT HATHKAIAPUHUHT KOPUM KUIMHUIIM, HAIIpP STUJTAH HUIILIap
Ba JIUCCEPTALMs TY3WINIIN OYinYa MabIyMOTJIAp KEJITUPHUITaH.

HucceprauusHudar «MKKH 3appadaim CcHCTeMa XaMWJITOHHAHJIAPUHU
ymymiaamran @puapuxc MoJeJura KeJTHPHID Ba 0ab3u  épaamuu
MabJyMoOTJIap» 1e0 HOMJIaHyBuYM OupuUHYM O600MIa TUCCEPTAIUSTHUHT acOCHii
HaTWKajJapuHu 0aéH KUIUIIAa 3apyp Oynaauran €paamMuu MabiyMOTIap, aCOCUM
Tabpu} Ba TeopeMasap KeITUPUITaH.

1.1 6ynumaa ukkuTa OMp XU 3appadalyd CUCTEMa XaMUJITOHMAHHIa MOC
[IIpenuHrep onepaToOpuHUHT KOOPAUHATA BA UMITYJIC KYPUHUIILIAPU KEJITHPUJITAH.

1.2 6ynumpaa ¥3-y3ura KyiiMa onepaTopiiapHUHT 0ab3u CIIEKTpajl XoccalapH,
XycycaH Belni teopeMacu KEITUPUITaH.

1.3 6ynumaa omkopmac (QYHKIUS XaKUJard TeopeMajiaH Keiqubd 4yuKaguraH
0ab3u HATIOKAJIAP KEATUPUIITaH.

1.4 6ynumaa napametpra O0rIMK Mopc ieMMacH KeITHUPUIITaH.

HucceprauusaHuHr  “Ymymiiamrad ©Opuapuxc MOJCJIMHHHI CHEKTPAaJ
xoccanapu” €0 HOMJIAaHTaH UKKMHYM 000Maa KY3FaJuIIMHUHT PaHTd Oupra TeHr
Ooynran ymymamrad Opuapuxc MOAENH Ba YHUHT MYXUM CHEKTPU aHUKJIAHTaH.



Wkku ymyamnm Xxoiija, KY3FalMIIMHUHT paHrd Oupra TeHr OYiraH yMmymulaliraH
Opugpuxc MOJIETUHUHT XOC KUIMATH MaBXyJIUK IAapTH XaMmia Oycara Xxoaucacu
KeNTUpwiIrad. Xoc KMMMaT ydyH y3apo TabCHp JOMMUWCHUHMHI Oycara KuhWMaTu
atpodua SKUHIAIIYBYM €WMIIMAa ONMHraH. byHaaH Tamkapu Xoc KUHMAaTHUHT
y3ap0 TabCUP NJOMMUKUCHU YEKCU3ra UHTUIITAHIarl aCUMIITOTUKACH TOIMJITaH.

Huccepraupsaaunr  “Ky3raauMmmMHUHT paHrm Oupra TeHr OyJiarad
ymymjaamran @puapuxc Mogean X0 KHHMATH YYyH éiinama” 1ed HoMJIaHTaH
y4uHYU 000Maa Oup Yayamuiid XojAa KY3FaJUIIMHUHT paHrd Oupra TeHr OYyiraH
ymyminamran  @Opuapuxc MOACIMHUHI XOC KUHUMAaTH MAaBXyMIMK LIApTH
KeNTUpwiIrad. Xoc KMMMaT ydyH y3apo TabCHp JOMMUWCHUHHUHI Oycara KuWMaTu
atpoduna Ilroze-Jlopan karopura &EimnMacu tonuiaraH. byHpaH Ttamkapu Xoc
KUAMATHUHI y3ap0O TabCUP JOUMHUNCH YEKCU3ra MHTWITAHAArd ACHUMIITOTHUKACU
TOITUJITAH.

dapa3 kunamus T 1.d ymaammu top 6ycmn. L*(T9)-T ¢ na aHuKmaHraH

MOAYJIMHUHI KBaJpaTu OWiaH WHTErpaulaHyBud (QyHKUusnap Xuiaodept (azocu
oyncun. Ymoy Xwibept ¢azocuma OepwiiraH Ky3FaJulllMHUHT paHTd Oupra TeHT
Ooynran ymymuamrad Opuapuxc MOACIMHN KylHaarnya aHuKIaiMus:

H,(p)=Hy(p)—wV, u>0,
Hy(p)f(q)=w,()f(q), feLl (T,
Vi(g)=9(q) I(D(S)f (s)ds, feL*(T).

JHuccepranus uimuHN 6a€H KWIKIIa Kyiuaaruda apas Kuiamus.
®apa3 1. ®apas xwiammskn, () -T91a aHUKIAHraH XaKUKAH  KAAMATIH
ananmuTik  QyEkops  Ba wW(p,q)-(T9)? =TY xT? pa aHnkiaHraH XakuKHid
KuiiMaTin aHanuTiK GyeKmEs 6ymu6, (0,0) € (79)? Hykrama sroHa aifHUMara
MUHHMYM HyKTara 3ra OYJICHH.

Kytiwiran ymby maptnan H,(p), peT ¢ HuHr ¥3-ysura Kymma Ba
yerapajiaHTaH OTepaTop SKAHIUTH KeJIUO YUKaIu.
Jlemma 1. w(p,q) dyukuusra kyiwiran maptaian p=0eT d HYKTaHUHT
mynnait Us(0)c T arpodu Ba my aTtpodua aHMKIAHraH q,:Us(0) > T*
aHanmMTHK (QyHKIMA MaBkynku, xap oup p eUs(0) yuym ¢o(p) mykra w, ()

(YHKIIUSHUHT ATOHA alHUMaraH MUHUMYM HYKTacu OVyiaau.
J omeparop KOMMAakT omeparop Oyiranaurd cababiu MyXUM CIHEKTp

TYpFyHIMIU Xakujaarn Bein teopemacura kypa H,(p), peT d OIIEPAaTOPHUHT

MYXUM CIIEKTPU YUYH KyWUJard TeHIJIUK YpUHIN OYnaau:
O s (H (D)) = 0 (Ho(p)) =0 (H,(p)) =[m(p), M (p)],
m(p)=minw,(q), M(p)=maxw,(q)
qud qud



Jlemma 2. Uxtuépuii p e U;(0) yayn W,(0)c RY uu q,(p) e T Hunr U(g,(p))

aTpo(ura akcIaHTUpyBud IyHAall s =y (y, p) GyHkuus maBxynku, U(g,(p)) na
w, (v (v, p)) byakims Kyinnara

w, (W (y, p) =m(p)+y*
KypuHHUIIIa TacBupiaHagu. by epaa v (y,”) (Moc paBumga v (-, p)) GyHKIUS
Us(0) (moc papumpa W, (0) ) na ananutuk Ba y (0, p) = q,(p) Oynaau. bynnan
Tawkapu s =y (y,p) anmamrupum Skodbuann J(y (v, p)), xapana€rran W, (0)
atpodaa aHamuTUK OYIUO, bapua peU;(0) Ba yeW,(0) map yuyH
J(W (v, p)) >0 6ynanu.

Uxtuépuit u>0 Ba pe T yayH C\[m(p);M(p)] na aHHUKIAHTaH
Kyduparn — aHamutak  A(u, py)  (H,(p) omeparopra Moc — @pearoibm
AeTepMUHAHTH) QYHKIIUSHU KapaliMu3:

2

A p) = 1-uQp), AUpiy= [ LB perd eCA\ImprM(p))

aWp (s)—z

d =1,2 6yncun. Y xonna, ¢(q,(p)) =0, p e Us(0) 6ynranga

KyHuIara HHTerpa

1 @ (s)ds

Ha(p) g wy(s) —m(p)

MaBXya Ba ¢(q,(p)) #0 Oyaranga u,(p)=0 ned xucobnaimus.

2.1 6ymamna H,(p), peT 2 oneparopra moc ®dpenronbm AeTEPMUHAHTH

Xoccallapyu YpraHwiraH Ba YHHHI MYXHUM CIEKTp Tyou arpoduna Enunmacu
TOIWJITaH.
Jlemma 3. d=2 Oyncun. ¥ xonma Gapua u>0, peU,z(0) map Ba erapiauya

knuuk m(p)—z >0 yuyn A(u,p;) QyHKIUS KyHHIard sSKMHJIAIIYBYM KaTopra
énunanu.

A(u, p;z) =1- per, (p) In(m(p) - z) + §1n<m<p) - z)ian (p)(m(p)—z)' — uF(p,2),

1 > .
o,(p)= =20 (@,(PNJ(4,(P)), F(p.2) = 2c,(p)mp)=2), ()
n=0
Oy epna o, (p), c,(p),n=0,1,2,... Xakukuii CoHJIap.
22 oymampa H,(p), peT ? ONMEPATOPHUHT XOC KHIMATH MaBXKY/IHK

mapTy TONWiIran. Xoc KUiMaTra Moc Xo¢ (PYHKIUSTHUHT XOccajapyu KeJITUPUITaH.
bynnan Ttamkapu Kapana€TraH ONEPAaTOPHUHI MYXHUM CIEKTpU TYOMHHUHI XOC
KUIMAaT €KW BUPTYaJ caTX OYJIWII IIapTiapyu aHUKJIaHTaH.

Tavpud 1. Arap H , (p)f =m(p)f teHraama L'(TH\L*(T*) na nommac f

eunmra sra Oyica y xonga H  (p) omeparop z =m(p) HyKTaja BUPTyal caTxra



osra gedwnaan. by xomma [ euum H ,(p) OICPATOPHUHI BUPTYal XOJNaTH

neitnamn. bynna L'(T%) opkanu 77 1a aHMKIaHraH abCOTIOT MHTErpaIaHyBUM
dbyukuusanap banax gazocu 6enrunaHras.

Teopema 1. d=2 O6yncun. Y xonma Oapuap e Ug(0) nmap yduyH KyHupmaru
TaCAUKJIAp YPUHIIU:

1. Arap pu > u,(p) 6ynca y xonna H ,(p) omepaTtop MyXuM CIEKTpJIaH
yanja éryBud siroHa E(u, p) xoc kuimatra sra. E(-, p) dynkuus (u,(p),+0) na
MOHOTOH KaMaroB4M, aHAIUTHK (QyHKuMs xamuaa E(u,) dynaxkuus Ug(0) na
XaKUKUM aHanmuTuK QyHkuus 6ynaau. by xoc kuiiMatra Moc Xoc QyHKIUS

Cup(q)
w,(q) = E(u, p)
T? 1a aHUKIAHTAH XAKUKHH aHannTHK GyHKuMs Oymamm, 6y epma C#0
HOPMAaJIJIOBYU KyNaWuTyB4Yu. byHnaH Tamkapu
WY iU;(0) = L(T*), p+ ¥Y(uip, g, E(u,p)) e L(T?)

VY(u,p,q, E(u, p)) =

Ba
¥y (p)+0) = LA(T7),  we> W(uip.q, E(u, p)) € LX(T7)
akciaHTupuiiap Moc pasuniaa U, (0) Ba (u, (p),+% ) Na aHAIUTHK (QYHKIUSA
Oynanu.
2. Arap ¢(q,(p))=0Ba 0<u < pu,(p) 6yncay xonma H ,(p) omeparop
(—o0, m(p)] na xoc Kuitmatra sra OyamManIu.

3. Arap 9(qy(p) =0, v@(%(p)){%“”(qo(p)),%”(qo(p»]io Ba

U= u,(p), 6ynca y xonna z=m(p) couu H iy » (p) omeparop y4yH BUpTYya
carx Oymaau Ba yHra MOC BUPTYyall X0JaT KyHuaaru
fq) = Cu, (p)e(q)
w,(q)—m(p)
kypunuiaa Oymaam, Oy epma C#0 HopMawoBuM KymalWTyBuM Ba
fel(TH\L*(T?).

4. Arap  9(q,(p) =0, Ve(q,(p) =(27¢(qo(p)),§7¢(qo(p))j =0 Ba

U= u,(p), 6yncay xonna z=m(p) couun H ity (p) (p) omepatop y4yH XOC KHiiMaT

Oynaau Ba yHra Moc Xoc (PyHKIMS KyHugaru

C
f(q) — uz(p)go(Q) c LZ(TZ),
w,(q) —m(p)
kypunuiaa 6ynaau, 0y epna C#(0 HOpMaIOBYM KYTIaWTyBYH.



Tacauk 1. V° oneparop mycbartnurupan H ,(p) omneparop M (p) nau yHriaa

€TyBYM XOC KMMAaTra 3ra sMac.

2.3 Oymumpa wkku Ymaamiun xonna H,(p), p € Us(0) onepaTOpHUHT
E(u, p) xoc xuiiMaTu yuyH p = u,(p) HyKraga €iniama OJIMHIaH.
Teopema 2. d =2 Ba p € U (0) Gyncun. Arap u mapamerp (,(p) ra MHTHICA Yy
xonna E(u,p) Myxum crnekTp Tyou m(p) ra uHTWIAIM Ba akcuHya E(u, p)
MYXUM CHEKTp TyOu m(p)ra MHTWICA i HapaMmeTp u,(p) ra uHtuinaau. byHnax
Talmkapu @(q,(p)) # 00ynranna erapnuya KU4uK 4 — u,(p) napga E(u, p) xoc
KUMAMAT y4yH KyHUJard ssKUHIayBun EMUaMa YprUHIIN:

m(p)—E(u,p)=ca(p)+ Y c(mn)(p)o"s’

n>1,5>20,n+s>1
1 1 -1
o =expi(ay(p)u) }, 7= ;eXp{(ao(p)u) 5,

oyunac(n,m), m,n=1,2,...- Xakukuii COHJIap Ba
a(p) = expi—c,(p)ay(p)},  ay(p) =120 (40(p)J(q5(p)) <O.
Oy epna c,(p) koepduuueHT (1) TEHNINKIAaH aHUKIIaHAIU.
Harmka 1. d =2 Ba p eU;(0) 6Yncun y xomna ¢(q,(p)) # 0 6ynrauma H ,(p)
ormepaTopHuHr FE(u,p) XOC KHUMATH YYyH KyHUJarm acUMITOTHK ¢dopmya
YPUHIIN:
E(u, p) =m(p) —exp{=c,(p)ay(p)ic +O(cr), u >0+0.

Teopema 3. d=2 Ba peU,(0) Oyncun. Y xomma E(u,p) ydyH Kyhunmarn
aCUMIITOTHK (opMyJia YPUHIIH

E(u,p)==ll@ll* u+ED (1, p), 1 —> -+,
oyuna EV(u,p)=0(1), p—>+o.
Hatmka 2. d=2 Ba peUsz(0) OymcuH. Y Xonma KyWHIarn acHMITOTHK
bopmyna YpuHIH

inf £(u.p) ==l ¢ 1> 1+ E® (1), p—>+o,

oyana E®(u)=0(1), u—>+o.
3.1 6ymamna H,(p), peT ! omeparopra Moc PpearonsM JETePMUHAHTH
XOoccallapi KENTUPWITaH Ba YHUHT MYXUM CIEKTp TyOou artpoduma Eimnmacu

TOTIMJITaH.
Jemma 4. d=1 O6yncun. Y xonma mxtuépuit u >0, peU,(0) Ba erapiauya

knuuk m(p)—z >0 napna A(u, p;) dynkuus xkyiugaru Ilioze-Jlopan kaTtopura
enmtaau:
c.(p) N g
M pi2)=1- 22—y e (p)m(p) -2
Iz 5

Oy epna



c.(p) = 79> (9o (P) (4o (P)).
Hatmka 3. d =1 Ba ¢(q,(p)) =0, peU4(0) 6yncun. Y xonma uxtuépuit u >0

Ba erapimuya kuuuk m(p)—z>0 napma A(u, p;) GdyHkuus Kyiugarua
SAKUHJIAIYBYM KaTopra EHuinaau:

A p;2)=1- 1Y e, () Wm(P) = 2], ¢o(p)=

=0 #(p)
3.2 Oymumpa Owp Ymuamiu xonna H,(p) OIEPATOPHUHI XOC KHHAMAt

>0, (2

MaBXyJIMK I[IapTJIapyd TONWITaH. XOC KUWMAaTra Moc XoC (DYHKIUSHUHT aHHUK
KYPUHUILIN KEITUPHUIITAH.

Teopema 4. d=1 Oyncun. Y xomma OGapua peUg(0)map yduyH KyHupmaru
TaCAUKJIAp YPUHIIU:

1. Arap p> p(p) Oyaca y xompa H,(p) omepatop MyXUM CICKTpAAH
yanja €ryBuM AroHa E(u, p) xoc Kuiimatra sra. E(., p) ynkuusa (u,(p),+o) na
MOHOTOH KaMaroBuH, aHAIMTHK O(yHKmusS xamaa E(u,) ¢oysxmms Ug(0) na
XaKUKUM aHanmuTUK QyHKuus 6ynaau. by xoc kuiiMatra Moc Xoc QyHKIUS

Cre(q)
w,(q)— E(u, p)
T' 1a aHMKIAHTAH XaKUKUH aHAMMTHK (yHKIMS 6ynazm, 6y epma C#0
HOpPMaJIJIOBYU KynaWTMma. byHnan Ttamkapu
Y:U;0)—> LT, p+>Y(u;p.q.E(u, p)) e L(T")

Y(u; p,q, E(u, p)) =

Ba
¥y (p)itoo) > (T, > Y (s p.g, E(u, p)) e L(T)
akciaHTupuiuiap moc pasumiga Ug(0) Ba (u,(p),+o0) Ja aHAINTHK (QYHKIUSA
Oynanu.
2. Arap ¢(q,(p))=0 Ba 0< u< pu,(p) 6yncay xonga H ,(p) oneparop
(—oo,m(p)] na xoc Kuitmatra sra OyamManIu.
3.3 Oymampa Oup Yymuamimm xonna H,(p), p € Us(0) omepatopHUHT

E(u,p) xoc xuiimMatu yuyH u= u,(p) HyKraga €imnma osuHarad. byHpan
tamkapu E(u,p) xoc KuWMar y4yyH g —> o0 Jard acUMOTOTHUK (opmynacu
TOTMJITaH.
Teopema 5. d=1 Ba peUy(0) Oyncun. Y xomma arap u mapamerp u,(p) ra
uHTWICA y Xonjaa E(u, p) MyXuM cnektp TyOum m(p) ra MHTWIAIA Ba aKCHHYA
E(u, p) myxum cnektp Tyon m(p)ra uHTWiICa u mapameTp i, (p) ra HHTHIAIU.
bynnan Ttamkapu erapianda KMUuK p— u,(p) napaa E(u,p) Xoc KuiMaT y4yH
KyWUJIaru IKAHJIAIlyBYU EUUIIMA YPUHIIU

1. Arap ¢(q,(p))#0 Oynca y xonma E(u,p) KyWugarn kartopra
énniaau



2
E(u, p)=m(p)— (Za (p)u”j :
n=1
OyHna a,(p),n =1,2,... XakuKuii connap Ba
a(p) = 7 (o(P))J (g4 () > 0,

2. Arap ¢(q,(p))=0 Ba Taiimninanrad (2) €énnMaHuHr c,(p),c,(p),...
koeppuuuentiapu ¢, (p)=c,(p)=..=c¢,(p)=0,¢,(p)#0,k=1,2,.., mapTau
KaHoaTJaHTupca, y xonga E(u, p), u= u,(p) Hykra arpoduna xyiunaru Ilroze
KaTopura €Muiaau:

2
E(p, p)=m(p)— (Zan (Pe- 1 (p)]””‘j :
n=1

OyHna a,(p),n =1,2,... XakuKuil cCoHnap Ba

- 1/k
a(p)= e e ] e(p) <0l m ™ >0, 1= (p) >o0.
Hatmka 4. d =1 Ba p eU,(0) 6yncun. ¥ xonna H ,(p) oneparopuunr E(u, p)
X0C KHMMaTH YIyH KyHHJIard aCUMIITOTHK (hopMyJianap YpuHIIH:
1. (q,(p)) # 0 6yncuH y xonna
E(u, p) = m(p)=[7¢* (45 (P)) (qo (P)]" 1* + O(11”), 1 —0
2. 9(qy(p))=0 Ba (2) énnnmanuHr xoepduuueHTIapu c,(p),c,(p),...
Y4YyH KyHUIaru
a(p)=cy(p)=..=c,(p)=0,¢,(p)#0, k=1.2,...
MyHocabaT YpuHiIu Oyica y xoJiaa

E(u, p) = m(p) - |- 1 (p)er(p)] " 1t = s ()P* + Ot = 1, (P)T™), 11— 1, (p)
oynna ¢, (p) <0.

Kyitugaru teopemaga E(u, p) xXoc KuiimMaT ydyyH M —>+00 Oynranja
aCUMMTOTHK (hopMyIiara sra 6yimammus.
Teopema 6. d=1 Ba peU;z(0) Oymcun. Y xomma E(u,p) ydyH Kyhupmaru
ACUMMTOTHK (HOpMyIa YpUHIH

E(u,p)==lo|> u+EV (1, p), p—>+,

oyuna EV(u, p)=0(1), pu—>+x,
Hatmka 5. p € U (0) Oyicun. ¥V Xonaa Kyiinaaru aCUMITOTHKA YPUHIIN

inf E(u, p)=—l@|I> u+E® (), p—> +o,
P

oyuna E@(u)=0(1), p—>+ow



XyJaoca

HMuccepranua umuy ymymutamrad @Opuapuxc MOAENIM XOC KUUMATH Y4YyH
éimnma map3ycura OarunuiaHrad. bup Ba MKKW Yiadamin Xosija Ky3raJIUIIUHUHT
panru Oupra TeHr 6ynran ymymuamradn Opuapuxc Moaenu cnekTpan xoccaiapu
YpraHuiras.

Acocuil HaTHKanap Kyluaaruiapiad noopar:
1. Ky3ranumuHuHr paHru Oupra TeHr OynraH ymymiamradn Opuupuxc
MOJICJIMHUHT XOC KUMMAaTH MaBKYUIUK APTU KEATUPUIITAH.
2. Xoc KWMMaTHUHT aHAJTUTUK SKAHJIUTH UCOOTIaHTaH.
3. Xoc KkuiimMatra Moc XoC (PYHKUMSHUHI YMYMHH KYPUHHUIIM AHWKJIAHTaH Ba
YHUHT aHAJTUTUKIUTH UCOOTIIAHTaH.
3. MyxuM crekTp TyOMHMHI XOC KMMMAT €KUM BUpPTyal caTX OV MapTiapH
tonwiirad. Moc paBuia Oy Xoc KHWMAaT Ba BUPTyal caTXra Moc Xoc (pyHKIUs Ba
BUPTYaJI XOJAaTHU AHUK KYPUHMUILU KEITUPUITaAH.
4. Xoc KuiiMaT y4yH y3apo TabCcHp JOMMHMUCHHHMHI OYycara KuiiMatu atpoduia
AKUHJIAIYBYM €iinnManap TomuiraH Ba Oy ¢&lmnma EpaamMuaa acUMIITOTHK
(bopMynanap XOCUJI KWINHIaH.
5. Xoc KUHMATHUHI ¥y3ap0 TabCUp JOMMMHCH YEKCU3lra WHTUJITraHJaru
aCUNIMTOTUK (HOPMYJIaCH TONUITAH

OnuHran HaTWXajlap KaTTUK *KUcMiap (U3MKAacH Ba KBAHT MEXaHUKAacH]a
HKCIIEPUMEHTAN TAAKUKOTIAPHUHT cU(aT KYpCaTKUYMHU aHMKJAllJa Xamja
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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 Schrédinger 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 Schrodinger 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

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 Uzbekistany



Measures for Improving the Coordination and Management of the Development of
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.I.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.I. 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.Ikromov 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
Shrildinger 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 QJ130000.2626.14)72 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

d . . . . .
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), peT 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 79 be the d-dimensional torus and L*(T')-be the Hilbert space of square-

integrable functions defined on 7¢. We consider the generalized Friedrichs model
with the perturbation of rank one as follows:

H,(p)=H,(p)—uV, pu>0,
Hyp)f(@)=w,(@)f(q), [el (T,
Vi (@) =o(q) f(p(S)f (s)ds, feL*(T).

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

T%and the function w(p,q) is real-analytic function defined on
(IT")* =T“xT%and has a unique non-degenerated minimum at the point
0,0) 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 Us(0) =T 4 of the point p=0eT“ and the analytic function
q,:Us(0)—>T ¢ such that for any peU 5(0) the point g,(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:
O (H ,(p)) =0 (Ho(p)) =0 (H(p)) =[m(p), M (p)],
m(p) = miTgl w,(q), M(p)= maxw, (9)
qe qe
Lemma 2. For any peUg(0) there exists a map s=w(y,p) of the interval
w,(0)c R toa neighborhood U(g,(p)) of the point g,(p) 77 that in U(q,(p))
the function w, (v (y, p)) can be represented as
w,(w (v, p))=m(p)+y’.

Here the function y(y,) (resp.w (-, p)) is analytic in Us(0) (resp. W, (0)) and
v (0, p) = gq,(p). Moreover, the Jacobian J(y(y, p)) of the mapping s =y (y, p) is



analytic in W,(0) and positive, ie. J(y(y,p))>0 for all peU,;(0) and
yeWw,(0).

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

follows:
_ @’ (s)ds d
A, py) = 1= p QU p3), Ap;2) = I ———  pel", zeC\[m(p):M(p)].
aWp (s)—z
Let d =1,2. In case ¢(q,(p)) =0, p e U;(0) the following integral
1 @ (s)ds

Ha(p) g wy(s) —m(p)
exists and we define u, (p)=0 if o(q,(p)) #0.
In Section 2.1 it is studied the properties of the Fredholm determinant,
associated to the operator H,(p), peT % and it is established its expansion at the

neighborhood of the bottom of the essential spectrum.
Lemma 3. Let d=2. Then for any u>0,peUys(0) and sufficiently small

m(p)—z >0 the function A(u, p;) can be represented as following convergent
series.

A(u, p;z) =1- per, (p) In(m(p) - z) + §1n<m<p) - z)ian (p)(m(p)—z)' — uF(p,2),

@, (P)= =20 @ () @ (P)). F(p.2) = Se,(Pn(p)-2), (D

wherea, (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 2. 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), peT 2,
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

feL'(T*)\L*(T*). The corresponding solution f is called a virtual state of the

operator H ,(p). Where LN(T?) is Banach space of absolutely integrable functions
defined on 7.
Theorem 1. Let d =2. Then for any p € U;(0) the following assertion are true:

1. If p> u,(p) then the operator H ,(p) has a unique eigenvalue E(u, 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, (0). The corresponding eigenfunction



Cup(q)
w,(q) = E(u, p)
is analytic on 77, where C #0 normalization factor. Moreover the mappings
WY iU;(0) = L(T*), p+ ¥Y(uip, g, E(u,p)) e L(T?)

VY(u,p,q, E(u, p)) =

and

W (py(p)too) > LA(T?), p> ¥ (s p.q,E(u, p)) e L(T?)
are vector-valued analytic functions in U (0) and (u, (p),+o ) respevtively.

2. If ¢(qo(p))=0 and 0<p<p,(p), then the operator H ,(p) has none
eigenvalue in (—oo, m(p)].
0 0
3. I oge(p)=0,Velgy(p) =| =~ (90(P).-——(q0(p)) |#0  and
oq, oq,
U= U,(p), then the number z = m(p) is a virtual level of the operator H iy »(P)
and the corresponding virtual state is of the form
C
w,(q) —m(p)
where C#0 is normalizing constant and f € L'(T*)\ L*(T*?).

4. I g(gy(p)) =0, V<o<qo<p>>=(27“"<q0<p>>,§7¢<q0<p>>j=o and 1= 11, (p).

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

corresponding eigenfunction has the form

fq) = Cra(P)p(q) _ 21,
w,(q) —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(u, p) of the operator H ,(p), p € U(0) at the point u = u,(p).
Theorem 2. Let d=2 and peU4(0). Then if u tends to u,(p) then the
eigenvalue E(u, p) tends to the threshold m(p) and if eigenvalue E(u, p) tends
to the threshold m(p) then u teds to wu,(p). Moreover if @(g,(p)) # 0 for
sufficiently small u— u,(p) for eigenvalue E(u,p) the following expansion is
true:

m(p)—E(u,p)=oa(p)+ Y c(mn)(p)a"z’

n>1,5s>0,n+s>1

& = expl(ag(P))}, 7= Lexp{(ao P



where c¢(n,m), m,n=1,2,...- real numbers with
a(p) = exp{=co(p)ay(p)},  og(p) ==1720"(qo(P)J(q0(p)) <0,
where ¢, (p) is the cofficient which is defined in (1).
Corollary 1. Let p e U4(0), then if ¢(q,(p)) = 0 for eigenvalue E(u,p) of the
operator H ,(p) the folloving asymptotics is true :
E(p, p) =m(p) —expi—c,(p)a,(p)io +O(or), u—>0+0.

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

E(u,p)==ll@ll* u+ED (1, p), 1 —> -+,
where E(u, p)=0(1) is uniformly in p e Us(0) as 4 —>+x.
Corollary 2. Let p € U4(0). Then the following asymptotics is true:

inf E(u, p) =~ @ |I> u+E®(w), p—>+o,
P

where E@(u)=0(1), u—>+o.
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 u>0, peUs(0) for sufficiently small

m(p)—z >0 the function A(u,p;) has the following Puiseux-Laurent series

expansion:
Ay, p;z)=1- u};"(ﬁ% - chn (p)(w/m( p)— z)”,
—z n=0
where

c.(p)= 79> (9o (P) (45 (P)).
Corollary 3. Let d=1 and ¢(q,(p)) =0, peU;(0). Then for any u>0 and

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

A pi2) =1- 1Y en () m(p)—2) . eo(p) = y ip) >0, (@
n=0 1

In Section 3.2 it is found the conditions for existance of eigenvalue of the

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

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

If u>p (p) then the operator H,(p)has a unique eigenvalue E(u, p)
bellow the essential spectrum. The function E(-, p) is monotonously decreasing
analytic function in the interval (x,(p),+o) and the function E(u,) 1s real-analytic
in U4 (0). The corresponding eigenfunction



Cup(q)
w,(q)—E(u, p)

is analytic on 7", where C # 0 normalization factor. Moreover the mappings

Y(uw; p,q, E(1, p)) =

¥ :Us(0)— L(T"), p+> ¥ (1 p.q. E(u, p)) e L(T")
and
Wi (u(p)stoo) > L(TY),  ur> ¥ p.g. E(u, p)) € LA(T')
are vector-valued analytic functions in U (0) and (x,(p),+) respevtively.
2.If ¢(qo(p)) =0 and 0< u < u,(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 € Us(0). Moreover we found an
asymptotic formula for E(u, p) as u — «.

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

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

2
E(u, p)=m(p)— [Za (p)u”j :
n=1
where a,(p), n =1,2,... real numbers and
a(p) = 7 (4o(P))J (g4 () > 0.

2. If (q,(p)) =0 and for fixed k € N the coefficients of expansion (2)
satisfy the following condition c¢,(p)=c,(p)=..=c¢,_(p)=0,¢,(p) =0, then
for E(u, p) the following Puiseuxs series expansion at p = y,(p) s true:

2
E(p, p)=m(p)—- (Zan (Pe- 1 (p)]””‘j :
n=1

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

1k
a(p) = [ 2 e (] e (p) <0, L= (P >0, =1y (p) > 0.
Corollery 4. Let d =1. Assume Hypohesis 1 and p € Us(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)—[70>(qy(p)J (q,(pP)) 1* + O(i’), 1 —0



2. If o(q,(p))=0 and for fixed k € Nthe coefficients of expansion (2)
satisfy the following condition ¢,(p)=c,(p)=...=c¢,_(p)=0,¢,(p) # 0 then

E(u. p) = m(p)— |- 12 (e (0] L = ()P + Ot = 1 (p)T™ ), gt = ().
with ¢, (p) <O0.

In the following theorem we found an asymtotic formula for E(u,p) as
L —>+00,
Theorem 6. Let d =1 and p € U;(0). Then the function E(u, p) has the following
asymptotics
E(u,p)=~lloll’ p+EV (1, p), p— -+,
where E'V(u, p)=O(1) uniformly in p e U,(0) as t —>+x.
Corollary 7. Let d =1 and p € U4 (0). Then the following asymptotics is true

inf E(u, p)=—l@|I> u+E® (), p— +o,
P

where E® (1) =0(1), 1 —>+on.



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 1s 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
1s 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. Tt 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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BBEJEHUE (anHoTanus guccepranuu 10kTopa puiaocopun(PhD))

Heablo ucciaenoBaHusi SBIACTCS H3YYCHUE CIEKTPaJIbHBIX CBOWCTB, B
YaCTHOCTH H3YYCHHUE CYIIECTBOBAaHUS COOCTBEHHBIX 3HAUYCHUN U TIOJYy4YEHUE
CXOJIAIeeCs] PA3I0KEHUS s COOCTBEHHBIX 3HAYEHUW OOOOIIEHHOW MOJeIu
dpuapuxca ¢ BO3SMYIIICHUEM paHra OJuH.

O0bexT HCCIIe0BAHUSI. O6o0061enHas MOJIETh dpuapuxca,
aCCOIMMPOBAHHON CUCTEME JBYX OJIMHAKOBBIX YAaCTUIl HA PEIIETKE.

HayuyHasi HOBU3HA HCCJIeI0BAHMS 3aKJII0YAETCH B CIeAYIOIIEM:

HaWJICHO MECTOIOJIOKEHHUE CYIIECTBEHHOTO CIIEKTpa 0O0OOIEHHOW MOJenu
dpuapuxca ¢ BOSMYIIICHUEM paHra OuH;

MOJIY4EHO YCIIOBHE CYIIECTBOBAHUS COOCTBEHHBIX 3HAUYCHUM, JIEkKaIUX
JIeBe€ CYIECTBEHHOTO CrieKTpa 00001meHHol Moaenu Opunpuxca ¢ BO3MYyIICHUEM
paHra OJIMH B OJTHOMEPHOM M JIBYMEPHOM CIIydasix.

M3Yy4eHbl HEKOTOPBIE CBOMCTBA COOCTBETCTBYIOIIEH COOCTBEHHOM (YHKIINHU;

HaWJIeHbl YCJIOBUSI, JJIA KOTOPBIX JIEBBIM Kpail CYIIECTBEHHOI'O CIIEKTpa
SIBJISIETCS. COOCTBEHHBIM 3HAYCHUEM WJIM BUPTYaIbHBIM YPOBHEM OO0OOIIIEHHOM
Mozenn dpunpuxca ¢ BO3MYIIIEHUEM paHra OJUH B JIBYMEPHOM cCllyyae U HaljeH
SBHBI BHJ COOTBETCTBYIOIIEH COOCTBEHHON (YHKIIMM W BHUPTYaJIbHOTO
COCTOSIHUSI, COOTBETCTBEHHO.

MOJTYYEHBI Pa3IOKEHUs JI1 COOCTBEHHOTO 3HAYeHUs 000OIIEHHON MOJeIu
dpuapuxca ¢ BO3MYIIEHUEM paHra OJ1H B OJJHOMEPHOM M JIBYMEPHOM CIIydae;

HalilecHa acuMmmnToTudeckas ¢opmyna COOCTBEHHOTO 3HA4YeHHUs, Korja
DHEPIHs B3aUMOJCHCTBUSI CTPEMUTCS K OECKOHEUHOCTH.

BHenpenue pe3yiabtaToB mccienoBanus. OCHOBBIBasSICh Ha pe3ysibTaTax
JIMCKPETHOTO CHeKkTpa 0000menHo wmoxaenun Dpuapuxca, accolUUpPOBAHHOU
CHUCTEME JIBYX OJIMHAKOBBIX YACTHUIl HA PEIIETKE:

CnexktpanpHble  CcBOMcTBa  00oOmeHHoit  moxenun  Dpungpuxca ¢
BO3MYIIICHUEM paHra OJWH, T.C. aHAJUTUYHOCTh U MECTOTOXKEHHE COOCTBEHHOTO
3HAYCHMS, KCIOJIb30BAaHBl B HKCCIIEIOBAHUAX 3apyOeKHOr0 MPOEKTa TpaHTa C
HoMmepom QJ130000.2626.14J72 nnst uWccnenoBaHUs CHEKTPAJbHBIX CBOWMCTB
TpexdactuyHoro omneparopa Illpenunrepa Ha anMa3HoOM pemieTke (CIpaBKa
Manai3uiickoro TEeXHOJIOTHYECKOoro yHuBepcuteTa, 19 nexabps 2017 ronma).
[IpuMeHeHne HTUX HAYYHBIX PE3YJIbTATOB Jlajla BO3MOXHOCTh JOKa3aTh
Bo3pactanue onpenenutens Openronpma, JieBee CYIIECTBEHHOTO CIEKTpa
TpexdacTuyHoro onepatopa lllpenunrepa;

MOJIB3YSICh  CYIIECTBOBAHMEM €IMHCTBEHHOTO COOCTBEHHOT'O 3HAYCHUS
Mozenn Opuapuxca ¢ BOIMYIIIECHUEM paHTa OJWH JJII TPEXUYaCTUYHOIO orepaTopa
Hpénunrepa B 3apybexHOoM mpoekTe rpanta ¢ HomepoMm QJ130000.2626.14J72,
JI0Ka3aHO  CYIIECTBOBaHWE COOCTBEHHOI'O  3HAYECHUs, JIeKAIIero  JeBee
CYILIECTBEHHOI'O CIIEKTpa TpexdacTuuHoro omepatopa Illpenunrepa Ha anmMazHoOU
pemieTke (cnpaBka Manal3uiicKOro TEXHOJIOTMYECKOTO YHUBEpcuTeTa, 19 nexadps
2017 rona). IlpuMeHeHHE OTUX HAYYHBIX PE3YJIbTATOB Jajla BO3MOXKHOCTh



[I0Ka3aTh KOHEYHOCTh JUCKPETHOTO CIEKTpa, JISKAIIETo JIeBee CYIIECTBEHHOI'O
CIIeKTpa TpexdyacTuuHoro onepatopa LllpenuHrepa Ha anmMa3zHON peLIETKE;

U3 CYIIECTBOBaHHWsS COOCTBEHHOTO 3HAUCHHUS W  Pa3jOXKCHUS s
COOCTBEHHOI0 3HAaYeHUsI 00001IeHHOH Mosienu Ppupuxca ¢ BO3MYIIEHUEM paHTa
OJMH B OJHOMEPHOM Cilyd4ae, B 3apyOe)KHOM IIpOEKTE TIpaHTa HOMEPOM C
QJ130000.2626.14J72, wcnonp30BaHbl JJs HW3YyYEHHS OCHOBHBIX CBOWCTB
COOCTBEHHOI'0 3HAYEHHUsl TpexyacTWyHoro omepartopa lllpenunrepa Ha ammasHou
pemeTke (crpaBka Manali3uiiCKOro TeXHOJIOTHIECKOT0 YHUBEpcHTeTa, 19 nexadps
2017 roma). IlpuMeHeHWE OSTUX HAYYHBIX pPE3YJbTATOB Jaja BO3MOXHOCTH
MI0Ka3aTh MOHOTOHHOCTh COOCTBEHHOI'O 3HAYEHUS JIEXKAIETO BHE CYIIECTBEHHOI'O
CIIEKTpa TpexdyacTU4Horo onepatopa Lllpenunrepa Ha anma3zHON pelIeTKe.

O0BéM U cTPyKTYypa auccepraumu. JluccepTanus COCTOUT W3 BBEICHUS,
TpeX TJaB, 3aKIIOYCHHsS U CIHCKAa WCIOJIb30BaHHOW JuTepaTypbl. O0beM
AKMccepTalMy COCTABIAET 85 cTpaHuULL.
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