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KHUPUI (panacada noxkropu (PhD) auccepranmsicn aHHOTALMSACH)

Juccepranuss MaB3yCMHHHI J0J3apOjauru Ba 3apypartu. J[yHé mMuxécuaa
o0 Oopuinaérrad Kymiad wiMui-aMaluid TaAKUKOTIap pU3HKaIa Mypakkad TypFyH
OoOBEKTIIap OJaT/Aa YJIApHUHT OOFJIAHTaH MANTAard PHEPrusick KaMmaluil UMKOHUHU
OepyBYM TOPTHUIIMII KywIapu HaTHKAacHlla XOCWJI OYIMIIMHM KypcaTaau. bupok
KeMMHIY HWWuiapja ojJuMjap TOMOHHUAAH TapTUOJNAHTaH MyXMTIapAa Mypakkao
TypFyH OOBEKTJIIAp XAaTTOKU HUTAPUIIYBYM TabCUpIap HATIXKACHIA XaM MaBXy/l
OYIMIUIMTY SKCIepUMeHTan ucOoTnanau. WrapumryBun >XyQTIUKIapHH Hazapui
acocnamga ¢oiinananunaaurad bose-Xab0apa Moaenu, S’bHU TMaHXapagarun HKKA
3appavamu peaunrep onepaTopu 3KCIEPUMEHTAN Ky3aTHUIUIAPHUHT Ha3apuid acoCH
Ba KYJUIAIHUHT Hazapui Oazacu xucoOnaHaau. IIyHUHT ydyyH KaTTHK >KHCMJIAp
¢u3MKacu XaMJa KBaHT MaWlJIOHJap Ha3apusaCHAAa Yuypaillurad IaHXapajiaru
3appavanap cuctemacura moc lllpenunrep omeparopiapura Ouj TaAKUKOTIAPHU
PUBOXIIAHTUPHUII MyXUM Bazudanapaan oupu 0Yiubd KOIMOK/IA.

XO03Upru KyHJa TaHXapajard HWKKH KBaHT 3appadalii CcUCTeMara MocC
Hlpenunrep onepaTtopu COEKTPU CUCTEMAa KBa3UUMITYJIbCH Y3rapuIinra Hucobarad yra
ce3yBUYaH OYJTraHIUTU y4yH yUIOy olepaTop CHEKTpUra Ouj MyaMMOJIApHH XaJj 3THI,
SbHUA OOFJIaHTaH XOJIaTiap MaBXYJIUTUHU KYpCaTUI Ba YHUHT COHMHHM aHUKJIAII
MyXHUM axaMuAT kacO STMOKHa. by Oopana makcamiu WIMHA TaJKUKOTJIAPHHU,
KyMJIaJlad, KyMHJAru MyHanuuuapaard WIMHN M3JIAHULUIAPHA amaira OLIMPHII
noisap0 BazudanapaaH Oupu XHcOONaHAAM: MaHXkapaaa Oup HyKrajaa (KOHTAkKT)
TabCUPJIALTYBYM UKKUTA OMp XUJ 3appadaiu (0030H1ap €ku (hepMUOHIAp) cucTeMara
moc [llpenuHrep omnepaTOPUHUHT AUCKPET CIEKTPUHU TAAKUK ITHUIIL, OUp Ba UKKH
YyuaMiu MaHXKapajard UKKA 3appadaid cUcTeMara MOC WKKU 3appayaid JUCKPET
penunrep omepaTopu XOC KUMMATIapu MaBXyAJUTHMHHA KyCaTHI; OMp Ba WKKH
ynuaMiau maHxkapajga Oup HyKTajga (KOHTAKT) TabCUPJAIIYBYM HMKKH 3appadaiu
cucTeMara Moc UKKH 3appadanu nauckpet UlpenuHrep onepatopu siroHa Xoc KUMMatu
yuyH €lnmMa TONUIILIaH noopar.

Mamnakatumuzaa QyHaaMeHTan (QaHIapHUHT aMaluid TaTOMKKAa sra OyiraH
non3ap0d MyHanMIIapura, XycycaH, KyOMK MaHXapaJard 3appadajap cucTeMacura
moc Illpeaunrep omepaTopiapuHu YpraHuiira ajaoxuiga 3bTHOOP KapaTHIIIH.
[Mamxapagarn uMkky 3appadanu cucremara moc UlpenuHrep omeparopiapu y4yyH
MyXHUM CIIEKTpJlaH TalllKapuaa OOFfJIaHTaH XOJjaTjiap MaBXYJUIMTH Ba YJIapHUHT
COHMHM aHMKJIAILra OUJT Ce3UJIapJIM HaTWKajaapra SpUILUIIIAN.

V36ekucron PecnyGmukacu Ilpesumentuuunr 2008 fmn 15 wrommaru
[1K-916-con «/HHOBaMOH JoMUXanap Ba TEXHOJIOTHSJIAPHU HILIA0 YMKapHUIITa
TaTOMK OTUIIHW  parOaTaHTUpHUIN  Oopacujard Kymmm4ya dopa-Taaoupiiap
Tyrpucuaarru, 2017 wun 17 depanmarn [IK-2789-con «®Pannap akaaemusicu
dbaonusaTH, WIMHW-TAJKUKOT  MIUIAPUHU  TAIIKWI  JTHIL, OOIIKapuil  Ba
MOJIMSIAIITUPHUIIHN  SHAJAa TaKOMWUIAIITHPUIN YOpa-TagOoupiapu TYFPUCHUAANTU
Kapopu Ba 2017 itun 8 ¢espanmaru I1dD-4947-con «Y36ekucron PecryGnukacuuu
sHaJla PUBOXJIAHTUPUILI OYyinya XapakaTiap cTparerusicu tyrpucuaantu dapmonu



xamaa Maskyp ¢aonusATra TETHILIM OOIIKa HOPMAaTHB-XYKYyKUH XyxoKariaapaa
OenrmwiaHrad BasudadapHU amaira oImMpuinra ymoly auccepranus TaIKUKOTH
MyailsiH Aapaxkaja Xu3maT KUJIaau.

TagkMKOTHUHT pecny0JinKka (aH Ba TEXHOJOTHSVIAPU PUBOKJIAHNUITUHUHT
YCTYBOp HyHAJIMILIAPUTa OOFIMKJAMIH. Maskyp TaJIKUKOT pecryOnnka (aH Ba
TEXHOJIOTUsIIAp pUBOKIAHUIIMHUHT [V. "MatemaTnka, MexaHuka Ba HHpoOpMaTuka"
YCTYBOp HYHaIUIIM Aoupacuaa OakapuiraH.

MyaMMOHMHI YpPraHwJiratjmk Japakacu. ATOM Ba MOJIEKYJSIp Xamjaa
KaTTUK JKACMJIap (U3UKacH, KBAaHT MailIOHIap HAa3apUsCHHUHT acOCHI Macanaiapu
[Ipeaunrep oneparopiapuHy ypraHumra KapaTwirad. by coxaga oJuHras
HaTWXanap TYFpucuia Ky11a0 MabJIyMOTIIap MaTeMaTHUK-(PU3UKAHUHT
sHumKIoneauscu" - M.Pug Ba b.CallMOHHMHI TYPT TOMJIM KATOOM1a KEATHUPUIITaH.
[lanxkapanaru 3appavanap cucremacura moc Ilpenunrep omneparopiapu yTran
QCPHMHI  TYKCOHWMHYM  Mwmapuna  ¢usuk  omummap  J[.C.Martuc  Ba
AN .MorunbHepiap TOMOHUJAH YpraHwinO OONUIaHIM Ba YHTra OWJ TaJKUKOTJIAP
xanan puoxianau. [lamxkapanaru lllpenunrep onepatopiapuHu KaTbuii MaTeMaTUK
TaaKUK dTUla y3nykeus peaunrep oneparopiapuaaru kabu MyamMmodsiap yupaiim.
V3nykcuz Ba guckper [lpegunrep omneparopu xamaa ymymiamrad @puuapuxc
MOJEIN YUYyH XOC KMUMATIAPHUHT MaBXYyIJIUTH, XOC KMIUMATHUHT Y3JIYKCU3 CHEKTP
Oycaracu arpodumaru EWnnManapu, y3apo TabCUpP KOHCTAHTACHHUHT OYcaraBHii
KUiMaTaaru xoaucanapHu anukiam macananapu M. Knays, b. Caiimon, .M. I'pad,
J. llenkep, P.A.®@apua ne Beiira, E.JI. Jlakmtanos, P.A. Muninoc, C.H. Jlakaes, K.
MakapoB kabu oJMMJIap TOMOHMJAH YpraHwiraH. MabiIyMKH, UKKH 3appadaiiu
[lIpenuHrep omneparopiapuia y3apo TabCUP MNOWMHMICH Y3rapuIId HATHUKACHA
OOFJIaHraH XO0JaT PHEPTUsCU Y3IIYKCH3 CIEKTP YEKKAacura SIKMHJIAIAgud Ba TabCUP
JTOUMUMCUHUHT YEKJIM KUUMaThAa CIeKTp Oycaracu OuiaH ycTMa-yCcT Tymaau. by
Oycara kuiiMaTra OOFJIaHTaH XOJIaT €KW BUPTYaJ XO0JIAT MOC KEJIWIIUHU aHHUKJIAII
macanacu Ownan JIx.Payx, b. Caiimon, M. Knays, J[. SldaeB Ba C.H.JlakaeBnap
mryrysuianrad.  Kygr-xydtn OwiaH y3apo  KOHTakT MOTEeHUMan Epaamuia
TabCUPJIANTYBYM, WKKATA OO30HIAH TANIKWJI TomraH cuctemara moc IpeguHrep
omeparopu yuyH Oycara s¢dektn mactnad C.H. JlakaeB wmmna anukmanrad. C.
AnbGesepuo, C. JlakaeB, K. Maxkapos Ba 3. Mymunosnap xamaa C.H. JlakaeB Ba
. AnnanycroBnap unuiapuaa 6ycara agdexktn qucrnepcuon (QpyHKIUsIap Ba TabCUP
NOTEHIIMAIUHUHT KeHr cuH(u yuyH ucoornanrad. C.H.Jlakaes, II.FO. XonmaTos

niwtapuga d >3 ymyamom A MaH)KapaJard TOPTUIIYBYM KOHTAKT MOTEHIMAJ
€pramMuza TAabCUPJIAIIYBYM HMKKWTAa KBAHT 3appadyajii CHCTEMAara MOC JUCKPET
[lIpenuHrep onepaTOpUMHUHI MYXHMM CHEKTPJAaH MNAacTIAaru SroHa XOC KUWMAT Y4yH
y3apo TabCcUp JAOMMHUICH Ba KBAa3MHUMITyJbClap OYyiinua SKUHJIAIIYBYM KaTopJap
TOIWJITaH.

Juccepranms TAAKHKOTHHHMHI JAUCCEPTANMS 0aKapWIraH OJIMH TabJIUM
MYaCCACACMHMHI MJIMHH-TAIKHKOT HMILIAPH peKajapu OWJIaH OOFJIMKJIWIH.



Huccepranmss  TaakukoTM  TOMIKEHT Wppurauys Ba KULNUIOK — XYKaJIWTUHU
MEXaHU3alMsUIall  MYXAHAMCIApM HMHCTUTYTH WIMHMM TaAKUKOT JIOMMXAJIApH
Joupacuia daxkapuira.

TagKuKOTHHHI MaKcaau OuUp Ba MKKHM VIUaMiM MHaHXkapajga XyPT-KypTH
OunaH Kucka Macodazna TabCHpJAllyBUM MOTEHUMAUIAp EpJaMuAa aHUKJIAHTaH
MKKUTa Oup Xui 3appaudanu cucremara moc lllpenunrep onepaTopiapuHUHT MyXHUM
CHEKTpUJaH TallKapuaarh XOC KUUMaTIapu Y4YyH SKHHJIAIIYBYM  KaTOP
KYpPUHUIIMIArTK ERMIMaIap oJMuiad noopar.

TagKukoTHUHT Basudaapu:

OMp Ba MKKH YIT4aMJIM MaHXKapaaa y3apo TOPTUUIYBYM Ba UTAPHUIIYBYM KOHTAKT
TabCUPJU HWKKUTA Oup Xun 3appadanu (06o3onnm) cuctemara Moc Illpeaunrep
omepaTopjaapu MyXHUM CIEKTPUIAH TallKapuaa XOC KHWMaTIapu MAaBXKyIJIUTMHU
ucOOoTIaN XaM/1a yHra MOC X0C (yHKUHUSHUHT aHUK KYPUHHUIIWHYA TOTIUII;

OMp Ba UKKM YI4aMJIM MaHXKapajaa y3apo TOPTUILYBYM Ba UTAPUIIYBYU KOHTAKT
TabCUPIM HKKUTAa Oup Xun 3appadanu (0o3onnum) cucremara Mmoc Illpenunrep
OTIepaTOpU XOC KUUMATH YUYH ¥3ap0 TabCUP TOMMUNUCUHUHT OYcara (HOJb) KUAMATU
aTpoduaa SKMHJIAUIYBYM KaTOp KYpUHUIINIA ERMIIMarap TOMHIL;

Oup ya4aMiau MaHXKapaHUHT KYIIHW TYTYHJIapuja y3apo TabCHpJallyBUH
UKKUTa Oup Xui 3appadanu (pepmuonnu) cucremara moc llpeaunrep omnepatopu
YUYH MYXHUM CIEKTp 4al YEeKKaCMHUHI BHUPTyaj carx (pe30HaHC) €KM XOC Kuiimar
OYIUIIMHM aHUKJIAIl, MYXUM CHEKTpAAH 4Yanja XoC KUIUMaTH MaBXyJJIUTHHU
aHUKJIAIll,

Oup Ya4amild MaH)KapaHUHT KYIIHU TYTYHJapHuaa y3apo TOPTHUILYBYM MKKHTA
Ooup xui 3appadanu (pepmuonnan) cucremara moc auckper Ulpeaunrep omnepatopu
XOC KUHMaTh Y4yH ¥3apo TabCHp JOMMHUHCH Ba KBAa3UUMITYJIbCIAPHUHI Oycara
KUUMaTiaapuaa SKUHIAIIYBYH KaTOP MIAKIUAATY ENUIManap YpHATHILL

TanKuKOTHUHT 00beKTH OUp Ba MKKU Ya4aMiu OyTyH COHJIM MaH)KapaJaru
KOHTAaKT Ba KYIIHU TyryHJapja y3apo TabCUpPJIAUIyBUM UKKWUTA OUp XWUJ 3appadaiiu
cucremasiapra moc lllpenunrep oneparopiapu.

TanKuKOTHUHT NMpeAMeTH OMp Ba MKKH YIUuaMJIM MaHkapajaa Kucka macodaaa
TahCUPJIANTYBYM WUKKUTA OMp Xui 3appadanu (6030H Ba (epMHOH) cucTeMara MOC
muckpet Llpeaunrep onepatopiaapuHUHT CIIEKTpall TAAKUKOTIApUAaH HOopart.

TaakMKOTHUHT ycyJu1apu. TagKUKOT MIIKMJA MaTEMaTUK aHAJIW3, MAaTEMATUK
¢bu3nka, QyHKIHMOHAN aHalM3 Ba KOMIUIEKC Y3rapyBUWIM (DYHKIMSIap Ha3apusiCH
YMYMHH ycyiapuaad QpoiiianaHuiIras.

TaagKMKOTHUHT WIMMI SHIWINTH Kyinaaruinapaad uoopar:

OMp Ba MKKH YIT4aMIIM MaHXKapaja y3apo TOPTUIIYBUM Ba UTAPHUIIYBYM KOHTAKT
TAbCUPIAM MKKHATA OWp Xua 3appadand (0OO30HJIM) CcUCTEMara MOC JHUCKPET
[lIpenunrep onepaTtopu MyXHMM CHEKTPUIAH TalIKapuaa SIroHa XOC KHMMaTH
MaBXyJUIMTH MCOOTIAaHTaH XamJa yHra MOC XOC (DYHKUMSHMHT aHUK KYpPUHUIIH
TOMUINO, YHUHT PETYJSPIIUTH KYpCaTHIITaH,

OMp Ba MKKU YI4aMJIM NAHXXapaaa y3apo KOHTAKT TabCUPJAIIyBYH UKKUTA OUp



xun 3appadanu (6o3onnu) cucremara moc lllpeaunrep omepatopu AroHa Xoc
KUIMaTl y4yH y3apo TabCUP JOMMUUCHHHMHI OYycara (HOJIb) KuiiMaTu aTpoduma
AKUHJIAITYBYU KATOP KYPUHHUILINIArU EWAIIMAIIap OJINHIaH;

Oup VyimuaMiau NaHXapaHUHT KYIIHU TYTYHJIapuaa Y3apo TabCUpJIALIyBYH
WKKuTa Oup xui 3appadanu (dpepmuoniu) cucremara moc Illpenunrep omeparopu
Y4YH MYXUM CHEKTPHUJIAH YalJa AroHa X0C KUMMAT MaBKyIJINTHA KYpCATUIITaH;

Oup Yayamiid maH)KapaHUHT KYIIHW TYTYHJapuaa y3apo TOPTHUIILYBYM HMKKUTA
oup xun 3appavanu (dpepmuonnn) cucremara moc nuckpet llpegunrep omepatopu
XOC KMWMATH YYyH TabCUpP JAOWMHICH Ba KBAa3MUMITYJIbCHUHI Oycara KHiMaTiiapu
aTpoduaa AKMHIANTYBYM KaTOp MIAKINIa EMrIMaiap OJMHTaH.

TagKMKOTHHHI  aMaJuil  HaTHXKajdapu  OOFJIaHTaH  XOJIATJIAPHHUHT
AHANUTUKJINITA XaKUJard XyJjocajap KaTTUK JKACMIIAp (U3MKacu Ba KBaHT
MEXaHUKACHU]Ia SKCIIEPUMEHTAN TAAKUKOTIAPHUHT cU(AT KYpPCATKUUYMHU aHUKJIAIl Ba
COHJIM XHcoOanuiapaa GongaiaHuiIraH.

TagKuKoT HATHKAJAPMHUHT  HINOHWIWJIMIM  MAaTEeMaTUK  aHaJu3,
MaTeMaTuK-(pu3nKa, (PyHKIIMOHAI aHAIW3 Ba KOMIUIEKC Y3rapyBUWIM (yHKIHUSIIAP
Ha3apusACH yCyJulapujaH (QoiilaJaHWITaHIuTH XamJaa MaTeMaTuK MyJoXa3aJapHUHT
KAThUUITUTH OWJIaH acOCIIaHTaH.

TagKUKOT HATHKAJIAPUHMHI HMJIMHI Ba aMajuil axaMUSATH. TagKuKOT
HAaTWXKAJApUHUHT WIMHM aXaMuATH y3-y3dra KyliMa oOIleparopiap CHEKTpall
HA3apusACH, KBAaHT MEXaHUKACH, KAaTTHK >KMCMIIAp (PU3MKACU Ba KBAHT MaiJOHJIAp
Ha3apuscu, XyCycaH, IIaHKapaJaru HKKM Ba yd4  3appadaJi  CUCTEMa
raMWIbTOHUAHJIAPDUHUHT CHEKTpJIapu OuiaH OOFJIMK MacajlajJapHH Xajl ATULIAA
dboinanaHuI MyMKUHIUTH OUJIaH U30XJIaHAIN.

TagKMKOT HATWXAJAPUHUHT aMaluid axaMHusTH WIIJa OJIMHTaH WIMHUN
HaTWXKaap KaTTUK >KHUCMIIap (PU3MKAacHaa Mypakkad OOBEKTIap XOCWJI OYIUIINHU
KypcaTyBUM 3KCIEPUMEHTA] TAaJKUKOTJIAp YTKA3WII Ba KyJUlallra Ha3apuil acoc
cudaruaa Xu3MaT KUIUIIM OriIaH OenruiaHaIu.

TaagKUKOT HATWKAJAPUMHUHI KOpUU KuwiauHumM. Ilamkapagaru WKKA
3appauyanu cuctemara Moc IlpeauHrep omepaTopiiapu JUCKPET CIEKTpUTra OuJl
OJIMHTaH HAaTH>Xajlap acocujia:

MaH)Kapajiaru UKKU 3appavaiu cucrtemara moc llpenunrep oneparopiapu Xoc
kuiimaTHN anuktam ycyiuapu PPP/GP/FST/30/14915 pakamiu XopuKuil rpaHTHAA
0ab3u UKKHU Ba y4 3appadanu auckpet Llpeaunrep oneparopiapu yuyH KyJUITaHWITaH
(Manaiizuss  Caiienc wucinoM yHuBepcuretuHuHr 2017 #iun 28 gexaOpparu
MabIyMOTHOMAcH). MMM HaTHXKaHMHT KYJUIAHWIMAIOK KapajlaéTraH HWHTerpal
oneparopiap Ba namwxkaparu llpeauHrep omepaTopiaapuHUHT acOCHi XOCcCalapyuHU
yprauuii, I[IyHUHTAEK, Takpuouii QopMynanap Ba ycyuiap &EpaamMuaa Xoc
KUIMaTIIapHU, MaxCyC HYKTaJapHU Ba OMNEPATOPHUHT XOC (YHKUMSIJIADUHU TOMMIILI
UMKOHUHH OepraH;

IaH)KapaJaru UKKU 3appadanu cucremara Moc llIpeaunrep oneparopiaapuHuHr
X0C KuUHUMaTH MAaBXY/UIMTUHU Ba Oycara pPE30HAHCHHU aHUKJIAII yCyJJIapH



LRGS/TD/2011/UKM/ICT/03/02 pakamnu XOpwKuil TpaHTuAa Oab3u HKKU
3appavanu auckper lpeaunrep omeparopnapu yuyH kyjuianwiran ( KeOanrcanr
Manaiizus Muuiiii yaupepcuTeTHHUHT 2017 tinn 27 nexabpaaru MablyMOTHOMAcCH).
NnMuii HaTWKaHUHT KYJUIAaHWIUIIM OYcara pe3oHaHcH, Oycara XoC KHUMaTH EKH
Maxcyc HyKrTara sra Oynran ukku 3appadanu auckpet Ulpenunrep omeparopu ydyH
MUCOJUIAp KypHUIll UMKOHUHU OepraH;

NaHKapaJard HWKKUTA UXTUEPUN HWTAPUINYBYM 3appadyalii CUCTEMara MocC
[peaunrep omeparopu XoC KUUMATIApUHUHI CHUCTEMA KBa3WHUMITYJIbCUTA
oormukurn etakun xoprokuid (J.Physics A: Math. Theor.-50,-2017.- 335202, J.
Physics. A: Math. Theor.- 49, - 2016.- 145204. , Theor. Math. Phys. 2014, Vol. 178 No
3, p336-346. ) xypHayapua UKKATAa OUp XWJI 3appadaid CHCTeMara MOC JUCKPET
[lIpenunrep omepaTOpJapUHUHT CIEKTPUHU aHuKJamga doigananuwirad. Mnmuit
HAaTWKAHUHT KYJUITAHWINAIIA YPraHWIAETTaH OIEepaTopiiap XOC KWWMATUHUHT
MaBKY/JIUTH Ba MyCOATIMTUHU UCOOTIIAI UMKOHUHH OepraH.

TagKuKOT HATHKAJTAPUHUHT anpodanusicn. Ma3kyp TaAKMKOT HaTUXKajlapu
3 Ta xanmkapo Ba 4 Ta pecnyOiMKa WIMUN-aMaiIuil aHXyMaHlIapuja MyXoKamajaaH
YTraH.

TagKuKOT HATH/KAJAPUHUHT IbJIOH KWIHHTAHIUIU. JluccepTanus MaB3ycu
6yitnua xamu 14 Ta MIMHIT MII 4OII STHIITAH, IIyJIapaaH, ¥30eKkucToH PecryGmukacy
Omuii Atrectanisi KOMHCCUSICHHUHT JTOKTOPJIMK JIUCCEPTALMSUIApU ACOCHM HMIIMHIA
HAaTWKAJIAPUHUA YOI ATUII TaBCHs ASTWITaH WIMHA Hampiapaa / Ta MakoJa,
KyMJIa/IaH, 2 TacH XOPIKUH Ba 5 Tacu pecnyOnKa KypHajuIapuaa Hallp dTHITaH.

JluccepTaMSHUHT Xa:KMHM Ba Ty3WJIMIIM. J[yccepTanns KUpUII KUCMH, ydTa
000, xynmoca Ba (¢doiganaHwirad agabuémiap pyHUxaTuaaH TalIKWI TOMTaH.
JluccepTanussHUHT XaXMU 88 OSTHU TAIIKWIT STraH.

JIMCCEPTALIUSIHUHI ACOCUH MA3ZMYHHU

Kupnmn xucmupa aumccepranys MaB3yCHHHHI JI0JI3apOJIMTH  acOCJaHraH,
TaJKUKOTHUHT pecnyOinka (aH Ba TEXHOJOTHSIAPU PUBOMIAHUIIMHUHT YCTYBOP
NYHAIUMLUIAPUTra MOCIIMIHM KypCaTWTaH, MyaMMOHMHI YPraHWJTaHJIUK Japaxkacu
KEJITUPWITaH, TAAKUKOT MaKcaau, Bazudanapu, 0ObEKTH Ba MPEAMETH TaBCU(DIaHTaH,
TaIKUKOTHUHT WJIMHUUI SHTWJINTH Ba aMajvil HaTwkajlapu 0aéH KWIMHTAH, OJIMHTaH
HATWKAJAPHUHT Ha3apuil Ba aMaluii axaMusaTh o4ubO OepwiraH, TaaKHUKOT
HATWKAJIAPUHUHT JKOPUM KWIMHUIIW, HAIIp OJTWIraH HUUUlap Ba JUCCEpTALMS
TY3WIUIIM OViindya MablyMOTIap KEATUPUIITaH.

HucceprauussHuar ""UkkM 3appadanu cucreMa 3JHepPrusi onepaTopuHU
nan:kapagaru lllpeaunrep oneparopsapura kearupum (Acocuii TymyH4yaaap)”
ne0d HOMJIaHYBUM OMpHHYM OOOMJA acoCHMil HaTHXKalapHU OAa€H KWIMIL YyYyH 3apyp
Oynran TylmIyHYa Ba TacauKiIap, >KymJIaJlaH 4derapajaHraH Y3-y3ura Kylima
oreparopjap CHEKTpaJl Ha3apUsICHHUHT 3apyp TeopeManapu Oa€H KUJIMHTaH.
[Tamxapagarn uKkuTa OMp XWUJ 3appadaiivi cuctema sHeprus onepartopu Llpenunrep
OnepaTopiaapura KEITUPHUITaH.

HMucceprauustHuHr  "'BHp  yia4Yamiim  NmaHXKapagard MKKUTa Oup XM



3appayaju  cucremara wmoc Ulpeaunrep omeparopum xo¢c KUHAMATH
acuMnToTukacu’' 1e0 HOMJIAaHYBUYM HKKMHYM OoOMja Oup Viadamiau maHxapaaa
¥3apo KOHTAKT Ba OWp KaJaMJa TabCHUpJAllyBUM HUKKUTAa OUp XWUJ 3appadaiu
(6030mM €M (epMuOHIHN) cucTeManapra Moc lllpeauHrep omepaTopJIapMHUHT XOC
KUMaTIapu MaBXyUIMTH YpraHuwirad. TabCcHp SHEPrusiICMHMHI OYycara KUMMaTH
atpoduaa llIpenuHrep oneparopu Xoc KHAMaTH YU4yH EHNIIMA OJTMHTaH.
Huccepranussauar ""UKkH Viadamuid NaHKapajgaru MKKHTa Oup XM
3appavdaju cucremara Moc auckper lllpeaunrep onepaTopu Xo¢ KMUMaTH Y4yH
éiimnma’ 1e6 HOMIIaHYBUM y4YWMHYM OO0OMJa WKKM ViauaMid MaHXkapazga y3apo
TOPTUIIYBYM KOHTAKT MOTECHIHAT €EpllaMuia TabCUPJANTYBYM HKKATA OUp XMW
3appayanu cucremara Moc IllpenuHrep omeparopu Xoc KAWMaTH MaBXKyIJIATH
YpPraHwiran Ba XOC KUMMAT Y4YyH SKUHJIAIIYBYM KaTOp KYPUHUIIMJArH ENMIMA

OJIMHI'aH.
d

p
(27)°

Topna ammknanraH Xaap ymaosn, L,(T?)=L,(T%7) sca T na amuknanran

®apas kuwmaimik T = (-7, 7]" d- ymuammm Top, n(dp) = - sca T¢

KBaJpaTh OWJIaH MHTErpajulaHyBUM (DYHKIUSIApHUHT TUiIbOEepT (azocu OYICUH.
L2(TY) c L,(TY) Ba LY(T?)cL,(T?) moc paBumma xybr Ba TOK (YHKIHSIIAp
KucM ¢azonapu Oyncud. Mkkurta Oup xun 3appadanu (0030HJIAp) cucTeMara MocC
koutakt mnoreHmman (u#0) épmamuma TtabcupiamyBun auckper Illpeaunrep
omepatopu L(T?) rumsbept basocuma Kyiiumars GopMyIia GUIaH aHUKTAHATH:

h,u (k) = hO (k) + /LN, (1)

Gynna kysranmac hy(k) omeparop L5(T?) na
£.(Q) = Zi;(l—cosk—zjcosqj ) keT®
byHKIUSTa KYTIalTHPUIIT onepaToij/I
() )@ =&c(@)f(a), fely(T).
Kysrarumn oneparopu Oup yauammu omeparop 0ynmuo6, LS (TY) ¢asoma kyiingarmua
aHHMKJIAaHAIN

Vf)@)= [f(@n(dg), fel5(T?).

By epna p € P =(—00,+0) - 3appadanapHUHT ¥3ap0o TaAbCUP SHEPTUACH.
Myxum crektp TypryHiuMra Xakugard Beiin teopemacura acocan h (k)

ONEpPaTOPHUHT MyXHMM crekTpu Kysranmmac h,(K), Kk eTY omepaToOpHHHT CIEKTpH

OuJiaH yCcTMa-ycCT TYyIIaJd, SbHU
Oess (N,,(K)) = o (1 (K)) = [ (K), e (K],



OyH1a
d K "
Emin (K) = min g, (q) = 22[1—005?] 20, &y (K) = maxe, (0) = 22(1+ cos?J <4d.
qud

j=t getd j=1
Il 606xa mamxkapa ymuamu Oupra Tenr (d =1) nae6 dapa3 kumammz. 11 606
1-maparpadu HaTWKAIAPUHNA KyHHIaTrd TacIUKIapaa KeJITHPaMHU3.

1-Teopema. Bapua peP_=(-0,0) 6a keT' napoa h,(k) onepamop
aeona Z(u,K) xoc wuimamea sea. z(u,K) xoc xuiimam h , (K) onepamopnune
myxum cnexmpuoan yanda émaou, aviu Z(41,K) < g, (K). Bapua ke T' da z(-k)
Gynurxyuss P_ 0a monomon ycysuu eéa 6apua peP _ oa z(u,) @yuxyus sxcygm,
T' 0a xakuxuii anamumux 6ynaou. Bapua K € T'\{0}= (-z,00 U (0,7] 0a yw6y
2(14,K) > z(1,0) menecusnux  ypunau 6ynaou. Bapua peP_=(—0,0) sa keT!

— M-C . . 1
aapoa moc xoc ¢yuxkyusa W y,k(') = kYpunuwoa oynaou eéa T° oa
(k) — ()
Xakukuti  anaiumux — @ynkyus oynaou, oOynoa C#0—  Hopmamrawmupyeuu
kynaumyeyu.  Illy  o6unan  Oupea  6ekmop — Kuumamiau — aKCIAHMUPUUL

W, T L5(TY), k> W,k Xam aHanumuk 0ynaou.

2-Teopema. a) @apas gunaiiiuxk K € (—z, ) oyacun. ¥V xonoa wynoai iy <0
magxcyo oynub, 6apua € (14,,0) napoa xytiuoazu étunma

2(14,K) = £ (K) — 120> 2 (k)" T
n=0

2
ypunau, 6ynoa a,(K), N=212,...— xaxuxuii connap éa a,(K) = ﬂ(COsg) >0.

6) kK=x oyncun. Y xonoa z(u,7)=2+ u 6ynaou.
1-Hatuxka. K e (—7,7) 6yncun. ¥ xonoa z(u,K) ¢ynxyus yuyn p1—>—-0 oa
Kyuuoa2u acCuMnmomux eUuima YpuHiu 6)?Jza0u

2(1) = e () -2 k+z<2>(u,k)
COS—
2
oynoa 7 (1, k) = O(1®).
3-Teopema. Mxmuépuii K eT' yuyn z(u,K) Qyukyua yuyn u—>—o oa
Kyiiuoazu acumnmomux  étiuima  ypunau  6ynaou:  Z(u,K) = w+ 29 (u, k), 6ynoa

29 (1, k) = O(1) menenux k € T 63iuua mexuc Gaxcapunadu.

Tabkunam JIO3UMKM, WTAapUIIYyBUM 3appadajapra MoOC TabCHpP 3HEPIUsICH
pueP, =(0,4+00) Oynran xosga XxaM IIyHTa YXIIAIl HATHOKaIap YPUHIH.



II 606 2-maparpadu HaTHKaJapUHUHT KAThUH MaTeMaTUK Oa€HHMra yTamus.
Hmnynbe TacBUpia MaHXapaHUHT KYIIHU TYTYHJIApHIa Y3apo TabCHUPJIAIIYBYH
MKKHUTa OUp XWI 3appadan (pepMUOHIIN) CUCTEMAcUra MOC UKKH 3appayalid JUCKPET

Ipemunrep oneparopu H (k) k € T' ym6y L5(T') dasona anukmanamy:
H,u(k) = HO(k)+tuv

by epna H,(k) dynkmusra kymaiiTupuir oneparopu:

(Ho(k) F)(@) = Ec(@) f(a), feLy(T),

E (a) =g(g—q)+e(g+q)

Ba € P =(—o0,+00) - 3appavyanapHUHT ¥3apO TabCUP YHEPTHSICH.

OyHJ1a

1-®apa3. @apaz xuramuz () gyuxyus T' 0a ocydm xaxuxuii anamumux
dynxyun 6a q=0e T nyxkmada seona aiinumazan munumymea sa.

V rtabcup oneparopu L (T') dazona Kyiinaarnya aHUKIaHTaH:

(VE)(@) =sing [sint f(£)7 €t

MyXuMm CreKTp TypFyHIMIH Xakunard Beiin rteopemacura acocan H  (k),

ke T' omepaTopHHHT MyXHUM CIIEKTPH Hy(k), ke T omepaTopHMHT crieKTpH GuiIaH
yCTMa-yCT TYIIAIH, SbHU
s (H,(K)) = a(Hq (k) = [Epyiy (K), B (K],
OyH1a
Emin (k) = EQITQ Ek (q)’ Emax(k) = ma)l( Ek (q)

qeT
1-93cnarma. [Lynu mavkuonaiimusku, 1-papasea xypa K, =0e T nyxkmanu
ysuda caxnosuu wynoati I < T'  opanuk e6a ymoa amamumux 6ynean Jo ()

dynxyus maexncyoxu, uxmuépuii Kel  yuyn E () ¢yuxyua 0e Tt uyxmaoa

A20HA AUHUMA2AH MUHUMYMea 32a Oynaou. Y xonoa napamempea 6oenux Mopc
nemmacuea kypa, mapxasu Y =0 wygkmaoa paouycu y>0 6ynean 6upop

W,(0)cP wapnu q=0 nykmanune 6upop U(0) ampoguea axcranmupyeuu
wynoati q=¢(K,y) axcranmupuw maexcyoku, 6apua €U (0) o0a xyiuuoacu
menenux  Gaxcapunaou: E,(q) = E (#(K,y)) = y* + E... (K). Bynoan mawxapu
qg=9¢(K,y) axcranmupuwnune J(P(K,y),K) saxobuanu 6b6apua Kel yuyn
J(#(k,0),k) > J(0,k) >0 wapmnu xanoamnanmupaou.

X - komrutekc commap tymiamu Oyiacun. Uxtuépmit kel Ba zZ < E; (K)

yaya L9(T') ¢asoma Homandwuii koMIakT Ba



5.q) = . esin tp(dt)
B, (k,z;p,q) = —2usin psing j—

1! Ek (t) —Z
anponu bupman-IlIBuHrep nnTerpan onepaTropuHy Kynnaarnda aHuKJIanMms3:
1 1

B, (k,2) = —V 2Ry (k, 2V 2,
oyama Ry(k,z) Ho(k) omepatopuunr zeX\[E,;, (K),E(K)] HykTagaru
1
pesosBenTacu, V2 omepartop 3ca V MycOaT omepaTOpHUHT KBapaT UIIU3H.
Uxtuépnit  u<0 Ba kel  yuym X\[E,,(K),E ., (K)] tymmamuaa
| -B,(k,z) omepatopra moc A  (k,z) ®PpenroabM ACTEPMHUHAHTUHH KyHujarnda

aHUKJIaMU3:

Aﬂ(k,z):1+,ud(k,z),
OyH1a

- 2
d(k,z) = J-sm tn(dt).
! Ek(t)_z
lynu tabkumiam sxou3ku, K el Oyaranmga
. sin? t n(dt)
d(k) =d(k, E.;, (k) = Iim d(k,z)=
() ( () z—>Emin(k)— (k. 2) T-[Ek (t) — E. i, (k)

MHTerpan Mamkyn Ba K HEHT GyHKumsicn cudatmma T ma ysmykcH3 (GyHKIHS
oynanu.
B,(K,Enin(k))  nmmuTHK  omepaTopHM  Kyiimparn  Qopmyna  opkaiu

aHUKJIaMU3.

B, (K,Ein(K)) = lim B, (k,2).

2>Epin (k)
A, (K, Epiy (K)) ymmuTiK @pearonsM ASTEPMUHAHTUHH KyHujaard opmyra

OPKAIN aHUKJIAUMU3!

A (K Epy (k)= lim A (K,2).

z_)Emin(k)_
llynn Tabkunna® yramusku, B, (K, E.;,(K)) oneparop L5(TY)  dasona

y3-y3ura Kymma KOMIIAKT MHTETpall ONEPATOPU Ba YHUHI KYPUHHUILM KyuuJaruda
oynanu:

~ : in?tz(dt) :
6, (k Enio (0 T () =—2using [ sin p f (p)n(dp).
g L le. Ek (t) B Emin (t) TJl.
Nxtuépuit kel yuyn ymby u(K):= —ﬁ < 0 GenrunaniHu KUpUTaMu3.

1-Tabpud. Aeap 1 conu B, (K, E.;, (K)) onepamoprune oupop = pu(K)



dacu xoc kuimamu oOynca, H (k) onepamop o (H ,(K)) myxum cnexmpunune

kytiu veeapacu (z = E ;(K)) 0a eupmyan camxyea sea oeiiunaou. Bynoa = u(K)

COH MABCUP IHEPIUACUHUHE OYCca2a KUMamu 0euunaou.
2-Jcnarma. Papas xunavnuk B (K) conu H , (K)onepamoprune supmyan

camxu 6yncun, aviu 1 conu B, (K, Ey;,(K)) onepamopnune xoc kuiimamu ea
w e L5(TY = yuea moc xoc pynxyus 6yncun. ¥ xonoa
1
— 2 _ '
/J(\/ l//)(Q) = \/5/'!5'” q JSlntW(t)U(dt) $ L(; (Tl)
Ek (q) - Emin (k) Ek (q) - Emin (k) 11

Gyuxyuz H ,(K)f =E;, (k) f  LLpeduncep menenamacunu kanoamianmupaou.

f(a)=

H,(k) omeparopHHHr XOC KHMMATJIQpUHH CHCTEMAa  KBAa3HHMILYJICH

kel cT' raGormuk Xonaa Ypranur yayH KyiuIard Ty IIaMIapHH aHHKIaiMI3:
S.(1) ={k el : < u(k)},
S_(u)={k el : u=uk)},
S.()={k el : u> p(k)}
Il 606 2-maparpaduHUHT acocuil HaTWXalapu KyWHJard TeopeMalapiaa
KEJITUPHUIITaH.
4-Teopema. a) 1<0 6a keS_(u) 6yrcun. ¥V xonoa H, (k) onepamop

Oess (H ,(K)) myxum cnexmpoan uanoa seona z(u,K) xoc guiimamea sea. Moc xoc

T oa XaKUKUl AHaIumuK QyHKYyus

ﬂCS'nq c LZ(T]'),
E.(a) - z(u.k)
oynaou, 6ynoa C#0— nopmannawmupyeuu xynaumyeuu. Ly o6unan oupea Z(u,)

Gynryus 1,,(q) =

xoc wuiumam S_(@) myniamoa xakukuili Kutimvamiau dcypm @yHkyus 6ynaou.
k—f, () Ouran bepurean fﬂ’k(-)ZS>(,u)—>L3(Tl) AKCIAHMUPUUL  BEKMOP

KULLMAMIU AHATUMUK aKCIaHmupuw 6ynaou.

b) u<0 ea keS_(x) opncun. V xonoa H, (k) onepamop oo (H,(K))
myxum cnekmprure E . (K) xyuu veeapcu H . (K) onepamop yuyn eupmyan camx
oynaou.

c) u<0 6a keS (u) 6yncun. V xonoa H, (k) onepamop oco(H,(K))
MYXUM CREKMPOaH 4anoa xXoc Kumamea 32a IMac.

2-Hatmka. u(K) <0 wune T Oa ananumux @ynkyus skamaueudan Mmooy
oyiuuua emapauya xamma H<Q0 oa H «(K) onepamop o(H ,(k)) cnexmpu

bycazacuoan uanoa émyeyu Xoc KUUMamu Magicyoiueu Keaud yuKaou.
5-Teopema. p— u(k), keS_(u) mynocabam  gakam ea  ¢paxam



z(1,K) > z(u(k),k) = E.i, (K), ke S (1) 6yneanoacuna ypumnuoup. Emapauua
kuyux p(K) — ¢ oa xytiuoazu énunma ypuniuoup:

z(u(k) k) = z(u, k) = |:ibn (k) (pu(k) - u)”} ,

oynoa b, (k), k=1.2,... -xaxuxuii conrap ea by(k) =2/3(0, k)2 (K) > 0.
6-Teopema. Papaz xunaiinux 1 € (inf 1(K),sup u(K)) 6yncun. Y xonoa
r r

keS_(u)uUS.(¢) oa H .(K) onepamop o (H «(K)) myxum cnexmpoan
A A
mawkapuda xoc Kuiimamea s2a omac. Hxmuépuii KeS_(u') oa H .(K)
u

onepamop scona 7 (K)=1z(u K) xoc kuiimamea sea, 6y xonoa z(u ,K) xoc
Kuiimam myxum cnekmpoan wanoa émaou éa S_(1') O0a ananumux ynxyus 6ynau.
Byndan mawkapu, uxmuépuii K €S_(u") yuwn k—>k', keS.(i) 6pmeanoa
Kyuuoazu acuMnmomuxa ypuHiu o6yiaou
7 (0= B () + 08} (e-K) +O(K-K P
7-Teopema. Mxmuépui kel' yuyyn pu—>-o oa z2(u,K) dyukyus

Kyuuoaeu  acumnmomuxaea — 3ea  oynaou  z(u,K) = §+ 2D (1, k),  6ynoa

z (1, k) = O(1) menenux kel 6ytiuva mexuc 6asxcapunadu.

Yyunun 600 acocuil HaTHXKAJIADUHUHT KaThUM MaTeMaThk OaéHura yramus. by
0o0ma mamkapa ymdamu d =2 ne6 dapaz kumammuz Ba (1) dopmysna Owunan

anuknanran h, (k) k e T? muckper LlpexuHrep omepaTopu Kapaiai.

8-Teopema. Bapua pcP =(0+x) 6a keT? oa h,(k) onepamop scona
2(u,K) xoc xuiimamea sea. By xoc xuiimam h, (K) onepamopnunz ou(h,(K))
myxum cnexmpudan yueoa émaou, svuu 2(1,K) > g (K). bapua k e T? oa z(-K)
¢yukyus P, O0a monomon ycysuu ea bapua peP . oa 1(u,) ¢yuxyus ocypm,
T? da xaxuxuii ananumux 6ynaou. bapua k € T*\{7}= (7,02 U (0,7)? da ywby
Z(1,k) < z(u, 7) meHeCu3K  ypuwau — oynaou.  Moc — xoc  ¢yHxyus

pC

2(u,k)—¢€,()

Hopmannawmupysuu  kKynaumyeuu. LIy ounan Oupea 6ekmop — Kutimamiu

wok() = T? da xaxuxuii ananumux gyuxyus 6ynadu, 6ynoa € #0—

WV, T2 > L5(T?), k - W,k AGKCAAHMUPUUL XAM AHATUMUK OY1a0u.

IT; ,1=1,2 opkanu Kylduaard TyIjiaMJIapHH aHuKJIaiMu3:



11, ={k = (k,, 7) e T? k€ (=7, m)}, I1, ={k = (7,k,) e T* Kk, € (-7, 7)}.
9-Teopema. a) Papas xunaiimx Ke(-z,7)° 6yncun. YV xonda wynoai
Uy >0 masocyo 6ynub, 6apua e (0, 1y) Oa Kyuudazu éuunma ypurau:

2(4,K) = &max (K) +b(K) €xp{~ S (k)}+ n,mzl,zn;r?n(:;’ m;k)u"c"

oyrnoa b(k)>0, o= iexp{— } c(n,m;k), n=12,...—xakuxuii connap.
7,

o (K)
6) @apas xunainux K eIl i =1,2 6yacun. ¥ xonoa

» 2
2(1,K) = 2+ g (K + uz[Zaé”(k)u“} ,

n=0
(i - ; 0 (k) = AL
oyuoa a,’(K), n=12,... - yaxuxuii connap éa ay’(K) =7 COSE > 0;

¢) @apas xunatiuxk K =7 = (z,7) 6yncun. ¥ xonoa z(u,7) =4+ u.
3-Hatuxka. a) Papaz xunaiix Ke (-z,7)° 6yncun. 'V xonoa z(u,K)
@yuxkyus 1 —>0 Oa Kyiuuoasu acumnmomuxaza 32a 6yn1aou:

1
2(p1,K) = & (K) +b(k) exp{- }+o[exp{- 3.
o (k) #Co (k)
6) Dapas kunavmuxk Kell;,i=12 6yacun. V xonda z(u,K) @ynxyus

1 —>0 Oa kytiudazsu acumnmomukaza 22a 6y1a0u:

_ 2.2
20 (14,K) = 2+ () + -+ 20 (1K),
cosE'

oynoa 7@ (u,k) = 0(1d).

¢) @apaz gunatiux K =7 6oyncun. ¥V xonoa u—>0 mna z(w,7) =4 menenux
VPUHIIU.

10-Teopema. Mxmuépuii KeT? yuyn 2(u,K) dyurxyus yuyn p—>+o oa
Kkyiiuoazu acumnmomux éiuama Jpurau oynaou:  z(w,K) = pu+z2P(w,k), 6ynoa
28 (1, k) = O(1)- menzux k e T? oyiiuya mekuc o6axcapunaou.

Tabkunnad yramusku, <P _ Ba K e T? OyyraH xojjaa XxaMm IIyHTra YXIari
HaTWXajaap OJIMHTaH.



XVJO0CA

Huccepranmss WM MaHXapajgard y3apo KOHTAaKT Ba KYIIHM TyTryHIJIapja

TabCUPJIAITYBYM UKKUTA OUp XUJI 3appavaii cucteManapra moc auckpet llpeaunrep
OIEpaTOPJAPUHUHT MYXHM Ba JUCKPET CICKTPJIAPUHU  TAAKUK  KHIJIUIITa
OarvIIUIaHTaH.

1.

TaaKMKOTHUHT acOCUM HaTWXXKaJlapy KyWHaaruiapjaH noopar:

bup Ba uKkM ynyamuiM maHxapaza y3apo TOPTUINYBUM €KW HUTAPUIITYBUYU
KOHTAaKT Tabcupau cucremara Moc lllpenunHrep omepatopy MyxuM CIEKTPH
YPHM TONWIraH Ba MYyXUM CIEKTpAaH 4Yamjga €KM YHrga XOoC KHMMar
MaBXY/IJIUTH UCOOTIIaHTaH.

bup Ba uMKKkM ynyamim mMaHkapaza ys3apo TOPTHUIIYBUM EKM WTApULIyBUYU
KOHTaKT TabCUPJIA MKKUTa Oup Xuin 3appadaiu (O030HIM) cUcTEMara MOC
muckper LlpenuHrep onepatopyu XO0C¢ KMMMATH YYyH y3apO TabCHP JTOUMMICH
Oycara (HOJB) KuWMaTu aTpoduia SKUHIANIYBYM KATOp KYPUHUIIMIATU
élnIManap OJIMHIaH.

bup ynuamiii nmaHx)apaHUHT KYIIHW TYTYHJApUIa y3apo TOPTULIYBYM HKKHUTA
Oup xwi 3appadanu (dpepmuonnM) cuctemara moc guckper lpenunrep
ornepaTopu y4yH Oycara XOJIMCacH MaBXYMJIUTH, SbHU MYXUM CHEKTpJaH
yarnja XxoC KHAMAaT MaBXyJIUTA €KW NYKJIUTH KYPCaTUIITaH.

bup ymuamnu nanxkapana KYIuHu TyryHJIapJa TabCUPJIAITyBUd UKKATA OUpP XU
3appauanu (hepmuonnn) cucremara moc auckper lllpenunrep onepatopu xoc
KUIIMaTH y4yH ¥3apo TabCHp JAOMMUWCHUHMHI MaHpui Oycara KuiiMaTu
aTpodua SKMHIAIIYBYM KATOP KYPUHUIINAATY EHUIMANap OJIMHTaH.

bup ymyamnm wukkuta Oup xun 3appadanu ((pepMHOHIM) cucTeMara MOC
muckper lllpenuHrep omeparopu XOC KUMMATH YYyH KBa3HMMMITYJIbCHUHT
Oycara kuiiMaTu aTpoduaa aCUMITOTHKA OJIUHTAH.
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BBEJIEHUE

AKTYyaJIbHOCTh " BOCTPEOOBAHHOCTD TeMbl AUCCEePTAIMH.
MHoOro4HCIeHHbIE HAyYHO-TIPUKIAJHbIE HCCIIEIOBAaHUS, IMPOBOJUMBIE B MHPOBOM
YPOBHE, TIOKA3bIBAIOT, YTO BCIOJ1Y B (DU3UKE YCTOWYUBBIE CIIOKHBIE OOBEKTHI OOBIYHO
oOpa3yloTcs B pe3yJbTaTe JEWCTBUS CUJl TPUTSIKEHUS, KOTOPHIE IO3BOJISIOT
COCTaBHBIM YACTSIM YMEHBIIUTH 3HEPTUIO MPU UX CBA3bIBaHUM. OJIHAKO, MOCIEIHUE
roJibl Y4eHbIMH JIOKa3aH, YTO B YNOPSJAOYEHHBIX Cpelax YCTOWYUBBIE CIOXKHBIC
OOBEKTHI MOTYT CYIIECTBOBATH AK€ B CIIy4ae OTTAJIKUBAIOIIUX B3aUMOJCHCTBUIA.
Monens boze-Xab06apaa, UCIIONB3yeMBbIi 711 OTIMCAHUS OTTATKUBAIONTUX YACTHII, T.C.
oneparop IllpenuHrepa Ha pemieTKe, SBISIETCS TEOPETUUYECKUM OOOCHOBAHUEM
HKCIIEPUMEHTAJIBHOTO HAOMIO/IEHUs W TEOpeTUYeCKOM 0a30i isl NPUMEHEHHS.
[ToaToMy pa3BuTHe uccieaoBanus omneparopoB lllpeauHrepa, COOTBETCTBYIOIIUX
raMWiIbTOHMAHAM CHCTEM JIBYX YacTHI[ Ha pELIETKE, KOTOpbIE BCTPEYAIOTCS B
MOJEINAX (PU3UKU TBEPAOTO TEJa, a TAKKE PEIIeTYaTON TEOPUH IO, SIBISIETCS OJTHUM
13 NPUOPETHBIX HAITPABICHUM.

ITockoiibKy, CHEKTp ceMelcTBa JBYX4acTHUHBIX omneparopoB llpenunnrepa,
COOTBETCTBYIOIIMX TaMWJIbTOHHMAHAM CHCTEM JBYX KBAHTOBBIX YACTHI] HA PEIIETKE
ABJISIETCA JOBOJIBHO UYYBCTBUTEIbHBIM K HW3MEHEHHUIO KBAa3UUMITYJIbCA CHUCTEMBI,
BOKHYIO POJIb WUIPAET pElIeHUE MTPOOJIeM, OTHOCSIIHECS HMCCIEIOBAHUN CIIEKTPOB
ATUX ONEPATOPOB, JI0KA3aTh CYIIECTBOBAHUE CBA3aHHBIX COCTOSIHUMN, OMPEAECIUTh UX
MECTOMOJIO)KEHHE M 4YHUCIa CBSA3aHHBIX COCTOSHUM JMCKPETHBIX ONEPaTOpOB
[Ipeaunrepa B 3aBUCHUMOCTH OT KBa3WUMIIyJIbCa CHUCTEMBI. B CBs3M ¢ 3TUM
peanu3anus LENEBbIX HAYYHBIX HCCIEAOBAHMN B CIEAYIOIIMX HaIpaBICHUIX
SBJIIETCSI OJTHOM M3 BaXXKHBIX 3aJa4: MCCJIEIOBATh TUCKPETHBIN CHEKTP OMEepaTopoB
[Ipeaunrepa, COOTBETCTBYIOMIMX CUCTEME JBYX OJIMHAKOBBIX 4YacTUll (0030HOB WM
(epMUOHOB) CHUCTEME JBYX 4YacTUI[ Ha OJHOMEPHOW M JABYMEPHOM pelIeTKax ¢
KOHTAKTHAMH MOTEHLHAIAMH, YCTAHOBHUTH IOPOTOBBIC SIBJICHUS CIEKTPa, MOKa3aTh
CYIIIECTBOBAHHE COOCTBEHHBIX 3HAYEHUN AByXx4dacTHUHOro omeparopa lllpemunrepa,
MOJIYYHTh PA3JI0KEHUE B BUJE CXOJSAIIETOCS psijia I €IMHCTBEHHOTO COOCTBEHHOTO
3HAUYCHUSI.

B mameit ctpane 0omibIlioe BHUMaHUE YICISCTCS HAMPaBICHUSM, UMEIOITUM
MPUKIIAIHOE 3HAYE€HHE, B YaCTHOCTH, HcchenoBaHuto omeparopoB llpenunrepa,
COOTBETCTBYIOIIMX TaMHWJIbTOHHMAHAM CHUCTEM JIByX YacTHI[ Ha UEJIOYHUCICHHOU
penieTke. 3HAYUTENIbHbIE PE3YNbTAaThl ObUIA JTOCTUTHYTHI MO ONPEIEICHUIO YCIOBHMA
CYILLIECTBOBAHMSI CBS3aHHBIX COCTOSIHUM U MX YMCIIA BHE CYIIECTBEHHOTO CIEKTpa s
oneparopos lllpeaunrepa, COOTBETCTBYIOIIMX CUCTEMAM JIBYX YaCTHI] Ha PELIETKE.

DTta auccepTaius, B ONPEACICHHONW CTENEHHU, CIYKHUT OCYIIECTBICHHUIO 3ajad,
o6o3HaueHHBIX B [locTtanoBnenusx [Ipesuaenta Pecnyonuku ¥Y30ekucran No-I111-916
«O JOMOJHUTENBHBIX MEPAaX MO CTUMYJIMPOBAHUIO BHEAPEHUS HWHHOBAIMOHHBIX
IIPOEKTOB M TEXHOJOTMH B Mpou3BoacTBO» OT 15 mrons 2008 roga, Ne-TII1-2789 «O
Mepax MO JajJbHEHIIEMY COBEPIICHCTBOBAHHUIO MAESATENBHOCTH AKaJeMUU HaYK,
OpraHu3aluy, yOpaBieHWss W  (UHAHCUPOBAHUS  HAYYHO-HUCCIEIOBATEIBCKOM



nestenbHOCTHY OT 17 deBpans 2017 roma u Ne-YI1-4947 «O crpaterun AeicTBHil 1O
nanbpHeimemy pazputuio Pecnyonuku Y30ekuctan» oT 8 despans 2017 roga a taxxe
B JIPyTUX HOPMATUBHO-TIPABOBBIX aKTaX MO JaHHOW JEATEIIbHOCTH.

CooTrBercTBHE HCCIEAOBAHHMS NPUHOPUTETHBIM HANPABJEHHMAM Pa3BUTHA
HAYKM ¥ TeXHOJOruii pecnyOauku. J[laHHOE WUCCIENOBAaHUE BBHIIIOJIHEHO B
COOTBETCTBHM C INPUOPUTETHBIM HAIPABICHHUEM PA3BUTUS HAYKW W TEXHOJIOTUW B
Pecnyonuke Y30ekucran [V. «MaTematnka, MexaHuKa 1 HHPOpMaTHKa.

Crenenb u3yYeHHOCTH mPoOgaeMbl. OCHOBHBIE 3aJa4yd aTOMHOW U
MOJICKYJIApHON ~ (GU3HWKH, (U3UKA TBEPJAOTO Tela, KBAHTOBOM TEOPUU  TIOJIS
npuBOAATCS K u3ydeHuto omneparopoB Illpenunrepa. Haunbonee mnonHblid 0030p
pe3yJabTaTOB MO O3TOW O0JacTH COACPXKHUTCS B DHIUKIONEIUA COBPEMEHHOMU
MaTteMatnyeckon Qusnku-uerbipexTtomMmHuke M. Pupa m b. CaiiMmona. OnepaTtopsl
[lIpenunrepa, COOTBETCTBYIOIIME CHUCTEMaM YacTUI[ Ha pElIeTKe, BIEPBbIC
paccMarpuBanuch B 90-x rogax nponuioro Beka J[.C.Martucom, A.M1.MorunbsHepom
U TIOCTIE Yero uccieoBanus OypHO pa3BuBaiuch. B ciydae onepatopa llpenunrepa
Ha pEIIEeTKE B MAaTEMAaTHMUYECKOM CMBICJIE BO3HHUKAIOT T€ K€ MPOOJEMBbI M TOT XK€
MOPSIAOK WX M3YYEHHUs, UTO W B ClIy4ae HemnpepblBHOro oreparopa llpenunrepa.
3agauu O CyIIECTBOBAHUM JIHCKPETHOTO CIEKTPa, a TAKXKE OMPEIEIECHUs IIOPOTOBOrO
3HAQUEHUSI KOHCTAHThl CBSI3M IS HENPEPBIBHBIX M JUCKPETHBIX OIMEPATOPOB
[penunrepa m3ywyanuch B paborax M. Knaysza, b. Caitmona, I'M. I'pada, .
[Ilenkepa, P.A. ®apua na Beura, E.JI. JlakmitanoBa, P.A.Munnoca, C.H. Jlakaesa, K.
MakapoBa. M3BeCTHO, YTO ¢ YMEHBIIIEHUEM KOHCTAHTHI CBS3U 3HAUYCHUE SHEPrUU
CBSI3aHHOT'O COCTOSIHUSI JIByX4acTU4yHOTO omnepartopa IlIpegunrepa mpubimxkaercs K
Kpar HEMPEPHIBHOTO CHEKTpa, U MPU HEKOTOPOM KOHEYHOM 3HAYEHUH KOHCTAHTHI
CBSI3M momajaeTr Ha Kpaid. M3yyeHnto Bompoca O COOTBETCTBHUU 3TOMY MOPOrOBOMY
3HAQYEHUIO CBSI3aHHOTO COCTOSIHUS WJIM BUPTYaJIbHOTO YPOBHSI MOCBSIIEHBI PaOOTHI
I.P. Adaesa, [Ix. Payxa, b.Caiimona, M. Knay3a u C.H. JlakaeBa. Briepseie C.H.
JlakaeBbIM JOKa3aHO CYIIECTBOBAaHWE MOPOroBOTO 3(dexra mig ABYXYACTUYHOTO
nuckpetHoro omepatopa [lIpeauHrepa, COOTBETCTBYIOIETO CHUCTEME  JIBYX
OJIMHAKOBBIX 0OO030HOB B3aMMOJICUCTBYIOIIMX C TOMOIIBIO TMAPHBIX KOHTAKTHBIX
noTteHnuanoB. B paborax C. Anbesepuo, C. Jlakaera, K. MakapoBa u 3. MyMmuHoBa
takke C.H. Jlakaea u IIlI. AnnmagycroBa moka3aHo TOpOTOBbIN 3 exrT s
IIMPOKOTO KJIacca JUCTIEPCUOHHBIX (PYHKIMI U B3aumoeicTBusa. B pabore Jlakaea
u L. XonmvaToBa HaWIEHBI CXOASALIMUCS PAAbI IO KOHCTAHTE CBSA3U U KBa3UMMITYJIbCA
JJIsi COOCTBEHHOT'O 3HAUCHMS JICKAIIETO JIEBEE CYIIECTBEHHOI'O CIIEKTpa omepaTopa
[lIpenunrepa  COOTBETCTBYIOIIETO  CHCTEME  JBYX  KBAaHTOBBIX  YaCTHI]
B3aMMOJICHCTBYIOIIUX C IOMOIIBIO MAapHBIX KOHTAKTHBIX MOTEHIMaTOB Ha d >3
MEPHOM PEIIETKE.

CBsi3b TeMbI IHCCePTALMM € HAYYHO-HCCJIEI0BATEIbCKUMH padoTaMu
BBICIIET0 Y4e0HOI0 3aBe/IeHUs, B KOTOPOil BbINOJIHAETCH JUCCEPTALMS.

JluccepranionHass paboTa BBITIOJIHEHA B COOTBETCTBUM C IUIAHOBOM TEMOWM
HAyYHO-UCCIIENOBATEIbCKNX  paboT  TamKeHTCKOro  HMHCTUTyTa  WHXKEHEPOB



VUPPUTALMU U MEXAHU3ALUN CEJIBCKOTO X031 CTBA.

Leabo uccjie0BaHUs SBISIOTCS MOTYYECHHE CXOIAIIUXCS PAa3IOKECHHUN IS
COOCTBEHHBIX 3HAYEHUI BHE CYIIECTBEHHOro crekTpa omeparopa lllpenunrepa,
COOTBETCTBYIOIIMX CUCTEMAM JBYX OJMHAKOBBIX YACTHLI, ONPEIEIECHHBIX C IIOMOIIBIO
MapHbIX KOPOTKOAECHCTBYIOIIMX NOTEHIMAIOB HAa OJHOMEPHOW W JABYMEPHOH
pelIeTkax.

3ajgaum uccJIe10BaAHUA:

JI0OKa3aTh CYIIECTBOBAHUE COOCTBEHHBIX 3HAYEHUHM BHE CYIIECTBEHHOIO
CIIEKTpa JBYX4aCTHYHOTO omneparopa lllpenuHrepa, COOTBETCTBYIOIIEIO CHCTEME
JBYX OJMHAKOBBIX YacTHL] (OO30HOB) € KOHTAaKTHBIMU OTTAJIKUBAIOIIMMH U
MPUTITUBAOIIAMYA B3aMMOJCHCTBUAMU HA OJHOMEPHOW MU JIByMEPHOW PEIIETKAX, a
TaK)K€ HallTU SBHBIMA BUJI COOTBETCTBYIOIIEH COOCTBEHHOM (DYHKIIMH;

HAaWTH Pa3JIOKEHUE B CXOMSLIUMUCA P B OKPECTHOCTH MOPOrOBOIO 3HAYEHUS
KOHCTAHTBI CBSI3U (HyJs) JUIsl COOCTBEHHOT'O 3HAYEHMs JBYXYaCTHMUHOTO OIEpaTropa
penunrepa, COOTBETCTBYIOIIEIO CHUCTEME JBYX OJIMHAKOBBIX YacThll (OO30HOB) C
KOHTAKTHBIMUA OTTAJKUBAIOIMIMMUA W TPUTSITUBAIOIIMMU B3aUMOJICUCTBUSMH Ha
OJIHOMEPHOU U IByMEPHOU PEIIETKAX;

OIPENETUTh HAJIMYME BUPTYAJIbHOTO YpPOBHS (pe€30HaHCa) WM COOCTBEHHOTO
3HAQYECHUSA Ha JIEBOM IIOPOre CYIIECTBEHHOIO CIEKTpa ABYXYAaCTUYHOI'O Ollieparopa
penunrepa, cOOTBETCTBYIOIIETO CUCTEME ABYX 4acTHll (PepMUOHBI) C MapHBIMU
B3aMMOJICHCTBUSIMA Ha COCEOHUX Yy3JaX HAa OJHOMEPHOM PEIIETKE U ONPEAECIUTH
CYILLECTBOBAHHE COOCTBEHHOTO 3HAYEHUS JIEKAILIETO JIEBEE CYIIECTBEHHOTO CIIEKTPA;

YCTAHOBUTH PA3J0KEHUE B CXOIALIMKCS pAX B OKPECTHOCTH ITOPOTOBOIO
3HAUEHHUS KOHCTAaHThl CBA3M W KBa3uUMIIyJca Uil COOCTBEHHOIO 3HAY€HHUS
JIBYX4aCTUYHOTO oreparopa lllpeauHarepa, COOTBETCTBYIOIIETO CUCTEME IBYX YACTHI]
(bepMuUOHBI) ¢ MapHBIMU B3aUMOJICUCTBUAMH Ha COCEAHUX Yy3JIax Ha OJHOMEPHOM
pelleTKe U ONpPEeNEIUTh CYIIECTBOBaHHME COOCTBEHHOTO 3HAUEHUs, JIEXKAIIETO JIeBEe
CYILIECTBEHHOI'O CIIEKTPA.

OO0bexkT wuccaenoBanus - onepatopsl IIpenuHrepa, COOTBETCTBYIOLIME
CUCTEMAaM JIByX OJMHAKOBBIX YaCTHIl B3aWMOJCHUCTBYIOIIMX C  IOMOIIBIO
KOPOTKOJAEHCTBYIOIIUX MOTEHIMAJIOB HA PELIETKE.

IIpeamer mcciie0BaHUs - CIIEKTPAJIbHBIM AHAIN3 JUCKPETHBIX ONEPATOPOB
lpenunrepa, COOTBETCTBYIOIIMUX CUCTEMaM JIBYX OJWHAKOBBIX dacTull ((hepMHUOHOB
1 0030HOB) KOPOTKOJEHCTBYIOIIMMHU MOTEHIMAIAMH HAa OJHOMEPHON M JIByMEpHOM
peleTkax.

Mertoabl wucciaenoBaHusi. B gucceprauyMyM  MCHOJB30BAHBI  METOMBI
MaTEMaTUYeCKOro aHajnz3a, (YHKIMOHAJIBHOTO aHajuu3a, Teopuu  (QYyHKIMMA
KOMILJIEKCHOT'O MTEPEMEHHOTO U MAaTEMATUUYECKON (PUBUKH.

Hayuynasi HoBu3HA MccieaoBaHus. J[0Kka3aHO CyIIECTBOBAaHUE COOCTBEHHBIX
3HAQYEHUN BHE CYIIECTBEHHOI'O CHEKTpa AByXdacTM4HOro omneparopa lllpenunrepa,
COOTBETCTBYIOIIETO CHUCTEME JIBYX OJMHAKOBBIX YacThll (0030HOB) ¢ KOHTAKTHBIMHU
OTTAJIKUBAKOIIMMHA WU TNPUTATHBAIOMKMMHU B3aWMOJECUCTBUSAMM HAa OJHOMEPHOM H



JIBYMEPHOM pellleTKax, a TaKKe HalJeH SBHBIA BUJ COOTBETCTBYIOIIEH COOCTBEHHOM
GbyHKIMU, TOKa3aHa e€ aHATUTUYHOCTb;

HaNJICHO pa3yIoKEHHUE B CXOISIIUICS psii B OKPECTHOCTH TOPOTOBOI'O 3HAUYCHHUS
KOHCTaHThI (HYJISI) CBSI3U I COOCTBEHHOI'O 3HAYEHHUsI JIBYXHUAaCTHMUHOTO OIlepaTopa
[lIpeaunrepa, COOTBETCTBYIOIIETO CUCTEME JBYX OJUHAKOBBIX 4YacTull (O030HOB) C
KOHTAaKTHBIMUA OTTAJKUBAIOIUMU WM TPUTATUBAIOIIMMU B3aUMOJICUCTBUSIMU Ha
OJTHOMEPHOM U JIBYMEPHOU pEIIeTKaX;

OMPENICJICHO HAJIMYKE BUPTYAJIBHOTO YpOBHS (pe30HaHCa) WM COOCTBEHHOIO
3HAYEHHS Ha JIEBOM IIOPOre CYLIECTBEHHOI'O CIEKTpa JABYXYaCTHYHOI'O OIEpaTropa
[lIpenunrepa, COOTBETCTBYIOIIETO CHCTEME ABYX 4YacTHUIl ((EpMHUOHBI) C MapHBIMHU
B3aMMOJICUCTBUSIMU Ha COCEAHMX Y3/IaX Ha OJHOMEpPHOM pelIeTKe W J0Ka3aHo
CYILLIECTBOBAHHE COOCTBEHHOTO 3HAYEHUS JIEKAILIETO JIEBEE CYIIECTBEHHOI'O CIEKTPa;

YCTaHOBJIEHBl PA3JIOKEHHE B CXOMSIIMICS Psii B OKPECTHOCTH IOPOTOBOTO
3HAYCHUs] KOHCTAHTbl CBA3M M KBa3uUMIyJca J[Uid COOCTBEHHOTO 3HAYEHHUS
JByX4acTU4YHOro oneparopa lIpeauHrepa, COOTBETCTBYIOIIETO CUCTEME JIBYX YACTHII
(pepMuOHBI) ¢ MapHBIMU B3aUMOJIECHCTBUSIMU Ha COCEHUX Yy3/1aX Ha OAHOMEPHOM
pelIeTKe W JIOKAa3aHO OTCYTCTBUSL COOCTBEHHOIO 3HAYEHMs JIEKalIero JieBee
CYILECTBEHHOI'O CIIEKTPA.

IIpakTH4Yeckue pe3ybTaThl HCCJIEI0BAHUA COCTOSAT B IPUMEHEHNHN BBIBOJIOB
00 aHaJIMTUYHOCTU CBSI3aHHBIX COCTOSHUMI TIpU HCCIEAOBAaHUU KaueCTBEHHBIX
CBOMCTB AKCIEPUMEHTAIbHBIX HAOJIOJACHUN M YUCIEHHBIX BBIUUCIECHUN B (DU3MKE
TBEPJOr0 TeJla U KBAHTOBOW MEXaHUKE.

JIOCTOBEPHOCTH Pe3yJIbTATOB MCCJIeA0BAHUSI 00OCHOBaHA MCIOJIb30BAaHUEM
METO/IOB MaTEMaTHYECKOTO aHalM3a, MaTeMaTU4YecKON (pU3MKH, PYHKIMOHAIBHOIO
aHanu3a U TEOPUU (PYHKIUH KOMIUIEKCHOTO MEPEMEHHOT0, a TaKXE CTPOTOCTHIO
MaTEMaTUYECKHUX PACCYXKACHUM.

Hayuynass u mnpakrudyeckasi 3HAYMMOCTH Pe3yJbTAaTOB MCCJICI0BAHUS.
HaydHoe 3HaueHHe pe3ynbTaTOB MCCIIECIOBAHUS 3aKIOYAETCS B TOM, YTO OHM MOTYT
ObITh HUCHOJb30BaHbl B CHEKTPAIBbHOW TEOPUU CaMOCOIPSHDKEHHBIX ONEPaTOpOB,
KOTOpbI€ BO3HUKAIOT B KBAaHTOBON MeXaHUKe, (M3MKE TBEPAOro Tejla, KBAaHTOBOU
TEOpPUH TIOJIsl, B YACTHOCTH, IPH PELIEHUSAX 3374ad CBSI3aHHBIX CO CIEKTPOM
raMWIbTOHUAHOB CUCTEM JBYX U TPEX YACTHI] HA PELIETKE.

[IpakTueckoe 3HaUeHHE AMCCEPTALNOHHOIO UCCIEA0BAHMS ONPEAEIAETCS TEM,
YTO TOJIyYCHHbIE B pabOTe HayyHbIE PE3yJibTaThl MOTYT CIIYKHTh TEOPETHUECKOI
OCHOBOM AKCIIEPUMEHTAIbHBIX HAOIIOACHHH, MPOBOAUMBIX B (PU3HKE TBEPAOTO Tela U
KBaHTOBOM MEXAaHUKE.

BHenpenne pe3yJibTaTOB Hccje0BaHuA. B 0CHOBE MOJIyYeHHBIX PE3yIbTaTOB
O JHUCKpeTHOro crekTtpa omeparopoB lllpeaunrepa, COOTBETCTBYIOIIUX CHCTEMAaM
JIBYX YaCTHI Ha PEIIETKE:

CTI0COOBI ONpENEIICHUS CYILIECTBOBAHHSI COOCTBEHHOTO 3HAYEHUS
JByX4acTUYHOro oneparopa lllpeauHrepa, COOTBETCTBYIOIIETO CUCTEME JIBYX YaCTHI]
Ha pelIeTKe HWCIOJb30BaHbI B wccienoBanusx rpanta PPP/GP/FST/30/14915 mns



HEKOTOPBIX  JBYXYAaCTUYHBIX UM  TPEXYACTHUYHBIX JUCKPETHBIX  OINEpPaTOPOB
[lpenunrepa (Mcaamckuii yHMBEepCUTET Hayku Manaiizum, cripaBka oT 28 nexadops
2017 roma). IlpumeHeHHME HSTHX HAyYHBIX pE3YyJbTAaTOB Jiajla BO3MOXHOCTD
UCCIICOBAHNUSI OCHOBHBIX CBOWCTB HWHTETPAJbHBIX OINEPATOPOB H  OINEPATOPOB
[Ipeaunrepa Ha pemieTke, a Takke GOPMYJIIbl U METOBI AIPOKCUMAIIMH MTO3BOJISIOT
MOJIYYUTh COOCTBEHHBIC 3HAUYEHMsI, OCOObIE TOUYKM W MPUOIMKEHHbIE COOCTBEHHbBIE
GyHKIHUU ONIEPATOPOB;

CHIOCOOBI OTpeAeNeHHs CYIECTBOBAHMSI COOCTBEHHOTO 3HAUYEHHUSI U MOPOTOBOTO
pe30HaHca IByX4acTH4YHOTO omneparopa llpenuHrepa, COOTBETCTBYIOIIETO CHCTEME
JBYX 4YaCTHIl HAa PEWETKH, MCIOIb30BaHbl B  MCCIEAOBAaHUAX  IpaHTa
LRGS/TD/2011/UKM/ICT/03/02 st HEKOTOPBIX JBYXYACTUYHBIX JTUCKPETHBIX
onepatopoB [Ipeaunrepa (HaunoHnanbHblli yHUBEpcUTEeT Manaitzuu, cripaBka ot 27
nexadps 2017 roga). [IpuMeHeHHe 3TUX Hay4HBIX PE3yJbTaTOB Jajla BO3MOXHOCTb
MOJIYYUTh HPUMEpP ISl JIBYXYaCTUYHOI'O AUCKpeTHOro omneparopa lllpenunrepa c
MOPOTOBBIMUA ~ PE30HAHCAMH, TIOPOTOBBIMH  COOCTBEHHBIMU 3HAUYCHUSIMH  WIIU
pEryJIIpHBIMU TOYKAMU;

U3 Pe3ylbTaTOB O 3aBHUCHUMOCTH COOCTBEHHBIX 3HAYECHHM JBYXYaCTUYHOTO
oneparopa lllpenunrepa oT KBa3uUMITYJIbCa CUCTEMbBI UCIIOIB30BAHbI B 3apyOeKHBIX
xypuanax (J.Physics A: Math. Theor.-50,-2017.- 335202, J. Physics. A: Math.
Theor.- 49, - 2016.- 145204, Theor. Math. Phys. 2014, Vol. 178 No 3, p336-346.) npu
MCCIIENOBAaHUM CIIEKTpa AUCKpeTHOro omeparopa lllpeaunrepa, cOOTBETCTBYIOLIETO
CHUCTEME JIBYX OJMHAKOBBIX 4acTull. [[puMeHEeHME 3TUX HAY4YHBIX PE3yJIbTATOB Jaja
BO3MOYKHOCTh  JI0Ka3aTh CYUIECTBOBAHHE U TOJIOKHUTEIBHOCTh COOCTBEHHOIO
3HAYEHUS PACCMATPUBAEMBIX OIEPATOPOB.

AnpobGauust  pe3yJbTaTOB  HCCIAeI0BaHUA.  Pe3ynbTaTel  JaHHOIO
UCCIIEeI0BAHUS ObUIM OOCYK/IEHbl HAa 7 HAayYHO-MPAKTUYECKUX KOH(PEPEHLHSIX B TOM
yucie Ha 3 MEXIyHapoaHbIX U 4 pecnyOJUKAaHCKUX HAyYHO-TPAKTHYECKUX
KOH(epeHInsX.

IIyonukanuss pe3yabTaroB uciaeaoBanume. [lo TeMe gucceprauuu
oImyOIMKOBaHO 14 HaydHBIX paboT, U3 HUX 7 BXOMAT B MEPEUYCHh HAYUHBIX W3IaHUMH,
MPEIOKEHHBIX Briciiel aTTecTarimoHHol kKomuccuen Pecrybnvku Y30ekucran st
3alUTHl JOKTOPCKUX NHUCCEpPTAIllMid, B TOM YHCJIE 2 OMyOJMKOBAaHO B 3apyOeKHOM
KypHaJie ¥ 5- B peCyOIMKaHCKUX HAYYHBIX U3/IaHUSX.

O0béM U cTpyKTYypa auccepranuu. J(uccepramnusi COCTOUT W3 BBEICHUS, TPEX
IJIaB, 3aKJIOYEHUS M CHHCKa HCIOJb30BaHHOM auTeparypbl. O0BEM quCCEpTALMU
cocTaBiisieT 88 CTpaHHull.

OCHOBHOE COAEP XAHUE JUCCEPTALINU

Bo BBeneHuum o000OCHOBaHA AaKTyaJlbHOCTb M BOCTPEOOBAHHOCTH TEMBI
IUCCEpPTallMM,  ONPENEIICHO  COOTBETCTBUE  HUCCIEHOBAHUS  MPUOPUTETHBIM
HAIpPaBJICHUSAM pa3BUTUS HAYKH W TEXHOJIOTHH PECHyOIHMKH, MPUBEICHBI 0030p
3apyO€KHBIX HAyYHBIX MCCIIEJOBAHUMI 10 TEME IUCCEPTALUU U CTENIEHb U3YYEHHOCTH
npoOaemMbl, CHOPMYIHPOBAHBI 1€MW W 3a7a4d, BBISIBICHBI OOBEKT W TMPEAMET



UCCIICOBAHNsI, M3JI0)KEHbI HAy4dHAass HOBH3HA W MPAKTUYECKUE PE3YJIbTAThI
UCCIIEIOBAHUSI, PACKPBITA TEOPETUUECKAsI U MPAKTUYECKAs] 3HAUUMOCTb MOJIYYEHHBIX
pe3yibTaToOB, JaHbl CBEACHUS O BHEIPEHUU PE3YJbTAaTOB UCCIEAOBaHUS, OO0
OITyOJIMKOBAaHHBIX Pab0OTax M O CTPYKTYpPE AUCCEPTALIUU.

B nepBoii rimaBe quccepranuu, HazpanHO# 'IIpuBeeHne onepaTopa IHePruu
CHCTEeMbI JIBYX YaCTHL B AByX4acTH4Hblid oneparop llIpeaunrepa Ha pemerke
(OcHoBHbBIe MoHsATHS)"", IPUBEIACHB HEOOXOAUMBIC TPEABAPUTEIbHBIC CBEJICHUS U
YTBEPXKIEHUs, B YACTHOCTH, TEOPEMBI CHEKTPAIBHON TEOPUU U TEOPUU BO3MYILICHUN
CaMOCOIIPSKEHHBIX orepaTopoB. Oneparop SHEPIHH CUCTEMBI JBYX OJWMHAKOBBIX
YaCTHIl Ha PEIIETKE NMPUBEACH B ABYX4aCTHUHBIN oneparop llpenunrepa.

Bropos rmaBa gucceprannM, Ha3BaHHAS “ACHMITOTHKA JAUCKPETHOIO
cnekrpa omeparopa Llpeaunrepa Ha pemerke, COOTBETCTBYIOILEI0 CHCTEMe
ABYX YACTHI[ HA OJHOMEPHOM pelIeTKe” MOCBAIICHA UCCIEA0BAHUIO CIIEKTPAIBHBIX
cBOMCTB omneparopoB lllpennnrepa, COOTBETCTBYIOIIMX CUCTEMAaM JBYX OJMHAKOBBIX
yacTull (0030HOB WM (PEPMUOHOB) C KOPOTKOACWUCTBYIOIIMMH MOTEHLUAIaMH Ha
OJIHOMEpHOHU pemerke. HalneHo pasnokeHue B CXOMAUIMHCA Pl B OKPECTHOCTH
[OPOTrOBOTO0 3HAYEHUS KOHCTAHThHl (HYJs) CBA3M JUIsi COOCTBEHHOTO 3HA4Y€HUs
nByx4acTuyHoro oneparopa lllpenunrepa.

Tperas rnaBa gucceprauud, Ha3BaHHas “Pasiio:keHne COOCTBEHHOIO
3HaYeHHs JUCKpeTHOro omneparopa llpeanHrepa, COOTBETCTBYIOLIEr0 CUCTEMeE
ABYX OAMHAKOBBIX YaCTHIl HA IBYMEPHOM pelIeTKe” U3y4eH OUCKPETHBIN CHEKTP
IBYX4aCTUYHOro omeparopa IIpeaunrepa, COOTBETCTBYIOUIETO CHCTEME JBYX
OJIMHAKOBBIX 4YacTUIll (0030HOB) C KOHTAKTHBIMH B3aUMOJECUCTBUSMH Ha JIBYMEPHOU
PELIETKE U YCTAHOBJIEHO PA3JI0KEHUE B CXOIAIINICS P B OKPECTHOCTH ITOPOTOBOTO

3HAYEHUS! KOHCTAHTHI (HYJIs1) CBA3U ISl COOCTBEHHOT'O 3HAYEHUS .
d

Iycte T =(-z,7]° - d=12 -mepusiit Ttop u n(dp)= Pd -
(27)
HOPMHpOBaHHAsi Mepa Xaapa, BBeJeHHas Ha Tope T°.
Iycts  L,(T%):=L,(T% %) - rumsbepToBo MPOCTPAHCTBO KBaIPATHIHO-

UHTETPUPYEMBIX  (PYHKIMH, ONpENeNeHHBIX  Ha T ¢ Mepou  Xaapa,
L5(TY) c L,(T?) - mnommpoctpancrtBo wernsix ¢ymxumit u  LY(T?) < Ly(T?)
HOJIIIPOCTPAHCTBO HEYETHBIX (PYHKIIUH.

JlByxuactuunpiii  muckpetnbii - oneparop  Ilpemuarepa  h,(k), ke T,
COOTBETCTBYIOIIUWA CHCTEME JBYX 4acTull (O0O30HOB) Ha pEHIETKE C KOHTAKTHBIM
norenrmanom (u #0) geiictyer B mpoctparctee LS(T?) mo popmyie:

h,, (k) =hy(K) + v, 1)

rie omepatop Ny (K), k € T smistercs omepatopom yMHOXKeHHS Ha (BYHKIIHIO



g.(q) = 8(K+QJ+8(E—Q), k,qeTq.
2 2
3nech
d
£(q) =D (1—cosq;)
j=1

U 1 €P =(—00,40)- dHEprus B3aMMOJEUCTBUE YACTHII, 4 BO3MYIIAIOIINN OIIEPaToOp
V - UHTErpaJIbHBINA ONepaTop paHra OAuH

(vf)@) = [f(@n(da), f eL5(T?).

[To Teopeme Belnsg 0 CylmecCTBEHHOM CHEKTPE, CYLIECTBEHHBIM CIEKTpP OIeparopa
h,(k), ke TY, cosmagaer co crekTpoM omeparopa h,(K). CrenosatensHo,

Tess (N, (K)) = o(Ny (k) = [£min (K), Emax (K],
YIS

d
Emin (K) = min & (@=2>

qeT j=1

K; d K.
{1— cos?}, Emax (K) = max &, (q) = ZZ{H cos?‘}

qeT j=1
Bo Bropoii rmaBe mpemanoioxum, 4to O =1. OCHOBHBIE pE3yJIBTATHI
naparpada 2.1 riaBsl 2 cOpMyTUPOBAHBI B CIAEAYIONTUX YTBEPKICHUSX.

Teopema 1. IIycme ueP_=(—00) u keT'. Tocoa onepamop h, (k)
umeem eourncmeenmnoe coocmeennoe snavenue Z(u,K). ITpu smom z(u,K) nescum
nesee cywjecmeenno2o cnekmpa (0, (K)), m.e. z(u,k) <&y, (K). dna mobozo

Qurcuposannozo  KeT'  gyukyusn  2(K)  momomomno  eozpacmaiowas
ananumuyeckas @yukyus Ha P _ u ona moboco peP _ pynkyus  z(u,)

AGIAEMCA YemHol, BeuecmeenHo-ananumuyeckoli @ynkyueii na T. Ipu ecex
ke T'\{0}=(-7,0)U(0,7] ewimoansemcs nepasencmso z(u,K)>z(u,0). Hus

mobeix  pueP_ u  keT'  coomeemcmsyiowas — cobemeennas — ymnryus
Wk () = HC ananumuuna  na TY, 20e  C#0—  nopmupyrowuil
2(4,K) - £ ()

mHoxcumens. Bonee moeo, eéexmopnosnaunoe omobpasicenue v, T > L5 (T,
K=, makoice anarumuuno.
Teopema 2. a) Ilyemv Ke (-7, 7). Tocoa cywecmyem ;<0 u npu
U € (1y,0) umeem mecmo credyowee pasencmeo:

2(4,K) = &in (K) —ﬂ{ian(k)ﬂn} ,

n=0



/2
eoe a,(k), k=12,... - oeiicmeumenvhvie yucia u ay(k) = n(cosgj >0;

b) Ilycmo K =7. Tocoa 7=2+ L.
Caeacrue 1. Ilycmo Ke(-m, 7). Toeoa npu u—>—-0 ¢yuxyus z(u,K)
umeem ciedylouyro ACUMRMOMUKY

2 2
2(1,K) = i (€) = 1+ 22 (),
COSE

20e 29 (1, k) = 0(ud).

Teopema 3. /s moboco KeT' npu p— -0 @yuxyus z7(1,K) umeem
CREOVIOWYl0  ACUMRIMOMUKY 2(1,K) = u+ 2V, k),  20e z®(u,k) =0(1)
pasnomepro no K e T .

OtMeTuM, YTO A OTTalKMBaIOUIMX moTeHIuanoB € P, =(0,+o) BepHBI

aHAJIOTUYHbIE PE3YJIBTATHI.
PaccmotpuMm cTporoe Marematmdeckoe ommcanue maparpada 2.2 riassl .

s v 1
JIByX4acTUYHBIN JTVCKPETHBIH orepaTop penunrepa H,(k), keT,
COOTBETCTBYIOIIMI cHUCTEME IBYX dYacTHIl ((EpMHUOHOB) C B3aMMOJCHCTBHEM Ha
COCEIHUX Y3JIaX PELIETKH, JEHCTBYeT B L) (TY) mo dopmyme

H,u(k) = HO(k) +/,lV
3nech oneparop Hy(K) ects omepatop ymHOXeHHs Ha QyHKIHIO

(Ho(k) F)(@) = Ec(a) f(a), T eLy(TY),

E.(q)= g(g—q)+g(g+q}

Hucnepcuonnoe coomnowenue &€(-) yIOBIETBOPSET CICAYIOIIYIO YCIOBUIO:
Yenosue 1. JJucnepcuonnoe coommnowenue () seisiemcs 6eujecmeeHHo

AHaIUMU4ecKou  YemHou  yHKyuer  Ha T' u  umeem eduncmeentviil
HegbipodcOennblll Munumym 6 mouxke (=0e T,
Omnepatop B3auMoneucTBus (Bo3mylleHusi) V sBIsieTCS ONepaTopoM paHra
OJIMH M jeficTBYeT B runbOepToBoM mpoctpanctee LS (T') mo dopmyme
(Vf)(g) =sing [sint f (t)p(dt).
1
CrenoBarenbHO, CYIIECTBEHHBIH crektp omeparopa H (k) cosmamaer co

criektpom oneparopa Hy(K), T.e.
Oess (H,u(k)) = O-(Ho(k)) = [Emin (k)’ Emax(k)]’



rac
Emin (k) = m|q Ek (q)’ Emax(k) = ma)l( Ek (q)

geT geT
3ameuanmne 1. Ommemum, yumo 6 cuny ycirosus 1, cywecmsyrom unmepean
I' T codepacawuii mouxy K, =0e T u ananumuueckasn 6 nem Qynxyus qo ()
maxkue, umo oas moboco Kel  ¢gyuxkyus E, () wumeem eouncmeennviii
nesviposcoennviii munumym ¢ 0€ T, Toeoa 6 cuny nemmur Mopca ¢ napamempon,
cywecmeyem — ananumudeckoe omoopascenue (=¢@(K,y) rnexomopoco wapa
W, (0)cP paduyca y >0 yenmpom ¢ Yy =0 na nekomopyio oxpecmnocms U (0)

mouxku =0 makoe, umo ons moboeo Q€U (0) evinonnsemes paserncmeso

E, (a) = Ex(#(K, ¥)) = y* + Epin (K).
bonee moco, saxobuan J(P(K,Y),K) omobpaccenus q=¢(K,y) yoosremeopsem
yenosuio J(P(k,0),k) =J(0,k) >0 npuscex kel

Jlna xaxnaoro kel m z<E,. (k) B L)(T') ompememum wuHTerpambHbIi
oneparop bupmana-llsunrepa B, (k,z) ¢ sapom

. inZtn(dt)
B (k,z;p,q) =—usin psin M
(K., p,q) = —psin psi qT{ £ ()2

OTMGTI/IM, 4TO UMCCT MCCTO PaBCHCTBO
1

1
B,(K,z) =-puV 2Ry(k,2)V 2,
1
rae V2 — IONOKUTENBHBIM KBaIpaTHbIM KOPEHb MOJ0KHUTEILHOrO oneparopa V u
R,(K,z) — pe3onbBenta omeparopa H,(K).

Ilycth X — KOMIUIGKCHas IuiockocTh, Jlms mobbix 4#<0 un keT!
onpenenuM omnpenenurens Opearonsma oneparopa Llpenunrepa
Ay (K 2) =1+ 2d(K,2), Z € XN[Epiy (K), Epax (K)],
rzae
d(k,z) = I—Sinzq”(dq) .
E.(q) -z

1
3ametum, uto npu K e ' wmHTErpan

1 Tk min

CYIIIECTBYET M KaK (PYHKITUs, onpeieiicHHas Ha [, SBISETCS aHATUTHIECKOM.

. 2
Ay (k’ Emin (k)) =1+ H _‘. E S(I;]) ?UE(dqzk) :
T! =k min




Onpenemum  npedenvnoiii  onepamop  Bupmana-Lleunzepa B, (K, E;,(K))  u

onpedenumens @Ppeozonema A (K, E;, (k) 1o crenyrommm popmyiam
B, (k. Eno ()= lim B,(k2) u A,(Enu()=  lim A, (k2).

z—>Emln z—>Ernln

3amerum, ut0 B, (K, B, (k)) siBisteTcst caMOCONpSKEHHBIM KOMIIAKTHBIM U

B, (K, Epin (K)) f (p) = [B,, (K, Enyo (K); . ) f (a)7(dl0), f € L5(T?).
Tl

Jis moboro k eI” BBemem obosnauenme 1(K) = —ﬁ <0.

Onpeneaenne 1. bBydem 2oéopums, umo onepamop H (K) umeem

gupmyanvhvlii yposenv Ha nopoze E.. (K) cnexmpa, ecmu uucio 1 saersemcs
cobcmesennvim  snauenuem onepamopa B, (K, E.; (K)) npu nexomopom p= (k).
IIpu smom uucno = (k) Hasvieaemcest nopo2oevim 3HaueHUem KOHCMAHMbL CEA3U.

3ameuanue 2. [lycmv uucio E_. (K) sensemcs nopocosvim eupmyanvhvim

min
yposrem onepamopa H  (K), m.e, uucno 1— cobcmesennoe snauenue onepamopa

B, (K Enin(K)), u we LS (TY— coomeemcmeyowas co6ecmeennas gynxyus. Toeda

dyukyus

f(a)=

1
~pV2)(@) _ —~2psing o (1
= sinty (t)n(dt) ¢ Ly(T)
E(@) — Epin (k) Ec(@) — Epyy (K) I i
yooenemsopsiem ypasnenuio Llpeouneepa H (k) f =E.; (k) f .

BBenem cienyronue MHOXKECTBA! .
S.(1)= Rel': u>p(k) ,
S-(1)= Rel': pu=pk),
Sc(u)= Kel': u<uk).
Cdopmynupyem OCHOBHBIE pe3yIbTaThl maparpada 2.2 raaBsl 2.
Teopema 4. [[na mobozo <0 u npu ecex keS_(u) onepamop H ,(K)
umeem eouncmeennoe coocmeennoe 3navenue Z(p,K). Ipu smom z(u,K) nexcum
nesee nopoea cnekmpa oei(H ,(K)). Coomsemcmesyiowan cobcmeennan gynkyus

— uCsin .
f ()= HMesing e L5(Th ABNSAEMCS 8eecmeeHHO-AHATUMUYECKOU

E(9) - z(x.k)
Qynryueti, 20e C#0 - nopmupyrowuii  muoxcumens. Kpome moeo, Z(u,K)
AGILeMCsl HemHOU 8eujecmeeHHo-anarumuyeckol gyukyuen na S_(u). bonee moeo,

omobpaxcenue f,,(q):S. (1) > L3 (T, k—> f wk () Aensiemes eexmopnosnaunvim

arnajilumu4ecKum 0m06pa9fceHueM;



b) Jna moboco u<0 u keS.(u) onepamop H, (K) umeem
supmyanenvitl yposens na nopoze E i (K) cnexmpa o, (H ,(K));

c) Hna mobozo <0 u npu ecex keS,(u) onepamop H ,(K) ne umeem
COOCMBENH020 SHAUEH U, 1edcawye2o teeee nopoea cnekmpa q(H ,(K)).

CnencrBue 2. Tax kax ¢pynxyus p(K) <0 sensemces anarumuueckoii na mope

1
T npu 6omvwux <0 credyem cywecmeosanue coOCMEEHHO20 3HAYEHUS,
aedxcawge2o jesee nopo2a cnekpa o (H , (k)).

Teopema 5. Coommuowenue p— u(k), ke S_(u) umeem mecmo moeoa u
moavko moeoa, kozoa Z(u,K)— E i (K), keS_(u). Ilpu oocmamouno manvix
u(K) — 11, umeem mecmo credyrowee pasnoscenue:

. 2
z(u(k), k) —z(u,k) = {an (k) (u(k) - ﬂ)n} ,
n=1
20e b (K),k =1,2,...- deticmeumenvuvie uucna u by (k) = 2/3(0,k) 1% (k) > 0.
Teopema 6. ITycmo 1 € (inf u(K),sup u(k)). IIpu keS_(1)US.(u)
r r
onepamop Hu* (k) wHe wumeem cobcmeennoco 3Hauenus, aexcawe2o0  6He

cywecmeennozo cnekmpa. Jusa nwoboco KeS_(u) onepamop H .(K) wumeem
7

* * *
eouncmeennoe cobocmeennoe suavenue 7 (K)=1z(u k). Ipu osmom z(u ,K)
Jledcum jieee CyujecmeeHHo20 CReKmpa U seIAemcs aHAIumuyeckol (QyHkyuei 6
* * *
Sc(u). bBornee moco, onn moboco K e€S_(u) umeem mecmo credyowas

acumnmomuxa npu K -> K, keS_(u):
v — e ety (k) : o
7 (0= Ene(K)+ E 8] k- +O(K-K" )
Teopema 7. Ilpu u—>—x ona amoboco Kel' ¢yuxyua z(u,K) umeem
cneoyiowyro  acumnmomuxy  Z(u,K) = §+ 2V, k), 20e  zP(u,k)=0(1)

pasromepro no K el
PaccMoTpum ctporoe matematuueckoe onucanue riassl |11, Bo TpeTheii riase
npeamnonoxuM, uro d =2. B 3Tol rnaBe paccMaTpuBaeTCsl AUCKPETHBIA OmepaTop

lpemunrepa h,(k), k € T?, ompenenenHoii mo popmyie (1) .
Teopema 8. Ilpu ecex pueP,=(04x) u k eT? onepamop h, (k) umeem
eouncmeennoe cobcmeennoe snavenue Z(u,K). Ipu smom Z(w,K) nesxcum npasee

cnekmpa Oy (h,(K)). s nwobozo keT? ¢yukyus 2(~K) monomonno



gospacmaem na P, u ona mwobozo peP ., ¢yukyusa Z(w,) sersemca uemnoi,
. . 2 .
BeUeCMBEHHO-AHAIUMUYECKOU  (DYHKYuel  Ha T?. Ilpu scex keT \{7}

guinoansaiomes  coommowenus Z(p,K) < z(u, 7). HAua nmobeix peP, u Kk eT?

LC
(1, k) —&()

HopMupyfou;m? MHodcumens. bonee moeco, 6€KMOpPHO3HAYHOEe 0m06pa9fceHue

ananumuyta Ha TZ, 20e C#=0—

cobcmeennan pynkyus v, () =

WV, :T? > L**(T?), k—> Wk MAKIICe QHATUMUIHO.
BBezeM crienyroiyie MHOXKECTBA:
1, ={k = (k,,7) e T? k€ (=7, 7)}, I1, ={k = (7.k,) € T? k, € (-7, 7)}.
Teopema 9. a) Ilycmv Ke(-z,7)°. Toeda cywecmyem 1,>0 u npu
1€ (0,1,) umerom mecma crnedyrowue pasencmea:

2(11,K) = £, (K) +b(Kk) exp{- < (k)}+ n’leZn;mﬂc(n, m;kK)u"o™,

e () = k)2 1 .
e20e  b(k)>0; c,(k)=7x cosEcos? >0; 0 =—exp{- } u c(n,m;k),
y7i

G (K)
nm=12,... - nexomopuvle Oelicmeumenbhvie YUCIA.
b) Ilycmov k €Il;,i1=1,2. Tozoa

2(i,K)=2+¢,. (K )+y2{ia§j>(k)u”} ,

n=0
. . N\ 2
20e a(k), n=1,2,...- deiicmeumenvuvie uucna u al’ (k) = n(COS%) >0;

c) Ilyemv K=7=(n,7). Tocoa z(u,7)=4+ u.
Caencreue 3. a) IIyemo Ke(—m,7)°. Tocoa 7(1,K) umeem credyrouyio
acumnmomuxy npu 1 —>0:

1 1
2(44,K) = Emax (k) + b(K) exp{- }+o[exp{- 3
" 1€, (k) 14, (k)
b) Ilyemv k ell;,i=1,2. Tocoa npu pu—>0 @yuxyus z(u,K) umeem cnedyrouyro
ACUMRMOMUKY
. 2 2
20 (14,K) = 2+ & () + -+ 22 (11 K),
cosEi

20e 79 (u,k) = O(1d).
c) [lyemv K =7. Tocoa z(u,7)=4 npu u—0.



Teopema 10. [Jua mwo6oco ke T? npu p—>+o ¢yuxyus 2(u,K) umeem
creoyiouyio  acumnmomuxy  2(1,K) = u+ 29w k),  20e 7@ (u,k) =0O(1)

pasnomepno no ke T?.
Otmerum, ytonpu p€P _ u K € T? BepHbI aHATOTHYHBIC PE3YIbTATHL.



3AKJIIOYEHUE
JlaHHass  nuccepranys  IOCBAIIEHA  HCCIEIOBAHWIO  CYIIECTBEHHOIO U

JUCKPETHOTO criekTpa omepatopa Illpenunrepa, COOTBETCTBYIOIIETO CHUCTEME JIBYX
OJIMHAKOBBIX YacTUl(0030HKI W (EPMHUOHBI) HA OAHOMEPHON WM JABYMEPHOMH
pelieTKe.

1.

OCHOBHBIE pe3ybTaThl HCCIEAOBAHUA COCTOSAT B CIEAYIOIIEM:

YCTaHOBJIIEHO MECTOHAXOXKICHUE CYIIECTBEHHOIO CIIEKTpa U JIOKAa3aHO
CYLIECTBOBAHME COOCTBEHHOI'O 3HAUYEHUS, JIEXKAIIETrO0 JIEBEE WM IIpaBee
CYLIECTBEHHOIO  CIleKTpa  omeparopa llpenuHrepa ¢  KOHTaKTHBIM
MPUTATUBAIOIIMM WJIM OTTAJIKMBAIOIIMM B3aWMOJEHCTBUEM Ha OJHOMEPHOU U
IBYMEPHOM PELIETKAX.

Haiineno pasnokeHue B CXOIALIMUCA Psii B IIOPOTOBOM 3HAYEHWH KOHCTAHTBI

CBA3M ISl COOCTBEHHOIO 3HAYEHHUs ABYyX4YacTH4YHOro omeparopa lpeaunrepa
CHCTEMBl JBYX dYacTuil (0030HBI) C KOHTAaKTHBIM MPUTSITUBAIOIIUM WU
OTTAJIKMBAIOIMM B3aUMOJICCTBUEM HA OJJHOMEPHOW U ABYMEPHOM pellIETKaX.
[TokxazaHo CyleCTBOBaHME MJIM OTCYCTBHE COOCTBEHHOTO 3HAYEHMsI, JIEHKAIIETO
JeBee CYIIECTBEHHOI'O CIIEKTpa JAByx4acTH4HOro omepatopa Illpenunrepa
CUCTEMBI JIBYX 4acTull ((pepMHOHBI) C B3aMMOJACHCTBUEM Ha COCEIHHUX Y3JIax
OJHOMEPHOU PEUICTKH.

Haitneno pasnoxkeHue B CXOASIIMUCS PSAI B OTPULATEIBHOM IOPOTOBOM
3HAYEHUHU KOHCTAHTHI CBSI3U JJII COOCTBEHHOTO 3HAYEHHS JIBYXHYaCTHUYHOTO
omeparopa lllpemunrepa cucrembl nByx  4actull  (epMUOHBI) C
B3aHMOJICMICTBUEM Ha COCEHUX y3JIaX OJJHOMEPHOM PELIETKHU.

Haiinena acuMOTOTHKa B OKPECTHOCTH MOPOTOBOTO 3HAYEHUSI KBA3HMUMITYJIbCA
JUIs  COOCTBEHHOTO 3HAuYCHWsI JByX4yacTUyHoro omeparopa Ipeaunrepa
CHCTEMBI JBYX 4acTHIL (()epMHUOHBI).
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to study the existence of eigenvalues and also to obtain a
convergent expansion for the eigenvalue lying outside the essential spectrum of the Schro dinger
operator corresponding to system of two identical particles (fermions or bosons) interacting via
pairwise short-range potentials on one and two dimensional lattices.

The object of the research work Schrs dinger operators corresponding to a system of two
identical particles interacting via pairwise short-range potentials on one and two dimensional
lattices.

Scientific novelty of the research work is as follows:

the existence of eigenvalue and explicit form of the corresponding eigenfunction of the
two-particle Schré dinger operator associated to a system of two identical particles(bosons)
interacting via contact attractive or repulsive potential on one and two dimensional lattices is
established;

a convergent expansion for eigenvalue at the coupling constant threshold of the two-particle
Schrs dinger operator associated to a system of two identical particles (bosons) interacting via
contact attractive or repulsive potential on one and two dimensional lattices;

it is shown that the left threshold of the essential spectrum may be a virtual level (resonance)
or an eigenvalue for the two-particle Schré dinger operator associated to a system of two particles
(fermions) interacting at neighboring sites on one-dimensional lattice and the existence or absence
of eigenvalue lying to the left of the essential spectrum is proved;

a convergent expansion at the coupling constant threshold and quasi-momentum threshold
for the eigenvalue of the two-particle Schré dinger operator associated to the two-particle system
(fermions) with pair interactions at neighboring sites on a one-dimensional lattice is found.

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

the existence of eigenvalues and threshold resonances of the two-particle discrete
Schrodinger operators in the PhD dissertation of Shuhrat Lakaev with the title "Eigenvalues and
resonances of the Schrodinger operators of a system of two-particles on a lattices™ have been used in
the research project LRGS/ TD/2011/ UKM/ ICT/03/02 (certificate of National University of
Malaysia, December 28, 2017). The results and methods in the dissertation enabled to construct
example for two-particle discrete Schrodinger operators having the threshold resonance, or threshold
eigenvalues or regular points;

the existence of eigenvalues and threshold resonance of two-particle discrete Schrodinger
operators in the PhD dissertation of Shuhrat Lakaev with title "Eigenvalues and resonances of
Schrodinger operators of two-particle systems on a lattice™ have been used in the research project
PPP/GP/FST/30/14915(certificate of Islamic Science University of Malaysia, December 27, 2017).
The results and methods in the dissertation enabled to obtain the basic properties of integral
operators and lattice Schrodinger operators, and also approximation formulas and methods provide
to receive approximating eigenvalues, singular points and eigenfunctions of the considered
operators;

from the results on the dependence of the eigenvalues of the two-particle Schrédinger
operator on the quasimomentum, the systems were used foreign journals J.Physics A: Math.
Theor.-50,-2017.- 335202 (IF=0.984) , J. Physics. A: Math. Theor.- 49, - 2016.- 145204., Theor.
Math. Phys. 2014, Vol. 178 No 3, p336-346. 11p, when studying the spectrum of a discrete
Schrodinger operator corresponding to a system of two identical particles.

The structure and volume of the thesis. The thesis consists of an introduction, three
chapters, conclusion and bibliography. The volume of the thesis is 88 pages.
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