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OJHO-, IBYX U TPEX®OTOHHbBIN JJUHEMHO-IUPKYJIAPHBIA IUXPOW3M B
MOHOATOMHBIX CJI0SIX JUXAJBbKOI'EHHUJIOB INEPEXOJHbBIX METAJLJIOB

Pacynoe Boxo6 Pycmamoeuu,

doyenm kageopul « Duzuxay Depeancrkoeo
2ocyoapcmeenno2o ynusepcumema, PhD

Pacynoe Pycmam Hexauosuu,

npogheccop kagheopul « Puzurxay Depeanckoco
20Cy0apCcmeeH 020 yHusepcumemd, 0.¢.-Mm.H.
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cmapwuii npenooasamens Kageopol « Duzuxay
Depeanckozo 2ocydapcmeennozo ynueepcumema, PhD
Ypunoea Kamona Komonsriconosna,
npenodasamens kageopul « Puzuxa» Kokanockozo
20CY0apCmMBEeHH020 NeAA202UYECK020 UHCIMUMYMA
r_rasulovsl@mail.ru.

Annomauus. B oOannou pabome u3zn0dceHbl OCHOBHBIE ACNEKMbL MHO2OQOMOHHO20 JUHEUHO-
YUPKYIAPHO20 OUXPOUSMA, CEA3AHHO20 C ONMUYECKOU OpueHmayueli CHUHOBLIX MOMEHMO8 SJIeKIMPOHO8 8
MOHOGMOMHBIX  CNOSIX  OUXATLKOZEHUOO8 NePexOOHbIX Memanlos, 20e YYmenvl 0COOeHHOCmU 30HHOU
CMPYKMYPbl U CRUH-0POUMATBLHO20 83AUMOOCCIEUSL 8 MAKUX CUCTHEMAX.

Honyuenvl évipasicenusi 01st KO3 Puyuenmos 00Ho-, 08YX U MPEXHOMOHHO20 TUHEUHO-YUPKYIAPHOO
OUXPOUBMA NO2NOWeHULl C8eMAd 6 MOHOAMOMHBIX CIOSX OUXATbKOSEHUOO8 NePeXOOHbIX Memaniog 8
3A6UCUMOCIU OM CIENeHU NOTAPUAYUL, YACTOMbL ROJISPUS0EAHHO20 U3TYUHeHUsl U Kodgduyuenma Pabu.

Tokazano, ymo MexHC30HHbIIL TUHEUHO-YUPKYTAPHBLI OUXPOUIM B03HUKAEM MOIbKO NpU yuéme eKiaod
aghpexma Ko2epeHmMHO20 HACLIYEHUsL 8 BEPOSIMHOCHL 0OHODOMOHHBIX ONMUUECKUX NEPEXOO08.

Knrouegnvle cnosa: medxc3oHHbl TUHEUHO-YUPKYIAPHBIL OUXPOUSM, MAMPUYHBLI dTIeMeHm onepamopa
UMNYIbCA, MOHOCIOU OUXATbKO2EHUOO8 NEePeXOOHbIX Memalnios, 30HAd NPOSOOUMOCHU, GAJIeHMHAS 30Hd,
CHUH.

ONE-, TWO-, AND THREE-PHOTON LINEAR-CIRCULAR DICHROISM IN
MONOATOMIC LAYERS OF TRANSITION METAL DICHALCOGENIDES

Abstract. This work outlines the main aspects of multiphoton linear-circular dichroism associated
with the optical orientation of electron spin moments in monolayers of transition metal dichalcogenides,
which takes into account the features of the band structure and spin-orbit interaction in such systems.

Expressions are obtained for the coefficients of interband one-, two-, and three-photon linear-circular
dichroism of light absorption in monolayers of transition metal dichalcogenides depending on the degree of
polarization and the frequency of polarized radiation, the Rabi coefficient.

It is shown that interband linear-circular dichroism occurs only when the contribution of the coherent
saturation effect to the probability of single-photon optical transitions is taken into account.

Keywords: interband linear-circular dichroism, matrix element of the momentum operator,
monolayers of transition metal dichalcogenides, conduction band, valence band, spin.

O‘TISH METALLAR DIXALKOGENIDLARINING MONOATOMLI QATLAMLARIDA
BIR, IKKI VA UCH FOTONLI CHIZIQLI SIRKULAR DIXROIZM

Annotatsiya. Ushbu ishda o ‘tish metalli dixalxogenidlarning monogatlamlarida elektronlar spin
momentlarining optik oriyentatsiyalanishi bilan bog'liq bo ‘lgan ko p fotonli chizigli-sirkulyar dikroizmning
asosiy jihatlari ko ‘rsatilgan bo ‘lib, bunday tizimlar zonaviy tuzilishining o ziga xos xususiyatlari va spin-
orbital o zaro ta'sir e tiborga olingan.

O ‘tish metall dixalkogenidlarining monogatlamlarida qutblangan nurlanishning zonalararo bir-, ikki-
va uch fotonli zonalararo yutilishlari chizigli-sirkular dixroizm koeffitsientlarining chastotaga, yorug likning
qutblanish holatiga hamda kogerent to ‘yinish effekti (Rabi effekti) parametriga bog'ligliklari olingan.
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Kamunosa bawmopam Cammoposna,
byxopo [lasnam ynugepcumemu npogpeccopu, ghunonoeus ganiapu ooxmopu

IIpodeccop Paxmarymna bapakae OyryHru kyHaa y30ek Oonanap agaOu€Tu Tapuxu Ba XO3UPTH
¥30ek Oonanap agaOMETHHUHT TapaKKUET TaMOHIILIapy, afaduil anokanap, TapKUMa TapuxXu Ba Ha3apHICH
Oyiin4ya TaHUKIM MyTaxXacCHc XucoOiaHaaw. AWHM maiThna, y Y30eKk anaOueTIIyHOCTUTWHUHT >KaIV
amabuérn, coBer y30ex amadu€rtwm, Vctuxmon maBpu y30ek amaOue€Ty Macananmapu OyHWda Xam HIMHUI
MaKoJanap, TaAKUKOTIap MyaTuQu XaMIup.

Paxmatymnna bapakae 1954 itun 1 deBpanna byxopo BunosTHHHHT BOOKEHT TyMaHHJa TYFHITaH.
Oracu bapaka 60060 Mmazapaca xypran, mymTo3 lllapk agaOuéTrnu sxumm Ouiran HHCOH OYNTaHUIaH YHUHT
Oy dazmnatu € Paxmatysuiara yrras, nevinm MmymkuH. UuHnan xam bapaka 0000 xaér iynunaru y €ku Oy
MacanajgapHu MyHocabat Owsnupapkad, JKamomumaun Pymuii, Cawsauit Llleposmii, Anumep Haowit,
®Oy3ynuit, bobopaxum MarpabiapHUHT TypKuAl Ba GOPCUIIATH MIEbPIIapHIaH MUCOIJIIAp KeATHpap, YIapHU
n30XJjap, auTMOKYM OYyiraH (UKpUHM Iy HycuH KyBBaTia®b cy3map sau. lllodupkonma O6yaubd yrran
Bapakaesiapra terunui HeBapa TyiiapuaaH Oupuia UIITUPOK dTraH aTOKJIU HaBouiiiyHoc oauma CylinMa
Fanuesa 6000HM THra0d Typu6: “Men Paxmarymina anaOuETIIyHOCIHKKA KaeplaH KM3UKHO KOJraH Jecam,
OyHMHT acocuii cababu mysna bapaka 6000 skannap-ky!” geras sau.

P. Bapakae 1971-75 i#wmmapna Huzomwmii HOmmumarm TOIIKEHT JaBiaT Tegarornka WHCTHUTYTH
(xo3upru TOIIKEHT JaBiaT meJaroruka YHUBEPCUTETH) HUHT ¥30€K Ba KO30K (Quionoruscu QakynbreTuaa
VKuiiau. B Paxmarynnanusar agabuérra OyiraH anoxuua WIITHEKWHU CE3raH HABOWMITYHOC onuM Hartan
Mannaee yHu 4-Oockuujga YKuO ropraH naituga€k V3u Myaupidk KwiaétraH kadenpa Xy3ypuaard
“Ammmiep Hapowit” ykyB mysedimra wmra omaau. Llynpaii kunu0, bapakaeBHWHT wiamuil xaériaaru
W3JTaHuIIIapu OonutaHagu. bupok xaér Takozocu yHH sHa Byxopora erakmaiian. bynaxak onum makrabna
VKyBumnapra agaOuérman cabox Oepagu. JlekuH wmimra OynraH Ku3ukuiid yHH OapuOup TomkeHtra
toptaBepanu. P.Bapakaes 1980 iimnm oksOpupaH WHCTUTYTHA JabopaHT cudartuga wm  Oonuiaau.
Kefiunuanuk karra 1a0OpaHT, CTaXEP-TAAKUKOTYM, KHYMK WIMHH XOIWUM, WIMHH XOIWM, KaTTa WIMHN
XOAMM JIaBO3UMIIapHia (aosusIT IOPUTIH.

1994 itnnma Maskyp MHCTHTYT Xy3ypuaarn Mmmnii xenramma 10.01.03 — V36ex agabuéru tapuxu
UXTHCOCTUTH O¥inua “XX acp Oomurapu ¥y30ek Oomamap amabmétm Ba AOAy/uta ABIOHMA WHXKOIW’
MaB3yCHUAAard HOM30AJIHNK TUCCEPTALMSICUHI XIUMOS KHJIIH.

YV 1994 itmnman 2018 finnravya MHCTUTYTHHUHT WIIMHMA KOTHOHW Bazudacuaa wmniaau. 2018 wmnman
V3P ®A V36ex Tumm, agabuéru Ba (Gonbkiaops HHCTUTYTH XX acp y306ek amaGuérn Ba X03UprH amaGuit
skapaéH 0ynumu mynupu, 2021 finnaan katta WIMHR X0IUM, Ipodeccop JaBo3uMuIA HILTA0 KEeIMOK/IaA.
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QUTLOV

P.bapakaeB wimuili u3naHMnuIapu Y30ek MabpudarmapBapiuk anaOuéru, agabuii ajgokaiap Ba
Tap)KAUMAIIYHOCTHK, XyCycaH, y30ek Oomamap amabmérn iyHanmunuiapunma Oynmu6, ymap 10 maH OpTHK
MoHorpadusi Ba puconanapnaa, 300 ra SKMH WIMHN Ba MIMHI-OMMaOON MakojiajapAa Y3 aKCHHHU TOITaH.
Omum 60 man optuk pecrnybimka Ba 20 AaH OPTUK XOPWXKHAN amKyMaHJIapAa WIMHA Mabpysanap OuinaH
UIITUPOK 3TIaH.

“BoGomapan Gomanapra” (1988), “XKonaxonnm, mespusar” (1997), “V3bex Gonanap agabuéru Ba
Abnynna Asnonuit wxoan” (2004), xammyaumnukaa don stuirad “TypcynOoii AnamboeB gpeHoMeHura
oup Hazap” (2014; kaitra Hamp: 2017); “baguuii TacBup mMaxoparu” (2021) cuarapn MoHOTpadHsIIapH WM
axanm — anabuéT Myxubmapura Mamsyp Oynaan. Xarro “YKoHamoHMM, mespusat’ KuTOOH Y3P jpaBmar
MarOyor kymutacuHuHr “Bomamap yuyH €3miraH SHI XM acapiap’ TaHJIOBH FOIMOM XaM Oynau.
0O.Cadapos xamna b.)Kamunosa Owian xamkopiukna taii€pnanran “‘bonamnap amaduétu” mapcmuru (2019;
Kaiita Hampmap: 2021; 2022) 6up Heua WHIAWPKH, ONMWH YKyB IOpTJIapHIa Mapciuk cudaruga YKUTHO
kenuHaétran Oyinca, P.bapakacB ToMoHMIaH CYHrcy3 Ba jdyrariap OwiaH Hampra tai€pinanran AOmyiia
ABJOHMI Kanamura MaHcy0 “MyxTacap Tapuxu aHOKUE Ba Tapuxu MciIoM™ acapH “AOnyuia ABIOHHN Xa&Th
Ba WHKOIM~ MOAYIWHU Tanaba-Ennapra ypraTumga KymrMda ManOa cudatuaa (oi1araHiIMOKIa.

P. bapakaeBHHMHT mIoTHpUIapu XaM y30ek Oomanap anaOMETHHUHT KYTIaH Ky Macajaiapu OyiHnda
nuccepranmsiiap €kiad, WIMHA wnoulap oinub OopuIIaiy, IIYHUHT/ACK, PecnyOnMKaMH3HUHT TYpiH VKB
MacKkaHiapuaa tanabanapra amabuérman cabok Oepumanu. Y wiMuil paxOap cudarnga Kyaa KyrOHYaK,
XyAOU TaJaloHJIApUHU XUMOS KHWJIa€TraH oTa KyIIJCK YJIapHM Karra xaérra Hymiaiinu, maciaxatiap
Oepaau, OMpraaukaa KUTOOIap YHKApaIH.

WM KUIMcuHUHT WM OuiiaH OOFJIHMK OOIlKa Macanainapu XaMm kyn oymamu. lllynapnan Oupu, Oanku
9HT MyXHMJIapuiaH OUpH — WIMUIN (HAONUATHH KEpakiu WyHanunuiap OYHnW4a FOPUIINHA TabMUHIAIIIND.
Wnmuit kotubauk — myHaid Basuganapaan 6upu. P. bapakaes Mnmuii kotu6 cudaTtnaa Heva YH Hiuiapaan
Oepu Qaomuar toputud kenanu. Heuya-Heya HOM3OAJIMK Ba JOKTOPJIMK JIUCCEPTALUSIIApPA  YHHHT
KOTHONMMTHAa EKNaHON, WIMHA >KaMOaTYMIWKKa MaH3yp Oymau. TaOwwmiikw, OyHmail WIUTApHUHT
KymIuiuKkka (oiimacu termmu OwnaH Oupra, yinap OJIMMHHHT BakKTH Ba Ky4YWHH ONMHO Kysamu. Arap
BapakaeB wimuii KOTHONMMK KuiMai, ¢akaT wiM OWiaH UIyFyJUIaHTaHAa, OYIyHTH KyHJa YHHHT WIMZIArd
“Oyii-OacTtu” XO3MpPrujaH 4YaHgoH Oanmann Oymumm myOxacu3 sau. He axkaOku, Oycu3 xam mpod. P.
BapakaeB xosupma PecnyOnmkammsna Oomanmap amabuérm OyHWYa SHT Ky3ra KYpHUHTaH, SHT CEpPMaxcyil
oJiuMIIapaH oupu 0yaud TypudIu.

Bup cy3 Ounan aiitrannga, npod. P. bapakaes Oyryn 70 iiwnivk ro0wied Tyiu apadacuaa WiMui
KaMOaTYMIIMK KapIINCHJIA ¥3 COXaCHHUHT HUPUK OMIMMAOHH cudaTtuaa HaMoéH 6yinb TypuOau.
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